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Abstract

This paper illustrates the application of geoplgisisurvey, aerial photographs and satellite images
identification techniques for geohazard assessrotikarst features in housing complexes construcsibes
north of Ipoh city, Perak state, Peninsular MakaySihe engineers in Perak face numerous problenis w
designing structures that would be situated overblaied limestone (carbonate) karst terrains, tués
categorization to various bedrock solution featuisesh as sinkholes, caves, cavities, depressiamjuds
enlarged joints and fractures, and internal drasag/hich directly exerts a negative impact onube of this
land for construction projects and structures. tarrore, it can also indirectly have the potentialcause
catastrophic damages in the near future perhapy geans after the project has ended. The subsddsmnmages
which result in construction works will cause masdbsses which maximize the project overall ceating to
enormous financial costs, to the developers andlahds. In this study, Two-dimensional (2D) eleszli
resistivity tomography (ERT) survey was performedoas three housing complex construction siteshnoft
Ipoh in order to image the subsurface and locaideace for near surface karstic features such &is\ar
cavities, including sinkholes and to estimate tépth of the bedrock. It is also done in order tineste whether
geophysical techniques are capable of identifyinghsfeatures. Six resistivity traverses or prafileere
conducted along the survey area at each of the twestruction sites. The orientation, extensiahtha degree
of inclination of those profiles are shown in Gagglsatellite map. The interpretation of the gesptat data
indicated that both low resistivity and high coniility anomalies extends along the proposed aresl iof the
construction sites. The ambiguous anomalies obdenveonstruction site # 1 indicated that the dras been
exaggerated by a sinkhole, thus it contains ndheséiy and is saturated with water, renderinggdd resistant to
electrical currents (high conductivity). The ambiags anomalies observed in construction site #Zateld that
the area has been affected by several sinkholetudothr anomalies containing both stiff and saoldy. The
anomaly observed in construction site #3 indictibedl the area has been affected by several sodr @mllapse
sinkholes and tubular anomalies containing stiffin-stiff and sandy clays. This study also demotedtrghat
high-resolution Electrical Resistivity TomograpHyRT) can be effectively applied to reflect and elifintiate
surficial soil, clay, weathered rocks, compact otact rocks, and air-filled karstic voids or caadti The
appearance of many sinkholes in the area is maadthbuted to karstic activity. In accordance tee th
classification of the characteristics of morphotadifeatures of karstic ground conditions by (A.\Waltham
and P. G. Fookes, 2005), the karst in construditnsite#1 found between profile 1 and profiles @ older or
complex karst type K1V, while the karst in constian site#2 found between profile 1 and profilesZiyouthful
karst type KIl. Afterwards, the karst type changedr profile#5 to profile #6 to mature into kangpe Klll. The
karst in construction site#3, found between prdfiland profile 3, is a youthful karst type Kll. Thehe karsts
change in profile 4 to an older, mature karst tih. The karsts found between profile #5 and pief6 is of
the older or complex karst type KIV.

Early planning is needed to mitigate or minimize ttsk of structures in these construction sitesr darstified
carbonate bedrock. Initial consolidation of gealgyidriven piles to rock head pinnacles, and cowlr@inage
works must be put into operation in these respedites.

Keywords: Application, ERT and arial photographs Techniquésp hazard Assessment, Constructing sites,
Perak- Peninsular Malaysia.

1. Introduction

The location and condition of carbonate bedrockh ss limestone or marbleized limestone and itea@nce
is important for engineering construction work,sas buildings, housing complexes and roads psjedpoh,
which overlays Kinta marbleized limestone. SinkBotan cause construction delays and stability pro§|
which may amplify the cost of the project due tegible wall cracking, collapse of buildings’ foutidas, or
subsidence and cracking on paved roads. Thesenbreasmall amount of examples of problems assediat
with sinkholes, karstic cavities and voids. Struatunstabilities associated with these features aidse as a
result of sudden collapse of the ground surfacasaa less catastrophic but recurring drainage @nobWithin
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karst regions, the design and execution will beeagjve vis-a-vis present and future structures.€ddeer,
borings that are drilled within karsts regions d¢ averlap areas of concern on the subsurfacepitoapate and
mismanaged borings are incapable of providing araplesurface data for analysis, and at the same tame
also misrepresent the subsurface system, whichleaalyto additional costs for corrective design ddigonal
analysis. Rapid reconnaissance surveys usingisaielages and surface geophysical techniques pocated
into a boring plan are the best obtainable optihas can be used to aid in suitable location df besings in
identifying or distinguishing the subsurface featurelated to karst development.

The 2D resistivity imaging technique was preferi@dsubsurface investigations over other geophysiethods
for its high contrast or disparity in resistivitglues vis-a-vis the different types of sedimentighsas stiff or
non- stiff clay, soil, sand, air or water in-fillechvity or voids, compared to the bordering or sunding
marbleized limestone bedrock. These entire elenvefiector reproduce the use of resistivity imagmegthod
that outlines and delineate the boundary betweeinobks and overburden layers. Moreover, this meikod
manageable with respect to time for small-scalgepts in both pre and post-ability processing ste@sdering
it the most appropriate for this type of investigas.

Electrical resistivity tomography surveys were fiimeal at three constructions sites north of IpBanstruction
site #1 is located at Klebang Putra - Klebang Gregwl Construction site #2 is located at Medan &hepb
Restu-Klebang Damai, north of Ipoh, while Constiuttsite #3 is located at the north of Bandar Bauidra.
Figure 1 highlights the locations of the studiedstouction sites in Kinta valley, north of Ipoh,rRBle Malaysia.
Figure 1: Google satellite images viewinthe locations of studied construction sites in Kinta viey, north
Ipoh city, Perak state, peninsular Malaysia

2. The study objective
The objective of this survey is to:

l. Determine the subsurface in order to locate evieldnc near surface karstic features (voids or
cavities) including sinkholes, and whether clayaorfilled karstic voids or cavities are present in
the subsurface.

Il Estimate the depth of the marbleized limestone dudr

Il Estimate the depth, shape, type and understaratidie of these karst features.
V. Produce the geological model to represent the stuely.
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V. Evaluate the subsurface structure levels and e#tahtan result in potentially dangerous collapse
or ground failures at construction sites that sagarse these features.

V1. Identify subsurface conditions that might compranttee reliability of any proposed future work in
these sites, for example, an inactive sinkholélieef with thick clay. Under-compacted clay could
present a critical problem, as the clays could mtdate under load, resulting in leakages all the
way down to the bed rock.

VIL. The best solution methods frequently used in tla@ pb minimize the risk of problem areas in
these construction sites.

3. Geology of the study area

3.1 Topography and geomorphology of study area
Kinta Valley is a triangular-shaped or V-shapedexabounded by the Main Range on the east, whiclsés to
867 m above the mean sea level and Kledang Rarifje iwest. The northern tip of the triangle stattaround
Chemore town in the north. The valley in this regmoadens to about 7 km, and broadens in the swatind
Kampar town to reach this region, at about 20 kinis Valley is extended over a distance of 45 knmfrorth to
south. The first tower karst observed in Kinta ¥glls Gunung Kanthan in the north, and the lastusung
Tempurung in the south. The alluvial plain is ated at about 60 m to 80 m above the mean sea l&h is
an area that has seen active tin-mining activitee®] most of the tower karst and subsurface karsinins
exposed.
Major rivers originating from the granitic Main Rgenhighland drains into most of the karstic lantha study
area. The famous one drained to Kinta Valley isgauKinta; extending from the northeast down to&iotthe
southwest to meet Sungai Perak. Major tributarfedumgai Perak that drains into the valley andthwaugh the
limestone towers from the east and northeast ofdliey are Sungai Pinji, Sungai Raia, Sungai DipeBungai
Kinta, Sungai Tempurung and Sungai Kampar. Thosmitaries transport alluvial deposits to the eroded
marbleized limestone, creating a flood plain acthedow-lying valley.

3.2 Geology Age of Kinta Valley
Kinta Valley, located in western Peninsular Malaydbrms a V-shaped valley that opens to the saurtd,is
bounded by the granitic massif of the Main Rangthtoeast, and of the Western or Kledang Rangeetavest.
The granite that forms the mountains was determindve been formed during the Triassic age (CGapéi al,
1992).
Geologically, most of the study area is underlaynKinta’s limestone, whose origin was pinpointedite
somewhere between the Devonian to Permian pertaastijaralingam, 1968). Most of the limestone isnfbu
beneath the general surface, where it is coveretirbybearing alluvium, which gave Kinta Valley itsoniker
of ‘mining town’, dating all the way back to theepious century.

The mogote or isolated residual limestone kgt are seen in the Kinta Valley constitute léss1t10 % of the
actual surface of the limestone bedrock that odcukksnta Valley (Ros Fatiha, Yeap Ee Beng 2003).
The Schist layers that are found underneath totleetiedded with limestone are in Kinta Valley.dmts of age,
it is probably younger, however, most of it coukelddder than Devonian. Both the limestone and sotese
probably formed at the end of the Permian peridayTalso undergo metamorphosis at the same tinmajrig
mainly quartz-mica schists and the fine-to-mediwntoarse-grained white to dark-grey calcitic marllih
some minor black and reddish coloured dolomites.
The limestone hills extend 20 km north of Ipoh @Bdkkm to the south. Due to the surrounding kansnédions,
there are many limestone karst caves in these hills
Cave temples are built into some of these cavedie wdthers are show caves accessible to the pufolic,
example the Gua Tempurung cave near Gopeng, sblgblg which is the largest and deepest cave mriBala
Malaysia.
The surface geology of Ipoh area is well documentgdrin (1976) and Ingham & Bradford (1960). Talile-
summarizes the geology and stratigraphy of theystuda. The limestone bedrock in the area riseseatiwe
alluvial plains to form limestone hills with steg¢p vertical slopes (mogote or tower karst). Flagkihe
limestone on the eastern and western sides ofalfeys are granitic uplands. This geological sgttias given
rise to alluvial deposits that are rich in tin -nbe, the growth and development of the area asimirigitown”
since the previous century.
The eastern part of the area is comprised of liomeshills formed during the Silurian to Permianipés, which
has mostly metamorphosed to marble. The limestdisatat were discovered are covered by a hugeuautnof
vegetation. The outcrop of limestone hills candogd to be widespread on the eastern part of tialy strea.
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Table 1: Geology/stratigraphy of the Ipoh areas after (Yin,1976)

No. Age of sedimer Type of sediment in the study are
1. Quaternary Alluvium (Young and old alluvium)
2. Triassic Granite & Allied Rocks
3. Palaeozoic Kinta Limestone (dominant)
Basal Schist

The subsurface geology of Ipoh is predomilyantportant for any construction projects, espiégitor high-
rise buildings. Numerous construction projectshie area, either through data from numerous borshole
definite excavations, have determined the typichbarface geologic features and soil profiles efutban area,
(Ingham & Bradford, 1960) and (Yin, 1976). For exden limestone bedrock and its association witlstkaior
dissolution are featured as highly irregular indstone bedrock profiles, steep cliffs of pinnadelution
channels and caves and cavities, arches, and ogsihatc, which are major concerns to the locahdation
engineers construction projects.

The subject of foundations over limestone bediockpoh was the subject of quite a few studies. A
review of borehole data by (Tan, 1988) showed tiiatdepth to limestone bedrock in the Ipoh aregeiterally
less than 20 m. The review of the borehole data sif®wed the size of the cavities in the limestoegrock
were mostly < 3 m across. Yassin, 2009-2010, applthe E R Tomography geophysical technique initeg sf
different construction projects in and around Ipminted out that the surface of marbleized limestoedrock
was uneven and contain numerous pinnacles andsufiee depth of marbleized limestone bedrock rdnge
between 3 m to more than 28m in the site. Also sthieprofiles in Ipoh area are comprised of alluni (fluvial
deposits) and/or mine tailings, overlying the maid#d limestone bedrock.

3.3 Lithology of study area

In Kinta valley, the lithology of the study arés consisting of four main types, each resuliing different
landscape. They are:
l. Carbonate rocks forming Kinta Limestone, whereds$ lundergone tropical karstification to
form steep sided and cockpit towers protruding sethe enormous plain.
Il Granite bodies of the Main Range and Kledang Résgees) that flank the plain in the east
and west, respectively, forming rugged ranges abuf000 m above mean sea level.
Il. Schist, which makes up the rolling landscape of/tikey.
V. Quaternary alluvial deposits that has been depbsiteoss the valley and form an enormous
plain.
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Figure 2: Geological map ofKinta valley viewing the location of construction sites under study North of
Ipoh city, Perak state
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3.4 Development of the karst phenomena in sungaelRak basin (Kinta valley)

Many geologists have suggested that major kezati€in is controlled by the structures in the anshsre it
occurs. The structural geology in the limeston&iota valley are dominated by faults and folds otéel north-
south, which results in a noticeable grain to tnedscape, especially to the orientation of (mogdsedated,
steep-sided, residual, and hills, which are compa@geeither limestone, marble, or dolomite, andsunded by
nearly flat alluvial plains in the central parttbge valley. Vertical and sub-vertical joints andlfa in the marble
are its main lines of weakness. The subsurface lacharacterized by the formation of rounded pomacles
and irregularly shaped sinkholes, which had preslpbeen referred to as dolines.

Rainfall containing dissolved carbon dioxide resutta strong acid identified as carbonic acid (B3¢ It will
get more acidic as it filters through side soililzre is more carbon dioxide residing in the gaghe soil — up
to 100 times more than what is in the atmosphehne.authors believe that the most imperative retentght is
the fact that enhanced rainfall and elevated acafithe rain in the last few decades of the 2@ih 21st century
in Malaysia and other countries in South East Aseadue to the dramatic increase in the amounigoéfied
carbon dioxide.

These are mostly caused by volcanic and tectonicitgan the Pacific fire ring, with volcanoes iimdonesia
and Philippines being the most active. A spectagibmarine volcanic eruption spews out huge cotuofrash,
smoke, gases and vapours thousands of feet intBabiic Ocean’s sky. Land clearing activities sashthose
practiced by Indonesia on a large scale also sesnlthe emission of large volumes of pollutant® ithe
atmosphere. Vehicular and factory emissions ae sifmificant contributors to air pollution. All dhese events
have a large impact on the development and quiskotiing process of carbonate rocks. The authas al

95



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLINA}
Vol. 3, No.9, 2013 IS

believe that most of the biggest cave and channetBe limestone of Kinta valley are due to thectem of
sulfuric acid (H2S0O4) with carbonate rocks, and a0 be one of the corrosion factors in karst fdrom; this
mechanism may also play a role, as O2-rich suniaters seep into the ground, carries oxygen thathwieacts
with sulphide, which are present with Cassitenit®e ithe ground surface of Kinta valley area. Thalaton of
sulphide leads to the formation of sulfuric acidilf@ric acid then reacts with calcium carbonateystag
increased erosion within the limestone’s formatiomhe cover layers of alluvial deposits over marse
limestone of Kinta valley contain soil-piping oratinels features. The Tin (Cassiterite) accumulateahis
alluvial channels or pipes, having been washed do@m the granite ranges and carried by riversrasipusly
mentioned, which contain sulphur in its chemicgdatgts, having a large impact on the developmedtcgrick
dissolving process of carbonate rocks. Furtherme@acement deposits, consisting chiefly of Gasge and
sulphide minerals deposits are found in replacerpgms in the Kinta Valley area, which replacesodutic or
calcareous sediments.

4. Hazards of soil-cover karst collapse

The collapse of soil-cover karst most often ocaufBerak region having the most active karst fesstult occurs
in areas of dolomitic or marbleized limestone belravhich locally has little to no surface evideddeatures
related to subsurface karst. The early stagesoil@over karst collapse may appear as a soikgifgature, but
can rapidly turn into a potential threat for thésurface structure. The pre-collapse field condgidisclose
little evidence of subsurface karst. The geologidahracteristics common to most collapse locatiares
groundwater that arel5 m below the surface, soil materials subjugategdrous layers, residual silty-clay
soils with relict bedrock structure 8f9m thickness, highly weathered condition of ungied limestone or do-
lomite bedrock, or positions close to active sinkbmr within a loosened stream valley. The soiecccollapse
in the Perak region is mostly due to the coverrayd alluvial deposits over marbleized limestorieKinta
valley containing soil-piping or channels featurgsveral factors are directly related to the cskapccurring,
including descriptions of overburden, depth to giwater, geologic setting of the area, types oftheraand
karst development. These factors must be recogneadulated and standardized in order to be etlim an
analytical method, which include measuring and radizimg the geological outcrop patterns, and idginty the
ground water that interconnect the karst featunelsstructural features of the area.

The sudden appearance of a soil cover collapséadmks initiated when the development of smalldgoat
depths of a few meters in soil or unconsolidatedecawverlying karstic bedrock are enlarged by & lo
cohesion or loading of the arch-forming materialsesd by either saturation of the soil by rainwatecipitation
or by rapid draining of a submerged void, whicloafgreases pore pressure. This results in a fostsength in
the arch, making it too thin to support its owng¥ei This causes the underside of the arch cramks @hto the
void.

5. Engineering classification of karst ground conditiam

The dissolution of carbonate rocks such as limestdolomite and marbleized limestone by naturalergat
creates extensive karst landforms that are prollerfar civil engineers. Karst features developssmtuble
rocks, both at the surface and subsurface, duetoate of dissolution processes, which dependsmmmmber of
factors, such as the power of rainfall, availapitif surface water, and its form of revive as veallgroundwater,
distribution of soil-cover, temperature and biotmdiactivity, the diffusion rate, autogenic confestructural
weakness and the lithology of the carbonate sudrday

Sinkholes were mostly created on soluble carbonatks (limestone, dolomite, dolomitic limestone and
marbleized limestone). Sinkholes develops at be¢hsurface and subsurface, due to the dissoludiated to
the difference in composition and associated pseEssand pose many problems, which are classifie@. A
Waltham and P. G. Fookes, 2001 into six typesulolg the type subsidence sinkholes that formsincever
within karst terrains. Sinkholes have a wide-raggdestructive effect on many regions in the woilte
creation of sinkholes may cause severe damage tenmde structures, and may even be a hazard torhuma
lives if it occurs in a catastrophic way.

Voids in bedrocks can hinder surface-water flow distlupt the surface drainage system. Soil and ctindace
material may be washed into the underground netwadrlcavities. Sometimes, less tangible karsts can
significantly influence water quality. Caves therafoundation integrity when the width of the cévegreater
than their roof’s thickness. The networks of cotesis caves and voids allow contaminants such asgew
landfill leachate, or hazardous chemicals to traw@mpeded into shallow aquifers that may suppinking
water. The issue of the probable presence of seidéiatures must be cautiously considered whileimggliand-
management decisions, including decisions thatluevprotecting water supply, locating septic syseand
placement of waste disposal facilities. Rock headtes difficult ground to excavate, and are fowitd varied
morphology; from uniform to relief pinnacles. Téegineering classification of karst ground condisicoy A.C.
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Waltham and P.G. Fookes, 2005, is based on featiime®ccur on the intact carbonate rock, and cheriaes
the karst in terms of the complexity and difficuitybe encountered by the foundation engineer.

5.1 Identification of sinkholes and subsidaee areas by applying geophysical technique
The assortment and application of geophysical fgdas intended to reduce the risk of sinkhole fdioma
generally require the detection of existing sinkdsohnd the explanation of the areas where unigqkbales are
most likely to occur in the future. It is also inmpeve to gather information regarding the size drafrequency
of the sinkhole events, subsidence mechanismsratad. However, it is usually a tedious task tanide the
areas affected by carbonate dissolution subsid&in&holes are usually enclosed by human activisesh as
filling and development, or natural attrition preses may well eradicate them.
Generally, sinkholes may have a very fine geomarppbpearance, as the collapse produced by thegroded
processes may have yet to reach the ground sulee; sources of surface and subsurface informatémd to
be examined to gather sufficient data regardingotist and existing subsidence movement in the siteby In
order to partially address these difficulties, g@ophysical examination techniques can be usecttectdthe
changes in the physical ptroperties and the anemali the ground that is connected with air-filleeter-filled
or sediment-filled cavities, breccias pipes, sudsie of structures ravel zones, synclinal hang dalemwn
thrown blocks, irregularity of rock head topograpbgd covered sinkholes. Major characteristics @& th
ambiguities must be acknowledged for certain ieténf methods such as excavating trenches, bordridieg
or applying of borehole probing.
There are a multitude of methods whose applicghilitd fithess depends largely on the investmeragadle,
type of necessary deposits, geological situaticcouered, the over covering or inter layers of thests, the
topography of the area and the probable type afctitres dissolution, the estimated type of strasur
subsidence, existence of interfere factors suchmas-made services, and the required penetration and
declaration. Sinkhole activity has become obvionsdeveloped areas, especially via the deformatibn o
roadways and buildings, intermittent services, atlder formation. Applying geophysical approaches fo
mapping the subsidence destruction, informationthenspatial allocation of the subsidence can beeghiand
major natural and human factors that control tlesalution and subsidence processes may also bé&iooat
Devastation of buildings can also be recorded ofopeance evidence sheets for it to be convertedsapplied
to a GIS and database system.
The best option is to apply two or more geophydieahniques, and compare the results to each dtihemwise
to apply the geophysical examination techniquethersites prior to drilling as one of the phaseglisaces of
investigation. The area with aberrations and threnabareas bereft of aberrations are recognizededsed, and
planned for construction projects. Evaluation adgeysical techniques used in karst areas has besanted by
Hoover (2003) and Waltham et al. (2005). A numideprevious geophysical studies in the karst argatyahe
(ERT) technique to map the bedrock surface, W. ZBdu Beck J.B. Stephenson, 2000, a site in soather
Indiana, where limestone is covered by about 9 miafey soils. Forty-nine profiles were createdrose area
of approximately 42,037 m2. The repeatability of #RT technique was evaluated by comparing theiquev
drilling section, with the interpreted ERT sectirom pairs of transects where they crossed eacér.olio
identify the depth of mud-filled void and its exséon, William E. Doll’, Jonathan E. Nyquist, PhpiliJ.
Carpenter, Ronald D. Kaufmann, and Bradley J. C&002, conducted geophysical surveys at a sitthei©ak
Ridge Reservation (ORR), Tennessee, USA. The dafgest that an optimal scheme for detailed kargipma
might consist of multi electrode resistivity surugy, followed by the joint inversion of gravity arsismic
travel time data. The resistivity results couldused to produce an initial model for the seismid gravity
inversions. To identify buried sinkholes and otharst features in the zone of karst terrain, Kathen
neawsuparp and tanad soisa (2007) applied 2D ance&Btivity imaging resistivity (ERT) survey atetfBan
Pakjam in Huaiyod district, Trung province, southéihailand. The 2D resistivity surveys clearly shtwe
central depression, as well as resistivity contrbstween the cover sediments, delineating th#@al-sinkholes,
underlying weathered bedrock, and map the locabbsikholes in this covered karst terrain.

5.2 Identifying Sinkholes by Employing of Aerial Photogaphs and Satellite images technique
Large-scale colour stereoscopic aerial photographssery helpful in identifying sinkholes. The Kawitation
of aerial photographs and satellite images is tikgpending on the scale and explanation of the ésyag may
not be feasible to pinpoint small or shallow sinlkso
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Figure 3: Five layers spot images of Perak state 28) presenting the location of construction site # site
#2 and site #3 north of Ipoh city (Kinta valley)
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Old aerial photographs are usually very helpfub@tecting sinkholes that are enclosed by buildiogsnan-
made structures. The thorough elucidation of phaigts taken on different dates allows the chronolofy
freshly formed sinkholes to be inhibited. The iptetations help to gain minimum estimates of thesfmlity of
sinkhole occurrences, and permit the study of tpatial-temporal allocated patterns of the subsidenc
phenomena. The usage of low sun-angle photograjhsapparent shadows emphasizes subtle topographic
features.

The more advance technique is the investigatiomiddforne and satellite multispectral and thermahgdes,
which may be used to distinguish the surface terpatterns and acquire variations in moisture, tzga,
colours, and heat related to subsidence areasiakitbkes. In this current work, usage of satelliteages of
Perak is on the scale 1/5000 of year (2008). Aalfttily, Global Position System (GPS) and Geogm@phi
Information System (GIS) technologies have immenselproved examinations. The common methods of
mapping land and utilizing changes are typicallghhin cost and low in precision. The remote senpimyides
updated information on land by using these methNdtural events and human factors can also be wdxbdry
using current and archived distantly sensed data.
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Figure 4: land Photographs viewing several position that recognized in aerial photographs in
construction site #1, which identified as the depdonal of gry swamps clay

The interpretation of the aerial photographs of shedy area and its surroundings to determine thetire
system, topography, and drainage pattern was ctediuthese old aerial photographs were operationt®65
under the Colombo Plan, possessing a scale of 4b@%,000. Table 2 shows the list of aerial pgodphs used
in this study. The technique for this aerial phoapic interpretation of the karstic features, sasHimestone
isolated residual hills (mogotes) and the clifisd @also the lineaments, forests, and plantatiohs.significance
of the karstic features and their possible originelation to the geological features are concluaedell. Also,
the interpretation showed that the orientatiorimfdments from the Main Range and Kledang Ranfg fsom
irregular, but shows the dominant strike of nortsite Southeast, with a subsidiary set striking-eastheast to
west-southwest. It was concluded that these lieeasnwere also observed to be clearly cutting theblaized
limestone of Kinta valley and the hills above Rigure 3 shows the direction of the lineament endtudy area
that are taken from the aerial photographs, stgéfhages, and setting on geological maps. Theaigai in this
study area is rather straight and angular, an@dlgeniotographs show that stream courses are clautrby the
direction of lineaments (joints, fractures and faistems) in the marbleized bedrock. In additibe, aerial
photographs show that the area of construction#ditevas a swamp area with bushes. The aerial pragiog
also shows that the area of construction site #Ps#tie #3 were covered with forest, and some paitts oil
palm plantations. Furthermore, the satellite insaglrows that part of the forest in site #1 weraaeed for the
construction project. Moreover, it was determinkeat tisolated residual limestone hills were distiéouin the
south and south west of construction sites #2 &ndespectively.

99



Journal of Environment and Earth Science www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLINA}
Vol. 3, No.9, 2013 IISIE
Table 2: Presenting the list of aerial photographsvhich employed in this study

Location Roll no. Line no. Print no.
Ipoh C-12-A L32N 20-30
C-6 L31N 20-55
C-5 L30S 80-90

C-5 L29N 120-125

5.3 Reconnaissance field surveys

Direct ground inspections in the two constructidessresulted in the discovery of sinkholes thatemeot
visible in aerial photographs and satellite imady@s to many factors. For example, the area maybes=d by
vegetation, sinkholes definite size, or their dapttoo small to be detected. The recorded modesés! for the
explanation of each sinkhole, including a diagrdrthe sinkhole and its access geometry, the coydeatures
with the district and the coordinates, orientatidimensions, age, continuation degree, vegetationsgmbols
of volatility as cracks, scarps or pipes. Theseuies supply information on the activity and theiges of the
sinkholes, and act as indicators of plausible locabf future sinkholes in proximity to human strures and
other observations. The existence of features sscmuddy areas, or the expansion of vegetationhales
crammed with materials may help detect shallow isiebse depressions. Generally, the application of
geophysical surveys is desired to determine whettese irregular characteristics are interreladesirikholes.
Ground inspection at site#1 reveals no sinkholett@rother hand, aerial photographs of the aredyithpt it is
made up of old swamps, which might contain sinkba@le its subsurface. More than four big black spegre
recognized in aerial photographs, three of therutar to semi circular in shapes, while the othErssess an
extended shape. However, due to human activityeaedvating work being done there as an ex—minieg,ar
most of these features were packed with sand aret ataterial, and among them, three areas withgitspof
grey swamp clay in circular shapes were acknowl@dgehe clay seems to sink down due to numerouerc
which will be explained shortly. Figure 6 showsdgshotographs and the positions of three big biguks in
the aerial photographs, which might include sinksalnder the depositional of gray swampy clay coagon
site #1
This area is identified and demonstrated as an thegamight include a medium to large sinkholeeagied in
the subsurface along this site of visually uncartiepth. This might point to the presence of clayater in-
filled karstic sinkhole or cavities that could cammmise the probity of this site.
During the ground inspection at site #2, two sirlkhavas discovered, but not recognized in aeriatq@raphs
and satellite images, as adjacent small plantsosadk. One of these sinkholes has a diameter of-3gm.,
water in-filled, of visually undetermined deptheaecognized and proven as a sinkhole with a nastoawing
throat, positioned in the south west flank of thie. The other sinkhole has a diameter of ~35nmm,40
positioned in the north east side of this site, imafilled with wet clay and other material of sedints due to
karst activity, raised a question that this sinkholight be linked in the subsurface to one or nodrine large
tabular conduits or channels, and the presencewdfies or voids of undetermined depth. Clay, orirdfilled
karstic sinkhole or cavities were present, whichlda@ompromise the veracity of this site. The saéttion of
this site is littered with soil cover collapses.
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Figure 5 : Land Photographs viewing a number of sikholes that identified as water in-fill, empty and
covered with vegetation was determined as small angarrow in construction site #2 and site#3

6. Location of study area

6.1 Construction site #1
Site #1 is situated at Klebang Putra — Klebang Gteethe north of Ipoh city (Kinta Valley). It istsated at
latitude N4°41'0.96"-N4°41'26.96", longitude E1(8'95.68"-E101°06'21.6" as shown in Figure 6. lbtated
to the north of the main series, and east of trexl&hg series. The project plan estimating constigitiousing
complex include 100 two floor linked houses, 50dalaw houses and its facilities.

Figure 6: Location Map, Satellite Images and land potograph viewing the location the study area in
construction site #1

6.2 Construction site #2
Site #2 is situated at Medan Klebang Restu- Kleb@amai to the north of Ipoh (Kinta Valley), positied
approximately at latitude N4°40'35.04"-N4°41'0.96"gitude E101°07'52.32"-E101°08'18.24", as shiown
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Figure 7: Location Map, Satellite images and land Ipotograph viewing the location the study area in
construction site #2

6.3 Construction site #3
Site #3 is situated north of Bandar Baru Putra,ctvhis itself north of Ipoh (Kinta Valley), Positied
approximately at latitude N4°40'37.10"- N4°41'17,48ngitude E101°07' 51.77"- E101°08'08.33", asvain
Figure 8. It is located to the west of the mainieseiof Cameron Highlands. The project plan estingati
constructing housing complex include 150 two flboked houses and its facilities.

Figure 8: Location Map, Satellite images and land Ipotograph viewing the location the study area in
construction site #3
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7. Field survey technique
7.1 Instrumentation and measurement procedure

The survey was conducted using a SAS1000 resistimigter, which has an inherent microprocessor that

automatically selects the appropriate four eledsofbr each measurement. The two dimensional (2D) -

electrical imaging/tomography surveys are typicabyried out by employing a large number of eletgm) 41,

61 and 81 electrodes along a straight line, coutdead multi-core cable (Griffiths and Barker 199&)mmonly

at a constant spacing of 5m or 10m between theradfpelectrodes. When the succeeding measuremenes

taken, they were configured in a Wenner array atherosurvey parameters, such as the electricakicurs

usually converted into a text file, which can baddy a computer program. After reading the corfite] the

computer program then automatically detects thtabla electrodes for each quantity. A laptop coraputas

utilized to set the RES2DINV inversion software floe purpose of developing the resistivity model.

In a distinctive survey, most of the fieldwork itves laying out the cables and electrodes. Afténgithat, the

measurements are taken automatically and stockedhe computer. This resistivity procedure usugilies a

better grouping of spatial resolution and depthtafly in karst terrain than any other geophysieathhique.

Figure 9: viewing the instrument type SAS1000 appd on geophysical survey

. e ; 3 .

"y .

7.2 Data collection
Electrical resistivity tomography (ERT) was usedrtage subsurface. The electrical resistivity datamposed
along two dimensional (2-D) electrical resistivgggofiles, were functional above and in proximitydemeath,
adjoining active and non-active sinkholes at twostauction sites.

7.2.1 Data Collection in Constructionite #1 (Klebang Putra)

Six electrical resistivity traverses or profilespfle-1 to Profile-6, were controlled over and rdpthe survey
area in site #1. The direction of these profile§NAO°W), and the level of those lines are showthelocation
map, illustrated in Figure 10. The electrical rigity data accumulated along the two dimensioriiD]
electrical resistivity profiles were determinedtie in excess of, or beneath the sinkhole, usind-ahénnel
array in the Wenner configuration. The length afteprofile was 200 m, with an electrode spacingwf, on
average, spaced at 25m between each profile. Tadeagth of all profiles in this site was 1200 coyering an
area of 30000 m2; 190 data points were composeeddn (41-electrode) in one profile, and on averabeut
1140 data were composed for a total six profilehigsite.
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Figure 10: Google earth satellite images viewing ¢location of resistivity profiles in constructionsite #1

Google earth

7.2.2 Data Collection in Constructionite #2 (Medan Klebang Restu)

Six electrical resistivity traverses or profilespfle-1 to Profile-6, were conducted over and glahe survey
area in site#2. The directions of these profilesiar(N80° W), and the points of those lines a@shin the
location map in Figure 11. The electrical resisyivdata were acquired and accumulated for the [zermd
mapping this site along the two dimensional (2-Rcwical resistivity profiles, in excess of, orreath the
sinkhole, using a 61-channel array in the Wenneigde The measurement length of each profile w&s 0
with an electrode spacing of 5m, on average, spac28m intervals between each profile. The taiagth of all
profiles in this site was 2400m, covering an are@H00m2, and 320 data points were composed for @l -
electrode) in one profile. On average, about 191 dere collected from a total six profiles asthite.

Figure 11: Google earth satellite images viewing ¢location of resistivity profiles in constructionsite #2

7.2.3 Data Collection in Constructionite #3 (North Bandar Baru Putra)

Six electrical resistivity traverses, named Trager$ to Traverses-6, were controlled over and albagurvey
area at site #3. The directions of these profitesia (N90°W), and the levels of those lines arewshin the

satellite image, illustrated in Figure 12. Eledtiresistivity data were acquired and accumulatedhfe purpose
of mapping this site along the two dimensional (Relctrical resistivity profiles, using an 81-chaharray in

Wenner design. The measurement length of eachemdis 400 m, with an electrode spacing of 5m,\anage,
spaced at 25 m intervals between each profile tdtat length of all profiles at this site was 24@0covering an
area of 60000 m2, with 340 data points composeddah (81-electrode) in one profile. On averageut040

data were collected from a total six profiles & #ite.
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Figure 12: Google earth satellite images viewing ¢location of resistivity profiles in constructionsite #3

pm————

7.3 Data processing:
After completing the field survey, the resistanceasurements were regularly converted to appareistikty
values. The data were developed to produce twetkional resistivity model of the subsurface. Ttsp
converts the apparent resistivity values into astiey model section that can be used to expigeological
occurrences. The data were readily obtained inRES2DINV formats, while the conversion program was
outfitted with the system. The Root Mean Square §RMrror statistics enumerate the distribution lof t
percentage differentiation between the logarithinthe calculated resistivity values, and those wdated from
the true resistivity model (calculated apparenistagty values). Data points containing errorsnadre than 30 %
and above are usually omitted. In this survey, allsSRMS value is indicative of the fact that lebart 10% are
defined by the convergence limit. The average defRMS error value in construction site#1 is 4.6 &nd the
change in the RMS error between iterations wasranmim of 4.0%, and a maximum of 15.4%. The average
default RMS error value in construction site#2 882%, and the change in the RMS error betweeatiters
was a minimum of 5.0%, and a maximum of 12.6%. 8¥erage default RMS error value in constructiog#dt
is 6.75 %, and the change in the RMS error betvitegations was a minimum of 3.4 %, and a maximum of
9.7 %. To get a good model, the data must beniddumly of good quality.

8. Interpretation resistivity profiles
The ERT technique was applied in this geo-techrscalzey to investigate karst features such as elakh
cavities, depressions and channel pipes, For tsorethat the tool is suitable for differentiatswyficial soil,
clay, sand, weathered marbleized limestone bedsrantact marbleized limestone bed rocks and watsr-
filled cavities and channels. Also was applied tlués less relative effort and time effectivenedss based on
the application of electric current into analyzesditock and measuring the intensity of electricstesty to its
conduit. Basically, it gives information of eldctresistivity properties through the analyzed matg¢owards
electrical current passage.

Several reports and researches of applicatiophgesical techniques in many karst terrains in s#vayuntries
round the world were examined. These reports aselrehes are; "Assessment of Karst Activity at Wi
Construction Sites Using the Electrical Resistivtgthod, Missouri, USA" by Neil L. Anderson, DerBk Apel
and Ahmed Ismail, in year 2007. In addition Theearch of “Accurate Subsurface Characterization for
Highway Applications Using Resistivity Inversion Meds “by loannis F. Louis, Filippos I. Louis anceldnie
Bastou, in year 2002. Moreover the research of alleating the presence of karstic Bauxitic claypants of
Western Desert of Iraq by the application of VLFelectromagnetic and Electrical resistivity techgilby
Yassin R. Rafeeq, in year 2002.And the researchhefresearch of “ The application of complex gesptal
techniques to detecting and locating the Weakness and the water seepage in the body of the Altfitna
dam , samara town, Salahuddin province / Iraq 'Nigl A. Yahia , Yassin R. Rafeeq, Samer R. Hujab,
year1993. Enabled determination of the electriealables associated with the nature of sedimergdubtions
made based on the variations in electrical redigtwalues with the nature of sediments of the gtaka. Hence,
electrical resistivity values were determined fackerock unit.

Successful and defining imaging of the bedrocks smdsurface karsts features is appropriately deitab
provide geological classification based on theatarns in electrical resistivity values of the stuedea into the
surficial soil, clay, weathered marbleized limestdyed rocks, intact marbleized limestone rock, aindilled

105



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) g
Vol. 3, No.9, 2013 IISTE

cavities. Clays are usually distinguished by its8 Epparent resistivities and variables, which aceenlependent
on moisture, mineral content, purity, and unit gfaige, usually from 5 ohm-m to less than 60 ohnwirile
sand is usually typified by low apparent resisgivand variables, depending on the moisture confenmtfy and
unit size, usually from 70 ohm-m to less than 16fhen. Comparatively weathered marbleized limestook
is typified by high apparent resistivity that ipigally more than 200 ohm-m to less than 400 ohninatact or
unbroken limestone rock is distinguished by higiygparent resistivity, naturally more than 400 ohntermore
than 4000 ohm-m, which varies depending on ther&teickness, its impurities and its moisture et Air-
filled cavities or voids are generally charactettizgy very high apparent resistivities, classical®000 ohm-m-
6000 ohm-m, but varies depending on the condugtofithe nearby strata and the size/shape of vozhaity.
Dolomitic limestone or dolomite with higher apparessistivity, naturally more than 6000 ohm-m - 80@hm-
m, varies depending on the layers’ thickness. Wiikform the bulk of the work for electrical invégations
survey in these sites for the purpose of understgmésistivity profiles. Hence, electrical residy values were
resolute for each rock unit. The results are tetbdlan Table 3. This table is useful in the conteixnvestigating
karst features and its deposits within carbonatet karrains, while at the same time also beingable for the
purpose of detecting any mineral deposits withendediments in the area, which requires extensiperence.
In the following analysis, key explanatory intetjptéons were prepared for the geophysical eledtdata in the
selected study areas.

8.1 The interpretation of resistivity profies in Construction site #1

The electrical resistivity data accumuldtethis construction site was clarified in the di&fncy of borehole
control by applying Table 3 above. The interpretattonfirms that a massive sinkhole is presertiatsite and
is unmitigated, located between resistivity Profilend Profile #6.
Figure 13: Inverse model of electrical resistivitysection form profiles#1l to profiles#6, viewing the
interpreted location of karst features (cavities ad sinkholes) in Construction site #1
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(Figure - A) Inverse model of electrical resistpéection for profile no. 1 (Klebang Putra)
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(Figure - B) Inverse model of electtiasistivity section for profile no. 2 (Klebang tPa)
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(Figure - C) Inverse model of electrical rasisg section for profile no. 3 (Klebang Putra)
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(Figure - D) Inverse model of electtiasistivity section for profile no. 4 (Klebang tPa)
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(Figure - E) Inverse model of electrical séisity section for profile no. 5 (Klebang Putra)
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(Figure - F) Inverse model of electrical séisity section for profile no. 6 (Klebang Putra)

This site is located in the West flank of Kintaleg) situated over a high topographic area anatatdrrain of
marbleized limestone rocks, covered with soil.dsistivity Profile #1, the sinkhole appears in thee between
electrode 17 and electrode 28, with an unbalaneatte between electrode 21 and 22. It stretchessistivity
Profile #2 under these same aspects. In resistibjile #4, the position of this sinkhole diffetietes, forming
itself between electrode 12 and electrode 23, aitluneven centre between electrodes 19 and 26sistivity
Profile #6, the position of this sinkhole varieadalso comes into view between electrode 18 atirelde 26,
with an uneven centre between electrodes 21 an@iHZ2depth of this sinkhole varies; in resistiyirpfile #1, it
commences from the shallowest subsurface depth3dfny, and continues down to a depth of >28.7m, the
bottom being unnoticeable with same aspect mirgorsistivity profiles #2, #3, #4, #5 and #6.

This sinkhole comprises of sediments, with saveategories of resistivity values with wide dinces,
ranging between<@-m and 160Q-m. In resistivity profiles #1 and #2, the rangéfals between 2@2-m
and16@-m, while in resistivity profiles #3 and #4, thenge differs between 5Q-m -16@2-m. Finally, in
resistivity profiles #5 and #6, the variation irttange lies between €m - 160Q-m.

The ideal representation of sediments seqtlaned in this sinkhole originated from resistviirofile#5,
with resistivity values in the range betwee®-B1 and 160Q2-m. The section appears from the upper subsurface
downward are as follows:

- Top deposits, low mineralized clay with low resigti.

- From then on, sandy or silty clay with averagestesty.

- Subsequently, silty sand with average resistivity.

- Afterward, sand with above average resistivity.

- Beneath this, transitional zone consisting of litoase rock fragments and sand with high resistisitie

- In the middle of this sinkhole, several categookgesistivity values appear as follaws

- Soft clay with ponged water, highly mineralizedtrermely low resistivity's and very high electrical

conductivity opening in the middle of sinkholesrfra depth of 14.0m.to attain a depth of >28.0m.
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- Moderate mineralized clay with very low resistiv&yand elevated electrical conductivity adjacemt th
upper irregularity from a depth of 6.38m, to reaattepth of >28.0m.

This suggests that the origin of this sinkhole rigd from pre-existing fractures, which probablylened due
to subsidence movement in the area, causing thiayeps to crumble down onto the limestone bedrdtis is
then swiftly filled with clay and other materialsi@l to the activity of run-off water on its face. rigsistivity
profile #1, patterns of lower resistivity represegtoval — shaped lens are experimental betweertrete 30 to
electrode 36 in the shallowest subsurface frompthdef <2.25m, onwards to a depth of ~ 12.4m. Téis
contains deposits with resistivity's values in theries of ®-m-50Q-m. Ambiguity with patterns of lower
resistivity representing depression with tubulahapes were detected in resistivity profile #3hatsubsurface
directly to the right flank between electrode 28 atectrode 30, and from a depth of ~1.25 m, emduddwn to
a depth of <6.38m. This depression bears sevepabtyf resistivity values in the range of @om - 70 Q-m.
This abnormality mostly consisted of organic grégyc which is deposited from the old swamp, pdstial
extended into resistivity profile #2, and visiblgto resistivity profile #4 and profile #5. A supptentary
anomaly, similar to that described above, was tetein resistivity Profile #5; containing severategories of
resistivity values in the range of IBm - 70Q-m, at the shallowest subsurface directly at thdllnk between
electrode 3 and electrode 8, commencing from ahd&pt1.25m, and continuing down to a depth ofGn3.
Most of the sediments that are deposited in regigiprofile #6 form oval - shaped lenses, conaptdf diverse
patterns of resistivity values, one of which wasweh in the subsurface directly at the left flankvieen
electrode 10 and electrode 18, from a depth ofi.2Bwn to a depth of 23.0m, also containing several
categories of resistivity values in the range &% - 502-m, and appearing from the core, extending outwards
as follows

- Vastly mineralized soft clay with ponded water rextely low resistivities, representing the coréhef

lens.

- Moderately mineralized clay with very low resistes adjoining the core.

- Low mineralized clay with low resistivities in tieexternal most layers of the lens.
The uppermost of the subsurface layer in resigtjpuiofile #6 were of higher resistivity, represagtboulders of
weathered limestone, and/or fragments of limestonether rocks, gravel amalgamated with friabledsan
emerging between electrode 11 and 14, then betekeetrode 17 and 24, from a depth of 1.25 m deep, t
depth of ~ 7.0 m.
A cavity appeared in the sand at the right flankesistivity profile #6, between electrode 25 aleti®ode 34,
from a depth of ~ 11.0m to~15.0m, typically filladth remaining sediment and rock fragments. Altted Karst
features that are detected through the surveynstoaction site#1 were described in Table 4.
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Table 3: Describes the range of resistivity valuewith the expected geological unit’s deposit.

DATA BASE OF KARST FEATURES
FROM 2-D ELECTRICAL RESISTIVITY IMAGES SECTIONS IN CONSTRUCTION
SITE#1( PUTRA KLEBANG)

Traverse Karst Quantit | Locatio Size Approximate Descriptions
s No. Features y n Depth
Sinkhole 1 E17- Diameter~55.0mr 1.25n- Subsidence sinkhole, ifill with
Trav.#1 E28 >28.7m stiff, non stiff clay, silty and
Lens 1 Width 30.0m sand.
E30- >2.25m- Oval shape lens in-fill with non
E36 12.4m stiff clay and ponded water.
Sinkhole 1 E15- Diameter ~65.0n 1.25m - | Subsidence sinkhole i-fill with
Trav.#2 E28 28.7m stiff clay, non stiff, silty and
sand.
Sinkhole 1 E10- Diameter ~85.0n 1.25m-24.0nr | Subsidence sinkhole ifill with
Trav.#3 E27 stiff clay, non stiff, silty and
Small 1 Length~35.0m 1.5m-9.0m | sand.
Depress E23- Infill with non stiff and stiff
E30 clay.
Sinkhole 1 E12- Diameter ~55.0n 1.25m-24.0nr | Subsidence sinkhole i-fill with
Trav.#4 E23 stiff clay, non stiff, silty and
Small 1 Length~35.0m 1.5m-11.0m | sand.
Depress E24- Infill with stiff and non stiff
E31 clay with ponded water.
Sinkhole 1 E16- width ~50.0n 1.25m- Subsidence sinkhole ifill with
Trav.#5 E26 >28.7m stiff clay, non stiff, silty and
sand.
Small 1 Length ~35.0m
Depress E27- 0.0m-12.4m | In-fill with stiff and non stiff
E34 clay with ponded water.
Sinkhole 1 E18- Diamerter~35.0 1.25m- Subsidence sinkhole ifill with
E26 >28.7m stiff clay, non stiff, silty and
width~40.0m sand.
Trav.#6 Lens 1 width~15.0m 1.25m -23.0m
E10- width~45.0m Oval shape, packed with non
Lens 1 E18 Length~45.0m ~4.50m- stiff clay and ponded water.
18.0m Oval shape, packed with non
Cavity 1 E24- stiff clay and ponded water.
E27 11.0m-15.0m | Packed with rock fragments.
Depressio 1
n E25- 0.0m-9.0m | In-fill with stiff clay.
E34
E26-
E35
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Table 4: Data base of karst features from 2-D eledtal resistivity images sections in constructionige#1

No. | Range of resistivity values Expected geological units deposits Color of Res. units
in ERT model

1. 00-m -5 O-m Insufficient low resistivity, Soft clay with water filled

porosity,very high mineralized.

(]

S0-m -10 O-m Extremely low resistivity and very high conductivity,

softclay with ponded water, highly mineralized.

3. 10 0-m —20 Q-m Very low resistivity and very high conductivity, Clay

moderate mineralized.

4. 200-m —50 O-m Clay low mineralized, low resistivity and very high
conductivity.

s, 50 0Q-m — 70 Q-m Belowaverage resistivity, soil, silty or sandy clay.

6. 70 Q-m — 100 ©Q-m Average resistivity, clayey or silty sand.

7. 100 Q-m — 160 O-m Above average resistivity, sand friable, coarse grain.

8. 160 Q-m —200 Q-m Mostly high resistivity, transitional zone consists of

rock fragments and sand.

9. =200 Q-m — 400 QO-m high resistivity, weathered limestone, probably
consisting of wet joints or fractures and/or clay in-
fill, higher resistivity

10. =400 Q-m —>3000 Q-m | Very high resistivity, Compact or intact limestone.

11. =3000 Q-m — 6000 Q-m | Extremely high resistivity, Voids or cavity, air in-fill.

12. =4000 Q-m — 8000 Q-m | Extraordinarily high resistivity, Intact pure

marbleized limestone or dolostone rocks.

Figure (13-A, B, C, D, E, F) clearly shows the jeith limestone bedrocks, which are probably madeeif
fractured and/or water or clay in-fill, positionedderneath and adjoined to the sinkhole. The seidéthis bed
was irregular, and contains topography with upigtand hollow space or pits. This unit indicatesl iemaining
unique limestone formation appearing after a procedf dissolving into subsurface karsts. The isitgrof this
bed varies between ~6.5m - ~12.0 m in the leftkbaand tumbling down in the middle of these pesfilo get a
depth of> 28.8 m, reappearing at the right flankaatlepth of ~9.0 - ~19.0m. Uninterrupted bedrock of
undamaged or un-weathered limestone of very higistreity was found at this site, beneath and ailjg the
jointed limestone observed in the left flank ategtth of ~8.0 m - ~15.0 m, continuing deep in ottdereach a
depth 0f>28.0 m at the core of these profilesed#ippears at the right flank, at a depth of ~24.0t86.0 m.
Quite a few pinnacles were observed in the subsaird this site between a depth of ~6.0 m - ~19.Figure
(13- A, B, C, D, E, F). The intensity of weatherewh;weathered or intact limestone bedrock and #mhdof
pinnacles in construction site#1 were viewed inldab

8.2 The interpretation of resistivity profles in Construction site #2
The electrical resistivity data gathered in thismstruction site was calculated in the dearth @ébole control
by utilizing Table 3. This site is located to tkast flank of Kinta valley, and is normally overhah
topographical area and a flat terrain of marbleibmestone rocks. The top of the subsurface isgrateed by
high resistivity; interpreted as a zone of neafasier weathered limestone and/or highly jointed §toee, with
boulders of solid limestone and rock fragments.
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Figure 14: Inverse model of electrical resistivitysection form profiles#1l to profiles#6, viewing the
interpreted location of shallow karst features (siitholes and cavities) in Construction site #2 (Kleleg
Restu)
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(Figure - A) Inverse model of electrical resistpdection for profile no. 1 (Klebang Restu)
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(Figure - B) Inverse model of electrical resisgsection for profile no. 2 (Klebang Restu)
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(Figure - C) Inverse model of electrical resisghgection for profile no. 3 (Klebang Restu)

Cegth ar‘mnmw-sot
154

Ll ]
n0
87

Irwarne Mode! Resstwly Secton
I S T ) .
500 0 1 (] &0 w0 o

X S0
RAesmtaty nchm m Uret slecteade spacng 500 m

(Figure - D) Inverse model of electrical resistwstection for profile no. 4 (Klebang Restu)

Desth u'ﬂ“ﬂ]%m'ﬁﬂ'ﬂ
15 — — - - —

Aesmtnty nohm m Unit slectaads spacng 500 m

111



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLINTG
Vol. 3, No.9, 2013 IS

(Figure - E) Inverse model of electrical resisgnsection for profile no. 5 (Klebang Restu)
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(Figure - F) Inverse model of electrical resistgngection for profile no. 6 (Klebang Restu)

The interpretation confirms that a zone of irregudub-surface magnitudes in this site is exterimdd/een
resistivity Profile #1and Profile #3 in the shafdeooe longitudinal asymmetrical tubular channehkBbles
were detected near the surface in resistivity gofi2, commencing in the shallowest subsurface dxtw
electrode 40 and electrode 58 in the right flan&f a depth of <1.25m, sustaining deep in ordeetzh a
depth of ~24.0 m. It appears as a slim to mediudewlroat, extending to about 40 m in diameter. Gérdre of
the sinkhole appears in this profile, and expandgaofile#1 and profile#3. This sinkhole was litke one or
asymmetrical tubular channel along these profilesular cavities of visually undetermined depth eged as
oval-shaped lenses, merging together into one &nlwhiannel; Figure (14-A, B, C).
The abnormality detected in resistivity profile #irpfile#2 and profile #3 commenced approximateiynf
electrode 3 to electrode 55 in profile #1, andlexteode 58 in profile #2, and in profile #3, origted in the
shallowest subsurface from a depth of <1.25m, aadsastained deep into the right flank in orderdach a
depth of ~24.0m. It consisted of deposits withesal categories of resistivity values in the ran§20 Q-m to
160Q-m, and extends outwards from internal to the extieras follows

- Low mineralized clay with low resistivity and higlonductivity coming out as lenses in this tubular

incongruity.

- Sandy or silty clay with below standard resistivdstyrounding the deposits before.

- Silty sand with standard resistivity representing key deposits.

- Sand with above standard resistivity.

- Rock part of limestone and sand with high resigési
This implies that the base of all these cavitiesevim a pre-existing features of joints in thedistone bedrock
that was probably created into prominent solutiodewed joints, due to the activity of heavy rair annning
water on the face, which were then rapidly packét elay and other materials.

The region of weathered limestone or highly jethtimestone bedrocks extending across these pinodides
was seen to be beneath and closest to this lomgaluibular irregularity, with an overall roughrace, and
categorized with higher resistivities. It occurs the subsurface at a depth of 6.36m - ~9.0m, andedho
downwards to reach a depth of ~12.0m - ~17.0 rheatore of this profile, then dropped down to reactepth
of~17.0m -26m. After that, it again rises up toctea depth of~7.0m-12.0m in the right flank; Figutd-A, B,
Q).

Undamaged or non-weathered limestone bedrocksweithhigh resistivity were discovered in the suleste at

a depth of ~19.8m along the left flank, in profig, profile#2 and profile#3. It tumbled down to Esle a depth
of >27.0 m in the core, and continued to the ritgmk, arising up in the shape of a crest in otdereach a
depth of ~12.4m Figure; (14-A, B, C). Numerous piclas of limestone were observed in the subsuiface
profile #1, profile #2 and profile#3, which were atdepth of ~11.5 m - ~12.4 m, Figure; (14-A,@8, In
Resistivity Profile#4 and Profile #5, the cover dtadeposits expanded from electrode 3 to elect&&leTwo
depressions were observed in the resistivity sectine of which was between electrodes 10-36, whdeother
between electrodes 40-56. The utmost depth otthepressions was between ~11.5m -~13.0m for thexbn
the centre of this profile, and a depth of ~13.5mtifie one in the right flank of this profile, Frgu(14-E).

A number of categories of resistivity values ie tlange of 2Q-m to 160Q-m emerged with these deposits.
Limestone bedrock with karstification features wbmarly detected in the subsurface of both flamk#h twin
centres appearing beneath electrode 29 and elec#®dn resistivity Profile#4. It comes with a tentre in
resistivity Profile#5. This irregular zone of weathd limestone expanded across this profile bertbatkipper
layers, which was overall characterized by higlesistivity; starting in the subsurface at a deyfth6.36m, to
make a maximum depth of ~15.5m. Also, in thesdilps intact or unweathered limestone bedrock feasnd
at a depth of ~7.5m to ~12.0m in the left flaplkinging down at a depth of ~9.0m - ~22.0m in thetie, and
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at a depth of ~ 17.0 m to - 24.0m in the right HaBeveral pinnacles of limestone were discoverethe
subsurface beneath these profiles at a depth betwéeDm - ~7.0 m; Figure (14-D, E).

In resistivity profile #6, two depressionsre/ebserved in the resistivity section; one betwsdeatrode 3 and
electrode 29, with a maximum depth of ~15.5m bdneétctrode 19, while the other depression was dxtw
electrode 30 and electrode 57, with a maximum deptf18 m beneath electrode 39. Additionally, degsosith
numerous categories of resistivity values are crathwith these depressions, ranging fror2@ to 160Q -m,
and lenses of lower resistivity values fromtth to 20Q -m were found in the middle of these depressions.
Moreover, immature cavities were located in thedsdretween electrodes 35 and electrode 37 at & ddpt
~1.25m, down to a depth of ~8.0m, ~10m wide, and5i® height, with enormously high resistivity tlaae
typically air-infilled.

Immediately before electrode 9 till electrod® & minute sinkhole was observed from the surfamsen to a
depth of ~8.0m, containing several categories siti@ity values ranging from®-m to 2@2-m. This sinkhole
water is in-filled, and typically consists of safay with ponded water. Sufficiently mineralizedyglwas found
adjacent to the preceding deposit. The existenceayf deposits observed in this site could compsenthe
site’s reliability, as the clay could fall down disrupt piping when situated under load, due towtbght of the
structures. All of the Karst features, which weletected through the survey in construction site w&re
described in Table 5.

Table 5: Data base of karst features from 2-D eddrical resistivity images sections in constructiorsite#2

DATA BASE OF KARST FEATURES
FROM 2-D ELECTRICAL RESISTIVITY IMAGES SECTIONS IN CONSTRUCTION SITE#2 ( KLEBANG
RESTU)
Traverses | Karst Features | Quantity | Location Size Approximate Descriptions
No. Depth
Trav.#1 1 E3-E58 | Length 260.0m | 9.25m-28.7m
Large Infill with stiff clay
longitudinal ,silty sand and sand
asymmetrical
tabular channel
Sinkhole 1 E40-E58 Diameter <1.25m - | Rain water dissolution
~40.0m 24.0m activity
Trav.#2 1 E3-E58
Large Length ~260m | 9.25m-28.7m
longitudinal Infill with stiff clay
asymmetrical ,silty sand and sand
tabular channel
Sinkhole 1 E40-E5¢ | Diameter~40.0n | <1.25m - | Rain water dissolution
Trav.#3 24.0m activity
1 E3-E55 | Length ~260.0m
Large 9.25m-28.7m
longitudinal Infill with stiff clay
asymmetrical ,silty sand and sand
tabular channel
Depressiol 1 E10-E3€ | width ~130.0m 0.0m-17.0m | Due to Karst processe:
Trav.#4 Depression 1 E40-E56 | width~130.0m 0.0m-17.0m | Due to Karst processes.
Depressiol 1 E11-E23 | Length ~60.0n 0.0mr-9.50n | Due to Karst processe:
Trav.#5 Depression 1 E26-E43 | Length ~160.0m| 0.0m-11.50m | Due to Karst processes.
Depressiol 1 E3-E2¢ | Length ~120.0n ~15.5n in-fill  with stiff and
Depression 1 E30-E57 | Length ~105.0m ~18.0m non-stiff clay
Trav.#6 in-fill - with stiff and
Immature 1 E35-E37 | Sizel0.0X6.75m| 1.25m-8.0m | non-stiff clay
cavity
Minute 1 E9-E10 | Diameter ~5.0m| 0.0m-8.0 m | air infill
sinkhole in-fill with water and
non -stiff clay

The limestone bedrock that was visibly observedhi@ subsurface along this profiles possesses vigty h
resistivities, with the development of karstificati phenomena, which describes rough carbonate dedro
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containing many peaks and troughs, starting witbrge of weathered limestone, and/or highly widgoetded
limestone bedrock expanding across this profilerleoking the upper layers at a depth of ~3.5m dowerder
to reach a maximum depth of ~18.0m that was ovelatacterized by higher resistivity. This was rtaimed
by intact or unweathered limestone bedrock withy\gh resistivity, observed on the subsurface depth of
~4.0m on both flanks, tumbling down to reach a maxn depth of ~22.0m in the centre.
Limestone pinnacles were noticeably observed asthsurface in the middle of this resistivity ptefibetween
depths of ~3.5m to ~4.0m Figure (14-F). The deftiveathered, unweathered or integral limestone disdr
and pinnacles in construction site#2 was present&dble 7.

8.3 The interpretation of resistivity profles in Construction site #3
This site is normally situated over a high toppéraarea and a flat terrain of marbleized limestaeks. The
electrical resistivity data accumulated in this stomction site was clarified in the deficiency afréhole control,
by utilizing data posited in Table 3. The interpt&tn confirms that a variety of sinkholes that jpresent in this
site, mainly the soil cover collapse type and uigated, can clearly be seen between resistivityilerg3and
Profile #6, Figure -15.
Figure 15: Inverse model of electrical resistivitysection form profiles#l to profiles#6, viewing the

interpreted location of shallow karst features (siltholes and cavities) in Construction site #3 (Banda
Baru Putra)
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(Figure - B) Inverse aebof electrical resistivity section for profilen2 (Bandar Baru Putra)
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(Figure - C) Inverse modeklectrical resistivity section for profile no(Bandar Baru Putra)
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(Figure - F) Inverse model of electrical resistigection for profile no. 6 (Bandar Baru Putra)

Zones with semi-regular surface and subsurface iafgs are found along two traverses; traverse#l an
traverse #2. Adjacent to the middle of resistitigverse #1 for the left flank, small depressiogarein the
shallowest subsurface beneath and almost betweetrades 25 and electrode 38, with a depth of €15;0
Figure (15 - A). Close to the middle of resistivitgverse #2 from the right flank, small depresiegan in the
shallowest subsurface beneath and near electr@andielectrode 61, with a depth of ~15.0m; FidliEe- B),
while in traverse #3, the subsurface limestone iesoirregular, and small depression began in thHostest
subsurface beneath and between electrodes 3 aricbdke27, with a depth of ~16.00m, with the otheneath
and between electrodes 49 and 65, having a deptfi®0Om. Many small size sinkholes along this trese
appears mostly in the right flank as the soil cax@tapse type, merging into the sand, some wittemin its
core, having a depth of ~16.00m; Figure (15 - @hdstone bedrocks, with very high resistivity wérand in
the subsurface between a depth of ~4.0m to 9.26ngadrofile #1, profile #2 and profile #3. It turedl down to
achieve a depth of >17.0m; Figure (15 -A, B, C).
Abnormalities were detected in resistivity travetigle traverse #5 and traverse #6. In the caseaeéiise #4, a
sinkhole appears between two pinnacles in middtaisftraverse, commencing approximately from etetd 38
to electrode 47 in the shallowest subsurface, feodepth of 3.25m, and sustained deep into the fighk in
order to reach a depth of ~37.0m. It consists pbdits with several categories of resistivity valirethe range
between 2@-m and 16@2-m and extends outwards from internal to the exleaa follows

- Low mineralized clay with low resistivites and highnductivity in the core, coming out as lenses

in these oval —shaped sinkholes.

- Sandy or silty clay with below standard resistisjtsurrounding the deposits before.

- Silty sand with standard resistivites, representiregkey deposits.

- Sand surpassing standard resistivites.

- Rock fragments of limestone and sand, with higlstiegties surrounding the sinkhole.
This type of sinkhole appears due to the activitghe karst processes. Several soil cover collapgdoles
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appear in the right flank, with maximum depth oB-8m.

The presence of water in this type of sinkholeiadecative of the origin of heavy rain running offi the face of
the surface, which were then rapidly packed witllychnd other materials in these pipes, Figure @p -
Sections of weathered limestone or highly jointetkktone bedrocks extending across profiles#3 eofi g4
was seen beneath, with an overall uneven surfantioing several pinnacles, and categorized witfhéu
resistivity. The pinnacles have a depth betwee®rd.219.5m. In Resistivity profile #5, the subsu&darst
deposits expanded from electrode 4 to electrodd A& utmost depth of these deposits was betweerb68i7in
the left flank of this profile, to less near theddilie, reaching a depth of 19.8m in the left flankh a depth of
~34.5m; Figure (15-E). A number of categories esistivity values in the range of ZBm to 160Q-m were
observed in the resistivity image section. Numsertypes of karst features were observed in thidilero
emerging within the deposits, with its presencthanshape of the soil pipes, multi lenses, and gsipkholes.
Limestone bedrock with karstification phenomena wsibly observed in the subsurface at the ceapearing
beneath electrode 26 and electrode 62 in resigtpivfile #5. This irregular zone of weathered lgtume
expanded across this traverse beneath the uppesjayhich was overall characterized by higherstadiies.
The opening in the subsurface at a depth a maxigepth of ~39.5m in the left flank, rises up to reaadepth
of ~22.0m in the middle, which then dropped to heaaepth of 37.0m in right flank of this profil&ock head
pinnacle of limestone was also discovered in thesstface; Figure (15 - E).

In resistivity profile #6, the resistivity sémt showed massive depression extended alongribiisepbeneath

electrode 3 and electrode 78, containing deposttswarious categories of resistivity values raggirom 2Q2-
m to 160Q -m. Multi-lenses of lower resistivity values froh® Q-m to 20Q -m were found to be extended
between electrode 46 and electrode 61, with a degathhing ~22.0m. Additionally, mature sinkholesrave
located between electrodes 66 and electrode 68 fhe@ surface down to a depth of ~19.8m, and ahwadt
~15.0m, containing several categories of resigtv@ues ranging from ®-m to 70Q -m. These sinkholes are
typically in-filled with rainwater, and also cons@f soft clay with pond water; Figure (15 - F).
Stiff clay was found adjacent to the precedingstardeposit within the depression observed exigtdietween
electrode 7 and electrode 42 at this site, anddooarinpromise the reliability of this site, as ctauld fall down
by itself, or on piping when situated under loade do the weight of the structures. All of the Kdesatures,
which were detected through the survey in condtondite#3, were described in Table 6.
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Table 6: Data base of karst features from 2-D eddrical resistivity images sections in constructiorsite#3
DATA BASE OF KARST FEATURES
FROM 2-D ELECTRICAL RESISTIVITY IMAGES SECTIONS IN  SITE#3 (NORTH BANDER BARU PUTRA)
Traverses | Karst Features Quantity Location Size Approximate Descriptions
No. Depth
Trav.#1 Depressiol 1 E25-E38 Length ~65.0n 7.5m-15.0r | In-fill with stiff and
silty clay.
Trav.#2 Depressiol 1 E49-E64 Length ~75.0n 7.5m-15.0r | In-fill with stiff and
silty clay.
Depressiol 1 E3-E27 Length ~120 n 3.5m-16.0r | Rain water activity.
Depression 1 E49-E65 | Length ~80.0m | 3.0m-16.0m | Rain water activity.
Trav.#3 Sinkhole 1 E61-E65 Diameter 0.0m-17.5m | Soil covers collapse.
Sinkhole 1 E68-E70 ~20.0m 0.0m-16.0m | Soil covers collapse.
Diameter
~10.0m
Sinkhole 1 E38-E47 Diameter 3.25n-37.0nr | Karst processes
Soil pipe 1 E50-E51 ~45.0m 0.0m-15.0m | Soil covers collapse.
Trav.#4 Solil pipe 1 E57-E58 | Diameter~5.0m | 0.0m-17.0m | Soil covers collapse.
Solil pipe 1 E59-E61 | Diameter~5.0m| 0.0m-19.8m | Soil covers collapse.
Soil pipe 1 E77-E78 Diameter 0.0m-7.50m | Soil covers collapse
~10.0m
Diameter ~5.0m
Solil pipes 1 E06-E08 Diameter 0.0m-9.7m | Soil coverscollapse
filled depress 1 E14-E18 ~10.0m 0.0m -19.0m | Sand infill
Trav.#5 Soil pipes 1 E53-E54 Diameter 0.0m -19.0m| Soil covers collapse.
Multi lenses 1 E59-E70 ~20.0m 9.0m-19.0m | Stiff &  non-stiff
Empty depress 1 E22-E30 | Diameter~5.0m | 0.0m-19.8m | clay.
full-size lens 1 E11-E19 Width ~55.0m | 9.25m-28.7m| Rain water
Diameter dissolution.
~40.0m
Width ~80.0m Stiff clay  with
ponded water.
Sinkhole 1 E66-E6S Diameter ~19.8n in-fill with  rain
rav.#6 Multi lenses 3 E46-E61 ~15.0m ~22.0m water
Depression 1 E7-E42 | Width ~75.0m 19.0m
length~210.0m clay with ponded
water
in-fill with non-stiff
clay

The uneven marbleized limestone bedrock was visdilgerved in the image extended on the subsurface
between electrodes 28 to electrode, from a dep#9dim, to maximum depth of > 52.4m. It began wittone

of weathered limestone and/or highly widened jaimearbleized limestone bedrock, overlooking uppgeis
deposits. Intact or unweathered limestone bedmitk, very high resistivities were observed on thbsirface
beneath the weathered bedrock, tumbling down tohreamaximum depth of >59.0m in the left flank loé t
profile. The depth of weathered, un-weathered tegmal limestone bedrocks and pinnacles in constrc
site#3 was presented in Table 9.

9. Depth of marbleized limestone bed rock in the studgonstruction sites

Nearby karst terrains normally create problems diogineers. Often, only engineers who are familigh w
soluble rock understand these anomalies and prebtéat are associated with it. For engineers, kiomes
creates various difficulties that are made compgxincreased expansion of the karsts morpholodye three
tables below present an outline or portrayal ofs@elected points regarding the limestone bedrepkhdf the
three construction sites that will be favourabledngineers for them to recognize the depth of storee in the
three sites under study. These are, however, inede@nd can only provide common suggestions @epted
ground conditions, despite the possibility of egdip with enormous discrepancies regarding thehdepthe
local feature. The surveys showed that the deptmarbleized limestone bedrock in these three coctitm
sites was uneven, and possesses many pinnaclesibecs.
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Table 7: Described the approximate depth of weathed, intact marbleized limestone bedrock and
pinnacles in construction site#1

Approximate Approximate Approximate
No. site #11 Electrode depth of Electrode depth of intact | Electrode depth of
No weathered No limestone No . |
limestone bedrock pinnacie
110
7 13.0m 8 150 m 16 70m
11 80m 11 18.0m 28 19.0 m
1. Res Trav. #1 16 19.8 m 15 140 m
18 >28.0m
19-24 19.0m
28
5 100 10 190
9 124 m 16 24.0m
2. Res Trav. #2 17 24.0m 17 >28.0m - -
18 >28.0m
4 6.5m 4
N 22 180m s 100 m 10 6.0m
- >280m
Res Trav. #3 31 90m >28.0m
4 85m
9 6.38 m 61'210 8.0m 10 6.0m
4. 13 180 m 19.8 m
Res Trav. #4 15 >28.0m
23 9.0m
33 12.0m
4 70 5
10 10.0 m 80m
5 12 30m 190 10.0 m 12 131'00”2]
' 15 >240m 15 - 24 180 m 26 '
Res Trav. #5 26 12.0m 26 >28.0m
30 22.0m >26.0m
15
19 26.0m 16 - 17 26.0m 19 12.0 m
6. Res Trav. #6 20 12.0m
: >28.0m
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Table 8: Described the approximate depth of weathed, intact marbleized limestone bedrock and
pinnacles in construction site#2

Approximate Approximate Approximate
No Site #12 Electrode depth of Electrode depth of intact | Electrode depth of
: No weathered No limestone No . |
limestone bedrock pinnacie
21-5¢ 125
13 23.0m
1. | ResTrav. #1 9-26 15.0m 36 >28.0m 43 12.4m
38 26.0 m 44 150 m
44 11.0m )
27-4C 1.25-16.0
47 - 57 1.25 -9.0m 11-21 19.8 m 26 124 m
> 9-21 150 m 38 >28.0m 44 115 m
: 26 12.0m 44 17.0m
Res Trav. #2 38 26.0 m
43 12.0m
6 9.0m
12 6.38 m 8 19.8 m 11 6.36 m
3. R Trav. 43 33 17.0m 4212 222740 m 43 9.5m
es Trav. 43 Z70m A4 m
6 90 8 120 n
4 Res Trav. #4 28 155 m 28 22.0m 17 6.0m
: 43 6.36 m 43 10.0 m 43 7.0m
50 24.0m
4 80m
17 10.0 m %2 ;'g m 10 6.0m
5. 33 10.0 m 43 8.5 m 24 6.36 m
Res Trav. #5 44 6.0m 54 17‘ om 44 6.0m
54 14.0m '
3 35nm
19 18.0m 3 40m
6 30 35m 22 18.0 m 30 35m
: 39 18.0 m 30 40m 49 40m
Res Trav. #6 43 35m 39 22.0m
59 30m
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Table 9: Described the approximate depth of weathed, intact marbleized limestone bedrock and
pinnacles in construction site#3

Approximate Approximate A imat
. Electrode depth of Electrode depth of intact | Electrode pproximate
No. site #3 - depth of
No weathered No limestone No ) |
limestone bedrock pinnacie
17 9.26mr 17 16.0n - -
1 33 15.0m 33 20.0m - -
’ Res Trav. #1 49 10.0m 49 10.0m - -
65 14.0m 65 15.0m - -
17 14.0r 17 17.0r - -
2 33 9.62m 33 18.0m - -
’ Res Trav. #2 49 12.0m 49 18.0m - -
65 9.0m 65 15.0m - -
17 16.0m 17 19.8m - -
3 33 15.0m 33 17.0m - -
’ Res Trav. #3 49 17.0m 49 19.8m - -
65 16.0m 65 21.0m - -
17
17 19.8 33 27.0m 37 11.0m
4 33 20.0m 49 27.0m 49 22 0m
Res Trav. #4 49 - -
65
65 - -
é; 34.0m é; 42.0m
5. Res Trav. #5 49 27.0m 49 29.0m 46 20.0m
65 ) 65 )
17 - 17 -
6 33 39.4m 33 52.4m 33 39.4m
’ Res Trav. #6 49 32.0m 49 42.0m 56 32.0m
63 29.0m 63 34.0m

10. Results and discussion

The current Electrical Resistivity Tomography (ERS)rvey at several divisions of the housing complex
structure sites in the north of Ipoh was conducdtedrder to determine the subsurface geologicaiufes,
including sinkholes, karstic voids or cavities, @hd subsurface geological structures, togethdr imiensely
fractured zones and faults. An assessment of thetwin was surmised from the subsurface images.
Subsequently, an estimation of the possibility ob#apse occurring due to these cavities or vaids prepared.

(1)

(2)

3)

This study also displayed that high resolution fieal Resistivity Tomography (ERT) can be
effectively implemented to reflect the bedrocks dhd fractures in subsurface karsts terrains. The
resistivity method used in this study was very faable vis-a-vis locating underground voids, or
cavities and sinkholes, and also water channels,tduhe dissolution in fractured zones. It is also
completely suitable for differentiating surficiadis clay, weathered rocks, compact or intact roeksl
air-filled karstic voids or cavities, and intensefsactured rocks. These features effect many
construction site locations in areas extended oadponate rocks, causing disturbance in constnuctio
works, which can increase the overall cost of tiogegt(s).

The geological model is clarified via the geophgkidata, consisting of a basal limestone unit, twhic
comprises of the bedrock; enclosed by soil or saridy. This bedrock unit appears to have been
dissected or intervened by cavities that are higihd to solution-widened joints, and is perceives
the karstic processes. These features are pertiecayse they are in-filled with thick clay, whilthers
with sandy or salty clay, which could collapse wiebjected to piping under load.

The geophysical data indicated that the depth mEdione bedrock was asymmetrical or uneven,
containing many pinnacles and cutters. In condoocsite #1, the depth of weathered limestone
bedrock was mixed between 3.0 m and >28.0m. Factitimestone bedrock, the depth varied between
8.0 m and >28.0m, and the depth of pinnacles vénédgleen 3.0 m and 19.0m, as shown in Table 7. In
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(4)

(5)

(6)

(7)

(8)

(9)

construction site #2, the depth of weathered liorestbedrock mottled between 1.25 m and 26.0m. The
depth of an intact limestone bedrock varied betwke8rm and >28.0m, while the depth of its pinnacles
varied between 3.5 m and 12.4m, as shown in thdeT&bIn construction site #3, the depth of
weathered limestone bedrock mottled between 9.08nth 39.0 m. The depth of intact limestone
bedrock varied between 10.0 m and50.0m, and thi ddpinnacles varied between 11.0 m and 39.0
m, as shown in Table 9.

The geophysical data in construction site #1 iscetise of an area of lesser resistivity and high
conductive ambiguities, where the top layers haginbewered by fracture along the site and the
resulting sinkhole due to the collapse, thus coimgisoft clay with vast mineralization with someng
water has made the area less resistive to eldatriceents. This was noticed on the site duringadiig
works. The data also exposed that this sinkhol¢irmoes to be produced in the subsurface at most of
this site, and was in fact extended in six locaiohthe six resistivity profiles at this site.

The geophysical data in construction site #2 shoavedrea of lower resistivity and high conductive
ambiguities, which has been affected by sinkholé m@any tubular ambiguities containing clay and
sandy clay. The bedrock unit appears to be litténednany features such as sinkholes, cavities and
channels. These features are harmful as they akegavith thick clay, sandy or silty clay, whichutd
collapse when subjected to piping under load. Tigd hesistivity ambiguities are indicative of the
existence of karstic voids, which require confirmatvia drilling results.

The geophysical data in construction site #3 shoaredrea that has been affected by several karst
features in shape soil cover collapse sinkholessailcipes, thus containing clay and sandy clag, a
are sometimes in—filled with rain water. Theseudead are harmful as they are packed with clay,yand
or silty clay, which could collapse when subjedie@iping under load.

These analyses led to the conclusion that thenooiigthe sinkhole and cavities in constructior gl
was a pre-existing fracture that had widened, pbssiue to subsiding movement in the area, causing
the collapse of top layers onto limestone bedradlich was then rapidly crammed with clay due to the
activity of run-off water on the surface. Howevéne origin of the sinkholes and cavities in
construction site #2 appears to be new. The orimfiisdl these cavities were previously thought éooth
pre-existing features, such as joints in limestbadrock. It had formed into a strongly outstanding
solution-widened joint for rainfall activity and maoing off of water on the surface, which was swiftl
being packed with clay and other materials.

The origin of the sinkholes and lenses in consiucsite #3 appears to be a new. The early staigas
soil-cover karst collapse may appear as a soihgigeature; most soil cover collapse sinkholes
locations are soil materials subjugated by poraysrb, residual silty-clay soils with bedrock stue

of > 9m thickness, highly weathered condition of ungded carbonate bedrock, with positions adjacent
to an active sinkhole. The sinkholes in the studyaavere characterized by referring to the mechanis
of the ground malfunction, and the nature of theemm, which fails and subsides. In construction
site#1, the sinkhole is a collapse, which a typerésated by a small-scale collapse that provided th
surface with subsurface structural features. Themearliest collapse sinkhole was packed with, soil
sediment and fragments due to the modificationghto surroundings, and finally resulting in the
sinkhole being buried. Surface subsidence mayttdienplace, due to compaction of the soil.

The sinkhole in construction site#2 is a type afpansion sinkhole, created by the slow dissolution
the limestone bedrock. They are common features) a8 joints of a karst terrain developing over
geological time scales. The larger features sallehpotentially unsound rock mass somewhere beneath
their lowest point, and the majority dissolutioatieres are deep holes and pipes. These are produced
isolated stream sinks and swallow holes, wheréatm resembles conical sinkholes, largely created b
scattered water percolation.

The sinkhole in construction site#3 is due to thdden appearance of a soil cover collapse sinkhole,
initiated when the development of small voids atepth of a few meters in soil, or unconsolidated
cover overlying karstic bedrock are enlarged byltiss of cohesion and loading of the arch-forming
material, which is in turn caused by either a sdtan of the soil by rainwater precipitation, or tne
rapid draining of a submerged void, which alsoeases pore pressure.

The geophysical data also indicated that sinkhotignated from many locations. The most hazardous
area was found to be underneath resistivity préfieén construction site #1, with sinkholes exteigdi
over 55m and reaching depths of more than 28.7math&n harmful area was beneath resistivity profile
#6 in construction site #2, with two main depressjoone of them extending 75.0m with a maximum
depth of ~15.5m, while the other extending abouOBbwith maximum depth of ~18.0 m. These
features are harmful because some are in-fillel thiick clay, while others are in-filled with sandy
silty clay that could collapse when situated unftexd, due to the weight of the structures. In
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construction site #3, harmful areas were found &neesistivity profile #4 and profile #5, with vaus
types of sinkholes, some extending to about 15®20im, with a maximum depth of ~19.0 m. These
features are harmful because some are in-filletl wiater, while others with thick clay and in-filled
with sandy or silty clay, which could collapse wharbjected to piping under load. Also, lenses with
various depth and size are extended between 1®050m, with a maximum depth of ~22.0m. Some
contain thick clay, while others are in-filled wisiandy or silty clay.

(10) In accordance to the characteristics of the monuiohl features of karstic ground conditions by CA.
Waltham and P. G. Fookes, 2005), the karst in cocisbn site site#1 found between profile 1 and
profile 6 is an older or complex karst KIV, whilleet karst in construction site#2 found between [@ofi
1 and profile 3 is a youthful karst KIl. Afterwardbe karst type converted over profile#5 to peofib
to an older, mature karst KlIl. The karst in coustion site#3 found between profile 1 and profilis 3
youthful karst type KIll. The karsts found profilewere an older, mature karst Klll, and finally, the
karsts found in between profile#5 to profile#6 alder or complex karst KIV.

(11) Once the excavating work over the resistivity pesfb was started in construction site#1, the
underground water flows up straightforward; whi@nfirms the geophysical survey that there was a
source of ground water body under this profile.

11. Planning to mitigate the risk in constructin sites developing over this carbonate karst teria
The variety of foundation which functional for tlagenstruction sites over carbonate karst regioe ddp
upon the expect foundation loading and the degr@eaturity of the karst features. The most dangsrou
site was this occupied to foundatings over sinkholhich affected by two controlling factors, the
overloading expect and the water seep into thralglrover soil.
If the problem level of construction site overleamate karst region are known and classified, thstiyn
economical point of view in developing this sitéasminimize the risk of structures that are fouhdeer
the area by determining the safest route in chantfia plan’s location. If possible, the most impatt
part with great size and type of constructionscitmes has to be placed in the safest region, vilde
problem areas can be allocated for non-criticalifess, such as grass field, parking lots, goliicses,
roadways etc.
11.1The solution methods are most frequently used in thplan in order to diminish or minimize the
risk of the problem areas in construction site# 1:
The first solution: Sinkhole remediation was acbkigby utilizing the reverse grading technique. illo f
this huge sinkhole, the hole must be excavated,itanihroat plugged by concrete block, sealed aith
thick grout of cement, or fill the hole with largboulders or rocks at the bottom, followed withadblale,
then gravel or bentonite mixed with rock fragmetiten sand, and finally, the top must be covered &
12 inches of soil. The placement of larger materitilectly on the bedrock at the bottom of the lsoi& is
done in order to provide support and prevent amatbkapse, while the smaller materials stops watan
moving the soil downward into the void, and inte tiedrock.
The second solution: The other solution involvedlioly and driven piles down to a point where they
bearing to sound rock strata then filling it withoggraded materials to prevent the collapse oitiiéhole.
If the sinkhole or cavity is dangerous to desigfmehdations, it must be packed with concrete, usireg
bridging beam to transfer the load to the sidénefdinkhole.
The third solution: If it's possible, relocationethmost important part with great size and type of
constructions structures to be placed in the saéggon, may prove to be more cost-effective irtaier
cases. While the problem areas can be allocatawbfocritical facilities, such as grass field, paglots.
11.2 The solution methods are most frequegtused in the plan to diminish or minimize the riskof the
problem areas in construction site# 2:
The first solution: Regular shallow spread footiagsl concrete grade beams to transfer the loadstfre
building down to the footings or piles. End-bearpilgs can be driven down to transfer the struttiomd
into soil far enough to a point where they beasobstrata bed or sound bedrock. Also skin fricndes
also can be driven down so that the friction of $bé against the sides of the pile is enough sisteany
downward movement.
The second solution: Soil improvement through meprg the ground surface by compaction process to
increase the stiffness and behaviour capacityeédils through decreasing the permeability. Bézad to
filling the channel by using compaction groutinggesses through boreholes in to the channel for the
profile#1-3, to block most of the flow along pactiar conduits.
The third solution: Grouting by chemical solutianmrhs, can be utilize to fill the fractures, smalids and
the cavities in the subsurface layer and alsodhk teead pinnacles. When the solutions are injactedhe
cracks will seal the fractures and joints. Chemgraluting is well suited for channels, and for sizing
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12.

the soil around the channel for mitigating theleetent of overlying structures within the influeraethe
channel’s configuration. Grout is injected intolléd holes along the flow paths of the channelliisgand
preventing the flow of any rainwater through thenthe future.

11.3 The solution methods are most frequentlysed in the plan to diminish or minimize the riskof
problem areas in construction site# 3:
The first solution: preparing the land for fututevelopment construction project, excavating antl so
improvement through improving the ground surfacectmpaction process to increase the stiffnesseof th
soils. Also, sinkhole remediation by using the regegrading filter technique would be the ideausoh.
To fill the small sinkholes, the bottom of the haheist be plugged with larger rocks, followed byrsea
gravel, then fine gravel, coarse sand, and findihe sand. The upper most or final layers are doaite
clay, which prevents water seepage from occurring.
The second solution: Chemical Grouting, which ifoan of penetration grouting, is a cost effective
professional grouting technique that uses groufdl temall voids in the soil with chemical solutis. The
solution grouts that are commonly used include y@thanes, acryl amides, epoxies, acrylates aridrsod
silicates. The soils best suited for this technigtee granular soils, with significant fine sand teo, that
strengthen the ground and prevent excessive mote@bamical grout is injected through the jointslan
gaps in the surrounding soil, where it solidifigiwvihe soil to appear relatively impermeable aadih
The third solution: rigid mats foundations andt ridundations, both types are known as floating
foundations and are made of strongly reinforcedga so that they can float over weaker soils. Wthe
construction site with difficult conditions as tkeil having a low bearing capacity, an economiodlitson
of rigid mats and raft foundations types can primgdthe supporting to heavy structural loads. Wtien
piles foundation cannot be used valuably and inde@et column footing becomes unworkable.

Recommendation

This paper describes three sites of housing commestruction projects, which are situated oveowaeced
carbonate karst region. The hazards of the kaastifes were the result of mismanagement duringriiial

phase of the project, as the developers did noy cart prior geophysical and geological studiesrébwer, the
borings within these karsts regions is incapableroiding sufficient subsurface data for analysisd might
misrepresent the subsurface geological model, wiight in turn lead to additional cost for correetdesign or

ad-hoc analysis. The results of applying the tespines were discussed, and the recommendations are:

The respective states must implement and enforegudation that no construction project may begin i
an area over carbonate karst until the geologitdigeophysical survey is completed in order to @voi
any future catastrophic problems.

The best plan in future survey by applying (ERThtgque is using an space interval not more than
10m between two parallel lines, because of higteral variation in the subsurface topography and
lithology. Besides to give clear image to the sufze.

Future survey by applying Electrical Resistivityiiography (ERT) technique must be developed using
3D ERT survey technique and 3D software to prowdeear image for the subsurface features and
structures, and also to provide clear indicatiditheir directions and extent under the subsurface.
Using the borings method to support the resulhef(ERT) techniques survey to position early plans
that minimizes the hazard of karst features in emystruction sites over covered karstified carb®nat

bedrock before the start of the project.

13. Conclusion

This paper focuses on the application of EledtriResistivity Tomography (ERT), aerial photographsd
satellite images as identification techniques feoftazard assessment of karst features acrossctmsguction
sites of housing complex of north Ipoh city, Peadninsular Malaysia.
Two-dimensional (2-D) electrical resistivity imagitomography surveys are carried out by employitgrge
number of electrodes; 41, 61 and 81 electrodesgastraight lines over three construction sites. SDoiction
site #1 is located at Klebang Putra — Klebang Greed Construction site #2 is located at Medan &hepb
Restu-Klebang Damai, while Construction site #®¢ated north Bandar Baru Putra, the main roadaiguhg
Malim, north of Ipoh, Perak, Peninsular Malaysia.
The ERT technique was applied in this geo-techrstaley to investigate karst features, such asheiek,
cavities, depressions and channel pipes, due ttathehat the tool is suitable for differentiatingrficial soil,
clay, sand, weathered marbleized limestone bedsrontact marbleized limestone bed rocks, water-filked
cavities, and channels. The simplicity of its &milon was also a major factor in its applicatd@tision. It is
based on the application of electric current int@lyzed bedrock and measuring the intensity oftetat
resistivity to its conduit. Basically, it providesformation of electrical resistivity propertiebrough the
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analyzed material towards the electrical curresspge.

An assessment of the situation was surmised frarstibsurface images. Subsequently, an estimatiaheof
possibility of a collapse occurring due to the bimlle was prepared. The explanation of the geophlysiata
reveals that both very low resistivity and high doctivity abnormalities extend along the projeciedas into
the construction sites. The emergence of many farsmkholes in the affected section is regularbredited to
karstic activities. Also, the geophysical data oatied that the depth of the limestone bedrock wasmetrical
or uneven, containing many pinnacles and cuttershe borings within this karsts regions do notriagethe
area concerned on the subsurface, and is incaphpteviding sufficient subsurface data for anaysind at the
same time, might also misrepresent the subsurfgsters, which may lead to additional costs for odive
design or additional analysis.

The karst structure level in construction site#lni between profile 1 and profile 6 is an oldecamplex karst
type KIV, while the karst in construction site#2ifal between profile 1 and profile 3 is a youthfatdt type KII.
Afterwards, the karst type changed over profile¢5itofile #6 to mature into karst type KIll. Therkain
construction site#3, found between profile 1 arafif@ 3, is a youthful karst type Kll. Then, ther&ts changed
in profile 4 to an older, mature karst type Kllh& karsts found between profiles #5 to profile#6afrthe older
or complex karst type KIV. Consequently, early pliag is required to minimize the risk to structuneghese
construction sites over covered karstified carb®naedrock. Initial consolidation of reverse geodgrg
technique, driven piles to rock head pinnaclespeba@ grouting and control the drainage works mestput
into operation at these sites.
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