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IDENTIFICATION OF SLOPE FAILURE USING 2-D RESISTIVITY
METHOD
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Abstract = A stndy has been condiscted 1o analyee the slope fxileres festures and e fctors that contribute o tee landsiide
ooourrenoe ot Kesto, Savjana and Telom (BST) Comples, 1S by using the 2-00 ressstivity method. Fivo survey lines werg
conducted with 105 m length and 2 5 m minimum elecirode spacing. The doia ohisdned were imnsferned mio the computer for
further processing amd was presented im 2-0 resistivity mversion model wia ResZDiny mnd Surfer v] 1.0 software. The
inversiom models convey the sshsurface structure on each Ime in which was represented by the resdstivity valoes. The range
af resistivity valees were determined and classified mio three closses for mierpretation. The s sturated zones, weathened
panie and fresh granie were classified with range values of 1100 Cm, 1500-5000 (e and greater than 5000 s
respectively. The satursted womes may compose of alluviom m which commmondy consast af clay, sifl and sand. Diher Balans
such as presence of boalders was indicated by isolated high resistivity valoes, boulders overlie satarated zone and presence ol
fracture were olzo determined as indicated by the resistneily verstions of the inversson models. These lestures cam be the
inflsznoe bo trigger the landslide event in the carly stages. Apart from procpitstion s o major fector of the phenomenon, & lops
angie cam also beane afthe importam @ctors to be aware 1o determene slope stahility. Precipitation cam affieet the soad strengih
and texiun: while the slope angle can determine slope’s class af Bndshide risk, This sndy area has been classifled of baving
Begher risk of landshide ovenl.

Index Terms - lnndslide, saieraied, shope fadlure, 2.0 resistiviey

INTRODUCTION

Ax ohserved from the view of infrastructure and
bualdings, Malayvsia could be seen o5 a growing and
developing country. This will eventually be mvolving
mare inlrasructures o be buill logether wath s
upgrawing developmentd 16 the future. Along with
advancing  peophysical  fechoodogies,  fivombie
conditions are neoessary o meet the requirements fir
Land development lor future coumiry growth, However,
o st the balance between deselopment and the
ngture, the view from  the engineering and
envirommental  aspects  was  alse important,
Meevertheless, in obdeining favorable and appropriste
comditsons for constructions, there will be difficulty
and challenges as londslides nctivities which is one of
the concerns as the disaster increased [1). To
minimizing any future naturnl disssiers evends, it ks
necessary o consider and investigace the targeted area
which will be comducting any constrisction beforehand
for safery and sustaining natuse purposes, The
subsurface in Malavaia is known with s homogeneos
characteristics in which this could e reflecs 1o the
sdgnificant effect of climate chunge due to increasing
sen |evels and roinfall, floed risks and exireme
drouphts. Presence of boulders and rainfall amoust
which reflects the slope conditions are often relaable
o the landslide events [2]. Geophysical methods are
mdinly ussl v study the complex subsurface of the
Earth, This includes seismic, 2-D  resistivity,
magnetic, ground penetruting radar | GIFR) and grandty

survey method. Meanwhibe, the sudy of the subsurfoce
fromy the wview of engineering and envieonment aspects
i ko as geotechnlcal studies. As different method
b s e specialization of certnin study Andings, by
correlate  suitghle  findings  and  data  between
geophyvibes and enginesring, this will contribste 1o
reducing oo, time and enhanee the resulls suleome
Suitahle selection of geophysical methid has 1o base on
the project ohjective and torgets together wilth sle
conifitions for a grexl result, For example, by using
210 resistivity method, wentifications of boulders”
locations, bedrock depth, pressnce of overburden
minterials, seturated zones, earth work related to the
leachate migration, groundwater  sources  and
coniamination. cavity. sinkhole and other can be
obininad [3-4].
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fdenriifi cmtoon ol Sope Failare Using I-1 Resstiviny Meshod

Chenerally, current will be injecied into the earth
through current electrode which was remarks by Cl
and C2 at point A and B respectively in Fig. | The
potential  difference betwesn o pair of potential
electrode which were represent by PL and P2, ol poimt

M and M respectively are measured, [5].
2-I0 resistivity consisis of foar common iypes of
electrode arramgemend which are

Wenmer=5ch 1 um I:Ergu'r, i"|:||L'-]'.I-i.'|1|.'||¢. [Mpale=Chpale
and Pole-Pale. Wenner-Schlumberger armay has sirong
signit] strength and smgitive to verlical varation and
less 1o harizontal bat it has relatively poor hecizontal
coverage with increasing elecirods  spacing. For
pole-dipole array, it has good horizonial covernge and
sensitive (o verticnl strecture but has lower resolution
compared to Wenner-Schlumberger eventhough 1 has
decper depth of penetration.
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Figure I Geometrics of slope 7).
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From geotechnical aspects, the slope angle and height
plaved one of crucial festor in delermining the slope
stubility which is shaowen in Fig. 2 and its Eq.l;riplims
in Table I [7]. Based an Table 1, slopes with certain
angles and height will all under cerlain class and i
can either be i class 1 whisch has low pisk of landslide
pecurrence, class 2 which has mediem risk of Tandslide
pecirrence or L ilso may he classi fed under clpss 3
whikch has klgher sk of landslide securrence.

Tkl | Chassilicatinn of risk ol Bndilids cvenl,

Chasy Descriptian
- LW Far Sopes edther natursl or manmade, in
rish thi site or adiacent bo the site not
bl!ﬁunml!nﬂ.n:.lnr Clasn 3
= Far I‘I:lﬁi either natural or marmade, in
Medism  1he s oF adjacent 1o the sile where
rink EmsH 515 mand ag = 27
o
Hy 215 mand 19" S e % 37
F=Higher For dope eithsr natural or manmads, in
Fisk thé e ar sdjacent 1o the site where -
Hy2 15 mand oy = 27
IL STUDY AREA

Penang, Malaysia mainly compesed of granitic rocks
and alluvium that commonly consisis of cay silt and

sand as referred to geology mep of Penong [1]. The
shdy mren was locsied at BST, Universiti Sains
Malaysia (LISM), Penang (Fig. 3) with coordinale of
3.35634 E 100.2886.
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Figure 3 The gealogical sap of Peasig Iland ineluding the

gealogy nf 1SN AL
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Five survey lines {labelled as RETH-RST0S) which
are marked in yellow colorad line were conducted @
R, Saujana and Tekum (RST) Complex with
mbndmum electrode spacing of L5 m of 100 m lengh,
The array wad for this ressarch ks Pole-Dipole that was
cobducted ar all survey lines except for RETOL which
used Wenner-Schlumberger array due to the limiistion
of the cable [Fig. 4).

V. RESULTS AND DISCLSSIN

The seale of ressstivity values was classified based on
their corresponding zones ond  composition  as
tnbwlaied in Tahle 2,

Fig 4. shows the 2-13 resistivity Inversion mode] of
RETH. For the first survey line widech was denated as
HST00 exhibit the presace of a boulder which was
Identified with the value of 30006000 m, Saturabed
romes svere also fund at BSTD) with the resistivity
vitlee runge of =400 0m. Fracure were determinead
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Idemifleanon of Slepe Failue Usmg 3-0 Resistvity Rethod

which remarked by the dashed line indicating the high
conirast of pesistivity valaes [13-14).

Tabie 1 Scale classificatisns
Lones Compositions Rsistivity
waluoes
Saturated  Saurpted cloy and  1-100 0m
TS _silis [ 1]
Dy clay end silts 100500 Cm
| LE
Sand [10] S00= 1506
Lhmi
Weathere  Weathered gronite L E01- 5000
_d grunite Chny
Fresh Fresh gramite [12] = SB00 Dm

-
e o

Figure § Invervion madel aff 2-10 rossenidy, RETOL.

The fllowing sirvey lings (o) RSTOZ, (b} RSTOH3 and
(g} RST4 shows the similamty of  subsurfice
structures (Fig. 6) There wos presence of boulders in
which moy compose of granitic feotures that was
imdicatied by values of =3000 Cim [15]. Sutwrated sones
were also determined with low resistivity values of
[-400 (i [16]. A sotursted zone was locoted jusi
beside the boalder as shown in RETO3, Suwrvey line of
RETOZ exhibit the presence of looters indicated by the
curved doshed line [17) These features found may be
thie triggering factors of landslide event, High contrast
of resistivity lows and high indicates the presence of
frocture that was marked with the dashed line.

Baged on Fig. T which referving uo the last susvey line,
RETOE, there were presenocs of high resistivity reglon
with the value of SC00- 10000 Clm et depth of 18-46 m
that may indicabe fresh graniie. There was also
prsence ol fracture and safurated sone with the svalue
afl 1-4400 L3 al the depth of 16-22 m,

Proceeding to Fig. 8, as the survey lines were amanged
sccording 1o increpsing elevation from RSTO] wp to
RSTOS. The high resistivity region in survey lines of
RSTOZ, RSTO3, RSTO4 and RSTO3 were observed
Dae o the high resistivity values and lorge in size. the
zames were determined as pant of fresh granite
frzpments, The high resistivity regions ans @lse known
with it low conductivity chasacterization which reflect
good quality of rocks, 1 also could be pari of landslide
bedrock [18-1%] These features moy be correloted
from ome to another as the survey lines were conducted

paralielly.
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Figure & Inversion model of 3-0 resisthvety, (ap RS TG, (b RETLY
wamd ) RST.
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Figmre 7 Inversion madel of 30 resbaiviy, RETO5

Figure 8 tiversiim model of all survey lines o BST, Penssg.
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fdereificarins of Slope Fudure Using 1-1 Resisiviey Method

The 2-I resistivity method which was done
throughout the survey was compared with the
geotechnical aspects, specifically on slope angle and
heighs and peecipitation record.

Tahle 3 Details of gevtechnies] aupeets at BST.
Criteria RST Complex
Slope angle and height Angle : 30°

Height : T8 m
Class of risk for lundslide Class 3 = Higher
event risk
Sum of precipitation 1728 mm
iMlanth) {January 2006)

A mention i table 3, slops of RST Complex hos slope
angle of 30° together with ¥s height of T m was
classified under class 1 possesses higher risk of
landslide cvents, The sum of the preciphation fecords
was obained based on the month that the survey was
conducted 10 compare how precipitation can alfect the
subsur face strwcture. From the table siated above, this
sbe recorded small amount of precipilation an the
particular month of survey. This rellects to the small 0
aare prad less amounls of saturated ones bocated sl thal
sluly arew

CONCLUSION

The 3-13 resistivily survey lines were carried out in
arder o idemtify the subsurface characteriatic of slape
failure. The application of both peophyaical and
geotechnlcal methods which were conducted ar RST
provkided useful informatian for ident Geation of alope
fadlure and the results obtaknoed may be usetul for biune
slope instabillty Investigation. The resulis which were
obtained in the teem swhaurfooe festures, slope angle
and helght and precpiations were compiled and
shown in Tabie 4.

Tahide 4 Summary of shaje sl RST, Penang

Criterla Detalls
Type of soil Presence of cisy, sift and granite
Zones cansist saturated rones, weathered
ranite and fresh granite,
Factor Presence of saturated 1ame |1-400
cause ko {im], fracture, highly weathered
slope granite, boulders and floaters (~3000
Tailure o).
Slope Slape angle : 307
steepngss
Class of risk as3 3 — Higher rsk
fior
landslide
ewent
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