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Abstract 

Geology is a very vast knowledge, then among of it consist infrastructure determination (including 
hydroelectric powerplant development). Geological engineering has important role that can be used to 
analyze disaster management based on some factors. One of factors is a slope analysis with Fellenius 
method which uses cohesion, unit weight, and internal friction. This research is located in hydroelectric 
powerplant, Southeast Sulawesi Province. This location has 3 lithologies: phyllite, schist, and alluvial 
sedimentation with range value of cohesion 9,74-11,41 kPa, unit weight 16,53-17,05 kN/m3, and 
internal friction 10,91-14,02. All of those factors are calculated in Fellenius formula. The result is a 
1,132 value in Safety Factors which is below in 1,5 safety limit value. In order to increase the Safety 
Factors, we may change the slope geometry. 

Keywords:  Geological Engineering, Slope Analysis, Southeast Sulawesi Province. 

1. INTRODUCTION
Slope stability in mathematically is a function force that push for a landslide (driving force) and force
that resist landslide (resisting force) (Cheng & Lau, 2008). The stability of a slope is expressed in
Safety Factor (SF). The force which is discussed in this research is not separated from the level of
cohesion, normal stress, and internal angle. However, there are other factors that may affect the slope
stability such as: rock and soil condition, slope angle, and ground water level. These things become a
consideration in analyzing the occurrence of landslide and determine the type of it. Those things can
be used to determine the most propotional and efficient to minimize the disaster less likely. Along with
the growing demand for electrical energy, PLN (national powerplant) aims to build the Konawe
Hydroelectric Powerplant. It is located in Southeast Sulawesi Province.

2. LITERATURE REVIEW
Literature review is done by looking for knowledge source that support the reseach. Some Progresses
on this part are: Determining points and observation boundary location, keeping the research to not
out of context, determining data which can be utilized effectively.

Slope is an aslant surface and forms a certain angle against a horizontal plane. Place where there are 
two different altitude ground surfaces will be having a force that push from higher ground position 
tends to move downward which is called the gravitational potentional force causing the landslide. 
Landslide can occur on any kind of slope, due to the weight of material itself, coupled with great 
influence  of  groundwater seepage,  as  well  as  other force  outside  slope.  Slope  landslide is the 
movement of rock or soil mass from it`s original position as a result of inability of the slope to resist 
the shear force from boundary between driving force and resisting force. 
Data acquisition
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The act to retrieve data in order to develop the research: 
a. Cohesion
b. Unit Weight
c. Internal friction angle
d. Groundwater condition
e. Geological data (Rock condition, stratigraphy, and geological structure)

Cohesion is a attraction force between particles in a material (unit weight per unit area). Cohesion 
from material will be greater as long as shear strength increases. Cohesion in this research is tested 
with triaxial test. 

The unit weight value of a material will determine how large the force that taken on a landslide plane 
(weight per volume). Unit weight also affected by how large the amount of water content from 
material. The greater unit weight in a slope, the greater driving force which cause landslide. 

Internal friction angle is an angle which formed from the relation between normal stress and shear 
stress inside material. Internal friction angle is a fracture angle that formed when a material is given a 
stress or force on it exceed shear stress. The greater internal friction angle, the greater material itself 
to resist external force. 

Slope with high angle tend to easier to slide if compared with slope with low angle. That thing can 
occur because slope with high angle receive a bigger downward force. 

A swallow groundwater level makes most of slope moist and also the rock or soil will have more water 
inside of it. This condition creates material compacticity become low and material will receive 
additional water load so that the slope becomes easily landslide. 

3. METHODOLOGY
There are few methods to analyze slope stability. The most common is slice method that found by
Fellenius. This Method is usually used to analyze slope stability which arranged by a material and it`s
slide plane. Slope calculation with Fellenius method is done by separating slide mass into vertical
slices.
Fellenius method can be used in slope with layered condition. Width from a slice is not the same as
the original so that arch bow in base slice is considered as a linear line. Safety Factor (SF) is a
comparison between driving force and resisting force.

Legend: 
W = Slice weight 
N = Normal Stress 
α = Slice angle against slide plain 
β (b)= Slice Width 
H = Slice Height 
c = cohesion 
u = Pore water pressure
ɸ = Sudut geser dalam
Fk = Safety Factor

Figure 3.1. Fellenius method image
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Based on parameters which explained before, those parameters is used in Fellenius formula where 
numerator explains the resisting force and denominator explains driving force. 

4. RESULT AND DISCUSSION
Research area has homocline structure between schist and phyllite. Based on regional scale of
Sulawesi island by Hamilton (1979), research area is not exposed to a major horizontal fault that cross
with northwest-southeast direction in Southeast Sulawesi.

Research area has 3 different lithologies based on field survey: schist, phyllite, and alluvial deposition. 

Aluvial deposition 
Aluvial deposition consist of gravel, sand, clay, and mud which formed from river or even swamp 
deposit. It also spreads on the location around the estuary of large river. Generally, from the result of 
surface mapping proves that research location is filled with many alluvial deposits. Those depositions 
are formed by loose material such as gravel and sand. 

Phyllite 
Phyllite is one of regional metamorphic rock (pressure and temperature effect). It is colored by light 
purple in geology map and cross section. Based on data from PLN investigation, the outcrop condition 
on this rock is usually found in loose condition from Konawe Eha river. This metamorphic rock has 
characteristics:  gray-colored,  medium-hard  in  hardness,  foliated,  phyllitic,  lepidoblastic  texture. 
Phyllite on this research area has slide parameters: 9,74 kPa cohesion, 17,05 kN/m3 unit weight, 14,02 
internal friction angle. 

Schist 
Schist is also one of regional metamorphic rock (pressure and temperature effect). It is colored by dark 
purple in geology map and cross section. Based on data from PLN investigation, the outcrop condition 
on this rock has a fresh condition but some of it also has weathering grade from high to low. This 
metamorphic rock has characteristics: gray-colored, medium-high in hardness, foliated, phyllitic, 
granoblastic texture. Schist on this research area has slide parameters: 11,41 kPa cohesion, 16,53 
kN/m3 unit weight, 10,91 internal friction angle. 

Figure 4.1. Research area slide model with SLOPE/W
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Slice 
number 

Cohesion 
(c)° 

Slice 
width 

(b) 
kPa 

Slice 
weight 

(W) 
kN 

Slice 
angle 

against 
slide 

plane(α)° 

Pore 
water 

pressure 
(u) kPa

Internal 
friction 
angle 
(ɸ)° 

[c.b + 
(W.cosα- 
u.b)tanɸ]

W.sinα

1 11,41 1,77 11,05 38 38 10,96 5 3 
2 11,41 1,77 32,25 38 38 10,96 22 20 
3 11,41 1,77 51,71 37 39 10,96 40 33 
4 11,41 1,77 69,51 35 40 10,96 32 30 
5 11,41 1,77 85,73 34 41 10,96 49 45 
6 11,41 1,66 93,82 33 42 10,96 103 94 
7 11,41 1,66 105,54 32 44 10,96 77 58 
8 11,41 1,66 116,1 31 46 10,96 54 47 
9 11,41 1,66 125,52 30 48 10,96 134 124 

10 11,41 1,66 133,85 29 51 10,96 97 89 
11 11,41 1,66 141,13 28 54 10,96 40 38 
12 11,41 1,66 142,45 27 57 10,96 139 136 
13 11,41 1,66 137,86 26 60 10,96 107 105 
14 11,41 1,66 132,3 25 64 10,96 19 18 
15 11,41 1,76 135,67 24 69 10,96 127 123 
16 11,41 1,76 134,02 23 73 10,96 118 113 
17 11,41 1,76 131,31 22 78 10,96 2 1 
18 11,41 1,76 127,56 21 83 10,96 109 107 
19 11,41 1,76 122,79 20 89 10,96 118 112 
20 11,41 1,76 117,02 19 95 10,96 21 18 
21 11,41 1,76 110,27 18 101 10,96 86 83 
22 11,41 1,76 102,55 17 107 10,96 101 99 
23 11,41 1,76 93,88 16 114 10,96 29 27 
24 11,41 1,76 84,28 15 122 10,96 58 55 
25 11,41 1,76 73,76 14 130 10,96 75 73 
26 11,41 1,76 62,32 13 138 10,96 27 26 
27 11,41 1,76 49,99 12 148 10,96 28 27 
28 11,41 1,76 36,77 11 158 10,96 42 37 
29 11,41 1,76 22,67 10 168 10,96 15 12 
30 11,41 1,76 7,7 9 179 10,96 4 3 

Result 1989 1756 

Fk =   1989  𝑁𝑁  = 1,132 
1756𝑘𝑘𝑁𝑁 

5. CONCLUSION
Parameters are calculated in SLOPE/W program so that resulting the safety factor value of 1,132 (below
safety limit: 1,5 based on Minister of Public Work Inonesia Regulation No: 22/PRT/M/2007). With that
value proves that research area is prone to slide and need to be solved with slope geometry change.

ACKNOWLEDGEMENT 

The 2nd Join Conference of Utsunomiya University and Universitas Padjadjaran, Nov.24,2017

193



Firstly, writer intended to express appreciation to writer parents for support. Then gratefully big thank 
you for PT PLN PUSENLIS for giving chance to writer to do the research. Also great appreciation for 
anyone who helps me in finishing this paper. 

REFERENCES 

Cheng, Y. M., & Lau, C. K. (2008). Slope Stability Analysis and Stabilization. New York: Routledge 
Taylor & Francis Group. 

E. Rusmana, Sukido, D. Sukarna, E. Haryono dan T.O. Simanjuntak. (1993). Peta Geologi Lembar
Lasusua-Kendari. Bandung: Pusat Penelitian dan Pengambangan Geologi. 

Geo-Slope International Ltd. (2008). Stability Modeling with SLOPE/W 2012 Version. Canada 
Hamilton, W. (1979). Tectonics of The Indonesia Region. United States Geological Survey. 
Lindeburg, M. R. (2001). Civil Engineering Reference Manual for PE Exam 8th ed. 
Minister of Public Work Inonesia Regulation No: 22/PRT/M/2007 
Morgenstern, R. N. (1965). The analysis of The Stability of General Slip Surfaces. Geotechnique. 
Hardiyatmo, H. C. (2003). Mekanika Tanah II. Yogyakarta: Gadjah Mada University Press. 
Sukamto, R. (1975). Perkembangan tektonik di Sulawesi dan daerah sekitarnya : Suatu sintesis 

Perkembangan Berdasarkan Tektonik Lempeng. Majalah IAGI. 
Varnes, D. (1978). Slope Movement Type and Processes. Washington. 

The 2nd Join Conference of Utsunomiya University and Universitas Padjadjaran, Nov.24,2017

194



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /OK

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 300

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





