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ABSTRACT

Clay shale at the nation’s capital (IKN)is a type of clay that is easy to expand when it comes into contact with
water because of the montmorillonite clay mineral it contains. The effect of water also causes a decrease in
strength in the clay shale. As a result of the clay shale behavior, some buildings become damaged or landslides
occur on the slope. The soil stabilization method with a cement binder is one solution to improve the detrimental
properties of the clay shale. We determine the mineralogical compositions of shales primarily by advanced X-
ray powder diffraction analyses. These include determinations of the bulk (whole rock) compositions of shales
by full pattern fitting and more even more detailed determinations of the types of and relative abundance of clay
minerals based on analyses of clay size fractions, usually 2 micron. In addition chemical analyses, for example
by XRF give complimentary information on the chemical composition of shales. We also often determine
various chemical and physical properties such as cation exchange capacity (CEC), surface area and porosity.
Fundamentally the reactivity of many shales is determined by how the clay minerals they contain influence
chemical and physical properties and our analyses can help you understand the behaviour of your shales in the
subsurface. Where shale gas is the interest, desirable physical properties such as brittleness can also be related
to mineralogical compositions. As shown in the image above, we can also use techniques such a Scanning
Electron Microscopy (SEM) to view the micro-structure of shales. The maturity of shales (degree of
diagenesis) is also a factor that influences brittleness and fracturability, since crystal growth processes,
particularly of clay minerals result in coarsening of particle size and resultant changes in texture. Durability is
an important aspect of clay shale stability. Measurement for the durability of stabilized soil has been developed
for many years. This paper proposes the investigation of clay shale durability stabilized
intheslakingtest. ThespecimenwasmadeaccordingtoASTMstandardweightforslakingtest.
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I. INTRODUCTION

Clay shale at the nation’ capital (IKN) Sepaku is a type of soil that can increase in volume or swelling
when interacting with water due to the mineral content of clay in the form of montmorillonite. Ca** and Na * are
several cations in the montmorillonite mineral which tend to be hydrated or bind to water molecules. The
montmorillonite hydration process occurs because of the weak bonds between the outer layers of particles which
make iteasierforwatermoleculestoenterthegapbetweenlayers[1].Basedonthenatureandcontentithas, clay shale,
including expansivesoils.

main components of clay minerals that make up clay shale particles consist of montmorillonite, illite,
and kaolinite [1]. The differences between clay shale and clay in general, in addition to having clay minerals,
they also contain iron-containing minerals in the form of glauconite, volcanic glass, biogenic silica, and
phosphatic material formed from sedimentation [2].

Summaryofcharacteristicsandparametersofclayshalesoilresultsofsoilinvestigationscarriedout
onclayshaleasnativesoilontheslopesoftheCisomangbridgebyShoumanetal.[3]areexplainedin Table 1 which is
completed with Table 2 to Table4.

Any of a group of fine-grained, laminated sedimentary rocks consisting of silt- and clay-sized particles.
Shale is the most abundant of the sedimentary rocks, accounting for roughly 70 percent of this rock type in the
crust of the Earth. Shales are often found with layers of sandstone or limestone. They typically form
in environments where muds, silts, and other sediments were deposited by gentle transporting currents and
became compacted, as, for example, the deep-ocean floor, basins of shallow seas, river floodplains, and playas.
Most shales occur in extensive sheets several metres thick, though some develop in lenticular formations. Shales
characteristically consist of at least 30 percent clay minerals and substantial amounts of quartz. They also
contain smaller quantities of carbonates, feldspars, iron oxides, fossils, and organic matter. Some organic-rich
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shales, called oil shales, contain kerogen (a chemically complex mixture of solid hydrocarbons derived from
plant and animal matter) in large enough quantities to yield oil when subjected to intense heat.

This seems strict enough, but it is ambiguous. ‘10% of the sedimentary clasts’ might be a very small
volumetric component of the rock, if those ‘clasts’ are small enough. | am sure they meant to write 10% of the
bulk rock volume’. The Wikipedia entry for shale cites Blatt and Tracy (1965), giving a definition that also
centres on grain size, but requiring the rock to be fissile.A fine-grained clastic sedimentary rock composed of
mud that is a mix of flakes of clay minerals and [silt-sized particle. The ratio of clay to other minerals is
variable. Shale is characterized by breaks along thin laminae or parallel layering called fissility. Mudstones,
on the other hand, are similar in composition but do not show the fissility.
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Figure 2. Disintegration Performance Clay Shale At the Nation's Capital(IKN)
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Table 1. Characteristics and parameters of clay shale arcund the Cizgmang bridge slopes.

Mo Charactenstic Unt Wl Information
1 Specific Gravity i 158 Soil m-:lu.des organic clay
(Hardiyatog, 1992}
o LL e 63.37
2 Afterhers PL o 041 Soil includes high plasticity clay
Limits (Bowles, 1991)
Pl % 4494
3. Swelling Pressure kgiom® 0192 Soil includes high swelling clay
4 Bwelling Ya 2532 (Chen, 1975)

Table 2. Soil type based on specific gravity value.

Table 3. Correlation of Plastic Limits With Types of Soil And Their Characteristics.

Soil Type Specific Gravity
Gravel 2.65 - 2.68

Sand 2.65 - 2.68
lAnorganic Silt 2.62 - 2.68
Organic Clay 2.58 - 2.65
lAnorganic 2.68 - 2.75

Clay
Humus 1.37
Peat 1.25-1.80

Plastic Limit Plasticity Level Soil Type Cohesi Level

0 Non Plastic Sand Non Cohesion
<7 Low Plasticity Silt Partial Cohesion
7-17 Medium Plasticity Silty Clay Cohesion

> 17 High Plasticity Clay Cohesion

The clay shale layer on the slope in contact with water will reduce the shear strength and increase the shear
stress which causes the water content in the clay shale to increase, so that the weight of the soil.

D, << 1,000 (~0,00) (Fully Weathered
 Clay Shale / final condition)

(Fresh Clay Shale/ initial
condition)

e Nation's Capital (IKN)

Volume increases and the slope burden becomes heavier. If the shear stress exceeds the shear strength,
thenlandslideswilloccur. Asaresultoftheclayshale'sbehavior,itisnotuncommonforsomebuildings to be damaged.
Adverse properties of the clay shale are interesting to be improved, one of which is the soil stabilization method
with a slooping to change the clay shaleparameters.

This research will test and analyze the formula of clay shale-cement mixture which produces
optimumproperties.Determinationofvariationsinthevalueofslooping ~ water  content  factor based on
previousstudies.
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Il. RESEARCH METHODS

The method used in the form of laboratory testing is property, mechanical, and chemical. Laboratory
testingconsistsofpropertestingofspecificgravityandatterberglimits.Laboratorytestingmechanically  consists  of
swelling and unconfined compression. Then, chemical testing of the laboratory consists of cation exchange
capacity, x-ray diffraction, and scanning electronmicroscope.

Tests carried out in laboratories with a number and form of certain samples in accordance with the tests
carried out. The composition of each sample used for testing in accordance with predetermined variables. The
number and composition of samples are explained in Table 5.

I1l. RESULTS AND DISCUSSION
Laboratorytestingiscarriedouttofindtheoptimummixturethatproducessuperiorcharacter.Mixtures that
reduce the expansive nature and produce high compressive strength, so that the shortage of clay shale can be
minimized. The following is a summary of the results from testing in a soillaboratory:

Om~3m
CLAY
Brown

om~Sm
SILTY CLAY
BrOV\‘n

Im~20m Sm~14m

T
CLAY STONE Z/:eNO STONE
Grey Y

Figure 5. Borlog of Clay Shale At the Nation's Capital (IKN)

Figure 5 shows that the greater the value of SPT content used in the mixture, the greater the density
value of the clay shale -5 meter. This shows that the addition of cement material to the clay shale has increased
the value of its specific gravity.

The SPT in the soil will cause reduced water in the mixture and gluing between
particlesthatarehardanddifficulttopenetratewater[4]. Thisresultsinareductioninthevolumeweight of the water and
an increase in the volume weight of the solids mixture, thereby increasing the value of specific gravity which is
the ratio between the weight or the volume weight of solid granules with the weight volume ofwater.

Figure 6. Core Box off Clay Shale At the Nation's Capital (IKN)

Figure 6 shows that the decrease in the value of the plasticity index with concomitant addition of SPT.
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The decrease in the value of the plasticity index occurs because of an increase in the value of the plastic limit,
where plastic is a condition of minimum water content when a soil is still in a plastic state. This plastic boundary
shift occurs due to the absorption of water by cement during the sedimentation process, the higher the addition
of cement content, the higher the absorption of water. In a sense, the mixture will be higher the minimum water
content limit in achieving plastic conditions.

Table 6. The Resulting ff Mineralogy Sample in test

| HASIL PENGUJIAN
NO JENIS PENGUJIAN BH4 | BHG | BHS | BHY [BH10 |, .
M [ 15M  20Mm | 15m | 25M
1| XRD Minera SO AN S RS
| Qe (50} (%) | 79.00 | 6200 | 5500 | 83.00 | 6300
| [Kaolinte  (Al(SiOsOH)y ()| 500 | 800 | 1300 | 7.00 | 7.0
lite ((KHi AR(SIBAO(OH)»H:0) (%) | Trace | 7.00 | 6.00 | 400 | 7.0 |
Clinochiore  (MgsodiFe oSiosAl s0u(OH)) (%) | 500 | 400 | 400 | Trace | 400 UI;{ELH
Albite (Na(AISi0y)) () | 1100 | 600 | 500 | 600 | 700 | "o
Sideite  (FeCO;) ()| 0.00 | 000 600 | 000 [ 1200
| Ankerite  (Ca(Fe*’ Ma)(COy);) ()] | 0.00 | 800 7.00 : 0.00 | 0.00
| Pyrie (FeS;) (%) 000 | 500 | 400 | 0.00 | 000
| TOTAL (%) | 100.00 | 100,00 | 100.00 | 100.00 | 100.00

Table6 shows that the more age of the sample, the lower the value of swelling pressure. The decline

inthevalueofswellingpressureoccursbecauseclaymineralsthatplayaroleinbindingwaterhavereacted with
composition of clay shale .The compressive strength value increases with age in each sample, but on the others
there are a decrease in strength so that the highest compressive strength value is shown by more depth
whosecompressivestrengthcontinuestoincrease. Thedecreaseincompressivestrengththatoccurs.
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Figure 8. Visiting Site of Layer Clay shale At theNation's Capital (IKN)

More depth issuspectedfromthehighincreaseincementcontentwhichmakesthemixturemorebrittle. In
addition, the decrease can occur due to the high amount of water in the mixture that fills thecavity.Based on a
series of laboratory tests that have been carried out, it is known that the mixture of clay shale —soaked and
unsoaked of the results of soil testing.

In addition to soil testing, chemical testing is also carried out, namely cation exchange capacity testing,
X-RayDiffraction(X-RD),andScanningElectronMycroscope(SEM).Thefollowingisasummaryof the results of
chemicaltests.

Figure 9. Scanning Electron Microscope (SEM) Test Result

Figure 9 shows that montmorillonite clay minerals are not found in CS-C30. This decreases the ability
oftheclayshalecationtoreactwithwatercationsasindicatedbythedecreasedvalueofcationexchange capacity. So that
the expansive nature decreases. Figure 5 also show that the solid granules in CS-C30
arelockedbycementpasteandhavelesssocketswhencomparedtotheoriginalclayshale,thusmaking CS-C30 has a
higher strength.

Table 7. The Resulting of Slake Durability Test

Depth Slake Durability Index (%)
BH-2A - 2 m 95.38
BH-3A - 12 m 87.64
BH-3A - 16 m B0D.14
BH-44A - 9m £84.84
BH-5A - 13 m T0.32
BH-6A - 3 m 81.24
BH-64A - 14 m 86.49
BH-7A - 21 m 91.68
BH-8A - 15 m 75.56
BH-ABG6 - 23 m 74.5

IV. CONCLUSION

The clay shale-mineralogy has been obtained from a series of laboratory tests. Clay ShaleProperties test in

parameters and characteristics of clay shale in the formof:

1. Swelling pressure decreased by 42.71%, from 0.192 to 0.110 kg /cm?2.

2. Decreased plasticity index by 27.55%, from 44.95% t032.57%.

3. Increasing the compressive strength value that continues without any decreaseon more depth

4. The decrease in expansive nature was also demonstrated through the XRD test with no
montmorilloniteclayparticlesbeingfoundaftertheadditionofcement,whichwasstrengthened by the reduction in
the value of the cation exchange capacity of 79.31%, from 22.52 to 4.66 me/100g.

5. Slake durability test to result at 74.5 % until 95.38 %

DOI: 10.9790/1684-2004031017 www.iosrjournals.org 15 | Page



The Behavior Of The Clay Shale On Slope Stability At The Nation's Capital (Ikn) Sepaku

V. ACKNOWLEDGMENT
Alhamdulillah, this research has been completed. | thank all of you who have helped and provided

support in carrying out this research. Hopefully this research can be useful for many people, and apologize if
there are errors in the research that | submit.

FUNDING
Universitas 17 Agustus 1945 Samarinda

CONFLICT OF INTEREST STATEMENT
The authors state that there are no financial interests or personal relationships that might influence the work
reported in this paper.

[1.
2.

3].
[4].
[5]
[6].
[7].
[8].

9.

[10].
[11].
[12].

[13].

[14].

[15].
[16].
[17].
[18].
[19].
[20].

[21].

[22].

[23].

[24].

[25].

[26].

REFERENCES
Agustawijaya, D.S. (2004). “Modelled Mechanisms In The Slake-Durability Test For Soft Rocks.” Civil Engineering Dimen- Sion, 5(2),
87-92. Https://Doi.Org/10.9744/Ced.5.2.Pp. 87-92
Aksoy, M., Ankara, H., And Kandemir, S.Y. (2019). “Preparation And Evaluation Of Spherical Samples For Slake Durability In-
Dex Test.” International Journal Of Environmental Science And Technology, 16(9), 5243-5250.Https://Doi.Org/10.1007/S13762-
019-02254-1
Alatas, I.M., Kamaruddin, S.A., Nazir, R., Irsyam, M., And Himawan, A. (2015). “Shear Strength Degradation Of Sema- Rang
Bawen Clay Shale Due To Weathering Process.” Jurnal Teknologi, 77(11), 109-118. Https://Doi.Org/10.11113/3t.\V77.6429
Ankara, H., Kandemir, S.Y., And Cicek, F. (2015). “Compression Of Slake Durability Index (SDI) Values Of Sphere And Rounded
Marl Samples.” Procedia Earth And Planetary Science, 15, 93-98.Https://Doi.Org/10.1016/J.Proeps.2015.08.024
ASTM (2000). D1633-00 Standard Test Methods For Compres- Sive Strength Of Molded Soil-Cement Cylinders. West Con-
Shohocken, Pennsylvania, USA: ASTM International. Https://Doi.Org/10.1520/D1633-00
ASTM (2008). D4644-08 Standard Test Method For Slake Dura- Bility Of Shales And Similar Weak Rocks. West Con- Shohocken,
Pennsylvania, USA: ASTM International. Https://Doi.Org/10.1520/D4644-08
ASTM (2010a). C939-10 Standard Test Method For Flow Of Grout For Preplaced-Aggregate Concrete (Flow Cone Method). West
Conshohocken, Pennsylvania, USA: ASTM International. Https://Doi.Org/10.1520/C0939-10
ASTM (2010b). D5084-10 Standard Test Methods For Measure- Ment Of Hydraulic Conductivity Of Saturated Porous Mate- Rials
Using A Flexible Wall Permeameter. West Con- Shohocken, Pennsylvania, USA: ASTM International.
Https://Doi.Org/10.1520/D5084-10
Baecher, G.B. And Christian, J.T. (2005). Reliability And Statis- Tics In Geotechnical Engineering. John Wiley &Sons.
Bahar, R., Benazzoug, M., And Kenai, S. (2004). “Performance Of Compacted Cement-Stabilised Soil.” Cement And Concrete
Composites, 26(7), 811-820. Https://Doi.Org/10.1016/J.Cemconcomp.2004.01.003
Basha, E.A., Hashim, R., Mahmud, H.B., And Muntohar, A.S. (2005). “Stabilization Of Residual Soil With Rice Husk Ash And
Cement.” Construction And Building Materials, 19(6), 448-453. Https://Doi.Org/10.1016/J.Conbuildmat.2004.08.001
Bishop, A.W. (1971). “The Influence Of Progressive Failure On The Choice Of The Method Of Stability Analysis.” Géotechnique,
21(2), 168-172.Https://Doi.Org/10.1680/Geot.1971.21.2.168
Cano, M. And Tomas, R. (2016). “Proposal Of A New Parameter For The Weathering Characterization Of Carbonate Flysch-Like
Rock Masses: The Potential Degradation Index (PDI).” Rock Mechanics And Rock Engineering, 49(7), 2623-2640.
Https://Doi.Org/10.1007/S00603-016-0915-2
Dixon, P.A., Guthrie, W.S., And Eggett, D.L. (2012). “Factors Affecting Strength Of Road Base Stabilized With Cement Slurry Or
Dry Cement In Conjunction With Full-Depth Reclamation.” Transportation Research Record, 2310(1), 113-120.
Https://Doi.Org/10.3141/2310-12
Erguler, Z.A. And Shakoor, A. (2009). “Relative Contribution Of Various Climatic Processes In Disintegration Of Clay-Bearing
Rocks.” Engineering Geology, 108(1-2), 36-42. Https://Doi.Org/10.1016/J.Enggeo.2009.06.002
Fuenkajorn, K. (2011). “Experimental Assessment Of Long-Term Durability Of Some Weak Rocks.” Bulletin Of Engineering Ge-
Ology And The Environment, 70(2), 203-211. Https://Doi.Org/10.1007/S10064-010-0297-8
Fukumoto, Y. And Ohtsuka, S. (2019). “Discrete Particle Simula- Tion Model For Slaking Of Geomaterials Including Swelling
Clay Minerals.” International Journal Of GEOMATE, 16(54), 134- 139. Https://Doi.Org/10.21660/2019.54.8230
Hartono, E., Wardani, S.P.R., And Muntohar, A.S. (2019). “Slake Durability Of The Compacted-Siltstone Fragment With Cement
Stabilization.” International Journal Of GEOMATE, 17(64), 123-130. Https://D0i.Org/10.21660/2019.64.84678
Hartono, E. (2020), Evaluation For Durability And Strength Test Of The Cement-Stabilized Mudrock, Doctoral Dissertation,
Diponegoro University, Semarang.
Horpibulsuk, S., Rachan, R., Chinkulkijniwat, A., Raksachon, Y., And Suddeepong, A. (2010). “Analysis Of Strength Development In
Cement-Stabilized Silty Clay From Microstructural Considera- Tions.” Construction And Building Materials, 24, 2011-2021.
Https://Doi.Org/10.1016/J.Conbuildmat.2010.03.011
Jiang, P., Mao, T., Li, N., Jia, L., Zhang, F., And Wang, W. (2019). “Characterization Of Short-Term Strength Properties Of
Fiber/Cement-Modified Slurry.” Advances In Civil Engi- Neering, 2019, 1-9.Https://Doi.Org/10.1155/2019/3789403
Kolay, E. And Kayabali, K. (2006). “Investigation Of The Effect Of Aggregate Shape And Surface Roughness On The Slake
Durabil- Ity Index Using The Fractal Dimension Approach.” Engineer- Ing Geology, 86(4), 271-284.
Https://Doi.Org/10.1016/J.Enggeo.2006.05.007
Ma, Q., Ma, D., And Yao, Z. (2018). “Influence Of Freeze-Thaw Cycles On Dynamic Compressive Strength And Energy Distri-
Bution Of Soft Rock Specimen.” Cold Regions Science And Technology, 153, 10-17.
Https://Doi.Org/10.1016/J.Coldregions.2018.04.014
Muhrozi, And Wardani, S.P.R. (2011). “Problem Of High Embank- MentOnClayShaleAtSemarang-UngaranTollRoadSTA5+500 To
6+300.” In Wardani, S.P.R., Chu, J. J., Lo, S.C.R,, Lai,S.,
Phoon, K.K., Eds., Geotechnical And Highway Engineer- Ing—Practical Applications, Challenges And Opportunities, 159-171.

DOI: 10.9790/1684-2004031017 www.iosrjournals.org 16 | Page



The Behavior Of The Clay Shale On Slope Stability At The Nation's Capital (Ikn) Sepaku

[271.
[28].
[29].
[30].
[31].

[32].

[33].
[34].

[35].
[36].

[37].
[38].

[39].

[40].

Https://D0i.0rg/10.1142/9789814365161_0014

Nalbantoglu, Z. And Tuncer, E.R. (2001). “Compressibility And Hydraulic Conductivity Of A Chemically Treated Expansive
Clay.” Canadian Geotechnical Journal, 38(1), 154-160. Https://Doi.Org/10.1139/Cgj-38-1-154

Pakbaz, M.S. And Farzi, M. (2015). “Comparison Of The Effect Of Mixing Methods (Dry Vs. Wet) On Mechanical And Hydraulic
Properties Of Treated Soil With Cement Or Lime.” Applied Clay Science, 105-106, 156-169.
Https://Doi.Org/10.1016/J.Clay.2014.11.040

Portland Cement Association, (1992). Soil-Cement Laboratory Handbook, Portland Cement Association, Illinois.

Prusinski, J. And Bhattacharja, S. (1999). “Effectiveness Of Port- Land Cement And Lime In Stabilizing Clay Soils.” Transporta-
Tion Research Record, 1652, 215-227. Https://Doi.Org/10.3141/1652-28

Sadisun, .A., Shimada, H., Ichinose, M., And Matsui, K. (2005). “Study On The Physical Disintegration Characteristics Of Subang
Claystone Subjected To A Modified Slaking Index Test.” Ge- Otechnical And Geological Engineering, 23(3), 199-218.
Https://Doi.Org/10.1007/S10706-003-6112-6

Sariosseiri, F. And Muhunthan, B. (2009). “Effect Of Cement Treatment On Geotechnical Properties Of Some Washington State
Soils.” Engineering Geology, 104(1-2), 119-125. Https://Doi.Org/10.1016/J.Enggeo.2008.09.003

Sasanian, S. And Newson, T.A. (2014). “Basic Parameters Gov- Erning The Behaviour Of Cement-Treated Clays.” Soils And
Foundations, 54(2), 209-224. Https://Doi.Org/10.1016/J.Sandf.2014.02.011

SNI. (2004). Portland Composite Cement. Jakarta, Indonesia: National Standardization Agency Of Indonesia.

Tan, Y., Gu, Q., Ning, J., Liu, X., Jia, Z., And Huang, D. (2019). "Uniaxial Compression Behavior Of Cement Mortar And Its
Damage-Constitutive Model Based On Energy Theory.” Mate- Rials (Basel), 12(8). Https://Doi.Org/10.3390/Ma12081309

Wang, D. And Tanttu, L.K. (2018). “1-D Compressibility Behav- lour Of Cement-Lime Stabilized Soft Clays.” European Journal
Of Environmental And Civil Engineering, 1-19. Https://Doi.Org/10.1080/19648189.2018.1440633

Yagiz, S. (2010). “Correlation Between Slake Durability And Rock Properties For Some Carbonate Rocks.” Bulletin Of Engineer-
Ing Geology And The Environment, 70(3), 377-383. Https://Doi.Org/10.1007/S10064-010-0317-8

Yi, Y., Liska, M., And Al-Tabbaa, A. (2014). “Properties Of Two Model Soils Stabilized With Different Blends And Contents Of
GGBS, Mgo, Lime, And PC.” Journal Of Materials In Civil Engineering, ASCE, 26(2), 267-274.
Https://Doi.Org/10.1061/(Asce)Mt.1943-5533.0000806

Yoobanpot, N., Jamsawang, P., And Horpibulsuk, S. (2017). "Strength Behavior And Microstructural Characteristics Of Soft Clay
Stabilized With Cement Kiln Dust And Fly Ash Residue.” Applied Clay Science, 141, 146-156.
Https://Doi.Org/10.1016/J.Clay.2017.02.028

DOI: 10.9790/1684-2004031017 www.iosrjournals.org 17 | Page



