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Abstract: Laterite soil is an embankment soil that is often used because it is easy to find and is widely found in Sowth Kalimantan.
However, this land has many shortcomings to be used as embankment soil. This is because the lateritic soil has a clay content and a high
Plasticity Index (PI) value. So the quality is still questionable to be used as landfill. To overcome this, it is necessary to improve or
stabilize the lateritic soil. In this study, the lateritic soil was stabilized by the addition of slag nickel. This study aims to determine the
physical characteristics of laterite soil after being given a mixture of nickel slag addition, this study also aims to determine the effect of
the percentage of nickel slag on primary consolidation (Sc) of laterite soil. As well as knowing the effect of the percentage of nickel slag
on the parameters of shear strength in the form of cohesion (¢) and shear angle (@). Consolidation and shear strength specimens were
made with 90% of the optimum moisture content, The variations of the nickel slag mixture used in this study were 0%, 5%, 10%, 15%,
and 20% of the weight of the soil used. Based on the results of data analysis, the addition of a mixture of nickel slag in each sample
variation can reduce the plasticity index value of the lateritic soil. In addition, the addition of nickel slag also affects the value of the
primary consolidation settdement value (Sc) of the laterite soil. The addition of the percentage of nickel slag also affects the parameters
of the shear strength of the soil, for the cohesion value (¢) of the laterite soil experiences a value that decreases with the increase in the
percentage of nickel slag. Meanwhile for the shear angle (p) of the laterite soil, the value increases with the increase in the percentage of
nickel slag.
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1. Introduction Nickel Slag

Slag is an industrial waste generated during metal smelting.
Soil which is the base layer of construction will be strong or ~ Slag in the form of residue or waste in the form of lumps
safe if it has a carrying capacity greater than the load it such as metal, has poor quality because it is mixed with
receives. However, it is not uncommon to find native soil ~ other substances that are difficult to separate (Sugiri, 2005).
that has low bearing capacity and does not allow it to carry ~ Nickel slag has a granular shape similar to natural aggregate,
the load on it. This is the reason for the need to fill soil on  namely natural sand and gravel/split (Ferhi, 2019).
top of the original land using soil that has adequate carrying
capacity potential. The embankment soil that is often used is ~ Consolidation
lateritic soil type because it is easy to find and widely Consolidation is a process of reducing the volume or
available in Kalimantan. However, this type of embankment ~ reducing the pore voids of low - permeable soil caused by
still raises the question of whether its composition is suitable loading, where the process is influenced by the speed or time
for use as subgrade. This is because there is a lot of damage ~ ©f squeezing of pore water out of the soil cavity
or landslides in civil engineering works in South Kalimantan ~ (Hardiyatmo, 2002). Primary consolidation (Sc) is part of
that use lateritic soil as embankment. To overcome this, it is soil compaction due to the flow of pore water from soil
necessary to repair or stabilize the lateritic soil. In this study, ~ cavities until all dissipation processes are complete.
the lateritic soil was stabilized by the addition of nickel slag.

Direct Shear
2. Theoritical Stlldy Direct shear test is the easiest and simplest test of soil shear

strength parameter. Vertical and horizontal loads acting on
the tool will cause stress on the soil. These stresses are in the
form of major principal stresses and minor principal stresses
which can cause the soil to experience shear stresses that
form an angle to the shear plane. On the other hand, the
intermediate principal stress is not taken into account
because it still acts uniformly on all sides but does not cause
deformation. (Nurdian, 2015).

Laterite

Laterite soil is a soil formed in the tropics or subtropics with
a high level of weathering in alkaline to ultramafic rocks
which are dominated by iron metal content (Febriani, 2014).
Laterite soils consist of a variety of red, brown to yellow
waste soils, fine grained waste soils with a light texture,
nodular grain shape, and well cemented (Lambe and
‘Whitman, 1979). The physical properties of lateritic soils in
nature are generally red to brown soils that are formed ina 3 Research Methodology

humid, cold environment and can allow water logging. In

addition, lateritic soils also readily absorb water, have  The testing steps carried out in this study were as follows:
moderate organic matter content and a neutral to acidic pH 1) Sampling of laterite soil in Sungai Ulin, Banjarbaru

with high metal content (especially iron and aluminum), and City, South Kalimantan and taking nickel slag Growth
are good foundation materials due to their relatively dense Java Industry which is located at J1. Sunan Demak No.8,
texture (Saing, 2017). Kepuh, Kec. Ciwandan, Cilegon City, Banten.
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2) Testing of the physical pl‘()pertie'()f laterite soils (water
content test, volume weight, specific gravity, sieve
analysis, hydrometer analysis and atterberg limit) and
mechanical properties of laterite soils t()mpelcling,
consolidation and direct shear tests) were carried out at
the Soil Mechanics Laboratory, Faculty of Engineering,
'LM Banjarbaru.

3) The test of sieve analysis, hydrometer analysis and
Atterberg limit with slag of 0%, 5%, 10%, 15%, 20% of
the weight of the laterite soil used.

4) Preparation of consolidation test specimens and direct
shear tests with slag of 0%, 5%, 10%, 15%, 20% of the
weight of the laterite soil used. Density to make the
specimen for consolidation and direct shear test in this
study was 90% of the optimum moisture content.

5) Consolidation testing and direct shear testing were
carried out at the Soil Mechanics Laboratory, Faculty of
Engineering, ULM Banjarbaru.

4, Results and Discussion

Results of Physical and Mechanical Properties Testing
on Original Laterite Soils

Test results on physical and mechanical properties on native
laterite soils presented in Table 1.

Table 1: Results of Testing for Physical Properties of
Original Laterite Soil

Laterite Soil
Name of Sample from Sungai
Um |
Soil Spesific Gravity (Gs) 16
Propersies |Water Conent (W) W 3141
- Voiums Waight (1 sew?] 1@
3 Gravel (>2mm) o 526
% Course Sand (06-2.00mm) o 7.08
£ Madiven Sand((.2-0 Sum) W 1065
E- GrainSee |Fine Sand (0.65-0 ) W oe:m
8 | pisriuron [Sit2ndClay (0.002-0.05m) W 36ss
5 Clay (<Q00zm) #3105
g Mo 10 (200mz) W w7
2 No. 40 (A4 3mm) W 8501
L3 No 200(000TSmE) W 56
& Liquid Lizmit (LL) W e
ArerbeE  [Dizatic Limit (PL) W |7
Lmit  |ptaaticityTndex (FT) W 3138
Clasification CH

Based on sieve analysis and hydrometer analysis, it shows
that laterite soil originating from the Ulin River has a
percentage vellu')f grains that pass the No. sieve.200 by
69.56% (greater than 50% of the soil that passed the No.200
sieve). This shows that lateritic soils originating from this
area can generally be grouped into fine - grained dominant
soils (silt and clay) when referring to the USCS soil
classification table method. From the results of testing in the
laboratory, Plasticity Index (PI) value is 31.56%. From these
values it can be concluded that the soil belongs to the Clay -
High (CH) group or inorganic clay with high plasticity/ fat
clays.

Mechanical tests carried out in this research test \'re
compaction test, consolidation test, and direct shear test. The
results of testing the mechanical properties c.lelterilic soil
on the Ulin River obtained the parameters that can be seen in
Table 2 below.

Table 2: Results of Testing the Mechanical Properties of the
Original Laterite Soil

Laterite Soil
Name of Sample from Sungai
Compaction Optimum Moisturs Content (OMC) el 1281
53 Maximum Dy Weight dmaks) gr/om’ 165
-] g Compresmion Index (Cc) Q21280
= 2 | Conmiidarion Consclidation Coafficient (Cv) cm /sc| QO001BE14
§ = Swelling Index (C9 0.024145
w g. Prim ary Consolidation (S¢) cm| 004860
B & PPt [shes Anas | 1687
SEa  |Cahesion kstm 02628

Results of Testing the Limits of Consistency (Atterberg
Limit Test) with Variation of Nickel Slag

Tests for the limits of consistency (atterberg Iiﬂ. test)
carried out in this study include the liquid limit test and the
plastic limit test, so that the value of the plasticity index (PI)
can be ()bt;line' Relationship between variations in the
nickel slag and the value of the plasticity index (PI) can be
seen in Figure 3 below.

Variations of Nickle Slag Mixture and Plastivity Index (P1)

mm

nm
R
§ o 2408 0
ol 3156 Q. 2145 #5
e Trreeed om0
z o015

0
0.0
am
0 2 4 6 El (T P 1 5 m
Variations of Nickle Slag (%)

Figure 3: Graph of Relationship of Variation Nickel Slag to
Plasticity Index (PI) Value

Based on the graph above, it can be seen that the plasticity
index (PI) value decreased with increasing variation of
nickel slag.

Clay high plasticity clay low plasticity (CL) along with the
increasing percentage of nickel slag in the soil sample.
Therefore, it can be concluded that nickel slag can be used to
control the plastic properties of the laterite soil.

@ -
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ez
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Figure 4: USCS Plasticity Diagram for Laterite Soil with
Variation of Nickel Slag
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Test Results of Grain Size Analysis with Variation of  grain size analysis of laterite soils with variations in the
Nickel Slag nickel slag can be seen in Table 4 and Figure 5 below.

This grain size analysis test is in the form of sieve analysis

and hydrometer analysis. The results of the analysis of the

Table 4: Results of Grain Size Analysis with Variations in Nickel Slag

N 100% Laterite +{95% Laterite 4] 90% Laterite +| 85% Laterite +J 80% Laterite :gl
0% Nickle slag |5% Nickle slag| 109 Nickle slag| 15% Nickle slag|20% Nickle sl
Gravel (>2mm) [ 5.26 5.8 505 533 523
Coarse Sand (0,6-2 00mm) G 708 9.86 988 998 987
Medium Sand (02-0.6mm) G 1065 10,73 1158 1348 14,14
Fine Sand (0.05-0.2mm) % 932 9.54 997 1040 15.01
Silt and Clay (0 002-0,05mm) % 3664 3641 35.65 33,65 3748
Clay (<0.002mm) % 3105 28,18 27.66 27.14 18.26
No. 10 (2.00mm) % 9474 9472 04,75 94,67 94,77
No. 40 (0.425mm) % 8601 81.11 81.58 81.53 82.64
No. 200 (0.0075mm) % 69.56 68.11 66.38 62.97 57.66

The relationship of variation of nickel slag to primary

Grain Size Curve
rave s ] . N consolidation decrease value (Sc) is shown in Figure 6.
S T T Ii e Based on the graph, it can be seen that the higher the
:L\ﬁ I : o percentage nickel slag, the value of primary consolidation
H i | | b decrease.
I | on
£ | I ) . . L. X
i ! I R Results of the Direct Shear Test Mixed Variations Nickel
# | I [ Slag
| | [ . L
| The results of the analysis of the c‘ecl shear test that have
o Latarte - O Hick dog i o . . T
=G Lt <57 Nkt s i been carried out in the laboratory can be seen in Figure 7
0 Lot 10 Mickle sl | 2t and Fi 8
=357 Laterte +15% Nickle slag | o an 1GUre 5.
L A e I Variations of Nickle Slag and Cohesion (¢)
] 1 [ 5] ot GEN 0400
T Sl Geain Dismater (me)
Figure 5: Graph of Grain Size Analysis with Variations in -
Nickel Slag o2
i : o0
Based on the results of this test, it can be seen that with the ! a0 .
increase in lhe.ercenlelge of nickel slag, there is a change in Z
s0il gradation. The percentage of soil that passes the No.200 - "
. . . ; - ; . 1,100 2
sieve is decreasing because nickel slag increases the size of
the large gradation, so that the soil particles that pass the
No0.200 sieve are getting smaller. The decrease was due to . . ; . e m a2 w e s m
the larger soil grains after being mixed with nickel slag, this Variations af Niekle Slag (%)

was due nickel slag to the larger nickel. Figure 7: Graph of the Relationship between Nickel Slag

Results of Consolidation Testing with Variations of Slag Soil Cohesion Value (c)

Nickel
The results of the analysis of consolidation test that have
been carried out in the laboratory can be seen in Figure 6.

The relationship between variations innickel slag and soil
cohesion value (¢) can be seen in Figure 7. Based on the

N e S Mo P graph, it can be seen that as the percentage of the mixture
/ariations of Nidde Slag Mixture and Primary Consolidation (Se) : - .
. o T “ onsofidution increases, the cohesion value will decrease.
Variations of Nickle Slag and Shear Angle ()
j 0nss sm
§ 00s0 004860
§ e LT Do :(; anm
E e m 0514 ) 282
= ams o = _am o b
E ols * T - o
| TR E
£ 040 i E —— m
g ols
: 10 00 1657 0
0055
o 2 4 L] L] 10 12 14 16 15 x
Variations of Nickle Slag (%) 0m
o 2 4 L] L] 10 12 14 16 18 m
Figure 6: Graph of Relationship of Variation Nickel Slag to Vartations of Nickle Sag {%)
Decline Value of Primary Consolidation (Sc) Figure 8: Graph of Relationship of Variation Nickel Slag to

Soil Shear Angle Value (@)
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Mixture nickel slag to soil shear angle value (@) can be seen
in Figure 8. Based on the graph, it can be seen that the value
of soil shear angle increases with time mixture nickel slag.

5.

Based

Conclusion

on the results and discussion, the following

conclusions were obtained:

3]

3)

4)

5)

The plasticity index (PI) of the soil decreased by
10.11%. The plasticity index value was originally
31.56% in the 100% variation of laterite soil with a
mixture of 0% nickel slag, to 2145% in the 80%
variation of laterite soil with a mixture of 20%nickel
slag.

The results of the grain size analysis showed that as the
nickel slag in laterite soils, the fine grained soils
decreased.

The value of primary consolidation (Sc) decreased
along with the increase in the percentage of nickel slag.
Based on the direct shear test, the value of soil cohesion
(¢) decreased by 0.1306 kgfcmz. From the original
02678 l(g;l‘cm2 on a variation of 100% laterite soil with
a mixture of 0% nickel slag, to 0.1322 kg/em® on a
variation of 80% laterite soil with 20% nickel slag.

The value of the soil shear angle (¢) increased by
13.56°. From the original 16.87° in the variation of
100% laterite soil with a mixture of 0%nickel slag, to
3043° in the B80% wvariation of laterite soil with a
mixture of 20% nickel slag.

References

1

[31

41

[51

[6]

7

[8]

[9]

Paper ID: SR23523182648

Alfansyah, MA, &Kusumastuti, DP (2020,
November). Effect of Steel Slag Waste on Parameters
of Subgrade Shear Strength. Journal of the Mechanics
Forum, 52 - 62.

Amu, O., Ogunniyi, S., & Oladeji, O. (2011).
Geotechnical Properties of Lateritic Soil Stabilized
with Sugarcane Straw. American Journal of Scientific
and Industrial Research, 323 - 331.

Anggraini, L., &Adwang, J. (2000). The Effect of
Using Pomlaa Nickel Waste as Coarse Aggregate (F1)
on Marshall Characteristics of Mixture HRS B.
Yogyakarta: Islamic University of Indonesia.
Ardiyanti, T., &Andajani, N. (2014). The Effect of
Addition of Steel Waste (Slag) on Clay in the
BabatLamongan Area on the Value of the California
Bearing Ratio (CBR) Test. Civil Engineering
Engineering Vol 3 Number 3/rekat/14, 158 - 165.
ASTM. (2000). ASTM D 2487 - 06 Standard Practice
for Classification of Soils for Engineering Purposes
(Unified Soil Classification System). United States:
Association of Standard Testing.

Bowles, I. E. (1984). Soil Physical and Geotechnical
Properties (Soil Mechanics). Jakarta: Erlangga.

BSNI. (2008). SNI 3423: 2008 concerning Test
Method for Soil Grain Size Analysis. Jakarta: National
Standardization Body.

BSNIL. (2011). SNI 2812: 2011 concerning Method of
One - Dimensional Soil Consolidation Test. Jakarta:
National Standardization Body.

BSNI. (2015). SNI 6371: 2015 concerning Procedures
for Classifving Soil for Engineering Purposes with a

[14

—_

[15

—_

[16

[laai

[17]
[18]

[19]

[20]

[23]

[24]

[25]

[26

—_

[27]

[28]

Soil  Unification  Classification Jakarta:
National Standardization Body.

Craig, R. (1989). Soil Mechanics Fourth Edition.
Jakarta: Erlangga.

Craig, R. (2004). Craig's Soil Mechanics Seventh
Edition. Padstow: Sponge Press.

System.

Das, BM (1995). Soil Mechanics (Principles of
Geotechnical — Engineering) Volume 1. Jakarta:
Erlangga.
Das, BM (1998). Soil Mechanics (Principles of
Geotechnical — Engineering) Volume 1. Jakarta:
Erlangga.

Djarwanti, N. (2006). Effect of Addition of ACBFS
(Air - Cooled Blast Furnance Slag) on Parameters of
Shear Strength of Clay. Civil Engineering Media, 103 -
110.

Ferhi, DA, Cahyaningsih, S., &Pijilestari, E. (2019).
Value Added Nickel Slag Waste [nnovation and
Efficiency. Jakarta: PT. AntamTbk.

Feriscilla, SM (2021). Effect of Grain Size Distribution
on  Laterite  Soil  Compression.  Banjarbaru:
LambungMangkurat University.
Hardiyatmo, HC (2002). Soil
Yogyakarta: Gadjah Mada University.
Hardiyatmo, HC (2002). Seoil Mechanics II.
Yogyakarta: Gadjah Mada University Press.

Ilmi, MS (2021). Effect of Sand Fraction in Laterite
Soil on Residual Strength Behavior Based on Direct
Shear Test Results in the Laboratory. Banjarbaru:
LambungMangkurat University.

Jalali, NA, & Salim, A. (2018). Fine Aggregate Slag
Nickel As Partial Substitute of Sand In Concrete
Making. Proceedings of the 2018 Research Results
Seminar (SNP2M), 142 .

Lambe, T., & Whitman, V. (1979). Soil Mechanics SI
Version. New York.

Lekan, A., & Ojo, T. (2013). Consolidation Properties
of Compacted Lateritic Soil Stabilized with Tire Ash.
Journal  of  Engineering and  Manufacturing
Technology, 36 - 44

Leonardus, & Valentino, W. (2014). Effect of Nickel
Slag as a Partial Substitute for Coarse Aggregate on
Compressive Strength of Concrete. Makassar: Ujung
Pandang State Polytechnic.

Makasa, B. (2004). Utilization and Improvement of
Lateritic Gravels in Road Bases, International Institute
for Aerospace Survey and Earth Sciences, Delft.
Rahmadya, RR, Rachmansyah, A., & Zaika, Y. (2014).
Effect of Addition of Mixed Materials (with Steel Slag
and Fly Ash) on Expansive Clays on CBR and Swelling
Values. Malang: Brawijaya University Malang.
Renaningsih, Susanto, A., & Intan, VR (2020). Steel
Slag Waste as a Mixture of Bayat - Klaten Clay is
Observed for Consolidation Degradation. Proceedings
of the 2020 National Civil Engineering Seminar, 154 -
161.

Ridwan, M., & Marta, FA (2015). The Effect of
Adding Steel Waste to Clay Soil in the Sarirejo
Region, Lamongan Regency on Swelling Potential.

Mechanics 1.

Civil  Engineering Engineering Vol 2 Number
2/rekat/15,25 - 32.
Rifaldi, Mardin, & Peke, 5. (2016). Mortar

Compression Test Using Nickel Slag as a Substitute for

Volume 12 Issue 5, May 2023

www.ijsr.net
Licensed Under Creative Commons Attribution CCBY

DOI: 10.21275/SR23523182648

2117




International Journal of Science and Research (IJSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Fine Aggregare. Makassar: Ujung Pandang State
Polytechnic.

[29] Rijani, MF (2021). Effect of Addition of Coarse Sand
Fraction 1o Soil Shear Strength. Banjarbaru:
LambungMangkurat University.

[30] Sugiri, S. (2005). Use of Nickel Slag as Aggregate and
Cement Mixture for High Strength Concrete. Journal
of Infrastructure and the Built Environment.

[31] Terzaghi, K., & Peck, RB (1987). Soil Mechanics in
Engineering Practice Second Edition Volume 1.
Jakarta: Erlangga.

Volume 12 Issue 5, May 2023

www.ijsr.net
Licensed Under Creative Commons Attribution CCBY

Paper ID: SR23523182648 DOI: 10.21275/SR23523182648

2118




Shear Strength Behavior of Lateritic Soil with Nickel Slag
Mixture

ORIGINALITY REPORT

15, 6. 106 A

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

5%

* S.H Nur, Nofriana. "Shear Strength Behaviour of
Sedimentary Soil Stabilized by Fly Ash", IOP
Conference Series: Earth and Environmental
Science, 2022

Publication

Exclude quotes Off Exclude matches <2%

Exclude bibliography On



