International Journal of Engineering, Science & InformationTechnology (IJESTY)
Volume 3, No. 4 (2023) pp. 19-24
ISSN 2775-2674 (online) ,
Website: http://ijesty.org/index.php/ijesty P
DOI: https://doi.org/10.52088/ijesty.v3i4.469
Research Paper, Short Communication, Review, Technical Paper

En , Sclence
and Information Technology

The Effect Of Holcim Cement Substitution On Fine-Grained
Soils Its Influence On The Stability Of Soil Bearing Capacity
Using The Terzaghi Method And Meyerhoff Method

Heri Sujatmiko*
Universitas 17 Agustus 1945 Banyuwangi, Indonesia

*Corresponding author Email: heri.untag@yahoo.com

Manuscript received 24 December 2023; Revised 27 December 2023; Accepted 30 December 2023. Date of publication 14 January 2024

Abstract

Soil is vital as a construction material and load support in civil engineering building work. The aim of stabilization itself is to increase the
bearing strength of the soil by increasing soil cohesion and friction angles in the soil and maintaining good soil bearing strength so that it
does not experience a decrease due to the influence of weather and air. Based on the Unified classification system, it is included in the
OH classification or what is usually called clay soil with high organic plasticity, while based on the ASSHTO classification, the soil in
Pancoran Village, Glagah District, Banyuwangi Regency is included in group A-7-5(25). The addition of Holcim Cement to clay soil
from the Pancoran Village area, Glagah District, Banyuwangi Regency in the Direct Shear test obtained the most significant value in the
8.5% mixture with a curing time of 9 days for the ¢ value, namely ¢ = 19.8 * from ¢ = 11.6 ° in the original soil or there was an increase
amounted to 41.41% and for the c value, namely ¢ = 9.75 kg/cm2 from ¢ = 1.6 kg/cm2 in the original soil or an increase of 83.59%. The
carrying capacity of soil tends to be greater after mixing cement additives. The maximum soil bearing capacity occurs when mixing 8.5%
cement with nine days of curing, namely 66,458 t/m2 from 4,696 t/m2 of the original soil capacity or 92.93% for the Terzaghi method.
Meanwhile, for the Meyerhoff Method, the maximum soil bearing capacity occurs when mixing 8.5% cement with nine days of curing,
namely 92,696 t/m2 from 7,526 t/m2 of the original soil permit carrying capacity of 91.88%.
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1. Introduction

Soil is vital in a civil engineering job, whether as a construction material or a load support. In the field, soil conditions that do not have

the physical and technical quality requirements are often found [1]. Therefore, improving soil properties to fulfill the specified require-

ments is necessary. The Efforts to improve soil properties are called soil stabilization [2].

According to [3], there are several types of stabilization: physical, mechanical, and chemical [4]. Physically, soil stabilization can be

carried out by thermal, which means that the soil is heated so that its properties change from its original properties. Mechanically, com-

paction is carried out to increase the soil density, while chemically, the soil is stabilized by mixing chemical compounds. The purpose of

the stabilization itself is [5]:

1. Increase soil bearing strength by increasing soil cohesion and soil shear angle.

2. Maintained soil support that is already good, so it does not decrease due to the influence of weather and water.

Based on the background of the research described above, the formulation of the problem in this study is how significant the effect of

stabilization of fine-grained soil with Holcim cement mixture on the bearing capacity with the Terzaghi method and the Meyerhoff meth-

od [6].

The objective of this research is the effect of stabilization of fine-grained soil with Holcim cement mixture on the bearing capacity with

the Terzaghi method and the Meyerhoff method. Which, among others, have aims [7]:

1. Knowing the type of soil based on the Unified and AASHTO classification systems originating from Pancoran Village, Glagah Dis-
trict, Banyuwangi Regency.

2. Determine the effect of the addition of Holcim cement in the Direct Shear test on the cohesion value and the internal shear angle.

3. Determine the increase of the value of soil carrying capacity between the original soil conditions and soil mixed with Holcim cement
in the Terzaghi method and the Meyerhoff method.

Copyright © Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
BY use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
mailto:heri.untag@yahoo.com

20 International Journal of Engineering, Science & Information Technology, 3 (4), 2023, pp. 19-24

The results of this study are expected to provide suggestions in the form of the effect caused by the addition of Holcim Cement to the
mechanism of the clay soil mechanics and obtain an overview of opportunities for alternative materials in construction planning [8].

1. How can Self-Reflection improve students' ability to write analytical exposition paragraphs?

2. What are students' responses to applying Self-Reflection in learning writing skills?

2. Literature Review

2.1. Theoretical Framework

Fine-grained soil is a definition of a term that is often used, namely clay. Clay has the properties of cohesion plastic, does not show dila-
tion properties, and does not contain significant amounts of coarse matter. The clay grain fraction represents the weight of the soil grains,
which is finer than 0.002 mm [9].

Clay with high plasticity can expand and shrink according to changes in its water content. According to [10], the effective stabilization to
increase volume stability is in two ways, namely:

1. The soil becomes a passive mass because the particles bind together chemically or by applying high temperatures.

2. For example, slow moisture movement in the soil by closing the soil pores.

2.2. The Definition of Soil

In general, soil is defined as a material consisting of solid aggregates (granules) that are cemented (chemically bonded) to each other and
from decayed organic matter (which has solid particles) accompanied by liquid and gas that fill the void spaces between the stable's par-
ticles [11]. Clay is an aggregate of particles with microscopic sizes originating from the chemical decomposition of the constituent ele-
ments of rock and is plastic in the range of moderate to broad water content. Soil weathering due to chemical reactions will produce a
group of colloidal particles with a grain diameter smaller than 0.002 mm. Clay particles are shaped like sheets with special sheets, so clay
has properties strongly influenced by surface forces [12] [13].

2.3. The Soil Classification System

The soil classification system is an arrangement of several types of soil that are different but have similar characteristics into groups and
subgroups of users [14].

Two (2) types of soil classification methods are commonly used, namely:

1. Soil classification based on Unified System.

2. Soil classification by AASHTO method.

2.4. Soil Compaction Test

Compaction is the process of increasing the density of the soil by reducing the distance between the particles, resulting in a reduction in
air volume using mechanical energy. In general, the higher degree of compaction is the soil's lower compressibility. The degree of soil
density is measured based on dry density units, the mass of solid particles per unit volume of soil. The purpose of compaction is to im-
prove soil properties. Some of the advantages obtained from this compaction effort include [15]:

1. Reduced subsidence, namely vertical movement in the soil mass due to reduced void ratio.

2. Increased soil strength

3. Reduced shrinkage or reduced volume due to reduced water content from the reference value during the drying process.

In this compaction, it is produced a relationship of a graph or curve between the dry unit weight (yd) and the water content that is given
regularly during the subsequent soil compaction. After the graph is formed, the compacted soil possesses some of the optimum water
content [16]. Where in this state, it has reached the maximum soil density. The degree of soil density is measured from its dry unit weight,
and the relationship between dry unit weight (yd), wet unit weight (yb), and water content (w) is expressed by the following equation y d
=vb

2.5. Direct Shear Testing

The direct shear test equipment uses a shear box made of iron, which functions as a different place for the shear strength test. The test
object can be in the form of a square or circle. The test was carried out by placing the soil sample into a sliding box with the size of the
specimen 6 x 6 cm, with a height of 2 cm and an area of 36 cm2 [17]. The sliding box consists of two equal parts in a horizontal direction.
The normal force on the soil specimen is obtained by placing an object on it with a dead load of 8 kg, 16 kg, and 32 kg.

Everyday stress can be calculated by the equation below: o = Normal Stress

_ Normal style that works
= Cross — sectional area of the soil sample

The equation can calculate the shear stress that opposes the shear movement below:

T = Shear stress
Shear force that opposes movement
T=
The cross — sectional area of the seil sample

In Hary C.H. (1992), Coulomb(1776) defines the function (o) as:
T =Ct+totgo

With:

T = soil shear stress (KN/m2)

¢ =soil cohesion (KN/m2)

o = everyday stresses in the failure plane (KN/m2)

¢ = ground shear angle (°)
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2.6. Soil Bearing Capacity

Soil bearing capacity is the soil's ability to support the structure's load and transmit it due to its weight directly to the soil beneath it. Soil
given a load such as a foundation load will experience distortion and settlement; if it continues to increase, the foundation settlement will
also be more significant [18]. This condition indicates that a capacity collapse has occurred.

Soil bearing capacity where the soil can still support the load without collapsing.
Expressed by the equation:

G == dan Gjin = o

With:

Qu = ultimate bearing capacity (kg/cm 2)

Pu = ultimate load (kg) A = load area (cm2)
g ijin = allowable soil bearing capacity (kg/cm 2)

SF = Safety Factor

2.7. Soil Stabilization

Based on Bowles J.E (1984), the aim of soil stabilization efforts is:

1. Increase the bearing capacity of the soil by increasing the soil density
2. Reducing the value of soil permeability,

3. Lower the compatibility score.

2.8. Types of Soil Stabilization
Stabilization can include adding chemical ingredients, adding or replacing new materials, compaction, heating, and cooling. In an outline,
there are three parts of stabilization: physical stabilization, mechanical stabilization, and chemical stabilization [19].

2.9. Cement

Cement is the most crucial constituent material. The function of cement is:

1. As an adhesive material between coarse and fine aggregates, they are united.

2. Filling the voids between the aggregate grains to form a compact or solid mass [20].

Treatment time has a vital role because the shear strength value of the soil increases with increasing curing time [21].
3. Research Method

3.1. Place and Time
Place of research: Laboratory of Soil Mechanics, SMK Negeri 1 Glagah Banyuwangi. Kuntulan Street No. 01 Banyuwangi. The Re-
search Time is two months.

3.2. Preparatory Work

The activities carried out in preparatory work include taking test objects in the field, preparing work in the laboratory, and Field Work
Soil sampling is fieldwork. The soil samples taken have disturbed and undisturbed soil. The soil sample that was born should not change
the nature of the soil. The tubes in thin-walled cylinders with a specific diameter are used for testing original soil samples. The tube is
inserted into the soil according to the stages, but the tube should not be lifted immediately to give the soil a chance to stabilize and attach
to the tube wall. After that, the tube filled with soil was covered with a layer of paraffin to prevent water evaporation. When taking soil
samples, there is no need to try to protect the soil's properties. Disturbed soil samples are put in a plastic bag or sack.

3.3. Laboratory Testing

The test was conducted at the Soil Mechanics Laboratory, SMK Negeri 1 Glagah Banyuwangi. Tests were carried out as follows.
1. Testing of physical properties.

2. Testing of Mechanical Properties.

3.3. The Test Performed

The tests carried out in the laboratory are divided into two, namely, testing the soil's physical properties and the soil's mechanical proper-

ties.

1. Soil Physical Properties Testing
Testing the physical properties of the soil is carried out to find out the initial characteristics of the soil before changes are made be-
cause fine-grained soil will then be stabilized. This test consists of:

Sieve Analysis.

Hydrometer analysis.

Soil water content testing.

Soil-specific gravity testing.

Soil volume weight testing.

Soil liquid limits testing.

Soil plastic limits testing.

Soil shrinkage limit testing.
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2. Soil Mechanical Properties Testing

The soil mechanical property testing that was carried out is:
a. Standard Proctor Testing.
b. Direct Shear Testing (DST).

4. Result And Discussions

4.1. Test of Water Content

The results of the water content testing carried out in the laboratory are shown in Table 1 below.
Table 1. The results of testing the water content

No Test
a b a b

1 Weight Container (W1) gr 8,9 9,1 8,7 9,46
2 Container weight + wet soil (W2) gr 682 676 6475 67,82
3 Container weight + dry soil (W3) gr 53,82 5299 5061 5291
4 Water Weight (W2-W1) gr 1438 1461 1414 1491
5  Dry tanha weight (W3-W1) gr 4492 43,89 4191 4345
6  Water content (W2-W3)/(W3-W1) x 100% 32,01 33,29 33,74 34,32
7 Average water content (WRT) 33,34%3

4.2. Soil Volume Weight Test

The results of the soil volume weight testing conducted in the laboratory can be seen in Table 2.
Table 2. The results of the soil volume weight testing

No Test A B A B

1 Ring diameter (d) 6,3 6,3 6,3 6,3

2 Ring height (T) 2,3 2,3 2,3 2,3

3 Ring Volume (V) 71,73 71,73 71,73 71,73
4 Ring weight (W1) 8173 8173 8173 8173
5 Ring weight + land (W2) 209,09 210,24 210,48 129,88
6 Land volume weight (W2-W1)/V 128,09 128,87 129,11 129,88
7 Average volume weight 1,79 1,80 1,80 1,81

8 Ring diameter (d) 1.80 gr/cm3

4.3. Soil Specific Gravity Test

The results of the soil-specific gravity test conducted in the laboratory can be seen in Table 3 below.
Table 3. The results of the soil-specific gravity test

No Test 1 2 3

1 Empty pycnometer weight (W1) gram 20,52 21,36 21,74

2 The weight of the pycnometer+dry soil  (W2) gram 35,83 34,71 35,48

3 Weight of pycnometer+soil+water (W3) gram 81,24 81,69 80,72

4 Weight of pycnometer+water (W4) gram 71,92 73,51 72,43

5 Temperature (t°) 28 28 28

6 BJ at temperature 0,99627 0,99627 0,99627
7 BJ at temperature (27.5) 27,5 W2-W1 0,99641 0,99641 0,99641
8 GS (T) soil specific gravity = (W4-W1)(W3-W2) BJ water t° 2,56 2,58 2,52

9 Soil specific gravity at 27, = Gs(t°) BJ water 27,5° 2,56 2,58 2,52

10  Average specific gravity Gs rt 2,55

4.4. Soil Grain Distribution Test

This research aims to determine the soil grains and percentage by looking at the limits of soil classification on specimens retained by
sieve no. 200, so that the type of soil in this study is known. There are two steps in the grain analysis test: hydrometer analysis and
sieving analysis. This test aims to determine the diameter of the soil grains smaller than 0.075 mm or pass the 200 filter. The results of
the hydrometer analysis tests that were carried out in the laboratory can be seen in Table 4 and Table 5 below.

Table 4. The results of the hydrometer analysis sample 1

Elapsed Re=Rl
Time ftimemin. R1 |R2 | t liRl L K D -R+
T m (mm) o

PK2xR
(%)

$.56
838 21372
9.03 5 [33]2
933 ] 30 [30]2
1033] 60 |26(-2
248 250 |22
8356 | 1440 [17]2

$ | 38 110073 [00126 |0.028336 (403 68.80
28 [ 34 (10728 | 00126 [0.018495 363 6197
28 [ 31 (11219 [00126 (0.007721 333 3683
%1 27
3

27 [11874 ] 00126 [0.003617]29.3 350.02
23 [12529 ] 00126 [0.002827]253 43.19
18 13348 | 00126 |0.001216{203 3466

o|o|o|o| ol
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Table 5. The results of the hydrometer analysis sample 2

Elapsed ; Re=R1
Time fime min. R1 [R2 | t R+Rl L K . -R+
T m (mm) G

PK2xR
(%)

8.36
858 [ 2 |36[-20]28 [ 37 [10273 [0.0126 |0.028%5]| 393 | 67.09
903 [ 5 |32(-20)28 | 33 [10928 |0.0126 |0018635) 353 | 6027
933 [ 30 [29(-20]28 | 30 [11383 |00126 | 0005578 323 | 35.14
1033] 60 |27{-2028 | 28 11710 | 00126 [0007777{ 303 { 5L73
248 ) 250 [21]-20)28 [ 22 | 12693 [00126 |0.002845( 243 | 4149
836 | 1440 [17]-20 127 | 1§ [13348 | 00126 |0.001216] 203 | 34.66

This test aims to determine the composition of the percentage of grains retained on sieve no. 200. The results of the sieving analysis
tests carried out in the laboratory can be seen in Table 4.6 and Table 4.7 below.
Table 6. The results of the sieving analysis sample 1

L s " R 9% finer by
k-‘\:‘ 0:;:1)1; Mass (;erl):med Mass (;t)nmed i e
100%

4 4750[dl = 000 [el= 6000 10000 |e7=W-8d
10 2000[ d2 = 065 [e2= 5935 9892 |eb=d7-e7
20 0850(d3 = 1.17 e3= 3818 9697 |eS=d6+e6
40 0425[dd = 133 [ed= 5685 9475 | ed=d5~ies
60 0250] d5 = 316 [eS= 5369 8948 [e3=dd+x4

140 0.106 | d6 = 533 | eb= 4836 8060 [e2=d3+e3
200 0075[d7 = 231 e7= 4603 7675 |el=d2+e
Sd= 1395

Table 7. The results of the sieving analysis sample 2

y . . . 9% finer by
kl\:‘t Opening | Mass retained | Mass retained modwe | e

om) | @) o [

4 4750 dl = 000 el= 60.00 10000 [e7=W-.Sd
10 2000 (d2=_ 061 2= 5939 9898 | e6=d7+el
20 0850 (d3= 115 e3= 384 9707 | eS=d6+eb
40 0425 )dd= 121 ed= 5703 9505 |ed=d5+ed
60 0250 (ds= 324 eS=  53.79 8965 |ed=dd-ed
140 0.106 [d6= 571 e6=  43.08 80.13 |e2=d3+e3
200 0075 |d7= 286 el= 4522 7537 |el=d2+e2
1478

MR

5. Conclusion

From the results of the research on the effect of stabilizing fine-grained soil with Holcim cement mixture on the carrying capacity with

the Terzaghi method and the Meyerhoff method, it can be concluded that:

1. Based on the Unified classification system, it is included in the OH classification or what is usually called organic clay soil with high
plasticity, while based on the ASSHTO classification of Pancoran soil, Glagah is included in group A-7-5(25).

2. The addition of Holcim Cement to clay soil from the Pancoran Village area, Glagah District, Banyuwangi Regency in the Direct
Shear test obtained the most significant value in the 8.5% mixture with a curing time of 9 days for the ¢ value, namely ¢ = 19.8 °
from ¢ = 11.6 ° in the original soil or there was an increase of 41.41% and for the c¢ value, namely ¢ = 9.9 kg/cm2 from ¢ = 1.6
kg/cm2 in the original soil or an increase of 83.84%.

3. The carrying capacity of soil tends to be greater after mixing cement additives. The maximum permitted soil bearing capacity occurs
when mixing 8.5% cement with nine days of curing, which is 66,458 t/m2 of 4,696 t/m2. The bearing capacity of the original soil
permits 92.93% for the Terzaghi method. Meanwhile, for the Meyerhoff method, the maximum soil permit capacity occurs when
mixing 8.5% cement with nine days of curing, which is 92,696 t/m2 from 7,526 t/m2. The original soil permit capacity is 91.88%.
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