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ABSTRACT

Volcanic soils are commonly found in Indonesia, as such very frequently used as embankment material
for construction projects. Volcanic soil has higher shear strength, permeability and compressibility
compared to alluvial soils. However, this only applies when the volcanic soil is chemically bonded in its
original state, when excavated these characteristics no longer applies. Therefore, turning volcanic soils
into problematic soils with low shear strength which is also vulnerable when exposed to water, causing
instability problems during embankment process. Due to these problematic characteristics cement is
added to the soil to increase the shear strength and durability of the volcanic sail. Soil cement mixture
is used under these circumstances due to its cementation properties, which provides the best outcome in
terms of increasing the shear strength and durability of soils. Mixing soil and cement also saves budget
and time for the construction project as it becomes unnecessary to replace the existing soil with imported
soil. Index properties of the soil sample is tested beforehand to make sure the soil is volcanic soil by
referring to past research about volcanic soil index properties. The test conducted to investigate the shear
strength and durability parameter is the unconsolidated undrained triaxial test and dispersion test. To
investigate the optimum cement percentage CBR test is used as a control, where the requirement needed
is for the CBR design value to exceed 10%.

Keywords: Shear Strength, Durability, VVolcanic Soil, Cement, Embankment
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ABSTRAK

Tanah vulkanik adalah tanah yang seringkali dijumpai di Indonesia, sehingga seringkali digunakan
sebagai material untuk timbunan pada proyek konstruksi. Pada kondisi aslinya tanah vulkanik memiliki
kuat geser dan ketahanan yang baik karena ikatan kimia yang ada pada tanah vulkanik. Namun, apabila
tanah vulkanik dikeruk untuk dijadikan sebagai material untuk timbunan karakteristik tersebut tidak
berlaku karena ikatan kimia tersebut hilang. Hal tersebut menjadikan tanah vulkanik sebagai tanah yang
bermasalah karena setelah ikatan kimia tersebut hilang kuat geser tanah vulkanik turun secara drastis
ditambah tanah vulkanik yang memang rentan jika terekspos terhadap air, jika tanah vulkanik digunakan
sebagai material timbunan pastinya akan terjadi masalah instabilitas. Solusi untuk mengatasi masalah
ini adalah menambahkan campuran semen kepada tanah vulkanik untuk meningkatkan kuat geser dan
ketahanannya terhadap air. Campuran semen digunakan karena sifat sementasi dari semen yang
memberikan hasil terbaik perihal meningkatkan kuat geser dan ketahanan tanah vulkanik. Pencampuran
semen pada tanah vulkanik juga menghemat waktu dan biaya proyek konstruksi karena tidak perlu
mengganti tanah yang ada dengan tanah impor. Properti indeks tanah diperiksa terlebih dahulu untuk
memastikan bahwa tanah tersebut adalah tanah vulkani, dengan acuan riset yang sudah ada mengenai
tanah vulkanik. Uji triaksial UU dan uji dispersi dilaksanakan untuk mencari parameter kuat geser dan
ketahanan tanah vulkanik. Kadar semen optimum dicari dengan menggunakan uji CBR sebagai kontrol,
dimana desain CBR yang diperlukan perlu lebih dari 10%.

Kata Kunci: Kuat Geser, Ketahanan, Tanah Vulkanik, Semen, Timbunan
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CHAPTER 1
INTRODUCTION

1.1 Motivation

Volcanic soils may be formed through lava, pyroclastic flows and volcanic ash.
Volcanic soils from lava is formed through weathering the color of the soil is usually
red due to this process, pyroclastic flow creates pyroclastic deposits which forms
volcanic soil and volcanic ash forms tufa which then forms volcanic soils. Volcanic
soils are widely encountered around the world especially here in Indonesia since
Indonesia is located in the “Pacific Ring of Fire” a region around much of the rim of
Pacific Ocean where volcanic eruptions and earthquakes frequently occur, as such
volcanic soils are frequently used as embankment materials for projects in Indonesia.
Volcanic soils have higher shear strength and permeability with high compressibility
in comparison to alluvial soils, however this only implies in its original state when it is
chemically bonded, when excavated this bond perishes causing its shear strength to
decrease significantly, volcanic soils are also vulnerable to water which may cause
instability problems during embankment process, in most cases the structure of the
compacted soils collapses when in water. An approach used by engineer to encounter
these problems is adding cement mixture to the volcanic soils used for embankment,
cement mixture is added to increase its shear strength and durability to prevent

instability problems from occuring.

Cement mixture is used due to its cementation properties, cement mixture
provides the best outcome in terms of increasing shear strength and durability of
volcanic soils used for embankment, cement also has reasonable price to be used in a
project. Although frequently used in projects through experience, actual characteristic
of the shear strength and duarability of volcanic soils mixed with varying cement
mixture is not yet examined in a laboratory. This research is conducted to display the
difference of characteristics between original volcanic soils and volcanic soils mixed

with cement.
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This research uses volcanic soils taken from Cilangkap bridge in West Java,
Indonesia to then be further examined in a laboratory. Data such as Mohr-Coulomb
circles, deviator stress versus strain graph, shear stress versus horizontal displacement
graph, maximum shear stress vs normal stress graph are displayed as a result to this
research. Shear strength parameters are also obtained through these tests which are the
cohesion (c) and friction angle (&), which are further used to describe the

characteristics of the shear strength and durability of volcanic soils.

1.2 Problem Definition Summary

Volcanic soils have different properties in contrast to common alluvial soils,
thus mixed with cement mixture may provide different results. Research is conducted
using volcanic soils mixed with cement mixture to investigate the difference between
their shear strength and durability, the optimum percentage of cement mixture to be
added in correspond to its durability is also examined. The main problem is that these
particular datas are seldom investigated through research by engineers, as it may prove
critical especially in embankment projects, thus thorough research of these volcanic

soils characteristics should be examined.

1.3 Research Objectives
Objectives of the research are as follows.

1. Investigate the shear strength parameters cohesion (c) and friction

angle (¢) of original soil and soil mixed with cement.

2. Examine the effect of cement mixture added to volcanic soils as to

how it increases volcanic soils shear strength and durability.

3. Investigate optimum cement mixture percentage of soil cement

mixture.



1.4 Research Scope

The research scope are as follows.

1. Volcanic soil samples are taken from Java, Indonesia.

2. Provide volcanic soil samples and do laboratory test to investigate the
physical as well as engineering properties of the soil.

3. Shear strength parameters are investigated through unconsolidated
undrained triaxial test conducted in laboratory, with California Bearing
Ratio (CBR) as control to investigate the optimum cement percentage

for the soil with the minimum CBR design needed is 10%.

1.5 Research Method

1. Literature Study
Study of basic knowledge of volcanic soils, laboratory tests such as the
unconsolidated undrained triaxial test and unconfined compression test
and basic knowledge of in-situ testing such as compaction using
standard proctor.

2. Sample Preparation
Preparing volcanic soil sample to used for research purpose, such as
compacting beforehand volcanic soils obtained from an ongoing project
in Java, Indonesia.

3. Laboratory Testing
Data for this undergraduate thesis is primarily investigated only through
laboratory testing such as undrained shear strength from unconsolidated
undrained triaxial test, durability using dispersion test and then
California Bearing Ratio test to investigate its optimum cement
percentage.

4. Data Analysis
Shear strength properties of volcanic soils are the displayed as a result

of this analysis in correspondence to the percentage of cement mixture
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mixed with it aiming to investigate its optimum percentage using
California Bearing Ratio test as control, relation to its durability is also

displayed throughout this research using the soil dispersion test.

1.6 Thesis Outline
CHAPTER 1 INTRODUCTION

This chapter discusses the motivation, problem definition summary, research
objectives, research scope, research method, thesis outline and the flowchart of

this undergraduate thesis.
CHAPTER 2 BACKGROUND

This chapter discusses the basic theory for laboratory testings such as the
unconsolidated undrained triaxial test and unconfined compression test and in-
situ testing such as compaction using standard proctor. This chapter also
discusses the basic data of soils such as the index properties and atterberg limits

for the volcanic soils.
CHAPTER 3 RESEARCH PROCEDURES

This chapter discusses as how the research is carried out in laboratory using the
unconsolidated undrained triaxial, dispersion test and California Bearing Ratio

test.
CHAPTER 4 EXPERIMENTAL INVESTIGATION

This chapter discusses the data and analysis obtained through the
unconsolidated undrained triaxial test using Coulomb circles, deviator stress
versus strain graph, shear stress versus horizontal displacement graph,
maximum shear stress vs normal stress graph also the shear strength properties
it produces. Soil dispersion grade using the dispersion test. Lastly the optimum

cement percentage using the California Bearing Ratio graph.

CHAPTER 5 CONCLUSION AND RECOMMENDATION
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This chapter discusses the overall conclusion and recommendation from this
undergraduate thesis.

1.7 Flow Chart

A 4

Literature Study

Sample Preparation

\ 4

Soil Index Properties ; .
Compaction using

1. Gamma Ring Test standard proctor
2 Specific Gravity Test
3. Atterberg Limits

4 Sieve Analysis =

5. Hydrometer Analysis Soil Shear Strength and Durability

1. Unconsolidated undrained triaxial test
2 Dispersion Test
3. California Bearing Ratio Test
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Data Analysis

y

Shear Strength and Durability Parameters

1. Mohr-Coulomb circle
Deviator stress versus strain graph
Shear strength properties such as cohesion (¢) and friction
angle (¢)
4 Durability properties which is the grade of soil when
submerged in distilled water
5. Compaction vs CBR graph to determine CBR design

Optimum cement percentage in
correspond to durability using
California Bearing Ratio test

A 4

Conclusion and
Recommendation

Y

Figure 1.7.1 Thesis flowchart
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