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ABSTRACT 

Soft clays are defined as cohesive soil whose water content is higher than its liquid 

limits. Materials such as these display extremely low yield stresses, high 

compressibility, low strength, low permeability and consequently low quality for 

construction. Thus, soil-cement mixing is adopted to improve the ground conditions 

by enhancing the strength and deformation characteristics of the soft clays. For the 

above mentioned reasons, a series oflaboratory tests were carried out to study some 

fundamental mechanical and chemical properties of cement stabilized soft clay. The 

test specimens were prepared by varying the portion of ordinary Portland cement to 

the soft clay sample retrieved from the test site of RECESS (Research Centre for Soft 

Soil) at UTHM. Comparisons were made for both mechanical and chemical 

properties by relating the effects of cement stabilized clay of homogeneous and 

columnar system specimens for 0,5 and 10 % cement and curing for 3, 28 and 56 

days. The mechanical properties examined included one-dimensional compressibility 

and undrained shear strength, while the chemical properties included pH values and 

the percentage of oxide concentration. For the mechanical properties, both 

homogeneous and columnar system specimens were prepared to examine the effect 

of different cement contents and curing periods on the stabilized soil. The one

dimensional compressibility test was conducted using an oedometer, while a direct 

shear box was used for measuring the undrained shear strength. Chemical properties 

of the stabilized material were examined using the X-Ray Fluorescence (XRF) 

method to obtain the percentage of oxide concentration while a pH meter was used to 

determine the pH values. The chemical study was also to ascertain the extent of 

leaching effect from the stabilized column to the surrounding soils. The higher the 

value of cement content, the greater is the enhancement of the yield stress and the 

decrease of compression index. The value of cement content in a specimen is a more 
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active parameter than the curing period. It can be proposed the following relationship 

for RECESS soft clay from this study: cry' = 1.5871 <. The chemical results showed 

that cement-stabilized column give environmental effects to the soil surrounding the 

column. The pH values for cement content of 5 % and 10 % in the soil-cement 

column specimens gradually decreases with the curing days for both consolidated 

and without consolidated specimens. Soil-cement column specimen with 

consolidation gave a higher pH compare to the specimens without consolidation. 

Major to minor relative values ofthe percentage of oxide concentrations are Si02 > 

Ah03> Fe203 > S03 > K20 > CaO. 
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ABSTRAK 

Tanah liat lembut didefinasikan sebagai tanah melekit di mana kandungan air dalam 

tanah adalah lebih tinggi daripada had cecair. Kandungan tanah seperti ini 

menunjukkan tekanan rintangan yang sangat rendah, kebolehruampatan yang tinggi, 

kekuatan yang rendah, kebolehtelapan yang rendah dan juga mempunyai kualiti yang 

rendah untuk pembinaan. Oleh itu, campuran tanah-simen digunapakai untuk 

memperbaiki keadaan tanah dengan menambah kekuatan dan membaiki sifat-sifat 

deformasi tanah liat lembut. Seperti sebab-sebab yang dinyatakan di atas, satu siri 

ujian makmal untuk mendapat sifat-sifat as as mekanikal dan kimia dijalankan bagi 

tanah liat lembut yang distabilkan oleh simen. Spesimen-spesimen disediakan dengan 

menambah beberapa kandungan simen Portland biasa dengan tanah liat lembut yang 

diperolehi dari tapak ujian RECESS (Research Centre for Soft Soil) di UTHM. 

Perbandingan dilakukan untuk sifat mekanikal dan kimia dengan menghubungkait 

kesan tanah yang distabilkan sarna ada homogenus ataupun sistem tiang bagi 0, 5 and 

10 % simen dan tempoh awet selama 3, 28 dan 56 hari. Ujian untuk sifat-sifat 

mekanikal termasuklah ujian satu-dimensi pemadatan dan ujian kekuatan ricih tak 

tersalir, manakala, ujian pH dan ujian peratusan kepekatan oksida dilakukan bagi 

mengenalpasti sifat kimia. Bagi sifat mekanikal, kedua-dua spesimen homogenus and 

sistem tiang telah disediakan untuk menguji kesan-kesan ke atas tanah yang 

distabilkan dengan perubahan kandungan simen dan tempoh awet. Ujian satu

dimensi pemadatan dijalankan menggunakan oedometer, sementara ujian kekuatan 

ricih menggunakan kotak ricih terus untuk mengukur kekuatan ricih tak-tersalir. Sifat 

kimia untuk tanah distabilkan diuji dengan menggunakan kaedah pendaflour sinar-X 

(XRF) untuk memperoleh peratusan kepekatan oksida, semen tara meter pH 

digunakan untuk mendapatkan nilai pH. Ujian kimia dijalankan untuk mengetahui 

kesan daripada aliran kandungan dalam tanah yang distabilkan kepada tanah yang 
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disekeliling. Semakin tinggi nilai kandingan simen, maka semakin tinggi tekanan 

rintangan dan pengurangan indeks kompresi. Nilai kandungan simen di dalam satu 

spesimen merupakan parameter yang lebih aftif daripada tempoh awat. Dapat 

disyorkan bahawa hubungan tanah lembut RECESS daripada kajian ini adalah seperti 

berikut: cry' = 1.5871 'to Ujian kimia menunjukkan sistem tiang tanah yang distabilkan 

memberi kesan kepada alam sekitar iaitu terhadap tanah di sekeliling tiang terse but. 

Nilai pH untuk spesimen tanah-simen sistem tiang 5 % dan 10 % kandungan simen 

semakin menurun dengan penambahan tempoh awet bagi kedua-dua spesimen yang 

dipadatkan dan tanpa pemadatan. Spesimen tanah-simen sistem tiang yang 

dipadatkan memberikan nilai pH yang lebih tinggi berbanding dengan spesimen yang 

tidak dipadatkan.Nilat relatif daripada terbanyak ke paling sedikit peratusan 

kandungan oksida adalah Si02 > AhO» Fe20) > SO) > K20 > CaO. 



TABLE OF CONTENTS 

CHAPTER CONTENTS PAGE 

REPORT CONFIRMATION 

AUTHENTICATION 

REPORT TITLE 

DECLARATION 11 

DEDICATION III 

ACKNOWLEDGEMENTS IV 

ABSTRACT V 

ABSTRAK VII 

TABLE OF CONTENTS ix 

LIST OF TABLES XIV 

LIST OF FIGURES X\'I 

LIST OF SYMBOLS xx 

LIST OF APPENDICES XXIII 

CHAPTER 1 INTRODUCTION 

1.1 Project Background 

1.2 Problem Statement 

1.3 Objectives 



CHAPTER 2 

1A 

1.5 

Scope of Study 

Importance of Study 

LITERATURE REVIEW 

2.1 Introduction 

2.2 Soft Clay 

2.2.1 Profile of Soft Clay in West Malaysia 

2.3 Soil Stabilization 

2A Mechanical Properties 

2A.1 Compressibility of Stabilized Soils/ 

Columns 

2A.1.1 One-Dimensional Laboratory 

Consolidation Test 

2A.1.2 Compression Index (Cc), 

Recompression Index (Cr), 

Yield Stress (cry') and Plastic Strain (Epl) 

2A.2 Shear Strength of Stabilized Soils 

2A.2.1 Shear Strength Characteristics of Soft Clay 

in West Malaysia 

2A.2.2 Shear Strength Due to Chemical Processes 

2.5 Chemical Properties 

2.6 Cement Hydration 

2.6.1 POitland Cement Interaction with 

Clayey Soils 

2.6.2 Migration of Cations 

2.6.3 Predominant factors that controls 

hardening characteristics of cement 

treated clay materials 

2.6A Properties of Cement-Stabilized Soils 

5 

5 

7 

8 

10 

12 

14 

14 

15 

16 

18 

19 

20 

21 

22 

25 

26 

27 

30 

x 



Xl 

CHAPTER 3 MA TERlALS AND METHODOLOGY 

3.1 Introduction 32 

3.2 Materials 34 

3.2.1 Cement 34 

3.2.2 UruM Soft Clay 35 

3.3 Methodology 36 

3.3.1 Specimen Preparation 36 

(BS 1377: Part 1: 1990) 

3.3.2 Homogeneous Specimen 36 

3.3.2.1 Oedometer Test 36 

3.3.2.2 Direct Shear Test 38 

3.3.3 Columnar System Specimen 38 

3.3.4 Control Columnar System Specimen 39 

3.4 Mechanical Analysis 40 

3.4.1 One-Dimensional Consolidation Test 40 

(BS 1377: Part 6: 1990) 

3.4.2 Direct Shear Test (BS 1377: Part 7: 1990) 41 

3.5 Chemical Analysis (BS 1377: Part 3: 1990) 43 

3.5.1 pH Meter 44 

3.5.2 X-ray Fluorescence (XRF) 44 



Xli 

CHAPTER 4 RESULTS AND DISCUSSIONS 

4.1 Oedometer Test 46 
4.1.1 Compressibility of Homogeneous 47 

Specimens 

4.1.2 Compressibility of Homogeneous 49 

Specimens with Different Cement 

Content and Curing Period 

4.1.3 Compressibility of Columnar 56 
System Specimens 

4.1.4 Comparison between Homogeneous 58 

and Columnar System Specimens 

4.1.5 Compression Index (Cc) and 65 

Recompression Index (Cr) 

4.2 Shear Strength 71 

4.2.1 Shear Strength for Homogeneous 71 

Specimen 

4.2.2 Shear Strength for Columnar System 77 

Specimen 

4.2.3 Yield Stress Relationship with 79 

Undrained Shear Strength 

4.3 Chemical Properties 81 

4.3.1 pH Value 81 

4.3.2 X-ray Fluorescence (XRF) 86 

4.3.3 Comparison of Oxide Elements 91 

between Untreated Clay, Homogeneous 

and Columnar Specimens 

4.3.4 Relationship between pH value 93 

and Oxide Element Concentration 



CHAPTERS CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

5.2 Recommendations 

REFERENCES 

xiii 

94 

97 

98 



XIV 

LIST OF TABLES 

TABLE NO. TITLE PAGE 

2.1 Oxide elements of RECESS clay by X-Ray 22 
Fluorescence (XRF) test 

2.2 Chemical composition of ordinary Portland 22 

cement by XRF test 

2.3 Abbreviations commonly used in binder 23 

chemistry 

3.1 Typical average values of compound composition 34 

of Portland cements of different types 

3.2 Physical properties of typical RECESS clay 35 

4.1 Summary of test carried out in the oedometer 52 

for homogeneous specimens 

4.2 Summary of test carried out in the oedometer 58 

for columnar system specimens 

4.3 Effective vertical stresses for the columnar and 64 

soil components in the column tests 

4.4 Axial strain for lower and upper effective 65 

vertical stresses for the homogeneous and 

columnar system specimen 

4.5 Cc and Cr for homogeneous specimens 66 

4.6 Shear strength for homogeneous specimen 75 

from direct shear test 

4.7 Shear strength for columnar system specimen 76 

from direct shear test 



xv 

4.8 Undrained shear strength using yield stress 80 
from oedometer test 

4.9 pH values for homogeneous and columnar 82 
system specimen 5% and 10% cement after 

consolidation and without consolidation 
4.10 Percentages ofSi02, AhO), Fe20), SO) and K20 87 

for homogeneous specimens 

4.11 Percentages of Si02, AhO), Fe20), SO), KlO 88 
and CaO for columnar system specimens 

4.12 Percentages of SiOl , AhO), FelO), SO), KlO 88 
and CaO for control columnar system specimens 



xvi 

LIST OF FIGURES 

FIGURES NO. TITLE PAGE 

2.1 Typical profile of soft clay in West Malaysia 10 

2.2 Time-deformation plot during consolidation 16 

for given load increment 

2.3 Typical e-log cr' curve 17 

2.4 Simplified illustration of hydration of 25 

cement paste 

3.1 Methodology flow chart for this study 33 

3.2 Homogeneous specimen for consolidation test 37 

3.3 Columnar system specimen for consolidation test 39 

3.4 Top view of a control columnar system 40 

specimen for XRF test 

3.5 Mohr-Coulomb failure envelope 42 

3.6 Schematic arrangement ofXRF spectrometer 45 

4.1 Consolidation curves for all homogeneous 47 

specimens 

4.2 Results of consolidation test for natural condition 49 

4.3 Compression curve for homogeneous 50 

specimens with 5 % cement 

4.4 Compression curve for homogeneous 50 

specimens with 10 % cement 

4.5 Illustration of yield stress determination 53 

(Test H-5c-28d) 



xvii 

4.6 Comparison of compression curve for 54 

homogeneous specimen 28 days curing 

4.7 Compression curves for Swedish clay 55 

(Bird and Chan, 2008) and Malaysian clay 

4.8 Consolidation curves for an columnar 57 

system specimens 

4.9 Results of comparison 5 % cement columnar 60 

system with homogenous specimen 0% cement 

and 5 % cement curing 3 days 

4.10 Results of comparison 10 % cement columnar 61 

system with homogenous specimen 0% cement 

and 10 % cement curing 3 days 

4.11 Results of comparison 5 % cement columnar 61 

system with homogenous specimen 0% cement 

and 5 % cement curing 28 days 

4.12 Results of comparison 10 % cement columnar 62 

system with homogenous specimen 0% cement 

and 10 % cement curing 28 days 

4.13 Results of comparison 5 % cement columnar 62 

system with homogenous specimen 0% cement 

and 5 % cement curing 56 days 

4.14 Results of comparison 10 % cement columnar 63 

system with homogenous specimen 0% cement 

and 10 % cement curing 56 days 

4.15 Effect of cement content and curing time on 67 

compression indices homogeneous specimen 

4.16 Comparison of Cc and Cr for homogeneous 67 

specimens 

4.17 Comparison of Cc and Cr of Mohd Shari 68 

(2007) and the Author 

4.18 Comparison of Cc and Cr of Chew (200 I) 69 

and the Author 



XVlll 

4.19 A typical shear stress-strain for homogeneous 72 
specimen with 50 kPa effective vertical 

stress with different cement content 

4.20 A typical shear stress-strain for homogeneous 73 

specimen with 200 kPa effective vertical 

stress with different cement content 

4.21 A typical shear stress-strain for homogeneous 74 

o % cement comparing with different 

curing periods 

4.22 A typical shear stress-strain for homogeneous 74 

10 % cement comparing with different 

curing periods 

4.23 A typical failure envelope for homogeneous 76 

5 % cement with different curing periods 

4.24 Shear strength for columnar specimens 78 

5 % cement 

4.25 Shear strength for columnar specimens 79 

10 % cement 

4.26 Relationship between yield stress from 80 

consolidation test and shear stress from 

direct shear test 

4.27 Relationship between pH and curing period 82 

for different cement content for homogeneous 

specimens 

4.28 Relationship between pH and cement content 83 

for different curing time (Eriktius et aI., 200 I) 

4.29 Relationship between pH and curing period for 84 

different cement content and pure soft clay 

(after consolidation) 

4.30 Relationship between pH and curing period for 84 

different cement content and pure soft clay 

(without consolidation) 



xix 

4.31 Comparison of oxide element for columnar and 89 
control columnar specimens for 28 and 56 days 

curing period (5 % Cement) 

4.32 Comparison of oxide element for columnar and 89 
control columnar specimens for 28 and 56 days 

curing period (10 % Cement) 

4.33 Comparison of oxide element for homogeneous, 92 
columnar system and controlled specimens for 

56 days curing period (5 % Cement) 

4.34 Comparison of oxide element for homogeneous, 92 

columnar system and controlled specimens for 

56 days curing period (10 % Cement) 



o 

km2 

% 

et al. 

RECESS 

XRF 

UTHM 

m 

Mg3(OH)6 

Ab(OH)6 

11m 

nm 

MH 

pH 

60 

60' 

611 

log 

Cc 

Cr 

6 C u,lolal (t) 

6 C u,lhix (t) 

LIST OF SYMBOLS 

Degree 

Kilometer square 

Percent 

And other people 

Research Centre for Soft Soil 

X-ray Fluorescence 

Universiti Tun Hussein Onn Malaysia 

Meters 

Brucite 

Gibbsite 

Micrometer 

Nanometer 

Micaceous, Diatomaceous fine sandy or silty 

soils or elastic silts 

A measurement of the acid or alkaline level 

Total stress 

Increase in the effective stress 

Increase in the pore water pressure 

Logarithm 

Compression index 

Recompression index 

Number of days after the installation of 

columns 

Total strength increment 

Strength increment due to thixotropy 

xx 




