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ABSTRACT

In Sri Lanka, residual soils are abundantly encountered in constructions where residual soils
with poor engineering properties have been left unused in many situations. However, it is
uneconomical and non-ecological to leave these soils unused. As a solution, stabilizing the
soils with chemical techniques such as lime and fly ash stabilization to the required
properties has become popular and sustainable.

In this study, an unsuitable residual soil was stabilized with 3%, 5% and 8% of lime, 6%,
12% and 18% of fly ash and with 3% lime increasing the fly ash percentage at 6%, 12% and
18% by dry soil mass to investigate the variation in soil properties to be used in road
constructions. First, the basic soil properties were investigated. Then the variation in
plasticity characteristics, maximum dry density (MDD), optimum moisture content (OMC),
unconfined compressive strength (UCS) and California bearing ratio (CBR) was studied.

A decrease in plasticity index (PI) was observed with 3% lime, but with further addition no
variation observed. For soil stabilized with fly ash and lime-fly ash admixture no such
variation in Pl observed. There was a decrease in MDD with the increase in lime and lime-
fly ash admixture percentages, but there was a slightly increasing trend with fly ash. No
significant variation in optimum moisture content observed with any of the additives. An
increase in the UCS of the soil with the curing time and additive percentage was observed. A
significant improvement in CBR was observed with lime and lime-fly ash admixtures, but
not with fly ash alone. It can be concluded that with 6% lime or 3% lime with 18% fly ash,
the required CBR value for the soil to be used as a capping layer material can be achieved.

Keywords: stabilization, lime, fly ash, soil



ACKNOWLEDGEMENT

First and foremost, | would like to express my gratitude to my research supervisor Dr
L.I.N De Silva for providing me with the opportunity to undertake this research and

the constant support and guidance given to me throughout the course of the research.

I would like to thank Prof. J. M. S. J. Bandara, the head of the department of the
Civil Engineering Department, for giving me the opportunity to use the laboratory
facilities and to work as a temporary research assistant for the Department of Civil
Engineering. Also, | would like to thank Dr J. S. M. Fowze and Prof. R. U.
Halwathura for their valuable ideas to improve the research.

Furthermore, | would like to thank the Soil Mechanics laboratory staff of the
University of Moratuwa, Department of Civil Engineering for providing necessary
support for the experimental work of my research. | am also grateful, to the academic
and non-academic staff of the Civil Engineering department for the support and

guidance given to me during the course of the research.

Last but not least, | would like to thank my fellow batch mates for the help given to

make this research project a success.

M.P Amarasinghe

Department of Civil Engineering,

University of Moratuwa



TABLE OF CONTENTS

DECLARATION ...ttt ekt be e et et enan e |
ABSTRACT .. re e I
ACKNOWLEDGEMENT ..o I
TABLE OF CONTENTS ... v
LIST OF FIGURES ... \4
LIST OF TABLES ... oot X
LIST OF ABBREVIATIONS ... Xl
1. INTRODUCTION ...t 1
2. LITERATURE REVIEW.....coiiiiii et 4
2.1, RESIAUAI SOIIS ...t 4
2.2, SEADIZALION ... 5
2.2.1.  Chemical stabilization...........cccoeiiiiiiiiii e 5
2.2.2.  Guidelines for stabilization 0f SOIlS ............cccceviiiiiiii 6
2.2.3.  Selection of the stabilizer ... 8
2.2.4.  LEME ot e 9
2.2.5.  FIY @SN oo s 15
2.2.6.  Stabilization procedure and quality control in use, according to.......... 16
2.2.7.  Specifications for the road USE ..........ccccevveiiieiii i 18

2.3. Reported geotechnical properties for soil treated with lime, fly ash and with

lime-fly ash adMiXTUIE. ........cooiiiiiii e 23
2.3.1.  PlasticCity CharaCteriStiCS........ccoerueriirieriiinieieee e 23
2.3.2.  Compaction CharaCteriStiCs ..........cooeririririnieieie e 27
2.3.3.  Unconfined compressive Strength ..........cccoovvieiiiieieeve e 31
2.3.4. Califonia bearing ratio (CBR) .........cccviveiiiiiiieic e 34



2.4, Summary Of Previous LITErature ...........ccocooviiiiniiieiene e 36

2.5, RESEAICN GAP....eieiiiieiiiiiicieet e 45
EXPERIMENTAL STUDY ..ot 46
3L ODJECHIVES ...ttt 46
3.2, MEthOUOIOQY ....eeiieeieeieieeee s 46
3.3 MALEIIAIS ... 47
3.3.1.  Characteristics 0f the SOil..........cccceoiiiiiiiiiie e 47
332, LM s 48
3.3.3.  FIY @SN e e 48
3.4.  EXperimental PrOCEAUIE ........ccocoveiiiieeie et 49
RESULTS AND DISCUSSION .....ooiiiiiiiiieiieeeee e 52
4.1.  CharacteristiCs OF SO .........ccoiiiiiiiiiee e 52
B2, FIYASN oo 54
4.3.  PlastiCity CharaCteriStiCs .........coiviiriiiiiie e 55
4.4,  Compaction ChAraCteriStiCS.........couuirriererierierieresee e 57
4.5.  Unconfined compressive strength (UCS).........cooviiiiiiincncnieseen 61
4.6. California Bearing Ratio (CBR)........cccoiiiiiiiiiiiieieee e 63
CONCLUSION ...ttt ettt ettt nneeanes 66
REFERENQ E ... .ottt 68



LIST OF FIGURES

Figure 1: Summary of residual soil phases with regards to climatic conditions
according to Duchafour (1982). Source: (FOOKeS, 1997)......cccccvviveiiiieiieiece e, 5

Figure 2: Overview of stabilization design procedure (Jones, Rahim, Saadeh, &
HAINVEY, 2012). .. ittt ettt et sttt teer e beebeeneenreas 6

Figure 3: Flowchart for subgrade stabilization (Texas Department of Transportation,
10013 ) RSP SSRS 7

Figure 4: Decision tree for selecting stabilizers for use in subgrade soils (Texas
Department of Transportation, 2005).........cccieiiiireriiiniieee s 8

Figure 5: Guide for selecting additives (U.S. Army TM 5-882-14/AFM 32-1019,

LOOAY. ..ot eeeee e s s st s et e ettt e et n ettt en e 9
Figure 6: Cation exchange (Prusinski & Bhattacharja, 1999). ..........ccccccevveieieennenn, 11
Figure 7: Flocculation and agglomeration (Prusinski & Bhattacharja, 1999). .......... 12
Figure 8: Mechanism of lime stabilization (Ingles & Metcalf, 1973)...........c..co........ 13

Figure 9: Components of flexible and rigid road pavement structures (Austroad,
2007 et et re Rttt e it et e ae e reeaeere e enae e e s 20

Figure 10: Subgrade strength classes (Transport and Road Research Laboratory
(TRRL), 1984). <veieiie ettt sttt ettt st st be e ne e es 20

Figure 11: Chart 1 Granular road base/surface dressing (Transport and Road
Research Laboratory (TRRL), 1984). .....cccoiiiiieiie e 21

Figure 12: Formation of pavement foundation (Austroad, 2017)........ccccccceevvevinenne. 22
Figure 13: Liquid and Plastic limits of Kaolinite and Montmorillonite (Bell, 1996).23

Figure 14: Variation of Liquid limit and Plastic limit with lime content for two
tropical residual soils (de Brito Galvao et al., 2004)...........cccceviviiieiiiiiic e, 24

Vi



Figure 15: Variation of liquid limit with lime content: (a) expansive soil, (b) residual
SOil (Dash & HUSSAIN, 2012). .....ccciiiiiieiieiesie e s 25

Figure 16: Variation of plastic limit with lime content: (a) expansive soil, (b) residual
SOil (Dash & HUSSAIN, 2012) .......ccviieiiiiiece e nne s 25

Figure 17: Variation of consistency limits with fly ash (Dissanayake et al., 2017). . 26

Figure 18: Variation in Liquid limit and Plasticity index with fly ash (Nawagamuwa
& Prasat, 2017)....cceeii ettt re e nres 26

Figure 19: Effect of lime (L) and fly ash (F) on plasticity characteristics (Zha, Liu,
DU, & CUi, 2008).....ccciuiieriiiiiieieisiesieiee ettt se et e b sr e sresteneenens 26

Figure 20: Comparison of compaction and California bearing ratio test results (Bell,
1996). uuvirietieie ettt be sttt b e bt e erenrs 27

Figure 21: Variation of MDD with lime at no compaction delay (Osinubi, 1998).... 28

Figure 22: Variation in the Maximum dry density of lime stabilized soils with

delayed compaction (Osinubi, 1998). ........cccccveiiiieiiece e 28
Figure 23: Variation of MDD with fly ash (Dissanayake et al., 2017)..........ccccoeueee. 29
Figure 24: Variation of OMC with fly ash (Dissanayake et al., 2017). .........cccceue.e. 29
Figure 25: Variation of MDD with fly ash percentage (Phanikumar, 2009). ........... 30
Figure 26: Variation of MDD with lime-fly ash admixtures (Zha et al., 2008)......... 30

Figure 27: Unconfined compressive strength: a) Montmorillonite b) Kaolinite (Bell,
S ) TSP 32

Figure 28: Unconfined compressive strength of lime stabilized: a) expansive soil b)
residual soil (Dash & Hussain, 2012). .......ccceiiieiiiiiie e 32

Figure 29: Effect of compaction delay on UCS of lime treated soil (Osinubi, 1998).

vii



Figure 30: Variation of UCS for fly ash treated expansive soil (Dissanayake et al.,

70 TSRS 33
Figure 31: Variation of UCS of lime-fly ash admixture treated expansive soil (Zha et
L., 2008). ..eoviiiiiieee ettt nn e ne e 33
Figure 32: Variation of CBR with lime at no compaction delay (Osinubi, 1998). .... 34

Figure 33: Variation of CBR of lime treated lateritic soil with compaction delays

(OSINUDI, 1998) ...t reeae e 34
Figure 34: CBR with different fly ash contents (Nawagamuwa & Prasad, 2017)..... 35
Figure 35: Breaking soil lumps using a rubber pestle and a wooden mallet.............. 47
Figure 41: Lime used for the eXperiments ..........ccceceeveieeieccie e 48
Figure 42: Fly ash used for the eXperiments ...........cccoevevieieiieseese e 49
Figure 44: Prepared sample and curing in plastic bags..........ccccooeviiiiiiciiciciieen, 51
Figure 47: Particle size distribution of the residual SOil............ccccoooeieiiiiiiiicn 52
Figure 48: Plasticity chart (ASTM D2487, 2004)........ccccuirimieieieiese e 53
Figure 49: Particle size distribution for fly ash............ccocoii 54
Figure 50: Change in LL, PL and P1 for lime stabilization.............cccccocevvnvirnennenn. 55
Figure 51: Change in LL, PL and PI for fly ash stabilization.............c.cc.ccoovvvnnnnnn. 56
Figure 52: Change in LL, PL and PI for 3% lime and different fly ash percentages. 56
Figure 53: Change in MDD with lime percentage. ..........cccocevvveivievieiieesie e 57
Figure 54: Change in OMC with lime percentage. ........ccccoevieiiievie e 58
Figure 55: Change in MDD with fly ash percentage. ...........ccocovvviviniiicic i, 58
Figure 56: Change in OMC with the fly ash percentage. .......ccccocovvviiniiniiieninnnnn, 59

viii



Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63:

Figure 64:

Change in MDD with fly ash percentage. ..........ccccooeiiiiniiiiiiicee, 60
Change in OMC With fly ash. .........ccooeiiiiiiic e, 60
Effect of lime on UCS of lime stabilized soil...........ccccooniiiiiiiiien 61
Effect of fly ash on the UCS of fly ash stabilized soil ....................c........ 62
Effect of lime-fly ash admixtures on UCS of fly ash stabilized soil ........ 63
Change in CBR for lime stabilization. ............c.ccoovoiiiiiiiie, 63
Change in CBR with fly ash percentage..........ccccoceevviviiievicce e, 64
Change in CBR with lime-fly ash admixture percentage. ................co...... 65



LIST OF TABLES

Table 1: Classification of different stabilizers (Petry and Little, 2002)....................... 6
Table 2: Chemical requirement (ASTM C618, 2004) ......ccccovevveveiieieeieseese e 16

Table 3: Specifications for capping layer material (Road Development Authority,

DOL5). . veeeeeeeeeeeeeeeeseeeseees e es e ee e e s s e ettt ettt 22
Table 4: Summary of previous HEerature ...........cccooeiveve i 36
Table 5: Different additive percentages USEd...........ccvevveieeieeieciie s 49
Table 6: Standards used for the eXpPeriments. ..........ccccovveveiieenie s 50
Table 7: Characteristics of the residual SOil. ...........ccccoooiiiiiiin 52
Table 8: Chemical composition of fly ash ..., 54



LIST OF ABBREVIATIONS

Abbrevation Description

CAH Calcium aluminate hydrate
CBR California bearing ratio

CSH Calcium silicate hydrate

DDL Difused doule layer

EDS Energy dispersive spectrometry
ICL Initial consumtion of lime

LL Liquid limit

MDD Maximum dry density

OoMC Optimum moisture content

Pl Plasticity index

PL Plastic limit

SEM Scanning electron microscope
UCS Unconfined compressive strength
XRD X-ray diffraction

Xi



