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OUTLINE OF THE PRESENTATION 

Lime stabilization in pavements

Lime stabilization basics

My research on lime stabilization

My personal relationship with lime



LIME STABILIZATION IN PAVEMENTS

Expansive clays have always

presented problems for lightly

loaded structures, for example

pavements

Without stabilization, they will

consolidate under loads and

change volumetrically during

seasonal variations

Lime is one of the oldest

additives to stabilize these soils
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LIME STABILIZATION IN PAVEMENTS 

Lime stabilization

• increases mechanical properties of

reactive soils

• reduces thickness requirements

• reduces use of imported aggregates and

• increases savings associated with delays

in rehabilitation costs



WHEN DO WE PREFER LIME STABILIZATION?
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HOW DOES LIME WORK?

Lime modification (short) 

chemical alterations at the clay particles

surface which decrease the volume change

potential of the clay minerals

Lime stabilization (long term)

pozzolanic reactions btw lime and clay

is experienced more slowly, can progress over

months and even years

6



Principles underlying lime-clay reactions

OL ÜST YAPISINDA KİREÇ STABİLİZASYONU
SHORT TERM/RAPID

Cation Exchange

Flocculation-aggregation

produce immediate 
improvements in 

soil plasticity, 

workability,

uncured strength and

load deformation properties

BEETHAM ET AL. (2013): Lime Stabilisation For Earthworks: A UK PerspectiveL 
ÜST YAPISINDA KİREÇ STABİLİZASYONU



Principles underlying lime-clay reactions

OLÜST YAPISINDA KİREÇ 
STABİLİZASYONU

LONG TERM

Pozzolanic reactions

Transportation of calcium
hydroxide via water within the
soil to combine with
the alumina and/or silica in
the clay minerals

Increase in strength, stiffness,
durability

http://www.dot.state.oh.us

http://www.dot.state.oh.us/


Issues for critical or key performance in 
pavements?
OL ÜST YAPISINDA KİREÇ STABİLİZASYONU

The material properties and characteristics of lime

stabilized pavement layers can be divided into four

categories;

Strength and permanent deformation

Resilient properties

Fracture and fatigue

Durability
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Different protocols exist for laboratory 
testing

www.dot.state.oh.us

www.lime.org



Different protocols exist for laboratory 
testing
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http://www.dot.state.oh.us

http://www.dot.state.oh.us/


OL ÜST YAPISINDA KİREÇ STABİLİZASYONU

Basic steps for the field construction include the

following steps

• scarifying or pulverizing soil,

• spreading lime,

• adding water and mixing,

• compacting and

• curing

CONSTRUCTION OVERVIEW FOR LIME
STABILIZATION



OL ÜST YAPISINDA KİREÇ STABİLİZASYONU

CONSTRUCTION OVERVIEW FOR LIME
STABILIZATION



OL ÜST YAPISINDA KİREÇ STABİLİZASYONU

CONSTRUCTION OVERVIEW FOR LIME 
STABILIZATION

Field and laboratory procedures differ and this may

result in differences in the output, where the outputs

are the lime stabilized soil properties.

Effects of different compaction types, effects of curing

temperatures, etc..

One of the main differences that can occur

between laboratory and field is soil pulverization

level



OL ÜST YAPISINDA KİREÇ STABİLİZASYONU

CONSTRUCTION OVERVIEW FOR LIME 
STABILIZATION

Soil pulverization is a reduction process where the clay clods and 

bigger soil particles are pounded and ground into a range of finer 

particles, while the parent material properties remain the same. 



OL ÜST YAPISINDA KİREÇ STABİLİZASYONU
I started studying with lime in my graduate studies and

studied in the laboratory and in the field with lime. This was

between 1996 and 2002.

After then I gave a long break for other more ‘attractive’ and

‘trending’ subjects.

But in 2007, I returned back to studying with lime and since

then it has been one of my main research areas again.

So, my relationship with lime has had ups and downs, and I

find this very normal because that is how the relationships

are even if it is your relationship with your research topic.

ME AND LIME 



ZEMİNİN ARAZİDEKİ ZEMİN UFALAMA SEVİYESİ ?

Garaisayev, 2007-2008

Sarikahya, 2009-2012

Muhammed Ibrahim, 2010-2012 

Turkish General Directorate of Highways Project,

2013-2016

Turkish General Directorate of Highways, 2019-2021

on Deep Mixing

RESEARCH OUTLINE  





Manufacturers

In high plasiticity clays, 12-22

passes may be required.

Literature in 2007

Only a  couple of papers 

Felt, 1964 

Grimer and Ross, 1957 

Petry and Wohlegemuth, 1988

Laboratory testing is generally 

carried out with –No.4 sieve

Sanan Garaisayev, 2007-2008



Effects of soil pulverization quality on lime 
stabilization of an expansive clay 

SANAN GARAİSAYEV, 2008 

20

5 cm5 cm 5 cm

A laboratory investigation to 
determine the effects of soil 
pulverization quality on lime 
stabilization of a local 
expansive clay.  

Three different pulverization
levels, two lime contents,
effects of mellowing

Unconfined compressive 
tests, microfabric 
investigations 
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Effectiveness of lime treatment increased with increasing soil

pulverization quality

Using higher lime contents could not fully compansate for poor

pulverization 

Effects of soil pulverization quality on lime 
stabilization of an expansive clay 

SANAN GARAİSAYEV, 2008 
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Can we have some correlations ?

Effects of soil pulverization quality on lime 
stabilization of an expansive clay 

SANAN GARAİSAYEV, 2008 

www.lime.org

http://www.lime.org/
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Esec= 88qu, High

Esec= 54qu, Poor 

For poor soil

pulverization, E values

have an upper bound

qu-E correlation is a

function of soil

pulverization level

),(124.010)( psiqksiE uThompson (1966)

Effects of soil pulverization quality on lime 
stabilization of an expansive clay 

SANAN GARAİSAYEV, 2008 
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Fig 13. Pore diameter- normalized volume graph for a) natural and 3% lime added 

samples b) Natural sample and 9% lime added samples cured for 7 and 28 days  

  

Fig 15. ESEM analyses of  a)  natural sample b) 3% lime treated sample  

(a)                     (b)      

Effects of soil pulverization quality on lime 
stabilization of an expansive clay 

SANAN GARAİSAYEV, 2008 



Led to further research
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Soil pulverization level, qu

Modulus, Correlations, 
Microfabric

Other additives?

Durability?



Effects of soil pulverization level and freeze and thaw cycles on 
fly ash and lime stabilized high plasticity clay

NASHAT A. KAMAL (2009-2012)
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Effects of durability through freeze and thaw cycles

Hydrated lime and Class F fly ash stabilization



Effects of soil pulverization level and freeze and thaw cycles 
on fly ash and lime stabilized high plasticity clay

NASHAT A. KAMAL (2009-2012)
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Effects of soil pulverization level and freeze and thaw cycles 
on fly ash and lime stabilized high plasticity clay

NASHAT A. KAMAL (2009-2012)
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Effects of soil pulverization level and freeze and thaw cycles 
on fly ash and lime stabilized high plasticity clay

NASHAT A. KAMAL (2009-2012)
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Similar strength values may result in different modulus values
for different soil pulverization levels

Design based on strength improvements might be misleading ?

Implications on pavement design ?
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Effects of soil pulverization level and freeze and thaw cycles 
on fly ash and lime stabilized high plasticity clay

NASHAT A. KAMAL, YAVUZ ABUT (2009-2012)

Mechanistic-empirical approach,

critical stresses or strains are

calculated

these are linked to pavement

performance by transfer functions.

Horizontal tensile strain at the bottom of HMAC layer

Vertical compressible strain at the top of the

subgrade



RESILIENT MODULUS OF LIME 
STABILIZED SOILS 

Resilient modulus defines the efficiency of a

pavement to distribute load induced stresses

within the pavement system and is a part of

mechanistic-empirical approach



RESILIENT MODULUS OF LIME 
STABILIZED SOILS 



r

d
RM






Sadrosaadat et al., 2016

Loading  

Strain



A joint venture project

Istanbul University-Cerrahpasa (IUC)-Turkish General

Directorate of Highways (KGM)-Research Center

Bozbey and Kelesoglu (2013-2016)

Effects of soil pulverization level on

Strength, resilient modulus and durability

Implications on design and performance



 Includes laboratory extensive testing

 CBR, Resilient modulus, UCS

 Correlations based on this data, qu-E, MR-qu, CBR-MR

 Freeze and thaw cycles, extended soaking for durability

 A design guide for lime stabilized pavements for General Directorate of

Highways

 Recommendations for the current lime stabilization specification for

General Directorate of Highways

Istanbul University-Cerrahpasa (IUC) -

Turkish General Directorate of Highways (KGM)-

Research Center  



Table 1. Index properties of the soil 1 

Measured property Value Measured property Value 

Gravel (ASTM), % 9 Plasticity Index 41 

Sand (ASTM), % 
20 

Soil Classification, 
USCS 

CH 

Fine percent (ASTM), % 
71 

Soaked CBR- Swell 
percent, % 

3 - 6,6 

Liquid Limit, % 69 Sulfate content, % 0,01 

Plastic Limit, % 28 Organic content, % 0,14 

 2 

All the soil passed through 20 mm sieve. 

For fine pulverization, the soil was pulverized so
that all the soil passed through No. 4 sieve. 

For coarse soil pulverization, 60% passed the No. 4 
sieve. 

Both soil gradations met the soil gradation criteria 
in relevant recommendations, eg. Turkish lime 
specification. 





UNCONFINED COMPRESSION STRENGTH TESTS – 4% LIME

Strength with fine pulverization >> Strength with coarse pulverization 

7 days 28 days 56 days



UNCONFINED COMPRESSION STRENGTH TESTS – 9% LIME

Strength with fine pulverization >> Strength with coarse pulverization 

7 days 28 days 56 days



SOIL PULVERIZATION LEVEL IS AS IMPORTANT AS LIME 

CONTENT AND CURING DAYS.... 

AVERAGE VALUES 



PERFORMANCE BETTER WITH FINE PULVERIZATION

WHAT HAPPENS UNDER EXTENDED SOAKING (10 DAYS)



SOAKING RATIO: REDUCTION IN STRENGTH OR 
MODULUS

ingbeforesoakModulusStrength

ngaftersoakiModulusStrength
ioSoakingRat

)(

)(




WHAT DO WE HAVE IN THE LITERATURE 
FOR COMPARISON, THOMPSON (1970)

Anticipated use Residual strength requirement 

(kPa)a

(Soaked) 

Strength requirements (kPa)b

(Unsoaked) 

Extended soaking for 8 days 

As Modified subgrade 140 350

As Subbase

Rigid pavement 140 350

Flexible pavement, 254 mmc 210 420

Flexible pavement, 200 mmc 280 490

Flexible pavement, 130 mmc 420 630

As Base 700 910



COMPARISON WITH THOMPSON (1970)

Superiority of fine soil pulverization to satisfy the criteria
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RESILIENT MODULUS TESTING



r

d
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


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Loading  

Strain

Loading 

Stage

Confining 

stress, kPa

Deviator 

stress, kPa

Number of 

loading 

Loading 

Stage

Confining 

stress, kPa

Deviator 

stress, kPa

Number of 

loading 

0 42 28 1000 8 28 42 100

1 42 14 100 9 28 55 100

2 42 28 100 10 28 69 100

3 42 42 100 11 14 14 100

4 42 55 100 12 14 28 100

5 42 69 100 13 14 42 100

6 28 14 100 14 14 55 100

7 28 28 100 15 14 69 100
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RESILIENT MODULUS TESTING



RESILIENT MODULUS VALUES 

48
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7 DAYS 28 DAYS 56 DAYS

RESILIENT MODULUS VALUES 
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7 DAYS 28 DAYS 56 DAYS

Dependency of resilient modulus to stress state

Increases in resilient modulus values depended on not only on lime

content, curing duration but soil pulverization level as well.

So it is a part of the story....

RESILIENT MODULUS VALUES 



AVERAGE VALUES
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For COARSE soil

pulverization, higher

lime contents MAY not

bring any additional

benefits to the

stabilized soil in terms

of AVERAGE resilient

modulus values.



12 freeze and thaw cycles

One cycle consists of one freezing and one thawing period

Freezing period consists of 24 hours of freezing at −23°C where the samples are
placed on water-saturated felt pads about 6 mm thick.

After the freezing period is over, the samples are left to thaw for 23 hours at a
temperature of 23°C and a relative humidity of 100%.

Free potable water is made available to the absorbent pads under the specimens to
permit the specimens to absorb water by capillary action during the thawing period.

FREEZE AND THAW CYCLES
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AVERAGE VALUES FOR FREEZE AND THAW 
SAMPLES 
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P WAVE VELOCITY 
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P wave measurements were found to be promising for

understanding the effects of curing and freeze and thaw cycles and

even for soil pulverization level effects.



IMPLICATIONS ON DESIGN AND 
PERFORMANCE

A typical design procedure was carried out according to
Turkish Pavement Design Guideline and then comparative
analyses were carried out using Kenpave Software.

In this paper, for the sake of comparison, a case study was
chosen where the subgrade was stabilized with lime.



AN EXAMPLE

Turkish Design Guide : 15 cm subbase needed for coarse soil
pulverization

KENLAYER: Service life decreases from 22 years to 15 years



Christopher ve diğ. (2010)

Schwartz (2016)

IMPLICATIONS ON DESIGN AND 
PERFORMANCE 



Cost analysis 
carbon footprint 
sustainability evaluation 



MICROFABRIC 
For coarse soil pulverization,

access of lime particles to clay

in the clods is prohibited and

therefore the only way that lime

can reach the soil particles

within the clods through

diffusion.

This takes time, it can never be

guaranteed that it will be

completed even in the long run.



With increasing stresses and

strains as in the unconfined

compression tests,

the strains become localized

at weak planes and therefore

the strength is controlled by

these weak planes.

MICROFABRIC 



BOZBEY (2017), Microfabric Evaluation of Lime-treated
Clays by Mercury Intrusion Porosimetry and Environment
Scanning Electron Microscopy

A novel “Pore Size Amplification

Factor”, (PSAF) was calculated to

determine the amplification and/or

deamplification of different pore size

ranges compared to the untreated

soil.



CORRELATIONS



Soil pulverization level should be a part of the correlation

Thompson equation may be unconservative for COARSE pulverization 

Coarse soil pulverization  

CORRELATIONS 8,68*124,0  uR qM
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CORRELATIONS



NEW PROJECT
ON DEEP MIXING
We have initiated a new project with Turkish General Directorate

of Highways on Deep mixing, very recently in September 2019

Effects of sample preparation on mechanical properties

CU and bender element tests

Field tests; sampling and loading tests

Specification studies



CONCLUSIONS

 Lime can be used to stabilize high plasiticty clays. Proven

protocols for laboratory and field should be followed.

 Level of benefit gained from lime stabilization depends not only

on lime content, curing duration and stress state but on soil

pulverization level as well.

 Significant economic and environmental problems may be

associated with low quality soil pulverization levels in the field.

This should be further studied.



• For durability considerations, use of high lime contents

coupled with fine soil pulverization and extended curing

durations is necessary.

• Laboratory testings should be carried out with anticipated

field gradations.

• Correlations should include the anticipated field soil

pulverization level.

• A lime stabilized pavement approach should include a

comprehensive investigation of both resilient modulus and

strength.

CONCLUSIONS



MY STUDENTS 

Sanan Garaisayev from Azerbaycan and

his daughter İlknur
Nashat Sarikahya

Muhammed İbrahim Akın GokgozYavuz Abut 



I would like to thank my partners in Turkish General

Directorate of Highways for their support in the project.

Birol Demir, Muhammet Komut, Senol Comez, Tugba

Ozturk, Aykan Mert, Kivilcim Ocal

My special thanks are for Dr. Aykan Mert who carried 

out the experiments on Directorate’s side. 

ACKNOWLEDGEMENTS



Mr. Oguz Firidin, from Istanbul University-Cerrahpasa

These projects were also funded by Istanbul University

Scientific Research Project Coordination Unit.

ACKNOWLEDGEMENTS



71

THANK YOU


