
Master’s Dissertation
Geotechnical 

Engineering

 Report TV
G

T-5052
EM

IL W
ESTESSO

N    LIM
E M

O
D

IFIC
A

TIO
N

 O
F C

LA
Y

 TILL - A
 C

ase Stu
d

y

EMIL WESTESSON

LIME MODIFICATION OF CLAY TILL 
A Case Study





DEPARTMENT OF CONSTRUCTION SCIENCES

GEOTECHNICAL ENGINEERING

ISRN  LUTVDG/TVGT--15/5052--SE (1-88)  |  ISSN 0349-4977

MASTER’S DISSERTATION

Copyright © 2015 Geotechnical Engineering,
Dept. of Construction Sciences, Faculty of Engineering (LTH), Lund University, Sweden.

Printed by Media-Tryck LU, Lund, Sweden, June 2015 (Pl).

For information, address:
Geotechnical Engineering,  Dept. of Construction Sciences,

Faculty of Engineering (LTH), Lund University, Box 118, SE-221 00  Lund, Sweden.
Homepage: http://www.geoteknik.lth.se

EMIL WESTESSON

Supervisors: Prof. OLA DAHLBLOM, Dept. of Construction Sciences, LTH, Lund
and PETRA ANDERSSON, MSc Civ Eng, Production Manager, Skanska Sverige AB. 

Examiner: Prof. PER JOHAN GUSTAFSSON; Dept. of Construction Sciences, LTH, Lund. 

LIME MODIFICATION OF CLAY TILL
A Case Study





 

i 



 

ii 



 

iii 



 

iv 



 

v 

  



 

  



 

vii 

𝑤 %

𝑚𝐻2𝑂 kg

𝑚𝑠𝑜𝑙𝑖𝑑 kg

𝑤𝐿 %

𝑤𝑃 %

𝐼𝑃 −

𝑉𝑉 m3

𝑉𝑙𝑖𝑚𝑒 m3

𝐸𝑣2 Pa

𝑟 m

𝜎𝑚𝑎𝑥 Pa

𝑠 m

𝜎0 Pa

𝐿𝑝 %

𝜌𝑑 kg/m3

𝜌𝑠 kg/m3

𝜌𝑤 kg/m3

𝑐𝑢 Pa

𝑐´ Pa

𝜙´𝑘 °

𝜎𝑐´ Pa

−



 



 

9 

CONTENTS .......................................................................................................... 9 

1 INTRODUCTION....................................................................................... 11 

1.1 BACKGROUND .......................................................................................... 11 

1.2 OBJECTIVES AND METHOD ....................................................................... 12 

1.3 SCOPE ....................................................................................................... 16 

1.4 OUTLINE OF THIS DISSERTATION .............................................................. 16 

2 SOIL MODIFICATION IN CLAY TILLS ................................................ 19 

2.1 CLAY TILLS .............................................................................................. 19 

2.1.1 Background geology ............................................................................ 19 

2.1.2 Soil structure ....................................................................................... 20 

2.1.3 Chemical properties in clay................................................................. 24 

2.1.4 Engineering properties of clay tills ..................................................... 25 

2.2 BINDERS ................................................................................................... 29 

2.2.1 Binder functionality ............................................................................. 30 

2.2.2 Lime ..................................................................................................... 31 

2.3 SOIL MODIFICATION ................................................................................. 33 

2.3.1 History ................................................................................................. 33 

2.3.2 Procedures .......................................................................................... 34 

2.3.3 Modification process ........................................................................... 36 

2.3.4 Parameters affecting the strength of improved soil ............................. 39 

2.4 TEST METHODS ......................................................................................... 45 

2.4.1 Field tests ............................................................................................ 45 

2.4.2 Laboratory tests ................................................................................... 49 



 

10 

3 EXPERIMENTAL DESIGN ...................................................................... 53 

3.1 BASIC PRINCIPLES ..................................................................................... 53 

3.2 DIFFICULTIES MITIGATED BY STATISTICAL METHODS ............................... 54 

4 CASE STUDY – ESS .................................................................................. 59 

4.1 SOIL CONDITIONS AT THE ESS .................................................................. 60 

4.2 SOIL MODIFICATION AT THE ESS .............................................................. 62 

4.3 TEST METHODS AT THE ESS ..................................................................... 64 

5 ANALYSIS .................................................................................................. 67 

5.1 MOISTURE CONTENT................................................................................. 68 

5.2 GAS VOLUME ............................................................................................ 71 

5.3 VOLUME OF VOID ..................................................................................... 74 

5.4 DRY DENSITY ........................................................................................... 78 

5.5 MIXING METHOD ...................................................................................... 79 

5.6 SOIL TYPE ................................................................................................. 80 

5.7 MCV ........................................................................................................ 81 

5.8 VOIDS/LIME RATIO ................................................................................... 83 

5.9 SOURCES OF ERROR .................................................................................. 85 

6 DISCUSSION AND CONCLUSIONS ........................................................ 87 

6.1 DISCUSSION .............................................................................................. 87 

6.2 CONCLUSIONS .......................................................................................... 88 

6.3 FUTURE RESEARCH ................................................................................... 90 

7 REFERENCES ........................................................................................... 91 

 

  



 

11 

 

 



 

12 

 

- 



 

13 

- 

- 



 

14 

Figure 1.1 

 



 

15 

Figure 1.2 



 

16 

 

 

 

 

 

 



 

17 

  



 

  



 

19 

 

 

 



 

20 

 

Figure 2.1  
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Figure 2.2  
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Figure 2.4  
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Figure 2.5  
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Figure 2.7  
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