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ABSTRACT

The aim of this research is to study some of the of the
physical properties of cohesionléss soils treated with
organic and inorganic chemical additives added by weight of
treated soil through a laboratory testing program carried
out on 35 mm diameter cylindrical samples 50 - 80 mm long,
using triaxial and unconfined compreésive strength testing
apparatus. The variables studied in this research program
were:

For organic additives:

. Monomer content in the mix.

. Initiator content in the mix.

. Mixing water content.

. Hydrochloric acid content in the mix.

For inorganic additives:

. Salt content in the mix.

. Water glass content in the mix.

. Mixing water content.

. Hydrochloric acid content in the mix.
The research also 1ookéd at the effect of different
environments on the shear strength. These environments were:

. Tine effect

. Temperature effect.

. Submergence in water effect.
From the obtained results for inorganic additives, it was’

concluded that the inqrease of both the salt content and




strength and pe;meability. On the other hand, as the
hydrochloric acid content and water content increase, the
shear strength and permeability decrease.

The same observations were recorded with respect to organic
additive,where the shear strength increases with the monomer
(urea) ;oﬁtent increase. The initiatof (ammoni&m chloride)
content has an optimal content at which the shear strength
reaches a maximum; any further increase above this initiator

content reduces the strength.

Y0

-

L

3
[
i
i
-
'
i
i
-




CONTENTS
Page
p ACKNOWLEDGEMENT i
-2 ABSTRACT . ii
‘ CONTENTS iv
- LIST OF FIGURES '_ ix
: CHAPTER 1 : INTRODUCTION ' 1
CHAPTER 2 : LITERATURE REVIEW 4
2.1 GENERAL 4
2.2 Ground modification using
stalization with admixtures 4
2.2.1 Types of admixtures and their
effect on soil properties 4
“ ; 2.2.1.1 Calcium chloride ' 5
2.2.1.1.1 Physical properties 5
2.2.1.1.2 Effect on soil properties 6
2.2.1.1.3 Engineering uses 7
2.2.1.2 Sodium chloride 8
2.2.1.3 Sodium hydroxide 8
2.2.1.4 Sodium silicate ’ 9
2.2.1.5 Portland cement 9
2.2.1.5.1 General
. 2.2.1.5.2 Soil-cement-water reaction 9
2.5.1.5.3 Effect on soil properties and
. engineering uses 10
2.2.1.6 Lime 11

General



2.2.1.6.2

2.6.3.1
2.6.3.2

2.6.3.2.1

Effect on soil properties and
engineering uses

Techniques of construction

Ground modification using grouting
General

Definition and purpose

Grouting categories

Types of grout materials
Selection of chemical grouts
Engineering uses and applications
Rheologonf grouts

Grouting techniques and control
Ground modification using soil
reinforcement with fiber

mesh element

Ground modification using preload-
ing and vertical drains
Mechanical ground modification
General

Effect on soil properties and
engineering uses

Compaction categories

Surface compaction

Deep compaction

Vibro compaction and vibro

replacement

Page

11
12
13
13
14
14
16
16
17
17

18

19

19
20

20

21
22
23

23

23




Page

2.6.3.3 Hydromechanical compaction and

. hydraulic f£ill 24

s 2.6.4 " Effect of chemical additives
. on compaction 25

- 2.6.5 confinement and compaction

efficiency 25
2.6.6 Properties of compacted soil 26
CHAPTER 3 : Experimental work 29
3.1 General 29
3.2 Materials 29
3.2.1 Sand 29
3.2.2 Additives 31
, 3.2.3 Mixtures ] 33
: 3.2.3.1 Organic additives a3
3.2.3.2 inorganic additives 34
3.3 Samples preparation as
3.4 Testing program 36

3.4.1 Preparatory testing program
3.4.2 Main testing program 36
; 3.4.3 Supplementary program 37
| 3.4.3.1 Refrence tests 38
3.4.3.2 study the effect of time 38

on shear strength
3.4.3.3 Study the effect of temperature

.- on shear strength 38




4.5.1 General 133 E.
’ !

4.5.2 For urea-cemented sand 134

Page
3.4.3.3 Study the effect of submergence L
in waﬁer on shear strength 39
3.5 'Testing apparatus 39 ;
CHAPTER 4 : TEST RESULT AND ANALYSIS 40
4.1 Introduction 40 Ii
4.2 Shear strength and permeability
for the treated sand using i
organic additive 40 i )
| 4.3 Shear strength and permeability ? I
| for the treated sand using
inorganic additives 56
4.3.1 For sodium floro silicate- )
cemented sand 56 o
4.3.2 For calcium chloride-cemented sand 70 i
4.3.3 For sodium aluminate-cemented sand 89
4.3.4 For aluminum floride-cemented sand 104
4.4 Normalized curves 121 )
4.4.1 For urea-cemented sand 121 ;
4.4.2 For sodium floro silicate-cemented !
sand 124 b
4.4.3 For sodium aluminate-cemented sand 127 I
4.4.4 For aluminum floride-cemenﬁed sand 130
4.5 Effect of temperature on shear fe
strength properties’ 133 : :
;




