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This thesis is designed to achieve three goals:

. Goal One ~ to introduce the reader to soils exhibiting
expansive and/or ccllapszng behaviour;

Goal Two - to provide an in depth understanding of aspects
of this behaviour, obtalned from an extensive study of these
s0il types: and,

Goal Three - to serve as a reference for future research
work (a recommendation for further research proposed in
Chapter Ten of this thesis).

The thesis is divided in two main parts.
In the first part representative soil types were selected
on the basis of their properties and expected engineering
behaviour. The soil structure and clay minerals were
also studied in part one of this thesis.
The second part of the thesis deals with aspects of
expansive and collapsing behaviour of soils. Chapter three
provides the introduction to the subsequent chapters on
expansive and collapsing behaviour of volume change soils.

Chapter one deals with the origin, physical
properties and selection of the natural soils used
throughout this thesis. The chapter is divided into
three main sections :

I - describes the geology of the areas where the natural
soils where obtained, namely the Cape Peninsula and Durban
areas, as well as the origin and formation of expansive
and collapsing soils;

"II - provides the preliminary engineering properties for
all the soil samples obtained in the field investigation;
and,

III - selects the natural soil types to be used in the
thesis, and introduces the artificial or made up soils.
The purpose of chapter one is therefore, to identify
suitable soil types on the basis of thelr physical

and engineering properties.



The purpose of chapter two is threefold:

1) - To define the macro structure of the soil types,
previously selected in chapter one, by visual appearance,
particle size distribution, pH value, and the relatlonshlp
between soil density and water content;

2) - To observe their micro structure by means of scanning
electron microscopy; (see also Appendix) and, ,
3) - To identify the clay minerals which are present

in each soil type, using X-ray diffraction techniques .
(see also Appendix).

The soil structure and clay minerals are of fundamental
importance to characterize the behaviour of each soil type.

Artificially prepared soils were also used in order

to result in a closer control of structure, measureable
engineering properties, and the expected volume change
behaviour.

The flow chart for each type of soil sample testing method
used in Chapters One and Two is as follows:-

START:

Soil sample (after field 1nvest1gat10n)
Obtained: -

Linear Shrinkage;

Ligquid Limit;

Plasticity Index;
$ Clay Size.

SELECTION OF S80OIL TYPES
Selected s0il tvpes
Determined: -

Linear Shrinkage;
‘Liguid Limit;
Plastic Limit; :
Plasticity Index;
Shrinkage Limit;

% Sand;

% Silt;

% Clay;.

Specific Gravity.
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Macro study (natural or artificial soil)
Defined:

Visual appearance;

Particle size distribution;

pH value;

. 801l density vs. water content relationships.

Micro study (natural or artificial soil)
Observations of micro structure: Scanning electron
microscopy.

Identification of clay minerals: X- ~ray diffraction.

An introduction to the rest of the thesis is given in
Chapter 3.
The remaining chapters describe measured parameters

¥Yolume two.

For reading convenience, this dissertation has been
divided into two separate volumes.

Observed data are provided in Appendices in a Separate
Volume. Thus the reader may examine the chapters in
this volume and refer to the appendices in volume two,
at the same time.
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and (ii) site 48, Lady Grey.
2.07: Particle size distribution - (i) site B, Francois
Road, (ii) site C, Margaret Mayton Avenue, and
- {(iii) site D, Rose Hill (all sites in Durban).
2.08: Particle size distribution - Kaolin K.1 (13%),

K.2 {(20%), and K.3 (10%).
2.09: Particle size distribution - Bentonite B.1 (3.5%),
‘ B.2 (7%), B.3 (11.5%), B.4 (15.5%), and B.5 (35%).
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Number Title
2.10:

2.

2

2.

11:

12

13:

2.14:

2.

20
A7
2.

2

2

2.
2.
2.

2.
2.
2.
2.
2.

2.

15:

16:
i8:

.19:

20:

21:
22

23:
24:
25:
26

27

28:

Site 11, Rosebank - relationships of water ratio
versus dry density, void ratio, porosity and degree .
of saturation. :

Site 36, Rondebosch - relationships of water ratio
versus dry density, void ratio, por051ty and degree
of saturation.

Site 30, Hout Bay - relatlonshlps of water ratio
versus dry density, void ratio, porosity and degree
of saturation.

Site A, Berea Road - relationships of water ratio
versus dry density, void ratio, porosity and degree
of saturation.

Site 7, Mowbray - relationships of water ratio
versus dry density, void ratio, porosity and degree
of saturation.

Diagram illustrating detalls of a transmission
electron optical system, light optical system, and
Scanning Electron Microscope.

Electron sensor - the detector system for the SEM.
Major modes of imaging in the SEM.

Structural arrangements of the Si0O, tetrahehra
units, as defined in Table 2.10 - (i) ne308111cates,
(ii) sorosilicates, (iii) cyclosilicates,

(iv) inosilicates, (v) phyllosilicates, and

{(vi) tectosilicates. .
Distribution of Soil Groups over Africa, Europe,
South America, and parts of the other continents.
The structure of ordinary ice.

Adsorbed water density on Na-montmorillonite.
Dielectric dispersion of adsorbed water as a

- function of water content.

Nuclear magnetic resonance line width with water
adsorbed on clay (after Pickett and Lemcoe).

" Spontaneocus freezing temperature as a function of

capillary diameter {(from Hosler and Hosler).
Change in strength of sand-clay mixtures with time
and water content for different clays.

Variation of lateral dimension of an unconstrained
tetrahedral sheet as a function of 8i, Al.
Distorted oxygen network - (i) in trioctahedral
xanthophyllite, and (11) at the octahedral-
tetrahedral Junctlon in dioctahedral margarlte
(also included in Table 2.14).

Montmorillonite structure - (1) oxygen,

(2) hydroxyl, (3) aluminium, (4) magnesium,

(5) sorbed cation, (6) silicon, (7) water molecule,
(8) hydroxyl bond, (%) hydrogen bond, and

{10) electrovalent bond.
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2.29: The relation between free swelling and b-dimension
for Na-montmorillonites.

2.30: Relation between b-dimension and water content for
six Na-saturated dioctahedral montmorillonites -
reproducibility of b-dimension = % 0.001 & at low

, water content, * 0.003 at high water content.

2.31: Relation between c-axis spacing and water content
for Na-montmorillonite.

2.32: (a) Diagram of the arrangement of water molecules
(open circles) in ice; (b) Ditrigonal symmetry of
the surface of a dry montmorillonite; and
{c¢) Regular hexagonal symmetry of the surface of
idealized montmorillonite.

2.33: The relation between dF, the change in free energy,
and n, the number of grams of water transferred from
pure bulk water to 1g of air-dried
Na- montmorillonite (from Ravina and Low).

2.34: The electromagnetic spectrum.

2.35: (A) Scattering of X-rays by a row of equally spaced,
identical atoms; (B) Conditions for X-ray
diffraction from a row of atoms.

2.36: (A) Diffraction cones from row of atoms; (B)
Diffraction cones from three noncoplanar rows of
scattering atoms, intersecting in a common line.

.37: Reflection from a crystal structure

.38: Site 11, trace 1.A - 3° 30° 26 Mgmsaturated

.39 (i Slte 11, trace 1.B - 24° 254° 28 Mg- sgt 8ted
(%~ 26/min. ), {ii) Site 11, trace 1. C - 3
Mg-saturated, Ethylene glycolated (2° 26/m1n ).

2.40: Site 11, trace 8.D - 3° 30° 28 Mg-saturated
. {previously heated to 550°C for 1 hr, following

which it was allowed to cool and then placed in a
- desiccator until testing).

2.41: (i) Site 11, trace 15.E - 3° 30° 28 Mg-saturated,
previously heated to 105°C overnight, allowed to
cool and placed in a desiccator untll testing;

(ii) site 11, trace 15.C - 39 13° 20 Mg-saturated,
Ethvlene glycolated :

2.42: Particle size grading envelope for all the natural
soil types -~ sites 11, 36, 30, A, 7, 48, 45, B, C
and D. (Comment: Dips in grading curves should not
exist).

2.43: Particle size grading envelope for all artificial
soil types - Kaolin K.1 (13%), K.2 (20%), and K.3
(10%), and Bentonite B.1 (3.5%), ‘B.2 (7%), B.3
(11.5%), B.4 (15.5%), and B.5 (35%).

2.44: Adsorbed water density on Na-montmorillonite.

2.45: The relation between free swelling and b-dimension
for Na-montmorillonites.

B DB
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CHAPTER FOUR -

Number Iitle
-4.01a: Relationship between the void ratio (or total
volume) and the water content - includes degrees of
saturation.
4.01b: Relationship between void ratio and water content -~
includes drying/wetting and shrinkage limit.
4.01c: Relationship between void ratio and water contént -
includes the three types of expansion.
4.02: Void ratio versus water content plot - starting grid
for the swelling paths.
.4.03: 8ite 11, Rosebank [Remoulded, M12LL] - Free
Shrlnkage Paths.
4.04: Site 11, Rosebank [Remoulded M12LL] - Free Swell
Paths. (After shrinking to points on Figure 4.03).
4.05: 8Site 11, Rosebank [Remoulded, M1<LL] - Free
Shrlnkage Paths.
4.06: Site 11, Rosebank [Remoulded, M1<LL] -~ Free Swell
~ Paths. (After shrinking to points on Figure 4.05).
4.07: 8ite 11, Rosebank [Remoulded, M2] - Free
Shrinkage Paths.
4.08: Site 11, Rosebank [Remoulded, M2] - Free Swell
Paths. (After shrinking to points on Figure 4.07).
4.09: 8Site 11, Rosebank [Compacted] - Free Shrinkage
: Paths.
4.10: Site 11, Rosebank [Compacted] - Free Swell
Paths. (After shrinking to points on Figure 4.09).
4.11: Site 11, Rosebank [Undisturbed] - Free Shrinkage
Paths. .
4.12: 8Site 11, Rosebank [Undisturbed] - Free Swell
Paths. (After shrinking to points on Figure 4.11).
4.13: Site 36, Rondebosch [Remoulded] - Free Shrinkage
Paths.
4.14: Site 36, Rondebosch [Remoulded] - Free Swell Paths.
(After shrlnklng to points on Figure 4.13).
4.15: Site 36, Rondebosch [Compacted] - Free Shrlnkage
Paths.
4.16: Site 36, Rondebosch [Compacted] - Free Swell Paths.
(After shrinking to points on Figure 4.15).
4.17: Site 36, Rondebosch {[Undisturbed] - Free Shrinkage
Paths. .
4,18: Site 36, Rondebosch [Undisturbed] -~ Free Swell
Paths. (After shrinking to points on Figure 4.17).
4.19: Site 30, Hout Bay [Remoulded] ~ Free Shrinkage
~ Paths.
4.20: Site 30, Hout Bay [Remoulded] - Free Swell Paths.
(After shrlnklng to points on Figure 4.19).
4.21: Site 30, Hout Bay {Undlsturbed] - Free Shrinkage

Paths.
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4.22: Site 30, Hout Bay [Undisturbed] - Free Swell
Paths. (After shrinking to points on Figure 4.21).
4.23: Site A, Berea Road (Durban) [Remoulded] - Free
Shrinkage Paths.
4.24: Site A, Berea Road (Durban) [Remoulded] - Free Swell
Paths. (After shrinking to points on Figure 4.23}.
4.25: Site A, Berea Road (Durban) [Compacted] - Free.
Shrinkage Paths.
4.26: Site A, Berea Road (Durban) [Compacted] - -Free Swell
Paths. (After shrinking to points on Figure 4.25).
4.27: Site A, Berea Road (Durban) [Undisturbed] ~ Free
‘ Shrlnkage Paths.
4.28: Site A, Berea Road (Durban) [undisturbedl}l - Free
Swell Paths. (Starts from points on Figure 4.27).
4.,29: Site 7, Mowbray [Remoulded] - Free Shrinkage Paths.
4.30: 8Site 7, Mowbray [Remoulded] -~ Free Swell Paths.
: (After shrinking to points on Figure 4.29).
4.31: Site 7, Mowbray [Compacted and Undisturbed] - Free
~Shrinkage Paths. (After shrinking to points on
Figure 4.31).
4,32: 8Site 7, Mowbray [Compacted and Undisturbed] - Free
Swell Paths. (After shrinking to points on Figure
4.31). :
4.33: Site B, Francois Road (Durban) [Remoulded - Free
: Shrinkage Paths.
4.34: Site B, Francois Road (Durban) [Remoulded] - Free
Swell Paths. (After shrinking to points on Figure
4.33).
4.35: Site C, Margaret Mayton Avenue (Durban) [Remoulded]
- Free Shrinkage Paths.
4.36: Site C, Margaret Mayton Avenue (Durban) [Remoulded]
~ Free Swell Paths. (After shrinking to points on
Figure 4.35).
4.37: Site D, Rose Hill (Durban) [Remoulded] - Free
Shrlnkage Paths.
4.38: Site D, Rose Hill (Durban) [Remoulded] - Free Swell
Paths. (After shrinking to points on Figure 4.37).
4.39: Kaolin K.1 (13%) - Free Shrinkage Paths.
4.40: Kaolin K.1 (13%) - Free Swell Paths.
{(After shrinking to points on Figure 4.39).
4,41: Kaolin K.2 (20%) - Free Shrinkage Paths.
4.42: Kaolin K.2 (20%) - Free Swell Paths.
(After shrinking to points on Figure 4.41).
4.43: Kaolin K.3 (8.5%) - Free Shrinkage Paths.
4.,44: Kaolin K.3 (8.5%) - Free Swell Paths.

(After shrinking to points on Figure 4.43).



Xxiv

Number Title-

4.45: Bentonite B.1 (3.5%) - Free Shrinkage Paths.

4.46: Bentonite B.1 (3.5%) - Free Swell Paths.

. {(After shrinking to points on Figure 4.45).

4.47: Bentonite B.2 (7%) - Free Shrinkage Paths.

4.48: Bentonite B.2 (7%) - Free Swell Paths.

(After shrinking to points on Figure 4.47).

4.49: Bentonite B.3 (11.5%) - Free Shrinkage Paths.

4,50: Bentonite B.3 (11.5%) - Free Swell Paths.
(After shrinking to points on Figure 4.49).

4.51: Bentonite B.4 (15.5%) - Free Shrinkage Paths.

4.52: Bentonite B.4 (15.5%) - Free Swell Paths.

, (After shrinking to points on Figure 4.51).

4.53: Bentonite B.5 (35%) - Free Shrinkage Paths.

4.54: Bentonite B.5 (35%) - Free Swell Paths.

‘ (After shrinking to points on Figure 4.53).

4.55: 8ite 11, Rosebank [Remoulded and Compacted Samples]
- Initial Void Ratio ‘e;'! versus final Water Ratio
'wrg' (Free Expansion Limit).

4.56: Site 11, Rosebank [Remoulded and Compacted Samples]
- Initial Water Ratio 'wr;' versus final Water Ratio
'wrg' (Free Expansion Limit).

4.57: Site 36, Rondebosch [Remoulded and Compacted
Samples] - Initial Void Ratio 'e;' versus final
Water Ratio 'wrg' (Free Expansion Limit).

4.58: Site 36, Rondebosch [Remoulded and Compacted
Samples} - In1t1a1 Water Ratio 'wrj' versus final
Water Ratio 'wrg' (Free Expansion Limit).

4.59: Site 30, Hout Bay [Remoulded Samples} - Initial‘Vcid
Ratio ’ei’ versus final Water Ratio "wrg' (Free
Expansion Limit).

4.60: Site 30, Hout Bay [Remoulded Samples] - Inltlal
Water Ratio 'wri' versus final Water Ratio 'wrg'
{Free Expansion lelt)

4.61: Site A, Berea Road [Remoulded and Compacted Samples]
- Initial Void Ratio 'e;' versus final Water Ratio
'wrg' (Free Expansion Limit).

4.62: 8ite A, Berea Road [Remoulded and Compacted Samples]
-~ Initial Water Ratio wrl versus final Water Ratio
‘wrg' (Free Expansion Limit).

4.63: Site 7, Mowbray [Remoulded and Compacted Samples]

- Initial Void Ratio *ei‘ versus final Water Ratio
'wrg' (Free Expansion Limit).

4.64: 8Site 7, Mowbray [Remoulded and Compacted Samples]

- Initial Water Ratio 'wr;' versus final Water Ratio
'wrg¢' (Free Expansion Limit).
4.65: Kaolin K.1 (13% clay size) - Initial Void Ratio 'ej'

versus final Water Ratio 'wrg' (Free Expansion
Limit).
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4.66: Kaolin K.1 (13% clay size) - Initial Water Ratio
'wri' versus final Water Ratio 'wrg¢' (Free Expansion

: Limit).

4.67: Kaolin K.Z2 (20% clay size) - Initial Void Ratio 'ey’
versus final Water Ratio 'wrg' (Free Expansion
Limit).

4.68: Kaolin K.2 (20% clay size) - Inltlal Water Ratio
'wry' versus final Water Ratio 'wrg' (Free Expansion
Limit).

4.69: Kaolin K.3 (10% clay size) - Initial Void Ratio 'ey’
versus final Water Ratio 'wrg' (Free Expansion

: Limit).

4,.70: Kaolin K.3 (10% clay size) - Initial Water Ratio
'wri' versus final Water Ratio 'wrg' (Free Expansion
Limit).

4.71: Bentonite B.1 (3.5% clay size) - Inltlal Void Ratio
'e;' versus final Water Ratio 'wrg' (Free Expansion
Limit).

4.72: . Bentonlte B.1 (3.5% clay size) - Inltlal Water Ratio
'wr;' versus final Water Ratio 'wrg' (Free Expansion
Limit).

- 4.,73: Bentonite B.2 (7% clay size) - Initial Void Ratio
'ei' versus final Water Ratio 'wrg' (Free Expansion
Limit).

4.74: Bentonite B.2 (?% clay 81ze) - Inltlal Water Ratio
'wry' versus final Water Ratio 'wrg' (Free Expansion
Limit}.

4.75: Bentonite B.3 (11.5% clay 31ze) - Inltlal Void Ratio
‘el' versus final Water Ratio 'wrg' (Free Expansion
Limit).

4.76: Bentonlte B.3 (11.5% clay size) - Initial Water
Ratio 'wrj' versus final Water Ratio 'wrg' (Free
Expansion Limit).

4.77: Bentonite B.4 (15.5% clay size) - Initial Void Ratio
'ej' versus final Water Ratio 'wrg' (Free Expansion
Limit).

4,.78: Bentonlte B 4 {15.5% clay size) - Inltlal Water
Ratio 'wry' versus final Water Ratio 'wrg' (Free
Expansion Limit).

4.79: Bentonite B.5 (35% clay size) ~‘Initial Vvoid Ratio
'ej' versus final Water Ratio 'wrg' (Free Expansion
Limit). g

4.80: Bentonite B.5 (35% clay size) - Initial Water Ratio
'wri' versus final Water Ratio 'wrg' (Free Expansion

' Limit).
4.81: Site 11, Rosebank [Remoulded and Compacted samples]

- Plots of Void Ratio 'e' versus Water Ratio 'wr'
for the Free Swell Paths over the full range of
Degree of Saturation 'Sr’
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4.

82:
.83:
.84:
.85:
.86
.87:
.88:

.89:
.89:
.90:
.91:
.92:
.93:

.94

Site 36, Rondebosch [Remoulded and Compacted
samples] - Plots of Void Ratio 'e' versus Water
Ratio 'wr' for the Free Swell Paths over the full
range of Degree of Saturation 'Sr'.

Site 30, Hout Bay [Remoulded samples] - Plots of
Void Ratio 'e' versus Water Ratio 'wr' for the Free
Swell Paths over the full range of Degree of
Saturation 'Sr'.

Site A, Berea Road [Remoulded and Compacted samples]
- Plots of Void Ratio ‘'e' versus Water Ratio ‘wr'
for the Free Swell Paths over the full range of
Degree of Saturation 'Sr’'.

Site 7, Mowbray [Remoulded and Compacted samples]

- Plots of Void Ratio 'e' wversus Water Ratio ‘'wr'
for the Free Swell Paths over the full range of
Degree of Saturation 'Sr'.

Site 'B' Francois Road [Remoulded samples] -~

Plots of Void Ratio 'e' versus Water Ratio 'wr'

~ for the Free Swell Paths over the full range of

Degree of Saturation 'Sr'.

Site 'C', Margaret Mayton Avenue [Remoulded

sample] -~ Plots of Void Ratio 'e' versus Water
Ratio 'wr' for the Free Swell Paths over the full
range of Degree of Saturation 'Sr'.

Site 'D' Rose Hill [Remoulded sample] - Plots of
Void Ratio 'e' versus Water Ratio 'wr' for the Free
Swell Paths over the full range of Degree of
Saturation 'Sr'. )

Kaolin K1 (13% clay size) - Plots of Void Ratio 'e'
versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
Kaolin K1 (13% clay size) - Plots of Void Ratio 'e'
versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
Kaolin K2 (20% clay size) - Plots of Void Ratio 'e'
versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
Kaolin K3 (10% clay size) - Plots of Void Ratio 'e!
versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
Bentonite Bl (3.5% clay size) - Plots of Void Ratio
'e' versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr',
Bentonite B2 (7% clay size) - Plots of Void Ratio
'e' versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
Bentonite B3 (11.5% clay size) - Plots of Void Ratio
'e! versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
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4.
4.96:

CHAPTER

5

5.

95

.01
02:

O3

LO4:
.05
.06

.07:
.08:
.09:
.10:
.11
.12

.13

Bentonite B4 (15.5% clay size) - Plots of Void Ratio
'e' versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.
Bentonite B5 (3%% clay size) - Plots of Void Ratio
'e' versus Water Ratio 'wr' for the Free Swell Paths
over the full range of Degree of Saturation 'Sr'.

FIVE

Relationship between the void ratio and the
1ogar1thm of the effective pressure {(or stress).
Relatlonshlp between the void ratio and the water
ratio (or water content). Based on Rosebank S.11.
Pressure Values on the left of the line are
‘average' pressures for one-~dimensional
consolidation, computed by assuming that the average
pressure is equal to half the vertlcal applied
pressure.

~Site 11, Rosebank {Remoulded] ~ (Top) One-

ﬁlmen51onal consolidation, results from two
different samples and (Bottom) Isotropic
consolidation in triaxial.

Site 36, Rondebosch [Remoulded] - (Top} One-
dimensional consolidation, and (Bottom) Isotropic
consolidation.

Site 30, Hout Bay [Remoulded] ~ (Top) One-
dimensional consolidation, and (Bottom) Isotropic
consolidation. .

Site A, Berea Road (Durban) [Remoulded] - (Top) One-
dimensional consolidation, and (Bottom) Isotropic
consolidation.

Site 7, Mowbray [Remoulded] - (Top) One-dimensional
consolidation, and (Bottom) Isotropic consoclidation.
Site 45, Bellville [Remoulded] - One-dimensional
consolldatlon

Site B, Francois Road (Durban) [Remoulded] - One-
dlmen51onal consolidation.

Site C, Margaret Mayton Avenue (Durban) [Remoulded]
- One-dimensional consolidation.

Site D, Rose Hill (Durban) [Remoulded] - One-
dlmen51onal consolidation.

Site 11, Rosebank [Undisturbed] - (Top) One-~
dimensional consolidation, and (Bottom) Isotropic
consolidation. :

Site 36, Rondebosch [Undisturbed] -

One- dimensional consolidation.
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5.14: Site 30, Hout Bay [Undisturbed] -
One- dimensional consolidation.
5.15: Kaolin K.1 (13% clay size) - One-dimensional
consolidation.
5.16: Kaolin K.2 (20% clay size) - (Top) One-dimensional
consolidation; and (Bottom) Isotropic consolidation.
5.17: Kaolin K.3 (8.5% clay size) - (Top) One~-dimensional
consolidation, and (Bottom) Isotropic consolidation.
5.18: Bentonite B.1 (3.5% clay size) ~ One-dimensional
consolidation.
5.19: Bentonite B.2 (7% clay size) - (Top) One-dimensional
. consolidation; and (Bottom) Isotropic consolidation.
5.20: Bentonite B.3 (11.5% clay size) ~ One-dimensional
consolidation. :
5.21: Bentonite B.4 (15.5% clay size) ~ (Top)
(i) One-dimensional consolidation, and (Bottom)
Isotropic consolidation.
5.22: Bentonite B.5 (35% clay size) - (Top)
. One- dimensional consolidation, and (Bottom)
Isotropic consolidation.
5.23: Site 11, Rosebank [Remoulded] - Stress Scales.
[From Figure 5.03]. Pressure values on the left of
the line are 'average' pressures for one-dimensional
consolidation computed by assuming that the average
pressure is equal to half the vertical applied
pressure.
5.24: Site 36, Rondebosch [Remoulded] -~ Stress scales.
[From Flgure 5.047.
5.25: Site 30, Hout Bay [Remoulded] - Stress scales.
[From Flgure 5.05].
5.26: 8ite A, Berea Road (Durban) [Remoulded] -
Stress scales. [From Figure 5.06].
5.27: Site 7, Mowbray [Remoulded] - Stress scales.
« [From Figure 5.071]. v
5.28: Site 45, Bellville [Remoulded] - Stress scales.
[From Flgure 5.087.
5.29: Francois Road (Durban) [Remoulded] - Stress scales.
[From Figure 5.09].
5.30: Site C, Margaret Mayton Avenue (Durban) {Remoulded}
— Stress scales. [From Figure 5.10].
5.31: Site D, Rose Hill (Durban) [Remoulded] ~ Stress

scales. [From Figure 5.117].

Pressure values on the left of the line are
‘average' pressures for one-dimensional
consolidation computed by assuming that the
average pressure is equal to half the vertical
applied pressure,.
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5.

CHAPTER

6.

6.

6

6.

32:

.33
.34:

.35

.36:
.37
.38:
.39:
.40:
.41
42

01:

02:

.03:

04:

Site 11, Rosebank [Undisturbed] -~ Stress Scales.
[From Figure 5.12].

Pressure values on the left of the line are
‘average' pressures for one-dimensional
consolidation computed by assuming that the average
pressure is equal to half the vertical applled
pressure.

Site 36, Rondebosch [Undlsturbed] - Stress scales.
[From Flgure 5.137.

Site 30, Hout Bay [Undisturbed] - Stress scales.
[From Figure 5.1417,.

Kaolin K.1 {13% clay size) - Stress scales

[From Figure 5.15].

Pressure values on the left of the line are
'average' pressures for one-dimensional
consolidation computed by assuming that the average
pressure is equal to half the vertical applied
pressure.

~ Kaolin K.2 {20% clay size) - Stress scales.

[From Figure 5.16].

Kaolin K.3 (8.5% clay size) -~ Stress scales.
[From Figure 5.171.

Bentonite B.1 (3.5% clay size) - Stress scales.
[From Figure 5.181].

Bentonite B.2Z (7% clay size) - Stress scales.
[From Figure 5.19].

Bentonite B.3 (11.5% clay size) - Stress scales.
[From Figure 5.20].

Bentonite B.4 (15.5% clay size) - Stress scales.
[From Figure 5.21]7.

Bentonite B.5 (35% clay size) - Stress scales.
[From Figure 5.22].

SIX

Site 11, Rosebank -Relationship between the void
ratio “e' and the water ratio “9', or “wr', for the
full test path. :
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) “peV', for
the full test path.

Site 11, Rosebank - [1 Kpa during wetting]
Relationship between the void ratio ‘e' and the
water ratio “wr'. Read in conjunction with

Figure 6.04.

Site 11, Rosebank - [1 Kpa during wetting]
Relationship between the void ratioc “e' and the
effective vertical pressure {(or stress) “peV'.
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6

.05

.06:
.07:
.08:
.09:
.10:
.11
12
.13:
.14:

15

.16
17
.18:
.19:

.20

Site 11, Rosebank - [settles overnight under 50 Kpa
and carries this load during wetting] Relationship
between the void ratio “e' and the water ratio “wr'
Read in conjunction with Figure 6.06.

Site 11, Rosebank - [50 Kpa during wetting]
Relationship between the void ratio ‘e' and the
effective vertical pressure (or stress) ‘“peV'.

Site 11, Rosebank - [100 Kpa during wetting]
Relationship between the wvoid ratio “e' and the
water ratio “wr'.

Site 11, Rosebank - [100 Kpa during wettingl
Relationship between the void ratioc “e' and the
effective vertical pressure (or stress) “peV'.

Site 11, Rosebank - [400 Kpa during wetting]
Relationship between the void ratio “e' and the
water ratio “wr', ,

Site 11, Rosebank -~ [400 Kpa during wetting]
Relationship between the void ratio “e' and the

- effective vertical pressure (or stress) “peV'.

Site 11, Rosebank [Compacted] -~ [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio “wr'.

S8ite 11, Rosebank - [100 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure {(or stress) “peV'.
Site 11, Rosebank [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio ‘e’
the water ratio “wr'

8ite 11, Rosebank {Undlsturbed] - [100 Kpa during
wettlng] Relationship between the void ratio “e' and
the effective vertical pressure (or stress) “peV',
Site 36, Rondebosch - {1 Kpa during wetting]
Relationship between the void ratio “e' and the
water ratio “wr'. Read in conjunction with

Figure 6.16.

Site 36, Rondebosch - [1 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) “peV'.

Site 36, Rondebosch - [50 Kpa during wetting]
Relationship between the void ratio ‘e’ and the
water ratio “wr'. ;

Site 36, Rondebosch - [50 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) “peV'.

Site 36, Rondebosch - [100 Kpa during wetting]
Relatlonshlp between the void ratlo o' and the
water ratio “wr'

Site 36, Rondebosch - {100 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) “peV'.

and



xxgi

Number ITitle -

6.21: Site 36, Rondebosch - [400 Kpa during wetting]
Relationship between the void ratio “e' and the

‘ water ratio “wr'.

6.22: Site 36, Rondebosch - [400 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) “peV'.

6.23: Site 36, Rondebosch [Compacted] - [100 Kpa during
wetting] Relationship between the void ratio ‘e' and
the water ratio “wr'.

6.24: Site 36, Rondebosch [Compacted] - [100 Kpa during
wetting] Relationship between the void ratio “e' and

; the effective vertical pressure (or stress) “peV'.

6.25: Site 36, Rondebosch [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio ‘wr'.

6.26: Site 36, Rondebosch [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure {(or stress) “peV'.

6.27: 8Site 30, Hout Bay - {1 Kpa during wetting]
‘Relationship between the void ratio “e' and the
water ratio “wr'. Read in conjunction with
Figure 6.28.

6.28: Site 30, Hout Bay - [1 Kpa during wetting]
Relationship between the void ratio “e' and the

: effective vertical pressure (or stress) “peV'.

6.29: Site 30, Hout Bay - [50 Kpa during wetting]
Relationship between the void ratio “e' and the
water ratio “wr'.

6.30: Site 30, Hout Bay - [50 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) “peV'.

6.31: Site 30, Hout Bay - [100 Kpa during wetting]
Relationship between the void ratioc "e' and the
water ratio “wr'.

6.32: Site 30, Hout Bay - [100 Kpa during wetting]
Relationship between the void ratio “e' and the
effective vertical pressure (or stress) "peV'.

6.33: 8Site 30, Hout Bay [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio “wr'. .

6.34: Site 30, Hout Bay [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure (or stress) “peV',

6.35: 8Site A, Berea Road (Durban) - [100 Kpa during

‘ wetting] Relationship between the void ratio ‘e' and
the water ratio “wr'. Read in conjunction with
Figure 6.36.

6.36: 8Site A, Berea Road (Durban) - [100 Kpa during

wetting] Relationship between the void ratio “e' and

the effective vertical pressure {(or stress) “peV'.
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Site A, Berea Road (Durban) [Compacted] - [100 Kpa

during wetting] Relationship between the void ratio
*e' and the water ratio “wr'.

Site A, Berea Road (Durban) [Compacted] - [100 Kpa
during wetting] Relationship between the void ratio
“e' and the effective vertical pressure (or stress)
‘peV’.

Site A, Berea Road (Durban) [Undisturbed Air dried]
- [100 Kpa during wetting] Relationship between the

void ratio “e' and the water ratio “wr'.

Site A, Berea Road (Durban) [Undisturbed Air dried]
- [100 Kpa during wetting] Relationship between the

void ratio “e' and the effective vertical pressure
(or stress) “peV'.

Site 7, Mowbray - [100 Kpa during wettlng]

Relatlonshxp between the void ratio “e' and the

water ratio “wr'. Read in conjunction with

Figure 6.42.

~8ite 7, Mowbray -~ [100 Kpa durlng wetting]

Relatlonshlp between the void ratio “e' and the
effective vertical pressure (or stress) “peV'.
Site 7, Mowbray [Compacted] - [100 Kpa during
wetting] Relationship between the void ratio
the water ratio “wr'.
Site 7, Mowbray [Compacted] - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure {(or stress) “peV'.
Site 7 Mowbray [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio Te' and
the water ratio “wr'. '
Site 7, Mowbray [Undisturbed] - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure {(or stress) “peV'.
Site B, Francois Road (Durban) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio "wr'. Read in conjunction with
Figure 6.48.
Site B, Francois Road (Durban) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure {(or stress) “peV'.
Site C, Margaret Mayvton Avenue ({(Durban) - [100 Kpa
during wetting] Relationship between the void ratio
“e' and the water ratio “wr'
Site C, Margaret Mayton Avenue {Durban) - [100 Kpa
during wetting] Relationship between the void ratio
*e' and the effective vertical pressure {(or stress)
‘pev'.
Site D, Rose Hill (Durban) - [100 Kpa during
wettlng] Relationship between the void ratio
the water ratio “wr'

-
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6.52: Site D, Rose Hill (Durban) - [100 Kpa during
wetting] Relationship between the void ratio “e' and

‘ the effective vertical pressure (or stress) “peV'.

6.53: Site 48, Lady Grey (Natal) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio “wr'. Test by Ballantyne.

6.54: Site 48, Lady Grey (Natal) -~ [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure (or stress) “peV'.
Test by Ballantyne.

6.55: Kaolin K.1 (13% clay size) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio “wr'. Read in conjunction with
Figure 6.56.

6.56: Kaolin K.1 (13% clay size) - [100 Kpa during
wetting] Relationship between the void ratio ‘e' and
the effective vertical pressure (or stress) “peV',

6.57: Kaolin K.2 (20% clay size) - [100 Kpa during

~wetting] Relationship between the void ratio “e' and
the water ratio ‘“wr'.

6.58: Kaolin K.2 (20% clay size) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure (or stress) “peV'.

6.59: Kaolin K.3 (8.5% clay size) - [100 Kpa during

: wetting] Relationship between the void ratio "e' and
the water ratio “wr'.

6.60: Kaolin K.3 (8.5% clay size) -~ [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure (or stress) “peV'.

6.61: Bentonite B.1 (3.5% clay size) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio “wr'. Read in conjunction with
Figure 6.62.

6.62: Bentonite B.1 (3.5% clay size) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure {(or stress) “pevV',

6.63: Bentonite B.2 (7% clay size) - [100 Kpa during
wetting] Relationship between the void ratio “e' and
the water ratio “wr'.

6.64: Bentonite B.2 (7% clay size) -~ [100 Kpa during
wetting] Relationship between the void ratio “e' and
the effective vertical pressure (or stress) “peV'.

6.65;: Bentonite B.3 (11.5% clay