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1 INTRODUCTION 

This General Report reviews the papers submitted to 
the 7th International Conference on Unsaturated Soils 
held in Hong Kong in August 2018 under the theme 
of “Fundamental soil behaviour”. The papers have 
been grouped into: (1) Soil water retention behaviour 
(2) Flow and Wettability (3) Thermal properties (4) 
Cracking and Volume change and (5) Geo-
mechanical behaviour (strength and stiffness). 

2 SOIL WATER RETENTION BEHAVIOUR 

A significant number of the papers submitted to this 
theme of the conference describe measurements and 
modelling techniques for describing the water reten-
tion behaviour of soils (and other materials). The 
water retention behaviour is often reported as a Soil 
Water Characteristic Curve (SWCC). However, 
there is concern that the description of a particular 
Soil Water Retention Curve (SWRC) as “character-
istic” implies a uniqueness of that curve, when we 
know that the water retention behaviour is influ-
enced by many factors, such as void ratio/density, 
stress level and initial compaction state (for com-
pacted soils). Therefore, the term Water Retention 

curve (or surface) is preferred, rather than SWCC, 
and will be used throughout this report. 

This point is illustrated well by Stott & Theron 
(2018) who investigated the variability of suction in 
expansive clays. They measured the water content of 
a range of soils at two fixed suction values (22 MPa 
and 35 MPa), imposed using a climate chamber. 
They tested multiple (30) specimens of three clays 
from South Africa and show significant variations 
between specimens of the same clay. They also re-
ported water retention curves for 10 individual spec-
imens of one of the clays and show a wide range of 
water content for any particular suction. The differ-
ences in the water retention curves was largely due 
to the great variation in initial water content for mul-
tiple specimens of the same clay. They noted that as-
suming one water retention curve for any soil does 
not appear to be reasonable. This reinforces the con-
cern about using the term “characteristic” curve to 
describe a water retention curve, when there are 
many curves for one soil. 

The papers submitted to the conference report re-
sults of water retention behaviour on a range of soil 
types and using different experimental techniques. 
Peranić et al. (2018) tested water retention curves of 
undisturbed specimens of weathered flysch rock 
from the Valići landslide in Croatia. They used pres-
sure plate and WP4 chilled-mirror dewpoint hy-

General report: Fundamental soil behaviour (Part I) 

D.G. Toll 
Department of Engineering, Durham University, Durham, UK 

 

 

 
 

 

 

 

ABSTRACT: This General Report reviews papers relating to fundamental soil behaviour. There is wide 
recognition that water retention curves are dependent on volumetric/stress states. X-ray Computed Tomogra-
phy is useful to visualise moisture progression and fabric rearrangement. High temperatures are shown to af-
fect the intrinsic surface area and porosity of clays. Soils with lower clay contents have been found to require 
less time to heat up and cool than clay-rich mixtures. Greater desiccation cracking has been observed to occur 
with more wetting and drying cycles. In a slope model, near vertical cracks developed, connected by near hor-
izontal cracks at their bases. Tests on a silty soil showed more dilative behaviour under shear at higher suc-
tion. However, shear stiffness and dilatancy was found to increase with temperature for recompacted speci-
mens of loess, whereas intact specimens showed the opposite thermal effect. Tests on unsaturated clayey silt 
in the high suction range showed that the air-dried condition gave similar strength to the saturated case. How-
ever, in a hyper-compacted silt the highest values of strength were measured on dry samples. Compression 
wave velocities in sand showed an increase with B-value. Small strain stiffness was shown to be affected by 
the “menisci” effect. 



grometer techniques, with volumetric measurements, 
and a suction controlled oedometer. Leong et al. 
(2018) report water retention curves of geosynthetic 
clay liners (GCL) determined using capillary rise and 
WP4 chilled-mirror dewpoint hygrometer. They not-
ed that using only the chilled-mirror hygrometer 
gave the water retention curve of the bentonite com-
ponent of the GCL. However, the capillary rise tests 
(suction < 1 kPa) for the cover and carrier geotex-
tiles showed that the water retention behaviour of the 
GCL was actually bimodal. 

Hou et al. (2018) showed the results of water re-
tention curves (using filter paper) on loess for sam-
ples compacted dry of optimum, at optimum and wet 
of optimum. The dry of optimum curve was distinct-
ly different, consistent with a different pore size dis-
tribution (largely in the macro-pore range). Howev-
er, at higher suction (> 1000 kPa) the three curves 
came together, consistent with a similar micro-pore 
distribution in all three samples. The data by Stott & 
Theron (2018) similarly showed the water retention 
curves coming together at high suction, even though 
the initial conditions were quite different. 

Gragnano et al. (2018) presented laboratory 
measurements of the water retention properties of a 
silty soil used in the construction of a river embank-
ment. They used evaporation tests, by measuring the 
water loss while simultaneously monitoring suction 
using tensiometers. 

There are two papers describing soils stabilized 
with biopolymers. Biopolymers are naturally occur-
ring polysaccharides which can form long chain 
“hydrogels” capable of holding water. Tran et al. 
(2018) reported on the effect of the addition of a hy-
drophilic biopolymer hydrogel on the water retention 
characteristics of a sand. They showed that Xanthan 
gum increases the water holding capacity and re-
stricted water drainage from the soil even under a 
suction of 500 kPa. Muguda et al. (2018) also re-
ported on the behaviour of two biopolymers, Guar 
and Xanthan gums, used as stabilisers to treat earth-
en construction materials. They reported total suc-
tion and water content for different biopolymer con-
tents, although the focus of their paper was on 
durability rather than water retention. 

There are also test results reported on materials 
that are not traditional “soils”. Bhuyan et al. (2018) 
measured water retention behaviour of an unbound 
granular road construction material. They tested 
specimens compacted into a standard compaction 
mould, using tensiometers for the suction range 0-
160 kPa, extended using pressure plate techniques to 
400 kPa. Pap et al. (2018) tested water retention 
curves for concrete, who noted that modelling of wa-
ter flow through concrete is important for whole life 
cycle analysis and therefore water retention curves 
are needed. They used sand box, pressure membrane 
and vapour pressure methods to test 4 different con-
crete mixes. They suggested the water retention 

curves of the tested concretes were almost identical, 
but only showed the result from one mix. 

The transient aspects of water retention measure-
ments were also discussed in two papers. Milatz et 
al. (2018) investigated the transient effects on the 
water retention curves for sands. They observed the 
suction responses in sands with a tensiometer (for 
suctions less than 10 kPa) using different rates of 
water flow to induce drying and wetting. The meas-
ured water retention curves showed differences for a 
fine sand but not for a medium coarse sand. Yan et 
al. (2018) conducted an investigation into non-
uniqueness of soil water retention behaviour using 
large soil column tests (2.4m high by 144mm diame-
ter) using tensiometers and Spatial Time Domain 
Reflectometry (TDR), which represents a useful 
novel technique. This was compared with a smaller 
scale hanging column measurements and showed 
differences, possibly due to scale effects. Numerical 
modelling using a Lattice Boltzmann approach, 
shows that applying boundary conditions in many 
small increments provides a water retention curve 
that is closest to the true “steady” condition. 

The effects of stress conditions on water retention 
behaviour was explored in two papers. Habasimbi 
(2018) compared water retention curves under one-
dimensional and isotropic stress conditions using 
membrane, pressure plate and vapour pressure tech-
niques. The author concluded that the water reten-
tion curves were affected by the different stress con-
ditions, but unfortunately the paper only presents 
curves for the isotropic condition up to 20 kPa, so 
readers are not able to corroborate the findings. Ra-
jesh & Roy (2018) describe measurements of the wa-
ter retention behaviour of a clayey soil using com-
mercial suction and volumetric water content sensors 
supplied by Decagon. No details of the operation of 
the sensors were provided and it is unclear how de-
gree of saturation was obtained from the water con-
tent sensor. However, the results showed a shift in 
the water retention curves with stress level. 

Desaturation is also reported in two papers. 
Khaimook & Chai (2018) show the relationship be-
tween air-entry value and saturated permeability. Da-
ta for a controlled porous material (ceramic) and for 
clay-sand mixtures, combined with soil data from 
the literature, showed that air-entry value decreases 
as permeability increases, as would be expected. 
Pham et al. (2018) discuss the desaturation process 
itself, investigating desaturation induced by bacteria 
that produce nitrogen gas. The gas production rate 
was shown to be dependent on the pressure condi-
tions, with gas being produced at a slower rate at 
higher stresses (300 kPa). 

Three papers deal with modelling of water reten-
tion behaviour. Monnet et al. (2018) described a the-
oretical model for predicting the water retention 
curves for silty soils (loams). This was based on me-
nisci shapes and packing arrangements (needing 10 



parameters) and could model different drying and 
wetting paths by choosing appropriate contact angles 
for the two cases. Perhaps surprisingly, the fitting 
seemed to be better for natural soils than for graded 
glass. Zou et al. (2018) investigated the influence of 
void ratio and net normal stress on the water reten-
tion behaviour of a clayey sand. They fitted the data 
to the water retention surface models proposed by 
Gallipoli et al. (2003) and Salagar et al. (2010). Pa-
sha et al. (2018) present a model for volume change 
dependency of water retention curves. They use a tri-
linear fit to one (reference) water retention curve, 
which could then be extended to other void ratio 
states. There was good agreement with experimental 
data, even for complex stress-suction paths.  

Some points that emerge from these papers: (1) 
we need to be careful of terminology and be clear 
when we refer to “water content” whether we mean 
gravimetric water content (by weight) or volumetric 
water content; (2) there is now wide recognition that 
water retention curves are dependent on volumet-
ric/stress states. Water retention curves represent just 
one path on a more complex water retention surface. 

3 FLOW AND WETTABILITY 

Shao & Guo (2018) went back to fundamentals and 
derived Darcy’s law and seepage forces in soil. From 
the equilibrium differential equation of pore water in 
saturated soil they showed that seepage force in a 
saturated soil should include porosity and for unsatu-
rated soil it should include porosity with respect to 
the water content. 

Tokoro & Ishikawa (2018) measured permeability 
for compacted Toyoura sand. They observed an in-
flection point at the transition from the pendular wa-
ter region and the funicular region (what they call 
fuzzy saturation). 

In a paper examining an imaging technique that is 
increasingly being adopted by geotechnical engi-
neers, Liu et al. (2018) describe a study conducted 
using an advanced microfocus X-ray Computed To-
mography (micro-XRCT) technique. This enabled 
the visualisation of moisture progression induced by 
heat transfer. They show that the micro-XCT was 
able to assess coupled thermal-moisture flow pro-
cesses in a sand. 

There were two papers on wettability of soils, 
both from the same group at Hong Kong University. 
Liu & Lourenço (2018) described experiments to as-
sess the permanency of soil water repellency of a 
completely decomposed granite (CDG) treated with 
a common chemical agent used to make soils water 
repellent. They used a Drop Shape Analyzer to 
measure contact angle and found that the chemical 
agent was effective in inducing soil water repellency 
for at least 50 days. Li et al. (2018) measured the 
wettability of natural surface soils taken from 120 

locations across Hong Kong. They found that only 
7% of the samples revealed extreme soil water repel-
lency whereas over 78% of the soil samples with 
volcanics as parent rock were wettable. 

4 THERMAL PROPERTIES 

Goodman et al. (2018) used X-ray diffraction, scan-
ning electron microscopy and energy-dispersive X-
ray spectrometry to characterize the minerology, mi-
cro-structure, and elemental composition of a highly 
plastic clay. They found that extremely high temper-
atures (up to 700 oC) could have considerable im-
pacts on surface area and pore size of the clay. 

Dafalla et al. (2018) studied the thermal proper-
ties of clays and sands that were used to combine to-
gether to form a liner material. They used laboratory 
and field measurements to investigate heat gain and 
loss. These were related to electrical conductivity 
and water retention behaviour. They found that soils 
with lower clay contents required less time to heat 
up and cool than clay-rich mixtures. 

Tokoro & Ishikawa (2018) measured thermal 
conductivity and electrical resistivity as well as per-
meability for compacted Toyoura sand. They ob-
served an inflection point in all three variables at the 
transition from the pendular water region and the fu-
nicular region. 

Mu et al. (2018) reported on 4 tests to investigate 
the shear behaviour of intact and recompacted loess 
using a suction and temperature controlled direct 
shear apparatus. They found that the shear stiffness 
and dilatancy of recompacted specimens increased 
with temperature. However, intact specimens 
showed the opposite thermal effect, with shear stiff-
ness and dilatancy of intact specimens decreasing 
with increased temperature. 

5 CRACKING AND VOLUME CHANGE 

Desiccation cracking of soils poses a major problem 
for geotechnical engineers. It dominates near-surface 
flow, as when cracks are open, water can readily in-
filtrate the soil. However, as the soil wets, cracks 
close and can seal, and the permeability can drop 
dramatically. However, we have yet to develop ro-
bust models that can capture these temporal changes 
due to cracking. Therefore, good experimental data 
and an improved conceptual understanding of the 
processes involved is to be welcomed.  

To assist us in developing an improved under-
standing of cracking processes there are two papers 
that report on the development of cracks in clayey 
soils. Tang et al. (2018) used image analysis to inves-
tigate desiccation cracking patterns in clays. They 
investigated the effects of specimen thickness, wet-
ting and drying cycles on the crack patterns for three 



types of clays. They found that the soil surface be-
came more cracked with an increasing number of 
wetting and drying cycles. They also found that 
greatest amount of cracking and wider cracks were 
observed in the soils with the highest fines content 
and plasticity index.  

Amenuvor et al. (2018) report tests on an expan-
sive clay soil excavated in an intact state and placed 
in a large steel tank (1.5m x 1m x 1m). An experi-
mental slope was formed in the clay that was instru-
mented with suction and water content measure-
ments and subjected to wetting and drying cycles. 
They were able to observe the development of cracks 
on the soil surface and with depth within the physi-
cal model. Near vertical cracks developed in the soil 
over the whole slope and these vertical cracks were 
connected at their bases by near horizontal cracks or 
cracks parallel to the surface of the slope. 

Tran et al. (2018) provide a useful contribution 
for developing conceptual understanding of drying 
processes. They describe using the discrete element 
method (DEM) to model the drying of clay soils, us-
ing “water particles” to represent the presence of wa-
ter. In the modelling, to reduce computation time, 
the particles and “water particles” modelled were of 
mm size, rather than micron size. Experimental dry-
ing tests on kaolin showed that upward curling of 
specimens was initiated near to the liquid limit. 
Comparison between experiments and simulations 
showed that the proposed modelling approach can 
conceptually capture the process of upward curling 
in clay soils as they dry. 

In a paper contributing to volumetric responses 
(collapse behaviour), Li & Vanapalli (2018) noted 
that wetting-induced collapse behaviour can be 
modelled like a water retention curve, using a Van 
Genuchten (1980) approach. They showed curves of 
the void ratio state (that they labelled as “PCP”, alt-
hough it is not clear what this stands for) plotted 
against suction for different stress levels. They show 
that one of the fitting parameters could be related to 
the stress level. 

6 GEO-MECHANICAL BEHAVIOUR 

In the papers submitted to the conference, the me-
chanical behaviour (strength and shear stiffness) of 
unsaturated soils has been investigated using a range 
of test devices such as suction controlled direct shear 
apparatus, simple shear and triaxial testing. 

Gragnano et al. (2018) used an unsaturated direct 
shear apparatus to perform tests on a silty soil used 
in the construction of a river embankment. The axis 
translation technique was used to measure and apply 
matric suction to the soil specimens. The specimens 
they tested showed more dilative behaviour under 
shear at higher suction. Mu et al. (2018) reported on 
4 tests to investigate the shear behaviour of intact 

and recompacted loess using a suction and tempera-
ture controlled direct shear apparatus. They found 
that the shear stiffness and dilatancy of recompacted 
specimens increased with temperature. However, in-
tact specimens showed the opposite thermal effect, 
with shear stiffness and dilatancy of intact specimens 
decreasing with increased temperature. 

Gao et al. (2018) investigated the strength of un-
saturated clayey silt in the high suction range using a 
direct shear apparatus. Specimens were prepared at 
controlled suctions, up to 38 MPa, using vapour 
equilibrium techniques, using equalization periods of 
more than 2 months. They also tested air-dried spec-
imens for which they assume a suction of 1000 MPa. 
They showed an increase in strength from zero to 3.3 
MPa of suction, but a reduction beyond that. This 
could be explained by an increase in the friction an-
gle due to net stress (a) and also an increase in the 
“cohesive” component of strength due to suction. 
After an initial increase, both of these terms reduced 
until the air-dried condition gave similar strength to 
the saturated case. The increase in friction angle due 
to net stress (a) is consistent with the approach of 
Toll (1990) and Toll and Ong (2003). 

Moscariello et al. (2018) described tests using a 
suction-controlled simple shear apparatus on re-
moulded specimens of a pyroclastic soil from South-
ern Italy. The soil has a metastable structure and is 
prone to static liquefaction upon shearing. Suction 
was measured or controlled in the apparatus using 
the axis translation technique. The results were in-
terpreted using the “Bishop stress” approach incor-
porating Sre, the effective degree of saturation. A 
wetting test was also reported that showed swelling 
behaviour when wetting from a suction of 30 kPa to 
8 kPa but collapse behaviour was observed from 
8kPa to zero suction, with large shear strains devel-
oped. 

Unconfined compressive strength has been re-
ported for samples with known suctions. Rasool et 
al. (2018) describe unconfined, constant water con-
tent tests on a soil comprising 90% silt and 10% 
clay. They describe an interesting use of PTFE and a 
membrane filter (with an air entry value of 420 kPa) 
to control the air and water flow from the top and 
base of specimens, but unfortunately did not give de-
tails of the properties of these sheets. They showed 
the shear strength is highest just dry of optimum wa-
ter content and drops away considerably towards the 
dry state and also wet of optimum. They suggest this 
replicates the shape of the suction vs. water content 
curve, but this is not consistent with the suction vs. 
water content data they present elsewhere. 

Monica & Rao (2018) imposed controlled relative 
humidities on an unsaturated residual clayey sand. 
They measured the changes in water content and the 
unconfined compressive strength after different ex-
posure times (up to 28 days). They showed that for a 
relative humidity of 33%, the water content (and 



hence estimated total suction of >100MPa) reached 
equilibration after 15 days. However, at higher rela-
tive humidities (76% and 97%), water content could 
still be changing at 28 days. There was a clear trend 
of increasing strength with equalization time (as suc-
tion increased) for the relative humidity of 97%. 
However, for a relative humidity of 33%, there was a 
large change in strength for zero to 7 days, but no 
significant gain in strength with longer equalization 
periods. 

Two papers report investigations carried out with-
in the European TERRE project (http://www.terre-
etn.com/) which aims to develop novel geo-
technologies to address the low carbon agenda. Both 
papers investigated the use of earthen construction 
i.e. using soils to construct structural elements 
(bricks, walls etc). Cuccurullo et al. (2018) investi-
gated the mechanical behaviour of a hyper-
compacted silt material i.e. compacted at high stress 
levels (100 MPa) to achieve a very high density that 
can be used in earthen construction. The material 
was tested in triaxial conditions after equalizing un-
der humidity control ranging from dry to a relative 
humidity of 95%. The highest values of strength and 
stiffness were measured on dry samples. This sug-
gested that the oven-dried sample was not complete-
ly dry and still had a small quantity of water under 
very high suction. 

Muguda et al. (2018) reported on the behaviour of 
two biopolymers, Guar and Xanthan gums, used as 
stabilisers to treat earthen construction materials. 
They reported compressive strength, tensile strength, 
total suction and water content for different biopol-
ymer contents. XRCT scans were used to study the 
treated soils during the curing periods that suggested 
that there was slight rearrangement of soil particles 
between 7 and 28 days. They investigated the dura-
bility performance of the treated soils through ero-
sional and immersion tests. The materials treated 
with both gums performed satisfactorily in erosional 
tests, while only Xanthan gum treated material per-
formed well in immersion tests. 

Three papers submitted to the conference address 
small strain shear stiffness. Walton-Macaulay & 
Curd (2018) used a laboratory scale cross-hole seis-
mic test to investigate the small-strain stiffness be-
haviour of a compacted silty clay soil. Shear stiff-
ness increased with stress level, as expected. For the 
specimen compacted near optimum water content 
there was a rapid increase in shear stiffness under 
low net mean stress. Significant shear modulus in-
creases were also observed in samples dry of opti-
mum, but only after the applied stress was above 100 
kPa. They also reported Ko values and found high 
values under residual conditions (on removal of ver-
tical loads) with values approaching passive earth 
pressure conditions. 

Liu & Yang (2018) investigated compression 
wave velocities in clean and silty sand at different 

degrees of saturation. They found that for both clean 
and silty sand specimens, compression wave velocity 
increased with B-value, as would be predicted by po-
roelasticity. A dramatic increase in compression 
wave velocity occurred as the degree of saturation 
approached full saturation. Silty sand specimens 
were found to exhibit smaller compression wave ve-
locities than a clean sand specimen at a given B-
value when tested at similar void ratios and confin-
ing pressures. 

Pagano et al. (2018) presented results of an exper-
imental investigation of small strain stiffness of un-
saturated well-graded sand, using bender elements. 
They recognized that small strain shear modulus is 
affected by both suction and degree of saturation. 
However, they noted the apparent inconsistent ob-
servations that have been reported in the literature, 
where in some cases high shear modulus is observed 
on the wetting curve and in other cases higher values 
have been observed on the drying curve. They pre-
sent a conceptual model for interpreting the evolu-
tion of very small strain stiffness through the water 
retention behaviour, by identifying the contribution 
of menisci to the intergranular stress. This explains 
how, depending on the width of the hysteresis loop, 
the menisci effect can dominate in some soils which 
would give higher stiffness on the wetting branch; in 
other soils the saturated contribution dominates giv-
ing higher stiffness on the drying branch. 

The only paper on constitutive modelling in this 
theme is by Lloret-Cabot & Wheeler (2018). They 
discussed the increase of mechanical yield stress 
with suction in unsaturated soils, and particularly the 
transition from saturated to unsaturated states. They 
show that a constitutive model that incorporates the 
influence of degree of saturation on mechanical be-
haviour has advantages over previous models. The 
saturated mechanical yield behaviour can be predict-
ed when the soil is still saturated, even if this occurs 
when suction is not zero. The effects of hysteresis of 
water retention can also be represented. 

7 CONCLUSIONS 

A significant body of the papers presented to this 
theme of the conference (Fundamental soil behav-
iour) relate to water retention behaviour. The term 
Water Retention curve (or surface) is preferred, ra-
ther than Soil Water Characteristic Curve (SWCC), 
as the description of a particular Soil Water Reten-
tion Curve (SWRC) as “characteristic” implies a 
uniqueness of that curve. As we know (and is 
demonstrated in data reported to this conference), 
the water retention behaviour is influenced by many 
factors, such as void ratio/density, stress level and 
initial compaction state (for compacted soils). This 
reinforces the concern about using the term “charac-
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teristic” curve to describe a water retention curve, 
when there are many such curves for one soil.  

The papers submitted demonstrate that there is 
now wide recognition that water retention curves are 
dependent on volumetric/stress states. Water reten-
tion curves represent just one path on a more com-
plex water retention surface. 

X-ray Computed Tomography (XRCT) has been 
shown to be useful to visualise moisture progression 
in an unsaturated sand. It has also been used to study 
fabric rearrangements during curing of a biopolymer 
stabilised material. 

Thermal conductivity, electrical resistivity and 
permeability have all been observed to show an in-
flection point at the transition from the pendular wa-
ter region and the funicular region for a compacted 
sand. High temperatures (up to 700 oC) are shown to 
affect the intrinsic surface area and porosity of clays. 
Soils with lower clay contents have been found to 
require less time to heat up and cool than clay-rich 
mixtures. 

Desiccation cracking of soils poses a major prob-
lem for geotechnical engineers, due to the temporal 
changes in permeability that they induce. Image 
analysis has been used to investigate desiccation 
cracking patterns in clays. Greater degrees of crack-
ing have been observed with an increasing number 
of wetting and drying cycles. In a large physical 
model of a slope, near vertical cracks were observed 
to develop and these vertical cracks were connected 
at their bases by near horizontal cracks or cracks 
parallel to the surface of the slope. 

The papers reported investigations of the mechan-
ical behaviour (strength and shear stiffness) of un-
saturated soils that has been investigated using a 
range of test devices such as suction controlled di-
rect shear apparatus, simple shear and triaxial test-
ing. Tests on a silty soil showed more dilative be-
haviour under shear at higher suction. However, 
shear stiffness and dilatancy was found to increase 
with temperature of recompacted specimens of loess, 
whereas intact specimens showed the opposite ther-
mal effect. Tests on a metastable pyroclastic soil 
showed swelling behaviour when wetting initially 
but then collapse behaviour as suctions reduce to-
wards zero, with large shear strains developed. 

Tests on unsaturated clayey silt in the high suc-
tion range showed an increase in strength from zero 
to 3.3 MPa of suction, but a reduction beyond that. 
After an initial increase, both the frictional and “co-
hesive” contributions to strength reduced until the 
air-dried condition gives similar strength to the satu-
rated case. However, in a hyper-compacted silt 
(compacted at 100 MPa pressure) the highest values 
of strength and stiffness were measured on dry sam-
ples. This suggested that the oven-dried sample was 
not completely dry and still had a small quantity of 
water under very high suction that could contribute 
to strength. 

Compression wave velocities in clean and silty 
sand showed an increase with B-value, with a dra-
matic increase as the degree of saturation ap-
proached full saturation. Shear stiffness of a com-
pacted silty clay soil was found to increase with 
stress level, as expected. In fact, the small strain 
shear modulus is affected by both suction and degree 
of saturation. A conceptual model for interpreting 
the evolution of very small strain stiffness through 
the water retention behaviour, shows the menisci ef-
fect can dominate in some soils which would give 
higher stiffness on the wetting branch of the water 
retention curve; in other soils the saturated contribu-
tion dominates giving higher stiffness on the drying 
branch. A constitutive model that incorporates the 
influence of degree of saturation on mechanical be-
haviour has been shown to have advantages over 
previous models, as the saturated mechanical yield 
behaviour can be predicted when the soil is still satu-
rated, even if this occurs when suction is not zero. 
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