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Original scientific paper
For expansive soils slope, replacement with non-swelling clay is always the most vital treatment measure. However, there are still many unsolved
problems in the replacement method, including how to determine the optimal replacement thickness, and whether there was inhibition effect on slope
instability of expansive soils. In this study, a "Stress Path Triaxial Testing System" (GDS) has been applied for exploring triaxial swelling rate. It proposed
a triaxial swelling rate model for expansive soils, and this model was secondary developed and embedded in ABAQUS. Different thicknesses of
replacement clay have been applied in treating slopes composed by strong, medium and weak expansive soil respectively. Sensitivity analysis also has
been carried out with finite element method. For the strong expansive soil slope with natural moisture content 27,5 %, the safety coefficient without clay
replacement was 0,73. The safety coefficient was 0,85; 1,08 and 1,33 with the replacement thickness of 1 m, 2 m and 3 m, respectively. The results
validated that the replacement method could not only effectively inhibit the swelling of expansive soils, but also correspondingly improve the slope
stability. In addition, the different replacement thicknesses could bring varied increasing rate of slope safety coefficient. The increasing rate was
nonlinearly changed. Finally, it demonstrated the mechanical mechanism of inhibiting effects from existing replacement method on slope instability of
expansive soils. The research results are able to provide theoretical basis for practical engineering. It could be conductive to treating swelling danger from
expansive soil slope.
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Mehanizam za spre€avanje deformacije izdizanja tla i nestabilnosti padina od ekspanzivnih tala metodom zamjene

Izvori znanstveni ¢lanak
Za padine od ekspanzivnih tala, zamjena glinom koja ne nabrekne je uvijek najucinkovitija mjera. Ipak, jo§ uvijek postoje nerijeSeni problemi u nacinu
zamjene, uklju¢ujuéi kako odrediti optimalnu debljinu zamjene i da li dolazi do nestabilnosti padina ekspanzivnih tala. U ovom je radu primijenjen "Stress
Path Triaxial Testing System" (GDS) za istrazivanje troosnog omjera izdizanja. Predlozen je troosni model omjera izdizanja za ekspanzivna tla i taj je
model razvijen u ABAQUSu. Nanesena je zamjenska glina razli¢ite debljine pri ispitivanju padina sastavljenih od ¢vrstog, srednjeg i slabog ekspanzivnog
tla. Provedena je i analiza osjetljivosti primjenom metode kona¢nih elemenata. Za padinu od ¢vrstog ekspanzivnog tla s prirodnim sadrzajem vlage od
27,5 % faktor sigurnosti bez zamjene glinom bio je 0,73. Faktor sigurnosti bio je 0,85; 1,08 i 1,33 uz odgovaraju¢u debljinu zamjene od 1 m, 2 mi 3 m.
Rezultati su potvrdili da se metodom zamjene moZze ne samo sprijeciti izdizanje ekspanzivnih tala ve¢ se moze i odgovarajuce poboljsati stabilnost padine.
Uz to, razli¢itim debljinama zamjene mogu se posti¢i razli¢iti omjeri povecanja faktora sigurnosti padine. Rastué¢i omjer se nelinearno promijenio.
Konaéno, pokazan je mehanicki mehanizam ucinaka smanjenja metodom zamjene na nestabilnost padine od ekspanzivnog tla. Rezultati istrazivanja mogu

pruziti teoretsku osnovu za prakti¢no inZenjerstvo u tretiranju opasnosti od izdizanja kod padina od ekspanzivnog tla.

Kljucne rijeci: deformacija izdizanja tla, metoda zamjene, nestabilnost padine, troosni model omjera izdizanja

1 Introduction

Expansive soils contain minerals such as smectite
clays that are capable of absorbing water. When they
absorb water, their volumes increase significantly [1]. The
change of volume can apply enough force to a building or
other structure and make them damage [2]. People have
developed many measures to deal with the hazards of
expansive soil slope [3 + 7]. Replacement with non-
swelling clay has been one of the most vital measures to
deal with the expansive soil slope [7].

On the one hand, it could isolate the influences from
eternal water, atmospheric humidity variations and so on,
these factors would all influence the expansive soil slope;
on the other hand, the deformation of expansive soils
could be limited by the weight of replacement clay.

However, there are still many unsolved problems,
such as how to determine the optimal thickness and
whether replacement method could inhibit the failure of
expansive soils slope or not. The swelling effect could not
be well-reflected by limit equilibrium method. Therefore,
the finite element method has been involved in this study.
In order to prevent the damages, the swelling pressures
should be predicted before the slopes were constructed, so
the first premise was to determine the swelling rate model
for expansive soils [8]. The swelling strain has been one
kind of volume strain [9 + 12]. Thus, the Professional

Committee of the expansive soil from International
Society for Rock Mechanics (ISRM) has strongly
advocated the study of Triaxial Swelling rate Testing [9].
Although some swelling models have been presented [13
+ 15], they were either complicated or hard to be used in
finite element method.

In our study, the Triaxial Swelling rate Testing has
been applied to analyse the samples of expansive soils.
Based on these results, it proposed a specific expression
of triaxial swelling rate model for expansive soils which
could be used in finite element method conveniently.
Different thicknesses of replacement clay have been
involved in treating with slope of expansive soils. Also
the sensitivity analysis of thickness has been carried out.
It demonstrated the specific mechanism of inhibiting
effects on expansive deformation and slope instability by
replacing of clay. The conclusion is able to provide
reference for dealing with dangers from expansive soil in
projects.

2 The swelling rate testing in state of triaxial stress
2.1 Experiment design

Moisture adsorption testing has been carried out with
GDS Stress Path Triaxial Testing System. 1 + 2 kPa water
pressure has been applied to the bottom of samples for
capillary absorption. To ensure the uniform moisture
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adsorption, the exhaust pipe has been set on the top of soil
samples to discharge the gas in the pores. The specific
testing procedure was as follows.

(1) Keep the samples consolidating under hydrostatic
pressure, until the change of axial displacement is 0,02
mm/h;

(2) Open the water inflow controller at the bottom of
samples, and use the back pressure to fill expansive soil
samples;

(3) Let the samples absorbing water adequately, until
the change of axial displacement is 0,01 mm/h;

The water inflow has been controlled by GDS
advanced digital pressure/volume controller. The accuracy
was 0,1 %.

After the moisture adsorption of sample, it generated
the volume swelling. The samples were reshaped by the
expansive soils collected from Nanyang, He’nan Province,
China. The sample size was d x H = @ 61,8 x 125 mm.
Five testing samples were included in each group. The
triaxial swelling rate testing was carried out in the state of
three-isobaric stress.

2.2 Results analysis

For the reshaped samples of expansion soils, the
swelling rate increments (volume change increments) in
final state and moisture content increment in final state
varied with hydrostatic pressure. For the medium expansive
soil, the initial moisture content is 20,4 %, and the
compaction degree is 98 %, with the pressure of 30 kPa,
60 kPa, 100 kPa, 130 kPa and 150 kPa, respectively. The
test data is listed in Tab. 1.

Table 1 The relationship between swelling rate increments, moisture
swelling rate increments in final state and hydrostatic pressure for
remoulding samples of expansive soils

Hydrostatic Moisture content Swelling rate
pressure g, / kPa increment /% increment / %
30 10,13 6,26
60 9,51 3,46
100 7,01 1,01
130 5,90 —0,40
150 5,13 125

Some of the results can be obtained as follows:

(1) With the same initial moisture content and
compaction degree, after full moisture adsorption, the
resulted swelling rate increments in final state would be
decreased with increased hydrostatic pressure. When the
hydrostatic pressure was small, swelling rate increments
were positive with stronger expansion effects. However,
with increased hydrostatic pressure, the sample would
remain in the compression state, even under sufficient
moisture adsorption;

(2) Under the same initial moisture content and
compaction degree, after full moisture adsorption of
expansive soil, the resulted moisture content increments
in final state would be decreased when the hydrostatic
pressure increased. It indicated that, when the hydrostatic
pressure reaches a certain level, the moisture adsorption
capacity would be correspondingly weakened. It would be
difficult to reach a state of full saturation.

3 The swelling rate model in state of triaxial stress

From the results, the relationship between the
swelling rate increment in final state and hydrostatic
pressure is obtained. The curve of relationship was plotted
on semi-logarithmic coordinates (Fig. 1). For the samples
with the same initial moisture content and compaction
degree, after full moisture adsorption, there was a good
linear relationship between the swelling rate increment in
final state and the logarithm of hydrostatic pressure.
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Figure 1 The semi-logarithmic curve of relationship between the
swelling rate increment of expansive soil and hydrostatic pressure

Considering the testing results of multiple groups, the
swelling rate in state of triaxial stress could be expressed
as Eq. (1):

e, =a+b1n(1+&} (1)
Po

where: &, was the volume swelling rate (%) after fully

moisture adsorption of expansive soils, o, was the
hydrostatic pressure (kPa), py was 1 kPa, the parameters a
and b were obtained from triaxial swelling rate testing. If
the sample was a reshaped sample, a and b would be
related to the type of soil, initial moisture content and the
compaction degree. If the sample was undisturbed soil
sample, a and b would be only related to the type of soil
and initial moisture content.

For example, from the experimental results, for the
medium expansive soil from Nanyang, with the initial
moisture content of 20,4 % and compaction degree of
98 %, in the swelling rate model, a = 23,33; b = —4,85.

4  The realization of swelling rate model in finite element
method

The triaxial swelling rate model was involved in
finite element calculation. Once the Prandtl-Reuss flow-
rule is adopted, the strain tensor increment {Ae} becomes:

(e} =5 85,1+ 2L ), @)[16]

2q

where {/} was the unit vector, {S} was the deviatoric
stress tensor, {Ay} was the generalized shear strain
increment, and ¢ was the generalized shear stress.
Because the swelling strain was one kind of volume strain,
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so the last term of Eq. (2) was omitted. The finite element
calculation was carried out using the initial strain method
thus to acquire the stress increment. The total
displacement and total stress can be further obtained by
integrating up to the end of the loading period. In this way
this model was embedded in the secondary development
of ABAQUS [17 + 19].

5 The mechanism of inhibiting swelling deformation of
expansive soil and slope instability by replacement of
clay

5.1 Swelling rate model and parameters

During the period 2006 to 2010, a field test of
treatment measures for expansive soil canal was carried
out in Nanyang, He’nan Province, by the Changjiang
River Scientific Research Institute [20]. Considering the
canal slope design in field testing, a slope ratio of 1:1,5
was chosen for its poor stability. The slope height was 9
m. It was assumed that the moisture content in 2 m from
canal slope surface could fully absorb moisture from
natural moisture content. The testing replacement
conditions included no clay replacement, replacement
clay thickness of 1 m, 2 m and 3 m, with slopes of strong,
medium and weak expansive soils. The expansive soil
types were judged according to the free swelling rate. The
influence from clay replacement on expansive soil slope
deformation and stability was calculated, respectively
(Fig. 2). In the Figure, the hatched area is assumed as the
most unfavorable moisture adsorption range. The natural
moisture content was determined in field test.

According to the above triaxial swelling rate testing,
the swelling rate model parameters under varied natural

moisture content were obtained (Tab. 2). The natural
moisture content of strong, medium and weak expansive
soils were 27,5 %, 20,4 % and 21,8 %. The compaction
degree was 98 %.

Replacement thickness of 1 m

Replacement thickness of 2 m
Replacement thickness of 3 m

2 m from initial moisture content
changed to be saturated

Figure 2 The scheme of treatment with varied thicknesses of
replacement clay (Height: 9 m, Slope ratio: 1:1.5)

Saturated strength parameter was determined by
Strength parameter. The elastic modulus was determined
by secant modulus during the peak strain of soil body. The
confining pressure of soil body within 5 m from surface
layer was less than 100 kPa. The elastic modulus of soil
body could be selected as the secant modulus of stress-
strain curve in saturated triaxial CD test, under the
confining pressure of 100 kPa. From the testing, the
parameters of strength and deformation were obtained
(Tab. 3).

The replacement thickness in the actual engineering
was usually 1 + 3 m, but it was hard to determine the
optimal replacement thickness. The replacements were
carried out for treating strong, medium and weak soil
slopes. The results were demonstrated respectively to
study the appropriate replacement thickness for treating
different types of expansive soil slopes.

Table 2 Parameter g and b in triaxial swelling rate model

Soil type Initial moisture content / % Compaction degree / % a b
Weak expansive soil 21,8 98 4,67 -0,87
Medium expansive soil 20,4 98 23,33 —4.85
Strong expansive soil 27,5 98 29,10 -5,77

Table 3 The parameters of strength and deformation

Soil type Densit%/ / Saturated triaxial CD Elastic modulus Poisson's ratio
g/cm C/kPa D/° MPa
Replacement clay 2,00 30,0 23,0 4,00 0,3
Weak expansive soil 2,02 21,9 27,0 5,25 0,3
Medium expansive soil 2,00 43,8 28,0 4,85 0,3
Strong expansive soil 1,90 35,7 13,2 3,50 0,3

(b) Replacement layer of 1 m

(c) Replacement layer of 2 m

(d) Replacement layer of 3 m

Figure 3 The equivalent plastic strain region in different replacement measures in strong expansive soil slopes.
The natural moisture content was 27,5 %.
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5.2 The influence of replacement thickness on the
equivalent plastic strain region

For the 2 m moisture adsorption range, after full
moisture adsorption from natural moisture content, the
equivalent plastic strain regions were observed in the
replacement measures in strong, medium and weak
expansive soil slopes (Figs. 3 + 5). From the results we
could see, for the strong expansive soil slope in natural

state, small plastic zone could be observed with
replacement layer of 3 m. For the medium expansive soil
slope in natural state, no plastic zone could be found with
replacement layer of 2 m. However, for the weak
expansive soil slope, no plastic zone existed with
replacement layer of 1 m, so the replacement layer of 1 m
was sufficient under this condition.

(b) Replacement layer of 1 m

(c) Replacement layer of 2 m

(d) Replacement layer of 3 m

Figure 3 The equivalent plastic strain region in different replacement measures in strong expansive soil slopes.
The natural moisture content was 27,5 %.

L -3

(a) No replacement

(b) Replacement layer of 1 m

(c) Replacement layer of 2 m

Figure 4 The equivalent plastic strain region in different replacement measures in medium expansive soil slopes. The natural moisture content was 20,4 %

(a) No replacement

(b) Replacement layer of 1 m
Figure 5 The equivalent plastic strain region in different replacement
measures in weak expansive soil slopes. The natural moisture content
was 21,8 %.

5.3 The influence of replacement thickness on the slope
displacement

Under the natural moisture content, for the strong,
medium and weak expansive soils, the normal

displacement (uplift) curves of slopes were different (Figs.

6 + 8). With the increased replacement layer, the normal
displacement of slope gradually decreased. For strong
expansive soil, the normal displacement of slope was 7,0
cm with the replacement layer of 3 m. For medium
expansive soil, the normal displacement of slope was
about 6,5 cm with the replacement layer of 2 m. For weak
expansive soil, the normal displacement of slope was

about 2,5 cm with the replacement layer of 1 m.

layer of 3 m

Replacement layer of 2 m
- Replacement layer of 1 m

Figure 6 The normal displacement of slope with strong expansive soil,
the natural moisture content was 27,5 %.

Replacement layer of 3 m

Replacement layer of 2 m

Replacement layer of 1 m

S

Figure 7 The normal displacement of slope with medium expansive soil,
the natural moisture content was 20,4 %.

Replacement layer of 3 m
Replacement layer of 2 m

Replacement layer of 1 m

Figure 8 The normal displacement of slope with weak expansive soil,
the natural moisture content was 21,8 %.
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5.4 The influence of replacement thickness on the slope
stress

In order to observe the stress clearly, local coordinate
system was established (Fig. 9). The stress results of
strong expansive soils were listed as follows. The tension
stress symbol is positive, and the pressure stress symbol is
negative.

(1) The X direction stress g, (Fig. 10).

e

SN

Figure 9 The local coordinate system

(c) Replacement layer of 2 m

(d) Replacement layer of 3 m

Figure 10 The X direction stress o, in different replacement measures in strong expansive soil slopes (kPa)

After full moisture adsorption from natural moisture
content, the X direction stress o, was observed in the
strong expansive soil slopes (Fig. 10). From the results we
could see, g, was basically self weight stress distribution,
but the weight of replacement clay could significantly
increase the o, in the protected soil body. According to the

07
513002}

- 160"

(c) Replacement layer of 2 m

Eq. (1), the greater the hydrostatic pressure is, the smaller
the expansibility is, so the swelling potential of protected
soil body under different thickness of replacement clay is
different.

(2) The Y direction stress o, (Fig. 11).

(d) Replacement layer of 3 m

Figure 11 The Y direction stress g, in different replacement measures in strong expansive soil slopes (kPa)

After full moisture adsorption from natural moisture
content, the Y direction stress o, was observed in the
strong expansive soil slopes (Fig. 11). From the results we
could see, the o, was changed most significantly in the
protected soil body. With the water content gradually
changing, the o, of the protected soil body was increased
heavily, thus the shear stress 7, was increasing. When the
shear stress was more than its shear strength, the contour
line with high stress concentration was formed, which
showed that the swelling process would obviously cause

the slope stress redistribution.

(3) The shear stress z,, (Fig. 12).

After full moisture adsorption from natural moisture
content, the shear stress z,, was observed in the strong
expansive soil slopes (Fig. 12). From the results we could
see, the expansibility of slope with replacement layer of 3
m was very weak. Even if the swelling potential had been
given to full play, the maximum shear stress had not
exceeded the shear strength, thus no shear band was
formed.
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(c) Replacement layer of 2 m
Figure 12 The shear stress 1, in different replacement measures in strong expansive soil slopes (kPa)

5.5 The mechanism of inhibiting effects on expansive soil
instability from different replacement thickness

For the treatment measures with different
replacement thickness, the stability analysis has been
calculated. The calculation has involved "the analysis
method of expansive soil slope stability with the
consideration of expansibility" proposed by Prof. Zhan-lin
Cheng in the Changjiang River Scientific Research
Institute [20]. The stability safety coefficient of canal
slope in each measure has been calculated (Tab. 4). The

(d) Replacement layer of 3 m

stability safety coefficient of strong expansive soil canal
slope without considering the expansibility has also been
calculated (Tab. 5). However when the expansibility was
omitted, the stability safety coefficient was almost the
same, that was clearly wrong.

In the results, the finite element -considering
expansibility could truly reflect the influence of
expansion effects on canal slope stability. The safety
coefficient of slope would increase with improved
replacement thickness.

Table 4 The stability safety coefficient of canal slope in different replacement thickness

Conditions Natural moisture No Replacement | Replacement | Replacement
content / % replacement | layerof 1m | layerof2m | layerof3m
Weak expansive soil 21,8 1,09 1,37 1,64 1,84
Medium expansive soil 20,4 0,88 1,20 1,70 1,83
Strong expansive soil 27,5 0,73 0,85 1,08 1,33
Table S The stability safety coefficient of canal slope without considering the expansibility
Conditions Natural moisture No Replacement | Replacement | Replacement
content / % replacement | layerof Im | layerof2m | layerof3m
Strong expansive soil 27,5 2,00 1,98 1,97 1,96

For the strong expansive soil slope, when the natural
moisture content was 27,5 %, the safety coefficient
without clay replacement was 0,73. It was 0,85 with the
replacement thickness of 1 m, the increment of safety
coefficient was relatively small. The safety coefficient
was 1,08 and 1,33 with the replacement thickness of 2 m
and 3 m, respectively. It indicated that the replacement
clay would bring increased safety coefficient, however,
the increase increment was nonlinearly changed with the
replacement thickness. In the same region, when the
moisture content changed from initial moisture content to
saturated state, the thicker replacement layer significantly
enhanced the stability of expansive soil slope.

The specific reason has been demonstrated. The
hydrostatic pressure in protected soil body has been
increased by the weight of replacement clay. From the
formula of swelling rate model we can see that the
expansibility of soil body was not only related to the
initial moisture content, but also to the suffered
hydrostatic pressure. Larger hydrostatic pressure could
result in smaller swelling. Thus, even if the 2 m moisture
adsorption range from the bottom was completely

saturated, under the gravity of different replacement
thickness, the expansibility at the bottom could also be
varied. When the replacement thickness was thicker, the
inhibition of swelling would be greater with increasing
stability.

6 Conclusions

The mechanism of influences from replacement
thickness on expansive soil slopes has been investigated
for deformation and stability. The following conclusions
could be explored:

(1) It validated that the replacement treatment could
effectively inhibit the swelling deformation of expansive
soils. In addition, the stability of expansive soil slopes
could be correspondingly increased. The replacement clay
would bring increased safety coefficient, however, the
increase increment was nonlinearly changed with the
replacement thickness;

(2) It demonstrated that the mechanical mechanism of
inhibition effect from replacement method on swelling
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instability of expansive soil slope. The expansibility of
soil body was not only related to the moisture content, but
also to the suffered hydrostatic pressure. Higher
hydrostatic pressure would result in smaller expansibility.
Thicker replacement layer would result in greater
inhibition effects to the expansibility. Thus, the safety
coefficient would be improved.

(3) It proved that the replacement method could
effectively inhibit the slope instability caused by swelling
deformation. The swelling rate model and relevant
parameters could be obtained from triaxial swelling rate
testing. In addition, the most unfavourable conditions
could be calculated with finite element. Finally, cost-
optimal replacement thickness could be determined by
integrating the calculation results from deformation and
stability.
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makes Valéncia a popular tourist destination
with many ancient monuments, museums and
sights of interest. Valéncia is famous for “Les

Submission Information

Papers are invited on the topics outlined
and others falling within the scope of the
meeting. Abstracts of no more than 300
words should be submitted as soon as
possible.

Abstracts should clearly state the purpose,
results and conclusions of the work to

be described in the final paper. Final
acceptance will be based on the full-length
paper, which if accepted for publication
must be presented at the conference.

The language of the conference will be
English.

Online submission:
wessex.ac.uk/multiphase2015

Email submission
imoreno@wessex.ac.uk

Submit your abstract with ‘Multiphase
Flow 2015’ in the subject line.

Please include your name, full address and
conference topic.

Falles” - four days and nights of city wide
celebrations held each year during March in
commemoration of Saint Joseph. Visitors are
also drawn to the region for its food with Paella
having originated from the city.

Conference Venue

The TRYP Valéncia Oceanic Hotel is situated
near the centre of Valéncia. Only a short
distance from the City of Arts and Sciences,
the harbour and downtown, the hotel is close
to all that the city has to offer. With 200 rooms
all with high speed internet access, a 24 hour
fitness centre, pool, sauna, bar and restaurant,
the hotel has all the amenities guests may
require.

Conference Secretariat
Irene Moreno Millan
imoreno@wessex.ac.uk

Wessex Institute
Ashurst Lodge, Ashurst
Southampton, S040 7AA, UK

Tel: +44 (0) 238 029 3223
Fax: +44 (0) 238 029 2853

For more information vi
wessex.ac.uk/multiphase2015

The success of the series of International Conferences on Multiphase
Flow, Orlando, Florida (2001); Santa Fe, New Mexico (2003), Portland,
Maine (2005), Bologna, (2007), New Forest, UK (2009), Kos, Greece

(2011) and A Coruna, Spain (2013) has led to reconvening the meeting
in 2015.

The overall focus of this conference series is the
combination of experimental and computational
techniques to gain a better understanding of

all classes of multiphase and complex flow.

The goal of the meeting is to facilitate the
exchange of ideas and experiences directly

and interactively, thereby promoting the
development of knowledge in this increasingly
important topic.

Fluid dynamics processes in nature are
essentially multi-phased, i.e. involving more
than one phase of a component such as liquid,
gas or plasma. The range of related problems
of interest is vast: astrophysics, biology,
geophysics, atmospheric process and many
others including a whole variety of engineering
applications.

Thus it is understandable that multiphase
structures generate a great deal of interest. This
is the motivation for experimental, analytical
and numerical studies in this area. While
progress is continuing in all three categories,
work on numerical solutions has advanced
rapidly, owing to the continuing improvements
in computer power and the software tools
available to researchers. Progress in numerical
methods has not only allowed for the solution
of many practical problems, but also helped
to advance our understanding of the physics
involved. Many unresolved issues are inherent
in the very definition of multiphase flow,
where it is necessary to consider coupled
process in multiple scales, not necessarily all
of them characterised by the same physics.
Moreover, in the study of some of them, the
approximations valid for large scale problems
may no longer be physically appropriate.

Close interaction between numerical modellers
and other researchers is required to resolve
many outstanding issues in multiphase flow.

Theory and experiments are essential for
validation and verification of numerical
methods, with the latter providing new insights
into the interpretation of experimental results
and suggesting new directions of theoretical
research.

This series of conferences on Multiphase Flow,
organised by the Wessex Institute since 2001
aims to further such initiatives and to develop
knowledge transfer mechanisms, in particular
between academics and industry professionals.
The papers presented at previous meetings are
stored in digital form at http://library.witpress.
com where they are permanently available to
the international community
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Benefits of Attending

Conference Proceedings Papers presented at
Multiphase Flow 2015 will be published by WIT Press in
Volume 89 of WIT Transactions on Engineering Sciences
(ISSN: 1746-4471 Digital ISSN: 1743-3533). WIT Press
ensures maximum worldwide dissemination of your
research through its own offices in Europe and the USA,
and via its extensive international distribution network.

Delegates will have the choice of receiving the conference
book as either hard cover or digital format on a USB flash
drive. The USB flash drive will, in addition, contain papers
from previous conferences in this series.

Indexing and Archiving Papers presented at Wessex
Institute conferences are referenced by CrossRef

and regularly appear in notable reviews, publications

and databases, including referencing and abstracting
services such as SCOPUS, Compendex, Thomson
Reuters Web of Knowledge and ProQuest. All conference
books are archived in the British Library and American
Library of Congress.

Digital Archive All conference papers are archived
online in the WIT eLibrary (http://library.witpress.com)
where they are easily and permanently available to the
international scientific community.

Journal Papers After the conference, presenters

at Multiphase Flow 2015 will be invited to submit an
enhanced version of their research for possible publication
in the International Journal of Computational Methods and
Experimental Measurements published by the Wessex
Institute.

Reviews Abstracts and papers are reviewed by members
of the International Scientific Advisory Committee and
other experts.

Open Access Open Access allows for the full paper to
be downloaded from the WIT eLibrary archives, offering
maximum dissemination. Authors who choose this option
will also receive complimentary access for one year to
the entire WIT eLibrary.

Networking Participants can present their research and
interact with experts from around the world, becoming
part of a uniqgue community.

Reduced Fee for PhD Students The Wessex Institute
believes in the importance of encouraging PhD students
to present and publish innovative research at their
conferences. As a result, the Institute offers PhD students
amuch reduced conference fee.

ADVANCING INTERNATIONAL
KNOWLEDGE TRANSFER
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Conference Topics
Multiphase flow simulation
Bubble and drop dynamics
Interface behaviour
Experimental measurements
Energy applications
Compressible flows

Flow in porous media
Turbulent flow

Image processing

Heat transfer

Atomization
Hydromagnetics

Plasma

Fluidised beds

Cavitation

Citations When referencing
papers presented at this
conference please ensure that
your citations refer to Volume
89 of WIT Transactions on
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is the title under which papers
appear in the indexing services.
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