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Education represents a key intervention point in encourag-
ing the emergence of a professional engineering ethos in-
formed by a sustainability ethic. In terms of establishing an
appropriate relationship between sustainability and educao-
tion, many would contend that incorporating sustainability
as merely add-on material to already overcrowded curricu-
la is insufficient. Instead sustainability should actually be a
leading principle for curricula. Traditional reductionist models
of engineering education seek to extinguish context and
uncertainty and reduce complexity across socio-economic
and ecological domains. They therefore constitute a wholly
inadequate response to the need for fit-for-purpose, twenty-
first century graduates required to address broader sustain-
ability issues. This paper presents research from an under-
graduate module at University College Cork, Ireland. The
module is aimed at developing students’ conceptions of
complexity, uncertainty, risk, context and ethics as founda-
tional bases for productively engaging with sustainability.
The paper also highlights some problematic issues.
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The Giant's Causeway is an area of about 40,000 inter-
locking basalt columns, the result of an ancient volcan-
ic eruption. It is also known as Clochan an Aifir or Clochan
na bhFomhérach in Irish and tha Giant's Causey in Ulster-
Scots. It is located in County Antrim on the northeast coast
of Northern Ireland.

The Cliffs of Moher (Irish: Aillte an Mhothair) are located
at the southwestern edge of the Burren region in County
Clare, Ireland. They rise 120 metres above the Atlantic
Ocean at Hag's Head, and reach their maximum height of
214 metres just north of O'Brien's Tower.

Whiterocks Beach, forming the eastern end of the East
Strand/Curran Strand beach, Northern Irelend and within
walking distance of the busy resort of Portrush, is famous
for its white chalk cliffs.
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APOPA

Educating engineers to embrace complexity
and context

Edmond P. Byrne
Senior Lecturer, School of Engineering, University College
Cork, Ireland
Gerard Mullally
Lecturer, Department of Sociology, University College Cork,
Ireland

Education represents a key intervention point in encourag-
ing the emergence of a professional engineering ethos in-
formed by a sustainability ethic. In terms of establishing an
appropriate relationship between sustainability and educa-
tion, many would contend that incorporating sustainability
as merely add-on material to already overcrowded curricula
is insufficient. Instead sustainability should actually be a
leading principle for curricula. Traditional reductionist mod-
els of engineering education seek to extinguish context and
uncertainty and reduce complexity across socio-economic
and ecological domains. They therefore constitute a wholly
inadequate response to the need for fit-for-purpose, twen-
ty-first century graduates required to address broader sus-
tainability issues. This paper presents research from an
undergraduate module at University College Cork, Ireland.
The module is aimed at developing students’ conceptions of
complexity, uncertainty, risk, context and ethics as founda-
tional bases for productively engaging with sustainability.
The paper also highlights some problematic issues.

1. Introduction

There is a realisation that what has been called a ‘new en-
gineer’ is required for fit-for-purpose twenty-first century
engineering in order to address the attendant challenges
and crises around (un)sustainability that face contemporary
society (Beder, 1998). This is a professional who recognises
that values and ethics pervade all engineering practice,
leaves hubristic illusions of control aside and embraces con-
text, complexity, inherent uncertainty and risk (Bucciarelli,
2008). S/he recognises the ‘deep sociotechnical complexi-
ties that are often at the heart of [engineering] “Grand
Challenges” while making ‘explicit the social and ethical
responsibilities of engineers’ (Herkert and Banks, 2012).
Moreover, while they recognise the value of scientific and
technological approaches in relation to contemporary socie-
tal challenges, the ‘new engineer’ acknowledges that
technocentric approaches alone are incapable of achieving
progress towards sustainable outcomes among inter-related
complex social, techno-economic and ecological systems
(Conlon, 2008). Such approaches need to be complemented
by recognition of the importance of context and the pres-
ence of contingency and indeterminacy in these complex
systems, and hence value the additional knowledge that
can be provided by experiential and local knowledge and
intuition.

This is a view consistent with one proposed across the do-
main of engineering education for sustainable development
(EESD) over the past two decades. Such a view proposes
the incorporation of sustainability within and across engi-
neering programmes as a ‘leading principle for curricula’ to
elicit a broader conception of the engineer (in contrast to
incorporating content merely as ‘add on’ material to an al-
ready overcrowded curriculum) (Mulder et al., 2012). It
also aligns with contemporary directions in the sociology of
sustainable development (e.g. Baillie et al., 2013) and with
education and pedagogical theory (e.g. Boud, 2000).

2. Module description

This paper reflects on the experiences of a first-year mod-
ule on a (four-year) undergraduate engineering programme
at University College Cork (UCC), Ireland which seeks to
help facilitate the development of a fit-for-purpose twenty-
first century engineer. The module (PE1006: professional
engineering communication and ethics) is taken by engi-
neering students across all four engineering programmes at
UCC (civil and environmental, electrical and electronic, en-
ergy, and process and chemical). The four programmes
incorporate varying degrees of material and ethos associat-
ed with sustainability across the respective programmes,
with, for example, the chemical engineering students taking
a ‘Sustainability in process engineering” module in the third
year, two ‘Safety and environmental protection’ modules in
the third and fourth years and a final year capstone design
project module in the fourth year, which entails a signifi-
cant sustainability component (Fitzpatrick et al., 2013). The
module includes contributions from academics across the
school, including the lead author who is module coordinator
and teaches half the module. The following learning out-
comes are associated with this part of the module:

o relate professional engineering practice to the ethics
and ethos of the profession and the role of engineering
in society

e understand the nature of complex, wicked problems and
apply appropriate strategies for resolving such prob-
lems.

Class contact time with the lead author comprises 12 teach-
ing hours, eight hours of design/tutorial sessions and four
hours of student assignment presentations around the fol-
lowing topics

e role of engineering in society
e wicked problems

e philosophy of engineering (historical and current philos-
ophies and trends)

e professional engineering ethics and ethos
e micro and macro ethical frameworks

e complex problems; risk and uncertainty

e the new engineer and post-normal science.

2.1 Wicked problem

The principal assessment for this part of the module com-
prised a group assignment on a ‘wicked problem’. The as-
signment aims to address the material covered in the mod-
ule and the claim that artificial, oversimplified, well-defined
problems and case studies often neglect ‘the social com-
plexities of engineering practice’ (Bucciarelli, 2008).

The term ‘wicked problem’ was coined by Horst Rittel and
Melvin Webber in a seminal paper where they described
these as complex, messy problems where there is potential
for disagreement in terms of their framing as well as
around any proposed solutions (Rittel and Webber, 1973).
Indeed, they suggest that ‘it makes no sense to talk about
“optimal solutions” as ‘there are no “solutions” in the
sense of definitive and objective answers’ for a wicked
problem. Nor can any proposed ‘solution’ to a wicked prob-
lem be tested, except through a pragmatic approach where
interventions are made contingently and iteratively and
experiential knowledge is gained. As such, wicked problems
involve more than just the purely technical; they involve
some societal aspect or interaction with people whereby
context is fundamentally important. Technical solutions
alone are therefore usually insufficient in tackling wicked
problems; nontechnical and policy/value-based approaches
are also required. Tackling them also requires collaboration,
usually between stakeholders with different backgrounds,
disciplines and experience, to help understand each others’
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positions or ‘object worldviews’ well enough to have intelli-
gent dialogue about the different interpretations of the
problem. This requires a new type of engineer, one who
demonstrates ‘increased reflexivity and broadened partici-
pation in how engineers define problems and attempt to
solve them’ and one who is equipped ‘to deal with the di-
mensions of these challenges that are considered outside
the “technical” realm’ (Cech, 2012).

Two iterations of the wicked problem assignment form the
basis of this study during successive years 2012-2013 and
2013-2014. Students were assigned to groups of five and
invited to collectively choose a wicked problem from a list
of about 30. These include for example, problems on ener-
gy provision, water quality and provision, nanotechnology
and nano-particles, traffic, sea level/flood protection,
geoengineering, plastics, hazardous waste, food production,
atmospheric carbon levels, local flooding events, chemical
plant safety, nuclear power, road safety, artificial intelli-
gence and electric power transmission.

They then are required to research the problem, consider
the perspectives of different stakeholders and see how each
might contribute to both the problem specifica-
tion/description/framing and how they might contribute to
appropriate responses. Groups are also required to nomi-
nate a designated person whose formal role is to ‘institu-
tionalise doubt’, a ‘yes, but..’ person who must act as a
‘devil’'s advocate’ and hence speak up, point out problems,
critique suggestions, generate discussion, get the group to
consider how worst-case scenarios might be dealt with, or
consider different perspectives or (perhaps larger) windows
on the world (Ulanowicz, 2009). Groups were then invited
to produce a report on their work and prepare a short (7
min) presentation to peers and the lecturing team, followed
by a brief question and answer session.

3. Student learning experiences and feedback

The student learning experience and success in meeting the
goals of the module were assessed through

o reflective surveys
e module feedback

e student material presented as part of the wicked prob-
lem assignment.

3.1 Reflective survey

In 2012-2013 the survey was carried out after the mod-
ule’s completion. Of 125 students taking the module during
2012-2013, 73 responded, representing a 58% response
rate (Table 1; 13a). Part 1 of the survey sought to ascer-
tain to what extent students embraced ideas presented in
the module. To do this, students were asked which of two
statements they most closely agreed with from each of
seven statement pairs. The first of each pair represents a
viewpoint that aligns with the dominant societal paradigm
(seeking reduction, separation and control), which has
characterised modern engineering (Herkert and Banks,
2012; Riley, 2008). The latter statement more closely
aligns with what has been called a paradigm of complexity
(Morin, 2008), and embraces inherent uncertainty, context
and a broader macro-ethical framework (i.e. a focus on the
broader context, e.g. the social, economic and political
structures that engineering operates within, as well as val-
ues held by/across the profession) (Byrne, 2012a; Herkert,
2005) as permeates this part of the module. In 2012-2013
students were also asked to reflect and indicate whether (in
their opinions, retrospectively) the statement they support-
ed represents a change from the view they held before they
took the module. Of the 73 respondents, 53 indicated
whether or not the module helped precipitate a change in
their outlook (Table 1, 13b), with the remainder not indicat-
ing either way. In 2013-2014 students were surveyed on

two separate occasions: just before the commencement of
the module (Table 1; 14b) and upon its completion (14a). A
total of 78 students responded to the first survey out of a
cohort of 114 (a 68% response rate), while 70 responded
to the latter (61%). Any deviations from the above sum
totals resulted from incomplete filling in of the forms.

Results of part 1 of the survey are presented in Table 1. A
striking aspect of the results is the strong support for the
second statement across each of the pairs of statements
after the completion of the module (columns 13a, 14a).
Another striking aspect is the degree to which students of
the module over respective years came to very similar ag-
gregated conclusions. In particular there was very strong
support for the contention that different possible legitimate
truths can exist within different frameworks, that values are
inherent in engineering practice, and that engineers should
be committed to social good. Intellectually at least, it would
appear there is strong support among students of the mod-
ule for the conception of engineering presented and a
strong sense of social responsibility prevalent among first-
year engineers. The module itself appears to have helped
reinforce this significantly — as might be expected, given
the tendency for intrinsic (greater than self) values, to be
strengthened by exposure to them, and for the opposite to
occur when extrinsic (selfish) values are portrayed (Bur-
goyne and Lea, 2006; Maio et al., 2009).

This is in fact strongest for the pair of statements which
generated most division. Initially, a good majority of stu-
dents each year would have at first agreed that efficiency
was ‘the key feature to good engineering’, although this
flipped around, particularly among the 2013-2014 cohort,
who having taken the module were willing to adopt the
more nuanced view which holds that while efficiency is im-
portant for engineering practice, a singular emphasis on
this particular ratio means that system resilience and re-
dundancy is reduced, while tight coupling and risk increases
(i.e. essentially a singular focus on efficiency is potentially
catastrophic as it reduces redundancy and resilience, hence
curtailing system sustainability (Leach et al., 2010;
Ulanowicz, 2009)). There were also large shifts in students’
perceptions of risk, regarding it more as a social phenome-
non (as opposed to an objectively quantifiable entity), and
also on the basis for technological innovation, as well as on
‘truth’ as a function of framing and on public opinion being
primarily based on inherent values rather than scientific
ignorance. Taken together, these perceptions appear to
indicate that students generally show a very positive dispo-
sition towards the ideas associated with the ‘new engineer’
whereby context, contingency and uncertainty are em-
braced. This resonates with a complexity/contingent-based
conception of sustainability (Ulanowicz et al., 2009), as
opposed to a linear reductionist conception that more often
pertains. While the latter envisages progress as a linear
march towards some unique optimisation point through
ever greater systemic order, control and efficiency, the
former would conceive of progress as an emergent process
emanating from a necessary contingent- and context-
dependent dialectic balance between, on the one hand or-
der and control, and on the other hand freedom, creativity
and autonomy. This is essentially a worldview that envisag-
es sustainability itself as

a discursively constructed concept without any stable
definition and interpretation ... a heterogeneous and
contested set of perspectives that are continually de-
fined and redefined through social, cultural, and political
practices. A central implication of this perspective is that
sustainability cannot be viewed as a finite goal or desti-
nation we can work towards as a global community. Like
the pot of gold at the end of the rainbow, sustainability
is more of a moving target never quite to be reached.
Using a navigational metaphor thus captures the con-
cept more comfortably: sustainability discourses help us
steer in a sea of future challenges and navigate around
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Table 1. PE1006 reflective survey results (2012-2013 and 2013-2014)

13b 13a 14b 14a
Because engineers like to gather the facts from which the truth can be logically 17 6 43 4
determined, they are best positioned to solve many problems.
The "truth’ cannot be achieved through facts and logic alone; in fact, there are many 36 67 35 66
possible legitimate truths within given frameworks — for example, different
disciplines hold different perspectives and hence different truths.
13b 13a 14b 14a
Engineering is largely (or exclusively) a value-free endeavour. 14 6 14 2
Values are inherent in all engineering practice. 43 67 64 68
13b 13a 14b 14a
39 27 43 10

Improving efficiency is the key feature of good engineering — continually increasing both

technological efficiency and human productivity towards system optimisation.
While efficiency is important for engineering, a sole focus on improving efficiency 14 46 30 59
represents poor engineering practice, as it reduces system resilience and redundancy

while increasing tight coupling and risk

13b 13a 14b 14a
Basic scientific research is required as a precursor to technological innovation.* (*e.g. 38 20 30 18
as practised by engineers)
Technological innovation* is often largely experiential and pragmatic and emanates from 25 >3 48 52
ideas and creativity. Basic scientific knowledge, while potentially useful to this process is
not necessarily a prerequisite (*e.g. as practised by engineers).

13b 13a 14b 14a
Engineers should be considered value-neutral ‘guns for hire’ or ‘paid hands’. 15 8 17 2
Engineers should be committed to social good, thus bestowing privilege in some ways, 38 65 61 68
while also conferring a level of responsibility for their work and its consequences.

13b 13a 14b 14a
Risk can be represented by objectively quantifying the likelihood of an incident 34 21 53 14
occurring.
Risk is a social phenomenon and is culturally constructed; the likelihood of an 18 51 25 55
incident occurring is inherently subjective and thus in turn influences both the
approach taken towards a risk and the risk level.

13b 13a 14b 14a
When the general public oppose engineering projects, it is often due to scientific or 23 22 26 22
technical ignorance. It is therefore a key role of the engineer as experts to better
inform the public; we need to improve our communications.

29 50 51 48

When the general public oppose engineering projects, it is often not due to inherent

scientific or technical ignorance, but because the project conflicts with inherent values, for
example around ideas of wellbeing, community, acceptable risk. This requires a broader

more participatory conception of engineering (the ‘new’ engineer).

the rocky patches of undesirable solutions. (Petersen,
2013)

This approach is actually undertaken by many professional
engineering practitioners who grapple with sustainability in
the field, where by necessity ‘more conflicted and complex’
learning occurs amid ‘contradictions and conflicts’, as engi-
neers
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engage fellow stakeholders in the effort to give shape to
sustainability in practice. The challenges involved reach
beyond the technical to intrinsically human dimensions
of sustainability that, in practice, become questions
about issues such as organizing stakeholder involve-
ment, managing knowledge and negotiating commit-
ments on action. (Laws and Loeber, 2011)
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They also reject as inadequate the traditionally dominant
approach to engineering education which seeks to strip
away context. As Buch and Bucciarelli (2013) proclaim

the system is deficient. It is deficient because it ignores
context - the context of practice, the context of use, the
context of the individual psyche and the context that
our culture provides - barely acknowledged in the
teaching of engineering. We rarely explore or show how
social and political interests contribute in important
ways to the forms of technologies we produce.

A couple of points are pertinent in considering student re-
sponses. The module has no end-of-term exams (only con-
tinuous assessment exercises) and questionnaires were
administered anonymously. Therefore, there was no com-
pulsion on students to be coerced into new or different
ways of thinking or to provide answers that they might
think would impress the lecturer. On the other hand, the
reality of the power structure inherent in the system,
whereby the lecturer may be viewed as a sort of fount of
definitive knowledge is unavoidable. Even if/when other
lecturers propose other potentially antagonising versions of
‘definitive knowledge’, this may be worn lightly by students
as they can pragmatically flip-flop between different con-
ceptions of reality, particularly given the structure of their
programme is generally reductionist in the sense that it
comprises a number of separate modules which combine to
produce the degree, and apart from perhaps final-year cap-
stone design or research projects, neither promotes nor
requires an integrative approach to learning and teaching.
One interpretation of this therefore might be that students,
by virtue of the fact that they appear to be adept at accept-
ing and wearing quite lightly whatever cluster of values are
presented to them, may actually be less disposed to critical
or independent thinking than they claim (see Section 3.2).

The second part of the survey was designed to see how
students understood what had been covered in the module
and see how their conception of the role of an engineer
might now be, having just completed the module. It asked
the following pair of open-ended questions (followed by a
selection of responses).

Question 1. What is the single most relevant thing you have
learned as part of this part of the module PE1006?

e That ethics and values are an inherent part of engineer-
ing and cannot be ignored. The concept of the ‘new en-
gineer’.

e Values are essential in the lives of engineers. Choices
that engineers make cannot be based on scientific
knowledge alone but also based on social, ethical and
economic values.

e Engineering isn’t just about thinking in a linear, mathe-
matical way about problems. It must take social (and
other) aspects into consideration.

e I have learned to look at problems in many different
ways (i.e. there are very few problems with one specific
solution. Each solution has problems within.)

e How risk can be thought of as a social phenomenon and
how a perceived risk can affect people’s actions.

e A wider range of thinking and consideration when seek-
ing solutions to problems. There is no perfect solution to
most engineering obstacles.

Question 2. What is the role of the engineer?

e Help solve problems in society by innovative solutions,
while taking into consideration society and likely reac-
tions to such a solution.

e To utilise the resources available to man for the better-
ment of mankind.

e To provide a clear and logical solution to a posed prob-
lem.

e The role of the engineer is to use the forces of nature to
better human life.

e Apply technical knowledge to solve social problems.
While engineers work largely in a technical context,
there is also a social responsibility.

e To improve quality of life through science and technolo-
gy, to innovate to find answers to modern-day problems
and to bring solutions to life.

The responses to question 1 suggest that students took on
board and saw as relevant many of the concepts covered as
part of the module on issues around context, values, ethics,
risk and the relationship between social and technical as-
pects of engineering. Question 2 on the role of the engineer
elicited a more mixed response, however. Students ap-
peared to struggle with incorporating the concepts they
expressed in the previous question and in the earlier part of
the survey into their conception of the role of the engineer.
The responses shown above, which are representative of
those presented, reverts to a conception of engineering that
either mirrors the traditional self-perception of the engineer
(deterministically controlling by way of technological solu-
tions) or presents some muddled synthesis of the above
alongside the ethos presented through the module. Thus,
we get an engineer who is obliged to coerce all (sorts of)
problems into a framework which will allow these to be he-
roically ‘solved’ using a toolbox that contains only techno-
logical tools: ‘apply technical knowledge to solve social
problems’. An hubristic notion that engineers can single-
handedly solve problems - even ‘social’ ones - and do this
through science and technology appears to be prevalent.
Moreover echoes of the modern Cartesian philosophy (‘It is
possible to reach a kind of knowledge which will be of the
utmost use to men and thereby make ourselves the lords
and possessors of nature’ (Descartes, 1638)) abound: ‘uti-
lise the resources available to man for the betterment of
mankind’; ‘use the forces of nature to better human life’.
Only the first response, which presents the role of the engi-
neer in a broader, and more tentative and contingent light,
appears to begin to grasp the import of the ‘new engineer’.
There thus appears to be a discontinuity of sorts; while
formative engineers are prepared intellectually to accept a
new and broader conception of engineering, they struggle
to apply this meaningfully in terms of how this might affect
the role of the engineer and in the practical application of
engineering.

3.2 Module feedback

Feedback on the principal author’s section of the module
was garnered both electronically through UCC’s Quality
Promotion Unit (QPU) (2012-2013) and by hard copy, by
way of the lecturer (2013-2014) following module comple-
tion. This survey elicited response rates of 48% (60/125)
(2012-2013) and 61% (70/114) (2013-2014). While ques-
tions on the respective surveys differed, each survey had at
least one question that related to how this part of the mod-
ule stimulated students’ own perceived critical thinking and
deeper learning/understanding (Table 2). Between three-
quarters and fivesixths of respondents agreed that the
module precipitated enhanced stimulation of their thinking
to an ‘above average’ extent or better; this result aligns
with the relatively high proportion of students who claimed
to have changed their perspectives by way of the module.

3.3 Practical implementation by way of a wicked
problem assignment

The wicked problem assignment afforded students the op-
portunity to demonstrate the extent to which they could
incorporate, in a practical way, many of the aspects cov-
ered in the module, and to which they generally claimed to
ascribe. However, this proved to be a difficult exercise. One
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Table 2. Post-module survey results on PE1006 (E. Byrne's section)

Excellent Above average Average Below average
2012-2013 cohort (n=125)
The stimulation to my thinking provided by this lecturer is: 21 (35%) 23 (39%) 11 (18%) 5 (8%)
2013-2014 cohort (n=114)
To what extent did this part of the module:
...help you develop new and deeper understandings you'd 25 (35%) 33 (48%) 12 (17%) 0(0%)
previously overlooked or help broaden your perspectives?
...help make you think more critically? 23 (34%) 34 (49%) 12 (17%) 0 (0%)

student alluded to this on the QPU survey when they com-
mented: ‘Very interesting, but also complex. It is just diffi-
cult to figure out how to EXACTLY start approaching wicked
problems, but the principles and methods were made clear
enough.” The student presentations appeared to reflect
this,as students struggled to integrate the concepts they
claimed to uphold in addressing reallife wicked problems.
This resulted in a general lack of coherence and contradic-
tory proposals, while in most cases groups ultimately pro-
posed traditional reductionist ‘solutions’ to their respective
problems, typically characterised by a singular drive to-
wards ever greater efficiency. For example, one group in
2012-2013 looked at the problem of traffic and proposed
that it could be solved by bigger, straighter and ‘better’
designed roads through signage, road markings, surface
quality, flyovers and so on. At the same time, they recog-
nised in their presentation that this approach does not look
at ‘the bigger picture’ and may ultimately lead to increased
traffic volumes. However, they offered no further or alter-
native proposals or insights. These findings are consistent
with observations of Petersen (2013) in the context of de-
veloping a complexity informed ‘contested discourses’ view
of sustainability, who suggests that

from this perspective it is no surprise that engineers
have been struggling to deal with issues of sustainabil-
ity. The traditional engineering approaches of setting up
finite sets of goals or measures in order to develop tan-
gible technologies to meet these goals are bound to fall
short. Finite goals have no value when the desired des-
tination is constantly changing - they will only result in
redundant technological fixes without any significantly
positive impact.

To try to address this issue, the 2013-2014 module itera-
tion incorporated the aforementioned 2012-2103 student
traffic presentation as a case study, whereby students were
invited themselves to critique it and, in doing so, to reflect
on how broader contextualised approaches might be ap-
plied. This was aimed at precipitating greater student re-
flections on the social complexities of traffic and attendant
problem framings, such as by considering, for example,
urban and suburban planning, the status of pedestrians,
cyclist and public transport as well as other broader issues
such as health and well-being, obesity, energy and fuel
consumption. They were also asked to consider what are
the ethical issues around their selected wicked problems as
part of the assignment and hence to facilitate reflection
more generally on ‘what the social and ethical commit-
ments of engineering are and ought to be’ (Herkert and
Banks, 2012).

While this may have improved students’ engagement with
the material, the 2013-2014 group presentations still suf-
fered from a largely linear reductionist mindset where stu-
dents still sought a unique optimisation. Moreover, and de-
spite the formal imposition of a contrarian ‘yes, but...” group
member, most of the ultimate reports and presentations
appeared to converge around some agreed group position.
A lowest common denominator effect still seemed to be
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occurring, with little of the hoped-for creative tension or
vision in evidence. This is problematic, in particular if one
accepts that in relation to sustainability ‘the power of the
concept does not reside within such a shared understand-
ing, but rather across the discursive field surrounding it’
(Petersen, 2013). In response to this, the present authors
suggest a greater emphasis might be placed on problem
framing during future iterations, since this is a process
which both opens up and closes down response possibilities
(Leach et al., 2010).

Ideally, this would involve incorporating other disciplinary
object world perspectives, such as for example, through
engineers working with groups of social scientists to facili-
tate authentic trans-disciplinary creative tensions from
which might emerge multi-scale, multi-faceted and/or mul-
tiple problem conceptions with resultant possible (albeit
contingent and pragmatic) interventions. While this is not
easily facilitated with a large group of first-year engineers,
the authors have in fact initiated such collaborations at an-
other level through bringing together students of respective
third-year engineering and sociology modules around a
common meta-theme of sustainability.

4. Reflection

Contemporary theories of learning support the idea that
learning represents a personal journey whereby learners
can be helped to continuously (re)construct their emergent
conceptions of reality (Osberg and Biesta, 2007). In this
context, engineers can be exposed to opportunities to ex-
plicitly (re)envisage their roles and responsibilities, includ-
ing some of the dominant ‘truths’ that underlie engineering
practice and contemporary society. However, even though
people may intellectually accept certain values, paradigms
or worldviews, this does not necessarily imply they will
change their behaviour instantaneously, or even at all.
There may be other conflicting values that are stronger
and/or structural barriers to change in a wholly intercon-
nected society (Hannan and Freeman, 1984). Peer pres-
sure, groupthink and the desire to fit in too are extremely
powerful human drivers. But to paraphrase the oft-quoted
economist Rudiger Dornbusch, change, just like ‘crisis takes
a much longer time coming than you think, and then it
happens much faster than you would have thought’
(Dornbusch, 1995).

The experience with this module is that while students are
willing to explicitly accept a worldview which recognises
indeterminacy and complexity, and while they claim to rec-
ognise the professional importance of understanding con-
cepts such as context, uncertainty, complexity and ethical
sensitivity (Byrne, 2012b), they nevertheless struggle to
implement this in practice, as they operate within a
world(view) which consistently and determinedly tells them
otherwise. Students clearly struggled to ‘join the dots’ when
faced with the key but difficult task of practical implemen-
tation. This is perhaps unsurprising as, when faced with a
challenge of implementation in any learning process, it is
easier to revert to type (i.e. previously held, more deeply
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embedded constructs of reality) on being presented with a
new and significant challenge. Moreover behavioural change
in response to changes in people’s environmental circum-
stances is typically non-linear, often following a non-linear
‘zigzag course’ (Hernes, 2012).

5. Conclusion

A new kind of engineer is required if engineering is to be
fit-for-purpose to address twenty-first century sustainabil-
ity-related challenges. Such an engineer challenges current
paradigmatic reductionist thinking (Ehrenfeld, 2008;
Ulanowicz, 2009) and requires a broader, more contingent
view of professional engineering roles and responsibilities
while taking a broader (context and complexity informed)
view that embraces the transdisciplinary approach neces-
sary to address emergent ‘grand challenges’ pertaining to
issues around sustainability which straddle multiple inter-
connected (environmental, social, economic) domains (Reid
et al., 2010). The self-perception of such an engineer goes
well beyond one whose only tool in their toolbox is technol-
ogy and whose default approach is to seek increased con-
trol through enhanced efficiency and productivity. Commu-
nications and transportation system design, for example,
need to utilise technology efficiently, but a one-dimensional
engineer who cannot relate to the social implications is one
who merely serves to contribute to deeper and more wide-
spread ‘unintended’ consequential problems associated with
and driven by emergent technologies. A key intervention
point in the precipitation of a broader fit-for-purpose pro-
fession is through its formative professional education. Un-
dergraduate engineers require exposure to contemporary
knowledge and research around the nature of complexity,
uncertainty and ethics to provide them with the opportuni-
ties to be equipped with the necessary tools to embrace
and facilitate meaningful societal transformation, and to be
equipped to do so in concert with other disciplines and ex-
tended peer groups. This work has examined a module
which has sought to help develop such an approach, re-
flected on some challenges that arose, and has proposed
some suggestions that can assist in meeting these chal-
lenges.
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Introducing sustainable development with a
mathematical model
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The role of the professional engineer has shifted over time
from the application of narrowly defined technical expertise
to a more holistic contribution to the betterment of society.
However, as the profession has sought to develop these
‘habits of mind’ in engineering students, it has become ap-
parent that both students and faculty find it difficult to
transition from traditional technical subjects to the often
nebulous realm of sustainability. This paper introduces a
simple mathematical model based on a Cobb-Douglas pro-
duction function to show how key principles of sustainable
development can be introduced to students in a familiar
setting. Examples are provided of how the model might be
incorporated into an overall sustainability curriculum, em-
phasising the model’s role not as a predictive calculating
tool but as a conceptual framework through which sustain-
ability can be explored and better understood.

Notation

constant
level of development
environmental capital
environment
fossil fuel energy resources
land area
unknown function
NI human needs
environmental impact
economic capital
population
social capital
sustainable development at time t
level of technology
maximum time
time
vector of factors that affect development
a, B, y model-fit parameters
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1. Introduction

In a survey of the history of civil engineering, Jowitt (2004)
remarked upon the discipline’s transition from one that
thrived on local problems tackled with ‘technical rationality’
to one that is increasingly asked to deal with systemic
‘wicked’ problems. These large-scale multi-disciplinary chal-
lenges, like climate change or urbanisation, defy narrow
technical solutions and consequently require engineers ‘to
be more fully aware of the economic, social and environ-
mental dimensions of their activities and more skilled
inmeeting their objectives’ (Jowitt, 2004: p. 87). Jowitt
emphasised the need to reform engineering education so
that the concept of sustainable development was integrated
into mainstream training in order to develop ‘an appropriate
habit of mind, attitudes, systems, skills and domains of
knowledge to enable the engineers of the future to better
contribute to society’. These recommendations, arising from
an Institution of Civil Engineers task group, have since been
widely adopted by the engineering profession, both in the
UK and overseas (e.g. Engineering Council, 2013; JBM,
2013; RAE, 2005).

However, it remains an open question how best to translate
these ambitions into practice. The Joint Board of Modera-
tors (JBM), responsible for accrediting engineering educa-
tion in the UK, has provided a number of recommendations
in this regard, for example, asking that an explicit sustaina-
bility thread run through degree programmes with an in-
creased focus on related coursework and the economic and
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social aspects of sustainability (JBM, 2011). Furthermore,
the JBM and Royal Academy of Engineering (RAE) have
initiated an exercise to produce guidance for lecturers on
embedding sustainability in undergraduate engineering
courses. This has led to a brief report that outlines nine
core principles that lecturers can incorporate into their own
teaching, along with examples of best practice (Broadbent,
2012). Alongside these changes in the undergraduate cur-
riculum, a number of universities also offer specialised sus-
tainable development programmes for engineers, particu-
larly at post-graduate level (Fenner et al., 2005; Fisk and
Ahearn, 2006; Kamp, 2006; Perdan et al., 2000).

Arguably the biggest challenge for those seeking to teach
engineers about sustainable development is to persuade
both students and faculty that it belongs alongside more
traditional curriculum. As Jowitt (2004: p. 79) says, ‘Engi-
neers are not comfortable — and rightly so — with the idea
of a profession which eschews rigour’. Having been trained
in this way, how are engineers supposed to respond when
presented with ‘sustainable development’, a concept that -
with apologies to the Brundtland commission - is widely
critiqued for lacking a clear definition (Hopwood et al.,
2005)? A worldwide survey of engineering students indeed
confirms that they have difficulty making links between
general sustainability theory and the detail of engineering
practice (Azapagic et al., 2005). Even textbooks that em-
phasise the softer sides of sustainability seem to struggle
with clearly communicating the practice of sustainable de-
velopment (Fisk, 2011) and those with an engineering focus
rely primarily on text-based narratives to develop key con-
cepts, which are arguably off-putting for those more at
home with equations (Allenby, 2011).

This paper therefore explores one potential strategy to ease
the transition from core engineering disciplines to the
messy world of sustainable development: the use of a sim-
ple mathematical model that captures core concepts. While
engineers may tend to think of mathematical models as
codifications of immutable natural laws, other disciplines -
in particular, economics - use mathematical models exten-
sively as conceptual models, as ways of thinking about
problems that are significantly messier than a neat equa-
tion might initially suggest. As a starting point, it is as-
sumed that the students of interest here are upper year
undergraduates or graduate students; that is, engineers
with a good grounding in the basic technical subjects of the
discipline and beginning to encounter sustainability either
through dedicated taught modules, problem-based learning
or their own reading and experience.

2. The pedagogical value of mathematical models

An important feature of an undergraduate engineering de-
gree is an increased maturity and confidence with mathe-
matical modelling. Whereas a final year school student
might be expected to memorise an equation like F5ma,
undergraduates are gradually taught to derive such models
from first principles, experimental data and a growing body
of experience. For example, this might mean writing and
solving the balance of forces in a static structure, where the
geometry of the particular system will vary from problem to
problem. However, the theory underlying such models is
still presented essentially as a fact to be memorised: it is
only much later in post-graduate education that a student
is expected to derive equations based on new theoretical
understandings of a physical system.

While this serves the ‘technical rationality’ of basic engi-
neering practice well, it does stand in stark contrast to the
mathematical models used in other disciplines, notably eco-
nomics. As Gilboa et al. (2011) note, economic models are
often highly stylized representations of a system that draw
heavily on theoretical innovation. In other words, the heavy
lifting of economic models is not in the mathematics per se
but in the framing of the problem, formalised by mathemat-
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ical equations (see Arrow et al. (2011) for a selection of
such models). This tradition has of course led to substantial
critiques of economic models - that they yield poor predic-
tions, that they are just as likely to reflect the modeller’s
political and other interests rather than any ‘objective’ de-
scription of the problem, that they adopt assumptions that
have been empirically shown to be false. However, Gilboa
et al. argue that this is largely a misunderstanding, that
good economists recognise these limitations but use math-
ematical models in a perfectly valid manner as

‘theoretical cases’, which help understand economic
problems by drawing analogies between the model and
the problem... economic models, empirical data, experi-
mental results and other sources of knowledge are all
on equal footing, that is, they all provide cases to which
a given problem can be compared (Gilboa et al., 2011:
p. 1).

This kind of mathematical modelling is not uncommon in
the wider sustainability literature. Consider the IPAT
framework, which decomposes environmental impact I into
the product of three drivers: population P, affluence A and
level of technology T (Commoner, 1972; Ehrlich and
Holdren, 1972). The Kaya identity is a similar well-known
expression for decomposing global carbon dioxide emis-
sions into the product of population, affluence, energy in-
tensity and carbon intensity.

These particular equations are restricted to environmental
impacts and therefore they lack generality when dealing
with sustainable development overall. In contrast, Phillips
(2009) offers a more elaborate model of sustainability
grounded in earth systems science

L. S(t) = E(t) - Hu(t)

where S(t) is sustainable development at time t, E is the
environment and HNI represents human needs. Each term
of the model is duly expanded and differential equations are
used to examine the dynamic relationships between human
society and the environment. The model offers insight on
potential sustainable ‘operating’ strategies for the global
environment and was applied in a detailed analysis of Ban-
galore metro system. However, the model is strongly linked
with the notion of environmental carrying capacity, and
does not include social or economic influences.

3. The model

The above literature suggests that a simple mathematical
model could be a valuable tool for providing a theoretical
understanding of sustainable development using a rigorous
language familiar to undergraduate engineers. The model
that follows therefore emphasises pedagogy over calcula-
tion and, to that end, three specific sustainable develop-
ment concepts are prioritised

e the question of what development is and how it can be
measured

e the three capitals (i.e. social, economic and environ-
mental) and their role in development

e choosing system boundaries and the role of innovation,
as illustrated by efficient resource use.
3.1 What is development?

We start with a basic equation and a question. The equation
is

2. D =f (X)

in which D is development and X is a vector of factors that
affect development through some unknown function f(.).
The question is simple: what is development? This can be
used to stimulate a discussion that, in the author’s teaching
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experience, tends to elicit widely differing views about what
should be prioritised. For example, those from a developed
country background may emphasise the importance of en-
vironmental protection, whereas those from a developing
country often stress the need for basic human and econom-
ic development. This approach introduces two of the nine
principles of sustainable development described by Broad-
bent (2012): an emphasis on learning from other stake-
holders and understanding different perspectives. The con-
versation can also be steered to engage with the eighth
principle ‘Emphasise a commitment to professional values’,
as students can be presented with alternative definitions of
the engineering profession and asked to decide how their
definitions of development fit with that professional duty.

A related question prompted by the mathematical formula-
tion is how to measure development. This can stimulate a
review of existing development metrics, such as the United
Nations’ human development index or the Stiglitz report on
the efficacy of gross domestic product (GDP) as a measure
of social progress (Stiglitz et al., 2009). Related indicator
techniques, such as multicriteria decision analysis, can also
be introduced at this point.

Note that we have not yet said anything about sustainable
development. However, with the further assumption that D
is a function of time, we can write a simple zero-order dif-
ferential equation to define sustainable development, which
of course is reminiscent of the Brundtland definition

3. (dD/dt) = 0

Hopefully by now the brighter students in the class should
be asking whether D is a per capita quantity or an aggre-
gate measure. This is an excellent opportunity to reflect on
classical sustainability concepts such as inter-generational
(or even inter-species) equity (Haughton, 1999) since we
should be interested in neither the total nor the mean level
of development, but its distribution. For simplicity, the
model adopts the assumption that D is an aggregate met-
ric, although exercises can be introduced to illustrate how
the properties of a distributed variable might be summa-
rised (e.g. calculating the Gini coefficient).

3.2 The three capitals

With the left-hand side of Equation 2 sorted out, the next
question is the mystery function f. The goal here is to
choose a functional form that is both plausible and instruc-
tive. To this end, the Cobb-Douglas production function is
an ideal solution, such that

4. D = a.S°.KF.EY

where a is a constant (Equation 4 could be written as a
proportional statement omitting this constant to avoid con-
fusion), a, B and y are model-fit parameters (ignored at
present) and S, K and E represent social, economic and
environmental capital stocks respectively (these can also be
treated as functions of time, like D). This particular formu-
lation satisfies the plausibility criteria as it has been exper-
imentally validated in a range of economic applications and
the simple multiplicative relationship is easy to understand.

The instructive value of the Cobb-Douglas formulation pri-
marily comes by allowing one to explicitly highlight the po-
tential roles of social, economic and environmental capital
in delivering development. For example, one can introduce
general notions of a capital stock as a pool of resource from
which flows can be added or subtracted, flows that facilitate
desired outcomes. Starting with a simple one-capital stock
model for example, one could again differentiate with re-
spect to time to see how satisfying the sustainable devel-
opment condition (Equation 3) requires increasing or main-
taining the level of these capital stocks. Furthermore, by
introducing multiple forms of capital, one can begin to dis-
cuss the complex trade-offs and substitution effects that
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exist between capital stocks. For example, one can explore
notions of ‘strong’ against ‘weak’ sustainability (Neumayer,
2003). These trade-offs encourage students to assess their
own values and beliefs about what is truly important and
worth sustaining and, if illustrated with practical examples
(e.g. contrasting the UK and Norwegian allocation of North
Sea oil revenues), enable students to practice Broadbent’s
seventh principle ‘Apply judgement to real problems.’

3.3 System boundaries and innovation

Sustainable development is largely about taking a systems
view of an engineering problem and trying to anticipate
how an initially attractive technical solution might be un-
dermined by liabilities displaced beyond the original tem-
poral or spatial boundaries of the analysis. Using the model,
this can be illustrated with the example of resource deple-
tion.

Using a simplified version of Equation 4, we could write that
development depends solely on the consumption of an en-
vironmental capital stock DE, rather than the total stock E

5. D = a.D.EY

E might therefore represent fossil fuel energy resources or
land area. If we assume that there exists some finite
amount of this resource E, available at time t=0, then the
following constraint can be written

Trnax
6. J AE(t) dt < Eo
t=0

Students can be prompted to ask about what is an appro-
priate choice for the system boundary, in this case the
maximum time Tmax. Historical examples can help to illus-
trate the consequences of such constraints, such as the
way in which the depletion of England’s forests in the sev-
enteenth century led to a spatial expansion of the system
boundary through increased timber trade with the Baltic
region and the Americas, and the substitution of charcoal
by newly discovered fossil fuel reserves. The role of engi-
neers can be developed further by exploring how they
might intervene in this stylised system to ensure continued
performance for t.Tmax. With a few additional manipula-
tions, the importance of continual innovation can be high-
lighted. This is often one of the most difficult things for stu-
dents to appreciate, although recent examples like the
shale gas revolution in the USA help to illustrate the point
that, while resource depletion often looks inevitable under
current circumstances. The real question is whether rates of
innovation and the flexibility of system boundaries will be
sufficient to avoid these constraints. Similar points are
made with a simple mathematical model by Bettencourt et
al. (2007) and in Tainter’s well-known studies of collapse in
complex civilisations (Tainter, 1988).

4. Applying the model in curriculum design

To reiterate, the goal of this model is not perfect represen-
tational accuracy, but to provide a framework that uses
rigorous methods familiar to engineering students as a way
of gradually introducing sustainable development. Clearly,
at some point, trying to shoehorn additional concepts into
this model will become unwieldy and so this section pro-
vides a number of curriculum design recommendations for
its effective use within a broader course of study.

4.1 Learning objectives

Learning objectives are statements of what a student is
expected to have accomplished or what skills they should
have acquired following a learning programme. It is sug-
gested that the model should be introduced as part of the
learning objectives, explicitly noting its value as a concep-
tual framework for thinking about sustainability. For exam-
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ple, an overall module objective might be ‘At the end of this
module, students should be able to apply a simple mathe-
matical model of development to critically assess the sus-
tainability of an engineering project’. Equally for a single
lesson, ‘At the end of this lecture, students should be able
to explain the concept of the ‘three capitals’ in words and
mathematically’.

These objectives should, of course, align with the overall
aims of the module, which are likely to remain high-level,
as in the Engineering Council’'s guidance that chartered
engineers should ‘undertake engineering work in a way that
contributes to sustainable development’ (Engineering Coun-
cil, 2013).

4.2 Syllabus and recommended reading

The JBM (2013) provides a number of specific recommen-
dations for the syllabus of the sustainability components of
engineering degree programmes, including specific topics
such as energy, waste and water management, life-cycle
assessment methods, carbon accounting and options as-
sessment. As illustrated above, the model provides a
framework through which many of these concepts and
methods can be introduced. Perhaps the most significant
change to the syllabus of a sustainability programme that is
suggested by the model is a greater emphasis on econom-
ics, in particular notions of substitution and innovation.
There is a wide literature available from which examples
can be drawn, including William Nordhaus’s work on re-
source economics and critiques of the limits to growth
model (Nordhaus, 1973, 1992) and Eric Neumayer’s work
on indicators of sustainable development (Neumayer, 2003;
Neumayer et al., 2005). Encouraging students to investi-
gate this literature explicitly addresses two of the principles
of Broadbent (2012): to take learners out of their comfort
zones and to learn from other disciplines.

4.3 Learning and teaching methods

Use of the model is compatible with traditional engineering
learning and teaching methods such as lecturing, tutorials
and self-study problem sheets. To aid the transition from
traditional analysis to sustainability analysis, one might
therefore design a series of tutorials in which the learner
starts out performing fairly standard manipulations of the
model (e.g. fitting it to data, making simple predictions of
future behaviour with a given functional form, etc.) and
then complications are gradually introduced (e.g. using the
model to perform a calculation based on a case study that
is then contradicted by some real-life factors not in the
model). Ultimately, the students should engage in problem-
based learning, applying the model as they see fit to under-
stand the problem and assess potential solutions.

4.4 Assessment

Assessment should reflect the learning objectives and
therefore it is suggested that examinations or other as-
sessed work should focus more on use of the model as a
conceptual model rather than evaluating mathematical skill.
In the sample learning objective provided earlier, it was
suggested that students use the model to ‘critically assess’
a project’s sustainability. This is a very open-ended ques-
tion and gives the student a chance to draw in complemen-
tary material they have explored elsewhere in the curricu-
lum.

5. Conclusion

Engineering students at both undergraduate and post-
graduate level are increasingly asked to learn about sus-
tainable development, both as a guiding principle for pro-
fessional practice and as an umbrella term for a set of spe-
cific analytical tools such as life-cycle assessment. Howev-
er, as the profession has sought to introduce these chang-
es, it has become apparent that one of the greatest chal-
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lenges is to introduce students trained in rigorous technical
disciplines to the rather subjective notion of sustainability.

This paper has sought to overcome this problem by drawing
on the use of mathematical models in economics, where
such models are used primarily as theoretical tools to build
understanding of complex problems. Using a standard
Cobb-Douglas production function and basic calculus, it
was demonstrated that a number of core sustainable devel-
opment principles such as the goal of development, three
capitals analysis and system boundaries can be explored.
Recommendations were also provided for how the model
can be incorporated into different stages of a curriculum to
ease the tradition from ‘hard’ engineering to the ‘softer’
science of sustainability.
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Electro-Kinetic Geosynthetics (EKG) and Elec-
tro-Osmosis Theory

Yan-feng Zhuang, School of Civil Engineering, Wuhan
University

Introduction

Increasing environmental concerns as well as land demands
has led to a growth of reclamation. Hydraulic filling has
become an important method for land reclamation. For the-
se hydraulic-filled areas, surcharging and vacuum preload-
ing are currently major methods for consolidation. Usage of
PVD in China tops up 30 billion RMB (~5 billion USD) per
year. However, methods of surcharging and vacuum have
similar limitations when it comes to sludge. It takes long
time for consolidation to complete and effect of treatment
for deep soft ground is poor.

Electro-osmotic consolidation can be an alternative method
which can provide quicker and better effect of consolidation
for soft ground with high water content and low hydraulic
permeability. Electro-osmosis is a kind of electrokinetic
phenomenon that moisture in the soil migrates from anode
to cathode under DC field. This phenomenon has been dis-
covered for over 200 years (Reuss, 1809). People have
seen great potential of its application in geotechnical engi-
neering. However, this technique has been restrained by
corrosion of electrode and deficiency of electro-osmosis
theory. The author’s work is to remove these barriers for
the application of electro-osmosis. There is still lots of in-
spiring work to do in this area and major contributions up
to now are presented in the following.

Novel EKG product

Concept of EKG was presented around 20 years ago by
Prof. C.J.F.P. Jones et al. However, ability of mass produc-
tion of EKG was just recently (Zhuang et al. 2012a). Once
the challenge was to find a suitable electric conductive pol-
ymer as source material for EKG. Analysis shows that the
electric resistivity of EKG should not be higher than 10-3
Q-m (Zhuang 2005; Zhuang et al. 2012b) and it shall have
enough strength and flexibility at the same time. This chal-
lenge has been overcome after numerous times of trials.
Some trial samples are shown in Fig.1~3 and Fig.4 pre-
sents the final patented EKG product (Zhuang et al. 2006;
Zhuang et al. 2012a; Zhuang et al. 2013).

The novel EKG product is like classical PVD in appearance.
It is made from conductive polymer with resistivity of 10-3
Q-m. Two copper wires of ® 1 mm are embedded inside the
polymer for better distribution of electric current and for
convenience of wiring. With the help from geosynthetics
industry, this EKG product can now be massproduced in
China.

Fig.1 EKG sample in 2004

TA NEA THZ EEEEI'M - Ap. 76 — MAPTIOZ 2015

0L T

Fig.2 EKG with conductivity of 10° S/m

Fig.4 EKG product patented in 2012

The EKG product solved the problem of electrode corrosion.
With high conductive and corrosion-proof polymer the en-
ergy consumption of electro-osmotic consolidation is within
10 kwh/m3 only, which is similar to that of vacuum consoli-
dation.

Electro-osmosis theory

Current theory for electro-osmotic consolidation is based on
Esrig’s theory proposed in 1968. This theory is deficient for
design in geotechnical engineering. Firstly, it provides no
information on electric current and power, which are very
important issues for design. Secondly, Esrig’s theory is in-
consistent with some experimental results. For example, it
cannot explain current variation pattern after current in-
termittence or polar reversion.

To improve this deficiency, energy analysis model and elec-
tric charge accumulation theory was developed (Zhuang et
al. 2004; Zhuang et al. 2005a; Zhuang et al. 2005b;
Zhuang et al. 2008; Zhuang et al. 2011 and Zhuang et al.
2012c). These two theories bridge the gap between micro-
mechanism and macro-behavior of electro-osmotic con-
solidation. They describe the pattern of current variation,
which provides a basis for power source selection and cir-
cuit configuration in electro-osmotic consolidation design.
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Dewatering process predicted by these theories provides an
estimation of consolidation effect and time required for the
consolidation to complete.

Automatic DC power source

According to the electro-osmosis theories proposed, electric
field has to be adjusted flexibly both in direction and inten-
sity during electro-osmotic consolidation. For this purpose,
a novel automated electric power source was de-veloped
(see Fig.5). The power source is able to work under con-
stant-current mode and constant-voltage mode. It can be
manually controlled and program controlled. The open pro-
gramming interface allows people to customize their pro-
gram so that to adjust the electric field as they want during
the electro-osmosis process, including switching between
constant-current and constant-voltage mode, polar rever-
sion quickly (once per second for maxima) and alteration of
electric field intensity. A control program based on new
electro-osmosis theories is provided as well (see Fig.6).

Fig.5 Automatic DC power source
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Fig.6 Control panel of program for power source

Field application

A 19 m x 15 m hydraulic-filled area was treated with elec-
tro-osmosis technique using EKG. The area was filled with
5.8 m thick of dredged pool sludge. After 36 days of treat-
ment, including 16 days of intermittence, the average wa-
ter content of dredged sludge was decreased from 62% to
36% and the soft ground was improved from a fluid-like
status to a bearing capacity of 70kPa. The average energy
consumption for this treatment was 5.6kwh/m3. Com-
parison of the soft ground before and after E-treatment is
shown in Fig.7 and Fig.8.

As a comparison, the same consolidation effect achieved by
using the preloading method was analyzed. The soil had a
coefficient of consolidation CV=0.0029cm2/s and a com-
pression index CC=0.3611. In order to achieve the same
effect of consolidation (to reduce water content from 62%
to 36%), there should be 132 kPa of preloading (around

6~7 m high soil surcharge); and it would take 1139 days,
which is more than 3 years, to achieve 90% of consolida-
tion (Zhuang et al. 2014). However, electro-osmotic consol-
idation took only 36 days, including 16 days of intermit-
tence.

el

Fig.8 Soft ground after consolidation

For vacuum consolidation, theoretic limit of bearing capaci-
ty is 1 atm (~100kPa) and practical limit is around 80kPa
considering the vacuum loss. Therefore, practically vacuum
consolidation can achieve bearing capacity of 50~60kPa for
maxima and it would take 3~6 months or even longer for
the vacuum consolidation to complete.

Comparisons above shows that electro-osmotic consolida-
tion is much quicker and can achieve better consolidation
effect.

Potential market of EKG and challenge of large scale
application

The innovation of EKG and development of electro-osmosis
theory are inspiring enthusiasms now in China for re-search
on electro-osmotic consolidation. Land reclamation often
produces tens of thousands square meters of soft ground to
be consolidated. Therefore, potential opportunity for EKG is
huge.

Challenges for large scale application lie in the following
aspects (Zhuang 2015).

1) Electric conductive filter and carbon migration from EKG

In order to provide a channel for dewatering, a filter is nec-
essary for EKG. Ordinary geotextile filter will affect the con-
ductivity of EKG board, so electric conductive geotextile
was developed as a filter for EKG. It is a woven geo-textile
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and made from the same conductive polymer as EKG
board. The deficiency of this filter is that it is too think that
under high lateral earth pressure the hydraulic conductivity
is poor.

Another potential problem is the migration and loss of car-
bon from EKG electrode during electro-osmosis. This phe-
nomenon has been reported by several researchers and it
may affect long term effect of electro-osmotic con-
solidation. However, the author’s latest in-situ experiment
shew that EKG electrode lasts at least 2 months, which is
much longer than other researchers’ report. And 2 months
is pretty acceptable for electro-osmotic consolidation.

2) Voltage loss along depth

Resistivity of EKG electrode is not negligible, so there is
voltage loss along depth. Experiments show that consoli-
dation effect is very good in 1 meter depth; effect is fair
within 5 meters depth. For sludge deeper than 5 meters,
electro-osmotic consolidation is still a challenge. For this
challenge, new catalog of EKG, which is E-tube, is under
developing.

3) Power source

Energy consumption of electro-osmotic consolidation is
within 10kwh/m3, which is similar to that of vacuum
consol-idation. However, electro-osmotic consolidation is
much quicker than vacuum consolidation and this indicates
that energy input should be much quicker. Therefore, we
can expect that electric power required for electro-osmotic
consolidation is much higher. As a comparison, for hydrau-
lic-filled sludge of 5m deep, electric power required for vac-
uum consolidation is around 10 watt/m2 only, while 100
watt/m2 is required for electro-osmotic consolidation.

This situation presents a challenge for design of electric
power source. A DC power source of 80V/2000A for large
scale application is big, heavy and expensive. The weight of
power source topped up 1 ton (See Fig. 9). One pos-sible
solution is to use many small power sources, but number of
power source is huge for large scale application and config-
uration and management of these power sources are still a
problem.

Fig.9 C power source for large scale application
4) Bearing capacity and cost

The cost of electro-osmotic consolidation is much higher
than the cost of consolidation using PVD. The high cost is
mainly due to the price of EKG. The price of EKG is
20RMB/m (~3USD/m), while the price of PVD is 1RMB/m
(0.2USD/m) only. On this price, EKG is difficult to compete
with PVD and electro-osmotic consolidation is suitable for
urgent project under this situation.
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There are two potential ways that EKG can com-pete with
PVD. The first way is to lower the price of EKG and the se-
cond way is to further improve the effect of electro-osmotic
consolidation. For deep hydraulic-filled sludge, secondary
treatment after vacuum or surcharging consolidation is
usually required. Using piles is the most popular way for the
secondary treatment and piles are very expen-sive. If bear-
ing capacity after electro-osmotic consolidation can be im-
proved to over 80kPa, so that the secondary treatment can
be omitted then EKG would be very competitive.

Conclusions

The author’s main contributions in research field of electro-
osmosis are

1) Advance of electro-osmosis theory from both micro and
macro perspectives (electric charge accumulation theoryand
energy analysis model), which provides a basis for design
of electro-osmotic consolidation.

2) A patented novel EKG product that solved the problems
of electrode corrosion and high electric energy con-
sumption at the same time.

3) A specially designed automatic DC power source accord-
ing to the new electro-osmosis theory that can help
toachieve better electro-osmotic consolidation effect.
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ISRM

Online Rock Mechanics Glossary is now on the
ISRM website

Following an initiative of the ISRM Board, supported by the
Chinese National Group, a Glossary with rock mechanics
terminology in different languages has been compiled dur-
ing the past few months and has now been made available
on the ISRM website. This is hoped to be an important con-
tribution for practitioners that have to deal with technical
literature in different languages.

An initial list of 1000 English rock mechanics terms were
selected. This list was sent for translation to several Board
Members and National Groups. So far, translation into the
following languages have been received and are are availa-
ble in the Glossary: Chinese, English, Korean, Italian, Japa-
nese, Persian, Russian and Turkish. Translations in other
languages are arriving to the Secretariat and they will be
added. We hope that the number of languages available will
be increase considerably before the Montréal Congress,
next May.

A dedicated platform was implemented on the website for
the Rock Mechanics Glossary. To search, choose the original
language and insert the term. If a correspondence is found,
click on the adequate term to see its translation in the
available languages.

Follow this link to test the glossary and leave your feedback
https://www.isrm.net/gca/?id=1189.

Volume 17 - December 2014 of the ISRM News
Journal is now online

The December 2014 issue of the ISRM News Journal is now
available. It includes the ISRM activities in 2014, the Board
and Council meetings, an article by the ISRM President on
the accomplishments of the 2011-2015 Board, a report of
the Technical Oversight Committee on the work done by
the Commissions, information on the publication of the "Or-
ange Book" with the Suggested Methods 2007-2014, an-
nouncements of futures events, reports of the Vice Presi-
dents and many other articles of interest for the rock me-
chanics fraternity.

Prof. John Hudson announced in the Editor’s Introduction to
this Volume of the News Journal that this is his last volume
as Editor of the News Journal, after having edited it for
eight years, 2007-2015. The ISRM owes him tremendouly
for more this excellent contribution that he gave to the So-
ciety.
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The ISRM News Journal is distributed to all members in
electronic version. We still print a few copies of the News
Journal, which are available at our sponsored sympo-
sia. Click here to read it directly on our website or download
it https://www.isrm.net/gca/?id=206.

Seven countries from south-eastern Europe
joined the ISRM

Since 2011, the ISRM family has been growing with a total
of seven new National Groups from south-eastern Europe:
Albania, Bosnia and Herzegovina, Bulgaria, Hungary, Ro-
mania, Serbia and Ukraine. Bulgaria, Romania and Ukraine
joined ISRM during the last few months. The new National
Groups are:

e The Scientific and Technical Union of Mining, Geology
and Metallurgy (STUMGM) in Bulgaria.

e The Romanian National Group of the International Soci-
ety for Rock Mechanics (RONGISRM) in Romania.

e The Ukrainian Geotechnical Society (UGS) in Ukraine.

You can read a complete report on these new ISRM Nation-
al groups by clicking here
(https://www.isrm.net/fotos/editor2/nl29/vrkljan_report.pd

f).

Journal of the ISRM National Group of India

The ISRM (India) Journal was launched in 2012. It is a half
yearly technical journal of the Indian National Group of the
ISRM, which is involved in dissemination of information on
rock mechanics and its related activities in the field of foun-
dation and abutments of dams, tunnel engineering, mining,
underground works, rock slope stability, road works, etc.
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The 6th issue of the journal, Vol. 4, N. 1, January 2015 can
be downloaded here
(https://www.isrm.net/fotos/editor2/nl29/isrm india janu
ary 2015.pdf).
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Introduction to special issue on geosynthetic
clay liners II

Volume 22, No. 1, of Geosynthetics International is a spe-
cial issue devoted to geosynthetic clay liners (GCLs). GCLs
are manufactured products consisting of bentonite clay
bonded to a layer, or between layers, of geosynthetic mate-
rial. In the 33 years since the GCL was invented, ac-
ceptance of these products has grown to the point where
they are now commonly specified in the design of waste
disposal facilities and other facilities requiring hydraulic
barriers. Acceptance has been rapid because GCLs offer
many advantages over compacted soil liners, not the least
of which is a lower cost for many applications. Equally rapid
developments in manufacturing, testing, design, construc-
tion, and the regulatory environment have sparked re-
search on various issues related to GCL perfor-mance. This
special issue contains some of the latest research on the
engineering behavior and performance of these unique bar-
rier materials.

The Special Issue on Geosynthetic Clay Liners Il represents
a 10 year update to the original Special Issue on Geo-
synthetic Clay Liners organized by Dr Fox as guest editor in
2004. For this current effort, we decided to team as guest
editors and then jointly invited submission of papers from
leading international experts. These invitations produced 10
submitted manuscripts from which eight technical papers
were ultimately accepted for publication. Each paper re-
ceived rigorous peer review by two or more anonymous
reviewers. This special issue provides our readers with cov-
erage of a wide range of topics including: shear strength,
hydraulic performance, chemico-osmotic behavior, internal
erosion, bentonite migration, and thermal exposure condi-
tions. The scope and content of some papers go beyond
that typical for a journal article as the intent was to provide
contributing authors with the flexibility to submit compre-
hensive papers if desired. The electronic format allows this
impressive collection of papers to be published together as
a single issue of Geosynthetics International.

This special issue of Geosynthetics International would not
be possible without the high-level contributions of the con-
tributing authors. We would also like to gratefully
acknowledge the assistance of the Editor, R. J. Bathurst,
and the Chair of the Editorial Board, J. P. Giroud, and the
many reviewers who ensured that each paper met the high
technical standards of Geosynthetics International.
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AIAKPIZEIZ>
EAAHNQN
FTEQMHXANIKQN KAI
MEAQN THZ EEEEr'M

TakTikd6 Mélog otnv Eupwnaikr Akadnuia EnioTnuov Kkai
Texvov (Academia Scientiarum et Artium Europaea)
gival nAgov o Kabnyntng Tou TuAuaTtog MewAoyiag Tou Api-
oToTéAelou MavenioTnpiou Ogooalovikng (AMNO) BaoiAng
XpnoTapag.

O KaényntAg BaciAng Xpnotapag ekAExTnke oTov TOHEa
Texvikov kai MepiBaAAlovTikwv EnioTnpov Tng Akadn-
diag. H ekAoyn €yive oTig 14 NoguBpiou 2014 kal n enionun
€10doxn Tou otnv Akadnuia npayuartonoinénke oTig 7 Map-
Tiou 2015, oTo Salzburg Tng AuoTpiag.

H Akadnuia EmioTnuov kal Texvov 10pubnke To 1985, €xel
1500 TakTIKA KAl avTenoTEAAOVTA PEAN, OTA onoia oUMnEPI-
AapBavovTal 29 kaTtoxol BpaBeiou NopneA. =10 nAai-olo TnG
Akadnpiag Aeitoupyei To Eupwnaikd MavenmoTipi-o «Alma
Mater Europaea». H £€dpa Tng Akadnuiag ival oto Salzburg
TnG AucoTpiag kai TeAei uno Tnv aiyida Tng Mpoedpi-ag 12
EUPWNATKWV KPATWV, HETAEU TwV onoiwv kal n EAAG-da.

O Kabnyntng BaagiAng Xpnotdpag onoudace ot ©egooalo-
vikn kai To Mapiol. Eivar KaBnyntng Texvikng MewAoyiag oto
Tunua FewAoyiag Tou A.M.0., AleuBuvTng Tou EpyacTnpiou
Texvikng MewAoyiag kal YdpoyewAoyiag kal Tou Topéa Mew-
Aoyiag kar -peTa&l aAAwv- dieTéAeoe, kata To 1998-2000,
MNpdedpog Tou A Tou ITME.

(EPT, 12 MapTtiou 2015, http://www.ert.gr/o-kathigitis-v-
christaras-melos-tis-evropaikis-akadimias-epistimon-ke-
technon)
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TiIg NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€C MMopouv va avalnTnbouv oTa nponyoUpeva TeUXn Tou
«nepI0dIKOU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

ICGE 2015 International Conference in Geotechnical Engi-
neering - Colombo-2015, 10 - 11 August 2015, Colombo,
Colombo, Sri Lanka, http://www.slgs.lk/?p=564

Numerical Analysis in Geotechnics, 20 August 2015, Hanoi,
Vietnam, nag2015secretariat@gmail.com
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N
2-3 September 2015, Seoul, Korea
www.tu-seoul2015.0rg

On behalf of the Korean Tunnelling and Underground Space
Association (KTA), I would like to invite you to join the In-
ternational Forum on Subsea Tunnels (TU-Seoul 2015) to
be held on Seoul COEX, Korea from September 2 to 3,
2015. It will be an intellectually challenging program espe-
cially focused on the subsea tunnel in the aspects of design,
construction and maintenance.

Construction of a subsea tunnel is not simply building a
tunnel under the sea, but a generation of the linkage be-
tween the continents and the isolated lands to flourish eco-
nomic and regional activities. The tunnel will drastically
changes social and economic conditions to the both ends of
the tunnel with initiation of traffic and cultural flows. Espe-
cially in East Asia region, rampant demand on the construc-
tion of subsea tunnel is raised such as linkage between Ko-
rea-China, Korea-Japan, Seoul-Jeju, and Jiaozhou Bay tun-
nels. Therefore, it must be an appropriate time and envi-
ronment to open a forum for subsea tunnel.

This forum is jointly organized by the Korean Tunnelling
and Underground Space Association (KTA) and the Subsea
Tunnelling Technology Centre. The research center fully
funded by the Korean Government develops core tech-
niques and devises key components essential for the plan,
design, construction and maintenance of long subsea tun-
nels. As the Director of the Subsea Tunnelling Technology
Centre, I hope that the forum will provide an excellent
communication platform among engineers, scientist, entre-
preneurs, decision makers and tunnelling professionals to
exchange invaluable information and brilliant ideas worth-
while to share and promote.
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The technical contents of the forum are rich and diverse
with 14 invited speeches and panel discussions. The themes
of the speeches will cover various aspects of subsea tunnel-
ling including design, construction and maintenance of sub-
sea tunnels for bored and immersed tunnels constructed at
various continents.

Theme

"Future of subsea tunnels as transnational and trans-
regional passages"

Topics

e (Challenges in deep subsea tunnels
e Consideration of high-water pressure in deep subsea
tunnels

e Mechanized and conventional tunneling in subsea tun-
nels

Design and Construction of immersed tunnels
Operation and maintenance of subsea tunnels

Contact us

Secretariat

#1423 Seocho Kukge Electronic Center 1445-3 Seoch-gu
Seoul Korea

TEL : +82-2-3465-3665

FAX : +82-2-3465-3666

E-MAIL : tu.seoul2015@gmail.com

3 O

SICAT 2015

Symposium on Innovation and Challenges in
Asian Tunnelling 2015
2 to 3 September 2015, Singapore

The quest for knowledge to meet the challenges faced by
the growing Asian tunnelling and underground construction
industry has led the Tunnelling and Underground Construc-
tion Society (Singapore), TUCSS, to organise this Symposi-
um. It aims to share the valuable experiences gained from
the recent underground infrastructural projects in Singa-
pore and other Asian countries such as Malaysia, Thailand,
Korea & China.

To overcome the challenges faced by the industry, we re-
quire creative and innovative solutions. The symposium
seeks to bring together prominent experts and specialists to
share their visions and experiences on a variety of relevant
topics through keynote addresses and talks. This will be
relevant for all Clients, Professionals, Project Managers and
Engineers who are involved in the tunnelling and under-
ground construction industry, including Government Agen-
cies, Consultants, Specialist Suppliers and Contractors.

The two-days symposium will have eight excellent keynote
lectures delivered by well-regarded experts from all over
Asia in their respective fields. It will also include twelve
excellent presentations by Specialist Suppliers and Manu-
facturers who will be showcasing their latest technologies at
their exhibition booths during the symposium.

For more information, please contact:

TUCSS Secretariat @ 1 Liang Seah Street #02-11 Liang
Seah Place Singapore 189022 Tel: 6336 2328 Fax: 6336

2583 Email: tucss@cma.sg, Website: www.tucss.org.sg.
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China Shale Gas 2015 - an ISRM Specialized Conference, 6-
8 September 2015, Wuhan, China,
http://english.whrsm.cas.cn/ic/ic/201405/t20140509 1206
92.html

"Underground Construction" Conference, 8-9 September
2015, Krakow, Poland, www.inzynieria.com

13th International Benchmark on the Numerical Analysis of
Dams, 9 - 11 September 2015, Lausanne | Switzerland
http://icold2015bmw.epfl.ch

International Symposium on Geohazards and Geomechanics
10-11 September, 2015, Coventry, U.K.,
www.warwick.ac.uk/isgg2015

24th European Young Geotechnical Engineers Conference in
Durham, UK, 11-12 September, 2015,
https://www.dur.ac.uk/conference.booking/details/?id=419

16™ European Conference on Soil Mechanics and Geotechni-
cal Engineering “Geotechnical Engineering for Infrastructure
and Development”, 13 - 17 September 2015, Edinburgh,
UK, www.xvi-ecsmge-2015.org.uk

O3 D

Cutting Edge

m e Urban Tumneling

ey AL 00T | ameed g (rtwian
www.ucaofsmecuttingedge.com

The world is becoming more smaller every day, but people
still need to get where they are going and we want our utili-
ties wherever we are. With a limited amount of area above
ground, tunneling in urban areas is becoming more im-
portant than ever. As Urban tunneling increases, new chal-
lenges and solutions are being discovered. This year’s Cut-
ting Edge conference will ensure that you are up to date on
all of the latest trends worldwide.

Urban tunneling is a complex field of activity that has seen
impressive technological changes and progress in recent
years. From the planning of underground space, to excava-
tion methods, and impacts on adjacent structures, Cutting
Edge 2015 will take a detailed look at the current state of
practice, and examine developments necessary to improve
the issues facing urban tunnel projects.

Featuring subject-specific presentations that focus on inno-
vations and practical experience, and extended in-depth
industry discussion sessions - which have become a trade-
mark of this conference - Cutting Edge 2015 will educate
and inform attendees on recent developments in urban
tunneling technology.

Cutting Edge is proud to present more than 50 technical
sessions featuring the leading practitioners in underground
construction, specifically focused on the important role ur-
ban tunnleing plays in developing and existing infrastruc-
ture. Session topics can be viewed below: *Please check
back soon for a complete listing of available technical ses-
sions.

TA NEA THZ EEEEI'M - Ap. 76 — MAPTIOZ 2015

e Long-Term Benefits of Underground Space in the Urban
Environment

Mitigating Adverse Impacts from Urban Tunneling

Utility Tunneling in Urban Settings

Innovations in Tunneling

Environmental Challenges/Sustainability

TBM Operation & Logistics in Urban Settings

Caverns, Stations & Non-TBM Tunneling Under Major
Cities

e Project Management of Urban Megaprojects

3 O

Workshop on Volcanic Rocks & Soils, 24 - 25 September
2015, Isle of Ischia, Italy, www.associazionegeotecnica.it

The 7™ International Symposium on Roller Compacted Con-
crete (RCC) Dams, Chengdu, China, Sept. 24th-25th, 2015,
www.chincold.org.cn

Athens 2015 International Landfill Mining Conference, Sep-
tember 24-25, 2015, Athens,
http://www.erasmus.gr/microsites/1050/welcome-address

TranSoilCold 2015 - The 2nd International Symposium on
Transportation Soil Engineering in Cold Regions, September
24-26, 2015, Novosibirsk, Russia,
http://transoilcold2015.stu.ru/index.htm

O3 D

International Conference on
Landslides and Slope Stability (SLOPE 2015)
September 27-30, 2015, Bali, Indonesia
www.slope2015.com

International Conference on Landslides and Slope Stability
(SLOPE 2015) cordially invite you to participate and con-
tribute papers in the conference. The committee of SLOPE
2015 also warmly welcomes members of the Indonesian
Geotechnical Society, the International Society of Soil Me-
chanics and Geotechnical Engineering (ISSMGE), the Inter-
national Society of Rock Mechanics (ISRM), International
Consortium on Landslides (ICL), geotechnical engineers,
engineering geologists, environmental engineers and all
interested parties to attend and share knowledge in this
important conference.

Landslides have become a major threat and disasters at
large scale residence area in urban as well as suburban
area or villages. Our profession has important roles in pub-
lic safety against landslides and man made slope failures
and the potential of shaping the future of landslides risk
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management. The theme of the conference "TADVANCEMENT
OF RESEARCH, PRACTICE, AND INTEGRATED SOLUTION ON
LANDSLIDE” reflect the effort to synergize the academic
research and findings and practical experience in facing
climate change and human interference on the nature.

Engineering Geologists, Civil Engineers and Environtmental
Engineers are concerned with the problems of debris flow,
landslides and rockslides which may be caused by natural
disasters, river erosion, climate change, human errors and
geo-environtmental problems. Eventhough we have gained
experience, knowledge and advanced technology, there are
still numbers of deadly events that recently occured at
many places in Indonesia such as in Padang Pariaman in
Sumatera 2009 (more than 600 fatalities), South Cianjur
2009 (54 fatalities) and recently at one particular district
area of Banjarnegara, Central Java with 351 fatalities
(Legetang/Kepakisan, 16 April 1955), 90 fatalities (Sijeruk,
4 January 2006) and 108 fatalities (Jemblung, 12 Decem-
ber 2014) and also in many other countries as well.

Landslides Risk Reduction has become very important steps
in every country. They require multi hazard approach in-
cluding institutional capacities such as policy, legislation,
education and training, community awarenes etc as an es-
sential condition for its effectiveness. Many universities,
research institutions, landslides centers and geological or
geotechnical consultants have gained experience and
knowledge which are of valuable importance. Case histories
of landslides contribute to the state of the art for research
and practice on landslides and rock slides. It is with the
objectives of sharing knowledge, the conference has been
aimed for the goals. Hence the conference is very important
event for exchange of ideas and experience and for contri-
bution among many countries all over the world.

SLOPE 2015 will present outstanding keynote speakers who
are expert in their field, presentation of technical papers,
pre-conference workshops, technical tour, photo contest,
exhibition, social and networking opportunities for partici-
pants and sponsors, accompany program and amid of the
activities, a chance to enjoy an elegant devdan show that
tells you about the Indonesian cultures by performers and
musical entertainment.

We would like to encourage you to explore the SLOPE 2015
website, to keep informed and update the program. Come
and attend the conference in Bali, an exciting paradise in
Indonesia.

Conference Themes

e Mechanism of Slope Failures in Soils and Rocks

e General Landslides Studies

e The importance of Geological Aspects on Landslide and
Rockslides

e Behavior of Soil and Rock for Slope Stability Analysis

e Physical Modeling and Material Testing for Slope Stabil-
ity Analysis

e Dynamic Behavior of Soils and Rock for Slope Stability
Analysis

e Site Characterization for Slope Stability Study

Insitu Testing and Monitoring for Identification and

Study of Slope Movement

e Climate Change and Land Use Impact on Landslides

e Problems of Creeps Causing Slope Failures

e Case Histories of Natural and Man Made Slope Failures

e Earthquake and Liquefaction Induced Landslides

e Landslides in River, Coastal and Submarine Environ-
ments

e Stability of Dams and Landslides in Reservoirs

e Design Aspects for Slope Stability

e Slope Stability in Excavation and Embankment Works

e Use of Piles and Ground Anchor for Slope Stabilization

e Reinforced Earth Slopes Design, Analysis and Case His-

tories
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Ground Improvement for Slope Stabilization

Outlook for New Technology in Slope Stabilization

Analysis of Debris Flows and Mudflows

Modeling of Slopes and Application and Development of

Numerical Analysis

Probabilistic Slope Stability

e The Use of Remote Sensing for Landslides Response,
Monitoring and Mapping

e Landslides Inventory and Landslide Hazard Zonation

¢ Remedial Measures on Landslides and Risk Reduction
Strategy

e Monitoring, Prediction and Warning of Landslides

e Risk Assessment and Control on Landslides and Urbani-
zation

e Policy, Legislation and Guidelines on Landslides

e Capacity Development for Landslides Mitigation

e Education on Landslides

Two workshops prior to the conference are prepared for
participants to enhance more understanding on landslides
mechanism and landslides disaster risk reduction and man-
agement.

Workshop 1:
“Landslide, Mud Flows and Their Counter Measures”

This workshop gives you insight on the mechanism of land-
slide, most important geotechnical and geological aspects,
factors to be considered, and the technology for counter
measures. This workshop is a must for engineers responsi-
ble in slope design and technology for counter measure.

Workshop 2 :
“Comprehensive Landslides Risk Reduction and Man-
agement”

This workshop focuses on the basic knowledge and skills
needed by stakeholders in the field of landslide manage-
ment. This workshop is a very important for the stake hold-
ers, engineers, policy makers, and government officials.

For further information, please contact us by email to:
secretariat@slope2015.com

or by phone to :

Ms. Susan / Mrs. Milla

+6222-2034072

+62811-2220155

O3 D

5™ INTERNATIONAL WASTE MANAGEMEN

AND LANDFILL SYMPOSIUM

Forte Village _S. Margherita di Pula (CA) _Ital
5 9 octoper 2015

www.sardiniasymposium.it

The fifteenth edition of the Sardinia Symposium, organized
by the IWWG, will be held in Forte Village, Santa Margherita
di Pula, Italy, from October 5th to October 9" 2015.

The traditional issues of waste prevention, material and
energy recovery, waste treatment and final disposal will be
addressed in general sessions, specialized sessions, work-
shops and Italian sessions where new ideas and concepts
will be presented and thoroughly discussed. Several work-
shops will be devoted to the presentation of innovative in-
ternational projects.
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Topics

The following topics, among others, will be extensively dis-
cussed:

A. Waste policy and legislation

International, national and regional guidelines; regulation
and planning requirements; role of scientific and technical
organizations; carbon tax.

B. Waste management strategies

Integrated waste management; national strategies; future
perspectives, waste as a resource; public and private part-
nership.

C. Public concern and education

Public involvement and relationship; NGO s activities; me-
diation; education; communication; training in waste man-
agement and operation.

D. Waste management assessment and decision tools

Life cycle analysis; risk assessment; environmental impact
assessment; EMAS; quality control procedures; cost benefit
analysis; multicriteria analysis; auditing; BAT-Best Availa-
ble Technologies.

E. Waste characterization

Standardization; analytical procedures, sampling, produc-
tion variations vs time and geographical areas.

F. Waste collection

Cost optimization; collection on demand; separate collec-
tion; case studies; subsurface systems; pneumatic collec-
tion; ergonomics of waste collection.

G. Waste minimisation and recycling

Waste avoidance; waste logistics and recycling; new recy-
cling technologies; material quality after recycling; packag-
ing material; electronic waste; construction and demolition
waste; batteries; end of life vehicle; market waste.

H. Biological treatment

New developments in composting and anaerobic digestion;
emissions from processing facilities; product quality; deg-
radation and fate of emerging pollutants during biological
treatment; biological treatment of special biowaste; chal-
lenges in using microbiology knowledge to explain biological
process; assessment of indicators for evaluating product
quality and humification.

I. Thermal treatment

Technologies and experiences; new technologies; produc-
tion and use of RDF; emission control; treatment of resi-
dues; beneficial use of combustion ash.

L. Mechanical biological treatment prior to landfilling

Mechanical pretreatment (separation, shredding, RDF-
production, etc.); technology and experience; new technol-
ogy, testing and landfill acceptance; off gas treatment;
emission control.

M. Sanitary landfilling

Sustainable landfill concepts for mechanically biologically
pretreated municipal waste and special waste; processes
and emissions; leachate and gas management; landfill de-
sign and construction; barrier design and performance;
technologies for mitigation of landfill gas emission; waste
mechanics; landfill operation; administrative and financial
aspects; landfilling under specific conditions (tropics, is-
lands, mountains, etc.); aftercare and reuse; waste dispos-
al as final sinks for harmful substances; landfill remedia-
tion; case studies.

N. Integrated wastewater and solid waste manage-
ment

Decentralized systems; closed substance cycles; future
perspectives; cases.

0. Waste management and climate change
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Minimisation of greenhouse gases from waste management
activities and landfills, waste - CDM projects, minimisation
of energy consuption, landfills as geological sinks for carbon
and other elements.

P. Waste management in developing and low income
countries

Appropriate technologies, experiences, international coop-
eration, financing, education.

Q. Special sessions

BAT - Best Available Technologies; IPPC regulations; fate of
nanomaterials during waste management.

For any enquiries and information on registration, accom-
modation , etc., please contact the Organising Secretariat:

Adelia PRESUTTI, General Manager / Company Exhibition
info@eurowaste.it

Adelia PRESUTTI, Paper-related enquiries
papers@sardiniasymposium.it

Federica TOLLI, Registrations

info@sardiniasymposium.it

Francesca FAVA, Administration
administration@sardiniasymposium.it

EUROWASTE Sri
Via Beato Pellegrino, 23 - 35137 Padova
Tel +39.049.8726986 - Fax +39.049.8726987

For scientific related enquiries please contact the Scientific
Secretariat:

Roberto RAGA, University of Padova (IT)
roberto.raga@unipd.it

(C- 4R -0)

GE Basements and Underground Structures Conference
2015, 6-7 October 2015, London, UK,
http://basements.geplus.co.uk

EUROCK 15 ISRM European Regional Symposium & 64th
Geomechanics Colloquy, 7 - 9 October 2015, Salzburg,
Austria, www.eurock2015.com

Shotcrete for Underground Support XII New Developments
in Rock Engineering, TBM tunnelling, Deep Excavation and
Underground Space Technology, October 11-13, 2015, Sin-
gapore, www.engconf.org/conferences/civil-and-
environmental-engineering/shot-crete-for-underground-
support-xii

5th International Symposium on Geotechnical Safety and
Risk (ISGSR 2015), 13-16 October 2015, Rotterdam, The
Netherlands www.isgsr2015.0rg

International Workshop on Tsunamis in the World: from
Source Understanding to Risk Mitigation, 14 to 16 October,
2015, Heraklion, Greece, www.gein.noa.gr/itw2015

HYDRO 2015, 26-28 October 2015, Bordeaux, France,
www.hydropower-dams.com/pdfs/hydro2015.pdf

International Conference on Engineering Geology in New
Millennium, 26-31 October 2015, New Delhi, India,
http://isegindia.org/pdfs/1st%?20circular-international-

IAEG.pdf

6th International Conference on Earthquake Geotechnical
Engineering, 2-4 November 2015, Christchurch, New Zea-
land, www.6icege.com
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SEOUL 2015 - 25th World Road Congress Roads and Mobil-
ity — Creating New Value from Transport, 2-6 November,
2015, Seoul, Republic of Korea,
http://www.aipcrseoul2015.0rg

4° NMaveAAnvio Zuvédpio AvaoTnAwoewv, Nogupplog 2015,
©egooalovikn, www.etepam.gr.

The 15th Asian Regional Conference on Soil Mechanics and
Geotechnical Engineering, 9-13 November 2015, Fukuoka,
Japan, http://www.15arc.org

O3 D

2015
ZILINA

6-- =ERITA 6
AMESIE==S=
11-13 November 2015, Zilina, Slovak Republic
www.tps2015.sk

Slovak Tunnelling Association is pleased to announce the
conference on Tunnels and Underground Construction 2015.
The aim of the conference is to inform the wide professional
public about the latest news in the field of design, construc-
tion and operation of underground constructions.

The conference is held under the auspices of Jan Pociatek,
the Minister of Transportation, Construction and Regional
Development and Juraj Blanar, the chairman of the Zilina
automonous region.

General Topics of the conference:

e Design and construction of underground structures

e Reconstruction and remediation of underground struc-
tures

Geotechnical survey and monitoring
Operational safety of tunnels including fire safety
Contractual relations and the risk management

Contacts

Slovak Tunnelling Association

Podunajska 24, 821 06, Bratislava, www.sta-ita-aites.sk
Conference Chairman :

Ing. Miloslav Frankovsky, e-

mail: frankovsky@terraprojekt.sk

Chairwoman of conference preparatory:

ing. Viktéria Chomova, e-mail: sta@outlook.sk
Technical Secretariat:

Guarant International spol.s.r.o., telefén: +421 948 490
765, e-mail: tps2015@qguarant.sk
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15th Pan-American Conference on Soil Mechanics and Geo-
technical Engineering, 15 - 18 November 2015, Buenos
Aires, Argentina, http://conferencesba2015.com.ar

GEOMATE, 16 -18 November 2015, Osaka, Japan,
www.geomate.org
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VIII South American Congress on Rocks Mechanics, 15 - 18
November 2015, Buenos Aires, Argentina,
http://conferencesba2015.com.ar

Sixth International Conference on Deformation Characteris-
tics of Geomaterials IS Buenos Aires 2015, November 15th
to 18th 2015, www.saig.org.ar/ISDCG2015

(C- 4R -0)

TBM DiGs
Tunnel Boring Machines in Difficult Grounds
18-20 November 2015, Singapore
www.tbmdigs.org

Tunnel boring machines (TBM) are increasingly used for
tunnelling with difficult and complex geological conditions,
including rock and soil mixed and interfaced grounds, spall-
ing and bursting rocks, squeezing and swelling grounds,
blocky and highly fractured rocks, fault and shear zones,
and grounds under high in situ stress and water pressure.
Improvement and optimisation of TBM’s performance in
those difficult ground conditions require good scientific un-
derstanding, innovative technology development and good
engineering practice, that involve tunnelling and geotech-
nical engineers, designers and contractors, TBM manufac-
turers and material suppliers, and researchers.

The tunnelling industry has been facing the challenges of
TBM in difficult and complex geological conditions and
working together to find solutions. For examples, the Inter-
national Tunnelling and Underground Space Association
(ITA) has a Working Group on “Mechanised Tunnelling”, the
European Commission sponsored R&D projects on “Tech-
nology Innovation in Underground Construction® (Frame-
work Program 6) and “New Technologies for Tunnelling and
Underground Works" (Framework Program 7). In China, a
number of national key laboratories on TBM technologies
have been established in the recent years.

TBM DiGs (Tunnel Boring Machines in Difficult Grounds) is
planned to be an international conference series to provide
a specialised technological forum discussing and exchang-
ing knowledge related to TBM works in difficult grounds.
The conference plans to cover a wide range including char-
acterisation of difficult grounds, field observations and case
studies, physical and laboratory tests, numerical modelling
and techniques, treatments of difficult grounds, TBM design
and installation, tunnel support design, monitoring and risk
management.

TBM DiGs 2015 is to be held in Singapore, jointly organised
by the universities and supported by the tunnelling com-
munity worldwide, interested in TBM tunnelling technolo-
gies. The Organisers would like to welcome researchers and
practitioners involved with TBM tunnelling to the TBM DiGs
2015 conference to share, to cooperate, and to progress.

The objective of TBM DiGs conference is to discuss the vari-

ous issues related to tunnel boring machines in complex
and difficult ground conditions, focusing on engineering and
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technological solutions including planning, design, opera-
tion, monitoring, testing, modelling, research and develop-
ment. Areas of interest include, but are not limited to, the
following topics:

e Case studies of TBM in various difficult grounds and
complex geology

e Characterisation of difficult grounds for TBM tunnelling

e Laboratory testing and physical modelling of TBM exca-
vation

¢ Numerical modelling of TBM interaction with grounds

e Ground treatment for TBM in difficult grounds, and ap-
plication of foam

e Support design for TBM tunnels in variable and complex

grounds

e Monitoring and back analysis for TBM tunnels in difficult
grounds

e Development of hybrid TBMs for difficult and varying
grounds

e Use of TBM in mines and for other special applications

e TBM selection, performance assessment and operation
management

e Decision aids for tunnelling and risk management of
TBM in difficult grounds

For all queries regarding your submitted abstract and pro-
gram queries please contact:

Conference Secretariat
Email: contact@tbmdigs.org

Post: TBM DiGs Conference Secretariat

C/0 Nanyang Centre for Underground Space
School of Civil and Environmental Engineering
Block N1, Nanyang Avenue

Singapore, 639798

(C- 4R -0)

Arabian Tunnelling Conference & Exhibition: Innovative
Underground Infrastructure - And Opportunities, 23-25
November 2015, Dubai, UAE, www.atcita.com

Geo-Environment and Construction, 26-28 November 2015,
Tirana, Albania, Prof. Dr. Luljeta Bozo, lulibozo@gmail.com;
luljeta bozo@universitetipolis.edu.al

ICSGE 2015 - The International Conference on Soft Ground
Engineering, 3-4 December 2015, Singapore,
WWW.geoss.sg/icsge2015

The 1st International Conference on Geo-Energy and Geo-
Environment (GeGe2015) 4th and 5th December 2015,
Hong Kong, http://gege2015.ust.hk

2015 6™ International Conference Recent Advances in Ge-
otechnical Engineering and Soil Dynamics, December 7-11,
2015, New Delhi (NCR), India, wason2009@gmail.com;
wasonfeg@iitr.ernet.in, sharmamukat@gmail.com; mukut-
feq@iitr.ernet.in, gvramanaiitdelhi@gmail.com, ajay-
cbri@gmail.com

Southern African Rock Engineering Symposium an ISRM
Regional Symposium, 5 January 2016, Cape Town, South
Africa, http://10times.com/southern-african-rock

ASIA 2016 - Sixth International Conference on Water Re-
sources and Hydropower Development in Asia, 1-3 March
2016, Vientiane, Lao PDR, www.hydropower-
dams.com/pdfs/asia20161.pdf
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GeoAmericas 2016 3™ Panamerican Conference on
Geosynthetics, 11 - 14 April 2016, Miami Beach, USA,
www.geoamericas2016.0rg

(C- 4R -0)

SUFTLS- 2016
CHONGOING
CHINA

International Symposium on
Submerged Floating Tunnels and Underwater
Structures (SUFTUS-2016)

20—22 April 2016, Chongqging, China
www.cmct.cn/suftus

The Organizing Committee of SUFTUS -2016 is pleased to
announce that the International Symposium on Submerged
Floating Tunnels and Underwater Structures (SUFTUS-
2016) will be held in Chongging, China during 20—22 April
2016.

Submerged floating tunnel (SFT), also called Archimedes
Bridge (AB), belonging to the category of underwater struc-
ture, is a kind of floating transportation passage which is
submerged underwater to bridge water banks. As an inno-
vative transportation technology, SFT will become attractive
in competing with traditional techniques due to its economic
and environmental advantages. However at the present
time, there is still not an actual SFT being built in the
World.

The First International Symposium on Archimedes Bridge
(ISAB-2010) was held in Qiandao Lake, China during 17-20
October, 2010. In the past 6 years, new theory and new
technology about SFT and underwater structure were de-
veloped. The aim of SUFTUS-2016 is to provide a global
forum for scientists, engineers and technicians around the
world, who are involved or interested in researches and
developments on the innovative technologies of SFT and
underwater structure, to share their research progresses
and conceptual design advances, so that to discuss and
improve the challenging issues of SFT and underwater
structures.

Main Topics

Conceptual design

Prototype strategy and design
Underwater tunnel

Applicability and key technical indexes
Dynamic response to hydrodynamic loads

Dynamic response to seismic, tsunami and other acci-
dental loads

Connections and foundations

Materials selection and resistance
Structural analysis and safety assessment
Environmental and economic assessment
Construction and installation

Lighting and ventilation

Escape and rescue
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e Other related topics

O3 D

World Tunnel Congress 2016 “Uniting the Industry”, April
22-28, 2016, San Francisco, USA, http://www.wtc2016.us

International Symposium "Design of piles in Europe - How
did EC7 change daily practice?", 28-29 April 2016, Leuven,
Belgium, www.etc3.be/symposium2016

7th In-Situ Rock Stress Symposium 2016 - An ISRM Spe-
cialised Conference, 10-12 May 2016, Tampere, Finland,
www.rs2016.org

84th ICOLD Annual Meeting, 16-20 May 2016, Johannes-
burg, South Africa,
www.sancold.org.za/index.php/activities/icold-annual-
meeting-2016

13" International Conference Underground Construction
Prague 2016 and 3™ Eastern European Tunnelling Confer-
ence (EETC 2016), 23 to 25 May 2016, Prague, Czech Re-
public, www.ucprague.com

GEOSAFE: 1st International Symposium on Reducing Risks
in Site Investigation, Modelling and Construction for Rock
Engineering - an ISRM Specialized Conference, 25 - 27 May
2016, Xi‘an, China, www.geosafe2016.org/dct/page/1

NGM 2016 - The Nordic Geotechnical Meeting, 25 - 28 May
2016, Reykjavik, Iceland, www.ngm2016.com

O3 D

19SEAGC - 2AGSSEAC
Young Geotechnical Engineers Conference
30" May 2016, Petaling Jaya, Selangor, Malaysia

In conjunction with the 19th Southeast Asian Geotechnical
Conference & 2nd Association of Geotechnical Societies in
Southeast Asia Conference (19SEAGC-2AGSSEAC), which
will be held in Petaing Jaya, Selangor, Malaysia from 31
May to 3 June 2016, a parallel Young Geotechnical Engi-
neers Conference (YGEC) will be held on 30 May 2016 .
YGEC participants are encouraged to attend the first day
program of the main conference on 31 May 2016, which
includes the Opening Keynote Address, Chin Fung Kee Lec-
ture and Special Lectures to be delivered by distinguished
geotechnical experts and eminent academicians.

The theme of the YGEC is “Contributions of Young Geotech-
nical Engineers to Nation Building”, which acknowledges the
valuable contributions of young, enterprising and energetic
Geotechnical Engineers working in increasingly challenging
projects.

Conference topics:

- Numerical Modelling (FEM, DEM etc.)
- Soil Characterization & Properties

- Ground Improvement & Stabilization
- Shallow and Deep Foundations

- Slope Stability, Excavations

- Retaining Structures

- Geosynthetics & Geo-Products

- Field Testing & Monitoring

- Engineering Geology
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- Rock Mechanics

- Design Analysis & Modelling

- Embankments & Dams

- Tunnelling & Underground Space

Contact:
Young Geotechnical Engineers Conference

c/o SEAGC2016 Secretariat

IEM Training Centre Sdn. Bhd.

No. 33-1A (1st floor), Jalan 52/18, P.O. Box 224 (Jalan
Sultan)

46720 Petaling Jaya, Selangor Darul Ehsan, MALAYSIA

Tel. No.: +(603) 7958 6851 Fax No.: +(603) 7958 2851 E-
mail: seagc2016@gmail.com

3 O

19" Southeast Asian Geotechnical Conference & 2™
AGSSEA Conference Deep Excavation and Ground Im-
provement, 31 May - 3 June 2016, Subang Jaya, Malaysia,
seagc2016@gmail.com

ISSMGE TC211 Conference Session within the framework of
the 19th Southeast Asian Geotechnical Conference
“GROUND IMPROVEMENT works: Recent advances in R&D,
design and QC/QA”

ISL 2016 12 International Symposium on Landslides Expe-
rience, Theory, Practice, Napoli, June 12th-19th, 2016,
www.isl2016.it

4th GeoChina International Conference Sustainable Civil
Infrastructures: Innovative Technologies for Severe Weath-
ers and Climate Changes, July 25-27, 2016, Shandong,
China, http://geochina2016.geoconf.org

6™ International Conference on Recent Advances in Ge-
otechnical Earthquake Engineering and Soil Dynamics
August 1-6, 2016, Greater Noida (NCR), India,
www.6bicragee.com

EUROC 2016 - ISRM European Regional Symposium Rock
Mechanics & Rock Engineering: From Past to the Future,
29-31 August 2016, Urglip-Nevsehir, Cappadocia, Turkey
http://eurock2016.org

3™ ICTG - 3™ International Conference on Transportation
Geotechnics 4 - 7 September 2016, Guimaraes, Portugal,
WWW.Civil.uminho.pt/3rd-ICTG2016

IAS’5 5 International Conference on Geotechnical and Ge-
ophysical Site Characterisation, 5-9 September 2016, Gold
Coast, Queensland, Australia http://www.isc5.com.au

SAHC 2016 - 10th international Conference on
Structural Analysis of Historical Constructions 13-15 Sep-
tember 2016, Leuven, Belgium, www.sahc2016.be

13 Baltic States Geotechnical Conference Historical Experi-
ences and Challenges of Geotechnical Problems in Baltic
Sea Region, 15 - 17 September 2016, Vilnius, Lithuania,
http://www.13bsgc.lt

EuroGeo 6 - European Regional Conference on Geo-
synthetics, 25 - 29 Sep 2016, Istanbul, Turkey,
www.eurogeob.org

ARMS 9, 9th Asian Rock Mechanics Symposium, ISRM
Regional Symposium, 18-20 October 2016, Bali, Indonesia,
http://arms9.com
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GeoAsia 6 - 6™ Asian Regional Conference on Geosynthetics
8-11 November 2016, New Delhi, India,
http://seags.ait.asia/news-announcements/11704

(C- 4R -0)

Recent Advances in Rock Engineering - RARE
2016 - an ISRM Specialised Conference
16-18 November 2016, Bangalore, India

Contact Person: Dr V. Venkntesvarlu
Address

PO: Champions Reefs

563 117 ( Kolar Gold Fields, Kamataka)

India

Telephone: +91 8153 275000
Fax: +91 8153 275002
E-mail: dto@nirm.in

O3 D

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 12 - 17 February 2017, Cape Town, South Africa,
Www.saimm.co.za/saimm-events/upcoming-events

O3 D

N

NORWAY
BERGEN

World Tunnel Congress 2017
Surface problems - Underground solutions
9 to 16 June 2017, Bergen, Norway
www.wtc2017.no

“Surface problems - Underground solutions” is more than a
slogan; for ITA-AITES and its members it is a challenge and
commitment to contribute to sustainable development. The
challenges are numerous and the availability of space for
necessary infrastructure ends up being the key to good
solutions. The underground is at present only marginally
utilized. The potential for extended and improved utilization
is enormous.

O3 D

EUROCK 2017
13-15 June 2017, Ostrava, Czech Republic
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Contact Person: Prof. Petr Konicek

Address

Studentska 1768

708 00 Ostrava-Poruba

Czech Republic

Telephone: + 420 596 979 224
Fax: + 420 596 919 452
E-mail: petr.konicek@ugn.cas.cz

O3 D

19" International Conference on Soil Mechanics and Ge-
otechnical Engineering, 17 - 22 September 2017, Seoul,
Korea, www.icsmge2017.0org

(C- 4R -0)

GeoAfrica 2017
3rd African Regional Conference on Geosynthetics
9 - 13 October 2017, Morocco

(C- 4R -0)

11*" International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul South Korea
csyoo@skku.edu

O3 D

10th Asian Rock mechanics Symposium -
ARMS10
October 2018, Singapore

Prof. Yingxin Zhou

Address:

1 Liang Seah Street

#02-11 Liang Seah Place
SINGAPORE 189022
Telephone: (+65) 637 65363
Fax: (+65) 627 35754
E-mail: zyingxin@dsta.gov.sg

(C- 4R -0)

AFTES International Congress
"The value is Underground”
13-16 November 2017, Paris, France
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WTC 2018
Dubai

World Tunnel Congress 2018
20-26 April 2018, Dubai, United Arab Emirates

(C- 4R -0)

14th ISRM International Congress
2019, Foz de Iguacgu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura
E-mail: fontoura@puc-rio.b

TA NEA THZ EEEEI'M - Ap. 76 — MAPTIOZ 2015 ZgAida 30




ENAIAGEPONTA
FEEQTEXNIKA NEA

Yeager airport — a massive, damaging fill slope
landslide

Yeager Airportis located about 5 km east of downtown
Charleston in West Virginia, USA. The airport is located on
top of a hill, with steep slopes on several sides, including at
the end of the main runway. In 2005 a project was initiat-
ed to increase safety at Yeager Airport by creating an over-
run area at the end of the runway, including the installation
of an EMAS, which is a concrete surface that is designed to
bring aircraft to safe stop. In 2010 this successfully arrest-
ed an over-running regional jet:

The construction of the EMAS required that a new, large fill
slope was built, retained by a reinforced slope. There is a
very detailed and interesting presentation about the design
and construction of the slope ('); at the time this was ap-
parently the largest reinforced slope in the United States
(I'm not sure if this is still the case). This images, from the
presentation, shows the completed structure at the end of
the runway at Yeager Airport:

In  Wednesday the Charleston Daily  Mail reported
(http://www.charlestondailymail.com/article/20150311/DM

05/150319745) that six residents had been moved out of
their houses below the slope as movement of the slope had
been detected in the EMAS. Yesterday this quickly devel-
oped into a very large-scale landslide. This image is from a
gallery that is in a Charleston Daily Mail report from yester-
day

(http://www.charlestondailymail.com/article/20150312/DM

05/150319672):

Charleston Daily Mail

This is a massive, very deep-seated and rather complex
failure. The scale is somewhat impressive. The failure is
surprising in so much as the conditions appear to be dry, a
fact that is supported by this image of the rear scarp, alt-
hough as the comment below notes, there has been signifi-
cant rainfall and snowmelt in recent weeks:

Charleston Daily Mail

The slope reinforcement is clear to see in the image - the
failure appears to have sliced through it. The images gives
few indications as to what has gone wrong - whether this is
a design failure or whether something happened at the toe
of the slope to change the system. I do wonder if the rock
below the reinforced slope has failed though - this might
explain the interesting geometry of the collapse. Either
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way, this is going to be very expensive, and it will affect
both the operations at Yeger Airport and the local residents
for some time to come.

(dr-dave /  AGU.Blogosphere, 13 March 2015,
http://blogs.agu.org/landslideblog/2015/03/13/yeager-
airport-1)

(C- 4R -0)

Bus falls through giant sinkhole in Brazil, gets
swept away by floodwater

A bus fell through a massive crater on a Brazilian road
Monday before it was washed away by intense floodwater,
shocking video shows.

(Melissa Chan / NEW YORK DAILY NEWS, Wednesday,
March 25, 2015,
http://world.einnews.com/article/256650953/yUwImF0Zdc

T0gaOz)

Passengers on a bus in Brazil escaped before the
vechicle fell into a hole into a river.

The doomed tourist bus was quickly evacuated moments
before it was swallowed up by the sinkhole, according to
reports.

None of the passengers were injured. They are seen watch-
ing from a safe distance as the bus takes a nosedive into
the crater and gets swept away into the water.

IR
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ENAIAG®EPONTA -
AOINA

ENIOCKEUAOTNKE Kal AsiIToupyei §ava
Ionavia: To nio eNikivduvo HOvondaTi NEPIHEVEI
TOouG AATpEIG TNG adpevalivng

OewpeiTal To nio enikivduvo HovonaTi Tou KOOWoU agouU
polalel va kpéueral atov agpa. To «Caminito del Rey» nou
diaoyilel To gapayy! Tou lkaitaveg otn voTia Ionavia, eni-
OKEUAOTNKE Kal nepipével Eava Toug AaTpeig Tng nelono-
piag, Tou kIvdUvou Kal TnG adpevaAivng va To diacxioouv.

To povondaTti oTapdtnoe va Asiroupyei To 2001, kabwg n
EAAEIYN ouvTAPNONG 0dnynoe OTnNV KaTAppeuon HEYAAWV
TUNHATWV TOU.

H anokaTdoTacn Tou KpATnoe ApKeETA XpoOvia Kdl Twpd ol
apxec Tng Ionaviag eival €roipeg va... dwoouv To PovondTi
niow orouc nelonopoug.
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To «Caminito Del Rey» BpiokeTal o€ Uwog 100 PETPWV NAVW
and Tov notapd oto (apdyyi Tou MkaiTaveg.

Ma Tnv 10Topia KAaTAOKEUAOTNKE OTIC apXEG Tou 200U aiwva
yla Tn HETAQopda UAIKOU Kal Tn ouvthnpnon dUo udponhe-
KTPIKQOV OTAOU®V Napaywyng eveépyeiac.

(Newsroom AOA, 12 Map. 2015,
http://news.in.gr/perierga/article/?aid=1231392114#.VQG
3WwNyeos.email)

O3 D

N£og Koopog, véa nepiodog
H YyEwWAOYIKN €noXKN TOU avOpmnou «dpxIoE TO
1610 pX>»

To Aeyopevo «AvBpwnoKalvo», n MPOTEIVOUEVN YEWAOYIKNA
€noxn nou dIaPopPPWVETAl and Tnv avlpwnivn dpacTnploTn-
Ta, npénel va apxioe To 1610, 6Tav ol aAAayEG Nou £Qepe n
avakaluywn Tou Néou Koopou dpyioav va ennpealouv oAo-
KANPo Tov MAQVvATn, NpoTeivel HEAETN oTo neplodiko Nature
(http://dx.doi.org.10.1038/nature14258).

O1 nponyoUHEVEG YEWAOYIKEG nepiodol €An&av €neira ano
dpapaTikd oupBavra nou ailAa&av To NpOCWNO Tou nAavn-
TN, ONWC MNPOCKPOUCEIC HETEWPITWV, HEYAAEG NQPAIOTEIQKEG
ekpNEeIC Kal JETATONITEIG TWV NNEIpWV.

ZfRuepa, Opwg, o nNAavATng aAAadel Aoyw Tng avBpwnivng
dpaoTnpIOTATAG, Kal NoAAoi YEwAOyol mioTelouv OTI {oUpE
ndn otnv nepiodo Tou AvBpwnokaivou. AuTO oTo onoio dia-
@wvolv, waToco, eival To N®WG Oa oploTei auth n véa e-
noxn.
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AANAOI MIOTEVOUV OTI APXIOE HE TIG NPWTEG JOKIPES MUPNVIKMDV
ONAWV, Ol OMOIEg YEUIOAv Tov NAAVATN HE iXvn padlievepywv
oTOIXEIWV. AAAOI MAAI EKTIMOUV OTI N vEa NEPIOdOC syKaivia-
oTnKe PE Tn Biounxavikry Enavacracn, n onoia odrynoe o€
au&non Tou dI0&sIdiou Tou avBpaka oTnv aTuoopaipa Kal
NPOKAAETE TEAIKA TN ONMEPIVI KAIHATIKA aAAayn.

H avakdAuyn Tou KoAopBou £pepe aAAayEg nAavnTikAg
kAipakag (MopTpaito and Tov ITaAo Lwypdgo Sebastiano del
Piombo)

EpeuvnTég Tou University College Tou Aovdivou npoTeivouv
Twpa OTI To AvBpwnokaivo Eekivnoe To 1610, ekTINwVTAG OTI
0 OIKOG TOUG opIoHOC NAnpei dUo Baacikég npolnoBEosig via
TNV €NionNUn avayvwpion HIag YEWAOYIKNG MEPIODOU: Mpw-
TOV, MAKPOXPOVIEC HETABOAEC Ot mAAvnTIKA KAipgaka- kai
delTepov, TNV UNapén evog deikTn Nou ONUEIVVEI TNV Evap-
€N auTOV TWV PETABOA®V O PUOIKA UAIKG ONWE Ta MNETP®-
paTa kal Ta 1IZAPaTa Tou WKeaviou nubuéva.

Aiyo nepioogoTepo and €vav aiwva HETA Tnv agiEn Tou Ko-
AOPBoU oTnV AMEPIKNAG To 1492, dekadeg €idn {wwv Kai pu-
TV €ixav ndn peTapepBei and kal npo¢ Tov Néo Koopo,
aAAalovTag dpacTikd TNV naykoopia Bloyswypagia, avaps-
PEI N €PEUVNTIKA opada. Mupn and KaAaunoki, &va euTo TG
AQTIVIKNG AUEPIKAG, npwTosu@avilovral oe Baldoaoia 1I{Apa-
Ta TG Eupwnng 1o 1600.

To €10¢ 1610 onuei®vel eniong pia deUTepn WEYAAn aAiayn,
gia Eagvikn ntoon Twv smnédwyv dloEeidiou Tou avBpaka
oTnv atuoo@aipa. 'Hrav cuveneia Tou anoikiopoU Tng Apepi-
KNG, 0 onoiog €ixe wg anoTéAeopa To Bavato 50 ekATOPMU-
pinv avlpwnwyv, KUpiwg AOyw TnG acBéveiag TnG €uAoyidac.
O1 KaANIEPYNOIMEG EKTATEIG TOUG €YKATAAEIPONKAV Kal KAAU-
@Onkav oradiaka and nukva dacn, Ta onoia anoppopnoav
HeyaAeg noooTnTEG COLaN0 TNV aTOOPalpa.

H nToon auTh, €nionpaivouv ol €PEUVNTEG, KATAYPAPNKE
OTOUG NAyoug TNG ApKTIKAG Kal pnopei va Bswpnbei yewAoyi-
KOG O€ikTNG yia TNV €vap&n Tou AvBpwnokaivou.

‘Ooov a@opd AAAEG NPOTACEIG yid TNV €vap&n TnG veag Yew-
AOYIKNAG €MOXNG, Ol CUVTAKTEG TNCG MEAETNG £Enyouv TIG av-
TIPPAOEIG TOUG. H augnon Twv ennédwv padievEPYEIAG NMou
Kataypd@nke 1o 1964 AOYy®w TWV NUPNVIKOV JOKIMWV dev
epepe peioveg aAlayeg oTov nmAaviTn onwg 6a anairouce
£vag enionuog opionog, Ael N €peuvnTIKA opdda.

Ava@épel akopa Ot o oploudg dev pnopei va BacioTei atnv
evap&én Tng Biopnxavikng Enavacraong, kabwg n auvgnon
Tou aTpoo@aipikd CO2 dsv ATAV APKETA aAnOTOMN Yid va
BewpnBei a&ionioTog deikTNG.

«Ano 10Topikn dnown, n "ouykpouon" avapeaa otov Maiaiod
kal Tov Néo KOopo onueivel TNV apxn Tng oUyxpovng €no-
XNG» avaeepel o Ap Zdigov Alouig, NPWTOG CUYYPAPEAG TNG
MEAETNC. «MoAAoi 10TOPIKOI BewpolV TIC EI0AYWYEG AYPOTI-
K@V MNPOIoVTWV anod TIG AXAVEIG €KTACEIG TNG AHEPIKAG, OE
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ouvduaouo pe Tn diabeaiudTnTa Tou AIBAvBpaka, wg BepeA-
wdeIg NpodyyeAoug TnG Biopnyavikng Enavaoctaonc».

«Z€ NAaykoopIo €NinNgdo, To OPIO AUTO ONUEIMVElI TNV TEAEU-
Taia dpooepr noxf npiv and Tnv £vapén TnG pakponpobe-
ouNng ZéoTng Tou AvBpwnoKaivous.

AANOI yewAdyol, dpwg, dilapwvouv. Tov Iavoudpio, Ta 26 a-
no Ta 38 peAN Tng AieBvolcg Opadag Epyaociag AvBpwnokail-
Vvou KaTéAn&av otnv anown OTI n véa €noxn dpxioe PE TNV
npwTn  nupnvikrp  dokigyn o1 16 IouAiou 1945
(http://news.in.gr/science-
technology/article/?aid=1231378375).

To 6¢upa Ba oulnTnbei ek veéou ot Olebveic ouvopiAieg nou
npoypaupartifovral yia To 2016.

(EmpéAeia; BayyeAng MpaTikakng / Newsroom AOA, 12
Map. 2015, http://news.in.gr/science-
technology/article/?aid=1231392277#.VQG3A I0G9k.emai
).

O3 D

IGNWVEG ENIOCTAHOVEG NETUXAV HETAd00N pEUHA-
TOG HEOW TOU a&pa

IanWVEG EPEUVNTEG KATOPOBWOAV VA HETAPEPOUV NAEKTPIKA
evépyela e aocUppaTo TPONo, HECW TOU a€pa, KabloTwVTag
nePITTAa Ta KaAwdia.

To eniTeuyda avnkel oToug eNIOTAMOVES TNG Ianwvikng Ynn-
peoiag E&epelvnong Tou AlaotripaTtog (JAXA), nou, oUp-
Qwva Pe To FaAAIko MpakTopeio, Xpnoihonoinoav HIKpoKU-
paTa yia va kavouv, and £€va nouno ge €va JdEKTn, HETadoon
PEUATOG APKETOU WOTE va {eoTAVEl pia KAToapoAa.

Av Kdl n anoéoTacn ATav HIKpR, HOAIC 55 peTpa, kai n 1oxUc
Tou pelpaTog eniong pikpn, 1,8 kIAOBAT, npodkeITal yia éva
onuavTikd PBAua, nMou avoiyel PeYAAEg duvaToTnTEG yid TO
MEANOV, PETAEU AaAwv Tnv alonoinon Tng nAIAKAG akTivo-
BoAiag yia Tnv napaywyn NAekTpiopoU oTo dIAoTNa Kal Tnv
acUpuaTn PeTadoon Tng otn n.

«Eival n np®wTn @opa nou KAnoiog KaTd@epPe va OTeEIAEl Oxe-
OOV dUO0 KIAOBAT NAEKTPIKAG EVEPYEIAG MECW HIKPOKUMATWY
o€ £€va WIKPO OTOXO, XPNOILOMOIMVTAG HId GUOKEUNR €AEYXOU
MEYAANCG KaTeuBuvTIKOTATAC», OAAWOE e€KNPOCWNOG TNG
JAXA, n onoia €dw kal Xpovia gpydaletal yia Tn dnuioupyia
dIaoTNUIKWY OTABU®V Napaywyng peUPaTog.

H diaoTnuikn napaywyn NAEKTpiogoU €xel MoAAd nAsove-
KTAHATa O€ 0X€on WeE TNV napaywyn otn n, Kupiwg oTI gival
navra diaBgoiun, aveEaptnTwg KaipoU n wpag. Av kai ol
dopuopol, Kabwg kal o AleBvAg AlaoTnIKOG STaduog Xpn-
gigonoioUV TNV NAIAKN €VEPYEIA, TNV Onoid PETATPENOUV OE
NAEKTPIKN YIa TIC AvAyKeG Toug, N acupuartn ueTaddoon au-
ToU TOU pelpaTog on I'n, WOTE va TO XPNOIHOMNOoIoUV EUPEWG
ol GvBpwnol, Napap€vel ENICTNHOVIKN (pavTaocid.
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'OMwG ol Ianwveg enIOTAOVEG enIYévouv Nwg eival Béua
XPOVOU KATI TETOIO va Yivel epIkTO. H JAXA opapaTileTal éva
JiKTUO JOPUPOPWY HE NAIOKOUG CUAAEKTEG Kal QVTEVEG, OF
Uwog nepinou 36.000 XIAIOPETPpWV Ao TNV €nIPAvEId TOU
nAavATn pag, nou Ba cuAAéyouv To Qwg Tou 'HAlou, Ba To
METATPENOUV O PeUMA Kal TEAIKA Ba To «JdIakTIvifouv» OTO
£dagoc. 'Onwg sine o sknpoocwnog TnG JAXA, pnopsi va ne-
paoouv JeKacTieC, EwG OTOU UNAPEElI NPAKTIKN €QApUoyn TNG
®INOBOENG TeXVOAOYiag. EkTiunoe 0TI auTtd, oTnv KaAUTepn
nepinTwon, 6a cuuBei otn dekasTia Tou 2040.

Av Kkal n 0An 15€a €ixe €enndnoel oToug €nioTnUOVIKOUG KU-
kAoug Twv HIMA oTtn dekaeTia Tou ‘60, NTav n Ianwvia autnh
nou nnpe {eota To {NTNUa, €NeIdn N VACIWTIKA Xwpa EapTa-
Tal o€ avnouxnTikd Babuo and Tig el0aywyeG NETpeAAiou Kal
AAWV NPOTWV UA®V, YE CUVEMEIQ va Npoonabei evaywviwg
va anoKTnOEl EVEPYEIQKN AUTAPKEId — £0Tw Kal €§ oupavou.
To coBapd nupnvikd atuxnua Tng ®oukouaoiua To 2011 €ka-
VE TNV avaykn akopn nio eneiyouod, kabwg £deige 6T n nu-
PNVIKN E€VEPYEIA, OTNV OMoia €iXe «MOVTAPEI» n Xwpd, dev
EXEl AQUEANTEOUG KIVOUVOUG.

(TechIT, 13 MapTiou 2015,
http://techit.gr/2015/03/iapones-epistimones-petuchan-
metadosh-reumatos-meso-tou-aera)

O3 D

It

'Onwg E€poupe oTnv APEPIKN N ONUEPIVA nueEpounvia 14
MapTiou ypapetal 3/14. 'ETolI kaBiepwBnKe va ylopTaleral n
14n MapTiou oav pépa TnG TIMAG Tou N = 3.141592653 ...

DETOG OPWC, nMou €xoupe 3/14/15 (oTnv AMEPIKAVIKA HOp-
®n), oTnv wpa 9:26:53 gixape TNV TIPR Tou N He 10 wnoia
akpiBela. AuTo 6a oupBei naii To 2115!
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EKTEAEZTIKH ENITPONH EEEENM (2012 - 2015)

Mpoedpog : XpnoTog TEATZANIPOE, Ap. MoOAITIKOS Mnxavikog, MANFAIA SYMBOYAOI MHXANIKOI E.M.E.
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