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Executive summary
The ‘Developing engaging, effective and enlightening practical experiments in Geotechnical
Engineering’ project proposed a new framework for and developed a series of associated
resources to facilitate systemic change in undergraduate geotechnical engineering
laboratory classes. The project deliverables and outcomes are as follows:
1. a framework for creating engaging, effective and efficient laboratory classes
specifically for geotechnical engineering, but which can be used more broadly in any
discipline which includes experimental components. This framework consists of
three components: an introductory interactive learning module (ILM), a streamlined
laboratory component and a post-laboratory ILM.
2. pre- and post-laboratory ILMs for several geotechnical engineering experiments.
These include sieve analysis, Atterberg limits, hydrometer analysis, soil compaction,
direct shear test, triaxial test, oedometer consolidation and flow through an earth
dam. The ILMs incorporate rich multimedia elements including videos, narration,
diagrams and quizzes and are based on the Articulate e-learning authoring platform.
3. computer-assisted learning (CAL) objects to enhance the learning outcomes are
incorporated into each of the post-laboratory ILMs. A total of five CAL objects, based
on the existing CATIGE (Computer Aided Teaching in Geotechnical Engineering)
resources, have been redesigned and significantly enhanced.
4. documentation for instructors to facilitate the successful implementation of the
framework and resources at tertiary institutions worldwide
5. web portals on the servers of the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE)
<www.mygeoworld.info/groups/profile/69217/developing-engaging-effective-andenlightening-practical-experiments-in-geotechnical-engineering> and The University
of Adelaide’s School of Civil, Environmental and Mining Engineering
<proxy.civeng.adelaide.edu.au/OLT/> to disseminate the resource worldwide.
The framework developed was subsequently published at the landmark international
conference on learning and teaching in geotechnical engineering, Shaking the Foundations
of Geo-engineering Education (SFGE), held in Galway, Ireland between 4–6 July 2012. The
project received extremely positive feedback from several attendees. As a result, the project
was adopted as one of TC306’s (Technical Committee of the ISSMGE on Geo-engineering
Education) important initiatives. The project and resources were again presented and
discussed at the TC306 session of the ISSMGE’s quadrennial conference held in Paris in
September 2013.
The resources developed by this project are disseminated to geo-engineering academics and
students through the web portals of the ISSMGE <mygeoworld.info> and the School of Civil,
Environmental and Mining Engineering at The University of Adelaide
<proxy.civeng.adelaide.edu.au/OLT/>. It is also intended to publish a final dissemination
paper at the 16th European Conference on Soil Mechanics and Geotechnical Engineering to
be held in Edinburgh in September 2015, as well as at the International Symposium for
Engineering Education (ISEE) to be held in Manchester in September 2014.
Student evaluation overseen by an external expert has shown that each of the learning
objectives in all of the ILMs were met. All students agreed (45 per cent strongly agreed and
55 per cent agreed) that the pilot was an engaging, effective and efficient method of
learning. The majority of the students considered the pre-laboratory ILMs were very useful
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and effective. The students also found the videos and the diagrams to be the most effective
aspects of the pre- and post-laboratory ILMs, respectively.
The resources have been deployed internationally via two web servers. A number of
institutes have already expressed strong interest in incorporating the framework and
resources into their practical classes.
It is concluded that the framework, which includes a pre-laboratory ILM, a streamlined and
focused laboratory session, and a post-lab ILM, provides a viable approach for improving
student engagement and learning outcomes, whilst minimising the impact on technical and
equipment resources. Such a framework is potentially valid for a range of disciplines which
incorporate student laboratory classes, such as engineering, science and health sciences.
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Chapter 1 – Rationale
Even the most dedicated geotechnical engineer would have to admit that soil is not the
most glamorous of materials to study. Analysing soil compaction does not seem nearly as
exciting as building a robot or a solar vehicle or trying to dampen the sound from the
propellers of a Collins Class submarine. However, while one could do without robots, and
even Collins class submarines, one cannot exist without soil, and must constantly interact
with it. Soil is the stuff in which we grow our food and on which we build our homes. It is
constantly under our feet and is fundamental to human life, to civilisation and to the built
environment. For civil and structural engineers as well as for mining and water resources
engineers, an understanding of soil properties and soil mechanics is the absolute bedrock of
their professions (pun intended).
It is unfortunate then, that, while advances in our understanding of soil behaviour have
vastly increased since the discipline of geotechnical engineering began to take formal shape
at the beginning of the 20th century, little has changed in the teaching of geotechnical and
civil engineering, particularly in terms of experimental exercises, over the last 40 years.
Although some academics have taken advantage of developments in computer-aided
instruction and project-based learning to develop new and engaging materials (eg Elton
2001, Airey 2008, Jaksa 2008, Banky et al. 2011), these initiatives have been limited by
resourcing issues and institutional inertia, and have not been widely adopted.
Practical classes remain almost universally uninspiring, tedious and unfocused (Burland
1987). A singular issue, of course, is that dirt just is not a very enthralling topic. Observing
the ‘behaviour’ of something that does not seem to actually do anything has little appeal for
most people, least of all students. Fine-grained soils such as clays and silts, for example, can
take hours or days to react to having water poured over them or load placed on them. Yet
observing, measuring and understanding how water and load influence the strength and
stability of these soils is absolutely vital for civil construction.
The Leaning Tower of Pisa is a dramatic example of both the importance of understanding
the properties of soils, and of the length of time for soil activity to manifest its
consequences. In the case of the Leaning Tower, settlement was only manifest after
decades to hundreds of years. In the laboratory, the properties of soils, such as those at
Pisa, can be measured using an oedometer test, an experiment that holds little interest.
Students measure settlement of soil by recording the movement of a dial gauge – usually
over a two- or three-hour period and often only taking a reading every 15 to 30 minutes.
More recently, the dial gauges have been replaced by electronic counterparts – linear
variable differential transformers. The only difference in the experiment is that the numbers
appear on a liquid crystal display, rather than on a dial. Hence, the difference is essentially
that between an analogue and a digital clock. The experiment is still dull!
Adding to the potential for student disengagement and diminished learning is the fact that,
because of increasing class sizes, limited laboratory resources and the fixed teaching
semester of 12 or 13 weeks, students often perform laboratory experiments in undesirably
large groups of eight or more. As many of the experiments require the performance of a
limited number of physical tasks, many students, particularly the reticent ones, simply
observe their peers perform these tasks and disengage from effective learning. In addition,
laboratory sessions can occupy a significant amount of a student’s weekly contact schedule
at a time when sustainability, climate change, environmental studies and soft skills training,
such as technical report writing and presentation skills, are being introduced into the
curriculum. Time pressures are forcing the reduction or even the elimination of labs, which
also occupy valuable physical space. Moreover, geotechnical laboratory equipment is
expensive and requires highly-skilled technical staff for its operation; appropriately skilled
technicians are scarce. Given space and personnel constraints, students are often forced to
work in groups that are too large for effective participation simply because the physical
Developing engaging, effective and enlightening practical experiments in geotechnical engineering

8

space is inadequate and qualified assistance is not available.
The introduction of new subjects has reached the point where several countries, such as the
UK, USA and Australia, are exploring five-year engineering degrees (Jaksa et al. 2009) at the
same time that numbers of institutions are significantly reducing, or removing entirely,
laboratory classes from geotechnical and civil engineering curricula. This is an extremely
undesirable outcome for the engineering profession and one that requires urgent redress.
Graduate engineers, who have never had a tactile, or even visual, experience with soil and
the measurement of its properties, struggle at the beginning of their careers to confidently
design foundations for structures or advise on the stability of building sites in spite of an
excellent theoretical grounding. In engineering, as in health and science, the laboratory
experience is absolutely essential to ensure a student’s deep understanding. Engineering is,
however, a discipline bound by tradition (for good or ill), and the failure over many years to
enliven laboratory teaching and enhance learning is among the reasons given for the
acceptability of curtailment of lab time. A much more meaningful solution to the issue of
boring labs would be to make them an interesting experience as the content covered is
important.
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Chapter 2 – Project aims and outcomes
The overall aim of the proposed project, therefore, was to develop a framework and
associated resources to facilitate systemic change in geotechnical engineering education,
not just in Australia, but worldwide. The framework, which is based on developments
already achieved at The Universities of Sydney and Adelaide since 2010, consists of three
components: (1) an introductory module; (2) a streamlined laboratory component; and (3) a
post-laboratory module. At the core of each experiment are clearly defined learning
objectives which inform the structure of each module, the form of the laboratory
component and the assessment tasks. The first and third modules are developed using the
Articulate e-learning authoring software, which provides a media-rich platform for
developing engaging learning objects, and are deployed and made available to students
online via the universities’ learning management systems.
The project deliverables were to develop:
1. a framework for creating engaging, effective and efficient laboratory classes,
specifically for geotechnical engineering, but which can be used more broadly in any
discipline which includes experimental components. The framework consists of three
components: an introductory interactive learning module (ILM), a streamlined
laboratory component and a post-laboratory ILM.
2. pre- and post-laboratory online learning modules for several geotechnical
engineering experiments. These include sieve analysis; Atterberg limits; hydrometer
analysis; soil compaction; direct shear test; triaxial test; oedometer consolidation
and flow through an earth dam. The ILMs incorporate rich multimedia elements
including videos, narration, diagrams and quizzes and are based on the Articulate elearning authoring platform.
3. computer-assisted learning (CAL) objects which will enhance the learning outcomes
and will be incorporated into each of the post-laboratory modules. These will be
based on the existing CATIGE (Computer Aided Teaching in Geotechnical
Engineering) resources.
4. documentation for instructors to facilitate the successful implementation of the
framework and resources at tertiary institutions worldwide. The ability for
instructors to modify the teaching materials to integrate with individual institutional
approaches is critical for the widespread use of the resources, and will be addressed.
5. a web-based portal to disseminate the resources worldwide.
The outcomes of this project and the approaches adopted are presented and detailed in the
following chapters.
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Chapter 3 – Approach and outcomes
Practical work in a laboratory has been a characteristic of engineering programs for the very
good reason that no other experience at the undergraduate or postgraduate levels can
deliver the same learning outcomes for students. Lab work, ideally, should help motivate
and stimulate student interest in the subject while deepening their understanding of the
essential knowledge and theoretical concepts of the subject. Lab work also provides
opportunities for students to work together on analysing and solving engineering problems.
Since working in teams and problem-solving are the most salient features of the engineering
profession, the opportunities in the lab should be regarded by instructors as an unequalled
opportunity to prepare young engineers, helping them to acquire behaviours and habits
that will serve them throughout their professional lives.
Outcome 1: A framework for creating engaging, effective and efficient laboratory classes
specifically for geotechnical engineering
The details of the proposed framework were discussed in the two-day planning workshop
held at The University of Adelaide on 12–13 December 2011. The framework agreed at this
meeting is illustrated in Figure 1 below. As mentioned above, it consists of three
components: an introductory pre-laboratory interactive learning module (ILM), a
streamlined and more focused laboratory component, and a post-laboratory ILM. The online
pre- and post-laboratory modules are developed using the Articulate e-learning platform,
which is discussed below.
•
•
•
•
•
•
•
•

Overview
Learning objective
Context
Real-world application
Background theory
Underlying assumptions
Testing procedure
Expected test data

Streamlined laboratory
component

•
•
•
•
•

Small groups (4 students)
Group collaboration
Result sharing
Independent group report
Maximum 45 minutes

Post-laboratory interactive
learning modules

•
•
•
•

Analysis of results and reporting
Computer Assisted Learning (CAL)
Reflection and conclusion
Student e-assessment and
feedback

Pre-laboratory – introductory
interactive learning modules

Articulate
Animations
Diagrams
Narration
Photos
Quizzes
Videos

Figure 1: Proposed framework

The design and evaluation of the framework and modules are informed by the work of
Laurillard (2001), Garrison & Anderson (2003), Crisp (2007) and George et al. (2008).
Laurillard (2001) advocates generating a teaching strategy which is discursive, adaptive,
interactive and reflective; articulating clear statements of the learning objectives and
designing the teaching materials and assessment tasks which closely align with the learning
objectives; and including early evaluation which forms an integral part of the design process.
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Garrison & Anderson (2003: 94) suggest that learners are motivated by assessment activities
and that one of the four characteristics of a quality learning environment is being
‘assessment-centred’, which implies ongoing, frequent and comprehensive formative
assessment. Crisp (2007) provides an extensive overview of e-assessment, its validation and
the use of Java applets. His work provides a sound basis for the development of the
embedded e-assessment tasks.
Outcome 2: Pre- and post-laboratory interactive learning modules
Recently, multimedia-rich software has become available – Articulate <www.articulate.com>, Captivate <www.adobe.com/Captivate> and Raptivity <www.raptivity.com> –
which enables subject matter experts to generate e-learning objects rapidly from standard
Microsoft PowerPoint files on their desktop. It also allows for audio and video narrated
content to be packaged with interactive and feedback mechanisms, such as Adobe Flash
<www.adobe.com/products/flash> interactions and quizzes (Carrington & Green 2007). This
facility is particularly desirable given the universal nature of Flash files, and provides a quick
and efficient means of creating, delivering and managing educational material. Maier (2008)
argues that the use of such multimedia Flash presentations increases student engagement
and improves the student experience by providing an appropriate learning context and an
active learning environment.
An example of a learning object developed in this project using Articulate is shown in Figure
2 below. Such learning objects allow students to navigate the content freely and learn the
topics in their own time. This mode of learning is particularly relevant to international
students, whose language skills may influence their learning ability in a traditional lecture or
laboratory format.

Figure 2: Pre-laboratory interactive learning module for soil classification – Sieve analysis
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Component 1: Pre-laboratory interactive learning module
The first component is intended to introduce students to the laboratory class so that the
subsequent laboratory session can be more focused, engaging and streamlined. The
Introductory Module was developed using Articulate and includes a list of the desired
learning outcomes (see Figure 3 below), the real-world context and applications to which
the experiment is relevant, the background theoretical framework applicable to the
experiment, embedded assumptions and the equipment and procedure that will be used in
the laboratory component. The modules are multimedia-rich and incorporate video footage
and narration.
Importantly, students’ understanding of the concepts included in the module is formatively
assessed by means of quizzes embedded in the Articulate module. An example of the
quizzes embedded in the modules is shown in
Figure 4. Articulate Quizmaker was used to develop these quizzes. It is not intended that the
quizzes will be used for formal assessment, but rather to facilitate students’ understanding
of key concepts.
Consistent with one of the main aims of e-learning, the Introductory Module is designed to
be deployed through the universities’ learning management system (LMS), such as
Blackboard, to enable students to access the material online at a convenient time and to
facilitate learning at their own pace. An introductory module of this kind was introduced at
The University of Sydney in 2010; this demonstrated a dramatic improvement in the
students’ engagement with lab classes.
Component 2: Laboratory component
As alluded to earlier, traditional geotechnical engineering practical classes, at least until
recently, have involved students working in groups (sometimes as large as eight or more) on
a particular experiment – usually in a two- or three-hour session. The suggested framework
proposes a more streamlined laboratory class which is more focused and requires less
technical support, both in terms of preparatory work and supervision during the sessions,
less student contact time, and less demand on scarce equipment and laboratory resources.
Further consideration of the oedometer test referred to earlier provides a better
understanding of the proposed approach. Traditional practice is to structure the laboratory
session so that the student group carries out the experiment, in essence, several times. The
process of consolidation, that is settlement in clays, is measured by quantifying a
consolidation curve, as shown in Figure 5 below. Each point (represented by green circle) on
the curve is obtained by applying a load to a soil specimen and recording the settlement
over a period of around 30 minutes. Many clays actually require a longer period of time to
consolidate fully. Usually, six to eight points are needed to generate a reliable and
representative consolidation curve. Hence, the time needed in the laboratory can be quite
extensive and, as mentioned earlier, the measurement process is extremely dull and
tedious.
The proposed alternative approach is to reduce the time spent in the laboratory to
approximately 45 minutes. This is achieved by the students measuring one point on the
consolidation curve, rather than the total six points. The complete set of six points is
obtained by subsequent student groups, who each apply a different load and, hence, obtain
a different point on the curve. Therefore, over a three-hour period, the entire consolidation
curve is generated. Subsequently, the students can access the complete set of data, again
via the LMS, so that they can perform the relevant analyses, evaluate the required
properties and write up the report. An example of test data shared on the LMS Blackboard is
shown in Figure 6.
The net result of this approach is a more efficient and sustainable laboratory experience,
Developing engaging, effective and enlightening practical experiments in geotechnical engineering
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which is more engaging, and, hence, achieves improved learning outcomes.

Figure 3: Learning objectives are clearly defined in each module

Figure 4: Quizzes are embedded in the interactive learning modules
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Figure 5: A typical consolidation curve

Figure 6: Test data sharing on Blackboard – Oedometer consolidation and direct shear test
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An important additional benefit of this streamlined laboratory component is that, because
students spend less time in the laboratory, there is less pressure on timetabling and, hence,
students work in groups of far fewer students – typically three to four.
Component 3: Post-laboratory interactive learning module.
As for the Introductory Module, the Post-laboratory Module was developed using Articulate
and includes content on compiling and interpreting the data obtained in the laboratory,
performing the necessary analyses in order to quantify the relevant soil properties, a
comparison of these properties with other soil types, treatment of experimental errors, the
requirements of the report (an example is shown in Figure 7 below) and guidance on report
writing.
An important additional feature of this third module is the inclusion of CAL objects. By using
these, students explore the variation of a range of aspects of the experiment in order to
appreciate their influence on the soil properties under examination. As a consequence of
the incorporation of CAL, technical resources in the laboratory are minimised and
additional, higher-level learning is attained. The CATIGE learning objects were used for this
purpose. However, further refinement, redesign and enhancement were required to align
the learning objects with the aims of this project. Most importantly, a more engaging ‘frontend’ was developed for each object, to replicate the laboratory experience. The CATIGE
learning objects have, as a result, undergone extensive transformation with relatively
updated graphics. As highlighted by Banky et al. (2011), today’s students are far more
demanding than students of earlier years in terms of their expectations of the quality of the
graphics and navigation of the software.

Figure 7: Report requirements clearly stated in the post-laboratory interactive learning modules
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Outcome 3: Computer assisted learning (CAL) objects
Since the early 1990s, computer-assisted learning (CAL) has provided learning resources
additional to those traditional methods of instruction such as lectures, tutorials, text books,
practical sessions and videos. CAL offers many advantages over traditional forms of learning,
such as (Jaksa et al. 2000): (1) the ability to run simulations of laboratory experiments and
design scenarios that allow the student to observe the effect on some behaviour by
modifying various parameter(s); (2) the delivery of subject matter in an engaging and
challenging manner; (3) students are able to learn at their own pace, rather than adhering
to a schedule established by the course timetable; (4) student progress and areas of
difficulty can be automatically monitored; and (5) scarce teacher, technician and equipment
resources can be diverted to other areas, such as research.
Whilst CAL has a number of benefits, it also suffers from a number of limitations. These
include: (1) students do not physically handle soil or rock nor do they operate real test
apparatus; hence, they are unable to benefit from these important tactile experiences; (2)
students may not appreciate experimental errors nor the often significant time needed to
carry out some geotechnical tests; (3) if the CAL resources are poorly designed, the student
may be more concerned with navigating or ‘playing’ the software than with learning; and (4)
hardware limitations may cause the software to crash or the web-navigator to be
unbearably slow, hence, detracting from the learning experience. As a consequence of these
limitations, Davison (1996) suggested that CAL should not be seen as a replacement for
traditional instructional methods. Rather, CAL offers an additional powerful and engaging
instructional tool which enhances the students’ learning experience and learning outcomes.
Among the early developments of CAL, specifically for geotechnical engineering, were the
significant UK GeotechniCAL suite of programs
<environment.uwe.ac.uk/geocal/old/geocal.htm>, Geotechnical Courseware (Budhu 2006),
CATIGE (Jaksa et al. 1996), and the TU Delft Software and Resources (Verruijt 2006). Jaksa et
al. (2000) provided a relatively extensive overview of the geotechnical engineering CAL
resources available at that time. Since then, however, very few new CAL resources have
been developed and many of those listed above have failed to keep pace with changes in PC
operating systems. The issue of sustainability is serious for CAL resources.
Recently, Jaksa’s CATIGE (Computer Aided Teaching in Geotechnical Engineering) suite of 10
Windows PC programs, which include Consolidation Processes, Direct Shear Test in Sand (as
shown in Figure 4), Mohr’s Circle, Proctor Compaction, Sheet Pile Retaining Wall Analysis,
Soil Classification and Triaxial Test, have been updated to incorporate several
improvements, most notably, inclusion of a facility for educators to translate the programs’
text into their native language and the ability to enter user-specific soil properties as well as
student-centred learning exercises. In addition, the software has been further enhanced, in
terms of portability and accessibility, by translating the programs to Java applets (Jaksa &
Kuo 2009). The Windows version of CATIGE is used by more than 30 universities worldwide
and, until recently, was available for purchase for a modest amount. Since 2008, however,
with the aim of improving learning and teaching in geotechnical engineering worldwide,
both the Windows and the Java applet versions of CATIGE have been made available to
universities and individuals free-of-charge. This project has also adopted this open source
approach, which is discussed more fully below.
Outcome 4: Documentation for instructors
The documentation for instructors has been developed to maximise the educational value
and flexibility of the project’s resources. The documentation, which is Microsoft Word
document-based, is disseminated via the project’s web portal, as explained below.
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Outcome 5: A web-based portal to disseminate the resources worldwide
Underpinning the project is the aim to effect systemic change in geotechnical engineering
education worldwide. As mentioned above, issues related to the pedagogical shortcomings
of geotechnical engineering practical classes have been appreciated for a long time. For
example, Professor John Burland from Imperial College, London, highlighted these in his
Nash Lecture in 1987. The International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE), while recognising the problem, has been powerless to act, given its
inability to fund research projects. In recognition of the value of the project, the ISSMGE has
provided web server resources to facilitate the dissemination to the international
community of the project’s outcomes and resources. It is proposed that the site will
continue to be maintained and expanded by the ISSMGE’s Technical Committee TC306,
under the guidance of Professor Jaksa. In addition, a parallel website is hosted on The
University of Adelaide’s web server. More details regarding the web portals are provided in
Chapter 8.
Outcome 6: Publication, conferences
The results of this work have been published in the pre-eminent geotechnical engineering
international conferences such as the 18th International Conference on Soil Mechanics and
Geotechnical Engineering, held in Paris in September 2013 and the 2012 Shaking the
Foundations of Geotechnical Engineering Education Conference in Galway, Ireland. Further
details are provided in Chapter 7 – International conferences and publications.
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Chapter 4 – Overview of interactive learning modules
and computer-assisted learning objects
This project has adopted the Articulate e-learning authoring suite to generate media-rich,
Flash-based, interactive modules to stimulate student engagement and improve student
learning by providing an appropriate learning context and an active learning environment.
Articulate enables subject matter experts to generate e-learning objects rapidly from
standard Microsoft PowerPoint files on their desktop. It allows for audio and video narrated
content to be packaged with interactive and feedback mechanisms. Examples of the
learning modules developed in this project using Articulate are shown in Figures 2 to 4 and
in Figure 7. An overview of the ILMs developed in this project is summarised in Table 1
below.
Articulate creates an online learning environment with intuitive navigation. Such learning
objects with multilevel navigation features allow students to navigate the content freely and
explore and learn the topics in their own time. This is particularly relevant to international
students, whose language skills may influence their learning ability in a traditional lecture or
laboratory format. Slide or speaker notes are also included in the ILMs if the international
students find the local accent difficult. The ILMs also allow the learners to pick up the
content from where they left off. Furthermore, the recently released Articulate Presenter
’13 enables the ILMs to be published to HTML5, Flash, and the new Articulate Mobile Player,
a native app that optimises content for iPads. These features facilitate greater platform
flexibility, particularly with regards to Apple products such as iPads and iPhones.
As mentioned, the pre-laboratory ILMs are intended to introduce the students to the
laboratory class so that the subsequent laboratory session can be more focused, engaging
and streamlined. The pre-laboratory ILMs adopted the following structure:
1. title page
2. a list of the desired learning objectives (Figure 3)
3. introduction and background information (Figure 8), which includes real-world
context and applications to which the experiment is relevant (Figure 9), some
history related to the test (Figure 10) and embedded assumptions
4. objectives of the test (Figure 11)
5. laboratory equipment (Figure 12) and operating procedures – described using video
footage and narration (Figure 13)
6. example of test data, associated formulae and calculations (Figure 14)
7. expected results (Figure 15)
8. quizzes (
9. Figure 4)
10. report requirements (Figure 7).
The post-laboratory ILMs, on the other hand, focus on compiling, understanding and
extending the data obtained in the laboratory. Like the pre-laboratory ILMs, the postlaboratory ILMs also contain a list of learning objectives (Figure 16). The ILMs also
summarise the necessary analyses in order to quantify the relevant soil properties (Figure
17), a comparison of these properties with other soil types (Figure 18), treatment of
experimental errors, the requirements of the report (Figure 7) and guidance on report
writing.
All ILMs are multimedia-rich and incorporate video footage and narration. The ILMs are
intended to be deployed to the institutions’ learning management systems (LMS), such as
Blackboard, to enable students to access the material online at a convenient time and to
facilitate learning at their own pace.
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Table 1: Overview of interactive learning modules and associated CAL objects
Number of slides
(excluding quizzes)

Number of learning
objectives

Number of quiz
questions

Number of videos
CATIGE

Test Type
Pre-lab
ILM

Post-lab
ILM

Pre-lab
ILM

Post-lab
ILM

Pre-lab
ILM

Post-lab
ILM

Pre-lab
ILM

Post-lab
ILM

Soil Classification Part 1 –
Sieve Analysis

18

10

5

3

7

1

1

1

CLASS

Soil Classification Part 2 –
Atterberg Limits

31

12

5

2

3

1

5

1

CLASS

Soil Classification Part 3 –
Hydrometer

21

10

3

2

3

2

2

1

CLASS

Direct Shear Box

20

14

5

3

3

1

3

1

DSAND

CU Triaxial

23

18

4

4

4

6

6

1

TRIAX

Oedometer consolidation

19

14

5

2

4

2

2

1

CONSOL

Soil compaction

16

12

5

2

4

1

1

1

PROCTOR

Seepage flow through an earth
dam

11

8

2

1

2

1

1

1

(External –
SEEP/W)
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Figure 8: Background information highlighting the importance of shear strength determination as
obtained from the direct shear test

Figure 9: An example of a real-world context and application of consolidation undrained testing
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Figure 10: Historical development of Atterberg limits

Figure 11: Objective of undertaking consolidation undrained testing
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Figure 12: Direct shear apparatus

Figure 13: Video footage with narration explaining the setup of a triaxial test sample
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Figure 14: An example of hydrometer analysis test data and associated calculations

Figure 15: Compaction curve
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Figure 16: Learning objectives in the oedometer consolidation post-laboratory ILM

Figure 17: The test results and methodologies for analysing the results as summarised in the
post-laboratory ILMs
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Figure 18: Comparing the compaction curves of different soil types

The post-laboratory ILMs have an important additional feature, which is the inclusion of
CATIGE (Computer Aided Teaching in Geotechnical Engineering) learning objects. In the
context of this project, the CATIGE suite is a series of five computer programs specifically
written to assist with the teaching of elementary geotechnical engineering principles to
undergraduate university students. The suite has been designed in such a way that users
work interactively with the programs, and are often required to provide numerical input. In
this way, the users are involved in the solution process, thereby ensuring that the concepts
are reinforced, rather than the user merely watching the computer solve the problem or
animate a particular apparatus. Inclusion of CATIGE into the ILMs enables parametric
studies to be undertaken by exploring the variation of a range of aspects of the experiment
in order to appreciate their influence on the soil properties and behaviour.
A summary of each of the CATIGE learning objects is given in Table 2 below, and an example
of one of the objects (Proctor) is shown in Figure 19 below. The program, Proctor,
demonstrates the standard compaction as well as the modified compaction tests. The user
may choose one of CATIGE’s six hypothetical soils and the type of compaction test. The
process is demonstrated by using an animated graphics screen. Proctor guides the student
through the compaction test procedure and plots the results on a standard compaction
graph. The user is able to add or remove moisture and repeat the test, enabling several
compaction points to be determined. Having done this, the user is then asked to estimate
the optimum moisture content and the maximum dry density of the soil. The process is
repeated again with different soil types. The students are able to compare the compaction
curves for different soil types. As a consequence of the incorporation of CATIGE, the
fundamental understanding of basic soil mechanics is enhanced, whilst optimising the use of
limited technical resources and laboratory equipment.
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Table 2: Descriptions of CATIGE learning objects
CATIGE
Learning
Objects

Descriptions

CLASS

This program guides students through the process used to identify and
classify soils using the Unified Soil Classification System (USCS). Class uses
the six hypothetical soils and allows the user to choose various laboratory
tests and field identification techniques to identify the soils. The results of
the sieve analysis Figure A1), Atterberg limit tests, as well as hydrometer
analysis, can be plotted to assist the user in classifying the soils. In order
to make the process realistic, the user is given a budget and each
laboratory test is charged against this budget. When the user feels that
sufficient testing has been performed, the user may suggest the Unified
Soil Classification for the selected soil.

DSAND

The program, DSand, is a graphical representation of the direct shear test
performed on specimens of sand. The dry sand can be tested in either a
loose, medium or dense state. After specifying the hanger load or applied
load, DSand then animates the test apparatus and plots the result on a
shear stress vs. displacement and a normal stress vs. peak shear stress
graph. The user is then able to perform additional tests with different
hanger loads, after which, the user may estimate the shear strength
parameters (Figure A2).

TRIAX

Triax simulates triaxial testing of soils and guides the users through the
processes of this test. All six of CATIGE’s soils can be tested using
consolidated undrained (CU) or consolidated drained (CD) conditions. The
cell and back pressures can be controlled to simulate different effective
stresses, in addition to the over-consolidation ratio. An axial stress vs axial
strain graph can be plotted. Pore water pressures are measured and
displayed throughout the test (Figure A3). The Modified Cam-clay model
has been adopted to model soil behaviour in Triax.

CONSOL

The aim of Consol is to provide an introduction to the processes that
occur during one-dimensional consolidation. Consol allows the user to
choose one of the standard CATIGE soils, one- or two-way drainage, the
thickness of the consolidating layer and the stress increment. Consol
displays the test configuration as well as plots of excess pore water
pressure vs depth of the layer, degree of consolidation vs time factor, Tv,
and the change in layer thickness vs time (Figure A4).

PROCTOR

The program Proctor demonstrates the standard Proctor, as well as the
modified Proctor, tests. The user may choose one of CATIGE’s six
hypothetical soils and the type of Proctor test. The process is
demonstrated by using an animated graphics screen. Proctor guides the
user through the compaction test procedure and plots the results on a
standard compaction graph. The user is able to add or remove moisture
and repeat the test, enabling several compaction points to be
determined. Having done this, the user is then asked to estimate the
optimum moisture content and the maximum dry unit weight of the soil
(Figure 19).
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The CATIGE learning objects have undergone extensive transformation with updated
graphics to include a more engaging ‘front-end’, so that they replicate the real laboratory
experience. To ensure that the CATIGE suite will sustain, as best as possible, the future
technology cycles and the advent of alternate platforms and mobile devices, it was decided
to reprogram and migrate the CATIGE learning objects from Visual Basic .Net to C# (or C
Sharp – a programming language). The team has investigated the possibility of using the
Mono compiler and IDE. Mono is a software platform designed to allow developers to
create cross-platform applications in a relatively straightforward manner. Mono is an open
source implementation of Microsoft’s .NET Framework based on the ECMA standards for C#
and the Common Language Runtime. CAL written in C# opened the possibilities of crossplatform and mobile e-learning in the future, for example, e-learning using IOS and Android
tablets. This approach will minimise the CAL’s reliance on a single platform or operating
system, thus protecting the long-term viability of the resources developed in this project.
However, technical difficulties were encountered with the early version of Mono in the early
stages of the project and, as a result, the CAL objects were instead developed using
Microsoft Visual Studio in C#. It was not until 2013 that a more robust version of Mono was
released but the project was already at advanced stage. Therefore, the CAL objects released
by this project are written using Microsoft Visual Studio in C# and only Microsoft Windows
versions are available. It is intended to publish the CAL objects to Android, IOS and Java
formats in the future.
Another important change with respect to the CAL objects is to provide enhanced flexibility
for instructors so they can create new soil profiles that are relevant to their specific regions
and needs. In addition, these enhancements also permit the software to be translated into
other languages, again increasing the relevance and reach of the project. These translations
were achieved with the inclusion of a language file (text-editable.LNG file) in the application
holder. These additional enhancements and major changes in direction had some impacts
on the timelines of the project.
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Figure 19: An example of a CATIGE learning object – Proctor
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Chapter 5 – Workshops and international
collaborations
Planning workshop, Adelaide
A two-day planning workshop was held at The University of Adelaide on 12–13 December
2011. This meeting enabled interactions between the project leader, collaborators and
evaluator. The following collaborators participated at this meeting: Project Leader:
Professor Mark Jaksa (The University of Adelaide), Project Officer: Dr Yien Lik Kuo (The
University of Adelaide), Project Collaborators: Professor David Airey (The University of
Sydney), Professor Jayantha Kodikara (Monash University), Associate Professor Mohamed
Shahin (Curtin University), Dr Samuel Yuen (The University of Melbourne), e-Learning
expert: Mr Allan Carrington (Centre for Learning and Professional Development, The
University of Adelaide) and ALTC National Teaching Fellow, Associate Professor Les Kirkup
(University of Technology, Sydney), who gave a presentation and led a discussion on inquiryoriented learning. In addition, Mr Peter Cafe, a learning consultant and former high school
teacher from The University of Sydney, and Dr An Deng and Mr Brendan Scott, both
academics in geotechnical engineering at The University of Adelaide, also attended and
participated in the workshop. The meeting was delayed until December because of
scheduling issues, due mainly to teaching commitments.
The aim of the workshop was to establish and agree objectives, scope, approach, project
organisation, resources, responsibilities, timelines, deliverables, controls and planning
considerations. The details of the proposed framework were discussed. The agreed
framework is shown diagrammatically in Figure 1, and is consistent with the funding
proposal. The framework consists of three components: interactive pre-laboratory modules,
streamlined and more focused laboratory component, and a post-laboratory module.
Details of the framework and each component were discussed and agreed. The online preand post-laboratory modules will be developed using the Articulate e-learning platform. It
was further agreed that the framework would be amended and adjusted in response to
feedback from the end-users and external evaluator. Evaluation of the project will be in the
form of a survey, forum, discussion boards, videos and a blog.
The laboratory experiments, which are common among the collaborating institutions, and
which were subsequently included in the project are:
•
•
•
•
•
•

soil classification – particle size distribution, Atterberg limits, and hydrometer
analysis
seepage flow through an earth dam
compaction – standard and modified compactive efforts
direct shear test
triaxial test – consolidated undrained (CU)
oedometer consolidation test.

The framework established at the project workshop was subsequently published at the
landmark international conference on learning and teaching in geotechnical engineering,
Shaking the Foundations of Geo-engineering Education (SFGE), 4–6 July 2012, Galway,
Ireland:
Jaksa, M.B., Airey, D.W., Kodikara, J.K., Shahin, M. A. & Yuen, S.T.S. (2012). Reinventing
geotechnical engineering laboratory classes. Proceedings of Shaking the Foundations of
Geo-engineering Education Conference (pp. 137–142). McCabe, Pantazidou & Phillips
(eds). Galway, Ireland: Taylor & Francis.
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TC 306 Sessions at ISSMGE conference, Paris
The project and associated resources were presented and discussed at the TC306
(Technical Committee of the ISSMGE on Geo-engineering Education) session of the
ISSMGE’s quadrennial conference held in Paris in September 2013. The project
deliverables were endorsed by the TC 306 Committee.
No additional events were planned for dissemination purposes, as outlined in the original
proposal. Rather, a series of conference and journal papers will be developed to promote
the project and further disseminate the resources. In addition, the ISSMGE web portal
and communication channels will be used to inform the geotechnical engineering
community of the project’s resources. Summaries of project events and international
collaborations are shown in Tables 3 and 4 below.
Table 3: Summary of events
Event
Date

Event title,
Location
(city only)

Brief description of
the purpose of the
event

12/13
Dec
2011

Initial Project
Planning
Seminar
(Adelaide)

Plan the project’s
deliverables and
agree the
methodology

4 Sep
2013

TC306 session
at ISSMGE
Conference,
Paris

4 Sep
2013

TC306
meeting at
ISSMGE
Conference,
Paris

Number of
participants

Number of
other
institutions
represented

11

Number of
higher
education
institutions
represented
6

A general paper
session and
workshop at the
ISSMGE’s
quadrennial
conference where
the OLT project was
discussed

50 approx.

20 approx.

20 approx.

TC306 Committee
meeting where the
OLT project was
discussed

11

11

0

1

Table 4: Summary of international collaborations
Event date

4 July 2012

6 July 2012

Event title, location
(city and country)
Shaking the Foundations of
Geotechnical Engineering
International Conference
(Galway, Ireland)

Brief description of participation

TC306 meeting
(Galway, Ireland)

The progress of the project was discussed
and the method of dissemination agreed.

Two refereed international conference
papers developed from this project were
presented. 105 delegates from 19 countries.
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Chapter 6 – Student evaluation and external expert
report
Central to the successful realisation of high-quality deliverables is a strategy of regular,
robust and independent evaluations and subsequent amendments informed by these
evaluations. The evaluation of the framework and resources was informed by the Likertscaled questions developed for Chemistry experiments by the APCELL project (George et al.
2008: 368) which assessed students’ learning skills and engagement. The evaluation also
adopted the participant-oriented process proposed by Williams (2000), specifically for the
evaluation of learning objects.
Preliminary investigations
Prior to the funding proposal for this project in 2010, Professor Jaksa developed
rudimentary introductory modules for the second year civil engineering course,
Geotechnical Engineering IIA, and the third year civil engineering course, Geotechnical
Engineering Design III, in order to examine the proposed framework. Coupled with these
modules was a streamlined laboratory component, similar to that proposed earlier. Student
evaluations of this modified approach to geotechnical engineering practical classes
confirmed that the framework is effective, or least perceived to be so by the student body.
When asked ‘Did the online learning modules assist your preparation for the practical
classes?’ 84 per cent of the second year students (124 students) agreed that the modules
assisted them and 85 per cent of the third year students (39 students) also agreed that they
did. When asked ‘Did the online learning modules enhance your learning?’ 73 per cent of
the second year students agreed that the modules enhanced their learning and 82 per cent
of the third year students felt the same.
An important conclusion from this initial survey is the experience of the third year students;
they performed the experiments in the ‘traditional’ manner in the previous year and they
were specifically asked to compare their experience in both second (traditional format) and
third (streamlined practicals supplemented with introductory modules) years. The fact that
82 per cent of the third year students broadly agreed that the proposed approach enhanced
learning was very encouraging and highlighted the benefits of this project. This result is
especially encouraging, given that the introductory modules were hastily prepared and
incorporated only a few of the elements proposed above.
In 2010, introductory modules which required students to take a pre-lab quiz were
concurrently (and independently) developed and hosted on Web-CT at The University of
Sydney. As mentioned above, the pre-laboratory work produced a marked improvement in
the students’ performance in the laboratory classes, as students generally knew what they
were meant to be doing and why. Only positive feedback was received from the students.
The lab demonstrators also received very positive feedback, as students were better
prepared and able to engage with the tasks more professionally.
External evaluation
Associate Professor Judi Baron was commissioned to undertake an external evaluation of
the project in early 2014. Students who undertook geotechnical engineering courses at
levels two and three in 2013 at the University of Adelaide were invited to undertake a pilot
of pre- and post-laboratory interactive learning modules for four geotechnical engineering
experiments, along with a face to face laboratory component. The modules included: Soil
Classification Part 1 – Sieve Analysis; Soil Classification Part 2 – Atterberg Limit; Soil Shear
Strength Part 1 – Direct Shear Test; and Soil Compaction. A total of 21 responses were
gathered from the online survey.
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The learning objectives for both pre- and post-laboratory ILMs were surveyed in respect to
the degree of student satisfaction, and a likert scale [Strongly Agree (5), Agree (4), Neutral
(3), Disagree (2) and Strongly Disagree (1)] ranking was adopted as the effectiveness
benchmarking. A summary of the findings is presented in Appendix B. In summary, the
findings indicate that in all ILMs the learning objectives were met.
The key findings of the external evaluation are summarised as follows:
• 60 per cent of the students found the pre-laboratory ILMs were the most effective
component compared to streamlined laboratory component an pos-laboratory ILM,
as elaborated by one of the students:
“By undertaking the module before the practical, the students will have the benefit of
understanding the real world application of the practical as well as being equipped to
undertake the practical safely and efficiently. This helps reinforce the information
learnt in lectures and will be very beneficial to those who use it as part of their
learning.”
• 80 per cent of the students considered the videos is the most effective aspect of the
pre-laboratory ILMs;
• The practical experience was the most effective component of the laboratory
component;
• Diagrams are the most effective aspect of the post-laboratory ILMs; and
• Overall all students agreed (45 per cent strongly agreed and 55 per cent agreed) that
the pilot was an engaging, effective and efficient method of learning, and further
comments indicated that they would like more of this type of learning within
Geotechnical Engineering.
Technical issues were experienced by 45 per cent of the students, as summarised in the
external evaluation report, and were subsequently examined by the project team. The
majority of these issues (e.g. allow full screen view, synchronisation of the audio and video
in CATIGE slides, the general quality of the CATIGE video and explanation of the direct shear
test) have been addressed. Other problems such as instability issues with HTML5,
incompatibility issues between Flash objects and mobile devices will have to be addressed
by others and is a limitation of Articulate Studio ’13. These have been addressed by also
providing Studio ’09-generated ILMs.
Due to the time constraint and technical challenges experienced during the development of
CAL objects, the resources were not ready for evaluation during the semester. The
evaluation has been limited to a smaller than desired group of students. However, as the
resources are disseminated to collaborating institutions and incorporated in their respective
geotechnical engineering courses, evaluations performed on much larger and disparate
cohorts will be undertaken and the results will be reported to forthcoming conferences and
in journal publications.
Students’ perspectives
Two students, Mr Peter Button and Mr Jake Elphick, were employed for a period of three
weeks (3–21 February 2014) to examine in detail the framework, ILMs and test the CAL
learning objects. They provided valuable feedback, such as:
I found the modules and laboratories very useful in increasing my knowledge and
understanding of the targeted Geotechnical Engineering principles. I especially
found the post laboratory modules useful, as they helped to reaffirm the purpose
of the practical and what can be gained from it. I also quite enjoyed the practicals
because they helped to demonstrate the reality of many of the aspects of soils
taught in class. CATIGE is a good addition to the learning process. By
incorporating a computer program that simulates the completed practical with
another sample, it helps gain a greater appreciation and understanding that may
have been missed due to the time and resource constraints on laboratory
sessions.
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The idea behind the use of Online Learning Modules to enhance the practical
experience of geotechnical students is one I totally agree with. The ability for
students to be able to enter the practical having all the knowledge required is
vital. The use of videos in the modules allows students to have already
‘completed’ the practical before they set foot inside the room. Thus, when they
get the ‘hands on’ experience, it is further reinforcing what they already know.
The use of Post-Lab modules, although not necessary, is a very effective tool for
students to go over the important results that they received in the practical.
CATIGE allows students to explore the same test they undertook in the practical,
but with different soils and/or conditions, thus giving different results. The ability
to attain these results quickly through CATIGE whilst still understanding the
process due to the practical session makes it a very valuable tool.

Developing engaging, effective and enlightening practical experiments in geotechnical engineering

34

Chapter 7 – International conferences and publications
The framework was established at the project workshop held in Adelaide in December 2011
and was subsequently published at the landmark international conference on learning and
teaching in geotechnical engineering, Shaking the Foundations of Geo-engineering
Education (SFGE), 4–6 July 2012, Galway, Ireland:
Jaksa, M.B., Airey, D.W., Kodikara, J.K., Shahin, M.A. & Yuen, S.T.S. (2012). Reinventing
Geotechnical Engineering Laboratory Classes. Proceedings of Shaking the Foundations
of Geo-engineering Education Conference (pp. 137–142). McCabe, Pantazidou &
Phillips (eds). Galway, Ireland: Taylor & Francis.
Jaksa, M. B. (2012). Interactive Learning Modules in Geotechnical Engineering.
Proceedings of Shaking the Foundations of Geo-engineering Education Conference (pp.
131–135). McCabe, Pantazidou & Phillips (eds). Galway, Ireland: Taylor & Francis.
At the Shaking the Foundations of Geo-engineering Education Conference the project
received extremely positive feedback from several attendees. As a result, the project has
since been incorporated as one of TC306’s important initiatives. The project and OLT
resources were again presented and discussed at the TC306 (Technical Committee of the
ISSMGE on Geo-engineering Education) session of the ISSMGE’s quadrennial conference
held in Paris in September 2013.
It is also intended to publish a final dissemination paper at the 16th European Conference on
Soil Mechanics and Geotechnical Engineering to be held in Edinburgh in September 2015, as
well as at the International Symposium for Engineering Education (ISEE) to be held in
Manchester in September 2014. Once the resources have been fully implemented and
evaluated at the collaborating institutions, an international, peer-reviewed journal paper
will also be published.
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Chapter 8 – Dissemination
As outlined in the grant proposal, the resources developed in this project are disseminated
to geotechnical engineering academics and students across the world via a web-based
portal which is to be hosted by the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE) as part of TC306 (Technical Committee 306 Geoengineering Education).
After a series of discussions with the ISSMGE in September 2013, the project team has been
granted approval to host the ILMs and associated resources on the ISSMGE Geo-World
portal <mygeoworld.info> at no cost. The ISSMGE web portal (as shown in Figure 20 below)
and communication channels will be used to inform the geotechnical engineering
community of the project’s resources.
Furthermore, a parallel website, <proxy.civeng.adelaide.edu.au/
OLT/> (shown in Figure 21), which was established on the School of Civil, Environmental and
Mining Engineering’s web server at The University of Adelaide during trial and evaluation
processes, will continue to be maintained as a secondary web portal.
It is intended that all resources, including the ILMs, source codes, instructor’s manual for
CATIGE, videos, narrations, quizzes and Microsoft PowerPoint files, as well as a brief
description of each test (Figure 22), will be made available on the aforementioned websites
so that other geo-educators can download and tailor the resources to meet their local
needs, as is the way of the open source development community. In addition, a series of
conference and journal papers will be developed to promote the project as part of the
dissemination efforts.
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Figure 20: Screenshot of web portal <www.mygeoworld.info/groups/profile/69217/developingengaging-effective-and-enlightening-practical-experiments-in-geotechnical-engineering>
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Figure 21: Screenshot of the web portal <proxy.civeng.adelaide.edu.au/OLT/>
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Figure 22: Example of the brief description given for each test
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Chapter 9 – Issues and challenges
No significant challenges were encountered in the conduct of the project. An additional six
months were sought and approved as a consequence of the decision to reprogram the
CATIGE programs in C# (or C Sharp – a programming language), which was not originally
planned in the proposal but, nevertheless, was deemed necessary to best future-proof the
CAL resources to prolong their longevity. The delayed appointment of the Project Officer, as
well as the bringing forward of the project start date, provided additional time pressures.
These challenges have, however, been successfully managed within the extended time
period.
With regards to the development of the ILMs, as expected, the Articulate e-learning
software has proven to be a useful and powerful tool. The six-month extension also
provided a serendipitous outcome, as within that period, Articulate Studio ’09 was upgraded
to Articulate Studio ’13 which provided additional features, most notably HTML5, which
provides the facility to port the ILM resources to iPads and iPhones. In addition, the
enhancement of the CAL objects has progressed well.
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Chapter 10 – Conclusions and final remarks
This project has sought to effect meaningful transformation in geotechnical engineering
laboratory classes. The originally developed, proposed framework has been shown to be
successful in improving student engagement, enhancing learning outcomes and optimising
scarce technical and equipment resources within constrained student and staff timetables.
The evaluation, whilst meaningful, has, by necessity, been limited to small cohorts of
students. As the resources are disseminated to, and adopted by, collaborating institutions
and incorporated in their respective geotechnical engineering courses, evaluations
performed on much larger and disparate cohorts will be undertaken and reported to
forthcoming conferences and in journal publications.
The Articulate e-learning authoring software – specifically Studio ’09 and Studio ’13 – has
been found to facilitate the development of quality e-resources in a straightforward and
efficient manner. E-learning developers are encouraged to explore this rich software
environment.
Interested geo-engineering academics and students are encouraged to download project
resources from either of the following web sites:
• <www.mygeoworld.info/groups/profile/69217/developing-engaging-effective-andenlightening-practical-experiments-in-geotechnical-engineering>
• <proxy.civeng.adelaide.edu.au/OLT/>.
Resources can be modified to suit before implementation.
In addition, as the project’s resources will continue to be updated and enhanced in the
future, feedback is encouraged and will be welcomed. Geo-engineering educators are also
encouraged to share any enhancements or data so these can be uploaded to the web
servers shown above and disseminated to the wider community. Please contact the Project
Leader, Professor Mark Jaksa (mark.jaksa@adelaide.edu.au).
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Appendix A

Figure A1: Sieve analysis results and particle size distribution curve (CATIGE – Class)

Figure A2: Estimating the shear strength parameters (CATIGE – DSand)
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Figure A3: Principal stress difference and pore water pressure vs. axial strain curves (CATIGE –
Triax)

Figure A4: Results from CATIGE – Consol
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Appendix B
Table B1: Summary of student responses for “Soil Classification Part 1 – Sieve Analysis” (a) preand (b) post-laboratory ILMs

(a) Pre-laboratory ILM
•

State the objectives of undertaking sieve analysis

•

Describe the laboratory procedures

•

Identify the key differences between fine-grained and
coarse-grained soils

•

Calculate and interpret the grading curve – percentage
passing (and percentage retained) versus particle diameter

•

Select suitable testing for fine- and coarse-grained soil

(b) Post-laboratory ILM

Number of responses: 9

9 out of 9 strongly agreed
or agreed

8 out of 9 strongly agreed
or agreed
Number of responses: 9

•

Classify coarse-grained soils using the results sieve analysis

9 out of 9 strongly agreed
or agreed

•

Identify the key differences between coarse- and finegrained soils

8 out of 9 strongly agreed
or agreed

•

Use CATIGE – CLASS for simulation and parametric studies

7 out of 9 strongly agreed
or agreed
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Table B2: Summary of student responses for “Soil Classification Part 2 – Atterberg Limits” (a) preand (b) post-laboratory ILMs

(a) Pre-laboratory ILM
•

Identify soil types and USCS using the plasticity chart

•

Explain the objectives of undertaking the liquid and plastic
limits tests, as well as linear shrinkage

•

Describe the laboratory procedures

•

Determine and calculate the liquid limit, plastic limit and
linear shrinkage

•

List the four states of consistency (degree of firmness) of a
fine-grained soil depending on its water content

(b) Post-laboratory ILM
•

•

Classify fine-grained soils using Atterberg’s limits and
plasticity chart
Use CATIGE – CLASS for simulation and parametric studies

Number of responses: 9
9 out of 9 strongly agreed
or agreed

8 out of 9 strongly agreed
or agreed

7 out of 9 strongly agreed
or agreed
Number of responses: 9
8 out of 9 strongly agreed
or agreed
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Table B3: Summary of student responses for “Soil Shear Strength Part 1 – Direct Shear Test” (a)
pre- and (b) post-laboratory ILMs

(a) Pre-laboratory ILM
•

Describe the laboratory procedures

•

Identify the key differences between dense and loose sand
specimens

•

Calculate the shear strength of soil using the Coulomb
failure criterion

•

Explain the objectives of undertaking the direct shear test

•

Identify the limitations of the direct shear test

(b) Post-laboratory ILM
•

Identify the key differences between dense and loose sand
specimens

•

Use CATIGE program for simulation and parametric studies

•

Obtain the shear strength parameters of sands from direct
shear testing results

Number of responses: 9

9 out of 9 strongly agreed
or agreed

8 out of 9 strongly agreed
or agreed
Number of responses: 9
9 out of 9 strongly agreed
or agreed
8 out of 9 strongly agreed
or agreed
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Table B4: Summary of student responses for “Soil Compaction” (a) pre- and (b) post-laboratory
ILMs

(a) Pre-laboratory ILM
•

Plot Compaction Curves

•

Calculate the optimum moisture content and the maximum
dry density of soil

•

Describe the laboratory procedures

•

Identify the key differences between the standard and
modified compaction tests

•

Explain the objectives of undertaking soil compaction

(b) Post-laboratory ILM
•

Interpret test results

•

Undertake parametric studies using CATIGE

Number of responses: 8
8 out of 8 strongly agreed
or agreed

7 out of 8 strongly agreed
or agreed
6 out of 8 strongly agreed
or agreed
Number of responses: 8
8 out of 8 strongly agreed
or agreed
7 out of 8 strongly agreed
or agreed
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