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The British University in Dubai, has been hosting Doctoral Conferences for three consecutive
years (2015-2017), under the patronage of H.H. Sheikh Ahmed Bin Saeed Al Maktoum. The first
conference that was held in May 2015 included 40 doctoral students presenting papers on their
scientific research in such diverse areas as Sustainability, Innovation, Knowledge Management,
Construction, Health Care, IT Security, Big Data, Complex Projects, Education, and Business
Management. Many of the students are in full-time employment and have chosen thesis topics that
address R&D challenges experienced in the workplace.

Sponsors of BUID Doctoral Research Conferences have included Dubai International Academic
City, Dubai Duty Free, Atkins, United Arab Emirates Khaleeji Chapter, and Al Sahel Contracting
Company. Keynote presentations are given every year by academics from a range of GCC and UK
universities such as the keynote presented in 2016 on “The Art and Science of doing a PhD”
delivered by Professor Ghassan Aouad, President of the Applied Sciences University, Bahrain.
Other keynotes have been presented by academics from the Universities of Glasgow and
Loughborough.

Students from both BUID and UK associate universities reviewed papers to gain experience and
practice for their future academic activities. Academics from the University of Manchester,
University of Glasgow and the University of Edinburgh have attended to support the conference,
including reviewing and assessing nominations for the best paper awards. Awards have been
presented for a wide range of full conference papers in Education, Project Management,
Engineering & IT, Architecture, Sustainability and the Built Environment, and Business
Management.

The past best paper awards address a wide range of PhD topics. In 2015: Jacqueline Lottin A
Case Study Investigation of Special Needs Inclusion Policy Implementation in three Abu Dhabi
Public Schools; Mohammed Assaf Examining the Perspectives of Public Schools” Grade 12
Emirati Students on Writing Challenges in English Language; Vandana Gandhi Parents
Contribution to Preschool Children’s Learning; Yacoub Petro Project Management Office
Typology in UAE and its integration; Shaima Al-Harmoudi Stakeholder integration in open
innovation construction Projects; Shireen Chaya Diversity Leveraging & Diversity-Competent
Leadership: The Case of Leadership in UAE Organizations.
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In 2016: Lara Abdallah A Study on the Perceptions of UAE private Secondary School
Mathematics Teachers on the Impact of CPD Program Improvement; Yan Zheng (University of
Glasgow) The Story, the Child, and the Touchscreen: How Story Apps Tell Stories; Christine
Unterhitzenberger (Liverpool John Moores University) Organizational Justice and Construction
Project Performance; Shaikha Abdool Electronic National Unified Medical Records and
Application of Telemedicine; Bertug Ozarisoy (Cardiff University) Adaptation of Retrofit
Strategies for Mass Housing Renewal and Urban Development order to meet the Demands of
Energy Consumption, Occupants’ Behaviour and their Cross-Cultural Influences in Northern
Cyprus; Eyad Megdadi Multivariable Regulation of Gas Turbines for Automotive Applications.

In 2017: Sandra Baroudi An examination of factors that make international large-scale
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Care Projects: Reducing patient waiting times; Firoz Khan The Future of Software Engineering:
Visions of 2025 and Beyond; Zahra Jwaida (Liverpool John Moores University) Soft Subgrade
Stabilisation Using Cement Kiln Dust and Ground Granulated Blast Slag.

Since 2016, conference attendance has grown to nearly 100 doctoral and masters students from the
British University in Dubai and UAE based universities, including UAEU, Zayed University,
Manipal University and Heriot-Watt University. As well as submissions from a number of UK
based universities including universities from the UK alliance. Students from Cardiff University,
University of Edinburgh, University of Glasgow, and Liverpool John Moores University have
participated and presented at the conferences, in addition to students from elsewhere such as
Skolkovo (Moscow School of Management) and the University of Rome.
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The Future of Software Engineering After 50 Years

Abeer AlSereidi
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Abstract

Software engineering (SE) has come a long way, continuously shaping the path mankind has taken. It first
extended its help to mankind by offloading computation problems from humans to computers. Slowly by
slowly, it has grown to power up some of the most sophisticated things that could have been thought impossible
20 years ago. This paper goes through a number of state of the art technologies that are almost certainly going
to make it to 50 years in the future. It takes a look at 10T, what is expected in its future and some of its challenges
and solutions. The paper also discusses the future capabilities of Artificial Intelligence and evaluates whether
it could one day take over the roles of man or go rogue. Drones are also keenly looked at in the paper and
special attention is paid on the inevitable challenges that their widespread use will have. Another technology
that is highlighted in the paper is that of wearables. Their anticipated future challenges are explored and
solutions are given to each of these. The cloud is also discussed and its current and future problems are brought
up. The paper tries to give viable solutions that will be applicable to solve those challenges. Lastly, the paper

looks at the general security risks and issues that software engineering will inevitably have to face in 50 years.

Keywords: Artificial Intelligence; Internet of Things; Software Engineering; Cloud; Drones; Wearables

I. Introduction

Programming came to be first recognized in the 1960s as an activity that involved coding a computer. The term
software engineering was coined in 1968 in a conference that was to discuss programming difficulties.
Software engineering was used to refer to the disciplined, systematic approach to making software and
maintaining them. The successful methodologies and tools that came later on to be commonly used for

programming were languages that had modular, procedural or object -oriented approaches. Back in the 1960s,

there were very few computers and programming started off essentially as a hard task. Programmers would
write their programs outside the computers and then bring them to be queued for processing. At the time,

computers were used solely for computation rather than to store data or for communication.



With time, the demands for programs grew and there were more complex problems to be solved. This led to
the development of simpler and more robust programming languages. There began an advent for structured
programming and this led to the development of structured programming languages such as Unix and C.
However, C was seen as a poor implementation of structured programming although it was favored by learning
institutions to teach programming because it had well-defined syntaxes. After structured programming came
to the need for abstraction. The idea was to move coding as far away from machine language as possible. After
a few years, people acquired personal computers and the demand for new and more complex software grew.
There were many failed attempts to come up with a language that could make the demanded software.
However, one distinct programming approach rose and came to be popular; it was called object-oriented
programming. It made use of classes and objects. C++, Java, C-sharp and Object-Pascal came up at this time.
However, after this, there was no major progress on software engineering. Computer hardware actually became
faster than software did. Modern programming languages such as Java might be more advanced from the likes
of C but they are still not perfect. Their manuals which span over hundreds of pages are still inadequate.

Programmers are still facing constraints in software engineering.

The future of programming can, however, be said to be bright nevertheless. There are new challenges that
have developed and software engineering is being used to address them. Today, there are so many inventions
and innovations that could have been thought impossible 20 years ago. One of the most exciting directions that
software engineering is taking is towards artificial intelligence. Software are being developed capable of self-
learning. Recently, there has been the introduction of Internet of Things. Simple devices are connected on the
same network enabling them to work together to achieve certain goals without human input. Another exciting
development has been the automation of cars and planes to making them self-driving or unmanned respectfully.
Several automobile companies such as Tesla have made cars capable of driving themselves to certain
destinations. They can also accurately predict and avoid accidents. There has also been growth in making
unmanned aircraft. Companies such as Boeing have shown their prowess in making these unmanned aircraft.
They are still developing for some military organizations jet fighters and drones that can fly longer without any

human present in the cockpit.

I. ARTIFICIAL INTELLIGENCE

Artificial Intelligence for long has been more of a theory than a practicality. It refers to the development of
computers to be able to carry out tasks that require human intelligence such as decision making and visual
perception [1]. Today, artificial intelligence has been successfully applied across many areas making robots
more useful and at times even better at doing some tasks than humans. Artificial intelligence has been mainly
supported by two things in software engineering; machine learning and advanced logic. Machine learning refers
to making computers learn new things without having to be explicitly programmed [2]. In programming, there

has been the development of new logic systems such as fuzzy logic that can take into account more logic states

2



than simply true or false. Artificial intelligence is increasingly being used to make robots more independent of
human inputs in a way such that they have their own “brains.” These robots are learning on their own by being
exposed to certain challenging environments to operate in. Software engineering has been leaning a lot towards
Al of late.

There are certain areas that have been filled with hurdles that Al is removing. Al has been applied in SE to
come up with a practice now referred to as Probabilistic Software Engineering. Al is being applied to handle
problems in the real world that are very probabilistic. Fuzzy neural networks have been used to handle the
probabilities. A good example of the application of Al in SE can be seen in the Bayesian probabilistic reasoning
being used mostly to model how reliable a software can be [3]. There is a huge demand for Al in SE especially
when it comes to making software systems that have to be personalized to the users. User behaviors are
probabilistic and a lot of learning and prediction is needed to optimize it for them. In 50 years Al could take
over SE from human beings but not completely. Humans will do part of the coding of a system while Al will
be used to optimize the system to the relevant users, operating systems, and the IT resources available. Al will
also be used to enable two different systems to better understand each other and even share information.
Currently, there are some self-learning antivirus programs that automatically update each other when they

detect new and previously unknown threats.

Il. INTERNET OF THINGS

One of the current technological trends that are hitting the market is Internet of Things. “Things’ in this
sense are machines that have sensors to capture, store, analyze and/or transmit data [4]. All the ‘things’ are
connected to the internet which they use to upload the data for processing, to be used by other ‘things’ or to
allow remote monitoring and control. 10T has been implemented in smart homes to control lights, doors, AC,
entertainment systems and even to water plants. 10T has also been implemented in the health sector to make
heart rate, blood sugar level and blood pressure monitors for patients. It is estimated that in 2020, there will be
twenty-five billion 10T devices constantly transmitting data to each other or to humans. Software engineering
is bending with the world towards making loT systems. In 50 years, it is expected that 10T will be used to make
possible smart cities that have ‘things' being used to offer public services such as security. This vision, however,
has brought quite a number of challenges to software engineering. These 10T devices continually send out and
receive data. Therefore, software engineers working on these devices need to make sure that their bandwidth
requirements are low. They also run continuously so they need to be made in such a way that their energy and
processing requirements are low and if possible much of the processing to be done outside of the device [5].
Software engineering also needs to innovate and come up with a design-driven development tool helping

developers throughout the development life cycle of the ‘things.’

Another challenge that will be faced in the future by loT is data management. With the number of loT

devices on the increase and with these devices in continuous communication, there will be lots of data doing
3



rounds all over the internet. This is data that can be stolen by malicious persons if they get the chance. A
feasible solution for this in SE would be to have data centers to store this data. The cloud will come as a solution
to this requirement of a large enough, available, reliable and secure data storage point for the data generated
by the 10T devices. There will also be an issue of third parties trying to get hold of the data generated by the
I0T devices. Data from one’s home could be mined by these third parties in order to send adverts to the home
owner. This will however be too intrusive and it will boil again towards privacy of the user. If a refrigerator is
say out of fruits and it sends continuous adverts to the user of the stores one can get fruits, this could be
perceived either way. On one hand it would be useful for the owner to know that he/she needs to buy fruits.
However, it will be too intrusive to have third parties take control of this data and use it to advertise their items.
A solution that SE might give to this problem would be giving exclusive ownership rights of the data generated
by loT devices to the owner. These devices would have to be built with an open setting that the user can use to
control the availability of this information to third parties. If the ownership of this information is left to the
manufacturers, there will be chaos with the amount of ad notifications that a user will be getting from third

parties.

1. DRONES

A promising emerging technology that will most likely make it to the projected future of 50 years is that of
drones. There are some key pointers that indeed drones will be a norm of the future. The largest e-commerce
website, Amazon, has continued to test its Prime Air service. It is a service that will use drones to make
purchase deliveries in 30 minutes. There has also been a major development in civilian drones making them
more affordable and early adopters have been buying them in numbers. It is expected that in the future, humans
will have to get used to bumping into drones almost everywhere. Civilians will most likely use them for aerial

photography and businesses such as Amazon and Domino’s for door-step deliveries [6].

One key area that continues to shape the path of drones and push their applicability is in the military. The
use of drones, just like the internet, was started in the military with the main aim being surveillance [7]. Over
time, military drones have been made to fly for longer, to further places and carry more lethal payloads. There
have been multiple reports of drone strikes being used to take out targets in places such as Syria and
Afghanistan. They have successfully done that without exposing soldiers to direct harm from enemies. Some
strikes have been done behind enemy lines, catching the targets by surprise. Achieving the same using soldiers
would significantly be harder and often give the targets heads up to start fleeing before they are caught up with.
Drones have been used to eliminate key terrorist group leaders causing destabilization of groups and confusion
of the group members. Accuracy, stealth, and more firepower are now the key focus of military drones. Most
countries are adding drones to their militaries and it is almost certain that in 50 years, almost all countries shall

use drones in combat.



There are several significant challenges facing drones that need to be looked at. First of all, civilian drones
will most likely lead to cluttered airspaces on top of the existing cluttered airspace. Assuming that most people
will buy drones for their personal reasons, they will be too many such that navigation and finding a free enough
airspace to comfortably fly will be hard. Not all that will be flying drones are going to be experts and this will
see lots of midair collisions and damaged drones. An even greater threat is that of drones coming into collision
with commercial airplanes. Some drones can fly as high as over one and a half miles in the sky. These could
be sucked into engines of planes flying low, possibly during landings and takeoffs and possibly lead to aircraft
crashes [8]. Besides the airspace being cluttered with drones, there is also a challenge of the currently existing
clutter. Civilian drones will have to avoid a maze of billboards and electric wires in their flight paths.
Dangerously placed, billboards will potentially blind these drones and wires being hard to spot from afar

threaten to fry a number of the drones.

The use of closed platforms in the manufacture of drones is a challenge that will plague the communication
and operation of drones. Today, several manufacturers are using their own unique ways in making drones.
Drones have been built only to recognize signals coming from their manufacturers’ controllers. There has not
been any set ways to enable cross-platform communication of drones. This means that the air space will be full
of small devices that will not be able to recognize and communicate with each other. The conventional airspace
that has been used by planes, jets, and helicopters is very organized and there are sound ways that have been
put up to allow communication between aircraft. Civilian drones have not kept to these expectations and this

will be a big challenge in the future when there will be more drone manufacturers.

Another challenge that is more serious and cross-cutting to both civilian and military drones is the threat to
privacy that the two will have. Civilian drones, being cheap and equipped with good cameras might be used by
nosy people to spy on their neighbors. On the military side, however, there is a fear that military drones will
be used for espionage purposes on enemies and at the same time civilians. Governments have already been
found guilty of going through personal emails, phone calls and messages of their citizens. Drones will be a
great addition to their spying initiatives as it will enable them to observe people from high in the sky. The threat
of the loss of privacy to civilians due to drones being used to spy on them from left, right and center by the
government and other civilians is real. Therefore, measures will have to be taken to prevent this from

happening.

Another challenge that has already been observed in the military with the use of drones is in their accuracy.
Drones are still not yet pinpoint accurate, yet they are being deployed to bomb targets. There have been quite
a number of reports of drone strikes that have killed innocent people [9]. The reason behind this has either been
operating on wrong intelligence and therefore hitting the wrong targets or inaccuracies within the drones
themselves. The kill radius of a drone strike might still considerably be high in the future such that it could

harm innocent people standing next to a target. Also concerning the killing of innocents, military drones could

5



be misused by governments for extra-judicial killings within a certain country. A government could use them

against political rivals or to suppress opposition leaders.

Software engineering has a few solutions that could be used to respond to the stated challenges. Concerning
cluttering of airspaces that will lead to so many mid-air collisions, one recommendation could be used to solve
this. Drone manufacturers should move away from their different ways of making the systems that fly drones
and designate a given platform as the only one to be used. This will have also removed the bottleneck of lack
of communication between drones. Drone manufacturers are also to come up with designated systems just like
in aircraft to prevent collisions between drones or with aircraft. Software engineering has already solved a
similar problem in commercial aviation using a system called TCAS that has prevented catastrophic midair

collisions. All that is needed is a similar system to be developed just for drones.

As for privacy, there is little that software engineering can do to prevent someone from flying up a drone
just to spy on neighbors or a government on its citizens. The most recommendable action here for the good of
the future is to have several legislations governing the use of drones. This will prevent misuse of drones by
both the government and civilians from intruding the privacy of people. The accuracy of military drones is an
issue that might plague the military in the future. However, software engineering could be used to make pin-
point accurate targeting and payload guiding systems. These will make sure that a target can be single-picked
and taken down solely without risking the lives of innocent people. Today, the kill radius of a drone strike is

still high and the said systems could reduce it to a few inches from a given target.

Iv. WEARABLES

Probably the technology that can be predicted to bring an end to the era of smartphones in the coming future
is that of wearables. They have now been developed to do more than smartphones are capable of. They have
gotten advanced with time. Today, not only can they make calls, send messages, set reminders, show
notifications and take pictures, they are also capable of being used for health monitoring. In 50 years, it is
unimaginable just what the wearable technology will offer. One of the most awing capabilities of wearable
technology has been shown in Microsoft HoloLens. They are glasses through which one can make and interact
with holographs through augmented reality [10]. There are some predictions of the future wearables, most of
which seem achievable. One prediction is that there will be special contact lenses that will come embedded
with a personal assistant. A personal assistant in the eyes will help keep one’s life organized, provide contextual
information, analyze environments and predict the most suitable reaction. Another prediction is a health
monitoring watch that will keep track of one’s heart rate, blood pressure levels, temperature, oxygen levels and
other health statistics. It will do all these outside the body on the wrist and will be in constant communication
with doctors. It will also be responsible for calling for assistance when the wearer is involved in an accident or
has a health emergency. There are many other predictions, some of which might sound far-fetched but if

anything is to go buy from the last 50 years, all these predictions are achievable.



There are some foreseeable challenges in the wearable technology in the future as well. The greatest
challenge will be making them on one open platform such that they can share data with each other. Today, the
many companies that make wearables, just like drone manufacturers, use closed platforms. This means that,
unless one buys wearables from the same company, they will act independently. Therefore, neither will take
advantage of the data that another one collects. This is a big limitation. Another challenge will be environmental
pollution. Obsolete computers and phones have shown just how much electronic waste could be a nuisance. It
is predicted that there will be about 24 billion wearable devices in 2020, in 50 years, the number is
unimaginably big. Once they go obsolete, their disposal will create an environmental nightmare if not done in

the proper way.

Software engineering has some feasible solutions for the above-mentioned problems that will almost
certainly be part of the future. As was said in drones, the best way forward with wearables is if there is one
common platform used by all manufacturers when making the devices. With this common platform, each

manufacturer will know the proper procedure calls to make when requesting information from another device.

V. CLOUD COMPUTING

One of the most successful and maturing technologies that is an absolute must for the future is cloud
computing. Cloud computing has been adopted by many organizations and it will be an absolute requirement
for all future organizations due to the amount of data that will be handled. Instead of investing in physical
servers that can either lie idle and underutilized or at times be inefficient to handle voluminous data processing,
organizations will all move to the more economical cloud [11]. With growth in the cloud infrastructures
themselves, it is expected that cloud computing will be cheaper and more reliable. It will definitely shape the
future because internet users are increasingly generating a lot more data. There is also a growing need for real-
time processing systems capable of handling complex and unstructured data. Most of these new processing
requirements are difficult to achieve using the conventional physical servers. In the future, the cloud will
dominate data processing and organizations will have more reliable, stable, functional, available and secure

processing environments.

Today, there are various vendors of cloud computing services and they are all using different platforms to
support their cloud infrastructures. That means today’s cloud is heterogeneous and therefore, just like the
above-discussed technologies, it is a major future challenge. Another challenge is that today's cloud services
are implemented in open environments. This means that users are never aware of where exactly their
applications are deployed. Therefore, when establishing a link between the cloud, and say a web interface that
is not running on the cloud becomes quite difficult. It is, therefore, hard to give a cloud back-end a non-cloud
front-end. Another challenge that will probably persist into the future is the issue of privacy and security.
Within a cloud platform, the privacy of the data stored is not guaranteed as it would be if an organization was
using a physical server which it had total control over [12]. In the cloud, data is scattered everywhere due to
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mirroring to ensure resilience. This also means that it is more exposed to hackers at the different physical

locations it is stored in.

Freedom of use is yet another challenge that will come into the usability of the cloud in the future. Users
are not allowed to have direct access to the systems that store their data. Data handling, data backup, and
security of the cloud systems are exclusively done by the cloud vendor. Future users might want a little bit
more access. As computing power increases, hackers become more powerful and capable of taking down bigger
targets. In 50 years, no doubt that hackers will have immense hacking abilities and this will be a big challenge
to cloud-based systems. Since the cloud will be holding most of the data and hosting many of the systems of
the time, it will be a prime target. Security will be a great challenge to cloud vendors. Attacks might even span
from within the cloud, in an environment where resources are shared between good clients and malicious

clients.

SE may offer a few solutions to these anticipate future problems. As concerns the heterogeneity of the cloud,
SE should develop platform-independent cloud models. These will be able to run across any platforms and will
make the cloud more elastic. As is, it is very difficult to link cloud-based systems running on different vendors
due to the platform restrictions. Once the cloud is made to be platform-independent, there will be just one cloud
spanning across the whole world. All the restrictions between different vendors will be gone and there will be
better collaboration between the systems supported by different vendors. As concerns privacy and security,
there is only one sure way to assure users that their data is not accessible even by the vendors. The best solution
that software engineering can give is total encryption of the segments of a cloud that a user has rented. Only
the user shall have the key to access the encrypted data and/or systems deployed on the cloud. This will go a
long way towards protecting the sensitive data that clients store even if hackers successfully breach into a

vendor’s cloud infrastructure.

About the challenge of security, it is only feasible that cloud infrastructure is secured with intelligent security
software. These intelligent and self-learning software will be able to detect threats from both within and outside
the cloud. With the extensive resources available in a cloud set up, these intelligent solutions will be able to
run without any resource constraints. Finally, concerning the transparency of the cloud and freedom of users
to directly access the physical infrastructure running the cloud, SE has no solution for this. Such kind of
freedom and transparency could jeopardize the security of the whole cloud infrastructure. It is best if clients
are kept uninformed about it for the sake of security. Again, not all the cloud clients are saints, some could

even be malicious groups continually examining cloud services for exploitable vulnerabilities.

VI. FUTURE CHALLENGES IN SOFTWARE ENGINEERING

Previously, software engineering was mostly focused on functionality and reliability of a software.
However, the world today is insecure, dynamically changing and constantly coming up with more complex

needs that software engineers need to address. There are currently very many challenges and new ones are
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expected to come up in the future. One of the most anticipated future challenges is in the processes,
methodologies, and productivity of software engineering [13]. It is expected that the new advancements in
technology will introduce changes to these three aspects of SE. It is expected that software quality shall no
longer be judged on the lines of code but rather on usability, reliability, and scalability. Shorter development
life cycles are also expected to triumph over the conventional long software development methodologies.
Another challenge that is there currently and will definitely become more serious in the future is about privacy
and security by design. Security is a serious challenge in developing software because of the existing malicious
software and actors out to sabotage any software. It is expected that this will still be a challenge in the future
as the strength, complexity, and damage that can be done by these software will be more. Privacy will also be
a future challenge due to the amount of data sharing that new inventions are doing. Smart cars, smart homes,
wearables and software with Al capabilities could be as harmful as they are going to be beneficial. The data
that they collect if accessed by malicious people could be used to commit grievous crimes. Therefore, the
intelligent devices will have to be built in a way such that they cannot leak their data to unauthorized people.

This is a challenge considering that there will be about 25 billion of these devices in 3 years.

VIl. SECURITY ISSUES AND RISKS

There are a number of risks and security issues foreseeable in software engineering in the next 50 years.
The problems can even be identified today with the current inventions and innovations. One of these risks
comes from Al whereby it could be a potential danger to the whole of humankind [14]. Al is going to get better
to a point such that computers will out-compete humans in terms of skills and knowledge. A malicious person
could make autonomous weapons designed to kill. A worldwide Al arms race could also be an inevitability
and could spark an Al war leading to massive casualties and irreparable damage [15]. From another perspective,
since the current move is to make Al machines more independent and self-learning, they could learn how to
use rather destructive methods to achieve their goals. They could also deviate from doing what they were
created to do and go rogue [16]. Another security issue that can be predicted to manifest in the future is 10T
ransomware. This will be a malware designed to lock down and hold hostage homes, cars, industries even
whole cities provided that they are running on loT devices. Lastly, there will be a security risk of having too
much personal information collected for big data, 10T and Al devices. The rate at which information is being
collected by these three is surprisingly high. It can thus be said that there will almost be no privacy.

CONCLUSION

In conclusion, as the paper has highlighted several things that will be in the future of software engineering.
From a humble beginning of making basic computation programs on cards using binary code, software
engineering is today delivering the future. It has come up with several mind-boggling and complex inventions
that have reshaped how humans have thought about the future. Things like autonomous driving cars, 10T being

used to make smart cities and advancing robotics using Al are expected to be part of the future. There is also a
9



great probability that the use if drones is going to extend into the future for both commercial and military
purposes. Emerging technologies such as wearables are strongly kicking into the market and they even threaten
to overtake smartphones. The cloud is maturing and with its offerings, there is very little possibility that it will
not be part of the future.

However, with their many benefits comes huge risks and security issues. The paper has gone through several
challenges expected to arise in the future of the said soon to be state of the art technologies. They might be
actual challenges that are being experienced today even in the infancy of the technologies or mere predictions
of what might be in their future paths. The paper has discussed the most viable solutions to counter each of the
challenges. The paper has also keenly looked at the general challenges that will face software engineering too.
It is however expected that the discipline will continually come up with solutions to combat the risks and

address the discussed challenges and even more.
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Abstract

This study examines the impact of organic loading rate (OLR) on the effluent quality and sludge settling
performance in a sequencing batch reactor. Four SBR reactors were used in this study; the working volume
of each one is 51. The reactors were operated under different potassium nitrate concentrations (50, 100, 150
and 200 mg/l), constant aeration, 1.0 I/min, £20 C° temperature and 6 h cycle time. Each cycle of the SBR
operation included Fill (30 minutes), React (240 minutes), Settle (30 minutes), Draw (30 minutes) and Idle
(30 minutes). Influent and effluent samples were analysed for NH3-N to determine the removal efficiency. In
addition, the sludge volume index (SVI) was used to study the sludge characteristics. The results obtained
from this study, which operated for 60 days, showed that the sequencing batch reactor could biodegrade up to
91.5% for NH3-N with potassium nitrate concentration between 50 and 150 mg/l, and a steady sludge settling

performance occurred during that range.

Keywords:

Ammonia; organic loading rate; sequencing batch reactor; sludge settling performance; sludge volume index.

Introduction

Every year, large concentrations of industrial wastewater contain organic matter, nitrogen, phosphorus and
other trace elements such as carbon, calcium, potassium and iron are dumped into the rivers. This type of
wastewater must be treated before it is discharged into rivers and other waterbodies; otherwise, the wastewater
will damage the ecosystem, kill fishes and microorganisms in the waterbodies, and negatively affecting other
animals that use these waterbodies, and having a detrimental effect on human health if people use the water.
There are several types of treatment technologies that deal with this type of wastewater, such as physical
treatment, chemical treatment and biological treatment. The latter is considered to be one of the most

convenient technologies to treat industrial wastewater due to its economic advantages regarding operation
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costs. However, conventional biological treatment takes up a large amount of land and utilises several tanks
in its operation; therefore, alternatives such as the sequencing batch reactor are being investigated and used
[1, 2].

The SBR is a wastewater treatment system that works on the same mechanism as the activated sludge process
(ASP). It has been applied successfully for treating domestic, industrial and other kinds of wastewater [3].
Additionally, the SBR is a fill and draw system which works in a cyclical time sequence, which means that it
can operate in a lesser area than the conventional wastewater treatment methods. The SBR works as an
equalisation, neutralisation and biological treatment and secondary clarifier in a single tank through a timed
control sequence, which makes it attractive technology. Throughout one cycle, SBR technology has five
operating steps — Fill, React, Settle, Draw and Idle. Due to its distinct one tank design and setup easiness,
SBR has recently turn out to be an attractive technology. The SBR system outdoes the conventional activated
sludge system by containing all treatment stages in a single tank, while in the conventional activated sludge
system, the treatment units are in separate basins [4]. A substantial number of researchers have been
optimising the SBR operating conditions to gain a better removal efficiency for undesired wastewater
contaminants [5, 6]. One of the SBR’s operating conditions is organic loading rate (OLR), which is considered
to be a significant operating parameter in the SBR’s design and operation. The growth rate of microorganisms
in biological systems is dependent on the OLR. At a high OLR, microbial growth might increase intensely,
while at a low OLR, microorganism food shortage takes place [7].

Due to the inadequate knowledge on the influence of the organic loading rate on the SBR performance, this
study was implemented to find the impact of OLR on the effluent quality and sludge settling performance in

a sequencing batch reactor.

1. Materials and methods

1.1 Experimental set-up of the SBR

Fig. 1 shows one of the four reactors used in this research. The capacity of each is 6.5L and the occupied
volume is 5L; 1.5L of bacteria (biomass) plus 3.5L of synthetic wastewater were added to each reactor. The
parameters of pH, DO, temperature and ORP were observed through sensors fitted in each reactor. The four
SBR reactors were operated with different potassium nitrate concentrations: 50 mg/l, 100 mg/l, 150 mg/Il and
200 mg/l respectively. Influent and effluent samples were taken from each reactor to determine the removal

efficiency and settling performance and relate it to the OLR.
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Fig. 1 Schematic diagram of one SBR

1.2 Synthetic wastewater

The activated sludge (bacteria) used to biodegrade the organic matter was taken from United Utilities, Sandon
Docks, Liverpool, UK. The industrial wastewater was prepared by mixing the following chemicals with
deionised water [8]: 500 mg glucose/L; 200 mg NaHCO3/L; 25 mg NH4CI/L; 25 mg KNOs/L; 5 mg
KH2PO4/L; 5 mg MgS04.7H,0/L; 1.5 mg FeCl3.6H20O/L; 0.15 mg CaCl,.2H20/L.

1.3 Nutrient analysis

In this study, the influent and effluent samples were taken from the SBRs before and after the treatment
cycle using a peristatic pump, and at that moment, the samples were filtered via a vacuum pump having filter

paper (0.45 um). The parameters of NH3-N and SVI were analysed according to the standard methods [9].
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2 Results and Discussion

2.1 The impact of OLR on NH3-N removal

The concentrations and removal efficiency for NH3-N under different OLRs are shown in Fig. 2. There was
no big change in the removal efficiency for NH3-N after increasing the potassium nitrate concentration from
50 mg/l to 100 mg/l and 150 mg/l; the average removal efficiency for NH3-N under 50 mg/l was 91.3%, and,
after raising the potassium nitrate concentration to 100 mg/l, the average removal efficiency for NH3-N
became 91.5%. Finally, when the potassium nitrate concentration was raised to 150 mg/l, the average removal
efficiency for NH3-N became 91.1%. However, when increasing the potassium nitrate concentration to 200
mg/l, the removal efficiency dropped dramatically; the average removal efficiency for NH3-N during the 200
mg/l OLR was 86.5%. This result agreed with [10], who stated that at high ORL the removal of COD and
nitrogen would be decreased. However, [11] reached high COD and nitrogen removal rates even under high
ORL.
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Fig. 2 The effects of OLR on the removal efficiency of ammonia

2.2 The impact of OLR on sludge settling performance

The impact of OLR on solids settling performance is shown in Fig. 3. The average SVI concentration for the
50 mg/l OLR was 32 ml/g, and it can be obviously seen that increasing the OLR to 100 mg/l did not affect
the solid settling performance and the SVI was 33 ml/g. However, raising the OLR to 150 mg/l negatively
affected the sludge settling performance and the SVI was raised to 37 ml/g. Further increasing the OLR to
200 mg/l made the settling even slower and the SVI was increased to 40 ml/g. In the same vein, [12] stated
that increasing the OLR will lead to a relative increase in biomass concentration, which will result in high

SVI and the settleability of the solids will decline. This agreed with [13], who reported an increase in the
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concentration of suspended solids when the initial concentration of COD was increased, which would also

lead to an increase in the SVI and a subsequent drop in the solids’ settleability.
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Fig. 3 The effects of OLR on the sludge settleability

Conclusion

SBR was investigated to treat synthetic industrial wastewater. The effects of four different organic loading
rates on the performance SBR were examined. NH3-N was tested to determine the SBR treatment efficiency,
and the SVI was used to determine the sludge settling performance. The results showed that SBR technology
could work efficiently with potassium nitrate concentrations between 50 mg/l and 150 mg/l and could
biodegrade up to 91.5% for NH3-N, and a steady sludge settling performance occurred during that range.
However, increasing the potassium nitrate concentration to 200 mg/l decreased the removal efficiency and
increased the settling time. Hence, the OLR was found to be a significant parameter that influences the
operation of an SBR.
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Abstract. Many techniques have proposed for phosphate removal, but most of them did not provide a
sustainable solution. The utilization of the phosphate sorption materials PSMs is one of the treatment methods
that in line with the sustainability approach.

This paper focuses on the phosphorus sorption by using biomass bottom ash BBA, limestone and sand. This
study has performed in laboratory columns (height 0.25, diameter 0.1 m and upflow configuration). The
materials, which contain metals such as Fe/Al hydroxide or contain soluble (Ca and Mg), exhibited a
significant tendency for phosphate sorption. X-ray fluorescence analyzer XRF has applied to analyses the
chemical composition of the materials. The influence of particle size of the materials has taken into the
consideration. The BBA, dolomite and sand have packed in the columns as filter media, and then a synthetic
phosphate solution was pumped as influent. The BBA showed high phosphate sorption with short time in
comparison with limestone and sand. On the other hand, the limestone showed a good phosphate sorption but
the process required longer time than the other two materials. The sand reduced the phosphate drastically at

the beginning of the process but its removal capability decreased faster than BBA and limestone.

As a conclusion, the results showed that the chemical composition for the materials plays the crucial role in

the sorption process. Because BBA contained Fe/Al metals, it achieved the highest phosphate sorption.

Keywords: Eutrophication, filter media, phosphate, upflow filter, wastewater treatment

1. Introduction
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The protection of water bodies from eutrophication became an essential requirement. Phosphorus is one of
the elements, which contributes in the eutrophication of the aquatic environment. Most authors agreed that
orthophosphate is dominating on other phosphorus compounds in municipal wastewater (Valsami-Jones,
2004, Farmer, 2001).

Currently, searching for materials with a significant affinity for P is required to achieve the necessary water
quality as declared in the EU Water Framework Directive WFD (Kaasik et al., 2008). Based on this ground,
many researchers considered the investigation on alternative materials has become essential as one of the
sustainable technologies for P removal. According to Johansson Westholm (2006) these materials can be
classified into three groups: natural materials, industrial by-products, and manufactured products. Recently,
large number of Phosphorus sorbing materials PSMs have examined to determine their capability to remove
P from wastewater. Many authors’ states that the efficiency of the material that act as P filter is depend on the
chemical composition of these materials. Especially, if they contain hydroxides and oxides such as Al, Fe, Ca
and Mg (Vohla et al., 2011). In addition, the physical properties that characterize the material play a vital role
in mechanism of P removal (Mann, 1996). The main target of this work is to investigate proper materials to

act as P-filter media.

2. Materials and method

2.1 Filter material

Depending on their chemical composition and availability, the biomass bottom ash BBA and dolomite have
been selected to assess their suitability as a phosphate filter materials. The chemical composition is responsible
on the interaction between the materials and phosphate ions. Based on this fundamental, the materials were
selected according to their chemical content from hydroxides and oxides. X-ray fluorescence analyser XRF
was performed to show that BBA content 2.168 Aluminium oxide, 1.397 Iron oxide, 7.615 calcium oxide and
the rest are silica and fines. While the dolomite contain 48.807 calcium oxide. In addition, the sand capability
for phosphate removal has been inspected as standard filter material.

2.2 The synthetic influent

The predominant form of phosphorus in wastewater is the inorganic Phosphorus; especially, in form of
orthophosphate. Therefore, monopotassium phosphate KH2PO4 is used as influent solution that pumped to
the filtration system that set up in this work. The salt was dissolved in deionized water to prepare the phosphate
solution. Commonly, the P concentrations in wastewater range from 5 to 10 mg P/l. therefore, the initial
phosphate concentration in this work was 10 mg P/I as to simulate the maximum P concentration in wastewater

that is most expectable.
2.3 Method
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Three acrylic cylinders were used as filter columns in this experiment. The dimensions of each filter were 10
cm diameter and 30 cm depth. The depth of the packed media is 13 cm placed over 10 cm gravel layer lies at
the bottom to maintain the influent transfer through the filter. The synthetic influent has pumped via
submersible pumps at flow rate 1 I/min. The material also fractionated to 1 and 2 mm particle size groups to
obtain better investigation in determining the influence of physical and chemical characteristics on phosphate

sorping by PSMs.

3. Results and Discussion

The packet filter materials contain three types of minerals Al, Fe and Ca. According to XRF analysis, the
BBA consists of Al, Fe and Ca in different percentages, while the dolomite contain calcium oxide. On the
other hand, sand poorly consists of Al, Fe and Ca; the silica is the main constituent in sand.

The first run for each media has performed where the media packed without classify them according to their
particle size. Figure 1 shows that phosphate removal of dolomite and sand were less efficient than BBA. The
BBA was removed 72.17% from the phosphate at the end of the experiment duration, while the phosphate
removal by dolomite and sand were 60% and 56% respectively.

The sand showed a faster phosphate removal for first 6 hr in comparison with dolomite. Afterward the
dolomite starts to be efficient than sand. This indicates that the removal over the dolomite is slow and need
for long contact time with the influent to retain the phosphate. At the start of the experiment for less than 30
minutes, the phosphate retention efficiency was almost convergent for all materials (roughly 20% P removal).
Afterward the phosphate retention efficiency for BBA increased dramatically in comparison with other two
materials. Therefore, the strongly phosphate-retaining material is BBA. Dolomite is slightly more efficient

than sand.
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Figure 1: phosphate removal efficiency for the selected materials
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Particle size is one of the main factors, which maintain the treatment efficiency. Furthermore, the durability
and reliability of the filtration system. Each filter material was fractionated into two groups of particle size 1
and 2 mm by sieving. The outcomes of phosphate binding per unit mass of media for both particle size were
compared with the materials at the total particle size as shown in figure 2. Obviously, at all particle sizes the
phosphate uptake by BBA is better than dolomite and sand. Likewise, the materials at particle size 1 mm
offers better sorption than other particle sizes because the small particle size correlates to the surface area

positively.
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Figure 2: Influence of particle size on the phosphate sorption
The acceptable phosphate concentration, which discharged from wastewater into the water bodies, is 0.1 mg/I.
This standard value is obtained when the phosphate retention rate reach 0.05 mg P/l. BBA showed an
outstanding phosphate removal efficiency in comparison with dolomite and sand. The results suggested that
the chemical composition for materials is the essential factor in retain the phosphate from the effluent.

Especially, the material that contain the metals such as Fe/Al.

Conclusion

Sorption studies have carried out to define the phosphorus uptake by several materials were selected according
to their chemical composition. Their chemical composition investigated by X-ray fluorescence analyser and
the finding revealed that the BBA contain a Fe/Al and dolomite contain high percentage of Ca metal. BBA in
comparison with dolomite and sand achieved better phosphate removal. The calcium ions need a plenty of
time to absorb the phosphate ions. While, the Fe/Al hydroxides are adsorbing them rapidly. According to the
results, the particle size is one of the key factors in phosphate removal process but its influence will not be
valuable for phosphate removal without present the Fe/Al hydroxides and soluble Ca oxides in the material
composition.
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Abstract

Cold bituminous emulsion mixtures (CBEMSs) are environmentally friendly with ecological and economic
advantages in their production and laying. These mixtures are bituminous materials commonly made by
mixing aggregates with an asphalt emulsion and water. However, weak early strength and the long curing
time of these mixtures is considered unacceptable by road engineers to apply in pavement layers. A new
binary blended cementitious filler (NBCF) has been developed to generate a new fast-curing CBEM. This
NBCF was used as a replacement for the limestone filler; this contains a high calcium fly ash (HCFA) and
metakaolin (MK). The Marshall Method for Emulsified Asphalt Aggregate Cold Mixture Design (MS-14) has
been used to design the developed CBEM. The results have confirmed an improvement in performance of the
CBEM compared to the conventional hot mix asphalt (HMA) regarding stiffness modulus. The new NBCF
mixture offers stiffness modulus equivalent to the traditional HMA after 3 days. Furthermore, use of scanning
electron microscopy (SEM) proved the generation of hydrate products at early and later ages that are

responsible for the early and ultimate strength gain.

Keywords

High calcium fly ash, indirect stiffness modulus, metakaolin and scanning electron macroscopy.

Introduction

Hot mix asphalt (HMA\) is a principle material in road pavement construction where such mixtures getting its

full desired properties in a short time after application. Such mixtures used widely for base, binder course and
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surface layers. However, there are some restrictions associated with the production of such mixtures such as
the greenhouse gas emission that contributes to global warming; the huge amount of energy needs to produce
these mixtures and the safety of the humans when laid these mixtures in no open-air places such as tunnels.
Accordingly, there is an increasing interest in growing sustainability in the construction of road pavement.
One approach is to using cold bituminous emulsion mixtures (CBEMSs) and substitute the conventional
mineral filler with waste materials and by-products (Dulaimi et al., 2017). CBEMs have environmental
advantages over HMA by being a cold product, and it is safe to use whilst also reducing energy. However,
the long time necessary to achieve full strength and a slow rate of curing has led CBEMs to be considered
inferior compared to HMA over the last decades.

Normally researchers use Ordinary Portland cement (OPC) to enhance the performance of CBEMs by
reducing the curing time and improve the early strength (Al Nageim et al., 2012; Fang et al., 2016a; Fang et
al., 2016b). Nevertheless, there is a heavy pressure to decrease cement consumption due to damage of
environment caused by the extraction of raw material for the production of cement and global warming
problem due to the CO2 emission during its manufacture (Ouyang et al., 2011). The manufacture of 1 tonne
of OPC assumes the consumption of 1.5 tonnes of quarry material, energy consumption of 5.6 Gj/tonne and
an emission of approximately 0.9 tonne of CO, (O’Rourke et al., 2009).

Recently, several studies have been performed into the apply of waste materials and by-products in CBEMs
in road pavement layers, including the use of fly ash as a replacement for the limestone filler (Al-Busaltan et
al., 2012), Ground Granulated Blastfurnace Slag (GGBS) (Ellis et al., 2004), recycled aggregates from
construction and demolition (C&D) (Gomez-Meijide and Pérez, 2015). Moreover, fluid catalytic cracking
catalyst residue (FC3R) has been used by Dulaimi et al. (2016) as an activator to produce a new cementitious
material for waste and by-products as a replacement for OPC in CBEMs. Using waste materials and by-
products in CBEMs lead to decrease waste disposal and saving raw materials will contribute to sustainable
development.

Sadique et al. (2013) combined fly ash rich in calcium and other one rich in alkali sulfates, with silica fume
to develop a binder with 30 MPa strength. Another study implemented by Sahin et al. (2016) examined the
use of a ground slag and a high-lime fly ash, rich in free lime and sulfates, to activate each other and generate
mortars with useful strengths.

Metakaolin (MK) is a natural pozzolanic material derived from calcinated clay would have a higher potential
for improving engineering properties in concrete (Ramli and Alonge, 2016). MK can be used as a partial
replacement for cement which can contribute to economic, environmental, and technical benefits by provides
a new usage for such by product materials leading to low cost construction materials as well as decreases
carbon emissions (Mohseni et al., 2017). It was stated that the partial substitution of cement with MK

considerably affects early strength.
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There is no research on the use of high calcium fly ash (HCFA) with metakaolin (MT) to produce a new
binary blended cementitious filler (NBCF) to use as an alternative material to OPC in the manufacture of
CBEMs for road pavement construction. The new CBCM mixture was compared with the same mix
proportions containing conventional limestone filler along with two control hot mix asphalts. As a result, the
application of the new cementing material will reduce OPC use in CBEMs as well as decrease the volume of
the waste disposal and a better environment will be guarantee. Furthermore, this research will make the
application of the new cold asphalt concrete binder course mixtures in pavement construction become

practical by eliminating the long-time curing range from (2-24) months.

Materials and Methods

2.1 Aggregates

Crushed granite aggregate was used in this investigation to produce the CBEM. The properties of aggregate
were evaluated according to the EN 13108-1 (European Committee for Standardization, 2006). Aggregate
complied with AC 20mm binder course materials in roads pavement construction. The physical properties of
the coarse aggregate were: apparent density 2.67 Mg/m® and water absorption 0.8% while for the fine

aggregate: apparent density 2.65 Mg/m?® and water absorption 1.7%. Aggregate gradation is given in Table 1.

Table 1. Graduation of the aggregates

Test sieve aperture Mass passing specification | Mass passing mid
size, (mm) range (%) (%)
20 99-100 100
10 61-63 62
6.3 47 47
2 27-33 30
0.250 11-15 13
0.063 6.0 6.0

2.2 Fillers

High calcium fly ash (HCFA) from power generation plant was analysed as filler in this study. In addition,
Metakaolin type MetaMax supplied by BASF which produced by controlled calcination showing a high level
of pozzolanic reactivity. It can react with the free lime by-product of Portland cement hydration to generate
cementitious calcium silicate and calcium aluminate products. Limestone filler (LF) and Ordinary Portland
cement (OPC) were utilized for preparing the control cold mixtures. Figure 1 shows the morphology of the
fillers used in this research. Chosen SEM photos of the four fillers show that the LF and OPC formed in cube

shaped crystals. While, it can be seen that HCFA and MK are agglomerated. Table 2 shows the chemical
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compositions by energy dispersive X-ray fluorescence (EDXRF) spectrometer of all fillers used in this
research. HCFA is rich with calcium, while the main oxides in MK are Al>,O3 and SiO». It was stated by
Acharya and Patro (2015) that calcium hydroxide reacts with pozzolanic materials in the moisture present at
normal temperatures to form calcium silicate hydrate C-S-H gel.

Table 2. EDXRF of the selected fillers, %

Chemical _ _

. Ca0O Si02 A0z MgO Fe:03 SO3 KO TiO2 Na20
composition
HCFA 67.057 24762 2430 2.845 0.000 0.340 0.266 0.473 1.826
MK 0.023 45.252 44.627 0.407 0.348 0.078 0.125 1.64 0.901
OPC 62.379 26.639 2435 1572 1.745 2588 0.724 0.385 1.533
LF 76.36 16.703 0 0981 0 0.096 0.348 0.185 2.258

2.3 Bitumen and emulsion

Cationic slow setting bitumen emulsion (C60B5) supplied by Jobling Purser, Newcastle, UK was used in this
research. The bitumen base is 100/150 pen with bitumen residual content is 60%. This type of bitumen
emulsion is preferred because of its capability to coat the aggregate and to guarantee high adhesion between
aggregate particles. Two penetration-grade bitumen 100/150 and 40/60 produced by Nynas, UK were selected
for hot asphalt mixtures.

108 mm O

29



9.9 mm [ETD 10.00 kV| 128 ym |33 pA

Figure 1. SEM view of fillers

2.4 Mix design, testing method and samples preparation

There is no universally accepted mix design procedure for CBEM at present. Some procedures are available
to select the optimum emulsion and water content for CBEM mixtures (Jenkins, 2000; Thanaya, 2003; Asphalt
Institute, 1989). The Marshall mix design procedure, as specified by the Asphalt Institute, (Marshall Method
for Emulsified Asphalt Aggregate Cold Mixture Design), (Asphalt Institute, 1989) was used in this
investigation. To manufacture the CBEM, the aggregate gradation, which was an AC 20mm was selected in
accordance with the limits given by the EN 13108-1 (European Committee for Standardization, 2006).

The behaviour of the samples manufactured with HCFA which was substituted for traditional limestone filler
while MT was used as supplementary cementitious material to generate the NBCF. The samples were removed
from moulds after 24 hours and after that, all the samples were left in the lab at 20 °C and tested at various
ages, i.e. 3 and 28 days. In addition, both grades of AC 20mm hot mix were stored at 20 °C and tested in
similar ages. A cold asphalt concrete binder course containing limestone was also used for comparison. All
indirect stiffness modulus test values are the average of three specimens to ensure the reliability of the results.
The indirect tensile stiffness modulus (ITSM) test has been conducted to examine the effect of replacing the
LF with HCFA and the effect of the addition of MK. The test was performed according to BS EN 12697-26
(European Committee for Standardization, 2012). This test is a non-destructive generally used for the
evaluation of the stiffness modulus of bituminous mixes (Figure 2). Stiffness modulus is necessary in road
pavement for adequate structural design. It can be considered as an indicator of the structural behaviour of
such mixtures as it is connected to the capability to distribute traffic loads. The results have been compared

with a standard hot AC 20mm dense mixture. Two types of hot mixtures (AC 20mm dense binder course
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100/150 and AC 20mm dense binder course 40/60) have been used throughout with the same gradation and
type of aggregate. Following the requirements of the PD 6691:2010 (European Committee for
Standardization, 2015) 4.6% optimum binder content by weight of aggregate was used for the AC 20mm
dense mixtures. Specimens were fabricated and compacted at room temperature (20 °C), whereas 100/150 and
40/60 mixtures were mixed at (155°C) and (165°C), respectively.

Figure 2. ITSM apparatus used in this research

The microstructure was studied on fracture surfaces by the scanning electron microscope. Pastes samples were
prepared to obtain specimens for examination by scanning electron microscopy (SEM). These samples were
used to recognize the changes in the materials at different ages of curing. The pastes were moulded into a
cylinder specimens, which were kept for 24 hours in room temperature and then demoulded. After that, the
samples were removed and allowed to dry, after which testing was achieved. Proper fragments were taken off
from the core of the paste at 3 and 28 days for SEM observation. Figure 3 shows the samples for SEM
observation from the pastes samples. These specimens were mounted into aluminium stubs and the fracture
surface of the hydrated paste specimens was coated with palladium by an auto fine sputter coater.
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SEM specimen

Figure 3. Samples for SEM observation

Results and Discussion

3.1 ITSM improvement
In this research, HCFA treatments were achieved through a substitution for the traditional LF in the CBEMs.

Accordingly, HCFA treatment was achieved by replacing LF with 3% and 6%. In HCFA mixture, as seen in
Figure 4, a substantial increase was observed when HCFA completely substituted the traditional LF. HCFA
treated mixture shows higher stiffness modulus than LF and this indicating a positive effect by adding this
waste filler. The generation of another cementitious binder inside the CBEM mixture and the consumption of
trapped water in this mixture are the main two reasons for this improvement in ITSM. However, the ITSM of
the HCFA is still less than the OPC mixture after three days. It can be seen that LF shows lower ITSM in
comparison to other mixture making this mixture unsuitable for pavement application due to the long curing

time needed to achieve an acceptable ITSM.
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Figure 4. ITSM after 3 days

The next step in this research is to activate the HCFA by using MK through partial replacement of the HCFA
and when a balanced oxides compositions were achieved, a new binary blended cementitious filler (NBCF)
was produced, Figure 5. This NBCF composed of 4% HCFA and 2% MK that produce higher ITSM after 3
days. The pozzolanic particles of the MK activate the hydration process of the HCFA leading to the generation
of more calcium silicate hydrate gel and calcium aluminum silicate hydrate. These results have been
confirmed by SEM observation in the next section.

It was reported by Ismail and Jaeel (2014) that silica and alumina content may form additional calcium silicate
hydrate (C-S-H) gel through reacting with calcium hydroxide generating during the cement hydration, leading
to increase the strength.

It can be seen from the literature that the low early stiffness of CBEM is one of the major shortcomings of
such mixtures when using traditional LF. However, an outstanding stiffness increase was obtained after three
days of normal curing by using the HCFA and the NBCF. The achieved stiffness contributes successfully to
decreasing the curing time in the field. The early ITSM of HCFA and NBCF are approximately 17 and 24
times higher than those of the control LF mixture. In comparison, the stiffness modulus of HMA 100/150 and
HMA 40/60 were 2152 and 4946 MPa and was achieved by the NBCF within the first three days whereas the
LF never reached this ITSM value even after 28 days curing, Figure 6.

In relative terms, these outcomes are consistent with those achieved by Al-Busaltan (2012) and Al Nageim et
al. (2012). Nevertheless, the values of ITSM were higher than the previous studies and this might be related

to the materials characterization and the activation method adopted in this research.
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Figure 6. ITSM after 28 days

3.2 Scanning electron microscopy (SEM) assessment

SEM is a technique can reveal the details of very fine objects. Many researchers have used it for assessing the
microstructure of cementitious materials. A calcium silicate hydrate (C-S-H) gel was observed in the NBCF
paste which is considered as one of the major hydration products able to change the microstructure of NBCF,
Figure 7. This gel has a shape of flaky aspect-like, rounded and compact globule-like (Nassar, 2016). In

addition, Portlandite with tiny hexagonal plate-like shape is also observed in Figure 7. Based on the SEM
34



observation for NBCF, there is an indication that a change in the morphology occurred after mixing with
water which shows the reactivity of this filler and its ability to improve the internal microstructure, as revealed
by the microstructural observation. The SEM observation after 28 days, Figure 8 reveals the generation of a
C-S-H gel that creates dense microstructures leading to more strength development. Figure 8 shows the growth
and development of the hydration products in NBCF. There is a formation of additional C-S-H gel which was
observed after 28 days. It was revealed that after 28 curing days, the existence of C-S-H gel and Portlandite

Figure 7. Morphology details of the microstructure of NBCF after 3 days
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Portlandite

Figure 8. Morphology details of the microstructure of NBCF after 28 days

Conclusions

The effect of blending high calcium fly ash and high silica-alumina material, MK were found to be effective
for filler substitution which resulted in improvements the mechanical properties in terms of ITSM. Stiffness
development of the NBCF was very high at early and later ages in comparison to the control LF mixture and
the two reference HMA.

MK has been used for the first time to activate the HCFA in CBEMSs, which revealed outstanding
enhancement. After 3 days, the replacing of 2% of the HCFA by MK increased the ITSM by around 50% in
comparison to the HCFA mixture. This new mixture is appropriate for heavily trafficked roads and has a
positive impact by minimizing the curing time.

Microstructural investigations revealed that this was due to the pozzolanic reaction provided by the MK.
Using SEM, mixture treated with NBCF was observed to develop significantly larger amounts of hydrated
products at both early and later ages.

Finally, while this paper has studied ITSM and the microstructure, other mechanical and durability properties
also need to be considered in future work.
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ABSTRACT

Unreliable assessment of soil-pile interaction for concrete piles subjected to lateral loads has been cited as a
barrier to the wider utilization of piles to support structures under the action of lateral loads. In this paper, the
details of Winkler theory for beam on elastic foundation (BoEF) has been emphasised. A series of
experimental tests has been conducted for the evaluation of model input parameters. Moreover, 40mm
concrete model piles were penetrated in dense sand soil. Three types of model piles have been utilized by
varying the aspect ratios from 12, 17 and 25 to examine the behaviour of both rigid and flexible piles. The
results reveal that, lateral applied load, piles slenderness ratio, and sand morphology, as confirmed by
scanning electronic microscopy (SEM) play significant role in the factors effecting the pile capacity and its
lateral response.

KEYWORDS: soil-pile interaction, Winkler theory, beam on elastic foundation, pile foundation.

1. INTRODUCTION

Understanding the behaviour of the piles in the soil effective zone and the precise simulation of the sand-pile
interface together with the capacity of piles subjected to combined vertical and lateral loads are vital topics
and are core to research in the field of geotechnical engineering [1-4]. However, an advanced constitutive
model that has the ability to handle these complexities is required. An efficient and economic tool to precisely
model the soil-pile interaction is finite element analysis (FEA), which is a versatile analysis technique which
has ability to model linear and nonlinear material properties, elastic and plastic behaviours, and other complex
features. In FEA simulation, the application of a large number of loads is required along with significant
computational effort. Nevertheless, FEA along with Winkler theory can extend the understanding of the
response and performance of pile foundations and gives a better insight into model pile stiffness and the non-

linearity at different stages under the applied loads.

40



2. THE NUMERICAL MODEL

Finite element modelling (FEM) is a tool that provides numerical solutions to problems that are difficult to
solve analytically. In FEM, the structural element body is divided into small discrete elements, which can be
solved simultaneously. These elements are joined to each other by nodes. Moreover, the main advantage of
this approach is that few input parameters (parametric study) are required and these can be found by
conducting simple experimental tests. For modelling the high non-linearity induced from the soil-pile
interaction, this can be achieved by adopting a reasonable level of repeatability and using parameter sensitivity
testing. An elasto-perfectly plastic approach is developed along with the application of Mohr-Coulomb failure
criterion and is adopted in the application of the elastic solutions in an iterative procedure to simulate the
behaviour of the soil-pile interaction. The most common application to precisely examine of the combined
soil-structure interaction is referred to as the “p-y” method [4-9]. The p-y curves application along with the
theory of Winkler Beam on Elastic model (WBEM) (Figure 1) have been utilized for analysis. According to
Winkler theory, the elasto-plastic sand domain was defined as a series of narrowly spaced independent springs
(Figure 2). Furthermore, the spring modulus stiffness is equal to horizontal modulus of subgrade reaction

(Kn) as shown in Equation 1.

Where y the lateral is pile displacement and p is the lateral soil stiffness.

E1d4y+ 0 2
dz* p=

El is the model pile stiffness, and k, x y = p. Thus, equation 2 can be revised as follows:

d*y k 3
y fn@xy
dz* El
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Figure 1. Winkler theory, beam on elastic foundation, modified after (Winkler, 1867)
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Figure 2: Soil- pile interaction of a model pile based on the p-y curves method,

modified after [10].
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3. LOADING SYSTEM AND PROPOSED PILE FOUNDATION

Square reinforced concrete model piles are adopted in this simulation, taking into account three different

aspect ratios to simulate the response of both long piles and short piles. In addition, the loads were applied at

the tip of the model piles and at an extra length of about 30mm to minimize the contact load with the soil

surface with the model pile heads allowed to rotate freely. To overcome the issues of the effective stress and

to minimize the failure wedge from extending up to the wall of the sand domain, Robinsky and Morrison [11]

recommended that the distance between the sand and the pile varies from (3-5) times the pile diameter.

However, the pile diameter utilized in this study is (40) mm and the sand domain size is (1000 x 1000 x 1500)

mm, (Figure 3). The material properties of the concrete pile and the test (ID) are taken from Gere and

Timoshenko [12] as presented in Table, 1.

4
. |

1000 mim
Figure 3: Pile model subjected to combined loads adopted in the FE numerical modelling

1500 mm

Table 1: Properties of the model pile input parameters and testing ID.

Test ID | Poisson’s | Aspect Sand mass Initial Thermal Test
ratio, v | ratio, I/d relative modulus of | coefficient | depth
density, Dr % | Elasticity, E, (mm)
GPa
T SC1-1 0.2 12 75 % 25.12 0.9 *10-5 510
T SC1-2 0.2 17 75 % 25.12 0.9 *10-5 710
T SC1-3 0.2 25 75 % 25.12 0.9 *10-5 1030
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4. MODEL PILES SCALING FACTOR

According to the geotechnical scaling law [13], and with consideration of the boundary influence, Equation 4
can be used when the soil stiffness modulus in the radial effective zone of the sand container and in the site

(full scale) are identical.

Where

Emlm is the model pile modules of elasticity and moment of inertia respectively,

Eplp is the modules of elasticity and moment of inertia for the prototype pile respectively,

n*is the scaling factor.

This section presents the finite element analysis and results for the response of the concrete model piles having
different embedment depths. The concrete model piles embedded in a chamber with dimensions (1000 x 1000

x 1500) mm?3 in a dry cohesionless soil layer throughout all the simulations.

5. RESULTS AND DISCUSSION

Figure 4 depicts the profile of the pile head displacement versus pile depth. It can be realised that the behavior
of the flexible pile to the applied loads is non-linear. It can also be noticed that the pile head displacement
markedly decreases with increasing penetrated depth [2, 14, 15]. The end bearing pile capacity and the unit
skin friction increases with increasing the pile depth in the effective stress-strain zone. It is important to note
that the rigid pile with a maximum head displacement around 17.3mm essentially rotates with a depth at
approximately 2mm from the point of the applied load. Whereas, the upper portion of the pile with penetrated
depth at 2000mm tends to bend at depth of around 200mm reaching zero displacement at 500mm from the

point load. These results are due to reduction in the flexural rigidity (EI) for the long pile.
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Figure 5 documents the moment distribution versus ground depth. One of the major advantages of using the
finite element method - Winkler theory (Beam on Elastic Foundation) is that it has the ability to accommodate
the non-linearity of the elastic-plastic constitutive model. It can be depicted that for all model piles the moment
profiles are markedly non-linear, with maximum and minimum values of about 160Nm and 285Nm for rigid
and flexible piles respectively. Furthermore, for pile aspect ratios 12 and 17, moment profiles exhibit a rigid
behavior with a max moment occurring at nearly the midpoint of the pile length. Whereas, for (Ic/d) the max

value occurred at approximately 390mm below the sand depth.
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Figure 5: The profile of the moment versus soil depth.

The profiles of the shear force are revealed in Figure 6. It can be shown that at early stages from the applied
load, the shear profiles for the model piles are close to each other. This verifies the repeatability and stability
of the test and applied methodology. Moreover, it can be clearly realised that for a pile with I¢./d = 12 the
maximum shear force of approximately 1450N is developed at depth of 400mm. Whereas, for a long pile with
penetration depth of 1000mm, the max shear is around 950N at 550mm from the point of the applied load.
This is due to the fact that the flexural rigidity (EI) of the short pile is higher than the long pile.
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Figure 6: Shear force distribution versus ground depth

The soil resistance profile versus ground depth is illustrated in Figure 7. Comparison of the ground reaction
for combined soil-pile interface, the maximum soil resistance of 1500N/m? occurred for a short pile with (l¢/d
= 12). While, for a model pile with (Ic/d = 17) the ground reaction is slightly less by about 50N/m?. It can also
be observed that for a short pile, the positive ground reaction changed to negative at a depth of 400mm.
Whereas, for model piles with aspect ratios I/d = 17 and 25, the position for zero ground resistance shifted
down slightly to a depth of 550mm from the point of the applied load. Therefore, the net soil resistance

decreases with increase of (Ic/d) ratios.
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Figure 7: Shear force distribution versus ground depth.

CONCLUSION

The following conclusion can be drawn:

A developed finite element code (FEC) has been adopted to explore the elasto-plastic soil-pile interaction.
The results obtained have been found by conducting numerous experimental tests and have been utilised as
exact input parameters to develop the numerical simulation. The results revealed that the most effective
parameters that play key roles in controlling the pile bearing capacity and the combined interface between
soil-pile in the effective zone are, method of pile installation, pile flexural rigidity, soil shear strength
parameters, pile materials, pile geometry, pile penetrated depth, lateral earth pressure coefficient and modulus
of subgrade interaction Kp.

Moreover, the pile head displacement profiles, ground reaction, flexural rigidity, moment and shear decrease
with increasing model pile slenderness ratio (Ic/d). The pile bearing capacity increases with increasing pile
depth in the effective soil domain. This is due to the frictional resistance improvement between the pile-sand

interactions.
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Abstract

The aim of this research is to study the effect of using Ground Granulated Blast Furnace Slag (GGBS) as a
partial replacement to Ordinary Portland Cement (OPC) and produce a more environmentally friendly
cementitious material with comparable compressive strength to OPC. Six mixes were prepared with different
percentages of GGBS replacement 0%, 10%, 20%, 30%, 40% and 50% of the weight of OPC. The
compressive strength with ages of 7 and 28 days was used for evaluating the performance of the tested
specimens in comparison to the control mix with (0% GGBS). The results demonstrated that the compressive
strength at the age of 7 days for the mixes with 10% and 20% GGBS were higher than the control mix by 2%
and 4%, respectively. However, the addition of 30%, 40% and 50% caused a reduction in the compressive
strength relative to control mix by 3.6%, 12.7% and 15.6%, respectively. Interestingly, all the mixes
containing GGBS provided higher compressive strength in comparison to the control mix at the age of 28
days. This means that increasing the period of curing for mixes containing GGBS can improve the
compressive strength. At 50%, GGBS substitution the strength of mortar was better than the strength of control
mix at 28 days. In this study, the optimum replacement of OPC by GGBS was considered to be 50%. Such
replacement will contribute to reduce the CO2 emissions (carbon footprint) and at the same time provide better
compressive strength at suitable curing times.

Keywords: Cementitious material, compressive strength, GGBS and OPC.

Introduction

Cement based concrete is the most used construction material worldwide with production of about 10 billion

tonnes per year in modern industrial society (Aprianti, 2017). It is estimated that the use of concrete as a
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construction material is about double the total of all other construction materials such as steel, wood, etc.
(Mcleod, 2005). This is because concrete is versatile and has many desirable characteristics such as strength,
high fire resistance, affordability and it can be moulded in to any shape (Aprianti, et al., 2015). The annual
consumption of cement worldwide is about 2.9 billion tonnes and due to the rapid development in the
construction industry worldwide, therefore inevitably there will be an increase in the production of cement
that is expected to be about 5% annually (Karim, et al., 2013) and (Jafer, et al., 2015).

The production of cement is responsible for almost 6-8% of all the CO2 emissions worldwide (Hawileh, et
al., 2017). This is because the production of one tonne of cement is associated with nearly one-tonne CO>
emissions into the atmosphere (Aprianti, 2017). This fact put the cement industry as the third largest producer
of Greenhouse gases after the sectors of transportation and energy generation (Mcleod, 2005). Therefore, in
order to comply with the Kyoto Protocol to reduce the CO> emissions, many studies have been carried out for
investigating the effectiveness of other viable alternative cementitious materials such as by-products or waste
materials from different resources to be used as cement replacement and produce new environmentally
friendly cementitious materials (Aprianti, et al., 2015).

One of the known viable alternative materials to OPC in different applications, such as concrete production
and soil stabilization is Ground Granulated Blast Furnace Slag (GGBS). GGBS is a by-product material of
iron or steel that is extracted from blast furnaces in water or steam, in order to produce granular particles that
are then dried and ground in a rotating ball-mill into a very fine powder of GGBS (Grist, et al., 2015).

An investigation has been carried out by Hawileh, et al., (2017) to evaluate the effect of using GGBS as a
partial replacement to OPC in reinforced concrete (RC) beams. The results indicated that the RC beams with
up to 70% GGBS replacement to OPC have similar performance in comparison to the control beam with (0%
GGBS) in terms of both compressive and tensile strengths. In addition, an experimental study on the
replacement of OPC with GGBS in concrete has been conducted by Mangamma, et al., (2016) by using two
types of concrete (M20 and M30). The results demonstrated that the replacement of OPC by up to 50% GGBS
were generally close to the results of the normal mix and the maximum compressive strength was achieved
by the 30% replacement. Furthermore, Oner & Akyuz (2007) have carried out an experimental study to
determine the optimum dosage of GGBS as partial replacement to OPC in concrete production that provided
the best compressive strength when comparing to the control mix. The results showed that the concretes with
different percentages of replacement to OPC have lower early strength relative to the control concretes having
the same binder content. However, with increasing curing period, the compressive strength for the GGBS
concretes were improved with increasing the GGBS content up 59%. Furthermore, the optimum level of
GGBS concrete that provided the highest compressive strength in comparison to the control concrete was
55%.

This paper presents the results of experimental work to investigate the utilization of GGBS as partial

replacement to OPC on compressive strength. The replacements of GGBS were (0%, 10%, 20%, 30%, 40%
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and 50%) by the weight of OPC, and the compressive strength for ages of 7 and 28 days were used for
assessing the performance of the Binary Blended Cementitious Material (BBCM) mortar cubes in comparison
to the control mix (0% GGBS).
Materials
Sand
The sand used is this experimental study was building sand passing through 3.35 mm IS sieve. Table 1 below
shows the physical properties of the sand.

Table 1. The physical properties of the sand

Property Value
Maximum size of the smallest 10% of the 0.12 mm
Maximum size of the smallest 10% of the 0.19 mm
Maximum size of the smallest 10% of the 0.28 mm
Uniformly coefficient (Cy) 2.33
Coefficient of curvature (Cc) 1.07
Saturated Surface Dry 2.62 kg/m3
Classification of sand Uniformly graded sand
Max Water Absorption 2.8% WA

From the coefficient of uniformity (Cu), coefficient of curvature (Cc) and the particle size distribution chart
showing in Figure 1, the sand that has been used in the mix of the mortars can be classified as uniformly
graded sand. Uniformly graded sand means that it consists of particles that are all about the same size and it

has more void spaces between the particles (Ahmed, 2014).

53



Particle Size Distribution Chart
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Figure 1. Particle size distribution chart of sand
Cement
The cement used in this study was Ordinary Portland Cement type CEM-II/A/LL 32.5-N. This cement was
supplied by CEMEX, Warwichshire, UK. The specific gravity of OPC is 2.936 kg/m®.
Ground Granulated Blast Furnace Slag (GGBS)
Ground Granulated Blast Furnace Slag (GGBS) is a by-product material of iron or steel that extracted from
blast furnaces. Hanson Heidelberg Cement Group supplied the GGBS for this research. The specific gravity
of GGBS is 2.9 kg/m?3, and it complies with BS EN 15167-1 standards as provided by the supplier.

Mixing, casting and curing of specimens

1. Prepare all the material needed for the mortar mix, this starts with weighing the sand, the cement,
the GGBS and the water.
2. Initially, all the materials of the mortar except the water were mixed together for about 2 minutes,

and then the water was added to the mix and the paste mixed until uniform prior to placing in the
mould.

3. Then the mortars were cast inside the steel prism moulds with dimensions of (160mm x 40mm X
40mm) and compacted by tamping rod according to (BS EN 1015-11: 2007), which requires the
casting to be in two layers with compaction of 25 tamps for each layer.

4. The mortar prisms were demoulded after 24 hours from the start of the casting process and the
samples were placed in small containers for curing until the time of testing.
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Method of testing

At the time of testing, the mortars with dimensions of (160mm x 40mm x 40mm) were cut into three equal
smaller prisms. Two steel plates with dimensions of (40mm x 40mm) were placed on the top and bottom of
the mortar cubes, in order to make the surface exposed to load with the dimensions of (40mm x 40mm) to
correspond the dimensions of mortar cubes and the testing machine set according to BS EN 1015-11: 2007.
The rate of loading for the compressive testing machine was (0.4 MPa/s). Three mortar cubes for each
percentage of replacement (0%, 10%, 20%, 30%, 40% and 50%) were tested on each day of curing and an
average obtained giving an idea of the potential quality of the new cementitious material to be used instead of
cement.

Mix proportions

Ten mixtures were prepared that contained GGBS as a replacement to cement. The replacement of GGBS
were (0%, 10%, 20%, 30%, 40% and 50%) of the weight of OPC. The compressive strength at ages of 7 and
28 days have been used for evaluating the performance of the BBCM mortar cubs in comparison to the control
mix with (0% GGBS). The water to binder ratio (W/B) and the binder to sand ratio (B/S) that have been used

for this study were (0.4) and (1:2.5) respectively. Table 2 shows the mix proportions for all the specimens.

Table 2. Mix proportions

MIX OPC GGBS
GO 100% 0%
G10 90% 10%
G20 80% 20%
G30 70% 30%
G40 60% 40%
G50 50% 50%

Results and Discussion

Physical Properties
Two tests were carried out to investigate the physical properties of the OPC and GGBS, which they are:

1) Particle Size Distribution (PSD)

PSD test is an important physical test that provided information about the fineness of the materials. Figure

2 shows the PSD of the OPC and GGBS as obtained from the laser particle size analyser.
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Figure 2. Cumulative particle size distribution of OPC and GGBS
In addition, Table 3 shows the differences in d1o, dso, and dgo for the GGBS in comparison to OPC.

Table 3. Volume statistics for OPC and GGBS

Item OPC GGBS

d1o (Um) 0.936 0.62
Dso (M) 13.08 7.542
Do (um) 54.29 27.96
Mean (um) 21.10 11.55
Median (um) 13.08 7.542

The particle size distribution and the specific surface area (SSA) of OPC and GGBS have a significant effect
on the compressive strength of the mortars. Celik, et al., (2008) found that the finer the particles of waste
materials used as partial replacement to cement in concrete production, the higher compressive strength
obtained. It can be seen from the particle size distribution chart in Figure 2 that GGBS has finer particle size
relative to OPC. This means that the GGBS has a higher pozzolanic reactivity than the OPC as it has a higher
SSA (ZHAO, et al., 2016).

2) Scanning electronic microscopy test (SEM)

The SEM test was carried out on the GGBS and OPC to realise the general shape of material particles that
would help in anticipating the behaviour of these two materials when they were mixed to produce a binary

blended cementitious material. Figures 3 a and b illustrate SEM testing images of the binder materials.
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From the SEM test results, it can be seen that both the OPC and GGBS have angular and flaky shape and
the GGBS material particles are finer than the OPC, which agreed with the PSD tests.
W g TV il T |

R R i — 1 E—

(a) OPC (b) GGBS
Figure 3. SEM test images of the binder materials
Chemical Properties
Three tests were conducted to indicate the chemical properties of the OPC and GGBS, which they are:

1) pH value

Solutions of dried and pulverised OPC with water and GGBS with water were made to find the pH value
of both OPC and GGBS. This method of measuring the pH is according to BS ISO 10390:2005. The
results of the pH value for OPC and GGBS were 13.04 and 11.65 respectively.

2) Loss of Ignition (LOI)

The loss of ignition is a method to find the content of the organic matter in materials; the adopted procedure
is described in BS 7755-3.8:1995. The obtained values for the LOI were 0.28 % for OPC and 0.373 for
GGBS.

3) X-Ray Florescence Spectrometry (XRF)

The elemental composition of OPC and GGBS were analysed by the energy dispersive X-ray florescence
spectrometer apparatus (EDXRF). This test evaluates the major oxide and trace elements for both OPC
and GGBS by providing the chemical composition, which is considered as the most important indicator
for material quality in different applications. Table 4 below shows the chemical properties for OPC and
GGBS.

Table 4. Chemical properties for OPC and GGBS
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Ca0 % 65.108 42.506
SiO2 % 24.783 41.060
Al203 % 1.716 5.105
Fe203 % 1628 | L
MgO % 1.322 4.248
Na20 % ey 3.093
K20 % 0.811 0.685
SO3 % 2.542 1.271
TiO2% 0.342 0.976
SrO % 0.116 0.086
CuO % 0014 |
MnO % 0.039 0.655
P20s % 0.242 0.270
Cr 0.040 0.044

Compressive Strength

The compressive strengths of the mortars for different percentage combinations of OPC and GGBS with

different curing ages are shown in Table 5.

Table 5. Compressive strength for 7 and 28 days

GO 100% 0% 27.5 29.1
G10 90% 10% 28.0 29.3
G20 80% 20% 28.6 31.6
G30 70% 30% 26.5 321
G40 60% 40% 24.0 31.0
G50 50% 50% 23.2 30.0

The compressive strength at 7 days for different percentages of the combination of GGBS and OPC is also

expressed graphically in Figure 4.
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Figure 4. The effect of GGBS on compressive strength at 7 days

It can be seen from the bar chart above (Fig, 4) that at the age of 7 days, only G10 and G20 showed an
increment in the compressive strength by about 2% for G10 and 4% for G20 in comparison with the control
mortar with 0% GGBS. However, the addition of 30% GGBS cused a reduction in the compressive strength
by about 3.6%. Furthermore, the replacement of OPC by 40% and 50% GGBS, resulted in a significant
decrease in compressive strength, with reduction of between 12.7% and 15.6% for G40 and G50, respectively.
This is not in agreement with what has been obtained by (Kumar, 2013), which found that at the age of 7 days
increasing the amount of GGBS as replacement to OPC can enhance the compressive strength. This however

may be caused due to the slow acquisition of strength at initial curing ages for the mixes contain more than

30% GGBS.
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Figure 5. Effect of GGBS on compressive strength at 28 days
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A glance at the bar chart above (Fig. 5) reveals that at the age of 28 days, the compressive strength increased
0.7, 8.6, 10.3, 6.5 and 3.1% for mixes G10, G20, G30, G40 and G50, respectively when compared to the
control mix. This means that at the age of 28 days, the presence of GGBS in the mixes have improved the
compressive strength for all the mixes in comparison to the control mix. This agreed with the findings
concluded by (Mangamma, et al., 2016) and (Cheng, et al., 2005).

28.0 ~ 28 days

26.0 - 7 days

Compressive Strength (MPa)

GO G10 G20 G30 G40 G50

Type of mix

Figure 6. Compressive Strength Development Curves

From the results shown in Figure 6, it can be seen that the compressive strength of all the mixes increased
with age. With increase in age from 7 to 28 days, increase in compressive strength of mixes G10, G20, G30,
G40 and G50 was observed to be 4.6, 10.5, 21.1, 29.2 and 29.3% respectively. A comparative study of
compressive strength between 7 and 28 days indicated that percentage of increase is less in control mix in
comparison to all other mixes containing GGBS except G10. In addition, test results indicated that the
inclusion of GGBS enhanced the compressive strength with increasing the age of curing. This performance
can be attributed to the glassy phase of GGBS that reacts slowly with water and takes time to gain the hydroxyl
ions from the hydration product of OPC to breakdown the glassy phase at early age. At 50%, GGBS
substitution, the strength of mortar was superior to the strength of control mix at 28 days. So the maximum
replacement of OPC by GGBS was considered to be 50% in this study.

Conclusion
The aim of this study was to investigate the effect of using GGBS as a partial replacement to OPC and to
produce a more environmentally friendly cementitious material with comparable compressive strength to

OPC. According to the results of the experimental investigations, it can conclude that:
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Mortar containing GGBS is significantly affected by the age of curing. Curing for more than 7 days is
crucial for the strength development of the mortars containing GGBS.

At the age of 7 days, only the mortars with 10% and 20% GGBS have shown improvement in the
compressive strength relative to the control mix. However, the mortars with 30%, 40% and 50% GGBS
have caused a reduction in the compressive strength in comparison to the control mix. This can be due
to the slow pozzolonic reaction for mortars with high percentage of GGBS and largely dependent on
the formation of calcium hydroxide that requires time.

At the age of 28 days, all the mixes that containing GGBS showed higher compressive strength in
comparison to the control mix.

At 50%, GGBS substitution, the strength of mortar was higher than the strength of control mix at 28
days. So the maximum replacement of OPC by GGBS was considered to be 50% in this study.
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ABSTRACT

Contemporary cities are major drivers of socio-cultural and economic change. In an era of transnational
migration, cities are witnessing pressures of the influx of migrant population. The ongoing urban
transformation is reshaping urban social fabric. There is, therefore, demand for a new approach to urban
planning and design that addresses issues such as social inclusion, social interactions and social cohesiveness.
As against Louis Wirth’s notion of ‘urbanism’ which foresees emerging urban centres as anonymous,
superficial and transitory in nature, urban planners and designers should enhance urban living to be intimate,

sincere and enduring.

PURPOSE

This study falls under the purview of urban social sustainability which signifies the sustenance of social
relations within the built environment creating physical, cultural and social spaces that encourage social
cohesiveness and well-being. Neighbourhoods are places for social encounters and interactions that play a
vital role in creating vibrant spaces for residents. Social cohesion, in turn, can strengthen social ties and a
sense of community and belonging. A community that lacks social cohesiveness can create division and

diversified groups which can deteriorate urban living.

Dubai, an emerging global city, is a home to more than a million expatriate population from diverse social
and cultural backgrounds. The city accommodates more than 80% working and living expatriate population.
The study focuses on how thoughtful urban planning and designing of cohesive community neighbourhoods
contribute to intimate, sincere and enduring urban living. The study aims to analyse, compare and reflect on
the relationship between urban planning, design and social cohesiveness in the two selected planned

neighbourhoods, International City and The Greens in Dubai.
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DESIGN/ METHODOLOGY/ APPROACH

The study follows convergent parallel mixed research methods with quantitative and qualitative analysis to
understand the resident’s experience in the neighbourhoods based on attributes of social cohesiveness that
include social interactions, social ties, and sense of community belonging. The observation analyses look at
the behaviours of the residents within the common spaces created through built forms in the community. A
qualitative study seeks to assess the role of different stakeholders such as architects, urban designers,

developers and real estate agents, property developers in planning a socially cohesive neighbourhood.

FINDINGS
The application of multivariate analysis to assess enduring social relations shared interests and shared values,
and social ties within the community indicate negative autocorrelation for the International City while non-

auto-correlation for The Greens based on Durbin-Watson statistics.

Type Mod| R R |Adjusted| Std. Change Statistics Durbin-
el Square|R Square| Error of |R Square, F |dfl|df2| Sig.F | Watson
the | Change |Chang Change
Estimate e
International 539
) 1 290 | .210 652 290 [3598| 5 44| .008 1.311
city d
The Greens | 1 |4589% .210 | .120 778 210 |2.338| 5 |44| .050 2.020

a. Predictors: (Constant), Informal Face to Face, Enduring Social Relation, Shared Values, Strong
Social Ties, Shared Interests

b. Dependent Variable: Common Space Outdoor

c. Predictors: (Constant), Informal Face to Face, Enduring Social Relation, Shared Interests,
Strong Social Ties, Shared Values

d. Predictors: (Constant), Informal Face to Face, Strong Social Ties, Shared Interests, Enduring
Social Relation, Shared Values

e. Predictors: (Constant), Informal Face to Face, Shared Interests, Strong Social Ties, Enduring
Social Relation, Shared Values

Table 1: Model Summary, multivariate analysis

The findings of the study indicate that the extent of social interactions in the Greens is greater than the
International City. The sense of community and belonging and social ties within the community are stronger
in the Greens than in the International city.

The qualitative analysis was carried out in four phases, Phase-1 as Reading and initial coding, Phase-11 as

Developing subordinate themes, Phase-111 as Developing superordinate themes and Phase-1V as in within case
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and cross-case analysis. An Interpretative phenomenological analysis was applied to understand the user

experience.

Social Interactions International City Greens

Average level of interaction
No social interaction

No social interaction due to cultural differences
No opportunities to interact

No time to interact

There is no need to interact

High level of social interaction

Minimum social interaction

25

oO|lk,r|O|O|O|O

D€ EeEeD e eE
@ P e e e e €

21

Table 2: Qualitative analysis for social interaction in selected neighbourhoods

30

0
Average level No social No social No No time to Thereisno  High level of Minimum social
of interaction ~ interaction  interaction due opportunities to interact need to interact social interaction

to cultural interact interaction
differences

=—Greens =International City

Figure 1: Qualitative analysis to assess social interaction in the selected neighbourhoods

The findings of the qualitative analysis indicate that the residents in the Greens experience high level of social
interaction than the residents of the International City. The International City residents cite lack of
opportunities as the major reason for the low level of social interactions.

The spatial analysis to understand further behavioural study of residents in the communities indicate that the
inward looking built form of the layout of the Greens are more conducive to social interactions and vibrant
activity for the residents than the built form of the International City.

RESEARCH LIMITATIONS/IMPLICATIONS

The study does not distinguish residents based on nationality due to non-availability of data of nationality of
residents in the neighbourhood. The study can be implied further in the next phase with data based on
nationalities to understand the socio-cultural background of the migrant population, their choice of
neighbourhood in the context of urban living.
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PRACTICAL IMPLICATIONS

The vision of the city of Dubai as outlined in the Dubai 2021 plan by the Government of Dubai has one of the
key themes of inclusive and cohesive society. The study contributes knowledge in building inclusive and

cohesive multicultural society.

SOCIAL IMPLICATIONS

As the concept of ‘smart city’ is gaining momentum, the design of urban spaces has to be smarter in planning
and designing to enhance sociability. Social cohesion should, therefore, be demonstrated in planning and
design approaches for residential community design. Vibrant and friendly communities are the key to a
socially cohesive society and urban living. As the concept of community living is disappearing, building

sustainable communities should be on the urban planning agenda.

ORIGINALITY/VALUE

Dubai is a unique model of a city that has a multicultural expatriate and transient population, promoting social
cohesiveness as an ethos and in practice is the need of the hour. The outcomes of the study apply to cities in

the Gulf to build socially cohesive neighbourhoods and sustainable communities.
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ABSTRACT

The Soft soils are considered one of the biggest concerns for civil engineering projects in many parts of the
world. Usually, soft soils are replaced with stronger materials to mitigate their problems, but because of the
high cost of this method, alternative methods have been tried by different researches and the most common
method is soil stabilisation. Traditionally, lime and cement are used in soil stabilisation. However, production
of lime and cement has negative environmental and economic impacts, so several studies have carried out to
find alternative sustainable waste material that could be incorporated in soil stabilisation as a replacement to
the traditional stabilizers. This paper represents the results of a laboratory work utilizing Cement Kiln Dust
(CKD) as an activator to Ground Granulated Blast Furnace Slag (GGBS) in stabilisation of a Kaolin soil. The
Kaolin soil was treated with three percentages of the total binder (GGBS+CKD) which are (2.5, 5, and 7.5%)
of dry soil weight, and the proportions of GGBS to CKD were (50% GGBS: 50% CKD) and (70% GGBS.:
30% CKD). Improvement levels were assessed based on the results of the consistency limits, compaction
parameters, and Unconfined Compressive Strength (UCS) tests. UCS test was conducted on specimens at 7
days of curing. Results showed that GGBS activated by CKD improved the physical properties of kaolin soil
effectively, where the plasticity index (P1) decreased from 20 for the untreated kaolin soil to 19.2 for mixture
with (50% GGBS: 50% CKD) for 7.5% binder percentage. The results of the unconfined compressive strength
test (UCS) revealed that (50% GGBS: 50% CKD) with 7.5% binder developed the UCS significantly from
262.26kPa for the untreated soil samples up to 1295.57kPa at 7 days of curing.
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stabilisation and unconfined compressive strength (UCS).

1- INTRODUCTION

Generally, soil can be defined as "any loose surface material overlying solid rocks". Roads decomposition
and the subsequent removal, transportation and weathering of decomposition products lead to forming of soils
(Chmeisse, 1992).

Soil is still widely used construction material, due to its low cost, availability and workability. However, many
soils; especially soft soils (silty, clayey, peat or organic soils) are with reduced shear strength, capable of large
deformations under relatively small loads, and are therefore considered one of the biggest concerns in
geotechnical engineering (Cristelo et. al. 2013).

Kaolinite is classified as a clay mineral, and its chemical composition is Al>.Si2Os(OH)4 (George et. al. 2013).
China clay or kaolin is the main types of Kaolinite rocks. Low shrink-swell capacity and cation capacity are
the main properties of these rocks. The chemical weathering of aluminium silicate minerals, such as feldspar
leads to forming a white mineral, which is Kaolinite (Budhu, 2008).

Soil stabilisation is the process of altering some soil properties by different methods, mechanical or chemical
in order to produce an improved soil material which has all the desired engineering properties (Sen, 2012).
Chemical stabilisation is the most effective technique in the case of clay soils because it can be used to change
the material's nature (Alrubaye et. al. 2016). In chemical soil stabilisation, the desired soil property is achieved
depending on chemical reactions between stabilizers (cementitious materials) and soil minerals with presence
of water (Makusa, 2012).

The oldest stabiliser used in the soil stabilisation was lime. In 1924, lime was firstly utilised as a soil stabilising
agent in modern engineering practice in USA (Tyrer, 1987).

Cement, mostly ordinary Portland cement (OPC), is considered second most traditional used stabiliser agent,
which has been utilised from 1960's (EuroSoilStab, 2002). However, production of OPC and lime has negative
environmental impacts, such as manufacturing 1 ton of OPC leads to 0.95 tonne of carbon dioxide (CO2)
emission and 5000MJ energy consumption (Yaolin et. al. 2015), and these values are 0.79 tonne and 3200MJ
for CaO (Shand, 2006). Therefore, several studies have conducted to find alternative sustainable industrial
and/or agricultural waste materials that could be incorporated in soil stabilisation; as a replacement to the
conventional stabilisers. For example: Fly ash (Jafer et. al. 2016), rice hust ash (RHA) (Bagheri et. al. 2014),
cement kiln dust (CKD) (Okafora and Egbeb, 2013).

Ground Granulated Blast Furnace Slag (GGBS), which is a by-product of the industry of iron, is one of these
materials. GGBS is widely available in UK (Higgins, 2005). Generation of 1 tonne of GGBS consumes
1300MJ of energy and emits 0.07 tonne of CO2 (Yaolin et. al. 2015).
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GGBS has been used widely in soil stabilisation. Yado and Tripathi (2013) used GGBS as a stabiliser for a
soft soil. It was concluded that inclusion of GGBS improves the strength performance of soft soils, for
example, UCS of 9% GGBS modified soil was approximately 28% higher than UCS of raw soil. However,
GGBS is considered a slow cementitious material on its own, so OPC and lime are normally used to activate
and accelerate GGBS hydration by providing sufficient alkalinity (Higgins, 2005).

Gupta and Seehra (1989) studied the strength performance of improved lime-GGBS soil. The UCS and CBR
of lime-GGBS stabilised soil with and without gypsum addition, or with partial replacement of GGBS by fly
ash were higher than UCS of raw soil.

Shekhar et. al. (2012) investigated the effect of GGBS on strength of black cotton soil (BCS) with addition of
small percentage of lime. It was found that the strength of (BCS + 30% GGBS + 4% lime) was approximately
up to 18 times higher than the untreated BCS.

CKD is a by-product generated throughout cement production. Although the quantities of CKD generated per
tonne of cement have been reduced substantially in the recent advanced technologies in the cement production
process, disposal of CKD is a significant economic and environmental problem in most plants of cement
(Wild et. al. 1996).

Baghdadi (1990) studied the effect of CKD on strength properties of Kaolinite soil. It was found that addition
of 16% CKD by dry weight led to increase the UCS of CKD treated Kaolinite soil from 210 to 1115kPa at 28
days curing.

Another study (Miller and Azadb, 2000) showed that the compressive strength of unsoaked CKD treated
Namontmorillonite clay increased by 150% at 28 days of curing.

The most common used soil stabiliser is (Ca(OH)2), which increases soils' stability by reacting with clay
(pozzolanic reaction) (Diamond and Kinter, 1965). As there are a considerable amounts of free-lime in some
CKDs, stabilisation mechanism of the CKD-treated soils is expected to be similar.

In addition, the high alkalinity of CKD makes it an appropriate material for GGBS activation by enhancing
reactivity of early age (Sadique and Coakley, 2016). Therefore, latent hydraulic materials, such as GGBS,
could be activated by using CKDs (Dulaimi et. al. 2017).

Dulaimi et. al. (2017) developed a new cold bituminous emulsion mixture by using a new Binary Blended
Cementitious Filler comprising of GGBS and CKD. GGBS was used as a replacement to the conventional
limestone filler, and CKD was used as an activator. They showed that indirect stiffness modulus and rutting
resistance were improved significantly by adding CKD to the GGBS.

This paper reports on the experimental work carried out to investigate the potential of using CKDs-activated
GGBS as a stabiliser to kaolin soil. (2.5%, 5%, and 7.5%) of the dry soil weight were the percentages of the
binder with two ratios of (CKDs: GGBS) which were (50:50 and 30:70).
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2- MATERIALS

2.1 soil

The soil used in this study was Kaolin soil. The physical properties of the tested soil are presented in Table 1.

Table 1. Physical properties of Kaolin clay soil

Property | LL PL Pl MDD omMC UCC Clay Silt
%) | (%) | (%) | (glcm’) (%) (kPa) (%) | (%)
Value | 41.4 | 20.0 | 214 1.61 215 262.261 | 24.04 | 75.96

2.2 Ground Granulated Blast Furnace Slag (GGBS)

GGBS; a by-product material resulting from manufacturing iron was supplied by Hanson Cement Group.
Chemical properties of the GGBS were investigated by measuring the PH level and X-ray fluorescence
analysis. Table 2 shows the results of these tests.

Table 2. Chemical composition of the GGBS

element | CaO | SiOz | Al,03 | MgO | Fe203 | SOs3 | KoO | TiO2 pH
Content
%

40.13 | 37.73 | 575 | 426 | 001 | 0.00 | 0.61 | 0.65 10

2.3 Cement Kiln Dusts (CKD)

CKD is a fine powdery, particulate material readily entrained in the combustion gases moving through the
cement kiln. CKD used in this study was supplied by CEMEX. Chemical properties of CKD were investigated
by measuring the PH level and and X-ray fluorescence analysis. Table 3 shows the results of these tests.

Table 3. Chemical composition of the CKD

element | CaO | SiOz | Al203 | MgO | Fe203 | SOs3 K20 | TiO2 pH
Content
%

51.0 | 125 3.5 0.5 2.5 4.0 5.5 0.0 | 12.75
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3- EXPERIMENTAL WORKS

3.1 METHODOLOGY

Kaolin soil was treated with three percentages of the total binder (GGBS+CKD) (2.5, 5, and 7.5% of the dry
weight of treated soil, and the proportion of GGBS to CKD were 50:50 and 70:30.

The percentages of replacement GGBS by CKD were selected depending on previous researches that used
CKD:s as an activator to GGBS. One study, Gdoutos and Shah (2003) studied the characterisation of binary
blends containing 50% GGBS and 50% CKD in terms of the rates of heat evolution, strength development,
hydration products, and time of initial setting. Other study: Dulaimi et. al. (2017) investigated improvement
in the performance of CBEMs comprising GGBS and CKD as a replacement to the conventional limestone
filler by activating materials to form cementitious hydrated products. The results revealed that the optimum
ITSM was achieved by 4% GGBS and 2% CKD. The ITSM after 2 days curing of new binary blended
cementitious filler was approximately 12 times higher than conventional limestone filler mixture.
Consistency limits (LL, PL, and PI) and compaction parameters (MDD, and OMC) tests were conducted for
samples of untreated and treated soil by dry manual mixing for about 5 minutes. Then the required pastes for
conducting the tests were produced by adding tap water straight away.

In terms of UCS tests, specimens were prepared by using a constant volume mould with specific dimensions
of 38mm in diameter and 76mm in height. A hydraulic jack to press the soil-binder paste inside the mould
was used. All tread soil specimens were cured for 7 and 28 days prior to being subjected to UCS testing.

3.2 Laboratory Test

In this study, three main experiments were carried out to investigate the effects of CKDs-activated GGBS
binder on the physical and geotechnical properties of the kaolin soil, and these tests are:

= Consistency limits test (LL, PL, and PI): BS 1377-2:1990 (British Standard) were followed to conduct
this test. However, LLs were determined by using the Cone Penetrometer device.

= Compaction Parameter test: the standard proctor compaction method was adopted in this test according
to BS 1377-4:1990 (British Standard) to determine the MDD and OMC for treated and untreated kaolin
soil.

= Unconfined Compressive Strength (UCS) test: was conducted according to BS 1377-7:1990 (British
Standard) on specimens of untreated and treated kaolin soil.

4- RESULTS AND DISCUSSION

4.1 Consistency limits
Figures 1a, b and c show the LL, PL, and PI for the Kaolin soil treated with (50% GGBS: 50% CKD) and

(70% GGBS: 30% CKD) at different binder percentages (2.5%, 5% and 7.5%) of the dry soil weight. It can

be seen that the LL and PL increased with increasing the binder percentages and the increase in mixture of
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50% GGBS: 50% CKD is higher than that for mixture of 70% GGBS: 30% CKD. Also the increase in PL is
more than that for LL thus, the PI value decreased (as Pl = LL-PL). In addition, the PI decreased from 20.0
for the untreated kaolin soil to 19.2 for mixture with 50% GGBS: 50% CKD at 7.5 binder dosage. These
changes in the consistency limits of the soft Kaolin soil are attributed to the cations ions exchange that occur

between the minerals of the clay in the kaolin soil and the binder materials (Ouf, 2001).
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Figure 1. The Consistency Limits of the treated Kaolin soil with CKD-activated GGBS (a) Liquid
Limits (b) Plastic Limits (c) Plasticity Index

4.2 Compaction Parameters

This test was carried out for kaolin soil mixed with 50% GGBS: 50% CKD and 70% GGBS: 30% CKD for
three different percentages of binder 2.5%, 5% and 7.5% of the dry soil weight in order to determine MDD
and OMC for both corresponding (GGBS:CKD) ratios and for each binder percentage; as shown in Figures 2
and 3. The obtained values were used to prepare the specimens of UCS test.

From Figures 2, 3, it is observed that a decrease in the MDD and an increase in OMC for mixture comprising
kaolin soil + 50% GGBS: 50% CKD is more than that in mixture of kaolin soil + 70% GGBS: 30% CKD for

the total binder content. Also, for the same GGBS:CKD ratio, the MDD decreased and the OMC increased
with an increase in the total binder content.
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Figure 2. Compaction parameters for Kaolin soil only, kaolin soil + (509%GGBS: 50%CKD) for
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4.3 Unconfined Compressive Strength (UCS)

The results of UCS tests are shown in Figures 4, 5 and 6 which represent the improvement of UCS values
with binder percentages at 7 days curing time for kaolin soil treated with CKD-activated GGBS with 50%
GGBS : 50% CKD and 70% GGBS : 30% CKD. From these figures, it can be seen that the UCS of the kaolin
soil increased with an increase in the total binder content, and the increase of UCS of 50% GGBS: 50% CKD
was higher than that of 70% GGBS: 30% CKD. In addition, it can be noticed from Figures 5 and 6 that soil
treated with 50% GGBS: 50% CKD with 7.5% binder achieved the maximum UCS (1295.57kPa at 7 days of
curing, in comparison to the UCS of the untreated kaolin soil (262.26kPa). The increase in the UCS with an
increase in the total binder content could be contributed to the formation of new cementitious materials due
to the reaction of the GGBS activated by CKD with the clay portion of the kaolin soil. While the increase in
the UCS for 50% GGBS: 50% CKD comparing to 70% GGBS: 30% CKD is because of that GGBS is required
a sufficient amount of the activator (CKD) to be activated (Ouf, 2001).
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Figure 4. Typical stress-strain data from unconfined compressive strength test on Kaolin soil treated
with CKD-activated GGBS after 7 days of curing.
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Figure 5. Effect of binder percentages on UCS of Kaolin soil treated with CKD-activated GGBS with
50% GGBS: 50% CKD after 7 days of curing.
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Figure 6. Effect of binder percentages on UCS of Kaolin soil treated with CKD-activated GGBS with
70% GGBS: 30% CKD after 7 days of curing.
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CONCLUSION
Stabilisation of kaolin soil utilising GGBS and CKD is found to be an effective means for enhancement the
engineering performance of kaolin soil. According to the results obtained from the experimental investigation,
the following conclusion can be drawn:
e The LL and PL increased with increasing the binder percentages, and the increase in mixture of kaolin
soil + 50% GGBS: 50% CKD was higher than that for mixture of kaolin soil + 70% GGBS: 30% CKD.
e The decrease in MDD and the increase in OMC for mixture comprising kaolin soil + 50% GGBS: 50%
CKD was more than that in mixture of kaolin soil + 70% GGBS: 30% CKD for the total binder content.
e Soil treated with 50% GGBS: 50% CKD with 7.5% binder achieved the maximum UCS 1295.57kPa at
7 days curing compared to the UCS of the untreated kaolin soil (262.26kPa).

FUTURE WORK

In this paper, the UCS results were for 7 days cured specimens, so the compressive strength of the stabilised
soil at 28 days will be carried out in the future. In addition, the compressibility of the CKD-activated kaolin
soil will be investigated along with studying the microstructural utilizing the scanning electronic microscopy

(SEM) technique as future works.
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Abstract

The field of geotechnical engineering faces many problems related to construction on soft soil. These
problems are often presented as settlement issues. Ordinary Portland cement (OPC) is one of the most
preferable binders used in soil stabilisation. However, Waste materials can be used as replacement materials
to reduce the usage of cement and achieve approximately the same results for soil stabilisation. The purpose
of this research is to evaluate the engineering properties of a soft soil treated with 9% of binders of different
binary blended mixtures produced from OPC and a particular high alumina-silica waste material (HASW).
The experimental investigations were conducted to find the optimum binary mixture by determining the soil
compacting, Atterberg limits and the unconfined compressive strength (UCS). Soil samples in each test
contain 9% binder of different ratios of OPC and HASW by the dry weight of soil. The ratios of OPC:HASW
in the samples were 100:0, 90:10, 80:20, 70:30, 60:40 and 50:50. The UCS tests were carried out on the
specimens under different curing periods (7 and 28 days) to evaluate the effect of curing time on the
performance of the binary mixtures. The experimental results show that, the use of HASW improved the
physical soil properties by reducing the Plasticity Index (PI) from 18.35 to 13.02 by replacing 50% OPC in
the binder. Moreover, the UCS test results show that the ratio of OPC to HASW 70:30 was the optimum and
this ratio increased the UCS value from 134.2kPa to 1107.445kPa for 28 days curing which was over the UCS
achieved from the soil samples treated with the reference binder (OPC) 1100kPa.

Keywords: HASW, physical properties, soil stabilisation, unconfined compressive strength.

Introduction

Soft soils are defined as soils that consist of large quantities of fine particles like silty and clayey soils (Kamon
and Bergado, 1991). The typical characterizing of soft soils are: low shear strength, highly compressible and
low permeability. The value of shear strength is low for soft soil and reported as typically less than 40kPa,
physically can be deformed by light finger pressure (Mohamad, et al, 2016). Therefore, the problems

associated with soft soils could be summarised as: being susceptible to liquefaction defined as the loss of
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strength in saturated conditions, and being cohesion-less due to the build-up of pore water pressures during
dynamic loading (Assimak, 2010). Expansive issues in soft soil, also called shrink-swell, is a very common
soft soil problem. Depending upon the supply of moisture in the ground, shrink-swell soils will experience
changes in volume of up to thirty per-cent or more (Verma and Maru, 2013).

Soft soils are found in many places in the world and especially in coastal cities like Shanghai, Tianjin and
Vancouver and there is a large expanse of them existing in the South West of England and South Wales. This
soft land has been used for agricultural, industrial, commercial and residential developments for many
centuries (O'Neill, 2017). Overall, the problems of construction on soft soil consists of insufficient bearing
capacity, excessive post construction settlement and instability on excavation and embankment forming.
Experimentally, the problems of settlement can be defined as a deformation of the soil because of applying
stresses. Moreover, settlement will cause changes to the load carrying system geometry (Mohamad, et al,
2016). Therefore, in many cases the soft soil should be treated to improve its compressive strength, the
resistance to deformation and to improve the hydraulic properties which can be achieved by various soil
improvement techniques (Cristelo et al, 2013).

Soil stabilisation is considered one of the processes for improving the of the soil properties, especially the
engineering ones for making soil more stable. As a result of increasing the intensity of construction in the
urban areas (densely populated), this created al need to construct on soft soil, which is considered unsuitable
for construction. Therefore, one of the most important needs in this decade is research about the best soil
stabilisers and to improve soil stabilisation techniques for the replacement of poor soil in such sites (Kumari
et al, 2016).

There are many soil stabilisation methods which include mechanical and chemical methods. Mechanical
stabilisation includes the processes of removal and pre-compression for soft soil. The first process is
characterised by excavating the loose and organic soil and replacing it by a stronger more suitable soil. While
the second process is characterised by using the soft soil itself with the application of static load to reduce the
air voids and increase the bearing capacity of soil. These two methods are expensive because they need special
equipment to and technologies which need time and money. Chemical stabilisation is achieved by mixing
chemical materials to soil. This process include adding cement, lime and other chemical materials. This
method is considered more economic (Das, 2003).

Ordinary Portland cement is used as additive for soil stabilisation. The purpose of the addition is to modify
and improve the soil properties by increasing compressive strength and durability (resistance against the effect
of moisture, freeze and thaw) together with the reduction in shrinkage and swelling potential; and to control
the erosion of inorganic soils (Oswell and Joshi, 1986). The treatment of soft soil by cement increases the
plastic limit and the maximum dry density of sand and highly plastic clays while it decreases the maximum
dry density of silt and liquid limit, which mainly reduces Plasticity Index. That means the optimum water

content will increase or decrease depending on soil type (Kezdi, 1979).
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In addition to cement, the lime used to stabilise soft soil effectively could be used alone or mixed with either
cement, bitumen or fly ash. The main use lime is to stabilize the base and the subgrade of roads by adding
enough quantities of lime and water to produce a suitable result. The mixture of lime and water will increase
the soil pH above 10.5, which helps the soil particles to break down. The use of lime will change the nature
of the soil by changing the adsorbed layer, increasing the optimum water content, thus increasing the strength
and durability of soil. Additionally, the use of lime will decrease the high Plasticity Index and the maximum
compacted density due to pozzolanic action (Negi and et al, 2013).

The chemical reaction depends on silica and alumina which react with calcium from the cement and lime to
create calcium-silicate-hydrates (CSH) and calcium-aluminate-hydrates (CAH) which are considered the
main components in cementations materials. The availability of these two products will increase the strength
of lime-stabilised soil layers by forming a matrix. The advantages of this matrix is that the soil is transformed
from a sandy, granular material to a hard, relatively impermeable layer with significant load bearing capacity.
The process begins within hours and can continue for years in a properly designed system. The matrix formed
is permanent, durable, and significantly impermeable, producing a structural layer that is both strong and
flexible (Negi et. al, 2013).

Many problems related to soil stabilisation via the use of cement have been identified. The cement
manufacturing process is considered the biggest consumer of energy and one of the main reasons for climate
change. The cement industry needs enormous amounts of resources such as fossil fuels and raw materials
which considered non-renewable materials (Potgieter, 2012). The consumption of energy and raw materials
will send dust and gases to atmosphere which are also considered harmful. Cement manufacturing sends
nitrogen oxides (NOXx), carbon dioxide, water, oxygen and small quantities of dust, chlorides, fluorides,
sulphur dioxide, carbon monoxide, and still smaller quantities of organic compounds and heavy metals
(Hurford et al, 2002). In addition to that, the toxic metal and organic compounds are spread to the air from
the cement kiln and the processes of cooling clinker, operating crushers, grinders, and materials-handling
equipment causes further harmful emissions.

Scientists have found that each tonne of Portland cement clinker produce almost one tonne of CO2 and other
greenhouse gases (GHGs) to atmosphere. These amounts of emissions do not just affect the air quality, but
impacts badly on human health. The cement manufacturing has local and global impacts on the environment
like global warming, ozone depletion, acid rain, biodiversity loss, reduced crop productivity etc. (Kumar et
al, 2013). In addition to environmental impact, scientists found a relationship between the emissions of cement
manufacturing and the human health. They found that these emissions cause allergy, itchy eyes, respiratory
diseases like tuberculosis, chest discomfort, chronic bronchitis, asthma attacks, cardio-vascular diseases and
even premature death (Mehraj et al, 2013).

At present, the Industrial wastes, which are produced from many different Industries, are considered a

significant problem and the ways of disposal an even bigger problem. The non-biodegradable waste causes
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environmental pollution for the neighbouring areas not just in the location of production. Also, the disposal
of industrial waste are considered very dangerous because most of industrial waste has chemical components
that affect human health and bio-diversity. Therefore, the landfill of the industrial waste should be minimised
to lower the amount and reduce the landfill tax levied on the producer. The reduction in landfill amount could
be achieved by using these wastes in many fields such as in soil stabilisation. The use of industrial waste for
soil stabilisation is considered economical and an eco-friendly resource which reduces the pollution and
disposal problems (Sen and Mishra, 2010).

There are many studies in soil stability by using different additive materials. Generally, the materials for soil
stabilisation are divided into two kinds: traditional materials like (Portland cement, cement-fly ash, lime, fly
ash with lime, etc.), and non-traditional materials (Jeb et. al., 2007), (Makusa, 2012) and (Dhanoa, 2013).
Recently, researchers have tried to develop new cementitious materials for soil stabilisation purposes. These
supplementary cementitious materials could be used alone or mixed with small amounts of cement and lime.
The non-traditional materials could be pozzolanic materials or waste materials like silica fume (SF), ground
granulated blast furnace slag (GGBS), pulverised fuel ash (PFA) and cement kiln dust (CKD). These materials
characterised by their eco-friendly credentials, reduction of industrial waste, reduction of landfill, low cost,
ease of application, short curing time etc. Such materials could be used with cement to improve the properties
of cement-based stabilisers such as workability, durability, and strength (Sadique et al, 2013).

Jafer et al, (2015) presents evidence about the suitability of a waste material (WM) for soft soil stabilisation.
The results showed that the WM used in the study improved the physical properties of the soft soil, for
example: the Plasticity Index (PI), which had been decreased significantly. After mixing the soil with 12% of
WM and 15% WM the PI values were decreased from 21 to 13.64 and 13.10 respectively. Moreover, the
unconfined compressive strength results indicated that 12% of WM was the optimum and this percentage
developed the UCS value from 202kPa to 500kPa for 28 day cured samples, which is equal to approximately
2.5 times the UCS value for untreated soil.

MATERIALS AND METHODOLOGY

Soil sample

The source of the soil which was used in this research is the banks of the River Alt in Hightown to the north
of Liverpool. The soil was collected at depth about (0.3 - 0.5m) below the ground level. After collecting the
soil samples, they were stored in plastic bags the capacity of each bag was about (20 - 25kg), these bags were
sealed with all soil information before transport soil to the laboratory. The specimens were processed
immediately after soil arriving to the laboratory to find (NMC) the natural moisture content. The remaining
soil was dried in the oven at 110°C for use it in the other experiments. In the first instance, the soil
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classification was determined along with the consistency limits test and particle size distribution test.
Moreover, the compressive strength for the virgin soil (untreated soil sample) was evaluated via the
unconfined compressive strength test (UCS). Table 1 shows the main properties of soft soil which identify by
physical and chemical analysis of the soil. Table 2 indicates the chemical analysis of the cement and waste
material with Figure 1 illustrating the X-ray powder diffraction (XRD) results for the HASW.

Table 1. The engineering properties of the virgin soil used in the study

Property Value
Natural moisture content, NMC % 37.5
Liquid Limit, LL % 39.2
Plasticity Index, PI 18.35
Sand % 12.07
Silt % 75.03
Clay % 12.9
Specific Gravity (Gs) 2.61
Ydmax g/cm?® 1.63
Optimum moisture content, OMC % 20
PH 7.78
Organic matter content % 7.95
Unconfined Compressive Strength, qu kPa 134.2

Ordinary Portland cement (OPC)

In this study the commercial OPC was supplied by CEMEX Company in Warwickshire, UK, which is OPC
type CEM-II/A/LL 32.5-N.
Waste Material (WM)

The waste material (HASW) used in this study is composed of agglomerated particles. It has a sufficient
content of Alumina-silicate, which makes it eligible to be used as a blending material.

Table 2. Chemical analysis of the cement and waste material
Material | CaO SiO2 | Al203 | MgO | Fe203 | SO3 KO | TiO2 | Nazo
HASW | 0.05 3545 |[44.17 (069 |037 |0 005 |0 0
OPC 62.34 | 26.64 |2.44 157 | 175 |259 |0.72 |0.39 1.53
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EXPERIMENTAL WORK

Mixing proportions

Testing was carried out using five binary mixtures with different proportions of OPC and HASW along with

virgin soil and soil treated with 9% OPC as reference mixture (100% of the binder used) as illustrated in Table

3.

Table 3. Binder mixing proportions used in this study

Mix ID OPC % HASW %
VS 0 0
Ref. 100 0
Bl 90 10
B2 80 20
B3 70 30
B4 60 40
B5 50 50

Sample Preparation

After preparing the soil, the soil sample was ground to break any chunks and sieved in preparation for testing.

Testing was carried out immediately after mixing the soil with binder and water depending on the standard

procedure for each test. Soil samples in each test contain 9% binder of different ratios of OPC and HASW by

the dry weight of soil. The HASW percentage ranged from 10% to 50% by the dry weight of the binder ratio.

While preparing the UCS test specimens a special mould according to the standard requirements (D = 38mm

and H = 76mm) as shown in Figure 1-A was used. The samples consisted of soil, binder and water; with the

amount of soil and water depending on the maximum dry density (MDD) and optimum moisture content

(OMC) for each binder ratio. The mixture of soil, binder and water should be prepared and then formed under

pressure in the mould to create the UCS test specimens (Figure 1-B. The specimens for treated soil were cured

between 7 - 28 days. The UCS tests were performed on a computerised tri-axial machine by applying vertical

load only with horizontal stress in the tri-axial cell, 63 = 0. as shown in Figure 1-C.
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Figures 1. Fixed volume mould, Compression rig and tri-axial machine

Laboratory Tests

The experiments as following

Atterberg limits test: this test was performed by using the fall-cone penetration and the soil crumble
methods, to find the Liquid Limit (LL), Plastic Limit (PL), and Plasticity Index (PI). The tests were carried
out according to the British Standard BS 1377-2:1990 (British Standard, 1990a).

The Standard Proctor compaction: the compaction parameters test was used to determine the maximum
dry density (MDD) and optimum moisture content (OMC) for each binder ratio. The experimental method
was undertaken as per the British Standard BS 1377-4:1990 (British Standard, 1990b) using an electrical
compaction machine. The soil was dried and passed through sieve No. 3.35mm to provide a sample of around
2000g of soil. The soil was mixed with water and different binder ratios, then compacted in the mould in three
layers. Each layer was compacted with 25 blows by using a 2.5kg hammer.

Unconfined Compressive Strength test: was carried out according to British Standard BS 13777:1990
(British Standard, 1990c), by producing four samples for each binder ratio, the samples were tested during
different curing periods (7 and 28 days). The samples contained soil, binder and water mixed together and
compacted in the mould by using hydraulic load. The curing was carried out by covering in cling film and
storied at 20 + 2°C.

RESULTS AND DISCUSSION

Atterberg limits

The Figure 2 shows the changing in the LL, PL and PI for the untreated soil (VS sample) and the soil after
mixing (Ref., B1, B2, B3, B4 and B5). The figure indicates that the LL was increased when cement was added
to soil which continued to be the case after HASW was added in different ratios. Moreover, the Pl was reduced
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when the soil was mixed with cement. The decrease in the cement content and the increasing HASW ratios
mixed with soil reduced the PI value. Table 4 demonstrates the LL, PL and PI values from the Atterberg limits
tests, it shows a Pl value decrease from 18.35 for the VS sample to 12.48 for sample B2. The treatment of soil
with (OPC + HASW) leads to a reduction in P1 in spite of increasing both LL and PL.
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VS Ref. B1 B2 B3 B4 B5
Sample ID

Figure 2. Atterberg limits after cement and HASW treatment

Table 4. The results of the Atterberg limits tests

Ratio LL PL Pl
VS 39.20 20.85 18.35
Ref. 44.00 30.80 13.20
Bl 44.40 30.96 13.44
B2 44.60 32.12 12.48
B3 44.80 32.05 12.75
B4 44.60 31.74 12.86
B5 44.70 31.68 13.02

Compaction Parameters Tests

The results of the compaction tests in Figure 3 show that, the treatment of soil by HASW decreased MDD
and increased the OMC with continuous increase in HASW content. The results indicated that the MDD
decreased noticeably from 1.58 Mg/cm3 to 1.534Mg/cm3 for HASW proportion 0% to 50% respectively by

the binder weight. After that, the decrement in the dry density became stable. Meanwhile, the OMC increased
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from approximately 20% to less than 23%. The decrease in MDD may contribute to decrease in the
compressive strength of the sample. With respect to the OMC, the increments occurring gives an indication
of the decrease of the workability of the cement-soil mixture treated with HASW. This behaviour of the
compaction parameters of the soil sample after HASW treatment could be attributed to the increase in the
water demand of the soil-binder mixtures, which replaced a part of the soil that is associated with lower water
demand due to the clay minerals in the treated soil. Moreover, the decrease occurring in the dry density may
be attributable to the fineness of HASW particles which Increase the surface area of the molecules, increasing
the area of interaction.

Unconfined Compressive Strength Tests (UCS)

The graph of stress-strain for samples without binder and with binder in different ratios for both ages of curing
7 and 28 days are illustrated in Figure 4. It show that after 7 days of curing some samples (B1, B2, B3) refer
to slight increments in the compressive strength of sample and the best sample is B3 with (70% OPC + 30%
HASW). However; the samples were tested after 28 days that there was a significant increment in the soil
compressive strength values comparison to VS sample. As shown in Figure 5 — 28 days curing results, the
samples that treated with 20% and 30% HASW exhibited similar stress-strain diagrams as well as indicating

the higher compressive strength among the other samples.
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1.62 Ref.
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1.6 B1
1.59
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Dry density Mg/cm 3
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Figure 3. Dry density Vs - moisture content for the soil samples
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Figure 4. UCS results of the soil samples after before and after treatment

Figure 5 shows development in UCS with the curing time for untreated and treated soil with the binder mixture
of OPC+HASW. The results shows that UCS of soil samples significantly increased from 930kPa at 7 days
curing time up to 1107kPa at 28 curing days. The UCS development rate increases during 7 to 28 days.
However; the UCS gained at 28 curing days of sample B3 gave higher results than RF sample. The figure 5
illustrates that the UCS of the samples increases with addition of the waste material at 28 curing days.
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Figure 5. Effect of HASW treatment on UCS development of cement stabilised soil
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CONCLUSION

The effect of pozzolanic reaction of HASW in the binary blending system with OPC on the geotechnical
properties of soft soil was investigated in this research. This provides a novel approach for the use of a waste
material that has not been previously implemented to reduce the use of OPC and develop a new binder material
for the use in soft soil stabilisation. The following conclusion can be stated based on the results obtained in
this study:
e The HASW used in the experiments show that the physical soil properties were improved such as
reducing the plasticity index (P1) from 18.35 to 13.02 for 50% HASW by the dry soil weight.
e The use of HASW in the compaction test led to a significant decrease in the maximum dry density and
an increase the water content.
e The use of HASW has significantly improved the unconfined compressive strength of the soft soil.
The results showed that UCS was increased from 134.2kPa for untreated sample to 1107kPa for sample
B3 after 28 days curing, which is higher than the UCS for RF sample (with 100% OPC by binder
weight).
e According to the results obtained from this study, a new binary blended cementitious binder wad

developed.
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Abstract — In the current technological scenario
of the industry and businesses, there has been
increasing need of software within systems and also
an increasing demand being put onto software-
intensive systems. This in effect will lead to a
significant evolution of software engineering
processes over the next twenty years. This is due to
the fact of emerging technological advancements
like Industry 4.0 and Internet of Things in the IT
field, among other new developments. This paper
identifies some key research challenges which will
be faced by the software engineering field and
articulates information that is derived from the key
research specializations within software engineering.
The paper analyses the current state of art trends in
software engineering. The future of software
engineering in the context of Industry 4.0 which
includes emerging technological platforms like
Internet of Things. The societal impact aspect of
future trends in software engineering is also

addressed in this paper.

Keywords—Software Engineering; Internet of

Things; Future trends; Industry 4.0; Interaction-

Oriented Software Engineering

INTRODUCTION

The future of software engineering is only possible
by understanding the past and the present status of
software engineering. With the advent of many new
technological advancements like Internet of Things
(1oT) and Industry 4.0, the importance of a refined
software engineering process in the future is much
more paramount. Moreover, also observed is the fact
that software engineering is an established process
which has its own process, technologies and
discipline of the application. Software Engineering in
the current world uses the established methods and
tools across multiple domains including proprietary
real-time industry for the control of energy,
transportation systems, manufacturing automation in

factories and general end-user applications.

With more and more industries embracing Internet
connected infrastructures, the software engineering
domain is no longer the primary de-facto standards
for just professional software developers. The focus
is shifting in these emerging fields from coding to
make the machines work, to ensure that the software
developed is of extremely high quality for the purpose

for which the software was created.
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In this paper, we identify some key some key
software engineering challenges. The paper is
structured as follows. Section Il provides general
background information about software engineering.
Section 111 identifies and discusses the relationship
between 10T and importance of implementing a
successful procedure for software engineering.
Section IV further highlights the concept of Industry
4.0 and the integration of software engineering for
successful projects. The next section illustrates the
societal aspects and impacts in relation to software
engineering in the future. In the final section of the
paper,
engineering is predicted and speculated upon.

the future trends related to software

BACKGROUND INFORMATION

Society is increasingly relying on software in
many areas including entertainment, education,
politics, industrial and civil infrastructures, economic
and business initiatives, as well as work and personal
activities, among many others [1]. All these areas
have become inextricably linked with software
software

systems and applications. As such,

development is a field that requires support,

improvement, and research. In the software
engineering domain, the focus has been to tackle
problems and issues. However, there are challenges

that still remain to be overcome.

Challenges in Software Engineering

Firstly, Fuggetta and Di Nitto have pointed out
that the internet has become an environment for
development through which cooperation among
developers occurs [1]. As such, there are many
changes in which software evolves from conception

to deployment. One example of such change is

crowd-sourcing; an area the researchers observe

needs to be better evaluated and understood.

Another challenge is that software continuously
evolves as a result of new requirements. The
requirement not only creates a challenge with
software deployment, but also the required
technologies that should operate reliably over the
Internet and the support needed in such an
environment. Most importantly, the different types of
applications that are deployed in the short term and
then replaced with others, coupled with those which
are deployed for the long term means that current
models and standards should adapt to the various

emerging contexts [1].

Current Research in Software Engineering

The field of software engineering has over time
shown that developers and engineers are critical to the
success and outcomes of projects [2]. Nevertheless,
research on the human aspect has been scarce in
comparison with a focus on process or technology.
Increasing dissatisfaction with poor quality of
software as well as growing interest in agile methods
has begun to place more emphasis on the human

aspect of research in software engineering.

Empirical research studies in software engineering
illustrate the types of factors which have an impact on
crucial outcomes such as quality and cost, but it has
also been ascertained that programmers often hold
prior opinion on some of these issues [3]. In a study
of IBM developers, for example, it was found that
they held prior beliefs on certain issues and their
opinions were based on experience instead of
findings from prior empirical research. While such
prior opinions are important, especially because

developers are professionals who are highly trained
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with beliefs that are critical to their work,
dissemination of empirical evidence to the profession

is nevertheless important.

Interestingly, it has been previously proposed that
evidence-based software engineering should be
adopted, and that systematic review of software
engineering literature should be used to support
evidence-based software engineering [4]. Since these
proposals were made in 2004 and 2005, systematic
reviews have gained relevance in empirical software
engineering. As they became more popular among
software engineers, the systematic review process
also started receiving attention. Against this
background, therefore, the researcher’s systematic
review concerned with either technique to improve
the process or experiences with the process found that
systematic reviews face criticism because there are no
appropriate digital libraries for software engineering
and that the systematic review process itself is time

consuming.

loT and Software Engineering

Wireless sensor network technologies have
become a part of everyday life, allowing for the
measurement and understanding of indicators in the
environment that range from natural resources and
delicate ecologies, to environments in the urban areas
[5]. These devices have proliferated to form the
Internet of Things (loT) through which sensors and
actuators blend into the environment and provide
information across platforms that result in a common

operating picture (COP).

The loT has grown out of its early stages with the
introduction of enabling device technologies such as
embedded actuator and sensor nodes, near field

communication devices, and RFID tags and readers

[5]. This evolution from the www, to web2, web3,
and now loT means that sophisticated, intuitive
queries must continue to be developed to meet data-
on-demand. Most significantly is the fact that the 10T
devices creates huge amounts of data, an observation
which means that sophisticated artificial intelligence
algorithms should be developed so that the data can
be understood and used intelligently.

A. Software Defined Systems (SDSys)

Jararweh et al made an observation that there are
huge amounts of data generated through the IoT. This
data requires innovative ideas in the management and
design of the 10T network so that its performance can
be enhanced and accelerated. To meet this challenge
is the Software Defined Systems (SDSys), a new
model that simplifies underlying system architecture
by removing management operations and controls
from the devices in the 10T, and channeling such

operations into a software layer and middleware layer
[6].

Significantly, Jaraweh et al argue that several
SDSys can be used to describe a Software Defined
Internet of Things (SDIoT). This comprises a
Software Defined Network (SDN) that separates
operations conducted at the data plane from those at
the control plane, the Software Defined Storage
(STStore) which separates the data storage layer and
data control layer operations, and the Software
Defined Security (SDSec) which separates the
processing and forwarding plane from the security
control plane. In this way, the loT management

operations are made simpler [6].

Developing applications for the IloT is
difficult because there are many related issues that

need to be overcome. The issue includes the fact that
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there is an absence of high level abstractions and no
separation of concerns which makes it challenging to
address heterogeneity and the large scale. In addition,
applications have to be developed in a manner which
addresses various life-cycle phases. The development
requires an analysis of application logic so that tasks
can be distributed over an underlying network,
followed by implementation of tasks for distinct
hardware [7]. Fig. 1 below illustrates the abstractions

inan loT.

Fig. 1: The Abstractions for loT System, adapted
from [8]

10T Requirements

Despite the fact that 10T can enhance quality,

efficiency, and innovation, and  connect
transportation systems, automotive, medical, and
production with Information Technology (IT)
systems in a manner that can provide vital
information for businesses, many companies do not
appreciate the combined IT, software needs, and
required architectures that are needed to take
advantage of loT [9]. Corporate executives, for
examples, understand the value chain but are least
concerned with technology; IT departments seem
removed from real products and people; while

engineering departments view IT with suspicion,

preferring to concentrate on embedded electronics

and system development.

Fig. 2 below illustrates the complexity of the 10T
for modern manufacturing [10]. For 10T to provide
useful information to an enterprise, appreciation
should be made of the various levels; that is, the
machines and devices at the lowest level, a business
application, and the ease with which all the

information is transacted through cloud computing.
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Fig. 2: Internet of Things (IoT) for Modern
Manufacturing adapted from [10]

An interesting perspective on the use of IoT is
observed [8]. The functionalities of loT services and
applications should not be merely related to the
fundamental principle that data is generated from
sensing and actuating, but smarter devices can be
deployed to conduct some long term functions in
autonomy and in the socio-physical space they reside.
These services can range from autonomous personal

assistants or even just basic cleaning robots [8].

INDUSTRY 4.0 AND SOFTWARE
ENGINEERING

Industry 4.0 is a term that has its origin from
Germany as “Industrie 4.0” [11]. From a global
perspective, comparable ideas are General Electric’s
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Industrial Internet. Such an industrial internet,
similar in description to Industry 4.0, is supported
with a budget of 2 billion dollars by the U.S.
government for purposes of researching and
developing Advanced Manufacturing. Other terms
that are used to describe Industry 4.0 include
Integrated Industry, Smart Manufacturing, and Smart

Industry.

Leveraging with Industry 4.0

Industry 4.0 can be described as networking
within an Internet of Things (loT), people, data, and
services. Significantly, it is characterized by a
number of features. The technology enables vertical
networking of smart products and smart factories,
horizontal integration of customers and business
partners, through-engineering that includes the
production process and end product, and exponential
technologies which allow for mass market
application since their computing power has risen

while their size and costs have gone down [12].

Integrating Networks

The manufacturing industry in Germany, for
example, is facing stiff global competition with
regard to costs of production as well as quality. Since
the cost of labor is high, competing countries have
been able to gain an advantage in quality and
productivity. As such, many companies in Germany
are leveraging the ideas of Industry 4.0 through which
companies participate in integrated networks, so that

core competencies are shared.

In Industry 4.0, all businesses in the network are
able to access real time product information in a
virtualized space which obliterates boundaries and
allows for customization and

mass agile

manufacturing. The presence of cyber-physical

systems ensures that machines are able to
communicate, and rapid product innovation becomes
possible since modeling techniques and modular
simulation is shared across the network. In essence,
Industry 4.0 enables collaborative networks through

its intelligent automation [13].

Most importantly, industrial automation is
increasingly relying on software. The German
Engineering Federation, for example, points out that
the ratio of software development to cost of
machinery has doubled from 20 to 40 percent within
one decade [14]. In essence, this continuing trend will
mean that automation systems developers and
suppliers will in future be mainly concerned with
software engineering. This is not curious since

software engineering is applicable in many domains

including applications related to information
processing, web-commerce, trade, databases,
manufacturing automation, and even real-time

control of transportation and energy systems.

Quality Management

Today’s business climate is characterized by
intense competition in which the quality of products,
services, and processes determines if they will be
successful. As such, quality management continues to
be indispensable and integral in corporate
management of every organization [15]. Since
Industry 4.0 provides enormous social, ecological,
and economic potential, it also stands to play a critical
role in quality management. Against this background
is the fact that ERP systems are software applications
which track and control huge volumes of data that is
essential for quality management. As such, they can

leverage the advantages provided by Industry 4.0 and
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will in future be of value in quality management to

address Industry 4.0 research challenges.

Self Awareness

A prediction is that Industry 4.0 will in future
create a fleet-wide information system that will
enable machines to be self-aware, the ability to self-
assess own degradation and health and also utilize
smart decision making to keep problems at bay. This
will only be achieved through smart analytics.
However, one reason why self-awareness in
machines has not been fully achieved is because
Prognosis and Health Management systems (PHM)
have a low level of adaptability [16]. At issue is the
fact that the PHM algorithm is developed from
experimental data in the lab and cannot change after
implementation unless it is re-trained. This is a
challenge for developers because in practice real-time
data is from numerous machines which generate
much more data than that which is generated from the
lab. As such, algorithms that are capable of learning
from real-time data will in future have to be

developed.

The Future of Industry 4.0

In their analysis of German manufacturing in
relation to the impact of Industry 4.0, it was found
that the next ten years will experience a 6 percent
growth in employment [17]. During the short term,
repetitive tasks will be replaced with more
automation. However, the increased use of software,
analytics, and connectivity will create more demand
for people with skills in IT technologies and software
development, including mechatronics professionals
having expertise in software. In addition, suppliers
will increasingly need to offer services driven by

analytics [17].

There are many complex challenges that will
confront Industry 4.0 practitioners in the future [18].
For example, there is system complexity in Industrial
IoT devices because such devices may also have
within them other IoT systems. Another challenge is
management complexity related to software,
networked systems, security, configuration, and
compliance. Thames and Schaefer argue that
software defined systems (SDNSs) are best placed to

overcome such challenges.

SOFTWARE ENGINEERING IN THE
EVOLVING SOCIETY

Interaction-Oriented Software Engineering
(IOSE)

The aim of social machines is to enable social

processes through the administrative support
provided by computers. However, a social-technical
machine as conceived by Chopra and Singh would be
a Social Technical System (STS), going beyond the
current emphasis of the technical parameters in social
machines to give meaning to social processes [19].
Interaction-Oriented Software Engineering (I0OSE) is

able to connect with STS’s social fundamentals.

The main objective of IOSE would be social
protocols. In the IOSE, social expectations are given
computation