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Abstract

Architecture has sought since time immemorial to meet multiple human
needs, starting from the basic physiological needs for human survival, psychological
needs (social and individual) to needs related to human progress, such as taking
into account the aesthetic and spiritual aspects, which represent the highest levels
of those needs, through a set of design aspects and characteristics.. This research is
based on the study of the spiritual dimension of higher human needs in general that
architecture seeks to meet, by studying that in the architecture of traditional cities,
in particular, to enhance architectural knowledge with regard to the importance of
investing its capabilities in reconstruction to ensure the creation of contemporary
architecture with privacy and identity, so the problem was identified In light of this,
in connection with the local reality in terms of the limited knowledge discourse
about the investment of the most important aspects and design characteristics
of what is known as spiritual architecture in reconstruction, in general, and in the
reconstruction of the ancient city of Mosul in particular, the goal of the research
is to provide clear knowledge of those aspects and characteristics associated with
spiritual architecture. The religious and civil secular ones in terms of their sensory,
material, aesthetic, and natural environment levels. The research has adopted
the descriptive approach in analyzing theoretical propositions to formulate a
theoretical proposition that paves the way for basic steps that can be adopted
during reconstruction and investigated in two case studies of the architecture of the
ancient city of Mosul, especially after what it was exposed to. Most of the religious
and civil buildings of historical value were destroyed within their urban areas.

Keywords: Supreme human needs, Spiritual architecture,

Reconstruction, Traditional architecture in Mosul.
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Abstract

The concept of age-friendly societies has gained international attention
among researchers, policy makers, and community organizations since the World
Health Organization launched the Friendly Communities Project in 2006, to address
challenges in some countries, as these challenges affect all aspects of society, and
the educational environment represents an important joint of those joints, being
The environment is the most effective and influential in shaping human behavior,
and the age stage that is most affected and capable of learning and shaping behavior
is of importance, which is the childhood stage. Therefore, the research focused on
school buildings, as they represent an educational environment that contributes to
shaping the positive behavior of students aged 6-12 years.

Keywords: friendly architecture, Friendly educational buildings, Positive behaviour.
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Abstract

Algorithms are mathematical processes that provide step-by-step instructions
for solving a specific problem. They are commonly used in computer science and
other technical fields to automate processes and solve complex problems. One great
application of algorithms is the generation of shapes. Algorithms can be used to
create complex shapes and patterns that are difficult orimpossible to create manually.
We will explore how algorithms can be used as a mechanism to generate shapes by
adopting the Voronoi algorithm because it provides a wide environment for creativity
through new intellectual processes that may not occur at all in the human mind to
obtain architectural forms subject to mathematical foundations and rules with an
aesthetic language that attracts and interests the recipient and saturates his senses
Through his perceptions and realization of convictions through this product through
various mechanisms for the formulation of the architectural formation.

Hence, the research problem arose, which is the need to know the role
of the Voronoi algorithm in formulating the architectural formation through the
mechanisms of algorithmic generation, and what these mechanisms contain in
terms of principles and what they can present in terms of aspects and methods that
can be applied to formulate the output. The aim of the research was to explore the
role of algorithms (Voronoi algorithm) in the formulation of architectural output

As for the hypothesis of the research: the Voronoi algorithm has a major role in
creating the architectural formation through multiple mechanisms, and the research
followed the descriptive analytical approach through an analysis of architectural
projects designed based on the thought of the Voronoi algorithm to find out the most
important inferred foundations and benefit from them in the formation process.

One of the most important conclusions of the research is that algorithms are
a powerful tool for shape generation, as they allow us to create complex shapes and
patterns that have their own unique characteristics and capabilities, whether you
are creating art, designing a product, or solving an artistic problem.

Keywords: Algorithm, Voronoi Algorithm, Algorithmic Mechanisms,

architectural formation
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Abstract

The child deprived of family care is considered the child most in need of attention
and care. When the orphan child enters a new environment for him, it is obvious that
he feels alienated, isolated, and loses the sense of interaction and communication
with society. The research sees the possibility of mitigating this feeling by enhancing
interaction with the natural environment within the internal spaces of the orphanage
building and at the neighborhood level. In order to solve the research problem, the
research adopted a hypothesis stating that "interaction with the natural environment
enhances the achievement of social interaction for children within Orphanage
institutions" In order to solve the research problem, the research adopted a hypothesis
stating that "interaction with the natural environment enhances the achievement of
social interaction for children within Orphanage institutions." Interacting with the
natural environment and its most important vocabulary and indicators secondly, and
then reviewing a set of applied examples, so that the research concludes with a set of
conclusions and recommendations.

Keywords: Natural environment, Social interaction, Orphanage institutions.
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Abstract

The importance of architectural competitions has emerged in finding the best
designs, upgrading and architectural advancement in both practice and thinking.
Architectural competitions have become intellectual meetings that contribute to
stimulating self-learning and encouraging creativity. They act as an educational tool
that leads to competition that gives motivation to the development of skills and
learning, in a way that enhances the integration between architectural theory and
practical practice for both engineers and architecture students.

The research was concerned with studying the effective role of academic
competitions in architectural education as one of the ways to improve teaching and
learning, and to keep pace with modern technologies in the light of the requirements
of the labor market. achieved and related to the pillars of the educational system,
as well as the general objectives, in order to enhance its adoption in the local
experience.

Keywords: Architectural competitions, Academic competitions, Architectural

education, Tamayouze excellence award
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and measurement of reliability are inversely related to the number of
detected failures; during several attempts to measure and assess reliability
based on the data collected because of faults /errors and failure prediction,
it was observed that the greater the number of bugs in a single run period,
the greater the likelihood of failure situation, in addition to that by increasing

the run time the probability increased failure states too.

8 - Conclusions

Through experimental results for reliability assessment, the work
concluded that the CNN model works to detect the failure state of the system
and compute the failure rate, MTBF, and MTTF simultaneously with the running
of the target system with defects and for periods previously determined in
the user interface. A confusion matrix was relied on to accurately predict the
proposed CNN algorithm to give better results in terms of accuracy. Through
the implementation of several trial periods to the assessment of the reliability
of both the proposed models and repeated bug reports at different times to
ensure the accuracy of the results, it was observed that the greater the number
of bugs introduced in the Period with the increase in the total runtime, the
probability of failure states is greater, and thus the software reliability value
decreases. At the same time, this cannot be certain because the mechanism
for selecting bugs is random. The possibility of selecting the bugs that cause
the failure state may be small or not despite the presence of such bugs in the
dataset; this has already been seen in some instances where the bugs made
do not necessarily lead to a failure state.

Future research should be devoted to collecting the LOG files of several
operating systems to build a multi objectives detection model for increasing

system reliability.
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In each attempt, when the bugs are injected, the number of failures for
each run period Pt is computed, and then computing the average failure FR

for the total runtime; the results for the three attempts are shown in Table 3.

Table 3: Reliability for Runtime = 120

Attempt No. of Failure Failure Rate MTTF Reliability
First 3 0.025 0.0042 0.882
Second 10 0.083 0.0059 0.659
Third 5 0.0416 0.0049 0.8119

—-TT =900 second, PP = 20 Bugs chosen randomly Pt = 10 second
The number of failures for each run period Pt is computed when the bugs
are injected every three attempts. Then computing the average failure FR for

the total runtime, the results for the three attempts are shown in Table 4.

Table 4 Reliability for Runtime = 900

Attempt No. of Failure Failure Rate MTTF Reliability
First 43 0.477 0.00239 0.620
Second 45 0.50 0.0022 0.606
Third 56 0.622 0.0022 0.536

They are studying the approach's effectiveness by implementing the
fault injector at various times and durations, operating two running times,
the first for all the previously general data and the second for each part of
the system injecting its data independently. Reliability, as mentioned in the
work, is the main attribute of dependability assessment. Therefore, some
requirements closely related to reliability were measured, such as Failure
rate in a specific period, MTTF for fault counting in the first reliability model,

and MTBF for failure prediction in the second reliability model. Assessment
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To measure and evaluate the reliability of the open-source software
proposed in this thesis, the system computes several necessary measures
through run periods, such as the failure rate for each Period Pt and the total
failure rate after the end of the total running time TT. The indicated failure
rates were used to measure and evaluate reliability in two ways:

First: Based on the failure rate, counting the number of failures for all
the systems and each specific Period Pt.

Second: Dependence on calculating the failure rate for each system
component (4 components) for each specific Period, then calculating MTBF.

To demonstrate the reliable relationship between the number of bugs
injected and the running time, the values of both bugs and time have been
changed more than once. If the failure states occurred, including the data for
the whole four open-source software (i.e., General Dataset), the following
cases were used:

—-TT = 240 second, PP = 20 Bugs chosen randomly Pt = 10 second

In each attempt, when the bugs are injected, the number of failures for
each run period Pt is computed, and then computing the average failure FR

for the total runtime; the results for the three attempts are shown in Table 2.

Table 2:Reliability for Runtime = 240

Attempt No. of Failure Failure Rate MTTF Reliability
First 11 0.045 0.0014 0.632
Second 4 0.016 0.002 0.7165
Third 10 0.041 0.0019 0.6592

-TT = 120 second, PP = 10 Bugs chosen randomly Pt = 5 second
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Table 1 contains all the system states for the Linux kernel, where Linux_
ext3: Total of ID Bugs =30, BOH=10, NAM=12, ARB=5, Unk=3. Linux_ipv4:
Total of ID Bugs = 38, BOH = 16, NAM=15, ARB=2, Unk=5. Linux_network
driver: Total of ID Bugs=167, BOH=72, NAM=75, ARB=10, Unk=11. Linux_sci:
Total of ID Bugs = 50, BOH = 25, NAM=17, ARB=5, Unk=3.

Table 1 System state Predication for Linux Kernel

Linux kernel System State
Bug Type
Normal Critical Failure Unknown
No. of BOH Bug 123 0 0 0
No. of NAM Bug 34 55 15 0
No. of ARB Bug 0 16 1 0
No. of Unk Bug 0 0 0 22

The new dataset for Linux_Ext3-fs, Linux_ Ext3-fs has a tiny "unknown"
state, while the "critical" state of the system is more if compared to cases of
an "unknown" state, where the "critical" state is caused by NAM and ARB
bugs with the subclass of TIM, MEM, and STO.

The data collected during the generation of the new dataset for
Linux_Ipv4, Linux_ ipv4 has a tiny "Failure" state if the Bug-type is NAM with
subclass is LAG, while NAM causes the "critical" state of the system too with
subclass TIM. Linux_ network driver has a tiny "unknown" state, while the
"“critical" state of the system is more if compared to the "unknown" state,
where NAM bugs cause the "critical" state with the subclass of TIM and LAG.

Linux_ SCSI drivers have a minor failure state if the Bug-type is NAM
with subclass SEQ, while the ARB bug causes the "critical" state with subclass

MEM and by NAM bug with subclass NAU.
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Checkdata =
"Failure"

Fault injection
» (Line Bug data)
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of Line data
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— i=i+1 No. of Fail Rate
No. of Bug data

Fig. 2. Failure count model for Reliability estimation

7 - Experimental Results

Here, the dataset parts result of each of the four components in
Linux mentioned in this work will be presented. In addition, the failure
data collected from the error reports for each of the four software will be

displayed with the system states accompanying each tyerror.
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shown in the failure count model algorithm, where the structure of models
depends on the fault rate of a run period. The failure rate can either increase
or decrease based on the total time, period time, and several bugs at each
Period. Reliability is based on the overall failure rate, and Period is based on
the exponential failure law, as shown in Figure 2. The procedure of Reliability
estimation based on the Failure count model, depending on the time
intervals (Pt) for injecting bugs for the entire system (general bug dataset)
by computing: the failure rate for each Period, total failures rate, based on
total runtime, and the number of the run period. This is schematically shown

in Figure 2.

failure
prediction

CNN

System
state .

Bug
Name il

_ Data
Suit Bug <f— pengration ” Y

System ? S.EIEF?
Response » Rﬂ!ﬂﬂ."f
Expected

solution Servers Reliability

Fig. 1. Structure of proposed model of Reliability assessment
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5 - Meantime to Failure
The expected time of the first system failure is called mean time to

failure (MTTF), defined as when system reliability is. As regards exponential

failure law (Andersson, et al.,2020).

6 - Software Reliability Assessment Models

Several steps are implemented for monitoring the previously classified
system status based on error reports (bug reports). First, classifying system
states is a monitoring step, as data sets for each error, including the system
status due to that error, were collected. The system's reliability is evaluated at
different periods to study the effect of the number of errors with the amount
of time on the system's state concerning the type of error. Figure 1 shows
the proposed system's general block diagram for the Reliability assessment
model.

The monitored data are related to the failures state observed in
the system; the analysis studies and monitors system behavior during the
workload and creates a new data set that includes the system state:

failure matches the complex fault that makes the system fail, critical
match to the less complex fault makes a system in a critical state that must
be doing some solution,

every day is a match to a simple fault that not effected on system
execution, unknown state when an undefined error is a fund in the system.

Monitoring the client depends on the CNN (Alzubaidi, et al.,2021)
classifier built and trained in advance (Yaloveha,et al.,2022). It is mainly
responsible for reading, collecting, and analysing the injected bug data and

then forecasting the system's state. The details of the reliability model are
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The following main features characterize computers and
communicationsystems: functionality, performance, reliability, security,and
cost; availability and reliability are expansive definitions of Dependability
using immediate measurements; for example, safety cannot immediately
be measured, it can be assessed by estimated information to gain system
confidence, but reliability can be measured through time failures.
When a fault is activated, it can lead to an error (Avizienis, et al.,2004).
Furthermore, an incorrect state generated by an error may cause another
error or failure, indicating a specified system boundary behaviour (Irrera,

et al.,2016) (Crouzet, et al.,2012).

4 - Failure Rate or Fault Count Models

Failure rate (A), an expected failure value per time unity. The failure
rate data is obtainable for separated components, not the entire system;
different professional organizations collect and publish failure rate estimates
for the most-used components (Goel et al.,1998). Failure intensity considers
the number of failures per unit of time and measures the reliability of a
software system operating in each environment. Initially, the failure rate
decreases the cause of recurrent failures in components weakness with
manufacturing errors during software testing, and the failure rate can be
measured (Stringfellow, et al,2002).

Through the system's profitable life phase, the failure rate is supposed to
equal fixed value A. In this context, the system reliability varies exponentially

to exponential failure law (Trivedi, et al.,2017).
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(Wang et al.2018) proposed deep learning algorithms CNN and LSTM
to predict fault cases to assess a web service system; the data set of SOA
services oriented SoS as web service was used to evaluate and measure
reliability time series depending on prediction periods. Tamura and Yamad
measure MTBF and CTBF, applying the DNN to train the fault data on bug
tracking systems of OSS for the Apache HTTP server.

(Felix, et al.,2020) implemented some machine learning classifiers, NN,
RF, KNN, and SVM, for defect detection and classification. As a case study, the
Dataset of ELFF open-source software is used to find the Average of defect,
acceleration, and defect density.

Based on the (Bugzilla website) Dataset of Bug tracking system for
0SS, (Behera, et al.,2019) use some classifiers such as NB, DT, RF, SVM,
PNN (Shah,et al.,2022), and ANN to the identification of a critical fault and
measure reliability based on failure rate (Behera, et al.,2019).

This paper introduces an approach to evaluate the reliability of the
Red-hat Linux operating system through data sets of system failures collected
because of system injection with error reports using the FIBR tool (Alazawi,
et al.,2020) for each operating system component represented by ext3 ipv4,
network driver, and sci. This error data type is selected to reduce execution
time and keep the system from experiencing renal failure. Furthermore, this

helps measure and evaluate the reliability of the operating system.

3 - Reliability Assessment

When assessing the Dependability of computer systems, researchers
use faults data and error information that occurs through the running system
time to determine the changes in the system and address these faults that
affect the system's behavior (Li.,et al.,2012)(Perepelisyn, et al.,2022).
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Reliability is the closest term to dependability (Andradite, et al., 2020);
reliability measures rely on data collected through several systems, such as data
generation and collection from failure forecasts, fault and defect classification,

monitoring systems, and bug tracking systems (Raykov, et al.,2020).

2 - Related Work

The researchers have been working to find reliability rates using
different metrics, where (Zhu,et al.,2018) proposed the NHPP model to
measure reliability through two phases. The first is to detect faults or errors
by debugging operations and then try to remove them in the second phase
of the model. Reliability measures depend on the expense of the detection
rate and the rate of not removing the detected errors. The Datasets used as
a case study were obtained from three systems, a Real-time control system,
a wireless network switching system, and a Tracking Bug system.

Dataset: Most data used in the previous studies have been obtained
from legal and public resources such as the Musa dataset (Ullah, et al.,2012),
(Bhuyan, et al.,2016) (presented some metrics of software reliability measures
(TBF and Fault number) using some machine learning algorithms such as
RNN, NB, DT, and SVM classifiers. On the other hand, (Gervasi, et al,.2018)
used the (lyer,et al,2022).dataset and presented a Feed-Forward Back-
Propagation Network model to predict software reliability; they measured
Failure Numbers and TBF.

In addition, (Barraza,et al.,2019) uses K - Mean Clustering to isolate
and detect the number of errors per day and then find the failure rate within
120 days. The case study is the dataset for monitoring the real-time and

client-server systems.
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1 - Introduction
With the rise in the usage of computing software, performance

evaluation has become very stringent for network operating systems.
Each network has a type of program dedicated to managing its resources.
This software works on special high-capacity computers called a network
operating system (NOS) (Qian, et al.,2018). The network operating system
is one of the essential components of networks (Narayan, et al.,2008). One
of the most popular operating systems for networks is UNIX and Linux. UNIX
was designed with the feature of network support included with all Unix-
like operating systems, including Linux and Mac OSX. Linux kernel (Red hat
0S), Red Hat Enterprise Linux is a Linux Advanced Server (Linux operating
system distribution). The RHEL supports diverse workloads in real hardware,
virtualized, and cloud environments (Berde, et al,2014)(Hu, et al.,2017).
Linux kernel (Red hat OS) (Springer, et al.,2022): is an open-source operating
system. Red Hat Enterprise Linux is a Linux Advanced Server (Linux operating
systemdistribution) (Felter, et al.,2015). The RHEL supports diverse workloads
in real hardware, virtualized, and cloud environments (Baston, et al.,2019)
(Png, et al.2020).

Motivation reliability is a worthy cause of critical application
dependability based on a service composition in web services that may
contain errors and faults. A fault system causes inaccurate changes that the
system cannot execute (Yu., et al.,2019). Uncorrected services may accept
diverse structures called "failure modes" and are requested by failure intensity.
For system reliability evaluation, fault, error, and failure are used. Failure
classification and prediction can fast affect the reliability of those systems,

improve performance, and reduce product cost (Nguyen., et al.,2019).
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reliability evaluation technique based on two models: defect count and
failure prediction. In the defect count model, operating system defects or
errors are counted and used to estimate the operating system's reliability.
This is done by analysing the number of defects found during the functional
testing. This information is used to predict the number of defects that may
occur in the future. The defect count model assumes that the number of
defects in the operating system is proportional to its size and complexity and
that reducing defects leads to increased reliability. The defect count model
provides a quantitative estimate of the number of defects in the operating
system. Results: During several attempts to measure and assess the reliability
(for total run time: 900 sec., 240 sec., 120 sec., 60 sec., and 30 sec.), it was
discovered that the greater the number of bugs injected in a single period,
the greater the likelihood of failure situation, and increasing total run time
with the probability increased failure states as well.

Keywords: Network Operating System (NOS); UNIX, LINUX;
Convolution Neural Network (CNN), Fault Count Models.
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Abstract

The paper's subject is one of the points of fundamental significance
in improving the development of complex computer systems is the effect
of errors since their probability of occurrence in a widely distributed system
is exceptionally high. Thus, the computer system must be dependable and
provide comprehensive support for fault tolerance, fault detection, signal
recovery mechanisms, failure prediction, etc. The goal is to develop a way to
evaluate the reliability of the Red Hat Linux operating system utilizing data
sets of system failures obtained from system injection with error reports
using the Fault Injection Benchmarking and Reliability) FIBR( (for a data set
of system failures). It allows users to inject various faults into a system to
simulate failures and analyse their impact on system reliability. First, identify
the type and frequency of failures observed in the data set. This can be done
by analysing the error reports generated by the FIBR tool. The categorization
of the failures is based on their severity and impact on system performance
by assigning a score or rank to each failure based on its severity and impact on
system performance. This can be done using statistical methods like failure
distribution analysis or reliability block diagrams. Finally, use the reliability
model to calculate key reliability metrics, such as mean time between failures
(MTBF) and failure rate. These metrics can be used to evaluate the overall
reliability of the Red Hat Linux operating system under different scenarios
and conditions. Moreover, compare the results obtained from the reliability
analysis with industry standards and benchmarks to determine if the Red Hat
Linux operating system's reliability meets the required performance level for
the intended use case. The method is a technique founded on two reliability

evaluation models: defect count and failure prediction. An Operating
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The number of devices being employed in the loT applications are
increasing by the day inspired by the increasing performance of the internet
services and the connectivity of small and embedded devices through
numerous equipment and infrastructures. However, this inspiration brings
high risks to the security of loT which brings the necessity of improving the
security systems and the security counter measure technologies in order
to mitigate the cyber-attacks or reduce the impact of these attacks on the
sensitive infrastructures.

Despite that the fact that loT systems and applications are
highly important when it comes to the performance levels as well as the
communications quality especially when employed in critical infrastructures.
On the other hand, the loT systems are not untouchable, they make good
targets to the cyber-attacks the moment they get connected to the web.
This paper discusses an overview about the latest attacks on the loT critical
infrastructures. Additionally, various security breaching scenarios have been
discussed with different technologies and methods used during the most
common cyber-attacks in addition to the technologies used in the counter
attacks. Different countermeasure techniques have been discussed including
IDS as well as the predication and prevention methods for protecting the loT

infrastructures.
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4. Lastly, the stack-based IDS is a technique that monitors the IP
packets in the OSI layers before get to the upper layers such as the
session layer, the presentation layer all the way to the application
layer.

The critical infrastructures in the loT systems and environments are

a sensitive issue and any part in the system network gets compromised, it
will have an impact on the whole structure of the infrastructures. Therefore,
creating a robust system with lightweight encryption algorithms and a
significant performance is a must, IDS bring so much potential in maintaining
the systems security by detecting all kinds of attacks and initial the proper

countermeasures.

4. CONCLUSIONS

There are countless types of critical infrastructures all over the globe
employed in numerous applications including, telecoms, power grids,
commercials, public services, water supply management and transportation.
These infrastructures are quite important to the national security and
therefore they are at continuous risk of being compromised to many cyber
hostile attacks. Every country around the globe is having security measures
and precautions for protecting their critical infrastructures. The hostile
cyber-attacks could cause much damage to these infrastructures, as they
could be targeting power control systems, dams, and nuclear power stations
and these risks always tend to rise. Moreover, the systems security is going
out of date the technologies being used during the attacks are also being
developed and improved, so should be the methods employed for mitigating

the attacks.
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necessity of using the intrusion detection systems which have the ability to

raise a flag when detecting a potential threat when compromising one of the

major parts in any targeted network [Sani et al, 2019]. Furthermore, early

warning technologies can initiate the countermeasures with the help of IDS

for countering future attacks. The four techniques used are listed below:

1.

The first type is the signature IDS that creates a comparison point
between the current threat and the attack that occurred previously
as recorded in a particular database. The signature of the hostile
hacker is stored in that IDS database. The signature consists of
multiple rules that have been set to identify previously recorded
attacks in the database. However, if any attack type occurred to
the system and it was not stored previously in the database, it can
be a drawback to the whole system infrastructure.

There is another type of IDS based system which is the anomaly-
based IDS, a system designed to detect any threat type that has
not been stored previously in the database with the aid of machine
learning, the method compares the behaviors of the anomaly
based IDS with the previous attacks. The only flaw of this technique
is that it could trigger some false alarms.

The host based IDS is a technique used to be installed on the host
itself, but the host view of the network topology is limited, making
it only able to trigger alert of malicious activities for a short a range
in the network. This method is used for malware activity detection
in the server areas only where the infrastructure is quite critical.
The major downside of this technique is that it can be disabled

once the network is breached by attackers.
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Log access and Backdoors: The IoT applications in sensitive
infrastructures should protect that data integrity and privacy as well as the
confidence of the end users for using the loT based technologies. Hence, the
production companies should stop embedding backdoors in their products
that could be used as a gate for a lot of malicious activities by hostile attackers.
In [Kimani et al, 2019], there’s are many scenarios discussed about providing
backdoors to the CCTV systems operating based on loT. Additionally, there
should be an alternative and unique way of accessing loT devices operating
for the first time instead of using the default authentication making it hard
for rogue hackers to have access to these devices and compromise them to
DDos attacks.

Fast hopping with IP: The attacks of Dos are considered as the most
effective attacks in terms of damage done for the loT devices and systems.
Thus, the IP layer which is the network layer is an efficient method of
countering this kind of attack. The IP fast hopping delivers a simple method
of hiding both of the contents as well as the destination server from the point
to point connection sessions [Krylov and Kravtsov, 2014]. The method hides
the designated server IP address among a range of IP addresses provided
by the router, which makes it difficult for the hostile hacker to identify the
traffic and their destination. Additionally, the clients usually synch on the IP
address change in real time.

The intrusion detection techniques: The cyber-attacks mentioned
earlier were examples of effective ways of defending systems operating over
loT againstvarious hostile attacks. Onthe other hand, thereare somescenarios
when the rogue hacker is inside the targeted network and that makes the

countering techniques discussed earlier ineffective, and that brings on the
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which is responsible for the identifications and authorization of devices
through the network. The process of securing the network includes
minimizing the transfer of unnecessary messages and files among devices
[Bou-Harb et al, 2013]. Additionally, the files and information are monitored
and authenticated throughout the network.

Remote security updates: The loT based devices are needed to be
continuously updated periodically and simply and they must be configured
to make sure that they receive such updates. However, there are numerous
production companies that do not send security updates to their client
devices which make them vulnerable to future attacks. Therefore, there must
be serious intentions to invest in the improvement technologies in order to
reduce the effect of potential threats [Kimani et al, 2019]. The smart power
grid is no less important application to be involved in the periodic security
updates that can be provided remotely for countering the hostile activities.

Physical access: Locked racks should be used to secure the critical
devices from getting physically accessed by unauthorized access along with
terminating the wireless connections and using only wired connections
instead. Additionally, all the unnecessary devices in the network should be
disabled and lock the access ports by security protocols with high level of
encryption while making the remote access to terminals and admin ports
as limited as possible in order to prevent the attackers from discovering
the critical devices and equipment are there in the network which will aid
him knowing all the vulnerabilities and gaps for breaching in the network,
enabling him to evade the red flags and detection mechanisms [EI-Gendy

and Azer,2020].
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Data Encryption: There is a limitation in the algorithms used in data
encryptionin loT systems. Therefore, a plan to develop lightweight algorithms
for cryptography purposes and create cipher codes to provide better data
protection. In the meantime, different models of cryptographic techniques
for generating lightweight cipher codes were proposed in [Polat, and Sodah,
2019] including SEA, KATAK/KTANTAN, mCrypton, LBlock and PRESENT. On the
other hand, a number of researchers proposed implementation techniques
for standardized cipher code blocks. Many application areas in loT have a
balance between its cost and performance as well as security. The levels of
security in the electronic tickets are low. However, low levels of power and
latency are needed. The parameters discussed in the paper mentioned the
evaluation of more than fifty different code blocks of cipher cryptography
which were classified based on various end nodes embedded with them. The
paper also implied that there is a compromise in most of the lightweight and
blocks of cipher codes which is due to their non-complexity, they might be
vulnerable to Side Channel Analysis attacks. The latest are concentrated on loT
systems based on RSA, ECC and AES, the paper mentioned countermeasures
for such hacking technique using Twofish which is a 128-bits code block of
cipher cryptography. The research also highlighted some unique methods
for generating cipher keys using physical Unclonable functions (PUFs) that
is known for generating key codes for ID purposes. The technology does not
involve embedding the cipher key in the loT system, it derives it with the aid
of PUFs from the ICs characteristics, this method is advantageous in terms of
the low cost hardware [lgbal, 2020]

Authentication control: One of the primary steps to maintain a

secure transmission of data is through controlling the devices authentication
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equipment possible. The latest should be achieved by adding firewall
technigues which will represent an additional line of defense using stronger
encryption in addition to detection capabilities. When the companies fail to
test their equipment, it will risk the confidence of clients and consumers.
Therefore, it is necessary to include effective security systems to improve
their reliability and hence the confidentiality of clients and consumers of loT
product whether they were private organizations or government agencies
[Altulaihan, 2022].

Access Administration: It is necessary to categorize the access of data
and system devices by which user based on relevant positions in the system
inadvance [Yang, 2011]. These access protocols are important for minimizing
the possibility of a malicious attack to gain access to the network. The cyber
security can be improved and by setting the access rules based on roles and
positions and make the systems access more robust against potential cyber
threats. These policies and protocols are necessary to monitor and configure
systems operating over loT including the smart power grids, dam controls,
transportation and water supply controls.

In addition to the access control rules and policies, companies and
organizations operating on loT should increase the awareness and training of
employees, engineers and IT staff about the threats and risks that they might
face in their jobs, giving them an insight about the latest trends in security
breaching techniques and educate them about the flaws and gaps in the
systems that the hostile hackers might use to hack their access into critical
infrastructures. Furthermore, they should be capable of making decisions
in critical based on the information gathered from the devices [Polat, and
Sodah, 2019].
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data from the loT based devices connected to the infrastructure using the
FTP service along with the file transfer technologies and leave a backdoor for
future access.

The growing advancement in the field of loT causes a vast growth in
the applications and devices. However, the more the technology advances
the more risks appear in the systems especially when they are connected to
the internet. Hence, the systems and infrastructures operating based on loT
should be tested by hackers in order to check for gaps and flaws that could be

a target for the rogue hackers for seizing critical data and asking for ransom.

2 - COUNTERATTACKING THE THREATS

The security vulnerabilities are growing by the day and it bring
difficulties to counter them all. The initial counter measures are a must to
minimize the effect of future attacks. Countering the cyber-attacks should
include detection for the possible threats [28] along with techniques for
preventing the intrusion [Baykara and Da,s, 2015] [Baykara and Das, 2018].
There are some effective methods that have been presented for mitigating
several cyber-attacks and they are discussed below.

Built-in security systems: The production companies responsible for
the networks and critical infrastructures equipment manufacturing should
build security systems inside the systems. One of the most successful ways
for improving the security of loT systems is through understanding the
fundamentals. All the companies responsible for the device production,
the devices architecture, and the development teams as well as the
systems designers must be on the same page through the design process to

accomplish the maximum security possible and produce the most secured
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in the system. Moreover, the hostiles try to hack their access to the admin
accounts. Therefore, these procedures are essential during the first stage.

The internal reconnaissance stage represents the process of data
collection of the system network information, trusted connections,
workgroups, documents and users that can be collected from the breached
devices. The hostiles during the attack could be searching data about the
last edited date as well as keywords or they could be searching for the file
extensions. The major targets during such attacks are the email systems,
servers and domain controllers, in addition to the file servers.

The stage of lateral movements that involves infiltration of other types
of loT based devices, in pursuit of critical data such as authentication as well
as reconnaissance data. In order to do such a thing, the hostiles attackers
much be inside the network physically for gaining the high privileges aided by
various tools and equipment. In order to move throughout the network, it’s
necessary to remain undetected and harvest data about servers, operating
systems and other services and equipment in the network hierarchy.

The sixth stage is about maintaining the presence which is concerned with
remotely controlling the loT based devices that are stationed outside the network
borders through the network backdoors. The hostile attackers usually don’t leave
any lead or trace behind, they even remove their activity from the log history.

Complete Mission stage means that the attacker achieves his aim. After
the attackers obtain the relevant data from the loT devices, they transfer the
data using FTP, file transfer tools, or backdoors. Once the attack is completed,
most attackers want to maintain access to the system.

The final touch is the mission completion which, meaning that the

hostile programmer accomplishes his tasks and they retrieve all the sensitive
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Cyberattack using Advanced Persist Threat (APT): This is one of the
stealth attacks, though which the attacker gain access and remain undetected
for a while. However, launching this kind of attacks is quite complicated and
requires some advanced equipment that can only be owned by advanced
and capable organizations [Ghafir and Prenosil, 2014]. Additionally, stealth
is @ must during this kind of attacks and it can only be maintained through
sophisticated technologies. Many attacks have occurred using this approach
such as Duqu, Red October, Dragonfly and others. The attack is known for
having multiple stages [Baykara and Das, 2017], the first stage to begin with
is the establishment of foothold, then comes the escalation of privileges,
next there is the internal reconnaissance, followed by the lateral movement,
and the next follower is maintaining the presence and finally comes the
mission completion. These stages must be carried out in order.

The initial compromise: through this stage the attackers try to
search for the vulnerabilities in the system in order to breach the network
that is highly likely to be connected to the internet. The attackers must
also keep track of all the devices connected to the targeted network. The
social programmers mainly perform the necessary techniques such as spear
phishing to inject and execute the malicious codes in the systems.

The footprint establishment procedure takes place after taking
control of one of the network infrastructure and the attempt to take control
of additional devices in the target system. Furthermore, the outbound
continuous connection will be established between the system and hostile
computer that is being used by the attacker.

The second stage includes escalating the privileges which involves

breaching the credentials and gain access to all the assets and resources
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Hacking: is the unauthorized entry into a computer, network or other
systems with the intent to access data or to inflict damage. Hackers use their
skills and knowledge to exploit vulnerabilities in systems, circumvent security
measures or gain unauthorized access. There are various methods and
techniques for commencing a hacking attack, it can brutally gain access through
a particular system or by using the method of MTM which man in the middle or
any other method related to social media engineering [Glind(iz and Da,s, 2016].

The denial of service attack: This kind of attack starts by flooding
the targeted network by unwanted or unnecessary data traffic. The network
equipment will be overwhelmed and the data contains so much dummy or
rubbish data. As a result, the network will be very slow in responding to the
data requests [Da,s et al, 2015]. Any infrastructure connected to the web is
compromised to this kind of attacks.

Attacks using SQL: injection which is one of the effective methods
used in requisition, modification or disposing a database information. The
method targets systems that usually operate based in existing data. The
server that is designed to operate the systems is the one usually under the
radar of attackers and they use SQL execution of query statements in the
process [Demirol, 2013]. The reason that this method is quite effective due
to the importance of database servers in almost all kinds of infrastructures.

Attacks using MITM: The main purpose of this kind of attacks is to
spy on the communication between various devices infrastructure in any
systems by making a rogue device in the middle between the peers. The
process includes sniffing and editing by the hostile device. The attacks can
be performed with any resistance if the transmission channels among the

infrastructure devices were not protected properly [Gunduz and Das, 2018].
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2 - 2 - Cyber Attack Types

There are numerous of applications that are operating based on loT
and they are targeted by kinetic cyber-attacks. The latest represent a direct
threat to the individuals physically. Additionally, this type is complicated and
they are carried out using various techniques. Therefore, this section will
discuss the most popular cyber-attack types.

The Malicious injection: This method has the ability to disable the
targeted system [Mo et al, 2012]. The popular ones are the Trojans mainly,
then comes the ransomware, rootkits, spyware, worms, and keyloggers. And
there is the WannaCry which is a ransomware, it’s capable of totally seizing
the data of users and prevents access to them unless the users obeys the
rules of ransom.

The phishing attack: is one of the cyber-attack types that requires
data requisition from one of the authorized access accounts. The attackers
attempt to send a rogue link or fake invitation in order for the user to click
on it and when the victim does, the link contains a virus to be automatically
downloaded and perform a survey operation of all the login information
stored in the victim’s browser including bank accounts, company access
information, social media accounts and other websites and portals.

The spear phishing attack :is the most common phishing attack,
especially in critical infrastructures. Email attachments are used to make the
user click on a link to trigger malicious software [Li, 2016]. Although spear
phishing is considered as one of the least complex methods of cyber-attacks,
it has recently led to catastrophic effects on critical infrastructures. Therefore,
the low level of cyber-security awareness is potentially the highest risk of

cyber-attack in loT-based critical infrastructures.
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network and caused an outage in some areas. The network was attacked
using spam letters that were focused on senior executives in the company.
The spamming emails contained click baits and hidden links that directs to
downloading harmful software [Stellios, 2018].

Attacking a chemical facility: An example of cyber-attacks targeting
the chemical industry was when a group of hostile hackers attempted to
hack their access and cause damage to the production line by creating and
explosion able to harm the workers in the facility. Luckily, a glitch in the code
was the reason for failing the attack. However, it could do more damage if it
wasn’t for the code error [Wilkins, 2019].

Targeting a transport control network: A cyber-attack once targeted
one of the transport control terminals and manipulated the time schedule
causing delays in the departure and arrival times. Numerous complaints
were reported from customers about their struggles to make reservations
[Tonn, 2018].

Hacking the healthcare section: One of the major companies in the
field of healthcare suffered from an attack, the latest occurred in a hospital,
concentrated on the server responsible for the logging credentials gained
from an IT company who provided the medical equipment to the hospital.
The technique used during the attack was called SamSam encryption
software which was able to seize all the database of the hospital [Coventry

and Branley, 2018 ] ,[Hemsley and Fisher, 2018] .
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Hacking the power companies: One of the companies fired
an employee and the latest took revenge by hacking their network and
disconnecting the main systems from the power supply by using his
authentication info which could not be banned in time by the administration
control [ Wells, 2014].

Nuclear facilities: There has been anincident that occurred the before
commenced by America and the Israeli government on the Nuclear program
of Iran aiming to destroy one of the nuclear facilities. The SCADA system was
targeted in order to create an automated sabotage [Humayed, 2017].

Hacking the water supply: It’s one of the popular attacks that focuses
on the water and waste systems when one of the hostile organizations once
targeted by uploading false schematics and wrong schedules in order to fail
the development and maintenance processes. Although, the system security
was setup using a tri password, the attackers had no struggle breaching their
way in [Miller and Rowe, 2012].

Attacking the dam control system: The dam hacking brings one
of the incidents that has happened by hacking access to a SCADA system
controlling a dam, caused by attackers for manipulating the water levels as
well as the temperature of the equipment used in the control center. The
reports stated that the hostile attackers were able to gain access easily and
made some changes to the water flow rate in addition to the amounts of
chemicals used in water treatment. The attack also caused some destruction
to the infrastructures of the affected area [Kim, 2016].

Attack on the power grid: One day, one of the popular companies
in the field of electrical power generation in the United Kingdom, suffered

from an attack that targeted the SCADA system in control of the supply
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country such as transport, finance, power stations, power plants, and water
treatment systems are quite skilled. Countless devices operating based on
Internet of Things are easy to integrate with many vital applications and
control terminals and the number of these devices is very much rising to
tens of billions and the estimate is rising by the hour and that makes the data
integrity and security more and more challenging [Horwitz,2019]. Adding to
that, the more the applications and employments grow the more threats
they bring with them as different types of infrastructures will be exposed to

cyber-attacks [Tuna, 2019].

2 - 1 Review of the Latest Attacks
One of the most promising solutions for improving the security of
local infrastructure is by using systems that run based on the same Internet
of Things Technologies, in other words it is crucial to use the internet for out
daily applications and the designated security measures must connected to
web as well with the aid of the advancement of internet employment and
services. Since the fact that all the systems and infrastructures that needed
to be protected are exposed to all kinds of threat. Hence, the latest may
affect the functioning performance of loT systems and applications due to
the vulnerabilities the come with them that are at risk of being targeted by
cyber-attacks. Therefore, their effects on the infrastructures were analyzed.
Hacking the tram-systems: There has been an incident occurred in the
past when a young boy was able to hack his access through the metro control
system with the aid of simple tools and changed the direction of train which
was considered as of the earliest incidents that caused some damage to the

train and some passengers were injured in the process [Kimani et al, 2019].
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due to the fact that the cyber treats can cause destruction of governmental
buildings and firms in the physical world by hacking the control panels by
rogue attackers, who they may even concentrate on the civic information
and target government personnel.

This topic presents various scenarios of cyber-attacks that targeted
different infrastructures occurred during the last fifteen years when it was
earlier considered as classified intel and now it has been released to the
public. The effect of these attacks reached sensitive systems that had such
an impact on the government and national security as well as the economic
and financial systems. Therefore, there were various solutions discussed in
this paper in order to mitigate these threats.

This article discusses various common scenarios of cyber-attacks
happened during the last decade focused on attacks targeting susceptible
infrastructure. Additionally, there are some scenarios that focused on toxic
effect of these attacks in addition to analyzing them. On the other hand,

counter measures were also discussed in order to mitigate these offenses.

2 - CYBER-ATTACKS TO CRITICAL INFRASTRUCTURES

The threats have become quite capable of commencing cyber-attacks
targeting the most known infrastructure technologies that have control on
various vital networks. The latest consist of many subnetworks operating
numerous services and they are growing over time, the more they grow
the more vulnerabilities they bring along the way. One of the most popular
offenses it attacking the control systems especially the one called SCADA that
is capable of controlling the power grid infrastructures. It is a fact that the

ones who code viruses and design them to target particular sections in the
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1 - INTRODUCTION

The internet of things has revolutionized the communication over
networks of machines [Gunduz and Das,2018]. The designated system
has made it easy to connect numerous devices and equipment over the
internet. Furthermore, high amount of data is usually exchanged among
these devices without any human interaction, and the number of these
devices is getting higher by the hour. The new advancement of loT systems
is making it possible of the devices to be remotely processes and managed
through the web [Abomhara and Kgien,2015]. As much as the loT systems
seem promising, it brings many cyber security threats targeting vulnerable
areas that are connected to vast networks resulting in potential gaps for the
attackers especially in sensitive infrastructures. Therefore, some protective
measures are needed for reducing such risks [Ani et al,2019].

There are vast Applications in loT, which makes it possible for security
regarded vulnerabilities to be targeted. The sensitive infrastructures usually
have critical information and control capabilities which if fell under control
of the wrong hands, it may cause tremendous amount of damage to these
infrastructures [Cardenas,2019]. The Damage includes disconnecting the
power from supplying a hospital, manipulate the cooling system of nuclear
power stations, hacking a smart automobile that is still in motion for theft
or destruction purposes, and even attacks targeting water supply systems
causing shortage in water which is vital to people, animals, plants and
industrial applications [Baykara and Das,2015]. Additionally, cyber-attacks
targeting infrastructure on foreign soil is considered as an act of hostility
and may lead to war [Sagiroglu et al, 2019 and Pacheco,2019]. For that,

countries now consider cyber security as one of the national security topics
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ABSTRACT

Numerous countries have a high impact on providing the planet with critical
infrastructures offering very important services employed in different fields
such as water resources management, public services, power grids, telecoms,
commercials and transportation. The increasing solutions in the loT systems made
it possible to exploit the internet connection services for supporting the critical
infrastructures. The latest are being targeted by various types of cyber-attacks
due to the advancement in internet services. Therefore, improving the security
systems and the ways to detect the threats are highly required. Meanwhile,
protecting the critical infrastructures from hostile cyber-attacks are of high
significance. This article brings examination of a number of cyber-attack scenarios
focused on critical infrastructures during the recent years, and highlights the most
effective countermeasures for mitigating the most common types of attacks.

Keywords: loT structures, Cyber-attacks, CMunter-cyber-attacks,
mitigation techniques
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structures that will operate predictably in future earthquakes. PBD is an
increasingly important and effective instrument of design compared to the
traditional code approaches, because to improvements in research and
test facilities and the quick development regarding structural analyses and

design programs.
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7 - Materials used in earthquake-resistant buildings

Materials that are used in earthquake-resistant buildings have the
goal of maintaining the stability of the structure. Some materials are placed
during the construction of a strong and stable building not only to deal with
the movement of earthquakes, but also because they are basic materials for
construction.

Materials used in earthquake-resistant buildings include:

— Steel for construction.

—-Wood.

—Bamboo.

— Reinforced concrete. (How to protect buildings...dagaeg.net).

Conclusion:

The goal of PBSD, a relatively new and cutting-edge method for seismic
analysis as well as engineering of structures, is to produce a structure that
can achieve specific predictable performance goals under various levels of
earthquake motion. To satisfy designer-specified and code criteria, PBD,
which necessitates extensive and complex computing work, uses non-linear
static analyses. Nonlinear static analysis could be utilized so as to assess the
performance of structural systems. This approach entails estimating the
structural strength as well as deformation requirements as well as comparing
them to the capabilities that are available at acceptable performance levels.
A certain set of performance standards serves as the foundation for PBSD.
This approach aims to improve the design industry's professionalism and
client orientation. A quick scan of available literature reveals that significant

strides were made in recent years. PBD generally aims to create engineered
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4 - The power of the pendulum to repel earthquakes

Another well-known method of protecting buildings from earthquakes
is the power of the pendulum, and this method is used especially in
skyscrapers. Engineers install a sizable ball of steel cables that are linked to
hydraulic system at top of a building when this technique is being used. This
ball serves as pendulum and swings in the opposite direction so as to steady
the building in case where it begins to move due to an earthquake. This
technique is similar to damping in that this force is modified to correspond

to the movement of the building during an earthquake.

5 - Seismic Cloak of Disappearance

The idea of this method is not only for buildings to face seismic forces,
but researchers are seeking to create ways in which buildings can divert
energy from earthquakes and redirect it to another benefit. This method
is done through what is known as a "seismic disappearance cloak" and this
cloak consists of 100 rings united in the center made of plastic and concrete
placed at least 3 feet below the foundation of the building. When seismic
forces occur inside the rings, the vibrations are converted to move towards
the outer rings and as a result, the force is directed away from the building

and scattered inside the ground.

6 - Building structure enhancement

To resist any fall of buildings, the forces in the buildings must be
redistributed in the event of any earthquake. Reinforcing concrete walls,
cross arches, membranes, and ceilings with strong core elements increases

the protection of the building.
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Fourth / Protecting buildings from earthquakes:

1 - Construction of flexible foundations for buildings

This technique involves lifting the building's foundation above the
ground through what is referred to as base insulation in order to resist
vibrational force. Buildings are raised on flexible bases that are comprised
of rubber, steel, and lead that have been insulated. The insulators vibrate
as base shakes throughout an earthquake, but the structure of the building
does not move. This technique helps absorbing seismic vibrations and keeps

the building from being destroyed by them.

2 - Placement of seismic bumpers or dampers

This method comes with the same idea as shock absorbers in cars
and engineers have used the same idea in earthquake-resistant buildings.
It is also used in cars to absorb and reduce road shocks, so it works in the
same way in buildings to reduce the size of shock waves and reduce pressure

above the building.

3 - Vibration Controllers

This approach is based on inserting dampers between the columns
and walls, as well as on each floor of the structure. Each damper is made
up of piston heads that are housed in a cylinder that contains silicone oil.
Those dampers receive vibrational energy from the building during an
earthquake, which is then pushed up on the existing oil. The force of the

vibrations is after that concealed by the energy's transformation into heat.
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slowly, it is said to be static. A dynamic load is one that alters quite quickly
over time compared to the inherent frequency of the structure. Static
analysis could be used to identify a structure's responsiveness if it changes
slowly, while dynamic analysis is required if it changes quickly with respect
to structure's capability to respond.

Fig. 2 shown effects:
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Figure 1: Dynamic Effects of Forces on Buildings
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damage as well as base shear for strength determined by using pushover
analyses approaches. The enhanced upper bound pushover approach is
best to calculate the damage depending upon the inter-story drifts for the
R/C multi-storey moment-resisting frame buildings with setbacks, according
to a comparison study with a nonlinear time-history analysis, while mass
proportionate uniform pushover approach is more sufficient for determining

base shear capacities of the buildings (El-esnawy, et al., 2020).

Third / The Dynamic Effects of Forces on Buildings:
Astructural analysis formthatis called structural dynamics examines the
way that a structure responds to dynamic (activities with a high acceleration)
loading. Dynamic loads include traffic, blasts, waves, wind, humans and
earthquakes. Dynamic loading can be applied to any structures. Finding
dynamic displacements, modal analysis, and time history, could all be done
by using dynamic analyses. The key objective of the structural analyses is
ascertaining the way that a physical structure responds to the force. This
activity could take a shape of load that is brought on by weight of some things,
such as furniture, wind, snow, people, and so on, or it might be involving
another excitation type, such as earthquake or ground shaking due to nearby
blast. As a result of the fact that such loads have been absent at a point in
the time, all such loads—which include the own weight of the structure—
are dynamic in their nature. Whether applied action has good acceleration
with respect to natural frequency of the structure is distinguishing dynamic
analyses from the static ones. The forces of the inertia (i.e. Newton's 1st
law of motion) could be disregarded and the analysis might be reduced to

a static analysis if a load is applied slowly enough. When a load varies very
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was examined after different structural elements, such as the beams and
columns, received enhanced reinforcement in different combinations. The
SAP2000 Non-linear software package was used to complete the Non-Linear
analysis once the reinforcement design was completed in ETABS. The key
objective of this research is to use performance-based seismic engineering
to examine seismic responses of RC-framed constructions. With the use of
nonlinear pushover analysis, the impact of an earthquake force on a multi-
level building with a height of (G+20) has been examined for several distinct
sets of reinforcements at different levels (Shashi and Mohd,2020).
Geometric irregularities in the constructions—whether in elevation
or plan—had evolved into one of the frequent difficulties which structural
engineers currently confront as a result of design requirements. The
existence of setbacks in the building is typically related with irregularities in
elevation. Pushover analysis, a non-linear static analysis method, is utilized in
this work for examining and assessing seismic responses of numerous of
the R/C multi-storey moment-resisting frame constructions with a single
symmetric setback. This methodis utilized for determining the seismic
capacity regarding buildings for design reasons. Mass proportionate
triangular pushover analysis, mass proportionate uniform pushover
analysis, the approach of the modal combinations, and enhanced upper
bound approach are the four techniques of pushover analysis that have been
used for various vertical setback configurations. Additionally, the non-linear
time-history analysis has been used in order to calculate the mean values
as well as standard deviations of seismic responses with the use of seven
scaled earthquakes. The mean findings generated through nonlinear time-

history analysis are put to comparison with results of inter-story drifts for
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direction, which represents the level of collapse prevention and life safety, it
was noticed that the demand curve crossed the capacity curve. As a result,
several structural components must be strengthened (Ismaeil, 2018). Similar
to various other cities throughout the world, Basrah's engineers did not take
seismic forces into account when designing the city's structures. It was once
thought that earthquakes were not common in Basrah. Latest seismological
investigations revealed that the city is close to active fault with significant
damage potential as well as a thick alluvial city soil layer which is prone to
liqguefaction throughout the earthquakes. As a result, the seismic assessment
of present buildings attracts more attention and is increasingly demanded by
the general public. In the present paper, a G+5 storeys reinforced concrete
building has been examined by the use of the non-linear static analysis
(Pushover analysis) depending upon ATC-40 capacity spectrum method.
Three scenarios—irregular in plan, regular, and irregular in height—
are used to examine the structure. Depending on the UBC97 code, seismic
coefficients for design earthquake were employed in analyses. Findings
indicated that the building is overdesigned in each of the three situations
and that its performance throughout design earthquake is only a small bit
over the value of the elastic limit. All of the plastic hinges that have been
created for building perform below the level of the immediate occupancy.
Additionally, the building had weak beam, and strong column characteristic.
The buildingis therefore anticipated to be secure throughoutany
earthquakes that are smaller than or equal to the design one (Al-jassim
and Abdul Hussain,2018). Through assessing their performance with the
use of non-linear pushover analysis, a G+20 story symmetrical building

structure's PBSD was completed. The performance regarding the structure
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created using ETAB computer program (V9.7.3). floor plan building shapes
have been chosen in such a way that the overall floor plan area is similar,
resulting in roughly equal dead load as well as payload values. Examined are
a number of characteristics, including power point, pushover curve, twist,
plastic hinge mechanism, and so on. The findings demonstrate that for regular
structures, results of traditional pushover analysis are identical to results
of modal pushover and time-lapse analyses, yet for irregular buildings, the
modal pushover analysis yields better results. Better outcomes come from
taking into account the fashion influence. Additionally, as a twist in irregular
buildings is about 20% higher when compared to the typical buildings, the
consequences of twist must be taken into account. The above-mentioned
method yielded a power-based seismic design that also complies with
tolerance requirements for immediate occupancy and life-time safety limit
states for particular seismic intensity values (Ashish and Abhijeet, 2015).
The majority of Sudan's existing infrastructure is neither designed
or structured to withstand seismic pressures appropriately. The research
examined the seismic damage to existing, five-story reinforced concrete
structure in Khartoum, Sudan. The research took into account three levels of
performance: life safety, immediate occupancy, and prevention of collapses.
Utilizing SAP2000, gravity push has been performed by utilizing the force
control approach and the lateral push with the control of displacement. Push
curve, which is comprised of the demand spectrum, capacity spectrum, and
performance point, is a result of pushover study. It displayed the degree
of building component performance as well as the maximum foundation
shear carrying capacity. Between point B and point C at X direction, which

represents the level of life safety, and between point B and point C at Y
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columns and beams in the case when the member yields is represented by a
plastic hinge. With the aid of SAP2000 software (Ver. 14) and equivalent static
approach in accordance with UBC 97, the pushover study of the building
has been carried out. To determine the expected seismic performance
regarding a structure, inelastic structural analysis and seismic hazard are
integrated. This analysis is guided by the concepts of performance-based
seismic engineering. A key result of pushover analysis is the structure's base
shear vs tip displacement curve, or pushover curve. Both Y and X directions
are used in pushover analysis. With regard to each member, default hinge
properties are applied depending on Applied Technology Council (ATC40)
and FEMA-356 recommendations, which are available in a few programs.
Thus, only one case study was used. The three-story hospital building has
been shown to be seismically secure by examination (Ismaeil, 2013). The
goal of PBSD, a relatively new and cutting-edge method for seismic analysis
as well as engineering of structures, is to produce a structure that can
achieve specific predictable performance goals under various levels of
earthquake motion. To satisfy designer-specified and code criteria, PBD,
which necessitates extensive and complex computing work, uses non-linear
static analysis (also referred to as the pushover analysis). Nonlinear static
analysis can be utilized in order to assess the performance of structural
systems (Ashish, et al., 2014).

Standard pushover as well as modal pushover analyses are employed
to look into power-based seismic designs for structures with irregular
planning. To assess the accuracy regarding the two approaches, nonlinear
time analysis is used. The "C", "L", and "T" building models of (G + 6) floor

irregular and regular buildings have been used in this work. They were
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pushover analysis and using elastic response spectra analysis regarding the
building in order to determine goal displacements (Moghdam and Tso,
2000). Presented a straightforward pushover analysis method depending on
a computer for performance-based building framework design susceptible
to earthquake loads. This approach's foundation was the traditional
displacement approach to elastic analysis (Hasan, et al., 2002). The value
of Pushover analysis as performance-based method of seismic engineering
for examining a structure's post-yield behavior because it needs less work
and works with far less data than a nonlinear response history analysis
(Rahul, et al.,2004).

The study focuses on push-over analysis method for PBD of steel
structure frames that are vulnerable to earthquake loading. The standard
elastic as well as geometric stiffness matrices with regard to frame elements
(columns, beams, and so on.) are gradually modified to be accounting for
the non-linear elastic-plastic behaviour under constant loads of gravity as
well asincreasing lateral loads incrementally by using a plasticity-factor
which measures plasticization degree. Two steel frameworks with hollow
and solid elements are subject to analysis. This study tries to examine how
solid and hollow frames behave structurally differently. The approach used in
the presented study depends on the traditional elastic analysis displacement
approach (Vijay and Vijayakumar,2013). In Khartoum, Sudan, an existing
reinforced concrete building with three stories that was susceptible to seismic
stresses was examined. Latest earthquakes in Sudan have shown that it is
not immune to earthquakes; earlier research in this area has supported this
claim. The examination of seismic performance regarding current hospital

structures in Sudan is the main topic of this essay. The failure mode in
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a plastic hinge formation sample regarding the component, which directly
relates to the component's performance during an earthquake. Standard
elastic and geometrical stiffness matrices for the frame elements (columns,
beams, and so on.) are gradually modified for accounting for non-linear
elastic-plastic behaviour under constant loads of the gravity and progressively
increasing the levels of lateral load. This is done by using plasticity-factor that
gauges plastification level. The behavior model allows for the monitoring of
progressive plastification regarding frame components as well as structural
systems under escalating earthquake ground motion, taking into account
material inelasticity resulting from both single and coupled stress states
(Mishra and Singh, 2021).

Pushover analysis can be defined as a technique where a mathematical
model that directly addresses non-linear load-deformation properties
regarding individual structural components and elements has been
subjected to a pattern of lateral loading that increases monotonically over
time, simulating the effects of earthquake, until a desired displacement is
attained. The push over analysis approach applies an incremental earthquake
load to the model. The building experiences yielding in a few places with
the increase inloads. The structural properties are roughly altered for
reflecting the yielding each time such yielding occurs. The examination is
carried out until the building topples over or reaches a particular threshold
of lateral displacement. A pushover approach depends on the response
spectrum was investigated to evaluate the seismic response regarding three
different asymmetrical building systems. A few of 3D effects that have been
brought on by torsion's response were part of the technique. The primary

components of the technique have been the load distributions employed in
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Method. With regard toirregular reinforced concrete frames, seismic
designs depend on the performance have been applied in this work. Thus, a
pushover analysis has been conducted. For a specific seismic hazard level,
floor drift ratio has been chosen as the limit of deformation in order to
establish the level of performance. The research's findings demonstrate that
the achieves its performance and financial objectives by using a PBSD for
its structures. Additionally, it is possible to draw the conclusion that PBSD
which has been derived by the aforementioned approach satisfies tolerance
requirements for immediate occupation of different seismic intensity levels
and life safety limitations (Gil-oulbe, et al., 2020).

In the case where a structure would be subjected to specified amounts
of earthquake ground motions, the major goal of PBD is accomplishing
numerous performance targets. PBD generally aims to create engineered
structures that will operate predictably in future earthquakes. PBD is
becoming a more important and effective design tool when compared to the
traditional coding approaches because of improvements in research as well
as test facilities and the quick development regarding structural analysis and
design software (Sharma, et al., 2020). The fundamental idea behind PBSD is
to give engineers the tools they need to create structures with predictable
and dependable seismic performance. PBSD is an elastic design approach
that takes into account ground movements to predict how well a building will
perform. PBSD offers a way for evaluation of the seismic performances of the
structures which ensures life safety and little economic loss as opposed to a
force-based method. Pushover analysis, another name for nonlinear static
approach, is utilized to evaluate how well the structure performs under

shear loads. In addition to other structural metrics, pushover analysis offers
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over analysis highlight the importance of the PBSD approach in frames with
softer stories on the lower floors as opposed to the higher floors (Rajkuwar,
et al., 2014). The most recent examination of literature on performance-
based Soft Storey seismic analysis related to nonlinear multi-story buildings.
A method of elastic design called as "Performance-based plastic design" is
performance-based seismic design. The deformation and strength capacity of
a structure's various parts determine its overall load capacity. A weak floor,
sometimes referred to as a soft floor, is one that is not as ductile or rigid
in order to survive an earthquake which occurs inside the building. A bullet
that includes much empty space is said to be soft (Devendra, et al., 2019).
Utilizing performance-based seismic design, assess how well structures
perform during earthquakes. In the presented work, we will design
numerous reinforcement sets at different levels and ultimately present an
ideal reinforcement combination for examining the performance regarding a
building because of seismic force. Occupancy. Finding the building's
performance points as well as comparing its seismic response with regard
to floor drift, ground thrust, floor displacement, spectral acceleration, and
spectral displacement constitute the second step. Second, the design depends
on performance-based seismic design in a case when resultant displacement
of the roof is put into comparison with the target displacement as well
as resulting displacement is smaller compared to target displacement. Put to
comparison code-based design and performance-based design, then (Pranali
and Joshi, 2020). The goal of this research is to apply PBSD principles to a
concrete structure. PBSD, a cutting-edge idea in seismic structure design, is
a trustworthy method which could offer more specific information regarding

performance levels for both non-structural and structural elements.
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Prieta earthquake and 1994 Northridge earthquake, structural engineers in
US started to develop structural design processes which placed a different
emphasisonperformanceratherthanstrength. Theapproachesandstandards
that emerged later became known as "performance-based design." Within
the global seismic engineering community, interest in such techniques has
grown. A contemporary design idea for seismic-resistant structures is called
PBSD. In a broader design philosophy known as performance-based design,
the design criteria are described with regard to realizing stated performance
goals in the case when structure is exposed to specified seismic hazard
levels. Since then, the Northridge earthquake that had happened in 1994
as well as other earthquakes that occurred globally towards the close of
the 20th century, served as a wake-up call for the usage of PBSD. A broader
design philosophy known as performance-based design (PBD) tries to
achieve various performance goals for a structure under specified levels of
earthquake ground motion.

The control regarding structural damage is the goal of PBSD approach,
which depend on accurate calculations of appropriate response parameters.
PBSD approach assesses a building's frame performance for any potential
seismic hazards. With regard to irregular RC building frames (10 storeys),
the research compares PBSD to the traditional design approach (with the
use of .S. 1893; 2002) and assesses performance utilizing pushover as well
as Time History analysis (Arvind, et al., 2014). By comparing this approach to
the traditional one, the effectiveness of using it for vertical irregular buildings
is demonstrated. Because of increased stiffness and decreased strength,
soft storey is more likely to fail. The use of the PBSD for the Soft Storey RC

Building Frames (ten Storeys) is the topic of this research. Results of the push
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required strong column-weak beam yield mechanisms, and storey drifts
as well as ductility demands have been part of the chosen design values,
satisfying chosen performance goals (Goel , etal.,2010). Lately, (Xue,
et al.,2008) created a draft code for Taiwan using PBPD technique of design
for implementation. (Liao and Goel,2010) used PBPD design for Reinforced
Concrete Special Moment Structures. PBPD approach is presently being
developed for reinforced concrete buildings with degrading hysteretic
behavior. Because ofits complicated hysteretic behavior, reinforced
concrete structures pose a unique challenge in terms of seismic design in
order to ensure targeted response. PBPD approach minimizes or eliminates
the requirement for many iterations to reach the final design by controlling
yielding and drift from the very beginning of design process. Choosing
appropriate yielding members and/or devices and positioning them in
advantageous locations allows for development of novel structural schemes,
whereas the selected non-yielding members could be designed with no or
minimal capacity of ductility. All those might result inimproved performance,
safety, and life-cycle cost efficiency. Performance of PBPD could be measured,
it absorbs damage from seismic events, and it appears to be the most cost-
effective alternative (Dalal, et al.,2011).

The PBPD approach, a PBSD variant, was examined and discussed. It
has been highly acknowledged as the best technique for next procedures
of seismic design. PBPD is a straightforward approach to design that begins
with pre-quantified performance objectives, after which performs plastic
design, specifies frame connections and members, and sets out the goals.
The findings indicate that more investigations are required to create PBPD

techniques for various kinds of structures (Dalal , et al.,2016). Following the
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- Major earthquakes (M between 7 and 8)

- Great earthquakes (M more than 8)
3- Based upon Epicentral distance:

- Local shock (4km range)

- Near shock (between 4 and 10 km)

- Distant shock (between 10 and 20 km)

- Telescopic shock (more than 20 km)
4- Based on origin:

- Explosions Plutonic earthquakes

- Tectonic earthquakes

- Volcanic earthquakes

- Collapse earthquakes

- Reservoir induced earthquakes

Second / Research Background about Seismic Design:

The degree and the distribution of the anticipated structural damages
have been determined via the PBPD approach, a direct design approach
which leverages pre-chosen target drift as well as yield mechanisms as
primary targets of the performance. It depends on formulas created with the
use of Newmark-Hall reduction factors (Nemark and Hall,1982) for inelastic
demand spectrum as well as capacity spectrum approach.

Buckling restrained braced frames (Lee and Goel,2001), concentric
braced frames, steel moment resisting frames, special truss moment frames,
and composite buckling restrained braced frames (Chao and Goel,2006a-
Chao and Goel,2008- Chao and Goel,2006b-Dasgupta ,et al.,2004) have all

seen success with the application of PBPD design. All frames created the
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Ground break

Failure of railway, highwayv & bridges Tsunami

Figure 1: Earthquake Effects

Classification of Earthquakes: -
1- Based on Focal Depth:
- Deep focus earthquakes (more than 300km)
- Intermediate focus earthquakes (between 70 and 300 km)
- Shallow focus earthquakes (less than 70km)
2- Based on magnitude:

- Micro earthquakes (M less than 3)

Intermediate earthquakes (M between 3 and 5)
- Moderate earthquakes (M between 5 and 6)
Strong earthquakes (M between 6 and 7)
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designed and implemented to be resistant for earthquakes that can cause
many losses that must be avoided.

Individuals are wounded by collapsing walls, falling objects, and falling
plaster. Collapsing buildings and vibrations could create electric fires, short
circuits, and ignited gas or stove fires. An earthquake doesn't cause by itself
cause injuries or death. With sufficient care, it is feasible to prevent the panic

and bewilderment that all of this causes.

Earthquake Effects: -

1- Primary Effects:
- Ground Break, Fault formation

2- Secondary Effects: -
- Tsunami
- Bridges, highway, and railway failures
- R. C. Structures failure
- Failure of slope and land slide
- Failure of foundation and liquefaction
- Retaining walls failure

As exhibited in Fig. 1
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First / Introduction
A quick slip on a fault, as well as the ensuing ground shaking as well

as seismic energy released due to slip, along with stress due to magmatic
or volcanic activity, are all considered earthquakes (according to the USGS).
Yearly, there are no less than one million earthquakes all over the world, or
two every minute on average. One of the deadliest natural disasters which
could happen is a significant earthquake in a city. No less than million
people have died as a result of earthquakes worldwide between 1970 and
2023, including China, Armenia, Guatemala, Ecuador, Iran, Haiti, Indonesia,
India, Mexico, Japan, Peru, Pakistan, and Turkey. In numerous seismically
active areas all over the world, the excessiveness of urbanization had
resulted in the creation of mega-cities that are populated with 20000-
60000 people per km2 or even more. Such communities have extreme
susceptibility to the earthquake hazards, including high rates of case
fatality for the asphyxiation, hypothermia, trauma, and acute respiratory
failures, along with fractures as well as other injuries that result from the
collapses of the infrastructure.

Earthquakes are the most important dynamic effect because of what
This impact is followed by destruction and human and material losses,
especially in gatherings, large population, which imposed the use of seismic
engineering science in Construction work to find ideas and ways to ensure
the safety of buildings when Even small and inconspicuous. Exposure to
earthquakes. Earthquakes reveal design and implementation errors.

Earthquake mechanics is used as an expression to unify seismology
with the dynamics of the facilities so that it represents the foundations of

seismic engineering sciences. Any building, regardless of its field of use, is
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Abstract:

For the most part, seismic design builds complex structural systems
using the same small number of essential structural components as non-
seismic design projects. Based on the building regulations, structures
are frequently designed to "withstand" the largest earthquake with a
given likelihood that is projected to happen at their location. This means
that by avoiding structures from collapsing, the number of fatalities
must be maintained to a minimal. Seismic design involves knowing the
many failure modes regarding a structure and giving it the right stiffness,
strength, ductility, and layout for ensuring that these modes do not take
place. In this essay, the present level of knowledge on Performance-based
Seismic Design (PBSD) approachis summarized. An updated review of
PBSD approach's literature is provided in this study. PBSD is an elastic design
process that takes into account the building's potential performance under
various ground vibrations. It was studied how the PBPD as well as Pushover
Analysis (nonlinear static analysis) derivatives of PBSD approach compare to
one another as the best technique for usage in seismic design in future.

Keywords: Earthquakes, Performance Based Plastic Design, Pushover

analysis, Dynamic Effects, performance-based seismic design.
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4 - conclusion

Manual method can be used to treat the vision problem of a patient with
keratoconus by scratching the eye glasses lenses according the topography
maps of the patient. The polynomial 2nd degree equation was the best choice
in terms of matching between manual measurements and topography maps
for patient ,that was achieved from a set of equations (linear, polynomial
2nd degree, polynomial 3rd degree, logarithm,exponational),depending on
the results from this equation curves were drawn representing manual and
topography measurements.

The cases were classified into four groups according to the behavior of
the curves (manual and topography), which the first group includes 5 cases,
second group includes one case, third group includes two cases, and the
fourth group includes one case.

After studying and analyzing all cases according to its behavior, it
was found that the second group (which includes case No. 1), was showing
the best and agreement between manual and topography measurements

obtained.
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According to fourth group: included case 7 as shown in Fig. 7, clinically
the patient has been an abnormal and sever bowtie with oblique position
of 19.8° astigmatism (from the table left of the topography map). The two
curve (measurement and topography) converge at point (1) with simple offset

A=0.059 and then gradually move away in the point (4) with an offset A=0.17
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of the topography map), but the case 4 has been diagnosed as keratoconus
with sever steeping on the inferior part away from contact of cornea. Back
to the shape of curve the differences between two curves appears mostly in
points 2 and 3 .While the start and end points 1 and 4 are more close and

same in behavior as in case 1 and 2.
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According to second group: included only one (case 1) as shown in
Fig 5, this case been diagnosed as keratoconus with sever steeping on the
inferior part away from contact of cornea. Results here Shows very good
agreement between measurement and topography with offset A=0.27.and
the shape of the curve shows gradually and smooth variation start from

point 1 to 4 with a total slop of 25¢
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According to third group: included case 3 and case 4 as shown in
Fig. 6(a,b), in the case 3 the patient Clinically has been an abnormal and

sever bowtie with oblique position of 42¢ astigmatism(from the table left
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According to first group: Back to the shape of the curve , simply
change has been observe in the curve after point 3.Results here shows very
good agreement between manual measurement and topography that the

change in two curves here show identical slope.
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5. the manual measurements converge the topographical at point (1)
with simple offset A=0.059 and then gradually move away in the
point (4) with an offset A=0.17 To evaluate the extent of the match
between the manual measurements of lenses and topography
maps of the patients that was obtained from pentacam for each
case. The polynomial 2nd degree equations were used to draw the
curves as shown in Figs.4, 5, 6, 7, The blue curve represent the
manual measurements, whilethered onerepresent the topography
measurements and according to behaviors of the curve the cases
categories into four groups, 1st group included case 2, 5, 6, 8 and

9 as shown in Fig. 4 (a, b, c, d, e).
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bowtie steepening either on the inferior part of the eye as in cases
(2, 5 and 9) or superiorly in case 8, while case 6 is the only case
with temporal steepening. Although there is difference in
steepening positions but still we can some etiological effect of the
KCN of the other part of the eye that finally give an optical semi-
balanced for the final visual acuity.

2. Case number 1 shows a typical sensitive drift for the difference
between the two methods. In such type of drift, two edges are
specified. A leading edge on the right, where the difference close
to zero (such as in point 1 to the right of the curves) and tail edge
on the left, where the difference in its maximum value. Still the
manual measurements here parallel to the horizon (and considered
as reference) while the topographical measurement have an angle
of (25¢) with the reference measurement. The bowtie shape here
is totally on the inferior part of the eye and causing an elevation on
this part of the eye more than the posterior side that the
topographical system measures it as a coma toward the superior.
This imbalance between the quarters present such condition of
measurements.

3. Cases 3 and 4, backs with difference fluctuated on the middle
points more than on points 1 and 4, where these two points
(1 and 4) still have good agreement with each other’s.

4. Case number 7 shows a typical sensitive drift for the difference
between the two methods. The bowtie shape here is abnormal

and sever with oblique position of 19.8° astigmatism
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3 - Results and Discussion
The case studies used in the present work, have been collected,

retrospectively, from patients measured and diagnosed by an ophthalmologist
from Al-Amal Center, Baghdad Iraq. Each one of them undergoes number
of measurements including: objective and subjective refraction errors
assessment, and corneal topography using Pentacam device (Oculus GmbH,
Wetzlar, Germany). The medical history records have been ethically approved
to be used in our study from the center under the supervising of the chief
ophthalmologist of the center. The interesting images collected from the
topographer include the sagittal curvature maps for each 9 cases selected.

To check the results a comparison between the manual and

topographical procedure have been done (as mentioned on the procedure
of work previously). The relationship between these two groups of
measurements have been plotted on an x-y coordinate system and find the
best curve fitting function for both measurements with the same degree of
complexity.

In general, and based on above procedure a group of four relations

have been recognized here, these groups are:

1. Cases number 2,5, 6,8 and 9 shows very good agreement in shape
and trend behavior. That looks both with simple drift difference
where the topographical measurements always more than the
manual measurements once with increments ranged as (0.279,
0.958,0.212,0.172 and 0.196). Also, it is true to say that the overall
behaviors of the cases are more relax in changes that their slope
are close to the horizon. Clinically this good agreement comes

from the truth that the cases here are with a dominated one-part
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Table (1) Represent, samples were taken (zero lenses) and the thickness of the lens was
measured before and after scratching in the center of the lenses and in 4 different
positions of the topography which is changes according to each patient.

No. No. of Picture after Thickness in Thickness in Thickness in the shape
scratch scratching center of bowtie
sample
1 time 25 1.967 1.976 First point:1.941

Second point:1.949
Third point:1.976
Fourth point:1.844
2 time 20 1.926 1.921 First point:1.907
Second point:1.778

Third point:1.849

Fourth point:1.913

3 time 15 2.173 2.173 First point:2.177
Second point:2.107

Third point:2.043

Fourth point:2.072

aq time 30 1.879 1.856 First point:1.885
Second point:1.987

Third point:2.011

Fourth point:1.891

6 time 20 2.186 2.186 First point:2.103
Second point:2.145

Third point:2.177

Fourth point:2.107

7 time 25 2.059 2.059 First point:1.961
Second point:1.999

Third point:2.09

Fourth point:2.153

8 time 15 2.141 2.141 First point:2.205
Second point:2.106

Third point:2.141

Fourth point:2.057

9 time 35 1.962 1.903 First point:1.983
- Second point:1.83
‘ Third point:1.878

Fourth point:2.005

Table (2) Thickness before and after scratching
Hint: thickness of eye glasses lenses before scratching 2.049
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the similarity ratio between them by using different equation (linear, polynomial

2nd degree, polynomial 3rd degree, logarithm, exponential). Depending on the

result obtained from this equations and calculation the polynomial 2nd degree

was the best choice in terms of matching between manual measurements and

topography maps for patient. To evaluate the resulted scratched lenses, the

below procedure of work have been followed:

1.

Under supervising of the ophthalmologist a four nodes on each
image has been selected well, to be the most dominated points on
the surface of the KCN patient.

The sagittal map (for each case) has been printed out on a transparent
paper (with scale of 1:2) and finally paste it on the outer surface of
Plano power lens, under supervising of an optometrist.

According to the rules followed by optometrist to prepare lens for
patient glass the scratched surface is the inner surface of the lens.
The four selected points on the upper topography map as
mentioned on point 1, have been reselected of the pasted paper
to be guide of work during the manual scraping.

The depth per color on the topographical images are guided as on
the original scale of the right hand side of each images.

After the manual scratching of the lenses a measurement for the final
product have been done both manually using (dial gage indicators)
and back to the topography to evaluate the final resulted lens.

For comparison and to evaluate the accuracy of the procedure
done the four selected nodes as mentioned in point 4 have been
checked both manually and topographically and the differences

have been studied.
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contact lenses, and new design scleral lenses offer superior comfort and visual
acuity to conventional RGPs(rigid gas permeable lenses) [9, 10].

In the present study, an eyeglass with no lens power on it used to
compensate the abnormality of the corneal surface for patient with KCN. To
do this scratching for the outer surface of the Plano lens is done manually
under supervising of an expert optometrist. The scratched area selected
from the topographical imaging of patients measured on Al Amal center,
Baghdad, Irag. Nine images from different nine cases are selected after

consulting ophthalmologist.

2 - Materials and Methods

In this study, glasses were manufactured for patients with keratoconus
(KCN) using the manual method, first step was Preparation of the sample
(lenses) which is zero convex lens, 2mm thickness and 60mm diameter.
Second step is Collect the topography map for the patient using pentacam,
as shown in Figure (1).

Corneal topography produces many results in graphical and parametric
shape. The most important reference graph is the 4 — refractive maps, which
considered as the golden standard for the clinical diagnosis of corneal conditions.
Third step scratched the sample according to topography maps for the patient
using scratching paper CC 2000, final step was measuring the thickness of the
sample before and after scratching using dial gage indicators in the center of
lenses andinthe four different positions that change according to the topography
maps for each patient and these points have been selected on the steep and felt
axes intersection with contour of 6mm as shown in Figure (2). Then comparing

the results of manual work with the results of corneal topography and evaluation

E126



Manual Preparation of Eyeglasses Based on Corneal Topographical Images for Keratoconus Patients '

ophthalmologists will then make the final determination after reviewing all of
the components that were collected from the four refractive maps [6]. In some
abnormal cases the biomechanical of the cornea distorted in a way that the corneal
shape becameirregular with a vision lose, due to the KCN diseases. Surgical options
for KCN aim to alter the disease's natural course and improve vision, whereas
non-surgical options aim to improve vision without causing damage to the ocular
surface. In the majority of patients with keratoconus, contact lenses and glasses
are the standard non-surgical treatment for vision rehabilitation. Treatment also
incorporates cutting-edge surgical procedures like anterior lamellar keratoplasty,
corneal cross-linking (CXL), intra-stromal rings and refractive lens exchange of
intraocular lens implantation. Today, there is widespread agreement that contact
lenses play the most significant role in KCN patients' visual rehabilitation [7].
Since contact lenses alter the ocular surface even in non-keratcounus individuals,
the application of contact lenses for KCN patients ought to focus primarily on
improving visual acuity without jeopardizing the health of the cornea and ocular
surface [8]. The practitioner must select a lens fitting that does not compromise
the health of the anterior ocular surface, despite the patient's need for clear
vision and comfort with the lens. As a result, the procedure frequently takes a
long time and is challenging for both the patient and the eye doctor. Because of
the way KCN is treated with long-term contact lenses.

Inadditiontotheseverity of the KCN, the patient's visual needs, comfort,
and contact lens tolerance are taken into consideration when selecting
a pair of lenses. Large diameter RGP lenses, scleral lenses, hybrid lenses,
and keratcounus-specific soft lenses are just a few of the contact lens options
available to patients with corneal irregularities thanks to recent advancements

in design and features. According to new data, hybrid lenses, special design
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1 - Introduction
One of the most prevalent eye conditions in children and adolescents

and a major global public health problem is refractive error (RE). According to
reports, RE is to blame for 42% of vision impairments worldwide [1]. Children
who are exposed to RE may experience pathologic ocular changes like myopic
macular degeneration and retinal detachment, which could resultinirreversible
blindness. In addition, RE has a significant impact on children's psychosocial
well-being, which may have an adverse effect on their educational outcomes
and educational opportunities. When the eye's shape prevents light from
concentrating directly on the retina, refractive errors arise. Refractive errors
can be brought on by changes in the cornea's shape, age of the lens, or the
length of the eyeball (longer or shorter). [2]. the three types of refractive error
are myopia, hyperopia, and astigmatism. Light rays from an object at infinity
are focused in front of the retina in myopia and behind the retina in hyperopia,
but they do not focus at a single spot in astigmatism due of differences in the
cornea's or lens's curvature at various meridians [3].

Eye disorders are regarded as a serious health issue. The eye condition KCN
causes the cornea to gradually curve, changing its symmetrical dome shape to an
asymmetric cone. This condition is accompanied by blurred vision due to irregular
astigmatism [4]. It results in decreased visual acuity and a change in spectacles.
While there are numerous tools available to aid in the diagnosis of KCN, Pentacam
is one of the most effective ones since it can provide readings and maps that show
the condition of the cornea [5]. The four refractive maps, which are made up of
four maps, are the maps that aid in the detection of KCN (Sagittal, Pachymetry,
Elevation front and Elevation back maps). Each map provides a number of

factors, which can be retrieved individually or together in a single image. The
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Abstract
Keratoconus (KCN) is a non-inflammatory, progressive thinning process

of the cornea. It is considered one of the advanced biomechanical changes on
the corneal surface, and methods of treatment in late cases are special designed
contact lenses or surgical intervention. The objective of this paper is to customize
the standard eyeglass lens in a way so that it fits with the abnormal shape and
changes of the surface of the cornea of a patient suffering from KCN disease.

The proposed method here, based on manual scratching of the
external surface of the standard eyeglass lens under supervising of an expert
optometrist, where this method is considered as a less expensive and safer.
Retrospectively, a nine cases measured before in Al-Amal Center, Baghdad,
Irag and diagnosed with KCN severity using topographical mapping.

A zero-lens was assigned to each patient and it was scratched using CC2000
scratch paper. Then the thickness of the lens was measured before and after
scratching in the center of the lens and in four different locations of the topography
map with dial gage indicators. After that, the results were compared between the
manually scratched lens and the topography map of each patient and evaluate the
extent of the match between them. The results of this study are that two types of
samples were isolated, in the first type the measurements are close between the
topography maps of the patient and the measurements on a regular basis from the
side of the behavior of the surface with a difference (0.059 - 0.94)

As for the second type, points were obtained that moved away from
the real behavior of the photographic image, then it was necessary to isolate
it and use the values next to it.

Keywords: Refractive error (RE), Keratoconus (KCN), Pentacam,
Topography Maps.
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4 - Conclusions
This paper investigates the effect of fire flame at 800 2C on SCC

mechanical properties. The duration of exposure to fire was either 2 or 6

hours, while cooling was either fast or slow. The following conclusions can

be obtained:-

1.

The compressive strength decreases with increasing the duration
of burning. Exposure to fire for 6 hours reduces strength by 54 % to
61 % at slow and fast cooling respectively, while exposure to 2
hours reduces it by 27 % to 37 % at slow and fast cooling,
respectively.

The type of cooling affects the percentage of reduction in
compressive strength. Fast cooling reduces compressive strength
more than slow cooling.

The concrete density decreases with increasing the duration of
burning by about (2 to 8) %.

The modulus of rupture reduces by 13% and 20% upon exposure
to fire for 2 hours and 6 hours, respectively compared to the
unburned specimen.

The influence of fire flame on elastic modulus is more pronounced
than on compressive strength. It decreases by about 67 % to 69 %
upon exposure to fire for 2 hours, and by 73 % to 76 % when
exposed to fire for 6 hours and cooled slow and fast, respectively.
It is acceptable to use the non-destructive UPV test to assess the
compression strength of reinforced concrete structures after exposure
to a fire incident, while the Schmidt hammer test is less accurate for

the assessment of compressive strength after fire exposure.
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between rebound number and compressive strength. The rebound hammer
test is carried out under the guidance of ASTM C805 (2018) to assess the
general quality, uniformity, and compressive strength of concrete. The
minimum number of test readings was 10.

The Rebound number test is performed on concrete specimens
after fire exposure for two durations (2 and 6) hours and for two methods
of cooling, and the readings are taken in the same positions, this work is
done to compare the effect of burned in rebound number on compression
strength. Table 5 shows the compression strength (fC’SH) variation of the
rebound number test after and before burning with regular compressive

strength (f¢).

Table 5. Rebound number test measurements of burned specimens

Compressive Strength

Condition Burning Duration . (MPa) Variance
Type of Cooling FYer S
(Hours) Cylinder i , ¢ Jspyle
(fcl )S Cyllnderfc
H
Unburned | -- - 42 40 +5%
2 Slow 25 29.3 -14.7%
8 g 2 Fast 21 25.1 -16.3%
urne
6 Slow 15 18.4 -13.0%
6 Fast 13 15.6 -16.7%

As shown in Table 5, the variance of the strength of concrete in
compression by the Schmidt Hammer test is increased for burned concrete
specimens up to 16.7% compared to 5% for unburned specimens. This
result is rather high and maybe not be acceptable to use this type of non-
destructive test to assess the compression strength (f’) of reinforced

concrete structures after being exposed to a fire incident.
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In the same manner, burned cylinder specimens were also tested by
UPV to evaluate the differences in compressive strength between UPV and
the prevalent test, ASTM C39M (2016). The results are shown in Table 4 for

all cylinders, the cooling effect and fire exposure time are taken into account.

Table 4. UPV test results of burned cylinder specimens and beams

Compressive Strength (MPa) Variance
Condition Burning Duration Type of /
Cylinder Cylinder () f
(Hours) Cooling Y y clupvisc
(f’c)upv fc for Cylinder
Unburned - - 41.8 40 +4.7%
2 Slow 30.0 29.3 +2.5%
2 Fast 25.8 25.1 +3.0%
Burned
6 Slow 18.6 18.4 +1.5%
6 Fast 15.8 15.6 +1.7%

As shown in Table 4, the variance of the strength of concrete in
compression by UPV test is decreased for burned concrete specimens
to (2.5-3) % and (1.5-1.7) % for (2 hours) and (6 hours), respectively. This
result makes it acceptable to use the non-destructive UPV test to assess the
compression strength (f’;) of reinforced concrete structures after exposure

to a fire incident.

3 - 2 - 2 Rebound Number Test (Schmidt Hammer)

This is a non-destructive test for estimating the concrete compressive
strength. The Schmidt rebound hammer method is simple to use and provides
a quick, inexpensive means of checking the uniformity of in-place hardened
concrete. This test relies on measuring the concrete strength by measuring
the hardening at the surface. It is used to identify the concrete compressive

strength of the member by using calibration curves of the relationship
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specimens and compared to compressive strength () obtained from the
compression test machine.
Resultantly, it is clear that the UPV test awards higher values for

concrete by about 5%.

Table 3. UPV test results of cylinder specimens and beams

Variance
Specimen Cylinder Compressive Strength Cylinder Compressive Strength , )
No.* Feupy (MPa) ** e (MPa) *** fc”p"./fc
for Cylinder

SCC_0.8R 42 39 +7.7%
SCC_0.856 42 40 +5.0%
SCC_0.8F2 43 40 +7.5%

SCC_0.8F6 42 38 +10.5%
SCC_0.8S2 41 41 0.0%
SCC_1.0R 43 40 +7.5%
SCC_1.0S6 43 41 +4.9%
SCC_1.0F2 40 39 +2.6%
SCC_1.0F6 41 42 -2.4%
SCC_1.0S2 40 38 +5.3%
SCC_1.2R 42 39 +7.7%
SCC_1.256 44 41 +7.3%
SCC_1.2F2 41 38 +7.9%
SCC_1.2F6 43 42 +2.4%
SCC_1.2S2 40 41 -2.4%
Average 41.8 40 +4.7%

*  Specimen coding: (0.8, 1.0, 1.2) refers to the a/d ratio, (S, F) refers to the Slow or Fast
cooling method, and (2, 6) refers to fire exposure duration in hours.
** Each value represents an average of three test results by UPV.

*** Each value represents the average of three test results.
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It is clear that the degradation in the elastic modulus of elasticity of
concrete was 68 % and 75 % for (2 and 6) hours, respectively, of its original
value of unburned specimens. As well, the degradation is present due to the
cooling methods, it was higher in fast cooling than in slow cooling, where it
was about a 3% decrease in fast cooling.

Such reduction in modulus of elasticity is distinctly due to micro-
structural damage of concrete with increasing temperature due to excessive
thermal stresses and physical and chemical changes, Al-Kamaki (2015) and

Kodur (2014).
3 - 2 Non-Destructive Test of Hardened SCC

3 - 2 - 1 Ultrasonic Pulse Velocity (UPV)

Ultrasonic pulse velocity equipment measures the transit time of a
pulse between transducers placed on the surface of a body of concrete.
The pulse velocity can then be calculated using the measured path length
through the concrete. For strength estimation, it will be necessary to place
the transducers on opposite faces of the concrete element. It may be possible
to improve strength measurement value if the density is known, or by
combination with measured rebound numbers. The pulse velocity depends
on Young’s modulus, Poisson’s ratio, and the density of the medium. It is
necessary to consider the various factors which can influence pulse velocity
and its correlation with various physical properties of the concrete, such
as moisture content, the temperature of the concrete, path length, shape,
and size of the specimen. Table 3 shows an ultrasonic pulse velocity test

that measures values of compressive strength (f'cupv)' for unburned cylinder
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Figure 5. Effect of burning on Modulus of rupture

3 - 1 - 4 Effect of Fire on Modulus of Elasticity

The modulus of elasticity of concrete decreases due to fire exposure
and it is more pronounced than the decrease in concrete compressive
strength. The effect results of high fire exposure on the modulus of elasticity

were listed in Table 2 and shown in Figure 6.

® Unburned Cylinder M Fast Cooling H Slow Cooling
35 33.1
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Figure 6. Effect of burning on Modulus of Elasticity.
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3 - 1 - 2 Effect of Fire on Unit Weight (Density) of SCC

Also, to understand the effect of the burning on the unit weight of
concrete, the same concrete cylinders that were used for compressive
strength tests were weighed before and after burning. The results show
that the concrete density decreases with increasing the duration of burning
by about (2 to 8) %. The amount of decrease in the concrete density is
small compared to the decrease in strength because the extracted water
particles have a low weight compared to the other solid components of the

concrete.

3 - 1 - 3 Effect of Fire on the Modulus of Rupture

On the other hand, SCC prisms with dimensions of (100x100x400)
mm were tested to evaluate the modulus of rupture. Three prisms for each
unburned and burning for a duration of (2 and 6) hours and each cooling
type (Fast and Slow) were tested. Generally, the effect of the fire exposure
duration on the modulus of rupture after burning to (2) hours and (6) hours,
the modulus of rupture was found to be reduced by (13%) and (20%),
respectively compared to the unburned specimen as shown in Figure 5.
When concrete is exposed to fire with high temperatures, the cement paste
contracts, and the aggregates expand, as a result, the transition zone and
the bond between the cement paste and the aggregates are weakened.
After being subjected to fire, this process and decomposition of hydration

products cause deterioration and strength loss in concrete.
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which divide them into a bulk paste and interfacial transition zone. The chemical
composition of each of these micro compounds contains water molecules
inside their structure. Upon exposure of the concrete to high temperatures due
to fire, the chemically combined water is extracted from the microstructure,
which alters the structure into a more brittle material.

In the case of small specimens such as concrete cylinders, the heat
generated by the fire reaches the inside of the cylinder and may or may not reach
the core to cause the exit of water molecules chemically combined with the
microstructure of the hydrated cement compounds and weaken the concrete.

When the period of exposure to fire is prolonged, the water withdrawn
from the microstructure increases, causing a decrease in strength and durability.
That behavior relies on the size of the specimen exposed to the fire and the
period of exposure. Itis clear from (Table 2) that the 2 hours of exposure to fire
causes the extraction of low molecules of water, while 6 hours of exposure to
fire causes the extraction of more molecules of water to decrease the strength

of concrete greatly, reaching about two-thirds its strength.

Unburned Cylinder M Fast Cooling m Slow Cooling
45
40
40
35
30
25
20

15

Compression Strength (MPa)

10

0 2 6
Fire exposure time Duration (Hours)

Figure 4. Effect of burning on Compressive strength.
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Table 2. Mechanical properties of the burned ed cylinder specimens

The fire Burning . . Modulus of | Modulus of
Type of . Compressive Density .

exposed Coolin Duration Strength (MPa) (kg/m?) rupture Elasticity
Temp. °C . (Hours) & : (MPa) (GPa)

800 Slow 2 29.3 2320 2.2 10.9

800 Fast 2 25.1 2332 2.1 10.1

800 Slow 6 18.4 2273 1.7 8.9

800 Fast 6 15.6 2301 1.55 7.8

3 - 1 -1 Effect of Fire on Compressive Strength

As shown in Table 2, the compressive strength decreases with
increasing the duration of burning and after fast cooling. The percentage
of reduction increases as the fire exposure time rises. That demonstrates
a relative decrease in compressive strength of each specimen thermally
treated up to (2 and 6) hours of fire exposure in comparison to its original
compressive strength just before burning. The cylinder compressive strength
of burned specimens decreased by about (27 to 37) %, and (54 to 61) % of
the unburned cylinder strength at (2 hours) and (6 hours) respectively. Also,
it’s obvious from the results that the rate of cooling has a valuable effect on
the compressive strength of concrete. Fast cooling caused a higher reduction
in strength than slow cooling. Figure 4 shows the reduction in compressive
strength with burning time.

Itis well known that the chemical reactions of cement with water produce
several types of micro compounds including long needle shape of ettringite,
massive crystals of calcium hydroxide, and fine fibrous crystals of calcium-
silicate-hydrates (C-S-H), besides the voids and aggregate particles. The bond
strength between coarse aggregate and cement paste depends on the intensity

of those micro compounds and the distribution around the aggregate particles

E109



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(7)-2023

3 - Experimental Results of Burned Hardened Concrete (SCC)
The experimental results of specimens obtained from the tests of both
cases of unburned and burned concrete. The results are divided into the
following sections:
i. Destructive test results including compressive strength, splitting
tensile strength; modulus of rupture, and modulus of elasticity for
SCC specimens.

ii. Non-Destructive test results of SCC specimens.

3 - 1 Destructive Test

To specify the properties of SCC, an average of three concrete (150x300)
mm cylinders were tested for each property. Table 1 shows the mechanical
properties of the test results obtained for the used SCC mix at 56 days. As
well, Table 2 shows the mechanical properties of the test results obtained
for the burned SCC cylinder specimens at the same age as that of unburned
specimens. The burned specimens are tested 24 hours after cooling (for both
cases; Fast and Slow cooling) for calculating the effect of fire exposure and
burning time on compressive strength.

As shown in the tables, these properties include concrete cylinder
compressive strength, concrete unit weight (density), modulus of Elasticity,

and modulus of rupture.

Table 1. Mechanical properties of the control specimen at ambient temperature.

Mix tvpe Density Compressive Modulus of rupture Modulus of Elasticity
ot (kg/m3) Strength (MPa) (MPa) (GPa)
SCC 2384 40 4.12 33.1
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2 - 2 Self-Compacting Concrete Mix

The SCC mix was achieved according to EFNARC (2002) to satisfy SCC's
fresh requirements of concrete properties. In the present work, the content
of cement was 300 kg/m3, the content of fine aggregate was 797 kg/m3,
the content of coarse aggregate was 767kg/m3, the content of limestone
powder was 170 kg/m3 and water content was 190l/m3. The super-plasticizer
content was 4.9 |/m3 (1.4 liters per 100kg of cement) and the w/p ratio was
0.36. This mix satisfies all the limits recommended by EFNARC’s mix design

method. The intended compressive strength was 40 MPa.

2 - 3 Heating Furnace

The heating furnace was manufactured using a fire brick available in
the local market, a fire brick size is (228x112x63) mm as shown in Figure
3. This type of brick is used for fireplaces, kilns, and furnaces on the inside
lining. This brick has a strong insulator, which helps to make the applications
more energy-efficient with minimal heat loss and it's bearing a temperate of
up to 1600 °C.

Figure 3. Fire brick sample
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This paper introduces an experimental study of the effecting burning
temperature on the mechanical properties of SCC. The tests are divided into
two sections based on the particular exposure situations during the test

which are room temperature and burning temperature (800 + 5) 2 C.
2 - Experimental Work

2 - 1 Materials Used in the Mixture

Optimum proportions must be selected according to the mixed design
methods, considering the characteristics of all materials used. Satisfactory
SCCis achieved by more stringent requirements of the ingredients in selecting
suitable materials and in good quality control and proportioning. Ordinary
Portland cement (Type ), Al-Ekhaidher natural sand with a fineness modulus
of (2.6) and grading limits in zone 2 having rounded particle shape is used
throughout the experiments. Rounded gravel of a maximum size of 10 mm
and 2.6 specific gravity is also used in the mixtures. Sika-viscocrete® -5930L
was used as high range water reducing admixture through the concrete mix
production to reduce the water-to-cement ratio and enhance workability.
Limestone powder is used as a partial replacement for cement. In general, the
cement in SCC mixtures is partially replaced by fillers like limestone powder
to improve certain properties such as increasing the amount of powder (filler
+ cement) to be more cost-effective compared to the use of cement alone,
improving resistance to segregation, increase early compressive strength
and workability, avoid extreme heat generation during hydration process,

and improve concrete mixes fluidity and cohesion.
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recent accomplishments in all fields have been united, including concrete
production technology. Several different concrete mixes were used in this
project. It was necessary to place 230000 m3 of fresh concrete. In the course
of the construction of the building, the concrete was pumped to higher
and higher heights so it was necessary to provide the extraordinary flowing
ability of concrete through pipes. Thus, SCC concrete was poured usually at
night to enable work at lower temperatures and higher humidity.

Cheng et al. (2004), manage to capture the response of high-strength
concrete HSC under elevated temperatures ranging from 202C up to 800 2C
for four different types of HSC. For all samples, it was noticed insignificant
loss for temperatures below 400 2C and an almost 75% loss in strength for
temperatures above 4002C up to 8009C. It was also noticed that ultimate
strain changes with changing aggregate type, as for carbonate aggregate
samples had larger ultimate strain than siliceous aggregate samples. The

previous remarks can be noted clearly in Figures 2 (a and b).

12 1.2
4 —— 20%C
4 —— 20%C
—0— W%C —o— W
M- 200C —- 20c
09 — —o— o | -@— ¢ |7
—A— 0% - A 00°C
8 4 —¥— 80°C g —%— 800°C B
g 06 — — 5 I
§, | &
03 —| — -
0.0 ¥ T T T T T T T
0.00 0.02 0.04 0.08 0.08 0.06 0.0¢

(a) (b)
Figure 2: Stress-strain curves (a) carbonate aggregate high-strength concrete,
(b) siliceous aggregate high-strength concrete, Cheng et.al. (2004).
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Figure 1: Mechanism of Achieving SCC.

The application of self-compacting concrete began throughout the entire
world. Presently it is a very eagerly used material both in construction sites and
in the production of precast members. Practical application was extended from
large infrastructure buildings (bridges, tanks, retaining walls, tunnels, etc.) onto
architectural buildings. SCC appears here as a structural material in load-bearing
members but at the same time, it also appears frequently as architectural
concrete. Arlanda Airport Control Tower, Stockholm, Sweden (2001), Okrajnov-
Baji¢, et al. (2009) was an example of using SCC. The total height of the tower
is 83 m. The tower was completed and opened in 2001. Today it represents
a symbol of Stockholm. SCC was used to achieve the concreting speed of a
standard floor height h=3.27 m in a 4-day climbing cycle of formwork and to
ensure high-quality concrete placing without vibration. The decreased noise
level during concrete placing enabled concreting during the night shift.

Okrajnov-Baji¢, et al. (2009) also presented a Burj Khalifa in Dubai,
UAE as a second example of using SCC. This structure represents the state

of the art in super high-rise buildings. During its construction, the most
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Passing ability: It is the feature of SCC to flow through narrow
spaces without blocking, such as congested reinforcement, and
flow around obstacles, such as sharp corners.

Segregation resistance: It is the feature of SCC to continue

homogeneously during and after transporting and placing.

To achieve the requirements of these properties, SCC must provide

high deformability and keep a highly stable mixture by applying the following

three points: Okamura et al. (2003).

1)

2)

3)

Limitations of coarse aggregate: The size and shape of coarse
aggregate affect directly the flow and passing ability of SCC, where
the flow ability and passing ability decrease when the maximum
size of the coarse aggregate increase, Khaleel, et al. (2007).

Low water-to-powder ratio: Powdered materials that can be added
are very fine smooth particles, such as limestone powder, glass
filler, silica fume, fly ash, and quartzite filler. Those materials are
used with SCC to maintain sufficient viscosity of the mix, this
means low segregation and bleeding. On the other hand, filler
materials reduce the heat generation of cement hydration and
reduce the cost of concrete materials, Al-Jabri (2005).

Using super plasticizer: The use of a super plasticizer is necessary
and essential in SCC to give a highly fluid concrete mix and increase
flowability (workability). Also, super plasticizer reduces the
required water-powder ratio, Hamilton (2005). Figure 1 shows a

mechanism for achieving SCC.
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1 - Introduction
The development of Self Compacting Concrete (SCC) was started

in 1980 in Japan. Many research works have been carried out to find the
rational mix-design method and testing to make SCC. The most important
investigations were carried out by Ozawa et.al., (1989). In 1988, the
SCC prototype was completed in Japan by using available materials and
introduced to construct durable concrete structures having highly congested
reinforcement. The prototype performed satisfactorily concerning drying
and hardening shrinkage, the heat of hydration, denseness after hardening,
and other properties, Sanghi Bulletin (2006).

In EFNARC (2002), the organization published its “Specification
and Guidelines for self-Compacting concrete”, which provided the latest
information to researchers and producers at that time.

Five European organizations, (BIBM), (CEMBUREAU), (ERMCO), (EFCA)
and (EFNARC) created a “European Project Group” to review the current
best practice and produce a new document covering all aspects of SCC. This
document “The European Guidelines for Self-Compacting Concrete” serves
to particularly address those issues related to the absence of European
specifications, standards, and agreed test methods, BIBM, et al. (2005).

ACl 237R-07 (2007) Code defined SCC as “highly flow-able, no
segregation concrete that can spread into place, fills the formwork, and
encapsulates the reinforcement without any mechanical consolidation”.

The concrete mix can be classified as self-compacting concrete when
achieves the three requirements below Ravindrarajah, et al. (2003)

1) Filling ability: It is the feature of SCC to flow under its self-weight

and to fill the formwork.
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Abstract

This paper presents an experimental investigation of the effect of fire
flame on self-compacting concrete. The experimental program included
casting cylinder and prism concrete specimens for compressive strength,
modulus of elasticity, modulus of rupture, and concrete density tests. The
specimens are exposed to fire flame at 800 2C approximately for 2 hours or
6 hours. Then the specimens were cooled either in a fast or slow manner.
Test results show that the compressive strength was reduced by about
(54 - 61)% for fire exposure of 6 hours and by (27 -37)% for 2 hours of
exposure and cooled slowly or fast, respectively. The type of cooling affects
the percentage of reduction in compressive strength. Fast cooling reduces
compressive strength more than slow cooling. The influence of fire flame
on elastic modulus is more pronounced than on compressive strength. The
modulus of rupture was reduced by 13% and 20% upon exposure to fire for
2 hours and 6 hours, respectively compared to the unburned specimens. The
non-destructive test by Ultrasonic Pulse Velocity (UPV) tool is acceptable to
assess the compressive strength of concrete after exposure to fire, whereas
the Schmidt hammer test was found inaccurate for the assessment of
compressive strength after fire exposure.

Keywords: Fire flame, Self-compacting concrete, compressive

strength, Non-destructive test.
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CONCLUSION

Taking into account all previous studies on the flexural behavior of
RC prestressed beams with CFRP instead of steel strands, there is evidence
that since the ultimate strengths were generally greater than predicted,
primarily due to the FRP rods' ability to develop greater tensile stresses
than predicted, greater ductility can be achieved by employing adequate
design requirements or by considering a number of improvement methods.
Furthermore, recent research shows that certain assumptions used in the
current bond properties of CFRP bars at the prestress transfer zone are
similar to those of steel strands, and that the deflection of CFRP-prestressed
beams is comparable to that of steel-prestressed beams as long as the failure
is controlled by rupturing the concrete in the compression zone.

Due to the lower flexural bond strength of CFRP bars, there are fewer
fractures in beams which are prestressed partially by CFRP than in beams
which are partially prestressed by steel strands. As a result, for a given degree
of stress, the spacing and width of the crack are often larger. Nevertheless,
at a given strain level in the reinforcement, the fracture width of a beam
partially prestressed by CFRP or steel strands is the same. Few studies had
been done, according to all previously listed sources, to assess whether or
not the suggested method's theoretical findings were validated by empirical
evidence. To learn more about these issues, several studies were done.
Continuous beams have larger "energy ratios" compared to simple beams.
When using over-reinforced beams with limited concrete, FRP-prestressed

concrete sections may display ductile behavior.
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when calculating the deflection of beams with overloaded initial damage.
Through the design, construction, and testing of five 12.8-m-long
girders with sections that were Type Il AASHTO and prestressed with
15.2-mm-diameter duplex high-strength stainless steel (HSSS) strands
in flexure, Anwer and Michelle (2021) clarified the flexural behaviour of
stainless-steel strand prestressed concrete girders. The reinforcement ratio
of prestressed girder was altered in the experimental technique. The length
of the transfer and pretension losses of 15.2 mm HSSS strands were measured
by the researchers. By calculating the load that produced cracking, the
carrying capacity-determining ultimate load, the deflection response under
that load, and the failure mechanism, the behaviour of flexural in the girders
was evaluated. The rupture of the HSSS strands caused all of the girders to
fall as planned. Experimental results show that even if the HSSS-strand has
low ductility and may limit the capacity of the girders, there may be ample
warning in HSSS-strand prestressed concrete girders (noticeable deformation
and numerous fractures before collapse). The moment strengths predicted
by the numerical analysis and observed values for the five girders were quite
near to each other. Although the numerical method is simpler to employ
for design reasons, the analytical model produced more precise predictions.
Flexural design is recommended for HSSS strand RC prestressed I-girders
where strand rupture is a permitted failure mechanism. The results of this
testing programme will be used to create new design guidelines for RC girders

with stainless steel strands.
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revolutionary approach was developed and put into use by fastening the
FRP composite strand's endpoints with such a steel-tube anchorage system.
The new technique reduced slippage and enhanced the flexural moment's
capacity by 39%. In order to predict the load versus deflection reactions of
the beams, analytical computational models were applied. Using a single
computer programme to compare the performance of CFRP- and steel-
stranded beams It was discovered that CFRP beams have stronger flexural
strength but poorer ductility when the manufactured beam was intended to
support identical service loads.

The flexural behaviour of damaged partially prestressed concrete
beams reinforced with exterior post-tensioned tendons was the main
focus of Weichen Xue, Yuan Tan, and Fei Peng's (2020) research. Six beams
with reinforcements and two additional beams without reinforcements—
considered control specimens—were subjected to failure testing. The test
settings included two different types of prestressed tendons, including steel
CFRP, and varying degrees of damage at the beginning. The test results
indicated that external tendons might be used to reinforce the beams,
increasing their functionality and ultimate flexural strength while maintaining
their deformability. Additionally, the initial damage had a little impact on
ductility and ultimate capacity, but it had an impact on the cracking and
deflection behaviour. Comparable ductility measurements were made
between RC girders with exposed CFRP tendons and steel strands. After
comparing experimental results to theoretical hypotheses derived from
various design approaches, it was found that while the flexural capacity
of reinforced beams with initial damage can be studied similarly to those

without initial damage, the effect of early damage must be taken into account
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beams with glass-fiber reinforced plastic bars were also investigated and
addressed.

Peng and Sue (2019) proposed reliability-based design criteria with a
focus on strength reduction factors and the transition zone between tension
and compression-controlled sections for the flexural strength of RC bridge
girders prestressed by bonded FRP tendons. First, a collection of 48 bridge
girders that represent various design options are subjected to stochastic
simulation. In order to evaluate the statistical properties of resistance,
Monte-Carlo simulation is performed. Then, in order to achieve the AASHTO
LRFD's consistent goal dependability level of T = 3.5, the strength reduction
factors were adjusted using the first-order and second-moment parameters
technique. Last but not least, a probabilistic analysis of flexural collapse
modes is conducted to identify a transition zone in comparison to the typical
net tensile strain constraints in ACl 440.4R-04 in terms of the percentage
of provided-to-balanced reinforcement (e,b <e <1.5 e,b). According to this
study, compression-controlled portions should have reduction factors of
0.85 and 0.80, respectively, with a linear fluctuation in the transition region.

In 2019, Yasir and Franz published the results of an experimental
investigation on CFRP-reinforced concrete beams. Four rectangular-section
prestressed RC beams were constructed and put to the test until they
failed under cyclic and then monotonic loads. Additionally, each beam was
pretensioned using a single 13 mm long, 0.5 inch diameter CFRP strand.
Results showed that the primary cause of fragile and early failures was
certainly a failed bond combining CFRP strands and bonding concrete.
The ability to resist slippage was strengthened by adding additional steel

stirrups, but it wasn't enough to prevent slippage at heavier weights. A
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modulus change in FRP during the life span of RC prestressed girders for
prestressed AFRP or CFRP girders, a computed ratio of ultimate-to-cracking
moment dMn/Mcr = 1.2 was suggested, which is compatible with the
stipulations of existing design guidelines and regulations for prestressed
concrete. Standard CR prestressed beams may flex sufficiently under flexural

stresses if the following conditions are met:

£<120e,
h

And concluded that prestressed members should demonstrate
acceptable flexural deformation independent of prestressing material and

formulation of the following equation:

d /(120 —¢_ +
DI > /120~ e, +24

E.fe

Karayannis et al., (2018) studied the mainly elastic response, the lower
bond capacity under cyclic load, and the poor ductility of RC beams with FRP
bars, which have so far restricted their broad implementation in construction.
Also appreciated were the advantages of this polymer reinforcement.
Therefore, the experimental behavior of seven thin RC beams using CFRP
bars was examined under increasing static loads. Capabilities, deflections,
pre- and post-cracking stiffness, rapid local decreases in strength, failure
mechanisms, and crack propagation have been examined. Special attention
has been given to the bonding characteristics of the anchoring lengths of the
carbon-FRP tensile bars. Local confinement properties for all the anchoring
lengths of the CFRP bars in some specimens appear to influence their cracking
behavior. Nonetheless, further research is required in this field. Comparisons

of experimental data from the current literature for CFRP beams and RC
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Peng and Weichen Xue (2018). In terms of the ratio of provided-to-balanced
reinforcement, a novel transition zone between tension- and compression-
controlled sections was discovered using statistical evaluation of an
experimental database of 83 beams (e,b <e <1.5 e,b). Later, a computational
approach for tension-controlled areas were developed employing a precise
stress block to mimic the nonlinear compressive distribution of stresses in
concrete. Multiple regression studies are performed to offer streamlined
design estimates for tension-controlled flexural capacity in sections, which
are based on a thorough parametric examination of more than 160,000
sections. Then, design formulae for the compression-controlled parts'
flexural strength were provided.

Kim et al., (2018) examined the flexural characteristics of girders in
highway bridges using FRP tendon connections. Intriguing technical issues
identified by ACI Subcommittee 440-1 (FRP-Prestressed Concrete) include
long-term multipliers, deformability, and minimum reinforcing. Reinforcing
concrete girders using FRP composites of aramid and carbon (AFRP and
CFRP, respectively) On the basis of analytical models, new design expressions
for the previously described components are generated, followed by an
assessment using laboratory test data and full-scale reference bridges. The
long-term multipliers calibrated according to dependability theory differ
considerably from the empirical coefficients used in ACl 440.4R-04. The
prestressed AFRP/CFRP girders bend well in flexure, despite the reality
that their moment-curvature responses are still not equivalent to those
of steel-prestressed girders. The new deformability index describes the
parameters for designing AFRP/CFRP-prestressed components with tension-

or compression-controlled sections. Analyzing the importance of a potential

E89



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(7)-2023

by ACI, provides more accurate predictions of deflection, irrespective of the
Icr/Ig ratio. For each specimen, where b is the section width and d is the
height of the effective section, measured from the center of reinforcement
to the extreme fiber section, the location of the neutral axis of the cracked

section was calculated as kd, where k is equal to:

k=1 (npP+2np=np (19)

where (n% E p) =Eisthe modulus ratio, E and Ep being the elastic moduli
of concrete and FRP, respectively and p % Ap = bd is the reinforcement ratio,
Ap being the FRP reinforcement area. The lcr/Ig being each experimental

specimen ratio may then be determined using the formulas shown below:

%: 12(%’)3 [’;+ np(l - k)l} (20)

g

The experimental behaviour of seven thin reinforced concrete beams
with CFRP bars under progressive static loading is explored by Chris et al.,
(2018). Capacity limits, deflections, pre-cracking and post-cracking stiffness,
rapid local strength decreases, failure mechanisms, and cracking have been
shown and discussed. The bonding circumstances of the anchoring lengths of
the carbon-FRP tensile bars have been given special consideration. In some
samples, local confinement characteristics along the anchoring distances of
the CFRP bars seem to impact their cracking behaviour. However, further
study is necessary in this area. In addition, experimental data for carbon-FRP
beams and that for reinforced beams using GFRP bars collected from current
literature are compared and discussed.

An easy-to-use method for determining the ductility of reinforced

concrete tee-beams using prestressed and regular FRP was provided by Fei
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coupledto a steel strand anchoring system. The pre-stressed CFRP is enclosed
with a buffer material made of a stainless-steel mesh sheet and braid grip to
avoid damage. The rectangular transfer box (9.b) in Figure ra shows how
the coupler system for the Pultrall V-rod also consists of a steel wedge and
sleeve that is coupled to the anchored steel strand system. In this instance,
copper is braided around the pre-stressed CFRP to guard against damage. An
expanding material-filled threaded barrel serves as the anchoring mechanism
for Aslan 200. Diagram (9.c). This threaded barrel is connected to the steel
strand anchoring system by a rectangular transfer box. This arrangement

works well with wedge grips that are directly installed.

Sloavs Wodge /c‘,up.e, Slesve Wodge I,Transfer box High strength mreadﬁﬂmcr?sr}g?&lgn

CE= = mtta
T Y

Coverlng CFCC with mesh sheet and bralded grip Cﬁveﬁng\vmd with copper sleave

Expansiva material
) Coupler system for Tokyo Rope CFCC. b} Coupler system fer Pultrall Vered. Steelbarel  =xpa

€} Coupler system of Aslan 200.

Fig. (9). a) Coupler system for the Tokyo Rope CFCC. b) System coupler for Pultrall V-rod
and c) The Aslan 200 coupler system.

Using the moment-curvature behaviour of FRP PSC sections, Pirayeh
et al., (2018) developed a mechanics-based formula for the effective moment
of inertia (le). This allows for the development of a beam deflection formula
for typical loading conditions. Various cracked-to-gross moment of inertia
ratios (Ic/1g) are determined experimentally to verify the proposed equation.
The results of the comparison indicate that the ACI formula underestimates
the deflection for small Icr/Ig ratios (<0.04), as is the case with weakly
reinforced FRP PSC beams and one-way slabs. At higher Icr/Ig ratios (>0.08),
when the semi-empirical ACI formula was calibrated initially, however,
accurate predictions are seen. The suggested equation, which gives an

implied flexibility expression as opposed to the stiffness formulation utilized
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Park et al., (2016) investigated the influence of high-strength strands on
the flexural behaviour of five major post-tensioned girders depending on the
concrete's compressive strength and the strands' tensile strength. Regardless
of the tensile strength of the strands, the test findings demonstrated that
the actual flexural behaviours were in excellent accord with the predictions
of the existing code. The specimens displayed ductile behaviour and all
exhibited identical fracture patterns. Certain specimens subjected to service
loads displayed fracture widths and stresses in the tensile reinforcements
that exceeded the existing code limits by a small margin. With the right
placement of deformed rebars, adequate crack control may be accomplished
since the excess was not excessive.

A thorough analysis of the literature on reinforced concrete pre-
stressed bridge beams utilizing CFRP strands was performed by Poudel et al.,
(2018). Analysing existing design suggestions from various parts of the globe,
the requirements from these recommendations are contrasted with testing
information obtained from published literature. Future study requirements
are compared to prior experimental studies to identify the gaps. Hugh Sand
and Pultrall V-rod Brothers Aslan 200 CFRP bars are examples of commercially
accessible CFRP bars, whilst carbon fibre composite cables (CFCCs) made by
Tokyo Rope are instances of CFRP cables.

For prestressed CFRP, the manufacturer determines the anchoring
method, unlike for steel. All manufacturers attach the CFRP cable or bar to
the prestressing steel, which is then connected to the abutments, during
prestressing using transfer boxes (also known as couplers). The coupler
system for Tokyo Rope CFCC is shown in Figure 9.a and comprises of a steel

wedge and sleeve that are attached to a steel coupler block that in turn is
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mm CFCC strands. To fully study the flexural behavior of the bridge model,

it was designed, built, instrumented, and tested. ultimate load failure, and

strain response. a unique one-third scale I-beam of AASHTO type with a

span of 12,141 mm and a CFCC-reinforced composite deck slab of 64 mm

thickness. AASHTO I-beams with a 502 mm deep cross section, 203 mm wide

top and bottom flanges, and a 95 mm thick web were produced and evaluated

as control beams. Both the control beam model and the bridge model,

general, demonstrated compression-controlled failure, as expected. Prior

to the collapse, substantial cracking and deflection were seen. As shown in

Figures 7 and 8, the final strengths of the control beam and the bridge model

nearly matched the values estimated using the unified design technique.
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3. The approach of prestressing was effective in reducing the tensile
stresses at service loads in the passive FRP reinforcement, hence
satisfying the service stress criteria.

4. All of the FRP-reinforced slabs got curved enough to give users a
visual warning before they broke, which is important when using
linearly elastic materials like FRPs.

5. The posttensioned slabs performed appropriately in terms of
deflection, crack size, limited service stress, as well as ultimate
capacity for the prescribed service and ultimate loads. In the case
of shear deficiency, shear reinforcement or an increase in pre-
tensioning force may resolve the issue.

Behnam and Eamon (2013) evaluated possible strength-reduction
factors; a reliable study was conducted on tension-controlled concrete
flexural components reinforced with ductile hybrid FRP (DHFRP). Considered
flexural members comprise a range of typical bridge decks and building
beams intended to fulfil strength requirements and achieve target reliability
levels determined by applicable engineering standards. The nominal moment
capacity is derived from established analytical models and equated to the
initial failure of the DHFRP material. In the reliability model, the statistical
parameters for the random variables load and resistance are consistent with
past code calibration attempts. The obtained resistance factors for tension-
controlled sections varied from 0.61 to 0.64, indicating a possible increase in
permissible strength compared to flexural members using nonductile bars.

Nabil et al., (2013) reported the results of an experiment conducted
on a 1/3-scale bridge model of the AASHTO-type, comprised of five AASHTO

I-beams spaced 502 mm apart and connected by five uniformly spaced 64
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Mrr 3 M-Ci’
=32 Bd.fg+(l—(E)3).’”£Ig

&

where the adjustment factor Bd = 0.2p/pb < 1.0 was experimentally
determined by statistically fitting the available data. pb denotes the ratio of
balanced reinforcing bars.

Noel and Soudki (2011) compared the serviceability and ultimate limit
states for FRP-RC slab bridges specified by AASHTO-LRFD by analysing the
flexural behaviour of five slabs made from self-consolidating concrete (SCC)
with two kinds of reinforcement: active and passive, and one reinforced
concrete beam with steel reinforcement. Multiple relevant results may be
gained from the experimental investigation.

For the given service load, slabs of reinforced concrete with CFRP
tendons deformed considerably less than those without. Also, when
compared to the steel-reinforced control concrete slab, the prestressed
CFRP slabs had the same or better serviceability.

1. Atthe prescribed service load, the reinforced concrete slabs using
non-stressed FRP reinforcement almost met the AASHTO-LRFD
crack width limit of 0.5 mm. The application of post-tensioned
reinforcement in the slabs reduced the crack widths of the
members under service loads by more than 75%, easily meeting
the AASHTO-LRFD criteria for crack width.

2. Lowering the depth of a prestressed cross-section slab had the
same effect on load deflection as reducing the depth of a non-
prestressed slab of the same cross-section; however, crack widths

were reduced for all loads.
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that Branson's statement was true for members with more than 1% of

M.y M
1= () (1-(Be) ), <
& Ma. g Ma er £

The instant of effective inertia le As the ratio of service load moment

reinforcement steel.

Ma to cracking moment Mcr grows, the technique developed by Branson
permits a progressive transition of the altered section (from uncracked to
cracked). This transition is represented by the formula, and a plot of le /Ig
versus for both techniques is shown in Figure (6). This formulation resulted
in an overestimation of member stiffness at low reinforcement ratios and
an underestimation of member deflection, as proven by a comparison to
experimental data. It was shown that a modified equation is acceptable for

all steel and FRP reinforcement ratios.

1.2

} I . LAl (Branson, ACI 318-71)
P
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0.4+ \\.__ o =276 MPa
{4000 psi)
L d&h =085
e M,= 23 M,
0 : ; . | .
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Fig. (6). Effective moment of inertia at service loads (Ma =2/3Mn).

In addition, several studies (ACI Committee 440, 2006) have shown
that the original formula of Branson results in an excessively stiff reaction
for beams reinforced using FRP bars, as well as a much lower modulus of
elasticity than that for steel reinforcement. The modified Branson equation

has been suggested for FRP reinforcing members (ACI Committee 440, 2006):
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Morais etal., (2003) carried out experimental research using
prestressed concrete beams of rectangular section as the basic support.
Others were pretensioned using AFRP tendons. The elastic linear behaviour
of FRP materials for prestressing beams is a recognized concern; this results
in brittle structural failure. Utilize and reinforce the material's plasticity
to improve the ductility of concrete structures. For the compression zone
of the AFRP beams, three types of concrete were used: regular concrete,
steel fiber-reinforced concrete (SFRC), and concrete with an AFRP spiral
embedded in it. It is feasible to acquire the necessary ductile behaviour with
FRP-prestressed concrete beams by determining the energy dissipation of
beams by applying loads to loaded and unloaded beams at regular intervals,
using limited concrete and over-reinforced beams.

Mertol et al., (2006) compared the outcomes of carbon fiber-reinforced
plastic (CFRP) bars-prestressed concrete beams to another set of steel wire-
prestressed concrete beams. 15 beams have been produced and examined
under various mechanical and climatic circumstances. The endured stress in
the strands (55 to 70% of their tensile stress), the chemical influences (air
and continuous exposure to 15% by weight saline water spray at 54 °C), the
time under residual load (9 to 18 months), and the testing procedures (cyclical
loading applied or not prior to static testing to failure) were all programmed
parameters. The findings showed that prestressed beams made of steel wires
could not endure an environmental exposure of one year, whereas those made
of CFRP bars were able to withstand an environmental exposure of 18 months.

(Bischoff, et al., 2007) examined the theoretical formulations of the
effective moment of inertia provided by Branson in 1963 and implemented

into the ACl Code; these expressions are reevaluated. It was decided
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0.85fB,

a= PBlc = Blkud. The equation below for the nominal moment
capacity of an over-reinforced beam is derived by adding the

moment forces around the tendon:

M, =085 ﬁ.’bﬁlk“dz[l - ﬁlT"")

Twelve double-T (DT) beams were instrumented, produced, and
subjected to flexural testing as full-scale prestressed beams employing
unbonded post-tensioning carbon fibre composite cable (CFCC) strands and
bonded a post-tension CFRP Lead Line TM tendon, according to a research
by Nabil et al., (2003) The three-span Bridge Street Bridge is the first vehicle
concrete bridge in the USA to employ CFRP material as the primary structural
reinforcement. The goal of the beam design was to analyze the reliability of
the DT beams used in its construction. The testing settings were designed
to measure the strain patterns over the beam's whole depth and length
as well as its deflection and camber., pressures in post-tensioning strands,
fracture load, ultimate load-carrying capacity, and failure causes. In addition,
a theoretical approach for evaluating the tested beam's reaction was
provided. Minor separation between the top and the beam flange, which
resulted in the crushing of the concrete top and consequent fracture of the
bottom tendons, is considered to have caused the most extensive damage to
the beam. It was revealed that the tested beams had considerable reserve
strength outside of the service load. Correlating theoretical values to real-

world data, particularly in service demand situations.
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stress block, the tensile capacity of the tendon and the summation of
moments around the centroid of the rectangular equivalent compression

block led to the following results:

M, = pba(a - 2
Mn corresponds to the notional moment capacity of the segment.
a = The following equation shows that the depth of an equivalent
rectangular compression block is determined by the balance of forces on the

block's cross section.
4= pbdfy,
0.85 f

When many reinforcing layers are used, this equation must be
changed. When subjected to tremendous stress, the outermost layer of a
tendon will fail first. By equilibrium and compatibility, the moment capacity
of over-reinforced beams is equivalent to that of under-reinforced beams.
In this case, the tendon strain is unknown, and a rectangular stress block
represents the concrete's stress field. To locate the neutral axis, a series of
strain compatibility equations must be solved. The following is the definition

of the distance to the neutral axis:
¢ = kud

where c is the distance between the fiber under high compression and

the neutral axis. The following equation defines the coefficient ku:
| 2
; A £,
PO Py R -3 S | R el R
\l 2 gcu 2 Sﬁf

where A is a material constant and using the tendon elastic modulus, Ef

defined in equation below:
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where

B1 = afactor derived as the ratio between the equivalent rectangular
stress block depth and the distance between the extreme
compression fiber and neutral axis depth.

f'’c = the required compressive strength of concrete.

ffu = tendon's ultimate tensile stress.

€cu = ultimate strain of compression concrete, 0.003.

€pi = strain of initial prestressing.

efu = tendon's ultimate strain capacity.

T, = Apfs = pbdfy,

where

Ap = area of FRP tendon

ffu = ultimate tensile strength of tendon

p= reinforcement ratio = Ap/bd

b= width of compression face

d = distance from centroid of outermost reinforcement to extreme
compression fiber Summing the moment of the forces around

the compression centroid gives the nominal moment capacity:
M,=pb dzf}u(l - k/3)

where:

=(pn)* + 2pn — pn

and n is the modular ratio.
in the situation of under reinforced beams with reinforcement ratios
ranging from 0.5 to b. Significant nonlinear behavior was observed in beams

prior to tendon collapse, particularly in the concrete. Using a rectangular
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Consequently, prestressed beams with FRP tendons may undergo
significant deformations prior to failure. Deformations of prestressed beams
with steel tendons are equivalent to deformations of beams exhibiting a
comparable sign of impending failure. "under-reinforced" refers to tendon
failure in a FRP prestressed beam, while "over-reinforced" refers to primary
concrete compression failure. There are documented over- and under-
reinforcement flexural design relationships for bonded tendons. Given that
FRP tendons are linearly elastic to failure, draping or harping of tendons
reduces tendon strength in the draping or harping region.

Dolan et al., (2001) analysed the reinforced concrete cross section by
computing the balanced ratio, b, which depends on the compatibility of strain
in the cross section and is derived based on four fundamental assumptions:
The failure of a tendon can be defined as the maximum tensile strain of that
tendon, pu, and prestressing tendons are laid out in a single layer. Figure (5)

illustrates or depicts these conditions.

b b 5] 0851
lr( >‘J { >|I cuf -

Ef J Eq Epi
T~ Y

Rectangular T
Secticns Strain Stress Stress-idealized

Fig. (5). Conditions of stress and strain showed by balanced ratio.

Given is the expression for the proportional equilibrium:

f::’ €
py =085,
fﬁr £c‘u + Eﬁi - Spi
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Fig. (4). FRP Rods Used in Study.

Dolan et al., (2001) developed a standardized method for facilitating the
flexural construction of reinforced concrete girders with FRP reinforcements.
The focus of theoretical analyses of flexural capacity has been on FRP tendons
that rupture linearly elastically. Current industry standard defines tendon
performance by the tendon's design strength. The method of designing for
strength depends on proportional balance. p is the ratio of reinforcement
when the compression of concrete compression occurs simultaneous with
tendon rupture. Any reinforcement ratio increase above this value causes
primary compression failure in concrete, while any decrease below the
balanced ratio causes tendon rupture failure. Figure (5) depicts a balanced
relationship between tension and strain requirements.

Dolan et al., (2001) established a similarity between the balanced ratios
for FRP prestressed beams and reinforced concrete design in order to predict
ductile behavior. Due to the difference in brittleness between steel and FRP
tendons, the FRP-balanced ratio is presented as a failure scenario as opposed
to a guarantee of ductility. Not included in the standard definition of ductility
are FRP-reinforced or pre-stressed beams. In addition, the strain necessary for

a steel tendon to fail and produce a yield state is less than that of a FRP tendon.
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the highest wheel load of 100 kN, punching shear was the failure mechanism.
To establish the cost-effectiveness and durability of FRP reinforcement in
bridge decks, the prolonged behaviour of FRP reinforcement there under
the combined impacts of load exposure and a chemical environment must
be examined.

Experimental research Zhang et al.,, (2001) investigated the tensile
properties of FRP ground anchors. On anchor models, several variables,
such as anchor type, fixed length, and tendon composition, were evaluated.
Different loads were applied to 16 monorod and 4 multirod grouted aramid
fiber-reinforced polymer (FRP) (Arapree and Technora) and carbon fiber-
reinforced polymer (FRP) (CFCC and Leadline) anchors. The test findings
indicated that AFRP Arapree and Technora monorod anchors had more
displacement and sliding than CFRP CFCC and Lead line anchors.

Technora anchors failed soon as a consequence of fibres detaching
from the centre of the rod. AFRP anchors have a lower tensile strength and
creep displacement than CFRP anchors. All of the tested CFRP monorod and
FRP multirod anchors with a fixed length of 1,000 millimetres demonstrated
satisfactory tensile performance in compliance with current requirements.
The tensile strength of prestressed FRP ground anchors seems to be
determined by their long-term creep behaviour. It is recommended that
working loads for prestressed FRP ground anchors be 0.40 fpu for AFRP rods
and 0.50 fpu for CFRP rods, where fpu is the ultimate load or strength of

anchor tendons. Examined FRP rods are shown in Figure (4).
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analytical predictions based on an effective tendon strength of
3450 MPa. The largest centre deflection measured in a single four-
point bending test was nearly 230 mm (length/53).

6. Tension cracking of the beams occurred during loading at a lower
load than expected. The following are some of the potential
causes: | The real pretension losses exceeded the projected levels.
(ii) The rupture modulus anticipated by AASHTO was higher than
the value of high-strength concrete.

7. GFRP rebars for shear stirrups were employed in the test beams.
Neither during stress testing nor when the beams failed, these
stirrups failed. The design relationships used for steel shear
reinforcement may need to be altered for GFRP products due to
the lower axial modulus of GFRP rebar compared to steel (it is only
one-fifth as stiff), lower shear strength, and lower stiffness.

Additionally, Rahman et al., (2000) investigated a full-scale model of

an isotropically reinforced bridge deck slab (FRP). The length of the slab was
6 metres, its thickness was 185 millimetres, and it featured two spans of
2 metres with cantilevers on both ends of 1 meter. In the beginning, the
weighted slab repeatedly fractured the concrete. Then, it was cyclically
loaded in three stages comprising 4 million cycles each with a frequency of 5
Hz, with the load varying from 0 to 100 kN in the initial two stages and 0 to
125 kN in the final stage. Ultimately, it was repeatedly loaded and failed. The
suitability of FRP reinforcement for slab constructability was determined.
The cyclic load test found minor strains and deflections, and a 25% increase
in stresses and deflections following 4 million cycles of loading suggested

little degradation. When the slab's ultimate load capacity crossed five times
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ACI-440 effectively addressed significant issues relating to the use
of FRPs as concrete reinforcement, including prestressing. A design
code for FRP-prestressed concrete was being developed by
American Concrete Institute Subcommittee 440-1 on FRP
Prestressing.

When determining the usual strength values for CFRP tendons,
there were discrepancies across commercial manufacturers.
Different permitted-to-ultimate stress ratios were adopted by two
market leaders. The lead line CFRP tendons' predicted ultimate
strength was roughly 3450 MPa, which is 33% more powerful than
the manufacturer's declared value of 2600 MPa.

Connecting CFRP tendons to steel cables during pre-tensioning
(done to finish the length of prestressing beds and/or to allow the
use of conventional pre-tensioning equipment) might cause the
steel cable to unravel during tensioning, which can cause
considerable twisting distortion in the CFRP tendon. Where the
CFRP tendon departs from the grip or anchor, this might result in
stress concentrations that weaken the area of tissue.

It is important to look at the fabrication handling and safety
precautions when CFRP prestressing tendons are employed.
Carbon fiber-reinforced plastic (CFRP) tendon injury or breakage
may be caused by simple methods used with steel cables.

In two final load tests of bending-strength-critical beam designs,
the CFRP cable performed dependably. Prior to tendon failure,
both 12.19-m beams showed substantial cracking and large

deflections at load values that are in good agreement with

E73



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(7)-2023

and 600 mm, respectively). The length of the beams with simple support was
5.8 meters, and the length expanded from each end was 200 millimeters.
Based on an experimental observation, researchers at the University of
Manitoba presented connection criteria to account for the tension stiffening
of concrete-reinforced beams prestressed by CFRP. The results of several
experimental programs are used to calibrate a proposed method for locating
the centroid of cracked prestressed sections. To calculate the deflection of
beams partially reinforced with CFRP, design guidelines are proposed. As
indicated by ACI Committee 435, the deflection of beams prestressed using

CFRP bars may be estimated using the effective moment of inertia as follows:
2 3
le =1, + (I-9°)I, < I,

Where:

Ig : gross moment of inertia.

I.: cracked moment of inertia.

_ M, — My
M, — My,

Two full-scale, high-strength concrete bridge girders that were
reinforced using FRP materials for prestressing and shear reinforcement
were designed experimentally and tested until they failed, according to
Stoll et al., (2000). High-strength concrete was used to create two full-scale
AASHTO Type 2 girders, and FRP methods for prestressing and reinforcing
were developed. The beams were put to the test in a four-point bending test
and failed. The properties of the materials, the design of the beam, and the
test results are all fully documented. The following sentences list important

observations and lessons that may be drawn from them.
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brittle behaviour. Experiments validated the theoretical findings reached
using the suggested method. Continuous beams have higher "energy ratios"
than simple beams.

According to a study by Saafi et al., (1998), the use of FRP composites
in construction and infrastructure applications has skyrocketed owing
to their durability in harsh climatic conditions. There is the possibility of
using rectangular aramid fiber composite tendons to reinforce concrete
structures. However, the brittle failure mechanism is unfavorable for the
maintenance and risk prediction of structures. Most research on prestressed
concrete beams revealed brittle flexural failure caused by the FRPs' elastic
rupture. Flexural tests were conducted on beams with bonded and/or
unbonded rectangular bars or with additional non-tensioned (regularly
reinforced) rebars to promote ductility. In comparison to the beam with
bonded rectangular rebars, the beam with unbonded rectangular rebars
deformed 250 percent more. The addition of rectangular reinforced rebars
increased ultimate deformation by 450%. Combining bonded and unbonded
rectangular reinforcing bars significantly enhanced ductility, according to the
results.

Abdelrahman et al., (1999) provided a more straightforward approach
for calculating the deflection of prestressed CFRP-reinforced concrete
beams subjected to static and repeated loads. In addition, the applicability
of current deflection evaluation approaches was evaluated. Eight reinforced
concrete beams of length 6.2 m and depth 330 mm with prestressed CFRP
reinforcement, also known industrially as lead line bars, and two beams
prestressed by traditional steel strands were tested; all tested beams had an

I-cross portion with two different flange widths at the bottom and top (200
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Therefore, there was no induced movement between the top slab
and the girder.

6. This demonstrated that the strength of the concrete at the girder-
to-slab contact was adequate to convey the horizontal shear
forces.

7. The modification in the web reinforcement ratio has no effect on

the flexural behaviour of the beams.

The behaviour of FRP-reinforced, simply supported beams was
examined by Nabil et al., (1998). Seven fundamental beams with rectangular
sections and seven continuous beams with tee-shaped sections were tested
experimentally by the researchers. The longitudinal and stirrup reinforcing
bars were made of carbon, glass fiber-reinforced polymer, or steel (GFRP).
The use of GFRP stirrups improved deflection and shear deformation, as
shown by the test results. Depending on the kind of reinforcing bars and the
inclusion of GFRP stirrups, the failure mode varied from flexural to shear or
flexural-shear (FRP or steel). Moreover, the application of FRP reinforcement
in continuous beams increased deformation. At the level of service load, the
extra deformation remained negligible and manageable but grew much closer
to failure. It was revealed that various configurations of FRP reinforcement
in conventional beams had the same load capacity as steel reinforcements
but displayed unique ductility and failure processes. The failure mechanism
was determined by the kind of reinforcing bars and stirrups. As a measure of
ductility, the energy ratio, defined as the ratio of absorbed energy at failure
to total energy, was used. On the basis of this categorization, the degrees

of ductility were recommended to be defined as ductile, semi-ductile, and
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Amir etal.,, (1997) evaluated the behavior of five I-girders, each
measuring 9.3 m, that were experimentally reinforced for shear and
prestressing using CFRP. The other girder was experimentally prestressed
using standard steel strands for flexure and steel stirrups for shear. The test
beams use two different kinds of CFRP reinforcements for shearing and
flexural prestressing and are 1:1.6 scale replicas of bridge girders that will be
constructedin Manitoba, Canada. Seven days after the girder was prestressed,
a slab was cast, and stirrups were projected from the girder into it. This
composite procedure was repeated between the girder and bridge deck. For
all types of CFRP reinforcement, different web reinforcement percentages
were used. comparing the test findings to the improved compression field
theory and the ACI building code.

1. The stress level generated by stirrups and the diagonal crack width
have an indirect effect on the web reinforcement ratio proportional
to the ratio.

2. The increased magnitude of CFRP's elastic modulus compared to
other FRP reinforcements had no direct effect on the strain
generated in the stirrups or the diagonal crack width.

3. Similar stiffness in the flexural behaviour of beams pre-stressed
with CFRP tendons and beams prestressed with steel strands after
flexural cracking and up to yielding of the steel.

4. Following cracking, the contribution of concrete Vci was gradually
reduced, and the theory of a modified compression field was used
to properly predict their overall response.

5. The predominant practical approach of draping CFRP tendons has

little impact on flexural capacity.
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Fig. (3). The beam's cross section during testing.

After comparing prestressed reinforced concrete beams using CFRP
bars to those of two equivalent beams prestressed with conventional steel
strands, it was determined that the CFRP beams were better. The bottom
line is:

At the zone of prestress transfer, the bonding qualities of CFRP bars are
equal to those of steel strands. Given that the failure was induced by crushing
the compression zone, the deflection of concrete RC beams prestressed with
CFRP was about equivalent to that of beams prestressed with steel. As the
failure of the concrete beam was determined by the rupture of the CFRP
bars, the deflection is far smaller than that of equivalent reinforced concrete
beams prestressed with conventional steel strands.

The frequency of fractures in beams partly prestressed with CFRP was
lower than that of beams partially prestressed with steel strands because the
flexural bond strength of the CFRP bars was inadequate. As a consequence,
at a certain stress level, the crack width and spacing are often greater. The
fracture width of a beam partly prestressed by CFRP or steel strands is the

same for a certain reinforcing strain level.
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with FRP tendons have a lower ductility index than girders with steel strands.
Nonetheless, more ductility may be achieved by using the appropriate design
parameters or by employing a range of improvement methods, such as fiber
reinforcing, confinement, or partial prestressing.

Amr etal.'s (1997) study of partial prestressing under low-jacking
loads recommended designing the components of concrete under partial
prestressing under CFRP reinforcement, resulting in a drop in cost and an
increase in deformability. The concrete beams were thus submitted to flexural
testing, and their partial prestressing by CFRP reinforcement was examined.
The experimental program involves the evaluation of eight beams using
CFRP bars plus two beams with ordinary steel strands. The most significant
elements of this experimental program were the level of prestressing, the
prestressing ratio, and the arrangement of CFRP bars inside the tension zone.

Two concrete beams with traditional steel reinforcement were tested
beside eight concrete beams reinforced with carbon fiber-reinforced
polymer (CFRP), commercially known as "led-line type" bars produced by
Mitsubishi Kasei, Japan. The beams had a length of 6.2 meters and a width of
330 millimeters. The ratio of span to depth is the same for each of the bridge
girders. The cross section of the investigated beams, as seen in Figure (3),
was a T-section with two distinct flange widths of 200 and 600 mm. The two
jacking stress levels used in the experiment were 50 and 70 percent of the FG
of the CFRP's ultimate guaranteed strength, as provided by the manufacturer.
To alter the segment's concrete stress distribution's prestressing level, two
and four bars were used. Additionally, different CFRP bar distributions inside
the tension zone were tested to determine their effects on the prestressed

concrete beams' tracking behavior.
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the rupture of the FRP, and there is no stress distribution in that section,
resulting in an abrupt and catastrophic collapse once the FRP ruptures. a
technique that iteratively determines the distribution of stresses inside a
compression concrete section. ACl 440.4R-04 and Grace et al. created an
estimate for spreading concrete stresses using Whitney's rectangular stress
block to avoid its complexity. This technique is seen as an overestimation of
the compressive concrete stress and the lever arm, which may lead to an

inadequately conservative design.

3 - LITERATURE REVIEW on DEVELOPMENT of USING CFRP
PRESTRESSED CONCRETE BEAMS

McKay et al., (1993) analyzed the viability of substituting noncorroding
aramid fiber-reinforced polymer (AFRP) tendons for steel strand in
pretensioned concrete applications. Experimentally, static and repetitive
loads were applied to three 150 mm, 300 mm, and 2100 mm long AFRP-
pretensioned beams. The results showed that repeated loading had no effect
on the beams' load capacities. The capacity of the AFRP rods to create bigger
tensile stresses than anticipated was largely responsible for the greater-
than-anticipated ultimate capacities.

In 1995, The ductility index was created by Naaman and colleagues.
The new concept is based on the relationship between ultimate energy
and elastic energy when a prestressed girder fails. It applied to girders with
both sensitive FRP and steel reinforcing. and it was reliable in providing a
consistent comparison base. Using the proposed criteria, the ductility index
of twenty-four prestressed concrete girders is experimentally evaluated by a

team comprised of the authors and researchers. As shown by the data, beams
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of flexural failure varies from the predicted mode, as shown by the results
of these tests. This led to the establishment of a transition zone, which
consisted of zones of broken concrete and shattered FRP. For structural
concrete members with traditional steel reinforcements, it was suggested
that the area where tension-controlled and compression-controlled sections
meet should be flexible enough and give enough warning before breaking.

After understanding that FRP-reinforced concrete components show
brittle failure in flexural behaviour, a novel definition of the transition zone
is provided. Therefore, there is a high degree of congruence between ACI
440.4R-04 and ACI 318-14 for defining the transition area of FRP-PC sections,
similar to those with an extreme tensile strain between 0.002 and 0.005
of the nominal strength in the longitudinal tensile reinforcement. For the
flexural behaviour of typical grade 60 (240 mPa) steel rebar or grade 270 steel
strands, these constraints were advised (1860 mPa). In the case of different
stress-strain relationships, the strain limits of the transition area must be
changed. As the flexural behaviour of FRP is linearly elastic to failure, the
strain restrictions of steel strands in PC members may not be applicable to
FRP-PC members. Numerous advantageous design techniques have recently
been modified to provide a better strategy for the flexural strength of FRP-PC
components.

Therefore, the state of the FRP-PC beam in the under-reinforced region
is drastically different from that of the steel-PC beam. The collapse of an
under reinforced section entails the yielding of the steel, followed by the
crushing of the concrete region as a consequence of the yielding of the
steel. Consequently, the flexural capacity may be calculated using Whitney's

rectangular stress block. The failure of an under-reinforced FRP-PC beam is
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2 - EFFECT of BRITTLE BEHAVIOR of FRP

When FRP is used as a prestressed tendon in reinforced concrete
beams, high durability is ensured. In reality, prestressed FRP beams are
used rarely due to their reduced ductility and inadequate crack dispersion
management. In addition, the key properties of FRP reinforcement are
fatigue strength, a lower modulus of elasticity than steel reinforcement, and
a linear connection between stress and strain. Currently, the most prevalent
varieties are recommended for use in PC architectures. There are a number
of alternative methods to improve the behavior of cracking and ductility by
supplying non-prestressed, cured steel bars that are resistant to corrosion
by using stainless, galvanized, or epoxy-coated steel. Field applications of
prestressed concrete structures with FRP tendons have seen significant
progress, and several studies have been conducted on PC beams with bonded
FRP tendons and non-prestressed steel bars.

These studies were primarily concerned with the influence of FRP's
brittleness and decreased elastic modulus on the flexural behaviour of beams.
Either concrete crushing (compression failure) or FRP rupture led to the
collapse of the beams in flexure (tension failure). Normal steel reinforcement
with tensile yielding prior to failure: compared to other beams of tension
failure, the bulk of these studies tend to believe that compression failure
is the preferable failure mechanism because it is less calamitous and more
progressive. (Grace et al., 2013). Furthermore, in many design methods,
deck slabs and conventional bridge girders suggest that stress failure is the
optimal application approach (Gar, et al., 2018; Forouzannia et al., 2016).

By comparing the normal and balanced reinforcement ratios, one may

theoretically determine the flexural failure mode. However, the actual mode
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Fig. (2). Failure mechanisms detected in test beams were: (a) shear-tendon rupture; (b)
shear tension; (c) shear compression; and (d) flexural tension.

As previously stated, carbon fiber reinforced polymer (CFRP), aramid
fiber reinforced polymer (AFRP), or glass fiber reinforced polymer (GFRP) may
be used to replace steel reinforcing rebar or strands in structural engineering
applications. or by reinforcing the inadequate girders with standard FRP
sheets or plates. CFRP tendons are better suited for prestressed concrete
structures than other types of FRP tendons due to their higher tensile
strength and stiffness. However, FRP bars typically exhibit a non-ductile
material with a linear stress-strain relationship and a tendency for brittle

failure under uniaxial tension Park et al., (1999).

E63



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(7)-2023

1 - INTRODUCTION

The possibility to substitute steel rebar or strands with Fiber Reinforced
Polymer (FRP) reinforcement in concrete constructions is becoming more
and more prevalent in studies and experiments. This is due to the substantial
properties of FRP reinforcement as compared to those of steel reinforcement,
including high tensile strength in addition to non-corrosive, non-magnetic,
and lightweight materials. FRP reinforcements are an appropriate alternative
to steel reinforcement in concrete structures for this reason. Despite various
drawbacks associated with its behavior, such as low flexibility, low transverse
strength, susceptibility to stress rupture, and a high price, the material is
widely used.

From a structural engineering perspective, the two most essential
properties to be considered are the low plastic behavior and the weak
shear strength, which lead to early failure when dowel action is provided in

concrete beams (PC) as depicted in Figure (1).

= W

Dowel shear

Shear disp acem{f’%

Fig. (1). Dowel action in concrete beam.

Consequently, this deformation weakens the residual tensile and shear
strength in that tendon by decreasing the concrete shear resistance and

ductility of PC components reinforced by FRP tendons, as seen in Figure (2).
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Abstract

Fiber-reinforced polymer (FRP) composites are the modern,
trustworthy alternatives to steel tendons and rebars. The bulk of current
research is devoted to establishing the feasibility of incorporating carbon
fibre-reinforced polymer (CFRP) into reinforced concrete girders by
evaluating the strength and reliability of CFRP and concrete components.
In order to improve fatigue and corrosion resistance, CFRPs are crucial.
Comparing reinforced prestressed concrete bridge girders strengthened
with conventional steel reinforcement to those reinforced with CFRPs offers
the possibility of greatly increasing service life. Also widely researched
and used in bridge engineering as a corrosion-resistant substitute for steel
reinforcement is CFRP composite material. The use of carbon fiber-reinforced
plastic (CFRP) reinforcement for prestressing concrete girders is a practical
solution to the deterioration of concrete structures caused by corrosion of
steel reinforcements. Serviceability demands may act as the determining
design factor for members that have been pre-stressed or strengthened
using fiber-reinforced polymers. Given that CFRP reinforcement has a low
elastic modulus and a modest strain at failure compared to fully prestressed
buildings, partial prestressing may be the optimum method for increasing
deformability and reducing the cost of concrete structures.

Keywords: Fiber-reinforced polymer (FRP), Fatigue and corrosion
resistance, Serviceability demands, prestressing concrete girders.
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Conclusion

1.

Fillers can be described as solid additives, added for improving the
considerable composite characteristics. The particulate materials
like the organic, metallic, and inorganic substances have been
utilized as filler materials to strengthen polymer composites.
Wear resistance can be considered one of the main concerns
concerning the composite resins. Generally, it has been proposed
for composite resins that have smaller particles wear less and the
componentsof thefiller specify the patterns of the wear particularly
in occlusal contact area.

The filler sizes and shapes have an impact on the wear particles
polymer composite performance as well.

Heat curing composites abrasion resistance is regulated as well by
the size of the filler and its content.

The composite resins wear resistance is improved as a result of the
existence of higher volume of the filler and functional silane
treated microfiller particles.

The increase in the content of the filler presents properties such as
the bulk curing with lower shrinkage of polymerization, decrease
in wear and packability to composite resin.

Filler content impact on the wear resistance could differ based on
the variety of the resin matrices.

Fillers size has an impact on composite wear rate as the nano-
fillers, in general, provide more sufficient wear characteristic

compared to the micro-fillers.
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Fillers such as silicon carbide (SiC), aluminum oxide (Al203), calcium
carbonate (CaCO3), and boron carbide (B4C), in the case of being added
to PVC, remarkably improved the neat PVC wear characteristics (Yang &
Hlavacek, 1999)-( Baptista & do Carmo Vaz, 1993).

Numerous PTFE composites were produced then tested for the wear
and friction analyses. Most often utilized fillers/fibers with the PTFE are
carbon, graphite, molybdenum disulfide (Mo0S2), glass. The fiber volume
percentage has a considerable impact on PTFE wear properties. An optimal
of 7% graphite+18% carbon, 5% MoS2 +20% glass fibers. Throughout the
PTFE composites wear testing (Khedkar, et al., 2002)-( Tomescu, et al., 2002).

Copper sulfides (CuS) and oxides (CuO), in the case of being added
into PEEK and PA polymers result in greatly reducing the wear. In addition
to that, the fillers like zinc sulfides (ZnS), zinc fluoride (ZnF2), silver sulfides
(AgS2), and lead sulfides (PBS) are the additives which are helpful to reduce
polymers wear rate like the PPS and PA (Yu, et al., 2000)-( Xing, et al., 2004)

It can be observed as well that fillers of TiO2 affect epoxy composite
wear rate as nano-fillers <100nm, in general, provide more sufficient wear
characteristic compared to the microfillers. Those fillers provide an additional
enhancement to wear property in the case of being utilized in combinations

with the fibers like the carbon and glass fibers (Zhang, et al., 2004).
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Majeed et al.,(2013), have carried out an experimental work for the
demonstration of the effects of the contents of the Nanocarbon black
particles types (N-220) on tribological and mechanical behaviors of the
unsaturated nano-composite of the polyester. Results have shown that this
tribological behavior has been improved in the case where the content of
the Nano carbon black particles has been raised to 2.0%wt. at approximately
26% (Majeed, et al., 2013).

Briscoe et al., (1974) have stated that high density polyethylene (HDPE)
wear rate has been decreased by adding inorganic fillers, like the Pb304 and
CuO. Tanaka (1986) has reached a conclusion that poly-tetrofluroethylene
(PTFE) wear rate has been decreased in the case where they were filled by
TiO2 and ZrO2. Bahadur et al. (Bahadur, et al., 1985)- (Bahadur, et al., 1992)
-(Bahadur, et al., 2000) have discovered that copper compounds like the CuS
and CuO have been highly effective to reduce PTFE, PEEK, HDPE, and Nylon
wear rates. Kishore et al. (2000) have researched the sliding velocity and load
impacts on GE composites friction and wear behavior, which is filled by the
particles of either oxide or rubber, and have stated that there has been an
increase in the wear loss by increasing the load/speed. The solid lubricants
like the MoS2 and graphite (Kishore, et al., 2005)-( Wang, et al., 2003) in the
case of being added to the polymers have proven their effectiveness in the
reduction of the composites coefficient of friction and wear rate.

The polyester composites which have been reinforced by fly ash-
filled glass fiber have been analyzed by Satapathy and Patnaik (2010) for
the evaluation of their erosion wear responses. The fly ash inclusion on the
polyester resin has shown enhanced erosive resistance, while the mechanical

characteristics have not been significant.
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researchers have proposed the modification of the polymers with the use of
various fillers.

Ibtihal A. Mahmood, et al.,(2013) Study The influence of 3 ceramic
Fillers, perlite, calcium carbonate, and granite on wear of carbon fabric
reinforced composites of the epoxy under the conditions of the dry sliding was
studied. It has been noticed that wear resistance increased by increasing the
volume fraction of the reinforcement material whereas, the rate of the wear
is increased with the increase in the time, sliding distance, and applied load.
Results have shown that the filler of granite perlite and CaCO3 as materials
of fillers in the composites of the carbon epoxy result in highly increasing the
composites wear resistance compared to the epoxy composite of the carbon
fiber fillers only and granite filled CE Composite have shown maximal wear
resistance (Mahmood, et al., 2013).

Orhan S. Abdullah et al., have demonstrated the effects of the ceramic
fillers and glass fiber contents on wear behavior of (15% fraction of the
volume) system of the glass-epoxy composite. The impact of 3 ceramic
fillers perlite, CaCO3, and granite on wear of glass fiber reinforced epoxy
composites have been researched in conditions of the dry sliding. The impact
of the variations in the applied load, volume fraction, sliding distance, and
time on polymer composites wear behavior has been researched through
the application of the pin —on-disc approach. Results have shown that filler
of granite, CaCO3, and perlite as materials of fillers in the epoxy composites
of the glass will result in increasing composites wear resistance by 74%,
72%, and 76% respectively and more than glass fiber fillers epoxy composite
only and granite filled GE Composite has shown a maximal wear resistance
(Abdalrazaq, et al., 2013).
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(Malucelli & Francesco, 2012) -(Tanimoto & Nemoto, 2004)-( Shimada, et al.,
2015)-( Munoz-Viveros., 1999).

Several factors influence in transfer film formation and its impact in
successive processes of the wear which is the film stability and thickness, the
adhesion forces between film and the sliding matching part, the cohesion
properties between the transport layers (Nunes, et al., 2008)-( Zhang, et al.,
2017). The chemical reaction and the presence of dumper and roughness of
the sliding interface surface. The polymer structure (elasticity, crystallization,
the presence of side chains or hanging sets...) and approved slip conditions
(normal load, speed, temperature, air pressure, ..) (Malucelli & Francesco,
2012) -(Tanimoto & Nemoto, 2004)-( Shimada, et al., 2015)-( Munoz-Viveros.,
1999)- (Nunes, et al., 2008)-( Zhang, et al., 2017).

Chemical wear: includes a chemical reaction (hydrolysis, degradation,
and oxidation that leads to separation of polymer chains with low molecular
weight) in the material itself or between sliding bodies or a substance with the

surrounding environment (Malucelli & Francesco, 2012) -( Zhang, et al., 2017).

Effect of Particles on Wear Behavior of Polymer Composites
The Polymers exhibit a variety of the tribological characteristics
in comparison with the ceramics or the metals. Such difference takes
place as a result of viscoelastic properties and polymers low free surface
energy. Introducing fillers and fibers improves the polymer composites
strength and stiffness (Rakesh, etal., 2019). The polymer composites
tribological characteristic differs with the different polymers (i.e. thermoset
or thermoplastic), fillers and fibers that are utilized. For the purpose of

obtaining the optimal characteristics of the wear and the friction, numerous
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2004)-( Shimada, et al., 2015).

Fatigue wear: occurs as a result of any alternating stress on contacts, and
leads to fracture over irreversible change accumulations that determines crack
generation, growth and spread. In most cases, this type of the wear occurs
(Malucelli & Francesco, 2012) -(Tanimoto & Nemoto, 2004)-( Shimada, et al.,
2015).

Delamination wear: occurs as a result of shearing deformation of a
smoother surface, through the movement of a stiffer surface, which leads
to enhanced cohesion and nucleation of subsurface cracks. As a result,
parts of the surface are detached in the form of larger fragments (Malucelli
& Francesco, 2012) -(Tanimoto & Nemoto, 2004)-( Shimada, et al., 2015)-(
Munoz-Viveros., 1999).

Fretting wear: This type of wear occurs if there is a small oscillating
relative movement between two contact surfaces. Either the produced wear
parts escape from the surfaces, and thus lead to a decrease in the fitting
pressure of the two surfaces and a loss of fit between the surfaces that could
result in greater vibrational impacts, or wear parts produced stay in sliding
surfaces, so that the pressure raises and results in the damage (Malucelli &

Francesco, 2012) -(Tanimoto & Nemoto, 2004).

Interfacial wear damage

Transfer wear: includes the transfer film formation (according to the
surface temperature this layer is either liquid or solid) in sliding contact
forms of polymer-polymer, polymer-ceramic, polymer-metal. It is usually
noted that this film always drives from polymer to metal or ceramic, in the

case of polymer-polymer slip contact the direction of transfer is not clear
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groups of a nano size, and thus become building blocks or grains that make
up the material. To be considered any nanomaterial, it must possess at least
one dimension in the range of 1-100 nm (Azem, et al., 2021)-( Subramani,
et al., 2017). Nano materials can be divided based on (at least one dimension
in the nano-scale meters) to; nano-clays (one-dimensional nano-scale);
nano-fibers (two-dimensional nano-scale); nanoparticles (three-dimensional
nano-scale). These nanoparticles are added to the polymer materials to
produce composite materials with extraordinary properties ( Subramani,
et al., 2017).

Types of wear in the polymer compound

Coherent wear damage

Abrasion wear: In polymer composite, this is the most widely known
wear type that is encountered. Abrasion wear is classified as, 2- and 3-body
abrasion wears (Malucelli & Francesco, 2012). The first type (two-body
wear abrasion) occurs in the presence of a stiff material that plows weaker
material and leads to form a plastic deformation or a breakdown of the
weaker material (Malucelli & Francesco, 2012)-(Tanimoto & Nemoto, 2004).
In another hand the three-body abrasion wear, it takes place when the wear
debris or solid abrasive particles between the sliding bodies: such particles
or debris are derived from environmental pollutants or may be formed as a
result of scraping with two bodies (Tanimoto & Nemoto, 2004)-( Shimada,
et al., 2015). In general, factors on which abrasion wear is reliable, such
as applied load, contact material stiffness, abrasive particle geometry and

addition to slip distance (Malucelli & Francesco, 2012) -(Tanimoto & Nemoto,
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Types of polymer particles reinforcement

Particulate-reinforcement

This class of composite polymeric material is the most widely used
because it is cheap and widely available. This type of admirer reinforcement
is divided into two main types: particulate- reinforced and dispersion-
strengthened composite. Depending on the reinforcement mechanism,
a distinction can be made between these two categories (Azem, etal.,
2021)-(Taruma, et al., 2012).

In composite that promote dispersion, here the reinforcement occurs
at the atomic- molecular level and the particles are relatively small, the
size ranges from 0.01 to 0.1 um (Lim, et al., 2002). That is, the stiffening
mechanism is very similar to that of precipitation hardening in metals alloys
materials since the major part of the matrix carries the applied load, while
function of dispersion particles is for impeding the dislocations movement
and the spread of cracks (Arghavanian, et al., 2014).

Another class of supported compounds is Particulate composites.
These materials contain large amounts of relatively coarse particles large than
0.1 um. these composites are designed to produce unusual combinations of
properties in addition to improving strength resistance as the major part of
the applied load carries the participation of the matrix and particles (Lim,

et al., 2002)- (Arghavanian, et al., 2014).

Nano-materials
Wide class of materials, with precision formulations modified on scales

less than 100 nanometers. Where the atoms of the materials are arranged in
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For any mechanical process to take place in real life, friction forces
must first be overcome, and this requires energy exchange, and this spent
energy is wasted in another energy form and may be recovered. These lost
energies may be in the intangible forms (such as sound, light, heat, etc.) or
concrete (the concrete lost energy form is always related to matter). The
ideal practical example of losing energy in shape is the wear. Due to the
friction resulting from the relative movement of two surfaces, wear damage
arises Ashby & Jones,2012)-( Giessen, 2001)-( Bazhenov, et al., 1994).

The composites of the Polymers are influenced by friction damage as a
result of the extended uses in the applications. In this case, polymer material
must have better properties. For example, in many applications of polymer
composite, mechanical behavior and friction properties are among the main
requirements (Mathews & Rawlings, 1999).

In engineering and while designing a machine component disposed to
slip, wear is a highly significant aspect for being taken under consideration.
Nowadays in various engineering designs and due to its potential use more
attention has been focused on the polymer composites friction behavior
(Ashby & Jones, 2012)- (Bazhenov, et al., 2022)-( Giessen, 2001)-( Bazhenoy,
et al., 1994)-( Patnaik, et al., 2010). In order to ensure the reliability of the
materials, polymeric composite and to know their tolerance to the influence
of friction, they are subjected to various severe tests ( Bazhenov, etal.,
1994)-( Patnaik, et al., 2010)-( Lee, et al., 2002).

In the present review, a large-scale research has been conducted on
the effect of wear on the composites of polymers. The effect of filler on the

polymer composites wear behavior has been thoroughly explained.
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Introduction

In various engineering applications traditional materials are replaced by
composite materials due to the reasonable cost, their good mechanical resistance and
corrosion resistance. It is used in applications of cars, space structures, sports groups,
marine equipment, etc. Filled composite materials consist of the continuous matrix
and the filling particles (Bazhenov, 2011)-( Mathews & Rawlings, 1999). Composite
materials underwent a three-stage development. It started in the late fifties of the
last century, were associated with the development of 80% of solid powder particles
bound by a flexible rubber matrix. In the seventies of the last century, with the
development of complex materials containing polymers filled with rigid inorganic
particles. In the late eighties of the last century with the emergence of a type of
nanocomposites to which some of the typical principles of compounds filled with
microscopic particles could be applied.

The primary purpose of introducing inorganic solid particles into
polymers is to mainly increase the elastic modulus of the material or to
improve electrical conductivity, thermal resistance and magnetic properties,
to reduce flammability and corrosion friction ......etc. The significant reduction
in fracture strain is due to the main defect which is the fragility of the filled
compounds compared to the unfilled polymers ( Mathews & Rawlings,
1999)- (Ashby & Jones,2012)- (Bazhenov, et al., 2022)-( Giessen, 2001).

The relative movement between two surfaces leads to the gradual
loss of materials from a solid surface and this process is known as wear.
The effects of wear are widely studied for the effective use of components
(Bazhenov , et al., 2022)-( Giessen, 2001). The wear properties of polymer
composite can be changed to a greater degree by modifying the process of

preparing the filled composite materials ( Giessen, 2001).
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Abstract

In several engineering applications traditional materials are replaced
by composite materials. Filled composite materials consist of the continuous
matrix and the filling particles. The primary purpose of introducing inorganic
solid particles into polymers is to essentially increase mechanical and physical
properties. The wear properties of polymer composite can be changed to a
greater degree by modifying the process of preparing the filled composite
materials. In the present review, a large-scale research has been conducted
on the effect of wear on the composites of polymers. The effect of filler on
the polymer composites wear behavior has been thoroughly explained.

Keywords: Composites, Polymer, Reinforce, Particles, Wear

Properties, Nano-Particles, Micro-Particles.
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5 - Conclusion

In this work, the prediction of cyber security attacks using feature
selectiontechniquesand MLtechniquesachieved. The dataset contained multi
class label with five type of cyber and security attack were (Benign, adware,
SMSmalware, Ransomware, and Scareware) with different percentage. So,
the dataset was imbalance. In this work, more than one steps applied for
processing the dataset such as (processing NaN value, duplicated rows,
normalizing values). The Chi-square feature selection technique has been
applied for determining the important attributes that affect the evaluation
of the prediction for cyber security attacks. In addition, RF technique applied
for classifying the features vector in hence predicting the attacks depending
on these features. The usage of feature selection had positive role on the
accuracy of the classification. Also, the number of features had important
role on the accuracy, when the number of features were forty and sixty
features got good accuracy compared with other number of features and
when using all features. Also, the balancing of data had good results in the

classification.
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of features effect on the accuracy. So, the feature selection or extraction had
positive effect on the accuracy of the model in the imbalanced dataset and
balanced dataset. As shown in Table (5), increasing the accuracy when using
balanced dataset. Also, the best accuracy when number of features was 20
features. However, because the difference between the numbers of class
labels, the classification report presented in Tables (6) and (7) these two
Tables show the values of the performance measures, which explain the bias
of the accuracy for the imbalanced and balanced dataset. Finally Table (8)

shows the comparison between the previous works and the proposed work.

Table (8) The comparison between the previous studies and proposed work

Use dimension
Reference year . Classification techniques The Results
reduction
Lekssays, etal. | 2020 CNN 84.9% AC
Arslan 2021 ensemble ML model AC of 90.4%. PRE, recall and
PRE values were also %90.4.
Elayan,|2021 GRU AC 98.2%.
Mustafa
Zhixing , 12021 ensemble learning | AC 96.7%.
etal, method based on
Stacking.
Xue, et al 2021 ensemble learning | AC 96.7%
approach  based on
stacking
Niu 2022 K-means, SYM and MLP | AC K-means 86.75%, MLP
99.87%
T h e | 2023 SMOTE +Chi2 feature | RF without SMOTE for (all,20,
proposed selection +RF classifier 40,60) feature respectively
model (89.93, 92.16, 93.05, 93.30)
RF + SMOTE for (all,20,
40,60) feature respectively
(92.06, 91.36, 91.61, 92.22)
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Method Precision recall F1-score support Class label
0.94 0.92 0.93 66903 Class label (0)
60_Features 0.90 0.93 0.92 66883 Class label (1)
0.95 0.92 0.93 66775 Class label (2)
0.89 0.94 0.91 67103 Class label (3)
0.94 0.91 0.92 67166 Class label (4)
0.92 334830 Accuracy

As shown in Tables (6) and (7), the performance measures (Precision,
recall, Fl-score,and support) had been presented for showing the values of
these measures for the all class labels which shows more accurate results
especially when the dataset is imbalanced.

Also from Figures (2) and (3), it is clear that the number of the class
labels were five. So, the proposed model was multi classification while the
percentages of the class label were not equal, this cause to bias accuracy for
the class label which has the high percentage in the dataset. So, the SMOTE
technique had been applied for balancing the dataset. The total number of
features in original dataset were 83 features, this number of features are
very high. So, the dataset was processed by removing first seven columns,
removing the duplicated instances, processing the null values by replacing it
with STD value, and normalizing the values. The result of the preprocessing
stage, the number of features became 77 features but also the number of
features were high which is effect on the classification of the model. So,
the Chi-square technique had been applied in the feature selection stage.
As shown in Table (4), the accuracy of the model using RF algorithm for all
features was 89.93%, while the accuracy of the model for selected number
of features was more than the accuracy for all features. The best accuracy

when the number of features was (40, 60) features, this means the number
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Method Precision recall F1-score support Class label
0.89 0.99 0.94 66992 Class label (0)
40_Features 0.98 0.86 0.91 13469 Class label (1)
0.98 0.89 0.92 23768 Class label (2)
0.97 0.87 0.92 19235 Class label (3)
0.98 0.88 0.93 22468 Class label (4)
0.93 145932 Accuracy
0.89 0.99 0.94 66992 Class label (0)
60_Features 0.99 0.85 0.92 13469 Class label (1)
0.98 0.90 0.94 23768 Class label (2)
0.97 0.88 0.92 19235 Class label (3)
0.98 0.88 0.93 22468 Class label (4)
0.93 145932 Accuracy

Table (7) The classification report for balanced dataset

Method Precision recall F1-score support Class label
0.92 0.92 0.92 66903 Class label (0)
0.94 0.92 0.93 66883 Class label (1)
All Features 0.93 0.93 0.93 66775 Class label (2)
0.89 0.95 0.92 67103 Class label (3)
0.95 0.91 0.93 67166 Class label (4)
0.93 334830 Accuracy
0.91 0.91 0.91 66903 Class label (0)
0.92 0.91 0.91 66883 Class label (1)
20 Features 0.94 0.91 0.92 66775 Class label (2)
B 0.88 0.94 0.91 67103 Class label (3)
0.93 0.90 0.91 67166 Class label (4)
0.91 334830 Accuracy
0.92 0.91 0.92 66903 Class label (0)
40_Features 0.90 0.92 0.91 66883 Class label (1)
0.95 0.91 0.93 66775 Class label (2)
0.89 0.94 0.91 67103 Class label (3)
0.93 0.90 0.92 67166 Class label (4)
0.92 334830 Accuracy
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of features effect on the accuracy of the model. Table (5) presents the accuracy of
classification for balance dataset using RF algorithm for four cases (when classify
all features, the best 20 features, the best 40 features, the best 60 features) which

were selected depending on Chi-square selection method as mentioned above.

Table(5) The accuracy of the proposed work for balanced dataset

. Chi-square Chi-square Chi-square
Classifier All features
(20_features) (40_features) (60_features)
RF 92.06 91.36 91.61 92.22

As shown in Table (5), The results showed that the accuracy was
approximate when using features selection technique. And the best accuracy
when the number of features is 60 features. By comparing between Tables
(4) and (5), the accuracy of the model for balanced dataset and imbalanced
dataset was approximate but in the balanced dataset has no bias in the
results as all. The classification report presents in Tables (6) and (7) including
(precision, recall, Fl1-score, and support) of performance measures for

imbalanced and balanced dataset respectively.

Table (6) The classification report for imbalanced dataset

Method Precision recall F1-score support Class label
0.83 1.00 0.91 66992 Class label (0)
0.99 0.79 0.88 13469 Class label (1)
All Features 0.98 0.84 0.90 23768 Class label (2)
0.97 0.81 0.88 19235 Class label (3)
0.98 0.82 0.89 22468 Class label (4)
0.90 145932 Accuracy
0.87 1.00 0.93 66992 Class label (0)
0.99 0.83 0.90 13469 Class label (1)
20_Features 0.98 0.88 0.93 23768 Class label (2)
0.97 0.85 0.91 19235 Class label (3)
0.98 0.86 0.92 22468 Class label (4)
0.92 145932 Accuracy
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features that were selected using Chi-square method. Secondly, when balanced
dataset for a total number of features and the best (20, 40, 60) features that were
selected using Chi-square method. The dataset was split into 70% of the dataset
for training and 30% of the dataset for testing, for classifying the malware under
android environment. The following equations used for computing the accurate

measurements of the proposed work (Kumar, 2014).

Number of correct predictions TP +TN
A ccuracy= - =
Total number of predictions TP +FN +TN +FP (4)
.. TP
precision =
P AEP oottt et (5)
recall = i
PHEN e ee et (6)

Fleo* precision * recall
precision * recall (7)

Where TP= true positive, FN= false negative, FP= false positive,

TN= true negative.

Table (4) presents the classification accuracy for imbalance dataset
using RF algorithm for four cases (when classify all features, the best 20
features, the best 40 features, the best 60 features) which were selected

depending on Chi-square selection method as mentioned above.

Table (4) The accuracy of the proposed work for imbalanced data

. Chi-square Chi-square Chi-square
Classifier All features
(20_features) (40_features) (60_features)
RF 89.93 92.16 93.05 93.30

As shown in Table (4), the results showed there are improvements in
accuracy when using features selection technique. And the best accuracy when

the number of features is 40 features and 60 features. This is means, the number
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Figure (6) Sorted features according to Chi-square method

As shown in Figure (6), the feature named (“ACKFlagCount”) has the
maximum value compared with the other features, while there are more
than one features have zero value.

Finally, the classification stage carried out using RF algorithm for classifying
the features vector. The RF classifier had been applied in two stages: Firstly,

when imbalanced dataset for a total number of features and the best (20, 40, 60)
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Feature Feature | Feature Feature
Feature Name Feature Name

No. Value No. Value
20 FwdIATMean 389.04 |60 BwdAvgPackets_Bulk 0.00
21 FwdIATStd 119.17 61 BwdAvgBulkRate 0.00
23 FwdlATMax 23431 62 SubflowFwdPackets 3.18
24 FwdIATMin 414.07 |63 SubflowFwdBytes 1.14
25 BwdIATTotal 385.13 |64 SubflowBwdPackets 5.24
26 BwdIATMean 39.33 65 SubflowBwdBytes 6.31
27 BwdIATStd 102.14 |66 Init_Win_bytes_forward | 291.39
28 BwdIATMax 219.34 |67 Init_Win_bytes_backward | 67.62
29 BwdIATMin 20.48 68 act_data_pkt_fwd 1.57
30 FwdPSHFlags 1.64 69 min_seg_size_forward 5.01
31 BwdPSHFlags 9.92 70 ActiveMean 16.47
32 FwdURGFlags 9.92 71 ActiveStd 17.8
33 BwdURGFlags 9.92 72 ActiveMax 27.81
34 FwdHeaderLength 6.25 73 ActiveMin 8.73
35 BwdHeaderLength 6.99 74 IdleMean 236.35
36 FwdPackets_s 461 75 IdleStd 48.37
37 BwdPackets_s 1.85 76 IdleMax 253.50
38 MinPacketLength 1.90 77 IdleMin 227.65
39 MaxPacketLength 2.14

As shown in Table (2), the values are various between features, these
values effect on the result of the model. So, the highest value means has
maximum effect on the result of the model, and the lowest value means has
minimum effect on the results of the model. Figure (6) shows the histogram

of values for features using Chi-square method.
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features that have an impact on how well the malware attack is classified
within the context of the Android ecosystem. Table (2) presents the value of

each feature using the Chi-square method.

Table (2) The values for each feature by using Chi-square method

Feature Feature | Feature Feature
Feature Name Feature Name

No. Value No. Value
0 FlowDuration 3329 40 PacketLengthMean 4.45
1 TotalFwdPackets 2.80 41 PacketLengthStd 120.8
2 TotalBackwardPackets 5.2 42 PacketLengthVariance 123.99
3 TotalLengthofFwdPackets 1.13 43 FINFlagCount 159.91
4 TotalLengthofBwdPackets | 6.31 44 SYNFlagCount 394.59
5 FwdPacketLengthMax 216.7 45 RSTFlagCount 0.000
6 FwdPacketLengthMin 40.19 46 PSHFlagCount 281.61
7 FwdPacketLengthMean 58.96 47 ACKFlagCount 654.87
8 FwdPacketLengthStd 150.5 48 URGFlagCount 1826.43
9 BwdPacketLengthMax 181.8 49 CWEFlagCount 0.00
10 BwdPacketLengthMin 69.8 50 ECEFlagCount 0.00
11 BwdPacketLengthMean 116.7 51 Down_UpRatio 64.21
12 BwdPacketLengthStd 0.64 52 AveragePacketSize 83.8
13 FlowBytes_s 2.31 53 AvgFwdSegmentSize 59.016
14 FlowPackets_s 0.009 54 AvgBwdSegmentSize 116.77
15 FlowlATMean 432.1 55 FwdHeaderlLength_1 6.29
16 FlowlATStd 116.8 56 FwdAvgBytes_Bulk 0.00
17 FlowlATMax 296.53 57 FwdAvgPackets_Bulk 0.00
18 FlowlATMin 495.25 |58 FwdAvgBulkRate 0.00
19 FwdIATTotal 263.55 |59 BwdAvgBytes_Bulk 0.00
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3 - 3 -1 Random Forest (RF) Algorithm
RF is a group of decision trees that differs slightly from one another.
The theory states that different overfitting develops on various parts of the
data when numerous decision trees are applied, each slightly different from
the others. By averaging their results, the overfitting can be reduced. As a
result, we may take advantage of decision trees' predictive abilities and the
results of their over-fitting average (Biau , 2012)..
The Random Forest method gets its name from infusing randomization
to the trees, which ensures that each one is different. The following is a
description of the algorithm:
- Several decision trees are constructed using 70% of the total
dataset, but the data used are randomly selected
- From among the predicted variables, a random variable is chosen.
The algorithm then chooses the split that best matches these
chosen variables and uses that split to divide the nodes.
- The prediction error or wrong classification rate is calculated using
the remaining data.
- The algorithm selects the best result as the final result after
comparing the classification outcomes and votes from the training

trees (Chumachenko, 2017).

4 - Results and Discussion

Programming language Python (V.3.5) and framework Jet Brains
Pycharm (V.2018.2) used to complete the proposed work. The intended
effort had three primary stages, as was already described. The data

preparation comes first. Second, the Chi-square approach is used to choose
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when the features are independent, and second, the "alternate" hypothesis
when the features are dependent. By calculating the "degree of freedom"
and the "expected value" using equations (2) and (3), one can determine the
relationship between the attributes. Accept or reject the "Null" hypotheses
as a result. Figure (2) depicts the Chi-square method's phases. A relationship
between features or a relationship between a feature and the class label is

indicated by a high Chi-square value.

Where ¢ is the degree of freedom calculated using Eqg. (3), O is the
observed value, and E is the expected value.

Where Df the degree of freedom, N is the size of a sample.

Define the Contingency table Compute the expected
hypothesis value
Accept the Null hypothesis J/

Compute the Chi-
square value

Reject the Null hypothesis

Figure (5) The steps of Chi-square method

3 - 3 The Classification Stage
In this stage, the features vector that was constructed in the previous

stage and prepare for classification the android malware using RF algorithm.
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3 - 2 The Features Selection Stage (FS)

The number of features affects the classification stage and hence on the
accuracy of the model, because some features may reasonin poor performance,
more complexity, and overfitting for the model. Feature Selection is also
known as variable elimination assists in decreasing computation requirement,
understanding data, improving the predictor performance, and decreasing the
effecting of the curse of dimensionality. Generally, the variables considered
as noise, which causes bias in the predictor and reduces the classification
performance if there is no correlation between the variables and class label.
Three kinds of approaches for feature selection are the filter approach,
wrapper approach, and embedded approach. Firstly, The filter approach relies
on the general characteristics of data and evaluates features without involving
any learning algorithm, is based on statistical measures such as Information
gain, chi-square test, and Pearson’s correlation Secondly, the wrapper method
requires a learning algorithm and uses its accomplishment as an evaluation
criterion to choose features. Recursive Feature Elimination (RFE) is one
technique of the wrapper methods. Lastly, the embedded model, which selects
the feature during the execution of a model algorithm. The common methods
in the embedded model are Classification and Regression Tree (CART), and the
C4.5 algorithm (Ali, 2022).

In this work, Chi- square filter method used to select most relevant

features among (77) features resulted from preprocessing stage.

Chi-Square Method
The Chi-square often makes use of statistical techniques. It is

dependent on two different types of hypotheses: first, the "Null" hypothesis
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Where N is the size of the population, X, is each value from the
population, and p is the population mean. While the number of nan
value in all dataset is (172), these values replaced with STD value.
- Dropping the duplicated row. then, the number of instances after
dropping is 486440.
- Normalizing the value of the dataset by computing the Min-max scaling.
After the preprocessing steps, the number of features is 77
features, with no duplicated rows, no NAN or infinity values. The
features selection stage has been applied for extracting the
important features and the suitable number of features which is
effect on the accuracy of the model.
Also, the proposed model had been applied after balancing dataset
using SMOTE technique. The number of class label was 1151795. Figure (4)
shows the dataset after balancing using SMOTE technique. The proposed

model applied for imbalanced and balanced dataset

200000

150000

count

100000

50000

o] 1 2 3 4

Figure (4) Class label count after balancing the dataset
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Label

4

Figure (3) Each class percentage in the dataset datasett datase database database
model Dataset

As shown in Figures (2) and (3), the dataset is unbalance. The engine
class has the maximum percentage, while the less percentage was SMS
malware class. So, the Synthetic Minority Oversampling Technique (SMOTE)
technique has been applied for equaling the class label with same percentage.
The following steps had been applied for processing the dataset: -

- Converting the features into numerical system.

- Dropping the following columns (FlowlID, SourcelP, SourcePort,
DestinationIP, Destination Port, Protocol, Timestamp) because
these features have information about the networks, which the
type of these features are string and don’t affect on the model. So,
the number of the features becomes 77 features.

- Replace the nan value with Standard deviation (STD) using the

following equation:
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Feature No. | Feature Name Feature No. | Feature Name
23 FlowlATStd 65 BwdAvgBytes-Bulk
24 FlowlATMax 66 BwdAvgPackets-Bulk
25 FlowlATMin 67 BwdAvgBulk Rate
26 FwdlATTotal 68 SubflowFwd Packets
27 FwdIATMean 69 SubflowFwd Bytes
28 FwdIATStd 70 SubflowBwd Packets
29 FwdIATMax 71 SubflowBwd Bytes
30 FwdIATMin 72 Init-Win-bytes-forward
31 BwdIATTotal 73 Init-Win-bytes-backward
32 BwdIATMean 74 Act-data-pkt-fwd
33 BwdIATStd 75 Min-seg-size-forward
34 BwdIATMax 76 Active Mean
35 BwdIATMin 77 Active Std
36 FwdPSHFlags 78 Active Max
37 BwdPSHFlags 79 Active Min
38 FwdURGFlags 80 Idle Mean
39 BwdURGFlags 81 Idle Std
40 FwdHeaderLength 82 Idle Max
41 BwdHeaderLength 83 Idle Min

200000 -

150000 -

‘g‘
100000 -
50000
o BENIGN adware ransomware  scareware SMSmalware
Label

Figure (2) The count of each multi class label for the dataset
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this dataset features. The dataset is imbalance which contains multi class
label are: (Benign, adware, SMSmalware, ransomware, and scareware)
with different count are :(230360, 81050, 45314, 66679, 76596), while the
percentage are (46.07%, 16.21%, 9.06%, 13.34%, 15.32%) respectively.
Figure(2) shows the counts of the class labels in the dataset. While Figure

(3) shows the percentage of the class labels in the dataset.

Table (1) Dataset feature names

Feature No. | Feature Name Feature No. | Feature Name

0 FlowID 42 FwdPackets-s

1 SourcelP 43 BwdPackets-s

2 SourcePort 44 MinPacket Length

3 DestinationIP 45 MaxPacket Length

4 DestinationPort 46 PacketLength Mean
5 Protocol 47 PacketLength Std

6 Timestamp 48 PacketLength Variance
7 FlowDuration 49 FINFlag Count

8 TotalFwdPackets 50 SYNFlag Count

9 TotalBackwardPackets 51 RSTFlag Count

10 TotalLengthofFwdPackets 52 PSHFlag Count

11 TotalLengthofBwdPackets 53 ACKFlag Count

12 FwdPacketLengthMax 54 URGFlag Count

13 FwdPacketLengthMin 55 CWEFlag Count

14 FwdPacketLengthMean 56 ECEFlag Count

15 FwdPacketLengthStd 57 Down-Up Ratio

16 BwdPacketLengthMax 58 Average Packet Size
17 BwdPacketLengthMin 59 AvgFwd Segment Size
18 BwdPacketLengthMean 60 AvgBwd Segment Size
19 BwdPacketLengthStd 61 FwdHeader Length_1
20 FlowBytes_s 62 FwdAvg Bytes-Bulk
21 FlowPackets_s 63 FwdAvgPackets-Bulk
22 FlowlATMean 64 FwdAvgBulk Rate
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Figure (1) The proposed model

3 - 1 The Preprocessing Stage
This stage contains more than one step for preparing the dataset for

extracting features and for classification as follow:
- Data collection:- the dataset used was ClCandMal2017,available on:
https://www.unb.ca/cic/datasets/andmal2017.html. this dataset
specialized for android attacks. In the proposed model 500.000 sample

selected from this dataset with 84 features. Table(1) presents the name of

\ E24 /



The Detection of Android Malwares Using the Features Selection Technique '

accuracy increased by up to 96.7% through removing third-party traffic
and using appropriate traffic attributes. Although this method successfully
detects Android malware, it is constrained by the samples in the dataset and
is not able to effectively detect novel malware types.

(Niu, 2022). The present study applies a sensitivity coefficient-based
approach for feature selection in order to identify traffic features. The
detection and recognition of malicious application traffic is carried out using
k-means, support vector machine (SVM), and multi-layer perceptron (MLP)
methods. The experiments are conducted on the CIC-AndMal2017 dataset.
The study found that the MLP approach demonstrated high efficiency in
detecting and recognizing malicious application traffic with an accuracy of
99.87% when 40 features were selected. In contrast, the K-means algorithm

exhibited poor performance with an accuracy of 86.75%.

3 - The Proposed Model

The proposed work contains three main phases: (preprocessing,
features selection, and classification phases). Each stage contains more than
one step for achieving the goal of that phase. The dataset is multiclass label
which has five classes that represent the five types of android attacks are:
(Benign, adware, SMS malware, Ransomware, and Scareware),(0,1,2,3,4)
respectively , also the dataset is imbalance. So, the proposed model applied
when the dataset is imbalance and after balancing it using SOMTE technique

Figure (1) presents the structure of a proposed model.
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action. The approach is trained and evaluated using the CICAndMal2017
dataset. Based on the results of experiments, the deep learning algorithm
outperforms alternative approaches with a precision rate of 98.2%.

In their study, (Zhixing , et al.,2021) The model receives the encrypted
traffic produced by the malware as its input. by using clustering, the model
eliminates unnecessary third-party traffic and preserves the integrity of the
first-party traffic. The proposed approach involves the extraction of traffic
features for the purpose of constructing a host-level traffic fingerprint,
followed by the classification of malware using a stacking-based ensemble
learning technique. The classification model was constructed utilizing the
CICAndMal2017 dataset, which is accessible to the general public. The
dataset effectively categorizes malware into different types. The SVM and
Random Forest models are utilized in the controlled experiments. Results
indicate that this model is significantly more occur in the classification of
malware compared to SVM and Random Forest models. Specifically, the
model achieved an accuracy rate of 96.7% under optimal conditions.

(Xue , et al.,2021) developed a model for detecting and categorizing
Android malware using features such as encrypted traffic and the ensemble
learning approach based on stacking. To obtain pure first-party traffic, the
model first eliminated the third-party traffic from the traffic by clustering.
86 flow-level features were then obtained by feature engineering, and
73 statistical features that were most appropriate for classification were
chosen through comparison tests. Following that, host-level traffic feature
fingerprints were created by statistically combining the flow-level feature
vectors. Finally, the ensemble learning method based on stacking was used

to classify malware. The results of the experiment show that the classification
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2 - Related Works

(Lekssays , et al.,2020) employed Convolutional Neural Networks
(CNN) in a novel manner for the analysis of Android mobile applications. The
research presents an approach for detecting malware through the utilization
of malware visualization as a staticanalysis technique. Initially, the APK-format
Android applications are transformed into gray scale images. ML model was
developed to identify malicious and benign Android applications through
pattern recognition, based on the fact that malware belonging to the same
family has similar patterns. The present study employed a combination of
self-generated datasets, consisting of scanned APK files obtained from freely
available sources on the internet through public APIs, and a research dataset
provided by the University of New Brunswick in Canada. The recommended
approach yielded an accuracy rate of 84.9% in detecting mobile malware.

The model in this study, (Arslan, 2021) the proposed ensemble ML
model aims to detect the type of malware, including ransomware, adware,
scareware, or SMS malware. The model trained and evaluated using the CIC-
AndMal-2017 dataset. The accuracy of malware type detection was 90.4% in
the tests conducted on 486 malicious samples. The precision, recall, and F1-
score metrics were observed to be 90.4%. Research has shown that the use
of ensemble models can produce better results compared to conventional
classification algorithms when detecting android malware types.

(Elayan, , Mustafa, 2021) The author has presented a new methodology
for identifying malicious software within Android applications, applying a
specific form of recurrent neural network referred to as a gated recurrent unit
(GRU). The extraction of static features such as permissions and Application

Programming Interface (API) calls from Android applications is a common
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efficiency of Android malware detection can be enhanced through the use of
feature selection, which involves the elimination of redundant and irrelevant
features. According to the relationship between feature selection and
classifiers, feature selection includes filter, wrapper, and embedded model,
making it one of the most often used techniques. The filter is utilized widely
and flexibly because it is totally independent of classifiers. Fisher, Correlation
Coefficient, Info Gain, Chi-square Test, and Mutual Information are typical
feature selection techniques (Xie, et al., 2023).

The problem of data imbalance is one of the issues that classifier
algorithms frequently face. The suggested methods for data-level
enhancement include oversampling the minority class to balance the amount
of data in different classes, Commonly employed is the Synthetic Minority
Oversampling Technique (SMOTE) (Dehkordy and Rasoolzadegan , 2021).

The main contribution of this paper is

- Construct an android malware detection system using feature

selection technique, and RF algorithm and use Synthetic Minority
Oversampling (SOMTE) technique for balancing the dataset and
comparing the results when using imbalance and balance dataset.

The remain of this paper was organized as follows: the related work was
presented in section two. Section three showed the details of the proposed
model. Section four illustrated the results and discussion of the proposed
model, while the conclusion for the suggested method was presented in

section five.
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ML is the study of computer programs that can learn from their
own prior experience to enhance performance on a task. The two types of
ML algorithms are supervised and unsupervised learning. Determining a
function from labelled data is referred to as supervised learning, and it is used
to perform regression on continuous and real-valued answers or to classify
data for responses with few known values. Unsupervised learning involves the
exploration of the data to discover certain intrinsic structures in it, such as
grouping data to find similarity group called clusters (Muttoo , et al., 2017).

One of the most common methods for detecting these attacks is ML,
which proposed in studies as a variety of methodologies. This is so that a
classifier can be created using ML techniques using a (restricted) collection
of training examples. Thus, while creating malware detectors, the use of
examples eliminates the requirement to explicitly describe signatures.
Defining signatures includes expertise and time-consuming human effort,
and for some attack scenarios there are no stated rules (signatures), but
examples can be easily obtained. (Senanayak, et al., 2021).

Pre-processing is a crucial step in converting raw data into a format
that is easily understandable and usable. The majority of raw data shows
incompleteness, inconsistency, and noise. Furthermore, a significant
proportion of them exhibit numerous errors and problems in certain
aspects of their behavior. Therefore, the technique of data pre-processing
is implemented to address this issue by executing certain procedures that
facilitate the transition of processed data to the subsequent stage within the
framework (Zulkifli, et al., 2018).

The high dimension of features typically results in increased

computation usage and even over-fitting when using ML to handle data. The
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1 - Introduction
Today, Android is the most commonly used and favored mobile

operating system in the world. The fact that third-party applications may be
downloaded and installed for free and offer users a variety of advantages is
one of the factors leading to their popularity. Unfortunately, this flexibility
to install any application created by a third party also results in an infinite
stream of malware software that continue to develop and intended to harm
users in a variety of ways ( Alhebsi, 2022).

in the last quarter of 2022 and according to https://www.statista.com/
statistics/272698/ global-market-share-held-by-mobile-operating-systems-
since-2009/, Android will continue to be the most widely used mobile
operating system in the world.

Systems that detect intrusion in the network, on a PC, or on a mobile
device, and protect against harm from malicious software are known as
intrusion detection systems. Mobile applications may enable intrusion to
a mobile device. Signature-based, behavior-based, and anomaly-based are
the three different types of intrusion detection approaches. In an anomaly-
based intrusion detection system, the system observes whenever a mobile
application differs from the usual pattern of benign application behavior. The
two types of behavior pattern analysis approaches used in anomaly intrusion
detection are static analysis and dynamic analysis. Without running the
application, the static features of Android applications, such as permission
requests, method calls, and API call sequences, are extracted from the
source code using the static analysis methodology. The features of Android
applications extracted using the dynamic analysis technique by running the

application's code (Malik and Khatter, 2020).
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Abstract

The use of Android smartphones has been rising quickly as Internet-
based services gain more popularity and develop. The Android operating
system's enormous popularity has drawn malware attacks on these devices.
It is difficult and ineffective to detect malware versions with features that
modify their behavior in order to avoid detection by machine learning (ML)
techniques. An effective feature selection plays a crucial role in detecting
malware characteristics and reduces the dimensionality of a large dataset
by removing the unnecessary features that are not useful and keeping those
relevant features that increase classification accuracy and detection rate. This
helps to solve the problems associated with malware feature detection.in
this paper a malware detection model was proposed it contains three major
stages: the data preprocessing stage, the feature selection stage, and finally,
the classification stage. It was tested and evaluated on ClCandMal2017
dataset, the number of samples used was (500000) samples. More than one
steps had been applied for preparing the dataset SMOTE applied to balance
the multi class dataset. The Chi-square had been applied in the feature
selection stage. In the classification stage, the Random Forest algorithm
had been applied. The results showed the features had values differently in
importance. The features selection technique had a positive effect on the
performance, where the accuracy was 89.93 % for all features, and 93.30 %
when using the Chi-square method.

Keywords: Android operating system, feature selection, Chi-square,

Random Forest.
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