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(Jaa Almotaklim) the difference between the opening and quiescence
Recited by Hamzat Al Wasl and consonant in the Holy Quran
Dr. Ahmed M. Alazzabi — Faculty of education Zawarh — Al Zawiya University
The research summary:

In the Holy Quran which is the speech of Allah the Almighty the most Merciful and the
most grateful, there are many vocabularies end with the speaker (j), in which linguists call
it additional (j), however, in some of it there is no disagreement among readers while
there is disagreement among others. In this research | will study the second type in which
there is disagreement among readers. Due to its huge in number of (j) which is about 224
(j) cause differences I will signal out three of them:
1. The (j) before (Hamzat AL wassal ) in beginning of nouns or verbs.
2. The (j) before (hamzat Al wassal) which associated with (lam Altareef) to lead
into voice with quiescence.
3. The (j) in which consonant sound locates directly after it and in beginning of the
coming word.

Therefore, | will trace this in the Holy Quran in Descriptive scientific statistical inductive
study in phonetics, clarifying the effect of (Hamzat Al wassal) on initials of nouns

and verbs and with (Lam Altareef) when it comes after (yaa Aladafa). Also, the effect of
pronunciation on it.

The study was limited and confined to the Quran, as it is the only audio text narrated for
about 1450 years, consequently, the study will be the key to a linguistic phoneme field
study conducted by others in one of the Arabic-speaking regions

Key words: the (j) of speaker (jaa Almotaklim), Voiced sound, voiceless sounds, The
Holy Quran, and (Hamzat Al wasal).
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Abstract:

The repercussions of the rigid drafting of criminal texts, as well as the negative effects
produced by the strict application of the criminalization and punishment provisions within
the framework of the principle of criminal legality and the crisis it generated in the field
of penal law, this calls for the criminal legislator to use some legislative drafting tools to
overcome this crisis and the consequences thereof. Among these tools, the legislature uses
the flexible formulation of criminal texts to give it a kind of flexibility to face the patterns
and images of the new criminal behavior. Moreover, the flexible formulation has its
effects on the legislative and executive authorities as the flexible formulation avoids the
frequent issuance of laws and avoids the problem of continuous amendment of criminal
laws as well. It grants the judge wide discretionary power in assessing the criminal texts
and applying them appropriately towards the facts presented to him in order to enable him
to bypass cases of stagnation of the text, and all this comes within the framework of the
principle of criminal legality without leading to interference in the legislation of crimes
and penalties not included in the text even if it comes in the flexible wording of the
criminal texts.

Key Words

Crisis of Criminal Legitimacy, Flexible Drafting, Legislative Delegation, Fragmentation
of Criminal Base
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Abstract:

The study aimed to measure the impact of strategic thinking in decision-making
administrative at the university of Misurata, by measuring the associated strategic
thinking elements.

The most problem of the study to classify the effect of the patterns and the factors and
elements of strategic thinking in management decision-making at the university of
Misurata.

We use SPSS statistical software to analyze the study, which was distributed to
respondents data, the study found that the university administration practice of strategic
thinking and patterns and elements and the elements of factors strategic thinking affect the
managerial decision-making at the university of Misurata.
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Abstract:

The recycling of waste from marble cutting factories and using it as an alternative to
coarse aggregates in concrete works significantly contributes to reduce the environmental
effects of the waste, along with as a result it required to study the importance of using
such this kind of wastes to obtain on concrete with featured specifications in line with the
development in the field of construction in terms of thermal insulation and pressure
resistance has emerged. This study concerns with replacing the ordinary coarse aggregate
with aggregate from marble cutting waste, with volumetric ratios (50% and 100%) over
and above preparing a reference mixture. The plastic properties of the concrete were
studied and the slump test was conducted, as well as the tests for the hardened concrete
after 28 days of water treatment, represented by the compression strength test and thermal
conductivity. Where the test results indicated an increase in the mechanical properties of
concrete with an increase in the aggregate of marble cutting waste, where the compression
strength of the reference mixture was recorded as 36.99 MPa, and the percentage of
increase in the pressure resistance was about 27.3% when replacing the rough aggregate
with 100% marble cutting with a value of 50.87 MPa, while it decreased the pressure
resistance of concrete by 27.6% at a rate of replacement of 50% of marble cutting waste
in place of coarse aggregate with a value of 28.98 MPa. Whilst for thermal conductivity
tests of concrete and due to the lack of particular devices to measure thermal conductivity,
simple procedure invented by were used to conduct the test, Whereas, the thermal
conductivity value at the wet stage was reduced by (6% and 1%) than the reference
mixture when substituting marble aggregates (100% and 50%), while in the dry state an
increase in thermal conductivity was observed by (3.6% and 1.2%) over the reference
mixture at Substitution (100% and 50%) of marble as an alternative to coarse aggregate.

Key words: concrete, marble cutting wastes, compression strength, thermal conductivity.
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Abstract:

Construction industry is largest economic expenditure and the second largest economic
activity after oil industry in Libya. According to expertise’s’ expectation, the rapid growth
of the Libyan’s construction sector, particular in the reconstruction phase, is expected to
attract investments worth about 16 billion U.S. dollars over the next ten years (2012 —
2022). This growth is going to increase the consumption of building materials within large-
scale projects that will be undertaken. Researches have shown that construction materials
and equipment may constitute more than 70% of the total cost for a typical construction
project. Therefore, the proper management of building materials can improve the
productivity and cost efficiency of a project and help ensure its timely completion. Hence,
there is a pressing need for investigating the problematic issues that impede the optimal
application of Construction Materials Management (CMM) in the Libyan construction
projects.

This study thus aims to identify the problems facing the process of materials management
in Libyan construction projects, and then evaluate the CMM problems in terms of the
severity of their impact (their importance) and frequency of occurrence in those
construction projects implemented in the municipality of Tripoli, which has the largest
density in construction projects, and during the time period between 2000 to 2011, which is
considered the boom period in the Libyan construction industry.

The study adopts a mixed research methodological approach involving in depth
literature review process and quantitative approach using questionnaire technique. For the
analysis of the data collected by 35 questionnaires, the latest "statistical software packages
(SPSS22)" was used, which raises the degree of reliability and validity of the results and
therefore the entire study.

The main findings of the study are to identify 36 problems facing the process of the
CMM and classify them according to the functions included the CMM process. This was
followed by an assessment of those CMM problems in terms of their importance and
frequency of occurrence in Libyan construction projects in Tripoli.

Keywords: Libyan Construction Industry (L.C.I); Construction Materials Management
(CMM); CMM Problems; CMM Problems Evaluation; Case Study — Tripoli.
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Introduction:

The construction industry is a project-oriented industry that
converts a variety of resources into constructed social and economic
infrastructure and facilities [1] [2]. The uniqueness natural of
building project implies that each construction project is
characterised by its temporary nature particularly with respect to the
fragmentation and the geographical dispersion of the production site
[3] [4] [5]. This makes construction projects complex in that they
involve many organisations and participants, such as owners/clients
(employers, accountants and financers), architects (designers,
planners and supervisors), contractors (executive managers,
engineers, professionals and construction workers), insurers,
materials suppliers and vendors [6] [7].

Typically, in the construction projects, the cost of materials and
equipment used represents around 60-70 % of the total cost of these
projects, and an effective materials management system could
reduce bulk materials surplus from a range of 5-10% of bulk
materials purchased to about 1-3%, and reduce about 30% of man
hours needed for materials management [8] [9] [10].

However, the uniqueness of the construction projects makes the
management of materials a challenge that has continued to cause a
major obstacle to the success and profitability of these projects. As
projects grow in size and complexity, Construction Materials
Management (CMM) particularly in large projects becomes more
complex and difficult and the need for outstanding CMM
techniques becomes essential. Consequently, monitoring the CMM
process and investigating the problematic issues that can face its
functions is unavoidable to identify the obstacles that impeding the
optimum CMM, and the developing the improvements that is
needed.

Accordingly, this research seeks to explore and classify the
problems facing the process of CMM, and to evaluate these
problems in terms of their importance and frequency of occurrence
in the Libyan construction projects in the case study of Tripoli,
where the largest density in construction projects, and during the
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time period between 2000 to 2011, which is considered the boom
period in the Libyan construction industry [11].

Materials management in construction (CMM):

Definition of Materials Management:

Various definitions for materials management can be found;
however, the majority of the authors of contemporary literature such
as, [12], [13], [14], and [15] preferred the definition that was
provided by the Business Roundtable [16], which is considered as
the most common of which. Materials management is defined as;
“planning and controlling all the necessary efforts to ensure that the
correct quality and quantity of materials and installed equipment
are appropriately specified in a timely manner, are obtained at a
reasonable cost, and are available when needed” [17, p14].

Nevertheless, they all agree with [17], [18] and [19] that materials

management is a process rather than an organisation, which
encompasses activities that go beyond the organisational boundaries
to embrace the outside organisations such as those of vendors and
subcontractors. Concerning the construction context, Muehlhausen
[20] defined construction materials management (CMM) as;
“the process of planning, executing, and controlling of all activities
influencing the flow of materials to and through the jobsite. These
activities include the design of the structure, materials requirements
and project planning, requisitioning of materials, purchasing
materials, expediting shop drawing approval and materials
fabrication and delivery, shipping the materials, receiving the
materials at site or other storage location, and sorting and handling
the materials” [12, p4].

In short, one can note CMM is a process for planning to secure
the availability of the construction materials whenever and wherever
they are needed and to ensure that the right quality and quantity of
materials are appropriately selected, purchased, delivered, and
handled onsite in a timely manner and at a reasonable cost [15].
These functions and activities that compose the CMM process
should be interrelated [19].
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The importance of CMM process:

From the definitions mentioned above, it can confidently say that
managing materials successfully can play a key role in the
construction project success. Moreover, the importance of materials
management in construction projects can be demonstrated from
various perspectives in the majority of the literature related to
materials management, among many others, those are shown in
Table 1.

Table 1: The importance of materials management in construction

The author The importance

[21] “Effective materials management will result in 6 to 8% improvement
in labour productivity, improved cash flow, reduced bulk materials
surplus, reduced materials management human resources, improved
vendor performance, reduced requirement for physical warehouse
facilities, quantity purchasing discounts, minimized cost impact of
change orders and fewer project delays”

[18] “The lack of materials is one of the most common causes of delays in
construction”
[12] “.....the need to implement an Effective Material Management System
in construction is highly desirable”.
[22, p39] “A well-managed materials management system can contribute to the
cost effectiveness of a project”
[23, p39] “Materials management is an important element in project planning

and control”.

[24] Materials management is an important function for improving
productivity in construction projects.
[25] Lack of materials management in construction projects represents the

most frequent problem in managing the construction site and the third
most important problem of the construction sites, in terms of their
effect on managing the construction site, after problems of planning
and design.

The statements above further illustrate that improper management
and handling of materials during the construction process can
dramatically influence the total project time, cost, and quality.
Given the impact on cost, schedule, and quality, it can be concluded
that CMM in complex and large construction projects needs
adequate consideration, the effectiveness of its performance needs
to be measured, and the problems that may be encountered by the

4
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CMM process must be identified and their effects must be
evaluated.

Roles of the CMM parties and responsibilities:

Edum-Fotwe, et al. [26] and Hatmoko [27] argue that the parties
involved in the CMM process may vary according to the stage of
the construction. However, among many constructions related
authors, Muya [28] and Perdomo [22] believe that the key parties
within  CMM process include clients, main contractors,
subcontractors, materials suppliers, and/or vendors. All these
provide input of one form or another which goes towards the
realisation of projects.

Based on the fact that among the essentials for getting people to
function well in such an organizational arrangement is that "people
want recognition for their work [9]. Many of the construction
companies, thus, manage materials in the large projects through an
informal team, using responsibilities matrices such as the one in
Figure 1. The role and responsibilities matrix, which are usually
represented within the materials management organization,
represent the responsibilities of several people from different
departments [22]. However, the coordination of activities operating
within the context of matrix of responsibilities require considerable
skill and experiences.

Materials Management
Plan
Reorder Status
Requisition
control/processing
Expediting/traffic
mspaction
Shop fabrication control
Inventory control
Field requisition
Field buying
Suplus disposition

¥ | Change order evaluation

PROJECT
MANAGEMENT i A A A A
ENGINEERING ];
PROJECT B
CONTROLS
MATERIATS
GROUP E E
I I I I
MATERIATLS I I
E E E Lo C E C C C
COORDINATOR o c P c Lo Lo
I I I
CONSTRUCTION E E E E B E E

I: INITIATE A APPROVE E: EXECUTEFREPATR C: COORDINATE

Figure 3.1: The responsibility matrix for CMM process ([19], p74)
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Those key parties play important roles in the success of the CMM
process as they occupy strategic positions in the process. However,
their roles and responsibilities should be identified from the earlier
time of project planning or may be before signing a contract. Each
construction company has its particular materials management
system where the responsibilities for various functions and activities
are spread between engineering, purchasing, and construction
[23][29].

Construction material management process:

It can be concluded from the research studies presented earlier that
the management of construction materials is a process that includes
various activities which exceed the organizational boundaries of a
construction project. This supports the perspective of Construction
Industry Institution (CII) [8]; it stipulates that “Project materials
management should be thought of as a process rather than an
organisation”. [19] [9] justified the necessity for this vision and
they believe that recognizing CMM as a process rather than a
function or organisation is very important, because processes imply
a common set of goals, as distinct from just some commonality in
activities, and the use of this vision (a system or process) to CMM
provides a means of looking at assumptions that govern existing
techniques and enable one to think in terms of innovations that
affect the entire system.

In construction projects, the number of materials is very large and
that there is a wide variety of suppliers, which makes the process of
supplying materials to the building sites difficult to manage, even
for a moderate construction project. Therefore, the material supply
process in building projects involves many functions and activities,
carried out on several different departments. The integration of
these functions is the only successful means to ensure that materials
are considered in project planning, controlling and directing
activities. [8] [17] [14].

In recent years, the contractors involved in construction projects
have developed integrated (Total Concept) material management

6
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systems that combine and integrate a number of functions and
activities [9]. Nevertheless, due to the differences in the type, size,
and location of the construction projects, some differences in the
functions and activities that form the integrated system of CMM can
be pinpointed. Therefore, in order to understand and define the
integrated functions involved in the CMM process, it was vital to
conduct a survey of the literature related to material management in
the construction projects. The detailed examination of the related
literature reveals different forms of the CMM process that involves
various integrated functions, as summarised in Table 2.

Although there are relative differences between the functions that
form the CMM process and their order (as illustrated in Table 2
above), there are essential commonalities that can be discerned. It
can be derived from Table 2 that the most common integrated
functions that are used by various construction contractors and that
can be considered as commonalities among the CMM processes are;
1) Project planning, 2) Material take-off, 3) Vendor enquiry and
evaluation, 4) Purchasing, 5) Expediting and transportation, 6) Field
control, 7) Warehousing, 8) Material Issues, 9) Surplus Materials,
and 10) Quality management (Quality Assurance and Quality
Control).
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Table 2: Summary of the Theoretical Studies on the Process of Construction Material Management

The Integrated Functions Form

The Integrated Functions Form

Author(s) Author(s)
the CMM Process the CMM Process
[30] Project Planning [33] Materials takeoff
Material Take-off Purchasing concerns
Vendor Inquiry and Evaluation Establishment of forms and procedures
Purchasing Developing standards terms
Expediting and Transportation Issuing request for quotations;
Field Material Control Evaluating bids;
Warehousing Quality management
Expediting
Shipping
Warehousing
[8] Material Specifications and Take off [34] Planning
Vendor Selection Materials Take-off
Order Vendor Enquiry
Approval and Quality management Purchasing
Expediting and Transportation Material Control
Fabrication and Delivery Warehousing
Installation Expediting and Shipping
[31] Material Requirements Planning and [23] Procurement and purchasing
Control Expediting
Purchasing .Materials planning
Expediting .Materials handling
Quality Assurance and Quality Distribution
Control Cost control
Transportation Inventory management / Receiving/
Site Materials Management Warehousing
Surplus Materials Transportation
[17] Planning [15] Planning

Material Take off and Design
Interface

Vendor Inquiry and Evaluation
Purchasing

Quality management
Expediting and Transportation
Warehousing

Field Control

Issue of materials

Materials Take-off
Vendor Enquiry
Purchasing

Material Control
Warehousing
Expediting and Shipping
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The Integrated Functions Form

The Integrated Functions Form

Author(s) Author(s)

the CMM Process the CMM Process

[9] Planning and Communication [24] Planning
Materials Requirements and Procurement
Engineering Interface Logistics
Vendor Inquiry and Evaluation Handling
Purchasing Stock and Waste Control
Quality Assurance and Control
Warehousing, Receiving, and
distribution
Field Material Control

[12] Materials take off and Vendor [35] Materials take off,
Selection Purchasing,
Purchasing Expediting,
Quality management Receiving,
Expediting Warehousing and
Shipping Distribution
Receiving
Warehousing
Issues of materials

[28] Purchasing policy [36] Materials Requirements Planning (MRP)
Construction phase Purchasing
The buying schedule Inventory Planning and Control
The materials schedule Ascertaining and Maintaining the Flow
Site logistics activities and Supply of
Expediting Materials

Deliveries and receiving of - Quality Control of Materials

materials . Departmental Efficiency
Quality control
Materials handling on site
Inventory management
Issue of materials

[32] Requirements Planning [37] planning,
Purchasing Identification,
Warehousing Procuring,
Co-operate with Storage,

production/operations
Shipping

Receiving

Information maintenance

Receiving, and
Distribution of materials.

However, in the Arabic Construction Industry, Alzohbi [19],
found that some activities of these ten functions are integrated.
Based on the boundaries of the CMM process that were identified

9
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by Alzohbi [19], the main functions that can form the typical
process of CMM within the Jordanian Construction Projects are
combined into six integrated functions; 1) Planning as the first
function and then followed by 2) Material Take-off and Design
Interface, 3) Material Procurement and Transportation, 4) Quality
Management, 5) Warehousing, and 6) Field Control.

In order to comprehend and communicate the process inputs,
attributes, functions, activities and outputs, one of the most common
techniques used is the process workflow diagram. Alzohbi [19]
developed a workflows diagram to represent the typical materials
management process for a typical construction project in Arabic
Construction Industry (Jordan as case study) as shown in Figure 2,
The figure below illustrates the overall workflow diagram of the
CMM process which is considered in this research as the basic
framework for communicating the integrated typical functions and
activities that shape the materials management process in the
construction industry. From the figure, one can note that project
planning is nominated as the first function in the CMM diagram and
that it has received the primary process input in the form of material
related information from the project team. The end process
boundary is defined by the primary process output that is linked to
issuing materials to the primary customer who is involved in
construction operations and who represents those craft-workers to
whom the materials are issued. The typical CMM Process workflow
diagram(s) represents the first step in classifying the problems of the
CMM process, as will be discussed below.

10
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Problems of the CMM process:

Owing to the complex and dynamic nature of the construction
industry, CMM process faces many unique challenges start with
material planning, ordering, receiving and storing, handling and
distribution, site usage and monitoring. Poor materials management
has been identified as a major source of low construction
productivity, cost overrun and delays.

Identification of the CMM Problems:

Due to a lack in studies directly related to problems that CMM
into the Libyan or even the Arabic construction projects, an in-depth
investigation has been conducted concerning problematic issues
which contribute to poor materials management in various
construction industries worldwide. Table 3 summarises the
outcomes of the literature on problematic issues of construction
material management that exposes different problems and
challenges that face the CMM Process.

Table 3: Summary of the Theoretical Studies on the Problems of the CMM Process

Author(s) The problems of the CMM Process

[38] Waste,

Transport difficulties,

improper handling on site,

misuse of the specification,

lack of a proper work plan,
inappropriate materials delivery and
excessive paperwork.

[18] Problems related to design; delays, incompleteness, lack of details and inconsistencies
between different designs.

Lack of planning and organization of transportation and delivery.

Incomplete or inconsistent materials specification.

Lack of estimation of the amount of materials needed.

Delays in price surveys (or suppliers bidding) and in ordering materials;

Delays in checking stocks.

[39] Receiving materials before they are required,;

Not receiving materials at the time. of requirement;

Incorrect materials take-off from drawings and design documents;
Subsequent design changes;

Damage/loss of items;

Improper Selection of type of contract for specific materials procurement;
weakness of Vendor evaluation criteria;

Piling up of inventory; and

12
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Author(s)

The problems of the CMM Process

[40]

[24]

Goodrum and
Maloney
(2009)

[41]

[10]

Poor Management of surplus materials.

Lack of site storage space

Problems with tower crane distribution

Problems on logistic of materials

Problem with one site access point

Difficulty in delivery of materials on site during aircraft operation
Operation limitation due to security considerations

Inefficient in the recording information of materials within a supply chain
Problems with congestion time at loading area

conflict among sub-contractors and difficulty to coordinate their materials,
late delivery of ordered materials,

cash flow problem to contractor due to delayed payments,

rejection of materials due to non-compliance to specification and
improper health and safety procedure should injuries occurred.

Late transportation of materials and equipment on site;
Poor materials management among sub-contractors;
Poor plan for ‘Materials on-site transportation’

Improper deposited material,

Improper material handling,

Improper material application and

Improper material deliveries and Shortage of materials

Materials Identification Problems:

Undefined scope

Lack of communication between parties involved

Incomplete drawings due to uncompleted plans and missed details,
Lack of conformance to requirements,

Nonstandard specifications,

Difference between plans and specifications.

Vendor Selection Problems:

Uncontrollable bid list;: Have too many suppliers and too little information,
Incomplete proposals: Suppliers do not include all documents required,
Time spent in investigating nonqualified suppliers.

Procurement Problem:

Availability of material type/quantity,

Price reduction to match competitor’s price,

Late deliveries: Materials are not delivered as per schedule

Late or incorrect submittals,

Unrealistic delivery dates,

Vague stated requirements

Lack of communication

Re handling of materials,

Storage areas are limited or are far from working area,

Theft,

Damage during handling or other conditions.

Construction Phase Problems:

Incorrect type of material delivered: There are differences in material ordered and
delivered,

Incorrect sizes delivered,

Incorrect quantities delivered,

13
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Author(s)

The problems of the CMM Process

[42]

[37]

Keeping track of material: Don’t know where materials are at a certain period of time,
Re handling of material,

improper Storage conditions,

Loss/Damage of material,

No supplier QA: No quality assurance from supplier,

Poor communication,

Receiving, handling and storage of unused materials.

Organisation Structure:

No good definition of what is wanted

Lack of communication,

Specification are not commonly used,

Don’t communicate exactly what is wanted to suppliers,

Incomplete drawings

Unclear specifications.

Procurement Problems:

Available of material,

Available of quantities,

Unscheduled delivers,

Late/incorrect submittals,

Poor inter-communication,

Lack of conformance to requirements,

Delivery dates impossible to meet,

Materials to be moved from one place to another,

Material Damage.

Storage Scope:

Large number of materials and limited of storage space,

Poor protection against many threats (theft, damage or loss),

The size of storage building comparing to the size of the project size.
Availability of Materials on Market:

Steady flow of materials throughout project duration is among the primary CMM
functions,

Occasionally manufactures can run of raw material or be affected by government
policy to the extent that production may have to be slow or suspended.

overstocked materials because of improper planning,

stealing and loss of materials because of improper supervision,
waiting of the materials to arrive in location due to improper tracking systems,
frequent moving of materials due to improper site layout,

the shortages and changes of construction materials quantity required,
delay in updating/posting storage system on site,

inaccurate estimation of shipment quantity of materials,

uneconomic order quantity of materials,

poor shipping time,

increasing transportation or storage cost of materials,

poor policy in purchasing the materials.

From the Table 3 above, it can be seen that the problems of the
CMM process vary in nature and intensity but are usually related to
the inefficient ~management of construction resources,

14
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incomprehensive plan, poor procurement methods, bad coordination
between subcontractors, and improper site layout.

A set of 36 problems was identified to represent the most
problematic issues that contribute to poor materials management in
building construction projects as a result of the list of problems that
are identified in the literature related to different construction
industries; this included removing duplicates and items not related
to the defined CMM functions, re-formulating and modifying some
problematic issues to fit the building construction sector (See Table
4).

Classification of the CMM Problems:

[40] believes that due to the fact that the problems in materials
management will be never ending, it is plausible that identification
and classification of the CMM process’s problems may be the
fundamental step to overcome the challenge of materials
management in the construction industry. There are many criteria of
which the dilemmas faced in materials management can be
classified based on; their effect, causes, who on charge or the
function related to. In this study the identified CMM problems are
sorted on the basis of the functions that are related to; Planning,
Material Take off & Design Interface, Material Procurement &
Transportation, Quality Management, Warehousing and Field
Control, as listed in Table 4, which includes the problems’ name,
problems’ code, and problems’ classification.

Research methodology:

here are many research methods, however the most of them fall
under two basic types of research approaches: Qualitative and
Quantitative. Determination of the research methodology to be used
depends on the purpose of the study and the type and availability of
required information [17]. As the main objective of this research is
to " investigate the problematic issues that facing the CMM process
in Libyan construction projects”, which needs a large-scale
investigation from the study area, the “Quantitative Approach” has
been used in this research. It is an appropriate approach to collecting
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data from large areas with a large number and at the lowest cost [11]

8] [9].

Table 4: Classification of the Problems of the CMM Process

PROBLEM
CMM FUNCTION CMM PROBLEMS
CODE
PP1 Lack of proper work plan within & between the CMM functions
PP2 Improper selection of the contract type for materials procurement
PLANING PP3 Multiple changes of owner's mind
PP4 Lack of an effective communication system between parties involved
PP5 Materials definition problems
PD1 Excessive bureaucracy by the owner in administrative procedures
MATERIAL PD2 Problems related to ”Tendering”
TAKEOFF & PD3 Problems related to “Designs”
DESIGN PD4 Successive changes in approved design .
INTERFACE ;
PD5 Problems related to submittals
PD6 Failure to estimate the quantity of materials required
PT1 Problems related to material delivery.
PT? Problems related to “Supply/Logistic Of Building Material &
Equipment”
PT3 Weakness of Vendor/supplier evaluation criteria
MATERIAL S
PROCUREMENT & PT4 Unrealistic delivery dates,
TRANSPORTATION PT5 Lack of using the delivery tracking system
PT6 Problems related to specifications
PT7 Problems related to “Finance Issues”
PT8 Unavailability of materials required
PT9 Ambiguity of requirements
PQ1 Restriction of some CMM activities /operations due to quality
QUALITY conS|derat|orlls .
MANAGEMENT PQ2 Lack of quality assurance from supplier
PQ3 Absence of a good system for field quality inspection
PW1 Absence of sound management of surplus materials
PW2 Lack of Inventory Material Control & Update Material-Inputs
PW3 Lack of conformance to requirements; Materials rejected due to non-
WAREHOUSING compliance
PW4 Problems related to storage area and conditions
PW5 Poor protection against many threats (theft, Stealing , damage or loss),
PW6 Delays in inventory examination
PF1 Problems related site layout & Loading area
PF2 The waste Disposal
PE3 Inadequate health and safety procedures for the accidents might be
FIELD CONTROL occurred.
PF4 Poor materials management among sub-contractors
PF5 Lack of storage space on the site ( Storage Scope on site)
PF6 Re-action due to field errors

16
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PROBLEM
CMM FUNCTION CMM PROBLEMS
CODE

Improper control system to record material availability information

PF7 within construction stage

Data collection process/technique:

Literature review: It was drawn from related thesis, journals,
papers and researches’ reports. The review of these literature aimed
to report recent studies in this area in order to understand CMM
process, identify theoretical problems in managing construction
materials, and classify these problems based on the CMM function
that they may occur into its activities.

Questionnaire  Survey  (Quantitative): A  “Handed
Questionnaire” survey was administered to a sample of CMM
related experts, who are working on the Libyan construction
projects. It was designed on the basis of the findings obtained from
the literature review in theoretical studies, and its questions were
formulated to evaluate the CMM problems in terms of the severity
of their impact (their importance) in managing construction projects
in the capital of Tripoli, and their frequent of occurrence on those
projects.

Mechanism of data collection and analysis techniques:

A total of 42 questionnaires were delivered to specialized experts,
but only 35 of them were received from the respondents. In the
analysis process, only 30 questionnaires were used, as five
questionnaires were removed, either because of the lack of logic in
the majority of answers or their incomplete or the loss or unreturned
of some answering sheets. In order to provide robust and structured
analysis, a statistical software package (SPSS 22) was used to
analyse the questionnaire data.

For the purpose of evaluating and arranging variables (CMM
problems), “Descriptive Statistics Analysis” was practiced to
analyse the results of the questionnaires, as it deals mainly with the
evaluation and arrangement of variables, in addition to its ease and
ability to represent data appropriately [18]. Because of their validity,
reliability and ability to draw inferential differences between the

17
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arrangement of variables or elements, both the “Mean Score” and
the “Median Value” were used to rank the CMM problems
according to their importance and frequency. They are
recommended by many researchers as they give a more holistic
perspective in describing and evaluating a group of elements [43].

To conduct this evaluation, the respondents were asked to use a
five-point Likert Scale for selecting the appropriate option relating
to the assessment of the relative importance of the CMM problems
(1=Not Important, 2=Slightly Important, 3=Moderately Important,
4= Very Important, and 5=Extremely Important), and of their
frequency of occurrence (1=Never Occurs, 2=Rare occurrence,
3=0ccasionally, 4=Usually Occurs, and 5=Always Occurs).

Analysis and discussion of the outputs:
Respondents background information:

The analysis of the first section of the questionnaire aims to
obtain data comprising personal information of the respondents
including their current position/title, years of experience, the type of
their organisation and the projects they are currently working on,
along with the perspective that was chosen to answer the
questionnaire. The Figure 3 illustrates that the “Project Manager”,
“Consultant Engineer”, and Materials related personnel groups were
the largest of the respondents, whereby they represented 30%, 25%
and 25% of the respondents respectively. The remaining percentage
of respondents was distributed as following; 10% Project Planning
Engineer, 5% Executive Director, and 5% Construction Site
Manager.

18
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.. . B Project manager
Position / Title Percent%

M Executive Director

| Site Construction

Manager
B Consultant Engineer

Figure3: The Percentage of Respondents’ Position Title

The Figure 4 illustrates the experience of the respondents in the
areas related to building materials management within the Libyan
Construction Industry (L.C.I1). Where, the results demonstrate that
about two-third of respondents claimed that have more than ten
years’ experience working within the L.C.I; 35% between 11- 15
years, 20% between 16-20 years and 10% more than 25 years, while
only 25% of the respondents have experience between 5-10 years
and 10% have less than 5 years' experience of working within the
L.C.I.

H <5 years

B 5-10 years

W 11-15 years
W16 - 20 years
W21 -25 years
W >25 years

Years of Experience Percent%

Figure 4: The Percentage of Respondents’ Experience Years
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With such long experience in areas related to CMM within L.C.I,
in addition to the diversity of the construction site's types, one can
say that the information gathered was reasonably reliable, since the
involvement of experienced professionals in the survey can increase
the validity and reliability of the results, and thus the validity and
reliability of the entire study.

Performance of Libyan Construction Projects:

With regard to the performance of the Libyan construction
projects implemented by the “Municipality of Tripoli”, in which the
respondents participated during the period of time before and until
2011, the respondents were asked to answer two questions;” how
many projects have they participated in L.C.I”? and “how many
projects of those have been delayed due to problems related CMM?.
For analysing this section a “Cross-Tabulation Technic” is used.
The results obtained from the questionnaire and summarized in
Table 5 reveal that nearly half of the respondents (40%)
participated in more than 25 Libyan construction projects. Of these,
62.5% (i.e. 25% of the respondents) acknowledged that there were
delays due to poor CMM in the whole projects in which they
participated.

Table 5: Relationship between the projects practiced and delayed

Number of Number of Projects Delayed
Projects
o Total
PR <5 105 | 1511 | 20-16 | >25
in
5-10 5% 10% | 10% 0% 0% 25%
11-15 0% 5% 10% 0% 0% 15%
16-20 5% 5% 0% 5% 5% 20%
>25 5% 0% 5% 5% 25% 40%
Total 15% 20% 25% 10% 30% 100%
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This result might prove to every insightful person the importance
of this study, which aims to determine and evaluate the problems
face by the CMM process within the L.C.I. This might be
considered as the first step in mitigating or avoiding these problems
during practicing the Libyan building projects, in order to be
completed on time, within the expected cost and according to the
required specifications.

Evaluation of problems of the CMM process:

This represents the main axis of the questionnaire, and was
designed to evaluate the 36 CMM problems that obtained from the
in-depth theoretical study in this research. The evaluation includes
assessing these problems in terms of their importance and frequency
of occurrence in the construction projects into the case study area
(Tripoli).

Evaluation of the CMM problems related to “Planning”
function:

Examination of the Table 6 provides an evaluation of the
importance and frequency of each CMM problems related to
planning function based on the mean scores and median values.
Three problems of the five related to the planning function (PP4,
PP3, PP1) had the same median value of “5”, and this means that
they had the same level of severity of importance (Extremely
Important), however, they differ in their mean score. It can be noted
that “PP4: Lack of an effective communication system between
parties involved” had the highest mean score with 4.35, and then
followed by “PP3: Multiple changes of owner's mind” and “PP1:
Lack of proper work plan within & between the CMM functions”
with mean scores of 4.15 and 4.05 respectively. The least important
problem is “PP5: Materials definition problems” with a mean score
of 2.25.
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Table 6: A Comparison of the Importance Ranking with the Frequency Ranking of the
CMM - problems related to Planning Function by the Means Score and Median Value

- Importance evaluation Frequency evaluation

>

z

A Sl Pl Main Median St el Main  Median
Code Code

1 PP4 4.35 5 PP4 4.35 5

2 PP3 4.15 5 PP1 3.95 4

3 PP1 405 5 PP3 3.45 3

4 PP2 2.95 3 PP2 2.70 3

5 PP5 2.25 2 PP5 2.25 2

Regarding the evaluation of CMM problems —related to planning
function according to the frequency of their occurrence, Table 6
shows that the problem of “PP4: Lack of an effective communication
system between parties involved” had also the highest mean score
with 4.35, which means that it is the most frequent problems occurring
within the planning function. This indicates to the extent of the
influence of this problem in managing construction projects, and this
supports what was reported by the chairman of the Jordanian
Construction Contractors Association (JCCA); “poor communication
between the subcontractors and the other project’s parties has
significant influence in completing any building project” [19]. The rest
of problems had median values between 4-2 as demonstrated in Table
6.

Evaluation of the CMM Problems related to “Take-off”
function:

Ranking the CMM problems related “MATERIAL TAKE OFF
& DESIGN INTERFACE” function is listed in Table 7. The survey
shows that the entire CMM problems related to “Take-off” function
had the same ranking order in terms of the both of their importance
and frequency with a median value of 4 (very important) for the
most majority of them. Table 7 illustrates that “PD3: Problems
related to Designs” are the most important and the most frequent
problems of those related to the function of “Take-off” function.
This 1s followed by; “PDI1:Excessive bureaucracy by the owner in
administrative procedures”, “PD4:Successive changes in approved
design”, “PD6:Failure to estimate the quantity of materials
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required”, and “PD5:Problems related to submittals”. The Problems
related to “Tendering” are considered as the least important and
frequent of occurrence within the Libyan construction projects with
a main score of 2.55 and a median value of 2.70.

Table 7: A Comparison of the Importance Ranking with the Frequency Ranking of the
CMM - problems related to Take-off Function by the Means Score and Median Value

g Importance evaluation Frequency evaluation
% CMI\/CIZProbIem Main Median Gl AelslE Main  Median
ode Code

1 PD3 4.35 5 PD3 4.10 4

2 PD1 3.95 4 PD1 3.95 4

3 PD4 3.80 4 PD4 3.75 4

4 PD6 3.80 4 PD6 3.55 4

5 PD5 2.90 3 PD5 3.15 3

6 PD2 2.55 3 PD2 2.70 3

Based on the fact that the importance of the problems of a process
reflects the importance of the activities that included in that process,
the findings above interprets the extent of importance of Take-off
Function. This is consistent with the view of the most CMM related
specialists, who believe that the function of “Material Take-off and
Design Interface” is the first practical function in the CMM process
where the real estimation of the quantity of materials required is
done [24].

Evaluation of the CMM Problems related to “Procurement”
function:

Table 8 presents a comparison of the importance ranking with the
frequency ranking of the CMM — problems related to “Material
Procurement & Transportation” function by the means score and
median value. Excepting “PT6: Problems related to specifications”,
there is clear convergence in importance-ranking and frequency-
ranking between the rest of the CMM problems related to
“Procurement” function.

Table 8 reports that the most important and the most frequent
CCM problem related to “Procurement” function is “PT1:Problems
related to material delivery” with a value score of 5 (Extremely
Important” and a mean score of 4.60 for both the importance and
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frequency ranking. This confirms the findings that was revealed by
[42] and [37] and many others.

Table 8: A Comparison of the Importance Ranking with the Frequency Ranking of the
CMM - problems related to Procurement Function by the Means Score and Median Value

g Importance evaluation Frequency evaluation
% CMM Problem Main  Median CMM Problem Main  Median
Code Code

1 PT1 4.60 5 PT1 4.60 5
2 PT2 4.15 4 PT6 4.25 4
3 PT4 4.15 4 PT2 4.15 4
4 PT6 3.95 4 PT4 4.15 4
5 PT8 3.65 4 PT8 3.30 3
6 PT7 3.55 4 PT7 3.05 3
7 PT3 3.15 3 PT5 3.00 3
8 PT5 3.00 3 PT3 2.90 3
9 PT9 2.55 3 PT9 2.30 2

Based on their mean scores and median value, the remaining
CMM problems related to Procurement function have been ranked
(in a descending order) from the most important to the least
important as follows; PT2:Problems related to “Supply/Logistic Of
Building Material & Equipment”, “PT4:Unrealistic delivery dates”,
“PT6:Problems related to specifications”, “PT8:Unavailability of
materials required”, “PT7:Problems related to “Finance Issues”,
“PT3:Weakness of Vendor/supplier evaluation criteria”, “PT5:Lack
of using the delivery tracking system”, and the least important and
the least frequency was “PT9: Ambiguity of requirements” with a
mean score of 2.55 and 230 for the importance ranking and
frequency ranking respectively.

Evaluation of the CMM problems related to “Quality” function:

Table 9 gives details about ranking the importance of the CMM
problems related to “Quality Management” function and their
frequency based the mean score and the median value. Examination
of the relationship between the importance and the frequency of the
CMM problems above discovers that although “PQ2:Lack of quality
assurance from supplier” is the most important CMM problem of
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those related to Quality Management function, it is the least
frequent CMM problems (with mean score of 3.55; 2.65
respectively). Similarly, whereas, “PQ3: Absence of a good system
for field quality inspection” is the most frequent CMM problem
related to Quality Management function, it is the least important one
of them (with mean score of 3.35; 2.65 respectively).

Table 9: A Comparison of the Importance Ranking with the Frequency Ranking of the
CMM — problems related to Quality Function by the Means Score and Median Value

g Importance evaluation Frequency evaluation

z

A Sl Pl Main Median G FrelslEm Main  Median
Code Code

1 PQ2 3.55 4 PQ3 3.35 4

2 PQ1 3.40 4 PQ1 3.15 3

3 PQ3 2.65 3 PQ2 2.65 3

The above findings could provide a strong support to what was
discovered by [11] that although there is a clear relationship and
association between the importance and frequency of problems, the
extent of the importance of a problem in managing a construction
project does not always express the extent of the frequency of its
occurrence within the Libyan building projects.

Evaluation of the CMM problems related to “Warehousing”
function:

Given Table 10, one can see that the importance ranking is
somewhat close or slightly similar to the frequency ranking for the
most of the measures. As noted from the table, four of the six CMM
problems related to “Warehousing” function had highest median
value with 4 (Very Important), and they ranked based on their mean
scores as following; “PW3:Lack of conformance to requirements;
Materials rejected due to non-compliance” (3.90), “PW2:Lack of
Inventory Material Control & Update Material-Inputs” (3.60),
“PW5:Poor protection against many threats (theft, Stealing , damage
or loss)” (3.55), “PW6:Delays in inventory examination” (3.50),
“PW1:Absence of sound management of surplus materials” (2.40)
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and the least important CMM problem is “PW4:Problems related to
storage area and conditions” with a mean score of 2.10.

Table 10: A Comparison of the Importance Ranking with the Frequency Ranking of the
CMM — problems related to Warehousing Function by the Means Score and Median Value

g Importance evaluation Frequency evaluation

z

A Sl Pl e Main Median Shl) Prelola Main  Median
Code Code

1 PW3 3.90 4 PW2 3.40 4

2 PW2 3.60 4 PW3 3.35 4

3 PW5 3.55 4 PW5 3.25 4

4 PW6 3.50 4 PW6 3.20 3

5 PW1 2.40 2 PW1 2.55 3

6 PW4 2.10 2 PW4 2.35 2

With regard to assessing the CMM problems related to the
warehousing function in terms of their occurrence in Libyan
construction projects, excepting the problems PW2 and PW3, the
rest of the problems ranked with same order of their importance.

Evaluation of the CMM problems related to “Field Control”
function:

As in the evaluation of the previous CMM problems, Table 11
show the results of assessment of the problems related to the “Field
Control” function in terms of the severity of their importance and
the frequency of their occurrence.

Table 11: A Comparison of the Importance Ranking with the Frequency Ranking of the
CMM - problems related to Field Control Function by the Means Score and Median Value

; Importance evaluation Frequency
% CMI\/CI:ProbIem Main Median Gl el Main  Median
ode Code

1 PF2 4.30 5 PF2 3.95 4

2 PF6 3.90 4 PF4 3.45 4

3 PF4 3.70 4 PF1 3.40 4

4 PF1 3.45 4 PF6 3.30 3

5 PF7 3.25 3 PF7 3.25 3

6 PF5 3.20 3 PF5 3.20 3

7 PF3 2.60 3 PF3 2.20 2
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From the point of view of the respondents, the problem of “PF2:
The waste Disposal” is the most important and the most frequency
(with mean scores of 4.30 and 3.95 respectively) and the problem of
“PF3: Inadequate health and safety procedures” is the least
important and the least frequency (with mean scores of 2.60 and
2.20 respectively) occur within the function of field control in the
CMM process in the Libyan construction projects in the case study
of Tripoli. This result is inconsistent with what was reached in the
study conducted by Gulghane and Khandve [37], which considers
that improper site layout is the most important problem could be
faced within the function of field control.

Conclusion and recommendation

As mentioned above, various literature studies illustrated the
importance of materials management and highlighted how it became
the process that determines the project success in construction as it
does in manufacturing. However, although there are some
references on investigating the problematic issues of the supply
chain management and its performance in the manufacturing
industry, they are still very limited to the construction industry, and
they might be absent from the Libyan Construction Industry (L.C.1I),
where no relevant references could be found. Therefore, there is a
pressing need for identifying the problematic issues that faced by
the CMM process and assessing and analysing their impact on the
success of the Libyan construction projects and the investments in
the overall L.C.1.

The significance of this research emerges from its contribution to
bridging the gap(s) that can be found in the previous studies,
knowledge, or practical professional life. The study provides an
original approach to develop a set of construction materials
management problems and classify them on the basis of the CMM
function that they may occur into its activities. This was followed
by an evaluation of those CMM problems in terms of their
importance and frequency of occurrence in Libyan construction
projects-Tripoli as case study. This thus represents a major
contribution to the knowledge and society.
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The in-depth literature review discovered a set of 36 problems that
embody the most recognised problems and obstacles that impeding
the optimum CMM process. These problems were classified into 6
functions of the CMM process; Planning, Material Take-off &
Design Interface, Material Procurement & Transportation, Quality
Management, Warehousing and Field Control. Through the use of
the quantitative approach (a questionnaire) and electronic analysis
technique, the severity of the CMM problems and the frequency of
their occurrence in the Libyan construction projects were evaluated
in the case of the study Tripoli.

Evidently, the most building projects in Tripoli have been
delayed due to problems related to CMM process. The majority of
the CMM problems are very important and usually occur within the
Libyan construction projects. This can be clearly interpreted from
the median values that obtained by the CMM problems, which were
between 4= Very Important, and 5=Extremely Important; 4=Usually
Occurs, and 5=Always Occurs. Based on their mean scores, the
CMM problems that are faced by CMM process within the L.C.1
were ranked into their categories. It can be concluded that the
overall six most important CMM problems over the entire six
categories (functions) are, “PT1: Problems related to material
delivery”, “PD3: Problems related to “Designs”, PP4: Lack of an
effective communication system between parties involved”, “PF3:
The waste Disposal”, “PW3: Lack of conformance to requirements;
Materials rejected due to non-compliance”, and “PQ2: Lack of
quality assurance from supplier”. With regard to overall evaluating
the CMM problems over the entire six categories, in terms of their
frequency of occurrence, excepting the problems PQ2 and PW3, the
rest of the problems ranked with same order of their importance.

Finally, the urgent need to determine the CMM problems in the
Libyan construction projects and the lack of research studies in this
field in the Arabic Area in general and Libya in particular, shows
the importance of this study through the contribution that it can
make to knowledge and society. The research findings provide a
basis for additional work to further enhance the materials
management practices, and to encourages Arab researchers to enter
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the field and create more developed techniques for monitoring and
evaluating the CMM process from different dimensions. It is
recommended to give adequate time and financial resources for
conducting a wider investigation; involving bigger number of
building projects (case studies) and larger size sample, for obtaining
a broader and clearer picture of the problems in terms of managing
construction materials and producing more reliable findings and
validation of data.
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Abstract:

Background: Man needed to treat many diseases over the years from early days, he also
has used many natural plants and herbal remedies to treat certain diseases these practices
were developed to modern prescription.

Obijectives: This study was aimed at assessment of health services in Nalut and the
surrounding area through investigating different and related prescription of medicine to ill
patient issues.

Methods:

This study was done through a survey study on different prescription, issues and patient
medical examinations in Nalut Central hospital, Alharaba Hospital, Tigi Hospital and
Kabaw Hospital. The study also involved assessment of 4350 different prescriptions given
to ill patients in these hospitals over the period between of October 2014-March 2015.
Results:

This study has shown reasonably unaccepted level of the adherence to the WHO
prescription guide lines from the point of using generic name Instead of trade name
reported at 41%. injection prescriptions demonstrated very low level at 0.2%. Patient
examination time taken by the physician was recorded at 3 minutes for one case which is
not accepted. 40% of medicines were issued from inside these hospitals which is an
indication of short supply. Pharmaceuticals protocol list is not implemented and it is not
more than 15%.

Conclusions:

Practitioners and pharmacists should adhere to the International Guidelines and
according to the WHO guidelines with regard to medical prescription and patient
examination and should assure full and firm implementation of these guidelines to improve
medical services.

Key: Prescription, treatment remedies, Pharmaceuticals, International guidelines
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Introduction:

Man needed medicine to treat many diseases from early days.
Man, also prepared and used different treatment remedies since a
thousand Years ago. These were prepared from natural and herbal
plants. It was known that the first pharmacy which was known to
man started back in the eight century B.C in Bagdad (Iraq) [1].

The prescription is considered as an indicator of the assessment of
health services level in Libya, although the modern world has
moved to an electronic prescription. Medical physician in the third
world countries still use the conventional prescription where their
prescription is far behind the guidelines laid down by the WHO [3].
International prescription guidelines in Libyan health services are
not fully implemented. In many cases medicines were issued under
the patient pressure. During this study it was noticed that there are
cases where prescription was written on normal plain paper. Many
foreign health workers working in Libya lack the communication
with the local people due to the language barrier although some may
manage to understand the language but the majority lack
understanding the ill patient history, complains and previous taken
medication. This study tried to highlight the prescription issues to
improve the health services in Libya.

Methods:

This study was designed to investigate prescription issues through
a survey study done in Nalut Central Hospital, Tigi Hospital,
Alharaba and Kabaw Hospital between Oct.2014-Mar.2015. The
surveillance study covered prescription to patients working polices,
patients' medical examinations by medical professionals in the
previously mentioned hospitals. The study was performed in
cooperation with students which involved a daily visit to the health
institution during working hours from. During these visits 4350
prescriptions were examined randomly using surveillance
questionnaire. The surveillance questionnaires were designed to
cover the mean number of medicines in one prescription, percentage
of medicines issued by the generic name, level of antimicrobials in
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the prescription , use of injection as a treatment regimen, use of the
official prescription , implementation of pharmaceuticals formulary,
local prescription policies , the mean patient medical examination
time by the physician and the prescription time for patient treatment
by the pharmacist .

Results:

This study has shown reasonably unaccepted level of the
adherence to the prescription guidelines with regard to the use of
generic naming of medicines instead of trade names which was at
41%. Injection prescription to patients was reported very low at
0.2%. Patient medical examination time taken by the physician was
reported at 3minutes for each patient. Only 40% of prescription's
were issued from the hospital pharmacies. Libyan formulary for
medicines and drugs were not implemented and was estimated at
15% according to the survey questionnaire. Antimicrobial
prescriptions were recorded at 23%.
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Table.1 Health services and community views on medical prescription issues

Parameter Indicator
%
1 The mean no. of medicine in one prescription 4 medicines
2 Medicines issued by the generic name 41
3 Antimicrobials prescription 23
4 Injection on a single prescription 0.2
5 Use of official prescription 60
6 The medicines issued to patients from the hospital pharmacy 40
7 Libyan drugs formulary implementation 15
8 Local prescription guidelines protocol 40
9 Adherence of the transcription to scientific standards 66
1 Adherence of the prescription row material to standard 70
0

Table.2 Health service and community views on patient medical examination and
prescription time.

Category Parameter Indicator
/Tim(min.)
1 The mean examination time for the patient 3
2 The mean prescription time by the pharmacists 1.3

37



92020 wugnil Alag Jaill aaell

Fig.1. lllegal prescription on plain white paper.

38



92020 wugnil Alag Jaill aaell

70
60
50
40
30
20
10

Prescription indicators %

A B C€C p E F G H I )

Medical prescription assessment parameters

Fig.2. Assessment of health services through prescription indices
Key: A= the mean no. of medicine in one prescription

B= medicines issued by the generic name

C= antimicrobials prescription

D= injection on a single prescription

E= use of official prescription

F= the medicines issued to patients from the hospital pharmacy

G= Libyan drugs formulary implementation

H= local prescription guidelines protocol

I= adherence of the transcription to scientific standards

J=adherence of the prescription row material to standard
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professionals

Fig.3. Assessment of health services through Patient medical examination and
prescription time.
Key: A= the mean examination time for the patient
B= the mean prescription time by the pharmacists
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Discussion:

This study has shown that the mean number of drugs prescribed
in one medical prescription was four which is in line with another
study done in Indonesia in 1988 which was 3.8 medicines and with
the WHO policies [5]. This fact indicates that international
guidelines and the WHO regulations were in force in this contest
[6].

41% of medicines were prescribed with the generic naming which
IS quite low and does not agree with international standards and
regulations[7] , also 0.2% of injection prescription is considered
very low compared with others such as in Nigeria for example 37%
of the prescriptions were injections which may due to the people
awareness of the injections as

a quick means of better or quicker means of treatment [9]. For
antimicrobial prescription it was reported at 23% and this level is
accepted compared with other countries for example in Nigeria it
was found that 48% of prescriptions issued from the out-patient
hospital departments one or two antimicrobials were mentioned in a
single prescription [8]. 60% of prescriptions were issued not on
official prescriptions. It was estimated that only 3 minutes were
given to patient examination by the practitioners which is very low
compared with international regulations which is in the region of at
least 10 minutes [9].34% of a given prescriptions does not contain
patient relevant and important information such as age, full name,
gender, date ,past history and possible diagnosis fig(2).

Conclusions:

We recommend that multi-study on these issues should be
implemented for the health sector in Libya in order to improve the
quality of health services. The health professionals should use the
medicines generic names instead of trade names. Pharmacists/ and
physicians should have more time when dealing with the ill patients,
Full patient personal information should be indicated in the
prescription. Firm implementations of international protocols and
guidelines surely will improve the quality of public health services
and for the benefit of the ill patient in the community.
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Abstract:

Traditionally, structural health monitoring algorithms are carried out by detecting
changes in vibrational-based features related to global physical structure properties, which
are not appropriate to identify minor and local changes along the structure height induced
after earthquake events. Alternatively, exploring propagation features of seismic waves at
designated levels at different time-windows during seismic excitation is potentially more
sensitive to local changes. The damage-based wave signature indices are identified as the
time elapse of waves traveling from one location to the other, resonance for waves
propagating between damaged zones and building top, and change of wave amplitudes.
This paper introduces a viable and efficient wave-based approach for assessing structural
integrity condition by analyzing seismic response of the Millikan library building located
in Pasadena, California due to the Yorba Linda earthquake of 2002. In particular, a hybrid
model is first created for seismic wave motion in multistory buildings with unique
structural features such as isolated massive floors and continuous inter-story
columns/walls. The paper then explores the wave signature with the hybrid model that is
sensitive to seismic damage and/or other aging/deterioration-related structural deficiency.

Keywords: Seismic responses in buildings, structural system identification, wave
propagation-feature indices, seismic damage detection.
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INTRODUCTION

An increasingly important task after being subjected to extreme
damaging events— earthquakes and explosions—is to ensure public
safety, rapid assessment of structural integrity, and the ability of the
structure to continue serving its own purpose. Moreover, detecting
structural damage at its earliest possible stages, especially for the
existing old structures that were built without considering seismic
resistance provisions, could be utilized to plan maintenance
schedules and consider different feasible solutions to retrofit
/replace damaged parts [1,2]. Therefore, examining building
structures in real-time using proper structural monitoring system
and effective damage detection algorithm is very important.

As a matter of fact, structural damage introduces changes into
physical, geometrical, and mechanical properties of the structure,
which adversely affect their current and future performance [3,4]. In
fact, damage has no absolute meaningful measurement and thus,
damage detection techniques depend upon comparing two different
condition states of the structure; with the initial represents a healthy
condition or un-damaged status. Therefore, an efficient and robust
damage detection and identification technique is supposed to
determine the occurrence, spatial distribution, and severity of
damage [5,6].

Typically, damage detection schemes applied to civil structures
are dependent on vibration-based approach (VBA) with discrete
modeling. In this approach, damage detection is utilized by
monitoring their dynamic parameters, or their derived quantities,
which are extracted from system response and serve as damage
indicators. However, VBA is limited in detect and quantify local
changes in structural properties due to the fact that modal dynamic
features are global in nature. Additionally, changes of modal
features are influenced by environmental effects (temperature
fluctuations) and boundary conditions (soil-foundation interaction).
Furthermore, effectiveness of VBA in general, and recognition of
local physical parameters change in particular, relies on availability
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of large number of seismic response recordings, which is not
practical for most structures currently or in the near future.

An additional problem is that VBA has limitation so far in a
comprehensive description of seismic motion in high rise buildings
with a finite number of degrees of freedom (DOF) modeling in
general, and distorting time-space representation of seismic motion
in particular, and therefore, it captures major motion features as
function of time and distorts and/or overlooks floor-to-floor motion
relationship or wave propagation features.

On the other hand, modeling of seismic wave propagation
through high rise buildings and exploring wave motion
characteristics, as well as, identifying dynamic system parameters in
terms of wave propagation features such as travel time and
amplitude decay can in essence aid to help describe damage locality
and severity.

Recent studies indeed show advantages of continuous-modeling
over traditional discrete-modeling in some seismic response analysis
and damage diagnosis of building structures. For example, [7]
proposed to use 1D uniform shear-beam model for buildings and
obtained seismic drift spectrum for design. [8] introduced 1D
continuous/discrete  modeling for structure-soil system with
Impulsive seismic excitation in bedrock. [9] modeled 2D anisotropic
wave propagation for a real seven-story building [10] employed
seismic interferometry (SI) to extract structural responses from
seismic recordings. [11] studied seismic propagating waves in a 3D
steel moment-frame building and verified with ETABS finite-
element modeling.. [12] proposed a layered shear beam model for
multistory RC building and presented algorithm for measuring wave
travel time at different time-monitoring windows which helps
detecting changes in structure, among others [13-16]. Building
upon the aforementioned advances and others in relevant literature,
this study uses recently-proposed 1D continuous-discrete modeling
for modeling wave propagation in multistory building structures and
examines response characterization and system identification and its
application for post-earthquake structure health assessment.
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METHODS:

MODELING OF SEISMIC WAVE MOTION IN MULTI-
STORY BUILDINGS

In a piecewise continuous modeling, a multi-story building is
modeled as a series of continuous shear-beam layers for inter-story
columns/walls as shown in Fig. 1. Each floor level is characterized

with shear wave speed v =./G/p (1+ iy sgn(w)), Cross-
sectional area A, and hysteretic damping ratio y, with story height h.
Other parameters in this expression G, p, i and sgn(w) are,
respectively, equivalent shear modulus, mass density, imaginary
unit, and sign of frequency w.

(G.p.i)s1 Bt

(G.p.n);

///////

Figure 1: A piecewise-continuous model for an N-layer building
subjected to seismic motion at z0

Shear displacements response of propagation of seismic waves at
two locations u(z,t) and u(z.t) are, respectively, referred to as
response location z (or zr=z-z,) and referenced location z,, can be
found

u(zt)= D, (@), (@)e“do=[d, (t-7)u(z,7)dz (1)

-0 -0

where Dgr and dgy are respectively, the displacement responses at
z-level (z=zr) to displacement impulse at z, in the frequency and
time domains, and U,_ is the frequency counterpart of u(zt).

Equation 1 can also be interpreted as displacement response at z
to a displacement input at z;, which has the same mathematical form
as the traditional, vibration representation of displacement response
to an external force (e.g., Duhamel’s or convolution integral),
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except the difference between force and motion inputs. Because of
that, Drr and dgr are referred here to as wave-based or Generalized
Frequency Response Function (GFRF) and Generalized Impulse
Response Function (GIRF) respectively.

With the continuous piecewise model [16], a closed-form
solution of GFRF, and subsequent GIRF with Fourier
transformation of GFRF, can be found as

U]
Zn Q1+R

U, @-R

NR)TRr
RNRIA*RN) (2a,b)

Drp (@)=
rkR

dRr (t) = T DRreiwtda)

In particular, model-based GFRF features can be expressed in
terms of wave transmission and reflection coefficients, which are
related to structural physical properties above the impulse
referenced level as clearly demonstrated by Eg. 2a. One can be
referred to [16] for more details on modeling wave motion in high-
rise buildings using piecewise modeling.

STRUCTURAL SYSTEM IDENTIFICATION

In general, Structural System ldentification (SSI) is the process
of revealing dynamic system characteristics using seismic
recordings—output response only—at real operation conditions.
Matching seismic recordings with mathematical model will help to
estimate model parameters which are related directly to dynamic
structure characteristics, and thus to its physical properties.
Furthermore, with the aid of Seismic Interferometry (SlI), the
influences of excitation source as well as soil-foundation system
interactions could be eliminated and hence, a more reliable system
identification is achieved [10]. For illustration, the Millikan library
building is identified to reveal its dynamic properties in terms of
wave-based features with a few seismic recordings after the Yorba
Linda earthquake of September 3, 2002 using the piecewise
continuous model.

The Robert A. Millikan Library is a reinforced concrete building
with a basement and nine stories above the ground level, located on
the campus of California institute of technology in Pasadena. The

47



92020 wugnil Alag Jaill aaell

building is characterized with a total height of 43.90 m above the
ground level and a 4.30 m basement level and the plan layout
dimensions are 21x23 m. The lateral-resisting system is composed
of moment-resisting frames and shear walls [17]. Figure 2
demonstrates the Millikan Library building, vertical cross-section in
the north-south direction, and floor layouts.
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Figure 2: Millikan Library Building: a) Photo, b) vertical cross-section in the N-S direction, c) typical floor plan, d) basement floor plan [17]

In fact, the Millikan library is regarded as one of the most densely
instrumented building in the U.S [17], where it is equipped with a
dense network of accelerometers installed at every level. Note that
in Fig. 2(c, d), the red dots show current location of sensors in the
building at different floors. Response recordings of Yorba Linda,
2002 earthquake (M=4.8, R=40 km) in north-south and east-west
directions are shown in Fig. 3.
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a) North-South Direction b) East-West Direction
Figure 3: Seismic Response Recordings of Yorba Linda Earthquake 2002 at Different Floors, a) North-South Direction, b) East-West Direction
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In general, with a pair of seismic recordings at two locations,
GFRF is obtainable as Fourier spectral ratio of the two recordings.
One can first calculate the recording-based GFRF as

- Uy,

Djo = |GO |2 e 50 J (3)

0

(e}

)y

where J is the seismic recordings in the frequency conjugate, and
¢ Is a positive small number, implying the added white noise to
avoid primarily unstable calculation of GFRF at some frequencies
near the notches in the spectrum 5,-. It should be noted that as &
approaches zero, 5 ()G /3., Which is the Fourier spectral ratio or

the definition of GFRF in Eq. 2a. Note that the tilde over quantities
D and U is used to distinguish the recording-based quantities from
those based on modeling or Eq. 2a.

Figure 4 shows recording-based GIRF at selected floors with
respect to a pulse motion response at the basement level at north-
south and east-west directions. The figure reveals wave propagation
features which are clearly exposed specifically in the floor-to-floor
time shift and amplitude decay in (0-0.2 sec) time window.

Time (sec) Time (sec)

a) North-South direction b) East-West direction

Figure 4: Recording-based GIRF at different floors due to impulsive acceleration response at the basement
level: a) in the North-South direction, b) in the East-Wesat direction.

In particular, the first peak demonstrates the waves propagate
upward with time shift depicts travel time between the considered
floors whereas the second peak demonstrates the reflected wave by
the roof propagates downward with even further time shift. Figures
4a,b show differences in arrival times and waveforms at the same
floor level at both directions, which can be attributed to the different
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response of the building due to discrepancy in structural
characteristics in both directions.

PARAMETRIC IDENTIFICATION WITH A TWO-
LAYERED MODEL

Multistory buildings of medium-rise is very common to have
consistent structural properties along its height. Therefore, one
possible scenario is a two-layer model, which leads Eq. 2a to:

—2io(n-1,) 2w, —Zia)(r—rz ) —ior,
DR(J:(”O‘(e e 2,)5 _ Je , 0<z<h, r,=%
1+a(e L )+e‘ r v,
(4)
2(1+e‘2i“’(f—f2))e—i0”2/ vy )
1 o zh
DR() - 1+a(e—2la)rl+e—2lw72 )+e—2|a)r ’hl srs hl * hz e tTD
©)

where z; is the travel time for waves propagating from referenced
level z; to response location zg, and

a 1-r, ]leh z-zzh_z, T=7,+7, (6a,b,C,d)

- 1
1+ r, v, Vv,

The GIRF can be found by substituting GFRF of Egs. (4,5) into
Eq. (2b), where the integration can be obtained in closed form with
the method of residues for some special cases and numerically for
general cases.

With this approach in mind, one can apply SSI for Millikan
Library building by fitting recording-based and 2-layer model-based
GFRFs with a pair of recordings available at 8 floor and basement
levels in the N-S direction as graphically demonstrated in Fig. 5. In
principal, all the frequencies corresponding to the spectral peaks in
Fig. 4 can be regarded as modal frequencies and then used for
parametric identification. SSI is carried out here based on two
identified modal frequencies, say w1=10.62 rad/sec and w;=14.21
rad/sec.
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" Frequency (rad/sec)
Figure 5: Recording-based and Model-based GFRFs at 8" Floor WRT Wave Motion at Basement Level.

In this study the stabilization parameter € is estimated as 5% of

spectral power of seismic recordings at referenced level and used
primarily to avoid unstable calculations near the notches. GIRF is a
powerful tool reveals arrival times of a pulse wave propagation
generated by a virtual source at referenced level.

PARAMETRIC IDENTIFICATION WITH A THREE-
LAYERED MODEL.:

Increased number of layers in the model would be in principle
more appropriate in realistically capturing the physical multi-story
structure properties along the building height. To observe the
influence of multi-layer model in system identification and a
subsequently capturing wave propagation features, one can examine
a three-layered shear beam model.

Specifically, parametric identification of the model
characteristics is first carried out by matching two sets of the GFRF
from recording and model based with a pair of seismic recordings at
8" floor and basement level for the N-S and E-W directions as
shown, respectively, in figures 6 and 7. Note that the SSI is carried
out here based on two identified modal frequencies, say w1=10.62
rad/sec and w»=14.21 rad/sec.
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Figure 6: Recording and Model-based GFRFs at 8" floor WRT Wave  Figure 7: Recording and Model-based GFRFs at 8" floor WRT Wave
Motion at Basement Level for the N-S Direction Motion at Basement Level for the E-W Direction

The table below shows identified model parameters in the 2-layer and 3-layer models for
the seismic response recorded in the N-S direction.

Table 1: Identified shear wave speeds and damping for different layered models

01 & o2 . .
Model Wave speed and height | Damping
(rad/sec)
One-layer model from
10.77 v=330 m/s, h=48.20 m 0.0187
Zhang et al. 2011
v1=0.03
10.77 v1=345 m/s, hy1=47 m
Two-layered model v2=0.03
14.21 vo=10 m/s, hp=1.2 m
v1=331 m/s, h1=22 m v1=0.025
10.77
Three-layered model . Vo=167 m/s, h,=17 m v2=0.020
' V5=22.5 m/s, h3=8 m v5=0.015

WAVE-BASED DAMAGE DETECTION SCHEME:

As a matter of fact, seismic damage has no absolute meaningful
and it is best described as the relative measure of shear stiffness
degradation of the building structure between two successive time
windows in which the former represents the healthy case or the
baseline state. In particular, the baseline state can be identified using
the early part of seismic recordings where shear waves energy is
low and hence minor structure response is established.

The scheme is based on analysis of model-based GIRF graphs and
revealing pulse wave travel times between considered levels w.r.t
referenced level and calculate shear wave velocity at successive
time windows extracted from seismic recordings. Consequently,
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GIRF can be obtained numerically using the identified model
parameters.

For instance, figures 8 and 9 graphically demonstrate model-
based GIRF using the identified model parameters for recorded
response at the N-S and E-W directions respectively.
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Figure 8: Model-based GIRF at 3" and 8" Floors WRT Pulse Motion at Figure 9: Model-based GIRF at 3" and 8" Floors WRT Pulse Motion at
Basement Level for the N-S Direction. Basement Level for the E-W Direction.

SUMMARY AND CONCLUSION

This study showed modeling and identifying of a full-scale RC
building with a few seismic recordings with the aid of generalized
frequency response and impulse response functions. In particular,
the building is modeled as layered-shear beams with fixed-base,
where every layer corresponds to one or more building’s floors.
Especially, a wave-based damage detection algorithm is developed,
in which arrival pulse wave times at considered levels inside the
model is captured and analyzed at sequent intervals of seismic
recordings. With this in mind, other wave propagation features can
be estimated and compared to infer localized damage occurrence,
exemplified as amplitude decay and inter-story drifting as well as
wave polarity.

This method is characterized simpler and directness and requires
only a few of recordings. which can be used to improve greatly the
efficiency of post-earthquake structural condition assessment.
Reduce occurrence of false warning and consequences of
functioning interruptions especially in-service buildings —hospitals
and residential buildings.
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Development of a Membrane Potential Assay to detect Sodium

Channel Toxins
Hotaf Said Oumer Batar
Department of Biology and Chemistry Faculty of education — Nalut university
Email: h.batar@nu.edu.ly

Abstract:

The FLIPR membrane potential (FMP) dye ( Molecular Devices) is a high throughput
optical screening tool for cell based assay. A membrane potential assay was designed to
detect sodium channel toxins. This study aimed to develop a membrane potential assay to
detect Na+ channel toxins, by using FLIPR membrane potential dye to monitor changes in
Na+ flux. Neuroblastoma SH-SY-5Y cell line and fluorescence plate reader (Tecan) was
involved in this study. the assay was set, by finding the best FMP dye form (red or blue),
the best 96 wells microplate in terms of its color ( clear or black microplate) and the
optimum cell density that give an accurate fluorescence signal. Testing validation of
designed assay by sodium channel activators; KCL and veratridine, in addition to sodium
channel blockers; tetradotoxin and procainamide hydrochloride, investigating effect of
Indian red scorpion venom on sodium channel, to find out whether it is activation or
inhibition. The assay detected procainamide hydrochloride effects on membrane potential.
However, it appeared that the assay was less sensitive to tetradotoxin. That could be due to
concentrations of provided TTX stock solution. Effects of Indian red scorpion venom
(Mesobuthus tamulus) were successfully investigated by the assay. The venom has
activator effects, as it showed an increase in fluorescence that was related to persistent
activation of sodium channel and delay of its inactivation. Treatment of SH-SY-5Y
neuroblastoma cell line with Indian red scorpion venom followed by veratridine, caused
much more fluorescence increase than treatment of the cells with the venom only .The
assay successfully detected sodium channels activator toxins such as veratridine and
sodium channels blockers toxins such as procainamide hydrochloride. Activity of Indian
red scorpion venom (Mesobuthus tamulus) investigated showed that the venom contains
sodium channel activators.

Key: FLIPR membrane potential, tetradotoxine, veratridine, Sodium channels, Venom
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Introduction

Voltage gated sodium channel functions through three functional
stages; open state, resting state and inactivated state. When the
membrane is not depolarized, sodium channels take the resting
(closed) stage. Whereas, depolarization of the membrane activates
these channels and shift them to the open stage, in which sodium
ions rapidly enter the cell. This stage is followed by inactivation stage
in which sodium influx decreases. After repolarization of the
membrane sodium channels return to the resting ( closed) stage ( Clare
et al.2000).

However, voltage gated sodium channels are identified as
electrical signals regulating many biological and cellular events. For
example, muscle contraction, hormones secretion, signals between
the brain and other tissues, and the information translation process
occurring in the brain. Moreover, in cellular level ion channels have
effects on cellular events such as metabolism, gene expression and
protein degradation and synthesis ( Yu and Catterall, 2004). As a
consequence of their important role in cellular control and signal
transmission, ion channels are targeted by substantial numbers of
biological toxins ( Catterall et al.2007).

Voltage gated sodium channels are therapeutic targets.
Studies of neurological disorders such as arrhythmia, pain, epilepsy
and diseases resulting from ion channel genes mutations known as
channelopathieshese diseases, allowed an opportunity to provide a
reasonable understanding of the essential role of ion channels. In
addition these studies contributed to improve drugs to be more
specific and selective. There are many neurotoxins which target
sodium channels and bind to their receptor sites on these channels (
Cestele and Catterall, 2000). However, specificity and high affinity
of neurotoxins leaded to take advantages of these properties, and
suggested that neurotoxins are idealistic method to investigate the
function and structure of sodium channels (Catterall et al. 2007).

Venom of the Indian red scorpion consists of: serotonin,
hyaluronidase, mucous polysaccharides, enzyme inhibitors, and
neurotoxic peptides. The neurotoxin peptides are the primary cause
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of symptoms after scorpion sting. This is due to their interaction
with ion channel, in addition to their destructive action on the
nervous system ( Petricevich, 2010). However, Bawaskar (1996)
concluded that venom of the Indian red scorpion causes activation
of sodium channels, resulting in over activity of neuron. Generally,
each toxin from scorpion venom binds and acts on a particular
receptor site ( Horn and Rott, 1999). Scorpion toxins are classified
into; Sodium channels toxins, Potassium channels toxins, Calcium
channel toxins and chloride channel toxins. In addition, they are
sub-categorized as scorpion o — toxins, scorpion B — toXins.
Nonetheless, as the peptides of scorpion venom alter and modulate
function of ion channels, these peptides have been used in cancer
therapy, vaccines industry, and protein engineering (Petricevich,
2010).

Novel fluorescent dyes which show a high sensitivity to
changes in membrane potential are used to monitor changes in
membrane potential ( Whiteaker et al. 2001; Gonzalez et al. 1999).
Dyes which measure membrane potential alterations are divided
into 2 groups: cyanine and axonal dyes with a slow respond and
reasonable sensitivity to membrane potential alterations. Styryl
dyes with a rapid respond and weak sensitivity ( Zhang et al.1998).
DIBAC4(3) and FLIPR membrane potential dye (FMP) are
examples of the fluorescent dyes. The fluorescence of these dyes is
extremely low in the extracellular environment. However, as soon
as the dye bind to the membrane lipid, its fluorescence increases.
When the cellular membranes are depolarized, the dye moves into
the cytosol causing an increase in its concentration in the cells, and
binding ratio to the membranes ( Apell and Bersch, 1987).
DIBACA4(3) is bis-(1,3-dibutylbarbituric acid) trimethine oxonol. It
shows low response, and easily affected by temperature and
dilution. In addition, its preparation requires several steps. Structure
of ( FMP) dye is unpublished. However, its response time is faster
than DIBAC4(3). Moreover, FMP dye dose not require washing
step, since the fluorescence is measured from the bottom of the well
upwards ( Baxter et al. 2002).
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Related previous studies :

Wolff et al. (2003) developed a comparison study between
four membrane potential probes, in which DiBAC4 (3) oxonol dye,
and FMP dye were involved. They used RBL-2H3 cells ( rat
basophilic leukemia cells) which were seeded at different densities
ranging from 10,000 cells/well to 50,000 cells/well into 96
microplates. Fluorescence signals were measured prior and after
depolarization of the cells by (50 m M) KCL. They observed that
both DIBAC4 (3) and FMP dyes indicated a linear relationship
between the basal fluorescence and cell density before
depolarization with KCL. After depolarization the FMP dye gave a
maximum fluorescence signal at a density of 25,000 cells/well, and
the signals remained stable until the cell density of 50,000
cells/well. Therefore, it was concluded that cell density from
25,000 to 50,000 cells/well can be used with FMP dye to give
sufficient fluorescence signal. Louzao et al. (2000) wused a
fluorimetric assay depended on alteration in membrane potential to
screen Paralytic Shellfish toxins. Paralytic Shellfish Poisoning
(PSP) have leaded to deaths around the world. The representative of
PSP toxins is saxitoxin (Shimizu, 1988). Saitoxin blocks neuronal
transmission as it bind to the voltage gated sodium channel, and
inhibit the generation of action potential (Narahashi, 1988).
Nonetheless, PSP toxins were examined in terms of their ability to
inhibit  depolarization generated by veratridine. Different
concentrations of saxitoxin were added after depolarization of the
neuroblastoma cells by veratridine, and a decrease of induced
depolarization was observed as a linear relationship between
saxitoxin concentration and depolarization level (Louzao et al.
2000). According to the study of Catterall (1976), effect of scorpion
toxins increased in the presence of veratridine giving rise to the
sodium channel activation, and membrane action potential. The
study used neuroblastoma cells to measure uptake of ( 22 Na+)
under the influence of scorpion venom. Uptake of (22 Na+)
increased slightly when the cells treated with scorpion venom
alone. Whereas, addition of low concentration of veratridine
generated higher increase in (22 Na+) uptake. Therefore, the study
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suggested that scorpion venom poorly activates sodium channel,
unless it followed by veratridine treatment. However, this activation
inhibited by treatment of the cekks by ( 1 uM) tetrodotxin.

Study objectives :

Generally, this study aims to develop a membrane potential
assay to detect Na+ channel toxins, by using FLIPR membrane
potential dye to monitor changes in Na+ flux. Neuroblastoma SH-
SY-5Y cell line and (Tecan) the fluorescence plate reader are
involved in this study.

1-setting up the assay, by finding the best FMP dye form (red or
blue), the best 96 wells microplate in terms of its color ( clear or
black microplate) and the optimum cell density that give an
accurate fluorescence signal.

2-testing validation of  designed assay by sodium channel
activators; KCL and veratridine, in addition to sodium channel
blockers; tetradotoxin and procainamide hydrochloride.

3- investigate effect of Indian red scorpion venom on sodium
channel, to find out whether it is activation or inhibition.

Materials and methods :
Cell culture

SH-SY-5Y cells were grown in EMEM medium which is
Eagle "MEM (minimal Essential Media) supplemented with 10%
Fetal Calf Serum, 15 penicillin/ streptomycin, 1% glutamine, and
1% non essential amino acids. Cell were maintained and grown into
T-75’s flasks with 20 ml of complete media into each flask, in a
humidified incubator at 37 °C and 5% CO2 . neuroblastoma cells
were sub cultured every 3-4 days.

Cell loading with membrane potential dye FMP

The FMP dye either blue or red was prepared as follow; 1 vial
of the FMPdye was dissolved by (5 ml) of ( 1x Hanks’ BSS buffer
supplemented with 20 Mm Hepes, adjusted by HCL to 7.4), and
then the vial was washed by another ( 5ml) of 1x Hanks ’BSS
buffer. Therefore, (10 ml) of 1xHanks’BSS buffer was used to
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dissolve the FMP dye. From the (10 ml)loading buffer, 20 x 500 pl
aliquots were prepared and stored in (-20 ©C).

In all the experiments cells were seeded overnight in 96- well
microplates at volume of (100 ul). cells were loaded by the loading
buffer directly after removing the microplates of the cells from the
incubator. (100 ul) loading buffer was added to each well of the 96
well microplates, and incubated for 30 minutes at( 37 °C) before
each experiment. Fluorescence plate reader ( Tecan) was used to
measure fluorescence signal.

Chemicals and reagents

Scorpion venom stock solution (58mg/ml), KCL stock solution
(1.5 M), veratridine stock solution (10 m M), tetradotoxin stock
solution ( 3 m M), procainamide hydrochloride stock solution ( 500
m M).

Determination of the best 96 wells microplate, and the best FLIPR
membrane potential dye

In order to compare clear and black microplates, blue and red
(FMP) dyes in terms of giving the best fluorescence signals,
neuroblastoma cells were seeded at a density of 50,000 cells/well in
96 clear and black microplates ( 100 pl) in each well. After
incubation , cells in both microplates were loaded by red and blue
dyes separately in each well. After cell incubation, fluorescence
signals were recorded before and after addition of (100 m M) KCL,
and (150 m M)KCL.

Preparing different cell densities

Cell densities of 1x10°, 2x10°, 3x10°, 4x10°, and 5x10° were
prepared , and cell counting was done by the hemocytometer. In a
black 96 wells microplate, wells in the first column were left empty.
While, wells in the second column filled by ( 100 ul) cell
suspension that its cell density is 1x10°. similarly, wells in the third,
fourth, fifth, and sixth column filled by ( 100 pl) cell suspensions
that its cell densities/ml were 2x10° 3x10° 4x10° and 5x10°
respectively. After incubation and cell loading with FMP red dye,
the microplate was returned to incubator for ( 30 min) and

61



92020 wugnil Alag Jaill aaell

fluorescence signals were recorded each 10 seconds. KCL (150 m
M) was injected to cell suspension in wells, in order to depolarize
SH-SY-5Y cells. The fluorescence signals were recorded each 10
seconds for 50 seconds after injection of KCL.

Injection of KCL and Veratridine

Neuroblastoma cells were seeded at adensity of 50,000
cells/well in 96 black microplate. After incubation time cells were
loaded by red dye ( 100 ul) for (30 min) at 37 ©C in the incubator,
Fluorescence signals were recorded before and after addition of
KCL different final concentrations; (150 m M), ( 100 m M), ( 50 m
M), and ( 30 m M). However, the previous steps were repeated , but
cell suspensions were treated by veratridine instead of KCL.
Veratridine final concentrations of ( 100 uM, 60 puM, 30 uM, 15
LUM) were used to treat the cells. Fluorescence signals were recorded
20 seconds, and 10 seconds before injection of KCL and
veratridine, and every 10 seconds for 50 seconds after injection of
KCL and veratridine.

Injection of procainamide hydrochloride and tetradotoxin (TTX)

After cell seeding into a black 96 wells microplate, at a
density of 50,000 cells/ well, and addition of loading buffer of red
FMP dye and after incubation, Fluorescence signals were recorded.
Veratridine final concentration of (100 pu M) was used to treat the
cells, and change in fluorescence was recorded. Procainamide
hydrochloride final concentrations of ( 30 p M) and ( 60 p M) were
added to wells, and change in fluorescence was recorded. All
previous steps were repeated , but Procainamide hydrochloride was
replaced by tetradotoxin final concentrations; 300 n M, and 600 n
M.

Injection of Indian red scorpion venom ( Mesobuthus tamulus)

SH-SY-5Y cells were seeded into a black 96 wells microplate
at a density of 50,000 cells/well, and addition of loading buffer of
red FMP dye and after incubation, Fluorescence signals were
recorded. Cells were treated by Indian red scorpion venom at final
concentrations of ( 0.5 mg/ml), and ( 1mg/ ml) . change in
fluorescence was recorded every 10 seconds five times. Veratridine
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final concentration (100 u M) was added to the wells injected by the
venom, and change in fluorescence was recorded.

Results:

Measurement of change in membrane potential using clear 96 wells
microplate and red, blue FLIPR membrane potential dye.

Cells loaded with red FMP dye showed a fluorescence
signals that was approximately (2200, and 2700) after the injection
of (100 m M, and 150 m M) KCL (fig. 1a). in contrast, cells loaded
with blue FMP dye indicated lower fluorescence signals in
comparison with red. As it indicated in ( fig. 1b) cells after
treatment with KCL showed fluorescence that was roughly (1600,
2200). Results were expressed as mean xstandard deviation (n =3).

Fig. 1a. Measurement of membrane potential
change using clear 96 wells microplate, and FMP
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Fig.1b. Measurement of membrane potential
change using clear 96 wells microplate, and FMP
KCL blue dye
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Measurement of change in membrane potential using black 96
wells microplates and red, blue FLIPR membrane potential dye.

Cells loaded with red FMP dye showed a fluorescence signal
that was about (1000) prior depolarization, and approximately (
4000, and 5000) after the injection of ( 100 m M, and 150 m M)
KCL. On the other hand, cells loaded with blue FMP dye indicated
lower fluorescence signals in comparison with the red. Before
treatment of the cells with KCL, fluorescence was roughly (500).
While after KCL treatment fluorescence was about ( 1800, 2100) as
it shown in ( fig. 2a and 2b). this confirms that red FMP dye is the
best. However, fluorescence generated by FMP red dye using the
black microplates was higher than that generated by the red dye
using clear microplates ( fig. 1a). results were expressed as mean
tstandard deviation (n =3).

Fig. 2b. Measurement of membrane potential
3 changes by using a black 96 wells microplate and
S red dye
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Key: KCL ((Potassium Chloride), s (second).

Determination of optimum cell density

As it indicated in ( fig. 3) cell density increase was
accompanied with fluorescence signal rise. For example, cell
density of 10,000 cells/ well indicated the lower fluorescence signal
comparing with cell density of 50,000 cells/well, that indicated the
highest fluorescence signal. Moreover,  fluorescence signals
increased rapidly maintaining difference in the signals between cell
densities. Results were expressed as mean zstandard deviation (n
=3).

Fig. 3 changes in fluorescence according to cell
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Measurement of change in membrane potential after depolarization
of the cells by KCL and veratridine.

Fluorescence signals were measured before and after
treatment of the cells by variable concentrations of potassium
chloride KCL. Fluorescence signals increased dramatically after the
injection of KCL ( fig. 4). In addition, it can be seen that the
increase in fluorescence signal was a concentration dependent.
Change in membrane potential was measured prior and after
depolarization of the cells by veratridine different concentrations . (
fig. 4) demonstrates that veratridine generally caused a noticeable
increase in the fluorescence signals. Similar to KCL, there was a
linear relationship between fluorescence signals and veratridine
concentrations. Results were expressed as mean zstandard
deviation (n =3).
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Fig. 4. Fluorescence generated by depolarizing the
cells by different concentrations of KCL and
veratridine
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Measurement of change in  membrane potential after
hyperpolarization of the cells by procainamide hydrochloride
(Pro.HCL) and tetrodotoxin (TTX).

Injection of (Pro.HCL) to the cells at final concentrations of ( 30
UM, and 60 uM), after treatment of the cells by ( 100 puM)
veratridine inhibited fluorescence signals induced by veratridine
leading to a decline in fluorescence as indicated in ( fig. 5).
Addition of (TTX) to cells depolarized by veratridine changed
fluorescence signals. ( fig. 6) demonstrates that addition of ( 100
M) veratridine increased fluorescence signals. However, injection
of ( 300 n M, 600 n M) decreased it. . Results were expressed as
mean xstandard deviation (n =3).

Fig. 5. Inhibition of veratridine activity by the
injection of procainmide hydrochloride
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Fig. 6. inhibtion of veratridine activity by the injection
of tetradatoxin
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Investigation of Indian red scorpion venom activity

Injection of the Indian red scorpion venom depolarized the
cells and leaded to increase fluorescence signals. Final
concentrations of (0.5 mg/ml, and mg/ml) venom were sufficient to
depolarize the cells. Since it caused a dramatic increase in the
fluorescence. However, fluorescence was a concentration
dependent. Treatment of the cells by ( 100 uM) veratridine after the
addition of the venom gave rise to fluorescence and enhanced the
activity of the Indian red scorpion venom as it illustrated in (fig,7).
Results were expressed as mean xstandard deviation (n =3).

Fig. 7. Indian red scorpion venom followed by
veratridine
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Discussion:
Setting up the assay

Cell density of 50,000 cells/well showed the highest
fluorescence signals, which suggested this density to be used in the
assay in all of the experiments. Injection of ( 150 m M) KCL
generally increased the fluorescence maintaining differences
between densities. These results agree with those of Wollf et al.
(2003) as their work included determination of optimum cell density
for different membrane potential dyes. In their work, they used rat
basophilic leukemia cell line RBL-2H3, and seeded them in 96 well
microplates. Basal fluorescence, and fluorescence after
depolarization of the cells by ( 50 m M ) KCL was reported. For
FLIPR membrane potential dye. They found that 25,000 to 50,000
cells/well are suitable to work with this dye (Wolff et al. 2003).

FLIPR membrane potential dye ( FMP), which is produced by
Molecular Device Corporation, gives a rapid and reliable
fluorescence based assay to detect alterations in voltage within the
cell membrane. However, when the dye binds to the membrane
lipid, its fluorescence increases. When the cellular membranes are
depolarized, the dye moves into the cytosol causing an increase in
its concentration in the cells, and binding ratio to the membrane (
Apell and Bersch, 1987). Both dyes were compared in terms of
giving best fluorescence signals, That was done by using both black
and clear 96 wells microplates. Results confirmed that cells loaded
with the red FLPIR membrane potential dye generated stronger
fluorescence signals in comparison with those loaded with the blue
dye. Nevertheless, structure of the FLIPR membrane potential dye,
and the different between red and blue forms are unpublished.

Another comparative analysis was done between fluorescence
given by cells seeded in black 96 wells microplates, and that given
by cells seeded in clear 96 wells microplates using both red and blue
(FMP) dyes. Results indicated that black microplates are better than
clear microplates, as black microplates gave the best fluorescence
signals. However, either blue or red (FMP) dye confirmed the same
results. Consequently, it can be deduced that black frame decreases
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signal crosstalk between wells. Study of ( Klimovich et al. 2009)
compared white, black, and clear microplates in terms of their
properties including the color. It was found that the black color of
the microplates decreases well to well crosstalk. Therefore, readings
will be more accurate.

Testing validation of the assay with sodium channel activators

Potassium chloride KCL is known to depolarize cells and open
sodium channels. Veratridine also causes similar effect by activating
sodium channels. Thus, both reagent depolarize cells, and both were
used to test the assay. Injection of increasing concentrations of KCL
ranged from ( 30 m M ) to (150 m M), produced increasing
fluorescence signals, which were correlated with the changes of
membrane potential as it shown in (fig. 4). These results agree study
of ( Baxter et al. 2002), which compared DiBAC4 (3) dye and FMP
dyes in terms of their response to depolarization by different
concentrations of KCL. it was concluded that FMP fluorescence
related with changes of membrane potential increased according to
KCL concentration increase indicating a strong linear relationship.

Moreover, veratridine concentrations from ( 15 uM — 100
UM) caused changes in FMP fluorescence correlated with
membrane potential. These changes in fluorescence indicated a
linear relationship between veratridine concentrations and
fluorescence as it shown in( fig. 4). Ward (2002) investigated
voltage gated sodium channel using molecular devices membrane
potential assay kit, and several cell lines including SH-SY-5Y cell
line. Veratridine concentrations (1 uM, 10 uM, 100 uM, 1000 puM)
were used validate his assay. Ward observed that fluorescence
signals increased as the concentration of veratridine increased,
which was similar result to the current study.

Testing validation of the assay with sodium channel blockers

Tetradotoxin  (TTX) and procainamide hydrochloride
(Pro.HCL) are known as sodium channel blockers. Consequently,
flu fluorescence should decline by the treatment of the cells by
either tetradotoxin or procainamide hydrochloride. Injection of
tetradotoxin at final concentrations of ( 300 n M, and 600 n M) to
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the cells, caused a slight decrease in fluorescence, that was not
significant. However, the reason could be due to the concentration
of the provided tetradotoxin stock solution. Study of Ward (2002)
assayed TTX in neuroblastoma cells lines including SH-SY-5Y cell
line. His study examined effect of TTX on cells depolarized by

(100 u M) veratridine, using the molecular device membrane
potential assay kit. Results indicated that TTX caused a decrease in
fluorescence that was a concentration dependent.

Injection of (Pro. HCL) at final concentrations of ( 30 u M,
and 60 p M) to the cells leaded to noticeable decrease in
fluorescence that was concentration dependent. For instance, ( 60 p
M) of Pro. HCL caused a dramatic decline in fluorescence in
comparison with (30 p M) of Pro. HCL.

Investigation of Indian red scorpion venom (Mesobuthus tamulus)
effect on membrane potential.

As it indicated in result section, when the Indian red scorpion
venom was added at final concentrations of ( 0.5 mg/ml, and 1
mg/ml) to the cells, fluorescence signals increased noticeably
compared with the basal fluorescence line that was recorded before
the addition of the venom. That was due to cell depolarization by
the venom, causing activation of sodium channels. Therefore, the
persistent activation leaded to influx of the red (FMP) dye causing
a noticeable increase in fluorescence. Addition of (100 p M)
veratridine to the cells treated by the venom of Indian red scorpion,
caused a further increase in fluorescence. This suggests that
veratridine enhanced activation of sodium channels caused by the
venom.

Results from study of Catteral (1976), which used venom of
the North African scorpion Leiurus quiinquestriatus, support the
previous observation. Uptake of 22 Na + by neuroblastoma cells
was used to detect changes in membrane potential related to sodium
channels. The study reported that treatment of the cells with
scorpion venom only caused an increase in 22 Na + uptake rate.
Whereas, the cells showed more 22 Na +uptake when they treated
with veratridine after the treatment Dby scorpion venom.
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Consequently, the study concluded that scorpion venom and
neurotoxins such as veratridine work cooperatively to activate
sodium channels.

Several studies examined effect of different scorpions venoms
on action potential. Rowan et al. (1992) reported that Buthus
tamulus (BT) venom at concentrations more than (20 mg/ml) leaded
to depolarization. Moreover, study of Narahashi et al. (1972)
concluded that (BT) venom caused prolongation of action potential
by delaying inactivation of Na+ channels and blocking K+ channel.
Bernard et al. (1977) tested effect of Androctonus australis venom
on neuroblastoma cells. The study deduced that scorpion venom
increased duration of the action potential of neuroblastoma cells.

Conclusion

A membrane potential assay designed to detect sodium
channel toxins. Setting up the assay was by seeding SH-SY-5Y cells
at a density of 50,000 cells/well in black 96 wells microplates, and
loading the cells by red FLIPR membrane potential (FMP) dye. The
assay successfully detected sodium channels activator toxins such as
veratridine, and sodium channels Dblockers toxins such as
procainamide hydrochloride. Activity of Indian red scorpion venom
(Mesobuthus tamulus) was successfully investigated by the assay,
and it was concluded that the venom contains sodium channel
activators.
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Abstract:

The use of water as working fluid in thermosiphon heat pipe heat exchanger (THPHE)
offers several distinct advantages over organic-based working fluid but research data
appears to be still limited. In this study, the performance of water-filled heat pipe heat
exchangers constructed of finned copper tubes was investigated in a test rig set up in the
laboratory. Tests were carried out on heat pipe heat exchangers with two and four rows of
copper tubes under different air flow rates through the condenser and evaporator, and at
various evaporator inlet air temperatures of up to about 100 °C. The results show that the
effectiveness of the heat pipe heat exchangers decreased with air flow rate; and when
operating under different air flow rates through the condenser and evaporator, minimum
effectiveness was found when the air flow rates were equal. It was found that the operation
of the water-filled heat pipe heat exchanger required at least 20 K temperature difference
between the air streams. With higher temperature difference, the effectiveness increased
but the rate of increase tapered off appreciably beyond 45 K. for the range of operating
conditions tested, the heat pipe heat exchanger produced marginally higher effectiveness
than conventional cross-flow heat exchangers with two unmixed streams.

Keywords: Thermosiphon, Heat pipe, Heat exchanger.
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1. Introduction:

A heat pipe heat exchanger (HPHE) is an efficient heat transfer
device with good potential in process to process, process to comfort
and comfort to comfort heat transfer applications to achieve energy
saving is presented by [1], [2]. By large, the majority of HPHE
reported in the literature utilize organic-based working fluids. Such
fluids can degrade over time, thus reducing the heat exchanger
performance and operating life. Also, organic-based fluids are
generally flammable and therefore any accidental leakage could
pose substantial fire or explosion risks.

The use of water as working fluid in HPHE is attractive since it
does not possess the above mentioned problems in addition to being
cheap and readily available. The use of water-based HPHE in
research or practical heat recovery applications has been reported by
[3], [4], [5] but appears still limited. This study serves to provide
further experimental findings on the water-based HPHE with
slightly different construction features and in the lower temperature
range of up to about 100 °C which is found in some exhaust
conditions. The HPHE are used in heat recovery applications to cool
the incoming fresh air in air conditioning applications. Two streams
of fresh and return air have been connected with HPHE to
investigate the thermal performance and effectiveness of heat
recovery system was carried out by [6]. In this study, the
temperature changes of fresh and return air are increased with the
increase of inlet temperature of fresh air. The effectiveness and heat
transfer for both evaporator and condenser sections are also
increased when the inlet fresh air temperature is increased. The
effect of mass flow rate ratio on effectiveness i1s positive for
evaporator side and negative for condenser side.

[7] describes a theoretical analysis of a split heat pipe heat recovery
system. The analysis is based on an effectiveness-NTU approach to
deduce its heat transfer characteristics. In this study, the variation of
overall effectiveness of heat recovery with the number of transfer
units is presented. In the split heat pipe heat recovery, the
evaporator is connected to the condenser through a piping system.
The condenser section is located above the evaporator so that the
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condensate is returned by gravity. Simple experiment for using heat
pipe heat exchanger for heating automobiles using exhaust gas was
carried out by [8]. It is obvious that the
heat transferred by the HPHE  increased with  the rise of exhaust
gas temperature. The effects of input heat transfer rate, the
working fluid filling ratio
and the evaporator length on the thermal performance of
thermosiphon were investigated [9]. A HPHE was designed,
constructed and tested under low temperature of 15-35°C.

10] set the variables to include overall heat transfer, effectiveness,
pressure drop, and heat exchanger duty based on flow
characteristics and thermosiphon configurations in heat exchangers.
The effectiveness increases with increasing numbers of rows, but
the effectiveness value will decrease as air mass flow value is
increased. Increasing the mass flow value causes insufficient
exposure to cold flow pipes. The results showed that there was not
enough time for the thermal energy released by the pipe to be
absorbed. [11] performed an investigation by testing an HPHE
module within the air duct system. The heat pipe tubes were
arranged in a staggered manner in several configuration variations.
Their results showed that HPHEs can apparently reduce energy
consumption in air conditioning systems.

2. EXPERIMENTAL SET-UP AND PROCEDURE
2.1. Construction of Thermosiphon Heat Pipe Exchanger

The experimental THPHE was designed in modular form. Each
module was comprised of two rows of 12 mm nominal diameter
copper tubes staggered and finned in a similar manner as the cooling
coils in an air conditioning system. A header of 25 mm nominal
diameter copper tubes was used to connect the ends of each row of
tubes so that the working fluid was uniformly distributed inside the
tubes; a smaller 6 mm diameter tube was brazed to one end of the
header and installed with a vacuum valve for ease of charging and
discharging the working fluid. The heat exchanger was divided
equally into a condenser and an evaporator section, each with a face
area of 0.147 m? and separated by an adiabatic section of 180 mm
long.
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I

Two modules were fabricated so that testing in two rows could
be carried out suing one module of the heat exchanger and in four
rows using two modules connected together. Figure 1 shows
thermosiphon heat pipe heat exchanger (THPHE). And the
specifications are summarized in table 1.

3

e

1

" !

i T

Figure 1 View of a two-row thermosiphon heat pipe heat exchanger module
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Table3-2 Design specifications of the thermosiphon heat pipe heat exchanger

Item Descriptions
1. Casing 1020 mm (high)x 380 mm(wide)x 85 mm(deep)
2 Thermo_3|phon Copper tube 11 tubes in each row
Heath pipe
Overall length 1020 mm
Evaporator length 420 mm
Condenser length 420 mm
Adiabatic length 180 mm
Outside diameter 12.7 mm
Inside diameter 11.8 mm
Number of rows 2
3. Fin Aluminum wavy plate
Density 315 fin per meter
Length 320 mm
Width 85 mm
Thickness 0.15 mm
Staggered
4. Tube Transverse pitch 275 mm
arrangement Longitudinal pitch 31.75 mm
Distilled water
5. Working fluid 70% filling ratio

2.2. Teat Rig and Instrumentation

The THPHE is constructed from mild steel and comprised a
straight duct at the top and recalculating duct at the bottom for
accommodating the condenser and evaporator sections of the
THPHE respectively. A propeller fan was installed in each duct
system and equipped with a speed controller to vary the flow
rate. For the top duct, ambient air was drawn in through a bell
mouth and passes straight through the condenser before being
discharged to atmosphere. Foe the bottom duct, hot air was
circulated in a closed loop through the evaporator. Six electrical
finned heaters of 3.5 kW each were installed inside the duct and
controlled by a temperature controller. Under this arrangement,
the THPHE was tested for counter-flow performance for air face
velocities at the condenser and evaporator of up to 1.5 m/s and

inlet air temperatures at the evaporator of up to about 100 °C.
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Air temperatures at the inlet and outlet of the evaporator and
condenser were measured by an array of six type-T
thermocouples distributed uniformly cross each section. The
readings were recorded automatically by a data logging system
connected to a personal computer. The air flow rate in each duct
was determined by measuring the pressure differential across a
flow nozzle of 100 mm throat diameter mounted inside the duct.
Figure 2 shows schematic of experimental set-up.

Inclined and vertical tube
manometers

| «-W ]
Thermocouples
nnnmg | A g
%: ’/ X X7/
To
otumosphare Nozzle X %

™

Heat pipe Heat Exchnager

X X \\
Recirculated
x x Nozzle back to inlet
on the left
X X

TLIL —/—
Heaters A‘ J
T

Figure 2 Schematic diagram of experimental set-up of THPHE.

2.3. Processing of experimental results

Form the experimental data obtained, the mean inlet and outlet
temperatures of the evaporator and condenser were computed by
averaging the readings from the thermocouples. Next, the mean air
temperatures at the evaporator and condenser were calculated by
taking the averages of their inlet and outlet air temperatures. Air
properties were evaluated at the mean air temperatures and the air
flow rates through the evaporator and condenser computed from the
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pressure differential across the flow nozzle (ASHRAE standard
41.2.1987) [12].

To obtain the heat transfer rates in the THPHE, the heat capacity

rates C. and C. of the condenser and evaporator were calculated by
the expressions

Ce = pe Ve Cpe (1)

Ce = pe Ve Cpe (2)

Where V is the volumetric air flow rate, p the air density, c, the
specific heat of air and the subscripts ¢ and e refer to the condenser
and evaporator were evaluated by the following equation:

Qc =Ce (Tco — Tci) (3)

Qe = Ce (Tei — Teo) (4)

Where T and T, are the mean inlet and outlet air temperatures
at the condenser respectively, and Te and Te;, are the mean inlet
and outlet air temperatures at the evaporator respectively.

In theory, Qc and Q. are equal in an adiabatic system by energy
conservation. In practice, noticeable differences can result from
different heat losses and air leakage in the condenser and
evaporator. Hence, the heat transfer rate for the THPHE was
calculated by taking the mean as follow:

Q:Qe—;Qc (5)

The performance of THPHE may be quantified by its effectiveness
¢, defined as the ratio of the actual heat transfer @ to the maximum

possible amount of heat Q_, that could be transferred in an infinitely
long heat exchanger. Therefore,

g2 (6)

And Q_ was determined by the air stream with the smaller heat
capacity rate c_, as follows:

Qmax = Cmin (Tei _Tci) (7)
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The overall heat transfer coefficient U of the THPHE was
calculated by

U= AA? (8)

Imtd

Where A is the total heat transfer surface area of the THPHE and
AT . 1s the log-mean temperature difference defined as follows:

ATlmtd _ (Tei _Tco)_(Teo _Tci) (9)
T -T
In el co
(Teo _Tcij
Finally, the number of heat transfer unit NTU of the HPHE was

calculated by the expression.

NTU = VA
C

(10)

min

2.4. Results and Discussion
2.5. Hysteresis Effect.

Tests were carried out by increasing the inlet air temperature of
the evaporator in several heating steps followed by decreasing the
temperature in several cooling steps. The results obtained for two
different THPHE are shown in figure 3. The only difference
between the THPHEs was the depth, which was represented by the
number of heat pipe heat rows. For each THPHE a substantial
difference between the effectiveness values during heat up and

0.7
0.6
0.5
0.4

0.3

0.2 ./ Heating

2rows

Effectiveness [%].

0.1

0 10 20 30 40 50 60 70 80 90
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cooling down stages was observed. In the 2 row deep thermosiphon
heat pipe heat exchanger the effectiveness became independent of
the thermal history and also  of the temperature difference when
the temperature difference was greater than 60c°. For the 4 row
deep THPHESs similar relationship was observed if the temperature
difference was somewhere around 70 c°.

Figure 3 Effectiveness hysteresis in the two and four-rows
THPHE.
2.6. Change in effectiveness under equal air flow rates through
the condenser and evaporator

Tests were carried out under different air flow rates between
0.07 and 0.18m?%/s, and at evaporator inlet air temperature between
60 and 80 °C. In each test, the flow rates through the condenser and
evaporator were kept constant and equal. Figure 4, shows that the
effectiveness for both the two-row and four-row THPHE dropped
gradually with increasing flow rate. The decrease in effectiveness
with flow rate under constant inlet temperatures at the condenser
and evaporator is to be expected due to the lesser increase in heat
transfer rate in comparison with the increase in flow rate as may be
clearly seen from equations (6) and (7).
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Figure 4 Effectiveness as a function of air flow rate (equal both
condenser and evaporator) at different evaporator inlet air
temperatures.

2.7. Change in effectiveness under different air flow rates
through the condenser and evaporator

In practical heat recovery applications, the air flow rates through
the condenser and evaporator need not be equal. Tests under
unequal air flow rates were carried out with the condenser inlet air
at ambient temperature and the evaporator inlet air temperature
varying between 60 and 80 °C. The result of effectiveness versus the
volumetric air flow ratio V¢/V. is shown in figure 5 for the two-row
and four-row THPHE. It has been observed that for V. >V. the
effectiveness increased with increasing flow rate ratio while for Ve
<V. the effectiveness decreased with flow rate ratio. The curves
converged to minimum effectiveness as V./V. approached unity.
The tendency towards minimum effectiveness when the flow rates
became equal may be explained by expressing the effectiveness in
the following form:-

PeCoc (To —Ty) (11)
v L (1)

For Ve >V, Vmin IS equal to V. and therefore the effectiveness
increases with T¢, which rises with V. as results of better heat
transfer.  For Ve <V, Vmin is equal to V. and therefore the
effectiveness decreases as the ratio V¢/V.: in the denominator
increases. However, the rate of decreases is limited by a
simultaneous increase in T¢ due to better heat transfer with
increasing V.. Therefore the curves to the left of unity flow rate
ratio tend to have smaller slopes. The above trends also hold true if
the heat capacity rates are used instead of volumetric flow rates
since the product of density and specific heat of air do not vary
significantly within the temperature range of the tests.
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Figure 5 change in effectiveness with ratio of air flow rates
through the evaporator and condenser and evaporator inlet air
temperature

2.8. Change in effectiveness due to temperature different
between the air streams

Tests were carried out with different evaporator inlet air
temperature between 45 and 105 °C and keeping the incoming air to
the condenser at ambient temperature. The effect of temperature
difference between the air streams on the effectiveness is shown in
figure 6. It may be seen that effectiveness increased with higher
temperature difference and flow rate ratio. The rate of increase in
effectiveness tapered off appreciably beyond a temperature difference
of about 45 K. Also, the THPHE was able to operate only if the
temperature difference between the air streams was above 20 K.
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Figure 6 Change in effectiveness with temperature difference between the
inlet air to the evaporator and condenser.

2.9. Effectiveness-NTU of thermosiphon heat pipe heat
exchanger:

The performance data of the HPHE is plotted in terms of
effectiveness versus NTU in figure 7 for different evaporator inlet
temperatures. The result suggests the existence of a good correlation
between effectiveness and NTU as in conventional heat exchangers.
Figure 8 shows the comparison between the data from the THPHE
and the effectiveness-NTU curves of cross-flow heat exchanger
with both unmixed streams extracted from reference [13] and the
symbol represented our experimental data. It appears that the
THPHE had marginally higher effectiveness than the cross-flow
heat exchanger for the range of NTU tested.
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Figure 7 Effectiveness as a function of number of heat transfer unit (equal air
flow rates in condenser and evaporator)
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Figure 8 comparison between data of the THPHE and the effectiveness-NTU curves
of a cross-flow heat exchanger with both unmixed streams.
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Conclusions:

Thermosiphon heat pipe heat exchanger of finned copper tubes
construction and using water as the working fluid have been tested
at evaporator inlet air temperature of up to about 100 °C and under
various air flow rates through the condenser and evaporator. The
effectiveness of the THPHE was found to decrease gradually with
air flow rate. Under different air flow rates through the condenser
and evaporator, the effectiveness of the THPHE tended towards a
minimum value when equal flow rates were approached. Operation
of the water-filled THPHE required at least 20 K temperature
difference between the air streams. With higher temperature
difference, the effectiveness increased but the rate of increase
tapered off beyond 45 K, finally, the effectiveness of the THPHE
was found to be marginally higher than the cross-flow heat
exchanger with unmixed air streams.
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ABSTRACT:

DC-DC converters are electronic devices used to change DC electrical power efficiently
from one voltage level to another. Operation of the switching devices causes the inherently
nonlinear characteristic of the DC-DC converters including one known as the Boost
converter. Consequently, this converter requires a controller with a high degree of dynamic
response. Proportional-Integral- Differential (PID) controllers have been usually applied to
the converters because of their simplicity.

However, the main drawback of (PID) controller is unable to adapt and approach the best
performance when applied to nonlinear system. It will suffer from dynamic response,
produces overshoot, longer rise time and settling time which in turn will influence the
output voltage regulation of the Boost converter. Therefore, the implementation of
practical Fuzzy Logic controller (FLC) that will deal to the issue must be considered.

This study is based upon the Fuzzy logic controller (FLC) using voltage output as feedback
for significantly improving the dynamic performance of boost dc-dc converter by using
MATLAB Simulink software. The design and calculation of the components especially for
the inductor has been done to ensure that the converter operates in continuous conduction
mode. The evaluation of the output has been carried out and compared by software
simulation using MATLAB software between the open loop and closed loop circuit. The
simulation results have shown that voltage output is able to be control in steady state
condition for DC-DC boost converter by using this methodology. Scope of this project is
limited to only one type that is Triangle membership function.

Keywords Boost converter, fuzzy logic controller, PID controller,
MATLAB@SIMULINK
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INTRODUCTION

DC to DC step-up power converter, or more popularly known as
the Boost converter, is widely used in power electronics systems. Its
application is widespread and wide ranging-Boost power supply can
be found in the tiniest cell phone (mill watt) to the high power train
propulsion system (hundreds of kilowatts). One of the main
requirements of the converter is the robustness of its controller.

A good controller should perform these tasks efficiently that is it
should be able to regulate output voltage when the input voltage and
reference is changed and also should be able to stabilize the system
for any input disturbances and load changes. The performance of the
controller is normally characterized by its response to a step input
reference, i.e. transient percentage of overshoot, settling time and
steady state error.

Due to its nonlinear and time-invariant nature, the design of high
performance controller for the Boost converter presents a
challenging task. Traditionally, classical methods such as frequency
response and root locus/pole placement techniques are employed.
Examples of classical controllers are the Proportional Integral
Derivative (PID)[1], Deadbeat controllers [2] and sliding mode
controllers [3]. These controllers are known as “model based.
Among the most popular is the Fuzzy Logic Controller (FLC). In
essence, FLC is a linguistic-based controller that tries to solve
problems by means of systematic rule inferences. It does not require
precise mathematical model, very robust and has excellent
immunity to external disturbances [5]. Although promising, FLC
requires substantial computational power due to complex decision
making processes, namely fuzzification, rule base storage, inference
mechanism and defuzzification operations. To obtain optimized
performance, FLC require a much longer time because for most
cases, the design is done heuristically [6],[7].

Problem Statement :

DC-DC converter consists of power semiconductor devices
which are operated as electronic switches. Operation of the
switching devices causes the inherently nonlinear characteristic of
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the DC-DC converters including one known as the Boost converter,
Consequently, this converter requires a controller with a high degree
of dynamic response. Proportional-Integral- Differential (PID)
controllers have been usually applied to the converters because of
their simplicity. However, the main drawback of PID controller is
unable to adapt and approach the best performance when applied to
nonlinear system. It will suffer from dynamic response, produces
overshoot, longer rise time and settling time which in turn will
influence the output voltage regulation of the Boost converter

Project objectives:
The objectives of this project are;

i) To model and analyse a DC-DC Boost converter without
controller (open loop) and simulate using MATLAB Simulink.

i) To design fuzzy logic controller (FLC) to control the switching
of DC-DC Boost converter.

i) To analyses the voltage output for DC-DC Boost converter
between closed loop, and compare between PID controller and
fuzzy logic controller.

Project scope:

The scope of this project is to simulate the proposed method of
voltage tracking of DC-DC boost converter using triangle fuzzy
logic controller with MATLAB Simulink software. Analysis of the
converter will be done for continuous current mode (CCM) only.
The scope of proposed fuzzy logic controller is limited to triangle
membership function as a proposed controller. The analysis only
covered the output voltage based on reading of overshoot ratio, rise
time, peak time and settling time.

DC/DC CONVERTERS:

The DC/DC converter is a device for converting the DC voltage
to step-up or step-down depending on the load voltage required. If
the requirement of voltage is to step-up then it is necessary to use a
boost converter.

93



92020 wugnil Alag Jaill aaell

If the requirement of voltage is to step-down , then it necessary to
use a buck converter.

Sometimes, both step-up and step-down is required to cover the
load, but at different times, then it is necessary to use a buck-boost
converter. Therefore, different types of DC/DC converters are used
for different voltage levels in load. Generally DC/DC converters are
divided into two types [9]:

1- Non isolated DC-DC converter
2- Isolated DC-DC converter
2.1 Boost DC/DC converter:

A boost converter (step-up converter), steps up the input DC
voltage value and provides at output. It consists of an inductor L,
capacitor C, and controllable semiconductor switch Diode D, and
Load resistance R as depicted by Figure 2-1. Capacitors are
generally added to output so as to perform the function of removing
output voltage ripple. The boost converter is one of the most
important non isolated step-up converters.

+ Vi - + Vo -
A >

I

Figure 2-1 A Boost Converter Circuit

Boost converter operates, assuming that the inductor is charged in
the previous cycle of operation and the converter is at the steady
state operation and CCM Condition.

Input Voltage v
»

Figure 2- 2 the Duty Cycle For Switching Period During Steady State

Define Duty Cycle (D) which depends on to,n and switching
frequency f;
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ton ton
D = = = tonfs (2'1)

tontlosf T
During steady state operation the ratio between the output and input
voltage is % , the output voltage is controlled by varying the duty
cycle. Range of Duty Cycle: 0 < D < 1.
ton = DT (2-2)
torf = (1 —D)T (2-3)
2.1.1 Analysis for switch closed (ON)

Initially the power switch S is closed. Now the diode will be
reversed-biased by the capacitor voltage, hence it will act as open.
The equivalent circuit is shown in Figure 2-4 [10]. When, Diode is
reverse-biased, Input is disconnected from the output, no energy
flows from input to output, output gets energy from capacitor.

Vion = Vs .
The inductor voltage, V;, = Vs
YA EN- L (2-4)

de  dy L

Since the derivative of i; is a +ve constant, therefore i; must
increase linearly;
dip _ Dy Ay _ Vs

de  Agr Dgr L

|4
(AiL)-closed = Ts) DT (2'5)

+ Vi + Vo —

VYTV

ip=0

Vs(:

S
Q
z
M
/|
o
<

\}——M +

Figure 2- 3 The Equivalent Circuit of Boost Converter When the Switch S is closed

+

>

Figure 2- 4 Analysis for switch closed (on)
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2.1.2 Analyses for switch open (OFF)

For the next cycle, the power switch S is open. The condition is
depicted in Figure 2- 5. Because the inductor is fully charged in the
previous cycle, it will continue to force its current through the diode
D to the output circuit and charge the capacitor. Inductor is
discharging, diode is forward-biased, and Input is connected to the
output, energy flows from input to output while capacitor’s energy
is replenished. The output stage receives energy from the input as
well as from the inductor V,ppr = Vs — V.

L= + V,=0—

+ V
— — ‘ +
.’+-‘ l‘L i =j Il‘r "‘\'
Vs( B ) =

b~ I

OFF j:l ﬁ Vo

Figure 2-5 The Equii/alent Circuit of Boost Converter When the Switch S Open
1 P

PP N EL

Ve Vo
r-r>

Figure 2-6 Anélysis for switch opened (off)

e Inductor voltage

Vp=Vs =V
__ Aty - dip _ Vs—Vp
T at at L

(2-6)
Since the derivative of i, is a -ve constant, therefore i; must decrease
linearly.

dip, _ Aip . Aip _ Vs—Vg
dt Adt (1-D)T L
. Ve—V
(All)opened = ( SL O) (1-D)T (2-7)

Steady-state operation
(AiL)ciosea T+ (AiL)opened =0
Vs Vs—Vo _
(T)DT+ (V—L).(1 —D)T =0

. |74
= VO - ﬁ (2'8)
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In steady state the average inductor voltage is zero over one
switching period known as Volt Second Balance,

Vionton + Viorrtorsr =0

Vo = ﬁvs (2-9)
From the equation (2.9) average output voltage is higher than input
voltage.
e Inductor current:

Input power = Output power
Vs
I,

- (1-D)2R
CONTROL METHODS FOR DC-DC CONVERTERS

In most of the applications it is needed to maintain the output
voltage of converter regardless of changes in the load or input
voltage. The DC-DC power converters are sited in middle stage of
most of electrical power systems; their input is connected to sources
and output is connected to inverters. Both input and output sides are
prone to sudden changes in values, slow transient response increase
losses in the system and leads to dramatic reduction of efficiency.

Several methods have been proposed by researchers to control
output voltage of DC - DC converters as illustrated. Classical
methods (model based) rely on mathematical model of system hence
they are sensitive to changes in transfer function. In opposite to
classical methods, non-model based approaches use intelligence
techniques which are not dependent on system mathematical model.

3.1 PID Controller

PID stands for proportional, integral, derivative are one of the
most popular feedback controller widely use in processing industry.
It is easy to understand the algorithm to produce control
performance.

The PID consists of three basic modes that are proportional modes,
integral modes and derivative modes. Generally three basis
algorithm uses are P, PI and PID. This controller has a transfer
function for each modes, proportional modes adjust the output

97



92020 wugnil Alag Jaill aaell

signal in direct proportional to the controller output [2]. A
proportional controller (Kp) reduces the error but not eliminates it
[3]. An integral controller (K;) will have the effect of eliminating
the steady-state error but it may worsen the transient response. The
derivative controller (K;) will have the effect of increasing the
stability of the system, reducing the overshoot and improving the
transient response.

3.2 Fuzzy logic controller system(FLC)

Since its introduction in 1965 by Lotfi Zadeh (1965) [8], the
fuzzy set theory has been widely used in the control area with some
application to DC-to-DC converter system. A simple fuzzy logic
control is built up by a group of rules based on the human
knowledge of system behavior. Matlab/Simulink Simulation model
IS built to study the dynamic behavior of DC-to-DC converter and
performance of proposed controllers. Furthermore, design of fuzzy
logic controller can provide both small signal and large signal
dynamic performance at same time as required, which is not
possible with linear control technique. Thus, fuzzy logic controller
possesses the potential ability to improve the robustness of DC-to-
DC converters. The basic scheme of a fuzzy logic controller is
shown in figure 2 and consists of four principal components such
as: a fuzzification interface, which converts input data into suitable
linguistic values; a knowledge base, which consists of a data base
with the necessary linguistic definitions and the control rule set; a
decision-making logic which, simulating a human decision process,
infer the fuzzy control action from the knowledge of the control
rules and linguistic variable definitions; a defuzzification interface
which yields non fuzzy control action from an inferred fuzzy control
action [4].

FLC

LI 000,

S ”
) inference
4 . ? ﬁ‘zm_km“ Defuzzification
— K level

Figure (3.1): General structure of the fuzzy logic controller on
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Closed-loop system

RESEARCH METHODOLOGY

This chapter will cover the detail explanation of methodology that
Is being used to make this project complete and working well.
MATLAB/Simulink software is used to achieve the objectives of
the project. With the aim to evaluate this project, the methodology
based on system development is shown in Figure 3.1. Generally,
there are three major steps in the development of projects, which are
planning, implementation and analysis. Flow chart in Figure 3.2
shows the flows and methods that will be used for finding and
analysing data related to the project.

‘
. I T Regulated DC
DC input Boost Converter &

Figure 4 . 1: Block Diagram For Propose DC-DC Boost Converter
Using Fuzzy Logic Controller
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this project.
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Boost converter parameter:

Figure 3.4 shows the diagram of open loop DC-to-DC boost
converter by using Matlab/Simulink. The power switching device
that is used to develop the simulation of boost converter is
MOSFET. This is because the characteristics of MOSFET are fast
switching due to its operating frequency is very high. While
designing the DC-to-DC boost converter, the parameters value of
design requirement has been set. The voltage range of converter is
setup from 12V to 24V, switching frequency that is used is about 27
kHz and the load resistor is fixed at 50Q. The values of all
parameters and components have been decided by calculation,
which refers from the previous equation.

The value of all parameters can be determined as below :-
Table 3.1: Parameters and values for boost converter

Parameter Value
Voltage Input, Vs (V) 12
Voltage Output, Vo (V) 24
Output Power, P (W) 57.6
Duty Cycle, D 0.5
Switching Frequency, f (kHz) 21.7
Resistance, R (Q2) 10
Inductor, L (mH) 25
Capacitor, C (uF) 250
output Voltage Ripple (%) 0.173
Input Current, Is (A) 9.132
Output Current, 10 (A) 2.4
Diode forward voltage VT (v) 1.05

i
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Figure 4.3 : Diagram of open loop dc to dc boost converter by using
Simulink
4.2 Generate SPWM switching using Matlab Simulink

The SPWM switching signal is generated by comparing the
sinusoidal reference signal and triangular carrier. The switching
time is the time when these two different waveforms (reference
signal and carrier signal) are intersected depending on theoretical
switching scheme. The programming of SPWM switching by using
S-Function block on Mat lab Simulink software [11] .

>
Scope |
P ) Digital Clock Scoped
I:I S-Function 12-34
-}
_.IEI
duty cycle Display4
go to mosfet switch

Figure 4.4: Simulink Generate SPWM Switching

4.3 PID Controller design for boost converters

A PID and a PI controller were designed for the boost converter for
operation during a start-up transient and steady state, respectively. The
controllers were designed based on the measured small signal model of
the boost converter using MATLAB Simulink software 2009a.
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Figure 4.4 Simulink model of the PID controller for the DC-DC
boost converters

4.4 Fuzzy logic controller and its operational methodology

4.4.1 Fuzzification

First, the linguistic values are quantified using membership
functions. Each universe of discourse is divided into fuzzy subsets.
There were 5 fuzzy subsets in the fuzzy controller for the boost
converter: NB , NS, ZO, PS, and PB, where N indicates negative,
Z represents zero, and P indicates positive. The membership
functions for e[k] , che[k] and change duty cycle dd[k] of PWM
output are shown in Figure 3.8. The variables pe(e[k]) and
uche(che[k]) are the membership degrees assigned to each fuzzy
subset to quantify the certainty that the input can be classified
linguistically into the corresponding fuzzy subsets. A triangle-
shaped membership function was used for this controller design for
the ease of implementation. Of the 5 subsets, there were 2 subsets
for the positive parts and 2 subsets for the negative parts of the
universe of discourse, respectively.
The number of fuzzy subsets was determined based on the
experimental results of boost converters. 5 fuzzy subsets were the
smallest number of fuzzy subsets in order to obtain satisfactory
results.
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The membership functions for e[k] , che[k] and dd[k] are shown in

Figure 4.5.

/N
Membership functions of the inputs e[K] Membership

functions of the inputs che[K]

Membership functions of the inputs dd[k]

4.4.2 Rule base

The rule base is derived from general knowledge of DC-DC
converters and adjusted based on experimental results. There is a
trade-off between the size of the rule base and the performance of
the controller. A 5*5 rule base was also designed and implemented for
the boost converter. Experimental results indicate that the fuzzy
controller with a 5*5 rule base exhibited less oscillation during steady
state, and faster transient response was achieved by increasing the
output gain h. For the same universe of discourse, more membership
functions resulted in finer control. The output of the controller had
less variation when either of the inputs had small changes, and a more
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accurate control was achieved; chattering or oscillation were reduced
[48].

A small 5x5 rule base for the fuzzy logic controller is shown in
Table 3.1 for illustration purposes. In the table five groups; NB:
Negative Big, NS: Negative Small, ZO: Zero Area, PS: Positive
small and PB: Positive Big and its parameter

Table 4.1: 5x5 Rule base of the fuzzy logic controller

Change in error (Che)
NB|NS|ZO | PS | PB
NB|NB|NB|NB|NS|ZzZO
NS |NB|NB|NS|ZO| PS
ZOINB|NS|ZO | PS|PB
PSINS|ZO| PS |PB|PB
PB|ZO | PS|PB|PB|PB

Error

(€)

4.4.3 Inference mechanism
The results of the inference mechanism include the weighing factor
(wi) and the change in duty cycle ci of the individual rule [4]. The
weighing factor (wi) i1s obtained by Mamdani’s min fuzzy
implication of pe(e[k]) and pche(che[k]), where wi = min{pe(e[K]),
uche(che[k])} and pe(e[k]), pche(che[k]) are the membership
degrees [10]. The change in duty cycle inferred by the ith rule, zi is
written in (4.1).
zi=wixci=min{ 1 (e[k]), u(che[k ]} xci (4.1)

4.4.4 Defuzzification

The centre of average method is used to obtain the fuzzy
controller’s output dd[k], which is given in (4.2). When using
triangle-shaped membership functions, there are at most four rules
that are effective at any one time; therefore,

N
Sd[K] = EEpi (4.2)

N
Zi:l Wl
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4.4.5 Implementation of fuzzy controllers

The flowcharts of the fuzzy controllers are shown in Figure
(4.6) shows the flowchart of the fuzzy controller using the method
to calculate the new duty cycle, which corresponds to the Simulink
model.
Figure(4.7) shows the flowchart of the fuzzy controller with a linear
integrator.

Interrupt Subroutine Starts

\4
ADC Conversion Complete I
e[k]=Ref-ADC[k] I
che[k]=e[k]-e[k-1] I
e[k]=g0*e[k] I

ce[k]=g1*del[k] I

N\

Calculate centers and membership
degrees pce(che([k]) for che[k]

Wi = min{ pe (e[k]), uce (che[k])} I

v

8d[k]= F(wi * ci)/3 (wi) I

d[k] = d[k 1]+ hx&d[k]

d[k]>80%?

d[k]=80%

d[k]<20%?

Update Duty Cycle of PWM I

Wait On Until Next Interrupt I
Interrupt Subroutine Ends l

d[k]=20%
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| 3

4.3.6 Fuzzy logic controller for bo\lést converter

A fuzzy logic controller for a DC-DC Boost converter has two
inputs. The first input is the error in the output voltage, e[k] = Ref -
ADCIK], where ADCIK] is the converted digital value of the K™
sample, and Ref is the digital value corresponding to the desired
output voltage.

The second input, che[k] = e[k] - e[k-1], is the difference between
the error of the K" sample and the error of the (k-1)" sample. The
two inputs are multiplied by the scaling factors g0 and g1,
respectively, and then fed into the fuzzy controller. The output of
the fuzzy controller is the change in duty cycle 6d[k]. It is scaled by
a linear gain h. The scaling factors g0, g1 and h can be tuned to
obtain a satisfactory response.

The output of the fuzzy logic controller, scaled by the output gain h,
is added to the previous sampling period’s duty cycle d[k-1],
which is written in (4.3) d[k] = d[k-1]+h*éd[k]
(4.3)

The integration of the fuzzy controller’s output increases the system
type and improves steady-state error. The Simulink model of the
fuzzy logic controller using (4.3) to calculate the duty cycle d[K] is
shown in Figure (4.7) . The disadvantage of this method is that the
output gain h has to be tuned to be very small to avoid oscillation in
steady state. Since the change in duty cycle is accumulated every
sampling period, the duty cycle varies around its nominal value
during steady state, which could lead to oscillation. Quantization
errors in digital controllers increase the magnitude of the oscillation,
because digital controllers are restricted to a finite set of values.
Oscillation between the maximum and minimum values of the duty
cycle may even occur if h is relatively large compared to the duty
cycle range. A very small output gain h tends to increase the
transient response time because more sampling periods are
necessary to arrive at the desired duty cycle [4].
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In order to prevent the MOSFET from being turned on or off for a
full switching period, the duty cycle d[K] is limited to be between
the 20% and 80% for the boost converter.

Figure 4.7 : Diagram of fuzzy logic controller for dc to dc converter

by using Simulink

5. Results and analysis:

For simulation, input voltage was set at 12V and the voltage
reference was set at 24V. The other values of parameters are setting
same like the previous section. The simulation result has compared
between open loop boost converter and close loop boost converter
with fuzzy logic controller and PID controller.

5.1 Open loop Dc to Dc boost converter

From the simulation, the waveform of output voltage and capacitor
voltage have same characteristic of waveform. The value of output
voltage is about 24.05V. Then the mean values of input current or
inductance current, I is about 10.24A and it has high overshoot
compare the output current that has more stable. The value of output
current is about 2.4A. The result from the simulation is nearest with
the mathematical calculation. It is because of the losses at the
components. The simulation result can see at Figure 5.1(a), 5.2(b),
5.3(c), 5.4(d).
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Figure 5.1(a): Results on output voltage for open loop circuit DC to
DC boost converter.

Figure 5.2(b): Results on output current for open loop circuit DC to
DC boost converter

Figure 5.3(c): Results on Capacitor voltage for open loop circuit
DC to DC boost converter

0.0125 0.013 0.0135 0014 0.0145 0.015

0.011 0.0115 0.012

Figure 5.4(d): Results on ripple output voltage for open loop circuit
DC to DC boost converter.

5.2 Boost conveter with PID controller
The simulation results of output voltage for boost converter with

PID controller have shown at Figure 5. From the simulation result,
the value of output voltage is getting about 24V.
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0.01 0.012 0.014 0.018

Figure 5.5(a): Results on output voltage for PID controller closed
loop circuit DC to DC boost converter

0.006 0.008 0.01 0.012 0.014 0.018

Figure 5.6(b): Results on output current for PID controller closed
loop circuit DC to DC boost converter.

0.018 0.02

Figure 5.7(c): Results on capacitor voltage for PID controller
closed loop circuit DC to DC boost converter

5.3 Boost conveter with fuzzy logic controller

The simulation results of output voltage for boost converter with
fuzzy logic controller have shown at Figure the following. From the
simulation result, the value of output voltage is getting about
23.74V and the duty cycle value was display at rules viewer is about
0.44. Figure 5.11(b) shows the output current. The value of output
current is about 2.38A.

0.002 0.004 0.006 0.008 0.01 0012 0.014 0.016 0.018

110



92020 wugnil Alag Jaill aaell

Figure 5.8(a) : Output voltage for boost converter with fuzzy logic
controller

............................................................................................................................................

o o.ooz 0004 0.008 0008 0.01 onoiz 0.014 0.016 0018 0.0z

Figure 5.9(b): Results on output current for FLC controller closed
loop circuit DC to DC boost converter.

] ooz o004 0.006 0.005 0.01 onlz 0.014 0.016 0.01a 0.0z

Figure 5.10(c): Results on capacitor voltage for FLC controller
closed loop circuit DC to DC boost converter

1.5 2 2.5 al 3.5 4 4.5 5 5.5 53

Figure 5.11(d): Results on ripple output voltage for FLC closed
loop circuit DC to DC boost converter.

Figure 5.1(a),5.5(a) and 5.8(a) shows the simulation results on the
output voltage of the open loop and closed loop circuit for PID and
FLC. At output voltage of the open loop circuit showed that voltage
boost up for a value of 35 V. This showed that open loop circuit
produced an overshoot voltage however this scenario did not happen
in closed loop circuit. In closed loop circuit for FLC was better than
PID controller whence overshot and settling time. Overshot in the
FLC equal zero and settling time is much faster. The fuzzy logic
controller plays it roles to control the voltage output as the desired
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requirement. It proved that the fuzzy logic controller successfully
control.

Next take a look at the output current simulation results on Figure
5.2(b) for open loop circuit , Figure 5.6(b) for PID closed loop
circuit and Figure 5.9(b) for FLC closed loop circuit. The system
with fuzzy logic controller had controlled the current of output by
driving it to produce the desired current that needed by the system
and eliminating the overshoot current.

Voltage results in Figure 5.3(c), 5.7(c) and 5.10(c). All the
simulation results between open loop circuit and closed loop circuit
for PID and FLC shows that the closed loop circuit gives a fast
settling time value that was controlled by fuzzy logic controller.
This purposely achieved in order to correspond on the output
desired of the system.

1.4
ov

1.2 F -

1.0 77

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, +100% + 5%

8
.6

Output signal

4 F

2 F

0.0

5 10 15 20
Time, t (s)

Figure 5.12: 2nd Order of step response reading on overshoot ratio,
rise time, peak and settling

The comparison analysis between open loop and closed loop were
continue on the simulation result based on the output voltage
deviation, voltage overshoot percentage, rise time, peak time and
settling time. These comparisons based on the 2nd order Step
Response System. This analysis is shown as Figure 16 where the
reading on overshoot ratio, rise time, peak time and settling time
were taken.
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Table (5.1) The reading on peak overshoot ratio, rise time, peak

time and

Settling Time from open loop and closed loop for PID and FLC,
circuit boost dc-dc converter.

Voltage Voltage Peak Rise Time Pgak Set_tling
Input Reference Overshoot Time Time
V) e (V) Ratio@) | ™) | (ms) (mS)
Open 20 24 46.7 0.29 0.512 4
PID 20 24 0.833 0.545 0.577 12
FLC 20 24 0.0 0.525 0.575 0.6

Based on the simulation results obtained and shown in Table (5.1),
those circuits shown that both are having a different rise time, peak
time and also have a different settling time. However, the analysis
shows that the closed loop circuit with fuzzy controller is having the

faster settling time.

Table (5.2) The deviations of voltage resulted from open loop
circuit Boost dc-dc converter

Voltage Voltage Voltage _ _—
Input Reference Output Deviation | Deviation
\V %
v) e (V) V) V) (%)
OPEN

LOOP 12 24 23.79 0.21 0.875

PID 12 24 23.88 0.12 0.5
FLC 12 24 23.89 0.11 0.458

The analysis on the deviation of voltage resulted that the
difference between reference voltage setting and the output voltage
is always lesser. The comparison between open loop and closed
loop for PID and FLC in Table (5.2) show that the open loop circuit
having a bit higher on the deviation of voltage. The closed loop
circuit boosts for FLC has a lesser deviation of voltage and proved
that it is such a better performance on control the deviation of
voltage during the boost mode.
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Conclusions:

Design of the fuzzy logic controller for dc to dc boost converter
by using Matlab@Simulink has been successfully achieved. From
the observation simulation result, fuzzy logic controller has
improved the performances in term of overshoot limitation system.
Finally, we can conclude that the fuzzy logic controller is robust and
better performance in system.
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