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A STEM WON’T GROW WITHOUT SUN SHINE! SHEDDING
TRADITIONAL UNIVERSITY APPROACHES FOR NOVEL PRACTICES
TO ADDRESS THE CHALLENGES OF STEM FOR ALL

Colleen Sexton

In FY10 the US Government invested $3.4 Billion in Science, Technology, Engineering and
Mathematics (STEM) education initiatives with the major portion of funds to support STEM
careers and STEM Degrees. While those who earn STEM degrees are twice as likely to be
employed as those with non-STEM degrees, most recent figures indicate that globally only 26% of
college degrees are in STEM areas. Efforts to increase graduates in these fields include an
increased emphasis on STEM education in grades K-12. Many nations have undertaken changing
national science curricula to place a growing emphasis on conceptual understanding across the
applied sciences. The revised standards are calling for an in-depth understanding of the practices
of science and engineering and a call for increased connections among the theory and the practice.
This paper maintains that the return on investment in STEM education requires universities to
Shed their traditional University approach to student selection, degree offerings, and course
sequencing to introducing more Novel practices grounded by the research on high impact practices
for higher education to best address the challenges of STEM education for all K-12 students.

Introduction:

Back in 1996, when the US National Research Council first presented a set of national science standards
for K-12 students, I traveled across the state of Ohio with a colleague to provide workshops for K-12
School Administrators designed to examine the new standards and share strategies on how to implement
them across the K-12 curriculum. Before any “lectures” were given we provided the administrators with
3 simple pieces of equipment, a wire, a “D” dry cell (some may call a D Battery), and a small flashlight
sized light bulb, and challenged them to see how many ways they could make the bulb light. We asked
them to draw the configuration of bulb, wire and battery they tried, prodding them to draw the ways in
which the light lit and the ways in which it did not light, and to share those with the class. Using their
drawings as “data” we developed the concept of a simple circuit. I remember the challenge this task
presented to the school administrators, with some admitting they were embarrassed to put their drawings
of attempts that did not work on the board. Yet, when asked how many in the room could provide a
definition for a simple circuit if we had not completed that activity, it was not uncommon to find that
more were comfortable in their attempt to provide a definition than to provide a deeper understanding of
the concept.

In 1996 we used that simple activity as the basis for a conversation on effective application of the new
science standards into teaching. Back then we spoke of the dimensions of science - those essential skills,
habits, and dispositions necessary to bring about scientifically literate students. In my science education
courses | use the example of using a table without legs, for what good is it without them? You might as
well be eating off the floor. If you are teaching science as a body of knowledge in areas such as the life,
physical and earth/space sciences without capturing the power of learning science through inquiry,
understanding the history and nature of science, being able to apply the science concepts to personal and
social perspectives, and understanding the interrelationships between the science and technology, then
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science teaching, void of those four pillars, is akin to having a table without any legs. Basically it’s
useless.

The example we provided in our workshops was designed to provide the administrators with that “Aha!”
moment — a quick example of the importance of integrating all dimensions of science into science
teaching, teaching what we called whole science. On a parallel track with our call for teaching whole
science, was the vast body of research on the importance of Science, Technology, Engineering and
Mathematics (STEM) Education. STEM research could be tracked back to the 1945 study by Vannevar
Bush — Science, the Endless Frontier, which called for growing scientific “capital” by training people in
science based on their ability (Atkinson and Mayo, 2010). So with this increase in attention to all
dimensions of science it was disappointing to find that between 1997 and 2009 the number of high school
students taking Advanced Placement tests in STEM areas grew very little (Atkinson and Mayo, 2010,
p-25) with the exception of AP Statistics exams, which had an average annual growth rate of 109% over
the 12 years. There was little growth in other STEM subjects with Computer Science AP tests showing
the least growth of barely 1% per year. In terms of bachelor degrees awarded in STEM related fields there
was a fairly steady growth rate of about 2% per year, about the same as the growth rate of non-STEM
careers (36% STEM vs. 30% non-STEM), yet the difference in Masters degrees and Doctoral degrees was
dismal with only 29% growth for the STEM Master degrees compared to non-STEM of 71% growth and
35% compared to 51% growth at the doctoral level for STEM vs. non-STEM degrees (Atkinson and
Mayo, 2010, pg. 26).

By 2007 this call for increased STEM Education was strengthened by the signing of the America
Competes Act which provided funding to support several initiatives for STEM programs (Thomas and
Williams, 2010), and with the re-authorization of that act in 2010 came increasing demands for evidence
that all of these expenditures made a difference in science education (National Science and Technology
Council, Dec 2011). The call for increased participation in STEM fields was tied to the national economy.
According to the US Department of Commerce, “STEM workers drive our nation’s innovation and
competitiveness by generating new ideas, new companies and new industries. However, US businesses
frequently voice concerns over the supply and availability of STEM workers. Over the past 10 years
growth in STEM jobs was three times as fast as growth in non-STEM jobs” (July 2011). As was noted by
the National Governors Association Center for Best Practices “The average annual wage for all STEM
occupations was $77,880 in May 2009, significantly above the U.S. average of $43,460 for non-STEM
occupations” and “In 2010, the unemployment rate for STEM workers was 5.3 percent; for all other
occupations, it was 10 percent” (NGA Center for Best Practices, Dec 2011, p.4).

It was inevitable that the 1996 science standards and the ever growing body of STEM funded initiatives
would eventually come together to influence the Next Generation Science Standards which are currently
in development. The Framework for K-12 Science Education, released in draft form in July 2011, brings
STEM Education front and center. The four dimensions of science from the 1996 standards are now
incorporated into three: Disciplinary Core Ideas, Crosscutting Concepts, and Practices. This paper
briefly examines what is meant by each dimension, explores factors which effect implementation, and
challenges universities to apply what I will refer to as SUN shine practices - creating a Shift from Usual
to Novel practices — to promote STEM growth.

A Framework for Science Education
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Disciplinary Core Ideas:

Traditionally the teaching of science includes a large volume of information, examined at a superficial
level. As a student moves through the grades they encounter more of the same content, with each year
piling on more information. In the 2012 Framework this traditional view of science content is replaced
with Disciplinary Core Ideas. According to Achieve Inc. (2011):

Disciplinary Core Ideas have the power to focus K-12 science curriculum, instruction and

assessments on the most important aspects of science. To be considered core, the ideas should

meet at least two of the following criteria and ideally all four:

1. Have broad importance across multiple sciences or engineering disciplines or be a key
organizing concept of a single discipline;

2. Provide a key tool for understanding or investigating more complex ideas and solving
problems;

3. Relate to the interests and life experiences of students or be connected to societal or
personal concerns that require scientific or technological knowledge;

4. Be teachable and learnable over multiple grades at increasing levels of depth and
sophistication.

This new challenge for the creation of disciplinary core ideas has also changed what was considered the
traditional smattering of science courses offerings at the K-12 level. While the typical life, earth/space
and physical science offerings are still present a fourth domain of science is now introduced to capture
engineering, technology and applications of science. As noted in 4 Framework for Science Education:
Practices, Crosscutting Concepts, and Core Ideas (National Research Council (NRC), 2012)
“Engineering and technology are featured alongside the natural sciences (physical sciences, life sciences,
and earth and space sciences) for two critical reasons: 1) to reflect the importance of understanding the
human-built world and 2) to recognize the value of better integrating the teaching and learning of science,
engineering, and technology” (p.2).

Practices which effect implementation — letting the SUN shine

As I noted in the telling of my experiences in teaching about the 1996 standards, with the exception of
adding engineering, technology and the applications of science as a key science domain, the application
of the disciplinary core continues to call for teaching with greater depth which over time deepens the
students’ understanding of each field’s disciplinary core ideas. Assumed in this practice is that greater
depth and less breadth is needed by all learners. This reflects the traditional “pipeline” view of science
education, by adding more students into the pipeline, you’re bound to increase the number of STEM
participants at the college level. Atkinson and Mayo (2010) believe this idea of Some STEM for All did
little to increase participation in STEM areas in the years since 1996 and see little return on a large
investment of federal money on STEM education using this approach. They advocate an A/l STEM for
Some approach to the application of these future science standards.

At this point in time the feedback period on the first public draft of the Next Generation Science
Standards has closed, with a promise for publication of the next version in late fall 2012. Perhaps the
suggestion of Atkinson and Mayo, to move from Some STEM for All to All STEM for Some, will be
reflected in a second version of the standards. Whether a vision of more depth and less breadth is
reflected in the standards for Some or ALL students, there are practices and strategies found in the
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research which will require a shift from usual to novel practices to promote STEM growth to address the
Disciplinary Core Ideas.

A call for greater depth of understanding merged with the idea of 4/l STEM for Some can be seen in the
America Competes Act from 2007 and in the re-authorization of that act in 2010. In both, funds have been
allocated to establish and maintain schools designed to meet the needs of the academically talented
student in STEM areas. Many residential secondary schools have been established to promote exploration
of STEM concepts in greater depth. Some, such as the Illinois Mathematics and Science Academy, have
created outreach programs to also impact the depth of experiences in these areas with professional
development opportunities for teachers. Students who attend these schools rated their research skills very
highly. In a study by Thomas and Williams (2010) they found that these same students tend to rate their
high schools more favorably than their college experiences “in terms of instructors’ expertise in teaching
and instructors’ attention to students” (p. 20). In a study by Subotnik, et.al. (2010) they found that
students who attended specialized secondary schools where opportunities for conducting research in
STEM areas in “top laboratories with enthusiastic mentors and teachers” were often disappointed in their
undergraduate experiences where they encountered less than supportive climate for undergraduate
research.

Why not shake-up the normal procedures and approach a STEM curriculum in a novel way? A suggested
SUN shine practice would be to remove the concept of sequencing all courses through the use of the
traditional “pipeline” practice of learning this bit of content first and then building on it with another bit
of content and then another which does little other than to perpetuate the notion that each discipline has
discrete bodies of knowledge to be learned and mastered before the entire discipline is revealed. If the
move from discrete bodies of knowledge is to be replaced with Disciplinary Core Ideas then at the
university level, we must rethink how we offer students opportunities to explore the concepts related to
the STEM disciplines. We should provide opportunities for undergraduate students to engage in research
that has real world consequences. Atkinson and Mayo (2010) go even as far as suggesting we create
“new kinds of STEM colleges and programs” which move “undergraduate and graduate education
towards a more interdisciplinary model which would attract more students to STEM” (p.12). They
suggest that the National Science Foundation and the National Institute of Health should allocate grants
up to $20 M/year to create this institutional transformation.

Another area of research which may lend credence to the call for 4/l STEM for Some was the study of
gifted K-6 learners. In a study by Mann, et.al. (2011) at Purdue University, the researchers examined the
traits essential to successful engineers as compared to traits of children identified as gifted. The
similarities are striking as each list includes traits such as love of learning, strong analytical skills,
creative or imaginative, and problem solvers. In examining the similar traits the researchers call for
practices in STEM teaching which will challenge the gifted learner and encourage their opportunities to
engage in the Engineering Design process. They point to the engineering practice of using models to
explain phenomenon and provide opportunities to develop mathematical and design skills. While these
practices can work for gifted K-6 children they can also work for students in engineering classes. Another
SUN shine practice would be to use “Model-Eliciting Activities” in undergraduate engineering education
which can be used to meet the Accreditation Board for Engineering and Technology’s (ABET) Criterion
3 Program Outcome which “stresses the need for engineering graduates to be able to function on
multidisciplinary teams, understand professional and ethical responsibilities associated with the
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discipline, and to assess the impact of engineering solutions in global, economic, environmental and
societal contexts” (Mann, et.al, 2011, p.646). In another study completed by Tolley, et.al. (2012)they
found another SUN shine practice to retain freshmen engineering students as they move through their first
set of engineering courses was to make use of a web based software to refresh the mathematics skills of
the students while in the course. While the technology did not change the mathematics performance of the
students in the study over the non-users it was useful in “eliminating the gap in incoming academic
preparation and was a valuable tool for refreshing basic mathematics skills and for enhancing
mathematics self-confidence” (p. 82).

Another way of spreading SUN shine on university practices to impact the need for greater depth in
teaching science concepts is for universities to continue in their participation of science curricula
development for the K-12 schools. For instance, at the University of California, Berkeley, the Lawrence
Hall of Science (2012) has consistently contributed to this effort through their creation of research based
science curricula which reflect the best practices of science teaching. Curricula such as GEMS — Great
Explorations in Math and Science, FOSS- Full Option Science System, provide teachers with complete
units for teaching which capture the criteria established for the Disciplinary Core Ideas in the Science
Framework.

Universities can also apply SUN shine practices designed to deepen the understanding of STEM content
through their required content courses for students in teacher preparation programs. In a study which
analyzed the challenges new science teachers face, Davis, Petish and Smithey (2006) found that
“preservice teachers for the most part, lack adequate understandings of science content” and that while
they may have an adequate number of science courses ‘“negative experiences with science can alienate
new teachers from science, but positive experiences in traditional science courses may lead them to naive
understandings of the nature of science” (p. 617). If STEM education is to be deepened at the K-12 level
then I suggest the universities revisit the traditional offering of science courses for the preservice teacher.
A typical university requirement of science coursework for elementary (grades K-8) teachers is to take
one biology, one chemistry and one earth/space or physics course with only one of the four having a
required lab experience. It’s time to Shake-Up these Normal practices of requiring a general survey
course in each of the traditional science disciplines. Where will these future STEM teachers at the K-8
level learn to implement Disciplinary Core Ideas if they have never been exposed to them in their own
science preparation coursework? How many College of Engineering would allow an elementary
education major to take one of their courses — even if it were just a survey course in the field? Where are
the opportunities to examine the role of Computer Sciences to better implement the Disciplinary Core
Ideas?

As was suggested by Atkinson and Mayo (2010) in their proposal to move towards a more
interdisciplinary model for STEM programs, perhaps a baby step for universities to take is in the creation
of some interdisciplinary STEM courses for the student in teacher preparation programs. Expecting
students to study selected sciences in isolated bits and attempting to put them back together with little or
naive understandings of the nature of science will, as the research has shown, only contribute to children’s
misunderstandings and false application of science concepts. Universities must take on this responsibility
if we are ever to bring about proper science concept formation through the establishment of Disciplinary
Core Ideas.



'.f,':- 7 ESTEC International Science and Technology Conference, Dubai, 13-15 December 2012
o]

At the University of Nebraska, for example, faculty from the College of Engineering and Technology
collaborated with faculty from the College of Education and Human Services to “introduce teachers to the
work of engineers and to support them in using this information and related resources in the development
and implementation of lesson plans, providing a viable way to infuse engineering into the K-12
curriculum” (Nugent, et.al., 2010, p. 14). At Ohio University the College of Education and the College of
Engineering collaborated to develop a summer experience which allowed teachers to learn and apply
gaming design principles alongside their middle school students and to convert these games into
challenging science units for use with all of their students when back in the classroom (Franklin, et.al.
2009). In research conducted by Levin and Richards, in which pre-service teachers were taught to focus
on student thinking, they found that preservice teachers were capable of learning to listen to how their
students develop an understanding of science concepts and how they can use this to use their use of
questioning to allow students to examine their understanding of the science concept (2011). At California
Polytechnic State University, San Luis Obispo, they developed the Science Teacher and Researcher
(STAR) program to recruit preservice science teachers from the STEM majors and instill in them a sense
of prestige in science teaching as a career. They paired the students with scientist mentors and had them
engage in research alongside their mentor. This preparation is designed to “promote the understanding of
the nature of scientific discovery and engineering design, personal experience doing research, and inquiry
based instruction” (Baker and Keller, 2010, p. 24). Their practices have increased retention of “teacher-
scientists” for K-12 students through an emphasis on the Disciplinary Core Ideas.

Summary of SUN shine Practices for Disciplinary Core Ideas

In summary, the advancement of the dimension of Disciplinary Core Ideas as articulated in the
Framework for K-12 Science Education, can be addressed by Universities if they engage in SUN shine
practices which include: 1) examining the appropriateness of the call for deeper understanding of science
concepts through a Some STEM for ALL vs. an ALL STEM for Some approach to science standards; 2)
using the lessons learned from the specialized secondary schools for STEM education by providing
opportunities for undergraduate research, changing the sequencing of courses and perhaps even changing
from a series of courses within one program to a set of integrated learning experiences throughout the
entire program; 3) engaging in “Model-Eliciting Activities” in undergraduate engineering education
which can be used to meet the ABET’s Criterion 3 Program Outcome; 4) using technology when possible
to use refresh basic skills needed for deeper understanding of course content; 5) continuing their
participation of science curricula development for the K-12 schools; 6) making changes in their required
content courses for students in teacher preparation programs — which includes allowing non-STEM
majors to take STEM courses; 7) and creating interdisciplinary courses or professional development
opportunities for pre- and in-service educators.

Crosscutting Concepts:

If the Disciplinary Core Ideas are to be examined with any depth then it makes sense to stick with a few
key concepts within each discipline and come to know them through concepts which transcend each of
the science domains. For example, the suggested core ideas for the physical sciences are matter and its
interactions; motion and stability: forces and interactions; energy; and waves and their applications in
technologies for information transfer (NRC, 2012). Through the application of Crosscutting Concepts
the ability to provide increasing depth of understanding for each of those core ideas can be achieved. As
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the Framework emphasizes “these concepts need to be made explicit for students because they provide an
organizational schema for interrelating knowledge from various science fields into a coherent and
scientifically-based view of the world” (Achieve, Inc. 2011, website).

The seven crosscutting scientific and engineering concepts included in the Framework for K-12 Science

Education “begin with two concepts that are fundamental to the nature of science” (NRC, 2012, p.84):
patterns and cause and effect: mechanism and explanation. The next crosscutting concept takes into
account the “mathematical relationships among disparate elements” (NRC, 2012, p.85), that is scale,
proportion and quantity. According to the Framework for K-12 Science Education the last four concepts
“systems and system models; energy and matter: flows, cycles, and conservation; structure and function;
and stability and change — are interrelated in that the first is illuminated by the other three. Each concept
also stands alone as one that occurs in virtually all areas of science and is an important consideration for
engineers as well” (NRC, p.85). Those of you familiar with the American Association for the
Advancement of Science Benchmarks for Science Literacy (1993) may find this call for Crosscutting
Concepts familiar as in that seminal report they were referred to as the “common themes” across the
disciplines.

Practices which effect implementation — letting the SUN shine

As this dimension is tied to promoting increased depth of understanding the Disciplinary Core Ideas it
makes sense to call for a shake-up in the traditional practices of the sequencing of courses from middle
school through college as was previously discussed. Not only is it the sequencing of courses within the
same discipline that create a barrier to increased depth of understanding the Disciplinary Core Ideas, but
it is also the belief that a certain sequence of courses from other disciplines must be mastered before
participation in advanced courses of other disciplines. The traditional approach to course sequencing
presents challenges when using Crosscutting Concepts to promote increased depth of knowledge for the
Disciplinary Core Ideas. Norton’s study on The Use of Design Practice to Teach Mathematics and
Science (2007) is an example of the use of the Crosscutting Concept of systems and system models to
overcome the notion that one had to be well versed in mathematics in order to engage in the creation of a
useful artifact. His aim was to develop each student’s “ability to know, apply and explain mathematics
concepts in applied design contexts, an experience a high level of excitement about learning
mathematics” (p.25). A focus on mathematics concepts, physical science concepts, connected through the
Crosscutting Concept of systems and system models occurred through a challenge to construct an
amusement park ride. This lesson learned from an elementary example of providing an integrated learning
experience could become a SUN shine practice in higher education in courses where students are given
opportunities to examine the real world connections of the discipline through the application of a
Crosscutting Concept.

Previously I suggested an interdisciplinary approach to STEM courses and programs to promote depth of
understanding for the Disciplinary Core Ideas. While a radical idea like that may not be feasible on most
college campuses, a ‘“doable” strategy for integrating Crosscutting Concepts while teaching the
Disciplinary Core Ideas can be found in the research of Norman, et.al. (2010) in which engineers and
teachers collaborated to “integrate engineering contexts into science and mathematics content” (p. 434).
As a result of their study in working with teachers to build these experiences they found that “teachers
recognized the design process as an important component of engineering and mathematics and science are
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integrated into the design process of engineering. Teachers also had come to understand the nature of the
design process through their own experiences with the MEAs (Modeling-eliciting activities). Such change
of teacher perceptions of engineering has impact on teachers thinking regarding using engineering as a
context in teaching mathematics and science in the classroom” (p. 443). A study by Brown, et.al. (2012)
suggests a similar SUN shine practice, that of teaming teachers who might skip over science content they
don’t understand it or because they don’t have the knowledge to examine the content through the use of
Crosscutting Concepts, with a technology teachers who have the knowledge and the materials to
develop a deeper understanding of the Disciplinary Core Ideas through the lens of Crosscutting
Concepts. Research by Becker and Park (2011) suggest that these integrative approaches may be more
effective with young learners, although successful integration is possible at higher grade levels.

Another SUN shine practice which can be implemented to promote the use of Crosscutting Concepts is
to examine the changing role of the teacher as mentor. Research by Subotnik, et. al. (2010), suggest that
shift in instructional role, directly impacted student participation in STEM courses. As they noted, while
the first set of teachers may help a person fall in love with a STEM subject, it is eventually the efforts of a
mentor-teacher that lead to talent development. It is the teacher as mentor who can guide the student’s
understanding of the Disciplinary Core Ideas through the lens of a Crosscutting Concept. A study by
Stage and Kinzie (2009) found that the use of undergraduate student mentors and the use of a graduate
student as “super leader” can have a similar impact.

Research on the “flipped” classroom suggests that the changing role of the student can also be used to
promote use of Crosscutting Concepts to teach Disciplinary Core Ideas. In a “flipped” classroom the
student is responsible for learning the content outside of the classroom. The time spent in class is for
deeper discussions on conceptual understanding of the content. This strategy replaces the role of college
professor as sage and lecturer, to a guide responsible for concept engagement during class time (Knewton
website, 2011).

Another SUN shine practice to address the need to explore a science discipline in depth through the use of
Crosscutting Concepts is to create Learning Communities for students. Learning Communities have
been identified by the American Association of Colleges and Universities as a High Impact Practice (HIP)
found to increase student retention and promote deep learning in the first year of college (Kuh, 2008). As
noted by Kuh, “the key goals for learning communities are to encourage integration of learning across
courses and to involve students with “big questions” that matter beyond the classroom.” While the
research of Whalen and Shelley (2010) did not prove this practice to neither increase nor decrease
retention or graduation rates for STEM majors, they did concede that it was an effective practice for non-
STEM majors. At the University of Memphis, an initiative called MemphiSTEP included the use of
learning communities to improve retention of STEM majors (Russomanno, et.al., 2010). Robert Morris
University used a cohort model which practiced many of the same goals of a learning community to
increase student retention in STEM disciplines throughout their program (Kalevitch, et.al., 2012).

Summary of SUN shine Practices for Crosscutting Concepts

In summary, the advancement of the dimension of Crosscutting Concept as articulated in the
Framework for K-12 Science Education, can be addressed by Universities if they engage in SUN shine
practices which include: 1) changing the sequence of college coursework within and across disciplines,
e.g. remove the need to take calculus before you can take an advanced physics course; 2) taking an
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interdisciplinary approach to course creation or the integration of engineering contexts into science or
math content; 3) changing the role of the teacher from sage to mentor; 4) increasing the use of peer
mentors; 5) changing the role of the learner through implementation of a “flipped” classroom; and 6)
creating Learning Communities.

Science and Engineering Practices:

Since the pivotal 1957 event of the Russian’s launching of Sputnik the call for students doing science
instead of just reading about what scientists do was sounded. The National Science Foundation invested
millions in the development of science curricula which promoted a “hands-on” approach to science
learning. The more successful of those programs incorporated “hands-on” practices with “minds-on”
challenges which lead to an increase in science achievement, understanding of science process skills, and
to a better understanding of the fundamental dispositions necessary for scientific explorations. A flaw in
their success was that with less preparation for teachers on the implementation of the model curriculum,
hands-on approaches became synonymous with “minds-off” science teaching. The 1996 NSE Standards
attempted to rectify that notion by proposing strategies for teaching science which would best reflect the
lessons learned from the early effective curricula. The call for addressing Science as Inquiry in one of the
four pillars or dimensions of science required teachers to incorporate the use of basic and integrated
process skills into their science lessons. In 2012 the Framework for K-12 Science Education is now
challenging us to move away from just talking about science process or science as inquiry, to more
accurately reflect the Disciplinary Core Ideas deepened in understanding through the application of
Crosscutting Concepts. To achieve the depth of understanding they propose the use of the term
Practices, instead of skills to “emphasize that engaging in scientific investigation requires not only skill
but also knowledge that is specific to each practice” (Achieve, Inc., 2011). The practices proposed by the
new Science Framework include: “1) asking questions (for science) and defining problems (for
engineering); 2) developing and using models; 3) planning and carrying out investigations; 4) analyzing
and interpreting data; 5) using mathematics and computational thinking; 6) constructing explanations (for
science) and designing solutions (for engineering); 7) engaging in argument from evidence; and 8)
obtaining, evaluating, and communicating information” (NRC, p. 42).

Practices which effect implementation — letting the SUN shine

The ability to put to practice these Science and Engineering Practices at the K-12 level require an
examination of what these look like in practice. Future teachers need opportunities to see these in practice
and to apply them. One suggested SUN shine practice is to provide students with opportunities to explore
STEM careers. There is much research which points to the fact that few students (pre-service teachers)
know what STEM jobs entail, they see engineering as a cluster of professions and have little knowledge
or understanding of the engineering method (Norman, et. al. 2010).The importance of teachers needing to
better understand STEM careers is shared in the research of Subotnki, et. al. (2010). They noted the
finding of a relationship between “eighth grade interest and completion of college majors in life or
physical sciences, with those showing an interest in biology by eighth grade as being 1.9 times as likely to
major in biology as those who did not. For physical science and engineering the difference was 3.4 times.
...roughly half the students who expected to participate in a science career when they were in eighth
grade actually did major in science at the post-secondary level” (p.11).  Feller (2011) calls for STEM-
Centric career development so that today’s worker can keep pace with workplace demands. Fifolt and
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Searby (2010) suggest that internship opportunities can provide the much needed exposure to the Science
and Engineering Practices.

Closely tied to the exploration of STEM careers is a call for universities to increase collaboration with
industry to better develop a students’ understanding of Science and Engineering Practices. These
collaborative relationships can be short term, such as an the use of a “virtual” or “classroom visit” of a
visiting scientist or engineer; a summer experience through work with a practicing scientist or engineer;
or they can require a long term commitment, such as the pairing of a student (at the secondary,
undergraduate and graduate level) with a research scientist from an industry such as the Learning to
Engineer initiative sponsored by Boeing (Stephens & Richey, 2011).

Another SUN shine practice to address the need to understand Science and Engineering Practices is to
increase the use of role models. Basically this call comes out of the research on Women in Science and in
examining the role culture plays in women’s participation in science. Xu and Martin (2011) studied the
importance of informal professional networks for women faculty in traditionally male dominated STEM
fields. Their research indicated that participation in these networks contributed to work satisfaction and
persistence to stay in STEM careers. Milgram’s (2011) study of the CalWomen Tech Project, reinforced
this finding by stressing that recruitment efforts of women in STEM careers should include the message
that “women can work in STEM careers and be successful and fulfilled in their work life while still
having a personal life, and they need to receive this message repeatedly” (p. 5). The work of Gallaher and
Pearson (2000) examined the dispositions of women compared to men in STEM careers, expecting to find
a difference in dispositions toward competition. Much to their surprise they found that women in STEM
careers found competition to be “enjoyable and felt it promotes learning, and helps encourage collegial
relationships™ suggesting that these may be traits of women who choose engineering technology careers.

A final SUN shine practice for universities to assist in developing a better understanding of Science and
Engineering Practices is to take a greater role in the development and delivery of informal science
experiences. Many research institutions have museums which can be used to promote an understanding
of Science and Engineering Practices. A quick survey of major US institutions shows that the majority
of campus museums are Art Museums. This does not mean that we dismiss their value to the exploration
of Science and Engineering Practices, in fact, an example of their importance to these practices
occurred at the University of Florida’s Harn Museum of Art where their most recent “Art in Engineering
night brought 792 people to celebrate the creativity of engineering students and faculty. They sang,
danced, fashioned games for children and showcased their paintings, photographs, race cars, robots and
other engineering projects. The engagement of engineers with the arts on campus reflects their inherent
interest in creative endeavors” (Nagy, 2012, blog post). The College of Engineering at this university
understands the importance of providing students with experiences in “visual and performing arts ...to
ignite their (students) creativity, leading to better engineering solutions and to products that have aesthetic
appeal in a competitive global arena. ...they put the STEAM in STEM (Science Technology,
Engineering, ART, and Math)” (Nagy, 2012). At my own university the mathematics professors have
made use of the University Sculpture Park to explore practical applications of mathematics concepts and
the science educator collaborated with the Art professor to developing integrated science activities for
junior high teacher classroom use before, during and after a visit to the park. Other types of informal
science activities include after school programs, field trips, development of curricular materials used with

10



".-',':- 7 ‘STEC International Science and Technology Conference, Dubai, 13-15 December 2012
o]

organizations such as 4-H or Future Farmers of America (FFA) to provide additional experiences with
Science and Engineering Practices (Thomasian, 2011).

Summary of SUN shine Practices for Science and Engineering Practices

In summary, the advancement of the dimension of Science and Engineering Practices as articulated in
the Framework for K-12 Science Education, can be addressed by Universities if they engage in SUN
shine practices which include: 1) providing students with opportunities to explore STEM careers; 2)
increasing internship opportunities in STEM fields; 3) collaborating with industry in short and longer
termed projects; 4) increasing role models so that all learners can see themselves in the career; and 5)
participating in the development and delivery of informal science experiences.

Conclusion:

The United States is currently in the process of revising science education standards to more accurately
reflect the connections between science, technology, engineering and mathematics — commonly referred
to as STEM education. The current Framework for K-12 Science Education incorporates three dimensions
for furthering STEM Education for all. These include: Disciplinary Core Ideas, Crosscutting Concepts,
and Science and Engineering Practices. This framework is the basis for the development of the Next
Generation Science Standards — referred by many as the Common Core for Science Education. Most
initiatives for implementation of standards typically focus on teacher preparation and what K-12
classroom teachers must do to effectively implement the standards. This paper maintains that if STEM
education is to grow, then SUN shine practices must be implemented at the University level. That is we
must create a Shift from Usual to Novel practices in higher education to promote STEM growth. Some of
the SUN shine practices require a fundamental shift in the way in which universities are structured,
moving from separate silos of colleges operating alone and in some cases using valuable resources to
replicate efforts, to a structure where more integrative approaches in program and course design can be
delivered. Others practices require a modest use of university resources such as providing professional
development opportunities for university faculty to learn how to “flip” their classroom or for university
graduate students to enhance their pedagogical skills to better serve as leaders or mentors for the
undergraduate in STEM programs. Internships and establishing relationships with industry to provide
models for the application of Science and Engineering Practices also require a modest use of university
resources. Other suggested SUN shine practices require little use of resources other than the use of
creative thinking of university professors and their desire to increase role models for a// students in STEM
courses, to use model-eliciting activities to teach disciplinary core ideas, and to incorporate crosscutting
concepts to increase the depth of understanding of core ideas.
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OZET

Yapilar, servis omiirleri boyunca c¢ok farkli nedenlerden dolayt onarilmakta veya
gii¢lendirilmektedir. Bu nedenlerden biri depremdir. 23.10.2011 giinii, yerel saat 13:41de
Van merkezli olugan Mw: 7.2 biiyiikliigiinde depremden Bitlis Ili, Adilcevaz ilgesinde bulunan
Adilcevaz Meslek Yiiksekokulu binas ciddi bir sekilde etkilenmigstir. AFAD ekipleri tarafindan
yapilan incelemede bina orta hasarli olarak degerlendirilmistir. Ilgili kurum tarafindan yap:
ile ilgili yapilan detayli incelemeler sonucu yapinin giiclendirilmesine karar verilmistir. Yapi
ile ilgili giiclendirme projeleri hazirlanmig ve uygulamaya gegirilmistir. Bu ¢alismada
yapimn giiglendirme maliyeti ve yeniden yapim maliyeti ayri ayrt hazirlanmis olup sonuglar
karsilastirilmis ve dneriler getirilmistir. 2011 yili birim fiyatlar: ile yapimin yeniden yapim
maliyeti 3.122.900,00 TL ve yapimin giiclendirme maliyeti ise 528.978,40 TL olarak
hesaplanmistir. Bu  sonuglara gore yapimn giiclendirilmesi ekonomik olmaktadr.
Hesaplanmis olan gii¢lendirme maliyeti yeniden yapim maliyetinin yaklasik %20’si kadardir.

Anahtar Kelimeler: Van depremi, Giiglendirme, yapim maliyeti,

ABSTRACT

Buildings have been repaired or strengthened for many different reasons throughout of their
service life. There can be many reasons for repairing or strengthening buildings. Earthquake is
one of these reasons. A destructive earthquake happened at 13:41 in 23.10.2011 in Van of
which Mw:7.2. The earthquake has been felt in some settlements, especially in Lake Van
Basin where earthquake has always been neglected. The building that used as Adilcevaz
Vocational High School has been affected seriously after the earthquake. This building have
been confirmed as moderately damaged by AFAD teams. The institution has decided to
stengthening the building after detailed analysis of building. The strengthening projects of
building has been prepared and implemented. In this study strengthening cost and re-
consturction cost have been separetely calculated. The results have been compared and
suggestions have been made. The construction costs of the Adilcevaz Vocational High School
building has been calculated according to the unit production method using the unit prices of
2011. As a result, the construction costs of this building with the prices of 2011 has been
found to be TL 3.122.900,00, the cost of strengthening is TL 528.978,40 and the
strengthening cost is also found to be almost reaching 20% of the construction costs.

Keywords: Van erthquake, strengthening costs, re-construction costs
1-Giris

Hasarl1 veya hasarsiz yapilarin tasimakta oldugu ve muhtemel servis siiresi boyunca iizerine etkiyebilecek deprem,
rizgar gibi yiiklere karsi performanslarmin arttirilmast amaci ile yapilan miidahalelere yapi giliglendirilmesi
denilmektedir. Depremden sonra binalardaki hasarin tespit edilmesi ve hasar derecesine gore onarim ve giiglendirme
veya yikima karar verilmesi dnemlidir. Iyi projelendirilmemis veya uygulamasinda 6zen gosterilmemis binalarda hasar
meydana gelme olasiligi, deprem siddetine bagl olarak yiiksektir (Celep, 2007). Ulkemiz bu konuda yasadigi aci
tecriibelerden dolay: ciddi bir bilgi ve birikime sahiptir. Bu bilgilerin 1518inda TDY 2007°nin Yedinci Bolim’i bu
ihtiyaca cevap verecek niteliktedir.

Giiglendirme maliyetinin dogru hesaplanmasi yapi ile ilgili alinacak kararlari dogrudan etkilemektedir. Giliglendirme
isleminin ekonomik anlamda deger kazanmasi i¢in yeniden yapim maliyeti ile karsilastirilmasi gerekmektedir. Binalarin
giiclendirilmesi hassas bir i olup, siire¢c yapmun degerlendirilmesi ile baslamaktadir. Mevcut bir yapimin
degerlendirilebilmesi i¢in dncellikle yapt hakkinda temin edilebilecek her tiirlii verinin toplanmasi gereklidir. Bunlar,
mevcut binalarin tagiyict sistem elemanlarmin kapasitelerinin  hesaplanmasinda ve deprem dayanimlarinin
degerlendirilmesinde kullanilacak eleman detaylar1 ve boyutlarindan, tasiyic1 sistem geometrisine ve malzeme

15


mailto:ercanbitliseren@gmail.com
mailto:kutanis@sakarya.edu.tr
mailto:mhozluk@beu.edu.tr

1] .
E_:J lSTEc International Science and Technology Conference, Dubai, 13-15 December 2012

ozelliklerine iligkin bilgilerden, binalarin projelerinden ve raporlarindan, binada yapilacak gézlem ve &lgiimlerden,
binadan alinacak malzeme orneklerine uygulanacak deneylerden elde edilmektedir. Bu bilgiler 1s18inda yapilacak
degerlendirme sonucunda binanin giiclendirilmesinin uygun olabilecegi goriisii hakimse bina sahiplerinin istegi
dogrultusunda binanin giiclendirme projeleri hazirlanmalidir. Bu agamada hazirlanan projeler ile yapim maliyeti analizi
yapilarak bir karar verilmelidir. Buradaki en dnemli kriter giiclendirme maliyetinin yeniden yapim maliyetinin altinda
veya istlinde olmast durumudur. Eger giiglendirme maliyeti yeniden yapim maliyetinin %40°nin altinda kaliyorsa
"giiclendirme uygundur", %40'1n1 asmasi durumunda yikimina karar vermek daha rasyonel bir tercih olacaktir. .

Bitlis ilinin de i¢inde oldugu Van Golii Havzasi, Dogu Anadolu'da oldukca siddetli deformasyonlara ugramis bir
tektonik yap1 igersindedir. Ayni zamanda O6nemli ve kural dist neotektonik unsurlar mevcuttur. Van Goli havzasinda
meydana gelecek yikici depremler bu havzada bulunan Bitlis sehir merkezi ve ilgelerini yakindan etkileyecektir (Isik,
2010). Bu baglamda 23 Ekim Van depreminin merkez iistii olan Van Merkez Tabanli kdyiine yaklagik 65 km mesafede olan
Adilcevaz en fazla etkilenen yerlesim birimleri arasinda yer almaktadir (Sekil 1). Bu ¢aligmada depremin Adilcevaz
ilcesindeki etkileri gdz niinde bulundurularak, Bitlis Eren Universitesi’ne bagl olarak faaliyetlerini siirdiirmekte olan ve
Van depreminde hasar alan Adilcevaz Meslek Yiiksekokulu igin hazirlanan giiglendirme maliyeti ile yeniden yapim
maliyeti karsilastirilarak giiclendirme igleminin uygun olup olmayacag tartisilarak oneriler getirilmistir.

Sekil 1. Cahsa alanin deprem ijsse uzaklig -

23 Ekim Van depremi depremsellik 6gesi ihmal edilen Van Gélii havzasinda yer alan Adilcevaz Ilgesinde de yogun bir
sekilde hissedilmistir (Sekil 2).
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Sekil 2. 23 Ekim Van depreminin siddet haritasi (Koeri, 2011)

2- incelenen Yapi ve Gozlemlenen Hasarlar
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Ozellikle son yillarda diinyada ve iilkemizde olusan yikici depremler ve bu depremler sonucunda olusan biiyiik ¢aph
can ve mal kayiplar1 deprem konusunda yapilan galismalari, arastirmalari ve alinacak 6nlemlerin énemini giindeme
getirmistir. Bir bolgede meydana gelebilecek bir depremde, bolgede bulunan yapilarin olumsuz 6zellikleri olusabilecek
tehlikenin boyutunu arttiracaktir. Yapilarin savunmasizligi arttikca depremin olusturacagi hasar miktari da artacaktir.
Depremin biiyiikliigii ve yeterli diizeyde giivenligi saglanmamis ve yonetmeliklerde belirtilen sartlara uygun
yapilmayan yani olumsuz yap1 6zellikleri, olusabilecek zarar1 dogrudan etkileyecektir. Tiirkiye genelinde mevcut
binalarin ¢ok az bir kismi yonetmeliklerin sartlarini saglayabilecek durumdadir ve bu nedenle sahip olmalart gereken
emniyette degildirler.

Bu ¢alismada incelenen bina Bitlis ili, Adilcevaz ilgesi, Alacaatli Mahallesi’nde bulunan ve 1996 yilinda insa edilen
Adilcevaz Meslek Yiiksekokulu’dur. Bina dilatasyon derzleri ile birbirinden ayrilmig 3 adet bloktan insa edilen zemin +
3 normal kattan olugmaktadir. Bina boyutlart 18.70m x 66.80m’dir. Binanin tasiyici sistemi karkas olup; betonarme
perde, kolon, kirig ve dosemeden olusmaktadir. Binanin temel sistemi iki yonlii miitemadi temel olarak inga edilmistir.
Binanin kat yiikseklikleri zemin katta 4m, diger katlar ise 3.2m’dir (Sekil 3).

!l! _"i | "
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Sekil 3: Adilcevaz Meslek Yiiksekokulu binasi

Binada bulunan kirislerin ¢ogunda 6zellikle mesnet bolgelerinde kilcal boyutta egik kesme catlaklari olusmustur.
Betonarme gergeve ile dolgu duvarlari arasinda siva gatlaklari olugsmustur (Sekil 4 ).
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Sekil 4: Adilcevaz MYO binasinda gézlemlenen hasarlar

3. Okul Binas1 Yeniden Yapim Maliyetinin Bulunmasi
Bir yapinin toplam maliyeti; ihtiyacin belirlenmesi ile baslayan, yapinin servis émrii boyunca devam eden ve
servis Omriiniin sona ermesi ile ortadan kaldirma maliyeti de dahil tiim siireclerde yapilan harcamalardan olusan maliyet
olarak ifade edilebilir (Ozgan, 2007).
Herhangi bir insaata baslanmadan &nce yap1 maliyetinin ¢ikarilmasi isine on kesif ve kesif sonunda bulunan
degere de yaklasik maliyet denilmektedir. Projeler hazirlanmadan veya proje hazirliginin ilk asamalarinda, yapinin
toplam ingaat alan1 ve insaat niteligi ile ilgili baz1 6n tespitler yapilarak ve bazi kabullere dayanilarak yaklasik yap1
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maliyeti hesaplanabilmektedir (Pancarci, 2002). incelenen yapimin insaat alan1 hesaplanirken zemin kat plani ve yerinde
Olgtimler dikkate alinmustir (Sekil 5).
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Sekil 5.Adilcevaz MYO giiclendirme 6ncesi zemin kat kalip plani

Adilcevaz MYO binasinin yeniden yapim maliyeti birim alan maliyeti yontemi ile hesaplanmugtir. Bayimdirlik ve iskan
Bakanlig1 (miilga) tarafindan 28 Nisan 2011 giinii 27918 sayili Resmi Gazete’de yayinlanan tebligine gore binanin
birim maliyeti, Mimarlik ve Miihendislik Hizmet Bedellerinin hesabinda kullanilacak 2011 Yili yap: yaklasik birim
maliyetlerindeki IV simif A grubu yapilar i¢inde yer alan egitim yapilar1 igin belirlenen 625.00 TL/m” esas almmustir.
Kat sayisi, kat alani, toplam bina alani hesap edilmis ve birim maliyetle carpilarak binanin toplam maliyeti
bulunmustur. Bulunan bu degerler Tablo 1°de verilmistir.

Tablo1: Adilcevaz MYO okul binasinin toplam yeniden yapim maliyeti
Zemin Kat Normal Katlar Toplam Toplam .
Kat Sayis1 Alam Alam Alan Yap.Mal Topla(rr;}lj;l aliyet
(m2) (m2) (m2) (TL/m2)
Zemin +3 Kat 1.249,16 3.747,48 4.996,64 625 3.122.900,00

4. Okul Giiclendirme Maliyetinin Bulunmasi

Yapilarin onarilmasi ve/veya giiglendirilmesi, durum tespiti, mevcut hasarlarin nedenlerinin degerlendirilmesi,
yapida drnekleme yapilarak, hasar tiplerinin dagilimlarinin 6nemlerinin belirlenmesi, temel ve zemin durumu, beton
dayanimu ve kalitesi, yapinin (betonarme kesitler, tasiyict olmayan duvar sistemleri, vs.) projeye uygunlugunun tespiti,
yapinin statik degerlendirilmesi (roleve ¢ikarilmasi, rolove ile projenin karsilastirilmasi, tasiyici sistemin incelenerek
yapinin yeni kullanim amaci, proje gereksinimleri ve yonetmeliklere gore yeniden ¢oziilerek, yapi giivenirliligi ve
gereksinimlere ne Olgiide yanit verdiginin tespiti) gibi son derece zahmetli ve ayrintili ¢alismalardan sonra ancak
projelendirme asamasina gelinebilen zorlu bir siiretir ( Y1lmaz, 2007).

Bu baglamda Adilcevaz Meslek Yiiksekokulu binasi i¢in acgiklanan zahmetli ve ayrintili ¢alismalar sonucunda TDY
2007°de belirtilen usul ve esaslara gdore binanin performans analizi gerceklestirilmistir. Elde edilen sonuglara gore
binanin TDY 2007’de belirtilen performans seviyelerinin saglanmadig1 anlasilmaktadir. Gerekli giliglendirme projeleri
hazirlandiktan sonra binanin beklenilen performans seviyelerini saglayabilecegi ve hasar yilizde ve seviyelerinin makul
Olciilerde kalacagi sonucu elde edilmistir ( Rapor, 2011). Detayl1 giiclendirme projelerinin yapim maliyeti hesaplanmis
olup uygulamaya baglanilmisgtir

Adilcevaz Meslek Yiiksekokulu binasi igin yukarida anlatilan iglemler gergeklestirilmis ve uygulama projeleri
hazirlanmistir (Sekil 6).
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Sekil 6: Adilcevaz MYO gii¢lendirme sonrast zemin kat kalip plani

Giiglendirme maliyetinin gercege yakin hesaplanmasi i¢in diizenlenen giiclendirme projesinde belirlenen tiim imalatlar
metrajlanarak hesaplanmistir. Adilcevaz Meslek Yiiksekokulu giiclendirme isine ait proje iizerinden her bir imalat
kalemi i¢in imalat miktarlar1 ayr1 ayr1 tespit edilmis olup toplam 30 kalem imalattan olusmaktadir. Bu asamada Tablo
2’de goriilecegi gibi giiglendirme i¢in 30 kalem imalatin miktarlari bulunmus ve 2011 yili birim fiyatlar1 ile ¢arpilarak
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toplami alinmis ve giiclendirme maliyeti elde edilmistir.

Tablo 2: Adilcevaz MYO Giiglendirme Isine ait Imalat Isleri (2011 y1li Birim Fiyatlari ile)

. BIRIM
S;%A POZ NO YAPILACAK IMALATIN ADI BiRiMi MIKITAR FiYATI TUTARI
(2011 YILI)

ELLE YUMUSAK,SERT TOPRAK DAR DERIN

1 14.012/2 KAZI YAPILMASI M3 195.61 19.60 3,833.96
DOLGUNUN ELLE TOKMAKLANARAK

2 14.018 SIKISTIRILMASI M3 21041 5.33 1,121.49

3 [16.003 250 DOZLU DEMIRSIZ BETON M3 16.30 97.64 1,591.53
C25 GRANULOMETRIK KUM VE CAKILLA

4 16.058/1TAK | YAPILAN DEMIRLI BETON TAKVIYE PROJELERI M3 230.30 237.28 54,645.58
ICIN

5 18.071/3 Yatay delikli fabrika tuglas1v(19xl9xl3.5 cm) ile 250 M2 150.00 15.40 2.310.00
doz ¢imento har¢h yarim tugla duvar yapilmasi
PATLAYICISIZ CIM. HARCLI KARGIR,

6 18.183 HOROSAN INS. YIKIMI M3 197.70 35.63 7,044.05
PATLAYICISIZ DEMIRLI DEMIRSIZ BETON

7 18.185 INSAAT YIKIMI M3 32.60 73.63 2,400.34

8 18.192 HER TURLU IC SIVA SOKUMU M2 173.88 2.85 495.56
3MM KALINLIKTA PLASTOMER ESASLI

9 18.465/1 CAMTULU TAS.3MM KAL.PLAST KECE M2 260.00 26.58 6,910.80
TAS.POL. BIT.ORT.IKi KAT. SU YAL.YAPILMASI
Diiz yiizeyli ¢iplak beton ve betonarme kalibi

10 | 21.011/TAK TAKVIYE PROJELERI ICIN M2 1,283.36 25.51 32,738.51

11 | 21.054/TAK %}IIEIAP KALIP ISKELESI TAKVIYE PROJELERI M3 1,668.37 434 7,240.73

12 | 21.065 Is ISKELESI (DUVAR ICIN) M2 2,513.70 3.88 9,753.16
Q8-Q12 MM NERVURLU DEMIR IMALATI

13 | 23.014/TAK TAKVIYE PROJELERI ICIN TON 16.36 2,685.00 43,926.60
Q14-Q26 NERVURLU DEMIR IMALATI TAKVIYE

14 | 23.015/TAK PROJELERI iCIN TON 13.10 2,471.25 32,373.38

15 | 25.036/1 AKRILIK ESASLIMALZEME ILE DIS CEPHE M2 2,159.06 10.19 22,000.82
BOYASI

16 | 25.043/1A Egki plastik ve sentetik b.oyah yiizeylere astar ¢ekilerek M2 7.490.92 6.58 4929025
iki kat su bazli mat plastik boya yapilmasi

17 |25.048/1A Yeni siva yﬁzlc_arme 0,350 kg macun g¢ekilerek iki kat su M2 1.400.36 381 12.337.17
bazli mat plastik boya yapilmasi
YIVLI RENKSiZ KAROSIMANLA DOSEME

18 | 26.021/MK KAPLAMASI YAPMA M2 200.00 25.70 5,140.00
BEYAZ CIMENTOLU, SUNI MERMER

19 | 26.502/MK PLAKLARLA DOSEME KAPLAMASI Y APILMASL. M2 987.20 43.86 43,298.59
33 x 33 cm ebadinda modiiler 6lgiide liretilmis diiz
yiizeyli, her renk ve desende, sirli porselen (granit)

20 |26.007/104C | karolar ile fugali duvar ve cephe kaplamasi yapilmasi M2 1,351.28 22.85 30,876.75
(fayans ve seramik yapistiricisi ile) sirlt porselen
karolar ile dogseme ve duvar kaplamalari
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2 |2753111 5%,%&%%?“0 KARISMIHARCLADUZSIVA |y | {49036 10.14 14,199.65
22 | MSB.I53 ?gﬁ?ggﬁgg;?RME YUZEYLERIN M2 173.88 11.88 2,065.69
23 | MSB.158 Eﬁgﬁ}{ﬁ%ggkﬁgg fE():IGA M2 173.88 28.50 495558
24 | MSB.678/B1 ﬁ?gfé‘é%@imwmw DEMIRLE EPOKSI AD | 2,706.00 10.75 29,089.50
25 |msergic | 20O ggizz\égﬁiNERVURw DEMIRLE EPOKSI AD 720.00 1151 8,287.20
26 | MSB.67S/E IQLZF? gEé‘é%&NERVURLU DEMIRLE EPOKSI AD 96.00 14.02 1,345.92
27 | MSB.678/F ﬁzégﬂzz\é%aimwmm DEMIRLE EPOKSI AD 1,280.00 14.89 19,059.20
28 | MSB.678/G ﬁ?gfé‘é%@imwmw DEMIRLE EPOKSI AD | 1,096.00 16.72 18,325.12
29 | OZF.0ITAK giléii%ﬁgg YENIBETON ILE ADERANSININ |/, 173.99 85.80 14,928.34
30 | OZF.02.TAK ga%g;gjgfg};%%% BETONU M3 1111 4265.83 47,393.37

SAYFA SONU YEKUNU= 528,978.4

5. SONUC VE ONERILER
Yore; tasidigi olumsuz jeolojik ve topografik faktorler nedeniyle depreme duyarli degildir. Bugiine kadar izlenen
yapilasmada depremsellik 6gesi biiyiik dl¢lide ihmal edilmistir. Ancak tektonik olarak son derece hareketli kusaklar
igerisinde kalan Van Golii Havzasi’ndaki yapilagmalarda depremsellik faktorii géz oniinde bulundurulmali ve ilgili
yonetmeliklere hassasiyetle uyulmalidir. Yeni yapilagmanin olacagi bolgelerde deprem etkileri géz oniine alinacak
sekilde diizenlenmis kent planlamasi ve arazi kullanim diizenlemelerinin yapilmasi 6nem arz etmektedir. Ayrica mevcut
yapilarin incelenerek gerekli 6nlemlerin alinarak deprem zararlarinin azaltilmasi hayati 6nem tagimaktadir.
Adilcevaz Meslek Yiiksekokulu binasinin 2011 yili fiyatlar: ile yeniden yapim maliyeti 3.122.900,00 TL, betonarme
perde duvar ilavesi ve kolon mantolama yontemi ile giiclendirme maliyeti yine ayn1 yil fiyatlarina gore 528.978,84TL
olarak hesaplanmistir. Bu sonuglara gore Adilcevaz Meslek Yiiksekokulu’nda uygulanan gii¢lendirme yontemi ile
sinirl kalmak kosuluyla; giiclendirme maliyetinin yeniden yapim maliyetinin yaklasik %20’si kadardir.
Giiglendirilmesine karar verilecek her bina igin ayr1 detayli inceleme ve ayr1 miihendislik hizmeti gormiis giiglendirme
gereklidir. Giiglendirme islemi yapilirken her asamada konusunda deneyim kazanmis ve miimkiinse sertifikali
elemanlarin galistirilmasi binanin giiglendirilmesine anlam kazandiracaktir. Aksi takdirde giiglendirme sadece binanin
kusurlarinin kapatilmas: anlamina gelecektir.
Giiglendirme maliyetinin dogru hesaplanmasi yapr ile ilgili alinacak kararlari dogrudan etkilemektedir. Giiglendirme
isleminin rasyonel olmasi i¢in yeniden yapim maliyeti ile karsilagtirilmasi gerekmektedir. Rasyonel olmayan
giiclendirilmelerin yapilmasindansa derhal yiktirilmasi daha ekonomik olacaktir.
Ulke ekonomisinin lokomotif sektdrlerinin baginda gelen insaat sektorii, kamu kesiminin ve 6zel kesimin kaynaklarinin
bliyilk boliimii ile disaridan bulunan yabanci kaynaklarmn biiyiilk bolimiini tiketmektedir. Kaynaklarin verimli
kullanilmast kalkinma hamlelerinin temel eylemidir. Bu nedenle hasarli veya hasar gorebilecek yapilarin
giiclendirilmesine mi yoksa yeniden yapilmasina mi karar vermek i¢in yapilan maliyet ¢alismalari, uzmanlar tarafindan
hassasiyetle yapilmalidir.
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23.10.2011 VAN DEPREMINDE ORTA HASARLI BINALARIN
GUCLENDIRME TESPIiT CALISMASI
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OZET

23.10.2011 giinii, yerel saat 13:41°de Mw: 7.2 biiyiikliiglinde Van merkezli biiyiik siddette bir
deprem meydana gelmistir. Deprem, depremsellik Ogesi siirekli ihmal edilen Van Golil
Havzasinda basta Van ve Van iline bagh Ercis Ilgesi olmak iizere yerlesim bolgelerinde
hissedilmistir. Yapisal hasarlar olarak en biiyiik kayiplar Van ve Er¢is’ te goriilmiistiir. Deprem
sonrasinda yapilarda meydana gelen hasarlarin ilk tespiti ve degerlendirilmesi daha sonraki
zamanlarda meydana gelebilecek can ve mal kayiplarinin artmamast ig¢in 6nem arz etmektedir. .
Bu calismada, sz konusu depremin Van il merkezinde bulunan ve AFAD tarafindan orta hasarli
olarak tespit ettigi betonarme yapilarm bir kisminin tekrar yerinde yapilan incelemeler sonucu
giiclendirilme yapilip yapilmamasi yoniinde sonuglar elde edilmistir. Bu ¢alismada Van il
merkezinde bulunan 40 adet orta hasarli betonarme bina i¢in bu degerlendirmeler yapilmustir.
Incelenen binalardan alnan beton numunelerinin ortalama dayamimi ise 13.43 Mpa olarak
belirlenmistir. Incelenen 40 adet BA binadan %50’sinin giiglendirmege deger, %30’ unun TDY
2007 hiikiimlerine gore detayli olarak incelenmesine ve %20’sininde giiclendirilmesinin uygun
olmayacagi sonucuna varilmstir.

Anahtar Kelimeler: Van depremi, Giiglendirme tespit ¢aligmasi

1-Giris

Yapilarin dayanimlarinin artirilmast geregi degisik nedenlerle ortaya ¢ikmaktadir. Projesinde ve yapiminda
hata, kusur ve eksiklikler olan yapinin ¢esitli elemanlarinda zaman icinde hasar ve zayiflik belirtileri ortaya ¢ikabilir;
yapilarin kullanma amacinin zaman icinde degistirilmesi sonucu yapida baz1 tasiyici sistem degisikliklerinin yapilmasi
gerekebilir. Bunlardan baska yapilarda onarim ve giiclendirmeyi gerektiren en énemli olay depremlerin yapilardaki
etkileridir ( Bayiilke, 1995). Depremden sonra binalardaki hasarin tespit edilmesi ve hasar derecesine gore onarim ve
giiclendirme veya yikima karar verilmesi 6nemlidir. Iyi projelendirilmemis veya uygulamasinda 6zen gdsterilmemis
binalarda hasar meydana gelme olasiligi, depremin siddetine baglh olarak biiyiiktiir. Bunun yaninda, projelendirilmesi
ve uygulamasina gerekli 6zen gosterilen binalarda da siddetli depremlerde hasar meydana gelebilir. Bu nedenle, hasarin
belirlenmesi ve devaminda gerekli giiclendirmenin yapilmasi deprem miihendisligi ile insaat miithendisliginin dnemli
konularindan biridir (Celep, 2004).

Son yillarda depremlerde hasar goren yapilarin giiglendirilmesi her gecen giin daha da 6nem kazanmaktadir.
Depremlerden sonra hasar tespiti yapilarak, hasar diizeyi uygun olan yapilarin giiclendirilmesi gerekmektedir. En
onemli sorunlardan biride giiclendirme islemleridir. Depremlerden sonra binalarda ilk olarak hasar tespiti yapilmalidir.
Ciinkii binalarda hasar simnifi (hafif-orta-agir) belirlenmeden onarim ve giliglendirmenin olup olmayacagi ve bunun
seklinin belirlenmesi miimkiin degildir. Hasar géren binalarin giliglendirilmesi de ayr1 bir miithendislik sorunu haline
gelmigtir.

Bu ¢alismada 23 Ekim 2011 Van depreminden sonra AFAD ekipleri tarafindan orta hasarli olarak tespit edilen
binalarda tekrar hasar tespitinin yapilarak binalarla ilgili gii¢lendirilme yapilip yapilmamasi yoniinde sonuglar elde edilmistir.

3- Tektonik Yapi ve 23 Ekim 2011 Van Depremi

Tiirkiye’de giincel sismik aktivitenin yogun olarak yasandigi bolgelerden biri de Dogu Anadolu Bolgesidir.
Dogu Anadolu Bolgesinin genel tektonik yapisi agirlikli olarak Bitlis Bindirme Zonu olarak bilinen deformasyon zonu
boyunca Arap Levhasi ile Anadolu Levhasinin ¢arpismasi ile kuzeye dogru hareketi ile kontrol edilmektedir (Sekil 1).
Carpisma, Karliova Uglii Birlesim noktasinda birlesen sag yonlii dogrultu atimhi Kuzey Anadolu Fay1 ve sol yonlii
Dogu Anadolu Fayi ile yonetilmektedir (Sekil 1). Bunun yani sira Karliova Uclii Birlesim noktasimin dogusunda bu
carpisma sebebi ile ¢ogunlukla KB-GD dogrultulu sag yonli, KD-GB dogrultulu sol yonlii faylar bolgenin baskin
elemanlaridir.  D-B dogrultulu Mus—Van Go6lii ve Pasinler rampa havzalar1 Dogu Anadolu Bolgesinin géze carpan
diger tektonik elemanlaridir.

Dogu Anadolu Fayi, Tiirkiye’nin dogusunda Karliova ile iskenderun Kérfezi arasinda KD-GB dogrultusunda
uzanan, yaklasik 550km’lik uzunluga sahip sol yanal dogrultu atimli bir faydir (Sekil 1). Bitlis Bindirme Zonu,
Giineydogu Tiirkiye’den Iran’daki Zagros daglarma kadar uzanan, kita—kita ve kita-okyanus carpisma sinir1 olarak tarif
edilebilecek bir komplekstir. Karliova {iglii birlesim noktasinin dogusunda kalan alan K-G yonlii sikisma tektonik rejimi
ile karakterize edilmektedir (Sekil 1).
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Sekil 1. Tiirkiye’nin 6nemli tektonik yapilari DSFZ: Olii Deniz Fay Zonu, EAFZ: DoguAnadolu Fay Zonu, NAFZ: Kuzey Anadolu
Fay Zonu)(Bozkurt, 2001)

Van ve ilgelerini etkiyebilecek potansiyel deprem kaynaklar1 asagida gosterilmistir (Sekil 2).
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Sekil 2. Van Golii ve yakin civarinin dnemli tektonik yapilar1 (Utkucu, 2011)

Van Golii havzas: tarih boyunca bircok medeniyete besiklik yapmistir. Van GoOli, Arabistan levhast ile
Avrasya Levhasinin ¢arpismasi sonucu olusan tektonik basing sonucu olusmustur (Oztiirk, 2005). Bu tektonik hareketin
devam ediyor olmasi ve olusan depremler Van Go6lii Havzasinin depremsellik riskini ortaya koymaktadir. Tektonik
acidan oldukca aktif bir bolge olan Van Goli havzasinda tarihsel ve aletsel donem depremlerinden dolayr olusan
yikimlar g6z oniine ¢ikmaktadir. 23 Ekim 2011 tarihinde meydana gelen deprem de bunun bir kanitidir. Bu deprem ve
onceki depremler, Van Golii havzasinin deprem tehlikesi yliksek olan bir yer oldugu gergegini de bir kez daha giindeme
getirmistir.

23 Ekim 2011 Pazar giinii yerel saat ile 13:41’de meydana gelen ve merkez iissii Van sehir merkezinin yaklagik
30 km kuzey batist olarak bildirilen Van depreminin derinligi USGS kayitlarina gére 16 km ve biiyiikligii 7.2 olarak
gerceklesmistir (Sekil 3). Deprem Kandilli Rasathanesi verilerine gore 38.75 Dogu - 43.36 Kuzey koordinatlarinda
baslayip Kuzeydogu ve Giineybat1 yoniinde ilerlemistir. Deprem, Bitlis, Diyarbakir, Batman, Sirnak, Mus, Erzurum,
Bingdl, Siirt, Agr1 ve Igdir’1 da kapsayan genis bir alanda hissedilmistir. 600’{in iizerinde can kayb1 ve 4000’in iizerinde
yaralinin oldugu depremin ters faylanma ozelligi gosteren yaklasik 60 km x 20 km boyutlarinda bir kirilma sonucu
meydana geldigi bildirilmistir.
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Sekil 3. Van Depreminin Merkez Ussii (USGS)

3. METODOLOJi

Binalarin giiclendirilmesi, deprem hasarlarina neden olacak kusurlarinin giderilmesi, deprem giivenligini arttirmaya
yonelik olarak yeni elemanlar eklenmesi, kiitle azaltilmasi, mevcut elemanlarinin deprem davranislarinin gelistirilmesi,
kuvvet aktariminda stirekliligin saglanmasi tiiriindeki islemleri icermektedir (TDY 2007). Betonarme bir yapida
deprem sonrasinda hasar degerlendirilmesi yapinin hemen kullanilip kullanilmayacagi ya da onarim ve giiglendirmeye
gerek olup olmadig: gibi kararlarin alinmasi amaci ile yapilmaktadir. Yap1 hasari, yapidaki elemanlariin hasarina bagl
olarak belirlenebilir. Binalarin giiglendirilmesi hassas bir is olup, siire¢ yapinin degerlendirilmesi ile baslamaktadir.
Mevcut bir yapinin degerlendirilebilmesi igin dncellikle yap1 hakkinda temin edilebilecek her tiirlii verinin toplanmasi
gereklidir. Bunlar, mevcut binalarin tasiyici sistem elemanlarinin kapasitelerinin  hesaplanmasinda ve deprem
dayanimlariin degerlendirilmesinde kullanilacak eleman detaylar1 ve boyutlarindan, tasiyici sistem geometrisine ve
malzeme oOzelliklerine iliskin bilgilerden, binalarin projelerinden ve raporlarindan, binada yapilacak gozlem ve
Olciimlerden, binadan alinacak malzeme Orneklerine uygulanacak deneylerden elde edilmektedir. Bu bilgiler 1s1ginda
yapilacak degerlendirme sonucunda binanin gii¢clendirilmesinin uygun olabilecegi goriisii hakimse bina sahiplerinin
istegi dogrultusunda binanin giiclendirme projeleri hazirlanmalidir. Binalar ile ilgili tespitler yapilirken birgok
parametreye bagli olan karmagik bir ¢aligma gerekmektedir. Onarilmasina ve giiclendirilmesine karar verilmesinin en
onemli adimin1 bu c¢alisma olusturmaktadir. Bu agamada yapilacak yanlis veya eksiklik istenmeyen sonuglara yol
agmaktadir. Hasarli binalarin hasar siniflarinin dogru olarak belirlenmesi olast ikinci bir depremde olusacak can ve mal
kayiplarimi olumsuz olarak etkileyecektir. Van il merkezinde bulunan Bayram oteli ikinci depremde go¢miis ve 25 kisi
hayatin1 kaybetmistir. Bu ¢alismada 23 Ekim 2011 Van depreminden sonra Afet ve Acil Durum Baskanligi (AFAD)
tarafindan orta hasarli olarak tespit edilen binalar Van Valiligi ile imzalanan protokol geregi tekrar incelenmistir.
Calismada incelenen betonarme binalar i¢in deprem afeti sonrasi hasar tespit formu kullanilmistir (Tablo 1). Bu form
Istanbul Teknik Universitesi, Y1ldiz Teknik Universitesi ve Sakarya Universitesi tarafindan ortaklasa hazirlanan bina ile
ilgili bircok parametreyi icermektedir. Bu form her bir bina i¢in ayr1 ayr1 doldurulmustur.
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Tablo 1:Betonarme Binalar I¢in Deprem Afeti Sonras1 Hasar Tespit Formu

MAHALLE TARIH
CADDE/SOKAK AFAD SIRA NO
KAPI NO UNIVERSITE KODU
KULLANIM AMACI KAT BILGISI
YAPIM YILI TOPLAM KAT SAYISI

O:o PLAN GEOMETRI
KONUMU | C:1 HCH:2 Bl

- TR :
BODRUM KAT CEVRE i
PERDE DURUMU GOCME DURUMU
TASIYICI SISTEM TURU KISA KOLON DURUMU
YAPIDA AGIR KAPALI YUMUSAK/ZAYIF KAT
CIKMA DURUMU DURUMU

EN HASARLI KATTA iNCELENEBILEN KOLONLAR VE PERDELER iCERIiSINDE

AGIR HASARLI KOLON SAYISI AGIR HASARLI PERDE SAYISI
ORTA HASARLI KOLON SAYISI ORTA HASARLI PERDE SAYISI
HAFIF HASARLI KOLON SAYISI HAFIF HASARLI PERDE SAYISI
HASARSIZ KOLON SAYISI HASARSIZ PERDE SAYISI
TASIYICI OLMAYAN SiSTEM ELEMANLARINA AiT HASAR DURUMU
CATI/KALKAN DUVAR HASARI BACA/PARAPET HASARI
MERDIVEN HASARI BOLME DUVARLARDA KAYMA HASARI
KAROT SAYISI BETON BASINC DAYANIMI

Her bir bina igin tespit formu doldurulduktan sonra degerlendirme asamasina geg¢ilmistir. Degerlendirme sonucu
binalarin gii¢lendirilmesinin uygun olup olmayacagma veya TDY 2007 hiikiimlerine gére detayli olarak incelenmesi
gerektigine karar verilmigtir. Incelenen betonarme binalarin mahalle bazinda dagilimi asagida verilmistir (Tablo 2).

Tablo 2: Incelenen binalarin mahalle bazinda dagilimi

Mahalle Ad1 Incelenen bina sayisi
A.Gazi 1
Bekir Pasa 3
Selim Bey 1
Halil Aga 9
Hatuniye 9
Bah¢ivan 12
Hafiziye 1
Ali Pasa 2
Vali Mithat Bey 2
Toplam 40

Incelen binalar ile ilgili olarak konumlari ve geometrileri ve hasar tespit formunda yer alan bazi parametrelere ait bina
sayilar1 Tablo 3’de gosterilmistir.
Tablo 3. Incelenen binalara ait parametrelere ait bina sayilart

3 BOLME
AGIR BACA DUVARLARDA
KAPALI YUMUSAK CATI/KALKAN MERDIVEN | PARAPET KAYMA
KONUMU GEOMETRI CIKMA ZAYIF KAT DUVAR HASARI HASARI HASARI HASARI
0 1 2 1 2 3 |Yok| Var | Yok| Var Yok Var Yok | Var | Yok | Var Yok Var
22 12 | 6| 35 |4 1 36 4 25 15 39 1 4 36 20 20 31 9

Incelenen binalarin; %45’inin bitisik nizamda insa edildigi, %88 inin geometrisinin diizgiin oldugu, %10’unda agir
kapali ¢ikma oldugu, %38’inde yumusak/zayif kat oldugu, ¢ati/kalkan duvari hasarinin neredeyse olmadigi, %90’ 1ninda
merdiven hasarinin olustugu, %50’sinde baca/parapet hasari oldugu, %23’linde bdlme duvarlarinda kayma hasari
geldigi gdzlemlenmistir.

Ulkemizde mevcut yap1 stogunun ¢ogunlugunu betonarme yapilar olusturmaktadir. Deprem &ncesi veya sonrasi meveut
betonarme yapilarin giivenliginin belirlenmesinde onemli asamalardan birisi de beton dayaniminin saptanmasidir.
Mevcut betonarme yapilarda deprem ve benzeri etkilerden dolayi olusan yikim ve hasarlarin baslica nedeni betonunun
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yeterli dayanima sahip olmamasidir. Mevcut yapilardaki beton kalitesinin tespitinde ¢ok degisik yontemler mevcuttur.
Bu yontemler arasinda beton dayanimini gercekei olarak belirlenmesine imkan saglayan yontemlerden biri karot alma
yontemidir (Bayiilke, Ergiin 2005, Oztiirk 2005). Bu baglamda incelenen binalara ait beton dayamimlari yeterli miktarda
karot alinmak suretiyle gerceklestirilmistir. Binalara ait beton dayanimlar1 Tablo 4’te gosterilmistir.

Tablo 4:incelenen binalara ait beton dayanim sonuglari

SIEIIE)A MAHALLE ADI BETON BASINC DAYANIMI (Mpa)
2 BEKIRPASA 10,65
3 BEKIRPASA 15,02
4 BEKIRPASA 22,58
5 SELIMBEY 21,87
6 HALILAGA 10,85
7 HALILAGA 10,7
8 HALILAGA 9,85
9 HALILAGA 6,8
10 HALILAGA 8,06
11 HALILAGA 7,04
12 HALILAGA 10,88
13 HALILAGA 17,22
17 HATUNIYE 19,18
18 HATUNIYE 13,33
19 HATUNIYE 6,46
20 HATUNIYE 10,33
24 BAHCIVAN 13,98
25 BAHCIVAN 112
27 BAHCIVAN 17,73
29 BAHCIVAN 20,42
30 BAHCIVAN 7,24
31 BAHCIVAN 17,12
32 BAHCIVAN 19,46
34 BAHCIVAN 7,82
36 HAFIZIYE 27,44
37 ALI PASA 10,66
38 ALI PASA 10,66
39 VALI MITHAT BEY 12,52
40 VALI MITHAT BEY 12,52

Hesaplamalar yapildiktan sonra binalar ile ilgili sonug degerler Tablo 5’te gdsterilmistir.
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Tablo5: Incelenen Binalara ait sonuclar

AGIR ORTA HAFIF
SIR KAT | HASARL | HASARL | HASARL | HASARSI
A MAHALLE KULLANIM | ADED | IKOLON | IKOLON | IKOLON | Z KOLON
NO ADI AMACI i SAYISI | SAYISI | SAYISI SAYISI SONUC
ISYERI+KONU
1 A.GAZI T 4 0 0 3 9 GUCLENDIRMEGE DEGER
2 BEKIRPASA | YATAKHANE 4 0 0 0 48 TDY 2007 TAHKIK
3 BEKIRPASA ISYERI 4 0 0 0 40 TDY 2007 TAHKIK
4 BEKIRPASA ISYERI 4 0 0 0 32 TDY 2007 TAHKIK
ISYERI+KONU
5 SELIMBEY T 9 0 0 5 25 TDY 2007 TAHKIK
6 HALILAGA KONUT 7 0 0 0 32 GUCLENDIRMEGE DEGER
7 HALILAGA KONUT 8 0 0 0 0 GUCLENDIRMEGE DEGER
8 HALILAGA KONUT 4 0 5 3 12 GUCLENDIRMEGE DEGER
. GUCLENDIRMEGE DEGER
9 HALILAGA KONUT 6 0 1 0 25 BULUNMAMISTIR
GUCLENDIRMEGE DEGER
10 | HALILAGA KONUT 7 0 5 0 21 BULUNMAMISTIR
GUCLENDIRMEGE DEGER
11 | HALILAGA KONUT 7 0 4 4 20 BULUNMAMISTIR
12 | HALILAGA KONUT 8 0 20 10 6 GUCLENDIRMEGE DEGER
13 | HALILAGA KONUT 8 0 15 5 16 GUCLENDIRMEGE DEGER
14 | HALILAGA KONUT 4 0 0 0 15 GUCLENDIRMEGE DEGER
GUCLENDIRMEGE DEGER
15 | HATUNIYE KONUT 6 2 5 7 BULUNMAMISTIR
16 | HATUNIYE KONUT 5 0 0 0 32 GUCLENDIRMEGE DEGER
ISYERI+KONU
17 | HATUNIYE T 7 0 6 2 8 GUCLENDIRMEGE DEGER
GUCLENDIRMEGE DEGER
18 | HATUNIYE KONUT 6 0 10 2 16 BULUNMAMISTIR
GUCLENDIRMEGE DEGER
19 | HATUNIYE KONUT 6 0 2 2 24 BULUNMAMISTIR
20 | HATUNIYE KONUT 5 0 0 0 16 GUCLENDIRMEGE DEGER
21 HATUNIYE ISYERI 3 0 0 1 16 GUCLENDIRMEGE DEGER
22 | HATUNIYE ISYERI 1 0 3 2 7 GUCLENDIRMEGE DEGER
23 | HATUNIYE KONUT 5 0 0 4 20 GUCLENDIRMEGE DEGER
ISYERI+KONU
24 | BAHCIVAN T 8 0 0 1 54 TDY 2007 TAHKIK
ISYERI+KONU
25 | BAHCIVAN T 6 0 1 1 30 TDY 2007 TAHKIK
ISYERI+KONU
26 | BAHCIVAN T 7 0 0 5 25 GUCLENDIRMEGE DEGER
ISYERI+KONU
27 | BAHCIVAN T 5 0 0 0 36 TDY 2007 TAHKIK
ISYERI+KONU
28 | BAHCIVAN T 5 0 0 0 20 GUCLENDIRMEGE DEGER
ISYERI+KONU
29 | BAHCIVAN T 5 0 0 0 0 TDY 2007 TAHKIK
ISYERI+KONU GUCLENDIRMEGE DEGER
30 | BAHCIVAN T 6 0 0 0 12 BULUNMAMISTIR
ISYERI+KONU
31 | BAHCIVAN T 5 0 0 0 40 TDY 2007 TAHKIK
ISYERI+KONU
32 | BAHCIVAN T 0 0 32 TDY 2007 TAHKIK
33 | BAHCIVAN ISYERI 1 3 GUCLENDIRMEGE DEGER
GUCLENDIRMEGE DEGER
34 | BAHCIVAN ISYERI 6 0 0 0 12 BULUNMAMISTIR
ISYERI+KONU
35 | BAHCIVAN T 7 0 0 0 GUCLENDIRMEGE DEGER
36 HAFIZIYE KONUT 7 0 0 0 33 TDY 2007 TAHKIK
37 ALIPASA KONUT 6 1 8 8 GUCLENDIRMEGE DEGER
38 ALIPASA KONUT 6 1 10 8 8 GUCLENDIRMEGE DEGER
VALI
39 | MITHAT BEY ISYERI 7 0 0 0 14 TDY 2007 TAHKIK
VALI . .
40 | MITHAT BEY ISYERI 7 0 2 5 12 GUCLENDIRMEGE DEGER
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5- SONUCLAR VE TARTISMA

Hasarlarin genel olarak tipik deprem hasarlari ile ortiistiigii net bir sekilde gozlemlenmistir. Usuliine uygun
inga edilmeyen c¢ati kalkan duvarlarinin devrilmesi, betonarme yapilarda donati hatalarinin oldugu, paspayi
yetersizliginden dolayr donatilarinin korozyona ugradig, gelisigiizel olarak yapilan bitisik nizamdaki yapilarin birbirini
etkilemesi, yanlis duvar malzemesi se¢iminden dolayr duvar hasarlarmin olustugu gézlemlenmistir. Yap1 hasarlarin
artmasina tasiyict sistem diizenlemesinde yapilan hatalarin da etkili oldugu goriilmiistiir. Binalarin ¢ogunda yanal
otelemeyi sinirlayan betonarme perdelerin olmadigi, binalarin zemin katlarinin ticari alan olan kullanilmasi sonucu
tastyici sisteme deprem esnasinda katki veren dolgu duvarlarinin olmamasi veya ¢ok az olmasi, donati is¢iliginin ve
montajinin gerektigi gibi yapilmamasi hasarlarin artmasina neden olmustur. TDY 2007 hiikiimlerine gore insa edilen
yapilarin hasar almamis olmasi yapilar ile ilgili yonetmeliklerinin yeterli oldugu ancak yonetmeliklere uygun yapi insa
edilmedigi gercegini bir daha gdzler 6niine sermistir. Ozellikle kiigiik yerlesim birimlerinde yapilarin proje asamasindan
baslayarak tamamlanmasina kadar gecen siirede ihmal ve denetimsizligin oldugu ger¢egi de bu durumu
dogrulamaktadir.

Yapilacak hasar tespit islemleri onarim ve giiclendirme isleminin temel adimii olusturmaktadir. Hasar
smifinin tespitinden, uygulanabilir proje asamasina kadar tiim islemler uzman ve deneyimli miihendisler tarafindan
gerceklestirilmelidir. Giiglendirme iglemleri ile ilgili TDY 2007 nin 7. Boliimii ihtiyaca cevap verecek diizeydedir.

Yapilardaki deprem sonrasi hasar tespitlerinin hizli bir sekilde ve istenilen sonuglari verecek sekilde
yapilabilmesi i¢in yeterli sayida konusunda uzman personel kullanilmasi elde edilecek sonuglari daha degerli kilacaktir.
Bunun i¢in hasar tespiti iglemine gegmeden once hasar tespit kriterleri ve hasar tespit formlar1 olusturulmali ve bu
formlarin nasil doldurulacagi ile ilgili gerekli egitimler verilmelidir.

Ayrica hak sahipligi calismalar1 da sonradan olusabilecek hukuki sorunlarin 6niine gegmek anlaminda 6nemli
bir yer tutmaktadir. Bu konuda da yeterli personelin gérevlendirilmesi sorunlari en asagi seviyeye indirecektir.

Hasar tespit ¢aligmalar1 yapilirken yapi adreslerinin eksiksiz olarak tarif edilmesi, bu konuda ilgili yerel
yonetimlerin yapilarin adres bilgileri ile ilgili degisikliklerini kisa siirede ve kalici olarak giincellemesi deprem sonrasi
hasar tespit ¢alismalarinin hizin1 kesmeyecektir.

Giiglendirilmesine karar verilecek her bir bina i¢in detayli inceleme ve giiglendirme gereklidir. Giiglendirme
islemi yapilirken her asamada bu konuda deneyim kazanmis elemanlarin kullanilmasi binanin giiglendirilmesine anlam
kazandiracaktir. Aksi takdirde giiclendirme sadece binanin kusurlarinin kapatilmas1 anlamina gelecektir.

Bir betonarme yapidan beklenen; dayanim, kalicilik, ekonomiklik, fonksiyon ve estetigin saglanmasidir.
Ulkemizde yeterince dnem verilmeyen ancak depremlerle ortaya gikan binalarin bakimi ve onarimi yapilmali ve gerekli
goriilen yerler giiclendirilmelidir. Yap1 giliglendirme ¢aligmalar1 gerek miihendislik gerekse ekonomik agidan biiyiik
kiilfet getirmektedir ve genellikle yapiin yikilip yeniden yapilmasi daha saglikli goriilmektedir. Bu durum malzeme,
iscilik, zaman gibi niteliklerin kaybina neden olmaktadir.

Incelenen 40 adet BA binadan %50’sinin giiglendirmege deger, %30’unun TDY 2007 hiikiimlerine gore
detayl1 olarak incelenmesine ve %20’sininde giiglendirilmesinin uygun olmayacag1 sonucuna varilmistr.

Yore; tasidigi olumsuz jeolojik ve topografik faktorler nedeniyle depreme duyarli degildir. Bugiine kadar
izlenen yapilasmada depremsellik 6gesi biiyiik 6l¢iide ihmal edilmistir. Ancak tektonik olarak son derece hareketli
kusaklar igerisinde kalan Van Golii Havzasinda yapilasma esnasinda depremsellik faktorii g6z oniinde bulundurulmal
ve ilgili yonetmeliklere hassasiyetle uyulmalidir. Yeni yapilasmanin olacagi bolgelerde deprem etkileri gdz Oniine
almacak sekilde diizenlenmis kent planlamasi ve arazi kullanim diizenlemelerinin yapilmasi 6nem arz etmektedir.
Ayrica mevcut yapilarin incelenerek gerekli dnlemlerin alinmasi deprem zararlarinin azaltilmasi yolunda alinacak
tedbirlerden biri olacaktir.

Ulke ekonomisinin lokomotif sektorlerinin baginda gelen insaat sektorii, kamu kesiminin ve dzel kesimin
kaynaklarmin biiyiik boliimii ile disaridan bulunan yabanci kaynaklarin biiylik bolimiinii tiikketmektedir. Kaynaklarin
verimli kullanilmasi kalkinma hamlelerinin temel eylemidir. Bu nedenle hasarli veya hasar gorebilecek yapilarin
giiclendirilmesine mi yoksa yeniden yapilmasina mi karar vermek icin yapilacak maliyet caligmalari, uzmanlar
tarafindan hassasiyetle yapilmalidir.
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4-[4-(OKTILOKSI)BENZOILOKSI|BENZOIK ASID SIVI KRISTALI iLE
POLI(ETER iMiD) KARISIMLARININ KARISABILIRLIGININ
INCELENMESI

Selma Ozkal®, Fatih Cakar®, Hale Ocak®, Belkis Bilgin-Eran®, Ozlem Cankurtaran®, Ferdane Karaman® ve Mithat Celebi”
a)Yildiz Teknik Universitesi, Fen-Edebiyat Fakiiltesi, Kimya Boliimii, 34220 Istanbul

b)Yalova Universitesi, Miihendislik Fakiiltesi, Polimer Miihendisligi Boliimii, Yalova

S1v1 kristaller simetri ve yap1 bakimindan kati ve izotropik sivi arasinda kendine 6zgii bir yap1
gosterir. Sivi kristaller siradan sivilar gibi akar, ama molekiilleri gergek kristallerde oldugu gibi
diizenli bir bicimde yerlesmistir. Bu yilizden siv1 kristaller ve uygulamalar1 giiniimiizde birgok
kullanim alani bulunmaktadir. Son yillarda, teknolojik uygulamalarin yonlendirilmesi ile
geleneksel sivi kristallerin  dzelliklerini, polimerlerin avantajlar1 ile birlestirecek ¢aligmalar
yapilmaktadir. Boyalar, kaplamalar ve ince ekranlar gibi uygulamalarda sivi kristallerin
¢oziiclilerde ¢oziinmiis hallerinden ve sivi kristal-polimer karigimlarindan yararlanilir. Bu
uygulamalarin gelismesi icin bilesenler arasindaki etkilesim ve karisabilirlik hakkinda ayrintili

bilgi gereklidir ',

Bu calismada poli (eter imid) (Ultem)/4-[4-(Oktiloksi)benzoiloksi]benzoik asid (OBBA) Sivi
kristal karigimlarinin karigabilirlik davranislart vizkozite ve Fourier Transform Infrared-
Azaltilmig Kuvvet Spektroskopisi (FTIR-ATR) yontemiyle caligildi. Bunun i¢in Ultem/OBBA
karigimlarinin 30 °C’de seyreltik kloroform ¢ozeltisinde gesitli konsantrasyonlarda (80/20, 60/40,
40/60 ve 80/20) ikili karisimlar1 hazirland:. Ikili karisimlarin indirgenmis vizkozite ve Huggins
parametreleri belirlendi. Karigimlarin indirgenmis vizkozite sonuglarindan gesitli aragtirma
gruplar tarafindan Onerilen karisabilirlik parametreleri elde edildi. Daha sonra bu ¢ozeltilerin

FTIR-ATR leri 6lgiilerek Ultem/OBBA ikili karisimlarinin karisabilirlikleri incelendi.
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Abstract: In this study, a method that makes easy to process in the search trees is presented. A data structure which
uses this method is also explained. It is explained how this method is used for strings. Performance comparisons with
other trees like AVL, RB tree are showed. A hash table and a balanced binary search tree are used to implement this
data structure. It is built the categorized subtrees according to data. Hash table is used to access data in the subtrees. It
is aimed to process on relatively less amount of data collections instead of large amount of data collections. In this way
the numbers of the process will be decreased. It will make positive affect on the program performance.

Keywords: Balanced binary search tree, Hash table, AVL, RB Tree, Salkim Tree

1.Introduction

The study of data structures is core to computer science. A wide range of container structures have been
developed to meet different problem situations. The focus on data structures that efficiently store large collections of
data (Tremblay J. P., 2003; Ford W. and Top W. 2002).

Data structure determines performance of the software. When program use large collections of data then data
structure selection is getting more important. The structures have operations to access items, insert items and remove
items from the collection. Effectiveness of a program depends on performance of deletion, insertion and searching
process (Robson R, 1999; Weiss M. A., 1994).

Data can be stored in a memory sequentially or associatively. Data structures which are stored sequentially save
data with position in a memory. When a data with value is wanted to be found, O (n) times search will be needed. Data
structures, which save data with value in memory, are more suitable in this situation. This type of data structures is
called associative data structures. These data structures are updated by using values, instead of using positions in
associated data structures. Tree, is an example of this kind of data type (Larsen Kim S., 2000). AVL (Adelson Velskii
and Landis) and Red-Black trees are the most important examples of tree data structure.

2. AVL Trees

AVL trees are binary search trees which are locally balanced. Depth of the AVL trees is arranged as O (logn).
This means that AVL trees have the same depth of the left and right sub trees. The difference between left and right sub
trees of any node can be one or zero. Cost of AVL algorithms is O (logN), when these algorithms are used for building
tree, deletion, insertion and searching process (Larsen Kim S., 2000, Gabarr6 J. and Messeguer X., 1998; Cameron H.
and Wood D., 1994).

AVL (Adel’son-Vel’skii and Landis) trees are efficient data structures for implementing dictionaries. AVL trees
are binary search trees which are locally balanced; that is, for any internal node, the heights of its left and right subtrees
may differ by at most one. The local balance at each node guarantees that the height of an n-key search tree will always
be bounded above by 1.44 log(n +2). Since AVL trees are the most efficient method of balancing binary search trees,
they are utilized in a wide variety of applications such as databases, operating systems, and symbol tables in compilers.

T, an AVL tree, is a binary tree in which the difference between the heights of the left and right subtrees of any
node is at most one. Elements from a totally-ordered domain are stored in the leaves with smaller data to the left of
larger ones. For each internal node v, we use & (v) to refer to the key value stored in it and /(v) and r(v) to denote the left
and right children, respectively. Moreover, £ (v) always equals the key value of the largest element stored in node v’s
left subtree. Such trees are usually referred to the literature as external AVL trees.

When we insert a new node into an AVL tree, some external nodes are replaced by a new internal node (and two

external nodes as its children), and the height of the parent of new node may have been increased by one. As a result, if
the height of newly inserted node is increased, the property of AVL tree may be lost at the ancestors of this new node.
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When the insertion causes an AVL tree to loose its balance, applying exactly one of the four rotations—single rotations
LL or RR and double rotations LR or RL—will restore it.

3.Red-Black Trees

The red-black tree is a balanced binary search tree whose height is O(log n) and dictionary operations such as
search, insertion, and deletion are performed in O(log n) time in sequential computation, where n is the number of
nodes in the red—black tree.

In Red-Black tree (RB tree), every node has RED or BLACK attributes. Tree operations, except insertion, are
costed O (log n) in RB tree. Insertion of an element will violate balance of tree which must be rebalanced. Rebalance
process can be achieved with a simple operation, called rotation (Park H. and Park K., 2001; Cameron H. and Wood D.,
1994).

Let root(T) denote the root node of a red—black tree T and item(x) denote the item stored in node x. Let p(x)
denote the parent of node x and p""'(x) the parent of p"(x), n>1. Let rchild(x) denote the right child of node x and
Ichild(x) the left child of x. The successor of node x is the node with the smallest item larger than item(x). The
predecessor of node x is the node with the largest item smaller than item(x). Each node x has a space for its item, a bit
for its color (red or black), and three pointers to p(x), Ichild(x), and rchild(x). If a node does not have a parent or a child,
nil is stored in the corresponding pointer. We will regard nil as a pointer to an external node (leaf) and the nodes
holding items as internal nodes.

A red-black tree is a binary search tree satisfying the following red-black properties (Park H. and Park K.,
2001).

1. Every node is either red or black.

2. Every external node (nil) is black.

3. If a node is red, then both its children are black.

4. Every simple path from a node to a descendant leaf contains the same number of black nodes.

The red-black properties can be rewritten using nonnegative ranks instead of red and black colors

(a) If x is any node with a parent, rank(x)<rank(p(x))<rank(x) + 1.
(b) If x is any node with a grandparent, rank(x)<rank(p’(x)).
(c) If x is an external node, rank(x) =0 and rank (p(x)) =1 if x has a parent.

The above conditions (a)—(c) are called balance conditions. The rank of node x corresponds to the number of
black nodes in any simple path from x to a descendant leaf. Hence, rank (p(x)) =rank(x) + 1 if x is black and rank (p(x))
=rank(x) otherwise. Note that rank(x) need not be stored in x. (Park H. and Park K., 2001; Cameron H. and Wood D.,
1994).

4. Salkim Tree

A data structure is a systematic way of organizing and accessing data. It is focused on data structures that store
large collections of data. It is needed new data structures that can efficiently add and remove items without involving
the entire collection of elements. In this study, Salkim tree is proposed to address this problem.

A hash table and RB binary search tree are used together to build Salkim tree. Collision case of hash table is
used to categorize data. Selected hash function generates same index for different data in same category. Data are stored
in a special form of binary search tree. In this form, root has one element which provides connection between tree and
hash table. Data are stored in meaningful subtrees instead of one tree. When a process is needed for an element, process
will work in related subtrees instead of all trees.

4.1 Implementation

When this data structure is wanted to build for letters, records are generated for each letter in hash table (Hradek
J.,2003; Zobel J., 2001). For this aim, hash function is used to generate index. Index value shows location of each letter
in hash table. The root addresses of each subtree are stored in hash table. Hash function is shown in equation 1.

H(x)=ascii(x)-65 @9
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Address records of subtrees are generated statically in hash table. Initial value of address records are
NULL.When a string is wanted to be added to the structure, firstly hash table is checked whether subtree is created or
not. If related subtree is created then string will be added to this subtree, otherwise a root will be created and string will
be added to this root. The address of the created root will be written to the related place in the hash table.

Searching process of an element; hash table is checked whether related subtree exists or not. If subtree does not
exist, no need more completion, it can be said that element does not exist in structure. Otherwise searching process will
continue in related subtrees.

For example, lets assume that ‘train’ word is wanted to search in structure, Firstly index value of ‘t’ is calculated
using hash function (index value of ‘t’ is equal to 19). 19 th section of hash table is checked whether any address exists
or not. If 19 th section value of hash table is NULL, then it can be said that ‘train’ does not exist in the structure,
otherwise ‘train” word will be searched in ‘t’ subtree. If ‘train’ word is wanted to search in any tree, all trees must be
searched though it does not exist. This situation increases the cost of searching process in an ordinary binary search
tree.

For example, cost of searching an element, in a balanced tree with 26000 elements, is 15. Salkim trees’s cost is
10 in the same situation (when all letter categories have 1000 element).

Assuming that number of element is N and number of element started with ‘i’ is Ni,

N=Na+Nb+ ... Ni+ ... Nz 2)

Assuming that all element is not started with ‘i’, it can be said that

LOg2N>lOg2Ni (3)
1 2 25 26
A B Y Z
0X6F00 NULL |~~~ 7 NULL 0X3F26

@

\
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5. Results

An application program is written to analyse building structure, inserting an item and searching an
item performances of AVL, RB tree and Salkim.

Performances of building structure are examined for five different data sets. Amount of data in data
sets are 25000, 275000,350000, 550000, 1100000. X axis of figures demonstrates these data sets. Y axis
demonstrates process time. Build performance of those data structures is shown in Figure 2.

Performance of building structures
16 -
14
& 12
e 10
= 8
[72]
[72]
g 6 ——AVL
S 4 —=—RB
2 - —— Salkim
0
1 2 3 4 5
Data Set

Figure 2. Performances of building structures

Table 1. Performance values of building structure test.

Data Set Number of Data AVL RB Salkim
1 25.000 0,17 0,17 0,15
2 275.000 2,173 1,956 1,833
3 350.000 2,46 2,303 2,18
4 550.000 5,56 4,506 4,156
5 1.100.000 14,006 11,237 9,124

Insertion performance of AVL, RB and Salkim tree is shown in Figure 3 and Table2. Note that all data
structure was including 25000 elements before insertion test. Insertion performance is tested for four cases,
in first case 100000, in second case 1000000, in third case 5000000, and in fourth case 10000000 elements
are added into each structure.
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Insertion Performances
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Figure 3. Performances of insertion item

Table 2. Performance values of insertion item test

Data Set | Number of inserted data AVL RB Salkim
1 100.000 0,341 0,29 0,25
2 1.000.000 4,87 3,475 2,56
3 5.000.000 18,326 15,02 12,083
4 10.000.000 36,532 30,014 25,543

Search performance of structures is shown in Figure 4 and Table3. Note that all data structure was
including 25000 elements before search test. Search performance of structures is tested for four cases. In first
case 100000, in second case 1000000, in third case 5000000, and in fourth case 10000000 elements are

searched on each structure.

Searching Performances
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Figure 4.Performances of searching item
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Table 3. Performance values of searching item test

Data Set Number of searched data AVL RB Salkim
1 100.000 0,451 0,341 0,25
2 1.000.000 3,395 2,744 1,542
3 5.000.000 20,92 13,71 10,752
4 10.000.000 48,037 32,837 27,01

6. Conclusion

Performance of Salkim tree is better than AVL and RB tree which are preferred in a lot of
applications. Especially, search performance and insertion performance of Salkim tree’s superiority is getting
clearer when number of data increase.
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Abstract: Institutionalization help an organization to gain legitimacy, increase resources and
maintain survival. In other words, institutionalization is realized by developing appropriate and
meaningful behaviors with the environment to gain legitimacy and conformity and transferring
them to next generations. It is a crucial issue especially for small and medium sized enterprises
(SMEs) to adopt themselves according to the changes in the environment, and sustain competitive.
In this study, fuzzy hybrid multi-criteria decision making approach is used in order to measure
institutionalization level of SMEs. For achieving this, first of all, criteria that indicate the
institutionalization level of SMEs are determined. Then cause and effect interaction among main
criteria is determined by fuzzy DEMATEL method. According to the inter influence derived from
fuzzy DEMATEL, fuzzy analytic network process (ANP) is implemented in order to obtain the
weights of the criteria. Expert opinions and group decision making approach are utilized during
both fuzzy DEMATEL and fuzzy ANP methods. After acquiring the weights, several SMEs are
evaluated according to the criteria predefined and VIKOR method is implemented for measuring
the level of institutionalization of the SMEs.

Keywords: Institutionalization, multi-criteria decision making, Fuzzy DEMATEL, Fuzzy ANP,
VIKOR

1. Introduction

The organizations are not stable; they change with the time in common with their environment. While some of
the organizations manage to survive during this period, some of them cannot survive because of not being
institutionalized. The main reasons of not being able to survive are the resistance to the change in the organization
environment, innovation and improvement, not having strategic thinking and successful knowledge management
system. The basic result of the institutionalization is to make the organizations more surviving and consistent. So the
institutionalization has come up due to the modern society

Institutionalization is the administration of the enterprise within a set objectives and targets as well as principles
and values. These values are comprised of vision, mission, principles and values. The set objectives, principles and
values are combining every employee including the managers within a corporation (Kahveci, 2007). Institutionalization
is also defined as processes which include creation of a formal structure, emergence of informal norms, development of
impersonal/objective procedures, administrative rituals, ideologies, legalization, and focus on legitimization (Alpay et
al., 2008).

Institutionalization processes include creation of a formal structure, emergence of informal norms, development
of impersonal/objective procedures, administrative rituals, ideologies, legalization, and focus on legitimization.
Institutional theory therefore traces the “emergence of distinctive forms, processes, strategies, outlooks, and
competences” (Selznick, 1996) from patterns of organizational interaction and adaptation in response to internal and
external environments.

Attempts to measure institutionalization at the firm level are rare (Alpay et al, 2008). One of the main objectives
of this study is to measure institutionalization level of an organization. The assessment of institutionalization process is
based on multiple criteria. Therefore, multi-criteria decision making techniques are used in this study. The process also
requires more than one expert opinion. That is why group decision making approach is applied in the measurement
model.

2. Literature Review

2.1. Institutionalization

The institutionalization is defined in different ways the literature. The institutional is generally defined by
expressing the characteristics of the institutionalized organizations. If the organization is institutionalized, its activities
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must be performed systematically according to the particular rules. According to these view, the institutionalization is
becoming a system. The institutionalized organizations have the common and eligible organizational culture. The
professionalism is the other character of the institutionalized organizations (Kahveci, 2007). The organizational culture
must be structured based on the strategic management activities and supported by the information systems to gain the
expected results of the institutionalization process.

Actually, the institutionalization is an organizational theory which explains the interaction between the
organizations and the environment they operate in. It is mainly concerned with the reasons of the changes within the
organizations that occur due to pressures by the institutional environment which mainly consists of the governments and
some professional organizations. This theory accepts that organizations can not just act rationally to follow their
interests. They also have to take the expectations of the institutional environment into consideration. So the decisions
maker of the organizations must to consider these expectations and pressures for their decisions.

Institutionalization is the organizational progress in common with the environmental change, and obtaining the
standards. In this definition, three following subject are remarkable; (1) The institutionalized organizations changes
along with the environmental change; (2) They learn this change; (3) They develop the new standards according to the
new circumstance.

The researcher who firstly mentions this theory is Selznick and he notices that organizations adapt and develop
values specific to organization to adapt to environment thus become legal and reach stability. Zucker considers
institutionalization as a tool which provides social stability. According to him, institutionalization is realized by
developing appropriate and meaningful behaviors with the environment to gain legitimacy and conformity and
transferring them to next generations. Meyer and Rowan mentioned that the purpose of institutionalization is to gain
legitimacy, increase resources and maintain survival of organizations. They argue that the institutionalization occurs by
developing shared values with the environment. From another point of view, DiMaggio and Powell posit that
institutionalization occurs by imitating other successful competitors as a means of adaptation to environment.
According to Friedland and Alford, organizations institutionalize in order to affect cognitive and normative pressures by
trying to manipulate the environment (Apaydin, 2009).

The common idea the researchers mentioned above is that, institutionalization is a process which influences
every aspect of organizations, e.g. strategies, structure, decisions, activities, behaviors and performance. As it has a
wide and deep impact on organizations, it deserves further researches (Apaydin and Coskun, 2008).

Ironically, however, the institutional approach has yet to become institutionalized here is very little consensus on
the definition of key concepts, measures or methods within this theoretic tradition. Also there has been little attention
given to conceptualizing and specifying the processes of institutionalization. In the other words, the process-based
approach to institutionalization has not been followed in most organizational analyses. Instead, institutionalization is
almost always treated as a qualitative state: structures are institutionalized, or they are not. The institutionalization
theory cannot provide the sufficient and concrete suggestions the way of the institutionalization. Consequently,
important questions of the determinants of variations in levels of institutionalization, and of how such variation might
affect the degree of similarity among sets of organizations, have been largely neglected. There is the need to develop
more direct measures and better documentation of claims of the institutionalization of structures, since outcomes
associated with a given structure are likely to depend on the stage or level of institutionalization. Also, attempts to
measure institutionalization at the firm level are rare (Alpay et al, 2008).

2.2. Multi-Criteria Decision Making

Many traditional multi-criteria decision making (MCDM) methods are based on the additive concept along with
the independence assumption (Zeleny, 1982). Several previously proposed MCDM methods are very useful but they
have generally considered only for independent effects during selection or evaluation of criteria. DEMATEL method
and its fuzzy version take into account that any factor of MCDM may affect other factors or may be affected by others.

Wu (2008) stated that knowledge management (KM) strategy selection is a kind of multiple criteria decision-
making problem, which requires considering a large number of complex factors as multiple evaluation criteria. He
proposed an effective solution based on a combined ANP and DEMATEL approach to help organizations evaluating
and selecting KM strategies. Several multi-criteria decision making methods can be implemented in a combined
manner. DEMATEL method is very suitable to be combined with ANP as can be seen in Yang and Tzeng (2011), Lee
et al (2011) and Wu (2008). Some examples about combination of DEMATEL, ANP and VIKOR techniques can be
found in Ho et al. (2011), and Liou and Chuang (2010). DEMATEL, ANP and TOPSIS combinations can be seen in
Lin et al. (2010) and combination of three models in fuzzy environment can be seen in Biilylikozkan and Cifci (2012).
There are some other combined methods also. In this paper DEMATEL, fuzzy ANP and VIKOR methods are
implemented for assessing institutionalization level of organizations.

3. Readiness Assessment Model for Institutionalization

As there is not common key concepts about the institutionalization process, the components of this process are
defined in the different ways too. According to Korkmaz, the basic components of the institutionalization are defined as
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knowledge, foresight, rationalism, consistency, constancy, reliability, adaptability, flexibility and maintainability. So,
the institutionalization is making these components dominant over the organizations to institutionalize the organizations
(Korkmaz, 2003). In the other study, the components of the institutionalization are stated as simplicity, diversification,
flexibility and autonomy. These components can be used to determine the institutionalization level of the organizations
(Karpuzoglu, 2004). The dimensions of institutionalization are formalization, professionalism, cultural strength,
consistency and accountability. Essentially, all of them are either the results of the institutionalization process or the
characteristics of the institutionalized organizations. However, the way of institutionalization and measuring the level of
institutionalization were not mentioned in the literature.

The simplicity of the job and maintaining it as simplicity cause the Simplicity component of the institutional.
The simplicity of the job only can be done by applying the process management approach. On the other hand, when the
enterprise handles the competition primarily, focuses on the market and human resources, and concentrates in the main
goals, it achieves the Diversification in its structure and operations.

The other component of the institutionalization is the Flexibility which is the adaptability of the enterprise to its
environment, can be done by networking, continuous revolution for continuance in the market, monitoring the basic
cycles, establishing the systems such as production planning, strategic planning and investment planning.

Finally, the strategic view, the mission union, the managing with the reality and determining the priorities are
composing the corporate identity and also provide the Autonomy. The other determinative of the autonomy is certainly
capital structure.

When the enterprise is evaluated from the simplicity of their job, the processes should be the focus of this
evaluation. The enterprise can gain the diversification on account of its product, human resources and technological
resources in the environment. The flexibility is exactly the conformity to the environment. The autonomy of the
enterprise is based on the strategy of the enterprise. Consequently, the enterprise should implement strategic
management, process management, technology management, human resource management, product management,
knowledge management and consider its environment. As a result the evaluation criteria used in institutionalization
assessment model are summarized in Table 1.

Table 1. Main and sub-criteria of the institutionalization assessment model

Main Criteria Sub-criteria

Cl: Strategic Management Cl11: Strategic Analysis

C12: Strategy Definition and Planning
C13: Strategic Performance Evaluation
C2: Process Management C21: Process Identification and Monitoring

C22: Process Improvement and Innovation

C23: Process Implementation
C3: Technology Management C31: Technology Planning

C32: Research and Development, Innovation Management

C33: Marketing and Commercialization of Technology
C4: Product Management C41: Product Planning& Product Data Management

C42: Product Specifications

C43: Product Innovation
C5: Knowledge Management C51: Enterprise Knowledge Definition and Storage

C52: Usage of Knowledge and Knowledge Technology

C53: Knowledge Culture and Performance of Knowledge Management
C6: Human Resource Management C61: Human Resource Planning, Selection and Orientation

C62: Personnel Development and Performance Evaluation

C63: Participation of management, labour relations and organizational structure
C7: Enterprise Environment C71: Suppliers

C72: Market and Competitors
C73: Customers

4. Technical Background

4.1. Fuzzy DEMATEL Method

The DEMATEL method was developed by Gabus and Fontela (1972). It analyzes the influential status and
strength between the factors and converts them into an explicit structural mode of a system (Lin and Wu, 2008). Lin and
Wu (2004, 2008) developed a fuzzy DEMATEL method to gather group ideas and analyze the cause and effect
relationship of complex problems in fuzzy environments. The procedure of the fuzzy DEMATEL method implemented
in this study is explained below:

Step 1: Identify the decision goal and set up a committee. During the group decision making process, decision
goal is decided first, and subsequently a committee is set up for gathering group knowledge for problem solving.
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Step 2: Develop the evaluation criteria and design the fuzzy linguistic scale. For evaluation, sets of criteria are
established. Since evaluation criteria have the nature of causal relationship and usually comprise several complicated
aspects, and to deal with the ambiguities of human assessments, the fuzzy linguistic scale is used in the group decision
making. The different degrees of influence are expressed with five linguistic terms as {No, Low, Medium, High, Very
high} and their corresponding positive triangular fuzzy numbers are shown in Table 2 and see Fig. 1.

Table 2. The correspondence of linguistic terms and linguistic values

Linguistic terms Linguistic values
No Influence (N) (0,0, 0.25)
Low Influence (L) (0, 0.25, 0.50)
Medium Influence (M) (0.25, 0.50, 0.75)
High Influence (H) (0.50, 0.75, 1.00)
Very High Influence (VH) (0.75, 1.00, 1.00)
uCx) 4
No L M H VH
1 k------ R - -
0 0.25 0.5 0.75 1.00 3(

Fig. 1. Triangular fuzzy numbers for linguistic variables.

Step 3: Acquire and average the assessments of decision makers. In this step, a group of p expert is asked to
acquire sets of pair-wise comparisons of the criteria [] = {{1|[] = 7,2, ..., [1} by linguistic terms in order to measure

. . o .l =2 4D . .
the relationship between criteria. So, p fuzzy matrices (1, [1°,...,[]  were obtained, each corresponding to an expert.
Then, the average fuzzy matrix [ is calculated as below and is called the initial direct-relation fuzzy matrix.

The initial direct-relation fuzzy matrix ~ is shown as following

[~0 izz D]L]
m= Uoy 0 0 T,
| P e ]
7, T, « ol
where 0 = (0., 0, Op) are triangular fuzzy numbers. 0, (i = 1, 2, ..., n) is shown as zero but whenever is

necessary it will be regarded as triangular fuzzy number (0, 0, 0).
Step 4: Acquire the normalized direct-relation fuzzy matrix. By normalizing the initial direct-relation fuzzy
matrix, normalized direct-relation fuzzy matrix ~ is obtained by using

[ﬁu O o gm]
st U ™ Lo
| : Foo ]
180, By - Ogol
where
~ ] u] u] u]
Too == (2 7) &
and
0= maXisusu(ZE=1 Ooo) (3)

It is assumed at least one i such that Y- _, (1., < [] and this assumption is well satisfied in practical cases.

41



T;_c':a" ESTEC International Science and Technology Conference, Dubai, 13-15 December 2012

Step 5: Acquire the total-relation fuzzy matrix. Let T = (D R juu) and define three crisp matrices,
whose elements are extracted from 7, as follows:

T I S R S R BB
0, = D.21 0. ]?D Oy = ].21 0. D?D 0, = ].21 0. D?D
oy Uiy e 0 iy Uiy o0 iy Uiy e 0

As in the crisp DEMATEL, total-relation fuzzy matrix (7 is defined as T = lim (ﬁ +0 4t ﬁu) and

is shown as:

[T Tz T
'j — lD,zl D.QZ .‘“ jZD} where ’EUL = (]LU! DLL: DLL) and

Oor 0oz - Ouo
[ )= 0 x =) g
[O7]=0.x@=0)7"! ®)
[ ] =0 x (=) ©

Step 6: Obtaining (T + T )" and (7 —T.)""" values. Bach T, = (07, 0", 07.) triangular
fuzzy numbers of total-relation fuzzy matrix 7 is defuzzified and [ ~'matrix is obtained as defined below:

~ 000 ~ 000 ~ Doo

[311 Uiz = U ]

~ 000 ~ 000 .. =~ 000
~000 ~ 0oo " " » 000
(3 = | ]21‘ ]zz‘ ]2u. | where 7, =(07, 00, 00)

~ DO0D ~ 000 o~ oo

lju] Uoz = Uoo J

~ 000 ~ 0OO ~Ooo |~ 000 ~ 000 =~ 00O . .
Then, [ , Ug , (Og + Og ) and (0] —0p ) values are calculated as in crisp

DEMATEL method where T, and 71, are the sum of rows and columns of matrix 7, respectively.

In this study CFSC (Converting Fuzzy data into Crisp Scores) defuzzification method proposed by Opricovic
and Tzeng (2003) is used for calculating defuzzified total-relation matrix [J S

4.2. CFCS Defuzzification Method

There are several defuzzification methods. The most commonly used defuzzification method is the Centroid
(Center of gravity) method (Yagler and Filev, 1994), but this does not distinguish between two fuzzy numbers which
have the same crisp value in spite of different shapes. Therefore CFCS defuzzification method is used since it can give a
better crisp value than the Centroid method.

CFCS method is generated by Opricovic and Tzeng (2003) for multi-criteria decision making which can
distinguish two symmetrical triangular fuzzy numbers with the same mean, whereas the Centroid method does not
distinguish between two such fuzzy numbers. CFCS method can also be applied when some values are crisp, Eln =
u.

Let 0o = (0o, Doy, Do), j=1, 2,..., J be triangular fuzzy numbers, where J is the number of alternatives.
The crisp value of i-th criterion could be determined by the following four step CFCS algorithm:

1. Normalization:
[l =max [y, [ =min, [, and A= [1 — [J
Compute for each alternatives

Dog=eg=M/A, 00 =00 = 0)/A, 0 = (g —0)/A (7N

2. Compute left score (Is) and right score (rs) normalized values:

e =00 /U+ D=0 )and D20 = 0 /(4 Do = 0g0) ®)
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3. Compute total normalized crisp value:

D=l xU -0 0 x O =0+ 0] ©)

4. Compute crisp values for 71, :

j[D[D[DD =0+ jED[D[ XA (10)

4.3. Fuzzy ANP Method

Analytic network process (ANP) is the general form of analytic hierarchy process (AHP) and was proposed by
Saaty (1996) to overcome the problem of interrelation among criteria or factors. Through a supermatrix, whose entries
are themselves matrices of column priorities, the ANP synthesizes the outcome of dependence and feedback within and
between clusters of elements (Yang and Chang, 2012). The initial supermatrix must be transformed to a matrix in which
each of its columns sums to unity. For this reason, this matrix must be normalized by the cluster’s weight to get the
column sums to unity. Hence, the weighted supermatrix is obtained (Saaty and Vargas, 1998). The supermatrix
representation is given in Fig. 2.

o, 0, 0
Qe gy B Uy, e Uy O
Ui 7
[y : iy Uiz ny
O;n,
0
b= 2! gy Y )
O, :
Do,
Uos
- : O O O
- I 2

Fig. 2. The supermatrix representation

ANP equipped with fuzzy set theory helps in overcoming the impreciseness or vagueness in the preferences.
Fuzzy set theory is more advantages than traditional set theory when describing set concepts in human language. The
Fuzzy ANP (FANP) method can easily accommodate the interrelationships existing among the functional activities
(Mohanty et al., 2005). Table 3 gives the fuzzy linguistic terms and corresponding triangular fuzzy numbers (TFNs)
which are used for pairwise comparisons. The pairwise comparisons are implemented according to Fuzzy ANP method
within each cluster or main criteria, and according to dependency relationships which are obtained from DEMATEL in
order to generate relative importance weights.

Table 3. The Linguistic variables and triangular fuzzy numbers for importance

Triangular fuzzy Triangular fuzzy

Linguistic variables Fuzzy number number reciprocal number
Equally Important (EI) 7 1,1, 1) 1,1, 1)

Weekly Important (WI) 3 (1,3,5) (1/5,1/3, 1)
Strongly Important (SI) 5 3,5,7) (1/7,1/5, 1/3)
Very Important (VI) 7 5,7,9) (1/9, 1/7, 1/5)
Absolutely Important (AI) 9 (7,9,9) (1/9, 1/9, 1/7)

There are many fuzzy AHP methods for calculating weights to be used in supermatrix of ANP. These methods
were proposed by various authors in the literature (Buckley, 1985; Chang, 1992, 1996; Cheng, 1997; Deng, 1999;
Leung & Cao, 2000; Mikhailov, 2004; Van Laarhoven & Pedrycz, 1983). These methods are systematic approaches to
the alternative selection and justification problem by using the concepts of fuzzy set theory and hierarchical structure
analysis (Yiiksel and Dagdeviren, 2010). In this study, Chang’s (1996) extent analysis method is employed. The extent
analysis method is described below.
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Let [1 = {(];, [, ..., [} be an object set, and [ = {[1;,[],, ..., [} be a goal set. According to the method,
each object is taken and extent analysis for each goal, [, is performed, respectively. Therefore, m extent analysis
values for each object can be obtained with the following signs:

o4 ,0¢,.,08, O0=12..,0

where all the (15 (T = 1,2, ..., [1) are triangular fuzzy numbers (TFNs).

The steps of the extent analysis method are given below:

Step 1: The value of fuzzy synthetic extent with respect to the ith object is defined as

Do=X0l e 0 ]_1 (11)

To obtain Y- [1- , perform the fuzzy addition operation of m extent analysis values for a particular matrix such that
ZHJH = (ZE=1ju'ZB=JDu'ZB=J Op), (12)

and to obtain [¥ -, ¥ -, [ ]_1, perform the fuzzy addition operation of (1~ ([] = 1,2, ..., [1)values such that

Yoo Xio 00, =@ 00,20 00, X0 00) (13)
and then compute the inverse of the vector in Eq. (9) such that
[Zu:]Zu:]Du ] h (Z =00 Zhe 00 o0 ) 14

Step 2: The degree of possibility of [, = ([,, [,, ) = ; = (J,, 0;, ;) is defined as

0(0; 2 0,) = 000([000(04,(0), 0e,(D))]

and can be equivalently expressed as follows:

1, if 0, >0,
i >
(0, =0 =000(0,00,) = 0,(0) = Ulf)'uz if 0, =11, (15)
otherwise,

(O2-0)—-(0;-0p”

where d is the ordinate of the highest intersection point d between (1, ,and [, ,(see Fig. 3). Both values of [1(71, = 1)
and [1([], = [1,) are required in order to compare [1; and [7,.

Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy numbers [ ([ =
1,2, ..., 1) can be defined by

00 = 0,0, .,0) =00 =0,)and (J = [,) and ...and ([ = [1, )]

=min0(0=0.), 0O=12,..,70. (16)
Assume that
O'(0)=min (0, = [0,) for(1=1,2,..,0;1 %[ (17)

Then the weight vector is given by

0'=(0'(@), 0@, ... 0'(0))

where [ ([0 = 1,2, ..., 1) are n elements.

O
)

(18)

Step 4: Via the normalization, the normalized weight vectors are

0= (000, 005, e, 0(0)) (19)

where [] is a nonfuzzy number.
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Uiz Ar
M, M,
1
V(M, = M;)
‘ » M
I, my U ¢ U, my Uy
d

Fig. 3. The intersection between [1; and [,
4.3. VIKOR Method

VIKOR was developed by Opricovic (1998) and Opricovic and Tzeng (2002) with the Serbian name:
VlseKriterijumska Optimizacija I Kompromisno Resenje, means multi-criteria optimization and compromise solution.
The VIKOR method was developed for multicriteria optimization of complex systems and this method focuses on
ranking and selecting from a set of alternatives, and determines compromise solutions for a problem with conflicting
criteria, which can help the decision makers to reach a final decision. Development of the VIKOR method started with
the following form of Lp-metric:

03 ={[X8-; 00 (105 — Opgl) / (01 — O5)]73/ (20)
where 1 < p < oo; alternatives i =1, 2, ..., m; [, is derived from fuzzy ANP.

In the VIKOR method [1-=/ (as [1,) and (1~ (as [1) are used to formulate ranking measure. The solution
obtained by [ is with a maximum group utility (“majority” rule), and the solution obtained by min[] is with a
minimum individual regret of the “opponent”.

The main steps of the algorithm are taken from Sanayei et al.’s (2010) study:

Step 1: Obtain an aspired or tolerable level. Calculate the best (17 values (aspired level) and the worst (17
values (tolerable value) for all criterion j = 7, 2, ..., n. Suppose the jth function denotes benefits:

j*[ = ij[ DD[
jE = ij[ DD[

or these values can be set by decision makers.

Step 2: Calculate mean of group utility and maximal regret. [ is the synthesized gap for all criteria and [ is
the maximal gap in 7 criterion for prior improvement.

05 = 23=¢0a (105 — Oga) /(B35 — 07) 21)
O =max (|07 = Ogpl) /(05 = 00) (22)
Step 3: Calculate the index value.

(Op=10%
=09

(0 -9

Up =0 (0~=0%)

+(—-0) (23)

where
j* = D]Du ]L’ 0" = ]D]L Du, D* = ]D]L Du, 0" = ]D]L Du

and v is introduced as the weight for the strategy of maximum group utility, whereas (1 — v) is the weight of the
individual regret.

Step 4: Rank or improve the alternatives for a compromise solution. Order them decreasingly by the value of
5, O and . Propose the alternative [10as a compromise solution which is arranged by the measure min[J, when

the two conditions are satisfied:

C1. Acceptable advantage:
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0P - 0@ = 1/(0-1)

where m is the number of alternatives and (1) is the second position in the alternatives ranked by (1.

C2. Acceptable stability in decision making: Alternative 1"’ must also be the best ranked by [, or/and [ .
If one of the conditions is not satisfied, then a set of compromise solutions is proposed, which consist of:

e Alternatives [0V and 0@ if only the condition C2 is not satisfied,

or

e Alternatives ", 0@, .. O™ if the condition C1 is not satisfied. 1™ is determined by the relation Q(D(M)) -
Q(=™) < DQ for maximum M (the positions of these alternatives are close).

5. Implementation and Discussion

The case study is implemented in Sakarya, Turkey. First, interactions among the main criteria are derived asking
expert opinions and using fuzzy DEMATEL approach. Then fuzzy ANP method is implemented according to the expert
opinions in order to calculate the local weights of the sub-criteria. After determining the weights, five SMEs are
investigated and graded according to each sub-criterion. As a result, each SME is scored between 0 and 100
implementing TOPSIS method.

The evaluation of one of the experts in terms of the effect between the criteria is given in Table 4. The
corresponding triangular fuzzy numbers for the linguistic terms of the expert are given in Tablo 5. The linguistic terms
and corresponding fuzzy numbers which were used during fuzzy DEMATEL approach were given in Table 2.
Similarly, all of the evaluations from the rest of the experts are obtained and then averages of related triangular fuzzy
numbers are calculated using Eq. (1). The average values are given in Table 6. The normalized direct-relation fuzzy
matrix is obtained using Eqs. (2 and 3) and the result is shown in Table 7. After calculating the normalized direct-
relation fuzzy matrix, the total-relation fuzzy matrix is obtained using Eqs. (4, 5, and 6). The total-relation fuzzy matrix
is shown in Table 8.

Table 4. Linguistic evaluation of an expert in terms of effect among the criteria

Cl C2 C3 C4 C5 C6 C7
Cl N M H H VH VH M
C2 M N L M M M M
C3 H L N H M M M
C4 H H M N L L L
C5 VH H H H N M H
C6 H L M L M N M
C7 VH L M H M M N

Table 5. Corresponding triangular fuzzy number for linguistic evaluation
Cl C2 C3 C4 C5 Cé Cc7
Cl 0.00 0.00 0.00 025 0.50 0.75 050 0.75 1.00 0.50 0.75 1.00 0.75 1.00 1.00 0.75 1.00 1.00 0.25 0.50 0.75
C2 025 050 0.75 0.00 0.00 0.00 0.00 025 0.50 025 0.50 0.75 0.25 050 0.75 025 0.50 0.75 0.25 050 0.75
C3 050 0.75 1.00 0.00 0.25 0.50 0.00 0.00 0.00 0.50 0.75 1.00 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
C4 050 0.75 1.00 050 0.75 1.00 0.25 0.50 0.75 0.00 0.00 0.00 0.00 025 0.50 0.00 0.25 0.50 0.00 0.25 0.50
Cs 075 1.00 1.00 050 0.75 1.00 0.50 0.75 1.00 0.50 0.75 1.00 0.00 0.00 0.00 0.25 0.50 0.75 0.50 0.75 1.00
C6 050 0.75 1.00 0.00 0.25 0.50 0.25 0.50 0.75 0.00 0.25 0.50 0.25 0.50 0.75 0.00 0.00 0.00 0.25 0.50 0.75
C7 0.75 1.00 1.00 0.00 0.25 0.50 0.25 0.50 0.75 0.50 0.75 1.00 0.25 0.50 0.75 0.25 0.50 0.75 0.00 0.00 0.00

Tablo 6. The initial direct-relation fuzzy matrix

Cl C2 C3 C4 (6] Co6 C7

Cl 0.000 0.000 0.000 0.542 0.792 0.917 0.417 0.667 0.875 0.375 0.625 0.833 0.625 0.875 1.000 0.583 0.833 0.958 0.250 0.500 0.750
C2 0.500 0.750 0.917 0.000 0.000 0.000 0.333 0.583 0.833 0.333 0.583 0.833 0.417 0.667 0.875 0.208 0.458 0.708 0.167 0.417 0.667
C3 0417 0.667 0917 0.417 0.667 0.875 0.000 0.000 0.000 0.583 0.833 0.958 0.417 0.667 0.875 0.375 0.625 0.833 0.250 0.500 0.750
C4 0.458 0.708 0.875 0.458 0.708 0917 0.417 0.667 0.875 0.000 0.000 0.000 0.292 0.542 0.792 0.333 0.583 0.792 0.333 0.583 0.792
C5 0.667 0917 1.000 0.458 0.708 0.917 0.458 0.708 0.917 0.458 0.708 0.958 0.000 0.000 0.000 0.458 0.708 0.917 0.542 0.792 1.000
C6 0.542 0.792 1.000 0.250 0.500 0.750 0.333 0.583 0.792 0.250 0.500 0.708 0.417 0.667 0.875 0.000 0.000 0.000 0.250 0.500 0.750
C7 0.583 0.833 0958 0.042 0.292 0.542 0.250 0.500 0.750 0.500 0.750 0.958 0.292 0.542 0.792 0.292 0.542 0.792 0.000 0.000 0.000
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Tablo 7. The normalized direct-relation fuzzy matrix

Cl C2 C3 C4 (6] C6 C7

Cl 0.000 0.000 0.000 0.095 0.139 0.161 0.073 0.117 0.153 0.066 0.109 0.146 0.109 0.153 0.175 0.102 0.146 0.168 0.044 0.088 0.131
C2 0.088 0.131 0.161 0.000 0.000 0.000 0.058 0.102 0.146 0.058 0.102 0.146 0.073 0.117 0.153 0.036 0.080 0.124 0.029 0.073 0.117
C3 0.073 0.117 0.161 0.073 0.117 0.153 0.000 0.000 0.000 0.102 0.146 0.168 0.073 0.117 0.153 0.066 0.109 0.146 0.044 0.088 0.131
C4 0.080 0.124 0.153 0.080 0.124 0.161 0.073 0.117 0.153 0.000 0.000 0.000 0.051 0.095 0.139 0.058 0.102 0.139 0.058 0.102 0.139
C5 0.117 0.161 0.175 0.080 0.124 0.161 0.080 0.124 0.161 0.080 0.124 0.168 0.000 0.000 0.000 0.080 0.124 0.161 0.095 0.139 0.175
C6 0.095 0.139 0.175 0.044 0.088 0.131 0.058 0.102 0.139 0.044 0.088 0.124 0.073 0.117 0.153 0.000 0.000 0.000 0.044 0.088 0.131
C7 0.102 0.146 0.168 0.007 0.051 0.095 0.044 0.088 0.131 0.088 0.131 0.168 0.051 0.095 0.139 0.051 0.095 0.139 0.000 0.000 0.000

Tablo 8. The total-relation fuzzy matrix

Cl C2 C3 C4 Cs C6 C7

Cl 0.071 0.280 1.285 0.139 0352 1.282 0.120 0.334 1.297 0.117 0.341 1.330 0.157 0.378 1.348 0.146 0.361 1.301 0.084 0.286 1.212
C2 0.132 0.347 1319 0.040 0.192 1.051 0.093 0.283 1.198 0.096 0.294 1.233 0.111 0.307 1.234 0.075 0.268 1.174 0.060 0.238 1.112
C3 0.130 0.364 1396 0.115 0318 1.252 0.046 0.213 1.140 0.143 0354 1.321 0.118 0.331 1.306 0.108 0.314 1.260 0.079 0.271 1.188
C4 0.132 0.359 1353 0.117 0315 1.224 0.110 0.308 1.239 0.047 0.216 1.142 0.096 0.304 1.260 0.098 0.299 1.221 0.089 0.274 1.162
C5 0.182 0.433 1509 0.130 0350 1.347 0.129 0.351 1370 0.135 0366 1416 0.062 0.256 1.268 0.132 0.355 1.362 0.132 0.337 1.308
C6 0.140 0.358 1.339 0.082 0.275 1.175 0.094 0.287 1.200 0.085 0.286 1.224 0.112 0.312 1.243 0.041 0.198 1.072 0.074 0.254 1.130
C7 0.144 0.359 1315 0.048 0.241 1.130 0.080 0.271 1.177 0.122 0.317 1.240 0.090 0.289 1.213 0.089 0.281 1.177 0.031 0.170 0.998

The fuzzy values in total-relation fuzzy matrix is defuzzified by CFCS method using Egs. (7-10). Then

(7. +7. ) and (ﬁDDD[ — ") values are calculated and shown in Table 9. The threshold value is

determined as 0.48 according to the expert opinions. The values above the threshold are represented in bold in the table
which gives the cause and effect relationship among the criteria. By using the dataset (7 SRt Og o ) and
000~

(0 - Duuuu) given in Table 9, the causal diagram could be plotted as in Fig 3. The impact relation map
indicating cause and effect relationship among main criteria can be illustrated as in Fig. 4, based on the information
given in Table 9.

ooo

Table 9. Defuzzified total-relation matrix

ﬁ ooo ﬁ ooo ~j« ooo
c1 Cc2 €3 ¢ C5 ¢c6 C7 - D oo S
+]u _Du
Cl 045 050 049 050 053 051 044 342 7.03 20.20
C2 050 034 044 045 046 042 039  3.00 6.10 0.1
C3 053 047 037 051 049 047 042 3.6 6.40 0.13
C4 052 046 046 037 046 045 042  3.15 6.43 -0.12
C5 059 051 051 053 043 052 050 3.59 6.86 0.31
C6 052 043 044 044 047 035 040 3.04 6.18 0.1
C7 051 039 042 047 044 043 031 298 5.86 0.10
R* 361 310 313 328 327 3.15 2.88
0,35
4
C5
s C3
e« *
4 o
D+
0,00 R
sfo 6,00 6,50 7,00 7,50
*e *
C2 c6
c4 ®Ci
-0,35

Fig. 3. The influence diagram of the main criteria
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Resource Environment
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Fig. 4. The impact relation map for main criteria

According to the cause and effect relationship extracted from the fuzzy DEMATEL method, the weights of the
sub-criteria are calculated following fuzzy ANP approach in order to form the supermatrix. For example, since “Cl1:
Strategic Management” effects “C2: Process Management”, the fuzzy evaluation of importance of sub-criteria of C2
(C21, C22 and C23) in terms of C11 is given in Table 10. Then geometric average is taken after obtaining evaluations
of the rest of the experts in order to calculate the local weights using Egs. (11-19). The result is shown in Table 11.

The rest of the local weights are calculated in the same way based on the interaction derived from the fuzzy
DEMATEL. The supermatrix is formed for the sub-criteria and the local weights calculated are placed into the matrix
accordingly. The unweighted supermatrix is presented in Table 12. Then, unweighted supermatrix is normalized to
transform it the weighted supermatrix in which each of its columns sums to 1. The power of the weighted supermatrix is
taken until the values of each column are stabilized and equal. These calculations are implemented using MATLAB
software and the limit supermatrix is obtained which is given in Table 13. Any column of the matrix shows the weights
of corresponding sub-criteria.

Tablo 10. Pairwise comparison matrix of an expert terms of C11: Strategic Analysis

Linguistic variables Fuzzy numbers

C21 C22 C23 C21 C22 C23
C21 EI SI VI C21 1.00 1.00 1.00 3.00 5.00 7.00 5.00 7.00 9.00
C22 EI WI C22 0.14 020 033 1.00 1.00 1.00 1.00 3.00 5.00
C23 EI C23 0.11 0.14 0.20 0.20 0.33 1.00 1.00 1.00 1.00

Tablo 11. Geometric average of all the expert evaluations, and the weights

C21 C22 C23 Wi
C21 1.00 1.00 1.00 3.87 5.92 7.94 5.92 7.94 9.00 0.95
C22 0.12 0.17 0.26 1.00 1.00 1.00 1.00 3.00 5.00 0.05
C23 0.11 0.13 0.17 0.20 0.33 1.00 1.00 1.00 1.00 0.00
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Tablo 12. Unweighted supermatrix

Cll CI2 CI3 C21 (C22 (C23 C31 (C32 (C33 C41 C42 C43 C51 (€52 C53 C61 Ce2 C63 C71 C72 CT73

Cl1
Cl12
C13
C21
C22
C23
C31
C32
C33
C41
C42
C43
C51
C52
C53
C61
Ce2
C63
C71
C72
C73

0 0 0 036 032 023 0.00 0.00 025 035 0.77 037 0.84 036 0.05 036 035 036 0.00 0.19 0.08

0 0 0 032 034 0.00 0.73 0.79 048 0.52 0.12 044 0.08 043 045 032 028 032 052 062 045
0 0 0 032 033 0.77 027 021 026 0.13 0.11 0.20 0.08 0.21 0.50 032 037 032 048 0.18 0.47
095 032 0.00 0 0 0 0 0 0 0 0 0 0.68 037 0.02 0 0 0 0 0 0
0.05 042 0.60 0 0 0 0 0 0 0 0 0 0.00 0.52 049 0 0 0 0 0 0
0.00 026 0.40 0 0 0 0 0 0 0 0 0 032 0.10 049 0 0 0 0 0 0
0.53 035 028 0 0 0 0 0 0 0 0 0 0.50 0.12 053 0 0 0 0 0 0
047 058 023 0 0 0 0 0 0 0 0 0 045 0.77 031 0 0 0 0 0 0
0.00 0.07 049 0 0 0 0 0 0 0 0 0 0.05 0.11 0.16 0 0 0 0 0 0
0.52 039 038 0 0 0 0.00 0.00 0.03 0 0 0 0.58 045 033 0 0 0 0 0 0
0.11 026 0.05 0 0 0 0.10 0.00 036 0 0 0 0.21 0.00 033 0 0 0 0 0 0
037 035 057 0 0 0 090 1.00 062 0 0 0 021 055 033 0 0 0 0 0 0
043 039 043 0 0 0 0.00 0.00 0.00 0 0 0 0 0 0 0 0 0 0 0 0
0.20 0.00 021 0 0 0 095 1.00 049 0 0 0 0 0 0 0 0 0 0 0 0
038 0.61 036 0 0 0 0.05 0.00 051 0 0 0 0 0 0 0 0 0 0 0 0
0.63 0.77 035 0 0 0 0 0 0 0 0 0 046 033 034 0 0 0 0 0 0
0.00 0.12 037 0 0 0 0 0 0 0 0 0 0.09 035 0.14 0 0 0 0 0 0
037 0.11 028 0 0 0 0 0 0 0 0 0 045 032 051 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0.61 033 036 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 039 033 028 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0.00 033 036 0 0 0 0 0 0

Tablo 13. Limit supermatrix

Cll Cl2 Cl13 C21 (C22 (C23 (C3]1 (C32 (C33 C41 C42 (C43 C51 (€52 C53 €6l C62 C63 C71 C72 C73

Cl1
Cl12
C13
C21
C22
C23
C31
C32
C33
C41
C42
C43
Cs1
C52
Cs3
Ceol
Ce2
C63
C71
C72
C73

0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138 0.138
0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158 0.158
0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121 0.121
0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.043
0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036
0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047
0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016
0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045
0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073 0.073
0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035
0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042
0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057
0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029
0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008
0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005

After calculating the weights of the criteria, it is time to implement VIKOR method, which is going to score
institutionalization level of the SMEs investigated. Five SMEs are investigated in Sakarya region and assigned a score
between 0-100 to each SME for each criterion. The scores are given in Table 14. [J% is taken as 100 since it is the

maximum score of each criterion and [17 is take as 0 since it is the minimum score of each criterion.

VIKOR method is implemented by using Eq. (21-23) in order to obtain [, [1 and [ values. Table 15
shows the results ranked by [J, [J and [J. It is found out that, firm D is the best institutionalized one among the

alternatives. The rest of the SMEs are ranked as A, C, E and B.
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Tablo 14. Evaluation of the firms in terms of the sub-criteria

A B C D E 0f

=1

U
Cl1 75.0 87.5 87.5 87.5 100.0 100 0
Cl12 81.3 0.0 68.8 75.0 75.0 100 0
Cl13 75.0 80.0 75.0 90.0 65.0 100 0
C21 63.4 60.3 75.9 65.6 415 100 0
C22 56.3 68.8 81.3 68.8 56.3 100 0
C23 100.0 100.0 100.0 75.0 75.0 100 0
C31 75.0 62.5 85.0 80.0 62.5 100 0
C32 81.3 47.5 70.0 92.5 56.3 100 0
C33 50.0 87.5 50.0 100.0 75.0 100 0
C41 82.5 67.5 82.5 85.0 62.5 100 0
C42 87.5 89.3 78.6 87.5 75.0 100 0
C43 75.0 65.0 55.0 95.0 75.0 100 0
C51 88.5 55.8 94.2 654 59.6 100 0
C52 81.3 87.5 96.9 68.8 50.0 100 0
C53 75.0 594 78.1 68.8 50.0 100 0
Co61 81.8 79.5 95.5 63.6 54.5 100 0
C62 75.0 539 86.8 57.9 57.9 100 0
C63 75.0 51.6 95.3 68.8 67.2 100 0
C71 75.0 583 95.8 66.7 70.8 100 0
C72 100.0 37.5 100.0 68.8 68.8 100 0
C73 90.0 71.5 95.0 85.0 72.5 100 0

Tablo 15. Ranking the SMEs

0o Rank by [ R- Rank by R Q. Rank by Q -
0,205 D 0,034 A 0,021 D
0,206 C 0,039 D 0,059 A
0,227 A 0,042 E 0,062 C
0,312 E 0,049 C 0,319 E
0,391 B 0,158 B 1,000 B

6. Conclusion

One of the main objectives of this study is to measure institutionalization level of small and medium sized
enterprises (SMEs). The assessment of institutionalization process is based on multiple criteria. Therefore, multi-criteria
decision making techniques are implemented. The process also requires more than one expert opinion. That is why
group decision making approach is applied in the measurement model.

In this study, fuzzy hybrid multi-criteria decision making approach is used in order to measure
institutionalization readiness of SMEs. For achieving this, first of all, criteria and sub-criteria that indicate the
institutionalization readiness level of SMEs are determined. Then, interactions among main criteria are derived by using
fuzzy DEMATEL approach. According to the influence of each criterion over other criteria, the weights of the sub-
criteria are calculated obtaining experts’ opinion, and by using fuzzy ANP method. Several SMEs are evaluated in
terms of the criteria predefined and VIKOR method is implemented for measuring the institutionalization level of the
SMEs. The proposed approach can be applied for other multi-criteria decision making problems.
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Abstract In most Photovoltaic (PV) systems, perturbation and observation (P&O) algorithm is
used for tracking the maximum power point in the output power curve of the photovoltaic systems
due to its easy implementation. Beside the easy implementation and quick response, P&O
algorithm has an important disadvantage in oscillation around the maximum power point. This
disadvantage causes a considerable power loss, which is crucial in PV systems. This paper
provides a modified P&O algorithm for photovoltaic systems which eliminates undesirable
oscillation very easily and effectively. In this method, the algorithm sets the power at the
maximum power point and eliminates the oscillation when the power difference drops under an
amount of delta. The proposed PV system has been simulated in MATLAB/Simulink and
simulation results compared with particle swarm optimization method in PV systems. Most
maximum power tracking applications especially in partial shade conditions use particle swarm
optimization method to find the global maximum point in the output of the PV system. Therefore,
the performances of both algorithms are also examined in this study under partial shade
conditions.

Key words: Maximum Power Point Tracker, Modified Perturb and Observe Algorithm,
Oscillation

Introduction

Renewable energy systems are very important issue for our future energy politic. Solar energy is the most important
renewable energy resource because sun has an endless power source and it can be implement all kind of electrical
machines easily. As is known, on the output power curve of the Photovoltaic (PV) systems except the partial shaded
occasion, only one maximum point arises. Therefore, it is necessary to use —-MPPT- Maximum Power Point Tracker for
increasing PV efficiency and obtaining the maximum power through PV.

The output power of PV module is nonlinear function of temperature, insolation, and thus linear control theory is not
suitable for MPPTs. There are few MPPT methods have been presented in related literature. The “perturbation and
observation” (P&O) method with fixed perturbation step, which is well known as the “hill-climbing method,” is widely
applied in these controllers since the structure of PV generation systems are not complex [1].

However, power oscillations always appear in the method under steady states and reduce the efficiency of PV
module. Some methods for avoiding the problems of the P&O method have been proposed. One of them is the “short-
circuit current method”. Although this method does not have power oscillations like those appearing in the P&O
method, the power loss may increase since the short-circuit current is measured [2].

Furthermore, the variations of the proportionality coefficient between the optimal current of maximum power point
(MPP) and the short-circuit current due to the temperature changing of PV module could reduce the control
performance. Another proposed method is fuzzy control that focuses on the nonlinear characteristics of PV module, can
adjust the perturbation step according to the work point of PV module. Power oscillation with enough small
perturbation step may be reduced around MPP, however it is necessary to build control rules that meet the output
characteristics of the PV module, the methods lack versatility. In addition, it takes much time to acquire the maximum
power (MP) after extending or updating the PV modules. Moreover, there is the “incremental conductance method,”
which can reduce the oscillation appearing in the ordinary P&O method. This technique searches for the MPP while

checking the sign of the incremental conductance (dl /d Y131

In PV systems, PV modules are connected in series and parallel to obtain the desired voltage level. However, of all
the PV arrays, not every module receives the same amount of solar energy (striking of photons on the PV module) at all
time. There are times where some part of the PV arrays might be shaded by heavy cloud, trees, or nearby buildings. The
shaded PV cells absorb a large amount of electric power generated by other PV cells that receive high illumination and
convert it into heat. This situation is called the hot-spot problem, which may damage the PV cells with low illumination.
In order to relieve the stress on the shaded PV cells, bypass diodes are normally connected in parallel with each PV
modules. The inserted bypass diodes may cause multiple peaks are established in the P-V characteristic curves under
partial shaded conditions [4].

Classic MPPT algorithms stack in to local maximum partial shade conditions. Herewith, designer needs a global
maximum search algorithm in multiple peak conditions in PV systems. Particle Swarm Optimization (PSO) method is a
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global maximum search algorithm which inspired from collective behavior of swarms. PSO algorithm is a robust and
successful algorithm in PV systems for detecting global maximum point under partial shade conditions.

In this paper firstly, mathematical model of photovoltaic will be analyzed. In section 3 classical, modified P&O
MPPT algorithm and PSO algorithms will be introduce and in section 4 simulation and comparison results under
unshaded conditions between classic and modified P&O MPPT algorithms will be shown. In section 5, simulation and
comparison results under partial shade condition between PSO algorithm and modified P&O algorithm will be given.
The conclusion and comments about simulation results will be discuss in section 6.

Mathematical Model of Photovoltaic Cell

Rs
lon lID lISH el
i
G E Y Rsn Vel
—
T Y

Figure 1. PV Cell equivalent circuit

The simplest model of a PV cell consists of a current source in parallel connection with a diode as shown in figure 1.
Photo current 7, is directly proportional to solar radiation G. Temperature T and photo current /, have a linear
relationship according to equation (1), where 7, ;. is photo current which corresponds to reference temperature 7, .
Equation (2) gives photo current at reference temperature. is a constant given by (3). In equation (2) and (3) 7, is the
nominal radiation given by PV’s constructor and /. is the short circuit current. All symbols are presented on figure 1
and used in equations refer to a single PV cell.

Ly =Ly, A+ Ko (T =T,,)) (M
G
Lo,y = Lscany) (@)
g ! Gref
1

_ s _ISC(Tref) (3)
0
T-T,

Diode’s current is given by (4), where V,; and /., are output voltage and current for a single PV cell respectively,
I, 1o is diode’s saturation current, ¥, thermal voltage of it and Ry is in series resistance.

Vear + 1 - R
I, =1, .{exp(%]_l} )
T
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Current [, through shunt resistance R, according to Ohm’s law is equal to:

Veor + ey - Ry
Iy = % (5)

SH

Taking into account equations (1) — (5) and applying Kirchhoff’s current law, I —V characteristic equation (6) is resulted
for PV cell:

Vear e - R Vear ¥ 1w - R
Loy =1,-1, -[exp[ Cell VCell j_l} cell T L ceit ©)

T RSH

Substituting in (6) equations (7) and (8) which gives output voltage V and current I respectively for Ns in series and Np
in parallel PV cells and ignoring current through shunt resistance, equation (9) gives the general I — V characteristic for
PVs. Equation (10) gives the output power of a PV module consisted of (Ns x Np) cells.

V'=Ng-Ve, )
]_NP'ICell (8)
Ny
? Rs
I=N —-N,-1,|¢ _ -1 9
P Xp Ny 7, )
P:(NS'NP)'VCel/'ICeu (10)

Where N is the number of cells in series connected in a PV module. Equation (10) is able to be extended for a single
PV array which consists of a number of PV modules and for a PV farm with many arrays [6].

The MATLAB simulation model of a PV module where N cells in series connected is shown in Fig 2.
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Figure 2 MATLAB Simulation model of PV module

Classical P& O, Modified P&O and PSO MPPT Algorithms

Classical P&O Algorithm:

A Classic P&O method is the most simple, which moves the operating point toward the maximum power point
periodically increasing or decreasing the PV array current by comparing power quantities between in the present and in
the past. The basic flowchart of the P&O method is illustrated in Fig. 3. The drawbacks will be analyzed in following

paragraphs.

Initialize 1, pp Al ¢, Fpig

A 4
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Y A 4
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Figure 3 The basic flowchart of Classic P&O Algorithm

It was proved that the P&O method control system sometimes deviates from the maximum operating point. When the
MPP is reached, the P&O method will oscillate around it in case of constant or slowly varying atmospheric conditions.
This problem can be solved to decrease the perturbation step; however, the tracking response will be slower. In case
of rapidly changing atmospheric conditions, the P&O method can occasionally make the system operation point far
from the MPP [6] .

These control problems may be reduce by improving the algorithm. In the following sections, a modified P&O tracking
algorithm will be presented.

Modified P&O MPPT Algorithm:

Modified P&O algorithm flowchart is shown in Fig 4. Minimum difference in output of PV power is assumed as ¢ or
( AP=P-P,

value can be determined as

ld), This “ € ” value can be assumed as starting variation value of oscillation in the output PV power. This
=AMl *V*k

113

”. If the difference between previous and current power is smaller

AL, =0
than” € ”, the reference current will be reset ( ref ) and so oscillation will be extirpate.
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Figure 4 The flowchart of Modified P&O algorithm

PSO MPPT Algorithm:
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The PSO method is a simple and effective metaheuristic approach that can be applied to a multivariable function
optimization having many local optimal points [7,8,9,10]. Several cooperative agents are used, and each agent shares or

exchanges information obtained in its respective search process. In this method, each agent moves with a velocity v*
search space, and this movement depends on two factors: 1) its own previous best position and 2) the previous best

position attained among all the agents. These points are expressed mathematically in two equations which specify the
velocity and position update of the agent:

k+1 _ k
Vi =wy; + G111 Presii + 2128 best (1 1)

i

A S (12)

i

N

where w is the learning factor; ¢, and c, are positive constants; 7 and r, are the normalized random numbers and

their range is (0—1). The variable p, , is used to store the best position that the i” agent has found so far, and its
position (13), is updated if condition (14) is satisfied.

Presi = ka (13)
() > [(Pye) (14)

Here f is the objective function that is maximized in each iteration cycle. The variable g, . is used to store the best

position attained among the agents. During this optimization process, the agents movement is spread over the search
space in different directions and for illustration; the trajectory of various quantities for one iteration cycle is drawn in
Fig. 5.

pbests
! Sf_i.'-{— 1

K/

KA
¢ "o ghest
Figure 5 Movement of a PSO agent in search space

MATLAB Simulation model of implementing modified P&O MPPT algorithm in a PV system is shown in Fig 6. In this
model six PV modules are connected in series for improving the outside power of PV system.

Simulation Results under unshaded conditions

The result of modified P&O MPPT algorithm and comparison between classic P&O algorithm and modified P&O
algorithm is shown in Fig. 7.

MPPT Algorithm

Figure 6. MATLAB Simulation model of MPPT algorithm
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Figure 7. Comparison between classic P&O algorithm and modified P&O algorithm

Instant power variation around MPP between classic Algorithm and the modified P&O algorithm is given in Fig. 8

G=900 W/m?

G=817 Wim?

G=750 Wim?

Instant power variation
‘around MPP

Figure 8 Instant power variation around MPP between classic Algorithm and the modified P&O algorithm

It can be clearly seen from Fig. 7 and fig. 8 that modified P&O MPPT algorithm removes the oscillation around the
MPP. Also it can be seen from same figures the algorithm is operating properly under different insolations.

Partially shaded condition in PV systems

If a PV array is partially shaded by a building, a tree, and/or clouds, it becomes insufficient for conventional MPPT
schemes to extract maximum power. If modules with different optimal currents, caused by uneven insolation, are
connected in series-parallel, MPPs often appear in the power versus voltage characteristic. This is because the optimal
current of each PV module is nearly proportional to the insolation on it. Under these conditions, the conventional MPPT
algorithm mostly finds local MPP instead of finding the global MPP. Hence, the generated PV power, as well as the
overall system efficiency, is low [7].

A typical PV generation system is composed of several such modules to meet the load power demand. Let us assume
that one module is fully illuminated, while the second one is partially shaded. Under this condition, the current flowing
through the two modules is the same as the modules are connected in series, but the current generated by the second
module is less than that of the fully illuminated module. Hence, the excess current must flow through the bypass diode.
The V — I characteristics of an individual module as well as the total PV system are shown in Fig. 9 where the existence
of two MPPs, i.e., the local and global MPPs, are indicated. If there are more modules, the characteristics under uneven
insolation are complicated, and may exhibit two or more MPPs. In such cases, it becomes difficult to realize the MPPT
using conventional methods. Even if it is possible to identify the global MPP, each module cannot be operated at the
optimal condition, as their optimal current is inherently different at different insolations.

I
1 =

unshaded module v shaded module v
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Figure 9 Characteristic of Modules connected in series [7]
Simulation results under partial shade Conditions

Simulation results of P&O and PSO algorithms under different partial shade conditions are given below. In figure 10
the 6™ module of the PV system is exposed to shade with 60%. The same figure P-V curve of the system is also shown.
The maximum power is 423 W under this shade conditions. From Fig.9 it could be clearly seen that the global
maximum point is appear in the first hill. Therefore, proposed modified P&O algorithm could detect the global maxima
in this shade condition. P&O and PSO algorithm results are given in Fig. 11. PSO and proposed modified P&O
algorithms track same maximum power point under these conditions.
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Figure 11 PSO and proposed P&O algorithm results under determined shade conditions

A different shade pattern applied to the same 6™ moduled PV system. The shade percentages and maximum power
points (MPP) are shown in Fig. 12.

+
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Figure 12 PV array with 1000 W/m® solar irradiance with a 60% shade on first and second, 45% on third, fourth and
fifth module.

Under this shade conditions which is given in Fig. 11, proposed modified P&O algorithm will hit the first peak of the
local MPP. On the other hand, PSO will detect the global MPP in PV characteristic due to its global search behaviour.
Simulation result of proposed modified P&O algorithm and the PSO algorithm are given in fig. 13.
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PSO Algorithm 2442 W

Proposed modified P&O algorithm 70 W

Figure 13 PSO and proposed P&O algorithm results under determined shade conditions

Conclusion and Comments

Proposed modified P&O MPPT algorithm is removed the oscillation around the MPP which is a common problem

in classical P&O algorithms. This algorithm also can be implemented very easily than the other modified P&O MPPT
algorithms. Also this algorithm does not intent any additional complicated mathematical equations so this algorithm
will be as fast as a classic P&O algorithm and implementation process will be extremely easy.
Modified P&O algorithm has convincing results under unshaded conditions however the results will be considerably
different under partial shaded conditions. The main reason of this result is about the behavior of P&O algorithms. This
algorithm is a member of the hill climbing based algorithms which belongs to the family of local search. P&O is an
iterative algorithm that starts with an arbitrary solution to a problem, then attempts to find a better solution by
incrementally changing a single element of the solution. If the change produces a better solution, an incremental change
is made to the new solution, repeating until no further improvements can be found. As a consequence, this behavior
could reduce the output of the PV system power considerably under partial shade conditions. On the contrary, PSO
algorithm is a highly convenient algorithm type towards partial shade conditions.

As a result proposed algorithm has a good advantage about removing the oscillation in the classic P&O algorithms.
Oscillation around MPP is the biggest problem of classic P&O algorithms and this algorithm solves this problem with a
tiny change under unshaded conditions. However, from the results it could be easily said that under partial shade
conditions PSO is a better choice for find the global maximum power point.
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Abstract: Metallic-intermetallic laminate (MIL) composites consisting of
alternating layers of Ta, Al and the intermetallic Al;Ta have been fabricated by
reactive foil sintering in open atmospheric furnace. In this study, tantalum and
aluminum foils with initial thicknesses of 250 um were used. Sintering process has
carried at 850-900 and 950 °C for 5 and 7.5 hours under 2 MPa pressure. The
aluminium foil was consumed by forming a tantalum aluminide intermetallic
compound. Thus, the final microstructure consists of alternating layers of
intermetallic compound and unreacted Ta metal. Microstructural characterizations
of produced composites have conducted by using scaning electron microscope.
Hardness values of test samples have also measured by vickers indentation method.

Key Words: Intermetallic, tantalum aluminide, laminate composite, sintering

Introduction

It is well known that the widespread engineering application of ceramics and other highly brittle materials, e.g.
intermetallic compounds, is severely limited by their low toughness. A number of toughening strategies have been
proposed to improve the critical stress intensity required for crack propagation. One of the most effective toughening
techniques is to introduce a ductile phase, which remains intact and bridges the crack faces in the wake of a growing
crack. Under such a circumstance, the crack tip is shielded by the closure traction imposed by the plastic deformation of
ductile ligaments. In particular, when layered ductile phases are incorporated, laminate composites can be formed,
which enhance the toughness (Oktay, 2010, p.1043-1050, Peng, 2004, p.243-248).

Metallic-intermetallic composites can be designed for structural use to optimize the unique properties and benefits of
the constituent components, resulting in materials that have the high strength and stiffness of the intermetallic phase and
the high toughness of the metal. Pro intermetallics have been reinforced with particles, rods, or layers of ductile metals
in efforts to increase toughness. Ductile phase reinforcement of brittle materials utilizes crack-laminate interactions to
generate a zone of bridging ligaments that restrict crack opening and growth by generating closure tractions in the crack
wake and utilize the work of plastic deformation in the ductile metal phase to increase fracture resistance of the
composite (David, 2005).

Laminate composites are being intensively studied for a number of potential applications: electronic devices, structural
components, armor, etc. Ceramic—ceramic, metal-ceramic, metal-metal, metal-ceramic—intermetallic and metal—
intermetallic systems have shown desirable properties (Tiezheng, 2004, p.10-26). In particular, the Ti—Al;Ti system has
a great potential for structural applications because of its low density and excellent specific mechanical properties
(Rohatgi, 2003, p.2933-2957, Price, 2011, p.1334-1346)

Titanium—titanium tri-aluminide (Ti—Al;Ti) metallic—intermetallic laminate (MIL) composites have been produced
from elemental titanium and aluminum foils by a novel one-step process utilizing a controlled reaction at elevated
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temperature and pressure. Of the various possible aluminides in the Ti—Al system, the formation of the intermetallic
Al;Ti is thermodynamically and kinetically favored over the formation of other aluminides when reacting Al directly
with Ti. This preferential formation of Al;Ti is fortuitous as its Young’s modulus (216 GPa) and oxidation resistance
are higher, and the density (3.3 g/cm’) lower than that of the other titanium aluminides such as Ti;Al and TiAl

((Rohatgi, 2003, p.2933-2957, Zeytin, 2008).

Intermetallic compounds based upon aluminides of several transition metals such as iron, nickel, titanium, cobalt,
niobium, and tantalum have been recognized as potential candidates for the high-temperature structural applications.
Among various aluminides of transition metals, the compounds in the Ta—Al system have been of great interest for their
excellent mechanical properties and high degree of structural complexity. The Ta—Al phase diagram depicted in Fig. 1
shows the existence of four aluminides, including Ta,Al, TaAl, TaAl,, and TaAl;. (Yeh, 2010, p.153-158).

They are stable, refractory and reflective, and have been proposed as mirror coatings for use in the IR. Melting point of
1400°C and the density is 7.02 g/cm®. Because of this aspects, tantalum aluminides are can be used in high temperature

applications (http://en.wikipedia.org/,2012)

Tantalum-aluminum system is one of the most well known in terms of the formation of intermetallic phase. This system
is also in the priority among in laminate composite systems. The objective of the present research is to synthesize
tantalum-tantalum aluminide metallic-intermetallic composites and its microstructural characterization.
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Figure 1: Ta-Al phase diagram (Yeh, 2010, p.153-158)

Materials and Method

The MIL process consists of stacking commercial purity aluminum and tantalum aluminide foils in alternating layers.
The foils were provided from Alfa Aesar Company and their properties are shown in the table 1.

Table 1: Properties of foils used in experiments

Foil Thickness, pm Purity, %
Ta 250 99,5
Al 250 99,0

The foil dimensions were initially selected to completely consume the aluminum in forming the intermetallic compound
with alternating layers of partially unreacted Ta metal. The dimensions of the processed samples are in the shape of
platelets as 10mmx10mm. Samples were cleaned with alcohol and dried before stacking process. In each stack was
consisting of 4 tantalum and 3 aluminum foil as in shown Fig.2a. An initial pressure of 2.0 MPa is applied at room
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temperature to ensure good contact between foils (Fig.2b). Sintering process is applied in an open air, electrical
resistance furnace at 850-900-950 °C for 5 and 7.5 hours for each temperature.

Pressure

Vg

(@ (b)

Figure 2:(a) Tantalum-Aluminum stack, (b) Schematic diagram of the synthesis apparatus. Image is not to scale and
does not show the load frame (Ipek, 2008, p.1262-1268)

Samples were ground and polished using standard metallographic techniques. Microstructure analyses of composites
were performed with a JEOL JSM-5600 model scanning electron microscope (SEM). The presence of phases formed
within the sintered samples was determined by Energy Dispersive Spectroscopy (EDS). Microhardness of composites
were determined using a Leica WMHT-Mod model Vickers hardness instrument under an applied load of 300 g for
intermetallic zone, and 100 g for metallic zone.

Results and Discussion

The typical microstructures of the MIL composites are shown in Fig.3-5. The presence of different regions indicates
that different phases in the composites. In relatively low magnification (Fig.3.a) it is shown that foils are stacked
properly. Furthermore, the laminated composites are well-bonded. There is a symmetric change from a light colored
phase to another. Following the light colored phase there is a grey colored formation, subsequently, darker grey colored
phase and in the center line a black colored phase. The light colored layers consist of unreacted Ta, which are separated
by the apparently darker Al;Ta-layers, as was identified by quantitative EDS analysis (Fig. 6). In metallic-intermetallic
composites, interaction initially occurs at the interface then progress along the center of aluminum foil as well as along
tantalum foil. But this progress reaction along tantalum is slower than that of in aluminum. As tantalum and aluminum
react with each other, the impurities in aluminum or interface of Ta-Al, shifts in the front of the reaction. If the reaction
ended before aluminum consuming these impurities deposited in aluminum, otherwise in centerline of the intermetallic.
Because of this it is understood that the centerline is a problematic zone. As evidence in laminate composites centerline
is one of the preferred zones for the formation of cracks.

. Tantalum
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Figure 3:SEM micrographs of Ta-Al metallic—intermetallic composites in the left sintered at 850 °C,5 h (a)55X,
(b)150X, (c)600X, in the right sintered at 850 °C,7.5 h (2)50X ,(b)170X, (c)600X

It is clearly seen in metallic intermetallic Ta-Al composites sintered at 850 °C for 5 hours, the middle grey-black zone
essentially formed by various phases such as residual aluminum, TaAl;. As the sintering time increases from 5 hours to
7.5 hours, residual aluminum layer at the intermetallic centerline decreases. Moreover sintering process is better at

relatively high temperature and time.

Figure 4: SEM micrographs of Ta-TaAl; metallic—intermetallic composites 900 °C,(a) 5 h-55X, (b) 7.5 h-55X
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Figure 5: SEM micrographs of Ta-TaAl; metallic—intermetallic composites 950 °C, 5 hour, (a)200X, (b)600X

From SEM micrographs for 850-900 and 950°C (Fig:3-5) it is seen that interface of metallic tantalum and tantalum-
aluminum intermetallic is quite smooth. To form Ta-Al intermetallic, reaction between tantalum and aluminum initiate
with nucleation in a number of different regions. These nucleuses grow and merge with each other. A whole aluminide
layer form in this way. Stable metallic-intermetalic structure occurs when suitable temperature and time conditions are

provided.

Figure 6: SEM-EDS analysis of Ta-Al metallic-intermetallic composite sintered at 850°C for 5 h.(a) 500X, (b) 3000X.

As in shown in Fig 6.a, spot 1 is located in the unreacted Ta layer and spots 2, 3 and 4 in the Al;Ta layer with different
positions. Some dark particles, identified as residual Al are also observed in the Al;Ta layers. Furthermore, the
laminated composites are well-bonded and remain some residual porosity in the final microstructure due to the
relatively low temperature and time. Also in this EDS analyses show that, formation of intermetallic hasn’t completed

yet.
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Figure 7: Hardness graphic of Ta-Al metallic-intermetallic composites sintered at 850, 900, 950 °C, 5 hours.

The ceramic-like aluminide phases (Al;Ti or Ni3Al) give high hardness and stiffness to the composite, while the
unreacted Ti or Ni provides the necessary high strength, toughness and ductility for the system to concurrently be
flexible. The multi-layered structure of the composite allows for variations in the layer thickness and phase volume
fractions of the Al and Ti or Ni components simply through the selection of initial thickness, which consequently allows
for the optimization of mechanical and thermal management properties for practical application (Peng, 2005, 309-318).
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Figure 8: Hardness graphic of Ta-Al metallic-intermetallic composites sintered at 850, 900, 950 °C, 7,5 hours.

The microhardness profile measured for several layers of the composite is shown in Fig.7, 8. As known, hardness value
of metallic tantalum and its intermetallic structure is quite different. The average microhardness values for tantalum,
aluminum and TaAl; are 120, 475 and 45 HV, respectively. While the hardness of the intermetallic layer is highest at
the border TaAl;-Ta, it gradually decreases toward the border TaAl;-Al. These results are in good agreement with the
literature. In addition, relatively high temperature and time is also very effective on sintering metallic-intermetallic
laminate composite. As time and temperature increase, the hardness values raise because of bonding in the interface
improved and residual aluminum started the consuming.

Conclusions

The conclusions of this research can be summarized as follows:
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e By controlling the duration of the reactive foil sintering process, composites can be fabricated in which a
tailored amount of residual aluminum remains at the intermetallic centerline. The result is a well-bonded
composite with a high degree of microstructural control.

e Ta—Al;Ta metal-intermetallic laminate (MIL) composites have been successfully synthesized by reactive foil
sintering technique in open air at 850-900 and 950 °C for 5 and 7.5 hours under 2 MPa pressure. The laminated
structure is well-bonded, nearly fully dense.

e  Microstructural characterization by, SEM and EDS indicates that Al;Ta is the only intermetallic phase.
Tantalum aluminide phase occurs due to the thermodynamics of the reaction between Ta and Al. The existence
of liquid Al phase plays important roles in the nucleation and growth of Al;Ta particles and the eventual
formation of continuous alternative Al;Ta intermetallic layers.

e The mechanic properties of hardness of the fabricated laminated composites were examined. Whereas the
hardness of metallic aluminum and tantalum respectively is about 45, 120 HV, hardness of intermetallic zone
is approximately 450-500 HV. The results showed that as time and temperature increase, the hardness values
raise because of bonding in the interface improved and residual aluminum started the consuming.

Acknowledgements

The authors thank to experts Fuat Kayis for performing XRD and SEM-EDS studies and special appreciation are
extended to technician Ersan Demir of Sakarya University for assisting with experimental studies.

References

Bataev, [.A. Bataev, A.A. Mali, V.I., Pavliukova, D.V., (2012) Structural and mechanical properties of metallic—
intermetallic laminate composites produced by explosive welding and annealing (pp: 225-234), Materials and Design

Ipek, M., Ustel, F., Zeytin S., (2008), Fracture Behaviour of Ti-Al;Ti Metallic-Intermetallic Laminate (MIL)
Composites, (p.1262-1268), Pamukkale University , Denizli.

Oktay, S, Yildirim, H, Yener, T., ipek, M ., Zeytin S., Bindal, C. (2010), Intermetallics Formation in Nickel Aluminum
Laminate System, (pp:1043-1050), Pamukkale University, Denizli

Peng, L.M. Wang, J.H., Li, H., Zhao, J.H., He, L.H, (2004) Synthesis and microstructural characterization of Ti—AI3Ti
metal—intermetallic laminate (MIL) composites, (pp:243—248) Scripta Materialia

Peng, L.M., Li, H. Wang, J.H., (2005) Processing and mechanical behavior of laminated titanium—titanium tri-
aluminide (Ti—AI3Ti) composites, (pp:309-318), Materials Science and Engineering

Price, R.D., Jiang, F., Kulin, R.M., Vecchio, K.S., (2011), Effects of ductile phase volume fraction on the mechanical
properties of Ti—AI3Ti metal-intermetallic laminate (MIL) composites, (pp:3134-3146), Materials Science and
Engineering

Rohatgi, A., Harach, D.J., Vecchio, K.S., Harvey, K.P., (2003) Resistance-curve and fracture behavior of Ti-AI3Ti
metallic—intermetallic laminate (MIL) composites, (pp:2933-2957), Acta Materialia

Tiezheng Li, F. Grignon, D.J. Benson, K.S. Vecchio, E.A. Olevsky, Fengchun Jiang, A. Rohatgi, R.B. Schwarz, M.A.
Meyers , (2004), Modeling the elastic properties and damage evolution in Ti—AI3Ti metal intermetallic laminate (MIL)
composites, (pp:10-26), Materials Science and Engineering

Yeh, C.L., Wang, H.J., (2010) Formation of Ta—Al intermetallics by combustion synthesis involving Al-based thermite
reactions, (pp:153—158), Journal of Alloys and Compounds

Zeytin S., Ustel, F., Ipek, M., Kazdal, Zeytin, H., (2008), Production of Ti-Al3Ti metal intermetallic laminate (MIL)
composites, Project Number:104M 184, Tubitak Project

( http://en.wikipedia.org/,2012)

68


http://en.wikipedia.org/

T;_F':a" ISTEC International Science and Technology Conference, Dubai, 13-15 December 2012

A REVIEW ON NATURAL FIBER- EPOXY BASED COMPOSITES

Venkata Parasuram Kommula, Obi Reddy Kanchireddy, Mukul Shukla, Marwala Tshilidzi

Abstract: Biodegradable nature, good strength per unit weight than most inorganic fillers, lower
density and their abundance in nature make them attractive as reinforcements of engineering
polymer systems. On the other hand, they also have some deficiencies such as incompatibility
with the hydrophobic polymer matrix, the tendency to form aggregates during processing and
poor resistance to moisture greatly limit the potential use of natural fibers as reinforcements in
polymers. In this paper, the effects of different chemical treatments on cellulosic fibers that are
used as reinforcements for thermoset plastics are studied and the results from the literature is
summarized, focusing final properties of natural fibers with thermoset (epoxy) polymeric matrices
with respect to their use of physical and chemical treatments for the improvement of fiber-matrix
interaction.

Key words: Reinforcements, chemical treatment.
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ACACIA DECURRENS (WILLD): AN INVASIVE SPECIES
IN THE AREA OF EL-KALA (ALGERIAN NORTH-EASTERN)
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Abstract: In 1970, in the area of El-Kala (Algerian North-eastern), Acacia decurrens plantations in

10% mixture with Eucalyptus camaldulensis were realized in the degraded zones of cork oak forest.
Acacia was introduced for its ability to be a fixing nitrogen tree in order to rehabilitate the soil and to
allow a good emerging of the eucalyptus. However, since about fifteen years, we attend a spectacular
invasion of the surrounding forest by this exotic tree. In this study, we charted the surfaces occupied
by acacia, examined its invasive character and its impact on the area, the structure and the plant
biodiversity of the around cork oak land like on the cork oak mycorrhizal status. The results show that
Acacia progress in a remarkable way in the cork oak forest. On its way, the ecosystem structure is
strongly modified and the plant biodiversity reduced significantly. The cork oak mycorrhizal status is
affected as well. Strategies of control and fight must be taken urgently to slow down the acacia
progression which constitutes a potential threat of landscape homogenisation in El-Kala area.

Key words: Biological invasion, Acacia decurrens, Cork oak land, Algerian North-eastern.

Introduction

In the Algerian North-East, cork oak occupies nearly 230 000 ha. It is a strategic species in regard to its socio-
economical and ecological roles. However, many factors have been contributing to the destruction of this species and its
forest stand, such as the anthropic pressure increased by the demographic growth which results in the clearing,
overgrazing, repeated fires, wood and cork oak overexploitation ... etc. (Madani and AZ, 2001). All these factors
contributed to the reduction of the cork oak land everywhere in Algeria. In front of this established fact, the foresters
searched to renovate the cork oak land by tests of cork oak plantations or by direct seeding which often showed failures.
According to them, the introduction of species with fast growth constituted an alternative for the restoration of the forest
resources and the protection of soils and the environment. It is within this framework that, in the Seventies, the choice
of two species was decided, Eucalyptus camaldulencis Dehnh and Acacia decurrens Willd were selected to reforest the
thinning in cork oak land in the North-East Algeria. They were planted at a rate of one acacia for ten eucalyptus. Acacia
was forseen in order to rehabilitate and to enrich the soil because it is a fixing nitrogen tree. However, these two last
decades, it was noted a spectacular proliferation of Acacia decurrens to the detriment of cork oak and eucalyptus with
a remarkable reduction of the biodiversity. In this present work, we propose to (i) - chart the surfaces occupied by
acacia in the canton of Boumalek, (i) demonstrate its invasive character (iii)- estimate its impact on the structure and
the plant biodiversity of the surrounding cork oak land and on the growth and the mycorrhizal status of young cork oak
seedlings.

Material and methods

Presentation of zone and stations

The study concerned the area of El-Kala (extreme Algerian North-East) (Fig. 1). It belongs to the wet complex
of Eastern Numidia (Samraoui and De Belair, 1998) and is entirely included in the national park of El-Kala. Two
stations were selected there: the station of Brabtia (36°51744N, 008°20363E) who is a natural cork oak forest. With a
covering rate from 80 to 90%, it contains all the species of cork oak forest stand. The second station is that of
Boumalek (36°52220N, 008°21923E), located 2 km far from the first station. Its covering rate is 90%. It is especially
constituted of Eucalyptus and Acacia with a clear predominance of Acacia in its western limit. According to the
meteorological data of the El-Kala station for the period (1985/2010), the study zone is characterized by a
Mediterranean climate with a maximum temperature in August of 27.01°C and a minimal temperature in January
of 12.61° C and 70% of mean monthly air moisture. According to Bagnouls and Gaussen ombrothermic diagram
(1953) for the period (1985- 2010), the dry season lasts 5 month whereas it was 4 months for the period (1913/1938),
this indicates an increase of the drought in this area. As for as the Emberger pluviothermal quotient (1955) for the same
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periods, it shows that the study zone, moved from soft sub wet bioclimate (Q2 = 103.20) to lime sub humide bioclimate
(Q ;- 139, 38). With regard to the soils, those most evolved are under the oaks and the pines, they are brown forest
soils.

'. s
Boumalek
Station

Brabtia
station

Figure 1. Localization of study zone and stations

- Floristic and cartographic study of the stations

In each station, a floristic inventory was established on the diagonal of 400 m” surface in spring 2010. Each
species was affected with Abondance/Dominance, Sociability and Presence indices (Braun Blanquet, 1951). Five
samples were taken randomly in each station.

The aim of this study is to propose a mapping a soil occupation in the Boumalek station on the basis of satellite
image and use of the geographical information system (GIS). In our work, we used three (03) spectral bands of the
thematic improved cartography instrument (Enhanced Thematic Mapper), (Landsat ETM 7) recorded on July 2000, a
digital terrain model for obtaining slopes, altitude and exposure maps from data SRTM (Shuttle Radar Topography
Mission), topographic maps 1/50.000 of the study zone since 1996, one vegetation map of El-Kala national park
(1/107100) (Saidi, 1999) one receptor GPS and various software such as ENVI 4.5 of RSI, MAPINFO 8.0 s, Global
mapper ...etc. In addition, for know the density of Acacia decurrens, two plots of land numbered 400 m® were
randomly selected; one located at northern of Oubeira lake, the other inside the Boumalek station. In each area, the
total individual number of acacias, cork oak and eucalyptus was recorded and percentage of presence for each species
was estimated compared to the total number of the individuals of the 3 species present in the area.

- Effect of soil collected under Acacia decurrens and Eucalyptus camaldulensis on the early growth of
Quercus suber and its ectomycorrhizal status

The objective of this experiment is to verify if the soil on which Acacia decurrens or Eucalyptus camaldulensis
developed could act on the germination of cork oak seeds, on its early growth and its ectomycorrhizal status. Cork oak
acorns were directly subtracted from trees and were superficially disinfected with Hydrogen peroxide (H202) at 30
volumes then put in pregermination at darkness at ambient temperature. Six weeks after, the rate of germination was
calculated then each pre-germinate acorn was transplanted in 2kg pot repeated 5 times on the following natural soils or
sterilized twice by autoclaving: (a) Soil collected under cork oak in Brabtia cork oak forest, (b) Soil collected under
acacia in the station of Boumalek, (c) Soil collected under eucalyptus in the station of Boumalek. After 5 months of
growth in environmental conditions, mean height of each seedling was measured. In the treatments that have not been
sterilised, ectomycorrrhizal colonization of cork oak roots was estimated according to Brundrett ef al. (1996) method
and ectomycorrhizal morphotypes was descriped according to Agerer criteria’s (1997).
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Results

- Map of soil occupation

Figures 2 and 3 shows the distribution of the various forests stands in the Boumalek station. We can notice
that the central part of the map is occupied either by the acacia alone or by acacia in mixture with the cork oak or with
the eucalyptus. Acacia invades approximately 452,6 ha, it tends to move in all directions by fleeting the bordering
zones of Oubeira lake and moves towards North and North-West where the relief is more high and sunny as well. The
estimate of acacia density in two 400 m *land plots, showed how much this tree threatens the natural formations in the
area of El-Kala (Fig. 4). In this station, Acacia dominates because of its strong reproduction capacity and with its
propagation capacities which are multiple (Beddiar ez al, 2010). Conscious of the dangers which this species presents,
the staff of the forests engaged, in 2008, cleansing campaign for cutting operations in the Boumalek station to stop its
propagation. Separations of the 50 meters firewall type were also installed between the zone affected by the acacia and
the healthy zones. These very expensive operations showed very poor results, because the acacia began again quickly its
invasive aspect. So, the separation seemed useless because some trees were found in the healthy zones confirming thus
the dispersal of its seeds by wind and animals. Floristic inventory indicates also that plant biodiversity decreases
significantly in the station of Boumalek, up to 75%
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Figure 4: Acacia decurrens density in the plot located at Northern Oubeira bank (a) and in the plot located at the center

of the Boumalek station (b). Aca<'_ Equus Cor[:](

- Effect of soil collected under Acacia decurrens and Eucalyptus camaldulensis on early Quercus suber growth
and ectomycorrhizal status

Seedlings raised on the oak cork substrate presented a very fast and quite higher growth compared to that of the
seedlings raised on the natural or sterile soil collected under Acacia like those high on the soil collected under
eucalyptus (Table 1). The cork oak seedlings growth is reduced to more than 50% in the acacia soil. When microflora
effect by soil sterilization is removed, growth of cork oak seedlings is even weaker in this substrate. In the same way
ectomycorrhizal colonization as well as ectomycorrhizal morhotypes number on the cork oak roots were significantly
reduced in the substrates of Acacia and Eucalyptus.

Table 1: Growth of six months old cork oaks seedlings on a natural or sterilised soil collected under Acacia, Eucalyptus
or Cork oak and theirs ectomycorrhizal status

Origin of Natural Soil Sterilised soil
the soil culture
Height % of Numbers of Height (cm)
(cm) ectomycorrhizal ectomycorrhizal
colonisation morphotypes
Soil under Acacia 16.7 0 0 13.16
Soil under eucalyptus | 35,14 1,33 £1,41 3 22.31
Soil under cork oak 42.6 19,07 £ 9,83 10 35.15

Discussion

Although the two stations of studies (Brabtia and Boumalek) were subjected to the same ecological conditions,
the results reflect a remarkable difference in their plant specific diversity. In the Boumalek station, more than 1/3 of the
species are eliminated and those which are able to be maintained are confined with the periphery with a very low
abundance. Boumalek station, in the beginning, was a cork oak forest whose clearings were planted by eucalyptus in
mixture with the acacia. Actually it is currently marked by the predominance of the acacia which modified the structure
of the forest ecosystem. Acacia occupies 452,6 ha approximately surface on a total of 1930ha, it proliferates quickly
at the detriment of the eucalyptus and the cork oak. The only few research on cartography available on the area (Saidi,
1999), does not point out the presence of Acacia and refers only to Eucalyptus, whereas the acacia phenomenon
invasion started to appear about the year 1995. Very expensive measures of cuts, incineration and avoid-fires
installation were led by the forest services in order to stop the propagation of this species into 2008. This showed
failures because of acacia multiplied soon its invasive character by rejecting stock vigorously, by forming suckers and
reproducing by sowing. This last reproduction mode is much facilitated by fires (Beddiar ef al, 2012). It is imperative to
seek other solutions for stopping this phenomenon. In addition, the experiment of the cork oak seedlings breeding on
the acacia soil or eucalyptus soil showed that the latter had a depressive effect on the early growth of the cork oak but
also on abundance and diversity of the symbiotic microflora which is associated with it. According to Grayston et al.
(2001), the structure and the functional diversity of the soil microbial communities is closely related to the plant species
specific composition, showing thus very narrow interactions in the functioning of the epigeous and hypogenous
compartments. Kourtev et al. (2003) also has established as quite distinct microbial communities, as well in their
structure as in their functions, developed under different plant species. The transformations of the soil microbial
communities are quoted more and more like major causes supporting the expansion of the invasive plants (Stinson et
al., 2006). The invasive plants affect mainly the telluric micro-organisms through the modifications in the quantity,
quality, the periods of contribution of the roots exudates and the litter, thus modifying the contribution of nutriments on
the soil (Wolfe & Klironomos, 2005). Wolfe & Klironomos (2005) argued the assumption that the modifications
created in the soil, in particular on the biotic component, by the invasive plant, gives a favourable environment for its

73



“:r._c'..a" [STEC International Science and Technology Conference, Dubai, 13-15 December 2012
e

development and this would explain mainly the potential of colonization of certain exotic plants in their introduction
medium, becoming thus invasive plants.

Conclusion

Acacia decurrens is equipped with a strong reproductive potential by sexual and vegetative way, develops very
quickly and invades the Boumalek station. It is a true invading plant involving a reduction of this area biodiversity. It
contributes not only to the deterioration of the ectomycorrhizal fungus communities associated with cork oak but also to
the modifications of soil chemical characteristics because of the quality of its litter. It is imperative to continue this
study by exploring all the possible ways leading to the comprehension of the invasion phenomenon in El-Kala area. It is
necessary to recall the evolution of the acacia propagation during these last decades (mapping since its introduction in
1970 up to day), to try to determine environmental factors likely to be correlated with the propagation of this species, by
various thematic maps (in correlation with the climate, the soil, the hydrographic system), to extend this study to other
stations where the phenomenon was announced in order to define the factors to be taken into account to develop the
cork oak, to slow down the colonization of the area by the acacias and to seek the means to implement to control the
process of invasion.
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ACTIVE VIBRATION CONTROL OF A BEAM WITH PIEZOELECTRIC
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Abstract: This paper is about the active vibration control of a cantilever beam by piezoelectric
materials, which called smart beam. Within this paper one may find a brief history of the smart
structures, the piezoelectricity concept and some examples of piezoelectric materials. But the main
goal of the paper is to show the relevance between the ANSYS model and experimental model of
a smart beam. For that goal, APC 856 type piezoelectric patches prepared for the application,
experiment set up and the ANSYS model of this experiment has been made accordingly. The
results of the experiment and the computer model showed notable similarity.

Key words: Smart beam, piezoelectric, PZT, finite element analysis.

Introduction

Smart structures and systems have become a new interdisciplinary research field in recent years. Fields related to
this subject are mechanical engineering, electrical engineering, material science and computer science.

It has been more than 132 years since the piezoelectricity phenomenon discovered by Jacques and Pierre Curie at
1880. More and more piezoelectricity theory has been introduced and they used in different kinds of engineering
applications as the years passed. In recent years, active control of flexible structures using piezoelectric elements
studied by a lot of researchers. Plumb, J. M., Hubbard Jr., J.E., & Bailey, T. (1987) have used nonlinear control with
piezofilm for controlling a flexible connection. Piezoelectric transducers experimented by Yousefi-Koma, A., Sasiadek,
J.Z., & Vukovich, G., (1994a) in active control system of a flexible connection. Beside this, they used LQG controller
with piezoelements for controlling flexible structures (1994b). Piezoactuators were used as an optimum controller for
flexible structures by Luis and Crawley (1990).

An efficient active control system is depends on actuator and sensor size and placements. One of the most
important questions in an active control system is to optimize the system by sizing and placing sensors/actuators.
Kondoh, S., Yatomi, C., & Inoue, K. (1990) introduced a method for finding the optimal positions of the
sensors/actuators. When they used this method for a flexible beam, they found the system is more sensible for the
placement of the actuators than the sensors. There are more researches on the optimal positioning of point actuator and
sensors at the active control of flexible structures (Lindberg and Longman, 1984; Sepulveda and Schmit, 1990; Smith
and Clark, 1997).

Piezoelectric property, which describes the relevance between stress/deformation of the materials and the electric
field, can be seen in only 21 of the total 32 crystal classes. 10 of these have dipole in their crystal structure that even the
thermal stretch and contraction can be enough for electric potential to occur on their surface. These materials called as
pyroelectric material. All pyroelectric materials are piezoelectric, but not all of the piezoelectric materials are
pyroelectric (Tressler, J. F., Alkoy, S., Newham, R. E., 1995; Ergun C., Yilmaz S., Ozdemir E., Gul O. and Kalenderli
0., 2006).

Solid materials that are not in an electrical field have equal positive and negative loads in their structure. In other
words, these materials are neutral in electrical load. In theory, this balance should be disturbed by the disturbance in the
material’s shape or dimension. Crystal symmetry is the most important property that allows this electrical load to occur.
The response of the piezoelectric material to the mechanical effect is depends on the angle between crystal orientation,
which defined as the arrangement of the atoms in the crystal structure, and the direction of the elongation by the
mechanical stress. In other words, mechanical elongations are tensorial and doesn’t show any differences in opposite
directions (i.e. €;,= €13). Electrical polarization and electrical field that occurs in the piezoelectric materials are
vectorial, and they depend on the characteristic of the material defined by the crystal structure. Thus, the electrical
polarization a mechanical stress can make on the material depends on the material itself, and it would have a
characteristic value according to the crystal structure in every other piezoelectric material (Tressler, J. F., Alkoy, S.,
Newham, R. E., 1995; Ergun C., Yilmaz S., Ozdemir E., Gul O. and Kalenderli O., 2006).

The ferroelectric property that piezoelectric materials have is the polarization under the high electric field.
Normally, ferroelectric ceramics have randomly placed poles as they make their total elastic energy minimum. Because
of these randomly placed poles, ferroelectric materials don’t show piezoelectric property. But, below the Curie
temperature, when they exposed to a static electric field above a threshold value they gain piezoelectric property.
During the polarization process, a high electric field (~5kV/cm) attained by applying DC voltage to the electrodes
placed on the material. During the polarization process, poles rearrange and bring anisotropy to the structure. This
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anisotropy stays after the electric field is removed and piezoelectric property continues after the polarization process
(APC International, 2006; Morgan Electro Ceramics, 2007).

Mechanical pressure or tension applied on a piezoelectric material disturbs the dipole momentum of the element
and generates voltage. This phenomenon called the generator behavior and has its uses in ignition systems, dry
batteries, sensor devices etc. On the contrary, when a voltage applied on the material it stretches or shrinks according to
the polarization of the voltage and the material. If an AC voltage applies on the piezoelectric material, it stretches and
shrinks according to the frequency of the sinusoidal wave. This phenomenon called motor behavior and has its uses in
piezoelectric motors, sound or ultrasound generator devices and many other products (APC International, 2006).

Experiment Setup

APC 856 type piezoelectric material of APC International Company is used for the experiment. Manufacturer’s
data of APC 865 material has shown on Table 1. 856 type piezoelectric mainly has it uses in actuators, flow meters,
hydrophones, microphones, pressure sensors and medical screening and diagnosis devices.

Powder APC 856 is sintered under appropriate pressure and temperature to prepare the required material. Then
the material is cut to its specific dimensions (20*5*2mm) by a precision cutter. In this stage, two surfaces of each
piezoelectric patch have covered by silver conductor liquid. After silver conductor liquid dried the patches are polarized
under 1200VDC for 60 minutes. After the patches polarized their d;; is measured by a ds; test device. Under the force
of 250x107 the ds; of the material is measured as 420x10™? C/N. Prepared piezoelectric patches are fixed on their
positions on the beam by epoxy glue. To achieve a good fix, the parts must be stay clamped under a pressure for a time.
After the patches are fixed on the surface of the beam, the cables attached to the piezoelectric patches’ open sides by
aluminum tape.
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Figure 1: Data acquired from the piezoelectric patch under the free vibration of the beam
Table 1: APC 856 Type piezoelectric material properties.

APC 856
Relative Dielectric Constant (K') 4100
Dielectric Dissipation Factor (Dielectric Loss(%)* 2.7
Curie Point (°C)** 150
Density (g/cm’) 7.5
Mechanical Quality Factor 72
Electromechanical Coupling Factor
k, 0.65
ka3 0.73
ks, 0.36
kis 0.65
Piezoelectric Charge Constant (10" C/N or 10" m/V)
ds3 620
-ds, 260
d 15 710
Piezoelectric Voltage Constant (10° Vm/N or 10° m’/C)
£33 18.5
-g31 8.1
gis 25
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Young's Modulus (10'° N/m?)
Y, 5.8
Yy 4.5
Frequency Constants (Hz*m or m/s)
N (longitudinal) -
N (thickness) 1980
Np (planar) —
*At 1 kHz, low field.
**Maximum operating temperature = Curie point/2.

Fully prepared apparatus are connected to a computer by means of a DAQ card for testing the patches. Data acquired
from the piezoelectric patch under the free vibration of the beam is shown in Figure 1. After that 30Hz. 370V is applied
to the actuator patches. In that test, the beam is vibrated on its resonance frequency and voltage acquired from the
sensor piezoelectric patch (Figure 2).
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Figure 2: Data acquired from the piezoelectric sensor while 370V applied to the actuators

Actual experiment is setup for forced vibration after testing of the patches and the devices. For this experiment
the beam is forced by a shaker at its resonance frequency. The sensor voltage is altered for control by means of Matlab

computer program and a signal amplifier device and transmitted to the actuator patches. A scheme of the experiment set
up is shown in the Figure 3.
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Figure 3: Experiment setup scheme for forced vibration control

The experimental setup is also modeled in ANSYS computer program for comparison. While modeling at
ANSYS, piezoelectric ceramics and the beam are chosen as SOLID5 and SOLID45 elements respectively.
Manufacturer’s data of the piezoelectric material cannot be directly used as inputs of ANSYS program. Thus, some
transformation was made for these inputs.
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Results

In this study, a comparison is made between experimental and numerical results. At first, a comparison is made
for free vibration of the beam for checking purposes. Resulting graph of this comparison is as the Figure 4.

Results of this test showed that the sensor voltages are quite similar for experiment and computer model. After
seeing that result, a new test is made with the same setup under the forced vibration for proportional control. The
experimental and numerical (ANSYS) results tested individually to see whether the control works on both systems. The
controlled systems decreased the amplitudes of vibration in both situations, and a comparison between the controlled
and uncontrolled systems was made. The results of this comparison are shown in Figure 5. Note that K, is the control
factor and it is the multiplier of the signal that gained from the sensor patch. Thus, a K, of 3000 means the signal
amplified 3000 times before forwarding to the actuator patch.
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Figure 4: Sensor responses of the beam under the free vibration (a)ANSYS, (b)Experiment
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Figure 5: Sensor responses of the beam under forced vibration (a)ANSY'S, (b)Experiment

Conclusions

The comparison of the numerical (ANSYS) and experimental study shows quite similar results. However,
control factors of the systems are very different for achieving similar results. Reasons of this difference may be the
bonding between the piezoelectric patches and the beam, or a disruption of the manufacturing piezo ceramics
procedure.
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Abstract: Molecular biological and its application have been used as strong tool for many fundamental and applied
areas of research, it provides unique and elucidating developmental and understanding of host parasite interaction at
molecular level and seeking new means of parasite intervention.

Our researches is focus specifically on recent progress in studying the molecular mechanisms of host parasite
relationship with special emphasis to nematode as a serious parasite to human, animal and plants. In our research, we
highlighted on nematodes problem in plants.

In Egypt and all over the world, Root Knot Nematode is considered as one of the most important pest, many species
has been identified to cause important problems to most field crops, vegetables and fruit trees. Molecular tools was
used for nematode identification, Ribosomal DNA for ITs spacer was used to identify different genera of nematode
while multiplex test from ITs region was determine the different between species.

The identification of different population and races that exist within root knot population were determine using RAPD
technology , Dandrogram was developed to provide analysis from the obtained results to describe the relationship
between different populations.

Also, RELP technology plays an important role for species analysis; different restriction enzymes have been used to
identify different species of Root Knot nematode.

SCAR techniques were used to obtain special markers for each species and Multiplex test from ITs region was used for
mixed Root Knot population on the same field (population dynamics).

The most advanced technology is the application of laser capture microdissection (LCM) for expression analysis of
giant cells that is formed by Root Knot Nematode. Giant cells were collected using (LCM), RNA was extracted and
used to make a cDNA library and expressed sequence technology (ESTs) were produced and used for gene ontology
analysis , thus (LCM) allowed for the isolation of tissue enriched for giant cell , providing material suitable for a
variety of Molecular analysis.

RNAI has also become available research tool, both in cell culture and in living organisms, because giant cell dsSRNA
introduced into cells can selectively and robustly induce suppression of specific genes of interest. RNAi used for large
scale screens that systematically shut down each gene in the cell, which can help identify the components necessary for
a particular cellular process or an event such as cell division. The pathway may also use as practical tool in
biotechnology and medicine. All previous technology could be applied on most parasites.

Key words: Molecular techniques — Root Knot Nematode - host parasites interaction

*This project is supported by a grant from Egyptian Ministry of Agriculture

Introduction:

During the past few years, rapid advances in molecular biology have affected our understanding of diseases and
revealed many powerful tools that help in many areas of pests control. The new tools include species, race and pathotype
identification, population genetics, biological control agents and the design of new pesticides.

Our researches is focus specifically on recent progress in studying the molecular mechanisms of host parasite

relationship with special emphasis to nematode as a serious parasite to human, animal and plants. In our research, we
highlighted on nematodes problem in plants.
Root- knot nematode is considered as one of the most serious nematode pests of agricultural and horticultural crops in
Egypt and most widely distributed group of plant-parasitic nematodes all over the world. An estimated 10% of world
crop production is lost due to nematode damage. It causes an estimated $80 billion in losses worldwide
(http://www.cals.ncsu.edu/pgg/dan_webpage/index.htm). Root knot nematode (RKN) attacks cotton, soybean, wheat,
tomato, potato, pepper and many other important crops, Eissa (1982), reported that losses due to the root-knot
nematodes in Egypt measured about 25-40% of the estimated total losses of plant parasitic nematodes.

A few years ago, root-knot nematodes (Meloidogyne spp.) were difficult to be identified using traditional

morphological characterization, so alternative identification methods that are easily interpreted are desirable. It is now
possible to distinguish among root knot nematodes by the use of DNA markers, the big advantage of using DNA that it
does not change with environmental conditions during a nematode’s lifetime. Consequently, DNA markers are stable
and useful when applied to identifying nematode species and populations. Various DNA polymorphisms that allow
identification of the major root-knot nematode species have been described, also polymerase chain reaction (PCR)
developed technique that has been of particular consequence to molecular genetics, and it allows amplification of
specific sequences from minute quantities of DNA. The technique is effective with samples containing little biomass; for
example, it has been used to amplify DNA from single human sperm or from blood stains.
Restriction fragment length polymorphisms (RFLPs) generated after PCR amplification of ribosomal DNA can be used
for identification of single root-knot nematode 2nd Juvenile (J2). The technique uses PCR and primers to generate DNA
fragments that are subsequently subjected to restriction endonuclease digestion, yielding species-specific RFLPs that
allow discrimination of different root knot nematode species such as M. arenaria, M. chitwoodi, M. incognita, M.
Jjavanica, and M. hapla.
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Random amplification of polymorphic DNA (RAPD) assaying the entire genome for DNA markers is a powerful way to
obtain markers linked to characters of interest. The RAPD assay refers to PCR amplification of target DNA with single
primers, and hence produces DNA fragments distributed over the entire target DNA pool.

RAPD analysis has been used successfully to distinguish between different species of Root Knot Nematode.
Thus it is desirable to clone species-specific RAPD markers, sequence the clones, and then synthesize larger, more
stable primers that allow reliable amplification of the diagnostic bands. A distinct dendrogram (UPGMA) will be used to
show the phylogenetic relationships between root-knot nematodes.

Genetic variability in nematode populations and their hosts, are just beginning to be documented, because it was not
important while nematicides were available and, more importantly, because the tools for assessing genotypic variation
have become available only during the past few years. For each nematode species, genetic markers associated with host
range or life history characters would be valuable in developing management practices that reduce nematode
pathogenicity and fitness by allowing monitoring and selection for specific genotypes.

The next challenge in the application of new technologies is to obtain DNA polymorphisms useful as markers to identify
pathotypes, races, and geographic isolates of Meloidogyne spp., and several researchers are looking for such markers.

Molecular techniques can be also used for nematode population dynamics and management, several root-knot

nematode species occur in the same field. For example, M. arenaria, M. incognita, often occur together in most fields
around the world. Part of the difficulty lies in defining the species that are present and their relative proportions, before
and after rotations. Certain hosts in a rotation series will favor increase of one of the root-knot nematodes, and it is
difficult to sample such fields accurately with morphology-based nematode identification. So multiplex test can be used
to determine the population dynamics of mixed populations in the same field. This technique becomes widely used in
routine diagnostic tests to identify species and to sensitivity differentiate them from each other in field population. It
depends on the used of four primers in a single PCR reaction, also this test makes it possible to detect species present in
mixtures in proportions as low as 2 to 5%.
In conclusion, there are many exciting research opportunities in applied and basic nematology that utilize the new
approaches and tools of molecular biology. The tools will facilitate research on previously intractable questions in
nematode biology that have been inaccessible because of technical limitations. Current nematode control options include
the use of nematicides, cultural practices, resistant cultivars, and crop rotations. In the future, successful integrated
nematode management will depend on combinations of control tactics to reduce nematode numbers. Application of
biotechnology to nematode control tactics will influence applied nematology in diverse ways, from nematode
identification to the development of resistant cultivars, and will improve effectiveness and increase the number of
management options available. Increased communication and cooperation between researchers with expertise in applied
science is necessary to enlarge our understanding of nematode biology and ecology. The outcome will enhance
development of new nematode management strategies and allow refinement of old techniques.

This research has focused upon the important agriculturary root knot nematode to study its distribution all over
Egypt. So 5000 samples were collected from landed sectors of different governorates .The new molecular technology
will be used to identify different species races and the distribution of different population. This information will be a
very helpful tool for IPM program for controlling this destructive pest. we will use cotton plant as important economic
crop to implement all the advanced technology to obtain the most recent information concerning this valuable crop, It
was found out that the loss estimates of cotton crop as a result of nematode attack are complicated by the occurrence of
disecase complexes, and the loss caused by each part of the complex is difficult to assess. The root-knot nematode,
Meloidogyne incognita and the reniform nematode, Rotylenchulus reniformis are regarded as the major nematodes
attacking cotton in Egypt in both light and heavy soils (Salem, 1970). There is a relationship between Meloidogyne
incognita and the presence of the fungus Fusarium oxysporum f. vasinfectum (Salem, 1980).

Developing cultivars that resist biotic stresses is one of the major goals of breeding programs of cotton. So,
molecular markers can help these programs by tagging the important traits, helping in screening the genotypes and
selecting them throughout the course of breeding programs.

So the objective of our project is:
1- Accurate identification of genes, species and population of different nematodes as a major pest in field crops,
vegetables and fruits in Egypt by using molecular technology.
2- Investigate root knot nematode problems in cotton as major and economic crop in Egypt and manipulation of
most advanced technology (LCM) to differentiate between resistant and susceptible cotton cultivars for future
work (gene silencing technology)

Materials and Methods:

Collection of Nematode Samples: Five thousand samples were collected from agricultural sectors of different
governorates in Egypt (The survey includes agronomics crops, vegetables, cut flowers and fruit trees. The most common
crops were pea, pepper, potato, strawberry, squash, cucumber and tomato, among the vegetable, and cotton, corn,
soybean, peanut and sunflower among other crops also banana, peach and grapevine and ornamentals.

The samples were handled with care and stored at 10-15C° until the analysis in nematology lab (college of agriculture,
Fayoum University).

Nematodes extraction from the soil samples: Nematode was extracted from the soil sample and was

recovered according to centrifugal flotation method (Jenkins, 1964). Extracted nematodes were identified to the generic
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level, and counted under microscope using the Hawksley counting slide.

Root samples were carefully washed with tap water and cut into small pieces in a Petri dish with 10 ml water. Roots
were then teased with dissecting needles to collect mature females necessary for species identification and tissue culture
propagation.

Preparation of pure culture from root knot nematode samples: One adult female with one egg mass from
each sample were propagated under tissue culture condition to insure the purity of the population for each sample that
will be used for DNA extraction.

Preparation of root explant cultures was accomplished according to Haroon et al., (1993). Seeds were sinicated
for 3 min. in 95% ethanol followed by a 10-min soak in 0.5% sodium hypochlorite and were transferred to sterile 1.5%
water agar plates where they were maintained for 3 days at 25°C. A 5-mm-long root tip was excised from each seed-
plate (one root tip per plate) containing Gamborg's B-5 medium (Gibco. Grand Island, N.Y.). Each plate was inoculated
with one egg masse that was extracted from one population of each genera of root knot nematode. All the plates were
stored in an incubator at 28C° and three months later 25 females from each dish were isolated for DNA extraction. (Fig.
1,2)

Fig 1: Tomato seeds in water agar Fig 2: plates after 3 months of inoculation with RKN

FIRST: DNA isolation for Root Knot Nematode molecular identification: DNA isolated from
different samples was done using GenomicprepTM Cells and Tissue DNA Isolation kit

(Amersham Pharmacia Biotech, litd, England). Isolated DNA was measured to determine the purity and quality to
be used for further experiments as following:

Step 1: Ribosomal DNA amplification (77S) Primers 5367 (5' - TIGATI ACGTCCCTGCC CTTT-3") and
primer 5368 (5' -TTICACTCGCCGTIACAGG3'") were sequences as described by Vrain et al.,(1992) and Vrain (1993).
The DNA fragments containing the ITS regions were amplified by PCR. The reaction mixtue contained 10 mM Tris, pH
9.0; 1.5 mM MgCI2; 50mM KCI; 0.01 % (wt/vol) gelatin; 0.1% Trition X-IOO; 100 uM each of dATP dTP dGTP and
dTTP (Boehringer GmbH, Mannheim, Germany); O.6uM each primer; 0.1 to 10 fig of total DNA or the crude DNA
extract from 25 females of each isolate; 0.6 units of Taq DNA polymerase (Sphaero Q. Leiden, the Netherlands); and
deionized water to a volume of 50 pl. The amplification was carried out in a thermal cycler (PCR) DNA
Initially PCR amplification conditions were as follows: denaturation at 94°C for 2 min, repeated for 20 cycles. A 5-min
incubation period at 72.C° followed the last cycle to complete any partially synthesized strands. The fastest available
transition between each temperature was used (Zijlestra et al., 1995).

Step 2: ITS-RFLP: Amplified DNA of ITS fragments were digested with Hind I, Hinf I, EcoRI and Dra 1
restriction enzymes. A master mix was prepared by using 1 pl of selected enzyme, 1.5 ul of matching buffer and 12.5 of
DNA template (obtained from ITS test). The mixture for each sample was placed in incubator at 37°C for at least 3
hours or until the second day. The digested DNA was loaded on a 2.5% agarose gel, separated by electrophoresis and
detected by ethidium bromide staining.

Step 3: Species specific (Multiplex) PCR: For conducting the species specific (multiplex) PCR test,

amplifying segments of the ITS region of each isolate was used. This technique was used to identify root knot nematode
species by the size of their amplified fragments in a signal PCR reaction. In other words the test was used for direct
identification of the four species based on length polymorphism. The reverse primer HCFI-28S is the backward primer
as described by Ferris et al. (1993).
The reaction mixture contained 10 mM Tris pH 9.0, 3.5mM MgCI2, 50 mM Kcl, 200 uMeach of dATP, dC{P, dGTP,
and dTTP, 0.4 uM of each forward primers H-18S (5-CTTGGAGAC{GTTGATC3'"),CF-ITS(5'-GATTATACGC
ACAATT), and I-ITS (STGTAGGACTCTTTAATG 3') and 0.4 uM of the reverse primer HCFI-28S. One unit of Taq
DNA polymerase (Pharmacia), 3 ng of total DNA or the crude DNA extract from 25 female, was mixed with deionized
water to a volume of 50ul. PCR cycle was denaturation at 94C° for 4 min. followed by five cycles at 94C° for 30s, 55C°
for 30s, 72.C° for 1 min. with a decrease of I C° per cycle for the annealing temperature followed by 25 cycles at 94C°
for 305, 50C° for 305, and 72C° for 1 min.
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SECOND: Root Knot Nematode associated with cotton plant:

Collection of samples: A total of 200 soil and roots samples were collected from cotton fields all over Egypt.
Each soil sample was composed of three sub-samples obtained from the rhizosphere of the growing plants, by digging
the soil to a depth of about 30 cm and placed in labeled polyethylene bags. Root samples were also obtained by lifting
the plants carefully with a trowel and samples were directly sent to the laboratory for nematode extraction and
identification. The survey included the following cotton cultivars in Giza 45, Giza70, Giza 83, Giza80, Giza 85, Giza 86,
Giza 88, Giza 89, Giza 90, Giza 91 and Menoufia.

Nematodes were extracted from soil and root samples and pure tissue culture were prepared for each population
as described before. Nematode counts and identification to generic level were based on the morphology of the adult and
larval forms, described by Harrison and Mai, 1985 and Freckman and Baldwin, 1989.

For each genus, population density / 100 cc soil, percentage of frequency occurrence and prominence value
were calculated according to (Norton, 1978) as follows: -

Population Density (P.D.) = Total numbers of individuals of each genus per 100 cc.

% Frequency Occurrence (% F.0.) = Number of samples containing a genus X 100.
Total number of collected samples

Root Staining and Examination:

The complete root-system of each seedling of cotton was carefully removed from the soil, washed gently in tap
water and stained in 0.05% boiling lactophenol acid fuchisin (Franklin 1949) according to (Byrd et al, 1983), and then
followed by washing in tap water and keeping in plain lactophenol for further differentiation. The pieces of roots were
putted on one drop of glycerin on the glass slide, pressed slowly and covered it to be examined under the microscope to
seeing the different stages from the different days post inoculation.

Different steps were conducted after DNA extraction from each population as following:

Step 1: Fingerprinting of cotton cultivars for Molecular genetic markers in cotton cultivars Randomly
Amplified Polymorphic DNA (RAPD) markers:

PCR reaction was conducted using ten (10 mer) random primers. List of primer names and their nucleotide sequences
used in the study as listed in table (1) :

Table (1):
Primer code Sequence 5 '-3' Primer code Sequence 5 '-3'
OP- A03 AGTCAG CCAC OP- A07 GAAACGGGTG
OP- Al6 AGCCAGGGAA OP-B01 GTTTCGCTCC
OP- B05 TGCGCCCTTC OP- C19 GTTGCCAGCC
OP- D05 TGAGCGGACA OP-Z713 GACTAAGCCC
OP-K02 GTTTCGCTCC OP-K06 CCCGTCAGCA

The amplification process were carried out by using Ready — To — Go RAPD Analysis Beads Kit (Amersham
Pharmacia Biotech, litd, England) for 25 pul PCR mixture.
25ul mixture of 25 pmol of a single RAPD primer, 50 ng template DNA and the volume were completed to 25 pul by
distilled water was prepared in 0.5 ml tube. Then the contents of the tube were mixed by gently vortexing. Centrifuge
briefly to collect the contents at the bottom of the tube. The mixture was added to 0.2 ml PCR tube containing RAPD
analysis bead in the bottom of the tube. So the contents in the above tube were mixed by gently vortexing. Then
centrifuge briefly to collect the contents at the bottom of the tube. Finally, the samples were introduced to a Perkin
Elmer 480 thermocycler (Norwalk, CT) where the following cycle profile was used: One cycle:(95C° for 5 min) - 45
cycles each of( 95C° for Imin, 36C° for 1 min, 72C° for 2 min)

After amplification, the banding pattern of the randomly amplified DNA visualized and analyzed. RAPD
analysis done on agarose gel.

Gel analysis: Gels were photographed and scanned with Gel Documentation system image analysis software
(Bio Rad laboratories, Inc., California, USA).

Step 2: Histopathological changes in cotton roots, cv. Giza 83 as influenced by the infection with the root-knot
nematode, M. incognita race 3:

Cotton seeds, cultivar Giza 83 were planted in 20 cm diameter plastic pots filled with steam sterilized loamy
soil. Two weeks after germination, plants were thinned to one seedling per pot and nematode suspension, containing the
known numbers of freshly extracted second stage juveniles (Hussey and Barker, 1973), was then pipetted directly
around the root system of each seedling. Approximately 0, 100, 500, 1000, 2000, 4000, 8000 and 12000 juveniles per
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plant were used as different levels of initial inoculation. Each inoculation level was replicated three times and all pots
were arranged on a bench in a greenhouse at temperature degree of 30 = 5C°. Sixty days later, plants were harvested and
data on plant growth was estimated. Infected roots were washed gently, fixed in F.A.A., stained in boiling acid-fuchsin
lactophenol (Byrd et al., 1983) and then examined under a stereoscopic-microscope to count the embedded different
developmental stages of the nematode. Soil of each pot was pocessed for nematode extraction to estimate the number of
nematode in soil.

Step 3: reaction of cotton tissue against the invasion of Root Knot Nematode juveniles to resistant and susceptible
cultivars.

Another test was conducted with Giza 83, Giza 90 as two major commercial cultivates to determine their relationship
with root knot nematode (Race 3)

THIRD: Laser Capture Microdissection (LCM) for Cotton roots

Samples from the above experiment were taken after 25 days post inoculation (dpi) for both cultivars of cotton
from Giza 80 (Resistant) and Giza 90 (susceptible), kept in farmer's solution (FS) composed of 75% ethanol:25% acetic
acid (Sass, 1958 and Kerk ez al, 2003) the same manner was used for control treatments for preparing of laser capture
microdissection.

Fixation were done to stabilize the cell contents and to preserve histological integrity and detail during tissue
sectioning, tissue fixation in farmer's solution (FS) composed of 75% ethanol, 25% acetic acid provided superior quality
RNA extracted from samples obtained by LCM.

Ethanol and ecetic acid were used to reduce the amount of sample preparation required to collect the relatively large
number of LCM samples required to provide sufficient RNA for further analysis.

Root samples were cut into 1cm squares, placed in different solutions (70% Ethanol, 30% DEPC H20 (Dep'd H2o for
30 min, 95% Ethanol for 15 min), (100% Ethanol for 15 min (3 times) Also placed samples in different solvents for
different times (100 proof Ethanol: d-Limonene Hemo-De , 3:1for 30 min, 1:1 for 30 min, 1:3 for 30 min, 100%
HemoDe for 3h to o/n, 100% HemoDe for 2-4x  1h).

Following steps was placed in the fume hood which include filling tubes 1/2 way with HemoDe and placed
tubes with sample in incubator at 58°C for 1h, after that add 5-10 ml of paraffin each hour with initial mixing at each
addition.4-5x. Leaved the tube caps off to allow HemoDe to evaporate, poured off all solution and added pure melted
paraffin (5 xs at h intervals). Pouring molds was done on silver gradient heat tray placed with aluminum foil and allowed
to cool at 4°C.

Sectioning was done while using paint brush to hold section away from microtome (Fig.3). Add Deped H20 to
baked, RNase-free slides. Float 1 inch section trail on slide, allow section to spread, with Kim Wipe and tipping slide,
remove excess H20, and let sections to dry well the slide that used is LCM slides: Lecia: No. 11505158 Membrane
Slides: PEN-Membrane 2.0 um, 50 pieces.

The special LCM slides were covered with a transfer film. The film will later transfer the selected cells after tissue
acquisition. Prior to sectioning, LCM slides are placed on a 42 degree Celsius slide warmer and are covered with
RNAse-free water. Small pieces of the sliced ribbon were placed in the water, on top of a glass slide. After drying, the
tissue adheres to the film. This step was important for later isolation of selected cells. Excess water was removed by
incubating the slide on the slide warmer.

The tissue sections are then incubated in xylene incoplin jars to dissolve and remove the paraffin wax. The slides were
placed on top of a paper towel and air dried; this shows a slide with dried tissue, then the slides were ready for
examination by LCM system. (Fig. 4)

The system consists of 2 parts, a microscope and a computer for image display. It has a microscope with an ultraviolet
laser beam, this ultraviolet laser will be calibrated and the power will be adjusted before capturing the cells of interest
(Fig. 5)

Fig 4: LCM slide which contains Fig. 5: LCM, microscope with laser

Fig. 3: microtome system ; .
on ribbon of cotton roots and a computer for image display.
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Results:

Five thousands samples of nematode different populations were collected from agriculture sectors of different
governorates that were considered as its important in crop production in Egypt. The survey covers 47 different crops.
Results presented show the prominence values of the eleven plant parasitic nematode genera, including ectoparasitic,
endoparasitic and semiendoparasitic forms, which were recovered from the soil samples. These genera were
Meloidogyne spp. , Pratylenchus, Helicotylenchus, Hemicycliophora, Hoplolaimus, , Paratylenchus, , Rotylenchulus,
Tylenchorhynchus, trichadorus, longidorus, tylenchulus and Xiphinema. The root-knot nematode, Meloidogyne; the
lesion nematode, Pratylenchus; the reniform nematode, Rotylenchulus; the stunt nematode, Tylenchorhynchus and the
lance nematode, Hoplolaimus were the major nematodes distributed. Data revealed that Meloidogyne, Pratylenchus and
Rotylenchulus were found with relatively higher frequency of occurrence % (F.O. %), population density (P.D.) and
prominence values (P.V.). Accordingly, their percentages of occurrence were 24.7, 22.7 and 20.2, of the total collected
samples, respectively.

It was very important to identify all the isolated of Root Knot Nematode, to species , races and population as
we found out that the majority of crop s is seriously damaged with this group of nematodes, so using this molecular
techniques is important to design effective and suitable program of IPM for control this pest. (Fig. 6)

Fig. (6) different crops infested with RKN
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FIRST: DNA isolation for Root Knot Nematode molecular identification:

Stepl: ITS Test:

After the measurement of all obtained pure DNA from each isolate of root knot nematode, the first test (ITS)
was conducted for each isolate separately to insure that all the DNA is for root knot nematode. So, primer 5368 and
5367 were used for amplification of the ITS region, all the root knot isolates from different governorates and districts
gave one main product of approximately 760bp. This 760 bp PCR product obtained from the amplified ITS region of
Meloidogyne was shorter than the product reported for other nematodes (Vrain et al., 1992; Zijlestra et al., 1997). (Fig.
7)

760bp

=
—

Fig (7): Typical amplification of 760bp polymerase chain reaction — PCR product from
template of total DNA extracted from Meloidogyne spp. of different isolates from different
governorates and districts with internal transcribed spacer (ITS) with primers 5367 and 5368.

Step 2: Multiplex Test:
Sequencing data reveal that the sizes of the cloned amplified ITS regions of M. incognita is 760 bp. First, PCR reactions
were performed with HC F I — 285 and one of the three forward primers. The sizes of the fragments obtained after
amplification could be estimated from the sequences.
The combination of primers H-18S and HCFI - 28S resulted in amplified fragment of 660 bp. this fragment is typical for
M. hapla. No reaction with any other governorates isolates was shown the amplified fragment of 660bp was recognized.
PCR with primers ITS and HCFI - 28S resulted in amplification of a 415 bp fragment when M. incognita was used as
template. The majority from all governorates isolates react with this combination of the primers. (Fig. 8)

M A B CD E G H |

750 javanica

700bp 660 hapla
500bp » 430 arenaria
400bp

430 incognita

Fig (8): Amplification products of multiplex PCR reactions using forward primers H- 18S, [ - ITS, EF
— ITS and the reverse primer in a single PCR reaction with 3ng of template DNA of root knot nematode
population collected from different governorate of Egypt, when ITS primer sets H-18S/HCFI-28C used
with M.hapla the result was 660bp, when ITS Prime sets I-ITS/HCFI-28S used with M.incognita the
result was 415bp, and when ITS Prime sets H-18S/CF-ITS/HCFI-28S used with M.javanica the result
was 750bp and when ITS primer sets ITS / HCF1, 28C used in arenaria
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ITS regions of all isolates were digested with restriction enzymes. When Hind III was used in RFLP test
(Restriction fragment length polymorphisms), the size of the DNA fragment obtained was not clear while 520, 200 bp
bands were cleared when EcoR1 are used with isolates from M.incognita and M. javanica, also two bands were
recognized at 440 bp and 320bp when Hind I was used with isolates from the same nematodes species.

These results were typical for M. incognita, and M.javanica confirming the previous findings by Zijlstra et al., (1995 and
1997). (Fig. 9)

1 2 34 5686 78 910 11213

M

1000bp
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240bp

200bp

Fig (9) Restriction product OF 760 bp polymerase chain reaction
amplified internal transcribed region of Meloidogyne spp upon
restriction with Hind I, EcoR1

SECOND: Root Knot Nematode associated with cotton plant: It was found out from the simple
examination using molecular technique that was described before that M.inconita race 3 is the major past in cotton plant
also Data indicated that the highest prominence value of Meloidogyne spp. was observed with the cv. Giza 90 growing
areas; (39.3) followed by the cv. Giza 83; (36.2).

Step 1: Fingerprinting of cotton cultivars for Molecular genetic markers in cotton cultivars Randomly
Amplified Polymorphic DNA (RAPD) markers:
Randomly amplified polymorphic DNA using PCR (RAPD-PCR) was used to assess the genetic diversity of the six
selected cotton cultivars, Ten artificial primers was used to determine the fingerprinting of cotton cultivars, clear results
was obtained from four of these primers as in table (2)

Table 2: Molecular genetic markers for root-knot nematode, M. incognita race 3, resistance based on RAPD-PCR
with primers OP-C19, OP-A07, OP-A16 and OP-K06.

Primer Cultivar Molecular Marker
Giza 70(S) +396bp and +250bp.
1- OP-C19 Giza 83 (S) +1500bp, +700bp and +416bp.
Giza 80 (R) +950bp.
Giza 70(S) + 550 bp.
2- OP-A07 Giza 80 (R) +1100bp, +900bp, +800bp and +288bp.
Giza91 (R) +725bp and +644bp.
Giza 70(S) +1000bp, -450 bp and +260bp.
Giza 83 (S) +1000bp and -450 bp.
3- OP-Al6 Giza 90 (S) +1412bp, +1000bp, +950bp, +700bp, -450bp and +300bp.
Giza 80 (R) -1000bp, +450 bp and +250bp.
Giza 86(R) -1000bp and +450 bp.
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Giza91 (R) -1000bp and +450 bp.
Giza 70(S) +1075bp, +751bp, -611bp, +510bp, +413bp, +308bp and +255bp.
Giza 83 (S) +1075bp.

5. OP-K06 Giza 90 (S) +1075bp
Giza 80 (R) +3000bp, +2500bp and —1075bp.
Giza 86(R) -1075bp.
Giza 91 (R) -1075bp.

S = Susceptible. R = Resistant. (+) = Band is present, (-) = Band is absent.

Bands generated by each primer varied among genotypes, with a range of 1 to 12 bands. Molecular weight
(MW) of these bands ranged from 250 to 3000 bp. These primers could produce specific bands, which can be used to
distinguish the six genotypes. For instance, primer OP-A16 gave specific markers with MW of 260 bp for G1(Giza70),
950bp; 700bp and 300bp for G3(Giza 90) and 250bp for G4(Giza 80).

RAPD-PCR showed also some molecular markers related to the root-knot nematode, M. incognita race 3, such
as the fragments generated by the primer OP-A16, 450bp which was found to be related to root-knot nematode (RKN)
resistant and it was absence in the susceptible cultivars and 1000bp which was found to be related to RKN susceptibility
and it was absence in the resistant cultivars may be considered as positive and negative molecular markers for the root-
knot nematode resistance. The selected six varsities for all RAPD test were Giza 70, Giza 83, Giza 90, Giza 80,Giza
86, Giza 91 with different primers as indicated in each figures (Fig. 10, 11, 12, 13)

10000 —
2000
1500
500 —
250 <+

Fig 10: DNA polymorphism of the six cotton cultivars amplified with primer OP-C19.
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Fig 11: DNA polymorphism of the six cotton cultivars amplified with primer OP-A07.

Fig. 13: DNA polymorphism of the six cotton cultivars amplified with primer OP-K06 91.
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RAPD-PCR was used to analyze the genetic diversity of the six studied cotton cultivars, and to assess their

genetic relationships using similarity index and dendrogram tree. Ten random primers were used to determine RAPD
polymorphism of the six-cotton Egyptian cultivars.
Among the 128 amplified fragments across the ten primers, 120 were polymorphic (93.7%). The numbers of amplified
and polymorphic fragments generated by each primer and the specific markers for the six cotton cultivars. Data of the
amplified fragments using ten-mer chosen primers for the six cotton cultivars revealed that all primers succeeded in
amplifying DNA fragments. Polymorphism levels differed from one primer to the other. Primers OP-K02, OP-K06,
OP-A07, OP-B01 and OP-Z13 exhibited high polymorphic differences and were useful in cotton cultivar identification.

Cluster analysis (similarity matrix) based on RAPD-PCR analysis using UPGAMA computer analysis was
shown. The highest similarity index recorded was 67.6%, which was observed between the two resistant cotton cultivars
to the root-knot nematode, M. incognita, Giza 86 and Giza 91 and it was 60.6%, which was observed between the two
susceptible cotton cultivars to the root-knot nematode, M. incognita, Giza 90(S) and Giza 70 (S), while the lowest
similarity index recorded was 33.8%, which was observed between the two cultivars Giza 91 (R) and Giza 83 (S), also
it was 30.8%, which was observed between the two cultivars Giza 91 (R) and Giza 90 (S).

A Dendrogram for genetic relationships among the six cotton cultivars was carried out. The six cotton cultivars
were separated into two clusters; cluster one included two resistant cotton cultivars Giza 86 and Giza 91, cluster two
included two sub-clusters; sub- cluster one included resistant cultivar Giza 80 and sub-cluster two included two sub-sub
clusters; sub-sub cluster one included susceptible cultivar Giza 83, while second sub-sub cluster contained two
susceptible cotton cultivars (Giza 70 and Giza 90). This conclusion is in agreement with Multani and Lyon, (1995),
Tatineni et al., (1996) and Abd El- Ghany and Zaki, (2003). (Fig. 14, 15)

100.0
60.6 100.0

56.2 53.2 100.0
53.0 55.7 47.1 100.0
44.2 30.8 33.8 42.4 100.0
37.2 35.2 42.3 48.5 67.6 100.0

Fig. 14: Similarity matrix among the six cotton cultivars based on RAPD-PCR analysis.
G.1=Giza 70 (S), G.2= Giza 90 (S), G.3= Giza 83 (S), G.4= Giza 80 (R), G.5= Giza 91(R), G.6= Giza 86(R).

Fig. 15: Dendrogram for the genetic distances between the six cotton cultivars based on RAPD-PCR analysis. (1):
G.70(S) (2): G.83 (S) (3) G. 90 (S) (4)G.80 (R) (5) G. 86 (R) (6) Giza 91 (R

Step 2: Histopathological changes in cotton roots, cv. Giza 83 as influenced by the infection with the root-
knot nematode, M. incognita race 3:

Cotton roots infected with the root-knot nematode, M. incognita race 3 exhibited histological responses,
typically like those of other hosts infected with such nematode. Microscopic examination of stained sections of the
infected roots indicated that, the infective stage had infected both young and old roots. It was clarify that juveniles had
penetrated the roots at their tips. Then they migrated in the root cortex and had orientated parallel with the longitudinal
root axis and their anterior parts towards the vascular region. The advanced duration after inoculation; the fourth stage
juveniles were observed very close to the stelar region. Likewise, the young females were noticed within the cortical
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layers, inserting their anterior parts inside a cluster of giant cells. The more advanced stages after inoculation, the egg
laying females were found with their egg-masses embedded within the root tissues, causing a great pressure on the
cortical layer, endodermis, pericycle and stelar region. Cell walls of giant cells were thickened and darkly stained; each
giant cell contained a great number of granulated swollen nuclei, which may be orientated either in a lateral or central
position.The crushing effect of the exhaustive giant cells and the developing nematodes resulted in malformation and
destroying of the vascular tissues and their neighboring cells. Such abnormalities in the anatomical structure of the roots
interfere greatly with the function of the root system. Thus, the water and nutrient absorbing capacity of the root fails to
supply the vegetative system with its requirements. Fig 16, 17 These results are in agreement with the findings of
Ibrahim and Massoud (1974), in Egypt, Finley (1981) and Sosa-Moss et al., (1983).

Fig. 17: giant cells contained granulated
parallel with the longitudinal root axis swollen nuclei and dense cytoplasm.

Step 3: reaction of cotton tissue against the invasion of Root Knot Nematode juveniles to resistant and
susceptible cultivars.

The results reveal that the difference between two cultivars resistant Giza 80 and susceptible Giza 90
respectively, in the shape of giant cells which formed during the interaction between nematode and root plants. (Fig.18
a, b)

(Fig, 18 a, b) sections of microdissection of both resistant and susceptible cotton cultivars (Control).

THIRD: Laser Capture Microdissection (LCM) for Cotton roots

The slides with tissue sections of both two cultivars of cotton plants susceptible and resistant cultivars were
examined, a specific software package is used to select the infected cells by moving the cursor, shown by the red line.
The laser provides enough energy to cut both the transfer film and the tissue. In this case, nematode infected cells are
selected, the selected infected tissue with adherent film sections drop into the cap of a microfuge tube that is located
below the tissue sample.

The selected cells can be seen in the microfuge tube that is located under the sample. These cells can be further
used for DNA, RNA or protein extraction and analysis. (Fig. .....)

The giant cell undergoes a variety of cytological changes as it differentiates and becomes the feeding site of
root-knot nematode. From our observation it was clear that there are ongoing molecular changes occurring within the
giant cell as it differentiates. So we can conclude that the molecular change is different if we compare between the giant
cells for susceptible plants comparing with the resistant plants, so defiantly the molecular change is different as shown
from the isolating tissues enriched from giant cell by laser capture microdissection (LCM). (Fig. 19, 20, 21)
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(Fig, 19) Show the slide with tissues,

Dplaced on the slide of microscope.

(Fig, 20) Show the cap of a microfuge
tube, which is located below the tissue
sample
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(Figure, 21) (a) Cutting selected cells by UV laser in the cap of tube (b) A 0.5 ml Eppendorf microfuge tube is filled
with 50 ml of a buffer solution that is specific for either DNA, RNA or protein analysis. (¢) The cap is placed snugly into
the microfuge tube. (d) The tube is then inverted so that the buffer is in contact with the cells. (e) After incubation, the
cells are lysed in the buffer and can be used for molecular analysis.

The sections after microdissection of both susceptible and resistant cotton cultivars (Control) show that the
form of sections without any infection by root-knot nematode.
These results obtained from the laser capture microdissection technique indicated that the dissection of these cells of
interest (giant cells) can be used in the future for studies and analysis on DNA, RNA or protein from defined cell

populations. (Fig. 22 a- b- c-d)
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After 25 days post inoculation in susceptible Giza 90, it is shown several giant cells contain the large number of nucleus
, also the other section shown that the measurement of adult females in the width and the length at which, the width of
female were 449um and the length of female were 512pum.

On the other hand; the resistant Giza 80, after 25 days post inoculation shows a few number of giant cells comparing to
giant cells which formed in susceptible cotton plants, also the other section shown that the measurement of adult females
in the width and the length at which, the width of females were 209um and the length of females were 294um. (Fig. 23
a, b)

! e Discussion
¢ (Fig,23 a) Laser capture microdissection from (Fig,23 b) Laser capture microdissection from
cotton roots sections for susceptible plant Giza 90. cotton roots sections for resistant plant Giza 80.
L avovsiva vy e savos anus v )08 iy ey e e s i agus puses ey pe vewsig yield

losses to many economic crops. There are many research opportunities in basic nematology that utilize the new
approaches and tools of molecular biology. The tools will facilitate research on previously intractable questions in
nematode biology, also current nematode control options include the use of nematicides, cultural practices, resistant
cultivars, and crop rotations. In the future, successful integrated nematode management will depend on combinations of
control tactics to reduce nematode numbers. Application of biotechnology to nematode control tactics will influence
applied nematology in diverse ways, from nematode identification to the development of resistant cultivars, and will
improve effectiveness and increase the number of management options available. Increased communication and
cooperation between researchers with expertise in applied science is necessary to enlarge our understanding of nematode
biology and ecology. The outcome will enhance development of new nematode management strategies and allow
refinement of old technique.

Concerning to the prominence values (P.V.) calculated for the presence of different genera and nematodes population,
we could conclude that Meloidogyne was found with relatively high value (36.8) than both Pratylenchus and
Rotylenchulus, which were found in moderate values; 23.1 and 22.9, respectively. The distribution of these different
nematode genera, among the surveyed districts was not uniform. It was observed that most of these nematodes did not
exist in some surveyed localities. However, Meloidogyne, Pratylenchus, Tylenchorhynchus and Hoplolaimus were the
only four nematode genera encountered in all surveyed districts with relatively higher frequency of occurrence. The
root-knot nematode, Meloidogyne spp. exhibited the highest occurrence of the endoparasitic nematodes existing in the
collected samples. Therefore, it was concluded that the root-knot nematodes, Meloidogyne represented, the major
nematode pest attacking cotton plants. The highest values of prominence of Meloidogyne spp. amongst Fayoum
Governorate were recorded in the districts Youssef El-Siddique, El-Fayoum and Abshawai; 46.4, 43.8 and 41.5,
respectively. While, the lowest values were recorded in the districts, Sennores and Tamia; 25.9 and 29.0, respectively.
These results are in agreement with those reported by Oteifa (1962), in Egypt, Hillocks and Bridge (1992), in
Tanzania and Wrather et al., (1992), in Columbia.
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DNA-based molecular markers have been recently integrated in the improvement of several plant systems and
are expected to play a very important role in the future of plant breeding programs. The revolution of polymerase chain
reaction (PCR) technique has been initiated as a novel genetic assay based on selective DNA amplification (Saiki et al.,
1983). Randomly amplified polymorphic DNA (RAPD) has been the most widespread DNA analysis during the last
decade. This analysis is more amenable to automation than conventional analysis. It is simple to perform and preferable
in experiments when large number of individuals are determined in a few genetic loci. It requires only a small amount of
DNA and provides a quick method for developing genetic maps. Targeting genetic markers has been explored in genus
Gossypium mainly at the inter-specific level (Van de ven et al., 1993).

Molecular genetic markers for root-knot nematode tolerance based on RAPD-PCR are grouped which
confirmed the importance of these markers to select the tolerant cultivars instead of long breeding programs. These
results are in agreement with Van de ven et al., (1993), Bai ef al., (1998); Filho et al., (1999) and El-Badawy (2000).
RAPD-PCR has been used for obtaining molecular markers linked to improved agronomic traits and study plant
genetic diversity by, Williams ez al., (1990); Peterson et al., (1991); Tao et al., (1993); Pammi ef al., (1994); Abd-
El-Tawab et al., (1997); Chen et al., (2000) and Hash and Bramel-Cox (2000).

Using the obtained data from RAPD-PCR, the genetic relationship among the genotypes under investigation
was summarized in a dendrogram. It has been noticed that, the two resistant genotype G5 (Giza 86) with G6 (Giza 91)
had 67.6% similarity. While, the two susceptible genotypes G1(Giza 70) with G3 (Giza 90) showed 60.6% similarity.

In general, the eventual incorporation of yield-related traits, and the molecular genetic studies of the six cotton
cultivars and their genetic diversity are efficient tools for identification and evaluation of these cultivars under the root-
knot nematode stress, which could be used as in marker-assisted selection (MAS) in cotton breeding programs.
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Future Work:

All giant cells that was collected using laser capture microdissection (LCM) technique can be used in the future
for studies and analysis on DNA, RNA or protein from defined cell populations.

Genes will be identified that are expressed in giant cells. Genes expressed in common with syncytial cells
during nematode infection of soybean roots will be identified. Cell morphology and biochemistry of the giant cells are
different from syncytial cells and certainly from uninfected root cells, therefore we expect that several genes expressed
in giant cells will not be expressed in syncytial cells or will be expressed at different levels. Promoters of some of these
genes may allow targeting of agents to block giant cell and syncytial cell maintenance, thus starving the nematode.

Our future work will be concentrated in isolating the RNA from LCM derived tissues enriched for giant cell to
create a cDNA library for cloning and to study gene expression to find out the gene that is formed in resistant cultivars
for cloning and work future.

Further study will include the use of RNA interference (RNAi) as a powerful gene silencing tool to investigate
genes function, genes expressed in a range of cell types are silenced when preparasitic juvenile of root knot nematode
take up double strands (ds) RNA that elicits systemic RNAIi response, a resistance effect is observed paving the way for
the potential use of RNAi technique to control Root Knot nematode.

We propose to make DNA constructs from orthologs of genes proven to be lethal or stop development of the
free-living nematode, Caenorhabditis elegans. The orthologs will be from RKN .Several genes known to be associated
in a pathway or complex will be targeted. The constructs will contain DNA fragments of target genes oriented in
opposite directions, so when it is transcribed, a dsSRNA with hairpin is formed. Initially, constructs will be screened.
RKN orthologs of target genes that decrease the development of mature females 80% or more will be used and tested in
transformed grab and tomato plants. Plants will be transformed with Agrobacterium tumefaciens. The transformed roots
will be challenged with the appropriate nematode and mature females or galls will be counted and compared to
untransformed control roots. DNA constructs that prevent or reduce production of mature females will be used to
generate multiplexed constructs containing multiple gene targets. The results of these experiments may lead to a general
method for producing broad resistance of crop plants to nematodes.

So our main objective for the future work is to broaden resistance of plants to nematodes using gene silencing
with RNAi. We propose to make DNA constructs targeted to silence RKN genes, transform plant roots and determine if
the transformed roots develop fewer or no galls. Each DNA construct will be designed against one or multiple gene
targets of the cyst and RKN to slow or halt the development of the nematode. Plants used in this study represent
important crops in Egypt and the US and include soybean, tomato, and maize
So the future work will include: (1) use of gene targets not tried previously; (2) multiplexing targets in the gene
silencing vector or targeting more than one gene for silencing; (3) targeting more than one gene encoding proteins that
are involved in a common biochemical pathway or process; (5) for the first time introduces and initiates RNAi gene
silencing technology for controlling nematodes (6) allowing the application of this same technology toward solving
other agricultural pest and pathogen problems in Egypt.
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Abstract: Project management has an important role in terms of time, cost and flexibility. An agent-based
architecture provides additional robustness, scalability, flexibility that is particularly appropriate for problems
with a dynamic and distributed nature. Integrated agent based project management covers design and
construction planning. It is combined with plan execution, tolerating both the design and plan, which may be
changed as necessary. In this reason, the decision making process requires that the right effects of change need to
be propagated through the plan and design in dynamic environment. It is difficult to estimate the operation times
and costs exactly. A numerical simulation is presented at the end of this paper to illustrate the procedures of the
proposed model.

Key words: Agent systems, construction activities, project management

Introduction

Agent based project management system includes a design agent, planning agent, knowledge agent, cost estimation
agent and project manager agent. Agent based system consists of system analysis, program development, testing,
installation, and user training skills. Main activities of the suggested system include the control and information flow which
are assisting the whole system in every time.

Control activity means by which management control operations. In a project management system, control includes
procedures specified for specific tasks, milestones to mark completion of project phases, and the expertise available within
the project team to solve problems when they are encountered. Giving information activity provides management with
measures of how the system is accomplishing its objectives. Project information systems need to record the current status
of activities and list responsibilities, planned and actual durations of activities, and cost expenditures.

We use multi-agent systems as a technique to support project management in a distributed environment. All
information relevant to the project as a whole should be passed to the project manager. Information of interest for other
team members is often transferred via the project manager as well, even if it is not crucial from the project’s point of view.
Project Manager agent have been taken on coordinator role. It implements the distribution of the task among the Design
Agent, Planning Agent, Knowledge Agent and Cost Estimate Agent.

The next section includes building of model structure in construction activities; then the simulation of the agent based
project management in random PERT method presented. The last section reviews the conclusion and results.

Building of Model Structure

The project management is the organizational structure used by the project manager to get things done. The project
management system includes the information system to provide project team members with necessary information, because
coordination between groups is critical to integrate activities. Organizational structure involves procedures to endure
accurate communication and completeness of activities.

Elonen and Artto reviews the problem areas in project management in detail. Love and Irani assessment the quality
cost information mechanism in project management. Ugwu et al.(2004) design processes the procurement route selection
and effective communication of design parameters between the stakeholders. They reviewed the steel frame structures of the
project management. Tserng and Ling are developed an activity based knowledge management system for contractors.
They addressed the application of knowledge management the construction phase with IDEF (Integrated DEFinition
function modeling). Sadeghpour at al. modeled the CAD-based construction sites. They defined the tasks and activities in
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detail. Kasvi et al. defined the managing knowledge competences in project organizations. They determined the several
potential outputs. They grouped the knowledge management in four different cases such as knowledge creation,
administration, dissemination and utilization. Mahaney&Lederer reviews the information systems of the project
management in agency approach. They determined the goal conflicting in the system and task programming type.

Multi agent systems are branch of the Distributed Artificial Intelligence. The term of agent represents a hardware
or more usually software-based computer system that has properties of autonomy, social ability, reactivity, and pro-
activeness. A stronger notion of the agent adopts mentalistic notions, such as knowledge, belief, intention, and obligation
(Wooldridge and Jennings, 1995)

Wu et al. suggested public investment project in Chine with quality self-control and co-supervision mechanism.
Udeaja et al. (2008) described a web-based prototype (CAPRI.NET) that was developed to facilitate the live capture and
reuse of project knowledge. Xue et al. (2008) suggested the framework, which integrates the construction organizations in
construction supply chain and multi-attribute negotiation model into a multi-agent system (MAS), provides a solution for
supply chain coordination in construction through multi-attribute negotiation mechanism on the Internet. Kim and Kim
(2010) focused on to develop a multi-agent-based simulation system to evaluate the traffic flow of construction equipment
in construction site. Adhau et al., proposed A multi-agent system for distributed multi-project scheduling which can solve
complex large-sized multi-project instances without any limiting assumptions regarding the number of activities, shared
resources or the number of projects. Additionally our approach further allows to random project release-time of projects
which arrives dynamically over the planning horizon. Hadikusumo et al. used the e-portal system for the construction
material procurement .They proposed the decentralized database system equipped with electronic agents for material
procurement.

We represented the multi agent system that is an implementation of a distributed project management tool.
Activites, resources, and important functions are represented in a agent‘s task ability. System contains five main agents.
Among of the agent relations are modeled and evaluated in random PERT method.

Project level activities, and applied of the methods, commitment, unclear roles and responsibilities are modeled in
agent based structure. Process of project information in construction is reviewed in probability PERT mechanism. Summary
of construction activities in MAS system in Table 1, analyzed of the probability PERT approach then obtained the project
finish time .This procedure repeated in 100 times, and data are evaluated and system decision mechanism obtained the
average project completion time. Suggested system provides the managing of the project scheduling mechanism.

Construction projects are complex and time-consuming, which have usually been characterized by their
complexity, diversity and the non-standard nature of the production. Whatever successful and unsuccessful projects have
been executed by the general contractors, a valuable record of each one should be kept to identify best and worst company
practices. During the construction phase of projects, an effective means of improving construction management is to share
experiences among engineers, which helps to prevent mistakes that have already been encountered in past projects. Drawing
on experience knowledge, activity-related information or knowledge normally includes specifications/contracts, reports,
drawings, change orders and data.

MAS system architecture influences information exchanging patterns and relationships between individual agents.
One of the advantages of MAS comes from the cooperation among agents. We adopt multi agent system as information
infrastructure to support project management in a highly distributed environment. The project management agent takes the
functions of coordinator. Agent-based systems have the advantage of being more robust, flexible and fault tolerant than
traditional system. Furthermore, the simple patterns of agent behavior are easier to program. In addition, this approach often
provides a means to solve problems that have previously been unsolvable and to address problems in way that is more
natural, easy and efficient.

The information and knowledge that relates to the whole project and can be clearly classified into activity units can
save the category of the project. Inferred knowledge may include process records, problems faced, problems solved, expert
suggestions, know-how, innovations and notes on experience. Information and knowledge is better saved in activity-based
units to facilitate classification and searching by the system. Moreover, users may search and refer to related information
and knowledge from related activities in past projects.

System decision mechanism are effected the some function as follows;

*» Goals, expected results, scope of project.

* Plans and schedules: start date, end date, major milestone activities, data items and reports.

* Management organization: the customer’s organization, their key players, their evaluators, and the decision- makers
involved in awarding a contract.

* Operational systems: the procedures of selection of the contractors, what is to be done, when it is to be done, who will do
it, and how it will be done.

* Technical approach: technical standards and specications, new technology added and the necessary skills for key persons.

* Related and future work: the importance of the project to the customer, future work and the customer’s future capital
expenditure.

» Competition for the project: who are the competitors and do they have any special advantages? Customer has biased
toward a particular competitor.
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Agent based project management includes the processes, tasks and issues to consider in planning and designing for
construction of building domain, and formulating the knowledge structures and framework for automated knowledge
acquisition, and learning for constructability assessment in infrastructure design and construction. It describes the use of
interviewing techniques to understand problem solving and the development of knowledge models for automated
constructability assessment.

Constructability assessment is critical to achieving project goals. Consequently, it is often undertaken as part of
value engineering exercise. The broad goal of a constructability assessment program is to proactively identify potential
sources of problems especially during the construction and/or installation of a designed facility, and to identify measures
that would mitigate or minimize the problems and their effects on achieving the project goals. Thus adequate assessment
and planning for identify some of these issues.

Upon receiving an order, the project management agent is stimulated, and it activates the system decision
mechanism. Within this system, there are choices of building like factories, schools, bridges, houses, blocks, malls, etc.
Project management in cooperation with the other agents supervises the working of the system. When it comes to the
application, one of the choices is taken as a base model, and the simulation process is run with Random PERT. This way,
we obtain information as to when the project is likely to end.

Simulation for Agent Based Project Management

Construction projects are full of the uncertainties, including weather, labor skills, site conditions, and management
quality. Therefore many probabilistic scheduling models, including program evaluation and review technique (PERT) have
been proposed in a construction project as uncertain in multi-agent system. Simulation is a very valuable tool for analyzing
models involving elements described by probability durations. Projects involve interrelated activities, many of which are
probabilistic. Agent based project management activities are modeled on spreadsheets in Excel.

Model scheduled earlier involved five agent activities. A through E. Assume that the all activities involve some
uncertainty. The best way to proceed is to gather statistics on past agent activities (if possible) so that sound data can be
used to estimate the expected durations and probability distribution for specific activities. Uncertain activities are generated
using random numbers.

The PERT method is also based on independence of activity durations. However, this is not true in projects. If one

activity is late, there is a tendency for management to rush following activities to compensate. This would result in a case of
negative correlation between durations. There also can be similar underlying causes of lateness that might be positively
correlated, such as skill shortages.
PERT addresses the widely recognized uncertainty involved in project management activities, but it makes a rigid
assumption about the distribution of durations, and the calculation of probability of completion by a specified time
disregards no critical activities, simulation provides a flexible means of evaluation probability of projects being completed
by specific time. Any distribution of duration can be assumed. The distribution used should be based on empirical data if
possible. All activity paths are considered in the simple spreadsheet network. For instance, observed data may not be
symmetric. The triangular distribution might provide a better fit to such data than does the normal distribution.

101



"~ ISTEC

International Science and Technology Conference, Dubai, 13-15 December 2012

]
Design Agent (A) Planning Agent ( B) Knowledge Agent (C)

Generate Building Specifiications (A1) Determine Construction (B1) e Define Building Problem (C1) o
o Building Concept+Design (A11) o Derive Construction Features (B11) o Identify Project Type (C11) o
o Drainage Concept+Design (A12) o Select Requirements Materials (B12) o Identify Building Mix (C12) o
o Site Planning (A13) o Select Process (B13) o Identify Related Buildings (C13) o
o Preliminary Site Envistigation (A14) o Select Major Resources (B14) o Identify Critical Dates (C14) °
Perform Preliminary Design (A2) o Estimates (B15) o Identify Target Costs (C15) .
o Develop Preliminary (A21) Determine Building Process Sequences (B2) o Identify Construction Constraints (C16) .

o Configurations Consolidate (A22) o Specify Operations (B21) Specify Building & Support Processes (C2)

o Building Designs (A23)
o Select Design (A24)
Produce Detai Design (A3)

o System/Compenent Analyze (A31)

o System/Compnent Evaluate (A32)

o System/Component Design (A33)
Analyze System/Component Design
(A34)

o Sequence Operations (B22)
o Specify Building Routing (B23)
o Validation Plan (B24)
Engineer New Processes (B3)
Develop Tooling Packages (B4)
Develop Equipment Instuctions (BS)
o Specify Tooling Requirements (B51)
o Generate Operator Instructions (B52)
o Validate machine and eq.instr. (B53)
Finalize Construction Package (B6)
o Develop Resource Planning Package
(B61)
o Develop Scheduling Package (B62)
o Update Plan Library (B63)

Design Building System (C3)
Model and Evaluate System (C4)
Define Implementation Plans (C5)

Cost Estimate
Agent (E)

Estimating Cost of Planning Buildings (E1)
Develop Preliminary Cost Estimates (E2)
Develop Final Cost Estimates (E3)

Identify Target Costs (E4)

Figure 1. Agent Based Construction Project Management Activities
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Table 1. Standart building’s project process and considering time values.

Task Min | Mode | Max | Random | Duration | Start Finish
[] Develop Building Plan (D1) 9 8 15 0,4808 10,3303 0| 1033
* Generate Building Specifiications (Al) 8,49664 10,33 18,83

o Building Concept+Design (All) 1 2 3 0,7267 2,26063

o Drainage Concept+Design (A12) 1 1 2 0,8096 1,56368

o _Site Planning (A13) 1 3 4 0,4957 2,7245

o Preliminary Site Envistigation (A14) 1 1 2 0,9973 1,94783
[] Define Building Problem (C1) 12,5656 10,33 22,9

o Identify Project Type (C11) 1 1 2 0,1521 1,07918

o _Identify Building Mix (C12) 1 3 3 0,9059 | 2,90356

o Identify Related Buildings (C13) 1 2 3 0,8802 2,51045

o Identify Critical Dates (C14) 1 1 2 0,3568 1,19803

o Identify Target Costs (C15) 1 3 4 0,7688 3,16711

O Identify Construction Constraints (C16) 1 2 3 0,2501 1,70727
[l Determine Construction (B1) 9,36559 10,33 19,7

o Derive Construction Features (B11) 1 1 2 0,6111 1,37638

0 Select Requirements Materials (B12) 1 2 3 0,792 2,35508

o Select Process (B13) 1 1 2 0,8057 1,55926

o Select Major Resources (B14) 1 3 4 0,4571 2,65602

o Estimates (B15) 1 2 3 0,0877 1,41885
[] Estimating Cost of Planning Buildings (E1) 2 3 4 0,2675 2,73149 | 22,896 | 25,63
[] Perform Preliminary Design (A2) 8,8183 | 25,627 | 3445

o Develop Preliminary (A21) 1 1 2 0,8857 1,66188

o Configurations Consolidate (A22) 1 3 4 0,4314 2,60881

o Building Designs (A23) 2 3 4 0,7617 | 3,30957

o Select Design (A24) 1 1 2 0,4194 1,23804
[] Determine Building Process Sequences (B2) 9,28968 | 34,446 | 43,74

o Specify Operations (B21) 1 2 2 0,5826 1,76325

Table 1. Standart building’s project process and considering time values (continue).

0 Sequence Operations (B22) 1 3 4 0,4607 2,66266

o Specity Building Routing (B23) 1 2 3 0,1229 1,49571

o Validation Plan (B24) 1 4 0,8669 | 3,36806
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[] Specify Building & Support Processes (C2) 2 3 5 0,7191 3,70179 | 43,735 | 47,44
[] Develop Preliminary Cost Estimates (E2) 3 5 6 0,8299 5,28566 | 47,437 52,72
[] Define Building Jobs (D2) 2 3 4 0,9798 3,799 | 52,723 | 56,52
[] Produce Detai Design (A3) 8,73297 | 56,522 65,25
0 System/Compenent Analyze (A31) 1 2 3 0,6957 2,21992
o System/Compnent Evaluate (A32) 1 1 2 0,016 1,00801
o System/Component Design (A33) 1 2 3 0,9968 2,92017
0 Analyze System/Component Design
(A34) 1 2 3 0,9138 2,58487
[] Design Building System (C3) 3 4 5 0,7062 | 4,23339 | 56,522 | 60,76
[] Engineer New Processes (B3) 3 5 6 0,3623 4,47442 56,522 61
[] Develop Tooling Packages (B4) 5 6 7 0,5396 6,04038 | 56,522 62,56
[] Develop Equipment Instuctions (B5) 9,808 | 56,522 66,33
o Specity Tooling Requirements (B51) 1 2 3 0,2297 1,67774
o Generate Operator Instructions (B52) 1 1 2 0,7296 1,48003
o Validate machine and eq.instr. (B53) 1 3 4 0,8785 3,3962
[[] Model and Evaluate System (C4) 2 3 4 0,7218 3,25404 | 56,522 59,78
[] Develop Final Cost Estimates (E3) 3 5 6 0,175 4,02464 66,33 70,35
[] Manage Tooling & Materials (D3) 2 3 4 0,5113 3,01141 70,354 73,37
[ Schedule Jobs (D4) 2 3 5 0,8445 4,03423 | 73,366 77,4
[] Control of Building (D5) 1 2 3 0,3235 1,8043 774 79,2
[] Finalize Construction Package (B6) 3,37634 | 79,204 82,58
o Develop Resource Planning Package
(B61) 1 1 2 0,3101 1,16942
o Develop Scheduling Package (B62) 1 3 4 0,0853 1,71521
o Update Plan Library (B63) 1 2 3 0,9468 0,49171
[] Define Implementation Plans (C5) 3 4 6 0,4107 0,7287 79,204 79,93
[] Identify Target Costs (E4) 2 3 5 0,2041 0,81088 | 79,204 | 80,02
[[] Manage Building Facilities (D6) 2 3 4 0,8365 0,83261 82,581 83,41

Conclusions

The main research contributions include the development of conceptual knowledge structures (i.e. concept maps and
task models) for (i) distributed management of constructability knowledge, (ii) developing intelligent agents, (iii)
collaborative working, and (iv) a framework for automated knowledge acquisition, teaching and learning, for design and
construction of steel frames.

Fig3 represents the standart deviation of the project management finish time. Fig.4 shows the project finish time
frequency.
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Figure 3. Represents the standart devision for project finish day.
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