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 مَجلةُ أُريد الدَّوليةُ للعُلومِ والتِّكنولوجيا
 م 2021 حزيران،  4، المجلد  7العدد 

 

 المحرررسالة 

شةددت ناممةة ، حيةث (91 –كوفيةد )سوف يتم التركيز في هذه الرسالة على اتجاهات البحث العلمي بعد حدوث جائحةة كووواةا 

م اضطراباً غير مسبوق بفعل جائحة كووواا، فوفقاً لأوقام حديثة صادوة عن معدةد اليواسة و 0202التعليم في العالم خلال العام 

مةن  12%ملياو تلميذ وطالة،، ن  مةا يزيةد علةى  9.1معات العالم نبوابدا نمام نكثر من للإحصاء، فقد نغلقت معمم مداوس وجا

 . إجمالي الداوسين

في التعليم مة  بييةة تحتيةة عاليةة الأتمتةة باسةتُدام م عطيةات الثةووة  اتجاهات جديدة مدووم ب0202بالاضافة لذلك فقد تميز العام 

لات متوقَّعة سوف ت ون كبيةرة وهي ليةة فةي نامةاط التعلةيم العةام نو  الصياعية الرابعة، وناممة الذكاء الاصطياعي، ونن ثمَّة تحوُّ

 .الجامعي

لات التعليم في زمن ما بعد كووواا  :ومن نبرز تحوُّ

 مة  .استُدام التقييات المتقدِّ

 ات، لمُتلف مراحل التعليم، خاصة بعد نن نثبتت فاعليتدا في وقت شِدة الجائحة  . إاشاء مزيد من البوابات والميصَّ

 تعزيز التعليم عبر الإاترات وبرمجيات التعلُّم الت يفية. 

 إن ء الاصةطياعي، والةذكا التعلةيم الإل ترواةي، التعلةيم عةن ب عةد، نهم الأاماط الجديدة ذات البيية الرقمية فةي التعلةيم هةي

 .يتطلّ، التُطيط الجيّد إدماج التقييات الجديدة في المياهج الدواسية والبحث العلمي
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بدن مفدوم الاقتصاد الرقمي في العقد الأخير من القرن الماضي وتطوو فةي كافةة المرافةلا الاقتصةادية مةن خةلال الدواتةف الذكيةة 

 . وشب ات التواصل الاجتماعي والميصات التشاوكية

وزاد اهتمةام الةدول المتقدمةة بالاقتصةاد الرقمةي اتيجةة ليمةو الت يولوجيةات الرقميةة وزيةادة إعةداد المسةتُدمين إلةى اصةف سةة ان 

وتعةةد الاسةةتراتيجيات الرقميةةة الوطييةةة . الأوض، وتطبيقاتةةف فةةي التجةةاوة الإل تروايةةة واليقةةل والتعلةةيم والصةةحة وقطاعةةات نخةةر 

 .لاجتماعي الضروو  لبلوغ نهداف التيمية المستدامةمدمة لتحقيلا اليمو الاقتصاد  وا

ولا بد من الإشاوة إلى الفجوة ال بيرة في مجال الاقتصةاد الرقمةي بةين الاقتصةاديات العربيةة والاقتصةاديات المتقدمةة، وضةرووة 

وهيةا  تيةافأ نمري ةي صةييي فةي الحصةول علةى الحصةة الأكبةر مةن . حث الُطةى باللحةاق بةالتحولات الياشةية فةي هةذا المجةال

لاقتصاد الرقمي وتوظيف الت يولوجيا في مجال المعلومات والاتصالات لُدمةة التجةاوة وتسعى الدول لتم ين ا. الاقتصاد الرقمي

على المستو  العالمي، وتوجيةف الاسةتثماو فةي هةذا القطةاي الحيةو ، وتةدوي، كةوادو وطييةة متُصصةة فةي البرمجةة والصةيااة 

 . رصية وبتشريعات محلية واقليمية ودوليةلتحقيلا جودة البيية التحتية، وتواجف التحديات بتطوير برمجيات الحماية من الق

وتشير التقاوير الصادوة من قاعدة بيااات البيك الةدولي نن الصةادوات مةن السةل  الت يولوجيةة مةن الةدول العربيةة مجتمعةة خةلال 

ولاو ومةا تريليةون د 9.2مليةاو دولاو بييمةا تعةدت الصةادوات السةلعية للعةالم  9.7م لم يتعد  الـ 0292، 0290، 0299الأعوام 

مليةاو  91وبلغت استثماوات الدول العربية في الت يولوجيا بعةد جائحةة كووواةا الةـ . من الألف من الااتاج القومي العربي 9يمثل 

  .م0204ملياو دولاو في العام  02م، ويتوق  لدا الزيادة على الـ 0291دولاو في عام 

 :جمالف بالآتينما واق  البحث العلمي بعد تفشي جائحة كووواا فيم ن ا

  تأثرت البحوث الإجرائية بش ل كبير والسب، عدم إم ااية تطبيلا التجربة في نكثةر البحةوث، فةالبحوث التربويةة تواجةف

  .إغلاق المؤسسات التعليمية

  لم تتوقف حركة العلوم اليمرية والرياضيات وتُصصةات العلةوم الإاسةااية والتةاويل واللغةات، واسةتمر اليشةر العلمةي

 .ف وتوفر متس  من الوقت ليشر ما يم ن من المعلوماتوالتألي

  تأثرت معمم مُتبرات البحوث في العالم بسب، جائحة كووواا، حيةث ندت إلةى الإغةلاق الجزئةي نو ال لةي للمُتبةرات

 .البحثية من جدة وإلى اقص التمويل للبحوث العلمية بسب، الازمة الاقتصادية من جدة ثااية

  م  كل الااحساو والاختياق الحاصل في مجةال البحةث العلمةي إلا نن مُتبةرات البحةوث قةد عملةت بالحةد الأداةى خةلال

ت يف البةاحثين مة  الوضة  الجديةد باسةتُدام إجةراءات السةلامة والوقايةة مةن الإصةابة مثةل التعقةيم ولةبأ الجائحة، م  
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اتائج البحوث حس، تُصصاتدا لعدم توقف الجامعات عةن  واستمرت المُتبرات بيشرال مامات والتباعد الاجتماعي، 

 .التدويأ على مستو  الدواسات الأولية والدواسات العليا ول يدا تحولت إلى التعليم الإل ترواي

  نمةةا الأبحةةاث التةةي تعتمةةد علةةى البةةرامج الحاسةةوبية والمحاكةةاة فلةةم تتةةاثر كثيةةرا بسةةب، الجائحةةة امةةرا لطبيعتدةةا الملائمةةة

 .تباعد الاجتماعيلإجراءات ال

  البحةةوث القائمةةةة علةةى تجةةةاوو مُتبريةةةة وتتعلةةلا بمشةةةاوكة الطلبةةة نيضةةةا تةةةأثرت لعةةدم إم اايةةةة حضةةوو الطلبةةةة إلةةةى

 .المُتبرات

  البحوث المتعلقة ببعض القطاعات التي نغلقت بال امل، ت اد ت ون متوقفة تماما كالبحوث المتعلقةة بسةلو  الأطفةال فةي

ولةةم تفةةتى حتةةى هةةذه  0202لبحةةوث المتعلقةةة بالسةةييما، فدةةذه القطاعةةات نغلقةةت ميةةذ فبرايةةر نمةةاكن اللعةة، والترفيةةف، نو ا

 .اللحمة

  ،تأثرت البحوث التي تعد الاسةتبااة نحةد نهةم ندواتدةا تةأثرا شةديدا علةى مسةتو  مصةداقية هةذه الأداة، والسةب، نن نغلة

ليةاس يتجةاوبون مة  الاسةتبااة وي لفةوا نافسةدم عيةاء الباحثين لجأوا إلى هذه الأداة لإاجاز بحوثدم، وفي العادة قليل من ا

معدةا  –شبف التةام  –الرد، وبعد الجائحة لا ي اد يُلو يوم من إوسال هذه الاستبااات الأمر الذ  ند  إلى عدم التجاوو 

 .من قبل الفية المستددفة

 لذهاو إلى م تبة نو متحف للحصةول البحوث التي تعتمد على الوثائلا اليادوة غير الميشووة إل تروايا والتي تستوج، ا

عليدا تأثرت هي الأخر  بش ل كبير م  الإغلاق الحاصل نو م  تقليص عدد الموظفين وفي الغال، لجةوئدم إلةى عةدم 

 .استقبال الباحثين

  ،البحوث التي تعتمد على زياوة المواق  التاويُية نو ما يشابددا من ااحية احتياجات البحث، تأثرت هي الأخةر  بسةب

 .إغلاق هذه المواق 

 

 :كان من الطبيعي نن يحدث تحول في اتجاهات البحث العلمي بعد حدوث جائحة كووواا، والذ  تمثل فيما يليو

  علةةى دواسةةة الفةةايروس المسةةتجد ونطةةواوه وعمليةةة ( البيولوجيةةا)وجةةف بةةاحثو الطةة، بأاواعةةف والصةةيدلة وعلةةوم الحيةةاة

تسةاعد علةى ااتشةاو نو ااحسةاو الجائحةة، وكةذلك طةرق الوقايةة والتشةُيص تحووه وكيفية الإصةابة بةف والعوامةل التةي 

 .والعلاج

  ساهمت بحوث ال يمياء في دعم البحوث البيولوجية، وفي افأ الوقةت فةي تطةوير الميمفةات ووسةائل التعقةيم وملابةأ

 .الوقاية
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 شاوكت بحوث الفيزياء في تطوير نسالي، التشُيص والتحليل. 

  الديدسةةية كيفيةةة تطبيةةلا اتةةائج البحةةوث الأكاديميةةة ووضةةعدا موضةة  التيفيةةذ مةةن حيةةث تطةةوير نجدةةزة تياولةةت البحةةوث

التشةُيص والعةلاج ونجدةزة التةةيفأ ووسةائل وقايةة الأطقةم الطبيةةة وتطةوير طةرق العةزل وإيجةةاد حلةول لمةا يطةرن مةةن 

  .مش لات

  لقطاي الاستراتيجي ال فيل بتحويةل الأزمةات عن نهمية البحث العلمي، وحيوية الاستثماو في هذا اكشفت نزمة كووواا

 . والمُاطر إلى محطات لاستُلاص اليتائج وإوساء الاستراتيجيات ال فيلة بتحصين المستقبل
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UNION AND INTERSECTION OF CHAOTIC GRAPHS WITH DENSITY VARIATION 

Fathia Milad Alogab      Ibtesam Milad Laqab 

Mathematics department - Science College - Al-Asmarya Islamic University - Libya 
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ABSTRACT 

The aim of  the present study is to discuss the union and intersection operations on chaotic 

graphs with density variation; the adjacency and incidence matrices representing the chaotic 

graphs induced from these operations will be introduced when physical characters of chaotic 

graphs have the same properties.  

There are several applications that have been utilized on chaotic graphs with density variation. 

The most practical applications of these kinds of operations on chaotic graphs with density 

variation are the internet signal speeds and the variation of green color for different parts of the 

plant. For example, in botany, in some cases several plants suffer from a lack of chlorophyll in 

the damaged parts of the plant. In this case the plant is represented by a chaotic graph and the 

proportion of chlorophyll is represented by the density property, then the appropriate process is 

applied to increase the chlorophyll percentage in the appropriate place, so these operations helps 

us to choose the suitable operator that satisfy our desires and requests.   

Keywords:  adjacency matrix, incidence matrix, chaotic graph, density, union, intersection.  
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 المـلـخـــص

 وهما الكثافة خاصية تحمل التي ( المُشوّشة ) الفوضوية المخططات على الجبرية العمليات بعض مناقشة يتم سوف البحث هذا في

 (الاسقــاط) والوقوع (المجاورة )التأثير مصفوفتي صورة في العمليات هذه نتائج استعراض سيتم كذلك والتقاطع، الإتحاد عمليتا

 .واحدة  خاصية يحمل  المشوش مخططال يكون عندما

 الكثافة خاصية تمثيل يمكننا حيث ،(الفوضوية) المشوّشة المخططات لدى الكثافة مستوى على العمليات هذه تأثير يناقش البحث هذا

 لمخططل المختار التطبيق متطلبات حسب فعلى الشبكة، على الإنترنت إشارات بسرعة أو النباتات في الكلوروفيل مادة بتركيز

 الأخرى، دون الشبكة من معينة مناطق في الإنترنت سرعة تحفيز أو زيادة الممكن فمن لذلك المناسبة إختيارالعملية يمكن المشوّش

 النباتات أجزاء على التأثير دون لإنعاشها للتلف المعرضة النباتات من معينة أجزاء في الكلوروفيل نسبة تحفيز يمكننا كذلك

 .الأخرى

   مصفوفتي دراسة عليها، الحصول أهمية و المطلوبة النتائج على الحصول يمُكّننُا المناسبة العملية مع المناسب التطبيق ستخداما

 على التركيز عملية في وتساعده المشوّش للمخطط الإرتكاز نقاط فهم في الباحث تساعد (الإسقــاط) والوقوع (المجاورة )التأثير

  .المشوش للمخطط وبةالمطل للأجزاء الكثافة مستوى

، كثافة، إتحاد، (المشوش)، المخطط الفوضوي (الإسقاط)، مصفوفة الوقوع (المجاورة)مصفوفة التأثير : الكـلمـات المفـتاحـيـة

 .تقاطع
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1. INTRODUCTION 

Scientists of all physical systems are searching for a simple structure that describe the topology 

of the system in a simple way which help them to develop the performance of the system, the 

theory of chaotic graphs is introduced to describe most of these physical systems, it visualizes 

the topology of the system, so scientist can apply their physical character on the system and 

understand the behavior of the physical character. In this research, the physical character is 

presented by the density character; the density character can represent many physical 

applications in different fields such as biology fields (i.e. Chlorophyll degree, Bacterial grows, 

nerve system), chemical systems (i.e. atoms topology), internet technology (i.e. web internet 

signal speed) and many other different fields. [1, 2] 

Our interest is applying the algebraic part of the chaotic graph and translated on the chosen 

applications, so the theory of chaotic graphs can help scientists to understand and control their 

applications. 

Basic topological definitions and backgrounds are relevant to this article are cited in this 

background. 

1.1. Definitions and backgrounds 

● Simple graph  ),( EVG  : Is a graph with no loops or multiple edges [3]. 

● Adjacency and incidence: Let v  and w  be vertices of a graph, if  v  and w  are joined 

by an edge  e  , then v  and w  are said to be adjacent. Moreover, v  and w  are said to 

be incident with  e  , and e  is said to be incident with v  and  w   [4, 5, 6].   

● The adjacency matrix: Let G  be a graph without loops, with n -vertices labeled 

n,...,3,2,1 the "adjacency matrix" )(GA  is the nn  matrix in which the entry in row i   

and column j  is the number of edges joining the vertices i  and j  [4, 5, 6]. 
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● The incidence matrix: Let G  be a graph without loops, with n -vertices labeled 

n,...,3,2,1  and m - edges labeled m,...,3,2,1 .The" incidence matrix" )(GI  is the mn  

matrix in which the entry in row i  and column j  is 1  if vertex i   is incident with edge 

j  and  0    otherwise  [4, 5, 6]. 

Example: Consider the graph G  in Figure (1): 

0v

2v

3e

2e

1e

1v

3v

4e
5e

Loop

Multiple edges

 

Figure (1): Multiple graph 

The adjacency matrix )(GA  is:   





















0200

2011

0111

0110

)(GA     

And its incidence matrix )(GI  is:  





















11000

11110

00011

00101

)(

1

GI  

Noting that the symbol (  11  ) in the second row and first column means that we have one 

loop at the vertex 1v  with the edge 1e . Also, if we have two loops at the same above vertex, 

we symbolize it by 111 . Moreover, if we have an infinite number of loops at any vertex, say iv , 

we use the symbol ...11111   to represent them [1]. 

● Chaotic graph ),( hhh EVG : Is a geometric graph that carries many physical characters, 

these geometric graphs might have similar properties or different [5, 7, 8, 9]. 
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● Null graph: Is a graph consists of a set of vertices and no edges [9, 10]. 

● Loop: A loop is an edge which starts and ends on the same vertex [6, 7, 8]. 

● Multiple edges: Tow or more edges joining the same pair of vertices are called 

"multiple edges" [2]. 

● Density (d): Is a physical property of matter, as each element and compound has a 

unique density associated with it [11]. 

● The "union" G  of two graphs 1G and 2G  is a graph 21 GGG  having 

               )()()( 21 GVGVGV   and )()()( 21 GEGEGE  such that )()( 21 GVGV   [ 10]. 

● The "intersection" of two graphs ),( 111 EVG   and ),( 222 EVG  , with at least one vertex 

in common than their intersection will be the graph of vertices and edges defined as 

follows: )()()( 2121 GVGVGGV    and )()()( 2121 GEGEGGE    [9]. 

 

1.2. The matrix representation for fixed and different densities of chaotic graphs: 

In this part we will obtain the adjacent and incidence matrices for two cases:       

1. When degree of density is fixed, for example degree of green color of a leave is a perfect 

green. 

2. Degree of density is different and various between chaotic levels and areas. For example 

degree of green color of a leave is various between different parts of a leave. 

We will denote the degree of each area on the chaotic graph by pqd , where p  denotes level of 

chaotic graph, while q  denotes different areas on each level of chaotic graph [11] .See Figure (2) 
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0

jhv 1

jhv
1

0 he

1

1 he

1

2 he

1

he

 

                       Figure (2): 1-Simplicial chaotic graph 

And the adjacent and incidence matrices are: 




















hh

hh

h

pqdpqd

pqdpqd
GA

)...0123()...0123(

)...0123()...0123(

01

10
)( , .

1

1
)(

)...0123(

)...0123(


















h

h

h

pqd

pqd

GI  

2. Union and intersection of chaotic graphs with density variations: 

2.1. Union of chaotic graphs with density variation 

This part will discuss and explain the union of two chaotic graphs with density variation, we 

shall show the union of two simple and multiple chaotic graphs inducing the adjacent and 

incidence matrices of the resulted, discussion can be understand it clearly via examples. 

Consider two simple chaotic graphs with density variation 
1

hG  and 
2

hG  which are

}...2,1,0;{ 11

0

01  jvevG jhhjhh  
, },...2,1,0;{ 24433222  jvevevevG jhjhjhjhjhjhjhh and their union 

},...2,1,0;{ 244332211021  jvevevevvevGG jhjhjhjhjhjhjhjhjhjhhh   is shown in Figure (3) 

0

jhv

1

jhv

2

jhv

3

jhv

1

hG 2

hG

d
d

d
d d

d

0

jhv

1

jhv
3

jhv

2

jhv

21

hh GG 

d
d

d

d

d

d

d
d d

d
d

d

d

d

d
d

d

d
1

0he 3

0 he
4

0 he

2

0 he 2

0 he 3

0 he
4

0 he
4

jhv 4

jhv

1

0he

 

Figure (3): Union of two simple chaotic graphs 
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Both the adjacent and incidence matrices of  1

hG  , 2

hG   and 
 

21

hh GG   respectively are: 




















hh

hh

h

pqdpqd

pqdpqd
A

)...012()...012(

)...012()...012(1

01

10


















h

h

h

pqd

pqd

I
)...012(

)...012(1

1

1



























hhh

hhh

hhh

h

pqdpqdpqd

pqdpqdpqd

pqdpqdpqd

A

)...012()...012()...012(

)...012()...012()...012(

)...012()...012()...012(

2

011

101

110

.

110

011

101

)...012()...012()...012(

)...012()...012()...012(

)...012()...012()...012(

2



























hhh

hhh

hhh

h

pqdpqdpqd

pqdpqdpqd

pqdpqdpqd

I   

And ,

01100

10100

11000

00001

00010

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(



































hhhhh

hhhhh

hhhhh

hhhhh

hhhhh

h

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

A

  



































hhhh

hhhh

hhhh

hhhh

hhhh

h

pqdpqdpqdpqd

pqdpqdpqdpqd

pqdpqdpqdpqd

pqdpqdpqdpqd

pqdpqdpqdpqd

I

)...012()...012()...012()...012(

)...012()...012()...012()...012(

)...012()...012()...012()...012(

)...012()...012()...012()...012(

)...012()...012()...012()...012(

1100

0110

1010

0001

0001

 

As the above result the total density of the resulted graph is increased. 

Consider two multiple chaotic graphs with density variation ),( 111

hhh EVG and ),( 222

hhh EVG such that

}...2,1,0;,{ 101  jvvV jhjhh }...2,1,0;{ 11  jeE jhh , },...2,1,0;,,{ 4322  jvvvV jhjhjhh

}...2,1,0;,,,{ 54322  jeeeeE jhjhjhjhh .See Figure (4) 
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1

hG
21

hh GG 

0

jhv 2

jhv

3

jhv

4

jhv1

jhv

2

jhe
1

jhe

3

jhe
4

jhe

5

jhe

0

jhv

1

jhv

2

jhv

3

jhv

4

jhv

1

jhe 2

jhe

3

jhe
4

jhe5

jhe

2

hG

d
d

d

d

d

d
d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

 

Figure (4): Union of two multiple chaotic graphs 

Both the adjacent and incidence matrices of 21, hh GG and 21

hh GG 
 
respectively are: 




























































hhh

hhh

hhh

h
h

h

h
hh

hh

h

pqdpqdpqd

pqdpqdpqd

pqdpqdpqd

pqd

pqd

pqdpqd

pqdpqd

AIA

)...012()...012()...012(

)...012()...012()...012(

)...012()...012()...012(

2

)...012(
1

)...012(1

)...012()...012(

)...012()...012(1

012

101

210

,
1

1
,

11

10
 



























hhhh

hhhh

hhhh

h

pqdpqdpqdpqd

pqdpqdpqdpqd

pqdpqdpqdpqd

I

)...012()...012()...012()...012(

)...012()...012()...012()...012(

)...012()...012(),,,012()....012(

2

1110

0011

1101

 

,

01200

10100

21000

00011

00010

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(



































hhhhh

hhhhh

hhhhh

hhhhh

hhhhh

h

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdqd

pqdpqdpqdpqdpqd

A  

 

. 

 

 



































hhhhh

hhhhh

hhhhh

hhhhh

hhhhh

h

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

pqdpqdpqdpqdpqd

I

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012()...012(

)...012()...012()...012()...012(

1

)...012(

)...012()...012()...012()...012()...012(

11100

00110

11010

00001

00001
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The union of two chaotic graphs with density variation is another chaotic graph with more 

extremer density value to the resulted chaotic graph. The adjacent and incidence matrices 

representing the union of two chaotic graphs can be obtained from the adjacent and incidence 

matrices of representing each of the given chaotic graphs constituting such a union of both of 

them by adding to them some chaotic zero matrices. 

2.2. Intersection of chaotic graphs with density variation: 

The operation of intersection on chaotic graphs is quite interesting compared to the operation of 

union; the following discussion explains the intersection of any two chaotic graphs with density 

variation by examples in several cases (i.e. disjoint, common vertices and common edges). The 

results of intersection of any two chaotic graphs are based on the intersection of any two 

geometric graphs. 

2.2.1. Disjoint intersection of chaotic graphs with density variation: 

Consider two simple chaotic graphs with density variation ,...}2,1,0;{ 1101  jvevG jhjhjhh and

,...}2,1,0;{ 433222  jvevevG jhjhjhjhjhh . See Figure (5)  

0

jhv

1

jhv 2

jhv

3

jhv

4

jhv
1

0he

1

1he
1

2he 2

0 he
2

1he2

2he

3

0he 3

1he 3

2he

1

hG 2

hG
 

Figure (5): Two simple chaotic graphs 
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Applying the intersection on 1

hG  and 2

hG , (i.e. 21

hh GG  ) results the empty graph, and both the 

adjacent and incidence matrices representing the chaotic graphs with density variation 21, hh GG and 

21

hh GG  are: 

.

10

11

01

,

010

101

010

,
1

1
,

01

10

)...012()...012(

)...012()...012(

)...012()...012(

2

)...012()...012()...012(

)...012()...012()...012(

)...012()...012()...012(

2

)...012(

)...012(1

)...012()...012(

)...012()...012(1























































































hh

hh

hh

h

hhh

hhh

hhh

h

h

h

h
hh

hh

h

pqdpqd

pqdpqd

pqdpqd

pqdpqdpqd

pqdpqdpqd

pqdpqdpqd

pqd
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While the adjacent and incidence matrices of the intersected chaotic graph 21

hh GG   is the 

.matrix, (I.eـ matrixAh  , matrixIh  ).  

So; if any two chaotic graphs with density variation are disjoint, then both of the adjacent and 

incidence matrices representing that intersection are ,matrix and the density value of the 

intersected graph is zero. 

2.2.2. The intersection of two chaotic graphs with density variation common in one vertex 

or more vertices: 

 Consider two simple chaotic graphs with density variation ...}3,2,1,0;{ 1101  jvevG jhjhjhh and

...}3,2,1,0;{ 231202  jvevevG jhjhjhjhjhh , then their intersection 21

hh GG   is the null graph of only two 

chaotic vertices ...}2,1,0;,{ 10 jvv jhjh . See Figure (6). 
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Figure (6): Two chaotic graphs common in two vertices 

The density value in the intersected graph is greater than the original two chaotic graphs. The 

adjacent and incidence matrices of 1

hG , 2

hG and 21

hh GG   are: 
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The adjacent and incidence matrices of the intersection of two chaotic vertices with density 

variation in the case if they are common in one vertex or many vertices and without any common 

edges are zeros matrices, but they have a double density in the intersected chaotic vertices. 

2.2.3. The intersection of two chaotic graphs with density variation common in more than 

one edge: 

Consider two simple chaotic graphs with density variation 

,...}3,2,1,0;{ 33221101  jvevevevG jhjhjhjhjhjhjhh and ,...}3,2,1,0;{ 44332212  jvevevevG jhjhjhjhjhjhjhh .See Figure 

(7) 
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The intersection of 21

hh GG 
 
results another simple chaotic graph with denser value at these 

locations, and the adjacent and incidence matrices of 1
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 Figure (7): Intersection of two simple chaotic graphs common in two edges 
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If any two chaotic graphs with density variation are intersected in one edge or in many edges, 

then both the adjacent and incidence matrices representing that intersection are not zero matrices 

and they are not sub matrices of those representing the given two chaotic graphs and the total 
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density of the intersected graph will be reduced as it is a sub-graph of the two graphs, while it is 

increased in the intersected area. 

2.2.4. The intersection of two chaotic graphs with density variation common in more than 

one edge and vertex in another way: 

Consider   two multiple chaotic graphs
 
with density variation ...}}2,1,0,9,8,5,3,2,1{;{  jiei

jh

and ,...}};3,2,1,0{&}4,3,2,1{;{2  jivG i

jhh  ...}}2,1,0,8,7,6,5,4,3,2{;{  jiei

jh . See Figure 

(8). 
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Figure (8): Intersection of two chaotic graphs common in more than one vertex and edge 

The adjacent and incidence matrices of 1

hG , 2

hG and 21

hh GG    are: 
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An important point is that both the adjacent and incidence matrices of the intersection of two 

multiple chaotic graphs are not sub matrices of those representing the given two multiple chaotic 

graph.  

3. Applications 

 There are several applications applied on chaotic graphs with density variation such as the 

internet signal speeds and the variation of green color for different parts of the plant, for 

example, in botany, in some cases some plants suffer from a lack of chlorophyll, in this case the 

plant is represented by a chaotic graph  and the proportion of chlorophyll is represented by the 
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density property, and then the appropriate process is applied to increase the chlorophyll 

percentage in the appropriate place. 

4. Conclusions 

In this paper, the union and intersection of chaotic graphs with density variation was discussed. 

The union of two chaotic graphs result a new chaotic graph with more extremer density value. 

The intersection operation discussed in several cases, in all cases the density value will increase 

in the intersected area, but the total density of the resulted graph will be reduced compared to the 

original two graphs.  If any two chaotic graphs with density variation are disjoint, then both the 

adjacent and incidence matrices representing that intersection are ,matrix and the density 

value of the intersected graph is zero, while the adjacent and incidence matrices of the 

intersection of two chaotic graphs common in more than one vertex with density variation and 

without any common edges are zeros matrices, but they have a double density at the intersected 

chaotic vertices. 

If any two chaotic graphs with density variation are intersected in more than one edge, then both 

the adjacent and incidence matrices representing that intersection are not zero matrices and they 

are not sub matrices of those representing the given two chaotic graphs such as the case of the 

intersection of two geometric graphs and the total density of the intersected graph will be 

reduced as it is a sub-graph of the two graphs, while it is increased in the intersected area. 

The intersection of two chaotic graphs with density variation common in more than one edge and 

vertex resulted more extremer density in the intersected area as the total density will be reduced 

as it is a sub-graph of the intersected two graphs and both the adjacent and incidence matrices of 

the intersection of those graphs are not sub matrices of those representing the given two multiple 

chaotic graph.  
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In future work, more advanced study on chaotic graphs will be discussed such as the unfolding 

transform and how it effects on the density value of the chaotic graph. Moreover; a comparison 

study will be discussed between the un-folding and folding transform which had been studied in 

previous paper. 

 List of Abbreviations: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d density 

)(GAh  Adjacency matrix of chaotic graph 

)(GIh  Incidence matrix  of chaotic graph 

h An index represents chaotic graph 

G graph 

hG  Chaotic graph 
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ABSTRACT 

 The retention of the lower denture, was one of the most important factors for success 

the complete dentures (CD) for edentulous patients with resorbed mandibular ridge. 

Therefore, this study was conducted to compare the retention of the lower complete 

denture for patients with full resuscitation treated by traditional complete denture and 

denture manufactured by silicon materials. The studied sample consisted of (12) 

patients (5 males and 7 females) between the ages of (55-71) years, with an average 

age of (63) years. Two lower dentures were made in two different ways: the 

conventional method and the silicon material method opposite to one upper whole 

denture. The retention of the lower denture was measured on the digital forces meter 

when the dentures was delivered to the patient. Three readings were recorded for each 

technique.  

 The results showed a difference in the retention of the lower denture. The retention 

value by Newton (N) In set of lower manufactured using silicon materials of the lower 

denture were (7.03) higher in the set of lower denture manufactured in the traditional 

way.    

                                      

Keywords: adsorbed alveolar mandibular ridge, CD, conventional method, silicon 

material, retention of dentures.                                                                       
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 الملخص

لرررمر مر ررر   Complete denture (CD) الكاملرررة أطقرررم الأسرررنانامرررج ن رررا  وأهرررم  مرررن السّرررّلّ   طقرررميعتبررررب تبرررات ال 

ا البحررر   لمقارنرررة  تبرررات ال السّرررّلّ   طقرررم الكامرررجالرررمّرل الكامرررج رتف ا رلّرررا  السّرررنا  السّرررّلّ  الممرررتُ  لرررالبح لرررما نجرررراتب هررراح

عرررال ينح  رررالأ ررر  الرررمرل  الكامرررج  المب  .ليكونيّةيالكاملرررة المعرررنّعة  طريقرررة المررروالّ السّررر طقرررمالكاملرررة  التقليميارررة  تالأ طقم   نرررمح مر ح

ررررج ( 12)لكونحررررع العينررررةب الممرتسررررةب مررررن  ررررع أ مررررارهبم  ررررينح ( ننررررا  7ركررررور ت 5)مررررريد لرل كام  سررررنة ( 71- 55)لراتحح

سررررّليين  طررررريقتين ماتلّتررررين همررررا الطرّيقررررة التقّليميرّرررة تطريقررررة المرررروالّ  طقمررررينلررررما  ررررن ب  .سررررنة( 63) متوسررررم   مررررر  

 طقرررمين السّرررّليين  مقيرررا  القررروّّ الرّقمرررّ   نرررم لسرررليم الأطقمررركامرررج  لررروفّ تاحرررم  تلرررمّ قيرررا  تبرررات ال طقرررمالسّرررليكونيّة مقا رررج 

ين السّررررّليين طقمررررأظهرررررت  النترررراف ب اثررررتت   رررر  تبررررات ال. للمرررريد  لررررمّ لسرررر يج تررررت  قررررراتات لكررررجّ لقنيرّرررة مررررن التقّنيترررين

السّرررررّليّة المعرررررنّعة  طريقرررررة المررررروالّ السّرررررليكونيّة أكبرررررر  طقرررررم ررررر  م مو رررررة الأ Newton ((N تكانرررررع قررررريم قررررروّّ ال بّرررررات

 .عنّعة  الطريقة التقّليميّةالسّّليّة الم طقممنها    م مو ة الأ 7.03 مقمار

 . الأطقمتبات     الطرّيقة التقّليميّة  الموالّ السّليكونيّة( CD) سنخٌ سّل ٌّ ممتُ   :الكلماتُ المفتاحيةُّ 
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 :المقدمة 1- 

لعويد  من طبّ الأسنانة  نم مر   المّرل الكامج تالهم  يعتبر أحم أهم أهما  المعال ة التّعويضيّ CDنن لأمين تبات 

المريد  ن الناحية ال مالية تالوظيّية تلحسين الناحية العّحية انطتقاً من نزالة النار حت  التعويد  ن الأسنان المّقولّ 

 يتناسقطقم ّرّ الّموية تارلمات هاه الأالكاملة المتحركة أجهزّ ميكانيكية رفيسية لؤلف تظيّتها    الح طقمهاا تلعتبر الأ .[1]

 .                                                                     [2]قم يكون له لأتير معاكس  ل  العحة الّموية تالنس  الما مة لل هازت عبية العضلية تيتتتم م  تظافف ال ملة الع

للأسناخ السّّليّة الكاملة  طقملظهر الأ حي  (ال بات تا ستقرار تالم م)يعتمم  ل  لأمين الاعافُ ال تتة  CDكما أن ن ا  

  اللزتجة  ا لتعاق : عو ة    لحقيق هاه الاعافُ  سبب القيول التشريحية تلأتر تبالها  عوامج  ميمّ منها الممتعّة

 .                                               [3] العوامج الاارجية الناشئة  ن  ضتت الّم تالوجه  الضغم ال وفّ 

:السّفليّ للفكّ الأدرد الممتص طقمال -1-1 

 طقمن المبالئ الأساسية لطبعات اليشكج لحميات لقنية كبيرّ لطبيب الأسنان تأحياناً لطر  لحمف مهم للمريد تم  رلب  إ

نن كج من مناطق الم م تالمنطقة المحيطية أت المنطقة الحمية ستكون  تما  م   .العلوف طقملسّل  مشا هة لتلب الاا ة  الا

ت تظيّة مكن لتن لماثج م   حة أأ عم ما أالسّل   طقمالمنطبق ي ب أن لمتم قا مّ الالمناسب  طقمأت م  السطح الطبعة 

المحمل  المناطق التشريحية  طقمكج حوا  الالاتم المحيط  من شالسّل  من جسم الّب السّل  تيتأمن  طقميأل  ل م ال. الأنس ة

                                                                     .[4]السّل  تيقلج من تباله طقملععب من نجراتات أثا طبعة ال كما أن تجول اللسان تح مه تحركته .الو ّية

 :السّفليّ  طقمالعضلات المؤثّرة في ثبات ال2-1-

 :نل  م مو تين منّعلتين طقمالعضتت الت  لحيم  اللقسم 

 .من مو عه العحيح ثتل  ملها طقمالت  لؤلف نل  نزاحة ال: طقملل العضتت المزيحة -

كمرا تيمكرن لقسريم . ضغم المطبّق  ل  السطو  الملمعرةة الساط   مو عه  و طقم ل  ل بيع ال الت  لعمج: العضتت الم بتّة -

 :نل  لطقملمو عها  النسبة ل تت ت قاً هاه العض

 [.3]لسانية –  (شّوية تثمية)لهليزية  -

 :عات النهائية للفك السفلي الممتصطرق أخذ الطب3-1-

  :التقليديةالطريقة 1-3-1-

 للتغيير   جيدا   ماملٍ تقليديٍّ مُصمك   طقميملكُ الحلُّ التعويضيُّ ب
بقدرة  المريض  عل ى عند  وجود  شكٍّ  إيجابية  كونهُ معالجة  قابلة 

ة  خُصوصتقبُّ  ي تجربةٍ سال  المعالجة  التعويضيَّ ى الدرد  الكامل  كبار  السنِّ ذو  م للتعويض  ا  مرض   .بقةٍ ف ي عدم  تحمُله 
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ةٍ جيدةٍ وعلاقةٍ فكيةٍ طبيعيَّة وعند  ا  ح  أ ن تكون  ناجحة  عند  ترافقه ا مع  حافةٍ سنخيَّ لحاجة  لتحسين  هذه  المعالجةُ من  المرجَّ

ة  للمريض   ة  التجميليَّ  . الوظيفة  أ و الناحي 

  :                               التقليديَّةِ طريقة العوامِلُ المؤثرَةُ فيِ ال1-1-3-1-

برٌّ سا قحةٌ جيمٌّ لحتاج هاه الطريقة  نخيتعلق  تاستقرارٌ كا     الكاملحة طقم الأح   نم لعميم ت لعني  ث  ة لتميز  الت شكج  السح معال ح

ةالأتكلّحة البسيطحة تال بُ منح ال راحح [5].قحج تالتالص
 

َّةُ الناتجةُ عَن المعُالجةِ بالأ الآثارُ 2-1-3-1-              :الكاملةِ التقليديَّةِ  طقمالسلبي

ّ العحد حّاض قوا ن   Bite forceا نا نشن / اتنم( 200-50)م 
2
ّ  الأطقم التقليمية لناّد بعم ثمس  شرّ سنة من استامام   قوا

نشن / اتنم( 6)ن ل   العحد
2
و ياة  كما نن  ا ناّحاض  عالياة المحضغ ت  عح مياة  الم  ع  ن أجج  معال ة  ا  طرا ات  المح امب الألتية  م  ا ستامح

ةت المتشك لحة يستامم    الطبعة النهافية  الطريقة  .[2]لحةا ناّحاض     كمياة الأغايحة العحياة المتناتت  محمتلياة     اثتيار  الأطعمح

م  طبعة حوا   مركب الطب  الأثضر الععا الاضرات  و عية الّم Impression Paste (IP )مع ون الطب  التقليمية 

التقليمية مين الم م تسببع انزيا  ال هاز  الطريقة أالسناية الممتعة غير قالرّ  ل  لت نمما  لعبح الحا ة   [6]المّتو 

 :   كانع الطرق الآلية للتغلب  ل  هاه السلبيات م من نجرات التعميتت  ل  الطبعات تالنتي ة لم لعم مر ية كان  

[10]طريقة الكوكتيج  [9]الّم مغلقالوظيّيّة تطريقة الطبّعة   [8]طريقة مركّب الطبّ  الأثضر  [7] الطرّيقة المركّبة
  

طريقة 

 :لقنيات الطبعات هاه لتمت   العّات التالية . [11]الموالّ السّليكونيّة

يمكن استامامها  مقة تلحميم انطبا ات   يمكن لعحيحها  سهولة  قع  حم من التغطيةأيمكن التحكم  سهولة للحعول  ل  

  .[12]السّو  المتبقية لترلّا  السنا  السّل  تيمكن استامامها  للضغم المباشر للمناطق الحاملة   الأغشية المااطية

 :طريقة المواد السيلوكونية المرنة 2-3-1-

لاثج تثارج السطح  م استامام لرجة   قة  ل  الحمتللؤثا  ها الطبعة النهافية حي  يت( المطاط ) طبعة الموال المرنة 

لون  ه  المسماّ  ينيج  وليسيلوكسان حرارف ت (السليكونية ن ا ة المالّ)للطا   الإ رالف ليسهج  تبات  السليكون  ل ا كري

الطابع في الفم  ويطلب من المريض تحريك  يو    للتشكيج الأتل للطبعة م  تبات نهاف  مرن يزيم من زمن العمج    الّم

تقع  العالية للنس  م لزال الطبعة تيطبق الّينيج رت اللزتجة المناّضة للحعول  ل  المقة  .لمعايير ا نطبا لسانه وفقا 

 Murray الباح ين ناقشطقم  بعات تلأتيرها  ل  تبات الأتبجمت لراسات ك يرّ لرسع لقنيّة الطّ  .[11]سري     العت ة

and Darvell 1993 [13]  طقة الت  المنمرجة النشاط العضل  ت يوب لتعلق  تتجم لكج لقنية مزايا ت  لعمّ سنوات التقنيات
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ا ستقرار الكامج  عب ل عج الحعول  ل  ال بات ال يم ت حملهللأ رال امتعاص العظم ت النسبة   طقمال يحم   يها انزيا 

 الباح   تجم. لوجول العضتت  القرب من قمة السنخ حي  س لع التقنية الوظيّية أ ل  قيمة لها من حي  متوسم ال بات

Winkler    2005 [9 ]يقلج من    استامام العّيحة القا مية لأثا الطبعةلو ير الوقع: ته   أن لقنيات الّم المغلق لها مزايا

نت  حركة المريد الت  قم لب    طبيب الأسنان  تحكم  ي:تينكلر تجم  يو اً لهاه التقنية كما أن. لمثج الطبيب    الحركات

 زمتفه ت Smith الباح تجم . طقماللسانية للشوه الحوا  لغير تلقم  ت ال ةالأمامي اللسان م ج حركة حمتل ناقعة أت مّرطة 

 طقمأثا حمتل ال :ه أ ل  قيمة لها    لراسة سا قة تلمتعع هاه التقنية  مزايا ت أن لقنية الموال المرنة س لع تان [14] 1979

أنّ المريد   يتحمج الحرارّ الناجمة  ن   تجمت  الحمتل الحركة الوظيّية للمريد كانع لتم أتنات أثا    ثطوّ تاحمّ ت

 .مركبات الطب 

تجمتا أن موال البول   ينيج سيلوكسان لتطلب تقتاً أقج لأثا حمتل  1996 [15] تزمتفه  Tan الباح كما أن  -

                                              .مقارنة م  الطريقة التقليمية طقمالأ

ت الّب السّل  أن المع ون الرثو هو المالّ المناسبة لأثا كامج انطبا ا  1984 [11] تزمتفه Applebaum الباح تجم 

  .كالب  ن  الأسنانللمريد تالطبيب ت ا اجنزقج أتلحقق نتاف  أ ضج تتقع أقج ت

العضتت أن لقنية الكوكتيج للغ   يوب تينكلر من ن ا ته  تأتر ثل  [10] 2011تزمتفه  Praveen الباح  تجم -

 .ملة من ل بيع الأنس ة الإي ا   تالسلب  للأسنانا ستّالّ الكا شكج غير  حيح ت طقم ل  امتمال ال

ّب العلوف لتحقيق ا ستقرار     لبة ماععة تمن  النزت  الأ ق  للطا   أتنات الالّب السّل  يق      تقة مناسبة م  ت

شكيج مالّ الطب   حركات تظيّية تمن قبج العضتت يؤلف مباشرّ نل  لمن ميزات هاا الطا   الاف ت .ا نطبا  النهاف 

  .طقما من النس   ل  حمتل قا مّ الم اترالهت

ركبة لتنطبا ات السناية لقنية الطبعة الم رترّ استامام  Mccord and Tyson 1997 [7] الباح ينكما  ين كتً من 

كلّة أقج مقارنة م  مكيف الأنس ة أت    ثطوّ تاحمّ تتقع قعير تف تظيّ  للعضتت تجم ميزّ لس يج موقت  الضامرّ

 .مالّ التبطين

الأتجينول ية  استامام مركب الطب  الأثضر تأكسيم الزنب تأن الطريقة التقليم [16]  2005تزمتفه Petrie  باح تجم الت

سهلة التعامج تها سري  استنساخ التّا يج المقيقة ن مال :حي  تجمتا  عبية للحعول  ل  ا نطبا  الكامجه  الموال الأك ر ش

 .سري تقع  مج قعير تلعلب  :ها كانعتتمسات  يرات مهمة    الأ عال  عم التعلب مم تجول لغم  

   لراسة له أن الطريقة التقليمية أظهرت أقج قيمة تبات مقارنة م  ثمس طرق  [17] 2014زمتفه ت Yadav الباح  تجم -

 .احتلّع طريقة الموالّ السليكونيّة المرلبة الّ انية  يها  ينما أثرر
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الت  لحم  (السيليكونية)ّ   استامام الموال المرنة نل  استامام ا نطبا  الوظي[18] 2009 بماية  زمتفه ت Tan الباح  ل   -

 .اه الطريقة من الطريقة التقليميةه

  :البحث من هدفال 

الّاين يعانون من   يليكونية  نم مر   المرل الكامجالكاملة السّلية  الطريقة التقليمية تطريقة الموال الس طقمهو مقارنة تبات الأ

 .السّّلّ   سبب ا متعاص السّنا ّ  طقمنقُ تبات ال

 : المواد والطرائقُ 2-

ج منح المر ح  ت امريض  12لكونحعْ  ينّةب المراسة  م ن: انتقاتب المر ح  المبراجعين لقسم  التعويضات  السنيّة  مريضة لرل كام 

كة   كة   تقحم. جامعة  حماّ -    كليّة  طبِّ الأسنان   المتحرِّ ُ  الموجولّ     قسم  التعويضات  السنياة  المبتحرِّ ا  تبممحت  طاقةب التشاي

ُ  السريرفِّ الّموفِّ للمر ح   ُ  الشعا  ِّ للعور   أتناتح الّح قم ( 1)الشّكج. البانورامياةتلما نجراتب الّح لـما ا نتقـاتب أ رال  تح

ا البحــ    ة  ثاّ ـة  لهاح ّ  لشـايعياـ  .العينّـة   ناتً  لح  ا ســـتمار

 :ت قاً لتوا بر  معايير  الإلثال التالية  

أنْ يكونح المريدب قالراً  لح   حة   ليه  للمريد  قمرٌّ كا يةٌ  لح  الّهم  تالإجا ة   لح  الأسئلة  المطرت لرلٌ كامجٌ  بلوفٌّ تسّل   

لعال  تالترلل  نلح  الباح    ل    بات  المتطلباتب المريد  ترغبالبه قليلةٌ لتعلاقب   ا   المريدب    الكامج  السبّل   طقم    المقام  الأتا

 .ت منهب المريدب  ل   لم   البح   ت الموا قةب قم أثا. يستطي ب لحمّج المعال ة   الزّر ات

ةُ 1-2-  :(الكاملَة طقمصنعُ الأ)المرحلةُ التعويضيَّ

ّ  التعويضات  السنيّة   ها تلكجِّ مر ح  العينة       يال ن قبج  الباح  ة نّس  " المبتحرّكة  لما نن ازب كا ة  المراحج  السريرياة  للتعويد  م 

 .جامعةب حماّ  -  كليّةب طبِّ الأسنان  "االمراسحات العبلي

ج المابر ما لما نن ازب المراح  ط طقمياة  المبتعلقّحة  طبخ  الأكح وات  نّسهحا لكجِّ  نمح  نِّ  أسنحان ل مي   أ رال  العيِّنة   تقحم لما البا ب جمي   الاب

 .مر ح  العينحة

 : الكاملة طقمالمراحل السريريةّ المتبعة لصنع الأ2-2-

 . -( (2الشكج _  ب سّل  ألرل  •

لحع •  . -( 3)الشّكج – الطبعاتب الأتلياةب للّكين  العبلوفِّ تالسّل ِّ  ا ستامام  الأل ينات   سب ِّ
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باع الطبعاتب الأتليّةب  ا ستامام  ال بس  السن ِّ للحبعول   لح  الأم لة  الأتلياة  العبلوياة  تالسّليّة   •  . -(4)الشّكج –تما  ب

ن   جمي   الطوا    الإ رالياة   •  Polymethylرالن   العبلوياة  تالسّلياة   لح  الأم لة  الأتلياة  النال ة   ا ستامام   قبمنحا  عب

methacrylate ((PMMA – (5)الشّكج- . 

 .  حي  حعلنا  ل  طا عين ن راليين سّليين لمّ  نعهما  ل  نّس الم ال ال بسّ  الأتل ّ  •

ُ  الطوا    الإ رالياة       م  المريد    •  طبعة  الحوا ِّ العبلوياة  تالسّلياة  ل مي   أ رال  العينّة   ا ستامام  شم    عمح  ح
لما أثاب

وا     . -(6)الشّكج-للطرّيقة التّقليميّة Kerrالحح

ن أجج  الطبعة  النهافياة  للطّريقة التّقليميّة •  . -(7)الشّكج-لما لهيئةب الطا    الإ رالفِّ م 

ات  النهافياة  للطرّيقة  Impression Paste (IP) طب   أبكسيم  الزنب  تالأتجينول  قبمنحا  ا ستامام  مع ون  ال • لتس يج  الطبعح

 . -(8)الشّكج-التقّليميّة

 :لؤثا طبعة الّبّ السّّلّ  كالآل  : النّسبة  لطريقةب الموالِّ السّيليكونيّة

 .لتأمين تبات مالّّ الطبّ  م  الطاّ   الإ رالفّ الاارج لطاّ    الإ رالفّ من المّاثج  تيطبقّ التّ ق  ل  حمتل ا •

نجرات كامج الحركات الوظيّيّة تشمّ  يطلب من المريدة اللزّتجة لأثا طبعة الحواّ  تلمّ لطبيق المالّّ السليكونية المرلّعب  •

 . -(13ت12ت11)الشّكج–الشّّاه    آن تاحم الامتل ت

 . -(14)الشّكج-ثاص لحقن المالّّ ت ق معايير تا تة  جهاززتجة  استامام المناّضة اللّ  عم رلب لطبق المالّّ السليكونية •

 . يتمص الحعولب  ل  طبعتين نهافيتين سّليتين  طريقتين ماتلّتين م  طبعة   لويّة  تاحمّ •

ّليّة    تلما الحعولب  لح  الأم لة  الBagostoneلما لعليبب جمي   الطبعات  النهافياة  ت بّهحا  ا ستامام  جبس   • نهافيّة  العبلويّة  تالسب

 . -(9)الشّكج–

نعحع العّافحب القا م •  . ( PMMA) رالن ياةب  ا ستامام  تما  ب

رلّا ات  الشمعياة   • قبمنحا  عن   ا    . -(18ت17)الشّكج–تح

  Vertical Dimensionعم  العمولفِّ الإطباق ِّ تما لما لحميمب البب  لما لحميمب المبستويات  الإطباقياة  الأمامياة  تالالّياة  سريريااً  •

Occlusion   ((VDO-(19)الشّكج- . 

لحعْ العتقحة الّكياةب المركزيّةب  •  Bony Plusلكجِّ مريد  تلما ا ستامامب المع ون  الت ق   Centric Relation(CR)  سب ِّ

ن أجج  ل بيع  العّافح  القا مياة  أتناتح أثا  العتقة  المركزياة  .م 
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ما لما ا ستامامب القو   الوجه ِّ   •     نقج  العتقة  الّكياة  الالّيّة  نلح  مطبق  نعف   Hanau ear face Bawكح

 . -(22)الشّكج-H2HANOمبعمال

هحا ل مي   الأ Major ياة  لما ا ثتيارب الأسنحان  ا   طنا ياة  الأكريل  • ن قبج  الباح   نّسه  ت ا ستامام  أسلوب   طقمتلما لنضيمب م 

مريد   تلما لنضيمب التنضيم  نّسه   حي ب لما ا ثتيارب الأسنان  الستاة  الأمامياة  العبلوياة  تالسّلياة   حي ب لحققب الناحيةح الت ميلياةح لل

 . -(24)الشّكج-المبتوازن  تبناف ِّ ال ان ب الأسنان  الالّيّة   الإطباق  

م  منح  • ُ  الناحية  الت ميلياة(  CR)ت VDO)) لماع مرحلةب الت ر ة  السريرياة  تقبمنحا  إزالة  الإ اقات  الإطباقيّة  تالتأكص  .ت ح

نْ تبما لماعْ مرحلةب التشمي   لل هازين  العبلوفِّ تالسبّل ِّ لكجِّ مريد   • عْ الأ  تم   .طقمطبباح

هحا تلسليبمهحا نلح  المريد   طقملما ننهاتب الأ • للميعب  . تح

 المعمص للطبّخ    PMMAنّسح مزي    السّّليين  كت الطرّيقتين     ظجِّ ظرت  طبخ  تاحمّ  طقمينيتمص طبخب ال :متحظة •

 متمات جٌ أتناتح الطّبخ  ت
ب لال  طقميّة  قم لؤترّ ل  تبات  الأالمعمنية  ل نبّاً لّوارقح مابر   البوالق طقم أتناتح لنّزيج الأت الضّغمب

 .طقملمّ لوحيم شرتط  ن مال الأ

لما  .طقمم المريد للمقارنة   ينح الأ     طقمينل بّات تا ستقرار لكت الايتمّ  عمها  حُ المّ م ت :الأطقمقياس ثبات 3-2-

السّنّّ   حي  يو  ب المريدب  ل  الكرس ّ  1995 [19] تزمتفه  Burns الباح  استاممه  القوّّ الرّقمّ  الّاف استامام مقيا

اللسان       م  المريد  يو عه  العّحيح  تالسّّلّ    طقميو  ب ال. الرّأ  مشمتل نل  مسنم  الكرس ّ ت ظهرهب  ل  استقامة ت

( مم5)يتمص ل بيع  الحلقة  المعمنيّة  رات القطر   .طقمانية  لأسنان  اللسّطو ح اللست عه  السّلبّ     أرض  الّم  حي ب لمسص حوا ّهب ا

يتمص ت  ب ثطاّ   ال هاز   . حي ب يتناسبب هاا القطر م  قطر  ثطاّ   مقيا   القوّّ  ل  مركز السّطو   اللسانيّة  لل نايا السّّليّة  

ة  تالسّطو ب الإطباقيّة  المريدب جالسٌ  استقامالسّنّّ  السّّلّ  ت طقملإزاحة  ال اغطةٌ  موليةٌّ   منح الحلقة  الم بتّة  ت لطحبقّب قوٌّّ 

 كج أثعاف ّ )أثعّافيينيتمص لس يجب تت ب قراتات  لكج طريقة منهما من قبج  تتتة  .لمستور الأرض  ية السّنّّ  السّّلّ  مواز طقم  لل

ّ  المطبقّة  من المقيا    .الأسنان    حماه لت ياً للاطأ البشرفّ السّنيّة     كليّّة  طبِّ     قسم التّعويضات  ( قراءة يبلغب مقمارح القوّ

 . -(28 )الشّكج-N 196حتّ  
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                                               بٌّ سّلٌ  (: 2)الشكج                                                  ورّ شعا يّة :(1)الشّكج                    

 

 

 

 

 

 

 

 

 

 

          الأم لة الأتليّة: (4)الشكج                           الطبعات الأتّلية         (: 3)الشّكج

 

 

 

 

 

 

 

 

            

 

                   الطّريقة التقّليميّةطبعة الحوا  : (6)الشكج                                  الطوا   الإ راليّة: (5)الشّكج     
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                    الطبّعة النّهافية للطرّيقة التّقليميّة : (8)الشّكج                            لهيئة الطّوا   للطرّيقة التّقليميّة: (7)الشّكج        

               

 

 

 

 

 

 

 

    

 لطبيق   ق المالّّ السّليكونيّة     : (10)الشّكج            تقّليميّة              الأم لة النّهافيّة للطّريقة ال :(9)الشّكج         

 

 

 

 

 

 

 

 

 

  لطبيق المالّّ مرلّعة اللزتجة: (12)الشّكج             كمّيتان متساتيتان من الموالّ السّليكونيّة: (11)الشّكج      
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 الطبّعة النّهافيّة  موالّ مناّضة اللزّتجة     : (14)الشّكج                      طبعة الحوا  للمالّّ السليكونيّة(: 13)الشّكج             

  ن  ا رلّا  الشّمع ّ : (16)الشّكج               م الٌ جبسّ  نهاف  لطبعة الموالّ السّليكونيّة :(15)الشّكج             

 

 

 

 

 

 

 

 

 

 

 العّّيحة م  ا رلّا  الشّمع ّ : (18)الشّكج                                العّّافح م  ا رلّا ات: (17)الشّكج

 السّليكونيةّ  طريقة الموالّ                                                 الشّمعية  الطرّيقة  التقّليميّة            

 

 

 

 

 

 

 ل بيع الشّوكة لترلّا  الشّمعّ  العلوفّ      ( : 20)الشّكج                              لس يج العتقة الّكّيّة ( : 19)الشّكج             

 

 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 02 

ARID International Journal for Science and Technology (AIJST) 

 
 

            

 

 

 

 

 

 

 

 

 القو نقج العتقة  استامام : (22)الشّكج        نقج العتقة  استامام القو  الوجه ّ : أ( 21)الشّكج 

 

 

 

 

 

 

 

 

                    تثبيت الأمثلة في مطبق هانو: (23)الشّكل    لنضيم الأسنان: (24)الشّكج              

 

 

 

 

 

 

 

 

 

                السّّليين طقمينل بيع الحلقات المعمنيّة لل: (26)الشّكج            سّليين مقا ج جهاز  تاحم   لوفّ  طقمين(: 25)لشّكجا 
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 الطقمقيا  تبات : (28)الشّكج                     م  الحلقة     م المريد الطقم ت  : (27)الشّكج       

 

 :الدّراسة الإحصائيّة3-

 :المتبعة في قيم مقدار قوة الثبات في عينة البحث طقمدراسة تأثير طريقة تصنيع ال -

طقم  ين م مو ة الأ( N)ت ستيولنع للعينات المستقلة لمراسة ل لة الّرتق    متوسم مقمار قوّ ال با Tلم نجرات اثتبار 

 :السّلية المعنّعة  الطريقة التقليمية     ينة البح  كما يل  طقمتم مو ة الأ السّلية المعنّعة  طريقة الموالّ السيليكونية

يبرين المتوسرم الحسرا   تا نحررا  المعيرارف تالاطرأ المعيرارف تالحرم الألنر  تالحرم ( 1)جرمتل رقرم  :نحعاتات ت ّية -

 .المتبعة طقمالبح  ت قاً لطريقة لعني  ال     ينة( N)الأ ل  لمقمار قوّ ال بات 

 يبين المتوسم الحسا   تا نحرا  المعيارف تالاطأ المعيارف: (1)جمتل

 ( النيولن)مقمار قوّ ال بات = المتغير الممرت  

 طريقة لعني  ال هاز المتبعة
 مل 

 الأجهزّ

المتوسم 

 الحسا  

ا نحرا  

 المعيارف

الاطأ 

 المعيارف
 الحم الأ ل  الحم الألن 

جهاز سّل  معنّ   طريقة الموالّ 

 السيليكونية
12 11.43 1.27 0.37 8.92 14.27 

 5.39 3.20 0.20 0.69 4.40 12 جهاز سّل  معنّ   الطريقة التقليمية
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 .المتبعة طقمالبحث وفقا  لطريقة تصنيع ال في عينة( N)يمثل المتوسط الحسابي لمقدار قوة الثبات  :(1)مخطط رقم  

 :ستيودنت للعينات المستقلة Tنتائج اختبار  -
 

 ين ( N)ات ستيولنع للعينات المستقلة لمراسة ل لة الّرتق    متوسم مقمار قوّ ال ب Tيبين نتاف  اثتبار ( 2)جمتل رقم 

السّلية المعنّعة  الطريقة التقليمية     ينة  طقموالّ السيليكونية تم مو ة الأالسّلية المعنّعة  طريقة الم طقمم مو ة الأ

 .البح 

 ستيولنع للعينات المستقلة Tيبين نتاف  اثتبار (: 2)جمتل

 (N)مقمار قوّ ال بات = المتغير الممرت  

 tقيمة 

 المحسو ة

لرجات 

 الحرية

الّرق  ين 

 المتوسطين

الاطأ المعيارف 

 للّرق

قيمة مستور 

 الم لة
 ل لة الّرتق

 لوجم  رتق لالة 0.000 0.42 7.03 22 16.838

 

لوجم  رتق لالة % 95  أف أنه  نم مستور ال قة 0.05يبين ال متل أ ته أن قيمة مستور الم لة أ غر  ك ير من القيمة 

 طقموالّ السيليكونية تم مو ة الأالسّلية المعنّعة  طريقة الم طقم ين م مو ة الأ( N)ات نحعافياً    متوسم مقمار قوّ ال ب

تنت  أن قيم قوّ ال بات     م مو ة السّلية المعنّعة  الطريقة التقليمية     ينة البح   ت مراسة قيم المتوسطات الحسا ية نس

السّلية المعنّعة  الطريقة التقليمية     طقمكانع أكبر منها    م مو ة الأالسّلية المعنّعة  طريقة الموالّ السيليكونية  طقمالأ

 . ينة البح 

 

11.43

4.40

0
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جهاز سّل  معنّ   طريقة الموالّ

السيليكونية

جهاز سّل  معنّ   الطريقة التقليمية

طريقة تصنيع الجهاز المتبعة

المتوسط الحسابي لقيم مقدار قوة الثبات )بالنيوتن( في عينة البحث 

وفقاً لطريقة تصنيع الجهاز المتبعة
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 :المناقشة4-

الكاملة السّلية لمر   المرل تلأتير لقنية الطبعة النهافية المستاممة  طقملطلعية سريرية لتقييم تبات الأ هاه المراسة ه  لراسة

الهم  من طبّ يّة  نم مر   المّرل الكامج تيعتبر أحم أهم أهما  المعال ة التّعويض CDنن لأمين تبات  .تالمقارنة  ينهما

لعويد المريد  ن الناحية ال مالية تالوظيّية تلحسين الناحية العّحية انطتقاً من نزالة النار حت  التعويد الأسنان هو 

الطا عة المعرت ة  السيليكون  تّا ج (  ينيج  و   سيلوكان)تاستاممنا طريقة الموال السيليكونية . [1] ن الأسنان المّقولّ

[20]السنوات الأثيرّ الإ ا ة لأنها أ بحع تاسعة ا نتشار ثتل
 

تلقم استامم النو  مناّد اللزتجة لهاه المالّ  بر جهاز 

 :مزج اليمتف ترلب للأسباب الآلية م ً من ال( المزج الآل )الحقن 

احتمال للو  أقج للمالّ  ننقاص زمن المزج  قج نل  المزي  أنلثال كمية هوات  سا  تالمسر  للألمازج لون  جيم 

[21]الطا عة
 

   لتل العالم  ونية كونها الطريقة الأك ر شعبيةاستامام الطريقة التقليمية للمقارنة م  طريقة الموال السليكتلم 

ة    الأ عال  عم مهمتالت  لبمف  مم تجول لغييرات .   الحوا  م  مركب أتكسيم الزنب تالأتجينولتلستامم مركب طب

ليكونية ترلب طبعات الحا ة السناية  الطريقة التقليمية أت طريقة الموال الس ؤثات الّ ل .[9]التعلب تاستنتاج التّا يج المقيقة

ت مراسة قيم المتوسطات الحسا ية نستنت  أن قيم قوّ ال بات  .[22]   هاه الموال تلوزي  الضغم المتوازن  سبب المقة الكامنة

(N ) السّلية المعنعة طقم لأأكبر منها    م مو ة ا السّلية المعنعة  طريقة الموال السيليكونية كانع طقمالأ   م مو ة

.نيولن 7.03 طريقة الموال التقليمية  مقمار قمره 
 

 van Noort 2007 [24]ت  Massad 2005 [23]ت   Yadav 2014  [17]الباح ين  منتلتّّق هاه النتّي ة م  لراسة كجٍّ 

منتشرّ  ين أطبات الأسنان تلم لطوير هاه التقنية لما لها من  قم أ بحع لقنية استامام السليكون العال  تمناّد اللزتجة 

التقلُ )مزايا حي  أنها لزيم من لقة الطبعة  تغلبها  ل  لغير الأ عال الكبير لأن معظم التقلُ الحا ج أتنات  ملية التبلمر 

كما أنّ طريقةح الموالّ السّليكونيةّ   عاليحم     النو  مرلّ  اللزتجة  قم ت التال  لكون الطبعة أك ر تبالاً    الأ ( التعلب 

  IP ن ا نطبا  الوظيّّ   استامام السّليكون يحمّ من استامام مركّب طب  الحوا  تنع  ل  الطرّيقة التقّليميّة حي  لّوّق

[9,18] . 

 لماً أن الك ير من المراسات أكمت أن العامج الأساس  لتأمين تبات الأطقم السّلية الكاملة يتحقق  التناسرق الععرب  العضرل  مر  

تغالبرا .  N [26] 8تأن التقنية التقليمية كانع أقج تبات من لقنية الطبعرة الوظيّيرة  مقرمار . [25]استامام لقنية المنطقة المحايمّ 

لأسنان السّلية الكاملرة رات الأسرناخ شرميمّ ا متعراص نلر  ال مر   رين لقنيترين لقنيرة ا نطبرا  الروظيّ  ت لقنيرة ما لحتاج أطقم ا

 . [27]ا نطبا  المركب تم  رلب هناك حاجة لمراسات أثرر لمعر ة التقنية الأ ضج 
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 : الاستنتاجات5-

 :الآلية من حمتل هاه المراسة السريرية يمكن استاتص ا ستنتاجات 

الكامج السّل   طريقة الموال السيليكونية لّوقاً  ل  الطريقة التقليمية لمر مر   المرل الكامج الاين  طقمأ مر تبات ال -1

    .السّل  طقميعانون من مشاكج    تبات تاستقرار ال

 التوصيات

ة المراحرج السرريرية لهرا تسرهولة نو   أن لكرون طريقرة المروال السريليكونية الطريقرة المعتمرمّ  ر  الكليرات ترلرب لسرهول -1

 .لطبيقها من قبج الطالب

 . نو    استامام طريقة الموال السيليكونية لتو ير الوقع لطبيب الأسنان تالمريد -2

 المقترحات

 . عم  ترّ من استامامها طقمراسة سريرية لمقارنة تبات الأنجرات ل -1

م ج  عالية )نل  نتاف  أك ر لقة تلراسة متغيرات أثرر نجرات لراسة سريرية مشا هة م  زيالّ ح م العينة للو ول  -2

 (.المضغ

 المختصراتجدول ب

 الماتعرات ا سم العلم  ت

1 Complete denture  CD      
 

2 Newton N 

3 Impression Paste IP 

4 Polymethyl methacrylate  PMMA  

5 Vertical Dimension  Occlusion VDO 

6 Centric Relation CR 
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ABSTRACT 

This paper aims to reduce the torque ripples in the motor torque, reduce the total harmonics 

distortion in the motor currents and improve the dynamic response of the permanent magnet 

synchronous motor. To carry out this study, a modification model was used and compared to 

conventional model. The main control method used here is a field-oriented control. It was used 

to generate two decoupled currents control. With help of rotor position, these currents changing 

into three-phase reference currents. These reference currents were compared to the actual three-

phase motor currents. The errors among these currents are introduced to hysteresis current 

controller to get pulses. These pulses used to drive the voltage source inverter which produces 

three-phase voltage to drive the motor under study. This technique suffers from some problems 

as high torque ripples, high total harmonics distortion, the dynamic response isn’t very high 

because at the beginning of the error and the deviation of the output signal becomes large. This is 

a conventional model. To overcome these problems, the hysteresis current controller was 

replaced by gain impedance. The output of this gain is the three-phase voltages. These voltages 

generate pulses through space vector modulation to drive the inverter to get suitable voltage for 

the permanent magnet synchronous motor. This modification has decreased the torque ripples 

and the THD in comparison to the conventional controller. To more improvement in the motor 

performance, one PI torque current controller and load torque estimator were used to damp the 

overshooting and decrease the rise time. 

 

Keywords: Field orientated control; hysteresis current controller; PI controller; space vector 

modulation; THD. 
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 لخصالم

وتحسين الأداء  للمحرك التزامنى تهدف هذه الورقة الى تحسين تموجات عزم الدوران وتقليل التشوه في تيار العضو الثابت

لتوضيح ذلك دعنا نبدا بطريقة التحكم المستخدمة في هذه الورقة بدون اى . الديناميكى للمحرك التزامنى ذو المغناطيس الدائم

طريقة التحكم المستخدمة هنا هي . اضافات ثم بعد ذلك سوف نقوم بتوضيح الإضافات التي تمت ومدى تاثيرها على الأداء

يتم استخدام . انها تستخدم تيارين مرجعيين على محورين متعامدين اى ان اى منهما لا يؤثر على الاخر. لالتحكم بتوجيه المجا

هذه التيارات المرجعية يتم مقارنتها بالتيارات . هذين التيارين مع زاوية المجال لتوليد تيارات ثلاثية الأوجه متغيرة مع الزمن

الخطاء الناتج من هذه المقارنة يتم إدخاله الى وحدة تباطؤ التيار لتوليد . الدراسةالحقيقة الخاصة بالمحرك الكهربى الذى تحت 

هذا النموذج يعانى من بعض المشاكل مثل . نبضات تسلط على العاكس لانتاج جهد يسلط هذا الجهد المحرك الكهربى لادارته

تغلب على هذه المشاكل تم استبدال وحدة التحكم في لل. زيادة تموجات العزم وتشوهات التيار والمشاكل الديناميكية عند البدء

يتم ادخال الخطاء في التيار الى هذه الوحدة ويكون خرجها جهد متغير ثلاثى الأوجه الذى . التباطؤ بوحدة تسمى كسب المعاوقة

عاكس لانتاج جهد ثلاثى يتم إدخاله الى وحدة المتجهات الفراغية التي تقوم بناء على قيم هذا الجهد توليد نبضات تسلط على ال

الأوجه يتم تسليطه على المحرك لادارته حيث نجد انه قد تم حدوث تحسن في تموجات العزم حيث انخفضت قيمتها وانخفض 

ولتحسين الأداء الديناميكى تم إضافة وحدة تحكم تناسبى تكاملى للتحكم فى تيار العزم ونموذج حسابى لحساب . التشوه في التيار

 .عزم الحمل

 ،المتجهات الفراغية المعدلة ،التحكم التناسبي التكاملي ،التحكم بتوجيه المجال ،التحكم في التيار بالتباطؤ :الكلمات المفتاحية

 .التشوه التوافقى الكلي
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1- INTRODUCTION 

 

The Permanent Magnet Synchronous Motors (PMSM’S) spread in many industrial 

applications this because it has high efficiency, fast acceleration, and deceleration, no 

copper loss in the rotor, absent spark due to absent brushes, high torque to current ratio, 

high power to volume ratio, maintenance less and low maintenance cost. 

There are many methods used to control PMSM’S. These methods can be classified into 

simple methods and complex methods. The simple methods as scalar control and the 

complex methods as vector control and direct torque control. The scalar control is favorite 

in the applications which don’t require a high dynamic response but when this is required 

the vector and direct torque controls are used. Here the Field-Oriented Control (FOC) is 

used for this reason. The FOC appeared for the first time by Blaschke in Siemens company 

[1].   

In FOC, the PMSM imitates the DC motor in the behavior. This can be done by splitting 

the resultant stator current vector in the space into two components one of them represents 

the flux and the other represents the torque. This can be applied by known the rotor 

position. To get that position sensor or encoder can be used to detect that. With constant 

parameters and constant load, the FOC works by good method but when the parameters 

change or load change, the controller will generate some errors to get rid of this problem 

some method of control can be used as the current control methods or voltage control 

methods.   

Some researchers introduced effect of hysteresis current controller of the permanent 

magnet synchronous motors as in [2,3]. From that can be concluded that, the motor torque 

is highly torque ripples and the stator currents have highly Total Harmonic Distortion 
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(THD).  Some methods of the controller used the hysteresis current to generate pulses to 

drive the inverter which produces three-phase voltages. These voltages were applied to the 

motor to drive it. Another research used AMESim software to show the advantages and 

disadvantages of Hysteresis Current Controller (HCC) as in [4]. The classical FOC with 

HCC can be seen in Fig. 1. This Fig. was represented by some of the blocks. These blocks 

are the main field orientation and stator current blocks, comparator block, hysteresis band 

block, voltage source inverter, and PMSM. 

 

Fig. (1): Classical FOC with HCC 

           The inputs of the main field orientation block are reference motor speed and actual 

motor speed. The output of this block is the three-phase reference currents for different 

phases. In the comparator block, the three-phase reference currents are compared to the 

actual three-phase stator currents and errors introduced to the hysteresis band to generate 

the six pluses to drive the inverter to drive the motor. This method of switching has some 

drawbacks as highly distortion in the motor currents, highly distortion in the stator flux, 

and has more ripples in the torque. To overcome these problems, some paper design fast 

HCC to improve the dynamic response of FOC but the waveforms of the flux and current 

still have more distortion and the motor torque has high ripples as in [5]. The software was 

used to improve the performance of the PMSM as in [6] but it takes a very long time in 

calculations. P. Mamta et al [7] used a formula to adapt the hysteresis band but it doesn’t 
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introduce more improvement in the motor current distortion and torque ripples. Hamdy 

Soliman, S. Hakim introduce an improvement in the THD and torque ripples with using 

HCC and Proportional Integrator (PI) controller but this leads to increase in the switching 

frequency of the inverter [8]. Some researches use the fuzzy logic controller to control in 

the hysteresis band to make the switching frequency of the inverter is constant this leads to 

some improvement in the ripples and reduces the harmonics as in [9] but these methods 

depend upon the learning and experiment. Also, predictive current controller is used to 

improve the performance of PMSM [10]. Another method to adapt the hysteresis band 

using fuzzy logic can be seen in [11]. Particle swarm used to improve the performance of 

the PMSM with HCC can be seen as in [12] but this method more complicated. 

Also, some researchers used Space Vector Modulation (SVM) to improve the performance 

of the AC motor as in [13,14] who explains what is meant by SVM. Jacob & Chitra [15] 

use SVM with PI current controllers to improve the performance of the PMSM but this 

method suffers from slow response also, at the beginning of the error, the deviation of the 

output signal becomes large. Alsofyani and Lee [16] uses discrete Space Vector 

Modulation of PMSM without Flux Error-Sign and Voltage-Vector lookup table. In [17] 

SVM used with the multilevel inverter to improve the performance of the PMSM but this 

method has some drawbacks as using more IGBT’s which make the system more 

complicated and has a higher cost. Haidari et al [18] uses predictive current control with 

SVM to improve the ripples in the motor torque and distortion in the motor currents but 

this method is also more complicated. 

In this paper, the HCC was replaced by gain impedance. The input of the gain impedance 

is the error in the stator current. This error comes from comparing the reference stator 

current and actual stator current. The output of the gain impedance is the reference stator 

voltage. This reference voltage is the three-phase voltages. These three-phase voltages 
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were converted into two-phase voltages. These two-phase voltages used to generate six 

pulses to drive the inverter. The output voltage waveforms from the inverter applied to the 

motor to drive it. With this modification, the total harmonic distortion of the stator current 

will improve and the torque ripples will reduce. This modification is very good in reducing 

the distortion and ripples but it isn't approximately effecting the rise time, overshooting, 

and undershooting. This bad effect can be reduced by applying the PI torque current 

controller. The method was used in this paper is very simple, very fast response, reduces 

the torque ripples, reduces THD and improve the dynamic response. This paper can be 

divided into; the proposed system, a mathematical model of the three-phase induction 

motor, Pulse Width Modulation (PWM) control using Space Vector Modulation (SVM), 

simulation results, the conclusions and the recommendations.                 

2- Proposed System 

Fig. 2 shows the proposed model to drive the PMSM. This Fig. contains some blocks. Each 

block has its own function. The first block is a field orientation block. it is used to 

generation   -axes currents. This occurs through two signals (reference speed and 

measured speed). The measured speed has two functions. The first function is to deduce 

the reference flux current component through a lookup table (
*

si 
) and the other function is 

compared to the reference speed and the error between them introduced to the PI speed 

controller to generate the torque current component (
*

si ). This occurred when the load 

torque is constant and this can be seen in Fig. 3 but when the load is varying the torque 

current component deduced by another method as in Fig. 4. From Fig. 4 can be deduced 

that       
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Fig. (2): Proposal model to drive the PMSM. 

 

Fig. (3): Inside the field orientation block in case of constant load 

 

Fig. (4): Inside the field orientation block in case of varying load 

The  -axis flux current component can be deduced from the lookup table with help of 

measuring motor speed as before but the  -axis torque current component can be deduced by 

estimating the motor torque with help of the stator current and rotor position and introduced 

to filed orientation block this estimating torque can be used with frictional torque and 

acceleration torque or deceleration torque to estimate the load torque. The frictional torque 

can be deduced from multiplying the measured speed in fractional coefficient (B) also, the 

acceleration torque or deceleration torque can be calculated by subtracting the reference 
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speed from the actual speed and the result divided into sampling time. The load torque 

compared to the reference toque and the error was introduced to the PI torque current 

controller to get the final  -axis current component. The output of the orientation block (

*& *
s si i 

) with the rotor position introduced into the reference stator current block use to 

get the reference stator current 
*

abci . These currents were compared to actual stator currents 

through the regulator current block to get the errors in the stator currents
*

abci . These errors 

in the stator currents introduced to the impedance gain block to get the reference stator 

voltages 
*

abcv . These reference stator voltages introduced to the SVM block to estimate the 

pulses of the inverter. These pulses were applied to the inverter to get suitable voltages to 

drive the PMSM.     

3- Mathematical Model of the Three Phase PMSM 

         

The mathematical model of the three-phase PMSM in synchronous frame is  

ss s e ss
iv i iR L L   

                                                                                                   (1) 

ss s e s es pm
iv i iR L L   

                                                                                 (2) 

3

2 2e spm

P
iT                                                                                                                                 (3) 

e Lm m
J BT T                                                                                                                   (4) 

2e m

P
                                                                                                                                             (5) 

e e
dt                                                                                                                                             (6) 
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Where ,
s sv v 

are ,   axes stator voltages, ,
s si i 

are ,   axes stator currents, ,L L 
are ,   

axes stator inductance,
sR is the stator resistance for each phase, 

eT  is electromagnetic torque, 

LT  is the load torque, B is the fractional coefficient, 
m  is the mechanical speed of the motor, 

e  is the electrical frequency of the motor, J is the moment of inertia,  is a derivative factor, 

e is the electrical rotor position, P is the number of poles and is the permanent magnet of the 

rotor flux.  

4- PWM CONTROL USING SVM 

FOC is similar to separately excited DC motor so, the phasor diagram of the PMSM under FOC 

can be represented as shown in Fig. 5. With help of inverse Clark and Park transformation, the 

reference stator current can be calculated as,   

 

Fig. (5): Phasor diagram of PMSM with FOC and stator current 

0 0

0 0

cos sin*
*

* cos(120 ) sin(120 )
*

* cos(240 ) sin(240 )

e eas

s

bs e e

s

cs e e

i
i

i
i

i





 
 
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  
   

       
     

        

                                                    (7) 

These reference stator currents were compared to the actual stator currents to generate 

the errors in these currents. These errors in the stator currents are the input of impedance 

gain unit. The output of this unit is the reference stator voltages. These references of the 

voltages were used to generate the pulses of the inverter to reshape the output voltage of 
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the inverter. The pulses form depending upon some vector voltages. These voltage vectors 

are the zero-vector and non-zero vector (adjacent voltages). The switching states of the 

inverter have eight states. Two of them are non-active voltages (v0-v7). The others (six 

active voltages vector) are from v1 to v6. All active and non-active states can be seen in 

Fig. 6. From Fig. 6, the switching state and responding voltage can be seen in table 1.  

 

Fig. (6): Inverter hexagon and sector 

The line to line and phase voltages depending upon the switching state of the inverter 

which shown in table 1 can be calculated as in eqs. 8 and 9.    as follows, 

1 1 0

0 1 1

1 0 1

ab

bc dc

ca

a

b

c

v

v V

v

     
     

      
          

                                                                                  (8) 

2 1 1

1 2 1
3

1 1 2

an

dc

bn

cn

a

b

c

v
V

v

v

      
     

       
           

                                                                               (9) 

Where , ,
ab bc cav v v are line to line output voltage of inverter, , ,

an bn cnv v v are phase output 

voltage of inverter, 
dcV input voltage of inverter and a, b, c, operator of the phase voltages. 

Depending upon the reference of three-phase stator voltages which entered to the SVM 

block to generate the pulses to drive the inverter can be simulated as, 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 04 

ARID International Journal for Science and Technology (AIJST) 

 
 

Table(1): switching state and cross-ponding voltages 

 

The three-phase reference voltages converter into two-phase voltages as follows,  

1 1
1

2 2 2

3 3 3
0

2 2

an

s

bn

s

cn

v
v

v
v

v





        
    
           

                                                                              (10) 

With these voltages, the reference voltage as the vector can be seen in Fig. 7 and can be 

calculated as, 

2 2 1and   tan
s

ref s s

s

v
v v v

v


 



                                                                                (11)                                                                                                           

 

 

Fig. (7): The reference voltage 

The time duration (T1,T2,Ts) can be calculated from Fig. 7 as, 
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Where
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 is the modulation index and 
1

switching frequencysT     

From (12) the duration time in each sector can be calculated as follows,  
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Where n is the sector number 

Depending upon this, the switching time can be written as in table 2 and the voltages can be 

gotten. 
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Table(2): Switching time calculation 

 

5- Simulation Results 

Here the simulation results of the proposed system were compared to the conventional system 

to show the advantages of the proposed system. This occurred at different loads. Theses loads 

are constant load. Dynamic load, sudden applied load, and sudden removal load. The motor 

data was used in this simulation can be seen in Table 3. 

5-1 Constant Load 

      The shapes of the stator currents, motor torque, and motor speed with the conventional 

system and with the proposed system when the load is constant can be seen here. The variation 

of the stator current with conventional and proposal methods can be seen in Fig 8 and Fig 9 

respectively.  Fig. 8 shows that the stator currents are highly distorted (conventional system) and 

Fig. 9 shows the stator currents become less distorted with the proposed system. The variation in 

the motor torque with conventional and proposal methods can be seen in Fig 10 and Fig 11 

respectively.  Fig. 10 shows that the motor torque contains high ripples (conventional system) if 

it is compared to motor torque with the proposed system. 

Fig 12 and Fig. 13 show that the variation of the motor speed with two methods under study. It is 

approximately the same.  
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Table(3): Motor data 

Motor parameters values 

Power  900 Watt 

voltage 110 Volt 

Frequency  50 Hertz 

Stator resistance 0.43 Ohm 

  -axis inductance 6.97 mH 

  -axis inductance 6.97 mH 

Permanent magnet flux inductance 0.18 Weber 

Moment of inertia 0.0011Kg.m
2
 

Frictional coefficient 0.001 Nm.sec/rad 

Number of poles 6 

 

Fig. (8): The stator current with conventional system 

 

Fig. (9): The stator current with proposal system 
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Fig. (10): The motor torque versus load torque with conventional system 

 

Fig. (11): The motor torque versus load torque with proposal system 

 

Fig. (12): The motor speed versus reference speed with conventional system 
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Fig. (13): The motor speed versus reference speed with proposal system 

The following table (table 4) shows the value of the THD in the motor current and the torque 

ripples in the motor torque. From this table can be concluded that the THD was improved with 

the proposed system if it is compared to the conventional drive system. Also, when looking up to 

the torque ripples it is found that the torque ripples were improved with the proposed drive 

system compared to the conventional drive system. 

Table(4): THD and torque ripples 

System types THD Torque ripples 

Conventional drive system 2.2 1.7 

Proposed drive system 0.71 0.52 

5-2 Dynamic Load  

       Here the dynamic load is applied from zero sec. up to 0.15 sec, the load increased gradually 

starting from no-load up to rated value, from 0.15 sec. up to 0.35 sec. the load still at rated value, 

from 0.35 sec up to 0.5 sec. the load decreased gradually from rated value up to no-load. When 

using the impedance gain it found that this gain improves only the torque ripples and THD in the 

current and in the motor flux but it isn’t affecting the dynamic behavior so another modified was 

added to improve the dynamic performance. In this modified, the motor torque was estimated. 

With this torque, frictional torque, and with acceleration or deceleration torque the load torque is 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 45 

ARID International Journal for Science and Technology (AIJST) 

 
 

calculated and compared to the reference torque. The error from this comparison introduced to 

another PI torque current controller and the output of this PI is a torque current component 

which used to improve the dynamic behavior and this can be seen here and when the load is 

gradually changing. The variation of the stator current with conventional and proposal methods 

can be seen in Fig 14 and Fig 15 respectively.  Where Fig. 14 shows the stator currents with the 

conventional drive model and Fig. 15 shows the stator currents with the proposed system. From 

these Figs. It is found that the distortion of stator current decreased with the proposed drive 

system. 

 

Fig. (14): The stator current with conventional system 

 

Fig. (15): The stator current with proposal system 
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The variation in the motor torque with conventional and proposal methods can be seen in Fig 16 

and Fig 17 respectively.  Fig. 16 shows that the motor torque contains high ripples (conventional 

system) if it is compared to motor torque with the proposed system. Fig 18 and Fig. 19 show the 

variation of the motor speed with two methods under study. From these Figs. It is found that the 

motor speed with proposed method is approximately not effecting by variation of the load if it is 

compared to conventional method due to estimate the load torque and use PI torque current 

component.  

 

Fig. (16): The motor torque versus load torque with conventional system 

 

Fig. (17): The motor torque versus load torque with proposal system 
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Fig. (18): The motor speed versus reference speed with conventional system 

 

Fig. (19): The motor speed versus reference speed with proposal system 

5-3 Sudden Applied Load and Sudden Removal Load 

      Here the shape of the load can be explained as follows; from zero sec. up to 0.15 sec, no-load 

is on the motor, at the instant of 0.15 sec. the rated load is suddenly applied and the motor 

continuous with this load up to 0.35 sec. at the instant of 0.35 sec the load was suddenly 

removed. The variation of the stator current with conventional and proposal methods can be seen 

in Fig 20 and Fig 21 respectively.  Where Fig. 20 shows the stator currents with the conventional 

drive model and Fig. 21 shows the stator currents with the proposed system. From these Figs. It 

is found that the distortion of stator current decreased with the proposed drive system. The 

variation in the motor torque with conventional and proposal methods can be seen in Fig 22 and 
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Fig 23 respectively.  Fig. 23 shows that the motor torque fewer ripples (proposed system) if it is 

compared to motor torque with the conventional system. Also, due to adding PI torque controller 

the effect of suddenly applied load or sudden removal load can be neglected with the proposed 

drive system if it compared to the conventional system. 

 

Fig. (20): The stator current with conventional system 

 

Fig. (21): The stator current with proposal system 

Fig 24 and Fig. 25 show the variation of the motor speed with two methods under study. From 

these Figs. can be concluded that adding the PI torque current controller damped the effect of the 

variation of applied or remove the load. This means that the proposed model is more effective in 

the keeping of the motor speed if it compared to the conventional model.  
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Fig. (22): The motor torque versus load torque with conventional system 

 

Fig. (23): The motor torque versus load torque with proposal system 

 

Fig. (24): The motor speed versus reference speed with conventional system 
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Fig. (25): The motor speed versus reference speed with proposal system 

 

6- CONCLUSIONS 

This paper studied the problems of the distortion in the stator current, the torque ripples of the 

PMSM, and the dynamic behavior of the PMSM. This paper produced solutions to these 

problems. These solutions depend upon improving the THD in the motor current, improving 

the torque ripples, and improving the dynamic behavior of the motor. The solution depends 

upon replacing the hysteresis controller by impedance gain to generate the reference voltages 

which improve the pluses introduced to the inverter through the SVM. Also, it used torque 

estimator and PI torque current controller to improve the dynamic performance of the PMSM. 

The simulation showed the importance of the proposed drive system to improve the 

performance of the PMSM overall.   
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7- RECOMMENDATIONS  

The recommendation for the future work can be summarized as the follows; 

1- Use the PMSM with taking into account the saturation effect. 

2- Use the PMSM with taking into account the core loss effect.  

3- Apply this modification on the other motors as induction motor. 

List abbreviations 

PMSM’s The Permanent Magnet Synchronous 
Motors 

FOC Field-Oriented Control 

THD Total Harmonic Distortion 

HCC Hysteresis Current Controller 

PI Proportional Integrator 

SVM Space Vector Modulation 

PWM Pulse Width Modulation 
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Abstract 

The long span orthotropic bridge decks applied around the world are used with open or 

closed cross-sectional longitudinal ribs placed below the steel deck to increase the 

strength of the deck. Fatigue cracks are developed in the longitudinal ribs due to traffic 

loadings. In this study, v type of longitudinal rib cross-sections are modelled and the 

stresses for the rib are evaluated under tire load loading using finite element analysis. 

Longitudinal ribs are used for long span steel bridges. The aim of this study is to 

compare the fatigue crack path of the longitudinal rib on a real bridge with the stress 

pattern in the finite element model. 

Keywords: Finite Element, Orthotropic deck, Fatigue crack stop hole, Steel bridges, 

Longitudinal rib 
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 الملخص

 ضتتتتول فوليتتتتة مقطعيتتتتة م تو تتتتة    م لقتتتتة  تسُتتتتتأدط  ستتتتطح الوستتتتر التقويميتتتتة فويلتتتتة المتتتتد  المن تتتت    تتتتول العتتتتالم متتتت 

 يتتتو فتتتور  لإتتتقوف ااجهتتتاد فتتت  ابضتتتول الطوليتتتة  ستتتب  .  الموضتتتوعة  ستتت ح الستتتطح ال تتتووته لميتتتاد  قوتتتت   متانتتتت 

 يتتتو تتتتم، فتت  اتتت ن الدراستتتة، نم جتتتة النتتتول الأتتاملأ متتتل المقتتتاف  العرضتتتية ل ضتتتول الطوليتتتة . اب متتال المر ريتتتة ال قيلتتتة

 قتتتتد . تحليتتتتح العنالتتتتر المحتتتتد د مقيتتتتا   حتتتتل  متتتتح لفتتتتارا  المركبتتتتا   تلتتتت   استتتتتأداط تقيتتتتيم ضتتتت وف ال تتتتل  ت

لن الهتتتدن متتتل اتتت ن الدراستتتة اتتتو مقارنتتتة مستتتار لإتتت  ااجهتتتاد . استتتتأدمل ابضتتتول الطوليتتتة للوستتتور ال ووتيتتتة الطويلتتتة

 . ف  ال ل  الطول  على جسر  قيق  م  نمط ااجهاد ف  نموتج تحليح العنالر المحد د 

.عنصر محد د، سطح متعامد، فتحة توقف لدل اوجهاد، جسور فووتية، ضل  فول : كلمات مفتاحية  
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1. Introduction 

Longitudinal ribs constructed in the steel bridges are divided into two categories: (a) 

open cross-sectional ribs and (b) closed form longitudinal ribs. The strength of the 

open form longitudinal ribs are less than that of the closed form ribs and thus open 

form ribs are not utilized in practice (Fig. 1). Closed form longitudinal ribs generally 

consist of triangular and trapezoidal cross sections. The triangular longitudinal ribs 

were usually utilized in the steel bridges constructed before 1980s. Trapezoidal 

longitudinal ribs have been built in the bridges designed after 1980s. The main reason 

can be easier construction of the trapezoidal ribs than that of the triangular ribs. The 

secondary reasons may be considered as the top width of the trapezoidal rib is larger 

and less ribs are required for construction of bridges and thus labour is reduced.  

The experimental studies on triangular longitudinal ribs are very few. Generally, steel 

bridge decks were modelled using finite element method (FEM) and the stresses at the 

critical regions were obtained. Stresses along the bridge decks were determined using 

different analysis programs [1-22]. Therefore; realistic information about the behaviour 

of the bridge decks under the loadings and the crack regions can be obtained. However, 

the stresses found by the analysis cannot reflect the real situations due to the 

assumptions done in the simulations. The results are getting closer to the real numbers 

depending on the assumptions made in the program and the formulae used in the 

analysis. Therefore; the finite element method is a well-recognized method in the 

World due to giving closer results to the real values.  

 

Empirical equations were derived to calculate the construction expense of a bridge 

depending on the thickness of the plate and the minimum thickness of the plate to be 

used in the bridge was obtained [16]. This study was performed on the bridges having 
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less traffic loads and thus it may not be utilized for the bridges having long span and 

heavy traffic loads.   

 

Figure(1): Steel orthotropic deck longitudinal rib types 

2. Objectives 

This study aims to investigate longitudinal rib body and diaphragm plate cracks 

modelling. The connection between the crack paths along the ribs on a real bridge and 

the stress distribution on the FE model is studied. The cracks on the rib – rib 

connection and rib – diaphragm plate connection are separately modelled. In the 

diaphragm plates cracks repaired with using different drilled holes diameter are 

evaluated. In addition, a parametric study is performed by changing the length of the 

cracks occurred downward at the region where the diaphragm plate and side of the rib 

are connected.  

3. Details of the Longitudinal Ribs 

Triangular longitudinal rib examined analytically in this study is shown in Fig. 3.  The 

cross-sections of the rib studied here are the details of existence ribs used in Bosporus 

bridge in Istanbul [23, 24]. The distance between two ribs is 300 mm. The connection 

plate of the ribs is modelled the same for each rib detail. The length of the lap splice is 

modelled as 15 mm and the distance between the ribs is defined as 150 mm. The 
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connections are welded through ribs and the sides of the connection plate. The welding 

used to connect the ribs to the upper plate is not taken into account in the analysis. The 

depth of the ribs is defined as 1500 mm the height of the diaphragm is 750 mm selected 

so that no stress concentration could occur under the rib. Diaphragm is welded both on 

the sides of the rib at the centre of the rib and top plate and defined as fix bottom side 

of the diaphragm plate. The perpendicular edge of the diaphragm is not constraint 

which are free to move and the thickness is 8 mm (Fig. 4). 

 

Figure(2): Triangular longitudinal rib to rib connection region fatigue cracks. 

 

Figure(3): Triangular longitudinal ribs to diaphragm plate region fatigue cracks. 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 27 

ARID International Journal for Science and Technology (AIJST) 

 
 

 

Figure(4): Triangular rib and diaphragm plate details (dimensions in mm). 

4. General crack path of the ribs 

Cracks are generally occurred at the connection areas of the ribs. These areas are the 

regions where the ribs are connected side by side and the point ribs are connected to the 

diaphragm plates. Cracks occurred at the connection region of the ribs are shown in 

Fig. 2. The second type of the cracks is shown Fig. 3. The third type of cracks develops 

downward at the welds between the diaphragm plate and the longitudinal rib (Fig.5b). 

These three types of cracks are investigated in this study.  

 

Figure(5): Diaphragm plate bottom fatigue crack repair with different hole diameter and crack 

between diaphragm plate and rib different crack length details (dimensions in mm). 

5. Finite Element Modelling of the Ribs 

In this study, the longitudinal rib and the components of the deck used in orthotropic 

bridge decks and a part of a tire (275/70 R22.5) used for transportation buses are 

modelled using a finite element program. The surface area of the tire gets larger when 
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the axial load from the transportation vehicle is applied, thus larger surfaces area is 

accounted in the FE analysis. The width of the model is defined as the depth of the 

longitudinal rib. The longitudinal rib in this study consists of triangular cross-section.  

The longitudinal ribs, the upper plate and the tire are defined using steel material. The 

young modulus and poison ratio are given as 210 GPa and 0.1, respectively. The road 

is modelled using asphalt material and the young modulus and poison ratio are 2.5 GPa 

and 0.3 respectively. The reason of modelling the tire with steel material is that the 

most important part of the analysis is to evaluate the longitudinal rib and not to have 

any unexpected deformations in the tire. All the materials in the finite element model 

are defined using solid homogenous material type. The boundary conditions of the 

longitudinal rib and the upper plate at each end location are constrained in 

displacement and released in rotation. The connections between the asphalt and the 

upper plate, and the longitudinal rib and the plate are modelled using tie constraint in 

the analysis.  

The thicknesses of the plates are 8 mm and 12 mm for the longitudinal rib and the 

upper plate respectively. The thickness of the asphalt is taken as 33 mm. The weld 

thickness in the connection region is defined as 5.5 mm. An 8 mm thick plate is used to 

connect the longitudinal ribs and the length of the lap splice is defined as 15 mm. The 

connection plate is taken as 180 mm long. The interaction between the connection 

plate, the weld and the longitudinal rib is chosen as tie constraint to provide full 

connection. The thickness of the diaphragm plate is 8 mm and height of the plate is 750 

mm diaphragm plate and longitudinal rib connect with tie constraint and weld between 

diaphragm plate and rib is not defined.  
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The mesh size for the whole finite element model is around 10 mm and an 8-node 

linear brick element (C3D8R) is defined for the mesh element as shown in (Fig. 6). The 

axial load of 100 kN concentrated force of is applied at the centre of the tire. This load 

is taken from Turkish bridge code weight hos H30S24 truck having 240 kN axle load. 

There are 4 tires at each axle and thus a load of a tire is 60 kN. The normal load from a 

tire is accounted as 90 kN when the dynamic amplification factor is taken as 1.5.  

 

Figure(6): Finite element assembly mesh (a) and element type (b) 

In this part of the analysis, longitudinal ribs are continuous under the bridge deck. The 

stresses on the longitudinal rib of a bridge deck due to tire loading are examined along 

the deck and away from the support regions of the bridge. The finite element model is 

built as if the tire passes in the middle of the longitudinal rib (Fig. 7). Hard contact 

interaction and friction are defined between the tire and the asphalt surface.  

 

 

Figure(7): Finite element modelling continuous rib cross-sections and bottom and center paths 
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The connection region of the longitudinal ribs is also considered in this study. This 

region is generally constructed 1 m away from one end of the sector plate under the 

bridge deck for the real bridges. A finite element model of the connection plate and the 

weld to be used to combine the upper plate and the longitudinal rib is created. The 

thickness of the weld is chosen as 5.5 mm and applied around the thickness of the 

connection plate as a triangular welding. The lap splice of the connection plate on the 

ribs is 15 mm and the length of the plate is 180 mm (Fig. 8). Full interactions (tie 

constraint) between the plate and the weld and between the weld and the longitudinal 

rib are provided.  

 

 

Figure(8): Finite element modelling rib connection area and diaphragm plate with continuous 

longitudinal rib 

6. Parametric Analysis of the Ribs  

The maximum principal stresses and the maximum deformations of the triangular 

longitudinal ribs are evaluated. The stress and the deformation contours along the 

vertical line perpendicular to the tire axis are shown in Fig. 9. In the model continuous 

rib, rib to rib connection region, and rib with diaphragm plate the maximum principal 

stress as seen in Fig. 9.    
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Figure(9): Max. Principal stress contours in the continuous rib (a) section view (b), and on the 

connection area (c) diaphragm plate with longitudinal rib (d) 

6.1 Effect of Tire position on the ribs 

The tire position is changed along the centre of the rib in this part of the analysis. The 

maximum principal stresses on the centre axis of the rib and on the longitudinal axis of 

the continuous rib are obtained according to the position of the tire and shown in the 

Fig. 10-11. The aim of the analysis is to examine the location of the tire since the tire 

does not always affect an orthotropic deck on the centre of the rib. The position of the 

tire was defined as 0, 50, 100, 150, 200, 250 mm where zero shows the centre of the rib 

and 250 mm shows the furthest location from the centre. The stresses on the centre line 

(centre path) of the longitudinal rib are illustrated in Fig. 10-11. In the FE models, only 

one rib with a specified length (1500 mm) was considered and there was no interaction 

defined from on the rib. 

a) b) 

c) d) 
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Figure(10): Longitudinal rib cross-section on the centre of the model 

 

Figure(11): Longitudinal rib cross-section on the center of the model with diaphragm plate 

6.2 Effect of crack repair with hole on the diaphragm plate 

In this part of the analysis, the fatigue cracks at the region where the longitudinal ribs 

reach to the diaphragm plates are evaluated. The diameter of the drilled hole at the 

bottom of the ribs is changed to reduce the stress on the crack paths on the diaphragm 

plate. The diameter of the drilled hole is chosen between 20 mm - 50 mm (Fig.5a). The 
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stress distribution along the centre path is shown in Fig. 12 and the stress distribution 

along the circumference length of the drilled hole is shown Fig. 13 

 

Figure(12): Longitudinal rib cross-section on the center of the model with diaphragm plate 

 

Figure(13): Longitudinal rib cross-section on the center of the model with diaphragm plate 

6.3 Effect of crack length between diaphragm plate and longitudinal rib 

The crack length along the welds between the diaphragm plate and the longitudinal rib 

altered from 10 mm to 190 mm in order to evaluate the effect of the crack length on 
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one side of the rib. The cracks defined as leaving 1 mm space between the diaphragm 

plate and the rib on the diaphragm plate (Fig.5b). The stress distribution for different 

crack length is shown in Figure 14.  

 

Figure(14): Longitudinal rib cross-section on the center of the model with diaphragm plate 

7. Conclusions  

The conclusion below are obtained from the FE analysis results. 

 The stresses on the ribs are calculated under the maximum tire loading (100 kN) 

which is considered as the maximum load of one tire when the truck is fully 

loaded. The stress are higher away from the connection region along the bottom 

path of the rib for the model with connection plate when the tire is the centre 

position. However, the stresses on the welds around the connection plate are 

concentrated as shown in Fig 10. This results explains where the cracks start to 

grow as also shown in the Fig. 2. These findings are in line with the real 

situation.  
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 There is no difference obtained in the stress along the longitudinal axis of the rib 

when the position of the tire is changed. However, the maximum principal 

stresses occurred at the bottom point path and as well as on the bottom path of 

the rib when cross-sectional stresses are evaluated. The maximum stresses occur 

away from the centre of the rib as shown Fig. 10.   

 The maximum stress values obtained in the cross-section of the rib coincides 

when the tire is 200 and 250 mm from centre. It can be concluded that the stress 

distribution may be obtained as the tire is 100 or 150 mm away from the centre 

since the effect of the length of the rib and the interaction between other ribs are 

excluded in the analysis. The maximum stress obtained when the tire is 150 mm 

away from the centre line is 1.16 times higher than the stress found in the 

analysis with the tire on the centre (Fig. 11). It may be observed that the fatigue 

cracks start to occur to the closed side of bottom of the rib. Tire position may 

effect to the maximum principal stress on the rib %22 higher depend on the 

centre loading.   

 The maximum stress on the ribs when the crack on the diaphragm plate is 

repaired with different drilled hole diameter did not change (Fig. 12). Moreover, 

the maximum stresses along circumferential path increased comparing to 

without drilled hole. It is concluded that this repair method does not alleviate the 

stress concentration around the crack location. Especially, the ratio of the 

diameter of the drilled hole to the diameter of the arc at the bottom of the ribs is 

greater than 80% the stress concentration is growing around the drilled hole 

(Fig.13). 

 The highest max principal stress occurred on diaphragm plate and ribs 

connection region when crack reached 150 mm long (Fig. 14). It is shown that 
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the crack length increases rapidly at this point. The maximum stress is doubled 

up when the crack length is 150 mm comparing to the maximum stress with no 

crack in the connection.   

 

 

List of abbreviations: 

FEM : Finite Element Method 

FE : Finite Element 

kN : Kilo Newton 

FE model : Finite Element Model 

GPa : Giga Pascal (kN/mm
2
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8 ABSTRACT 

The study aims to investigate the effect of traditional radiotherapy on cancer cells and 

normal cells near the tumor. This study aims to investigate recent advances in radiation 

therapy using high-energy targeted radiation doses for tumors with low radiation 

effects on normal cells near tumors or without radiological effects on normal cells. A 

study of five breast cancer patient’s was taken. Three breast cancer patients had 

treatment by traditional radiation therapy. The other two patients were treated with 

modern radiation therapy. Traditional radiation therapy can affect patients with breast 

cancer in areas such as the spinal cord, heart, liver, and lungs. Treating the right side of 

the breast will impact the patient's liver and right lung.  Treating the left side of the 

breast will have an impact on the heart and left side of the lung. 

 

Keywords: Radiation therapy, cancer breast, lung, heart, spinal cord.   
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 الملخص

تهدد ه هددددر ال راسدددة ةلدددي معلعدددة تدددي يل العدددلال االدددعاعل الانييددد خ عيدددي اليلا دددا السدددل ا ية واليلا دددا ال بيعيدددة النل بدددة مددد  

لدددعاعل باسددداي ا  الالعدددا  االدددعاعية عاليدددة تهددد ه ال راسدددة ل  دددا عيدددي عهدددي الا دددورا  الح   دددة عدددل العدددلال اا. الدددور 

ال اقددددة للاسدددداه اه اتورا  ثا  الاددددي يلا  االددددعاعية الانيل ددددة عيددددي اليلا ددددا ال بيعيددددة النل بددددة مدددد  اتورا  لو بدددد و  

تددددي عددددل هدددددا البحددددش دراسددددة العددددلال االددددعاعل الح   ددددة وتددددي يل العددددلال . الاددددي يلا  االددددعاعية عيددددي اليلا ددددا ال بيعيددددة

حيدددش تدددي (. النيدددال العادددود اللندددلخل الكبددد ل الل دددة)الانييددد خ لينسددداا الابدددابا  بسدددل ا  ال ددد خ عيدددي الاندددا   االدددعاعل 

ة  الالكيدددل عيدددي دراسدددة الادددي يل العدددلال االدددعاعل مددد  الاوا دددي  . كادددا عدددل النادددا ش والاناق دددة( مل  دددة)عيندددة ( 5)لخدددد 

  ة ادددلث ة دددل سددديبل عيدددي الادددل ث ببدددور  عامدددة حيدددش الاهادددة عدددل وقاندددا الحدددالل وثلدددك ي  العدددلال االدددعاعل الانييددد خ 

تدددي يل االدددعا   كدددو  عيدددي اليلا دددا السددديياة وأيدددل السددديياة وهددددا مددديتي ملاحداددد  عدددل جاددد  حددداي  سدددل ا  ال ددد خ قيددد  

ة  عدددلال سدددل ا  ال ددد خ ات سدددل  ددد دخ ةلدددي ل   سدددبة االدددعا  الادددل  سددداياها النيدددا والعادددود اللندددلخ والل دددة : ال راسدددة

ة  عدددلال سدددل ا  . مادددا هدددل عييددد  عنددد  عدددلال سدددل ا  ال ددد خ ات اددد  وثلدددك لنلبددد  مددد  الان ندددة العلاجيدددة اليسدددلب كبيدددل 

ال دد خ ات ادد   دد دخ ةلددي ل   سددبة االددعا  الاددل  سدداياها الكبددد  والعاددود اللنددلخ والل ددة اليانددي كبيددل  ماددا هددل عييدد  عنددد  

 .علال سل ا  ال  خ ات سل وثلك لنلبهي م  الان نة العلاجية

 

   . ل سل ا  ال  خل النيال الل ةالعلال االعاعل الانيي خ :كلمات مفتاحية
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1- Introduction:  

         Traditional radiation therapy is the use of high-energy x-rays to destroying cancer 

cells but depending on the radiation doses it can have an effect on healthy cells. 

Traditional radiation therapy is often the most common radiation treatment but there 

are additional treatments that are also used to treat cancer cells such as surgery and/or 

chemotherapy. With traditional radiation therapy the division of the number of 

sessions, allows healthy cells to recover and repair themselves which contributes to cut 

the side effects of this type of treatment. Traditional radiation therapy sends x-rays or 

photon beams to the cancerous tumor but it can also send these beams beyond the 

tumor which will then affect healthy tissues nearby and can cause substantial side 

effects [1,2].  

          Nowadays, with the advances of radiation therapy have today using (proton 

therapy, brachytherapy, or treatment planning. etc.) able to send radiation doses of 

high-energy on cancer cells that stops at the tumor, making it less likely to affect 

healthy tissues that are near the tumor. Recent advancements have improved efficacy, 

reduced risks, and decrease the implications of radiation therapy. These advances 

involve Volumetric Modulated Arc Therapy (VMAT), Three-Dimensional Conformal 

Radiation Therapy (3DCRT), Stereotactic Radiotherapy (SRT), Brachytherapy, 

Intensity-Modulated Radiation Therapy (IMRT), Nano Therapy, Radio-

Immunotherapy (RIT), and others. Each of these modalities is the improved radiation 

targeting to a tumor, thereby limiting radiation exposure to healthy tissues. The 

modalities also deliver a lethal dose of radiation to the tumor cells. The use of recent 

advances in the treatment planning process distinguishes it from other forms of 

traditional radiotherapy of the high-resolution tumor-focused radiation dose delivery 

plan. As a result, the higher and more effective dose for the radiation is delivered 
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directly to cancerous cells. At the same time, this greatly decreases the high dosage of 

radiation on the healthy tissues surrounding them [1,3,4].  

         The current problem, to date, is the use of traditional radiation therapy in the 

treatment of cancerous cells and using the high dosage of radiation that kills the 

cancerous cells but has an effect on normal cells. With recent advancements in methods 

of radiation therapy for cancerous cell, these new methods reduce the effects of 

radiation doses on normal cells that are near the tumor. The objective of this study is to 

use methods of radiation therapy for the treatment of cancer cells using the most recent 

advancements of devices for radiation therapy. 

The study aims to identify the most improved and efficient procedure, reduced risk, 

reduction of radiation therapy side-effect, and the best radiation methods that target 

only the tumor. The study also aims to provide the best methods of high beam doses on 

tumors with low side effects on normal cells. 

Among the study problems presented by the current research on the questions main. 

Some define certain sub-questions: 

What is traditional therapy? 

What is radiation therapy? 

What are the methods of radiation therapy for cancerous cells? 

The importance of the current study stems from the fact that it's recent studies on the 

effects of radiation doses on healthy cells and the importance in: 

Rational  

Theoretical aspect 

The current research is considered one of the studies that accompany continuous 

studies. It is important to keep pace with developments in cancer cell therapies, in 

general. We must always consider the continuation of previous research and studies in 
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cancer cell treatments, keeping in mind the importance of radiation therapy for the 

treatment of cancerous cells is a modern and advanced process. 

Practical aspect  

Adding and presenting scientific results that are of interest to researchers in the fields 

of treatments for cancer cells. 

2- Material and Methods  

The methods of patient’s treatment of breast cancer by traditional radiation therapy and 

radiation therapy. 

2-1 Radiation Therapy  

         The last studies on radiation therapy for treating breast cancer and research were 

discovered a century ago.  One of the most common and effective uses in cancer 

treatments is radiotherapy. Generally, radiation doses of high energy are used to 

destroy cancer cells and shrink tumors. Types of radiotherapy include Brachytherapy 

and external beam radiation. Brachytherapy (internal radiation therapy) is a type of 

radiation therapy that involves inserting seeds, ribbons, or capsules containing a source 

of radiation into or near the tumor. To destroy cancer cells and shrink tumors. The most 

prevalent type of radiotherapy is external beam radiation. This includes an external 

beam therapy that guides radiation doses of high energy on cancer cells from outside 

the body and radiation from a variety of different angles that reaches the tumor. 

Radiation therapy is more effective in radiation with different intensities, the aim is for 

radiation doses to focus on tumor locations without causing damage to the normal 

tissue. Using radiation therapy for the treatment of almost all types of cancer [2,3,4]. 
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2-2 Breast Cancer  

         Breast cancer is a condition in which out-of-control cells develop in the breast. 

Different kinds of breast cancer are present. The type of breast cancer depends on 

which cells transform into cancer in the breast. Breast cancer may start in various parts 

of the breast. Many tumors are benign in the breast, but certain types of abnormal cells 

may begin to split out of control and become malignant. When a tumor is breast 

cancerous, it can spread from its first place to nearby tissues, and when the infection 

develops further. Cancer can reach the lymphatic vessels or into the bloodstream and 

this will allow cancer to spread to other places further in the body. Types of breast 

cancer include invasive ductal carcinoma and invasive lobules carcinoma. The cancer 

cells spreads into other areas of the breast tissue beyond the ducts. Invasive cancer cells 

may also spread to other areas of the body. There are also other less common types of 

breast cancer, such as medullary external symbol, Paget disease, breast cancer that is 

inflammatory, and mucinous [5,6]. 

Ductal carcinoma in situ (DCIS) is a breast illness that may lead to breast cancer. 

Cancer cells are only found in the lining of the ducts and have not spread on other 

breast tissue [5].  

Staging breast cancer is a way of identifying the extent to which breast cancer has 

spread and the size of the tumor, whether it has spread to lymph nodes, or whether the 

tumor has spread to remote parts of the body. The TNM method is the most common 

instrument that uses in staging breast cancer [7]. These divisions generally depend on 

three factors which are the following: 

 (T), describes the tumor size and any cancer spread to surrounding tissue 

 (N), describes cancer spread to nearby lymph nodes 
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 (M), describes metastasis (spread for cancer on other parts of the body). Staging 

helps diagnose where cancer is found, whether and/or where it has spread, and 

whether other areas of the body cancer treatment were performed. It depends on 

the type of breast cancer that has spread and how far. There are methods such as 

Surgery, Hormonal therapy, Chemotherapy, Radiation therapy, Biological 

therapy, and other treatment [7]. 

High beam radiation therapy is used to treat breast cancer in different situations, some 

of which can be mentioned as follows [5]: 

- Radiation therapy has only been used to treat breast cancer. 

- The use of radiation therapy can merge with surgery, chemotherapy, and other 

treatments to treat breast cancer. 

- After breast surgery, the use of radiation therapy in this case aims to reduce the 

chance of the tumor appearing again in the breast or the lymph nodes. 

- After mastectomy, especially if cancer has spread to the lymph nodes. 

- The condition in which breast cancer spreads to other parts of the breast such as the 

brain or bones. 

3- Results and Discussion 

       The treatment of breast cancer in this study was conducted by traditional radiation 

therapy and radiation therapy. A study was done to illustrate the effects of radiation on 

sensitive areas for breast cancer patients (liver, heart, lung, spinal cord). The study will 

explain cases to effect of traditional radiotherapy on healthy tissues and cancer cells. 

Using a radiation dosimeter in the treatment of the cancerous tumor and is device 

measures the dose uptake for ionization radiation and using the unit of measurement 

for the calculation amount for radiation a patient is subjected to is gray (GY). This is 

also known as centigray (CGY) and as shown below. 
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Case 1: The patient with left breast cancer was treated with traditional radiotherapy and 

was diagnosed with CT scan and had stage breast cancer (T2N0M0). Using radiation 

doses done the total volume (2358.05cc), the minimum dose is (0.0 CGY), the 

maximum dose is (4374.0CGY), the mean dose is (3012.0 CGY), cursor volume 

(76.79%), and as shown in the graph. the number of sessions is 15 fraction (Fx), and 

the beam dose rate effect is larger on the left lung (476 CGY), heart (1056 CGY), beam 

dose rate effect is less on the right lung (19 CGY), and right side breast (27 CGY). 

Using a much higher beam dosage (GTV), (CTV), (PTV) as shown in the red color for 

killing the cancerous cells in the right breast causing a radiation effect on the healthy 

cells (from 100 volumes to 4000 doses). Note, a beam dose rate effect larger on the left 

lung as shown in the green color (from 100 volumes to 3600 doses), heart as shown in 

the blue color (from 100 volumes to 3600 doses), and spinal cord but less effect on the 

right lung as shown in the yellow color (from 100 volumes to 500 doses), and right 

breast as shown in the green color (from 100 volumes to 700 doses), and liver than 

beam dose as shown in figure 1. 

 

 

 

 

 

 

 

 

 

Figure(1): Graph volume-dose for treatment of left breast cancer 
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Case 2: The patient with left breast cancer was treated with traditional radiotherapy and 

was diagnosed with CT scan and had stage breast cancer (T2N2M0). Using radiation 

doses done the total volume (1527.33cc), the minimum dose is (173.0 CGY), the 

maximum dose is (4538.0 CGY), the mean dose is (3725.0 CGY), cursor volume 

(97.95%), and as shown in the graph. The beam dose rate effects are larger on the left 

lung (1642 CGY), heart (671CGY). The beam dose rate has a less effect on the right 

lung (41CGY), and right side breast (10 CGY). Using high beam dosage for the killing 

of cancerous cells in the left breast causes a radiation effect on normal tissue at the 

same time (from 100 volumes to 4500 doses) as shown in the red. Note, a larger beam 

dose affects the left lung, heart, and spinal cord as shown in the red and yellow color 

but has a less effect on the right lung, liver, and right breast as shown in the blue color 

as shown in figure 2. 

 

 

 

 

 

 

 

 

 

Figure(2): Graph volume-dose for treatment of left breast cancer by traditional radiation therapy 
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Case 3: The patient with right breast cancer was treated with traditional radiotherapy 

and was diagnosed with CT scan and had stage breast cancer (T2N1M0). Using 

radiation doses done the total volume (1233.20 cc), the minimum dose is (296.0 CGY), 

the maximum dose is (4322.0CGY), the mean dose is (3798.0 CGY), cursor volume 

(99.64%), and as shown in the graph. Beam dose rate effect larger on right lung (1322 

CGY), beam dose rate effect less on the heart (75 CGY), and left side breast (15 CGY) 

and left lung (23 CGY). Using a high beam dose for the killing cancerous cells in the 

right breast with radiation effect on healthy cells (from 100 volumes to 4050 doses). 

Note, a high beam dose rate effect is larger on the right lung as shown in the yellow 

color, liver as shown in the green color, and spinal cord as shown in the red color (from 

100 volumes to 4500 doses) but less effect on the left lung as shown in the yellow color 

(from 100 volumes to 900 doses), the heart as shown in the red color (from 100 

volumes to 1800 doses), and the left breast as shown in figure 3. 

 

 

 

 

 

 

 

 

 

Figure(3): Graph volume-dose for treatment of right breast cancer 
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Case 4: Post-mastectomy patient with radiotherapy of the right breast using a 6-domain 

sliding window for IMRT treatment for the treatment of supra / infraclavian and 

internal lymph nodes but with preservation of normal tissue from a high dose beam [3] 

as shown in figure 4. 

 

 

 

 

 

 

 

 

Figure(4): Right breast cancer patient [3] 

Case 5: The patient was undergoing left breast radiation therapy using a 3-field sliding 

window IMRT technique. It is more effective, targets the tumor more directly and has 

fewer side effects than traditional radiation therapy [3] as shown in figure 5. 

Figure(5): Left breast cancer patient [3] 
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4- Conclusions: 

        This study was done on the effect of traditional radiation therapy for breast cancer 

patients and on recent developments in radiation therapy that allows us to switch from 

two-dimensional to three-dimensional and four-dimensional imaging which provides 

more focused therapy. The study is intended to provide more reliable tumor radiation 

doses and biological targeting. This would cause the radiation dose to increase, thereby 

being more efficient at treating cancer and reducing the amount of time it takes to re-

treat. Radiation therapy has three cases: 

The effect on the left breast on normal cells of traditional radiation therapy has a 

greater impact on the heart, spinal cord, and left lung when compared to the right side 

which has a less of an effect. The right side is less affected by traditional radiation 

therapy as in case 1 and in case 2. 

The effect of traditional radiation therapy on the right side breast on normal cells on the 

spinal cord, liver, and right lung is more than the left side, which is less affected by 

traditional radiation therapy as in case 3. 

Treating breast cancer using recent advances radiation therapy, proton therapy, 

brachytherapy, or using in treatment planning (3D, IMRT, VMAT, SIB, to other). 

These are perfect treatments for the patient’s cancer. These methods kill cancerous 

cells with a more active radiation dose on the tumor with side-effects that are low on 

normal cells than with high dose beam as in the cases: case 5, case 6. 
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Recommendations 

         I believe recent advances in radiation therapy are the alternative to traditional 

radiation therapy because it focuses more on removing the cancerous tumor with a less 

effect on healthy tissues. 

Abbreviations 

RT                Radiation therapy  

RTP              Radiation treatment planning  

IMRT           Intensity-modulated radiation therapy 

VMAT         Volumetric modulated arc therapy 

3DCRT      Three-dimensional conformal radiation 

                        therapy 

SRT           Stereotactic radiotherapy 

SIB            Simultaneous integrated boost  

RIT         Radio-immunotherapy  

GTV       Gross tumor volume 

CTV        Clinical target volume 

PTV       Planning target volume 

CGY      Centigray 

FX         Fraction 

CC        Cubic centimeter 
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ABSTRACT 

The construction sector is one of the most accident-prone sectors during onsite work. Therefore, 

it increases the costs of the projects and add more amount to the budget i.e., the workers' 

hospitalization charges on injuries, and casualties led to it. The current study reviews the site cost 

issues due to the accidents caused during the construction projects with their suggested solutions. 

This research has reviewed thirty Sudanese Construction sector projects and analyses their 

results in detail to obtain the possible solutions as a part of an integrated site management system 

for accident cost problem (diagnosing and solving). It also used to reduce accidents, and to 

prevent any extra costs which might occur due to it. 

Keywords: Construction projects, Site accidents, Site costs, Site management 
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 الخلاصة

عمال الإنشائية وبالتالي زيادة تكاليف لكثير من الحوادث أثناء تنفيذ الألى وقوع اإالتشييد من أكثر القطاعات عرضة  قطاع

ن البحث في العوامل المؤدية إومن هذا المنطلق ف. لى الوفاةإابات العاملين والتي يؤدي بعضها المشاريع المنفذة إضافة الى إص

 .دارات العليا في هذا القطاع الحيويفيلة للحد منها هي من أولويات الإالكلى وقوع الحوادث والسبل إ

 لى زيادة في تكاليف العمال خلال إحوادث العمل والتي بالتالي تؤدي يتناول البحث شرح للمشاكل الموقعية التي تسبب في وقوع 

 ول مراجعة نظرية للدراسة، والجزء، تناول الجزء الألى ثلاثة أجزاءإتم تقسيم البحث .  المقترحة لها مراحل التنفيذ، مع الحلول

كحالة  –ثلاثين مشروعا إنشائيا في عدد من مواقع التشييد في السودان لالثاني تناول المسح الميداني تم القيام به أثناء الدراسة، 

                                                                                       .           جل التعرف على المشاكل الموقعية مقارنة مع الدراسة النظريةأدراسية، وذلك من 

والتي يمكن أما الجزء الثالث من البحث فقد تناول وضع الإستنتاجات التي توصل اليها الباحث وهي عباره عن مجموعة حلول 

مسببة وقوع حوادث عمل التي تؤدي الموقعية والتي قد تحدث عتمادها من قبل الإدارة الموقعية لغرض التقليل وحل المشاكل ا

 . لى زيادة في تكاليف الأعمالإ

 .إدارة الموقع، التكاليف الموقعية، حوادث العمل، المشاريع الإنشائية: الكلمات المفتاحية
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ARID International Journal for Science and Technology (AIJST) VOL: 4, NO 7, June 2021 

 
 501 

ARID International Journal for Science and Technology (AIJST) 

 
 

 

 

 

1. Introduction  

The construction industry has experienced a lot of occupational injuries, and construction work is 

considered one of the most dangerous occupations due to the dynamic and temporary nature of 

the workplace. Specifically, most construction work takes place outdoors and work conditions 

(e.g., temperature, humidity, and light conditions) and the number of required workers frequently 

changes, which increases the difficulty of safety management [1]. 

The current study has reviewed relevant literature to seek solutions of upsurge in the budget due 

to the onsite accidents during construction projects.  

This research has been divided into three parts, the first part deal with reviewing the literature of 

the research, and through the second part, thirty projects, are selected from Sudanese 

construction sector – as a case study. These cases have been investigated to identify the site 

accident challenges and then compared with the literature. The third part of the research 

concludes a set of possible solutions as a part of an integrated site management system for 

accident cost problem (diagnosing and solving), to be followed by the site management, to 

reduce accidents, and therefore preventing any extra costs which might occur due to it.  

2- THE LITERATURE REVIEW 

Classification of construction accidents:2-1 

Accident is defined as “any sudden, unexpected or planned emergency occurring during the work 

or causing what is related to it, and this includes any exposure to natural, mechanical or chemical 

hazards or acute stress and other risks that may lead to death, physical injury or acute illness to 

the injured worker. And the accident may lead to damages and damage to the facility or 
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production means without injuring any of the workers. Or it may lead to injury to one or more 

workers in addition to damage to the facility and the means of production” [2].  

Some common types of construction accidents include:  

 Crane or hoist accidents. Cranes and hoists are important construction tools. However, lack of 

training, operator errors, and other factors can lead to serious accidents on construction sites. [3] 

  Falls from heights. Scaffolding accidents, ladder accidents, roofing accidents, and other falls 

from heights can be lethal. [3]  

 Slip and falls. A slip and fall on the ground can cause broken bones, sprains, and other injuries. 

[3] 

  Repetitive stress injuries. Repetitive nature of some construction work can result in repetitive 

stress injuries in the back, wrists, ankles, and joints. [3] 

  Gas leaks, fires, and explosions. Gas leaks, fires, and explosions can be sudden and deadly. 

Carbon monoxide, for example, can be dangerous in a confined construction space. [3] 

 Forklift accidents. Without proper training and alert operators, forklifts can be dangerous and 

may result in serious construction accidents. [3] 

 Trench accidents. A trench collapse or an accident within a trench can be devastating. A 

construction worker may be trapped and unable to get out on their own. [3] 

  Elevator shaft accidents. Construction workers may be at risk of falling down elevator shafts if 

safety precautions are not observed. [3] 

 Electrocutions. Electrical equipment, overhead electrical wires, wiring, and lightning all create 

risks of electrocution for construction workers. [3] 
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  Machinery accidents. Heavy machines perform great deal of construction operations, but these 

also create risk situations for construction workers either because of malfunction of machinery or 

operator’s fault.  [3]. 

 Struck-by accidents. Motor vehicles are common on construction sites. Construction worker is 

at risk of being hit by a motor vehicle or part of machinery while working on a construction site. 

[3] 

  Caught-between accidents. A limb of a person or entire body may get caught by a piece of 

equipment or crushed by the debris of a construction incident. [3] 

  Exposure to hazardous or toxic chemicals. Inhalation of chemicals or toxic vapors by 

construction workers can cause severe respiratory problems. [3] 

Classification of Site Accident costs:2-2 

The cost of workday loss caused by minor occupational accidents are almost 35 % of major 

workday losses. These costs present the importance of preventive measures for workers’ health 

and safety in construction. [4]  

Costs caused by occupational accidents are well investigated in many different studies and they 

are subdivided into two categories as: 

Direct costs include Medical costs, ambulance fee, Doctor’s fees, hospital fee, rehabilitative 

services, cost of medication, therapy, insurance compensation payment to the injured worker [5]. 

 Indirect costs include workday loss, working time loss in workplace, time loss for investigating 

the accident and legal processes, pausing the production after the accident, delay in workflow 

and program, damage in working machines or stopping to use these machines, low efficiency of 
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workers, loss of reputation for the company, fine payments for late delivery. Thus, it is indicated 

that indirect costs are much higher than the direct costs in total. [4] 

2-3: The Factors Affecting Site Accidents Costs and their applicable solutions.  

2-3-1: The Factors Affecting Site Accidents Costs:  

2-3-1-1: Excavations Works: the most affecting factors which can cause accidents during 

excavations are: [6] 

- Unshoring the sides of excavation or sloping to the angle of repose may causes cave-in. 

- Equipment operates near the top edge of the excavation. 

- Keeping or storing the materials near the edge of the excavation. 

- Electrical cables or and flammable gases pipes damaged during excavation causing possible 

hazards.  

- No emergency exit is provided for employees working in a trench deeper than 4ft. 

the unsecured railings will be the most affective factor for  :2: Individual falls-1-3-2

increasing the risk of accidents. [6] 

steel erection is very hazardous construction task, the factors  :3: Steel erections-1-3-2

which can cause accidents during steel erection on site are: [6] 

- Workers are not provided with gloves, hard hats, and eye protection when they engaged in 

welding, cutting, and chipping operations. 

- Shortage of scaffolds, or scaffolds without guard rails and safety belts can cause individual 

falls. 

- No safety nets are provided when working on high places above the ground. 

- weather is responsible for many of the hazards at the steel erection sites. 

2-3-1-4: Equipment operations: 

The most factors which might increase accidents due to equipment operations are: [6] 
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-Using the equipment in improper purpose. 

-Employing unexperienced operators. 

 - Exceeding the equipment design limits. 

 -loading the equipment in a way that affects the safety of driving or operating them. 

 - The position of the equipment near the edge of the excavation when unloading. 

 -Bad site illumination. 

2-3-1-5: Marine or over-water construction: 

  Marine or over-water construction presents all the usual construction hazards plus 

additional hazards posed by the marine environment, these additional hazards include 

slippery surfaces, increased tripping, and height hazards, as well as weather and wave 

actions. Factors which can add other risk of accidents are: [6] 

 -Bad illumination. 

 -Lack of ramps or walkways. 

 -unguarded decks or surfaces over water. 

 

2-3-1-6: Environmental Health in construction: 

The major Environmental Health problems encountered in construction consist of noise, dust, 

toxic materials, heat and cold. [6] 

 

  2-3-2: applicable solutions to be considered to avoid accidents are: 

   2-3-2-1: For Excavations Works:  

- Sides of excavations should be properly shored by one of the shoring systems, such as: 

sheeting, lagging, or sheet piling [7]. 

-When employees are required to work in a trench 4ft (1.2m.) or more in depth, provide an 

adequate means of emergency exit located with (7.6 m.) of the worker. 
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-Avoid the operation of equipment near the top edge of an excavation because this increases 

the chance of slope failure. 

- Materials should not be stored near the edge of an excavation to decrease the chance of slop 

failure when workers are required to enter the excavation. No spoil or other material may be 

stored within (0.6 m.) of the edge of the excavation. 

-Watch out for buried lines and containers when excavation. Possible hazards include toxic 

and flammable gasses, electricity and collapse of side slopes may occur due to sudden release 

of liquids. 

 2-3-2-2: For individual falls:  

The procedures to be followed to prevent workers failure are: [8]   

-Properly guard all opening above ground level. 

-Provide guard rails, safety lines, safety belts, and/or safety nets for workers on scaffolds or 

steel work. 

-Temporary structures should be properly designed, constructed, and braced. 

2-3-2-3: For steel erections:  

To prevent accidents during steel erections, the following steps should be followed: [9] 

-workers engaged in welding, cutting, and chipping operations should be provided with hard 

hats, gloves, and eye protection. 

-Prevent workers from falls from high places during erection by: 

  * Providing, whenever possible, temporary floors and scaffolds with rails. 

  * Providing lifelines and safety belts when guard rails are not feasible. 

  * Providing safety nets where the potential fall exceeds (7.6m.) or two stories. 

 2-3-2-4: For Equipment operations:  

-Machines should be equipped with the required safety features and operators use seat belts 

when provided.  
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-The designed limits of equipment should not be exceeded, especially when operating cranes. 

-Workers not to be allowed to ride on equipment unless proper seating is provided. 

-Provide good site illumination to have clear roads to avoid accidents during transport. 

-Ensuring that any guards or safety devices removed during equipment repair are promptly 

replaced. [7] 

 

 2-3-2-5: For Marine or over-water construction:  

-Ramp or safe walkway must be provided. 

- Access ways must be adequately illuminated free of obstructions. 

-Working areas should have nonslip surfaces. 

-Workers on unguarded decks or surfaces over water must wear approved life jackets or 

buoyant vests. Life rings and a rescue boat must also be available. 

-Workers more than 25ft. (7.6m.) above a water surface must be protected by safety belts and 

safely nets. [7] 

2-3-2-6: For Environmental Health in construction:  

-Workers who are concerned with cutting materials, especially asbestos, should be provided 

with noise cabs to avoid them from toxic dust effect. 

-For people working in tunnels, dust problems can be avoided by ventilate a tunnel. Blasting, 

mucking, and using water instead of air to remove the cuttings to avoid dust caused by 

drilling.  

-Methods of reducing heat effect on workers include the use of mechanical equipment, 

scheduling hot work for the cooler part of the day, use of sun shields, providing cool rest 

areas, providing water supply easily accessible to workers, and the use of proper hot-weather 

clothing. 
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-The provisions of workers with adequate clothing and warming areas will be successful 

requirements for cold weather construction. 

- Giving the workers adequate rest allowances to avoid stresses and accidents due to working 

more than allowable hours under extreme temperature in hot weather construction. [6] 

 

3- Controlling accident costs: 

In the light of the above discussed facts, it seems crucial that onsite accident costs must also be 

included in the monthly report of the actual costs of the project along with the monthly costs of 

main elements such as (labor, machinery, materials, incentives, contractors, and subcontractors 

work etc.)  

Safety is an important part of project management, and it is no less important than planning, 

scheduling of work, estimating work quantities, and controlling costs, and it must be considered. 

Achieve safety in the design stage and during the project implementation stages. Accidents do not 

affect workers only, but also their families [10]. 

So, to control accidents costs during the implementation of the work, the “safety program” can be a 

reason for preventing these accidents [11]. 

 

4. THE FIELD WORK 

 Through this part of the research, a survey has been conducted on thirty selected Sudanese 

projects to identify the actual accidents site rising cost concerns. The field work was also added to 

get the in-depth information from site management experts in relation to the accidents during 

construction, and their suggested solutions for these problems (if any) to compare with the 

consulted literature. 
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4-1 The characteristics of the respondents  

Table (1) illustrates the respondents (experts) selected for the survey. The table below shows 

their years of experience, which is ranged from 5-40 years: 

-   40% of experience have (8-15) years. 

-   13% of experience have (16-20) years. 

-   30% of experience have (21-25) years. 

-   17% of experience have (26-40) years. 

Majority (60%) of the respondents have more than 16 years of experience. Most (63%) of 

the respondents are civil engineers, while 20% are architectural, and 17% respondents are 

mechanical and electrical engineers. A large number (73%) of them are working as site and 

project managers, which provided substantial information and in-depth knowledge of field 

experience which is quite useful for the research undertaken. 

4-2 Preparing the Questionnaire List (Q.L.) 

The review of literature related to the Accident site cost problems has been carried out from the 

thirty Sudanese survey projects. In depth field knowledge from the survey projects have been 

obtained from the respondents. 

The Questionnaire List (Q.L.) has been prepared from the literature which includes all the 

site cost challenges (factors) that are affecting the accident site costs with their possible 

solutions that would reduce these costs. 

As a result of eliciting most of the problems that might increase accident site costs, through the 

(Q.L.), the total number of these problems (factors) have finally reached in number to (24), 

distributed as follows: 

1- Excavations, 6 problems 

2- Individual fall, 6 problems 

3- Work on water, 2 problem 
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4- Scaffolding , 3 problems 

   5-Work environment, 7 problems 

 4-3 The Analysis of the tabulated results 

The results which have been concluded from the (Q.L.) answers were analyzed, and 

tabulated, as shown in Table (2) and Table (3), the following figures were calculated and 

presented for each of the thirty selected projects. 

A- The number of existed site cost problems found in the selected research projects. 

B- The percentage of existing site cost problems out of total known problems. 

C- The number of problems that were addressed and solved during the implementation by the 

management of these projects. 

D- The percentage of site cost addressed and resolved. 

E- The number of problems that still exist that have not been addressed and resolved, and their 

types and percentage. 

 

4-4  Analysis of percentages table. 

Tables (2) shows the number of existing site cost problems, and their percentages. 

While Table (3) shows Number of issues, solved by project management, and problems that 

still exist, and their percentages, where Only (60%) of the selected projects have solved more 

than 50% of their cost problems. 

         Also, table (3) indicates the affecting factors (problems) on site costs such as: scaffolding, 

individual fall, excavation. Table (4) shows the percentages of these problems in the selected 

projects according to their significant effectiveness on site costs. 

A- 93% of the projects still have unsolved problems regarding scaffolding. 

B- 90% of the projects still have unsolved problems regarding individual fall at work. 

C- 83% of the projects still have unsolved problems regarding excavation work. 
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D- 70% of the projects still have unsolved problems regarding work environment. 

Figure (1) shows the number of problems which cause site accidents and still exist in the selected 

Projects. 

The analysis of Tables (2) and (3) helps the top management in diagnosing and evaluating the 

efficiency and performance of project site management in identifying and solving cost 

problems, through knowing who can solve most of their cost problems (specially the most 

effective on increasing site costs), and managers who have the largest percentage of problems 

that have unsolved. 

 If the percentage of unsolved problems exceeds 25% in any construction project, this gives a 

good indication to top management in identify the site cost problems that will have a 

significant impact in increasing the total costs of the project, and thus effective corrective 

measures are taken to solve these problems. 

 

Figure(1): unsolved Accident cost problems in 30 construction projects 
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Table(1): Respondence characteristics 

position Projects 

Numbers 

specialization Projects 

Numbers 

Years of experience Projects 

Numbers 

Project 

manager 

1,7,8,17,18,27 Civil engineer 1,2,3,5,10,11,12

,13,14,19,20,22,

23,24,25,26,27,

29,30 

8-15 6,7,11,15,16,1

7,22,23,26,28,

29,30 

Site 

manager 

2,6,10,11,12,13,

15,19,20,22,23,

24,25,26,28,29 

Architect 4,8,16,18,21,28 16-20 1,13,20,24 

Designer 3,9,14,16,21,30 Mechanical 

engineer 

6,9 21-25 2,3,4,5,8,10,12

,18,27 

planner 4,5 Electrical 

engineer 

7,15,17 26-30 9,14,19,21,25 

 

 

Table(2): number of problems exist for each project and their percentages. 

  

 

 

 

 

% of problems exist 

(in each project) 

Number of problems 

exist (in each project) 

Total number of 

problems 

Projects 

Numbers 

33% 22 24 1,10,15,16,21,30 

77% 17 24 2,8,14,18,28 

72% 22 24 3,12,17,23,25 

33% 21 24 4,5,9,24,27 

77% 13 24 6,13,19,26,29 

71% 17 24 7,20 

33% 17 24 11 

73% 14 24 22 
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Table(3): Number of problems solved by project management, and problems that still exist and their types. 

Number and Type of unsolved problems 

in each project 

Number of 

unsolved problems 

in each project 

% of problems solved 

in each project 

Number of 

problems solved 

in each project 

Number of 

problems exist 

in each project 

Project 

No. 

(4) problems regarding individual Fall  

(2) problems regarding Scaffolding 

(5) problems regarding excavation  

(1) problems regarding work environment 

(2) problems regarding work on water  

 

14 33% 3 22 12 

(3) problems regarding individual Fall  

(3) problems regarding Scaffolding 

(4) problems regarding excavation  
(5) problems regarding work environment 

 

17 21% 4 17 14 

(3) problems regarding individual Fall  

(2) problems regarding Scaffolding 

(4) problems regarding excavation  

(2) problems regarding work environment 

 

 

 

11 42% 3 17 

 

8 

11 43% 12 21 9 

 

 

(3) problems regarding individual Fall 

(2) problems regarding Scaffolding 

(3) problems regarding excavation  

(2) problems regarding work environment 

    

12 72% 12 22 10,21 

12 44% 3 13 26,29 

 
 

 

 

(3) problems regarding Scaffolding 

(3) problems regarding excavation  

(1) problems regarding work environment 

(3) problems regarding individual Fall  

 

12 72% 12 22 15 

12 44% 3 13 19 

12 41% 7 17 20 

(2) problems regarding individual Fall  

(3) problems regarding Scaffolding 

(4) problems regarding excavation  
(1) problems regarding work environment 

 

12 77% 12 22 23,25 
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(2) problems regarding individual Fall  

(3) problems regarding Scaffolding 

(4) problems regarding excavation  

(1) problems regarding work environment 

 

12 77% 12 22 17 

 
 

(3) problems regarding individual Fall 

(4) problems regarding Scaffolding 

(3) problems regarding excavation  

 

12 72% 11 21 27 

12 47% 7 17 28 

(2) problems regarding individual Fall  

(2) problems regarding work on water 

(3) problems regarding excavation  
(2) problems regarding work environment 

(1) problems regarding Scaffolding 

 

12 72% 11 21 24 

(3) problems regarding individual Fall  

(2) problems regarding Scaffolding 

(4) problems regarding excavation  

(2) problems regarding work environment 

 

7 37% 13 22 16,30 

(2) problems regarding individual Fall  

(2) problems regarding Scaffolding 

(2) problems regarding excavation  

(1) problems regarding work environment 

 

7 33% 12 17 18 

(3) problems regarding individual Fall  
(1) problems regarding Scaffolding 

(2) problems regarding excavation  

(2) problems regarding work environment 

 

3 73% 12 13 13 

 

 

 

 

(2) problems regarding individual Fall  

(2) problems regarding Scaffolding 

(2) problems regarding excavation  

 

3 71% 17 21 4,5 

3 37% 12 13 6 

3 37% 11 17 7 

 (2) problems regarding Fall 

(2) problems regarding Scaffolding  

(1) problem regarding Work environment 

 

7 77% 17 22 1 

(1) problems regarding Scaffolding 
(2) problems regarding Work environment 

 

3 34% 13 17 2 
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Table(4): the types and percentages of problems according to their significant effectiveness on site costs 

Problems 

 regarding 

Work on 

water 

Problems 

 regarding 

Work 

environment 

Problems 

 regarding 

excavation 

Problems 

 regarding 

Individual falls 

Problems 

 regarding 

Scaffolding 

 

12,24 1,2, 8,9,10,12,13, 

14,15,16,17,18,19, 

20,21,23,24,25,26, 

29,30 

4,5,6,7,8,9,10,12, 

13,14,15,16,17,18, 

19,20,21,23,24,25, 

26,27,28,29,30 

1,3,4,5,6,7,8,9,10, 

12,13,14,15,16,17, 

18,19,20,21,23,24, 

25,26,27,28,29,30 

1,2,3,4,5,6,7,8,9,10, 

12,13,14,15,16,17, 

18,19,20,21,23,24, 

25,26,27,28,29,30 

Projects 

No.  

 

 

2 

 

 

21 

 

 

25 

 

 

27 

 

 

 

28 

No. of 

projects 

(out of 30) 

 

6% 

 

70% 

 

83% 

 

90% 

 

93% 

% of 

projects 

(out of 30) 

 

 

5- THE CONCLUSION 

Thus, in a nutshell, the most significant affecting factors that cause site accidents, which led to 

extra site costs, are those related to Excavations, Individual falls, Scaffolding, and Work 

environment. 

 Only (60%) of the selected projects have solved more than 50% of their cost problems. The top 

management should address the above-mentioned entities in mind to identify and solve some or 

all their cost problems related to work accidents.  

This guide can be used as an efficient evaluation parameter. This evaluation would be a good 

incentive to encourage project managers to reduce site cost problems during the implementation 

of construction work. 

(2) problems regarding  individual Fall  

(1) problems regarding Scaffolding 

 

3 33% 17 22 3 

2% 2 122% 17 17 11 

2% 2 122% 14 14 22 
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-As a method for monitoring and controlling site costs by diagnosing the most significant 

accidents, cost problems for each project, so that the top management can take the proper action 

to rectify such problems quickly to save costs.  

-Practicing safety program may be considered as the remedy to reduce the site accidents costs. 
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