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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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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
e Simple graph G(V,E) : Is a graph with no loops or multiple edges [3].

e 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].

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

1,2,3,...,nthe "adjacency matrix" A(G) is the nxn 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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e The incidence matrix: Let G be a graph without loops, with n-vertices labeled

1,2,3,...,n and m- edges labeled 1,2,3,...,m.The" incidence matrix" 1(G) is the nxm
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):

v 3
VO Multiple edges

Figure (1): Multiple graph

0110
The adjacency matrix A(G) is: A(G) = 1110
110 2
00 20
10100
I : . ' 1000
And its incidence matrix 1(G) is: 1(G) =
01111
0 0011

Noting that the symbol ( 1' ) in the second row and first column means that we have one
loop at the vertex v* with the edgee’. Also, if we have two loops at the same above vertex,
we symbolize it by1'*. Moreover, if we have an infinite number of loops at any vertex, say v',

11111..

we use the symbol to represent them [1].

e Chaotic graph G, (V,,, E, ) : 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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e Null graph: Is a graph consists of a set of vertices and no edges [9, 10].
e Loop: A loop is an edge which starts and ends on the same vertex [6, 7, 8].

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

"multiple edges” [2].

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

unique density associated with it [11].
e The "union" G of two graphs G,andG, is a graph G =G, UG, having

V(G)=V(G)UV(G,) and E(G) = E(G,) UE(G,) such thatV (G,) "V (G,) =¢ [ 10].
e The "intersection" of two graphs G, = (V,, E,) andG, = (V,,E,), with at least one vertex

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

follows: V (G, NG,) =V (G) NV(G,) and E(G,NG,) = E(G)NE(G,) [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 byd ., where p denotes level of

pq’

chaotic graph, while g denotes different areas on each level of chaotic graph [11] .See Figure (2)
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‘ieooh
| 1
1 —\e\Zh
,,,,,,,,,,,, ;1_:
€1n
1
Vin €on V}h

Figure (2): 1-Simplicial chaotic graph
And the adjacent and incidence matrices are:

O 0123..0 h 1 0123..0 h 1(0123..00) h
A(Gh) — ( - )dpq ( - )dpq , I (Gh) — 1 dpgq
1(0123..oo)dpqh (0123.0) ¢ g (0123.20)g  h

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 G," and G,* which are
={vienVin; J =012} , GF ={viefvienVieiVis j = 01,2,..ockand their union

Gy UGE ={v}ej Vi viehVvienvineinvi: j =012,...00} is shown in Figure (3)

Figure (3): Union of two simple chaotic graphs
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Both the adjacent and incidence matrices of G; , G/ and G; UGS respectively are:

O12.0), n L1z A h

1 0(012..oo)dpqh 1(012..oo)dpqh |1 = 1(012..oo)dpqh 5 (012.20)apq (012.0)qpq (012.0)qpq
Ah 1 0 h =11 A= 1(012..00)d h 0(012..00)d h 1(012..00)d h
(012.50),,.h (012.0), (012.0)g,,h 1 P P .

(012.0) . 1(012..oo)dpqh O(OlZ..oo)dpqh

(012.0)g, 0(012..oo)dpqh 1(012..oo)dpqh
2 _
Iy = 1(012..oo)dpqh 1(012..oo)dpqh O(OlZ..co)dpqh .

O

(012.0) . 1(012..oo)dpqh 1(012..oo)dpqh

O(OlZ..w)dpqh 1(012..oo)dpqh: 0(012..oo)dpqh
}

(012.0)g), (012.0),,h

0 0
1(012"°°)"pq h 0(012"°°)qu hy _0_“’_1%--1")5::5“_ - (_)(_Ol_z;w_)"ﬂq_h - _o_(o_lz'fo)_dmh_

And A = O-012..00)th D(OlZ..oo)dpqh :0(012..w)dpqh 1(012..oo)dpqh
1

1
(012.0)g 0 1

1
1

L 2 agh TRz h ) TOAZ g 012 Ehagh (012 Faga" |

1 1

1 1

i1 0 0 0 T

1 1

17(012.0)g  hy Y(012.2)g, 0 P(012.00)g  h Y(012.0)g

1
O(OlZ..oo)dpqh O(OlZ..oo)dpqh |1(012..oo)dpqh 0(012..oo)dpqh 1(012..oo)dpqh:
0

1
0(012..w)dpqh 0(012..oo)dpqh :1(012..oo)dpqh 1(012..oo)dpqh

______ 1 N _—————

L1(012..oo)dpqh :ﬂ(OIZ..w)dpqh o(OlZ..oo)dpqh 0?012..00)dpqh:
1

|h = 0(012..oo)dpqh : 1(012..oo)dpqh O(OlZ..oo)dpqh 1(012..oo)dpqh:

1
(012.0)g), :1(012..w)dpqh 1(012..oo)dpqh O(OlZ..w)dpqh:

1
0(012..oo)dpqh -0-(012..oo)dpqh 1(012..oo)dpqh -1(012..oo)dpqh

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

Consider two multiple chaotic graphs with density variation G} (V,, E;) and G/ (V,”, E?) such that
Vy ={V}. Vi 1 =01L2..00} By ={ej; j =01.2..00}, V7 ={v],, V3, Vi | =01,2..00},

E? :{ej?h,ej?h,e;‘h,e?h; j =0,1,2...00} .See Figure (4)

) I =
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Figure (4): Union of two multiple chaotic graphs

Both the adjacent and incidence matrices of G.,G?and G} UG? respectively are:

0

(012.0)4,.h 1(012..oo)dpqh

A,

l(OlZ..oo)dpqh (012..0)g ),

1(012...oo)dpqh O(OlZ,,oo)dpqh
12=]1
h (012.0)g,,h (012.0)g,,h
0

1(012--°°)d,,q h

e ———— .
: 0(012--°°)d,,q h 1(012..oo)dpq h :
1 !
1 H012.52)y, (012.0)g . h :

0(012..oo)dpq h)
1

0(012..00)dpq h

0(012..oo)dpq h

(012.0)4,, 0 _]:(Q;LL-O_O)AW*L -
1

0(012..oo)dpqh: (012.0),,.h

0(012..oo)dpqh: O(OlZ..oo)dpqh

) T S —
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2
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(012.0),, . (012.20)q,,h (012.0),

0
O(OlZ..oo)dpqh

(012 00)g D _];(Q12-.°_0)d L =(012.%) -
o e p X

(012.0)¢,,h

(012.0),,

0
0(012..oo)dpqh
1

0(012..w)dpqh 0(012..w)dpqh:

(012.0)4_h 1(012 @)g h 1(012 ) hi
dpg T dpg “dpg

1(012..00)dpq

(012,20,

(012.0)g,,

(012..oo)dpth

h 2(012..oo)dpqh
h 1(012..oo)dpqh
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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 G} ={v},e;,v;,; j =01,2,...}and

G? :{v?hej?hv?he?hv]‘h; j=0.12,...}. See Figure (5)

J

G, Gy

Figure (5): Two simple chaotic graphs
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Applying the intersection on G; and G/, (i.e.G; NG?) results the empty graph, and both the

adjacent and incidence matrices representing the chaotic graphs with density variation G;,G/ and

G; NG/ are:

Afl] _ O(OlZ..oo)dpqh 1(012..oo)dpqh |1 1(012..oo)dpqh
- 1 'h T 1
1(012..oo)dpqh O(OlZ..w)dpqh 1(012..oo)dpqh

i O(OlZ..oo)dpqh 1(012..oo)dpqh 0(012._w)dpqh 1(012..oo)dpqh 0(012..oo)dpqh
A = 1(012..oo)dpqh O(OlZ..w)dpqh 1(012..oo)dpqh Ay = 1(012..oo)dpqh 1(012..ao)dpqh .
0(012..oo)dpqh (012.50)g O(OlZ..oo)dpqh O(OlZ..oo)dpqh 1(012..oo)dpqh

While the adjacent and incidence matrices of the intersected chaotic graph G: NG/ is the ¢

-matrix, (l.e. A, =¢—matrix, |, = ¢ —matrix).

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 G; ={v},e;.v;,; j =0,1,2,3...}and

Gy ={v}.ejvieiVi i =0123...}, then their intersection Gy NG/ is the null graph of only two

chaotic vertices{V?h,v}h; j=012..}. See Figure (6).

Arab Researcher iD




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

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 G}, G/ and G} NG/ are:

Aé_ O(OlZ..oo)dpqh 1(012..oo)dpqh T 1(012..oo)dpqh

d 0 !
012.0)), h (012.0) ¢, (012.50)g, 0

0(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh
2 _ 2 _
Ah - 1(012..00)dpqh o(OlZ..oo)dpqh l(OlZ..oo)dpqh 7|h - 1(012..oo)dpqh l(OlZ..oo)dpqh
_0(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh O(OlZ..oo)dpqh 1(012..oo)dpqh
A = O(Hz.;)apqh O(Wz..é)apqh | = o(ﬁz.;)apqh
= =g
O(Hz..;)apqh O(Hz.;)apqh 0(012..oo)d—pqh

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

2 2 A3,,3 2 2 73,3 /4,4 H
b ={VhEnVie VeV 1 =0123. . Fand G; ={v, e} vieiVieiVin j =0123,..} .See Figure
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The intersection of G, NG/ results another simple chaotic graph with denser value at these

locations, and the adjacent and incidence matrices of G;,G} andG; NG? are:

Figure (7): Intersection of two simple chaotic graphs common in two edges

O(OlZ..w)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 0(012..oo)dpqh
Aﬁ— 1(012..w)dpqh O(OlZ..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh _Af
0(012 ©)g 1(012 ). h 0(012 ®)g. h 1(012 ®)gh '
" dpg " dpg “dpg " dpg
_0(012..w)dpqh 0(012..w)dpqh 1(012..oo)dpqh 0(012..oo)dpqh_
1(012..oo)dpqh O(OlZ..oo)dpqh 0(012._w)dpqh
|1 _ 1(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 2
10 1 1 h
(012.0)g,,h (012.00)g,,h (012.0),,h
_0(012..w)dpqh O(OlZ..oo)dpqh 1(012..oo)dpqh |
0(0T2..$)apqh 1<oTz..$)apqh 0(0Tz..$)apqh 1(@..5)apqh O(m_g)&pqh
A= 1(@..;)Hpqh O(@..@)Emh l(ﬁz.;)apqh = 1(@2..5)Hpqh 1(OT2..;)quh
Oarz,, v Lomm,n Qo Oz, v Loty b

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 {e‘jh;{i =1235489, j=012..}}
and G} ={v},;i ={L.2343&{j =0123.3}} {e}.:{i=23456,78, j=012..}}. See Figure

(8).

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

The adjacent and incidence matrices of G;, GZand G; NG/ are:

| —
| —

(012.20)g ) h  ~(012.0)4, h (012.)g, h  (012.00)4 .

= O
=

(012.0)4 (012.0)4,,h (012.2)g, h  (012.00)4 .

=

Il
o
N O
o N o
|

(012.50)4 . h (012.0)4 . h (012.%)¢, h  (012.00)4 .

[
I
[EY
o

(012.0) 4, h (012.0) g, (012.0) 4, h (012.00)g |

=
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1(012..oo)dpqh O(OlZ..oo)dpqh 0(012..oo)dpqh O(OlZ..w)dpqh O(OlZ..oo)dpqh 1(012..oo)dpqh
Iﬁz l(OlZ..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh
0(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 0(012..oo)dpqh
_0(012..oo)dpqh O(OlZ..oo)dpqh O(OlZ..oo)dpqh 1(012..w)dpqh 1(012..oo)dpqh 1(012..oo)dpqh_
0(012..oo)dpqh 2(012..00)dpqh 0(012..oo)dpqh 1(012..oo)dpqh
Ahz_ 2(012..oo)dpqh 0(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh
O(OlZ..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 2(012..oo)dpqh
_1(012..oo)dpqh 1(012..00)dpqh 2(012..oo)dpqh 0(012..00)dpqh_
1(012..oo)dpqh 1(012..oo)dpqh 0(012..oo)dpqh 0(012..00)dpqh 0(012..oo)dpqh 0(012..00)dpqh 1(012..oo)dpqh
|2 = 1(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh O(OlZ..oo)dpqh 0(012..oo)dpqh O(OlZ..oo)dpqh
o=
0(012..00)dpqh O(OlZ..oo)dpqh l(OlZ..oo)dpqh 0(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh O(OlZ..oo)dpqh
_0(012..oo)dpqh O(OlZ..oo)dpqh 0(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh 1(012..oo)dpqh_
O(Hz..é)apqh Z(Tu..é)apqh 1(@..£)quh
Ah: (oTz.;)apqh 0(@._5)3pqh 1(@._;)quh’
1(W2..$)qu h :I'(ﬁz..é)apq h O(Hz..é)apq h
1(@..;)apq h 1(072..5)qu h O(Fu..;)apq h 1(@..;)apq h
ly = 1(@..;)apqn 1(@..$)quh 1(@2..5)Hpqh O(Hz.;)apqh

(Hz.;)apq h

0

(oTz..;)apq h

1

(Hz..%)apq h

:I'(Hz.;)apq h

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

A.(G) Adjacency matrix of chaotic graph
1,(G) Incidence matrix of chaotic graph
h An index represents chaotic graph
G graph

G, 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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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 Pl 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; Pl controller; space vector
modulation; THD.
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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.

speed command l—{ ’—l
l »

Hysteresis band
‘ -
a [ e s
FOC I;, Current
e PR S [ S | m—
—{=a—
‘|’ I
a
Ih
IC
Motor speed M

3~
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 y & -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 ( i;s) 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 (i;s). 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.
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Fig. (3): Inside the field orientation block in case of constant load
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Fig. (4): Inside the field orientation block in case of varying load

The y -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 (
*&| 55*) with the rotor position introduced into the reference stator current block use to

|

get the reference stator current iabc. These currents were compared to actual stator currents

through the regulator current block to get the errors in the stator currents Ai;bc . These errors
in the stator currents introduced to the impedance gain block to get the reference stator
voltages V;bc' 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

V,.=Ri.*L.ol ~w.Li. (1)
Vo=RistLopl, *@.Li oW, 2)
Ty i @
Ip@,=T. T .~ Bw, )
0.5 o, ©)
0.=[ ot (6)
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Where y/ v/, are, s axes stator voltages, j jare,o axes stator currents, | .| ,are,.
axes stator inductance, R _ is the stator resistance for each phase, T _ is electromagnetic torque,
T _ is the load torque, B is the fractional coefficient, () is the mechanical speed of the motor,
. s the electrical frequency of the motor, J is the moment of inertia, o is a derivative factor,
@, 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,

S — axis

.
> v/ axis

Stationery frame

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

[, |=|cos(120°~ @) —sin(120°- Q) @)

*
s

ias* cos@e —sin(9e -
[Ils :|

*| |cos(240°-@) —sin(240°-Q)

s

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 (vo-v7). The others (six
active voltages vector) are from v; to vs. 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 egs. 8 and 9. as follows,

Vb 1 -1 0

VbC = 0 1 -1||b dc (8)
v -1 0 1]|lc

Van 2 -1 -1f|la

Vo, |=| -1 2 -1fb \% ©)
v -1 -1 21l¢c

Where v/_,V,. V. are line to line output voltage of inverter, \/_,y, .\, are phase output

voltage of inverter, \/ ,_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,
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Table(1): switching state and cross-ponding voltages

Voltage vector Switching on Line to neufral voltages Line to line voltage

Van Vi Ven Vab Ve Veu
Vo T, T3, T 0 0 0 0 0 0
Vi Ty, T, Tg 23 -1/3 -1/3 1 0 -1
Vo T, T4 Ts 1/3 113 -2/3 0 1 -1
Vs T, Ta Ts -1/3 23 -1/3 -1 1 0
Va T, T4 Tg =213 1/3 1/3 -1 0 1
Vs T, T3 Ts -1/3 -113 23 0 -1 1
Ve T, T3 Tg 113 -2/3 1/3 1 -1 0
V7 Ty, T Tg 0 0 0 0 0 0

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

1

| —

1 - - Van

Vas|_2 2 2 v 10)
V] 3o B NB|C”
2 2 Ve

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

calculated as,

Vref = Vozs2 +Vﬂ52 and @= tan_l % (11)

Fig. (7): The reference voltage

The time duration (T1,T»,Ts) can be calculated from Fig. 7 as,

=
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mindxVrefCOS“:%Vﬁ%VzCOS“
m Vv sina—+LV sin 60° (12)
indx Y rer B T.V?

To:Ts_(-I-1+T2)

1
switching frequency

Where M. is the modulation index and T =
indx s

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

leﬁmindeSsin(ﬂ—a)
j_ 3 (19
3 . -DIT

T227"7"indx-|-ss'n((n 3) -a)

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.

e T,
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Table(2): Switching time calculation

Sector Upper switches Lower switches

1 s|:T|+T2+%,s}:T2+%.55:% &=%&=ﬂ+%-%=ﬂ+ﬂ+%
2 s|:T2+%,53=T|+T2+%'55:% sQ:T1+%.s4:?,56:TJ+T3+%
3 s|:T|+T2+%,s}:T2+%.55:% 522T1+T2+%a54:T2+%156:%
4 sl:%,s_;:Tﬁ%,s;:TﬁTﬁ% sQ:TJ+Tg+?,s4:T2+?,56:%
° 5|:T2+%s53=%,55=3"\+3"2+% s;zTﬁ%,a:TﬁTﬁ%,ss:%
5 S|:T|+T2+%,S}:%,55:TQ+% 51:%v54:T1+T2+%:56:T2+%

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
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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
x -axis inductance 6.97 mH
o -axis inductance 6.97 mH
Permanent magnet flux inductance 0.18 Weber
Moment of inertia 0.0011Kg.m*
Frictional coefficient 0.001 Nm.sec/rad
Number of poles 6

* _St.':-)tor current phaée (a)
20 _/H,_ ....Stator current phase (b)
B % ---Stator current phase (c)
= 55 % f\ |
= of TiNA ANAANNAAANANNAAANANNANANA
= I} ANAANNA [URTATATATATA .f\ AN
b= i : : { X F i ; 4 ‘z -
OE:J ::= q i i i E] A AR 5 N
= ;s I e i H t
= i Y {
g j " j
73] !
-200 0.02 0.64 0.06 o.l1 o.l12 o.l14 0.l16 o.l18 0.2
Time in sec
Fig. (8): The stator current with conventional system
2 " _S'tator current ph'ase (a)
20 _/‘ ....Stator current phase (b)
LA ---Stator current phase (c)

Stator currents in (A)

20 s s L
0 0.02 0.04 0.06

L s L L s L
0.08 0.1 012 0.14 0.16 0.18 02

Time in sec

Fig. (9): The stator current with proposal system
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Fig. (10): The motor torque versus load torque with conventional system
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Fig. (11): The motor torque versus load torque with proposal system
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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
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calculated and compared to the reference torque. The error from this comparison introduced to
another PI torque current controller and the output of this Pl 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.

_S'tator current pha'se (a)
....Stator current phase (b) |
---Stator current phase (c)
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:
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v e
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Fig. (14): The stator current with conventional system
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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 Pl torque current

component.

_i_oad tor'que
16 ....Motor torque

N o N A& O @
ro—

3 L L % . L : )
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05
Time in sec

Fig. (16): The motor torque versus load torque with conventional system
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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
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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.
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Fig. (20): The stator current with conventional system
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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
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Fig. (23): The motor torque versus load torque with proposal system
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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

Pl 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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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.

|

\

\

\ [ I

Closed form longitudinal ribs

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 wusing 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.
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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 wvehicle 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.

<>

b)

.L (a) Linear element
e (8-node brick, C3D8)

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.

... bottom path

Figure(7): Finite element modelling continuous rib cross-sections and bottom and center paths

=

Arab Researcher iD




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

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 55 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.
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Figure(10): Longitudinal rib cross-section on the centre of the model
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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

RRE2Yi
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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

250

—&—W/O repair

§ 200 diameter 20mm
‘5 —&— diameter 30mm
1]
g 150 —®— diameter 35mm
E“_ diameter 40mm
2 100 .
= —A— diameter 50mm
[a W
3
s 50

0

0 10 20 30 40

Center path (mm)

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

RRE2Yi
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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.

450

400

—®— W/O crack
350

—&=crack length 10 mm
300
—a— crack length 20 mm
250
—A— crack length 30 mm
200
—&— crack length 40 mm
150
—&— crack length 50 mm

100
—— crack length 100 mm

Max. Principal Stress (MPa)

>0 crack length 150 mm

—— crack length 190 mm
40

Center path different top crack length (mm)

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.

e 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?)
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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.

This paper is a revised and expanded version of a paper entitled ‘Traditional radiation
therapy for treatment breast cancer and radiation effects on normal tissues’ presented at
Fourth (1 international) student conference veterinary medicine and sustainable
development goals, Egypt, 9 March 2021.
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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 Xx-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:

e (T), describes the tumor size and any cancer spread to surrounding tissue

e (N), describes cancer spread to nearby lymph nodes

- _‘."’D :; | = .»
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e (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 (T2NoMp). 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.
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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 (T:N2Mp). 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.
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Figure(2): Graph volume-dose for treatment of left breast cancer by traditional radiation therapy

ARM2j

Arab Researcher iD




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

Case 3: The patient with right breast cancer was treated with traditional radiotherapy
and was diagnosed with CT scan and had stage breast cancer (T2NiMp). 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.

v : 1233.20 @
Total Volune 128n

NSPE TISSUE In
llil%:\s;cgoae, 256.0 cOy

1 Spinal Cord ¥eorimum Dose: 4322 0 c0y
1 HRIRT Mean Dose 3398 1) ooy
1 LIVER gursor Volums 9,64 %
10TV Cw 00 Blan ID: 1 (#3539) 9
1 PV -¢=
}vcv:v gc 1 i : b
oPTV SC
tupTv EVAL 80 7 (

40 = ==

20

\\-h—h =

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.
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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
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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 wusing 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

| 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 RIT Radio-immunotherapy
RTP Radiation treatment planning GTV  Gross tumor volume
IMRT Intensity-modulated radiation therapy CTVvV Clinical target volume
VMAT Volumetric modulated arc therapy PTV Planning target volume
3DCRT  Three-dimensional conformal radiation CGY  Centigray

therapy FX Fraction
SRT Stereotactic radiotherapy CcC Cubic centimeter
SIB Simultaneous integrated boost

P e I e A

Arab Researcher iD




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

References

Arab Researcher iD

1.

2.

Issam El Naga. A guide to outcome modeling in radiotherapy and oncology
listening to the data. CRC Press. 1st edition. 2018.

Markus MacGill. what to know about radiation therapy? Medical news today.
2019 (accessed 10 February 2021).
https://www.medicalnewstoday.com/articles/158513.

J. Haussmann, S. Corradini, C. Nestle-Kraemling, E. Bolke, F. J. D. Njanang, B.
Tamaskovics, k. Orth, E. Ruckhaeberle, T. Fehm, S.Mohrmann, I.
Simiantonakis, W. Budach, C. Matuschek. Recent advances in radiotherapy of
breast cancer. Radiation Oncology, 15(2020) 1-10.

C. Garibaldi, B. A. Jereczek-Fossa, G. Marvaso, S. Dicuonzo, D. P. Rojas, F.
Cattani, A. Starzynska, D. Ciardo, A. Surgo, M. C. Leonardi, R. Ricotti. Recent
advances in radiation oncology. Ecancermedicalscience. 11(2017)1-19.

J. Strauss, W. Small, G. E. Woloschak. Breast cancer biology for the radiation
oncologist. Springer. 2015.

Jaime Herndon. A Comprehensive Guide to Breast Cancer. Health line; 2019
(accessed 2 January 2021) https://www.healthline.com/health/breast-cancer.

A. E. Giuliano, J. L. Connolly, S. B. Edge, E. A. Mittendorf, H. S. Rugo, L. J.
Solin, D. L. Weaver, D. J. Winchester, G. N. Hortobagyi. Breast Cancer—Major
changes in the American Joint Committee on Cancer eighth edition cancer
staging manual. A cancer journal for clinicians. Volume 67, Issue4(2017) 1-14.



https://www.medicalnewstoday.com/articles/158513
https://www.healthline.com/health/breast-cancer

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

ARID Journals

ARID International Journal for Science and

Technology (AIJST)
ISSN: 2662-009X

oal ,M, Journal home page: http://arid.my/j/aijst

AR

Lor 15 aghal) &g iyl Al

(’2021 Ol 4 & (T saW

Requirements for controlling the accident’s cost problems for
construction projects

Zuhair Nafea Alani

Architectural and Interior Design Engineering Department -College of Engineering

Gulf University — Bahrain
Y RAY & bdiall Jad) &) gad a4 48181 Jslial) s 8kl cilthia

Sl 28l a )

coo@gulfuniversity.edu.bh
https://doi.org/10.36772/arid.aijst.2021.476

Arab Researcher iD



mailto:coo@gulfuniversity.edu.bh
https://doi.org/10.36772/arid.aijst.2021.476

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

ARTICLE INFO

Article history:

Received 09/01/2021

Received in revised form 15/03/2021
Accepted 17/05/2021

Available online 15/06/2021
https://doi.org/10.36772/arid.aijst.2021.476

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

Arab Researcher iD




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

Ladal)
a5 5oy (Ml byl Jlae ) 3w oW alall (e L3I ¢ 5 ) A je clelhdl) JET e 2l gl
Lnsall ol sall 8 Canl ld Bllaiall 138 (gas Al ) Leamy a0 35 Galalall i) ) ALl 52kl oy liial)
.‘;F‘&w‘\.JAgw‘a\‘)\d:}”ag}}iw‘;ﬁL@AMM\M\J&J‘#‘&‘;}&J
DA Jleadl oSt 85005 ) g2 Al Sl g Jaadl sl sa g g 8 cans 3 dgad gl JSLll 5 Cand) J iy
e )5 il pall 4 ylas daad e J 51 el Gl cel dald 2330 ) Caad) i o5 Led ds yall Jglall a2l Jal s
Aag = o sud) 8 adill @8 g (ge 200 8 LoLE) Lo g e DD i jall U8 4y ALl 5 Slasall el gl U
Akl A jall ae A jlie Apa8 sal) JSLEW e Capall dad (e i3 5 gl 5o
oSy s Jsla de sama e o e A5 Canlil) Lll Joa 5 ) CHlaliii) aum g ol 28 Can ) e G ¢ 5l Ll
@23 Al e Gl a g 85 e Giaad 08l g Al gall JSUI Ja g JEED) (jin jal daa8 gl 3101 J8 (e laalaice )
a1 S a3y )

285l 3 513) Al pall oISl (Jaadl Caa) ga (ALY o jliial) dzalidal) cilalsl)

) T S —

Arab Researcher iD




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

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

2-1:Classification of construction accidents

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:

e 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]

e Falls from heights. Scaffolding accidents, ladder accidents, roofing accidents, and other falls

from heights can be lethal. [3]

e Slip and falls. A slip and fall on the ground can cause broken bones, sprains, and other injuries.
[3]
e Repetitive stress injuries. Repetitive nature of some construction work can result in repetitive

stress injuries in the back, wrists, ankles, and joints. [3]

e 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]

e Forklift accidents. Without proper training and alert operators, forklifts can be dangerous and

may result in serious construction accidents. [3]

e 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]

e Elevator shaft accidents. Construction workers may be at risk of falling down elevator shafts if

safety precautions are not observed. [3]

e Electrocutions. Electrical equipment, overhead electrical wires, wiring, and lightning all create

risks of electrocution for construction workers. [3]
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e 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].

e 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]

e 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]

e Exposure to hazardous or toxic chemicals. Inhalation of chemicals or toxic vapors by

construction workers can cause severe respiratory problems. [3]

2-2:Classification of Site Accident costs

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.

2-3-1-2: Individual falls;: the unsecured railings will be the most affective factor for
increasing the risk of accidents. [6]

2-3-1-3: Steel erections:_steel erection is very hazardous construction task, the factors
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.

14 1

1234 5
6789
10111293
1415 16 17 18 19 2021 99
23 24 35 26
27 28 »9
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Figure(1): unsolved Accident cost problems in 30 construction projects
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Table(1): Respondence characteristics

Projects Years of experience Projects specialization Projects position
Numbers Numbers Numbers
6,7,11,15,16,1 8-15 1,2,3,5,10,11,12 | Civil engineer | 1,7,8,17,18,27 Project
7,22,23,26,28, ,13,14,19,20,22, manager
29,30 23,24,25,26,27,
29,30
1,13,20,24 16-20 4,8,16,18,21,28 Architect 2,6,10,11,12,13, Site
15,19,20,22,23, | manager
24,25,26,28,29
2,3,4,5,8,10,12 21-25 6,9 Mechanical 3,9,14,16,21,30 | Designer
,18,27 engineer
9,14,19,21,25 26-30 7,15,17 Electrical 45 planner
engineer

Table(2): number of problems exist for each project and their percentages.

Projects Total number of Number of problems % of problems exist
Numbers problems exist (in each project) (in each project)

1,10,15,16,21,30 24 20 %83
2,8,14,18,28 24 19 %79
3,12,17,23,25 24 22 %92
4,5,9,24,27 24 21 %88
6,13,19,26,29 24 18 %75
7,20 24 17 %71
11 24 15 %63
22 24 14 %358
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Table(3): Number of problems solved by project management, and problems that still exist and their types.

Project | Number of Number of % of problems solved | Number of Number and Type of unsolved problems
No. problems exist | problems solved | in each project unsolved problems | in each project
in each project | in each project in each project
12 22 8 %36 14 (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 19 4 %21 15 (3) problems regarding individual Fall

(3) problems regarding Scaffolding

(4) problems regarding excavation

(5) problems regarding work environment

8 19 8 %42 11 (3) problems regarding individual Fall

(2) problems regarding Scaffolding

(4) problems regarding excavation

(2) problems regarding work environment

9 21 10 %48 11
10,21 20 10 %50 10
(3) problems regarding individual Fall
(2) problems regarding Scaffolding
. (3) problems regarding excavation
26,29 18 8 Vo4 10 (2) problems regarding work environment
15 20 10 %50 10

(3) problems regarding Scaffolding

19 18 8 Y044 10 (3) problems regarding excavation

(1) problems regarding work environment
(3) problems regarding individual Fall

20 17 7 %41 10

23,25 22 12 %55 10 (2) problems regarding individual Fall

(3) problems regarding Scaffolding

(4) problems regarding excavation

(1) problems regarding work environment
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17

22

12

%55

10

(2) problems regarding individual Fall

(3) problems regarding Scaffolding

(4) problems regarding excavation

(1) problems regarding work environment

27

21

11

%352

10

28

19

%47

10

(3) problems regarding individual Fall
(4) problems regarding Scaffolding
(3) problems regarding excavation

24

21

11

%52

10

(2) problems regarding individual Fall

(2) problems regarding work on water

(3) problems regarding excavation

(2) problems regarding work environment
(1) problems regarding Scaffolding

16,30

20

13

%065

(3) problems regarding individual Fall

(2) problems regarding Scaffolding

(4) problems regarding excavation

(2) problems regarding work environment

18

19

12

%63

(2) problems regarding individual Fall

(2) problems regarding Scaffolding

(2) problems regarding excavation

(1) problems regarding work environment

13

18

10

%56

(3) problems regarding individual Fall

(1) problems regarding Scaffolding

(2) problems regarding excavation

(2) problems regarding work environment

4,5

21

15

%71

18

12

%67

17

11

%65

(2) problems regarding individual Fall
(2) problems regarding Scaffolding
(2) problems regarding excavation

20

15

%75

(2) problems regarding Fall
(2) problems regarding Scaffolding
(1) problem regarding Work environment

19

16

%84

(1) problems regarding Scaffolding
(2) problems regarding Work environment
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3 22 19 %86 3 (2) problems regarding individual Fall
(1) problems regarding Scaffolding
11 15 15 %100 %0
22 14 14 %100 %0
Table(4): the types and percentages of problems according to their significant effectiveness on site costs
Problems Problems Problems Problems Problems
regarding regarding regarding regarding regarding
Scaffolding Individual falls excavation Work Work on
environment water
Projects 1,2,3,4,5,6,7,8,9,10, 1,3,4,5,6,7,8,9,10, 45,6,7,8,9,10,12, 1,2,8,9,10,12,13, 12,24
No. 12,13,14,15,16,17, 12,13,14,15,16,17, 13,14,15,16,17,18, 14,15,16,17,18,19,
18,19,20,21,23,24, 18,19,20,21,23,24, 19,20,21,23,24,25, 20,21,23,24,25,26,
25,26,27,28,29,30 25,26,27,28,29,30 26,27,28,29,30 29,30
No. of
projects
(out of 30) 28 27 25 21 2
% of
projects 93% 90% 83% 70% 6%
(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.
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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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