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Abstract

This paper presents a nonlinear finite element modeling and analysis of steel fiber reinforced
concrete (SFRC) deep beams with and without openings in web subjected to two- point
loading. In this study, the beams were modeled using ANSYS nonlinear finite element
software. The percentage of steel fiber was varied from 0 to 1.0%.The influence of fiber
content in the concrete deep beams has been studied by measuring the deflection of the deep
beams at mid- span and marking the cracking patterns, compute the failure loads for each
deep beam, and also study the shearing and first principal stresses for the deep beams with
and without openings and with different steel fiber ratios. The above study indicates that the
location of openings and the amount steel fiber are affects to the behavior and strength of
deep beams. And also when the results of the experiments taken from the literature were
compared with the results obtained from the beam modeled with ANSYS finite element
program, it was shown that the results of computer model gave similar results to the
experimental behavior.
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1. Introduction

For reinforced concrete, improvement of
calculation methods and analysis of
behavior by either creating a model on
computer or counting with analytical
calculation methods are used extensively
in recent years. The behavior of a
reinforced concrete element is generally
observed by conducting experiment on
laboratory environment; but this process
considerably takes up much time. The
studies are limited due to the problems in
providing the materials and the proper
conditions to conduct the experiments and
scarcity of usage of materials which are
constituted according to certain size and
number of elements. Modeling of all these
processes unlimitedly in computer is
dependent on the capacity of the computer
being used. While modeling on the
computer, properties and limit conditions
of materials should be defined properly
and completely [Lawrance KL 2002].
ANSYS finite element program is chosen
for this study. Finite element method is a
numeric method which can solve complex
and difficult physical problems) with
acceptable approximation.

As concrete is a material showing
nonlinear behavior during loading, it is
modeled in such a way that it will show a
nonlinear behavior with ANSYS finite
element program [Barbosa AF, Riberio
2004].

Deep beams are often used as structural
members in Civil Engineering works. In
many cases, web openings are required to
provide for services or for access. Because
of the geometric proportions of deep
beams, their strength is usually controlled
by shear rather than flexure, if normal
amounts of reinforcements are provided. A
proliferation of new developments in steel
fiber reinforced concrete technology has
greatly extended the range of applications.
The application currently depends on the
ingenuity of the designer and builder
taking advantage of the improved static
and dynamic tensile strength, ductility,
energy — absorbing characteristics,
abrasion resistance, and fatigue strength of
this material of construction [Mansur,
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M.A1982,
2010].
The uniform dispersion of steel fiber
throughout the concrete provided isotropic
strength properties which are not exhibited
by conventionally reinforced concrete.
A number of investigations are being
carried out on the behavior of fiber
reinforced composites. Since 1972, a
number of experimental and analytical
investigations have been carried out to
study the behavior and collapse loads of
deep beams with and without web opening
[Leonharadt,F 1972].

The openings are usually provided in such
beams to have an access for utility ducts
without further increases in ceiling head
room. As the usage of those beams with or
without openings increases, it becomes
imperative that the design criteria of such
beams is widely tested and established
[Vengatachalapathy.V 2010].

and  Vengatachalapathy.V

2. Experimental Study

Vengatachalapathy et  al. (2010)
[Vengatachalapathy.V ~ 2010] modeled
of simply supported nine concrete
deep beams of dimensions 750mm

x350mmx75mm thickness were tested to
destruction by  applying gradually
increased load. The percentage of steel
fiber was varied from 0 to 1.0.

3. Finite Element Modeling of Steel
Reinforcement and Steel Fiber
Tavarez discusses three techniques that
exist to model steel reinforcement in finite
element models for reinforced concrete is
shown in figure 1 the discrete model, the
embedded model, and the smeared model
[Tavarez (2001)]. In this study the main
and web steel reinforcement are modeled
as discrete and embedded, and the steel
fiber modeled as smeared model.

4. The Finite Element Model

The material models used for transferring
material properties of the specimen to the
designed computer program are given in
this section. ANSYS 11, finite element
program is used for modeling. Material
properties of concrete, reinforcement and
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adhesive are defined and entered as data in
the model. Some criteria given below are
based on to define the material properties:

4.1. Reinforced Concrete

The solid element (Solid 65) has eight
nodes with three degrees of freedom at
each node and translations in the nodal x,
y, and z directions. The element is capable
of plastic deformation, cracking in three
orthogonal directions, and crushing. The
geometry’ and node locations for this
element type are shown in figure 3.
Smeared cracking approach has been used
in modeling the concrete in the present
study [ANSYS, Inc 2006].

The geometry and node locations for Link
8 element used to model the steel
reinforcement are shown in figure 4. Two
nodes are required for this element. Each
node has three degrees of freedom,
translations in the nodal x, y, and z
directions. The element is also capable of
plastic deformation [ANSY'S, Inc 2006].

4.2. Steel Plates

An eight-node solid element, Solid45, was
used for the steel plates at support and load
locations. The element is defined with
eight nodes having three degrees of
freedom at each node and translations in
the nodal x, y, and z directions. The
geometry and node locations for this
element type are shown in Figure 4. Steel
plate modeled using Solid45 elements, was
added at the support locations in order to
avoid stress concentration problems and to
prevent localized crushing of concrete
elements near the supporting points and
load application locations. This provided a
more even stress distribution over the
support area [ANSYS, Inc 2006].

5. Real Constant and Material
Properties:-

The real constants for these models are
shown in Table 1. Note that individual
elements contain different real constants.
No real constant set exists for the Solid45
element. In this study the volume ratio of
the real constant for solid 65 element
varying from 0% - 1.0% depending on the
steel fiber ratio imbedded in concrete, and
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the material number of steel fiber indicated
in table 2.

Parameters needed to define the material
models can be found in Table 2. The
Solid65 element requires linear isotropic
and multi-linear  isotropic  material
properties to properly model concrete. The
multi-linear isotropic material uses the von
Mises failure criterion along with the
Willam and Warnke (1975) model to
define the failure of the concrete. EX is the
modulus of elasticity of the concrete (Ec),
and PRXY is the Poisson’s ratio (p). The
compressive uniaxial stress-strain
relationship for the concrete model was
obtained using the following equations to
compute the multi-linear isotropic stress-
strain [Saifullah, et al 2011].

E. ¢ )
1+ (5
EO
21"
el 2
& 3 (2)
E =1 3)
£
Where:

f = stress at any strain &, N/mm?

€ = strain at stress f

€0 = strain at the ultimate compressive
strength, f’c.

The multi-linear curve is used to help
with convergence of the nonlinear
solution algorithm. Figure 5 shows the
stress-strain relationship used for this
study and is based on work done by
Vengatachalapathy et al. (2010).
Nonlinear model curve Point 1, defined
as 0.3 f.> is calculated in the linear
range Equation 3. Other points are
calculated from Equation 1 with g
obtained from Equation 2. Last point is
defined at f’; and &=0.003 mm/mm
indicating traditional crushing strain.
Figures 6 and 7 show the stress- strain
curves for the main steel reinforcement
and web reinforcement respectively.
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6. Modeling:-

The beam specimen consists of 350 x
75mm section of 750 mm long. The
geometry of these samples and the
location of the openings are shown in
figure 8. Due to symmetry half of the
beam is modeling as shown in figure 9.
The bond between steel reinforcement and
concrete was assumed as perfect in the
modeling of RC control beam specimen.
Each beam contained two steel rods of
16mm diameter of 415 N/mm® vyield
strength were used as the main tension,
and web reinforcement consisting of two
layers of welded wire fabric of 3.3mm
diameter and 50mm on centers having
yield strength of 300 N/mm’, as shown in
figure 10. The FE mesh for the beam
model is shown in figure 11.

7. Non-Linear Solution

In this study the total load applied was
divided into a series of load increments
(or) load steps. Newton -Raphson
equilibrium iterations provide convergence
at the end of each load increment within
tolerance limits. The automatic time
stepping in the ANSYS program predicts
and controls load step sizes for which the
maximum and minimum load step sizes
are required. After attempting many trials
the number of load steps, minimum and
maximum step sizes was determined.
During concrete cracking, steel yielding
and ultimate stage in which large numbers
of cracks occur the loads were applied
gradually with smaller load increments.

8. Discussions of Results

8.1 Load Deflection Curves

The experimental carried by
Vengatachalapathy et  al. (2010)
and ansys load-deflection curves obtained
for the beams are illustrated in figures12,
13, and 14. The curves show good
agreement in finite element analysis with
the experimental results throughout the
entire range of behavior and failure mode.
Figure 15 shows deferent ratios of steel
fiber content, in this study the ratios of
0.25% and 0.5% are added to the results to
make comparison with more steel fiber
ratios, for all beams the finite element
model is stiffer than the actual beam in the
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linear range. Several factors may cause the
higher stiffness in the finite element
models. The bond between the concrete
and steel reinforcing is assumed to be
perfect (no slip) in the finite element
analyses, but for the actual beams the
assumption would not be true slip occurs,
therefore the composite action between the
concrete and steel reinforcing is lost in the
actual beams. After the initiation of
flexural cracks, the beam stiffness was
reduced and the linear load —deflection
behavior ended when the internal steel
reinforcement began to yield.

8. 2 Crack Pattern

The ANSYS program records a crack
pattern at each applied load step. Figurel6
shows evolutions of crack patterns
developing for each beam at the last
loading step. ANSYS program displays
circles at locations of cracking or crushing
in concrete elements. Cracking is shown
with a circle outline in the plane of the
crack, and crushing is shown with an
octahedron outline. The first crack at
integration point is shown with a red circle
outline, the second crack with a green
outline, and the third crack with a blue
outline [ANSYS, Inc 2006].

8. 3 Failure Load

The failure load obtained from the
numerical solution for all beams is slightly
smaller than experimental load. The final
loads for the finite element models are the
last applied load step before the solution
diverges due to numerous cracks and large
deflections. Tablel shows comparison
between the ultimate loads of the
experimental beams and the final loads
from the finite element models for deep
beams with deferent ratios of steel content
with and without opening, and also show
the percentage of increase in the final load
with the different values of steel fiber.

8.4 Shearing and Principal Stresses

Figures (17-25) show the shearing and 1%
principal stress at first crack for the deep
beams with and without opening and with
steel fiber ratios varying from (0- 1.0%).

For the solid deep beam the bearing load at
the 1% crack increase with increases in the
steel fiber percentage as shown in figures
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(17-19 a), whereas for deep beam with
openings the bearing load at 1* crack is
remained constant with increase in the
steel fiber ratios as shown in figures (20-
25 a). For the solid deep beam the
shearing stress transfer from the point load
to the support as fusiform shape, when the
way between loading point and support
intersects with the opening the shearing
stress transform to the support come
around the opening as shown in figures
(17-25 b). For the solid deep beam the
largest stress appears at the mid-span at
the 1* crack happened as shown in figures
(17-19 ¢), and for deep beam with opening
the big stress appears at the edges of the
opening along loading point as shown in
figures (20-25 c).

9. Conclusions

e The general conclusion is that 3D
ANSYS modeling is able to properly
simulate the nonlinear behavior of the
steel fiber reinforced concrete Deep
Beams With and Without Openings.

e In simple, ANSYS is a rapid way
compared with experimental test.

e The general behavior of the finite
element  models  shows  good
agreement with observations and data
from the experimental beam tests of
the others.

e The results obtained demonstrate that
web openings may be provided in the
compression zone of the beams and
fiber content of 0.75%by volume may
be added to improve the strength of
the structure. The openings in the
tension zone weaken the beam. And
Fiber content of 0.75%by volume of
the beam improves the ultimate load.

e The percentage of increase in load
capacity at the 1* crack for the solid
deep beam is 32.3% when 0.75% steel
fiber added, and 33.3% for 1.0% steel
fiber added therefore use 0.75% fiber
give good strength and more economic
than 1.0% steel fiber.

e No significant increase in the load
capacity at the 1% crack for the deep
beam with opening.
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Table 1. Real constant for model

Real Element
Constant set Type
Real Real Real
Constant for | Constant for | Constant for
Rebar 1 Rebar 2 Rebar 3
Material
Number 0 0 0
1 Solid 65 | Volume 0 0 0
Ratio
Orientation 0 0 0
Angle
Orientation 0 0 0
Angle
Cross-
Sectional 201
2 Link8 Area (mm?)
Initial Strain 0
(mm/mm)
Cross-
Sectional 8.56
3 Link8 Area (mm?)
Initial Strain 0
(mm/mm)
Table 2. Material Models for the Calibration Model
Material Model | Element Type Material Propertics
Number
Linear Isotropic
EX (MPa) 29,715
PRXY 0.2

Multilinear Isotropic

Strain (mm/mm)

Stress (MPa)

0.0002736 8.13
0.0004 11.34
0.0008 20
0.0012 24.89
0.0016 26.87

0.001824 27.1

0.003 27.1
Concrete

ShrCf-Op 0.2

ShrC{-Cl 0.8

UnTensSt 2.57

UnCompSt -1
BiCompSt 0
HydroPs 0

BiCompSt 0
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UnTensSt 0
TenCrFac 0
2 Linear Isotropic
. EX (MPa) 200,000
Link 8 PRXY 0.3
Bilinear Isotropic
Yield Stress (MPa) 415
Tangent Modulus (MPa) 0
Linear Isotropic
EX (MPa) 200,000
3 Link 8 PRXY 03
Bilinear Isotropic
Yield Stress (MPa) 300
Tangent Modulus (MPa) 0
Linear Isotropic
4 Solid 45 EX (MPa) 200,000
PRXY 0.3
Linear Isotropic
EX (MPa) 200,000
5 Link 8 PRXY 03
Bilinear Isotropic
Yield Stress (MPa) 1100
Tangent Modulus (MPa) 0

Table 3. Experimental and Analytical Ultimate Loads for Deep beams

Fiber 0% Fiber 0.75% Fiber 1.0%

— S — L — O L

| s & == L = = = @ 2

HS"‘ =~ g Hgf‘\ =~ g H-g “SA = ~ g “?

. = > = > £ e = > £ e

Opening | 3:€) 2 | £ | 228|28 |5 |37 | 2:8|€8 | |33

Position | Ei2| B2 | & |EES | B2 |8 |4 |EiS | 8BS | & 23

TiZ| w7 = T2 | w8 S b= S & T8 | 52 = S5

05 S s ~ 05 S cs = 5 E o5 S s = 5 E

= a 2 = a S . = a S .

IS =] 2z e ] = o — = 5

M D < = © e S = < =~ © =5 B — < = < = E

=2 D = 2 0 X =2 0 X
Without

Wel.) 204.50 | 183.56 | 10.2 | 238.14 | 218.62 | 8.20 | 16.04 | 220.23 | 212.76 | 3.39 | 13.72
opening
(WWBO)
Web

Op;“;“g 173.00 | 163.76 | 5.34 | 23436 | 211.23 | 9.87 | 22.47 | 209.44 | 187.26 | 10.6 | 12.55

(WBOA)
Web
opening
position | 165.30 | 150.23 | 9.12 | 190.51 | 183.11 | 3.88 | 17.96 | 180.99 | 167.77 | 7.3 | 10.45
at B
(WBOB)
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Fig. 5. Uniaxial Stress-Strain Curve of Concrete

Fig. 6: Idealized Stress-Strain Curve of Main Fig. 7: Idealized Stress-Strain Curve of Web
Reinforcing Steel

750 75
< > >
] 4
350
I
WWBO (Without web opening) (A1l dimensions are in mm)
1 115
65¢
182 80 80
<« > «—> | «—>
182 65
4y, ]
WBOA (Web opening at position A) WBOB (Web opening at position B)

Fig.8 Location Of The Web Opening
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from the end of the Cross—Section

Figl10. Reinforcement Configuration
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Fig. 9 Modeling Of The Reinforced Concrete Deep Beam
l1:1.}:1"11:1:11'3 AN L}:L]:I‘EHTS AN
MAT WM QN 11 z0lz MAT MM Steel Plate Element nw zo zo1z
16:50:51 ZZ:50: 52
D33 @
50mm c/c

Steel Sl&ort Element

Concrete Element

Fig. 11 Mesh of the Concrete, Steel Plate,
and Steel Support
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DEEP BEAM WITH 0% FIBER CONTENT
AND NO OPENING (WWBO)
B
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c
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£
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Load (kN)
—e— Experimental —8— Ansys

Fig.12 Deep Beam With 0% Fiber Contents With and Without Opening
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DEEP BEAM WITH 0.75% FIBER CONTENT AND NO
OPENING (WWBO)

w
w 0
‘

"

€

E 25

5 1o e

£ 15

3 1

8 05

0 : ‘
0 50 100 150 200 250 300
Load (kN)

‘ —e— Experimental —=— Ansys

DEEP BEAM WITH 0.75% FIBER CONTENTAND WITH

TOP OPENING (WBOA)

- 4

£ 3]

<2

3]

21

[

8o ‘ : : : :

0 50 100 150 200 250 300
Load (kN)
—e— Experimental —8— Ansys
DEEP BEAM WITH 0.75% FIBER CONTENTAND WITH
BOTTOM OPENING (WBOB)

~ 4

£

£3 /794:/’

g 5 /./v

5 M

@

oo ‘ ‘ : ‘

0 50 100 150 200 250
Load (kN)

‘—0— Experimental —8— Ansys ‘

Fig. 13 Deep Beam With 0.75% Fiber Contents With and Without Opening
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DEEP BEAM WITH 1.0% FIBER CONTENT AND NO
OPENING (WWBO)

N
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Fig.14 Deep Beam With 1.0% Fiber Contents With and Without Opening
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DEEP BEAM WITH DEFFERENT RATIOS OF FIBER CONTENT AND NO
OPENING (WWBO)
3
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Fig.15 Deep Beam with Different Ratios of Fiber Contents With and Without Opening
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Fig.16 Cracks and Crushing at Ultimate load

1435




Hayder Qais Majeed

Nonlinear Finite Element Analysis of
Steel Fiber Reinforced Concrete Deep
Beams With and Without Openings

1

sTER=1 o ze zoir
sUE =40 16:11: 28
TIME=294%6

RESEEEEnEEE S

1
e — AN

e zz zolz
16118

sTEE=1 2.553
suB =40

TIME=29486
suY (2|
R5VS=0

o 071003
s =666
s =2_ssa

B X

N ENT EroT oL Tage
s Lsn -.aLees2 1 .55

1
— AN

STEP=L -. 387606

w22 201z
16:16:45

187605 ~.32085 303485 EFT Tss
- 56421 - s 61641 Lan 1319

a) 1* Crack of WWBO

b) Shearing stress of WWBO
along XY

¢) The first principal stress of WWBO

Fig. (17) 1* Crack, Shearing and Principal Stresses for WWBO at 0% Steel Fiber
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Mathematical Model for BOD in Waste Water Discharges
from Al Dora Refinery in Baghdad
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College of Engineering College of Engineering
Abstract

This research consists of two parts, the first part concern with analyzing the collected
data of BOD and COD values in discharge waste water from Al-Dora refinery during
2010 to find the relationship between these two variables The results indicates that there
is a high correlation between BOD and COD when using a natural logarithm model
(0.86 In(COD)) with correlation coefficient of 0.98. This relationship is useful in
predicting the BOD value using the COD value. The second part includes analyzing
collected data from the same site in order to find a relationsip between BOD and other
parameters COD, Phenol(phe), Temperature(T), Oil, Sulphat(SO4),pH and Total
dissolved solids( TDS) discharged from the refinery. The results indicated that the best
mathematical model is
BOD= 0.786 (In(COD))**- 3.077E83/Exp(10T) + 1.76E+48/Exp(0.1TDS)- 5.6507/Exp(100Phe)

With correlation coefficient of 0.873. The presented research demonstrates many
conclusions regarding the relation between BOD and other pollutions, it is clear that the
relation between BOD and COD is a direct relation, while it’s a reverse relation with
other pollutions and it’s also clear that a linear model can be used to represent the
relation between BOD and COD for a value of COD approximately less than (50 mg/L).

Key Words: BOD, COD, Al- Dora refinery, mathematical model, waste water.
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Introduction

It is quite clear that air, water and soil
are among vital elements of the life on
earth (Rose, 1998). During certain period
in the past, human being and other living
animals enjoyed clear and clean water and
air, but industrial revolution during 19"
century and its perfection in 20" century,
gradually caused air, water and soil to
become polluted. Nowadays,
environmental pollution has already
reached to a certain scale that it threatens
and endangers the health of human beings
and survival of other living things. Rivers
are the valuable echo- system, besides
playing a crucial role in providing great
portion of water demanded for agriculture,
industry and drinking water, are also
considered wvital, social, economical
problems in different societies (Jenkins,
2001). The environment around us should
be exploited in such a way both to provide
our reasonable daily needs and at the same
time not to be confronted by damage, loss
or intimidation by our side. Otherwise in
long-term and sometimes short- term, the
damage will not only affect us, but also
will damage our future. (Sadat pour et
al.2004)

The industrial and municipal waste

water effluents may contain very high
amounts of organic matter and if
discharged directly into natural water
bodies, it can cause complete depletion of
dissolved oxygen leading to the mortality
of aquatic organisms.
The oxygen required for the degradation of
the organic matter biologically is called
the Biochemical Oxygen Demand (BOD),
the amount of oxygen needed to consume
the organic and inorganic materials is
called the Chemical Oxygen Demand
(COD). There exists a definite correlation
between the COD and BOD under certain
conditions and by determining the COD,
the information about the BOD of the
water/waste water can be derived.( Walters
et al,2009)

In the first part of this research some

L (50 mg/L ) cpanS O Slasl)

In the waste water discharges from Al-
Dora refinery in Baghdad which is an
important center for fuel in Iraq, while in

the second part, computer program using
the software (Matlab 09) was used to
detect the constants of the mathematical
model, in order to find the relationship
between BOD and other pollutants like
phenol, temperature,and total dissolved
solid.

Al - Dora Refinery:

Al- Dora refinery is one of the biggest
refineries in Iraq, it lies at the south west
side of Baghdad city, this refinery initiated
at 1953 and started its work at 1955, its
capacity now 180000 barrel/day and it’s an
imported center for fuel, medical vaseline,
grease, and wax (Al- Dora Refinery web
site, 2012).

There is a treatment plant unit in Al
Dora refinery for the industrial waste
water before discharging it to the Tigris
River.

The refinery wastewater generally
includes oil, hydrocarbon materials and
chemical additives. The following
parameters, such as oil and grease, Phenol,
BOD, COD, TDS, SO4, Ph and
Temperature are determined in the
wastewater of the refinery.

Biochemical Oxygen Demand (BOD)
and Chemical Oxygen Demand
(COD)

Biochemical oxygen demand (BOD) is
a measure of the amount of oxygen that
bacteria will consume while decomposing
organic matter under aerobic conditions.
Biochemical oxygen demand is
determined by incubating a sealed sample
of water for five days and measuring the
loss of oxygen from the beginning to the
end of the test. Samples often must be
diluted prior to incubation or the bacteria
will deplete all of the oxygen in the bottle
before the test is complete.

Chemical oxygen demand (COD) does not
differentiate between biologically available
and inert organic matter, and it is a measure

mathematical models are used to find the
best relationship between BOD and COD
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of the total quantity of oxygen required to
oxidize all organic material into carbon
dioxide and water. COD values are always
greater than BOD wvalues, but COD
measurements can be made in a few hours
while BOD measurements take five days.
(NGRDC,2000)

Pedro et al.2004 Made a research on
Evaluation of Organic Load Measurement
Techniques in a Sewage and Waste
Stabilization Pond Biochemical Oxygen
Demand (BOD) and Chemical Oxygen
Demand (COD) are the major parameters
used as routine surrogate tests for measuring
the load of organic carbon into the
environment. In their research, evaluations
of possible replacement of BOD and COD
for Dissolved Organic Carbon (DOC)
measurements are presented for different
wastewaters. For anaerobic pond effluent,
the following correlations were obtained:

COD =1.08 DOC +
79

BOD = 0.82 DOC
+12.1

For facultative pond effluent

COD =-0.29DOC | BOD =0.14DOC +

+ 109 26.2

For raw sewage

COD =4.18DOC - | BOD =0.46COD +
2 5.3

For aerated pond effluent

COD = 3.57DOC + | BOD =0.27COD +
6 3.4

For sedimentation pond effluent

COD =-1.34DOC BOD =0.73DOC +
+ 138 16.5

It was found that the determination of
COD was not appropriate for substituting
classical alternatives in tested samples in
despite of the limitations of the samples.
Chemical oxygen demand fractions of
municipal wastewater for modeling of
wastewater treatment is a research done by
I. Pasztor;etal. 2010 , They showed that
when a new wastewater treatment plant is
being designed by computer simulation,
detailed data about organic fractions of
influent wastewater (measured as chemical
oxygen demand) are usually not available,
but knowledge of the typical ranges of
these fractions is indispensable. The
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influent chemical oxygen demand
fractions can substantially influence the
results of simulation-based design such as
reactor volumes, solids residence time,
effluent quality, oxygen demand, sludge
production, etc. This research attempts to
give an overview of wastewater organic
fractions as modeling parameters and
presents new chemical oxygen demand
fractionation results from Hungary.
According to the data from literature, the
ratio of chemical oxygen demand
components in raw wastewater is very
different and the average composition is as
follows: Inert particulate =17.1%, slowly
biodegradable = 57.9 %, inert soluble =7.8
% and readily biodegradable = 17.5 %.
The Hungarian wastewater samples were
analyzed according to STOWA (Dutch
foundation for applied water research) the
obtained results were not much different
from those of literature

( inert particulate 23.7 %, slowly
biodegradable = 49.8 %, inert soluble =
4.6 % and Readily biodegradable = 21.9
%), but some typical characteristics were
observed.

Sadatipour et al. 2004 made a research
on investigation on Kangan gas refinery
wastewater , this research is carried out on
March 2002 at Kangan refinery, which is
located in Kangan city, southern part of
Iran. The gas refinery wastewater
generally includes oil, hydrocarbon
materials and chemical additives, which
are in the form of emulsion in water. The
following parameters, such as oil and
grease, PAHs, BOD, TH, turbidity, COD,
EC, pH, TSS, SiO,, PO, are determined in
wastewater of the refinery in order to
determine the amount of pollutants, which
are affecting the area where the refinery is
located. The oil and grease are analyzed by
FTIR and PAHs are determined by UV-
Luminance and physico-chemical
parameters are determined according to
the Standard Methods. The results showed
that although pollution of the refinery
wastewater is within world permissible
limits (EPA), but since the area is affected
by the wastewater and surrounding area is
confined with river basin it could be
concluded that pollutants, which are
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discharged to the echo environment, are
not in the permissible limits of the similar
Industries.

Determination of inert chemical oxygen
demand (COD) fractions of Cumhuriyet
University wastewater is a research made
by F. Ciner and M. Sarioglu 2005, Some
amounts of inert products are given into
environment due to biological degradation
of substrate in activated sludge system.
The effluent of biological wastewater
treatment consists of inert substrate in
influent flow, soluble microbial products
and non degradable or slowly degradable
organic products. Soluble inert COD (SI)
must be determined for discharge
standards since it did not give any reaction
in activated sludge system and was given
with wastewater discharge. However
particular inert COD (XI) accumulated in
system depending on sludge retention time
due to it is only wasted from system by
wasted sludge.

This study focused on inert fractions of
Cumbhuriyet University campus
wastewater which consists of domestic,
hospital and laboratory wastewaters.
Experimental method was used suggested
by Orhon et al. and modified by Germirli
et al. in order to determine directly influent
particulate and soluble inert fractions.
According to the experimental procedure
three aerobic batch reactors, two with the
wastewater and the third with glucose
were run parallel. In the reactors, the
change in the soluble COD profiles is
observed for a period during which all
degradable COD is entirely depleted, in
other words, the COD profiles reach a
plateau and remain unchanged.
Wastewater  samples  were  taken
equalization tank in wastewater treatment
plant. The conventional parameters of
campus wastewater characterization were
as follows:

Total COD

(CTO0) =372 mg I-1, total soluble COD
(STO) =124 mg I-1,

total suspended solids (TSS) =177 mg I-1,
ammonia (NH3) =31.2 mg 1-1,
ortho-phosphate (PO4-P) = 11.3 mg I-1
and pH=7,4 .

In this study, in order to determine inert
COD fractions in Cumhuriyet University
campus wastewater, three aerobic batch
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reactor systems were used. At the end of
approximately 381 h operation, COD
composition of campus wastewater were
found to be CT0=372 mg 1-1,
XS0=56 mg I-1, SS0=104 mg 1-1,
CS0=149 mg I-1, SI=12 mg 1-1, XI=211
mg 1-1, respectively
An application study in Al Dora refinery
made by Abood,2004. The aim of that
experimental work was for studing the
Furfural removal from Al Dora refinery
waste water by the adsorption process
using a continuous system (fixed activated
carbon bed). The equilibrium data were
determined  experimentally and the
equilibrium isotherm was found to be of a
favorable type and fit well by Langmuir
and Freundlich isotherm while
experimental and theoretical results were
compared by estimating the deviation
absolute mean error (7%, 6.8%) and root
mean square (0.0119, 0.0169) respectively
for the results. Regeneration process of
exhausted activated carbon was carried out
by three different methods(washing with
dilute Alcohol, washing with boiled
distilled water and the thermal process) in
order to find thr regeneration efficiencies
which was found to be (60-90)%

Al azzawi 2007 made a research on
Evaluation of the performance of the Dora
refinery waste water trearment plant,
comparisons were made between the
actual and the designed performance for
various potential pollutants. For long term
evaluation of (2004 and 2005) years the
test measurements were collected and
analyzed. His results indicated that the
annual percentage removal of sulfide, oil,
COD, BOD, and TSS, were found
acceptable except for the TSS value which
shows relatively low removal percent
67.58%. and the monthly percentage
remonal of sulfide, oil, COD, BOD and
TSS shows considerable changes among
different months of the years, which may
reflect considerable variation in influent

water properties and treatment process.

Building Of the Mathematical
Models:

In order to find a suitable relationship
between BOD and COD concentration,
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and BOD with other pollutants, the
following points must be achieved:

1- Removing all the data that can be
consider as irregular.

2- Separating the data in to two parts. The
first part which represent 60% of the total
data are used to find the optimum model
for the relationship between BOD and
COD, and the second part of ratio 40% of
the total data that used to evaluate the
estimated relationship.

3- Using of correlation coefficient and T-
test in order to select the suitable
relationship.

4-Calculating the constants corresponding
to each term in the selected model so that
the error between the real values and the
calculated values minimized. A computer
program using the software (Matlab 09)
was used to detect the constants of the
mathematical model.

5- Evaluating the resulting model by using
the second part of data, which is 40% of
the total data?

Results:

Step one: The mathematical models that
used in describing the relationship
between BOD and COD are shown in
table 1, where Y=BOD and X=COD
Figur 1 and figure 2 indicated that the
relationship between BOD and COD is
liner for the values below 50mg/lit, this
relationship is
BOD=0.901X+5.214 6
with correlation factor 0.965.

Step two: The mathematical models that
were used in describing the relationship
between BOD and other pollutants are
shown in table 2, where:

Y=BOD, x =T, TDS or Phe

z=10x for T, 0.01x for TDS, 100x for
Phe, x for SO4 & PH, 0.01x for Oil
f=10x for T, 0.1x for TDS, 100x for
Phe, , x for SO4 & PH, 0.01x for Oil
Step three: Selected the best
mathematical models that used to describe
the relationship between BOD and other
pollutants are shown in table 3

Figure 3 and figure 4 indicated that the
modeled data and the origin data has the
same trend.
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Discussion and Conclusions

The industrial and municipal waste
water effluents may contain very high
amounts of organic matter and if
discharged into natural water bodies, it can
cause complete depletion of dissolved
oxygen leading to the mortality of aquatic
organisms.

The two parts considered in the presented
research ~ demonstrated  the  major
conclusions given hereafter:

-The best correlation coeficient between
BOD and COD is 0.980, based on natural
logarithm model, Table 1. Hence, the best
relationship between BOD and COD is:
BOD = A In(COD)’ 7

Where A is a constant of the model.

- The relation between BOD and COD is a
direct relation and can be relatively
represented using a linear model (0.901X
+ 5.214 ) with correlation factor 0.965, for
a value of COD approximately less than
(50mg/L) , as shown in figures land 2.

- The estimated natural logarithm
relationship can use in predicting the value
of BOD according to the value of COD,
COD values are always greater than BOD
values, but COD measurements can be
made in a few hours while BOD
measurements take five days.

- In part two of the research there were
many pollutants were examined in order to
find the suitable mathematical model,
these pollutants are COD, phe ,T,0il,SO4
and TDS.

- The correlation coefficient show that
there is weak correlation between BOD
and Oil and between BOD and SO4 and
BOD and pH, therefore, these values were
neglegted, table 2, and the mathematical
model was build according to the values of
TDS,T,Phe.

- The relation between BOD and Phe,
TDS, and T is a reverse relation, table 3

- The magnitude of BOD is more sensitive
to the change in the COD contains rather
than to the change in the Phe, TDS, and T
contains.

- the modeled data and the origin data has
the same trend as shown in figures 3,4.
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Table 1: The mathematical models for BOD-COD relationship

Mathematical Model Correlation
Coefficient

Y=x’ 0.846

Y=x’ 0.807

Y=1/x -0.682

Y=exp (0.12x) 0.804

Y= (In (x))’ 0.980

Y=log (x) 0.953

Y=x"* 0.857

Y= exp(xo's) 0.804

Y= exp(1/x) -0.675

Y= 1/exp(x) 0.439

Y=x° 0.804

Y= (exp(X))O'S 0.804

Y= (exp(x))"" 0.804

Y=BOD , x=COD
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Table 2: The mathematical models for BOD - other pollutants relationship

Mathematical Model | Correlation Coefficient

T TDS Phe S04 PH Oil
Y= x* 0.105 0.022 0.529 -0.195 -0.054 0.052
Y=x’ 0.128 0.054 0.500 -0.225 -0.058 -0.001
Y=1/x 0.003 0.111 -0.552 0.078 0.043 —
Y=x"" 0.057 0.043 0.561 -0.139 -0.049 0.259
Y=(1/ X)O'5 -0.018 0.009 -0.555 0.099 0.045 -0.093
Y=log (x) 0.038 -0.061 | —--m- -0.119 -0.047 —
Y=exp (z) 0.007 0.149 -0.058 -0.055 -0.076 0.180
Y= 1/exp(f) 0.800 0.811 0.877 -0.130 0.019 -0.155
Y= (exp(x"))* 0.156 0.029 — -0.235 -0.059 -0.021
Y= exp(1/x) 0.005 0.038 -0.353 0.078 0.043 -0.124
Y=In (x) 0.038 -0.061 -— -0.119 -0.047 _—
Y= 1/In (x) -0.012 -0.002 -— 0.103 0.043 _—

Table 3: The selected mathematical models for BOD - other pollutants

relationships

Mathematical Model | (In(COD))* | 1/exp(10T) | 1/exp(0.1TDS) | 1/exp(100Phe)

Correlation

0.980 0.800 0.811 0.877
Coefficient
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Figure 1: BOD versus COD during the period under study
(First set of data - Modeling)
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Figure 2: BOD versus COD during the period under study

(Second set of data - Evaluation)
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Figure 3: BOD evaluation during the period under study
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Abstract

In this paper, assessing underground conditions and the engineering properties of the various strata of
fourteen sites Baghdad are made. The sites are divided into two groups, one in Karkh and the other in Rusafa.
Assessing the underground conditions can be occurred by drilling vertical holes called exploratory boring into
the ground, obtaining soil (disturbed and undisturbed) samples, and testing these samples in a laboratory (civil
engineering laboratory /University of Baghdad). From disturbed, the tests involved the grain size analysis and
then classified the soil, Atterberg limit, chemical test (organic content, sulphate content, gypsum content and
chloride content). From undisturbed samples, the test involved the consolidation test (from this test, the
following parameters can be obtained: initial void ratio e, compression index c. swelling index c; , coefficient
of consolidation ¢, . coefficient of volume change m, maximum preconsolidation stress P, Effective

overburden pressure E )and shear test (the following parameters can be obtained: undrained cohesion c,, angle
of friction ¢.

In-situ testing was carried out by the standard penetration test in order to obtain the penetration resistance of the
soil strata in a bore hole.

Database for Baghdad soils is made using different GIS techniques connecting the spatial locations of those soils
with their properties (Atterberg Limits, Specific Gravity, Grain size Analysis, Shear Strength parameters,
Consolidation parameters), Borehole log, Site profile using the attribute tables, hyperlinks, metadata and SQL
(System Query Language), so GIS techniques give the facilities for adding, editing and analyzing the existing
data as well as the any future data of Baghdad soils.

Keywords:Properties, Baghdad, soil, GIS, attribute table, hyperlinks, metadata.
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Introduction

Engineers classify earth materials into two broad through increased ability to make decisions and

categories: rock and soil. Although both materials solve problems

play an important role in foundation engineering,

most foundations are supported by soil. In addition, Soil Classification Systems

foundations on rock are often designed much more

conservatively because of the rock’s greater Soil classification systems divide soils into groups

strength, whereas economics prevents and subgroups based on common engineering

overconservatism when building foundations on properties such as the grain-size distribution, liquid

soil. Therefore, it is especially important for the limit, and plastic limit. The two major classification

foundation engineer to be familiar with soil systems presently in use are (1) the American

mechanics. Association of State Highway and Transportation
Officials (AASHTO) system and (2) the Unified

One of the fundamental differences between soil Soil Classification System (USCS) (Das, 2007).

and most other engineering material is that it is a
particulate material. This means that it is an
assemblage of individual particles rather than being
a continuum (a continuous solid mass). The

According to the Unified Soil Classification
System, Soils are classified as follows (University
of St. Thomas, 2009):

engineering properties of soil, such as strength and
compressibility, are dictated primarily by the

arrangement of these particles and the interactions
between them, rather than by their internal . ® N
properties (Coduto, 2001).

- —s — —
A geographic information system (GIS) is a 475mm-TSmm  0075mm-475mm  007Smm 0005 mum  less than 0.005 mm
computer-based tool for mapping and analyzing
spatial data. GIS technology integrates common
database operations such as query and statistical Generally, soils consist of a mixture of different
analysis 'Wlth thp unique visualization and particle types, such as "sandy clay", or a "silty
geographic analysis benefits offered by maps. sand".
These abilities distinguish GIS from other
information systems and make it valuable to a wide Atterberg Limit

range of public and private enterprises for
explaining events, predicting outcomes, and
planning strategies. GIS is considered to be one of _ _ IR
the most important new technologies, with the amount of water, it may flow like a semi- liquid. If
potential to revolutionize many aspects of society the soil is gradually dried, it will behave like a

plastic, semisolid, solid material, depending on its

When a clayey soil is mixed with an excessive
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moisture content. The moisture content, in percent,
at which the soil changes from a liquid to a plastic
state is defined as the liquid limit (LL). Similarly,
the moisture content, in percent, at which the soil
changes from a plastic to a semisolid state and from
a semisolid to a solid state are defined as the plastic
(PL) and the shrinkage (SL),
respectively. These limits are referred to as
Atterberg limits. The difference between the liquid
limit and the plastic limit of a soil is defined as the
plasticity index (PI) (Das, 2007).

limit limit

PI=LL-PL
Consolidation

In the field, when the stress on a saturated clay
layer is increased- for example, by the construction
of a foundation- the pore water pressure in the clay
will increase. Because the hydraulic conductivity of
clays is very small, some times will be required for
the excess pore water pressure to dissipate and the
increase in stress to be transferred to the soil
skeleton.

From consolidation test, three parameters necessary
for calculating settlement in the field can be
determined. They are preconsolidation pressure

( ISc ), compression index (C.) and the swelling
index (Cs) (Das, 2011)

Classification of Foundation

The term foundation is used to describe the
structural elements that connect a structure to the
ground. These elements are made of concrete, steel,
wood, or perhaps other materials. Foundations will
be divided into two board categories: shallow
foundations and deep foundations, as shown in
figure 1 (Coduto, 2001).
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Figure 1 Classification of Foundations

Effect of the Salts on The Soil

Sabkha soil is a rich soil with salt deposited which
result from evaporation of water; it is one of the
many types of the collapsible soils and in turn is
one of the many types of problematic soils. This
soil totally has good engineering properties when
dry, i.e, moderately bearing capacity with low
settlement. But once is wetted it loses its entire
structure (collapse) and undergoes very large
instantaneous settlement (Abbas, 2012).

Estimation of Settlements from Standard

Penetration Test (Spt)

Menzenbach, 1967 arrived at the conclusion of a
relationship between the results
penetration tests to the deformation modulus of the
soil. This relationship is shown in figure 2.

of standard

This relationship is shown for different values of

the effective overburden pressure P, at the level of

test. The values of deformation modulus are then
used to calculate the immediate settlement. The
Poisson’s ratio (m) should be taken as 0.15 for
coarse- grained soils and 0.25 for fine- grained
soils.

The calculations of net immediate settlement Al
(elastic settlement) beneath the corner of a flexible
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loaded area is calculated from the following
equation (Ghosh, 2010):

Al=quxBx(I-m*)(Egx1,)
Where:
B= width of foundation , E;= deformation modulus,

m= Poisson’s ratio, q, = net foundation pressure,
I, = influence factor.
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Figure 2 Curves Showing the Relationship
between Deformation Modulus and Standard
Pentration Resistance (Prepared By
Menzenbach)

Standard Penetration Test Correlations

The SPT has been used in correlations for unit
weight Ve, relative density Dr, angle of internal
friction @ , and undrained compressive strength qu,
and that can be seen in tables 1 and 2
(Bowles,1996).

Database for Baghdad Soil Using GIS Techniques

Table 1 Empirical Values For ®, Dr And Unit
Weight of Granular Soils Based on the SPT at
about 6 M Depth and Normally Consolidated

Description | Very | Loose | Medium | dense | Very

Relative 0 0.15 035] 0.65]| 0.85
SPT: fine 1-2 3-6 7-15 16-30 | ----
®: fine 26-28 | 28-30 | 30-34 33-38 | <50

Ywe,KN/m3 | 11-16 | 14-18 | 17-20 17-22 | 20-23

Table 2 Consistency of saturated cohesive soils

consistency | Spt qu-kPa Remarks
Very soft 0-2 <25 Squishes between
fingers when squeezed
Soft 3-5 25-50 Very easily deformed by
squeezing
Medium 6-9 50-100 | -
Stiff 10-16 | 100-200 Hard to deform by hand
squeezing
Very stiff 17-30 | 200-400 Very hard to deform by
hand squeezing
Hard > 30 > 400 Nearly impossible to
deform by hand

Components Of A Geographic Information
System

A working Geographic Information System
seamlessly integrates five key components:
hardware, software, data,people, and methods.

H AR D W A R E Hardware includes the computer
on which a GIS operates, the monitor on which
results are displayed, and a printer for making hard
copies of the results. Today, GIS software runs on a
wide range of hardware types, from centralized
computer servers to desktops computers used in
stand-alone or networked configurations. The data
files used in GIS are relatively large, so the
computer must have a fast processing speed and a
large

hard drive capable of saving many files. Because a
GIS outputs visual results, a large, high-resolution
monitor and a  high-quality printer are
recommended.

SOFTW A R E GIS software provides the
functions and tools needed to store, analyze, and
display geographic information. Key software
components include tools for the input and
manipulation of geographic information, a database
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management system (DBMS), tools that support
geographic query, analysis, and visualization, and a
graphical user interface (GUI) for easy access to
tools. The industry leader is ARC/INFO, produced
by

Environmental Systems Research, Inc. The same
company produces a more accessible product,
ArcView, that is similar to ARCINFO in many
ways.

DATA

Possibly the most important component of a GIS is
the data. A GIS will integrate spatial data with other
data resources and can even use a database
management system, used by most organizations to
organize and maintain their data, to manage spatial
data. There are three ways to obtain the data to be
used in a GIS. Geographic data and related tabular
data can be collected in-house or produced by
digitizing images from aerial photographs or
published maps. Data can also be purchased from
commercial data provider. Finally, data can be
obtained from the federal government at no cost.
PEOPLE

GIS wusers range from technical specialists who
design and maintain the system to those who use it
to help them perform their everyday work. The
basic techniques of GIS are simple enough to
master that even students in elementary schools are
learning to use GIS. Because the technology is used
in so many ways, experienced GIS users have a
tremendous advantage in today’s job market
(Chang, 2006).

.How A GIS Works

A GIS stores information about the world as a
collection of thematic layers that can be linked
together by geography. This simple but extremely
powerful and wversatile concept has proven
invaluable for solving many real-world problems
from modeling global atmospheric circulation, to
predicting rural land use, and monitoring changes in
rainforest ecosystems.

GIS Tasks
General purpose GIS’s perform seven tasks.
- Input of data
- . Map making
- . Manipulation of data
- File management
- . Query and analysis
- Visualization of results
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Input of Data

Before geographic data can be used in a GIS, the
data must be converted into a suitable digital
format. The process of converting data from paper
maps or aerial photographs into computer files is
called digitizing. Modern GIS technology can
automate this process fully for large projects using
scanning technology; smaller jobs may require
some manual digitizing which requires the use of a
digitizing table

Today many types of geographic data already exist
in GIS-compatible formats. These data can be
loaded directly into a GIS.

Map Making

Maps have a special place in GIS. The process of
making maps with GIS is much more flexible than
are traditional manual or automated cartography
approaches. It begins with database creation.
Existing paper maps can be digitized and computer-
compatible information can be translated into the
GIS. The GIS-based cartographic database can be
both continuous and scale free. Map products can
then be created centered on any location, at any
scale, and showing selected information symbolized
effectively to highlight specific characteristics. The
characteristics of atlases and map series can be
encoded in computer programs and compared with
the database at final production time. Digital
products for use in other GIS’s can also be derived
by simply copying data from the database. In a
large organization, topographic databases can be
used as reference frameworks by other departments.

Manipulation of Data

It is likely that data types required for a particular
GIS project will need to be transformed or
manipulated in some way to make them compatible
with your system. For example, geographic
information is available at different scales (street
centerline

files might be available at a scale of 1:100,000;
census boundaries at 1:50,000; and postal codes at
1:10,000). Before this information can be
integrated, it must be transformed to the same scale.
This could be a temporary transformation for
display

purposes or a permanent one required for analysis.
GIS technology offers many tools for manipulating
spatial data and for weeding out unnecessary data.
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File Management

For small GIS projects it may be sufficient to store
geographic information as simple files. There
comes a point, however, when data volumes
become large and the number of data users becomes
more than a few, that it is best to use a database
management system (DBMS) to help store,
organize, and manage data. A DBMS is nothing
more than computer software for managing a
database--an integrated collection of data.

Query and Analysis

Once you have a functioning GIS containing your
geographic information, you can begin to ask
simple questions such as

- . How far is it between two places?

- . How is this particular parcel of land being
used?

- What is the dominant soil type for oak
forest?

- _Where are all the sites suitable for
relocating an endangered species?

- . Where are all of the sites possessing certain
characteristics?

- If I build a new highway here, how will
animals in the area be affected? GIS
provides both simple point-and-click query
capabilities and sophisticated analysis

tools to provide timely information to managers and
analysts alike. GIS technology really comes into its
own when used to analyze geographic data to look
for patterns and trends, and to undertake "what if"
scenarios. Visualization For many types of
geographic operations, the end result is best
visualized as a map or graph. Maps are very
efficient at storing and communicating geographic
information. While cartographers have created
maps for millennia, GIS provides new and exciting
tools to extend the art and science of cartography.
Map displays can be integrated with reports, three-
dimensional views, photographic images, and with
multimedia ( Sutton, 2009).

The Importance of Geographic Information
Systems

The ability of GIS to search databases and perform
geographic queries has revolutionized many areas
of science and business. It can be invaluable during
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a decision-making process. The information can be
presented succinctly and clearly in

the form of a map and accompanying report,
allowing decision makers to focus on the real issues
rather than trying to understand the data. Because
GIS products can be produced quickly, multiple
scenarios can be evaluated efficiently and
effectively. For this reason, in today’s world, the
ability to wuse GIS is increasingly important
(DeMers, 2005).

Using GIS to Make the Database for Baghdad
Soils

To make the database for Baghdad soils, the latest
aerial photo of the city of Baghdad is prepared and
in figure (3). The
boreholes locations are divided into two groups, one
in Karkh (Ameriah, Arabjbour, , Sa’ediyah |,
Ghazaliyh, Mamoon , Bayaa, Kamalyah ,Dura-
refinery and Mansour ) and the other in Rusafa
(Wazeriya , Baladiat, , Sadr city, Aljaderiyah, ,
Zayuna) . Presentation for the locations is made in
the arcmap by making two layers for boreholes, one
in Karkh side and the other in Rusafa side.

Georeferenced as shown

Figure (4) shows the two layers as well as the layer
of Baghdad aerial photo.

Description of each site location is represented in
GIS techniques by metadata which is the part of the
system where the detailed description for the
abstract, purpose, status of the data, time period for
the data is relevant,.etc. the description of the site
location can be seen in figures (5) and (6).

Laboratory Test

After drilling the vertical holes into the ground, the
disturbed and undisturbed samples are obtained.
From disturbed samples, the tests involved the grain
size analysis and then classified the soil (according
to BS 1377), Atterberg limit is performed according
to (BS 1377:1975,Test 2(B)) , chemical test
(organic content (OR %), sulphate content (S03%),
chloride content (CL%) (according to BS 1377)
((Head, 1980), gypsum content (according to the
following equation (gypsum content = So03;% X
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2.15) (Al-Mufty , 1997) and Total soluble salts
(T.S.S%) (Earth Manual,E8) (Earth
Manual, 1974). From undisturbed samples, the test

content

involved the consolidation test (from this test, the
following parameters can be obtained: initial void
ratio e,, compression index
coefficient of consolidation c, |
volume change m,,
P

C

c., swelling index c; ,
coefficient of
maximum preconsolidation

Effective overburden pressure PO)
(according to BS 1377:1975) (Head, 1982) and
shear test (the following parameters can be
obtained: undrained cohesion c, , angle of friction ¢
(ASTM , D2166) (Head, 1982). For example, the
soil properties of Al- Ghazaliyah (in Karkh group)
are shown in tables (3), (4), (5) and (6).

stress

All the above is represented in the GIS technique
as shown in figure (7), (8), and (9). These figures
show the potentials and facilities that GIS produce
to connect between the spatial location of the
boreholes and their computations, analyses and
results, so by clicking any point which represents
the location of any borehole in any site of the
fourteen test sites, all the information about
Atterberg Limits, Specific Gravity, Grain size
Analysis, Shear Strength parameters, Consolidation
parameters, Borehole log, Site profile can be
obtained by using the hyperlink technique.

By analyzing the above parameters, the design
parameters of Ghazaliyah site are concluded and
these parameters can be presented in table (7)

Managing the table above in the system in figure
(10) which shows the attribute table containing the
table information but in this case it is spatially
connected.

Another example in Rusafa group is Al-Baladiat
site, the soil properties, borehole log, the site profile
and the design parameters are represented by GIS in
figures (11), (12), (13) and (14).

By using the SQL (System Query Language), the
sites those have bearing capacity less than 100 kpa
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are obtained in Karkh and Rusafa as shown in
figures (15) and (16)

NOTE:

The detailed applications of the research
using the GIS are in the attendant CD.
Uploading of the ARCGIS 9.3 or 10 is
needed.

The information in CD must be placed in D
partitions in the hard disk of the computer.

Conclusion

From the previous results, the parameters design for
Baghdad soils in general can be shown as the
following:

Bearing capacity (1.0-3.0) m equal to (90-110) kpa
e Compression Index = 0.106 — 0.465
e Swelling Index = 0.005- 0.046
e Initial Void Ratio = 0.68 -1.068
* Saturated Unit Weight = 20 kN/m’
e Submerged Unit Weight = 10 kN/m
e Undrained cohesion, ¢, =40 -55 kPa
o Angle of friction = (28 -30) degree
e Factor of safety for bearing capacity = 3
e The above conclusions can be represented in GIS in
figure 17
e In Karkh, Ghazaliyh and Al- Sa’ediyah have
bearing of capacity less than 100 kpa
e In Rusafa, Al-Baladiat has bearing of capacity less
than 100 kpa
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4400m2.
3-sadr-city_55 intersection (Site Location)
The 55 bridged Intersection site is located at Sadr city in Baghdad Governorate
specifically close to the 55 intersection.
4-Zayuna(Site Location)
the proposed primary school lies in zayuna /baghdad on z land no. 11914 M11/4
(hamdi farm) the area of the site is 2100 m2
S-Aljaderiyah diesel power station {Site Location)
Aljaderiyah diesel power station site is located at Aljaderiyah area in the center of

Display | Source | Selection

it ] I
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448193.638 367528165 Meters
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Fig. 6 Metadata of Rusafa

Table 3: Results of Atterberg Limits, Specific Gravity & Grain size Analysis

B.H. Depth (m) Soil Classification and Identification
No. | From To o, Gs Atterberg Limits Consistency USCS Sieve and Hydrometer
o, LL PL| PI A LI Gravel | Sand | Silt| Clay
0.0 1.5 2.76 40 18| 22| 0.523 CL 0 10 37 53
1.5 2.0 | 26.00
2.0 2.5 12033 2.72 42 19| 23 0.058 CL
4.5 5.0 | 22.22
150 552614 45| 20| 25 0246 | CL
5.5 7.0 40 19| 21 CL
7.0 7.5 23.20
7.5 8.0 3142 2.73 39 20 19| 2.111| 0.601 CL 0 25 59 16
9.5 10.0 33.17
2 0.0 1.5 2.70
2.0 2.5 12392 2.76 45 19| 26| 0.742 | 0.189 CL 0 11 40 49
4.5 5.0 | 25.10 2.75
5.0 5.5 22.78 44 20 | 24 0.116 CL
5.5 7.0 2.77 38 18 20| 0.909 CL 0 22 46 32
7.0 7.5 | 23.61
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B.H Depth (m) Soil Classification and Identification
No. | From To o, Gs | Atterberg Limits Consistency | yscs Sieve and Hydrometer
o LL PL| PI A LI Gravel | Sand | Silt| Clay
9.5| 10.0 | 24.70
0.0 1.5 2.77 57 26 | 31| 0.596 CH 0 10 28 62
1.5 2.0 | 25.71
2.0 2.512295 2.74 40 18| 22 0.225 CL
4.5 5.0 | 24.04 2.78
3 5.0 5.512592 46 20 | 26 0.228 CL
5.5 7.0 38 19| 19 CL
7.0 7.5 1 24.90
7.5 9.5 38 18| 20 CL
9.5| 10.0 | 26.75 2.70 NP NP | NP 0 35 59 6
Where:
L o, - P.L
LI: Liquidity Index| L.l. = —p1
P.I.
A: Activity| A= ———
clay fraction
LL: Liquid Limit
PL: Plastic Limit
PI: Plasticity Index
®,, : Natural Water Content
Table 4: Results of Shear Strength Tests
BHN Depth Ye o, Shear Test
o UCS Triaxial (UU)
(m) [ kN/m’ % kPa C b°
1 1.5-2.0 21.27 26.00 211.0 - -
4.5-5.0 19.76 22.22 - 72.5 0.0
2 4.5-5.0 19.87 25.10 - 60.0 0.0
3 1.5-2.0 19.96 26.00 327.5 - -
4.5-5.0 19.38 24.03 - 50.1 4.25
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Table 5: Results of Consolidation Test

BH Depth Parameters of Consolidation Test
No. (m) O, €, Ce [ m, cy P P. | OCR

2 4.5-5.0 | 19.68 | 25.10 | 0.747 | 0.200 | 0.028 0.264 6.03 1251 49.98 | 2.50
3 45-50] 1996 | 24.04 | 0.726 | 0.182 | 0.030 0.100 993 | 250 | 5531 | 4.52

Table 6 Results of Chemical Analysis

BH | Depth (m) Soil Water

No. | From | To|] O.C. CI' | TSS | SO; | Gypsum | pH CI SO, | TDS
0.0 15 2.7 400 6.1 | 1.8 3.87

1 20, 25 3.1 400 351 09 1.94 6.9 600 | 2600 | 4276
7.5 8.0 1.3 200 1.2 0.3 0.65
0.0 15 2.9 400 57 1.7 3.66

2 20| 25 1.9 300 2.7] 0.8 1.72 68 4001 2800 | 4156
55| 7.0 1.8 400 | 24| 0.7 1.51
0.0 15 2.6 400 511 1.6 3.44

3 20| 25 1.8 300 331 12 2.58 70 4501 2250 3108
9.5 | 10.0 1.6 200 391 0.6 1.29
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Fig. 9 Site Profile by GIS in Ghazaliyah

Table (7) Values of the Design Parameters for Ghazaliyah site

Bearing capacity (at depth =1.0) 85 kpa
Compression Index 0.20
Swelling Index 0.03
Saturated Unit Weight 0.747
Submerged Unit Weigh 20kN/m’

Undrained cohesion, ¢, 50 kPa
Factor of safety for bearing capacity 3.0
Settlement 6.6mm

1320



Number 12 Volume 18 December 2012 Journal of Engineering

] File Edit View Bookmarks Insert Selection Tools Window Help

[DEHE s m@BX|n || ||77\@gn:o-\w Georeferencing | Lver [baghdadit ERoRR |

I Editor v | » BEEE

7| Task: |CrEd(ENEWFEalurE

| ‘5patla!Ad}ustmsnt" K SFS

"1 Al-Ghazaliyah
Bearing capacity (at depth = 1.0 ) equal to 85 kpa
Compression Index = 0.20

Swelling Index = 0.03

Initial Void Ratio = 0 747

arkh

=]

= B baghdad.tif

-3&:n%1f§:§:c::m.®{

Valus Saturated Unit Weight = 20kN/m3

High: 255 Submerged Unit Weight = 10.2 kN/m3 i : <Top-most layer>

e Undrained cohesion, cu =50 kPa
Location:  [434810.837 3,688,206 541 Maters b

Low:0

4 Field [ value ]
FiD 2
Shape Poirt
Id 0
b_h_name BH1
b_h_locati AlGhazaliyh
seftlement_mm 6.1

xr

dentified 1 feature

i3]

Attributes of karkh .
FID| Shape | i settlement_mm

0 Pont| 0 BH1 dura_refinery s
1 Pont| 0 BHZ dura_refinery A
2 Point| 0 BH1 ARGhazaliyh 1
» 3 Point| 0 BHZ ARGhazaliyh 1
4 Point| 0 BH3 AlGhazaliyh 1
5 Point | 0 BH1 | 841 Tive
6 Point 0 BH2 F 841 rra
Point| 0 BH3 AlAmeriah/Mahala 641 fi¥e

Record: JJ J_} show: [ Al Selected | Records (30utof 41 Seected) Options

=~ = =

10:145
Yot/o/mh

Qi shafizmia
J File Edit View Bookmarks Insert Selection Tools Window Help

TS ﬂéw BEX[o o $[F o4 E90R N

Tabler.

Home Insert | Page Layout | References Mallings Review View = Design  lajout & ?"

Tosk [Creste NewFesture Bl o U Vestetmat 5 k!
3+ 8 Page Color -
——————i Paragraph| Arrange ]
= | b | [ Page Borders o 5
B Lmers Themes Page Setup 2 | Page Background
a8 [ .
) et Albaladiat RN 4-|‘5“w‘ew-T“\‘B‘\-?-l‘L(v\“11-|‘12‘\“ll-l‘14“\‘15‘\‘16;\‘17‘\‘1‘5“§ﬂ
¥ karkh bl Bearing capacity (at demh 2 3 ) equalto 70 kpa " a
Compression Index= 0.4 Table (1): Results of Atterherg Limits, Specific Gravity & Grain size Analysis
o Swelling Index=0.047 o EI
[l B baghdad.tif @ Initial Void Ratio = 1068 () | ieT Content, Aifrherg Limis and
Value Saturated Unit Weight = 19.6 kh/m3 B vses <]
High: 255 ‘ | Submerged Unit Weight = 9.8 kN/m3 @ | IL Gs | Gravel [ Sand | Silt | Chy
e Factor of safety for bearing capacity = 3.0 Fom Bl W W % | % | % | %
* Angle of Internal Friction for Sandy Soil = 28 degree |
Low:D 5 g g
W 25 | 43 FIEIEFIE H
45 [ 50 | Ba 2%

£ e B @

B

.64
3186
2687
.58

B

4

Fig. 11 Laboratory Test by GIS in Al-Baladiat

1321



Athraa Hashim Mohammed Database for Baghdad Soil Using GIS Techniques
Asmaa Younus Yahya
Balgees Abdulwahid Ahmed

et 2li_dhafirZ.mxd - ArcMap - Arcnfo

I File Edit View Bookmarks Insert Selection Tools Window Help Home | Insert Pagelayout References Mailings Review View = Design  Layout
]Dﬁgé‘%%gx|nm‘¢‘nw v||Q‘@gE|;Q.“?J§EU,E,E,, 4 TimesNewRoman - 18 - &% A
Sy B T U -abe x, X
editor =| & | # ~ Task: [Create New Feature =] | Target: | =X & Paste 1 Quick Change | Editing
I | ‘ — ‘ P ‘ ‘ I‘ - A F-A-M A E]"“ Q%L T styles~ styles~ | -
I-paladiat
B @ 4 Beaning capacity at depth = 2-3 ) equalto 70} 2229214 % Font © Paragraph nl syl & _
g Q Compression Index = 0.498 O KX KN KN SN KN KK KNS KNSV O v Y RN XA NS T AN ¥ I ¢ I )
EYzN rusata > Swelling Index = 0.047 m m m m : m m m m : m : N
O] E Initial Void Rati 068 -
- Saturated Unit Weight = 19.6 kNim3 , BOREHOLE LOG
B B karkh < Submerged Unit Weight = 9.8 kN/m3 :
Ly Factor of safety for bearing capacity = 3.0 Borehole NO- T T Borehole Elevation:— m.asl
= M baghdadtif Angle of Internal Friction for Sandy Soil = 28 Borehole Dia, : 150 mm | Date of Drilling: 31/572009
Value @ Depth of Borehole: 233 m [ Method of Drilling: Rotary Auger Drilling
High:255 | 4@
» Depth (m) SPI.
Thicness 5] 15[ 15 Description of Strata
Low:0 = b ™ Tt ||| | N P
Brown silty dey with orzanics
Brown gilty clay
|T Brown sily clay
[i] Brown siliy clay
- X TS [T —————
€ loentify E[so]ss] os SPT | 10] 20 [ 23 | 43 [Bwvusilydsy
| 535]73 20 Ds Brown iy clay
Identify from: <Top-most lay ¥ {75 [s0] o5 us Brown sy cley 1o clayey silt
2 bag::]ad Locaton:  [G5267T: © 5| [ 80| 85| o5 SPT |13 | 14|20 | 34 [ =% e
= =l [s5 [105] 20 DS Grey to oo il clay.
Stretched value 60 -] | 105]|110] 05 SPT 25|30 [ 25 | >50 [ Grey tobmowu siliy clay
Pixel value 60 5] | 110]135] 25 DS Browe to black to grey siliy ey to dlay silt
]| 135]|140] 03 SPT 17| 21 | 30 | >50 | Brown o black to grey silty clay to clay silt
H[1s0]165] 25 DS Brownto g silty day
=] | 165]|170] 03 SPT 35| 40 | 45 | =30 | Yellow to preem silryclay
Hf [170]1es] as DS Riversand
=| [195]200] os SPT |10 13 | 17 | 30 [Riversmd
B Geay silt o clayay il
QR B

Identified 1 feature

] File Edit View Bookmarks Insert Selection Tools Window Help ‘

[DEES » R2BX|0 | &[5 o] |8 @ O ¥ K | Georeerencing = Lajer: foaghiadic ENOl P
I Edrtog" 3 iM Task: | Creste New Festure =] | ot | i ‘Q =] | Spatia\Adlurcment" =T C R = . L[_"Fl‘&
—— @ i Hom | Insel i’age .Re.f.i Mai‘h -REVii View 'Format | Design  Layout 63 |
= £ Layers e G e I miadl |
/68 D\athras shape: : : T — j 4 Times New Roman 10 - & 8
A d earing capacity (at depth = 2-3 ) equal to 70 kpa &=l g . al,
™ B I U~dex x
8 m - Compression Index = 0498 Paste -] - | ’ Paragraph Styles | Editing
*) i 4 Swelling Index = 0.047 FRER | oAk | XA v . v
= M karkh Initial Void Ratio = 1.068 :
o v Saturated Unit Weight= 10,6 kNim3 Cipbostd fott .
B Submerged Unit Weight = 9.8 kN/m3 VEL 1 1002 0+3 0+4 1+5 16 7 0 B 18001 4|
5 g Di\Baghdzd Blac ® e Factor of safety for bearing capacity = 3.0 A . : m . T T T
B ™ baghdadtif * B Angle of nteml Friction for Sandy Soil = 28 degree il 1~ |- | o =
Vaue | mp > 3 i BH1 BH5 BH9
B %
High: 25¢ RE . g
4 2
w0 |9 o : =
[ 4 D\Parameters o | R & B . :
Sheetl§ r - B : ' A
r . o 2 =
# : )
~ 10
€ 1dentify ¥ ] T L
§ 12
dertfyfom: | <Top-most ayer» | |8 :‘:
i 15
B-rusafa ,___'__—j il %
a1 b A R i | Bsion Index] Sweling In] _ Initial Void Ratio | Saturated Unit Weignt | || |- u
Tl Tvam T oy iy Yotk U Y u
FID ] RN kY [ KNim3 150 2 n
Shape Paint RYENS T [0 KNm3 15,0 n 1
Id 0 YENS et oA KNim3 140 i 2;; v
Borehole-stedocation albaladiat = D! iy TS wima s - u +
Borchole name BHI A iy [0 s v | |- 5 o
E::F;ésﬁ:mf depth=2-3) 3%;&3 i LT T [T Kim3 5 | End of Bol’il‘ls o
Siweling Index 0047 ube] Wi oty Kim %1 1 ¢ \ i ] 3
Initial Veid Ratio 1068 I n Page:1ofl | Words:0 | EIETE 100% (=) Ty —
Satreted Lt Wieight 0EKNAE + ; | EANIE =
« m ] ) [lhof 29 Selected) Options =

e
I

[ [452348.307 3688527 211 Meters

Fig. 13 SiteProfile by GIS in Al-Baladiat

1322



Number 12 Volume 18 December 2012 Journal of Engineering

alic

] File Edit Yiew Bookmarks Insert Selection Tools Window Help
|[DBESE & BBAX oo &[5 ] [:2] & @ 03| K2 | Georeters
[ Create New Feature =] | Torget | Ellx

| e 4]

= £ Layers q iy - A 0
= &8 DAathraa shape 4 = e
o learing capacity (at depth = 2-3 ) equal to 70 kpa
o @ R % iy ¢ Compression Index = 0.498
5 & Swelling Index = 0.047
o f Initial Void Ratia = 1.068
Saturated Unit Weight = 19.6 kNim3
O B Submerged Unit Weight = 9.8 kN/m3
[ &8 D:\Baghdad Blac b & Factor of safety for bearing capacity = 3.0
B M baghdad.tif - ' Angle of Internal Friction for Sandy Soil = 28 degree
Value | mp Iy g .
High: 258 X
18 3 i 5
Lowio | & -
& 53 DiParamters o || R o A 5
"
Sheetls o B
# . A
s Y,
v 4
5
Attributes of rusafa =
FID | *Shape | Id | Borehole-site-locatio| Borehole-n| Bearing c| Compression Index| Swelling In|  Initial Void Ratio | Saturated Unit Weight | Submerged Unit Weight | Factor of safety for bearing (settlement(mm | «
o Point| 0 a-baladiat BH1 kpa ¥+ Ak e E¥ (e kh/m3 ) Kllim3 3.8 o R
1 Font| 0 akbaladiat BHZ| kpa - B v Yok KHim3 ) K3 %8 i B
2 Font| 0 akbaladiat BH3| kpa'- B v Yok KHim3 ) K3 %8 i Yy
3 Point 0 ak-baladiat BH4 kpa ¥+ nilh 4 Yuetih kN/m3 kN/m3 3.4 Tie W
4 Point 0 ak-baladiat BHS kpa ¥+ nilh % Yuah kN/m3 14,3 KNIm3 28 Tie "
5 Point 0 ak-baladiat BHS kpa ¥+ nilh % Yuah kN/m3 14,3 KNIm3 28 Tie "
6 Point 0 akbaladiat BHT kpa ¥+ ntdh 4 Yuetih kN/m3 KN/m3 .4 T S
2 Point 0 akbaladiat BH8 kpa ¥+ ntdh % Yuetih kN/m3 14,3 KN/m3 34 T iy £

i = v v

Record: E] _ﬂ 1 _:J ﬂ smw:W Selected | Records (0 out of 25 Selected) Options ~ »
[ [452731.619 3688485.087 Meters

Fig. 14 Values of the Design Parameters by GIS in Al-Baladiat

@ Untitled - &rchdap - Arclnfa

2|
Select By Attributes
J File Edit Wiew Bookmarks Insert Selection Tools YWindow Help
AT o= e— T S P P |
B Lo 1O
Sl e e ™ Only show selectable layers in this list
J Editor Method IElealeaﬂew selection -
FID Shape * Id | b_h_name b_h_locati o
159 3 2 | Pairit 0 |BH Al-Ghazalivh “FID" =
= £ Layers 3 | Poirt o |Enz Al-Ghazsliyh th .
o 2 name’
B M rusafa 4 | Poirt 0 |BH3 Al-Ghazalivh e
33 | Point 0| BH1 Al-Sa'ediysh Bridoe T "
34 | Paint 0| BH2 Al-Za'ediyah Bridge g
35 | Point 0 | BH3 A&)-Sa'ediyah Bridoe -
36 | Painit 0 | BH4 Al-Sa'ediyah Bridoe E <>| Likel 50
=] baghdad.tif 37 | Poirt 0| BHS Al-Salediyah Bridge a5
Walue 38 | Point 0 |Bre &]-Salediyah Bridge > >=| And| 100
High : 255 39 | Pairt 0| 87 Al-Sa'ediyah Bridos = 1o
40 | Pairt NES Al-Sa'ediyah Brids ;I 85 _'I
Lol Remrd:ﬂj 1 dﬂ Show: Al ISa\ected - * §] | Mot
= - = s et Uricue valoes [GoTe: [

SELECT " FROM karkh “WHERE:
"B_C"k 100 -

Clear | Verify I Help | Load. | Save.

(1.9 I Apply | Clase

AENEeEeroEltOIuNON

D\sp\ay-SEECtiD’" 2|2 4 |’|_
JQrawmg"T@‘D'ﬂj£|@AHG| it ] B 1 ulAr S S~ .'|

[ [444055.503 3667207.136 Meters

Fig. 15 Bearing Capacity Less than (100) kpa in Karkh
1323



Athraa Hashim Mohammed Database for Baghdad Soil Using GIS Techniques
Asmaa Younus Yahya
Balgees Abdulwahid Ahmed

g Select By &ttributes

]

Laver. I@ tusafa

[~ Orily show selectable layers in this list vl ”E‘ PN Wan 2N | x? |

Methad | Create a new selection -
jate Mewr Feature j | Target: I

initial_vR" -
"G aturat_Llw" =
q "Subrnerg_LIw"
“Fact_ SFBC™
“settlement”!

mn

Iué
2
]

s Gt Urique Yalues | GoTo:

SELECT * FROM rusafa 'WHERE

"B_C" < 100 -
Clear | Verity I Help | Load.. | Save... I
1] I Apply | Close |
4 |Paint 0 | al-baladist
5 | Point 0 | al-halaciat
& |Point 0 | al-baladist
7 |Point 0 | al-balaciat
& |Point 0 | al-haladist
9 [Pairt 0 | al-wazeeria
10 | Pairt 0 | al-wazeeria
11 | Point 0 | gadr-city_55 intersection |
12 |Point 0 | sadr-city_55 intersection =]
_Di 13 | Point 0 | sadr-city_55 intersection | >|
Tl 11 3
[off uA- B S o]
El— Record:ﬂﬂl 1 jﬂ Show:l Al Selected I Records (9 out of 29 J
| |434966.316 3700987,515 Meters

Slore] @]

Fig. 16 Bearing Capacity Less than (100) kpa in Rusafa

e [Edit Yiew Dookmarks Jnsert Selection Tools Window Help
DEE& ¢« D@ w062 ] of & @0 3= N2 | Georeferencing = | Layer [iagpetsay w4 T

v | =] |07 G0 || 2 | spatial Adjustment =| B F F O | 0 i@

Editeg=| b | # ~

o8|
|

ayers
8 Di\sthras shape
= B nsata
®
E b karkh
L
= ‘a5 D-\Baghdad Blec
B B baghdad i
Value
High 1 258

oeoae

Low:D
= ‘4 D\Parameters &
M Sheet?s

exr i Eit@3

i% = =z

Bearng capacky (1.0-.0) = equal v
‘Compressien index = 0,106 — 0.26!
Swieling ndex » 0.00- 0 0460.5 ty (At dep (nt depin »
Wil Vit Rl » .43 1,08
 Salurated Un Viegh
Subimarped Ling Weight = 10 4
Undraned coneson, cu_=
Angle f frictien = (28 -30) cegre
Factar 0f aafety for beanng caparty = 3 |

Tl i Tofn] oo skt| e =] — g

|
Drawing = M 0wl OO v A v e (o] da S0 =] Bz g A B = | spatial fnalyn = | Loy [baghdsdtd B
‘Change to & different font - | a1 43 3882225743 Mieters

Fig.17 Design for Baghdad Soils in General

1324



Number 12 Volume 18 December 2012 Journal of Engineering

Artificial Neural Network Model to Predict Sodium Adsorption Ratio for
Tigris River in Amara

Zeren Jamal Ghafour and  Prof. Dr. Rafa Hashim Al-Suhaili
Abstract:

Water quality evaluation is important  for its proper use. Water use for irrigation depends on its
quality. One of the important factors that evaluate the suitability use of water for irrigation is the
sodium adsorption ratio. In this research an attempt is tried to develop an ANN model to estimate the
sodium adsorption ratio of Tigris river in Ammara using Chloride (CL),Salinity (EC), and total
dissolved solid (TDS).

Many ANN models are investigated with different subdivision of the data sets training,testing and
holdout subsets, different number of nodes in the hidden layer, and different values of the learning rate
and momentum term. The network model with the highest correlation coefficient between the predicted
SAR and observed SAR values is selected. This network is with correlation coefficient of 0.963 with 4
nodes in the hidden layer, learning rate of 0.4 ;,momentum term of 0.9, hyperbolic tangent and identity
activation functions for the hidden and output layers respectively, and 47%,26%,27 %  data subests
division for training, testing and holdout respectively. The model then is considered capable to predict
SAR values for the selected region. A normalized importance analysis was also done to investigate the
effect of each independent variable on the dependent variable SAR , which shows that chloride has an
effect of 100%, while EC and TDS have 20.4% and 12.8% respectively. The sequence of importance is
found in accordance with the values of correlation coefficients obtained between SAR and these
variables as,0.961,0.929 ,and 0.91 respectively.

Key Words: Artificial Neural Networks,Sodium Adsorption Ratio,Chloride, Electrical
Coductivity,Total Dissolved Solids
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Artificial Neural Network Model To Predict Sodium
Adsorption Ratio for Tigris River in Amara
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Introduction:

The
irrigation water is important to indicate the ability

sodium adsorption ratio classification of

and extent of using this water for irrigation. In view
of the water quality deterioration specially at the
lower region of Tigris river , the water quality
evaluation is an essential factor in the strategy of
water use for irrigation projects. Nowadays , the
role of water resources, and particularly rivers, as
vital artery of each region is considered as one of
the main bases for stable development (Oliai et. al,
2011). Hence, the prediction and evaluation of
water quality parameters should be considered in a
river. Knowledge of water quality provides the
availability and possibility to use water in different
ways in order to reduce the damages to the water
resource.

The most important quality
parameters are the sodium adsorption ratio SAR
and the electrical conductivity Ec. High SAR values
causes undesirability of irrigation water (Michael et
al 2008).

irrigation  water

In recent years the ANN modeling had
proved its capability to model many engineering
Many prediction models had been

the technique of artificial
intelligence. One of the most used artificial neural
network models used
hydrology, is the multi-layers perceptron MLP
model with feed- forward process and Back
propagation algorithm for error adjustment. (Sarani
etal 2012 ), had made a comparison of such model
with multivariate linear regression modeling to
predict SAR values using EC, Cl, pH, and TDS

phenomenon.
used utilizing

in water resources and

1447

values for Kohak Dam , located on river Sistan.
They concluded that the MLP neural network model
Had performed better than the multiple linear
regression MLR model. (Palani et. Al 2009 ), had
used artificial neural network model to predict the
Dissolve Oxygen in Singapore sea water at the
mouth of the east Johor Strait. The model used
many water quality parameter as input for
predicting the DO values. These variables are
Salinity, pH, Nitrate, phosphate They
concluded that the model can predict the DO values

with satisfactory accuracy. (Kanani et. al. 2008 ),

...etc.

had used artificial neural networks to model the
total dissolved solids in Achechy River basin in east
Azerbaijan. The model predict future TDS values
using past TDS values and Discharge values as
input data. ( Talib et. al, 2009 ) had used artificial
neural network model to predict the Biochemical
Oxygen Demand BOD of Sungai Pinang river in
Malysia. The input data are the physical and
chemical properties of the river water. The model
had proved its capability of prediction, with
Phosphate as the most important variable that has an
effect on BOD. (Hore et. al 2008 ) , had
investigated the effect of water channel parameters
on river contamination in India. The model had
been a successful tool for prediction.

The most architecture of the MLP neural
network model used in water quality prediction is
the three layers neural network. The input layer, one
hidden layer and the output layer. In these models
the input layer has a number of nodes that equal to
the input variables, while the output layer has a
number of nodes that equal to the output variables.
The number of nodes in the hidden layer is usually
obtained by a trial and error procedure. The
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available data set should be divided into training,
testing and holdout subsets. The percent of division
is also a matter of a trial and error procedure. The
training set is used for training the network . The
variables between the layers are connected by a
weight matrices. These matrices are assumed first
and the corrected. Using the assumed weight
matrices and the training data set the input variables
are assembled using linear weighted summation
process and a bios term is added . Then this sum of
each node in the hidden layer is processed using an
activation function to result an output from the
hidden nodes, which a similar linear summation
with the bios term is used, but using the weight
matrix between the hidden layer and the output
layer to produce inputs to the nodes of the output
layer which then processed with activation function
to produce outputs. This process is known as the
feed forward process. The outputs
compared with the measured values and error is
obtained. These errors are then used to adjust the
weight matrices and the process is then repeated for
another set of the input output variables of the
training set using certain optimization algorithm ,
such as steepest gradient method. The weight
matrices are further adjusted using the testing set to
obtain the final weight matrices of the model. Then

are then

the model is evaluated using the hold out test to
obtain the correlation coefficient between the
predicted and observed values(Sarani et al 2012 ).

So many types are available for the activation
function such as linear(identity), sigmoid, and
hyperbolic tangent.....etc. It is not necessary that the
hidden layer and the output layer has the same
activation functions, the most suitable combination
to be obtained using a trial
procedure(Sarani et al 2012 ). Moreover the weight
correction procedure the back
propagation algorithm has coefficients known as
learning rate and momentum term, which also are
changed using a trial and error procedure. The final
value of the model parameters that to be obtained

is and error

equations in
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by trial and error solution are the measure of the
accuracy of the predicted values obtained by the
correlation coefficient or the mean square error
MSE. Fig (1) shows a three layer neural network
model with three input variables (X1, X2.... Xn,
n=3), and four hidden nodes (Z1,Z22,.... Zp, P=4),
and one output node in the output layer (Y1, ....
Ym), where n is the number of hidden nodes in the
input layer, P is the number of hidden nodes in the
hidden layer and m is the number of the output
nodes in the output layer. Xi is input variables
vector (i=1,n) and Yk is the output variables vector
(k=1,m) and Zj is the hidden node vectors (j=1,p).
The hidden node vector is subdivided into two
vectors Zinj which is the vector input to the hidden
nodes and Zoutj which is the vector output from the
hidden nodes. Using these notations the weight
matrices between the input and the hidden layers
and that between the hidden and output layers , are
V{n,p) and W(p,m) respectively. The matrix
equations for the feed forward process will be :

Zin{p,1}=Vo{p,1}+V{np} ' X{n,1} (1)

Where Vo is the assumed bias matrix of the
input layer, and
Zout{p,1}=F1(Zin{p,1}) @)

Where F1 is the activation function of the
input layer
Yin{m,1}=Wo{m,1}+W{p,m}" Zout{p,1} (3)

Where Yin is the vector input to the nodes of
the output layer

Yout{m,1}=F2(Yin{m,1}) 4)

Where Yout is the output vector, F2 is the
activation function of the output layer

For the correction of the weight matrices the
following steps and equations can be used :

Dy {m,1}=[ t{m,1}- Yout{m,1} ].F2(Yin) (5)
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Where F2' is the first derivative of the output
layer activation function and the multiplication
process is an element by element one , then

WoCorr{m,1}=Woass{m,1}+alpha. Dy{m,1} (6)

Where Wocorr and Woass are the corrected
and assumed bias matrices of the input layer
respectively , and alpha is the learning rate.

Dw {p,m}= alpha. Zout{p,1} Dy{m,1}" (7)

Where Dw is the correction matrix of the
weight matrix between the input and the hidden
layers, and T hold for transpose matrix operation,
then

W{p,m}corr=W {p,m}ass + Dw{p,m} (®)

Where Wcorr and Wass are the corrected and
assumed matrices between the input and hidden
layers.

Din{p,1}=W {p,m}ass.Dy{m,1} )
And
Dz{p,1}=Din{p,1}.F1 (Zin){p,1} (10)

Where Dz is output layer correction matrix
and F1 is the first derivative of the hidden layer
activation function. The multiplication process is an
element by element one, then

DVo{p,1}=alpha.Dz{p,1} (11)

Vocorr{p,1}=Voass{p,1}+DVo{p,1} (12)

Where Vocorr and Voass are the corrected
and assumed bias vector of the input layer, and

DV {n,p}=alpha.X{n,1}.DZ{p,1}" (13)

V{n,p}corr=V{n,p}ass+DV{n,p} (14)

Where Vcorr and Vass are the corrected and
assumed weight matrices between the input and
hidden Layer.
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Each pass of a set of input-output through the listed
equation above is called an epoch.

Study Area and Data Analyzed:

The data for water quality used in this research
is that of Tigris river in AMMARA city located
south of Iraq. The water quality is deteriorated and
characterized by high salinity due to upstream
agricultural and municipal activities. Many disposal
points of these pollution sources exist upstream of
the point of measurement. The set of data used for
analysis extend for 30 years (1979-2009) and
measured by the Ministry of water Resources in
Iraq. Water quality parameters were measured such
as pH,EC,TDS,Ca,Mg,Na,K,C1,SO,4,Th,NO3,CO;,
and HCOs, i.e, Acidity, electrical conductivity, total
dissolved solids, calcium, magnesium, sodium,
potassium, chloride, sulphate, total hardness,
nitrate,carbonate, anh hycarbonate, respectively.

The Sodium adsorption ratio is calculated from eq.
(15) as:

SAR =[Na+]/ {([Ca*']+ [Mg* ] /2}"*  (15)

The neural network model used for predicting the
SAR values utilize only input values of EC,
Chloride CI and TDS. The Spss Version 19 software
is used for the modeling process. Using this
software many neural networks are investigated
with different data subdivision , different types of
activation functions for the hidden and output
layers, different numbers of nodes in the hidden
layer and different values of the learning rate and
momentum term. The network with the highest
correlation coefficient is selected for prediction of
SAR values.

Results and Discussion:

Before application of the ANN modeling , the data
are checked and reduced to full measurements cases
only, i.e., if any set of the data of the water quality
parameters measured in a certain date has missing
value or values the whole set is removed and only
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the complete sets are considered in the analysis. The
complete data set reached 140. Table(1) shows the
descriptive statistics of the data for those variables
used in the ANN model. The highest variance
obtained is for the EC, while the lowest is for the
SAR values. The differences in means between the
variables is relatively high, hence this will justify
the use of standardized variables instead of the
original in the ANN modeling in order to avoid the
order of magnitude effect. The standardization
process of each variable is obtain by subtracting the
mean value and dividing by the standard deviation
of this variable, which transform the data to a zero
mean and unit variance sets.

Table (2) shows the correlation matrix of all
quality parameters. The last
column in this table indicates the correlation
coefficients between the dependent variable SAR
with the other variables. It is shown that the highest
correlations with SAR are (0.961,0.957,0.929,and
0.91) with chloride (CL),sodium (Na),electrical
conductivity(EC), and Total Dissolved Solids(TDS),
respectively. These results justify the use of these
variables as input variables to the ANN model for
predicting the SAR values. However the sodium
(Na) was removed as it is originally used for SAR
estimation in Equation (15), while the aim is to
estimate SAR values from EC, TDS and CI ,
without the need of Measuring Na,Mg and Ca.

measured water

Many trials had been conducted for obtaining the
best ANN model to predict the SAR values from the
selected input variables. The trials adopt different
data subsets division, different numbers of hidden
nodes in the hidden layer, different types of
activation functions for the hidden and output
layers, and different learning rates and momentum
terms. The Final Network selected gave the highest
correlation coefficient between the Observed and
Predicted SAR wvalues, of 0.963. The best
performance of the network was found to have a
data subsets division of 47%,26%,27 % for the

Volume 18 December 2012

1450

Journal of Engineering

training, testing and holdout with 4 nodes in the
hidden layer, learning rate of 0.4 ,momentum term
of 0.9, and hyperbolic tangent and identity
activation functions for the hidden and output layers
respectively.

Figure(2) shows the architecture of the final neural
network obtained. Figure(3) shows the 45° line of
comparison between the predicted and observed
SAR values, which indicates the good capability of
the model for prediction. The sum of square error
and the relative error for the training set are
3.45,and 0.108 ,respectively. These wvalues for
testing data be 1.62,and
0.08,respectively, while the relative error for the
hold out is found to be 0.035.

are found to

Figure(4) shows the normalized relative important
analysis of the input variables on the output variable
SAR, indicates the highest importance of Chloride
100%,then the Electrical conductivity 20.4%,and
the Total dissolved solids 12.8%. These values are
found
coefficients of these wvariables with SAR,
(0.961,0.929,and 0.91),respectively.

in the same order of the correlation

as

Conclusions:

From this analysis the following conclusions could
be deduced of this study:

1- The developed ANN model that is capable
of predicting SAR values from EC,TDS,and
Cl as input values with
coefficient of 0.963.

The most variable affecting SAR values
among the selected input variables is the
Chloride as 100% normalized importance
analysis, followed by EC with 20.4%,and
TDS with 12.8%.

The importance normalized analysis are
found in the same order of the correlation
coefficient between the SAR variable and
the other variables.

correlation
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4- The training, testing and holdout relative
errors of the network are found all to be
small and acceptable (less than 5%),
however the relative error of the holdout set
is the lowest which is more important in
such a model.

5- The number of the hidden nodes required
to obtain an acceptable model is relatively
low only 4, which let the weight matrix
coefficients of small dimensions ,hence

required for

reduce the calculations

prediction.
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Table (1) Descriptive Statistics of The Data Used in Modeling.

. Stand. i
- Min | Max | Mean . Skewness | Kurtosis
ev.

SAR | 40.3 | 320 | 14.68 6.846 1.32 2.09

Ec | 290 | 3000 | 1122.2 | 581.669 1.035 0.547

TDS | 200 | 4000 | 783.3 | 384.582 0.973 0.45

CL 26 630 | 173.5 | 112.68 1.579 3.116

Table (2) Correlation Matrix between Water Quality Parameters in Tigris River at AMMARA.

- EC |TDS |cCa Mg | Na K cL so, |TH CO; | HCO; | SAR

EC |1 0.981 | 0.764 | 0.721 | 0.957 | 0.427 | 0.967 | 0.88 | 0.874 ;) aga | 0297 | 0.929

TDS 1 078 |0.78 |0.944 | 041 |0.952 | 0.903 | 0.882 ;) azg | 0-298 | 091

Ca 1 0.517 | 0.686 | 0.317 | 0.686 | 0.841 | 0.834 ;) ,gy | 028 | 0.567

Mg 1 0.674 | 0.331 | 0.662 | 0.717 | 0.774 | _ 0.910 | 0.583
0.236

Na 1 0.408 | 0.974 | 0.822 | 0.812 | -0.44 | 0.246 | 0.957

K 1 0.418 | 0.352 | 0.314 | i 0.379
0.035 | 0.057

cL 1 0.808 | 0.806 | _ 0.231 | 0.961
0.421

SO, 1 0.9 ) 0.329 | 0.757
0.429

TH 1 ) 0.322 | 0.773
0.401

CO; 1 . .
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0.543 | 0.549
HCO; 1 0.198
SAR 1
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Using Neural Network
Prof. Dr. Kais Said Al-Sabbagh Assist.prof. Hamid M. Ali Elaf Sabah Abbas
Electric engineering dept. Computer engineering dept. M.Sc. student
University of Baghdad University of Baghdad Computer engineering dept.

Abstract

Most intrusion detection systems are signature based that work similar to anti-virus but they are
unable to detect the zero-day attacks. The importance of the anomaly based IDS has raised because
of its ability to deal with the unknown attacks. However smart attacks are appeared to compromise
the detection ability of the anomaly based IDS. By considering these weak points the proposed
system is developed to overcome them.

The proposed system is a development to the well-known payload anomaly detector (PAYL). By
combining two stages with the PAYL detector, it gives good detection ability and acceptable ratio
of false positive.

The proposed system improve the models recognition ability in the PAYL detector, for a filtered
unencrypted HTTP subset traffic of DARPA 1999 data set, from 55.234% in the PAYL system
alone to 99.94% in the proposed system; due to the existence of the neural network self-organizing
map (SOM). In addition SOM decreases the ratio of false positive from 44.676% in the PAYL
system alone to 5.176% in the proposed system.

The proposed system provides 80% detection ability of smart worms that are meant to invade the
PAYL detector in the PAYL system alone, due to the existence of the randomization stage in the
proposed system.

Keywords: Intrusion Detection Systems (IDS), PAYL, SOM, Randomization.
AadAl
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Introduction

Network Intrusion detection system
(NIDS) is a type of security management system
for computers and networks; it inspects all
network activity and identifies suspicious
patterns that may indicate a network or system
attack from someone attempting to break into or
compromise a system.

The Internet and computer networks are
exposed to an increasing number of security
threats. With new types of attacks appearing
continually, developing flexible and adaptive
security oriented approaches is a severe
challenge. In this context, anomaly-based
intrusion detection techniques are a valuable
technology to protect target systems and
networks against malicious activities [P.
Garci’a-Teodoro et. al., 2009]. PAYL detector
is statistical model that detects anomalies by
capturing features of data payload in an efficient
way -automatic and unsupervised-, it has been
used before in the context of computer security
in many researches and gave such a good results
[S. Zanero, 2005, KeWang, 2006, Ke Wang et.
al., 2004, D. Bolzoni et. al., 2006].

The PAYL detector alone is considered
a successful system to detect the abnormalities
in the incoming traffic, of course after it has a
proper training phase. In recent time, smart
attacks [C. Mao et.al.,, 2010] have been
dedicated to invade the PAYL detector, such as
the mimicry attacks [KeWang, 2006]. To avoid
such attacks, on the PAYL detector the
randomized testing technique [KeWang, 2006]
is used. This technique provides diversity on the
packet payload that confuses the attacker about
which byte positions to pad his exploit code in
order to appear normal.

Instead of using the clustering technique
that follows the PAYL detector (we call PAYL
detector followed by clustering technique PAYL
system alone), which is used to reduce the
number of models that varies by one byte and
the models that don’t have enough training
samples, a neural network Self- organizing map
SOM is used. SOM is used for classification of
the incoming traffic (data) into clusters. There
are multiple reasons for choosing a SOM for
classification purpose. The algorithm is robust

II.
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with regard to the choice of the number of
classes to divide the data into, and it is also
resistant to the presence of outliers in the
training data, which is a desirable property. In
addition, the SOM have the best performance
trade-off between speed and classification
quality [S. Zanero, 2005].

To build a highly performance anomaly
based intrusion detection system, it is necessary
that the proposed system consists of several
stages where the combination of these stages is
responsible for eliminating weak points that
faces the PAYL system alone

Background

i. PAYL Detector: 1-gram Payload
Modeling and Anomaly Detection

PAYL detector detects anomalies by
combining an n-gram analysis algorithm with a
classification method based on clustering of
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Fort Number

J

packet payload. PAYL detector computes a set
of models. One for each specific observed length
i of each port j as shown in figure 1

Figure 1: Internal structure of PAYL

detector
The distance between models is
measured by using simplified Mahanalobis
distance. ~The advantage of simplified

Mabhalanobis distance is that it takes into account
not only the average value but also its variance
and the covariance of the variables measured.
Instead of simply computing the distance from
the mean values, it weights each variable by its
standard deviation and covariance, so the
computed value gives a statistical measure of
how well the new example matches (or is
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consistent with ) the training samples. And the
whole computation time is linear in the length of
the payload with a small constant to compute the
measure. This produces an exceptionally fast
detector [KeWang, 2006].

ii. Self -organizing Map (SOM)

A Self-organizing Map (also called Self-
Organizing Feature Map or Kohonen map), is a
kind of artificial neural network. It works by
emulating the cognitive classification process
typical of the human brain and it is based on
competitive learning [S. Zanero, 2005]. SOM
learns to classify input vectors according to how
they are grouped in the input space. They differ
from competitive layers in that neighboring
neurons in the self-organizing map learn to
recognize neighboring sections of the input
space. Thus, self-organizing maps learn both the
distribution (as do competitive layers) and
topology of the input vectors they are trained on
[Mat Lab Help].

The goal of learning in a SOM is
accomplished by modifying the weight vector of
neurons in a certain manner. To select which
weight vectors must be updated and how, two
parameters are used: the learning rate that
controls the “influence” of the input on the
neuron weight array components, and the update
radius, that controls which neurons to modify.
To accomplish the classification, a SOM goes
through three phases: initialization, training, and
classification [S. Zanero, 2005, D. Bolzoni,
2009].

iii. Randomized Testing

Randomization is necessary to avoid
mimicry attacks. Instead of modelling and
testing the whole packet payload, the packets are
randomly partitioned into several (possibly
interleaved) substrings or sub sequences S1, S2,
..., SN, and model each of them separately
against the same single normal model as shown
in figure 2 (to make sure that partitions will
produce different models from the one built
using the whole payload) [KeWang, 2006].

Volume 18 December 2012

II1.

1327

Journal of Engineering

Randomily-generaled bitmask

1mm

Tastng i Packet fragment 2

r ar

Main model

Figure 2: Randomized Testing.

To perform this randomization it is
necessary to provide appropriated random binary
bit mask which must be a purely random binary
string, so that the following two criteria must be
satisfied [W. Stallings, 2005]:

1-

2- Independence.

There are several advantages come from
using this type of randomization, first all the
calculations are liner that take a very short time
to performed so it gives an ability to provide this
system directly on line for training and testing.
Second, because of using a pure binary random
mask only two sub-models appeared and need to
be compared with the model extracted from the
entire packet payload, each of these models has
distribution different from the original model.
Third when the binary mask changed there is no
need to retrain the entire system (because of the
properties of the pure random binary mask).
Still, there is the disadvantage of the false
positive increment, but the false positive rate is
usually much higher when the partitions have
extremely unbalanced lengths [KeWang, 2006].

Uniform distribution.

The Proposed System Architecture

Each anomaly-based NIDS must consist of two
phases, training phase and testing phase. Input
data for both phases must pass through the same
stages to get comparable information, which can
be used for detecting any abnormalities.

The general structure of the proposed
anomaly based NIDS is shown in figure 3, and
the detailed structure are shown in figure 4.
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Input Traffic

r

Self -organizing Map (SOM)

Randomized Testing

y

Pavload Based anomaly
detector PAYL

Figure 3: general structure of the
proposed system
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Figure 4 (a): Testing Phase.
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Input Traffic

CXC

Self-Organize
Map (SOM)

Randomized
Testing

h
Paylcad-based Anomaly
Detector (PAYL)
Randomized Model

|

Compare the twoModals vuing
Simplified Mahalanobis
Distance

The result from testing
phase is compared with the

result from training phase
by using absolute

Figure 4 (b): Training Phase.

Figure 4: detailed structure of the proposed
Anomaly NIDS.

Proposed Anomaly NIDS Implementation
A. Input Traffic

The input traffic that is used in this work
is DARPA 1999 data set. The data set contains
five weeks of collected data that are provided for
IDS evaluation, three of them for training phase
and two of them for testing phase. The first and
third weeks of the training data do not contain
any attacks. This data was provided to facilitate
the training of anomaly detection systems. The
second week of the training data contains a
select subset of attacks from the 1998 evaluation
in addition to several new attacks. The inside
network traffic data is used which was captured
between the router and the victims. Because
most public applications on the Internet use TCP
(web, email, telnet, and ftp), and to reduce the
complexity of the work due to the huge amount
of data, only the inbound TCP traffic at the port
80 of the hosts 172.016.xxx.xxx which contains
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most of the victims at the first four weeks is
examined. The traffic is filtered using Wireshark
program, the filter is:
http&&(ip.dst>=172.16.0.0&&ip.dst<=172.16.2
55.255)& &data.
This filter provides all the conditions
that are required:
e Hosts ip address in the range of
172.016.xxx.XXX
e  The port number is 80 for HTTP
e The packets must contain data between 1
byte to 1460 bytes
All filtered packet payloads copied into
a file. Then MATLAB program is used to
transfer them from hexadecimal format into the
decimal format of ASCII characters. After the
extraction and transformation of all packets
payloads, the training and testing phases can be
started.

B. PAYL detector

The practical work of the PAYL
detector is described in the following segments:

At first a program segment that
describes the simplified Mahalanobis distance
within the PAYL detector is:
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d= is the initial distance equal to zero;

/* Now to compute simplified Mahalanobis
distance between the new incoming packet and
the previously calculated model */

Fork = 0to 255
d=d+ f:";‘ﬂi~~""fi1-jnda>:;,--".;

oyl k)ta

End

If (d = Thr)
Then generate an alert;

End

Praw= 1S the incoming packet payload.

[ Vnew= 1s the feature vector of the incoming
packet. It is a vector of length 256.

meanij= is the mean of the byte value
distribution of the training model.

/* averaged feature vector of length 256
computed from the training examples */

g;; = is the standard deviation of the byte

value distribution of the training model;

/* standard deviation of length 256
computed from the training examples */

o = is the smoothing factor determined
previously.

Thr = is a previously defined threshold from
training phase.

Compute one model Mij for each
observed length i of payloads sent to port j Such

model might introduce several problems. First,
the total size of the model can become very
large. (The payload lengths are associated with
media files that may be measured in gigabytes
and many lengths may be defined causing a
large number of centroids to be computed.)
Further, the byte distribution for payloads of
length i can be very similar to that of payloads

of lengths i —1and i + 1; after all they vary by

one byte. Another problem is that for some
lengths, there may not be enough training
samples. Sparseness implies the data will
generate an empirical distribution that will be an
inaccurate estimate of the true distribution
leading to a faulty detector.

The solution for these problems is to
“borrow” data from neighboring lengths to
increase the number of samples. Two
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neighboring models will be computed by using
the simple Manhattan distance to measure the
similarity of their average byte frequency
distributions [KeWang, 2006].

Then, a program segment that describes
the work of the Clustering technique is:

FV=relative byte frequency values for a
payload of length i.

/* feature vector is double vector between
0.0 and 255.0]*/

Thr=previously defined threshold
[= length of the longest packet payload

PAYLOAD=array [1 ..170f[0.255]

MODELS = [M1,M2,M3 ...ML]

/* There are a model for each length */

Fork = 1toinfinity

IF Manhattan distance between two

neighboring models <. Thr

Then
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Merge them

/* the operation repeated until no more
models can be merged*/

We call The PAYL detector followed by
clustering technique PAYL system alone. PAYL
system alone is used as comparison system with
the proposed Anomaly NIDS.

C. Self-organizing Map

A Self-organizing Map (also called Self-
Organizing Feature Map or Kohonen map), is a
kind of artificial neural network. It works by
emulating the cognitive classification process
typical of the human brain and it is based on
competitive learning. To accomplish the
classification, a SOM goes through three phases:
initialization, training, and classification.

o Initialization: First of all, some parameters
(number of neurons, learning rate, radius, and
number of training samples) have to be fixed.
The following segment shows the work of
initialization phase:

cy: is the initial learning rate.

a =ap 1s the current learning rate
Redy: is the initial radius size.

Red = Red is the current radius.

T: is the number of training samples

(epochs).

D: is the input data, its range lies
between [d1 .....dn].

L: is the maximum length of the input
data.

N: is the total number of neurons that

arranged in two dimension array.

Wi: is the weight vector for i’th neuron
To initialize the weight vector for each
neuron




Fori=1te N
Wi = random values of length L in the

range of I
End

e Training: The training phase consists of a
number of iterations (also called epochs). Each
training sample is used for one iteration only,
thus the number of samples determines the
number of iterations. The following segment
shows the work of training phase:

Fori=1toT

To find the wining neuron (BMU):
Win-distance=mathematical distance
(Neuron, x)

Win —neuron = Neuron,
forj=1te N

Distance = mathematical distance
(Neu ron;, x)

if (Distance = Win — distance)
then

Win — distance = Distance

Win — neuron= Neu ?‘G.‘rl}.

End

To find the neighboring neurons to the
winner neuron:

forj=1te N

If (trigonometric distance(win - neuron,
neuron;j) < Red)

then

Neuron;is a neighbor to the Win-neuron
End

To update the weight vectors of the
neighboring neurons:

forj = 1to number of neighboring
NEUToNns

fork=1to L
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W; k] = W;lK] + a = (x[k] - w; [x])
End
End

To update the learning rate and the radius
values:

Red = Redy: = e 7

a=dayxe =

End

e  C(Classification: To classify an input x, the
SOM proceeds similarly to the training phase.
The following segment shows the work of
classification phase:

Win-distance=mathematical  distance
(Neuroni, x)

Win —neuron = Neuron,
forj=1to N

Distance = mathematical distance
( Neuron; ,x)

if (Distance = Win — distance)
then

Win — distance = Distance

Win —neuron= Neuron;
End

D. Randomized Testing

The following segment shows the
randomization stage in the proposed anomaly
NIDS:

Mod2= is the second sub-model
/* Modl and Mod2 are vectors [1.... []

*/

Fori=1tol
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If (Mask (i) == 0)

then

Modl1 (i) = P (i)

glse

Mog2 hake Mdilength of Modl and
Mod2 ==L the rest of the packet will
Stuffed by Null */

The Proposed System versus the
PAYL System Alone

The proposed system is applied and
tested on subset of the DARPA 1999 dataset.
This is because of the huge size of the data set
which takes very long time and effort to extract
payload from the packet. Accordingly the
proposed system is compared with the well-
known PAYL system alone. The same training
and testing subsets of DARPA 1999, used in this
work are applied to the PAYL system alone.

Each stage from the proposed system
has its own strength that can ecliminate a
weakness faces the PAYL system alone:
1- Self-Organizing Map (SOM): this stage
classifies the input traffic into several types.
SOM classification reduces the calculation and
time required to cluster the models resulted from
the PAYL detector. SOM stage can perform
better classification than the clustering in the
PAYL system alone. Because SOM
classification is based on the bytes distribution
of the input traffic (not only the length of the
incoming packets) and its ability to learn from
that traffic. Using the same training traffic for
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both systems, the proposed system and the
PAYL system alone, the clustering in the PAYL
system alone shows less ability to recognize
models compared to the SOM stage in the
proposed system.

In the practical work of this dissertation
the testing traffic consisting of 5081 packets.
The number of packets that are appeared for the
first time in the PAYL system alone are 2270
from 5081 packets (in the PAYL system alone
the packet is considered appearing for first time
if its payload length never appear during the
training phase). There are 33 unique lengths
within the 2270 packets that are appeared for the
first time. By comparing these 33 unique lengths
with the packets from the training phase, it is
found that none of these 33 packets match any
packet from the training data.

In the proposed system, the number of
packets that appears for the first time are 3 from
5081 packets (in the proposed system the packet
is considered appearing for the first time if it is
classified by the SOM network into a neuron
that doesn’t have a model). In fact there is one
packet in the testing data that is repeated three
times and classified by the SOM network into
neuron number 81. During the training phase no
packet is classified into neuron number 81,
which has no model. For this reason the packet
in the testing phase which is classified into
neuron 81 is considered appearing for the first
time. By comparing these 3 packets with the
packets from the training phase no match has
been found, and this proves the accuracy and
classification efficiency of the SOM stage in the
proposed system.

From the above discussion, we conclude
that the SOM stage decreases the ratio of false
positive because of its efficiency in classification
(the classification operation is an important stage
in any network intrusion detection system). The
clustering in the PAYL system alone, which is
based on the length of the packet payload, is less
accurate than the SOM stage in the proposed
system. Where, the PAYL system alone is
giving 2270 packets appearing for the first time
from the testing traffic of 5081 packets. The
false positive ratio of the PAYL system alone is
(2270/5081)*100 equal 44.676%. While the
SOM stage in the proposed system shows more
accuracy in classification. The SOM stage gives
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only 3 packets appearing for the first time from
the testing traffic of 5081 packets. The false
positive ratio of the proposed system is
(3/5081)*100 equal 0.5988%.

Even if we compare the unique packets
appearing for the first time for both systems as a
measurement for the ratio of the false positive,
the SOM stage in the proposed system gives a
better performance (the number of unique
packets is 1 from 3 first time appearing packets)
than the clustering in the PAYL system alone
(the number of unique packets is 33 from 2270
first time appearing packets).

2- Randomization: this stage is used to prevent
smart worms from blinding the PAYL system
alone and evade the protected systems. However
the randomization stage will increase the ratio of
false positive, but the existence of the SOM
stage decreases the ratio of false positive; the
resulting ratio of false positive for the proposed
system become reasonable and acceptable.

3- Finally the PAYL detector stage of the
proposed work is using the 1-gram and the same
mathematical model of the PAYL system alone.
The main difference is that the proposed system
is working on already classified and randomized
input data and there is no need to cluster
anything after the PAYL detector computations.

For the training traffic extracted from
weeks one and three from DARPA 1999 dataset,
the number of training packets is 2148. The
PAYL system alone required lminutes to be
trained, while the proposed system required
29minutes to be trained

For the testing traffic that are extracted
from weeks two and four from DARPA 1999
data set, the number of testing packets are 5081.
PAYL system alone required 3 minutes to end
its testing phase, while the proposed system
required 48 minutes to end its testing phase.

For the PAYL system alone, the total
number of testing packets that generate an alert
is 2452 from 5081 packets. 2270 out of 2452
packets are appeared for the first time and 182
out of 2452 packets are false positives and
attacks. For the proposed system the total
number of testing packets that generate alerts is
263 from 5081 packets. 3 out of 263 packets are
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appeared for the first time and 260 out of 263
packets are false positives and attacks.

Table 1 shows performance comparison
between the proposed system and PAYL system
alone.

Table 1: The performance comparison
between the PAYL system alone and the
proposed system.

Number Total False Training | Testing
of number | positive time in time in
models of and the minutes | minutes
that packets | attacks
appear that ratio
for the | generate
first alerts
time
PAYL
System 2270 2452 44.676% 1 3
alone
The
Proposed 3 263 5.176% 29 48
System

V. Conclusions

During the study and development of the
proposed system, several points were observed
and noticed.

e There are two phases for each anomaly
based IDS, training phase and testing phase, to
make the data classified correctly during the
testing phase the same stages must be used for
both phases. The data in the proposed system is
passing through three stages, first the SOM
network stage; second the Randomized testing
stage and finally the PAYL detector stage.

e Because the traffic payload of the same
length can be classified into several categories,
and the traffic is belong to a relatively small
number of services and protocols. A good
learning algorithm can classify the traffic into
small number of clusters; a neural network the
self-organizing map SOM network has been
used. So instead of using the -clustering
technique that follows the work of the PAYL
detector, SOM network is used by the proposed
system to classify the input traffic (before it
enters to any stage) into a certain number of
types. SOM learn both the distribution (as
competitive layers do) and the topology of the
input traffic that is trained on. So for the
proposed system the SOM network has been
used to classify any input data to a specific
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neuron. To accomplish the classification, the
SOM network goes through three phases:
initialization, training and classification.

e The PAYL system alone is considered a
successful system to detect the abnormalities in
the incoming traffic, of course after it has a
proper training phase. In recent time, attacks
have been dedicated to invade the PAYL system
alone, such as the mimicry attacks. To avoid
such attacks, on the PAYL system alone, we
used the randomized testing technique that
randomly partition packet payload into several
subsets by using a randomly-generated bitmask.
This technique provides diversity on the packet
payload that confuses the attacker about which
byte positions to pad his exploit code in order to
appear normal.

e The proposed system is applied on
subset of DARPA 1999 dataset for the training
and testing phases, the same subset has been
applied to the PAYL system alone. The
proposed system is showing a Dbetter
performance than the PAYL system alone.
Where the clustering operation in the PAYL
system alone is replaced by using the SOM
network, the mimicry attacks are overcame by
using the randomization method, and the same
PAYL detector is used for the proposed system.

e The PAYL system alone require less
time in training phase and testing phase than the
proposed system. The time consumption in the
proposed system, which is represent a drawback
in it, is attributed to the existence of the SOM
stage and the randomization stage that increase
the amount of calculations required to train and
test the proposed system.
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Abstract
This paper describes a practical study on the impact of learning's partners, Bluetooth Broadcasting
system, interactive board, Real — time response system, notepad, free internet access, computer
based examination, and interaction classroom, etc, had on undergraduate student performance,
achievement and involving with lectures. The goal of this study is to test the hypothesis that the use
of such learning techniques, tools, and strategies to improve student learning especially among the
poorest performing students. Also, it gives some kind of practical comparison between the
traditional way and interactive way of learning in terms of lectures time, number of tests, types of
tests, student's scores, and student's involving with lectures.
This paper studies the effect of using relatively new technology appearing in classroom today which
is real time response system (voting system), that serves as real — time windows into each students
understand of concepts. These devices can provide a foundation decision making based on data at
scale never before possible as well as increasing students learning and engagement with each other
as well with the lecturer, also, another new technology the "Bluetooth broadcasting system" is
applied which is one of the moderate technique towards M- learning, this tool is used to transfer
audio, video, text, notes, etc to the mobile of the students as well as laptop.
The computer based examination, interactive board, and notepad as well as free wire and wireless
internet access are used to close the digital divide and increasing technology literacy in all students
which was one of the challenges, additional challenges include “social loafing,” characterized by
students who work less diligently than they otherwise might, or who become frustrated by course
material or technology and thus less engaged. Finally the other colleague's resistance to the use of
technology in learning and its effect on students learning is discussed based on practical situations.

Keywords- e-learning, m-learning, voting system, automated examination, smart board,
bluetooth broadcasting system
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I. Introduction

There is an argument that the best way of
maintaining a learning process is traditional learning.
Other models are always considered to be inferior or
less efficient. There is no finding to support this
argument, and researches show that technology
learning models are at least as good as traditional
learning if not better [Sven G. Bilén, M. Tutunea].
When comparing learning of an identical course in a
traditional framework to a computer mediated
learning framework, students have expressed higher
satisfaction from the computer mediated learning,
and rated the learning as more effective than in the
traditional framework. In other studies, too, it was
argued that technology — based learning is more
effective and interactive. Technology — based
Learning includes advantages which are not found in
traditional learning, such as: time for digesting the
information and responding, enhanced
communication among the learners, both as regards
quality and as regards urgency, knowledge being
acquired and transferred among the learners
themselves, the ability to conduct an open
discussion, where each learner gets more of an equal
standing, a higher motivation and involvement in the
process on the part of the learners [Sue Pieper and
Kathleen Thatcher].

Organization: This paper is organized as follows:

Section 2 describe a brief comparison between the
traditional learning and technology based learning
Section 3 states the problem and promises of improving
the student interaction via involving technology in
learning

Section 4 describe the employed solution including the
controls and type of data collected

Section 5 contains the evaluation based on several
parameters

g sl Al 5

Section 6 is the results obtained which was divided into
Two categorize, positive findings and negative findings,
based on the effect of the applied technology.

Finally section 7 which include the conclusions.

I. Traditional Learning versus Technology
Based Learning

The very use of technology for learning has been
found to have a positive effect on the student’s
commitment to the learning process. Also, use of
technology creates a greater commitment on the
students’ part to learn. Too many points have to be
taken under consideration when evaluating the
technology based learning as compared with the
traditional learning, in terms of reaction for example,
gathering feedback continuously, recording a
meaningful statistics automatically, in terms of
learning, in technology — based learning, tests can be
automatically administered, scored, recorded, and
reported. Automatic testing reduces the difficulty,
effort, and costs of creating and administering tests,
which means one can use them more widely. With
pretests, you can determine whether learners are
ready to begin a course or module [Giuseppe
Favretto]. Diagnostic tests will help identify the
specific modules or learning objects learners should
take. Post-tests will confirm learning or shunt
learners to remedial learning experiences, and
within-course modules help learners to monitor their
accomplishment of the learning objectives [Jason
Harloww].

Technology based learning provides learners with
inexpensive and easy-to-use testing tools to create
tests and standards-based reporting mechanisms to
record and report scores. Many tools include
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components to create test questions and administer
real time tests [Mofreh A. Hogo].

The advantage for evaluation is that the tedious, time
consuming and expensive process of distributing,
conducting, gathering, grading, and recording tests is
automated from start to finish. The effort and costs
of tests are reduced, and the results of testing are
available for immediate analysis.

The following table summarizes several opinions
regarding the comparison between traditional
learning and technology based learning [Kimberle
Koile]:

TABLE 1 A brief comparison between traditional learning and
technology based learning

Volume 18 December 2012

Traditional Learning | Technology Based Learning
Classroom Th-e teacher usually The teacher discussion more
g 3 write more than o
Discussions . than writing
talking
The student participates in
The teacher conducts deterlnlnlng the §ubject matter;
. . the studying is based on
Subject the lesson according to .
various sources of
Matter the study program and | . . . .
the existing curriculum information, including web
data banks and net-experts
located by the student.
}“he ”students » leal:fl The students learn “how” and
what” and not “how”; . o, .
less “what”; the learning
the students and the | . .
includes research study which
teachers are  busy . .
. combines searching for and
completing the . . .
Emphases - . collecting information from
. required subject matter .
in the web data banks and authorities
. quota; the students are L
Learning . . on the communications
not involved in .
Process L network; the learning is better
inquiry-based
. . connected to the real world,
education and in . L
. the subject matter is richer and
solving problems, but | . S
. includes material in different
rather in tasks set by formats
the teacher. )
The students’ || The students’ motivation is
Motivation motivation is low, and | high due to the involvement in
the subject matter is || matters that are closer to them
“distant” from them. and to the use of technology.
Teacher’s The teacher is the | The teacher directs the student
Role authority to the information

I. Problem Statement and Context

A promise for improving student interaction and
learning, a work has focused on development and
deployment of Voting systems, automated
examination, interactive board, notepad, and
multimedia in the classroom, as well as a free access
to wire and wireless internet inside and outside the
classroom. Also and as a step towards m-learning,
the Bluetooth broadcasting system was used. As
with any other kind of technology, it is required to
investigate whether the promised benefits can be
realized. Our hypothesis has been that such a system
will improve student learning, especially among
students who might otherwise be left behind. Our
goal has been to test this hypothesis by rigorously
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assessing student learning in controlled studies
involving deployment of the system. We report here
the findings from our most recent and most valid
study till the time of this writing.

I. Solution Employed

We conducted a study in Baghdad University —
College of Science for Women — Computer
Department — First Year — logic design subject and
Third Year — modeling and simulation subject in
2010 — 2011. The course had an enrollment of 32
first year students and 25 third year students taking
the course met in 2 hours classes one time a week—
lecture plus 2 hours laboratory for both subjects. The
technology used in the study consisted of PCs in a
network connected Classroom with free access to
internet, interactive board, notepad, voting system,
multimedia, automated examinations, Bluetooth
broadcasting system. The PCs is used for wire and
wireless internet access as well as for automated
examination using "Quiz Creator" software as well
as using other software or tools in the exams like the
MATLAB, calculator, etc. The interactive board
gives a very wide options never been available in the
white board, which intern increases the interactivity,
ability to explain some difficult ideas with easer way
and less time which intern gives more time for the
lecturer for contacting with the students and the
ability to give more material within the same lecture
time, no mention for the ability to store the lectures
as text or as a video file where the audio is taken
from the tutor and students discussion and the video
captured from what is written on the interactive
board, it is important here to add the curiosity of the
student to use the interactive board and the effect of
that on his skills. Notepad, on the other hand allows
students to wirelessly and anonymously submit
digital ink answers to in-class exercises. The
instructor  chooses student submissions—both
correct and incorrect—to be used as the basis for
class discussion. Automated examination gives an
excellent way testing the students with different
kinds of questions for any time with the ability to
each students to know his/her score immediately,
there are two important thinks; first, the right
answer, second, his/her level of understanding
among the other students. Voting system, from the
other hand is one of the most promising interesting
systems to be used in the classrooms. The system
enables real-time performance tracking (real — time
windows into each student's understand of concepts),
immediate feedback and review. These devices can
provide a foundation decision making based on data
at scale never before possible as well as increasing
students learning and engagement with each other as
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well with the lecturer, the wireless design saves time,
paper and investment costs in networking or
purchasing, student PC, with this total solution,
teaching environment can be more interactive and be
different from traditional presentation style. Finally,
the wire/ wireless free internet access is used to close
the digital divide and increasing technology literacy
in all students which was one of the challenges.

A. Controls

The study was run with one control class and one
experimental class. Students in the experimental
class used technology based learning; students in the
control class used paper handouts as well. The study
employed the following strict controls[Graham
Attwell, Philip S. Anto'n].

Teaching style:

We controlled for teaching style by having
the same instructor teach both the control
and experimental classes. The instructor
began each class with a review of material,
lecturing and writing on an interactive
board,..., or referring to class handouts. The
instructor spent the majority of class time
(between 75% and 90%) engaged in high
levels of teacher-student interaction:
Students asked and answered oral questions,
worked written problems individually or in
small groups, participated in class
discussions of problem-solving approaches
and solutions, and worked at their own pace
on extra problems when they want. As a
result, the students spent most of class time
in two ways:

processing information by solving problems
and answering questions, and getting
immediate feedback on responses to
problems and questions. The voting system
greatly facilitated both processing, by
letting students easily handwrite answers,
wirelessly and anonymously submitting
them to the instructor; and feedback, by
allowing an  instructor to choose
submissions for public display and class
discussion, often "inking" directly on the
submissions. In the control class, the
students spent the same amount of time
processing  information and  getting
feedback, but at the loss of anonymity
and/or discussion of incorrect answers
(since students were reluctant to share
incorrect answers).

Class material and exams:

For the first Year class, in the experimental
class, the students received the same
information and problems (with 2 hours per
week and with much more quizzes and
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exams compared with control class of 3
hours per week and less quizzes and
exams). For the third Year class, the
students in the experimental class receive
approximately 40% more information and
much more quizzes and exams compared
with the control class students.

Time of day:

The control and experimental classes met at
approximately the same time of day. In this
way, we expected to mitigate the problem
of students not attending early morning or
late classes.

Student characteristics:

We only included students who were taking
the class for a grade; no listeners included,
since such students may not have been as
motivated as for-grade students. No
graduate students or upperclassmen were
included because we felt that they might
have had better study habits or might have
taken other courses that would have
benefited them in the current course.
Attendance:

It is included in the study, just as a
reflection of student's interest and involving
with the subject without making it as factor
affecting the students score.

Other colleague's resistance:

The other colleague's resistance against the
use of new technology in learning, prefer
the traditional ways, and their effect on
students learning are discussed based on
practical situations

B. Types of Data Collected

Amount of technology use:

The number of minutes that technology was
used in the experimental class was recorded.
Inherent in our hypothesis of improve in
learning is the idea that the amount of time
spent learning a task is correlated with the
amount learned [Sue Pieper and Kathleen
Thatcher].

Performance metric:

Exam score was used, percentage of
attendance, student's involvement with
lecture, gradual interest and involvement of
the students with technology (mainly the
increased number of internet users out of
the lecture time, their curiosity about
updating their knowledge about technology)
as the performance metric.

Interaction metric:

In the experimental class, we used the
number of answers submitted by each
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student for each problem within the
specified time as a  quantitative
measurement of interaction in the class, ase
well as the student interest, rush, and
passion .
We compared the number of answers
expected with the number actually
submitted and computed an average daily
submission fraction for each student. Our
goal is to see if this measure of interaction
would correlate with performance scores.
No such metric was easily computed in the
control class, so our analysis was limited to
the experimental class.

e Learning preferences and interests:
Data on learning preferences, self-
perceptions, and levels of interest and
satisfaction was collected by evaluating
questions asked of students in two surveys,
one survey given at the beginning of the
term, a second at the end. We only
considered “disagree” and “agree”; we
insured that the learning preferences were
more validly reflected in the statistical
results.
Multiple timed few-minutes observation
periods of students and short after-class
interviews with students validated or
clarified observed learning preferences and
individual surveys.

II. Evaluation
e Technology use [Jason Harloww,
Mofreh A. Hogo]

The technology was used in 2 of 4 classes by both
design and circumstance. During each class that
technology was used, we did not count the minutes
used for administrative procedures, such as login; or
time spent fixing technology glitches, such as
interference with wireless connectivity. At the end of
the Year, we tallied approximately 900 minutes of
technology use for the third class over the 30 days,
which accounted for 35% of available class time and
approximately 1600 minutes of technology use for
the first class over the 30 days, which accounted for
66% of available class time, the reason for this time
difference was mainly for the other colleague's
resistance and social loafing.
Attendance:
As mentioned above, the attendance in the study was
included to reflect the student's interest with subject
because of the use of technology. We started with
80-90% attendance at beginning of the Year and
ended with normally zero absence students (without
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excuse) at the end of the Year, comparing that with
normal 80-90% attendance in the controlled class.
Performance metric:

When comparing exam scores for the experimental
and control classes, we saw highly statistically
significant differences in the scores of the
experimental class compared with controlled one.
We looked at this performance data in several
different ways.

II. Results

To see the impact of education technology on
student's achievement (regarding the case studied),
the results of this work divided into two categorizes
based on the effect of applying these technologies:

C. Positive findings

1) On average, students who used technology in
learning scored at the 75th percentile on tests
compared to students in the conditions without
computers who scored at the 55th percentile

2) Students learn more in less time and the lecturer
can give more in less time

3) When the technology used, the contact between
the lecturer and all students and each student so
that each student know that he may be the focus
point at any time during the lecture

4) Students like their class more and develop more
positive attitudes when their class include
technology and their own self-concept
improved consistently

5) Through the use of technology — based learning
students surpass students in traditional
classroom on measures of depth of
understanding, maximizing their reflection and
encourages progressive thought, taking multiple
perspectives, and independent thinking

D. Negative findings

1) A ot of students think about the
technology first and the education later

2) Technology resistive colleagues

3) Technology resistive student

4) Class level at which the
employed

5) Lecturer experience in the used technology
and how to get use of it perfectly towards his
subject.

6) Dirill, practices, home works, and some
materials that required focusing and more
time for understanding is better done with
traditional way, otherwise it will require
professional technology user to make it more
understandable

technology
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The higher performance of the students in the
experimental class was evident when we looked at
the performance distribution, (Fig 1 and Fig 2).
When we ranked final exam scores for both classes,
we saw that eight of ten scores in the control class
were below the lowest, two scores in the
experimental class (Fig 3 and Fig 4).

VII. Conclusions

This work makes important contributions: a sound
assessment methodology and validation of learning
gains among students using technology-based
classroom interaction system, especially among the
low performing students. The instructor's teaching
style matched the technology well in that it
emphasized student problem-solving and immediate
feedback. The goal of the study was to test the
hypothesis that the use of technology based learning
system improves student learning, especially among
the poorest performing students, as well as increase
their engagement with each other and with the
lecturer, no mention for the increase of attendance.
This paper describes our validation of that
hypothesis, and the controls, performance metric,
and assessment methodology that we developed in
the course of our study. The study shows that the
students with better basic computer and Internet
skills prefer the moderate learning methods. On the
other hand, the concern should not be just with
whether moderate learning methods is conducted
successfully using the technological tools available,
but more on whether the institutions did what they
set out to do, i.e., educating students.

However, Technology — based learning should not
be used as a replacement for traditional learning. It
should be considered as a supplement to traditional
learning, as an added-value for the learners, and the
optimal system would be the integration of
traditional learning and technology based learning.
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Abstract

The usage of remote sensing techniques in managing and monitoring the environmental areas is
increasing due to the improvement of the sensors used in the observation satellites around the earth.
Resolution merge process is used to combine high resolution one band image with another one that have low
resolution multi bands image to produce one image that is high in both spatial and spectral resolution.

In this work different merging methods were tested to evaluate their enhancement capabilities to extract
different environmental areas; Principle component analysis (PCA), Brovey, modified (Intensity, Hue
,Saturation) method and High Pass Filter methods were tested and subjected to visual and statistical
comparison for evaluation.

Both visual and statistical comparison showed that High Pass Filter method have highest visual enhancement
and highly maintained the quantitative information of the original image, Modified (Intensity, Hue,
Saturation) method showed good visual and statistical results in comparison with PCA and Brovey method
which had the lower results respectively.

Keywords: Environmental Areas, Resolution merge, High Pass Filter method, PCA, Visual
inspection and statistical comparison.
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Introduction

The Remote sensing technologies is a valuable
tool for Environmental purposes it have been used
for decades for land changes detection and for
different areas monitoring from environmentally
side of view (Marcus Borengasser, 2008).

The early attempts to resolution merging or
enhancement were related to merging the bands
(4, 6, 7) which have a 240 m resolution with the
fifth band which have a 80 m resolution for the
Landsat MSS (Nikolakopoulos, 2004).

The reason beyond resolution merge process is to
increase the interpretability of the high spectral
resolution ( multi bands ) images with the aid of
the high spatial resolution images, which will
enhance the recognition of the exact limits of
objects and shapes, maintaining as much as
possible the spectral signature of these objects and
shapes (Steven M. and De Jong, 2005).

After the merging process, the resulted images
must be tested against the original images, the
evaluation includes in most cases a statistical and
visual interpretation comparison between the
images (Is. Parcharidis, 2000).

The objective of this work is to compare the
efficiency of four different techniques of merging
high spatial resolution image with multispectral
image in improving the extraction and
identification of different environmental areas.

Area Of Study

The study area lies in the south of Basrah
governorate, in the southern part of Irag. This area
includes Um-Qasser, the border city between Iraq
and Kuwait and One of the largest Iragi harbors
which surrounded by Desert, crop and palm fields
and lies in the mouth of Al-Zubair estuary (Khawr
Az-zubair), the area includes as well the northern
part of Bubian island. The diversity of
environmental areas of this location is what makes
it suitable for this research.

Methodology

LandSat7 ETM+ Images took in 27" of January
2002 is used in this work. Two images have been
used, the first one with (4, 3, 2) bands with a 30
meter resolution displayed in Figurel, The second
image is panchromatic band with resolution 15
meters, displayed in Figure 2.
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The results of this work were achieved by using
ERDAS Imagine 9.3 software. In the beginning all
the images were accurately corrected and geo-
referenced, in order to start the merging process.

The merging process was done with four different
methods:

1-  Principal Component Analysis
Some of the merging methods can be used with
only three bands, the Principle component
analysis can be used with more than three bands
which is one of the main advantages of this
method (Zhijun Wang, 2005).

The PCA highly maintain the original scene
radiometry in the output file, this advantage
come with longer time for processing; also this
method tend to keep the data range in the output
file same as the multispectral file (ERDAS Field
Guide, 2008) .

This method uses the equation below for
remapping the fused images
[:»N;\*[,,.l DN;\ISl vll
DN‘{ISZ DNMSQ +(DN?’1\N_DN{’_—\_\') vzl
DNY (s, DN{ss, vnl
Where

DNL, n = PC1 and DNIY,  is DN,
(Zhijun Wang, 2005)

2-  High Pass Filter Method

In this method, the injection of high
frequency information (spatial details) extracted
by the high pass filter from the High resolution
Panchromatic image into the multi band low
resolution image, which will produce a fused
image with sharp high frequency characteristics
( Haixia liu and Xia Zhang, 2009).The model
used in this method is

DNJjs = DN{jg + (DN%\:\' - DN%&\N)

I h
where PNpan = DNpan * fig

and h0 is low pass filter such as boxcar
filter. (Zhijun Wang, 2005)

Brovey Method

This method uses a direct intensity
modulation; it was developed to increase
the visual contrast in the ends of the
image histogram. The limitation of this
method is only three bands can be used in
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each merging process (Jian Guo Liu,
2009) as represented in the equation
below

[DNB1 / DNB1 + DNB2 + DNB3] %
[DNhigh res. image] = DNB1_new

[DNB2 / DNB1 + DNB2 + DNB3] %
[DNhigh res. image] = DNB2_new

[DNB3 / DNB1 + DNB2 + DNB3] X
[DNhigh res. image] = DNB3_new
(ERDAS Field Guide, 2008)

Modified IHS ( Intensity, Hue,
Saturation ) method

The modified IHS have an improvement
over the traditional IHS method when
working in merging images that have
relatively high differences in spectral
response (Siddiqui, 2003) .

This method like the Brovey method can
be used with three bands only in each
merging process as represented in this

equation
DN:.I;ElSl DNSjs) " r 1
DNJ‘:JSZ = DN:!\ISZ —(DNP.-L\' - DN{{-\.\') 1
DN3s3 DNi_'\lss 1
Where

DNbyy = J(l.-""?j:]([_mﬂlsi + DNjysp + DNijgs)

And DN'Ir?r.w 15 []'N'Ir?r.w (Zhijun Wang,
2005).

In all methods the merging process used
the cubic convolution as the resampling
method.

The merged images were put
comparison from two stand of view;
1- The visual inspection

2- Statistics

in

Visual Inspection

In order to evaluate the visual enhancement of
each method, general and specific comparisons for
the images have been done.

In Figure 3 the original and the merged images
were put together for the general inspection.

The spatial resolution is clearly improved for the
resulted images in compare with the original multi
bands image. All the images highly preserved the
color composite of the original multi band image,
although the Brovey image were darker than
others.
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Figure 4 illustrates the comparison for the
coastal area. The coastal area appears highly
distinguishable in the HPF image, the high
brightness of the shore line in the IHS image
give it some advantage over the PCA and
Brovey images which had less capability of
extraction for the coastal area respectively.

Figure 5 shows the agricultural zone, the same
results as the coastal area were obtained; the
visual enhancement was higher in HPF and IHS
than PCA and the Brovey which has the least
enhancement; the same result appeared in desert
and urban zones as well.

Statistical Comparison

The statistical parameters comparison is used to
identify the effect of different merging techniques
on the original image in quantitative terms.

Tablel shows the statistical information (Min,
Max, Mean, Median, Mode and Standard
deviation) for the images participated in this work.

The first parameter for comparison is Mean,
which describes the central location of the data or
where the DN histogram curve is positioned
horizontally. Figure 6 illustrate a graphical
comparison among the four techniques and the
original multi band image. The figure shows that
Brovey method image have a lower mean values
than other images, HPF and IHS images a very
close values to the original multi band image and
the PCA image was less closer to the original
image, this means that the Brovey image is
expected to be darker than other images which
approve the result obtained from the visual
inspection.

The other tested parameter was the standard
deviation, shows how much variation or exists
from the mean value. The importance of standard
deviation is expressing the brightness values
variation of the image.

Figure 7 representing the standard deviation of
the merged and original images.

In this figure we notice that the Brovey image has
less standard deviation than the original image,
this resulted in less brightness contrast and less
environmental boundaries definition. PCA has
standard deviation values higher than Brovey but
less than original image. The IHS scored higher
values than the original image except the third
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Band and the HPF have approximately the same
values of the original image.

Conclusion

In this work, four merging methods were tested
for their suitability for different environmental
areas extraction. Visual enhancement and
statistical comparison took place for the
evaluation process.

In General, all the methods enhance the image
spatial resolution. The visual inspection showed
that the HPF and Modified IHS methods had
better image quality, although HPF method
preserved the natural colors of the original multi
spectral image more than other images.

The statistical comparison showed that HPF
method maintained the quantitative information of
the original image, Modified IHS method showed
good statistical results in comparison with PCA
and Brovey method, which had the lower results
respectively.
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Figure 1 A 4, 3,2 RGB image with 30 meter resolution for the study area, nearly

in the middle of the image is Um-Qasser city.

Figure 2 The panchromatic image with 15 meter resolution of the study area
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method

The merged imége by IHS method

Figure 3 The original (panchromatic and multi bands) and the different methods merged images.
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The Panchromatic image

The merged image by Brovey
method

Original Multiband

The merged image by HPF method

PCA

The merged image by IHS

method

I )
%I{“ ..
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Figure 4 Sub scenes of the original and resulted images, to compare the coastal zone extraction.

Original Multiband
B e

The merged image by Brovey method

The merged image by HPF method

The merged image by IHS method

Figure 5 Sub scenes of the original and resulted images, to compare the agricultural zone extraction.
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Figure 7 Representation of standard deviation values for the merged and original images.
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Table 1 Statistical information of the Panchromatic, Original Multi band and merged images

Image

Median

Standard
Deviation

Panchromatic

63

16.068

Original
Multiband

N

60

9.787

71

17.104

84

27.450

8.881

15.003

23.323

3.079

5.216

8.216

9.791

17.107

27.450

Modified IHS

10.756

17.526

AIWINIERWIN]IRWINIRARWINA|W

1343

27.251




Number 12 Volume 18 December 2012 Journal of Engineering

Numerical and experimental investigation on the performance of the
capillary tube using R-134a and R-600a

Prof.Dr.Qasim Saleh Mehdi Baydaa Jaber Nabhan
Mech. Eng. Dept. Mech. Eng. Dept
College of Engineering College of Engineering
AL-Mustansiriya University AL-Mustansiriya University
E-mail:qasim60@yahoo.com E-mail:Baydaal971@yahoo.com

Abstract

In this paper, isobutane (R-600a) is used as a suitable substitute for (R-134a) when changing the
length of capillary tube. And the experimental data on capillary tube are obtained under different
conditions such as (subcooling and ambient temperatures) on domestic refrigerator (9ft3 size), this data
shows that (R-600a) a suitable substitute for (R134a) .The test presented a model for a steady state,
two-phase flow in capillary tube for vapour compression system .The numerical model depends on conservation
equations (mass, energy and momentum) as wall as the equation of state for refrigerant. The solution
methodology was implemented by using finite difference techniques. The system results indicate that it is
possible to change the refrigeration system using (R-134a) by shorter capillary tube length about (28.6%)
when using (R-600a) .The theoretical results for different variables such as(subcooling and ambient

temperatures) showed a good agreement with the "ASHRAE" tables and experimental results.

K Ey Word: Refrigeration; Capillary Tube; Domestic refrigerator; R-134a; R-600a.

R-134a R-600a
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. (R-134a) R-600a
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Introduction
The capillary tube is ome type of (1).Choked flow usually is encountered at the
: . . tube exit.
expansion device used in small vapour

compression refrigerating and air conditioning
systems. The capillary tube is made from an
extremely small-bore hollow copper tube (in
the order of 0.5-1.5mm diameter) of about 2-
Sm length [Bansal and Rupasinghe, 1998].
Liquid refrigerant enters the capillary tube, and
as it flow through the tube, the pressure drops
because of friction and acceleration of the
refrigerant. Its simplicity, low initial cost and
low starting torque of compressors are the main
reasons for its use.

The flow enters the capillary tube in a
subcooled condition, while in a subcooled the
pressure drop is linear and the temperature is
constant. Once the pressure drops down to
saturation condition, a superheated liquid flow
is realized for a short distance (metastable
region). In this region vapour bubbles appear
and pressure suddenly drops. However, this is a
metastable region because of the existence of
superheat liquid together with saturated liquid
and vapour fluid. After this region the local
thermodynamic equilibrium state, liquid-vapour

two phases is reached as shown in Fig.

1404

Especially in the past 20 years or so, the

flow characteristics of refrigerant passing
through capillary tubes have been widely studied
experimentally or analytically with alternative
and common traditional refrigerants.

Koizumi and Yokoyama (1980),
measured pressure and temperature distributions
for refrigerant R-22 flow in adiabatic capillary
tubes, verifying the occurrence of the delay of
vaporization. The authors proposed a simple
calculation method to find the length of the
liquid region. Such method was developed for
adiabatic flow, based on integration of the
momentum equation and assuming two-phase
homogeneous flow. The experimental results
showed a delay of vaporization ranging from
2°C to 4°C and the average length of the
metastable flow was 0.39m. The maximum
length was 0.6m, and calculations agree with
experimental data within £3%.

Li et al. (1990), investigated the effects of
the diameter, back pressure, subcooling degree
and mass flow rate on metastability for R-12. It

was found that a decrease in the length of



Number 12

metastable flow region as the capillary tube
diameter increases. The mass flow rate increased
as consequence of a larger underpressure of
vaporization AP,,,, and an increase in ATgp
caused a decrease in AP,,,. It was also verified
that the position of the flashing inception was
not affected by backpressure variations.

Chen (1990),

correlation for the delay of vaporization for R-

et al developed a
12 flow through capillary tube based on the

theory
and Lienhard (1981) and with

experimental data of Li et al. (1990). For

nucleation initially developed by

Alamgir

instance, Dirik et al. (1994) verified that Chen’s
correlation was suitable for R-134a flow
through capillary tubes, and Bittle and Pate
(1996) used such correlation for R-22, R-134a,
R-152a and R-410A.

Valladares et al. (2002), showed that
the importance of considering the metastable

region in the mathematical model gives more

accurate mass flow rate predictions. Results

presented included both metastable flow
modeling and non-metastable flow
modeling.Also homogeneous and separated

flow model for metastable flow was presented
using different empirical correlation which was
essential in the numerical model.

Li Yang and Wen Wang (2007),
studied a generalized correlation for predicting
the refrigerant mass flow rate through the

adiabatic capillary tube with approximate
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analytic solutions based on the extensive data
for R-12, R-22, R-134a, R-290, R-600a, R-
410A, R-407C, and R404A, in which a
homogeneous equilibrium model for two-phase
flow was employed. The predicted values from
the correlation agree well with the experimental
data for those seven refrigerants.

The aim of this paper is to evaluate the
overall performance of the refrigeration system,
in the steady state condition through
experimental and theoretical modeling using R-
134a and R-600a. The work will also include
the following points:

1. Investigating the performance of
alternative refrigerant R-600a to be used
in the same system.
2. Analyzing the experimental data for
various conditions for flow in an
adiabatic capillary tube using Bourdon
gauge to measure pressure, and using
thermocouple type (T) to monitor
temperature, along the capillary tube.
3. Comparing the calculation results with
experimental results.
Mathematical Model
The pressure distribution pattern along a
tube depends on a many factors such as the tube
geometry (i.e. tube length, inner diameter,
roughness) and refrigerant entrance conditions
(i.e. condensing pressure, degree of sub-cooling

and/or quality). The mass flow rate has
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Significant influence on the fluid flow,
especially in the two-phase region
and affects the pressure drop and quality of the
refrigerant. The exit condition, either choked or
unchoked, also depends considerably on the
mass flow rate. For a given condensing pressure
and tube length, the mass flow rate through the
capillary tube remains constant for evaporating
pressure lower than the choke value. Fig. (2)
shows the schematics of typical capillary tube.
The following assumptions are made in this
model:
e Straight horizontal and constant inner
diameter and roughness capillary tube,
e One-dimensional flow,
e Adiabatic and homogeneous two-phase
flow,
e The flow in the single-phase metastable
region is considered,
e Thermodynamic equilibrium through
the capillary tube.
According to the assumption above, the
governing equations used in describing the flow

are presented as follows:

I. Entrance Region
In this region losses due to sudden
contraction and dynamic pressure head losses,
magnitude of this drop is calculated from

equation: [Fatouh, 2007]

Numerical and experimental investigation on
The performance of the capillary tube using
R-134a and R-600a

1 )(L—l)2 (1)

AP, =(G)*(
2pg. C

con
The contraction coefficient (Ceop) 1S
correlated as a function of area ratios (Ay/A;) in

the following form:

Q{m:0.6083%0.547%}0.326%} +0.168EA2J (2)
4 4 4

Where A; and A, are the cross
section area of the condenser outlet tube and the

capillary tube, respectively.

II. Single -Phase (Sub-Cooled Liquid)
Region

In this region, the fluid is assumed to be

incompressible and steady. Also pressure drop

is linear, and the refrigerant is entirely in the

liquid state. The capillary tube length in the

single-phase (subcoold) region can be given by:

[Bansal and Wang, 2004]

LS p.sub = |:(;pz Pcond - P.s‘at )_ dc (kl + 1)):| / fsp (3)

Where (k) is the entrance
loss coefficient (for square edged, £=0.5) and

(fsp) 1s the single-phase friction factor.

(ki) can be determined from: [Bansal and

Wang, 2004



“4)
fOI’ (dc/Dcond.) < 076
(fp) can be determined from:
[Churchill, 1977]
8 12 1 %2
fSP = 8 ( J 3 (5)
Re,, (Axp +B o )A
Where:
B 16
1
A4, =]2.457In s (6)
T o021 €
Resp .
16
5, - (3&530] -
e,
Re = pUdc = Gd" (8)
Hy  Hy
m
G= 7 = p.U = constant 9)

III. Single-Phasem Etastable Region
The delay of vaporization has been

observed from some experiments [Mikol,
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1963], [Koizumi and Yokoyama, 1980] and
[Li et al., 1990], which means that vaporization
does not occur at Py but at some point (Py)
below it, which is also known as the non-
thermodynamic equilibrium. The capillary
length in this region is known as the metastable
length. [Chen et al., 1990] studied the flow
through capillary tubes and presented a
correlation to predi€tSdhe underpressure (Ps-Py).

It is as follows:

-0.208 318
(R_IZM — 0'67{‘&‘7‘jRCOBM[AZZMJ [g‘\j ( 1 0)
’ V8~V

Where D': is the reference length.

k,T

— a” sat ><104
o

(1)

The metastable length can then be given by:
2
Lmeta = (})v - R/)zdcpvp /fva (12)

The metastable length generally
decreases with the degree of sub-cooling and
increases with increasing condenser
temperature, increasing tube inner diameter.

[Bansal and Wang, 2004]

IV. Region Equilibrium Two-Phase
Region
[Stoecker & Jones, 1982] and [Bansal
and Rupasinghi, 1998] presented a flow model
through the

two-phase region based on

conservation of mass, energy and momentum.
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Their models will be regarded in this study.
Consider a control volume in the two-phase
region as shown in Fig. (2).The conservation of

mass can be expressed as follows:

m = pAU = constant (13)

m

—_ = U 14

y P (14)

v-5_gv (15)
P

For steady-state adiabatic with no external work
and neglecting the elevation difference, the
conservation of energy can be expressed as

follows:

2
h+ 7 = constant

(16)

The fluid enthalpy and specific volume are

determined by the following equations:
(17)
(13)

Considering the energy balance between

h=(-x)h, + yhg

v=>I1-pav, + yvg

point (1) and any point along the capillary tube

in two-phase flow region, substituting

equations (17) and (18) into equation (16)

gives:

2

h,+%:hf+z(hg—hf) (19)

G? )
+7(vf(l—z)+vgz)
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Expanding the right-hand side and

rearranging gives:

vl
[(vg—vff%fﬂévf(vg—vf)ﬂhgﬂh,»)w{45%WH

(20)

This is in the form of a quadratic equation

in which the quality () can be expressed as:

qz_’_h/]

G G- bt

G,

2

l’:

Where h=he-hy, and vi=v4-0f

The conservation @ momentum can be
expressed by again considering the element of
fluid as shown in Fig. (3).

The sum of the pressure forces acting
on the left and the righ(1énds and the shear
force acting on the inner pipe wall is equal to
the time rate of change of linear momentum of

the system. Therefore,

2 2

w”)—(P+dP)mi”

J (22)

(P

— 7,7 dL = mdU

Where 7, is the wall shear stress and

defined as:
2
pU
7. =1y (23)
8
On rearranging, we get:
sz—d" [dez+2mdlf] (24)
Jp PU™  ApU

For a constant mass flow rate such
thatdm =0, we have:

_dU_dp

0 (25)
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Substituting equation (25) into equation (24)
gives:
R A
T
The capillary tube between points (1)
and (4) can be divided into

(26)

numerous sections as shown in Fig. (4).

The two-phase friction factor (f;,) can

be calculated from |[Lin et al, 1990]
correlation as given:
2 Ve
f;p = ¢i fsp{ :| (27)
Vip

Where f, is calculated from equation

(5).
¢ : Friction multiplayer is given by:
8 1 %
Re ’ %
v (4,+B,) {1 N Z[Vg B 1}} (28)
8 1 v,
+ 3 4
Re, (4, +B,)"
Where: The two-phase Reynolds
number is defined by:
Ud
Re, = - (29)
/utpvtp
Where:
U=Gv,=G(yv,+(0-x)v,) (30)

Dynamic viscosity (jip) can be

determined from: [Beattie and Whalley, 1981]

M, =a, +yf(1—atp )1+ 2-5%7) (31)
v
Where: a,, Ve (32)
Vet AV,
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Thus from equation (26), the two-phase
length can be expressed as: [Wongwises and

Pirompak, 2001].

p — Yo ;,_3"‘_

Thus, total capillary tube length is the

L (33)

summation of the above three lengths in the

three different regions as:

LTot - sp,sub + Lmeta + Ltp (34)
The pressure drop in two-phase region
can be calculated from the equation: [Ahmed,

2001]

P-P

i i+l

G’L + 7,
= ftha’ "’ [vf + 4 +ZZ‘” V/g:|+ GV (Xin— 1) (35)

Experimental Apparatus and Measurements

The experimental test rig includes the
actual  refrigeration  system  (domestic
refrigerator in size 9ft’) which was originally
manufactured to work with R-134a. A
schematic diagram of a single door domestic
refrigerator with the instruments and their
locations has been shown in Fig. (5).

The apparatus was designed to allow
simultaneous control of the pressure and
temperature of the liquid entering the capillary
tube and also the evaporator pressure .The
pressure distribution along capillary tube was
measured by precision Borden type gauges.

And temperature measurement of the flowing
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refrigerant was made by (copper/constantan)

type’s  (T).

temperatures were measured by mounting

thermocouples Refrigerant
thermocouple's probe directly into a groove
through the capillary tube wall. The selected
capillary tube specifications are (0.82mm) and
(2.28mm) inside and outside diameters
respectively, with long (2.8m) for R-134a. This
tube calculated

length of capillary was

theoretically, based on a constant inner
diameter of the capillary tube. With respect to
R-600a, the capillary tube length has been
changed several times until the desired
evaporator pressure was reached.

As a result to the delay of vaporization
phenomenon, and to find the underpressure of
vaporization, pressure and temperature sensors
must be installed along the capillary tube. In
order to measure the pressure drop along the
capillary tube, pressure taps were made in the
wall of capillary tube using (T) joint. Fig. (6)
shows a photo of the (T) joint.

The capillary tube cuts into parts, each two
parts connected by (T) joint. A (T) joint (Brass
covered with chromium) consist of two parts,
the first

(4mm)

one is a tube with (3.4mm) ,

inside and outside diameters ,

respectively. This part is connected two parts of
capillary tube by solder. The second one is also
a tube with (3.4mm), (4mm) inside and outside
diameters This

respectively. part is

constructed with a broad ends contains flair,
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which was connected to pressure gauge in order

to have a closed chamber.

Results and Discussion
1. Computation Results

The mathematical sample for simulation
of capillary tube in adiabatic flow depends on
dividing the tube into three regions [liquid
(single-phase),  delay  of  vaporization
(metastable) and two-phase flow] regions.

Figs (7), (8), (9) and (10) show the
distribution of pressure and temperature along
for R-134a and R-600a,

capillary tube

respectively.  Pressure  and  temperature
distribution for these figures were plotted at
variable degree of subcooling. It can be noticed
that as subcooling degree increases, then liquid
region length increases, while in metastable and
two-phase regions are decreases. Also, the
liquid region length for R-134a is less than that
for R-600a, while metastable region length and
two-phase region length for R-134a are higher
than that for R-600a.

Figs (11), (12), (13) and (14) show the
effect of different ambient temperatures on (p-
h) diagram at constant subcooling temperature
difference of (3°C) and (8°C) for R-134a and

R-600a, respectively.

2. Experimental Results
Fig. (15) shows increase of COP with

superheat  (suction  temperature)  where
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subcooling degree is constant. It was observed
that COP value for R-134a is lower than that
for R-600a.

Fig.(16) shows the underpressure of
vaporization (ps-py) as a function of the mass
flow rate. It was observed that at a fixed
subcooling condition, the underpressure of
vaporization increases with an increase of the
mass flow rate. This is because of the specific
volume for refrigerant vapour. Also, it can be
shown that underpressure of vaporization for
R-600a is less than that for R-134a in the same
system, where R-600a has specific volume for
vapour higher than that for R-134a.

Fig. (17) shows that the underpressure
of vaporization is a function of the subcooling
degree for refrigerant. It can be seen that the
underpressure of vaporization decreases with an
increase in the subcooling of the refrigerant,
ATgp. ranges (3-13°C).This is because of the
pressure drop in a single-phase region.

Figs (18) and (19) show the pull down
time for R-134a and R-600a in the refrigerator
freezer and refrigerator cabin, respectively. Pull
down time is defined as the time required for
changing the freezer air temperature from
ambient condition 303K (30°C) to the desired
final temperature 261K (-12°C) and the
temperature of the air in the cabin should be
maintained at 279K (6°C) according to ISO
standard for the considered refrigerator class

[Mohanraj et al, 2002].
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The time required to reach the required
freezer air temperature of nearly (-12°C) for R-
134a and R-600a are approximately (110 and
90 min) respectively. Moreover, the time
required to reach the required cabin air
temperature of nearly (6°C) for R-134a and R-
600a are approximately (95 and 83 min)
respectively. And as a result, it can be noticed
that the pull down time (to reach steady state)
for R-600a less than that of R-134a.

Figs. (20) and (21) show the difference
in COP for refrigerants with ambient
temperature and subcooling degree. It can be
observed that COP of the system decreases with
increasing ambient temperature. However, the
COP of the system increases with increasing
subcooling degree (and constant superheating
degree ATgp). And as a result, it can be
concluded that COP of the system using by R-
600a is higher than that of R-134a. This is
of the R-600a

because operating with

condensing pressures less than that of R-
134a at different ambient temperatures leading
to less power consumption for R-600a when

compared with R-134a.

Conclusions
(1) Through the theoretical results, it was
noticed the following:
a.R-600a has operating pressures lower
than that for R-134a at different

working temperatures.
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b. Pressure ratio for R-134a close to
pressure ratio of R-600a.

c.The refrigeration system using R-600a
has COP (5%) higher in comparison
with R-134a.

d. The refrigeration system using R-600a
has volumetric capacity lower than
that for R-134a.

e.The refrigeration system using R-600a
has a discharge temperature lower
than that for R-134a and the increase
in refrigerant subcooling allows for
lowering the discharge temperature
which may increase the compressor

life

(2) Through the experimental results, it was
noticed the following:

a.COP for the system working by R-600a
is higher than that for R-134a at
different ambient temperatures and
subcooling degrees.

b. Power consumption for the system
working by R-134a is higher than that
for R-600a.

c. Capillary tube used for R-600a must be
shorter than that used for R-134a
about (28.6%) for the same system.

d. The underpressure of vaporization
decreases with an increase subcooling

degree.
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e.The underpressure of vaporization for
R-600a during its passage through
capillary tube is less in comparison
with R-134a.

f. Pull down time for R-600a is less than
that for R-134a.
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Nomenclature

A : Area (m?)
« : Void fraction

Ceon : Contraction coefficient (-)

D' : Reference length (m)

Dcondg: Condenser inner diameter (m)

e : Inner surface roughness (mm)

f : Friction factor (-)

G : Mass flux (kg/m’.s)

h : Specific enthalpy (kJ/kg)
jdc : Capillary tube inner diameter (m)
k, : Boltzmann’s constant (J/k)
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k; : Entrance loss coefficient (-)
L : Length (m)

m : Mass flow rate (kg/s)

P : Pressure (N/m” (pa))

AP, : Pressure drop due to the area contraction
(N/m?)

Re : Reynolds number (-)

T : Temperature (°C)

U : Velocity (m/s )

v : Specific volume (m’/kg )

y : Dryness fraction (-)

Numerical and experimental investigation on
The performance of the capillary tube using
R-134a and R-600a

¢ : Friction multiplayer (-)

Subscripts

c : Critical value
cond :Condenser
f: Liquid phase

g : Vapour phase
i : Present reading according to element
number

i+1 : Next reading
meta : Metastable
sat,s : Saturated
sp : Single-phase
sub : Subcooling
tp : Two-phase

Greek Symbols Tot : Total
p : Density (kg/m’) v : Vapour
4 : Dynamic viscosity (kg/m.s )
o : Surface tension (N/m)
7,, . Shear stress at wall (N/m*)
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Figure (1): Typical pressure distribution along an adiabatic capillary tube.

[Valladares, 2004]
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Figure (2): Schematic diagram of a capillary tube [Valladares, 2004]

e —
Prd’/4 —» T +——  (P+dp)nd.’/4
P .
e 2y

Figure (3): Flow model incremental volume, (two-phase).

[Wongwises, Pirompak, 2001]

P, P;  Pii PPy

Figure (4): Schematic diagram of simulation approach, (two-phase).

[Wongwises, Pirompak, 2001]
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Figure (5): Schematic diagram of the experimental set-up. (Domestic

refrigerator).Where: P: Pressure gauge & T: Thermocouple.

Figure (6): Photo of (T) joint.
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Figure (18): Change freezer air temperature with pull
down time for R-134a and R-600a.
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Abstract

Buckling analysis of composite laminates for critical thermal (uniform and
linear) and mechanical loads is reported here. The objective of this work isto carry out
theoretical investigation of buckling analysis of composite plates under thermo-
mechanical loads, and experimental investigation under mechanical loads. The analytical
investigation involved certain mathematical preliminaries, a study of equations of
orthotropic elasticity for classical laminated plate theory (CLPT), higher order shear
deformation plate theory (HSDT) , and numerical analysis (Finite element method), then
the eguation of motion are derived and solved using Navier method and Levy method for
symmetric and anti-symmetric cross-ply and angle-ply laminated plates to obtain
buckling load by solving eigenvalue problem for different boundary conditions under
different thermo-mechanical loading It Also contained a verification study of these
methods with those published by other researchers. The results obtained gives good
agreement which shows that maximum percentage discrepancy was 7.6152 %. The
experimental investigation is to find mechanical properties at room temperature of glass-
polyester such as longitudinal, transverse and shear modulus under tension test. Also, to
find critical load that cause buckling under buckling test. Analytical and numerical results
of critical buckling load studied the effect of Boundary conditions, No. of layers, No. of
half wavelengths in y-direction, lamination angle, aspect ratio ,and thickness ratio on
buckling load under different thermo-mechanical loading condition.

Keyword: thermal load, buckling analysis, composite plates, thermo-mechanical
load, mechanical load, finite element
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Introduction

Fiber-reinforced composites are used
extensively in the form of relatively plate,
and consequently the load carrying
capability of composite plate against
buckling has been intensively considered
by researchers under various loading and
boundary conditions. Thus far, there have
been numerous studies on composite
laminated  structures  which  find
widespread  applications in  many
engineering fields namely aerospace,
biomedical, civil, marine and mechanical
engineering because of their case of
handling, good mechanical properties and
low fabrication cost. They also possess
excellent damage tolerance and impact
resistance. The initial theoretical research
into buckling analysis was Gossard et al.
1952[1] outlined an approximate method
(Ritz method) based on von Karman
large-deflection  plate  theory  for
calculating the deflections of flat plates
subjects to therma buckling theoretically
and experimentally. This method is used
to determine the deflections of a simply
supported plate subjected to a
temperature distribution over the plate
surface. Sharma et al. 1980[2] studied
the uniaxial compressive buckling
response of arbitrary laminated composite
plates of anti-symmetric cross-ply and
angle-ply laminates for two boundary
conditions  (SCSC, SCSF). The
differential equation governing the elastic
response materials have developed using
CLPT (classica laminated plate theory)
that solved by using levy method (direct
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Integration). The effect of aspect ratio,
lamination angle on buckling behavior
has been studied. Thangaratnam K. R. et
al. 1988[3] studied buckling anaysis of
composite  laminates  for  critica
temperature under thermal load based on
finite element method using semiloof
element. Results are presented for cross-
ply and angle-ply laminates for simply
supported, clamped and combined of
them with varying ratio for coefficient of
therma expansion and different No. of
layers. Liangxin S. and Zhiyu S. 1992[4]
investigated bending deflection, buckling
load and natural frequency for symmetric
cross-ply simply supported laminated
plates using Navier solution based on
HSPT and Finite element method for
different thickness ratio. Kam T. Y. and
Chang R. R. 1993[5] studied optimal ply
orientation and No. of layers of thick
laminated composite plates for max.
uniaxial buckling load and vibration
frequency based on finite element using
global optimization technique for cases
of symmetric and anti-symmetric angle-
ply smply supported laminated
composite plates with various material
properties, side to thickness ratio (b/h),
aspect ratio (a/b), and different No. of
layers. Prabhu M.R. and Dhanarg R.
1994[6] anayzed therma buckling of
laminated composite plate using finite
element method. Nine node elements is
employed for thermal buckling analysis
of symmetric cross-ply and angle-ply
laminates  subjected to  uniform
temperature distribution. The effects of
modulus ratio, length to thickness ratio,
fiber orientation, aspect ratio and various
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boundary conditions (SSSS, CCCC) on
the critical temperature are analyzed.
Argyris J. and Tenek L. 1994[7], in this
study, the behavior of simply supported
isotropic and thin laminated composite
plates under thermal loads have examined
for bending, buckling and post-buckling
of symmetric angle-ply square laminates.
The materia properties are assumed to be
independent on temperature.  Finite
element using triangular shell element
contains 3 nodes has been implemented.
Ghosh A. K. and Dey S. K. 1994[8]
studied buckling analysis of simply
supported cross-ply laminated square
plates based on finite element using four
nodes with seven degree of freedom at
each node for thick and thin laminated
plates for different aspect ratio, modulus
ratio under uniaxia loading conditions.
Sun L. and Xiaoping S. 1994[9] ,
developed higher order displacement
field for the anaysis of the thermo-
mechanical buckling of composite plates
subjected to therma or mechanical load.
Exact closed-form solutions of symmetric
cross-ply laminates are obtained using
Navier method including effects of
transverse shear deformation on critical
temperature and critical load. The effects
played with side to thickness ratio,
coefficients of therma expansion ratio
and different No. of layers. Simelane S.
P. 1998 [10] studied thermal buckling of
laminated composite plate using finite
element computer package ABAQUS
with five degrees of freedom in each
node. The effects of lamination angle,
modulus ratio, plate aspect ratio, and
boundary constraints upon the critical
buckling load temperature  were
investigated. Matsunaga H. 2005[11]
presented higher order deformation
theory for thermal buckling load of cross-
ply laminated composite and sandwich

Volume 18 December 2012

1367

Journal of Engineering

square plates by using Navier method
which can take into account the effects of
transverse shear stress of simply supports
multilayered plate. Shariyat M. 2007[12]
investigated thermal buckling analysis of
rectangular composite plates under
uniform temperature rise based on
layerwise plate theory and determine the
buckling temperature using Budiansky
instability criterion in a computerized
solution. The effects played with
boundary conditions (SSSS, CCCC) and
various geometric by assuming that
material property is to be vary with
temperature. Yu L. H. and Wang C. Y.
2008[13] studied the buckling of a
rectangular plate based on an elastic
foundation. Two opposite sides are
simply supported and other two edges is
to be (SS and CC), and Levy method
(direct integration method) is used based
on classical plate theory for different
aspect ratio. The plate is subjected to
uniaxial and biaxial compressive load.
Ozben T. 2009[14] studied the critical
uniaxial buckling load using finite
element and Ritz methods for different
plate dimensions ratio and different
orientation angles with symmetric and
anti-symmetric laminated plates for
(SSSS, SSSC and SCSC) . Rajesh et al.
2009[15] examined the random system
properties on thermal buckling load of
laminated composite plates under
uniform temperature rise using finite
element for deriving the eigenvalue
problem with and without temperature
dependent elastic properties. Numerical
results present that the characteristics of
therma buckling load of the plate are
influence by (SSSS, CCCC and SCSC),
plate thickness ratio, aspects ratio. The
random system properties having random
change in al input material variables,
therma expansion coefficients and plate
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thickness. Shiau et al. 2010[16] studied
thermal buckling behavior of composite
laminated plates using finite element
method for cross-ply and angle-ply
laminates with various degree of
orthotropy, fiber angle, aspect ratio,
different boundary conditions and No. of
layers.

From above literature review, there are
a few literatures available in thermo-
mechanical field. In the present work,
thermo-mechanical buckling analysis of
shear deformable laminated plates with
thermo-elastic properties has investigated
anadyticaly. In the present study, the
temperature distribution field is assumed
to be uniform and linear through the plate
thickness. Thermal expansion coefficients
and elastic constants is assumed to be
independent of  temperature.  The
formulations are based on Reddy’ s higher
order shear deformation plate theory and
classical laminated plate theory. Navier
method of higher order shear deformation
theory, Levy method of classical
laminated plate theory and Finite element
coded by ANSYS 13.0 is used to
formulate numerical model. Many design
parameters are changed to study their
effects on the buckling characteristics
such as No. of crossply and angle-ply
layers, aspect ratio (a/b), thickness ratio
(ah), type of boundary conditions and
number of half wavelengths.

Theoretical Analysis

A. Classical Laminated Plate
Theory (Clpt)

Displacement

The displacement field of CLPT contains
only three dependent variables [17]:

U(Xy)=t, (Xy)+ 28, (xy) (1)

1368

Buckling Analysis of Composite Plates under
Thermal and Mechanical Loading

V(XY)= T (XY)+ 20 (xY) (I'b)

W(X,y)=w, (Xy) (¢

where: @, , @, denote rotations about y
and x axes respectively, and

U, , 7, , W, denote the displacement

components aong (x,y,z) directions
respectively of a point on the mid-
plane(i.e....z=0).

Stress and Strain

Thetotal strains can be written as
follows:
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The transformed stress-strain relations
of an orthotropic lamina in a plane state

of stress are; for @U , see[17] :
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The Euler-Lagrange equations are

obtained by setting the coefficient of &g
, §vy , §wy to zero separately[17]:
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Levy Method

Levy method, can be used to solve
the governing equations of various
laminated plates for which two (parallel)
opposite edges are ssimply supported and
the other two edges can have any
boundary conditions.

For cross-ply rectangular laminates with
edges y=0 and y=b simply supported and
the other two edges x=+a/2, having
arbitrary boundary conditions. Assume
the following representation of the
displacement [17]:

Ug(XY)=Zm=1 U (X) SnBy ... (5 a)
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vo(xY0)=Zm=1 Vm(X)cosfy  (5b)

wo(xY.)=Zime=1 Wi 0 Snfy  (50)
W

=7 Un() Vp)

W...(x) areindependent of y (function of
X).

Where:

n No. of half wavelengths in y-
direction (n=1, 2, 3)

b= Length of the plate along y-direction.

For angle-ply rectangular laminates with
edges x=0 and x=a simply supported and
the other two edges y=+b/2, having

arbitrary boundary conditions. Assume
the following representation of the
displacement [17]:

uy (XY, )=2m=1 U () sinax (6 a)
T!G(va’t) :ZE

=

wo (XY D)=Z =1 Wi () SNax (6 ¢)

1 Vim(y)cOS ax (6 b)

11174

Where & = ? ; a= Width of the

plate along x-direction.

m= No. of half wavelengthsin
x-direction (m=1, 2, 3)

B. Third Order Shear Deformation
Plate Theory (Tsdt)

Displacement

The displacement field of (HSDT) is of
theform [17]:



Prof. Dr. Adnan Naji Jameel
Dr. Ibtehal Abbas Sadiq
Hasanain Ibraheem Nsaif

u(xy,zt)=1, (xy,t)+z@,.(xy.t) - prey zt
(O+ =) (7 a)
V(XY,Z0= 1, YD)+ 28, (YD) - =3 23
(0,+ 2 (7b)
W(X,Y,Z)=w, (X,Y,) (70

Stress And Strain

The total strains can be written as follows

[17]:
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The transformed  stress-strain
relations of an orthotropic laminain are:

&, .g” q g FSM T
Tu ¢ =y Oy O Smmapir 9 a)
':F.F.'_L-' L GH é g _U;L ZayplT

. k

,[':F.‘«’E} | aa Q:}:‘r]{}f‘f’f
Txaly Qus Uss
Equation of Motion

The Euler-Lagrange equations are
obtained by setting the coefficient of &g

, vy, dwy , 60, , 0, to zero
separately [29]:

o o O | BNy

&g, ™ + Pk (10 a)
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dry: 5‘;: L+ Iﬁ;‘:t— (10 b) Wgyt) = 21 =1 Z;r—:l H‘r:tr; (t)
. sinax sinfly (11¢)
LY e 8R; 94y dRy " .
dwg - x4 8x * gv 2 gy * ﬁx xy) = Zi=1Zme1 X ®
B3Py o O%F 0%y cosax sinfsy a1d
eyl xe * 8x rS'_L-'+ g2
:"" G2 ws Gi_t-‘ (x,y,t) El =1 Zt:!"—'l TR (t) sindx
Vs 8_2
cosfy (11 e)
i r'r
+ Ny —+ 2;"[.*JE . -o (10 ¢) - -
&y Where @& =— ; f=—
& i
e :E‘f_'ul'_'u.' '5' F..".'.".' g ‘:T'f.".'l'li' .
&4, : S, =~ M = No. of hdf wavelengths in x-
aF, A g - direction (m=1, 2, 3)
it
‘15 Qe+ cgR=0 09 n = No. of haf wavelengths in y-
direction (n=1, 2, 3)
Gy GPgy  @Myy
80, + GG Ty Up Vo . Wy ae abitray
&P constants to be determined;
e —=-Qp+Ryz0  0¢
¥ ’ ’ For angle-ply rectangular laminates with
edges y=0 and y=b simply supported and
the other two edges x=0 and x=a simply
Navier Method supported. Assume the following

Navier method can be used to solve the
governing equations of various laminated
plates for which when all four edges of
the laminate are simply supported.

For cross-ply rectangular laminates with
edges y=0 and y=b simply supported and
the other two edges x=0 and x=a simply
supported. Assume the following
representation of the displacement:

Z: ff= 1 E ;.}= 1 Hm.u ®
(11 a)

U (X y,t)
cosax sinfSy

PoO) = D1 =1 Vign () Sinaix
cospPy (11 b)

1371

representation of the displacement [17]:

Ug(xy.t) = le =1 L m=1 |[-*Pnz:.u(t) sinax
cospPy (12 a)

=]
=1 Vi () cosax

Pl = Ty

sinfy (12 b)
Woy) = ZnsaZms1 Won @
sinax sinfy (12 ¢)
Eiﬁ' (xy.t) = Z f= 1 Z ;:}::I X:tm: (t)
cosax sinfly (12 d)
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Gi_l‘ (X,y,t) = Z ;:5; 1 Z :t:ft= 1 E;Hl: (t) sinax

cosfly (12 ¢)
C. Finite Element Method
Finite eement method has been

employed to analyze critica buckling
load for different boundary conditions
and various laminate stacking sequences,
aspect ratio, thickness ratio and for
different number of layers. Analyses
performed are this design study utilized a
finite element model of the plate. The
model was developed in ANSYS 13.0
using the 900 quadrate elements. The
global x coordinate is directed along the
width of the plate, while the globa y
coordinate is directed along the length
and the global z direction corresponds to
the thickness direction and taken to be the
outward normal of the plate surface.
There are 30 elements in the axid
direction and 30 aong the width (i.e.
16926 DOF). A convergence study has
been performed to select the particular
mesh used in this study. A linear buckling
anaysis (eigenvalue buckling) was
performed on the model to calculate the
minimum buckling load of the structure.
The finite element model is described via
an input file usng APDL ANSYS
language with SHELL 281. This element
is suitable for anadyzing thin to
moderately thick shell structures. The
element has eight nodes with six degrees
of freedom at each node: trandations in
the X, y, and z axes, and rotations about
the X, y, and z axes. It may be used for
layered applications for modeling
composite shells. It is include the effects
of transverse shear deformation. The
accuracy in modeling composite shells is
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governed by the first order shear
deformation theory.

Applying Load

It can be apply mechanical load on the
solid model through lines. The solver
expects al loads to be in terms of the
finite element model. Therefore, the
program automaticaly transfers all
applied loads to the nodes and elements at
the beginning of the solution.

For therma load, the locations for
temperature load is usually at the top and
bottom planes called “ pseudo-nodes “ as
shown in Fig. (1):

VALY

VALY

WALZ

Fig. (1): thermal Load locations

Defining the Layer Configuration

The most important characteristic of a
composite material is its layered
configuration. Each layer may be made of
a different orthotropic material and may
have its principal directions oriented
differently. For laminated composites, the
fiber directions determine the layer
orientation. The layer configuration is
defined layer-by-layer from bottom to



Number 12

top. The bottom layer is designed as layer
1, and additional layers are stacked from
bottom to top in the positive Z (normal)
direction of the element coordinate
system. It can define layered sections via
the section commands and the following
properties are specified:
- Material properties.

Layer orientation angle.
Layer thickness.

Mesh Convergence

A convergence study was performed to
determine the appropriate finite element
mesh to be used in the linear buckling
analysis of laminated plate model. Three
meshes were developed, with increasing
numbers of elements in the x and y
directions.

The buckling loads for each of
these models are shown in table (1).
There is only a 0.7% difference between
the load calculated for mesh 1 (7*7) and
mesh 2 (15*15). A smadler difference
(0.01 %) is observed between mesh 2 and
mesh 3 (30*30). This indicates that the
coarsest mesh is capable of performing
the analysis within a reasonable degree of
accuracy.
Table (1): Critical buckling load
convergence study for
C-C-S-C laminates

Critical

buckling  load
Nxx(N/m)

49 176 1056 10452

225 736 4416 10379

900 2821 16926 10378
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Computer Programming

The main computer program has been
built for Levy method and Navier method
to carry out the anaysis required for
solving the effect of mechanical and
thermal loads on buckling analysis of
composite laminated plate using classical
and higher order shear deformation plate
theory. However they involved complex
calculations that are difficult to interpret
physically and require considerably more
computational effort. A computer code
written in MATLAB (R20104) consisting
from 1400 steps approximately. This
program has the following features. See

Fig. (2):

1. It can solve a problem for (sguare,
rectangular) composite laminated
plate when two opposite edges are
simply supported and other two edges
any boundary conditions.

2. It can solve thin and thick laminated

plate with any number of layers.

It can solve symmetric and anti-

symmetric cross-ply and angle-ply

composite laminated plate.

4. 1t can solve for critical mechanical load
and critical thermal load that cause
buckling and combination of these
loads.

3.
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 STAR
——
INPUT GEOMETRICAL
DIMENSION
r LENGH,WIDTH, THICK I
&

INPUT NO.OF
LAYERS.N

I

INPUT LAMINATION
ANGLE @

INPUT MATERIAL
PROPERTIES
E1.E2.E3,G12,613.G23 V.=

INPUT MODE SHAPE
M

1
w - i — Y —
THERMAL THERMO-MECHANICAL MEGHANICAL
BUCKLING BUCKLING | T BUCKLING |
INPUT COMPRESSIVE INPUT TEMPERATURE INPUT TEMPERATURE
LOAD N” .N"Zﬂ CHANGE AT CHAMNGE AT=0
| I I
&+ -
P CALCULATE STIFFNESS.A,.B, D, .E,.F, .H, I

SOLVING EIGEMN
PROBLEM

DUTPUT RESULTS

APPLYING STATE
SPACE METHOD

INPUT TYPE OF
B.C'S

SOLVING EIGEN
PROBLEM

Fig. (2): MATLAB diagram

used analytical solution (Navier method)

Verification Of Computer Program without include membrane stiffness (that

) cause large deformation) while the
In the present study, various present study include both membrane
combinations of edge support conditions and bending stiffness.
have been investigated. For example, C-
S-C-S means clamped edges at x= (0, a) Table (2): Dimensionless thermal buckling of
while simply supported at edges at y= _ _
(0, b). To validate the present methods, square laminated plates T=T;,.a;* 1000
thermo-mechanical buckling analysis of ANSYS 130
different boundary conditions laminated bh  lamimate  B.C'S (Discrepancy
plates, the critical buckling load (thermal 2

, mechanical) are plotted and compared 1 E2/EI=0.081
below with [9] , [15] , and [17] as shown 300 (45/-48);r S-585 1133 ' G12=G13=0.031

0.1765%
below. The results are compared to (01765%) ?_E‘r
) : . 23=0.0304 E1
analytical solution (Levy and Navier) V=021

and numerical solution (Finite element 0 (458 SSSS 0413 0.44101 al=-02] af
method), the max. discrepancy in Fig.(3) 0 (B/-8) S5 048 (3.0747%) w2=16a0
was 4.195% when b/h=100 because [9] a0=le6
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From the above results, it is obvious that

" the methods of solution give reasongble
' oy results for both thermal and mechanical
oo — a=b loads respectively.
g T ez Results And Discussions
f @ 0l G12=G13=05E2
85 e A. Experimental Analysis
%E“S’ 2=025 - EXp y
8% ki In view of difficulty of theoretical
cd” analysis of laminated structure behavior,
E — Anall[NAVER) experimental methods have become
a - 8] Navier important in solving the buckling
0l problem of laminated composite plates.
0 00 40 800 B0 100 In the present work, mechanical
b/h properties (Tensile test) and compressive
behavior (buckling test) of (0/90/90/0)
E-glass polyester laminated composite
Fig.(3): Dimensior;ﬂ% critical plates are calculated experimentally at
temperature T=T_,. —Dﬂ iz of symmetric foom temperature.
ZoH
cross-ply 0/90/90/0 laminated plate Tensile Test

Each laminate was oriented in
longitudinal, transverse and 45’ angle
relative to designated 0° direction to

- determine the engineering parameters
PresentLevy  Present Navier E,, E,, G, according to ASTM (D
638). The mechanical properties for

Table. (3): Dimensionless uniaxial
=
buckling load N=N%.— of anti-

A E: hE

symmetric  cross-ply laminates

(Discrepancy %) (Discrepancy %)

SESF 50 16426 Egiffﬁ) glass-polyester are obtained from tensile
S5 test as shown in table (4).
SESS 50 17.023 (6'0%;;_' : _ _
032%) Table (4): Experimental mechanical
SESC 50 19389 o8 : properties of Fiber glass-
S ELE2=40 Polyester
_ s 36331 e - -
SSEE50 BB - gerff-ﬂ-ﬁ Mechanical properties Glass-polyester
§$5C 50 59288 ?P;j’f) : G £y M) 1473.04606T
8% vI2=075 . 17
o e E, M) 1917.17%
SESCR B e ' {ﬁo Gyp (V) 36
v [l0 023
$$§S 5 12109 0l ulll
(?.33810) Vf 036
: 248047
S$85 10 25413 Py
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Buckling Test

In this study, buckling load of
laminated plate determined analytically,
numerically and experimentaly. The
laminated plate length was 220 mm. The
width and thickness are 110 mm and 5.2
mm respectively. The specimen was
loaded in axial compression (vertical
direction) using tensile test machine of
100 KN capacities. The specimen was
simply supported at two ends and kept
free at the other two ends. The specimen
was loaded dowly until buckling.
Simply supported boundary conditions
were simulated along the top and bottom
edges. For axial loading, the test
specimen was placed between two
extremely stiff machine heads of which
the lower one was fixed during the test,
whereas the upper head was moved
downwards by servo hydraulic cylinder.
The laminated plate was loaded at
constant cross-head speed of 2 mm/min.

The buckling load is determined
from the load-displacement curve. The
vertical displacement is plotted on the x-
axis and load was plotted on the y-axis
as shown in Fig. (4 a. For the
determination of buckling load, the point
where left from the straight line is
determined on the graphics and the value
of this point on the y-axisis called as the
buckling load. The specimen was loaded
in axial compression (vertical direction)
using tensile test machine of 100 KN
capacities as shown in Fig. (4 b). The
specimen was simply supported at two
ends and kept free at the other two ends.
The specimen was loaded slowly until
buckling.

Laminaf

plate

Buckling Analysis of Composite Plates under
Thermal and Mechanical Loading

Load (N)

Buckling load

Displacement (mm)

ted

(m
(0/90), 220

Length Width

Fig. (4 a): The determination of buckling
load

Fig. (4 b): Buckling test of F-S-F-S
laminates

The agreement between the three
methods was generally good. The max.
discrepancy was 9.13% because there
were bubbles and fiber glass is not
straight in some portions. The critica
buckling load is shown in table (5).

Table (5): Dimensionless buckling load [
N = N2, *B?*/E;*h®] of F-SF-S
laminates

Thick. Levy Finite element

a fy T oy (T, 0
) () (mm) (Discrepancy’s) (Discrepancy¥)
343

0.13%)

xperimental

10 32 343578(7.89%) 375408
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B. Theoretical Analysis

The present study focused mainly on the
buckling behavior of composite
laminated plates subjected to thermal
(uniform, linear)(see eg. 6 a and 6 b) ,
mechanical and thermo-mechanical
loads are analyzed by analytically and
numerically for different aspect ratio,
thickness ratio, lamination angle and
number of layers with various boundary
conditions and type of load (biaxia and
uniaxial).

In present work, mechanical properties
for glass-polyester are obtained from
experimental results as shown in table

(6).

Table. (6): Experimenta mechanica
properties of Fiber glass-Polyester

Mechanical properties  Glass-polyester

E, (GPa) 6.951
E, =E; (GPa) 2.0566
Gy =G5 0.8979
G17=G4; (GPa)(assume) 0.8979
Vyz [9] 0.28
a,, (1/C) [18] 8.6a,
ay, (1) [18] 22.1a,
ay (1/0) 10°¢
Vs 0.34

1. Laminated Plate Subjected To
Uniaxial Load Along Y-Axis

From Fig. (5), it can be shown that the
buckling load is decrease in cases F-S-S-
S and F-S-C-S because the effect of
B.C'S. The buckling load is decreased
with high percentage in F-S-C-S when
alb varies from 0.5 to 1. On other hand,
this percentage gets smaller in F-S-S-S;
F-S-C-Swhen &b variesfrom 1 to 2.

Number 12 Volume 18 December 2012 Journal of Engineering

In case F-SF-S, the buckling load
increase with small percentage when a/b
varies from 05 to 2 because of its
boundary condition.

It is worth mentioning that the decrease
in buckling load in F-S-C-Sis more than
other case where this decrease reaches to
74.688% because the boundary effects
on the middle region of the laminated
plate decreases and consequently, the
buckling load decreases.

o

o i

b/h=87.666
h=3
(Lewy)

|
El=

o

=

—4=F-5-5-5

&>

=f=F-5-F-§
—— F-5-C-§

/

-
L]
| ]
N
[

Dimensionless buckling load
n f

—

=1

=1
in
=
=}

o
=
[
—
i
—
in
—
-

o

Aspectratio

Fig. (5): Dim_msionl&ssuniaxial buckling
load [ N = N,.,.* b?/E* h®] versus
aspect ratio , (a/b) of an anti-
symmetric cross-ply

(0/90/0,/90) laminates

-

In Fig.(6), the buckling load decrease
when b/h varies from 10 to 50. The max.
percentage of decreasing in buckling
load occurs when b/h varies from 10 to
20 where this decrease reaches to 51.876
% because the effects of boundary on the
middle region of the laminated plate
diminish. So that, the buckling load
encounters a significant decrease.
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wn
o

un
e

wn
i

5 C-F-C-5

Dimensionless buckling
load
= |OF
o e
o> w
oo

Thickness ratio
Fig. (6): Dimensionless uniaxia
buckling load [ N =
Ng* b?|Eg* h?] versus thickness
ratio, (a’h) of an antisymmetric

cross-ply Fig. (8): Deflection of laminated plate
( 0/90/0 /90), laminates

for mode 1
Figs. (7) and (8) below shows the
deformation of laminated plate at critica
buckling load and it’s deflection at first mode. 2. Laminated Plate Subjected To
Biaxial Load

From Fig.(9) , it can be obtained that
biaxial load increase with high
percentage when N varies from 2 to 4
because of the resistance of layers(that
increase with increase the no. of layers)
against load that cause buckling. Then, it
will increase with small percentage
when N varies from 4 to 10. Increasing
in buckling load in case (0/90); is
more than other case, it reaches to
16.65%. The buckling load increase
asymptotically when No. of layers
increase.

Fig. (7): Deformed shape of laminated plate

for mode 1
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5-5-5-5
a/h=135
B/h=10
h=1
[Navier)

-
o
o

—
o

185

Figs. (11) and (12) below shows the
deformation of laminated plate at

critical buckling load and it’s deflection
at first mode.

18

==0/90

==30/-30

Dimensionless buckling load

4 6 g

No.of layers
Fig. (9): Dimensionless Biaxial buckling load

[N = N_.*b?E,* h®] versus No. of layer for

antisymmetric laminates

From Fig.(10), the buckling load
decrease when a/b varies from 0.5 to 2.
The max. percentage of decreasing in
buckling load occurs when a/b varies
from 05 to 1 where this decrease
reaches to 52.626%.

13

— — —
ey o par}

BI.IC.‘:klI_I:'Ig load

Dimensionlass

=1

|

-1

5
03

5 l

1 L
Aspect ratio

Fig. (10): Dimensionless biaxial buckling load [ ¥ =

Biaxial buckling lead of a/b=0.5

Fig. (11): Deformed shape of laminated plate

for mode 1

N..* b*/E,* h®] versus aspect ratio , (a/b) of an

antisymmetric cross-ply

( 0/90/0/90 ) ; laminates

Fig. (12): Deflection of laminated plate

for mode 1
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Fig (13) shows the min. buckling load is
shown when the value of half
wavelengths is to be 2. Since the nearest
integer value of n to critical buckling is
to be when n is to be 3, then saying the
right value of critical buckling load isto
be when n=3.

Buckling Analysis of Composite Plates under
Thermal and Mechanical Loading

decreasing in buckling load isto bein S-
C-S-F, it reaches to 46.532%.

Dimensionless buckling

load
fos G

i
B85 ;
o N\
o \\ 1# 7
7
] // (505
% afo=0.5
55 \ / hh=37.666
24L5 \\ / (Lewy)
- l}
i S
133

05 1

13 2 5 ]
Number of half wavelengthsin the y-direction

Dimensionless buckling load
ra

/

[=)
in

T 1
70

-
=]

20 30 40 50 60

Laminationangle, (Deg)

b/h=40
a=b
5 \\ ] h:].
'\ [Levy)
5 N\\
.
\ \ =555 F
13
b | =E=SFSF

5F-5-C

80

Fig. (13): Dimensionless Biaxiad
buckling load [ ¥ = N_.*b7/E,* k]
versus Number of half wavelengths
in the y-direction , n of an
antisymmetric Cross-
ply( /90 /Q/9Q ) +laminates

3. Laminated Plate Subjected To
Uniaxial Load Along X-Axis

From Fig (14), it should be noted that
the buckling load decrease with small

percentage when & varies because of the
effect of B.C'S, whilein case S F-S-F it
becomes to decrease higher when &

varies. The decrease in buckling load in
S-F-S-F is more than other cases where
this decrease reaches to 69.26%. On
other hand, the min. percentage of

1380

load [ N =NE, *b*/E,* h¥] versus
lamination angle, (&) of an

Fig. (14): Dimensionlessuniaxial  buckling

antisymmetric angle-ply ( 8/—& /8/—& )

|aminates

4. Laminated Plate Subjected To
Thermal Load

In the Fig.(15), it can be obtained that
the buckling load is decrease with high
percentage when a/b varies from 0.5 to
1. On other hand, this percentage get
smaller when a/b variesfrom 1 to 2.
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0.03

08 \ 5555
07 &b

\ T h=l

>

00 -
\ h/h=87.56

h=3

05 \ (Navier)
05

{Lewy]

oad
—

\ =4=()/90/0/0/90/0

N

0013

[ 555
wf=f-5F-5

Dimensionless thiermal
buckling load

0.01

Dimensionless theermal buckling

10 20 30 40 50

Aspect ratio Thickness ratio

Fig. (15): Dimensionless L_inear Fig. (16): Dimensionless Uniff)rm
Thermal buckling load [ T = Thermal buckling load [ T =

T.,*ery*1000] versus aspect ratio , (a/b) T..*a,*1000] versus thickness
ratio , (a/h) laminates

of an  antisymmetric  cross-ply
( 0/90/0/90 ) laminates

Fig.(16) shows that the buckling load 5. Laminated Plate Subjected To
was decrease with high percentage when Thermo-Mechanical Load

b/h varies from 10 to 20 because the

total thickness was decrease Then this The uniaxial buckling load for different
percentage gets smaller when b/h varies cases is summarized. It is important to
from 20 to 50. note that the max. buckling load

decreases with different  percentage
when T increase.

In table (7), deals with thick laminated
plate; the decrease in buckling load in
case (090 is more than other cases
because {0/9075 of laminated
rectangular plate is less stiffness than

other cases; this decrease reaches to
12.5% but the decrease in buckling load

in (45/—45/45/—45 /45); is less

than other cases, it reaches to 8.15%.
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Table. (7): Dimensionless uniaxia
buckling load [ ¥ = N *b*/E,*R®] of
laminated plates under  uniformly
temperature distribution
Lamimation Scheme Boun.d.ary b bh  Buckling load (Navier)
condifion
AFC AT=0C AT=40C AT=60°C
(0/90), B e S I [ N LKV H.35 B ¥ 43049
(00900,  SSS8 1S 10 6B BN STE
(0/90), B S I (A 1 B YR A 1,1 S 1
(000900, 3888 15 10 STB T B SI3
(45/-45), RS T I 104 6839 6.6638
(/445455 588 15 10 6% TNB 9B 6

From Fig.(17), it can be obtained that the buckling
load is decrease with small percentage when
temperature varies from 0°C to 30°C where the
percentage decreases in buckling load reaches to
10.25% aong temperature variations.

12
4
-r'g 118 \\
Ell.& \\
e \ C-C-5-C
314 T
0 ~ a=h
ﬁ 112 \\ h=1
T b/h=40
5] . )
E 1 T: \\ FE)
£ :
E s \
[a] \D
106
0 5 10 15 20 25 30
Temperature, AT {°C)
Fig. (17): Dimensionless uniaxial

buckling load [ N = N *b2/E,* h?]
versus temperature varying linearly of
symmetric angle-ply
(30/—-30); laminates

Figs. (18) and (19) below shows the
deformation of laminated plate at critical
buckling load and it’'s deflection at first
mode.
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hanical buckling at T=30

Fig. (18): Deformed shape of laminated plate

for mode 1

Fig. (19): Deflection of laminated plate

for mode 1



Number 12

Conclusion

This study considers the buckling
anaysis of crossply and angle-ply
laminates with various B.C's. From the
present analytical study, the following
conclusions can be made:

1. It was noted that different
thickness ratio affected the
critica  buckling load. The

buckling load decrease when b/h
increase and reaches to min.
vaue a b/h=50. The max.
decrease in buckling load occurs
when b/h varies from 10 to 20.

2. As the aspect ratio increases, the
critic  buckling load of
laminated plate decreases and
reaches to min. value at a/b=2.
The max. decrease in buckling
load occurs when &b varies from
0.5to 1.

3. It was seen that the different fiber
orientation angles affected the
critical buckling load. When the
fiber angle increases, the
buckling load decreases and

reaches to min. value at =80,

4. It is clear that No. of layers
affected on critical buckling load.
The buckling load increase when
No. of layers increase and
reaches to max. value at N=10.
The max. increase in buckling
load occurs when N varies from 2
to 4.

5. It was seen that No. of half
wavelengths affected on
buckling load because critical
buckling load (the value of min.
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load) may not occur in the first
half wavelengths. It may lie in
the second or third haf
wavelengths.

6. The boundary conditions affect

the buckling load, the buckling
load increase when boundary
conditions become more
stiffness.

Appendix A

Classical laminated plate theory

The in plane force resultants are defined

as

HX
Nyy t=
Ny

H Zx4a
r=:|.[;._{ %{5 Idz
XY/ g

Where ..

&,
-hiZ Ty
g}l
Uy

I dz=
k

(A-1)

g, and T, arenormal and

X

shear stress.
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Where {N¥} and {M*} are thermal
stress and bending results, respectively

NI, ML
Nf , M"" =
! ﬂu“‘fr
i Q11 Quz Quel( %
m-1 _lh ig QJ @:2 @:a Gy
Qre @ae Qus 2ty
(1,2 ATdz (A-5)

For uniform temperature variation:
AT = applied temperature — reference
temperature (A-6)

For linear temperature variation:
AT = Ty (xyt) + z* Ty (xy.t) (A-7)

Here, 4,, ae the extensiona

stiffness, B, the coupling stiffness, and
D ; the bending stiffness.

AE;:EE:F:](@E;)R (Zre1-Zi) (A-8)
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By= L (02 - 270 (A9)

Df_fzizfr::(gs_:)k(ﬂakﬂ - g® 1) (A-10)

Appendix B

Third order shear deformation plate
theory

The in-plane force resultants are defined
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e
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Where {N7},{M7 }and{P" }are thermal
stress results
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Nomenclature
Symbol Description Units
a Dimension aong x-coordinate m
b Dimension aong y-coordinate m
Ay, By Dy, | Extensional, bending extensional
E. F. H coupling, bending and additional -
IR T RRL stiffness
E, E; E; Elastic modulus components Gpa
Gig Gz Gag Shear modulus components Gpa
h Thickness m
No. of half wavelengthsin x and
m,n o -
y directions
N Total number of plate layers -
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Symbol Description Units
N.r.r J N_I'_I'
In-plane force resultant N/m
!N.l'_'['
Hixx 'Rdfy .
Moment resultant per unit length N.m/m
’M.I'_I'
Pxx’ Pyy .
P Resultant force per unit length N/m
Rl 5
7 Q’_I-z Transverse shear force resultant N
'R. Transverse shear force resultant
Rz Rz (HSDT) N
@'tf' Transformed lamina stiffness N/m
z Distance from neutral axis m
X,Y,Z Cartesian coordinate system

Upper and lower lamina surface

Zir Lin coordinates along z-direction m

@rx» @yy | Transformed thermal coefficients 1P
e of expansion

€xx ET'_‘I' ' IE-.34:'_'['

s €xz Eyz, Strain components m/m
EZZ
AT Temperature increment Cv

Viz Frz Transverse shear strain m/m

Viz Poison’s ratio component -
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Symbol Description Units
J,r_,r ’ O-—_T'_T' ’
Tayr Oxy Stress components Gpa
Cr_t'z
C-SC-S Clamped at x-axis and simply i
supported at y-axis
NL. . H{_I. Thermal stress resultant N/m
Niz  NT, Applied edge forces N/m
e Fiber orientation angle Degree
Umtz ) Ff.tmz ,
W Arbitrary constant -
Xow o Yom
u, v, w
Displacement component M
u, v, w
T Temperature Co
Principal material coordinate
1,2,3 B}
system
(0/90)¢ Symmetric cross-ply laminate -
(0/90)f Anti Symmetric cross-ply i
laminate
(@/—8)r Anti symmetric angle-ply i
laminate
(@/—8) Symmetric angle-ply laminate -
Simply supported edge -
C Clamped edge -
F Free edge -
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Effect of Oscillatory Motion in Enhancing the Natural Convection
Heat Transfer from a Vertical Channel
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Abstract

This paper reports an experimental study regarding the influence of vertical oscillations on the
natural convection heat transfer from a vertical channel. An experimental set-up was constructed
and calibrated; the vertical channel was tested in atmosphere at 25°C. The channel-to-ambient
temperature difference was varied with the power supply to the electrical heater ranging between
15W to 70W divided into five levels. Data sets were measured under different operating condition
from a test rig under six vibrating velocities (VVs) levels ranging from (5-30 m/s) in addition to the
stationary state. The results show that the maximum heat transfer enhancement factor (E) occurs at
Rayleigh number (Ra=2.328x10%) and vibrational Reynolds number ( Re,=6.365x10%); this
enhancement reached to (7.685%).The results also illustrated that the temperature gradient along the
channel wall length was enhanced by inducing the oscillatory motion to the channel. Rayleigh and
vibrational Reynolds numbers were ranging between (2.306x 10° - 5.564x10%) and (0.0 - 19.86x10°)
respectively. Finally, A correlation which summarized the effects of both Ra and Rev was
determined for the Nusselt numbers.

Keywords :Oscillatory Motion, Enhancing, Natural Convection, Vertical Channel.
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1. Introduction

Natural convection heat transfer with air as
the working fluid is a highly important cooling
mechanism that is currently implemented across
a broad spectrum of systems. It is simple,
efficient, dependable, quiet operation and poses
no hazards to human wusers, makes it the
preferred method of cooling especially in devices
where heat transfer rates are at low levels (Yeh
LT,1995, Incropera FP and DeWitt DP,1996,
Sathe S,1998, Incropera FP,1999 and Tou
SKW et al.,1999).Also it concerns a number of
applications, ranging from the cooling of
electronic equipment to the heating of buildings.
Laminar heat transfer by natural convections has
been studied extensively for different geometries
(Ramanathan S and Kumar R,1991, Vafai K
and Ettefagh J, 1990a, Vafai K and Ettefagh
J,1990b, Daloglu A and Ayhan T,1999, and
Khanafer K and Vafai K,2000).

Vertical channels are frequently encountered
configuration in natural convection cooling
where the flows are induced by the buoyancy of
thermal diffusion alone. A significant domain of
natural convection flow has relatively small
velocity magnitudes and contain almost
unnoticeable turbulence levels. Spaces cooled by
natural convection flows vary from one
application to another. Natural convection inside
vertical channels had received an increase
attention in the past decade.There are only few
works that dealed with heat transfer and flow
induced by natural convection inside vibrating
geometries. As an example,(Fu and Shieh,1993)
studied the effect of buoyancy and vertical
vibrations at the four walls of a square closed
cavity.(Kwak et al.,1998) discussed the effects
of having vibrations on the temperature of one
plate of a closed cavity to the natural convection
inside the cavity. (Oronzio Manca et al.,2003)
experimentally introduced air natural convection
in an asymmetrically heated channel with
unheated  extensions. The addition of
downstream unheated extensions improves the
thermal performance of the channel for some
configurations, longer extension and the lower
the aspect ratio the lower the wall temperature in
the channel.(X.R. Zhang et al.,2004) described
a numerical study of the laminar natural
convection on a periodically oscillating vertical
flat plate heated at a uniform temperature. Of
particular interest of the paper was the heat
transfer characteristics when the oscillatory
velocity being close to the flow velocity in the
velocity boundary layer under non-oscillation
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conditions. The results showed that the heat
transfer of the problem under consideration
significantly depends on the dimensionless
oscillation velocity, a relative size between the
oscillation velocity and the flow velocity in the
velocity boundary layer of a stationary plate. The
heat transfer enhancement was found to be
increased with the dimensionless oscillation
frequency, amplitude, the Prandtl number, but
decreased with the Grashof number.

(N. Bianco,T and S. Nardini,2005)
investigated numerically the natural convection
in air in a convergent channel. An extended
computational domain was adopted, which
allowed to take the account of diffusion by both
momentum and energy outside the channel.
Temperature profiles were strongly affected by
the convergence angle at low Rayleigh numbers.
At the lower minimum gap, streamlines and
isotherms show a low pressure region in the
channel due to a choked flow in its upper end.
(Wu-Shung Fu and Chien-Ping Huang,2006)
performed a numerical simulation to study
effects of a vibrational heat surface on natural
convection in a vertical channel flow. The results
showed that for the same Rayleigh number,
natural convection of a vibration heat plate with
a certain combination of frequency and
amplitude was possibly smaller than that of a
stationary  state.(L. A. Florio and A.
Harnoy,2006) investigated a dynamic means of
locally enhancing laminar natural convection
cooling in a wvertical channel through the
localized application of fluid oscillations
numerically. The two-dimensional system
considered for these purposes was a vertical
channel with a small transversely oscillating
plate placed near a constant heat flux channel
wall. The flow and heat transfer in the system
resulting from the combined effects of the
natural convection and the oscillating plate were
determined. The results indicated that for
displacement amplitudes of at least one-third of
the mean spacing and with dimensionless

frequencies (Re/ w.'a) of at least 2m,the local heat

transfer coefficient could be enhanced as much
as 41%.

(N. Kasayapanand and T.
Kiatsiriroat,2007) presented numerically the
electrohydrodynamic effect to natural convection
inside the vertical channels by the use of
computational fluid dynamics technique. The
relation between channel aspect ratio and
number of electrodes that performs the
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maximum heat transfer was  expressed
incorporating with the optimum concerning
parameters.  (Subhrajit Dey, Debapriya
Chakrborty, 2009) implemented a numerical
methods (finite volume) to study the effects of an
oscillating fin in enhancing heat transfer. It is
conclude that there are benefits in Nu for an
oscillating fin over a conventional static fin
because of contraction and disturbances imported
to the thermal boundary layers. The benefits
improved with  higher frequencies and
amplitudes of oscillation.

(L. Cheng et al.,2009) proposed a novel
approach to enhance the heat transfer by using
the flow-induced vibration of a new designed
heat transfer device. Thus the flow-induced
vibration is effectively utilized instead of strictly
avoiding it in the heat exchanger design. The
vibration and the heat transfer of these devices
were studied numerically and experimentally. It
was found that the new designed heat exchanger
can significantly increase the convective heat
transfer coefficient and decrease the fouling
resistance. Therefore, a lasting heat transfer
enhancement by the flow-induced vibration can
be achieved. (P. Poskas et al.,2011) presented
the results of experimental investigation of local
opposing mixed convection heat. The analysis of
the results revealed significant increase in the
heat transfer with the increase of air pressure (Gr
number). Also a sharp increase in heat transfer
was noticed in the region with vortex flow as
comprised with the turbulent flow region.

In the above mentioned research it is noted
that much of the work have been carried out on
natural convection inside different geometries
and that related to behavior of vertical channel
subjected to the effect of oscillation have not
been fully investigated. The present investigation
mainly attempt to shed light on the oscillation
induced heat transfer enhancement , the base
plate of a vertical channel and its walls are
allowed to have oscillatory motion in vertical
direction. The experiments are carried out at
constant heat flux with various frequencies.
Accordingly, an investigation is done for better
understanding about performance of natural
convection inside vibrated vertical channel.

2. Experimental And Data

Reduction

The main objective of the experimental setup
was to assist in development of natural

Set-Up
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convection requirements in a vertically oriented
channel subjected to influence of oscillatory
motion. A summary information about the
experimental apparatus, devices used and
procedure are described below.

2.1 Experimental Set-Up

A schematic view of the experimental setup is
presented in fig.1. The essential components of
the setup include a wood room of 2x1.5m
dimensions with 2m height, experiment testing
model was represented by a vertical channel,
instrumentation for measurements temperatures
(channel and ambient temperatures), power
supply to the heater, and the frequencies supply
to the experiment model by the exciter. Tests
were carried out under constant heat flux
condition with various frequencies and
amplitude, which lead to various vibrating
velocities (VVs) for the channel in ambient
temperature  controlled at 25°C for all
experiments by a thermostat/heater unit as shown
in fig.1. Five levels of heat flux ranging between
(15-70W) were considered to study the natural
convection behavior from the channel. At each
level, the channel subjected to six values of VVs
ranging between (5-30 m/s) in addition to the
stationary state.

Fig.2 illustrates the dimensions and the parts
of the experiment model. The channel was made
from Aluminum as one part. The channel
configuration was produced from rectangular
Aluminum bar with dimensions 100x75x20mm
by milling a longitudinal groove of dimensions
10x60mm in the center of the bar. The bar
constructed by casting an appropriate amount of
Aluminum inside a stainless steel ground
container and then grained and polished to have
the required dimensions for the bar. Aluminum
was selected as the channel material because of
its high thermal conductivity ,low emissivity
,structural  strength, and durability. Nickel-
chrome wire heater used for heating the channel
base consists of nickel-chrome wire wound
round a thin mica plate and insulated on both
sides by two mica sheets. A 5Smm thick asbestos
slab was glued to the bottom surface of the lower
mica sheet to reduce heat loss. The rear surface
of the asbestos and the lateral surface of the
channel base were insulated by a wooden case of
15mm thickness. Hence, all five sides of the test
section except the upper surface were insulated.
The aim of which was to reduce the heat loss and
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To keep the temperature of the boundary
around ambient temperature.

The channel base temperature was measured
by the average of four temperatures
measurements at the back of the base. Four k-
type thermocouples were installed at equal
spacing in grooves along the bottom surface of
the channel. Furthermore, two k-type
thermocouples were attached to the rear surface
of the wooden case to calculate the conductive
dissipated  heat transfer. The temperature
distribution for the channel walls was collected
by installing five k-type thermocouples along the
channel wall length with 10mm between them.
This indicts a clear temperature gradient along
the channel wall length under the effect of the
oscillatory motion. All thermocouples were
connected to a k-type selector switch and the
output of the selector was supplied to a digital
thermometer. From the calibration test of the
thermocouples used the accuracy of averaged
steady state temperature measurements haven't
exceed +0.5°C.The heater was supplied by
stabilized AC power through a regulator which
maintains a constant voltage during the data
reading. The output of the regulator is fed to a
variable transformer (variac) so that the
necessary heating level can be selected. The
current flow and voltage drop are measured by
an ammeter-voltmeter combination. The power
input is measured by a calibrated wattmeter. The
measurements of wattmeter are verified by the
readings of voltmeter and ammeter.

The channel was fixed vertically in a position
between two horizontal arms of an iron frame;
the frame supported the wooden case, which was
connected to the exciter. The oscillatory motion
was induced by the exciter-power amplifier unit
as shown in fig.1. The oscillatory motion of the
channel measured as a vibrating velocity by the
vibration meter, which is sensing the signal of
vibration sent by the electrodynamics pick-up.
After completion the experiments in non-
vibrating condition the desired vibrating velocity
was set according to the vibration meter reading
by adjusting the power amplifier unit to import
vibration to the test section by the exciter. The
experimental data of temperatures, vibrating
velocities, and the electric power, were measured
when the system operates under steady state
conditions.
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2.2 Processing Of The Experimental Data

The experimental data includes the values of
temperatures, velocities of vibration, voltage
drop across the electrical heater and electrical
current. Using these values, the Nusselt number
is calculated by definition (M. Dogan , M.
Sivrioglu, 2010):

h.S
Nu=—= 1
u=- (1)

air

Where k,; is the conduction heat transfer
coefficient for air at film temperature (Ts) which
is calculated as below:

7 o=l tls

== @

Where T, is the base temperature of the
channel which 1is represented the average
temperature of the thermocouples that placed in
the base plate of the channel. Then the
temperature difference ratio TDR is given by:

R = AL 3)
AT

unv

It is computed at six locations along the
channel wall length represented by the non-
dimensional channel length (X=x/L).

The Convection heat transfer from the
channel (Qcony) is calculated from an energy
balance:

Qtotal = Qcanv. + Qc()nd4 + Qrad (4)

The total dissipated energy is determined
from Ohm’s law, Q= VI at the heater source.
The voltage drop (V) and current (I) are
measured during the experiment.

The heat loss through the insulation of test
section is calculated from :

% A ins (5)

chnd = kins.

Where kj,s is the thermal conductivity of the
insulation and AT;, is the difference between
internal and external surface temperatures of the
insulation.
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For the heated surface represented by the
vertical channel, radiative heat transfer was also
taken into account using the flowing equation:

O, = €0AF(T,' —T) (6)

Where the view factor F between the channel
and its surrounding was taken to be unity, (see
e.g. (C.G. Rao et al.,2002 & E. Kchoc et
al.,2003)), The results of experiments showed
that the radiation losses never exceeded 2% of
the total power supplied. Now the heat transfer
coefficient can be calculated and expressed as:

Qconv

"1 2

Other dimensionless numbers affecting the
heat transfer are:

The Rayleigh number
BT, -T,).S’
Ra = Gr.pr <SP0 1. )
av

1 . .
Where [ = i~ ,and the characteristic length
£

was taken as the space between the channel walls
(M. Dogan , M. Sivrioglu, 2010).
The vibrational Reynolds number

U.S
= )

v

Re

The correlation between Nusselt number and
both above dimensionless numbers eq.(8&9) is
defined as below:

Nu =cRa" Re! (10)

The constants (c,m,n) are calculated and
listed in Table (1) for each case .Also all
thermophysical of air appearing in equations
above were calculated at film temperature eq.(2)

3. Results and Discussion

The convection heat transfer from vertical
oscillated channel under constant heat flux
conditions has been experimentally investigated.
Tests were conducted under various heat flux
and oscillating velocities conditions. the
stationary state of the vertical channel was
investigated to assess the wvalidity of the
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experimental results with previous work and
used as a reference to compare heat transfer
results  which generates under six vibrating
velocities condition ranging (5-30 m/s) . the air
around the base and walls is oscillating because
of channel vibration.. Oscillatory motions
generally enhance the heat and mass transfer in
fluid.

The oscillatory motion of the channel is
defined as:

d, = constant (11)

d, = Bsin(2rft) (12)

Where B and f are the amplitude and the
frequency of oscillation respectively. The
experimental data are analyzed by the procedure
that described previously in section 2.2. the
temperatures distribution along the channel wall
length, heat transfer coefficients and the non-
dimensional numbers are calculated at different
velocities of vibration under various heat flux
levels.

The experimental results obtained in the
current study indicate that the oscillation in
general enhanced the heat transfer coefficient but
in a fluctuating manner. For temperatures
distribution the behavior was expected with
cooling the base plate by decreasing the base
temperature difference.

3.1 Temperature distribution

Plotting the Temperature Difference Ratio
(TDR) versus the vibrating velocities (VVs) for
non-dimensional channel wall length helps to
understand the effect of vibrating velocity
variation ,for each heat flux value, on the
temperatures distribution along the channel wall
length and gives a good indication about the
percentage of enhancement.

Figs. 3-8 present the variations of TDR with
(VVs) at all power levels and for each non-
dimensional channel wall length (X= x/L= 0.0,
0.2, 0.4, 0.6, 0.8 and 1.0). As can be seen from
these figures, there is a positive effect on TDR
with (VVs) increase for all values of (X) These
figures show that the temperature difference
(ATunw=Tx-Ts) at each location along the channel
wall length for stationary case is higher than the
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temperature  difference (AT,=T\-T,) for
vibrating state. Evidently, the ratio of the
temperature difference between vibrating and
stationary condition doesn’t exceed (1) in most
of the states.

Fig.3 shows the effect of increasing VV on
TDR at X=0, which represents the base plate
location, for the five power levels . From this
figure, it can be seen that the heat transfer
enhancement at the channel base depends on
increasing or decreasing V'V at each power level
relative to stationary case. The best enhancing
appears at the lowest power level (15W) and VV
equal to (10m/s).The TDR ratio for this case
decreases by (7.14%), that means there is
enhancement in heat transfer. But, when the
vibrating velocity is more than 10m/s; the heat
transfer enhancement decrease and the TDR
ratio at the maximum VVs decreases by (1.43%),
but never take over the stationary state. This
variation occurs for all power levels else the last
point of the maximum power which is increased
over the stationary state by (1.94%) that means
an increase in channel base temperature at these
conditions.

As can be seen from figures (3-8), the
behavior of the relation between TDR and VV
almost remains constant along the channel wall
length. This variation in enhancing TDR along
the channel wall length as can be seen from these
figures is due to the fact that the buoyancy driven
forces become more strong or weak with
increasing in VVs and heat flux. For example, at
power (50W) it can be seen that the enhancing
increases with VVs and then decreases at the
maximum VV. That is a result of the effect of
oscillating in an increase of the buoyancy driven
forces and therefore these phenomenon of
enhancing at the beginning increases the
enhancement magnitudes by decreasing TDR
along the channel length at a specific VVs
ranges.

On the other hand it can be seen from the
figures that the transfer from decreases to
increasing in TDR with VVs depends on the
power level . These changes in its path is
attributed to the buoyancy driven forces increase
with slow oscillations and then becomes weak by
the impeded in boundary layer with variation of
the air density which is bounded the channel. It
leads to slow the hot air circulation and rise but
stay all points along the channel wall and its base
cooler then the non-vibrated state. Also the
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figures show that the decreases in TDR for
the maximum power occurs at minimum VVs
and return to increase with VVs until to be
greater than the stationary state only at maximum
VVs for all location except the channel edge
(X=1). That is occurs as a result of the rising
temperature around the walls and the impeding
created by the oscillation at these conditions.
This behavior considers non-favorite results so it
is best to working in previous ranges only with
appropriates application for this ranges of
temperatures or heat flux.

The same figures, illustrate that there is
fluctuating enhancement in TDR with VVs
represented by the two power levels 30W &
40W), it is clear that the variation in TDR
decreased and then increased slowly and return
to decreased at high VVs in opposite manner of
the other powers. That is mean the buoyancy
force has an effect on the hot air depended on the
amount of heat supplied and VVs provided to the
channel.

3.2 Heat transfer enhancement factor (E)

The rate of heat transfer at the surface of
stationary vertical channel is controlled by the
natural convection boundary layer created by the
density difference due to temperature change
near its surface. When an oscillatory motion is
created between the channel and the adjacent
fluid; the heat transfer coefficient at the vibration
state increases with increasing VVs in most of
studied conditions. Fig. 9 shows the effects of
oscillation on average heat transfer rate
expressed in terms of the enhancement factor (E)
which is defined by the following form:

Nu, — Nu
E — v unv (13)
Nuunv
Where Nu, and Nu,,, represents Nusselt
numbers under oscillating and stationary

conditions respectively. As seen from the figure,
the factor E increased in various rates depending
on the power levels and VVs. Here we couldn’t
refer to Grashof number instead of the power
supplying to the channel because we have at
each power level different values of Grashof
number depending on the VVs supplied. The
oscillation plays an important role in enhancing
Nu at various V'Vs.

Also we can notice that the maximum
enhancement occurs at the first power level
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under vibrating velocity equal to (10m/s), from
the results its reached to (7.685%) and then
decreases with VVs but remain over the non-
vibrated state. It is appear in the figure for the
maximum power supplying the enhancement
factor increases to (2.835%) and then it is
decreased to reach under the stationary state only
at the maximum VVs causing reducing in heat
transfer rate by (2.42%). From Fig. 9 which
shows the variation of E with VVs, it can be seen
that the behavior of its variation to yield to the
power level in addition to the supplying
oscillations. As seen the oscillations increases E
with extent of enhancement being most
pronounced from small values of power and
VVs.

3.3 Influence of Ra and Re, on Nusselt
number

Fig. 10 represents the effect of Ra on Nu for
the cases where the channel is vibrating
vertically with various VVs. As the Ra increases
the Nu increased for all velocities. From the
figure it is clear that the non-vibrating case has a
lowest values of Nusselt number for the most
rang of Ra if it is contrasts with the oscillated
cases else the last point at maximum power and
VVs. Fig. 11 displays the influence of Rev for all
Ra ranges (2.306x10° - 5.564x10%).It is noticed
that the changing in Nusselt numbers are greater
when the vibrational Reynolds increase at low
VVs and then fluctuating with Rev in a different
manner with that of Ra.

This increasing in Nu is due to the effect of
the vertical vibrations in both buoyancy forces
and the slow flow induced by the motion of the
channel yet vertical vibrations affected mainly
the working fluid adjacent the channel which is
heated as a result of temperature differences
between the channel and air. The interaction
between vibrations and the oscillatory buoyancy
forces resulted from vibrations in the channel
cause the trend of Nu to change as Rev increases.
Also the temperature of adjacent fluid inside the
channel are expected to decrease as Ra increase
due to the enhancements in thermal convections.
Therefore, Nusselt numbers at vibrated channel
increase as Rev increases but when the
fluctuating increases depending on the Rayleigh
number.

Based on experimental results, an empirical
equation relates Nusselt number, vibrational
Reynolds number and Rayleigh number has been
obtained. The software (DGA-V1) is used to
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synthesize above equation. The percentage error
between the theoretical and empirical equation is
not exceed (3%). Based in stationary state with
all power levels and oscillated states at each
power supplying for all vibrating velocities and
by using the above software the equation is
deduced different coefficients for empirical
equation. This will donated us more than
equation as specified in table (1).

4. Conclusions

Natural convection from wvertical channel
under vertical vibration motion was investigated
experimentally. The variation of Rev and Ra
were considered and the results were examined
in detail. The main conclusions could be
summarized as follows.

1. For the same Ra natural convection from a
vertical channel subject to a vibration motion
under various VVs is larger than that of the
stationary state.

2. The temperature gradient along the channel
wall length under vibrating state in general
decreases to more cooling surfaces.

3. The increasing in Nusselt number changes

with  vibrational Reynolds number in
fluctuating manner depending on the
Rayleigh number.

4. A maximum value of the heat transfer
enhancement factor (E) is (7.685%) and then
decreases to minimum positive value by
(2.835%)

5. Only one point leads to non-favorite results
represented by decreasing E to a negative
value by (2.42%) at maximum Ra and Rev.
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NOMENCLATURE
LATIN SYMBOLS
Symbols Description Units Symbols Description Units

a Channel wall thickness m Oraa. Heat transfer by radiation W
A Exposed area of the channel m’ Oconv. Heat transfer by convection W

Ains Area of the insulations m’ Ra Rayleigh number

B Oscillation displacement amplitude m Re, Vibrational Reynolds number

d, aiirsgizzenmem of oscillating in x m S Characteristic length m
d, Diiil:é)é?ic(:)enment of oscillating in 'y m p Time, (s)
c Constant Tr Film temperature °C
E Enhancement factor T, Base temperature °C
f Frequency Hz T, Temperature at position (x) °C
F View factor T, Ambient temperature °C
g Acceleration due to gravity m%/s U, Vibrating velocity m/s
Gr Grashof number w Channel width m
h Convective heat transfer coefficient W/m?.°C X ?:ri)grtdhinate along the channel m
kf- Fluid thermal conductivity W/m °C X ]())grﬁinsionless channel length

Kins Insulation thermal conductivity W/m °C y Svc;giginate along the channel m
L Channel wall length m

m Constant GREEK SYMBOLS
n Constant i Coefficient of thermal expansion K'

Nu Nusselt number v Kinematic viscosity m?/s
Pr Prandtl number e Emissivity

OQuotal Total power supply W o Stefan-Boltzmann constant W/m* K*
Ocond. Heat transfer by conduction W o Thermal diffusity m’/s
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Table 1 Coefficients and ranges of governing empirical equations of the studied cases

Case c m n Ra Re,
Stationary 3 3
0.08335 | 0.4688 0 2.437x10° - 5.421x10 0
(15-70)W
15W 49.761 | -0.3726 | -0.01685 | 2.306x10° - 2.420x10° | 2.918x10° - 1.986x10*
T 30 W 0.01311 | 0.6427 | 0.01206 | 3.469x10° - 3.536x10° | 2.788x10% - 1.9108x10*
172}
]
U )
E‘é 40 W 104.851 | -0.4285 | -0.00164 | 4.052x10° - 4.146x10° | 2.743x10" - 1.8751x10"
£2
_é: N 50 W 2.8024 | 0.001143 | 0.01055 | 4.241x10° - 4.423x10° | 2.627x10° - 1.7991x10*
o N
n
© 70 W 20.8042 | -0.19155 | -0.02205 | 5.174x10° - 5.564x10° | 2.544x10° - 1.7212x10*
(15-70) W || 0.0975 | 0.4161 | -0.00515 | 2.306x10° - 5.564x10° | 2.544x10° - 1.9860x10*

Walimeler

o000

Oscillatory motjon

il

Vibration meter

Variac

Regulator

Electrical heater

Thermostat

y
_T Power Amplifier
N
Exc!qr

| ; | . % .-.--.--..-..-..-..
Selector switch | - ) ’ vvvvv A
! [ | [ Wooden Case . ; gv:#’;’t’t’t’t’;
i | © | L == Power supply

Digital Thermometer

Fig. 2 Dimensions and components

of the channel in (mm) (W=100, L=60,
a=5,5=10)

Fig. 1 Schematic diagram of the experimental
setup
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Abstract

Precision is one of the main elements that control the quality of a geodetic network, which defines as
the measure of the network efficiency in propagation of random errors.

This research aims to solve ZOD and FOD problems for a geodetic network using Rosenbrock
Method to optimize the geodetic networks by using MATLAB programming language, to find the optimal
design of geodetic network with high precision.

Z0OD problem was applied to a case study network consists of 19 points and 58 designed distances
with a priori deviation equal to Smm, to determine the best points in the network to consider as control
points. The results showed that P55 and P73 having the minimum ellipse of error and considered as control
points.

FOD problem was applied to three cases of selected network to analyzed using the objective function
of A-Optimality and D-Optimality, with selected range of movement of 300m to each point in each direction.
The first case was a free network, the second case was with P55 and P73 as control points, and the third case
was with P42 and P44 as control points. The results showed that the third case was the optimal design with
high precision.

Key Words: Micro — Geodetic networks — Optimization — Precision — Zero order design — First order
design — Rosenbrock method — A-optimality — D-optimality.
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Introduction

A geodetic network provides a frame work for
setting out the main elements of (dams, bridges,
power plants, tunnels ports, etc.) and for
monitoring the position and deformation of these
elements after construction, they can also be used
to monitor crystal deformation, these networks are
called local or micro networks, which are
generally designed for a limited and specific
purposes, but when used for multi-purposes, they
are defined as national control networks, or
reference networks which are play an important
role when preparing the coverage maps of the
country. The goal of designing, computing,
measuring and adjusting procedure is to find the
proper and optimal design of a geodetic network
then establishing the points of the geodetic
network by expressing their positions by (E, N)
coordinates. To achieve the best network design,
there are different techniques which are
triangulation, trilateration, and combined control
survey. The optimization problems of geodetic
networks are classified into, Zero Order Design
problem, ZOD, which define as searching for an
optimal datum. First Order Design problem, FOD,
which is define as the determination of the
optimal position of the network points. Second
Order Design problem, SOD, which is defined as
weight problem, and Third Order Design problem,
TOD, which is the optimal improvement of an
existing network or an existing design. Sometimes
FOD and SOD problems can be solved
simultaneously; in this case the design problem is
called a combined design problem, COMD. This
research aims to solve ZOD problem and FOD
problem of geodetic networks in order to find the
optimal design of geodetic network in sense of
high precision using least squares adjustment and
Rosenbrock Method which solves nonlinear
optimization problems, and using the objective
function of A-Optimality and D-Optimality, with
a constraint of the limits of movement for each
point in each direction.

Preparation of Geodetic Network

Any geodetic project involved three steps
which are: design (precision and reliability),
adjustment (determination of geometry) and
testing (validation of geometry), Teunissen, P. J.
G., 2006, and the preparation of geodetic network
contain design procedure, planning for survey,
and optimization procedure.
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Design Procedure

The approximate positions for stations
must be determined to be included in the survey.
These positions can be determined from
topographic maps, photo measurements, or
previous survey data. The approximate locations
of the control stations should be dictated by their
desired locations, the surrounding terrain,
vegetation, soils, sight-line obstructions, and so
on. Field reconnaissance at this phase of the
design process is generally worthwhile to verify
sight lines and accessibility of stations. Moving a
station short distance from the original design
location may greatly enhance the inter visibility
between stations, but not change the geometry of
the network significantly. By using topographic
maps in the process, clearances of sight-line can
be checked by constructing profiles between
stations. In the design process, considerations
should be given to the abilities of the field
personal, quality of the equipment, and
observational procedures. After the design is
completed, specifications for field crews can be
written based on these parameters. These
specifications should include the type of the used
instrument, number of turnings for angle
observations, accuracy of instrument leveling and
centering, miscolosure requirements, and many
other items. When approximate station
coordinates are determined, a stochastic model for
the observational system can be designed. Once
the stochastic model is designed, simulated
observations are computed from the station
coordinates, and a least squares adjustment of the
observations is to be done. Since actual
observations have not been made, their values are
computed from the station coordinates. When the
adjustment has been completed, the network can
be checked for geometrically weak areas,
unacceptable error ellipse sizes or shapes and so
on. This inspection may dictate the need of any or
all of the following, Ghilani, C. D., and Wolf, P.
R., 2006:

1. More observations.

Different observational procedure.
Different equipment.
More stations.
Different network geometry and so on.

Nk

Planning for Survey

In past, the planning of survey based on
empirical standards, experience and intuition. This
procedure depends on its validity on the pattern of
new work conforming closely to that of the past
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experience. Any deviation in design can only be
assessed intuitively and may have adverse effects
on the precision of survey. By classical methods,
the observational precision may be assessed by
examining triangle and other miscloses. The size
of the corrections to the observations after an
adjustment is also of assistance in this assessment.
The actual implicit requirement of the survey is
that stations be coordinated to some specified
positional accuracy. In order to assess the
positional accuracy, error ellipses may be
calculated for each station and their dimensions to
compare with the specification, related to the
adjustment reveal any weaknesses, the field part
must revisit the scheme to take additional
measurements, and this is an expensive
proposition. Some recent articles suggested the
use of simulated observations to analyze a
proposed scheme of survey. All these
requirements to analyze the scheme need the
knowledge of three components:
1. The approximate coordinates of stations.
2. The type of the proposed observations
(Distances, Directions, Azimuths, etc.)
and their position in the network.
3. The anticipated precision for each type of
observation.
With this information, it is possible to calculate
the error ellipses for the stations, and verify the
desired accuracy can be attained. The effect of
additional or fewer measurements and changes in
observational accuracy can also be assessed, by
repeating the above procedure varying
requirements 2 and 3. In this way, the most
economical method to achieve the desired
accuracy may be determined before any field
measurements have been taken. In other words,
the network has been "Optimized", Allan, J. S.,
and Hoar, G. J., 1973.

Optimization Procedure

The optimization and design of a geodetic
control network play an important role in network
analysis. Optimization means maximizing or
minimizing an objective function which
represents the criteria adopted to define Quality of
a Geodetic Network. Generally, the quality of a
geodetic network is characterized by precision,
reliability, and economy. Precision may be
expressed by the covariance matrix of the
coordinates,  displacement or deformation
parameters, etc. So, the precision is the measure
of the network characteristics in propagation of
random errors, while reliability describes the
ability of the redundant observation to check
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observation errors. Finally, economy is expressed
in terms of the observation program, e.g., the cost
of observation, transport....etc, Kuang, S. L.,
1991.

A network can be designed in such way that,
Schmitt, G., 1982:

- The postulated precision of the network
elements, e.g. coordinates or displacement of
points, can be realized,

- It becomes sensitive against statistical testing
carried in measurements, and it resists against
undetected gross errors, and

- The construction of the points and the
performance of the measurements satisfy some
cost criteria.

In mathematical terms the quality of geodetic
network means, Amiri-Simkooei, A. R., 1998:

ap(precisi0n)+a,(Reliability)+ac(cost)'1—> max (1)

where:

a,, o, and o. are the weight coefficients for

precision, reliability and cost, respectively.

There are two methods that can be used to solve

the design problem:

1. Trial and error method: which can be
summarize in the following steps, Amiri-
Simkooei, A. R., 2007:

a. Specify precision and reliability criteria
(e.g. ellipse of error).

b. Select an observation scheme (stations,
observations and their precision).

c. Compute the wvalues of the quantities
specified as precision and reliability criteria
(e.g. covariance matrix and redundancy
numbers).

d. If the computed criteria are close to those
specified in (a), then go to the next stage;
otherwise alter the observation scheme (by
adding the observations or increasing the
weight if they are not satisfied, or by
removing the observations or decreasing
the weights if they are too optimistic) and
return to (c).

e. Compute the cost of the network and restart
from (b) with completely different scheme
(e.g. Trilateration instead of triangulation).

f. Stop when it is believed that the optimum
(minimum cost) network has been found.

In other words — in trial and error method, the

objective function is computed with a suggested

solution for the problem, and if the suggested
solution does not satisfy the objective function,
the solution is changed a bit and the objective
function is computed again. This process is
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repeated until the requirement is satisfied. The
solution in the trial and error method depends on
the experience of the designer. However, in some
cases the solution might not even be found, but
what might it interesting is its ease of use and lack
of complicated mathematical models in its

solution, Sahabi, et al., 2006.

2. Analytical method: which offer specific
algorithms for the solution of particular
design, which are used to describe a method
that solves a particular design problem by a
unique series of mathematical steps, Kuang,
S. L., 1991. The analytical approach gives
some advantages rather than other existing
methods for network optimization, as follows:

- Any type of geodetic observable can be
considered.

- Any condition or constraint can be
considered.

- All the criteria of precision, reliability and
cost can be considered simultaneously in
the optimal design.

- The optimization procedure can be
performed in the sense of FOD and SOD
separately or simultaneously.

- This methodology can be used for the
optimal design of one, two, or three
dimensional networks.

The main disadvantage of the analytical method
is: the proper formulation of the mathematical
model can be difficult. This also holds for solution
of the problem in an analytical way, Simkooei, A.
R., 2007.

Adjustment
Squares
The development of the theory of least
squares adjustment is based on the variance law
for independent observations. The mathematical
concept of weights is presented as a function of
the variance (squares of standard deviations),
while the use of weights, in conjunction with the
variance law, leads to the idea of the variance
factor. The square root of the variance factor is
usually referred to as the standard deviation of an
observation having unit weight, Gale, L. A.,
1965.
The principle and the equations of least squares
and adjustment with constraints are explained in,
Mikhail, E. M., 1976.

Computations by Least

Variance - Covariance Matrix
Variance — covariance matrix of
coordinates of the analyzed network is a basis for

Optimized Zero And First Order Design
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calculations of the relative positional errors. They
allow the calculations of the following quantities
that are frequently used in describing the
positional accuracies which is called post analysis
process, Moffitt, F. H., and Bourchard, H.,
1987. The following symbols will be used:

(og, oy ) = standard deviation of coordinates.

(Omax » Omin ) = S€Mi — major and semi — minor axes
of standard error ellipse.

(64, 0,, o4 ) = standard deviations of observed
distance, directions (azimuths) and angles.

The covariance of a pair of coordinate values
belonging to one or two points denoted by
(O, »Orw,) is a measure of statistical

dependence of the two values, if the two
coordinates or two observation values are
uncorrelated then their covariance equals zero.
The algorithm for computing the variance —
covariance matrix is as follows:

t
of == @)
Zxx = (502 (BtWB)_I (3)
where:

>« = variance-covariance matrix of adjusted
unknowns,

6,2 = variance of unit weight,

B= the coefficients matrix,

w = the weight matrix, and

r = redundancy.
It is important to know that ). is square and
symmetrical. For instant, for two points 7 and j in
a network, Y., will be a matrix of the form:

2
OF  OEN, OEE; OEN,
2
T OgN,  ON,  ONE;, ONN, (4)
OFE, ONE, Of, OEN,

OEN; ONN; OEN; ON;

J
Ellipse of Error

The variance or standard deviation are
measures of precision for the one dimensional
case like an angle or a distance, but in the case of
two dimensional problems, such as the horizontal
position of a point, error ellipses may be
established around the point to designate precision
regions for a different probabilities. The
orientation of the ellipse relative to the E, N axes
system, Fig. 1, depends on the correlation
between E and N. If they are uncorrelated, the
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ellipse axes will be parallel to E and N. If the two
coordinates and of equal precision, or oz = gy, the
ellipse becomes a circle. Considering the general
case where the covariance matrix for the position
of point p is given as, Davis, et al., 1981:

= {"% “@N} 5)

Ory ON

The semi major and semi minor axes of the
corresponding ellipse are computed as in the
following:

2
aéaxzé(az%/+aé+\/(0']2v—a%) +40'§NJ (6)

1 2
oo =3+t Ik -atf eaoki |

The orientation of the ellipse is determined by
computing (9) between the E axis and the semi
major axis from:

2
tan20 =— BV 8)
Op — Oy
where:

6 = is laid off counter clockwise from the
positive E-axis.

Mathematical Model in
Horizontal Geodetic Network

The adjustment of geodetic networks still
one of the most important problems in surveying
for many applications such as designed for
monitoring. With advance development of
computers, the method of adjusting the geodetic
networks by "variation of coordinates" technique
become the most preferred one, Jabiry, J. M.,
2007. The variation of coordinates is the most
common method to adjusting the traditional
geodetic networks such as triangulation networks,
trilateration networks, intersection, resection,
hybrid networks and traversing as well as in
engineering applications such as displacement
computation of heavy structures like dams and
towers. The reason for the prevalence of using this
method is its suitability for computer
programming because it taken specific pattern
depending on the type of observations and their
relation to the fixed and unknown points, and it is
based on assumption coordinates for unknown
points, calculated by lengths and observed

Adjusting
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directions by error does not exceed 1/4000 for
lengths and 1 minute for directions to be solve
with minimum iteration, AL-Joboori, B. S., 2010.
The following equation is the final linearized
observation equations for an observed distance see
Fig. 2, where coordinates of i, j are known.

E; - E; N5 -N;
v, =| ——L |x6E; +| —L—L|x &N,
‘ S S
ij ij

E°_E° N°—N°
+[;Jx55j_[;]xavj ©)

i S

+ (Scomp - Snbs )

Free Net Adjustment or Inner Constraints
The datum problem is very important in
geodetic networks and there are various methods
for defining a datum. The definition of the best
datum for a geodetic network can be called as the
Z0OD. There exist three methods for obtaining the
adjusted coordinates of net points. If the datum is
not defined for a geodetic network, one can say
that there exists infinite number of solution for the
coordinates of the net points, in other word, the
points can get infinite values as coordinates. In
order to restrict the wvalues, some constraints
should be included in our adjustment process, so
that they convert our infinite number of solutions
to finite number. These constraints should be
defined so that the network becomes translation-
free, rotation-free, and free of expansion or
contraction. These characteristics can be included
in adjustment process using minimum constraint,
inner constraint, or even over constraint least
squares adjustment. There are various literatures
for mathematical description of these methods like
(Teunissen, P.J.G., 1982), Eshagh, M., 2006.
In a free network adjustment the system of normal
equation is singular because of the rank defect (no
external datum). Different approaches for the
solution of a free net are available, but the
solution is always chosen where the trace of the
covariance matrix of the estimated parameters is a
minimum. The geometric interpretation of the
minimum trace is that there should not be any
translation, rotation or scaling changes from the
given approximate values of the unknown
parameters. One of the advantages of free net
adjustment is the fact that it can better identify the
existence of certain unmodeled systematic error in
the system, as the solution is not influenced by
external factors, Remondino, F., 2006. If a
square, symmetric matrix, such as », is of full
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rank, then all of its eigenvalues are nonzero, and
it's eigenvectors from an orthogonal basis for the
row space. If it is not full rank, it has order u, rank
(h < u), and therefore defect (u-4). Such as matrix
will have (u-h) =zero eigenvalues. The h
eigenvectors associated with nonzero eigenvalues
will form an orthogonal basis for the row space,
and the (u-h) eigenvectors associated with the
zero eigenvalues will form an orthogonal basis for
the null space. The locus of solutions to the rank —
deficient equations and the intersection point of
the solution space and the row space are shown
schematically Fig. 3. This strategy will have the
following characteristics:

1. It will resolve the deficiency from the datum
defect and it will therefore permit a unique
solution to the system of equations.

2. Of all the possible solutions to the rank —
deficient system, it will select the one with
minimum  magnitude and minimum
variance.

This solution is known in the geodetic and
photogrammetric literature as the inner constraint
solution, or sometimes as the free net solution.

This presentation is useful for understanding the
geometry of the problem, but there are easier
ways to construct the needed constraint matrix.
The eigenvectors just described provide a basis of
the null space of the rank — deficient matrix. But,
as with any vector space, there are many (an
infinite number of) such bases. In the adjustment
of geodetic nets, the relationships between the
observations and the point coordinate parameters
are expressed by condition equations: for
example, the angle or the distance condition
equations in geodetic applications. These
equations all contribute relative information rather
than absolute information about the point
positions. The usual procedure to introduce
absolute information is by constraining (fixing)
certain point coordinate components. These points
are referred to as control points. Without such
control points, or other constraints, the system of
normal equations would be rank deficient and
hence not uniquely solvable. The rank deficiency
is equal to the minimum number of constraints
that would be needed to bring the system to full
rank. In the case of a horizontal network with only
angle observations, the rank deficiency is four. In
the case of a horizontal network with at least one
distance observation, the rank deficiency is three.
The rank deficiencies are referred to as datum
defect, since the presence of the necessary control
points would define the datum. Of course, there
may be other causes of rank deficiency, such as
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insufficient observations to define a point, these
are another matter altogether, and are referred to
as configuration defects. In one introduces just
enough constraint equations to satisfy the datum
defect, and then these are known as minimal
constraints. Different sets of minimal constraints
have the interesting property that, although the
point coordinate estimate may vary, the
observation residuals are invariant. Thus, for
residual analysis only any minimal set of control
points is as good as another. However, in practice
the choice of control point is very important. The
new network must be consistent with existing
networks at shared points. There are many
mathematical techniques that could be used to
solve for the generalized inverse, they are:

1. Orthogonal bordering.
Pseudo inverse.
Singular value decomposition (SVD).
Orthogonalization (QR).
There is another common approach is, AL-
Joboori, B. S., 2010:

N AN

N*z@%£+CTT{47kUCUT%Y (10)
For the purpose of illustration, consider the
geodetic horizontal triangle network in Fig. 4,
as an example. If only the three angle
observations shown are made and no control
points are introduced, then the resulting
normal equations, of size [6><6] have rank

two and rank deficiency of four. The fixing of
two control points, or four point coordinates,
would resolve this datum defect. These
constraints can be implemented very simply
by eliminating the effect by replacing the
unknowns with numerical constant. However,
for generality we assume that the constraints
are implemented by the general method of
bordering, (Helmert Method), where:
A

-N (! |-t
C 0]k | g
In which N and ¢ pertain to the normal equations,

where N=B'w B and t=B' w f.
For the horizontal 2-D network in Fig. 4, with no
distance observations, the following constraint

matrix will have the same effect as the (harder to
compute) eigenvectors:

(11)
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1 0 1 0 1 0
0 1 0 1 0 1
C= 0 0 0 o o 0 (12)
Yio =X Y, —Xj Vi —X
xtoviox v X W

in which approximate coordinates x°, y° of three
points are used. If distance observation were
present then the datum defect would be one less,
and the fourth row of the matrix in eq. (3) will be
canceled. In order to demonstrate the plausibity of
this solution, it will be shown that the rows of the
matrix in eq. (3) are orthogonal to the coefficients
of the angle condition equation. This condition
equation represents the one most widely used in
two  dimensional, horizontal triangulation
networks. For the clockwise angle at point (7), in
Fig. 3, from point (j) to point (k), the following
row vector represents the coefficients of the
linearized angle condition equation, Mikhail, et
al., 2000.

p=| %o Oy Oy OFp OFy OFy (13)

If one takes the inner product of B with the rows
of C, the result is a vector of zeros. In other
words, the rows of C are orthogonal to B.

BC'=[0 0 0 0 0 0] (14)

The development will summarize for the two
dimensional case, a simple extension can be to
make the adjusted coordinate the approximate

coordinates, X° .
X,=T+(1+k)R,.X° (15)
in which T is the translation vector, (1+k) is the

scale factor, and R, is the matrix of a small angle.
Written as:

[x”}:{tx}+(l+k){co.sa Sina”:xo} (16)
Ya Z, —sina  cosa || y?

Assuming a small angle and scale vector near
unity, and assuming that products of small
quantities may be disregarded, we obtain:

L] o
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So this represents a step in the iterative solution.
o
{xa}: x? +dx (18)
Ya yO + dy

The last two equations can be combining to
obtain:

{dx}z{t’c}ra{ y° }H{xo} (19)
dy ty —x° yo

Rearranging in a matrix form yields:
t)C
d. ° ° 1|t
XI_|ro vy X v (20)
dy 01 —-x Y |la
k
The above equations can be written for every
point in the network as:

dy] |1 0 7 X0 |
dy 0 1 —x y?
dx2 I 0 y(2) x7 t,
dys _10 1 =x3 3l Q1)
a
. k
dxn 1 0 Y xff
_dyn_ _0 1 —xZ y(n)J

By considering this to be over determined system
of equations, then:

f~BA (22)

Then it could be solved in the least squares sense
by the usual normal equations:

A= (BfB)’lB’ f (23)

Now suppose that we would like to enforce the
condition between the point coordinates before
and after the iterative correction where will be no
net shift, rotation, or scale change.

In other words,

t
A="1=0 24
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This can be done by setting

Bf=0 (25)
or, it can be written as,
d]
1 0 0 d, 0
0 1 1
o o = = 0 (26)
Yio =X Yn —X, 0
XUy Xy v | | da | O
_dy” i
The geometric interpretation of the inner

constraint solution is that when advancing from
one iteration to the next, there will be no net shift,
rotation, or scale change between the approximate
and refined coordinate positions. Thus, rather than
arbitrarily fixing two points (four coordinate
components) out of many, one fixes four
geometric relationships. All points then equal play
roles in connecting the network to the coordinate
system. This can have dramatic effects upon the a
posteriori confidence ellipse of the network
points. If a point is fixed, then its confidence
ellipse vanishes. For a three point network, after
fixing two points, all of the error is cast into the
uncertainty of the third point. With the inner
constraint or free net solution, however, each
point has a finite confidence ellipse that reflects
its strength of determination in the network.

First Order Design problem (FOD)
Determination of the optimum geometric
design for geodetic network is one of the classical
design problems in geodesy, known as the first-
order design problem, Berné, J. L., and Baselga,
S., 2004. When trying to define the best geometric
configuration of a new geodetic network, the
range of situation can vary from the case where
the possible location of the station is so
constrained by exterior conditions - visibility,
natural features, private properties, etc. — that
there is almost no choice for the most adequate
location because there is no margin of movement,
to the case where any possible location within an
area is acceptable. As the margin of choice grows,
there is an increasing need for reliable criteria to
determine the most appropriate network design.
Criteria for appropriateness should rely on the
minimum in determination at the defined points,
considering both the type and the number of
observations to be done. Some mathematical
methods are required to search for the best design.
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One of the most rigorous approaches is to
determine the position of all the stations to be
located by means of minimizing the hyper volume
of error hyper ellipsoid inherent to the solution.
The system of equations for the parametric least
squares method in its parametric form, and for any
kind of observations (angles, distance, etc.) can be
used and as the aim is to minimize the hyper

volume of the hyper ellipsoid define by ) . this
involves minimizing its determined

Min. det. (X xx)

or (27)
Max. det. (Ty)”
The question of finding optima for the

determinant function (and even to calculate the
determinant function itself) is far from being a
trivial problem. Moreover, if the desired solution
has to be not a local but the global optimum, the
solution is almost unattainable, at least from the
classical mathematical point of view.

Measures and Criteria for Precision
The precision measures and criteria of a
geodetic network are based on the covariance
matrix of estimated coordinates. One measure of
precision takes the form of scalar function of the
elements of the covariance matrix of the
coordinates varieties. The purpose is to fill the
need for an overall representation of the precision
of a network, Kuang, S. L., 1991.
A scalar function (objective function) may be one
of the following, Berné, J. L., and Baselga, S.,
2004.
1. A - Optimality
This refers to minimizing the trace in the
covariance matrix. As a result, the average
variances of the parameter estimates are
minimized.
f=trace (3.) — min (28)
2. D - Optimality
This seeks to minimize the covariance matrix
determinant. It has the statistical significance
of minimizing the volume of the error hyper
ellipsoid.

= det (}) — min (29)

3. E - Optimality
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This aims to minimize the largest eigenvalue
of the covariance matrix for the parameter
estimates.

=2 gy — min 30)

4. S - Optimality
This related to network stiffness and
supposes an eigenvalue and eigenvector
approach to the problem of optimization in
terms of network stiffness, i.e. the
maximum flattening of the eigenvalue
spectrum.

=L max = A min — min (31)

5. Criterion Matrices
These consist of defining a desired matrix for
the result — the criterion matrix — and then
finding the solution that is closest to this
ideal assumption. They sometimes appear
together with some of the other methods.

Rosenbrock Method for Unconstrained
Optimization Problems

Rosenbrock Method falls within the numerical
category of optimization methods. The method,
due to, Rosenbrock, H. H., 1960, uses a direct
search  technique making use of the
Orthogonalization principle of Gram-Schmidt in
order to give an acceleration in both the direction
and the step length. The method is fully explained
in many references, Rosenbrock, H. H., 1960,
Kuester, J. L., and Mize, J. H., 1973, Bazaraa,
M. S., and Shetty, C. M., 1979, AL-Fahdawi, D.
KH., 2000, Al-Hity, A. A, 2006. It can be
reviewed by the following algorithm:

1. Choose initial values for the design variables
and set of step sizes (4;, 4, 43,..., 4,) (where
n is the number of independent variables).
Also choose a set of search directions (S/,
Sy, Si. ..., S,)) which are usually selected as
being parallel to the basic axes when j=1,
and evaluate the function.

2. Sequentially search parallel to each of the n
directions in turn, adopting the new point if
the move is successful (objective function is
less than or equal to the previous one) and
retaining the last point if the move is
unsuccessful. If a move is successful the step
length is multiplied by a factor (a), (a0 >1)
then this direction is next searched in its turn.
If the move is unsuccessful then the step
length to be used for the next search is (f)
times the previous length (0 < f < 1) and the
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direction of move is reversed. However
Rosenbrock recommended the use of (a = 3)
and (f = 0.5) as suitable values.

3. The search of step (2) continues until at
success is followed by a failure in every
direction, Himmelblau, D. M., 1972.

4. Compute the new set of direction (S/™, S/,
S{ S/ for use in next (j+1)" stage of
method by using the Gram-Schmidt
Orthogonalization procedure.

a. Compute a set of independent direction (P,

P2,P3,...,P,,)as
Pony=[P P, Py P,]
(32)

a 0 0
_|oJ J J il 92 92 0
—[Sl Sy Si.... Sn] '

an al’l a}’l
where:

a; = The algebraic sum of the all the successful
step length in the corresponding direction.

S/ = The direction and i= 1,2,3,...,n

P; = The vector joining the starting point and the
final obtained after the sequence of the searches in

the ( j)th stage.

P, P; .. P, = The algebraic sum of the successful
step length in the all directions except the first
one, and so on these linearly independent vector
P,, P; . P, can be used to generate a new set of
orthogonal directions.

b. Set D]j :ij (33)
with:
si-— D (34)

,/(le if.le

c. Compute p/ = p/ - %[((Pnfﬂ )’.S,{l )S,Jn] (35)
el

with:
D/

Jb/).p/

5. Take the best point obtained in the present
stage, and repeat the same procedure of
searching from step (2).

S/ =

ie. new[x/y;] = old [x/;)+A [SLi] (36)
where:

L = variable index, L=1,2,....,n

i = direction index, i=1,2,......,n
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j = stage index.

6. The procedure terminates when the
convergence criterion between initial and
final value of the objective function is
satisfied.

Case Study Geodetic Network

A trilateration network part of Mosul
Dam Network was selected as a case study for the
purpose of application of the proposed
optimization network technique. The network
consists of 19 points, six of the observations
pillars are on the dam body, and 58 designed
distance with standard deviation equal to Smm as
shown in Fig. 5, Table 1 lists the initial
coordinates of the network points. This initial
coordinates were based on the epoch 36. Table 2.
lists the designed distances of the network. The
designed distances were derived from the
observed distances of Mosul Dam Network in
epoch 36 from AL-Kanani, Y. H., 2009. The
designed distances difference slightly from the
observed distance for study purpose. Additional
designed distances were added to make a
difference in the original network and to
strengthen the network to get the more realistic
control points. These distances were from P44 to
P54, P55 to P3, P42 to P52, P42 to P61, POl to
P71, P61 to P71, and from P71 to P73.

Z.0D Application to the Case Study

During the design stage of the geodetic
networks, a selection of some control points must
be made. The ZOD used to select the best points
which can be detected to be the control points for
the network of the case study. A program using

MATLAB language was prepared to solve ZOD

as shown in Fig. 6. which shows a flow chart

describing the steps of free network program, this
program has a capability of:

1. Compute the free network adjustment by
calculating the general inverse or the so-called
false inverse through Helmert Method.

2. Compute the post-analysis for the adjustment
including variance-covariance matrix and
compute the elements of ellipse of error.

3. Plot of the points and the ellipse of errors for
each point in the network.

The results of application of the ZOD, semi-

major, semi-minor axis and area of the ellipse of

errors, for each point presented in Table 3. Fig. 7

presents the ellipses of error for each point in the

network exaggerated by a factor of 30000. The
ellipse of error for the network points varies
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between 24.50mm’ and 146.24 mm’. Points P66,
P55, and P73 have the smallest ellipse of error
compared to the other points. Because of, Point
P66 is lie on the dam body, therefore; points P55
and P73 considered as the best points and selected
as control points.

FOD with High Precision

First Order Design problem is one of the
classical design problems that face surveyors. By
using FOD one can determinate the optimum
geometric design for a geodetic network through
optimizing station positions. The wvariables in
FOD problem are the observations "design
matrix" or (B-Matrix geometry of the network).
To solve FOD problem, one of the optimization
methods was selected that is "Rosenbrock
Method". A program was prepared using
MATLAB language to solve FOD with precision
using Rosenbrock Method based on the equations
from (32) to (36), and using least square
techniques. The two objective functions to solve
FOD with high precision are:

1. A-Optimality:

Objective function = Min. trace (Qxx) (37
Constraint: E. <E;<Ey
NL<N; <Ny
2. D-Optimality:
Objective function = Min. det. (Qx) (38)
Constraint: EL<Ei<Ey
NL<N; <Ny
where:
2
ZXX = O-o QXX 2
Qu =(B'WB)",

0'02 =1 in design stage,

E; and N; = coordinates of points,

i = number of point,

E; and Ey= lower and upper limit in X-direction
for each point, and

NL and Ny= lower and upper limit in Y-
direction for each point.
A program was prepared using MATLAB
language to solve A-Optimality and D-Optimality.
FOD applying to the network of case study after
applying ZOD and selecting the points P55 and
P73 as control points, then the FOD was applied
to the network of case study in three cases. The
case which satisfies the best condition of precision
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will be identified as the optimal design of the

micro geodetic network. These cases are:

e The 1" case: considering the dam points are
fixed, and the other points are moving.

e The 2™ case: fixing the dam points, and using
the resulting points from the ZOD results as
control points, these points are P55 and P73.

e The 3" case: fixing the dam points, and using
the points which are used by the general
directorate for survey as control points, these
points are P42 and P44.

In FOD, different values of range of movement of

50,100, and 300m were tried. It was found that

when the range of movement of 50 and 100m , the

movements in the points of the network were not
clear . 300m as a range of the movement in each
direction for each point was selected and
assuming no obstacles to exist. The upper and
lower limits of movement for each point can write
as:

E°-150m <E;<E/ + 150 m

N/ - 150 m <N; <N +150 m

The limits of movement for each point of the
network in E and N directions computed and
presented in Table 7. The final coordinates of
network points obtained according to the FOD
will be compared to the lower and upper limits,
obtained below. If the final coordinates within the
limits of movement, the solution continue to the
next step of calculation of FOD until exceeding
the limits of movement of all points. FOD with
high precision, high reliability, and high precision
and high reliability were applied to the three
cases, mentioned above.

FOD with High Precision Application to
The Case Study

In FOD with high precision computations,
The initial coordinates of points were used to
calculate the initial value of the objective
function. Then the prepared program of FOD with
high precision applied to each case to compute the
final coordinates of the points that satisfy the
range of movement. The final value of the
objective function of each case was computed. To
make sure that the errors in the final positions of
points are less than the errors in the initial
positions and the errors not distributed between
points of the network, area of the ellipse of errors
has been added to the computations. The results of
applying FOD with high precision to the three
cases were as follows:
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1. The 1% case: the initial value of the objective
function was 905348144335858*10""7, which
is equal the trace of Q. matrix with [26x26]
and the final value of the objective function
was 672977706671926*10"7. This indicates
that there was an improvement in the value of
the objective function. Table 4. lists the initial
and final easting and northing coordinates for
each point with their standard deviations and
area of ellipse of error for each point. It can be
noticed that the improvement in the standard
deviation in most of points and this lead to
improvement the area of the ellipse of error
and all that indicates the improvement in
precision, see Fig. 8.

2. The 2™ case: the initial value of the objective
function, A-Optimality, was
767947323337789%10°7", for a trace of Qu
matrix with [22x22] and the final value of the
objective function was
558262174843364*10™". Table 5 presents the
results of application of the FOD with high
precision. The value of the objective function
and the results of application of the FOD
indicated that there was an enhancement in the
value of the objective function, in the standard
deviation in most of points, and in the area of
the ellipse of error. All of these enhancements
of sure will be reflected on the improvement of
precision, see Fig. 9.

3. The 3" case: the initial value of the objective
function, A-Optimality, was
68147035762434*10™"7, which is equal the
trace of Q,x matrix with [22x22] and the final
value of the objective function was
496224444075659*10"7.  The results of
applying FOD with high precision to the 3™
case are list in Table 6. that lists the final
coordinates of network points, the standard
deviation, and area of ellipse of error for each
point. There was an improvement in the value
of the objective function, in the standard
deviation in most of points, and in the area of
the ellipse of error. With these enhancements
the network becomes more precision than the
initial network, see Fig. 10.

The objective function values of the 2™ case and

the 3" case was better than the objective function

values of the 1% case. The results of FOD with
high precision of the 3" case were better than that
of the 2™ case. Therefore, the 3™ case network
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was considered as optimal design due to its high
precision.

Different values of the constants o and  of the
Rosenbrock Method than the used values of 3 and
0.5 respectively, in the above analysis were
investigated. These values were o=1, 1.5, and 2,
and B=0.1 and 0.25. Results showed that these
values gave almost similar results of that when
0=3 and B=0.5 were used. The precision of all
cases were analyzed by using D-Optimality as
objective function, which means the determinates
of Qu matrix. The results of applying FOD with
high precision to all cases using D-Optimality
indicate that there was an improvement in the
precision. The obtained improvement is exactly as
that obtained by applying FOD with high
precision using A-Optimality.
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a,, o, and a,

0

p"
2

Go

Weight coefficients for precision, reliability and cost.
The angle of ellipse orientation.
206265

Variance of unit weight.
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Table 1. The initial coordinates of the network points.

Point Easting, m Northing, m Notes
P61 70384.0000 49113.0000 on Dam body
P62 70795.0000 48989.0000 on Dam body
P63 71178.0000 48873.0000 on Dam body
P64 71571.0000 48754.0000 on Dam body
P65 71963.0000 48636.0000 on Dam body
P66 72272.0000 48402.0000 on Dam body
P51 69547.0000 49265.0000
P52 69856.0000 48865.0000
P53 70582.0000 48516.0000
P54 71138.0000 47976.0000
P55 71754.0000 47914.0000
P71 69904.0000 49524.0000
P72 70620.0000 49999.0000
P73 72344.0000 48898.0000
PO1 68672.0000 49162.0000
P32 71705.0000 50937.0000
P03 73417.0000 47589.0000
P42 70191.3921 48310.7710
P44 71851.7091 47153.8040

Table 2. The designed distances.

Station Occupied Station Sighted | Distance, m Station Occupied Station Sighted | Distance, m
P42 P53 441.8518 P53 P62 518.6125
P42 P66 2083.2556 P53 P63 694.6583
P42 P55 1612.8824 P53 P66 1693.9374
P42 P54 1004.4418 P53 P55 1317.6971
P44 P55 766.7708 P53 P54 774.9212
P44 P66 1317.3135 P54 P55 619.3717
P44 P03 1625.3395 P54 P63 897.8043
P03 P44 1625.3431 P54 P64 890.3940
P03 P66 1404.1610 P54 P65 1056.1644
P03 P73 1692.5980 P54 P66 1211.3027
P72 P51 1299.9509 P55 P53 1317.6951
P72 P32 1434.6604 P55 P64 860.3537
P72 P61 916.6018 P55 P65 751.2943
P72 P63 1256.2973 P55 P66 711.2337
P72 P52 1367.2003 P61 P62 429.9238
P73 P32 2137.0400 P62 P63 400.1617
P73 P63 1166.4082 P63 P64 409.8950
P73 P64 786.8815 P64 P65 410.0221
P73 P65 462.5056 P65 P66 388.0540
P73 P66 501.2474 P32 P63 2130.4762
P52 P62 946.6672 P32 P66 2598.0246
P52 P61 582.6254 P71 P72 859.0721
P52 P72 1367.1868 P44 P54 1088.1253
P52 P51 505.5532 P55 P03 1694.8752
P52 P01 1221.3664 P42 P52 647.2145
P51 P01 881.4129 P42 P61 825.4356
P51 P71 441.1126 P01 P71 1284.3542
P51 P61 849.7613 P61 P71 631.4236
P51 P53 1277.4954 P71 P73 2519.5667
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Table 3. The semi-major, semi-minor axis and area of ellipse of errors for each point in the network.

. Semi-major axis, | Semi-minor axis, | Area of ellipse of error, . Semi-major axis, | Semi-minor axis, | Area of ellipse of error,
Point 2 Point 2
m m mm m m mm
P61 0.0043 0.0034 45.93 P55 0.0034 0.0028 29.91
P62 0.0064 0.0035 70.37 P71 0.0057 0.0030 53.72
P63 0.0036 0.0030 33.93 P72 0.0055 0.0030 51.84
P64 0.0046 0.0035 50.58 P73 0.0035 0.0030 32.99
P65 0.0041 0.0036 46.37 P1 0.0133 0.0035 146.24
P66 0.0030 0.0026 24.50 P32 0.0058 0.0031 56.49
P51 0.0044 0.0029 40.09 P3 0.0068 0.0032 68.36
P52 0.0038 0.0034 40.59 P42 0.0044 0.0030 41.47
P53 0.0046 0.0026 37.57 P44 0.0056 0.0033 58.06
P54 0.0039 0.0029 35.53
Table 4. The results of FOD with high precision in 1* case.
Point Easting, m Northing, m Of, M ON M Area of ellipse of error, mm’
Initial Final Initial Final Initial | Final | Initial | Final Initial Final

P51 | 69547.0000 | 69631.8139 | 49265.0000 | 49258.8553 | 0.0036 | 0.0036 | 0.0070 | 0.0058 73.26 65.94

P52 | 69856.0000 | 69748.9006 | 48865.0000 | 48763.9506 | 0.0033 | 0.0033 | 0.0049 | 0.0048 49.44 50.71

P53 | 70582.0000 | 70485.2286 | 48516.0000 | 48422.7215 | 0.0027 | 0.0027 | 0.0037 | 0.0036 3241 32.76

P54 | 71138.0000 | 71047.7465 | 47976.0000 | 47888.4522 | 0.0031 | 0.0031 | 0.0032 | 0.0032 29.86 30.47

P55 | 71754.0000 | 71668.9221 | 47914.0000 | 47831.2088 | 0.0032 | 0.0032 | 0.0028 | 0.0027 28.98 28.95

P71 | 69904.0000 | 69823.3478 | 49524.0000 | 49649.1831 | 0.0042 | 0.0040 | 0.0066 | 0.0060 81.60 78.61

P72 | 70620.0000 | 70645.6995 | 49999.0000 | 50049.1453 | 0.0062 | 0.0060 | 0.0034 | 0.0033 65.01 62.17

P73 | 72344.0000 | 72491.2871 | 48898.0000 | 49042.3992 | 0.0027 | 0.0029 | 0.0035 | 0.0032 30.56 33.10

P01 | 68672.0000 | 68813.7930 | 49162.0000 | 49208.4240 | 0.0041 | 0.0042 | 0.0186 | 0.0129 239.93 171.91

P32 | 71705.0000 | 71842.0263 | 50937.0000 | 50869.5914 | 0.0077 | 0.0073 | 0.0030 | 0.0031 73.96 71.95

P03 | 73417.0000 | 73350.6781 | 47589.0000 | 47719.5048 | 0.0053 | 0.0044 | 0.0081 | 0.0072 95.12 83.26

P42 | 70191.3921 | 70319.8802 | 48310.7710 | 48247.4835 | 0.0032 | 0.0032 | 0.0042 | 0.0039 41.69 41.27

P44 | 71851.7091 | 71841.3424 | 47153.8040 | 47276.6001 | 0.0068 | 0.0057 | 0.0035 | 0.0037 76.29 67.45
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Table 5. The results of FOD with high precision in 2™ case.

Point Easting, m Northing, m Og, M onN M Area of ellipse of error, mm’
Initial Final Initial Final Initial | Final | Initial | Final Initial Final
P51 | 69547.0000 | 69632.2526 | 49265.0000 | 49258.8593 | 0.0036 | 0.0035 | 0.0066 | 0.0054 66.97 60.10
P52 | 69856.0000 | 69753.4218 | 48865.0000 | 48768.4718 | 0.0033 | 0.0033 | 0.0047 | 0.0047 46.28 47.01
P53 | 70582.0000 | 70489.7498 | 48516.0000 | 48427.2428 | 0.0024 | 0.0023 | 0.0034 | 0.0033 24.96 25.08
P54 | 71138.0000 | 71052.2678 | 47976.0000 | 47892.9734 | 0.0026 | 0.0025 | 0.0030 | 0.0030 23.71 24.07
P71 | 69904.0000 | 69904.0369 | 49524.0000 | 49648.8212 | 0.0039 | 0.0042 | 0.0066 | 0.0056 73.87 67.92
P72 | 70620.0000 | 70543.8264 | 49999.0000 | 49998.9320 | 0.0061 | 0.0056 | 0.0034 | 0.0033 62.33 58.10
POl | 68672.0000 | 68817.0506 | 49162.0000 | 49303.9264 | 0.0041 | 0.0041 | 0.0181 | 0.0125 229.83 161.93
P32 | 71705.0000 | 71844.1505 | 50937.0000 | 50868.6863 | 0.0072 | 0.0069 | 0.0029 | 0.0029 64.91 63.73
P03 | 73417.0000 | 73349.9212 | 47589.0000 | 47720.7375 | 0.0045 | 0.0039 | 0.0070 | 0.0066 71.32 65.48
P42 | 70319.8802 | 70320.8827 | 48247.4835 | 48247.0789 | 0.0028 | 0.0028 | 0.0041 | 0.0038 35.32 34.81
P44 | 71841.3424 | 71977.0182 | 47276.6001 | 47277.1503 | 0.0059 | 0.0051 | 0.0033 | 0.0034 60.65 55.65
Table 6. The results of FOD with high precision in 3™ case.
Point Easting, m Northing, m Of, M onN M Area of ellipse of error, mm’
Initial Final Initial Final Initial | Final | Initial | Final Initial Final
P51 | 69547.0000 | 69632.2357 | 49265.0000 | 49258.8599 | 0.0036 | 0.0036 | 0.0063 | 0.0053 65.01 58.55
P52 | 69856.0000 | 69754.1618 | 48865.0000 | 48769.2118 | 0.0031 | 0.0031 | 0.0043 | 0.0042 40.00 41.33
P53 | 70582.0000 | 70490.4898 | 48516.0000 | 48427.9827 | 0.0024 | 0.0023 | 0.0034 | 0.0036 26.21 26.88
P54 | 71138.0000 | 71052.0077 | 47976.0000 | 47892.7134 | 0.0025 | 0.0025 | 0.0028 | 0.0027 21.65 21.61
P55 | 71754.0000 | 71674.1833 | 47914.0000 | 47926.5815 | 0.0026 | 0.0023 | 0.0026 | 0.0027 21.27 21.07
P71 | 69904.0000 | 69828.2941 | 49524.0000 | 49671.9188 | 0.0041 | 0.0042 | 0.0065 | 0.0058 78.22 74.23
P72 | 70620.0000 | 70595.8732 | 49999.0000 | 49998.9351 | 0.0060 | 0.0056 | 0.0034 | 0.0033 61.31 57.25
P73 | 72344.0000 | 72482.8647 | 48898.0000 | 49034.1665 | 0.0027 | 0.0027 | 0.0035 | 0.0035 29.88 31.43
PO1 | 68672.0000 | 68805.7023 | 49162.0000 | 49293.4201 | 0.0041 | 0.0044 | 0.0176 | 0.0121 226.34 157.64
P32 | 71705.0000 | 71834.2848 | 50937.0000 | 50873.3644 | 0.0075 | 0.0071 | 0.0031 | 0.0031 71.94 69.54
P03 | 73417.0000 | 73354.3575 | 47589.0000 | 47712.3250 | 0.0027 | 0.0027 | 0.0055 | 0.0051 45.82 43.88
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Table 7. The limits of movement for points of the network.

Limits of E;°, m Limits of N;°, m
Point
Lower Upper Lower Upper
P51 69397 69697 49115 49415
P52 69706 70006 48715 49015
P53 70432 70732 48366 48666
P54 70988 71288 47826 48126
P55 71604 71904 47764 48064
P71 69754 70054 49374 49674
P72 70470 70770 49849 50149
P73 72194 72494 48748 49048
Pl 68522 68822 49012 49312
P32 71555 71855 50787 51087
P3 73267 73567 47439 47739
P42 | 70041.3921 | 70341.3921 | 48160.7710 | 48460.7710
P44 | 71701.7091 | 72001.7091 | 47003.8040 | 47303.8040
Northing
A A R S/ 4
I ON.
Oz . ]
j SE;
E_ SE. / Sij
' 1
= =i
6Ni| Vs
Vs
» Easting
Figure 1. ellipse of error Figure 2. Distance observation.
A Row space of the matrix
Minimum length. (a vector space)
y
Minimum variance A .
solution )
k
Locus of solutions for
the Rank-deficient .
system. |
X

Parallel to null space
(not a vector space)

»

v

Figure 3. Intersection of solution space and
row space for a rank-deficient system,
after Mikhail, et al., 2000.

Figure 4. Triangle network with only
angle observation
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Figure 5. The selected network as a case study
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Formulate of Observation Equations
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Formulate of Normal Equations
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Solution of normal equation By Generalized Inverse (Helmert Method)
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Figure 6. Flow chart of ZOD program.
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Northing (m)

Figure 7. The ellipses of error for each point in the network.
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Formulate of Normal Equations
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Using flow chart of Rosenbrock Method to
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If final coordinates of
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Figure 8. Flow chart of FOD with high precision program.
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Figure 10. The initial and final network of the 2™ case.
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Figure 11. The initial and final network of the 3" case.
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