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Abstract
The linguistic study is mainly based on many aspects, that need deep researching and analyzing, that
is because the language is a way of communication which is done by phrases and sentences in general.
it is essential to mention that: the sentences is a building blocks of the grammatical subject in past
and present. we use linguistic analysis in revealing parts and contents of sentences, particularly when
we deal with a Qoranic text, its sentence seems to be the most eloquent and effective one compared
to other types: that is why this topic " Abrogated Literal Sentence In Surah Al — Dukan " as analytical
from was so important to be fully studied also aims to link the abrogated literal sentence with saint
coran by using descriptive analytical method. the conclusion for this study can be summarized as
follows :
- the abrogated situations has been exceeded to be more than twenty three divided by the

declarative sentence type.
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- the abrogated single declarative sentence is more frequent in sura al-dukan , followed by the
verbal sentence and then the nominal sentence.

- letters [& ANNA /&) INNA /81 LAAKINNA / 3«3 LAALLA] are the most used letters in the
applied study of Surah Al-Dukan particularly "Comparing With The Abrogated Letters ".

- letters [l ANNA /&) INNA] are frequently used in alsurah in order that confirm the meaning of
coranic text, to make it so strong, as well as confincing.

keywords : abrogated sentence, Sura Al- Dukan
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Abstract

In the light of the spread of electronic commerce and the existence of the information technology
boom and their expansion across the world. The virtual currencies -as it’s called - appeared and
imposed itself as a fait accompli and swept all the global markets despite of the lack of recognition
by countries . The virtual currencies are considered a link in the series of evolution of the digital

revolution, and they took its place alongside traditional currencies ( electronic banknotes). As a

result, a debate raged with regard to its legal , economic , and political nature.

This research is an attempt to show the most important elements of these currencies in terms of
legal nature, its concept, its advantages and disadvantages, its adaptation , and knowing the opinion
of jurists in terms of its legality. In addition, it aims to clarify the legal aspect of it and the legal

nature of it, beside to its description by some countries and the position of the status legislator

regarding them .
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Abstract

Noise in digital images shows negative effects on the results and gives the medical personnel
unnecessary information. There is a most common noise which is called Gaussian noise and this
noise usually interferes with the grey values in the digital images. Hence, deletion of this noise has
become more essential to get the minute details from the images. As long as the noise is not removed
from the images, it will be a challenge to the doctors in precise diagnosis. There are some filters which
are used to reduce the noise. Gaussian, median and Wiener filters are considered the well developed
filters. This study mainly focuses on the process of Gaussian noise deletion from different (CT) images
by using Wiener filter. This filter is used with the images of different sizes and the images which vary
in the level of noise. Peak Signal Noise Ratio (PSNR), and Mean Squared Error (MSE) are calculated
to measure the performance and image quality of the noise removal techniques. Noise density and
image size are identified as the two key factors that interfere with the image quality. The results of
the study also provides the medical personnel with employing the right procedures in order to obtain

better images with reduced noise which can be more helpful in diagnosis process.
Keywords: CT, Gaussian, MSE, PSNR, Wiener.
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1. Introduction

Noise is a result of errors in image acquisition which causes random variations in its brightness.[1]
Noise tells unwanted information in digital images. Noise produces undesirable effects such as
artifacts, unrealistic edges, unseen lines, corners, blurred objects and disturbs background scenes.[2]
Gaussian noise is the most commonly prevailing noise and can occur due to the thermally agitated
electrons in an electrical conductor.[3] Gaussian noise is a kind of statistical noise. It is a essential
part of reading image sensor noise. The probability density function for Gaussian noise is equal to
the normal distribution function, also known as the Gaussian distribution. Which has a bell shaped
probability distribution function.[4] Gaussian noise generally disturbs the gray values in digital
images. That is why Gaussian noise model essentially designed and characteristics by its Probability
density function (PDF) or normalizes histogram with respect to gray value.[2] Gaussian noise has a
Gaussian distribution, with a bell shaped distribution and probability function given by:[5]

where g represents the gray level, m is the mean or average of the function, and o is the standard
deviation of the noise.

Generally Gaussian noise mathematical model represents the correct approximation of real world
scenarios. In this noise model, the mean value is zero, variance is 0.1 and 256 gray levels in terms of
its PDF,[2] Medical images are often affected by random noise and Gaussian noise. Noise removal is
essential in medical imaging applications in order to enhance and recover fine details that may be
hidden in the data.[6] The reduction of noise as much as possible is necessary to avoid misdiagnosis
by doctors. Therefore, to reduce noise, denoising filters such as Gaussian, median, and Wiener filters
have been developed. The Wiener filter reduces noise by separating the image signal from the noise
in the frequency domain.[7] Weiner filter is an adaptive low-pass filter which uses a pixel-wise
adaptive Wiener method based on statistics estimated from a local neighbour-hood of each pixel.[1]
This filter is one of the filters used to reduce the amount of signal in the image signal compared to
the estimate of the signal without noise. It is not an adaptive candidate because the theory assumes
that input is constant.[4] The important use of Wiener filter is to reduce the amount of noise present
in an image by comparison with an estimation of the desired noiseless signal.[5] To measure the
performance and image quality of the noise removal techniques several parameters are available for
the comparison. Common parameters are Peak Signal Noise Ratio (PSNR), Mean Squared Error (MSE)
etc.[8][9]

2. Methodology
Computed Tomography (CT) images are used in this study with different sizes, (128x128, 256x256,

512x512) pixels. Weiner filter have been applied to remove varying Gaussian noise density. Filtering
an image evaluated through the quality metrics like (MSE), and (PSNR). Algorithms were implemented
in MATLAB.

i.Methodology structure
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The Methodology structure used in this study is shown in figure (1) which includes the following

steps.

Select the images with different sizes

N\

Convert to grayscale

N/

density

Distortion the original images by Gaussian noise with different

N\

Applied filtering technique

N\

Quality metrics measurement

N\

Calculate MES and PSNR

\Z

Show and evaluate the results

Figure (1) Methodology structure

ii.Parameters setup

The setup of parameters are as shown in Table (1) below:

Table (1) the setup parameters

Component Parameter Value of parameter

128x128 pixel

Image size 256x256 pixel

Image 512x512 pixel
Type Grayscale
Type Gaussian
Noise 5%- 20%

Variance of noise
Step size = 5%.[1
Software MATLAB 18

iii. Quality Metric Measurements

(PSNR) measures the quality of the restored image when it is corrupted due to noise and blurs, and

can be define as:[2]

2
PSNR = IOIOg{ﬂJ

MSE

2

Where (MSE) is the Mean Square Error averaged over the M x N array, and can be define as:
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MSE= e DD AGH LT ()

Where f1 is output image and f2 is input image.

Range of PSNR value is more or equal to zero, best result is equal to infinity.[10] A high value of PSNR

denotes a better denoised image [11]
3. Results and Discussion

Subjective experimental results are shown in the figures (2) through (6). Visual and Subjective

comparison between original images, noisy images, and final denoised images can be done.

Figure (2) filtering of various image sizes, 5% noise density

(a, b, &c) original images (128 x128), (256x256), (512x512) (d, e, &f) noisy images. (g, h, & i)

filtered images
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Figure (4) filtering of various image sizes, 15% noise density
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Figure (5) filtering of various image sizes, 20% noise density

The values of MES and PSNR for filtered (CT) images are tabulated in Table (2). The Table (2) compares
the values of PSNR, and MSE for the denoised images on using Weiner filter for variable image sizes
and noise density. Table (2) and figure (6) show the values of PSNR, and MSE for denoised images

with different image sizes and vary noise density.

Table (2) MSE and PSNR values

Image size 128 x128 256x256 512x512
Noise density MSE PSNR MSE PSNR MSE PSNR
5% 416.92 21.93 317.34 23.11 304.69 23.29
10% 854.72 18.81 748.17 19.38 734.12 19.47
15% 1.5%X108 16.17 1.4X103 16.41 1.4%X103 16.51
20% 2.5%X108 14.06 2.4%X103 14.18 2.4X108 14.31
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54 PSNR

m128 m256 m512

%5 %10 %15 %20

Figure (6) The PSNR values for the denoised images.

As we show in Table (2), For all the image sizes the values PSNR decreases, and MSE increases with
increasing the impulse noise factor. As a result of this, the ratio of image size to noise density
decreases with increase in image size and constant noise, therefore the output image is lesser de-
noised. For all impulse noise density PSNR increases, and MSE decreases with increasing the image
size. As the ratio of image size to noise density increases with increasing image size and constant

noise, therefore the output image is better de-noised.
4. Conclusions

A noise deletion technique called Weiner filter was used on different CT images of different sizes and
noise density in this study. At the end of the process, the quality of the images was measured to
testify the effectiveness of the technique used. It was also witnessed that the differences in image size
and noise density affected the effectiveness of the Weiner filter in determining the image quality. The
applied Filtering technique is very promising algorithm for removing the Gaussian noise from CT
image. The results of the study facilitate the precise diagnosis by reducing noise and improving the

quality of the CT images.
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Abstract

This study deals with experimental measurements of pressure distribution along NACAO0015 aairfoil
in a steady laminar incompressible flow at different values of angle of attack. The experimental results
are employed to assess the performance of vortex panel method. Pressure distribution at the lower
and upper surfaces is obtained at flow velocities of 7.58, 13.13, 16.83 and 20.46 m/s, and angles of
attack of 0o, 20, 40 ... 200. From this distribution the lift coefficient and then stall angle are

estimated. Comparison is made with theoretical results obtained from ideal fluid flow assumption.

It is observed that the experimental pressure distribution is in good agreement with vortex panel
prediction up to an angle of attack of 120-140. For higher angles of attack, the deviation of theoretical
results from their experimental counterpart becomes significant due to stall condition. Experimental
lift coefficient increase by increasing the angle of attack of up to 120-140 then it decreases. Increasing
the flow velocity increases the experimental pressure distribution and hence the lift coefficient. The
results show that the vortex panel method is capable of predicting the laminar flow past thin airfoils
with good accuracy at small angle of attack making it a useful tool particularly for preliminary

calculations.

Keywords: Airfoil flow; Kutta condition; Potential flow solutions; Vortex panel method; Wind tunnel.
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Introduction

Airfoil is a streamlined shape used, when in relative motion with a fluid, to generate lift force and/or
reduce flow resistance and. Examples of airfoils include but not restricted to the cross sections of
aircraft wings and vertical stabilizers, turbine and compressor blades and guide vanes, propeller
blades, and submarine fins. Airfoil theory has passed through several stages of development to predict

pressure distribution and lift force.

Although wind tunnel experiments are the most accurate mean to provide aerodynamic information
for airfoil flows, several analytical and numerical approaches have been developed to tackle airfoil
flow problems. Joukowski was the first to successfully derive an airfoil theory, based on conformal
transformation, by representation of a potential flow by a complex potential. However, this is only
applicable to airfoils that have cusped trailing edges, which is not the case of most practical airfoils
that have trailing edges with finite angles [1]. The theory was further improved by Karman and Trefftz
[2] to be applicable to airfoils with trailing edges of finite angle, though, their technique has not seen

wide use in aerodynamic

design because it cannot be extended to three-dimensional or simulate high-speed flows.
Alternatively, thin airfoil theory was formulated by Munk [3] and further refined by Glauert [4]. In
this theory, flow pattern is generated via replacing the airfoil by its mean camber line and a bound
vortex sheet is distributed on it. The strength of these vortices is adjusting such that the camber line
becomes a streamline of the flow. Thin airfoil theory which, as the name suggests, is able to predict

lift and moment for thin airfoil but cannot be applied to thick airfoils as it ignores thickness effects.

With the accelerating developments of digital computers, numerical solutions have become more
attractive than analytical approaches. The simplest method in aerodynamic design is the vortex panel
method. It involves the representation of the airfoil by a closed polygon of vortex panels such that the
circulation density on each panel varies from one corner to the other and is continuous across the
corner. A system of linear algebraic equations is created from the application of the no penetration
and Kutta condition[1]. This system of equations is solved for the unknown vortex strength and then
the pressure distribution and lift coefficients can then be predicted. Panel method can be applied to
airfoil section without any restrictions on its thickness and camber. Computational Fluid Dynamics
represents the latest trend in solving airfoil flow problems. It yields accurate and more comprehensive
results but is more complicated and computationally expensive than panel methods. Therefore, vortex

panel methods are still widely used to predict airfoil flow in particular for the preliminary studies.

In this study, an experimental investigation of the effect of angle of attack and flow speed on the flow
around a NACAOO015 airfoil is conducted. The experimental results are used to assess the performance

of vortex panel method.

Experimental setup:
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All experiments are conducted at the University of Benghazi in Fluid Mechanics Laboratory using
open circuit wind tunnel having cross section of 0.3 mx0.3 m and a total length of 2980 mm. The
tunnel, Fig. 1, comprises a fiberglass contraction and diffuser section with an acrylic resin parallel
test section of 300 mm long octagonal test section. Air is sucked by a four blade air screw fan,
which gives a steadier flow than a centrifugal fan, at speed of 8-20 m/s. The fan is driven by a
heavy duty 2HP electric motor mounted at the outlet of the diffuser section. A honeycomb flow
straightener is located within the entrance to the contraction cone. Air is afterwards discharged into
the room through a distributor, consisting of a large rectangular compartment perforated on all
sides with small slots, serves to return the air to the room at a fairly low speed and over a
considerable area. This breaks up the violently disturbed flow behind the fan into reasonably small
eddies which have time to disappear during their slow passage through the room back to the bell-
mouthed intake. The tunnel is fitted with an inclined tube manometer which gives a direct reading
of air velocity in the working section. This indicator operates on the Venturi principle, being
connected to static orifices before and after the inlet contraction in the wall of the tunnel. Four
equally spaced static orifices, connected to the manifold, minimize the possibility of interference
effects from a model mounted in the test section. Prior to commencing the experiments, a Pitot

static tube is used to calibrate the inclined manometer. The calibration curve is shown in Fig. 3.

NACAO0O015 airfoil with chord and span of 101.6 and 464 mm, respectively, is tested in this study.
There are eleven pressure tapping points around the center chord, distributed on the wing surface.
The wing is mounted in a vertical plane in the working section, as shown in Fig. 2. The angle of attack
is adjusted by means of screws inboard of the wing and support blocks; the tubing from the tapping
holes is connected to the manometer board. Because the airfoil model is equipped with pressure
tapings on one surface only, pressure distributions on the upper and lower surfaces are obtained
from tests at negative and positive inclinations. The experiment starts by setting the angle of attack
and air speed, then the pressure on the eleven points of the airfoil surface is measured using the
reading. These reading are used to calculate pressure coefficient, which is in turn employed to obtain

lift coefficient

102

Pr—
Nt

Issue No. (3) DEC 2021




Abdalla et al AL-Zintan University AL Jabal Scientific Journal

Settling chamber

(] Diffuser
Test section ‘L
J’. / g__
l R,
Flow direction o - ) ; 2HP Motor
1T = 220-250V/50Hz1PH
S~ il L
- 1 o = = |
i 2 &Y
S‘ / E ‘ o . Manometer
o Slide rail / \_speed scale
-} ; \\
Balance arm || \Control unit
| Control unit
Trolley g ]
|
& @ 7
]
f oo 1

a 1
= s
=] f
@

2980 mm

Figure 1: Schematic diagram of the wind tunnel
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The pressure coefficient is calculated from:

P-P,
C, = 1
%on% ()

where the local pressure, Pis measured using the manometer tubes.

The lift coefficient can be evaluated

L (P,—Py) cosa — =
CL=T—F="7T,— = CpL_CpU cosa (2)
Epuco EPUco

here L is the lift force per unit area; P, and Py are the mean pressures on the lower and upper surface,

respectively and C_pLand C_Pu are the mean coefficients on the lower and upper surface, respectively.

The term (C_pL - C_Pu) represents the area enclosed between the two curves representing the variation

of Cp along the lower and upper surfaces. This area is estimated using numerical integration.
Vortex panel method
1. Mathematical formulation

The panel method is based on continuity and linear momentum equations:
v.u=0 (3)

aU+UVU_ 1VP+ vViu 4

The flow is two-dimensional, steady, incompressible, irrotational, and inviscid. Applying these
assumptions and recalling that in potential flow theory, the flow field around an airfoil is represented

by the velocity potential:

.there exists a velocity potential, ¢, so that:

_d _09

u=-- v 3y (5)
Equations (3) and (4) can be written as:
%¢p 9%
R OTIh S 6
d0x? + dy? 0 (©)
(7)

1
P +EpU2 + pg(Z — Z,) = Constant = P,

105

Pr—
Nt

Issue No. (3) DEC 2021




Abdalla et al AL-Zintan University AL Jabal Scientific Journal

The vortex panel method involves representation of the airfoil by a closed polygon of m planar vortex
panels where the circulation density on each panel changes in a linear manner from one corner to
the other and is continuous across the corners as shown in Fig. 4. The panels are named in the
clockwise direction starting from the trailing edge, then progresses along the lower surface, leading
edge, and upper surface, and finally ends at the trailing edge. The intersections of adjacent vortex
panels on the surface of the airfoil are called the boundary points while the midpoint of the panel is

called the control point.

Since Laplace's equation, equation 6, is a linear homogeneous second order partial differential
equation, the superposition principle can be applied. Taking into account contributions from the
freestream flow U» at an angle of attack of a and the vorticity distribution on m panels, the total

potential at the ith control point (x;, y;) may be constructed:

m
5 .
B(x;, v;) = Ugp(x;cos « +y;sin o) — Z f v ])tan‘1 [u] .ds; (8)
£ 21 X — Xj
j=17
where:
V= it g —7) 2 9)
v(s) = v+ ¥ —v) s;

sjis the distance between an arbitrary point, (x,y;), on the jth panel and the leading edge of the panel
while Sj is the length of the panel. The (m + I) values of the circulation density, y;, at the boundary

points are unknown constants to be determined numerically.

To satisfy the condition that the airfoil is a streamline, the condition of zero normal velocity at the

control points is applied [5]:

a
2o v = (10)
an¢(xuyl) 0

Control point
(xi, yi)

Boundary point

B .
(X, Yi) oundary point

( Xir1 > Yi+1)

Figure 4 Replacement of the airfoil by vortex panels
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Performing the differentiation and integration, adopting the derivation and notation of [1], results in:

m
Z (Cnlijy’j + ani].y'jﬂ) =sin(; —a) i=12,..,m (11)
j=1

where 6;is the orientation angle of the ith panel measured from the x-axis to the panel surface and

y' = y/2nU, is a dimensionless circulation density. The coefficients Chay, and Cno,; are calculated from:

Cn1,, = 0.5DF + CG — Cn2y; (12.a)
Cazyy =D +o.5%—7@c J;}?E)G (12.b)
Cnll,]. = —anl,]. =1 fori=j (12.¢)

where:
A= —(xi —Xj)c059]- - (yl- - Y]-)sinej (13.a)
B=(x-X) +@-1) (13.b)
C = sin(6; — 6;) (13.¢)
D = cos(6; — 6;) (13.d)
E = (x; — X;) sind; — (y; — Y;)cos6; (13.¢)
len[1+s,-2+2As,] (13.9)

B

oo 23]
P = (x; — X;) sin(6; — 26;) + (v; — Y;)cos (6; — 26;) (13.p)
Q = (x; — X;) cos(6; — 26;) — (y; — ¥;)sin (6; — 26;) (13.q)

Here, (X,Y) denotes the coordinate of the boundary points. Applying the Kutta condition stating that
if a lifting body with a sharp trailing edge is in relative motion with a fluid, it creates about itself a

circulation of sufficient strength to hold the rear stagnation point at the trailing edge, this results in:

VitV e =0 (14)

Equations (11) and (14) represent a system of m+1 linear algebraic equations in m+I unknown

circulation densities, y’ It This system of equation can be written as:
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m+1
Z Ay, ¥'; = RHS; i=1,2,..,m+1 (15)
j=1
The normal-velocity influence coefficients, Ani]., are:
for i < m+1
C‘I‘Lll‘]' ] =1
Anyj= { Gyt Crzy  J=2.3,m (16.a)
anij ] =m+1
RHS; = sin(6; — @) (16.b)
for i = m+1
1 j=1
Apyj = 0 j=23...m (16.c)
1 j=m+1
RHS; =0 (16.d)

Solving this system of equations yields the circulation densities, y’, which are utilized to compute the

dimensionless local velocity, U; = ! (6—0)' , and the pressure at each control point as:
L

at

U

where:

Ceryy = 0.5CF — DG — Cp,

0.5PF (AD —CE)G

CtZi' = C + +
! Sj Sj
n . .
Ct1i,- = CtZi,- =3 for i=j
Equation (17) can now be written as:
m+1
Ui=cos(9i—a)+ZAtij.y’j i=12,..... ,m
j=1

The tangential-velocity influence coefficients, Ay, are:

—
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Cery; j=1
Atij = Ctli]- + CtZij j=23,...m 20)
Cez;; j=m+1

Having computed the velocity, the pressure coefficient is calculated from:

Cp,=1-U (21)

2. Solution method

The system of linear algebraic represented by equation 15 is solved numerically using Gauss
elimination technique. A computer program written in Fortran programing language is used to
perform the computations. Several runs are executed with number of panels 2°, 4o, ..., 20°. In order
to capture the steep changes, smaller panels are used in the vicinity of the leading edge and trailing
edge. Fig. 5 shows the pressure distribution results for NACAOO15 airfoil at o = 8°. Based on these
results, a number of panels of 140 is selected as compromise between accuracy and computation

time.

No. of panels|
20
—40

60

3 —80

-3.0 - ‘
>\ e 2a o

— 160
——200

-2.0 - 0 o o0
a \
@]
-1.0 |
0.0
R M
| e | |
0.0 0.2 0.4 0.6 0.8 1.0
X

Figure 5: Effect of number of panels on pressure distribution for NACA0015 at a=8°.

Results and discussion

Experimental results for Cp are plotted for each value of angle of attack together with vortex panel
solution in Fig. 6 and 7. At zero angle of attack, pressure coefficient curves for lower and upper
surfaces coincide due to symmetry. Vortex panel solution is in good agreement with experimental

data. The difference between experimental data and panel solution increases with increasing flow
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velocity. For a > 0, different profiles for lower and upper surface are noticed. The area enclosed
between the two curves, which represents lift coefficient, increase with increasing the flow speed for
all angle of attack values. Lift also increases with increasing angle of attack up to 120 -14¢ then it
decreases due to stall condition as it cab seen in Fig. 9. In ideal flow, as it can be seen from Fig. 8,
lift coefficient continues to increase with increasing angle of attack which indicates the inability of
the vortex panel method to deal with separated flows. It is this shortcoming which restricts the use
of vortex panel method to small angle of attack flows. Similar result has been reached by other authors

by assessing the performance of vortex panel method against advanced commercial solver packages[6]
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Figure 6: Pressure distribution at angle of attack 0°-10°
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Figure 8: Pressure distribution for ideal flow Figure 9.Experimental lift coefficient

Conclusion

The present study involves experimental measurements of pressure distribution along NACA0O015
airfoil is conducted in a steady laminar incompressible flow at different values of flow speed angle of
attack. The experimental results are employed to assess the performance of vortex panel method. It
can be concluded that vortex panel method is capable of predicting laminar airfoil flow with acceptable
accuracy for small angle of attack configuration. This allows exploiting its simplicity and low

computational cost in the preliminary studies and early design stages.
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Nomenclatures

A,B,C,D,E,F,G,P,Q

An, » A
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Intermediate constants.

t Influence coefficients for normal/ tangential velocity.
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Cnli]. , ani]. Coefficient for normal velocity.

Ctlij s Crzi]- Coefficient for tangential velocity.

Gy Pressure Coefficient.

P, P, Pressure, free stream pressure

Si, s Length of panel, distance measured from the leading edge
t Time.

u, v Velocity components in x-and y-directions.

U Velocity vector.

Ug Uniform velocity.

U; Dimensionless velocity at control point.

X, Y Coordinates of start point panel it".

X, y Coordinates.

Xi, Vi Coordinates of mid-point panel i

Greeks:

0; The orientation angle of the i" panel.

a Angle of attack.

r Circulation.

v, V Vortex strength, dimensionless vortex strength
1) Velocity potential

p Density.
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Abstract

Worldwide the investment in reconstruction, maintenance, repair, and restoration has become an
economically important scientifically interesting field. Condition assessment can be considered as a
major part of the reconstruction contracts document. Condition assessment could be made only
through an intensive investigation of structural damage, material testing methods, good preparation
of detailed condition report and the best economical safe decision to be taken. The present research
work attempted to interpret the basis of evaluation of damaged building in Benghazi city to deem the
damaged building repairable or to demolished. Thus, the objectives of this present research are
twofold. First, this research will assess the building by visual inspection. Second, this research will
examine the columns of concrete structure by using Schmidt rebound hammer and Ultrasonic pulse
velocity test. The results of average rebound number for ten columns were between 30 to 33 this
indicates of good concrete layer and the results of pulse velocity test range from 2.45 to 4.27 Km/sec

this indicate that the concrete quality is suspect in three columns and average in the other seven.

Keywords: Non-destructive test, reconstruction, repair, Schmidt rebound hammer, Ultrasonic pulse

velocity, visual inspection.
uaidlall
o pliad Do Lobeaitl Laga Ylaa alladl olail maen 8 arasilly 2 ohaYls Alaally Jlacy) Bale) 3 liiay) poal
Dpanilly ¢ dgall L) By ¢ DSl jhaaY) B CESe Giad PDIA e Jai Al s kel (Sar Aelell dalil
G i) ) s g S i) dasll Jola o383 (K abeatt) (el 8 Juadly Juaial) Allall o5l 2ial)
Ganall 3 e Yl LSS Gl aa il ld Sty - aagll s ZOad S il Jual) lieY (gl A
Ganed I8 dylae L) aladial LAl ISl saeel Gl 138 Gupy Cise (Ll L gpeall (anidll 31yl e i)
35as Sle 1385 33 1) 30 o Le e Byl ol V1 e Jacgie @il clS L Agsea (el Cilasally Gl de juy
s> of ) Lsda 18y 458/ 4.27 ) 2,45 (e Gl deje oS dagall deje Jlid) ailing sas dulwd Ak
CAY) Laad) b Aasigiag Baac] LD Lgab &l il

Issue No. (3) DEC 2021 115

Pr—
Nt



el ) ddsg AL-Zintan University AL Jabal Scientific Journal

Introduction:

During wars, all types of buildings are targeted, including residential buildings, schools, hospitals,
mosques, factories, water facilities, sanitation systems, and roads. Some buildings are completely
destroyed, while other buildings are partially damaged. For the totally destructed buildings, the
decision is to "remove and rebuild", but for buildings suffered partial damages, the decision is not
always obvious. That depends on the level of damage and other factors that include, but are not

limited to, economic, social, functional, and political factors.

In order to keep a high level of structural safety, durability and performance of the infrastructure in
each country, an efficient system for early and regular structural assessment is urgently required.
The quality assurance during and after the construction of new structures and after reconstruction
processes and the characterization of material properties and damage as a function of time and
environmental influences is more and more becoming a serious concern. Non-destructive testing
(NDT) methods have a large potential to be part of such a system. NDT methods in general are widely
used in several industry branches. Aircrafts, nuclear facilities, chemical plants, electronic devices
and other safety critical installations are test regularly with fast and reliable testing technologies. A
variety of advanced NDT methods is available for metallic or composite materials. In recent years,
innovative NDT methods, which are used for the assessment of existing structures, have become
available for concrete structures, but are still not established for regular inspections. The purpose of

establishing standard procedures for non-destructive testing (NDT) of concrete structures is to qualify

and quantify the material properties of in-situ concrete without intrusively examining the material
properties. There are many techniques are currently being research for the NDT of materials today.

In situ surface hardness testing of materials is an accepted method for strength estimation.

Research Objectives
The objectives of this research were to evaluate the concrete structure damaged by rockets using

visual inspection and examine the compressive strength of columns by using NDT.
Methodology:

In the present research work, we divided the work into two parts, the first was visual inspection and

the second was the In-situ tests.
1.Visual Inspection for Building:

Case study
The general administration building of Benghazi University, the building showed in Figure 1 is a

concrete structure (columns, beams, solid slab, isolated foundation).

The building was inspected visually; repairable cracks in wall, structural elements, and the damage

were repairable in right wing of the building as showing in Figure 1 and 2.
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Figure 2: The right part of general administration building.

2.In-situ testing
The in-situ studies using (NDT), Schmidt Rebound Hammer and Ultrasonic Pulse Velocity were

presented in this research to examine compressive strengths of in-situ concrete on existing building.

Schmidt Rebound Hammer

The rebound hammer was obtained by taking 12 readings for columns. Readings were done in a
horizontal position for columns as described in British codes (BS1881: part 202). The quality of
concrete may be interpreted as shown in the Table 1. The mean rebound number and mean strength

represented in Table 2.

For examining compressive strength (Figure 4, Figure 5 and Figure 6), the used curves of the typical

strength rebound shown in Figure 3.
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Figure 3: Typical strength- rebound number correlation for concrete.

Table 1: Comparative rebound hardness value (BS: 1881-Part-202:1986)

Average Rebound Number Quuality of concrete
> 40 Very good hard layer
30 to 40 Good layer
20 to 30 Fair
<20 Poor concrete
0 Delaminated

Figure 4: Preparation of surface of column test I.

—
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Figure 6: Usage of rebound hammer test.

Table 2: Reading of average rebound hammer

. Rebound Strength
Number of readings Member Angle number N /mm 2) Mean error
1 column 0 32.5 28 6.3
2 column 0 31.3 24 6.2
3 column 0 33 29 +6.4
4 column 0 31.4 24 6.2
5 column 0 32.7 28 £6.3

—
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6 column 0 32.3 27 6.2
7 column 0 30 22 6.1
8 column 0 32.3 27 6.2
9 column 0 33 29 +6.4
10 column 0 32.8 28 6.3

Ultrasonic Pulse Velocity (UPV)

The UPV equipment (e.g., PUNDIT) includes a transducer, receiver and indicator for showing the time

of travel from the transducer to the receiver (Figure 7) (pundit manual basic frequency). The

transducer is firmly attached to concrete surface to vibrate the concrete. The pulses go through the

concrete and reach the receiver (BS1881: Part 203).

The pulse velocity can be determined from the following equation:

V=L/T

Where V: pulse velocity (km/ s), L: path length (cm) and

(1.1)

T: transit time (us).

Figure 7: UPV testing equipment.

Table 3: Ultrasonic Pulse Velocity and quality of concrete

Pulse velocity Concrete quality
(Km/second) (Grading)
Above 4.5 Excellent
3.5t0 4.5 Good
3.0t0 3.5 Medium
Bellow 3.0 Doubtful

—
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Table 4: Reading of pulse velocity.

Number of Member Path length  Transit time Pulse velocity =~ Mean strength
readings (cm) (us) (km /s) (N /mm 2)
1 Column 50 117 4.27 16.4
2 Column 50 130 3.84 10
3 Column 50 127 3.93 11
4 Column 50 120 4.16 16.1
5 Column 50 143 3.49 10
6 Column 50 174 2.87 10
7 Column 50 139 3.59 10
8 Column 50 197 2.53 10
9 Column 80 226 3.53 10
10 Column 80 327 2.45 10

Figure 9: Usage of ultrasonic pulse velocity test.

[
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Results and discussion
1. The foundations, beams, and slabs are not structurally damaged, but the columns are partially
damaged and need immediate repair.
2. The compressive strength of concrete in Rebound hammer test as showing in table 2 indicates

to good layer of concrete in the ten columns was teste as shown in table 1.

Number of Member Angle Rebound Strength Mean
readings number [N/mm2) error
1 column 0 32.5 28 +6.3
2 column 0 31.3 24 6.2
3 column 0 I 33 I 29 6.4
Average Quality of concrete
Rebound
Number
=40 Very good hard layer
] s0twca0 | | Good layer]
20 to 30 Fair
=20 Poor concrete
0] Delaminated

3. The compressive strength of concrete in Ultrasonic pulse velocity test indicates to three
columns numbered 6,8, and 10 are doubtful as shown in table 3 and 4.

Number of Member Path  Transit FPulse Mean
readings length  time (ps)  velocity strength
(cm) (km/s) (N/mm?2)
6 column 50 174 ':’_._3.8_? 10
8 column 50 197 =32.53 10
10 column 8O 327 4245 10
Pulse velocity Concrete quality
(Km/second) (Grading)

c: Bellow 3.0 D c .I-joubtfu.l >

The other seven columns show good quality of concrete and compressive strength was good as shown

below, ) Number of Member Path Transit Pulse Mean
readings length time (ps) velocity strength
{cm) (lmy's {(N/mm3)
1 column 50 117 @ 16.4
2 column 30 130 3.84 10
3 column S0 127 < -3..93 ) 11
4 column a0 120 4.16 16.1
Pulse welocity Concrete quality
(Km/second) [Grading)
Above 4.5 E=xcellent
€T
3.0to 3.5 Medium
Bellow 3.0 Doubtful
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4. The quality of entire concrete of a structure is not completely assessed by visual inspection
of the structural elements of the building.

5. The use of rebound hammer is suitable to estimate the strength of concrete, which makes
engineering judgment quite very easy. In fact, the use of the rebound hammer methods yields
more reliable and closer results to the actual strength.

6. The use of rebound number method produces results that are reliable and close to, the true
values than the ultrasonic pulse.

7. Its confirmed from the results of rebound number and ultrasonic pulse that, the strength
increases with increasing the rebound hammer and UPV.

8. The decision was to repair the building based on the visual inspection report and the result
of NDT.
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Abstract

Geoelectrical survey using electrical resistivity method was conducted in Wadi Araba region,
southern Jordan with the collaboration of National Resource Authority (NRA). The study area is

characterized by an arid climate and belong to the northern and southern Wadi Araba Basins.

The survey was carried out at Feedan area. which is located in the middle part of Wadi Araba region.
A total of three electrical sounding traverses were Applied in the site. The goal of the survey was to
image the subsurface all the way down to the depth of groundwater table in order to evaluate the

subsurface conditions and to assess the water quality.

Interpretations of electrical survey data confirmed that the aquifers of the site consist of Quaternary
alluvial. The low resistivity subsurface layers (aquifers) occur at depths in the range between 295 and
310 meters.A general North-Northwest dip is clearly observed on the surface of the low resistivity

layer (aquifer) in the area.

This indicates a water flow towards the Dead Sea. The water almost has the same quality among the

three traverses, and appears to be relatively fresh, particularly at VES(1-F).
Keywords: Feedan, Geoelectrical, Groundwater, Quaternary alluvial. Wadi Araba,
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1. Introduction

The availability of number of geophysical exploration techniques enables an insight
investigation to be conducted rapidly regarding on the nature of water bearing layers and imaging the
subsurface. These include: geo-electric, electromagnetic, seismic and geophysical borehole
logging. The choice of a particular method is governed by the nature of the terrain and cost

considerations.

The most widely used geophysical methods in groundwater studies are the geoelectrical methods.
The direct current (DC) resistivity method is one of many geoelectrical methods. Others are Self-
Potential, Telluric-Current method, Inductive methods, and Electrical Well Logging. The objective of
electrical sounding is to deduce the variation of electrical resistivity with depth below a given point
on earth’s surface, and to correlate it with geologic information in order to infer the subsurface
structure in greater detail (Zohdy et al., 1974). This method is also useful because the equipment is
inexpensive, portable, easy to operate, and thus the method is economical. Although it is probable
that geoelectrical investigations will never replace drilling, they can provide information about the
principal features of the underground geologic setting in such a way that the number of drillings may
be held to a minimum and the depths of the exploratory boreholes may be estimated beforehand

(Dobrin, 1976 and Brown et al, 1972).

Feedan site was selected among Wadi Araba area for the purpose to investigate the maximum
subsurface depth which can be achieved by the used technique. The electrical resistivity technique
was therefore selected to be applied at the study area utilizing the vertical electrical sounding (VES)

technique.

Objectives of the study
The main objective of this research was imaging the subsurface all the way down to a depth in the
range 200m-600m to study the subsurface layers and alluvials at each of the traverses, their

thicknesses and lithology, and explore the groundwater content as well.

2. Location of study area
Three sites have been selected along Wadi Araba Region. The first site is Feedan area, it is defined
by the coordinates E 35° 18.98" — E 35" 17.06" and N 30° 42.46" — N 30° 37.43". Figure (1) shows the

location of the study area.

—
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Figure 1: Location map of the study area.

3. Previous Related Studies

In Wadi Araba region, a number of related geological, hydrological, hydro-geological, geophysical
surveys and hydro-chemical studies have been carried out in this region during the last two decades.
The most related groundwater investigation in the selected study site was in (2005) by El-Isa, he
carried out geophysical exploration for groundwater in Feedan area. Electrical resistivity technique
was used to conduct the geophysical survey. Eighteen traverses and thirteen seismic profiles were
performed in the study area down to about 350m depth. El-Isa concluded that a partial-saturated
zone occurs with variable thicknesses in the range 80m in the north and about 150m in the south.

At a total depth of about 320m beneath the southern part of study site and about 200m beneath its

northern end, the layers appear to be saturated with brackish water.

Abu-Zir (1989) studied the hydrochemistry and hydrogeology of the central part of Wadi Araba to
assess the water resources potential development in that area and to evaluate the quality of water.
He concluded that the Alluvium Aquifer system of Quaternary age covers most of the study area and

there is a quite variation in the quality of ground and surface waters throughout the study area.

El-Isa, et al. (1995) carried out geophysical and hydrogeological studies for groundwater in Ghour
Isal area. They concluded that the study area is underlain by three subsurface water-saturated zones.
The upper is a relatively fresh water zone with a westward dipping surface. This is underlain by a
brackish and a deeper saline zones. The surfaces of these zones show an eastern dip with a westward

salinity increase in the brackish zone.
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4. Techniques and Analytical Procedures

The present investigation has been conducted, using the ABEM TERRAMETER SAS 300B
resistivity meter of the department of Geology, at the University of Jordan (Fig. 2), which is supplied
with 15V rechargeable battery, generates and sends out well-defined pulses of low frequency electrical
current through a certain cycle time (current flow period). Other accessories used in the survey are
two reels of current cables, two reels of potential cables and 28 iron bars used as current and potential
electrodes. The used resistivity meter contains three main units housed in a single casing. These are
the Transmitter, the Receiver and the Microprocessor. The transmitter contains a jumper which
assists in changing the cycle time, the overall cycle time (time required for sending the current,
measuring the voltage drop, calculating the output and displaying it on a screen), and the frequency
of the transmitted current (Table 1). The frequency which has been adopted for all of the survey was

0.4 Hz for 3.6 sec.

Potential electrode terminals Current electrode terminals

Cyeles selector  Resistivity range Desiccator cartridge

Figure 2: ABEM TERRAMETER SAS 300B resistivity meter.

Table 1: The available cycle times, frequencies and the overall cycle times in the SAS 300B

(Atlas Copco, 1984).

Cycle time(S) | Overall cycle time (S) Frequencies (Hz)
3.6 5.5 0.4
7.2 9.1 0.2
14.4 16.25 0.1

—
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The transmitted pulse has an oblong shape, which makes it equivalent to the direct current in
certain intervals of the current flow time. Fig. (3) shows these intervals accompanied with the measure

time.

SP-level

SP_level

current N - r':_:l.__—
receving intervals

AR RN
1 2 3 4 5 seconds

Figure 3: Transmitted current time pattern (After copco, 1984)

The receiver is the second unit of the instrument, it is designed to extract the transmitted signal at
discrete time intervals when natural noise and man-made noise have been decayed to low levels Fig
(3). This is achieved utilizing a highly powerful measurement strategy that includes signal filtering
and stacking, and rejecting both the induced polarization effects and the transient phase of the signal
current. The third unit of SAS 300-B resistivity meter is the Microprocessor controlled electronic
circuitry. When pressing the measuring button, a complete one second check-up procedure is
performed by this unit. This procedure includes check on the battery, circuits, switch positions and
usability of the selected parameters. If necessary, a code of errors with deeper signals tell the user to
perform certain checks. After finishing the measuring cycles, the Microprocessor automatically
calculates the resistance (AV/I) and displays the result digitally on a liquid crystal screen in milli

ohm, ohm or kilo ohm.
The accuracy of the instrument is * 2 % with a lowest measured resistance as low as 0.00005 ohm

5. Data Acquisition
The geoelectrical measurements in Wadi Araba was carried out utilizing the Vertical Electrical
Sounding (VES) technique and the Schlumberger configuration. During the survey every precaution

was taken to reduce and avoid errors in the resistance measurements, as follow:

e The profiles were chosen far away from the noise sources such as power lines, pipe lines, and

buildings.

e All traverses of the VES have been chosen in flat areas to avoid topography effects.
e The separation distances between the potential and current cables was taken more than six
meters in order to prevent the cross talk phenomenon, which may occur between the potential

and current cables.

Furthermore, SAS-300B attachment is provided with a single averaging system (SAS), selector with

four different positions (1, 4, 16, 64 averaging readings). This system allows a quick checking of
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noise level. When the obtained readings at a specific position of selectors e.g. at 4 show significant

differences between them; this indicates a high noise level. Consequently, the selector is moved to

a higher position e.g. 16 or 64.
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Table 2: Electrode spacing of the Schlumberger configuration.

C1C2/2 (meter) P1P2/2 (meter) C1C2/2 (meter) P1P2/2 (meter)
1(m) 0.5(m) 450(m) 30.0(m)
2 0.5 350 60.0
4 0.5 400 60.0
6 0.5 450 60.0
8 0.5 500 60.0
4 2.0 550 60.0
6 2.0 600 60.0
8 2.0 650 60.0
10 2.0 700 60.0
15 2.0 750 60.0
20 2.0 800 60.0
30 2.0 850 60.0
15 8.0 750 120.0
20 8.0 800 120.0
30 8.0 850 120.0
40 8.0 900 120.0
60 8.0 1000 120.0
80 8.0 1100 120.0
100 8.0 1200 120.0
120 8.0 1300 120.0
80 30.0 1400 120.0
100 30.0 1500 120.0
120 30.0 1300 200.0
150 30.0 1400 200.0
180 30.0 1500 200.0
210 30.0 1600 200.0
250 30.0 1700 200.0
300 30.0 1800 200.0
350 30.0 1900 200.0
400 30.0 2000 200.0
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[1] The utilized field layout starts with a current electrode separation of 1m and potential.
electrodes separation of 50cm. Half spacing between current electrodes ranged between
120m to 1500m (Table 2). The maximum separation of current electrodes was affected by
the accessibility situation.

[2] A sum of 3 vertical electrical sounding (VES) profiles were conducted in the present study

distributed in Feedan area. The field measurements of the VES were taken as follows:

i The location of the fixed central points of this survey were determined by using
Global Positioning System (GPS) (Fig. 4).
ii. The layout directions of the soundings were determined by using a compass.
iii. The total length of the profiles were taken according to the required estimated
depth of current penetration and the nature of the area (Table 3).
iv. The displayed measurements were multiplied by geometrical factor K that depends

on electrodes spacing to calculate the apparent resistivity values (pa) which are
used in the analysis and interpretation.

6. Data Processing

6.1 Calculation of Apparent Resistivity Values.

The first step in the resistivity data analysis is to calculate the apparent resistivity "pa"
corresponding to each measured resistance (AV/I) for each profile. The apparent resistivities "pa" are

calculated by using the following formula which depends on the electrodes arrangements:

pa=mL?*R) /21 (Dobrin, 1983)
Where

pa : apparent resistivity in ( Q.m ).

R : Resistance in ( Q).

L : Half - current electrode separation in ( m).

1 : Half - potential electrode separation in ( m).

For accurate results 21 should be less than one-fifth of L.

Table 3: Details of the Electric Sounding traverses of the study site.

Feedan Area:
Profile No.| Profile direction | Profile | Profile Coordination of profile cross-over point C/P
Length |Elevation (Palestine Belt)
(m) (m)
VES (1-F) NNE-SSwW 2000 -118 010-13-028 N, 001-80-180 E
VES (2-F) N-S 1800 -122 010-11-863 N, 001-78-928 E
VES (3-F) NNE-SSW 1600 -106 010-10-799 N, 001-79-565 E
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Figure 4: Locations of vertical electrical sounding (VES) in the Feedan area.
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7. Geoelectrical Data Interpretation.
7.1 Qualitative Interpretation

Figure (5) shows the iso-resistivity contour maps of the area for the following spacing :- C1C2/2=
30m, 600m, 800m and 900m respectively. Fig.(5A) represents the resistivity distribution at shallow
depths (C1C2/2=30m). At such depths, these data indicate that the area is characterized by high
resistivity value due to the presence of the Quaternary dry sandy gravel alluvials with variable grain
distributions. The relatively lower observed resistivity values in the south are most probably caused
by a higher percentage of silty and sandy materials in these alluvials. Fig.(5B) shows the iso-resistivity
contour map for the spacing(C1C2/2=600m) i.e. the resistivity distribution at a depth of about 240m-
250m. At this depth, resistivities appear to vary in the range 120ohm.m to 150ohm.m. This indicates
partial water saturation for the alluvials at this depth. At greater spacings (C1C2/2=800m and 900m)
i.e. large depths, resistivities are reduced to lower apparent values that indicates full water saturation,
Fig. (5C and 5D). A general N-NW resistivity reduction is observed on these iso-resistivity maps,

indicates water-saturation at such depths.
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Figure 5: Feedan area iso-resistivity contour maps (in 2.m) for :A) C:1C2/2 = 30m, B) C:1C2/2 =
600m, C) C:C2/2 = 800m. D) C:C2/2 = 900m.

7.2 Quantitative Interpretation
VES(1-F):

This is the northernmost traverse that was executed in the study area at an elevation of about -
118m (Table 3). With its 2000m length, this traverse is floored by soils and alluvials, it supplies
information on the subsurface resistivity distribution down to a depth of about 400m. The final

interpretation of this VES is presented on figure (6A). The best-fitted model consists of nine
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subsurface resistivity layers: The upper two represent dry soil layers with 0.6m and 0.7m thicknesses
and 887Q.m and 381Q.m resistivities respectively. The third, fourth and fifth layers have variable
resistivities that indicate dry sandy gravel alluvials with variable grain size distributions. The
thickness of the sixth layer is 34m and its resistivity is 167Q.m, it is interpreted as sandy clayey
alluvials. The seventh layer occurs at a total depth of about 77m and attains a resistivity of about
413Q.m. It is interpreted to represent dry sandy gravel alluvials with a higher proportion of rock-
fragments in it. At a total depth of about 182m, the eighth layer occurs with 113Q.m resistivity and
118m thickness. This is interpreted to represent sandy gravel alluvials and appears to be partially
wet where the water contents increase slightly with depth. The ninth layer occurs at a total depth of
300m. It is interpreted to represent a marly-clayey alluvial layer. Its resistivity is 32Q.m which

indicates water-saturation. The relatively higher resistivity indicates relatively fresh water.
VES(2-F):

This traverse was executed over a total length of 1800m at an elevation of about -122m (Table 3). The
final interpretation of this VES is presented in Figure (6B), which also includes a tabulation of the
thicknesses and resistivities of the layers of the best-fitted model. This consists of eight subsurface
layers interpreted in order from top to bottom; The upper two layers are interpreted to represent the
soil at this site. The third and fourth layers have variable resistivity values that indicate dry sandy

gravel alluvials with variable grain size distributions.
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Figure 6: The final interpretation of resistivity data of A) VES(1-F), B) VES(2-F).

The fifth layer is interpreted as sandy clayed alluvials. The sixth layer represents dry sandy
gravel alluvials with an increase in the proportion of rock-fragments, the seventh layer is interpreted
to represent sandy gravel alluvials and appears to be partially wet where the water contents increase

slightly with depth. The last layer showed very low resistivity values which indicates water- saturated

134

Pr—
Nt

Issue No. (3) DEC 2021




Dera et al AL-Zintan University AL Jabal Scientific Journal

alluvial layer i.e. the aquifer.

VES(3-F):

This traverse was executed some 300m east of Amman-Aqaba road shore at an elevation of -
106m. The final interpretation of this VES is shown on Fig (7). Eight resistivity subsurface layers
seem to explain the observed data. The upper three, alluvials seem to be dry. The resistivity valus of
the fourth and fifth layers are lower than the upper which indicates a dry sandy gravel alluvials with
variable grain size distributions. The last three layers can be interpreted in order as follow, dry sandy
gravel alluvials with an increase in the proportion of rock-fragments within the alluvials, sandy gravel
alluvials and appears to be partially wet where the water contents increase slightly with depth, and

finally, the aquifer as deduced from its 34Q.m resistivity values.
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Figure. 7: The final interpretation of resistivity data of VES(3-F).oelectrical Cross-Section

The final results of the resistivity survey are utilized to visualize the distribution of electrical
resistivities three-dimensionally beneath the study area. This process will facilitate the geological
interpretation of the results and ultimately the hydrogeological evaluation of the groundwater and the

water quality. To this, a cross sections has been constructed along and across the study area, (Fig8).
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The combined cross-section of study area which runs in N-S direction consists of three major
zones. The first represents the upper 5-6 geoelectric deduced layers that extend down to the depth of
about 240m, ( see Fig. (8)). All these layers are dry with relatively high resistivities, mostly more than
200Q.m-300Q.m. The following layer represents the second zone with a total thickness of about
120m-140m. Its resistivity varies mostly in the range 115Q.m-140Q.m i.e. partially wet. The third
zone follows with a resistivity of about 32Q.m-34Q.m. It represents a 100m thick aquifer with
relatively fresh water. Beneath this, the water appears to be brackish to saline. These results are in
agreements with El-Isa (2005). Depth to the conductive layer in the Feedan area varies from 295m to

more than 310m with resistivity values in the range 32Q.m to 35Q.m as shown in figure (94).

When topographic and elevation differences are considered. The depth to this low resistivity layer
(Figure (10)) shows a clear decrease towards the Dead-Sea which may mean that the groundwater
flow is in this direction. This is in agreement with Hirzalla (1974). The resistivity values of this low
resistivity layer show a general westward decrease in a very small range of only a few ohm.meters
Figure (9B). This can easily be interpreted to represent a general sedimentlogical feature in this area

which implies a higher clay and silt contents in this direction.
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Figure 8: A N-S cross-section of the resistivity results (2.m) in the Feedan area.
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Figure 9: Feedan area : A) Depth to the low resistivity layer (in m) from earth's surface. B)
Iso-resistivity contour map (in Q2.m) for the Low resistivity layer.
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Figure 10: A) Depth to the low resistivity layer from Sea level. B) Three dimensional
presentation of the surface of the low resistivity layer at Feedan area.
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8. Conclusions

Based on the interpretation of geoelectrical resistivity data, the following conclusions are
made:

1. The study site of Feedan area is floored with relatively thick Quaternary alluvial deposits which
form the main aquifer.

2. The electrical resistivity survey revealed that the resistivities of these alluvials vary in a wide range
in Feedan, mostly 32Q.m to less than 1960Q.m.

3. The depth to the main aquifer as measured from the earth's surface varies in the ranges 295m —
350m in the study area.

4. In Feedan area a general northward direction towards the Dead Sea is observed for the
groundwater flow as deduced from the subsurface resistivity distributions.

5. The resistivity values indicate that the groundwater beneath the study area is relatively fresh,
particularly beneath the first travers.
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Abstract
The groundwater aquifers in Azintan, northwestern Libya suffer from an acute shortage of water. The
groundwater was evaluated to determine its suitability for drinking and irrigation purposes from

major two

aquifers in north and south of Azintan area. This study carried out to assess the groundwater quality
and to identify major affecting variables. Twelve samples from the two aquifers were collected. The
two aquifers were collected and analyzed for total dissolved solid (TDS), electrical conductivity (EC),
pH, Ca2+, Mg2+, Na*, K+, Cl-, SO42-, CO32- and HCOG3-. The results show that, the groundwater in many
places is dominated by higher concentrations of Cl, SO42- and HCO3-. Two water types were
recognized in this region are Cl-SO4-Na-Ca and Cl-SO4-Na. Gibbs and Piper method, as well as the
hardness, soluble sodium percentage and the permeability index all have been used to assess the
diagram quality of the groundwater of aquifers. Further, the multiple correlations and Cluster
Analysis of groundwater quality parameters were carried out for further classification and
interpretation of the groundwater quality. Finally, water qualities in the study area are compared with

Libyan standards and WHO guidelines of drinking water and irrigation purposes.

Keywords: (Cluster Analysis, Groundwater quality, hydrogeochemistry, Irrigation, Zintan).
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1. Introduction

Libya's area of 1,750,00sq km is mostly desert. Only about 4 percent of Libya's area has both
sufficient rainfall and adequate soil to be considerable. Most agricultural and other human use of
water are dependent on groundwater. Only two regions of the country, the Jifarah-Jabal Nafusah
region (study area) and Al Jabal Al Akhdar region, receive sufficient amount of rainfall in most years

to provide significant recharge to groundwater.

The area investigated was the subject of numerous geological studies carried out by different
geologists [19]; [8]; [12]; [24] The suitability of irrigation water depends upon many factors including

the quality of water, soil type, salt tolerance characteristics of plants, climate and drai

nage characteristics of soil [10]; [16]. This study focused on the quality of water resources in an area
that suffers from a severe shortage of water sources. The groundwater is the only source of water
supply for most of the local demand (agricultural, industry, and domestic), as well as drinking and
irrigation purposes. Azintan depends heavily on groundwater, which accounts for more than 97% of
the water used (83% of agricultural holdings and 14% of household). There are no available water
supply systems in the area. The only source for recharging groundwater aquifers is rainwater, which
falls only in the winter season in December and January in limited quantities. Precipitation has an
average annual rainfall of 150 mm per year. Libya has no rivers, and its surface run-off is limited to
short floods following extreme rainstorms in the winter. This puts the total contribution of surface
water at less than 3% of the existing water in use. Renewable basins are found in the north (Jifarah
Plain, Jabal al-Akhdar and part of Hamada al-Hamra), while the other sedimentary basins (Murzuk,
Kufra and Sarir) containing non-renewable groundwater. Renewable groundwater is estimated to be
600-650 MCM/yr. [7]. Other places that have local recharge because of rare heavy rain producing
run-off have been observed in the Haruj Mountains in the centre of the country, at the Tibesti
Mountains in the south and the Aweinat Mountains in the west. The recharge amount in these areas
is minor and has little value compared to the storage values and aquifer losses [9]. Surface water in
Jifarah plain, 170 MCM/yr. collected from seasonal run-off water from dams [9]. Sustainable
groundwater abstraction should not exceed 3,650 MCM/yr. [9]. This amount covers renewable
groundwater in Libya is 650 MCM/yr.; 25 MCM/yr. Hydrochemical studies of groundwater provide
a better understanding of possible changes in quality [17]. The chemical parameters of groundwater
play a significant role in assessing water quality, which is suitable for drinking, agriculture and
industrial purposes [15]; [32] ; [4] [29] Irrigation with poor quality water may bring undesirable
elements to soil in excessive quantities affecting its fertility. The quality of groundwater has definite
command over the yield of crops through its effect on environment. The main objectives of this study
are to analyze the characteristics and assess the quality of the groundwater from aquifers using
geochemical analysis and classifications to evaluate its suitability for drinking and irrigation

purposes. The empirical classification has been adopted to indicate the nature and quality of the
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groundwater and determine the groundwater quality of Azintan's aquifers and delineate groundwater

wells.

2.1. Geographic and Hydrogeological setting

Groundwater in the study area is important resource for drinking water, agricultural, domestic and
industrial purposes. The hydrogeochemistry and quality of groundwater in the study area are poorly
understood and have not been investigated at depth. The study area lies between 31°51'54"-
32°55'50"N 10°47'36"-12°14'54"E and covers an area of approximately 50 km?. Azintan is one of the
biggest cities in north western Libya in Jabal Nafusah, situated roughly 160 kilometers southwest of
Tripoli. It is a rocky plateau, 600 to 700 m in its highest part, with a steep north face overlooking
Jifarah Plain (Fig.1a) and gentle south slope ending along the northern edge of Al Hamadah Al Hamra.
It has alluvial terraces, gently rolling hills and dry wadies (Fig. 1a). The average annual rainfall ranges
from 100 to 250 mm per year, rainfall covers only the southern and eastern slopes of Jabal Nafusah
[22]. The age of the outcropped rocks along Jabal Nafusah escarpment range from Jurassic to recent
[12] (Fig.1b). The study area consists the Lower to Upper Cretaceous succession, has been divided
into three major lithostratigraphic units ( Nalut Formation; massive and crystalline dolomitic
limestone and dolomite, Sidi As Sid Formation; has been divided into two Members: Ain Tobi and
Yefren Marl, it consists dolomite and marl and Kikla Formation; includes sandstone).However, the
study area is underlain by the alluvial deposit, which consists of sand and gravel. The thicknesses
of the alluvial deposits range from 15 m to more than 50 m and are underlain by Mesozoic sandstone
and limestone as bedrock (Fig 2).The major part of the study area, located in the Jifarah plain, which
rises above sea level along the coast to 200 m at the foot of the Jabal Nafusah escarpment. The Jifarah
plain is a triangular area of about 20 000 km?, bounded on the north by the Mediterranean coast, on
the south by Jabal Nafusah and on the west by the Tunisian border (Fig.1b). It is the most important
part of the country for economic production and is one of the most intense areas for agricultural
production in Libya. The Mesozoic sandstone rocks belong to the Kikla Formation, that are considered

as one of the most potential groundwater reservoirs in Azintan.
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Figure 1 a. General location of Azintan area, and b. The geological map of study area
(modified after[12]

The exploitable thickness of the undifferentiated formations is estimated to be around 50-100 m. The
stratigraphic superposition in the area is illustrated by the north-south cross-sectional diagram
(Fig.2). The Mesozoic sandstone Formation is widely distributed through this area and the
undifferentiated Mesozoic sandstone strata overlain by the limestone rocks in the south direction
(Fig.2). The rainfall varies between an average of approximately 100 to 200 mm/year in north of the
Jifarah plain. There are few resources in the studied area. precipitation (Fig.3). The study area has

an average of water levels within 100-200 m below surface.

RECHARGE oy = &

JIFARAH PLAIN

ALLUVIAL DEROSITE
.. -

FAULT

[T sannstons <1980

[0 aresum ALLUMIAL DXPOSITE o 25km

Figure 2 Hydro cross section of A-A'. After [12]
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The climatic factors of the study area are characterized by highly temperatures and high evaporation

in the summer. The lowest and highest temperatures are usually observed in January and July,

respectively (Fig.4). According to the data obtained from Azintan (weather station 2018), the average

temperature is 17°C in the area. A part of the precipitation falling on the hills surrounding the Jifarah

plain reaches the area surface runoff through many wadies, the length of which does not usually

exceed a few kilometers. The loose sediments have been deposited in the area forming good water-

bearing source. The major aquifers occur in north of Azintan city. The groundwater flow of the

Azintan's aquifers covers extends south to north (S-N) direction (Fig.5).
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Figure 3 Rainfall distribution and water level of the study area. [22].
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Figure 4 Monthly average temperatures and rainfall in the study area (Azintan weather

station 2020).
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Figure 5 Conceptual model of the groundwater system at Azintan. Modified after [18]

The hydrogeological investigation indicates that there are three major aquifers throughout the area;
the Kikla, Shakshuk and Chameau Mort. The stratigraphic section refers that Kikla Formation is
lying at the top of the aquiferous Cretaceous Formation. Kikla Formation is one of the most potential
groundwater reservoirs in the eastern part of Jabal Nafusah [18] and is tapped for the domestic
water supply of Azintan. The Kikla Formation consists of Mesozoic sandstone (Fig.2) and is overlain
by the rocks of the Sidi as Sid Formation (Ain Tobi Limestone and Yefren Marls members) and Garian
Limestone. The depth of the water table varies between 50 to 100 m. The recharge of the Kikla aquifer

is through infiltration of rainfall and wadi runoff. The transmissivity y (T) of the aquifer is 2-6x10-2

m?/s. The other major aquifer is Shakshuka Formation, which is overlined by Kikla Formation, 80-
110 m thick, which consists of variegated clay, limestone, dolomite and sand. This Formation shows

good permeability, The transmissivity T=2x10 -* m?/s, TDS: 2000 mg/L. Also, Chameau Mort

Formation, 110-160 m thick, contains the main aquifer of the Jurassic group and consists of
stondstone, and dolomite, which is alternated with clay. Its transmissivity values vary from 2x10-3

to 5x10-® m?/s [18]. However, the Tacbal Formation shows a wide variety of permeability, the water

quality is poor as total dissolved solids TDS> 2500 mg/L and becomes worse towards the bottom
because of the increasing gypsum layers. Some 10 000 km? of the Jifarah overlies a system of
freshwater aquifers. It can be assumed that the average rainfall is 200 mm/year. The overall volume
falling on that area is about 200 x 106 m3. It is generally admitted that 10% of the rainfall percolates
to the water table and recharges the unconfined aquifer [18]. Hence, the recharge of the freshwater

aquifer system is some 200 x 106 m® and the rest are evaportranspirated throughout the year.
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3. Materials and methods
3.1. Sampling and analytical procedures

A total of 12 groundwater samples were collected from north and south of Azintan city.The north
aquifer consists Lower Cretaceous sandstones (Kikla Formation), however, the south aquifer consists
of hundreds of meters of Upper Cretaceous limestone. The samples were chosen carefully in order
to evaluate the quality of groundwater in the study area. Major of the samples are located in the
northern part of the study region, and the other samples were collected from the southern part. The
samples were collected after removing the stagnant water.All groundwater samples were collected
from hand-pumped wells. All groundwater samples were stored at approximately 5°C. The
groundwater samples were analyzed at the water and gas analysis laboratory of Libyan National Oil
Corporation in Az Zawiya and at the Engineering faculty lab in Sabratha. The research methods of
collecting groundwater samples as well as the analysis of the water sample, followed standard
procedure. The Ca2+, Mg2+, K* and Na* were analyzed using flame atomic absorption spectroscopy
FAAS. HCOS3- and CO3- were determined using acid titration method. Cl- concentration was

measured by AgNOS titration method, while SO42- measured by Slaver 4 method HACH.
4. Results and discussion
4.1 Hydrochemical modelling and charac-teristics.

Interaction between water and surrounding rocks and soil is considered to be the main process
controlling the observed chemical characteristics. The deviation of water from equilibrium with

respect to dissolved minerals is quantitatively described as follows.
4.1.2. Saturation index (SI)

The calculation results of SI are listed in Table 1. calculated according to the formula; saturation
Index =1g10(IAK/ K), Where IAK is Ion Activity Product of dissociated chemical species in solution. K
is equilibrium constant product of chemical involved [1]. The hydrogeochemical equilibrium phases,
[25] were used to calculate the SI of water with respect to the main mineral phases by phreeqc
software. The SI values of calcite, dolomite and gypsum for most groundwater samples are greater
than zero, indicating supersaturation of these sulfate and carbonate minerals. Equilibrium is taken
to be between SI = -0.1 to 0.1 [2]. Using saturation index approach, it is possible to predict the

reactive mineralogy of the subsurface.

(Table 1) Calculated saturation indices of calcite, gypsum and dolomite

Calcite Gypsum Dolomite
SI SI SI
0.86 1.38 0.83
0.56 1.30 0.60
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0.41 1.20 0.47
0.514 1.00 0.38
0.59 1.14 0.46
0.84 1.45 0.72
0.63 1.33 0.54
0.85 1.45 0.76
0.31 1.11 0.49
0.84 1.33 0.83
0.70 1.20 0.65
0.81 1.15 0.83

In the recharge zones, groundwater is gypsum-saturated, dolomite and calcite in the up gradient
areas of a regional flow, due the interactions with sufficient mineral and ionic sources. This
interaction will be taken place, and reach equilibrium with these minerals. Due to progressive mineral
dissolution the TDS in groundwater will also increase along the groundwater flow path. Therefore,
the plot of TDS versus SI (Fig. 6) suggests the evolution along the flow path. The SI values of calcite
and dolomite range from 0.31 to 0.86 and from 0.38 to 0.83, respectively. The correlations between
them and the TDS are not significant (Fig.6), which indicate that calcite and dolomite (carbonate
minerals) do not continue to dissolve along the flow path. In contrast, the SI value of gypsum is more
than one, and all minerals exhibit positive correlations with TDS (Fig. 6), which suggests that the SI
values for aragonite, calcite, dolomite and most magnesite were greater than zero. Thus, water is
supersaturated with precipitation of calcite, dolomite or gypsum. The Ca2+ will increase in
groundwater due to dissolution of gypsum, which will in turn increase the SI values of calcite and

dolomite. The decrease in the SI values of calcite and dolomite may support this inference (Fig. 6).

4.1.3. Sodium Adsorption Ratio (SAR)

The soluble sodium percentage (Na%) and the Sodium Adsorption Ratio (SAR) are used for
determining the suitability of groundwater for agricultural uses. However, medical research restricts
sodium content in drinking water to 120 mg/l [5]. Both are considered a useful indicator in
determining the suitability of groundwater for agricultural uses. In this study, the values of SAR and
EC were plotted on salinity diagram (Fig. 7) combining the two hazards, sodium and salinity, the
results show that most groundwater samples belong to the category C3-S1 (low sodium and high
salinity). Theoretically, can be used with caution for agricultural purposes. Z-1, Z-10, Z-11 and Z-
12 belong to C4-S2, indicate that although these samples represent low alkalinity hazard, and they
are not suitable for irrigation under ordinary conditions because they represent a very high-salinity
hazard. In this study area, all samples are not exceeding the limit, which may affect consumers.
Depending on Libyan standard [21], it was found out that some groundwater samples were suitable
for drinking; as soluble ions not exceed the maximum permissible limit. Exceed salinity reduces the

osmotic activity of plants and interferes with the absorption of water and nutrients from soil (Saleh
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and Shehata, 1999). Salinity, Sodium absorption ratio (SAR) and sodium percentage (Na %) are

important parameters for determining the suitability of groundwater for irrigation uses [30]. Sodium

concentration is a n important factor in classifying irrigation water, because sodium reacts with soil

to reduce its permeability. All ionic concentrations are expressed in milli-equivalents per liter

(meq/L).Generally, when Na% value is less than 60%, it is acceptable for irrigation. Most of samples

are plotted in zones of excellent to good, good to permissible and unsuitable zone [37]. The Sodium

percentage is computed with respect to the relative proportions of cations present in water, where

the concentration of ions is expressed in meq/L using formula after [23].
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Figure 7 Classification of groundwater, based on Salinity and Sodium Adsorption (SAR),
[33]. Samples belong to the category C3-S1 (low sodium and high salinity), C4-S1 ( low

sodium and very high salinity) and C4-S2 ( very high salinity with medium sodium).
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Samples Z-1, Z-2, Z-10 and Z-12 belong to unsuitable category (Fig. 8), indicating that they are not
suitable for irrigation. The classification of groundwater samples with respect to sodium percentage
are shown in (Table 2). Only four samples have values ranging between 23 to 29 %, which indicate
values larger than or equal to 20%, whereas eight samples have values ranging between 30 and 55%.
Most values generally less than 60%, indicating that they are all safe to be used for irrigation
purposes. Exceed Na+ combining with carbonate lead to formation of alkali soil, whereas with
chloride, saline soils are formed [27]. According to classification of hardness [29]and (Table 2), all
samples fall under very hard water category. The chemical analysis revealed that the total hardness
of CaCOg3 varied from 500 to 1140 mg/1 for both samples, indicating very hard water (Fig.9). The
hard water noticed in most of the samples, could be attributed to calcareous soil and limestone units
found in the study area. The Ca2+ salt in most of the groundwater samples suggests a calcareous
aquifer. The plot of total hardness (TH) versus total dissolved solids (TDS) (Fig.9a) shows that the
groundwater samples lie in brackish zones to the fresh, indicating different quality levels. However,
the other samples are too hard (Fig.9b). To detect mechanisms that control the hydrochemical
components in surface water and groundwater, Gibbs diagram is used (Gibbs 1970). The total
dissolved solids are plotted against ratios of cations [Na*/ (Na+ + Ca2+)] or anions [Cl-/ (Cl-+ HCO3")].
The diagram is divided into three zones representing different controlling mechanisms which are
evaporation, rock, and precipitation (rainfall) dominance. Gibbs diagram (Fig.9) shows that all the
water samples fall entirely in the zone between the evaporation and rock dominance zone which is
compatible with storage conditions. The TDS increase in irrigation water affects soil efficiency and
growth and yield of plants. For long term irrigation under average conditions, the total dissolved
solids should not exceed 2000mg/1. High increase in water salinity increases salts amount in soil
and leads to salinization problem. Classification of water according to hardness [29] is given in

Table3.
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Figure 8 Plot of Na% versus EC, (Wilcox, 1948)
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Table 2. Classification of groundwater, based on Sodium percentage after [37]

Sodium (%) Water Samples
<20 Excellent to good Z-9
20-40 Good to permissible Z-4,2-7,72-9,7Z-11
40-60 Permissible
60-80 Doubtful Z-6, Z-8, Z-3
>80 Unsuitable Z-1,2-2,72-10,Z-12
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Figure 9: a) Plot of TDS versus TH expressed in mg/L as CaCO3. b) Gibbs diagram shows
TDS versus Cl/ (Cl + HCO3)) and Na*'/ (Na* + CaZ?*).

Table 3. Classification of water based on hardness after [29]

Hardness as CaCOs3 Water class

0-75 Soft

75-150 Moderate Hard

150 - 300 Hard Z-3,Z-7 and Z-9

>300 Very hard The rest of the samples

5. Results

The analytical results of the physiochemical and the statistical analysis indices are shown in Table
4&5. The TDS in the groundwater ranges from 676 to 2240 mg/L, indicating fresh to brackish
mineralized water (TDS < 3000 mg/L; Aral and Warren 2001). The EC of the groundwater is higher
than that of the surface water, suggesting mineral dissolution in the groundwater, EC ranges from
(965 to 3730 ps/cm).
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All samples fall under low saline water (Banks and Siewers, 2001). Among the mean ion
concentrations, the main anions are SO42- and Cl- with averages of 345.80 and 418.917 mg/L,
respectively. The HCO3- ranges from 191 to 502 mg/L. The main cations are Na* and Ca2* with
averages of 171.198 and 124.156 mg/L, respectively. The pH of the groundwater is within the range
of 7.4 to 8.3, indicating an alkalescent tendency. All samples are compared to Libyan and WHO
guidelines see Table (4). The groundwater samples have low value of total dissolved solids as
compared with other major groundwater reservoirs samples throughout the country. The relative
high-water levels within the aquifers and negative effects of sediments are responsible for the low
value of TDS. Total Hardness ranges from 384.35 to 1140 mg/L and is therefore it is categorized as
very hard water according to [29]. No ammonia nitrogen and nitrate nitrogen pollution were detected.
Tri-linear diagrams are perhaps the most commonly used technique for finding hydrochemical
patterns in major ion data.In the present study, a Piper diagram [26] was used to determine the
major hydrochemical facies. It shows that SO42- and Ca2* are the main hydrochemical facies in
groundwater. Accordingly, two water types were recognized in this region. These are Cl-SO4-Na-Ca
and CI-SO4-Na. The first type (Cl -SO4- Na) belongs to well of Z-1, Z-2, Z-3, Z-4, Z-5, Z-10 and
dominate source of this facies comes from dissolution of limestone and marl in the study area. The
second type belongs to the wells Z-6, Z-7, Z-8, Z-9. The dominant source for this facies comes from

dissolution of limestone, dolomite and calcarenite.
5.1 Correlation of major chemical indices

Multiple correlations are useful to interpret the major hydrogeochemical evolution processes within
an aquifer and can also be used to deduce the sources of ions and the origin of the groundwater and
to measure and establish the relationships between average variables. It also helps to distinguish
the relevant hydro geochemistry facias. The multiple diagonally symmetrical linear correlation
matrices of Na*, K*, Ca2*, Mg2?+*, HCO3s-, SO42-, Cl-, COs-, pH, EC ,TH and TDS of the study area
samples are given in (Table. 6). The relation between the variable Na+ vs K+ show positive correlation.
The Na+ and K* are mainly obtained from the weathering of calc-alkaline group of rocks and

carbonate sources are mainly obtained from the per alkaline group of rocks.

The relationship of variables in the study area also shows existing same positive correlation, except
HCOs , K* and vs TH, which shows a very low degree of insignificant negative correlation. The
correlation studies between TDS vs K+, Na*, Ca2* and Mg?2+ show positive correlations which indicate
that the combined operation of chemical weathering, groundwater movement and controlled the

chemistry of groundwater in the study area.

The cluster analyses of geochemical parameters of the study area is performed for ionic
concentration on the elements of hydrogeochemistry of groundwater and for classify cases of groups
that are relatively heterogeneous between each other, on the basis of a defined set of variables. The

cluster analyses have been performed using SPSS software and Ward’s method. The average parried
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groups of ionic clusters of geochemical parameters are (Mg2+, Ca2* ,S042-, CO3-), (Cl, HCO3-, CO3-
, TDS, K*), (pH, Na+, EC) and (TH) Fig 11. First cluster includes the sample locations of Z-4, Z-5, Z-
7 and Z-9. The second cluster consists of the sample locations of Z-6, Z-8, Z-11 and Z-3. The third
cluster involves the sample locations such as Z-1, Z-2 and Z-10. The fourth cluster consists of the

sample locations of Z-12.

BERsEEN

Figure 11. Trilinear Diagram of the major ions in the groundwater of Azintan area.

Table 4 Results of the physiochemical analyses (mg/L)

Sample pH TG EC TDS TH Na+ k+ Mg2+ Cal+ Cl- 5042 HCO3- CO3-
Z-1 7.5 22 3150 1510 920 405 60.5 153.52 205 420 426 210 Q
-1 16 22 3108 1360 700 362 58 1267 103 368 21 151 0
-3 8.3 2 2160 156 500 221 jzl 78.16 71.2 230 430 302 4
-4 7.74 22 955 6346 384.4 118.37 56.95 37.33 92.34 262.7 153 78.09 a
-5 167 11 963 676 481.2 152 34 44.75 110.8 213 264 30.64 Q
-5 7.2 21 2087 1451 360.5 121 30 85.55 196.58 368 613 1371 a
-7 7.28 20 1483 1060 368.8 110 28 63.46 123.11 298.2 525 126.5 a
-3 7.2 2 2006 1360 §33.2 105 26 108.25 203.14 368 375 34.36 Q
-9 19 22 1488 259 5350 75.5 20.8 299.64 55.8 220 360 366 4
Z-10 18 22 3180 1510 1140 151 37 155.34 200 343 320 321 Q
Z-11- 1.8 12 1857 1115 920 21 217 183.8 65.1 188 430 218 4
Z-12 8.1 22 3730 22 420 147 ] 63.47 63.4 420 424 210 a

averape 7.68 2167  21155.08 1372.75 695.2 171.2 38.36 100.34 124.18 352 421.52 2113 1.0%
Liby.stand.  £.5 - 730 = 1000 300 200 40 150 200 230 400 - -

WHO2017 - 1500 500-1500 100-500 200-600  10=12 30-100 T5-200  250-50Q0  200-230  200-500 - -
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Samples z1 72 z3 z4 z5 z6 z7 z8 9 10 11 E2
Na% 4938 5742 5231 3891 41.05 2765 3339 2373 2998 503 3061 4854
ME[Magnesium 4282 51.05 5233 2879 2873 3126 3401 476 64.1 4372 7384 s003
Hazard %)
SARS 10.8 12.48 5.04 522 525 357 4.03 258 3.03 3.47 387 653
Nz/[Nz=Ca) meq/L 0.67 0.78 0.75 056 054 038 0.47 034 058 04 065 07
CI/[C1+HC3) meq/L 0.67 065 033 077 07 0.1 07 0.87 038 05z 057 056
HCO3 meqfL 3.44 313 823 13 147 225 207 138 6 525 355 42
Ca megL 10.25 5.15 3.56 4.62 5.54 9.85 6.16 10.16 279 10 3.26 3.17
Mg meg/L 12.64 2.54 6.43 307 385 7.37 5.22 391 22 12.79 15.13 5.22
Ca+Mg meg/L 2239 13,99 9.95 785 9.23 17.22 11.38 19.07 1099 21.79 12.38 B.59
Gl meg/L 11.36 10.4 7.06 T-42 6.02 16.03 8.42 16.05 621 9.83 8.14 915
Na megL 17.78 15.74 9.61 517 574 5.26 4.78 4.57 3.28 57 53 638
S04 meg/L 2.66 3.268 2.6% 0.96 1.65 3.83 3.28 3.59 2.23 2 2.81 2.44
ALY A ARY ¢0 ¢+ R
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The ratio of Na and Cl- in meq/L should be equal to 1, if Cl- and Na+ are derived solely from the
dissolution of halite. Most samples are plotted below the 1:1 line (Fig. 12a), which indicate that the

Na+ is lower than Cl- content due to the cation exchange makes Na+ in groundwater (Fig. 12a)

Issue No. (3) DEC 2021

Figure 11 Dendrogram of groundwater aquifers in Zintan.

Table 6. The multiple correlation matrix of water quality parameters.

3- EC TDS TH
-0.1 1

-0.2 0.99 1

-0.1 0.37 0.4 1
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1 pH Nat K+ Mg2+ Ca2t Cl- S0O42-  HCOs

pH 1 ,
Na+ 0.01 1

K+ 0.16 0.79 1

Mgzt  -0.06 0.34 0.03 1

Ca2+ -0.69 0.19 0.09 0.29 1

Cl- -0.58 0.11 -0.11 0.20 0.694 1

S0O42- -0.48 0.14 -0.27 0.29 0.329 0.68 1

HCOs- 0.728 0.13 0.087 0.26 -031 -03 -0.04 1

Furthermore, (Ca2+ + Mg2+) versus HCOS3- ( Fig.12b) plot shows that the samples plotted below
1:1 and 1:2. The content is slightly in excess of HCO3- due to role of silicate weathering as the
primary mechanism for the occurrence of dissolved salts in the groundwater and indicating that the
dissolution of dolomite is likely to occur in the area. In summary, the dissolution of carbonate
minerals (calcite and dolomite) may make important contributions to the Ca2+, Mg2+ and HCOS3- in
groundwater. Similarly, if the dissolution of gypsum is the only explanation to the origin of Ca2+ and
S042-, the ratio of Ca2+ and SO42- in meq/L should be 1:1 (Fig. 12c). Gypsum is oversaturated in
the groundwater, and their dissolution can be a significant contribution to the increasing content of

Ca2+ in the groundwater.

5.2 luster Analysis

However, the calcite is saturated, therefore, calcite precipitation is most likely the most appropriate
explanation for the Ca2+ deficiency versus SO42- (Fig. 12c). The slope for HCO3-against Ca2+ should
range from 1:1 to 1:2. (Fig.12d).
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Figure 12. Relationships among major ions in groundwater samples.
6. Discussion

The important hydrogeochemical parameters in assessing water quality are TDS, EC and SAR, which
reflect the classifications of irrigation and drinking water quality. The values of SAR (Table 5) and
EC (Fig.7) show that most groundwater samples belong to the category C3-S1, which is suitable for
agricultural purposes. The poor quality of the groundwater is controlled by levels of TDS, TH, Cl-
and SO42-, which result from the dissolution of various mineral phases in the aquifer. Sulfate content
ranges from 153 to 613 mg/1 with average of 421.92 mg/L. The increment of sulfate toward southern
part >450 mg/Lis mostly due to dissolution of gypsum minerals. and also, due to extension of
gypsiferous limestone. The sulfate ions reached the groundwater system. The percolating water
usually dissolves completely all highly salts such as NaCl, but partially dissolve sparingly soluble
salt such as gypsum [11]. However, toxicity is rarely a problem, except at very high concentrations,
where high sulfate may interfere with uptake of other nutrients. Although chloride is essential to
plants amounts, it can cause toxicity to sensitive crops such as fruit and vegetable crops at high
concentrations Table 7 [6]. However, in the northern area, the groundwater has EC values between
670 to 2000 as/cm (except sample Z-1 and Z-2), indicating excellent and good to permissible utility

for irrigation.
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Table 7. Chloride classification of irrigation water.

Chloride (mg/1) Effect on crops Samples

<70 Generally safe for all plants

70-140 Sensitive plants show injury

140 - 350 Moderately tolerant plants except Z-1,Z-2 Z-12
>350 Can cause severe problems  Z-1, Z-2,Z-12

Another indicator that is used to specify the magnesium hazard (MH) as proposed by [31] for irrigation
water (Table 8). From the calculated values, the magnesium hazard values range between 28.7 and
73.84 (Table 9). A value of MH > 50 % indicates harmful groundwater and unsuitable for irrigation,

while a value MH< 50% indicates suitable groundwater.

Table 8. Sodium hazard classes based on sodium adsorption ratio after [37].

Sodium hazard class SAR Water class  Study samples

S1 10 Excellent Z-7,272-8,72-9,2-10, Z-11, Z-12
S2 10-18 Good Z-2,72-4,Z-5

S3 18-26 Doubtful Z-1,2-2,Z-3

S4 and S5 > 26 Unsuitable

Table 9. Water quality based on magnesium hazard after [37].

Magnesium hazard  Water class Remark
<50% Suitable Z-1,Z-4,2-5,2-6, Z-7, Z-8, Z-10
>50% Unsuitable Z-2,72-3,72-9,72-11,Z-12

7. Conclusions

The study area is a terrain which consists of sandstone rocks and crystalline limestone and dolomite
and evaporite rocks. Gibbs mechanism reveals evaporation and rock dominance character
controlling water chemistry. Geochemical evaluation through Piper analysis shows the
predominance by higher concentrations of CI--SO42--HCOS3-, Cl-- SO42--Na+-Ca2+ and Cl-- SO42--
Na+ rich facies. Groundwater samples generally show within the permissible limit of Libyan
standards guidelines and WHO drinking water standard except pH, EC, TH, SO42- and Cl- .The
majority of samples are suitable for irrigation purposes. Groundwater quality may be enhanced by

river basin recharge.
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Abstract: Central venous catheter is widely used in neonatal intensive care unit. One of it is most
common complications in patients with long term are Central Line Associated Blood Stream Infection
(CLABSI). CLABSI have been directly associated with increased morbidity, prolonged length of
hospital stays, and increased health care cost. Therefore, the prevention and treatment of CLABSI is

a significant health care challenge.

Methods: A randomized controlled — blind trial was conducted on neonates who were expected to
require PICC for at least48 hours. Babies were randomized to have the catheter locked once every 72
hours for 15 minutes either with heparinized normal saline (n = 40) or dehydrated ethanol 0.3 mL (n
= 40). Blood culture was obtained when clinical and laboratory sign of sepsis was appear, Surveillance
cultures were taken from tip of catheter to detect colonization. The PICC were removed whenever their

use was considered unnecessary or at the 14th day after insertion.
Results: There were 6 CLABSI episodes in ethanol lock group and 10 episodes in the saline-heparin

Conclusions dehydrated ethanol as locking therapy for treatment CLABSI well decrease colonization
but no significant effect on Frequency of CLABSI among both groups, and ethanol could be conducted

safely and successfully

Keywords: Ethanol, lock therapy, central line associated blood stream infections. Peripheral

inserted central catheter, neonatal sepsis,
1. Introduction

Sepsis is still one of the major causes of morbidity and mortality in neonate in spite of recent advances

in health care units [1]. More than 22 % annual neonatal deaths are attributed to infection [2]

Neonatal sepsis caused by gram positive and gram negative bacteria and candidiasis. The adversity
of organism causing sepsis varies from region to another and changes over time even in same place

(3]

Central venous catheter (CVC) is widely used in neonatal intensive care unit (NICU). The most
common variants of CVCs used in NICU are umbilical venous catheter (UVC) and peripheral inserted
central catheter (PICC). One of the most common complications in patients with long term CVC is
Central Line Associated Blood Stream Infection (CLABSI). CLABSI have been directly associated with
increased morbidity, prolonged length of hospital stays, and increased health care cost. Therefore,
the prevention and treatment of CLABSI is a significant health care challenge. CLABSI occur at an
estimate rate of 41.000 infant in US hospital annually [4]. Other reported complications of CVCs use

are infection, thrombosis, hemorrhage arrhythmias, effusion and portal hypertension [5.6]
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2. Subject and Methods
2.1 Study Design

The study design was a prospective randomized, double blind, controlled trial. It was carried
out from15th Jun 2017 to 20th Aug. 2018 in the 30-bed neonatal department, level 3 NICU at
Mansoura University Children’s Hospital. The study protocol was approved by the institutional review
board. An informed consent was obtained from the parents of each infant before they are enrollment

in the study.
2.2 Eligibility

All newborns (term and preterm) admitted to the NICU, who had expected to require PICC for
at least 48 hours, Were appropriate for the study.

We exclude any newborn with positive blood culture less than 48 hours prior to central line

placement and those with congenital anomalies.
2.3 Sample Size

This study, Performed on 80 newborn throughout around one year who was admitted to NICU
in Mansoura University Children Hospital. These newborns divided into two groups, PICC Test group
and PICC placebo group (40 newborn in each arm). Data collection sheet was prepared consisting of

two papers which include characteristic variable, and the data was collected regularly.

2.4 Randomization

Any newborn admitted to NICU, met our inclusion criteria, and require central line insertion. PICC
were randomized using opaque sealed envelopes containing the randomization sequence that were
kept in opaque sealed envelopes in a locked cabinet. Written informed consent was obtained from
each participant or their authorized representative (a parent or other individual with the legal right

to consent to participation) before randomization [7]
2.5 Study protocol

All PICCs was inserted under a strict sterile environment by an experienced nursing specialist
who had been performing this procedure for more than 15 years, pediatric residents, or clinical
neonatologist fellows inserted the catheters under supervision and followed a standardized procedure.
The vein selected for cannulation was determined by those who performed catheter insertion, and
peripheral veins, including the greater and lesser saphenous veins of the lower extremities, and basilic
veins or cephalic veins of the upper extremities, were preferred over femoral sites. When all other
peripheral vascular accesses failed, acceptable femoral sites were chosen for insertion. There were no

subclavian venous insertions and no patients had two PICCs at the same time [8]

Before insertion, the patient’s skin was sterilized by rubbing the site of insertion with sterile

gauze soaked in a solution of 10% povidone-iodine containing alcohol (75%).
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Correct catheter tip position was confirmed by chest X-ray.

We followed a strict protocol to place the tips of PICCs inserted in the upper extremities in
the superior vena cava before the right atrium, and to ensure that PICCs inserted in the lower
extremities were above the T10 level. After successful insertion, the same antiseptic solution was
applied to the insertion site, normal saline was used to decolonize, and the area was covered by a
transparent dressing. Any manipulations on the catheters were performed by the NICU nurses

following a standardized protocol [9]
2.6 Intervention

After enrolment, participants were randomly assigned (1:1) to receive either ethanol lock
therapy or placebo by computerized stratified block randomization. The nature of the locking solution
was not known by any health professional involved in the process of medical care of the participating
infants. Only the research nurse was aware of the nature of the locking solution and responsible for
its preparation according to the protocol. All parenteral solutions were prepared aseptically under

laminar flow by trained nurses [10].

Test group: 0.3ml dehydrated ethanol 98.5% diluted in 0.7ml of distal water Placement of
0.3 ml of ethanol 70%, every 72 hours. The solution was allowed to dwell for 15 minutes and at the
end of the dwell time, the lock solution was withdrawn, the catheter was flushed with heparinized
saline, and infusion of intravenous fluids and medications was resumed. Whenever continuous
infusions of insulin or vasoactive drugs was required a peripheral venous line was inserted to ensure
their uninterrupted infusion by the locking process, according to the length of PICC from sit of
insertion to reach appropriate position which confirmed by X-ray. The dead space of PICC was
occupied by 0.3ml of ethanol and it was the most appropriate quantity to ensure that there is no
excess alcohol well reach newborn circulation, catheter hubs were cleansed with 70% alcohol

whenever the hubs were accessed.

Placebo group: Placement of 0.3 ml of heparinized saline (10 IU/ml) every 72 hours for 15

minutes, into PICCs
2.7 Measurement of Serum Ethanol

Single sample for blinded testing of serum ethanol concentration was collected 20 minute
after lock therapy was administered by a nurse, the lock was aspirated and the PICC was flushed

with normal saline before sample collection [7]

Sample for Serum ethanol is taken 5 minute after ethanol withdrawn to detect serum ethanol
level, blood sample of 2 ml was collected in no additive red vacutainer tube centrifuged and stored at
4-C, serum concentration of Ethanol was measured with fluorescence polarization immunoassay
technology (Abbott GmbH Diagnostic; Wiesbaden, Germany) only for babies randomized into ethanol

lock group after disclosing the nature of the locking solution[10]
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Primary end point after Sminut was the acceptable blood alcohol concentration ( BAC) was
<0.025%, the American Academy of Pediatrics (AAP) recommends maintaining BAC <0.025% for oral

medications containing alcohol to minimize the potential for long-term complications [11]
2.8 Measurement of Liver Function
Liver function test was performed weekly for every newborns admitted to NICU [12]

Include;

Aspartate aminotransferase (AST), Alanine transaminase( ALT), Alkaline phosphatase (ALP),
gamma-Glut amyl Transferase (GGT), Total Bilirubin, Direct Bilirubin (TBIL, DIR BIL).

2.9 Measurement of Blood Glucose and Serum Electrolyte

Because hypoglycemia and hypokalemia have been reported in a few pediatric cases of acute
ethanol ingestion, serum glucose and potassium concentrations were also monitored. Hypoglycemia
and hypokalemia were defined as values being below the normal reference range for each patient’s
age. Blood sugar by strip glucometer taken Sminut before and 5 minute after ethanol withdraw, and

serum electrolyte including serum potassium routinely taken in NICU [13]

Placebo group: Placement of 0.3 ml of heparinized saline (10 IU/ml) every 72 hours for 15 minutes,
into PICCs. The saline-heparin lock solution was prepared and kept in a fridge at 8C© for a maximum of 48

hours.

The caps of the catheter hubs were secured tightly to lock the ethanol in the catheter lumen

during the indwelling time [14]

2.10 Diagnoses of CLABSI

(CLABSI): was defined as laboratory-confirmed bloodstream infection (LCBI) where central
line (CL) or umbilical catheter (UC) was in place for >2 calendar days on the date of event, with day
of device placement being Day 1, and the line was also in place on the date of event or the day before.
If a CL or UC was in place for >2 calendar days and then removed, the date of event of the LCBI must

be the day of discontinuation or the next day to be a CLABSI [15]

2.11 Clinically

If any clinical sign of sepsis was suspected which diagnosed either clinically in the form of
diminish spontaneous activity, less vigorous sucking, apnea, bradycardia, temperature instability,
respiratory distress, vomiting, abdominal distension, jaundice, or laboratory by increase C reactive

protein CRP > 6mg/dl [16]
2.12 Microbiological Studies

Microbiological studies in the form of blood culture were peripherally drawn when clinical
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and laboratory manifestation of sepsis was developed. A qualitative culture obtained from a peripheral
vein by standard venipuncture 2-3 ml of blood was drawn and placed in blood culture bottle,

incubated at 35CO for 5 days [17]

Presumptive identification of the microorganism was made by Gram staining of a positive culture,
definitive identification was performed with standard procedures, antimicrobial susceptibility was
assessed according to clinical and laboratory recommendations [17] Procedures for detection of
colonization are scarce in neonates. We sequentially processed 80 PICCs by two methods, first by the
standard roll-plate (RP) technique and then by rubbing catheters on a blood agar plate after being
longitudinally split (LS), PICC tips submitted for culture from the neonatal unit were rolled onto a
blood agar plate (roll plate method, RP) and subsequently cut open longitudinally with a scalpel over
a sterile Petri dish. The fragments were placed on a second blood agar plate and rubbed onto its
surface (longitudinally split method, LS). All procedures were performed following a sterile technique.
Both agar plates were incubated in an aerobic atmosphere for at least 48 hours at 35°C. Bacteria
were identified and susceptibility testing performed using MicroScan panels (MicroScan WalkAway
96 Plus, Beckman Coulter, California USA). The number of each colony type detected on the culture
plates was recorded. The catheter was considered Colonized when the culture of the tip yielded 215

colony-forming units of the same colony type by either method [18].
2.13 Statistical analysis

Data were analyzed with SPSS version 22. The normality of data was first tested with one-

sample Kolmogorov-Smirnov test.

Qualitative data were described using number and percent. Association between categorical
variables was tested using Chi-square test while Fischer exact test was used when expected cell count less

than 5.

Continuous variables were presented as mean * SD (standard deviation) for parametric data
and median for non-parametric data, the two groups were compared with Student ¢test for parametric

data and Mann Whitney test for non-parametric.
Level of significance:
For all mentioned statistical tests done, the threshold of significance is fixed at 5% level (p-value).

The sample size will be increased to 40 participants for each group to compensate for protocol

failures with incomplete data and to increase study power.

3. Results
Throughout the study period from 15th July 2017 to 20tk august 2018, 80 preterm newborn was
involved into the study from NICU of Mansoura University Children's Hospital.

Out of those 80 newborns, fourty nine (61.25%) newborn were delivered by cesarean section, while
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thirty one (38.75%) were delivered by spontaneous vaginal delivery, with mean gestational age 32.72
weeks, between 26 to 34 weeks, and mean birth weight of 1150 gm, 44 of them were male (55%)and
36 female (45%). As showed in table 1.

Enrolled neonates were admitted to NICU and involved in the study with mean postnatal age of

randomization was 5.5 days, ranged from 4 to 7 days.

Those preterm infants were divided blinded randomly into two groups (ethanol group) and (placebo

group) according to modality of therapy they received, with 40 cases in each group.

Table 1: Newborn base line characteristics

Gestational age/Week 30.1£3.3 31.1+2.7 0.189
( Mean + SD)
Birth Weight/gm 1197.5£375.6 1208.2+308.5 0.898
(Mean + SD)
Gender(Male) 24 (60.0 %) 20 (50.0 %) 0.369
(N %)
Mode of delivery 21 (52.5%) 25 (62.5 %) 0.365
(C/S) (N %)

Apgar Score gt];)smm( Mean £ 7.0+1.5 7.6£2.2 0.308
Age at randomization 4.00 (1-23) 7.00 (1-69) 0.332
/day Median (Min-Max)

Site of catheter insertion (Leg) 14 (35.0 %) 16 (40.0 %) 0.644
(N %)
Insertion attempt One trial 31 (77.5 %) 30 (75.0 %) 0.228
(N %)
Two trial 5 (12.5 %) 9 (22.5 %)
Three trial 4 (10.0 %) 1 (2.5 %)

Data were expressed as Mean + SD and compared by student t-test or no (%) compared by: chi

square test and Fischer exact test. or median (Min-Max) compared by Mann Whitney

3.1 Primary outcome

Frequency of CLABSIs between both groups

In ethanol group (15 %) versus (25%) of placebo group developed CLABSIs, with no significant

different between two groups, as showed in table 2
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Table 2: Frequency of CLABSIs among studied groups

Variables Ethanol group Placebo group

(n=40) (n=40)

CLABSI 6(15%) 10(25%) 0.26

Chi square test was used

Table 3 Types of bacterial species causing CLABSIs in two groups

Causative organism Ethanol group Placebo group p-value
(n=40) (n=40)
Klebsella pneumonia 2(5%) 3(7.5%) 1.0
E. coli 1(2.5%) 2(5%) 1.0
Methicillin resistance Staphylococcus 1(2.5%) 1(2.5%) 1.0
aureus
Citobacter frenudii 1(2.5%) 1(2.5%) 1.0
Coagulase negative Staphylococci 1(2.5%) 2(5%) 1.0
Pseudomonas aeruginosa 0(0%) 1(2.5%) 1.0

Fischer exact test was used.
3.2 Secondary outcome
Colonization of microorganism within catheter lumen
Bacterial colonization was detected in a significantly fewer infants in ethanol group 9 (22.5%)

compared to placebo group, 18(45%) neonates in placebo group, as showed in table 3
Table 3 Frequency of catheter colonization

Ethanol group Placebo group p-value

(n=40) (n=40)

Bacterial Colonization 9(22.5%) 18(45%) 0.033

Chi square test was used.
Isolated organisms causing colonization
The most common microorganism causing colonization was Klebsella Pneumonia in ethanol group (5.0%)

versus (12.5%) in placebo group, with no statistical different between two groups, as in table 4
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Table 4 Organisms isolated from colonized catheters

Ethanol group

Placebo group

Causative organism of colonization (n=40%) (n=40%) p-value
Klebisella pneumoniae 2(5.0%) 5(12.5%) 0.43
Escherichia coli 1(2.5%) 3(7.5%) 0.61
Actinobabacter baumanni 1(2.5%) 2(5%) 1
Pseudomonas aeruginosa 1(2.5%) 1(2.5%) 1
Proteus mirabilis 1(2.5%) 0(0%) 1
Acinetobacter freundii 1(2.5%) 1(2.5%) 1
Coagulase negative Staphylococci (CoNS) 2(5%) 4(10%) 0.67
Serrahia marscerscens 0(0%) 2(5%) 0.49

Fischer exact test was used.

Serum ethanol level

There was statistical significant difference in median serum ethanol level in ethanol group

compared to placebo group which was taken in first day of ethanol lock therapy 5 minute after ethanol

withdraw from catheter as in table 5.

Table 5 Serum ethanol level

Serum Ethanol 0.01 (0.00-0.03)
Level/ mg/dl
Median (Min-Max)

0.0 (0-0.00)

<0.001

Mann Whitney test was used.

Mortality-related sepsis

Mortality related sepsis occur in (30%) in ethanol group, versus (22.5%) in placebo group with no

significant difference between two groups, as in table 6 Chi square test was used

Table 6 Mortality related sepsis

Variables Ethanol group (n=40)
Mortality- related 12 (30.0 %)
sepsis (Yes)

Placebo group (n=40)

9 (22.5 %)

p-value

0.446
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4. DISCUSSION

Intravascular catheters are widely used in neonatal care. Although such catheters provide
indispensable vascular access for medications and/or TPN, their use is associated with increased risk
for serious infectious complications, including CLABSI. CLABSIs are one of the most important
healthcare-associated infections (HAIs), due to their morbidity, mortality and cost [19]. Several
studies were performed on lock technique for prevention of CLABSIs, including the antibiotic lock
technique in neonates. For example, Seliem and his colleagues (2010) found that amikacin-heparin
lock reduced the incidence of CLABSI in neonates with extended UVCs use. Similarly, Garland and
his colleagues (2005) have shown the efficacy of vancomycin-heparin lock solution in reducing
CLABSIs in high risk neonates with PICCs. Furthermore, it has been shown that fusidic acid-heparin
lock solution was effective in preventing CLABSIs in premature infants Filippi, et al (2007). However,
researchers are concerned that the prolonged antibiotic lock use may be associated with risk of
antibiotic resistance development. As a result of these concerns, ethanol based lock therapy (LT)
solutions was emerged as an alternative to antibiotics for the conservative management of catheter-
related bloodstream infection [21]. The short term primary outcome of our study was determining of
the incidence rate of CLABSIs which determined either clinically or by laboratory investigation. The
secondary outcomes considered were adverse effects like evaluation of PICC colonization following
ethanol locking, suspected sepsis, adverse effects of the ethanol locking technique (hypoglycemia,
impaired liver functions), serum ethanol level, and effect of ethanol locking upon central line

(functional integrity and thrombosis).

There was no significant difference observed for either demographic, clinical or the laboratory

parameters between the two randomly allocated study groups.

In this study we found that there was no significant reduction in the frequency of CLABSIs among
the two groups (p=0.26). Similarly, there was also no significant difference observed in the present
study between the two groups (p=<0.001) regarding the serum ethanol level, hypoglycemia, impaired
liver functions, and effect of ethanol locking upon central line (functional integrity, thrombosis).
However, the present study demonstrated significant reduction of the bacterial colonization, which
was identified in 9 (22.5%) infants in the ethanol group compared to 18 (45%) infants in the placebo
group (p=0.033).

4.1 Short term primary outcome

Although frequency of CLABSIs in this study were detected in 6 out of 40 (15%) newborns in the
ethanol group and 10 out of 40 (25%) in the placebo group, there was no statistically significant
difference observed between the two groups (p=0.26). The findings of the present study are in line with
previous studies that reported the ineffectiveness of the ethanol lock therapy for the treatment and
secondary prophylaxis of CLABSI. For instance, Wolf and his collegue (2018) have conducted a

randomized, double-blind, placebo-controlled study enrolled 94 evaluable participants between
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Dec 14, 2011, and Sept 12, 2016 and reported an exceptionally similar treatment failure rate with
ethyl alcohol lock treatment and placebo group at the second interim analysis in children with cancer
or hematological disorders. They also reported that some side effect episodes, together with infusion
reactions and catheter occlusion occurred more frequently within the ethyl alcohol lock treatment
group than within the placebo group. They also reported that the ethanol lock treatment failed
to prevent CLABSI treatment failure and it exaggerated catheter occlusion and therefore highlighted
that the routine ethanol lock treatment for treatment or secondary prevention isn't recommended for

children with cancer or hematological disorders.

In contract to the findings of this study, Abu-el-haij et al., (2014) from the Pediatric Intestinal
Rehabilitation Program at the University of lowa Children’s Hospital reported statistically significant
decrease in overall CLABSIs, including Gram-negative CLABSI rates per 1000 catheter days with a
use of ETL therapy. In a single center prospective pilot study conducted at Le Bonheur Children’s
Hospital, Chhim et al.,, (2015), reported that a small dose of ethanol is safe onceis given
as recommended by AAP among infants weighing < 6 kg with and without liver dysfunction who had
a CVCs. Further studies are needed to investigate the long term safety and efficacy of ethanol infusion

when ELT is used for prevention and treatment of CLABSIs.
4.2 Secondary outcomes
Colonization

Most vascular catheter colonization studies have been performed in adults and large-bore central
lines compared with PICCs and extrapolated to neonates. PICCs differ from other central vascular
catheters. They are made of silicone instead of the more commonly used hard plastic polymers. In
addition, they have only one small lumen with no lateral openings. Consequently, rolling the tip of a
PICC on an agar plate does not sample the inner surface biofilm [22]. In our study there is a significant
reduction of bacterial colonization in ethanol group, which were identified in 27out of 80 (33.5%), of
which 9 (22.5%) among ethanol group, and 18 (45%) out of placebo group. Most commonly isolated
microorganisms colonizing PICC were Gram-negative bacteria namely, Klebsiella pneumoniae, which

were found more frequently in placebo group (12.5%) compared to 5% presented in ethanol group.

Unlike the present study, researchers from the Royal Women’s Hospital, Victoria, Australia, have
found that Coagulase-negative staphylococci (CoNS) are exceptionally the most frequently causative
agents of bacteremia among infants managed in neonatal intensive care units (NICU). They also
reported the superiority of ethanol over various antimicrobial agents as ethanol catheter lock
solutions[23]. In another study, colonization of PICCs by Gram-positive bacteria was considerably

higher (37.7%) than Gram-negative bacteria, which represent only 9.77% of the colonized PICCs [18].

Serum ethanol level
In the present study, serum ethanol was taken 5 minute after ethanol was withdrawn. In the

ethanol group, serum ethanol was 0.01 (0.00-0.03) mg/dl, and in placebo group was 0.0 (0-2.00)
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mg/dl. These findings are in agreement with previous studies [11]. Comparing to a single center,
prospective pilot study conducted a Le Bonheur Children’s Hospital, serum ethanol was consistent
with acceptable blood alcohol concentration in all participant infants weighing <6 kg with and without
liver dysfunction who had a CVC, using the set value of 0.8 mL/kg, the predicted serum ethanol after

a 0.4-mL of 70% ethanol (0.28g) dose would be less than 0.025% for infants weighing 2kg or greater.

Dwelling time

Median dwelling time in the existing study was 3.00 (1.00-7.00) and 2.00 (1.00-6.00) in the
ethanol and placebo group respectively. No significant differences (p=0.292) in the frequency of
CLABSI were observed among both groups. These findings correlated to a trial conducted in tertiary
NICU in New South Wales (NSW) and Australian Capital Territory. By Sanderson and his colleges
(2017). This confirms that extended CVC dwelling time are associated with increases risk of

developing CLABSI [24].

Adverse effects serum level paragraph

The use of ELT for the prevention and treatment of CLABSIs has been evaluated in multiple studies.
Most of these studies have reported mild clinical side effects (Tiredness, dizziness, headache, nausea,
and lightheadedness) after flushing with ethanol. However, none of the other pediatric studies that

infused the ethanol solution reported any signs of ethanol toxicity [11].

5. Conclusion
This study was the first one that used to measure efficacy of ethanol for prevention of CLABSI in
neonatal age group in Egypt; In conclusion this study supports the evidence that using 0.3 ml of
70% dehydrated ethanol as locking therapy for treatment CLABSI well decrease colonization but
no significant effect on Frequency of CLABSI among both groups, and ethanol could be conducted

safely. Efficacy of ELT on frequency of CLABSI needs further studies and evaluation
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Abstract:

Coronaviruses are a family (Coronaviridae) comprising many viruses that infect humans. Two mortal
epidemics have already occurred in the 21st century, involving emerging coronaviruses, hosted by
animals and suddenly transmitted to humans: SARS-CoV (2002-2003) and MERS-CoV (2012-2013).
In 31 December 2019, a third fatal epidemic was linked to SARS-CoV-2, in Wuhan, Hubei Province.
The disease associated with this virus is COVID-19. Human-to-human viral transmission is always
accompanied by genetic mutations. In order to know the genetic variability of COVID-19, we studied

the genetic mutations involved in the genome of the virus circulating in six countries.

Thirteen isolated viral genomes (30 kb) from six countries were aligned with reference sequences
using Clustal W. The nature of the genetic variability is was shown in phylogenetic trees constructed.
The alignments showed two types of genetic mutations: a simple replacement of one nucleotide
(substitution) and a deletion of 15-21 nucleotides. It was observed that most of the replacements were
in cytosine (13 substitutions), while the lowest substitutions were in adenine (2 replacements).
Analysis of sequences showed that the isolated viral genome in Pakistan and USA contains the most
genetic mutations compared to other sequences. In contrast, the isolated genome in Japan showed
genetic stability (one substitution). The phylogenetic tree clarified the relationship between these
different genome sequences: Bootstrap values showed two groups and a very close genetic
relationship between the genomes isolated from Pakistan, China, Italy and from USA, this indicates

that these viruses have genetic common origin.
Keywords: Coronaviruses, SARS-CoV-2, COVID-19, genome, mutation.
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Introduction:

In 31 December 2019, the World Health Organization was alerted to several cases of pneumonia in
Wuhan, China. The virus responsible for the disease did not match any other known virus. In 7
January 2020, China confirmed that it had detected a new virus from the coronavirus family

responsible for this new disease called COVID-19 (COronaVIrus Disease 2019) [1,2,3].

Some of the coronaviruses cause disease in animals and others in humans. Coronaviruses that cause
disease in humans can be spread through close person-to-person contact [4,5]. In cases,
coronaviruses that infect animals can also infect people [6,7]. The coronavirus strain detected in

Wuhan is the most recent of the

seven coronavirus strains that cause disease in humans. Of the six other strains, four cause only
minor respiratory symptoms and two have been associated with more serious and sometimes fatal

diseases: SARS (Severe Acute Respiratory Syndrome) caused by SARS-CoV in 2002-2003 in China [8]

and Middle East Respiratory Syndrome caused by MERS-CoV in 2012-2013 in Saudi Arabia [9].

Coronaviruses are enveloped viruses containing single-stranded positive-sense RNA that belongs to
Coronaviridae family of the Orthocoronavirinae subfamily which can cause illness in birds, mammals
and humans. The COVID-19 strains are genetically related with SARS-CoV and MERS-CoV [10]. The
viral genome is about 27000 - 32000 nucleotides, containing 15 genes, which encodes for both
structural and non-structural proteins. The major four structural genes encode the nucleocapsid
protein (N), the spike protein (S), a small membrane protein (SM) and the membrane glycoprotein (M)
play a major role in virus entry and virus replication in the host cell [11, 12] with an additional
membrane glycoprotein (HE) occurring in the HCoV-OC43 and HKU1 beta-coronaviruses [13]. SARS-

CoV-2 is 96% identical at the whole-genome level to a bat coronavirus [7].
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Genetic mutations (change of one or more RNA bases) are therefore inevitable and can have
consequences on the functioning of the virus. The mutations allow us to trace the origin and the
evolution of the Covid-19. SARS-CoV-2 is only 79 similar to SARS-CoV, which caused the 2003
epidemic [14]. Although their names are similar, SARS-CoV-2 is not a descendant SARS-CoV. The
similarity of SARS-CoV-2 to two bat viruses (88-96% similarity) suggests that the bat is the source of
SARS-CoV-2 and that its virus has adapted to transmit to humans [14]. Viruses mutate very quickly
and accumulate changes during the process of transmission from one infected individual to another.
The novel coronavirus which is responsible for the emerging COVID-19 pandemic mutates at an

average of about two mutations per month.

In order to know the genetic variability of COVID-19, we studied the genetic mutations involved in

the genome of the virus circulating in six countries.
Material and methods:

Thirteen isolated viral genomes (30 kb) from six countries were aligned with reference sequences
using Clustal W [15], with manual adjustment where necessary. The compared sequences are: from
China/Wuhan (Genbank accession number LR019532, LR757996 and LR757995), Japan (Genbank
accession number LC52832 and LC52833), Pakstan (Genbank accession number MT262993 and
MT240479), Italy (Genbank accession number MT072688 and MT066156), USA (Genbank accession
number MN988713, MN994467 and MT233526) and from Brazil (Genbank accession number
MT126808). The nature of the genetic variability is shown in phylogenetic trees constructed using the
programme NEIGHBOR [16] method Neighbor-Joining (NJ) [17], with bootstrap values determined
over 1000 iterations [18].

Results:

The alignments show two types of genetic mutations (Figure 1), the first is a simple replacement of
one nucleotide by another (substitution): G by T at position 202 (sequences MT240479-Pakistan), C
by T at position 848 (sequences MT240479-Pakistan), C by T position 1312 (sequences MT240479-
Pakistan), G by A position 1362 (sequences MT240479-Pakistan), G by A position 1547 (sequences
MN99446-USA), A by T position 2268 (sequences MT066156-Italy), C by T position 8799 (sequences
MN99446-USA), C by T position 8799 (sequences MN988713-USA), C by T position 8799 (sequences
LR757995-China), C by T position 8799 (sequences MT23352-USA), C by A position 9122 (sequences
MT240479-Pakistan), C by T position 1474 (sequences MT126808-Brazil), T by C position 17248
(sequences MT126808-Brazil), C by T position 18042 (sequences MT23352-USA), C by T position
24033 (sequences MN99467-USA), C by T position 24033 (sequences MN988713-USA), C by T
position 24033 (sequences MT072688-Italy), G by T position 26143 (sequences MT126808-Brazil), G
by T position 26143 (sequences MT066156-Italy), T by C position 26692 (sequences MN99467-USA),
T by C position 28144 (sequences MN99467-USA), T by C position 28144 (sequences LR757995-
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China), A by T position 28756 (sequences MN99467-USA) and C by T at position 29638 (sequences
LC528233-Japan).

It was observed that most of the replacements were in cytosine (13 substitutions), while the lowest
substitutions were in adenine (2 replacements). In contrast, guanine showed 5 replacements and
thymine 4 replacements. Analysis of sequences showed that the isolated viral genome in Pakistan
(sequences MT240479-Pakistan) and USA contains the most genetic mutations compared to other

sequences. In contrast, the isolated genome in Japan showed genetic stability (one substitution).

The second type of genetic mutations is a deletion of the nucleotides: a deletion of 15 nucleotides
(TTTCTATTGGTTCTT) position 9707 1) of 21
(TTGTATCTCGATGCTTATAAC) at position 19495 (sequences MT262993-Pakistan).

at (Figure and a deletion nucleotides

The phylogenetic tree (Neighbor-Joining) clarify the relationship between these different genome
sequences. Bootstrap values show two groups: the first group shows a very close genetic relationship
between the genome MT262993-Pakistan, MT072688-Italy and MN99467-USA. A very close genetic
relationship between the genome MT126808-Brazil and MT0766156-Italy, A significant genetic
relationship appears between two isolated genomes in USA (MN988713 and MN99467). While, it
shows a spaced relationship between the genomes LR757996-China and LR019532-China with the
other genomes in this group (Figure 2).

The second group shows a very close genetic relationship between the genome MT240479-Pakistan,
MT233526-USA, LC52832-dapan and LR757995-China. While, it shows a distant relationship
appears between the genome LC528233-Japan and the other genomes in this group (Figure 2).

8752 8762 8772 8782 8792 8802
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGICAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
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AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGTCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGTCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGTCAGCGTGGTGGTAGTTATACTAATGACAAA
AAACATGCTGATTTTGACACATGGTTTAGCCAGCGTGGTGGTAGTTATACTAATGACAAA
hokkkkkkkhkhhkhk kXA Kk kkhkhkkkkkkkk hhrkkkkkkhkhhkkx XXk kkkkkkx & % KKk Kk *
9697 9707 9717 9727 9737 9747
ACAAAGCA=——=—=====——————— TAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT
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LR757995Wuha ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT 9757
LR757996Wuha ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT 9752
MT233526USA ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT 9754
MT072688NPLA ACAAAGCATTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGT 9757

Kk ok Kk kK kKK KAKKAAKAKAA KNI IAAA AN A A A A XA AR A AR KA A AR A A XA Xk kK

26056 26066 26076 26086 26096 26106
MT262993PAKS ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26116
MT240479PAKS ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26116
MN994467USA ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26152
MT126808BRAZ ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGITTCATCCG 26152
LC528233Japa ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26160
1LC528232Japa ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26155
MT066156ITAL ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGITTCATCCG 26152
MN988713USA2 ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26152
MTO019532CHIN ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26152
LR757995Wuha ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26137
LR757996Wuha ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26132
MT233526USA ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26134
MT072688NPLA ATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCG 26137

KA A KA A KR A KR A AR A A KA AR A AR A AR AR AKRA A A AR A AR A AR A KA AR A A AR A AR, kA kAKX kK

Figure 1: Alignment of genome sequences (3 fragments). Two types of genetic mutations
appear: substitution and deletion (Letters in bold).

o MT262993-Pakistan
o MT072688-ltaly

o MNO88713-USA

seEs] o

MN994467-USA

LR757996—-China

U MT09532-China
O MT126808-Brazil
MT066156-Italy

€ LC528233-Japan

07 MT240479-Pakistan
C  LC528233-Japan
0 MT233526-USA

Our | R757995-China

Figure 2: Neighbor-joining tree of an approximatively 30 kb of thirteen isolated viral
genomes (30 kb) from six countries. Genome sequences downloaded from Genbank.
Horizontal lengths are proportional to the estimated genetic distance between the

sequences; the bar marker represents 1% divergence. Bootstrap values derived from 1000
bootstrap replicates are shown on the phylogenetic tree.

Discussion:

Coronaviruses (CoV) infect the humans and animals, seven infect the human: four cause common
colds, and three cause severe respiratory syndromes. Genetic analyzes of Covid-19 show that its
ancestor came from the bat. But another animal would have acted as an intermediary to contaminate

the human [19]. Three tracks were mentioned: the civet, the snake and the pangolin [6], the latter
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being considered as the main suspect [20]. The contaminated pangolin meat was thus sold in a public
market in the city of Wuhan, capital of the province of Hubei, located in central China [1]. The first
official case of infection with the new coronavirus was declared on 8 December 2019 [2]. Human-to-
human transmission is mainly through contact with a person infected with the virus [21] When the
sick person sneezes or coughs, it emits droplets which can contaminate others when they infiltrate

through the nose or mouth.

In the case of the new coronavirus, which causes COVID-19 respiratory disease, scientists establish
the ramifications and the viral origin when new cases appear, the genetic code of these viral samples
can be compared with those in the database to determine their region of origin. it is important to
determine the origin of the virus, that is, how the infected person contracted the virus, either locally

or in another region [22].

In order to know the genetic variability of COVID-19, we studied the genetic mutations involved in
the genome of the virus circulating in six countries. The alignments showed two types of genetic
mutations: a simple replacement of one nucleotide by another (substitution) and a deletion of the 15-
21 nucleotides. It was observed that most of the replacements were in cytosine. However, the analysis
of sequences showed that the isolated viral genome in Pakistan (sequences MT240479-Pakistan) and
USA contains the most genetic mutations compared to other sequences. Indeed, the virus replicates
by transferring its genome into the cells of the organisms it infects. The copies of the genome are not
always perfect: replication anomalies "mutations" are random [23]. These spontaneous mutations
favor the emergence of strains that can infect new species. By comparing the number and location of

mutations in two virus genomes, we can determine whether they are very close or very distant [24].

The phylogenetic tree clarified a very close genetic relationship between the genome MT262993-
Pakistan, MT072688-Italy and MN99467-USA. A very close genetic relationship between the genome
MT240479-Pakistan, MT233526-USA, LC52832-Japan and LR757995-China, this indicates that
these viruses have genetic common origin [25]. Indeed, In the United States, researchers have
sequenced coronavirus genomes in eight cases in the state of California. Among these 8 cases, at
least six were very close to viruses circulating in other countries, which implies that all these cases
were transmitted by international travel. Indeed, there have been at least six independent

introductions of the virus in California [26].

The close genetic relationship between two isolated genomes in USA (MN988713 and MN99467) can
explain the potential for local transmission of the virus [23], this can help health organizations to
determine if new cases of coronavirus are carried by people who have traveled or by local

transmission.

Conclusion:
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The results obtained in this article show that the novel Coronavirus (SARS-CoV-2) circulating in

certain countries carries mutations and similar genetic characteristics, and they show a genetic

relationship between these viruses, which indicates that they have a common origin.
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Extensive study of composite materials adhesively bonded joints
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Abstract

This research deals with the studies conducted on the use of adhesives as a connecting tool for
structural materials from composite materials, specifically fiber-reinforced plastics (FRP). The
following effects on the adhesively bonded joints were studied: The geometry of the adhesive joint, the
treatment of the adhesive surfaces, the properties of the adhesive materials used and the surrounding
environmental factors. Methods of stress analysis (analytical and numerical) to predict the amount
of stress to failure in the adhesively bonded joint were also studied. So far, there is no theory of failure
of adhesives which limits their use in some structures that require a high ability to resist loads. It is
important to accurately predict the adhesively bonded joint stiffness because this reduces the high

cost of experimental testing at various design stages.

Key words Analytical methods, FRP-composite materials, FEM modeling, adhesive joints, sandwich

panel.
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D) Balall g I8 rlacSU AShlAl) Aigtl) dais (5% Aaeadl Blagll 8 Lel¥) eV s el L[4] 3eadl A3 <)
-(Thermoset) g5: (1o 2Syall dlgall mlacs el Calaall/LadSl) dulee Jads 2aeadl) Salall any Ui ooy dallae.
Lgh daaY dlay o Joeanl] mhadl £80aS dalles ) a3 gils (Thermoplastic) g5 (e &Sl dsall mhand L
conbandl gl 8ol I (535 peland) dallea of G ealll sl 38l 5045 98 mlacsd) Aalles o oant )l Gapall A
sl Dl o all I 25 Lo spg Lkl Gudlll &gy (atdy mhaadl A8basl) depdal) jais crladl d3sia 3045
emeall (Al )l Aalleal) dasyd i o(413)/5iS) Calan sl dadles (ge Adi glsif lia [5] daadl)
Ceng i) 3sag 8 il o gial¥) 2 alatiuls (Grit blast) duless abials mhad) dalles (ags (FRP) lls b 5.
b O bl 5 geall slsgll lemia (o 5 ath LU daliall Lpiasall 5alall Ao o o oy TS dalee L Calal)

bl 45Lal dadleall dala 2053 i SsV) o GAY) ElsVL a JSE Gasily (Resin) oS5V

B Dagh Ji il

IS rays A0 Al (3 lelidY] aracal die Lald 5 Graanaall € (gand JKE el ohaY Al gl
oo Alle ) S5 Ge e g L g dsall palss IS 5 gl JSEN b Aalad) ol ) bl S8
paalaill o S are @l LEDlagll (e dima gualge (B Slalgal)

= } A CBla sl &\}\i €I .Adams and Wake [6] dadd) cdlasll

A dalall Ala gl 480 dnzlall Ala gl
(2 JKE) Ay 5 leni
Lalagh Al Alagh A ) 42000 Lualal) Ao ) Single-Lap joints dpmla¥) dialall dlagll -

Lo clagh g g 2 Jsa
Double-Lap joints 45Ul dvalall dlagll -

Scarf joints and (&aligll 5 dapull) Licalal) dlag -

stepped-Lap joints.

2021 yracss llil) a2al) [ 3 }



Al Jabal Scientific Journal L 3 daala PUNTY UV

S lagl e pansd Cilghad Cauags L Chamis and Murth [7]

a=y

q_‘:n_ﬂ_‘;.ﬂ Gaalll e il

) COlagll o Cpme o Ailhe aaiad L (A1s0) Bpiie 5 Al Jleal Lib
B — lgﬁ

Jlaa¥) pojs Ayl o Jlea¥l (e 22me gsi 586 il 5 22U

r'a*r'rr-*-*v*rrl‘ cimd g phall Jle s by by b 21350l £S5 dsa (e dheaY
o - =

l i 2 g Aol ) JSA e s sy g 2 Al Jals
Ala 8 il Sl peal) 2D 5Ll LISl palsl) cAacadll

J . —) ¢
ittt . Through ) uamied Ll cllga¥l i FRP Sl alsal

Al il ialgadld Aagt AR dllal) )
obd Huae J Gl byd Julgs B (thickness stresses

EOlasll b b of e 138 L lleaY) e gl 1aa daglie 8 2S5l dlsall pline Chaca o Gl 5 g S

(3) S Amad) 83l ) U8 Syl 5ol g L anny o (S el dlle BaaY g 5 3Se 52ke (pa Abadl)

Clalga¥! 385 e Kar be Jib Lgareai cany d2dU) dliagll

' DAY a5 V) laaa 8 S Clalgal) s 0055 G
i | | LD EBlagl . dasal slgals (il algalS aBY) laas &
dapbll Cw ¢ (Metal composites) e S Age (e
| - /\
' Py 8 Waite G 5 Lial Ol ASHd) algall duailial)

A @alga) Gadal guall) 05 4 JSE )
48 ya 3) ga (e Al gl A paal Dlaig [8] luias SS) jlgi¥) dasda Jasy Lo sy el

Lol Jale Jariey accad) ol 2Dl clagl) At 3l
G daacan GAY) gl b dpalal) dicalall Dlaslly jlie . lsall Jlaxiod b 36li€ (i pansill Jang Lo 585 e

(4) JS& Al dgall (B pdill Slalga) (aidl Lay) axdivn Gaall cwigh JSEI) Qoad . jpddll cilalga) (mueas

2021 jrecss A saal) [ 4 }



Al Jabal Scientific Journal Sl 3:.«19 - 333 Crn

e Al<aa ¢Sl Adlall Lg3eliS 5 Lgalaluad Lk @lly (Single Lap-joint) daaadl) cdlagll b lesus glsi¥) ST
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Aagll yalie e ‘éﬁ hall eVl e dxal clagds g Glalgal %A G (Composite material adherend)
High curing ) &dle dallas sha 4550 Wb Al Gaalslll G clly e JES 5 aalll Jad 8 Gald <y ¢ daadl)
A0 paidd Laie Alle 4yl Glalga) 058 G Laidie §ha Gl Cliukill Lulie (55 Y S (temperature
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A Balall oalsd

skl giaglie Cun e lgpalsd o davigh clelidV] 8 Lellawind Ciiging D) dsall (g Bue glsil dllia

lgad Aalall gl ubuad 5 A ES5all Ssall Geall Epoxy gs5 duad) dlgall ardios .1 Jsaa -laleaVl 5 sal)
e Adie s Al (alsdll gy 2 Joan LAaliall Bald) 5 A2 salall (o Galsill ks Glld 5 Epoxy matrix
3gns s oaa el g g AR 8ol e lial) gl Las) agall (e Bas ABaY dlag e Jgeanll . el

:AEl Jalgall slefye g 4l Balal) Lol die . Gualslll (e Sae glsi)

gl ahal) Balall danks gpgi e
el dallas g aagdayha o

Aishy 58 dapd e Al clsa¥l e
AeadU Alagl) e 55l calgaYl o

Anad) salal) 42l e

Gl sl Ga £ 53Y ASilaal) Gal i1 2 J5aa

Shear Shear Shear
modulus  strength  strain

Adhesive Type G(MPa)  (MPa) (%)
AVI38 Epoxy 1559 30 7.8
DP805 Acrylic 159 8.4 180
SikaFlex265*  Polyurethane 0.7 4.5 450
RTV 106* Silicone - 1.3 400
AS1805 Silicone 0.68 147 330

Redux 326 Bismaleimide 1180 36.5 3.63

*Manufacturer's data.
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L 3 daala
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Comments Service temperature ('C)  Cure

Epoxy High strength and te lum 4010 +100 (180°) One-part epaxies cure with temperature,
resistance, refatively Two-part epaxies cure at room tem-
temperatures, easy touse, lou cost perature {cure can be accelerated with

température)

Cyanoacrylates  Fast bonding capability to plastic -30t0 +80 Fast cure (second or minutes) upon
and rubber but poor resistance to exposure (o moisture at room
moisture and temperature temperature

Anaerobics Designed for fastening and sealing -5510+150 Cure in the absence of air or oxygen at
applications in which a tight seal TOOMm temperature
must be formed without light, heat
or oxygen, suitable for bonding
cylindrical shapes

Acrylics Versatile adhesives with capabilitiesof ~ —40to +120 Cure through a free radical mechanism
fast curing and tolerate dirtier and
less prepared surfaces

Polyurethanes  Good flexibility at low temperaturesand  -20010 +80 Room temperature
resistant to fatigue, impact resistance,
and durability

Sdicones Excellent sealant for low stress ~60t0 +300 (350") Room temperature
applications, high degree of flexibility
and very high temperature resistance,
capability to seal or bond materials of
various natures, long cure times, and
low strength

Phenolics Good strength retention for short ~4010 =175 (260") Cure with temperature and high pressure
periods of time, limited resistance to
thermal shocks

Polyimides Thermal stability, dependent on 4010 +250 {300") Cure with temperature and high pressure
a number of factors, difficult

processability
Bismaleimides \ery rigid, low peel properties =500 +200 (230) Cure with temperature and high pressure

=8 G

*With different filler materials; "intermittent.

Proc. IMechE Vol 223 Part 12 ). Materialv Design and Applications

IMDAZ19 © IMechE 2009

5alal) (e il 13g] Baall el Calisie d5jlha 5 wast il cihlia) adde (gad o) o cauliall Gl yass U

sl oyl die g JlgY) Gigan Josiall 12 (o Al o L) (sl 8 s UK dage LAY 028 2RI

Oalsall paat Byl Aig yal) Jalea ke 5 St/ slgal) iaie Geld UK Jady DU 52l Galsa 2aa L Aggggall

ErI Q}L.é‘j J\.ﬁ;\ cﬂhs_g

s pan

(Bulk testing) deatio (S (3Dl (o Silie (alyd dlad b Jich Gealsll 1K1l

ChERY) (e diida glel @llia.(In situ testing) ady eal bd 35as 5 Lald owdia (<0 dearae

g5 le Jyamnll acar of oy LA nigh UKD . [48] g Jsmastl L) eV i) 5 Jlaall e Jgennl

i Jsh e s AU 5ol

ool mha jie alaiie <G lega (35509 (Pure state of stress) 2ga¥) (e 2ag

oo ) Jlaiils Ll Gigan laval RIS 0585 o Cag mhauV] dallee Gl L calgaV) 55 e JA 5 Geall
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lad ehal (il ASTM, ISO Ayladll (3ykl) (e waall 2243 . (Cohesive failure ) 4wdi Gead) Hbgdl Gy mladd)
Al @lylaa) 5 uial dascall gmdll cadl) clylaa) ol sas Jedt 5 daad) dsall Lalsd o Jyanll
daglin auds asal 5 (DCB) Jlid) aadivn jull doslae Lid) sl g (Lap shear test) sale aadivg &bl <l )lasy
oadll Clalgay Gealslll Jad 5y waail ciljlid) s aagi . (Wedge test) cluddll
Peeling) ol Glalgal agag o uadll algal o saludl alga¥) dlls .TAST, Npkin ring, Arcan, losipescu
Db laai . (Single lap joint) 2&)l HLEd) o4 lesad HLosY) &\jﬁ S22 salall eadlill bad Julgs die (stress
&b 9 i Algal e lgie mib Lo g deadl) Alagll (lygn 5 slind) (e i Wle HLEAY) e ggill 3¢ (Failure mode)
lale Jeaniall cilegleall (6 (Overlap) Gail¥) bad dakaia b ohsall i . aill slgal oo Shed) gz Ji ¥l
45 )laal dslatiad (Kay HLEAY) e paill laa L Apad Balall (ol (alsd e Jgemnll lgalaind (Ko Y HLEaY) 138 (e
AaD sal) Galsd o Aapnall A3l 556 A 5 ealslll (g diide gl
Latl) Jalgad)
CBlagll el b Caria o gop B Lo sa o Adbd Al Jelgal lglee 558 Jlgha daadl CDlagll (e
ShEeY) g Joladl 138 281 agall (e Tagl 22D Bl Galsd b Adliaal A3l Jalse 55 .[28] Vodicka Az
Bhall &0 (e b Ansndl) 5l e pa¥) 00 L Jril) 558 Jlsha Wgiagal 32D Aliagl) ol el i pracal) dic
Adlly Ailasl) AuSH B il s (I (535 Allall al) ol Bead il s ol Aligla il (il skl
Bl (e desana N Lshall ABaDU Balall (iayad (535 LS Aibial) (b Chaia ) hal) dayn g ly) (g D) alal
vie &bl Caa g (Plasticization) eliedll) alsdl daadl) salall QluiS) 5 apgill elly e Jha 5 digall g Al
Lshall Al lyg gia alanll oDl salall e cilprill Gl (Tg) zlaoll L) shall da s e S8l 3 sy
CBlasl) 8 digha )l smg Ay (585 3D alsd b il QB Tg e el 3s Slays e 5 (Dehydration)
il acd) Ailaie Cileal ) Liadd (50 Uy dath AaadU) Slgall AL 5 ALl (alsill Calanial ) (g5 Y Aaadl
Jedi 5 aill e Aaadl CBlagl dilhia 8 aalii iasy la Sl Gyl (0 degana 758l Kinloch [29] -(Interface)
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Ll dilie b anlill and K W ASEDL alsal A sall) LaS) GlS 5 4S5 dpa Aiad) SDlagl) b
Bl Lynae (6 Lo Le dagliall 5 &bl 8 age aalii Cagan of id¥) saa cujelil . lgde clad) ehal 2aadll
Gealsl pladinly Lgilaall i Al 5 (CFRP) (ole ddasnal) &3l 53k (s Parker [30-32] -&ish )l 3 ae degladl) b
cBlasll ool b € aali b i of oSar Glal¥) U LSl salall b Bagasall dugha )l of Al iyl - (Epoxy)
) cOlasll e A aalp M (525 dbish 554l (Composite laminates) dasileall 4:S5al) dgall (335 . daadU
Lyl ey @lia el D lagll 8 Jlein) Jd Lekind iy 1agd L 0adl) 5538 DS Lisha)ll gealiaiial Canesy
Gyhall o3 saa) . (Durability) Alish 5538l Calga¥) daglie e L)% aand (i pal 1€ Mse (e 2ol cDlagl) e
Hua, Crocombe and .[33-37] (Cohesive zone modelCZM) (o dagh)l il A e 35S0 Lgalasiid A Al
Balall b iy gal) oanyil) HlgsY) pe dabeill SLgl) Gipan in JLei) e s z35ai 9 58| Wahab [38-39]
O diide plsil 5l cans @y 5 A saldl 5 gslaall asnialN) (e 4354l (Single lap joints) <Dlasll 8 .daadl)
R g 2y S g Bpad) Dlagl b olagsV 1 ) Al Jlaal ) ))ake iy 7 3sall an L Ansaal) Aial) i3l
Dhas) oo Al 5 22D salall (Sl 5 oyl il 3y Ciloglen JUaal 25z el 138 3 L LpaDU) Balall & ojlimil
laall LAY 80 (e G il ) Gl L dgaill b B gemdll dngl e dalles e - (Bulk) AESS 3D ad
Earl, Dulieu-Barton and Shenoi [40] .ddasdll &) iy gull ade alaey) (Ko zisall o ) iy e s g
by 5 bl Jacgl Lpand) (e S axdiy (T-joint) Giisailu (<6 o olail Gt & Cua Lolee dul) shals Isald
Ll Jeaniall i) - (a35ie Jaia 5 s Jaria e (g9) Jlaa¥) (e glil &G (pa 2aly dpand oy il i A
5 -(Lshl 5 Hhall) Sl Jdalall 3l dami€ 5 liEA) coiy ) Rl iy o disey g3 lie s Alls US B
ol 358 gl AulKiall clalga¥) e il Calil) 5ad (g3 w3 (Say (Thermo-elastic) algal cdlidas aladsinly
L) el G o Aasadl) Caglall Citide il e laeha) & ) GV e degana dllia LAigha )l g 5l
deay liastia e Lkl 530 dijra 5 2Dl cOlagll o glsi) any elal dadlea (g5 peall (o e (Sls dauadlll
5 IS alagl el e a4l ZadU) cDlagll e (e 05Se S L (Fracture) wSlls (Fatigue stress) il

Alasall Cagylally A2l Balall 5B (530 Adjaa (5)5 puall (1 4ild g
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(Failure modes ) _bg¥) Bl
G el 5 A5 Alagll cwvigll JSAD ((Interface) i plaw ol vie FLailN) sagay SLed) el saa

ASTM [41] s g FRP 4l daadll cdlagl

g 1 S A O lasl] Hlg) e balail deaw aagy 4BD5573
a) Adhesive failure b) Cohesive failure S agag 5 gladl Laaill 5 (9) JSalL daiase Lot du

g e i S sl Gabide L e IS Gos ) )
¢) Thin-layer cohesive failure  d) Fiber-tear layer
Gluball s3a Al daadll cOlasll b lgd) L]

S il ﬁ_ LSl cighll) mlacd) Al i a GlaiN] @liahl

e) Light-fiber tear failure  f) Stock break failure L)y ¢ Glail¥) dad claws Fillet duall o LSl dalladl)
dad gial) Hlgiy) bladl 9 84 s Ll < owe e
# A 3 Pl 1 40 ‘
1S 4o (0 il G palill duds mhand y angle dsdl
AR e 3
‘ i < FRP 3 CJ\ Al 4l Cagylall ‘(Stacking sequence)

oY) e gl bl Adg e saaall Sluhall e a2 )lh
o el 8 A0V SLed) Lalal L GLail) (Bl 5t an 5LedV) dani 5 5LedV) daslie GRS G Laa Jhle
@l sl 5 (Local delamination) (axagall mihall Jlai) ¢(Buckling) ey 1 o8 4S5 s3le (g lagailu J<&
Lgye dalaa ld Al 5 lelaa¥) / 2Kl dgall JLgi¥) Balail aa) (g zlas¥) iy . (Fatigue fracture) il oo
il aaal . paiiie

DbV Lol 2l (g anly iy wHall aasall Jladi¥) 8 LSall alsal) G cDlasll 5 Ayl as gVl e Jranil
0S5 b @y 5 whall ansall Jladl) Gigan wia a1 Gl (s JSS LD falee Jlags) Gy of oK 4
Calide Ay L ahal) o Jlai) Cigan aidd AAIS 3D o e gagenll lga¥) daglee 5 bl G (all) daglae
¥ ((Core Lwl) 5ale 5 AaadUl salal) cAgalsll) dacadl cBliashl Gl algall (alss o adiay HLedV) Lalal

[27] - Gsuile <& e oLy 3aad) clagll Jlg) haes g cluball o waall lia L Jranill g5 5 dneigl
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) . (T-joints) LSl cBlagh A& Sbgd¥) Auhal Lderdl) Cyylaill s FEM )ge2iiuiShenoi, Read and Jackson
Aaatiodl Msal 5 5 gl JSA o adiny cBlagl g gsill laa bl daai 5 gl of gl
(belan) (3 ki) ARad) CDlagl) Julas

Ul DU sald) L 2 dlls b cpieall) of i 42 Aliasl Jasss 3543 Volkerson [42] o8 1938 diu
Glagdn IS 5 Gualll & cleliaty) il jlae¥l 6 32 Az 3pal aa L clendl e il (ualgaV) S 5 Lo
skl LB Goland and Reissner [43] .Acatdic 4ilia 5 el Jalaa L0 dga (30 reall 508 dad ) a9 il
-3 dasys b (Peeling stress) i) slgal ) (535 Lo say Gaalll clinil jlae¥) s 1aa] @l 5 dufal) o3
psial) (e (yitnal 5 Epoxy gsb (e (eadhs A2 dliag Jsb o il 5 (el (galga) pig s (10) JSa
SSadl [ Ope ol Lgd Bad sald) dayd o) bl daw st z3ga z58 Hart Smith [45]  .[44]
danyal ail) spd d8la le adiny oyyat Aadl) dayill (Key Joa ol Ahl) 028 syl Lo (Elastoplastic)
bl (oK) o) ais o Jundl 5558 daey z35al) 138 JleiV1/ slga¥) inie e il sy 22D sl
e Gealll g IS ) 5 Aaadl Blasl) glsil (e 23] Aliaie Ay o6 Harth smith [45-46] -degladl) Gealsll
s Aphall il A & Gl LA/ Lipe dipe 52l G lie) & 5 (Anisotropic) sl (Isotropic) Ll s
Llie 5 ASLaw 53L) ae M2k Gralll 5 Gl Gn @hall G s dam Al Al Galiasl of gl el
Jalaa 53 Grealll (36$ Lavie Gaaal Ll Al 5 ¢ paional) Gl clagin il Jolo iy ol cludal) sda S .[46] Gaalll
Jaleay G 3gag e Al 5 Lcaddiall A inall Abial) LApailice 4S50 Slga (sa Grealll Alls 8 LS (it ol
Gl 3935 g 2l Dlasll dagall il Gadll (pe yiiad atiie Ailie Jolas gl (Ladsy) Aol pe g e dilie
Bale (e Greall ) ilagis Hlae¥l 8 32k 42l dlagl a3 s lassl Renton and Vinson [49] &Sy Jga (50
Oe gl Agilise Al sk o6 Sirinivas  [19] . Gralll 5 GeadU) o IS Gpall il @bl iy LWl 5 S5
eigll JSAll das el Ol 4)lie Alglae pe il dad) e e3aS Galll 09 (g3 (Ally Al clagl)
0o sl anil dulad e Jidas (b caerdial @iluly Ll Hollaway and  Pickett [48] <liSsDattaguru [47].

el Gaill Mlgal (gemnn st z3ga3 sk LlE Renton and Vinson [49] -4S)e dlse (e daad) cliasll
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D) lagll b B 5 ) G Jobaall Ll Al dads o D) cOlasl) dilat (sl Eigead) LYl
JPAESNE R | i 25l 1548 Delale, Erdogan and Aydinoglu [50] .chlga¥) ajsi e aga ):{37.3 e Sl Lo
slo it A2 Balall divas cVolee Gl e i ANIGYT 5 elad¥) G ol Ll el 3D clasl)
SFEM gl 43lae 428y cul€ ilull sda . Gaall AUt Y baii) Jacs e (g Aiiall 5 3aadUl e Liaganl) clalga)
a9 pie ki) agall e e 4 I AWbA) s (B lgeald Sy L gaall) Tad il die Geadll) e cilalgadl elly
Bl dakaial (gsaaill dlal) sie uaat lalgal¥) ol o Cagyaall (ge 4l Cun Laa Jag i3S D) dila b illga)
Jadug 2aly 3 B FEM Ja e Jsasll Allman 4l Ladiu) Adams and Mallick [51] - Gualll 5 Guad c
g dall aa ccland) g 5ol Baali (e laguany (o pilide Us$ o (€ cpealll LA Balall el pe lul)
A5 e 4y 8 i ple I #3saill 138 (Sl FEM (e A cilS 3l L35l saldl clens yue clalgal) iy
Ladlial) daglll dpdas e oly stz gai sl Wl Yang and Pang [52-53] .(Peek stresses) 48 kil clalgaY)
Jilall (Single lap joint) Jalad z3gaill laa (e ) . Jg¥) dajall e patl) cilalga) IS (CLPT) 4:Seud\SY)
i) 5 rall) milia & Bl pre Jlae¥) oo codl Luhall L 8 5 ad Clalga) s dadlsll o lgie Jilaia il
FEM z3sai il (ya danjp il Auadpall o0a il L da yaiasall (ail] ilagis e Aaslal)

dagll dils e JlaaV) didas (sl Lbalill e aladdl (e desana Is2 581 Wu, Romeijn and Wardenier [54]
LD cDlasll b clalgal) ilatl bl saa skt o5 L Jshall 5 cland) Al 5 dgiline i) Gilall) 3 daadU)
.FRP Gilal g Al 4

Double ) g5i (e 4ia alaay s 2853 (sl FEM gisad el 5 saly s (b Jaue 3gai padiud Tong [55]
Oo Db Jlaal e 2 <0 Gilgn Jhd e z3sai ik oo Axdsil Hlgl¥) Jlal o magl 5 (lap composite

Adaall Cylaall e SligtY) Jleal B Caal Jloa culS ok z3ga g0 g Jlaad L - daleaall (ojlail

Shugailad) C\}ST Al [57] lad) aglaal slxial & duylai gk 1508 Frostig,Thomsen and Mortensen [56]

dadar o Bkl oda -(Transversely flexible or stiff core ) Lajaiwall olazy) & ol S Oy (Core) li =il
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e Al Balal) clow Jtial e atl) lga) dad i Hliel & 5 @laily) bl dlgs vie (al dlgal dgag paa Al
A salal) dlews Alvia) e Transverse normal stress (Peel stress) (iayaioa) (gaganl) puial) slgal s 41
(FEM) 4251 cBlagh) Julas
ehal du cJlal Gajee cutia J<E (Y Bisal Clalga¥) waas oKa 4l a5 50 She 4ee Jasy FEM  alasiad
Aadid AR sl e JlaiiV)/ sleal) yond b 5 5D sl e plsi) Ciidd Bk e 5 Adad (llas
allg) b ¢(Adherend shear) Gualll & (=il ((Bending) &l 0 Jeds of aa dald Jilat ¢)aY FEM
AR agl) A Bl Lealitind o A Gl aalll 5 2ol salall a5 (End effects)
approach ) &l Kl ¢« (Continuum mechanics approach CMA)(algaY! b o) Ll &)y

.(Damage mechanics approach DMA) <ilill K:i\<u ¢(FMA Fracture mechanics
CMA 4iilSual) 4g)ain) o

Gralll palsd [lae¥) 4 FEM 23] pxe ia e gy aeallls o IS8 dasipe GeadU b Galid¥) s dalal) saa b
caralll 5 3Dl G Jausll
FMA sl ilSae

- ObgDU LLasS (Toughness) jiahlb aladicl &b dayhll oda g
DMA Al \SuilSia o
LAl

ahasinl Tl kil (pe dahiie e GLIVL dacas 4S50 dga (o leliY) pualic aladial S olaa) Gllia
Inter-) gileall (280 5 (el daglie (alidd) o a2yl locany LSl dsall Jragil dllad dlusy yfiny ealsll
Coslhal) el Cn LoD salall 5 pedacell dcalial) Aadlaall Hlia) Comy 2Dl dliagl 5:US (g 253 L 585 (laminar
Aaaal) Al clgie Caglhaall Y1 clgieal Casthaal) 485l saldd) 53 e Aaaadl) salall HLid) ading Aaadl) Alagll (e

Salal Zad) dlagll 3ol (asl) LGB Alagh pi o bl US8 2y Jlgil) Jlas Jladl LAdS) SIS
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cliall b QS 5 Gaalll 5 Geadll g i) dabaial 8 2D salal) & Ledl) adsi o Halh 05 o s 385
o ol BlE) lia ang Y Balell ad puall Copeail Slae¥) 35 o aw QU (Laminate) Sl 33l uaand)
Lyl Gob g clahly AL Calidg Hlgd) laas 5 5bedl) daglae (Y Dl HLedl] Cigan 285l lge Lol Gang (A ARkl
Progressive ) il <Y diph aladiul sl (Ko 2Dl dagll bl dogall jallaall (e . Gadl)
LD Dlasll pasdsll Jlaria) e 2ns HLed ade slae¥) (Ko Hlas 35ag pde 4G K1y (damage modeling
LAY 2RSS (agd] g ey Aaeadl) Alin gl Al 5801 235 L Apest ) Jlea¥) lgle 5S35 A AsLaY) ) b
pveeail] A28 Jalyall 8
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Effect of the application of different levels of poultry manure on some soil fertility

properties
Abstract

Poultry manure is one of the organic sources which is widely used by farmers due to its
consisting of some plant nutrients, especially nitrogen. An incubation experiment was conducted to
evaluate the effect of the application of gradual rates of poultry manure on selected soil properties in
sandy soil. Five rates of poultry manure viz ; 0, 15, 30, and 60 t poultry manure ha-1 were used with
an incubation period of 16 weeks under field capacity conditions. The experiment was lied out in CRD

design with three replications. Soil samples were periodically withdrawn every two weeks to estimate
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selected soil properties. The results revealed that the application of poultry manure significantly
affected selected soil properties during the first week of the incubation period. The results showed
also an increase in soil organic matter and the nitrogen to carbon ratio with increasing application

rates of poultry manure in the first week, then gradually declining till the end of the incubation period.

Keywords: nitrogen immopolization, nitrogen mineralization, poultry manure, soil fertility
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