ISSN 1023-0149
Yarmouk University Publications
Deanship of Research and
Graduate Studies

ABHATH AL-YARMOUK
Basic Sciences and Engineering
Refereed Research Journal

Vol. 18

No. 2

1430/2009

ISSN 1023-0149

ABHATH AL-YARMOUK
Basic Sciences and Engineering
Refereed Research Journal

Vol. 18

No. 2

1430/2009

© Copyright 2009 by Yarmouk University
All rights reserved.
No part of this publication may be reproduced without the prior written
permission of the Editor-in-Chief.

Opinions expressed in this Journal are those of the authors and do not necessarily reflect
the opinions of the Editorial Board or the policy of Yarmouk University

Proof Reading

Dr. Jebrel M. Habeb,
Mathematics Department, Yarmouk University

Cover Design

Ahmad Al-Tamimi

Typesetting and Layout

Fatima Yousef Atrooz

EDITORIAL BOARD

Editor-in-Chief

Professor Abdul Rahman S. Attiyat

Members
Professor Omar Rimawi

Professor Mashhoor Al-Refai

Professor Mohammad Abu-Saleh

Dr. Mohammad Sheboul

Professor Hamed Zraiqat

Dr. Mohammad Belal Al-Zoubi

Editorial Secretary
Kamilia Adel Al-Haj

In the Name of God Most Gracious Most Merciful
Abhath al-Yarmouk
" Basic Sciences and Engineering" :
is a refereed research journal
Abbreviated: A.Y. (Basic Sci. & Eng.)

NOTES TO CONTRIBUTORS
Only original unpublished articles will be considered.
LANGUAGE: Manuscripts may be written in Arabic or English.
FORMAT:
Manuscripts should be submitted in quadruplicate and typed double-spaced, on
one side of the paper only, and with 2.5cm margins. The size of the paper should
be (27x21.5cm).
• The total number of pages on the manuscript should not exceed 30 pages,
including figures, illustrations, references, tables, and appendices.
• Each manuscript should be accompanied by two abstracts, one in Arabic and one
in English, of approximately 200 words each, typed on two separate sheets.
• The title of the manuscript, the author’s name, academic rank and affiliation
should appear on a separate sheet. The title should also appear on the first page
of the manuscript and on each abstract.
• Manuscripts should be sent in print and on a floppy 3.5 computer disk
compatible with IBM (Ms Word).
FIGURES AND ILLUSTRATIONS:
• Figures and illustrations should be drawn on tracing paper. Their dimensions
should not exceed 19 x 12cm.
FOREIGN NAMES:
When foreign names are mentioned in an Arabic manuscript, they should be
written in Arabic, followed by the English transcription in parentheses.
DOCUMENTATION:
A) Documentation of published references: This should be done within the text
by numbers [5], rerence should be listed at the end of the manuscripts.

For a reference to a book:
[ ] Franson N., Clesceri L., Greenberg A. and Eaton A.(eds.), Standard methods
for the examination of water and wastewater, 20th Edition, American Public
Health Association, Washington, D.D., USA.(1998).

For a reference to an article in a Periodical:
[ ] Smith P. D., 'On tuning the Boyer-Moore-Horspool string searching algorithm',
Software-Practice and Experience, 24(4) (1994) 435-436.

For a reference to an article in a book:
[ ] Gordan A.J. & Ford R.A., A Handbook of Practical Data, Techniques,
and References, Properties of the Elements. Canada: John Wiley and
Sons, Inc, 1972.
B)

Documentation of notes and unpublished references: This should be
done within the text by writing the word “note” followed by the succession
number of the note in brackets, as follows: (Note 1). Then every note is
explained in further detail at the end of the manuscript, before the
references, under the title Notes, as follows:
Note 1: Al-Nijjar, Tariq H., Levels of Trace Elements in Freshwater fishes
of Azraq Oasis-Jordan, Unpublished M.S Thesis, Yarmouk University,
1991.

BOOK REVIEWS: Book reviews of recent academic publications may be
considered for inclusion in the Journal.
EDITORIAL CHANGES: The Editor-in-Chief reserves the right to make any
editorial changes he deems necessary.
OFFPRINTS: Twenty offprints will be sent free of charge to the principal author of
the published manuscript, in addition to one copy of the journal issue in which
the manuscript is published.
SUBMISSION OF MANUSCRIPTS AND CORRESPONDENCE:
Manuscripts and Correspondence should be sent to:
The Editor-in-Chief
Abhath al-Yarmouk (Basic Sciences and Engineering)
Deanship of Research and Graduate Studies
Yarmouk University, Irbid, Jordan (211-63)
Fax( 962-2-7211121)

SUBSCRIPTION INFORMATION:
ABHATH AL-YARMOUK may be obtained through the Exchange Division of
the Yarmouk University Library or through the Deanship of Research and
Graduate Studies at JD 1.000 per single copy. Annual subscription rates for
individuals and institutions: Jordan: JD2. 500; Arab World: JD 8.000 or US$
12.00; countries outside the Arab World: US$ 18.00 or equivalent.

The Web Site :

http://journals.yu.edu.jo/aybse/

TABLE OF CONTENTS
Articles in English
*

Refractive Index Investigation of PMMA/Ethyl
Orange Thin Films Using Spectroscopic
Ellipsometry

*

Preparation and Investigation of BaFe12-xCrxO19
Obtained by Ball Milling

*

Dose
Rate
Calibration
of
Sr-90
for
Thermoluminescence Dating Using the Additive
Dose Method

Sahar Al Khasswneh

139

*

Investigation of the Properties of Even-Even
W Isotopes Using Interacting Boson Model

Mohammed Alfakhar and
Fawzi Ikraiam

147

*

Modeling of Static Synchronous Series
Compensator for Energy Markets Approximate
Calculations

Muwaffaq Alomoush

153

*

Effect of Residual Stresses on Elastic-Plastic
Fracture Mechanics of Ductile Cast Iron Pipe
Under Pressure Loading

Haider Jasim and Haithem Ali

167

*

Developing a Cost Model for a Parallel Genetic
Algorithm, a Case Study

Mohammad
Hamdan

183

*

Improved Approach for Passage Retrieval Based
on Half-overlapping Window Applied to Arabic
Documents

Sameh Ghwanmeh

201

*

Dual Language Encryption System

Mohammad Tubishat, Khalid
Nahar and Osama Abu Abbas

215

*

Stem-Based Query Expansion for Arabic Corpus

Mohammed Al-Kabi, Ghassan
Kanaan, Riyad Al-Shalabi,
Noor Zaghal, Zaher Salah and
Maen Hammad

227

Amin T. Haj-Hussein

247

*

Husam EL-Nasser

Ibrahim Bsoul

Simultaneous Spectrophotometric Determination
of Fe(II) and Fe(III) in Iron Ores Based on Their
Reactions with 1,10-phenanthroline by FIA Using
Two Detectors in Series Configuration

Mahmoud

117

127

Articles in Arabic
259

ﺷﺮﻳﻒ ﺑﺮﻗﺎوي

ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن
ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي
اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ ﻟﺘﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﺤﺖ ﺳﻄﺤﻴﺔ ﻣﻦ اﻟﺒﺎﻟﻴﻮزوي

291

ﻣﺤﻤﺪ ﻋﻠﻲ اﻟﻘﺎﺿﻲ

*

اﻷﻋﻠﻰ ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ

*

ABHATH AL-YARMOUK: "Basic Sci. & Eng."

Vol. 18, No. 2, 2009, pp. 117-126

Refractive Index Investigation of PMMA/Ethyl Orange
Thin Films Using Spectroscopic Ellipsometry
Husam EL-Nasser *

1

Received on Feb. 8, 2009

Accepted for publication on March 30, 2009

Abstract
A spin-coated poly (methyl methacrylate) (PMMA) mixed with ethyl orange thin films have
been analyzed using spectroscopic ellipsometry. It was used to determine thin films parameters
such as film thickness and index of refraction. Results have shown that the refractive index
decrease down to 1.396 at wavelength of 700 nm. For all films studied, the spectral dependence of
the refractive index follows the Cauchy dispersion relation being, however, dependent on the film
thickness. The depth profile was estimated via the experimental dependences of ellipsometric
parameters. The refractive index was found to increase with increasing the ethyl orange
concentration. This increase is attributed to more collection of azo-dyes molecules within the
PMMA chain causing a structural change in PMMA after mixing.

Keywords: PMMA polymer; Ethyl orange; Spectroscopic ellipsometry; Refractive
index; Thin films.

Introduction
Azo dyes mixed polymers are one of the most important and versatile classes of
synthetic organic compounds, with an enormous variety of applications [1, 2].
Knowledge of the properties of thin polymer films is crucial for the design of many
industrial products including paints, adhesives, and photoresistors [3-5]. In fact, one
common problem in preparing uniform high quality films is the propagation of the
substrate roughness to the topmost film surface. The correlation of surface roughness
with the substrate roughness is strongly damped, becoming undetectable for films thicker
than 10 nm [6]. In azobenzene dyes mixed polymers, different effects such as the torque
induced by the anisotropy of the optical permittivity enhanced by some dopants [7];
photoisomerization and reorientation of the dyes followed by the reorientation of liquid
crystal [8]; photoadsorption of the dyes onto the surface of the sample [9]; and
photorefractive like effect [10] may cause reorientation induced by polarized light. The
preparation of several kinds of dyes mixed polymers is important in order to obtain a
certain trend of the refractive index and better thermal stability [11, 12].
In this paper, thin films of poly (methyl methacrylate) mixed with azobenzene ethyl
orange are investigated in order to study and characterize refractive index using variable
angle spectroscopic Ellipsometry.

© 2009 by Yarmouk University, Irbid, Jordan.
* Department of Physics, Faculty of Science, Al al-Bayt University, Mafraq- Jordan.
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Experiment
Ethyl orange (C16H18Na6O6; 390.35 g/mol) and Poly (methylmethacrylate) (PMMA:
[―CH2C(CH3)(CO2CH3)―]n; molar mass of 15000 by GPC) were purchased from
Sigma-Aldrich and used as received. Both were dissolved separately in 99% purity
chloroform, and different solutions of ethyl orange and PMMA were prepared according
to the composition ratios presented in Table 1. The solutions were then filtered using 0.5
µm filters to remove any un-dissolved impurities and dust before use. Before film
preparation, microscope glass slides as substrates were dipped in a saturated potassium
dichromate solution in concentrated sulfuric acid, and then rinsed thoroughly with
portions of distilled water followed with acetone [13]. A set of thin films was obtained
using the spin coating method on glass substrates using a spin time of 40 sec and a spin
frequency of 1500 rpm. All samples were prepared at room temperature and left to dry
for 24 hours.
Table 1: Samples identification.
Sample

Ethyl orange to PMMA
concentration (%)
0.10
0.25
0.50
1.00
1.50

A1
A2
A3
A4
A5

Spinning speed
(rpm)
1500
1500
1500
1500
1500

Ellipsometric data were acquired with a variable angle spectroscopic ellipsometry
of the rotating analyzer type (VASE TM , J. A. Woollam Co.). All measurements were
performed in air at room temperature with 50o angle of incidence, in the wavelength
range of 400-700 nm in steps of 5 nm.

Results and Discussion
In this work, spectroscopic ellipsometry was used to study and characterize the
changes in the optical constants in thin films composed of ethyl orange mixed with
PMMA polymer using different concentrations.
Spectroscopic ellipsometry measures two angles Ψ (the relative amplitude change)
and ∆ (the relative phase change) of the electric field vector upon reflection, see
equations (1) and (2).

∆ = (δ pr − δ pi ) − (δ sr − δ si )

(1)

Rp
tan Ψ =

Ap
Rs
As

(2)
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where p and s represent the electromagnetic waves polarized parallel and perpendicular
to the plane of incidence, respectively. A and R are the amplitudes before and after
reflection, δ i and δ r are the phase of the incident and reflected light, respectively.
These quantities are connected to the complex reflectance of the investigated sample
through the expression:
(3)
where ~
rp and ~
rs are the complex reflectance of the surface for p and s polarized light,
respectively.
Since Ψ and ∆ values can only be converted to the searched parameters (refractive
index, extinction coefficient, film thickness, etc) of the sample, usually a fitting
procedure is used to determine them. First a model is built where the structure of the
sample and some optical properties are assumed, whereupon, Ψ and ∆ values are
generated. Then the model is changed by a fitting algorithm in order to minimize the
difference between the generated and measured data. The difference is measured with
the Mean Square Error (MSE), and is given by:
N
 1
Ψim − Ψig 2 ∆mi − ∆gi 2 
((
MSE = 
∑ σ Ψ ) + ( σ ∆ ) )
i
i
 2 N − P i =1


12

(4)
where Ψi and ∆i are the measured Ψ and ∆ values at the ith wavelength, σ is the
standard deviation, upper indices m and g denote the measured and generated data,
respectively, while N and P represent the number of measured values and fitted
parameters, respectively.
Instead of Ψ and ∆ often the pseudo-refractive index n and the pseudo-extinction
coefficient

k are used.

n and k are the refractive indices and extinction

coefficients of an equivalent film, for which the same Ψ and ∆ values would have been
measured. According to their definition n and k can be calculated from Ψ and ∆
with the Fresnel equations, and then they coincide with the real n and k values [14, 15].
The film thicknesses are plotted in Fig. 1 for five samples containing different ethyl
orange concentrations. A semi linear increase in thickness with concentration is observed
as the film thickness increases from 74.53 nm (for sample A1) to 498.37 nm (for sample
A5) upon increasing the ethyl orange concentration up to 1.5%. The resulting values for
all samples are presented in Table 2. This behavior may be attributed to the attraction of
the polar methacrylate groups of PMMA to the glass substrate surface. As a result of this
attraction, a denser layer might then be formed along the substrate during the film
coating. Thinner films would have a greater average density, and they may show smaller
fractional decrease in thickness.
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Figure 1: Average PMMA/ethyl orange film thickness vs. initial concentration of ethyl
orange.
Table 2: Summary of results on film thicknesses and refractive indices of PMMA/ ethyl
orange thin films at λ = 400, 500, 600 and 700 nm
Sample
A1
A2
A3
A4
A5

Thickness (nm)
74.53±2.9
88.37±4.0
137.25±8.0
358.37±11.0
498.37±12.5

400 nm
1.425
1.442
1.462
1.487
1.496

Refractive index n at wavelength
500 nm
600 nm
700 nm
1.396
1.391
1.391
1.417
1.406
1.400
1.438
1.427
1.421
1.455
1.442
1.434
1.459
1.446
1.442

The model structure used to fit the spectroscopic ellipsometry data taken on all
PMMA/ethyl orange thin films was glass substrate/PMMA mixed with ethyl orange
layer/air. The optical constants of glass slide used in this work as substrates were
modeled as in Ref. [13], and were not allowed to vary during the fitting process, while
the thickness and optical constants of PMMA mixed with ethyl orange layers were
parameterized using the Cauchy model [16, 17]. Using this model the experimental data
are fitted in three trials. In the first, a simplest approach was homogeneity of film is
assumed, to calculate the film thickness. Then, the second trial was made by using the
Bruggeman Effective Medium Approximation (BEMA) layer [16]. This was made by
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using the previously determined optical constants for both constituents PMMA and ethyl
orange.
For example in sample A1, and by using the above mentioned model the calculated
MSE value was 11.25 as compared to 24.36 from the first trial. In the third approach, an
Effective Medium Approximation (EMA) layer was added in order to consider the
surface roughness. It is worth mentioning that the WVASE 32 software allows to add
such layer (50% BEMA layer plus 50% voids), assuming a glass substrate (1 mm, not
fitted), PMMA/ethyl orange (69.5 nm for A1 sample, fitted) and finally an EMA layer of
surface roughness (15 nm, fitted). This approach results in a MSE value of 2.53, which is
the best fit between the model and the experimental data. Fig. 2 represents a schematic
drawing of the structural model for PMMA/ethyl orange film on glass substrate used in
fitting for sample A1. As a result of this approach, the measured spectroscopic
ellipsometry data Ψ and ∆ of PMMA/ethyl orange thin film (sample A1) over the
spectral range 400-700 nm at the angle of incidence, namely 50o is shown in Fig. 3. This
angle was chosen to maximize the sensitivity near the Brewster angle of the glass
substrates. The fitted Ψ and ∆ spectra, simulated with the best-fit model parameters, are
shown by solid lines. The associated refractive profile based on the best-fit results is
graphically illustrated in Fig. 4 for sample A1. The film refractive index being the
highest at the film substrate interface, and the average index profile is constant over the
thickness of the layer. This same procedure was applied to calculate the refractive index
for all other samples, Fig. 5.
Roughness
Cauchy

69.50 nm

Glass substrate
MSE = 24.36
(a)

1 mm

BEMA

69.50 nm

Glass substrate
MSE = 11.25
(b)

1mm

BEMA

20 nm
74.53 nm

Glass substrate

1 mm

MSE = 2.53
(c)

Figure 2: Schematic drawing of structural model for PMMA/ ethyl orange film (sample
A1) on glass substrate
(a) simple with no roughness
(b) with
substrate/effective medium approximation and (c) substrate/effective medium
approximation/roughness.
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11.1

175.0
Model Fit
Exp Ψ-E 50°
Model Fit
Exp ∆ -E 50°

174.0

10.5

173.0

10.2

172.0

9.9

171.0

9.6
400

500

∆ in degrees

Ψ in degrees

10.8

170.0
700

600
Wavelength (nm)

Figure 3: The experimental and calculated (solid lines) dependences of ellipsometrical
parameters Ψ and ∆ as functions of wavelength for PMMA/ethyl orange thin
film (sample A1) coated onto glass substrate at 50o angle of incidence.

1.60

Refractive index

1.50
1.40
1.30
1.20
1.10
1.00
-20

0

20

40

60

Distance from substrate in nm
Figure 4: Depth profile of sample A1 at λ = 550 nm.
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Figure 5: Spectra of refractive index of PMMA/ethyl orange film thickness vs. initial
concentration of ethyl orange.
A further investigation aiming to evaluate the relationship between the refractive
index and dye concentration using ellipsometry at wavelength range 400-700 nm are
listed in Table 2. The results of this investigation are shown in Fig. 5 and Fig. 6. It
should be stated here that all samples are transparent in the wavelength range 400-700
nm, and the refractive index versus wavelength, Fig. 5, of these samples must follow the
normal dispersion relation. This means that dipoles give energy back to wave so the
index of refraction decreases toward longer wavelengths. On the other hand, Fig. 6, the
measured refractive index versus thickness at different wavelengths, clearly indicates
that the variation in the refractive index does not have the same trend for the thin
samples as it is for the relatively thicker samples. For samples A3, A4, A5 the refractive
index decreases continuously with increasing the wavelength, however for samples A1
and A2, this continuous decrease is not clearly observed. From these results, one also
observes that the refractive index increases with increasing the ethyl orange
concentration. To explain this increase it is convenient to use Lorimer equation [18] for
refractive index of polymer solutions, equation 5,

n = n0 + µcp + acp

(5)

where n is the refractive index of mixed solution, n0 is the refractive index of
solvent, α is the second order coefficient, µ is the incremental coefficient, and cp is the
concentration of ethyl orange. According to this equation, one can predict an increase in
the refractive index of the mixture after adding a dye to pure PMMA. In addition, the
increase in refractive index may be attributed to more collection of azo-dyes molecules
within the PMMA chain causing a structural change in PMMA after mixing. Azo-dyes
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molecules contain benzene rings and two double azo bonds around which light can cause
spatial rotation, thus allowing smaller free space, and therefore, the density of the
polymer and the refractive index can increase. The refractive index calculated in this
work is in accordance to published data in Ref. [19]. There are some discrepancies which
are not surprising because reported values are for samples with different qualities and
different used dyes. On the other hand one can expect, that the change in the refractive
index in general is related to certain chemical and physical changes.

Figure 6: Indices of refraction vs. film thickness of various values of wavelength.

Conclusion
In summary, it has been shown that spectroscopic Ellipsometry has many
advantages of investigating the refractive index. It covers a wide spectral range and it
can detect small changes in optical constant. The spectroscopic Ellipsometry data are
extremely sensitive to the refractive index profile, as well as the layer thickness. The
results also show that thin films can be produced easily by spin coating, which may
compete effectively with other methods in terms of film quality.
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ﺗﺤﺮي ﻣﻌﺎﻣﻞ اﻹﻧﻜﺴﺎر ﻟﻸﻏﺸﻴﺔ اﻟﺮﻗﻴﻘﺔ اﳌﻜﻮﻧﺔ ﻣﻦ اﻟﺒﻮﻟﻲ ﻣﻴﺜﻴﻞ ﻣﻴﺜﺎﻛﺮﻳﻠﻴﺖ واﻻﻳﺜﻴﻞ
اﻟﱪﺗﻘﺎﻟﻲ ﺑﺎﺳﺘﺨﺪام ﻣﻄﻴﺎﻓﻴﺔ اﻟﻘﻄﻊ اﻟﻨﺎﻗﺺ
ﺣﺴﺎم اﻟﻨﺎﺻﺮ
ﻣﻠﺨﺺ
ﺗﻢ ﻓﻲ ﻫﺬا اﻟﺒﺤﺚ إﺟﺮاء ﺗﺤﻠﻴﻞ ﻷﻏﺸﻴﺔ رﻗﻴﻘﺔ ﻣﺤﻀﺮة ﺑﻄﺮﻳﻘﺔ اﻟﻄﻠﻲ ﺑﺎﻟﺒﺮم ﻟﺒﻮﻟﻴﻤﺮ اﻟﺒﻮﻟﻲ ﻣﻴﺜﻴﻞ
ﻣﻴﺜﺎﻛﺮﻳﻠﻴﺖ ) (PMMAاﻟﻤﻄﻌﻤﺔ ﺑﺎﻻﺛﻴﻞ اﻟﺒﺮﺗﻘﺎﻟﻲ ،وﻗﺪ ﺗﻢ اﻳﺠﺎد ﻣﻌﺎﻣﻼت ﻫﺬه اﻷﻏﺸﻴﺔ ﻛﺴﻤﻚ اﻟﻐﺸﺎء
وﻣﻌﺎﻣﻞ اﻻﻧﻜﺴﺎر .وﻛﺬﻟﻚ ﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ ﺑﺄن ﻣﻌﺎﻣﻞ اﻻﻧﻜﺴﺎر ﻳﺘﻨﺎﻗﺺ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻄﻮل اﻟﻤﻮﺟﻲ وﻳﺼﻞ اﻟﻰ
ﻗﻴﻤﺔ  ١.٣٩٦ﻋﻨﺪ ﻃﻮل ﻣﻮﺟﻲ  ٧٠٠ﻧﺎﻧﻮﻣﺘﺮ ،ﻛﻤﺎ ﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ ﺑﺄن اﻻﻋﺘﻤﺎدﻳﺔ اﻟﻄﻴﻔﻴﺔ ﻟﻤﻌﺎﻣﻞ اﻻﻧﻜﺴﺎر ﺗﺘﺒﻊ
ﻋﻼﻗﺔ ﻛﻮﺷﻲ ﻟﻠﺘﺸﺘﺖ .ﺑﺎﻻﺿﺎﻓﺔ اﻟﻰ ذﻟﻚ ﻓﻘﺪ ﺗﻢ إﺟﺮاء ﺗﻘﻴﻴﻢ ﻟﻠﻌﻤﻖ اﻟﺴﻄﺤﻲ ﻟﻸﻏﺸﻴﺔ اﻟﻤﺤﻀﺮة ﺑﻨﺎء ﻋﻠﻰ
اﻟﻨﺘﺎﺋﺞ اﻟﺘﺠﺮﻳﺒﻴﺔ وﻣﻌﺎﻣﻼت ﻣﻄﻴﺎﻓﻴﺔ اﻟﻘﻄﻊ اﻟﻨﺎﻗﺺ .أﻇﻬﺮت ﻧﺘﺎﺋﺞ اﻟﺒﺤﺚ ﺑﺄن اﻟﺰﻳﺎدة ﻓﻲ ﻣﻌﺎﻣﻞ اﻻﻧﻜﺴﺎر
اﻟﻨﺎﺟﻤﺔ ﻋﻦ اﻟﺰﻳﺎدة ﻓﻲ ﺗﺮﻛﻴﺰ اﻻﻳﺜﻴﻞ اﻟﺒﺮﺗﻘﺎﻟﻲ ﻣﺒﻨﻴﺔ ﻋﻠﻰ اﻓﺘﺮاض ﻣﺮﺗﺒﻂ ﺑﺘﺸﻜﻞ ﺗﺠﻤﻌﺎت ﻣﻦ ﺟﺰﻳﺌﺎت
ﺻﺒﻐﺎت اﻵزو ﺿﻤﻦ ﺳﻠﺴﻠﺔ اﻟﺒﻮﻟﻴﻤﺮ ﻣﺆدﻳﺔ اﻟﻰ ﺗﻐﻴﺮات ﺑﻨﻴﻮﻳﺔ ﻓﻲ اﻟﺒﻮﻟﻴﻤﺮ ﺑﻌﺪ ﻋﻤﻠﻴﺔ اﻟﺨﻠﻂ.
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Abstract
Cr substituted barium hexaferrite particles BaFe12-xCrxO19 with 0 ≤ x ≤ 0.6 have been
prepared by the ball milling method. X-ray diffraction and scanning electron microscopy have
been carried out to determine the particle's structure and morphology. Magnetic properties have
been investigated using a vibrating sample magnetometer. The anisotropy field was estimated. It
was found that Cr substitution leads to a decrease in lattice parameters of BaFe12-xCrxO19. Also it
was found that Cr substitution increases the coercivity due to the increase in anisotropy field.

Keywords: Ball milling; Barium ferrite; Coercive field; Magnetization.
Introduction
Barium hexaferrite with its stoichiometric chemical formula BaFe12O19 briefly
(BaM) is one of M-type hexaferrites. The magnetic properties of hexaferrites such as
saturation magnetization, coercivity and anisotropy field are strongly dependent on its
structure [1, 2]. Hexaferrites are well-known ferrimagnetic materials with strong uniaxial
anisotropy. Anisotropy field can be controlled by the substitution of Fe3+ ions by
paramagnetic and diamagnetic, cations or cations combination such as Co-Sn [3, 4], ZnTi [5], Co-Ti [6,7], Mn-Ti [8] etc. Hexagonal barium ferrite and its substituted
derivatives have attracted considerable interest due to their potential for different
applications. These substitutions aim for the development of materials with improved
characteristics, which make hexaferrites suitable for technological applications. It is also
important to produce barium ferrite powders with a narrow particle size distribution less
than 0.1µm, i.e., single domain particles. Several methods have been used to prepare
barium ferrite particles including sol-gel method [9,10], glass-ceramic method [11],
microwave-induced hydrothermal reaction [12], ammonium nitrate melt technique [13],
reverse micelle technique [14], citrate–nitrate gel combustion method [15], hydrothermal
technique [16] and Ball milling method [17, 18]. The preparation methods as well as the
structural doping with Cr ions influence the magnetic properties of barium hexaferrite.
This work presents the magnetic properties of BaM doped with increasing
quantities of chromium. The synthesis of samples was performed by ball milling
method, which is a technique that has been recently adapted to the preparation of barium
© 2009 by Yarmouk University, Irbid, Jordan.
* Department of Physics, Assistant Professor, Al al-Bayt University, Mafraq- Jordan.
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ferrite powders, due to its simplicity of operation and handy experimental apparatus.
Also this method is useful for the production of powders composed of fine particles
smaller than the single domain size.
Experimental Procedures
BaFe12-xCrxO19 powders with x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 were prepared by
ball milling method. Oxides of Fe2O3, Cr2O3 and barium carbonate (BaCO3) were used
as starting materials. Mechanical alloying was performed in a planetary ball-mill (Fritsch
Pulverisette 7) using a ball to powder ratio of 8:1. Milling was carried out for 16 hours
with an angular frequency of 250 rpm. After mechanical milling, the mixture was
pressed at 5 tons/sq inch into disks, 1cm in diameter. These disks were annealed in air
atmosphere at 1100°C for 10 hours.

XRD analysis was carried out with Philips X'Pert PRO X-ray diffractometer
(PW3040/60) with CuKα radiation (45 kV, 40 mA). XRD patterns for the samples
examined were recorded in the region of 2θ = 15-75° with step scan of 0.017°. Powder
diffraction software package which includes standard International Center for
Diffraction Data (ICDD) was used to match the measured phases. The grain structure of
the prepared samples was investigated using scanning electron microscope (SEM FEI
Quanta 600) equipped with energy dispersive X-ray (EDX) facility for elemental
analysis. The magnetic measurements were carried out using vibrating sample
magnetometer (VSM MicroMag 3900, Princeton Measurements Corporation), with
applied fields up to 10 kOe at room temperature.
Analysis of XRD patterns and SEM photographs for 7 samples subject to different
annealing temperatures from 800°C to 1200°C were performed. At 800°C the major
phase of XRD pattern belongs to hematite (Fe2O3). At 900°C, barium ferrite phase along
with an intermediate phase of BaFe2O4 was observed. At 1000°C, the intermediate phase
disappeared and XRD pattern shows almost single-phase of BaFe12O19. At a temperature
higher than 1100°C, SEM data showed that grain size increases in uncontrollable manner
and agglomerate in different masses. Based on the above results, all samples examined
in this work were annealed at 1100°C.

Results and Discussion
XRD patterns of some samples of BaFe12-xCrxO19 along with the standard pattern for
hexagonal barium ferrite (BaFe12O19) with space group P63/mmc (JCPDS file no: 0430002) [19] are shown in Fig. 1. It can be seen from Fig. 1, that the XRD patterns for all
samples exactly match the standard 043-0002 for hexagonal barium ferrite (BaFe12O19),
including similar relative intensity profiles for the all observed peaks, except that peak at
33.1° which represents a small amount of residual hematite (α-Fe2O3). Lattice
parameters a, c and lattice volumes of BaFe12-xCrxO19 were calculated according to
formulas 1 and 2 respectively [20], where d is interplanar distance and h, k, and l are
Miller indices.
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a2 c
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The lattice parameters and lattice volumes for all samples examined in this work
were tabulated in Table 1. From these data we may propose that doping barium ferrite
with Cr leads to a decrease in lattice parameters and lattice volumes. The reduction in
lattice parameters and lattice volumes might be referred to replacement of Fe3+ (ionic
radius 0.064 nm) by Cr3+ ions, which have a smaller ionic radius of 0.052 nm.
Table 1: Lattice parameters, lattice volumes and average crystallite size of
BaFe12-xCrxO19 calculated from XRD data using d-spacing for (114)
and (107) peaks
[

x
0.0
0.1
0.2
0.3
0.4
0.5
0.6

a = b (Å)
±0.001

c (Å)
±0.00٣

٥.٨٨٩
٥.٨٨٤
٥.٨٨٤
٥.٨٨٣
٥.٨٨٤
٥.٨٨٢
٥.٨٨٠

٢٣.١٩٤
٢٣.١٧٦
٢٣.١٧٢
٢٣.١٧٦
٢٣.١٦٠
٢٣.١٦١
٢٣.١٤١
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V(Å3)

Average crystallite
size (D) nm

696.75

76 ± ٣

695.05

58 ± 4

694.81
694.75

56 ± 6
56 ± ٣

694.55

55 ± ٣

694.04

58 ± ٣

692.97

52 ± 6
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Figure 1: Standard JCPDS pattern for M-type hexagonal barium ferrite (file no: 0430002) and XRD patterns of BaFe12-xCrxO19 with different doping
concentration.

130

Preparation and Investigation of BaFe12-xCrxO19 Obtained by Ball Milling

Another confirmation of Cr3+ substitution for Fe3+ was made by a comparison of the
initial doping level (atm.%) with the average levels inside individual particles measured
by EDX, as shown in Fig. 2. The Cr content in BaFe12-xCrxO19 was close to that of the
initial mixtures, which indicates that chromium ions enter the lattice of barium ferrite.

Figure 2: Chromium content in BaFe12-xCrxO19 from initial doping and measured by EDX.
The average crystallite size was determined using the well-known Scherrer formula
[21] from the position of peaks (114), (217) and (220). The formula is given below:

D=

kλ
β cosθ

( 3)

where D is the crystallite size, k the Scherrer constant, λ the wavelength of radiation
(1.54056 Å), β peak width at half maximum measured in radians and θ corresponds to
the peak position; the results are shown in Table 1. From these data we may propose that
doping of barium ferrite with Cr leads to a decrease in average crystallite size. This
assumption was also confirmed by the direct observation via scanning electron
microscopy. Fig. 3 shows a SEM photograph of BaFe12-xCrxO19 samples with doping
concentration x = 0.0 and 0.6. As one might observe the average crystallite size for
doped with Cr sample is smaller than for pure one, which agrees well with the XRD
measurements.
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a

b

Figure 3: SEM photograph of BaFe12-xCrxO19,
a) x = 0.0, b) x = 0.6.
Measured hysteresis loops for BaFe12-xCrxO19 with x = 0.0 and 0.6 samples as a
function of applied magnetic fields are shown on Fig. 4. The magnetization curve for the
non-substituted sample belongs to hard magnetic material with coercive field strength of
4.2 kOe. This value of the coercivity agrees well with previous reports such as sol-gel
method [22], mechanical alloying method [23] and ball milling method [18] of preparing
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barium ferrite. As one might observe doping barium ferrite with Cr leads to an increase
in coercive field and a decrease in both remanent and saturation magnetization. Influence
of Cr ions on the saturation magnetization and coercivity of BaFe12-xCrxO19 for all samples
examined are shown in Fig. 5. The saturation value of magnetization was obtained by the
extrapolation of magnetization to 1/H = 0. The saturation magnetization decreases with
the increase of Cr concentration which is expected, since iron ions are replaced by an
antiferromagnetic chromium ions. As a result of this replacement the superexchange
interaction of Fe3+-O- Fe3+ might be weakened which leads to a decrease in the
saturation magnetization. While the coercivity linearly increased from about 4200 Oe to
5300 Oe as x increases from 0.0 to 0.6. This increase of the coercivity can be referred to
the increase in anisotropy field (Ha), since it is will known that coercivity is proportional
to magnetic anisotropy field [24]. The effective magnetic anisotropy field for each
sample examined in this work is obtained from the maximum of the switching field
distribution [25] using equation:

 dm 
f ( H )]max =  r 
 dH  H = H a

(4)
2

Figure 4: Hysteresis loops for BaFe12-xCrxO19,
a) x = 0.0 and b) x = 0.6.
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Figure 5: Saturation magnetization and coercivity of BaFe12-xCrxO19 as a function of the
chromium concentration (x).
Fig. 6 shows reduced IRM curves (mr) and the corresponding switching field
distribution function f(H) for some of the concentration examined, and Fig. 7 shows the
variation of magnetic anisotropy field with Cr concentration for all samples examined. It
is clear that Ha increases with the increase of Cr substitution. Thus linear increase of
coercivity -as a result of Cr substitution- might be referred to the increase of magnetic
anisotropy field, which enhances the coercivity.
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Figure 6: Reduced IRM curves and switching field distribution for some of the
concentration examined.
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Figure 7: Anisotropy field of BaFe12-xCrxO19 as a function of the Cr concentration (x).

Conclusions
Fine particles of high quality of BaFe12-xCrxO19 have been prepared using a simple
method of ball milling. It was found that doping of barium ferrite with Cr significantly
increases of the coercive field due to increase of magnetic anisotropy field.

Acknowledgment
This work was supported by Deanship of Academic Research at Al al-Bayt
University (Grant No. 213/2004/2005).

136

Preparation and Investigation of BaFe12-xCrxO19 Obtained by Ball Milling

 اﳌﺤﻀﺮ ﺑﻄﺮﻳﻘﺔ اﻟﻄﺤﻦ ﺑﺎﻟﻜﺮاتBaFe12-xCrxO19 ﺗﺤﻀﲑ و دراﺳﺔ ﻣﺮﻛﺐ
اﺑﺮاﻫﻴﻢ ﺑﺼﻮل

ﻣﻠﺨﺺ
0 ≤ x ≤ 0.6  ﺑﻴﻦx  ﺑﻘﻴﻢBaFe12-xCrxO19 ﺗﻢ ﺗﺤﻀﻴﺮ ﻣﺮﻛﺐ اﻟﺒﺎرﻳﻮم ﻓﺮاﻳﺖ اﻟﻤﺸﺎب ﺑﺎﻟﻜﺮوم
 ﺗﻤﺖ دراﺳﺔ اﻟﻌﻴﻨﺎت ﺑﻮاﺳﻄﺔ ﺣﻴﻮد اﻻﺷﻌﺔ اﻟﺴﻴﻨﻴﺔ و اﻟﻤﺠﻬﺮ اﻻﻟﻜﺘﺮوﻧﻲ و ذﻟﻚ.ﺑﻄﺮﻳﻘﺔ اﻟﻄﺤﻦ ﺑﺎﻟﻜﺮات
 ﺗﻤﺖ دراﺳﺔ.ﻟﻤﻌﺮﻓﺔ اﻟﺨﺼﺎﺋﺺ اﻟﺒﻨﻴﻮﻳﺔ ﻟﻠﺠﺴﻴﻤﺎت اﻟﻤﻐﻨﺎﻃﻴﺴﻴﺔ ﻟﻤﺮﻛﺐ اﻟﺒﺎرﻳﻮم ﻓﺮاﻳﺖ اﻟﻤﺸﺎب ﺑﺎﻟﻜﺮوم
.اﻟﺨﺼﺎﺋﺺ اﻟﻤﻐﻨﺎﻃﻴﺴﻴﺔ ﺑﻮاﺳﻄﺔ اﻟﻤﻘﻴﺎس اﻟﻤﻐﺎﻃﻴﺴﻲ ذو اﻟﻌﻴﻨﺔ اﻟﻤﻬﺘﺰة و ﺗﻢ اﻳﻀﺎ اﻳﺠﺎد ﻣﺠﺎل اﻟﺘﺒﺎﻳﻦ
ﺗﺒﻴﻦ ﻣﻦ ﺧﻼل اﻟﺪراﺳﺔ ان اﺷﺎﺑﺔ ﻣﺮﻛﺐ اﻟﺒﺎرﻳﻮم ﻓﺮاﻳﺖ ﺑﺎﻟﻜﺮوم ﻗﺪ ادت اﻟﻰ ﻧﻘﺼﺎن ﻓﻲ اﺑﻌﺎد اﻟﺸﺒﻴﻜﺔ
.اﻟﺒﻠﻮرﻳﺔ و اﻟﻰ زﻳﺎدة اﻟﻤﺠﺎل اﻟﻘﺴﺮي ﻧﺘﻴﺠﺔ ﻟﺰﻳﺎدة ﻣﺠﺎل اﻟﺘﺒﺎﻳﻦ
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Abstract
This article describes the procedure of calibrating Sr-90, which is used as a beta source for
luminescence dating in faculty of Archaeology and Anthropology labs at Yarmouk University.
The beta source is contained within a 770 beta irradiator manufactured by Daybreak Nuclear and
Medical Inc. combined with automated Thermoluminescence reader system model 1100. The
nominal activity of the source is 100 mCi (3.7×109 Bq) as reported by AEA Technology on June
the 29th 2005. On the 22nd of December 2005, the dose rate for the high position of the elevator
was determined as 0.0586 (Gy/s). On the 6th May 2008, the source was calibrated for the second
time using fine grains of quartz as a thermoluminescence phosphor material with size 4-11µm
extracted from pottery shreds taken from Bedieh site, Jordan. Co-60 gamma ray facility in AlBashir hospital was used to deliver three doses to three different samples of quartz; 9, 6 and 3Gy
to be used as a reference doses for the calibration process. The Additive Dose method is performed
in order to determine the beta dose in unit of time and finally comparing between the gamma and
the beta dose in order to define the beta dose rate in unit (Gy/s).

Keywords: Thermoluminescence; Additive dose; Dose rate; Sr-90; Co-60.
Introduction
Using Sr-90 as beta source in luminescence dating requires an accurate calibration
for the dose rate. The accuracy of calibration process depends on defining the dose
delivered from gamma facility to quarts. There are number of factors that should be
considered during the irradiation with gamma beam. This has been discussed by Bell
(1980) [2], where he introduced the interactions of gamma beam with matter and factors
associated with it, while using gamma irradiation to deliver specified dose to quartz
material do not induce directly thermoluminescence energy into the quartz material [1].
It is known that the interaction of gamma beam with matter occurs via three forms; the
photoelectric effect, Pair Production and Compton Effect. These three interactions are
responsible for producing energetic secondary electrons which in turns collide with
atoms loosing part of its energy at each collision to be transferred to further secondary
electrons released from the atoms. This process creates a large number of low energetic
secondary electrons in the matter that have the probability of being captured by electron
© 2009 by Yarmouk University, Irbid, Jordan.
* Department of Conservation and Management of Cultural Resources -Faculty of Archaeology and
Anthropology.
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traps inducing thermoluminescence energy. The creation of low energetic electrons take
place in the matter gradually, as photon energy enters the matter and passes through it; a
build up for the secondary electrons begins, after few millimeters the electron flux reach
an equilibrium state “charge particle equilibrium”, in which the number of electron
produced equals to the number of electron absorbed. The charge particle equilibrium
attained after a distance from the surface in the range of the initial electron energy
produced by the collision with gamma beam [1, 2, 7]. In this region the absorbed dose by
the material is calculated and where the sample should be fixed to be used as
thermoluminescence dosimetric material for calibration process.
Finally calculating the dose delivered to quartz sample by gamma beam from Co-60
depends on the geometry and the dimension of the quartz container and mass energy
absorption coefficient (µen/ρ) that is used to describe the total reduction of gamma
radiation in quartz [2]. In addition, it is important to consider that Co-60 facility is
calibrated according to the dose absorbed by water or equivalent tissue that has similar
composition to human tissue where water represents 75% of it, and so has the same mass
energy absorption coefficient.

Experiment
Quartz grains with size 4-11µm were extracted by crushing pottery shreds and
sieving via mesh of size 45 µm. The sieved material was cleaned by 7% of HCL
overnight to remove calcites and 6% H2O2 overnight to remove organic materials. In
each step of cleaning deionised water was used repetitively for washing and removing
residues from the cleaning process. After that quartz was deposited for 20 minutes in
50 cm tall cylinder tube, the suspended material represented quartz grains less than
11µm were extracted, and the process was repeated for another 50 minutes to discard
grains less than 4 µm that located in the first 5 cm of the tube. At the end, the extracted
quartz grains were within the size of four and 11µm, this size was chosen for calibrating
beta source since it is the same size that is used for pottery dating with the TL reader.
Quartz was annealed to 500oC for 3 hours to remove any TL signals in quartz crystals.
Three samples were prepared for gamma irradiation, each sample composed of
250 mg of quartz, each contained in a 4 mm quartz tube with inner radius of 4mm and
wall thickness equals to 0.5 mm. The quartz tubes were intended to be used in order to
ensure that the gamma beam will travel within the container medium and the dosimetric
material that have the same mass energy absorption coefficient.
To avoid the buildup region in the quartz sample and guarantee that it will be only
within the charged particle equilibrium region; and by knowing that the electron
equilibrium for Co-60 gamma ray (Ẽ = 1.25 MeV) occurs after 2 mm [2], another quartz
tube was used, with inner radius of 6 mm and wall thickness also equals to 0.5 mm to
surround the original tube as shown in figure 1. The space between the two tubes is now
1mm which is also filled with the same quartz material prepared for calibration. In this
geometry the distance that the gamma beam will pass through to reach the inner tube is
2 mm where the buildup of secondary electrons will take place.
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Figure 1: A profile of the quartz sample container; the dashed lines represent the inner tube
which hold the principle quartz that will be used in the calibration; the continues line
represents the outer tube; the space between the two tubes is 1mm filled with quartz.

The gamma irradiation was performed in Al-Bashir Hospital, Radio Therapy
Department, Amman-Jordan, where Co-60 facility used as gamma beam source (Ẽ =
1.25 MeV) to deliver 9, 6 and 3Gy to the samples, in order to specify the exact dose
deposited in the sample; the same conditions that are used in calibrating the dose rate of
Co-60 were applied in irradiating the quartz samples, the quartz tube was fixed at a
distance 80cm from the source, and enclosed within an equivalent tissue used as an
alternative of human tissue during calibrating and determining the dose rate of Co-60
facility. Now the dose received by the quartz material is calculated using the mass
energy absorption coefficient of water and quartz by the formula [3];

D = [(µen/ρ) quartz / (µen/ρ) water] * X,
where D is the absorbed dose delivered to quartz, (µen/ρ)quartz and (µen/ρ)water , water are
the mass absorption coefficients (cm2/g) for quartz and water and X is the exposure of
gamma beam.
For gamma ray (Ẽ = 1.25 MeV), the (µen/ρ)water is 2.965×10-02 (cm2/g) from NIST
database and 2.66×10-2 (cm2/g) for quartz [4]. By considering these two factors and
irradiating with 9, 6 and 3 Gy, the absorbed dose to the quartz is 8.074, 5.383 and 2.6914
Gy respectively.
Now each sample of the irradiated fine grains was suspended in ethanol and
allowed to deposit over 20 aluminum discs of 0.4 mm thickness and 10 mm diameter to
be loaded in the TL reader for reading TL signals.
The Additive Dose method was performed to determine the dose delivered to quartz
with Sr-90 in unit of time(s), the measurements were applied separately for each sample.
For each sample the first four measurements represented the TL energy produced by the
gamma irradiation of Co-60, the next group of measurements are taken after irradiating
quartz with different doses by Sr-90, the irradiation time for the three samples are 136,
273, 436 and 573 seconds for sample with dose 8.074 Gy. 85, 170, 255 and 341second
for sample with dose 5.383 Gy and the last sample that carry 2.69 Gy was irradiated for
51, 102, 153 and 205 seconds.
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Results and Conclusions
To obtain the beta dose deposited in quartz using Sr-90, a curve was plotted that
represents the growth of TL energy with the increase of beta irradiation time for each
5°C temperature intervals as illustrated in Figure 2. Interpolation of these curves to zero
TL intensity (TL = 0) gives the equivalent beta irradiation time (Dβ). A plot of (Dβ)
values versus temperature was created, as shown in figure 3; Dβ values rise from zero for
temperatures below 200Co till it reach a plateau in the region of 350-370 , this represents
the actual beta irradiation time Dβ that created electron traps in quartz crystal [1].

Figure 2: The growth of the TL energy with the increase in the irradiation time.
The dose rate for the source is now determined by the comparison of the beta dose
specified in unit of time and the gamma dose that corresponds to the beta dose by using
the formula,
Ď (Gy/s) = Dγ (Gy) / Dβ (s),
where Ď represents the dose rate of the beta source, Dγ the gamma dose delivered to the
sample by Co-60 and Dβ is the derived equivalent irradiation time(s) from the Daybraek
TL reader using the additive dose method [5, 6]. The average dose rate is found to be Ď
= 0.0532± 0.00583(Gy/s). Table 1 illustrates the results obtained by the comparison of
the gamma dose and the beta irradiation time.
The results of the three samples as represented in figure 4 show the effectiveness of
the procedure followed in irradiating quartz with Co-60, using quartz tubes as containers
and define the buildup region, and the area where TL energy will be created the
interaction of gamma beam with matter helped in avoiding the miscomputation for the
dose precipitated in the quartz sample that was used later in specifying the dose rate of
Sr-90.
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Figure 3: The plateau test of the irradiation time by Sr-90, the stability in the irradiation time
values occurs between 350 and 470, the graphs a, b and c represent the results of
the three samples that were irradiated with 3, 6, 9 Gy respectively.
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Table 1: The dose rate of the three samples with different gamma doses
Dγ (Gy)

Temp.(oC)

Dβ (s)

u(Dβ)

Ď (Gy/s)

8.074

370-420

151.7440986

0.0059

0.050208

5.383

350-415

101.1651945

0.0063

0.05621

2.6914

380-450

50.58100309

0.0053

0.0532097

Figure 4: Dose rate results from Table1, and the average value. The error bars represent
the uncertainty in the dose rate value.
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ﻣﻌﺎﻳﺮة اﻟﺠﺮﻋﺔ اﻻﺷﻌﺎﻋﻴﺔ ﻟﻠﻌﻨﺼﺮ  Sr-90ﻓﻲ ﻋﻤﻠﻴﺔ اﻟﺘﺄرﻳﺦ ﺑﻄﺮﻳﻘﺔ اﻟﺘﺄﻟﻖ اﻟﺤﺮاري
ﺳﺤﺮ اﻟﺨﺼﺎوﻧﺔ

ﻣﻠﺨﺺ
ﻳﻬﺪف ﻫﺬا اﻟﺒﺤﺚ اﻟﻰ ﻋﺮض ﻣﻘﺘﺮح ﻟﻤﻌﺎﻳﺮة اﻟﻤﺼﺪر اﻟﻤﺸﻊ ﻟﺠﺴﻴﻤﺎت ﺑﻴﺘﺎ ،اﻟﻌﻨﺼﺮ  Sr-90ذات
اﻟﺸﺪة اﻻﺷﻌﺎﻋﻴﺔ  ١٠٠ﻣﻠﻲ ﻛﻮري اﻟﻤﺴﺘﺨﺪم ﻓﻲ اﻟﺘﺄرﻳﺦ ﺑﻄﺮﻳﻘﺔ اﻟﺘﺄﻟﻖ اﻟﺤﺮاري ﻓﻲ ﻣﺨﺘﺒﺮات ﻛﻠﻴﺔ اﻻﺛﺎر و
اﻻﻧﺜﺮوﺑﻮﻟﻮﺟﻴﺎ ﻓﻲ ﺟﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك .اﻟﻤﺼﺪر ﺟﺰء ﻣﻦ ﻣﻨﻈﻮﻣﺔ ﺟﻬﺎز ،TL reader system model 1100
ﺑﺘﺎرﻳﺦ  ٢٠٠٥-١٢-٢٢ﺗﻤﺖ ﻣﻌﺎﻳﺮة اﻟﻤﺼﺪر اﻟﻤﺸﻊ ﻟﻠﻤﺮة اﻻوﻟﻰ ،و ﺣﺪدت اﻟﺠﺮﻋﺔ اﻷﺷﻌﺎﻋﻴﺔ ﺑﻤﻌﺪل
 ٠.٠٥٨٦ﺟﺮاي /ﺛﺎﻧﻴﺔ .ﻓﻲ  ٦أﻳﺎر  ٢٠٠٨ﺗﻤﺖ ﻣﻌﺎﻳﺮة اﻟﻤﺼﺪر اﻟﻤﺸﻊ ﻟﻠﻤﺮة اﻟﺜﺎﻧﻴﺔ ﺑﺎﺳﺘﺨﺪام ﺣﺒﻴﺒﺎت
اﻟﻜﻮارﺗﺰ ﺑﺤﺠﻢ ارﺑﻌﺔ اﻟﻰ  ١١ﻣﻴﻜﺮوﻣﻴﺮ و اﻟﻤﺴﺘﺨﻠﺼﺔ ﻣﻦ ﻛﺴﺮ ﻓﺨﺎرﻳﺔ ﺗﻌﻮد اﻟﻰ ﻣﻮﻗﻊ اﻟﺒﺪّﻳﺔ ،اﻻردن.
اﺳﺘﺨﺪم اﻟﻌﻨﺼﺮ اﻟﻤﺸﻊ  Co-60اﻟﻤﺴﺘﺨﺪم ﻓﻲ اﻟﻌﻼج اﻻﺷﻌﺎﻋﻲ ﻓﻲ ﻣﺴﺘﺸﻔﻰ اﻟﺒﺸﻴﺮ-اﻻردن ﻣﻦ أﺟﻞ اﺷﻌﺎع
ﻋﻴﻨﺔ اﻟﻜﻮارﺗﺰ ﻟﺜﻼث ﻋﻴﻨﺎت ﻣﺨﺘﻠﻔﺔ ﺑﺠﺮﻋﺎت  ٦ ،٣و  ٩ﺟﺮاي ﻟﺘﺴﺘﺨﺪم ﻛﺠﺮﻋﺔ ﻣﺮﺟﻌﻴﺔ ﻓﻲ ﺣﺴﺎب ﻣﻌﺪل
اﻟﺠﺮﻋﺔ اﻻﺷﻌﺎﻋﻴﺔ ﻟﻠﻤﺼﺪر ) Sr-90ﺟﺮاي /ﺛﺎﻧﻴﺔ( ،و اﻟﺘﻲ وﺟﺪت ﻣﻦ ﺧﻼل اﻟﻤﻘﺎرﻧﺔ ﺑﻴﻦ اﻟﺠﺮﻋﺔ اﻻﺷﻌﺎﻋﻴﺔ
اﻟﺘﻲ ﺗﻠﻘﺘﻬﺎ اﻟﻌﻴﻨﺔ ﻣﻦ اﻟﻤﺼﺪر  Co-60ﺑﻮﺣﺪة ﺟﺮاي و اﻟﺠﺮﻋﺔ اﻻﺷﻌﺎﻋﻴﺔ اﻟﻼزﻣﺔ ﻻﻳﺼﺎل ﻧﻔﺲ اﻟﻘﻴﻤﺔ ﻣﻦ
اﻟﻤﺼﺪر اﻟﻤﺸﻊ  Sr-90ﺑﻮﺣﺪة اﻟﺰﻣﻦ )اﻟﺜﺎﻧﻴﺔ(.
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Abstract
The Interacting Boson Approximation (IBA) model of Arima and Iachello has been used to study
the nuclear structures of W-186 isotope in frame-work of Interacting Boson Model (IBM).
NPBOS computer program has been used for this investigation. The five parameters in the
Interacting Boson Model Hamiltonian for W-186 isotope have been determined. Based on these
values, it is found that these parameters are in a good agreement with the experimental energy
spectrum.

Keywords: IBM; Arima and Iachello model.
Introduction
The Interacting Boson Approximation (IBA) model of Arima and Iachello has been
used extensively in describing the low-lying collective states of several medium and
heavy mass nuclei. Many studies have been carried out on the energy spectrum of
different even-even nuclei within IBM framework. Nuclei that have been studied
include W (Z = 74, 82 < N < 126). For all these nuclei a wide range of properties of
collective states have been calculated and compared with experimental results.
Moreover, a part from this quantitative agreement with experiment, the IBM-2 has two
distinctive advantages over the more conventional descriptions of collective states. First
of all, it describes the IBM-Hamiltonian and secondly a clear relationship with
microscopic theories has been established. Therefore, it seems that Interacting Boson
Model-2 (IBM-2) is very successful in describing the collective low energy spectrum of
many heavier nuclei [1-7].
The Integrating Boson Model
Using only a pairing force, the two body Hamiltonian in the IBM-2 formalism is
expressed as [3, 8, 9]:

H = ε π nπd + ε v nvd + KQπ( 2 ) ⋅ Qv( 2) + Vππ + Vvv

(1)

Here the first two terms represent the single boson energies for proton (π) and neutron
(ν), respectively, while εν and επ represent the energy difference between ( d π v ) and
© 2009 by Yarmouk University, Irbid, Jordan.
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d

d

( δ π v ) bosons, and ( nπ ) are ( nv ) are the numbers of proton and neutron, respectively,
for d-boson. For simplicity it is assumed that επ = εν = ε. The third term represents the
main part of the boson between neutron and proton boson with strength (K). To include a
quadruple interaction, the quadruple operator is expressed as (p = π, v) [9]:

( 2)
Qρ = ( d ρ+ S ρ− + S ρ+ d ρ− ) + X ρ ( d ρ+ d ρ− )

(2)

The significant effect of the parameter (XP), which determines the structure of the
quadrapole operator, will be discussed below. The term ( Vππ + V vv ) represents the dboson conserving residual neutron-neutron and proton-proton interaction.

Vρρ =

1
2

∑ [ Cλ ρ ( d ρ d ρ ) λ
+

−

l =0 , 2 , 4

( )

⋅ (d ρ+ d ρ− ) , ρ = π , v

(3)

Such an interaction was found to be especially important near closed shell nuclei in
the vibrational limit giving rise to the splitting of SU (5) two-phonon triplet.
The Vππ (Vvv ) interaction is only important when one deals with a large number
of active protons (neutrons) and a small number of active neutrons (protons) [7, 10].

( 2)
H M = ξ 2 [( dπ+ Sv+ − Sv+ d v+ ) ⋅ ( Sv d ρ− − S ρ d v− ) +
+ − (l ) − − (l )
∑ ξl ( dπ d v ) ( dπ dv )
l =1, 3

(4)

Results and Discussion
The results of calculations of this work for ground state energies band in W-186
isotope are shown in Table 1. These results show a discrepancy between theory and
experiment for energy levels. It is clear that in contrast to IBM the order of the 0 +2 and

3+ is correctly predicted in W-186 isotope and the position of the 2 +2 relative to 0 +2 state
is also improved.
To the extent that the transition operator is one-body boson operator, the most
general E2 operator can be expressed as:

T ( E 2) = eπ Q

( 2)

+ ev Q

( 2)

(5)

There is a large similarity of the structure of the quadrapole operator and the wave
function in IBM-1 approaches. Therefore, it is expected that E2 selection rules in the
present case are nearly the same as those in IBM-1 model in calculating absolute B(E2)
values. Table-2 shows the results of this work that related to the electric transition
probability for W-186 isotope.
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( 0 2+

In general, it is found that all calculations overestimate the strength of the
transition and the predicted quadrapole moment of the state. On the other

+
→ 22 )

hand, the IBM predictions are in good agreement with the measurements.
Table 1: Energy of ground state band in W-186

Level

01+

Excited energy states
IBM-2 (MeV)
EXP (MeV)
0.000
0.0000

21+

0.122

0.1226

41+

0.320

0.3968

21+

0.680

0.7370

61+

0.800

0.8080

31+

0.850

0.8618

0+2

0.886

0.8820

23+

1.030

1.0070

Table 2: Electric transition probability for W-186 isotope [ B ( E 2 ; J → J f ) e ⋅ b ]
2

Transition

IBM-2
(e2 .b2)
0.700

EXP
(e2 .b2)
0.840

2 +2 → 01+

0.039

0.034

41+ → 21+

1.002

1.160

2 +2 → 21+

0.060

0.057

23+ → 21+

0.0039

0.0059

4 2+ → 21+

0.038

__________

2 2+ → 41+

0.320

__________

21+ → 01+
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Conclusion
In this paper, the results of the calculations have been presented for various
properties like energy level and transition probability of W-186 by using collective
model and interacting boson approximation model of Arima and Iachello. In general, it
is found that the agreement with the experimental data is quite good, especially where
the energy levels and E2 transitions are concerned. It is also found that E2 selection rules
from this work and from IBM-1 model in calculating absolute B(E2) values are close to
each other.

 اﻟﺰوﺟﻴﺔ ﻟﻨﻈﲑ-دراﺳﺔ ﺑﻌﺾ اﻟﺨﻮاص اﻟﻨﻮوﻳﺔ ﻟﻠﻨﻮاة اﻟﺰوﺟﻴﺔ
(IBM)  ﺑﺎﺳﺘﺨﺪام أﻧﻤﻮذج اﻟﺒﻮزوﻧﺎت اﳌﺘﻔﺎﻋﻠﺔW-186 اﻟﺘﻨﻜﺴﱳ
ﻣﺤﻤﺪ ﻗﺎﺳﻢ اﻟﻔﺨﺎر و ﻓﻮزي ﻋﺒﺪ اﻟﻜﺮﻳﻢ أﻛﺮﻳﻢ

ﻣﻠﺨﺺ
( ﻷرﻣﻴﺎ وأﻳﺘﺸﻠﻮ أﺳﺘﺨﺪم ﻟﺪراﺳﺔ ﺑﻌﺾ اﻟﺨﻮاص اﻟﻨﻮوﻳﺔ ﻟﻨﻈﻴﺮIBA) إﻧﻤﻮذج اﻟﺒﻮزوﻧﺎت اﻟﺘﻘﺮﻳﺒﻴﺔ
(NPBOS)  وﻗﺪ اﺳﺘﺨﺪم اﻟﺒﺮﻧﺎﻣﺞ اﻟﺤﺴﺎﺑﻲ،(IBM)  ﻓﻲ إﻧﻤﻮذج اﻟﺒﻮزوﻧﺎت اﻟﻤﺘﻔﺎﻋﻠﺔW-186 اﻟﺘﻨﻜﺴﺘﻦ
.ﻟﻬﺬا اﻟﻐﺮض
 واﺳﺘﻨﺎدا ﻋﻠﻰ ﻫﺬه اﻟﻘﻴﻢ.W-186 ﺗﻢ ﺗﻌﻴﻴﻦ اﻟﻤﺘﻐﻴﺮات اﻟﺨﻤﺴﺔ ﻟﻸﻧﻤﻮذج ﻫﺎﻣﻠﺘﻮن ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻨﻈﻴﺮ
.ﻓﻘﺪ وﺟﺪت اﻟﻨﺘﺎﺋﺞ ﻗﺮﻳﺒﺔ ﺟﺪاً ﻣﻦ اﻟﻨﺘﺎﺋﺞ اﻟﺘﺠﺮﻳﺒﻴﺔ اﻟﻤﺘﻮﻓﺮة ﻟﻄﻴﻒ ﻃﺎﻗﺔ ﻫﺬا اﻟﻨﻈﻴﺮ
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Abstract
The Static Synchronous Series Compensator (SSSC) is effective to alter electric power
system parameters in order to increase power transfer capability, stabilize system, help energy
market resolve congestion-caused problems, and maximize economic value of transmission
system. This paper investigates approximate modeling of SSSC and its impact on energy market
dispatch outcomes, especially on resolving transmission congestion-related problems. The paper
will show how SSSC may reduce out-of-merit generation costs associated and enables system
regain uniformity of energy prices.

Keywords: Energy markets; FACTS; OPF; SSSC; Transmission congestion.
Introduction
As a result of the electric power industry restructuring [1], importance of
transmission system and alleviating its constraints have been intensively emphasized in
order to provide grown bulk power transfer capability, to withstand a wider range of
possible generation patterns, and to facilitate a wide range of possible energy
transactions.
Constrained transmission network has negative consequences on market
participants and harmful security and reliability impacts on the network itself. A
congested transmission is accompanied by congestion costs, lower system utilization,
higher energy prices due to resorting to out-of-merit order as expensive generating units
are dispatched to alleviate congestion and a decrease in the degree of feasibility of
preferred transactions Mitigating transmission constraints results in expensive or
undesired alternatives [1]−[3]. Consequently, power system operations necessitate more
power flow control needs as electric utilities are looking for more flexible operation of
transmission system and for new mechanisms by which transmission constraints can be
mitigated to replace or help the traditional transmission constraint mitigation methods
that usually result in expensive or undesired options.
To resolve congestion-caused and some other deregulation-related problems, an
increased attention should be paid to new mechanisms that introduce more flexibility in
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the way the transmission system is operated and to new lower-cost mechanisms by
which transmission constraints can be mitigated.
Utilizing the powerful Flexible AC Transmission System (FACTS) devices
[3]−[14] may help interconnected systems have increased power transfer capability for
the existing power transmission lines due to the constantly increasing loads the power
networks are required to serve. The increased levels of risk and uncertainty associated
with transmission operations and investment also have encouraged electric utilities to put
these control devices in service.
A SSSC as one of the most powerful Flexible AC Transmission System (FACTS)
devices offers a fast series compensation and offers flexible power system control [4],
[5], [15]−[18], therefore, it can be utilized to control line active and reactive power,
achieve more power transfer capability, and to significantly improve power system
reliability.
As the SSSC is capable of controlling power system parameters, it may offer a
mechanism that may replace or help conventional constraint mitigation methods, redirect
or force power to flow along certain paths, help the system operate more securely by
increasing the level of power transfer between specific areas, and in some cases may
prevent generators to run out-of-merit or loads shedding or curtailment that would be
required to maintain system security. As such, it is anticipated that putting SSSC device
in service reduces the operational and investment costs of a power system, and improve
system security.
The paper reviews the structure of SSSC and derives an approximate pi-model of
the SSSC-embedded transmission lines from which the injection-model using two-port
networks is presented. The paper also presents a formulation of an Optimal Power Flow
(OPF) including model of SSSC. The presented model is applied to a test system, where
the results show how SSSC may reduce generation costs associated with out-of-merit
order and show the beneficial consequences of putting SSSC in service on transmission
congestion outcomes [1]−[3].
Structure and Modeling of SSSC
The schematic diagram shown in Figure 1 represents a SSSC inserted in the line
connecting buses i and j [4], [5], [15]−[18]. Figure 2 shows the equivalent circuit of
the SSSC-embedded transmission line connecting nodes i and m . The equivalent
circuit includes both the two-port steady-state model of the SSSC and the two-port pimodel of the transmission line, connected in cascade. The converter is represented by a
voltage source in series with an impedance, where Z se = jX se is the impedance associated
with the series converter. The complex voltage Vse is the controllable voltages inserted
from the converter, and Vi and V j are the complex voltages at nodes i and j ,
respectively, where Vi = Vi ∠θ i , V j = V j ∠θ j , and V se = Vse ∠δ . From the circuit of
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Figure 2, with a little tedious mathematical manipulations, we can express I i and Ij in
terms of Vi , V j , and Vse , in matrix form, as follows:

 I i   yii
I  =  y
 j   ji

yij  Vi   bi 
+
V ,
y jj  V j  b j  se

(1)

where

y ij = y ji = jX c / W

(2)

y ii = − jX c / W + jX L / W = − y ij + y i 0

(3)

y jj = − jX c / W + j (1 / X c + X se / W ) = − y ji + y j 0

(4)

bi = j ( X L − X c ) / W

(5)

,

b j = jX c / W

W = X L X c + X se X c − X se X L
Note that we decomposed each of yii and

(6)

y jj into two parts, i.e.,

y ii = − y ij + y i 0 and y jj = − yij + y j 0 ,
where

yij = jX c / W , yi 0 = jX L / W and y j 0 = j (1 / X c + X se / W ) .
For the following analysis, let

Bij = B ji = X c / W , Bio = X L / W , B jo = 1 / X c + X se / W
Bus i

Vi ∠θi

Bus j

Series
Transformer

V j ∠θ j

Converter

Figure 1: Schematic diagram of the SSSC-inserted transmission line
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Vse

Ii

i

jX se

Im

Ij

jX L

m

j

− +

Vi

Vm

− jX c

− jX c

Vj

Figure 2: Representation of a SSSC-embedded line.
Load Flow Equations of Injection Pi-Model
The real power injection π-model of the SSSC-embedded line is shown in Figure 3,

i and Pjse at bus j represent the real power
withdrawals at buses i and j due to SSSC in the line i − j , which can be expressed

where the real powers Pi

se

at bus

as:

Pi se = Re al{Vi (biV se ) * } = {( X L − X c ) / W } ViVse sin(θ i − δ )

(8)

Pjse = Re al{V j (b jVse )* } = { X c / W }V jVse sin(θ j − δ )

(9)

The real power

Pij and Pji

can be expressed as:

Pij = Re al (Vi I ij* ) = − Pji = Re al (V j I *ji ) = − BijViV j sin(θ i − θ j )
Vi
i

jBij

I ij

I ji

(10)

V

j

j
Pise

jBi0

jB j0

Pjse

Figure 3: The π-model of the SSSC-embedded line.
If NB is the number of buses, and ℜ m is the set of buses that are connected to bus
m , then the load flow balance equations can be expressed as follows:

PmG − PmD = Pmse − Vm

∑V B

j∈ ℜm

j

mj

sin(θ m − θ j ) ; m = 1, 2, ..., NB
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The constraints imposed by device limits include magnitude and phase angle of the
series injected voltage, and real power exchange of the SSSC. For the SSSC, the active
ex

power exchange ( Pse ) via the dc link is the operating constraint of the SSSC, which is
given by Pseex = Re{− Vse I m* } = 0 . The real powers developed by the series voltage source
( Pseex ) can be expressed as:

Pseex = {(X c - X L ) / W } ViVse sin(δ − θ i ) − {X c / W } V jVse sin(δ − θ j )

(12)

Under the assumption of flat profile of voltages, i.e., all voltages Vi are equal to 1.0
p.u., we may simplify (8)−(10 ) as follows:

Pi se = {( X L − X c ) / W } Vse sin(θ i − δ )

(13)

Pjse = ( X c /W) Vse sin(θ j − δ )

(14)

Pij = − Pji = − Bij sin(θ i − θ j )

(15)

As the difference θ i − θ j for adjacent buses is usually small, it has been a common
practice to use the relation sin(θ i − θ j ) ≈ θ i − θ j in load flow studies, therefore, we can
express line flow Pij by the following usually-used relation:

Pij = − Pji = − Bij (θ i − θ j )

(16)

Optimal Power Flow Model Including Approximate Model of SSSC
Based on the equations derived in this paper, a generalized formulation of an OPF
including approximate model of SSSC is expressed as follows:
NG

Minimize

∑ C (P
i =1

i

G

i

NG

) = ∑ ai + bi Pi G + ci ( Pi G ) 2

(17)

i =1

Subject to
Equality Constraints:

PmG − PmD = Pmse +

∑P

j∈ ℜm

(18)

mj

Pseex = 0

(19)

Inequality Constraints:

Pijmin ≤ | Pij | ≤ Pijmax

(20)
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PmG,min ≤ PmG ≤ PmG ,max

(21)

Vsemin ≤ Vse ≤ Vsemax

(22)

δ min ≤ δ ≤ δ max

(23)

The objevtive function in (17) is the total generation cost, where Ci ( Pi G ) is
production cost of Gi , and ai , bi and ci are the cost coefficients of Gi . The flow Pij in
(22) is given by (15) or (16).
Let

λi

represent the Lagrangian multiplier associated with the real power equality

constraint at bus [1],[3]. At the optimal solution, the energy Locational Marginal Price
(LMP) at bus

i is λopt
that satisfies Kuhn-Tucker conditions of the Lagrangian function
i

at the optimal point [1], [3]. The Total Congestion Charge (TCC) [1], [3], [15] which is a
$/h value, represents the difference between what loads pay and what generators are
paid.
Test System
Figure 4 represents a four-bus test system with three generators and two loads [3].
A SSSC is connected between buses 2 and 3 near bus 2. System data and results are
based on a 100 MVA base. Line p.u. data is given in Table 1. In this table, ( Bc / 2 )
represents the half total line charging susceptance ( 1 / X C = BC / 2 ). The loads P3

D

and P4 are fixed at 1.50 + j 0.5 p.u., and 2.5 + j 0.5 p.u., respectively. For this
test system, bus 1 is the reference bus with a voltage of 1.05 p.u., voltage magnitudes at
other buses are assumed to have minimum and maximum voltage limits of 0.90 p.u, and
1.1 p.u., respectively. Generator data are given in Table 2. The data for the SSSC are
0 ≤ Vse ≤ 1.0 p.u. , Z se = 0.01 + j 0.1 p.u. , and 0 ≤ δ se ≤ 2π . In this section G i
D

refers to generator at bus i .
In order to verify the presented models and illustrate the impacts of UPFC we study
the results of OPF for the following two cases for this test system:
Case 1: System with the SSSC is not utilized (base case).
Case 2: System with the SSSC is inserted in the line 2-3.
The results of the two cases are shown in Table 3 with power flows are given by
(16). The base case (case 1), where line flow limits are considered, represents the case
that is traditionally used in the dispatch optimization process. For this case, two of the
lines (lines 1−3 and 2-3) carry their maximum MW limits, which indicates congestion
situation. This congestion prevents more power to be taken from the cheapest generator
(G2), therefore, it causes an out-of-merit operation of generators, where the more
expensive generators (G1 and G4) are dispatched to give more than their outputs that
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would be obtained if line limits were ignored or relaxed. The total cost of this dispatch is
$5323.46/h which is more than the cost of merit-order dispatch that would be obtained if
line limits were ignored. We notice from the results of this base case that the LMPs are
considerably different, which is due to the existence of congestion. The TCC of this
dispatch is $682.06/h.

G1

1.5 +j 0.5

1

3
SSSC

2

4

G2

G4

2.5 +j 0.5

Figure 4: Four-bus test system.
For the case when the SSSC is utilized (Case 2), we notice that the congestion on
lines 1−3 and 2−3 is mitigated because of the SSSC, which in turn makes it possible to
take more power from the cheapest generator (G2) and the more expensive generators
now are dispatched back to provide less output values compared to those obtained in the
base case. For this case P2se = 59 .38 MW and P3se = −59.38 MW. The generator
outputs of case 2 are very close to the generator outputs that would be obtained if line
limits were ignored, which reflects two advantages of using the SSSC, which are
operating generators, nearly, in the merit-order (preferred and most economical
dispatch), and in the same time line limits are respected. The results also show that the
LMPs are now gaining uniformity, this is why the TCC of this case is $0/h. We notice
that the total generation cost (TC) and TCC are decreased considerably (eliminated)
compared to those of case 1. This indicates that utilizing the SSSC in the system gives
nearly similar results as those of the unconstrained case with all limits are respected. The
unconstrained case is the most preferred for the system operator where a congestion-free
situation is obtained and the cheapest generators are dispatched. The LMPs for the
unconstrained case are similar. Any constrained dispatch that respects system limits and
gives similar results to the unconstrained case would be preferred over other dispatches.
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Table 1: Line data of the test system
Line No.
1
2
3
4
5

From
1
1
2
2
3

r

To
2
3
3
4
4

BC / 2
0.04
0.04
0.02
0.04
0.06

Xij
0.2
0.2
0.1
0.2
0.3

0.02
0.02
0.01
0.02
0.03

Limit
0.70
1.00
1.00
1.50
0.70

Table 2: Generator data of the test system
Gi

ai

bi

ci

Pi G ,min

Pi G ,max

QiG, min

QiG ,max

G1
G2
G4

230
200
240

11.0
10.0
12.0

0.007
0.005
0.009

0.50
0.50
0.50

4.00
3.50
3.50

-1.2
-1.2
-1.2

1.2
1.2
1.2

Table 3: Results of the test system using approximate model
Case 1
50.509

Case 2
20.818

100.00

83.349

P23 [MW]

100.00

62.781

P24 [MW]
P34 [MW]

124.058

144.868

50.00

55.514

P1G [MW]

150.509

104.166

P2G [MW]

173.549

245.834

P4G [MW]

75.942

50.000

LMP1 [$/MWh]

13.107

12.458

LMP2 [$/MWh]

11.735

12.458

LMP3 [$/MWh]

15.765

12.458

LMP4 [$/MWh]

13.367

12.458

TC
[$/h ]
TCC [$/h ]

5323.46
682.06

5264.79
0.000

P12 [MW]
P13 [MW]
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For comparison purposes, the results of the same test system under study using the
exact full ac load flow model of the SSSC and transmission system presented in [15] are
calculated and summarized in Table 4. The slight differences in the results of Table 4
compared to the results of the approximate model (Table 3) are firstly due to presence of
resistances in the ac model of the transmission system and the SSSC, which are both
being ignored in the present paper, secondly due to the assumption of flat profile of
voltage in the approximate modeling as presented in this paper, and finally due to
neglecting the coupling between active and reactive power equations which is usually
considered in the exact model and neglected in approximate calculations. If the test
system is a larger system than the current test system, which is the case of real power
systems, these differences are expected to shrink. The most important issue in energy
markets is the LMP values which are very close to the results obtained in this paper,
especially many of the largest competitive electricity markets in the world use dc load
flow formulation to determine LMP values. As can be noticed from LMP values in
Tables 3 and 4, LMPs are similar to all buses in the case of approximate model, which is
due to neglecting transmission losses, while in LMPs of exact model (Table 4) the slight
differences are due to considering transmission losses.
The advantages of using an approximate modeling of SSSC and other FACTS
devices in energy market calculations can be summarized as follows:
•

Using approximate model gives robust and more reliable results of optimization
problem, especially determination of LMP values, as the optimization problem
has much lower number of nonlinear terms, becomes less sensitive to initial
conditions and usually takes much less number of iterations to reach the solution
compared to the full ac load flow model. Therefore, calculation time and storage
space requirements for calculations in each iteration are much less than those of
full ac load flow modeling.

•

The outcomes of this paper fit the traditionally adopted calculation methods in
energy markets, which are approximate calculation methods and based on dc
load flow modeling.

•

Distribution factors which are predominantly used in energy market calculations
usually implement approximate (dc load flow) calculations, which require
approximate modeling of transmission system and system components [3], [19].
Therefore, approximate modeling of FACTS devices can be used easily in the
current calculation methods by slightly modifying these methods.

Conclusion
The SSSC can be utilized to achieve more power transfer capability for the existing
power network and offers a mechanism that aids constraint mitigation methods and helps
the system operate more securely. The paper has presented an approximate pi-model of
the SSSC-embedded transmission lines from which the injection-model using two-port
networks was derived. The equations derived in this paper were applied to an OPF of a
small test system. The paper investigated benefits of SSSC in resolving transmission
congestion-related problems, where we showed how generation costs associated with
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out-of-merit order would be reduced when a SSSC was utilized. The paper also showed
the impact of utilizing SSSC on regaining the uniformity of energy prices at system
buses, which would in turn reduce transmission congestion charges. When the SSSC was
utilized, generator outputs were very close to the preferred and most economical
generator outputs
Table 4: Results of the test system using exact model presented in [15]
Case 1

Case 2

P12 [MW]
P13 [MW]

46.280

19.004

96.050

86.100

P23 [MW]

100.000

64.050

P24 [MW]
P34 [MW]

119.786

150.000

43.265

52.223

P [MW]

142.330

105.104

P [MW]

173.906

254.426

P

90.422

47.777

12.993
11.739
15.163
13.628
5416.358
558.351

12.368
12.466
12.744
13.129
5350.00
88.254

G
1
G
2
G
4

[MW]

LMP1 [$/MWh]
LMP2 [$/MWh]
LMP3 [$/MWh]
LMP4 [$/MWh]
TC
[$/h ]
TCC [$/h ]
List of Symbols and Abbreviations

ai , bi , ci

constant, linear, and quadratic cost coefficients of generator at bus i ,
respectively

Bse

susceptance associated with the series converter

Ci ( Pi G )

production cost of Gi

FACTS

Flexible AC Transmission System

Gi

generator at bus i

Ii

net injected current at bus i
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Ij

net injected current at bus j

I ij

current flows from bus i to bus j

I ji

current flows from bus j to bus i

LMP

Locational Marginal Prices

NB

number of buses

OPF

Optimal Power Flow

Pi se

real power withdrawal at bus i due to SSSC in the line

i− j

Pjse

real power withdrawal at bus j due to SSSC in the line

i− j

Pij

real power flow from bus i to bus j in the line

i− j

Pji

real power flow from bus j to bus i in the line

i− j

Pijmin

minimum limit of real power flow of the line

i− j

Pijmax

maximum limit of real power flow of the line

i− j

ℜm

set of buses that are connected to bus m

Pseex

the real powers developed by the series voltage source

Pi G

real power produced by Gi

PmG

real power produced by generator at bus m

PmG ,min

minimum limit of real power of generator at bus m

PmG,max

maximum limit of real power of generator at bus m

SSSC

Static Synchronous Series Compensator

TCC

Total Congestion Charge

Vi

complex voltage at node i

Vj

complex voltage at node j
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Vse

Vse

controllable complex voltage inserted from the converter
magnitude of the controllable complex voltage inserted from the
converter

Vsemin

minimum limit of

Vse

Vsemax

maximum limit of

Vse

X se

reactance associated with the series converter

Yse

admittance associated with the series converter

Z se

impedance associated with the series converter

δ

phase angle of the complex voltage inserted from the converter

δ min

minimum limit of

δ

δ max

maximum limit of

δ

θi

phase angle of the complex voltage at node i

θj

phase angle of the complex voltage at node j

164

Modeling of Static Synchronous Series Compensator for Energy Markets Approximate Calculations

ﻧﻤﺬﺟﺔ ﻣﻌﻮض اﻟﺘﻮاﻟﻲ اﳌﺘﺰاﻣﻦ اﻟﺴﺎﻛﻦ ﻟﺤﺴﺎﺑﺎت أﺳﻮاق اﻟﻄﺎﻗﺔ اﻟﺘﻘﺮﻳﺒﻴﺔ
ﻣﻮﻓﻖ اﻟﻌﻤﻮش

ﻣﻠﺨﺺ
( ﻓﻌﺎل ﻟﺘﻌﺪﻳﻞ ﺛﻮاﺑﺖ ﻣﻨﻈﻮﻣﺔ اﻟﻘﻮى اﻟﻜﻬﺮﺑﺎﺋﻴﺔ ﺑﻬﺪفSSSC) إن ﻣﻌﻮض اﻟﺘﻮاﻟﻲ اﻟﻤﺘﺰاﻣﻦ اﻟﺴﺎﻛﻦ
 زﻳﺎدة اﺳﺘﻘﺮار اﻟﻨﻈﺎم وﻣﺴﺎﻋﺪة أﺳﻮاق اﻟﻄﺎﻗﺔ ﻓﻲ ﺣﻞ اﻟﻤﺸﺎﻛﻞ اﻟﻨﺎﺗﺠﺔ ﻋﻦ،زﻳﺎدة إﺳﺘﻄﺎﻋﺔ ﻧﻘﻞ اﻟﻘﻮى
.اﻹﺣﺘﻘﺎن وزﻳﺎدة اﻟﻘﻴﻤﺔ اﻹﻗﺘﺼﺎدﻳﺔ ﻟﻨﻈﺎم اﻟﻨﻘﻞ
ﻫﺬا اﻟﺒﺤﺚ ﻳﺪرس اﻟﻨﻤﺬﺟﺔ اﻟﺘﻘﺮﻳﺒﻴﺔ ﻟﻤﻌﻮض اﻟﺘﻮاﻟﻲ اﻟﻤﺘﺰاﻣﻦ اﻟﺴﺎﻛﻦ وﺗﺄﺛﻴﺮه ﻋﻠﻰ ﻣﺨﺮﺟﺎت ﺳﻮق
.اﻟﻄﺎﻗﺔ وﺧﺼﻮﺻﺎً ﻋﻠﻰ ﺣﻞ اﻟﻤﺸﺎﻛﻞ اﻟﻤﺘﻌﻠﻘﺔ ﺑﺎﻻﺣﺘﻘﺎن
ﺳﻴﺒﻴﻦ ﻫﺬا اﻟﺒﺤﺚ ﻛﻴﻒ ﻳﺴﺘﻄﻴﻊ اﻟﻤﻌﻮض ﺗﻘﻠﻴﻞ ﺗﻜﻠﻔﺔ اﻟﺘﻮﻟﻴﺪ اﻟﺬي ﻳﻌﻤﻞ ﺧﺎرج ﻧﻄﺎق اﻟﺠﺪارة
.وﺗﻤﻜﻴﻦ اﻟﻨﻈﺎم ﻣﻦ إﺳﺘﻌﺎدة اﻟﺘﻤﺎﺛﻞ ﻷﺳﻌﺎر اﻟﻄﺎﻗﺔ
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Abstract
In this paper, an investigation was performed to examine the influence of the residual stress
on the elastic-plastic fracture mechanics (EPFM) of ductile cast iron pipe (DCIP) having radial
crack using analytical and finite element method (FEM). The neutron diffraction technique was
used to measure the residual stresses. Crack initiation and growth behavior of DCIP was assessed
using SINTAP–Procedure by drawing failure assessment diagram. As a result the residual stresses
accelerated the radial crack growth in DCIP and increase the stress intensity factor values. For
DCIP, there will be significant unstable crack growth before final fracture.

Keywords: Residual stresses; Stress intensity factor; Failure assessment diagram;
FEM; Radial crack; Elastic-plastic fracture mechanics.
Nomenclature
R1 : Inner pipe radius.

R 2 : Outer pipe radius.
t : Pipe wall thickness.

σy: Yield strength.

σ u : Tensile strength.

B: Strain – displacement matrix.
σ : Stress vector.
F p : Pressure force vector.

N i (x, y) : Element shape function.
n : Number of nodes.
D: Matrix of elastic constant.
K (e) : Element stiffness matrix.

P (e) : Element force vector.
ne : Number of elements.
[U]: Global displacement vector.
J e −mat : J-values for material.

Jx , Jy: Jacobian parameter in x and y
directions.
Pp : Pressure at interface between plastic
and elastic zone.
K T : Total stress intensity factor under
mode I conditions.
A: Parameter.
Dep : Elastic-plastic D-matrix.

σ m , σ , φ : Mean and invariant stresses.
H: Yielding surface.

λ : Undetermined constant.
R: Force vector.
U u : Unknown displacement vector.
U p : Prescribed displacement vector.

Pu : Unknown force vector.
Pp : Prescribed force vector.
FAC: Failure assessment curve.
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Introduction
Cast iron is classified as grey and white. In 1955 the ductile cast iron was
introduced, when alloying elements were added to make iron less brittle. It was also
called nodular cast iron since the shape of the graphite inclusion in the iron is changed to
a nodular form. The nodular shape of the graphite inclusions decreases the risk of getting
cracks in the material. In general ductile iron is the most commonly used material for
water pipes and petroleum pipelines since it is economical to produce and is able to
withstand the larger internal pressure.
Most ductile cast iron pipes (DCIP) are manufactured in large dimensions because
they are less complicated to manufacture and are less expensive. DCIP can be used
aboveground or underground applications. The failure of DCIP is usually determined by
the iteration between the defects with DCIP and the stresses to which it is exposed. The
stresses are combination of those applied in service and those which remain in material
in the absence of any external forces, namely residual stresses [1].
The nature of residual stresses in DCIP can arise by two ways: first, residual stress
remain in DCIP after manufacturing and processing treatment (hot and cold working
process). Second, residual stress induced in practical application, i.e., applying the
external loading (pressure or thermal loading) that was sufficient to yield the pipe and
localized plastic region, if the load is removed elastic occurs and leaving the residual
stresses in material.
Karsten M. [2] studied the ductile iron container under static and dynamic loading
conditions to determine the material fracture toughness using three-point bent specimen.
Komatsu S. et. al. [3] studied embrittlement in ductile iron material contact with water
and effect in fracture toughness. G. S. Schajer [4] developed a new method to calculate
residual stress using finite element method.
In this paper, a 2D elastic-plastic FEM and SINTAP (Structural Integrity
Assessment Procedure for European Industry) Procedure employing residual stress are
applied to evaluate the structural integrity of DCIP by drawing failure assessment
diagram. The results obtained are compared with those obtained from experiment using
neutron diffraction technique. As a result the residual stresses accelerated the radial
crack growth in DCIP and increased the stress intensity factor values.
DCIP Properties and Dimensions
Fig.1 shows a ductile iron pipe photograph used for transmission of petrol, has the
following dimensions and elastic properties [5]:
Normally length = 216'' (5.48 m)

R1 = 19.15'' (486.41 mm)
R2 = 18.64''

t = 0.51

''

(473.456 mm)
(12.954 mm)
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E = 169GN / m 2 , σ u = 414MN / m 2

σ y = 276 MN / m 2 , ρ = 7100kg / m 3
ν = 0.29

,

K IC ≥ 50 MPa . m

Figure 1: DCIP used in petrol transmissions [5].
Residual Stresses Analysis
Residual stresses may be determined by three methods: analytical (i.e., the local
strain approach), computational with finite element method, and experimental (the most
common used).
Fig.2, shows DCIP having inner radius R1 and outer radius R2, subjected to an
internal pressure P1 = 80 MPa. , to produce yielding of radius R p . The radial elastic stress
(σRe)

and hoop elastic stresses (σHe) in elastic zone as functions of the radial position
according to [6]:

σ Re =

PsR p  R22 
1+
R22 − R12  R 2 

(1)

σ He =

Ps R p  R22 
1−
R22 − R12  R 2 

(2)

And the plastic pressure is:

Ps =

σy 2
(
R2 − R p2 )
2
2 R2

(3)
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The plastic radial and hoop stresses in plastic zone were calculated using the following
equations [6]:

σ Rp

 R

R p2  

= σ y  In
− 0 .5 1 − 2  

R
R2  
p




σ Hp = σ y 1 + In


(4)


R 2 
R
− 0.51 − p2  

Rp
R2  


Rp

Ri

(5)

Ro

P1

Figure 2: Ductile iron pipe under pressure loading.
According to pressure technology association code of practice the plastic zone
extends to the geometrical mean radius

R1 R2 [7].

Neutron Diffraction Technique
Neutrons subatomic particles found as part of the nucleus of almost all atoms. The
helium atom has two neutrons and two protons in its nucleus; the carbon atom nucleus
has six neutrons and six protons, while the iron atom has 36 neutrons and 20 protons [8].
Since neutrons penetrate readily into most materials, neutron diffraction has
become a well established method for non-distractively measuring residual stresses in
engineering component. This technique sends a beam of neutrons into a crystalline
material. Fig.3 illustrates the basic principle of diffraction from single set of lattice
plane. In neutron diffraction method a neutron beam of constant wavelength of the
incident beam λ is diffracted through a scatting angle 2θ . The spacing d between
atomic planes in the lattice is then calculated according to Bragg's law [9]:

λ = 2d sin θ

(6)
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The lattice residual strain is a functional change on the lattice spacing with
reference to the stress free lattice spacing d o , i.e.,

ε=

d − do
do

(7)

The measurement arrangement shown in Fig.4 is used to take radial and
circumferential residual strain.

Figure 3: Neutron diffraction.

Figure 4: Measurement of residual stresses using neutron diffraction method.
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SINTAP-Procedure
The SINTAP (structural integrity assessment procedure for European industry)
Procedure offers a good approach to draw failure assessment diagram FAD, which is
given as follows [10]:
The basic equation of SINTAP-FAD route:

K r = f ( Lr )
With K r being

(8)

KT
and Lr being the applied load normalized by the limit load.
K mat .

The function f ( Lr ) is given as:

[

f ( Lr ) = 1 + 0.5 L2r

]

−0.5

for 0 ≤ Lr < 1

And

1 

f ( Lr =1 ) = λ +
2λ 


−0.5

for Lr = 1,

where,

λ = 1+

E∆ε

σy

And
.
f ( Lr ) = f ( Lr =1 ) × L(rn−1) / 2 n for 1 ≤ Lr < Lmax
r

The Luders strain is estimated from an empirical correlation:

σy 

∆ε = 0.03751 −

 1000 

(9)

The strain-hardening exponent is determined on conservative empirical basis:

 σy
n = 0.31 −

 σu 
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The plastic collapse load is defined as:

Lmax
=
r

1 σ y + σ u 


2  σ y 

The initial values of J-applied (Ji–material) can be calculated from the following
relation:

J i = J e−mat . [ f ( Lr )]−2

(10)

Stress Intensity Factor and Residual Stress
The presence of crack in DCIP reduces the strength because the stresses and strains
are highly magnified at the crack tip. The use of parameter to describe the local stresses
and strains magnification at crack tip is important to evaluate structural integrity. This
parameter is called stress intensity factor KI. KI defines the stress field near crack tip and
provides fundamental information on how the crack is going to propagate. Residual
stresses influence on the values of KI. For linear elastic fracture mechanics K I = K T can
be calculated without residual stresses effect, and then for elastic-plastic analysis the
effect of residual stresses can be employed, i.e., K Ires = K T can be calculated under
pressure loading conditions [8].
The finite element method (FEM) simulation of a preloaded DCIP was chosen as a
test case with the accuracy of various methods to determine the stress intensity factor
with residual and without residual stress. Fig.5 shows finite element meshes by using 9nodes two dimensional isoperimetric element. The total number of elements is 400
elements with 1194 nodes was used for analysis.
The value of J-Integral in elastic portion for a pipe having radial crack and for plain
strain condition is given by [11]:

Je =

1 − ν2 2
KI
E

(11)

The elastic-plastic J-Integral equation for two dimensional problems is:


∂u 
J = ∫ Wdy − T t
ds 
∂xi 
Γ 

(12)

where,

W = We + W p
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ε

[ ]

We = ∫ σ ijt e dε e
0

ε

[ ]

W p = ∫ σ ijt p dε p
0

Figure 5: Finite element division, 9-nodes element and integral path.
Appendix contains procedure used in elastic-plastic analysis which is used to
determine the residual stresses.

Results and Discussion
Fig.6 and Fig.7 show the tangential and radial residual stresses distribution
calculated using analytical method, finite element method and neutron diffraction
method. The results are plotted against radius. As illustrated the data obtained from
analytical and FEM is a good agreement with the experiment data. The residual stresses
have the same distribution in the two cases simulation and experiment. The tangential
residual stresses show compressive and tensile stress region, the minimum at inner
radius, and the increase through thickness. It is noted that the tensile radial residual stress
is larger then the compressive one. The transition of compression to tension for radial
and hoop residual stresses occurs at the same region.
Fig.8 shows failure assessment diagram (FAD) and loading curve. The (FAD)
getting from drawing the values of (Kr), i.e., the stress intensity factor divided by
fracture toughness of material and ( Lr ), i.e., applied load divided by limit load. From
this figure, two regions can be seen: stable region (safe) which is defined as the
conditions of crack growth during which the applied value of (K) for linear elastic
conditions equals the resistance of material to fracture; and unstable region (unsafe),
which shows fracture condition to propagate until complete fracture occurs.
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The point where intersects between failure assessment diagram and loading curve
give the value of ( Lr ) for crack initiation and from this crack initiation plastic pressure
can be calculated from relation ( Lr * Pp). In Fig.6, Lr = 0.24 without residual stresses
and the crack which initiate plastic pressure 3675 * 0.24 = 882 kPa . , and Lr = 0.22
when taking residual stress and crack initiate plastic pressure is 3675 * 0.22 = 808 .5kPa.
From this we can see that the residual stress will reduce the plastic pressure which cause
to crack initiates.
Fig.9 shows the J-values in case elastic-plastic is obtained from FEM and SINTAPProcedure with and without residual stress. It is clear that the residual stresses will raise
the values of J-values resulted from increasing stresses. Small difference may appear due
to different types of calculation.
10
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Figure 6: Tangential residual stress distribution.
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Figure 7: Radial residual stress distribution.
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Figure 9: J-values obtained from FEM and SINTAP-Procedure.

Conclusions
Fracture mechanics is a useful tool for assessing the integrity of DCIP having crack.
From the discussion above we can conclude the following remarks:
1- For the first time in the literature, cross sectional measurement were made of the
residual stresses in DCIP subjected to pressure loading and the measurement
compared with analytical and finite element model.
2- An increase in the crack length will cause to increase in the J-values, results from
increasing stresses on crack tip.
3- The fracture of DCIP in general is accompanied by a large amount of plasticity result
from instability crack extension during ductile fracture.
4- The relation between J-values and σ is not linear.

σy

5- The residual stress distribution in DCIP is non-linear and not uniform.
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ﺗﺄﺛﲑ اﻻﺟﻬﺎدات اﳌﺘﺒﻘﻴﺔ ﻋﻠﻰ ﻣﻴﻜﺎﻧﻴﻜﻴﺔ اﻻﻧﻜﺴﺎر اﳌﺮﻧﺔ-اﻟﻠﺪﻧﺔ ﻷﻧﺎﺑﻴﺐ ﺣﺪﻳﺪ اﻟﺰﻫﺮ
اﳌﻄﺎوع ﺗﺤﺖ ﺗﺄﺛﲑ أﺣﻤﺎل اﻟﻀﻐﻂ
ﺣﻴﺪر ﻫﺎدي ﺟﺎﺳﻢ و ﻫﻴﺜﻢ ﻋﺒﺎس ﻋﻠﻲ

ﻣﻠﺨﺺ
ﻓﻲ ﻫﺬا اﻟﺒﺤﺚ ،اﻋﺘﻤﺎدا ﻋﻠﻰ ﻃﺮﻳﻘﺔ اﻟﻌﻨﺎﺻﺮ اﻟﻤﺤﺪدة واﻟﻄﺮق اﻟﺘﺤﻠﻴﻠﻴﺔ ﺗﻢ ﺗﺤﻠﻴﻞ ودراﺳﺔ ﺗﺄﺛﻴﺮ
اﻻﺟﻬﺎدات اﻟﻤﺘﺒﻘﻴﺔ ﻓﻲ ﻣﻴﻜﺎﻧﻴﻜﻴﺔ اﻻﻧﻜﺴﺎر اﻟﻤﺮﻧﺔ-اﻟﻠﺪﻧﺔ ﻷﻧﺎﺑﻴﺐ ﺣﺪﻳﺪ اﻟﺰﻫﺮ اﻟﻤﻄﺎوع اﻟﺘﻲ ﺗﻤﺘﻠﻚ ﺷﻘﻮق
اﻟﻘﻄﺮﻳﺔ .اﺳﺘﺨﺪﻣﺖ ﻃﺮﻳﻘﺔ اﻧﺤﺮاف اﻟﻨﻴﻮﺗﺮوﻧﺎت ﻟﻘﻴﺎس اﻻﺟﻬﺎدات اﻟﻤﺘﺒﻘﻴﺔ وﺗﻢ ﻣﻘﺎرﻧﺔ اﻟﻨﺘﺎﺋﺞ ﻣﻊ ﻃﺮﻳﻘﺔ
اﻟﻌﻨﺎﺻﺮ اﻟﻤﺤﺪدة واﻟﻄﺮق اﻟﺘﺤﻠﻴﻠﻴﺔ .ﻃﺒﻘﺖ ﻃﺮﻳﻘﺔ  SINTAPاﻟﻤﺘﻀﻤﻦ اﻻﺟﻬﺎدات اﻟﻤﺘﺒﻘﻴﺔ ﻟﺘﻘﻴﻴﻢ اﻟﺘﺮﻛﻴﺐ
اﻟﻜﺎﻣﻞ ﻷﻧﺎﺑﻴﺐ ﺣﺪﻳﺪ اﻟﺰﻫﺮ اﻟﻤﻄﺎوع وﺗﺤﺪﻳﺪ ﺑﺪاﻳﺔ ﻧﻤﻮ اﻟﺸﻖ ﻋﻦ ﻃﺮﻳﻖ رﺳﻢ ﻣﺨﻄﻂ ﺗﻘﻴﻢ اﻟﻔﺸﻞ .وﺟﺪ
ﻣﻦ اﻟﻨﺘﺎﺋﺞ أن اﻻﺟﻬﺎدات اﻟﻤﺘﺒﻘﻴﺔ ﺗﺴﺮع ﻧﻤﻮ اﻟﺸﻖ وﺗﺰﻳﺪ ﻣﻦ ﻗﻴﻤﺔ ﻣﻌﻤﻞ ﺷﺪة اﻹﺟﻬﺎد .ﻧﻤﻮ اﻟﺸﻖ ﻳﻜﻮن
ﺑﺼﻮرة ﻏﻴﺮ ﻣﺴﺘﻘﺮة ﻗﺒﻞ ﺣﺼﻮل اﻻﻧﻜﺴﺎر اﻟﻨﻬﺎﺋﻲ.
اﻟﻜﻠﻤﺎت اﻟﺪاﻟﺔ :اﻻﺟﻬﺎدات اﻟﻤﺘﺒﻘﻴﺔ ،ﻣﻌﺎﻣﻞ ﺷﺪة اﻹﺟﻬﺎد ،ﻣﺨﻄﻂ ﺗﻘﻴﻴﻢ اﻟﻔﺸﻞ ،ﻃﺮﻳﻘﺔ اﻟﻌﻨﺎﺻﺮ اﻟﻤﺤﺪدة،
اﻟﺸﻘﻮق اﻟﻘﻄﺮﻳﺔ ،ﻣﻴﻜﺎﻧﻴﻜﻴﺔ اﻻﻧﻜﺴﺎر اﻟﻤﺮﻧﺔ-اﻟﻠﺪﻧﺔ.
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Appendix
The procedure used can be simulated by using displacement method as follows
[12, 13]:
Step 1
The generalized equilibrium equation for linear situation can be expressed as:

∫∫∫ B σ dv = F
t

(13)

Step 2
The whole domain is divided into finite elements, which are connected together by
specific nodes. Then the displacement vector U at point (x, y) can be expressed as
follows:
n

U(x, y) = ∑ u i N i (x, y)

(14)

i =1

Step 3
The relation between the applied force acting on the nodes and the nodal
displacement can be expressed by using what is called element stiffness matrix as
follows:

K ep = ∫∫ B Dep Bdxdy
t

(15)

For elastic-plastic the D-matrix which relates plastic deformation, the increments of
stress and strain can be expressed as follows:
T

[D ]
ep

[D] ∂H   ∂H [D]
 ∂σ   ∂σ 
= [D ] −
T
 ∂H 
 ∂H 
A+
 [D ]

 ∂σ 
 ∂σ 

The D-matrix for plain strain elastic is:

1 − ν ν
0 

E
 ν
D=
1
0 
(1 − 2ν )(1 + ν ) 
1 − 2ν 
0
 0

2 
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where,

∂H
∂H ∂σ m ∂H ∂σ ∂H ∂φ
,
=
+
+
∂σ ∂σ ∂φ ∂σ
∂σ ∂σ m ∂σ
And

σm =
A=

σ x +σ y
2

0. 5

,

1  ∂H

dR  ,



λ  ∂R

1

σ =  (S12 + S 22 + S 32 ) + τ xy2  ,
2



1
2

 3 3 J3 
3
 2 σ 

φ = sin −1 −

H = 2σ cos φ − σ y , S1 = σ x − σ m , S1 = σ y − σ m , S3 = σ m

J 3 = S1 S 2 S 3 − S 3τ xy2
Step 4
The nodal stiffness and nodal loads for each of the elements sharing the same nodes
are added to each other to obtain the net stiffness and the net load at the specific nodes,
so the global matrix can be expressed as:
ne

K = ∑ K (e +ep )

(16)

e =1

ne

P = ∑ P (e +ep )

(17)

e =1

Step 5
In this case, a pressure force is assumed to act on n-nodes of surface element, then
the general expression for pressure force at point ( ζ ,η ) is:

Fxi = − P1 ∫ N i J x dξ

(18)

Fyi = + P1 ∫ N i J y dξ

(19)

Step 6
The overall system of equation of the domain can be written as:
[K] [U] = [F]

(20)
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In order to solve the above system of equations, the following boundary conditions are
applied:
1- At loaded nodes the displacement is unknown and the applied force is known.
2- At supported nodes the load is unknown and the displacement is known.
Step7
After applying the two boundary conditions, the system of equations is reduced and
can be partitioned as:

K uuU u + K upU p = Fu

(21)

K puU u + K ppU p = Fp

(22)

To solve Equations. 21 and 22, the Gauss-elimination solver can be used.

182

ABHATH AL-YARMOUK: "Basic Sci. & Eng."

Vol. 18, No. 2, 2009, pp. 183- 199

Developing a Cost Model for a Parallel Genetic
Algorithm, a Case Study
Mohammad Mahmoud Hamdan * 1

Received on Jan. 22, 2007

Accepted for publication on Jan. 28, 2008

Abstract
Parallel genetic algorithms are very common in the field of evolutionary computing. One of
the methods for parallelizing genetic algorithms is global parallelization. In this paper we discuss
how to develop a cost model that can be used for predicting the behavior of a parallel genetic
algorithm using a structured top down approach. Other metrics such as speedup, efficiency,
isoefficiency and cost-optimality are also developed. The parallel genetic algorithm is used for
solving a non trivial combinatorial problem (TSP) and actual measurements are taken. The cost
model is used to generate expected performance measurements. The average performance
prediction accuracy on a parallel machine is around 96.7% for all experiments.

Keywords: Parallel processing; Performance prediction; Cost models; Parallel genetic
algorithms.

Introduction
Genetic algorithms (GA) are part of what is called biologically inspired computing
and were developed by John Holland and his colleagues in 1975 [1]. They mimic natural
selection and are used for solving search and optimization problems. As we already
know, weak organisms within their environment can face extinction by natural selection.
During the mating season the fit organisms can pass their genes to future generations.
After several generations, only the fit organisms will survive within an environment and
they will dominate the entire population. It is possible to develop a computer algorithm
that simulates natural selection by generating a random set of solutions, let them evolve
in the hope that only the best (and possibly optimal) solution will dominate the entire
population after several iterations of reproduction. However, to use a GA successfully it
is important to find a suitable encoding of the problem parameters into GA strings and
develop an accurate fitness function. Figure 1 illustrates the pseudo-code of a sequential
GA.
It is important to note that recent trends in GA are adding parallelism to the
behavior of the sequential GA. Hopefully; this will produce better results due to the
multiple processors in a parallel machine and reduce the total execution time of the
sequential GA. The well known approaches for parallelizing GAs are [2, 3, 4]:
© 2009 by Yarmouk University, Irbid, Jordan.
* Department of Computer Science, Faculty of Information Technology,Yarmouk University, Irbid - Jordan.
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•

Island-models: in this model several GAs are executed in parallel on several
processors (called Islands) where the entire GA population is divided among the
islands. The islands can have different connection topologies (such as ring, star,
…etc). Other issues that are related to this model are: replacement strategy, where
to send, what to send … etc.

•

Global parallelization: in this model a master node is responsible for sending the
individuals to the workers in order to be evaluated in parallel. All other operations
such as reproduction and mutation are done on the master node.

However, parallelism adds an additional difficulty in predicting the behavior of the
parallelized application. It is important to know whether a parallel version of the GA will
run in a reasonable time or not. For example, in the global parallelization model, if the
evaluation of a single individual is less expensive than sending it to a worker then there
is no point in parallelism. Since GAs can be used for different problems it is expected to
have different costs for evaluating every individual in the population. Therefore, it is
important to develop cost models that can be used to give accurate prediction of the
behavior of the parallel code.
1)
2)
3)
4)
5)
6)

Encode the problem parameters as GA strings
Develop a fitness functions that can be used to evaluate every string in the
population
Select strings for reproduction using a parent selection technique
Apply crossover and mutation to the selected parents in order to generate
a new population
Evaluate the new population and repeat steps 3-5 until a termination
criteria has been reached
Decode strings back into problem parameters and report best result found
Figure 1: A sequential genetic algorithm.

[

Hence, several approaches have been developed for performance prediction of
parallel applications such as [5, 6]: analytical models, deterministic complexity analysis
and probabilistic queuing analysis. Also, other researchers presented performance
modeling languages such as PAMELA [6]. However, most of these approaches require
mathematical background (which are sometimes difficult to develop) and considerable
deviations are observed when compared to the actual measurements.
The objective of this paper is to show how a cost model can be developed for a
parallel genetic algorithm using a top down approach. The cost model for performance
prediction is based on performance profiling [7]. It is important to note that no
comparison is given to related work since the PGA developed is unique in its features
and no other cost models for PGAs was found that are similar to the PGA under study.
The rest of the paper is organized as follows: Section 2 describes the parallel genetic
algorithm used in this study. The performance cost model is discussed in section 3.
Section 4 presents and discusses the results. Finally section 5 represents conclusions and
future works.
184

Developing a Cost Model for a Parallel Genetic Algorithm, a Case Study

The Parallel Genetic Algorithm
Global Parallelization is a widely used technique for parallelizing genetic
algorithms. We are developing a cost model for a PGA [8] developed by the author of
this paper. It consists of two parts; the root worker and the secondary workers. In
the PGA we are using a modified version of the common process farm [9, 10]. Assume
there are N nodes in the clusters numbered from 1 to N, then node number 1 will be the
root worker and the remaining nodes are secondary workers. The root and the secondary
workers are described in the following subsections.
The Root Worker
Figure 2 illustrates the pseudo-code for the root worker that is going to be
executed only on the root node. It is called root worker rather than master node as it not
only controls the behaviour of the processing nodes but also performs work similar to the
secondary workers. It is possible for the root worker to process tasks since the common
communication bottleneck in standard master slave paradigm has been reduced by the
use of collective communication [11] rather than point to point sends and receives.
R1.
R2.
R3.
R4.
R5.

Generate initial population randomly.
Evaluate initial population.
Apply parent selection operator and generate candidate parents.
Divide the single population into equally-sized number of subpopulations.
Use a scatter operation in order to send to every worker its corresponding
subpopulation. Keep one subpopulation for local processing.
R6. Select and apply crossover operator to the local subpopulation.
R7. Select and apply mutation operator to the local subpopulation.
R8. Decode strings, apply problem-specific heuristics to the local subpopulation
and encode strings.
R9. Evaluate local subpopulation.
R10. Use a gather operation in order to collect the new subpopulations from the
slave workers.
R11. Apply an elitism operation on the gathered single population.
R12. Repeat steps 3 through 12 until convergence criteria are met.
R13. Broadcast Termination message to secondary workers
Figure 2: Pseudo-code for the root worker.
The role of the root worker is to generate the initial population where all strings in
the population are generated randomly according to the representation system used.
Global parent selection is then carried out where parents are selected from the current
population. The parents are divided across all processors evenly. Each processor
(secondary worker) will get its corresponding piece of the population. The root worker
will then select and a crossover operator and a mutation and apply it to its local
subpopulation. After collecting the new subpopulations it will repeat the process until
the PGA converges. It is important to note that this framework preserves the behaviour
of the canonical GA as it performs global selection only on the root worker.
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The Secondary Workers
Figure 3 illustrates the pseudo-code for the secondary workers. This code will be
executed on all processing nodes except the root node. The role of the secondary
workers is to receive its corresponding piece of the big population then perform the
required operators on the population. The selected crossover and mutation operators will
be applied to all strings of the worker’s subpopulation. Different workers will use
different crossover and mutation operators. Once the termination message is received
from root worker all secondary workers will stop.
S1.
S2.
S3.
S4.

Receive subpopulation from root worker using a global scatter operation.
Select and apply crossover operator to local subpopulation.
Select and apply mutation operator to local subpopulation.
Decode Strings, apply problem-specific heuristic to local subpopulation and
encode strings.
S5. Evaluate subpopulation.
S6. Send subpopulation to root worker using a global gather operation.
S7. Repeat steps 2 through 7 until a termination message is received from root
worker.
Figure 3: Pseudo-code for the secondary workers.

The Cost Model
The cost model for the program needs to take into account the sequential and
parallel versions. Therefore, a top-level model (similar to the work of [12] but we differ
in estimating communication time using a different approach) has to be built first and it
should define the components it comprises. This model is shown below:

TSGA LLL P = 1 
TGA = 

TPGA LLL P ≥ 2

(Eq. 1)

The sequential version is straight forward. It is simply the computation time
multiplied by population size (number of individuals) and number of iterations.
A top level model for the sequential version is given below:

TSGA = NG * NS * Tcomp

(Eq. 2)

where,
•

NG : Number of generations (iterations)

•

NS : Number of strings (population size)

•

Tcomp : Execution time for the computation part of the program which include
parent selection, crossover, mutation, evaluation and problem specific heuristics.
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Modeling the Execution Time of the Parallel Genetic Algorithm Code
To derive a cost model for a parallel genetic algorithm, the PGA's performance
must be broken down into its principal components [13] with respect to communication
and computation times involved. Figure 4 shows the PGA components that are relevant
to the performance model. The components are simply: the selection operation at root
worker, a scatter operation, the workers and a gather operation. Combining the principal
components yields a general performance model for the parallel genetic algorithm.
Secondary Worker

Root Worker

Tsetup + Tselect

Time

Tscatter

Tscatter

Tcomp

Tcomp

Tgather

Tgather

Figure 4: Parallel genetic algorithm timing relationships.
The PGA execution model is outlined below:

TPGA = TSetup + NG * (TSelect + TScatter + NS * Max[TComp ] + TGather ) (Eq. 3)
where,
•

TPGA : Execution time for the application (line R1 through R13 of the pseudo-code
in Figure 2).

•

TSetup : Execution time for the generation and evaluation of initial population (lines
R1 and R2). This time is measured by inserting timing commands before and after
the setup operation directly in the code.

•

TSelect : Execution time for the selection operator at the root worker (line R3).

•

TScatter : Execution time for the scatter operation (line R5).

•

TComp : Is the computation time for all operators involved at the workers and it has
to be the maximum computation time among all workers.
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•

TWor ker : Execution time for a worker (line S1 through S6 of the pseudo-code in
Figure 3). Note that we take the maximum of all workers including the root worker.

•

TGather : Execution time for the gather operation (line R10).

Modeling the PGA Computation Components
To continue building the cost model for the PGA, it is important to look at the
components that were identified in the previous step. The well known approach for
estimating the computation time is to measure the time taken to compute one data
element then multiply this time with the total number of elements. Therefore, the
computation time can be defined below:

Tcross * Pcross + Tmut * Pmut + Th1 * Ph1 + Th 2 * Ph 2 + Teval ..............P = 1
Tcomp = 
 (Eq. 4)
(Tcross * Pcross + Tmut * Pmut + Th1 * Ph1 + Th 2 * Ph 2 + Teval ) / P......P ≥ 2
where,
•

Tcross the crossover time.

•

Tmut the mutation time.

•

Th1 is time needed to perform heuristic 1.

•

Th2 is the time needed to perform heuristic 2.

•

Teval is the evaluation time.

•

Pcross is the crossover probability.

•

Pmut is the mutation probability.

•

Ph1 is heuristic 1 probability.

•

Ph2 is heuristic 2 probability.

All probabilities are set by the user and determine how often a given operation will
be performed over the population strings.
Modeling the PGA Communication Computation
The last part needed in order to finalize the top-level model for the PGA is to model
the communication part in the program. In traditional parallel programs it is common to
use standard send and receive operations. The cost model for such kind of
communication is simply:

Tcomm = Tinit + SizeOfData * Tsend ( i , j )
where,
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•

Tcomm : Communication time for sending a data structure from one processor to
another.

•

Tinit : Initialization and startup costs due to sending a message.

•

SizeOfData : The total number of bytes in a given data structure. However, this
requires a flattening operation and its cost to be added to equation 3.

•

Tsend ( i , j ) : Time to send one byte from processor i to processor j.

However, this is an old model and the PGA under discussion uses a new model for
communication called collective communication [11] (scatter and gather operations).
The cost model for the scatter and gather operations is as follows:
Tscatter ( x , y ) = a + by + cx + dxy + ex 2 + fx 2 y + gx 3 + hx 3 y + ix 4 + jx 4 y + kx 5 + lx 5 y

(Eq. 6)

Tgather ( x , y ) = a + by + cx + dxy + ex 2 + fx 2 y + gx 3 + hx 3 y + ix 4 + jx 4 y + kx 5 + l

where,
•

Tscatter(x,y): the scatter time

•

Tgather(x,y) is the gather time where x and y stand for number of processors and
number of genes (cities for TSP problem) in a string respectively.

It is important to note that this model takes into account the number of processors
and cities. The only difference between both equations is in the values of coefficients a,
b … l and A, B ... L (shown in Appendix 1). Curve fitting technique (the lowest sum of
squared absolute error) was used to generate both equations. Actual communication
measurements were taken for scatter and gather for different number of processors and
number of genes in a string (shown in Appendix 2). The results of the measurements
were used to generate the equations shown previously by finding a curve that fits the
data.
Combining the Components
To get the complete cost model for the PGA we need to substitute the equations for
computation and communication (Eq. 4 and Eq. 6) in Eq. 3. Hence,
TPGA ( p, n ) = TSetup + NG * (TSelect + a + bn + cp + dpn + ep 2 + fp 2 n + gp 3 + hp 3n +
ip 4 + jp 4 y + kp 5 + lp 5 n + NS * (Tcross * Pcross + Tmut * Pmut + Th1 * Ph1 + Th 2 * Ph 2 + Teval ) / p )
+ A + Bn + Cp + Dpn + Ep 2 + Fp 2 n + Gp 3 + Hp 3n + Ip 4 + Jp 4 n + Kp 5 + L)

where,
p: is the number of processors.
n: is number of genes in the string.
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a ... l:
A … L:

are the coefficients for the scatter operation and defined in Appendix 1.1
are the coefficients for the scatter operation and defined in Appendix 1.2

Evaluation
The parallel genetic algorithm is being tested by solving an NP-complete problem,
the travelling salesman person (TSP). The TSP is a well known combinatorial problem
where a salesman must visit a number of cities exactly once. The aim is to visit all cities
with the shortest possible tour in order to minimize travel time and cost. The TSP can be
solved using GA but requires special representation (such as permutation encoding) and
the fitness function is simply the tour length. However, permutation encoding requires
specialized crossover and mutation operators.
The following four anti-symmetric TSP instances: ftv44, ry48p, ft53 and kro124
were taken from TSPLIB [14] and used as input data to the PGA. The instances have 44,
48, 53 and 100 cities respectively. For the experiments we ran the PGA for a fixed
number of generations (5000 iterations) for both the sequential and parallel GA. All
experiments were conducted on a distributed memory parallel machine. The Linux boxes
are connected by a myrinet network (bandwidth of 1 Gbps). Each node has 1 GB of
RAM and CPU speed of 3GHz.
Complexity (Asymptotic Analysis)
The complexity analysis of the PGA can be estimated by finding the complexity of
all steps involved (lines R3 till R11) in the pseudo-code shown in Figure 2. For brevity
we do not show the complete code for the different operations used. The complexity of
the PGA is the complexity of the maximum step among the following operations:
selection, crossover, mutation, problem heuristics, collective communication and
evaluation multiplied by number of generations (NG). The complexity of the maximum
operation depends on the encoded problem and type of operators and heuristics used. In
this paper, the PGA is used for solving the TSP. Looking at the execution time of the
different operations used for the TSP (shown in Appendix 3) we can tell that heuristic 2
has the maximum execution time per iteration. This operator is called the modified Oropt heuristic. The operator finds all possible subtours of length 1, 2 and 3 cities. The
subtour is relocated into all different possible pairs of cities. If the modified tour results
3

in a shorter tour then it is taken. The complexity for this step is O ( NS * N ) where N
is number of cities and NS is number of strings. However, in the PGA, the complete
population is divided among all processors evenly which would result in a complexity
3

for the PGA (for useful work) of O( NS * N ) , where P is the number of processors.
P

Also there is a complexity for overhead due to communication and synchronization
(useless time)which is minimal in the PGA since we are using collective communication.
From equation 7, the overhead complexity is O( K * P 5 ) , where K is a constant (very
small value) and its value is defined in Appendix 1.2. However, for small to reasonable
number of processors we can tell that the overhead complexity is O( log p) since the
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5

term K * P is determined by the value of K for certain values of p. Therefore, the
3
overall complexity for the PGA is O( NS * N + log p ) .
P

Predicting Execution Time
Table 1 shows the measured versus predicted execution time (in seconds). For each
TSP instance, we report the measured and predicted execution time and the percentage
error (ABS(measured time - predicted time)/measured time * 100). The predicted
execution time was evaluated by measuring the execution time for the following
components (many runs and calculating the average):
T setup , T select , T cross ,T mut , Th1, Th2 and T eval
and then substituting their values (shown in Appendix 3) in Eq. 7.
The average error for ftv44, RY48P, ft53 and kro124 was about 4%, 3.6%, 4.7%
and 1.8% respectively. This evaluation shows very good correspondence between the
predicted and measured performance, with an overall average of 96.7% accuracy for all
experiments. From the results, it is clear that as we double the number of cities in the
TSP instance accuracy improves due to better prediction in computation costs compared
with less accuracy in predicting communication costs. This means that for bigger
number of cities the total execution times depends heavily on computation costs.
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4.7E+02
3.4E+00

6.0E+02
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1.3E+00
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ft53 Error
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kro124p Error

1

ftv44 (Measured)

#Processors
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4.5E+03

3.4E-01

4.0E+02

4.0E+02

8.6E-01

3.1E+02

3.1E+02

6.8E+00

2.5E+02

2.6E+02

2

8.0E-01

3.0E+03

3.0E+03

3.6E+00

2.7E+02

2.8E+02

2.4E-01

2.1E+02

2.1E+02

4.2E+00

1.7E+02

1.8E+02
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2.9E-01

2.3E+03

2.3E+03

7.4E-01

2.1E+02

2.1E+02

1.5E-01

1.7E+02

1.7E+02

6.1E+00

1.3E+02

1.4E+02

4

1.5E+00

1.5E+03

1.5E+03

2.1E+00

1.5E+02

1.5E+02

2.5E+00

1.2E+02

1.2E+02

3.1E+00

9.9E+01

1.0E+02

6

1.2E+00

1.1E+03

1.2E+03

3.0E+00

1.2E+02

1.2E+02

5.1E+00

9.8E+01

9.4E+01

3.7E-01

8.1E+01

8.1E+01

8

1.5E+00

7.8E+02

7.9E+02

4.0E+00

9.2E+01

8.8E+01

5.2E+00

7.6E+01

7.2E+01

5.2E+00

6.4E+01

6.0E+01

12

16

1.6E+00

6.0E+02

6.1E+02

7.5E+00

7.6E+01

7.1E+01

7.4E+00

6.4E+01

5.9E+01

2.7E+00

5.4E+01

5.3E+01

Table 1: Measured versus the predicted execution time (in seconds) of the PGA
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Predicting Speedup and Efficiency
In order to predict program speedup (for p processors) we need the following:

Sp =

TSGA
TPGA

(Eq. 8)

and to predict efficiency we need the following:

Ep =

Sp
p

(Eq. 9)

Table 2 shows the predicted and measured speedup and efficiency. Since both
performance metrics depend on predicting execution time the error is the same for the
difference between predicted and measured (not shown for brevity in space). Further
analysis is needed in order to understand how efficiency behaves as we increase the
number of processors. This analysis is shown in the next section which is called
scalability [15] of the PGA.
Table 2: Actual and Predicted Speedup and Efficiency of the PGA
# Processors

1

2

3

4

6

8

12

16

24

32

Speedup (Measured)

1

1.84

2.71

3.38

4.77

5.97

8.05

9.25

11.72

13.17

Speedup (Predicted)

1

1.90

2.73

3.47

4.75

5.79

7.38

8.69

11.60

11.96

Efficiency(Measured)

1

0.92

0.90

0.85

0.80

0.75

0.70

0.58

0.49

0.41

Efficiency(Predicted)

1

0.95

0.91

0.87

0.79

0.72

0.61

0.54

0.48

0.37

Speedup (Measured)

1

1.92

2.79

3.57

5.06

6.39

8.28

10.04

12.72

14.52

Speedup (Predicted)

1

1.91

2.76

3.53

4.88

6.00

7.76

9.23

12.08

13.12

Efficiency(Measured)

1

0.96

0.93

0.89

0.84

0.80

0.69

0.63

0.53

0.45

Efficiency(Predicted)

1

0.96

0.92

0.89

0.81

0.75

0.65

0.58

0.50

0.41

Speedup (Measured)

1

1.95

2.71

3.66

5.20

6.54

8.73

10.89

13.97

16.54

Speedup (Predicted)

1

1.93

2.80

3.61

5.06

6.31

8.35

10.07

13.10

15.03

Efficiency(Measured)

1

0.97

0.91

0.91

0.87

0.82

0.73

0.68

0.58

0.52

Efficiency(Predicted)

1

0.96

0.93

0.90

0.84

0.79

0.70

0.63

0.55

0.47

Speedup (Measured)

1

2.00

3.00

4.00

5.86

7.76

11.36

14.82

21.08

26.48

Speedup (Predicted)

1

1.99

2.97

3.94

5.85

7.71

11.33

14.80

20.93

28.14

Efficiency(Measured)

1

1.0

1.0

1.0

0.98

0.97

0.95

0.93

0.88

0.83

Efficiency(Predicted)

1

1.0

0.99

0.99

0.98

0.96

0.94

0.93

0.87

0.88

TSP Instance
ftv44

RY48P

ft53

kro124p
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Isoefficiency Function and Cost-Optimality
A parallel system can be called scalable [15] if increasing the number of processors
improves speedup. However, in many parallel systems increasing number of processors
increases communication overhead and thus efficiency decreases for the same problem
size. To explain this issue, look at Table 3 that illustrates the relationship between
efficiency, number of cities (problem size) and number of processors. For example, to
maintain the same efficiency of 0.92 that we got for 2 processors on 16 processors, the
number of cities has to increase from 44 cities to 100. To capture this relationship, we
need to derive the isoefficiency function [16] for the PGA which is a function of p
(number of processors) that specifies at what rate the problem size should increase in
order to maintain a fixed efficiency as p increases.
Table 3: Efficiency as a function of number of cities and number of processors.
# Processors /

1

2

3

4

6

8

12

16

24

32

Problem Size
(number of cities)
44

1

0.92

0.90

0.85

0.80

0.75

0.70

0.58

0.49

0.41

48

1

0.96

0.93

0.89

0.84

0.80

0.69

0.63

0.53

0.45

53

1

0.97

0.91

0.91

0.87

0.82

0.73

0.68

0.58

0.52

100

1

1.0

1.0

1.0

0.98

0.97

0.95

0.93

0.88

0.83

Therefore, let us call problem size W and we need to obtain it in terms of p.
According to work of Grama et al [16] we have:

W = KT0
Where K is a constant and

(Eq. 10)

T0 is overhead (extra synchronization and

communication time) due to parallelism. As we found earlier in section 4.1 that overhead
is O ( log p) . By substituting this value for T0 in the equation above we get
W = K log p . Thus the PGA's isoefficiency is O ( log p) . This means that if the
number of processors increases from p1 to p2, then the problem size must increase by a
factor of
log p 2 / log p1 to maintain the same efficiency. For example, the

efficiency for 44 cities on 2 processors is 0.92. To maintain the same efficiency (or very
close to it) on 16 processors we need to increase the number of cities (approximately) by
a factor of log16 / log 2 at least. From these findings it is easy to tell that the PGA
is highly scalable due to the big increase in computational complexity as the number of
cities increase. Finally, since the PGA's overhead function T0 is proportional to the
problem size W ( W ∝ T0 ) then the PGA is cost-optimal. This means that both the
overhead function and problem size are of same order of magnitude.
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Conclusions and Future Work
We have shown how to develop a cost model for a parallel genetic algorithm using
a top down approach. The proposed cost model is build on the work of [12] but refines
collective communication time (scatter and gather operations) using a statistical
technique thus giving accurate results. The cost model can predict execution time,
speedup and efficiency of the parallel GA. Also scalability analysis was performed on
the PGA and the isoefficiency function of PGA was derived. The PGA was used for
solving an NP-complete problem (TSP). The cost model managed in predicting the
execution time of the PGA with a high degree of accuracy. This was shown by the
comparison presented in the previous section where measured and predicted
performance results were very close.
The model can be used for predicting other instances of the PGA by profiling new
operators then substituting their values in the PGA's cost model. For example, using a
new crossover operator for TSP (such as heuristic crossover) we can profile the code to
find the execution time then use this value for Tcross in equation 7.
In future work, it might be useful to use the PGA for solving other problems and
then comparing the predicted and measured execution times. Also, the cost model can be
generalized so that it can be instantiated with machine specific measurements in order to
allow code and performance portability.

 دراﺳﺔ ﺧﺎﺻﺔ،ﺗﻄﻮﻳﺮ ﻧﻤﻮذج ﻛﻠﻔﺔ رﻳﺎﺿﻲ ﻟﺨﻮارزﻣﻴﺔ ﺗﻄﻮرﻳﺔ ﻣﺘﻮازﻳﺔ
ﻣﺤﻤﺪ ﺣﻤﺪان
ﻣﻠﺨﺺ
 أﺣـــﺪ اﻟﻄـــﺮق ﻟﻌﻤـــﻞ.اﻟﺨﻮارزﻣﻴـــﺎت اﻟﺘﻄﻮرﻳـــﺔ اﻟﻤﺘﻮازﻳـــﺔ ﺷـــﺎﺋﻌﺔ ﺟـــﺪاً ﻓـــﻲ ﻣﺠـــﺎل اﻟﺤﻮﺳـــﺒﺔ اﻟﺘﻄﻮﻳﺮﻳـــﺔ
 ﻓﻲ ﻫﺬا اﻟﺒﺤﺚ ﻧﻨﺎﻗﺶ ﻛﻴﻔﻴـﺔ ﺗﻄـﻮﻳﺮ ﻧﻤـﻮذج ﻛﻠﻔـﺔ ﻗـﺎدر ﻋﻠـﻰ.ﺧﻮارزﻣﻴﺎت ﻣﺘﻮازﻳﺔ ﻫﻲ اﻟﺘﻮازي اﻟﻌﺎم واﻟﺸﺎﻣﻞ
 اﻟﻜﻔـﺎءة، ﺑﺎﻹﺿﺎﻓﺔ إﻟـﻰ ذﻟـﻚ ﺗـﻢ ﺣﺴـﺎب اﻟﺘﺴـﺎرع.اﻟﺘﻨﺒﺆ ﺑﺎﻟﻮﻗﺖ اﻟﻼزم ﻟﺘﻨﻔﻴﺬ اﻟﺨﻮارزﻣﻴﺎت اﻟﺘﻄﻮرﻳﺔ اﻟﻤﺘﻮازﻳﺔ
 ﺗـــﻢ اﺳـــﺘﺨﺪام.و اﻟﻌﻼﻗـــﺔ ﺑـــﻴﻦ ﺣﺠـــﻢ اﻟﻤـــﺪﺧﻼت و ﻋـــﺪد اﻷﺟﻬـــﺰة اﻟـــﻼزم اﺳـــﺘﻌﻤﺎﻟﻬﺎ ﻟﻀـــﻤﺎن ﺛﺒـــﺎت اﻟﻜﻔـــﺎءة
اﻟﺨﻮارزﻣﻴــﺔ اﻟﺘﻄﻮرﻳــﺔ اﻟﻤﺘﻮازﻳــﺔ ﻟﺤــﻞ ﻣﺸــﻜﻠﺔ ﻣﻌﻘــﺪة وﻫــﻲ اﻟﺘــﺎﺟﺮ اﻟﻤﺘﺠــﻮل ﻋﻠــﻰ اﻟﻤــﺪن وﺗــﻢ اﺧــﺬ ﻗﻴﺎﺳــﺎت
 ﻛﻤـﺎ اﻧـﻪ ﺗـﻢ اﺳـﺘﺨﺪام ﻧﻤـﻮذج اﻟﻜﻠﻔـﺔ ﻷﺧـﺬ ﺗﻮﻗﻌـﺎت ﺗﻨﻔﻴـﺬ اﻟﺒﺮﻧـﺎﻣﺞ وﺗـﻢ إﺟـﺮاء ﻣﻘﺎرﻧـﺎت ﺑـﻴﻦ اﻟﻔﻌﻠـﻲ.زﻣﻨﻴﺔ
.ً ﻛﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ ﺟﻴﺪة ﺟﺪا.واﻟﻤﺘﻮﻗﻊ
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Appendix
1.1) Scatter Coefficients
a = -2.5356980741152359E-03
b = 3.5601934318949919E-05
c = 2.1932016914937972E-03
d = -2.3671410553041224E-05
e = -5.0650550096365422E-04
f = 6.0397373823080416E-06
g = 4.3715156550506253E-05
h = -5.5072624757863902E-07
i = -1.5627180944908417E-06
j = 2.0295379666027604E-08
k = 1.9584336192415114E-08
l = -2.5895496896198499E-10
1.2) Gather Coefficients
A = -5.2319102532543127E-03
B = 1.0532617362743685E-04
C = 1.2161969673944654E-03
D = -7.6702342538823164E-06
E = -2.2058125479655470E-04
F = 2.2344587618615297E-06
G = 2.1337874246005737E-05
H = -2.4815030053933053E-07
I = -9.6194183876231694E-07
J = 1.2135860946673076E-08
K = 1.4938238325674878E-08
L = -1.9868119079954172E-10
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2)

The actual measurements used for developing the equations for the scatter and
gather communication. For each operation we have taken actual execution time for
a different number of processors and cities.
Processors\Cities

48

100

2

0.00055

0.000983

4

0.000898

0.001274

8

0.000438

0.001761

16

0.000347

0.000649

24

0.000368

0.000612

32

0.000377

0.000833

Processors\Cities

48

100

2

0.001136

0.006187

4

0.001914

0.00698

8

0.002804

0.008166

16

0.00379

0.010301

24

0.002342

0.013897

32

0.003201

0.007117

Scatter

Gather

3)

The actual measurements for

Tsetup , Tselect , Tcross , Tmut , Th1 , Th 2 and Teval in

seconds for kro124p are (in the evaluation of the model the measurements had to be
taken for every single TSP instance):

Tsetup

= 0.03048026

Tselect

= 0.00696298

Tcross

= 0.000020863

Tmut

= 0.00000270851

Th1

= 0.00000455932

Th 2

= 0.036798219

Teval

= 0.0000014233
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Abstract
The paper illustrates an improved approach for passage information retrieval with Arabic text
collection based on overlapping window passages which divides the documents into a fixed
number of words (window size) starts from the first term in the document to a number of passages.
To solve the content splitting into more than one passage problem, we have used the halfoverlapping technique which divides the documents into passages of n words (window size) every
n/2 word. Series of experiments have been conducted to evaluate the proposed approach. The tests
show that significant retrieval results with half-overlapping window than the overlapping window
in different window sizes. Also it gave superior results than the conventional retrieval.

Keywords: Arabic Language; Passages; Passage retrieval; Overlapping; Halfoverlapping.

Introduction
We have seen a tremendous growth in the volume of online text documents
available on the Internet, digital libraries, news sources and company-wide intranets. It
has been forecasted that these documents along with other unstructured data will become
the predominant data type stored online [10]. Textual format is an especially flexible
way to describe and store different kinds of information; huge amounts of information
are stored and spread as text. Furthermore, the amount of reachable textual data has been
increasing quickly. Such data is likely to contain a great amount of knowledge. On the
other hand, analyzing vast amounts of textual data needs a tremendous amount of work
in reading all of the text and arranging the content. Therefore, the growth in accessible
textual data has caused an information flood in spite of hope of becoming
knowledgeable about different topics.
There is a growing need today for systems that are capable of locating information
in texts not running into the gigabytes but which should show very high precision and
recall and which should furthermore allow arbitrarily phrased questions. Moreover they
should be able to cope with documents written in syntactically unrestricted natural
language whereas the domain of the texts is normally quite restricted [1]. The use of
document passages like a basic unit of information, to calculate the relevance of a
© 2009 by Yarmouk University, Irbid, Jordan.
* Computer Eng. Department, Hajjawi Faculaty,Yarmouk University, Irbid, Jordan.
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document to a question, improves the results of the information retrieval (IR) systems
sensibly. However, IR community has not arrived to consent about how to define those
text passages so that the system can improve the efficiency [7]. To reduce the work in
handling huge amounts of textual data, various technologies have been developed, and
the features of some document-handling technologies are classified in Table 1 [9].
Table 1: Comparison of document-handling technologies
Function

Search
documents
Organize
documents

Discover
knowledge

Purpose

Technology

Data
Representation

Focus on data
related to some
specific topics

Information
retrieval

Character
strings,
keywords

Overview of
topics
Extract
interesting
information
from content

Clustering,
classification

NLP, data
mining,
visualization

Set of keywords
(Vector Space
Model)
Semantic
concepts

Natural
Language
Processing
Keyword
extraction
(conversio
n to base
forms)
Analysis of
keyword
distribution
Semantic
analysis,
intention
analysis

Output

A set of
documents
Sets
(clusters) of
documents
Digested
information
(trend
patterns,
association
rules, etc.)

Information retrieval technology is probably the most common technology to use
when faced with a very large number of documents. The term “text mining” (or “text
data mining”) is sometimes used to indicate this technology because it detects and
extracts documents that are wanted from mountains of documents, and it allows to select
data related to some specific topics that we are interested in so that the amount of data
we have to handle is reduced without losing the information we want. However, we have
to specify what we want in the form of a query in order to use this technology. Thus, the
use of this technology is limited when we do not have a clear intention about what to
search for and knowledge of what can be retrieved from the database we are searching.
Moreover, even when we have some specific topics to search for and successfully make
some queries, the output we obtain is a list of documents that we still have to read to find
the information, unless we are simply interested in such data as the number of
documents that contain specific keywords or character strings. Document organization
technology can give us an overview of a document archive, either by classifying
documents into predefined classes or by clustering documents with similar contents,
where similarity is defined by the system. By using this technology, we can find out
what kind of topics is contained in the document archive and the sizes of the classes or
clusters for each topic. The term “text mining” is also used to indicate this technology,
because it may break up and organize mountains of documents. Yet we still have to read
each document in the class or the cluster that we want to analyze for details [9]. Much
information can be found in online stores of unstructured text, and little effort has been
202

Improved Approach for Passage Retrieval Based on Half-overlapping Window Applied to Arabic
Documents

done to deal with the crisis of finding attractive and relevant information from these
stores of data. Application of information retrieval on large unstructured data is to realize
or extract relevant documents from this data.
The paper illustrates an improved approach for passage information retrieval with
Arabic text collection based on overlapping window passages which divides the
documents into a fixed number of words (window size) starts from the first term in the
document to a number of passages. We use the half-overlapping technique which divides
the documents into passages of n words (window size) every n/2 word, to solve the
problem of content splitting into more than one passage. Series of experiments have been
conducted to evaluate the proposed approach.
Previous Studies
In terms of knowledge extraction, many kinds of knowledge can be extracted from
textual data, such as linguistic knowledge for Natural in a new approach that applies the
concept of a passage to web text mining. In this approach a single web text document is
considered as several passages, instead of a single text. To investigate the effectiveness
of the approach, web documents taken from the internet are used. As a preliminary
experiment, the influence of using passages on the construction of association rules by
comparing with a version that does not use passages [12]. IR-n, an information retrieval
system based on the selection of passages of variable size as a basic unit of information,
in the monolingual (Spanish) and bilingual (Spanish-English) tasks at CLEF-2001 [7].
As the results demonstrate, use of groups of sentences like basic text unit for the measure
of the similarity between questions and documents in the environment of a IR systems,
has been revealed as a very effective technique. Nevertheless it is possible that the
selection of the appropriate size of passage depends on the type of documents collected.
In bilingual task (La Times) a considerable improvement was obtained when using the
Passage Retrieval techniques, but this improvement is small when working with the
document collection in monolingual task [7].
Manually constructed dictionaries of words with stemming information are in
surprisingly wide use. Al-Karachi and Evens worked with small text collections, for
which they manually built dictionaries of roots and stems for each word to be indexed.
Tim Buckwalter developed a set of lexicons of Arabic stems, prefixes, and suffixes, with
truth tables indicating legal combinations. The BBN group used this table-based
stemmer in TREC-2001 [6]. Several morphological analyzers have been developed for
Arabic but few have received a standard IR evaluation. Such analyzers find the root, or
any number of possible roots for each word. In addition, some attempt a more complete
grammatical analysis of the word. A morphological analyzer developed by Kareem
Darwish was used by some of the TREC participants in 2001. Published comparisons of
stems vs. roots for information retrieval have claimed that roots are superior to
stems, based on small, non-standard test sets. Recent work at TREC found no
consistent differences between roots and stems [6].
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Light Stemming (LS) is considered a non-aggressive stemmer. This approach is
mainly based on suffix and prefix removal and normalization. The LS algorithm
significantly outperforms the root algorithm. An 87.4% and 24.1% increase in average
precision over the Arabic surface form and root algorithm, respectively was noticed. The
root algorithm stems the surface form to a base form from which the word variants are
derived. Many word variants with different semantics interpretation are based on an
identical root. Therefore, the over-stemming of the root algorithm resulted in a
deterioration of the retrieval performance as compared to the LS algorithm [2]. In [13]
for passage retrieval they found that using a fixed window size of 50 gave the best
results for the TREC 5 and 6 test collection. This yielded a significant improvement of
24% compared to using the whole document retrieval score. However, combining the
retrieval score for this window size and the whole-document retrieval score did not yield
a retrieval improvement. Identifying the highest window score for each document (for
windows varying from 50 to 400 words), and adopting it as the document retrieval score
yielded a retrieval improvement of about 5% compared with using the fixed window size
of 50 words. It was observed that different window sizes worked best for different
queries. If we could select the best window size for each query, the maximum retrieval
improvement that could be obtained over the baseline (taking the whole-document
retrieval score) was 42%. However, we have not found an effective way of predicting
which window size would give the best results for each query [13].
Proposed System Methodology
A ranked IR system returns documents in order of their relevance to a query. Such a
system may be viewed as consisting of three components: text normalization, indexing
and matching. Text normalization includes the usual operations of processing any
markup and removing punctuation, to result in a stream of words, which is further
processed via the operations of stopping and stemming. Stopping involves deleting those
words in the query or document which are viewed as playing no semantic role. Such
words include function words and words that commonly prefix queries (e.g., “what”,
“find”). Stemming involves mapping related words to a common root form by
automatically stripping off affixes. Although morphological decomposition methods
may be used for this operation, consistently good results have been obtained by using
simple, rule-based approaches, such as the commonly used Porter stemming algorithm
for suffix stripping (Porter 1980). After these operations, we may regard the document as
having been processed into a stream of indexing terms. Efficient algorithms and data
structures may be used to index a document collection, to enable rapid retrieval of
documents containing query words. The key data structure for this operation is an
inverted or index file; computationally efficient compression schemes, such as variablebyte coding of integers, may be used to compress inverted files while still enabling
random access. The objective of a ranked IR system is to order a document collection by
the probability of relevance to the query. Evaluation may be carried out in terms of
precision and recall, relative to the relevance assessments made by the user who
submitted the query. A recall-precision curve can be generated, which may be
summarized into a single average precision value which is approximately the area under
this curve [11].
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Stop Words Removal and Stemming
Stop words are words found in every text, but have no relevant meaning (i.e.
whether we remove or keep these words does not affect the general meaning of the text).
However, in information retrieval operations the presence of these words leads to
slowing down the program and giving inaccurate results, because they will be treated as
complete words, therefore these words must first be removed from the document then
the program can be run. In this research, stop words are removed from all documents and
queries alike using the stemming algorithm presented in [15]. The most important
benefit against elimination of stop words is that, it reduces the size of storage needed to
store the index term structure dramatically. In fact, it is typical to obtain a compression
in the size of the indexing structure of 40% or more solely with the elimination of stop
words; elimination of stop words might reduce recall [3]. It was interesting that
removing stop words had a significantly positive effect for stemmed Arabic, but not for
unstemmed Arabic [6,14]. Stemming is one of several tools used in information retrieval
to stand against the lexical mismatch trouble, in which query words do not match
document words. Stemmers match or mismatch certain alternative forms of the same
word, for example similar to (book, books) and (work, works, worked, working…). In
Arabic, English and many other languages, stemming is principally a process of affix
(prefix and postfix) removal. Such stemmers do not distinguish between irregular forms
like (go, went) and (drink, drank). Stemming is used to get a better performance in
information retrieval application, usually by a slight degree and is considered to support
recall more than precision.
Stemmers are generally tailored for each specific language. Their design requires
some linguistic expertise in the language and an understanding of the needs of
information retrieval.
Stemmers have been developed for a wide range of
languages including Malay, Latin, Indonesian, Swedish, Dutch, German, French,
Slovene and Turkish. The effectiveness of stemming across languages is varied and
influenced by many factors. A reasonable summary is that stemming doesn’t hurt
retrieval; it either makes little difference or it improves performance by a small
amount. Stemming appears to improve effectiveness more for highly inflected languages
and when queries and/or documents are short [6]. The basis of the light stemmer consists
of several rounds that attempt to locate and strip out the most frequent prefixes and
suffixes. The light stemming algorithm mainly processes the affixes of inflectional
morphology that are typically associated with the syntax, and have relatively little
influence on the word senses.
Passages Definition
The basic idea of a passage is that the document is divided into a number of
paragraphs. These paragraphs are different in terms of number and length of words; the
documents also contain a different number of paragraphs each with a different length.
Documents sometimes talk about more than one subject, and the size of the document
usually varies and is very large, therefore in the search process the search for a specific
subject is carried out, in this case the related document retrieved, containing the desired
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topic, is sometimes very large. However what if the wanted topic is contained in a
document that also has within it a number of other topics and the desired topic is at the
end of the document? In this case the user usually reads the beginning of the document
and takes the document as non relevant even though it is relevant.
A passage is a chunk of contiguous text belonging to a larger text. Passages are
usually sentences, or sequences or sentences identified by punctuation marks, such as
full stop, or semi colons. As another approach, they may be represented by windows of a
fixed number of words. The passage helps us avoid the difficulties due to biasing
documents of different lengths (i.e., document-length normalization problem), and
enables identification of short blocks of relevant material amongst otherwise irrelevant
text [12]. Passage retrieval techniques have been extensively used in standard IR
settings, and have proven effective for document retrieval when documents are long or
when there are topic changes within a document, thus making it an appealing candidate
for the present work. Second, from an IR system user’s standpoint, it may be more
desirable that the relevant section of a document is presented to the user than the entire
document [14].
The proposal of systems of IR that value the relevance of the documents in function
of the relevance of the fragments or passages that forms them, where each passage is a
group of contiguous text inside the document. This approach denominated passage
retrieval, (PR), allows that the calculation of similarity is not affected excessively by the
size of the document and can determine with more precision the part of the document
that is more relevant to the question (It’s very important when the document has a great
size) [7]. Unlike traditional text documents, web documents are varied in their content,
and even within a single document (or a web page) there may be several topics involved.
Therefore, as done in previous works, treating a document as a single unit may not be
suitable. To solve this problem, the concept of a so-called passage is useful. In the past,
the importance of a passage was organized by researchers who worked on text analysis,
including information retrieval. In this field, when the stored document texts are long,
the retrieval of complete documents may not be in the users’ best interest. In such
circumstances, efficient and effective retrieval results may be obtained by using passage
retrieval strategies designed to retrieve text excerpts of varying size in response to
statement of user interest. It is intuitively meaningful if a single long Web document is
viewed as several passages, instead of treating the document as a single document
because the document may be heterogeneous in its content. There is still a problem that a
document, especially a web document, may not include a single topic and can be viewed
as a sequence of different contents, called passages. In the area of information retrieval,
this problem is solved by utilizing the concept of passage [12].
Sometimes the techniques of IR are also used to retrieve individual passages of
documents (one or more sentences, paragraphs). In such cases the number of search
terms found in a given sentence, together with their density (in terms of closeness in a
sentence), is used to find relevant sentences [1]. Systems that use technical of PR are
more complex than systems of traditional IR. First, because they require store a more
quantity of information for each one of the terms in the document (usually the position
that occupies in the document) and in second place, that the number necessary
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calculations to evaluate the relevance of each one of the passages of the document is
higher. Nevertheless, evaluations carried out in other works reflect that the increment of
complexity is rewarded with better results [7].
Passage Overlapping
This research investigated whether information retrieval can be improved if
documents are divided into smaller subdocuments or passages, and the retrieval score for
these passages incorporated in the final retrieval score for the whole document. The
approach taken was to segment the passages by extracting a fixed number of contiguous
words from the whole document. The process can be viewed as using a window of a
certain size (i.e., number of words) that slides through the whole document. Each time
the window stops, it displays or extracts a certain number of contiguous words in the
document. A retrieval score was calculated for each of the passages extracted, and the
highest score obtained by a passage of that size was taken as the document’s “window
score” for that window size. A range of window sizes were tried. For a particular query,
a set of retrieval scores were calculated for each document: the whole-document retrieval
score and one score for each window size.
In the experiments with passage retrieval, each document was segmented into
overlapping passages of a fixed number of words by “sliding” a window of a particular
size across the document. We shall refer to these passages as “window passages”.
Adjacent window passages overlap by 50%, i.e., the middle of the current window
becomes the origin of the next window. For each passage extracted from the document, a
retrieval score was calculated for the passage using the same method as that used for
calculating the whole-document retrieval score. A vector was thus constructed to
represent the passage. For a particular window size, the window passage with the highest
retrieval score in the document was taken as the document’s passage-level score for that
window size.
Window passages discourse and semantic passages are based on the assumption
that there is a single “good” organization of the information in a document. The
difference between the two approaches is whether the writer is trusted to reveal that
organization. However, what if there is no single division of a document into passages
that is appropriate for all queries? Passages based on fixed-length windows appear
initially to have even more problems, because they impose a single division of text into
passages, and because they are more likely to divide relevant text among different
passages. However, both of these problems are solved easily. The solution adopted for
INQUERY was to begin the first passage in a document at the first term matching the
query, creating new passages of length n every n/2 words [5]. The choice of passage size
and type is somewhat problematic. Documents may be divided into three types of
passage: discourse, window, or semantic. Discourse passages are those defined by the
author (e.g. sentences, paragraphs, and sections).
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Passage Size
Both discourse passages and window passages were tested, as it was not apparent in
advance which type would perform better. Only one discourse passage index was
created, as paragraphs are the only discourse passages that occur consistently in CSTR
documents. Simple bounding heuristics were used in order to reduce the variation in
paragraph size. Short paragraphs (<50 words) were appended onto the start of the
following paragraph. Originally, it was also intended to divide large paragraphs. In
practice this was found to slightly worsen search results, presumably because the
paragraphs were divided arbitrarily, rather than by content. Since very large paragraphs
are not common in the CSTR, the heuristic for paragraph splitting was removed.
Window passages are more flexible than discourse passages, in that they can be of
any size, and they can be overlapped in order to reduce the likelihood of relevant text
being split by a passage boundary. In fact, if a good window size is chosen, window
passages may perform far better than discourse passages. The difficulty lies in choosing
a window size that will work well with the collection. Only a few window sizes could be
tested in this experiment; the process of manually assessing the results for recall and
precision proved too time-consuming to permit a larger number of indexes to be
thoroughly tested.
A possible contributing factor to the unusual index performance results lies in the
term weighting methodology used (the tf*idf function to assign term weights). During
the indexing process, the term weights were assigned after the documents were
partitioned into passages; in other words, passages were treated as if they were separate
documents in determining the term weights. The effect of this may be to reduce the
resolving power of certain terms (the degree to which the terms may distinguish relevant
from irrelevant documents). For instance, consider two terms i and j, of which there are
50 instances of each in the collection. Term i appears in only one document, but there are
numerous instances of i in the document. Term j appears in a number of documents, but
there are only one or two instances of j per document. Term i will then have a much
higher resolving power than j. However, if the collection is broken up into small
passages before term weights are applied, it is likely that there will be only one or two
instances of term i per passage. Since the indexing system treats the passages as separate
entities, it will regard terms i and j as essentially similar in resolving power; both occur
once or twice in roughly the same number of passages. As the most highly-weighted
terms will be those that occur repeatedly within particular documents, then the effect of
passage-level indexing will be to distribute these terms throughout multiple passages,
consequently reducing their weight. The effect of this tendency towards homogenization
of the term weights is likely to have been deterimental to the performance of the
passage-level indexes.
Passage Calculations
The similarity measures used by the proposed system differs from traditional
information retrieval systems, so the system calculates the similarity between a passage
P and the user query Q in the following way:
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sim (Q, P) = ∑tЄQ^P (wQ, t. wP, t)
where,
wQ, t = freqq,t . loge(N-freqt / freqt)
wP,t = 1 + loge(1 + loge(freqp,t + 1)),
and where freqY,t is the number of frequency of term t in the passage or in the question
Y, N is the total number of documents in the collection, and freqt is the number of
different documents that contain term t, loge(x) is the natural log of the term x.
The system calculates the similarity measures of the document based on the best
passage similarity measure in the following way:
sim(Q, D) = maxpiЄD sim(Q, Pi)
In this paper, we used large Arabic text files (about 60 files); every one of these
files contains a number of passages. These documents talk about several subjects such as
politics, economics, computer, etc. We encountered many problems in obtaining these
files from different domains. Our major problem was that we couldn’t find an
appropriate corpus on which to run our program, so we had to endure the annoying and
time consuming task of creating our own corpus, coupled also with our limited
knowledge of standard corpus rules.

Experimental Results and Discussion
We have implemented an approach called passage information retrieval based on
half-overlapping window using Arabic documents along with some of the simple tests,
we have measured its usefulness; we also found that the using of index term stem
increases the power of retrieval. It appears that all stemmers index term significantly
perform better than no stemming at all. This come from the fact that Arabic is a highly
inflected language; thus, the stemming will group the huge variety of word forms into
smaller conflation classes. The standard measures of recall and precision for standard IR
systems are based on experts’ relevant judgment concerning the relevance of entire
documents.
Series of experiments have been conducted to evaluate the proposed approach.
Standard Arabic test collection is used in the experiments to facilitate the comparison
between results. The tests show that significant retrieval results with half-overlapping
window than the overlapping window and conventional retrieval system in different
window sizes. For window size 10, it can be seen that the precision and recall
measurement of the half-overlapping window show better performance compared with
full-overlapping window (Fig.1). For a window size of 20, it can be seen that the
precision and recall measurement of the half-overlapping window show small difference
in performance compared with full-overlapping (Fig.2). However, for a window size of
30, it can be seen that the precision and recall measurement of the half-overlapping
window show almost the same performance compared with full-overlapping (Fig.3). For
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all experiments, the results showed significant difference in performance for halfoverlapping and full overlapping compared with the conventional retrieval system.
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Figure 1: Comparison between half-overlapping and overlapping passage retrieval for
window size 10.
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Figure 2: Comparison between half-overlapping and overlapping passage retrieval for
window size 20.
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Window Size 30
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Figure 3: Comparison between half-overlapping and overlapping passage retrieval for
window size 30.

Conclusion
An enhanced scheme for passage information retrieval with Arabic text collection
based on overlapping window passages has been presented. The proposed scheme
divides the documents into a fixed number of words (window size) starts from the first
term in the document to a number of passages. To solve the content splitting into more
than one passage problem, we used the half-overlapping technique which divides the
documents into passages of n words (window size) every n/2 word. Series of
experiments have been conducted to evaluate the proposed approach. The tests show that
significant retrieval results with half-overlapping window than the overlapping window
in different window sizes. In conclusion, the results showed significant difference in
performance for half-overlapping and full overlapping compared with the conventional
retrieval system.
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:اﻟﻨﺼﻔﻲ-ﻃﺮﻳﻘﺔ ﻣﺘﻄﻮرة ﻟﻠﺘﻨﻘﻴﺐ ﻋﻦ اﻟﻨﺺ ﺑﺎﺳﺘﺨﺪام اﻟﺸﺒﺎك اﳌﺘﻘﺎﻃﻊ
ﺗﻄﺒﻴﻖ ﺑﺨﻮارزﻣﻴﺔ ﻋﻠﻰ اﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ
ﺳﺎﻣﺢ ﻏﻮاﻧﻤﻪ

ﻣﻠﺨﺺ
 ﺗﻌﺘﻤﺪ. اﻟﻨﺼﻔﻲ- ﻳﻘﺪم اﻟﺒﺤﺚ آﻟﻴﺔ ﺟﺪﻳﺪة ﻟﻠﺘﻘﻴﺐ ﻋﻦ اﻟﻨﺺ ﺑﺎﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ ﺑﺎﺳﺘﺨﺪام اﻟﺸﺒﺎك اﻟﻤﺘﻘﺎﻃﻊ
اﻻﻟﻴﺔ اﻟﺠﺪﻳﺪة ﻋﻠﻰ ﺗﻘﺴﻴﻢ اﻟﻨﺺ اﻟﻰ ﻋﺪد ﻣﺤﺪد ﻣﻦ اﻟﻜﻠﻤﺎت )ﻣﻘﺎس اﻟﺸﺒﺎك( ﺑﺪءاً ﻣﻦ اﻟﺠﺰء اﻻول ﻓﻲ
 ﺗﻢ ﺗﻮﻇﻴﻒ، وﻟﺤﻞ ﻣﺸﻜﻠﺔ ﺗﻘﺴﻴﻢ اﻟﻨﺺ اﻟﻰ ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﻔﻘﺮات.اﻟﻨﺺ واﻧﺘﻬﺎءً ﺑﻜﻞ ﻓﻘﺮات اﻟﻨﺺ اﻟﻜﺎﻣﻞ
 ﺗﻢ ﻓﺤﺺ اﻻﻟﻴﺔ.اﻟﻴﺔ اﻟﺘﻘﺎﻃﻊ اﻟﻨﺼﻔﻲ واﻟﺘﻲ ﻣﻦ ﺧﻼﻟﻬﺎ ﻳﺘﻢ ﺗﻘﺴﻴﻢ اﻟﻮﺛﻴﻘﺔ اﻟﻰ ﻓﻘﺮات ﻛﻞ ﻣﻨﻬﺎ ﺑﻤﻘﺎس ن
اﻟﻨﺼﻔﻲ-اﻟﺠﺪﻳﺪة ﻣﻦ ﺧﻼل ﺳﻠﺴﻠﺔ ﻣﻦ اﻟﺘﺠﺎرب اﻟﻌﻤﻠﻴﺔ واﻟﺘﻲ ﺑﻴﻨﺖ ﻓﺮﻗﺎً واﺿﺤﺎً ﺑﻜﻔﺎﺋﺔ اﻟﺸﺒﺎك اﻟﻤﺘﻘﺎﻃﻊ
ﻣﻘﺎرﻧﺔ ﻣﻊ اﻟﺸﺒﺎك اﻟﻤﺘﻘﺎﻃﻊ اﻟﻜﻠﻲ وﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ ﻛﺬﻟﻚ ان ﻛﻼ اﻟﻄﺮﻳﻘﺘﻴﻦ اﻓﻀﻞ ﻣﻦ اﻟﻄﺮﻳﻘﺔ اﻟﺘﻘﻠﻴﺪﻳﺔ ﻓﻲ
.اﺳﺘﺮﺟﺎع اﻟﺒﻴﺎﻧﺎت
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Abstract
Encryption is the process of translating data into a secret code. This paper is intended to
introduce a new approach for encryption that uses DUAL languages; Arabic and English. It uses
all the Arabic characters for encrypting English messages and vice versa. A pseudo random
generator is used to generate unique integer numbers to represent each character in Arabic. The
same numbers are used again, after sorting them, to represent the English characters in such a
away that each character in Arabic will match another in English. The conclusions indicate the
efficiency of this system according to security and time performance.

Keywords: Pseudo random generator; Encryption; Decryption; Arabic characters;
RSA; Sorting algorithm.

Introduction
"Computer security" refers to techniques employed to ensure that the stored data
cannot be accessed or compromised except by authorized individuals. Most security
measures involve data encryption and passwords. Data encryption is the translation of
data into a form that is intelligible only through a specific deciphering mechanism.
Encryption is the most effective way to achieve data security [1, 2, 3].
Cryptography is the art of protecting information by transforming (encrypting) it
into an unreadable format called ciphertext. Only those who possess a secret "key" can
decipher (or decrypt) the message into a plain text. Although modern cryptography
techniques are virtually unbreakable; encrypted messages can still be broken by
cryptanalysis (referred to as codebreaking). As the Internet and other forms of electronic
communication became more prevalent, electronic security has become increasingly
important [1, 2, 3, 4].
DUAL language encryption system (shortly DUAL encryption system) encrypts
any English message using Arabic characters and their diacritics and vice versa. Each
Arabic character is associated with an integer number produced by pseudo random
generator which has four factors: a, b, m, and x0. Each English character is assigned to
one of these numbers after sorting them using an efficient sorting algorithm. After this
phase, each number produced by the generator is assigned, in some way, twice: one for
an Arabic character and another for an English one. This means that each number will
associate between two characters; the first one in Arabic and the other in English. In the
© 2009 by Yarmouk University, Irbid, Jordan.
* Computer Science Department, IT Faculty, Yarmouk University, Jordan.
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encryption process of an English message, for example, each English character in the
message is encrypted into an Arabic character according to the integer number
associated with it. The decryption process is performed in the same way.
Literature Review
To improve the security level, some researchers worked on improving the
encryption algorithms, others implemented new ones, while a third group studied and
compared different encryption algorithms to select the most efficient one. Some of the
previous studies that show and analyze new methodologies and improve old ones in
different fields and applications are discussed below. But it is important to note that
these studies similar with ours in trying to improve the security level of encryption
process but they differ from our system in methodology and analysis.
• Kwok-Wo Wong, Sun-Wah Ho, and Ching-Ki Yung modified the chaotic
cryptographic scheme so as to reduce the length of the ciphertext to a size slightly
longer than that of the original message. Moreover, they introduced a session key in
the cryptographic scheme so that the length of the ciphertext for a given message is
not fixed [5].
• Kwok-Wo Wong extended the chaotic cryptographic scheme so that it can perform
both encryption and hashing to produce the ciphertext as well as the hash value for
a given message. He analyzed the collision resistance of the proposed hashing
approach [6].
• H. S. Kwok and Wallace K. S. Tang proposed a fast chaos-based image encryption
system with a stream cipher structure. The proposed keystream generator did not
only achieve a very fast throughput, but also passed the statistical tests of an up-todate test suite even under quantization [7].
• Jun Wei, Xiaofeng Liao, Kwok-wo Wong, and Tao Xiang proposed a new chaotic
cryptosystem. Instead of simply mixing the chaotic signal of the proposed chaotic
cryptosystem with the ciphertext, a noise-like variable is utilized to govern the
encryption and decryption processes. This adds a statistical sense to the new
cryptosystem [8].
• Rastislav Lukac and Konstantinos N. Plataniotis introduced and analyzed a new
secret sharing scheme capable of protecting image data coded with B bits per pixel.
The proposed input-agnostic encryption solution generates B-bit shares by
combining bit -level decomposition / stacking with a {k, n} -threshold sharing
strategy. They achieved perfect reconstruction by performing decryption through
simple logical operations at the decomposed bit-levels without the need for any
postprocessing operations [9].
• Chang-Doo Lee, Bong-Jun Choi, and Kyoo-Seok Park proposed a block encryption
algorithm which is designed for each encryption key value to be applied to each
round block with a different value. This algorithm needs a short processing time in
encryption and decryption, has a high intensity, and can apply to electronic
commerce and various applications of data protection [10].
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• Timothy E. Lindquist, Mohamed Diarra, and Bruce R. Millard presented an
implementation of a One-Time Pad as a Java Cryptography Architecture (JCA)
service provider, and demonstrated its usefulness on Palm devices [3].
• Kaoru Kurosawa and Yvo Desmedt show that a key encapsulation mechanism
(KEM) does not have to be IND-CCA secure in the construction of hybrid
encryption schemes, as was previously believed. They present a more efficient
hybrid encryption scheme than Shoup by using a KEM which is not necessarily
IND-CCA secure. Nevertheless, their scheme is secure in the sense of IND-CCA
under the DDH assumption in the standard model [1].
• Mark G. Simkin discusses five encryption techniques: transposition ciphers, cyclic
substitution ciphers, Vigenere ciphers, exclusive OR ciphers, and permutation
ciphers. Accompanying these discussions are explanations of how instructors can
demonstrate these techniques with spreadsheet models [11].
• K. Verma, Mayank Dave and R. C. Joshi presented a cryptanalysis method based
on Genetic Algorithm and Tabu Search to break a Mono-Alphabetic Substitution
Cipher in Adhoc networks. They have also compared and analyzed the
performance of these algorithms in automated attacks on Mono-alphabetic
Substitution Cipher. As a result they concluded that the use of Tabu search is
largely an unexplored area in the field of Cryptanalysis and a generalized version of
these algorithms can be used for attacking other ciphers as well [12].
Dual Language Encryption System
DUAL encryption system introduces new methodology in encryption and
decryption. This methodology is summarized in the following steps:
1. A set of all Arabic characters and their diacritics are encoded alphabetically in
array using pseudo random generator. In this step, each Arabic character is
assigned a unique number.
2. Each English character is assigned to one of the numbers generated in step 1 after
sorting them using any efficient sorting algorithm. The English characters and their
corresponding numbers are stored alphabetically in array.
3. As a result of constructing the Arabic and English arrays, each number produced by
the pseudo random generator is assigned to two characters: one character in the
Arabic array and the other character in the English array. These two characters, that
have the same number, are the encryption forms to each other.
4. Any message written in English can be encrypted using Arabic characters by
dividing the message into characters and then matching and substituting each
character in the message with its corresponding character in the Arabic array that
has the same number, or vice versa.
5. The encrypted message and the encrypted factors of the pseudo random generator
are sent to the receiver.
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6. The Arabic and English arrays are built again by the receiver using the same
pseudo random generator factors (after decrypting them). According to these two
ordered arrays, the receiver decrypts the message in the same way in which it was
encrypted.
Pseudo Random Generator
Pseudo random generator has four factors that determine the set of numbers
produced by it. These factors are a, b, m, and x0. The most popular recursion formula for
the pseudo random generator is [13]:
Xn+1 = aXn + b (mod m), for n > = 0
where a, b, and m are fixed integer constants and x0, which is called the seed, represents
the first integer number in the series. So, starting from x0, the formula gives rise to a
sequence of integers between 0 and m-1. The maximum number of different integers that
could be produced by a pseudo random generator is m. For example, suppose x0 = 89,
a = 1573, b = 19, and m = 103, then:
X1 = 1573 * 89 +19 (mod 103) = 16, and
X2 = 1573 * 16 +19 (mod 103) = 187, and so on.
It is very important to note that using the same factors (a, b, m, and x0) generates
the same set (X1, X2, …, Xn). The operation of division by m is most efficiently done if
m = rk for some positive integer k. For most computers, this entails setting m = 2k, where
k is selected so that m is large and the numbers involved are within the accuracy of the
machine. The pseudo random generator can produce no more than m different numbers
before the cycle repeats itself again and again.
To obtain maximum cycle length m, the following relations must hold:
1.

b and m have no common factors other than 1.

2.

(a – 1) is a multiple of every prime number that divides m.

3.

(a – 1) is a multiple of 4 if m is a multiple of 4.

These relations are satisfied if m = 2k, a = 4c + 1, b odd, and c, b, and k positive
integers.[13].
Constructing the Arabic Array
In this phase, the pseudo random generator is used to generate a set of random
numbers and then assign each random number produced to one of the Arabic characters.
In the Arabic array, all shapes of the Arabic letters and diacritics are used and
stored in alphabetical order. Storing the Arabic characters in alphabetical order is very
important in the decryption process as will be explained in section 10. For each Arabic
letter, three shapes are used: the shape of the letter at the beginning of the word, the
shape of the letter in the middle of the word, and the shape of the letter at the end of the
word. For example, the Arabic letter ع, has three shapes:  ﻋـat the beginning of the word,
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 ــﻌـin the middle of the word, and  عat the end of the word. All kinds of diacritics are used
also (

ٌ ُ ْ ً َ ٍ ).

Each Arabic character is assigned a unique random number produced by pseudo
random generator. Table 1 shows a subset of the Arabic array.
Table 1: Arabic array
… ا
… 21

ب
56

ة
ت
45 32

ح ج ث
5 8 29

خ
48

د
53

ذ
24

ر
13

س ز
0 37

…
…

Because the number of characters in Arabic language is differ than the number of
characters in English language, we have used addition characters in other language like
Chinese to make the number of characters in the two languages equivalent. This was
accomplished by a build-in function in C sharp.
Constructing The English Array
In this phase, the numbers that are produced by the pseudo random generator for
building the Arabic array are sorted in ascending order using any efficient sorting
algorithm. Then, they are assigned to the ordered English characters. The English
characters and the numbers assigned to them are stored alphabetically in an array.
Table 2 shows a subset of the English array.
Table 2: English array
A B C D E F G H I
J
K L M …
0 5 8 13 21 24 29 32 37 45 48 53 56 …

The Encryption Process
Any message written in either language (English or Arabic) can be encrypted using
other language characters by dividing the message into characters then matching and
substituting each character in the message with its corresponding character in the other
array that is holding the same number, or vice versa.
Now, after the construction of Arabic and English arrays, any English text could be
encrypted into Arabic characters by matching between the English character and the
Arabic character that has the same number. The encryption of any English character is
the Arabic one that has the same number associated with that character. The reverse is
also possible; any Arabic text could be encrypted into English characters by dividing the
text into characters and matching each Arabic character and English character that has
the same number. The encryption of any Arabic character is the English one that holds
the same number associated with that character.
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Example
For example, according to figures 1 and 2, the Arabic message  ﺧﺮﺟﺖis encrypted
by DUAL system to KDCH, because the Arabic letter  خis associated with the random
number 48 in the Arabic array which is, in turn, associated with the letter K in the
English array. The Arabic letter  رis associated with the random number 13 in the Arabic
array which is, in turn, associated with the letter D in the English array. Also the Arabic
letter  جis associated with the random number 8 in the Arabic array which is, in turn,
associated with the letter C in the English array. Finally, the Arabic letter  تis associated
with the random number 32 in the Arabic array which is, in turn, associated with the
letter H in the English array. However, as it was previously explained, the reverse is
possible. For example, the English message CHILD is encrypted by DUAL system to ج

 ت س رbecause the English letter C is associated with the random number 8 in the
English array which is, in turn, associated with the letter  جin the Arabic array. The
English letter H is associated with the random number 32 in the English array which is,
in turn, associated with the letter  تin the Arabic array. Also the English letter I is
associated with the random number 37 in the English array which is, in turn, associated
with the letter  سin the Arabic array. Finally, the English letter D is associated with the
random number 13 in the English array which is, in turn, associated with the letter  رin
the Arabic array.
The Sending Process
In this phase, the sender sends the encrypted message, English or Arabic, to the
receiver. He also sends the pseudo random generator factors: a, b, and m to the receiver
after encrypting them using RSA algorithm [2, 14]. The last factor of pseudo random
generator, the seed x0, could be arranged by an agreement between the parties to increase
the security of DUAL system.
Since the three factors a, b, and m could be attacked by a brute force method, the
seed x0 must remain a secret between the parties. As such, it is very difficult to be
attacked. Some examples on agreement between the parties are: x0 is the birthday of the
sender’s mother, x0 the time of the nuclear bombing of Hiroshima and Nagasaki, or any
other agreement.
Encrypting only three pseudo random generator factors by RSA takes very little
time compared with encrypting and decrypting the entire message by RSA. This
increases the performance of DUAL system and reduces the encryption and decryption
time.
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Fig. 1 shows the system flow diagram for phase 1; encryption phase.
Pseudo Random
Number Generator

Building Arabic
Character Set Array

Sorting Generated
Numbers

Building English
Character Set Array

Tokenize To single
Characters

Plain Text

Match & Substitute
Message Characters

Cipher Text
Encrypted Using RSA
Pseudo RNG Factors
(x0, a, b, m)

Send

Figure 1: System Flow Diagram-Phase 1 (Encryption Phase).
The Decryption Process
In this phase, the receiver receives only the encrypted message and the encrypted
three pseudo random generator factors: a, b, and m. The seed x0 is known to the receiver
by an agreement between him and the sender.
The steps of the decryption process are as follows:
1.

The three factors: a, b, and m are decrypted by RSA algorithm and then used
with the seed x0 to rebuild the Arabic array by using the same generator to
produce the same numbers that were produced in the encryption process.
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2.

The Arabic characters are stored in alphabetical order in the Arabic array before
assigning them the random numbers. This is very important to ensure building
the same Arabic array in the encryption process.

3.

The random numbers are sequentially assigned to the Arabic characters that are
stored in the ordered Arabic array.

4.

The receiver sorts the numbers that are produced by the pseudo random
generator and assigns them to the ordered English characters to ensure building
the same English array in the encryption process.

5.

Finally, the receiver retrieves the random numbers associated with each
character in the encrypted message in one of the arrays (according to the
language of the original message) and matches them with the same numbers in
the other array. The characters associated with these numbers in the other array
are the decryption of the encrypted message characters.

There remains only one problem regarding how the receiver could know the
language of the encrypted message that has been received, especially if the message is a
mix of Arabic and English characters. To solve this problem, the receiver must check the
language for every encrypted character in the cipher text, if it is Arabic then the original
character in the plain text is English and he must match this character with a character in
the English array. But, if it is English then the original character in the plain text is
Arabic and he must match this character with another character in the Arabic array.
However, special characters that are common between English and Arabic are
considered English if they occur between English characters, and considered Arabic if
they occur between Arabic characters.
The receiver can check the language of any character by checking its ASCII code.
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Fig. 2 shows the system flow diagram for phase 2; decryption phase.
Receiver

Encrypted Data

Building Arabic
Array

Encrypted RNG
Factors

Cipher Text
Sort Generated
Numbers

Decrypt Using
RSA Algorithm

Building
English Array

Tokenize
To

Generate Pseudo
Random Numbers

De-Match &
Substitute

Pseudo RNG Factors

Plain Text

Figure 2: System Flow Diagram-Phase 2 (Decryption Phase).
Possible Attack
DUAL system is very secure since it uses a hybrid of RSA algorithm (for
encrypting the factors: a, b, and m) and a secret between the parties (for hiding the seed
x0). Consequently, the attackers need to penetrate two levels of security to break the
encryption of DUAL system. First, they need to attack RSA algorithm for encrypting the
factors of the pseudo random generator. This is a complicated process because the
security of the RSA is based on the difficulty of factoring large numbers. Factoring a
500-digit number, for example, requires 1025 years using brute force and 300 years using
mathematical equations and methods [12].
Second, they need to know the secret between the parties for obtaining the seed x0.
This is a very complicated process as well because this secret may be any word or any
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agreement between the sender and the receiver and this makes it impossible to be
guessed.
Our proposed system cannot be attacked easily depending on the property of
language redundancy and character frequency. This is because applying the
cryptanalysis on the ciphertext may lead the attacker to guess some character but he
cannot depend on this character to guess any other character because there is no
relationship between any two characters as in other substitution based encryption
algorithms. As it was stated in DUAL system, each character is encrypted depending on
the factors a, b, m and a secret between the parties. Moreover, to decrypt the ciphertext,
the attacker needs to know the language of the plaintext and its underlying
characteristics which is not easy to be guessed since it may be any language.
Practical Analysis
Several experiments are performed on DUAL system using C sharp program on
personal computer. It is tested for calculating the time of encryption and decryption
processes by generating random texts with different lengths. Table 3 shows the results:
Table 3: Time of Encryption and Decryption
Text Size
(in characters)

Encryption Time

Decryption Time

1000

0.06 Milliseconds

0.06 Milliseconds

10000

0.8 Milliseconds

0.8 Milliseconds

100000

50 Seconds

50 Seconds

As it is clear from the table above, the average time for encrypting and decrypting
small texts is very little. However, the average time for encrypting and decrypting large
texts is about 50 seconds.
The experiments also show that the time of the encryption and decryption processes
is not changed upon the type of the plaintext language, even if it is a mix of Arabic and
English.

Conclusions
DUAL system is a cipher system for any two languages texts as English and Arabic
texts. After analyzing the results of DUAL system, the following conclusions are
obtained.
• DUAL system is very efficient since it needs fixed time for building the Arabic and
the English arrays. Also it needs fixed time for matching the characters of the
message since the number of elements for the two arrays is fixed. In addition, RSA
algorithm is applied only on three factors: a, b, and m, which needs certain and
fixed time. The results show that the average time for encrypting a text of 1000
224

Dual Language Encryption System

characters is 0.06 milliseconds, the average time for encrypting a text of 10000
characters is 0.8 milliseconds and the average time for encrypting a text of 100000
characters is 50 seconds.
• DUAL system is also very secure since it uses a hybrid of RSA algorithm (for
encrypting the factors: a, b, and m) and a secret between the parties (for hiding the
seed x0). Consequently, the attackers need two levels of attack to break DUAL
system. One level is to attack RSA for obtaining the factors and another level is to
attack the secret for obtaining the seed x0. In addition, the attacker may need to
guess the language of the plaintext to break the proposed system.
The pseudo random generator is very effective because it can produce m different
numbers without duplications and because it depends on more than one factor which
gives the system more security.

ﻧﻈﺎم اﻟﺘﺸﻔﲑ ﻣﺰدوج اﻟﻠﻐﺔ
 ﺧﺎﻟﺪ ﻧﻬﺎر وأﺳﺎﻣﺔ أﺑﻮ ﻋﺒﺎس،ﻣﺤﻤﺪ ﻃﺒﻴﺸﺎت

ﻣﻠﺨﺺ
 ﻳﻘﺪم ﻫﺬا اﻟﺒﺤﺚ ﻧﻈﺎم ﺟﺪﻳﺪ ﻓﻲ اﻟﺘﺸﻔﻴﺮ ﺣﻴﺚ.اﻟﺘﺸﻔﻴﺮ ﻫﻮ ﻋﻤﻠﻴﺔ ﺗﺤﻮﻳﻞ اﻟﺒﻴﺎﻧﺎت إﻟﻰ ﺷﻴﻔﺮة ﺳﺮﻳﺔ
 ﻳﺴﺘﺨﺪم ﻫﺬا اﻟﻨﻈﺎم ﺟﻤﻴﻊ ﺣﺮوف.أﻧﻪ ﻳﺴﺘﺨﺪم اﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ واﻟﻠﻐﺔ اﻹﻧﺠﻠﻴﺰﻳﺔ ﻓﻲ ﻋﻤﻠﻴﺔ ﺗﺸﻔﻴﺮ اﻟﺤﺮوف
 ﺗﻢ اﺳﺘﺨﺪام ﻣﻮﻟﺪ ﻋﺸﻮاﺋﻲ ﻟﻠﺸﻴﻔﺮات ﻣﻦ أﺟﻞ.اﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ ﻟﺘﺸﻔﻴﺮ اﻟﻨﺼﻮص اﻹﻧﺠﻠﻴﺰﻳﺔ واﻟﻌﻜﺲ ﺻﺤﻴﺢ
 ﺛﻢ ﺗﻢ اﺳﺘﺨﺪام ﻧﻔﺲ ﻫﺬه اﻷرﻗﺎم ﺑﻄﺮﻳﻘﺔ.ﺗﻮﻟﻴﺪ أرﻗﺎم ﺻﺤﻴﺤﺔ ﻏﻴﺮ ﻣﻜﺮرة ﻟﺘﻤﺜﻴﻞ ﺣﺮوف اﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ
ﻣﻌﻴﻨﺔ ﺑﻌﺪ أن ﺗﻢ ﺗﺮﺗﻴﺒﻬﺎ ﻟﺘﻤﺜﻴﻞ ﺣﺮوف اﻟﻠﻐﺔ اﻹﻧﺠﻠﻴﺰﻳﺔ ﺑﺤﻴﺚ ﻛﻞ ﺣﺮف ﻓﻲ اﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ ﻳﻘﺎﺑﻠﻪ ﺣﺮف ﻓﻲ
 دﻟﺖ اﻟﻨﺘﺎﺋﺞ ﻋﻠﻰ ﻓﻌﺎﻟﻴﺔ ﻫﺬا اﻟﻨﻈﺎم ﻣﻦ ﺣﻴﺚ اﻟﺴﺮﻋﺔ ﻓﻲ اﻟﺘﺸﻔﻴﺮ وﻣﻦ ﺣﻴﺚ ﻗﺪرﺗﻪ ﻋﻠﻰ.اﻟﻠﻐﺔ اﻹﻧﺠﻠﻴﺰﻳﺔ
.ﺗﻮﻓﻴﺮ أﻣﺎن ﻛﺎف ﻟﻌﺪم ﻓﻚ ﻫﺬا اﻟﺘﺸﻔﻴﺮ
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Abstract
This paper provides an improvement to Arabic Information Retrieval Systems. The proposed
system relies on the stem-based query expansion method, which adds different morphological
variations to each index term used in the query. This method is applied on Arabic corpus. Roots of
the query terms are derived, then for each derived root from the query words, all words in the
corpus descendant from the same root are collected and classified in a distinct class. Afterward,
each class is reformulated by co-occurrence analysis (for each pair of terms) to guarantee a good
relationship between terms. In addition, we used the whole word indexing technique to index the
corpus.
Each term added to the query must be correct and correlated to the original query terms. We
show how this technique improves recall (by 20%), and how it affects precision.

Keywords: Arabic query expansion; Query expansion; Arabic stemming.
Introduction
Experiments show that the number of terms used in the queries of the end users will
not exceed two in most cases, while the number of terms used by information experts
exceeds this number by many folds. That means there is a substantial difference in the
formulation of the queries between the end users and information experts. Short queries
lead to the retrieval of a large set of inadequate documents [1].
Many techniques used in the field of information retrieval (IR) to enhance retrieval
performance. This paper emphasizes on query expansion techniques applied to Arabic
text. Query expansion usually leads to a reduction in the number of retrieved documents,
and to an increment in the recall measure. The IR researchers divided over the issue of
using stemming in information retrieval systems (IRS) and search engines (SE). Some of
those reveals in their studies that stemming has a negative effects on the retrieval of
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documents and Web pages, while many studies shows that stemming is beneficial to be
used within IRS and SE. Random query expansion usually increase recall measure and
reduce precision measure.
Query Expansion
Information retrieval studies aim mainly to enhance the retrieval performance.
Many methods used to enhance retrieval performance, and query expansion is one of
them. Query expansion is a method of increasing the number of documents matched by a
query. The addition of well-selected terms to the original query provides the opportunity
for more relevant documents to match. The additional relevant documents retrieved as a
result of matches with documents that contain terms related to, but not included in the
original query specification [2].
There are three main sources for related words varying in their level of specificity [3]:
I) Query specific: Identifying new terms by locating words in a subset of documents
retrieved by a specific query. The user can do it manually or by using automatic
local analysis of the top N retrieved documents, where N varies from 20 to 100
based on the searched database. This increases performance by 23% on the TREC3
and TREC4 corpora. The main drawback of this approach is the need of more
computation to take place after the user submits his query, which can be a problem
for interactive systems [3].
II) Corpus specific: Uses the whole text within a corpus to determine the relationships
between words. This technique is also called automatic global analysis, where "all
documents in the collection are used to determine a global thesaurus-like structure
which defines term relationships" [4].
Global analysis requires corpus-wide statistics, such as statistics of cooccurrences of pairs of terms, resulting in a similarity matrix among terms or a
global association thesaurus. To expand a query, the terms, which are the most
similar to the query terms, identified and added into the query [5].
III) Language specific: Using a general dictionary to find thesauri that is independent
from any corpus. Because of ambiguity, this type of thesaurus is difficult to use
because it includes multiple meanings for most words [3].
Query Expansion Techniques
Formulating a query is not an easy task. End users spend large amounts of time
reformulating their queries to retrieve relevant information. Researchers are aware of the
deficiencies of end-user queries, which lead to the problem of low retrieval performance.
Query expansion techniques allow the user to obtain better results. Researchers classify
these techniques into relevance feedback, and automatic query expansion.
I. Relevance feedback: it is a mechanism of refining a search process by using
knowledge gained from a preliminary search in a final search [6].
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One approach is the manual query expansion, which demands the user’s
intervention. It requires the user's familiarity with the online searching system, the
indexing mechanism and the domain knowledge, which is generally not true for users on
the Web [5].
Another approach is to give searchers the option of interactively choosing or
ranking additional search terms [6].
II. Automatic query expansion: To enhance our queries, we would not always
need human intervention. Automatic query expansion automatically extracts of supposed
to be beneficial terms from the documents and enhancing user queries by adding these
terms to them. This kind of query expansion is different from an alternative approach
known as interactive query expansion (IQE). IQE enables the users to intervene and
select appropriate terms from the list of terms extracted automatically from the
documents by systems' adopting IQE [7].
"Pseudo-feedback" and "Automatic local analysis" are other known names to this
technique. Although it is used to enhance the retrieval of documents within a corpus, and
the retrieval of Web Pages within the WWW, it does not always lead to enhance the
results [8].
Researchers mainly classify existing query expansion approaches into two
categories – techniques based on global analysis, which obtains expansion terms
depending on the statistics of terms in the whole corpus, and local analysis, which
extracts expansion terms from a subset of the search results [5].
a. Global analysis: It is the process of building a thesaurus to assist users in
reformulating their queries. By analyzing relationships among documents and
statistics of term occurrences in the corpus, a thesaurus can be automatically
established [5].
b. Local analysis: It is the process of extracting expansion terms from a subset of the
initial retrieval results [5].
Stem-Based Query Expansion
When formulating a query, the user must try to predict the words combinations that
are likely to occur in relevant documents while simultaneously avoiding words that are
likely to occur in non-relevant documents. Since it is not possible to predict all possible
uses of language, it is highly unusual for a user to formulate a query that both retrieves
all relevant documents, and eliminates all non-relevant documents. Normally, some
relevant documents will be missed because they include few or none of the query terms,
and some non-relevant documents that nevertheless contain terms used in the query will
be retrieved [2]. As an example, a user might be interested in the uses of computers, and
therefore use a query " "اﺳﺘﺨﺪام اﻟﺤﺎﺳﻮبcomputer usage. The query might then be
expanded to include a combination of variations (inflections) of the query words, that
means the combination of the following variations: " "اﺳﺘﺨﺪامusage, " "ﺧﺪﻣﺔservice,
""إﺳﺘﺨﺪاﻣﺎتusages from one side, with the following variations: ""ﺣﺎﺳﻮبComputer,
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""ﺣﻮﺳﺒﺔcomputing, " "اﻟﺤﺎﺳﺒﺎتcomputers, ""ﺣﺎﺳﺒﺔComputer, and ""ﺣﻮاﺳﻴﺐComputers,
from the other side. The expansion of the query is derived from the stem of the query
terms.
The key point here is that the new terms must be relevant to the query terms. For
example, the terms "  " ﺧﺎدمservant, " "ﺧﺎدﻣﺔmaid, " "ﺧﺪمservants, ""ﺧﺎدﻣﺎتmaids,
" "ﻣﺤﺎﺳﺒﺔaccounting," "ﺣﺴﺎﺑﺎتcalculations, " ﺣﺴﺎبarithmetic, are not relevant to the
previous query, even though they are derived from the stems of the words ""اﺳﺘﺨﺪام
usage, and " "اﻟﺤﺎﺳﻮبcomputer respectively.
Another problem is the addition of incorrect words generated by stemming
algorithms [2]. Therefore, we should try to guarantee the correctness and the similarity
of the new terms to the query terms (good relationship.)
Retrieval performance is most described in terms of precision (the probability that a
retrieved document is relevant), and recall (the probability that a relevant document has
been retrieved.) This performance can be shown using a precision-recall curve that
shows the qualities of the retrieved set as the search progresses [9].
About this Paper
Query expansion was carried out in conjunction with stemming. Query expansion
attaches other terms related to the same concepts, providing a richer representation of the
user's query. Information retrieval systems usually use stemming in order to "reduce
different word forms to common roots, and thereby improve the ability of the system to
match query and documents vocabulary" [10]. Here, we use stemming for grouping
inflected words in a single class; we do not store the stem or use it in the query
operation.
In order to achieve our goal, we have to tackle two problems. First, we have to
ensure the correctness of every new inflected term. Second, a semantic correlation
between the inflected words and the terms of the original query must be established.
This paper reformulates the query using the concept of stemming variations, and
takes into account the correctness and the similarity of new terms. To solve the first
problem (correctness of the new inflected terms), conflation classes are used. The
contents of these conflation classes are the inflected word as it appears in the corpus and
all its derivations. Therefore, we use stemming at indexing time. The second problem
(semantic correlation) solved by computing the co-occurrence of each pair of words in
the same class and then reformulates these classes. This method was developed by [10].
We use the equivalent classes in query expansion such that if an index term appears
in a particular class C, then we expand the query by adding all words to C. Croft et
al.[10] use these classes to provide corpus specific stems such that the shortest query
word in the class is considered as the stem. The goal is to improve the retrieval for
English language. This paper applies the technique developed by Croft et al.[10] on
query expansion for Arabic corpus.
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Arabic Language
The Arabic language is the fifth most widely spoken language in the world. It
belongs to the Semitic family of languages. It differs from the Indo-European languages
morphologically, semantically, and syntactically. The Arabic alphabet contains twentynine letters, written from right to left in cursive form. Diacritical marks (tashkiil <)>ﺗﺸﻜﻴﻞ
can appear either above or below the letters, and they play an essential role in many
cases in distinguishing semantically and phonetically between two identical words.
Diacritical marks are used only in holy books, poems, and children’s literature; while
newspapers, journals and other books for adults are usually printed without diacritics,
which means that many strings and words are ambiguous when read out of context. Most
native Arabic words are derived from verbal roots. Arabized words (Foreign words), on
the other hand, mainly nouns borrowed from other languages with a slight phonetic
adjustment to suit the Arabic pronunciation, have no roots.
Most Arabic words are morphologically derived from a list of roots. The Arabic
language is highly inflected. For example, some of the additional forms of the word
""ﻣﻌﻠﻢteacher are shown in Table 1. Many letters are attached to the word " "ﻣﻌﻠﻢteacher,
while in English they appear as separable forms. Thus, a query that contains the Arabic
word"( "وﻣﻌﻠﻢwhich means and the teacher) will not match any document that contains
the Arabic words listed in Table 1. Arabic word formation is based on an abstraction,
namely, the root. These roots join with various vowel patterns to form simple nouns and
verbs to which affixes can be attached for more complicated derivations [11].
Table 1: Some of the variability of the word " "ﻣﻌﻠﻢteacher
Arabic word

English counterparts

واﻟﻤﻌﻠﻢ

and the teacher

ﻛﺎﻟﻤﻌﻠﻢ

like the teacher

ﻟﻠﻤﻌﻠﻢ

for the teacher

ﺑﺎﻟﻤﻌﻠﻢ

by the teacher

و ﻣﻌﻠﻢ

and teacher

The main challenges Arabic language imposes on the information retrieval (IR)
community are as follow [12]:
• Variations in orthography: Certain combinations of Arabic characters are not unique
in their rendition. For example, sometimes in glyphs combining HAMZA with
ALEF " "أthe HAMZA is dropped ""ا. This makes the glyph ambiguous as to
whether the HAMZA is present.
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• Complex morphology: Arabic has a high degree of inflection. For example, to convey
the possessive, a word shall have the letter " "يYA attached to it as a suffix. There
is no disjoint Arabic-equivalent of "my."
• Broken plurals: In English, broken plurals have some resemblance to the singular
form. This is not so in Arabic broken plurals. Essentially, Arabic broken plurals do
not obey morphological rules and are harder to relate to singular forms.
• Arabic words are derived: Arabic words are usually derived from a root (a simple bare
verb form) that usually contains three letters. In some derivations, one or more of
the root letters may be dropped. In such cases tracing the root of the derived word
would be a much more difficult problem.
• Vowel-diacritics: These are usually omitted from written Arabic. Such omissions
cause ambiguity when interpreting words.
• Synonyms: These are widespread in Arabic literature of all kinds. For good recall,
synonyms should be taken into account during query processing.

Previous Research in Stem-Based Query Expansion
Tudhope [2] allowed users to play an active role by allowing them to determine
which query terms shall be expanded and which of the potential term expansions are
most appropriate.
Croft and Xu built a stemmer for a specific corpus by using a corpus-based word
co-occurrence statistics to construct the conflation classes. They concluded that their
technique is effective and is very suitable for query-based stemming [10].
Larkey, Ballesteros, and Connell developed several light stemmers based on
heuristics, and a statistical stemmer based on co-occurrence for Arabic information
retrieval. They also concluded that a repartitioning process consisting of vowel removal,
followed by clustering using co-occurrence analysis performed better than no stemming
or very light stemming [13].
Aljlayl and Frieder developed a light stemming approach to reduce the number of
conflated words leading to improve the effectiveness of the Arabic information retrieval.
They also showed that a significant improvement in retrieval precision can be achieved
with light inflectional analysis of Arabic words [11].
Akrivas, Wallace, Stamou, and Kollias proposed context sensitive query expansion
based on fuzzy clustering of index terms, these index terms were clustered according to
their common occurrence in documents [14].
The question answering systems have to perform four main tasks, starting with
question analysis, followed by document retrieval, the extraction of appropriate passages
from the retrieved documents, and answer extraction. It is possible to use query
expansion techniques within these systems to enhance the document retrieval task.
Bilotti et al. used stemming and morphological query expansion in their question
answering system. This study shades the light on contradictory results of previous
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studies relating to the effectiveness of stemming on document retrieval. The researchers
refer to the deficiencies in the test collections dedicated to examine question answering
systems. Bilotti et al. found that stemming has negative effects on document retrieval
and that morphological query expansion is much better than stem-based query expansion
based on the recall measurement. The study also found that morphological and stembased query expansions promote the scores of some irrelevant documents, more than
promoting the scores of relevant documents [15].
Sometimes the formulation of different queries by users has a negative effect on the
process of retrieving relevant documents. It is possible to solve such problem partially by
using query expansion. Araujo et al. use a new genetic algorithm (GA) to select
appropriate terms to be added to the queries automatically, or to replace some of the
original query terms, without user supervision. Systems choose candidate terms to be
added to original queries from a morphological thesaurus. The use of these candidate
terms usually increases the number of relevant documents retrieved. Using the whole set
of candidate terms leads to a degradation in the performance of IRS and SE. This study
is based on the idea of adopting GA to select the best of these candidate terms for the
original query. The results show that using GA in selecting the best candidate terms to
expand queries outperforms using blind stem-based query expansion [16].
Kanaan et al. discuss the benefits and techniques of automatic query expansion
(AQE) and interactive query expansion (IQE). AQE does not imply any interference of
the users, and is based on statistical techniques, while IQE includes an interaction
between users and the systems employing IQE, and is based on Relevance Feedback
(RF) techniques. This study is based on a small corpus consists of 242 Arabic abstracts
from the Saudi Arabian National Computer Conference. This study reveals some of
Arabic language problems facing the researchers in this field. The results of this study
shows that IQE is better than AQE, and AQE yields better results than non
expansion[17].
The IRS and SE face the problem of polysemy (multiple meanings) of the same
Arabic word; for example, the Arabic word ("ﺖ
ْ )"ﺑَﻴ, which has multi-meanings
depending on the context, It means a verse in Arabic poems, and a home to live in. AlShalabi et al. use Interactive Word Sense Disambiguation (WSD) to select specific
synonyms to the original query terms, to be used in expanding the original query. The
study refers to an improvement in recall and precision measurements. The precise effect
of using this technique on query expansion is unknown, since the study lacks to tables,
plots, and numerical values [18].

Classes Construction
The program derives the roots of the query words, and then collects and classifies
all words in the corpus descendant from the same root into a distinct class. Afterward;
each class is reformulated by co-occurrence analysis (for each pair of terms) to guarantee
a good relationship between terms.
The term co-occurrence measure is based on the assumption that conflated words
are likely to occur within the same documents or text windows. Croft and Xu suggest
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that a variation of the expected mutual information measure (EMIM) may be used to
determine the significance of word form co-occurrence ([2][10]).

em(a, b) =

o( a, b)
n(a ) + n(b)

(1)

where o(a, b) is the number of times both a and b occur in a text window of
predetermined size (e.g. {<aibj> | distance (aibj) < window size}, where window size is
equal to some unit such as a document), n(a) is the number of times a occurs within the
corpus, and n(b) is the number of times b occurs within the corpus.
This measure can be repeatedly calculated with a equals to the query term and b equals
to each member of the equivalent class. Based on the results of computing em values of
each pair in the class, the class can be presented linearly by decreasing em value, or as a
complex hierarchy.
Larkey and Ballesteros made slight changes on em formula for clustering Arabic corpus.
For the two terms a and b, em is defined as in [13]:

 n − En(a, b) 
em(a, b) = max ab
, 0 

 na + nb

(2)

Where nab is the number of times a and b co-occur in a text window of fixed size. na and
nb are the number of a and b occurrences within the corpus. En(a,b) is the expected
number of co-occurrences of a and b, which is equal to knanb, where k is a constant based
upon the corpus and window size. k is estimated from a sample of 5000 randomly chosen
word pairs:

k=

∑n
∑n n
ab

(3)

a b

Larkey, Ballesteros and Connell used k = 4.85×10-6. They used short Arabic
documents (150 words on average), and document length as window size [13].
Croft and Xu found that em value depends heavily on the window size. The larger
the window size, the higher the em values generated. They found that as long as a
reasonable sized window (larger than 50) is used, the performance will depend only on
the percentage of conflations that are prevented. The dominant overhead of their method
is the time to collect co-occurrence data, which is proportional to the window size. Since
performance does not directly depend on window size, a 100 words window represents a
good compromise between performance and computational overhead [10].
This paper used the same formula used by [10] with the same threshold 0.01. We
used two window sizes for evaluation criteria, 99 lines and 20 lines.
We tested our formula on a corpus of 465 Arabic articles published on a number of
Arabic Web sites.
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The number of initial classes is 10,126 (i.e., 2.13 words per class.) After choosing a
window size of 99 lines and a threshold 0.01, the number of new classes is 9,835 (i.e.,
1.1 words per class.)
With a window size of 20 lines and 0.01 threshold, the number of classes is 11,385
(i.e., 1 words per class.)
Table 2 shows some inflected words that are grouped in a single class for the root
( " "وزعwazaa ) (Distribute.)
After performing the co-occurrence measure using WIN size = 20 lines (274 words
in average) new classes are constructed (see Figure 1.)
Table 2: Inflected words that are grouped in a single class for the root ( " "وزعwazaa )
(Distribute)
Arabic Words
ﺗﻮزﻳﻌﻬﺎ

English Meaning

ﺗﻮزﻳﻊ

Distribution

ﺗﻮزﻳﻌﺔ

Distribution (feminine)

اﻟﻤﻮزع

The distributor (he)

واﻟﻤﻮزﻋﺔ

And the distributor (she)

اﻟﻤﻮزﻋﺔ

The distributor (she)

اﻟﺘﻮزﻳﻌﻴﺔ

The distribution (feminine)

ﻟﺘﻮزﻳﻊ

For distribution

اﻟﺘﻮزﻳﻌﻲ

Adjective (he)

اﻟﺘﻮزﻳﻌﺔ

Adjective (she)

وﻳﻮزع

And distribute

ﻣﻮزﻋﺔ

Distributor (she)

Her distribution
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Words

اﻟﻤﻮزﻋﺔ

In English
And the distributor
(she)
The distributor (she)

اﻟﺘﻮزﻳﻌﻴﺔ

Adjective (she)

واﻟﻤﻮزﻋﺔ

Words

In English
Distribution
(feminine)

ﺗﻮزﻳﻌﺔ
Words

ﻣﻮزﻋﺔ
Words

ﺗﻮزﻳﻌﻬﺎ

In English
Her distribution

ﺗﻮزﻳﻊ

Distribution

Words

ﻟﺘﻮزﻳﻊ

In English
The distribution
(feminine)

اﻟﺘﻮزﻳﻌﺔ

In English
Adjective
(he)
اﻟﺘﻮزﻳﻌﻲ

In English
For distribution

Words
Words

Words

In English
Distributor (she)

وﻳﻮزع

Words

اﻟﻤﻮزع

In English
The distributor
(he)

In English
And distribute

Figure 1: New classes constructed from the co-occurrence measure.

The Stemmer
We developed a stemmer procedure based on suffix and prefix removal of the
Arabic word. It finds the associated pattern that matches the resulting word (see Figure
2.) Aljlayl and Frieder developed a light stemmer to improve the retrieval effectiveness
of Arabic language [11].
ة

ب

ا

ت

ك

ة

ل

ا

ع

ف

ب

ت

ك

Figure 2: Extract the root letters of the word " "ﻛﺘﺎﺑﺔWriting.
We developed our stemmer based on the idea of Aljlayl and Frieder[11], but with a
different technique to remove the suffixes and prefixes of the inflected Arabic word, and
matching the resulted reduced word with predefined patterns.
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1. Normalize corpus.
a. Remove vowels.
b. Remove punctuations.
c. Duplicate any letter that has the Gemination mark (Tashdeed, Shadda symbol
(" ّ ") .)
d. Remove Stopwords.
2. Remove multi letter prefixes:
a. that have length = 3, (ex: ""ﻣﺴﺖ, ""ﻛﺎل, " ) "والif the remaining word length ≥ 3.
b. that have length = 2, (ex: ""ﺳﺖ, " )"ﺳﻲif the remaining word length ≥ 3.
3. Remove all suffixes:
a. that have length = 5, (ex: " )"ﻛﻤﻮﻫﺎif the remaining word length ≥ 3.
b. that have length = 3, (ex: " )"ﻫﻤﺎif the remaining word length ≥ 3.
c. that have length = 2, (ex: " )"ﻫﺎif the remaining word length ≥ 3.
d. Repeat step c, (ex: ""ﻧﺎﻫﺎ.)
e. That have length = 1, (ex: " )"ةif the remaining word length ≥ 3.
4. Repeat step 1 for single letter prefixes (ex: ""ت, ""ي.)
5. Find the pattern corresponding to the resulting word, by checking the similarity
between infix letters of the reduced word and the pattern. If no pattern is found
return the inflected word as it is (e.g., " "ﺗﻜﻨﻮﻟﻮﺟﻴﺎtechnology.)
Examples:
The inflected word (" "اﻟﻼﻋﺒﻮنthe players) can be stemmed as follows:
1. Remove ""ال
2. Remove ""ون
3. Find the pattern that match the word (" "ﻻﻋﺐplayer) which is (""ﻓﺎﻋﻞ
nominative), return Arabic stem (" "ﻟﻌﺐplay.)
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The inflected word (" "ﻳﺴﻤﻌﺎﻧﻬﺎthey are listening to her) can be stemmed as follows:
1. Remove ""ﻫﺎ
2. Remove ""ان
3. Remove ""ي
4. Return Arabic root (" "ﺳﻤﻊlisten)
This stemmer is efficient enough in terms of Recall and Precision for grouping
words that share the same root in a single class. The most important issue here is
grouping, rather than the correctness of the root.
Removing Stopwords
Larkey, Ballesteros and Connell in their experiments concluded that removing
Stopwords (in Arabic) would result in a small increase in average precision. They also
concluded that the best stemmer was a light stemmer that removes Stopwords [13].
So we stem and index words that do not appear in the Stopword list (obtained from
Al-Onaizan[19]) that contains most of Arabic Stopwords.
Methodology
The stages of the methodology are as follows:
Stage 1: Constructing the Equivalent Classes:
1. Enter the corpus that contains a certain number of documents to the system
as a text file.
2. Read each word W from the corpus:
If W is a Stopword, then
Ignore it.
Else
S = Stem(W.)
If S matches one of the S-corresponding classes,
Insert W into S-corresponding class.
Else
Form a new class containing W.
3. Find all word pairs in each class C.
4. Put each word W in a single class.
5. Compute em for each pair.
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6. If (em > threshold) and (the two words are not in the same class), then merge
both classes.
Stage 2: Indexing:
This stage will make the search process fast. For each word create table entries
consisting of the word, and the documents’ numbers where it was found.
Stage 3: Building IR System:
1.

Read the query and extract the query terms.

2.

Find all words that have the same class number for each index term.

3.

Retrieve all documents that contain any index term of the expanded query.

4.

Rank documents using the similarity measure.

Experiments and Results
The corpus
We use a corpus of 465 Arabic articles. These documents have average of 274
words per document. Total number of (Index terms) is 127,414.
Evaluation:
Average precision at seen relevant documents is being used in [4], and the average
recall and precision curve to evaluate the system. We also calculated the average recall
for all queries.
Recall and precision are relevance-based evaluation measures of IR. The second
measure precision formed the basis of the evaluation of search engines. Recall is the
proportion of all relevant documents in a database retrieved by information retrieval
systems (IRS), and precision is the proportion of retrieved documents that are relevant to
the query. To calculate recall and precision, we have to form and count the following
four document sets for a given query: relevant and retrieved documents, relevant and
non-retrieved documents, non-relevant and retrieved documents, and non-relevant and
non-retrieved documents [20].
The results of this study based on 59 suggested queries by the students of an IR
course at Yarmouk University for the Arabic articles described above. The system
evaluated with small WIN size (20 lines) and big WIN size (99) lines.
Results
I. Recall:
Table 3 shows the recall values (Number of relevant documents retrieved / Total
number of relevant documents) for 59 queries.
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Table 3: Recall values for all queries; without expansion, expansion with small WIN
and expansion with big WIN
Qnum

No Expan

Expan (small WIN)

Expan (big WIN)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

0.61
0.68
0.65
0.43
0.50
0.61
0.68
0.51
0.86
0.87
0.28
0.20
0.57
0.32
0.27
0.38
0.58
0.49
0.30
0.40
0.98
0.57
1.00
0.37
1.00
0.21
0.37
0.90
0.89
0.35
0.92
0.78
0.49
1.00

0.96
0.76
0.70
0.80
0.63
0.92
0.92
0.96
0.93
0.91
0.96
0.20
1.00
0.88
1.00
0.63
0.58
0.49
1.00
0.40
1.00
1.00
1.00
0.51
1.00
0.21
1.00
0.92
0.99
0.59
0.98
0.87
1.00
1.00

0.96
0.89
0.80
0.97
0.67
0.92
0.92
0.96
1.00
1.00
0.96
0.20
1.00
0.96
1.00
0.50
0.58
0.49
1.00
0.40
1.00
0.65
1.00
0.54
1.00
0.21
1.00
1.00
0.99
0.59
0.98
0.97
0.97
1.00
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Qnum

No Expan

Expan (small WIN)

Expan (big WIN)

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
Average

0.59
0.70
0.81
0.45
0.92
0.61
0.43
0.98
1.00
1.00
0.75
0.91
0.56
0.56
0.58
0.71
0.39
0.41
0.53
0.96
0.47
0.5
0.83
0.89
0.68
0.63

0.59
0.72
0.91
0.90
1.00
0.98
0.86
0.98
1.00
1.00
0.86
0.93
0.72
0.91
0.62
0.75
1.00
0.78
1.00
0.96
0.59
0.67
0.83
1
0.95
0.83

0.72
0.81
0.91
0.90
1.00
0.98
0.86
0.98
1.00
1.00
0.86
0.96
0.79
0.92
0.62
0.92
1.00
0.89
1.00
0.96
0.59
0.83
0.83
0.98
0.95
0.85

 Average recall without query expansion for the 59 queries = 0.63.
 Average recall with query expansion (big WIN) for the 59 queries = 0.85
 Average recall with query expansion (small WIN) for the 59 queries = 0.83
Table 3 indicates that the query expansion improved the average recall value by
20% relative to no expansion. In addition, the results indicate that the size of the window
has positive effects on 31% of the queries. Further investigation to these results indicates
that big WIN is more effective for queries that contain rarely used words.
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II. Precision:
Table 4 shows the precision values (Number of relevant documents retrieved / Total
number of documents retrieved) for 59 queries. Table 4 shows the average precision at
seen relevant documents for the 59 queries, with small and big WIN.
Table 4: Precision values for all queries; without expansion, expansion with small WIN
and expansion with big WIN
Qnum

No Expan

Expan (small WIN)

Expan (big WIN)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

0.33
0.23
0.17
0.32
1.00
0.18
0.20
0.45
0.35
0.25
0.13
0.67
0.39
0.31
0.16
0.50
0.83
0.83
0.17
0.25
0.33
0.39
0.40
0.28
0.23
0.67
0.28
0.26
0.38
0.42
0.37

0.42
0.26
0.35
0.62
1.00
0.48
0.53
0.38
0.37
0.20
0.24
1.00
0.36
0.28
0.12
0.54
0.95
0.80
0.10
0.42
0.58
0.33
0.63
0.16
0.49
0.86
0.26
0.26
0.30
0.42
0.37

0.41
0.22
0.46
0.43
0.99
0.44
0.49
0.40
0.40
0.24
0.26
1.00
0.36
0.24
0.12
0.60
0.95
0.79
0.11
0.33
0.61
0.47
0.63
0.15
0.45
0.71
0.26
0.25
0.31
0.46
0.31
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Qnum

No Expan

Expan (small WIN)

Expan (big WIN)

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
Average

0.26
0.14
0.15
0.79
0.64
0.22
0.20
0.84
0.26
0.11
0.37
0.37
0.28
0.15
0.27
0.67
0.17
0.30
0.22
0.43
0.28
0.18
0.42
0.20
0.20
0.45
0.30
0.26

0.22
0.11
0.24
0.84
0.87
0.30
0.20
0.52
0.38
0.15
0.41
0.43
0.33
0.82
0.36
0.94
0.27
0.54
0.25
0.40
0.26
0.20
0.32
0.26
0.25
0.97
0.34
0.22

0.24
0.11
0.27
0.73
0.82
0.30
0.20
0.66
0.39
0.16
0.47
0.43
0.35
0.85
0.49
0.90
0.29
0.53
0.22
0.32
0.25
0.20
0.30
0.26
0.23
1.00
0.36
0.24

0.35

0.43

0.43

Average precision without query expansion for the 59 queries = 0.35.
Average precision with query expansion (big WIN) for the 59 queries = 0.43
Average precision with query expansion (small WIN) for the 59 queries = 0.43
Table 4 indicates that the query expansion improved the average precision value by
8% only relative to no expansion.
Referring to Tables 3 and 4, the average precision and recall values are, 0.43 & 0.85
respectively, when using big WIN. In addition, the average precision and recall values
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are, 0.43 & 0.83 respectively when using small WIN. These results indicate that the size
of the windows does not affect the precision values, while the size of the window has a
slight effect on recall. The average recall value of big WIN improved by 2% only,
relative to small WIN.
III. Average Recall and Precision Curve
Fig. 3 shows the average precision at 9 standard recall values for two window
values WIN.

Figure 3: Average Recall and Precision Curve

Conclusions
Queries' shortness and the differences between the terms used in the queries and
documents affect the performance of information retrieval systems. Stem-based query
expansion has a large effect on Arabic information retrieval. This technique can achieve
a big recall improvement exceeding 20% using the co-occurrence word variation
clustering for Arabic Corpus.
It guarantees the correctness of the new variation and the semantic relation between
any two words in the class. This is useful for Arabic since it is highly inflected language.
We should be aware, because this method may affect precision (especially for Arabic.)
The algorithm implemented in this paper restricted to extract trilateral Arabic roots
(three consonant string) from its morphological derivates, so our future work will
concentrate on improving this algorithm to include quadrilateral Arabic roots (four
consonant string) from its morphological derivates, in addition to Recall improvement.
Further research will compare this technique with others with respect to a larger
dataset and query sets.
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اﻹﺳﺘﻌﻼﻣﺎت اﳌﻮﺳﻌﺔ اﻟﻘﺎﺋﻤﺔ ﻋﻠﻰ ﺟﺬور اﻟﻜﻠﻤﺎت اﻟﻌﺮﺑﻴﺔ ﺑﺎﻹﻋﺘﻤﺎد ﻋﻠﻰ اﳌﻜﻨﺰ
Arabic Corpus اﻟﻌﺮﺑﻲ
 زاﻫﺮ ﺻﺎﻟﺢ و ﻣﻌﻦ ﺣﻤﺎد، ﻧﻮر اﻟﺰﻏﻞ، رﻳﺎض اﻟﺸﻠﺒﻲ، ﻏﺴﺎن ﻛﻨﻌﺎن،ﻣﺤﻤﺪ اﻟﻜﻌﺒﻲ

ﻣﻠﺨﺺ
 وﺗﻘﻮم اﻟﻄﺮﻳﻘﺔ اﻟﻤﺴﺘﺨﺪﻣﺔ ﻋﻠﻰ إﺳﺘﺨﻼص.ﺗﻘﺪم ﻫﺬه اﻟﻄﺮﻳﻘﺔ ﺣﻼ ﻟﺘﻄﻮﻳﺮ أﻧﻈﻤﺔ اﻹﺳﺘﺮﺟﺎع اﻟﻌﺮﺑﻴﺔ
( ﻣﻮﺟﻮدة ﻓﻲKeyword)  ﺑﺤﻴﺚ ﻳﻘﻮم اﻟﻨﻈﺎم اﻟﻤﺼﻤﻢ ﻋﻠﻰ إﻳﺠﺎد ﺟﺬر ﻛﻞ ﻛﻠﻤﺔ ﻣﻔﺘﺎﺣﻴﺔ،اﻟﺠﺬور اﻟﻌﺮﺑﻴﺔ
 ﻟﻴﺠﺪ ﺑﻌﺪﻫﺎ ﺟﻤﻴﻊ اﻟﻜﻠﻤﺎت اﻟﻌﺮﺑﻴﺔ اﻟﻤﺸﺘﻘﺔ ﻣﻦ ﺟﺬر اﻟﻜﻠﻤﺔ اﻟﻤﻔﺘﺎﺣﻴﺔ ﺑﺎﻹﻋﺘﻤﺎد ﻋﻠﻰ،(Query) اﻹﺳﺘﻌﻼم
 ﻟﺘﻌﺎد ﺻﻴﺎﻏﺔ ﻛﻞ،( ﻟﺠﻤﻌﻬﺎ وﺗﺼﻨﻴﻔﻬﺎCorpus) ﻣﺠﻤﻮﻋﺔ اﻟﻜﻠﻤﺎت وﻣﺮادﻓﺎﺗﻬﺎ ﻣﻌﺘﻤﺪا ﻋﻠﻰ اﻟﻤﻜﻨﺰ اﻟﻌﺮﺑﻲ
 وﻣﻦ ﺛﻢ ﺗﻀﺎف اﻟﻰ اﻹﺳﺘﻌﻼم اﻷﺻﻠﻲ،(Terms) ﺻﻨﻒ ﺑﻬﺪف ﺿﻤﺎن وﺟﻮد ﻋﻼﻗﺎت ﻣﺎ ﺑﻴﻦ اﻟﻜﻠﻤﺎت
(Documents)  ﺗﻌﻘﺐ ﻋﻤﻠﻴﺔ اﻟﺘﻮﺳﻌﺔ ﻟﻺﺳﺘﻌﻼم ﻋﻤﻠﻴﺔ اﻟﺒﺤﺚ ﻹﻳﺠﺎد ﻋﺪد أﻛﺒﺮ ﻣﻦ اﻟﻮﺛﺎﺋﻖ.ﻟﺘﻮﺳﻌﺘﻪ
 وﻗﺪ. وﻳﻠﺰم أن ﺗﻮﺟﺪ ﻋﻼﻗﺔ ﻣﺎ ﺑﻴﻦ ﻛﻞ ﻛﻠﻤﺔ ﺗﻀﺎف اﻟﻰ اﻹﺳﺘﻌﻼم واﻟﻜﻠﻤﺎت اﻷﺻﻠﻴﺔ ﻟﻺﺳﺘﻌﻼم.اﻟﻌﺮﺑﻴﺔ
.%20 ﺧﻠﺺ اﻟﺒﺤﺚ ﺑﺄن ﻫﺬه اﻟﻄﺮﻳﻘﺔ ﺗﺤﺴﻦ ﻣﻦ دﻗﺔ ﻧﺘﺎﺋﺞ أﻧﻈﻤﺔ اﻹﺳﺘﺮﺟﺎع اﻟﻌﺮﺑﻴﺔ ﺑﻨﺴﺒﺔ ﺗﻘﺮب ﻣﻦ اﻟـ
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Abstract
A spectrophotometric flow-injection analysis (FIA) method is proposed for the simultaneous
determination of Fe(II) and Fe(III) in iron ores. The method is based on the reaction of 1,10phenanthroline (Ph) with Fe(II) and Fe(III) in acetate buffer medium at pH 5.0, and subsequent
measurement of the absorbance values of the formed colored complexes, (Ph)3Fe(II) and
(Ph)3Fe(III), by two spectrophotometric detectors in series configuration. The first detector
monitors both complexes at 380 nm, and the second is used to monitor only (Ph)3Fe(II) at 510 nm.
The calibration graphs are linear in the range 1.0-40 ppm for both iron species, with a % R.S.D. of
about 1%. The detection limits were found to be 0.2 and 0.1 ppm for Fe(II) and Fe(III),
respectively. Results obtained for iron ores agree well with those obtained by atomic absorption
spectrometry.

Keywords: Simultaneous determination; Iron(II) and Iron(III); Flow-Injection analysis;
Two spectrophotometric detectors.

Introduction
The concept of simultaneous determination used in this work is related to the
determination of two or more species in the same sample with a single measurement.
Simultaneous, accurate determination of the different chemical species of the same
element is of extreme importance in nature as it determines the toxicity and role played
by such species in the environment [1]. For many iron determinations, it is important to
know not only the total concentration, but also the relative contribution of its valence
states, Fe(II) and Fe(III).
Several techniques have been exploited to effect iron speciation analysis. Fe(II) and
Fe(III) have been determined by FIA and direct current amperometric detection with a
glassy carbon electrode in which the two oxidation states are differentiated by an
appropriate choice of the indicator potential [2]. Iron speciation has also been carried out
by a combination of spectrophotometry and atomic absorption spectrometry [3]. The use
of a valve switch between streams with or without a redox reagent, for sequential
determination of the oxidation state of an element, has also been tried for iron analysis
© 2009 by Yarmouk University, Irbid, Jordan.
* Chemistry Department, Yarmouk University, Irbid, Jordan.
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[4]. One of the most interesting systems used for iron speciation has been the use of
selective indicator reactions for each oxidation state, with a valve to switch between the
streams of buffered 1,10-phenanthroline and acetytohydroxamic acid [5]. Faizullha and
Townshend [6] reported a spectrophtometric system in which Fe(II) and total iron were
determined by splitting an injected sample so that a portion passed through a reducer
column and a delay coil before both streams were recombined and mixed with 1,10phenanthroline for sequential spectrophotometric detection. Flow-injection
determination of Fe(II), Fe(III) and total iron with chemiluminescence detection was
reported by Sarantoins and Townshend [7]. Bermejo et al. [8] carried out iron speciation
analysis by size exclusion chromatography, liquid chromatography and electrothermal
atomic absorption spectrometry. Pavon et al. [9] demonstrated a reversed injector
loading technique for simultaneous determination by FIA. Sandwich techniques in FIA
have also been used for iron speciation analysis [10]. The automatic pre-concentration
determination of sulphate, ammonia and Fe(II) and Fe(III) has been demonstrated [11].
A synchronous merging zones system for the spectrophotometric determination of Fe(II)
and Fe(III) was demonstrated by Oliveira et al. [12]. A method where iron speciation
was successfully determined was demonstrated by van Staden and Matoetoe using
differential pulse anodic stripping voltammetry in a flow-through configuration on a
glassy carbon electrode [13].
Almost all the schemes described are not simultaneous analysis but split streams,
two injections or multi-detection systems. In addition, although these methods can
differentiate the two iron forms they are tedious, and time consuming.
The aim of this work is to demonstrate the application of VIS/FIA system, with two
spectrophotometric detectors in series configuration, for the simultaneous determination
of Fe(II) and Fe(III) with a single spectrophotometric reagent. Differentiation between
Fe(II) and Fe(III) was achieved by an appropriate choice of the wavelengths used for
absorbance measurements of the two iron complexes formed with 1,10-phenanthroline.
Fig.2. dipects the absorbance spectra for (Ph)3Fe(II) and (Ph)3Fe(III) complexes in
acetate buffer medium at pH 5.0. Two absorbance readings were obtained by injecting
an iron sample. The first reading (monitored by the first detector) at 380 nm gives the
total iron, and the second reading (monitored by the second detector) at 510 nm gives
Fe(II) only. The proposed method is simple, rapid and reliable for the determination of
Fe(II) and total iron with the subsequent calculation of Fe(III) in iron ores.
Experimental
Reagents
All chemicals were of analytical-reagent grade and distilled, de-ionized water was
used throughout.
1,10-phenanthroline reagent solution, 0.2% (w/v). A 0.500 g amount of 1,10phenanthroline was dissolved in about 200 mL of hot (about 60°C) water and then the
solution was cooled and made up to 250 mL with water.
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Acetate buffer solutions. These were 0.50 M sodium acetate (CH3COONa.3H2O)
solutions at pH 3.0, 4.0, 5.0 and 6.0. The pH of these solutions were adjusted with 1 M
H2SO4. All pH measurements were made using pH Meter 3320 JENWAY.
Standard Fe(II) solution. A stock solution containing 200 ppm of Fe(II) is prepared by
dissolving 0.1404 g of ammonium ferrous sulfate [(NH4)2Fe(SO4)2. 6H2O] in a mixture
of 2 mL of concentrated sulfuric acid and 5 mL of water and diluting to 100 mL with
water.
Standard Fe(III) solution. A stock solution containing 200 ppm of iron (III) was
prepared by dissolving 0.1727 g of ammonium ferric sulfate [NH4Fe(SO4)2.12H2O] in
the same way as the Fe(II) stock solution. Working standard solutions containing Fe(II)
or Fe(III) in the range 0.10-50.0 ppm were prepared by dilution of the stock solutions
with carrier solution.
Carrier solution. 0.01 M H2SO4.
Dissolution of iron ores
About 100 mg of iron ore sample (accurately weighed) was placed in a 50 mL
conical flask and 5 mL of hydrochloric acid (1:1) were added. A short-necked funnel
was inserted into the neck of the flask. The mixture was heated gently under a fume
hood until the residue is free from colored material. The funnel and the neck of the flask
was rinsed with water. After cooling, the liquid was filtered off through a quantitative
filter. The filter paper was washed with dilute HCl and the washing was allowed to pass
into the flask. Finally, the funnel is removed and the volume of the sample solution was
made up to 100 mL with water.
Sample solutions of four iron ores including titanoferrous magnetite, ferruginous
sandstone, hematite, and siderite were prepared. Working solutions were prepared by
accurate dilution of each sample solution with carrier solution.
Apparatus
The flow diagram for simultaneous determination of Fe(II) and Fe(III) is shown in
Fig. 1. The FIA system was assembled from 0.51 mm Microline tubing. The manifold
consists of three lines, the top one carries the carrier into which the sample is injected,
the middle line carries the reagent solution and the lower line carries the buffer solution.
Carrier, reagent and buffer solutions were delivered by and Ismatic REGLO 100 pump
operated with Tygon tubing. The sample is aspirated from the sample container into the
injection valve using a Rheodyne four-way Teflon valve injector (Type 50). The injected
sample is merged with the reagent and buffer solutions through the mixing coils, L1 and
L2, towards two detectors in series. The first detector, D1, is a DMS 100 UV-Visible
spectrophotometer with a 10 mm micro flow-cell, 18 µL (Hellma type, Model
05178.12) and was connected to a linear 1200 chart recorder. The second detector, D2,
is a UNICAM (Type Helios Gamma) spectrophotometer with another 10 mm microflowcell, 18 µL. The length of the microline tubing between the two micro flow cells, d, was
as short possible (about 40 cm) to minimize dispersion.
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FIA
The flow system illustrated in Fig.1. is used. The sample solution (50 µl) injected
into 0.01 M H2SO4 carrier stream (flow rate, 0.4 mL min-1) was merged into 1,10phenanthroline (flow rate, 0.4 mL min-1) and acetate buffer stream (flow rate, 0.4 mL
min-1) through the mixing coils L1 and L2 towards D1 and D2 flow-through cells. After
an injection, the valve was returned to the load position when the baseline was reached.

Q

S

0.4

L1

0.4

10cm

D1
L2

C
50cm

380
nm

D2
d

510
nm

W

R
0.4

B
Figure 1: Three-line manifold for simultaneous determination of Fe(II) and Fe(III). The
i.d. of the Microline tubing was 0.51 mm from the injection valve to the two
detectors. C, carrier stream; R, reagent stream; B, buffer stream; Q, flow rate
(mL min-1); S, sample injector; L1, and L2, mixing coils; d (40 cm), the
Microline tubing between the two flow through cells of the two
spectrophotometers (D1 and D2); W, waste.

Results and Discussion
The FIA system used in this work allows rapid continuous simultaneous
determination of iron (II) and iron (III) by direct monitoring the absorbance of 1,10phenanthroline chelates of iron. Absorbance measurements were performed using the
manifold shown in Fig. 1. The absorption spectra in the range 360-610 nm for each of
(Ph)3Fe(II) and (Ph)3Fe(III), obtained by injecting each of Fe(II) and Fe(III) standard
solutions (10 ppm) in the carrier stream, using 0.2% 1,10-phenanthroline reagent and
acetate buffer at pH 5.0, is shown in Fig. 2. (Ph)3Fe(II) absorbs strongly at 510 nm and
weakly at 380 nm, and (Ph)3Fe(III) absorbs fairly at 380 nm and negligibly (almost zero)
at 510 nm. Based upon these observations, 380 and 510 nm were chosen as the optimum
wavelengths for studying the pH and FIA variables influencing the system.
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0.40

(Ph)3 Fe(II)

Absorbance

0.30

0.20

0.10
(Ph)3 Fe(III)

0.00
400.00

500.00
Wavelength (nm)

600.00

Figure 2: Absorption spectra for (Ph)3Fe(II) and (Ph)3Fe(III) complexes at pH 5.0 with
the manifold shown in Fig.1. Carrier, 0.01 M H2SO4; [Fe(II)] = [Fe(III)] = 10
ppm; injection volume, 50 µL.
Optimization of pH and FIA Variables
pH effect
The effect of pH on the absorption of solutions containing 10 ppm Fe(II) or Fe(III)
was studied in the range 3.0-6.0. Fig.3. shows that the absorbance values of (Ph)3Fe(II)
complex at 380 nm and 510 nm are independent of pH, whereas (Ph)3Fe(III) complex
shows that the maximum absorbance at 380 nm is obtained at pH ≥ 5.0. Therefore, a pH
of 5.0 was recommended for attainment of maximum absorbance for both complexes.
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0.40

(Ph)3 Fe(II), 510nm

Absorbance

0.30

0.20
(Ph)3 Fe(III), 380nm

0.10

(Ph)3 Fe(II), 380nm

(Ph)3Fe(III), 510nm

0.00
3.00

4.00

5.00

6.00

pH
Figure 3: Effect of pH on simultaneous determination of Fe(II) and Fe(III).
[Fe(II)] = [Fe(III)]= 10 ppm; injection volume, 50 µL; other conditions as given in Fig.1.
Sample volume injection, SV
As the sample volume of Fe(II) or Fe(III) increased from 25 µL to 100 µL, the
absorbance signal (at both wavelengths) increased by about 80% but tailing increased,
thus lowering the sampling rate (90 to 30 samples h-1). A 50 µL sample loop was
selected for use. The results obtained for [Fe(II)] = [Fe(III)] = 10 ppm, with the manifold
shown in Fig. 1, were as follows :
25 µL

SV

50 µL

100 µL

λ nm

380

510

380

510

380

510

Fe(II)

0.047

0.258

0.068

0.382

0.080

0.470

Fe(III)

0.101

0.004

0.150

0.005

0.185

0.007
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Length of the mixing coils, L1 and L2
The most frequently used internal tube diameter in FIA applications is 0.5 mm [14].
The length of the mixing coil, L1, was kept constant (10 cm) while the length of the
mixing coil, L2, was changed within the range 20-150 cm. It was found that increasing
the coil length lowered the peak height, because of increased dispersion, but improved
the reproducibility, which was necessary to obtain a stable baseline. The length of L2
coil was optimized to give ample reaction time with minimum dispersion. A 50 cm and
an i.d. of 0.51 mm Microline tubing was chosen for use.
Flow rate, FR
The signal increased about 8% when the FR was changed from 0.8 to 2.3 mL min-1
but the residence time and dispersion were affected by the FR employed. Therefore, a
flow rate of 1.2 mL min-1 was selected to achieve high sensitivity of the measurements
with a reasonable sampling rate. At this flow rate, the average sampling rate with 50 µL
sample injections was around 60 samples h-1.
Calibration
Calibration graphs were generated by triplicate injections of Fe(II) or Fe(III)
standard solutions from a sample loop of 25 cm of 0.51 mm bore Microline tubing
(sample volume about 50 µL), at a flow rate of 1.2 mL min-1. Fig. 4(A) shows that the
calibration graphs are linear in the range 1.0-40 ppm Fe(II) at 380 nm and also at 510
nm. Fig. 4(B) shows that the calibration graph is linear in the range 1.0-40 ppm Fe(III) at
380 nm. Each of the calibration graphs has a regression coefficient of 0.999. The
detection limits, defined as the concentration that gives a signal three times the standard
deviation of the background signal, were 0.2 and 0.1 ppm Fe(II) at 380 nm and 510 nm,
respectively, and 0.1 ppm Fe(III) at 380 nm. For successive injections of standard
solutions of Fe(II) or Fe(III) (10 ppm each), the precision of the method was found to be
about 1% RSD for each species.
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1.60
(A) Fe(II)

1.20

Absorbance

510 nm

0.80

0.40
380 nm

0.00
0.00

10.00

20.00
30.00
Fe(II) , ppm

40.00

50.00

0.80

(B) Fe(III)
380nm

Absorbance

0.60

0.40

0.20

510nm

0.00

0.00

10.00

20.00

30.00

40.00

50.00

Fe(III), ppm

Figure 4: Calibration graphs for the FIA-Spectrophotometric simultaneous
determination of (A) Fe(II) and (B) Fe(III) with the manifold shown in Fig.1.
Carrier, 0.01 M H2SO4; reagent 0.2% phenalphthaline; buffer, 0.5 M acetate
(pH 5.0), injection volume 50 µL.
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Simultaneous Determination of Fe(II) and Fe(III) in Iron Ores
The calibration curves obtained (Fig. 4) are linear and pass through the origin,
illustrating obeyance to Beer's law. Equations (1) and (2) were derived from these plots,
from which the concentration of Fe(II) and Fe(III) (ppm) in iron ores were calculated :
A380nm = 0.00630 [Fe(II)] + 0.0150[Fe(III)]

(1)

A510nm = 0.0340 [Fe(II)].f

(2)

The right hand side of equation (2) is multiplied by the concentration factor (f)
because the concentration of Fe(II) complex decreases (due to dispersion) as it passes
from D1 to D2 through the 40 cm Microline tubing (d) shown in Fig. 1. This factor can
be obtained by injecting a standard solution of Fe(II), with the manifold shown in Fig. 1,
while the two detectors are at 510 nm settings. The ratio of the absorbance of the second
detector, D2, to that of the first detector, D1, gives the value of (f). In this system, the
value of (f) was found to be 0.98.
In order to apply the automatic VIS/FIA method for the simultaneous determination
of Fe(II) and Fe(III) in iron ores, the interference effect of diverse metals which may be
found in common iron ores should be considered. Chemical analysis [15-16] shows that
some iron ores such as hematite and limonite contains SiO2, Al2O3, Mn, Ca, Mg, Ti, Ni
and Co. Among these, only Ni and Co form chelates with 1,10-phenanthroline, and has
no effect on the determination of iron by this VIS/FIA method because both chelates do
not absorb in the visible range [17]. Moreover, in the presence of interfering metal ions,
a larger excess of 1,10-phenanthroline can be used to replace the complexed by the
interfering metals [18].
The accuracy of the proposed VIS/FIA method was determined by analysis of
standard Fe(II) and Fe(III) mixtures. These mixtures were prepared from standard,
AnalaR(BDH), Substances; (NH4)2Fe(SO4)2.6H2O and NH4Fe(SO4)2.12H2O. The results
of three standard mixtures are given in Table 1.
Table 1: Results obtained for the simultaneous determination of Fe(II) and Fe(III) in
standard mixtures by the proposed VIS/FIA method. The FIA values are the
results of triplicate injections; the standard deviation of each results did not
exceed 1%
Taken, ppm

Found, ppm

Error, %

Fe(II)

Fe(III)

Fe(II)

Fe(III)

Fe(II)

5.00

5.00

5.04

4.95

+0.8

-1.0

10.00

10.00

10.03

9.94

+0.3

-0.6

20.00

20.00

19.94

20.04

-0.3

+0.2
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The proposed method was applied successfully for the simultaneous determination
of Fe(II) and Fe(III) in four iron ores without pretreatment since the diverse metal ions
have no effect on the determination.
A measure of the reliability of the proposed method is given in Table 2 in which the
total iron content in the iron ores are compared with those obtained using atomic
absorption spectroscopy (AAS). As can be seen, there is a good agreement between the
results of the two methods. It is also apparent that the results for total iron were not
affected by the various metals in the ore samples.
Table 2: Results obtained for the simultaneous determination of Fe(II) and Fe(III) in
some iron ores by the proposed VIS-FIA method and determination of the
total iron by AASa. The flow injection analysis values are the results of
triplicate injections; the relative standard deviation of each result did not
exceed 1%
Fe content (%)
Sample

b

VIS/FIA method

AAS method

Fe(II)

Fe(III)

Total iron

Total iron

Hematite

1.20

58.65

59.85

59.53

Siderite

33.81

1.32

35.13

34.32

Titaniferous magnetite

3.35

35.40

38.75

38.14

Iron-stone

1.95

18.85

20.80

20.60

a. A varian (Spectra AA55B) atomic absorption spectrophotometer equipped with an
iron hollow-cathode lamp was used. The wavelength was 248.3 nm and the
operating conditions was adjusted following standard recommendations.
b. Provided by the Geology and Environmental Sciences Department, Yarmouk
University, JORDAN.

Conclusions
A sensitive and reasonable fast FIA-spectrophotometric method for the
simultaneous determination of iron(II) and iron(III) in iron ores is developed. This work
demonstrates the use of two spectrophotometric detectors in series configuration with a
single spectrophotometric reagent (1,10-phenanthroline). The method can be carried out
at a rate up to 60 determinations per hour with a relative standard deviation of about 1%.
The calibration graphs are linear in the range 0.1-40 ppm of both iron species using a
sample volume of 50 µL. The detection limits were found to be 0.2 and 0.1 ppm for
Fe(II) and Fe(III), respectively. Results obtained on iron ores agree with those obtained
by atomic absorption procedure.
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ﺗﻘﺪﻳﺮ اﻟﺤﺪﻳﺪ اﻟﺜﻨﺎﺋﻲ واﻟﺤﺪﻳﺪ اﻟﺜﻼﺛﻲ ﻣﻌ ًﺎ ﻓﻲ ﺧﺎﻣﺎت اﻟﺤﺪﻳﺪ ﺑﺎﺳﺘﺨﺪام اﻟﺘﺤﻠﻴﻞ
ﺑﺎﻟﺤﻘﻦ اﻟﺠﺮﻳﺎﻧﻲ ﻃﻴﻔﻴ ًﺎ ﺑﻮاﺳﻄﺔ ﻛﺎﺷﻔﲔ ﻣﺘﺼﻠﲔ ﻋﻠﻰ اﻟﺘﻮاﻟــــﻲ
أﻣﻴﻦ ﺗﻮﻓﻴﻖ اﻟﺤﺎج ﺣﺴﻴــﻦ
ﻣﻠﺨﺺ
ﺗﻢ ﺗﻘﺪﻳﻢ ﻃﺮﻳﻘﺔ ﺟﺪﻳﺪة ﻟﺘﻘﺪﻳﺮ اﻟﺤﺪﻳﺪ اﻟﺜﻨﺎﺋﻲ  ، Fe(II) ،واﻟﺤﺪﻳﺪ اﻟﺜﻼﺛﻲ  ، Fe(III) ،ﻓﻲ ﺧﺎﻣﺎت
اﻟﺤﺪﻳﺪ ﺑﺎﺳﺘﺨﺪام اﻟﺘﺤﻠﻴﻞ ﺑﺎﻟﺤﻘﻦ اﻟﺠﺮﻳﺎﻧﻲ .ﺗﻌﺘﻤﺪ اﻟﻄﺮﻳﻘﺔ ﻋﻠﻰ ﺗﻔﺎﻋﻞ -1،10ﻓﻴﻨﺎﻧﺜﺮوﻟﻴﻦ ) (Phﻣﻊ
) Fe(IIو ) Fe(IIIﻓﻲ وﺳﻂ ﻣﺤﻠﻮل ﻣﻨﻈﻢ )اﺳﻴﺘﺎت( ﻋﻨﺪ درﺟﺔ ﺣﻤﻮﺿﺔ  ،5 = pHوﻗﻴﺎس ﻗﻴﻢ اﻻﻣﺘﺼﺎص
ﻟﻠﻤﺮﻛﺒﺎت اﻟﻤﻌﻘﺪة اﻟﻤﺘﻜﻮﻧﺔ وﻫﻲ ) (Ph)3Fe(IIو ) (Ph)3Fe(IIIﺑﺠﻬﺎزﻳﻦ ﻟﻠﻘﻴﺎس اﻟﻄﻴﻔﻲ )ﻛﺎﺷﻔﻴﻦ(
ﻣﺘﺼﻠﻴﻦ ﻋﻠﻰ اﻟﺘﻮاﻟﻲ ،ﺣﻴﺚ ﻳﻘﻴﺲ اﻟﺠﻬﺎز اﻷول اﻻﻣﺘﺼﺎص ﻟﻠﻤﺮﻛﺒﻴﻦ اﻟﻤﻌﻘﺪﻳﻦ ﻋﻨﺪ ﻃﻮل اﻟﻤﻮﺟﺔ 380
ﻧﺎﻧﻮﻣﻴﺘﺮ واﻟﺜﺎﻧﻲ ﻳﻘﻴﺲ اﻣﺘﺼﺎص ) (Ph)3Fe(IIﻓﻘﻂ ﻋﻨﺪ ﻃﻮل اﻟﻤﻮﺟﺔ  510ﻧﺎﻧﻮﻣﻴﺘﺮ .ﻟﻘﺪ اﺛﺒﺘﺖ اﻟﻄﺮﻳﻘﺔ
اﻟﻤﻘﺘﺮﺣﺔ ﻓﻌﺎﻟﻴﺘﻬﺎ ﻓﻲ ﺗﻘﺪﻳﺮ اﻟﺤﺪﻳﺪ ﻓﻲ اﻟﻤﺪى  40-1ﺟﺰء ﺑﺎﻟﻤﻠﻴﻮن ﻟﻜﻼ اﻟﻨﻮﻋﻴﻦ .وﻗﺪ ﺗﻤﻴﺰت اﻟﻄﺮﻳﻘﺔ
ﺑﺤﺴﺎﺳﻴﺘﻬﺎ ﺣﻴﺚ ﺑﻠﻎ اﻟﺤﺪ اﻻدﻧﻰ ﻟﻠﺘﺮﻛﻴﺰ  0.1 ,0.2ﺟﺰء ﻓﻲ اﻟﻤﻠﻴﻮن ﻟـ ) Fe(III) ، Fe(IIﻋﻠﻰ اﻟﺘﺮﺗﻴﺐ.
ﻛﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ اﻟﺘﻲ اﻋﻄﺘﻬﺎ ﻫﺬه اﻟﻄﺮﻳﻘﺔ ﻓﻲ ﺗﺤﻠﻴﻞ ﺧﺎﻣﺎت اﻟﺤﺪﻳﺪ ﻣﺘﻮاﻓﻘﺔ ﻣﻊ ﻧﺘﺎﺋﺞ ﻃﺮﻳﻘﺔ اﻻﻣﺘﺼﺎص اﻟﺬري
وﺑﺪون اﻳﺔ ﻓﺮوﻗﺎت اﺣﺼﺎﺋﻴﺔ.
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Sedimentary evolution of the subsurface Markada Formation of the Upper
Paleozoic in Southern Palmyra folding zone - Syria
Mohamed Ali Elkadi
Abstract
Markada Formation is one of the important subsurface geological formations
constituting the stratigraphic column in Syria. This formation spreads mainly in the
central part of the country and takes its importance in the southern Palmyra folding zone
where it forms the major part of the Upper Paleozoic deposits.
The study of this formation is based on geological and geophysical data available
from boreholes penetrating southern Palmyra series structures, especially Arak reference
structure. Boreholes data permitted confining the formation between two major hiatuses
and enabled its division into two lithostratigraphic members. Each member consists of a
set of units, subunits and lithologic intervals. Studying these sedimentary bodies showed
that they are composed of detrital sediments made up of claystones, siltstones and quartz
sandstones. These sedimentary succession form repeated or harmonic alternations whose
facies gradients reflect transgression and regression sequences. The correlation of these
sediments led to show their differences and to deduce their distribution patterns with
time and place.
Palynological study permitted the precision of their stratigraphic ages, while
macroscopic and microscopic investigations, together with laboratory analysis, provided
a precise petrological description of various facies and their diagenetic and sedimentary
evolution. The conclusion attained proposed continuous slow periodic sedimentation in a
basin having variable bathymetry and geometry, controlled by fluctuations in water sea
level and climatic changes besides gradual subsidence. It is likely that these sediments
were deposited in a deltaic sedimentary environment that shifting between open or semiclosed marine conditions and shallow coastal environment with alternating continental
and marine properties. The detrital sediments represent narrow barriers near river mouth
with meandering channels and limited coastal deposits, locally floating and laterally
thinning.
The source area of the detrital material is attributed to the Arabian Shield and the
early Paleozoic clastics in the south where the weathering products of igneous,
metamorphic and sedimentary rocks have been deposited in river-deltaic to shallow sea
platforms environments of the Paleotethys ocean of Gondwanaland.
Keywords: Markada; Paleozoic; Petrology; Sedimentology; Stratigraphy.
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 – 3ﺗﺘﻜــﻮن رﺳـــﻮﺑﻴﺎت ﻫــﺬه اﻟﺘﺸـــﻜﻴﻠﺔ ﻓــﻲ ﻣﻨﻄﻘـــﺔ اﻟﺪراﺳــﺔ ﻣـــﻦ ﺳــﺤﻨﺎت ﻓﺘﺎﺗﻴـــﺔ ﻣﺆﻟﻔــﺔ ﻣـــﻦ ﻣــﻮاد ﻏﻀـــﺎرﻳﺔ
وﻏﻀــﺎرﻳﺔ ﺻــﻔﺤﻴﺔ وﺳــﻠﺘﻴﺔ ورﻣﻠﻴــﺔ ﻛﻮارﺗﺰﻳــﺔ ،ﻧﻘﻴــﺔ أو ﻣﺨﺘﻠﻄــﺔ ،وﻣﺘﻮﺿــﻌﺔ ﺑﺸــﻜﻞ ﻣﺘﻌﺎﻗــﺐ أو ﻣﺘﻨــﺎوب
ﻣﺘﻜﺮر وإﻳﻘﺎﻋﻲ ﻣﺘﺪرج .وﺗﺒﺪي اﺧﺘﻼﻓـﺎً ﻛﺒﻴـﺮاً ﻣـﻊ ﺳـﺤﻨﺎت ﺗﺸـﻜﻴﻠﺔ ﻣﺮﻗـﺪة اﻟﻤﻌﺮوﻓـﺔ ﻓـﻲ ﻣﻨـﺎﻃﻖ أﺧـﺮى
ﻣﻦ اﻷراﺿﻲ اﻟﺴﻮرﻳﺔ.
 – 4ﺗﺘﻤﺜــﻞ اﻟﺘﺸــﻜﻴﻠﺔ ﺑــﺪورة ﺗﺮﺳــﻴﺒﻴﺔ ﺿــﺨﻤﺔ ﺗﺸــﻤﻞ ﻣﺠﻤﻮﻋــﺔ ﻣــﻦ اﻟﻤﺘﻮاﻟﻴــﺎت اﻟﺮﺳــﻮﺑﻴﺔ اﻟﻤﻮﺟﺒــﺔ واﻟﺴــﺎﻟﺒﺔ
ﺗﻘﺎﺑــﻞ أﺟﺴــﺎﻣﺎً ﺣﺎﺟﺰﻳــﺔ ﻣﺘﻮﺿــﻌﺔ ﻋﻨــﺪ ﻣﺼــﺒﺎت وﻣﻨﻌﻄﻔــﺎت اﻷﻧﻬــﺎر وﺗﺘﺮاﻓــﻖ ﻣــﻊ أﻗﻨﻴـــﺔ ﻧﻬﺮﻳــﺔ وﺗﻮﺿــﻌﺎت
ﻓﻴﻀﻴﺔ ﻣﺤﺪودة اﻹﻧﺘﺸﺎر وﻣﺘﺮﻗﻘﺔ ﺟﺎﻧﺒﻴﺎً.
 – 5ﺣــﺪث اﻟﺘﺮﺳــﻴﺐ إﺛــﺮ ﺗﺠــﺎوز ﺑﺤــﺮي إﻗﻠﻴﻤــﻲ ﻫــﺎم ﺑﺸــﻜﻞ دوري وﺑﻄــﻲء وﻣﻨــﺘﻈﻢ ﻓــﻲ ﺣــﻮض ﺗﺮﺳــﻴﺒﻲ ذي
ﻃﺎﻗﺔ وﻫﻨﺪﺳﺔ ﻣﺘﻐﻴﺮة وﺗﺤﻜﻤـﺖ ﻓﻴـﻪ ﺗﺬﺑـﺬﺑﺎت ﺳـﻄﺢ اﻟﻤـﺎء ،واﻹﺧﺘﻼﻓـﺎت اﻟﻤﻨﺎﺧﻴـﺔ ،إﺿـﺎﻓﺔ إﻟـﻰ اﻟﻬﺒـﻮط
اﻟﺘﺪرﻳﺠﻲ ﻟﻠﻤﺴﺘﻮى اﻟﻘﺎﻋﺪي ﻟﻠﺘﺮﺳﻴﺐ.
 – 6ﺗﻨﺪرج رواﺳﺐ اﻟﺘﺸﻜﻴﻠﺔ اﻟﻔﺘﺎﺗﻴﺔ ﺿـﻤﻦ اﻟﺘﻮﺿـﻌﺎت اﻟﺪﻟﺘﺎوﻳـﺔ ،وﺗﻌـﻮد إﻟـﻰ ﺑﻴﺌـﺎت ﺗﺮﺳـﻴﺒﻴﺔ ﺑﺤﺮﻳـﺔ ﺗﺘﻔـﺎوت
ﺑﻴﻦ اﻷوﺳﺎط اﻟﻤﻔﺘﻮﺣﺔ ﻗﻠﻴﻠﺔ اﻟﻌﻤﻖ ﺗﺤﺖ اﻟﻤﺪﻳﺔ إﻟﻰ اﻟﻤﺪﻳﺔ ،واﻷوﺳﺎط اﻟﻀـﺤﻠﺔ وﺷـﺒﻪ اﻟﻤﻐﻠﻘـﺔ اﻟﻤﺪﻳـﺔ
إﻟﻰ ﻓﻮق اﻟﻤﺪﻳﺔ واﻟﺘﻲ ﺗﺘﻨﺎوب ﻋﻠﻴﻬﺎ اﻟﺸﺮوط اﻟﺒﺤﺮﻳﺔ واﻟﻘﺎرﻳﺔ.
 – 7ﻣﺼﺪر اﻟﺮواﺳـﺐ ﻫـﻮ ﺻـﺨﻮر اﻧﺪﻓﺎﻋﻴـﺔ ﻋﻤﻴﻘـﺔ أو ﻣﺘﺤﻮﻟـﺔ ﻧﻘﻠـﺖ ﻧـﻮاﺗﺞ ﺗﻌﺮﻳﺘﻬـﺎ ﻣـﻦ ﻣﻨـﺎﻃﻖ ﻣﺠـﺎورة ﻣـﻦ
اﻟــﺪرع اﻟﻌﺮﺑــﻲ وﻓــﻖ ﻧﻤــﻂ دﻟﺘــﺎوي– ﻧﻬــﺮي إﻟــﻰ اﻟﺴــﻄﺎﺋﺢ اﻟﺒﺤﺮﻳــﺔ ﻗﻠﻴﻠــﺔ اﻟﻌﻤــﻖ ﻓــﻲ ﻣﺤــﻴﻂ اﻟﺒــﺎﻟﻴﻮﺗﻴﺘﺲ
) (Paleotethys oceanﻟﻘﺎرة ﻏﻮﻧﺪواﻧﺎ.
ﻛﻤﺎ ﻳﻤﻜﻦ اﻗﺘﺮاح اﻟﺘﻮﺻﻴﺎت اﻟﺘﺎﻟﻴﺔ:
 – 1إﻋﺎدة اﻟﻨﻈﺮ ﻓﻲ ﺗﺴﻤﻴﺔ اﻟﺘﺸﻜﻴﻠﺔ ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﻛﻮﻧﻬﺎ ﺗﺒـﺪي اﺧﺘﻼﻓـﺎت ﻛﺒﻴـﺮة ﻓـﻲ ﺳـﻤﺎﻛﺘﻬﺎ وﻃﺒﻴﻌـﺔ
وﻧﻤﻂ ﺗﺴﻠﺴﻞ ﺳﺤﻨﺎﺗﻬﺎ ﻣﻊ ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﻲ ﻋﻤﻢ ﻋﻠﻴﻬﺎ اﺳﻤﻬﺎ.
 – 2اﻟﻌﻤﻞ ﻋﻠﻰ اﻗﺘﻄﺎع أﻃﻮال أﻛﺜـﺮ ﻣـﻦ اﻟﻌﻴﻨـﺎت اﻟﺼـﺨﺮﻳﺔ اﻷﺳـﻄﻮاﻧﻴﺔ ﻣـﻦ ﻣﺨﺘﻠـﻒ ﺳـﺤﻨﺎت اﻟﺘﺸـﻜﻴﻠﺔ ﺧـﻼل
أﻋﻤﺎل اﻟﺤﻔﺮ اﻟﻤﺴﺘﻘﺒﻠﻴﺔ ،وذﻟﻚ ﻟﻺﻟﻤﺎم ﺑﻜﺎﻓﺔ ﺧﺼﺎﺋﺼﻬﺎ اﻟﺒﺘﺮوﻟﻮﺟﻴﺔ واﻟﺘﺮﺳﻴﺒﻴﺔ واﻟﺒﺎﻟﻴﻮﻧﺘﻮﻟﻮﺟﻴﺔ.
 – 3إﺟﺮاء اﻟﻤﺰﻳﺪ ﻣﻦ اﻟﺘﺤﺎﻟﻴﻞ اﻟﺤﺒﻴﺔ وﻗﻴﺎس ﻣﺘﻐﻴﺮاﺗﻬﺎ ﻟﺘﻮﺛﻴﻖ ﻧﺘﺎﺋﺞ ﺗﻔﺴﻴﺮ اﻟﺒﻴﺌﺎت اﻟﺘﺮﺳﻴﺒﻴﺔ اﻋﺘﻤـﺎداً ﻋﻠـﻰ
اﻟﺘﺮاﻛﻴﺐ اﻟﺮﺳﻮﺑﻴﺔ اﻷوﻟﻴﺔ.
 – 4ﺗﻨﻔﻴـﺬ ﺑﻌـﺾ اﻟﻘﻴﺴـﺎت اﻟﺠﻴﻮﻓﻴﺰﻳﺎﺋﻴـﺔ اﻟﺒﺌﺮﻳـﺔ اﻟﺤﺪﻳﺜـﺔ ) (NMR, NML ,MDTﻓـﻲ اﻵﺑـﺎر اﻹﺳﺘﻜﺸـﺎﻓﻴﺔ
ﺗﻔﻴﺪ ﻓﻲ ﺗﻘﻴﻴﻢ أدق ﻟﻤﺨﺘﻠﻒ اﻟﺨﺼﺎﺋﺺ اﻟﺨﺰﻧﻴﺔ ﻟﻠﺘﺸﻜﻴﻠﺔ.
 – 5إﻳــﻼء اﻟﺴــﺤﻨﺎت اﻟﻐﻀــﺎرﻳﺔ اﻟﺴــﻠﺘﻴﺔ أﻫﻤﻴــﺔ ﺧﺎﺻــﺔ ﻓــﻲ أﻋﻤــﺎل اﻟﺘﻨﻘﻴــﺐ اﻟﻤﺴــﺘﻘﺒﻠﻴﺔ ﻋــﻦ اﻟﻬﻴــﺪروﻛﺮﺑﻮﻧﺎت
ﺿﻤﻦ اﻟﺘﺸﻜﻴﻠﺔ ﻟﺘﺤﺪﻳﺪ اﻣﻜﺎﻧﻴﺎﺗﻬﺎ ﻛﺼﺨﻮر ﻣﺼﺪرﻳﺔ ،واﻟﺴﺤﻨﺎت اﻟﺴـﻠﺘﻴﺔ اﻟﻨﻘﻴـﺔ ﻛﺨﺰاﻧـﺎت إﺿـﺎﻓﻴﺔ ﺗﻌـﺰز
ﻣﻦ اﻹﺣﺘﻴﺎﻃﻲ اﻟﻨﻔﻄﻲ ﻟﻠﺘﺸﻜﻴﻠﺔ.
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وﻫﻜﺬا ﻧﺠﺪ أن رواﺳﺐ اﻟﻌﻀﻮ اﻟﻌﻠﻮي ذات اﻟﺼﻔﺔ اﻹﻧﺤﺴﺎرﻳﺔ ﺗﻜﻤﻞ رواﺳﺐ اﻟﻌﻀﻮ اﻟﺴﻔﻠﻲ اﻟﺘﻲ ﺗﻐﻠـﺐ
ﻋﻠﻴﻬﺎ اﻟﺼﻔﺔ اﻟﺘﺠﺎوزﻳﺔ ﻟﺘﺠﻌﻞ ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ ﻛﻜﻞ دورة رﺳﻮﺑﻴﺔ ﺿﺨﻤﺔ ﺗﻮﺿـﻌﺖ ﻣﻮادﻫـﺎ ﻧﺘﻴﺠـﺔ ﺗﺮﺳـﻴﺐ ﺑﻄـﻲء
وﻣﺴــﺘﻤﺮ ﻓــﻲ ﺣــﻮض ذي ﻫﻨﺪﺳــﺔ وﻃﺎﻗــﺔ ﻣﺘﻐﻴــﺮة  ،وﺗــﺘﺤﻜﻢ ﻓﻴــﻪ ﺗﺬﺑــﺬﺑﺎت ﻣﺴــﺘﻮى اﻟﻤــﺎء واﻟﺘﻐﻴــﺮات اﻟﻤﻨﺎﺧﻴــﺔ
إﺿﺎﻓﺔ إﻟﻰ اﻟﻬﺒﻮط اﻟﺘﺪرﻳﺠﻲ ﻟﻘﺎع اﻟﺤﻮض اﻟﺘﺮﺳﻴﺒﻲ ﺑﻔﻌﻞ ﺣﻤﻮﻟﺔ اﻟﺮواﺳﺐ واﻟﻨﺸﺎط اﻟﺘﻜﺘﻮﻧﻲ اﻟﻤﺴﺘﻤﺮ ].[5
 - 4 - 6أﺻـﻞ اﻟﺮواﺳﺐ وﻣﺼـﺎدر اﻟﺘﻐﺬﻳـﺔ
أﻣﺎ ﻋﻦ ﻣﺼﺪر وﻣﻨﻄﻘـﺔ ﺗﻐﺬﻳـﺔ ) (Provenanceﻫـﺬه اﻟﺮواﺳـﺐ اﻟﻔﺘﺎﺗﻴـﺔ ،ﻓﻘـﺪ دﻟـﺖ ﻏـﺰارة ﻣﺤﺘﻮاﻫـﺎ ﻣـﻦ
اﻟﻔﻠــﺰات اﻟﻐﻀــﺎرﻳﺔ ﻋﺎﻟﻴــﺔ اﻟﻨﻀــﺠﻴﺔ ﻋﻠــﻰ ﻗــﺪوﻣﻬﺎ ﻣــﻦ ﺻــﺨﻮر أم ﻧﺎرﻳــﺔ ﺣﺎﻣﻀــﻴﺔ ﻋﻤﻴﻘــﺔ اﻟﻤﺼــﺪر)ﻏﺮاﻧﻴــﺖ( أو
ﻣﺘﺤﻮﻟــﺔ )ﻏﻨــﺎﻳﺲ( ﺗﻌﺮﺿــﺖ ﻟﻌﻤﻠﻴــﺎت ﺗﺠﻮﻳــﺔ ﻛﻴﻤﻴﺎﺋﻴــﺔ ﺷــﺪﻳﺪة ﺗﺤــﺖ ﺗــﺄﺛﻴﺮ ﻣﻨــﺎخ ﻣــﺪاري رﻃــﺐ وﻟــﺰﻣﻦ ﻃﻮﻳــﻞ
] .[10ﻓﻲ ﺣﻴﻦ ﺗﺸﻴﺮ اﻟﻔﻠﺰات اﻟﻜﻮارﺗﺰﻳـﺔ اﻟﻤﺮاﻓﻘـﺔ ﺿـﻌﻴﻔﺔ اﻟﻨﻀـﺠﻴﺔ اﻟﻔﻴﺰﻳﺎﺋﻴـﺔ واﻟﻐﻨﻴـﺔ ﺑـﺎﻟﻔﻠﺰات اﻟﺜﻘﻴﻠـﺔ ﻋﺎﻟﻴـﺔ
درﺟــﺔ اﻟﺜﺒــﺎت )روﺗﻴــﻞ ،زرﻛــﻮن ،ﺗﻮرﻣــﺎﻟﻴﻦ ،ﻣﻮﺳــﻜﻮﻓﻴﺖ( إﻟــﻰ ﻧﻘــﻞ ﻫــﺬه اﻟﻤــﻮاد وﻟﻤﺴــﺎﻓﺎت ﻗﺼــﻴﺮة إﻟــﻰ ﺣــﻮض
اﻟﺘﺮﺳـﻴﺐ .وﻗﺪ ﺗﻜﻮن ﻫﺬه اﻟﻤﻮاد اﻟﺨﺸـﻨﺔ دﻟـﻴﻼً ﻋﻠـﻰ ﻧﺸـﺎط اﻟﻌﻤﻠﻴـﺎت اﻟﺘﻜﺘﻮﻧﻴـﺔ ،وﺗﺠﻮﻳـﺔ ﻓـﻲ ﺷـﺮوط اﻟﻤﻨـﺎخ
اﻟﺠـﺎف واﻟﺒــﺎرد .وﻋﻠـﻰ اﻷﻏﻠــﺐ ،ﻳﻌـﺰى ﻣﺼــﺪر ﻫـﺬه اﻟﻤــﻮاد إﻟـﻰ اﻟﻤﺠــﻦ اﻟﻌﺮﺑـﻲ اﻟﻮاﻗــﻊ إﻟـﻰ اﻟﺠﻨــﻮب ،ﺣﻴـﺚ ﺗـﻢ
ﺣﻤﻞ اﻟﻤﻮاد اﻟﻨﺎﺗﺠﺔ ﻋﻦ ﻣﺨﺘﻠﻒ ﻋﻤﻠﻴﺎت ﺗﺠﻮﻳﺔ اﻟﺼﺨﻮر اﻹﻧﺪﻓﺎﻋﻴﺔ واﻟﻤﺘﺤﻮﻟﺔ واﻟﺮﺳﻮﺑﻴﺔ اﻟﻘﺪﻳﻤﺔ وﻓﻖ ﻧﻤـﻂ
دﻟﺘﺎوي – ﻧﻬﺮي إﻟﻰ اﻟﺴﻄﺎﺋﺢ اﻟﺒﺤﺮﻳﺔ ﻗﻠﻴﻠﺔ اﻟﻌﻤﻖ ﻓﻲ ﺑﺤﺎر ﻗﺎرة ﻏﻮﻧﺪواﻧﺎ ) .(Paleotethysوﻓﻲ اﻟﻮاﻗـﻊ ﻓـﺈن
اﻟﻤﻌﻄﻴﺎت اﻟﺴﻴﺰﻣﻴﺔ ﻟﻠﻄﺮف اﻟﺸﻤﺎﻟﻲ ﻣﻦ اﻟﻤﺠﻦ اﻟﻌﺮﺑـﻲ ،ﻓـﻲ اﻟﻤﻤﻠﻜـﺔ اﻟﻌﺮﺑﻴـﺔ اﻟﺴـﻌﻮدﻳﺔ ،ﻗـﺪ أﻇﻬـﺮت ﻋﻤﻠﻴـﺎت
ﺣﺖ ﻗﺪﻳﻢ ﺗﻌﺮﺿﺖ ﻟﻬﺎ ﺗﺸﻜﻴﻠﺘﻲ زرﻗـﺎ ) (Zarqaوﺳـﺮح ) (Sarahذات اﻷﺻـﻞ اﻟﺠﻠﻴـﺪي واﻟﻤﺸـﻜﻠﺘﻴﻦ ﻟﻘﺎﻋـﺪة
اﻟﻤﺘﻮاﻟﻴـــﺔ اﻟﺮﺳـــﻮﺑﻴﺔ اﻟﻀـــﺨﻤﺔ  AP3اﻟﻌﺎﺋـــﺪة إﻟـــﻰ اﻷوردوﻓﻴﺸـــﻲ واﻟﺴـــﻴﻠﻠﻮري ] .[27وﻗـــﺪ ﻃـــﺎل ﻫـــﺬا اﻟﺤـــﺖ
ﺗﺸﻜﻴﻠﺔ ﺳﺎق واﺧﺘﺮق ﻣﻨﻬﺎ أﻛﺜﺮ ﻣﻦ ) 650 mاﻟﺸﻜﻞ  .(10وﻳﺪل اﺗﺠﺎه اﻷودﻳﺔ اﻟﻘﺪﻳﻤﺔ ﺷﻤﺎل ﻏـﺮب -ﺷـﻤﺎل
ﺷﺮق ﻋﻠﻰ أن ﻃﺒﻮﻏﺮاﻓﻴﺔ اﻟﻤﺠﻦ اﻟﻌﺮﺑﻲ ﻛﺎﻧﺖ ﺷﺪﻳﺪة اﻟﻨﻬﻮض ﺧﻼل اﻷوردوﻓﻴﺸﻲ اﻟﻌﻠﻮي .وﻋﻠﻴﻪ ﻳﺮﺟﺢ ﺑـﺄن
ﺗﻜــﻮن ﻧــﻮاﺗﺞ اﻟﺤــﺖ ﻫــﺬه ﻗــﺪ أﺳــﻬﻤﺖ ﺑﺘﺰوﻳــﺪ اﻟﻤﻨﻄﻘــﺔ اﻟﺘﺪدﻣﺮﻳــﺔ ﺧــﻼل اﻟــﺪور اﻟﻜﺮﺑــﻮﻧﻲ ﺑﻜﻤﻴــﺎت وﻓﻴــﺮة ﻣــﻦ
اﻟﻤﻮاد اﻟﻔﺘﺎﺗﻴﺔ .وﻻ ﻳﺴﺘﺒﻌﺪ أن ﺗﻜﻮن ﻫﺬه اﻟﻤﻮاد ﻗﺪ ﻣﺮت ﺧﻼل ﺗﺸﻜﻠﻬﺎ ﺑﺎﻛﺜﺮ ﻣـﻦ ﺣﻠﻘـﺔ ﻣـﻦ ﻋﻤﻠﻴـﺎت إﻋـﺎدة
اﻟﺘﺮﺳﻴﺐ ﻓﻲ اﻟﻤﻜﺎن.
 - 7اﻹﺳﺘﻨﺘﺎﺟﺎت واﻟﺘﻮﺻﻴﺎت:
ﻣﻤﺎ ﺳﺒﻖ ﻳﻤﻜﻦ اﺳﺘﺨﻼص اﻹﺳﺘﻨﺘﺎﺟﺎت اﻟﺘﺎﻟﻴﺔ:
 – 1ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ﻫﻲ اﻟﻤﻜﻮن اﻟﺮﺋﻴﺲ ﻟﺮواﺳﺐ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ اﻟﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ.
 – 2ﺗﻌﻮد ﻫﺬه اﻟﺘﺸﻜﻴﻠﺔ ﻓﻲ ﻋﻤﺮﻫﺎ إﻟﻰ اﻟﺪور اﻟﻜﺮﺑﻮﻧﻲ ،وﺗﻘﺎﺑـﻞ رواﺳﺐ اﻟﻌﻀﻮ اﻟﺴﻔﻠﻲ ﻣﻨﻬﺎ ﻓﺘﺮة اﻟﻜﺮﺑـﻮﻧﻲ
اﻷدﻧﻰ )اﻟﻤﺴﻴﺴـﺒﻲ( ﺑﺤﻴـﺚ ﺗﻐﻄـﻲ اﻷﺟـﺰاء اﻟـﺪﻧﻴﺎ ﻣﻨـﻪ ﻃـﺎﺑﻖ اﻟﺘﻮرﻧﺴـﻴﺎن ﺑﻴﻨﻤـﺎ ﻳﻤﺜـﻞ وﺳـﻄﻪ واﻷﺟـﺰاء
اﻟﻌﻠﻮﻳــﺔ ﻣﻨــﻪ ﻃــﺎﺑﻖ اﻟﻔﻴﺰﻳــﺎن .أﻣــﺎ رواﺳــﺐ اﻟﻌﻀــﻮ اﻟﻌﻠــﻮي ﻣــﻦ اﻟﺘﺸــﻜﻴﻠﺔ ﻓﺘﻌــﻮد ﻓــﻲ ﻋﻤﺮﻫــﺎ إﻟــﻰ ﻓﺘــﺮة
اﻟﻜﺮﺑﻮﻧﻲ اﻟﻌﻠﻮي )اﻟﺒﻨﺴﻠﻔﺎﻧﻲ(.
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)ﺗﺎﺑﻊ اﻟﻠــﻮﺣﺔ (- D -

 -5ﺻﻮرة ) (SEMﻟﺒﻨﻴﺔ ﻓﺮاﻏﻴﺔ ﻣﺘﺒﻘﻴﺔ ﻣﻜﻮﻧﺔ ﻣﻦ ﻣﺴﺎﻣﺎت أﻗﻄﺎرﻫﺎ  50-250 µmأوﻟﻴﺔ ﻣﻔﺘﻮﺣﺔ وﻣﺘﺼﻠﺔ ).(p
وﺑﺎﻟﺮﻏﻢ ﻣﻦ ﻧﺪرﺗﻪ ﻓﺈن اﻟﻜﻮارﺗﺰ ) (qاﻟﺜﺎﻧﻮي اﻟﻨﻤﻮ ﻳﻘﻠﻞ ﻣﻦ ﺧﺸﻮﻧﺔ ﺳﻄﻮح اﻟﻤﺴﺎﻣﺎت وﻳﺨﻔﺾ ﻣﻦ
ﻣﺴﺎﺣﺎﺗﻬﺎ .ﺗﺒﺪو ﺳﻄﻮح اﻟﺤﺒﺎت ﻣﻐﻄﺎة ﺑﻤﻜﻮﻧﺎت ﺳﺎﺋﻞ اﻟﺤﻔﺮ اﻟﻤﺘﺒﻘﻴﺔ )ﺳﻬﻢ(.
 -6ﺻﻮرة ) (SEMﺗﻜﺒﻴﺮ ﻟﻤﺴﺎم أوﻟﻲ ﻣﻤﻠﻮء ﺟﺰﺋﻴﺎً ﺑﺎﻟﺴﻴﻠﻔﻴﺖ اﻟﺜﺎﻧﻮي ) (sوﻣﺤﺎط أﺣﻴﺎﻧﺎً ﺑﺎﻟﺒﻴﺮﻳﺖ ) .(pyﻳﻼﺣﻆ
وﺟﻮد ﻛﻮارﺗﺰ ﺛﺎﻧﻮي ) (qﻧﺎم ﻋﻠﻰ ﺳﻄﻮح ﺣﺒﺎت اﻟﻜﻮارﺗﺰ اﻟﺮﺋﻴﺴﻴﺔ
 -7ﺻﻮرة ) (SEMﺗﺒﻴﻦ ﻧﻤﻂ اﻟﺘﻮﺟﻪ اﻟﺤﺒﻲ ) .(grain fabricﺗﺒﺪو اﻟﺒﻨﻴﺔ اﻟﻤﺴﺎﻣﻴﺔ اﻷوﻟﻴﺔ ﺑﻴﻦ اﻟﺤﺒﻴﺔ ﻏﻴﺮ
ﻣﺤﻔﻮﻇﺔ ﺟﻴﺪاً ،وﺗﻌﻜﺲ ﺗﺮاﺻﺎً ﻣﺤﺪوداً وﺗﻮزﻋﺎً ﻛﺜﻴﻔﺎً ﻷرﺿﻴﺔ ﻏﻀﺎرﻳﺔ وﻛﺎؤوﻟﻴﻨﻴﺖ ﻣﺤﻠﻲ اﻟﻨﺸﺄة )ﺳﻬﻢ( ﻳﻤﻸ
ﻣﻌﻈﻢ اﻟﻤﺴﺎﻣﺎت .ﻳﻼﺣﻆ ﺗﺠﻤﻌﺎت ﺑﻠﻮرﻳﺔ دﻗﻴﻘﺔ ﻣﻦ اﻟﻬﺎﻟﻴﺖ )ﺳﻬﻢ ﺻﻐﻴﺮ( ﺗﺤﻴﻂ ﺑﺎﻷرﺿﻴﺔ اﻟﻐﻀﺎرﻳﺔ وﺳﻄﻮح
اﻟﺤﺒﺎت.
 - 8ﺻﻮرة ) (SEMﺗﻜﺒﻴﺮ ﻟﻠﺼﻮرة اﻟﺴﺎﺑﻘﺔ ) (7ﻳﻈﻬﺮ ﻣﺴﺎﻣﺎً أوﻟﻴﺎً ﻣﻠﻴﺌﺎً ﺑﻤﻼط ﻛﺎؤوﻟﻴﻨﻴﺘﻲ دﻗﻴﻖ اﻟﺒﻨﻴﺔ .ﺗﺒﺪو
ﺻﻔﺎﺋﺢ اﻟﻜﺎؤﻟﻴﻨﻴﺖ اﻟﺘﻲ ﺗﻘﻞ أﺑﻌﺎدﻫﺎ ﻋﻦ  15 µmﺳﺪاﺳﻴﺔ اﻟﺸﻜﻞ وﻣﺘﻮزﻋﺔ ﻋﻠﻰ ﺷﻜﻞ ﺑﻨﻴﺎت دودﻳﺔ .وﻳﺒﺪو
اﻟﻜﺎؤﻟﻴﻨﻴﺖ ﻻﺣﻘﺎً ﻟﻠﻜﻮارﺗﺰ ) (qﺛﺎﻧﻮي اﻟﻨﻤﻮ اﻟﻮاﺿﺢ ﻓﻲ اﻟﺼﻮرة.
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اﻟﻘﺎﺿﻲ

)اﻟﻠــﻮﺣﺔ (- D -

 -1ﺻﻮرة ) (SEMﺗﺒﻴﻦ ﺑﻨﻴﺔ ﻓﺮاﻏﻴﺔ ﻣﺘﺒﻘﻴﺔ ﻣﻜﻮﻧﺔ ﻣﻦ ﻣﺴﺎﻣﺎت ) (pﺑﺄﻗﻄﺎر ) (50-100 µmﺑﻴﻦ ﺣﺒﻴﺔ وذات اﺗﺼﺎل
واﺿﺢ .وﺗﻨﻌﻜﺲ اﻟﻘﺪرة اﻟﻌﺎﻟﻴﺔ ﻟﻼﺗﺼﺎل ﺑﻴﻦ اﻟﻔﺮاﻏﺎت ﺑﻐﻴﺎب اﻟﻤﺎدة اﻟﻐﻀﺎرﻳﺔ واﻟﺴﻴﻠﻴﺲ اﻟﺜﺎﻧﻮي اﻟﻨﻤﻮ ﻛﻤﺎدة
ﻻﺣﻤﺔ .ﻳﻼﺣﻆ وﺟﻮد ﺑﻌﺾ اﻟﻘﻄﻊ اﻟﻐﻀﺎرﻳﺔ ﻋﻠﻰ ﺷﻜﻞ ﺣﺒﺎت.
 -2ﺻﻮرة ) (SEMﺗﺒﻴﻦ ﺣﺒﺎت اﻟﻜﻮارﺗﺰ ) (qﺛﺎﻧﻮﻳﺔ اﻟﻨﻤﻮ ﻋﻠﻰ ﺷﻜﻞ ﺑﻠﻮرات ﻫﺮﻣﻴﺔ أو ﻣﺴﻄﺤﺔ:
) :(cﻏﻀﺎر ﻛﺎؤﻟﻴﻨﻴﺘﻲ ﻳﻐﻄﻲ ﺟﺰﺋﻴﺎً ﺳﻄﻮح ﺑﻌﺾ اﻟﺤﺒﺎت ﻋﻠﻰ ﺷﻜﻞ ﻋﺮوق وﻗﺸﻮر.
) :(hﻫﺎﻟﻴﺖ ﻣﺘﺪاﺧﻞ ﺿﻤﻦ اﻟﻤﺴﺎﻣﻴﺔ اﻟﻤﺘﺒﻘﻴﺔ.
 -3ﺻﻮرة ) (SEMﺗﺒﻴﻦ اﻟﺒﻨﻴﺔ اﻟﻤﺘﺒﻘﻴﺔ ﻟﻤﺴﺎﻣﺎت ﺗﺘﻔﺎوت أﻗﻄﺎرﻫﺎ ﺑﻴﻦ ) ، (50-250 µmوﺗﻘﻊ ﺑﻴﻦ اﻟﺤﺒﺎت وذات
اﺗﺼﺎل ﺟﻴﺪ ) .(pﺗﻈﻬﺮ ﻫﺬه اﻟﺼﻮرة اﻟﻜﻮارﺗﺰ اﻟﺜﺎﻧﻮي اﻟﺘﺎﻟﻲ ﻋﻠﻰ ﺷﻜﻞ ﺳﻄﻮح ﻧﺎﻋﻤﺔ وﻓﻲ اﻟﻤﻨﺎﻃﻖ اﻟﻤﻨﺨﻔﻀﺔ ﻣﻦ
اﻟﻔﺮاغ .ﺑﺎﻟﺮﻏﻢ ﻣﻦ ﻫﺬا ﺗﺒﻘﻰ اﻟﻔﺮاﻏﺎت ﻣﻔﺘﻮﺣﺔ ﻟﻜﻦ اﻻﺗﺼﺎﻻت ﺑﻴﻨﻬﺎ ﺷﻌﺮﻳﺔ وﺧﺎﺻﺔ ﻓﻲ ﻣﻨﺎﻃﻖ ﺗﻮﺿﻊ اﻟﻤﻼط
اﻟﺴﻴﻠﻴﺴﻲ )اﻟﺴﻬﻢ( .ﻻﺣﻆ وﺟﻮد اﻟﻜﺎؤﻟﻴﻨﻴﺖ ) (kﻳﻤﻸ ﻗﺴﻤﺎً ﻣﻦ اﻟﻤﺴﺎم.
 -4ﺻﻮرة ) (SEMﻟﻐﻀﺎر ﻛﺎؤﻟﻴﻨﻴﺘﻲ ﻳﻤﻸ ﻣﺴﺎﻣﺎت أوﻟﻴﺔ ﻋﻠﻰ ﺷﻜﻞ ﺗﺠﻤﻌﺎت دودﻳﺔ (q) .ﻛﻮارﺗﺰ ﺛﺎﻧﻮي اﻟﻨﻤﻮ .ﻻﺣﻆ
اﻟﺘﻘﻄﻊ اﻟﻨﺴﺒﻲ واﻟﻮﺿﻊ اﻻﻧﺴﻴﺎﺑﻲ ﻟﺼﻔﺎﺋﺢ اﻟﻜﺎؤوﻟﻴﻨﻴﺖ.
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ﺑﻴﺌﺎت ﺗﺮﺳـﻴﺒﻴﺔ ﻣﺎﺋﻴـﺔ ﻣﺘﻔﺎوﺗـﺔ اﻷﻋﻤـﺎق وﻣﺨﺘﻠﻔـﺔ اﻟﺸـﺮوط واﻟﻤﻮاﺻـﻔﺎت ،وﺑﺄﻧﻤـﺎط ﻣﺘﺒﺎﻳﻨـﺔ اﻟﺘﺘﺎﺑﻌـﺎت .وﻗـﺪ ﺗـﻢ
ﺗﺮﺳﻴﺐ ﻫﺬه اﻟﻤﻮاد ﻋﻠﻰ ﻣﺮﺣﻠﺘﻴﻦ ﻣﺘﺘﺎﻟﻴﺘﻴﻦ ووﻓﻖ ﻃﻮرﻳﻦ ﻣﺘﻤﺎﻳﺰﻳﻦ:
 اﻟﻄـﻮر اﻷول :وﻳﺘﻤﺜــﻞ ﺑﺮواﺳــﺐ اﻟﻌﻀـﻮ اﻟﺴــﻔﻠﻲ ﻣــﻦ اﻟﺘﺸـﻜﻴﻠﺔ اﻟﺘــﻲ ﺗﻮﺿــﻌﺖ ﺑﺸـﻜﻞ ﻣﻨــﺘﻈﻢ ﻓــﻲ ﻣﻴــﺎهﻫﺎدﺋﺔ إﻟﻰ ﺿﻌﻴﻔﺔ اﻹﺿﻄﺮاب ﺿﻤﻦ وﺳﻂ ﺑﺤﺮي ﻣﻔﺘﻮح ﻗﻠﻴﻞ اﻟﻌﻤﻖ وذي ﻗﺎع أﻓﻘﻲ وﺷﺒﻪ ﻣﺴﺘﻮي ﺷﺠﻊ ﻋﻠـﻰ
ﺗﻮﺿﻊ ﺳﻤﺎﻛﺎت ﻫﺎﻣﺔ ﻣﻦ اﻟﺮواﺳﺐ اﻟﻐﻀﺎرﻳﺔ ذات اﻟﺘﻄﺒﻘﺎت اﻷﻓﻘﻴﺔ .وﻣﻦ ﺛﻢ ﺗﺤﻮل ﻫﺬا اﻟﻮﺳﻂ ﺗﺪرﻳﺠﻴﺎً ﻧﺤـﻮ
اﻷﻋﻠــﻰ إﻟــﻰ وﺳــﻂ أﻗــﻞ ﻋﻤﻘ ـﺎً واﻧﻔﺘﺎﺣ ـﺎً واﻛﺜــﺮ اﺿــﻄﺮاﺑﺎً .وﻣــﻦ اﻟﻮاﺿــﺢ أن اﻟﺘﺮﺳــﻴﺐ ﻓــﻲ ﻫــﺬه اﻟﻤﺮﺣﻠــﺔ ﺑــﺪأ
ﺑﺘﺠــﺎوز ﺑﺤــﺮي إﻗﻠﻴﻤــﻲ ﻗﺎدﻣـﺎً ﻣــﻦ اﻟﺸــﺮق واﻟﺸــﻤﺎل اﻟﺸــﺮﻗﻲ ] [35ﻣﻐﻄﻴـﺎً ﻣﻌﻈــﻢ أراﺿــﻲ اﻟﺤــﻮض اﻟﺘــﺪﻣﺮي
وﻣﺆدﻳـﺎً إﻟــﻰ ﺗﺮﺳــﻴﺐ ﺳــﻤﺎﻛﺎت ﻣﻌﺘﺒــﺮة ﻣــﻦ اﻟﻤــﻮاد اﻟﻐﻀــﺎرﻳﺔ واﻟﻐﺮﻳﻨﻴــﺔ اﻟﻤﺘﺠﺎﻧﺴــﺔ ﻓــﻲ ﺑﻴﺌــﺔ ذات ﻃﺎﻗــﺔ ﺿــﻌﻴﻔﺔ
وﻣﻴﺎه ﺷﺒﻪ راﻛﺪة ﺗﺤﻤﻞ ﻣﻮاﺻﻔﺎت اﻟﺒﻴﺌﺎت اﻟﻤﺨﺘﺰﻟﺔ أﺣﻴﺎﻧﺎً .وﻣﺎ ﻟﺒﺜﺖ وأن ﺗﻀـﺎءﻟﺖ أﻫﻤﻴـﺔ ﻫـﺬا اﻟﺘﺠـﺎوز ﻧﺤـﻮ
اﻷﻋﻠﻰ ﺣﻴﺚ ﺗﻮﺿﻌﺖ ﻋﻠﻰ ﻗﺎع أﻛﺜـﺮ ﻣـﻴﻼً وﺗﺒﺎﻳﻨـﺎً ﻓـﻲ اﻟﻤﻮرﻓﻮﻟﻮﺟﻴـﺔ ﻣﺠﻤﻮﻋـﺎت ﻣﺘﻌﺎﻗﺒـﺔ وﻣﺘﻨﺎوﺑـﺔ ﻣـﻦ اﻟﻤـﻮاد
اﻟﻐﻀـﺎرﻳﺔ واﻟﺴــﻠﺘﻴﺔ واﻟﺮﻣﻠﻴـﺔ اﻟﻜﻮارﺗﺰﻳــﺔ ،ذات أﺷــﻜﺎل وأﺣﺠـﺎم ﻣﺘﻔﺎوﺗــﺔ وﺗﺮاﻛﻴـﺐ ﻣﺨﺘﻠﻔــﺔ ،ﻓــﻲ ﺑﻴﺌـﺔ أﻗــﻞ ﻋﻤﻘـﺎً
وأﻛﺜﺮ اﺿﻄﺮاﺑﺎ ،ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﺘﻴـﺎرات اﻟﻤﺎﺋﻴﺔ.
وﺗﺘﺠﻠــﻰ ﻋﻤﻠﻴــﺎت اﻟﺘﺮﺳــﻴﺐ ﺧــﻼل ﻫــﺬا اﻟﻄــﻮر ﺑﺘﻨــﺎﻗﺺ ﻣﺘــﺪرج ﻓــﻲ ﻋﻤــﻖ اﻟﻮﺳــﻂ اﻟﺘﺮﺳــﻴﺒﻲ ،وﺗــﻨﻌﻜﺲ
ﺑﺘﺸﻜﻞ ﺟﺰء ﻫﺎم ﻣﻦ دورة ﺗﺮﺳﻴﺒﻴﺔ ﺿﺨﻤﺔ ﺗﻀﻤﻨﺖ ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﻤﺘﻮاﻟﻴﺎت اﻟﺘﺮﺳﻴﺒﻴﺔ اﻟﻤﻮﺟﺒـﺔ ذات اﻟﻤـﺪﻟﻮل
اﻟﺘﺠﺎوزي ﻓﻲ اﻷﺳﻔﻞ واﻟﺴﺎﻟﺒﺔ اﻟﺘﻲ ﺗﺤﻤﻞ دﻻﺋﻞ ﺑﺪء اﻹﻧﺤﺴـﺎر ﻓـﻲ اﻷﻋﻠـﻰ .وﻳـﺮﺟﺢ أﻧـﻪ ﺣﺼـﻞ ﺗﻌﻤﻴـﻖ ﻟﻘـﺎع
اﻟﺤﻮض اﻟﺘﺮﺳﻴﺒﻲ ﻋﻠﻰ ﻓﺘﺮات ﻣﺨﺘﻠﻔﺔ ﻣﻦ ﻫـﺬه اﻟﻤﺮﺣﻠـﺔ ،وذﻟـﻚ ﺗﺤـﺖ ﺗـﺄﺛﻴﺮ اﻟﻔﻌـﻞ اﻟﻤـﺰدوج ﻟﻠﺤﻤـﻞ اﻟﺮﺳـﻮﺑﻲ
واﻟﻨﺸﺎط اﻟﺘﻜﺘﻮﻧﻲ اﻟﺬي ﺳﺎد اﻟﻤﻨﻄﻘﺔ ﺧﻼل ﺗﻠﻚ اﻟﺤﻘﺒﺔ اﻟﺰﻣﻨﻴﺔ ].[21
 اﻟﻄﻮر اﻟﺜﺎﻧﻲ :وﻳﺘﻤﺜﻞ ﺑﺮواﺳﺐ اﻟﻌﻀﻮ اﻟﻌﻠﻮي ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ اﻟﺘﻲ ﺗﻮﺿﻌﺖ ﺑﺘﻮاﻓـﻖ ودون أي اﻧﻘﻄـﺎعﺗﺮﺳﻴﺒﻲ ﻓﻮق رواﺳﺐ اﻟﻌﻀﻮ اﻟﺴﻔﻠﻲ .وﺗﺸﻜﻞ ﻣﺮﺣﻠﺔ ﻫﺬا اﻟﻄﻮر اﺳﺘﻤﺮاراً ﻟﻤﺮﺣﻠﺔ اﻟﻄﻮر اﻷول ﺣﻴـﺚ اﺳـﺘﻤﺮ
اﻹﻧﺤﺴﺎر اﻟﺒﺤـﺮي وﺗﺒﺎﻳﻨـﺖ ﺷـﺮوط اﻟﺘﺮﺳـﻴﺐ واﺧﺘﻠﻔـﺖ أﻧﻤـﺎط اﻟﺘﻮﺿـﻊ .وﺧـﻼل ﻫـﺬه اﻟﻤﺮﺣﻠـﺔ ﺗﺮﺳـﺒﺖ أﺟﺴـﺎم
ﻣﺤﺪودة اﻹﻧﺘﺸﺎر واﻟﺴـﻤﺎﻛﺔ ﻣـﻦ اﻟﻤـﻮاد اﻟﺴـﻠﺘﻴﺔ واﻟﺴـﻠﺘﻴﺔ اﻟﻐﻀـﺎرﻳﺔ واﻟﺮﻣﻠﻴـﺔ اﻟﻜﻮارﺗﺰﻳـﺔ ﻓـﻲ أراض ﻣﻨﺒﺴـﻄﺔ
ﻣــﻦ ﺳــﻬﻮل دﻟﺘﺎوﻳــﺔ ﺗﻐﻤﺮﻫــﺎ ﻣﻴــﺎه داﻓﺌــﺔ ﻗﻠﻴﻠــﺔ اﻟﻌﻤــﻖ إﻟــﻰ ﺿــﺤﻠﺔ ،وﺗــﺘﺤﻜﻢ ﻓﻴﻬــﺎ ﺑﺸــﻜﻞ رﺋﻴﺴــﻲ ﺗﻴــﺎرات اﻟﻤــﺪ
واﻟﺠــﺰر وﻓﻌــﻞ اﻷﻣــﻮاج أﺣﺎدﻳــﺔ وﻣﺘﻌــﺪدة اﻹﺗﺠﺎﻫــﺎت .وﻧﺠــﻢ ﻋــﻦ ﻫــﺬه اﻟﺸــﺮوط ﺗﺸــﻜﻞ أﺟﺴــﺎم ﺗﺮﺳــﻴﺒﻴﺔ ﻓــﻲ
اﻷﺟــﺰاء اﻟﺨﻠﻔﻴــﺔ ﻣــﻦ اﻟــﺪﻟﺘﺎ ﻋﻠــﻰ ﺷــﻜﻞ ﻧﻄﺎﻗــﺎت ﺧﻄﻴــﺔ ﺷــﺎﻃﺌﻴﺔ أو ﻋﺪﺳــﺎت أو أﻗﻨﻴــﺔ او ﺣــﻮاﺟﺰ ﺑﺤﺮﻳــﺔ ﻋﻨــﺪ
ﻣﺼﺒﺎت اﻷﻧﻬﺎر وﺑﻴﻦ ﺗﻔﺮﻋﺎﺗﻬﺎ .وﺗﻌﻜﺲ ﻫﺬه اﻷﺟﺴﺎم ﻣﺘﻮاﻟﻴﺎت ﺗﺮﺳﻴﺒﻴﺔ ﻣﻮﺟﺒﺔ ﻣﻦ اﻟﻨﻤﻂ اﻟﺘﺠﺎوزي أو ﺳﺎﻟﺒﺔ
ﻣﻦ اﻟﻨﻤﻂ اﻹﻧﺤﺴﺎري اﻟﺬي ﺗﺰداد ﺣﺪﺗﻪ ﻧﺤﻮ ﻗﻤﺔ اﻟﺘﺸﻜﻴﻠﺔ ﺣﻴﺚ ﺗﺴﻮد اﻟﺮواﺳﺐ اﻟﺮﻣﻠﻴﺔ اﻟﺨﺸﻨﺔ اﻟﺘﻲ ﻳﻌﺘﻘـﺪ
أﻧﻬﺎ ﺗﻮﺿﻌﺖ ﻓﻲ ﺑـﺮك ﺷـﺎﻃﺌﻴﺔ أو ﻣﻨـﺎﻃﻖ اﻧﺘﻘﺎﻟﻴـﺔ ﻃﺎﻓﻴـﺔ ﺗﻨﺎوﺑـﺖ ﻋﻠﻴﻬـﺎ اﻟﺸـﺮوط اﻟﺒﺤﺮﻳـﺔ واﻟﻘﺎرﻳـﺔ ،وﺳـﻴﻄﺮت
ﻓﻴﻬﺎ ﻇﺮوف ﻣﺘﻌﺎﻗﺒﺔ ﻣﻦ اﻟﺠﻔﺎف واﻟﺮﻃﻮﺑﺔ ،واﻷﻛﺴﺪة واﻹرﺟﺎع ].[9
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ﻫﺬا اﻟﺘﻔﺴﻴﺮ وﺟﻮد ﻣﻌﻴﻨﺎت ﺻﻐﻴﺮة ﻣـﻦ اﻟـﺪوﻟﻮﻣﻴﺖ اﻟﻼﺣـﻖ اﻟﺘﺸـﻜﻞ ﺿـﻤﻦ اﻟﻤـﻼط اﻟﻜﺮﺑﻮﻧـﺎﺗﻲ اﻟﻤﺴـﻴﻠﺲ
أﺣﻴﺎﻧﺎً .ﻫﺬا وﻗﺪ أﻇﻬﺮت اﻟﺘﺤﺎﻟﻴﻞ اﻟﻜﻴﻤﻴﺎﺋﻴـﺔ اﻟﻤﻨﻔـﺬة ﻓـﻲ ﻫـﺬه اﻟﺴـﺤﻦ وﺟـﻮد ﻣـﺎ ﻻ ﻳﻘـﻞ ﻋـﻦ  30%ﻣـﻦ
اﻟﺴﻴﺪرﻳﺖ أو اﻷﻧﻜﺮﻳﺖ و  4%ﻣﻦ اﻟﻤﻮاد اﻟﻐﻀﺎرﻳﺔ .وﺗﺒﻴﻦ اﻷﺷﻜﺎل ﻣﻦ  1إﻟﻰ ) 8اﻟﻠﻮﺣﺔ  (Dﻣﻮاﺻﻔﺎت
ﺑﻌﺾ اﻟﺴﺤﻨﺎت اﻟﻤﺠﻬﺮﻳﺔ اﻟﺪﻗﻴﻘﺔ ) (nannofaciesﻟﻬﺬه اﻟﺘﻮﺿﻌﺎت اﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔ.
وﻫﻜــﺬا ﻓــﺈن ﻫــﺬه اﻟﺮﻣــﺎل اﻟﻜﻮارﺗﺰﻳــﺔ ﺗﻌﻜــﺲ ﺧﺼــﺎﺋﺺ ﻣﺘﻄــﻮرة ﻓــﻲ اﻟﺒﻨﻴــﺎت واﻟﻨﺴــﺞ اﻟﺼــﺨﺮﻳﺔ وﺗﺸــﻜﻞ
ﺑﺎﻟﺘﺎﻟﻲ ﺗﺘﺎﺑﻌﺎً ﻣﻦ اﻟﻤﺘﻮاﻟﻴﺎت اﻟﺮﺳﻮﺑﻴﺔ اﻟﺘﻲ ﺗﺄﺧﺬ اﻫﻤﻴﺘﻬﺎ ﻓﻲ ﻗﻤﺔ اﻟﺘﺸﻜﻴﻠﺔ ﺣﻴـﺚ ﺗﻨﺤـﻰ ﻷن ﺗﻜـﻮن ﻣـﻦ اﻟـﻨﻤﻂ
اﻹﻧﺤﺴﺎري.
وﻣﻦ ﻧﺎﺣﻴﺔ أﺧﺮى ﺗﺘﻤﺘﻊ ﻫﺬه اﻟﻨﻄﺎﻗﺎت اﻟﺮﻣﻠﻴﺔ ،ﺣﺴﺐ اﻟﻘﻴﺎﺳﺎت اﻟﻤﺨﺒﺮﻳـﺔ ،ﺑﻤﺴـﺎﻣﻴﺔ ﻛﻤﻮﻧﻴـﺔ ﺑـﻴﻦ ﺣﺒﻴـﺔ
ﺗﺼــﻞ إﻟــﻰ  25%ﺣﻴــﺚ ﺗﺘﺼــﻒ اﻟﻔﺮاﻏــﺎت ﺑﻬﻨﺪﺳــﺔ ﻣﺮﺗﺒﻄــﺔ ﺑﺎﻟﺴــﻄﻮح اﻟﺒﻠﻮرﻳــﺔ ﻟﻠﺤﺒــﺎت .وإﻟــﻰ ﻫــﺬه اﻟﻤﺴــﺎﻣﻴﺔ
اﻷوﻟﻴﺔ ﺗﻀﺎف ﻣﺴﺎﻣﻴﺔ ﺛﺎﻧﻮﻳـﺔ ﻓﺠﻮﻳـﺔ ﺗﻀـﻔﻲ ﻋﻠـﻰ ﻫـﺬه اﻟﺴـﺤﻨﺎت ﻧﻔﺎذﻳـﺎت إﺟﻤﺎﻟﻴـﺔ ﻻ ﻳﺴـﺘﻬﺎن ﺑﻬـﺎ )ﺷـﻜﻞ ،7
اﻟﻠﻮﺣﺔ  .(Cوﻫﺬا ﻣﺎ ﺟﻌﻞ ﻣﻦ ﻫﺬه اﻟﻨﻄﺎﻗﺎت أﻫﻢ اﻟﺨﺰاﻧﺎت اﻟﺤﺎﻣﻠﺔ ﻟﻠﻐﺎز اﻟﻄﺒﻴﻌﻲ ﻋﻠـﻰ اﻣﺘـﺪاد اﻟﺘﺸـﻜﻴﻠﺔ ﻓـﻲ
ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ،وﺑﺎﻟﺘﺎﻟﻲ اﻟﻬﺪف اﻟﺮﺋﻴﺲ ﻓﻲ أﻋﻤﺎل اﻟﺘﻨﻘﻴﺐ ﻋﻦ اﻟﻤﻮاد اﻟﻬﻴﺪروﻛﺮﺑﻮﻧﻴﺔ ﻓﻲ اﻟﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ.
ﺗﺪل ﻫﺬه اﻟﺴﺤﻨﺎت اﻷورﺛﻮﻛﻮارﺗﺰﻳﺔ اﻟﻤﺘﻮاﺟﺪة ﺑﺄﻧﻤﺎﻃﻬﺎ اﻟﻤﺨﺘﻠﻔﺔ ﻓﻲ ﻛﻼ اﻟﻌﻀﻮﻳﻦ ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ ﻋﻠـﻰ
ﻋﻤﻠﻴﺎت ﺗﺮﺳﻴﺐ ﺳﺮﻳﻊ وﻣﺘﺪرج ﻟﻤﻮاد ﻓﺘﺎﺗﻴﺔ ﻣﻨﻘﻮﻟﺔ ﺑﺎﻟﺘﻴﺎرات اﻟﻤﺎﺋﻴﺔ وﻣﺘﻮﺿـﻌﺔ ﻓـﻲ وﺳـﻂ ﻣـﺎﺋﻲ ﻣﻀـﻄﺮب ﻓـﻲ
اﻟﺒﺪء ﻻ ﺗﻠﺒﺚ وأن ﺗﺰداد ﻃﺎﻗﺘﻪ أو ﺗﺘﻨﺎﻗﺺ ﺗﺪرﻳﺠﻴﺎً ﻧﺤـﻮ اﻷﻋﻠـﻰ وﻳـﻨﻌﻜﺲ ذﻟـﻚ ﻋﻠـﻰ زﻳـﺎدة او ﻧﻘﺼـﺎن أﺑﻌـﺎد
اﻟﺤﺒﺎت وﻃﺒﻴﻌﺘﻬـﺎ .وﻓـﻲ اﻷﻏﻠـﺐ ﺗﺒـﺪو ﻫـﺬه اﻟﺮﻣـﺎل اﻷرﻳﻨﻴﺘﻴـﺔ ﻣﺘﻮﺿـﻌﺔ ﻓـﻲ ﺑﻴﺌـﺔ ﺑﺤﺮﻳـﺔ ﻏﻴـﺮ ﻋﻤﻴﻘـﺔ أو ﺿـﺤﻠﺔ
وذﻟﻚ ﺿﻤﻦ ﻧﻄﺎق ﺗﺄﺛﻴﺮ اﻷﻣﻮاج اﻟﻀﻌﻴﻔﺔ واﻟﺘﻴﺎرات اﻟﻤﺎﺋﻴـﺔ اﻟﻮﺣﻴـﺪة واﻟﻤﺘﻌـﺪدة اﻹﺗﺠﺎﻫـﺎت اﻟﺘـﻲ ﺣﻤﻠـﺖ ﻋﻠـﻰ
ﺗﺸــﻜﻞ اﻟﺒﻨﻴــﺎت اﻟﻤﺘﻄﺒﻘــﺔ واﻟﻤﺘﻄﺒﻘــﺔ اﻟﻤﺘﻘﺎﻃﻌــﺔ ) .(cross-beddingوﻋﻠــﻰ اﻷﻏﻠــﺐ ﻓــﺈن ﻫــﺬه اﻟﺒﻴﺌــﺔ اﻧﺘﻘﺎﻟﻴــﺔ
ﺗﺘﻨــﺎوب ﻓﻴﻬــﺎ اﻟﻈــﺮوف اﻟﺒﺤﺮﻳــﺔ واﻟﻘﺎرﻳــﺔ .وﻓــﻲ ﻣﻌﻈــﻢ اﻟﺤــﺎﻻت ﻓــﺈن ﻇــﺎﻫﺮة اﻟﺘﺘﺎﺑﻌــﺎت اﻟﺴــﺤﻨﻴﺔ اﻟﻤﻮﺟﺒــﺔ أو
اﻟﺴﺎﻟﺒﺔ ﻟﻬﺬه اﻟﺮواﺳﺐ واﺳﺘﻤﺮارﻳﺔ اﻟﺘﺮﺳﻴﺐ ﺑﻴﻨﻬﺎ وﺑﻴﻦ اﻟﺴـﺤﻨﺎت اﻟﺴـﻠﺘﻴﺔ اﻟﻮاﻗﻌـﺔ ﺗﺤﺘﻬـﺎ ﻳﻌﻜـﺲ رواﺳـﺐ ﻣـﻦ
ﻧﻤﻂ ﺗﻮﺿﻌﺎت اﻷﻗﻨﻴﺔ وﺣﻮاﺟﺰ ﻣﻨﻌﻄﻔﺎت اﻷﻧﻬﺎر أو اﻟﺤﻮاﺟﺰ اﻟﺒﺤﺮﻳﺔ اﻟﺸـﺎﻃﺌﻴﺔ (point bars, mouth bars,
) .[29] cheniersوﻓـــﻲ ﻛﺎﻓـــﺔ اﻟﺤـــﺎﻻت ﻓـــﺈن ﻫـــﺬه اﻷﺟﺴـــﺎم اﻟﺘﺮﺳـــﻴﺒﻴﺔ ﺗﻌـــﻮد ﺑﻤﺨﺘﻠـــﻒ أﺷـــﻜﺎﻟﻬﺎ وﺧﺼـــﺎﺋﺺ
ﻣﻜﻮﻧﺎﺗﻬﺎ واﺳﺘﺠﺎﺑﺎﺗﻬﺎ ﻋﻠـﻰ اﻟﺴـﺠﻼت اﻟﺒﺌﺮﻳـﺔ )اﻟﺸـﻜﻞ  (9إﻟـﻰ رواﺳـﺐ دﻟﺘﺎوﻳـﺔ ﻣﺘﻮﺿـﻌﺔ ﻓـﻲ اﻷﺟـﺰاء اﻟﺨﻠﻔﻴـﺔ
ﻣﻦ اﻟﺪﻟﺘﺎ ﺣﻴﺚ ﺗﻜﺜﺮ اﻷﻗﻨﻴﺔ واﻟﺤﻮاﺟﺰ اﻟﻔﺎﺻﻠﺔ ﺑﻴﻨﻬﺎ ].[40
ﻛﻤﺎ أن وﺟﻮد ﻣﺎدة ﻻﺣﻤﺔ ﻛﺮﺑﻮﻧﺎﺗﻴﺔ ﻣﻐﻨﻴﺰﻳـﺔ ﻣﺎﺋﻴـﺔ ﺿـﻤﻦ ﻫـﺬه اﻟﺮواﺳـﺐ )اﻷﺷـﻜﺎل  ،10, 5اﻟﻠﻮﺣـﺔ (C
ﻳﺤﻤــﻞ ﻋﻠــﻰ اﻹﻋﺘﻘــﺎد ﺑﻌﻤﻠﻴــﺎت ﺗﺮﺳــﻴﺐ ﻓــﻲ ﺑﺤﻴــﺮات ﺷــﺎﻃﺌﻴﺔ ﺿــﺤﻠﺔ وﺷــﺪﻳﺪة اﻟﻤﻠﻮﺣــﺔ ﻣﻘﺎرﻧــﺔ ﺑﻤﺜﻴﻼﺗﻬــﺎ ﻓــﻲ
رﺳﻮﺑﻴﺎت اﻟﺒﻼﻳﺎ اﻟﺒﺤﻴﺮﻳﺔ اﻟﺤﺎﻟﻴﺔ ﻓﻲ اﺳﺒﺎﻧﻴﺎ ].[32
 - 3 - 6اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ واﻟﺒﺎﻟﻴﻮﺟﻐﺮاﻓﻲ
ﻳﺘﺒــﻴﻦ ﻣﻤــﺎ ﺳــﺒﻖ أن رواﺳــﺐ اﻟﺒــﺎﻟﻴﻮزوي اﻷﻋﻠــﻰ اﻟﻤﺘﻤﺜﻠــﺔ ﺑﺸــﻜﻞ رﺋﻴﺴــﻲ ﻓــﻲ ﻣﻨﻄﻘــﺔ اﻟﺪراﺳــﺔ ﺑﺘﺸــﻜﻴﻠﺔ
ﻣﺮﻗﺪة ﻣﻜﻮﻧﺔ ،ﺑﺎﺳﺘﺜﻨﺎء ﻗﺎﻋﺪﺗﻬﺎ اﻟﻜﺮﺑﻮﻧﺎﺗﻴﺔ ،ﻣﻦ ﻣﻮاد ﻓﺘﺎﺗﻴﺔ ﻏﻀـﺎرﻳﺔ وﺳـﻠﺘﻴﺔ ورﻣﻠﻴـﺔ ﻛﻮارﺗﺰﻳـﺔ ﻣﺘﻮﺿـﻌﺔ ﻓـﻲ
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اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ ﻟﺘﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﺤﺖ ﺳﻄﺤﻴﺔ ﻣﻦ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ

أﻣــﺎ اﻟﺴــــﺤﻨﺎت اﻟﺮﻣـﻠﻴـــﺔ اﻟﻜــﻮارﺗﺰﻳـــﺔ اﻟﺴــﺎﺋﺪة ﻓــﻲ رﺳــﻮﺑﻴﺎت ﻗﻤــﻢ اﻟﻮﺣــﺪات اﻷﺧﻴــﺮة ﻣــﻦ اﻟﻌﻀــﻮ اﻟﻌﻠـﻮي
) (A, B, C, Dﻓﺘﺒـﺪأ ﻛﻤـﺎ ﻫـﻮ اﻟﺤـﺎل ﺑﺎﻟﻨﺴـﺒﺔ ﻟﺮﻣـﺎل اﻟﻌﻀـﻮ اﻟﺴـﻔﻠﻲ ،ﺑﺄﺳـﺮة ﻣﺘﺮﻳـﺔ ﻣـﻦ اﻷرﻳﻨﻴـﺖ اﻟﻜـﻮارﺗﺰي
اﻟﻔﺎﺗﺢ اﻟﻠﻮن واﻟﻤﺘﻮﺳﻂ اﻟﻘﺴﺎوة وذو اﻟﺒﻨﻴـﺎت اﻟﻤﺘﻄﺒﻘـﺔ ﺑﺸـﻜﻞ ﻣﺎﺋـﻞ أو ﻣﺘﻘـﺎﻃﻊ واﻟﻐﻨـﻲ ﺑﻘﻄـﻊ ﺳـﻨﺘﻴﻤﺘﺮﻳﺔ ﻣـﻦ
اﻟﻔﺤﻮم )ﻟﻴﻐﻨﻴـﺖ() ،اﻷﺷـﻜﺎل  ،10, 9اﻟﻠﻮﺣـﺔ  .(Bإﻻ أن ﻫـﺬا اﻷرﻳﻨﻴـﺖ ﻳﺒـﺪو أﻗـﻞ اﻏﺘﻨـﺎءً ﺑـﺎﻟﻤﻮاد اﻟﺴﻴﻠﻴﺴـﻴﺔ
واﻛﺜﺮ اﻏﺘﻨﺎءً ﺑـﺎﻟﻤﻮاد اﻟﻐﻀـﺎرﻳﺔ واﻟﻔﻠﺪﺳـﺒﺎر ﺑﺤﻴـﺚ ﻳﻘﺘـﺮب ﻣـﻦ واﻛـﻲ اﻟﻜـﻮارﺗﺰ ] .[30وﻓـﻲ ﻫـﺬه اﻟﺮﻣـﺎل ﺗﻜـﻮن
ﺣﺒـﺎت اﻟﻜـﻮارﺗﺰ ذات ﺣـﻮاف وﺳـﻄﻮح ﺷـﺪﻳﺪة اﻟﺘﺂﻛـﻞ ،وأﻗـﻞ ﺣﺠﻤـﺎً وﻻ ﺗﺘﺠـﺎوز ﻓـﻲ أﺑﻌﺎدﻫـﺎ ،100-150 µm
وﻣﺘﻤﺎﺳﻜﺔ ﺑﻤﻼط ﻏﻀﺎري ﻓﺘﺎﺗﻲ إﻟﻰ ﺟﺎﻧﺐ ﻣﻮاد ﻏﻀﺎرﻳﺔ ﻣﺤﻠﻴﺔ اﻟﻨﺸـﺄة ﻧﺎﺗﺠـﺔ ﻋـﻦ ﻓﺴـﺎد اﻟﻔﻠﺪﺳـﺒﺎر اﻟﻤﺮاﻓـﻖ
ﻟﺤﺒﺎت اﻟﻜﻮارﺗﺰ .ﻫﺬا وﻗﺪ ﺑﻴﻨﺖ اﻟﺘﺤﺎﻟﻴﻞ اﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻟﻠﻤـﻮاد اﻟﻐﻀـﺎرﻳﺔ اﻟﻤﺮاﻓﻘـﺔ ﻟﻠﺮﻣـﺎل اﻟﻜﻮارﺗﺰﻳـﺔ ﻓـﻲ اﻟﻮﺣـﺪة
 Aﻋﻠﻰ أﻧﻬﺎ ذات ﺗﺮﻛﻴﺐ ﻓﻠﺰي ﻳﻐﻠﺐ ﻋﻠﻴﻪ اﻟﻜﺎؤﻟﻴﻨﻴﺖ واﻟﻜﻠﻮرﻳﺖ ﺑﻨﺴﺐ ﻣﺘﻘﺎرﺑـﺔ ،إﺿـﺎﻓﺔ إﻟـﻰ ﻧﺴـﺒﺔ ﺿـﺌﻴﻠﺔ ﻣـﻦ
اﻹﻳﻠﻴــﺖ ﻻ ﺗﺘﺠــﺎوز ) 5%اﻟﻌﻴﻨــﺎت  ، A-4, A-2, A-1اﻟﺠــﺪول  ،(1أو اﻟﺴــﻤﻐﺘﻴﺖ ﻓﺎﻟﻜﺎؤﻟﻴﻨﻴــﺖ ﻣــﻊ ﺑﻌــﺾ
اﻹﻳﻠﻴﺖ اﻟﺬي ﻗـﺪ ﺗﺼـﻞ ﻧﺴـﺒﺘﻪ  31%ﻓـﻲ ﺑﻌـﺾ اﻟﻤﺴـﺘﻮﻳﺎت )اﻟﻌﻴﻨـﺎت  ، A-9, A-8, A-5اﻟﺠـﺪول  .(1ﻛﻤـﺎ
ﺑﻴﻨﺖ اﻟﻘﻴﺎﺳﺎت اﻟﻤﺨﺒﺮﻳﺔ أن ﻣﺴﺎﻣﻴﺔ ﻫﺬه اﻟﺮﻣﺎل ردﻳﺌـﺔ ) ،(< 0.5%ﻓﻲ ﺣﻴﻦ ﺗﻨﻌﺪم ﻓﻴﻬـﺎ اﻟﻨﻔﺎذﻳـﺔ )ﺷـﻜﻞ ، 8
اﻟﻠﻮﺣﺔ  Cواﻷﺷﻜﺎل  ،4, 3اﻟﻠﻮﺣﺔ .(D
ﺗﺘــﺪرج ﻫــﺬه اﻟﺴــﺤﻨﺔ ﻧﺤــﻮ اﻷﻋﻠــﻰ إﻟــﻰ ﻃﺒﻘــﺎت رﻣﻠﻴــﺔ ﻛﻮارﺗﺰﻳــﺔ أﻛﺜــﺮ ﺳــﻤﺎﻛﺔ وأﺷــﺪ ﻗﺴــﺎوة وذات أﻟــﻮان
رﻣﺎدﻳﺔ ﻣﺨﻀﺮة وﺑﻨﻴﺎت ﻧﺎﻋﻤﺔ ﻣﺘﻄﺒﻘﺔ ﺑﺸﻜﻞ ﺷﺒﻪ أﻓﻘﻲ وﻣﻘﻄﻮﻋـﺔ ﺑﺒﻨﻴـﺎت ﻋﻤﻴﺪﻳـﺔ )اﻷﺷـﻜﺎل  ،12, 11اﻟﻠﻮﺣـﺔ
 .(Bأﻇﻬــﺮت اﻟﺪراﺳــﺔ اﻟﻨﺴــﻴﺠﻴﺔ ﻟﻬــﺬه اﻟﺮﻣــﺎل أﻧﻬــﺎ ﻣﺆﻟﻔــﺔ ﻣــﻦ أرﻳﻨﻴــﺖ ﻣﻜــﻮن ﻣــﻦ أﻛﺜــﺮ ﻣــﻦ  80%ﻣــﻦ ﺣﺒــﺎت
اﻟﻜــﻮارﺗﺰ ذات اﻷﺷــﻜﺎل اﻟﻤﺨﺘﻠﻔــﺔ ،واﻷﺑﻌــﺎد اﻟﻤﺘﻔﺎوﺗــﺔ ) (200-400 µmودرﺟــﺔ اﻟﺘﺼــﻨﻴﻒ اﻟﺤﺒــﻲ اﻟﻤﺘﻮﺳــﻄﺔ.
وﺗﺒﺪو ﻫﺬه اﻟﺤﺒﺎت ﺗﺤﺖ اﻟﻤﺠﻬﺮ زاوﻳﺔ إﻟﻰ ﺗﺤﺖ زاوﻳﺔ وﻣﺘﺸﺎﺑﻜﺔ وﻓﻖ ﺳﻄﻮح اﻟﺘﺼـﺎق ﻣﻤﺎﺳـﻴﺔ ﻣﺴـﺘﻘﻴﻤﺔ أو
ﻣﺤﺪﺑــﺔ  -ﻣﻘﻌــﺮة ﻣﺘــﺪرزة )) (suturesاﻷﺷــﻜﺎل  ،11, 1اﻟﻠﻮﺣــﺔ  .(Cوﻗــﺪ ﺑﻴﻨــﺖ اﻟﺪراﺳــﺔ اﻟﻤﺠﻬﺮﻳــﺔ ﻟﻬــﺬه
اﻟﺘﺪرزات ﺑﺎﺳﺘﺨﺪام اﻷﺷﻌﺔ اﻟﻤﻬﺒﻄﻴﺔ ) (cathodoluminescenceﻋﻠﻰ أﻧﻬﺎ ﻻ ﺗﻌﻮد ﻓـﻲ أﺳـﺒﺎب ﺣـﺪوﺛﻬﺎ إﻟـﻰ
ﺣـﻮادث اﻟﺘــﺮاص اﻟﻨﺎﺗﺠــﺔ ﻋــﻦ أﻓﻌــﺎل اﻟﻀــﻐﻂ واﻹﻧﺤــﻼل وإﻧﻤـﺎ ﺗﺒــﺪو ﻛﻈــﺎﻫﺮة ﻧﺘﻴﺠــﺔ ﺗــﺪاﺧﻞ ﺑﻠــﻮرات اﻟﺴـﻴﻠﻴﺲ
اﻟﺜــﺎﻧﻮي اﻟﻨــﺎﻣﻲ ً ﺣــﻮل ﺣﺒــﺎت اﻟﻜــﻮارﺗﺰ وﻓــﻖ ﺳــﻄﻮح اﻹﻟﺘﺼــﺎق )اﻟﺸــﻜﻞ  .(8وﺑﺎﻹﺿــﺎﻓﺔ إﻟــﻰ ﺣﺒــﺎت اﻟﻜــﻮارﺗﺰ
ﻳﺤﺘــﻮي ﻫــﺬا اﻟﻜﻮارﺗﺰﻳــﺖ ﻋﻠــﻰ ﺗــﻮاﺋﻢ ﻋــﺪة ﻣــﻦ ﺑﻠــﻮرات اﻟﺼــﻔﺎح ﻛﺒﻴــﺮة اﻷﺑﻌــﺎد )ﺷــﻜﻞ  ،12اﻟﻠﻮﺣــﺔ  .(Cﻛﻤــﺎ
ﻳﺘﻀﻤﻦ ﺷﻈﺎﻳﺎ ﻣﻦ اﻟﻤﻴﻜﺎ وﻧﺴﺒﺔ ﻋﺎﻟﻴﺔ ﻣﻦ اﻟﻤﻌﺎدن اﻟﺜﻘﻴﻠﺔ اﻟﻤﻘﺎوﻣﺔ ﻛﺎﻟﺰرﻛﻮن واﻟﺜﻮرﻣﺎﻟﻴﻦ ،وﻗﻠﻴﻼً ﻣﻦ اﻟﻤـﺎدة
اﻟﻌﻀﻮﻳﺔ اﻟﻤﺘﺒﻘﻴﺔ )اﻟﻌﻴﻨـﺔ  ، 22اﻟﺠـﺪول  .(2أﻣـﺎ ﺑﺎﻟﻨﺴـﺒﺔ ﻟﻠﻄـﻮر اﻟﻼﺣـﻢ ﻓﺘﺒـﺪو اﻟﺤﺒـﺎت ﻣﻠﺤﻮﻣـﺔ ﺑﻨـﻮﻋﻴﻦ ﻣـﻦ
اﻟﻤﻼط ذي اﻟﻌﻤﺮ واﻟﻄﺒﻴﻌﺔ اﻟﻤﺨﺘﻠﻔﻴﻦ:
* ﻣﻼط ﺳﻴﻠﻴﺴﻲ ﻣﺘﺄﺧﺮ اﻟﻨﺸﺄة ﻋﻠﻰ ﺷﻜﻞ ﺑﻠﻮرات ﻣﻦ اﻷوﺑﺎل أو اﻟﻜﺎﻟﺴﻴﺪوان اﻟﻨﺎﻣﻲ ﺣـﻮل ﺣﺒـﺎت اﻟﻜـﻮارﺗﺰ
أو ﺿــﻤﻦ اﻟﻔﺮاﻏــﺎت ﺑــﻴﻦ اﻟﺤﺒﻴــﺔ ،واﻟــﺬي ﻳﺒــﺪو ﻓــﻲ ﺑﻌــﺾ اﻟﻤﻮاﻗــﻊ ﻣﺘﺤــﻮﻻً ﻓــﻲ ﻣﺮﺣﻠــﺔ ﻻﺣﻘــﺔ إﻟــﻰ ﻛــﻮارﺗﺰ
)اﻷﺷﻜﺎل  ، 9, 2اﻟﻠﻮﺣﺔ .(C
* ﻣــﻼط ﻛﺮﺑﻮﻧــﺎﺗﻲ ﻣﺒﻜﺮاﻟﻨﺸــﺄة ﻋﻠــﻰ ﺷــﻜﻞ ﺑﻠــﻮرات ﺿــﺨﻤﺔ ﺗﻔــﺮش اﻟﻔﺮاﻏــﺎت ﺑــﻴﻦ اﻟﺤﺒﻴــﺔ )اﻷﺷــﻜﺎل ،10, 5
اﻟﻠﻮﺣﺔ  .(Cوﻗﺪ أﻇﻬﺮت ﺗﻔﺴﻴﺮات ﻧﻘﺎط ذروة ﻫﺬه اﻟﻔﻠﺰات ﻋﻠﻰ أﻃﻴﺎف أﺷﻌﺔ إﻛﺲ ) (X-Rayﻋﻠـﻰ أﻧﻬـﺎ
ﻣﻜﻮﻧـﺔ ﻣـﻦ ﻛﺮﺑﻮﻧـﺎت ﻣﻐﻨﻴﺰﻳـﺔ ﻣﺎﺋﻴـﺔ  (Mg 0.92, Ca 0.08) CO3, 3 H2Oوﺗﻘﺘـﺮب ﻓـﻲ ﺗﺮﻛﻴﺒﻬـﺎ ﻣـﻦ
اﻟﻤﺎﻏﻨﻴﺰﻳـﺖ ﺣﺴـﺐ ) (M.B. Valleronﻣـﻦ ﻣﺘﺤـﻒ اﻟﻌﻠـﻮم اﻟﻄﺒﻴﻌﻴـﺔ ﺑﺒـﺎرﻳﺲ )ﻣﻜﺎﻟﻤـﺔ ﺷﺨﺼـﻴﺔ( .وﻳﻌـﺰز
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اﻟﻘﺎﺿﻲ

)ﺗﺎﺑﻊ اﻟﻠــﻮﺣﺔ (- C -

–7
–8
–9
–10
-11
–12

ﻣﺴﺎﻣﻴﺔ ﺛﺎﻧﻮﻳﺔ ﻓﺠﻮﻳﺔ ﻧﺎﺟﻤﺔ ﻋﻦ زوال اﻟﻤﺎدة اﻟﻐﻀﺎرﻳﺔ اﻷوﻟﻴﺔ اﻟﺘﻲ ﺗﺠﻤﻊ رﻣﺎﻻً ﻛﻮارﺗﺰﻳﺔ ﻣﺘﻮﺳﻄﺔ اﻟﺨﺸﻮﻧﺔ
وزاوﻳﺔ اﻷﺷﻜﺎل وﻣﻬﺘﺮﺋﺔ اﻟﺴﻄﻮح وﻏﻴﺮ ﻣﺘﻼﺻﻘﺔ )ﻛﻮارﺗﺰ واﻛﻲ(.
أرﻳﻨﻴﺖ ﻣﻜﻮن ﻣﻦ رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﻣﺘﻮﺳﻄﺔ اﻟﺤﺠﻮم وذات أﺷﻜﺎل زاوﻳﺔ إﻟﻰ ﺗﺤﺖ ﻣﺪورة ،ﻣﺘﺠﺎﻧﺴﺔ وﺷﺪﻳﺪة
اﻟﺘﺮاص وﻣﻌﺪوﻣﺔ اﻟﻤﺴﺎﻣﻴﺔ.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﻣﺘﻘﺎرﺑﺔ اﻟﺤﺠﻮم وﻣﺨﺘﻠﻔﺔ اﻻﺷﻜﺎل وأﻧﻤﺎط اﻻﺗﺼﺎل ،ﺗﻠﺤﻤﻬﺎ ﻣﺎدة ﻛﺮﺑﻮﻧﺎﺗﻴﺔ ﻛﻠﺴﻴﺔ ﻣﻐﻨﻴﺰﻳﺔ دﻗﻴﻘﺔ
اﻟﺘﺒﻠﻮر وﺗﺸﻮﺑﻬﺎ ﻧﺜﺮات ﻣﻦ اﻟﻤﻴﻜﺎ اﻟﺒﻴﻀﺎء.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﺷﺒﻴﻬﺔ ﻓﻲ ﺳﺤﻨﺘﻬﺎ ﻟﺴﺤﻨﺔ رﻣﺎل اﻟﻌﻴﻨﺔ ) (9ﻣﻊ ﻧﻘﺼﺎن ﻓﻲ درﺟﺔ ﺗﺮاص اﻟﺤﺒﺎت وزﻳﺎدة ﻓﻲ ﻧﺴﺒﺔ
اﻟﻤﺎدة اﻟﻼﺣﻤﺔ اﻟﻜﺮﺑﻮﻧﺎﺗﻴﺔ وارﺗﻔﺎع ﻓﻲ دﻻﺟﺔ دﻟﻤﺘﺘﻬﺎ.
رﻣﺎل أورﺛﻮﻛﻮارﺗﺰﻳﺔ ﻣﻜﻮﻧﺔ ﻣﻦ ﺣﺒﺎت ﻣﺘﻮﺳﻂ اﻟﺨﺸﻮﻧﺔ واﻟﺘﺪورة وﺿﻌﻴﻔﺔ اﻟﺘﺮاص وﻏﻨﻴﺔ ﺑﺎﻟﻤﺎدة اﻟﻼﺣﻤﺔ
اﻟﻜﺮﺑﻮﻧﺎﺗﻴﺔ وﺑﻌﺾ اﻟﻔﻠﺰات اﻟﺜﻘﻴﻠﺔ.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﺧﺸﻨﺔ ،ﻣﺘﺂﻛﻠﺔ اﻟﺤﻮاف وﻣﻬﺘﺮﺋﺔ اﻟﺴﻄﻮح وﺷﺪﻳﺪة اﻟﺘﺮاص ،وﻣﺨﺘﻠﻄﺔ ﻣﻊ ﺣﺒﺎت ﻣﻦ اﻟﺼﻔﺎح
اﻟﺒﻼﺟﻴﻮﻛﻼزي اﻟﻌﺼﺎﺋﺒﻲ ذي اﻟﺘﻌﺘﻴﻢ اﻟﺘﻤﻮﺟﻲ.
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رﻣﺎل ﻛﻮارﺗﺰﻳﺔ أرﻳﻨﻴﺘﻴﺔ ﻣﻜﻮﻧﺔ ﻣﻦ ﺣﺒﺎت ﻧﺎﻋﻤﺔ إﻟﻰ ﻣﺘﻮﺳﻄﺔ اﻟﺤﺠﻮم ،ﺗﺤﺖ زاوﻳﺔ إﻟﻰ زاوﻳﺔ وﻣﻬﺘﺮﺋﺔ اﻟﺤﻮاف،
ﻣﺘﻮﺳﻄﺔ إﻟﻰ ﺟﻴﺪة اﻟﻔﺮز اﻟﺤﺒﻲ ،وﻣﺘﺮاﺻﺔ وﻓﻖ ﺳﻄﻮح اﻟﺘﺼﺎق ﻣﻤﺎﺳﻴﺔ أو ﻣﺘﻌﺮﺟﺔ.
رﻣــﺎل أورﺛﻮﻛﻮارﺗﺰﻳــﺔ ﻣﻜﻮﻧــﺔ ﻣــﻦ ﺣﺒــﺎت ﺧﺸــﻨﺔ اﻟﺤﺠــﻮم وﺗﺤــﺖ ﻣــﺪورة إﻟــﻰ ﻣــﺪورة ،ﺟﻴــﺪة اﻟﻔــﺮز اﻟﺤﺒــﻲ وﺷــﺪﻳﺪة
اﻟﺘﺮاص ،وﻳﺸﻮﺑﻬﺎ ﺧﺜﺮات ﻣﻦ اﻟﺒﻴﺮﻳﺖ.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﻳﻠﺤﻤﻬﺎ ﻣﺎدة ﺳﻴﻠﻴﺴﻴﺔ ﺛﺎﻧﻮﻳﺔ ﺷﺒﻪ ﻣﺒﻠﻮرة ﻧﺎﺗﺠﺔ ﻋﻦ ﺗﺤﻮل ﻻﺣﻖ ﻟﻤﺎدة ﻏﻀﺎرﻳﺔ أوﻟﻴﺔ.
ﺳﻴﻠﺖ ﻏﻀـﺎري ﻧـﺎﻋﻢ وﻣﺘﺠـﺎﻧﺲ اﻟﺤﺒـﺎت ﺷـﺪﻳﺪة اﻟﺰاوﻳـﺔ ،ﻏﻨـﻲ ﺑﻤـﻮاد ﻋﻀـﻮﻳﺔ ﻣﺘﻔﺤﻤـﺔ ﺳـﻮداء اﻟﻠـﻮن وﻣﺘﻮﺿـﻌﺔ
ﺑﺸﻜﻞ ﻣﻮاز ﻟﻠﺘﻄﺒﻖ.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﺧﺸﻨﺔ ،ﺗﺤﺖ ﻣﺪورة إﻟﻰ ﻣﺪورة ،ﻣﺘﺂﻛﻠﺔ اﻟﺤﻮاف وﻣﺘﻮﺳﻄﺔ درﺟﺔ اﻟﺘﺠﺎﻧﺲ ،ﺗﻠﺤﻤﻬﺎ ﻣﺎدة ﻛﺮﺑﻮﻧﺎﺗﻴﺔ
ﻛﻠﺴﻴﺔ ﻣﻐﻨﻴﺰﻳﺔ ﻣﺒﻠﻮرة وﻣﺪﻟﻤﺘﺔ ﺟﺰﺋﻴﺎً.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﻧﺎﻋﻤﺔ إﻟﻰ ﺧﺸﻨﺔ اﻟﺤﺠﻮم ،ﺗﺤﺖ زاوﻳﺔ إﻟﻰ زاوﻳﺔ ،ﻣﺘﻮﺳﻄﺔ درﺟـﺔ اﻟﻔـﺮز اﻟﺤﺒـﻲ وﻣﺨﺘﻠﻄـﺔ ﻣـﻊ ﻧﺴـﺒﺔ
ﺿﺌﻴﻠﺔ ﻣﻦ اﻟﻤﻮاد ااﻟﻐﻀﺎرﻳﺔ وﻋﺼﻴﺎت ﻣﻦ اﻟﻤﻴﻜﺎ اﻟﺒﻴﻀﺎء.
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ﺗﻌﻜﺲ ﻫﺬه اﻟﺴﺤﻨﺎت ﺑﻤﺮﻛﺒﺎﺗﻬﺎ اﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔ اﻟﻨﻘﻴﺔ واﻟﻐﻀﺎرﻳﺔ ﺗﺮﺳﻴﺒﺎً ﻣﺘﻨﺎوﺑﺎً ﺑﻄﻴﺌﺎً وﻣﻨﺘﻈﻤ ًﺎ
ﻟﻠﻤﻮاد اﻟﻐﻀﺎرﻳﺔ اﻟﺴﻠﺘﻴﺔ ﻓﻲ ﺑﻴﺌﺔ راﻛﺪة ذات ﻣﻴﺎه ﺷﺒﻪ ﻫﺎدﺋﺔ وﻏﻴﺮ ﻋﻤﻴﻘﺔ وأﻗﻞ ﻋﻤﻘﺎً ﺑﺎﻟﻀﺮورة ﻣﻦ ﺗﻠﻚ
اﻟﻤﺴﺆوﻟﺔ ﻋﻦ ﺗﺮﺳﻴﺐ اﻟﺴﺤﻨﺎت اﻟﻐﻀﺎرﻳﺔ اﻟﺴﺎﺑﻘﺔ ،اﻷﻛﺜﺮ ﺗﺠﺎﻧﺴﺎً وﻧﻘﺎءً .وﻣﻦ اﻟﻤﺮﺟﺢ أن ﺗﻜﻮن ﻫﺬه
اﻟﺮﺳﻮﺑﻴﺎت ﻗﺪ ﺗﻮﺿﻌﺖ ﺑﺎﻻﺳﺘﻘﺮار ) (decantationاﻧﻄﻼﻓﺎً ﻣﻦ ﻣﻮاد ﻣﻌﻠﻘﺔ ﻓﻲ اﻟﺒﺮك اﻟﻮاﺳﻌﺔ أو اﻟﺒﺤﻴﺮات
اﻟﺸﺎﻃﺌﻴﺔ ﺑﻴﻦ اﻟﺸﻌﺎب اﻟﺪﻟﺘﺎوﻳﺔ .وﻳﺰداد اﺿﻄﺮاب ﻫﺬه اﻟﺒﻴﺌﺔ ﻧﺤﻮ اﻷﻋﻠﻰ ﻟﺘﺘﻮﺿﻊ اﻟﺮواﺳﺐ اﻟﺴﻠﺘﻴﺔ اﻟﻨﻘﻴﺔ
ﻣﺸﻜﻠﺔ أﻛﻤﺎت ﺗﻌﻠﻮ اﻟﺮﺳﻮﺑﻴﺎت اﻟﻐﻀﺎرﻳﺔ اﻟﺴﻠﺘﻴﺔ اﻷﻗﺪم .إن ﻣﺜﻞ ﻫﺬا اﻟﺘﻌﺎﻗﺐ اﻟﻤﺘﻜﺮر ﻣﻦ اﻟﺴﺤﻨﺎت ﻻ ﻳﻤﻜﻦ
أن ﻳﺘﺸﻜﻞ إﻻ ﻓﻲ ﻣﻨﺎﻃﻖ ﻣﺴﻄﺤﺎت اﻟﻤﺪ واﻟﺠﺰر ﻣﻦ اﻟﺴﻬﻮل اﻟﺪﻟﺘﺎوﻳﺔ اﻟﺸﺎﻃﺌﻴﺔ ﺣﻴﺚ ﺗﺴﻮد ﺑﻨﻴﺎت اﻟﻤﺪ
واﻟﺠﺰر وﺗﺨﺘﻠﻂ اﻟﺮﺳﻮﺑﻴﺎت ﺑﺎﻟﻤﻮاد اﻟﻌﻀﻮﻳﺔ واﻟﺒﻴﺮﻳﺖ ] .[28ﻛﻤﺎ أن اﻟﺘﺪرج اﻟﻤﺘﻤﺜﻞ ﻓﻲ اﻹﻧﺘﻘﺎل ﻣﻦ
ﺳﺤﻨﺎت ﻏﻀﺎرﻳﺔ ﺳﻠﺘﻴﺔ إﻟﻰ ﺳﻠﺘﻴﺔ ﺗﺮﺗﻔﻊ ﻓﺒﻬﺎ ﻧﺴﺐ ﺣﺒﺎت اﻟﻜﻮارﺗﺰ وﺗﺰداد ﺣﺠﻮﻣﻬﺎ ﻳﻌﻜﺲ ﻣﺘﻮاﻟﻴﺎت رﺳﻮﺑﻴﺔ
اﻧﺤﺴﺎرﻳﺔ ﻣﺸﺎﺑﻬﺔ ﻓﻲ ﺧﺼﺎﺋﺼﻬﺎ اﻟﺘﺮﺳﻴﺒﻴﺔ ﻟﻤﺘﻮاﻟﻴﺎت اﻟﻤﺪ واﻟﺠﺰر ] .[37وﺗﺒﻘﻰ ﺑﻴﺌﺎت ﺗﺮﺳﻴﺐ ﻫﺬه
اﻟﺴﺤﻨﺎت اﻧﺘﻘﺎﻟﻴﺔ ﺑﻴﻦ اﻟﺒﻴﺌﺎت اﻷﻛﺜﺮ ﻋﻤﻘﺎً وﻫﺪوءاً واﻟﻤﺴﺆوﻟﺔ ﻋﻦ ﺗﺮﺳﻴﺐ اﻟﺴﺤﻨﺎت اﻟﻐﻀﺎرﻳﺔ اﻟﺘﻲ ﺗﺴﺒﻖ
ﻫﺬه اﻟﺴﺤﻨﺎت واﻟﺒﻴﺌﺎت اﻟﻀﺤﻠﺔ واﻟﻤﻀﻄﺮﺑﺔ اﻟﻤﺴﺆوﻟﺔ ﻋﻦ ﺗﺮﺳﻴﺐ اﻟﻨﻄﺎﻗﺎت اﻟﺮﻣﻠﻴﺔ اﻟﺨﺸﻨﺔ اﻟﺘﻲ ﺗﻌﻠﻮﻫﺎ،
وﻳﻤﻜﻦ ان ﺗﻨﺪرج ﺿﻤﻦ اﻟﺒﻴﺌﺎت اﻟﺒﻴﻦ ﻣﺪﻳﺔ )) (intertidalاﻟﺸﻜﻞ .[16] (7
 اﻟﺴﺤﻨﺎت اﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔﺗﻮﺟﺪ ﻫﺬه اﻟﺴﺤﻨﺎت ﺑﺴﻤﺎﻛﺎت ﻣﺤﺪودة ﺿﻤﻦ رواﺳﺐ وﺣـﺪات اﻟﻌﻀـﻮ اﻟﺴـﻔﻠﻲ إﻻ أﻧﻬـﺎ ﺗﺄﺧـﺬ أﻫﻤﻴﺘﻬـﺎ
ﻓﻲ رواﺳﺐ اﻟﻌﻀﻮ اﻟﻌﻠﻮى ﺣﻴﺚ ﺗﺘﻤﺮﻛﺰ ﻓﻲ ﻗﻤﻢ وﺣﺪاﺗﻪ اﻷﺧﻴﺮة .ﺷـﻜﻠﺖ ﻫـﺬه اﻟﺴـﺤﻨﺎت اﻟﻬـﺪف اﻟـﺮﺋﻴﺲ ﻓـﻲ
اﻋﻤﺎل اﻟﺒﺤﺚ واﻟﺘﻨﻘﻴﺐ ﻋﻦ اﻟﻬﻴﺪروﻛﺮﺑﻮﻧﺎت ﻓﻲ ﻣﻨﻄﻘـﺔ اﻟﺪراﺳـﺔ ﺿـﻤﻦ رواﺳـﺐ اﻟﺒـﺎﻟﻴﻮزوي اﻷﻋﻠـﻰ ،وﺧﻀـﻌﺖ
ﺑﺎﻟﺘﺎﻟﻲ ﻟﻌﻤﻠﻴﺎت ﺗﻘﻮﻳﺮ ﻣﻜﺜﻒ ﻣﻤﺎ ﺳﻤﺢ ﺑﺪراﺳﺔ ﻣﻌﻤﻘﺔ ﻟﻤﻜﻮﻧﺎﺗﻬﺎ.
ﺗﻮﺟﺪ اﻟﺮﻣﺎل اﻟﻜﻮارﺗﺰﻳﺔ اﻟﻌﺎﺋﺪة ﻟﻠﻌﻀﻮ اﻟﺴﻔﻠﻲ ﺿﻤﻦ ﻣﺴﺘﻮﻳﺎت اﻟﻮﺣﺪات اﻟﺪﻧﻴﺎ ﻣﻨـﻪ ) (H, I, Jوﺗﻈﻬـﺮ
ﻋﻠﻰ ﺷﻜﻞ ﻗﻮاﻃﻊ ﺗﻔﺼـﻞ ﺑـﻴﻦ اﻟﺴـﺤﻨﺎت اﻟﻐﻀـﺎرﻳﺔ ،أو أﺳـﺮة ﺗﻐﻄـﻲ اﻟﺮواﺳـﺐ اﻟﺴـﻠﺘﻴﺔ )ﺷـﻜﻞ  ،3اﻟﻠﻮﺣـﺔ .(B
ﺗﺘﻤﻴﺰﻫﺬه اﻟﺮﻣﺎل ﺑﻘﺴﺎوﺗﻬﺎ ودرﺟـﺔ ﺗﺠﺎﻧﺴـﻬﺎ اﻟﻌﺎﻟﻴـﺔ ،وأﻟﻮاﻧﻬـﺎ اﻟﻔﺎﺗﺤـﺔ ،وﺑﻨﻴﺎﺗﻬـﺎ اﻟﺘﺮﺳـﻴﺒﻴﺔ اﻟﻤﺘﻄﺒﻘـﺔ أﻓﻘﻴـﺎً أو
ﺑﺸــﻜﻞ ﻣﺎﺋــﻞ أﺣﻴﺎﻧ ـﺎً .أﻣــﺎ ﺑﻨﻴﺎﺗﻬــﺎ اﻟﻨﺴــﻴﺠﻴﺔ ) (texturesﻓﺘﺸــﻴﺮ إﻟــﻰ اﺳــﺘﻤﺮارﻳﺔ ﻣﺤــﺪودة ﻓــﻲ اﻟﺘﺮﺳــﻴﺐ ﺑﻴﻨﻬــﺎ
وﺑﻴﻦ اﻟﺮواﺳﺐ اﻟﺘﻲ ﺗﻘﻊ ﺗﺤﺘﻬﺎ .وﻓﻲ ﻛﻞ اﻟﺤﺎﻻت ﻓﺈن ﻫﺬه اﻟﺮﻣﺎل ،وﻓﻘﺎً ﻟﺘﻘﺴـﻴﻢ ] ،[30ﻫـﻲ أرﻳﻨﻴـﺖ ﻛـﻮارﺗﺰي
أو اورﺛﻮﻛﻮارﺗﺰﻳــﺖ ﻣﻜــﻮن ﻣــﻦ أﻛﺜــﺮ ﻣــﻦ  90%ﻣــﻦ ﺣﺒــﺎت اﻟﻜــﻮارﺗﺰ اﻟﻤﻜﺪﺳــﺔ ﺑﺎﻧﺘﻈــﺎم وﻓــﻖ ﻧﻈــﺎم ﻳﻤﻴــﻞ إﻟــﻰ
اﻟﻤﻌﻴﻨــﻲ ،وذات اﻷﺷــﻜﺎل اﻟﻤﻜــﻮرة أو اﻟﻤﺴــﻄﺤﺔ أو اﻟﻨﺼــﻠﻴﺔ ،واﻟﺴــﻄﻮح اﻟﻤﻬﺘﺮﺋــﺔ واﻟﺤــﻮاف اﻟﺰاوﻳــﺔ ،واﻟﺘــﻲ ﻻ
ﺗﺘﺠـﺎوز ﻓـﻲ أﻗﻄﺎرﻫـﺎ  .250 µmوﺗﺒـﺪو ﻫـﺬه اﻟﺤﺒـﺎت ﺟﻴـﺪة اﻟﻔـﺮز وﺷـﺪﻳﺪة اﻟﺘـﺮاص وﻣﺘﻼﺻـﻘﺔ وﻓـﻖ ﺳـﻄﻮح
اﻟﺘﺼــﺎق ﻣﻤﺎﺳــﻴﺔ .وﻳﺸــﻮب ﻫــﺬه اﻟﺤﺒــﺎت ﻧﺜــﺮات ﻣــﻦ اﻟﻤﻴﻜــﺎ ،ﻛﻤــﺎ ﻳﺨــﺘﻠﻂ ﻣﻌﻬــﺎ ﻗﻠﻴــﻞ ﻣــﻦ اﻟﻤــﺎدة اﻟﻌﻀــﻮﻳﺔ
اﻟﻤﺘﻔﺤﻤــﺔ وﺑﻠــﻮرات ﻣــﻦ اﻟﺒﻴﺮﻳــﺖ )ﺷــﻜﻞ  ،1اﻟﻠﻮﺣــﺔ  .(Cوﻳﺠﻤــﻊ ﻫــﺬه اﻟﻤﻜﻮﻧــﺎت ﻣــﺎدة ﻻﺣﻤــﺔ ﻣــﻦ اﻟﺴــﻴﻠﻴﺲ
اﻟﺜﺎﻧﻮي اﻟﻨﺎﺗﺞ ﻋﻦ ﻋﻤﻠﻴﺎت اﻹﻧﺤـﻼل ﺑﻔﻌـﻞ اﻟﻀـﻐﻂ واﻟﻤﺘﻮﺿـﻊ ﺣـﻮل وﺑـﻴﻦ اﻟﺤﺒـﺎت ﺗﺎرﻛـﺎً ﻣﺴـﺎﻣﻴﺔ ﺑـﻴﻦ ﺑﻠﻮرﻳـﺔ
ﺛﺎﻧﻮﻳـــﺔ ) (10-15%ﺗﻀــﻔﻲ ﻋﻠــﻰ اﻟﺼــﺨﺮ ﺧﺼــﺎﺋﺺ ﺧﺰﻧﻴـــﺔ ﺟﻴــﺪة .ﺗﻐﺘﻨــﻲ ﻫــﺬه اﻟﺮﻣــﺎل اﻟﻜﻮارﺗﺰﻳــﺔ ﻧﺤــﻮ أﻋﻠــﻰ
اﻟﻄﺒﻘﺎت ﺑﺎﻟﻐﻀﺎر اﻟﻤﻴﻜﺎوي ﻟﺘﺼﺒﺢ ﻗﺮﻳﺒﺔ ﻓﻲ ﺳﺤﻨﺘﻬﺎ ﻣـﻦ اﻷرﻛـﻮز ،ﻣـﻊ اﻹﺑﻘـﺎء ﻋﻠـﻰ ﺧﺼﺎﺋﺼـﻬﺎ اﻟﺒﺘﺮوﻓﻴﺰﻳﺎﺋﻴـﺔ
اﻷوﻟﻴﺔ )ﺷﻜﻞ  ،1اﻟﻠﻮﺣﺔ .(D
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)ﺗﺎﺑﻊ اﻟﻠــﻮﺣﺔ (- B -

 -7ﺳﻴﻠﺖ ﻏﻀﺎري ﻗﺎﺗﻢ اﻟﻠﻮن ،ﻣﺘﻤﺎﺳﻚ ،ﺗﻤﻴﺰﻩ ﺑﻨﻴﺔ ﻣﺨﻀﻮﺽﺔ ﻗﺮیﺒﺔ ﻣﻦ ﺑﻨﻴﺎت اﻟﻤﺪ واﻟﺠﺰر.
 -8ﻏﻀﺎر ﺻﻔﺤﻲ ﻣﻔﺘﺖ وﻣﺨﺘﻠﻂ ﻣﻊ رﻣﺎل ﺳﻠﺘﻴﺔ ﺑﺸﻜﻞ ﻋﺸﻮاﺋﻲ.
 -9ﺡﺠﺮ رﻣﻠﻲ آﻮارﺗﺰي أﺻﻔﺮ إﻟﻰ ﺑﻨﻲ ﻓﺎﺗﺢ اﻟﻠﻮن ،ﺵﺪیﺪ اﻟﻘﺴﺎوة وﻣﻜﻮن ﻣﻦ ﺡﺒﺎت ﻣﺘﻮﺳﻄﺔ اﻟﺤﺠﻢ إﻟﻰ ﺥﺸﻨﺔ ،وﻣﺘﻄﺒﻖ
ﺑﺸﻜﻞ أﻓﻘﻲ إﻟﻰ ﻗﻠﻴﻞ اﻟﻤﻴﻞ.
 –10ﺡﺠﺮ رﻣﻠﻲ آﻮارﺗﺰي ﺵﺒﻴﻪ ﻓﻲ ﺳﺤﻨﺘﻪ ﻣﻦ ﺳﺤﻨﺔ اﻟﻌﻴﻨﺔ اﻟﺴﺎﺑﻘﺔ ) (9ﻣﻊ وﺝﻮد ﻗﻄﻊ ﺳﻨﺘﻤﺘﺮیﺔ ﻣﻦ اﻟﻤﻮاد اﻟﻔﺤﻤﻴﺔ.
 -11ﺡﺠﺮ رﻣﻠﻲ آﻮارﺗﺰي أﺑﻴﺾ ﻣﺎﺋﻞ ﻟﻸﺥﻀﺮار ،ﺵﺪیﺪ اﻟﺘﻤﺎﺳﻚ وﻋﺎﻟﻲ اﻟﻘﺴﺎوة وﻣﻜﻮن ﻣﻦ ﺡﺒﺎت ﻣﺘﻮﺳﻄﺔ اﻟﺤﺠﻮم وﻣﺘﻮﺽﻌﺔ
ﺑﺘﻄﺒﻖ أﻓﻘﻲ ﻣﺘﻤﻮج.
 –12ﺡﺠﺮ رﻣﻠﻲ آﻮارﺗﺰي ﻓﺎﺗﺢ اﻟﻠﻮن ،ﻣﺘﺠﺎﻥﺲ وﻣﺘﻤﺎﺳﻚ وﻗﺎﺳﻲ ،وﻣﺆﻟﻒ ﻣﻦ ﺡﺒﺎت ﺻﻐﻴﺮة اﻟﺤﺠﻮم ،وﺗﻤﻴﺰﻩ ﺑﻨﻴﺔ ﻣﺘﻄﺒﻘﺔ
ﺑﺸﻜﻞ ﻣﺎﺋﻞ.
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اﻟﻘﺎﺿﻲ

)اﻟﻠــﻮﺣﺔ (- B -

-1
-2
-3
-4
-5
-6

ﻏﻀﺎرﺻﻔﺤﻲ ) (shaleأﺳﻮد اﻟﻠﻮن ،ﺿﻌﻴﻒ اﻟﺘﻤﺎﺳﻚ ،ﻣﺘﻄﺒﻖ ﺑﻤﻘﻴﺎس ﻣﻴﻠﻤﺘﺮي وﻏﻨﻲ ﺑﺴﻄﻮح اﻟﺰﺣﻦ.
ﻏﻀﺎرﻣﺘﻄﺒﻖ رﻣﺎدي ﻓﺎﺗﺢ اﻟﻠﻮن ،ﻣﺘﻮﺳﻂ اﻟﻘﺴﺎوة ،وﻳﺤﻮي ﻋﻠﻰ ﻧﺴﺒﺔ ﺿﺌﻴﻠﺔ ﻣﻦ اﻟﺮﻣﺎل اﻟﻜﻮارﺗﺰﻳﺔ اﻟﻨﺎﻋﻤﺔ
)ﺳﻠﺖ( ﻣﻨﺘﺸﺮة ﻋﻠﻰ ﺷﻜﻞ رﻗﺎﺋﻖ أو ﻋﺪﺳﺎت ﺳﻨﺘﻴﻤﺘﺮﻳﺔ.
ﺣﺠﺮ رﻣﻠﻲ ﻛﻮارﺗﺰي أﺻﻔﺮ اﻟﻠﻮن ،ﺟﻴﺪ اﻟﻘﺴﺎوة وذي ﺑﻨﻴﺔ ﻧﺎﻋﻤﺔ وﻣﺘﺠﺎﻧﺴﺔ.
ﺳﻠﺖ ﻏﻀﺎري رﻣﺎدي أﺳﻮد اﻟﻠﻮن ،ﻣﺘﺠﺎﻧﺲ وﻋﺪﻳﻢ اﻟﺒﻨﻴﺔ اﻟﺘﺮﺳﻴﺒﻴﺔ.
ﻣﺴﺘﻮﻳﺎت رﻗﻴﻘﺔ وﻣﺘﻔﺎوﺗﺔ اﻟﺴﻤﺎﻛﺔ ﻣﻦ رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﻧﺎﻋﻤﺔ ﻓﺎﺗﺤﺔ اﻟﻠﻮن وﻣﺘﻮﺳﻄﺔ اﻟﻘﺴﺎوة وﻣﺘﻨﺎوﺑﺔ ﻣﻊ رﻗﺎﺋﻖ
ﻏﻀﺎرﻳﺔ رﺧﻮة وﻗﺎﺗﻤﺔ اﻟﻠﻮن وذات ﺑﻨﻴﺎت ﻋﺪﺳﻴﺔ ﻣﺸﻘﻘﺔ.
رﻣﺎل ﻛﻮارﺗﺰﻳﺔ ﻟﻴﺜﻮﻛﻼﺳﺘﻴﺔ ﺑﻴﻀﺎء إﻟﻰ رﻣﺎدﻳﺔ اﻟﻠﻮن ،ﺿﻌﻴﻔﺔ اﻟﺘﻤﺎﺳﻚ وﻣﺘﻮﺳﻄﺔ اﻟﻨﻌﻮﻣﺔ ،ﻳﺘﺨﻠﻠﻬﺎ ﻏﻀﺎر ﺳﻠﺘﻲ
رﻣﺎدي ﻗﺎﺗﻢ اﻟﻠﻮن ﻳﻀﻔﻲ ﺗﻮزﻋﻪ ﻋﻠﻴﻬﺎ ﺑﻨﻴﺔ اﻟﻤﺪ واﻟﺠﺰر.
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* ﺳــﺤﻨﺎت ﺳــﻠﺘﻴﺔ ﻏﻀــﺎرﻳﺔ :ﻣﺘﻮاﺟــﺪة ﻓــﻲ اﺳــﻔﻞ وﻣﻨﺘﺼــﻒ اﻟﻌﻀــﻮ اﻟﺴــﻔﻠﻲ )اﻟﻮﺣــﺪات  (H, Iوﻓــﻲ ﺑﻌــﺾ
ﻣﺴﺘﻮﻳﺎت اﻟﻌﻀﻮ اﻟﻌﻠﻮي )اﻟﻮﺣﺪات  .(E, Dﺗﺘﺼﻒ رﻣﺎل ﻫﺬه اﻟﺴﺤﻨﺎت اﻟﻤﺘﻤﺎﺳﻜﺔ ﺑﻠـﻮن رﻣـﺎدي ﻣﺘﻔـﺎوت
اﻷﻃﻴــﺎف وﺑﻤﻈﻬــﺮ ﻧــﺎﻋﻢ وﻣﺘﺠــﺎﻧﺲ )اﻷﺷــﻜﺎل  ،7, 4اﻟﻠﻮﺣــﺔ  (Bوﺑﺒﻨﻴــﺎت ﺗﺮﺳــﻴﺒﻴﺔ ﻣﺘﻨﻮﻋــﺔ :ﻣﺨﻀﻮﺿــﺔ،
ﻋﺪﺳﻴـﺔ ،ﻣﺘﻄﺒﻘﺔ ،اﻟﻤﺪ واﻟﺠﺰر اﻟﺘـﻲ ﺗﺤـﻮي ﻋﻠـﻰ ﺑﻨﻴـﺎت") "Flaser beddingاﻷﺷـﻜﺎل  ،6, 5اﻟﻠﻮﺣـﺔ .(B
أﻣﺎ اﻟﻤﻮاد اﻟﻐﻀﺎرﻳﺔ ﻓﺘﻮﺟﺪ إﻣﺎ ﻣﺒﻌﺜﺮة ﺑﻴﻦ ﺣﺒﺎت اﻟﻜﻮارﺗﺰ أو ﻋﻠﻰ ﻫﻴﺌﺔ رﻗـﺎﺋﻖ ﻣﻴﻠﻤﺘﺮﻳـﺔ ﻣﺘﻄﺒﻘـﺔ أﻓﻘﻴـﺎً أو
ﺑﺸــﻜﻞ ﻣﻠﺘــﻮ وﻣﺘﺮاﻓﻘــﺔ ﺑﻘﻄــﻊ ﻣــﻦ اﻟﻤــﻮاد اﻟﻌﻀــﻮﻳﺔ اﻟﺒﻴﺘﻮﻣﻴﻨﻴــﺔ .وﻳﺨــﺘﻠﻂ ﻣــﻊ ﻫــﺬه اﻟﻐﻀــﺎرﻳﺎت ذات اﻟﻄﺒﻴﻌــﺔ
اﻹﻳﻠﻴﺘﻴﺔ ﺑﻌﺾ ﺣﺒﺎت ﻣﻦ اﻟﻜﻮارﺗﺰ وﻧﺜﺮات ﻣﻦ اﻟﻤﻴﻜﺎ اﻟﺒﻴﻀﺎء وﺧﺜﺮات ﻣﻦ اﻟﺒﻴﺮﻳﺖ.
ﺗﺘﺼــﻒ اﻟﺮواﺳــﺐ اﻷﻛﺜــﺮ اﻏﺘﻨــﺎءً ﺑﺎﻟﺴــﻠﺖ ﺑﻘﺴــﺎوة ﻋﺎﻟﻴــﺔ وﺑﺒﻨﻴــﺎت ﻣﺘﻄﺒﻘــﺔ ﻣﺘﻘﻄﻌــﺔ أو ﻋﺪﺳــﻴﺔ وﺑــﺄﻟﻮان
رﻣﺎدﻳــﺔ ﻓﺎﺗﺤــﺔ ﻣﺘﺪرﺟــﺔ إﻟــﻰ ﺻــﻔﺮاء .وﺗﺘﻜــﻮن ﻣــﻦ ﺣﺒــﺎت ﻛﻮارﺗﺰﻳــﺔ ﻧﺎﻋﻤــﺔ ) ،(30-100µmزاوﻳــﺔ إﻟــﻰ ﺷــﺪﻳﺪة
اﻟﺰاوﻳﺔ وذات ﺳﻄﻮح ﻣﻬﺘﺮﺋﺔ ودرﺟﺔ ﻓﺮز ﺣﺒﻲ ﺟﻴـﺪة .وﻋﻤﻮﻣـﺎً ﻣـﺎ ﺗﻜـﻮن ﻫـﺬه اﻟﺤﺒـﺎت ﻣﺘﻼﺻـﻘﺔ وﻓـﻖ ﺳـﻄﻮح
ﺗﻤﺎس ﻏﻴﺮ ﻣﻨﺘﻈﻤﺔ ،أوﻣﺘﻤﺎﺳﻜﺔ ﺑﻤﻮاد ﻏﻀـﺎرﻳﺔ ﻣﺒﻌﺜـﺮة ﺑـﻴﻦ اﻟﺤﺒـﺎت وﻣﺘﺤﻮﻟـﺔ ً ﺑﻔﻌـﻞ اﻟـﺪﻳﺎﺟﻴﻨﻴﺰ إﻟـﻰ ﺳـﻴﻠﻴﺲ
ﻏﻴــﺮ ﻣﺒﻠــﻮر)) (amorphﺷــﻜﻞ  ،3اﻟﻠﻮﺣــﺔ  (Cأو ﻣﻠﺤﻮﻣــﺔ ﺑﻤــﻼط ﻛﺮﺑﻮﻧــﺎﺗﻲ ﻣﻐﻨﻴــﺰي )ﺷــﻜﻞ  ،5اﻟﻠﻮﺣــﺔ .(C
وﻏﺎﻟﺒﺎً ﻣﺎ ﺗﺨﺘﻠﻂ ﻫﺬه اﻟﺤﺒﺎت ﻣﻊ ﻧﺜـﺮات ﻣـﻦ اﻟﻤﻴﻜـﺎ اﻟﻤﻌﺮﺿـﺔ ﻟﻠﻔﺴـﺎد ،وﻗﻠﻴـﻞ ﻣـﻦ اﻟﺒﻴﺮﻳـﺖ واﻟﻤـﺎدة اﻟﻌﻀـﻮﻳﺔ،
وﺑﻘﺎﻳﺎ ﻣﻦ اﻟﻤﻌﺎدن اﻟﺜﻘﻴﻠﺔ ﻛﺎﻟﺰرﻛﻮن واﻟﺘﻮرﻣﺎﻟﻴﻦ .أﻣﺎ اﻟﻤﺴﺎﻣﻴﺔ ﻓﻬﻲ ﻣﻌﺪوﻣﺔ ﻓﻲ ﻫﺬه اﻟﺮواﺳـﺐ وﻻ ﺗﻮﻟـﺪ ،إن
وﺟﺪت ،أﻳﺔ ﻧﻔﺎذﻳﺔ ،ذﻟﻚ ﻟﻜﻮن اﻟﻔﺮاﻏﺎت ﻏﻴﺮ ﻣﺘﺼﻠﺔ )ﺷﻜﻞ  ،4اﻟﻠﻮﺣﺔ .(C
* ﺳﺤﻨﺎت ﺳﻠﺘﻴﺔ ﻧﻘﻴﺔ :ﻣﺘﻮﺿﻌﺔ ﻓﻲ وﺣﺪات اﻟﻌﻀﻮ اﻟﻌﻠﻮي اﻷﺧﻴﺮة ﻗﺒﻞ اﻟﺮواﺳﺐ اﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔ .ﺗﺒﺪو
ﻫﺬه اﻟﺴﺤﻨﺎت أﻛﺜﺮ ﻗﺴﺎوة وأﻓﺘﺢ ﻟﻮﻧﺎً ﻣﻦ اﻟﺴﺤﻨﺎت اﻟﺴﺎﺑﻘﺔ ،وﺗﻤﺘﺎز ﻋﻨﻬﺎ ﺑﺒﻨﻴﺎت ﻣﺘﻄﺒﻘﺔ ﺷﺒﻪ أﻓﻘﻴﺔ
ﻣﺘﻮازﻳﺔ أو ﻣﺘﻘﺎﻃﻌﺔ أﺣﻴﺎﻧﺎً ،وﻣﻘﻄﻮﻋﺔ ﺑﺒﻨﻴﺎت ﻋﻤﻴﺪﻳﺔ )) (styloliteاﻟﻮﺣﺪات ) (C, D, Eﺷﻜﻞ ،3
اﻟﻠﻮﺣﺔ  .(Bﺗﺒﺪو ﺣﺒﺎت اﻟﻜﻮارﺗﺰ ﻓﻲ ﻫﺬه اﻟﺴﺤﻦ أﻛﺒﺮ ﺣﺠﻤﺎً وأﻗﻞ زاوﻳﺔ وأﻓﻀﻞ ﻓﺮزاً .وﺗﻜﻮن أﺷﺪ
ﺗﺮاﺻﺎً واﻫﺘﺮاءً ﻓﻲ ﻣﺴﺘﻮﻳﺎت ﺗﻤﺎﺳﻬﺎ ﻏﻴﺮ اﻟﻤﻨﺘﻈﻤﺔ .أﻣﺎ اﻟﻤﻼط ﻓﻴﻬﺎ ﻓﻬﻮ دﻳﺎﺟﻴﻨﻴﺰي وﻣﻜﻮن ﻣﻦ
اﻟﺴﻴﻠﻴﺲ اﻟﺜﺎﻧﻮي اﻟﻨﺸﺄة أو اﻟﻜﺮﺑﻮﻧﺎت اﻟﻤﺒﻜﺮة اﻟﺘﻮﺿﻊ ﺑﻴﻦ اﻟﻤﻜﻮﻧﺎت اﻟﺤﺒﻴﺔ )اﻷﺷﻜﺎل  ،5, 3اﻟﻠﻮﺣﺔ .(C
ﻛﻤﺎ ﻳﻤﻜﻦ ﻟﻠﻤﻴﻜﺎ واﻟﻐﻀﺎر اﻟﻤﺘﺒﻘﻲ أن ﻳﻘﻮم ﺑﺪور اﻟﻤﺎدة اﻟﻼﺣﻤﺔ .وﺗﺘﺴﻢ ﻫﺬه اﻟﺴﺤﻨﺎت ﺑﻤﺴﺎﻣﻴﺔ ﺿﻌﻴﻔﺔ
ﻣﺘﻤﺮﻛﺰة ﻓﻲ دروز اﻟﺒﻨﻴﺎت اﻟﻌﻤﻴﺪﻳﺔ اﻟﺘﻲ ﺗﻀﻔﻲ ﻧﻔﺎذﻳﺔ ﻣﺘﻮاﺿﻌﺔ ﻋﻠﻰ ﺑﻌﺾ ﻣﺴﺘﻮﻳﺎﺗﻬﺎ.
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ﺟﺪول  :2ﻧﺘﺎﺋﺞ اﻟﺘﺤﺎﻟﻴﻞ اﻟﺠﻴﻮﻛﻴﻤﻴﺎﺋﻴﺔ ﻟﻠﻤﺎدة اﻟﻌﻀﻮﻳﺔ ﺑﺎﺳﺘﺨﺪام ﺟﻬﺎز روك إﻳﻔﺎل ﻓﻲ ﺗﺮاﻛﻴﺐ اﻟﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ
.S1, S2: mg HC: g rock , HI: mg HC: g TOC

HI

)TOC (%

S2

Oil
)(S1

Tmax
)(°C

Depth
)(m

Sample
No.

Well
No.

46

1.63

0.76

0.24

465

3953.0

01

Arak 1100

07

0.14

0.01

0.03

410

3950.5

02

Arak 1100

00

0.92

0.00

0.00

***

2325.5

05

Arak 1100

66

1.03

0.68

0.09

446

2317.0

12

Arak 1100

13

0.23

0.03

0.05

451

2066.5

22

Arak 1100

00

0.05

0.00

0.00

***

3172.5

62

Sawaneh 2

01

1.23

0.02

0.06

***

2748.5

65

Sawaneh 2

00

1.03

0.01

0.07

***

2742.0

67

Sawaneh 2

21

0.28

0.06

0.04

465

2925.5

90

Sukhneh 103

13

0.29

0.04

0.03

429

2921.5

93

Sukhneh 103

00

0.25

0.00

0.00

***

2491.5

107

Dubayat 1

ﺗﻌﻜــﺲ ﻫــﺬه اﻟﺮواﺳــﺐ ﺑﻨﻮﻋﻴﻬــﺎ ﺗﺮﺳــﻴﺒﺎً ﺑﻄﻴﺌـﺎً وﻣﻨﺘﻈﻤـﺎً ﻟﻤــﻮاد ﻗﺎرﻳــﺔ اﻟﻤﻨﺸــﺄ ﻣﺘﻮﺿــﻌﺔ ﻓــﻲ وﺳــﻂ ﻫــﺎدئ
ﺑﻌﻴﺪ ﻋﻦ ﺗﺄﺛﻴﺮ ﻓﻌﻞ اﻟﻤـﻮج واﻟﺘﻴـﺎرات اﻟﻤﺎﺋﻴـﺔ .وﻳـﺮﺟﺢ ان ﻳﻜـﻮن ﻫـﺬا اﻟﻮﺳـﻂ ﺑﺤﺮﻳـﺎً ﻧﻈـﺮاً ﻟﻠﺴـﻤﺎﻛﺎت اﻟﻜﺒﻴـﺮة
ﻟﻬﺬه اﻟﺴﺤﻨﺎت .وﻳﻔﺘﺮض ان ﺗﻜﻮن ﻫﺬه اﻟﻤﻮاد اﻟﻐﻀﺎرﻳﺔ ﻗﺪ ﺗﻮﺿﻌﺖ ﻓـﻲ اﻷﺟـﺰاء اﻟﺨﻠﻔﻴـﺔ ﻣـﻦ ﺑﻴﺌـﺎت دﻟﺘﺎوﻳـﺔ
ﺿــﻤﻦ ﻣﺴــﻄﺤﺎت اﻟﻤــﺪ واﻟﺠــﺰر واﻟﺒﺤﻴــﺮات او اﻟﻼﻏﻮﻧــﺎت اﻟﺸــﺎﻃﺌﻴﺔ ﺷــﺒﻪ اﻟﻤﻌﺰوﻟــﺔ أو اﻟﻤﺤﻤﻴــﺔ وﻫــﻲ اﻟﺒﻴﺌــﺎت
اﻻﻛﺜــﺮ ﻣﻼءﻣــﺔ ﻟﺘﺮﺳــﻴﺐ ﻫــﺬا اﻟﻨــﻮع ﻣــﻦ اﻟﻐﻀــﺎرﻳﺎت اﻹﻳﻠﻴﺘﻴــﺔ اﻟﻐﻨﻴــﺔ ﺑﺎﻟﻤــﺎدة اﻟﻌﻀــﻮﻳﺔ اﻟﺘــﻲ ﺗﻌــﻮد إﻟــﻰ اﻟــﻨﻤﻂ
اﻟﻤﺨــــﺘﻠﻂ اﻟﻠﻴﺒﻴــــﺪي اﻟﺜــــﺎﻧﻲ واﻟﻬﻴــــﻮﻣﻲ واﻟﺘــــﻲ ﺗﺘﻄﻠــــﺐ ﻓــ ـﻲ ﺗﺮﺳــــﻴﺒﻬﺎ أوﺳــــﺎﻃﺎً ﺑﺤﺮﻳــــﺔ ﻣﺨﺘﺰﻟــــﺔ )ﻣﺮﺟﻌــــﺔ(،
] .[6وﻓﻲ ﻛﻞ اﻟﺤﺎﻻت ﺗﺒﺪو اﻟﻤﻴﺎه اﻟﻤﺴﺆوﻟﺔ ﻋﻦ ﺗﺮﺳﻴﺐ ﻏﻀﺎرﻳﺎت اﻟﻌﻀﻮ اﻟﺴـﻔﻠﻲ ﻣـﻦ اﻟﺘﺸـﻜﻴﻠﺔ أﻛﺜـﺮ ﻋﻤﻘـﺎً
وأﻗـﻞ اﺿـﻄﺮاﺑﺎً ﻣـﻦ ﺗﻠـﻚ اﻟﺘــﻲ ﺗﻮﺿـﻌﺖ ﻓﻴﻬـﺎ ﻏﻀـﺎرﻳﺎت اﻟﻌﻀـﻮ اﻟﻌﻠــﻮي اﻟﻜﺎؤﻟﻴﻨﻴﺘﻴـﺔ واﻹﻳﻠﻴﺘﻴـﺔ واﻟﻤﺨﺘﻠﻄـﺔ ﻣــﻊ
اﻟﺴﻠﺖ واﻟﺮﻣﺎل اﻟﻜﻮارﺗﺰﻳﺔ .وﻋﻠﻴﻪ ﻓﺈن ﻫﺬه اﻟﺒﻴﺌﺎت أﻗﺮب ﻷن ﺗﻜﻮن ﺗﺤﺖ ﻣﺪﻳﺔ  subtidalﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻐﻀـﺎرﻳﺎت
اﻟﺼــﻔﺤﻴﺔ اﻟﻨﻘﻴــﺔ وﻣﺪﻳــﺔ  intertidalﺑﺎﻟﻨﺴــﺒﺔ ﻟﻠﻐﻀــﺎرﻳﺎت اﻟﺮﺧــﻮة اﻟﻤﺸــﻮﺑﺔ ﺑﺎﻟﺴــﻠﺖ وﺣﺒــﺎت اﻟﻜــﻮارﺗﺰ )اﻟﺸــﻜﻞ
 .(7وﺗﺒﻘﻰ ﻫـﺬه اﻟﺘﻔﺴـﻴﺮات دون أدﻟـﺔ ﻣﺴـﺘﺤﺎﺛﻴﺔ واﺿـﺤﺔ إذ ﻟـﻢ ﻳﻌﺜـﺮ ﻓـﻲ أي ﻣـﻦ ﻫـﺬه اﻟﺴـﺤﻨﺎت ﻋﻠـﻰ ﻗـﺮاﺋﻦ
ﻣﺴﺘﺤﺎﺛﻴﺔ داﻋﻤﺔ.
● اﻟﺴﺤﻨﺎت اﻟﺴـﻠﺘﻴﺔ
ﺗﻮﺟــﺪ ﻫــﺬه اﻟﺴــﺤﻨﺎت ﺑﺸــﻜﻞ ﻋﺮﺿــﻲ ﺿــﻤﻦ رواﺳــﺐ اﻟﻌﻀــﻮ اﻟﺴــﻔﻠﻲ ،إﻻ أﻧﻬــﺎ ﺗﺸــﻜﻞ ﻏﺎﻟﺒﻴــﺔ رواﺳــﺐ
اﻟﻌﻀــﻮ اﻟﻌﻠــﻮي ﻣــﻦ اﻟﺘﺸــﻜﻴﻠﺔ ﺣﻴــﺚ ﺗﺘﻮﺿــﻊ ﻋﻠــﻰ ﺷــﻜﻞ ﻃﺒﻘــﺎت ﺿــﻤﻨﻴﺔ أو اﻧﺘﻘﺎﻟﻴــﺔ ﺑــﻴﻦ اﻟﺴــﺤﻨﺎت اﻟﻐﻀــﺎرﻳﺔ
واﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔ .وﺗﺒﻌﺎً ﻟﻤﻮﻗﻌﻬﺎ ﻓﻲ اﻟﺘﺸﻜﻴﻠﺔ ﻓﻘﺪ أﻣﻜﻦ اﻟﺘﻤﻴﻴﺰ ﺑﻴﻦ ﻧﻮﻋﻴﻦ ﻣﻦ ﻫﺬه اﻟﺴﺤﻨﺎت:
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اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ ﻟﺘﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﺤﺖ ﺳﻄﺤﻴﺔ ﻣﻦ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ

وﻗﺪ ﺗﻮﺟﺪ ﻋﻠﻰ ﺷﻜﻞ ﻓﺎﺻﻞ ﺳﻨﺘﻴﻤﺘﺮﻳﺔ ﺑﻴﻦ اﻟﺴﺤﻨﺎت اﻷﺧﺮى .ﺗﺘﺄﻟﻒ ﻫﺬه اﻟﻐﻀﺎرﻳﺎت ﻣـﻦ ﻓﻠـﺰات ﻧﻘﻴـﺔ أو
ﻣﺸـﻮﺑﺔ ﺑـﺒﻌﺾ اﻟﺴـﻠﺖ وﻗﻠﻴـﻞ ﻣـﻦ اﻟﻤـﺎدة اﻟﻌﻀـﻮﻳﺔ اﻟﻤﺘﺒﻘﻴـﺔ )) (TOC) (0.92-1.63%اﻟﻌﻴﻨـﺎت،12, 5, 1
اﻟﺠﺪول .(2
* ﺳﺤﻨﺎت ﻏﻀﺎرﻳﺔ :ﻣﻜﻮﻧﺔ ﻣﻦ ﻣﻮاد ﻏﻀﺎرﻳﺔ ﻓﺘﺎﺗﻴﺔ رﺧﻮة ،رﻣﺎدﻳـﺔ زرﻗـﺎء اﻟﻠـﻮن وﻏﻴـﺮ ﻣﺘﻄﺒﻘـﺔ .ﺗﺴـﻴﻄﺮ ﻫـﺬه
اﻟﺴﺤﻨﺎت ﻓﻲ اﻟﻌﻀﻮ اﻟﻌﻠﻮي ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ ﺣﻴﺚ ﺗﻮﺟﺪ ﻋﻠﻰ ﺷﻜﻞ ﻃﺒﻘﺎت ﻣﺘﺮﻳﺔ أو ﻓﻮاﺻﻞ دﻳﺴﻴﻤﺘﺮﻳﺔ ﺑـﻴﻦ
اﻟﺴﺤﻨﺎت اﻟﺴﻠﺘﻴﺔ واﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔ .وﻳﺸﻮب ﻫﺬه اﻟﻐﻀﺎرﻳﺎت ،ﺣﺴﺐ ﻣﻮاﻗﻌﻬﺎ ،ﻧﺴﺐ ﻣﺨﺘﻠﻔﺔ ﻣـﻦ اﻟﺴـﻠﺖ
أو اﻟﺮﻣــﺎل اﻟﻜﻮارﺗﺰﻳــﺔ وﺑﻌــﺾ اﻟﻤﻴﻜــﺎ اﻟﻤﻬﺘﺮﺋــﺔ )ﺷــﻜﻞ  ،2اﻟﻠﻮﺣــﺔ  .(Bأﻣــﺎ ﻣﺤﺘﻮاﻫــﺎ ﻣــﻦ اﻟﻤــﺎدة اﻟﻌﻀــﻮﻳﺔ
اﻟﻤﺘﺒﻘﻴﺔ ﻓﻬﻮﺿﻌﻴﻒ ﺟﺪاً )) ،(< 0.23%اﻟﻌﻴﻨﺔ  ،2اﻟﺠﺪول .(2
ﺟﺪول  :1اﻟﺘﺮﻛﻴﺐ اﻟﻔﻠﺰي ﻟﻠﻨﻄﺎﻗﺎت اﻟﺮﻣﻠﻴﺔ اﻟﺨﺎزﻧﺔ ﻓﻲ ﺗﺮﻛﻴﺐ اﻷرك اﻟﻤﺮﺟﻌﻲ )اﻟﻮﺣﺪة .(A
C O M P O S I T I O N

M I N E R A L O G I C A L
)C l a y (%

SAMPLE

Ankirite Sedirite
)(%
)Smectite (%

Kaolinite Chlorite Illite

Total

Quartz
)(%

Interval
)(m

No.

-

02

-

04

46

50

14

84

2051.5

*A-1

-

-

-

03

48

49

24

76

2052.5

*A-2

-

-

-

-

-

-

05

94

2053.5

A-3

-

09

-

05

44

51

08

83

2054.5

*A-4

-

-

56

07

08

29

12

88

2055.5

●A-5

-

-

-

-

-

-

10

90

2056.5

A-6

-

02

-

-

-

-

04

94

2057.5

A-7

-

03

44

31

02

23

22

75

2058.5

●A-8

-

33

-

04

44

52

12

55

2059.5

●A-9

31

-

-

-

-

-

08

61

2060.5

A-10
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ﺗﻌﻜﺲ اﻟﺴﺤﻨﺎت اﻟﻤﺘﻮﺿﻌﺔ ﻓﻲ ﻗﺎﻋـﺪة اﻟﺘﺸـﻜﻴﻠﺔ ﺗﺮﺳـﻴﺒﺎً ﻛﻴﻤﻴﺎﺋﻴـﺎً ﻣﺘﻮازﻧـﺎً وﻣﻨﺘﻈﻤـﺎً اﻋﺘﺒـﺎراً ﻣـﻦ ﻣﺤﺎﻟﻴـﻞ
ﻋﺎﻟﻴﺔ اﻟﺘﺮﻛﻴﺰ ﺑﻜﺮﺑﻮﻧﺎت اﻟﻜﺎﻟﺴﻴﻮم واﻟﻤﻐﻨﻴﺰﻳﻮم ﻓـﻲ وﺳـﻂ ﻫـﺎدئ وﻗﻠﻴـﻞ اﻟﻌﻤـﻖ ﺗﺴـﻮده ﻣﻴـﺎه ﻣﺎﻟﺤـﺔ وﻣﺘﻮﺳـﻄﺔ
اﻟﺤــﺮارة .وﻳــﺮﺟﺢ أن ﺗﻜــﻮن ﻫــﺬه اﻟﺒﻴﺌــﺔ ﺑﺤﺮﻳــﺔ ﺿــﺤﻠﺔ ،وﺷــﺒﻪ ﻣﻔﺘﻮﺣــﺔ ،وﻣﺘﻤﻮﺿــﻌﺔ ﻓــﻲ اﻷﺟــﺰاء اﻟﺨﻠﻔﻴــﺔ ﻣــﻦ
اﻟﺴﻄﺎﺋﺢ اﻟﻘﺎرﻳﺔ اﻟﻘﺮﻳﺒﺔ ﻣﻦ اﻟﺸﻮاﻃﺊ ﺣﻴﺚ ﺗﻨﺸﻂ ﻋﻤﻠﻴﺎت اﻟﺪﻟﻤﺘـﺔ اﻟﻤﺒﻜـﺮة اﻋﺘﺒـﺎراً ﻣـﻦ اﻷوﺣـﺎل اﻟﻜﺮﺑﻮﻧﺎﺗﻴـﺔ.
وﻳﻤﻜﻦ إدراج ﻫﺬه اﻟﺮواﺳﺐ ﺿﻤﻦ اﻷﺟﺰاء اﻟﻌﻠﻮﻳﺔ ﻟﻠﺘﻮﺿﻌﺎت اﻟﺒﻴﻦ اﻟﻤﺪﻳـﺔ )) [41] (intertidalاﻟﺸـﻜﻞ .(7
وﻳﺆﻳﺪ ﻫﺬا اﻟﺘﻔﺴﻴﺮ اﺣﺘﻮاء ﻫﺬه اﻟﺴﺤﻨﺎت )ﺣﺴﺐ ﻣﺎ ﺟﺎء ﻓﻲ ﺗﻘﺎرﻳﺮ اﻟﺸﺮﻛﺔ اﻟﺴﻮرﻳﺔ ﻟﻠـﻨﻔﻂ( ﻋﻠـﻰ ﺑﻘﺎﻳـﺎ ﻣـﻦ
ﻫﻴﺎﻛﻞ ﻋﻀﺪﻳﺎت اﻷرﺟﻞ  Brachiopodesأو اﺣﺘﻮاء اﻟﺴﺤﻨﺎت اﻟﻤﻜﺎﻓﺌﺔ ﻟﻬـﺎ ﻓـﻲ ﺣﻘـﻞ ﺗـﺪﻣﺮ اﻟﻤﺠـﺎور ﺣﺴـﺐ
] [18ﻋﻠـــﻰ ﻫﻴﺎﻛـــﻞ ﻣـــﻦ ذوات اﻟﻤﺼـــﺮاﻋﻴﻦ  Lamellibranchesواﻟﺘـــﻲ ﺗﻌـــﻴﺶ وﺗﺘﻜـــﺎﺛﺮ ﻓـــﻲ ﻗﻴﻌـــﺎن اﻟﺒﺤـــﺎر
اﻟﻤﺘﻮﺳﻄﺔ اﻟﻌﻤﻖ.

ﺷﻜﻞ  :7ﻣﻘﻄﻊ ﻋﺎم ﻳﺒﻴﻦ ﺗﻮزﻳﻊ اﻟﺒﻴﺌﺎت اﻟﺘﺮﺳﻴﺒﻴﺔ اﻟﻘﺎرﻳﺔ واﻟﺒﺤﺮﻳﺔ ].[16

أﻣﺎ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻄﺒﻘﺎت اﻟﻤﻔﺘﺮﺿﺔ ﻛﺮﺑﻮﻧﺎﺗﻴﺔ واﻟﺘﻲ ﺗﻘﻄﻊ اﻟﺴﺤﻨﺎت اﻷﺧـﺮى ﻓـﻲ ﻗﻠـﺐ وأﻋﻠـﻰ اﻟﺘﺸـﻜﻴﻠﺔ ﻓﻬـﻲ
اﻗﺮب ﻓﻲ ﺳﺤﻨﺎﺗﻬﺎ إﻟﻰ ﺳﺤﻨﺎت اﻟﻄﺒﻘﺎت اﻟﺤﺎﺿﻨﺔ ﻟﻬﺎ ،وﻻ ﺗﺨﺮج ﺑﺎﻟﺘﺎﻟﻲ ﻓﻲ أوﺳﺎط ﺗﺮﺳﻴﺒﻬﺎ ﻋـﻦ أوﺳـﺎط ﺗﻠـﻚ
اﻟﺴــﺤﻨﺎت ،ﺑﺎﺳــﺘﺜﻨﺎء زﻳــﺎدة اﻟﻨﺸــﺎط اﻟﻜﻴﻤﻴــﺎﺋﻲ اﻟــﺬي أدى إﻟــﻰ ارﺗﻔــﺎع ﻓــﻲ ﻣﻌــﺪل ﺗﺮﺳــﻴﺐ اﻟﻤــﺎدة اﻟﻜﺮﺑﻮﻧﺎﺗﻴــﺔ
اﻟﻤﺘﻮﺿــﻌﺔ ﻋﻠــﻰ ﺷــﻜﻞ ﻣــﺎدة ﻻﺣﻤــﺔ )ﻣــﻼط( ﻣﻌﺎﺻــﺮة ﻟﻠﺘﺮﺳــﻴﺐ .إن ﻧــﺪرة وﺟــﻮد ﻣﺜــﻞ ﻫــﺬه اﻟﻄﺒﻘــﺎت وﺿــﻌﻒ
ﺳﻤﺎﻛﺘﻬﺎ ﻻ ﻳﺠﻴﺰ اﻓﺘﺮاض ﺑﻴﺌﺎت ﺗﺮﺳﻴﺒﻴﺔ ﺧﺎﺻﺔ ﺑﻬﺎ.
● اﻟﺴﺤﻨﺎت اﻟﻐﻀـﺎرﻳﺔ
ﺗﺸــﻜﻞ اﻟﻤــﻮاد اﻟﻐﻀــﺎرﻳﺔ أﻛﺜــﺮ ﻣــﻦ ﻧﺼــﻒ رواﺳــﺐ اﻟﺘﺸــﻜﻴﻠﺔ ،وﺗﻮﺟــﺪ ﻓــﻲ ﻣﻌﻈــﻢ وﺣــﺪاﺗﻬﺎ ،ﺣﻴــﺚ أﻣﻜــﻦ
اﻟﺘﻤﻴﻴﺰ ﺑﻴﻦ ﻧﻮﻋﻴﻦ ﻣﻦ اﻟﺴﺤﻨﺎت اﻟﻐﻀﺎرﻳﺔ اﻟﻤﺨﺘﻠﻔﺔ ﻓﻲ اﻟﺒﻨﻴﺔ واﻟﺘﺮﻛﻴﺐ:
* ﺳــﺤﻨﺎت ﻏﻀــﺎرﻳﺔ ﺻــﻔﺤﻴﺔ ) :(shaleﻣﻜﻮﻧــﺔ ﻣــﻦ ﻣــﻮاد ﻏﻀــﺎرﻳﺔ ﻓﺘﺎﺗﻴــﺔ ﺳــﻮداء ،ﻋﺎﻟﻴــﺔ اﻟﻘﺴــﺎوة وﺷــﺪﻳﺪة
اﻟﺘـــﺮاص ) ،(compactedوذات ﺑﻨﻴـــﺔ ﻣﺘﻮرﻗـــﺔ ) (fissileﻣﻘﻄﻮﻋـــﺔ ﺑﺴـــﻄﻮح زﺣـــﻦ ﻣﺜﻠﻤـــﺔ )اﻷﺷـــﻜﺎل 1و،8
اﻟﻠﻮﺣﺔ  .(Bﺗﺴﻮد ﻫـﺬه اﻟﺴـﺤﻨﺎت ﻓـﻲ اﻟﻌﻀـﻮ اﻟﺴـﻔﻠﻲ ﻣـﻦ اﻟﺘﺸـﻜﻴﻠﺔ ﺑﺴـﻤﺎﻛﺎت دﻳﺴـﻤﺘﺮﻳﺔ إﻟـﻰ دﻳﻜﺎﻣﺘﺮﻳـﺔ،
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اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ ﻟﺘﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﺤﺖ ﺳﻄﺤﻴﺔ ﻣﻦ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ

ﺷﻜﻞ  :6ﻣﻀﺎﻫﺎة وﺣﺪات وﺗﺤﺖ وﺣﺪات ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ﻋﻠﻰ اﻣﺘﺪاد اﻟﻤﺤﻮر اﻟﻄﻮﻟﻲ ﻟﺒﻨﻴﺔ اﻷرك ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ.

ﺷﻜﻞ  - 6آ :ﺧﺎرﻃﺔ ﺑﻨﻴﻮﻳﺔ ﻟﺘﺮﻛﻴﺐ اﻷرك وﻋﻠﻴﻬﺎ ﻣﻮاﻗﻊ اﻵﺑﺎر اﻟﻤﺤﻔﻮرة واﻵﺑﺎر اﻟﺘﻲ ﺗﻤﺖ ﻣﻀﺎﻫﺎﺗﻬﺎ ﻓﻴﻪ.
)ﻋﻦ اﻟﺸﺮﻛﺔ اﻟﺴﻮرﻳﺔ ﻟﻠﻨﻔﻂ(
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ﺷﻜﻞ  :5اﻟﺴﺠﻞ اﻟﺒﺌﺮي اﻟﻤﺮﻛﺐ ﻟﻠﺒﺌﺮ اﻟﻤﺮﺟﻌﻴﺔ أرك  1100وﻋﻠﻴﻪ اﻟﺘﻘﺴﻴﻤﺎت اﻟﻠﻴﺜﻮﺳﺘﺮاﺗﻐﺮاﻓﻴﺔ اﻟﻤﻘﺘﺮﺣﺔ.
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ﺑﻴﻨــﺖ اﻟﻮﺻــﻮف اﻟﺠﻬﺮﻳـــﺔ ﻟﻠﺒــﺎب اﻟﺼـــﺨﺮي اﻟﻤﺴــﺘﺨﺮج ﻣــﻦ ﻫـــﺬا اﻟﻌﻀــﻮ وﺗﻔﺴـــﻴﺮات اﻟﺴــﺠﻼت اﻟﺒﺌﺮﻳـــﺔ
اﻟﻤﻘﺎﺑﻠﺔ ﻋﻠﻰ اﻧﻪ ﻣﺆﻟﻒ ﻣﻦ ﻗﺎﻋﺪة ﻛﺮﺑﻮﻧﺎﺗﻴﺔ ﻳﻠﻴﻬﺎ ﺗﻌﺎﻗﺐ ﻣﺘﻜﺮر ﻟﺮواﺳﺐ ﻏﻀـﺎرﻳﺔ ﺻـﻔﺤﻴﺔ ) (shaleوﻏﻀـﺎرﻳﺔ
ﺳﻠﺘﻴﺔ وﺳﻠﺖ ورﻣﺎل ﻛﻮارﺗﺰﻳﺔ .وﺗﻮﺟﺪ ﻫﺬه اﻟﺘﻌﺎﻗﺒﺎت ﻋﻠﻰ ﺷﻜﻞ ﻃﺒﻘﺎت ﻣﺘﺮﻳﺔ أو دﻳﻜﺎﻣﺘﺮﻳﺔ ﻣﻘﻄﻮﻋـﺔ ﺑﺮﻗـﺎﺋﻖ
أو ﻓﻮاﺻــﻞ ﻛﺮﺑﻮﻧﺎﺗﻴــﺔ دﻳﺴــﻴﻤﺘﺮﻳﺔ .وﺗﺘــﻮزع ﻫــﺬه اﻟﺮواﺳــﺐ ﻓــﻲ ﺳــﺘﺔ وﺣــﺪات ﻟﻴﺜﻮﻟﻮﺟﻴــﺔ ﻣﺘﺘﺎﺑﻌــﺔ ،ﻟﻜــﻞ ﻣﻨﻬــﺎ
ﺧﺼﺎﺋﺼﻬﺎ اﻟﺒﺘﺮوﻟﻮﺟﻴﺔ اﻟﻤﻤﻴﺰة )اﻟﺸﻜﻞ .(5
 اﻟﻌﻀﻮ اﻟﻌﻠـﻮيﻳﻌﺘﻠﻲ ﻫﺬا اﻟﻌﻀﻮ اﻟﻌﻀـﻮ اﻟﺴـﻔﻠﻲ ﻣﻤﺘـﺪاً ﺑﺴـﻤﺎﻛﺔ  865م ﺣﺘـﻰ اﻹﻧﻘﻄـﺎع اﻟـﺬي ﻳﻔﺼـﻞ رواﺳـﺐ ﺗﺸـﻜﻴﻠﺔ
ﻣﺮﻗﺪة ،ﺑﻌﺪم ﺗﻮاﻓـﻖ ،ﻋـﻦ ﺗﺸـﻜﻴﻠﺔ رﻣـﻞ اﻷﻣـﺎﻧﻮس ) .(Amanus sandوﺗﺴـﻴﻄﺮ ﻋﻠـﻰ اﻟﺠـﺰء اﻟﺴـﻔﻠﻲ ﻣـﻦ ﻫـﺬا
اﻟﻌﻀـــﻮ ،ﻛﻤـــﺎ ﺗﻌﻜﺴـــﻪ اﻟﺴـــﺠﻼت اﻟﺒﺌﺮﻳـــﺔ ،رواﺳـــﺐ ﻏﻀـــﺎرﻳﺔ ﺳـــﻠﺘﻴﺔ ،ﺑﻴﻨﻤـــﺎ ﺗﻄﻐـــﻰ اﻟﺮواﺳـــﺐ اﻟﺴـــﻠﺘﻴﺔ واﻟﺮﻣـــﺎل
اﻟﻜﻮارﺗﺰﻳﺔ ﻋﻠﻰ اﻟﺠﺰء اﻟﻌﻠﻮي ﻣﻨـﻪ ﻛﻤـﺎ ﺗﻈﻬـﺮه اﻟﻠﺒﺎﺑـﺎت اﻟﺼـﺨﺮﻳﺔ .وﺗﻨﺘﺸـﺮ ﻫـﺬه اﻟﺴـﺤﻨﺎت ﻋﻠـﻰ ﺷـﻜﻞ ﻃﺒﻘـﺎت
ﻣﺘﺮﻳــﺔ إﻟــﻰ دﻳﻜﺎﻣﺘﺮﻳــﺔ ﺗﻘﻄﻌﻬــﺎ أﺳــﺮة ﺳــﻨﺘﻴﻤﺘﺮﻳﺔ إﻟــﻰ دﻳﺴــﻴﻤﺘﺮﻳﺔ ﻣــﻦ اﻟﻐﻀــﺎر واﻟﻐﻀــﺎر اﻟﺼــﻔﺤﻲ .ﻫــﺬا وﺗﺘــﻮزع
رواﺳـــﺐ ﺟﺰﺋـــﻲ ﻫـــﺬا اﻟﻌﻀـــﻮ ﻓـــﻲ ﺧﻤﺴـــﺔ وﺣـــﺪات ﻟﻴﺜﻮﻟﻮﺟﻴـــﺔ )اﻟﺸـــﻜﻞ  ،(5ﻟﻜـــﻞ ﻣﻨﻬـــﺎ ﻣﻮاﺻـــﻔﺎﺗﻬﺎ اﻟﺘﺮﺳـــﻴﺒﻴﺔ
واﻟﺒﺘﺮوﻟﻮﺟﻴﺔ اﻟﺨﺎﺻﺔ ﺑﻬﺎ.
وﺳﻮاء ﺗﻌﻠﻖ اﻷﻣﺮ ﺑﺎﻟﻌﻀﻮ اﻟﺴﻔﻠﻲ أو اﻟﻌﻀﻮ اﻟﻌﻠﻮي ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ ،ﻓـﺈن ﻫـﺬﻳﻦ اﻟﻌﻀـﻮﻳﻦ ﻳﺠﻤﻌـﺎن ﺑـﻴﻦ
أرﺑﻌﺔ أﻧﻮاع ﻣﻦ اﻟﺴـﺤﻦ ذات اﻟﺨﺼـﺎﺋﺺ واﻟﻤﻮاﺻـﻔﺎت اﻟﺒﺘﺮوﻟﻮﺟﻴـﺔ واﻟﺘﺮﺳـﻴﺒﻴﺔ اﻟﻤﺨﺘﻠﻔـﺔ .وﻓـﻲ ﻣـﺎ ﻳﻠـﻲ ﻧﺘـﺎﺋﺞ
اﻟﺪراﺳﺔ اﻟﺒﺘﺮوﻟﻮﺟﻴﺔ واﻟﺒﻴﺌﺎت اﻟﺘﺮﺳﻴﺒﻴﺔ اﻟﻤﻘﺘﺮﺣﺔ ﻟﻜﻞ ﻣﻦ ﻫﺬه اﻟﺴﺤﻦ:
● اﻟﺴﺤﻨﺎت اﻟﻜﺮﺑﻮﻧﺎﺗﻴﺔ
ﻳﻨﺤﺼــﺮ وﺟــﻮد ﻫــﺬه اﻟﺴــﺤﻨﺎت ﻋﻠــﻰ ﻗﺎﻋــﺪة اﻟﺘﺸــﻜﻴﻠﺔ ،إذ ﺗﺸــﻜﻞ ﻓﻘــﻂ اﻟﺠــﺰء اﻷدﻧــﻰ ﻣــﻦ اﻟﻮﺣــﺪة k

)اﻟﺸﻜﻞ  .(5ﺗﺘﻮﺿﻊ ﻫﺬه اﻟﺴﺤﻨﺎت ﻣﺒﺎﺷـﺮة ﻓـﻮق ﺳـﻄﺢ ﻋـﺪم اﻟﺘﻮاﻓـﻖ اﻟﺤﺘـﻲ اﻟـﺬي ﻳﻔﺼـﻞ رواﺳـﺐ اﻟﺘﺸـﻜﻴﻠﺔ
ﻋﻦ ﺗﺸﻜﻴﻠﺔ اﻷﻓﻨﺪي .وﺗﺘﺄﻟﻒ ﻣﻦ ﻣﻮاد ﻛﺮﺑﻮﻧﺎﺗﻴـﺔ ﻛﺘﻠﻴـﺔ ﻣﻮزﻋـﺔ ﻓـﻲ أرﺑﻌـﺔ ﻧﻄﺎﻗـﺎت ﻣﺘﺒﺎﻳﻨـﺔ اﻟﺘﺮﻛﻴـﺐ ،وﻣﻌﺰوﻟـﺔ
ﻋﻦ ﺑﻌﻀﻬﺎ ﺑﻔﻮاﺻﻞ ﻣﻦ اﻟﻐﻀﺎر .ﻳﺘﻜﻮن ﻛﻞ ﻣـﻦ اﻟﻨﻄـﺎﻗﻴﻦ اﻟﻀـﻤﻨﻴﻴﻦ ﻣـﻦ ﻛﻠـﺲ ﻏﻀـﺎري رﻣـﺎدي ﻓـﺎﺗﺢ اﻟﻠـﻮن،
ﻗﺎس وذو ﺑﻨﻴﺔ ﻣﺘﻄﺒﻘﺔ ،وﻳﻐﻠﺐ ﻋﻠﻴﻬﻤﺎ اﻟﻤﻴﻜﺮﻳﺖ ﺿﻌﻴﻒ اﻟﺪﻟﻤﺘﺔ .أﻣﺎ اﻟﻨﻄﺎﻗﻴﻦ اﻟﺤﺎﺿﻨﻴﻴﻦ ﻓﻴﺘﺄﻟﻔﺎن ﻣـﻦ ﻛﻠـﺲ
ﻏﻀﺎري ﻣﻴﻜﺮﻳﺘﻲ ﺷﺪﻳﺪ اﻟﺪﻟﻤﺘﺔ )دوﻟﻮﻣﻴﻜﺮﻳﺖ( ،ﻗﺎﺗﻢ اﻟﻠﻮن وﻋﺎﻟﻲ اﻟﻘﺴﺎوة.
وﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ ﻫـﺬه اﻟﺴـﺤﻨﺎت اﻟﻘﺎﻋﺪﻳـﺔ ﻓـﺈن ﻣﻘﺎرﻧـﺔ ﻗـﻴﻢ اﻟﻜﺜﺎﻓـﺔ وﺳـﺮﻋﺔ اﻧﺘﺸـﺎر اﻷﻣـﻮاج اﻟﺼـﻮﺗﻴﺔ ﻓـﻲ
ﺑﻌﺾ اﻟﻄﺒﻘﺎت ﻣﻦ ﻗﻠﺐ اﻟﺘﺸﻜﻴﻠﺔ ﻣﻊ ﻣﺨﻄﻄﺎت ﺷﺮﻛﺔ ﺷﻠﻤﺒﺮﺟﺮ) (Schlumbergerد ّل ﻋﻠﻰ ﻗﺮﺑﻬﺎ ﻣـﻦ ﻣﻨﺤﻨـﻰ
اﻟﺼﺨﻮر اﻟﻜﻠﺴﻴﺔ )اﻷﺷﻜﺎل.(6,5
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اﻟﻘﺎﺿﻲ

اﻟﻨﺘـــﺎﺋﺞ ﻻ ﺗﺘﻨـــﺎﻗﺾ ﻣـــﻊ ﺗﻠـــﻚ اﻟﺘـــﻲ اﻗﺘﺮﺣﻬـــﺎ] [23ﻟﻌﻤـــﺮ اﻟﺘﺸـــﻜﻴﻠﺔ ﻓـــﻲ ﻣـــﻨﺨﻔﺾ اﻟﻔـــﺮات .وأﺧﻴـــﺮاً ﻓـــﺈن ﻫـــﺬه
اﻹﺳﺘﻨﺘﺎﺟﺎت ﺗﺘﻮاﻓﻖ وﺗﻜﻤﻞ أﻳﻀﺎً اﻟﺪراﺳﺔ اﻟﺒﻴﻮﺳﺘﺮاﺗﻐﺮاﻓﻴﺔ ﻟﻠﺴﻄﻴﺤﺔ اﻟﻌﺮﺑﻴﺔ اﻟﺘﻲ ﻗﺪﻣﻬﺎ ].[36
 - 2 - 6اﻟﺒﺘﺮوﻟﻮﺟﻴـﺎ  -ﺑﻴﺌـﺎت اﻟﺘﺮﺳـﻴﺐ
ﻧﻔﺬت اﻟﺪراﺳﺔ اﻟﺘﺮﺳﻴﺒﻴﺔ ﻓﻲ ﺗﺮﻛﻴﺐ أرك اﻟﻤﺮﺟﻌﻲ )اﻟﺸﻜﻞ  .(4وﻣﻦ ﻫﺬا اﻟﺘﺮﻛﻴـﺐ ﺗـﻢ اﺧﺘﻴـﺎر اﻟﺒﺌـﺮ أرك
 1100ﺑﺌﺮاً ﻣﺮﺟﻌﻴﺔ ﻹﺟﺮاء ﻫﺬه اﻟﺪراﺳﺔ .وﻗﺪ ﺗﻢ اﻋﺘﻤﺎد ﻫﺬه اﻟﺒﺌﺮ ﺑﺴﺒﺐ ﻣﻮﻗﻌﻬـﺎ ﻓـﻲ ﻗﻤـﺔ اﻟﺘﺮﻛﻴـﺐ ،وﻧﻈـﺮاً
ﻻﺧﺘﺮاﻗﻬﺎ ﻣﻌﻈﻢ رواﺳﺐ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﺑﻤﺎ ﻓﻲ ذﻟﻚ ﻛﺎﻣﻞ ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة.
ﻣﻜﻨـﺖ اﻹﻧﻘﻄﺎﻋـﺎت اﻟﺮﺋﻴﺴـﺔ اﻟﻤﻘـﺮوءة ﻋﻠـﻰ ﻣﻨﺤﻨﻴـﺎت اﻟﺴـﺠﻼت اﻟﺒﺌﺮﻳـﺔ )اﻹﺷـﻌﺎع اﻟﻄﺒﻴﻌـﻲGamma Ray

وﺳــﺮﻋﺔ اﻧﺘﺸــﺎر اﻷﻣــﻮاج اﻟﺼــﻮﺗﻴﺔ  Sonicواﻟﻤﻘﺎوﻣﻴــﺔ  (Resistivityﻣــﻦ ﺗﺤﺪﻳــﺪ ﻗﺎﻋــﺪة وﻗﻤــﺔ اﻟﺘﺸــﻜﻴﻠﺔ ﺑﻤــﺎ
ﻳﺘﻮاﻓــﻖ وﻧﺘــﺎﺋﺞ اﻟﺪراﺳــﺔ اﻟﺴــﺘﺮاﺗﻐﺮاﻓﻴﺔ .أﻣــﺎ اﻹﻧﻘﻄﺎﻋــﺎت ﻣــﻦ اﻟﺪرﺟــﺔ اﻟﺜﺎﻧﻴــﺔ ﻋﻠــﻰ ﻫــﺬه اﻟﺴــﺠﻼت ﻓﻘــﺪ ﺳــﻤﺤﺖ
ﺑﻔﺼﻞ اﻟﺘﺸﻜﻴﻠﺔ إﻟﻰ ﻋﻀﻮﻳﻦ ﻟﻴﺜﻮﺳﺘﺮاﺗﻐﺮاﻓﻴﻴﻦ ﻣﺘﺘﺎﻟﻴﻴﻦ .ﻓﻲ ﺣﻴﻦ أﺟﺎزت اﻹﻧﻘﻄﺎﻋﺎت اﻷﺧﺮى ﺗﻘﺴﻴﻢ ﻛﻞ ﻋﻀـﻮ
إﻟــﻰ وﺣــﺪات وﺗﺤــﺖ وﺣــﺪات وﻧﻄﺎﻗــﺎت ﻟﻴﺜﻮﻟﻮﺟﻴــﺔ ﻣﺘﺒﺎﻳﻨــﺔ )اﻟﺸــﻜﻞ  .(5وﻣــﻦ ﺛــﻢ ﻋﻤﻤــﺖ ﻫــﺬه اﻟﺘﻘﺴــﻴﻤﺎت ﻋﻠــﻰ
ﻣﺨﺘﻠﻒ ﺗﺮاﻛﻴﺐ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ،واﻟﺸﻜﻞ  6ﻳﺒﻴﻦ ﻧﺘﺎﺋﺞ ﺗﻌﺎﻟﻖ أﺟﺴﺎم اﻟﺘﺸﻜﻴﻠﺔ ﻋﻠﻰ اﻣﺘﺪاد اﻟﻤﺤﻮر اﻟﻄﻮﻟﻲ ﺑﻨﻴـﺔ
اﻷرك وذﻟﻚ ﺑﻤﻀـﺎﻫﺎة ﺗﺴـﻌﺔ آﺑـﺎر ﻣﻤﺜﻠـﺔ ﺑﻘﻴﺎﺳـﺎت أﺷـﻌﺔ  GRﻓﻴﻬـﺎ ﻣـﻊ اﻟﻤﻌﻄﻴـﺎت اﻟﺴـﺤﻨﻴﺔ ﻟﻠﺒﺌـﺮ اﻟﻤﺮﺟﻌﻴـﺔ أرك
.1100
ﺳـﻤﺤﺖ اﻟﺪراﺳـﺔ اﻟﺒﺘﺮوﻟﻮﺟﻴـﺔ ﻟﺮواﺳـﺐ اﻟﺒـﺎﻟﻴﻮزوي اﻷﻋﻠـﻰ اﻟﻤﺘﻤﺜﻠـﺔ ﺑﺘﺸـﻜﻴﻠﺔ ﻣﺮﻗـﺪة وﻣﻀـﺎﻫﺎﺗﻬﺎ ﻋﻠـﻰ
اﻣﺘــﺪاد ﺗﺮﻛﻴــﺐ اﻷرك ﻣــﻦ اﺳــﺘﻨﺘﺎج اﻟﺨﺼــﺎﺋﺺ اﻟﺴــﺤﻨﻴﺔ اﻟﻌﺎﻣــﺔ ،وﺗﺤﺪﻳــﺪ اﻟﻤﻮاﺻــﻔﺎت اﻟﺘﺮﺳــﻴﺒﻴﺔ واﻟﺘﻐﻴــﺮات
اﻟﻼﺣﻘــﺔ ) (diageneticوأﻧﻤــﺎط اﻧﺘﺸــﺎر وﺗــﻮزع اﻷﺟﺴــﺎم اﻟﺮﺳــﻮﺑﻴﺔ ﻟﻠﺘﺸــﻜﻴﻠﺔ ﻋﺒــﺮ اﻟــﺰﻣﻦ واﻟﻤﻜــﺎن .وﻫــﺬا ﻣــﺎ
ﻣﻜــﻦ ﻣــﻦ اﻹﺳــﺘﺪﻻل ﻋﻠــﻰ اﻟﺸــﺮوط اﻟﺘــﻲ ﺳــﺎدت أﺛﻨــﺎء ﻋﻤﻠﻴــﺎت اﻟﺘﺮﺳــﻴﺐ ،واﺳــﺘﻨﺘﺎج اﻟﺒﻴﺌــﺎت اﻟﺮﺳــﻮﺑﻴﺔ اﻟﺘــﻲ
ﺗﻮﺿــﻌﺖ ﻓﻴﻬــﺎ ﻫــﺬه اﻟﺮواﺳــﺐ .وﻗــﺪ اﻋﺘﻤــﺪﻧﺎ ﻓــﻲ ﻫــﺬه اﻹﺳــﺘﻨﺘﺎﺟﺎت ﻋﻠــﻰ ﻣﺠﻤﻮﻋــﺔ ﻣــﻦ اﻟﻌﻮاﻣــﻞ )(factors
واﻟﻤﺘﻐﻴـــﺮات ﻛﺎﻟﺒﻨﻴـــﺔ واﻟﻨﺴـــﻴﺞ اﻟﺼـــﺨﺮي ،واﻟﺘﺮﻛﻴـــﺐ اﻟﻔﻠـــﺰي ،وﺧﺼـــﺎﺋﺺ اﻟﻤﻜﻮﻧـــﺎت اﻟﺤﺒﻴـــﺔ ،وﻃﺒﻴﻌـــﺔ اﻟﻤـــﺎدة
اﻟﻼﺣﻤﺔ ،واﻟﻤﻮاﺻﻔﺎت اﻟﺨﺰﻧﻴﺔ ،وﻣﺤﺘﻮى اﻟﺮواﺳﺐ ﻣﻦ اﻟﻔﻠﺰات اﻟﺜﻘﻴﻠﺔ واﻟﻤﻮاد اﻟﺜﺎﻧﻮﻳﺔ اﻷﺧﺮى ذات اﻟـﺪﻻﻻت
اﻟﺘﺮﺳﻴﺒﻴﺔ ،آﺧﺬﻳﻦ ﺑﻌﻴﻦ اﻹﻋﺘﺒﺎر ﻧﻘﺺ اﻟﻤﺤﺘﻮى اﻟﻤﺴﺘﺤﺎﺛﻲ اﻟﺪال ﻣﻦ رواﺳﺐ اﻟﺘﺸﻜﻴﻠﺔ.
ﻫــــﺬا وﻗــــﺪ ﺗﻤــــﺖ اﻟﺘﻔﺴــــﻴﺮات اﻟﺘﺮﺳــــﻴﺒﻴﺔ وﻓــــﻖ اﻟﻤﻔــــﺎﻫﻴﻢ اﻟﺤﺪﻳﺜــــﺔ ﻟﻠﻤﺘﻮاﻟﻴــــﺎت واﻟــــﺪورات اﻟﺮﺳــــﻮﺑﻴﺔ
) ،[28] (sequence stratigraphyاﻧﻄﻼﻗـﺎً ﻣــﻦ اﺳــﺘﺠﺎﺑﺔ اﻟﻘﻴﺎﺳــﺎت اﻟﺠﻴﻮﻓﻴﺰﻳﺎﺋﻴــﺔ اﻟﺒﺌﺮﻳــﺔ اﻟﻤﺮاﻓﻘــﺔ وﺗﺤﻠﻴــﻞ
ﺗﻄﻮراﺗﻬــﺎ اﻟﺮأﺳــﻴﺔ واﻟﺠﺎﻧﺒﻴــﺔ ] ،[37وﺑﺘﺄﻳﻴــﺪ ﻣــﻦ ﻧﺘــﺎﺋﺞ اﻟﺪراﺳــﺎت واﻟﺘﺤﺎﻟﻴــﻞ اﻟﻤﺨﺒﺮﻳــﺔ .وﻓــﻲ ﻣــﺎ ﻳﻠــﻲ ﻧﺘــﺎﺋﺞ
اﻟﺪراﺳﺔ اﻟﺒﺘﺮوﻟﻮﺟﻴﺔ وﺑﻴﺌﺎت ﺗﺮﺳﻴﺐ ﻣﻜﻮﻧﺎت ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ﻓﻲ ﻫﺬا اﻟﻘﻄﺎع ﻣﻦ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ:
 اﻟﻌﻀﻮ اﻟﺴﻔﻠﻲﻳﻨﺘﺸــﺮ ﻫــﺬا اﻟﻌﻀــﻮ ﺑــﺪءاً ﻣــﻦ اﻹﻧﻘﻄــﺎع اﻟــﺬي ﻳﻔﺼــﻞ رواﺳــﺐ ﺗﺸــﻜﻴﻠﺔ ﻣﺮﻗــﺪة ﺑﻌــﺪم ﺗﻮاﻓــﻖ ﻋــﺎدي ﻋــﻦ
رواﺳــﺐ ﺗﺸــﻜﻴﻠﺔ اﻟﺘﻨــﻒ ) (Tanf Formationﺑﺴــﻤﺎﻛﺔ  1380م ،وﻳﺸــﻜﻞ ﺑﺎﻟﺘــﺎﻟﻲ ﺛﻠﺜــﻲ ﻣﻜﻮﻧــﺎت اﻟﺘﺸــﻜﻴﻠﺔ،
وﻳﻌﻮد ﻓﻲ ﻋﻤﺮه وﻓﻖ ﻧﺘﺎﺋﺞ اﻟﺪراﺳﺔ اﻟﺒﻴﻮﺳﺘﺮاﺗﻐﺮاﻓﻴﺔ ،ﻛﻤﺎ رأﻳﻨﺎ ﻓﻲ اﻟﻔﻘﺮة اﻟﺴﺎﺑﻘﺔ ،إﻟﻰ اﻟﻜﺮﺑﻮﻧﻲ اﻷدﻧﻰ.
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ﻳﻤﻴﺰ ﻫﺬا اﻟﺘﺠﻤـﻊ اﻟﻤﺠـﺎل ﻛﺮﺑـﻮﻧﻲ -دﻳﻔـﻮﻧﻲ ] .[39وﺣﺴـﺐ ] [13ﺗﻌـﻮد ﻫـﺬه اﻷﺟﻨـﺎس اﻟﻤﻨﺤـﺪرة ﻣـﻦ
ﻣﺠﻤﻮﻋﺔ  Lycosporaإﻟﻰ ﻋﻤﺮ اﻟﺘﻮرﻧﻴﺴﻴﺎن ﻣﻦ اﻟﻜﺮﺑﻮﻧﻲ اﻷدﻧﻰ.
* أﻣﺎ اﻟﺴﺤﻨﺎت اﻟﻌﺎﺋﺪة إﻟﻰ اﻟﺴﻮﻳﺎت اﻟﻮﺳﻄﻰ ﻓﺘﺤﺘﻮي ﻋﻠﻰ:
Vallatisporites vallatus, Knoxisporites semiradiatus, Spelaeotriletes arenaceous, Verrucoristatisporites magnifica, Cristatisporites connexus, Convoltispora circumvallata,
Pulvinispora quazilabrata, Punctatisporites flavus, Spelaeotriletes owensi, Furoraspora solisorta, Etusotriletes crassus, Secarisporites remotus, Rugospora variabilis,
"Palynodeme " Vallatisporite pusilletes, Retispora lepidophyta, Psutulatisporite sp.
)اﻷﺷـﻜﺎل ، i, j, h, g, f, e :اﻟﻠﻮﺣــﺔ  .(Aوﻫـﺬه اﻷﺟﻨــﺎس ﻣﻤﻴـﺰة أﻳﻀـﺎً ﻟﻄـﺎﺑﻖ اﻟﺘﻮرﻧﻴﺴــﻴﺎن ﻣـﻦ اﻟﻜﺮﺑــﻮﻧﻲ

اﻷدﻧﻰ ﺣﺴﺐ ].[39
* اﻟﺘﺠﻤﻊ اﻟﺜﺎﻟﺚ :ﻳﻐﻄﻲ ﺳﺤﻨﺎت ﻗﻤﺔ اﻟﻘﺴﻢ اﻟﺴﻔﻠﻲ ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ ،وﻳﺘﻤﻴﺰ ﺑﻮﺟﻮد اﻷﺟﻨﺎس اﻟﺘﺎﻟﻴﺔ:
Punctatisporites cf. paltirugosus, Retusotriletes incohatus, Foviosporites insculptus,
Convolutispora ampla, Mamilospora moniformis, Denosporites subserratus, denosporites duplicatus, Denosporites sp. Rugospora sp.,Hymnozonotriletes explanatus, Cristatisporites sp. Aurorospora solisortus, Vallatisporites verracosus, Crumsporites varioreticulatus, Granulatisporites granulatus, Rugospora flexcusa, Cirratriradites varus,
Polycospora regulosa.
)اﻷﺷﻜﺎل ، r, q, p, o, n ,m, l, k :اﻟﻠﻮﺣﺔ  .(Aﻳﺸﻴﺮ ﻫﺬا اﻟﺘﺠﻤﻊ إﻟﻰ رواﺳﺐ ﻣﻦ ﻋﻤﺮ اﻟﻔﻴﺰﻳﺎن وﻓـﻖ][39
واﻟﺬي ﻳﺒﺪأ ﺑﻈﻬﻮر اﻷﻧـﻮاع اﻷوﻟـﻰ اﻟﻘﺪﻳﻤـﺔ ﻣـﻦ  Schlzosporaإﻟـﻰ ﺟﺎﻧـﺐ Remysporites & Rotaspora

ﺣﺴﺐ]. [13
أﻣــﺎ رواﺳــﺐ اﻟﻘﺴــﻢ اﻟﻌﻠــﻮي ﻣــﻦ اﻟﺘﺸــﻜﻴﻠﺔ )اﻟﻌﻀــﻮ اﻟﻌﻠــﻮي ﻛﻤــﺎ ﺳــﻨﺮى ﻻﺣﻘ ـﺎً( ﻓــﻼ ﺗﺤﺘــﻮي اﻟﻌﻴﻨــﺎت
اﻟﻤﻤﺜﻠﺔ ﻟﻪ إﻻ ﻋﻠﻰ ﺑﻌﺾ اﻷﺑﻮاغ اﻟﻤﺸﻮﻫﺔ أو اﻟﻤﺘﺂﻛﻠﺔ او اﻟﻤﺠﺰأة
Punctatisporites sp., Verrucosisporites sifati, Endosporites globiformis, Tymospors pseudothiessenii, Radiizontes striatus, Rugospora sp. Knoxisporites samaradialas.
)اﻷﺷﻜﺎل ، z, y, x, w, u, t, s :اﻟﻠﻮﺣﺔ  .(Aواﻟﺘﻲ ﻗﺪ ﺗﻌﻮد ﺣﺴﺐ ] [39إﻟﻰ اﻟﻜﺮﺑﻮﻧﻲ اﻷﻋﻠﻰ )اﻟﺒﻨﺴﻠﻔﺎﻧﻲ(.

إن اﻟﺘﻄﻮر اﻟﺘﺮﺳﻴﺒﻲ اﻟﻄﺒﻴﻌﻲ ﻟﻬﺬه اﻟﺮواﺳﺐ ﻳﺪﻋﻮ إﻟﻰ اﻹﻋﺘﻘﺎد ﺑﻌﺎﺋـﺪﻳﺘﻬﺎ إﻟـﻰ اﻟﻜﺮﺑـﻮﻧﻲ اﻷﻋﻠـﻰ .وﻳﺆﻛـﺪ ﻫـﺬا
اﻹﻋﺘﻘــﺎد ﻛــﻮن ﻫــﺬه اﻟﺮواﺳــﺐ ﻣﺘﺒﻮﻋــﺔ ،ﺑﻌــﺪ ﻋــﺪم ﺗﻮاﻓــﻖ ﺣﺘــﻲ ،ﺑﺮواﺳــﺐ ﺗﺸــﻜﻴﻠﺔ رﻣــﻞ اﻷﻣــﺎﻧﻮس اﻟﻤﻌﺮوﻓــﺔ
ﺑﻌﺎﺋﺪﻳﺘﻬﺎ ﻟﻠﺒﺮﻣﻲ.
وﻫﻜــﺬا ﺗﻘﺎﺑــﻞ رواﺳــﺐ اﻟﻘﺴــﻢ اﻟﺴــﻔﻠﻲ ﻣــﻦ ﺗﺸــﻜﻴﻠﺔ ﻣﺮﻗــﺪة ﻓﺘــﺮة اﻟﻜﺮﺑــﻮﻧﻲ اﻷدﻧــﻰ )اﻟﻤﺴﻴﺴــﺒﻲ( ﺑﺤﻴــﺚ
ﺗﻐﻄﻲ اﻷﺟﺰاء اﻟﺪﻧﻴﺎ ﻣﻨﻪ اﻟﺘﻮرﻧﻴﺴـﻴﺎن ،ﺑﻴﻨﻤـﺎ ﺗﻤﺜـﻞ اﻷﺟـﺰاء اﻟﻌﻠﻴـﺎ اﻟﻔﻴﺰﻳـﺎن ،ﻓـﻲ ﺣـﻴﻦ ﺗﻜـﺎﻓﺊ رواﺳـﺐ اﻟﻘﺴـﻢ
اﻟﻌﻠﻮي ﻣﻦ اﻟﺘﺸﻜﻴﻠﺔ اﻟﻜﺮﺑﻮﻧﻲ اﻷﻋﻠﻰ )اﻟﺒﻨﺴﻠﻔﺎﻧﻲ( ﻣﺸﻜﻠﺔ ﺑﺬﻟﻚ ﻣﺘﻮاﻟﻴﺔ ﺳﺘﺮاﺗﻐﺮاﻓﻴﺔ ﺿﺨﻤﺔ وﻣﺘﻜﺎﻣﻠـﺔ ].[28
وﺗﺘﻘﺎﻃﻊ ﻫﺬه اﻟﺘﻔﺴﻴﺮات اﻟﺰﻣﻨﻴـﺔ ﻣـﻊ ﻧﺘـﺎﺋﺞ أﻋﻤـﺎل ] [22اﻟﻘﺎﺋﻤـﺔ ﻋﻠـﻰ دراﺳـﺔ اﻟﻜﻮﻧﻮدوﻧـﺖ واﻟﺘـﻲ ﺗﻌـﺰي ﻣﻌﻈـﻢ
رواﺳﺐ اﻟﻜﺮﺑﻮﻧﻲ ﻓﻲ ﺳﻮرﻳﺔ إﻟﻰ اﻟﺘﻮرﻧﻴﺴﻴﺎن واﻟﻔﻴﺰﻳﺎن .ﻛﻤﺎ ﺗﺘﻮاﻓﻖ أﻳﻀﺎً ﻣﻊ ﻧﺘﺎﺋﺞ دراﺳﺔ ] [33اﻟﺘﻲ ﺗﻜﻬﻨـﺖ
ﺑﻌﻤﺮ ﺗﻮرﻧﻴﺴﻴﺎن -ﻓﻴﺰﻳﺎن ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﺘﺸﻜﻴﻠﺔ ،وﺑﻌﻤﺮ ﻓﺎﻣﻨﻴﺎن ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﺮواﺳﺐ اﻟﻮاﻗﻌﺔ ﺗﺤﺘﻬـﺎ .ﻛـﺬﻟﻚ ﻓـﺈن ﻫـﺬه
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(- A - )اﻟﻠــﻮﺣﺔ

ﺑﻌﺾ اﻷﺑﻮاغ اﻟﻤﻤﻴﺰة ﻟﻠﺪور اﻟﻜﺮﺑﻮﻧﻲ وﻃﻮاﺑﻘﻪ ﻓﻲ ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة
(a)-Hymenozonotriletes explanat
(c)-Valatisporites pusillites
(e)-Valatisporites pusillites(Kido)
(g)-Vallatisporites vallatus
(i)- Rugospora variabilis
(k)-Punctatisporites cf. platirugosus
(m)-Foviosporites insculptus
(o)-Manilosporsmoniformis
(q)-Denosporites duplicatus
(s)-Rugospors sp.
(u)-Verrucosisporites sifati
(x)-Endosporites globiformis

(b)-GrandisporaEchinat
(d)-Diducites mucronaa
(f)-Psutulatisporites sp.
(h)-"Palynodeme"
(j)- Retispora lepidophytas
(l)- Retusotriletes incohatus
(n)-Convolutispors ampl a
(p)-Denosporites subserratus
(r)-Denosporites sp.
(t)-Punctatisporites sp.
(w)-Knoxisporites samaradialas
(y)-Thymospoa pseudothiessenii

(z)-Radiizonates striat
اﻟﻤﻘﺎﻳﻴﺲ
de (a) à (g): 10 µ m
de (k) à (s): 100 µ m
de (x) à (z): 80 µ m

de (h) à (j): 60 µm
de (t) à (w): 40 µm
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 اﻟﺘﺠﻤﻊ اﻷول :ﻳﻤﺜﻞ رواﺳﺐ ﻗﺎﻋﺪة اﻟﺘﺸﻜﻴﻠﺔ ،وﻳﺤﺘﻮي ﻋﻠﻰ اﻟﺠﻨﺴﻴﻦ اﻟﺘﺎﻟﻴﻴﻦ: Cydogranissporites lasius, Auhoha spora solisantusاﻟﻌﺎﺋــﺪﻳﻦ ﻟﻠﻜﺮﺑــﻮﻧﻲ اﻷدﻧــﻰ ﺣﺴــﺐ
] .[13إﻻ أن ﻫـــﺬه اﻷﺑـــﻮاغ ﺗﻮﺟـــﺪ ﻣﺨﺘﻠﻄـــﺔ ﻣـــﻊ ﻛﺴـــﺎرات ﻣـــﻦ اﻷﻛﺮﻳﺘـــﺎرخ واﻟﻜﺎﻳﺘﻴﻨﻮزﻳـــﺎ ):(Chitinozia
 Kalochitina sp aff.hirsuta, Acunthochitina rashidiﺑﺎﻷﺿـﺎﻓﺔ إﻟـﻰ أﺷـﻜﺎل ﻓﺤﻤﻴـﺔ ،واﻟﺘـﻲ ﺗﻌـﻮد إﻟـﻰ
ﻋﻤﺮ اﻟﻜﺎردوﺳﻴﺎن ﻣﻦ اﻷوردوﻓﻴﺸﻲ اﻟﻌﻠﻮي ،وﻓﻖ اﻟﺘﺴﻤﻴﺎت اﻟﻘﺪﻳﻤﺔ ﻟﺤﻘـﺐ اﻟﺒـﺎﻟﻴﻮزوي .وﻳﻌـﺰى وﺟـﻮد ﻫـﺬه
اﻟﻘﻄــﻊ ﺿــﻤﻦ رواﺳــﺐ اﻟﻜﺮﺑــﻮﻧﻲ إﻟــﻰ إﻋــﺎدة ﺗﺮﺳــﻴﺒﻬﺎ ﺑﻌــﺪ اﻧﺘﺰاﻋﻬــﺎ ﺑﺎﻟﺤــﺖ ﻣــﻦ اﻟﺮواﺳــﺐ اﻷوردوﻓﻴﺸــﻴﺔ أو
اﻟﺴﻴﻠﻠﻮرﻳﺔ اﻟﻮاﻗﻌﺔ ﺗﺤﺘﻬﺎ ﺑﻌﺪم ﺗﻮاﻓﻖ.
 اﻟﺘﺠﻤﻊ اﻟﺜـﺎﻧﻲ :وﻳﻤﻴـﺰ رواﺳـﺐ اﻟﺴـﻮﻳﺎت اﻟـﺪﻧﻴﺎ واﻟﻮﺳـﻄﻰ ﻣـﻦ اﻟﻘﺴـﻢ اﻟﺴـﻔﻠﻲ ﻟﻠﺘﺸـﻜﻴﻠﺔ )اﻟﻌﻀـﻮ اﻟﺴـﻔﻠﻲﻛﻤـﺎ ﺳــﻨﺮى ﻓــﻲ اﻟﺪراﺳــﺔ اﻟﺒﺘﺮوﻟﻮﺟﻴـﺔ( ،وﻳﻀــﻢ ﻧــﻮﻋﻴﻦ ﻣــﻦ اﻟﺘﺠﻤﻌـﺎت اﻟﺒﺎﻟﻴﻨﻮﻟﻮﺟﻴــﺔ ﺑﺎﻟﻌﻼﻗــﺔ ﻣــﻊ اﻟﺴــﺤﻨﺎت
اﻟﺤﺎﻣﻠﺔ ﻟﻬﺎ:
* ﺗﺤﺘﻮي اﻟﺴﺤﻨﺎت اﻟﻌﺎﺋﺪة إﻟﻰ اﻟﺴﻮﻳﺎت اﻟﺪﻧﻴﺎ ﻋﻠﻰ اﻷﺟﻨﺎس اﻟﺘﺎﻟﻴﺔ:
Retusotriletes planus, Vallatisporites pusilletes, Rugospora variabilis, Pulvinispora
quasilabrata, Aneurosporageeii, Punctatisporites sp. Diseenisporites.
Hymenozonotriletes explanatus, Grandispora echinata, Diducites mucronatus.

)اﻷﺷﻜﺎل ، d, c, b, a :اﻟﻠﻮﺣﺔ .(A
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-

ﺗﺤﺎﻟﻴﻞ ﺑﺘﺮوﻓﻴﺰﻳﺎﺋﻴﺔ ﺑﺎﺳﺘﺨﺪام أﺟﻬﺰة ﻗﻴﺎس اﻟﻤﺴـﺎﻣﻴﺔ واﻟﻨﻔﺎذﻳـﺔ اﻟﺘـﻲ ﺗﻌﻤـﻞ ﺑـﺎﻟﻬﻮاء او ﺳـﺎﺋﻞ اﻟﻬﻜﺴـﺎن
أو ﻏﺎز اﻟﻬﻠﻴﻮم ﻟﺘﺤﺪﻳﺪ ﻗﻴﻢ اﻟﻤﺴﺎﻣﻴﺔ واﻟﻨﻔﺎذﻳﺔ وﻛﺜﺎﻓﺔ اﻟﺤﺒﺎت واﻟﻜﺜﺎﻓﺔ اﻟﻜﻠﻴﺔ ﻟﻠﺼﺨﺮ.

أﻣﺎ ﻣﻨﺤﻨﻴﺎت اﻟﺴﺠﻼت اﻟﺒﺌﺮﻳﺔ ﻓﻘﺪ اﺳﺘﺨﺪﻣﺖ إﻟﻰ ﺟﺎﻧﺐ اﻟﺪراﺳﺎت اﻟﻤﻨﻔﺬة ﻋﻠﻰ اﻟﻠﺒﺎب اﻟﺼﺨﺮي ﻓـﻲ
ﺗﺤﻘﻴﻖ ﻣﺎ ﻳﻠﻲ:
-

وﺿﻊ اﻟﺤﺪود اﻟﻔﺎﺻﻠﺔ ﻟﻠﺘﺸﻜﻴﻠﺔ و ﺗﻘﺴﻴﻤﻬﺎ إﻟﻰ أﻋﻀﺎء ووﺣﺪات وﺗﺤﺖ وﺣﺪات وأﺟﺰاء وﻧﻄﺎﻗﺎت.

-

اﺳﺘﻘﺎء اﻟﻄﺒﻴﻌﺔ اﻟﻠﻴﺜﻮﻟﻮﺟﻴﺔ ﻟﻠﺴﺤﻨﺎت واﺳـﺘﻨﺘﺎج اﻟﺘﻄـﻮر اﻟﺴـﺤﻨﻲ اﻟﻤﺘـﻮاﻟﻲ ﻟﻸﺟﺴـﺎم اﻟﺮﺳـﻮﺑﻴﺔ اﻟﻤﻜﻮﻧـﺔ
ﻟﻠﺘﺸﻜﻴﻠﺔ.

-

ﻣﻀـــﺎﻫﺎة اﻷﺟﺴـــﺎم اﻟﺮﺳـــﻮﺑﻴﺔ وﺗﺤﺪﻳـــﺪ أﻧﻤـــﺎط اﻧﺘﺸـــﺎرﻫﺎ ،وﺗﻐﻴﺮاﺗﻬـــﺎ اﻟﺮأﺳـــﻴﺔ واﻟﺠﺎﻧﺒﻴــــﺔ ﻋﻠـــﻰ ﻣﺴـــﺘﻮى
اﻟﺘﺮﻛﻴﺐ.

-

ﺗﻔﺴﻴﺮ اﻟﺒﻴﺌﺎت اﻟﺘﺮﺳﻴﺒﻴﺔ ﺿﻤﻦ ﻣﻔﺎﻫﻴﻢ اﻟﺪورات واﻟﻤﺘﻮاﻟﻴﺎت اﻟﺮﺳﻮﺑﻴﺔ.

أدرﺟﺖ ﻛﺎﻓﺔ اﻟﻨﺘﺎﺋﺞ اﻟﺘﻲ ﺗﻢ اﻟﺘﻮﺻﻞ إﻟﻴﻬﺎ ﻓﻲ ﺳﺠﻼت ﺑﺌﺮﻳـﺔ ﻣﺮﻛﺒـﺔ ،وأﺷـﻜﺎل وﺟـﺪاول وﻟﻮﺣـﺎت وﺻـﻮر
إﻳﻀــﺎﺣﻴﺔ ﺑﻤﻘــﺎﻳﻴﺲ ﻣﺨﺘﻠﻔــﺔ .ﻫــﺬا وﻗــﺪ ﻧﻔــﺬت ﻫــﺬه اﻟﺪراﺳــﺔ ﻓــﻲ ﻣﺨــﺎﺑﺮ ﻗﺴــﻢ اﻟﺠﻴﻮﻟﻮﺟﻴــﺎ ﺑﺠﺎﻣﻌــﺔ دﻣﺸــﻖ،
وأﺟﺮﻳﺖ ﻣﺨﺘﻠـﻒ اﻟﺘﺤﺎﻟﻴـﻞ ﻓـﻲ ﻣﺨـﺎﺑﺮ اﻟﺠﻴﻮﻟﻮﺟﻴـﺎ اﻟﺘﺮﺳـﻴﺒﻴﺒﺔ ﻓـﻲ ﺟﺎﻣﻌـﺔ ﺑـﺎرﻳﺲ اﻟﺴﺎدﺳـﺔ وذﻟـﻚ ﺧـﻼل إﻗﺎﻣـﺔ
ﻋﻠﻤﻴﺔ ﻓﻴﻬﺎ ﻟﻤﺪة أرﺑﻌﺔ أﺷﻬﺮ.
اﻟﻨﺘـﺎﺋﺞ واﻟﻤﻨﺎﻗﺸـﺔ
اﻟﺴﺘﺮاﺗﻐﺮاﻓﻴـﺎ
أﺷــﺎرت اﻟﻮﺻـﻮف اﻟﺴــﺎﺑﻘﺔ اﻟﻤﻨﻔــﺬة ﻋﻠــﻰ اﻟﻔﺘــﺎت اﻟﺼــﺨﺮي اﺣﺘــﻮاء اﻟﻘﺎﻋــﺪة اﻟﻜﺮﺑﻮﻧﺎﺗﻴــﺔ ﻟﺘﺸــﻜﻴﻠﺔ ﻣﺮﻗــﺪة
ﻋﻠﻰ ﺑﻌﺾ اﻟﻬﻴﺎﻛﻞ اﻟﻤﺴﺘﺤﺎﺛﻴﺔ ﻣﻦ ذوات اﻟﻤﺼﺮاﻋﻴﻦ وﻋﻀﺪﻳﺎت اﻷرﺟﻞ .ﻓﻲ ﺣﻴﻦ أﻇﻬﺮت اﻟﻮﺻـﻮف اﻟﺠﻬﺮﻳـﺔ
واﻟﻤﺠﻬﺮﻳﺔ واﻟﺘﺤﺎﻟﻴﻞ اﻟﻤﺨﺒﺮﻳﺔ اﻟﻤﻨﻔـﺬة ﻓـﻲ ﻫـﺬه اﻟﺪراﺳـﺔ ﻋﻠـﻰ اﻟﻠﺒـﺎب اﻟﺼـﺨﺮي اﻟﻤﻘﺘﻄـﻊ ﻣـﻦ اﻟﺘﺸـﻜﻴﻠﺔ ﺧﻠـﻮ
اﻟﺮواﺳﺐ اﻟﻔﺘﺎﺗﻴﺔ ﻓﻴﻬﺎ ﻣﻦ اﻟﻤﺤﺘﻮى اﻟﻤﺴﺘﺤﺎﺛﻲ ،ﺣﻴﺚ ﺑﺪت ﻛﺎﻓﺔ اﻟﻌﻴﻨﺎت اﻟﻔﺘﺎﺗﻴﺔ ﺧﺎﻟﻴﺔ ﺗﻤﺎﻣـﺎً ) (barrenوﻟـﻢ
ﻳﻌﺜﺮ ﻋﻠﻰ اﻳﺔ ﺷﻮاﻫﺪ ﻣﺴﺘﺤﺎﺛﻴﺔ ﻧﺒﺎﺗﻴﺔ أو ﺣﻴﻮاﻧﻴﺔ ﻓﻴﻬﺎ .أﻣـﺎ ﻋـﻦ ﺳـﺒﺐ ﻏﻴـﺎب اﻟﻤﺤﺘـﻮى اﻟﻤﺴـﺘﺤﺎﺛﻲ ﻓـﻲ ﻫـﺬه
اﻟﺴﺤﻦ ﻓﻴﻤﻜﻦ أن ﻳﻌﺰى إﻟﻰ ﺷﺮوط اﻟﺘﺮﺳﻴﺐ اﻟﻔﻴﺰﻳﺎ -ﻛﻴﻤﻴﺎﺋﻴﺔ اﻟﻘﺎﺳﻴﺔ اﻟﺘﻲ ﻟﻢ ﺗﺴﻤﺢ ﺑﺎزدﻫﺎر اﻟﺤﻴـﺎة اﻟﻨﺒﺎﺗﻴـﺔ
او اﻟﺤﻴﻮاﻧﻴــﺔ ﻓﻴﻬــﺎ ،أو إﻟــﻰ اﻧﺒﻌــﺎث ﻏــﺎزات ﻧﺘﻴﺠــﺔ ﺗﺨــﺮب وﻓﺴــﺎد اﻟﻤــﺎدة اﻟﻌﻀــﻮﻳﺔ اﻷوﻟﻴــﺔ ﻣﻤــﺎ أﻋــﺎق ﺣﻴــﺎة
اﻟﻜــــــ ــﺎﺋﻨﺎت ] ،[6أو إﻟــــــــﻰ ﺣــــــــﻮادث اﻟــــــــﺪﻳﺎﺟﻴﻨﻴﺰ اﻟﺘــــــــﻲ أدت إﻟــــــــﻰ اﻧﺤــــــــﻼل ﻛﻠــــــــﻲ ﻟﻬﻴﺎﻛــــــــﻞ اﻟﻜﺎﺋﻨــــــ ــﺎت
] .[5وﻗﺪ ﻳﻌﻮد ﻏﻴﺎب اﻟﻤﺤﺘﻮى اﻟﻤﺴﺘﺤﺎﺛﻲ ﻣﻦ ﻫﺬه اﻟﺴﺤﻨﺎت إﻟﻰ ﺗﻜﺎﻓﻞ ﻫﺬه اﻷﺳﺒﺎب ﻣﺠﺘﻤﻌﺔ.
وﺑﺎﻟﻤﻘﺎﺑﻞ ﻓﻘﺪ أﻇﻬـﺮت ﻫـﺬه اﻟﺮواﺳـﺐ اﻏﺘﻨـﺎءً ﻧﺴـﺒﻴﺎً ﺑﺴـﺤﻨﺎت ﺑﺎﻟﻴﻨﻮﻟﻮﺟﻴـﺔ ﺣﺎوﻳـﺔ ﻋﻠـﻰ أﺟﻨـﺎس وأﻧـﻮاع
داﻟﺔ ﻣﻦ اﻷﺑﻮاغ ) (sporesﻣﻤﺎ ﻣﻜﻦ ﻣـﻦ ﺗـﺪﻗﻴﻖ اﻟﻌﻤـﺮ اﻟﺴـﺘﺮاﺗﻐﺮاﻓﻲ ﻟﻤﻜﻮﻧـﺎت اﻟﺘﺸـﻜﻴﻠﺔ واﻟﺮواﺳـﺐ اﻟﺤﺎﺿـﻨﺔ
ﻟﻬﺎ.
دﻟــﺖ اﻟﺘﺤﺎﻟﻴــﻞ اﻟﺒﺎﻟﻴﻨﻮﻟﻮﺟﻴ ـﺔ اﻟﻤﻨﻔــﺬة ﻋﻠــﻰ ﻋﻴﻨــﺎت ﻣﻤﺜﻠــﺔ ﻷﺳــﻔﻞ ووﺳــﻂ اﻟﺘﺸــﻜﻴﻠﺔ ﻋﻠــﻰ وﺟــﻮد اﻟﺜﻼﺛــﺔ
ﺗﺠﻤﻌﺎت اﻟﺒﺎﻟﻴﻨﻮﻟﻮﺟﻴﺔ اﻟﻤﺘﻤﺎﻳﺰة اﻟﺘﺎﻟﻴﺔ ،ﺣﻴﺚ ﻳﻀﻢ ﻛـﻞ ﺗﺠﻤـﻊ ﻋـﺪداً ﻣـﻦ اﻷﺟﻨـﺎس اﻟﻤﺠـﺰأة أﺣﻴﺎﻧـﺎً إﻟـﻰ أﻧـﻮاع
داﻟﺔ ﻋﻠﻰ ﻋﻤﺮ اﺳﺘﺮاﺗﻐﺮاﻓﻲ ﻣﺤﺪد.
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اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ ﻟﺘﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﺤﺖ ﺳﻄﺤﻴﺔ ﻣﻦ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ

ﻳﻌﻮد اﺧﺘﻴﺎر ﻫﺬه اﻟﻤﻨﻄﻘﺔ إﻟﻰ اﻟﻌﺜﻮر ﻓﻴﻬﺎ ﻋﻠﻰ ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ﻓﻲ ﻋﺪة ﺑﻨﻴﺎت ﻋﻤﻴﻘﺔ ﺣﻴﺚ ﺗـﻢ اﺧﺘﺮاﻗﻬـﺎ
ﺑﺎﻟﻌﺪﻳــﺪ ﻣــﻦ اﻷﺑــﺎر اﻟﺘــﻲ وﻓــﺮت اﻟﻤﻌﻄﻴــﺎت اﻟﻀــﺮورﻳﺔ ﻟﻬــﺬه اﻟﺪراﺳــﺔ .ﻛﻤــﺎ ﺗﺘﺴــﻢ اﻟﺘﺸــﻜﻴﻠﺔ ﻓــﻲ ﻫــﺬا اﻟﻘﻄــﺎع
ﺑﻤﻮاﺻــﻔﺎت ﺑﺘﺮوﻓﻴﺰﻳﺎﺋﻴــﺔ ﺟﻴــﺪة ﺟﻌﻠــﺖ ﻣﻨﻬــﺎ ﺧﺰاﻧ ـﺎً ﻣﻨﺘﺠ ـﺎً ﻟﻠﻬﻴــﺪروﻛﺮﺑﻮﻧﺎت اﻟﻐﺎزﻳــﺔ واﻟﻤﺘﻜﺜﻔــﺎت ﻓــﻲ ﺗﺮاﻛﻴــﺐ
اﻟﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ.
ﻳﻌﺪ ﺗﺮﻛﻴﺐ أرك ،اﻟﻮاﻗﻊ ﻋﻠﻰ ﺑﻌﺪ  30ﻛﻢ ﺷﻤﺎل ﺷﺮق ﻣﺪﻳﻨﺔ دﻳﺮ اﻟﺰور ،اﻟﺘﺮﻛﻴﺐ اﻷﻛﺜﺮ أﻫﻤﻴﺔ ﺑـﻴﻦ ﻫـﺬه
اﻟﺘﺮاﻛﻴــﺐ .وﻗــﺪ ﺗــﻢ اﺧﺘﻴــﺎر ﻫــﺬا اﻟﺘﺮﻛﻴــﺐ ﺗﺮﻛﻴﺒـﺎً ﻣﺮﺟﻌﻴـﺎً ﻟﻤﻨﻄﻘــﺔ اﻟﺪراﺳــﺔ ﻧﻈــﺮاً ﻷﻫﻤﻴــﺔ ﻫــﺬا اﻟﺘﺮﻛﻴــﺐ ﻣﻘﺎرﻧــﺔ
ﺑﺎﻟﺘﺮاﻛﻴــﺐ اﻷﺧــﺮى ﻣــﻦ ﺣﻴــﺚ اﻟﺤﺠــﻢ واﻟﺘﻨــﻮع ،وﻻﺣﺘﻮاﺋــﻪ ﻋﻠــﻰ ﻋــﺪد واف ﻣــﻦ اﻵﺑــﺎر اﻟﻌﻤﻴﻘــﺔ اﻟﺘــﻲ اﺧﺘﺮﻗــﺖ
اﻟﺘﺸــﻜﻴﻠﺔ ﺑﻜﺎﻣﻠﻬــﺎ وﺑﺴــﻤﺎﻛﺔ أﻋﻈﻤﻴــﺔ وﺻــﻠﺖ إﻟــﻰ  2248م ووﻓــﺮت ﺑﺎﻟﺘــﺎﻟﻲ اﻟﻜــﻢ اﻟﻜــﺎﻓﻲ ﻣــﻦ اﻟﻤﻌﻄﻴــﺎت اﻷوﻟﻴــﺔ
اﻟﻀﺮورﻳﺔ ﻹﻧﺠﺎز ﻟﻬﺬه اﻟﺪراﺳﺔ.
ﻣﻮاد وﻃﺮاﺋﻖ اﻟﺪراﺳﺔ
ﻗﺎﻣﺖ ﻫﺬه اﻟﺪراﺳﺔ ﻋﻠﻰ اﻟﻤﻌﻄﻴﺎت اﻟﺠﻴﻮﻟﻮﺟﻴﺔ واﻟﺠﻴﻮﻓﻴﺰﻳﺎﺋﻴﺔ اﻟﺤﻘﻠﻴﺔ اﻟﻘﺎدﻣـﺔ ﻣـﻦ اﻷﺑـﺎر اﻟﺘـﻲ اﺧﺘﺮﻗـﺖ
رواﺳـﺐ اﻟﺒـﺎﻟﻴﻮزوي اﻷﻋﻠـﻰ ﻓـﻲ ﺗﺮاﻛﻴـﺐ ﻣﻨﻄﻘـﺔ اﻟﺪراﺳـﺔ .وﺗﺘﻤﺜـﻞ ﻫـﺬه اﻟﻤﻌﻄﻴـﺎت ﺑﺎﻟﻠﺒـﺎب اﻟﺼـﺨﺮي )(cores
اﻟﻤﺴــﺘﺨﺮج ﻣــﻦ ﻣﺠــﺎﻻت ﻣﺨﺘﻠﻔــﺔ اﻷﻋﻤــﺎق ﺿــﻤﻦ ﺗﺸــﻜﻴﻠﺔ ﻣﺮﻗــﺪة واﻟﺴــﺠﻼت اﻟﺠﻴﻮﻓﻴﺰﻳﺎﺋﻴــﺔ اﻟﺒﺌﺮﻳــﺔ اﻟﺘﻘﻠﻴﺪﻳــﺔ
اﻟﻤﻨﻔﺬة ﻋﻠﻰ اﻣﺘﺪاد اﻟﺘﺸﻜﻴﻠﺔ.
ﺷــﻜﻞ اﻟﻠﺒــﺎب اﻟﺼــﺨﺮي ﻗﺎﻋــﺪة ﻫــﺬا اﻟﺒﺤــﺚ ،إذ ﺗﻤــﺖ دراﺳــﺔ أﻛﺜــﺮ ﻣــﻦ  170م ﻣــﻦ اﻟﻠﺒــﺎب اﻟﺼــﺨﺮي
اﻟﻤﻘﺘﻄﻊ ﺑﺄﻗﻄﺎر ½  4و ¾ ، 8ﺣﻴـﺚ ﺧﻀـﻌﺖ ﻫـﺬه اﻷﻛـﻮار إﻟـﻰ وﺻـﻒ ﺳـﺤﻨﻲ ﺟﻬـﺮي ﻣﻔﺼـﻞ وﻣﺘﻜﺎﻣـﻞ ﺳـﻤﺢ
ﺑﻮﺿــﻊ ﻣﻘﻄــﻊ ﻟﻴﺜﻮﻟــﻮﺟﻲ ﻧﻤﻄــﻲ ﻟﻠﺘﺸــﻜﻴﻠﺔ .وﻣــﻦ ﻫــﺬه اﻷﻛــﻮار ﺗــﻢ اﻧﺘﻘــﺎء  127ﻋﻴﻨــﺔ ﻣﻤﺜﻠــﺔ ﻟﻤﺨﺘﻠــﻒ ﺳــﺤﻨﺎت
اﻟﺘﺸﻜﻴﻠﺔ .وﻋﻠﻰ ﻫﺬه اﻟﻌﻴﻨﺎت ﻧﻔﺬت اﻟﺪراﺳﺎت واﻟﺘﺤﺎﻟﻴﻞ اﻟﻤﺨﺒﺮﻳﺔ اﻟﺘﺎﻟﻴﺔ:
-

ﺗﺤﺎﻟﻴـــﻞ ﺑﺎﻟﻴﻨﻮﻟﻮﺟﻴـــﺔ ،ﺑﺘﻄﺒﻴـــﻖ اﻟﻄﺮاﺋـــﻖ اﻟﻤﻌﻬـــﻮدة ﻣـــﻦ ﺗﺤﻀـــﻴﺮ ﻟﻠﻌﻴﻨـــﺎت وﻏﺴـــﻞ وﺗﺸـــﺘﻴﺖ وﻣﻌﺎﻟﺠـــﺔ
ﺑﺎﻟﺤﻤﻮض ،وﻧﺨﻞ وﻓﺮز وﺗﺤﺪﻳﺪ اﻟﻤﺤﺘﻮى ﻣﻦ اﻷﺑﻮاغ اﻟﺪاﻟﺔ ﻋﻠﻰ اﻟﻌﻤﺮ اﻟﺴﺘﺮاﺗﻐﺮاﻓﻲ.

-

ﺗﺤﺎﻟﻴـﻞ ﺑﺘﺮوﻟﻮﺟﻴـﺔ ﺑﺎﺳــﺘﺨﺪام اﻟﻤﺠﻬـﺮ اﻟﻀـﻮﺋﻲ اﻟــﺬي ﻳﻌﻤـﻞ ﺑﺎﻷﺷـﻌﺔ اﻹﺳــﺘﻘﻄﺎﺑﻴﺔ ،أو اﻟﻤﺠﻬـﺮ اﻟﻀــﻮﺋﻲ
اﻟــﺬي ﻳﻌﻤــﻞ ﺑﺎﻷﺷــﻌﺔ اﻟﻤﻬﺒﻄﻴــﺔ ) .(cathdoluminesenceﻛﻤــﺎ ﺗﻤــﺖ اﻹﺳــﺘﻌﺎﻧﺔ أﻳﻀ ـﺎً ﺑﺘﻘﺎﻧــﺔ ﺑــﺎﻟﻤﺠﻬﺮ
اﻹﻟﻜﺘﺮوﻧﻲ اﻟﻤﺎﺳﺢ  S.E.Mﻓﻲ ﺗﻌﻤﻴﻖ دراﺳﺔ ﺑﻌﺾ اﻟﺴﺤﻨﺎت اﻟﻤﻤﻴﺰة ).(nannofacies

-

ﺗﺤﺎﻟﻴــﻞ ﻓﻠﺰﻳــﺔ )ﻣﻨﺮاﻟﻮﺟﻴــﺔ( ﻳﺎﺳــﺘﺨﺪام أﺟﻬــﺰة ﺣﻴــﻮد اﻷﺷــﻌﺔ اﻟﺴــﻴﻨﻴﺔ  XRDﻟﺘﺤﺪﻳــﺪ اﻟﻤﻜﻮﻧــﺎت اﻟﻔﻠﺰﻳــﺔ
وﺗﻌﻴﻴﻦ ﻃﺒﻴﻌﺔ اﻟﻤﻮاد اﻟﻐﻀﺎرﻳﺔ.

-

ﺗﺤﺎﻟﻴــﻞ ﻛﻴﻤﻴﺎﺋﻴــﺔ ﺑﺎﺳــﺘﺨﺪام ﺟﻬــﺎز  Manocalcimeterﻟﻠﺒﺤــﺚ ﻋــﻦ اﻟﻤﻜﻮﻧــﺎت اﻟﻜﺮﺑﻮﻧﺎﺗﻴــﺔ اﻟﻜﻠﺴــﻴﺔ أو
اﻟﻤﻐﻨﻴﺰﻳﺔ.

-

ﺗﺤﺎﻟﻴــﻞ ﺟﻴﻮﻛﻴﻤﻴﺎﺋﻴــﺔ ﺑﺎﺳــﺘﺨﺪام أﺟﻬــﺰة روك إﻳﻔــﺎل ) (Rock Eval III OSAﻟﺤﺴــﺎب ﻛﻤﻴــﺔ اﻟﻤــﺎدة
اﻟﻌﻀﻮﻳﺔ اﻟﻤﺘﺒﻘﻴﺔ وﺗﻘﺪﻳﺮ درﺟﺔ ﻧﻀﻮﺟﻬﺎ.
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ﻣــﻦ ﻫﻨــﺎ ﺗــﺄﺗﻲ أﻫﻤﻴــﺔ ﻫــﺬه اﻟﺪراﺳــﺔ اﻟﺘــﻲ ﺗﻬــﺪف إﻟــﻰ ﺗﻐﻄﻴــﺔ ﻫــﺬه اﻟﺠﻮاﻧــﺐ ﻣــﻦ ﺧــﻼل ﺗﻘــﺪﻳﻢ ﺧﻼﺻــﺔ
ﺟﻴﻮﻟﻮﺟﻴـــﺔ ﺗﺤـــﺖ ﺳـــﻄﺤﻴﺔ ﻣﺘﻜﺎﻣﻠـــﺔ ﻟﻠﺘﺸـــﻜﻴﻠﺔ ﺗﺴـــﻌﻰ إﻟـــﻰ ﺗـــﺪﻗﻴﻖ ﻋﻤﺮﻫـــﺎ اﻟﺴـــﺘﺮاﺗﻐﺮاﻓﻲ ،وﺗﺤﺪﻳـــﺪ ﻃﺒﻴﻌﺘﻬـــﺎ
اﻟﺒﺘﺮوﻟﻮﺟﻴــﺔ وﺑﻴﺌــﺎت ﺗﺮﺳــﻴﺒﻬﺎ ،وإﻋــﺎدة ﺑﻨــﺎء ﺗﻄﻮرﻫــﺎ اﻟﺘﺮﺳــﻴﺒﻲ واﻟﺒــﺎﻟﻴﻮﺟﻐﺮاﻓﻲ ،ﺑﻤــﺎ ﻳﺨــﺪم ﻻﺣﻘـﺎً ﻓــﻲ ﺗﻮﺟﻴــﻪ
أﻋﻤﺎل اﻟﺘﻨﻘﻴﺐ ﻋﻦ اﻟﺘﺸﻜﻴﻠﺔ ﻧﺤﻮ ﻣﻨﺎﻃﻖ أﻣﻞ ﺟﺪﻳﺪة ،وﻳﺴﻬﻢ ﻓﻲ ﺗﻄﻮﻳﺮ اﺳﺘﺜﻤﺎر ﻣﺤﺘﻮﻳﺎت ﻧﻄﺎﻗﺎﺗﻬـﺎ اﻟﺨﺎزﻧـﺔ
ﻣﻦ اﻟﻐﺎز اﻟﻄﺒﻴﻌﻲ.
ﻣﻨﻄﻘـﺔ اﻟﺪراﺳـﺔ
ﺗﻘــﻊ ﻣﻨﻄﻘــﺔ اﻟﺪراﺳــﺔ ﻓــﻲ اﻟﺠــﺰء اﻟﻬﺎﻣﺸــﻲ ﺑــﻴﻦ اﻟﻘﻄــﺎع اﻟﺠﻨــﻮﺑﻲ اﻟﻐﺮﺑــﻲ ﻟﻠﺴﻠﺴــﻠﺔ اﻟﺘﺪﻣﺮﻳــﺔ اﻟﺠﻨﻮﺑﻴــﺔ
وﻧﻬﻮض اﻟﺮﻃﺒﺔ ،وﺗﻤﺘﺪ ﺑﻴﻦ إﺣﺪاﺛﻴﺎت ﻻﻣﺒﻴﺮ اﻟﺘﺎﻟﻴﺔ:
 X = 397.5. , 463.5 Y = 300.0 , 333.0ﺑﻤﺴﺎﺣﺔ ﺗﻘﺎرب 1065ﻛﻢ ) 2اﻟﺸﻜﻞ .(4

ﺷﻜﻞ  :4ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ واﻟﺘﺮاﻛﻴﺐ اﻟﺠﻴﻮﻟﻮﺟﻴﺔ اﻟﻤﺪروﺳﺔ )ﻋﻦ اﻟﺨﺎرﻃﺔ اﻟﺠﻴﻮﻟﻮﺟﻴﺔ ﻟﺴﻮرﻳﺔ (1/200 000
ﺗﺘﻤﻴﺰ ﻫﺬه اﻟﻤﻨﻄﻘﺔ ،اﻟﺠﺎﻓﺔ وﺿﻌﻴﻔﺔ اﻟﺘﻀﺎرﻳﺲ ،ﺑﺎﺣﺘﻮاﺋﻬﺎ ﻋﻠﻰ ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﻄﻴﺎت اﻟﻘﺼﻴﺮة وﻏﻴﺮ
اﻟﻤﺘﻨﺎﺳﻘﺔ واﻟﻤﺘﺠﻬﺔ ﺷﻤﺎل ﺷﺮق -ﺟﻨﻮب ﻏﺮب .وﺗﺘﺼﻒ ﻫﺬه اﻟﻄﻴﺎت ﺑﻜﻮﻧﻬﺎ ﻣﺘﺮاﻛﺒﺔ وﺛﻨﺎﺋﻴﺔ اﻟﺒﻨﻴﺎت]،[14
وﺗﻌﺰى ﺑﻤﻌﻈﻤﻬﺎ إﻟﻰ ﺣﻮادث ﻃﻲ ﻓﺎﻟﻘﻲ ﻟﻤﻨﺎﻃﻖ ﻣﺼﺪﻋﺔ ﺑﻔﻮاﻟﻖ اﻧﺰﻳﺎﺣﻴﺔ ﻳﺴﺎرﻳﺔ
).(sinistral stike-slip faults
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ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗــﺪة )(Markada Formation

ﺗﺸﻜﻞ رواﺳﺐ ﺣﻘﺐ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﺟﺰءاً ﻫﺎﻣﺎً ﻣﻦ اﻟﻌﻤﻮد اﻟﻄﺒﻘﻲ ﻓﻲ ﺳﻮرﻳﺔ .وﻫﻲ ﺗﺘﻜﺸـﻒ ﺑﺸـﻜﻞ
ﻣﺤﺪود ﻓﻲ ﻧﻮاة ﺟﺒﻞ ﻋﺒﺪ اﻟﻌﺰﻳﺰ ،إﻻ أﻧﻬﺎ ﺗﺄﺧﺬ أﻫﻤﻴﺘﻬﺎ ﺗﺤـﺖ اﻟﺴـﻄﺢ ،ﺣﻴـﺚ ﺗﻨﺘﺸـﺮ ﺑﺴـﻤﺎﻛﺎت ﻣﺨﺘﻠﻔـﺔ ﻋﻠـﻰ
اﻣﺘـــﺪاد أراﺿـــﻲ اﻟﻘﻄـــﺮ .وﺗﻨـــﺪرج ﻫـــﺬه اﻟﺮواﺳـــﺐ ﺿـــﻤﻦ اﻟﻤﺘﻮاﻟﻴـ ـﺔ اﻹﻗﻠﻴﻤﻴـــﺔ اﻟﻀـــﺨﻤﺔ اﻟﻤﻌﺮوﻓـــﺔ ﺑﻤﺘﻮاﻟﻴـــﺔ
"ﻗﺼﻘﺎﺻﻘﻴﺔ" ) .(Kaskaskiaوﻗﺪ ﻋﺮﻓﺖ ﻫﺬه اﻟﺮواﺳﺐ ﺳﺎﺑﻘﺎً ﻓﻲ ﺳـﻮرﻳﺔ ﺑﺘﺸـﻜﻴﻠﺔ "ﻣﺮﻗـﺪة " (Markada
) Formationﻛﻤﻜـــﻮن رﺋﻴﺴـــﻲ ﻟﻤﺠﻤﻮﻋـــﺔ اﻟﻀـــﺒﻴﺎت ] .[4وﺗﻌـــﺪ ﻫـــﺬه اﻟﺘﺸـــﻜﻴﻠﺔ اﻟﻤﻜـــﺎﻓﺊ اﻟﺠـــﺎﻧﺒﻲ ﻟﺘﺸـــﻜﻴﻠﺔ
ﻛﻮﺑﺮوﻟﻮ) (Koproloﻓﻲ ﺗﺮﻛﻴﺔ ،وﺗﺸﻜﻴﻼت أورا ) (Oraوﺣﺎرور ) (Harurﻓﻲ اﻟﻌﺮاق ،وﺟﻴـﺮود) (Jeirudﻓـﻲ
إﻳﺮان ،وﺗﺸﻜﻴﻠﺘﻲ ﻋﻨﻴﺰة ) (Unayzahوﺑﺮواث ) (Berwatheﻓﻲ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﻴﺔ اﻟﺴﻌﻮدﻳﺔ )] .([3], [2وﻓـﻲ
اﻷردن ﺗﻢ اﻟﻌﺜﻮر ﻋﻠﻰ ﻣﻘﺎﺑﻞ ﻫﺬه اﻟﺘﺸﻜﻴﻼت ﻓﻲ ﺣﻮض اﻟﻤﻔﺮق وﻣﻨﻄﻘﺔ ﺻﻮﻳﻠﺢ ].[38
ﻋﺮﻓﺖ ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ﻷول ﻣﺮة ﻓﻲ ﺳﻮرﻳﺔ ﻋـﺎم  1974ﻓـﻲ ﺑﺌـﺮ ﻣﺮﻗـﺪة  101ﺣﻴـﺚ أﺧـﺬت اﺳـﻤﻬﺎ .وﻣـﻦ
ﺛــﻢ ﺗــﻢ اﺧﺘﺮاﻗﻬــﺎ ﺑﺎﻵﺑــﺎر اﻟﻌﻤﻴﻘــﺔ ﻓــﻲ اﻟﻌﺪﻳــﺪ ﻣــﻦ ﺑﻨﻴــﺎت اﻟﻤﻨﻄﻘــﺔ اﻟﺘﺪﻣﺮﻳــﺔ ﻋﻠــﻰ أﻋﻤــﺎق ﻣﺨﺘﻠﻔــﺔ وﺑﺴــﻤﺎﻛﺎت
ﺗﺘﻔــﺎوت ﺑــﻴﻦ 225م ﻓــﻲ ﺗﺮﻛﻴــﺐ ﺧﻨﺎﺻــﺮ ) (Khanaserو  2250م ﻓــﻲ ﺗﺮﻛﻴــﺐ أرك ) .(Arakﺗﺸــﻜﻞ رواﺳــﺐ
ﻫــﺬه اﻟﺘﺸــﻜﻴﻠﺔ ﻣﻌﻈــﻢ رواﺳــﺐ اﻟﺒــﺎﻟﻴﻮزوي اﻷﻋﻠــﻰ ﻓــﻲ اﻟﻤﻨﻄﻘــﺔ اﻟﺘﺪﻣﺮﻳــﺔ ،وﺗﺘﻮﺿــﻊ ﺑﻌــﺪم ﺗﻮاﻓــﻖ زاوي ﺑﺴــﻴﻂ
ﻓﻮق اﻟﺴﻄﺢ اﻟﺤﺘﻲ ﻟﺮﺳﻮﺑﻴﺎت اﻟﺪور اﻟﺴﻴﻠﻮري اﻷدﻧﻰ )ﺗﺸـﻜﻴﻠﺔ اﻟﺘﻨـﻒ  (Tanf Formationأو ﻣﺒﺎﺷـﺮة ﻓـﻮق
اﻟﺴــﻄﺢ اﻟﺤﺘــﻲ ﻟﺮﺳــﻮﺑﻴﺎت اﻷوردوﻓﻴﺸــﻲ )ﺗﺸــﻜﻴﻠﺔ اﻷﻓﻨــﺪي  .(Afandi Formationوﻳﻠﻴﻬــﺎ ﺑﻌــﺪم ﺗﻮاﻓـــﻖ
إﻗﻠﻴﻤﻲ ﺗﺸﻜﻴـﻠﺔ رﻣﻞ اﻷﻣﺎﻧﻮس ) (Amanus sandاﻟﻌﺎﺋﺪة ﻟﻠﺒﺮﻣﻲ ].[20
ﺑﻴﻨﺖ ﻣﺨﺘﻠﻒ اﻟﺪراﺳﺎت اﻟﻤﻨﻔﺬة ﻋﻠﻰ ﺻﺨﻮر ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة أﻫﻤﻴﺔ ﻫﺬه اﻟﺘﺸـﻜﻴﻠﺔ ﻣـﻦ اﻟﻨﺎﺣﻴـﺔ اﻟﺘﻮﻟﻴﺪﻳـﺔ
واﻟﺨﺰﻧﻴﺔ ﻟﻠﻤﻮاد اﻟﻬﻴﺪروﻛﺮﺑﻮﻧﻴﺔ ،إذ ﺗﺘﻤﺘﻊ ﻃﺒﻘﺎﺗﻬﺎ اﻟﻐﻀﺎرﻳﺔ ﺑﺎﻟﻘـﺪرة ﻋﻠـﻰ ﺗﻮﻟﻴـﺪ اﻟﺰﻳـﺖ واﻟﻐـﺎز اﻟﻄﺒﻴﻌـﻲ ،ﻓـﻲ
ﺣــﻴﻦ ﺗﺘﺼــﻒ ﻧﻄﺎﻗﺎﺗﻬــﺎ اﻟﺮﻣﻠﻴــﺔ اﻟﻜﻮارﺗﺰﻳــﺔ واﻟﺴــﻠﺘﻴﺔ ﺑﻤﻮاﺻــﻔﺎت ﺧﺰﻧﻴــﺔ ﺟﻴــﺪة ﺗﺠﻌــﻞ ﻣﻨﻬــﺎ ﻣﺴــﺘﻮﻳﺎت ﻣﻼﺋﻤــﺔ
ﻻﺻﻄﻴﺎد وﺗﺮاﻛﻢ اﻟﻬﻴﺪروﻛﺮﺑﻮﻧﺎت ] [1وﻋﻠﻴﻪ ﻓﻘﺪ ﻛﺎﻧﺖ ﻫﺬه اﻟﺘﺸﻜﻴﻠﺔ ﻫﺪﻓﺎً ﻟﻠﺸﺮﻛﺔ اﻟﺴﻮرﻳﺔ ﻟﻠﻨﻔﻂ  SPCﻓـﻲ
أﻋﻤﺎل اﻟﺘﻨﻘﻴﺐ ﻋـﻦ اﻟـﻨﻔﻂ واﻟﻐـﺎز اﻟﻄﺒﻴﻌـﻲ ﻓـﻲ اﻟﻤﻨﻄﻘـﺔ اﻟﺘﺪﻣﺮﻳـﺔ .وﻗﺎﻣـﺖ اﻟﺸـﺮﻛﺔ ﺑﺘﻨﻔﻴـﺬ ﻣﺠﻤﻮﻋـﺔ ﻣـﻦ ﺑـﺮاﻣﺞ
اﻟﺤﻔــﺮ اﻟﺒﺌـــﺮي اﺳــﺘﻬﺪﻓﺖ اﺧﺘـــﺮاق اﻟﺘﺸــﻜﻴﻠﺔ ﻓـــﻲ اﻟﺘﺮاﻛﻴــﺐ اﻟﺘـــﻲ ﺗــﻢ اﻛﺘﺸـــﺎﻓﻬﺎ ﻓﻴﻬــﺎ )أرك ،اﻟﻬﻴـــﻞ ،اﻟﻀـــﺒﻴﺎت،
اﻟﺴﺨﻨﺔ ،ﻧﺠﻴﺐ( ﺣﻴﺚ وﺿﻌﺖ ﻗﻴﺪ اﻹﻧﺘﺎج ﻣﻨﺬ ﻋـﺎم  ،1987وﻣـﺎ زاﻟـﺖ ﻋﻤﻠﻴـﺎت اﺳـﺘﺜﻤﺎر اﻟﻐـﺎز اﻟﻄﺒﻴﻌـﻲ ﻗﺎﺋﻤـﺔ
ﻓﻴﻬﺎ ﺣﺘﻰ اﻵن.
ﻣﺒﺮرات اﻟﺪراﺳﺔ وأﻫﺪاﻓﻬﺎ
ﺑﺎﻟﺮﻏﻢ ﻣﻦ أﻫﻤﻴﺔ ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ﻛﺘﺸﻜﻴﻠﺔ ﺣﺎﻣﻠﺔ وﻣﻨﺘﺠﺔ ﻟﻠﻬﻴﺪروﻛﺮﺑﻮﻧﺎت ،ﻓﺈن ﻫـﺬه اﻟﺮواﺳـﺐ ﻟـﻢ ﺗﺤـﻆ
ﺑﺎﻟﺪراﺳــﺎت اﻟﻤﻔﺼــﻠﺔ واﻟﻜﺎﻓﻴــﺔ .وﺑﺎﺳــﺘﺜﻨﺎء اﻟﺘﻘــﺎرﻳﺮ اﻟﺼــﺎدرة ﻋــﻦ ﻣﺪﻳﺮﻳــﺔ اﻹﺳﺘﻜﺸــﺎف ﻓــﻲ اﻟﺸــﺮﻛﺔ اﻟﺴــﻮرﻳﺔ
ﻟﻠــﻨﻔﻂ أو ﺑﻌــﺾ اﻟﺪراﺳــﺎت اﻟﺘــﻲ أﺗــﺖ ﻋﻠــﻰ ذﻛــﺮ ﻫــﺬه اﻟﺘﺸــﻜﻴﻠﺔ ﺿــﻤﻦ اﻟﺪراﺳــﺎت اﻹﻗﻠﻴﻤﻴــﺔ ﻟﺮواﺳــﺐ ﺣﻘــﺐ
اﻟﺒﺎﻟﻴﻮزوي ﻓـﻲ ﺳـﻮرﻳﺔ )] ([31] ,[17] ,[11أو اﻟﺪراﺳـﺎت اﻷﻛﺜـﺮ ﺗﻔﺼـﻴﻼً اﻟﺘـﻲ ﺗﻄﺮﻗـﺖ إﻟـﻰ وﺻـﻒ ﺳـﺤﻨﺎﺗﻬﺎ
اﻟﻠﻴﺜﻮﻟﻮﺟﻴــﺔ ] [4أو ﻗــﺪراﺗﻬﺎ اﻟﺨﺰﻧﻴــﺔ ] [24أو اﻟﺘﻮﻟﻴﺪﻳــﺔ ] [19ﻓــﺈن أﻳ ـﺎً ﻣــﻦ ﺗﻠــﻚ اﻟﺘﻘــﺎرﻳﺮ أو اﻟﺪراﺳــﺎت ﻟــﻢ
ﺗﻨﻔــﺮد ﺑﺪراﺳــﺔ إﻗﻠﻴﻤﻴــﺔ ﻣﻌﻤﻘــﺔ ﻟﺼــﺨﻮر ﺗﺸــﻜﻴﻠﺔ ﻣﺮﻗــﺪة ،ﺗﻌﻨــﻰ ﺑﺨﺼﺎﺋﺼــﻬﺎ اﻟﺒﺘﺮوﻟﻮﺟﻴــﺔ وﺗﻄﻮرﻫــﺎ اﻟﺘﺮﺳــﻴﺒﻲ
واﻟﺒﺎﻟﻴﻮﺟﻐﺮاﻓﻲ ﻓﻲ اﻟﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ.
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اﻟﻜﺮﻳﺘﺎﺳﻲ ﺗﺤﻮل ﻫﺬا اﻟﺤﻮض إﻟﻰ ﻣﻨﻄﻘﺔ ﻏﻴﺮ ﺛﺎﺑﺘﺔ واﻧﻘﻠﺒﺖ اﻟﺤﺮﻛﺎت اﻟﺘﻜﺘﻮﻧﻴﺔ اﻹﻧﻀـﻐﺎﻃﻴﺔ اﻟﻤـﺆﺛﺮة ﻓﻴـﻪ إﻟـﻰ
ﺣﺮﻛﺎت ﺷﺪ .أﻣﺎ اﻟﻨﻬﻮض اﻟﺮﺋﻴﺲ ﻟﻠﺠﺒﺎل اﻟﺘﺪﻣﺮﻳـﺔ ﻓﻘـﺪ ﺣـﺪث ﺧـﻼل اﻟﻤﻴﻮﺳـﻴﻦ اﻷﻋﻠـﻰ واﻟﺒﺎﻟﻴﻮﺳـﻴﻦ ،ﺑﺸـﻜﻞ
ﻣﺘــﺰاﻣﻦ ﻣــﻊ اﻟﺤﺮﻛــﺎت اﻷﻟﺒﻴــﺔ ﺑﺎﺗﺠــﺎه اﻟﺸــﻤﺎل .وﺗﺸــﻴﺮ ﺑﻌــﺾ اﻟﻔﺮﺿــﻴﺎت إﻟــﻰ ارﺗﺒــﺎط وﻻدة اﻟﺴﻼﺳــﻞ اﻟﺘﺪﻣﺮﻳــﺔ
ﺑﺤﺮﻛﺔ اﻟﺼﻔﻴﺤﺔ اﻟﻌﺮﺑﻴﺔ ﻧﺤﻮ اﻟﺸﻤﺎل واﻟﺸﻤﺎل اﻟﺸﺮﻗﻲ ﻋﻠﻰ اﻣﺘﺪاد اﻟﻔﺎﻟﻖ اﻟﺸﺮق ﻣﺘﻮﺳﻄﻲ إﺛﺮ اﻧﻔﺘﺎح اﻟﺒﺤـﺮ
اﻷﺣﻤﺮ ﻣﻨﺬ اﻟﺒﻠﻴﻮﺳﻴﻦ وﺣﺘﻰ اﻟﻌﺼﺮ اﻟﺤﺎﻟﻲ ].[25

ﺷﻜﻞ  :3اﻟﻌﻤﻮد اﻟﻠﻴﺜﻮﺳﺘﺮاﺗﻐﺮاﻓﻲ اﻹﺟﻤﺎﻟﻲ ﻟﻠﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ واﻟﻤﺘﻮاﻟﻴﺎت اﻟﺘﻜﺘﻮﻧﻮﺳﺘﺮاﺗﻐﺮاﻓﻴﺔ اﻟﻀﺨﻤﺔ ﻟﻠﺼﻔﻴﺤﺔ

اﻟﻌﺮﺑﻴﺔ ).[35] (AP
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ﺗﻘــﻊ اﻟﺴﻠﺴــﻠﺔ اﻟﺘﺪﻣﺮﻳــﺔ ﻓــﻲ اﻷراﺿــﻲ اﻟﺴــﻮرﻳﺔ ﻓــﻲ اﻟﺠــﺰء اﻟﺸــﻤﺎﻟﻲ ﻣــﻦ اﻟﻘﻄــﺎع اﻟﻤﺘﺤــﺮك ﻧﺴــﺒﻴﺎً ﻣــﻦ
اﻟﺼﻔﻴﺤﺔ اﻟﻌﺮﺑﻴﺔ ] .[15ﺗﺸﻜﻞ ﻫﺬه اﻟﺴﻠﺴﻠﺔ إﺣـﺪى اﻟﻮﺣـﺪات اﻟﺘﻜﺘﻮﻧﻴـﺔ اﻷرﺑﻌـﺔ اﻟﺮﺋﻴﺴـﺔ اﻟﻤﻜﻮﻧـﺔ ﻟﺠﻴﻮﻟﻮﺟﻴـﺔ
ﺳﻮرﻳﺔ .وﺗﻮﺟﺪ ﻓﻲ أواﺳﻂ اﻟﺒﻼد ﻣﻤﺘﺪة ﻣﻦ اﻟﺠﻨﻮب اﻟﻐﺮﺑﻲ ﺑﺎﺗﺠﺎه اﻟﺸﻤﺎل اﻟﺸـﺮﻗﻲ ﺑﻄـﻮل  400ﻛـﻢ وﻋـﺮض
 100ﻛﻢ ،وﺑﺎرﺗﻔﺎع ﻳﺼﻞ إﻟﻰ  1300م .وﻳﺤﺪﻫﺎ ﻣﻦ اﻟﺸﻤﺎل ﺳﻠﺴﻠﺔ ﻣﻦ ﻓﻮاﻟـﻖ اﻟﻘـﺺ اﻟﺘـﻲ ﺗﺼـﻞ ﻓـﻲ ﻋﻤﻘﻬـﺎ
إﻟﻰ اﻟﺮﻛﻴﺰة ،وﻣﻦ اﻟﺠﻨﻮب ﺣـﺪ ﻳﻔﺼﻞ اﻟﺒﻼد إﻟﻰ ﻟﻮﺣﻴـﻦ :ﺛﺎﺑﺖ ﻓﻲ اﻟﺠﻨﻮب وﻣﺘﺤﺮك ﻓـﻲ اﻟﺸـﻤﺎل ] ،[31ﺣﻴـﺚ
ﻳﻔﺼﻞ ﻫﺬا اﻟﺤﺰام ﻫﻀﺒﺔ ﺣﻠﺐ ﻓﻲ اﻟﺸﻤﺎل ﻋﻦ ﻧﻬﻮض اﻟﺮﻃﺒﺔ ﻓﻲ اﻟﺠﻨﻮب .ﺗﺘﺄﻟﻒ ﻫﺬه اﻟﺴﻠﺴﻠﺔ ﻣـﻦ ﻣﺠﻤﻮﻋـﺔ
ﻣﻦ اﻟﻄﻴﺎت اﻟﻤﺘﺠﻬﺔ ﺷﻤﺎل ﺷﺮق -ﺟﻨﻮب ﻏﺮب ،واﻟﻤﻮزﻋﺔ ﻓﻲ ﻧﻄﺎﻗﻴﻦ ﻣﺘﺤﺎذﻳﻴﻦ )اﻟﺸﻜﻞ .(2

ﺷﻜﻞ  :2ﻣﺠﺴﻢ ﺛﻼﺛﻲ اﻻﺑﻌﺎد ﻟﻨﻄﺎﻗﻲ اﻟﻄﻲ اﻟﺘﺪﻣﺮي وﻣﻨﺨﻔﺾ اﻟﺪو ].[18

-

ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺸﻤﺎﻟﻲ :وﻳﺘﻤﻴﺰ ﺑﻄﻴـﺎت ﻣﺘﻤﺎﺛﻠـﺔ أو ﻏﻴـﺮ ﻣﺘﻤﺎﺛﻠـﺔ ذات ﻗﻄـﺮ اﻧﺤﻨـﺎء ﻛﺒﻴـﺮ ﺑﺎﺗﺠـﺎه
ﺷﻤﺎل -ﺷﺮق.
ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ  :وﻳﺘﻜﻮن ﻣﻦ ﻃﻴﺎت ﻗﺼﻴﺮة وﺿﻴﻘﺔ وﻏﻴﺮ ﻣﺘﻤﺎﺛﻠﺔ وﻣﻮزﻋﺔ ﺑﺸﻜﻞ ﺳـﻠﻤﻲ
ﺑﺎﺗﺠﺎه ﺷﻤﺎل ﺷـﺮق -ﺟﻨـﻮب ﻏـﺮب ] .[34وﻳﻔﺼـﻞ ﻫـﺬﻳﻦ اﻟﻨﻄـﺎﻗﻴﻦ ﺣـﻮض ﺑـﻴﻦ ﺟﺒﻠـﻲ )ﻣـﻨﺨﻔﺾ اﻟـﺪو(
اﻟﻤﻤﻠﻮء ﺑﺄﻛﺜﺮ ﻣﻦ  2000م ﻣﻦ اﻟﺮواﺳﺐ اﻟﺴﻴﻨﻮزوﻳﺔ ].[11

ﺗﻌﻮد اﻟﺴﻠﺴﻠﺔ اﻟﺘﺪﻣﺮﻳﺔ ﻓﻲ أﺻﻠﻬﺎ إﻟـﻰ أﺧـﺪود ﻓـﻲ اﻟﺮﻛﻴـﺰة اﻟﺒﻠﻮرﻳـﺔ ) .(intracratonicوﻗـﺪ ﺑـﺪأ ﻫـﺬا
اﻷﺧـــﺪود ﺑـــﺎﻟﻈﻬﻮر ﻓـــﻲ اﻟـــﺪور اﻟﺴـــﻴﻠﻮري اﻷدﻧـــﻰ ،واﺳـــﺘﻤﺮ ﻓـــﻲ اﻹﻧﺨﻔـــﺎس ﻃﻴﻠـــﺔ ﺣﻘـــﺐ اﻟﺒـــﺎﻟﻴﻮزوي وﺣﺘـــﻰ
اﻟﺴـﻴﻨﻮزوي ] . [11وﻛـﺎن ﻫـﺬا اﻟﺤـﻮض ﻋﺒـﺮ أﻃـﻮار ﻣﺨﺘﻠﻔـﺔ ﻣﺮﻛـﺰاً ﻟﻠﺘﺮﺳـﻴﺐ ﻓـﻲ ﺳـﻮرﻳﺔ إذ ﺗﻮﺿـﻊ أﻛﺜـﺮ ﻣـﻦ
 1700م ﻣــﻦ اﻟﺮواﺳــﺐ اﻟﻔﺘﺎﺗﻴــﺔ ﺧــﻼل اﻟــﺪور اﻟﻜﺮﺑــﻮﻧﻲ ] .[12وﺣﺴــﺐ ] [35ﻓــﺈن اﻟﺮواﺳــﺐ اﻟﻜﺮﺑــﻮ -دﻳﻔﻮﻧﻴــﺔ
ﺗﻤﺜـــﻞ اﻟﻤﺘﻮاﻟﻴـــﺔ اﻟﺘﻜﺘﻮﻧﻮﺳـــﺘﺮاﺗﻐﺮاﻓﻴﺔ اﻟﻀـــﺨﻤﺔ  AP4ﻟﻠﺴـــﻄﻴﺤﺔ اﻟﻌﺮﺑﻴـــﺔ )اﻟﺸـــﻜﻞ  .(3وﻓـــﻲ ﻧﻬﺎﻳـــﺔ اﻟـــﺪور
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ﻣﻘﺪﻣــﺔ
ﺗﻘﻊ ﺳﻮرﻳﺔ ﺿﻤﻦ اﻟﺠﺰء اﻟﺸﻤﺎﻟﻲ اﻟﻐﺮﺑﻲ ﻣﻦ اﻟﺼﻔﻴﺤﺔ اﻟﻌﺮﺑﻴﺔ .وﻳﻠﺘﺤﻢ ﻫﺬا اﻟﺠﺰء ،ﻏﻴـﺮ اﻟﻤﻄـﻮي ﻧﺤـﻮ
اﻟﺸﻤﺎل واﻟﺸﻤﺎل اﻟﺸﺮﻗﻲ ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺘﺼﺎدم ،ﻣﻊ ﺳﻠﺴﻠﺔ ﺟﺒﺎل ﻃﻮروس اﻟﻮاﻗﻌﺔ ﻓﻲ اﻟﺼﻔﻴﺤﺔ اﻷﻧﺎﺿـﻮﻟﻴﺔ ﻓـﻲ
ﺟﻨﻮب ﺗﺮﻛﻴﺔ ،وﻣﻊ ﺳﻠﺴﻠﺔ ﺟﺒـﺎل زاﻏـﺮوس اﻟﻮاﻗﻌـﺔ ﻓـﻲ اﻟﺼـﻔﻴﺤﺔ اﻷوراﺳـﻴﺔ ﻓـﻲ ﺷـﻤﺎل اﻟﻌـﺮاق وﺟﻨـﻮب إﻳـﺮان
)اﻟﺸــﻜﻞ ،(1ﺣﻴــﺚ ﺗﻌــﺮض ﻫــﺬا اﻟﺠــﺰء ﻷﻃــﻮار ﻣﺨﺘﻠﻔــﺔ ﻣــﻦ اﻟﻨﻬــﻮض واﻟﺒﺮﻛﻨــﺔ وﻋــﺪم اﻻﺳــﺘﻘﺮار ﺧــﻼل ﺣﻘﺒــﻲ
اﻟﺒﺎﻟﻴﻮزوي واﻟﻤﻴﺰوزوي ].[26

ﺷﻜﻞ  :1ﻣﻮﻗﻊ ﺳﻮرﻳﺔ ﺿﻤﻦ اﻹﻃﺎر اﻟﻌﺎم ﻟﻠﺼﻔﻴﺤﺔ اﻟﻌﺮﺑﻴﺔ واﻟﺼﻔﺎﺋﺢ اﻟﻤﺘﺎﺧﻤﺔ ].[11
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اﻟﺘﻄـﻮر اﻟﺘﺮﺳﻴﺒﻲ ﻟﺘﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة اﻟﺘﺤﺖ ﺳﻄﺤﻴﺔ ﻣﻦ اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ
ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ
ﻣﺤﻤﺪ ﻋﻠﻲ اﻟﻘﺎﺿﻲ *
ﺗﺎرﻳﺦ ﻗﺒﻮﻟﻪ2009/4/13 :

ﺗﺎرﻳﺦ اﺳﺘﻼم اﻟﺒﺤﺚ2008/12/17 :

ﻣﻠﺨﺺ
ﺗﺸﻜﻴﻠﺔ ﻣﺮﻗﺪة ،اﻟﻌﺎﺋﺪة ﻟﻠﺪور اﻟﻜﺮﺑﻮﻧﻲ ،ﻫﻲ إﺣﺪى اﻟﺘﺸﻜﻴﻼت اﻟﺠﻴﻮﻟﻮﺟﻴﺔ ﺗﺤﺖ اﻟﺴﻄﺤﻴﺔ اﻟﻬﺎﻣﺔ اﻟﻤﻜﻮﻧﺔ ﻟﻠﻌﻤﻮد
اﻟﻄﺒﻘــﻲ ﻓــﻲ ﺳــﻮرﻳﺔ .ﺗﻨﺘﺸــﺮ ﻫــﺬه اﻟﺘﺸــﻜﻴﻠﺔ ﺑﺸــﻜﻞ رﺋــﻴﺲ ﻓــﻲ أواﺳــﻂ اﻟــﺒﻼد وﺗﺄﺧــﺬ أﻫﻤﻴﺘﻬــﺎ ﻓــﻲ ﻧﻄــﺎق اﻟﻄــﻲ اﻟﺘــﺪﻣﺮي
اﻟﺠﻨﻮﺑﻲ ﺣﻴﺚ ﺗﺸﻜﻞ رﺳﻮﺑﻴﺎﺗﻬﺎ اﻟﺠﺰء اﻷﻋﻈﻢ ﻣﻦ ﺗﻮﺿﻌﺎت اﻟﺒﺎﻟﻴﻮزوي اﻷﻋﻠﻰ ﻓﻲ اﻟﻤﻨﻄﻘﺔ اﻟﺘﺪﻣﺮﻳﺔ .ﻗﺎﻣﺖ دراﺳﺔ ﻫﺬه
اﻟﺘﺸﻜﻴﻠﺔ ﻋﻠﻰ اﻟﻤﻌﻄﻴﺎت اﻟﺠﻴﻮﻟﻮﺟﻴﺔ واﻟﺠﻴﻮﻓﻴﺰﻳﺎﺋﻴﺔ اﻟﻤﺘﻮﻓﺮة ﻋﻦ اﻷﺑـﺎر اﻟﺘـﻲ اﺧﺘﺮﻗﺘﻬـﺎ ﻓـﻲ ﺗﺮاﻛﻴـﺐ اﻟﺴﻠﺴـﻠﺔ اﻟﺘﺪﻣﺮﻳـﺔ،
وﺑﺨﺎﺻﺔ ﺗﺮﻛﻴﺐ اﻷرك اﻟﻤﺮﺟﻌﻲ .وﻟﻘﺪ ﺳـﻤﺤﺖ اﻟﻤﻌﻄﻴـﺎت اﻟﺒﺌﺮﻳـﺔ ﺑﺤﺼـﺮ اﻟﺘﺸـﻜﻴﻠﺔ ﺑـﻴﻦ اﻧﻘﻄـﺎﻋﻴﻦ رﺋﻴﺴـﻴﻴﻦ وﻣﻜﻨـﺖ ﻣـﻦ
ﺗﻘﺴـــﻴﻤﻬﺎ إﻟـــﻰ ﻋﻀـــﻮﻳﻦ ﺗﺮﺳـــﻴﺒﻴﻴﻦ ﻳﻨﻀـــﻮي ﺗﺤـــﺖ ﻛـــﻞ ﻣﻨﻬﻤـــﺎ ﻣﺠﻤﻮﻋـــﺔ ﻣـــﻦ اﻟﻮﺣـــﺪات وﺗﺤـــﺖ اﻟﻮﺣـــﺪات واﻟﻨﻄﺎﻗـــﺎت
اﻟﻠﻴﺜﻮﻟﻮﺟﻴﺔ .ﺑﻴﻨﺖ دراﺳﺔ ﻫﺬه اﻷﺟﺴﺎم اﻟﺘﺮﺳـﻴﺒﻴﺔ ﻋﻠـﻰ أﻧﻬـﺎ ﻣﻜﻮﻧـﺔ ﻣـﻦ ﻣـﻮاد ﻓﺘﺎﺗﻴـﺔ ﻗﺎرﻳـﺔ ﻣﺆﻟﻔـﺔ ﻣـﻦ اﻟﻐﻀـﺎر واﻟﻐﻀـﺎر
اﻟﺼﻔﺤﻲ واﻟﺴﻠﺖ واﻷﺣﺠﺎر اﻟﺮﻣﻠﻴﺔ اﻟﻜﻮارﺗﺰﻳﺔ .وﺗﺘﻮزع ﻫـﺬه اﻟﺮﺳـﻮﺑﻴﺎت ﻋﻠـﻰ ﺷـﻜﻞ ﺗﻨﺎوﺑـﺎت ﻣﺘﻜـﺮرة أو إﻳﻘﺎﻋﻴـﺔ ﺗﻌﻜـﺲ
ﺗﺪرﺟﺎﺗﻬﺎ اﻟﺴﺤﻨﻴﺔ ﻣﺘﻮاﻟﻴﺎت ﺗﺮﺳﻴﺒﻴﺔ أدت ﻣﻀﺎﻫﺎﺗﻬﺎ إﻟﻰ ﺑﻴﺎن اﺧﺘﻼﻓﺎﺗﻬﺎ واﺳﺘﻨﺘﺎج ﺗﻮزﻋﺎﺗﻬﺎ ﻋﺒﺮ اﻟﺰﻣﺎن واﻟﻤﻜﺎن.
ﻣﻜﻨــﺖ اﻟﺘﺤﺎﻟﻴــﻞ اﻟﺒﺎﻟﻴﻨﻮﻟﻮﺟﻴــﺔ ﻣــﻦ ﺗــﺪﻗﻴﻖ اﻷﻋﻤــﺎر اﻟﺴــﺘﺮاﺗﻐﺮاﻓﻴﺔ ﻟﻤﻜﻮﻧــﺎت اﻟﺘﺸــﻜﻴﻠﺔ .أﻣــﺎ اﻟﺪراﺳــﺎت اﻟﺠﻬﺮﻳــﺔ
واﻟﻤﺠﻬﺮﻳــﺔ ﻣﺪﻋﻮﻣــﺔ ﺑﺎﻟﻤﻌﻄﻴــﺎت اﻟﻤﺨﺒﺮﻳــﺔ ﻓﻘــﺪ ﻣﻜﻨــﺖ ﻣــﻦ ﺗﻘــﺪﻳﻢ وﺻــﻒ ﺑﺘﺮوﻟــﻮﺟﻲ ﻣﻌﻤــﻖ ﻟﻤﺨﺘﻠــﻒ ﺳــﺤﻨﺎت اﻟﺘﺸــﻜﻴﻠﺔ
واﻹﻟﻤﺎم ﺑﺘﻄﻮراﺗﻬﺎ اﻟﺘﺮﺳﻴﺒﻴﺔ واﻟﺪﻳﺎﺟﻴﻨﻴﺰﻳﺔ .وﺣﻤﻠـﺖ ﻣﺠﻤـﻞ اﻟﻨﺘـﺎﺋﺞ اﻟﺘـﻲ ﺗـﻢ اﻟﺘﻮﺻـﻞ إﻟﻴﻬـﺎ إﻟـﻰ اﻗﺘـﺮاح ﺗﺮﺳـﻴﺐ دوري
ﺑﻄﻲء وﻣﺴﺘﻤﺮ ﻓﻲ ﺣﻮض ذي ﻃﺎﻗﺔ وﻫﻨﺪﺳﺔ ﻣﺘﻐﻴﺮة ،وﺗﺘﺤﻜﻢ ﻓﻴﻪ ﺗﺬﺑﺬﺑﺎت ﻣﺴﺘﻮى اﻟﻤﺎء واﻹﺧﺘﻼﻓﺎت اﻟﻤﻨﺎﺧﻴﺔ إﺿﺎﻓﺔ
إﻟﻰ اﻟﻬﺒﻮط اﻟﺘﺪرﻳﺠﻲ ﻟﻘﺎﻋﻪ .وﻳﺮﺟﺢ ﺗﻮﺿﻊ ﻫﺬه اﻟﺮﺳﻮﺑﻴﺎت ﻓﻲ ﺑﻴﺌﺎت ﺗﺮﺳﻴﺒﻴﺔ دﻟﺘﺎوﻳﺔ اﻧﺘﻘﺎﻟﻴﺔ ﺗﺘﺎرﺟﺢ ﺑﻴﻦ وﺳﻂ ﺑﺤﺮي
ﻗﻠﻴﻞ اﻟﻌﻤﻖ وﺷﺒﻪ ﻣﻌﺰول إﻟﻰ ﺑﻴﺌﺔ ﺷﺎﻃﺌﻴﺔ ﺿﺤﻠﺔ ﺗﺘﻨﺎوب ﻋﻠﻴﻬﺎ اﻟﻤﻮاﺻـﻔﺎت اﻟﻘﺎرﻳـﺔ واﻟﺒﺤﺮﻳـﺔ .وﺗﻘﺎﺑـﻞ ﻫـﺬه اﻟﺮﺳـﻮﺑﻴﺎت
أﺟﺴﺎﻣَﺎ ﺣﺎﺟﺰﻳﺔ ﻣﺘﻮﺿﻌﺔ ﻋﻨﺪ ﻣﺼﺒﺎت وﻣﻨﻌﻄﻔﺎت اﻷﻧﻬﺎر وﻣﺘﺮاﻓﻘﺔ ﻣﻊ أﻗﻨﻴﺔ ﻧﻬﺮﻳﺔ ﻣﺘﻌﺮﺟـﺔ وﺗﻮﺿـﻌﺎت ﺷـﺎﻃﺌﻴﺔ ﻣﺤـﺪودة
اﻻﻧﺘﺸﺎر ،ﻃﺎﻓﻴﺔ ﻣﺤﻠﻴَﺎ وﻣﺘﺮﻗﻘﺔ ﺟﺎﻧﺒﻴَﺎ.
أﻣﺎ ﻣﺼﺪر ﻫﺬه اﻟﻤﻮاد ﻓﻴﻌﺰى إﻟﻰ اﻟﻤﺠﻦ اﻟﻌﺮﺑﻲ اﻟﻮاﻗﻊ إﻟﻰ اﻟﺠﻨﻮب ،ﺣﻴﺚ ﺗﻢ ﻧﻘﻞ اﻟﻤﻮاد اﻟﻤﺤﺘﻮﺗـﺔ ﻣـﻦ ﺻـﺨﻮره
اﻹﻧﺪﻓﺎﻋﻴﺔ واﻟﻤﺘﺤﻮﻟﺔ ،وﻓﻖ ﻧﻤﻂ دﻟﺘﺎوي  -ﻧﻬﺮي ،إﻟﻰ اﻟﺴﻄﺎﺋﺢ اﻟﺒﺤﺮﻳﺔ ﻗﻠﻴﻠﺔ اﻟﻌﻤﻖ ﻓﻲ ﺑﺤﺎر ﻗـﺎرة ﻏﻮﻧﺪواﻧـﺎ.
اﻟﻜﻠﻤﺎت اﻟﻤﻔﺘﺎﺣﻴﺔ :ﺑﺎﻟﻴﻮزوي  -ﻣﺮﻗﺪة  -ﺳﺘﺮاﺗﻐﺮاﻓﻴﺎ  -ﺑﺘﺮوﻟﻮﺟﻴﺎ  -ﺗﺮﺳﻴﺐ.
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An Applicative Effective Approach for the Performance of
the Steel Tubes Filled with Concrete Under the Influence of
Central Compression
Shareef Barkawi

Abstract
This paper focuses on finding up a practical and more effective method to overcome the
problems which faced the researchers about the performance of the concrete-filled tube under a
central compression, in such a way that the loading is applied on both the concrete and the pipe.
In the previous loading methods, the irregularity of the stresses on the pipe and on the
concrete nuclei in it's lower and upper surface became clear because of the concrete contraction
phenomena and loading the metallic pipe with vertical loads. In this paper, this problem is
resolved, by emptying the pipe from concrete by 15 mm from the top and by 15 mm from the
bottom, and then the loading is applied only on the concrete nuclei. This led to give regular and
central stresses on the concrete nuclei so that the pipe steel resisted the transversal deformations of
the concrete nuclei by working on the tension only. This gave a big efficiency to the pipe filled
with concrete and emptied from the two sides, so the flexible loading range increased in the
concrete alone from 20% of failure load to 95% when loading on the concrete nuclei, also the
capacity of the pipe filled with concrete increased with 15-20%. when loading on the nuclei
comparing with the loading on both the concrete and pipe, this gives a big economical efficiency.

Keywords: Concrete; Steel tube; Concrete filled tube; Central compression; Performance;
Concrete contraction; Loading on the concrete nuclei; Loading on both the pipe and
concrete nuclei.
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

-

ﺗﺴــﺘﺨﺪم اﻷﻧﺎﺑﻴــﺐ اﻟﻤﻤﻠــﻮءة ﺑــﺎﻟﺒﻴﺘﻮن واﻟﻤﺤﻤﻠــﺔ ﻋﻠــﻰ اﻟﺒﻴﺘــﻮن ﻓﻘــﻂ ﻣــﻦ أﺟــﻞ ﺑﻨــﺎء أﻋﻤــﺪة ﻧﺎﻃﺤــﺎت
اﻟﺴــﺤﺎب ﺑــﺪﻻً ﻣــﻦ اﻷﻋﻤــﺪة اﻟﻤﻌﺪﻧﻴــﺔ اﻟﻤﻔﺮﻏــﺔ ﻣــﻦ اﻟــﺪاﺧﻞ وذات اﻟﻜﻠﻔــﺔ اﻟﻌﺎﻟﻴــﺔ وﻫــﻲ ﺗﻌﻄــﻲ ﻣــﺮدود
اﻗﺘﺼــﺎدي ﻧﺴــﺒﺘﻪ  %70ﻋــﻦ اﻷﻋﻤــﺪة اﻟﻤﻌﺪﻧﻴــﺔ اﻟﻤﺴــﺘﺨﺪﻣﺔ ﻓــﻲ ﻧﺎﻃﺤــﺎت اﻟﺴــﺤﺎب ،وﻫــﻲ ﺗﻘــﺎوم ﻓﺘــﺮة
اﻟﺤﺮﻳـﻖ أﻛﺜـﺮ ﻣــﻦ اﻷﻋﻤـﺪة اﻟﻤﻌﺪﻧﻴـﺔ ﻧﻈــﺮاً ﻟﻮﺟـﻮد اﻟﺒﻴﺘــﻮن ﺑـﺪاﺧﻠﻬﺎ ﻋﻠﻤـﺎ أن ﺗﺤﻤﻠﻬــﺎ ﻟـﺪرﺟﺎت اﻟﺤــﺮارة
أﻋﻠﻰ ﻣﻦ اﻟﻤﻌﺪن وﺑﺎﻟﺘﺎﻟﻲ ﺗﺄﺧﺬ وﻗﺘﺎً أﻛﺒﺮ ﻟﻼﻧﻬﻴﺎر ﻓﻲ ﺣﺎﻟﺔ اﻟﺤﺮاﺋﻖ اﻟﺸﺪﻳﺪة اﻟﺘﻲ ﺗـﺆﺛﺮ ﻋﻠـﻰ اﻷﻋﻤـﺪة
اﻟﻤﻌﺪﻧﻴﺔ.

-

ﺗﺴﺘﺨﺪم ﻣﻦ أﺟﻞ وﺻﻞ ﻋﻤﻮد ﺑﺂﺧﺮ رﻛﻴﺰة ﻗﻠﻴﻠﺔ اﻟﺘﻜﺎﻟﻴﻒ إذا ﻣﺎ ﻗﻮرﻧﺖ ﺑﺎﻷﻋﻤﺪة اﻟﻤﻌﺪﻧﻴﺔ أو اﻷﻋﻤﺪة
اﻟﺒﻴﺘﻮﻧﻴﺔ ﻣﺴﺒﻘﺔ اﻟﺼﻨﻊ.

-

ﻃﺎﻟﻤــﺎ أن ﻗــﺪرة ﺗﺤﻤــﻞ ﻫــﺬا اﻟﻨــﻮع ﻣــﻦ اﻷﻧﺎﺑﻴــﺐ ﻟﻠﺤﻤــﻮﻻت اﻟﻤﺘﻜــﺮرة ﺑﺎﻧﺘﻈــﺎم ﻛﺒﻴــﺮة ،وﻣــﺎ دام ﺣﺪﻳــﺪ
اﻷﻧﺒﻮب ﻳﻌﻤﻞ ﻋﻠﻰ اﻟﺸﺪ ﻓﻘﻂ ﺿﻤﻦ ﻣﺠﺎل اﻟﻤﺮوﻧﺔ ،ﻓﻴﻤﻜﻦ أن ﺗﻜﻮن ﻟﻬﺎ ﻓﺎﻋﻠﻴﺔ ﻛﺒﻴﺮة ﻓﻲ:
• اﻷﺑﻨﻴﺔ اﻟﺼﻨﺎﻋﻴﺔ ،ﺑﺨﺎﺻﺔ ﻓﻲ اﻷﻋﻤﺪة اﻟﺤﺎﻣﻠﺔ ﻟﻠﺮواﻓﻊ اﻟﺠﺴﺮﻳﺔ.
• اﻹﻃﺎرات ،ﺑﺨﺎﺻﺔ ﻓﻲ ﻣﻨﺎﻃﻖ اﻟﻀﻐﻂ ﻛﻲ ﻻ ﻳﺤﺼﻞ اﻻﻧﻬﻴﺎر ﺑﺸﻜﻞ ﻣﻔﺎﺟﺊ.
• اﻟﺠﻮاﺋﺰ اﻟﺸﺒﻜﻴﺔ اﻟﻌﺎﻣﻠﺔ ﻋﻠﻰ اﻟﻀﻐﻂ ﺑﺸﻜﻞ أﺳﺎﺳﻲ ،وذﻟﻚ ﻟﺴﻬﻮﻟﺔ ﺗﺮﻛﻴﺒﻬﺎ.
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 (7ﻳﺤﺼﻞ اﻟﺘﺤﻨﻴﺐ اﻟﺠﺎﻧﺒﻲ ﻟﻠﻌﻴﻨﺔ اﻟﻤﺤﻤﻠﺔ ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن ﺑﺸـﻜﻞ ﻣﺘﺠـﺎﻧﺲ ﻓـﻲ اﻟﻤﻨﺘﺼـﻒ ﻣﻤـﺎ ﻳﻌﻄـﻲ اﻟﻌﻴﻨـﺔ
اﻟﻤﺤﻤﻠــﺔ ﻋﻠــﻰ اﻟﺒﻴﺘــﻮن ﻣﺮﻛﺰﻳــﺔ ﻣﻄﻠﻘــﺔ ،ﺑﻴﻨﻤــﺎ اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ اﻷﻧﺒــﻮب اﻟﻤﻌــﺪﻧﻲ واﻟﺒﻴﺘــﻮن ﻳﻌﻄــﻲ ﺗﺤﻨﻴﺒــﺎ
ﺟﺎﻧﺒﻴﺎ ﻏﻴﺮ ﻣﺘﺠﺎﻧﺲ ﻗﻄﺮﻳﺎ وﻣﺤﻮرﻳﺎ ﻣﻦ أﺳﻔﻞ اﻷﻋﻤﺪة ووﺳﻄﻬﺎ.
 (8ﻳﻤﻜــﻦ ﺗﻄﺒﻴــﻖ ﺣﻤﻮﻟــﺔ اﺳــﺘﺜﻤﺎرﻳﺔ وﻃﻮﻳﻠــﺔ اﻷﻣــﺪ ﺑﻨﺴــﺒﺔ  %90ﻣــﻦ ﺣﻤﻮﻟــﺔ اﻻﻧﻬﻴــﺎر ﻋﻨــﺪ اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ
اﻟﺒﻴﺘﻮن ﻓﻘﻂ.
 (9ﻟﻠﺤﺼﻮل ﻋﻠﻰ أﻋﻤﺪة ذات ﺣﻤﻮﻻت ﻛﺒﻴﺮة واﺳﺘﺨﺪاﻣﻬﺎ ﻓﻲ ﻣﺠﺎﻻت ﻋﺪﻳﺪة ،ﻳﻤﻜﻦ اﺳﺘﺨﺪام اﻷﻧﺎﺑﻴﺐ
اﻟﻤﻌﺪﻧﻴﺔ اﻟﻤﺴﺤﻮﺑﺔ ،وﻻ ﺗﺴﺘﺨﺪم اﻷﻧﺎﺑﻴﺐ اﻟﻤﻌﺪﻧﻴﺔ اﻟﻤﻠﺤﻮﻣﺔ ﻷن إﺟﻬﺎدات اﻟﻠﺤﺎم ﻟﻬﺎ ﻣﺠﺎل ﻣﺤﺪود
ﻻ ﻳﻤﻜﻦ ﺗﺠﺎوزه.
•

اﻟﺘﻮﺻﻴﺎت Recommendations

-

ﻋﻨﺪ ﺗﺤﻤﻴﻞ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻌﺒﺄة ﺑﺎﻟﺒﻴﺘﻮن ﻋﻠﻰ اﻟﺒﻴﺘﻮن ﻓﻘﻂ ،ﻳﺠﺐ إﺟﺮاء ﺗﺠـﺎرب ﻋﺪﻳـﺪة ﻟـﺮﺑﻂ ﻫـﺬه اﻟﻨﺘـﺎﺋﺞ
ﺑﺎﻟﻘﻮاﻧﻴﻦ واﻟﻤﻌﻄﻴﺎت اﻟﻨﻈﺮﻳﺔ ،وإﻳﺠﺎد ﻗﻮاﻧﻴﻦ ﺟﺪﻳﺪة ﻟﻬﺬه اﻟﻔﻜﺮة اﻟﺠﺪﻳﺪة.

-

ﻳﺠﺐ ﺗﻮﺳﻴﻊ اﻟﺪراﺳﺎت ﻋﻠﻰ اﻷﺳﻄﻮاﻧﺎت اﻟﻤﻌﺪﻧﻴﺔ ذات اﻹﺟﻬـﺎدات اﻟﻌﺎﻟﻴـﺔ )ﻳﺼــﻞ إﻟـﻰ،(2200 N/mm2
وﻣــﻦ اﻟﻤﻤﻜــﻦ أن ﻳﻌﺒــﺄ ﺑــﺪاﺧﻠﻬﺎ ﺑﻴﺘــﻮن ذو ﻋﺎﻣــﻞ ﻣﺮوﻧــﺔ ﻋــﺎﻟﻲ وﻣﻘﺎوﻣــﺎت ﻋﺎﻟﻴــﺔ ﺗﺘــﺮاوح ﻣــﺎ ﺑــﻴﻦ 80
 N/mm2إﻟﻰ  180 N/mm2وﺗﺼﻌﻴﺪ ﻣﻌﺎﻣﻞ ﻣﺮوﻧـﺔ اﻟﺒﻴﺘـﻮن ﻣـﻦ  3.2x104 N/mm2إﻟـﻰ أن ﻳﺼـﻞ إﻟـﻰ
 8x104 N /mm2أو .12x104 N/mm2

-

ﻳﻤﻜــﻦ إﺟــﺮاء ﺗﺠــﺎرب ﻟﺘﺤﻤﻴــﻞ اﻟﻌﻴﻨــﺔ اﻟﻤﻌﺒــﺄة ﺑــﺎﻟﺒﻴﺘﻮن ﻋﻠــﻰ أن ﻳﻜــﻮن ﻏــﻼف اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ ﺑــﺪﻻً ﻣــﻦ
اﻟﻤﻌﺪن اﺳﻄﻮاﻧﺎت ﺑﻼﺳﺘﻴﻜﻴﺔ وأن ﺗﺴﻠﺢ ﻣﻦ اﻟﺪاﺧﻞ ﺑﺘﺴﻠﻴﺢ ﻣﺴﺒﻖ اﻹﺟﻬﺎد ﻋﺮﺿﻲ ﺑﺸﻜﻞ ﺣﻠﺰوﻧﻲ.

-

ﻋﻨﺪ اﺗﺼﺎل اﻟﻌﻤﻮد اﻟﻤﻔﺮغ ﺑﺠﺰأﻳﻪ اﻟﻌﻠﻮي واﻟﺴﻔﻠﻲ ﻣﻦ اﻟﺒﻴﺘﻮن ،ﻳﺘﻢ ﺣﺴﺐ اﻟﻤﺼﻤﻢ ﺗﻔﺮﻳﻎ اﻟﺒﻴﺘـﻮن ﻣـﻦ
 15 mmإﻟـﻰ  ،100 mmوﻣـﻦ اﻟﻤﻤﻜـﻦ أن ﺗﻜـﻮن اﻟﻮﺻـﻠﺔ ﻣـﺎ ﺑـﻴﻦ اﻟﻨـﻮاﺗﻴﻦ اﻟﺒﻴﺘـﻮﻧﻴﺘﻴﻦ ﻟﻠﻌﻤـﻮدﻳﻦ ﺑـﻴﻦ
ﻃﺎﺑﻘﻴﻦ ﻣﻦ اﻟﻤﻌﺪن اﻟﻤﺼﻤﺖ أو اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠﻮءة ﺑـﺎﻟﺒﻴﺘﻮن واﻟﺘـﻲ ﺗﻠﺘﺼـﻖ ﻣـﻊ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ اﻟﺴـﻔﻠﻰ
واﻟﻌﻠﻮﻳﺔ ﻟﻠﻌﻤﻮدﻳﻦ ﺑﻮاﺳﻄﺔ اﻷﺑﻮﻛﺴﻲ اﻟﺬي ﻳﺴﺘﻌﻤﻞ ﺑﻠﺼﻖ اﻟﺒﻴﺘﻮن ﻣﻊ اﻟﺒﻴﺘﻮن أو ﺣﺪﻳـﺪ اﻟﺘﺴـﻠﻴﺢ ﻣـﻊ
اﻟﺒﻴﺘﻮن.

-

ﺗﺴــﺘﺨﺪم اﻷﻧﺎﺑﻴــﺐ اﻟﻤﻌﺪﻧﻴــﺔ اﻟﻤﻔﺮﻏــﺔ ﻣــﻦ اﻷﻋﻠــﻰ واﻷﺳــﻔﻞ ﻷﻋﻤــﺎل اﻟﺘــﺪﻋﻴﻢ اﻟﻤﺆﻗــﺖ واﻟــﺪاﺋﻢ ﻟﻸﺑﻨﻴــﺔ
اﻟﻤﻌﺮﺿﺔ ﻟﻼﻧﻬﻴﺎر أو اﻷﺑﻨﻴﺔ اﻟﺘﻲ ﺣـﺪﺛﺖ ﺑﻬـﺎ ﺗﺼـﺪﻋﺎت ﻧﺘﻴﺠـﺔ اﻟـﺰﻻزل ﻧﻈـﺮاً ﻟﺤﻤﻮﻟﺘﻬـﺎ اﻟﻜﺒﻴـﺮة ،وﺗﻮﺿـﻊ
اﻟﻮﺻﻼت ﺑﺎﻷﻗﻄﺎر اﻟﻤﺨﺘﻠﻔﺔ واﻻرﺗﻔﺎﻋﺎت اﻟﻤﺨﺘﻠﻔﺔ أﻳﻀﺎً.

-

ﺗﺴﺘﺨﺪم اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن واﻟﻤﻔﺮﻏﺔ ﻷﻋﻤﺎل رﻓﻊ اﻟﻬﻴﺎﻛﻞ اﻟﺒﻴﺘﻮﻧﻴـﺔ ذات اﻷوزان اﻟﺜﻘﻴﻠـﺔ ﺑﻮﺿـﻊ
ﻣﻜﺒﺲ ﻫﻴﺪروﻟﻴﻜﻲ ﻣﺘﻨﻘﻞ ﻋﻠﻰ ﺟﺰﺋﻬﺎ اﻟﻌﻠﻮي اﻟﻤﻔـﺮغ ﺑﺤﻴـﺚ ﺗﺴـﺘﻄﻴﻊ ﻫـﺬه اﻟﻌﻨﺎﺻـﺮ رﻓـﻊ ﺣﻤـﻮﻻت ﻛﺒﻴـﺮة
ﻓﻲ ﺣﺎل اﻧﻬﻴﺎر اﻷﺑﻨﻴﺔ ﺑﺴﺒﺐ اﻟﺰﻻزل أو اﻟﻜﻮارث اﻷﺧـﺮى وإﻧﻘـﺎذ اﻟﻨـﺎس اﻟﻤﻮﺟـﻮدﻳﻦ ﺿـﻤﻦ ﻫـﺬه اﻷﺑﻨﻴـﺔ
اﻟﻤﻨﻬﺎرة.
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 (4ﺗﺰﻳﺪ ﻗﺪرة اﻟﺘﺤﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ-اﻟﻠﺪوﻧﺔ ﻟﻠﻌﻴﻨﺎت اﻟﻤﺤﻤﻠﺔ ﻋﻠﻰ اﻟﺒﻴﺘﻮن ﻓﻘـﻂ ﺑﻨﺴـﺒﺔ %15 - 10
ﺗﺒﻌﺎً ﻟﻘﻄﺮ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ وﺳﻤﺎﻛﺘﻪ.
 (5ﻻ ﻳﻨﻬــﺎر اﻟﺒﻴﺘــﻮن ﻓــﻲ اﻟــﺪاﺧﻞ وإﻧﻤــﺎ ﻳﻨــﺘﻔﺦ ﻓــﻲ اﻟﻮﺳــﻂ وﻳــﺘﻘﻠﺺ ﻓــﻲ اﻷﻃــﺮاف ،وﻳﻨﻬــﺎر ﻓــﻮﻻذ اﻷﻧﺒــﻮب
وﻳﺘﻤﺰق ﻋﻨﺪ اﻟﻠﺤﺎم ،اﻟﺼﻮرة ).(11

ﺻﻮرة  :11ﻋﺪم اﻧﻬﻴﺎر اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ داﺧﻞ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ وإﻧﻤﺎ اﻧﺘﻔﺎﺧﻬﺎ ،ﻣﻊ ﺗﺠـﺎﻧﺲ اﻟﺒﻴﺘـﻮن ﻓـﻲ أﻋﻠـﻰ
اﻟﺼﻔﻴﺤﺔ ﺑﺴﻤﺎﻛﺔ .50 mm
 (6ﻣﻦ اﻟﺴﻬﻞ اﻟﺘﺤﻤﻴﻞ ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن ﻓﻘـﻂ وﺗـﺪاﺧﻞ اﻟﺼـﻔﻴﺤﺔ اﻟﻤﻌﺪﻧﻴـﺔ اﻟﻤﺼـﻤﺘﺔ ﺿـﻤﻦ اﻟﻔـﺮاغ ﻣـﻦ اﻷﻋﻠـﻰ
واﻷﺳﻔﻞ ،وﻫﺬا ﻳﺆﻣﻦ ﺗﻮزﻳﻌﺎً ﻣﻨﺘﻈﻤﺎً ﻟﻼﺟﻬﺎدات ﻋﻠﻰ ﺳﻄﺢ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ،اﻟﺼﻮرة ).(12

ﺻﻮرة  :12اﻧﺘﻈﺎم اﻻﺟﻬﺎدات ﻋﻠﻰ ﺳﻄﺢ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ.
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 -3اﻟﻨﺘﺎﺋﺞ واﻟﺘﻮﺻﻴﺎت
•

اﻟﻨﺘﺎﺋﺞ اﻟﻌﺎﻣﺔ General Conclusions

إن ﻫــﺪف اﻟﺒﺤــﺚ اﻷﺳﺎﺳــﻲ ﻫــﻮ ﺗﺠﻨــﺐ ﺗــﺄﺛﻴﺮ ﺗﻘﻠــﺺ اﻟﺒﻴﺘــﻮن اﻟــﺬي ﻳﺤﺼــﻞ ﻋﻠــﻰ ﺳــﻄﺢ اﻷﻧﺒــﻮب اﻟﻤﻌﺒــﺄ
ﺑــﺎﻟﺒﻴﺘﻮن ﻛــﺎﻣﻼ" ،وﺣﺼــﻮل اﻷداء اﻟﻤﺸــﺘﺮك ﻟﻠﺒﻴﺘــﻮن واﻟﻤﻌــﺪن ﻣﻌ ـﺎً أي ﺗﺠﻨــﺐ ﺗﺸــﻜﻞ اﻟﻔــﺮاغ ﻓــﻲ اﻟﺘﺤﻤﻴــﻞ
اﻹﺟﻬــﺎدي اﻟﻤﻨــﺘﻈﻢ وﻟﻜــﻲ ﻳﻜــﻮن ﻋﻤــﻞ اﻷﻧﺒــﻮب اﻟﻤﻌــﺪﻧﻲ اﻷﺳﺎﺳــﻲ ﻫــﻮ ﻣﻘﺎوﻣــﺔ اﻻﺟﻬــﺎدات اﻟﻌﺮﺿــﻴﺔ )اﻟﻔﺎﻟﻘــﺔ(
ﻧﺘﻴﺠﺔ اﻟﻀﻐﻂ ﻋﻠﻰ اﻟﺒﻴﺘﻮن وﻣﻘﺎوﻣﺔ اﻻﺟﻬﺎدات اﻟﺸﺎدة ﻓﻘﻂ ﺑﺎﻻﺗﺠﺎه اﻟﻘﻄﺮي ،وﺑﻨﺎء ﻋﻠﻰ ﻣﺎﺗﻢ اﻟﺤﺼـﻮل ﻋﻠﻴـﻪ
ﻣﻦ ﻧﺘﺎﺋﺞ ﺟﺮاء ﻫﺬه اﻟﺪراﺳﺔ ،ﻳﻤﻜﻦ اﺳﺘﻨﺒﺎط ﻣﺎ ﻳﻠﻲ:
 (1ﺗﺘﺰاﻳﺪ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ ﻣﻌﺎً ﺑﻨﻔﺲ اﻟﻨﺴﺒﺔ ﺧﻼل اﻟﻤﺮاﺣﻞ ﻣﻨﺬ ﺑﺪء اﻟﺘﺤﻤﻴـﻞ ﺣﺘـﻰ اﻟﻮﺻـﻮل
ﻟﺤﻤﻮﻟﺔ ﻗﺪرﻫﺎ  %60ﻣﻦ ﺣﻤﻮﻟﺔ اﻻﻧﻬﻴﺎر.
 (2ﻣﺠــﺎل اﻟﻤﺮوﻧــﺔ ﻟﻠﻌﻴﻨــﺎت اﻟﻤﺤﻤﻠــﺔ ﻋﻠــﻰ اﻟﺒﻴﺘــﻮن ﻓﻘــﻂ ﻳﺰﻳــﺪ  %20ﻋﻠــﻰ ﻣﺠــﺎل اﻟﻌﻴﻨــﺎت اﻟﻤﺤﻤﻠــﺔ ﻋﻠــﻰ
اﻟﺒﻴﺘﻮن واﻟﻤﻌﺪن ﻣﻌﺎً.
 (3ﻻ ﻳﻮﺟــﺪ ﺗﻤﺎﺳــﻚ ﺑــﻴﻦ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ واﻷﻧﺒــﻮب اﻟﻤﻌــﺪﻧﻲ ،واﻧﻤــﺎ ﻳﻮﺟــﺪ ﺗﻘﻠــﺺ ﻋﻠــﻰ ﺳــﻄﺢ اﻷﻧﺒــﻮب
اﻟﻤﻌــﺮض ﻟﻠﻐــﻼف اﻟﺠــﻮي ﺑﻤﻘــﺪار  5 cmﻣــﻦ اﻷﻋﻠــﻰ واﻷﺳــﻔﻞ ،وﻣــﻦ اﻟــﺪاﺧﻞ ﻳﺤﺼــﻞ اﺟﻬــﺎد اﻧﺘﻔــﺎخ
اﻟﺒﻴﺘــﻮن  Concrete swellingﻣﻤــﺎ ﻳــﺆدي إﻟــﻰ إﺟﻬــﺎدات ﺿــﺎﻏﻄﺔ ﻓــﻲ اﻟﺒﻴﺘــﻮن ﻋﻠــﻰ ﺳــﻄﺢ اﻷﻧﺒــﻮب
اﻟﺪاﺧﻠﻲ ،اﻟﺼﻮرة ).(10

ﺻﻮرة  :10اﻧﻬﻴﺎر اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن واﻟﻤﻔﺮغ ﻣﻦ اﻷﻋﻠﻰ واﻷﺳﻔﻞ واﻟﻤﺤﻤﻞ ﻋﻠﻰ اﻟﺒﻴﺘﻮن
ﻓﻘﻂ ،وﺗﻮﺿﺢ ﻣﻜﺎن ﺗﻘﻠﺺ اﻟﺒﻴﺘﻮن ﻓﻲ اﻷﻋﻠﻰ وﻣﻜﺎن اﻧﺘﻔﺎخ اﻟﺒﻴﺘﻮن ﻓﻲ اﻟﻮﺳﻂ وﺗﺠﺎﻧﺲ ﺿﻐﻂ
اﻟﺒﻴﺘﻮن اﻟﻨﺎﺗﺞ ﻋﻦ اﻻﻧﺘﻔﺎخ ﻋﻠﻰ اﻷﻧﺒﻮب ﻣﻦ اﻟﺪاﺧﻞ.
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اﻧﻬﻴﺎرﻫﺎ ﻓﻲ ﻣﻨﺘﺼﻒ اﻟﻌﻴﻨﺔ ﺣﺴﺐ اﺗﺴﺎع ﻗﻄﺮﻫﺎ .واﻟﺼـﻮرة ) (8ﺗﻮﺿـﺢ أﺷـﻜﺎل اﻧﻬﻴـﺎر اﻟﻌﻴﻨـﺎت اﻟﺜﻼﺛـﺔ ﻣﻘﺎرﻧـﺔ
ﻣﻊ ﻋﻴﻨﺔ ﻟﻢ ﻳﺘﻢ ﺗﺤﻤﻴﻠﻬﺎ ﺣﻴﺚ ﺗﻈﻬﺮ ﻋﻠﻰ ﻳﻤﻴﻦ اﻟﺼﻮرة اﻟﻌﻴﻨﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ اﻟﻤﺤﻤﻠﺔ ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن واﻟﻤﻌـﺪن ﻣﻌـﺎ"
واﻟﻤﻌﺒﺄة ﺑﺎﻟﺒﻴﺘﻮن ﺑﺸﻜﻞ ﻛﺎﻣﻞ ،و ﺗﻠﻴﻬﺎ اﻟﻌﻴﻨﺔ اﻟﻤﺤﻤﻠﺔ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ واﻟﻤﻔﺮﻏﺔ ﻣﻦ اﻷﻋﻠﻰ و اﻷﺳـﻔﻞ و
ﺑﻌﺪﻫﺎ اﻷﻧﺒﻮب اﻟﻤﻔﺮغ ،وأﺧﻴﺮا" اﻟﻌﻴﻨﺔ اﻟﺴﻠﻴﻤﺔ اﻟﺘﻲ ﻟﻢ ﻳﺠﺮي ﺗﺤﻤﻴﻠﻬﺎ ﺑﻌﺪ.

ﺻﻮرة  :8أﺷﻜﺎل اﻧﻬﻴﺎر اﻟﻌﻴﻨﺎت اﻟﺜﻼﺛﺔ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻧﻴﺔ ذات اﻟﻘﻄﺮ .114 mm

ﺻﻮرة  :9ﺗﻘﻠﺺ اﻟﺒﻴﺘﻮن ﻋﻠﻰ ﺳﻄﺢ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ.
ﻧﺸﻮء ﻓﺮاغ ﻣﺎ ﺑﻴﻦ ﺳﻄﺢ اﻷﻧﺒﻮب اﻟﻌﻠﻮي واﻟﺒﻴﺘﻮن ﻣﺎ ﺑـﻴﻦ  ،0.1 mm – 0.8 mmوﻓـﻲ ﺑﻌـﺾ اﻷﺣﻴـﺎن
ﺗﺼﻞ ﻣﻦ  1.5 mm-1mmإذا ﻛﺎﻧﺖ ﻧﺴﺒﺔ اﻟﻤﺎء ﻟﻸﺳﻤﻨﺖ ﻛﺒﻴﺮة.
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اﻟﻌﻴﻨﺔ رﻗﻢ  :3أﺧـﺬت ﺗﺸـﻮﻫﺎﺗﻬﺎ اﻟﻄﻮﻟﻴـﺔ ﺷـﻜﻼً ﻣﺴـﺘﻘﻴﻤﺎ ﻣـﻦ  500 kNإﻟـﻰ  .600 kNوﻣـﻦ 600 kN

إﻟــﻰ  650 kNأﺧــﺬت ﺷــﻜﻼ ﻣﻨﺤﻨﻴــﺎ .أﻣــﺎ اﻟﺘﺸــﻮﻫﺎت اﻟﻌﺮﺿــﻴﺔ ﻓــﺈن ﺗﺰاﻳــﺪﻫﺎ أﺧــﺬ ﻗﻴﻤــﺔ ﺗﺘﻨﺎﺳــﺐ ﻣــﻊ ﺗﺰاﻳــﺪ
اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ وﻣﻨــﻪ ﻧﺴــﺘﻨﺘﺞ أن اﻟﻌﻴﻨــﺔ رﻗــﻢ  3دﺧــﻞ اﻟﺒﻴﺘــﻮن ﻓﻴﻬــﺎ ﻋﺘﺒــﺔ اﻟﻤﺮوﻧــﺔ-اﻟﻠﺪوﻧــﺔ وﻣــﺎزال ﻓــﻮﻻذ
اﻷﻧﺒﻮب ﻳﻌﻤﻞ ﺿـﻤﻦ إﺟﻬـﺎد اﻟﺸـﺪ اﻟﻤـﺮن ،ﻛﻤـﺎ أﻧـﻪ ﺗـﻢ ﺗﺤﻤﻴـﻞ ﻫـﺬه اﻟﻌﻴﻨـﺔ )اﻟﻌﻴﻨـﺔ رﻗـﻢ  (3وﺑﺘﺜﺒﻴـﺖ اﻟﺤﻤﻮﻟـﺔ
ﻋﻠﻰ  650 kNﻟﻤﺪة ﺧﻤﺴﺔ دﻗﺎﺋﻖ ﻧﻼﺣﻆ أن اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ازدادت ﻣـﻦ  165x10-5إﻟـﻰ  245x10-5وأن
اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ازدادت ﻣﻦ ﻗﻴﻤﺔ  40x10-5إﻟﻰ  65x10-5وﻫﺬا ﻳﺆﻛﺪ ﻣﺎ ﺳﺒﻖ.
ﻳﻌﻨﻲ ذﻟﻚ أﻧﻪ ﻋﻨﺪﻣﺎ ﻧﺪﻗﻖ ﻓﻲ ﻗﻴﻤﺔ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﻟﻠﻌﻴﻨﺘﻴﻦ  2و  3ﻳﻼﺣﻆ ﺗﺴﺎوي ﻫﺬه اﻟﺘﺸﻮﻫﺎت
ﺑﻴﻦ اﻟﻌﻴﻨﺘﻴﻦ ،أي ﻋﻨﺪ اﻟﺤﻤﻮﻟﺔ ﻣﻦ  350 kNﻛﺎﻧﺖ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2ﺗﺴـﺎوي ﻧﻔـﺲ اﻟﺘﺸـﻮﻫﺎت
اﻟﻄﻮﻟﻴــﺔ ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  3ﻋﻨــﺪ اﻟﺤﻤﻮﻟــﺔ  ،400 kNوﻫﻜــﺬا ﺣﺘــﻰ اﻟﺤﻤﻮﻟــﺔ  .600 kNﺣﻴــﺚ ﻛﺎﻧــﺖ اﻟﺘﺸــﻮﻫﺎت
اﻟﻄﻮﻟﻴﺔ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2ﺗﺴﺎوي ﻧﻔﺲ اﻟﺘﺸﻮﻫﺎت ﻟﻠﻌﻴﻨﺔ رﻗﻢ  3ﻋﻨﺪ اﻟﺤﻤﻮﻟﺔ .650 kN
اﻟﻤﺮﺣﻠﺔ اﻟﺮاﺑﻌﺔ :ﻣﻦ اﻟﺤﻤﻮﻟﺔ  650 kNإﻟﻰ .700 kN
اﻟﻌﻴﻨــــﺔ رﻗــــﻢ  :2ازدادت اﻟﺘﺸــــﻮﻫﺎت اﻟﻄﻮﻟﻴــــﺔ ﻣــــﻦ ﻗﻴﻤــــﺔ  280x10-5إﻟــــﻰ ﻗﻴﻤــــﺔ  .410x10-5وازدادت
اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻣﻦ  85x10-5إﻟﻰ .190x10-5
اﻟﻌﻴﻨــﺔ رﻗــﻢ  :3ازدادت اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ ﻣــﻦ ﻗﻴﻤــﺔ  250x10-5إﻟــﻰ  .270x10-5وازدادت اﻟﺘﺸــﻮﻫﺎت
اﻟﻌﺮﺿﻴﺔ ﻣﻦ  65x10-5إﻟﻰ .80x10-5
ﻫﺬا ﻳﻌﻨﻲ أن اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2ﺑﺪأت ﻣﺮﺣﻠﺔ اﻻﻧﻬﻴﺎر وﺑـﺪأ ﻓـﻮﻻذ اﻷﻧﺒـﻮب ﺑﺎﻟـﺪﺧﻮل ﺑﻤﺮﺣﻠـﺔ
اﻟﺴﻴﻼن ﻟﻠﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ ﺑﻴﻨﻤﺎ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  3ﻣﺎزاﻟـﺖ ﺗﻌﻤـﻞ ﺿـﻤﻦ ﻋﺘﺒـﺔ اﻟﻤﺮوﻧـﺔ
اﻟﻠﺪوﻧﺔ ،وﻟﻜﻦ ﺗﺰاﻳﺪ اﻟﺘﺸﻮﻫﺎت اﻟﻠﺪﻧﺔ أﻛﺒـﺮ ﻣـﻦ ﻗﻴﻤـﺔ اﻟﺘﺸـﻮﻫﺎت اﻟﻤﺮﻧـﺔ )اﻟﻌﺮﺿـﻴﺔ واﻟﻄﻮﻟﻴـﺔ( ،وﻣـﺎزال ﻓـﻮﻻذ
اﻷﻧﺒﻮب ﻳﻌﻤﻞ ﻓﻲ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ﺿﻤﻦ اﻻﺟﻬﺎدات اﻟﺸﺎدة.
اﻟﻤﺮﺣﻠﺔ اﻟﺨﺎﻣﺴﺔ :ﻣﻦ اﻟﺤﻤﻮﻟﺔ  700 kNإﻟﻰ .750 kN
اﻟﻌﻴﻨــﺔ رﻗــﻢ  :2ﻧﻼﺣــﻆ أن اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ ﻗــﺪ ازدادت ﻣــﻦ  410x10-5إﻟــﻰ  .760x10-5وازدادت
اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻣﻦ  190x10-5إﻟﻰ .380x10-5
اﻟﻌﻴﻨﺔ رﻗﻢ  :3ﻳﻼﺣﻆ أن اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﻗﺪ ازدادت ﻣﻦ  270x10-5إﻟﻰ  400x10-5وأن اﻟﺘﺸـﻮﻫﺎت
اﻟﻌﺮﺿﻴﺔ ﻗﺪ ازدادت ﻣﻦ  80x10-5إﻟﻰ .180x10-5
ﻫﺬا ﻳﻌﻨﻲ أن اﻟﻌﻴﻨﺔ رﻗﻢ  2ﻗﺪ دﺧﻠﺖ ﻋﺘﺒﺔ اﻻﻧﻬﻴـﺎر ﺿـﻤﻦ ﻫـﺬه اﻟﺤﻤﻮﻟـﺔ ﻟﻠﺒﻴﺘـﻮن ﻓـﻮﻻذ اﻷﻧﺒـﻮب ،ﺑﻴﻨﻤـﺎ
اﻟﻌﻴﻨﺔ رﻗﻢ  3ﺑﺪأ اﻟﺒﻴﺘﻮن ﺣﺎﻟﺔ اﻻﻧﻬﻴﺎر وﺑﺪأ ﻓﻮﻻذ اﻷﻧﺒﻮب ﻳُﻈﻬِﺮ ﻋﺘﺒﺔ اﻟﺴـﻴﻼن ﻟﻺﺟﻬـﺎدات اﻟﺸـﺎدة اﻟﻤﺤﻮرﻳـﺔ
واﻧﻬﺎرت اﻟﻌﻴﻨﺔ رﻗﻢ  3ﻋﻠﻰ ﺣﻤﻮﻟﺔ ﻣﻘﺪارﻫﺎ .800 kN
ﻣــﻦ أﺟــﻞ ﺗﺤﺪﻳــﺪ ﺷــﻜﻞ اﻻﻧﻬﻴــﺎر ﻟﻠﻌﻴﻨــﺔ اﻷوﻟــﻰ ،ﻓﻘــﺪ ﺗــﻢ ﺗﺤﻤﻴﻠﻬــﺎ إﻟــﻰ ﺣﻤﻮﻟــﺔ ﺗﻮﺿــﺢ ﺷــﻜﻞ اﻧﻬﻴﺎرﻫــﺎ
اﻟﻨﻬـﺎﺋﻲ ،وأﻳﻀــﺎ" ﺗــﻢ إﺟــﺮاء ﻫــﺬه اﻟﻌﻤﻠﻴــﺔ ﺑﺎﻟﻨﺴــﺒﺔ ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  2و اﻟﻌﻴﻨــﺔ رﻗــﻢ  3وﺗﺒــﻴﻦ أن اﻟﺘﺤﻨﻴــﺐ اﻟﺠــﺎﻧﺒﻲ
ﻟﻠﻌﻴﻨﺔ رﻗـﻢ  ،3إذا ﻣـﺎ ﻗـﻮرن ﺑﺎﻟﻌﻴﻨـﺔ رﻗـﻢ  1واﻟﻌﻴﻨـﻪ رﻗـﻢ  2ﻟﻬـﺎ ﺻـﻔﺎت اﻟﺤﻤـﻮﻻت اﻟﻤﺮﻛﺰﻳـﺔ اﻟﻤﺤﻮرﻳـﺔ وﻳﺄﺧـﺬ
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

اﻟﻌﻴﻨﺔ رﻗﻢ  :1أﻋﻄﺖ ﺗﺸﻮﻫﺎت ﻃﻮﻟﻴﺔ ﺑﺸـﻜﻞ ﻗﺮﻳـﺐ إﻟـﻰ اﻟﻤﺴـﺘﻘﻴﻢ ،وﻟﻜـﻦ ﻳﻮﺟـﺪ ﺗﻔـﺎوت ﻓـﻲ اﻻﻧﺤﻨـﺎء و
ﻗﻴﻤﺔ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﺑﺤﺪود  170x10-5اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ أﻋﻄـﺖ اﺗﺠـﺎه ﻣﺴـﺘﻘﻴﻢ ﻣـﻦ ﺣﻤﻮﻟـﺔ ﺻـﻔﺮ اﻟـﻰ
.200 kN
،

ﻣﻦ  200 kNإﻟﻰ  250 kNﻛﺎﻧﺖ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ واﺣـﺪة وﻟـﻢ ﺗﺘﻐﻴـﺮ وﻟـﻢ ﺗـﺰداد وﻟـﻢ ﺗـﻨﻘﺺ .وﻣـﻦ
 250 kNإﻟﻰ  300 kNازدادت اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻣﻦ  15x10-5اﻟﻰ .30x10-5
اﻟﻌﻴﻨﺔ رﻗﻢ  :2أﺧﺬت اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﺷﻜﻼً ﻣﺴﺘﻘﻴﻤﺎً ﻣﻦ ﺣﻤﻮﻟﺔ ﺻﻔﺮ إﻟﻰ  ،300 kNوﻗﻴﻤـﺔ اﻟﺘﺸـﻮه
اﻟﻄﻮﻟﻲ ﺣﻮاﻟﻲ  .60x10-5واﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻟﻢ ﺗﺘﺰاﻳﺪ ﺑﺸﻜﻞ ﻣﻠﺤﻮظ إﻻ ﺑﻌـﺪ أن ﺗﺠـﺎوزت اﻟﺤﻤﻮﻟـﺔ 160
 kNﻓﺄﺻﺒﺤﺖ ﻗﻴﻤﺘﻬﺎ ﻋﻨﺪ ﺗﺤﻤﻴﻞ  300 kNﺑﻤﻘﺪار .6x10-5
ﻼ ﻣﺴــﺘﻘﻴﻤﺎً ﺗﻘﺮﻳﺒــﺎ ً وﻗﻴﻤﺘﻬــﺎ ﻋﻨــﺪ اﻟﺤﻤﻮﻟــﺔ :300 kN
اﻟﻌﻴﻨــﺔ رﻗــﻢ  :3أﺧــﺬت اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ ﺷــﻜ ُ
 .50x10-5واﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﺑﺪأت ﺑﺎﻟﻈﻬﻮر ﻋﻨﺪ اﻟﺤﻤﻮﻟـﺔ  50 kNواﻟﺘﺰاﻳـﺪ إﻟـﻰ  300 kNو أﺧـﺬت ﺷـﻜﻞ
ﻣﺴﺘﻘﻴﻢ وﺑﻠﻐﺖ ﻗﻴﻤﺘﻬﺎ ﺣﻮاﻟﻲ .8x10-5
ﻫﺬا ﻳﻌﻨﻲ أن اﻟﻌﻴﻨﺔ رﻗﻢ  1ﺗﺨﻄﺖ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ودﺧﻠـﺖ ﻋﺘﺒـﺔ اﻟﺴـﻴﻼن ﻋﻨـﺪﻣﺎ ﺗﺠـﺎوزت اﻟﺤﻤﻮﻟـﺔ 250

 kNﻓﻲ ﺗﺸﻮﻫﺎﺗﻬﺎ اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ ،ﺑﻴﻨﻤﺎ ﻓﻲ اﻟﻌﻴﻨﺔ رﻗﻢ  2ﺗﻌﻤﻞ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿـﻴﺔ ﺿـﻤﻦ ﻋﺘﺒـﺔ
اﻟﻤﺮوﻧﺔ ﻟﻠﺒﻴﺘﻮن وﻓﻮﻻذ اﻷﻧﺒﻮب وﻧﻔﺲ اﻷﻣﺮ ﻟﻠﻌﻴﻨﺔ رﻗﻢ .3
اﻟﻤﺮﺣﻠﺔ اﻟﺜﺎﻧﻴﺔ :ﻣﻦ  300 kNإﻟﻰ 500 kN

اﻟﻌﻴﻨـــﺔ رﻗـــﻢ  :1ﺗﺰاﻳـــﺪت ﺗﺸـــﻮﻫﺎﺗﻬﺎ اﻟﻄﻮﻟﻴـــﺔ واﺳـــﺘﻤﺮت ﺑﻌﺘﺒـــﺔ اﻟﺴـــﻴﻼن إﻟـــﻰ أن اﻧﻬـــﺎرت ﻋﻨـــﺪ اﻟﺘﺸـــﻮه
 360x10-5وﻋﻨــﺪ ﺣﻤﻮﻟــﺔ  ،350 kNﺑﻴﻨﻤــﺎ اﻟﺘﺸــﻮﻫﺎت اﻟﻌﺮﺿــﻴﺔ ﺣﺼــﻞ ﻓﻴﻬــﺎ ﺳــﻴﻼن ﻋﻜﺴــﻲ ﺑﺤﻴــﺚ ﻧﻘﺼــﺖ
اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻣﻦ  30x10-5إﻟﻰ  8x10-5وﻫـﺬا ﻳﻌﻨـﻲ أن اﻷﻧﺒـﻮب اﻟﻤﻔـﺮغ ﺗﺄﺧـﺬ ﺗﺸـﻮﻫﺎﺗﻪ اﻟﻌﺮﺿـﻴﺔ )أي
اﻧﺤﻨﺎءاﺗــﻪ( ﺗﺄﺧ ـﺬ ﺑﺎﻟﺘﺰاﻳــﺪ أو اﻟﻨﻘﺼــﺎن ﺑﺸــﻜﻞ ﻣﻨﺤﻨ ـﻰ ﺟﻴﺒــﻲ .واﺳــﺘﻤﺮ ﻓــﻲ اﻟﻌﻴﻨﺘ ـﻴﻦ  2و 3ﺗﺰاﻳــﺪ اﻟﺘﺸــﻮﻫﺎت
اﻟﻄﻮﻟﻴــﺔ واﻟﻌﺮﺿــﻴﺔ ﺑﺸــﻜﻞ ﻣﺴــﺘﻘﻴﻢ ﻋﻠﻤــﺎ أن اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ ﻓــﻲ اﻟﻌﻴﻨــﺔ رﻗــﻢ  2ازدادت ﻋــﻦ اﻟﺘﺸــﻮﻫﺎت
اﻟﻄﻮﻟﻴــﺔ ﻓــﻲ اﻟﻌﻴﻨــﺔ رﻗــﻢ  3ﺑﻤﻘــﺪار  ،20x10-5ﺑﻴﻨﻤــﺎ اﻟﺘﺸــﻮﻫﺎت اﻟﻌﺮﺿــﻴﺔ ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  3ﺗﻄﺎﺑﻘــﺖ ﺗﻘﺮﻳﺒــﺎ ﻣــﻊ
اﻟﺘﺸﻮﻫﺎت ﻟﻠﻌﻴﻨﺔ رﻗﻢ  ،2إﻻ أن اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  3أﻛﺒﺮ ﻣﻦ اﻟﺘﺸـﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ 2
ﺑﺤﺪود  .3x10-5ﻫﺬا ﻳﻌﻨﻲ أن اﻟﺒﻴﺘﻮن وﻓﻮﻻذ اﻷﻧﺒﻮب ﻓﻲ اﻟﻌﻴﻨﺘﻴﻦ  2و  3ﻣﺎزال ﻳﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ.
اﻟﻤﺮﺣﻠﺔ اﻟﺜﺎﻟﺜﺔ :ﻣﻦ  500 kNﻋﻠﻰ 650 kN

اﻟﻌﻴﻨﺔ رﻗﻢ  : 2ﺑﺪأت ﺗﺸﻮﻫﺎﺗﻬﺎ اﻟﻄﻮﻟﻴـﺔ ﺗﺄﺧـﺬ ﺷـﻜﻞ ﻣﻨﺤﻨـﻰ ﻣـﺎ ﺑـﻴﻦ اﻟﺤﻤﻮﻟـﺔ  500 kNإﻟـﻰ ،650 kN
وﻳﻼﺣﻆ أن اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﺑﺪأت ﺑﺎﻟﺘﺰاﻳﺪ ﻛﻠﻤﺎ ازدادت اﻟﺤﻤﻮﻟﺔ ،وﻫﺬا ﻳﻌﻨﻲ أن اﻟﺒﻴﺘﻮن ﻓﻲ ﻫـﺬه اﻟﻤﺮﺣﻠـﺔ
ﺗﺨﻄﻰ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ودﺧـﻞ ﻋﺘﺒـﺔ اﻟﻤﺮوﻧـﺔ-اﻟﻠﺪوﻧـﺔ .أﻣـﺎ اﻟﺘﺸـﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ ﻟﻬـﺬه اﻟﻌﻴﻨـﺔ ﻓﻘـﺪ ﺗﺰاﻳـﺪت ﺑﺸـﻜﻞ
ﻣﺴﺘﻘﻴﻢ ﻣﺎ ﺑﻴﻦ اﻟﺤﻤﻮﻟﺔ  500 kNإﻟﻰ  .600 kNوﻣﻦ  600إﻟﻰ  .650 kNأﺧﺬت ﺷﻜﻞ ﻣﻨﺤﻨﻰ ﺑﺘﺰاﻳـﺪ ﻛﺒﻴـﺮ
أي أن اﻟﺘﺸﻮﻫﺎت ﻗﺪ ازدادت ﻣـﻦ  25x10-5إﻟـﻰ  85x 10-5أي ازدادت ﺑﻤﻘـﺪار  60x10-5ﻫـﺬا ﻳﻌﻨـﻲ أن ﺗـﺄﺛﻴﺮ
ﻗﻮى اﻟﻀﻐﻂ ﻋﻠﻰ ﻓﻮﻻذ اﻷﻧﺒﻮب أﺣﺪث ﺧﻠﻼً ﻧﺘﻴﺠﺔ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ،ﻷن اﻟﻀﻐﻂ ﻋﻠﻰ اﻷﻧﺒﻮب
اﻟﻤﻌﺪﻧﻲ ﻳﻀﻌﻒ ﻓﻮﻻذ اﻷﻧﺒﻮب إذا ﻣﺎ ﻗﻮرن ﺑﻌﻤﻠﻴﺔ اﻟﺸﺪ ﻓﻘﻂ.
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ﻳﻮﺿﺢ اﻟﺸﻜﻞ ) (6اﻟﻤﻨﺤﻨﻴﺎت اﻟﺒﻴﺎﻧﻴﺔ ﻟﻠﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ ﻟﻠﻘﻄﺮ  114 mmﻟﻜـﻞ ﻣـﻦ اﻟﻨﻤـﺎذج
اﻟﺘﺎﻟﻴﺔ:
اﻟﻨﻤﻮذج اﻷول :ﻳﻌﺒﺮ ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ  1وﻫﻲ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ اﻟﻤﻔﺮغ ﺑﻘﻄﺮ .114 mm
اﻟﻨﻤﻮذج اﻟﺜﺎﻧﻲ :ﻳﻌﺒﺮ ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ  2وﻫﻲ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن ﺑﺸﻜﻞ ﻛﺎﻣﻞ واﻟﺘﺤﻤﻴﻞ ﺗﻢ ﻋﻠﻰ
ﺳﻄﺢ اﻷﻧﺒﻮب واﻟﺒﻴﺘﻮن ﻣﻌﺎً.
اﻟﻨﻤﻮذج اﻟﺜﺎﻟﺚ :ﻳﻌﺒﺮ ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ  3وﻫﻲ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن واﻟﻤﻔﺮغ ﻣﻦ اﻟﺒﻴﺘﻮن ﻓﻲ
اﻟﻄﺮﻓﻴﻦ اﻟﻌﻠﻮي واﻟﺴﻔﻠﻲ ﺑﻤﻘﺪار  15 mmواﻟﺘﺤﻤﻴﻞ ﺗﻢ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻓﻘﻂ.

ﺷﻜﻞ  :6اﻟﻤﻨﺤﻨﻴﺎت اﻟﺒﻴﺎﻧﻴﺔ ﻟﻠﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ ﻟﻠﻘﻄﺮ .114 mm

ﺑﺎﻟﻨﺴﺒﺔ ﻟﻤﺮاﺣﻞ اﻟﺘﺤﻤﻴﻞ اﻟﻤﺨﺘﻠﻔﺔ ،ﻓﻘﺪ ﺗﺒﻴﻦ ﻣﺎ ﻳﻠﻲ:
اﻟﻤﺮﺣﻠﺔ اﻷوﻟﻰ :ﻣﻦ ﺻﻔﺮ إﻟﻰ 300 kN
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

 1100 kNإﻟــﻰ  1150 kNﻓﻘــﺪ ازدادت ﺗﺸــﻮﻫﺎت اﻟﻌﻴﻨــﺔ رﻗــﻢ  3ﺑﻤﻘــﺪار  .50x10-5وﻳﺴــﺘﻨﺘﺞ ﻣــﻦ ذﻟــﻚ أن
اﻟﺒﻴﺘـﻮن ﻓـﻲ اﻟﻌﻴﻨـﺔ رﻗـﻢ  3ﻗـﺪ دﺧـﻞ ﻋﺘﺒـﺔ اﻟﺴـﻴﻼن وأن ﻓـﻮﻻذ اﻷﻧﺒـﻮب ﻗـﺪ دﺧـﻞ ﻋﺘﺒـﺔ اﻟﻤﺮوﻧـﺔ-اﻟﻠﺪوﻧـﺔ وﻣﻨـﻪ
ﻧﺴـﺘﻨﺘﺞ أن ﻗـﺪرة ﺗﺤﻤـﻞ اﻟﻌﻴﻨـﺔ رﻗـﻢ  3ﻗـﺪ ازدادت ﺑﻤﻘـﺪار  150 kNﻋـﻦ اﻟﻌﻴﻨـﺔ رﻗـﻢ  ،2وذﻟـﻚ ﻳﻌـﻮد إﻟـﻰ أن
اﻟﺘﺸــﻮﻫﺎت ﻋﻨــﺪ اﻟﺤﻤﻮﻟــﺔ  1150 kNﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  3ﺗﺴــﺎوي اﻟﺘﺸــﻮﻫﺎت ﻋﻨــﺪ اﻟـــ  1000 kNﻟﻠﻌﻴﻨــﺔ رﻗــﻢ 2
وﻋﻨﺪﻫﺎ ﺗﻢ ﺳﺤﺐ ﺳﺎﻋﺎت ﻗﻴﺎس اﻟﺘﺸﻮه ﻟﻠﻌﻴﻨﺔ رﻗﻢ  3ﻟﻠﺤﻔﺎظ ﻋﻠﻰ ﺳﻼﻣﺔ ﻫﺬه اﻟﺴـﺎﻋﺎت وﺑـﺪأ ﺗﺤﻤﻴـﻞ اﻟﻌﻴﻨـﺔ
رﻗــﻢ  3واﻧﻬــﺎرت ﻋﻠــﻰ ﺣﻤﻮﻟــﺔ  ،1250 kNﺑﻴﻨﻤــﺎ اﻧﻬــﺎرت اﻟﻌﻴﻨــﺔ رﻗــﻢ  2ﻋﻠــﻰ ﺣﻤﻮﻟــﺔ  .1100 kNوﻣــﻦ أﺟــﻞ
ﺗﺤﺪﻳﺪ ﺷﻜﻞ اﻻﻧﻬﻴﺎر ﻟﻠﻌﻴﻨﺔ اﻷوﻟﻰ ﺗﻢ ﺗﺤﻤﻴﻠﻬـﺎ إﻟـﻰ ﺣﻤـﻮﻻت اﻧﻬﻴـﺎر ﺗﻮﺿـﺢ ﺷـﻜﻞ اﻧﻬﻴﺎرﻫـﺎ اﻟﻨﻬـﺎﺋﻲ و أﻳﻀـﺎ"
ﺗﻢ إﺟﺮاء ﻫﺬه اﻟﻌﻤﻠﻴﺔ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2و اﻟﻌﻴﻨﺔ رﻗﻢ  3وﺗﺒﻴﻦ أن اﻟﺘﺤﻨﻴﺐ اﻟﺠـﺎﻧﺒﻲ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  3إذا ﻣـﺎ
ﻗـﻮرن ﺑﺎﻟﻌﻴﻨـﺔ رﻗــﻢ  1واﻟﻌﻴﻨـﺔ رﻗـﻢ  2ﻟﻬــﺎ ﺻـﻔﺎت اﻟﺤﻤـﻮﻻت اﻟﻤﺮﻛﺰﻳــﺔ اﻟﻤﺤﻮرﻳـﺔ وﻳﺄﺧـﺬ اﻧﻬﻴﺎرﻫــﺎ ﻓـﻲ ﻣﻨﺘﺼــﻒ
اﻟﻌﻴﻨﺔ ﺣﺴﺐ اﺗﺴﺎع ﻗﻄﺮﻫﺎ .و ﺗﻮﺿﺢ اﻟﺼﻮرة ) (7أﺷـﻜﺎل اﻧﻬﻴـﺎر اﻟﻌﻴﻨـﺎت اﻟﺜﻼﺛـﺔ وﻣﻘﺎرﻧﺘﻬـﺎ ﻣـﻊ ﻋﻴﻨـﺔ ﻟـﻢ ﻳـﺘﻢ
ﺗﺤﻤﻴﻠﻬﺎ ﺑﺤﻴﺚ:

ﺻﻮرة  :7أﺷﻜﺎل اﻧﻬﻴﺎر اﻟﻌﻴﻨﺎت اﻟﺜﻼﺛﺔ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ اﻷوﻟﻰ ذات اﻟﻘﻄﺮ .140 mm

ﺗﻈﻬﺮ ﻋﻠﻰ ﻳﻤﻴﻦ اﻟﺼﻮرة اﻟﻌﻴﻨﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ اﻟﻤﺤﻤﻠﺔ ﻋﻠﻰ اﻟﺒﻴﺘﻮن واﻟﻤﻌﺪن ﻣﻌﺎ" واﻟﻤﻌﺒـﺄة ﺑـﺎﻟﺒﻴﺘﻮن ﺑﺸـﻜﻞ
ﻛﺎﻣﻞ ،وﺗﻠﻴﻬﺎ اﻟﻌﻴﻨﺔ اﻟﻤﺤﻤﻠﺔ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ و اﻟﻤﻔﺮﻏـﺔ ﻣـﻦ اﻷﻋﻠـﻰ واﻷﺳـﻔﻞ ،وﺑﻌـﺪﻫﺎ اﻷﻧﺒـﻮب اﻟﻤﻔـﺮغ،
وأﺧﻴﺮا" ﺗﻢ وﺿﻊ اﻟﻌﻴﻨﺔ اﻟﺴﻠﻴﻤﺔ اﻟﺘﻲ ﻟﻢ ﻳﺠ ِﺮ ﺗﺤﻤﻴﻠﻬﺎ ﺑﻌﺪ.
اﻟﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻧﻴﺔ :ﻫﻲ ﻋﺒﺎرة ﻋـﻦ أﻧﺒـﻮب ﻣﻌـﺪﻧﻲ ﻣﻔـﺮغ ﻗﻄـﺮه  114 mmوأﻧﺒـﻮب ﻣﻌـﺪﻧﻲ ﻣﻌﺒـﺄ ﺑـﺎﻟﺒﻴﺘﻮن ﻋﻠـﻰ
ﻛﺎﻣﻞ ﺳﻄﺤﻪ ﻟﻪ ﻧﻔﺲ اﻟﻘﻄﺮ ،وأﻳﻀﺎ" أﻧﺒﻮب ﻣﻌﺪﻧﻲ ﻣﻌﺒـﺄ ﺑـﺎﻟﺒﻴﺘﻮن وﻟﻜـﻦ ﺗـﻢ ﺗﻔﺮﻳـﻎ اﻟﺒﻴﺘـﻮن ﻣـﻦ ﺟﺰﺋـﻪ اﻟﻌﻠـﻮي
واﻟﺴــﻔﻠﻲ ﺑﻤﻘــﺪار  15 mmﻛﻤــﺎ ﻫــﻮ ﻣﻮﺿــﺢ ﺑﺎﻟﺸــﻜﻞ ) ،(6وﻓﻴﻤــﺎ ﻳﻠــﻲ ﻣﻨﺎﻗﺸــﺔ اﻟﻨﺘــﺎﺋﺞ ﺑﺎﺧﺘﺼــﺎر ﻟﻤﻨﺤﻨﻴــﺎت
اﻟﺘﺤﻤﻴﻞ ﻟﻠﻨﻤﺎذج اﻟﺜﻼﺛﺔ.
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راﺑﻌﺎً :ﻣﺮﺣﻠﺔ اﻟﺘﺤﻤﻴـﻞ ﻣـﻦ 900 kNإﻟـﻰ  ،1000 kNﻳﻼﺣـﻆ أن ﻫـﺬا اﻟﺘﺰاﻳـﺪ ﻟﻠﺘﺸـﻮه اﻟﻄـﻮﻟﻲ ﻓـﻲ ﻫـﺬه
اﻟﻤﺮﺣﻠﺔ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  2أٌﺧــﺬ ﻣـﻦ اﻟﻤﺠـﺎل  180x10-5إﻟـﻰ  ،280x10-5ﺑﻴﻨﻤـﺎ أﺧـﺬ ﺗﺰاﻳـﺪ اﻟﺘﺸـﻮه اﻟﻄـﻮﻟﻲ ﻣـﻦ
 112x10-5إﻟــﻰ  130x10-5ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  ،3وإن اﻟﺘﺸــﻮه اﻟﻌﺮﺿــﻲ ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  2ازداد ﺑﻤﻘــﺪار ﻳﻌــﺎدل ﺿــﻌﻒ
اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  ،3وﻋﻨﺪ ﺗﺜﺒﻴـﺖ اﻟﺤﻤﻮﻟـﺔ ﻟﻤـﺪة ﺧﻤﺴـﺔ دﻗـﺎﺋﻖ ﻋﻠـﻰ  ،1000 kNﻳﻼﺣـﻆ أن ﺗﺰاﻳـﺪ
اﻟﺘﺸﻮه اﻟﻄﻮﻟﻲ اﻟﺰﻣﻨﻲ ﻓﻲ اﻟﻌﻴﻨﺔ رﻗﻢ  2أﺧﺬ ﻣﻘﺪار ﻣﻦ  280x10-5إﻟﻰ  420x10-5ﺑﻴﻨﻤﺎ أﺧﺬ اﻟﺘﺰاﻳـﺪ ﻟﻠﻌﻴﻨـﺔ
رﻗﻢ  3ﻣﻦ اﻟﺘﺸﻮه اﻟﻄﻮﻟﻲ  130x10-5إﻟﻰ  ،180x10-5ﺑﻴﻨﻤﺎ ازداد اﻟﺘﺸﻮه اﻟﻌﺮﺿـﻲ ﺑﻤﻘـﺪار  10x10-5ﻟﻠﻌﻴﻨـﺔ
رﻗﻢ  3وازداد اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2ﺑﻤﻘـﺪار  .40x10-5وﻳﻨـﺘﺞ ﻣﻤـﺎ ﺳـﺒﻖ ﻟﻠﻤﺮﺣﻠـﺔ اﻟﺮاﺑﻌـﺔ أن ﺑﻴﺘـﻮن
اﻟﻌﻴﻨﺔ رﻗﻢ  3ﻣﺎ زال ﻳﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ-اﻟﻠﺪوﻧﺔ ،واﻟﺤﺪﻳﺪ ﻣﺎ زال ﻳﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ،ﺑﻴﻨﻤﺎ ﻓﻲ
اﻟﻌﻴﻨﺔ رﻗﻢ  2دﺧﻞ اﻟﺒﻴﺘﻮن ﻣﺮﺣﻠﺔ اﻻﻧﻬﻴﺎر وﺑﺪأ ﻓﻮﻻذ اﻷﻧﺒﻮب دﺧﻮل ﻋﺘﺒﺔ اﻟﺴﻴﻼن ،ﺑﺤﻴـﺚ ﻻ ﻳﺴـﺘﻄﻴﻊ ﻓـﻮﻻذ
اﻷﻧﺒﻮب أن ﻳﺄﺧﺬ اﻟﺤﻤﻮﻻت اﻟﻨﺎﺗﺠﺔ ﻋﻦ اﻧﻬﻴـﺎر اﻟﺒﻴﺘـﻮن ،وﻧﺘﻴﺠـﺔ ﻟـﺬﻟﻚ ﺣﺼـﻞ ﺳـﻴﻼن ﺑﺎﻟﻤﻌـﺪن ﻧﺘﻴﺠـﺔ اﻟﻀـﻐﻂ
واﻟﺸﺪ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ.
ﺧﺎﻣﺴﺎً :ﻣﺮﺣﻠﺔ اﻟﺘﺤﻤﻴﻞ ﻣﻦ  1000 kNإﻟﻰ  ،1050 kNﻧﻼﺣﻆ أن ﺗﺰاﻳـﺪ اﻟﺘﺸـﻮﻫﺎت اﻟﻄﻮﻟﻴـﺔ ﻓـﻲ ﻫـﺬه
اﻟﻤﺮﺣﻠــﺔ ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  3ﻛــﺎن ﺑﺤــﺪود  ،10-5×30ﺑﻴﻨﻤــﺎ ازداد اﻟﺘﺸــﻮه و أﺻــﺒﺢ  150x10-5ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  ،2أﻣــﺎ
اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  3ﻓﻘﺪ ازداد ﺑﻤﻘﺪار ﺿﺌﻴﻞ ﻻ ﻳﺘﺠﺎوز  ،15x10-5أﻣﺎ ﻓﻲ اﻟﻌﻴﻨﺔ رﻗـﻢ  2ﻓﻘـﺪ ازداد
ﺛﻼﺛﺔ أﺿﻌﺎف ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ  .3وﺗﻢ ﺗﺜﺒﻴﺖ اﻟﺤﻤﻮﻟﺔ ﻋﻠـﻰ  1050 kNﻟﻤـﺪة ﺧﻤﺴـﺔ دﻗـﺎﺋﻖ ﻋﻠـﻰ اﻟﻌﻴﻨـﺔ رﻗـﻢ 3
ﻓــﺎزداد اﻟﺘﺸــﻮه اﻟﻄــﻮﻟﻲ اﻟﺰﻣﻨــﻲ ﺑﻤﻘــﺪار  30x10-5وﺗــﻢ ﺗﻤﺪﻳــﺪ اﻟﺘﺤﻤﻴــﻞ ﻟﻔﺘــﺮة ﺧﻤﺴ ـﺔ دﻗــﺎﺋﻖ أﺧــﺮى ﻓــﺎزداد
اﻟﺘﺸــﻮه اﻟﻄــﻮﻟﻲ اﻟﺰﻣﻨــﻲ ﻟﻠﻤﺮﺣﻠــﺔ اﻟﺘﺎﻟﻴــﺔ ﺑﻤﻘــﺪار  10x10-5وﻟﻤــﺪة ﺧﻤﺴــﺔ دﻗــﺎﺋﻖ أﺧــﺮى ﺑﻌــﺪ اﻟﺜﺎﻧﻴــﺔ ﻓــﺎزداد
اﻟﺘﺸــﻮه اﻟﺰﻣﻨــﻲ اﻟﻄــﻮﻟﻲ ﺑﻘﻴﻤــﺔ  ،8x10-5وﺑﻌــﺪ اﻟﺨﻤﺴــﺔ دﻗــﺎﺋﻖ اﻟﺮاﺑﻌــﺔ ازداد اﻟﺘﺸــﻮه اﻟﺰﻣﻨــﻲ اﻟﻄــﻮﻟﻲ ﺑﻘﻴﻤــﺔ
 ،6x10-5ﺑﻴﻨﻤﺎ ازداد اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻓﻲ ﻛﺎﻓﺔ ﻫﺬه اﻟﻔﺘﺮات ﺑﻤﻘـﺪار  .20x10-5ﺑﻴﻨﻤـﺎ اﻟﺘﺸـﻮه اﻟﻄـﻮﻟﻲ اﻟﺰﻣﻨـﻲ
ﻟﻤﺪة ﺧﻤﺴﺔ دﻗــﺎﺋﻖ ﻓـﻘﻂ ﻟﻠﻌــﻴﻨﺔ رﻗـﻢ  2ﻓﻘـﺪ ازداد ﻣـﻦ  550x10-5إﻟـﻰ  ،980x10-5وازداد اﻟﺘﺸـﻮه اﻟﻌﺮﺿـﻲ
اﻟﺰﻣﻨــﻲ ﻣــﻦ  180x10-5إﻟــﻰ  .400x10-5وﻳﻨــﺘﺞ ﻣﻤــﺎ ﺳــﺒﻖ أن اﻟﻌﻴﻨــﺔ رﻗــﻢ  2ﻗــﺪ دﺧــﻞ اﻟﺒﻴﺘــﻮن ﻓﻴﻬــﺎ ﻣﺮﺣﻠــﺔ
اﻻﻧﻬﻴﺎر اﻟﺘﺎم اﻟﻄﻮﻟﻲ و اﻟﻌﺮﺿﻲ و ﺑﺪأ ﻓﻮﻻذ اﻷﻧﺒﻮب ﺑﺪﺧﻮل ﻋﺘﺒﺔ اﻟﺴﻴﻼن وﻣﻦ ﺛﻢ ﺑﺪأت اﻟﻌﻴﻨﺔ ﺑﺎﻻﻧﻬﻴﺎر ﻓـﻲ
اﻟﺒﻴﺘﻮن واﻟﻤﻌﺪن ،ﺑﻴﻨﻤﺎ ﻓﻲ اﻟﻌﻴﻨﺔ رﻗﻢ  3ﻣﺎزال اﻟﺒﻴﺘﻮن ﻳﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ-اﻟﻠﺪوﻧﺔ وﻓﻮﻻذ اﻷﻧﺒـﻮب ﻣـﺎ
زال ﻳﻌﻤﻞ ﺿﻤﻦ اﺟﻬﺎدات ﺣﺪ اﻟﻤﺮوﻧﺔ ﻓﻲ ﺣﺎﻟﺔ اﻟﺸﺪ.
ﺳﺎدﺳـﺎً :ﻗﻤﻨـﺎ ﺑﺘﺨﻔـﻴﺾ اﻟﺤﻤﻮﻟـﺔ ﻓـﻲ اﻟﻌﻴﻨـﺔ رﻗـﻢ  3ﻣـﻦ  1050 kNإﻟـﻰ  800 kNوﺗـﻢ ﺗﺜﺒـﺖ اﻟﺤﻤﻮﻟـﺔ
 800 kNﻟﻤــﺪة ﺧﻤﺴــﺔ دﻗــﺎﺋﻖ وﺑﻌــﺪﻫﺎ ﻟــﻢ ﻳﻼﺣــﻆ ﺗﻨــﺎﻣﻲ اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ واﻟﻌﺮﺿــﻴﺔ ،أي أﻧــﻪ ﻻ ﻳﻮﺟــﺪ
ﺗﺸـﻮﻫﺎت ﻟﺪﻧـﺔ وﻗــﺪ ﺗـﻢ ﺑﻌـﺪ ذﻟــﻚ ﺗﺤﻤﻴـﻞ اﻟﻌﻴﻨــﺔ رﻗـﻢ  3ﻣـﻦ ﺟﺪﻳــﺪ ﻣـﻦ  800 kNإﻟـﻰ  1050 kNﻓــﺎزدادت
اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﺑﻤﻘﺪار  ،10x10-5أﻣﺎ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ ﻓﻘـﺪ ازدادت ﺑﻤﻘـﺪار  ،5x10-5وﻳﻨـﺘﺞ ﻣـﻦ ذﻟـﻚ
أن اﻟﺒﻴﺘــﻮن ﻣــﺎزال ﻳﻌﻤــﻞ ﺿــﻤﻦ ﻋﺘﺒــﺔ اﻟﻤﺮوﻧــﺔ اﻟﻠﺪوﻧــﺔ وأن ﻓــﻮﻻذ اﻷﻧﺒــﻮب ﻳﻌﻤــﻞ ﺿــﻤﻦ اﻹﺟﻬــﺎدات اﻟﻤﺮﻧــﺔ
اﻟﺸﺎدة.
ﺳﺎﺑﻌﺎً :اﻟﻤﺮﺣﻠﺔ اﻷﺧﻴﺮة ﺗﻢ ﺗﺼﻌﻴﺪ اﻟﺤﻤﻮﻟﺔ ﻣﻦ  1050 kNإﻟـﻰ  1100 kNﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  2واﻟﻌﻴﻨـﺔ رﻗـﻢ
 3ﻓــﺎزدادت اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ ﻟﻠﻌﻴﻨــﺔ رﻗــﻢ  3ﺑﻤﻘــﺪار ﻻ ﻳﺰﻳــﺪ ﻋــﻦ  30x10-5أﻣــﺎ ﻋﻨــﺪ زﻳــﺎدة اﻟﺘﺤﻤﻴــﻞ ﻣــﻦ
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

ﻣﻨﻪ ﻋـﻦ  ،5x10-5وازداد اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﺑﻤﻘﺪار ﺿﺌﻴﻞ ﻻ ﻳﺬﻛﺮ ﻓـﻲ ﻫـﺬه اﻟﻤﺮﺣﻠـﺔ .ﺗـﻢ ﺗﺜﺒﻴـﺖ اﻟﺤﻤﻮﻟـﺔ ﻋﻠـﻰ
 700 kNﻟﻤﺪة ﺧﻤﺴﺔ دﻗﺎﺋﻖ وازداد اﻟﺘﺸﻮه اﻟﻄﻮﻟﻲ ﺑﺸﻜﻞ ﺿﺌﻴﻞ ﻻ ﻳﺬﻛﺮ ،أﻣﺎ اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻓﻠﻢ ﻳﺰدد.
وﻋﻠﻰ ﺿﻮء ﻣﺎ ذﻛﺮ اﻋﻼه ،ﻳﻤﻜﻦ اﻟﺘﺄﻛﻴﺪ ﻋﻠﻰ ﻣﺎﻳﻠﻲ:
أوﻻً :إن اﻟﺒﻴﺘــﻮن ﻓــﻲ اﻟﻌﻴﻨﺘــﻴﻦ  2و  3ﻋﻤــﻞ ﺿــﻤﻦ ﻋﺘﺒــﺔ اﻟﻤﺮوﻧــﺔ ﻟﺤــﺪود اﻟﺤﻤﻮﻟــﺔ  500 kNوﻓــﻮﻻذ
اﻷﻧﺒﻮب ﻋﻤﻞ أﻳﻀﺎً ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ﻟﻤﺮﺣﻠﺔ  ،500 kNأﻣـﺎ ﻣـﺎ ﺑـﻴﻦ اﻟﻤﺮﺣﻠـﺔ  500 kNإﻟـﻰ  700 kNﻓـﺈن
اﻟﺒﻴﺘــﻮن ﻗــﺪ دﺧــﻞ ﻋﺘﺒــﺔ اﻟﻤﺮوﻧــﺔ اﻟﻠﺪوﻧــﺔ ﻓــﻲ اﻟﻌﻴﻨﺘــﻴﻦ وﻣــﺎ زال ﺣﺪﻳــﺪ اﻷﻧﺒــﻮب اﻟﻤﻌــﺪﻧﻲ ﻳﻌﻤــﻞ ﺿــﻤﻦ ﻋﺘﺒــﺔ
اﻟﻤﺮوﻧﺔ )ﻋﻠﻤﺎً أن اﻟﺠﺰء اﻟﺒﻴﺘﻮﻧﻲ اﻟﺬي ﺗﻢ ﺗﺤﺮﻳﺮه ﻣﻦ اﻷﻧﺒﻮب اﻟﻤﻌـﺪﻧﻲ اﻟﻤﻄـﻮق ﻟـﻪ ﻗـﺪ اﻧﻜﺴـﺮ ﻋﻠـﻰ ﺣﻤﻮﻟـﺔ
 .(352.7 kNوﻣﻨـﻪ ﻳﺴــﺘﻨﺘﺞ أن ﺗﻄﻮﻳـﻖ اﻟﺒﻴﺘـﻮن ﺑــﺎﻷﻧﺒﻮب اﻟﻤﻌـﺪﻧﻲ ﻳﺰﻳـﺪ ﻗـﺪرة ﺗﺤﻤﻠــﻪ و ﻳﺮﻓﻌﻬـﺎ إﻟـﻰ ﻣﻘــﺪار
 500 kNﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ.
ﺛﺎﻧﻴﺎً :ﻣﺮﺣﻠﺔ اﻟﺘﺤﻤﻴﻞ ﻣﻦ  700 kNإﻟﻰ  ،800 kNﻳﻼﺣﻆ أن اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ﻗﺪ ﺑﺪأت ﺗﺨﺘﻠـﻒ ﻣـﻦ
اﻟﻌﻴﻨـــﺔ  2إﻟـــﻰ اﻟﻌﻴﻨـــﺔ  3ﺑﻤﻘـــﺪار ﻣﻠﺤـــﻮظ ﺣﻴـــﺚ زادت اﻟﺘﺸـــﻮﻫﺎت اﻟﻄﻮﻟﻴـــﺔ ﻋﻨـــﺪ اﻟﺤﻤﻮﻟـــﺔ  800 kNﺑﻤﻘـــﺪار
 ،24x10-5ﺑﻴﻨﻤﺎ ﻓﻲ اﻟﻌﻴﻨﺔ رﻗﻢ  3ازدادت ﺗﺸـﻮﻫﺎﺗﻬﺎ ﺑﻤﻘـﺪار  ،8x10-5ﻫـﺬا ﻳﻌﻨـﻲ أن ﺗﺸـﻮﻫﺎت اﻟﻌﻴﻨـﺔ رﻗـﻢ 2
زادت ﺛﻼﺛﺔ أﺿﻌﺎف ﺗﺸﻮﻫﺎﺗﻬﺎ اﻟﻄﻮﻟﻴﺔ ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ  3ﺑﻴﻨﻤﺎ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﺑﻘﻲ ﺗﺰاﻳـﺪﻫﺎ ﺿـﺌﻴﻼً ،وﻛـﺎن
اﻟﺘﺰاﻳﺪ ﻟﻠﻌﻴﻨﺘﻴﻦ واﺣﺪاً.
ﻫﺬا ﻳﻌﻨﻲ أن اﻻﺟﻬﺎدات ﺑﺪأت ﺗﺘﺼﺎﻋﺪ ﻓﻲ ﻓﻮﻻذ اﻷﻧﺒﻮب ﻧﺘﻴﺠﺔ ﺗﻌﺐ وﺗﻨـﺎﻗﺺ اﻻﺟﻬـﺎدات ﻓـﻲ اﻟﺒﻴﺘـﻮن.
ﺑﻴﻨﻤﺎ ﻓﻲ اﻟﻌﻴﻨﺔ اﻟﺜﺎﻟﺜـﺔ ﻓـﺈن اﻟﺸـﻜﻞ ﻳﻮﺿـﺢ أﻧـﻪ ﻻ ﻳﻮﺟـﺪ ﺗﺸـﻮﻫﺎت ﻟﺪﻧـﺔ ﻣﻄﻠﻘـﺎ ﺿـﻤﻦ ﺣﺪﻳـﺪ اﻷﻧﺒـﻮب ،أي أن
اﻟﻤﻌــﺪن ﻳﻌﻤــﻞ ﺑﺤﺎﻟــﺔ ﺷــﺪ إﺟﻬــﺎدي ﻣــﺮن .وﻗــﺪ ﺗـﻢ ﺗﺜﺒﻴــﺖ اﻟﺤﻤﻮﻟــﺔ ﻋﻠــﻰ اﻟﻌﻴﻨﺘــﻴﻦ  2و 3ﻟﻤــﺪة ﺧﻤﺴــﺔ دﻗــﺎﺋﻖ
ﻓﺘﺰاﻳﺪت اﻟﺘﺸﻮﻫﺎت ﻓﻲ اﻟﻌﻴﻨﺔ رﻗﻢ  2ﺿﻌﻒ ﻣﺎ ﺗﺰاﻳـﺪت ﻋﻨـﻪ ﻓـﻲ اﻟﻌﻴﻨـﺔ رﻗـﻢ  ،3وﻣﻨـﻪ ﻳﺴـﺘﻨﺘﺞ أن اﻟﺒﻴﺘـﻮن ﻓـﻲ
ﻛﻼ اﻟﻤﺮﺣﻠﺘﻴﻦ ﻳﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ اﻟﻠﺪوﻧـﺔ ،إﻻ أن اﻟﻌﻴﻨـﺔ رﻗـﻢ  2ﺑـﺪأ ﺗﻌـﺐ اﻟﺒﻴﺘـﻮن ﻓﻴﻬـﺎ و أﺧـﺬ ﻓـﻮﻻذ
اﻷﻧﺒﻮب إﺟﻬﺎدات اﻟﺒﻴﺘﻮن اﻟﻤﺘﻨﺎﻗﺼﺔ أي أﻧﻪ ﻳﻮﺟﺪ ﻓﻲ اﻟﻌﻴﻨﺘﻴﻦ ﺳﻴﻼن زﻣﻨﻲ ﻃﻮﻟﻲ ،ﺑﻴﻨﻤﺎ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ
ﻓﻲ اﻟﻌﻴﻨﺘﻴﻦ ﻻ ﻳﻮﺟﺪ ﺑﻬﺎ ﺗﺸﻮﻫﺎت ﻟﺪﻧﺔ أو ﻟﺰﺟﺔ أي ﻻ ﻳﻮﺟﺪ ﺗﺸﻮه ﺳﻴﻼن زﻣﻨﻲ.
ﺛﺎﻟﺜﺎً :ﻣﺮﺣﻠﺔ اﻟﺘﺤﻤﻴﻞ ﻣﺎ ﺑﻴﻦ  ،900 kN – 800 kNﻳﻼﺣﻆ أن ﻋﻤﻠﻴﺔ اﻟﺘﺤﻤﻴﻞ ﻟﻠﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴـﺔ ﻣـﺎ
ﺑﻴﻦ اﻟﺤﻤﻮﻟﺔ  800 kNإﻟﻰ  900 kNﻗﺪ أﻋﻄﺖ ﺗﺸﻮﻫﺎت ﻟﻠﻤﻨﺤﻨﻰ اﻟﻌﻴﻨﺔ رﻗـﻢ  2ﻋﻠـﻰ ﺣﻤﻮﻟـﺔ  800 kNﻧﻔـﺲ
اﻟﺘﺸـﻮﻫﺎت اﻟﻄﻮﻟﻴـﺔ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  3ﻋﻨـﺪ اﻟﺤﻤﻮﻟـﺔ  ،900 kNوﻫـﺬا ﻳﻌﻨـﻲ أﻧـﻪ ﻳﻮﺟـﺪ ﻓـﺮق ﻓـﻲ اﻟﺤﻤﻮﻟـﺔ ﻣﻘـﺪاره
 100 kNﻟﺼــﺎﻟﺢ اﻟﻌﻴﻨــﺔ رﻗـﻢ  .3وﻋﻨــﺪ ﺗﺜﺒﻴــﺖ اﻟﺤﻤﻮﻟــﺔ ﻋﻠـﻰ  900 kNﻟﻤــﺪة ﺧﻤﺴـﺔ دﻗــﺎﺋﻖ ﻓــﺈن اﻟﺘﺸــﻮﻫﺎت
اﻟﺰﻣﻨﻴـــﺔ اﻟﻄﻮﻟﻴـــﺔ ﺗﺰاﻳـــﺪت ﺑﺸـــﻜﻞ ﻛﺒﻴـــﺮ ﺑﻤﻘـــﺪار  30x10-5ﻟﻠﻌﻴﻨـــﺔ رﻗـــﻢ  ،2أي ﻣـــﻦ اﻟﺘﺸـــﻮه  150x10-5إﻟـــﻰ
 ،180x10-5ﺑﻴﻨﻤـﺎ اﻟﻌﻴﻨـﺔ رﻗــﻢ  3ازداد ﺗﺸـﻮﻫﻬﺎ اﻟﺰﻣﻨــﻲ اﻟﻄـﻮﻟﻲ ﻣـﻦ  100x10-5إﻟــﻰ  .112x10-5وﻫـﺬا ﻳــﺪل
ﻋﻠــﻰ أن ﻗــﺪرة ﺗﺤﻤــﻞ اﻟﻌﻴﻨــﺔ رﻗــﻢ  3ﺟﻴــﺪة ﺟــﺪاً وﻫــﻲ ﻣــﺎ ﺗــﺰال ﺗﻌﻤــﻞ ﺿــﻤﻦ ﻋﺘﺒــﺔ اﻟﻤﺮوﻧــﺔ-اﻟﻠﺪوﻧ ـﺔ ،وﻓــﻮﻻذ
اﻷﻧﺒﻮب ﻣﺎ ﻳﺰال ﻳﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ﻓﻘﻂ ،ﺑﻴﻨﻤﺎ ازدادت ﺗﺸﻮﻫﺎت اﻟﻌﻴﻨـﺔ رﻗـﻢ  2اﻟﻌﺮﺿـﻴﺔ ﻋـﻦ ﺗﺸـﻮﻫﺎت
اﻟﻌﻴﻨﺔ رﻗﻢ  3ﺑﻤﻘﺪار .10x10-5
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وﺑﻌﺪ اﻻﻃﻼع ﻋﻠﻰ اﻟﻨﺘﺎﺋﺞ اﻟﺘﻲ ﺗﻢ ﺗﺤﻤﻴﻞ ﻫﺬه اﻟﻌﻴﻨـﺎت ﺑﻤﻮﺟﺒﻬـﺎ ﺑﺘـﺪرج ﺗﺼـﺎﻋﺪي ﻟﻠﺤﻤـﻮﻻت ﻟﻸﻧﺒـﻮب
اﻟﻤﻔﺮﻏﺔ ﻛﻞ  50 kNوﻟﻸﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ ﻛﻞ  100 kNﺑﺸـﻜﻞ ﺗﺼـﺎﻋﺪي ﻓﻴﻤـﺎ ﻳﻠـﻲ ﻣﻨﺎﻗﺸـﺔ ﻣﺨﺘﺼـﺮة ﻟﻮﺿـﻌﻴﺔ
اﻟﺘﺸﻮﻫﺎت اﻟﺘﻲ ﺗﻈﻬﺮﻫﺎ ﻫﺬه اﻟﻤﻨﺤﻨﻴﺎت وﺻﻮﻻً إﻟﻰ اﻟﺤﻤﻮﻟﺔ .300 kN
اﻟﻌﻴﻨﺔ رﻗﻢ 3

أﻋﻄﺖ ﺷﻜﻼ ﻣﺴﺘﻘﻴﻤﺎ ﻣﻦ اﻟﺤﻤﻮﻟﺔ ﺻﻔﺮ إﻟﻰ اﻟﺤﻤﻮﻟﺔ  ،300 kNوﻣﻦ اﻟﺘﺸﻮه اﻟﻄﻮﻟﻲ ﺻـﻔﺮ إﻟـﻰ اﻟﺘﺸـﻮه
اﻟﻄﻮﻟﻲ  26x10-5ﻫﺬا ﻳﻌﻨﻲ أن اﻟﻌﻴﻨﺔ رﻗﻢ  3ﺗﻌﻤﻞ ﺿﻤﻦ ﻋﺘﺒﺔ اﻟﻤﺮوﻧﺔ ﺑﺸﻜﻞ ﻣﻄﻠﻖ.
اﻟﻌﻴﻨﺔ رﻗﻢ 2

أﻋﻄــﺖ ﺷــﻜﻼً ﻗﺮﻳﺒ ـﺎً ﻟﻠﻤﺴــﺘﻘﻴﻢ ،وﻟﻜــﻦ ﺗــﺰداد ﺗﺸــﻮﻫﺎﺗﻬﺎ ﻋــﻦ اﻟﻌﻴﻨــﺔ رﻗــﻢ  ،3وﻓــﻲ ﻧﻬﺎﻳــﺔ ﻋﻤﻠﻴــﺔ اﻟﺘﺤﻤﻴــﻞ ﻋﻨــﺪ
اﻟﺤﻤﻮﻟﺔ  300 kNازداد اﻟﺘﺸﻮه ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2ﺑﻤﻘﺪار  5x10-5ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ .3
اﻟﻌﻴﻨﺔ رﻗﻢ 1

ﻋﻨﺪ اﻟﺤﻤﻮﻟﺔ  300 kNأﻋﻄﺖ ﺷﻜﻼً ﻗﺮﻳﺒﺎً ﻣﻦ اﻟﻤﺴﺘﻘﻴﻢ ،أي ﺗﺸﻮه ﻃﻮﻟﻲ ﻳﺴﺎوي  .83x10-5وﺑﺎﻟﻨﺴﺒﺔ
ﻟﻠﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﻓﻲ اﻟﻌﻴﻨﺘﻴﻦ  2و 3ﻓﻘﺪ ﻛﺎﻧﺖ ﻓﻲ ﺑﺪاﻳﺔ اﻟﺘﺸﻮﻫﺎت ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2أﻛﺒﺮ ﻣـﻦ ﺗﺸـﻮﻫﺎت اﻟﻌﻴﻨـﺔ
رﻗﻢ  3ﻋﻨﺪ اﻟﺤﻤﻮﻟـﺔ  ،150 kNأﻣـﺎ ﻋﻨـﺪ اﻟﺤﻤﻮﻟـﺔ  300 kNﻓﻘـﺪ أﺻـﺒﺢ اﻟﺘﺸـﻮه اﻟﻌﺮﺿـﻲ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  3أﻛﺒـﺮ
ﻣﻦ اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  2ﺑﻤﻘﺪار  ،2x10-5أﻣﺎ اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  1ﻓﻘﺪ أﺧـﺬ ﺷـﻜﻼً ﻣﻨﺤﻨﻴـﺎً
و ﺗﺰاﻳﺪ ﺑﺸﻜﻞ ﻣﻔﺎﺟﺊ ﻣﻦ ﺣﻤﻮﻟﺔ  150 kNإﻟﻰ ﺣﻤﻮﻟﺔ  300 kNﺑﻤﻘﺪار ﺗﺸﻮه ﻋﺮﺿﻲ .8x10-5
ﻋﻨﺪ اﻟﺤﻤﻮﻟﺔ  ،400 kNأﺧﺬت ﻛﺎﻓﺔ اﻟﻌﻴﻨﺎت ﻧﻔﺲ اﻻﺗﺠﺎه اﻟﺬي أﺧﺬﺗﻪ ﻓﻲ اﻟﻤﺮﺣﻠﺔ اﻟﺴﺎﺑﻘﺔ.
وﻋﻨﺪ اﻟﺤﻤﻮﻟﺔ  ،500 kNﺗﺒﻴﻦ ﻟﻨﺎ أن اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ واﻟﻄﻮﻟﻴﺔ ﻟﻠﻌﻴﻨﺘﻴﻦ  2و 3ﻟﻢ ﺗﺨﺘﻠﻒ ﻣﻦ ﺣﻴـﺚ
ﻣﺴﺎراﺗﻬﺎ اﻟﻤﺴﺘﻘﻴﻤﺔ )ﺑﺘﺰاﻳﺪ ﻟﻴﺸﻜﻞ ﻣﺴﺘﻘﻴﻢ ﻣﺮن( ﻋﻤﺎ ﻫﻮ ﻣﺬﻛﻮر ﺳﺎﺑﻘﺎً وﻟﻜـﻦ ﺣﺼـﻞ ﺗﺰاﻳـﺪ ﻓـﻲ اﻟﺘﺸـﻮﻫﺎت
ﺑﺸﻜﻞ ﻛﺒﻴﺮ ﻟﻠﻌﻴﻨﺔ رﻗﻢ  ،1ﺣﻴﺚ ازدادت اﻟﺘﺸﻮﻫﺎت ﻣﻦ  135x10-5إﻟـﻰ  ، 385x10-5أي أن اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ
ﻗـﺪ ﺗﺠـﺎوز إﺟﻬـﺎد ﺣـﺪ اﻟﺨﻀـﻮع ودﺧـﻞ ﻋﺘﺒـﺔ اﻟﻤﺮوﻧـﺔ  -اﻟﻠﺪوﻧـﺔ ﻋﻨـﺪ اﻟﺤﻤﻮﻟـﺔ ﻣـﻦ  400 kNإﻟـﻰ ،450 kN
وﻣـﻦ اﻟﺤﻤﻮﻟـﺔ  450 kNاﻟـﻰ  500 kNدﺧـﻞ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻋﺘﺒـﺔ اﻟﺴـﻴﻼن ،أﻣـﺎ اﻟﺘﺸـﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ ﻣـﻦ
 400 kNإﻟــﻰ  450 kNﻓﻤــﺎ زاﻟــﺖ ﺿــﻤﻦ ﻋﺘﺒــﺔ اﻟﻤﺮوﻧــﺔ ،وﻣــﻦ اﻟﺤﻤﻮﻟــﺔ  450 kNإﻟــﻰ  500 kNدﺧﻠــﺖ
اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ ﺣﺪ اﻟﻤﺮوﻧﺔ اﻟﻠﺪوﻧـﺔ .وﺑﺎﻟﻨﺴـﺒﺔ ﻟﻠﻌﻴﻨـﺔ رﻗـﻢ  ،1ﻓﻘـﺪ دﺧﻠـﺖ ﻣﺮﺣﻠـﺔ اﻻﻧﻬﻴـﺎر ﻋﻨـﺪ اﻟﺤﻤﻮﻟـﺔ
.500 kN
وﻋﻨــﺪ ﺗﻄﺒﻴــﻖ اﻟﺤﻤﻮﻟــﺔ  500 kNﻋﻠــﻰ اﻟﻌﻴﻨــﺔ رﻗــﻢ  ،3ازداد اﻟﺘﺸــﻮه اﻟﻄــﻮﻟﻲ ﺑﻤﻘــﺪار ﺿــﺌﻴﻞ ﻻ ﻳﺘﺠــﺎوز
 3x10-5ﺑﻴﻨﻤﺎ ﻟﻢ ﻳﺰدد اﻟﺘﺸﻮه اﻟﻌﺮﺿﻲ.
وﻋﻨﺪ اﻟﺘﺤﻤﻴﻞ ﻣﻦ اﻟﺤﻤﻮﻟﺔ  500 kNإﻟﻰ  ،600 kNﻓﺈن اﻟﻤﻨﺤﻨﻴﻴﻦ ﻟﻠﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴـﺔ واﻟﻌﺮﺿـﻴﺔ ﻛﺎﻧـﺎ
ﺗﻘﺮﻳﺒـﺎً ﻣﺘﻄـﺎﺑﻘﻴﻦ )ﺗﺰاﻳـﺪ اﻟﺘﺸـﻮﻫﺎت اﻟﻄﻮﻟﻴـﺔ واﻟﻌﺮﺿـﻴﺔ ﻣﺘﻄـﺎﺑﻖ( ،وﻋﻨـﺪ اﻻﻧﺘﻘـﺎل ﻣـﻦ اﻟﺤﻤﻮﻟـﺔ  600 kNإﻟـﻰ
 700 kNﻓﺈن اﻟﻌﻴﻨﺔ رﻗﻢ  2ازدادت ﺗﺸﻮﻫﺎﺗﻬﺎ اﻟﻄﻮﻟﻴﺔ ﻋﻦ اﻟﻌﻴﻨﺔ رﻗﻢ  3ﺑﻤﻘﺪار ﺿﺌﻴﻞ ﺟﺪاً ﻻ ﻳﺘﺠﺎوز اﻟﺰاﺋـﺪ
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ﺑﺎﻟﻨﺴﺒﺔ ﻟﻌﻤﻠﻴﺔ اﻟﺘﺤﻤﻴﻞ ﻧﻔﺴﻬﺎ ،ﻓﻘﺪ ﺗـﻢ ﺗﺤﻤﻴـﻞ اﻻﺳـﻄﻮاﻧﺎت اﻟﻤﻌﺒـﺄة ﺑـﺎﻟﺒﻴﺘﻮن ﺑﺪرﺟـﺔ ﺗﺼـﻌﻴﺪ ﺗﺰاﻳـﺪي
ﻗﺪره  100 kNوﺟﺮى ذﻟﻚ ﻋﻠﻰ ﻣﺠﻤﻮﻋﺘﻴﻦ:
اﻟﻤﺠﻤﻮﻋﺔ اﻷوﻟﻰ :ﻫﻲ ﻋﺒـﺎرة ﻋـﻦ أﻧﺒـﻮب ﻣﻌـﺪﻧﻲ ﻣﻔـﺮغ ﻗﻄـﺮه  140 mmوأﻧﺒـﻮب ﻣﻌـﺪﻧﻲ ﻣﻌﺒـﺄ ﺑـﺎﻟﺒﻴﺘﻮن ﻋﻠـﻰ
ﻛﺎﻣﻞ ﺳﻄﺤﻪ وﻟﻪ ﻧﻔﺲ اﻟﻘﻄﺮ ،وأﻳﻀﺎ" أﻧﺒﻮب ﻣﻌﺪﻧﻲ ﻣﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن وﻟﻜﻦ ﺗﻢ ﺗﻔﺮﻳـﻎ اﻟﺒﻴﺘـﻮن ﻣـﻦ ﺟﺰﺋـﻪ اﻟﻌﻠـﻮي
واﻟﺴــﻔﻠﻲ ﺑﻤﻘــﺪار 15 mm.ﻛﻤــﺎ ﻫــﻮ ﻣﻮﺿــﺢ ﺑﺎﻟﺸــﻜﻞ ) .(5وﺳــﻮف ﻳــﺘﻢ ﺗﺤﻠﻴــﻞ ﻧﺘــﺎﺋﺞ ﻣﻨﺤﻨﻴــﺎت اﻟﺘﺤﻤﻴــﻞ
ﻟﻠﻨﻤﺎذج اﻟﺜﻼﺛﺔ اﻟﻤﺬﻛﻮرة.

ﺷﻜﻞ  :5اﻟﻤﻨﺤﻨﻴﺎت اﻟﺒﻴﺎﻧﻴﺔ ﻟﻸﻧﺒﻮب اﻟﻤﻔﺮغ واﻷﻧﺒﻮب اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن ﻟﻠﻘﻄﺮ .140 mm

ﻳﺒﻴﻦ اﻟﺸﻜﻞ) (5اﻟﻤﻨﺤﻨﻴﺎت اﻟﺒﻴﺎﻧﻴﺔ ﻟﻸﻧﺒﻮب اﻟﻤﻔﺮغ )اﻟﻌﻴﻨﺔ رﻗﻢ  (1واﻷﻧﺒـﻮب اﻟﻤﻌﺒـﺄ ﺑـﺎﻟﺒﻴﺘﻮن واﻟﻤﺤﻤـﻞ
ﻋﻠﻰ اﻷﻧﺒﻮب واﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻣﻌﺎ ً)اﻟﻌﻴﻨﺔ رﻗﻢ  .(2واﻟﻤﻨﺤﻨﻴﺎت ﺗﻮﺿﺢ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻓﻘـﻂ ﻓـﻲ
اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن واﻟﻤﻔﺮغ ﻣﻦ اﻟﻄﺮﻓﻴﻦ ﺑﻤﻘﺪار )15 mmاﻟﻌﻴﻨﺔ رﻗﻢ .(3
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ﺻﻮرة  : 5أﺳﻄﻮاﻧﺎت ﻣﻌﺪﻧﻴﺔ ﻣﺼﻤﺘﺔ ﻟﻨﻘﻞ اﻟﺤﻤﻮﻟﺔ اﻟﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻟﻮﺣﺪﻫﺎ دون اﻷﻧﺒﻮب.

ﺻﻮرة  : 6آﻟﻴﺔ ﺗﺜﺒﻴﺖ ﺳﺎﻋﺎت ﻗﻴﺎس اﻟﺘﺸﻮﻫﺎت ﻋﻠﻰ اﻟﻌﻴﻨﺔ ﻟﺒﻴﺎن اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ.
أﻣﺎ ﻋﻤﻠﻴﺔ اﻧﺘﻘﺎل اﻟﺤﻤﻮﻻت ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻓﻘﻂ ،ﻓﻘـﺪ ﺗـﻢ ﺑﻮﺿـﻊ أﻧﺎﺑﻴـﺐ ﻣﻌﺪﻧﻴـﺔ ﻣﺼـﻤﺘﺔ ﻣـﻦ أﻋﻠـﻰ وأﺳـﻔﻞ
اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ﻳﻘﻞ ﻗﻄﺮﻫﺎ اﻟﺨﺎرﺟﻲ ﻋﻦ اﻟﻘﻄﺮ اﻟﺪاﺧﻠﻲ ﻟﻸﻧﺒـﻮب اﻟﻤﻌﺒـﺄة ﺑـﺎﻟﺒﻴﺘﻮن ﺑﻤﻘـﺪار  0.2 mmوارﺗﻔﺎﻋﻬـﺎ 40
 mmﻛﻤﺎ ﻫﻮ ﻣﻮﺿﺢ ﺑﺎﻟﺼﻮرة ) .(5ﻛﻤﺎ ﺗﻢ ﺗﺜﺒﻴﺖ ﺣﻮاﻣﻞ ﺳـﺎﻋﺎت ﻗﻴـﺎس اﻟﺘﺸـﻮه و اﻻرﺗﻜـﺎز ﻋﻠـﻰ اﻟﻌﻴﻨـﺔ ﺑﻮاﺳـﻄﺔ ﻟﺤـﻢ
ﻋﺰﻗﺎت ﻣﻌﺪﻧﻴﺔ ﻋﻠﻰ ﺳﻄﺢ اﻟﻌﻴﻨﺔ ،وﺗﻢ ﺑﻌﺪ ذﻟﻚ ﺗﺜﺒﻴﺖ ﺳﺎﻋﺎت ﻗﻴﺎس اﻟﺘﺸﻮه ﻟﻘﻴﺎس اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ ،وﻣﻦ أﺟﻞ ﻗﻴﺎس
اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ ﺗـﻢ ﻟﺤـﻢ ﻋﺰﻗـﺔ ﻣﻌﺪﻧﻴـﺔ ﻋﻠـﻰ اﻷﻧﺒـﻮب ،وﻣـﻦ ﺛـﻢ ﺗـﻢ ﺗﺜﺒﻴـﺖ ﺑﺮاﻏـﻲ ﻣﻌﺪﻧﻴـﺔ ﻋﻠﻴـﻪ ﺑﺸـﻜﻞ أﻓﻘـﻲ ،ووﺿـﻊ
اﻟﺤﻠﻘﺔ اﻟﻤﻌﺪﻧﻴﺔ اﻟﻤﺮﺗﻜﺰة ﻋﻠﻰ اﻟﺒﺮاﻏﻲ ﻛﻤﺎ ﻫﻮ ﻣﻮﺿﺢ ﺑﺎﻟﺼﻮرة ) (6ﺣﺴﺐ اﻟﻤﺮﺟﻊ ].[1
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•

اﺟﻬﺎد اﻟﺒﻴﺘﻮن ﺿﻤﻦ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻟﻠﻌﻴﻨـﺔ اﻟﺘـﻲ ﻗﻄﺮﻫـﺎ 1150000/13665 = 84.035 :140 mm
N/mm2

ﻫﺬا اﻻﺟﻬﺎد ﻧﻔﺴﻪ ﻳﻌﺒﺮ ﻋﻦ اﺟﻬﺎد اﻟﺒﻴﺘﻮن ﺿـﻤﻦ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻋﻨـﺪﻣﺎ ﺗﻨﺘﻘـﻞ اﻟﺤﻤﻮﻟـﺔ إﻟـﻰ اﻟﺒﻴﺘـﻮن
ﻓﻘﻂ ،وﺑﺤﺴـﺎب اﻻﺟﻬـﺎد ﻟﻠﺒﻴﺘـﻮن اﻟﻤﺤـﺮر ﻣـﻦ اﻷﻧﺒـﻮب ﻧﻔﺴـﻪ ﻳﻜـﻮن ﻫـﺬا اﻻﺟﻬـﺎد ﻣﺴـﺎوﻳﺎً25.773 N/mm2 :
وﻣﻦ أﺟﻞ اﻟﺘﻤﻴﻴﺰ ﺑﻴﻦ إﺟﻬﺎد اﻟﺒﻴﺘﻮن ﺿﻤﻦ اﻷﻧﺒﻮب اﻟﻤﺬﻛﻮر أﻋﻼه وإﺟﻬﺎد اﻟﺒﻴﺘﻮن اﻟﻤﺤﺮر ﻣﻦ اﻷﻧﺒﻮب ﺗﻜـﻮن
ﻧﺴﺒﺔ اﻟﺰﻳﺎدة ﻓﻲ ﻗﺪرة ﺗﺤﻤﻞ اﻟﺒﻴﺘـﻮن ﺿـﻤﻦ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻋﻠـﻰ اﻟﻀـﻐﻂ ﻣﺴـﺎوﻳﺔ  3.3ﻣـﺮة ﺑﺎﻟﻨﺴـﺒﺔ ﻟﻘـﺪرة
ﺗﺤﻤﻞ اﻟﺒﻴﺘﻮن اﻟﻤﺤﺮر.
أﻣﺎ اﻟﻤﻘﺎوﻣﺎت اﻟﻨﺎﺗﺠﺔ ﻋﻦ اﻟﻤﻜﻌﺒﺎت  200×200×200 mmو  ،100×100×100 mmﻓﻴﻤﻜﻦ اﻋﺘﻤﺎدﻫﺎ
ﻋﻨﺪ ﺗﺼﻤﻴﻢ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠـﻮءة ﺑـﺎﻟﺒﻴﺘﻮن ﻣـﻦ ﻗﺒـﻞ اﻟﺒـﺎﺣﺜﻴﻦ ﻓـﻲ ﻫـﺬا اﻟﻤﻮﺿـﻮع ،وذﻟـﻚ ﻋﻨـﺪ ﻣﺮاﺟﻌـﺔ اﻷﻧﺎﺑﻴـﺐ
اﻟﻤﻌﺒﺄة ﺑﺎﻟﺒﻴﺘﻮن واﻟﻤﺤﻤﻠﺔ ﻋﻠﻰ اﻷﻧﺒﻮب واﻟﺒﻴﺘﻮن ﻣﻌﺎ".وﻫﺬا ﺧﺎرج ﻧﻄﺎق اﻟﺒﺤﺚ اﻟﺮاﻫﻦ.
وﻗﺪ ﺗﻢ إﺟﺮاء ﺗﺠﺎرب ﺗﺤﻤﻴﻞ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺑﻌــﺪ  90ﻳﻮﻣـﺎً ﻣـﻦ ﺗـﺎرﻳﺦ اﻟﺼـﺐ وﺗـﻢ ﻗﻴـﺎس
اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ و اﻟﻌﺮﺿــﻴﺔ ﺑﻮاﺳــﻄﺔ ﺳــﺎﻋﺎت ﻗﻴــﺎس اﻟﺘﺸــﻮه اﻟﻤﺘﻮﺿــﻌﺔ ﻋﻠــﻰ اﻟﻌﻴﻨــﺎت ﺑﻮاﺳــﻄﺔ اﻟﺤﻮاﻣــﻞ
وﻗﻀﺒﺎن اﻻرﺗﻜﺎز واﻟﺤﻠﻘﺎت اﻟﻤﻌﺪﻧﻴﺔ ﻟﺘﺜﺒﻴﺖ ﺳﺎﻋﺎت ﻗﻴﺎس اﻟﺘﺸﻮه ﻋﻠﻴﻬﺎ وذﻟﻚ ﻟﺘﺤﺪﻳـﺪ اﻟﺘﺸـﻮﻫﺎت اﻟﻄﻮﻟﻴـﺔ و
اﻟﻌﺮﺿﻴﺔ ،وﻫﺬا ﻣﺎ ﺗﻮﺿﺤﻪ اﻟﺼﻮرة ) (4وﻓﻖ اﻟﻤﺮﺟﻊ ].[4

ﺻـﻮرة  :4ﺳـﺎﻋﺎت ﻗﻴـﺎس اﻟﺘﺸـﻮﻫﺎت )ﺣﻮاﻣـﻞ اﻟﺴـﺎﻋﺎت وﺻـﻔﻴﺤﺔ اﻻرﺗـﺪاد واﻟﺤﻠﻘـﺎت اﻟﻤﻌﺪﻧﻴـﺔ ﻟﺘﺜﺒﻴـﺖ ﺳـﺎﻋﺎت ﻗﻴـﺎس
اﻟﺘﺸﻮه ﻟﺘﺤﺪﻳﺪ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ(.
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ﺻﻮرة  :3اﻟﻌﻴﻨﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺑﻌﺪ ﻧﺸﺮ ﻓﻮﻻذ اﻷﻧﺒﻮب وﺗﺤﺮﻳﺮ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻣﻦ اﻟﺪاﺧﻞ ﻣﻤﺎ ﻳﺜﺒﺖ أﻧﻪ ﻻ
ﻳﻮﺟﺪ ﺗﻤﺎﺳﻚ ﺑﻴﻦ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ واﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ.

ﺑﺎﻟﻤﻘﺎرﻧـﺔ ﺑـﻴﻦ ﻛﺴـﺮ اﻟﻤﻜﻌﺒـﺎت  100×100×100 mmوﻛﺴـﺮ اﻟﻤﻜﻌﺒـﺎت  200×200×200 mmوﻛﺴـﺮ
اﻷﺳﻄﻮاﻧﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ اﻟﻤﺤﺮرة  107×400 mmو  ،132×400 mmوإﺟﺮاء اﻟﻤﻘﺎرﻧﺔ ﺑﻴﻦ ﻫـﺬه اﻟﺒﻴﺎﻧـﺎت اﻟﺜﻼﺛـﺔ
ﺣﺘـــﻰ ﻧﻌﺘﻤـــﺪ اﻟﻤﻘﺎوﻣـــﺔ اﻟﺘﺼـــﻤﻴﻤﻴﺔ ﻟـــﺪﻳﻨﺎ أو ﻣـــﺎدة اﻟﺒﻴﺘـــﻮن ﻟﻠﻌﻨﺎﺻـــﺮ ،اﻋﺘﻤـــﺪت اﻟﻤﻘﺎوﻣـــﺔ ﻟﻠﻤﻜﻌﺒـــﺎت 100
 ،100×100×mmوذﻟـــﻚ ﺑﻌـــﺪ ﺗﺤﻮﻳﻠﻬـــﺎ ﻟﻤﻘﺎوﻣـــﺔ اﺳـــﻄﻮاﻧﻴﺔ وﻫـــﻲ ﻗﺮﻳﺒـــﺔ ﻣـــﻦ ﻣﻘﺎوﻣـــﺔ اﻻﺳـــﻄﻮاﻧﺔ 400
 ،107×mmوﻫﺬا اﻟﻔﺮق ﺑﻴﻨﻬﻤﺎ ﻧﺎﺗﺞ ﻋﻦ زﻳﺎدة اﻻرﺗﻔﺎع ﻣـﻦ  300 mmإﻟـﻰ  400 mmوأﻳﻀـﺎً ﻧﻘﺼـﺎن اﻟﻘﻄـﺮ
ﻣﻦ  150 mmﺣﺘﻰ  107 mmوﻫﺬه اﻟﺰﻳﺎدة ﻓﻲ اﻟﻤﻘﺎوﻣﺔ ﻫﻲ ﻟﺼﺎﻟﺢ اﻷﻣﺎن.
ﺑﻬﺪف ﺗﺤﺪﻳﺪ زﻳﺎدة ﻗـﺪرة ﺗﺤﻤـﻞ اﻟﺒﻴﺘـﻮن ﺿـﻤﻦ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻓـﻲ ﺣﺎﻟﺘﻴﻬـﺎ )اﻟﺘﺤﻤﻴـﻞ ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن
ﻓﻘﻂ واﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب واﻟﺒﻴﺘـﻮن( ،ﻛـﺎن اﻟﻘـﺮار ﺑـﺄن ﻳـﺘﻢ اﻟﺘﺤﻤﻴـﻞ ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن ﻓﻘـﻂ ،اﻷﻣـﺮ اﻟـﺬي ﻳﻌﻄـﻲ
ﻗــﺪرة ﺗﺤﻤــﻞ أﻛﺒــﺮ ،وﺣﺘــﻰ ﻳﻤﻜــﻦ ﻣﻘﺎرﻧــﺔ ﻗــﺪرة ﺗﺤﻤــﻞ اﻟﺒﻴﺘــﻮن ﺿــﻤﻦ اﻷﻧﺒــﻮب ،ﻛــﺎن ﻻ ﺑــﺪ ﻣــﻦ ﻣﻌﺮﻓــﺔ ﺣﻤﻮﻟــﺔ
اﻻﻧﻬﻴﺎر ﻟﻸﻧﺒﻮب اﻟﺒﻴﺘﻮﻧﻲ اﻟﻤﺤﻤﻞ ﻋﻠﻰ اﻟﺒﻴﺘﻮن ﻣﺒﺎﺷﺮة.
•

اﺟﻬﺎد اﻟﺒﻴﺘﻮن ﺿﻤﻦ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ﻟﻠﻌﻴﻨﺔ اﻟﺼﻐﻴﺮة750000/8992 = 83.407 N/mm2 :

وﻫــﺬا اﻹﺟﻬــﺎد ﻳﻤﺜــﻞ ﻗﻴﻤـﺔ اﻻﺟﻬــﺎدات ﻋﻠــﻰ اﻟﻀــﻐﻂ ﻓــﻲ اﻟﺒﻴﺘــﻮن ﺿــﻤﻦ اﻷﻧﺒــﻮب اﻟﻤﻌــﺪﻧﻲ ﻋﻨــﺪﻣﺎ ﺗﻨﺘﻘــﻞ
اﻟﺤﻤﻮﻟـــــــﺔ ﻋﻠـــــــﻰ اﻟﺒﻴﺘـــــــﻮن ﻓﻘـــــــﻂ ﻟﺤﺴـــــــﺎب اﻹﺟﻬـــــــﺎد ﻟﻠﺒﻴﺘـــــــﻮن اﻟﻤﺤـــــــﺮر ﻣـــــــﻦ اﻷﻧﺒـــــــﻮب وﻗـــــــﺪره:
22.12 N/mm2 = 198900/8992

وﺑﺴﺒﺐ اﻟﺘﻤﻴﻴﺰ ﺑﻴﻦ إﺟﻬﺎد اﻟﺒﻴﺘﻮن ﺿﻤﻦ اﻷﻧﺒﻮب اﻟﺒﻴﺘﻮﻧﻲ اﻟﻤـﺬﻛﻮر أﻋـﻼه وإﺟﻬـﺎد اﻟﺒﻴﺘـﻮن اﻟﻤﺤـﺮر ﻣـﻦ
اﻷﻧﺒﻮب ﻓﺈﻧﻪ ﻳﻨﺘﺞ أن ﻗﺪرة ﺗﺤﻤﻞ اﻟﺒﻴﺘﻮن ﺿﻤﻦ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ﻋﻦ اﻟﺒﻴﺘـﻮن اﻟﻤﺤـﺮر ﻗـﺪ زادت ﺑﻨﺴـﺒﺔ
 3.8ﻣﺮة.
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A1

A2

A3

B1

B2

B3

100

100

100

80

80

80

ﺑﻌﺪ اﻟﺘﺠﺮﺑﺔ

124.5

122.3

125

101

104

100

اﻟﻤﻄﻠﻘﺔ

2.45

2.23

2.5

2.1

2.4

2

اﻟﻨﺴﺒﻴﺔ %

24

22

25

26

30

25

ﺣﻤﻮﻟﺔ اﻟﻤﺮوﻧﺔ kN

88.20

91.40

86.50

62.00

55.00

57.50

ﺣﺪ اﻟﻤﺮوﻧﺔ N/mm2

297.3

312.6

293.7

305.9

288.3

294.4

ﺣﻤﻮﻟﺔ اﻻﻧﻘﻄﺎع kN

98.40

102.60

97.90

70.90

66.50

67.80

ﺣﺪ اﻻﻧﻘﻄﺎع N/mm2

331.6

350.9

332.4

349.8

348.6

347.2

رﻗﻢ اﻟﻌﻴﻨﺔ
اﻟﻄﻮل  mmﻗﺒﻞ اﻟﺘﺠﺮﺑﺔ
ل=  5ق

اﻻﺳﺘﻄﺎﻟﺔ

ﺟﺪول  :2اﺧﺘﺒﺎر اﻟﻌﻴﻨﺎت اﻟﺒﻴﺘﻮﻧﻴﺔ ﻋﻠﻰ اﻟﻀﻐﻂ
ج

أﺑﻌﺎد اﻻﺳﻄﻮاﻧﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ

ﺣﻤﻮﻟﺔ اﻻﻧﻜﺴﺎر

اﻟﻤﻘﺎوﻣﺔ اﻻﺳﻄﻮاﻧﻴﺔ

اﻟﻘﻄﺮ mm

اﻻرﺗﻔﺎع mm

) ( kN

N/mm2

132

400

352.7

25.773

107

400

198.9

22.12

ﺛﻢ أﺧﺬت اﻻﺳـﻄﻮاﻧﺘﻴﻦ اﻟﺒﻴﺘـﻮﻧﻴﺘﻴﻦ اﻟﻤﺤـﺮرﺗﻴﻦ ﻹﺟـﺮاء ﺗﺠﺮﺑـﺔ اﻟﻜﺴـﺮ ﻟﺘﺤﺪﻳـﺪ اﻟﻤﻘﺎوﻣـﺔ وﻛﺎﻧـﺖ اﻟﻨﺘـﺎﺋﺞ
ﻛﻤﺎ ﻓﻲ اﻟﺠﺪول ).(2
ﺗﺒﻴﻦ اﻟﺼـﻮرة ) (3اﻟﻌﻴﻨـﺎت اﻟﻤﻌﺒـﺄة ﺑـﺎﻟﺒﻴﺘﻮن واﻟﻤﻨﺸـﻮرة ﻟﺘﺤﺮﻳـﺮ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻣـﻦ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ،
وأﻳﻀﺎ" ﺗﻢ ﺗﺼﻔﻴﺢ أﺟﺰاء ﻣﻦ ﻫﺬه اﻻﺳﻄﻮاﻧﺎت اﻟﻤﺤﺮرة و إﺟﺮاء ﺗﺠﺮﺑﺔ اﻟﺸـﺪ و ﺗﺤﺪﻳـﺪ ﺣـﺪ اﻟﻤﺮوﻧـﺔ وﺣـﺪ
اﻻﻧﻘﻄــﺎع ،وأﻳﻀــﺎ" ﺗﺒ ـﻴّﻦ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ ﺑﻌــﺪ أن ﺗــﻢ ﻛﺴــﺮﻫﺎ ﻋﻠــﻰ اﻟﻤﻜــﺒﺲ اﻟﻬــﺪروﻟﻴﻜﻲ ،ﻛﻤــﺎ ﺗﻮﺿــﺢ ﻫــﺬه
اﻟﺼﻮرة ﻋﺪم وﺟﻮد ﺗﻤﺎﺳﻚ ﺑﻴﻦ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ وﻓﻮﻻذ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ﻣﻦ اﻟﺪاﺧﻞ .وﻣﻦ ﺧﻼل ﻣﻘﺎرﻧـﺔ ﻗـﻴﻢ
اﻟﻤﻘﺎوﻣﺔ اﻟﻨﺎﺗﺠﺔ ﻋﻦ:
 -اﻟﻤﻜﻌﺒﺎت اﻟﺒﻴﺘﻮﻧﻴﺔ 100×100×100 mm

20.3-21.1-22.6 N/mm2

 -اﻟﻤﻜﻌﺒﺎت اﻟﺒﻴﺘﻮﻧﻴﺔ 200 ×200×200 mm

N/mm2 33.6

 -اﻻﺳﻄﻮاﻧﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ 400×132 mm

N/mm2 25.773

 -اﻻﺳﻄﻮاﻧﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ 400×107 mm

N/mm2 22.12
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ﻋﻴﺎر اﻻﺳﻤﻨﺖ 400 kg/m3
ﻋﻴﺎر اﻟﺒﺤــﺺ kg/m3 1200
ﻋﻴﺎر اﻟﺮﻣـــﻞ700 kg/m3
ﻋﻴﺎر اﻟﻤـــﺎء 220 kg/m3

 ﻧﺴﺒﺔ اﻟﻤﺎء ﻟﻺﺳﻤﻨﺖ  W = 0.55وﻟﻢ ﻳﺘﻢ اﺳﺘﺨﺪام ﻣﻠﺪﻧﺎت.C

 ﺗﻢ ﺗﺤﻀﻴﺮ ﻫﺬه اﻟﻌﻴﻨﺎت و ﺻﺒﻬﺎ ﻓﻲ ﻣﺪﻳﻨﺔ ﺣﻠﺐ ﻓﻲ ﻣﻌﻤﻞ اﻟﺒﻴﺘﻮن ﻣﺴﺒﻖ اﻟﺼﻨﻊ. ﺗﻢ ﺗﺄﻣﻴﻦ ﺳﻄﺢ ﻣﺴـﺘﻮ ﻟﻠﻌﻴﻨـﺎت ﻋﻨـﺪ ﺻـﺒﻬﺎ وﺗﻨﻔﻴـﺬ اﻵﻟﻴـﺔ اﻟﻤﻨﺎﺳـﺒﺔ ﻟﻤﻨـﻊ ﺗﺴـﺮب اﻟﺨﻠﻄـﺔ ﻣﻨﻬـﺎ ﺛـﻢ ﺗـﻢوﺿﻌﻬﺎ ﺑﺎﻟﻤﺎء ﻟﻤﺪة  28ﻳﻮم.
وأﺛﻨــــــﺎء ذﻟــــــﻚ ﺗــــــﻢ ﺻــــــﺐ ﺛﻼﺛــــــﺔ ﻣﻜﻌﺒـــــﺎت ﺑﻴﺘﻮﻧﻴــــــﺔ ،100×100×100 mmوأرﺑﻌــــــﺔ أﺧــــــﺮى ﻗﻴــــــﺎس
 ،200×200×200 mmوﺗــﻢ إﺣﻀــﺎر ﻫــﺬه اﻟﻌﻴﻨــﺎت إﻟــﻰ ﻣﺨﺒــﺮ ﻛﻠﻴــﺔ اﻟﻬﻨﺪﺳــﺔ اﻟﻤﺪﻧﻴــﺔ ،وﺗــﻢ اﺧﺘﺒﺎرﻫــﺎ ﻋﻠــﻰ
اﻟﻀﻐﻂ ﻓﻲ ﻣﺨﺒﺮ اﻟﺒﻴﺘﻮن و ﻣﻮاد اﻟﺒﻨﺎء ،وﻋﻨﺪ ﻛﺴـﺮ ﻫـﺬه اﻟﻌﻴﻨـﺎت اﻟﻤﻜﻌﺒﻴـﺔ ﺑﻌـﺪ  28ﻳﻮﻣـﺎً ﻛﺎﻧـﺖ اﻟﻨﺘـﺎﺋﺞ ﻋﻠـﻰ
اﻟﺸﻜﻞ اﻟﺘﺎﻟﻲ:
أﻋﻄﺖ اﻟﻤﻜﻌﺒﺎت  200×200×200 mmﻣــﻘﺎوﻣﺔ ﻣﻜﻌﺒــﻴﺔ  40.5 N/mm2وﻣﻘﺎوﻣﺔ اﺳﻄﻮاﻧﻴﺔ

33.6 N/mm2

أﻋﻄﺖ اﻟﻤﻜﻌﺒﺎت  100×100×100 mmﻣﻘﺎوﻣﺔ ﻣﻜﻌﺒﻴــﺔ  26 – 29 – 27 N/mm2وﻣﻘﺎوﻣﺔ اﺳﻄﻮاﻧﻴﺔ
20.3 - 22.6 - 21.3 N/mm2

ﺛﻢ ﺗﻢ ﻧﺸﺮ أﻧﺒﻮب ﻣﻌﺪﻧﻲ ﻣﻤﻠﻮءاً ﺑﺸﻜﻞ ﻛﺎﻣﻞ ﺑﺎﻟﺒﻴﺘﻮن ﺑﻘﻄﺮ  140 mmو آﺧـﺮ ﺑﻘﻄـﺮ  114 mmو ﺗـﻢ
ﺗﺤﺮﻳــﺮ اﺳــﻄﻮاﻧﺘﻲ اﻟﺒﻴﺘــﻮن ﻣــﻦ داﺧﻠﻬﻤــﺎ وﺟــﺮى ﺑﻌــﺪﻫﺎ ﻧﺸــﺮ اﻟﻐــﻼف اﻟﻤﻌــﺪﻧﻲ ﻟﻸﻧﺒــﻮﺑﻴﻦ إﻟــﻰ ﺷــﺮاﺋﺢ ﻣﻌﺪﻧﻴــﺔ
ﻹﺟــﺮاء ﺗﺠﺮﺑــﺔ ﺷــﺪ اﻟﻔــﻮﻻذ اﻟﻤﺴــﺘﺨﺪم ﻓــﻲ اﻷﻧﺎﺑﻴــﺐ اﻟﻤﻌﺪﻧﻴــﺔ ،وأﻋﻄــﺖ ﻫــﺬه اﻟﺘﺠﺮﺑــﺔ اﻻﺳــﺘﻄﺎﻟﺔ اﻟﻤﻄﻠﻘــﺔ
واﻟﻨﺴﺒﻴﺔ وﺣﺪ اﻟﻤﺮوﻧﺔ واﻻﻧﻘﻄﺎع ﻛﻤﺎ ﻫﻮ ﻣﻮﺿﺢ ﺑﺎﻟﺠﺪول ):(1
ﺟﺪول  :1ﻧﺘﺎﺋﺞ اﺧﺘﺒﺎر ﺧﻮاص ﻓﻮﻻذ اﻷﻧﺒﻮب
A1

A2

A3

B1

B2

B3

اﻟﻌﺮض mm

69

68

68.5

56.3

54.5

55.8

اﻟﺴﻤﺎﻛﺔ mm

4.3

4.3

4.3

3.6

3.5

3.5

296.7

292.4

294.55

202.7

190.8

195.3

رﻗﻢ اﻟﻌﻴﻨﺔ
أﺑﻌﺎد اﻟﻌﻴﻨﺔ

ﻣﺴﺎﺣﺔ
2

اﻟﻤﻘﻄﻊ mm
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 -2-1اﻻﺧﺘﺒﺎرات اﻟﺠﺪﻳﺪة Current Tests

ﺗﻢ ﺗﺤﻀﻴﺮ ﻣﺠﻤﻮﻋﺘﻴﻦ ﻧﻤﻮذﺟﻴﺘﻴﻦ ﻣﻦ اﻷﺳﻄﻮاﻧﺎت اﻟﻤﻌﺪﻧﻴﺔ ﺑﻘﻄﺮﻳﻦ ﻣﺨﺘﻠﻔﻴﻦ وﺑﺴﻤﺎﻛﺘﻴﻦ ﻣﺨﺘﻠﻔﺘـﻴﻦ،
ﻛﻤﺎ ﺗﻢ اﺧﺘﻴﺎر اﻷﻧﺎﺑﻴﺐ اﻟﻤﻠﺤﻮﻣﺔ ﻟﺮﺧﺺ ﺛﻤﻨﻬﺎ ﻓﻲ اﻷﺳﻮاق اﻟﻌﺎﻟﻤﻴﺔ واﻟﺘﻲ ﻳﻤﻜﻦ ﺗﺼﻨﻴﻌﻬﺎ ﻣﺤﻠﻴﺎً.
اﻟﻨﻤـﻮذج اﻷول :اﻟﻘﻄـﺮ اﻟﺨـﺎرﺟﻲ  140 mmﺑﺴـﻤﺎﻛﺔ  ،4.3 mmوأﺑﻘـﻲ أﻧﺒﻮﺑـﺎن ﻣﻌـﺪﻧﻴﺎن ﻓـﺎرﻏﻴﻦ ،أﻣـﺎ
اﻷﻧﺎﺑﻴــﺐ اﻟﺘــﻲ ﺗــﻢ ﻣﻠﺆﻫــﺎ ﺑــﺎﻟﺒﻴﺘﻮن وﻋــﺪدﻫﺎ ﻋﺸــﺮة  :ﻓﺨﻤﺴــﺔ ﻣﻨﻬــﺎ ﻋﺒﺌــﺖ ﺑــﺎﻟﺒﻴﺘﻮن ﺑﺸــﻜﻞ ﻛﺎﻣــﻞ ﻣــﻦ ﺳــﻄﺤﻬﺎ
اﻟﻌﻠــﻮي واﻟﺴــﻔﻠﻲ أﻳﻀـﺎً ،وﻋﺒﺌــﺖ ﺧﻤﺴــﺔ أﺧــﺮى ﻣــﻦ ﻫــﺬا اﻟﻨــﻮع ﻣﻔﺮﻏــﺔ ﺑﺎرﺗﻔــﺎع  15mmﻣــﻦ اﻟﺴــﻄﺢ اﻟﻌﻠــﻮي
واﻟﺴﻔﻠﻲ ﻣﻦ اﻟﺒﻴﺘﻮن.
اﻟﻨﻤــﻮذج اﻟﺜــﺎﻧﻲ :اﻟﻘﻄــﺮ اﻟﺨــﺎرﺟﻲ  114 mmﺑﺴــﻤﺎﻛﺔ  ،3.5 mmوأﺑﻘــﻲ أﻧﺒﻮﺑــﺎن ﻣﻌــﺪﻧﻴﺎن ﻓــﺎرﻏﻴﻦ،
واﻟﺒﺎﻗﻲ ﺗﻢ ﻣﻠﺆه ﺑﺎﻟﺒﻴﺘﻮن ﺣﻴﺚ ﻋﺒﺌﺖ ﺧﻤﺴﺔ ﻣﻨﻬـﺎ ﺑـﺎﻟﺒﻴﺘﻮن ﻛﺎﻣﻠـﺔ واﻟﺨﻤﺴـﺔ اﻷﺧـﺮى ﺗـﻢ ﺗﻔﺮﻳـﻎ  15 mmﻣﻨﻬـﺎ
ﻣﻦ اﻟﺒﻴﺘﻮن ﻣﻦ اﻟﻄﺮﻓﻴﻦ ،اﻟﺼﻮرة ).(2

ﺻﻮرة  :2ﻋﻴﻨﺎت اﻻﺧﺘﺒﺎر ﻓﻲ اﻟﻨﻤﻮذﺟﻴﻦ.

 ﺗﻢ اﺳﺘﺨﺪام اﻟﺤﺼﻮﻳﺎت اﻟﻔﺮاﺗﻴﺔ ﺿﻤﻦ اﻟﺨﻠﻄﺔ اﻟﺒﻴﺘﻮﻧﻴﺔ ﺑﺤﻴﺚ:اﻟﻮزن اﻟﺤﺠﻤﻲ ﻟﻠﺒﺤﺺ اﻟﻔﺮاﺗﻲ ﻓﻲ اﻟﺤﺎﻟﺔ اﻟﺮﻃﺒﺔ 1.65 t/m 3
اﻟﻮزن اﻟﺤﺠﻤﻲ ﻟﻠﺰرادة اﻟﻔﺮاﺗﻴﺔ ﻓﻲ اﻟﺤﺎﻟﺔ اﻟﺮﻃﺒﺔ 1.72 t/m 3
اﻟﻮزن اﻟﺤﺠﻤﻲ ﻟﻠﺮﻣﻞ اﻟﻔﺮاﺗﻲ ﻓﻲ اﻟﺤﺎﻟﺔ اﻟﺮﻃﺒﺔ 1.35 t/m3
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 ﻣﻦ اﻟﺸﻜﻞ ) ،(2ﻋﻨﺪ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻔـﺮغ ﻣـﻦ اﻷﻋﻠـﻰ و اﻷﺳـﻔﻞ ﻛﻤـﺎ ﻫـﻮ واﺿـﺢ ﺑـﺎﻟﻤﻨﺤﻨﻲرﻗﻢ  ،1ﻓﻘﺪ أﺧﺬ اﻷﻧﺒﻮب ﻗﻴﻤـﺔ ﺗﺤﻤﻴـﻞ أﻗـﻞ ﻣـﻦ ﻗﻴﻤـﺔ ﺗﺤﻤﻴـﻞ اﻷﻧﺒـﻮب اﻟﻤﻔـﺮغ ،وذﻟـﻚ ﻳﻌـﻮد إﻟـﻰ أن اﻷﻧﺒـﻮب
اﻟﻤﻔﺮغ ﻗﺪ أﺧﺬ ﻗﺪرة ﺗﺤﻤﻞ أﻛﺒﺮ ﻋﻨﺪﻣﺎ ﻳﻜﻮن ﺣﺮّا ﻣﻦ ﻛﺎﻓﺔ أﻃﺮاﻓﻪ اﻟﺪاﺧﻠﻴﺔ و اﻟﺨﺎرﺟﻴﺔ.
أﻣﺎ اﻷﻧﺒﻮب اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن ﺑﺸـﻜﻞ ﻛﺎﻣـﻞ ،اﻟﺸـﻜﻞ ) ،(1ﻋﻨـﺪﻣﺎ ﺗـﻢ اﻟﺘﺤﻤﻴـﻞ ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن واﻟﻤﻌـﺪن ﻣﻌـ ًﺎ
ﻓﻘﺪ أﺧﺬ ﺣﻤﻮﻟﺔ ﻣﻘـﺪارﻫﺎ  N = 830 kNﻋﻠﻤـﺎ ً أن إﺟﻬــﺎد ﺣـﺪ اﻟﺨﻀـﻮع ﺣﺪﻳـﺪ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻓـﻲ ﺣﺎﻟـﺔ
اﻟﺸﺪ ﻳﺴﺎوي إﻟﻰ  .300 N/mm2ﺑﻴﻨﻤﺎ إﺟﻬﺎد ﺣﺪ اﻟﺨﻀﻮع ﻓﻲ ﺣﺎﻟـﺔ اﻟﻀـﻐﻂ ) 234 N/mm2ﻋﻠﻤـﺎ أن ﻗﻄـﺮ
اﻷﻧﺒــﻮب اﻟﺨــﺎرﺟﻲ  D = 106 mmوﺳــﻤﺎﻛﺘﻪ  4mmوأن اﻟﻤﻘﺎوﻣــﺔ اﻟﻤﻮﺷــﻮرﻳﺔ ﻟﻠﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ اﻟﻤﺘﻮﺿــﻌﺔ
ﺿﻤﻦ اﻷﻧﺒﻮب ﺗﺴﺎوي إﻟﻰ .(18 N/mm2
ﻳﺘﺒﻴﻦ ﻣﻤﺎ ﺗﻢ ﻋﺮﺿﻪ أﻋﻼه :ﺿﺮورة إﺟﺮاء ﻋﻤﻠﻴﺔ اﻟﺘﺤﻤﻴـﻞ ﺑﺤﻴـﺚ ﺗﻜـﻮن وﻇﻴﻔـﺔ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﺣﻔـﻆ
اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻣﻦ ﺗﻨﺎﻣﻲ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ و ﺣﻤﺎﻳﺔ اﻟﺒﻴﺘﻮن ﻣﻦ اﻻﻧﻬﻴﺎر ،ﺑﺤﻴﺚ ﻳﻌﻤـﻞ ﻓـﻮﻻذ اﻷﻧﺒـﻮب ﻋﻠـﻰ
اﻟﺸﺪ ﻓﻘﻂ.
إن اﻟﻌﻴﺐ اﻷﺳﺎﺳﻲ ﻟﻸﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ اﻟﻤﻤﻠﻮء ﺑـﺎﻟﺒﻴﺘﻮن ﻫـﻮ اﻟـﺘﻘﻠﺺ اﻟـﺬي ﻳﺘﻌـﺮض ﻟـﻪ اﻟﺒﻴﺘـﻮن ،وﻧﺘﻴﺠـﺔ
ﻟﻬــﺬا اﻟــﺘﻘﻠﺺ ﻓــﺈن ﺳــﻄﺢ اﻷﻧﺒــﻮب وﺳــﻄﺢ اﻟﺒﻴﺘــﻮن ﻻ ﻳﺸــﻜﻼن ﺳــﻄﺤﺎً واﺣــﺪاً ﻣﻨﺘﻈﻤــﺎ ً .وﻫــﺬا ﻣــﺎ ﺗﺆﻛــﺪه
اﻻﺧﺘﺒــﺎرات اﻟﺘﺠﺮﻳﺒﻴــﺔ اﻟﺘــﻲ ﻧــﻮه ﻋﻨﻬــﺎ آﻧﻔــﺎ ً ،ﻛﻤــﺎ ﺗﺆﻛــﺪ ذﻟــﻚ اﻟﺘﺠــﺎرب اﻟﻤﺠــﺮاة ﻓــﻲ دول اﻟﻌــﺎﻟﻢ ﻛﺎﻓـــﺔ ﻟﻬــﺬه
اﻟﻈﺎﻫﺮة ،[7,8,11,12]،وﻫﻲ ﺗﺆﺛﺮ ﻋﻠﻰ اﻟﻌﻤﻞ اﻹﺟﻬﺎدي ﺑﻴﻦ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ وﺑﻴﻦ اﻟﺒﻴﺘﻮن اﻟﻤﺘﻮﺿﻊ داﺧﻠـﻪ،
ﺑﺤﻴﺚ ﻳﺤﺪث ﻓﻲ ﺑﺪاﻳﺔ اﻟﺘﺤﻤﻴﻞ أن ﺗﺄﺧﺬ ﺑﻌﺾ ﺟﻮاﻧﺐ اﻷﻧﺒﻮب اﻹﺟﻬﺎدات ﻓـﻲ اﻟﻘﺴـﻢ اﻟـﺬي ﺳـﻄﺤﻪ ﻣﻔﺼـﻮﻻً
ﻋﻦ ﺳﻄﺢ اﻟﺒﻴﺘﻮن ،وﻫﺬه اﻟﻌﻤﻠﻴﺔ ﺗﺆﺛﺮ ﻓﻲ ﻋﻤﻠﻴﺔ اﻧﺘﻘﺎل اﻟﺘﺸﻮﻫﺎت ﻣﺎ ﺑﻴﻦ اﻟﺒﻴﺘﻮن واﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ وﺧﺎﺻﺔ
ﻋﻨــﺪ ﺗﻄﺒﻴــﻖ اﻟﺤﻤــﻮﻻت ﻃﻮﻳﻠــﺔ اﻷﻣــﺪ ،ﺑﺤﻴــﺚ ﻟــﻦ ﻳــﺘﻤﻜﻦ اﻷﻧﺒــﻮب اﻟﻤﻌــﺪﻧﻲ ﻋﻨــﺪ اﻟﺘﺤﻤﻴــﻞ اﻟﺰﻣﻨــﻲ أن ﻳﻤــﺘﺺ
اﻹﺟﻬﺎدات ﻣﻦ اﻟﺒﻴﺘﻮن ﻋﻨﺪ ﺣﺼﻮل ﻋﻤﻠﻴـﺔ زﺣـﻒ اﻟﺒﻴﺘـﻮن ﻣـﻊ اﻟـﺰﻣﻦ ،Concrete time-dependent fatigue
وأﻳﻀﺎً ﺗﺆﺛﺮ ﻫﺬه اﻟﻈـﺎﻫﺮة ﻋﻠـﻰ ﻋﻤﻠﻴـﺔ اﻟﻮﺻـﻞ ﻣـﺎ ﺑـﻴﻦ اﻷﻧﺎﺑﻴـﺐ اﻟﻤﻤﻠـﻮءة ﺑـﺎﻟﺒﻴﺘﻮن ﻓﻴﻤـﺎ ﺑﻴﻨﻬـﺎ ﻓـﻲ اﻟﻤﻨﺎﺳـﻴﺐ
اﻟﻄﺎﺑﻘﻴــﺔ ،أي أﻧــﻪ ﻋﻨــﺪ وﺻــﻞ اﻷﻋﻤــﺪة اﻟﻄﺎﺑﻘﻴــﺔ ﺑﻮاﺳــﻄﺔ اﻟﻠﺤــﺎم أو اﻟﺒﺮاﺷــﻴﻢ ﻻﻳﺤــﺪث وﺻــﻞ ﻛﺎﻣــﻞ وﺗﻮاﺻــﻞ
إﺟﻬﺎدي إﻻ ﺑﻴﻦ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻌﺪﻧﻴﺔ ﻓﻘﻂ ،وﻳﺤﺼﻞ ﻫﻨﺎك ﻓﺼﻞ ﺑﻴﻦ ﻋﻤـﻞ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ ﻟﻠﻌـﺎﻣﻮدﻳﻦ اﻟﻤﺘﺼـﻠﻴﻦ
ﻋـ ـﻦ ﻃﺮﻳـــﻖ اﻟﻠﺤـــﺎم ،أي أﻧـــﻪ ﻻ ﻳﺤﺼـــﻞ ﻋﻤـــﻞ ﻣﺸـــﺘﺮك وإﺟﻬـــﺎدات ﺣﺠﻤﻴـــﺔ ﻣﺘﺒﺎدﻟـــﺔ ﺑـــﻴﻦ ﻋﻨﺎﺻـــﺮ اﻟﻌـــﺎﻣﻮدﻳﻦ
اﻟﻤﺘﺼﻠﻴﻦ ،اﻷﻣﺮ اﻟﺬي ﻻ ﻳﺆﻣﻦ ﺗﺸﻜﻴﻞ ﻧﻮاة ﺑﻴﺘﻮﻧﻴﺔ ﻣﺸﺘﺮﻛﺔ ﻟﻠﺘﺤﻤﻴﻞ.
وﻋﻠــﻰ ﺿــﻮء ﻣــﺎ ﺗﻘــﺪم ،ﻛــﺎن ﻻ ﺑـ ّﺪ ﻣــﻦ ﺣــﻞ ﻫــﺬه اﻟﻤﻌﻀــﻠﺔ وإﻳﺠــﺎد ﻃﺮﻳﻘــﺔ ﺗــﺆﻣﻦ ﻋﻤــﻞ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ
ﺿﻤﻦ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ وﻳﻜﻮن ﺗﻮزﻳﻊ اﻹﺟﻬﺎدات ﺑﺸﻜﻞ ﻣﻨﺘﻈﻢ ،وأﻳﻀﺎً ﻳﻜﻮن ﻋﻤﻞ اﻟﺘﺤﻨﻴﺐ اﻟﺠﺎﻧﺒﻲ 'Lateral
' bucklingﺑﺎﻻﺗﺠﺎه اﻟﺸﺎﻗﻮﻟﻲ ﻣﺨﺎﻟﻔﺎً ﻟﻌﻤﻞ ﺗﺤﻨﻴﺐ اﻷﻋﻤﺪة اﻟﻌﺎدﻳﺔ ،وﻋﻤﻞ ﺗﺤﻨﻴﺐ اﻷﻧﺎﺑﻴـﺐ اﻟﻤﻌﺪﻧﻴـﺔ اﻟﻤﻌﺒـﺄة
ﺑﺎﻟﺒﻴﺘﻮن .وﻣﻦ ﻫﻨﺎ ﻧﺸﺄت اﻟﻔﻜﺮة اﻷﺳﺎﺳﻴﺔ ﺑﺄن ﻻ ﻳﺘﻢ اﻟﺘﺤﻤﻴـﻞ ﺑﺸـﻜﻞ ﻣﻄﻠـﻖ ﻋﻠـﻰ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ،وﻳﻜـﻮن
اﻟﺘﺤﻤﻴﻞ ﻋﻠـﻰ ﺳـﻄﺢ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ ﺿـﻤﻦ اﻷﻧﺒـﻮب ،وذﻟـﻚ ﺑﺘﻔﺮﻳـﻎ ﺟـﺰء ﻣـﻦ اﻟﺒﻴﺘـﻮن ﻣـﻦ ﺳـﻄﺢ اﻷﻧﺒـﻮب ﻣـﻦ
اﻟﻄﺮﻓﻴﻦ ،وﻫﺬا ﻣﺎ ﻳﺸﻜﻞ أﺳﺎﺳﺎً ﻟﻬﺬا اﻟﺒﺤﺚ ﻣﻦ ﺣﻴﺚ دراﺳﺘﻪ ﻷول ﻣﺮة.
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

ﺗﺎﺑﻊ ﺷﻜﻞ  :4ﺗﻐﻴﺮ اﻟﺘﺸﻮﻫﺎت ﻓﻲ اﻟﺤﺎﻻت اﻟﻤﺪروﺳﺔ.

اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻔﺮغ
ﻣﻦ اﻟﺪراﺳﺎت اﻟﺘﺠﺮﻳﺒﻴﺔ اﻟﺴﺎﺑﻘﺔ ﻟﻠﺒﺎﺣﺚ ،ﻳﻤﻜﻦ ﺑﻴﺎن ﻣﺎ ﻳﻠﻲ:
 ﻳﺘﺒﻴﻦ ﻣﻦ اﻟﺸﻜﻞ ) (2أن اﻟﺘﺤﻤﻴﻞ ﻟﻠﻤﻨﺤﻨﻰ رﻗﻢ  2ﻋﻠـﻰ اﻟﺒﻴﺘـﻮن ﻓﻘـﻂ ﻳﺄﺧـﺬ ﻗﻴﻤـﺔ ﺣﻤـﻮﻻت أﻛﺒـﺮ ﻣـﻦاﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب ﻓﻘﻂ ﻟﻠﻤﻨﺤﻨﻰ رﻗﻢ  1وﻗﻴﻤﺘﻪ  N = 480 kNﺑﻴﻨﻤﺎ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ εL= 80x10-5
واﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ .εp = 20x10-5
 ﻣﻦ اﻟﺸﻜﻞ ) ،(2أﻇﻬﺮت ﻋﻤﻠﻴﺔ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب ﻓﻘﻂ واﻟﻤﺘﻮﺿﻊ داﺧﻠﻬﺎ ﺑﻴﺘﻮن أن .N = 420 KNوﻗﻴﻤـﺔ اﻟﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ  208x10-5 = εLوﻗــﻴﻢ اﻟﺘﺸــﻮﻫﺎت اﻟﻌﺮﺿــﻴﺔ  ،εp = 90x10-5اﻟﺸــﻜﻞ )،(3
ﺑﻴﻨﻤـﺎ أﻇﻬـﺮ اﻟﺘﺤﻤﻴـﻞ ﻋﻠـﻰ اﻷﻧﺒـﻮب اﻟﻤﻔـﺮغ  N = 460 kNوﺗﺸـﻮﻫﺎت ﻃﻮﻟﻴـﺔ ﻣﻘـﺪارﻫﺎ  350x10-5وﺗﺸـﻮﻫﺎت
ﻋﺮﺿﻴﺔ ﻣﻘﺪارﻫﺎ .155x10-5
ﻣﻤﺎ ﺳﺒﻖ ﻳﺘﺒﻴﻦ أن اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﺒﻴﺘﻮن ﻗﺪ أﺧﺬ اﻟﻘﻴﻤﺔ اﻟﻜﺒﺮى وذﻟﻚ ﻳﻌﻮد إﻟـﻰ أن اﻟﺒﻴﺘـﻮن ﻗـﺪ اﻧﻬـــﺎر
ﻟﻌﺪم وﺟﻮد أﻧﺒﻮب ﻣﻌـﺪﻧﻲ ﻳﻄﻮﻗـﻪ ﻣـﻦ اﻷﻋﻠـﻰ واﻷﺳـﻔﻞ ،وأﺧـﺬ ﻣﻘﺎوﻣـﺔ أﻛﺒـﺮ ﻣـﻦ اﻟﻤﻘﺎوﻣـﺔ اﻟﻤﻮﺷـﻮرﻳﺔ ،ﺣﻴـﺚ
ﺑﻠﻐﺖ اﻟﻤﻘﺎوﻣﺔ اﻟﻤﻮﺷﻮرﻳﺔ  ،18.5 N/mm2ﺑﻴﻨﻤﺎ أﺧﺬت ﻣﻘﺎوﻣﺔ اﻟﺒﻴﺘﻮن اﻟﻤﻔﺮغ ﻣﻦ اﻷﻋﻠـﻰ ،63.66 N/mm2
أي أن اﻟﺰﻳﺎدة ﻗﺪرت ﺑـ  3.44ﻋﻠﻰ ﻣﻘﺎوﻣﺔ اﻟﺒﻴﺘﻮن اﻟﺘﺼﻤﻴﻤﻲ ﻟﻬﺬه اﻟﺨﻠﻄﺔ.
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ﺑﺮﻗﺎوي

اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ اﻟﻤﻔﺮﻏﺔ ﻣﻦ اﻟﻤﻌﺪن ﻣﻦ اﻟﻄﺮﻓﻴﻦ ﺑﻤﻘﺪار

اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻔﺮغ ﻣﻦ اﻟﺒﻴﺘﻮن ﻣﻦ اﻟﻄﺮﻓﻴﻦ ﺑﻤﻘﺪار
ﺷﻜﻞ  :4ﺗﻐﻴﺮ اﻟﺘﺸﻮﻫﺎت ﻓﻲ اﻟﺤﺎﻻت اﻟﻤﺪروﺳﺔ.
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100 mm

100 mm

ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻔﺮغ
ﺷﻜﻞ  : 3اﻟﺘﺸﻮﻫﺎت ﺗﺒﻌﺎً ﻟﻠﺤﻤﻮﻻت ﻓﻲ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ.
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ﺻﻮرة  :1ﻋﻤﻠﻴﺔ اﻧﻬﻴﺎر اﻷﻧﺒﻮب اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن وﻋﺪم اﻻﻧﺘﻈﺎم )اﻟﺘﻨﺎﻇﺮ( ﻓﻲ ﺷﻜﻞ اﻻﻧﻬﻴﺎر )اﻟﺘﺤﻨﻴﺐ(.

⌧

ﺗﻌﺒﺮاﻟﺨﻄﻮط اﻟﻤﻨﻘﻄﺔ ﻋﻦ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ واﻟﻤﺴﺘﻤﺮة ﺗﻌﺒﺮﻋﻦ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ
اﻟﻤﻨﺤﻨﻲ ) (1ﻳﻌﺒﺮ ﻋﻦ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب اﻟﻤﻔﺮغ ﻣﻦ اﻟﺒﻴﺘﻮن ﻣﻦ اﻟﻄﺮﻓﻴﻦ ﺑﻤﻘﺪار 100 mm
اﻟﻤﻨﺤﻨﻲ ) (2ﻳﻌﺒﺮ ﻋﻦ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ اﻟﻤﻔﺮﻏﺔ ﻣﻦ اﻟﻤﻌﺪن ﻣﻦ اﻟﻄﺮﻓﻴﻦ ﺑﻤﻘﺪار 100 mm
ﺷﻜﻞ  :2اﻟﺘﺸﻮﻫﺎت واﻟﺤﻤﻮﻻت ﺑﻌﺪ ﺗﻔﺮﻳﻎ اﻷﻧﺒﻮب ﺟﺰﺋﻴﺎً ﻣﻦ اﻟﺒﻴﺘﻮن.
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

ﻻ ﻳﺘﻢ ﻧﻘﻞ اﻟﺤﻤﻮﻻت ﺑﺸـﻜﻞ ﻣﻨـﺘﻈﻢ ﻣﻤـﺎ ﻳـﺆدي إﻟـﻰ اﻹﺧـﻼل ﺑـﺎﻟﺘﻮزﻳﻊ اﻟﻤﻨـﺘﻈﻢ ﻟﻸﺣﻤـﺎل ﻋﻠـﻰ ﻛـﻞ ﻣـﻦ ﺳـﻄﺢ
اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ واﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ و اﻟﺘﺸﻮﻫﺎت ،واﻟﺼﻮرة ) (1ﺗﻮﺿﺢ ذﻟﻚ.
وﻣﻦ أﺟﻞ ﺗﺠﻨﺐ ﻫﺬه اﻟﻌﻤﻠﻴﺔ ،وإﻋﻄﺎء ﺷﺮوطٍ أﻓﻀﻞ ﻟﻠﺘﺤﻤﻴﻞ ،ﺗﻢ ﺗﺤﻀﻴﺮ ﻣﺎ ﻳﻠﻲ:
 ( aﻣﺠﻤﻮﻋﺔ أﻧﺎﺑﻴﺐ ﻣﻌﺒﺄة ﺑﺎﻟﺒﻴﺘﻮن ،ﻣﻊ ﺗﻔﺮﻳﻎ اﻟﺒﻴﺘﻮن ﻣﻦ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻌﺪﻧﻴﺔ ﻣﻦ اﻷﺳﻔﻞ وﻣﻦ اﻷﻋﻠﻰ ﺑﻤﻘـﺪار
.100 mm
(b

ﻣﺠﻤﻮﻋﺔ ﻋﻴﻨﺎت أﺧﺮى ﻣﻦ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ،وﺑﺤﻴﺚ ﺗﻢ إزاﻟﺔ ﺟـﺰء ﻣـﻦ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻣـﻦ
اﻷﺳــﻔﻞ وﻣــﻦ اﻷﻋﻠــﻰ ﺑﻘﻴﻤــﺔ ﻣﻘــﺪارﻫﺎ  100 mmوﻇﻬــﺮ اﻟﺒﻴﺘــﻮن ﻣــﻦ اﻷﺳــﻔﻞ واﻷﻋﻠــﻰ دون أن ُﻳـــﺤﺎط
ﺑﺎﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ﺑﻤﻘﺪار .100 mm

(c

ﻣﺠﻤﻮﻋﺔ أﻧﺎﺑﻴﺐ ﻣﻌﺪﻧﻴﺔ ﻓﺎرﻏﺔ.

ﻣﻦ ﺧﻼل ﻋﻤﻠﻴﺎت اﻟﺘﺤﻤﻴﻞ ﻟﻬﺬه اﻟﻌﻨﺎﺻﺮ اﻟﺜﻼﺛﺔ وﻗﻴﺎس اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ واﻟﻌﺮﺿﻴﺔ ،اﻟﻤﺮﺟﻊ ]،[1
ﺗﻢ رﺳﻢ اﻟﻤﻨﺤﻨﻴﺎت اﻟﺒﻴﺎﻧﻴﺔ ﻟﻌﻤﻠﻴﺎت اﻟﺘﺤﻤﻴﻞ اﻟﻤﻮﺿﺤﺔ ﺑﺎﻷﺷﻜﺎل )  2و ،(3وﻳﻮﺿﺢ اﻟﺸﻜﻞ ) (4وﺿﻊ
اﻟﺘﺸﻮﻫﺎت ﺿﻤﻦ ﻛﻞ ﺣﺎﻟﺔ ﻋﻠﻰ ﺣﺪه.

⌧

ﺗﻌﺒﺮاﻟﺨﻄﻮط اﻟﻤﻨﻘﻄﺔ ﻋﻦ اﻟﺘﺸﻮﻫﺎت اﻟﻌﺮﺿﻴﺔ واﻟﻤﺴﺘﻤﺮة ﺗﻌﺒﺮﻋﻦ اﻟﺘﺸﻮﻫﺎت اﻟﻄﻮﻟﻴﺔ
ﻳﻌﺒﺮ اﻟﺤﺮف Tﻋﻦ ﻗﻴﺎس اﻟﺘﺸﻮﻫﺎت ﻋﻠﻰ ﺳﻄﺢ اﻷﻧﺒﻮب
وﻳﻌﺒﺮاﻟﺤﺮف  Cﻋﻦ ﻗﻴﺎس اﻟﺘﺸﻮﻫﺎت ﺿﻤﻦ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ
ﺷﻜﻞ  :1ﺗﻐﻴﺮ اﻟﺘﺸﻮﻫﺎت ﻓﻲ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ واﻟﺘﺸـﻮﻫﺎت ﻓـﻲ ﺳـﻄﺢ اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﺗﺒﻌـﺎً ﻟﻠﺤﻤﻮﻟـﺔ
)ﺣﺎﻟﺔ ﺗﻌﺒﺌﺔ ﻛﺎﻣﻠﺔ(.
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•

ﻋﻨــﺪ اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ ﺳــﻄﺢ اﻷﻧﺒــﻮب اﻟﻤﻔــﺮغ ﻟﻮﺣــﺪه أو ﻋﻨــﺪ اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ ﺳــﻄﺢ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ
وﺣــﺪﻫﺎ ﻳﻤﻜﻨﻨــﺎ ﻋﻨــﺪﻫﺎ أن ﻧﺮﺳــﻢ اﻟﻤﻨﺤﻨﻴــﺎت اﻟﺒﻴﺎﻧﻴــﺔ اﻟﻤﻌﺒــﺮة ﻋــﻦ ﻋﻼﻗــﺔ اﻹﺟﻬــﺎد ﺑﺎﻟﺘﺸــﻮه ﻟﻠﺒﻴﺘــﻮن
وﻟﻔﻮﻻذ اﻷﻧﺒﻮب ﻛﻼً ﻋﻠﻰ ﺣﺪه.

•

ﻓﻲ ﺣﺎل اﻟﺘﺤﻤﻴﻞ اﻟﻠﺤﻈﻲ ﻋﻠﻰ اﻟﺒﻴﺘﻮن واﻷﻧﺒﻮب ﻣﻌﺎً أو ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻟﻮﺣﺪﻫﺎ ﻓـﺈن ﻋﻤﻠﻬﻤـﺎ
ﻳﻜﻮن ﻣﺸﺘﺮﻛﺎً وﻻ ﻳﻤﻜﻦ ﺗﺠﺰﺋﺔ أو ﻓﺼﻞ اﻹﺟﻬﺎدات اﻟﻤﻄﺒﻘـﺔ ﻋﻠـﻰ أﺣـﺪﻫﻤﺎ ﻋـﻦ ﺗﻠـﻚ اﻟﻤﻄﺒﻘـﺔ ﻋﻠـﻰ
اﻵﺧﺮ ﺳﻮاء ﻓﻲ ﺣﺎﻟﺔ اﻟﻀﻐﻂ اﻟﺸﺎﻗﻮﻟﻲ أو ﻓﻲ ﻣﻘﺎوﻣﺔ اﻹﺟﻬﺎدات اﻟﻤﺴﺘﻌﺮﺿـﺔ اﻟﻨﺎﺗﺠـﺔ ﻋـﻦ اﻟﺒﻴﺘـﻮن
اﻟﻤﻀــﻐﻮط واﻟﻤﻨــﺘﻔﺦ وﺑﺎﻟﺘــﺎﻟﻲ ﻓــﻼ ﻳﻤﻜــﻦ ﺗﺤﺪﻳــﺪ اﻹﺟﻬــﺎدات اﻟﻤﻄﺒﻘــﺔ ﻋﻠــﻰ ﻛﺎﻣــﻞ اﻟﻤﻘﻄــﻊ اﻟﻌﺮﺿــﻲ
ﺑﻤﺎدﺗﻴﻪ )اﻟﺒﻴﺘﻮن وﻓﻮﻻذ اﻷﻧﺒﻮب اﻟﻤﺤـﻴﻂ( ﻛـﻼً ﻋﻠـﻰ ﺣـﺪه .اﻋﺘﻤـﺎداً ﻋﻠـﻰ ﻣـﺎ ﺳـﺒﻖ ﻓﺴـﻴﺘﻢ اﻋﺘﻤـﺎد
ﻋﻼﻗﺔ اﻟﺤﻤﻮﻻت ﻣﻊ اﻟﺘﺸـﻮﻫﺎت وأﻳﻀـﺎً ﺳـﻴﺘﻢ اﻋﺘﻤـﺎد اﻷﻧﺎﺑﻴـﺐ اﻟﻤﻔﺮﻏـﺔ وإﺟﻬـﺎدات اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ
اﻟﺤﺮة ﻟﺘﺴﻬﻴﻞ اﻟﻤﻘﺎرﻧﺔ ﺑﻴﻦ اﻟﻤﻨﺤﻨﻴﺎت.

•

ﻧﻨﻮه إﻟﻰ أﻧﻪ ﻳﻮﺟﺪ اﺧﺘﻼف ﺑﺄﻗﻄﺎر وﺳﻤﺎﻛﺎت اﻷﻧﺎﺑﻴﺐ اﻟﻤﻌﺪﻧﻴﺔ اﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻲ اﻟﺪراﺳﺎت اﻟﺴـﺎﺑﻘﺔ
ﻋــﻦ اﻟﻤﺴــﺘﺨﺪﻣﺔ ﻓــﻲ اﻟﺪراﺳـﺔ اﻟﺤﺎﻟﻴــﺔ وأﻳﻀـﺎً ﻳﻮﺟــﺪ اﺧــﺘﻼف ﻓــﻲ ﻣﻘﺎوﻣــﺎت اﻟﺒﻴﺘــﻮن ،ﺣﻴــﺚ ﺗــﻢ ﻓــﻲ
اﻟﺪراﺳﺎت اﻟﺴﺎﺑﻘﺔ اﻋﺘﻤﺎد اﻟﻤﻘﺎوﻣﺎت اﻟﻤﻮﺷﻮرﻳﺔ ﺣﺴﺐ اﻟﻨﻮرﻣﺎت اﻟﺮوﺳﻴﺔ.

•

ﻋﻨﺪ اﻟﻘﻴﺎم ﺑﺎﻟﺒﺤﺚ ﻛﺎن اﻟﻬﺪف اﻷﺳﺎﺳﻲ ﻣﻨﻪ ﺣﻞ ﻣﺸﻜﻠﺔ ﺗﻘﻠﺺ اﻟﺒﻴﺘـﻮن ﻣـﻦ ﺣﻴـﺚ اﻟﺘﺤﻤﻴـﻞ ،وﻟﻜـﻦ
وأﺛﻨــﺎء اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ ﻟﻮﺣــﺪﻫﺎ ﻇﻬــﺮ ﻟــﺪﻳﻨﺎ وﺑﺎﻟﻤﺼ ـﺎدﻓﺔ أن اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ اﻟﻨــﻮاة
اﻟﺒﻴﺘﻮﻧﻴﺔ ﻳﺘﻤﻴﺰ ﺑﻘﺪرة ﻋﺎﻟﻴﺔ ﻛﻤﺎ ﺳﻴﺮد ﻓﻲ اﻟﺒﺤﺚ.

ﻣﻦ ﺧﻼل اﻟﺪراﺳﺎت اﻟﺴﺎﺑﻘﺔ ﻟﻤﻌﺪ اﻟﺒﺤﺚ ،[1] ،ﻋﻠﻰ اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ،ﺗﺒـﻴﻦ وﺟـﻮد
ﺳــﻠﺒﻴﺔ أﺳﺎﺳــﻴﺔ ﻣﻨﻌــﺖ اﻧﺘﺸــﺎر اﻷﻧﺎﺑﻴــﺐ اﻟﻤﻤﻠــﻮءة ﺑــﺎﻟﺒﻴﺘﻮن ﺑﺸــﻜﻞ واﺳــﻊ وﺧﺎﺻــﺔ ﻓــﻲ اﻷﺑﻨﻴــﺔ اﻟﺴــﻜﻨﻴﺔ واﻟﻌﺎﻣــﺔ
واﻷﺑﺮاج وﻧﺎﻃﺤﺎت اﻟﺴﺤﺎب .وﻣﺮ ّد ذﻟـﻚ ﻳﻌـﻮد إﻟـﻰ ﻋﻤﻠﻴـﺔ ﺗﺤﻀـﻴﺮ اﻷﻧﺎﺑﻴـﺐ اﻟﻤﻤﻠـﻮءة ﺑـﺎﻟﺒﻴﺘﻮن ،ﻓﻌﻨـﺪ ﺗﺼـﻠﺐ
اﻟﺒﻴﺘﻮن ﺿﻤﻦ اﻷﻧﺒﻮب ﻓﺈن اﻟﺴﻄﺢ اﻟﻈـﺎﻫﺮ اﻟﻌﻠـﻮي اﻟﻤﻜﺸـﻮف ﻋﻠـﻰ اﻟﻬـﻮاء اﻟﻄﻠـﻖ ﻳﺘﻌـﺮض إﻟـﻰ ﻋﻤﻠﻴـﺔ ﺗﻘﻠـﺺ
ﻟﻠﺒﻴﺘﻮن  ،Concrete shrinkageﻣﻤﺎ ﻳﺆدي إﻟﻰ اﻧﺨﻔﺎض ﻣﻨﺴﻮب اﻟﺒﻴﺘﻮن ﻋـﻦ ﺳـﻄﺢ اﻷﻧﺒـﻮب وﺣﺼـﻮل ﻋـﺪم
اﺳﺘﻮاﺋﻴﺔ ﺑﻴﻦ ﺳﻄﺢ اﻷﻧﺒﻮب واﻟﺒﻴﺘﻮن ﻧﺘﻴﺠﺔ ﻫﺬا اﻟﺘﻘﻠﺺ ،وﻫﺬا أﻳﻀًﺎ ﻳﺆدي إﻟﻰ اﻧﻌﺪام اﻟﻌﻤـﻞ اﻟﻤﺸـﺘﺮك ﺑـﻴﻦ
اﻷﻧﺒﻮب واﻟﺒﻴﺘﻮن ﺑﺤﻴﺚ ﻳﺘﻠﻘﻰ ﺟـﺪار اﻷﻧﺒـﻮب اﻟﻤﻌـﺪﻧﻲ ﻓـﻲ ﺑﺪاﻳـﺔ ﻋﻤﻠﻴـﺔ اﻟﺘﺤﻤﻴـﻞ أﺣﻤـﺎﻻ ً أﻛﺒـﺮ ﻣـﻦ اﻷﺣﻤـﺎل
اﻟﺘﻲ ﻣﻦ اﻟﻤﻔﺘﺮض أن ﺗﻜﻮن ﻣﻄﺒﻘﺔ ﻋﻠﻰ اﻟﺒﻴﺘﻮن واﻷﻧﺒﻮب ﻣﻌﺎً وﺑﺸﻜﻞ ﻣﻮزع ﺑﺎﻧﺘﻈﺎم .وﻗـﺪ ﺗـﻢ إﺟـﺮاء ﺗﺠـﺎرب
ﻋﺪﻳﺪة ﻣﻦ ﻗﺒﻞ اﻟﺒﺎﺣﺚ ،ﺣﻴﺚ ﺗﻢ ﺗﺜﺒﻴﺖ ﺳﺎﻋﺎت ﻟﻘﻴﺎس اﻟﺘﺸـﻮه  Strain gaugesﻋﻠـﻰ ﺳـﻄﺢ اﻷﻧﺒـﻮب وﺿـﻤﻦ
اﻟﺒﻴﺘﻮن ،وأﺛﺒﺘﺖ ﻫـﺬه اﻟﺘﺠـﺎرب أﻧـﻪ ﻳﻮﺟـﺪ ﻓﺼـﻞ ﻓـﻲ ﻋﻤـﻞ اﻟﺒﻴﺘـﻮن ﻋـﻦ اﻷﻧﺒـﻮب ﻓـﻲ ﻣﺮﺣﻠﺘـﻲ اﻟﺘﺤﻤﻴـﻞ اﻷوﻟـﻰ
واﻟﺜﺎﻧﻴــﺔ ،وﻳﻠﺘﻘﻴــﺎن ﻓــﻲ ﻣﺮﺣﻠــﺔ اﻟﺘﺤﻤﻴــﻞ اﻟﺜﺎﻟﺜــﺔ ﻟﻠﺘﺸــﻮﻫﺎت اﻟﻄﻮﻟﻴــﺔ وﻫــﻲ ﻣﺮﺣﻠــﺔ اﻻﻧﻬﻴــﺎر ،وﻳﺒــﻴﻦ اﻟﺸــﻜﻞ )(1
ﻣﺨﻄــﻂ ﻋﻼﻗــﺔ اﻟﺘﺸــﻮﻫﺎت ﺑــﺎﻟﺤﻤﻮﻻت اﻟﻄﻮﻟﻴــﺔ ﺣــﻴﻦ ﺛُﺒﺘــﺖ ﺳــﺎﻋﺎت ﻗﻴــﺎس اﻟﺘﺸــﻮه ﻋﻠــﻰ ﻓــﻮﻻذ اﻷﻧﺒــﻮب وﺛﺒﺘــﺖ
اﻟﺴــﺎﻋﺎت اﻷﺧــﺮى ﻋﻠــﻰ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ ﺑﺤﻴــﺚ أﻇﻬــﺮت اﻟﺴــﺎﻋﺎت اﻟﻔــﺮق ﺑــﻴﻦ ﺗﺸــﻮه اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ وﺗﺸ ـﻮه
ﻏﻼﻓﻬﺎ اﻟﻔﻮﻻذي)اﻷﻧﺒﻮب( ﻋﻠﻰ ﺳﻄﺢ اﻷﻧﺒﻮب وﻋﻠﻰ اﻟﺒﻴﺘﻮن ،ﻣﻤﺎ ﻳﺆدي إﻟﻰ ﺧﻠﻞ أﺳﺎﺳﻲ ﻓـﻲ آﻟﻴـﺔ اﻻﻧﻬﻴـﺎر و
ﻣﺮﻛﺰﻳﺔ اﻻﻧﻬﻴﺎر ﻟﻸﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ .ﻫﺬا ﻳﺆﻛﺪ أﻧﻪ أﺛﻨﺎء ﻋﻤﻠﻴﺔ اﻟﻮﺻﻞ ﺑﻴﻦ أﻧﺒﻮب ﻣﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن وآﺧﺮ ﻣﺜﻴﻞ ﻟﻪ،
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ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ ﺗﺄﺛﻴﺮ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي

ﻫﺬه اﻷﻧﺎﺑﻴـﺐ اﻟﻤﻤﻠـﻮءة ﺑـﺎﻟﺒﻴﺘﻮن .وﻫﻨـﺎك ﺑﻌـﺾ اﻟﺴـﻠﺒﻴﺎت ﻓـﻲ ﻫـﺬه اﻟﻌﻨﺎﺻـﺮ اﻹﻧﺸـﺎﺋﻴﺔ ﺑﺎﻟﻤﻘﺎرﻧـﺔ ﻣـﻊ اﻟﻌﻨﺎﺻـﺮ
اﻹﻧﺸﺎﺋﻴﺔ ﻟﻠﺒﻴﺘﻮن اﻟﻤﺴﻠﺢ ،وأﻫﻢ ﻫـﺬه اﻟﺴـﻠﺒﻴﺎت ﻟﻸﻧﺎﺑﻴـﺐ اﻟﻤﻌﺒـﺄة ﺑـﺎﻟﺒﻴﺘﻮن ﻫـﻲ ﺗﻘﻠـﺺ ﺳـﻄﺢ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ
اﻟﺰﻣﻨﻲ وﺣﺪوث ﻣﻨﺴﻮب ﻓﺮاغ ﺑﻴﻦ ﺳﻄﺢ اﻷﻧﺒﻮب واﻟﻤﻌﺪن ﺑﺤﻴﺚ ﻳﻜﻮن ﺳﻄﺢ اﻟﻤﻌـﺪن أﻋﻠـﻰ ﺑﺒﻀـﻊ أﻋﺸـﺎر اﻟــ
 mmوأﺣﻴﺎﻧﺎ ً ﻳﺼـﻞ إﻟـﻰ  1 mmﻧﺘﻴﺠـﺔ ﺗﻘﻠـﺺ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ اﻟﺰﻣﻨـﻲ ﻋﻨـﺪ ﺗﻌﺮﺿـﻬﺎ ﻟﻠﻐـﻼف اﻟﺠـﻮي .وﻋﻨـﺪ
ﺗﻄﺒﻴﻖ اﻟﺤﻤﻮﻻت ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ وﺳﻄﺢ اﻷﻧﺒﻮب ،ﻳﻼﺣﻆ ﻋﺪم ﺣﺼـﻮل إﺟﻬـﺎدات ﻣﻨﺘﻈﻤـﺔ ﻋﻠﻴﻬﻤـﺎ ،وﻟﻜـﻦ
ﻳﺤﺼﻞ ﻓﺼـﻞ ﻓـﻲ اﻟﺘﺤﻤﻴـﻞ ﺑﺤﻴـﺚ ﻳـﺘﻢ ﺗﺤﻤﻴـﻞ اﻷﻧﺒـﻮب أوﻻ ،وﻣـﻦ ﺛـﻢ ﺗﻨﺘﻘـﻞ اﻟﺤﻤﻮﻟـﺔ إﻟـﻰ اﻟﺒﻴﺘـﻮن وﻓـﻲ ﻫـﺬا
اﻟﺒﺤﺚ ﺗﻢ ﺣﻞ ﻫﺬه اﻟﻤﻌﻀﻠﺔ ﺑﺤﻴﺚ ﺗـﻢ ﺗﻔﺮﻳـﻎ اﻷﻧﺒـﻮب اﻟﻤﻌﺒـﺄ ﺑـﺎﻟﺒﻴﺘﻮن ﻣـﻦ اﻷﻋﻠـﻰ واﻷﺳـﻔﻞ ﺑﻤﻘـﺪار 15 mm
ﻣﻦ اﻟﺒﻴﺘﻮن ،وأﺟﺮﻳﺖ ﻋﻤﻠﻴﺔ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻓﻘﻂ ﻣﻤﺎ أﻋﻄﻰ إﺟﻬـﺎدات ﻣﻨﺘﻈﻤـﺔ وﻣﺮﻛﺰﻳـﺔ ﺗﺤﻤﻴـﻞ
ﻋﺎﻟﻴـﺔ ﻋﻠـﻰ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ ،وﻋﻤـﻞ ﻓـﻮﻻذ اﻷﻧﺒـﻮب ﻓـﻲ ﻫـﺬه اﻟﺤﺎﻟـﺔ ﻋﻠـﻰ اﻟﺸـﺪ ﻓﻘـﻂ ﻣﻤـﺎ أﻋﻄـﻰ ﻓﻌﺎﻟﻴـﺔ ﻛﺒﻴــﺮة
ﻟﻸﻧﺒﻮب اﻟﻤﻌﺒﺄ ﺑﺎﻟﺒﻴﺘﻮن واﻟﻤﻔﺮغ ﻣﻦ اﻟﺠﺎﻧﺒﻴﻦ.
 -1دراﺳﺎت اﻟﺒﺎﺣﺚ اﻟﺘﺠﺮﻳﺒﻴﺔ Experimental Studies
 -1-1اﻟﺪراﺳﺎت اﻟﺴﺎﺑﻘﺔ Previous Studies

ﻗﺒﻞ اﻟﺒﺪء ﺑﺎﻟﺒﺤﺚ ﻻﺑﺪ ﻣﻦ ﺗﻮﺿﻴﺢ ﺑﻌﺾ اﻟﻨﻘﺎط ﻛﻤﺎ ﻳﻠﻲ :
•

إن ﻫﺬه اﻟﻌﻨﺎﺻﺮ اﻟﻤﺪروﺳﺔ ﻫﻲ ﻋﻨﺎﺻﺮ ﻣﺨﺘﻠﻄﺔ وﻻ ﺗﺨﻀﻊ ﻟﻈﻮاﻫﺮ اﻟﺘﻤﺎﺳﻚ ﺑـﻴﻦ اﻟﺒﻴﺘـﻮن وﺣﺪﻳـﺪ
اﻟﺘﺴﻠﻴﺢ اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﺒﻴﺘﻮن اﻟﻤﺴـﻠﺢ أي أﻧـﻪ ﻻ ﻳﻮﺟـﺪ ﺗﻤﺎﺳـﻚ ﺑـﻴﻦ ﺳـﻄﺢ اﻷﻧﺒـﻮب ﻣـﻦ اﻟـﺪاﺧﻞ
واﻟﺒﻴﺘﻮن.

•

ﺗﻌﺘﺒﺮ ﻫﺬه اﻟﻌﻨﺎﺻﺮ ﻋﻨﺎﺻﺮ ﻣﺴﺒﻘﺔ اﻟﺼﻨﻊ ﻳﺘﻢ ﺗﺤﻀـﻴﺮﻫﺎ ﻓـﻲ ﻣﻌﺎﻣـﻞ ﺧﺎﺻـﺔ ﺑﻬـﺎ ﺑﻌـﺪ أن ﻳـﺘﻢ ﺗﺜﺒﻴـﺖ
أﺳﻔﻞ اﻷﻧﺎﺑﻴﺐ ﺑﻮاﺳﻄﺔ اﻟﻠﺤﺎم اﻟﻨﻘﻄﻲ وﻣـﻦ ﺛـﻢ ﻳـﺘﻢ ﺻـﺐ اﻟﺒﻴﺘـﻮن داﺧـﻞ اﻷﻧﺒـﻮب وﺗـﺘﻢ ﻋﻤﻠﻴـﺔ رج
اﻟﺒﻴﺘــﻮن ﻣﻴﻜﺎﻧﻴﻜﻴــﺎ ﺑﻮاﺳــﻄﺔ ﻃــﺎوﻻت اﻟــﺮج ،وأﻳﻀــﺎً ﻻ ﻳﻤﻜــﻦ ﺗﻌــﻮﻳﺾ اﻟﻔــﺮاغ اﻟﻨــﺎﺗﺞ ﻋــﻦ ﺗﻘﻠــﺺ
اﻟﺒﻴﺘﻮن ﺑﻮﺿﻊ ﻛﻤﻴﺔ زاﺋﺪة ﻣﻦ اﻟﺒﻴﺘـﻮن ﻋﻠـﻰ اﻟﺴـﻄﺢ اﻟﻌﻠـﻮي ﻟﻸﻧﺒـﻮب ﻷن اﻟـﺘﻘﻠﺺ اﻟﻔﻌﻠـﻲ ﻟﻸﻧﺒـﻮب
ﻳﻜﻮن ﺑﺄﺟﺰاء ﻣﻦ اﻟﻌﺸـﺮة ﻣـﻦ اﻟــ  mmﻋﻠﻤـﺎً أن اﻟـﺘﻘﻠﺺ ﻫـﻮ ﺗﺸـﻮه زﻣﻨـﻲ ﺣﺠﻤـﻲ ﺛﻼﺛـﻲ اﻟﻤﺤـﺎور
وﻳﻌﺘﻤﺪ ﻋﻠﻰ ﻧﺴﺒﺔ اﻟﻤﺎء ﻟﻼﺳـﻤﻨﺖ ﻓـﻲ اﻟﺨﻠﻄـﺔ إﺿـﺎﻓﺔ ﻻﻋﺘﻤـﺎده ﻋﻠـﻰ ﻧﺴـﺒﺔ اﻟـﺒﺤﺺ ﻟﻠﺮﻣـﻞ وﻋﻠـﻰ
ﻛﻤﻴــﺔ اﻻﺳــﻤﻨﺖ .وﺑﺎﻹﺿــﺎﻓﺔ إﻟــﻰ ﺗﻘﻠــﺺ اﻟﺴــﻄﺤﻴﻦ اﻟﻌﻠــﻮي واﻟﺴــﻔﻠﻲ ﻓــﺈن اﻟﺒﻴﺘــﻮن داﺧــﻞ اﻷﻧﺒــﻮب
ﻳﻌﻤﻞ ﻋﻠﻰ اﻻﻧﺘﻔـﺎخ ﺣﺠﻤﻴـﺎً وﻳﻀـﻐﻂ ﻋﻠـﻰ اﻟﺴـﻄﺢ اﻟـﺪاﺧﻠﻲ ﻟﻸﻧﺒـﻮب ﺑﺈﺟﻬـﺎدات ﻓـﻲ ﻓـﻮﻻذه ﻗـﺪرﻫﺎ
 ،σs = 4.4 N/mm2وﻳﻨﻀﻐﻂ اﻟﺒﻴﺘﻮن ﺑﺎﻟﻤﻘﺎﺑﻞ ﺑﺈﺟﻬﺎدات اﻧﺘﻔﺎخ ﺿﻤﻦ اﻷﻧﺒﻮب ﻗﻴﻤﺘﻬﺎ
 ،σc = 0.6 N/mm2وﺗﻜﻮن ﻗﻴﻤﺔ اﻟﺘﻮﺳـﻊ اﻟﻌﺮﺿـﻲ ﻟﻠﺒﻴﺘـﻮن ﺿـﻤﻦ اﻷﻧﺒـﻮب واﻟﻨﺎﺗﺠـﺔ ﻋـﻦ اﻻﻧﺘﻔـﺎخ
∆L = 2.7 * 10-3 mm

•

إن ﺗﻨﻔﻴﺬ اﻟﻌﻨﺎﺻﺮ اﻟﻤﺬﻛﻮرة ﻳﺘﻢ ﺑﻠﺤﻢ ﺻـﻔﺎﺋﺢ وﺻـﻞ ﻋﻠـﻰ ﻣﺤـﻴﻂ اﻷﻧﺒـﻮب وﻫـﺬا ﻳـﺆدي ﻓـﻲ اﻟﻨﻬﺎﻳـﺔ
ﻟﻨﻘﻞ اﻹﺟﻬﺎدات اﻟﺸﺎﻗﻮﻟﻴﺔ إﻟﻰ ﺟﺴﻢ اﻷﻧﺒﻮب وﺣﺪه دون اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ.
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ﺑﺮﻗﺎوي

ﺣﺴـــﺐ ﻧـــﻮع اﻟﻔـــﻮﻻذ اﻟﻤﺴـــﺘﺨﺪم ،وﻗـــﺪ ﺗـــﻢ ﺗﺤﻀـــﻴﺮ اﻟﻌﻨﺎﺻـــﺮ ﻣـــﻦ اﻟﺒﻴﺘـــﻮن ﻣﺨﺘﻠـــﻒ اﻟﺨـــﻮاص و اﻟﻤﻘﺎوﻣـــﺎت
واﻟﺘﺸﻮﻫﺎت وﺗﺮاوﺣﺖ:
 ﻗﻴﻢ ﻣﻘﺎوﻣﺔ اﻟﺒﻴﺘﻮن ﺑﻴﻦ (12.8 - 26.6 ) N/mm2 -وﻗﻴﻢ ﻋﺎﻣﻞ اﻟﻤﺮوﻧﺔ ﺑﻴﻦ (1.7 – 4.3) × 104 N/mm2

 وﻗﻴﻢ اﻟﻜﺘﻠﺔ اﻟﺤﺠﻤﻴﺔ ﺑﻴﻦ .(1.9 – 2.88) t/m3وﻗﺪ ﺗﺒﻴﻦ ﻧﺘﻴﺠﺔ ﺗﺤﻠﻴﻞ اﻟﻤﻌﻄﻴﺎت اﻟﺘﺠﺮﻳﺒﻴﺔ أن اﻟﻌﻨﺎﺻﺮ اﻟﻤﺤﻀﺮة ﻣﻦ اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﻛﺎﻧﺖ
أﻛﺜﺮ ﻓﻌﺎﻟﻴﺔ ﺑﻤﺎ ﻳﺘﻮاﻓﻖ ﻣﻊ ﻛﻞ اﻟﻤﺆﺷﺮات واﻟﺪﻻﺋﻞ .و ﺑﺎﻟﻤﻘـــﺎرﻧﺔ ﻣﻊ اﻟﺘﺴﻠﻴﺢ اﻟﻄﻮﻟﻲ اﻻﻋﺘـﻴﺎدي.
وﺗﺘﺼــﻒ اﻷﻧﺎﺑﻴــﺐ اﻟﺒﻴﺘﻮﻧﻴــﺔ ﺑﺎﻟﻔﻌﺎﻟﻴــﺎت اﻟﻌﺎﻟﻴــﺔ ﻣــﻦ اﻟﻨــﺎﺣﻴﺘﻴﻦ اﻟﻔﻨﻴـﺔ و اﻻﻗﺘﺼــﺎدﻳﺔ ،ﻟــﺬﻟﻚ ﻳﺘﻨــﺎول ﻋﻤﻠﻨــﺎ
اﻟــﺮاﻫﻦ ﻓــﻲ ﻫــﺬا اﻟﺒﺤــﺚ اﻟﺘﺴــﺎؤﻻت اﻟﻤﺘﻌﻠﻘــﺔ ﺑﺪراﺳــﺔ اﻟﺤﺎﻟــﺔ اﻹﺟﻬﺎدﻳــﺔ ﻟﺘﺸــﻮﻫﺎت اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ اﻟﻤﺤﺼــﻮرة
ﺿــﻤﻦ أﻧﺎﺑﻴــﺐ ﻓﻮﻻذﻳــﺔ ،واﻟﻤﻘﺎرﻧــﺔ ﺑــﻴﻦ اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ اﻷﻧﺒــﻮب واﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ ﻣﻌ ـﺎً واﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ اﻟﻨــﻮاة
اﻟﺒﻴﺘﻮﻧﻴﺔ ﻓﻘﻂ ﻟﻬﺬه اﻟﻌﻨﺎﺻﺮ.
ﺗﻌـﺮّف اﻷﻧﺎﺑﻴﺐ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺑﺄﻧﻬﺎ اﻟﻌﻨﺎﺻﺮ اﻟﺘـﻲ ﺗﺘـﺄﻟﻒ ﻣـﻦ أﻧﺎﺑﻴـﺐ ﻓﻮﻻذﻳـﺔ ﻣﻤﻠـﻮءة ﺑـﺎﻟﺒﻴﺘﻮن .ﻓـﻲ
ﻫﺬه اﻟﺤﺎﻟﺔ ﻳﻜﻮن اﻟﻌﻤﻞ ﻣﺸﺘﺮﻛﺎً ﻟﻜﻞ ﻣﻦ ﻣﺎدﺗﻲ اﻟﺒﻴﺘﻮن و اﻟﻔﻮﻻذ واﻟﺬي ﻳﺴﺎﻫﻢ ﻓﻲ رﻓـﻊ ﻗـﺪرة اﻟﺘﺤﻤﻴـﻞ ﻟﻜـﻞ
ﻣﺎدة ﻋﻠﻰ ﺣﺪه ،وﻛﺬﻟﻚ ﻗﺪرة اﻟﺘﺤﻤﻴﻞ ﻟﻠﻌﻨﺼﺮ اﻟﻜﺎﻣﻞ ﻣﻦ اﻷﻧﺎﺑﻴـﺐ اﻟﺒﻴﺘﻮﻧﻴـﺔ .وﻓـﻲ ﻧﻔـﺲ اﻟﻮﻗـﺖ ﻳﺤﻘـﻖ ﺟـﺪار
اﻷﻧﺒﻮب اﻟﻔﻮﻻذي دوراً ﻣﺸﺎﺑﻬﺎً ﻟﺤﺪﻳﺪ اﻟﺘﺴـﻠﻴﺢ اﻟﻄـﻮﻟﻲ وﻛـﺬﻟﻚ ﻟﺤﺪﻳـﺪ اﻟﺘﺴـﻠﻴﺢ اﻟﻌﺮﺿـﻲ ﻓـﻲ ﺣﺎﻟـﺔ اﻟﺘﺤﻤﻴـﻞ
ﻋﻠﻰ اﻷﻧﺒﻮب واﻟﺒﻴﺘﻮن ﻣﻌﺎً.
إن ﺟﺪران اﻷﻧﺒﻮﺑﺔ اﻟﻔﻮﻻذﻳﺔ اﻟﻤﺘﻌﺮﺿﺔ ﻟﻠﻀﻐﻂ اﻟﺠﺎﻧﺒﻲ ﺗﻌﺮﻗـﻞ ﺣـﺪة ﺗﻄـﻮر اﻟﺘﺸـﻘﻘﺎت اﻟﺪﻗﻴﻘـﺔ اﻟﻤﺤﺪﺛـﺔ
ﻟﺘﻤﺰق اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ واﻟﺘﻲ ﺗﻜﻮن ﻣﻀﻐﻮﻃﺔ ﺑﺸﻜﻞ ﻛﺎﻣﻞ ،ﺣﻴﺚ أﻧﻬﺎ ﻓﻲ ﻫﺬه اﻟﺤﺎﻟﺔ ﺗﻘـﺎوم اﻹﺟﻬـﺎدات اﻟﻜﺒﻴـﺮة
واﻟﺘــﻲ ﺗﺰﻳــﺪ ﻋــﻦ اﻟﻤﻘﺎوﻣــﺔ اﻟﻤﻮﺷــﻮرﻳﺔ )اﻟﻤﻘﺎوﻣــﺔ اﻟﻤﻮﺷــﻮرﻳﺔ :ﺗﺴــﺘﺨﺪم ﻓــﻲ اﻟﻜــﻮدات اﻟﺮوﺳــﻴﺔ اﻟﺘــﻲ أﺟﺮﻳــﺖ
دراﺳﺎت اﻟﺒﺎﺣﺚ اﻋﺘﻤﺎداً ﻋﻠﻴﻬـﺎ( ،وﺗﻈﻬـﺮ اﻷﻧﺎﺑﻴـﺐ اﻟﻔﻮﻻذﻳـﺔ اﻟﻤﻤﻠـﻮءة ﺑـﺎﻟﺒﻴﺘﻮن ﻓـﻲ ﻧﻔـﺲ اﻟﻮﻗـﺖ درﺟـﺔ ﻛﺒﻴـﺮة
ﻣﻦ اﻟﺤﻤﺎﻳﺔ ﺿﺪ ﻓﻘـﺪان اﻻﺳـﺘﻘﺮار اﻟﻤﺤﻠـﻲ واﻟﻌـﺎم ،وﻟﻘـﺪ أﺛﺒـﺖ اﻟﺒـﺎﺣﺜﻮن ﻓـﻲ ] [7] ،[4أن اﻟﺘﺸـﻮﻫﺎت اﻟﻜﺒﻴـﺮة
اﻟﺤﺎﺻــﻠﺔ و اﻟﻤﺘﻮاﺻــﻠﺔ ﻓــﻲ ﻋﻴﻨــﺔ ﻣــﻦ اﻷﻧﺎﺑﻴــﺐ اﻟﻔﻮﻻذﻳــﺔ اﻟﻤﻌﺒــﺄة ﺑــﺎﻟﺒﻴﺘﻮن أﻇﻬــﺮت إﻣﻜﺎﻧﻴــﺔ ﻧﻘــﻞ ﺣﻤﻮﻟــﺔ ﻛﺒﻴــﺮة.
وﺗﺘﻤﺜـــﻞ اﻹﻳﺠﺎﺑﻴـــﺎت اﻷﻛﺜـــﺮ ﻟﻠﻌﻨﺎﺻـــﺮ اﻹﻧﺸـــﺎﺋﻴﺔ ﻟﻸﻧﺎﺑﻴـــﺐ اﻟﻔﻮﻻذﻳـــﺔ اﻟﻤﻤﻠـــﻮءة ﺑـــﺎﻟﺒﻴﺘﻮن ﺑﺎﻻﻧﺴـــﻴﺎﺑﻴﺔ اﻟﺠﻴـــﺪة،
واﻧﺨﻔــﺎض ﻛﻤﻴــﺔ اﻷوﺳــﺎخ واﻟﺮﻃﻮﺑــﺔ اﻟﻌﺎﻟﻘــﺔ ﻋﻠــﻰ ﺳــﻄﻮﺣﻬﺎ ،ﻓﻬــﻲ ﺑــﺬﻟﻚ ﺗﻌﺘﺒــﺮ أﻛﺜــﺮ ﺛﺒﺎﺗـﺎً ﺿــﺪ اﻟﺼــﺪأ وأﻛﺜــﺮ
دﻳﻤﻮﻣﺔ ،وﻣﻦ اﻟﺴﻬﻞ ﺗﻨﻈﻴﻔﻬﺎ و دﻫﺎﻧﻬـﺎ ﻟﺮﻓـﻊ ﺳـﻮﻳﺔ دﻳﻤﻮﻣﺘﻬـﺎ أﻳﻀـﺎً ،ﻛﻤـﺎ ﺗﻤﺘـﺎز اﻟﺴـﻄﻮح اﻟﺪاﺧﻠﻴـﺔ ﻟﻸﻧﺎﺑﻴـﺐ
ﻓــﻲ ﺗﻠــﻚ اﻟﻌﻨﺎﺻــﺮ اﻹﻧﺸــﺎﺋﻴﺔ ﺑﺎﻟﺤﻤﺎﻳــﺔ اﻟﺠﻴــﺪة ﻣــﻦ اﻟﺼــﺪأ ﻛــﻮن ﻣــﺎدة اﻟﺒﻴﺘــﻮن ﺗﻤﻠﺆﻫــﺎ ﻣــﻦ اﻟــﺪاﺧﻞ .وﺗﺘﺼــﻒ
اﻟﻌﻨﺎﺻﺮ اﻟﻤﺬﻛﻮرة ﺑﺎﻟﻤﺮوﻧﺔ واﻟﻌﻤﻠﻴﺔ ﻣﻦ ﺣﻴـﺚ ﺳـﻬﻮﻟﺔ اﻟﺘﺤﻀـﻴﺮ و اﻟﺘﺮﻛﻴـﺐ واﻟﻨﻘـﻞ واﻟﺘﻨﻔﻴـﺬ )ﻣﺴـﺒﻘﺔ اﻟﺼـﻨﻊ(
ﻣﻘﺎرﻧﺔً ﻣﻊ اﻟﺒﻴﺘﻮن اﻟﻤﺴﻠﺢ ،و ﻛﺬﻟﻚ اﻟﺴﻬﻮﻟﺔ ﻓﻲ ﻗﺎﺑﻠﻴﺔ اﻟﻨﻘﻞ واﻟﺘﺤﻤﻞ اﻟﺠﻴـﺪ ﻟﻸﺿـﺮار اﻟﻤﻴﻜﺎﻧﻴﻜﻴـﺔ ،ﻛﻤـﺎ أﻧﻬـﺎ
ﺗﺘﺼﻒ ﺑﺎﻟﻤﻨﻈﺮ اﻟﺠﻤﺎﻟﻲ اﻟﺨﺎرﺟﻲ.
ﻳـــﺘﻢ اﻟﻮﺻـــﻞ ﺑـــﻴﻦ اﻟﻌﻨﺎﺻـــﺮ اﻟﻤﻨﻔـــﺮدة ﻣـــﻦ اﻷﻧﺎﺑﻴـــﺐ اﻟﻤﻌﺪﻧﻴـــﺔ ﺑﺎﺳـــﺘﺨﺪام اﻟﺒﺮاﺷـــﻴﻢ  Boltsأو اﻟﻠﺤـــﺎم
اﻟﻜﻬﺮﺑﺎﺋﻲ .و ﻣﻦ اﻟﻤﻤﻜﻦ ﺑﺴﻬﻮﻟﺔ ﺗﺸﻜﻴﻞ ﺟﻤﻞ ﺷـﺒﻜﻴﺔ ذات ﻫﻴﺌـﺎت ﻣﺨﺘﻠﻔـﺔ ﺑﺎﺳـﺘﺨﺪام اﻟﻌﻨﺎﺻـﺮ اﻟﻤﺤﻀـﺮة ﻣـﻦ
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اﺑﺤﺎث اﻟﻴﺮﻣﻮك "ﺳﻠﺴﻠﺔ اﻟﻌﻠﻮم اﻷﺳﺎﺳﻴﺔ واﻟﻬﻨﺪﺳﻴﺔ"

ﻣﻘﺎرﺑﺔ ﺗﻄﺒﻴﻘﻴﺔ ﻓﻌﺎﻟﺔ ﻷداء اﻷﻧﺎﺑﻴﺐ اﻟﻔﻮﻻذﻳﺔ اﳌﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن
ﺗﺤﺖ ﺗﺄﺛﲑ اﻟﻀﻐﻂ اﳌﺮﻛﺰي
ﺷﺮﻳﻒ ﺑﺮﻗﺎوي
ﺗﺎرﻳﺦ اﺳﺘﻼم اﻟﺒﺤﺚ2008/7/22 :

*

*

ﺗﺎرﻳﺦ ﻗﺒﻮﻟﻪ2009/7/13 :

ﻣﻠﺨﺺ
ﻳﺮﻛــﺰ اﻟﺒﺤــﺚ ﻋﻠــﻰ إﻳﺠــﺎد ﻃﺮﻳﻘــﺔ ﺗﻄﺒﻴﻘﻴــﺔ ﻓﻌﺎﻟــﺔ ﻟﺤــﻞ اﻹﺷــﻜﺎﻻت اﻟﺘــﻲ وﻗــﻊ ﻓﻴﻬــﺎ اﻟﺒــﺎﺣﺜﻮن ﺣــﻮل أداء اﻷﻧﺎﺑﻴــﺐ
اﻟﻔﻮﻻذﻳﺔ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺒﻴﺘﻮن ﺗﺤﺖ اﻟﻀﻐﻂ اﻟﻤﺮﻛﺰي وﺑﺤﻴﺚ ﻳﺘﻢ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﺒﻴﺘﻮن واﻷﻧﺒﻮب ﻣﻌﺎً  ،إذ ﺗﺒﻴﻦ ﻓﻲ ﻃﺮاﺋﻖ
اﻟﺘﺤﻤﻴــﻞ اﻟﺴــﺎﺑﻘﺔ ﻋــﺪم اﻧﺘﻈــﺎم اﻹﺟﻬــﺎدات ﻋﻠــﻰ اﻷﻧﺒــﻮب واﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ ﻓــﻲ ﺳــﻄﺤﻴﻬﺎ اﻷﺳــﻔﻞ واﻷﻋﻠــﻰ ،وذﻟــﻚ ﺑﺴــﺒﺐ
ﻇﺎﻫﺮة ﺗﻘﻠﺺ اﻟﺒﻴﺘﻮن وﺗﺤﻤﻴﻞ اﻷﻧﺒﻮب اﻟﻤﻌﺪﻧﻲ ﺑﺤﻤﻮﻻت ﺷﺎﻗﻮﻟﻴﺔ  ،وﻗﺪ ﺗﻢ ﻓـﻲ إﻃـﺎر ﻫـﺬا اﻟﺒﺤـﺚ ﺣـﻞ ﻫـﺬه اﻟﻤﻌﻀـﻠﺔ
ﺑﺤﻴﺚ ﺗﻢ ﺗﻔﺮﻳﻎ اﻷﻧﺒﻮب ﻣﻦ اﻟﺒﻴﺘﻮن ﻓﻲ اﻷﻋﻠﻰ واﻷﺳﻔﻞ ﺑﻤﻘﺪار  ،15 mmوأُﺟﺮي اﻟﺘﺤﻤﻴـﻞ ﻋﻠـﻰ اﻟﻨـﻮاة اﻟﺒﻴﺘﻮﻧﻴـﺔ ﻓﻘـﻂ
ﻣﻤﺎ أدى ﻹﻋﻄﺎء إﺟﻬﺎدات ﻣﻨﺘﻈﻤﺔ وﻣﺮﻛﺰﻳﺔ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﺑﺤﻴـﺚ ﻗـﺎوم ﻓـﻮﻻذ اﻷﻧﺒـﻮب اﻟﺘﺸـﻮﻫﺎت اﻟﻌﺮﺿـﻴﺔ ﻟﻠﻨـﻮاة
اﻟﺒﻴﺘﻮﻧﻴﺔ ﺑﺎﻟﻌﻤﻞ ﻋﻠـﻰ اﻟﺸـﺪ ﻓﻘـﻂ  ،ﻣﻤـﺎ أﻋﻄـﻰ ﻓﻌﺎﻟﻴـﺔ ﻛﺒﻴـﺮة ﻟﻸﻧﺒـﻮب اﻟﻤﻤﻠـﻮء ﺑـﺎﻟﺒﻴﺘﻮن واﻟﻤﻔـﺮغ ﻣـﻦ اﻟﺠـﺎﻧﺒﻴﻦ ،ﻓـﺎزداد
ﻣﺠﺎل اﻟﺘﺤﻤﻴﻞ اﻟﻤﺮن ﻓﻲ اﻟﺒﻴﺘﻮن ﻟﻮﺣﺪه ﻣﻦ  %20ﻣﻦ ﺣﻤــﻮﻟﺔ اﻻﻧﻬﻴــﺎر إﻟﻰ  %95ﻋﻨﺪ اﻟﺘﺤﻤﻴﻞ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ،
ﻛﻤـﺎ زادت ﻗــﺪرة ﺗﺤﻤــﻞ اﻷﻧﺒـﻮب اﻟﻤﻌﺒــﺄ ﺑــﺎﻟﺒﻴﺘﻮن ﺑﻤﻘــﺪار  % 20-15ﻋﻨـﺪ اﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ اﻟﻨـﻮاة ﻣﻘﺎرﻧـﺔً ﺑﺎﻟﺘﺤﻤﻴــﻞ ﻋﻠــﻰ
اﻟﺒﻴﺘﻮن واﻷﻧﺒﻮب ﻣﻌﺎً ﻣﻤﺎ ﻳﻌﻄﻲ ﻣﺮدود اﻗﺘﺼﺎدي ﻛﺒﻴﺮ.
اﻟﻜﻠﻤـﺎت اﻟﻤﻔﺘﺎﺣﻴــﺔ :ﺑﻴﺘــﻮن ،أﻧﺒـﻮب ﻓــﻮﻻذي ،أﻧﺒـﻮب ﻣﻤﻠــﻮء ﺑــﺎﻟﺒﻴﺘﻮن ،ﺿـﻐﻂ ﻣﺮﻛــﺰي ،أداء ،اﻧﻜﻤـﺎش اﻟﺒﻴﺘــﻮن ،ﺗﺤﻤﻴــﻞ
ﻣﺸﺘﺮك ،ﺗﺤﻤﻴﻞ ﻋﻠﻰ اﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ،ﺗﺤﻤﻴﻞ ﻋﻠﻰ اﻷﻧﺒﻮب واﻟﻨﻮاة اﻟﺒﻴﺘﻮﻧﻴﺔ ﻣﻌﺎً.
ﻣﻘﺪﻣﺔ:

ﻣــﻦ اﻟﻤﻌﻠــﻮم ،[1-6] ،وﺟــﻮد ﻋــﺪة ﻃﺮاﺋــﻖ ﻣﺨﺘﻠﻔــﺔ ﻟﺘﺼــﻤﻴﻢ اﻟﻌﻨﺎﺻــﺮ اﻟﻤﻀــﻐﻮﻃﺔ ﻣــﻦ اﻟﺒﻴﺘــﻮن اﻟﻤﺴـــﻠّﺢ
واﻟﺘﻲ ﺗﺆﻣﻦ ﺣﺎﻟﺔ إﺟﻬﺎدات ﺣﺠﻤﻴﺔ ﻓﻲ اﻟﺒﻴﺘـﻮن ﻧﺎﺗﺠـﺔ ﻋـﻦ ﻗـﻮى ﻃﻮﻟﻴـﺔ ﺿـﺎﻏﻄﺔ .واﻟﺘﺴـﻠﻴﺢ ﻓـﻲ ﺗﻠـﻚ اﻟﻌﻨﺎﺻـﺮ
ﻣــﻦ اﻟﻨــﻮع اﻟﻌــﺎدي )ﻣﻘﻄــﻊ داﺋــﺮي و ﺗﺴــﻠﻴﺢ ﺣﻠﺰوﻧــﻲ ﻋــﺎدي( وﻣــﻦ اﻟﺘﺴــﻠﻴﺢ اﻟﺤﻠﺰوﻧــﻲ ﻣﺴــﺒﻖ اﻻﺟﻬــﺎد وﻣــﻦ
اﻟﺘﺴﻠﻴﺢ اﻟﻤﻨﺘﺸﺮ)اﻟﺘﺴﻠﻴﺢ اﻟﻤﻨﺘﺸﺮ ﻫﻮ ﺑﺮوﻓﻴﻼت ﻣﻌﺪﻧﻴﺔ ﻣﻮزﻋﺔ ﺑﺎﻧﺘﻈﺎم( وﻣـﻦ اﻟﺘﺴـﻠﻴﺢ اﻟﻤـﺪﻟﻔﻦ ذي اﻟﻤﻘﻄـﻊ
اﻟﺰاوي وﻣﻦ اﻟﺼﻔﺎﺋﺢ اﻟﻔﻮﻻذﻳﺔ .وﻳﺒﺪي اﻟﺘﺴﻠﻴﺢ اﻟﻤﺴﺘﺨﺪم ﻓـﻲ ﻛـﻞ اﻷﺣـﻮال ﻓﻌﺎﻟﻴـﺔ اﻳﺠﺎﺑﻴـﺔ ﻣـﻦ ﻧﺸـﻮء ﺣﺎﻟـﺔ
ﻣـﻦ اﻹﺟﻬــﺎدات اﻟﺤﺠﻤﻴــﺔ ﻓــﻲ اﻟﻨــﻮاة اﻟﺒﻴﺘﻮﻧﻴــﺔ .وﻗــﺪ ﺗــﻢ ﺗﺠﺮﻳــﺐ اﻟﻌﻨﺎﺻــﺮ اﻟﻤﺴــﻠﺤﺔ اﻟﻤﻀــﻐﻮﻃﺔ ﻣﺮﻛﺰﻳــﺎ ً ذات
اﻟﺘﺴـــﻠﻴﺢ اﻟﺤﻠﺰوﻧـــﻲ و اﻟﺘﺴـــﻠﻴﺢ اﻟـــﺰاوي واﻟﺼـــﻔﺎﺋﺤﻲ ،وأﻳﻀــﺎً ﺑﺎﺳـــﺘﺨﺪام اﻷﺳـــﻄﻮاﻧﺎت اﻟﻔﻮﻻذﻳـــﺔ ،وﺗﺒـــﻴﻦ أن
اﺳـﺘﻬﻼك اﻟﺘﺴـﻠﻴﺢ ﻟﻜـﻞ ) (1 m3ﻣـﻦ اﻟﻌﻨﺼـﺮ اﻟﺒﻴﺘـﻮﻧﻲ ﻳﺘـﺮاوح ﻣـﺎ ﺑﻴــﻦ  338 kg/m3إﻟـﻰ  1412 kg/m3وذﻟـﻚ
© ﺟﻤﻴﻊ اﻟﺤﻘﻮق ﻣﺤﻔﻮﻇﺔ ﻟﺠﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك .2009
* ﻗﺴﻢ اﻟﻬﻨﺪﺳﺔ اﻹﻧﺸﺎﺋﻴﺔ ،ﻛﻠﻴﺔ اﻟﻬﻨﺪﺳﺔ اﻟﻤﺪﻧﻴﺔ ،ﺟﺎﻣﻌﺔ دﻣﺸﻖ -ﺳﻮرﻳﺎ.

ﻣﺤﺘﻮﻳﺎت اﻟﻌﺪد
اﻟﺒﺤﻮث ﺑﺎﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ
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*

اﻷﻋﻠﻰ ﻓﻲ ﻧﻄﺎق اﻟﻄﻲ اﻟﺘﺪﻣﺮي اﻟﺠﻨﻮﺑﻲ ﻓﻲ ﺳﻮرﻳﺔ

اﻟﺒﺤﻮث ﺑﺎﻟﻠﻐﺔ اﻻﻧﺠﻠﻴﺰﻳﺔ
*

Refractive
Index
Investigation
of
PMMA/Ethyl Orange Thin Films Using
Spectroscopic Ellipsometry

*

Preparation and Investigation of BaFe12-xCrxO19
Obtained by Ball Milling

*

Dose Rate Calibration of Sr-90
Thermoluminescence Dating Using
Additive Dose Method

*

Ibrahim Bsoul

117

127

Sahar Al Khasswneh

139

Investigation of the Properties of Even-Even
W Isotopes Using Interacting Boson Model

Mohammed Alfakhar and
Fawzi Ikraiam

147
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153
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167
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183
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Sameh Ghwanmeh

201
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Nahar and Osama Abu Abbas

215
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227
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إذا ﻛﺎن اﻟﻤﺮﺟﻊ ﻛﺘﺎﺑﺎً ﻳﻜﺘﺐ ﻫﻜﺬا:
] [ ﻋــﺰوز ،درﻳــﺪ .ﻣﻴﻜﺎﻧﻴــﻚ اﻟﻤﻮاﺋــﻊ ،ﻣﺪﻳﺮﻳــﺔ اﻟﻜﺘــﺐ واﻟﻤﻄﺒﻮﻋــﺎت ،ﺟﺎﻣﻌــﺔ ﺣﻠــﺐ ،ﺣﻠــﺐ،
.1979
واذا ﻛﺎن اﻟﻤﺮﺟﻊ ﺑﺤﺜﺎً ﻓﻲ دورﻳﺔ ﻳﻜﺘﺐ ﻫﻜﺬا:
] [ ﻣﺤﻤﺪ ،ﻧﻮري ﺻﺎﺑﺮ ،ﻗﻴﺎس ﺣﺴﺎﺳـﻴﺔ اﻟﺘﺨﺮﻳـﺰ أﺛﻨـﺎء ﻛﺴـﺮ اﻟﻔـﻮﻻذ اﻟﻜﺮﺑـﻮﻧﻲ ،دراﺳـﺎت:
اﻟﻌﻠﻮم اﻟﻬﻨﺪﺳﻴﺔ واﻟﺘﻜﻨﻮﻟﻮﺟﻴﺔ ،ﻣﺞ ،12ع ،1985 ،9ص .24
واذا ﻛﺎن اﻟﻤﺮﺟﻊ ﻣﻘﺎﻟﺔ أو ﻓﺼﻼً ﻓﻲ ﻛﺘﺎب ﻳﻜﻮن ﻛﺎﻟﺘﺎﻟﻲ:
] [ ﻋﺒـﺪ اﻟﺤـﺎﻓﻆ ،ﺳـﺎﻣﻲ ﺧﻀـﺮ .اﻟﺘﺸـﺨﻴﺺ اﻟﻤﺨﺒـﺮي ﻟﻠﻄﻔﻴﻠﻴـﺎت ،ﻃـﺮق زرع اﻟﻄﻔﻴﻠﻴـﺎت،
ارﺑﺪ ،ﺟﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك ،1986 ،ص .181-175
ب -ﺗﻮﺛﻴــﻖ اﻟﻬــﻮاﻣﺶ واﻟﻤﺼــﺎدر ﻏﻴــﺮ اﻟﻤﻨﺸــﻮرة :ﻳــﺘﻢ ذﻟــﻚ ﻓــﻲ اﻟﻤــﺘﻦ ﺑﺈﺛﺒــﺎت ﻛﻠﻤــﺔ )ﻫــﺎﻣﺶ(
ﻣﺘﺒﻮﻋــﺔ ﺑــﺎﻟﺮﻗﻢ اﻟﻤﺘﺴﻠﺴــﻞ ﻟﻠﻬــﺎﻣﺶ داﺧــﻞ ﻗﻮﺳــﻴﻦ ،ﻫﻜــﺬا) :ﻫــﺎﻣﺶ .(1وﺗــﺬﻛﺮ اﻟﻤﻌﻠﻮﻣــﺎت
اﻟﺘﻔﺼﻴﻠﻴﺔ ﻟﻜﻞ ﻫﺎﻣﺶ ﻓﻲ ﻧﻬﺎﻳﺔ اﻟﺒﺤﺚ ﺗﺤﺖ ﻋﻨﻮان اﻟﻬﻮاﻣﺶ وﻗﺒﻞ ﻗﺎﺋﻤﺔ اﻟﻤﺮاﺟﻊ:
ﻫﺎﻣﺶ :1ﺧﻀﺮ ،ﺑﺴﺎم راﺷـﺪ ،ﻗﻴـﺎس ﺗﺮﻛﻴـﺰ اﻟـﺮادون 222ﻓـﻲ ﻫـﻮاء ﻣﻨـﺎزل ﻣﺪﻳﻨـﺔ ارﺑـﺪ ،اﻷردن،
رﺳﺎﻟﺔ ﻣﺎﺟﺴﺘﻴﺮ ﻏﻴﺮ ﻣﻨﺸﻮرة ،ﺟﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك  ،1990ص .11-8
ﻣﺮاﺟﻌﺎت اﻟﻜﺘﺐ :ﺗﻘﺒﻞ ﻟﻠﻨﺸﺮ ﻓﻲ اﻟﻤﺠﻠﺔ ﻣﺮاﺟﻌﺎت اﻟﻜﺘﺐ اﻟﺤﺪﻳﺜﺔ اﻟﻘﻴﻤﺔ.
اﻟﺘﺼﺮف :ﻳﺤﻖ ﻟﺮﺋﻴﺲ اﻟﺘﺤﺮﻳﺮ إﺟﺮاء اﻟﺘﻐﻴﻴﺮات اﻟﺘﻲ ﻳﺮاﻫﺎ ﺿﺮورﻳﺔ ﻷﻏﺮاض اﻟﺼﻴﺎﻏﺔ.
اﻟﻤﺴﺘﻼت :ﻳﻤﻨﺢ ﻛﻞ ﻣﻦ ﻳﻨﺸـﺮ ﺑﺤﺜـﻪ ﻧﺴـﺨﺔ واﺣـﺪة ﻣـﻦ ﻋـﺪد اﻟﻤﺠﻠـﺔ اﻟـﺬي ﻳﻨﺸـﺮ ﻓﻴـﻪ اﻟﺒﺤـﺚ
ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ ﻋﺸﺮﻳﻦ ﻣﺴﺘﻠﺔ ﻣﻨﻪ.
اﻟﻤﺮاﺳﻼت :ﺗﺮﺳﻞ اﻟﺒﺤﻮث واﻟﻤﺮاﺳﻼت إﻟﻰ
رﺋﻴﺲ ﺗﺤﺮﻳﺮ ﻣﺠﻠﺔ
أﺑﺤﺎث اﻟﻴﺮﻣﻮك "ﺳﻠﺴﻠﺔ اﻟﻌﻠﻮم اﻷﺳﺎﺳﻴﺔ واﻟﻬﻨﺪﺳﻴﺔ"
ﻋﻤﺎدة اﻟﺒﺤﺚ اﻟﻌﻠﻤﻲ واﻟﺪراﺳﺎت اﻟﻌﻠﻴﺎ
ﺟﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك
ارﺑﺪ -اﻟﻤﻤﻠﻜﺔ اﻷردﻧﻴﺔ اﻟﻬﺎﺷﻤﻴﺔ
اﻟﺮﻣﺰ اﻟﺒﺮﻳﺪي )(211-63
ﻓﺎﻛﺲ )(962-2-7211121

ﻳﻤﻜﻦ اﻟﺤﺼـﻮل ﻋﻠـﻰ أﺑﺤـﺎث اﻟﻴﺮﻣـﻮك ﻣـﻦ ﻗﺴـﻢ اﻟﺘﺒـﺎدل ﻓـﻲ ﻣﻜﺘﺒـﺔ ﺟﺎﻣﻌـﺔ اﻟﻴﺮﻣـﻮك ،أو ﻋﻤـﺎدة
اﻟﺒﺤﺚ اﻟﻌﻠﻤﻲ واﻟﺪراﺳﺎت اﻟﻌﻠﻴﺎ ﻟﻘﺎء دﻳﻨﺎر ﻟﻠﻨﺴﺨﺔ اﻟﻮاﺣﺪة.
اﻻﺷــﺘﺮاك اﻟﺴــﻨﻮي :دﻳﻨــﺎران وﻧﺼــﻒ ﻓــﻲ اﻷردن ،وﺛﻤﺎﻧﻴــﺔ دﻧــﺎﻧﻴﺮ أو اﺛﻨــﻲ ﻋﺸــﺮ دوﻻراً أﻣﺮﻳﻜﻴ ـﺎً ﻓــﻲ
اﻟﻮﻃﻦ اﻟﻌﺮﺑﻲ ،وﺛﻤﺎﻧﻴﺔ ﻋﺸﺮ دوﻻراً أﻣﺮﻳﻜﻴﺎً أو ﻣﺎ ﻳﻌﺎدﻟﻬﺎ ﻓﻲ اﻟﺒﻠﺪان اﻷﺧﺮى.
ﻣﻮﻗﻊ اﻟﻤﺠﻠﺔ اﻹﻟﻜﺘﺮوﻧﻲ ﻫﻮ:

http://journals.yu.edu.jo/aybse/

ﺑِﺴﻢ ﺍﻟﻠﱠﻪ ﺍﻟﺮﹼﺣﹾﻤﻦﹾ ﺍﻟﺮﹼﺣﹺﻴﻢﹾ
أﺑﺤﺎث اﻟﻴﺮﻣﻮك
ﺳﻠﺴﻠﺔ اﻟﻌﻠﻮم اﻷﺳﺎﺳﻴﺔ واﻟﻬﻨﺪﺳﻴﺔ
ﻣﺠﻠﺔ ﻋﻠﻤﻴﺔ ﻣﺤﻜّﻤﺔ
ﺗﻨﺸﺮ اﻟﻤﺠﻠﺔ اﻟﺒﺤﻮث اﻷﺻﻠﻴﺔ اﻟﺘﻲ ﺗﺘﻮاﻓﺮ ﻓﻴﻬﺎ
اﻟﻤﻨﻬﺠﻴﺔ اﻟﺴﻠﻴﻤﺔ ،واﻟﺘﻲ ﻟﻢ ﺗﻘﺪم ﻟﻠﻨﺸﺮ ﻓﻲ أي ﻣﻜﺎن آﺧﺮ

ﻗﻮاﻋﺪ وإﺟﺮاءات اﻟﻨﺸﺮ
• اﻟﻠﻐــﺔ :ﺗﻜﺘــﺐ اﻟﺒﺤــﻮث ﺑﺎﻟﻠﻐــﺔ اﻟﻌﺮﺑﻴــﺔ أو ﺑﺎﻟﻠﻐــﺔ اﻹﻧﺠﻠﻴﺰﻳــﺔ وﻻ ﺗﺴــﺘﻠﻢ اﻟﺒﺤــﻮث ﺑﻐﻴــﺮ
ﻫﺎﺗﻴﻦ اﻟﻠﻐﺘﻴﻦ.
• ﺗﻘﺪﻳﻢ اﻟﺒﺤﻮث :ﺗﻘﺪم اﻟﺒﺤﻮث ﻓـﻲ أرﺑـﻊ ﻧﺴـﺦ ﻣﻄﺒﻮﻋـﺔ ﺑﻔﺮاﻏـﺎت ﻣﺰدوﺟـﺔ وﻋﻠـﻰ وﺟـﻪ
واﺣﺪ ،وﻫﻮاﻣﺶ ﺣﺠﻢ اﻟﻮاﺣﺪ ﻣﻨﻬﺎ 2.5ﺳﻢ.
 ﻳﺠــﺐ أن ﻻ ﻳﺰﻳــﺪ ﻋــﺪد ﺻــﻔﺤﺎت اﻟﺒﺤــﺚ ﺑﻤــﺎ ﻓــﻲ ذﻟــﻚ اﻻﺷــﻜﺎل واﻟﺮﺳــﻮم واﻟﻤﺮاﺟــﻊواﻟﺠﺪاول واﻟﻤﻼﺣﻖ ﻋﻦ ) (30ﺻﻔﺤﺔ.
 ﻳﻘﺪم اﻟﺒﺎﺣﺚ ﻣﻠﺨﺼﻴﻦ ﻟﺒﺤﺜﻪ ﻓﻲ ﺻﻔﺤﺘﻴﻦ ﻣﻨﻔﺼﻠﺘﻴﻦ أﺣﺪﻫﻤﺎ ﺑﺎﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ واﻵﺧﺮﺑﺎﻟﻠﻐﺔ اﻹﻧﺠﻠﻴﺰﻳﺔ ﻓﻲ ﻣﺎ ﻻ ﻳﺰﻳﺪ ﻋﻠﻰ  200ﻛﻠﻤﺔ ﻟﻜﻞ ﻣﻨﻬﻤﺎ.
 ﻳﻜﺘﺐ ﻋﻨﻮان اﻟﺒﺤﺚ واﺳﻢ اﻟﻤﺆﻟﻒ ورﺗﺒﺘـﻪ اﻟﻌﻠﻤﻴـﺔ واﻟﻤﺆﺳﺴـﺔ اﻟﺘـﻲ ﻳﻌﻤـﻞ ﺑﻬـﺎ ﻋﻠـﻰﺻﻔﺤﺔ ﻣﻨﻔﺼﻠﺔ ،ﺛﻢ ﻳﻜﺘﺐ ﻋﻨﻮان اﻟﺒﺤﺚ ﻣﺮة أﺧﺮى ﻋﻠـﻰ اﻟﺼـﻔﺤﺔ اﻷوﻟـﻰ ﻣـﻦ اﻟﺒﺤـﺚ
وﻋﻠﻰ ﺻﻔﺤﺔ ﻛﻞ ﻣﻠﺨﺺ.
 ﻳﻘﺪم اﻟﺒﺤﺚ ﺑﻌﺪ اﻟﻤﻮاﻓﻘﺔ ﻋﻠﻰ ﻧﺸﺮه ﻣﻄﺒﻮﻋﺎً وﻣﺤﻔﻮﻇﺎً ﻋﻠﻰ ﻗـﺮص ﻛﻤﺒﻴـﻮﺗﺮ ﻗﻴـﺎس 3.5إﻧﺶ ﻣﺘﻮاﻓﻖ ﻣﻊ أﻧﻈﻤﺔ )IBM (Microsoft Word 2000, XP
اﻻﺷﻜﺎل واﻟﺮﺳﻮﻣﺎت:
• ﺗﻘﺪم اﻷﺷﻜﺎل واﻟﺮﺳﻮﻣﺎت واﻟﺠﺪاول ﻣﺮﺳﻮﻣﺔ ﺑـﺎﻟﺤﺒﺮ اﻷﺳـﻮد ﻋﻠـﻰ ورق ﺷـﻔﺎف (Tracing
) ،Paperوﻓــــﻲ ﺻــــﻔﺤﺎت ﻣﻨﻔﺼــــﻠﺔ ﺑﺤﻴــــﺚ ﻻ ﺗﺘﺠــــﺎوز أﺑﻌــــﺎد ﻫــــﺬه اﻻﺷــــﻜﺎل واﻟﺮﺳــــﻮﻣﺎت
)19ﺳﻢ×12ﺳﻢ(.
• أﺳﻤﺎء اﻷﻋﻼم اﻷﺟﻨﺒﻴﺔ :ﻋﻨﺪ ورود أﺳﻤﺎء أﻋﻼم أﺟﻨﺒﻴﺔ ﻓﻲ اﻟﺒﺤﻮث اﻟﻤﻘﺪﻣﺔ ﺑﺎﻟﻌﺮﺑﻴﺔ
ﻓﺈﻧﻬﺎ ﺗﻜﺘﺐ ﺑﺎﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ ﺗﻠﻴﻬﺎ اﻷﺳﻤﺎء ﺑﺎﻹﻧﺠﻠﻴﺰﻳﺔ ﺑﻴﻦ ﻗﻮﺳﻴﻦ.
اﻟﺘﻮﺛﻴﻖ:
أ -ﺗﻮﺛﻴﻖ اﻟﻤﺮاﺟﻊ واﻟﻤﺼﺎدر اﻟﻤﻨﺸﻮرة :ﻳﺘﻢ ذﻟﻚ داﺧﻞ اﻟﻤﺘﻦ ﺑﺎﺳﺘﺨﺪام ﻧﻈـﺎم اﻟﺘـﺮﻗﻴﻢ ][1
ﺑﻴﻦ ﻗﻮﺳﻴﻦ.
• ﺗﻌﺪ ﻗﺎﺋﻤﺔ ﺑﺎﻟﻤﺼـﺎدر واﻟﻤﺮاﺟـﻊ اﻟﻤﻨﺸـﻮرة ﻓـﻲ ﻧﻬﺎﻳـﺔ اﻟﺒﺤـﺚ ﺣﺴـﺐ اﻟﺘـﺮﻗﻴﻢ اﻟـﻮارد ﻓـﻲ
اﻟﻨﺺ.

ﻫﻴﺌﺔ اﻟﺘﺤﺮﻳﺮ
رﺋﻴﺲ اﻟﺘﺤﺮﻳﺮ

اﻷﺳﺘﺎذ اﻟﺪﻛﺘﻮر ﻋﺒﺪاﻟﺮﺣﻤﻦ ﻋﻄﻴﺎت

اﻷﻋﻀﺎء
اﻷﺳـــــــﺘﺎذ اﻟـــــــﺪﻛﺘﻮر ﻋﻤـــــــﺮ اﻟﺮﻳﻤـــــــﺎوي
اﻷﺳــــــــﺘﺎذ اﻟﺪﻛﺘـــــــــﻮر ﻣﺤﻤــــﺪ أﺑﻮﺻــــﺎﻟﺢ
اﻷﺳـــــــﺘﺎذ اﻟـــــــﺪﻛﺘﻮر ﺣﺎﻣـــــــﺪ زرﻳﻘـــــــﺎت

اﻷﺳـــــــــــــﺘﺎذ اﻟﺪﻛﺘﻮر ﻣﺸﻬﻮر اﻟﺮﻓﺎﻋﻲ
اﻟﺪﻛﺘــــــــــــــــــــــﻮر ﻣﺤــﻤـــﺪ اﻟﺸــــــﺒﻮل
اﻟﺪﻛﺘــــــــــــــــــــــﻮر ﻣﺤﻤﺪ ﺑﻼل اﻟﺰﻋﺒﻲ

ﺳﻜﺮﺗﲑ اﻟﺘﺤﺮﻳﺮ
ﻛــﺎﻣﻴﻠﻴﺎ ﻋﺎدل اﻟﺤــﺎج
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