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 كممة العدد

.. الحمد لله رب العالمين الذي أعاننا ووفقنا لإصدار العدد الخامس عشر من المجمة 
الدولية لمعموم و التقنية و الذي أتاح لمبحّاث الميتمين في مجال العموم اليندسية 

توفير و إعطاء ودراستيم العممية القيِّمة التي من شأنيا  والتطبيقية و التقنية نشر أبحاثيم
 المعمومة والنتيجة الصحيحة لطلاب العمم و المعرفة.

ىذا العدد في موعده رغم الظروف التي تمر بيا بلادنا الحبيبة  عممنا بجيد لإصدارلقد  
الرخاء. و لقد  ليبيا والتي نسأل الله ان يعيد الييا الأمن الأمان ويمن عمييا بالازدىار و

أن تكون جميع الورقات العممية المنشورة في المستوى عمى  حرصنا في ىذا العدد 
المطموب و أن تقدم المفيد لخدمة البحث العممي. من ىذا المنطمق فإن ىيئة تحرير 
المجمة تجدد حرصيا الدائم عمى استمرارية صدور المجمة برصانة و منيجية في البحث 

ع الأساليب العممية المحكّمة في تقييم البحوث العممية المقدمة من العممي وذلك بإتبا
الأساتذة و البحّاث بإشراف أساتذة متخصصين في جميع فروع العموم و التقنية آخذين 
في الاعتبار الطرق المتبعة في المجلات العممية العريقة في ىذا المجال. وبيذه المناسبة 

عالياً جيود جميع البحّاث و الأساتذة الميتمين يسر ىيئة التحرير بالمجمة أن تثمن 
الذين اختاروا صفحات ىذه المجمة لنشر أبحاثيم و أوراقيم العممية, كما أنيا تتقدم 
بجزيل الشكر و العرفان لكل من ساىم في تحرير و مراجعة البحوث المقدمة لممجمة 

 موجود..... وتقديم ىذا الصرح العممي ) المجمة الدولية لمعموم والتقنية( ل

 ىيئة التحرير
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كْز انكبديٌْو ثًْبه انشزة ثبستعًبل تقنْة الايتظبص انذرُ اتزحسبة 

 انطْفِ ًانًتشبثكبت انعضٌّة ًيقبرنتيب ثتقنْبت تحهْم آنْة أخزٍ

 العزابي. ي خالد الفيتوري،. ع سالم السويح،. ر كريمة
 .عرفو. أ الدين عز الجواشي،.  ع سالم 

farah828@yahoo.com 
 

 المستخمص
مننن خننلال نتننائا ىننذه الدراسننة تبننين أنننو يمكننن لمركننب التشننابك ثنننائي البنزيننل ثنننائي 

اسننننتخلاص  (Dibenzyl Dithiocarbomate, DBDTC)الكبريننننت الكربومننننات 
مننن مينناه الشننرب وترسننيبو بمركننب الترسننيب  (Cadmium, Cd II)عنصننر الكننادميوم 

. تبنين أياناً أن تقنينة مطينناف (.Phenolphthalene, Ph.Pht)المسناعد الفينولفثنالين 
والاسنتخلاص  (Atomic Absorption Spectroscopy, AAS)الامتصناص النذري 

أكثنر كفناءة منن طريقنة التركينز  (Carbon Chloride, CCl4)بربناعي كموريند الكربنون 
-DBDTC)بمركننننب التشننننابك  (Cd II)لمكننننادميوم  Pre-concentrationالمسننننبق 

Ph.Pht)  وكنننننننننذلك جيننننننننناز البلازمنننننننننا المنننننننننزدوج حثيننننننننناً بمطيننننننننناف الانبعننننننننناث الانننننننننوئي
(Inductively Coupled Plasms - Optical Emission Spectroscopy, 

ICP-OES)  . 
, تننم التحقننق مننن تراكيننز الكننادميوم (AAS)عننند اسننتخدام تقنيننة الامتصنناص الننذري 

(Cd II)  ًمنن مصننع النبنع ببمندة قصنر  في عينات مياه الشرب تم الحصول عمييا تجاريا
, بينمنننا تنننم تقننندير تراكينننزه فننني ذات ppm  ±0.011 0.5بنننن غشنننير فقننندرت بحنننوالي 

–ICP)العينننننات بالترسننننيب بتقنيننننة البلازمننننا المننننزدوج حثينننناً بمطينننناف الانبعنننناث الاننننوئي 

OES)  2.07بحنوالي ppm  ±0.02 مننن ناحينة أخنرى, كانننت تراكينز ذات العنصننر .
ببئر واقع بمنطقة تاجوراء وأخنرى بمنطقنة قصنر بنن غشنير حنوالي في عينتي مياه جوفية 

1.582 ppm  ±0.430  1.182و ppm  ±0.245  بالمقارنننة, عننند تقنندير تراكيننز

mailto:farah828@yahoo.com
mailto:farah828@yahoo.com
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بالترسننيب فنني ذات العينننات بتقنيننة البلازمننا المننزدوج حثينناً بمطينناف  (Cd II)الكننادميوم 
 0.509و  ppm  ±0.201 0.604كاننت حنوالي  (ICP–OES)الانبعناث الانوئي 

ppm   ±0.268 .عمى التوالي 
 

ABSTRACT 

Results obtained in this study showed that 

(Dibezyldithiocarbomate, DBDTC) ligand can be used as a 

chelating agent for preconcentration of Cadmium (Cd II) by either 

extraction or co-precipitation experiments for the determination of 

(Cd II). The use of Atomic Absorption Spectroscopy (AAS) and 

extraction of (Cd II) by (DBDTC) chelating agent in carbon 

tetrachloride (CCl4) proved to be more efficient than co-

precipitation with DBDTC and phenolphtalene (Ph.Pht.), using   

Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-

OES). 

The concentration of (Cd II) in drinking water purchased from 

Al-Nabaa Drink Water Filling Plant estimated by (AAS) was 

found to be 0.5 ppm + 0.011 while by (ICP-OES) was 2.07 ppm + 

0.02. The estimation of (Cd II) concentration in drinking water 

samples obtained from a water well located one at Quasour Ben 

Ghasheer town and another at Tajoura district in Tripoli city, was 

carried out. The concentration of (Cd II) were 1.582 ppm + 0.430 

and 1.182 ppm + 0.245. In contrast, concentrations were 0.604 

ppm + 0.201 and 0.509 ppm + 0.268 respectively when (ICP-OES) 

technique was used. 

 . المقدمررة1 
إن المياه الجوفية من أىم مصادر التزود بمياه الشرب في دول المناطق الجافة 
وشبية الجافة, بالتالي فنإنو من الميم جداً تحميل واختبار جودة تمك المياه. في الآونة 
الأخيرة, أصبحت فالات المياه الصناعية, ومياه البمدية وكذلك فالات المواد الصمبة 

ات الواسعة, الأمر الذي يؤدي إلى تسرب مكونات ىذه تقذف عشوائياً في الفااء
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الفالات من مموثات كيميائية عبر طبقات الأرض ووصوليا لممياه الجوفية, وفي 
بعض الأحيان تسيم في التموث المباشر لممياه السطحية ناتجاً عنيما تموث مياه الري 

تسبب ن تأيمكن ليا اه يكجزء من مكونات تمك الممعادن الثقيمة ال إن وجود[. 1والشرب ]
 . [2] ننسامخاطر صحية عمى الإفي 

في  لمتراكيز المنخفاة جداً لممعادن الثقيمةوالحسابات المؤثرة التقديرات  تنطوي
الميم. فيي ناتجة  تحقق المتعمقة بعمم السمومرصد والعمميات التحت سقف البيئة حقيقةً 

لفترة طويمة جداً قبل  الإنسانتتراكم في جسم  قد من حقيقة أن الكثير من المعادن الثقيمة
نظراً لذلك, . [3] السامة أعرااياوظيور  الأنسجةفي  مستويات حرجةتراكيزىا لوصول 

لكل  نانوجمالعند مستوى  لتراكيز المعادن الثقيمة التحكم الدائميكون أن  يستوجب الأمر
ميل غاية في الدقة, أساسي. ليذا الغرض يجب استخدام طرق تحلتر في الماء مي مم

 الابط, البساطة, والسيولة في الأداء والتنفيذ. 
المستخدمة لتقدير تراكيز  (Quantitative techniques) التقنيات الكميةإن 

يتم ما  اً ونادر  ،أجيزة وتقنيات التحميل الطيفي باستخدامما تتم غالباً  المعادن الثقيمة
 ،(Neutron Activation Analysis)وني التحميل بالتنشيط النيتر دام تقنيات خاست

, التحميل الحجمي (Turbidmetry), التحميل بالعكارة (Gravimetry)التحميل الوزني 
(Volumetry)لوان, التحميل بالفصل بالأ (Chromatography)  لأنيا تعد من
 [. 4] (Qualitative techniques)وعية امن التقنيات الن

نظراً لمقصور في بشكل عام, تعتبر الطرق المباشرة المتعمقة باستخدام الأجيزة نادرة 
الناشئة  (Interferences) أو لمتداخلات (Detection limits)محدودية الاقتفاء 

 لعيناتمع ا (Complex forming chelating agents) بفعل مواد تكوين المعقدات
معالجة التمييدية وانحلال العينات فإن العناصر التي . بالتالي, وبعد الالمعنية لمدراسة

 تركيزهمحاولة و  (Matrix phase) يتم تعيينيا عادةً ما يتم فصميا من الطور الحاان
المسبق  يعتبر استخدام خطوة زيادة التركيز أحياناً,. بشكل كمي قبل تقديره بشكنل مسبنق
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(Pre-concentration)  تعقيداً وتكمفة  الأكثرطرق بعض اللمعينة طريقة لتعويض
 بطريقة أخرى سيمة وبسيطة. 

المعادن الثقيمة وزيادة  من امن الطرق المختمفة والمتنوعة المستخدمة لفصل
جياز مطياف الامتصاص الذري  تقدير تراكيزىا بواسطةغرض لبشكنل مسبنق  اكيزىاتر 

 الصمب فإن عممية الاستخلاص الطور ,[5] (GF-AAS)المزود بفرن الجرافيت 
(Solid phase extraction)  كطريقة بسيطة وسيمة ومؤثرة أيااً تأتي في المقدمة

. ىناك أثنين من القيود الرئيسية التي تعمل عمى إعاقة عمل تقدير [6] من حيث النتيجة
بواسطة جياز مطياف الامتصاص جداً ذات التراكيز الائيمة  (HM) المعادن الثقيمة

أيونات العنصر المعني ( تراكيز 1وىما: ) (GF-AAS) جرافيتيالمزود بالفرن ال الذري
مطياف الامتصاص الذري المزود  الخاصة بجياز الدراسة بأقل من حدود الكشفب

( التداخلات الإيجابية/السمبية لأيونات المعدن 2), (GF AAS)بالفرن الجرافيتي 
 .[8، 7] المعني بالدراسة

بعدد من الاساليب منيا التبادل لممعادن الثقيمة /التركيز المسبق عممية الفصل تتم
, الاستخلاص السائمي (Adsorption)الادمصاص  ،(Ion Exchange)الايوني 

(Solvent Extraction)  الترشيح الغشائي(Membrane Filtration) والترسيب ,
 . [9]. . . وأخريات  (Chemical Precipitation)الكيميائي 

 إمتزازيةمادة اناً عممية الفصل/التركيز المسبق باستخدام بالرغم من ذلك تتم أحي
 لمكونة من مجموعات كبريتيةيا امن امن, والتي (Chelating sorbents)تشابكية 

(Thiol groups) مثل ثنائيات الكبريت الكربوماتية (Diothiocarbomates, 

DTCs) المعادن شابك مع تعالية في الالقدرة ة تتمثل في ال. ليذه المواد خصائص مميز
الثقيمة وبالتالي فيي تستعمل بكثرة في استخلاص المعادن الثقيمة بشكل مستقر كيميائياً 

 . [11] (Trace and ultra trace levels) عند تراكيز ائيمة جداً  من السوائل
تمك إلى المعادن الثقيمة ويتميز كغيره من  (Cd II) كادميومعنصر ال ينتمي

 (Cd II)  الكادميوم . يوجد[11] الإنسانأثيرات سمية عمى صحة المعادن في تكوين ت
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عتماداً ة تواجده افي صورة معدنية بشكل طبيعي في التربة, الماء واليواء وتزداد نسب
يتواجد في حين  .[13، 12] ممنطقة بفعل النشاطات البشريةلتموث معدلات العمى 

 1.0صل إلى حوالي تجداً  ةائيمكيز افي الماء غير المموث بتر  (Cd II) الكادميوم
  .[14] ترميكروجم/ل

 لمكادميوم (WHO)أن الحد الأقصى المسموح بو من قبل منظمة الصحة العالمية 

(Cd II)  بينما الحد المسموح بو [15]ميكروجم/لتر  3في مياه الشرب يقدر بحوالي ,
ا داخل ليبيا فقد . أم[16]ميكروجم/لتر  5فيو  (EPA)المسجل لدى وكالة حماية البيئة 

 [.17تر ]ميكروجم/ل 0.02بحوالي الحد المسموح بو تم تحديد 
 

 .(Cd II)طرق التحميل الشائعة لعنصر الكادميوم 
باستخدام ثقنية مطياف الامتصاص الذري  (Cd II) يمكن تعيين تراكيز الكادميوم

(AAS) مزوداً إما بتقنية الميب (Flame) أو الفرن (Furnace)  الطيفيين وىما الأكثر
ميكروجم/لتر باستخدام جياز  5.0 (Cd II) شيوعاً. تكون حدود الكشف لمكادميوم

ميكرو/لتر عند استخدام الجياز مزوداً بتقنية فرن  0.1المطياف مزوداً بالميب و 
 الكادميومحساب تراكيز . تيدف الدراسة إلى [5] (Graphite Furnace)الجرافيت 
(Cd II) البنزيل التشابك ثنائي مركب  باستخدامتطبيق طريقة مستحدثة , بمياه الشرب

لاستخلاص عمى عينات من مياه الشرب  (DBDTC)ثنائي الكبريت الكربومات 
 الامتصاص الذري, ثم استخدام تقنيات  التقدير الكمي مثل مطياف (Cd II) الكادميوم

(AAS) ,اث الاوئيوالبلازما المزدوج حثياً بمطياف الانبع (ICP OES)  لتقدير تمك
  .في السوائل المائيةالتراكيز 

 . المواد وطرق الدراسرة2

 المواد الكيميائية 1.2
ثنائي البنزيل ثنائي حمض الكبريت الكاربوميك  مركبتم الحصول عمي ممح 

 2Ca[2NCSS(C6H5CH2)]ئية يذو التركيبة الكيميائية الجز  (DBDTC)الكالسيوم, 
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 الفينولفثالين مركب؛ %97.11 قدرىابنقاوة كيميائية  ,(Aldrich)من شركة ( 1)شكل 

(Ph.Pht)  ئية يبتركيبة كيميائية جزC6H4COOC(C6H4-4-OH)2 من ( 2)شكل
 المائية نترات الكادميوم؛ %96.11قدرىا  بنقاوة كيميائية (Reidel-De Haen)شركة 

(Cd(NO3)2. 4H2O) ، شركةمن (BDH) قدرت بحوالي , بنقاوة كيميائية
وكربون رباعي  ،(CH3OH) الميثانول, بينما تم الحصول عمى كل من 99.00%
وأخيراً تم الحصول عمى , (Fluka)شركة % من 99.0بنقاوة قدرىا  (CCl4) الكمور

 المواد جميع .(Merck) شركةمن ممجم/ل,  1000كيز اتر ب قياسيةالمحاليل ال
 .الدراسة كانت عالية النقاوةىذه المستخدمة في 

 

  
ثنائي البنزيل ثنائي حمض كبريت  :1شكل 

 اتلكاربوما
 : الفينولفتالين2شكل 

 
 

 الأجيزة المستخدمة 2.2
س درجة الأ تم استخدام مجموعة من الأجيزة وىي كما يمي: جياز قياس

مزود بإلكترود  (Inolab WTW model 740)من نوع  (pH)ييدروجيني ال
من نوع ألمانيا, جياز خمط كيربائي بصنع   (SenTix 20 pH model)مزدوج

Sigma 3-24G Mixer (Sigma labomixer GmbH,)  صنع بألمانيا, جياز
 Graphite) مزود بفرن جرافيت GBC 932نوع  (AAS)مطياف الامتصاص الذرى 
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Furnace)  نوعGBC طراز ,GF 3000 جياز البلازما المزدوج حثياً بمطياف ,
 كمييما صنعا بالولايات المتحدة. Varianنوع  (ICP-OES)نبعاث الاوئي الا

 
 طريقة تجميع العينات 3.2

% حمض النيتريك 10بدايةً تم غسل الأواني الزجاجية بالماء المقطر بغمرىا في 
(NHO3)  لمدة من الزمن لمتخمص من أي شوائب تعمل عمى خفض كفاءة تقدير

العنصر المعني بالدراسة. يمي ذلك, تم جمع عينات لمياه الشرب من منطقتي تاجوراء 
أحدى الاواحي الواقعة غرب مدينة طرابمس وبمدة قصر بن غشير الواقعة جنوب غرب 

التسوق بالمدينة. تم جمع  مدينة طرابمس وبعض العينات التجارية من أحدى مراكز
ثيمين. يمي ذلك, تم ترشيح العينات عمى غشاء ترشيح إالعينات في قنينات من البولي 

ميكرومتر بمساعدة ىواء مخمخل. من خلال الراشح تم غسل  0.45بثقوب قدرىا 
الأواني المستعممة في الجزء المعممي بكمية منو, بينما البقية من الراشح تم تجييزه 

 (Cd)راء الفحوصات والتحاليل الكيميائية اللازمة لو لمعرفة تراكيز الكادميوم لغرض إج
 التالية:خطوات وذلك باستخدام  ال

 
تحضير العينة لمقياس بجياز البلازما المزدوج حثياً بمطياف الانبعاث  1.3.2

 (ICP-OES)الضوئي 
ن مل م 100باستخدام  (DBDTC)مول من محمول الشابك  3-10×1تحاير  .1

 .(CH3OH)الميثانول 
المخفف إلى دورق مخروطي  (Cd(NO3)2)مل من نترات الكادميوم  1نقل  .2

اافة   . (DBDTC)مول من مركب الشابك  3-1×1مل من  2.5وا 
 , وعندىا يحدث راسب ابيض. (pH = 4)ااف محمول منظم لمحتوى الدورق ي. 3
 دقيقة.  20يتم تحويمو عمى جياز الخمط لمدة  .4
 ميكرومتر. 0.45ىواء مخمخل عمى غشاء بثقوب قدرىا واسطة ترشيح الراشح ب .5
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 لحفظ العينة. (HNO3)يتعامل مع الراشح بخمطو مع قطرات من حمض النيتريك  .6
 اع العينات في أنابيب من نوع خاص لمقياس بالجياز المعني.يتم و . 7
 

 (AAS)تحضير العينة لمقياس بجياز مطياف الامتصاص الذري  2.3.2
 .(CCl4)% محمول 99.0مل من  100في  (DBDTC)إذابة كمية من الشابك . 1
ماء منزوع من المل  100مع  (Cd II) العياري محمول الكادميوممن مل  0.1خمط  .2

 الايونات.
, 2.5إلى ) (Cd II) مل من محمول الكادميوم العياري 0.01إاافة كمية وقدرىا  .3

 .(DBDTC)بك ( مل من محمول الشا6, 5, 3.5
( 12, 1, 8مل من محمول الكادميوم العياري مع ) 0.05إعادة خمط كمية قدرىا  .4

 .(DBDTC)الشابك  حمولمل من م
 مل وذلك بإاافة الماء 16يتم تخفيف حجم العينات المعنية بالقياس حتى  .5
 
 . النتائج والمناقشرة3

 (AAS)باستخدام مطياف الامتصاص الذري  (Cd)تقدير تراكيز الكادميوم  1.3
استخدام فاعمية في التقديرات الكمية عندما يتم رفقة دقة و تكون كفاءة الجياز أكثر  

طرق زيادة التركيز المسبق بمركبات من نوع خاص مثل ثنائي البنزيل ثنائي الكبريت 
اري لمكادميوم [. تم إنجاز التحاليل الخاصة بالمحمول العي18] (CBDTC)الكربوماتي 
(Cd II)  لغرض تقدير: تراكيز الكادميوم(Cd)مدى تأثير كمية الشابك , 

(DBDTC)  الماافة في انتزاع الكادميوم من المحمول, مدى تأثير(pH) وكذلك ,
 ( عمى التوالي.3-1زمن الرج. نتائا ىذا الجزء من الدراسة مدونة في جدول )
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 (Cd)المضافة عمى استخلاص  (DBDTC)تأثير حجم الشابك  1.1.3
 (Cd)المااف ونسبة المستخمص من الكادميوم  (DBDTC): حجم الشابك 1جدول 

حجم الشابك المضاف 
(DBDTC))مل( ، 

نسبة تكوين المعقد 
(DBDTC=Cd))%( ، 

2.5 9..9 

5.. 49.57 

8.. 88... 

9... 92... 

92.. 99.4 

 

 
 

 (Cd)ونسبة المستخمص من الكادميوم  (DBDTC): كمية الشابك الماافة 3شكل 
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 في استخلاص الكادميوم (DBDTC)تم التحقق من مدى تأثير حجم الشابك 

(Cd II) التوصل إلى البيانات المدونة  تم نتيجةً لذلك,و , الموجود في المحمول العياري
 (DBDTC)يمكن ملاحظة أنو بزيادة حجم الشابك  3بالاستعانة بالشكل . 1في جدول 

 (Cd II)تزداد قيمة تراكيز الكادميوم ( مل إلى محمول الكادميوم العياري 12-2.5من )
-10.9من قيمة قدرىا ) (Complex) المعقدعبر تكوين  الشابكرابط مع المت

ترابط وتكوين المعقد بمعدلات (%. يمكن ملاحظة أن البداية كانت الزيادة في ال99.4
. يشير (Stable state)سريعة, ثم انخفات بشكل بطئ حتى وصمت إلى حالة الثبات 

الانخفاض في تكوين المعقد بشكل بطئ إلى توافق الكمية الماافة من الشابك مع كمية 
 Active)المتوفرة في المحمول العياري وأن جميع المواقع النشطة  (Cd II)الكادميوم 

sites) عمى الشابك (DBDTC) .تم احتجازىا بشكل جيد 

 
 .(DBDTC)بالشابك  (Cd)عمى استخلاص الكادميوم  pHتأثير  2.1.3

 pHزيادة  إثناء (DBDTC=Cd)وتكوين المعقد : النسب المئوية لمتشابك 2جدول 

pH  نسبة عنصر(Cd II)   بالشابك)%( 

9... 98.96 

2... 92... 

2.96 89.48 

3... 89.48 

5... 89.48 

6... 93.92 

8... 96.32 
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 .(DBDTC)بالشابك  (Cd) ميوملكادا عمى استخلاص (pH): تأثير درجة 4شكل 

, كانت نسبة 1يساوي  pH, يتبين بواوح أنو عند درجة 4من خلال الشكل   
عمى مستوى بقيمة قدرىا أعند المستخمصة )عبر تكوين المعقد(  (Cd)الكادميوم 

 pHقيمة درجة زيادة نخفاض مع اي المعقد فصبح مستوى أ ,. يمي ذلك98.96%
. مرةً أخرى, ترتفع نسبة 5قدره  pHحتى درجة ستقر وت %89.48ليصل إلى 

( لتصل تمك 8-6ما بين ) pHوتكوين المعقد عند درجة  (Cd)استخلاص الكادميوم 
النمط من الانخفاض ىذا  شيري% عمى التوالي. 96.32% و 93.12النسب إلى 

ذرات إلى حقيقة أن وتكوين المعقد  (Cd)والارتفاع في نسبة استخلاص الكادميوم 
بإحدى الاحتمالات  (DBDTC)العنصر تعمل عمى تكوين روابط مخالبية مع الشابك 

. كما تشير النتائا إلى أن الشابك [19]المنشورة  المواحة في أحدى التقارير
(DBDTC)  قصى تأثير لو في استخلاص الكادميوم أكان عند(Cd)  عند درجةpH 

 ,مرة أخرى (Cd). بينما الارتفاع في مستوى تراكيز الكادميوم 1 قدرىا منخفاة جداً 
 ةعممي يتم عبر وأن يبدو 8إلى  pHعند زيادة درجة , 4كما ىو مبين في الشكل 

 .الاستخلاص ةعوااً عن عممي الترسيب

80
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 .(DBDTC)بالشابك  (Cd)عمى استخلاص الكادميوم  تأثير زمن الرج 3.1.3

 ( دقيقة20-5(زمن رج خلال زيادة  تكوين المعقد: النسب المئوية ل3جدول 
زمن الرج، 

 دقيقة
 ،بالشابك  (Cd II)نسبة عنصر 

)%( 

5.1 92.11 

11.1 95.21 

15.1 93.12 

21.1 96.32 

 

 
  (DBDTC)بالشابك  (Cd): تأثير زمن الرج عمى استخلاص الكادميوم 5جدول 

إلى أن النسبة المئوية لتراكيز  5مواحة بالشكل الو  3الجدول بمبينة التشير النتائا 
كان معدل تكوين المعقد مرتفع المعقد تزداد بزيادة زمن الرج. عند زمن الرج المنخفض 

ثم تنخفض تدريجياً  ,(Exponential phase % )طور أسي,92.0جداً يصل إلى 
 % )طور انتقالي,96.0دقيقة ليصل إلى  20دقائق لاحقة وحتى  5ببطء بعد 
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Transition phase ويطمق عمييا مرحمة التوازن )(Equilibrium state) أن وفرة .
الأثر الجيد في كان ليا  (Cd)المواقع النشطة اللازمة لترابط الشابك مع الكادميوم 

سرعة الاستخلاص بنسبة عالية وفي زمن قميل. في المقابل, عند حجز مواقع الترابط 
الأمر الذي أدى إلى انخفاض  ،بشكل كامل أصبح معدل الاستخلاص في حالة ثبات

المتحررة عن  (Cd)حاد في معدل الاستخلاص. عند ىذه النقطة, تكون كمية الكادميوم 
المترابطة مع  (Cd)ازن ديناميكي مع كمية الكادميوم في تو  (DBDTC)الشابك 

   .(DBDTC)شابك ال

 (Cd)الكادميوم  في تعيين تراكيز AASالامتصاص الذري ستخدام مطياف ا 4.1.3
 بطريقة الإضافة. في عينة مياه شرب

 .لعينات مياه الشرب (DBDTC)بالشابك  (Cd)الكادميوم  تراكيز: 4جدول 

، (Cd II) مضافة منعينة مياه بتراكيز 

(ppm) 

تركيز عنصر الكادميوم المستخمصة، 
(ppm) 

6.70 X 9.
-4 

5... 

1.34 X 9.
-3

 5... 

X 2.01 9.
-3

 5... 

X 2.68 9.
-3

 5... 

X 3.35 9.
-3

 5... 

X 4.02 9.
-3

 5... 

X 4.69 9.
-3

 5... 

X 5.36 9.
-3

 3333 

X 6.03 9.
-3

 25.. 

X 6.70 9.
-3

 2.83 
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 عمى عممية الاستخلاص (Cd): تأثير كميات ماافة من الكادميوم 6شكل 

 

 

 (DBDTC)بمركب التشابك  وكميته المقاسة  (Cd) الكادميوم العلاقة بين كمية: 7شكل 

 (GF AAS)لتقييم كفاءة تقنية مطياف الامتصاص الذري المزود بالفرن الجرافيتي  
وطريقة الإاافة  (DBDTC)شابك ال مساعدةب (Cd)في تعيين تراكيز الكادميوم 
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(Addition method) لمكادميوم (Cd)  والاستخلاص السائمي(Solvent 

extraction)  برباعي كمور الميثان(CCl4) والنتائا  في عينة مياه مصنع النبع
 .4مواحة في الجدول  المتحصل عمييا

خلاصو في واست (DBDTC)بواسطة الشابك  (Cd)بعد عممية الفصل لمكادميوم  
تم تقدير حدود الكشف لجياز مطياف الامتصاص  ,(CCl4)رباعي كمور الميثان 

)حجم  X 4.69 10-3 ppmبحوالني  (GF AAS)الاوئي المزود بفرن الجرافيتي 
 (Cd)ن ىذه النقطة, أصبحت تراكيز الكادميوم مل(. وم 70الكمية الماافة تساوي 

بينما تم ملاحظة ارتفاع تراكيز الكادميوم  .الماافة في انخفاض في الطور المائي
(Cd)  311×  2.083التراكيز قيمة تساوي  لتصلالماافة في الطور العاوي ppm 

)حجم  ppm 3-10 × 6.70الماافة تعادل  (Cd)عندما كانت تراكيز الكادميوم 
(. مرة أخرى يعزى ذلك إلى كفاءة الشابك 6شكل ( مل( 100 الكمية الماافة تساوي

(DBDTC)  في الترابط مع الكادميوم(Cd)  واستخلاصو في رباعي  (تكوين المعقد)و
  .(CCl4)كمور الميثان 

 Linear Regression)الانحدار الخطي  لتقدير قيمة إحصائيةأجريت تحاليل  

Value, (R
2
المستخمصة في الطور  (Cd)قيم المتحصل عمييا لتراكيز الكادميوم لم ((

(, 7)شكل  (Unity). ىذه القيمة قريبة جداً من الوحدة 0.885حوالي وكانت  العاوي
. من ناحية أخرى, تبين أن قيمة الانحراف لمقيمالجيدة عن العلاقة الخطية  وىي تعبر
تراكيز  ةقيموأن متوسط  0.011 +تساوي  (Standard Deviation, SD)المعياري 
 .ppm 0.478 الطور العاوي تساوي في المستخمص (Cd)الكادميوم 
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لعينات مياه الشرب بمنطقتي قصر بن غشير  (Cd)الكادميوم  حساب تراكيز 5.1.3
 (GF AAS) مطياف الامتصاص الذري وتاجوراء باستخدام تقنية

 (GF AAS): قيم متحصل عمييا باستخدام تقنية مطياف الامتصاص الذري 5جدول 

 ppmكمية الكادميوم المضافة، 
  بئر بقصر بن غشير، 

ppm 
 ppmبئر بتاجوراء، 

5.36  ×9.
-3 

..333 ..333 

6.03  ×9.
-3

 ..333 ..666 

6.7.  ×9.
-3

  ..666 9.. 

8..4  ×9.
-3

 9.. 9.333 

 833.. 0.583 متوسط القيم،

 .43.. ±  0.245 ± الانحراف المعياري

 

 

بمدة عينة مياه بئر بقاسة في  لمتو اوكمي المضافة (Cd) الكادميوم العلاقة بين كمية: 8شكل 
 قصر بن غشير
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تو المقاسة بعينة مياه بئر بمنطقة وكمي المضافة (Cd) الكادميوم العلاقة بين كمية: 9شكل 

 تاجوراء.

تم الحصول عمييا من بمدة شرب يحتوي عمى نتائا تحميل عينات ماء  5جدول 
مطياف الامتصاص الذري  تاجوراء باستخدام تقنيةأخرى من منطقة قصر بن غشير و 

ملاحظة ال, يمكن 9و  8. بالاستعانة بالشكمين (GF AAS) المزود بالفرن الجرافيتي
الماافة وكميتو المقاسة. كانت  (Cd)الكادميوم  بواوح وجود علاقة طردية بين تركيز

أفال بقميل من مياه منطقة تاجوراء  بمدة قصر بن غشير التراكيز المقاسة في عينة مياه
 ±قدره  (SD)وانحراف معياري  ppm 0.583التي كانت بمتوسط قيمة قدرىا 

المقاسة في عينة مياه منطقة تاجوراء  (Cd), بالمقارنة, كانت تراكيز الكادميوم 0.245
 .0.430 ±قدره  (SD)وانحراف معياري  0.833تقدر بحوالي 

R)ر الخطي بينما قدرت قيمة الانحدا 
2
( 8لعينة مياه بمدة قصر بن غشير )شكل  (

 عمى التوالي. 0.966و  0.937( بحوالي 9وعينة مياه منطقة تاجوراء )شكل 
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البلازما المزدوج حثياً بمطياف الانبعاث بجياز  (Cd) تقدير تراكيز الكادميوم 2.3
  (ICP-OES) الضوئي

  في الراشح (Cd) تقدير تراكيز الكادميوم 1.2.3
 الراشح يف (Cd) النسبة المئوية لعنصر الكادميوم: 6جدول 

التراكيز 
 الأولية،
ppm 

في  (Cd)تركيز 
 الراشح،
Ppm 

النسبة المئوية من 
(Cd) ،في الراشح 

)%( 

النسبة المئوية من 
(Cd)  ،في الشابك

)%( 

2. 2.6. 93...  87.0.

5. 9.7. 99.4.  80.6.

9.. 97.. 97...  83.0.

3.. 26.. 8.6..  91.0.

, تم اختبار كفاءة تقنية البلازما المزدوج حثياً بمطياف في ىذا الجزء من الدراسة 
 في المحاليل المائية (Cd) الكادميوم لتقدير تراكيز (ICP-OES) الانبعاث الاوئي

-1تم تجييز العينات المائية من رقم ). (DBDTC)بطريقة الترسيب بمركب التشابك 
(. بعد خمطيا بمحمول الشابك 6)جدول  (Cd)( معممياً بتراكيز أولية من الكادميوم 4

(DBDTC)  تم تقدير تراكيز الكادميوم(Cd) اً مع مركب التشابك في الراشح )مترابط
(DBDTC)  مكوناً المعقد( باستخدام جياز البلازما المزدوج حثياً بمطياف الانبعاث

 . (ICP-OES)الاوئي 
 2.6كانت حوالي  (1رقم ) معينةل (Cd) الكادميوم تركيز اح أن( يو 6) جدول  

ppm (13.11)% الأمر الذي يعني أن الشابك ,(DBDTC)  الكادميوم تفاعل مع
(Cd)  حرة عمى ىيئة كادميوم البقيوساىم في ترسيبو عمى ىيئة معقد, بينما كانت 

(free Cd). 2.61بقيمة قدرىا  شححيث كان تركيز الأخير في الرا ppm  وعمية فإن
 97.4ىو حوالي  (Cd)لكادميوم امع  (DBDTC) المعقد المكون نتيجة تفاعل الشابك
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ppm( كانت تراكيز الكادميوم4(, ورقم )3(, رقم )2. بشكل مماثل في العينة رقم )  

(Cd)  الحر في الراشح تتزايد بزيادة التراكيز الأولية لمكادميوم(Cd)  300حتى ppm .
وأن تراكيز الكادميوم  ppm 9.7( 2رقم ) العينةالحر في  الكادميومحيث كانت تراكيز 

تقدر بحوالي ( كانت 4وتراكيزه في العينة رقم ) ppm 17( 3الحر في العينة رقم )
26.0 ppm . 

في العينة  (Cd)بالرغم من وجود العلاقة الطردية بين الزيادة الأولية لمكادميوم 
كانت اقل في العينة  (%)وزيادة كمية استخلاصو في الراسب, إلا أن النسبة المئوية 

. أن تمك ppm 50( عند زيادة التراكيز الأولية إلى ما فوق 4( وما بعده في عينة )3)
وكمية  نتائا تدل عمى عدم وجود توافق ما بين كمية تراكيز الكادميوم المستخمص ال

 . وأن جميع المواقع النشطة لمترابط بينيما محجوزة ،(DBDTC)الشابك 

, تم (Cd)في استخلاص الكادميوم  (DBDTC)لمتأكيد عمى فاعمية الشابك    
من شركة السديم لمتحاليل من مياه الشرب )تم الحصول عمييا استخدام عينة قياسية 

يقدر  (Cd) الكادميومالكيميائية بمدينة طرابمس؛ أحدى القطاعات الخاصة(, بتركيز من 
من  لى النتائا التاليةإمن خلال التحاليل تم التوصل . ميكروجم/ لتر 1.12بحوالي 

, ppm 0.014( = 2عينة ), ppm 0.012( = 1عينة ) :(Cd)تراكيز لمكادميوم 
 . تم إجراء تحميل إحصائي لمعرفة قيمة الانحراف المعياريppm 0.012( = 3عينة )

(SD)  0.0027  ±لمعينة وقدرت بحوالي . 
أما فيما يتعمق بالعينة القياسية المتحصل عمييا من شركة السديم لمتحاليل 
ا الكيميائية, تم التوصل إلى استنتاج مفاده أن ىذه النتائا التي تم الحصول عميي

تقع بعيداً  (DBDTC)في الراشح المائي من خلال استخدام الشابك  (Cd)لمكادميوم 
 World Health  عن الحد المسموح بو من قبل منظمة الصحة العالمية 

Organization, WHO), 4
th

 edition in 2011  وبالتالي فيي تشكل خطر عمى
 صحة الإنسان, إذا ما تم استعماليا لمشرب.
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 . عينات مياه الشرب بمصنع النبعفي  (Cd) الكادميوم تراكيز تقدير 2.2.3
 لعينات مياه الشرب بمصنع النبع (Cd)الكادميوم  تراكيز: نتائا 7 جدول 

 ر.ع.

تراكيز الكادميوم 
(Cd)  ،المضافة
(ppm) 

 (Cd)تركيز الكادميوم 

 (ppm)المقاسة، 
 (Cd)تركيز الكادميوم 

 (ppm)بالشابك، 

9 6.70 X 9.
-4 

0.25 4.00 

2 1.34 X 9.
-3

 0.21 4.67 

3 X 2.01 9.
-3

 0.16 6.25 

4 X 3.35 9.
-3

 0.11 9.09 

5 X 4.02 9.
-3

 0.09 11.11 

6 X 4.69 9.
-3

 0.12 8.33 

7 X 5.36 9.
-3

 0.11 9.09 

8 X 6.03 9.
-3

 0.13 7.70 

9 X 6.70 9.
-3

 0.11 9.09 

 

 
 الماافة  وكميتو المستخمصة في الراشح (Cd): العلاقة بين كمية الكادميوم 10شكل 
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الماافة وكميتو المقاسة بالشابك )لاحظ: الرسم البياني في  (Cd): العلاقة بين كمية 11شكل 

 (10معاكس لما ىو عميو في الرسم البياني بشكل  11شكل 

 كأحد أفال التقنيات التي يمكن (ICP)بالرغم من تميز جياز البلازما المزدوج حثياً 
 Ultra trace) الاعتماد عمييا في عمميات تقدير التراكيز الائيمة جداً 

concentrations)  من العناصر الثقيمة, إلا أن حدود الاقتفاء عادةً تكون غير كافية
. بالتالي لتحسين [21] وما أقل من ذلك لتقدير التراكيز عند مستويات الميكروجم/لتر

 . [21]لممحمول  تقنيات زيادة التركيز المسبقالتقنية عادةً ما يتم استخدام 
( من مصنع النبع لمياه الشرب الواقع ببمدة قصر 9-1)رقم من  العيناتم جمب ت 

بن غشير مباشرةً من المصدر مباشرةً قبل المعالجة. تم تجييزىا معممياً بإاافة تراكيز 
كانت تحتوي ( وقد 7, كما ىو مشار إليو في الجدول )(Cd)من عنصر الكادميوم 

 . ppm (3-10×  6.7  - 4-10×  6.7عمى تراكيز أولية ما بين )
( تمثل أكبر كمية 1رقم )العينة في  (Cd) تركيز الكادميوم أن (10يواح الشكل ) 

 (Cd) ستمرت تراكيز الكادميوم. اppm 0.12مستخمصة في الراشح وقدرت بحوالي 
إلى أن الكمية يشير ذلك  .(Cd)في الانخفاض كمما تم إاافة كمية من الكادميوم 

مع مركب التشابك  (Cd) في حقيقتيا تعبر عن ترابط ذرات الكادميوم المنخفاة
(DBDTC)  عبر روابط مخالبية(Chelating bonds)وان الكمية كانت توافق تمك , 
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يمكن ملاحظة استقرار (. من ناحية أخرى, 5( إلى )1الكميات في العينات من رقم )
( رغم وجود تذبذب 9-5المتحصل عمييا إلى حد كبير في العينات من رقم )القيم 

ائيل بينيا, والذي يمكن أن يعزي إلى قراءات خاطئة أو خطاء أثناء التعامل مع 
يشير الاستقرار الحاصل في البيانات المتحصل عمييا لمعينات المذكورة إلى  العينات.

فية لمترابط مع الكمية المتوفرة من كانت غير كا (DBDTC)أن كمية مركب التشابك 
 بالكامل. (Cd)ذرات الكادميوم 

عمى عكس ما تم التوصل إلية سابقاً, يمكن استنتاج بأن النتائا السابقة يمكن أن 
المترابطة  (Cd)تكون صحيحة إذا ما تم النظر إلييا من ناحية كمية تراكيز الكادميوم 

( يمكن ملاحظة 11خلال الشكل ) (. فمن7, )جدول (DBDTC)مع مركب التشابك 
وأن  (DBDTC)المترابطة مع مركب التشابك  (Cd)وجود ارتفاع في كمية الكادميوم 

استمرت في الارتفاع كمما تم إاافة كمية معمومة من الكادميوم  (Cd)تركيز الكادميوم 
(Cd).  

ين وتكو  (Active sites)ببعايا لتحتل مواقع نشطة  (Cd)ذرات الكادميوم  تدفع
بإحدى الاحتمالات المشار إلييا في  (DBDTC)روابط مخالبية مع مركب التشابك 

 بميمة تكوين المعقد (DBDTC)يقوم مركب التشابك . [19]أحدى التقارير المنشورة 
(Complex formation) الكادميوم  كانت توافق كميات توعمى أحسن وجو وأن كمي

(Cd) (.4-1رقم )ات في العين 

R)من ناحية أخرى, تم تقدير قيمة الانحدار الخطي 
2
, (5-1)رقم  لمعينات من (

، شكل (Unity) ةالوحد منتعتبر قريبة جداً وىي بذلك  0.983قدرت بحوالي وعميو فقد 

( يقدر بحوالي 5-1كان متوسط القيم لمعينات الخمس من عينة رقم )بينما  (،12)
 113×  2.154قدر بحوالي ت (Slope (a))قيمة المنحدر . في المقابل كانت 7.024

 .2.079كانت حوالي  (DBDTC)مع كمية مركب التشابك  (b) وأن نقطة التقاطع
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R): قيمة الانحدار الخطي 12شكل 

2
قاسة الم تووكميالماافة  (Cd)معلاقة بين كمية ل (

 (DBDTC)بالشابك 
 

 . الجوفية الآباربعض في عينات مياه  (Cd) تراكيز الكادميوم تقدير 3.2.4
 في عينات مياه الآبار  (Cd) متوسط تراكيز الكادميوم: 8جدول 

قيمة المتوسط الحسابي لمكادميوم  رقم العينة موقع الحصول عمى العينة
(Cd)  ،في المستخمصppm 

39.25  1 بئر بمنطقة قصر بن غشير

2 3..3. 

3 39.25 

 66.66 1 بئر بمنطقة تاجوراء

2 66.66 

3 79.42 

 تجارب  لتقدير المتوسط  الحسابي 3: أجريت لكل نوع عينة عدد ملاحظة

في ىذا الجزء من العمل, تم جمب بعض العينات من بئرين جوفيين بمنطقتين 
مختمفتين: أحداىما ببمدة قصر بن غشير الواقعة جنوب غرب مدينة طرابمس, والأخر 

y = 2154x + 2.0785

R
2
 = 0.9829

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045

ppm ،كمية عنصر الكادميوم المضافة

ppm
بك، 

 الشا
م في

دميو
 الكا

نصر
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متوسطات ( نتائا 8بمنطقة تاجوراء الواقعة شرق مدينة طرابمس. يواح الجدول )
 . (ICP–OES) تقنية باستخدامالآبار تمك في عينات مياه  (Cd) تراكيز الكادميوم

الخاصة ببئر العينة في  (Cd) تركيز الكادميوم اح أنالجدول يتمن خلال 
في عينة بئر بمدة قصر بن  (Cd) منطقة تاجوراء تحتوي عمى اعف تراكيز الكادميوم

 30.93في الأولى قدرت بحوالي  (Cd)غشير وأن متوسط قيم تراكيز الكادميوم 
 .ملجم/لتر 68.246التي سجلت  (Cd)ممجم/لتر, مقارنة بمتوسط قيم تراكيز الكادميوم 

في البداية فقد  ،(SD) الانحراف المعياري  لتقدير قيمة الإحصائيةالتحاليل فيما يتعمق ب
 +بحوالي  لعينات مياه بئر بمدة قصر بن غشير (SD)حراف المعياري درت قيمة الانق  

لعينات مياه بئر تاجوراء وىي  (SD)الانحراف المعياري  قيمة, بينما قدرت 1.311
نتائا العينات الخاصة بمدة قصر بن غشير تعبر عن جودة القيم,  .3.167 +تساوي 

 ياه الخاصة ببئر تاجوراء.المرغم أفامية وجودة 
لعينات مياه  (DBDTC)شابك تالمركب ب (Cd)تراكيز الكادميوم  تقدير 4.2.4
 .تاجوراءمنطقة قصر بن غشير و بمدة الشرب ب

  في عينات مياه الآبار (DBDTC)بالشابك  (Cd) تراكيز الكادميوم: 9جدول 
قيمة المتوسط الحسابي 
 لمكادميوم في المسخمص،

ppm  

بئر بمنطقة قصر بن 
 غشير،
ppm 

 بئر بمنطقة تاجوراء،
ppm 

10
-3

 x   5.36 0.099 0.111 

10
-3

 x  6.03 0.249 0.384 

10
-3

 x 6.7.   0.400 0.466 

10
-3

 x  8..4 0.437 0.555 

 0.328 0.296 المتوسط الحسابي

  ± 0.201  ± 0.268 الانحراف المعياري

 تجارب  لتقدير المتوسط  الحسابي 3: أجريت لكل نوع عينة عدد ملاحظة
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R)في عينة مياه بئر بقصر بن غشير وقيمة  ة المقاسةميبالك (Cd)علاقة كمية : 13شكل 
2
) 

 

 

 

 

 

 

R)وقيمة  ية المقاسة في عينة مياه بئر بتاجوراءكمبال (Cd)علاقة كمية : 14شكل 
2
). 

y = 150.62x - 0.6049

R
2
 = 0.8072

0
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مياه في عينات  (Cd) متوسطات تراكيز الكادميوم ( يسجل عدد من9جدول ) 
لبئرين جوفيين بمنطقتين مختمفتين: أحداىما ببمدة قصر بن غشير, وأخر بمنطقة 

–ICP)باستخدام تقنية البلازما المزدوج حثياً بمطياف الانبعاث الاوئي تاجوراء 

OES)( يمكن ملاحظة أن 13. بالاستعانة بالشكل )تركيز الكادميوم (Cd)  المترابط
تزداد  الخاصة بمياه بئر بمدة قصر بن غشيرالعينة سة في والمقا (DBDTC)بالشابك 

 - 0.099)لعينات مياه البئر من  (Cd)في علاقة طردية مع زيادة تراكيز الكادميوم 

1.437) ppm بإاافة تركيز الكادميوم (Cd)  5.36)في عينات المياه من x 11-3 -  

8.14 x 11-3 )ppm ومن خلال استخدام المعادلة الإحصائية المتعمقة بتقدير قيمة .
R)الانحدار الخطي 

2
R)لعينات الماء ببمدة قصر بن غشير فقد قدرت القيمة  (

2
) 

عبر عن علاقة تو  (Unity)وىي بذلك تعتبر قريبة جداً من الوحدة  0.834بحوالي 
 خطية جيدة لمقيم. 

( يواح أيااً الزيادة الممحوظة في تركيز الكادميوم 14بشكل مماثل, الشكل )
(Cd)  المترابط بالشابك(DBDTC)  بعينات مياه بئر منطقة تاجوراء. تم تقدير قيم تمك

 (Cd)مع إاافة تراكيز الكادميوم  ppm( 1.555 - 0.111التراكيز وىي تزداد من )

ppm( x 11-3 -  8.14  x 11-3 ن )م . من خلال ىذه النتائا, بشكل عام يمكن 5.36
من  في زيادة التراكيز المسبقة تشابك استنتاج قدرة وكفاءة مركب ال (DBDTC)

المزدوج حثياً بمطياف  بحيث تعمل عمى إاافة القدرة لجياز البلازما (Cd) الكادميوم
في القياس والتقدير لمتراكيز الائيمة. مرة أخرى عند   الانبعاث الاوئي (ICP-OES)

قدرت مة القي, أتاح أن لمعينات (R2)يمة استخدام المعادلة الإحصائية المتعمقة بتقدير ق
, (R2). بمقارنة قيم (Unity) ةالوحد القيم من قربعن التي تعبر  0.807بحوالي 

من تمك أفال نلاحظ أن قيم عينات مياه البئر الخاصة ببمدة قصر بن غشير كانت 
 .نطقة تاجوراءياه بئر ممعينة المعنية ب
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 :  لاستنتاجا. 5
 :الاستنتاجات التاليةمن خلال نتائا ىذه الدراسة تم التوصل إلى 

كجياز نموذجي في تعيين  (GF AAS) الامتصاص الذريمطياف يمكن اعتماد  (1)
كميات من لاافة الإفي المحاليل المائية باستخدام طريقة  (Cd) الكادميوم تراكيز

   .(Cd) الكادميوم
 .(Cd) الكادميومفي استخلاص  (DBDTC) شابكتمركب ال استخداميمكن  (2)
: وىو كما يمي بالطريقة المستحدثة (Cd)الكادميوم  تقدير تراكيزأفال الظروف ل (3)

 درجة, مل 12 قدره حوالي حجم، (DBDTC) شابكلمركب الت مول 3-10×1تركيز 

pH  دقائق 10وزمن رج عند  ,1تساوي.  
قياس )الراشح( باستخدام  جياز اليمكن تبني طريقة الترسيب بمركبات عاوية و  (4)

 . (ICP-OES)بجياز مطياف الانبعاث الاوئي  حثياً  البلازما المزدوج
, تكون بجياز الامتصاص الذري (Cd)الكادميوم تبين أن حساسية وكفاءة تحميل  (5)

(GF AAS) ا  بمطياف الانبعاث الاوئي جياز البلازما المزدوج حثي أفال من
(ICP–OES). 

بحوالي  (AAS) بمياه مصنع النبع لمشرب بواسطة (Cd)الكادميوم تراكيز قدرت  (6)
0.5 ppm + 0.011 امن الحدود المسموح بيا من قبل منظمة الصحة العالمية وىي

(WHO) ومنظمة الأغذية والزراعة (FAO)  بواسطةذات العنصر تراكيز قدرت بينما 

(ICP–OES) 2.07 بحوالي ppm ± 0.02  
قصر بن غشير  بمدةبمياه بئر بمنطقة تاجوراء و  (Cd)الكادميوم تراكيز  قدرت (7)

±  ppm 1.182و  ppm ± 0.430 1.582 بحوالي (AAS)بواسطة جياز 
±  ppm 0.604 بحوالي  (ICP – OES) بواسطة جيازقدرت . بينما 0.245
  .عمى التوالي ppm  ±0.268  0.509 و  0.201
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انتعهْى انتقنِ ًانتذرّت عهَ انظعْذ انتحـذّـبت انتِ تٌاجـو ثعض 
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 ممخص
تتناول ىذه الورقة بالبحث والتحميل مواوع التعميم التقني و التدريب و التحديات 

في المؤتمرات  الأساسيةتواجيو و ما جعمو يتصدر قائمة المواايع  التيالاقتصادية 
 الدولية كعامل رئيسي في العممية التنموية سواء في البمدان النامية أو المتقدمة.

وتكمن المشكمة البحثية في الإجابة عمى التساؤل الرئيسي لمبحث وىو كيف لمتعميم 
ميماً في المجتمع في ظل وجود التحديات  التقني والتدريب أن يمعب دوراً بارزاً ومحركاً 

يتمتع بيا  التيواعف التمويل ...الخ والمزايا  الخصخصةالاقتصادية كالعولمة و 
مجتمع سواء نامي  أيالتعميم التقني والتدريب لتجعمو قادر عمى لعب دور بارز في تقدم 

 او متقدم.
يتمتع بيا التعميم التقني  و ييدف ىذا البحث إلى تسميط الاوء عمى أىم المزايا التي

والتدريب كالتقميل من معدلات البطالة في المجتمع  وزيادة  من حجم الاستخدام و  
من خلال تغيير سموكيات واتجاىات  للأفراد الإنتاجيةتحسين مستويات  الأداء و 

 العاممين.
ف نوع فيما يتعمق تساؤلات البحث فقد تم صياغة مجموعة من التساؤلات اىميا ىل يختم

 الدور الذي يمعبو التعميم التقني والتدريب باختلاف نوع الاقتصاد سواء نامي او متقدم؟
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ىا أن دور التعميم دمفا اما بخصوص نتائا البحث الاساسية توصل الباحث إلى نتيجة
ي والتدريب اي لو دور فعال وميم وتزيد ىذه الاىمية مع تسارع الاحداث الدولية نالتق

اعمية ىذا الدور في ظل التغيرات الدولية  كما توصل الباحث إلى نتيجة وتزداد ايااً ف
ميمة مفادىا ان دور التعميم التقني والتدريب لا يختمف باختلاف نوع الاقتصاد سواء 
نامي أو متقدم  لطالما كان الاقتصاد ساعي لمنمو والتقدم و يستند في بناءه عمى آليات 

الفعمي ووجود سياسات مطروحة قابمة لمتطبيق فاعمو و خطوات حقيقية نحو النمو 
 والتطوير.

Abstract  

 

This paper studies and analyzes the topic of technical education 

and training, examines the economic challenges they pass through. 

It is a topic that comes on top of the list of key topics in the 

international conferences as a main factor in the developmental 

process, whether in developed or developing countries. 

The problem of this research centered on the basic question of the 

research : How technical education and training can play a 

significant role  in the community in light of the economic 

challenges such as globalization, privatization, and the insufficient 

financing ... etc., besides; the advantages the technical education 

and training have which enable them play prominent role in the 

progress of every community- developing or advanced. 

This research aims at highlighting the most significant advantages 

the technical education and training have such as reducing the rates 

of unemployment in the community, raising the volume of 

employment, improving the levels of individuals' performance and 

productivity by means of changing the behaviors and attitudes of 

the employees. 
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Considering the questions this research brings up, a set of 

questions have been formulated, the most significant among them : 

does the role technical education and training play differs due to 

the type of economy, whether developing or advanced it is? The 

basic results of the research denote that the role technical 

education and training play is an effective and important role 

which builds up along with the acceleration of the international 

events, and the effectiveness rise under the international changes. 

The researcher concluded to a momentous result which shows that 

the role technical education and training do not defer according to 

the type of economy-if it is developing or advanced, as far as this 

economy heading toward growth or progress, and depends, on its 

building, on an effective mechanisms, real steps towards the real 

growth, besides; the existence of policies that can be applied and 

developed. 

 
 المقدمة : 

لقد زاد الاىتمام بالتعميم التقني والتدريب  ونشاطنناتو المختمفنة  من الناحينة الاقتصادينة 
بشكنل ممحوظ  خنلال القرن المااي , وقند زاد مع ىذا الاىتمام , الاىتمام بحركنة 
البحث العممي في مجال التعميم التقني والتدريب ,  فالتعميم التقني و التدريب أصبح 

تفرايا عمينا ظروف العصر الحالينة , مما استوجب تكريس كافة  ارورة  ممحو
الجيود للاىتمام بو  باعتباره  أحند أىنم ركائنز المجتمعنات العصرينة  التي  تسعنى لمتقندم 

 المستمنر  لتحقيق مستقبل أفانل. 
ة وأصبح تقدم المجتمع متوقف عمى كفائتة الإنتاجية وكفائتة الإنتاجية متوقفة عمى درج

خبرتو وىذا كمو متوقف عمى مقدار التعميم التقني والتدريب الذي يتم في المجتمع , ومن 
واجب المجتمعات الحديثة الالتفاف والاىتمام بالتعميم التقني والتدريب بصورة أكثر جديو 
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وواقعية لا سيما ونحن في عيد العولمة والتكتلات الاقتصادية العالمية وبروز منظمة 
لمية , فالتعميم التقني لو صمة وثيقة بالمتغيرات الدولية باعتباره أحد محركات التجارة العا

, ومن ىذا المنطمق تم صياغة المشكمة  (209, 2003النمو الاقتصادي )المصري , 
البحثية كالتالي: كيف لمتعميم التقني والتدريب أن يمعبا دوراً بارزاً ومحركاً ميماً لمعممية 

 الخصخصةفي ظل وجود التحديات الاقتصادية كالعولمة و  التنموية في أي مجتمع
يتمتع بيا التعميم التقني والتدريب لتجعمو قادر  التيواعف التمويل ...الخ , وما المزايا 

 .مجتمع سواء نامي أو متقدم أيعمى لعب دور بارز في تقدم 
 تساؤلات البحث:

جابة عمييا لاحقاً وقد كانت قام الباحث بصياغة بعض التساؤلات البحثية ومحاولة الا
 : كالتاليالاسئمة 
 الاول: البحثيالسؤال 

ن ما طبيعة الدور الذي يمعبو التعميم التقني والتدريب في الاقتصادات الحديثة قي ظل 
 ؟الراىنةالتغيرات الدولية 

 
 الثاني: البحثيالسؤال 

لاف نوع الاقتصاد سواء ىل يختمف نوع الدور الذي يمعبو التعميم التقني والتدريب بإخت نن
 نامي او متقدم؟

 الثالث: البحثيالسؤال 
ن ىل ساىم التعميم التقني و التدريب في إعداد الكوادر الماىرة وىل بالفعل يقمل من حجم ن

البطالة , لا سيما وأن البطالة أصبحت ظاىرة عالمية تعيق النمو الاقتصادي وتؤرق 
 المجتمعات الحديثة؟
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 اىداف البحث.
 ىذا البحث إلى:ييدف 

أىم المزايا التي يتمتع بيا التعميم التقني والتدريب كالتقميل من . تسميط الاوء عمى 1
معدلات البطالة في المجتمع  وزيادة  من حجم الاستخدام و  تحسين مستويات  الأداء 

 للأفراد من خلال تغيير سموكيات واتجاىات العاممين.  الإنتاجيةو 
لمواجية كل  المقترحةتي يواجو التعميم التقني والتدريب والآليات . تبيان التحديات ال2

 تحدي عمى حدة.
 اىمية البحث.

تنبع اىمية البحث من أىمية التعميم التقني وقدرتو عمى رفع  الكفاية الإنتاجية لممنشآت 
عدادىم  العامة والخاصة عن طريق واع السياسات والبراما الخاصة بتدريبيم وا 

م ممارسة تقوم عمى أساس عممي سميم بغرض تحقيق أكبر قدر من لممارسة أعمالي
 العمل بأقل تكمفة وأقل جيد.

 منيج البحث:
لتوايح  الاستقرائيأما فيما يتعمق بمنيا البحث فقد استخدام الباحث المنيا الوصفي 

 أبعاد المشكمة البحثية ووصف الظاىرة محل الدراسة.
كما تتامن ىذه الورقة أىم التحديات الاقتصادية التي يواجييا التعميم التقني والتدريب 

 والتي تتمثل في التحديات التالي :
 التحدي الأول : العولمة .

 التحدي الثاني : التطور التكنولوجي والعممي .
 التحدي الثالث : تزايد معدلات حجم البطالة .

 التحدي الرابع : الخصخصة . 
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 التحدي الخامس : اعف التمويل .
من التفصيل عن ىذه التحديات وصياغة عدة   ءبشيوسيقوم الباحث بالحديث أكثر 

توصيات تتعمق بتطوير التعميم التقني والتدريب وكيفية الرفع من المستوى الاقتصادي 
 نقطة داعمة لمتنمية في بناء المجتمع المتطور.  باعتبارىمالكل منيما 

 ل : العولمة .التحدي الأو
تعتبر العولمة من أىننم التحولات الاقتصادية التي أدت إلى إحنداث تغينرات سياسية 
واجتماعية كبيرة عمى أصعندة كثينرة سنواء عمى صعيند القينم أو الثقنافنات المختمفنة أو 

)التعميمية والتقنية( في كثير من المجتمعات النامية  حتى  عمى صعيد عمنل المؤسسنات
المتقدمة عمى حد سواء فقد ظيرت أوااع اقتصادية جديدة وبدأ العالم يتجو نحنو و 

الأنظمة الاقتصادية التي تشجع الحرينة الاقتصادينة والتجارينة  وتسعى نحو تحرير 
الى حد ما حرية انتقال الأيدي  التجارة الدولية  وتدفنق الأموال  وحرية انسياب السمع و

ما أدى إلى وجود  تنافس قوى في إنتاج السمع وتسويقيا في العاممة ورؤوس الأموال م
الأسواق العالمية  بشكل اسرع وأدق وانييار كنل ما ىو تقميندي في الاقتصناد العالمني 

,  وقد ظير تأثير  منظمة التجارة العالمية بشكل وااح و  (344, 2008)الربيعي, 
ن عمميات التبنادل % م97تسيطر عمى حوالي   1995التي أصبحت ومنذ عام 

بدورىا  أوجندت  قنينم  اقتصادينة  جدينندة ومتحررة فيما يتعمق  والتيالتجناري العالمني 
بقوانين التجارة العالمية والحريات الاقتصادية, وقد تيافتت دول كثينرة إلى الانامام إلييا  

ولة, د 164حتى وصل عدد الدول المناوية تحت مظمة ىذه المنظمة إلى اكثر من 
ىنذا إلى جانب العديند من الدول التي تسعى جاىدة إلى الانامنام لينذه المنظمة حتى 

منظمة من حرية اقتصادية و تدفق التبادل ىذه اليومنا ىذا وذلك لمتمتع بما تمنحو 
 التجاري العالمي.
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تعتبر ليبيا إحدى الدول الساعية للانامام إلى منظمة التجارة العالمية و تتمتع ليبيا 
الآن بصفنة العاو المراقب داخل المنظمة ولا تزال الى حد الآن في مرحمة إعنداد 

ليبيا إلى منظمة التجارة العالمية  ليفتح العديد من  انامامبنروتوكنول الإنامنام , إن 
ة والاجتماعية المبتكرة مما  سيؤثر بطريقة مباشرة و غير مباشرة عمى الأبواب الاقتصادي

كافة القطاعات الاقتصادية وسيخمق العديد من الآثار السمبية و الايجابية  الآتية مع 
الانفتاح الاقتصادي )العولمة( , وكنتيجة لإنفتاح مجتمعنا عمى المجتمعات الأخرى من 

لتي بدورىا ستفتح الباب عمى مصرعيو لكل ما ىو الناحية الاجتماعية والاقتصادية ا
جديد , فقد أصبح التحدي يواجو  مجتمعنا الذي سيكون في مرحمة حاسمة لممواجية و 

و محافظ عمى ىويتو الاساسية و ىذا  والانفتاحإثبات جدارتو كمجتمع مرن قابل لمتغيير 
عمييا الآمال في توعية  يتسنى بوجود فئة المتفقين و المتعممين وىى  الفئة التي تعقد

, 2009أبناء المجتمع لما ليا من  قدرات عمميو وجاىزية لمتوعية المجتمعية )البيواش, 
وىننا يبنرز دور التعميم التقني والتدريب  في خمق وتكوين قدرات عممية  . (70

وتكنولوجية وتوفير قوى عاممو متعممة ماىرة تتاح ليا فرص التعميم المستمر واستيعاب 
 (.102, 2003لمعارف والكفاءات و الميارات المطموبة )محجوب, ا

تحندى يحتاج إلى تحندى  ببنناء   إلا ماىيىذا المجال أن العولمة  فيوما يمكن قولو 
مجتمع واعي بكل المستجدات الراىنة وبناء  لبننة من المتعممينن والمتدربين تقنياً تعتمند 

 عن طريق: تطبيقوالعولمة وىذا يمكن  عميينا المجتمعات في مواجينة تحدينات
 . الاستغلال الأمثل لطاقنات ومستمزمات التعميم التقني من أبنية وأجيزة و غيرىما.  1
. بناء إستراتيجية عممية تتمتع بنظرة بعيدة و ثابتة لأىمية التعميم التقني والتدريب  2

 القادرة عمى مواجية العولمة بالطريقة العممية السميمة.
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إعنداد فئة من الكوادر )المتعممينن والمتدربين( تقنياً إعنداداً جيداً  حتى تستطيع ىذه .  3
عداده لمواجية أي اخطار محتممو قد يتعرض ليا  الفئة نشر الوعي داخل المجتمع وا 

 .والانفتاحمجتمعيم واعداد الآليات المناسبة أيااَ التي تتفق وكل مراحل التغيير 
 ر التكنولوجي والعممي .التحدي الثاني : التطو 

إن لمتطور التكنولوجي والعممي دوراً كبيراً في زيادة الإنتناج وتحسننو من حيث الكنم 
والكيف معاً, و تحقينق أعمى مستويات لمنمو الاقتصادي , فالعالم يشيد اليوم تطوراً 
تكنولوجياً ىائنلا في المجالات العممينة المختمفنة وخاصنة فيمنا يسمى بن )التكنولوجينا 

بمجالات الاتصالات والمعمومات , إن لمبحث العممي والتكنولوجي   تعمقةالمالجديدة( 
مردوداً  كبيراً عمى الأفراد والمجتمعات والمؤسسات بما فييا مؤسسات التعميم التقني 
والتدريب نظراً لأن التطور  التكننولوجني  يندفنع بعجنمة التقندم  إلي الأمنام  ويساعند في  

 ( .186, 2001صادية لمسمع المنتجة )عمى وآخرون, زينادة الأىمينة الاقت
وحتى  تصبح التنمية التكنولوجية ممكنة يجب توفنير سياسنات  تكنولوجينة وعممية  قنادرة 
عمى  تطوينر الروابنط العممينة والبحثينة بينن مخرجات مؤسسات التعميم التقني والتدريب 

ة , من خلال دما  القندرات والكفناءات تغيرات الاقتصادية الراىننموبينن التطورات وال
العممينة المدربة تقنياً ودعميا وتشجيعينا عمى اكتساب التكنولوجينا ومحاولة الاستفادة 

 ( .92, 2017منيا بأقصنى قندر ممكن )العيسي, 
كما يجب بناء  دولنة تعتمند عمى العمنم و التقنينة والتدريب من أجنل مواكبنة التقندم  

 والعممي و تحقينق التنمينة بالمعدلات المطموبنة .   التكنولوجي
إن العمنم و التقنينة يتحولان بصورة مباشرة إلي نمو اقتصادي ,  وليذا فإن إىتمام الدولة 
بالتعميم التقني والتدريب بشكل جيد يسمح  لينا بأن تكتسب معمومنات تكنولوجينة جديندة 

 نا تتوائنم مع الظنروف التي يعيشيا المجتمنع.وتقنوم أياناً بتوليدىا وتنفيذىنا وجعمي
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 التحدي الثالث : تزايد حجم البطالة :
تعتبر ظاىرة )بطالة حممة الشيادات العميا( نوع  بارز من أنواع البطالة , أي إن الدولة 
تخسر مبالغ طائمنة حتى تعمم أبنائينا ولكنيا في النياية لا تستفيد من خبراتيم  بالشكل 

ن بين أولئك الذين لا يتحصمون عمى أعمال ىم المتعممين والمتدربين تقنياً المطموب وم
, و يرجع ذلك  لعدة أسباب من بينيا أن التعميم التقني والتدريب وسياساتو التدريبينة 
غير مؤىمة لإعداد  العمالة القنادرة عمى الخمنق والإبداع والرفع بمستوى الإنتاجية لمدولة 

ومن أىنم أسبناب تفاقنم مشكمة البطالنة لممتعممين والمتدربين  ( ,204, 2001)مصطفى,
 تقنياً في العالم و في ليبيا خاصة ما يمي :           

 .  تدنى سياسات التعميم التقني والتدريب بشكل ممحوظ خاصة في الدول النامية . 1
اجات سوق العمل . عدم مواكبة السياسة التعميمية التقنية والتدريبية  لمتطمبات واحتي 2

 المتجددة والمتزايدة .
. اعف تشجيع الدولة و عدم جديتيا  في إيجاد فرص مناسبة لممخرجات في مجال  3

 التعميم التقني والتدريب.
. عدم وجود روابط بين مخرجات التعميم و سوق العمل مما خمق فجوة حقيقية بينيا 4

 وزاد من حدة المشكمة.
المتعممة والمتدربة تقنياً بصورة مستمرة عمى حساب العمالة  .  تدفق العمالة الخارجية 4

 المحمية )الوطنية( .
ىمال الجوانب العممية  5 . التركيز عمى الجوانب التقميدية في التعميم التقني والتدريب وا 

 الحديثة لمواكبة لممستجدات التكنولوجية.
 يجب أن تتبع لمواجية ىذا التحدي ىي: التيو الآلية 
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إجنراء مراجعنة شاممنة ودراسننة متكاممنة لسياسنات التعميم التقني والتدريب عمنى اننوء .  1
 الحاجنة الفعمينة لمتخصصات المختمفنة وفقاً لمتغيرات العالمية الراىنة.

. التأكيد عمى التخطيط في مجال التعميم التقني والتدريب وفقاً  لحاجة سوق العمل  2
 دة.الميبي المتجددة والمتزاي

 . التركيز عمى الكيف بدلاً  من الكم في إعداد المتعممين والمتدربين تقنياً ومينياً. 3
. النظر بصورة أكثر جديو من قبل الدولة في إيجاد فرص مناسبة وميمة لمخرجات  4

 التعميم التقني والتدريب.
ن العمالة . إعطاء الاولوية في فرص العمل لمعمالة المحمية المدربة تقنياً بدلًا م 5

تتبناىا  التيالخارجية كنوع من التشجيع لممخرجات المحمية و دعم لمسياسات الداخمية 
 الدولة في عممية التنمية الشاممة و المستدامة.

 . تطوير الوسائل العممية بما يتوافق مع مستجدات العمم والتقنية. 6
 التحدي الرابع : الخصخصة:

نة العامنة إلي الممكية الخاصنة ,  ففي مجنال الخصخصة ىي آلينة لمتحول من الممكي
التعميم يعتبر التعميم التقني والتدريب الخاص إحدى أىم الوسائل المساندة والداعمة  
لمتعميم العام في تطنوير الميارات والكفاءات العممية المدربة , بعيداً عن الاىداف 

ؤسسنات التعمينم التقني الربحية لبعض المؤسسات الخاصة  لأن الربح كيندف وحيد لم
والتدريب الخناص يجعنل منن التعمينم التقني والتدريب سمعنة  تنطبنق عميينا  قنوانينن 
الاستيلاك والفنناء ويصبنح بذلك التعميم  التقني والتدريب حكرًا عمى أصحاب الثنروة فقط  

طاعنات التي ( , فالتعميم التقني والتدريب ىو أحد أىنم الق142, 2004)عبد الحميد, 
يجب أن يع تنني بخصخصتينا بشكنل يتماشى منع حاجننات الدولنة ويصبنح منن أىننم  
واجبنات مؤسسننات التعميم التقني والتدريب الخناص ىننو الرفع من مستنوى النمنو 
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الاقتصادي وتخرينا  دفعنات مدربو تحمنل الخبرات و المعارف العممية وتكنون قنادرة 
داخننل مجتمعاتينم  ,  بالإاافة إلى التأكينند عمنى  امنان نوعيننة جيندة عمنى بث الوعي 

( , وبالرغنم منن إن ىنناك الكثينر 87, 1985لمخرجات التعميم التقني والتدريب )سعيد, 
أن الأمنر لا يخمننو  إلاممن يننننادون بخصخصة المؤسسننات التعميمينة التقنية والتدريبية 

في تطبينق الخصخصة عمى المؤسسنات التعميمينة والتدريبية وأىنم من بعننض المخناوف 
 ىنذه المخناوف كالتالي:

 . صعوبة الالتزام بمعايير القياس والتقويم. 1
في تطبيق الموائح والتعميمات و انتشار ظاىرة )الواسطة( بين المؤسسات  التراخي.  2

 الخاصة.
 ط العممية الكافية لممتقدم .. وجود شروط لمقبول قد لا تراعى توفر الشرو  3

 ولمواجية ىذا التحدي يجب:
 . محاولة الالتزام قدر الإمكان بالمواوعية وتحقيق معايينر القيناس والتقوينم . 1
. العمل والإسراع  في تطبيق الموائح والتعميمات المتعمقة بقبول المتقدمين في  2

 مؤسسات التعميم التقني والتدريب .
اللازمة لقبول المتقدمين في مؤسسات التعميم التقني والتدريب  . تحديد الشروط 3

 لامان الحصول عمى أفال مخرجات من ىذه المدخلات.
 التحدي الخامس: ضعف التمويل 

يتوقنف نجاح عممية التعميم التقني والتدريب عمى ما ىو متناح  ليا من إمكانيات بشرية 
ويمنو أساسناً من خنلال الميزانينة العامة لمندولة  و مادينة  فالتعمينم التقني والتدريب يتم تم

ونظنراً  لتوسنع مؤسسات التعميم التقني والتدريب و إن الطاقة الاستيعابينة ليذه 
المؤسسات غير قنادرة عمى استيعاب الأعنداد المتزايدة من الطمبنة المتدربين تقنياً  مما 
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المننوارد التي  توفرىا  الدولنة لقطاع  ساىنم ىذا في خمننق اعنف شدينند في التمويننل و
التعميم التقني والتدريب , وىذا سينؤدى بالارورة إلى  تفاقنم العجنز في  ميزانينات 

أىمينة التموينل تكمن في علاقتنو بالنفقنات التعميمينة  إنالمؤسسات التقنية و التدريبية , 
وما يتركو من أثنر عمى الناتنا التعميمي والتدريبي سنواء من حيث الكنم أو من حيث 

في الكم أو النفقنات التعميمينة   تأثيرهالكيف لممخرجنات التعميمية والتدريبية فمن حيث 
يتم توفيرىا لمتعميم التقني والتدريب )الخشناب, فينو يتحكنم بحجنم المنوارد المالية التي 

( , وىو أيااً يؤثر عمى نوعية المخرجات التعميمية والتدريبية حيث إن 69, 2001
المتخرجين وعددىم ونوعية تعممييم وتدريبييم  يعتمدان  عمى مندى ما يتوفنر ليم  من 

 والتيم النوعية الأصيمة إمكانيات مادية وطبيعة ما يقدم ليم من مادة عممية تحمل القي
تصب في صالح صقل الميارات بدل الاعتماد عمى الطرق الكمية, والحل لمشكمنة 

 اعنف التموينل تكمن في:
.  إيجناد بدائنل أخرى منيا  تحوينل بعض المؤسسات التعميمية التقنية والتدريبية إلني  1

ربين  والاستثمارات مؤسسات خاصة تعتمند في تمويمينا عمى رسنوم الطمبنة والمتد
 والأعمال  التي تقنوم بينا المؤسسات.

.  فرض رسوم عمى الخدمات التي تقدمينا مؤسسات التعميم التقني والتدريب عمى  2
 ىيئنة براما تدريبية أو تعميمية أو من خلال بحنوث عممينة وتقنية.

لمتعميم التقني  . الاستفادة من التكنولوجينا الجديندة التي اخترعت صيغناً حديثة  3
والتدريب بأقنل كمفنو وأكثر فائدة , مثل استخدام وسائل الاتصالات الحديثة والتعميم عن 

 بعند والتعميم والتدريب المتعدد التقنيات وىذا ما سيعالا مشكمة الكنم و الكيف معناً.
ممتحقينن  بينا . قيننام المؤسسات التعميمية والتدريبية  بالموازننة بينن أعنداد الطمبنة ال 4

 والمنوارد المتاحنة للإنفناق اي بين المدخلات والمخرجات وحاجة سوق العمل.
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 نتائج البحث
اتاح لمباحث من خلال المراجعة العممية والقراءة المعمقة لدور التعميم التقني والتدريب 

فاعمية  أن لو دور فعال وميم وتزيد ىذه الاىمية مع تسارع الاحداث الدولية وتزداد أيااً 
ىذا الدور في ظل التغيرات الدولية  كما توصل الباحث إلى نتيجة ميمة مفادىا أن دور 
التعميم التقني والتدريب لا يختمف بإختلاف نوع الاقتصاد سواء نامي أو متقدم  لطالما 
كان الاقتصاد ساعي لمنمو والتقدم و يستند في بناءه عمى آليات فاعمو و خطوات حثيثة 

 حو النمو الفعمي ووجود سياسات مطروحة قابمة لمتطبيق والتطوير.وحقيقية ن
الماىرة من خلال خمق  الكوادركما أن التعميم التقني والتدريب سيساىم بالفعل في اعداد 

بيئة جاذبة لمعديد من فئات المجتمع مما يساىم بشكل فعمي وناجح في التقميل من حجم 
 البطالة و الدفع بعجمة التقدم للأمام.

 التوصيررات
 يوصى الباحث بشأن تطوير اقتصاديات التعميم التقني والتدريب بالتوصيات التالية :

. تطوير سياسات وأىداف التعميم التقني والتدريب بما يواكب حركة التقدم العممي  1
 المستمرة .  

المعوقنات التي . القيام  بدراسات تخطيطينة في مجال التعميم التقني والتدريب ومعرفنة  2
تقف في وجنو مسينرة التعميم التقني والتدريب في ليبيا والقيام بدراسات تخطيطية في ىذا 

 المجال .
 . الاستفادة من القدرات و الكفاءات العممية و تدريبيا و تشجيعيا بأقصى قدر ممكن. 3
خرجات . تحسين مخرجات التعميم التقني في ليبيا من خلال تأىيل وتدريب ىذه الم 4

بما يتوافق مع الظروف التكنولوجية الحديثة و إبراز الدور الفاعل الذي تمعبو مخرجات 
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التعميم التقني والتدريب في القوى العاممة حتى تتحقق بذلك الزيادة المطموبة لإنتاجية 
 الاقتصاد الوطني الميبي وسد الفجوة التي يعانى منيا سوق العمل.

. الدعنوة إلى ربط المؤسسات التعميمية والتدريبية بعايا ببعض كوحدة واحدة  5
ومحاولة التنسيق بين الأقسام ذات التخصصات الواحندة  كوسيمة  لتخطى كنل ما يعينق 

 حركنة سير التعمينم والتدريب التقني في ليبيا.  
عميمية والتدريبية  . تفعيننل دور القطناعنات الخناصنة في إنشناء المؤسسات الت 6

 ومساىمتيننا في العممية التعميمينة والتدريبية.
. القينام بإصلاحات  لمؤسسات التعميم التقني والتدريب في ليبيا لتكون مبنينة عمى 7

 أسس عممينة وتوفينر كنل ما تتطمبو ىذه الإصلاحات من منوارد مادينة أو بشرية .
 

 المراجع و المصادر المستخدمة 
إصلاح التعميم في السعودية: بين غياب الرؤية السياسية وتوجس  ,عيسي احمد ال [.1]

 بيروت ,لمطباعة والنشر ,  الساقيدار  ,الثقافة الدينية وعجز الادارة التربوية 
2017.  

مخرجات التدريب الميني وسوق العمل في الأقطار العربية"  ,احمد مصطفى   [.2]
   .2001رابمس, المركز العربي لتنمية الموارد البشرية , ط,

, نياة مصر  مخاطر العولمة عمى اليوية الثقافية, السيد عبد العزيز البيواش [.3]
 .2009لمنشر و الطباعة , القاىرة , 

, إدارة الجامعنات العربينة في انوء المواصفنات العالمينة, بسمان فيصل محجوب   [.4]
  .2003المنظمة العربية لمتنمية الإدارية , القاىرة , 
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 دار الشروق, مصر, ,حمد الربيعي, التعميم العالي في عصر المعرفةسعيد بن  [.5]
2008.  

تربية العولمة و تحديث المجتمع دراسات فى الاصول  ,طمعت عبد الحميد  [.6]
  .2004دار فرحة لمنشر و التوزيع , القاىرة ,  ,الفمسفية و الاجتماعية لمتربية 

لوطن العربي: الواقع عبد الوىاب ىاشم محمد سعيد , التعميم التقني في ا [.7]
  .1985المنظمة العربية لمتربية والثقافة والعموم التربوية , تونس, , والاتجاىات 

التموينل الذاتي لمتعمينم العالي في الندول النامينة و  ,عبندالإلنو يوسف الخشناب [.8]
  .2001توجياتو, الدار الدولية للاستثمارات الثقافية, القاىرة, 

الوسائل والتقنيات التعميمية الحديثة في التدريب  ,ن محمد جابر عمى وآخرو  [.9]
  . 2001المركز العربي لتنمية الموارد البشرية , طرابمس, , الميني والتقني 

اقتصادينات التعمينم والتدريب الميني, المركز العربي  ,منذر واصف المصري [.10]
 .2003لتنمية الموارد البشرية, طرابمس, 
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 انحذّذّة ثْن انٌاقع ًانًستقجميشزًع انطزق 

 . يوسف أحمد ريحان أ . م
 المعيد العالي لمعموم والتقنية  الزاوية

YOUSSIREHAN@YAHOO.COM 
 

ىذه الورقة تم القائيا في ورشة العمل التي اقيمت بالمعيد العالي لمعموم والتقنية بالزاوية 
 كانت بعنوان:و التي 

 )اعزشار١غ١خ اٌز١ّٕخ اٌؾعش٠خ فٟ ١ٌج١ب(
 م 2018 – 9 – 2بتاريخ 

 
 ممخص

حدثت تطورات ممحنوظة في قطاع النقل لتلائم الطمب المتزايد عنمى وسائل الننقل 
المختنمفة ولمواكبة ىذا التطور العظيم اتجيت الأنظار إلى إيجاد وسائل نقنل مختمفة 

النقل الجوي والبحري والبري إلى إن بدأ لتفكير في السكك وانصب ىذا الجيد عمى 
 .الحديدية

وبالتالي فإن تنفيذ مشروع السكك الحديدية في ليبيا يعتنبر مشروعاً وطنياً حيث 
, ييدف إلى تحقيق العديد من المكاسب الاجتماعية والاقتصادية عمى المستوى الوطني

وبعد سبع سنوات من موت القذافي وسقوط نظامو, لم يحرز مشروع خطوط الطرق 
الحديدية في ليبيا أي تقدم عمى أثر المشاكل المالية والإنقسام السياسي في البمد. عمى 
العكس فقد تعرض إلى تقيقر وفشل السيطرة الفنية والتقنية والمحافظة عمى ما تم إنجازه 

mailto:YOUSSIREHAN@YAHOO.COM
mailto:YOUSSIREHAN@YAHOO.COM
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ما زاد الطين بمة ىي التعديات عمى مسار وحرم الخط في تمك الفترة كحد أدنى وم
 الحديدي من قبل المواطنين.

الأمر الذي تطمب منا التنبيو ودق ناقوس الخطر المحتم إذا إستمرت ىذه  -
التعديات عمى فشل المشروع واياع وىدر ممتمكات الشعب الميبي واياع 

 حممو بتشغيل ىذا المشروع.

 -لمتوااع يتاح لنا جميا: ومن خلال ىذا البحث البسيط وا

 .التاريخ العميق لمطرق الحديدية في ليبيا 
  .الأىمية الإستراتيجية والتجارية والوطنية لممشروع 
  حجم الارر والتدمير الذي لحق بمسار وممتمكات الطريق الحديدي بعد

الحرب في ليبيا الأمر الذي سيؤثر سمباً عمى تنفيذ ىذا المشروع والتكمفة 
زالة  الباىظة التي ستنفق من ميزانية الدولة في حال إجراء الصيانة لممسار وا 

ستئناف العمل بيذا المشروع الوطني العظيم  .ىذه الأارار وا 
  لم يحرز مشروع خطوط الطرق الحديدية في ليبيا أي تقدم عمى أثر المشاكل

عددا لا يحصى من  كما أن ىناكالمالية والإنقسام السياسي في البمد 
 .العصابات المسمحة المحمية

Abstract 

There have been remarkable developments in the transport 

sector to suit the increasing demand for various means of 

transportation. In order to cope with this great development, 

attention has been directed to finding different means of transport.  

This effort has focused on air, sea and land transport until it begins 

to think about the railway. 

Thus, the implementation of the railway project in Libya is 

considered a national project where it aims to achieve many social 

and economic gains at the national level. 
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Seven years after Gaddafi's death and fall, the railway project in 

Libya has made no progress in the wake of the country's financial 

problems and political division. On the contrary, it has been 

subjected to the decline and failure of technical and technical 

control and to maintain what was achieved in that period as a 

minimum and what made matters worse is the encroachments on 

the path and the prohibition of iron line by citizens. 

Through this simple and modest research, it is clear to us: 

a) Deep History of the Railways in Libya. 

b) The strategic, commercial and national importance of the 

project. 

c) The extent of the damage and destruction caused to the 

course and property of the railway after the war in Libya, 

which will negatively affect the implementation of this 

project and the high cost to be spent from the state budget 

in the event of maintenance of the track and remove these 

damage and resume work on this great national project. 

d) The project of railway lines in Libya has not progressed 

due to the financial problems and political division in the 

country and there are innumerable local armed gangs. 

a) The need to maintain the path of the iron road from the 

random construction and dumping of waste within its 

borders, by issuing laws and regulations to ensure that it 

does not occur and repeat it and the establishment of a 

regulatory body that is legalized to implement these 

regulations. 

b) Raise awareness of the importance of this strategic project 

and the size and magnitude of the financial cost in the 

event of resumption of work and what will affect the 

budget of the state, which will undoubtedly be reflected 

directly on the citizen. 

c) Issuing data, circulating and encouraging those who report 

any irregularities against this project, as this delays 

implementation. 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   55 

 
 

 -لمحة تاريخية عن الطرق الحديدية القديمة في ليبيا:     1.1

 فترة الحكم العثماني.   1.1

وكان خطا قصيرا لمغاية  1901 شيدت أول خط لمسكة الحديد في العام
ومحجر سابق لاستخراج الكمس من  ميناء بنغازي لغرض النقل بين العثمانيون بناه

ااحية البركة في المدينة والتي كان يسكنيا الموظفون والمسؤولون الأتراك. كما 
  [2] .سط المدينةاستخدموه أثناء تنقميم إلى وظائفيم في و 

 فترة الإحتلال الإيطالي.   2.1

ببناء خطوط لمسكك الحديدية  إيطاليا تمتاى الغزو الإيطالي لميبيا بعد
خطوط لمسكك  3ببناء  1927-1914حيث قامت بين عامي  وطرابمس برقة في

 الحديدية قصيرة نسبيا في برقة وىي: 

كيمومتر والذي دشن  30بطول  )الرجمة-بنغازي )خط مدينة -
, جاعلا 1927ه إلى الأبيار في العام وتم تمديد 1914سبتمبر  20في 

 بنغازي محطة رئيسية لبرقة.

- ميلا, وخط بنغازي 67وبمغ طولو  )المرج-)خط بنغازي -
  .1921كيمومتر وافتتح في  56وبمغ طولو  سموق

https://ar.wikipedia.org/wiki/1901
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%85%D8%A8%D8%B1%D8%A7%D8%B7%D9%88%D8%B1%D9%8A%D8%A9_%D8%A7%D9%84%D8%B9%D8%AB%D9%85%D8%A7%D9%86%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%85%D8%A8%D8%B1%D8%A7%D8%B7%D9%88%D8%B1%D9%8A%D8%A9_%D8%A7%D9%84%D8%B9%D8%AB%D9%85%D8%A7%D9%86%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%86%D8%A7%D8%A1_%D8%A8%D9%86%D8%BA%D8%A7%D8%B2%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%86%D8%A7%D8%A1_%D8%A8%D9%86%D8%BA%D8%A7%D8%B2%D9%8A
https://ar.wikipedia.org/wiki/%D8%AA%D8%A7%D8%B1%D9%8A%D8%AE_%D9%84%D9%8A%D8%A8%D9%8A%D8%A7_%D9%83%D9%85%D8%B3%D8%AA%D8%B9%D9%85%D8%B1%D8%A9_%D8%A5%D9%8A%D8%B7%D8%A7%D9%84%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%AA%D8%A7%D8%B1%D9%8A%D8%AE_%D9%84%D9%8A%D8%A8%D9%8A%D8%A7_%D9%83%D9%85%D8%B3%D8%AA%D8%B9%D9%85%D8%B1%D8%A9_%D8%A5%D9%8A%D8%B7%D8%A7%D9%84%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A5%D9%8A%D8%B7%D8%A7%D9%84%D9%8A%D8%A7
https://ar.wikipedia.org/wiki/%D8%A5%D9%8A%D8%B7%D8%A7%D9%84%D9%8A%D8%A7
https://ar.wikipedia.org/wiki/%D8%A8%D8%B1%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D8%A8%D8%B1%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D8%A5%D9%82%D9%84%D9%8A%D9%85_%D8%B7%D8%B1%D8%A7%D8%A8%D9%84%D8%B3
https://ar.wikipedia.org/wiki/%D8%A5%D9%82%D9%84%D9%8A%D9%85_%D8%B7%D8%B1%D8%A7%D8%A8%D9%84%D8%B3
https://ar.wikipedia.org/wiki/%D8%A8%D9%86%D8%BA%D8%A7%D8%B2%D9%8A
https://ar.wikipedia.org/wiki/%D8%A8%D9%86%D8%BA%D8%A7%D8%B2%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B1%D8%AC%D9%85%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B1%D8%AC%D9%85%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%B1%D8%AC_(%D9%84%D9%8A%D8%A8%D9%8A%D8%A7)
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%B1%D8%AC_(%D9%84%D9%8A%D8%A8%D9%8A%D8%A7)
https://ar.wikipedia.org/wiki/%D8%B3%D9%84%D9%88%D9%82
https://ar.wikipedia.org/wiki/%D8%B3%D9%84%D9%88%D9%82
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( تواح محطة قطارات طرابمس المركزية موجودة بمدينة جنزور وىي موجودة 1صورة رقم )

 الي اليوم وتعتبر معمم أثري

 ميلا. 13بطول وكان  1913العزيزية( في العام -)خط طرابمس  -

 ميلا.  73في الغرب( وبمغ طولو  زوارة )خط يمتد من طرابمس حتى -

وتم الاشراف عمى ىذه الخطوط جميعيا من قبل "مصمحة السكك الحديدية 
حين تسممتيا حكومة الولاية في  1922العام الإيطالية" التي أشرفت عمييا حتى 

كان ىناك خمسة خطوط مختمفة تنطمق من  حرب العالمية الثانيةال ليبيا. وقبل قيام
 محطة طرابمس المركزية لمقطارات ىي:

 زوارة.-طرابمس .1

 ميل(. (60 غريان-طرابمس   .2

 .تاجوراء-طرابمس   .3

 أميال(. 10الملاحة )-الفرناج   .4

 عين زارة.-طرابمس .5

 .إاافة إلى عدد من السكك الفرعية الأخرى 

https://ar.wikipedia.org/wiki/%D8%B2%D9%88%D8%A7%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B2%D9%88%D8%A7%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%B1%D8%A8_%D8%A7%D9%84%D8%B9%D8%A7%D9%84%D9%85%D9%8A%D8%A9_%D8%A7%D9%84%D8%AB%D8%A7%D9%86%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%B1%D8%A8_%D8%A7%D9%84%D8%B9%D8%A7%D9%84%D9%85%D9%8A%D8%A9_%D8%A7%D9%84%D8%AB%D8%A7%D9%86%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%AA%D8%A7%D8%AC%D9%88%D8%B1%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D8%AA%D8%A7%D8%AC%D9%88%D8%B1%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Tripoli_Stazione_Centrale.jpg
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 .( الدمار الذي لحق بالسكك الحديدية في بنغازي أثناء الحرب العالمية الثانية2صورة رقم )

 
أصيبت شبكة السكك الحديدية الميبية بأارار خلال الحرب العالمية الثانية فيذكر 

 Railways of" في كتابو "John R Day" مثلا المستكشف جون آر دي
Northern Africa" إقميم  , أن السكك الحديدية في1964العام  لندن الذي صدر في

والإيطالية  الألمانية قد أصيبت بأارار بالغة وبالأخص من الغارات الجوية طرابمس
الثامن في المنطقة, نفس الارر لحق بسكك حديد برقة  الجيش البريطاني أثناء تقدم

التي تعطمت عن العمل. لكن تم استئناف العمل بالسكك الحديدية أثناء فترة الإدارة 
 .[2]العسكرية البريطانية في طرابمس وبرقة

 فترة الإدارة العسكرية البريطانية.   3.1

في  طبرق العالمية الثانية وسيطرة القوات البريطانية وحمفائيا عمى مدينةأثناء الحرب 
 طبرق شرق ليبيا تم مد خط لمسكك الحديدية بين مدينة

https://ar.wikipedia.org/wiki/%D9%84%D9%86%D8%AF%D9%86
https://ar.wikipedia.org/wiki/%D9%84%D9%86%D8%AF%D9%86
https://ar.wikipedia.org/wiki/%D8%A5%D9%82%D9%84%D9%8A%D9%85_%D8%B7%D8%B1%D8%A7%D8%A8%D9%84%D8%B3
https://ar.wikipedia.org/wiki/%D8%A5%D9%82%D9%84%D9%8A%D9%85_%D8%B7%D8%B1%D8%A7%D8%A8%D9%84%D8%B3
https://ar.wikipedia.org/wiki/%D8%A5%D9%82%D9%84%D9%8A%D9%85_%D8%B7%D8%B1%D8%A7%D8%A8%D9%84%D8%B3
https://ar.wikipedia.org/wiki/%D8%A3%D9%84%D9%85%D8%A7%D9%86%D9%8A%D8%A7_%D8%A7%D9%84%D9%86%D8%A7%D8%B2%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A3%D9%84%D9%85%D8%A7%D9%86%D9%8A%D8%A7_%D8%A7%D9%84%D9%86%D8%A7%D8%B2%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AC%D9%8A%D8%B4_%D8%A7%D9%84%D8%A8%D8%B1%D9%8A%D8%B7%D8%A7%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AC%D9%8A%D8%B4_%D8%A7%D9%84%D8%A8%D8%B1%D9%8A%D8%B7%D8%A7%D9%86%D9%8A
https://ar.wikipedia.org/wiki/%D8%B7%D8%A8%D8%B1%D9%82
https://ar.wikipedia.org/wiki/%D8%B7%D8%A8%D8%B1%D9%82
https://ar.wikipedia.org/wiki/%D8%B7%D8%A8%D8%B1%D9%82
https://ar.wikipedia.org/wiki/%D8%B7%D8%A8%D8%B1%D9%82
https://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Benghazi_Railway_System_after_World_War_II.jpg
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لغرض التمويل الحربي, ليظل ىذا  مرسى مطروحعبر  مصر في الإسكندرية ومدينة
الخط مستعملا إلى ما بعد انتياء الحرب إلى أن قامت الإدارة العسكرية البريطانية في 

 .وىابة السموم ن الحديدية بين طبرقببيع القابا 1946ديسمبر 

, قامت فرقة 1943وفي طرابمس وبعد دخول القوات البريطانية لممدينة في يناير 
لاستخدامو في العمميات الميندسين في الجيش البريطاني بالإسراع في إصلاح الخط 

 .تونس في قوات المحور الحربية والاستمرار في مطاردة

سمح لممدنيين باستخدام بعض خطوط السكك الحديدية, لكن بدأ  1944وفي العام  
الاىتمام بتمك الخطوط يخبو تدريجيا وقل استخداميا بعد تحسين الطرق المعبدة 

لتتوقف عن الخدمة في أواسط الستينيات  واستعمال سيارات النقل المختمفة محميا
 . [2]تقريبا

 
ولازالت إلى يومنا ىذا تعرف بطريق  1960( طريق السكة طرابمس سنة 3رقم ) صورة

 السكة

https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D8%B3%D9%83%D9%86%D8%AF%D8%B1%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D8%B3%D9%83%D9%86%D8%AF%D8%B1%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B5%D8%B1
https://ar.wikipedia.org/wiki/%D9%85%D8%B5%D8%B1
https://ar.wikipedia.org/wiki/%D9%85%D8%B1%D8%B3%D9%89_%D9%85%D8%B7%D8%B1%D9%88%D8%AD
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B3%D9%84%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B3%D9%84%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D9%82%D9%88%D8%A7%D8%AA_%D8%A7%D9%84%D9%85%D8%AD%D9%88%D8%B1
https://ar.wikipedia.org/wiki/%D9%82%D9%88%D8%A7%D8%AA_%D8%A7%D9%84%D9%85%D8%AD%D9%88%D8%B1
https://ar.wikipedia.org/wiki/%D8%AA%D9%88%D9%86%D8%B3
https://ar.wikipedia.org/wiki/%D8%AA%D9%88%D9%86%D8%B3
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 [2](  تواح محطة طرابمس قطار ليبيا آنذاك4صورة رقم )
 

  

 (  تواح محطة قطار 6صورة رقم ) (  تواح رحمة قطار ليبيا 5صورة رقم )
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 الطرق الحديدية الحديثة     1.2

 -تمييد:  1.2

بدأ التفكير في تنفيذ مشروع الطريق الحديدي منذ منتصف السبعينيات لمواكبة خطة 
  . [1]التنمية الصناعية, والزراعية آنذاك, وربط ليبيا بدول المغرب العربي 

 -( مسيحي, عمى تصميم عدة خطوط منيا: 1975بدأ في التعاقد عام )

  صفاقس( –رأس أجدير -)خط طرابمس 
  مصراتو(–)خط طرابمس 
  سبيا( –الييشة -)خط مصراتو 
  بنغازي( –سرت  –)خط الييشة 

كما تم إعداد جممة من الدراسات التخصصية المصاحبة لممشروع, وتزامناً مع ىذه 
 . [1] ( طالباً لمتدريب عمى تشغيل وصيانة الطرق الحديدية1026العقود تم إيفاد عدد )

 - مراحل إنشاء الطرق الحديدية في ليبيا: 2.2

 المرحمة القانونية. 1.2.2

أصدرت المؤتمرات الشعبية الأساسية سابقاَ في دور انعقادىا العادي السنوي لمعام 
 . [1]مسيحي, قرارىا بتنفيذ المشروع1992

 مرحمة الإعداد لمتنفيذ. 2.2.2

تمت المباشرة في توقيع محور المسار عمى الطبيعة وحصر جميع الممتمكات   
المتعاراة مع حرم المسار, وتم توقيع العديد من العقود, وأوامر التكميف, ومحاار 
الاتفاق لتنفيذ الأعمال الترابية والخرسانية, وأعمال الحماية وبناء الأسوار حول 

 . [1]المحطات وغيرىا
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 نفيذ.مرحمة الت 3.2.2

المباشرة في الإعداد لمتعاقد لعدة عقود استشارية في مجال الإشراف عمى التنفيذ, ومجال 
الدراسات منيا إعداد مواصفات الوحدات المتحركة ومنظومتي الإشارات والاتصالات, 
وعقود توريد بعض المواد السككية منيا المثبتات, المصفى البلاستيكي, كوابل ألياف 

 السككية والعوارض الخرسانية لوصمة ميناء الخمس ...الخ بصرية, والقابان 

 بالإاافة إلى التعاقد عمى توريد وتركيب مصنع العوارض الخرسانية.

و. ر بشأن إنشاء 31/06/1371و. ر في1371( لسنة 14وبصدور القانون رقم )
دارة مشروع الطرق الحديدية, قام الجياز بالدراسة والمراجعة لكافة الجوانب  جياز تنفيذ وا 

الفنية منيا التنفيذية, والتصميمية, والتعاقدية بالإاافة إلى إعداد مؤشرات إسترشادية في 
 . [1]-الشأن الاقتصادي لممشروع وخمصت إلى جممة من التوصيات وىي: 

  تنفيذ شبكة لمطرق الحديدية وربطيا بدول الجوار شرقاً وغرباً وجنوباً, عمى
تعطى الأولوية فييا لمخطوط التي يتوقع أن تحقق بعض أن يتم التنفيذ وفق قطاعات 

العوائد التي من شأنيا المساىمة بنسبة معقولة في نفقات التشغيل, عمى أن يتم 
  العمل مع دول الجوار في توفير تمويل لأعمال الربط باعتبارىا مشروعات إقميمية.

 ت الحديثة تنفيذ البنية الأساسية لخطوط الطرق الحديدية عمى أسس التقنيا
ستيعاب  لمسرعات العالية والازدواج, وبرؤية تمكن من مواكبة التطورات الفنية وا 

  الاستخدامات المتجددة والزيادة في حجوم نقل الركاب والباائع.
  توظيف المشروع لتكوين أطر وطنية قادرة عمى التنفيذ والتشغيل مستقبلًا

تمكين الأطر الوطنية من وذلك من خلال العمل عمى توظيف عقود التنفيذ في 
  العمل معيا وفق خطط وبراما محددة.
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  توظيف المشروع لخدمة الاقتصاد الوطني من خلال متطمباتو التنفيذية
حديد التسميح )أو في -وخاصة في مجال البنية الأساسية( كسر الحجر _ الإسمنت 

 مجال بناء بعض الصناعات التحويمية والمرافق الخدمية.
لسنة  (121/2006ياز بقرار من المجنة الشعبية العامة)سابقا( رقم )كما يتولى الج

 . [1] مسيحي مسؤولية تنفيذ مشروع قطار المدينة عمى مراحل مختمفة 2006

 

 
 . [1]( تواح عربة القطار المتواجدة بالمحطة الرئيسية بطرابمس 7صورة رقم ) 
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جانب من تنفيذ احد  -(   8صورة رقم ) 

 السككخطوط 
( جسر خاص بالسكة عمى  9صورة رقم ) 

 احد الوديان
 

    

  
 ( تمييد الطريق 11صورة رقم )  ( تسوية الحواف الجانبية 10صورة رقم ) 
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 تواح احد خطي السكك  (12صورة رقم )
 

 خريطة المسار. 3.2

 ( كم, لربط المدن بعايا3170يبمغ طول شبكة الطرق الحديدية لميبيا حوالي )
( كم 2178ببعض حيث تمتد الشبكة من رأس جدير غرباً إلى أمساعند شرقناً بطول )

 كم. 992وتمتد جنوباً بطول 

 وقد تم توقيع عقود تنفيذ المرحمة الأولى وفقاً لمتالي:

 كم 642رأس أجدينر        بطول  –خط سنرت 

 كم 554بننننغنازي           بطول  –خط سنرت 
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 كم 810الجنوب    بطول مناطق  –خط الييشة 

أمساعد تحت  –طبرق تحت الدراسة وقطاع طبرق  –أما قطاع بنغازي 
 . [1]التصميم

 
 ( تواح خريطة تواح شبكة الطرق الحديدية  في ليبيا 13صورة رقم ) 

 
 أىمية الطريق الحديدية. 4.2

يعد من أفال وسائل النقل البري نظراً لسيولة  من المعروف أن النقل السككي
التشغيل وقمة التكمفة نسبياً حيث يستعمل لنقل حجوم وكميات اخمة من الباائع 
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والمواد السائبة لمسافات طويمة وكذلك نقل الركاب بسر عات عالية وراحة كاممة وأمان 
 . [1]تام والحفاظ عمى نظافة البيئة

وط السكك الحديدية من امن المشاريع الوطنية إن أغمب دول العالم تعتبر خط
ذات الربحية القومية بمعنى أن عوائدىا غير مباشرة, وبالتالي لا تخاع إلى مقاييس 
نما تقاس بما تحققو من فوائد ومكاسب اجتماعية واقتصادية ويمكن  الربحية التجارية وا 

ثال لا الحصر في الآتي: تحديد العوائد الاجتماعية والاقتصادية المتوقعة عمى سبيل الم
- 

 إحداث توسعات عمرانية وقيام تجمعات سكانية حارية. -

 تأدية خدمات اجتماعية واقتصادية وقيام حركة تجارية. -

 قيام صناعات وخدمات تحويمية مصاحبة تؤدي لخمق فرص عمل. -

 توفير الطاقة والمحافظة عمى البيئة. -

طرق خدمية جديدة, وتخفيض تكاليف تخفيض حجم الاستثمارات المطموبة لشق  -
 الصيانة السنوية والدورية لصيانة الطرق المتاررة بفعل حجم الحركة.

الحد من الاختناقات المرورية وتقميل مخاطر الحوادث والحد من الوفيات وتوفير  -
مواصلات آمنة والدقة في المواعيد وما يترتب عمى ذلك من مكاسب 

 اجتماعية ومادية.

 اليد ر في الأرااي.الحد من  -

 الأداء الفعال لكثير من الخدمات الاقتصادية والاجتماعية. -
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وبالتالي فإن تنفيذ مشروع السكك الحديدية في ليبيا يعتنبر مشروعاً وطنياً حيث 
 [1]ييدف إلى تحقيق العديد من المكاسب الاجتماعية والاقتصادية عمى المستوى الوطني

. 

 
 تصنيع العوارض الخرسانية(  تواح  14صورة  رقم ) 

 

 واقع الطرق الحديدية في ليبيا      -3
الحفاظ  لا يجد المسؤولون في وزارة النقل ومقرىا في طرابمس, أي تعارض في

عمى مجمس خطوط الطرق الحديدية بالرغم من عدم تشغيميا. معظميم يعممون ىنا من 
عامل. إذ  800تدفع شيرياً لنبعد الظير, وما زالت الرواتب  2صباحا إلى  8الساعة 

 يحمون بوجودىم الموقع من المصوص حسب ذكرىم.
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وسوف يتم تسميط الاوء في ىذا الفصل عمى بعض التعديات والأارار التي سببتيا 
دارة مشروعات الطرق الحديدية  لمسار وحرم الطريق الحديدي وما يقوم بو جياز تنفيذ وا 

 من إجراءات بالخصوص.
 -عمى المسار والممتمكات: التعديات    2.3

تعرض مسار وحرم الخط الحديدي لمعديد من الإختراقات والتعديات العشوائية في عدة 
مناطق عمى طول المسار الممتد عمى طول الساحل الشمالي لميبيا حيث من الممكن 

 .(1كما مواحة بالجدول رقم )تصنيف ىذه التعديات إلى نوعين 
 

 التعديات الرئيسية عمى مسار الطريق الحديدي( يوضح نوعي  1جدول رقم ) 

نوع  ت
الضرر عمى  وصف التعدي التعديات

 مكان الضرر المسار

 الأول 1
 واع القمامة ومخمفات البناء

أماكن متفرقة عمى  بسيط
 إستغلال المسار في الزراعة طول المسار

 الثاني 2

العبث بجسم المسار بالحفر 
 وغيره

 البناء عمى جسم المسار أماكن متفرقة خطير

 فك وسرقة القابان الحديدية

 
 
 

 -التعديات عمى الممتمكات:    3.3
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  لم يقتصر حجم التعديات عمى مسار الطريق الحديدي فقط بل
تجاوز ذلك بالتعدي عمى بعض المقار التنفيذية لبعض الشركات وكذلك بعض المقرات 

 والتمف بالكامل لجميع محتوياتيا.الإدارية لمجياز بالسرقة والنيب 
  وجود بقية من مجموعة القاطرات الأمريكية الصنع التي

في مدينة  2008عام  تقف عالقة منذ 17وصمت لأرض الوطن قبل الحرب وعددىا 
منذ ذلك  كم غرب طرابمس, حيث وصمت القاطرات بالسفن وبقيت 115الخمس, 

 .]3[الحين ميممة في المخازن 
 -بسبب توقف المشروع بعد الحرب: الأضرار  4.3

  درس ميندسون إيطاليون إمكانية إنشاء " خط عابر لمصحراء", من شأنو أن
كم جنوباً  800يصل مصر بموريتانيا. وكانت خطة القذافي تتامن خطاً إاافياً يمتد 

 .باتجاه سبيا, عمى خلاف الخط الممتد عمى طول الساحل
   تعتبر المدينة الرئيسية في جنوب ليبيا, الموقع الاستراتيجي لسبيا, التي

 .]4[يجعل منيا محطة توقف إلزامية لمذين يرغبون باتخاذ الرحمة باتجاه أوروبا.
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 .( تواح بعض التعديات من النوع الأول15صورة رقم ) 
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الميناء من قبل (  تواح تفكيك القابان الحديدية الخاصة بخط وصمة 16صورة رقم ) 
 .المصوص والسراق

 

 بعضاً من الإجراءات التي أتخذت من قبل الحكومة لتقميل ومنع التعديات.   5.3
  وزارة المواصلات حددت يوماً لفعاليات اليوم الميبي لمطرق والنقل البري

بحيث يوافق الثامن عشر من يونيو من كل عام لتأمين لقاء يجمع العاممين والميتمين 
والخبرات الوطنية ذوي العلاقة بقطاع الطرق والنقل البري من أجل تبادل الآراء 
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نية والمينية والتي من شأنيا أن تسيم بفعالية في والأفكار ومناقشة الجوانب العممية والف
 تطوير وتحسين أداء شبكة الطرق والنقل البري بما يمبي طموحات وتطمعات الجميع.

  دارة مشروع الطرق الحديدية, إلى المحافظة عمى مساره دعا جياز تنفيذ وا 
لو وطالب الجياز في بيان  من البناء العشوائي والقاء المخمفات داخل حدوده,

المواطنين بالتبميغ عن أي مخالفات ترتكب اد ىذا المشروع, لأن ذلك يعمل عمى 
 تأخير تنفيذه, ويعرض المخالفين لممساءلة القانونية.

  ميلادي ورشة عمل بمقر الجياز  2013يناير  14أقام الجياز بتاريخ يوم
الورشة عدد بطرابمس تحت عنوان القطار الميبي بين الواقع والطموح وقد حار ىذه 

كبير من الميتمين بمشروعات السكك الحديدية من داخل ليبيا وخارجيا من الدول التي 
 تمتمك الخبرة الطويمة في ىذا المجال.

  بمجرد أن تستأنف ليبيا تصدير النفط, ستستقر الأمور وتبدأ الطرق
ء مشروع الحديدية بالعمل, إنيا مسألة وقت لا أكثر, بالإاافة إلى ذلك, إمكانية إنشا

 . [6]"تسمح الظروف بذلك مترو أنفاق في طرابمس عندما
  فيما يتعمق باستئناف العمل بالمشروع تعتمد عمى التفاوض مع الشركات

-وعمى الخطة الزمنية التي سوف يتم مناقشتيا مع الشركات أىميا المشروع الروسي
عن  والذي توقف العمل فيو وخرج 2007الصيني المشترك الذي دشن في عام 

بعد أحداث ثورة فبراير التي أطاحت بمعمر القذافي وعودة طاقم  2011القابان في 
 .سفارة كل بمد من البمدين شرط أساسي لإعادة تشغيل العمميات

 -الخلاصة:    1.4      

 -من خلال ىذا البحث البسيط والمتوااع يتاح لنا جميا التالي: 

 .التاريخ العميق لمطرق الحديدية في ليبيا 
  .الأىمية الإستراتيجية والتجارية والوطنية لممشروع 
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  حجم الارر والتدمير الذي لحق بمسار وممتمكات الطريق الحديدي بعد
الحرب في ليبيا الأمر الذي سيؤثر سمباً عمى تنفيذ ىذا المشروع والتكمفة 
زالة  الباىظة التي ستنفق من ميزانية الدولة في حال إجراء الصيانة لممسار وا 

ستئناف العمل بيذا المشروع الوطني العظيم.ىذ  ه الأارار وا 
  لم يحرز مشروع خطوط الطرق الحديدية في ليبيا أي تقدم عمى أثر المشاكل

عددا لا يحصى من  كما أن ىناكالمالية والإنقسام السياسي في البمد 
 .العصابات المسمحة المحمية

   مشروع الطرق الحديدية في ليبيا .. مستقبل زاىر قيد الانتظار 
 ىناك الكثير من الميبيين واثقين من أن المشروع سيتحقق في يوم من الأيام.

 -التوصيات:     2.4

 محافظة عمى مسار الطريق الحديدي من البناء العشوائي والقاء ارورة ال
المخمفات داخل حدوده ذلك بإصدار قوانين ولوائح تامن عدم حدوث وتكرار 

نشاء جية ابطية تتصف بصفة قانونية لتطبيق ىذه الموائح.   ذلك وا 
  التوعية بأىمية ىذا المشروع الإستراتيجي وحجم واخامة التكمفة المالية في

إستئناف العمل بو وما سيؤثره عمى ميزانية الدولة والذي لا شك سوف  حال
 ينعكس ذلك عمى المواطن مباشرةً 

  إصدار بيانات وتعميمات وتشجيع المواطينين عمى التبميغ عن أي مخالفات
 ترتكب اد ىذا المشروع, لأن ذلك يعمل عمى تأخير تنفيذه.

 

 -المراجع :   

دارة مشروع الطرق الحديديةممتقى موظفي جياز تنفيذ  .1  وا 
 المركز الميبي لممحفوظات والدراسات التاريخية  .2
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مع عمي صالح, مدير العلاقات العامة والقسم الإعلامي   DWحوار موقع    .3
 في مجمس إدارة الطرق الحديدية الميبية

والخبيرة بخطوط السكك الحديدية  مع نيكي غاردنر, الكاتبة  DWحوار موقع  .4
 الدولية.

 في إدارة الطرق الحديدية الميبيةالميندس خيري عجيمة   DWحوار موقع    .5
مع عمر ترجمان, مدير قسم الإدارة والمالية في مجمس إدارة   DWحوار موقع .6

 الطرق الحديدية الميبية.
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Abstract  

The use of adhesive bonds presents numerous advantages such as a 

more homogeneous stress distribution, higher stiffness, high 

fatigue strength, low weight, the possibility to join dissimilar 

materials or corrosion prevention For these reasons, structural 

adhesive bonding has been increasingly used in industries 

including construction, automotive and sports The performance of 

composite joints for aeronautics applications has not been fully 

achieved  in this work. Furthermore, their presence cannot be 

easily detected by conventional non-destructive tests (NDT). 

Water diffusion into composite adhesive joints was experimentally 

studied by means of gravimetric measurements in bond specimens. 

The main parameters controlling the diffusion in the bond 

components were obtained from water uptake experiments carried 

out in bulk specimens of fiber-reinforced composite and epoxy 

adhesive. The diffusion of water in bonds is a complex mechanism 

due to the heterogeneous microstructure of the composite and its 

interface with the adhesive. This process was simulated through 

micro scale models which represent the microstructure of the 

composite and of the adhesive joint Structural adhesive joints are 

adequate for joining aluminum with nearly constant  .In terms of 

fatigue strength,for105 cycles, a decrease about 25%and 39% 

occurred in specimens immersed during. Water concentration 
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increases in the adhesive while that oil concentration decreases 

and stabilizes (0.5%), the tests have shown that the water spreads 

more into epoxy that into polyurethane 

Keywords: corrosion , Adhesive Joints 

 انًهخض

لذَ اعزخذاَ اٌشٚاثػ اٌلاصمخ اٌؼذ٠ذ ِٓ اٌّضا٠ب ِضً رٛص٠غ اٌعغػ الأوضش رغبٔغًب 

ٚرصٍجبً ٚ ِٚمبِٚخ اعٙبد اٌزؼت ػب١ٌخ ٚٚصٔبً ِٕخفعًب ٚاِىب١ٔخ ظُ ِٛاد غ١ش ِزّبصٍخ ٚ 

ثػ اٌلاصك ػٍٝ ٔؾٛ ِزضا٠ذ فٟ اٌصٕبػبد ِٕغ اٌزآوً. ٌٚٙزٖ الأعجبة ، رُ اعزخذاَ اٌزشا

ثّب فٟ رٌه اٌجٕبء ٚاٌغ١بساد ٚاٌش٠بظخ ٌُٚ ٠زؾمك ِٓ أداء اٌّفبصً اٌّشوجخ ٌزطج١مبد 

اٌّلاؽخ اٌغ٠ٛخ ثبٌىبًِ فٟ ٘زا اٌؼًّ. ػلاٚح ػٍٝ رٌه ، لا ٠ّىٓ اوزشبف ٚعٛد٘ب 

أزشبس ا١ٌّبٖ (. رُ دساعخ NDTثغٌٙٛخ ػٓ غش٠ك الاخزجبساد اٌزم١ٍذ٠خ غ١ش ارلاف١ٗ )

اٌٝ ٚصلاد لاصمخ ِشوجخ رغش٠ج١ب ػٓ غش٠ك ل١بط اٌغبرث١خ فٟ اٌؼ١ٕبد. رُ اٌؾصٛي 

ػٍٝ اٌّؼٍّبد اٌشئ١غ١خ اٌزٟ رزؾىُ فٟ الأزشبس فٟ ِىٛٔبد اٌشاثطخ ِٓ رغبسة 

اِزصبص اٌّبء اٌزٟ أعش٠ذ فٟ ػ١ٕبد اٌٛصلاد ِٓ اٌّٛاد اٌّشوجخ ِٓ أ١ٌبف 

بء فٟ اٌٛصلاد آ١ٌخ ِؼمذح ثغجت اٌج١ٕخ اٌّغٙش٠خ غ١ش ٚالأ٠جٛوغٟ. ٠ؼزجش أزشبس اٌّ

اٌّزغبٔغخ ٌٍٛاعٙخ اٌّشوجخ ٚاٌٛاعٙخ ِغ اٌّبدح اٌلاصمخ. رّذ ِؾبوبح ٘زٖ اٌؼ١ٍّخ ِٓ 

خلاي ّٔبرط ِصغشح ٚاٌزٟ رّضً اٌج١ٕخ اٌّغٙش٠خ ٌٍّشوت ٚاٌلاصك ٌٍّفبصً ا١ٌٙى١ٍخ 

. ِٓ ؽ١ش اعٙبد اٌزؼت ، ٌذٚساد اٌلاصمخ وبف١خ ٌلاٌزصبق ِغ الأ١ٌَّٕٛ ِغ صجبد رمش٠جب

٪ ؽذصذ فٟ ػ١ٕبد ِغّٛسح ثض٠بدح رشو١ض اٌّبء فٟ 39٪ ٚ 25، ٚأخفبض ثٕغجخ  9.5

٪( ، أظٙشد الاخزجبساد أْ 5..اٌّبدح اٌلاصمخ ث١ّٕب ٠مً رشو١ض اٌض٠ذ ٠ٚضجذ ػٕذ )

  اٌّبء ٠ٕزشش أوضش فٟ الإ٠جٛوغٟ ِٓ اٌجٌٟٛ ٠ٛس٠ض١ٓ.

 

INTRODUCTION  

Markatos et al. identified significant degradations in the fracture 

toughness of bonded joints in five different harmful scenarios: 

moisture, release agent and Skydrol contamination, effect of the 

curing process and high temperature during service. 
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Moisture contamination is probably the most studied scenario for 

bulk polymers and composite materials [3–6], and numerous 

models have been proposed to adequately describe this process. 

The ASTM standard for water diffusion in thin plates of fiber 

reinforced polymers (FRP) [10] considers that this process can be 

adequately described by the one dimensional Fick‟s second law, 

which is given by: 

2

2

C C
D

t X

 


 
                                                                          (1) 

where C is the moisture concentration,  D is the diffusion 

coefficient,  t is the time and X is the position through the 

thickness. A useful closed-form approximate solution is given as 

[11]: 

       
 

2

1 exp 7.3
2

M t Dt

s h

 
 

     
  
 

                                      (2) 

where M (t) is the evolution of the water absorbed, S : the water 

content at saturation and  h:  the thickness of the plate. 

Fick‟s law is the simplest model to describe the diffusion of water 

into a material. However, moisture absorption in epoxy adhesives 

cannot usually be accurately described with this model Thus, more 

elaborated diffusion theories are required to reproduce the 

experimental moisture-uptake curves. The most widely accepted 

diffusion models to reproduce the water absorbed in polymers can 

be divided in two groups: multiphase diffusion (Langmuir model) 
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and time-dependent diffusion. The Langmuir diffusion model was 

developed to deal with two phases of different diffusion kinetics. 

This model assumes that water can diffuse into the material, but 

some water molecules are also trapped inside the epoxy 

microstructure. This behavior is described by: 

bf
b

fbf

CC
t

C

x

C
D

t

C

t

C

 


















2

2

                                                (3) 

where subscripts f and b stand for the free and bounded water 

phases, respectively. The parameters c and b control the 

probability of water in each state. As for the Fickian model, the 

solution can be approximated by [14]: 
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   (4)                                                                                                                                        

Time-dependent diffusion models are supported by the 

experimental data which show that both saturation and diffusivity 

are specimens clearly stress-dependent in some polymer  proposed 

time-dependent boundary conditions to reproduce the water uptake 

data in epoxy resins. All the aforementioned models are able to fit 

the experimental water uptake curves in terms of weight gain. 

However, LaPlante et al. used nuclear resonance imaging of 

deuterated water into a polymer to demonstrate that the moisture 

distribution through the thickness of the specimen could be more 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   83 

 
 

adequately fitted by considering time dependent boundary 

conditions. For this reason, this later approximation was selected 

in this work for the numerical simulations of the water absorption 

in the adhesive specimens early stress-dep Material sand.  

EXPERIMENTAL AND RESULTS 

Docol 1000 high strength steel (SSAB,Borlänge,Sweden) plates 

with 1 mm thickness was the material used for  the adhesive of the 

single –lap joints studied. The chemical properties were  obtained 

from tension static tests, performed according with STM E 8M 

Standard [17], and are presented in Table1. More details about this 

material can be found by Reisetal. [18,19] and by Cognardet al. 

[20] for adhesive,figure.1. 

Table1 Mechanical properties of the adherends  and adhesive ,(sUTS – 

tensile strength, sys – yield strength, E – Young's modulus, ε f – 

elongation at failure ,and ν – Poisson's ratio). 

v ef [%] E [GPa] rYS 

[MPa] 

sUTS 

[MPa] 

Material 

--- 11.6 205.0 502.0 1052.0 Docol 1000 high 

strength steel 

0.3 8.5 1.85 27.0 35.0 Adhesive(Araldite s 

420 A/B) [20,22] 
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Fig 1. Specimen geometry with a 150m adhesive thickness (dimension 

in millimeter) 

Table2 Environmental conditions studied. 

Exposure time [h] Condition Environment/exposure Series 

-- 20±2 1C; 

50±2% HR 

Control samples ND 

120 35±2 1C; 

pH:6.7 

Deionized water WD 

24/48/96/120/192/216 35±2 1C; pH:7 Neutral saline solution 

[26] 

NSS 

24/48/96/120/168 35± 1C; 

25±2% HR 

Temperature and 

relative humidity 

TEMD 

 

CONCLUSION 

Results of gravimetric tests show that motor oil concentration in 

the adhesive is lower than water concentration (except during the 

first days of immersion). Water concentration increases in the 
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adhesive while that oil concentration decreases and stabilizes 

(0.5%). Additionally, tests have shown that the water spreads more 

into epoxy that into polyurethane (nearly doubles the concentration 

of water in the long term). It is also observed that the motor oil 

concentration into polyurethane during early periods of immersion 

is lower than into epoxy. However, both concentrations tend to be 

similar in the long time. 
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 الخلاصة
عممية الدرفمة عمى البارد تعتبر من اىم العمميات الصناعية لاعتماد اغمب الصناعات 

تصنع سطح ناعم و عالي  لأنياالصفائح المعدنية بجميع اشكاليا و  ىالمعدنية عم
التشطيب. ىده الورقة تدرس تأثير سرعة الدرفمة عمى نعومة السطح في عممية الدرفمة 
عمى البارد حيت ثم اجراء العممية باستخدام سرعات مختمفة و كذلك استخدمت صفائح 
بسمك مختمف وتم ذلك عمى مرحمتين ىما الدرفمة عمى مع التزييت  و الدرفمة  بدون 

ي كل المراحل. وبعد قياس نعومة سطح العينات التي تم درفمتيا تحت ظروف تزييت ف
 مختمفة تم الوصول الى ان سرعة الدرفمة ليس ليا تأثير يذكر عمى نعومة السطح. 

 

Abstract      

The product quality is the major concern of the manufacturers. In 

cold strip rolling process, defects have been experienced in 

different features and affected the quality of the rolled strip. To 

keep the improvement of the new technology and the demand of 

the customers, high quality and productivity are needed. This 

paper presents the effect of cold rolling parameters during the 

process cold strip rolling. The influence of each parameter on the 

surface roughness and profile of steel strip has also been studied. 

The implementation of the experiments has shown the effect of 

rolling conditions on the rolled strip surface and strip thickness 

distribution. The experimental data were recorded by the 4-high 
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Hille 100 cold rolling mill control panel, the preparation of the 

rolls samples are explained. Three rolling passes were used, and 

the comparison and verification of the data and the research 

findings are presented.  

1.  Introduction   

The process of thin strip cold rolling is one of the most 

important processes in cold metal manufacturing, because it 

produces the thinner size of the products. It also makes smooth 

surface, bright surface finish, and increase the strength of the 

materials. This process has become extremely important, 

therefore, a lot of research has been done by researchers and 

manufacturers to improve and achieve the best quality and 

productivity of this process. 

1.1 Cold rolling process 

Cold rolling is process carried out at the room temperature, and it 

is the process that reduces the thickness of the metal sheets or 

strips, which happens by forcing the work-piece through the roll 

gap, and the frictional force in the roll bite to make the rolling 

occur as shown in Figure (1). This process is used as a final stage 

to manufacture the metal strip. There are three main objectives in 

this process, to reduce the thickness of the strip, improve the strain 

hardening of the rolled materials and improve the dimensional 

accuracy of the strip [1]. Cold rolling became important process in 

the last century, because it reduces the thickness of the sheet and 

gives the hardness and strength of the strip, as well as the surface 

roughness [2.3]. 

With the development of science and technology, a high demand 

of steel strip are the most diversified used products in a wide range 

of applications, including vichels,  electrical appliances and 
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building materials. The customers demand is the surface quality 

and high dimensional accuracy for required steel sheets [4]. 

Several attempts were successful at solving and simplifying the 

mechanics of cold rolling defects. At the early time well 

established solutions were available, experimental results made it 

fully understand the basis of this process. There are several issues 

in cold rolling process have to be considered as follows: 

 

 

 
 

Figure (1) Cold rolling process 
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   and    are the initial and final thickness. 
 V  rolling speed   

R work roll radius. 

   and    the initial and final speed of the strip. 

 ( )  Roll bite angle  

 L is the contact length. 

                                                                                

1.2 Rolling speed 

Rolling speed is the responsible on the speed of the strip during 

rolling process. The speed of the strip is little faster than the roll 

surface speed in most cases. The friction force has significant 

effect on the strip velocity, when the friction at the forward zone 

increases, the velocity of the strip at the exit zone increases [5]. 

Rolling speed has great influence on the lubrication operation, at 

low rolling speed most of lubricants spread out of the roll bite, 

which makes the lubricant film thinner, and causes unexpected 

thickness and surface roughness. Increasing rolling speed increase 

the friction and the deformation increase which led to an increase 

in surface roughness [6.7]. In case of using lubrication when the 

rolling speed increases the temperature increases as a result of 

increasing friction, which decreases the lubricant film. Also rolling 

speed affects the strip crown, when rolling speed increase the strip 

crown decrease [7]. The cross share region in asymmetrical rolling 

are influenced significantly by rolling speed ratio which can be 

determined by       [7]. 

 

2.Aims 

This research aims to examine the process of cold rolled thin 

strip by investigating the effect of rolling parameters on the 

surface roughness and profile of the rolled carbon steel strip. 
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The work will consider the most effective parameter and how it 

can improve the strip profile. 

 

3. Methodology 

The objectives of this thesis will be achieved by carrying out the 

experimental work on the rolling mill, which will analyze the 

effects of rolling parameters on the strip shape and surface 

roughness. The experimental work will require measurement of the 

data before and after rolling, and identify the effective parameters 

which can significantly improve the efficiency of the rolling 

process. 

 

3.1 Sample preparation 

To determine the aim of this work, the samples should be prepared 

and evaluated perfectly to achieve research objectives. The number 

of the samples was 250 for collecting enough data 

 

3.2 Material details 

The samples that used in this experiment were made from low 

carbon steel, (0.05 to 0.20% of carbon). The quality of the samples 

was ensured to obtain the best results.  

 

3.3 Dimensions of the samples 

The samples were prepared at the manufacturing laboratory at the 

University of Wollongong, and the dimensions are 0.55 mm for the 

thickness and 400 mm length, the width of the samples are cut in 

four different dimensions and it is 80, 90, 100 and 110 mm wide. 

 

3.4 Samples thickness 

The thickness of the specimens is 0.55 mm, each sample were 

measured to identify the initial and the final thickness for each 
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sample, using the micrometer. The aim of this measurement is to 

analyse the effects of different reductions on the strip shape, so 

different final thickness was used. 

 

3.5 Rolling speed 

During the operation, three different rolling speeds were applied to 

the rolling mill, 10, 20 and 30 rpm. The rolling speed is controlled 

by the rolling mill system, and in the asymmetrical rolling there is 

a different rolling speed at the top and bottom roll surfaces because 

of the different roll diameters. The rolling speed ratio was 

calculated by       and it is 1.23.   

 

3.6  Surface roughness 

The surface roughness of the samples was measured before and 

after the rolling operation to analyze the effects of the rolling 

parameters on the surface roughness of the strip. The  

 

aim of this work is to compare the initial and final roughness, and 

find the absolute roughness improvement by using the following 

equation: 

= 
       

   
                                                                                       

Ra is the roughness improvement,  is the roughness before 

rolling and  is the roughness after rolling. 

 

3.7 Samples coding 

In order to keep tracking of all the specimens, each sample was 

marked by special code, and it is by integrating a number of letters 

according to the changeable parameters, the width, reduction, 

rolling speed and lubrication.  
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3.8 Rolling data files 

The data of each specimen such as the rolling force, torque and 

speed was recorded by the rolling mill control system. The other 

measurements such as the thickness, width, length and roughness 

were measured and recorded by a hand.  

 

4.  Experimental procedure 

At the experimental work, the machine was modified according to 

the asymmetrical rolling by setting the rolling mill on different 

work rolls diameters. The test samples were used to test and set the 

rolling mill (Hille 100), and its rolling gap to ensure the required 

rolling condition. 

The rolling mill was set for the requirement of each specimen. The 

results recorded directly after each specimen being rolled as shown 

in Figure 1. Schedule has been used to record the results which are 

collected after rolling each specimen. To ensure obtaining a correct 

and reliable number of data, two samples were used each pass. In 

each pass, the reduction, width, lubrication and rolling speed are 

recorded, and each parameter was changed with keeping the other 

parameters sustainable to recognize the effect of each parameter. 

The roll gap was measured at each reduction to determine and 

ensure the final target thickness. This rolling mill has 1500 KN and 

13 KN/m for the maximum rolling force and torque respectively, 

and no bending force and tension were applied during this work. 

The work roll diameters that used in the process were 63 mm and 

78 mm for the top and the bottom ones respectively, with backup 

rolls 228 mm in diameter and 254 mm for the barrel. To 

implement the work the roll gap has to be adjusted for each 

thickness.  
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Figure 1. Hille 100 rolling mill 

After each pass completed the samples were measured directly, by 

using the micrometer and the Hommel tester T1000 to obtain the 

thickness and surface roughness of each sample. To obtain a 

correct data the measurement tools such as the micrometer and the 

Hommel tester T1000 should be re-zeroed after each batch. To 

carry out the next procedure for the next pass, the specimen are 

required to be labeled and prepared to be ready for rolling. 

 

5. Rolling data 

The control system program of the 4-high cold rolling mill has 

recorded the data for each sample. The data of each specimen was 

saved individually and then organized according to the rolling 

parameters and the pass number. The collected data for the passes 

was analyzed to find the most appropriate average data for rolling 

force, torque, power and speed, some accurate data were chosen. 

 

Tables were used to analyze the data after being filtered to choose 

the suitable average for the rolling parameters, to determine their 

effect. The most effective parameters will be recognized by 

analyzing the shape and the profile of each sample. From these 
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results and its analysis, the suitable condition which can produce 

better strip shape and profile will be given in rolling 

manufacturing.  

 

6.Results and discussion 

The experiment used three different rolling speeds (10, 20 and 30) 

rpm under asymmetrical rolling of low carbon steel, the steel strip 

was rolled under both lubrication conditions. The surface 

roughness of unlubricated strip experienced significant change by 

different rolling speeds as it shown in Figure 2.  

 

 
   

Figure (2). Effect of rolling speed on surface roughness (unlubricated, 90 

mm in width) 

 

 

As shown from the last figure, the strip surface roughness decrease 

as the rolling speed increase. For the first pass, the rolling speed 

has significant influence on the strip surface roughness under 

unlubricated condition. Although increasing the rolling speed, the 

friction increases, especially in which under unlubricated strip 

y = -0.0044x + 0.307 
R² = 0.5124 
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case. The rolling conditions that have been used in the process the 

first pass are illustrated in Table (1). 

 

Table (9)  Effect of rolling speed on surface roughness under unlubricated 

rolling  

 

The surface roughness of the cold rolled strip under lubrication 

conditions shows a smoother surface roughness with an increase of 

rolling speed. The rolling speed will reduce the surface roughness 

of the lubricated strip, as shown in Figure 3. 

 

 
   

Figure (  (3  Effect of rolling speed on surface roughness (lubricated 90 

mm in width) 

y = -0.0003x + 0.1503 
R² = 0.0696 

R
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 Ra)خطي 
(micron)) 

 

Speed(rpm) 

 

Reduction 

(%) 

 

Lubrication 

 

Width 

(mm) 

 

Surface 

roughness(μm) 

before rolling 

 

Surface 

roughness(μm) 

after rolling 

10 31 NO 90 0.712 0.288 

20 31 NO 90 0.740 0.171 

30 32 NO 90 0.848 0.210 
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As it can be observed from Figure 3. that the trendline of the 

surface roughness is reduced with an increase of rolling speed. The 

rolling speed increases the deformation and more deflection 

occurs, which causes more reduction and then resulted in better 

surface roughness. Table (2) shows the changes of the surface 

roughness by various speeds. 

 

 

  Table (2) Effect of rolling speed on surface roughness under lubricated 

rolling 

 

 

 

Speed 

(rpm) 

 

Reduction 

(%) 

 

Lubrication 

 

Width 

(mm) 

Surface 

roughness(μm) 

before rolling 

Surface 

roughness(μm) 

after rolling 

10 31 NO 90 0.712 0.141 

20 29  NO 90 0.697 0.157 

30 30 NO 90 0.721 0.135 

 

It can be clearly concluded that the surface roughness of rolled 

strip decreases with an increase of the rolling force under both 

lubrication conditions. There is no significant influence between 

the lubricated and unlubricated cases. Although the friction are 

decreases with rolling speed, the lubricated specimens were 

affected by rolling speed is the same as the unlubricated ones. 

 

 Conclusion: 

The effect of rolling speed was obvious with the change of the 

rolling speed,  especially with lubrication, as the rolling speed 

increases the surface roughness decreases, and it is effected by the 

friction. 
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 الممخص

دورا ميماَ في المحافظة عمى جودة  Weigh Stationsتمعب محطات وزن الشاحنات 
الرصف و سلامة الشاحنات من خلال مراقبة أوزان و أحجام المركبات التجارية 

(CMVs و مع ذلك فأنو عندما تستعد ىذه المركبات لمدخول إلى المحطات أو .)
لمخروج منيا يمكن أن تخمق توترات في حركة المرور الرئيسي المتدفق عمى القطاع 

ىذه المحطات. اليدف من ىذه البحث ىو دراسة تأثير وجود محطات وزن القريب من 
الشاحنات عمى شدة الإصابة و تكرار الحوادث المرورية عمى الطرق السريعة بولاية 

محطة وزن ثابتة  12ميشيغان. حيث تمت دراسة أنماط الحوادث التي وقعت في محيط 
Fixed Weigh Stations  منطقة  66وقعت في محيط و مقارنتيا بالحوادث التي

( 2011إلى  2004استخدمنا بيانات الحوادث لثمانية سنوات ) Rest Areas.استراحة 

mailto:valerian.kwigizile@wmich.edu
mailto:jun.oh@wmich.edu
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 Orderedالمسجمة في الطرق السريعة بولاية ميشيغان. باستخدام النموذج الإحصائي 
Probit Model,  تم تحديد المتغيرات اليامة التي تؤثر عمى مستوى الإصابة و ىي ؛

و  ,و الحادث الذي تشترك فيو عدة مركبات ,المخدرات \ت تأثير الكحولالقيادة تح
و  ,م(  07:00ص إلى  06:00و وقت النيار ) ,غائمة\الظروف الجوية صافية 

 3000و منطقة التوتر ) ,AADTو متوسط المرور اليومي السنوي  ,السرعة المحددة
الثابتة في مقابل منطقة  و وجود محطة الوزن ,قدم من الحافة الداخمية( 5280 –قدم 

 Negativeالاستراحة. تم تطوير نموذج تكرار الحوادث باستخدام النموذج الإحصائي 
Binomial Model,  و المتغيرات التي تم العثور عمييا تؤثر بشكل كبير عمى تكرر

 ADDTو  ,و عدد الحارات ,الحوادث  و ىي؛ حاجز ىذه أمان الجزيرة الوسطية 
و وجود محطة وزن الشاحنات. أظيرت ىذه الدراسة أن وجود  ,يةلممركبات التجار 

محطة وزن الشاحنات يزيد من شدة و تكرار الحوادث و أياا تم تحديد المواقع الأكثر 
 خطورة بالقرب من محيط مرافق الطرق السريعة.

ABSTRACT: 

Weigh stations play a crucial role in maintaining pavement quality 

and truck safety by monitoring weight and size of commercial 

motor vehicles (CMVs). However, the movement of CMVs from 

and back to the mainline traffic stream near fixed weigh stations 

could create conflicts in traffic stream.  The objective of this study 

was to examine the effects of presence of weigh stations on injury 

severity and frequency of crashes on Michigan freeways. This 

study investigated the crash patterns in the vicinity of 12 fixed 

weigh stations as compared to the crash patterns in the vicinity of 

66 rest areas. We used eight years (2004 to 2011) crash data 

recorded in Michigan freeways. Using the ordered probit model, 
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significant variables influencing the level of injury severity were 

identified. These were driving under influence of alcohol/drug, 

muti-vehicles involved in a crash, clear/cloudy weather conditions, 

day time (6 a.m. - 7 p.m.), speed limit, Average Annual daily 

Traffic (AADT), conflict area (3000 - 5280-ft from the gore), and 

presence of a weigh station vs. a rest area. The crash frequency 

model was developed using Negative Binomial model, and 

variables found to significantly affect crash frequency were 

guardrail median, number of lanes, AADT of commercial vehicles, 

and presence of weigh station.  This study shows that presence of 

weigh station increases both severity and frequency of crashes and 

identifies the most hazardous locations near freeway facilities. 

Keywords: weigh station, rest area, severity, frequency, crash, 

freeway 

INTRODUCTION  

The Michigan Department of Transpiration (MDOT) currently 

maintains 81 rest areas and 14 permanent weigh stations along 

freeways and other major routes (two of the weigh stations are 

located on non-freeway routes). Weigh stations and rest areas offer 

a variety of services to road users and the Michigan Commercial 

Vehicles Enforcement Division (CVED), a division of the 

Michigan State Police (MSP). Rest areas provide different services 

for road users such as restroom facilities, food, parking lot and so 

forth (MDOT, 2006). Weigh stations are used by CVED to check 

commercial vehicle weights, permits, registrations, and vehicle 

operators for compliance with current weight and size regulations. 

Despite the great benefits provided by these facilities, their 

presence increases lane changing maneuvers, which may cause 

crashes directly or indirectly. 
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According to the National Highway Traffic Safety Administration 

(NHTSA), 32,367 people were killed and 2,217,000 were injured 

in 5,338,000 vehicle crashes in 2011 in the United States (2013). 

Furthermore, the NHTSA report indicates that 3,757 people were 

killed and 88,000 were injured on crashes involving a large truck. 

According to Blincoe et al. (2002), the total economic cost of 

motor vehicle crashes in year 2000 is $230.6 billion in the U.S. at 

freeway facilities such as weigh stations and rest areas, vehicles 

diverge from and then merge to the mainline traffic stream, which 

may cause crashes. 

 This study investigated severity and frequency of crashes 

occurring at these freeway facilities. Crash frequency and severe 

injury/fatal crashes at freeway facilities can be influenced by 

various characteristics and factors such as driver characteristics 

and behavior (age, gender, use of restraints, alcohol/drug 

involving, etc.), vehicle characteristics (type  of vehicle, size, 

weight, condition of the vehicle ,etc.), geometric characteristics 

(vertical alignment, horizontal  alignment, intersection, etc.), 

traffic characteristics (design speed,  traffic control, number of 

traffic lanes, etc.), environmental factors (rain, snow, fog, etc.), 

and crash location (urban/rural area, ramps, toll station, etc.). A 

number of studies explored the relationship between those 

characteristics and severe injury/fatal crashes on freeways in 

general. However, only limited number of studies compared 

severity and/or frequency crashes occurring in the vicinity of 

weigh station and rest area facilities. The main objective of this 

study was to investigate whether fixed weigh stations relatively 

influence injury severity and frequency of crashes occurring on 

Michigan freeway.  
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BACKGROUND AND LITERATURE REVIEW  

In general, vehicle maneuvers at both rest areas and weigh stations 

are similar. However, at weigh stations, only commercial vehicles 

are required to enter when the station is in operation. (Barnett et 

al., 1999, Benekohal et al., 1999, and Gattis et al., 2010) indicated 

that crash frequency increases around weigh stations due to 

conflicts and interruptions that are posed by the specific 

characteristics of commercial vehicles such as longer deceleration 

/acceleration distances and large turning radii when they exiting to 

and entering from the facility ramps. Barnett et al.1999 examined 

the crashes related to the presence of weigh station on freeway and 

estimated the crash reduction when using weigh-in-motion and 

automatic vehicle identification technologies near 

weigh/inspection enforcement locations. The influential zone 

around weigh station was defined as 2500-ft before and after the 

facility. The control zone was defined as a basic segment before 

weigh station. This zone has the same geometric and 

environmental characteristics as the influential zones. The study 

showed that there were 38 percent fewer accidents in the control 

zones than in the influential zones. Janson et al. (1998) examined 

the relationship between ramp design and commercial vehicle 

crash frequency. In order to study commercial vehicle crashes that 

occurred on freeways, they used geometric variables such as type 

of ramp (diamond, loop, directional, outer connector and others), 

ramp connection type (freeway-to-freeway, freeway-to-arterial), 

interchange type (diamond, cloverleaf, directional, other), conflict 

areas (ramp, merging/diverging area, upstream and downstream) 

and crash type (rollover, rear end, sideswipe, and other).  

Statistical comparison was conducted among four different types 

of ramps in three states (California, Colorado, and Washington). 
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They identified the influential zones of ramps by examining the 

frequency of truck accidents occurred through ramps zones in 

upstream and downstream. They concluded that high volume 

ramps have lower commercial vehicle crash frequency per CMV-

mile of travel. However, conflict areas in ramps (i.e. merging and 

diverging areas) are the most hazard areas. Furthermore, geometric 

deficiency is one of reasons for high frequent rollover crashes 

rather than other crash types in the ramp merging area. 

Chang and Mannering (1999) investigated the effects of large 

truck crash on injury severity sustained by car occupants using 

data from Washington. The results indicated the probability of 

fatality and injury in crashes involving large trucks is higher 

compared to non-truck crashes. Mc Cartt et al.(2004) studied 1,150 

crashes that occurred on heavily freeway ramps in order to gain 

more understanding of type and pattern of crashes on urban 

freeway ramps in north Virginia. Almost half of crashes happened 

when al-fault drivers were exiting the freeway. They found speed 

and congestion were significant factors in the study. Speed was 

mostly a factor in run-off-the-road crashes and congestion was a 

primary factor in rear-end crashes. High frequency of run-off-the 

road crashes was attributed to vehicles exiting freeway at night on 

curved ramps in severe weather condition. Wang et al. (2009) 

investigated factors contributing to severe injury crashes involving 

trucks at freeway diverge areas. Factors found significant included 

the length of deceleration lanes, number of mainline lanes, curve 

and grade, width of medians and shoulders, speed limit, ADT on 

mainline and ramp, and percent of trucks.  
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METHODOLOGY 

Identifying Influential Zones 

In this study, the influential zones were categorized into three 

major zones as follows: before the facility; at facility; and after the 

facility.  While the “before the facility” and the “after facility” 

zones were simply specific distances before the entry ramp and 

after the exit ramp, respectively, the “at facility” zone was defined 

as the segment between the gores of the on/off ramps of the 

facility. In a similar study, but focusing on freeway ramps, Janson 

et al. (1998) defined the influential zones of ramps by conducting 

truck crash frequency differences in successive sections of 0.05 

mile long upstream and downstream of freeway-ramp connection 

areas. They found that truck crash frequency measured per 0.05 

mile section stopped changing significantly beyond 0.25 miles 

(1320-ft) upstream of both merging and diverging ramps and 

beyond 0.2 miles (1056-ft) and 0.15 miles (792-ft) downstream of 

diverging and merging ramps, respectively. Based on this finding 

the influential zone “at facility” can be considered as the distances 

of upstream of merging ramp plus downstream of diverging ramp 

and equal to 0.4 miles (2112-ft). However, the average length of 

the segment between the gores of the on/off ramps of 12 weigh 

stations is 0.76 miles (4000-ft).  Regarding to the designated 

distance of influential zone “after facility” which represents the 

merging area. The authors indicated that the influential zones of 

merging ramps are 0.15 miles (792-ft) plus connection area of 

merging ramp. Where, the average length of connection area of 

merging ramp of 12 weigh stations is 0.22 miles (1160-ft), thus the 

adopted the distance of the influential zone after facility is the 

combined distances of influential zone of merging ramp and the 
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average length of connection area of merging weigh station ramp 

and equal to 1950-ft from the painted noses of exit ramp. 

In this study, the influential zone “before facility” or before 

entering the weigh station was determined from the distance when 

a commercial vehicle driver sees the weigh station sign and then 

begins to execute maneuvers to enter the weigh station. The 

Manual on Uniform Traffic Control Devices (2009) provides 

guidance on weigh station and rest area signage on highways. The 

manual indicates that the first weigh station and rest area signs 

which are advance warning signs should be located 1 mile (5280-

ft) from the painted nose of entrance ramp. At fixed weight station, 

the second sign which requires qualified trucks (by weight) to 

enter the weigh station should be located 4000-ft from the painted 

nose of entrance ramp, and the third sign which is the exit 

direction sing should be located before at least 800-ft from the 

painted nose of entrance ramp.   

 

Figure1: Influential Zone Distances around Weigh Station 

In order to study the crash pattern before weigh station ramps, the 

influential zones before the weigh stations defined in this study 
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were incremental as following: 5280-ft to 4000-ft, 4000-ft to 3000-

ft, 3000-ft to 2000-ft, 2000-ft to 1000-ft, and 1000-ft to 0 from the 

entrance gore, respectively. Figure 1 presents the influential zones 

as defined in this study. For consistency, the same zones were used 

at rest areas.  

Crash Severity Analysis 

In addition to crash frequency, the important measure of the level 

of safety from any highway facility is the injury severity resulting 

from those crashes. Various disaggregate analysis approaches have 

been used to investigate the risk factors that affect the probability 

of injury severity in crashes. Most studies have used ordered 

probability models such as ordered probit model as appropriate 

models to investigate the crash severity of individual crashes 

(O‟Donnell et al., 1996; Duncan et al.,1998; Kockelman and 

Kweon 2002; Khattak et al. 2003; Wang et al,. 2009; Kwigizile et 

al,. 2010). This study applied the ordered probability model to 

investigate factors associated with injury severities resulting from 

crashes occurring in the vicinity of weigh stations and rest areas. 

Crash severity injury was measured by four categories for a crash 

that has occurred: (1) property damage only (PDO) or possible 

injury, (2) non-incapacitating injury, (3) incapacitating injury, and 

(4) fatality. The ordered probit model for four levels of injury 

severity is given in the following form Washington et al. (2011). 























(fatal) z if  4

injury) ating(incapacit z if  3

injury) tingincapacita-(non z if  2

injury) ble(PDO/possi z- if   1

3

32

21

1









iq                       (1)                           
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where qi is the observed injury severity, µp are thresholds (cutoffs) 

that define qi which corresponds to injury severity level, and z is 

an unobserved variable specified as: 

 βXz                                                                                       
(2)                                                                                             

in which X is a vector of explanatory variables determining the 

discrete ordering for the observation, β is a vector of estimable 

parameters, and ε is a random disturbance. 

The probabilities associated with ordinal outcomes of an ordered 

probit model are calculated as: 

 

     

     

     

   βX

βXβX

βXβX

βXβX









34

233

122

11

1 







qP

qP

qP

qP

                                            (3) 

 

From above, (φ.) is the standard normal cumulative distribution 

function. Usually, the parameters are estimated using the log 

likelihood method. The sign of the estimated coefficient of an 

independent variable can directly indicate the effect of the variable 

on the probability of the highest (i = 4) and lowest (i =1) levels of 

injury severity. A positive sign indicates an increase in the 

probability of the highest category and therefore a decrease in the 

probability of the lowest level. 

Crash Frequency Analysis 

Poisson and Negative Binomial (NB) modeling techniques are 

among the most appropriate and popular models used in crash 

frequency analysis (Yaacob et al, 2011; Chin and Quddus, 2003; 
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Miaou and Lum, 1993; and Noland and Quddus, 2004). The NB 

model is an extension of the Poisson model to overcome over-

dispersion in the data. The choice between the two model types 

depends on the relationship between the mean and the variance of 

the data. If the mean is equal to the variance, the data is assumed to 

follow a Poisson distribution, and hence the Poisson regression 

analysis can be performed. However, because of possible positive 

correlation between observed accident frequencies, over-dispersion 

may occur (Hilbe, 2011). Accident frequency observations are said 

to be over-dispersed if their variance is greater than their mean. If 

over-dispersion is detected in the data, NB regression analysis 

should be used. Standard textbooks (for example Hilbe 2011; and 

Washington et al 2011) present clear derivation of Negative 

Binomial (NB). With the NB model, the predicted crash count is 

estimated by:  

                                                                                   (4)                                                                                

where Xi is a vector of explanatory variables, and   is a vector of 

estimable parameters (coefficients) in which  iEXP   is a gamma-

distributed error term with mean one and variance 
2 . With such 

a modification, the mean i  becomes a variable that follows 

binomial distribution. The mean-variance relationship becomes: 

          21 iiiii yEyEyEyEyVar  
               (5) 

If α is equal to zero, the NB distribution reduces to Poisson 

distribution. If α is significantly different from zero, the crash data 

are said to be over-dispersed (positive value) or under-dispersed 

(negative value). As stated earlier, over-dispersion is a result of 
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possible positive correlation between observed accident 

frequencies. When α is significantly different from zero, the 

resulting negative binomial probability distribution is: 

 
  
     

iy

i

i

ii

i

i
y

y
yP






























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
















11

1

!1

1
1

                        (6)

                                 

Where )(x  is a value of the gamma function, iy  is the number of 

crashes for intersection i and   is an over-dispersion parameter. 

DATA DESCRIPTION 

In this study, twelve fixed weigh stations located on Michigan 

freeways, and 66 rest areas were investigated. The rest areas can 

be further divided to two categories: 27 rest areas used 

occasionally by the CVED as safe enforcement sites for 

commercial vehicles, known as permanent intermittent truck weigh 

stations (PITWS); and the other 39, which are just regular rest 

areas. These facilities (i.e. weigh stations, and rest areas) were 

located on different freeways and regions in the state of Michigan 

as shown in Figure 2. This study crash data from eight years (2004 

to 2011) and geometric and traffic roadway characteristics data 

obtained from the Michigan Department of Transportation 

(MDOT). Google Earth
TM

 and Geographic Information System 

(GIS) were used to identify the locations and geometric features of 

the facilities (i.e. weigh stations and rest areas). GIS was the main 

tool for separating the crashes in terms of the designated distances 

of the influential zones. There were 5020 total crashes that 

occurred at the influential zones. The literature search was done in 

order to choose the most common and significant variables that 
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could have significant impact on the frequency and severity of 

these crashes.  

 

Figure 2 :Location of Weigh Stations and Rest Areas in Michigan 

Initially, there were more than sixty-four explanatory variables 

used in the analysis, including injury severity, roadway 

geometrics, traffic conditions, roadway and environmental 

conditions, temporal characteristics, driver and vehicle 

characteristics, and location and type of crash. In crash data, 
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crashes reported as deer-related crashes were 1347 (i.e., 27 percent 

of all crashes). It was important to identify such crashes because 

their cause may not be related with presence of weigh station or 

rest area facility, and therefore were excluded from the sample.  

The remaining 3673 crashes that were used in the study included 

675 crashes at weigh stations, 1305 crashes at 27 rest areas with 

PITWS enforcement, and 1693 crashes at 39 regular rest areas. 

Figure 3 presents the distribution of crashes by injury severity at 

these facilities. The fixed weigh stations experienced slightly 

higher percentage of fatal crashes when compared to rest areas.  

 
Figure 3: Injury Severity Categories of Facilities Crashes 

Table 1 shows descriptive statistics for the variables that were 

found significant in the models, descriptions and summary 

statistics. The severity of a crash was specified into one of the four 

severity levels: (1) fatal; (2) incapacitating injury; (3) non-

incapacitating injury; (4) PDO and possible injury. It is clear from 
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Table 1 that crashes involving alcohol/drug at weigh stations was 

slightly higher comparing with all rest areas. Furthermore, the 

percentage of crashes involving multi-vehicles at weigh station 

facilities was also higher than all rest area facilities.  

Table 1: Descriptions and Summary Statistics of Weigh Stations and 

Rest Areas Crashes 

Explanatory 

Variable 
Description 

Weight 

Station

s 

Rest 

Areas 

Enforce 

Regular 

Rest 

Areas 

All Rest 

Areas 

Severity Category 
    

Fatal Crash 
fatality = 1; Otherwise = 

0 
0.89% 0.61% 0.53% 0.57% 

Incapacitatin

g Injury 

incapacitating injury = 1; 

Otherwise = 0 
2.96% 2.61% 3.19% 2.94% 

Non-

incapacitatin

g Injury 

non-incapacitating injury 

= 1; Otherwise = 0 
6.96% 5.90% 5.67% 5.77% 

PDO/Possibl

e Injury 

PDO/possible injury = 1; 

Otherwise = 0 
89.19% 90.88% 90.61% 90.7% 

Driver Characteristics 
    

DUI 

Driver under influence 

alcohol/drugs = 1; 

Otherwise = 0 

4.30% 4.21% 3.66% 3.90% 

Crash Conditions 
    

Multi-

Vehicle crash 

Multi-vehicle = 1; 

Otherwise = 0 
4.74% 4.98% 3.13% 3.94% 

Environmental Conditions 
    

Clear/Cloudy 

Weather 

Clear and Cloudy = 1; 

Otherwise = 0 
54.67% 55.48% 54.05% 54.6% 

Temporal Characteristics 
    

Day Time 
(6 am -7 pm) = 1; 

Otherwise = 0 
69.48% 72.95% 71.12% 71.9% 

Traffic and Roadway Characteristics 
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Guardrail 

Median 

Guardrail median type = 

1; Otherwise = 0 
20.00% 0.00% 2.63% 1.54% 

Approach 

Speed Limit 

Average speed limit 

(mph) 
68.02 67.58 67.37 67.37 

Number of 

lanes 

Average number of lanes 

(feet) 
2.00 2.00 2.00 2.00 

AADT Average AADT 24132 22251 18101 19908 

CMVs 

AADT 

Average  commercial 

vehicle AADT 
5010 2768 2438 2581 

 

Figure 4 shows crash frequency in the three influential zones and 

crash distribution in the incremental distances before the facility 

(refer to Figure 1). It can be seen from figure 4(a) that weigh 

stations experienced a higher percentage of crashes before the 

facility when compared with rest areas.   

 

Figure 4 (a). Frequency of Crashes at Influential Zones Before Facility 
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The crash frequency before weigh station at the incremental 

distances of 5280-ft – 4000-ft and 4000-ft – 3000-ft were higher 

than the percentages of crashes at similar distances at all rest area 

facilities. A potential explanation of higher number of crash 

occurrences at 5280-ft: 4000-ft and 4000-ft: 3000-ft segments 

could be the fact that this is the location where trucks start to 

access the right lane in preparation to enter the weigh station. 

However, further analysis to confirm this may be needed. The 

frequency of crash frequency after weigh stations segment was less 

than crash frequency after all rest area facilities (see Figure 4).   

 
Figure 4 (b). Frequency of Crashes at Incremental Distances Before 

Facility 
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MODELING RESULTS AND DISCUSSION  

The Injury Severity Model Results 

The software package Stata 12
TM

 was used to estimate the ordered 

probit model using the four injury categories. In analysis, the 

property damage only or no injury category and fatal categories 

were selected to be as lower and higher levels, respectively. Table 

2 presents the coefficient estimates from this model. The positive 

coefficient implies that increases in the variable will increase the 

probability that highest level of injury (fatality) occurs while it will 

decrease the probability of lowest level of injury (PDO/possible 

injury). However, the negative coefficient in the model implies 

that the variable will decrease the probability of the highest level 

of injury (fatality) while increasing the probability of lowest level 

of injury (PDO/possible injury) (Kwigizile et al,. 2010). 

Table 2 :Coefficient Estimates of the Ordered Probit Model 
 

Variable Coefficient z‐value p‐value 

DUI 0.67089 5.73 0.000 
AADT ‐0.00002 ‐5.18 0.000 

Multi‐vehicle involved in crash 0.74552 6.42 0.000 

Clear/Cloudy condition 0.15727 2.66 0.008 

Weigh station 0.13517 1.80 0.071 

Max. speed limit 0.00666 1.85 0.065 

Daytime (6am:7pm) ‐0.10872 ‐1.69 0.090 

Conflict area 0.08915 1.34 0.181 

 

Ancillary Parameters 
 

Coefficient 
 

Std. Error 
 

µ1 1.583104 0.260526  
µ2 2.104197 0.262199  
µ3 2.853136 0.270987  
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Number of observations  3673 

Loglikelihood‐1395.13 

LRchi2(8)    110.86 

Prob>chi2   0.0000 

PseudoR2     0.0382 

 
 

The table presents seven variables (driving under influence of 

alcohol/drugs, AADT, weather condition, speed limit, day time, 

presence of weigh station facility) which were found to be 

significant at the 80% confidence level. Crashes occurring during 

clear or cloudy weather conditions were more likely to result in 

higher level of injury. The explanation for this could be that 

drivers are more careful and drive with lower speeds under bad 

weather conditions on freeways and consequently reduce severity 

of a crash. The positive coefficient of maximum posted speed limit 

indicates that a higher speed limit is associated with higher level of 

injury in a crash. Rifaat et al. (2011) stated that the speed limit of a 

road is expected to be correlated with its operating speed. The 

positive coefficient of multi-vehicles implies that crashes 

involving more than one vehicle are more likely to result into 

higher injury severity (fatality). Also, crashes occurring during day 

time (6 AM: 7 PM) are more like to be less severe (i.e., result in 

PDO/possible injury). This finding indicates that crashes occurring 

during nighttime were more likely to be severe (i.e., result in 

fatality) due to several contributing factors such poor visibility and 

probably absence of enforcement, and so forth. Segments with 

high AADT were more likely to decrease fatal injury severity in a 

crash, because operating speed will be decreased and therefore will 

decrease fatal crashes. Furthermore, crashes occurring at higher 

AADT are more likely to be rear-end and sideswipe crashes 
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(Haleem& Abdel-Aty, 2010). Driving under influence of 

alcohol/drugs significantly increased the probability of higher 

injury severity (fatality). Crashes that occurred before the facility 

in the two influential zones (5280-ft to 4000-ft and 4000-ft to 

3000-ft combined) were more likely to result into more fatal 

crashes at 80% confidence level compared to other zones.  This 

finding could be an indicator that the zone of 3000 – 5280-ft from 

the gore is the location with the most conflicts. It is possible that 

beyond this section, trucks may have positioned in the correct lane 

and therefore the traffic is already stabilized. Compared to rest 

area, presence of weigh station facility will increase the probability 

of fatality in all influential zones. 

The Frequency Model Results 

In order to obtain more understanding on the conflict area (2280-

ft) which is combined from two incremental zones (5280-ft to 

4000-ft and 4000-ft to 3000-ft) before the facility and impact of 

presence of a weigh station on the conflict area that were found to 

be significant in severity model and enhance those findings, we 

used negative binomial regression model to estimate the frequency 

of average crashes that occurred in that particular area per year. 

Table 4 presents the coefficients of four variables (ADDT of 

commercial vehicle, guardrail median type, and weigh station) 

were found significant in that model at 95 percent confidence level 

and the coefficient of number of lanes was found to be significant 

at 90 percent confidence level. 

The results show that AADT of commercial vehicle significantly 

increased the frequency of crashes (a positive coefficient). That 

implies that presence of high present of commercial vehicles in 

traffic stream around conflict area of freeway facilities is prone to 
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experience high number of crashes. The negative of coefficient 

guardrail median type indicates that presence of guardrail median 

at the conflict area of a facility decrease the crash frequency. Also, 

the positive coefficient of number of lanes indicates that increased 

numbers of lanes is associated with increase in crash frequency in 

conflict area. Presence of a weigh station facility was found to 

significantly increase crash frequency at the 95 percent confidence 

level. This implies that presence of a weigh station facility 

increases the crash frequency and injury severity of crashes 

occurring on the zone of 3000-ft to 5280-ft from the gore.  

 

Table 3:Coefficient Estimates of the Negative Binomial Model 

 

Variable            Coefficient      z‐value                      p‐value 
 

Weigh station 0.5448636 2.280 0.022 
COMM.AADT 0.0002288 3.240 0.001 

Number of lanes 0.3122034 1.680 0.094 

Guardrail median ‐1.5540640 ‐2.870 0.004 

Constant ‐1.0781270       0.417 0.001 

 

Number of observations 78 

Loglikelihood‐106.52539 

LRchi2(4)    30.09 

Prob>chi2   0.0000 

PseudoR2     0.1237 
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CONCLUSIONS 

Although numerous studies have studied the impact of roadway 

and traffic characteristics on severity and frequency of freeway 

crashes, effects of weigh station facilities on severity and 

frequency crashes occurring in their vicinity has not been fully 

explored. The main objective of the study was to investigate the 

impact of presence of weigh station facilities on severity and 

frequency of crashes that occur in their vicinity. Our results 

indicated that several roadway design and traffic characteristics 

affect the safety at specific location such as the segment of 5280-ft 

to 4000-ft to 3000-ft from. Among those factors, presence of 

weigh station was found to increase both crash severity and 

frequency. Increasing number of lanes contribute to high injury 

severity in a crash. Moreover, presence of guardrail median type in 

conflict area decreases the frequency of crashes while higher speed 

limit on those zones increases probability of having high injury 

severity in a crash. A crash occurring during clear and cloudy 

conditions contribute to high injury severity whereas a crash 

occurring during day time (6 AM: 7 PM) contribute to low injury 

severity. The results showed that the influential zone of 5280-ft to 

3000-ft is the most significant zone and experience the highest 

number and severe crashes compared to other zones of the facility.   
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Abstract 

Solving elliptic partial differential equations manually takes 

long time. Computer plays an important role to solve this kind 

of equations. Finite element method is used to solve elliptic 

partial differential equations by reducing these equations to 

linear system Ax = b using iterative methods as Jacobi and 

Gauss Seidel methods. 

These methods are applied for two examples in this paper. 

Keywords: iterative methods – elliptic partial differential 

equation – finite element method. 

 انًهخض:

اٌؾبعٛة  ؽ١ش اْ ، ؽً اٌّؼبدلاد اٌزفبظ١ٍخ اٌغضئ١خ إٌبلصخ ٠ذ٠ٚبً رؤخز ٚلزبً غ٠ٛلاً 

)اٌىّج١ٛرش( ٠ٍؼت دٚساً ِّٙبً ٌؾً ٘زا إٌٛع ِٓ اٌّؼبدلاد ٚرغزخذَ غش٠مخ اٌؼٕصش 

اٌّؾذد ٌؾً اٌّؼبدلاد اٌزفبظ١ٍخ اٌغضئ١خ إٌبلصخ ثٛاعطخ رخف١ط ٘زٖ اٌّؼبدلاد اٌٝ 

ثٛاعطخ اعزخذاَ غشق اٌزىشاس ِضً غش٠مخ عبوٛثٟ  Ax = bٌٕظبَ اٌخطٟ غشق ا

ٚغش٠مخ عبٚط . ٚ فٟ ٘زٖ اٌٛسلخ اٌجؾض١خ ٠زُ رطج١ك اٌطش٠مز١ٓ ِٓ خلاي ِضب١ٌٓ 

 ٌذساعزّٙب فٟ ٘زا اٌجؾش. 
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Introduction. 

Let    be a bounded domain in R
d
, with boundary    . It is 

assumed that f and g are continuous on  . So a unique solution 

exists 

-   = f(x,y)      For(x,y)                                                        (1) 

u(x,y) = g(x,y)       in     

  = {(x,y) : a < x < b,c < y < d}. 

The concept of the finite element is to apply this to equation 

(1). 

First, the test function v is picked where v satisfies the 

boundary condition v = 0 on      and multiply the first 

equation by v. Finally, we integrate the equation over  , using 

Green's formula as 

∫        
 

 = - ∫
  

    
 v  ds +   ∫           

 
. 

A finite element discretization of (1) is based on the weak 

formulation:[2] seek  u    V = [H
 

 
 ( )]

d
 such that. 

A(u, v) = (f,v)       V                                                   (2) 

Where  a(u, v) = ∫          
 

 ,  (f,v) =   ∫          
 

 

The approximate solution  uh     Vh     V  satisfies 

a(uh, v) = (f,v)      Vh                                                        (3) 
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we define  uh  =  ∑ 
   ui  i (x), thus, we  substitute  uh  in the 

following equations.[3] 

a(uh,  k) = (f,  k)      k = 1, …, N 

We obtain 

∑ 
    ui .a( I,  k) = (f,  k)    k = 1, …, N                               

(*) 

We could write the formula in (*) as: 

Ax = b.                                                                                   (4) 

Where A   R
n×n

 is symmetric matrix,  b    R
n
 ,  and  x     R

n
  

is the request. 

To solve (4) we use the iterative technique as follows  

solution[4] 

X
k+1

  =  Tx
k
 + C,     k= 0,1, …..,                                            (5) 

Where  x
0
  is given 

For the convergence it is required that for all  x
0
   R

n
  the 

vector sequence produced by the iteration (5) should be 

convergent to the same vector  x
*
   R

n
. And  x

*
 would be 

approximate solution of   x  in  (4), that is, Ax
*
 = b. 

The following  two theorems are needed for the seek of 

completeness.[5] 

Theorem 1. Assume that (M,N) is a splitting of the regular 

matrix A, such that T = M
-1

N  is convergent matrix. Then the 
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iterative method (5) based on this splitting is convergent to the 

solution of the system of linear algebraic equations Ax = b. 

Theorem 2. Assume that A is monotone matrix, Then any 

regular splitting of A generates a convergent iterative method, 

that is, if (M,N) is a regular splitting of A then  p(M
-1

N) < 1. 

In the following, some well-known iterative methods are 

considered to the solution of (4) such as, Jacobi method and 

Gauss Seidel method. 

(1)  Jacobi iterative method (JIM). 

The Jacobi iteration of the form: 

X
   

 
  = 

 

   
     bi  -  ∑

 
   
   

 aij  X
 

 
    i =  1,2,……,n,      

k= 0,1,2,…..                                                                          (6) 

Is considered, where it is assumed that  aii    0. Introducing the 

notations[6]  

D = diag A; 

-U = upper triangular part of A; 

-L = lower triangular part of A; 

We have the obvious relation 

A =  D – U – L. 

Then the Jacobi iterative method (6) can be rewritten in the 

matrix form 
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X
k+1

 = D
-1

(b + (U + L) x
k
),  (7                                                     )

           

That is, 

X
k+1

 = D
-1

(U+L)x
k
 + D

-b
b. 

Obviously, this is a BIM with GJ = D
-1

 (U+L) and  cJ = D
-1

b. 

On the other hand, 

Dx
k+1

 = (U+L) X
K
 + b. 

That is, if MJ = D  and NJ = U+L is defined then 

MJ  x
k+1

  = NJ x
k
 + b. 

Moreover, the relation  MJ – NJ = D – U – L = A holds. 

Consequently, the iterative method of the form (7) is BIM  

based on the splitting  

A = MJ – NJ. 

(2) Gauss Seidel iterative method (GSIM). 

The Gauss Seidel iteration of the form 

 Xi
k+1

  =  
 

   
   bi - ∑

   
    aij x  Xj

k+1
   -   ∑ 

      aij x  Xj
k
  i= 

1,2,….n,  k= 0,1,2 ….                                                            (8)  

The Gauss Seidel method can be rewritten in the matrix form  

Dx
k+1

  = Lx
k+1

  +  Ux
k
 + b. 

It can be remarked that the main difference between the Gauss-

Seidel method and the Jacobi method is the following:[7][8] 
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Using the Jacobi method for the computation of the new 

iteration the previous approximations are applied in each 

equation, while in Gauss Seidel the new already computer in 

more suitable form is rewritten as 

 (D - L)x
k+1

 = Ux
k
 + b.                                                           (9) 

Introducing the notations  

MGS  = D – L,  NGS = U, 

We obtain 

MGS – NGS = D – L – U = A. 

That is, MGS – NGS is a splitting of A. Then (9) can be rewritten 

in the form 

MGSX
K+1

  =  NGSX
K
  +  b;  or 

X
k+1

 = TGSX
K
 +  CGS; 

Where, we have used the notations 

TGS = MGS
-1

  NGS = (D-L)
-1

U,  CGS  =  MGS
-1

  b = (D-L)
-1

b. 

Example 1 

Consider the follows problem with boundary conditions and 

given domain 

-   = 2 – (x
2
 + y

2
)   0     x,y     1 

u(x,y) = 0                         when  x= 1, y = 1; 

u(x,y) = 
 

 
 (1-y

2
)                when   x=0; 
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u(x,y) = 
 

 
 (1-x

2
)                when   y=0; 

Example 2 

Consider the follows problem with boundary conditions and 

given domain 

-   = 2 – (x
2
 + y

2
)   0     x,y     1 

u(x,y) = 0            in boundary 

Briefly the solution of the given problem by theoretical 

methods is applied as defining step size h and partitioning the 

intervals [a,b] and [c,d] into n equal parts and the finite 

element method.[9] 

 

Figure 1. The shape of example 1 where  n=25 
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Figure 2. The final shape of matrix A of example 1 where  n= 10 

 

For example 1 Ax = b  when  n = 2 

A=  

[
 
 
 
 
 
 
 
 
                                     
                                     
                                    
                                    
                     
                                       
                                       
                                       
                                       ]

 
 
 
 
 
 
 
 

, b = 

[
 
 
 
 
 
 
 
 
      
      

 
      
      

 
 
 
 ]

 
 
 
 
 
 
 
 

         



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   133 

 
 

 x = 

[
 
 
 
 
 
 
 
 
      
      

 
      
      

 
 
 
 ]

 
 
 
 
 
 
 
 

 

 

 

Figure 3. The shape of example 2 where = 25 
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Figure.4. The final shape of matrix A of example 2 where  n = 20 

For example 2 Ax = b when  n = 2 

=  

[
 
 
 
 
 
 
 
 
                                     
                                     
                                      
                                      
                     
                                       
                                       
                                       
                                       ]

 
 
 
 
 
 
 
 

, b = 

[
 
 
 
 
 
 
 
 

 
 
 
 

      
 
 
 
 ]
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  x = 

[
 
 
 
 
 
 
 
 

 
 
 
 

      
 
 
 
 ]

 
 
 
 
 
 
 
 

 

The results of numerical tests of the Jacobi an gauss seidel 

iterative methods for example 1 and example 2 are given in the 

following tables: 

Table 1 Iteration and residual of matrix A by Jacobi and Gauss 

Seidel method of example 1 

20/1  10/1  5/1  h 

Residual Iteration Residual Iteration Residual Iteration  

9.931e-4 527 9.875e-4 131 9.592e-4 32 JIM 

9.779e-4 288 9.590e-4 71 6.611e-4 18 GSIM 

Table 2  Iteration and residual of matrix A by Jacobi and Gauss 

Seidel method of example 2 

20/1  10/1  5/1  h 

Residual Iteration Residual Iteration Residual Iteration  

9.931e-4 527 9.868e-4 109 9.965e-4 26 JIM 

9.779e-4 288 9.670e-4 62 7.071e-4 16 GSIM 
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 يهخض:

( صلاصٟ hybrid filterفٟ ٘زٖ اٌٛسلخ لّٕب ثذساعخ اداء ٚفؼب١ٌخ الاوزف فٍزش اٌٙغ١ٓ )

اٌفٍزش ِىْٛ ِٓ الاوزف الاغٛاس رٚ اٌزساػ١ٓ فٟ ؽبٌخ ؽذٚس ؽبٌخ ػبثشح ٌٍؾًّ، ٘زا 

فٍزش اٌزم١ٍذٞ اٌّىْٛ ِٓ لٕطشح ثٙب ػذد اص١ٕٓ ِفبر١ؼ اٌىزش١ٔٚخ ٌىً رساع ٚ ػذد اص١ٕٓ 

ِٓ ِىضفبد اٌمذسح ٠شىلاْ رساع صبٌضخ ِزصٍخ ثبٌشجىخ اٌىٙشثبئ١خ ثٛاعطخ ٔمطخ فٟ 

ِٕزصفٙب. ٘زا الاوزف فٍزش ِزصً ػٍٝ اٌزٛاٌٟ ِغ ِىضف ٚ ِمبِٚخ ٠شىلاْ ِب ٠ؼشف 

(. اٌؾًّ اٌّزصً ثبٌٕظبَ ٘ٛ ؽًّ غ١ش خطٟ ٚ٘ٛ passive filterفٍزش اٌغٍجٟ )ثبٌ

ػجبسح ػٓ لٕطشح ِمَٛ ِىْٛ ِٓ د٠ٛداد ٚ ِزصً ثٗ ؽًّ ػجبسح ِمبِٚخ ِٚىضف 

ِزصلاْ ػٍٝ اٌزٛاصٞ ثبٌّمَٛ. لاعشاء ٘زٖ اٌذساعخ، لّٕب ثزغ١١ش لذسح اٌؾًّ ػٕذ ٌؾظخ 

اَٚ اٌٝ  29( ِٓ ١١Rdش ل١ّخ اٌّمبِٚخ )س ِٓ صِٓ اٌزشغ١ً( ٚرٌه ثزغ 49.ِؼ١ٕخ ).

 .9و١ٍٛٚاد اٌٝ  .2اَٚ ثشىً فغبئٟ ٚ٘زا ٠ئدٞ ثذٚسٖ اٌٝ رغ١١ش لذسح اٌؾًّ ِٓ  42

و١ٍٛٚاد ِغججب رشٖٛ فٟ شىً ِٛعبد اٌغٙذ ٚاٌز١بس ثشىً ٍِؾٛظ ٌفزشح ِؼ١ٕخ ٚثؼذ٘ب 

جخ اٌز١بساد ٠زّىٓ اٌفٍزش اٌٙغ١ٓ ِٓ اسعبع إٌظبَ ٌؾبٌزٗ اٌّغزمشح اظبفخ ٌزم١ًٍ ٔغ

اٌٙش١ِٔٛخ ثبٌشجىخ. دساعخ فؼب١ٌخ ٚاداء ٘زا اٌفٍزش اٌٙغ١ٓ اصٕبء ؽذٚس اٌؾبٌخ اٌؼبثشح رُ 

 اعشائٙب ٚاٌزؾمك ِٕٙب ثٛاعطخ ثشٔبِظ ِبرلاة ع١ٌّٕٛه.  

Abstract 

In this paper, the performance and behavior of three-phase three-

wire hybrid power filter with two-arm during a transient regime of 

the load has been studied, this hybrid filter is designed by 

combination of filters using passive and active filter with two DC 
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capacitors located in the DC side of the power inverter. The active 

filter connected in series with a passive filter. For the connection to 

the network no transformer is needed. For this study, we changed 

the power of the load, which varies from 20 kW to 10 kW, by 

suddenly changing the value of the resistance Rd connected to the 

diode rectifier. The control method is based on current control 

techniques (d-q theory). Finally, by computer simulation, it is 

observed from the obtained results that the load current and supply 

current is improved significantly with a decrease of total harmonic 

distortion (THD) immediately after transient regime. 

Index terms 

Hybrid filter, nonlinear load, power quality, total harmonic 

distortion (THD), transient regime. 

I. INTRODUCTION  

Generally, harmonic currents are mostly generated by AC/DC 

power conversion units and the power electronic equipments. The 

harmonic currents are the source of adverse effects for many types 

of equipments such as heating in distribution transformer, 

perturbation of sensitive control equipments and resonances with 

grid. Many solutions have been studied in the literature to mitigate 

the harmonic problems, such as filtering (passive, active and 

hybrid) with various topologies [1]. These solutions have been 

proposed to improve power quality of the AC mains. Active filters 

were developed and widely used to overcome to the drawbacks of 

passive filters (figure 1) and improve power quality, but the cost of 

active filters in industrial could be very high because of large 

power rating of the power converter [2]. These cost considerations 
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limit the applications of active filters used in the power systems 

[3].  

As a solution to this situation, the hybrid active power filters with 

different control strategies have been developed by using active 

and passive filters together for improving power quality [4,5]. The 

main aim in the development of hybrid filter is to reduce the cost 

and rating of active filter by using passive filter that filters 

dominant harmonics caused by nonlinear loads and supplies 

reactive power requirement [6,7]. 

 

 

 

 

 

 

Figure.1. Passive filter configurations. 

 

Figure.2 shows the studied hybrid filter topology with control 

method in this paper. The hybrid filter consists in a passive filter, 

connected in series with an active filter without any transformer 

[8]. 
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Figure.2. Hybrid power filter configuration with control method. 

 

The passive filter is an integral part of the hybrid shunt active 

power filter, tuned at 11
th

 harmonic frequency, which absorbs 

harmonic currents generated by the load, whereas the active filter 

improves filtering performances of the passive filter. This paper is 

mainly focused on the efficiency of the chosen hybrid power filter 

topology to reduce the level of current and voltage distortion and 

also to show the influence of the transient regime on the hybrid 

shunt active filter effectiveness. The d-q base control algorithm is 

applied for harmonic compensation, the feedforward loop in the 

proposed control scheme replaces the classical passive filter 

comparator 

Active Filter 

Passive filter 

V*
refa, V

*
refb 

VSabc 

Triangular waveform 

Vdc 

iLabc 

4 control signals 

 
 

Diode Rectifier 

 

 
Vdc 

 

iSabc PLL 

Harmonic Isolator 

based on 

d-q theory with two 

control loops 

(feedback and 

feedforward) 
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configuration [9,10]. The feedback control is applied to the diode 

rectifier input harmonic currents. In this paper, we used the same 

control method which proposed in our paper [4] to studies the 

performance and improve filtering characteristics of the two-arm 

hybrid power filter during transient condition. In the control 

method (d-q theory), the three supply currents, isa, isb and isc are 

measured for the feedback loop and transformed in the α-β 

reference frame:  
















































Sc

Sb

Sa

S

S

i

i

i

i

i

2

3

2

3
0

2

1

2

1
1

3

2



                                                     (1) 

Then, a STF is introduced in feedback loop which extracts the AC 

components directly from the current in the α-β axis. This 

extraction is achieved by substracting the self-tuning filter input 

signals from the corresponding outputs. The resulting signals are 

the AC components, i
~

and i
~

, which correspond to the harmonic 

components of iSa ,iSb and iScin the stationary reference frame. 

Then, after computation based on d-q transformation, we obtained 

the three-phase harmonic reference currents iSha ,iShb and iShc. Each 

harmonic current iSh is amplified by a gain K in order to produce 

the three AC voltage references of the feedback loop, given by: 

KiV ShSh *
                                                                                 (2) 

The feedforward control tuned for the 5
th

 and 7
th

 harmonic 

frequencies using 2 STFs. The three-phase load currents, iLa ,iLb 

and iLc, are measured and transformed into α-βreference frame. For 

the 5
th

 harmonic frequency, we tuned the STF by changing ωn to (-

5 ωF) in STF, in order to compute the DC components 5i and 5i  
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at the output of the STF. To calculate the feed forward voltage 

references at the fifth harmonic frequency, we note: 

55  IZV F                                                                               (3) 

5

5

55 )
1

( 


 I
Cj

LjRV
F

FF                                               (4) 

Consequently, the references voltages at 5
th

 harmonic are 

expressed by: 






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
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

i

i

R
C

L
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V

V

F

F

F

F

FF                                           (5) 

When applying the α-β inverse transformation (6), we obtained the 

three-phase feed forward voltage references at the 5
th

 harmonic 

frequency. 
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
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c

b

a

                                            (6) 

 

For the 7
th

 harmonic frequency, we did the same as explained for 

the 5
th

 harmonic frequency, by changing ωn to 7ωF. The voltage 

reference of the active filter is compared with a triangular 

waveform (10 KHz) to generate the switching patterns for the four 

power MOSFET devices. A DC bus controller used to regulate the 
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DC bus voltage Vdc and to compensate the inverter losses is 

proportional integral (PI) regulator [11]. 

II. TRANSIENT REGIME OF THE LOAD 

 

Studying of the performance of hybrid active filter during a 

transient regime of the load is the main concern of this paper, for 

this study we will change suddenly the power of the load from 20 

kW to 10 kW by varying of the resistance Rd from 21Ω to 42 Ω for 

this transient as following: 

Ud
=
 (3√2/π) *V= 648 V                                                                 (7) 

Rd1 = U
2

d /P1 = 21Ω                                                                       (8) 

and: 

Rd2 = U
2

d /P2 = 42Ω                                                                       (9) 

Where: 

(Rd), is the parallel resistance connected to the diode rectifier. 

(Ud), is the voltage at the terminals of the resistance Rd. 

(P1), is the power of the load (20kW) before transient regime. 

(P2), is the power of the load (10kW). 

III. SIMULATION AND RESULTS 

 

In this work, simulation model of the system is formed and 

examined by MATLAB and associated toolboxes “Simulink” and 
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“SimPower System Blockset”. The parameters of the studied 

system are given in Table I. harmonic content of the supply current 

is obtained by d-q method.  

TABLE I.   SIMULATION PARAMETERS 

Capacitor: CF  

Inductor: LF 2.5 mH 

Inductor: LS 0.15 mH 

DC bus voltage 210 V 

Capacitor: Cd  

Resistor: Rd1 21Ω 

Resistor: Rd2 42 Ω 

Capacitor: Cdc  

System frequency 60 Hz 

System voltage 480 V 

 

The simulation results obtained showed a slight degradation of 

current and voltage waveforms during the transient regime but the 

hybrid filter with his feedforward control manages to regain all its 

filtering capacity after the transient regime as presented in figure. 

3, and figure.4. The THD of the non-linear load iL is equal to 

23.7% before filtering because of the large amount of the 5
th

 

harmonic current while it is equal to 3.6% for the source current iS 

after filtering. 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   145 

 
 

  

 

(A) 

  

(B) 

Figure.3. Influence of transient regime on the:  

    (A) Three source currents iSa, iSb and iSc. 

(B) Three load currents iLa, iLb and iLc. 
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Figure.4. Influence of transient regime on the DC-bus voltage Vdc (V). 

 

VI. CONCLUSION 

This paper validates by computer simulation the efficiency of the 

studied topology to suppress the harmonic currents produced by 

nonlinear loads. The value of resistance Rd has been changed from 

21Ω to 42Ω for transient regime. We noted clearly that source and 

voltage waveforms have been deformed during this transient which 

started at time 0.49 (s). In addition, the voltage Vdc, increases up to 

220V, before stabilizing again around its initial value of 210V. 

these results show that the hybrid filter is transiently influenced by 

this change of the load but quickly found its effectiveness at the 

end of this transient regime. The transient regime of non-linear 

load causes an increase in total harmonic distortion (THD=17% 

during this transient) that will lead to some of adverse effects for 

many types of equipments such as heating in distribution 

transformer and perturbation of sensitive control equipments. The 

hybrid filter provides performance benefits of active and passive 

filters. Another advantage is that the hybrid active filter is also 
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capable in reducing the THD and energy saving under different 

operating scenarios. 
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 انًهخض:

١ِىب١ٔىب اٌّٛاد ٚاخز١بس اٌّٛاد فٟ ٘زٖ الا٠بَ فٟ ارغبٖ رجٕٟ صٕبػخ ا١ًٌّ فٟ ؽمٍٟ 

ِشوجبد ثش٠خ ٚع٠ٛخ ٚغ١ش٘ب ِٓ اٌزطج١مبد اٌخف١فخ اٌٛصْ. ٘زا اٌششغ ٠ّىٓ رؾم١مٗ 

زجش ؼثبعزجذاي اٌّٛاد اٌزم١ٍذ٠خ صم١ٍخ اٌٛصْ ثّٛاد خف١فخ اٌٛصْ ِضً اٌّٛاد اٌّشوجخ ٚاٌزٟ ر

لاعزجذاي اٌّٛاد اٌضم١ٍخ اٌٛصْ اٌّغزخذِخ فٟ ثؼط  فٟ اٌٛلذ اٌؾبظش اٌخ١بس اٌجذ٠ً

اٌزطج١مبد إٌٙذع١خ ثبٌّٛاد اٌّشوجخ خف١فخ اٌٛصْ. ٌٚىٓ اٌغٍٛن الأجضٚرشٚثٟ ٌٍّٛاد 

اٌّشوجخ )خٛاص اٌّبدح ا١ٌّىب١ٔى١خ ٠زغ١ش ػٍٝ غٛي اٌزشٖٛ( ٚرشوض الاعٙبداد ثغجت 

ٌخ( ٠فزؼ ثبة ثؾش وج١شػٍٝ الأمطبػبد فٟ اٌجٕبء )صف١ؾخ، اعطٛأخ، ِخشٚغ،.......ا

ِصشاػ١ٗ ٌزؾغ١ٓ اداء اٌّٛاد اٌّشوجخ اٌجٕبئٟ. فٟ ٘زا الاغبس رُ اثزىبس فىشح عذ٠ذح 

اٌّؾٛس ٠ّغبساد ا١ٌبف ِٕؾ١ٕخ ٌض٠بدح رم٠ٛخ الاداء  صٕبئ١خٌزص١ُّ صفبئؼ ِٛاد ِشوجخ 

ػبد اٌجٕبئٟ ٌٙزٖ اٌصفبئؼ ٚاٌزم١ًٍ ِٓ الاعٙبداد اٌّشوضح اٌزٟ رؾذس ثغجت الأمطب

)اٌفزؾبد(. ٚرُ ّٔزعخ ِغبساد الا١ٌبف إٌّؾ١ٕخ إٌبرغخ ِٓ رش٠ٛٗ ٔغ١ظ ٕ٘ذعٟ 

ا٠عب غٛسٖ  عٛفز٠ٛشرُ رط٠ٛشٖ ثٛاعطخ اٌىبرت ِٓ ِبرلاة  عٛفز٠ٛشثبعزخذاَ ِبرلاة 

ٌلاغلاع ػٍٝ اٌٍٛغبس٠زّبد ٚالاعبع١بد اٌش٠بظ١خ اٌزٟ  Varifab  . [1] اٌىبرت اعّٗ

 [1]. ِٛعٛدح ثبٌزفص١ً فٟ اٌّشعغ  Varifab ز٠ٛشاٌغٛفرُ ػٍٝ اعبعٙب ثٕبء ٘زا 

mailto:Philip.Harrison@glasgow.ac.uk
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فٟ ارغبٖ رذػ١ُ الاداء اٌجٕبئٟ ٌصفبئؼ اٌّٛاد اٌّشوجخ فٟ ٘زا اٌجؾش رُ أزبط خّظ 

شجىبد سل١ّخ ثّغبساد ا١ٌبف ِٕؾ١ٕخ ِزفبٚرخ اٌذسعخ ػٍٝ ٔفظ ِغبساد الا١ٌبف 

ٔمً ارغبٖ ِغبساد إٌّؾ١ٕخ اٌزٟ رُ أزبعٙب فٟ إٌغ١ظ إٌٙذعٟ اٌطج١ؼٟ ٚرُ ثؼذ رٌه 

اخش اعّٗ   شعٛفز٠ٛالا١ٌبف إٌّؾ١ٕخ اٌٝ شجىبد ِٓ اٌؼٕبصش اٌّزٕب١٘خ ثبعزخذاَ ِبرلاة 

DDConverter ِٓ ٚرُ ثؼذ رٌه ػًّ رؾ١ًٍ ثبعزخذاَ اٌؼٕبصش اٌّزٕب١٘خ ػٍٝ صفبئؼ .

 20ثفزؾخ فٟ إٌّزصف ٌٍؾبٌخ الاٌٚٝ ِمذاس٘ب  200x200 mmاٌّٛاد اٌّشوجخ ِشثؼخ 

mm ٌ40خ اٌضب١ٔخ ِمذاس٘ب ٌٍٚؾب mm  ِٓ راد ارغب٘بد ا١ٌبف ِغزم١ّخ ِٕٚؾ١ٕخ ٌٍزؾمك

ارغب٘بد الا١ٌبف إٌّؾ١ٕخ فٟ رؾغ١ٓ الاداء اٌجٕبئٟ ٌٍصفبئؼ راد ارغب٘بد  رؤص١شاد

 الا١ٌبف إٌّؾ١ٕخ. 

Abstract: 

The tendency in mechanics of materials and material selection 

fields in now days is toward adopting light weight automotive and 

aircraft vehicles and other applications. Composite material is 

considered in present to be the replacement choice of the ordinary 

used heavy weight materials, however the anisotropy behavior and 

stress concentration due to cutouts open huge research work for 

improve its structural performance. New idea of designing biaxial 

composite laminates with curvilinear fiber paths is investigated to 

enhance the  structural performance of composite laminates, hence 

reduce stress concentration due to cutout. Coarse meshes of 

curvilinear fiber paths identical to those curvilinear fiber paths 

produced in the engineering fabric were modeled using a Matlab 

code developed by the authors from an existed Matlab code 

Varifab also developed by the authosr in [1]. The mathematical 

algorithm of Varifab code can be found in [1]. Meshes matched in 

orientation the curvilinear fiber paths of real engineering fabric 

were generated with five degrees of curvilinear fiber paths and 

then mapped into finite element mesh using Matlab DDConverter 

code. Finite element work has been conducted on straight and 

curvilinear fiber path eight plies 200x200 mm square composite 

laminate with 20 and 40 mm center hole to investigate the effect 
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on curvilinear fiber on improving the structure performance of the 

curvilinear laminates. 

    

1. Introduction 

The need for composite laminates with high stiffness and strength 

with maintaining the light weight feature was the major advantage 

in many industrial applications such as (aerospace, automotive and 

etc...). However, many applications which rely on composite 

laminates with notches, holes, cutouts and etc..., need to increase 

their stiffness and strength at those discontinuous due to stress 

concentration around those areas. The frequently used way to 

decrease or even vanish the stress concentration was increasing the 

number of plies, whether around the discontinuous only or 

crossover the laminate. Nonetheless, the advantage of light weight 

will be effected using the previous mentioned method. Composite 

ply with variable stiffness would be a good choice for this matter. 

In fact, composite ply with variable stiffness has no continuous 

fiber orientation angles in each unit cell [2]. Composite ply with 

variable stiffness turn out to be existent first time by Gürdal et al 

(2005) [2] when they innovated AFP advanced fiber placement 

machine. AFP produced laminates with variable stiffness by 

steering fibers in non-straight paths which generates variable fiber 

orientation angles in each unit cell according to designers' desire. 

However, a local increasing in laminate thickness would occurs 

due to fiber overlap. Composite laminate with steered fiber not 

only increased stiffness and strength according to many 

researchers [3,4] but also it is the key factor of increasing the 

critical buckling loads as proved by [5,6]. Composite laminates 

with variable stiffness is not a new subject, many researchers from 

different organizations perform a work in this area using different 

methods and different concepts. Some of them carry on their 

shoulder investigating the potential of increasing the laminate 

stiffness [3-5]. Whereas other researchers examine the possibility 
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of raising up the first-ply failure, the critical buckling load and 

bending properties [6]. However, composite laminates with 

variable stiffness (steered fiber laminate) produced by Automated 

Fiber Placement machine AFP comprise with a number of 

discontinuities such as gaps, overlaps, twisted tows . In this 

investigation, finite element method is used to predict the stiffness 

magnitude of composite laminates with straight fiber orientation 

and the stiffness magnitude of composite laminates with steered 

fiber orientation with several layers. The orientation angles of each 

element has been assigned using discrete fields method available 

in Abaqus standard and explicit. Thus, an automated modeling 

Matlab code of generating steered fiber mesh developed by 

modifying the existed VarifabGA Matlab code developed by the 

authors [1]. The new code was modyfied from VarifabGA code by 

changing equation (5) in [1]  with polynomial equation to satisfy 

the steering requirements. Joel carried out a sensitivity study using 

finite element method on 3D printed composite part to figure out 

how sensitive the part stiffness and strength to variability of tow 

orientation angles. Patrick used Genesis finite element software to 

model a square composite panel subjected to a compressive 

displacement in x-direction. Each element within the composite 

panel has a unique orientation angle to represent tow-placement. 

He investigated the effect of variable orientation angles on 

stiffness and failure using maximum strain, maximum stress and 

Tsai Hill criterion. Ajit et. al, developed FE models which can 

accurately predict the cured shape of tow-steered laminates. The 

bases of building the FE models are by determining resin-rich 

spots, ply thickness and fiber-matrix volume fracture by burn-off 

tests. Those experimental parameters are then fed into the FE 

models to predict the cured shape of tow-steered laminates. In 

order to obtain higher stiffness of tow-steered laminate an 

optimum fiber orientation angles layout of unidirectional 

composite laminate was produced using genetic-algorithm method 

[7]. Blom [8] developed new sight in tow-steered composite 

laminates by introduce curved 3D shell geometries such as 
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(cylinder and cone). They used a mathematical technique 

implemented in Advanced Fiber Placement software to create 

reference fiber path with fluctuated nonlinear orientation angle 

along the path. The first purpose was to optimize the stiffness of 

the 3D geometries as function of local laminates position. The 

variation in the circumferential direction of the 3D geometries 

show more stiffness improvement in bending loading mode which 

lead to higher buckling load. He also used the FEM and obtained 

good agreement between the practical and numerical results in 

terms of mass and stiffness distribution crossover the two 3D 

geometries (cylinder and cone). Suhas [9] developed a novel FE 

model that incorporate defects such as gaps and overlaps as 'defect 

element' in the model of curvilinear fiber laminate using ANSYS 

finite element software. The model could predict the effect of 

those defects (gaps and overlaps) in strength decreasing. He also 

observed that the reduction in strength and stiffness depend on the 

direction of defects. Defects parallel to loading direction decreased 

stiffness and strength more than those normal to loading direction. 

Tanut and Horst [10] used an optimization method Global 

Response Surface Method GRSM by finite element analysis on 

laminate with steered fiber which increased buckling load capacity 

by 20% compared to the buckling load obtained from laminate 

with straight fiber. Kurt et. al. [11] developed two algorithmic 

methods using the Adaptive Modeling Language for modeling the 

position of curved single tows in composite part with steered fiber. 

The methods constructed in head of an existed solid modeling 

kernel which execute curvilinear tows on composite laminates 

without errors connected to offline programming system. Liu et. al. 

[12] used an optimization method named 'combined minimum-

mass optimization strategy' to obtain an optimized buckling load 

with minimum mass for Continuous Tow Shearing CTS laminates. 

Then, they added straight fiber ±45° plies to the previous 

mentioned optimized laminate for buckling load and mass saving 

for improving the strength of Damage Tolerant at the panel edges 

on the areas of high stress concentrations. After that, another 
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optimization circle has been applied on the laminate with added 

±45° plies at the concentration stress areas which result in an 

improvement on the strength of damage tolerant to up to 71% and 

improvement of weight reduction up to 6% with comparison to the 

laminate optimized for just buckling loading capacity. Gurdal et. 

al. [13] conducated a finite element study on 'variable stiffness 

panels'. They concluded that, there is unconjunction between panel 

stiffness and buckling load, which    mean that for variable 

stiffness panels it is possible to acquire maximum in-plane 

stiffness at the center of the panel at the same time obtaining 

maximum buckling load at the edges, which it could not be 

possible to achive using composite panels with plies with straigh 

fiber. Lopes et. al. [14] used finite element method to prove that, 

the structural performance of steered fiber laminates such as 

buckling load and first ply failure is unaffected by existing of 

cutouts. The critical buckling load and panel strength have been 

improved when applying steering fiber technique on composite 

panels, which resultant of unloading of central area, hence loading 

toward the supported edges. The change in loading distribution due 

to fiber steering technique is very beneficial in case of existence of 

cutouts or discontinues in the center of composite panels, since 

there is unloading mode in the center of the panel. The failure 

performance has been also improved due to the redistribution of 

the load and the results of high buckling load. However, one 

design disadvantage of using AFP in manufacturing fiber-steered 

laminate is the finite width of the Advanced Fiber Placement 

machine head. The finite width of the head cause mismatch at 

narrow tip corners and edges of the panel which lead to hot spots 

of stress concentrations. Cláudio et. al. [15] carried out 

experimental and finite element work on square composite 

laminates with and without cutout. The composite laminates 

fabricated using straight fiber and steered fiber techniques to figure 

out the rage of damage initiation, damage propagation and first-ply 

failure of each case. The numerical results as buckling load and 

first ply-failure from the FE model that modeled constitutively for 
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damage using composite damage criteria [16] implemented in 

user-defined material Fortran subroutine Umat in Abaqus finite 

element software show a good agreement with experimental 

results.  Furthermore, laminate with steered-fiber shows 

outstanding results in terms of increasing the laminate strength and 

postponement of laminate collapse. The usual buckling location in 

uniform structures (beams, plates ....etc) is at the center. Avoiding 

buckling from taken place is not easy task. However, steered-fiber 

technique make this possible since the redistribution of fiber 

orientation angles give the facility of increasing shear angles at the 

center which makes that region stiffer and increasing buckling load 

with 50% compared to ordinary composite laminate with straight 

fiber. They also find that, steered-fiber technique give the 

flexibility and the ability to the designers to reduce or even 

terminate the negative effects (low buckling load, low stiffness and 

strength, high stress concentration, damage acceleration and ....etc) 

of cutouts on steered-fiber laminate by manipulating the fiber 

orientation angles of the laminates.   G rdal et. al. [17  investigate 

numerically using finite element analysis the thermal performance 

of steered fiber laminate in terms of degree of dissipating heat and 

reaching a lowest temperature compared to straight fiber laminate. 

The reason behind steered fiber laminate dissipating heat and 

reaching lower temperature curing before straight fiber laminate is 

because the idea of introducing steered fiber in both x and y 

directions. Genetic algorithm optimization technique has been 

applied on unidirectional steered-fiber laminate by Legrand et. al. 

[18]  to obtain an optimum steered fiber orientation angles. The 

optimum design in terms of high stiffness and strength of the 

steered-fiber bolted joints that used in helicopter rotors was 

achieved as a result of applying genetic algorithm optimization 

technique on steered fiber. Almost all of researchers in field of  

tow-steered composite materials used unidirectional concept for 

steering fibers crossover a surface. However, steering fiber or tows 

of composite laminate carried out using an Advanced Fiber 

Placement machine (AFP), which has a head as mean of feeding 
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fiber or tows of a finite width. The drawback of the machine's head 

is that, the finite width of the head disable steering the fiber in 

narrow corners and sharp edges and tips which cause stress 

concentration. Moreover, using AFP machine make the tows 

overlap which cause thickness variation. Furthermore, cutting tows 

to prevent overlaps cause fiber or tows discontinuity which lead to 

structure inefficiency. In addition the high cost of AFP technique 

give pretention to explore another simple, low-cost and improved 

technique. This work is concerned on introducing initial 

conception of a novel Sheared-Fabric Technique SFT which used 

to produce composite laminate with variable fiber orientation 

angles across-over. The sheared-fabric then characterized using 

image processing technique to determine the distribution of fiber 

orientation angles. These data then used as input data to be fed to a 

Matlab code modified from the authors Matlab code [1] to 

generate a finite element mesh that used in further simulation to 

investigate the structural performance of sheared-fabric laminate.  

2. Experimental methods and results: 

The bulk of this work was conducted while Dr. Farag Abdiwi 

employed on this grant as a post-doc working in Dr. Philip 

Harrison group at University of Glasgow. A method for designing 

a bi-axial laminate with different fiber orientation angles innovated 

for first time by Harrison [19]. The simple concept of the method 

based on applying different values of tension stresses at eight 

location around by instance square engineering fabric to obtain the 

desired configuration of different orientation angles in every single 

unit cell of the fabric as shown in Figure 1 [20].  
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Figure 1. Sheared woven roving glass engineering fabric 

circumferentially [19]. 

 

For further image processing a red lines as a grid with desired 

density tracking horizontal and vertical yarns have been drawn as 

shown in Figure 1. Using imageJ software [21] every shear angle 

in every unit cell was measured and two matrices as element 

matrix each element consists of four nodes and shear angle matrix 

have been generated and saved in text file. This two text files 

would fed into novel code modified from Varifab Matlab code [1] 

to generate finite element mesh match the actual full field 

orientation angles distributed on the fabric sheet shown in Figure 1 

(see Figure 2), however, so far I still use try and error method to 

obtain the matched mesh (Figure 2). The work details of the 

modified Varifab Matlab code can be found in an article title 
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Modeling and Mesh Generation of Steered-Tows for Woven 

Engineering Fabrics, submitted by the author for publication in 

Technical Journal of the National Board for Technical and 

Vocational Education in Libya.  

 

Figure 2. Finite element mesh matched the distributed orientation angles 

inherent across the manipulated sheared fabric sheet in Figure 1. 

 

The modified Varifab Matlab code acquired large capability in 

terms generated meshes with different curvilinear orientation 

angles (see Figure 3). As can be seen clearly some of the finite 

element meshes stretched horizontally at the center while some 

stretched vertically and one of them stretchered vertically at the 

two horizontal edges and other meshes are as cells one, two and 

three cells. Every mesh (Figure 3) is best for certain propose, 

meant for instance the stretched element horizontally at the center 

present high stiffness at the center which delay buckling load in 

case of unidirectional axial horizontal loading mode.           



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   159 

 
 

 

Figure 3. Different sheared finite element meshes with curvilinear 

orientation angles configuration. 

3. Analytical and FE Analysis: 

3.1. Procedures of Assigning Curvilinear Fiber Angles to FE Model:  

Up to this stage, the sheared fabric obtained from shear 

deformation manipulation at the eight corners of the engineering 

fabric mentioned in previous section (see Figure 1) has been 

characterized in terms of determining curvilinear angles in each 

unit cell. The curvilinear fiber paths obtained from shearing the 

fabric sheet have been modeled using the modified Varifab Matlab 

code. Finite element mesh with curvilinear fiber paths has been 

generated as a result (see Figure 2). Finite element mesh with 

desired mesh density with identical circumference size of the mesh 

size generated by the modified Varifab has been generated by 

Abaqus CAE software for further finite element simulation. The 

task in this section is assigning the curvilinear angles obtained 

from the mesh generated by the modifies Varifab code in each 

finite element of the finite element mesh generated by Abaqus 

CAE software. There are four steps to achieve this mission:   

a) Sheared finite element mesh with curvilinear fiber path can be 

generated with similar 2D correlations of the curvilinear 

configuration inherent crossover the engineering fabric sheet 

(Figure 1). A simple try and error method was used by the 

modified Varifab Matlab code to obtain similar curvilinear 

orientation angles in the generated Abaqus CAE mesh with that 

obtained from shearing the engineering fabric (see Figure 1 and 2). 

The generated finite element mesh is consists of membrane or shell 
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finite elements. Each hybrid finite element contains four truss 

elements at the side lengths of the quadrilateral element for 

modeling tension behavior and one membrane or shell element to 

model shear and bending. The results obtained from this step are 

finite element mesh with curvilinear fiber paths and two data files 

node.mat, and connectivity.mat from the modified varifab Matlab 

code, in addition finite element mesh and nodeout.mat data file for 

further operation of mapping curvilinear fiber angles.    

b) The second step is build-in a finite element model by Abaqus 

software to model composite laminate of several plies with straight 

fibre paths and with sheared curvilinear fiber paths. The finite 

element model that modeled in 3D modeling space, deformable 

type, shell planer basic feature shape with 0.2 m diameter central 

hole. The material constitutive model that used to model this 

model is elastic material behavior type lamina. The material 

properties used to model this composite laminate are illustrated in 

Table 1. 

Table 1. The composite laminate material properties [21]. 

Property Value 

E1 50 Gpa 

E2 18 Gpa 

12 0.25 

G12, G23, G13 9 Gpa 

 

Modeling damage of the components of composite material was 

also takes place by using damage criteria of fiber-reinforced 

composite (Hashin's damage criterion implemented in Abaqus 

material module) [22,23]. Longitudinal and transverse  tension and 

compression strengths and shear strengths of Hashin' criterion are 

illustrated in Table 2 [21]. 
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Table 2. Failure strengths of glass fiber-reinforced composite [ 21]. 

σ1t σ1c σ2t σ2c τ1 τ2 
1e+09 -6e+08 5e+07 1.2e+08 7e+07 7e+07 

   

The section that chosen for this model is shell section type 

composite. The orientation angles of the two plies of the straight 

fiber laminate are ±45°, while the orientation angles of the two 

plies of the sheared curvilinear fiber laminate are vary and 

assigned using a Discrete Field Generator model available in 

Abaqus standard which will be explained in next section. 

However, earlier than using the Discrete Field Generator model a 

middle distance step must takes place. This step is mapping the 

orientation angles of the sheared fabric curvilinear fiber mesh 

(Figure 1) to the finite element mesh generated by Abaqus CAE 

software with desired mesh density (refinement). This step has 

been applied using DDConvert Matlab code [24]. The procedures 

of applying DDConvert Matlab code are as follows: The input data 

which fed into DDCovert1 and 2 are three data files; node.mat, 

nodeout.mat and connectivity.mat. The node.mat matrix was 

obtained as output from the modified Varifab code. The node.mat 

data file contain 7 columns; the first column is the sequence of the 

nodes, the following three columns are the x, y and z coordinates 

of the nodes, the fifth and sixth columns are the orientation angles 

of every element of the two plies and the seventh column is empty. 

The connectivity data file contains the elements of the steered 

curvilinear fabric mesh and also obtained from the modified 

Varifab code. The nodeout data file produced by generated a mesh 

with size matched the size of the steered curvilinear fabric mesh 

that generated earlier from the modified Varifab code. The nodeout 

data can be produced easily using Abaqus CAE software by just 

create a mesh with the given size and element type and then write 

input file using the mean of writing input file available in Abaqus 

CAE software. The coordinates of the nodeout data file are the 
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centre point of every quadrilateral element which obtained by 

averaging the coordinated of the four corners of the elements. The 

centre points of every element were obtained using a 

NodeOutAbaqus.m simple code. The input data of this code are 

node and element matrices (NodeMatrix and MElementMatrix) 

obtained by using Varifab code [1]. Nodeout data file contains 7 

columns; the first column is the sequence of the nodes, the 

following three columns are x, y and z coordinates of the nodes of 

the sheared curvilinear mesh, the fifth, sixth and seventh columns 

are empty but the fifth and seventh columns will be filled in with 

the orientation angles of every element of the two plies by 

DDConvert code as will be explained next.   

As rapidly as the node.mat, connectivity.mat and nodeout .mat 

files are generated, they copied from Matlab Workspace and 

placed in DD Convert code folder to fill in the fifth and sixth 

columns of nodeout.mat with the curvilinear orientation angles of 

each element in the mesh.   

On the other hand, in between post processing step need to be 

taken, to obtain the curvilinear orientation angles from the mesh 

generated by Modified Varifab to be filled in to the mesh 

generated by Abaqus CAE, which filling the empty spaces of the 

fifth and sixth columns of node.mat. The number of nodes is not 

equal to the number of orientation angles of every element which 

is a fact since the number of nodes of any mesh not equal to the 

number of elements, consequently an empty space have been taken 

place on the node.mat. To fill in those empty spaces, a simple 

Matlab code (fill_56_node) has been written which work as 

follows; reshaping the x coordinates of node.mat matrix (the 

second columns of node.mat) to be a square matrix with columns 

and rows equal to the number of the elements on the vertical and 

horizontal directions of the mesh that produced earlier from 

Modified Varifab. Then filling the right and lower empty column 

and row with same values of the approached column and row as 
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shown in Figure 4. Figure 4 shows a mesh of nine elements (the 

black square) and sixteen nodes that have nine orientation angles 

(the angles in the black squares), while the node.mat of this mesh 

have sixteen rows since the number of nodes are sixteen and nine 

orientation angles in columns five and six. To make the orientation 

angles match the number of nodes? column three was copied and 

pasted in column four and rows three was also copy and paste in 

row four. Consequently, the number of elements becomes equal to 

the number of nodes.     

 

Figure 4. Sketch of filling in the columns and rows of the square node 

matrix 

    

The output from the DDConvert code are two text files 

(AnglePly1.txt and AnglePly2.txt) which contain the curvilinear 

orientation angles of each single finite element in ply 1 and 2 of 

the finite element mesh that generated by Abaqus CAE. That mesh 

will be used to investigate the structural performance of composite 

laminates with curvilinear fiber paths.  

To summing up, the below picture (Figure 5) demonstrates the 

steps of assigning curvilinear orientation angles in composite 

laminate for further numerical finite element simulation. The 

results from Modified Varifab are node and connectivity matrices, 

whereas the results from the finite element mesh generated by 

Abaqus CAE software nodeout matrix. All these results (node, 
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connectivity and nodeout matrices are input to DDConvert code to 

map the orientation angles distributed in the sheared mesh 

obtained from Modified Varifab to the finite element mesh 

generated by Abaqus CAE software. The results from DDConvert 

code are two matrices AnglesPly1 and AnglesPly2 which are the 

shear angles of each single finite element in ply 1 and ply 2 

assigned by Discreet Field Generator available in Abaqus CAE 

software. Finally the finite element mesh generated by Abaqus 

CAE is ready now for simulation to investigate the structural 

performance of sheared curvilinear composite laminate.          

 

Figure 5. Sketch shows the steps of assigning orientation angle to each 

finite element. 

 

3.2. Results and Discussion of the Curvilinear and straight fiber 

composite laminate FE models  

Once the curvilinear orientation angles of the composite laminate 

with curvilinear fiber paths are generated by DDConvertor code as 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   165 

 
 

AnglePly 1 and AnglePly 2 data file matrices, the FE simulation 

using Abaqus ImplicitTM for the composite laminate with 

curvilinear fiber path can be conducted. On the other hand, the 

orientation angles of the FE simulation for composite laminate 

with straight fiber path no need to use DDConvertor code nor 

Discrete Field Generator model since the orientation angles of 

each single ply are identical in all finite elements. The composite 

laminate FE model dimensions measuring 200x200 mm subjected 

to a uniaxial horizontal tension loading at the right and left side 

length. Two case square laminates with center holes 20 and 40 mm 

are modeled using 1930 SR4 shell structural element with 2027 

nodes for laminate with 20 mm center hole, hence 2308 SR4 shell 

structural element with 2440 nodes for laminate with 40 mm center 

hole (see Figure 6). The finite element simulation executed in one 

single general elastic step with 100000 maximum number of 

increments and the time step in the simulation was chosen to be 

assigned automatically. The loading mode is an axial vertical 

loading mode applied as 3 mm displacement in direction of 

positive y axis on the upper square finite element mesh side length 

and 3 mm displacement in direction of negative y axis on the lower 

side length of the mesh.  

 

Figure 6. Finite element mesh distribution of laminates with 20 and 40 

mm center holes  
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Several finite element simulations using Abaqus ImplicitTM have 

been conducted on two identical sized finite element meshes with 

20 and 40 mm centre holes as models of composite laminates of 

curvilinear and straight fiber paths using axial vertical 

displacement of 3 mm on each x positive and negative axis. 

Further post-processing of the results was carried out in Abaqus 

ImplicitTM. Figure 7 shows relationship between an axial vertical 

tensile stress σyy and axial vertical tensile strain yy of two 200x200 

mm eight plies composite laminate with 20 and 40 mm center 

holes for straight and curvilinear fiber orientation angles. The 

stacking sequence of the eight plies for laminates with straight and 

curvilinear fiber orientation angles are [+45/-45/+45/-45/-45/+45/-

45/+45] for the straight fiber orientation angles and [+cu/-cu/+cu/-

cu/-cu/+cu/-cu/+cu] for the curvilinear fiber orientation angles, 

respectively.  

 

Figure 7. An axial vertical strengths for eight plies straight fiber and 

curvilinear fiber paths composite laminates with 20 and 40 mm center 

holes. 
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Figure 8 illustrated an axial vertical strength σyy as function in the 

axial vertical strain yy of 200x200 mm eight plies composite 

laminates with 20 mm center hole of [+45/-45/+45/-45/-45/+45/-

45/+45] straight and [+cu/-cu/+cu/-cu/-cu/+cu/-cu/+cu] five 

degrees of curvilinear fiber paths (Figure 9) respectively.   

  

 

Figure 8. An axial vertical strengths for eight plies straight fiber and 

curvilinear fiber composite laminates of several degree of curvilinear 

fiber with 20 center holes. 
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Figure 9: Generated meshes from the modified Varifab matlab code with 

five degrees of curvilinear fiber path (a) degree 1, (b) degree 2, (c) 

degree 3, (d) degree 4 and (e) degree 5. 

Increasing of the axial vertical strengths as the axial vertical strain 

increased is the obvious indication that can be seen clearly from 

Figure 7 and Figure 8 for all the cases illustrated. However, 

curvilinear fiber paths composite laminate with 20 mm center hole 

shows higher axial vertical strength than its counterpart with 

straight fiber paths. Moreover, curvilinear fiber paths composite 

laminate with 40 mm center hole shows higher axial vertical 

strength than its counterpart with straight fiber paths. On the other 

hand, curvilinear fiber paths composite laminate with 20 mm 

center hole shows higher axial vertical strength than curvilinear 

fiber paths composite laminate with 40 mm center hole. This can 

be attributed to the fact that the longer circumference the more 

stress concentration taken place.   



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   169 

 
 

Figure 8 also shows identical indication of Figure 7 which 

increasing of the axial vertical strength as the axial vertical strain 

increased. Curvilinear fiber path composite laminates with 

different digress of maximum curvilinear angles show higher axial 

vertical strength than composite laminate with straight fiber path. 

Curvilinear fiber path composite laminate with degree 5 

curvilinear fiber path shows the highest axial vertical strength 

while that with degree 1 curvilinear fiber path shows the lowest. 

The indication increase of the axial vertical strength of the 

curvilinear fiber path composite laminate demonstrate gradual 

increase from degree 1 to degree 2 curvilinear fiber path then 

jumping from degree 2 to degree 3 then gradual increase again 

from degree 3 to degree 4. This jump in between degree 2 to 

degree 3 is unexplainable in anticipation of at this instant which 

will be explored in future work. 

Moreover, stress concentration is a undesirable characteristic in 

structures in general due to it is a major cause of weakening and 

failure. Figure 10 shows relationship between stress around the 20 

mm center hole σch and the axial vertical strain of composite 

laminates with straight and curvilinear fiber paths five degrees of 

curvilinear intensity. As expected a drop of σch as the degree of 

curvilinear fiber path increased (see Figure 9). The composite 

laminate with straight fiber paths shows the highest stress around 

the hole, hence the stress decreased after while as the degree of the 

curvilinear fiber paths increased from 1 to 5 respectively as can be 

seen obviously from Figure 10. This give good impression and 

promotion about curvilinear fiber technique in terms of structural 

performance improvement. 
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Figure 10. Stress concentration around the 20 mm center hole of the 

straight and curvilinear fiber path composite laminate. 

  

The profile contour plot of Hashin's matrix tension damage 

criterion of the straight and curvilinear fiber paths composite 

laminates with 20 mm centre hole illustrated in Figure 11. The 

clear trend of those contour plots in Figure 11 is that, curvilinear 

fiber paths composite laminate is the key factor of decreasing 

damage initiation and propagation as can be seen clearly as the 

degree of curvilinear increased the initiation of matrix damage 

decreased (see Figure 11). The most significant damage initiation 

is in composite laminate with straight fiber path (see Figure 11 a). 

The less damage initiation is in composite laminate with degree 5 

curvilinear fiber paths (see Figure 11 f). 
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                              (a)                            (b)                           (c) 

 

                              (d)                            (e)                            (f) 

Figure 11. Hashin's matrix tension criterion damage of straight (a) and 

curvilinear fiber paths (b-f) of curvilinear fiber paths intensity from (1 

degree to 5 degree) composite laminates with 20 mm center hole. 
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4. Conclusion: 

Biaxial curvilinear fiber paths were produced using a simple 

method (Sheared fabric method). Extended work need to be carried 

out for different case studies of curvilinear fiber paths on this 

sheared fabric method, hence to be automated or partly automated 

method. Regenerating the curvilinear fiber paths that existed in the 

sheared engineering fabric in numerical mesh created by the 

modified Varifab code. Mapping the curvilinear fiber paths into 

finite element mesh with desired mesh density was conducted 

successfully using DDConvertor code. Finally, curvilinear fiber 

path composite laminates show significant improvement in 

structural performance when comparing to straight fiber composite 

laminates in terms of strength enhancement and damage reduction 

around the cutouts.                                    
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 انًهخض

٠ؼزجش ِغبي شجىبد اٌؾبعت ا٢ٌٟ ِٓ أُ٘ اٌّغبلاد اٌزٟ رشٙذ رطٛساً وج١شاً ِٚزغبسػبً  

فٟ ِغبي رم١ٕخ اٌّؼٍِٛبد. فلا ٠خفٝ ػٍٝ أؽذ ِذٜ أ١ّ٘خ اٌخذِبد اٌىج١شح اٌزٟ عبّ٘خ 

بد اٌؾبعت ا٢ٌٟ فٟ ػذح ِغبلاد اٌؼ١ٍّخ ٚاٌزغبس٠خ ٚالالزصبد٠خ ٚاٌطج١خ. ثٙب شجى

ٚػٍٟ عج١ً اٌزوش لا اٌؾصش ثٛعٛد شجىبد اٌؾبعت ا٢ٌٟ أصجؾذ اٌّؼبِلاد اٌّب١ٌخ 

ٚاٌزغبس٠خ ٚاٌج١غ ٚاٌششاء ث١ٓ فشٚع اٌششوبد ٚاٌّصبسف ٚاٌّصبٔغ اٌّخزٍفخ رزُ 

فٟ ٘زٖ اٌٛسلخ رُ رٕبٚي ِٛظٛع  رىٍفخ.ثطش٠مخ عٍغخ ٚعش٠ؼخ ِٚشٔخ ثبلً ٚلذ ٚعٙذ ٚ

٠ؼزجش ِٓ أُ٘ اٌّٛاظ١غ اٌزٟ ٌٙب ػلالخ ثزص١ُّ شجىبد اٌؾبعت ا٢ٌٟ، ٚ٘ٛ رط٠ٛش 

اٌزٟ رغزخذَ فٟ رص١ُّ شجىبد اٌؾبعت ا٢ٌٟ ٌىٟ ٠زّبشٝ ٘زا   PPDIOOِٕٙغ١خ

ج١ك اٌزط٠ٛش ِغ اٌّشبس٠غ راد اٌطبثغ اٌزمٕٟ، ثّؼٕٝ اخش اٌّشبس٠غ اٌزٟ رؾزبط اٌٟ اٌزط

اٌؼٍّٟ ٚاٌزٕف١ز اٌفؼٍٟ ػٍٟ اسض اٌٛالغ. ٌٙزا رُ اٌم١بَ ثبظبفخ ٔمبغ ِّٙخ ػٍٟ وً 

اٌٝ آخش ِشؽٍخ   Prepareِشؽٍخ ِٓ ِشاؽً إٌّٙغ١خ ِٓ أٚي ِشؽٍخ ٟٚ٘ ِشؽٍخ 

ثبلإظبفخ اٌٟ رؾذ٠ذ اٌجشاِظ ٚالادٚاد اٌّغزخذِخ فٟ وً  Optimize,ٟٚ٘ ِشؽٍخ 

ع١ّغ عٛأت اٌّششٚع راد اٌطبثغ اٌزمٕٟ. ٌٚىٝ  ِشؽٍخ ِٓ ِشاؽً إٌّٙغ١خ ٌىٟ رشًّ

ٔزؤوذ ِٓ عذٚح ٘زا اٌزط٠ٛش ٚاٌزؾغ١ٓ ػٍٝ ٘زٖ إٌّٙغ١خ رُ اٌم١بَ ثؼًّ اعزج١بْ داخً 

اٌّؼٙذ اٌؼبٌٟ ٌزم١ٕبد اٌؾبعٛة ثٕغبصٞ. شًّ ٘زا الاعزج١بْ وً ِٓ غٍجخ ِشبس٠غ 

mailto:Abdelsalam.elrashdi@gmail.com
mailto:Best_teacher12@yahoo.com
mailto:Safie_eldein@hotmail.com
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اٌز٠ٓ  2.98غ ٚسث١ 2.97اٌزخشط ٚاػعبء ١٘ئخ اٌزذس٠ظ لغُ اٌشجىبد فصٍٟ خش٠ف 

اعزخذِٛا إٌّٙغ١خ فٟ ِشبس٠غ رخشعُٙ ثؼذ ػ١ٍّخ اٌزؾغ١ٓ ٚاٌزط٠ٛش. ؽ١ش وبٔذ ٔزبئظ 

الاعزج١بْ اوضش ِٓ سائؼخ، أّ٘ٙب اْ إٌّٙغ١خ اٌّؼذٌخ رٛفش اٌٛلذ ٚاٌغٙذ فٟ أغبص 

 ِشبس٠غ اٌزخشط.

Abstract  

the field of computer networks is one of the most important areas 

of the development of a large and accelerating in the field of 

technology Information. No one is aware of the extent of the large 

services contributed by the computer networks in several fields of 

science, business, economic and medical. For example, by 

computer networks became Financial, commercial, buying and 

selling transactions between companies, banks and various 

factories are made in a smooth, fast and flexible manner with the 

least time, effort and cost.. In this paper, we discussed one of the 

most important topics related to the design of computer networks, 

which is the development of PPDIOO methodology[1], which is 

used in the design of the computer network to be compatible with 

projects of a technical nature, in other words projects that need 

practical application and actual implementation on the ground. As 

this methodology did not care about the practical aspect and all its 

focus on the theoretical side. 

So, have added important points to each stage of the methodology 

from the first phase (prepare), the final to the last phase (Optimize) 

in addition to,  identifying the programs and tools used at each 

stage of the methodology to cover all aspects of the project of a 

technical nature. In order to ensure the feasibility of this 

development and improvement on this methodology, we conducted 

a questionnaire within the Higher Institute of Computer 

Technology in Benghazi. The students of the graduation projects 
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and the teachers within the Networks Department included the fall 

of 2017 and Spring 2018, who used the methodology after the 

process of improvement and development in their graduation 

projects. Where the results of the questionnaire were more than 

wonderful, the most important of which is that the modified 

methodology saves time and effort in completing graduation 

projects. 

1- Introduction  

       There is a big gap between the methodologies that focus on 

design  computer networks and the great development in this field, 

where noting the lack of these methodologies compared to the rest 

of the methodologies of other fields of information. For this 

reason, we focus  on this paper on methodologies that called 

PPDIOO from Cisco company that use in  design computer 

networks for small, medium and large technical projects, where 

this methodology has many advantages like flexibility, accuracy 

and comprehensiveness in the design of various technical projects. 

This paper will help a large number of network engineers to design 

technical projects that can be expanded and developed in the 

future. Also, This paper will  help students of network department 

for design final projects for graduation. 

2- Problem statement 

       The main problem that has been focused in this paper is 

lacking of methodologies that used in design computer networks, 

as well as the problems that faced each of computer network 

designers and graduation projects students in the network 

departments in finding a clear and integrated methodology for 

building technical projects for computer networks  that includes all 

the stages of building a computer network, similar to the 
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methodologies of software development  such as waterfall Models 

,UML ... etc. 

3- Paper objects 

1. Develop PPDIOO methodology to be compatible with 

projects technical .  

2. Add some important points at each stage of PPDIOO 

methodology to become more appropriate in the design of 

technical projects for computer networks. 

3. Good definition of PPDIOO methodology for designing 

computer networks. 

4. Help network engineers in the design of computer networks 

are highly efficient and can be continuously developed. 

5. Help students of graduation projects in computer networks 

department in design of their graduation projects. 

 

4- The most important methodologies for the design computer 

networks from  Cisco company[1] 

 

1- Prepare, Plan, Design, Implementing, Operate, Optimize 

(PDIOO) 

2- Intelligent Information Network (IIN). 

3- Service-Oriented Network Architecture (SONA). 

5- PPDIOO methodology  

       PPDIOO stands for Prepare, Plan, Design, Implement, 

Operate, and Optimize. PPDIOO is a Cisco methodology that use 

in design computer networks its defines the continuous life-cycle 

of services required for a computer networks[2]. 

As show in figure(1), the PPDIOO lifecycle phases are separate, 

yet closely related. 
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Fig .1. The PPDIOO lifecycle phases [2]. 

6- Benefits of PPDIOO methodology 

       The network lifecycle approach provides several key benefits 

aside from keeping the design process organized. The main 

documented reasons for applying a lifecycle approach to campus 

design are as follows[3]: 

1- Lowering the total cost of network ownership. 

2- Decreasing project completion time. 

3- Increasing network availability. 

4- Improving business agility. 

5- Speeding access to applications and services. 

6- Help network engineers in the design of computer 

networks are highly efficient and can be continuously 

developed. 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   181 

 
 

 

7- PPDIOO Phases 

Phases  of PPDIOO methodology are:- 

7.1- Prepare Phase  

       It is a phase in which the actual preparation of the project in 

where collecting information ,interviewing with stockholders, 

study documents, understanding of the system, identify the main 

problems, identify objectives of the project, and identify the 

technology that will be used in the project[4]. Also, in this phase 

Involves establishing the organizational requirements, developing 

a network strategy, and proposing a high-level conceptual. The 

prepare phase can establish a financial justification for network 

strategy by assessing the business case for the proposed 

architecture. 

The most important points of this phase:- 

1- Introduction about  the project. 

2- The methodology that will used in design the project. 

3- Brief introduction about the origination. 

4- Organizational structure inside the origination. 

5- The current status of the computer network in the 

origination. 

6- Problems in the origination. 

7- Project objectives. 

8- The technique used to solve the problems of the 

origination. 

9- Types of technology used. 

10-  Characteristics of the technology used. 
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7.2- Plan Phase 

       After the completion of the preparation stage and good 

understanding of the system comes the stage of planning, which is 

one of the most important stages, where the requirements are 

identified and all the main elements (hardware, software), and thus 

solve all the problems and achieve the desired goals, where 

involves identifying initial network requirements based on goals, 

facilities, user needs, and so on[5].  

The most important points of this phase:- 

1- Determine the hardware requirements. 

2- Determine the software requirements. 

3- Determine the number of devices to be used in the project. 

4- Identify the main services and roles of the system. 

5- Identify users who benefit from the system. 

6- Determining the time required for each stage of stages of  

the project. 

7- Determining the duration of the entire project. 

8- Determine the approximate cost of the entire project 

(people, software, hardware(. 

7.3- Design Phase 

       The network is built or additional components are 

incorporated according to the design specifications, with the goal 

of integrating devices without disrupting the existing network or 

creating points of vulnerability[5]. 

       At this stage, we design the current network within the 

organization as well as the network that is expected to be created. 

The network is illustrated with pictures and maps, or through real 
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images from inside the organization. The hierarchical network 

models are used in this stage as shown in Figure 2. 

 

Fig .2. The hierarchical network models[3]. 

       Also in the design stage we use some softwares that help 

to design the various topologies of the network, and the most 

famous of these software: Microsoft Visio software. 

       This program is one of Microsoft Windows Office 

programs. This program is used to create graphs and charts, 

and to add different shapes. The program provides a wide 

range of shapes that are organized in panels. These shapes 

represent imaginary elements and elements in the real world 

such as network Furniture, walls, doors and other items. 

The most important points of this phase:- 

1- Software that has been used in the design and drawing 

process. 
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2- Figures that illustrate the current status of the network. 

If there are computers, switches, routes, it is preferable to use 

Hierarchical Network Models. 

3- Figures illustrate the proposed status of the network. 

If computers, switches, routers prefer to use (Hierarchical 

Network Models). 

4- Maps show the locations of all elements of the network 

within the institution. 

5- Maps show how to link buildings with each other. 

7.4- Implement phase 

       In which the actual application of the technology used and the 

necessary preparations for the devices and application of the 

practical aspect of the project[5], The network is built or additional 

components are incorporated according to the design 

specifications, with the goal of integrating devices without 

disrupting the existing network or creating points of vulnerability. 

Note, you can use Various simulation software's such as Packet 

Tracer, Vmwae, ESXI, GNS3, with real hardware's within the 

network. 

The most important points of this phase:- 

1- Configuration of hardware (routers, switches, servers , firewalls 

….etc.). 

2- Configuration of software (operating  system, software's, 

programs , firewalls ….etc). 

3- Activation of various services that meet the needs of the 

customer. 

4- Definition of simulation software if used in the project. 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   185 

 
 

      7.5- Operate phase 

       Operation is the final test of the appropriateness of the design. 

The operational phase involves maintaining network health 

through day-to-day operations, including maintaining high 

availability and reducing expenses. The fault detection, correction, 

and performance monitoring that occur in daily operations provide 

the initial data for the optimization phase. 

       Reactive fault detection and correction (troubleshooting) is 

needed when proactive management cannot predict and mitigate 

failures. You can use one of the following program in this phase  

7.5.1- Wireshark software 

        Wireshark is a network packet analyzer. A network packet 

analyzer will try to capture network packets and tries to display 

that packet data as detailed as possible. 

You could think of a network packet analyzer as a measuring 

device used to examine what‟s going on inside a network cable, 

just like a voltmeter is used by an electrician to examine . 

In the past, such tools were either very expensive, proprietary, or 

both. However, with the advent of Wireshark, all that has changed. 

Wireshark is perhaps one of the best open source packet analyzers 

available today, As seen in figure 3. [6]. 

7.5.1-PRTG network monitor software  

       PRTG Network Monitor is an on-premise and cloud-based 

network monitoring solution. It caters to businesses of all sizes 

across multiple industry verticals and is compatible with Windows 

7 or later. Primary features include network monitoring, bandwidth 
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monitoring, alerts, data publishing, customization support and 

reporting. 

 

Fig .3. Wireshark software [6]. 

PRTG Network Monitor helps users to monitor devices, network 

traffic and applications on the infrastructure. It helps 

administrators and technical staff to monitor network outages, 

analyze network connections, monitor network quality and comply 

with service level agreements. 

IT administrators to monitor uptime and downtime for an 

individual device or for an entire network using a single console. A 

customizable dashboard displays real-time network performance 
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and status information for all devices. Administrators can 

remotely[7]
. 

 

 Fig .4. PRTG network monitor software[7]. 

7.5.2- Opnet (riverbed) software 

       OPNET is now part of Riverbed. OPNET Technologies, 

including network simulators, build upon Riverbed's strong 

heritage of delivering industry-leading solutions to drive 

application and network performance management 

capabilities.Also became the most important software for suite of 

protocols and technologies to design, model, and analyze 

communication networks [8].   
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Fig .5. Opnet (riverbed) software 

The most important points of this phase:- 

1- The actual operation of the computer network in the 

organization. 

2- Ensure that all the hardware and software work correctly. 

3- Make backup of the hardware and software. 

4- Give some information about the program used to monitor and 

give the results of the network. 

5- Monitoring of network performance. 

6- Analysis of results. 

    7.6-Optimize phase 

       This stage is especially important to make improvements to 

the network in order to increase the performance and keep pace 

with the continuous development in the world of information 

technology until the network becomes valid for long periods. 
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       Involves proactive management of the network. The goal of 

proactive management is to identify and resolve issues before they 

affect the organization. In the PPDIOO process, the optimization 

phase can prompt a network redesign if too many network 

problems and errors arise, if performance does not meet 

expectations, or if new applications are identified to support 

organizational and technical requirements.  

The most important points of this phase:- 

1- Determine future work.  

2- Proposing periodic improvements to the network. 

3- Recommendations. 

4- Conclusions. 

8- Data collection 

       In order to determine whether this methodology is effective 

and quality, some personal interviews and a series of 

questionnaires were conducted for 70 students and professors who 

are involved in the design of computer networks. We asked twenty 

questions regarding the methodology and the most important 

stages, characteristics and disadvantages. 

       After the process of data collection, analysis and study, the 

results of the ten most important questions in the questionnaire 

were presented by means of charts showing the results of each 

question and the percentage of students' satisfaction in the 

percentage. The questions were as follows: 
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Q1- Is the methodology used Flexible and easy to use? 

 

Fig .6. result of Q1 

       The figures 6 on the charts indicate the percentage of 

responses in the questionnaire taken from about 70 people, where 

20%  were very high satisfied, 45% were high satisfied, 30% sort 

of , 5% low and 0% very low. 

Q2- Is the methodology comprehensive for all parts of the 

project? 

 

Fig .7. result of Q2 
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       The figures 7 on the charts indicate the percentage of 

responses in the questionnaire taken from 70 people, where  17.5 

% were very high satisfied, 47.5% were satisfied the, 22.5 %, sort 

of, 7.5% low and 5% very low. 

Q3- Is the methodology reduce the time needed to complete the 

project? 

 

Fig .8. result of Q3 

       The figures 8 on the charts indicate the percentage of 

responses in the questionnaire taken 70 people, where  27.5 % 

were very high satisfied, 35% were high satisfied, 27.5.5 % sort of  

and about 7.5% low and 2.5% very low. 

Q4- Is there any difficulty in applying methodology to large 

projects? 
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Fig .9. result of Q4 

       The figures 9 on the charts indicate the percentage of 

responses in the questionnaire taken from 70 people, where  15 % 

were very high satisfied, 7.5% were high satisfied the, 27.5 %, sort 

of, 27.5% low and 22.5% very low. 

Q5- How satisfied are you with the sequence of methodology 

 

Fig .9.. result of Q5 
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       The figures 9. on the charts indicate the percentage of 

responses in the questionnaire taken from 70 people, where  32.5 

% were very high satisfied, 40% were high satisfied the, 10 %, sort 

of, 7.5% low and 10% very low. 

9- Conclusion 

       After collecting information about 70 students and professors  

then analyzing it without any this methodology, which has been 

employed in the design of projects for computer networks, is 

highly efficient and has a great ability to accomplish various 

technical projects. It also helps to save a lot of time and effort to 

complete the different projects. Therefore, this methodology will 

be the sound basis that will be built on the various projects of 

computer networks, and this is what has been noted during the 

adoption of this methodology within the network section of the 

Higher Institute of Computer Technology – Benghazi. 
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ABSTRACT 

It‟s well Known that concrete cover provides physical protection 

of the reinforcement against corrosion , which is very significant in 

Construction. several corrosion conditions were observed in 

structures at Tripoli area . Tripoli tap water are using in make 

concrete mixture . [1,2] 

         Tripoli tap water , sea water and local aggregate and 

Reinforced concrete specimens were prepared with different water 

to cement ratios as well as with different concrete covers . 

Specimens ( cubes and beams ) have exposed to outdoor (Av. 

Relative humidity 50% ) and climatic chamber (Av. Relative 

humidity 85% ) environment . 

        Electrochemical behavior of the specimens was monitoring 

for two years for both environments .[3] Results have showed that. 

Water- cement ratio and concrete cover have a significant effect on 

corrosion rate for specimens mixed with Tripoli tap water and sea 

water for both exposure conditions .  
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 انًهخض

من المعروف أن الغطاء الخرساني يوفر الحماية لحديد التسميح اد التأكل, وىو أمر 
ي البناء, وقد لوحظت العديد من حالات التأكل في اليياكل الخرسانية في ميم لمغاية ف

 منطقة طرابمس, وأن مياه الصنبور في طرابمس تستخدم في صنع خميط الخرسانة
وتم أعداد عينات من مياه  الصنبور ومياه البحر لعينات المحمية والخرسانة المسمحة 

 إلى أغطية خرسانية مختمفة. بنسب مختمفة من المياه إلى الاسمنت بالإاافة
 وقد كشفت العينات )مكعبات وكمرات ( وكانت معراة في الخارج وفي البيئة المناخية.
ان السموك الكير وكيمائي لمعينات بعد مراقبة لمدة سنتين لكلا البيئتين أنو قد أظيرت 

كل لمعينات النتائا أن نسبة الماء والاسمنت والغطاء الخرساني ليا تأثير عمى معدل التأ
 المخموطة بمياه الصنبور ومياه البحر في طرابمس لظروف التعرض.

 انكهًبت انذنْهْة

Concrete cover – passivation – chlorids- corrosion- reinforced 

concrete  

Introduction 

Concrete has been used from many hundreds of years and will 

continue, because there is no cheaper alternative, and the ability of 

concrete to withstand the damaging effects of environmental   

factors. [1,2,3] 

The physical life time of reinforcing concrete buildings is mainly  

[2,4,5] 

1) Determined by the possibility of corrosion reinforcement  

In reinforced concrete structures, steel embedded has been 

protected by two respects. First the concrete cover provides a 
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mechanical barrier to the movement of water and oxygen 

necessary to corrosion.   The effective of this barrier depending 

on the concrete quality. 

2) The second is passivation of the embedded steel by 

concrete, which means that an iron oxide film rapidly forms on 

the surface of embedded steel, this film arising from the 

presence of moisture , oxygen and water –soluble alkaline 

products of cement hydration . 

3) The protection of embedded steel reduced or lost, when the 

alkaline environment destroyed or cracks of concrete permit 

the destroyed materials reach to surface of embedded steel. 

4)  Corrosion of reinforcement may occur in high alkaline. 

Differences in electro-chemical potential within the steel-

concrete system due to use of mixing water of high salt 

concentration, unequal compaction, segregation, bleeding and 

local variation in permeability of concrete.  

This problem is evidence along the Libyan Sea side, especially 

in Tripoli. In spite of increasing chloride ion concentration in 

the tap water, the use of this water increasing in construction, 

which exacerbate the problem, whereas the chlorides are the 

mean distractive material to passivation even in high alkaline 

environment. 

The objective of this paper is to study the effect of concrete 

cover, local water with different salt concentration and 

different water-cement ratios on the electrochemical behavior 

and corrosion rate of reinforcement at different environment. 
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It is summarized by the follow chart 

 

FIG (1) testing program 
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Discussion of  test results 

Results of the embedded steel bars for all specimens are ranged 

from (-700mv to -350mv) that indicate more than 90% probability 

corrosion may occur in steel reinforcement. 

All experimental results have similar trends in the relationship 

between potential and time. Fig (2), fig (3), fig (4) they also 

present the behavior of steel to gain its passivity with respect to 

time and potentials increase with time till 150 days then it 

decrease. After 210 days potential of the specimens reach to 

greater than 200mv except some samples ranged from -200mv to -

350mv.  

The samples mixed with water to cement ratio 0.45 reach passivity 

region faster than the other samples, and the effect of concrete 

cover on the potential readings is same after 330 days and the steel 

of all samples having results greater than -200mv, which indicates 

less than 10% probability of corrosion can be occur. This fact is 

evident and clearly noted for all samples of different water to 

cement ratio and concrete cover. 

Graphs G1, G2 and G3 in fig (5) represent a sample relationship 

between corrosion rate and concrete cover with different water to 

cement ratio. All results have similar trends in the relationships. 

With comparison of the graphs G1, G2 and G3 its evident that the 

reinforcement embedded in concrete mixed with 0.45 water to 

cement ratio have the lowest corrosion rate than the specimen 

mixed with 0.6 and 0.75 water to cement ratio. 

The attack was associated to the specimen mixed with 0.45 and 

0.60 w/c ratios, where pitting corrosion was evident in specimen 
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mixed with 0.75 w/c ratio. Rust formation was in dark brown color 

for both pitting and uniform attack 

 

FIG(2) Electrode potential of embedded bars mixed with T.T.W Exposed 

to O.D.E (W/C 0.60) 

 

 
 

FIG(3) Electrode potential of embedded bars mixed with S.W Exposed 

to O.D.E (W/C 0.45) 
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FIG (4) Relation between potential and time for T.T.W specimen 

exposed to O.D.E 

 

FIG(5)Relation between corrosion rate and concrete cover for T.T.W 

Specimen exposed O.D.E 
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Conclusion  

From the study, discussion of test results it is conclusion the 

following:   

1. The possibility of corrosion increases with w/c ratio for 

specimens exposed to climatic chamber environment and 

mixed with Tripoli tap water. Whereas, plain bars show less 

than 10% possibility of corrosion for water-cement ratio less 

than 0.6. 

2. Concrete cover and water to cement ratio have no effect on 

the corrosion rate for the specimen mixed with Tripoli tap 

water and exposed to outdoor environment.  

3. Corrosion rate increases with w/c ratio, for specimens mixed 

with Tripoli tap water and exposed to climatic chamber 

environment, and their effects was less than 50% for fresh 

water compared to Tripoli tap water. 
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 انخلاطة  

١ٌغذ  ((GSMاٌؼبٌّٟ ٌلارصبلاد اٌّزٕمٍخ  إٌظبَاٌّشوجخ ؽب١ٌب ثشجىخ  A3اٌخٛاسص١ِخ 

اٌٛسلخ رمذَ  .اٌلاعٍى١خ الارصبلادل٠ٛخ ٌزٛف١ش اٌؾّب٠خ اي  ٌٍج١بٔبد اٌّشعٍخ خلاي لٕٛاد 

اٌزط٠ٛش رُ  GSM. اٌّغزخذِخ فٟ شجىخ ٔظبَ  A3ٔغخخ ِطٛسح  ٌخٛاسص١ِخ اٌزؾمك 

زؾغ١ٓ رؤ١ِٓ إٌظبَ ٕبء ػ١ٍّخ اٌزؾمك ِٓ اٌّغزخذَ ٌصػ١ٍّخ اٌزشف١ش ا ثبظبفخاعشاإٖ 

 ػ١ٍّخ اٌزؾمك ثبعزخذاَ ٌٍشجىخاٌّشزشو١ٓ فمػ ثبٌذخٛي  ٌٍّغزخذ١ِٓثؾ١ش ٠غّؼ 

 MATLABثشٔبِظ اٌخٛاسص١ِخ اٌّطٛسح رُ ِؾبوبرٙب ثبعزخذاَ 

صادد  A3رؾ١ًٍ ث١بٔبد  اٌزب١ِٓ ث١ٕذ اْ اظبفخ ػ١ٍّخ اٌزشف١ش ِٓ خلاي اٌخٛاسص١ِخ 

ٌٚٙزا اصجؾذ رب١ِٓ اٌج١بٔبد ظذ اٌمشصٕخ  .ِٓ رب١ِٓ اٌج١بٔبد فٟ شجىخ اٌٙٛارف إٌمبٌخ

ّب٠خ اٌج١بٔبد اٌّشعٍخ خلاي ؽٌٍّؾبفظخ ػٍٝ اٌخصٛص١خ ٚ ظشٚس٠خالاٌىزش١ٔٚخ 

فٟ اٌّغزمجً ِض٠ذ ِٓ اٌذساعبد اٌّؼّمخ  GSM.ثشجىخ ٔظبَ  خاٌلاعٍى١الارصبلاد 

 GSM .ٌزؾغ١ٓ رب١ِٓ اٌج١بٔبد فٟ شجىخ  A5أٚ  A3 دباٌخٛاسص١ِِّىٓ اعشاإ٘ب ػٍٝ 

 

ABSTRACT 

Mobile phones are grown rabidly and widely used by hundreds of 

millions of users over radio links; with a radio link anyone with a 

receiver is able to passively monitor the radio link airwaves. The 

GSM network with the greatest worldwide number of users 
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exposes to several security vulnerabilities. Security is the main and 

intelligent issue for both users and service providers in the GSM 

network. 

Hence, GSM security is needed to provide the user of a network 

with anonymity and privacy when making a call and to ensure that 

the network operator bills the correct customer and to make sure 

that the operators don't interfere with each other either 

unintentionally or intentionally. 

Therefore it is highly important that reasonable technologically 

security measure are needed to be done to ensure the privacy of the 

user's phone calls, text messages and data, and to prevent 

unauthorized user to use of the service        

Many algorithms are used for making the GSM secure. A3, A5 and 

A8 are the main algorithms used for the security in mobile 

networks. Algorithm A3 is used for authentication, A5 is used for 

encryption, and A8 is used for the generation of a cipher key     . 

The paper points out that the security level in GSM system can be 

enriched by improving the scheme of A3 algorithm. Proposed 

scheme is implemented at some level and analyzed thoroughly to 

show that the proposed scheme provides better security in the 

GSM network. The proposed A3 algorithm is simulated by using 

MATLAB Software.   

In this paper, encryption is presented in the Authentication phase 

during the A3 algorithm.     

KEYWORDS: A3 Algorithm. GSM, Home Location Register 

(HLR), Security, Signed Response (SRES), Visitor Location 

Register (VLR). 
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INTRODUCTION  

GSM (Global system for Mobile communication) is an extremely 

successful technology and bearer for mobile communication 

system for second generation cellular technology. It offers 

digitized voice and covers over 71% of the digital wireless market 

[1]. Hence it has become the most successful digital mobile 

communication system in the world. It is used in more than 190 

country by over hundreds millions of people. The ubiquitous 

infrastructure, while dramatically increasing the functionality 

levels has posed significant security concerns on cellular mobile 

networks [2][7]. However the providing the mobile 

communication services pose serious security threats to sensitive 

information. The security solutions in the mobile communications 

generally rely on the cryptographic techniques [3].  But anyone 

who can get hold of a radio receiver can access GSM signal or data 

[4]. Hence as the growth of cryptographic attacks has increased, 

there is a need for advanced security solutions especially in mobile 

communications [5]. Therefore, it is necessary that the 

communication over wireless links to be secured. The first step in 

the GSM security is the authentication of a valid user for the SIM 

(Subscriber Identity Module) which stores all users' specific data 

that is relevant to GSM. The user need PIN (Personal Identity 

Number) to access SIM. The second step is the subscriber 

authentication; this step is based on the challenge response 

scheme. Last steps are encryption and ciphering key generation. 

This paper deals specifically with authentication which is the first 

step of the security in the GSM network. The authentication is 

done to ensure that the user is really authorized to access the 

network. The authentication involves two functional entities: The 



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   217 

 
 

SIM card in the mobile phone and the Authentication Center 

(AuC) [1]. GSM employs A3 algorithm for authentication of the 

service user. Algorithm A3 is located on the SIM and AuC and can 

be proprietary. This algorithm is not very strong but is susceptible 

to danger.  

In this paper an improved version of A3 algorithm is proposed to 

increase the level of the security offered by the GSM standard. The 

basic idea to improve the security is done by including the 

encryption during the authentication process. The generated signed 

response (SRES) as the result of A3 algorithm is encrypted on the 

SIM or in Mobile Station (MS) and decrypted at Mobile Switching 

Center (MSC). Then, if the SRES generated at the MSC is same as 

the SRES generated at the MS and encrypted by the MSC, the user 

is authenticated. The proposed algorithm is simulated by Matlab 

Software. The paper is organized as follows: Section2 introduces a 

brief introduction to the A3 algorithm. Section3 describes the 

proposed version of the A3 security algorithm. Finally, Section4 

introduces the conclusion and recommendation of the paper.  

ALGORITHM A3 

The A3 is the authentication algorithm is used in the GSM security 

model. Before a subscriber can use any service provided by GSM 

network, he/she must be authenticated [4].  

The authentication is based on the SIM, which stores the 

Authentication Key (Ki), the International Mobile Subscriber 

Identity (IMSI) and the algorithm A3 which used for 

authentication. Its function is to generate the SRES response to the 

MSC's random challenge, RAND, which the MSC has received 

from the HLR.  
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The A3 algorithm gets the RAND from the MSC and the secret 

key Ki from the SIM (Subscriber Identity Module) as input and 

generates a 128-bit output, which is the SRES response. Both the 

RAND and the Ki secret are 128 bits long as shown in Fig.1. 

 
 

Figure.1: Inputs and output of Algorithm A3 

The authentication uses a challenge-response mechanism [1]. As 

the MS signs into the network, the Access Control (AC) generates 

a Random Number (RAND) as challenge and the SIM within MS 

answers with the SRES as the response. The AuC generates the 

random values of RAND, SRES and the Cipher Key (Kc). These 

information is forward to the Home Location Register (HLR). The 

Visitor Location Register (VLR) requests the values of RAND, 

SRES and Kc from HLR [7]. The VLR sends the RAND value 

generated to the SIM.  

In both sides, the network and SIM the same operation is 

performed between the 128 bit RAND and 128 bit Ki by using A3 

algorithm. SRES of 128 bit is generated on both the sides. MS 

sends the SRES generated by the SIM to VLR [1]. Both generated 

SRES are compared in the VLR. If both generated SRES are equal, 

the user is authenticated. If they are not equal, the call is rejected 

[1]. Fig.2, illustrates the authentication process by using algorithm 

A3 in both SIM card and mobile network. 

PROPOSED ALGORITHM 

The suggested algorithm for security improves the authentication 

of the user who trying to communicate through the mobile phone.  



 

 Volume 15 انعذد

  2018Octoberاكتٌثز 

International 

 Science and Technology Journal 

 المجمة الدولية لمعموم والتقنية

 

 حقوق الطبع محفوظة 
 للمجلة الدولية للعلوم والتقنية 

Copyright © ISTJ   219 

 
 

128-bit RAND and 128-bit Ki are available at the both sides in 

SIM and in the network. The signed response SRES is generated 

by algorithm A3 as shown in Fig.2.  

In the proposed algorithm 128-bit RAND is divided into 64-bit 

upper and 64-bit lower similarly 128-bit Ki  is divided to 64-bit 

upper and 64-bit lower as shown in Fig.3, the upper 64 bits of the 

RAND are XORed with lowered 64 bits of Ki to produce LHS 64 

bits. Similarly, the lower 64 bits of RAND are XORed with the 

upper 64 bits of Ki to produce RHS bits.  

 
  

Figure 2: Authentication Process  

SRES* 
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The LHS and RHS bits are XORed to produce 64 bit number then 

the 64-bit is divided to the upper 32- bit and 32 -bit lowered  and 

are XORed with the lower 32 –bit to form a 32 bit SRES.  

In this proposal algorithm the SRES generated by the network is 

encrypted in the AC by using A5 Algorithm. The encrypted SRES 

goes to MSC which decrypts it and compares it with the SRES that 

generated by the SIM as presented in the flow chart shown in 

Fig.4.  

 

Figure 3: SRES Generated by Proposed Algorithm A3 
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Figure 4: Flow Chart of Proposed Algorithm A3 
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CONCLUSION  

The algorithm A3 that is being implemented currently in the GSM 

network is not very strong. The paper presented a modified version 

of the authentication algorithm A3 used in GSM network.  

The modification has been done by the addition of encryption 

during the authentication process to improve the security of the 

system so that only the authenticated users can be access the GSM 

network. The modified algorithm is simulated by Matlab Software 

in which 10 users with their corresponding IMSI, RAND and ki   

are used for authentication in both SIM and the network.   

The security analysis shows that the addition of the encryption in 

the authentication phase through A3 algorithm increases the 

security in the GSM network as shown in the (Appendix) Fig.5. 

Hence enhancing of the security algorithms is very much 

necessary for the privacy and the protection of data over the air 

link. 

For the future work, further studies can be done on A5 or A8 

algorithms to increase the security of data in GSM network.  
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Appendix 

%% ِشزشو١ٓ فٟ .9ث١بٔبد   HLR 

clear all; 

for i=1:10; 

    HKI(i,:)=randi([0,1],1,128); 

    HIMSI(i,:)=randi([0,9],1,15); 

end 

 SIM اٌج١بٔبد فٟ ثطبلخ%%

sub=randi([1,10],1,1); 

SIMSI=HIMSI(sub,:) 

SKI=HKI(sub,:) 

 authentication اٌزؾمك%%

f=menu('login using','registered IMSI','stolen IMSI','random IMSI') 

if f==2; 

    SKI=randi([0,1],1,128); 

end 

if f==3; 

    SKI=randi([0,1],1,128); 

    SIMSI=randi([0,9],1,15); 
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end 

 IMSI اٌزؾمك ثبعزخذاَ%

BSIMSI=dec2bin(SIMSI) 

BSIMSI=reshape(BSIMSI,60,1) 

BSIMSI=str2num(BSIMSI) 

M=comm.QPSKModulator('BitInput',true) 

C=comm.AWGNChannel('EbNo',15) 

D=comm.QPSKDemodulator('BitOutput',true) 

MIMSI=step(M,BSIMSI) 

scatterplot(MIMSI) 

CIMSI=step(C,MIMSI) 

RIMSI=step(D,CIMSI) 

DIMSI=reshape(RIMSI,15,4) 

DIMSI=num2str(DIMSI) 

DIMSI=bin2dec(DIMSI) 

DIMSI=DIMSI' 

for i=1:10; 

    A=0; 

    if DIMSI==HIMSI(i,:); 
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        A=1; 

    disp('ِٓ رُ اٌزؾمك IMSI ثٕغبػ') 

 SERS اٌزؾمك ثبعزخذاَ%    

    release(M); 

    release(D); 

    RAND=randi([0,1],1,128) 

    MRAND=step(M,RAND') 

    CRAND=step(C,MRAND) 

    RRAND=step(D,CRAND) 

    G=xor(RRAND',SKI) 

    SERS=G(1:32) 

    Kc=[G(75:128) 0 0 0 0 0 0 0 0] 

    release(M); 

    release(D); 

    MSERS=step(M,SERS') 

    CSERS=step(C,MSERS) 

    DSERS=step(D,CSERS) 

    HG=xor(RAND,HKI(i,:)) 

    HSERS=HG(1:32) 
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    HKc=[G(75:128) 0 0 0 0 0 0 0 0] 

    AUC=isequal(DSERS',HSERS) 

    if AUC==1 

        disp('ِٓ رُ اٌزؾمك SERS ثٕغبػ') 

    else 

        disp('فشً ػ١ٍّخ اٌزؾمك') 

    end 

    break 

    end 

end 

if A~=1; 

    disp('فشً ػ١ٍّخ اٌزؾمك \ IMSI غ١ش ِؼشٚف') 

End. 
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Figure 5: Software Widows 

 

Figure 6: Quadrature Phase the User IMIS is registered in the 

network 

Result:  

'Successful SRES Authentication' 
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 .انخلاطة

 فٟ ٘ذٖ اٌٛسلخ ٚ اٌزطج١مبد رغزؼًّ ِفبػلاد اٌخٍػ ا١ٌّىب١ٔىٟ اوضش اٌّغًّ اٚفٟ 

ٌّمبسٔخ ا ثؼذ ٚفّٓ ٘ذا اٌجؾش  ٔٛع اخش ِٓ اٌّفبػلاد ٚ٘ٛ ِفبػً اٌخٍػ ثبٌٙٛاء  ٠ٛعذ

ؽغت   ارعؼ اْ ِفبػً اٌخٍػ ثبٌٙٛاء الً اعزٙلان ٌٍطبلخ ِٓ ِفبػً اٌخٍػ ا١ٌّىب١ٔىٟ

  3ِب ٘ٛ ِٛظؼ ثبٌشىً سلُ 

 

Abstract 

In common practice usually used the classical stirred tank 

bioreactors STR types.  

The paper introduces another bioreactor type as airleft bioreactor 

ALR which besides good energy characteristics have also 

appropriate process properties But stirred tank bioreactor STR  

arrangements are extremely exacting as far as energy 

consumption.. Comparisons given on Fig 3. 

 

Key words: Bioreactor, Loop bioreactor, Mixer, Power for 

mixing, , Overall volume transfer 

                     Coefficient KLa 

 

1. Introduction 

            For biochemical conversion of various substrates into 

useful matters, e.g. biomass, products and in environmental 

mailto:ateya.masheti@yahoo.com
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technologies for clean water receiving. Sizes of the bioreactors 

may vary from several L
3
 up to hundreds m

3
. Because every 

biochemical process also for effective mixing of the given content, 

it is necessary to respect at the bioreactor design first of all the 

energy aspects. As the power for the mixing in turbulent region is 

expressed by. 

 

1- for the bioreactor with mechanical mixing 
53
mLm dnPoP        (1) 

 

2- for the bioreactor with pneumatic mixing 

gQHP LG         (2) 

 

The bioreactor types are illustrated in Fig.1 

- Classical stirred tank bioreactor STR  

- Airleft bioreactor ALR 

 

Several types arrangement of the airlift reactors are in the use. 

Their distinguishing  

feature compared with the bubble column is that patterns of liquid 

flow are clearly defined due to the physical separation of up-

flowing and down-flowing streams. 

In external or outer-loop airlift of Fig. (2c), separate vertical tubes 

are connected by short horizontal sections at the top and bottom. 

Because the riser and downcomer are further apart in the external-

loop vessels, gas disengagement is more effective than in internal-

loop devices. Fewer bubbles are carried into the downcomer, the 

density difference between fluids in the riser and downcomer is 

greater, and circulation of liquid in the vessel is faster. So, mixing 
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is usually better in the external-loop than in the internal-loop 

reactors. 

 

 
 

Fig. 1 loop bioreactors [1] 

 

 

 They constantly persist in their meaning that Rushton turbine 

fulfils all mixing demands sufficiently. Here it is necessary to 

introduce Po numbers for the various mixer types. 

 Fig 2 in the turbulent region; 

 The Rushton turbine Po = 5, 6 and the mixer with three inclined 

blades Po = 1, 2 

And also the propeller mixer Po = 0, 3 

 

 The power for the mixing is much more influenced by revolution 

frequency and first of all by the mixer diameter. Therefore it is not 

reasonable to utilize the vessels with large diameters because to 

receive an effective degree of mixing asks for high energy input a 

good solution represent loop bioreactors which are introduced in 
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Fig. 1. These effective designs can be utilized in many 

biotechnological processes, e. g. in production of acids as citric 

acid, baker yeast and also in aerobic waste water treatment, etc. 

 

 
  

Rushton turbine mixer with three 

inclined blades 

propeller mixer 

 

Fig. 2 Mixers [1] 

 

Despite all this good properties, their use is limited for lower 

viscous contents up to 0,01 Pas. 

In the opposite case an insufficient mixing of the content is 

achieved which will result in low biomass or product yields, 

respectively. More effective is jet loop bioreactor with 

hydrodynamic principle of the mixing or compact loop bioreactor, 

see Fig. 1. The last alternative is especially suitable for the aerobic 

waste water treatment, Ref. [2]. A broad possibilities of utilization 

affords the PLR type. Here it is necessary to realize that in the all 

loop types an axial movement prevails. 

 

2. Experimental results 

 For determination of operation effectiveness of the 

individual bioreactors types the following relationships or 

evaluations were proposed: 
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1- overall volume oxygen transfer coefficients KLa versus 

specific energy consumptions PG/VL obtained in simulated 

conditions 

2- The amount of oxygen transfer rate OTR divided by PG/VL 

3- For the real fermentation conditions 

L

G

V

P

OTR
E    

4- The overall oxygen transfer coefficient KLa versus PG/VL 

 

Fig. 3 Relationships given in item 1, for ALR and PLR types, 

respectively. One can see that the airlift is very effective 

equipment but its operation range is limited. 
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Fig. 3 Comparison between classical STR and airlift bioreactor 
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3. Conclusions 

 

 From our results we came to the following conclusions: 

1- bioreactors working in existing biochemical plants are 

energetically exacting because of their obsolete 

arrangement. 

2- The loop bioreactors represent a progressive way of the 

mixing and they are very effective as far as the energy 

consumption and the production yields. 

3- Investment expenses due replacement of the STR types for 

the loop ones will returned by belonging energy savings in 

very short period.  

4- Classical stirred tank bioreactor STR type has high energy 

consumption influenced by: 

Po number reflecting a mixer shape and a geometrical 

configuration of the bioreactor used 

      5-  The  airlift configuration has: 

- low energy demands 

- relatively simple construction 

- appropriate transfer characteristics  

- milst  and considerate treatment with biomass. 
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List of symbols 

 

dm    - mixer diameter      

  [m] 

g      - gravity acceleration     

  [m.s
-2

] 

H     - height       

  [m] 

KLa - overall volume oxygen transfer coefficient  

  [s
-1

] 

n    - revolution frequency     

  [s
-1

] 

P     - power       

  [W] 

Po    - power number      

  [-] 

Q     - airflow rate      

  [m
3
.s

-1
] 

VL   - volume       

  [m] 

ρ     - density       

  [kg.m
-3

] 

PH = power needed for a pump operation for the bioreactor  

G    - gas 

L    - liquid 

 

Abbreviations: 

STR  -  stirred tank reactor 

ALR -  airlift loop reactor 

PLR  -  propeller loop reactor 
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 الخلاصة

تعتبر مسألة معقدة لمعديد من ميندسي و فني  قابمية المحام لمعدن الحديد الزىر        
الرمادي مثل اليشاشة والخصائص  لمحديد الزىر الرديئةالمحام نتيجة  الخصائص 

الحرارية المتولدة عن وجود نسبة عالية من الكربون. ىذه الدراسة ىي محاولة لإجراء 
تحقيق نظري نقدي لمدراسات المنشورة المتعمقة بقابمية الحديد الزىر الرمادي لمحام  

ل المسح وكذلك لإيجاد وتحديد العوامل الرئيسية التي تؤثر عمى جودة المحام. ومن خلا
العممي للأبحاث المنشورة تبين مدى القصور في تحديد الرؤية الشمولية لمعوامل المؤثرة 
في عممية المحام والذي بدوره أدى إلى تاارب في نتائا الدراسات وتكوين صورة 

عن نتائا الدراسات. في ىذه الدراسة  تم تحديد ىذه  والمتخصصينابابية لمميندسين 
ي )النيا الذي اتبع في عممية المحام, العامل الميثالورجي, المعالجة العوامل وىي كالتال

الحرارية, أسلاك التغذية(.  وقد تم تسميط الاوء عمى ىذه العوامل لتحديد أىمية كل 
عامل ومدى تداخميا مع بعايا  وتأثيرىا في بعايا. الدراسة  قدمت لتصبح كدليل 

لرجوع إلييا قبل البدء بعممية المحام أو في مرجعي لمباحثين والميندسين والفنيين يتم ا
 والإنييار في المنتا النيائي. كسرحالة حدوث ال
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Abstract    

The welding ability of cast iron is a complex issue for many 

engineers and welders due to the inherited characteristics of gray 

cast iron such as the fragility and thermal properties resulting from 

the high percentage of carbon. This study is an attempt to conduct 

a critical theoretical investigation of published studies on the 

potential of gray cast iron for welding and to find and determine 

the main factors affecting the quality of welding. The scientific 

survey of published researches shows the failure to determine the 

comprehensive vision of the factors affecting the welding process, 

which led to a conflict in the results of the studies and form a 

vague image to the engineers and specialists on the results of 

studies and who are interested in this type of studies. In this study, 

these factors were identified as follows (the welding process 

procedure, the metallurgical factor, the heat treatment, and the 

feeding wires). These factors have been highlighted to determine 

the importance of each factor and their overlap with each other and 

their impact on some of them. The study was presented as a 

reference manual for researchers, engineers and technicians to be 

guided before starting the welding process or in case of failure and 

collapse of the final welding   product. 

 Key Words: Gray Cast Iron, Weldability, Weldability Factors. 

 

Introduction 

Cast iron is an alloy of iron, with high content of silicon and 

carbon. The carbon content ranges from 2.4 to 5%. The solubility 

of carbon in iron is less than 1.75% which means when the metal 

solidifies the excess amount of carbon separates out and forms 

graphite dispersed in the cast iron. The shape of this graphite has 

considerable effect on the mechanical properties and weldability. 

(Davis, 1996) 
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The weldability of cast iron types ranges from weldable grade such 

as ductile cast iron to unweldable such as white cast iron. The 

main factor that determines the weldability of cast iron is the 

carbon form. For instance, the carbon in white cast iron forms 

carbide which is very brittle and unweldable. If the carbon is 

liberated and given enough time (annealing at 870 C for 1-6 days), 

it will segregate and form nodular graphite. This change of carbon 

form transforms white cast iron into malleable cast iron with 

different mechanical properties and also makes it weldable. 

(Services, 2013). 

Two main factors that affect the amount of the free carbon which 

separate during the solidification: 

a) The time length of solidification. The slower cooling rate the 

higher amount of free carbon separated from the ferrite matrix. 

b) The amount of silicon, silicon drives out the carbon into 

graphite.   

The excess carbon is responsible for many of the desirable 

properties of cast iron such as high fluidity, high damping capacity 

on vibrations, low shrinkage, and machinability. 

In addition to that, cast iron has relatively low melting point 

comparable to steel (1100 to 1300° C. Davis, 1996). Due to these 

properties, cast iron found many applications in engineering fields. 

For instance, engine blocks, heads, transmissions, water jackets, 

manifolds, cargo lines, pump and valve housings and pipe 

fittings... etc. But on other hand carbon is responsible for some 

undesirable properties of cast iron such as brittleness, low thermal 

expansion. These brittleness and low thermal expansion makes 

cast iron susceptible to crack when subjected to local thermal 

cycles such as the case of welding. 

Gray Cast Iron  
Gray cast iron is the most common of all classes of cast irons. 

Approximately 90% of cast irons used are gray cast iron and this is 

contributed to the production price as gray cast iron is the cheapest 
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type of all cast iron classes and also it has mechanical properties 

that find wide range of applications. During fabrication process, 

the molten in the mold solidifies at slow rate that is enough to 

permit the carbon to segregates and forms free carbon with flakes 

shape as shown in figure (1). These graphite flakes enhance some 

properties such as ready machinability, damping properties and 

resistance to wear of cast iron.  

 

           

Figure (1) Gray cast iron (Davis, 1996) 

 

Scope of the Study 

Conducting critical theoretical study to the literature survey about 

the weldability of gray cast iron and determine the main factors 

that affect the quality of the welding and also the paper will 

attempt to high light the agreed results of the previous studies and 

remove the contradicted reults which confuse the engineers or 

anyone who is interested in such kind of studies. 

 

Objective of the Study 

Find and control the main factors that govern the quality of the 

welding  process in seek of improving process and increase the 

productivity and decrease the total cost of the final product. 
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1.4 Statement of the Problem 

Many engineering materials such as automobile components and 

pumps are made of gray cast iron and these components are prone 

to fracture and crack when they are subjected to thermal cycles of 

heating and cooling as the case of welding. Gray cast iron is too 

brittle due to the high content of carbon (2.5 - 5%) in the form of 

graphite flakes and easy to fracture when it subjected to thermal 

cycles of heating and cooling as the case of welding. For that 

reason, studying the weldability of cast iron is important in 

manufacture and finding improved methods to improve the quality 

of welding is highly recommended. 

 

Weldability of Gray Cast Iron 

Weldability of gray cast iron is considered poor due to many 

factors. The metallurgy structure of gray cast iron is the 

heterogeneous when it is subjected to heating – cooling cycles and 

in presence of large amount of carbon and silicon. During cooling, 

the excess amount of carbon in the fusion zone and HAZ diffuses 

into the austenite phase and form hard brittle phases (martensite), 

carbides and graphite flakes. This combination of changes makes 

gray cast iron difficult to weld.  

Factors That Affect Weldability of Gray Cast Iron 

1)  Welding procedure (sample preparation, and welding 

technique) 

2)  Metallurgical dimension 

3) Pre heating /Post heat treatment 

4) Filler metal 
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 1. Welding Procedure                                                                                        

1.1Sample Preparation Procedure 

First clean off all oil, grease, rust and paint from the surface, using 

a brush or by chemical means. Then remove casting skin to a 

width of 20 mm on both sides of the edges to be welded. If the 

damage is in the form of a crack in the material, it may be difficult 

to determine where the crack actually ends. The use of a crack 

detector set to find the complete extent of the crack is absolutely 

recommended. Sharp corners and edges should be rounded of 

wherever possible. This is necessary to prevent excessive melting 

of the base material in these areas during the welding process. If 

edge rounding is omitted, hard spots will be evident in the weld 

deposit. Before any welding can be done this carbon must be 

removed, as it will otherwise become part of the weld pool and 

combine with the iron to form a superhard zone of iron carbide in 

the weld. 

Searing                                             

       To further remove excess carbon embedded in the surface the 

workpiece can be seared, using an oxy-acetylene torch flame. 

 

Groove Preparation 

Those methods for reducing the effects of above problems were, 

minimize base metal dilution, compensate for shrinkage stresses, 

and the use of low strength filler metals to reduce cracking without 

sacrificing overall joint strength.                               

 

1.2 Weld Arc Techniques                                                                                 

A) Hot Welding Procedure:  

The use of term hot is to differentiate it from cold technique. It is 

worth to mention that one should be cautious when using the 

parameters of the manufacturers as in this study many of the 

voltage and current readings within the manufacture range gave 
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bad results. Therefore in this study just the settings that gave good 

results were further investigated. (Services, 2013).  

As mentioned above and to avoid any thermal shocks to the cast 

iron the samples were pre heated slowly to 450
°
C using 

oxyacetylene torch.  The temperature of the sample was monitored 

using thermometer pen during the welding process. The 

temperature should also be monitored not to exceed 600 
°
C as 

some of changes in microstructure of gray cast iron take place and 

cause changes in the mechanical properties. In hot welding the 

process is continues process on contrary to the cold welding as the 

thermal shock is overcome by heating all the adjacent area. When 

the welding is finished the sample should be cooled as slow as 

possible to permit enough time for the carbon to segregate and 

form graphite. If the cooling rate is fast then the carbon will be 

bound to the iron matrix forming iron carbide which is the case of 

white cast iron (Admin, 2011). The white cast iron structure is 

very harder than the adjacent area which will easily crack. This 

kind of information should be taken into account if any one try to 

weld cast iron otherwise will come out with bad result.  A cheap 

and practical way to slow down the cooling rate is by burying the 

samples in the hot sand over a grill and left for 24 hours. 

 

Cold Welding 

Cold welding is more common for repairing cast iron products as 

many parts have complex shape which makes it difficult to be 

welded by hot welding procedure. The cold term used to indicate 

the minimum heat settings used to achieve the welding. To achieve 

that, the current and the arc length should be kept as low as 

possible (not on expense of the quality of the welding. The 

following factors should be maintained under control in the whole 

cold welding process: 

 Amperage setting (When cold welding cast iron a low 

Ampere setting should be used)                                              

 Polarity.   
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 Length of arc (the shortest practicable arc should be  

 maintained) 

 

 

2 Metallurgical Factors  

Figure (2) shows the base metal (BM) microstructure. It is simply 

graphite flakes (dark lines) in a ferritic matrix.  

 
Figure (2) Base metal (Pouranvari, 2008) 

When cast iron is melted in fusion zone (figure 3), the micro 

structure of the cooled product is a function of cooling rate. If the 

cooling rate is fast, the excess amount of carbon will form iron 

carbides in martensitic phase and brittle ledeburitic carbides and in 

many cases will be similar that of white cast iron. This procedure 

will produce product extremely hard and almost unweldable. If the 

cooling rate is low the excess carbon will find enough time to 

segregate and form graphite flakes in ferritic phase matrix. This 

product can be welded with some cautions.   
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Figure (3) FZ an austenitic matrix (Pouranvari, 2008) 

 

Fig (4) shows the partial melted zone (PMZ) which is the line 

parallel to the fusion zone. In this zone, a portion of base metal 

matrix is melted while the unmelted portion of the matrix is 

completely transformed to austenite.  In this region if the cooling 

rate is fast, then the cast iron will form a network of hard brittle 

region consisting mainly of carbide along the weld fusion line. In 

addition, the matrix surrounding the carbide will consist of laborite 

and martensite especially when the carbon content is high.  

                 

 
Figure (4) partial melting zone (Pouranvari, 2008) 

                                                

HAZ lies above A1 in Fe- C Phase diagram. In this zone ferrite 

transforms into austenite in pearlite structure and some of the 
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graphite dissolves. This transformation is a function of time. It 

should be noticed that the rate of formation of austenite is higher in 

pearlite than that in pure ferrite. The cooling rate in HAZ in 

welding process is high and therefore the graphitization process of 

carbon bonded amount of dispersed graphite particles with 

disrupted and this zone will contain larger amount of Fe3C than 

graphite and the austenite phase will transform into martensite and 

that what explain the brittleness and excess hardness of this region. 

To avoid that, the cooling rate must be maintained slower to 

succeed the welding process.   

                               

 
Figure (5) High amount of martensite with some graphite (Pouranvari, 

2008) 

                  

3 Pre Heating -Post Heat Treatment Factor 

The pre heating is important in welding and repairing cast iron as 

the gray cast iron is brittle and thermal expansion factor is low any 

heating and cooling cycles will lead to retain high amount of 

residual stresses which will end with cracks and fracture of the 

weldment. Pre heating will allow the surrounding area around the 

welding line to expand to ensure and prevent the stress from 

forming into the sample. 
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According to a previous study (Pouranvari, 2008), the changes in 

microstructure of FZ is neglected as the microstructure almost 

remains unchanged. The effect of post heat treatment on 

microstructure is clear on the HAZ and this can be attributed to the 

dissolving iron-carbide Fe3C for slowing cooling rate - as in 

annealing case- the carbon will form more graphite rather carbide 

and also the martensite phase will change to austenite and cool 

down into ferrite and pearlite. This dramatic change in amount of 

carbon segregated and the martensite phase will lead to changes in 

mechanical properties. For instance the hardness naturally will 

decrease as the pearlite and ferrite phase are softer than martensite 

and also increase in graphite on expense of Fe3C will decrease 

hardness and strength and improve the weldability and ductility. 

 

 Filler Metals 

To optimise the result of the welding process of gray cast iron, use 

the filler metals with low hydrogen to minimise the risk of 

hydrogen –induced cracking. American welding society AWS has 

designation for the amount of hydrogen the filler metals contain. 

For instance, H4 - which is common designation-, indicates that 

the weld metal deposit contains 4ml of hydrogen per 100g of 

deposited weld metal.   

It is worth to mention that improper storage of filler metal can 

damage the welding process and lead to failure. Keeping the filler 

metals in their original package and in dry clean place and in 

instructed storage temperature is very important to block hydrogen 

and moisture from entering the product.Controlling moisture and 

hydrogen in the welding process in conjunction with proper 

preheating, are essential to quality assurance offered by the 

manufacture of the filler metals of gray cast iron. 
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Studies like (Pouranvari, 2008) discuss the effect of using nickel 

based alloys to weld grey cast iron in HAZ and PMZ areas and 

found that using nickel for large extent prevented martensitic 

phase and white cast iron structure from formation and 

consequently improved the mechanical properties of welded gray 

cast iron. Table (1) shows the result of the study showing the effect 

of PWHT on the hardness of the grey cast iron. 

 

Table (1) effect of using nickel and PWHT on the hardness                    

(Pouranvari, 2008) 

 

 

Review of Literature Survey 

There are many researches that focused on this area of welding 

field applications but in different viewpoints. The disadvantage of 

the literature survey about welding of cast iron is mainly that they 

focus only on using Nickel based alloys. Most of these studies 

focused on analysing the effect of process parameters (such as 

Voltage and Amperage) of EniFeCl electrodes or the effect of pre-

heating or post heating using the same electrodes. Generally 

speaking, the trend of published studies undertakes the type of 

electrodes and heat treatment dismissing the importance of other 

alloys, techniques and samples preparations. This study takes 

different direction where the investigation is mainly on using 

different electrodes and different techniques. Some studies worked 

on wide scope and investigated many factors affecting the 

weldability in one study and came out with important results such 

as the study carried out by (Bhatnagar, 2016). Ali Dametew 
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investigated the effect of carbon flakes mixing with the weld pool 

(Dametew, 2015). The scope of this study is very narrow but its 

importance comes from that few researchers focus on this factor 

which deteriorates the quality of welding even though considering 

the other important factors. Some researchers interested in taking 

the direction away and switched to improving the weldability of 

cast iron and ended up with new material with excellent 

combination of mechanical properties (MON & ȚIEREAN, 2015). 

Tadashi kasuya in his investigation concluded that the major factor 

responsible for deteriorating the mechanical properties and cold 

cracking susceptibility is HAZ. (kasuya, 1995). In the same 

context the study carried out by Devltain (Devletian, 1978), which 

focused on the effect of cooling rate and the carbon equivalent 

value (CEV) on improving the quality of the welded product. The 

study was published in 1978 which is very old and many of the 

recent publishes followed the same path and come out with the 

same result and consequently lost some of the scientific value for 

the researchers. On the other hand, many published studies 

concentrated on what it called „‟cast iron repair‟‟ many welding 

equipment manufacturing companies offer a leaflets show how to 

repair the complex parts of cast iron products  (ESAB, 2013) such 

as Lincoln Electric Canada. But this part is beyond the scope of 

this study as this study is intended to determine the main factor 

that affect the weldability of cast iron and removing the 

contradictions that may the interested readers encounter when 

trying to find the way to weld this material. (MLS, 2017) 

 

Conclusion 

1. Gray cast iron and many types of cast iron are sensitive to 

the thermal cycles of welding process due to the chemical 

composition and poor mechanical properties. 
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2. Pre heating and post heating are very important to decrease 

the effect thermal-cooling cycles. 

3. Controlling cooling rates of the welded products is very 

important to achieve successful welding as cooling rates 

affect the microstructure and make it weldable or 

unweldable. 

4. all welding affecting factors  Welding procedure ( sample 

preparation, cold or hot welding, and welding technique) , 

Metallurgical dimension, Heat treatment (pre/post heat 

treatment) must be controlled to achieve desirable results. 

5. On average, literature survey results are in agreement and 

discussed the factors in narrow view point and the only 

critic over the literature survey is majority undertake a 

factor or more dismissing the other important factors and 

this scatter the attention and  researchers end up with no 

comprehensive picture about the proper way to weld cast 

iron. 
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