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  تحولات الدار السكني العراقي في العقد الاول من القرن الواحد والعشرين
  

  هالة علاء الدين: المهندسة    أريج كريم مجيد السدخان. د.م.أ

  

  الخلاصة
 ومعتمѧداً المѧنهج   ، متخѧذاً الاعظميѧة إنموذجѧاً      الدار السكني العراقѧي فѧي العقѧد الاول مѧن القѧرن الواحѧد والعѧشرين                   *يتناول البحث 

والتѧي تناولѧت   . من خلال اجراء الدراسة الميدانية لثلاث محلات سكنية فѧي منطقѧة الاعظميѧة           . الوصفي الاستقرائي لدراسة هذا العقد    
المتمثلѧة بѧالعقود الاخيѧرة مѧن القѧرن          بالمرحلѧة الثانيѧة      القرن الواحد والعѧشرين     العقد الاول من     دور المرحلة الاولى من      نالمقارنة بي 
 للوصѧѧول الѧѧى أبѧѧرز ، والوظيفѧѧةدار الѧѧسكنيل وتوجيѧѧه انفتѧѧاح الѧѧ المѧѧساحات والحجѧѧوم والتѧѧشكيتشѧѧمل عѧѧدة جوانѧѧب وعلѧѧى. العѧѧشرين

   . الحقبةهعطاء صورة عن الواقع السكني لهذلإ في العقد الاول من هذا القرن التحولات في الدار السكني العراقي
  

الفضاء ، الفضاء الخاص، الفضاء العام، تداخل الانطقة، لفضاءاتتنطيق ا، تقسيم الدور السكنية، الدار السكني : آلمات رئيسة
  .الدور الشريطية، الانتقالي

 
ABSTRACT 
This research describes Iraqi housing in the first decade of the twenty-first century, taking AL- 
Adhamiya as a model, depending on descriptive method of inductive approach to the study of this decade. 
By doing the field study for three neighborhood in Adhamiya district. Which takes in consideration the 
comparison between housing in the first period of the first decade of the twenty-first century with the 
second period of this decade: the latest decades of 21th century. And for many aspects involving areas, 
sizes, forming, direction of opening of housing and the function, to reach the most important transformation 
of Iraqi housing in the first decade of this century in order to give a picture of the residential fact for this 
period. 
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  مشكلة البحث
العراقـي  دار السكني   ال حول تحولات عمومية الطرح   

 في الدراسـات    في العقد الاول من القرن الواحد والعشرين      

   .المعمارية المحلية

  فرضية البحث
قـد الاول مـن     في الع الدار السكني العراقي     تحولات

ناجم عن التحولات فـي الواقـع       لعشرين  1القرن الواحد وا  

 ـ     إالعراقي ب   ـ عتبار العمارة ناتج حـضاري ت  انعكس عليه

  .التحولات في الفكر والمجتمع

  هدف البحث
حول تحولات الدار الـسكني     تفصيلية  التوفير المعرفة   

 مـن  العراقي في العقد الاول من القرن الواحد والعـشرين      

في العقود الاخيرة    الدور السكنية    ها وبين بينرنة  خلال المقا 

 .من القرن العشرين

 : البحثمنهجاسلوب و -1
مـن   ،المنهج الوصفي الاسـتقرائي   أولاً  إعتمد البحث   

 تحديـداً   منطقة الاعظميـة  (خلال انتخاب منطقة الدراسة     

 كـإنموذج   )312 والاجزاء الحديثة من     310 و 308محلة  

دار (عينـة   100م انتخاب   ث. للدراسة لتسهيل مهمة البحث   

تم تشييده في العقد الاول من القرن الجـاري فـي           ) سكني

 قسمت الى قسمين على اساس إن الحـد         المحلات المتخبة 

 كونه يضم أبرز الأحـداث      2003الفاصل بينهما هو عام     

 وعنه نتجـت    .المؤثرة في المجتمع العراقي في هذا القرن      

ينقـسم الـى    اي إن البحـث س    –بقية الاحداث والتحولات    

 االعقود الاخيرة مـن القـرن العـشرين        :مرحلتين الاولى 

  العقد الاول من القرن الواحد والعشرين :والثانية

بين المرحلة  ثم إعتمد البحث اسلوب التحليل المقارن        

وقوف على أبرز تحولات الـدار      الاولى والمرحلة الثانية لل   

  .السكني العراقي

  

  

  

  

                                                            
العمارة العراقية في العقد رسالة ماجستير بعنوان من بحث مستل  *

  2011لسنة  .21الأول من القرن 

 :ادوات الدراسة -1‐1
في طريقة جمع المعلومات على ثلاث أدوات إعتمد البحث 

 :هي

  : المشاهدة والرصد والملاحظة 1‐1‐1
منطقة الدراسة لتكـون    ل الزيرات المتكررة : أولاُمن خلال   

مخططـات  رسـم   المشاهدة موقعية مع توثيقها بالصور و     

من خلال المعـايير والقـرارات      : وثانياً. ةبالعينات المنتخ 

 بها فـي المرحلـة      والضوابط العمرانية التي كان معمولاً    

  . مع التي إستُحدثت في المرحلة الثانية، الاولى

  :إستمارة الاستبانة 2‐1‐1
أعدت استمارة الاستبانة لتشمل ثلاث محاور هي 

معلومات تخص الاسرة ومعلومات تخص القطعة السكنية 

كما تم ملء استمارة الاستبانة . واخرى تخص الدار السكنية

 لأفراد العينات -احثتانبعد الشرح المستفيض من قبل الب

  .للحصول على المعلومات المطلوبة

  :المقابلة الشخصية 3‐1‐1
شمل ) الرسمي(تم إعتماد نوعين من المقابلات الاول 

المقابلات التي أجريت في الدوائر الرسمية وتحديداً بلدية 

) غير الرسمي(والنوع الثاني . الاعظمية والمجلس البلدي

د العينات المنتخبة شمل المقابلات الشخصية مع أفرا

وتحديداً أرباب الاسر والمعماريين والمقاولين والحرفيين 

  .الذيم كان لهم إنجاز في منطقة الدراسة

  :حجم العينة واسلوب اختيارها 2‐1
تم إعتماد اسلوب العينة العشوائية لشريحة ذوي الدخل 

لكون البحث يرمي لدراسة أكبر شريحة من ، المتوسط

 عينة من الدور 153 الاستعانة بـوقد تم. شرائح المجتمع

ولكن بعد فرز . السكنية المشيدة في القرن الواحد العشرين

 عينة لعدم استيفاء 53كافة مخططات العينات تم إهمال 

.  عينة فقط100كافة معلوماتها ومتطلباتها والابقاء على 

وكما تم ذكره آنفاً قسمت العينات الى قسمين بحسب تاريخ 

سبة العينات المنتخبة للمرحلة الاولى إنشائها وكانت ن

من العينات % 25.) االعقود الاخيرة من القرن العشرين(

  أما نسبة العينات . لقلة الدور المشيدة قياساً بالمدة اللاحقة

  7فكانت ) 2003مابعد (المنتخبة للمرحلة الثانية 
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  جانب الدراسة 1-3 

 :اً منسيتم تناول الدار السكني العراقي المعاصر بدء

مستوى المساحات والتي تشمل المساحة الاجمالية والصافية 

للدور السكنية في العقد الاول من القرن الواحد والعشرين 

 ثم الانتقال .مساحات فضاءاتها الداخلية والخارجيةمعدل ثم 

 ثم توجيه انفتاح .مستوى التشكيلثم الى مستوى الحجوم 

 الجانب الوظيفي  سيتناول البحثوأخيراً ،الدار السكني

  .للدور السكنية

من أبرز الظواهر التي شهدتها : المساحات 1-3-1 

الدور السكنية في المرحلة الثانية من هذا العقد على 

  :مستوى المساحات مايأتي

 زيادة نسبة البناء  •
 بحسب النسب البنائية للدور نظام الطرق والابنية  قسم

فهي تنتمي نتخبة المناطق السكنية وفيما يخص المحلات الم

مساحة قطعة الارض  أي – والممتازة المنطقة الرابعةالى 

 %65- 55 ونسبة التغطية فيها -800-300السكنية من 

، 1975مديرية البلديات العامة،–وزارة الداخلية (

 أي إن المساحة البنائية لأكبر طابق لا تزيد )1137ص

  وتعالج المساحة المتبقية على أساس الترك2م390عن 

اي ان هناك نسبة تغطية لا يجوز تجاوزها  .والحدائق

هي العماد الاساس التي  المفتوحة فضاءاتللحفاظ على ال

المرحلة الثانية من هذا العقد إلا أن .  السكنيةلتنفس المنطقة

زيادة في النسبة البنائية على حساب الفضاءات شهدت 

 لظاهرة تقسيم الدور السكنية وتحويلالمفتوحة نتيجةً 

قطعة  تقسيمأي  .الفضاءات المفتوحة الى دور سكنية

الارض السكنية ذات المساحة الكبيرة الى قطع صغيرة 

زادت ف 2م50 وأحياناً أقل من 2م100وبمساحات أقل من 

  المطلوبةالنسبة البنائيةتحقيق  لا يمكنالنسبة البنائية إذ 

الدراسة   - الباحثتان( .الوظيفيةلضغط المتطلبات 

  )يةالميدان

 فضاءات الدارصغر مساحات  •
العقد  مساحات الفضاءات الداخلية والخارجية في تتغير

 عن بشكل كبير الاول من القرن الواحد والعشرين

العقود الاخيرة من القرن مساحات الفضاءات في 

  ).1(لاحظ جدول .العشرين

يبين مقارنة بين معدل مساحات الفضاءات ) 1(  جدول 

  لخارجية السكنية الداخلية وا

معدل مساحة   الفضاء السكني

فضاءات الدور 

السكنية قبل 

2003  

معدل مساحة 

فضاءات الدور 

السكنية بعد 

2003  

  2م24-12  2م42-12  المعيشة

  2م22- 4  2م36,5- 8  المطبخ

  لايوجد  2م18,4- 0  الطعام

  2م16-لايوجد  2م59-18  الاستقبال

  2م22-13  2م30-22  النوم

  2م6- 4,5  لايوجد  تواليت+حمام

  2م1,5 -لايوجد  2م7,8- 3,6  حمام

  2م1 -لايوجد  2م4- 1,5  مرافق

  لايوجد  2م8- 2  مدخل

  لايوجد  2م4- 0  مخزن

  2م1 -لايوجد  2م50- 7,5  حديقة

  2م10 -لايوجد  2م35-15  موقف السيارة

  )∗الدراسة الميادنية- الباحثتان(: رالمصد

  :ومن الاسباب التي شجعت على ذلك مايأتي

 شهد العراق انفتاحاً تجارياً بعد :اديالعامل الاقتص-أ

 وغزو الاسواق المحلية بالبضائع الاجنبية 2003أحداث 

إذ تميز . بسبب غياب الكمارك. وتحديداً الاثاث المستورد

ذلك الاثاث بكونه في الغالب أصغر حجماً من الاثاث المحلي 

فهذا . وبتصاميم معاصرة وجذابة مما شجع على اقتنائه

أصغر من القياسات ) Standards(لقياسات والاثاث يخضع 

فعلى سبيل المثال دولاب غرفة النوم عرض بابه . العراقية

 سم لذا الدولاب ذي الستة أبواب60بحسب المعايير العراقية 
 أما أبعاد نفس الدولاب ووفق المعايير. سم360يكون طوله 

سم 40الماليزية والصينية وغيرها فتكون فتحة الباب بعرض 
                                                            

  .من خلال مقارنة مخططات العينات التي حصلت عليها الباحثتان ∗
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مما .  سم240ن طول الدولاب ذي الستة ابواب أيضاً فيكو

 وعلى هذا الاساس .يجعله ذو حجم أقل ويشغل فضاءاً أقل

 .يمكن أن تقاس بقية أثاث الدار السكني

 بشكل 2003 بعد أسعار مواد البناءارتفعت  كما

من ، الى أضعاف أسعار االعقود الاخيرة–كبير 

 .ها من الخارجمعظمفي  تستوردلكونها  -.العشرينالقرن

 ويقتصر على صناعة بعض الموادفالإنتاج المحلي مفقود 

ارتفاع اسعار المشتقات النفطية فضلاً عن  .الطابوقك

، كبة( .وارتفاع اجور النقل والوضع الامني المتردي

، "الاستثمار العقاري والسياسة الاسكانية في العراق"

 لسلعا خولدإن  الاستيراد إذ فوضويةفضلاً عن  ).2008

 المواد الانشائية ذات المنشأ المحليالسلع ونافس الاجنبية ي

للدرجة الاولى تبلغ أسعار بناء المتر المربع الواحد إذ 

تسليم  (والعمل دينار وهي تشمل أجور الكرسته مليون

 750-500فيبلغ حوالي   اما بناء الدرجة الثانية).المفتاح

 )راسة الميدانيةالد  -الباحثتان( الف دينار للمتر الواحد

وهي أسعار مرتفعة جداً مما شجع على تقسيم الدور 

  .السكنية لعدم اقتصادية الدور الكبيرة المساحة

شجعت شروط  :عامل الضوابط والقوانين العمرانية  -  أ

 التي يمنحها المصرف العقاري –منح القروض الاسكانية 

على تشييد الدور السكنية صغيرة -العراقي لموظفي الدولة

تحديد مبالغ القروض لبناء وحدات  ساحة من خلالالم

إذ تم تحديد أكبر قيمة قرض لدار سكني مساحته . سكنية

 وأقل قرض لمساحة بناء متر مربع فما فوق126

 .مترمربع75
http://www.dijlh.net/showthread.php/742

مات الخاصة بسلف المصرف العقاري التعلي  ()882

كما إن المصرف العقاري يعطي قروضاً على  )العراقي

سندٍ مشترك مما سهل عملية إضافة وتشييد دار بجانب دار 

  )43ص، 2006، القريشي( .سكني قائم

 كما ساعد اطلاع المجتمع على :العامل الاجتماعي- ج

الكثير ثقافات الدول المجاورة وأسلوب معيشتهم على تغيير 

. من مفاهيم المجتمع العراقي عموماً وتحديداً مجتمع بغداد

كتقبل العيش في مساحات صغيرة بسبب تجربة العيش في 

 الشقق السكنية بسبب هجرة الكثير من الاسر البغدادية الى
 فبعد أن كان المجتمع البغدادي يفضل. الدول المجاورة

 أصبح ،السكن في دار واسع رحب يطل على حديقةٍ غناء

العيش في دورٍ سكنية صغيرة المساحة أكثر ملائمةً 

. لسهولة تدفئة الدار الصغير وتبريده، لأسبابٍ اقتصاديةٍ

والتي أصبحت مشكلة يواجهها العراقيون بسبب انقطاع 

فضلاً عن إرتفاع أسعار ، الكهرباء لساعاتٍ طويلة في اليوم

دار كما إن سهولة إدامة وتنظيف ال. المنتجات النفطية

الصغير زادت من حسناته وخصوصاً بعد زيادة موجات 

 نتيجة 2003العواصف الترابية على بغداد بشكل كبير بعد 

. خسارة الكثير من الغطاء النباتي وحزام بغداد الاخضر

كما لعب العامل الاعلامي والفضائيات على التعريف 

ة إذ تأثر المجتمع البغدادي بالثقافة الخارجي. بثقافات جديدة

وبالتصاميم الاجنبية للدور السكنية فشهدت تصاميم دور 

تأثراً واضحاً بتلك العقد الاول من القرن الواحد والعشرين

التصاميم على مستوى تنطيق الفضاءات وعلى مستوى 

  - الباحثتان (.الواجهات وعلى مستوى التفاصيل كالاثاث

  )الدراسة الميدانية

  

على تقبل المجتمع إن ما ساعد  :العامل التكنولوجي-د

البغدادي لصغر مساحة الدور السكنية هو تغير نمط الحياة 

وتأثير التطور التكنولوجي على حياة أفراد الأسرة 

إذ أصبح الشباب والاطفال يفضلون اللعب بألعاب . العراقية

 لمتابعة القنوات الفضائية –الفيديو أو الجلوس أمام التلفاز

 يعد يخلو دار منها  ولم2003التي دخلت بعد أحداث 

واحياناً تمتلك الاسرة الواحدة أكثر من جهاز استقبال 

 هذا فضلاً عن شيوع الانترنت الذي -القنوات الفضائية

ومن مميزات تلك . 2003أيضاً توسع انتشاره بعد 

النشاطات أنها لاتحتاج الى فضاءات كبيرة فجهاز 

 تقلص حجمه بشكل كبير وأصبح المحمولالكمبيوتر

مكان حمله ووضعه في أي مكان دون الحاجة الى بالا

نوع (كما إن جهاز التلفاز . تخصيص فضاء خاص به

أصبح بالامكان تعليقه على الجدار أو أن يتدلى ) البلازما

الفضاء فلم يعد يأخذ مساحة كبيرة كما في  من سقف

إذ كان جهاز التلفاز ذو سمك كبير ويحتاج الى . السابق

.  ولقطعة الاثاث الحاملة لهفضاء كبير نسبياً له

  )الدراسة الميدانية -الباحثتان(
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  :شمل مايأتي: مستوى الحجوم 3-2- 1

 ارتفاع الطابق   •

العقود الاخيرة من القرن تميزت دور مرحلة 

وتحديداً ارتفاع فضاء . من حيث ارتفاع الطابق20ال

 double(المدخل والاستقبال بالارتفاع المزدوج 

volume. .(ر سمة الارتفاع المزدوج على ولم تقتص

فالفضاءات ،  في تلك المرحلةفضاءات الدار الداخلية

وكما مبين ) Cantilever( ببروز السطح تميزتالخارجية 

  ).1(في الشكل 

لم يتغير تفضيل المجتمع البغدادي للفضاء ذي الارتفاع 

 - سابقة الذكر–المزدوج ولكن لاسباب اقتصادية واجتماعية 

مما حتم الغاءه في ، مساحات الدارعملت على ضيق 

  .أما في الفضاءات الخارجية. الفضاءات الداخلية

محلات  وكما توصل البحث من خلال المسح الميداني لل

 وتحليل العينات البحثية للدور السكنية الى إن ةالمنتخب

 2م100الدور الصغيرة المساحة والتي تقل مساحتها عن 

أما . لارتفاع المزدوجتم التخلي فيها عن الفضاء ذي ا

 فمازال جزء منها 2م100الدور التي تزيد مساحتها عن 

  -الباحثتان (يبرز سطحه والذي عادةً مايحمل على عمود

  ).3(و)2(الشكلين لاحظ )نتائج استبانة المسح الميداني

  

  
من مرحلة ) .double volume(دار سكني ) 1(شكل  

تصوير : (لمصدرا. .االعقود الاخيرة من القرن العشرين

  )2010،-الباحثتان

  

  

  
  

من مرحلة ) .double volume( دار سكني بلا) 2(شكل 

تصوير : (المصدر. والعشرين العقد الاول من القرن الواحد

  )2010،-الباحثتان

   

  
  

خارجي من مرحلة ) .double volume(دار سكني ) 3(شكل 

وير تص: (المصدر. والعشرين العقد الاول من القرن الواحد

 201،-الباحثتان

 عدد الطوابق  •
تميزت الدور السكنية في القرن العشرين بأنها مكونة من 

 2004الحال على ما هو عليه لغاية عام  طابقين واستمر

عندما تم إقرار قرار يسمح ببناء طابق ثالث بسبب أزمة 

السكن العراقية المتفاقمة بشكل كبير في بغداد مما شكل 

كافية  قطعة أرض بمساحةأزمة في الحصول على 

يتجاوز  لا" لمتطلبات الأسرة البغدادية وكان نص القرار
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 متر من مستوى الرصيف الى 9ارتفاع الدور السكنية 

 يكون الدار بثلاث طوابق اسفل مرد الماء أي يمكن ان
الموقع الرسمي لأمانة ("  ضمن محددات الارتفاع اعلاه

‐http://www.mayoralty، بغداد

baghdad.com/PageViewer.aspx?id=35.(  
                         مستوى تشكيل الدور السكنية 1-3-3

قد إختلف المنظرون في تحديد العوامل المؤثرة ل 

إلا أن الرأي الشامل هو الذي ، في تشكيل الدار السكني

 العوامل مع إختلاف درجة تأثيرها بإختلاف يضم كافة

فيكون لكل ، إذ إن لكل مرحلة خصائصها. الزمان والمكان

مرحلة تشكيلاتها الخاصة وهنا يمكن القول إن تكرار هذه 

التشكيلات تكون بمجموعها طرزاً معينة تميز هذه 

  )54ص، 2002، الاحبابي(. المراحل

 القوى المؤثرة في Rapoport∗لقد صنف 

وأي من ، كيل الدار الى قوى فيزيائية وأخرى حضاريةتش

هذه القوى لاتمثل بمفردها سبباً رئيساً في تشكيل الدار 

فهناك دوماً حضور شامل لكل القوى المؤثرة ، السكني

ولكن بتفاضل يمكن التوصل إليه من الترجمة الفيزياوية 

أي إن لكل  )Rapoport,1969,p.49. (لذلك التشكيل

راً في إعطاء الطابع المميز لتشكيل الدار العوامل حضو

ا دون الاخر وحسب خصائص مع هيمنة بعضه، السكني

  .المرحلة

وما يهم بحثنا هو تحيد العوامل الحضارية والتي 

  :اليها بأنها تضمRapoport أشار 

 الدين •

 خمس Rapoportإذ عرّف ، العوامل الاجتماعية •

 :نواحي حضارية تؤثر في تشكيل الدار هي

 .اجات الحياتية الاساسيةالح -

 تركيب الاسرة -

 .موقع المرأة في المجتمع ودرجة الخصوصية -

 .عملية التفاعل الاجتماعي والحضاري -

                                                            
∗ Ropoport :       مصمم وباحث معماري متخصص في مجال الاسكان

 امريكيـة واسـترالية     والتخطيط الحضري ومحاضر في عدة جامعات     

وهو عضو الجمعية المعماريـة البريطانيـة والجمعيـة المعماريـة           

عمل في عدة مشاريع في استراليا والولايات المتحدة ولـه          . الاسترالية

  .عدة بحوث ومؤلفات منشورة

 .نوع التوجه نحو الخصوصية والحاجة إليها -

فضلاً عن العوامل السياسية والاقتصادية  -

، والتكنولوجية المرتبطة مع حالة التطور الحضاري

ي يحملها المجتمع فضلاً عن عامل القيم الت

)Rapoport,1969,p.18(. 

-  

لقد هيمنت الحاجات الحياتية الاساسية والمتغيرات 

الاقتصادية على تشكيل الدار العراقي في المرحلة 

 من العقد الاول من القرن الواحد والعشرين ثانيةال

على بقية العوامل وانعكست تلك العوامل في إعطاء 

هدت قطعة الارض الطابع المميز لهذه المرحلة فش

ما السكنية وكتلة الدار تغيرات كبيرة وكما مبين في 

  :تييأ

 عدم إنتظام شكل قطع الارض السكنية •

إن تلك الظاهرة نتجت عن تحويل الحدائق الى دور 

سكنية وفي كثير من الاحيان لاتكون الحدائق ذات 

شكل منتظم مماأدى الى عدم انتظام القطع السكنية 

تداخل بين (تداخل في الدور السكنية الجديدة وبالتالي 

وهي ، )4(كما مبين في الشكل ) الدار الجديد والقديم

بذلك تشابه البيوت البغدادية التقليدية إذ كانت الغالبية 

العظمى من أشكال القطع المشيدة عليها تلك الدور 

إذ يبدو التداخل فيما بينها . ليست ذات شكل منتظم

  .ن البيوتاتويصعب الفصل بي، بشكل واضح

  
غير .  من القرن الواحد والعشرينالعقد الاولبعض دور ) 4(شكل 

الدراسة  - -الباحثتان:(المصدر. المنتظمة حدود القطعة السكنية

  )الميدانية

 الشريطيةظاهرة الدور  •
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من نتائج تقسيم الدار السكنية الكبيرة الى عدة دور صغيرة 

على الشارع المساحة هي كونها شريطية طولية وعمودية 

م وبعمق كبير يصل أحياناً 3,5وبواجهات ضيقة تصل الى 

مما يؤدي بالضرورة الى انتاج تصميم  .م35-30الى 

موحد لتلك الدور المستحدثة وهو التصميم الذي يعتمد على 

تسلسل هذا التتابع الفضاءات من العام الى الخاص و

بب الانطقة المختلفة مع بعضها بسفيه تتداخل سمتتابع ال

الانتقال عبر الفضاءات بإختراقها لإختزال فضاءات 

الحركة وتداخلها مع بقية الفضاءات فيتم الدخول من فضاء 

الاستقبال الى فضاء المطبخ ومنه الى فضاء المعيشة 

الذي يقود الى فضاءي ) الحولي حسب التسمية المحلية له(

مبين  كما )  الاستمارة التحليلية-الباحثتان( .الحمام والنوم

 . )5(في الشكل 

  
 ظاهرة الدور التوأم •

من مظاهر تقسيم الدار السكنية وبالتحديد القديمة منها والتي 

بعضها تباع وتبنى بصورة  ،تهدم وتقطع الى عدة قطع

منفردة وبعضها الاخر تصمم وتنفذ من قبل نفس الجهات 

ذات نفس المخطط (م فيكون النتاج دوراً متشابهة التصمي

كما وتنفذ في وقتٍ واحدٍ وبنفس الجهة ). والواجهة

 .المصممة والجهات المنفذة

في حقبٍ سـابقة    ) ظاهرة الدور التوأم  (نشأت تلك الظاهرة    

من القرن الماضي إلا أنها كانت مقتصرة على الدور التـي         

أي . (يمتلكها في العادة شقيقين أو شريكين في العمل وهكذا        

حاب الدور صلة قرابة أومعرفة سـابقة وبـشكل         تربط أص 

أما في المرحلة الحالية فإن تلك الظـاهرة        ). حالات منفردة 

  .توسعت بشكل كبير وخصوصاً في المحلات المنتخبة

 كما لم تعد تقتصر على أصحاب الـدور الـسكنية الـذين            

إذ أصـبحت   ، تربطهم روابط اجتماعية أو روابـط قرابـة       

لاستثمار والكـسب فالعديـد مـن       الدور السكنية مصدراً ل   

المقاولين تشجعوا على شـراء الـدور الـسكنية القديمـة           

وتهديمها وتقسيمها الى عدة قطع واعادة تـصميمها وفـق          

مخططٍ واحد تنفذه جهة واحدة لجميع الدور السكنية وفـي          

ومـن ثـم    . - لتقلل من تكاليف التصميم والتنفيذ     -قتٍ واحد 

  ). 6(كما في الشكل . هاتباع تلك الدور للراغبين بشرائ

وفي حالات أخرى يشتري عدة أشخاص داراً سكنية واحدة         

ولكن بعد تقسيمها بينهم فتنشأ     ، لغرض تهديمها وإعادة بنائها   

روابط بين أصحاب القطع السكنية تلك لاشتراكهم في سـند        

ملكية واحد وعادةً مايتناقل أصحاب تلك الـدور الخبـرات          

. تصميم تلك الدور أو تنفيـذها     والمعارف سواءاً في مرحلة     

لذا فقد يشتركون بنفس المخطط والواجهة إلا أن النتاج عادةً          

مايظهر فيه بعض الاختلافات النابعة عن اخـتلاف اذواق         

  نتائج استبانة المسح     -الباحثتان( اصحاب الدور السكنية  

   ).2010،الميداني

  ) 7(وكما في الشكل 

  

  

  

  

  

  

: المصدر. ريطيةالشالدور ) 5(شكل  
)،الدراسة الميدانية-الباحثتان (
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 الطابق الارضي لدارين يبين تطابق مخطط) 6(شكل 

  )الدراسة الميدانية  -الباحثتان: (المصدر. توأم

  
دارين توأمين مختلفين قليلاً في الواجهة ) 7(شكل 

تصوير : (المصدر. لاختلاف رغبات وأذواق أصحابهما

 )2010،-الباحثتان

والجدول الآتي يبين نسب تشكيل الدور السكنية فـي         

  .د والعشرينالمرحلة الثانية من القرن الواح

  

  

  

العقد الاول من القرن  يبين أبرز أنماط دور)2(جدول 

  -الباحثتان: (المصدر. من حيث التشكيل.الواحد والعشرين

  )الدراسة الميدانية

  النسبة المئوية  تشكيل الدور السكنية

الدور غير المنتظمة قطعة الارض 

  السكنية

14%  

  %70  الدور الشريطية

  %16  الدور التوأم

 توجيه انفتاح الدار السكني 1-3-4
التوجيه السائد في   يعد توجيه إنفتاح الدور نحو الخارج هو        

الدور السكنية منذ بداية العقد الخامس من القرن العـشرين          

 وعلى الرغم مـن الـنمط       .ولايزال مستمراً لوقتنا الراهن   

الواحد لتوجيه انفتاح الدار إلا أن كل مرحلة تميزت بطراز          

حلة بداية القرن الواحد والعشرين ولغايـة       فمر. خاص بها 

 كانت إمتداداً لحقبة التسعينات من القرن الماضـي         2003

ممـا  . من حيث إرتداد الدور السكنية عن حـدود القطعـة       

أكسب الدار نوعاً من الخصوصية وخاصةً عنـدما يكـون          

إلا ان انفتاح الدار فـي المرحلـة        . ابالسياج مرتفعاً وصل  

ذا القرن تميز بإطلالته شـبه المباشـرة        الثانية من مطلع ه   

وفي أحيانٍ كثيرة بـصورة مباشـرة لقلـة         ، على الشارع 

فكان ترك المتر المربـع الواحـد أمـراً         . مساحات الدور 

وليس بالامكان التفريط به كتـرك      ، يحسب له ألف حساب   

أو لرغبة صاحب   ، أمامي إلا في حالة وجود موقف للسيارة      

ء خارجي وعادةً مايكون هذا     الدار بتوفير مساحة من فضا    

 إذ تم إلغاء الحديقة الامامية التـي كانـت          -الفضاء مبلطاً 

موجودة في المرحلة السابقة والاستعاضة عنهـا بفـضاء         

ــبلط  ــارجي مـ ــان(.-خـ ــتمارة -الباحثتـ   الاسـ

  ).2011-2010،التحليلية

وعلى الرغم من الانفتاح الخارجي للـدار فـي هـذه           

 الدار تقلصت بـشكل كبيـر       المرحلة إلا أن مساحة واجهة    

 الدار السكنية الى دور صغيرة      سيمتق–للسبب السابق الذكر    

فإقتصر إطلال الدار على الـشارع مـن        . -ذات استطالة 

خلال فضاء المطبخ والاستقبال وغالباً فضاء الاستقبال فقط        

في حين وجه إنفتـاح بقيـة       ). في حالة الدور الضيقة جداً    (

يرة الحجم ومـع تلاصـق      فضاءات الدار نحو مناور صغ    
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الدور السكنية المتجاورة أصبح المنور فـضاءاً خارجيـاً         

خاصاً مما وفر نوعاً من الخـصوصية لفـضاءات الـدار           

  )الدراسة الميدانية  -الباحثتان( )8(لاحظ شكل . الداخلية

  
توجيه انفتاح دار الشكل في جهة اليمين يمثل ) 8(شكل 

أما ) .االعقود الاخيرة من القرن العشرين(لة الاولى المرح

توجيه انفتاح الدار في الشكل الذي الى اليسار فيمثل 

العقد الاول من القرن الواحد  الثانية من المرحلة 

 )الدراسة الميدانية  -الباحثتان( :المصدر. والعشرين

سيتم تناول مستوى  : مستوى الوظيفة1-4-4

بإستعراض الفضاءات  ة في العقد الاولالوظيفة للدور السكني

وبدايةً سيستعرض البحث . السكنية من العام الى الخاص

 التي أبرز ماتوصل إليه من نتائج الاستمارة التحليلية 

على مستوى الوظيفة والفضاءات وكما يبينه إعتمدها 

  :الجدول كالآتي

. يبين فضاءات الدار من حيث طبيعة وجودها) 3(جدول 

-2010،  الاستمارة التحليلية-الباحثتان: (المصدر

2011(  

  الفضاء
مدمج مع   موجود

  فضاء آخر

  ملغى

  %93  --  %7  المدخل

  --  %53  %47  الاستقبال

  --  %70  %30  المعيشة

  --  %14  %83  المطبخ

فضاء النوم في 

الطابق 

  الارضي

71%  --  29%  

  --  --  %100فضاء النوم في 

  الطوابق العليا

  --  %86  %14  الحمام

  --  %85  %15  التواليت

  %94  --  %6  المخزن

  %96  --  %4  الحديقة

  %67  --  %33  موقف السيارة

سيقوم ، وبعد استعراض فضاءات الدار في الجدول السابق

 :البحث بتناول تلك الفضاءات بشكل أكثر تفصيلي فيما يأتي

 فضاء المدخل •
  بكونه منكسراً لعشرينتميز فضاء المدخل في نهاية القرن ا

ي ئويتم الانتقال عبره الى فضا. وذو ارتفاع مضاعف

 الخاص الاستقبال والمعيشة ويقع من ضمنه الحمام

بداية القرن أما مرحلة . بالضيوف في كثيرٍ من الاحيان

من الدور % 93 فشهدت إلغاء فضاء المدخل بنسبة 21ال

المشيدة في هذه المرحلة نتيجةً لصغر مساحات الدور 

الفضاء (السكنية فكان الدخول مباشرةً من فضاء الشارع 

بخ  أو المط)الفضاء شبه العام(الى فضاء الاستقبال) العام

، مباشرةً دون فضاء وسطي ممهد)  الخاص شبهالفضاء(

مع كسر واجهة الدار لبعض دور هذه المرحلة التي تحوي 

  الاستمارة -الباحثتان(. على ارتداد أمامي

  . )9( كما في الشكل )2011- 2010،التحليلية
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يبين إلغاء فضاء المدخل في دور المرحلة ) 9(شكل 

مع كسر واجهة . د والعشرينالثانية من مطلع القرن الواح

  )الدراسة الميدانية  -الباحثتان: (الدار المصدر

 فضاء الاستقبال •
 والتي تزيد 2003إحتوت الدور السكنية بعد عام 

 على فضاء استقبال ولكن بمساحة 2م100مساحتها عن 

فقط من % 47وبنسبة –أقل من مساحته في الحقب السابقة 

 كما تميز فضاء الاستقبال .-الدور المشيدة في هذه المرحلة

في تلك المرحلة بكونه غير مستقل عن فضاءات الدار 

إذ في أحيانٍ كثيرة يتم من خلاله الدخول الى الدار . السكني

وعبره يتم الانتقال الى فضاءات الدار الاخرى كما في 

بعد أن كان في بداية العقد الاول من القرن . )10(الشكل 

  - الباحثتان(.فضاءات الدارالعشرين مستقلاً عن بقية 

كما في الشكل ). 2011- 2010،الاستمارة التحليلية

)11.(   

  
فضاء الاستقبال مدمج مع فضاء المعيشة ومتداخل ) 10(شكل 

،  -الباحثتان: (المصدر. مع بقية فضاءات الدار السكني

 )الدراسة الميدانية

  
فضاء الاستقبال معزول عن  بقية فضاءات ) 11(شكل 

الدراسة  - الباحثتان: (المصدر) خاص بالضيوف(الدار

 )الميدانية

 أي تقتصر على 2003لم تعد وظيفة فضاء الاستقبال بعد 

إستقبال الضيوف فقط وإنما أصبح فضاءاً انتقالياً أيضاً 
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أي تداخل الانطقة بتداخل فضاء الاستقبال مع فضاء (

  ).الحركة

 فضاء المعيشة  •
% 70وبنسبة أختزل فضاء المعيشة بشكل كبير 

إذ تداخل هذا . 2003في دور المرحلة التي تلت عام 

شكّل هذا الفضاء عقدة . الفضاء مع فضاء الموزع الوسطي

فمنه يتم . الحركة الافقية والعمودية داخل الدار السكني

والى الفضاءات ) الاستقبال(الانتقال الى الفضاءات العامة 

لمطبخ ا(والى الفضاءات الخدمية ) النوم(الخاصة 

أما على المستوى العمودي فقد وقِع الدرج ضمن ). والحمام

أي توسعت . هذا الفضاء للانتقال على مستوى الطوابق

عقدة الحركة في تلك المرحلة لتصبح فضاءاً للمعيشة 

يقضي فيه أفراد الاسرة أغلب وقتهم بسبب موقعه 

تداخل نطاقي . (المركزي قريباً من معظم الفضاءات

كما انه حاوي ). معيشة في دار هذه المرحلةالحركة وال

على سمة الخصوصية مما يتيح للاسرة قضاء أوقاتها 

  الاستمارة -الباحثتان (.داخله براحةٍ وأمان

  )..12( كما مبين في الشكل )2011- 2010،التحليلية

إن فضاء المعيشة المركزي الذي تطل عليه بقية        

الــ  (الوسطي  فضاءات الدار يعيد للاذهان صورة الفناء       

Court    مـن خـلال تـشابه      )  والمسمى محلياً بـالحوش

إلا أن  . العلاقات الوظيفية فضلاً عن موقعهمـا المركـزي       

الفضاء الحالي لايوفر العلاقـات البـصرية التـي كانـت           

  .موجودة في الفناء الوسطي

  
. فضاء المعيشة متداخل مع فضاء الموزع) 12(شكل 

  )لميدانيةالدراسة ا  -الباحثتان: (المصدر

 فضاء المطبخ •

العقـد  المرحلة الثانية من    اتسم فضاء المطبخ في     

الاول من القرن الواحد والعشرين بصغر المساحة كحـال         

ويقع فضاء المطبخ في الدور     . بقية فضاءات الدار السكني   

م مجاوراً لفـضاء    6ذات الجبهة العريضة والتي تزيد عن       

  الاسـتمارة    -الباحثتـان (وبمدخل مستقل عنه    . الاستقبال

ويعد هذا   .)13( لاحظ شكل    ).2011-2010، التحليلية

التوقيع هو التوقيع الغالب على تشكيل الدار العراقي منـذ          

إذ تميزت أغلب الـدور الـسكنية       . ستينات القرن الماضي  

العراقية منذ مرحلة الستينات بتقديم توقيع فضاء المطبخ في     

. جي مـستقل  مقدمة فضاءات الدار السكنية وبمدخل خـار      

   ).156ص، 1992، البيروتي(

 أما الدور ذات الجبهات الضيقة فيتم غالباً توقيع        

فضاء المطبخ بعد فضاء الاستقبال ويتم الدخول الى فضاء         

-2010،   الاستمارة التحليلية   -الباحثتان(المطبخ عبره   

  .)14( كما في الشكل ).2011
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ضاء يبين توقيع فضاء المطبخ المجاور لف) 13(شكل 

  )الدراسة الميدانية  -الباحثتان: (المصدر. الاستقبال

  
. يبين توقيع فضاء المطبخ بعد الاستقبال) 14(شكل 

  )الدراسة الميدانية  -الباحثتان: (المصدر

 فضاء النوم •

من أبرز مايمز المرحلة الثانية من هـذا القـرن          

االعقود الاخيرة مـن    (عن المرحلة الاولى    ) 2003مابعد  (

 هـو . وعما كانت عليه في القرن السابق     ) .لعشرينالقرن ا 

لة عدد الفضاءات المخصصة للنـوم لـصغر المـساحة         ق

فضلاً عن إلغاءها في الطابق الارضي في ثلـث الـدور           

مما سبب كثافة سكنية داخل تلـك       ، %)29بنسبة  (السكنية  

كما تداخل نطاق النوم في الطابق الارضي مع        . الفضاءات

ة الانطقة لـصغر مـساحة الـدار        نطاق الحركة كحال بقي   

السكنية الذي سبب اختراق الفضاءات بعضها لبعض لتقليل        

ففضاء النوم  . عقد مسارات الحركة لأجل استغلال المساحة     

في الطابق الارضي يفتح على منور ويـتم فـي الغالـب            

أي إن فـضاء   . الانتقال الى ذلك المنور عبر فضاء النـوم       

  .)15(لخارج كما في الشكل النوم له منفذين أحدهما الى ا

كما لم يقتصر موقع فضاء النوم على الطـابق         . 

الارضي والاول فقط وإنما شهدت المرحلة الثانية من هذا         

الـذي  . العقد تواجد فضاء النوم في الطابق الثاني أيـضاً        

 قـراراً   2004استُحدث بعدما أصدرت أمانة بغداد عـام        

والاخيـرة  . يسمح ببناء طابق إضافي بمـستوى البيتونـة       

اصبحت تُستغل في أحيانٍ كثيرة كفضاء للنوم لما ذُكر آنفاً          

  )الدراسة الميدانية  -الباحثتان( .من ضيق المساحات
  

  

  

  

  

  

  

  

  

  

  

  
مطلع يبين انفتاح فضاء النوم نحو الخارج لمرحلة ) 15(كل ش

الدراسة   -الباحثتان( :المصدر. القرن الواحد والعشرين

  )الميدانية
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 حمامفضاء ال •

أختزل فضاءي الحمام والمرافق الـصحية فـي        

فضاءٍ واحدٍ في المرحلة الثانية من هـذا القـرن وبنـسبة            

بعد أن كان كل فضاء مستقل بذاته وللسبب السابق         ، 86%

 صغر مساحة قطعة الارض السكنية في المرحلـة         -الذكر

كما تم إلغاء فضاء حمام الضيوف للسبب السابق        . -الثانية

دور نهاية القرن العشرين عليه لغرض عزل       والذي احتوت   

 فضاءات الضيوف وعدم دخولهم الـى فـضاءات الـدار         

إلا أن ضيق المساحات وارتفاع أسـعار القطـع         . الخاصة

والدور السكنية أدى الى إلغاء الفضاءات القليلة الاسـتخدام         

أو الفضاءات التي يمكن الاستغناء عنها والتركيـز علـى          

كما إن ضـيق وصـغر      . الوظيفيةالفضاءات ذات الاهمية    

إذ أحيانـاً تـم     ، المساحات أثر في الحمام من حيث التهوية      

توقيع فضاء الحمام بعيداً عن المناور والفضاءات المفتوحة        

مما انتج فضاء حمام غير حاوٍ على فتحات تهويـة لعـدم            

  ).الدراسـة الميدانيـة     -الباحثتـان (إمكانية فتح شـباك     

هوية الحمام على الناحية الـصحية      ولايخفى تأثير انعدام ت   

   .في الدار السكني

 السلالم •
شهدت السلالم تغيراً على مستوى الـشكل فـي         

وتعد قلة مساحة الدور السكنية السبب      . الالفية الثالثة مطلع  

ففي بداية هذا القـرن كـان       . الرئيس في تغير شكل السلم    

 Uشكل السلم لدور ذوي الدخل المتوسط على شكل حرف          

أما شكله فـي دور ذوي الـدخل        .  على صحن  حاوٍ و Lأو  

المرتفع فغالباً ماكان يستخدم السلم الحلزوني لما لـه مـن           

  . قيمة جمالية تضفي على الدارعنصراً نحتياً

 العقد الاول من القرن الواحد والعـشرين      أما في   

فتقلصت المساحة المخصصة للحركة ومن ضمنها المساحة       

م الحلزونـي رغـم كلفتـه       المخصصة للسلم فلُجأ الى السل    

 الا ان   -قياساً بـالانواع الاخـرى مـن الـسلالم        -العالية  

الـسلالم  أنـواع   المساحة التي يشغلها أقل من غيره مـن         

مع تغيير موقعه بعد أن كان      . وخصوصاً عند تقليل عرضه   

مكشوفاً وفي موقع مميز وظـاهر ولا تحيطـه الجـدران           

 ومرحلـة  في مرحلـة التـسعينات    ) لابراز شكله النحتي  (

 أما في مرحلة ما بعد      .االعقود الاخيرة من القرن العشرين    

 فلم تعد الغاية من السلم الحلزوني هي إبراز قيمتـه           2003

الجمالية وإنما لاسـتغلال خاصـيته فـي قلـة المـساحة            

. المخصصة له بالدرجة الاولى ثم لجماله في الدرجة الثانية        

) الموزع(معيشة  فتم توقيع السلم الحلزوني في أحد أركان ال       

وعادةً ما يحيط به جدار حاوٍ على فتحة شباك واسعة تطل           

كمـا  ) الدراسة الميدانية   -الباحثتان(. على منور داخلي  

  ).16(في الشكل 

  

   
. 2003يبين السلم الحلزوني لمرحلة مابعد ) 16(شكل 

  )الدراسة الميدانية  -الباحثتان( :المصدر

  
م الـسلالم ذات    كما شاع في هذة المرحلة استخدا     

فضاء الاستراحة في   ( ولكن بإلغاء الصحن     L و Uالاشكال  

وتحويله الى درجات لتوفير المساحة كما في الشكل        ) السلم

)17(.  

  

  
. 2003يبين أشكال أدرج مرحلة مابعد ) 17(شكل 

  )الدراسة الميدانية  -الباحثتان( :المصدر

 كما أثر ضيق المساحات وصغرها في التفنن فـي أشـكال     

وسـاعد  ). التي لاتأخذ مساحة كبيـرة    (الادرج الاقتصادية   

. على ذلك إستخدام مادة الكونكريت المسلح القابل للتشكيل       

  .)18(كما في الشكل 
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. 2003يبين بعض انواع ادرج مرحلة مابعد ) 18 (شكل

 )الدراسة الميدانية  -الباحثتان: (المصدر

 :فضاء المخزن •

المهمة في الدار   يعد فضاء الخزن من الفضاءات      

وتكمن أهميته في تغير المناخ العراقي من حـار         ، العراقي

ممـا يقتـضي إيجـاد      . جاف صيفاً الى بارد ممطر شتاءاً     

مـدافئ وسـجاد    (مساحة لخزن متطلبات فصل الشتاء من       

هذا فضلاً عن طبيعة الشعب العراقي المحب       ). وثياب ثقيلة 

ن بصورة مبالغ   والتي أحياناً تكو  . لتخزين الادوات والمواد  

  .بها لعدم حاجته لجميع ماخزّن

لذا فإن فضاء المخزن من الفضاءات الضرورية       

والتي تم الاستغناء عنه في دور المرحلة الثانية وبنـسبة          

والاستعاضة عنه أما بـالخزن فـي الـسطوح أو          % 94

  .الشرفات أو على السلالم مما سبب إرباكاً للاسر العراقية

  للمسكنفتوحة  المالفضاءات الخارجية •

       وتمثل الفضاءات التي تقع ضمن المجـال الـسكني         

 .فقـط للأسرة والتي تخضع لاستعمال الأسـرة المنفـردة         

 السكنية ويتـصف    داروتتمثل بالفضاءات المفتوحة ضمن ال    

 :وهي تُقسم الى مايأتي. استعمالها بالخصوصية

 الحدائق •

كنية في  تم استحداث فضاء الحديقة الخارجية في الدور الس       

بعد تخطيط العديد من الاحيـاء      .  العشرين ثلاثينيات القرن 

الجديدة وإفراز قطع الاراضي إستناداً الى نظـام الطـرق          

فضلاً عن الافكار والمفاهيم الغربية التي اعتُمدت       . والابنية

 ،1992، البيروتـي (في تخطيط وتصميم الدور الـسكنية       

 واستمر احتـواء الـدار البغـدادي      ). 125-121ص

العقـد الاول مـن القـرن الواحـد         للحديقة لغاية   

أشارت دائـرة مراقبـة المنـاطق الخـضراء         إذ  والعشرين

ن نسبة المساحات   إوتوسيع مساحاتها في وزارة البيئة الى       

م وقـد  2003فـي عـام    % 35الخضراء في بغداد كانت     

م 2008 خـلال عـام   % 22إنخفضت النسبة لتصل الـى      

 تزايـد الزحـف     بـسبب  .والانخفاض مـازال مـستمراً    

الكونكريتي الذي وصل الى نسب كبيرة جداً فـضلاً عـن           

. بغـداد مدينـة   تزايد ملوثات البيئة وكثرة المركبات فـي        

  )2010، السراي(

قطع الأشجار لاضافة دار سكنية جديـدة        إذ يعد   

في الفضاء الخارجي المفتوح للدار الـسكنية او اسـتخدام          

أو كفـضاء   ) كراج( للسيارات الجديدة    وقفالحديقة أما كم  

خزان ومضخة سحب   لللخزن كموضع لمولدة الكهرباء او      

الماء السبب الرئيس في قلة وانحسار المناطق الخـضراء         

  . في الاحياء السكنية

 المنـاطق الخـضراء     ازالـة بدأت عمليات   كما  

، م2007والفضاءات المفتوحة في الدور السكنية في نهاية        

ن الناس يتنافسون في    وتحويلها الى دور صغيرة بعد ان كا      

الحصول على أفضل وأجـود أنـواع الزهـور وأشـجار           

 . في المراحل والحقب الـسابقة     الحمضيات وفسائل النخيل  

 -%94بنـسبة   –تقريباً  فقد أُلغيت جميع الحدائق     أما الان   

مع التحول النوعي الذي غير معالم المدينة وألغى جـزءاً          

 . خضراءال هاكبيراً من مساحات

 المناور •

تسبت المناور أهمية كبيرة في المرحلة الثانية مـن هـذا           إك

القرن فلم يعد دورها مقتصراً على إنارة وتهوية الفضاءات         

الخدمية وإنما باتت تطل عليها العديد من فضاءات الـدار          

لضيق الواجهة مما حتم فتح أكثر من منـور فـي الـدار             

  . الواحدة لإنارة وتهوية فضاءاته

يد من هياكل حديدية مـع ألـواحٍ        كما أصبحت المناور تش   

زجاجية لغرض إدخال أكبر قدر من الانارة لـضيق تلـك           

فضلاً عن إن الهياكل الحديدية سهلت إمكانية فتح        . المناور

  -الباحثتـان  (.فتحات متعددة وعلى مستويات متعددة أيضاً     

  )الدراسة الميدانية

 ةموقف السيار •

ي ثلاثينيـات   نشأ فضاء موقف السيارة في الدور السكنية ف       

القرن الماضي بعد دخول السيارات الخاصة وتمكُن العامة        
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وإسـتمر الحـال    ). 129، 1992، البيروتي(من شرائها   

القرن الواحد والعشرين وتحديداً بعد     على ماهو عليه لغاية     

إذ أُلغي فضاء موقف السيارة في الكثيـر        . 2003أحداث  

الدور وخصوصاً في   ، -%67وبنسبة  –من الدور السكنية    
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احد والعشرين  الدور السكنية في العقد الاول من القرن الو       

من حيث تنطيق فضاءاتها وتوقيعها وعلاقتها بعضها مع        

كما تم دمج فضاءات    ). 19(وكما مبين في الشكل     . بعض

كدمج فضاء المعيشة مع فضاء الاسـتقبال       ، مختلفة سويةً 

فضلاً . أو فضاء المعيشة مع الموزع أو مع فضاء المطبخ        
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  : خلاصة تحولات الدار السكني في العقد الاول من القرن الواحد والعشرين 5‐1
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مساحة قطعة الارض (كبر المساحات   على مستوى المساحات
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  مدمج    ملغى   غير موجود  موجود 

  :الاستنتاجات 1-5
ساهمت كـل مـن العوامـل الاقتـصادية والاجتماعيـة            •

نولوجية فضلاً عن الضوابط والقوانين العمرانيـة       والتك

في التحولات التي تشهدها الدور السكنية في المرحلـة         

 فـي   العشرينالواحد و الثانية من العقد الاول من القرن       

 . العراق

أن التحولات التي تشهدها الدور الـسكنية سـتكون لهـا            •

إنعكاسات خطيرة مستقبلاً على العمارة العراقية  وعلى        

 .دينة وعلى المجتمع ككلالم

 الاكتظاظ السكني وما لـه مـن        من أبرز تلك الانعكاسات    •

تبعات وآثار سلبية على البنى التحتية والخدمات فـضلاً         

عن المشاكل الاجتماعية كقلـة الخـصوصية وشـيوع         

  .الشرفية وغيرها من الآفات الاجتماعية

كما إن تقسيم الدور الـسكنية ادى الـى إلغـاء الحـدائق              •

ضاءات المفتوحة مما سيسبب مشاكل خطيرة علـى        والف

 .النواحي البيئية والصحية والاجتماعية

إلا أنهـا   . هي حقبة إنتقالية  ، على الرغم من إن هذه الحقبة      •

أعطى نتاجاً أثر في العمـارة      و، شهدت تدهوراً معمارياً  

وتأثيره هذا أصبح واقعـاً وسيـستمر لعقـودٍ         ، العراقية

 .قادمة

يع السلبيات السابقة وتخريب المدينـة      وعلى الرغم من جم    •

الناجم عن تحولات الدور السكنية في العقد الاول مـن          

القرن الواحد والعشرين إلا إن البحث لايمكن أن ينكـر          

إن تلك التحولات كانت ردة فعل المجتمع تجاه الحاجـة          

 هذا الحـل بـشكل      حهالسكنية على الرغم من عدم نجا     

ة للعديد من الاسر العراقية     إلا أنه وفر دوراً سكني    ، كبير

 .في ظل أزمة

  :التوصيات 1-6
تطوير الضوابط والقوانين العمرانية بما يـتلاءم        •

الاجتماعيـة   و الاقتـصادية  مع متغيرات العصر  

 .والتكنولوجية
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ABSTRACT 
The present study deals with the experimental investigation of buried concrete pipes. Concrete pipes 
are buried in loose and dense conditions of gravelly sand soil and subjected to different surface 
loadings to study the effects of the backfill compaction on the pipe. The experimental investigation 
was accomplished using full-scale precast unreinforced concrete pipes with 300 mm internal 
diameter tested in a laboratory soil box test facility set up for this study. Two loading platforms are 
used namely, uniform loading platform and patch loading platform. The wheel load was simulated 
through patch loading platform which have dimensions of 254 mm *508 mm, which is used by 
AASHTO to model the wheel load of a HS20 truck. The pipe-soil systems were loaded up to pipes 
collapse. Pipes were instrumented with strain gauges to measure circumferential strains, in addition 
to dial gauges, for measurements of the pipe vertical deflections and settlement of the loading 
platforms. The test results indicated that flexure governed the buried pipe behavior. Flexural cracks 
formed slightly before the ultimate load. A comparison of soil backfill, between a loose and dense 
compaction, showed that the dense backfill improve largely the pipe installation and the strength of 
pipe-soil system.  
 

KEYWORDS: Buried concrete pipes, Backfill compaction, Bedding factors, Strain gages, Patch 
loading. 
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INTRODUCTION 
 
Buried pipes are constructed from various 
materials in wide range of sizes and shapes and 
were primarily used for drainage applications 
prior to 19th century. Today buried pipe 
infrastructure serve many purposes, including 
sewer lines, drain lines, water mains, telephone 
and electrical conduits, highway and railway 
culverts, gas and liquid-petroleum lines, coal 
slurry lines, pedestrian and stock passes, subway 
tunnels, heat distribution lines and numerous other 
special functions [Bashir 2000]. 
 
Buried pipes are classified as either rigid or 
flexible. A flexible pipe is defined as one that will 
deflect at least 2 percent of its diameter without 
structural distress while rigid pipe is generally 
those that cannot deflect more than 2% of its 
diameter before failing. In the industrial market, 
the most common rigid pipes are clay, cast iron, 
unreinforced concrete and reinforced concrete 
pipes, etc, while flexible pipes includes PVC, 
Steel, Ductile iron, etc [Moser and Folkman 
2008]. 
 
Concrete Pipes plays a significant role in highway 
construction, sewerage water disposal and canal 
flow. The economics of manufacturing, durability 
of pipe, and rigidity under a load make them an 
attractive choice in many situations [Haque 1998].  
 
Today, it is well known that besides the pipe 
material, the installation procedures have a great 
effect on the performance of the pipe-soil system.  
 
The present study is to evaluate the structural 
behavior of a full scale non-reinforced concrete 
pipe installed under earth and exposed live 
loadings. The pipes installed in a laboratory soil 
box. Gravelly sand was used as the soil. Deep 
burial was simulated by applying a surcharge load 
after the soil box had been filled with soil. The 
loading system is a special load frame facility.   
The pipes were instrumented to record data for 
strain and the change in vertical diameter. The 
strain gages were wired to data acquisition 
system. Data was directly read by a computer 
activated system. The measured data were the 
applied load, surface strains at crown, invert and 
springlines, vertical diameter change (deflection) 
and loading platform settlement.  
 

The main objective of the current work is to 
investigate the behavior of the concrete pipes 
subjected to different loading systems and its 
interaction with surrounding soil at different 
compaction efforts. 
 
MATERIAL DESCRIPTIONS 
CONCRETE PIPE 
 
Full scale non-reinforced concrete pipes of 300 
mm internal diameter, 394 mm external diameter 
and thickness of 47 mm were used in the present 
work. The length of pipes was 1000mm. The 
concrete compressive strength of the pipe is 
determined by using non-destructive tests, namely 
ultrasonic pulse velocity. The ultrasonic test was 
performed on two pipes, for each test 10 readings 
were taken by direct method, and the average 
compressive strength is about 30 MPa. 
  
The elastic constants of concrete and steel (in case 
of reinforced pipe) are necessary when calculating 
wall thrust and bending moment. The elastic 
modulus values used in concrete design 
computations are usually estimated from 
empirical expressions that assume direct 
dependence of the elastic modulus on the strength 
and density of concrete [Mehta and Monteiro 
2006]. 
 
According to ACI Building Code 318 [ACI Code 
318M 2008], with a concrete unit weight between 
1500 and 2500 kg/m3, the modulus of elasticity 
were determined from: 

2/1
c

5.1
cc f043.0*E ′γ=           (1) 

Where 
cE  = static modulus of elasticity (MPa)  

cγ = concrete unit weight (kg/m3) 

cf ′  = 28-day compressive strength of standard 
cylinders (MPa). 
 
Thus, based on the density of concrete pipe of 
2280 kg/m3 and the compressive strength of 30 
MPa, the value of modulus of elasticity according 
to Eq.(1) is 25634 MPa. In this study Poisson ratio 
is assumed equal to 0.129 [Haque 1998].  
 
The cross sectional area A and moment of inertia I 
of the pipe, per unit length (namely plane pipe) 
are t*1A =  and 12/t*1I 3= , and they equal to 
47 mm2/mm and 8651.917 mm4/mm respectively. 
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BACKFILL SOIL 
 
The soil used in this study was relatively uniform 
gravelly sand with maximum particle size of 25 
mm, it  pass through sieve #25.  
 
According to ASTM D422, the backfill soil 
composed of approximately 13 % Medium 
Gravel, 74% Sand, and 1.17% fines passing sieve 
No. 200, by weight. The particle size distribution 
curve for backfill material is shown in Fig.1. The 
uniformity coefficient, Cu and coefficient of 
curvature Cc are calculated based on Fig. 1. 
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Where, D10, D30, and D60 are the diameters 
corresponding to percents finer than 10, 30, and 
60 %, respectively [Das 1984]. Based on Fig. 1 it 
is found that 125.0D10 = mm, 31.0D30 = mm 
and 9.1D60 = mm.  
 
Thus based on grain size curve and with the 
uniformity coefficient, Cu = 15.2 and the 
coefficient of curvature, Cc = 0.404, the backfill 
soil is classified as poorly graded sand with gravel 
(SP) according to unified soil classification 
system USCS. And it is classified as A-1-b soil 
class according to AASHTO. According to Iraqi 
standards this soil is classified as Granular base 
material Type D. According to ASTM C1479-07a 
it is meets the gradation requirements of Category 
I-SIDD (Standard Installation Direct Design) soil. 
The soil classification according the above data is 
summarized in Table 1.  
 
BEDDING  
 
Bedding is the first layer of embedment material 
around the tested pipe. It was finished before the 
installation of pipe. The bottom base of the soil 
box was directly overlain by the gravelly sand 
material which served as the bedding layer. 
Overall thickness of the bedding layer below pipe 
invert is constant for all tests and equal to 30 cm. 
Before transporting the complete instrumented 
pipe to the Lab the trench and bedding is 
completed. compacted backfill soil (Dense 
bedding) were used in this study, The dense 

bedding layer was leveled and compacted 
sufficiently using hand tamper. 
 
DESCRIPTION OF EXPERIMENTAL 
APPARATUS 

 
SOIL BOX 
 
A fabricated steel box with dimensions 1.5m by 
1.05m in plane and 1.3m in height was used to 
study the behavior of buried concrete pipe. As 
mentioned previously the pipes had a length of 
1000 mm, so that the ends of the pipe would not 
touch the sidewalls of the test box in which its 
width equal to 1050 mm. This means that the ends 
of the pipe are not restrained, but are free to 
undergo axial (longitudinal) expansion just as they 
would if placed with bell and spigot connections 
in the field [Moore et al., 2004 ]. 
 
The soil box was designed to have two trench 
widths, a wide trench, 1.5 m wide in which the 
clear distance between pipe and the trench wall is  
1.375 Do , namely 0.55 m  , and a narrow trench, 
0.8 m wide, in which the clear distance between 
pipe and the trench wall is  0.5 Do , namely 0.2 m. 
The natural ground (at bedding foundation and 
two sides of the trench) was simulated by soil box 
steel walls.  
  
LOADING SYSTEM 
 
The loading frame system included three essential 
components: 
1-Reaction frame: which is constructed using steel 
I sections and anchored into concrete footing with 
clear width of 1.73 m and clear height from the 
ground of 2.21 m, as shown in Fig. 2.  
 
3-Hydraulic jack: A hydraulic jack of 400 kg/cm2 
maximum capacity (which equivalent to 39.3 MPa 
or 23 tons in force unit) with a piston diameter of 
87.8 mm was used to apply the load on the 
backfill. The piston is connected to hydraulic 
power supply/control unit which operate 
manually.  
 
3- Loading Platform: After the tank was filled 
with soil a grillage consisting of three layers of 
steel sections was assembled on 6mm steel plates 
rest on top of the leveled soil surface for loading 
applications as will be discussed later. 
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MODELING OF LOADING 
 
The load was transferred from the bottom face of 
the hydraulic cylinder to the top of the backfill 
over the pipe by a loading platform. There are two 
types of loading platforms depending on the type 
of loading namely uniformly distributed load and 
patch loading. 
Thus two types of loading platforms were used in 
the present study, namely uniform load platform 
and patch platform. Each platform is a simulation 
of an actual loading type, as summarized in Table 
2.  
 
UNIFORM LOADING PLATFORM 
(EARTH FILL) 
 
The bottom of the platform comprised of steel 
plates of thickness 6 mm and dimensions cover 
the top of leveled backfill, and then closely 
arranged IPE 140 steel I-beams of 1m length 
which approximately cover the top of the backfill 
and its top plates. At the top of IPE 140 beams 
structure there was two HP 150 beam sections 
installed transversely at 1/3 span of the IPE 140 
beams from each end so that the load on these HP 
150 beams will distributed equally to the IPE 140 
beams. The hydraulic cylinder rests on a heavy 
beam of length 0.85m which in turn rest on the 
transverse HP 150 beams.  
 
PATCH LOADING PLATFORM 
 
A steel plate of size 508 mm * 254 mm with 
thickness of 30 mm was used for transferring the 
load from the hydraulic cylinder to the top of the 
backfill to represent the AASHTO HS20 truck 
wheel loading. 
 
The dimensions of the platform plate is based on 
the AASHTO specifications, due to the HS 20, 
32,000 pound and the Alternate Truck 25,000 
pound design axle are carried on dual wheels. The 
contact area of the dual wheels with the ground is 
assumed to be a rectangle, with dimensions of 10 
in * 20 in, [ACPA 2009]. 
 
DESCRIPTION OF EXPERIMENTAL 
INSTRUMENTS 
 
The experimental instruments used in the test 
series of pipe included mainly two systems: the 
data acquisition system, the pipe deflection 
measurement system, and the loading system. The 

data acquisition system consists of strain indicator 
unit. The pipe deflection measurement system 
consists of a dial gauges. The loading system is a 
special load frame facility. 
 
 
DATA ACQUISITION SYSTEM 
 
Strains of pipe surface were measured using a 
mobile data acquisition system. The data 
acquisition system used in this study includes 
personal desktop computer, strain indicator has 8 
channels and accompanying software.  The 
measured data comprised output voltages, which 
were then post processed using application 
programs and spreadsheets to derive design 
variables. 
 
In the present work the strain gauges were directly 
wired into the individual quarter-bridge 
Wheatstone circuit using the active-dummy 
method, where one strain gage serves as a dummy 
gage and one strain gage serve as active gage. 
 
TML Strain gauges Type PL-60-11 are used in all 
tests. It is an electrical resistance unidirectional 
strain gauges metal foil gages 60mm in length 
designed for measuring concrete strain on the 
surface of a concrete structure. All gauges had a 
nominal resistance of 120 ohms and a nominal 
gauge factor of 2.22. 
 
There was one primary section for each pipe. Four 
strain gages were installed in each layer (inner 
concrete and outer concrete) of the primary 
section. A total of 8 gages were installed for each 
pipe, which sums up a total of 16 gages for both 
active and dummy pipes. Uniaxial strain gauges 
were used to measure the circumferential strains 
at four separate locations around the pipe 
circumference: at the Crown, Invert and both 
Springlines. The strain gauge locations were at 
mid-span for patch loading and at 330 mm for 
uniform loadings.  
 
DEFLECTION DIAL GAUGE 
 
A dial gage of 1 cm reading capacity was used to 
measure the vertical deflection of pipe. A special 
stand was manufactured capable of adjusting the 
vertical position of dial gauge arm in addition to 
keeping it firmly inside the pipe as shown in Fig. 
3. Dial gauge is installed at mid span for patch 
loading and at 250mm for uniform and strip 
loadings. 
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SETTLEMENT MEASUREMENT DIAL 
GAUGE 
 
The settlement of the loading platforms was 
monitored using dial gauge of 5 cm reading 
capacity.  
 
COMPACTION CONTROL OF 
GRANULAR FILL AND COMPACTION 
EQUIPMENT 
 
In geotechnical engineering practice, it is 
customary to use the dry density of the compacted 
fill to control the field compaction operation. 
Accordingly, a standard Proctor density test, 
AASHTO T-90 or ASTM D698 (or Modified 
Proctor Compaction Test AASHTO T-180 or 
ASTM D1557) is performed on the soil and the 
maximum dry density of the soil determined. The 
target dry density to be achieved in the field is 
then expressed as a percentage of the maximum 
dry density. 
 
In this study the compaction characteristics of the 
test soil were determined in accordance with 
Modified Proctor Test, ASHTTO T-180. Six 
compaction tests were performed to obtain the 
moisture-density relationship of the backfill soil. 
The maximum dry density obtained was 21.5 
kN/m3 with a corresponding optimum moisture 
content of 7.6% as shown in Fig.4.  
 
The field compaction devices that are most 
commonly used in the compaction of pipe 
embedment materials are impact rammers and 
vibratory plates. In this study the mechanical 
compactor could not be used due to the limited 
space of soil box, therefore a hand tampers are 
used as compaction tool, namely manual 
compaction is used in this study. Two steel hand 
tampers with height of 1.35 m are used in this 
study, one with contact area of 200 *200 mm steel 
plate with thickness of 16 mm, and total weight of 
14.7 kg as shown in Fig. 5. This tamper was used 
for all layers except for narrow trench between 
pipe and wall region. The second is smaller than 
first tamper; which consist of a steel plate with 
200 * 100 mm contact area and thickness of 16 
mm, and total weight of 10.9 kg as shown in Fig. 
5. This tamper was used mainly with narrow 
trench conditions to compact the soil between 
pipe and trench. 
 
 
 

FIELD DENSITY MEASUREMENT 
 
In-situ density and moisture content of the backfill 
and bedding layer was monitored according to 
AASHTO T191-86 sand cone method. Sand 
passed through sieve No. 20 and retained on sieve 
No.50 was used in the sand cone apparatus. 
Density of the standard sand was determined in 
the laboratory and the average value was 1.53 
g/cm3. Weight and volume of the soil specimen 
was measured in the lab to compute the test 
density and then the compaction degree based on 
the maximum dry density of 21.5 kN/m3 and 
optimum moisture content of 7.6%. The backfill 
compaction results for each test and bedding layer 
compaction are presented in Table 3. In the 
present study the terms dense soil or dense 
compaction are used for compaction greater than 
92% and loose soil or loose compaction for 
compaction less than 90%.  
 
TEST VARIABLES  
 
Test variables included trench width, compaction 
degree, and backfill cover. All these variables are 
investigated under two types of loadings, uniform, 
and patch loadings.  
 
The investigation is accomplished to select which 
combinations could provide the proper 
information. A total of 4 tests were conducted 
with the test variables and 2 tests for the sake of 
failure load analysis (bedding factor analysis) in 
addition to the three edge bearing test, thus a total 
of 7 tests were accomplished. The test variables 
are summarized in Table 4.  
 
The descriptions of tests according to their 
variables are shown in Fig. 7.  
 
THREE EDGE BEARING TEST, TEB 
 
A three-edged bearing test is used to determine 
the strength of a rigid pipe in which this test 
strength is directly related to the load carrying 
capacity of the buried pipe. The pipe is supported 
at two locations along the bottom, and a vertical 
load is applied at the top until the pipe fails. When 
concrete pipe is subjected to a load, either by a 
testing apparatus or a field installation, this load 
tries to deform the pipe into an elliptical shape. 
During the loading process, tensile stresses 
develop on the inside of the pipe at the crown and 
invert and on the outside of the pipe at the  
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springline, and compressive stresses develop 
opposite these tensile stresses. Since concrete is  
 
strong in compression but weak in tension, cracks 
form in the tensile zones [WRI 2003]. 
 
The test pipes failed during the three edge bearing 
test at the applied vertical pressure of 73.79 bar 
which equivalent to a line load of 44.68 kN/m. 
Thus according ASTM C14M, the test pipes were 
belonging to Class 3.  
 
 
BEDDING FACTORS ANALYSIS 
 
As described earlier, the test pipe was subjected to 
loading controlled by a hydraulic jack. The load 
was applied until one of the following conditions 
was met:  
1. Maximum capacity of the load cell was 
achieved, or 
2. Invert and crown strain gages had failed, or 
3. Failure of the pipe 
 
The failure load is good criterion for the sake of 
comparison between tests and clearly reflects the 
effect of test variables on the pipe strength. It 
should be noted that failure load here is the load 
of total collapse of the pipe. Also due to 
unreinforced concrete pipe the crack load is 
slightly less than collapse load. 
 
In this study the failure load analysis was 
achieved through the bedding factor analysis, in 
which the Three Edge Bearing TEB test result is 
considered as a reference quantity for comparison 
of buried pipe strength or loading capacity. Due to 
TEB test results was in kN/m units at the pipe 
crown, therefore the vertical stress at pipe crown 
level due to the failure loads of different loading 
platforms are calculated firstly using or 
approximate method and then converted from 
stress to equivalent line loads.  
 
The vertical stress at the crown level due to patch 
loading platform is determined using an 
approximate method called the 2:1 method for 
rectangular loads. In this method the surface load 
on an area B x L is dispersed at a depth z over an 
area (B + z) x (L + z) as shown in the Fig. 6. The 
vertical stress increment under the center of the 
load is [USACE (EM 1110-1-1904) 1990]: 

)zL(.)zB(
QPQ ++

=    (4) 

 
Where Q = is the resultant of a surface rectangular 
load, kN.  
Finally, for uniform loading platform which could 
be expressed as simulated earth fill; the 
overburden pressure due to gravity loads is 
expressed by the following relation: 
 

HP sg γ=     (5) 
where, γs = unit weight of soil. 
 
Thus after determination the vertical stress at the 
buried pipe crown due to applied surface load, it is 
converted to equivalent line load at the pipe crown 
by multiplying the stress by outside diameter of 
the pipe, namely 397 mm as shown in Table 5.   
 
Once the pipe load has been determined, the next 
step in pipe failure load investigation involves 
defining the bedding factor. The bedding factor is 
defined as the ratio between the supporting 
strength of the buried pipe to the strength of the 
pipe in a three-edge bearing test [Selig and 
Packard 1987]. The bedding factor is determined 
according to the following equation [Wong et al., 
2002]: 
 

TEB
WW

B EL
f

+
=    (6) 

 
Where Bf is the bedding factor, WL is live load 
such as vehicle load, WE is earth load (here due to 
30cm or 60 cm backfill covers) and TEB is the 
Three Edge Bearing test strength. According to 
above equations the bedding factors for each test 
were calculated and summarized in Table 5. 
 
In the present study the bedding factors are 
indication for quality of pipe-soil system, namely 
as the bedding factor values are high as the 
installation quality is good. Thus higher values of 
bedding factors are not necessary to be 
accompanied with higher failure loads.   
 
Based on Table 5, the highest bedding factor is 
2.30 for Test No.5 and lowest bedding factor is 
1.26 for Test No.6, these results are expected due 
to Test No.5 used dense backfill while for Test 
No.6 uncompacted backfill was used. 
   
For the same backfill cover and the same bedding 
conditions as for Tests No.1 and 2 the bedding 
factors are considerably different due to different 
compaction efforts which indicate that the pipe-
soil strength considerably is affected by the 
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backfill compaction although similar conditions of 
bedding or cover conditions.  
 
ANALYSIS OF BACKFILL 
COMPACTION EFFECT 
 
The comparison was accomplished for two 
loadings types, uniform loading and patch loading 
as shown in Table 6.  
 
STRAIN ANALYSIS 
 
Generally, the experimental data obtained from 
the tests were not the direct reading of strain, and 
they were only the readings of voltage change. 
Therefore, to obtain the readings of the strain, the 
experimental data needed to be transformed after 
tests, in this study an Excel Spreadsheets are 
developed for data transformation.  
 
According to quarter-bridge Wheatstone circuit, if 
the resistances are R1, R2, R3 and R4 (in Ohm, 
Ω) and the bridge voltage is E (in Volt, V). Then, 
the output voltage ov (Volts) is obtained with the 
following equation: 
 

E..G.
4
1E.

R
R.

4
1v so ε=

∆
≈            (7) 

 
Where 
R1 = Strain gage resistance  

1R∆ = Change in strain resistance 
ε  = strain 

sG = Gage factor 
 
Thus the obtained is an output voltage that is 
proportional to a change in resistance, i.e. a 
change in strain. This microscopic output voltage 
is amplified for analog recording or digital 
indication of the strain. 
 
Thus the strain is computed from the following 
equation 
 

E*G
V*4

s

∆
=ε          (8) 

 
Where V∆ = change in voltage (reading of the 
increment of voltage) 
 
In general the strains for loose compaction were 
always greater than that of dense compaction 
which is expected conclusion as shown in Fig. 8 

to Fig. 11. At springlines there are relatively slight 
different between tests set for both loading 
conditions as shown in Fig. 10 and Fig. 11 which 
mean that there are small difference between 
compaction in both tests either loose or dense 
compaction. The approximately similar 
compaction effort at springlines of tests sets are 
due to the compaction by hand tamper faced 
difficulties at springlines region such as limited 
space or avoid pipe damage, thus this results are 
expected. 
The tensile strains are relatively closed between 
tests set in case of uniform load but there are clear 
gaps in case of patch loading especially at invert 
and crown as shown in Fig. 8b and Fig. 9b, in 
which there are rapid and sharp increasing in 
tensile strains with increasing loadings in case of 
loose compaction which reflect the probability of 
rapid growth of cracking. .   
In contrast, the compressive strains are relatively 
closed between tests set in case of patch loading 
but there are clear gaps in case of uniform 
loadings, in which the gap increased with load 
increasing as shown in Fig. 8a and Fig. 9a. 
  
BENDING MOMENT ANALYSIS 
 
The bending moment and the thrust force can be 
obtained from the experimental strain data of the 
test pipes. If the strains are known through the 
thickness, then the bending moment and thrust in 
the pipe wall can be computed from equations of 
mechanics of materials. 
From the principles of strength of materials, 
circumferential stresses at the inside and the 
outside walls of the pipe due to beam bending and 
axial forces are expressed as follows 
 

I
c*M

A
P

i +=σ     (9) 

 

I
c*M

A
P

o −=σ     (10) 

 
Where , 

oi , σσ = Circumferential stresses at the inside and 
outside of the pipe respectively N/m2. 
P = Axial thrust per unit length of the pipe, N/m 
A = Cross-sectional area per unit length of the 
pipe, m2/m). 
M = Bending moment per unit length of the pipe , 
N-m/m. 
c = Distance from the neutral axis to the extreme 
fiber, m. 
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I = Moment of inertia of unit length of pipe wall 
(m4/m). 
 
According to the principles of theory of elasticity, 
the circumferential stresses can be related to the 
strain gage readings from the inner and the outside 
walls of the pipe as 
 

ici *E ε=σ     (11) 
 

oco *E ε=σ     (12) 
 
where, 

oi , εε = Circumferential strains at the inside and 
outside of the pipe wall respectively,  

cE = Young's modulus of pipe materials, N/m2. 
 
Further, when subtracting Eq.(9) from Eq.(10), 
and substituting the value for circumferential 
stresses from Eq.(11) and Eq.(12)  , the equation 
to calculate the bending moment is obtained as 
follows: 
 

I*E*
c*2

)(I*
c*2

)(M c
oioi ε−ε

=
σ−σ

=    (13) 

 
The sign conventions are, the axial thrust is 
assumed to be positive in tension and the bending 
moment is positive when producing tension in the 
exterior fibers of the pipe wall. 
In general the bending moments for loose 
compaction under similar loading were always 
greater than that of well compacted soil, the 
results are shown in Fig. 12 and Fig. 13. At both 
springlines the bending moments coincided, this is 
because springline compaction (by hand tamper) 
is less than the rest to avoid pipe damage, thus 
these results are expected. At crown and invert, 
the bending moment of pipe with loose backfill 
were higher that those of well compacted backfill 
with gap increasing with increasing applied load.  
At invert, there is sharp increase in bending 
moment of loose backfill in comparison with well 
compacted backfill under both loading conditions 
as shown in Fig. 13a and Fig. 13b, 
 
DEFLECTION ANALYSIS 
 
As expected the vertical deflection of pipe in case 
of loose backfill are greater than that of well 
compacted backfill as shown in Fig. 14 (for Tests 
No.1 and No.2 there are no available data for 
deflection). The deflection of Test No.4 (dense 

compaction) at load increment before failure was 
0.14 mm (0.047% as percent from internal 
diameter of 300mm) while for Test No.3 (loose 
compaction) the deflection for load increment 
before failure was 0.185mm. this reflect that the 
buried strength increased considerably with 
compaction effort of surround backfill.  
 
 
SETTLEMENT ANALYSIS 
 
The settlement actually decreased with increasing 
backfill effort, this concept clearly appears in Fig. 
15. It clearly indicate that settlement of patch 
platform was much greater than the settlement of 
uniform platform due to small contact area of 
patch platform in comparison with uniform 
platform. Fig. 15 indicate that the shape of 
settlement curve patch loading platform were 
sharply increased with increasing loading after 
loading of 19 kN in case of loose backfill while 
the sharp increase start after loading of 78 kN in 
case of well compacted backfill.  
 
FAILURE LOAD ANALYSIS 
 
The failure loads of dense compaction tests were 
higher than that of loose compaction tests, as 
shown in Table 7. 
 
In general a single crack pattern has been 
observed for all pipes pipe, which appear as 
longitudinal and approximately straight cracks 
along the inner faces of invert and crown and 
outer faces of springlines, namely flexural cracks 
as shown in Fig. 16.   
 
CONCLUSIONS 
 
Based on the analysis results the following 
conclusions can be drawn: 
 
1. The highest bedding factor obtained is 2.30 for 
dense backfill and lowest bedding factor is 1.26 
for uncompacted backfill. 
 
2.For the same backfill cover and the same 
bedding conditions as for the bedding factors are 
considerably different due to different compaction 
effort which indicate that the pipe-soil strength 
considerably affected by the backfill compaction 
although similar conditions of bedding or cover 
conditions.  
 
3. It is found that the compaction of backfill cover 
of 30 cm or 60 cm over the pipe crown and also  
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The backfill below the springline will improve the 
installation of the concrete pipe and then the 
strength of pipe-soil system. 
 
4. The collapse loads of pipes under uniform load 
with 60cm backfill cover; ranged from surface 
overburden pressures of 131.2 kPa (very loose 
backfill) to 248.2 kPa (well compacted backfill) 
overburden pressures which yield that installation 
quality can increase the strength of pipe-soil 
system to approximately 50% as an upper limit.  
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Table (1): Soil Classifications 
 

Standards ASTM D2487 AASHTO 
M145 

Iraqi S ASTM C1479-07a 

Soil Classification SP (Poorly graded 
sand with gravel) 

A-1-b Class D 
 

Gravelly Sand (Category I) 

 
 

Table (2): Loading Platforms Types 
 

No. Loading Platform Simulation of Length, m Width, m Contact 
area m2 

1 Uniform loading Earth fill 0.8 1.05 0.840 
2 Patch Platform AASHTO HS20 wheel 0.508 .254 0.129 

 
 

Table (3): Soil Densities and Compaction Degree for Tests 
 

Test No. Wet Density Dry Density Water Content Compaction 

Dense Bedding 22.15 21.18 4.60 98.51 
Test_No.1 19.75 19.07 3.56 88.71 
Test_No.2 20.78 19.90 4.45 92.54 
Test_No.3 20.81 19.23 8.20 89.45 
Test_No.4 21.07 19.92 5.75 92.65 
Test_No.5 21.27 20.19 5.37 93.90 
Test_No.6 19.09 18.37 3.91 85.43 

 
 

Table (4): Variables of Tests 
 

Test 
No. 

Trench 
width 

Cover of 
backfill 

Backfill Compaction Loading Bedding 
compaction 

1 Narrow 30 cm Loose Compacted Uniform loading Compacted 
2 Narrow 30 cm Dense Compacted Uniform loading Compacted 
3 Wide 60 cm Loose Compacted Patch Platform Compacted 
4 Wide 60 cm Dense Compacted Patch Platform Compacted 
5 Narrow 60 cm Dense Compacted Uniform loading Compacted 
6 Narrow 60 cm Not Compacted 

(Rained Soil) 
Uniform loading Compacted 

7 Three Edge Bearing Tests 
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Table (5): Bedding Factors for Different Tests 

Failure Loading Test 
No. 

Cover 
above 
crown 

Loading 
Type kN kN/m2 

Vertical 
Stress at 

crown kN/m2 

Vertical 
Load 
kN/m 

Bedding 
Factor, Bd 

1 30 cm Uniform 156.4 186.2 192.29 75.76 1.70 
2 30 cm Uniform 178.7 212.8 218.89 86.24 1.93 
3 60 cm Patch 134 1039.0 155.50 61.27 1.37 
4 60 cm Patch 141.5 1096.8 163.52 64.43 1.44 
5 60 cm Uniform 208.5 248.2 260.38 102.59 2.30 
6 60 cm Uniform 110.2 131.2 143.38 56.49 1.26 

 
Table (6): Tests Used in Backfill Compaction Analysis 

 
Set 
No. 

Dense Compaction Tests Loose Compaction Tests Loading Type 

1 Test No.2 Test No.1 Uniform 
2 Test No.4 Test No.3 Patch 

 
 

Table (7): Effect of Backfill Compaction on Failure Load 
 

Dense Compaction Tests Loose Compaction Tests Set 
No. Test No. Failure 

Load 
Test No. Failure Load 

Loading Type 

1 Test No.2 212.8 KN/m2 Test No.1 186.2 KN/m2 Uniform 
2 Test No.4 141.5 KN Test No.3 134 KN Patch 
3 Test No.5 248.2 KN/m2 Test No.6 131.2 KN/m2 Uniform 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (1): Grain Size Distribution For Backfill Soil 
Particle Diameter, mm 
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Figure (3): Deflection Dial Gauge and Its Adjustable 
Stand 

48 175

100

17.5

2210 

1730 

2200 

Crisscrossing 

U80  

IPE140  

HEB 300  

Bolts Ф24

IPE 200  IPE140  

700 

Figure (2): Reaction Frame Dimensions in Millimeters  
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Figure (4): Typical Compaction Curve (Water 
Content versus Dry Unit Weight) 

Figure (6) : Approximate Stress 
Distribution by the 2:1 Method 
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Figure (5): Steel Hand Tampers 



Prof. Dr. Mosa Jawad Al-Mosawe                                                                       Investigation of Backfill Compaction 
Ass. Prof. Dr. AbdulMuttalib Issa Said                                                                     Effect on Buried Concrete Pipes  
Abbas Oda Dawood 

 193

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Loose Backfill 

Test No.3 

Dense Bedding 

Load 

Dense Backfill 

Test No.4 

Dense Bedding 

Load 

Load 

Dense Backfill 

Dense Bedding 

Test No.2 

Load 

Loose Backfill 

Dense Bedding 

Test No.1 

Figure (7): Description of Tests Variables 
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Figure (8): Compaction Effect on Pipes Strains at Crown 
a: Uniform Loading 

Tension 

Compression 

b: Patch Loading 

Tension 

Compression 

b: Patch Loading a: Uniform Loading 
Figure (9): Compaction Effect on Pipes Strains at Invert 

Tension 

Compression 

Tension 

Compression 

Figure (10): Compaction Effect on Pipes Strains at Right Springline 
a: Uniform loading b: Patch loading 

Tension 

Compression 

Tension 

Compression 
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Figure (11): Compaction Effect on Pipes Strains at Left Springline 
a: Uniform Loading b: Patch Loading 

Tension 

Compression 

Tension 

Compression 

Figure (12): Compaction Effect on Pipes Bending Moments at Crown and Right Springline 
a: Uniform Loading b: Patch Loading 

Figure (13): Compaction Effect on Pipes Bending Moments at Invert and Left Springline 
b: Patch Loading a: Uniform Loading 
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 Figure (16): Cracking Pattern 

Figure (14): Compaction Effect on Pipes Vertical Deflections 

Figure (15): Compaction Effect on Loading Platform Settlement 
b: Patch Loading a: Uniform Loading 
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ABSTRACT 
The aim of this study is to propose mathematical expressions for estimation of the flexural strength of 
plain concrete members from ultrasonic pulse velocity (UPV) measurements. More than two hundred 
pieces of precast concrete kerb units were subjected to a scheduled test program. The tests were divided into two 
categories; non-destructive ultrasonic and bending or rupture tests. For each precast unit, direct and indirect 
(surface) ultrasonic pulses were subjected to the concrete media to measure their travel velocities. The results of 
the tests were mointered in two graphs so that two mathematical relationships can be drawn. Direct pulse 
velocity versus the flexural strength was given in the first relationship while the second equation describes the 
flexural strength as a function of indirect (surface) pulse velocity. The application of these equations may be 
extended to cover the assessment of flexural strength of constructed concrete kerb units or in-situ concreting 
kerbstone and any other precast concrete units. Finally, a relation between direct and indirect pulse velocities of 
the a given concrete was predicted and suggested to be employed in case when one of the velocities is not 
available can be measured for other ultrasonic pulse test applications 
 
KEY WORDS: Nondestructive tests, ultrasonic, pulse velocity, flexural strength, concrete kerbs. 

  

   سرعة النبضات فوق السمعيةمنالتنبؤ بمقاومة انحناء الخرسانة 
  

  علاء حسين علوان الزهيري.د
  مدرس

  الخلاصة
حناء للأعضاء الخرسانية الخالية من حديد التسليح من       نموذج رياضي لتخمين مقاومة الأن     أقتراحالغرض من اجراء هذه الدراسة هو       

تم تعريض أكثر من مائتي قطعة من وحدات الأرصفة الخرسانية السابقة الصب لبرنامج              .خلال قياس سرعة النبضات فوق السمعية     
سلطت . عند الكسر فحوص لا إتلافية فوق السمعية وفحوص مقاومة الأنحناء         : انقسمت الفحوص المجراة الى نوعين    . فحص مجدول 

لقد تـم   . النبضات فوق السمعية بنوعيها المباشرة وغير المباشرة وأنفذت خلال الوسط الخرساني لقياس سرعة مرور هذه النبضات               
تضمنت المعادلة الأولى العلاقة بين سرعة النبضات       . إظهار نتائج الفحص في مخططين منفصلين للحصول على علاقتين رياضيتين         

ومما تجدر الأشارة   . مة الأنحناء فيما وصفت المعادلة الثانية مقاومة الأنحناء كدالة من سرعة النبضات غير المباشرة             المباشرة ومقاو 
 أو المنفـذة باسـتعمال   تين ليشمل تخمين مقاومة الأنحناء لوحدات الأرصفة المشيدةلإليه إنه يمكن توسيع مدى استعمال هاتين المعاد      

وأخيراً تم إستنباط علاقة بين سـرعتي النبـضات المباشـرة           . الخرسانية السابقة الصب الأخرى   الصب الموقعي وكذلك للوحدات     
 في حالة عدم التمكن من قياس احدى السرعتين في تطبيقات فحص النبـضات فـوق                يمكن استعمالها وغيرالمباشرة لنفس الخرسانة    

   .السمعية الأخرى
 .، سرعة النبضات، مقاومة الأنحناء، أرصفة خرسانية، فوق السمعيةفحوص لا إتلافية :الكلمات الرئيسية
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1. INTRODUCTION 
 
The non Destructive Testing (NDT) of concrete has 
a great technical and useful importance. This testing 
technique has been grown during the last decads 
especially in the case of construction quality 
assessement (Shariati et al.). The main advantage of 
(NDT) method is to avoid damaging of concrete or 
impairing the function of consrtucted structural 
components. Besides, its use is simple, quick and 
test results are avialble on the site (Hobbs and 
Tchoketch). Ultrasonic pulse velocity (UPV) and 
Shmidt rebound hammer (SRH) are so familiar 
(NDT) methods. The use of (UPV) to non-
destructive assessment of concrete quality has been 
extensively investigated for decads (Solis-Carcano 
and Moreno). The test is based on measuring the 
velocity of an ultrasonic pulse passing through the 
tested solid material. According to the theory of the 
sound propagation, the pulse velocity depends on 
the density and elastic properties of that material 
and independent of the frequency of the pulse 
(C.N.S. Electronics). 

It can be shown that the pulse velocity of 
longitudinal ultrasonic vibration travelling through 
an elastic solid is given by: (Krautkramer and 
Krautkramer) 
 

( )
( )( )νν

ν
ρ 211

1EUPV
−+

−
=                           (1) 

 
Where, E = dynamic elastic modulus 
            ρ = the density 
            ν = Poisson's ratio. 
 When ultrasonic testing is applied to metals 
to detect internal flaws, the former send the echoes 
back in the direction of the incident beam of pulse. 
The measurment of time taken for the pulse to travel 
from a surface to a flaw and back again enables the 
position of the flaw to be located. Such a technique 
can not be applied to hetrogeneous materials like 
concrete since echoes are generated at numerous 
boundaries of different phases within these 
materials resulting in a general scattering of pulse 
energy in all directions. Based on this fact, it is 
recommended that the pulse frequency used for 
testing concrete is much lower than that used in 
metal testing. The higher the frequency, the 
narrower the incident beam of pulse propagation but 
the greater the attenuation (or damping out) of the 
pulse vibration. The frequencies suitable for these 
materials (metal and concrete) range from about 

20kHz to 250kHz with 50kHz being appropriate for  
the field testing of concrete (C.N.S. Electronics). 
 
1.1 Historical Backgroud 
 The historical review of development of ultrasonic 
pulse test shows that the technique is used first in 
1946 and 1947 in Canada by engineers at the 
Hydro-Electric Power Commission of Ontario to 
investigate the extent of cracking in dams. The 
developed device is called Sonicsop. It was capable 
of penetrating up to 15m of concrete and measure 
the travel time with an accuracy of 3%. In early uses 
of the soniscope on mass concrete, the emphasis 
was on measuring the pulse velocity rather than 
estimating strength of concrete. 

 As stated by Carino (1994), Parker (1953) 
reported on early attempts at Ontario Hydro to 
develop relationships between pulse velocity and 
compressive strength. At the same time when work 
on the soniscope was in progress in Canada, R.Jones 
and co-workers at the Road Research Laboratory 
(RRL) in England were involved to develop an 
ultrasonic testing apparatus (Jones (1949) stated by 
Carino (1994)). The apparatus that was developed 
and called Ultrasonic Concrete Tester operated at a 
higher frequency  than the soniscope to produce 
pulses of shorter path lengths.  

Through his wide experience in UPV test, 
Jones (Carino) established the inherent problems in 
using the pulse velocity to estimate concrete 
strength. Despite these early finding, numerous 
researchers dealed with prediction of concrete 
compressive strength by measuring the pulse 
velocity through their media. Most of these works 
proposed corellations or imperical equations for 
application to extended ranges of concrete. 
 
1.2 Literature Review   
A brief review of some selected works from the 
avialable literature is shown in Table1. The review 
was concenterated on works from which the 
mathematical correlations were proposed. 
 Through this fair review of literature it was 
seen that most of researchers (if not all) dealed with 
the estimation of concrete compressive strength 
from UPV test. No work was found interested in 
estimation of flextural strength. For this reason the 
present study was conducted. On the other hand, 
flexural strength estimation from UPV helps to 
control the quality of some precast units that should 
resist a certain value of flexural stress. 
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Table 1: Review of some sellected works from literature 
 

No. Author Year Proposed Correlation Notes 
1 Jones 1962 V53.0

cu exp8.2f =  

2 Elvery and 
Ibrahim 1976 V27.2

cu exp0012.0f =  

3 Raouf and Ali 1983 V61.0
cu exp016.2f =  

4 Abdul-Salam 1992 V123199fcu +−=  

5 Lopes and 
Neponmuceno 2001 V885.2

cu exp00015.0f =  

6 Tumendemberel 
and Baigalimaa 2001 502.111V076.0V10356.1f 25

cu +−×= −

7 Malhotra and 
Carino 2004 V033.06.109fcu +−=  

8 Nash't et al. 2005 V715.0
cu exp19.1f =  

9 Ali 2008 83.0exp26.0f sV
cu −=  

10 Lawson et al. 2011 V001.0
cu exp053.0f =  

11 Shariati et al. 2011 358.34V533.15fcu −=  

12 Jassim 2012 V964.0
cu exp395.0f =  

fcu = compressive strength 
in MPa. 
V = direct pulse velocity 
in km/sec. 
Vs = indirect (surface) 
pulse velocity in km/sec. 

 
2. EXPERIMENTAL WORKS  
 
203 precast concrete kerb units were used through 
out this work. The units have different dimensions. 
The length is ranged between 500-1000mm and 
width between 100-200mm while 250-300mm is the 
range of height. Each unit is submitted to the 
following testing program: 
1. Measuring of dimensions and locating the points 
at which the ultrasonic transducers will be attached 
for both direct and indirect tests (Fig.1.a). 
2. Grease oil is used at located points to be a 
suitable coplent between transducer and concrete 
face of the precast units (Fig.1.b). 
3. Five direct UPV tests were taken for each unit 
using 55kHz transducers. The tests were conducted 
in a mannar so that the travel path of the ultrasonic 
pulse is across the width of the unit (Fig.1.c). This is 
done to simulate the future field UPV test on 
constructed concrete kerb units in the road. 
4. Indirect (surface) UPV tests were performed at a 
constant pulse travel distance of 200mm (Fig.1.d) 
using the same transducers that used in direct test. 
5. Finally, each precast unit was subjected to 
flextural stress to the failure via utilizing the 

bending machine shown in Fig.2. The flextural 
strength is computed from eq.1: 
 

I4
PLyf r =                                                            (1) 

Where, 
fr = flexural strength in MPa 
P = applied force in Newtons 
L = span length in mm 
y = distance from the neuteral axis of precast unit 
section to the extreme fiber in mm 
I = moment of inertia of precast unit section in mm4. 
 
3. RESULTS AND DISCUSSION 
    
The results of the direct and indirect tests that were 
conducted on the precast concrete kerb units were 
tabulated in Table2. Direct and indirect (or surface) 
velocities were calculated at five different locations 
for each precast kerb unit. Then the average velocity 
of these five readings in both direct and surface tests 
was determined. To investigate the scattering of the 
velocities in both direct and indirect tests, the 
standard deviation was calculated. 
 In all tests, as it was expected, the average 
direct velocity was greater than the indirect one. 
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The increase in the length of pulse insident beam 
from the measured distance between transducers in 
the indirect test stand behind this fact. 
 It was noted that the maximum value of 
standard deviation was 0.055 km/sec for direct tests 

and 0.057 km/sec for surface tests. The 
corresponding coefficients of variation were 1.37% 
and 1.24% respectively.  

 
Table 2: Ultrasonic pulse velocity test results  

 

No. Av. V 
km/sec 

SDD 
km/sec 

Av. Vs 
km/sec 

SDS 
km/sec 

fr 
MPa No. Av. V 

km/sec 
SDD 

km/sec 
Av. Vs 
km/sec 

SDS 
km/sec 

fr 
MPa 

1 4.70 0.021 4.26 0.042 3.11 53 4.65 0.023 3.75 0.035 3.44
2 4.79 0.024 4.28 0.024 3.15 54 4.59 0.022 3.76 0.049 3.56
3 4.83 0.046 4.29 0.027 3.18 55 4.61 0.022 3.78 0.032 3.36
4 3.48 0.019 3.38 0.013 2.09 56 4.25 0.050 4.13 0.028 3.50
5 3.50 0.041 3.44 0.039 2.13 57 4.32 0.030 4.06 0.017 3.73
6 3.50 0.037 3.48 0.034 2.21 58 4.66 0.043 4.40 0.034 3.45
7 4.13 0.044 3.92 0.022 2.22 59 3.76 0.029 3.15 0.021 2.02
8 4.12 0.045 3.95 0.038 2.29 60 4.32 0.031 3.71 0.014 3.06
9 4.08 0.026 3.97 0.038 2.30 61 4.34 0.044 3.98 0.046 2.96

10 4.33 0.031 3.92 0.055 3.33 62 4.45 0.027 4.38 0.038 3.60
11 4.40 0.053 3.94 0.037 3.77 63 4.46 0.044 4.43 0.024 3.76
12 2.89 0.015 2.56 0.007 1.39 64 4.46 0.030 4.41 0.043 3.98
13 2.89 0.017 2.55 0.012 1.40 65 4.43 0.030 4.38 0.053 3.82
14 2.91 0.018 2.55 0.005 1.42 66 4.42 0.053 4.37 0.051 3.92
15 3.33 0.027 3.10 0.017 2.40 67 4.50 0.035 4.48 0.050 3.71
16 3.33 0.014 3.08 0.016 2.33 68 4.80 0.028 3.86 0.018 3.37
17 3.37 0.036 3.06 0.024 2.33 69 4.39 0.040 3.98 0.024 2.73
18 4.78 0.026 4.46 0.040 3.83 70 4.31 0.051 3.94 0.037 2.73
19 4.89 0.021 4.52 0.026 4.11 71 4.26 0.013 3.95 0.029 2.67
20 4.81 0.033 4.49 0.050 3.99 72 4.18 0.054 3.94 0.047 2.72
21 4.91 0.047 4.51 0.048 3.94 73 4.13 0.032 3.92 0.052 2.81
22 4.79 0.021 4.48 0.040 4.16 74 4.16 0.037 3.90 0.028 2.72
23 4.89 0.026 4.46 0.047 3.83 75 4.91 0.029 4.56 0.023 3.75
24 4.59 0.043 4.37 0.031 3.90 76 3.56 0.035 2.30 0.018 1.77
25 4.74 0.048 4.21 0.029 3.59 77 3.55 0.034 2.29 0.016 1.82
26 4.83 0.016 4.33 0.017 3.82 78 3.60 0.020 2.30 0.035 1.77
27 4.72 0.036 4.28 0.054 3.70 79 5.07 0.041 4.90 0.033 4.61
28 4.79 0.026 4.19 0.033 2.87 80 5.17 0.050 4.89 0.040 4.73
29 4.87 0.017 4.24 0.039 2.93 81 5.15 0.031 4.88 0.045 4.67
30 4.16 0.023 3.85 0.049 2.38 82 4.65 0.052 3.92 0.040 3.25
31 4.28 0.036 3.81 0.045 2.42 83 4.74 0.027 4.16 0.054 3.34
32 4.25 0.046 3.86 0.039 2.44 84 4.79 0.013 4.28 0.031 3.44
33 4.20 0.039 3.64 0.038 2.96 85 4.82 0.033 4.36 0.055 3.34
34 4.29 0.036 3.82 0.031 3.18 86 4.88 0.049 4.34 0.012 3.34
35 4.45 0.032 3.79 0.042 3.35 87 4.82 0.039 4.39 0.046 3.44
36 4.42 0.046 3.76 0.036 3.29 88 4.95 0.029 4.46 0.018 3.54
37 4.59 0.049 4.13 0.028 3.80 89 4.79 0.039 4.32 0.046 3.44
38 4.64 0.050 3.93 0.039 3.59 90 4.86 0.045 4.46 0.048 3.54
39 4.70 0.016 4.03 0.044 3.77 91 4.89 0.053 4.50 0.046 3.58
40 4.79 0.046 4.05 0.024 3.77 92 4.84 0.047 4.51 0.047 3.54
41 4.73 0.040 4.43 0.046 4.10 93 4.82 0.034 4.63 0.037 3.62
42 4.74 0.019 4.59 0.057 4.23 94 5.05 0.046 4.80 0.039 4.30
43 4.81 0.033 4.56 0.054 4.21 95 4.57 0.022 4.23 0.015 3.69
44 4.91 0.013 4.60 0.046 4.29 96 4.52 0.031 4.22 0.025 3.85
45 4.87 0.034 4.61 0.048 4.18 97 4.50 0.029 4.24 0.020 3.79
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46 4.87 0.034 4.59 0.052 4.07 98 5.06 0.041 4.88 0.048 4.41
47 4.34 0.033 4.06 0.034 3.81 99 5.06 0.041 4.94 0.049 4.26
48 4.38 0.053 4.17 0.042 3.85 100 5.07 0.021 4.92 0.039 4.62
49 4.35 0.054 4.12 0.031 3.84 101 4.85 0.030 4.46 0.027 3.19
50 4.60 0.024 3.88 0.042 3.33 102 4.75 0.035 4.34 0.018 3.12
51 4.55 0.031 3.80 0.048 3.31 103 3.76 0.025 3.63 0.053 2.43
52 4.58 0.035 3.76 0.037 3.47 104 5.15 0.047 5.02 0.034 4.97
To be continued 

 
Table 2: Ultrasonic pulse velocity test results (continued) 

 

No. Av. V 
km/sec 

SDD 
km/sec 

Av. Vs 
km/sec 

SDS 
km/sec 

fr 
MPa No. Av. V 

km/sec 
SDD 

km/sec 
Av. Vs 
km/sec 

SDS 
km/sec 

fr 
MPa 

105 5.51 0.029 5.13 0.031 5.06 155 3.57 0.019 3.52 0.012 2.51 
106 5.66 0.050 5.18 0.038 5.09 156 3.55 0.030 3.52 0.023 2.48 
107 5.45 0.036 5.30 0.045 5.06 157 3.61 0.023 3.34 0.024 2.20 
108 4.76 0.036 4.20 0.038 3.17 158 3.63 0.034 3.38 0.021 2.06 
109 4.90 0.043 4.05 0.031 3.39 159 3.61 0.020 3.36 0.015 2.01 
110 4.85 0.051 4.06 0.054 3.22 160 4.86 0.027 4.45 0.045 3.88 
111 4.85 0.038 4.05 0.042 3.61 161 4.79 0.045 4.44 0.035 3.61 
112 4.84 0.034 3.97 0.040 3.30 162 4.85 0.042 4.38 0.035 3.87 
113 4.91 0.042 4.00 0.041 3.69 163 4.64 0.025 3.60 0.032 3.12 
114 4.37 0.041 3.94 0.027 3.13 164 4.73 0.040 3.60 0.015 3.17 
115 4.36 0.025 3.94 0.043 3.07 165 4.91 0.044 3.94 0.044 3.54 
116 4.46 0.030 3.95 0.045 3.07 166 4.38 0.037 3.71 0.013 3.29 
117 4.45 0.025 3.96 0.021 3.09 167 4.36 0.032 4.10 0.028 3.37 
118 4.36 0.016 3.94 0.041 2.93 168 4.36 0.020 4.09 0.024 3.57 
119 4.44 0.041 3.92 0.027 2.98 169 4.33 0.029 4.11 0.029 3.53 
120 4.46 0.012 4.02 0.048 3.07 170 3.94 0.037 3.56 0.034 2.86 
121 4.35 0.050 3.95 0.050 2.96 171 3.95 0.020 3.56 0.030 2.96 
122 4.38 0.035 3.88 0.046 3.02 172 4.04 0.037 3.54 0.027 2.97 
123 5.44 0.019 4.85 0.037 4.81 173 4.85 0.054 4.38 0.052 4.07 
124 4.41 0.030 3.91 0.035 3.17 174 4.89 0.041 4.28 0.044 3.90 
125 4.39 0.023 3.94 0.037 3.39 175 4.90 0.039 4.28 0.047 3.98 
126 4.35 0.025 3.99 0.052 3.23 176 4.75 0.039 4.30 0.056 3.82 
127 5.20 0.018 5.03 0.025 4.88 177 4.80 0.023 4.34 0.016 3.97 
128 5.21 0.031 5.03 0.050 4.98 178 4.95 0.041 4.34 0.013 4.02 
129 5.21 0.027 4.95 0.017 4.91 179 4.22 0.040 4.01 0.021 3.03 
130 4.90 0.040 4.10 0.040 4.07 180 4.19 0.025 4.01 0.041 3.06 
131 4.61 0.035 4.13 0.047 4.18 181 4.19 0.029 4.02 0.018 3.04 
132 4.46 0.017 4.10 0.017 4.18 182 3.97 0.017 3.47 0.041 2.35 
133 4.93 0.043 4.85 0.044 4.24 183 3.96 0.038 3.54 0.033 2.51 
134 4.81 0.042 4.81 0.049 4.30 184 3.96 0.032 3.51 0.038 2.37 
135 4.87 0.043 4.95 0.039 4.36 185 4.94 0.050 4.53 0.051 3.53 
136 4.66 0.026 4.27 0.042 3.78 186 5.32 0.027 4.73 0.047 4.27 
137 4.75 0.049 4.29 0.046 3.62 187 5.49 0.051 4.78 0.041 4.39 
138 4.66 0.020 4.30 0.040 3.66 188 4.91 0.026 4.53 0.024 4.29 
139 3.09 0.040 2.66 0.057 1.66 189 4.98 0.027 4.52 0.042 4.30 
140 2.92 0.023 2.63 0.042 1.61 190 4.99 0.040 4.53 0.027 4.36 
141 3.00 0.025 2.63 0.055 1.64 191 4.64 0.014 3.60 0.032 3.23 
142 3.65 0.035 2.92 0.026 2.12 192 4.75 0.047 3.60 0.015 3.28 
143 3.68 0.027 2.83 0.047 2.17 193 4.91 0.035 3.94 0.044 

3.58 
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144 3.65 0.012 2.70 0.035 2.04 194 4.78 0.031 4.46 0.028 3.77 
145 5.05 0.051 4.44 0.032 4.37 195 4.89 0.040 4.52 0.013 4.05 
146 5.07 0.036 4.51 0.034 4.46 196 4.81 0.031 4.49 0.032 3.94 

147 5.15 0.045 4.48 0.052 4.37 197 4.91 0.033 4.51 0.029 3.88 

148 3.93 0.035 3.28 0.021 2.34 198 4.79 0.006 4.48 0.030 4.11 
149 4.02 0.055 3.34 0.030 2.46 199 4.89 0.022 4.46 0.038 4.05 
150 3.95 0.030 3.54 0.054 2.44 200 5.49 0.044 4.78 0.026 4.43 
151 4.99 0.016 4.53 0.024 4.16 201 4.41 0.041 4.09 0.046 3.20 
152 5.05 0.038 4.52 0.042 4.18 202 4.41 0.030 4.11 0.037 3.22 
153 5.06 0.046 4.53 0.027 4.24 203 4.45 0.023 4.21 0.033 3.29 
154 3.47 0.025 3.48 0.030 2.47
 
Av. V: average direct ultrasonic pulse velocity in km/sec,  Av. Vs: average indirect (surface) ultrasonic pulse velocity in 
km/sec, SDD: standard deviation for direct velocity in km/sec, SDS: standard deviation for indirect (surface) velocity in 
km/sec and  fr = concrete flexural strength in MPa. 
These acceptable ranges of standard deviation and 
coefficient of varaition indicate that good control on 
the use of testing machine was achieved during the 
testing program. 
 The results of direct and surface velocities 
shown in Table2 were plotted againest the flexural 
strength in two seperated diagrams. One diagram is 
for direct test method (Fig. 3) and the other for 
indirect test method (Fig. 4). For each diagram, the 
data were submitted to a regression process to 
produce two mathematical correlations for direct 
and surface ultrasonic pulse test methods. The 
feature of curve fitting equations was carefully 
sellected to gain a maximum coefficient of 
determinaton (R2). Eq.2 and eq.3 are the correlation 
results of the above regression process: 
1. Direct pulse test method: 
 

V447.0
r exp439.0f =    (R2 = 0.881)                     (2)    

 
2. Indirect (surface) pulse test method: 
 

sV420.0
r exp596.0f =    (R2 = 0.879)                     (3) 

 
Where, 
V: average direct ultrasonic pulse velocity in 
km/sec, 
Vs: average indirect (surface) ultrasonic pulse 
velocity in km/sec and 
 fr = concrete flexural strength in MPa. 
 It is clear that both equations eq.2 and eq.3 
have simillar feature. The differece is in multiplier 
and the power of expoenential function. Dividing 
eq.2 by eq.3 produces eq.4 which is a relationship 
between direct and indirect pulse velocities of the 
same concrete. This relation was plotted in Fig.(5). 
 

1
exp
exp

596.0
439.0

sV420.0

V447.0
=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
      ( 4 ) 

685.0V94.0V s +=                                             
The regression equation of direct UPV 

(eq.2) was compared with that proposed by Raouf 
and Ali (1983), the well known correlation used in 
Iraq although it concerned with prediction of 
cube compressive strength. This was done by 
estimating the flexural strength from the vaules 
computed from Raouf and Ali's equation and 
converted to cylinder compressive strength  using 
eq.5 that proposed by ACI 209-Committee. 

[ ] 5.0
cr fw0135.0f ′=                                             (5) 

Where,  
w = unit weight of concrete in kg/m3 which was 
assumed 2400 kg/m3. 

cf ′  = cylinder compressive strength (MPa) = 
0.8 fcu. 
fcu = cube compressive strength (MPa). 
The comparison was plotted in (Fig. 6) from 
which a good agrement between the two 
proposed equations can be indicated. 
  
4. CONCLUSIONS 
 
The following conclusions can be drawn: 
1. The proposed two equations (eq.2 and eq.3) can 
be used in estimating the flexural strength of plain 
concrete members such as precast kerb units. The 
method of test may be applied in situ where the 
units are errected. 
2. The application of the proposed method can be 
extended to cover the other concrete units that 
should satisfy a specified flexural strength like 
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concrete roof tiles and terrazo tiles. This extension 
should be conditioned by using appropriate types of 
transducers to create suitable ultrasonic pulses for 
these thin members. 
3. The concluded relationship between direct and 
indirect (surface) pulse velocities (eq.4) may be 
used in other ultrasonic applications e.g. 
compressive strength estimation. 
4. The two equations (eq.2 and eq.3) cannot be used 
in estimating the flexural strength of reinforced 
concrete members because the existance of 
reinforcement steel has an important role in UPV 
measurments. 
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Fig. 1: Ultrasonic pulse velocity test method 

 

 

 

 

 

 

 

 

 
 

Fig. 2: Flextural strength test 
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    Fig. 3: Direct pulse velocity-flexural strength relationship 
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Fig. 4: Indirect (surface) pulse velocity-flexural strength relationship 
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Fig. 5: Direct –indirect ultrasonic pulse velocity relationship 
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Fig. 6: Comparison between Raouf and Ali (1983) and present work 
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ABSTRACT 
 
The paper deals with the traveling wave cylindrical heating systems. The analysis presented is 
analytical and a multi-layer model using cylindrical geometry is used to obtain the theoretical 
results. 
To validate the theoretical results, a practical model is constructed, tested and the results are 
compared with the theoretical ones. Comparison showed that the adopted analytical method is 
efficient in describing the performance of such induction heating systems. 
 
KEY WORDS: induction heating, cylindrical heating systems. 

 
 نظام التسخين الحثي الاسطواني ذو الموجة المنتقلة

                          جعفر حميد علوش. د.            أ       رياض آامل جلاب. م.م

  الخلاصة   
  

ن الحثي ذات الموجة المتنقلة لقطع معدنية إسطوانية يوضح هذا البحث الدراسة النظرية و العملية لتحليل أنظمة التسخي  
  .تم بناء و تشغيل نموذج عملي لأتمام الفحوصات المختبرية لهذا النوع من المسخنات. الشكل

إن الطريقة التي تم إستخدامها نظريا لتحليل هذا المسخن هي طريقة تحليلية صرفة تعرف بنظرية الطبقات المتعددة   
  .لإسطوانيةبإستخدام المحاور ا

تمت المقارنة بين النتائج النظرية و المختبرية، و أظهرت هذه المقارنة آفاءة الطريقة المستخدمة نظريا لإستقراء إداء هذا النوع من 
  .المسخنات الحثية

  
.أنظمة التسخين الاسطواني، التسخين الحثي: الكلمات الرئيسية     

LIST OF PRINCIPAL SYMBOLS 
 

B magnetic flux density, T 
E electric field strength, V/m 
H magnetic field strength, A/m 
k wave length factor = 2π/λ 

Pw power induced in the charge, W 
P number of poles 

Imax peak of phase current, A 
J' amplitude of line current density, A 
l axial coil length, m 
m number of phases 

Neff effective number of series turns per phase 
Zt terminal impedance, Ω 
F supply frequency, Hz 

r,θ,z subscripts for cylindrical coordinates 

s Slip 
λ  wavelength of exciting wave, m 
µ  permeability, H/m 
σ  conductivity, s/m 
ω  equal to 2πf 

 
1. INTRODUCTION 

 
      The primary object of this work is to 
propose a general mathematical model for the 
system Fig.(1) using the actual topology for 
three-phase excitation with any number of 
poles in the axial direction. As a second 
object, the paper employs the multi-layer 
approach with an appropriate current sheet 
representation to calculate the flux density 
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components, induced power in the charge, 
terminal impedance and electromagnetic force 
in the direction of the traveling field.                             

The primary coil construction may be 
explained in a similar manner with the aid of 
Fig.(2) which shows the cylindrical windings 
in its tubular form with multi-polar system 
distributed axially. The model shown in 
Fig.(2-a) has two axial poles, and Fig.(2-b) has 
six axial poles. 
 
2.MATEHMATICAL MODEL 

 A general multi-region problem is analyzed. 
The model is taken to be a set of infinitely long 
concentric cylinders, with a radialy 
infinitesimally thin and axially infinite current 
sheet excitation of radius rg . It is further 

assumed that magnetic saturation is neglected. 
 
Maxwell’s equations for any region in the 
model are 

curl H = J                                               (1)   

curl E = 
t
B
∂
∂

−                                      (2) 

div E = 0                                  (3) 
div B = 0                                  (4) 
div J = 0                                    (5) 

EJ σ=                                     (6)             
B = µH                        (7) 
 
Assumptions 

Maxwell's equations are solved using 
cylindrical coordinates system subject to the 
following assumptions and boundary 
conditions. 
1. The induction heating system is infinitely 

long in the axial z- direction. 
2. Displacement currents are considered 

negligible at the frequencies used. 
3. All field quantities decay to zero at 

sufficiently large radial distances from the 
induction heating system axis of 
symmetry. 

4. The radial component of flux density 
( rB ) is continuous across a boundary. 

5. The radial component of line current 
density ( rJ ) is assumed to be zero. 

6. The axial component of magnetic field 
strength ( zH ) is continuous across a 
boundary, but allowance for the current 
sheet should be taken into account. 

7. Longitudinal end effects are neglected. 

3.   THEORETICAL ANALYSIS 

3.1 The primary current density 
 
       The primary winding considered is of 
cylindrical geometry and the excitation wave 
produced is assumed to be a perfect sinusoidal 
traveling wave. The line current density may 
be represented as 
 

( )[ ]kztj' eJReJ −= ω
θ                                   (8) 

 
Where 

P
ImN

J eff

⋅
=

λ
max' 4

 

The field produced will link all regions (1) to 
(N). 
 
3.2 The field equations of a general 
region 
 
 As a first step in the analysis, the field 
components of a general region are derived. 

Assuming that all fields vary as ( ) kztje −ω  [2], 
and omitting this factor for shortness from all 
the field expressions that follow. 

Taking only the radial component form both 
sides of equation (2) gives 

 rHj
z

E
ωµθ =

∂
∂

 

or 

 
ωµ

θkEHr −=           (9) 

Taking only the z-component form both sides 
of equation (2), one can get 

 zHj
r

rE
r

ωµθ −=
∂
∂1

       (10) 

Using equation (1) and (6) and taking only the 
θ-component from both sides, gives, 

 θσE
r

H
z

H Zr =
∂
∂

−
∂
∂

       (11) 

After rearranging, equation (11) may be 
written in the form 

( ) 0122
2

2
2 =+−

∂
∂

+
∂
∂

θ
θθ α Er
r

Er
r
Er      (12) 

The solution is given by 

( ) ( )rDKrAIE ααθ 11 +=        (13) 
 
Where 
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 ωµσα jk += 22  
and ω is replaced by (sω) for any region with 
slip s. I1 and K1 are the modified Bessel 
functions of the first order and of general 
complex argument. A and D are arbitrary 
constants to be determined from boundary 
conditions. 
Using equations (2), (7) and (13), it can be 
shown that 

( ) ( )[ ]rDKrAIjH z αα
ωµ
α

00 +=            (14) 

 
3.3 Field calculation at the region 
boundaries 
 
 Fig.(3-a) shows a general region n, 
where n,Eθ  and n,zH  are the field 
components at the upper boundary of the 
region, and 1−n,Eθ  and 1−n,zH  are the 
equivalent values at the lower boundary. 

From equation (13) and (14), it can be shown 
that 

( ) ( )nnnnn, rDKrAIE ααθ 11 +=               (15) 
and 

( ) ( )[ ]nnnn
n

n
n,z rDKrAIjH αα

ωµ
α

00 −=      (16) 

Equivalent expressions for 1−n,Eθ  and 1, −nzH  
can be found by replacing (rn) in the above 
expressions by (rn-1). 
Now, for regions where n ≠ 1 or N, 

[ ] ⎥
⎦

⎤
⎢
⎣

⎡
⋅=⎥

⎦

⎤
⎢
⎣

⎡

−

−

1

1

n,z

n,
n

n,z

n,

H
E

T
H
E θθ                          (17) 

 
Where [Tn] is the transfer matrix [3,4] for 
region n, and is given by 

[ ] ⎥
⎦

⎤
⎢
⎣

⎡
=

nn

nn
n dc

ba
T                                       (18) 

Expressions for the transfer matrix elements 
are given in the appendix. Hence, given the 
values of θE  and zH  at the lower boundary 
of a region, the values of θE  and zH at the 
upper boundary can be found using the 
transfer matrix. At boundaries where no 
excitation current sheet exists θE  and zH  
are continuous. Thus, for example, if two 
regions are considered to have no current 

sheet  at  their    common boundary, knowing 
the values of θE   and zH at the beginning of 
the first region, values of θE  and zH  at the 
end of the second region can be found by 
successive use of two transfer matrices. 
Now, considering the current sheet to be at 
radius rg, then 

n,z
'

n,r HH =   gn ≠                     (19) 
and 

'
n,z

'
n,r JHH −=  gn =                    (20) 

Where n,zH  is the axial magnetic field 
strength immediately below a boundary, and 

'
n,zH is the magnetic field strength 

immediately above a boundary. Bearing in 
mind the boundary conditions, it is apparent 
that for the model under consideration, it can 
be written that 

[ ] [ ] [ ] ⎥
⎦

⎤
⎢
⎣

⎡
−

⋅⋅⋅⋅⋅⋅⋅=⎥
⎦

⎤
⎢
⎣

⎡
+−−

−

−
'

,

,
121

1,

1,

JH
E

TTT
H
E

gz

g
gNN

Nz

N θθ  (21) 

and 

[ ] [ ] [ ] ⎥
⎦

⎤
⎢
⎣

⎡
⋅⋅⋅⋅⋅⋅⋅⋅⋅=⎥

⎦

⎤
⎢
⎣

⎡
−

1,

1,
21

,

,

z
gg

gz

g

H
E

TTT
H
E θθ       (22) 

 
If region N is now considered,  Fig. (3-b), 
then  
 
( ) ∞→rI α1  as ( )∞→r . 

 
Therefore, from equation (15) and (16) one 
may obtain that (A=0) and 

( )111 −− = NNN, rDKE αθ                    (23) 

and 

( )101 −− −= NN
N

N
N,z rDKjH α

ωµ
α

      (24) 

 
Considering the first region (1), then 
 

( ) ∞→rK α1  as ( )0→r  
 
Therefore, from equation (15) and (16) one 
may obtain that (D=0) and 

( )1111 rAIE , αθ =                     (25) 

and 
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( )110
1

1
1 rAIjH ,z α

ωµ
α

=                    (26) 

 
 It should be appreciated that equations 
(23 … 26) describing the field components at 
the boundaries of regions (1) and (N) still 
contain arbitrary constants. However, the 
ratios of θE  to zH at these boundaries 
contain no arbitrary    constants, and it is  only 
 
 these ratios that are needed for a complete 
solution. The next section shows how this 
may be accomplished. The ratios of θE  to 

zH  have been termed the surface impedance 
[5]. 
 
3.4  Surface impedance calculations 
 

The surface impedance looking 
outwards at a boundary of radius rs is defined 
as [6], 

sz

s
s H

E
Z

,

,
1 ′
=+

θ                                  (27) 

 
and the surface impedance looking inwards a 
boundary is defined as 

s,z

s,
s H

E
Z θ−=                                 (28) 

Using the method given in [6] with the values 
of 1−N,Eθ , 1−N,zH , 1,Eθ , 1,zH  and that of   

( nnn c,b,a  and nd ) as given in the appendix, 
it can be shown that 
 

1

1

+

+

+
=

gg

gg
in ZZ

ZZ
Z                       (29) 

 
Where Zin is the input surface impedance at 
the current sheet, and Z g+1 and Z g are the 
surface impedances  looking outwards and 
inwards at the current sheet. 
Substituting for gZ and 1+gZ  using equations 
(28) and (27) respectively, and with 
rearranging to get 

'
g,zg,z

g,
in HH

E
Z

−

−
= θ                                (30) 

From equation (20) 

'
,

'
, JHH gzgz −=  

Substituting this in equation (30) 

'
g,

in
J

E
Z θ−

=                               (31)  

Thus, the input impedance at the current sheet 
(Zin) has been determined. This means that all 
the field components can be found by making 
use of this and equations (28), (21) and (22). 
 
 
3.5  Terminal impedance 
 
   The terminal impedance per phase can be 
derived in terms of inZ  [7], as 

P
ZrNm

Z ingeff
t ⋅

⋅⋅⋅⋅⋅
=

λ
π 216

                   (32) 

 
3.6  Power calculations 
 
   Having found θE  and zH  at all boundaries, 

it is then a simple matter to calculate the 
power entering a region through the concept of 
pointing vector. The time average power 
passing through a surface is given [7], as 

⎟
⎠
⎞⎜

⎝
⎛ ×=

*
zin HEReP θ

2
1

     (w/m2)              (33) 

Using equations. (28), (31) and (33), it can be 

shown that the total charge power is 

( )( )lrZReJP gin
'

w π2
2
1 2

=    (w)            (34) 

3.7  Axial force 
  
    It follows that the axial acting force on the 
region [8] is 

f
PF w

z λ
=  (N)                                              (35) 

4.   EXPERIMENTAL MODEL 

4.1 Model description 
 
     Fig.(4) shows the  experimental  test rig. 
The coils (primary winding) were wound 
circularly on a plastic tube, and held in 
positions through using circular guides. These 
guides were fixed on the tube in such away to 
make ditches between them. These ditches 
represent the    slots of the primary circuit. 
Since the core has no backing iron then the 
primary circuit is of the open type. Each slot 
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(which is open) is filled with a coil, and the 
coils are connected in star to a variable voltage 
supply. It is worth mentioning that these star 
connected coils represent the heating part of 
the system (heater). The heater was then 
mounted and fixed on a board using a suitable 
mechanical structure. This enables  fine  
adjustment   for  a uniform air-gap 
surrounding the workpiece that represents the 
load (charge). The type of the charge used is a 
solid aluminum cylinder.The magnetic circuit 
for this material provides the required flux 
paths. The conductivity of the charge was    
measured   using standard DC measurement. 
Table 1 shows the parameters of the 
experimental model. 
   To calculate the magnetic flux density on the 
charge surface, simple type of independent 
probe (search coil) was used. The magnetic 
flux density in the axial direction was 
measured using a (B – probe), as will be 
explained in the next section. 
 
4.2  B – probe  
 
A search coil is used to investigate the axial 
component of magnetic flux density at 
different positions on the surface of the 
charge. Five identical B-probes, displaced (5 
cm) from each other, were used to measure the 
magnitude of the magnetic flux density. Each 
probe consists of (200) turns of thin wire of 
size (SWG 30) wound around the cylindrical 
charge, of ( 2

wr⋅π ) area. The coil ends were 
twisted together and connected to a digital 
voltmeter. 
Using Faraday's law, the induced voltage VC 
across the search coil is 
 

BAnV ccC ⋅⋅⋅= ω                               (36) 

Where 

wr  : radius of the charge, (mm) 

cn  : number of turns of  the search coil. 

cA  : cross     sectional   area of   the charge  
 around which  search   coil   is  wound,  
 (m2) 

 
 
 

4.3  Load power measurement 
 
   The load power was measured 
experimentally as follows: 
a. The input power to the heater was 
measured by using two wattmeter method. 
b.  Primary phase current was measured using 
an ammeter. Then, the copper loss for the 
three-phase primary winding (coils) was 
calculated, as 
 

phphcs RIP 23=      (w)                                 (37) 

Where 

csP : Copper loss of coil conductors, (w). 

phI : Primary phase current, (A). 

phR : Resistance of primary coil per phase,  
  (Ω) 

 
c. The load power in charge was found by 
subtracting the copper losses from the input 
power, as follows 

 
     cstch PPP −=      (w)                        (38) 

     Where 

 chP : Load power in charge, (w). 

tP : Total input power, (w). 
 

4.4  Axial force measurement 
 
      An experimental measurement of the axial 
force has been implemented using the 
experimental set-up shown in Fig.(5). Each 
point was found, by adjusting the suspended 
mass ( zM ), to balance the force produced by 
the system. The force is then calculated using 
the following equation 
 

azz gMF ×=    (N)                    (39) 

 Where 

zF : Axial force, (N). 

zM : Mass, (Kg). 

ag : Acceleration of gravity = 9.81 m/sec2. 

5. RESULTS 
 
      Theoretical and experimental results were 
executed with different number of poles. 
Variable three-phase current excitation was 
used at a test frequency of 50 Hz. 
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      Fig. (6), and (7) show the variation of 
charge power with exciting current per phase 
for 2,and 6 poles respectively. 
      From the results, it is clear that increasing 
number of poles reduces the power induced in 
the charge. This of course is to be expected 
since increasing the number of poles is 
accompanied by reducing the effective number 
of turns per pole per phase.  
      The layer theory approach has been used 
for the analysis of induction heating system 
with rotational symmetry with three-phase 
excitation. The analysis presented is quite 
general in that it lends itself to the analysis of 
traveling wave induction heating systems with 
any number of poles. 
      The displayed results show clearly that the 
theoretical results correlate well with the 
experimental ones. This may be considered as 
fair justification to the method adopted for the 
analysis in this work. 
 
6.  Conclusions 

 
          The layer theory approach has been used 

for the analysis of induction heating system 
with rotational symmetry with three-phase 
excitation. The analysis presented is quite 
general in that it lends itself to the analysis of 
traveling wave induction heating systems with 
any number of poles. 

          The displayed results show clearly that the 
theoretical results correlate well with the 
experimental ones. This may be considered as 
fair justification to the method adopted for the 
analysis in this work 

 
7. Appendixes  

7.1 Transverse matrix elements        

( ) ( ) ( ) ( )[ ]nnnnnnnnnnn rKrIrKrIra ααααα 1101011 −−− +=    
(40) 

( ) ( ) ( ) ( )[ ]1111111 −−− −= nnnnnnnnnnn rKrIrKrIrjb ααααωµ
                            (41) 

( ) ( ) ( ) ( )[ ]nnnnnnnn
n

nn
n rKrIrKrI

r
jc αααα
ωµ
α

010100
1

2

−−
− −=          

(42) 
 ( ) ( ) ( ) ( )[ ]nnnnnnnnnnn rKrIrKrIrd ααααα 0111101 −−− +=    

(43)                                                                                  
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     Fig.(1) 
     Cross-sectional view through multi-cylindrical induction heating system 

 
 
 

                                       

(a)                                                                       (b) 

Fig.(2): Three-phase windings form of induction heater with different number of poles 
(a) 2-poles connection  (b) 6-poles connection 

 
 
 

 
(a)                                                             (b) 

                                                          Fig.(3): Mathematical model 
                                                (a) General region n      (b) End region N 
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                                                                        Fig.(4) 
  Photograph of the experimental model 

 

  

 

 

 

Fig.(5)                                                                                                            
Experimental set-up for measuring the axial force 
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                  Fig.(6)  

                    Variation of charge power with phase current (2-pole connection) 
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 Fig.(7) 

      Variation of charge power with phase  current (6-pole connection) 
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                                                                         Table 1 
                                                     Experimental model parameters 
 

Parameter/Characteristic Value 
Phases 3 

Axial poles 2,6 
Number of slots (coils) 18 

Turns per coil 260 
Coil inner diameter (mm) 50 

Slot width (mm) 10 
Slot pitch (mm) 16 
Slot depth (mm) 37 
Frequency (Hz) 50 

Air-gap length (mm) 5 
Primary conductor wire gauge SWG 19.5 

Charge length (mm) 294 
Charge radius (mm) 20 

Charge conductivity (s/m) 3.4×107 

Charge relative permeability 1 
Exciting phase current (A) Variable 
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ABSTRACT 

Resistance spot welding (RSW) aluminum alloys has a major problem of inconsistent quality 
from weld to weld, because of the problems of the non-uniform oxide layer. The high resistivity of 
the oxide causes strong heat released which influence significantly on the electrode lifetime and the 
weld quality. Much effort has been devoted experimentally to the study of the sheet surface 
characteristics for as-received sheet and surface pretreatment sheet by pickling in NaOH and glass-
blasted with three thicknesses (0.6, 1.0, and 1.5 mm) of AA1050. Three different welding process 
parameters energy setup as a low, medium, and high were carried. Tensile-shear strength tests were 
performed to indicate the weld quality. Moreover, microhardness tests, macro/micrographs, and 
SEM/EDS examinations were carried out to analyze, compare, and evaluate the effect of surface 
conditions on the weldability. The as-received sheet showed a higher electrical contact resistance 
because of its thicker and non-uniform oxide layer. In contrast, the glass-blasted sheet showed 
lower value, since it has a roughest surface, which leads to easy breakdown the oxide layer. The 
highest average values and least scattering of the maximum load fracture are with treated sheet by 
pickling in NaOH, these values are 760, 1193, and 2283 N for 0.6, 1.0, and 1.5 mm sheet thickness 
respectively for medium input energy. In contrast, the minimum values with glass-blasted sheet are 
616, 1008, and 2020 N for 0.6, 1.0, and 1.5 mm sheet. The microhardness profiles of the fusion 
zone and HAZ is the lower than the base metal for all cases. Numerical simulation with SORPAS® 
was used to simulate and optimize the process parameters, and it has given good results in 
prediction when they compared with experiments. 

Keywords: RSW  Oxide Film   Roughness     Macro/Micrograph                            
SEM/EDS               AA1050  SORPAS® 
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 AA1050منيوم وسبيكة الالصفائح  تحسين لحام المقاومة النقطي بمعالجة أسطح

   إحسان آاظم عباس النعيمي      منير حميد طلفيح السعدي. د. م. أ    قاسم محمد دوس العتابي. د. أ   

  الخلاصة

بسبب لحام آخر إلى حام استقرارية جودة اللحام من لنيوم يتضمن مشكلة كبيرة في ولحام المقاومة النقطي لسبائك الالم

التي لها تأثير كبير و المقاومة الكهربائية العالية لطبقة الاوكسيد تسبب في توليد حرارة عالية، . سمك طبقة الاوكسيدانتظامعدم 

 كُرس جهد كبير عملياً لدراسة خصائص سطح الصفائح الغير معالجة وتلك .على العمر التشغيلي للاقطاب وجودة اللحام

 لصفائح سبيكة )  ملم1.5 ، و 1.0 ، 0.6( كيميائياً بهيدروكسيد الصوديوم وبالقصف بالكرات الزجاجية ولثلاثة أسماك المعالجة

AA1050 قوة . العالية الطاقة ومدخلات  متوسط،،منخفض لحامطاقة ال لمدخلات مختلفة إعدادات ثلاثة إجراء تم وقد

فحص الصلادة الدقيقة، الصور الملوغرافية والمايكروية،  تم إجراء ،لك ذ عنفضلاً.  القص- بفحص الشدمهايتقياللحام تم 

الغير (الصفائح كما جهزت . المقارنة وتقييم تأثير حالة السطح على جودة اللحامبهدف  والماسح الالكتروني مع التحليل الطيفي

 الصفائح وعلى النقيض،. لطبقة الاوكسيد  والغير منتظمةالسماكة الاكثر كهربائية عالية بسبب تماسأظهرت مقاومة ) معالجة

.  تكسر طبقة الاوكسيد بسهولةالذي يساعد على سطح خشن حيث لها، هرت أقل قيمةظ أالمعالجة بالقصف بالكرات الزجاجية

 2283، 1193، 760 هذه القيم هي بهيدروكسيد الصوديومأعلى قوة ملحومات مع أقل تشتت حصلت مع الصفائح المعالجة 

على النقيض، أقل قيم لقوة الملحومات مع الصفائح المعالجة بالقصف .  ملم على التوالي1.5، 1.0، 0.6فائح سمك نيوتن للص

الصلادة الدقيقة منحني .  ملم على التوالي1.5، 1.0، 0.6 نيوتن للصفائح سمك 2020، 1008، 616بالكرات الزجاجية وهي 

 العددية المحاكاة استخدام تم. أقل من المعدن الاساس ولكل حالات الصفائحلمنطقة الانصهار والمنطقة المتأثرة بالحرارة هي 

  .عند المقارنة مع التجارب العملية جيد تنبؤ وأعطى ،وتمثيل متغيرات عملية اللحام لمحاكاة ®SORPAS   برنامجمع

الماسح   يكرويةصور ملوغرافية وما  خشونة السطح  طبقة الاوكسيد  لحام المقاومة النقطي :الكلمات الرئيسية 

  الالكتروني
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INTRODUCTION 
 

Todays, World is faced with an energy crisis. It 
is therefore essential to find cost-effective solutions 
to this issue. Therefore, there has been a significant 
trend in the automobile industry by economic and 
political pressure to make lighter vehicles in order 
to reduce fuel consumption and CO2 emission. 
Because of their lightweight and high specific 
strength (strength-to-weight ratio), the application 
of aluminum alloys in automobile industry is being 
increased and popularity. The advantages of weight 
saving up to 46% [Wheeler, 1987] and resistance of 
corrosion are considerable. 

Resistance Spot Welding (RSW) has been the 
dominant process in sheet metal joining, 
particularly in automobile industry. Because of its 
low cost, flexible, easy automated and maintains, 
fast, and minimum skill labor requirements. 
Moreover, it is a well-established process in the 
automotive industry [Brown, 1995 and Cho, 2006]. 
The process is also applied in manufacture of other 
transportation, kitchen utensils, and more. Modern 
small vehicles contain (2000-5000) spot welds 
[Chao, 2003]. Annual production of automobiles in 
the world is measured in tens of millions units; 
therefore, each welded spot has its own importance 
not only with regard to quality but also for 
production issue. Steel and aluminum alloys share 
many of the same process attributes for RSW. 
However, the productivity of aluminum spot 
welding is lower than of steel especially those 
alloys with low strength (series 1xxx). This is 
because aluminum alloys have higher thermal and 
electrical conductivity, higher coefficient of 
expansion, narrow plastic temperature range, and 
oxide film problems, which forms on the surface of 
the aluminum and has high electrical resistance and 

a high melting temperature (2050 ), as the oxide 

film grows the effective contact resistance of the 
aluminum changes. Therefore, the control of weld 
quality is much more difficult and requires tighter 
controls [Kim, 2009]. In general, aluminum’s high 
thermal and electrical conductivity require higher 
current, shorter weld time, about (2-3) times the 
amount of current and (¼) weld time compared to 
spot welding steel. Accurate control and  

 

synchronization of current and electrode force is 
required due to the narrow plastic temperature range 
[RWMA, 2003]. Aluminum is highly reactive to 
oxygen and will within 100 picoseconds form thin 
protective oxide layer (Al2O3) on its surface and is 
often considered be a uniform ceramic coating or 
layer. This layer is beneficial as it protects the base 
metal from corrosion. While this may be close to 
reality for high-purity aluminum, the oxide layer on 
the aluminum alloy sheets for automotive bodies is 
much more complex [Patrick, 1984]. The oxide 
layer is important because its thickness is an 
influential parameter in the electrical resistance 
[Sun, 1982]. The high resistivity of the oxides 
causes strong heat release. Fusion of the low 
melting alloy takes place not only at the sheet-to-
sheet interfaces but also at the sheet-to-electrode 
contacts, resulting in unacceptable electrode wear. 

RSW is a welding process that joint sheet metal 
together by applying pressure and passing a large 
quantity of current through localized area 
generating heat by Joule ohmic heating law while 
weld nugget growth is initiated here and the sheets 
are permanently fixed together. Thereby, electrical 
contact resistance is one of the most critical 
parameters in resistance welding. A large contact 
resistance is advantageous for the formation of a 
single spot weld. As discussed by Browne, et al. 
[Browne, 1995] contact resistance plays an 
important role in the RSW process for aluminum. It 
has drawn the attention of many researchers since 
several decades ago, [Studer, 1939] carried out 
many experiments to demonstrate the influences of 
the pressure, temperature, and materials and its state 
on the contact resistance. With assistance of Gleeble 
system, contact resistance was experimentally 
investigated dynamically by [Song, 2005]. They 
demonstrated that interface normal pressure has 
great influence on the contact resistance and it 
decreases with increased normal pressure, in 
contrast, the influence of temperature on contact 
resistance is less pronounced as pressure increases. 

Surface roughness along with elastic-plastic 
properties of the materials; also influence the 
electrical contact resistance [Dzekster, 1990]. The 
effect of surface roughness and oxide film thickness 
on the electrical contact resistance of aluminum 
were carried out by [Crinon, 1997], they illustrated  
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That the effect of the oxide film is greatest in the 
specimen with smoothest surfaces. 

Expulsion, which can be observed frequently 
during RSW, happens at either the faying surface or  

the electrode/work piece interfaces. The latter may 
severely affect surface quality and electrode life. 
The risk of expulsion is especially high in spot 
welding of aluminum alloys due to the very 
dynamic and unstable character of the process, 
relating to the application of a high current in a 
short welding time as compared to welding steels 
[Senkara, 2004 and Mathers, 2002]. 

RSW of aluminum alloys has two major 
problems: short electrode tip life and inconsistent 
weld quality [Williams, 1984]. Spot welding in 
AA1050 is less stable and the electrodes will stick 
to the sheet after 50 welds because of the oxide film 
problems [Pederson, 2010]. 

In this study, the influence of oxide film 
pretreatment on the strength of the weldments, 
which had done by RSW process was compared and 
evaluated. The pretreatment of the strips surfaces of 
AA1050 was done by both glass blast (mechanical 
mean) and pickling with NaOH (chemical mean). 

EXPERIMENTAL PROCEDURE 

The experiments were conducted at Technical 
University of Denmark (DTU), using 0.6, 1.0, and 
1.5 mm sheet thicknesses of low-strength aluminum 
alloy AA1050, which were spot-welded on 
TECNA, the specifications of the welding machine 
are listed in Table 1. The Controller of the machine 
is TE-180 type with 16 functions. The electrode tips 
(Female Cap) used during the experiments are type 
A0 according to ISO 5821-2009, [RWMA, 2003]. 
They were made of Zirconium copper alloy with the 
following chemical compositions; Cr: 0.7-1.2%, Zr: 
0.06-0.15% and the remainder is Cu. The 
configuration of them is radius type (A), diameter 
of 16 mm, end surface of 40 mm radius. The 
electrodes were drilled near the tips end with 1.5 
mm diameter to insert copper wires in order to 
measure the secondary voltage. The current 
measurements from Rogowski coil together with a  

 

 

 

Pre-calibrated TECNA-1430 conditioner and a 
piezoelectric force sensor with Kistler-5015 
transducer were acquired by a DAQ BNC-2110 
from National Instruments and then passed to 
LabVIEW software programmer to treatment the 
signals . The properties and nominal compositions 
(performed by spectrum analyzer) of the sheets are 
shown in Table 2, the samples were cut from the 
sheets into 16 × 115 mm, the rolling direction with  

the longitudinal dimension and they joined as a lap 
joining, to prepare the tensile-shear test. The 
parameters of the RSW process were calculated for 
each experiment, RMS current I (A), welding time 
C (cycle), and the electrode force P (kN). The 
tensile-shear tests were carried out using a 100 kN 
(22.5 kIbf) AMSLER universal testing machine at a 
deformation rate 2mm/min at room temperature to 
demonstrate the strength of the weld S (N). The 
microhardness test were performed using FUTURE-
TECH-CORP FM-700 using the Vickers scale at an 
applied load of 50 g, they were taken on each 
samples in longitudinal direction along the diameter 
of the nugget at intervals of 0.5 mm. The 
macro/micrographs of the weldments were carried 
out using light optical microscope (LOM) type a 
Neophot 30 (Zeiss, Jena) with a Cool Snap CCD 
camera. Moreover, for high-resolution images 
electron microscope (SEM) a JEOL JSM-5900 with 
LaB6 filament applying secondary electron (SE) at 
20 kV, and electron-dispersion x-ray spectroscopy 
(EDS) part of a SEM facility an Oxford Instruments 
for quantitative chemical analysis were used. 

The pretreatment of the surfaces of the strips 
were done by two methods: mechanical and 
chemical. The mechanical means was carried out by 
glass blast with grain size of 100 µm; each strip was 
subjected to 30 seconds of blast treatment at air 
pressure of 200 kPa. The experiments were done on 
both sides of the strips and other experiments were 
performed only on one side of the strips. The latter 
were welded with two directions; the pretreatment 
surfaces of the strips were the faying surfaces, and 
the alternative direction was the pretreatment 
surfaces with electrodes interface. The chemical 
means was done by pickling with sodium hydroxide 
(NaOH), the procedure of this approach was 
performed by sink the strips in solution 60 g of 
NaOH with one liter of ionized clean water within 2 
minutes only, the temperature of the solution was 
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60 . Then, the strips by hot water and ethanol were 

rinsed and cleaned for the both means to be ready 
for welding. 

Aluminum is high affinity of oxygen, an oxide 
layer is always present at its surface and will 
immediately reform if surface pretreatment 
mechanically or chemically. For the stability of the 
oxide film, and repeating the experiments with the 
same conditions; the pretreatment strips were 
prepared within 3 hours before spot welding. This 
time was chosen depending on the Fig. 1, which 
was expected to have fresh, thin, and uniform oxide 
layer, while the as-received sheet would have 
thicker and non-uniform oxide layer. 

The experiments were designed as a general 
factorial with three replicates per condition [Cho, 
2006]. The factors and their associated parameters 
are given in Table 3. During welding, expulsion 
and sticking were observed and recorded. 

RESULTS AND DISCUSSION 

PICKLING IN NaOH 

The electrical contact resistance at the interfaces 
sheet-to-sheet and sheet-to-electrode is the main 
source of heat during RSW of aluminum alloys, 
unlike steel, which the source of heat is the bulk 
resistance of the sheets. This electrical contact 
resistance depends strongly on the tribological 
characteristics of the contacts at the two interfaces. 
The significant factor impression tribological 
feature of aluminum sheets is the oxide layer. Fig. 2 
illustrates SEM image with EDS analyzer for as-
received spot-welded strips, which show 
unambiguously the high amount of oxygen (3.6, 
4.6, and 2.9%) near the area of strips separation. In 
the second importantly are the surface roughness 
and the presence of the foreign materials such as 
dirt, lubricant, chemical, water vapor, and others 
[Studer, 1939, Crinon, 1997, and Rashid, 2011]. 
Although of all care to maintain uniform surface 
conditions, the electrical contact resistance is almost 
different when another time measured in the same 
region. Therefore, the quality of RSW of aluminum 
alloys is inconsistent. 

During pickling of aluminum alloy sheets in 
basic or acidic solutions the surface oxides or 
hydroxides are dissolved. The pickling rate is 
dependent on many variables including; 1- solution 
agent and concentration, 2- solution temperature, 3- 
composition of the surface sheet, 4- velocity of 
solution movement around the sheet (rpm). In 
earlier of this work, 5 minutes was chosen to sink 
the strips in the pickling agent (NaOH). However, it 
clearly seems that the corrosion rate of aluminum is 
much higher than the dissolution rate of the oxide 
layer. The formula of dissolution is: 

      (1) 

When the metal is bared; immediately corrodes 
according to this formula: 

     (2) 

The last formula shows that H2 is evolved during 
dissolution of aluminum even in basic agent 
[Rӧ nhult, 1980]. Consequently, the metal is 
corroded by pitting as soon as the protecting layer 
of oxide film has been dissolved in some areas. 
Investigation by SEM shows strip exposure to 
NaOH within 5 minutes gave severe pitting 
corrosion of the surface, as shown in Fig. 3. Severe 
expulsions and sticking with electrodes were 
occurred during spot welding with these strips, due 
to the decreasing of electrical contact resistance in 
electrode sheet interface in spite of sheets interface 
especially with those of 0.6 mm strips. Therefore, 
all experiments latter were performed by exposure 
the strips to NaOH only within 2 minutes to 
minimize expulsion and sticking occurring. 

SURFACE ROUGHNESS 

Surface roughness measurements were carried 
out in this work on a Taylor/Hobson, Precision-
SURTRONIC-25 instrument for various types of 
the strips to analyze and compare. Five 
measurements randomly on each of three strips for 
each surface condition and the average of all of 
them were recorded. Table 4 shows these values of 
the centerline average (Ra) of as-received and 
pretreatment strips. It clearly seems that 
pretreatment sheets with glass blast show high 
values of roughness and the roughest surface is 1.0 
mm sheet with glass blast (Ra = 4.703 µm), as seen  
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in Fig. 4, in contrast the smoothest surface is 1.5 
mm as-received sheet (Ra = 0.238 µm). Chemical  

Surface pretreatment (pickling in NaOH) shows the 
lowest value in standard deviation (s) when 
measured the surface roughness, and therefore it 
will be the most consistent in the weld strength. In 
contrast, the pretreatment strips with glass-blast 
show higher values in standard deviation although 
the attempt to control the removing surface layer 
precisely due to the manual process, and therefore it 
will be more scattering in welding strength as 
illustrated later. 

The large variance between the smoothest and 
the roughest surfaces were clearly affected the 
strength of the weldments when were tested on the 
shear-tensile test. The glass-blasted strips show 
much lower contact resistance between sheet 
interfaces in spot welding causes less heat generated 
in this region, therefore small size nugget were 
produced, thus were affected the strength of the 
weldments. In the same sense, these strips show 
much lower sticking with electrodes, due to the 
lower heat generation since lower contact resistance 
in the region between sheet and electrode. 
Therefore, some experiments were conducted only 
on one side with glass-blast associated with sheet-
to-electrode interface, and it shows as expected 
good weldability especially no sticking with 
electrodes and high strength with same process 
parameter. 

Although there was a not high difference of 
roughness level between as-received and chemical 
treatment strips, there was a large difference in 
consistent of the welding quality between them. 
These results clearly demonstrate that the surface 
roughness is not the unique factor controlling the 
electrical contact resistance, but the oxide layer 
thickness and its configuration, which was similar 
to that found by other researchers [Patrick, 1984, 
Studer, 1939, Crinon, 1997, and Pouranvari, 2010]. 
It seems likely this result of surface roughness were 
associated with easier breaking down the oxide film 
in roughest surfaces when applying the electrode 
force during spot welding causes much lower 
contact resistance. 

Fig. 5 shows LOM images, which confirm the 
variance of the surface roughness of the as-received 

sheet and the pretreatment sheet with pickling in 
NaOH and glass-blast. 

TENSILE-SHEAR TESTS 

Tensile-shear tests carried out on the welded 
joints indicated their strength and the failure mode. 
In this work, direct comparisons of the as-received 
surface with those of the pretreatment surface by 
pickling in NaOH and glass-blasted were 
established. Fig. 6 shows the maximum fracture 
load for the spot welds as a function of welding 
input energy as mentioned in Table 3 while other 
parameters are kept constant. The data point, which 
was represented in the figure, is the average of three 
specimens test. It is seen in general that with 
increasing energy input the maximum fracture load 
of spot welding increases. Moreover, the mode of 
failure is recorded and it is classified in three types; 
1st interfacial failure (nugget fracture in shear), 2nd 
plug failure (nugget pull out), 3rd failure occurs in 
the heat affected zone (HAZ) where failure is a 
result of breaking this region throughout the width 
of the strip. The failure of spot welding could be 
seen as a competitive process, i.e. any failure occurs 
in a mode require least load [Newton, 1994]. These 
three types of the mode of failure were occurred 
usually as follows, the first type with low input 
energy, the second type with medium input energy, 
and finally the third type were occurred with high 
input energy for the three thicknesses sheets due to 
overheating and softening the region near the 
nugget perpendicular to strip width. A few 
anomalous specimens that have been observed 
during the testing did not fall under these types of 
failure. In line with other studies [Senkara, 2004, 
Mathers, 2002, and Ma, 2008], expulsion was 
occurred beyond the high input energy as well as of 
sever sticking sheet with electrodes. Furthermore, 
the fracture was usually in the form of ductile 
tearing around the nugget. Only a few weak 
welding failed in a brittle manner through the 
interface, and this was especially observed at low 
input energy. 

The second observation, the scattering in 
maximum load fracture in tensile-shear tests is less 
in the pretreatment surfaces sheet with pickling in 
NaOH due to the new uniform less thickness of 
oxide layer. In addition, more scattering is with 
glass-blasted sheet due to the not good controlling 
manual process of removing the oxide layer. 
However, the maximum scattering values is with as-
received sheet due to the non-uniform oxide layer, 
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which can scarcely be controlled without putting the 
samples in a vacuum. 

The most important result obtained is that the 
average of maximum load fracture was the highest 
value in chemically treated with all thickness sheets. 
These values are 760, 1193, and 2283 N for 0.6, 1.0, 
and 1.5 mm sheet thickness respectively for 
medium input energy. In contrast, the minimum 
values of the maximum load fracture are in the 
glass-blasted sheet due to the lowest values of 
electrical contact resistance that lead in turn to be a 
small nugget size and thus small values of 
maximum load fracture. The electrical contact 
resistance of the roughest surface becomes lower 
value when electrode force is applied, due to the 
more breaking of the oxide layer, which is electrical 
insulating and this is a good agreement with many 
researchers as [Crinon, 1997]. These values are 616, 
1008, and 2020 N for 0.6, 1.0, and 1.5 mm 
respectively. However, there is an interesting 
observation, which there is a significant increase in 
the maximum load fracture corresponding with 
glass-blasted treated strips on one side, which is the 
interface of the electrodes and the other faying 
surfaces remain untreated. The reason is higher heat 
generation due to higher electrical contact resistance 
at the faying surfaces and it is lower at the sheet-
electrode interface and therefore less sticking with 
electrodes with increasing electrodes life. These 
values are 775, 1147, and 2408 N for 0.6, 1.0, and 
1.5 mm sheet thickness respectively for the medium 
input energy. 

MICROHARDNESS TESTS AND 
MICROSTRUCTURE EXAMINATIONS 

Microhardness characteristics of the RSW are 
one of the most important factors affecting their 
failure behavior. Typically, the microhardness 
profile of the nugget of steel exhibit a significant 
hardness increase from the base metal due to the 
increasing of the martensite forming, and it is being 
more with alloy steel due to the content of alloying 
elements. An example of this behavior was recorded 
by [Hayat, 2011] with DP600 steel. With aluminum 
alloys, the microhardness values obtained from the 
fusion zone proved the existence of hard and brittle 
intermetallic phases due to the high content of the 
alloying elements thereby cause increasing of the 
hardness in that region. However, with low content 
of alloying elements as AA1050 the profile of 

microhardness is completely different, since the 
lower hardness is in the fusion zone. It is somewhat 
lower than the base metal, which can be attributed 
to its cast microstructure and the presence of coarse 
columnar grains. Moreover, the effect of the prior 
work hardening is completely removed in the fusion 
zone because of the melting. 

Fig. 7 illustrates the variations of the 
microhardness profile for the pretreatment surfaces 
by mechanical (glass-blasted) and chemical 
(pickling in NaOH) and the as received of 1.0 mm 
sheets, which carried out on the cross section of the 
nugget to show the microhardness of the weld 
metals, HAZ region, and the base metals. The first 
important observation of profiles is that the 
microhardness of the fusion zone and HAZ is lower 
than the base metal for all cases, since these points 
were affected by the heat generated of welding, 
which were completely removed all previous work 
hardening especially in the fusion zone and its cast 
microstructure as mentioned above. The second 
observation, there are points with values of 
relatively low microhardness. These points are close 
to the voids defects result of the expulsion was 
occurred due to the high welding current (32 kA) 
for this sheet thickness, such as points 6 in glass-
blasted sheet, point 7 in chemical pretreatment 
sheet, and point 5 in as-received sheet, which are 
observed in macrostructures were obtained by 
LOM. In contrast, there are a few points with 
relatively high values. Since, they are located on 
small grains and formed from intermetallic 
compounds, such as points 2, 2, and 8 in in glass-
blasted, chemical pretreatment, and as-received 
sheet respectively, see the microstructures of these 
points as shown in Fig. 7 (a), (b), and (c). 
Therefore, there is not a constant microhardness 
profile along the nugget.  

In general, the microhardness measurements in 
fusion zone and HAZ of pretreatment surfaces with 
glass-blasted show highest values than the others, 
due to of the treatment by this means, which causes 
a few work hardening result of the hitting of the 
surface by glass grains during the oxide remover. In 
contrast, the microhardness measurements of as-
received sheet show a lower values than the other 
pretreatment sheets due to the more heat generated 
at the faying surfaces since of the highest value of 
electrical contact resistance, as shown in Fig 7 (d). 
Moreover, the microhardness of pretreatment  
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Surfaces by pickling in NaOH of the base metal 
show a lower value than the others due to the 
uniform fresh small thickness of oxide layer which 
consider as a harder material. 

The macrographs show variations across the joints 
between the as-received sheets and the pretreatment 
surface sheets. The nugget size of the as-received 
weldments is larger than the pretreatment surfaces 
in the both means, since they are much lower 
contact resistance in the region of the faying 
surfaces, therefore lower heat generated. As an 
example, the nugget sizes are 5.1, 5.0, and 4.7 mm 
of 1.0 mm, 7.0, 6.54, and 5.35 mm of the 1.5 mm 
for as received, pickling in NaOH, and glass-blasted 
sheets respectively. The minimum size is with 
glass-blasted sheet that are less electrical contact 
resistance, which generates less heat. 

The structures of aluminum weldments are 
usually not clearly distinguishable as in steel 
weldments, and the HAZ is significantly narrower 
for an aluminum weldments. These make the 
identification of various zones difficult. Fig. 8 
shows the micrographs of the 1.5 mm strips, which 
were welded with 32 kA welding current and 5 
cycles welding time and the sheet were treated by 
pickling in NaOH. There are recrystallized small 
equiaxial grains and insoluble particles of FeAl3 
(black) in the oval nugget, and there are narrow 
zone of the columnar grains in the edge of the 
nugget and this zone is interfacial with the HAZ, 
which are formed of the dendritic grains. Moreover, 
some porosity (large, black area) is evident due to 
the splashes were occurred because of relatively 
high current was used. There are not a significant 
variation in the microstructures in the nugget and 
the HAZ of the weldments between the as received 
and the pretreatment sheets since the pretreatment is 
on the surfaces and not in the region which are heat 
affected. View of non-repetition, has not been 
discussed the microstructures of the other cases of 
the sheet condition that are not being a large 
variance from this case. 

SEM AND EDS EXAMINATIONS 

Further micrographs were carried out on SEM 
including secondary-electron images (SEI) to 
observe the nugget size, microstructures, surfaces 
profile, and together with X-ray spectroscopy 
(EDS) including high resolution mapping analyzing  

 

the chemical composition in the area of the interest. 
As-received sheet including non-uniform thick 
oxide layer caused indentation of the electrodes into 
the strips when spot-welded leading to degradation 
of the electrodes rapidly due to the pitting on the 
surface of the electrodes and dissolving or alloying 
the copper into the base metal of the aluminum or 
vice versa in this region. The reason of these 
problems is the high electrical resistance and a 
brittle nature of oxide layer causing relatively high 
heat generated in this region. The reason of few 
defects in the case of treated sheet might probably 
lie in the presence of the pitting on the electrodes 
surface because of the previous welding, as shown 
in Fig. 9. 

 The white color areas in the SEM images 
indicate the presence of the aluminum bronze with 
copper alloying element, as shown in the EDS 
analyzer table. 

NUMERICAL SIMULATION  

 Commercial finite element numerical 
program SORPAS® [SWANTEC] was used in this 
work. It is well known and most widely used as a 
numerical tool for simulation, optimization, and 
planning features of the resistance welding 
processes. It is based on mechanical, electrical, 
thermal, and metallurgical models. In order to 
analyze and compare the experiments with the 
numerical modeling scheme, SORPAS® has been 
used to simulate a RSW of AA1050 with as-
received sheet and the pretreatment sheet. Weld 
schedule specifications (WSS) is a new update input 
window included in the new version (10) of the 
program for optimized weld current, weld force, 
weld time, and hold time. Table 5 indicates the 
WSS of the weld planning to optimize the RSW 
process parameters for as-received sheets. 
Furthermore, the process parameters for 
pretreatment sheets have been optimized in order to 
compare with as-received sheet. The value of 
electrical resistance at 20  in the materials 
database of the program was only changed to lower 
value, for the purpose of compatibility with oxide 
layer treatment. Only one result has changed that is 
the value of the welding current, which has become 
lower about 2 kA. 

Fig. 10 shows the simulated joint for 
pretreatment by glass blast of 1.0 mm sheet 
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compared with experimentally macro etched cross-
section nugget result welded with 29 kA welding 
current and 5 cycles welding time. It can be seen 
that the shape of the weld is predicted relatively a 
very fine correlation with the actual weld nugget, as 
well as the HAZ zone. 

CONCLUSIONS 

The experiments showed that weldability is 
improved when the oxide layer is properly removed. 
However, the resistance of an oxide layer is 
beneficial for the localized heating required to form 
the weld nugget, but this resistance should be as low 
as possible in order to minimize the heat generated 
at the interface between the electrodes and the 
sheets. The significant conclusions drawn from this 
experimental work are as follows: 

1. The surface condition of aluminum sheet has a 
significant influence on the weldability and the 
electrode lifetime. 

2. The optimum time immersing the strips in the 
solution of NaOH is 2 minutes at temperature 
of 60 .  

3. In line with [Rashid, 2011] conclusions, the 
surface roughness affects the contact resistance 
by decreasing it where surface roughness 
increase, as it occurred with glass-blasted 
sheet, since it breakdown the oxide layer. 

4. Treated sheet with pickling in NaOH gives 
highest average values of the maximum load 
fracture as shear-tensile test with all sheet 
thicknesses, as well as the scattering in the 
maximum load fracture is the least in this 
sheet, due to the fresh uniform oxide layer. 

5. Less electrode sticking has occurred with one 
side surface treated that is electrode-sheet 
interface, in spite of good welding (maximum 
load fracture). 

6. The microhardness profiles of the fusion zone 
and HAZ is the lower than the base metal for 
all cases where were completely removed all 
previous work hardening. 

7. By examining macrographs of the welds, there 
are recrystallized small equiaxial grains and 
insoluble particles of FeAl3 in the nugget and a 
narrow zone of columnar grains in the edge of 
it and this zone is interfacial with the HAZ, 
which are formed of dendritic grains.  

8. SEM and EDS examinations confirm the 
presence of dissolving/alloying of the copper 

(electrode material) with aluminum (base sheet 
metal) in each other in as-received sheet more 
than the pretreatment sheet. Therefore, it is 
leading to degradation of the electrodes rapidly 
due to the pitting on the surface of the 
electrodes. 

9. Numerical simulation with SORPAS® has given 
good results in predicted process parameters and the 
nugget size when they compared with experiments. 
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ABBREVIATIONS 
 
AA : Aluminum Alloy 
EDS : Energy Dispersive Spectroscopy 
HAZ : Heat Affected Zone 
HV : Hardness Vickers 
LOM : Light Optical Microscope 
Ra : Arithmetic Mean Value of Roughness 
rpm : Revolution Per Minute 
RSW : Resistance Spot Welding 
RWMA : Resistance Welder Manufacturers' 

Alliance 
std : Standard Deviation 
SE : Secondary Electron 
SEI : Scanning Electron Images 

SEM : Scanning Electron Microscope 
SORPAS : Simulation and Optimization of 

     Resistance Projection and Spot Welding 
SWANTEC : Scientific Welding and Numerical 

Technology 
WSS : Weld Schedule Specifications 
wt-% : Weight Percentage 
 

 

 

 

 
Table 1 Resistance spot welders Specifications 

Specifications Values Specifications Values 
Controller TE-180, 16 Functions Max. welding Power 810 kVA 

Supply Voltage 380 V Nominal power at 50% 250 kVA 
Frequency 50 Hz Phases 1 

Max. welding current 68 kA Supply pressure 6.5 bar 
Max. welding force 18.85 kN Electrode force per 1 bar 3.14 kN 

Throat depth 250 mm Net weight 1000 kg 
Water cooling 12    

 
Table 2 Strip material specifications 

Nominal composition (wt-%) 
Trade name Thickness   

(mm) 
Tensile 
(MPa) 

Hardness 
(HV) 

Fe Si Mn Others Al 
AA1050 0.6 105 30 0.255 0.173 0.021 0.051 99.5 
AA1050 1.0 105 30 0.378 0.100 0.018 0.004 99.5 
AA1050 1.5 127 45 0.350 0.070 0.010 0.070 99.5 

 
Table 3 Experiments setup (factors and their associated values) 

Welding Energy input 
Low Medium High 

Sheet 

(mm) 
Cycles Current (kA) Cycles Current (kA) Cycles Current (kA) 

0.6 2 20 5 23 9 26 
1.0 2 23 5 26 9 29 
1.5 2 26 5 29 9 32 

Electrode Force 1.85-2.45 kN 
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Table 4 Surface roughness values 

As-Received Pickling in NaOH Glass-Blast Sheet 

(mm) Ra (µm) std. Ra (µm) std. Ra (µm) std. 
0.6 o.287 0.046 0.339 0.011 2.650 0.115 
1.0 0.300 0.051 0.385 0.037 4.703 0.987 
1.5 0.238 0.039 0.411 0.028 3.230 0.453 

 

Table 5 WSS of weld planning optimization SORPAS® 

As-Received (mm) Pretreatment (mm) Sheet 
0.6 1.0 1.5 0.6 1.0 1.5 

Welding Current (kA) 23.9 26.27 31.64 22.87 24.58 27.26 

Welding Time (cycles) 2 4 5 2 4 4 

Electrode Force (kN) 1.16 1.44 1.78 1.04 1.44 1.49 

 

Fig. 1 Growth of oxide film for different temperatures [Pederson, 2010] 
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Fig. 2 SEM image and EDS analyzer for as-received spot-welded 

 

    
   (a)               (b) 

Fig. 3 SEM images the sheets exposure to NaOH solution agent; (a) 1.0 mm within 5 minutes, (b) 1.5 mm 
sheet within 2 minutes 
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Fig. 4 SEM image RSW 1.0 mm glass blast sheet 29 kA, 5 cycles 

 

Sheet As-Received Pickling in NaOH Glass-Blast 

0.6 

(mm) 

 

1.0 

(mm) 
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1.5 

(mm) 

 

Fig. 5 LOM images, surface roughness of various type strips 200x 

 

(a) 0.6 mm sheet 

 

(b) 1.0 mm sheet 
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(c) 1.5 mm sheet 

Key; avg: average, Chem: Chemical (Pickling in NaOH), GB: Glass blast 

Fig. 6 Maximum fracture load versus the welding input energy in the tensile-shear tests 

 

(a) Glass-blasted pretreatment surfaces 

 

(b) Pickling in NaOH pretreatment surfaces 
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(c) As-Received sheet 

 

 

(d) All conditions sheets 

Fig. 7 Microhardness profiles of 1.5 mm sheet, welding parameters (32 kA, 5 cycles) 

 

 

 

 

 

 

 



Dr. Qasim Mohammed Doos Al-Attaby                                                             Improvement of Resistance Spot Welding  
Dr. Moneer Hammed Al Saadi                                                                           by Surfaces Treatment of AA1050 Sheets 
Ihsan Kadhom Abbas Al Naimi 

  234

 

 

Fig. 8 Macro-Micrographs of RSW of 1.5 mm sheet, welding parameters (32 kA, 5 cycles) 

     

(a)  1.0 mm as-received sheet 8000x      (b) 1.5 mm chemical pretreatment sheet 2700x 

Fig. 9 SEM images RSW 

 

 

Fig 10 Comparison between SORPAS® simulation and a metallographic experimental result 
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    ABSTRACT 

 The limitations of wireless sensor nodes are power, computational capabilities, and 
memory. This paper suggests a method to reduce the power consumption by a sensor node 
.This work is based on the analogy of the routing problem to distribute an electrical field in 
a physical media with a given density of charges. From this analogy a set of partial 
differential equations (Poisson's equation) is obtained. A finite difference method is utilized 
to solve this set numerically. Then a parallel implementation is presented. The parallel 
implementation is based on domain decomposition, where the original calculation domain 
is decomposed into several blocks, each of which given to a processing element. All nodes 
then execute computations in parallel, each node on its associated sub-domain. With this 
method power consumption by the central node which is responsible to compute routing in 
the network is reduced. 

Keywords- sensor network; electrostatic theory; finite difference method; successive over 
relaxation; domain decomposition;  
 

 التوجيه المتوازي للشبكات التحسس اللاسلكية
  الخلاصة

وتقترح هذه المقالة طريقة لتقليل     .  اللاسلكية هو الطاقة والقدرات الحسابية والذاكرة      احد أوجه قصور العقد التحسس    

ويستند هذا العمل الى قياس مشكلة التوجيـه علـى توزيـع الحقـل              . الطاقة من قبل عقده جهاز التحسس      استهلاك

 الحصول علـى مجموعـة مـن        القياس تم من هذا   . لام مادية بكثافة معينة من الشحنات     الكهربائي في وسائل إع   

. ة لحل هذه المجموعة عـددياً     ستخدم أسلوب فرق محدود   وا). Poissonالمعادلة ل   (جزئية  التفاضلية  ال المعادلات

تحلل المجال، حيث يتم حساب المجال الأصلي متحللة إلى كتـل  على  ويستند تنفيذ متوازي.  قدممتوازيالنفيذتال ثم

 الحسابية بالتوازي، كل عقده علـى جـزء         ثم تنفيذ العقد جميع العمليات    . عدة، كل من التي تعطي لعنصر تجهيز      

  . لحساب التوجيه في الشبكةةالمسؤولعقدة المركزية ستهلاك الطاقة بالبهذه الطريقة يتم تقليل ا.  المرتبطة بهالمجال

التوالي على الاسـترخاء،     ، طريقة الفرق المحدد   ،نظرية الكهروستاتيكية ،  الشبكات التحسسية   :الكلمات الرئيسية 

  تحلل المجال



       Prof.Dr.Kais Al Sabbagh                     Parallel Routing in Wireless Sensor Network 
      Dr. Zainab Tawfeeq Baqer  

 236

 
     INTRODUCTION 

A wireless sensor network (WSN) is a wireless 
network consisting of spatially distributed 
autonomous devices (several hundred to several 
thousand devices) that use sensors to monitor 
physical or environmental conditions. These 
autonomous devices, or nodes, combine with 
routers and a gateway to create a typical WSN 
system. The distributed measurement nodes 
communicate wirelessly to a central gateway, 
which provides a connection to the wired world 
where data measurement can be collected, 
processed, analyzed, and presented. To extend 
distance and reliability in a wireless sensor 
network, routers can be used to gain an additional 
communication link between end nodes and the 
gateway. The primary areas in which these 
networks are environmental observations, military 
monitoring, building monitoring and health care 
[Vijay 2007]. 

In many applications the sensors perform 
measurements of specific metrics such as 
temperature, pressure, movements or other 
physical values, and it is desired to collect the data 
of sensors in a specific station for processing, 
archiving and other purposes. This station is a 
data sink, and it has enough processing power, 
storage space, and capability of communicating 
with the sensors. For the purpose of 
communication to the sink, the sensors relay the 
packets of each other in a multi-hop way. 

A novel approach for the routing problem in 
wireless ad hoc networks was introduced 
[Kalantari 2004]. This approach is based on the 
analogy of the routing problem to the distribution 
of electric field in a physical media with a given 
density of charges. Then this approach is used in 
wireless sensor network [Kalantari 2006]. The 
mathematical model is explained in the following 
section briefly with some assumptions and 
consideration.  Mathematical details formulation 
is given by Kalantari [2006] .  The work presented 
in this paper is based on this approach. A 
Poisson's equations are obtained from this 
approach. These equations are   solved 
numerically using the finite difference method. 
This method is parallelized. Because the energy is 
very important, partitioning the computations 
between more than one node in the sensor 
network will achieve better performance. One 
node needs more time for calculations and 

distributions the results to the other nodes. So, to 
reduce this time more nodes are utilized.  

MATHMATICAL MODEL 
Consider a network with N wireless nodes that 
can communicate with each other through radio 
links. The  

nodes are randomly placed in a region A in the 
plane. Assume there are M source-destination 
pairs, denoted 1s ... Ms . Source-destination pair 

is  has a bandwidth demand which we refer to as 
its weight and denote by iW . Suppose that one or 
more paths in the plane are chosen for each is . 
Each path starts at the source node and ends at 
the destination node of is . The weight iW  is 
partitioned into amounts that are assigned to the 
paths. The weight assigned to a particular path 
indicates the amount of demand that is desired to 
follow that path. It should be noted that the 
chosen paths are not constrained by the location 
of intermediate nodes. Instead, the paths are 
‘abstract’ paths in the plane that represent desired 
paths for the transit of packets. For 
communication to occur, each abstract path must 
be approximated by an actual path consisting of a 
piecewise linear multihop path connecting the 
source and destination through a sequence of 
intermediate nodes. Given a set of weighted 
(abstract) paths for each source-destination pair,  
define a vector field on A which refers to as the 
load density vector field and denote by D

r
. 

D
r

represents the flux density of the weighted 
paths for the source-destination pairs. Given a 

point (x, y)  A,  a small area element at (x, y) is 

chosen. For each path that intersects S, we take 
the tangent vector to the path and scale it so it has 
magnitude equal to the weight of the path. 
Adding up these scaled tangent vectors, dividing 
by the area of S, and letting the area element go 
to zero gives the value of D

r
 at (x, y). A problem 

with this definition is that since there are only 
finitely many source-destination pairs, and hence 
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only finitely many paths D
r

 will be 0 except on a 
set of measure zero.  
For optimal *D

r
 a set of partial equations can be 

written 

 
0. ** =×∇=∇ DD

rrrr
ρ                       (1)    

 
 ρ represents the density of sources in the 

network and ∇
r

 is defined as: 

 

              j
y

i
x

ˆˆ
∂
∂

+
∂
∂

=∇
r

                              (2) 

 
The above equations are similar to Maxwell’s 
equations in the electrostatic theory. It is proved 
that the vector field D can be expressed as the 
gradient of a scalar field. In other wards: 

 

              UD ∇=
rr

                                   (3)                

 
 
in which U is a scalar function known as the 
potential function. Then the set of equations 
defined by (1) reduces to: 

              ρ=∇ U2                                (4) 
 
in which the operator 2∇ is defined as: 

 

           2

2

2

2
2

yx ∂
∂

+
∂
∂

=∇                     (5) 

 
The partial differential equation defined by (4) is 
known as the Poisson equation. The potential 
function gives a rough idea of how much effort 
by the network is needed to send data from a 
source to the destination. This effort is 
proportional to the potential difference of the 
source and the destination. In addition, the 
potential function gives insight into the routing. 
Based on (3), the routing is done in the direction 
of the gradient of the potential function. 

  

FINITE DIFFERENCE METHOD   

  The finite differenc method is a numerical 
analysis technique for obtaining approximate 
solutions to a wide variety of engineering 
problems. In many engineering problems, it 
is difficult to find the analytical solution. So 
several approximate numerical analysis 
methods have evolved over the years such as 
the finite difference method which is a 
powerful and a versatile numerical technique 
for handling problems involving complex 
solution regions. It involves three steps: 

(1) Dividing the solution region into a grid of 
nodes (Fig.1). 

(2) Approximating the given differential 
equation by finite difference equivalent 
that relates the dependent variable at a 
point in the solution region to its values 
at the neighboring points. 

(3) Solving the difference equations subject 
to the prescribed boundary conditions 
and/or initial conditions.  

More information on finite difference method can 
be found in [Sadiku 2001]. As explained in 
section II, it is desired to solve the following 
equation: 
 

           ρ=
∂
∂

+
∂
∂

=∇ 2

2

2

2
2

y
U

x
UU                      (6) 

    The function U(x,y) in a 2-D domain, x in [0,1] 
and y in [0,1] is solved. The boundary conditions 
(U (0, y), U (1, y), U(x, 0), and U(x, 1)) are 
given. In addition, the function U(x,y) can also be 
specified on specific points in the interior 
domain. The source ρ  (x,y) is taken to be a 
simple Gaussian in what follows for simplicity.  

The domain is discretized on a 2-D numerical 

lattice, with  hixi *=  , hjy j *=  and 
N

h 1
= .  

N is the number of grid points in both directions 
and h is the mesh size. In this work different size 
of grids is utilized. The Poisson equation is re-
written in finite difference form (five stencil 
form):  
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jijiUjiUjiUjiUjiU
h

,),*4_1,1,,1,1(
2
1

ρ=−+++−++=                         

(7) 

jiU ,  is the value of U at node (i,j) in the mesh 
for Poisson's equation (Fig.1).    

     This leads to a large set of linear equations to 
solve for the field values jiU ,  on the grid within 

the domain, keeping jiU ,   fixed at the boundary. 
This set of equations can be solved by an iterative 
method, whereby  

   )(
4
1

,
2

1,1,,1,1
1

, ji
k

ji
k

ji
k

ji
k

ji
k

ji hUUUUU ρ−+++= −+−+
+        

(8) 

is iterated until the changes in jiU ,  become less 
than some predefined tolerance criteria.  An 
arbitrary guess for jiU ,   is assumed to start with. 

We choose jiU ,
0 =0, or can be the average of 

U at the fixed node. The old and new values of  
jiU ,   are mixed to accelerate the convergence, 

leading to the "Successive Over Relaxation" 
scheme [Azali 2009]. It may define residual jiR ,  
as: 

)4( ,
2

,1,1,,1,1, ji
k

ji
k

ji
k

ji
k

ji
k

ji
k

ji hUUUUUR ρ−−+++= −+−+

     (9) 

k
ji

k
ji

k
ji RwUU ,,
1

, 4
+=+                                    (10) 

The relaxation factor w is selected such that 1< w 
< 2. The choice of a proper value of w is problem 
dependent and is often determined by trial and 
error. In this paper, w=1.5.  

The value of the potential function U at each 
node in the mesh is computed as shown in Fig.2. 
Let us assume that the source of packets in the 
middle of the network ( 60,60node  ) and it (source) 
want to broadcast its packets (assuming all the 
other nodes destinations). The number of nodes 
in the network=14400 (120x120). In this 
simulation, the time is recorded for different 
number of nodes as shown in Fig.3 with different 
values of tolerance. As shown, the time is 

increased when the number of nodes in the 
network is increased. More accurate results are 
obtained due to the increases of nodes.  Of course 
increasing the number of nodes gives an accurate 
results but the time increases. Requiring more 
time in wireless sensor network make the sensor 
nodes consume more power. So in this work the 
original domain is divided into sub-domains in 
order to distribute the computation between 
nodes as described in the following section. 
  

PARALLELIZATION STRATEGY 
Parallelism in this system is to sub-divide the 
data structures into sub-domains and assign each 
sub-domain to one processor. In this case, the 
same code runs on all processors with its own set 
of data. By dividing the computational domain 
into four sub-domains as shown in Fig.4, it is 
possible to spread the workload between four 
different processors. However, it is important to 
note that, in order to compute the variables for 
each nodal point, the variables at its neighboring 
points are required. Thus, in order to calculate the 
variables at the points close to the interface 
between sub-domains, one processor will require 
information stored in the memory of a 
neighboring processor. This requires 
communication at regular intervals, which may 
slow down the computation. In general, the 
computation procedure involves three steps (1) 
partitioning of the solution domain; (2) 
performing computations on each processor to 
update its own data set; (3) communicating data 
between processors. This technique is called 
domain decomposition. The key for an efficient 
computation is to maintain the communications 
between processors to a minimum level, as well 
as, to divide the workload equally between 
processors. 
 

In this work, domain decomposition coordinate 
bisection is used [Andreas 2010]. This method 
divides the number of points equally between 
processors, but makes no attempt to obtain a 
domain division that minimizes the 
communication between processors, i.e., a 
division with the smallest number of nodal points 
in boundaries between sub-domains. Therefore, 
coordinate bisection may produce sub-domains 
with long interfaces that will lead to a large 
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amount of communication. This can be partly 
overcome by recursive application of alternate x, 
y bisections. The grid is first divided into 2 grids 
using bisection of the x-length of the calculation 
domain. Then to each of the resulting domains, y 
bisection is applied, resulting in four blocks (or 
sub-domains).The procedure can be continued to 
obtain eight blocks, sixteen blocks, thirty two 
blocks, etc. Once a multi-block domain has been 
established, calculations on each block can begin 
in parallel if the boundary conditions of these 
blocks are known. This may be either a physical 
boundary condition or an internal boundary 
condition generated as a consequence of the 
domain decomposition. The physical boundary 
data of each block, if any, are provided by the 
user, while the internal boundary data must be 
received from neighboring blocks, which may 
reside on different processors. Internal boundary 
data are hold by buffers on the boundary of each 
block as shown in Fig. 4, which illustrates a 
calculation sub-domain and the buffer cells used 
to store the overlap data. Once the buffer data has 
been received from all sides of a block, the 
computation of this block can start, using the 
sequential algorithm. On completion of the 
solution for the block, the data at its boundaries is 
sent to the neighboring blocks. Calculation in this 
block then waits for the buffer update provided 
by this block’s neighbors, after which the next 
computation cycle can start. The information 
exchange across sub-domains can be performed 
using the message passing interface standard, 
MPI (Message Passing Interface). The use of 
MPI ensures portability across different 
computing platforms. 
If the communication time is ignored for this 
method, the time will be decreased with 
increasing the number of processing elements as 
shown in Table 1. If the suggested model is 
divided into two sub-domains the time will 
halved, and if the division into four sub-domains 
the time will be quarter its origin value and so on 
as shown in Fig. 5. This is true if the 
communication time is ignored. In fact, with 
increasing the number of processing elements, the 
time will be decreased to some threshold value 
then will be increased due to the overhead 
appended for communication between the 
processing elements.  

In this work the task is divided into n equal 
subtasks, each of which can be executed by one 
processing element. If ts is the time to perform a 
task by a single processor, tm is the time taken by 
each processor. 
 
       tm =  ts / n                                              (11)    
 
Speed up =  ts / tm = n                                   (12) 
              
This is true when the communication overhead is 
ignored. With communication overhead: 
 
     tm = ts /n + tc                                             (13) 
 
where tc is the communication time, So : 
 
 Speed up = ts / tm =  ts / ( ts / n + tc)  
                    
                 =  n / (1+ n* tc / ts)                        (14) 
  
For each block or subtask, calculations can begin 
in parallel if the boundary conditions of these 
blocks are known. Boundary conditions are sent 
by the processor element using message passing 
interface functions. The potential jiU ,  is updated 
repeatedly (eq.(10)). In addition, to the potential, 
the residual is also updated repeatedly (eq.(9)). 
To compute the potential at node i,j, the potential 
from the neighboring nodes are needed to be 
transferred. As an example, to compute potential 
at node i,j at k+1 step : 
 
    send k

jiU ,  to all neighbors 
                           (using MPI_Send function) 
     receive k

ji
k

ji
k

ji
k

ji UUUU 1,1,,1,1 ,,, −+−+  from 
neighbors                                                                                
(using MPI_Rec function) 
Compute jiR ,   using eq.(9) 

Compute 1
,
+k
jiU  using eq.(10) 

As shown from the above computations, for each 
potential updated at a boundary node, an 
additional time is added to the computation delay. 
This time is increased with increasing the number 
of blocks (processor element), increasing tolerant 
and increasing the number of nodes in the 
domain. So the division of the data domain into 
sub blocks is limited by the communication time.  
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CONCLUSIONS 
      Wireless sensor network have many 
limitations. One of these important limitations is 
the power consumption. This work suggested a 
method to reduce this power. This work is based 
on the analogy of the routing problem to the 
distribution of electrical field in a physical media 
with a given density of charges. From this 
analogy a set of partial differential equation is 
obtained. A finite difference method is utilized to 
solve this set numerically. Then, a parallel 
implementation is presented. The parallel 
implementation is based on domain 
decomposition, where the original calculation 
domain is decomposed into several blocks, each 
of which is given to a processing element. All 
nodes then execute computations in parallel, each 
node on its associated sub-domain. The time to 
compute routing in the network is reduced with 
increasing the number of the nodes 
(communication time is ignored). Of course the 
power consumption will decrease when the time 
is decreased. 
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Figure 1 Finite difference mesh for two independent variables X and Y 

 

 

 

 

 

 

 

 

 

 

 

 
Figure.2 The value of the potential function U 

 

 
Figure 3 Execution time obtained with different mesh size and different tolerance. 
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Figure 4 Schematic representation of a calculation sub-domain divided into four subdomains, indicating the 
buffer cells used to store the internal boundaries data 

 
 
 
 

 

 

 

 

 

 

 

Figure 5.Execution time for different meshes size (50x50, 60x60, 70x70, 100x100, 120x120) with different 
number of processing element. 

 

Table 1. Execution time for different meshes size (N number of nodes in one axis) with different number of 
processing element neglegting the communication time. 

 

N=120 N‐=100 N=70 N=60 N=50 

No of 
Processing 
elements 

6 4 2 2 1 1 

3 2 1 1 0.5 2 

1.5 1 0.5 0.5 0.24 4 

0.75 0.5 0.25 0.25 0.12 8 

0.375 0.25 0.125 0.125 0.06 16 

0.1875 0.125 0.0625 0.0625 0.03 32 

0.09375 0.0625 0.03125 0.03125 0.015 64 
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   ABSTRACT 
      The problem of internal sulfate attack in concrete is widespread in Iraq and neighboring countries. 
This is because of the high sulfate content usually present in sand and gravel used in it. In the present 
study the total effective sulfate in concrete was used to calculate the optimum SO3 content. Regression 
models were developed based on linear regression analysis to predict the optimum SO3 content usually 
referred as (O.G.C) in concrete.  
The data is separated to 155 for the development of the models and 37 for checking the models. Eight 
models were built for 28-days age. Then a late age (greater than 28-days) model was developed based 
on the predicted optimum SO3 content of 28-days and late age. Eight developed models were built for 
all ages. The important results obtained from the developed models are the positive effect of C3S, C3A 
and C4AF on optimum SO3 content. The effect of C3A on optimum SO3 content is about twice that of 
C4AF. The study also showed a trend of positive and important effect of the fineness of cement except 
in some models and this is due to statistical overlap.  

 
Key wards: Optimum SO3 content (O.G.C), total effective SO3 content, 28-day age model, late age 
model, all age model 
 

 نماذج أحصائية لتخمين نسبة الجبس المثلى في الخرسانة
 زينة خضير العنبوري. علي حسين النعيمي                        د. رياض شفيق الراوي                                د. د.أ

 
  الخلاصة

 لاملاح الكبريتاتهذا يعزى الى النسبة العالية . منتشرة في العراق و البلدان المجاورةفي الخرسانة ة الكبريتات الداخلية    مشكلة مهاجم
للكبريتات في الخرسانة و التي ) الفعالة( القيمة الكلية المؤثرةعملتدراستنا الحالية أست. هاالموجودة في الرمال و الحصى المستخدم في

للتنبؤ بنسبة الكبريتات المثلى و التي ،  طرق تحليل الانحدار عمالتم تطوير نماذج رياضية بأست. نسبة المثلى للكبريتات لحساب العملتست
ثم طور . يوم-28نماذج لعمر ) 8(صممت .  لتدقيق النموذج37 تدخل في بناء النموذج و 155البيانات قسمت الى . (O.G.C)تعرف ب 

و الاعمار المتأخرة يوم -28و المعتمد على القيمة المثلى المتوقعة للكبريتات من عمر ) يوم-28من أآبر (نموذج للاعمار المتأخرة 
  .نماذج أخرى و لكل الاعمار) 8(تم تصميم . الاخرى

حوالي ضعف تأثير ) C3A(و آان تأثير ) C4AFو C3S، C3A(وآان من أهم النتائج التي تم التوصل اليها التأثير الايجابي ل 
)C4AF.( و هذا يعزى النماذج آما أظهرت الدراسة التأثير الايجابي و الفعال لنعومة السمنت على نسبة الكبريتات المثلى الا في بعض 

الموديلات ،  يوم28موديلات  بعمر ، النسبة الكلية الفعالة للكبريتات، نسبة الجبس المثلى :الكلمات الرئيسية .اخلات الاحصائيةدالى الت

 .المديلات بكل الاعمار، رةبالعمار المتأخ
 

، المديلات بالاعمار المتأخرة ،  يوم 28الموديلات بعمر ، النسبة الكلية الفعالة للاملاح ، النسبة المثلى للجبس : الكلمات الرئيسية
 المديلات بكل الاعمار
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1. DETERMINATION OF THE 
STATISTICAL MODEL VARIABLES 
1.1 Collecting Data 
    In order to build a regression predictive 
model, there should be sets of data that cover a 
wide range of variation of the independent 
variable. A survey was carried out to obtain the 
required data has been chosen to cover locally 
published literature from (1977 to 2002) as 
presented in Table 1. 
1.2 The Independent Variables 
   The Followings are the selected data of the 
independent variables; the data were processed 
to obtain the information listed below and as 
presented in Table 2. 
1. Total alkalis as equivalent Na2O. 
2. Main compounds of cement. 
3. Cement surface area (Blaine fineness). 
1.3 The Dependent Variables  

 The value of optimum SO3 content has to be 
predicted from the relationship between 
compressive strength and different SO3 content 
as detailed in the presented research items as 
shown in Table 3. The decision was based on 
the observed variation of SO3 content with 
maximum compressive strength and the change 
of SO3 content with age of the same mix. 
1.4 Preliminary Statistical Analysis  

  The analysis focused on the calculation of the 
following measures of central tendency and 
dispersion of data and the number of data equal 
to 178. 
1. Mean, median and mode (central 
tendency)  
2. Minimum and maximum, range and 
standard deviation (dispersion). 
The calculated measures of central tendency and 
dispersion are presented in Table 4. 
 
1.5 Correlation Analysis  

    Two types of correlation coefficient obtained 
which were Person and Spearman [SPSS 
manual] between dependent and independent 
variables are presented in Table 5 and 6   
respectively. First one is used for linear 
relationship while the second coefficient for non  

                                                                                                          
User Page 244 1/13/2013linear 
relationships. This is achieved by comparison 

between calculated (rc) and the critical 
correlation coefficient (rc) at a specified level of 
significance [Bland (1985)] and can be 
calculated using the equation given below. 

rc = 
22

2/

2/

−+ nt
t

α

α  

Where: rc= the critical correlation coefficient 
α = the level of significance, t = the standard t 
variable, n = number of sample data pairs. 
 
2. DEVELOPED REGRESSION MODELS 
FOR CONCRETE  
2.1 28-days model  

    Developments of predictive models for 
concrete are made in two stages based on age of 
the product. The first stage focused on data for 
the age of (28- days) and the second stage for 
late ages higher than 28-days.  First descriptive 
statistic analysis presented in Table 7. The 
calculated coefficient for Person and Spearman 
correlation are presented in Tables 8 and 9 
respectively. 
Comparison between the values in the two 
Tables (8) and (9) and indicates that there is a 
high correlation between the independent 
variables. From the partial correlation presented 
in Table 10, it could be concluded in general 
that the coefficients of correlation of the linear 
relationship are higher than the critical 
coefficient of correlation except for the relation 
with total alk. , C4AF and fineness Blaine, 
which is lower than the critical value and it is 
higher than the nonlinear relationship so the 
multiple linear regression analysis is used for 
model development. 
Eight models were built for 28-days age 
presented in Table 11 and the number of data is 
equal to 33 when  ignoring Abdul-Latif ` data 
(1997-2001) and this means no missing value 
for total alkalies  for model (1-A,2-A,3-A) and 
42 when used for models (1-B,2-B,3-B,4 and 5). 
The missing values for total alkalies were 
replaced by the average value for all other data. 
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  Table 12 presents the ANOVA, R2, root mean 
square of error, Durbin-Watson and 
∑residual×predicted SO3% for all models. 
From Tables 11 and 12 the followings can be 
concluded: 

1. The best statistical model is (1-A) since, 
it has the highest coefficient of 
determination, R2 (0,992), lowest root 
mean square of error (0.3424) and the 
Durbin- Watson value within the 
accepted range of (1.5-2.5) although the 
T- value is not the best but it is still low 
despite that some independent variables 
not on the line of concrete technology. 

2. For model 2-A, 2-B, the effect of L.O.I 
is removed because it is less effective in 
concrete, the following can be 
concluded: 

- Some independent variables not 
in the line of concrete 
technology. 

- High coefficient of 
determination, R2 of (0,985 and 
0.974), low root mean square of 
error (0.458 and 0.5816), and the 
Durbin- Watson is not within the 
ranges (1.36 and 0.952) and T- 
value is low value (-0.24 and 
0.22). 

3. For model 3-A and 3-B the effect of 
L.O.I and MgO are removed. The reason 
is that the collected data below the 
values mentioned in the ASTM 
specification (6%). Furthermore, 
examinations of the model suggest the 
following: 
- Some of the independent variables 
effect is not consistent with the current 
knowledge of concrete technology. 
- Low coefficient of determination R2 of 
(0.954 and 0,952) in comparison with 
the other developed models. This is in 
addition to the high root mean square of 
error  (0.7851 and 0.7753),and the 
Durbin-Watson statistic is not within the 
ranges(1.331 and 0.788) and T- value is 
low value (-0. 81 and 0.01). 
4.  For model 4 , The effect of total 
alkalies is removed in order to include 
Abdul- Latf's data (1997 -2001) , so the 
model become with no missing values 

.From this model the following can be 
observed : 
- High coefficient of determination  R2 
of (0.987), low root mean square of error 
(0.417), and the Durbin- Watson is not 
in within the rang but it is closest to the 
rang  and T- value is the lowest  value 
(0. 01). 

5. For model 5 in general the 
independent effect is consistent with the 
current knowledge of concrete 
technology, but the shortcoming is on 
the statistical concept, it has low 
coefficient of determination R2 of 
(0.952) compared with other model, the 
low root mean square of error (0.7686), 
and the Durbin- Watson is not within the 
range (0.726) despite the low T- value (-
0. 01). 

From the presented as above analysis it 
can be concluded that it is so difficult to 
choose the best acceptable model which 
satisfies the conditions of concrete 
science and regression analysis. 
Therefore, the decision was selected of 
1-A, 3-B and 4 for more examination. 

Examination of the scatter plots for C3A 
and optimum predicted SO3 versus the 
residuals are presented in Figs. 1 and 2 
for model 1-A, Figs. 3 and 4 for model 
3-B and Figs 5 and 6, indicates that 
model 3-B does not adequately represent 
the obtained data. Therefore this model 
is ignored in the following analysis. 

Further statistical analysis is made to 
find the best model among those 
described as above. The relationship 
between the observed and predicted SO3 
are presented in Fig. 7 and Fig. 9 for 
models 1-A and 4 respectively. The 
conclusion is that the developed models 
result in minimal random error. By 
contrast, Fig. 8 for model 3-B is less 
articulate. 

Moreover, the distribution of residuals 
presented in  Figs 10 ,11 and 12 for 
model 1-A , 3-B and 4 respectively  
provide further evidence to support the 
conclusion that model 3-B is not a 
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reliable model. To conclude this section, 
it was decided that the data presented in 
Fig 12 provide the best fit between 
observed and predicted SO3 values. The 
implication is that model 4 is the best to 
describe the obtained data. 

 

2.2 Late Ages models (Greater Than 28-
Days) 
Following the development of 28-days models, 
a late age (greater than 28-days) model was 
developed based on the predicted optimum SO3 
content of 28-days and late age. The number of 
data is equal to 77. 

Descriptive statistical analysis is presented in 
Table 13. The predicted models for late ages are 
presented in Table 14. 

Optimum SO3 %( Late ages)-model 4= 
0.976×SO3 (predicted for 28-days) +1.251E-
03×Time (late ages)      eq. (1) 
 
Table 15 shows that the standard error of 
estimate (R2) is (0.97). This has the implication 
that 97.0% of the observed scatter in the data is 
explained by the adopted model. This 
conclusion is consistent with result of 
comparison of the calculated F (1206.493) with 
the tabulated critical F value of (3.127) at the 
95% level of confidence. 
Moreover, the calculated Durbin-Watson value 
is (1.939) which is within the range (1.5-2.5) 
and hence, a minimal random error would be 
expected. The value of T-statistics equal to (T= 
0.08). 
A prove to the conclusion that the developed 
model result is in a minimal random error can 
found by examination of Fig. 13. 
Examination of Figs.14 and 15 which shows 
scatter plots of predicted optimum SO3 and 
MgO, variables versus the residual. The 
presented data suggest the existence of random 
variation between variable values and its 
residual values. 
Finally the distribution of the residuals is shown 
in Fig. 16, from this figure it is clear that the 
residuals are almost normally distributed. 
From all statistical analysis presented above, it 
is also difficult to select model 4 as the best 
model for 28-days model since it contain some 

independent variables not in the line of concrete 
technology. So all age model may be the 
alternative model. 
2.3 All- Age Concrete Models 
Eight development models were built for all 
ages, and the number of data is equal to 132 
when Abdul-Latif `s data (1997-2001) were 
ignored and 155 when entering them. The 
results of the preliminary descriptive statistical 
analysis are presented in Table 16. 
Results of linear and non linear (Pearson and 
Spearman) correlation analysis are presented in 
the form of a matrix in Tables 17 and 18 
respectively. 
The data presented suggest that in general the 
linear model provides better fit for the data 
between the compounds and there are highly 
correlated with each other. 
From the partial correlation presented in Table 
19, in general the coefficients of correlation of 
the linear relationship are higher than the critical 
coefficient of correlation except for MgO and 
C3A. For nonlinear relationship all independent 
variables are less than the critical value. Based 
on this result it was decided to use linear 
multiple regression technique for the developed 
required statistical model. 
The regression equation coefficient obtained, t- 
value and the decision are presented in Table 
20. 
From Tables 20 and 21 we can conclude: 

1. The best statistical model is (1-A) since 
,it has the highest R2 , lowest root mean 
square of error and the Durbin- Watson 
value within the range although the T- 
value is not the best but it is still a low 
value despite that some independent 
variables not on the line of concrete 
technology . 

2. The model (1-B) may be selected as the 
best model for the following reasons: 

- In general the regression coefficient is in 
the line of concrete technology except for 
total alkalies and this is because that we 
replace the value of Latif`s data (1997 and 
2001) by mean value and this effect the final 
result. 
- High coefficient of determination R2 of 
(0.98) , low root mean square of error 
(0.4821) and the Durbin – Watson is not 
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within the range , but it is still near the range 
and with low T- value (-0.49). 
- The model includes all independent 
variables. 
3.   For model 2-A, 2-B ,3-A and 3-B it is 
clear from the Table presented above there 
is a  shortcoming either in the statistical 
concept or that some independent variables 

not in the line of concrete technology and 
this due to high correlated between the 
independent variables . 
4. Model 4 is the best model for the 
following reasons: 
- All independent variables is  on the line 
with concrete technology understanding , as 
it 

contains all expected positive and negative 
factors and values . 
- High coefficient of determination, R2 
(0.98), low root mean square of error 
(0.417), and the Durbin- Watson is not 
within the ranges but it is closest to the 
ranges and T- value is the lowest value  
 (-0.08). 
- The model including all independent 
variables except total alkalies. 
5.   For model 5 despite all independent 
variables are in the line of concrete 
technology ,but the shortcoming is on the 
statistical concept, it has low coefficient of 
determination , R2 (0.962)compared with 
other model , the highest root mean square 
of error , and the Durbin- Watson is not 
within the rang  despite the low  T- value 
(0.08) . 
Examination of Figs. 17 and 18 for model 4 
and Figs.19 and 20 for model 5 which shows 
scatter plots for C3S, C3A, Blaine and age 
versus the residuals of each variable. The 
data presented suggest the existence of 
random variation between variable values 
and its residual values. The data presented 
provides further confirmation to the 
conclusion that the developed model 4 can 
be considered as the best selected model. 
A proof to the conclusion that the developed 
model results in minimal random error can 
found by examination of Fig.  21 for model 
4. The distribution of the residuals is shown 
in Fig 22 from this figure it is clear that the 
residuals are almost normally distributed. 
 
3. CONCLUSIONS 
3.1 Development of Models for (28 Days – 

Late Age And All Age Model) of 
Concrete: 

1. The examination of the data presented 
for all variables indicates that the 
coefficients of correlation for linear 

relationship are substantially higher than 
that for nonlinear relationship. 

2.  In general, statistically, it was also 
found that the MgO content of cement 
positively affects the optimum SO3 
content. 

3. Increasing the SO3 content in sand 
affects the optimum SO3 content of 
concrete and this effect is more 
significant than that due to increasing the 
SO3 content in coarse aggregate, so total 
effective SO3 in concrete is preferred. 

3.2 28 Days – Late Age Models: 
In the 28-days model the relationship 
between the independent variables 
themselves and the optimum SO3 content is 
overlapped resulting in the high correlation 
between them. From the presented 
regression analysis it is difficult to choose 
the best model because the regression 
models are either in the line of concrete 
technology or best statistical analysis.  
According to the results obtained from the 
models of 28-days, the following could be 
concluded: 

1. In general, the trend for both C3S and C2S are 
positive and this is due to the positive influence 
effect for both C3S and C2S on 28-days strength.  
2. For more confidence for the above 
conclusion, the value of regression coefficient 
C2S is less than for C3S in all positive effect 
models (1-b, 2-B, 3-B, 4, and 5). 
3. It was proved statistically that the effect of 
C3A is positive.  
4. In general, the effect of C4AF is positive. 
5. In general the effect of C3A is about double 
that of C4AF except for 1-A, 2-A and 3-A and 
this due to the combined effect between Abdul –
Latif `s data and other authors data. 
5. The trend of Blaine fineness is not clear, so it 
needs more study. 
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6. It is proved statistically that the optimum SO3 
content increases with increase of age in late age 
model. 
3.3 All Age Models 
For our best models 4 and 5, the following 
could be concluded:  
1. The effect of C3S is positive and of C2S is 
negative. 
2. The effects of C3A and C4AF are positive. 
 

 
3. The effect of C3A is about twice the effect of 
C4AF. 
4. The effects of C3A and C4AF are higher than 
the effects of C3S and C2S. 
5. The positive effect of fineness Blaine. 
6. The positive effect of time led to increase in 
optimum SO3 content with increase of age.  
7. Blaine fineness and C3A were found as the 
major factors affecting the optimum SO3 
content.
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Table 1: The collected data from published literature 

 
Author No. of 

data 
Type of cement  

Al-Rawi (1977) 3 Approximately the same chemical composition and different in 
Blaine.  

Ali (1980) 5 Same chemical composition with 1:2:4 mix and different SO3 
level  

Yousif (1981) 6 (3-OPC with 1:2:4,1:3:6 and1:4:8 mix) and (3-SRPC with 
1:2:4,1:3:6 and1:4:8 mix) 

Zari (1981) 16 (8-OPC with 1:2, 1:3, 1:4, 1:5 mix) and (8-SRPC with 1:1:2, 
1:1.33:2.68, 1:2:4 and 1:3:6 mix). 

Abood (1988) 2 Same chemical composition with (1:2.75:3.18 and 1:1.84:2.46 ) 
mix  

Al-Qissi (1989) 1 Chemical composition  
Al-Salihi (1994) 7 Different chemical composition with schedule mixes 
Abdul-latif (1997) 7 Different chemical composition  
Abdul-latif (2002) 5 Different chemical composition 

 

Table2: Selected independent variables, total alkalis, main cement compounds and surface 
published literatures. 

 

Calculated  Author Serial  
No. of 

selected 
data set  

Total Alk. 
(%) 

C3S 
(%) 

C2S 
(%) 

C3A 
(%) 

C4AF 
(%) 

Surface 
area(cm2/gm)

Ali (1980) 1-5 0.94 41.10 34.8 8.8 8.5 3000 
1-3 0.86 34.00 38 10 9 3103 

Yousif (1981) 
4-6 0.65 49.00 26 2 16 2533 
1-4 0.53 49.53 20.12 8.76 10.16 3278 

Zari (1981) 
5-8 0.35 61.96 13.7 1.1 15.1 3124 
1 0.34 62.00 13 12 11 2500 
2 0.34 62.00 13 12 11 3500 Al-Rawi (1977) 
3 0.34 62.00 13 12 11 4500 

Al-Qissi (1989) 1 0.74 47.80 24.2 9.7 9.12 3125 
Abood (1988) 1-2 0.58 58.44 15.83 5.22 9.39 3471 
Al-Salihi (1994) 1-7 0.80 34.48 36.07 8.87 9.12 3420 

1 - 36.03 36.75 2.55 15.2 3660 
2 - 36.28 33.8 12.91 8.32 3840 
3 - 54.85 19.09 7.71 8.48 3600 
4 - 60.63 13.87 2.65 16.29 4000 
5 - 38.22 34.64 2.57 15.2 3540 
6 - 21.15 51.38 14.79 2.18 3660 

Abdul-Latif  (1997) 

7 - 30.1 39.04 9.52 10.33 3350 
1 - 43.85 32.28 1.61 14.85 2620 
2 - 43.59 31.9 2.3 13.98 2750 
3 - 48.45 26.51 8.53 7.54 2600 
4 - 37.74 36.91 7.66 9.48 2570 

Abdul-Latif  (2002) 

5 - 52.02 21.55 8.02 9.6 2470 
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Table 3: Optimum SO3% of concrete at different ages (by weight of cement) from published 

literature. 
  

Optimum SO3 content (%) 
Time in days 

Author Serial 7-days 14-days 28-days 56-days 90-days 120-days 181-days 365-days
1 . . 2.00 . . . 2.00 . 
2 . . 2.00 . . . 2.00 . Al-Rawi (1977) 
3 . . 2.00 . . . 5.70 . 
1 1.50 . 1.5 2.5 2.00 . . 1.50 
2 2.00 . 2.00 3.00 2.00 . . 2.50 
3 2.50 . 2.50 2.20 2.50 . . 3.00 
4 2.45 . 2.45 2.45 2.45 . . 2.45 

Ali (1981) 
  

5 2.70 . 2.70 2.70 2.70 . . 2.70 
1 2.83 . 2.83 . 2.83 . . 2.83 
2 3.1 . 3.1 . 3.1 . . 3.1 
3 3.37 . 3.37 . 3.37 . . 4.44 
4 2.53 . 2.53 . 2.53 . . 3.07 
5 2.80 . 2.80 . 2.80 . . 2.80 

Yousif (1981) 
  

6 3.07 . 3.07 . 3.07 . . 4.14 
1 . 4.22 4.22 4.22 4.22 . . . 
2 . 4.22 4.22 4.22 3.72 . . . 
3 . 3.47 4.22 4.22 3.74 . . . 
4 . 4.2 4.22 4.22 4.22 . . . 
5 . 3.72 4.22 3.72 4.22 . . . 
6 . 4.22 4.22 4.22 4.22 . . . 
7 . 3.72 3.72 3.72 3.72 . . . 
8 . 4.22 4.22 4.22 4.22 . . . 
9 . 3.22 3.22 3.47 3.22 . . . 
10 . 3.22 3.22 3.22 3.22 . . . 
11 . 3.2 3.22 3.72 4.22 . . . 
12 . 3.22 3.22 3.22 3.22 . . . 
13 . 3.22 3.22 3.47 3.22 . . . 
14 . 3.22 3.22 3.22 3.22 . . . 
15 . 3.22 3.47 3.22 3.47 . . . 

Zari (1981) 
 
 
 
 
 
 
 
 
 
 
 
 

  

16 . 3.22 3.22 3.22 3.22 . . . 
1 . 3.35 3.35 . . . . . 

Abood (1988) 
2 . 3.20 3.20 . . . . . 

Al-Qissi (1989) 1 3.39 . 3.94 . . 3.94 . . 
1 2.96 . 2.33 2.96 2.96 . 2.96 . 
2 2.54 . 2.54 3.09 3.09 . 3.09 . 
3 2.89 . 23.24 3.41 3.41 . 3.41 . 
4 3.24 . 3.24 3.24 3.24 . 3.73 . 
5 3.56 . 3.56 3.56 3.56 . 3.56 . 
6 3.88 . 3.88 3.88 3.88 . 3.88 . 

Al-salihi (1994)

7 4.17 . 4.17 4.17 4.17 . 4.17 . 
1 3.4 . 3.4 . . 3.4 . . 
2 3.81 . 3.81 . . 3.81 . . 
3 4.47 . 4.47 . . 4.47 . . 
4 4.58 . 4.58 . . 3.34 . . 

Abdul-Latif 
(1997)

5 3.24 . 3.24 . . 3.24 . . 
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6 4.96 . 4.39 . . 4.96 . . 
7 4.12 . 4.52 . . 4.12 . . 
1 . . 3.52 . . . . 3.87* 
2 . . 3.23 . . . . 3.90* 
3 . . 4.00 . . . . 4.00* 
4 . . 3.55 . . . . 3.90* 

Abdul-Latif(2001) 

5 . . 3.30 . . . . 3.97* 

          * For 300 – days  
 

Table 4: Descriptive statistics analysis for cement mortar (all data) 
 

Central tendency Dispersion 
Compound 

Mean Median Mode Std. 
deviation Range Minimu

m Maximum 

MgO% 3.3153 3.400 4.110 0.831 3.300 0.9 4.20 

Total Alk.1% 1.158 1.160 1.160 0.271 0.690 0.86 1.55 

C3S% 45.053 41.100 34.480 11.148 40.8 21.15 62.00 

C2S% 27.732 34.640 36.070 10.221 38.30 13.0 51.38 

C3A% 7.407 8.800 8.870 3.528 13.60 1.1 14.79 

C4AF% 10.551 9.120 9.120 2.768 14.10 2.18 16.29 

L.O.I% 1.399 1.610 1.620 0.614 2.500 .20 2.70 

Blaine gm/cm2 3235.7 3201.0 3420.0 297.23 2030 2470 4500 

Total eff. SO3% 3.375 3.240 3.220 0.708 4.20 1.5 5.70 

 
 
Table 5: Correlation matrix for dependent and independent variables (Person correlation) 
 
Variable MgO Total 

Alk. C3S C2S C3A C4AF L.O.I Blaine Ages SO3% 

MgO 1.00 .239** -.194** .066 .255** -.389** .150 -.074 -.115 .379** 

Total Alk. .239** 1.00 -.901** .957** .593** -.733** -.430 -.078 .236** -.334** 

C3S -.194** -.901** 1.00 -.974** -.624** .657** -.048 .157* -.159* .101 

C2S .066 .957** -.974** 1.00 .541** -.608** -.084 -.161* .191** -.240** 

C3A .255** .593** -.624** .541** 1.00 -.919** -.105 -.119 .084 .048 

C4AF -.389** -.733** .657** -.608** -.919** 1.00 .098 .197** -.080 -.040 

L.O.I .150 -.430 -.048 -.084 -.105 .098 1.000 .201 -.115 .539 

Blaine -.074 -.078 .157* -.161* -.119 .197** .201 1.00 -.050 -.048 

Ages -.115 .236** -.159* .191** .084 -.080 -.115 -.050 1.00 .040 

SO3% .379** -.334** .101 -.240** .048 -.040 .539 -.048 .040 1.00 
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Table 6: Correlation matrix for dependent and independent variables (Spearman correlation) 
 
Variable MgO Total 

Alk. C3S C2S C3A C4AF L.O.I Blaine Ages SO3% 

MgO 1.00 .090 -.093 .060 .133 -.265** .317 .364** -.055 .471** 

Total Alk. .090 1.00 -.868** .867** .595** -.874** -.359 -.207** .077 -.380** 

C3S -.093 -.868** 1.00 -.987** -.709** .595** -.050 -.148* -.058 .122 

C2S .060 .867** -.987** 1.00 .666** -.583** .024 .079 .068 -.143* 

C3A .133 .595** -.709** .666** 1.00 -.703** -.060 .298** .067 -.085 

C4AF -.265** -.874** .595** -.583** -.703** 1.00 .113 -.055 -.049 .129 

L.O.I .317 -.359 -.050 .024 -.060 .113 1.000 .524 -.052 .521 

Blaine .364** -.207** -.148* .079 .298** -.055 .524 1.00 -.104 .190** 

Ages -.055 .077 -.058 .068 .067 -.049 -.052 -.104 1.00 .070 

SO3% .471** -.380** .122 -.143* -.085 .129 .521 .190** .070 1.00 

**, Correlation is significant at the 0.01 level (2-tailed)*, Correlation is significant at the 0.05 level (2-tailed)            
rc = 0.118  for  N= 192   for all variable except for total Alk.   rc = 0.1875  for  N= 113 
 

Table 7: Descriptive statistics analysis for concrete (28-days) 
 
 

 

 

 

 

 

 

             No. of data = 42 for all variables except for total Alk. No. of data = 33 
 

Table 8: Person correlation values for 28-days for concrete 

   **, Correlation is significant at the 0.01 level (2-tailed):   *, Correlation is significant at the 0.05 level (2-tailed) 
 
 
 
 

Variables MgO Tot. AlK. C3S C2S C3A C4AF L.O.I Blaine SO3% 

MgO 
 1.000 0.114 -0.054 -0.015 -0.004 -0.172 0.194 0.343* 0.527** 

Tot. AlK. 0.114 1.000 -0.913** 0.912** 0.508** -0.854** -0.279 -0.174 -0.222 
C3S -0.054 -0.913** 1.000 -0.985** -0.615** 0.642** -0.136 -0.093 0.048 
C2S -0.015 0.912** -0.985** 1.000 0.555** -0.613** 0.138 0.006 -0.074 

C3A -0.004 0.508** -0.615** 0.555** 1.000 -0.698** -0.047 0.242 -0.156 
C4AF -0.172 -0.854** 0.642** -0.613** -0.698** 1.000 0.032 -0.021 0.031 
L.O.I 0.194 -0.279 -0.136 0.138 -0.047 0.032 1.000 0.328 0.559 

Blaine 0.343* -0.174 -0.093 0.006 0.242 -0.021 0.328 1.000 0.095 
SO3% 0.527** -0.222 0.048 -0.074 -0.156 0.031 0.559 0.095 1.000 

Variables Mean Stan. deviation Minimum Maximum 
MgO% 3.106 0.959 0.900 4.200 
Total Alk. % 0.617 0.215 0.340 0.940 
C3S% 46.956 11.326 21.150 62.000 
C2S% 26.101 10.375 13.000 51.380 
C3A% 7.022 3.857 1.100 14.790 
C4AF% 10.931 3.115 2.180 16.290 
L.O.I% 1.424 0.623 0.200 2.700 
Blaine gm/cm2 3193.47 408.900 2470.00 4500.00 
Total eff. SO3% 3.209 0.684 1.500 4.220 
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Table 9: Spearman correlation values for 28-days for concrete 
 

Variables MgO 
 

Tot. AlK. 
 

C3S 
 

C2S 
 

C3A 
 

C4AF 
 L.O.I Blaine SO3% 

 

MgO 1.000 0.257 -0.124 0.006 0.057 -0.223 0.133 0.174 0.493** 
Tot. AlK. 0.257 1.000 -0.907** 0.951** 0.532** -0.712** -0.332 -0.116 -0.262 
C3S -0.124 -0.907** 1.000 -0.977** -0.598** 0.646** -0.16 -0.062 0.078 
C2S 0.006 0.951** -0.977** 1.000 0.520** -0.601** 0.061 -0.017 -0.208 
C3A 0.057 0.532** -0.598** 0.520** 1.000 -0.891** -0.051 0.242 -0.044 
C4AF -0.223 -0.712** 0.646** -0.601** -0.891** 1.000 -0.142 -0.142 -0.039 
L.O.I 0.133 -0.332 -0.16 0.061 -0.051 0.0021 1.000 0.108 0.626* 

Blaine 0.174 -0.116 -0.062 -0.017 0.242 -0.142 0.108 1.000 -0.063 
SO3% 0.493** -0.262 0.078 -0.208 -0.044 -0.039 0.626* -0.063 1.000 

**, Correlation is significant at the 0.01 level (2-tailed):   *, Correlation is significant at the 0.05 level (2-tailed) 
rc = 0.304 for N=42  for all variables except for total Alk.  rc = 0.3442 for N=33  
 
Table 10: Partial correlation for concrete model (28-days) between optimum SO3% and other 

compounds 
 

Variables Person correlation Spearman correlation 
MgO 0.4829 0.0508 
Total alkalies 0.1719 0.0000 
C3S 0.6765 0.0220 
C2S -0.6841 -0.0150 
C3A -0.3044 -0.0805 
C4AF -0.0155 0.0000 
L.O.I 0.4554 0.0000 
Blaine -0.078 -0.0768 

                     No.of data = 42 for all variables except for total Alk. No. of data = 33 
  
 

Table 11: Regression equation coefficients and other statistical measures for concrete (28-
days). 

 
Model  1-A 1-B 
Independent 
variable 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% -0.150 -0.718 Accept 0.380 4.644 Reject 
Total Alk% 4.417 2.773 Reject -0.167 -0.22 Accept 
C3S% 3.307E-02 0.914 Accept 3.008E-02 2.562 Reject 
C2S% -7.458E-02 -1.400 Accept 1.003E-02 0.570 Accept 
C3A% 3.344E-02 0.616 Accept 6.843E-02 1.691 Accept 
C4AF% -7.394E-02 -0.529 Accept 2.964E-02 0.614 Accept 
L.O.I% 1.649 4.64 Reject 0.730 5.739 Reject 
Blaine gm/cm2 -8.779E-05 -0.379 Accept -4.344E-04 -2.434 Reject 
Model  2-A 2-B 
Independent 
variable 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% 0.751 07.302 Reject 0.557 5.321 Reject 
Total Alk% 3.728 1.757 Reject -2.390 -2.695 Reject 
C3S% -8.954E-02 -2.706 Reject 3.266E-02 2.013 Reject 
C2S% -0.171 -2.613 Reject 5.322E-02 2.416 Reject 
C3A% 0.210 4.064 Reject 7.724E-02 1.545 Accept 
C4AF% 0.445 3.978 Reject 6.222E-02 0.938 Accept 
L.O.I% - - - - - - 
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Blaine gm/cm2 1.787E-04 0.596 Accept -3.705E-04 -1.504 Accept 
Model  3-A 3-B 
Independent 
variable 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% - - - - - - 
Total Alk% 3.067 0.844 Accept -0.663 -606 Accept 
C3S% -5.880E-02 -1.045 Accept 4.284E-02 2.005 Reject 
C2S% -0.109 -0.979 Accept 3.901E-02 1.345 Accept 
C3A% 8.392E-02 1.004 Accept 2.429E-02 0.374 Accept 
C4AF% 0.258 1.379 Reject -8.292E-03 -0.096 Accept 
L.O.I% - - - - - - 
Blaine gm/cm2 1.065E-03 2.266 Accept 1.563E-04 0.523 Accept 
Model  4 5 
Independent 
variable 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% 0.371 5.26 Reject - -  
Total Alk% - -  - -  
C3S% 2.942E-02 1.425 Accept 3.845E-02 1.530 Accept 
C2S% 6.903E-03 0.658 Accept 2.57E-02 1.37 Accept 
C3A% 6.786E-02 1.206 Accept 2.496E-02 0.388 Accept 
C4AF% 2.945E-02 0.69 Accept -1.204E-03 -0.014 Accept 
L.O.I% 0.745 2.934 Reject - - - 
Blaine gm/cm2 -4.277E-04 -1.465 Accept 1.745E-04 0.592 Accept 

 
 

Table 12: General statistical concept for concrete (28-days) 

ANOVA Model 
Source D.F. Sum of 

squares 
Mean 
square F value 

R2 
Root mean 
square of 
error 

Durbin-
Watson 

∑Re.×  
predicted 
SO3% 

Model(Reg.) 8 355.491 44.436 
Error(Res.) 25 2.931 0.117 1-A 
Total 33 358.422  

379.004 0.992 0.3424 1.549 0.07 

Model(Reg.) 8 445.716 55.714 
Error(Res.) 34 6.077 0.179 1-B 
Total 42 451.792  

311.736 0.987 0.4228 1.313 0.12 

Model(Reg.) 7 352.967 50.424 
Error(Res.) 26 5.455 0.210 2-A 
Total 33 358.422  

240.334 0.985 0.4580 1.360 -0.24 

Model(Reg.) 7 439.830 62.833 
Error(Res.) 35 11.962 0.342 2-B 
Total 42 451.792  

183.839 0.974 0.5846 0.952 0.22 

Model(Reg.) 6 341.781 56.963 
Error(Res.) 27 16.642 0.616 3-A 
Total 33 358.422  

92.420 0.954 0.7851 
 1.331 -0.81 

Model(Reg.) 6 430.154 71.692 
Error(Res.) 36 21.638 0.601 3-B 
Total 42 451.792  

119.278 0.952 0.7753 0.788 0.01 

Model(Reg.) 7 445.707 63.672 
Error(Res.) 35 6.085 0.174 4 
Total 42 451.792  

366.205 0.987 0.417 1.327 0.01 

Model(Reg.) 5 429.934 85.987 
Error(Res.) 37 21.858 0.591 5 
Total 42 451.792  

145.551 0.952 0.7686 0.726 -0.01 

 
 
 
 
 



Journal of Engineering Volume   19   February  2013 Number 2   
  

 255

Table 13: Descriptive statistics analysis for concrete (Late age) for model 4 

 
 
 
 
 
 
                   No. of data for model 4= 77  
 

Table 14: Regression equation with standard error for each compound 
 

Independent variable Regression 
coefficient 

Standard 
error 

Time (late ages)-days 1.251E-03 0.031 
Opt.SO3(predicted for 28-days)% 0.976 0.001 

 
 

Table 15: General statistical concept for concrete models (late age) for model 4 
  

ANOVA 

Source D.F. Sum of 
squares 

Mean 
square F value 

R2 
Root mean 
square of 
error 

Model(Reg.) 2 873.058 436.529 
Error(Res.) 75 27.136 0.362 
Total 77 900.195  

1206.493 0.97 0.6015 

 
 
 

Table 16: Result of descriptive statistical analysis for concrete (All ages) 

Variables Mean Stan. deviation Minimum Maximum 
MgO% 3.259  0.872 0.900 4.200 
Total Alk.% 0.643 0.216 0.340 0.940 
C3S% 46.113 11.047 21.150 62.00 
C2S% 26.811 10.124 13.000 51.380 
C3A% 7.011 3.731 1.100 14.790 
C4AF% 10.904 3.044 2.180 16.290 
L.O.I% 1.396 0.606 0.200 2.700 
Blaine gm/cm2 3197.194 345.864 2470.000 4500.000 
All ages-days 82.000 103.964 7.000 365.00 
Total eff. SO3% 3.273 0.671 1.500 5.700 

               No. of data = 155 for all variables except for total Alk. No. of data =132 

 

Compound Mean Standard 
deviation 

Minimum Maximum 

Time (Late age)-days 148.64 119.96 56 365 
Total eff. SO3% 3.3487 0.6952 1.5 5.7 
Opt. SO3% predicted(28-
days) 

3.2155 0.5656 1.61 4.08 
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Table 17: Person correlation values for all ages concrete data 
 

 
Table 18: Spearman correlation values for all ages concrete data 

No. of data   = 155;    1, means number of data =132 
 rc = 0.1565  for No. of data =155  , rc =0.1694 for No. of data =132 . 
**, Correlation is significant at the 0.01 level (2-tailed):   *, Correlation is significant at the 0.05 level (2-tailed) 
 
 
 
Table 19: Partial correlation for concrete model (all ages) between optimum SO3% and other 

compounds 
 

Variables Person correlation Spearman correlation 
MgO 0.0678 - 
Total alkalies1 0.2685 0.0000 
C3S 0.4806 0.0421 
C2S -0.4979 0.0250 
C3A -0.0194 0.0639 
C4AF 0.1598 0.000 
L.O.I 0.1995 0.0000 
Blaine 0.3144 - 
Ages 0.2173 0.1556 

                  No. of data = 155    ,   1 means No. of data = 132   , rc = 0.1565  for  No. of data =155  , rc =0.1694 for No. of data =132 . 
 
 
 
 
 

Variables MgO Total 
Alk.1 C3S C2S C3A C4AF L.o.I Blaine All ages SO3% 

MgO 1.000 .051 -.036 -.013 .048 -.163* .318** .383** -.053 .446** 

Tot.AlK1 .051 1.000 -.877** .876** .646** .67** .018 .076 .068 -.189* 
C3S -.036 -.877** 1.000 -.987** -.756** .67** -.026 -.142 -.059 .167* 

C2S -.013 .876** -.987** 1.000 .702** -.639** .018 .076 .068 -.189* 
C3A .048 .646** -.756** .702** 1.000 -.738** -.04 .256** .060 -.114 
C4AF -.163* -.89** .67** -.639** -.738** 1.000 .148 .011 -.060 .162* 
L.O.I .318** -.401** -.026 .018 -.04 .148 1.000 .537** -.044 .565** 
Blaine .383** -.218* -.142 .076 .256** .011 .537** 1.000 -.117 .263** 
All ages -.053 .079 -.059 .068 .06 -.06 -.044 -.117 1.000 .085 
SO3% .446** -.405** .167* -.189* -.114 .162* .565** .263** .085 1.000 

Variables MgO TotalAlk C3S C2S C3A C4AF L.O.I Blaine All ages SO3% 
MgO 1.000 .195* -.152 .026 .19* -.297** .129 .24** -.124 .324** 

Tot. AlK.1 .195* 1.000 -.904** .957** .632** -.755** -.473** -.086 .250** -.394** 
C3S -.152 -.904** 1.000 -.974** -.69** .715** -.035 -.131 -.163* .158* 
C2S .026 .957** -.974** 1.000 -.609** -.67** -.098 .037 .195* -.294** 
C3A .190* .632** -.69** -.609** 1.000 -.922** -.052 .276** .099 .036 

C4AF -.297** -.755** .715** -.67** -.922** 1.000 .076 -.198* -.097 -.004 
L.O.I .129 -.473** -.035 -.098 -.052 .076 1.000 .272** -.12 .552** 
Blaine .240** -.086 -.131 .037 .276** -.198* .272** 1.000 -.177* .146 

All ages -.124 .25** -.163* .195* .099 -.097 -.120 -.177* 1.000 .032 
SO3% .324** -.394** .158* -.294** .036 -.004 .552** .146 .032 1.000 
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Table 20: Regression equation coefficients and other statistical measures for concrete (all 
age). 

 
Model  1-A 1-B 
Independent variable Regression 

coefficient 
t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% -0.112 -0.81 Accept 0.275 5.096 Reject 
Total Alk% 4.32 3.952 Reject -0.568 3.28 Reject 
C3S% -3.071E-02 -1.188 Accept 2.580E-02 0.51 Accept 
C2S% -0.126 -3.519 Reject 5.910E-03 1.605 Accept 
C3A% 8.164E-02 1.177 Accept 9.341E-02 1.29 Accept 
C4AF% 0.116 1.202 Accept 4.275E-02 6.607 Reject 
L.O.I% 1.001 4.187 Reject 0.581 -1.523 Accept 
Blaine gm/cm2 7.603E-04 1.657 Accept 1.982E-04 0.959 Accept 
Time(All ages)-days 9.014E-04 2.433 Reject 1.164E-03 -1.127 Accept 
Model  2-A 2-B 
Independent variable Regression 

coefficient 
t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% 0.416 6.841 Reject 0.404 2.225 Reject 
Total Alk% 3.585 1.235 Accept -2.601 2.759 Reject 
C3S% -0.111 -6.091 Reject 1.912E-02 1.534 Accept 
C2S% -0.183 -5.175 Reject 3.341E-02 2.361 Reject 
C3A% 0.198 7.363 Reject 0.112 0.517 Accept 
C4AF% 0.451 1.65 Accept 8.528E-02 2.976 Reject 
L.O.I% - - - - - - 
Blaine gm/cm2 9.936E-04 3.24 Reject 4.995E-06 -5.523 Reject 
Time(All ages)-days 9.307E-04 1.021 Accept 1.349E-03 1.641 Accept 
Model  3-A 3-B 
Independent 
variable 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% -   -   
Total Alk% 3.594 2.677 Reject -1.568 3.263 Reject 
C3S% -0.107 -5.027 Reject 3.257E-02 1.608 Accept 
C2S% -0.174 -4.196 Reject 2.754E-02 4.914 Reject 
C3A% 0.156 5.732 Reject 0.144 1.113 Accept 
C4AF% 0.381 5.113 Reject 9.049E-02 -0.523 Accept 
L.O.I% - - - - - - 
Blaine gm/cm2 1.639E-03 0.796 Accept -5.930E-06 1.435 Accept 
Time(All ages)-days 5.599E-04 1.226 Accept 7.448E-04 -2.926 Reject 
Model  4 5 
Independent 
variable 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

Regression 
coefficient 

t- vale 
 

Decision 
(5%) 

MgO% 0.245 5.2 Reject - - - 
Total Alk% - - - - - - 
C3S% 2.432E-02 3.133 Reject 1.377E-02 1.396 Accept 
C2S% -4.311E-03 -0.598 Accept -1.311E-02 -1.399 Accept 
C3A% 8.911E-02 1.631 Accept 9.77E-02 2.951 Reject 
C4AF% 3.909E-02 1.184 Accept 6.824E-02 1.6 Accept 
L.O.I% 0.641 9.099 Reject - - - 
Blaine gm/cm2 1.78E-04 1.379 Accept 4.628E-04 1.043 Accept 
Time(All ages)-days 1.11E-03 1.365 Accept 8.815E-04 1.672 Accept 
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Table 21: General statistical concept for concrete (All ages) 

 
 
Model 1-A 

Fig. 2 :Relationship between C3A and resituals
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Fig. 1:Relationship between optimum SO3-
predicted and resituals
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ANOVA  
Model 

Source D.F. Sum of 
squares 

Mean 
square F value 

R2 

Root 
mean 
square of 
error 

Durbin-
Watson 

∑Re.× 
predicte
d SO3% 

Model(Reg.) 9 1475 163.907 
Error(Res.) 123 21.45 0.174 

1-A 

Total 132 1496.6  
939.65 0.986 0.4177 1.725 -4.45 

Model(Reg.) 9 1696.7 188.472 
Error(Res.) 146 33.874 0.232 

1-B 

Total 155 1730  
812.33 0.98 0.4817 1.223 -0.49 

Model(Reg.) 8 1472.1 184.013 
Error(Res.) 124 24.514 0.198 

2-A 

Total 132 1496.6  
930.81 0.984 0.4446 1.474 -15.05 

Model(Reg.) 8 1686.0 210.759 
Error(Res.) 147 44.04 0.3 

2-B 

Total 155 1730  
703.36 0.975 0.5474 0.912 2.59 

Model(Reg.) 7 1462.8 208.979 
Error(Res.) 125 33.766 0.270 

3-A 

Total 132 1496.6  
773.63 0.977 0.5197 1.216 -2.05 

Model(Reg.) 7 1667.7 238.251 
Error(Res.) 148 62.361 0.421 

3-B 

Total 155 1730.1  
565.44 0.962 0.6491 0.66 -0.69 

Model(Reg.) 8 1695.95 211.994 
Error(Res.) 147 34.169 0.232 

4 

Total 155 1730.12  
912.035 0.98 0.4821 1.246 -0.08 

Model(Reg.) 6 1666.8 277.809 
Error(Res.) 149 63.267 0.425 

5 

Total 155 1730.1  
654.26 0.962 0.6516 1.021 0.08 



Journal of Engineering Volume   19   February  2013 Number 2   
  

 259

Model 3-B 

Fig. 4:Relationship between C3A 
and resituals
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Fig. 3 :Relationship between optimum 
SO3-predicted and resituals
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Model 4 
 

Fig. 6 :Relationship between C3A 
and resituals
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Fig. 5 :Relationship between optimum SO3-
predicted and resituals
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Fig. 7 : Relationship between optimum SO3-predic 
and actual for concrete model -28-days (1-A model)
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Fig. 8 : Relationship between optimum 
SO3-predicted and actual for concrete 

model -28-days (3-B model)
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Fig. 9 : Relationship between optimum SO3-
predic and -actual for concrete model -28-days 
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Fig. 10: Residual distribution for 28-days model (1-A) 
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Fig. 11: Residual distribution for 28-days (3-B) 
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Fig. 12: Residual distribution for 28-days model (4) 

Fig. 13 : Relationship between optimum SO3-predic 
and actual for concrete model -late ages-model 4
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Fig. 14: Relationship between 
optimum predicte SO3 and residuals
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Fig. 15: Relationship between MgO 
and residuals

-1.5

-1

-0.5

0

0.5

1

1.5

0 1 2 3 4 5

MgO%

re
si

du
al

s

 



Dr. Zena K. Abbas                                                                                                Statistical Model for Predicting the  
Prof. Dr. Riyadh S. Al-Rawi                                                                                 Optimum Gypsum Content in Concrete 
Dr. A.H. Al-Neaime 

 262

Residuals

3.75
3.25

2.75
2.25

1.75
1.25

.75
.25

-.25
-.75

-1.25

40

30

20

10

0

Std. Dev = .53  
Mean = .02

N = 113.00

 
Fig. 16: Residual distribution for any age concrete model NO. 4 
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Model 4: 
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Model 5: 

 
 

 

Residual

2.00
1.75

1.50
1.25

1.00
.75

.50
.25

0.00
-.25

-.50
-.75

-1.00
-1.25

-1.50
-1.75

-2.00

40

30

20

10

0

Std. Dev = .73  
Mean = .65

N = 155.00

 
Fig. 22: Residuals distribution for concrete (all Age) - model 4 
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ABSTRACT: 
         The differential protection of power transformers appears to be more difficult than any type of 
protection for any other part or element in a power system. Such difficulties arise from the 
existence of the magnetizing inrush phenomenon. Therefore, it is necessary to recognize between  
inrush current and the current arise from internal faults. In this paper, two approaches based on 
wavelet packet transform (WPT) and S-transform (ST) are applied to recognize different types of 
currents following in the transformer. In WPT approach, the selection of optimal mother wavelet 
and the optimal number of resolution is carried out using minimum description length (MDL) 
criteria before taking the decision for the extraction features from the WPT tree. In ST approach, 
the spectral energy index and the standard deviation (STD) are  calculated from the S-matrix 
obtained by discrete S-transform. The two approaches are tested for generating a trip signal and 
disconnecting the transformer supply experimentally using 1KVA, 220/110V, 50Hz, Y/∆ three-
phase transformer. The experimental results show that the trip signal is initiated faster in WPT 
approach while the transformer is disconnected from the supply after a delay of 10-15msec in the 
two approaches due to computer interface and the relay circuit used.  
                       
Keywords: differential protection, wavelet packet transform, S-transform, inrush and fault   
                                                       Currents recognition  

  
   ربطة المويجة وربطة المويجة المعدلة في الحماية التفاضلية لمحولة القدرةياستخدام تحويليت

  
 ماجد عبد النبي علوان. عادل احمد عبيد                                    د. وعد نوري طابور                             د

       مدرس                        مدرس                                             طالبة ماجستير                                   
 

  :لخلاصةا
إن هذه الصعوبة تكمن . تبدو الحماية التفاضلية لمحولات القدرة أصعب من أية حماية لأي جزء أو عنصر في نظام القدرة      

لذلك من الضروري التمييز بين تيار التدفق والتيارات الناشئة من . يلمن نشوء ظاهرة تيار التدفق المغناطيسي لحظة  التشغ
في هذا البحث تم استخدام طريقتين للتمييز بين تيار التدفق وتيارات الخطأ الداخلية اعتمادا على تحويله . تيارات الخطأ الداخلية

 المويجة الأم وأفضل مستوى حل باستخدام دالة في الطريقة الأولى تم اختيار. ربطة المويجة وتحويله ربطة المويجة المعدلة
في الطريقة الثانية تم حساب دليل الطاقة الطيفية .  استخلاص المعالم من شجرة تحويله المويجة الطول الأصغر قبل اتخاذ قرار

يد إشارة عزل اختبرت آلا الطريقتين لتول.  التي حسبت من تحويله ربطة المويجة المعدلةSوالانحراف القياسي من مصفوفة 
أظهرت النتائج العملية بأن . ∆/1KVA, 220/110V, 50Hz Yالمحولة من المصدر عمليا باستخدام محولة ثلاثية الطور 

 ملي ثانية في آلا 15-10إشارة العزل تتولد أسرع في الطريقة الأولى بينما تنعزل المحولة عن المصدر بعد تأخير زمني من 
  . المستخدمة ين بسبب توصيلة الحاسبة ودائرة المرحلالطريقت

  
   .تمييز تيارات الخطأ وتيارات التدفق، S تحويله ، تحويله ربطة المويجة،الحماية التفاضلية: الكلمات المفتاحية



Waad Noori Taboor                                                               Application of Wavelet Packet and S Transforms for 
Dr. Adel Ahmed Obed                                                      Differential Protection of Power Transformer 
Dr. Majed Abdul Nabi Alwan 

 265

 
1- INTRODUCTION: 
       The protection of power transformer has 
been always in a challenge due to the problem 
of rapid discriminating between the inrush and 
internal fault currents. A possibility for false 
tripping of differential relay may be caused by 
the magnetizing inrush current during 
energization. Such wrong-operation of 
differential relays can affect both reliability 
and stability of the whole power system [S. A. 
Saleh, et. al., 2005]. 
       The conventional methods use the second 
harmonic components to restrain operation of 
the differential relay during magnetizing 
inrush conditions. The main idea of the 
harmonic restraint differential relays is to 
extract the fundamental, the second and 
sometimes the fifth harmonics and to compare 
the ratio of the second and fifth harmonics 
with the fundamental to predefined threshold 
value. However, sometimes, the magnitude of 
second harmonic components in the internal 
fault current can be close to or greater than the 
magnitude of inrush currents. This may be due 
to saturation and the new low-loss amorphous 
core material in modern power transformer [B. 
A. Sykes, et., al., 1972 and M. R. Zaman, 
1996]. 
       The previous methods on power 
transformer protection include other 
approaches, among these approaches; 
calculation of transformer inductance during 
saturation, artificial neural network (ANN), 
flux and voltage restraints and fuzzy logic [L. 
D. Periz, et., al., 1994, A. Wiszniewski, et., al., 
1995, M. R. Zaman, 1996, A. L. Oville, et., al., 
2001, M. C. Shin, et., al., 2003, H. 
Khorashadi, 2006 ]. 
        Recently, signal processing has been 
reported on use of time frequency localization 
for current signal recognition. Wavelet (WL) 
decomposition is ideal for studying transient 
signals and obtaining a much better current 
characterization and a more reliable 
recognition. It allows the decomposition of the 
signal into different levels of resolution. The 
mother wavelet function is dilated at low  

 
 
Frequencies and compressed at high 
frequencies so that large windows are used to 
obtain the low frequency components of the 
signal, while small windows reflect 
discontinuities. Therefore, from small 
windows, a certain features can be extracted to 
recognize between inrush and internal fault 
currents [S. A. Saleh, et. al., 2005, A. Rahmati, 
2010, S. A. Saleh, et. al., 2010]. In WL 
analysis, a proper mother wavelet function and 
a level of decomposition should be chosen 
which are sometimes difficult, thereby the 
computation time may increase. These 
limitation can be overcome using the modified 
WL transform named S-transform (ST). The 
S-transform is an invertible time frequency 
spectral localization technique that combines 
element of WL transform and short time 
Fourier transform (STFT) [P. K. Dash, et., al., 
2003, S. R. Samantaray, et., al., 2007, Q. 
Zhang, et., al., 2009, S. Jiao., et., al., 2010, G. 
Mokryani, et., al., 2010 and A. A. Obed, et., 
al., 2011]. 
       The main objective of this paper is to 
develop and implement two approaches to 
recognize inrush current from faults based on 
wavelet packet transform (WPT) and S- 
transform. The MDL criterion is used to select 
both the mother wavelet and the level of 
decomposition for the WPT algorithm used. A 
signatures which represent the values and the 
time locations of the coefficients depend on 
the second level details 2ad and 2dd are 
considered in this algorithm. In the second 
approach, the spectral energy index and the 
STD are calculated from the S-matrix and used 
as an extraction features for signal recognition. 
The two approaches are examined 
experimentally on 1KVA, 220/110V, 50Hz, 

Y/∆ three-phase transformer and the results 
revel fast, accurate and reliable methods to 
recognize different current following in the 
transformer. 
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2- APPLICATION OF SIGNAL   PROCESSING 
IN DIFFERENTIAL ROTECTION OF POWER 
TRANSFORMER 
 
       The application of signal processing in 
power system transient has become 
increasingly popular in recent years due to its 
effectiveness in capturing short term 
transients. Basically, STFT transform, wavelet 
transform and S-transform are a means of 
obtaining a representation of both time and 
frequency contents of a differential current 
signal used in differential protection of power 
transformer. In this work, a short brief  for 
WPT and ST are given. 
 
2.1 Wavelet Packet Transform 
       Wavelet packet transform is a type of 
wavelet-based signal processing in a way that 
each level of resolution (octave) j consists of 

j2  boxes generated by a tree of low pass filter 
(LPF) and high pass filter (HPF) operations. 
The frequency bandwidth of a box decreases 
with growing octave number i.e. with 
increasing octave number, the frequency 
resolution becomes higher while the time 
resolution is reduced. Starting with a discrete 
signal  f[n] with length N , the first level, j=1, 
decomposition produces two subbands discrete 
signals ]2/N[a1  and ]2/N[d1  as follows [G. 
Stang , et., al., 1996 and M. A. S. K. Khan, et., 
al., 2007] 
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∑
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where ]n[a1  and ]n[d1  are the first level 
approximations and details respectively, k is 
an integer and g(n), h(n) are the LPF and HPF 
associated with a selected mother wavelet 
function respectively. The output of both LPF 
and HPF are downsampled by two at the end 
of each filtering stage in order to increase the 

frequency resolution and to ensure the time 
localization of each frequency subband. The 
second level of decomposition will produce 
four subbands due to the decomposition of 
both ]2/N[a1  and ]2/N[d1  using the same 
set of filters. These subbands are 

]4/N[aa 2 ]4/N[ad 2 , ]4/N[da 2  and 
]4/N[dd 2 as follows  

∑
−

=

−=
1

2
N

0k

12 )kn(a)k(g]n[aa                           (3) 

 

∑
−

=

−=
1

2
N

0k

12 )kn(a)k(h]n[ad                          (4) 

 

∑
−

=

−=
1

2
N

0k

12 )kn(d)k(g]n[da                          (5) 

 

∑
−

=

−=
1

2
N

0k

12 )kn(d)k(h]n[dd                          (6) 

 
A higher level of decomposition can be 
produced in the same procedure above. 
      The main advantage of WPT over 
continuous and discrete wavelet transform is 
better, more accurate and more detailed 
representation of the decomposed signals [G. 
Stang, et., al., 1996]. Also, wavelet packet 
basis functions are localized in time offering 
better signal approximation and 
decomposition. These basis functions are 
generated from one base function at scale s, 
dilation a  and translation b as follows  
 

b))(n2(W2)n(w j
a

2/j
b,a,s −= −

                      (7) 
 
where )n(Wa  is the wavelet function 
coefficient matrix. In WPT, a discrete signal 

]n[f  is represented as a sum of orthogonal  
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Wavelet basis functions )n(w b,a,s  as 
follows:  
 

∑∑∑=
s a b

ab,a,s ]n[W]n[w]n[f                   (8) 

  
        The implementation procedure of the 
WPT for two levels is shown in the 
decomposition tree of Fig.1. 

  
 

    2.2  The Extended Wavelet Transform: 
                     S-Transform 

        The S-transform, is an extension to the 
ideas of wavelet transform, and is based on a 
moving and scalable localizing Gaussian 
window. From the S-matrix, an  important 
information in terms of magnitude, phase and 
frequency can be extracted. Further, feature 
extraction is done by applying standard 
statistical techniques onto the S-matrix. 
          Many features such as amplitude, 
variance, mean, standard deviation and energy 
of the transformed signal are widely used for 
proper classification. The S-transform is fully 
convertible from the time domain to two-
dimensional (2-D) frequency translation 
domain and to then familiar Fourier frequency 
domain. The amplitude frequency- time 
spectrum and the phase-frequency- time 
spectrum are both useful in defining local 
spectral characteristics.  
        The S- transform produces a time 
frequency representation of a time varying 
signal by uniquely combining the frequency 
depended resolution with simultaneously 
localizing the real and imaginary spectra. The 
S-transform is similar to the wavelet transform 
but with a phase correction and here both the 
amplitude and phase spectrum of the signal are 
obtained. Since the S-transform provide the 
local spectrum of a signal, the time averaging 
of the local spectrum gives the Fourier 
transform [P. K. Dash, et., al., 2003 and M. V. 
Chilukuri, et., al., 2004].  
 
 
 

 
CONTINUOUS S- TRANSFORM 
        It is well known that information is 
contained in the phase of the spectrum, as well 
as in the amplitude. In order to utilize the 
information contained in the phase of the 
continuous wavelet transform (CWT), it is 
necessary to modify of the mother wavelet. 
The CWT W(τ, a) of a function f(t) is given as 
 

∫
∞

∞−
τ−=τ dt)a,t(W)t(h)a,(W                  (10) 

 
where )a,(W τ  is a scaled replica of the 
fundamental mother wavelet, the dilation a 
determines the width of the wavelet and this 
controls the resolution. The S-transform is 
obtained by multiplying the CWT with a phase 
factor as [S. Sendilkumar, et., al., 2009, P. K. 
Dash, et., al., 2003 and M. V. Chilukuri, et., 
al., 2004]. 
 
 )a,(W).f2i(exp)f,(S ττπ=τ                    (11) 
 
where f is the frequency, and the quantity τ  is 
a parameter which controls the position of 
Gaussian window on the t-axis and a is the 
dilation factor. The mother wavelet for this 
particular case is defined as 
 

)ft2iexp().
2

ft
(exp.

2

f
)f,t(w

22

π−
−

π
=         (12) 

 
In the equation above, the dilation factor “a” is 
the inverse of the frequency f. Thus, the final 
form of the continuous S-transform is obtained 
as  
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                                                                    (13) 
and the width of the Gaussian window )f(σ  is 
 

f
1T)f( ==σ                                               (14) 

 



Journal of Engineering Volume   19   February  2013 Number 2  
 

 268

 
DISCRETE S-TRANSFORM 
        The signal h(t) can be expressed in a 
discrete from as h(kT), k=0,1,…......,N-1 and T 
is the sampling time interval. The discrete 
Fourier transform of h(kT) is obtained as [P. 
K. Dash, et., al., 2003 and M. V. Chilukuri, et., 
al., 2004] 
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where n=0, 1,………., N-1. Using eq. (13),  
the S-Transform of a discrete time series h(kT) 
is obtained by making  f = n/NT and τ = jT as 
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                                                                    (16) 
and          
  

)n/m2(exp)n,m(G 222π−=                    (17) 
 
where j, m =0, 1, 2,…...., N-1, and n= 1, 
2,…...., N-1. For n=0  
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Equation 18 gives the constant average of the 
time series into zero frequency, so that the 
amplitude of the S-matrix over the time results 
in Fourier spectrum. The amplitude and phase 
of the S-transform are obtained as 
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      The multiresolution S-transform output  is 
a complex matrix, the row of which  is the 
frequency and the columns are the time values. 
Each column thus represents the “local 
spectrum” for that point in time. Also, 
frequency-time contours which have the same 
amplitude spectrum are obtained to detect, and 
localize signal disturbance events. A mesh  

 
three-dimensional (3-D) of the S-transform 
output yields frequency-time, amplitude-time, 
and frequency-amplitude plots. 
 
 3. EXPERIMENTAL SETUP AND DATA 
COLLECTION  
       The initial and important step in this work 
is to setup the protected transformer with all 
necessary equipments to accurately collect the 
needed data for analytical purpose and then to 
protect the transformer from internal faults. 
Figure 2 shows the schematic diagram for the 
implemented protection system given in Fig.3. 
The system is applied to 1KVA, 220/110V, 
50Hz, Y/∆ three-phase transformer. Three 
identical current transformer (CTs) are 
connected in Y on the ∆  connected primary 
side while another three identical CTs are 
connected in ∆  on the Y connected secondary 
side. The ratios of the primary side CTs and 
the secondary side CTs are chosen in a manner 
that guarantees a negligible value of the 
differential current under steady state 
operation conditions. The differential current 
signal of the three phases passes through Ω1  
resistor combination. Theses signals are sent 
into personal computer (PC) through analogue 
to digital circuit (LabJack-U3-HV), shown in 
Fig.4. The LabJack  can operate also as digital 
to analogue converter. 
       The collected data consists of the 
differential current of different magnetizing 
inrush current, different external fault currents 
and different internal current under load and 
noload conditions. For the case of collecting 
data, a conductor, timer and switch (switching 
circuit), as shown in Fig.5,  is used to isolate 
the transformer after ten cycles from the 
running instant to avoid damage in the 
transformer and the equipments used.   
       When the decision features are extracted 
and the algorithm of WPT and ST are ready to 
use, the tripping signal, if initiated, is used to 
isolate the supply by a relay circuit connected 
instead of the switching circuit. The schematic 
and the implemented relay circuits are shown 
in Figs. 6 and 7.  The digital trip signal  
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Generated from the recognition algorithms is 
converted to analogue by the LabJack and sent  
 
 
to the relay circuit to use it for the complete 
system protection. 
       The data for different operating conditions 
is sampled at 6.4kHz, 128 samples per cycle 
and stored to be processed for constructing the 
features in the two mentioned algorithms. 
 
4. DECISIONS FOR EXTRACTION 
FEATURES 
       In order to detect any fault following a 
disturbance, it is necessary to build an 
extraction features. A successful feature 
involves the identification of abnormal 
conditions by the mathematical modeling of 
the complete system or the analysis of the fault 
current signature resulting from different 
transient disturbances. A signature analysis 
method is used in the two approaches used in 
this work. 
 
4.1. WPT Approach  
       Three various conditions from the 
collected data are used for the analysis of 
selecting the optimal mother wavelet filter and 
the number of level of decomposition. These 
various conditions are; unloaded magnetizing 
inrush current, primary double line to ground 
internal fault loaded and single line to ground 
external fault loaded.  
       The optimal mother wavelet filter can be 
selected by calculating the MDL index using 
the following formula [N. Saito, 1994 and S. 
A. Saleh, et. al., 2005] 
 

}2)k(
xjxjX log

2
NNlogk

2
3min{)j,k(MDL α−α+=      

                                                                    (19) 
Where 0≤ k<N which represents the length of 
the signal ]n[f , 1≤ j<M the total number of 
wavelet filter (level of resolution) used for the 
decomposition of the signal ]n[f , 

]n[fWxjxj =α  denotes to the vector of  

 
decomposition coefficients of ]n[f  up to level 
j , ]n[fWxj

)k()k(
xj θ=α  denotes to the vector 

that contains k  non-zero elements and )k(θ  is 
the hard threshold operation that keeps the k  
largest elements of xjα in absolute value intact 
and set all other elements to zero. The first 
term of the MDL criteria index represents the 
penalty function that is increasing linearly with 
the number of the retained wavelet coefficients 
k , while the second term describes the 
logarithmic energy residual between j,xα  and 

)k(
j,xα . It should be noted that the residual 

energy decreases as k  increases. The number 
of coefficients k  for which the MDL  function 
reaches the minimum value, is considered as 
an optimal one. 
       The MDL index is calculated up to the 
second level of decomposition for five types of 
orthogonal and bi-orthogonal mother wavelet 
functions. The results for the three conditions 
are given in Tables 1, 2 and 3. From the these 
tables, it can be noted that Daubechies (db4) 
has the smallest value of MDL index  in the 
first level. Therefore it can be considered the 
optimal mother wavelet function. These low 
values of MDL(1) may be due to the jumps of 
the data at the switching instant and some 
missing data. Thus, MDL(1) may not provide 
accurate indication and the higher levels of 
resolution will include more detailed 
representation of the signal. The optimal level 
of decomposition j  is reached when MDL( j ) 
is less than levels of higher j .  Table 4 
presents four levels of MDL index using db4 
mother wavelet. The second level has the 
lowest values of MDL index. Therefore, the 
second level is selected as the optimal level of 
decomposition. 
       To extract features for the WPT algorithm, 
the signals of the different differential currents 
are decomposed up to the second level of 
resolution by WPT using the selected mother 
wavelet function (db4). [S. A. Saleh, et. al., 
2005] proposes an algorithm for the same 
features depends on the second level high 
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frequency details (dd2). This approach looks at 
the second level high and low frequency 
details (dd2 and ad2) for different current 
signals. These details are given in Fig. 8.  
       The values of these coefficients and their 
time locations represent the needed signatures 
to recognize the type of the investigated 
current. It is clear that the normal (inrush) 
current and the external fault current do not 
have any high frequency details components in 
the second level dd2 and a threshold value for 
low frequency details in the second level. 
When an internal fault occurred, the details dd2 
and ad2 show a threshold value frequency 
components, which can be used as a features 
extraction recognition. Therefore, the WPT 
algorithm is depended on the identification of 
dd2 and ad2 components or coefficients in the 
second level. 
 
4.2 S-Transform Approach 
       The computation of the discrete S-
transform can be outlined as follows.  

1. Denote n/NT, m/NT, kT, and jT as n, m, 
k, and j respectively, for all of the 
computations.  

2. Obtain discrete Fourier transform H[n] of 
the original time-varying signal h[k], 
with N points and sample interval T, 
using DFT routine from eq. (15). 

3. Compute the localizing Gaussian G[n,m] 
for the required frequency n using eq. 
(17). 

4. Shift the spectrum H[n] to H[m+n] for 
the frequency n by using convolution 
theorem. 

5. Obtain the product of H(m+n) and 
G(m+n) and take inverse Fourier 
transform of the product to get S 
transform as eq. (16). 

       The multiresolution S-transform output is 
a complex matrix, the row of which is the 
frequency and the columns are the time values. 
Each column thus represents the “local 
spectrum” for that point in time. Also, 
frequency-time contours which have the same 
amplitude spectrum are obtained to detect, and 
localize signal disturbance events. A mesh 

three-dimensional (3-D) of the S-transform 
output yields frequency-time, amplitude-time, 
and frequency- amplitude plots.  
       To illustrate the use of multiresolution S-
transform for nonstationary signal analysis, a 
sample of inrush current waveform in a data 
window of eight cycles (using a sampling rate 
of 128 samples/ cycle) is considered. The 
three-dimensional (3-D) mesh for the signal 
shown in Fig. 9(a) is shown in Fig. 9(b). From 
the 3-D plot, one can find the magnitude, 
frequency, and time information’s to detect, 
localize, and visually classify the event. Also, 
it is observed that the increase or decrease of 
the signal magnitude can be deduced from the 
innermost (or the lowest level) contour. 
Similar plots are shown for a sample of 
internal fault current waveform in Fig. 10. It is 
mentioned here that the time axis is replaced 
by the number of samples. 
       After the signal is retrieved, S-transform 
is used to process the signal samples to 
provide the relevant features for identifying 
the type of fault. The energy of inrush current 
and fault current are computed through 
Parseval’s theorem [M. O. Oliveira, et., Al., 
2008] from S-matrix output. On the other 
hand, the standard deviation is directly applied 
to the S-matrix output to derive the Standard 
Deviation (STD) values for the corresponding 
phase, for example, the feature extraction of 
energy and standard deviation of S-transform 
contour are obtained from Matlab functions as 
[S. Sendilkumar, et., al., 2009]         

Energy a = (S-matrix a) ^ 2                         (20) 
S-matrix a = S-matrix of phase a and 
STD a = std (abs (S-matrix a))                    (21)              

       Table 5 shows the spectral energy and the 
STD for different inrush, internal and external 
fault current for different connections of the 
three-phase transformer. It can be seen from 
this table that the values of energy vector and 
STD are able to be differentiable effectively 
between them or as pattern recognition to 
discriminate between inrush, external and 
internal fault current. This pattern is used to  
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Implement the S-transform algorithm used in 
this work. 
 
 
5. ALGORITHMS IMPLEMENTATION 
AND EXPERIMENTAL RESULTS 
       The two algorithms are implemented 
experimentally to examine the ability of 
recognition between the internal fault currents 
and the current of inrush and external faults. 
Figure 11 shows the flowcharts for the 
software implementation of the two 
algorithms. In WPT algorithm, the three-phase  
differential current is read through the CTs and 
root summed squared together into one value 
before being passed to low and high pass 
filters to construct the first level d1 and a1. The 
output is downloaded by two and then passed 
through another low and high pass filter to 
construct dd2 and ad2. If the absolute value of 
dd2 and ad2 are higher than threshold, then it 
generates a trip signal in order to disconnect  
the transformer from the supply. 
       In ST algorithm, the S-matrix is calculated 
for each phase current. The energy and the 
standard deviation are also calculated. If E and 
STD are greater than the threshold, then a trip 
signal is initiated. Otherwise, a restrain signal 
is appear. 
       Several magnetizing inrush currents, 
external and internal fault currents both in load 
and noload cases are used to test the two 
algorithm with the hardware of the complete 
protection system. Three cases differ from that 
used in MDL calculation. Figure 12 shows the 
three-phase differential current and the trip 
signal generated by WPT algorithm (Fig. 12 a) 
and by ST algorithm (Fig. 12 b) for the case of 
magnetizing inrush current with a balanced Y-
connected full load unity power factor. The 
two algorithms used do not generate any trip 
signal. Figure13 shows the same results for the 
case of loaded external three-phase to ground 
fault current after energization. The trip signal 
status is also not changed. 
          Two cases of different internal faults are 
considered to show the ability of disconnecting 

the transformer from the supply. Figures 14 
and 15 show the results unloaded secondary 
three-phase to ground fault and unloaded 
secondary internal two-phase to ground fault 
respectively. In the two cases, the trip signal is 
generated    
             
6. CONCULSIONS 
       This paper presents and applies two 
approaches for differential protection of power 
transformer based on WPT and S transforms. The 
main function of these approaches is how to 
recognize between (internal faults) and (inrush and 
external faults). The two approaches do not need 
any kind of training or harmonic analysis. The 
WPT method must select the optimal for both the 
mother wavelet filter and the number level of 
resolution. This limitation is overcome using S-
transform but WPT is fast for recognition of 
current type. The two methods are quite simple to 
implement and easy to be coded with a small 
amount memory for storage and compilation. The 
two methods are applied with hardware 
implementation of the overall system and the 
experimental results are accurate, prompt and can 
be used for differential protection of power 
transformer. 
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   LIST OF SYMBOLS AND APPREVIATIONS 
 
ANN: Artificial Neural Network  
CT: Current Transformer 
CWT: Continuous Wavelet Transform 
db: Daubechies mother wavelet 
DFT:  Discrete Fourier Transform 
G(m,n): Gaussian Function 

⎥⎦
⎤

⎢⎣
⎡

NT
nH : discrete Fourier transform function 

HPF: High Pass Filter 
I: current 
LPF: Low Pass Filter 
KVA: Kilo Volt Amper 

 
MDL: Minimum Description Length 
PC: Personal Computer 
R: Relay 

⎥⎦
⎤

⎢⎣
⎡

NT
n,jTS : S transform function of the discrete 

signal 
)f,(S τ : S transform function of the continuous 

signal 
ST : S Transform 
STD: STandard Deviation   
STFT: Short Time Fourier Transform 
WL: WaveLet 
WPT: Wavelet Packet Transform 

)a,(W τ : continuous wavelet transform function 

Nα : vector of the decomposition coefficients of f 
)k(

Nα : vector of the continuous nonzero elements 
)k(θ : hard-threshold 
)f(σ : Gaussian window 
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                                         Fig.1 Two levels of decomposition by WPT 
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Fig.2  Schematic diagram for differential protection of  the three- phase power transformer 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.3 Implemented system for differential protection of  the three- phase power transformer 
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      Fig.4  (Lab Jack U3-HV) circuit                                              Fig. 5 The switching circuit 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   Fig. 6 Schematic diagram of relay circuit                                     Fig.7 The implemented relay     
                         Circuit 
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                     (a)                                                (b)                                               (c)  
Fig. 8  Second level coefficients ad2, dd2, (a) inrush current, (b) external fault,  (c) internal fault. 
 
 
 

 
 
 
Fig. 9: (a) Inrush current (b) 3-D S-                                   Fig. 10 (a) Internal fault current (b) 3-D      
                    Transform plot                                                                         S transform 
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                                    (a)                                                                          (b) 

 
Fig. 11 Flowchart for software implementation for (a) WPT algorithm (b) ST algorithm 

 
 
 
 

              
                                  (a)                                                                          (a) 

Fig.12 Three-phase differential current and the  trip signal for the case of loaded  inrush current 
before energization (a) by WPT algorithm, (b) by ST algorithm          
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                                    (a)                                                                       (b) 

Fig.13 Three-phase differential current and the trip signal for loaded external 3-ph to ground fault 
current after energization (a) by WPT algorithm (b) by ST algorithm.     

 
                              

 
 
 
 
 
 
 
 
 

 
                                  (a)                                                                         (b) 

Fig.14 Three-phase differential current and trip signal for secondary unloaded internal 3-ph to 
ground fault after energization (a) by WPT algorithm (b) by ST Algorithm 

 
 

        
 
 
 
 
 
 
 
 
      
 

                          
                               (a)                                                                             (b) 

 
Fig. 15 Three-phase differential current and trip signal for unloaded secondary internal two-phase to 

ground fault  (a) by WPT algorithm (b) by ST Algorithm 
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Table 1, MDL index for inrush current                               Table 2. MDL index for internal fault  
 

                                                                                                    
           
    
 
  
 
 
 

 
 
Table 3, MDL index for external fault                                      Table 4, Four levels MDL index 

 
 

 
 
 
 
 
 

 
 

             Table 5 Energy and standard deviation for inrush and fault currents 
 

INRUSH /FAULT ENERGY STD 
Inrush loaded   
Inrush-a-(∆-Y) 0.0091 0.0203 
Inrush-b-(∆-Y) 0.0024 0.0055 
Inrush-c-(∆-Y) 0.0025 0.0056 
Internal Fault   
Fault ∆-Y bc-g(b) 0.8197 1.7759 
Fault ∆-Y bc-g(c) 0.8608 1.92333 
Fault ∆-Y abc-g(a) 1.0967 2.3607 
Fault ∆-Y abc-g(b) 1.1464 2.4688 
Fault ∆-Y abc-g(c) 0.8596 1.8503 
External Fault   
Fault ∆-Y abc (a) 2.9049*10-4 6.5615*10-4 
Fault ∆-Y abc (b) 8.5276*10-4 1.8751*10-3 
Fault ∆-Y abc (c) 2.9049*10-4 6.5615*10-4 

 

Mother 
Wavelet 

MDL(1) MDL(2) 

  db4 1.5399 0.9865 
coif1 5.68 4.7957 
sym2 20.8061 1.8741 

bior1.1 112.7782 11.1746 
db10 10.1095 7.5879 

Mother 
Wavelet 

MDL(1) MDL(2)

db4 3.3744 1.0476 
coif1 70.7034 7.8594 
sym2 62.5534 0.1653 

bior1.1 174.3035 38.151 
db10 4.592 3.3369 

Mother 
Wavelet 

MDL(1) MDL(2) 

db4 3.1112 0.6934 
coif1 6.0301 4.4436 
sym2 15.4894 0.2691 

bior1.1 184.4074 2.0319 
db10 6.345 3.465 

Current 
data 

MDL(1) MDL(2) MDL(3) MDL(4) 

Unloaded  
inrush 

 
1.5399 

 
0.9865 

 
2.3746 

 
1.8191 

Primary 
DLG fault 

 
3.3744 

 
1.0476 

 
1.7611 

 
1.8733 

External 
SLG fault 

 
3.1112 

 
0.6934 

 
2.5005 

 
1.7593 
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ABSTRACT 
 Heat transfer around a flat plate fin integrated with piezoelectric actuator used as oscillated fin in 
laminar flow has been studied experimentally utilizing thermal image camera. This study is performed 
for fixed and oscillated single and triple fins. Different substrate-fin models have been tested, using fins 
of (35mm and 50mm) height, two sets of triple fins of (3mm and 6mm) spacing and three frequencies 
applied to piezoelectric actuator (5, 30 and 50HZ).  All tests are carried out for (0.5 m/s and 3m/s) in 
subsonic open type wind tunnel to evaluate temperature distribution, local and average Nusselt number 
(Nu) along the fin. It is observed, that the heat transfer enhancement with oscillation is significant 
compared to without oscillation for low air inlet velocity. Higher thermal performance of triple fins is 
obtained compared to the single rectangular fin, also triple fins with (height=50mm and fin 
spacing=3mm) gives better enhancement as compared to other cases. This work shows that the 
piezoelectric actuator when mounted on the rectangular fins shows great promise for enhancing the 
heat transfer rate. 

 
KEYWORDS: laminar flow; forced convection; thermal image; enhancement of heat  transfer; oscillating 
fins.  

  
   الحراريه لزيادة معدلات انتقال الحرارة باستخدامادراسة عملية باستخدام تقنية الكامر

   الزعانف المتذبذبة
  

  غانم مطشرضياء . م.آريمة اسماعيل عموري                      م. د.م.                                           أاحسان يحيى حسين.د.أ
  قسم الهندسة الميكانيكية                           قسم الهندسة الميكانيكية                                              قسم الهندسة الميكانيكية

  طالب دآتوراه/جامعة بغداد                                       جامعة بغداد                                                                  جامعة بغداد
  

ستخدم كزعانف متذبذبة في جريان ت ) Piezoelectric Actuator(دراسة تجريبية لانتقال الحرارة حول زعانف مندمجة مع  :الملخص

اختبرت نماذج متعددة من و. وثلاثيةهذه الدراسة لزعانف ثابتة ومتذبذبة وكذلك منفردة انجزت . هحراريالكامرة البالاستفادة من طباقي 

وكذلك )  ملم6 و  ملم3(ومجموعتين من النماذج للزعانف الثلاثية مع مسافات بين الزعانف )  ملم50 و  ملم35(الزعانف بارتفاع 

 3و ثا /م 0.5(كل الاختبارات ل اجريت و).  هيرتز50 و 30 و 5(وهي  ) Piezoelectric Actuator( ثلاث ترددات لل استخدمت

يلاحظ تحسن .  نسلت الموقعي والمعدل خلال الزعنفة عدد وكذلك حسابساب توزيع درجات الحرارةلحفي نفق هوائي نوع مفتوح ) ثا/م

نحصل على انتقال حرارة عالي مع و. مهم في انتقال الحرارة مع الذبذبة  مقارنة مع الزعانف بدون ذبذبة للسرع القليلة لدخول الهواء

  . ية  مقارنة مع الزعنفة المنفردة الزعانف الثلاث
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افضل تحسن في انتقال الحرارة مقارنة مع الحالات )  ملم 35=ملم والمسافة بين الزعانف 50 =الارتفاع(الزعانف الثلاثية مع تعطي و

معدل نقل الحرارة مع الزعانف المستطيلة يعطي تحسن كبير في ) Piezoelectric Actuator( ال  دمجعندانه توضح الدراسة و. الاخرى

  جريان طباقي، حمل قسري، صور حرارية، تحسين انتقال حرارية، زعانف متذبذبة: الكلمات الرئيسية

. 
INTRODUCTION 

 
         Heat transfer enhancement has become a target 
in the miniaturization of electronic components. 
Enhanced heat transfer surfaces can be designed 
through a combination of factors that include 
increasing fluid turbulence, generating secondary 
fluid flow patterns, reducing the thermal boundary 
layer thickness and increasing heat transfer surface 
area (David 2010). One of the most difficult 
challenges in modern power electronics is obtaining 
sufficient cooling for the components. The 
operating temperature of the components is an 
extremely important factor affecting their reliability. 
The heat sink typically consists of a base plate and a 
stack of fins. In addition, as the dissipated heat of 
the components grows, a fan or a pump is needed to 
obtain higher rates of heat transfer by forced 
convection. The design process of a heat sink for a 
given set of electronic components is a very 
complicated task involving many contradicting 
optimization criteria (Antti 2005). Numerous 
methods have been proposed to enhance heat 
transfer rate of a heat body. These methods can be 
classified into the passive and active methods. 
Examples of the former one are treated surfaces and 
swirl flow devices, while examples of the active 
methods are surface vibration, fluid vibration, 
injection and suction (Wu-Shung 2007).Active 
methods require external power to enhance heat 
transfer on the contract to passive methods. 
Extended surfaces or fins are example of passive 
methods that are commonly used in variety of 
industrial applications to enhance the rate of heat 
transfer between primary surface (heat sink) and 
ambient fluid (M.R.Shaeri 2009). In addition to 
numerous methods have been proposed to enhance 
heat transfer rate by using block moving back and 
forth on a heated surface in a channel flow, this 
phenomena causes the heat transfer rate of the heat 
surface to be enhanced because it destroys and 
suppresses the velocity and thermal boundary layers 
on the heat surface periodically, studied by (Wu- 
 

 
 
Shung 2000, 2001, 2007, 2010). (Tae 2008) 
introduced a novel heat sink with moving fins 
inserted between cooling fins for electronics cooling 
application. In this heat sink, they replace the fan 
module by moving fins inserted in the intervals of 
fixed fins (cooling fins) for generating fluid flow. 
The relative motion of the moving fins to the 
cooling fins, causes a heat dissipation from the 
cooling fins to the coolant and discharge of the 
heated coolant. Experimental results show that 
measured flow rates of the coolant are almost 
linearly proportional to the rotating speed of the 
moving fins. The thermal performance of the scroll 
heat sink is compared to that of an equivalent plate-
fin heat sink under the same Reynolds number. The 
scroll heat sink has at least 14% lower thermal 
resistance than that of the equivalent plate-fin heat 
sink in the range 0.135m/s � �V  0.56m/s. (H.K. Ma 
2009) proposed innovative vibrating fins and 
successfully built three-dimensional transitional 
models to investigate design performance. The basic 
fins, with dimensions of 30mm in length, 1mm in 
thickness, and 100mm in width, are designed on a 
2mm thick finned base. The displacement ratio and 
frequency of the vibrating fins are 0.9 and 10 HZ.  
The results showed that the performance of the 
vibrating fins is strongly affected by dimensions, 
vibrating frequency, pitch, and amplitude of the 
fins. As gravity parallels the surface of the finned 
base, the vibrating fins can perform better than 
traditional fins on heat dissipation due to the lower 
convective obstacle. (Subhrajit 2009) carried out a 
numerical investigation using finite volume method 
for a 3D oscillating fin to disturb the thermal 
boundary layer to enhance forced convection heat 
transfer from conventional heat sink. The fin 
dimensions were (0.5'' *1''*0.01'') and substrate was 
(1''*1''). The power supplied to the substrate was 
20W. It was found that such oscillations lead to tip-
leakage vortices from the fins. A local up wash is 
presented on the fin lateral surfaces, hence 
increasing the overall heat transfer rate. This 
enhancement in heat transfer was demonstrated 
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through an increase in the time-averaged Nusslet 
number (Nu) on the fin surface. The objective of 
this work is to design, manufacture and test a new 
cooling system. This system is formed of 
piezoactuated plate fins integrated with a hot 
substrate subjected to forced convection. The 
cooling of hot electronic devices integrated with 
fixed fins may be failed for high heat generation 
rate, so oscillating these fins will disturb the 
development of boundary layer and enhances the 
heat dissipation effectively and reliably from hot 
substrate to the stream wise flowing fluid. The 
dependence of temperature distribution, and local  
Nusselt number of fixed or oscillated fin  is 
quantified on parameters like free stream velocity, 
fin height, fin spacing and frequency of oscillation 
of the fin. The impact of the presence of single or 
triple fixed and oscillated fins has also been 
highlighted.  

EXPERIMENTAL TEST  RIG  
 

    A designed manufactured experimental model 
used in this study is consist of: square copper 
substrate of (100mm, long, 100 mm wide and 11 
mm thickness); copper  flat plate fin of (0.075mm) 
thickness and (100mm) long, and heating unit. A 
schematic diagram of the experimental model is 
shown in Fig.(1). The effect of single fin and triple 
fins is investigated for: fins height (H=35mm and 
50 mm), fins spacing (W=3mm and 6mm). The 
piezoelectric actuators in the form of a rectangular 
shape pair are mounted on each end of the fin 
surfaces by a heat tape and supported from bottom. 
The fin oscillation disrupts the growth of the 
thermal boundary layer and serves to bring about 
heat transfer enhancement between the fluid and the 
fin surfaces.  A four cartridge electrical heaters are 
built in the substrate to obtain constant heat flux. 
The input power to the heater is controlled by a 
variac transformer and measured by an in-line 
digital power and energy monitor. A PID controller 
type WATLOW EZ-ZONE was used to adjust the 
electrical current supplied to the cartridge heater. 
The heater output power is 1200 W at (voltage of 
250V and current of 4.8A).  The substrate-fin 
assembly is tested for different velocities in a 
subsonic open type wind tunnel of rectangular cross 
sectional test section. The test section walls are 
made of 5mm thickness of plexi-glass and its’ 
dimensions are (340mm height, 340mm wide and 
600mm long) is shown in fig. (2)  . The wind tunnel 

used in this work consists of: filter, nozzle with 
flow straightners, test section, damping chamber, 
diffuser, and an AC fan. A thermal image camera 
(H2600) series has the infrared detector of 640*480 
pixels is used to view and record the temperature 
distribution on both the fin and the substrate is 
shown in figs. (3 and 4) for different frequencies. 
Isofrax paper (1260°c k=0.073 W/m K) has been 
used to thermally insulate the bottom surface of the 
substrate followed by Insulfrax blanket (k = 0.07 
W/m K) of 80 mm thickness. The experiments of 
the fluid flow and heat transfer were carried out for 
each tested model for seven values of Reynolds 
number based on hydraulic diameter of test section   
(1.0886*104 to 1.3*105 ). A hot-wire anemometer 
is used to measure air velocity and temperature at 
inlet of test section. Power supply is used to 
generate and amplify signals sent to the 
piezoelectric actuator to oscillate the plate fin. The 
range of input signal frequency to the piezoelectric 
actuator was (5HZ to 50HZ). 

 
 
 
 
 
 
 
 
 
 
 

Fig. (1): The structure of  oscillating fin. 
 

 
 
 
 
 
 

 
Fig. (2): Geometry of the Problem 
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Fig. (3): Thermal Image , I.P=50W and 
u=0.5m/s 

(h=50mm and dis.=3mm) 
 

 

 

 

 

 
 
 
 

Fig. (4): Thermal Image , I.P=50W and 
u=0.5m/s 

(h=50mm and dis.=6mm) 
 

 

DATA REDUCTION 
    
   In order to investigate the convection heat 

transfer in the test section, the heat transferred to the 
air is required to be determined. Considering the 
energy balance, the total heat flux    generated 
by the heated plate is dissipated into the convective 
heat flux from the test section to the air , 
conductive heat loss through the insulation 
materials  and radiant heat loss from the test 
section , as shown below  (Saad 2002):  

 
= +  + ,                                 (1) 

                                                                                                     
       The essential quantities, which are obtained in 
the study of heat transfer are; the convective heat 
transfer ( ), the local Nusselt number over the 

tested fins ( ), the Average Nusselt number 
( ). The total heat generated from the heater ( ) 
is distributed into the heat transferred by convection 
to the flowing air ( ) and the heat losses through 
the insulation surrounds and under the tested model 
( ) as follows: 

 
                                         (2)                           

=               (3)                            
 
Where , heat lost by conduction in the stream-
wise (X) direction (W); , heat lost by conduction 
in the spanwise (Z) direction, (W); , heat lost by 
conduction from the bottom surface of the base 
plate, (W); , heat lost from the fin tips surface 
(W); , heat lost by radiation (W). Then, the value 
of losses is small compared with the heat input 
value and it can be neglected. Consequently the 
total heat transferred by convection to the flowing 
air ( ) equals the heat generated by the heater ( ): 
 

                                                              (4) 
                                                                                                        
The heat transferred by convection to the air stream 
is divided into two parts:  
       The convection heat transfer from fins (  ) 
which can be calculated as 

 
                                             (5)                        

 
where  

, total cross-sectional area of fins at the base 
(sum of surface area of the fins tip) ( )  
Act, is the total cross-sectional area of the base plate 
and fins ( ), and the convection heat transfer 
through one fin (qf) is given by 

                                                     (6)                             
 
where  is Number of fins 
The convection heat transfer from substrate area 
which exposed to flowing air (without fins) ( ) 
which can be calculated as  

 
                                             (7)                         

 
Where 
 
 

Fixed  5HZ 

30HZ  50HZ  

Fixed  5HZ 

30HZ  50HZ  



Journal of Engineering Volume   19   February  2013 Number 2  
 

 284

 
 , total free surface areas of the base plate 
(without fins), .  
The local heat transfer coefficient over the tested 
fins can be calculated by applying the Newton’s law 
(F.B. Incropera 1985)  

 
                                 (8) 

                                                                                                       
where 

 , Local fin temperature (oC); , air inlet 
temperature (oC);  , convection heat transfer 
through one fin (W);  , total surface area of the 
tested fin ( ). 
 
Nux,f=hx,f    .x/ka                                              (9) 

                                                                                                              
where 

, is local heat transfer coefficient over the tested 
fins (W/m2. oC ); ka, is air thermal conductivity at  
(W/m. oC). 
The fin-average Nusselt number can be defined as 
 

                                            (10)                                                                                                                
 

where is fin average heat transfer coefficient 
which is calculated as: 
 

                              (11)                                                                                           
 
Newton Raphson Method is used to calculate the 
average  heat transfer coefficient over the tested fins 
such that: 
 

        (12)                                                                                                            
                                                   
where h is division size of the fin length = L/n  
                                                                                                    
                                                   
  RESULTS AND DISCUSSION 

   The presented temperature distribution has 
been extracted from thermal image taken for 
substrate integrated with fixed and oscillated fins. 
The following cases have been studied in this work: 

Case 1: fixed triple fins (height =50mm and fin 
spacing =3mm)Case 2: oscillated triple fins (height 
=50mm and fin spacing =3mm) 

 

 

Case 3: fixed triple fins (height =35mm and fin 
spacing =3mm) 

Case 4: oscillated triple fins (height =35mm and fin 
spacing =3mm) 

Case 5: fixed triple fins (height =50mm and fin 
spacing =6mm) 

Case 6: oscillated triple fins (height =50mm and fin 
spacing =6mm) 

Case 7: fixed triple fins (height =35mm and fin 
spacing =6mm) 

Case 8: oscillated triple fins (height =35mm and fin 
spacing =6mm) 

Case 9: single fixed fin (height =50mm) 

Case 10: single oscillated fin (height =50mm) 

1- TEMPERATURE DISTRIBUTION 

        The front view of the fin is divided into four 
rows and five columns as shown in Fig.s (5and 6). 
The coordinate of each node has been transformed 
from the thermal image to digital value of 
temperature using thermal image camera software. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. (5): Locations of temperature measured by 

thermal image (fin height =50 mm) 
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Fig.(6): Locations of temperature measured 

by thermal image (fin height =35 mm) 

        Figures (7, and 8) show the temperature 
distribution along the front fin height (when the 
substrate integrated with triple fins) for air free 
stream velocity of 3m/s and fins spacing =3mm.   
It is clear that the temperature decreases toward 
the tip of the fin. There is inconsiderable change 
in temperature variation for oscillated fin 
compared with that for fixed one except for 
H=35mm. Increasing the fin spacing from 3mm 
to 6mm has little Impact on the values of 
temperature distribution. The temperature 
distribution along the fins is shown in Fig.s (9 
and 10). The fin leading edge (near the tip) was 
the coldest region while the fin root near the 
trailing edge was the hottest. Figure (11) shows 
the same trend of temperature distribution along 
the single fin height with approximately constant 
stream wise temperature variation.  
Quantitatively colder temperatures are indicated 
with increasing number of fins as shown in 
Figures (9 a, b) (10 a, b) and (11 c, d). 

2)  NUSSELT NUMBER  

    The calculated local heat transfer coefficient is 
increased toward the fin tip as shown in Fig. (12). 
Fin oscillation enhances the heat transfer as shown 
in this figure. Higher values of local Nusselt No. are 
found near the fin trailing edge as presented in Fig. 
(13). From this figure it is clear that stimulation the 
fins to oscillate rises the value of hf,x. Increasing  

 

 

the inter-fin spacing causes an increase of mass 
flow rate between fins and good washing for the 
fins wall takes place, hence an increase of local 
Nusselt No. was obtained consequently as indicated 
in Fig.s (12 and 14). Fig.(15) shows the same trend 
of local Nusselt No. on single fixed and oscillated 
fin. 

         Figures (16 and 17) show a considerable 
increase in average Nusselt number (Nu) on the 
frontal fin is obtained with increasing inlet air 
velocity from 0.5m/s to 3m/s. Nusselts number 
increases at the tip of the fin much more than fins’ 
root. Also an enhancement in heat transfer is 
obtained with increasing the frequency. For 0.5m/s, 
the best performance for oscillation was at 
frequency 50HZ, while for 3m/s it was at frequency 
30HZ. The static fin develops convection driven 
thermal boundary layer on either side of the fin. It 
acts as a resistance to further heat dissipation. This 
layer is expected to rupture under the influence of 
local cross wise perturbation in the form of 
sinusoidal motion imposed on the fin by the 
piezoelectric actuator. As the fin starts to oscillate, 
one of the lateral surfaces of the fin behaves as the 
pressure side with the opposite surface being as the 
suction side. This gets reversed every half time 
period. As the fin is on its way to move, the fluid 
close to the fins’ pressure surface is pushed by the 
fin and flows transversely to the stream wise 
direction. As a result, the heat transfer is enhanced. 
Conversely, the fluid near the opposite surface of 
the fin simultaneously replenishes the vacant space 
induced by the movement of the fin. Most of the 
fluid near the suction surface of the fin is difficult to 
catch up to this surface of the fin simultaneously, 
hence a small recirculation zone is developed, and a 
re attachment flow is presented. As a result a heat 
transfer enhancement is obtained. It is clear from 
Fig.s (16,and 17) that for cases 3, 4, 6  and 7, no 
significant effect of oscillation frequency on 
average Nusselt number is found. For cases 1, 2, 5 
and 6, the results show obviously an increase in 
average Nusselt number exists with increasing the 
frequency, especially with 50HZ. For case 9 and 
case 10, the results show the increase of the average 
Nusselt number with increasing the frequency is 
very low for higher air velocity.  
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Fig. (7): Temperature distribution along the height of the frontal fin for (fins spacing=3mm). 
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Fig.(8): Temperature distribution along  the height of the frontal fin for (fins spacing=6mm).
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Fig. (9): Temperature distribution along  the frontal fin  for (fins spacing=3mm). 
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(b) Single oscillated fin 
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Fig. (10): Temperature distribution along the frontal fin for (fins spacing=6mm). 
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(c) Single fixed fin 
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Fig.(11): Temperature distribution along  the fin; a,b) height; c,d) length    
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Fig. (12): Variation of local Nusselt number along  the height of the frontal fin (fins 
spacing=3mm). 
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(c) Height=35mm 
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(d) Height=35mm 
 
 
 

Fig.(13): Variation of local Nusselt number along  the frontal fin (triple fins with  fins 
spacing=3mm). 
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Fig.(14): Variation of local Nusselt number along  the frontal fin (fins spacing=6mm). 
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Fig. (15): Variation of local Nusselt number along the height of a) single fixed fin; b) single 

oscillated  fin. 
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(a) Single fin, u=0.5 m/s 
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(b) Single fin, u=3 m/s 
 
 
 
 
 



Journal of Engineering Volume   19   February  2013 Number 2  
 

 294

H (mm)
0 10 20 30 40 50

A
ve

ra
ge

 N
us

se
lt 

N
um

be
r 

N
u f

0

1

2

3

4

5

Fixed
5HZ
30HZ
50HZ

CASE-1- and CASE-2- (u=0.5m/s)

 
(c) Triple  fins, u=0.5 m/s, spacing=3mm 
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 (d) Triple  fins, u=3 m/s , spacing=3mm 
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(e) Triple  fins, u=0.5 m/s , spacing=6mm 
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 (f) Triple  fins, u=3 m/s , spacing=6mm 

 
 

Figure (16): Variation of average Nusselt number along fins’ height for different frequencies 
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(a) Triple fin, u=0.5 m/s, spacing=6mm,H=50mm  
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(c) Triple fin, u=3 m/s, spacing=6mm, H=50mm 
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(c) Triple  fins, u=0.5 m/s, , spacing=6mm,H=35mm 
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 (d) Triple  fins, u=3 m/s , spacing=6mm,H=35mm 

 

Fig. ( 17): Variation of average Nusselt number along fins’ height for different frequencies 
 

CONCLUSION 

           According to the previous discussion the 
following conclusions can be extracted: 

1. There is an effect for the height, Reynolds 
number, frequency and distance between 
the fin on heat transfer. 

2.  Triple fin (case 1) is the best case for 
enhancing heat transfer  and the triple fin 
(case 2) gives minimum heat transfer with 
respect to other height.  

3. Heat transfer increases with increasing 
frequency and stream wise air velocity. 

4. Maximum heat transfer occurs at fins 
leading edge near it tip i.e X/L=0, Y/H=1 
for all investigated heights. 

5.  Average heat transfer through the middle 
fin is enhanced by (4-25) % by oscillating 
the fin with 50HZ.   

6. More effective enhancement of heat transfer 
utilizing fin oscillation is obtained for low 
stream wise air velocity (0.5m/s to 2m/s). 

7. Increasing stream wise air velocity 
attenuates the enhancement in heat transfer 
due to oscillation because the air works as a 
damper to the oscillation. 

8. The enhancement of heat transfer increases 
significantly with increasing oscillation 
frequency from 5HZ to 50HZ for all cases, 
except for height 35mm, because this fin 
height is not effective with oscillation,  
while, this height is found an optimal height 
with fixed fin only. 

9. The effect of the inter-fin space obviously 
appears in the thermal image, especially 
with a distance of 6mm, the heat transfer 
through the surface of the frontal fin is 
improved due to the increase of flow rate 
between fins. 
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Nomenclature 
 

            Total Cross-Sectional Area of Fins at the Base  (m2)  

Act                 Surface Area of the Base Plate  (m2) 

            Total Free Surface Areas of the Base Plate  (m2) 

               Surface Area of the Tested Fin  (m2) 
dis.                 Distance Between the Fin (mm)  
Distr.              Distribution 

               The Local Heat Transfer Coefficient   (W/m2.oC) 

             Local Heat Transfer Coefficient over the Tested Fins  (W/m2.oC) 

                  the Average Heat Transfer Coefficient over the Fin   (W/m2.oC)  
H                    Height of the Fin   (mm) 
Ka                  Thermal Conducyivity of the Air  (W/m.k) 

           Local Nusselt Number over the Tested Fins 

             The Fin-average Nusselt number 

                  Number of fins 

              the Total Heat Flux     (W) 

          Convective Heat Flux  (W) 

          Conductive Heat Loss  (W) 

            Radiant Heat Loss  (W) 

                the Convective Heat Transfer  (W) 

                The Total Heat Generated from the Heater  (W) 

               the Heat Losses   (W) 

                Heat Lost by Conduction in the Stream-Wise (X) Direction    (W) 

               Heat Lost by Conduction in the Spanwise (Z) Direction   (W) 

               Heat Lost by Conduction From the Bottom Surface of the Base Plate  (W) 

             Heat Lost From the Fin Tips Surface  (W) 

               Heat Lost by Radiation   (W) 

             the Convection Heat Transfer Through the Fins  (W) 

              the Convection Heat Transfer Through one Fin  (W) 

            the Convection Heat Transfer Through the Free Area   (W) 
t                  Thickness of the Fin   (mm) 
Tf                Temperature of the Fin at (x)   (oC) 



   المحتويات قائمة
  

  :القسم العربي
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  شوارع المدن نظرة تقويمية
                                                  الاستاذ طالب حميد الطالب 

                     المدرس المساعد هدى صباح فخرالدين

   قسم الهندسة المعمارية-  كلية الهندسة-جامعة بغداد 

  :الخلاصة
بر جزءاً مهماً من التكوين الفيزياوي للمدينة وحلقة من حلقـات      ان الشوارع بفضاءاتها الحضرية المتنوعة تعت        

التواصل المعماري والحضاري عبر الزمن ابتداءاً من المدن التاريخية وصولاً الى المدن المعاصرة، وطروحات              

خاطئـة  اخرى  واجراءات  لا عقلانية وعشوائية عند توسع ونمو المدن،        ثمة توجهات   لكن هناك   . مدن المستقبل 

نسبة عالية من المساحة    تشكل  الشوارع  واصبحت  ؛  ها  امن مع وضع المخطط الاساس للمدن وترتيب اولويات       تتز

واللافت للانتباه ان هذه الشوارع التـي        .في المدن الكبرى  % 30الاجمالية للمدن، حيث تصل الى ما يربو على         

لا تعكس الاهتمام المطلوب لحركـة      تصمم كمسالك حركة للسيارات بشكل رئيسي و       تعد شرايين الحياة في المدن    

وتـصاميمها   الـشوارع   من خلال  فرضية البحث وتتوضح  ،  ذا المنظور تبلورت مشكلة البحث      له" وطبقاالمشاة،  

تحقيقاً لاعلى كثافة مرورية ممكنـة فـي الـساعة الواحـدة             ومعادلات رياضية وفق اسس هندسية    صاغ  التي ت 

(C.H.L).   عتبارات والاساليب التطويرية التي اخذت بهـا بعـض المـدن           استجلاء بعض الا   ويستهدف البحث

كخطوة من خطوات تضميد جراحاتهـا       للسيارات الى قنوات حركة للمشاة       مسالك من   العالمية لتحويل شوارعها  

  .تستجيب لحاجات الانسان الفاعل والمنفعلالتي بما يعيد لهذه المدن كحاوية اجتماعية 
  

    Critical Evaluation of City Streets   
Al_Talib Prof. Talib Hameed                                     altalib_ta@yahoo.com 
Asst. Lec. Huda Sabah Fakher Al_deen        h_dream_7@yahoo.com 
 
ABSTRACT  
 
   The diverse urban spaces of the streets is an important part of the city's physicist 
configuration and a link between architectural and civilizational communication through 
time starting from the historic towns down to the contemporary cities, within the 
proposals of the future cities.  
   From general observations and literature review a research problem is crystallized as 
some directions not arbitrary rational when expansion and the growth of cities, and 
other measures wrong or the existence of some  incorrect actions and processes related 
to the cities planning as a categorizing the goals and priorities in city plan.The streets 
were constitute a high proportion of the total area of cities, where up to over 30% in 
major cities. These faults are primarily a result of considering city streets as mere path 
for vehicular movement While pedestrian movement comes as a left over consideration.  
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And a clear hypothesis search through the streets and designs which are formulated in 
accordance with the basis of geometric and mathematical equations to achieve the 
highest traffic density possible per hour (C.H.L). 
    The research paper exposes some international considerations and improvement 
methods in converting vehicular streets to pedestrian streets which considers step to 
revitalize the city street life as a social place that responds to the active and passive 
human needs. 

  

  :المقدمة
مـن  ) موزائيـك (ان المدن اشبه بتركيبة فسيفسائية      

ف تسمياتها ، والفضاءات الحـضرية      ختلااالمباني ب 

ة مـن   ويميز هذا النسيج المعقـد شـبك      ،  المتنوعة  

التي تربط ارجاء المدينة مستجيبة     الشوارع والطرق   

بالاضافة الـى مـا      بذلك للحاجات المادية للانسان   

توفره من محاور بصرية ومشاهد حضرية تؤثر في        

 "وخصوصاوتسد حاجاته المعنوية    سلوكيات الانسان   

التـي  رض  لا ا بقـاع ان الشوارع تمثل اجزاء من      

  وفعاليته المختلفة  لممارسة نشاطاته اختارها الانسان   

سـواء للتوجـه للعمـل او       والقيام برحلاته اليومية    

وتذكر في بعض   .. للمسكن او اماكن الترفيه وغيرها    

الادبيات على انها فن تطويع الارض مع ما يـتلائم          

اتـساع المـدن ازدادت مبانيهـا       وب،  من مواردها   

وبدأت تتفاقم هذه الظـاهرة     وفضاءاتها وشوارعها،   

دود المدن التي تحويهـا لتتجـسد       تجاوزت ح حتى  و

مخاطر عالمية وكونية ، ومخلفات بيئية      : على هيئة 

غير صـحية، وتـأثيرات سـلبية علـى سـاكني           

لقـد توجهـت الانظـار      ومستخدمي هذه المـدن،     

وازدادت المخاوف، على شـتى الاصـعدة، مـن         

النـسبة   التي اصبحت تـشكل      مخاطر هذه الاليات  

ير الوقـائع   الاعظم من المركبـات عمومـاً، وتـش       

،  ان عدد السيارات في ازدياد مـستمر       اتوالمشاهد

  اضافة الى الارواح البشرية التي تذهب ضحايا 

  

  

الحوادث المرورية حتى في اكثر الشعوب انضباطاً       

فباتت تتـوالى    .واكثرها تطوراً في هندسة المرور    

الطروحات، في مسعى لايجـاد مخـرج لتـوهين         

توجهات تـدعو   بعض هذه ال  . مخاطر هذه الظاهرة  

 طريق الارتقاء بهذه    لترويج استخدام النقل العام عن    

، ودقة، وراحة، كـي     ومرونة،  ونوعاًالخدمة كماً،   

 منحى  يأخذوالبعض   .تغدو منافسة للسيارة الخاصة   

استخدام مصادر طاقة بديلة غير ملوثة، فيما البعض        

، واعـادة هيكلـة      جديدة الاخر يدعو الى بناء مدن    

) مـدينات (لى   ا قسملقائمة بحيث ت  مخططات المدن ا  

 خترقتاو    ،الى اقصى ما يمكن    "اذاتية  كون مكتفي وت

 للمشاة  بحيث تتيح الارض  باطن  خطوط المواصلات   

وكل هذه المقترحات، وماسيأتي    فوق سطحها   التنقل  

بعدها ربما في المستقبل، تـستهدف انقـاذ المـدن          

مهيأة لراحـة   تعود المدن   والمعاصرة من ازماتها،    

، اجواء آمنـة    في  على السير مشياً   هتحفزو نسانالا

ها عبير الزهور   يستنشق الماشي خلال  و. ، محمية نقية

   .بدل دخان العوادم

 الاول : محـاور رئيـسية      ثلاثـة ويتضمن البحث   

 الثانيو .نواعهاأالتعرف على الشوارع في المدن و     

دراسة المتطلبات التخطيطية والتصميمية للشوارع،     

 ها وخصائـص   والفنيـة  العمرانيـة  تهـا  بني وما هي 

  الانشائية، والشروط الواجب توفرها في فضاء 
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اهـم   ثالـث ال و . واستمرارها لمشهد المدينة   الشارع

 المدن وفق منظور المستقبل   و ، طرق المشاة  مميزات

  . في هذا المجال والتجاربواهم الطروحات 

   وانواعها الشوارع في المدن:المحور الاول
   : تعريف الشارع-1.1

 انعكاس لوقع خطى الانـسان      الشارع يعرف بكونه  

مساره نحو البيئة المحيطة    خط  الاول على الارض و   

عيش والبقاء على   بدائية لل واكتشاف وسائل وادوات    

 ـ قيد الحياة،     الـصيد والمقايـضة،   رحلات  والقيام ب

بدأت ترتبط هذه المـسارات بـدلائل        وبتقادم الزمن 

مناخية معينة  طبوغرافية الارض او ظواهر     كمعينة  

تمايزت الى مسالك لطلب    ثم  او قربها من نقاط دالة،      

،  وثقافة ما  افراز تقاليد  و ، او للتجارة   والعلم المعرفة

او للقيام بالحملات العسكرية ونشر ديـن وعـادات         

واختلفت اشكالها وتنوعـت ابعادهـا      مجتمع معين   

، ) Gallion,1969,p.284(بتطــور وســائل التنقــل 

عـن   الجـزء المعبـر   بانه  رع  اويمكن تعريف الش  

المدينـة  فحوى  الاساس ل  و  الوجود الانساني  محتوى

مع   التجمعات البشرية   تفاعل  من صور   صورة ووه

فـضاء  ، هـو     )Favro,1994,p.1(النسيج المعماري 

حضري يتحدد من خلال مجموعة من الفـضاءات،        

أو الساحات، أو مجموعة المباني المجاورة وميزاته       

تمرارية، والاحتواء، والامـان،    الاس: الاساسية هي 

والوضوح بدلالات الاتصال واشارات الوصول الى      

ــا   ــي يوفره ــاتي الت ــادل المعلوم ــدف، والتب اله

 ة الشارع الرئيسية  وظيف )7،ص1988غسان،(.الشارع

تمثـل ممـرات   وربط اجزاء المدينة بعضها ببعض     

لسيارات مسالك ل حركة الاشخاص وانتقالهم وكذلك     ل

كيـان المدينـة    وان   . الاغراض والبضائع ومختلف 

تمثيله بمكونات جسم   " بمكوناته المتعددة يمكن مجازا   

قلب، ودم، وشـرايين، وهيكـل عظمـي،     : الانسان

 بداية التكوين الجـسماني    تشكل    التيوخلايا بدنية   

وأساسه، فهو اللبنة التي بدونها ما وجـدت المدينـة    

مي أما الهيكل العظ  . ، وتتمثل الخلايا بالسكان   "أصلا

هو بنية المدينة الذي تحدد من خلاله صورة المدينة         

من حيث شـكلها وأبعادهـا، وسـمات المكونـات          

اما دم المدينة فيتمثـل بالانـشطة التـي         .العمرانية

تحفظ وجودهـا وأسـرار      التي   يمارسها الانسان،   

وتلك المضخة الدموية تحتاج الـى قنـوات        . بقائها

يـا  الـى الخلا  " تسري خلالهـا الـدماء وصـولا      

فـي  الطـرق   هذه القنوات هي منظومة     ،  والاعضاء

  .المدينة

 وعـاء الهو  وانعكاس لحياة المدينة    اي ان الشارع    

المختلفـة  داء الفعاليـات الانـسانية      الفيزياوي لا 

، والثقافيـة، والتجاريـة، والخدميـة      الاجتماعية،

منظومة الـشوارع والفـضاءات     تشبه  و ..وغيرها

في تكوينها  " مجازابدن المدينة   ضمن   بها   مرتبطةال

  .الشرايين والاوردة في جسم الانسان

  

  : انواع الشوارع-2.1

 شوارع  : الى الشكلحيث   الشوارع تصنف عادة من   

أو عـضوية   ،  مستقيمة، أو منحنيـة، أو منكـسرة      

   . هندسية واضحة تنطبق عليهاالتكوين لا صفة

 يمكـن ان    ،علاقة الشوارع مع بعـضها    ومن حيث   

أو ،  متمركزة حول بؤرة  ، أو   ةمنظومة متعامد : تشكل

ن تكـون   أشعاعية منطلقة من بؤرة مركزيـة، أو        

 .من صنف أو أكثر مـن هـذه الترابطـات          مزيجاً

  )8(و) 7(و) 6(و) 5(و) 4( و)3(و) 2(و) 1(الاشكال 
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، تـصنف الـشوارع     هويتها الاستعمالية ومن حيث   

وتجاريـة   وخدمية،    وترفيهية، سكنية،: ارع  الى شو 

  .بمختلف اصنافها

 للشوارع عموماً يتحكم فيـه      التوزيع الوظيفي اما  و

  :عوامل ثلاث

 Social rootedعوامل ذات جذور اجتماعيـة   -

Values   

 Economically عوامل ذات جذور اقتصادية  -

rooted Values  

 Public rootedعوامل تتعلق بالصالح العـام   -

Values   

اي ان النمط العام للشارع يدخل في تشكيله عـدة          

، وشـكل   الطبيعة الجغرافية لـلارض   : عوامل منها 

واصـحاب   المصممين والمخططين افكار  ، و الموقع

 وكيفية  ، عند وضع المخطط الاساس للمدينة     القرار

ــتعم ــع اس ــب تو لات الارض،اتوزي ــل لع المراح

ها لاشـك افـي   " كبيـرا " دوراالتاريخية المختلفـة    

 والتي عملت على تغيير ملامحها الخارجية    وابعادها

  .بر الزمنع

  

  

  

  
  

  

  

  

  

  
  انواع الشوارع واهم اشكالها الرئيسية) 1(شكل    

)                    Gallion,1969,p.289(  

                          

  مدن العصور الوسطى ، نوع التخطيط شعاعي)  2(شكل     

http;//www.coursesite.uhcl.edu         

  

  

  

  

  

  

  

  

  

  

  

          

 

  

  
 خطط مدينة الموصلم) 3(شكل

  نوع التخطيط مزيج بين العضوي والهندسي

http;//www.lib.utexas.edu/ mosul  
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  قطاع من مدينة الموصل)   4(شكل

  نوع التخطيط مزيج بين العضوي والهندسي

http;//www.lib.utexas.edu/ mosul  

 

 
  مخطط مدينة واشنطن)  6(شكل 

   والشعاعينوع التخطيط مزيج بين المتعامد

http;//www.boklife.com  

  

  

  

  

  مخطط قلعة اربيل) 5(شكل

  نوع التخطيط عضوي

http;//www.rodshot.com  

  
  مخطط مدينة شيكاغو  ) 7(شكل                 

  نوع التخطيط هندسي والشواع متعامدة

http;//www.lib.umd.edu                  
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  مخطط مدينة فلادلفيا)  8(شكل 

  لتخطيط هندسي والشوارع متعامدةنوع ا

http;//www.sanftieben.com  
  

   : نظرة تاريخية على تطور الشوارع-3.1  

ان قصة المدن الحالية مع مسار تطور شبكة الطرق         

بعـد  " وتقريبا مضت   ثلاثة قرون وتعقيدها تعود الى    

ومن مظاهرها الرئيسية هو الزيادة     الثورة الصناعية   

ات من اماكنها التقليديـة الا      في سرعة انتقال المنتج   

وان هـذا    ،وهي الارياف والضواحي الـى المـدن      

في نمـو المدينـة     " اساسيا" التغير المهم لعب دورا   

واتساعها بشكل مـوازي لزيـادة شـبكة الطـرق          

ممـا يلاحـظ ان     وانتشارها عبر اليابسة والمياه، و    

شكل وحجم المدينة قد تغيرا من نواة صغيرة الـى          

يرة متوافقة مع التغير الحاصـل      مجموعة مراكز كب  

فمـثلا  . في نوع وكم وسائل النقـل والمواصـلات       

في تكـوين مـدينتي بـاريس       الواسع  يلاحظ التغير   

وحتـى ان هـذه      )10(و) 9( الـشكل    وسانت لويس 

جديدة مـن المـدن عبـر       " التغيرات افرزت اشكالا  

  ويمكن التعلم من  ، )12(و )11(الزمن الشكل 

  

  

  

  

  
  )10(شكل )                   9(شكل                

  تغير مدينة باريس         تغير مدينة سانت لويس          

                )161,160Spreiregen,1965,p(  

  

  
  )12(   شكل  )                 11( شكل

 ي عنجمي وشعامنها شكل المستوطنات البشرية وتغيرها          

   وغيرهايلقعي وخطي وحيوتجم

               )172,171Spreiregen,1965,p(  
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وشـوارع   للمستوطنات البشرية  السابقة   ملاحظاتال

 في النظرة المستقبلية للمدينة ككـل عنـد         السيارات

تصور المخطط الاساس، والتأمل لبرهة من الـزمن        

ــدننا    ــي م ــات ف ــذه الالي ــه ه ــا تفعل  ؟!فيم
)161,160Spreiregen,1965,p(  

على مـستوى   التغيرات في مدينة شيكاغو     يلاحظ  و

المكونات الفيزياوية من مباني وسـاحات وطـرق        

   .)16(و) 15(و) 14(و) 13(وميادين الاشكال 

لهذه الشوارع التي   المعاصر  وعند استخدام الانسان    

تختلف في طرق تشكيلها تنتابه الكثير من الذكريات        

لو " والمشاعر، ويسترجع تجارب متنوعة وخصوصا    

سيارته الخاصة  " ن سائرا ضمنها او حتى مستقلا     كا

او اي وسيلة نقل اخرى، ويلعب الجو العام او حتى          

الانسان فالمـشي فـي      فيما يشعر به  " الطقس دورا 

 الرمادي يغلف المدينة   الشارع في يوم ممطر واللون    

بالسكينة والهدوء  " شعورا وواجهاتها الخارجية يمنح  

لسير في صـباح     ا والحزن في بعض الاحيان بينما    

والنظـر الـى     .مشمس سيوحي بمشاعر اكثر بهجة    

الشوارع من سيارة اثناء القيام باحـدى الـرحلات         

اليومية وهي تجوب المدينة لم تعد مجرد حيز مكاني         

تحدد ملامحه عناصـر ماديـة ومعنويـة وتنـتظم          

كما العلاقات بين مكوناته المختلفة ضمن نظام معين        

من عناصر  "  الابعاد مؤلفا  ثلاثي" انها لم تعد تشكيلا   

افقية ورأسية ترسم خط السماء بل شريط سـينمائي         

تتلاحـق فيـه المنـاظر بحـسب سـرعة الــسير      

  )31،29،ص2012الشيخ،زينة (.وتغيرها

 ،من مشاهدها الحضرية المتنوعة   واصبحت المدينة   

ــا ــضاءاتها الو، وواجهاته ــة لف لقطــات المنظوري

 ـ     لاعمـال  " اوشوارعها المتغيرة عبر التاريخ الهام

) 18(و) 17(الاشكال  والفنانين   المعماريينالعديد من   

  .)19(و

  )14(          شكل)13(شكل     

  

  

  )15(شكل 

  

  )16(شكل 

   التغير في مدينة شيكاغو)16(و) 15(و) 14(و) 13(الاشكال 

)Favro,1994,p.259,262,265,266(  

  )17(الشكل 
 )19(و) 18(و) 17 (الاشكال

(Parfect,1997,p.164,177,185)     
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  )18(الشكل 

  )19(الشكل  
المتتطلبـات التخطيطيــة  : لمحـور الثــاني ا

  عوالتصميمية للشوار
، ليس هناك قواعد ومواصفات ثابتة وعامـة يمكـن        

الا ان  . ، الوصول الى أفضل الحلول    بالاعتماد عليها 

لعل اهمها  . ك نواهي يجب اخذها بنظر الاعتبار     هنا

 عن التعامل مع تـصاميم      يكمن في ضرورة الابتعاد   

الشوارع من منظور حسابي مجرد، مثلمـا يفعـل         

مصممي مجاري المياه الثقيلة فـي المـدن، حيـث          

توضح في اولويات التصميم كميـة الميـاه التـي          

 ـ          ةبالامكان سريانها في الانبوب فـي وحـدة زمني

فالانسان كائن حي، له مشاعر واحاسـيس        .محددة

هـا كـي تغـدو      ورغبات وتطلعات، ينبغي مراعات   

  .شوارع المدن قنوات حركة محفزة للمشاة

، أو جنباتها على الاقل، ملبية      اولكي تكون شوارعه  

لهذا الهدف ينبغي ان تتجلى في مواصفاتها، وبعموم        

 بالمكان  مكوناتها سواء المرئية أو الملموسة، شعوراً     

ولكي يتسم فـضاء    . الذي يحقق الراحة والاطمئنان   

مة بعض المؤشرات التي مـن   الشارع بهذه السمة، ث   

  :اً لا حصراً ما يلياولوياتها ذكر

  :Identityالهوية  -1.2

كما ان للانسان مواصفات شكلية، يمكن بواسـطتها        

رسم هويته الشخصية، ومن خلالها يمكن تمييزه عن        

اقرانه من بني البشر، يتوجب ان يكـون للـشارع          

 فـي اذهـان     وية تميزه وترسم عنه وله انطباعـاً      ه

وهذه السمة تعـزز شـعور الانـسان         . واطنينالم

  .بالانتماء الى المكان والعكس صحيح

الانسان وهوية المكان ليـست     ان المقاربة بين هوية     

فالانسان عندما تشاء الصدف ان يقابل صديق        .بعيدة

أو قريب على قارعة الطريق، تغمره مشاعر الراحة        

وقد ينتهي الامر بـالجلوس فـي مكـان         . والسرور

يث فـي امـور      على الطريق لتجاذب الحـد     مهيىء

والعكس صحيح، فـان     .مضت واخرى لم تأت بعد    

حالة من النفور واللاطمأنينة تراود الانسان عنـدما        

يرى نفسه امام شخص لا يحمل في خزين ذاكرتـه          

نفسي باطني لا يخص شـعباً      انه شعور   . ةاي معرف 

، انما هو شعور عام تزداد تأثيراته        أو فرداً  أو جنساً 

وانعكاساته عندما يصيب العلاقات الاجتماعية وهن      

لسبب أو لاخر كما هي عليه اليوم في العديـد مـن            

مثل هذا الشعور يتكرر، ولو بلون آخـر        . الشعوب

سلك حضري،  عندما يجد الانسان نفسه في فضاء م      

، ولا يجد في المكـان هويـة        من بين الاف المسالك   

 مـع   تعبر عن ماهية الـشارع وعلاقتـه المكانيـة        

 انه الـضياع،    .منظومة الحركية في المدينة عموماً    ال

فسية مخيفة أحياناً مرعبـة     والشعور بالضياع حالة ن   

مرغوبة في اقل تقدير بكل     ، وغير مريحة ولا     أحياناً

   .الحالات
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ان هوية المكان التي ترسم صـورته فـي ذاكـرة           

محـيط حـضري     ي بوصلة التوجه فـي    الانسان ه 

تنتاب الطيـارين    عب التي فكما هي حالة الر    .شاسع

 حصول عطـب    والمسافرين، والملاح ومرافقيه عند   

، فان ذات الشعور ينتاب     بوصلة التوجه  أو خلل في  

الانسان عند فقدانه بوصلة التوجه فـي بحـر هـذا           

ويتجسد هذا الشعور حين يكـون       .المحيط الحضري 

 حيث يفقد الفرد بوصلته     نسان في محيط غريب،   لاا

المحيطين به لعدم قدرتـه علـى       ، وبوصلة   المكانية

عـدد مـن الكتـاب       .التواصل الكلامي للاسترشاد  

والمنظرين تطرقوا الى موضوع الهوية في ادبيـات        

بعـض  هنـاك   ، و صميم الحـضري والعمـارة    تال

  :المقومات التي يمكن توظيفها تتلخص بالآتي

 التي تعتبر من اهم العوامـل       استمرارية الهوية ان  

 الرواد المؤسسين   هو احد و ذكر لنج  ف في هذا المجال  

الهويـة  ان   لموضوع التصميم الحضري المعاصر   

وتمثـل  هي بمثابة المفتاح لفهـم صـورة المدينـة          

التواصل مع التاريخ التي تشكلت ملامحها واكتملت       

ن مرتكزات رسم هويـة الـشارع       أ"و. عبر الزمن 

 . "تكمن في سماته البنيويـة وملامحـه الوظيفيـة        

)Lynch,1972,p47-50(     هذا النص المقتضب يجعل

القارىء يدور في فلـك ذكريـات مـدن زارهـا،           

وشوارع قد مر بها صدفة، أو ارتادها قصداً ليـرى          

فـشارع الـشانزليزيه    . في بلاغة هذا النص حقيقة    

الشهير يرتبط في ذاكرة الانسان كمحـور للتنـزه،         

والاستجمام، والاستراحة لكثرة ما فيه من اماكن لهو        

  .الخ.. .ومطاعم وترفيه،

 ثلاثة قـوى خفيـة      هناكيشير دوكسيادس الى ان     و

، الهياكـل الحـضرية    اولهـا : تشكل ملامح المدينة  

 الحركـة المختلفـة    خطوط النقل ومسارات  وثانيها  

حتى ان تطور المدن    . القوى المؤثرة عليها  وثالثها  

عبر الزمن جاء نتيجة نمو السكان وتطور وسـائل         

مناسـبة لهـا،    النقل وما رافقها من توفير طـرق        

وتحولت المدن بشوارعها وانماطها من مدن ساكنة       

،  )Doxiadis,1974,p22-24(الى مـدن متحركـة      

شارع اوكسفورد في لندن اكتسب هويته من واقـع         

وظيفته الرئيسية كشارع تجـاري، يحـوي علـى         

وشارع الهـرم فـي      كبريات شركات بيع الملابس،   

القاهرة معـرف الهويـة، خاصـة لـدى عـشاق           

وفي بغداد ثمة شوارع اقترن اسمها بطابعها       .رالسه

المهني مثل شارع الشيخ عمـر المتخـصص فـي          

تصليح السيارات بانواعها وبيع قطع الغيار، وشارع       

بيع ) بسطات(المتنبي هو حاضنة تاريخية لمحلات و     

  .الكتب

لا شيء يجرب او يختبـر بنفـسه        ويضيف لنج ان    

يطـه  وانما نسبة الى العلاقة مـع مجاوراتـه ومح        

فالشارع لا يقيم لحاله وانمـا بعلاقاتـه الفـضائية          

مـا  " والمكانية، وخطوط تكوينه العامة الثابتة نوعا     

وتفاصيله الخاصة المميزة المتغيرة عبر الزمن وما       

، فبنـاء   تتركه من معاني لدى المستخدمين للـشارع      

الصورة الذهنية عن البيئة الحضرية التـي يكـون         

تعتمد على ثلاثة عوامـل      امنه" مهما" الشارع جزءا 

ــسية  ــة: رئيـ ــل، ،الهويـ ــى الهيكـ      .المعنـ

Lynch,1972,p2-8)( ان هوية الـشارع تتعـزز      و

فـشارع  ،  عندما يرتبط الاسم مع طبيعـة المـسمى       

، ن، وسـوق البـزازين، والعطـاري      الصياغ مـثلاً  

 والنجارين، والحدادين، والـصفافير، لهـا صـورة       

 نافل القول   ومن.مرسومة في الذاكرة بسبب وظيفتها    

ان توافق الاسم مع المسمى كانت من سمات هويـة          

المدن الاسلامية وتبقى راسخة فـي الـذهن لهـذا          
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 اسـم الـشارع     وحري بالذكر هنا، ان ربط    ،  السبب

  لمفهوم الهوية، لا يعني قطعـاً      بوظيفة محددة تحقيقاً  

ط عدم وجود انشطة اخـرى تخـدم وتعـزز نـشا          

لا بـل انهـا      ووظائف الشارع التي ترسم هويتـه،     

 ،، وهي تفرض نفسها غالبـاً     ضرورة متممة احياناً  

، او تفرضها الضرورات    اليد الخفية للاقتصاد  بفعل  

ا وهذه حالة صحية طالم   . كوجود المطاعم والمقاهي  

، وتمحي هويـة    لا تطغي على الاستعمال الاساسي    

هذه الوظائف المحدودة التـي تخـرج عـن         .المكان

لاحيان بؤر اسـتدلال     تغدو في غالب ا    امالسياق الع 

وتوجيه في المكان اضافة لفوائدها بما تقدمـه مـن          

   .خدمات

مع الـشارع   يرتبط   الانسان   ذكرت زينة الشيخ ان   و

بذكريات مختلفة وتجارب متبادلة ومتجددة طـوال       

الوقت وما تترك في نفسه من انطباعـات جماليـة          

ورؤى بصرية حيث ان مجموعة المباني وواجهاتها       

لمفتوحة بنوافيرها وانـصابها الفنيـة      او الساحات ا  

       المرتبطة بهـا او مجموعـة المنـاظر الطبيعيـة         

وتعزز الشعور بالشكل   " منتهية كلها تعطي جمالا   اللا

العام للشارع من خـلال التوافـق بـين الانـسان           

  .المستخدم للشارع وبين القوى العاملة على تكوينه

وى وهناك ربط مابين العمارة والذاكرة علـى مـست        

التجربة الانسانية بتأثير تبادلي فهنا العمـارة التـي         

تعنى بالشوارع تؤطر الذاكرة تجـذرها وتعطيهـا        

تعكس ما اختزنته الـذاكرة مـن       " وهي ايضا " شكلا

صور واشكال وتكوينات مبدعة وما اسقطته عليهـا        

الذاكرة الجمعية او الفردية من مواقـف ومـشاعر         

مارة الواقعيـة   ومعتقدات والذاكرة تستعمل صور الع    

والخيالية والتاريخية وغير المتكونة فـي آن واحـد         

كمنافذ للتعبير عن نفسها، وفي الحيـاة المعاصـرة         

دخل الزمن كبعد رابع يجعل الانسان يستقرء المدينة        

وشوارعها ومبانيها بقيم ومفـاهيم اكثـر انـسانية         

   )  30،31ص،2012الشيخ،زينة ( .ويبحث عما يلائمه

 Street Physical عمرانية للشارعالبنية ال-2.2

Construct:  

أن السمة الوظيفية للشارع، هي على درجـة مـن          

. الأهمية في رسم هويته وصورته في ذهن المشاهد       

تحتل أيضاً درجة كبيرة مـن       إلا أن البنية العمرانية   

  تـستحق  والواقع انها لا تلقى الاهتمام الذي      .الأهمية

حتى فـي أكثـر      في الغالبية العظمى من الشوارع،    

.  ولا يستثنى منها شوارع بغـداد      دول العالم تقدماً،  

 ضفتي الشوارع تشكل    ىحيث المباني المرصوفة عل   

خليطاً غير متجانس من الأشكال والمواد والألوان،       

لا تربطها رابطة سوى التنافس على حلبة الـصراع   

لجلب الانتباه، وتكريس الهوية الذاتية، وليس الهوية       

وتتجسد هذه الظاهرة فـي ليونـة او        .رعالعامة للشا 

عدم وجود التشريعات وضوابط البناء، أو خلل فـي         

متابعة تنفيذها متى وجدت، أو عجز أو قصور فـي          

القائمين على مراقبة تطبيقها في الميدان بسبب جهل        

 ,Hegemanكـل مـن    يؤكد !أو لأسباب أخرى

Peets         على ما سبق ذكره بالقول بأن هذه الفوضى

 أنما يرجع أحد أسبابها إلى صعوبة التوفيق        البصرية

 ؛والموازنة بين الرغبات الذاتية لأصحاب الأمـلاك      

عملية كانت أم ذوقيـة أو اقتـصادية مـن جهـة،            

ومتطلبات الصالح العام التي تصبوا إلى تحقيق الحد        

الأدنى من متطلبات التكامل البـصري مـن جهـة          

تـي  لبيرا ايتبن ، و)Hegeman,1922, p187( .أخرى

هما من عمالقة العمارة في عصر النهضة       ووبلاديو  

 ـ  فكراً وعملاً   الأوربية،    أعمـالهم   يأسس وقواعد ف

النهضوية بهدف الحفاظ على السياق العام للـشارع        

تطبيق وحدة إنـشائية    وذلك باللجوء إلى    . أو الميدان 

 كقاسم مشترك أعظـم     (Module)معمارية متكررة   
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ــاني ــي المب ــة . ف ــتخدام الأروق ــدة واس المعم

(Colonnaded)    أو المقنطرة (Arcade)  وتوحيد ،

أشكالها وأبعادها، بما يضمن الحـد الأدنـى مـن          

الاستمرارية والإنسجام بين مفردات المكونة للفضاء      

 خاصة مـا يقـع      .الحضري، شارعاً كان أم ميدان    

هذه الأروقة، فـضلاً    . ضمن مخروط الرؤيا للمشاة   

الشارع العمرانية،  عن كونها رابطاً بصرياً لمكونات      

فانها عنصراً فعالاً للحماية خاصة في البلدان شديدة        

 .الحرارة أو البرودة أو تلك التي تكثر فيها الأمطار        

)Cliff Moughtin,2003, p145(  ، وحري بالذكر أن

أداة استخدام الأروقة كان لها حضور فـي الفتـرة          

الكلاسيكية التي تعد منهل استلهام لمعماريي عـصر      

عاصـمة  في  ففي مجمع الفورم الروماني      .هضةالن

، جاء استخدام الأروقة كعنصر      روما براطوريةمالا

 )21(و) 20( الاشـكال  جامع لمباني متعددة الهيئـات    

وتسربت تأثيرات هذا التوجه إلى العديد من        ،)22(و

ومـن روائـع    . في عصر النهضة الأوربية   المباني  

 رائعة المعمار   الأمثلة التي خلفتها الحقبة التأريخية،    

 في مجمـع ميـدان   (Giorgio Vasari)  الإيطالي

التي ) (Piazza delgi Uffiziيوفيزي في فلورنسا 

 -1560 البرجوازية عام    )(Medichiمولتها عائلة   

  ويعود لهذه العائلة الفضل في إعادة إحيـاء          1574

الكلاسـيكية بلمـسة    واهم المميزات   ملامح الطرز   

ــشواهد  ،(Bacon,1975,p112) نهــضوية ومــن ال

الأخرى على التماسك البنيوي لمفردات الـشاعر أو        

 ـ        التـي   ا،رالميدان، نجده في مدينة باث جنوب انكلت

حظيت بتصنيف من اليونسكو على انها ارث تراثي        

 عملـين   مدينةويبرز من بين مكونات هذه ال      .عالمي

المجمع الذي اطلق عليـه     : معماريين متكاملين هما  

 لاسـتدارته مـن تـصميم       (Circus)كس  رأسم الس 

ــار  ــ(Jone Wood the Elder)المعم         ام  ع

    وتبع خطاه بعـد وفاتـه ابنـه،    1728-1739

(Jone Wood the Younger)   في بناء مجمـع

 عـام  (The Royal Crecent)الملكـي    لالهلا

ــكال 1767-1774  )26(و )25(و) 24(و) 23( الاش

 في التكوين   وتكمن في هذين العملين بلاغة التماسك     

 لوناً ومـادة    ثوالانسجام مع مجمل عمارة مدينة با     

  )p15www.localhistory,( .ومقياساً

 Street Artisticالبنية الفنية للـشارع   -3.2

Construct:  

 واشكال العلاقات التي ترتبط     عناصرهان الشارع و  

من التكـوين الرئيـسي     ض" فنيا" بينها تشكل تكوينا  

للمدينة، ومن القيم الفنية والجمالية لفضاء الـشارع        

 الحـضرية   الساحات والميادين ومجموعة المباني و  

تحقيق كل من مبدأ الوحدة والتـوازن مـن خـلال           

ومواد  خطوط، واشكال، واحجام، والوان، وملمس،    

الانهاء المستخدمة وحتى القيم الضوئية وانعكاساتها      

ة منها او مصادر الانـارة الـصناعية        سواء الطبيعي 

كعناصر رئيسية في تكوين لوحة واجهـة الـشارع         

 .وخط بناء اللوحة الا وهو هنا خط سـماء المدينـة          

وتوفير نقاط جاذبة مهيمنة في فضاء الشارع هـذه         

مقارنة مجازية بين التكوين الفني ضمن لوحة أو أي         

عمل فني مجسم والتكوين المعماري لنصب بنـائي        

يجب ان تكون عليه كتل وفـضاءات الـشارع         وما  

الـرحلات اليوميـة    انواع  وخصوصا اذا ما عرفنا     

رحلة العمل اليومية مـن المـسكن       : لىوللسكان فالا 

مـن  : والثانيـة ،  الى العمل او الدراسة وبـالعكس     

سكن الى الاسواق او لقضاء بعض الاعمـال او         مال

الـسياحية   الـسفرات    : والثالثـة  ،للزيارات والترفيه 

  .ضواحي المدن او خارجهال
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 التناسبية بين مكونـات     ي العلاقات واهم هذه القيم ه   

الشيء الواحد، هي أحد الاركان الاساسية في تمـام         

. وكمال النتاج النهائي لكل الموجودات فـي الكـون        

فلولا العلاقات التناسبية بين الكتل والابعـاد لكـل         

قات ولولا العلا . الاجرام السماوية لتهاوى الكون كله    

التناسبية المتوازنة بين مكونات الهواء في كوكـب        

الارض لابيدت البشرية، وهذا ما يخـشى حدوثـه         

الكثير من العلماء والمفكرين في المستقبل، اذا مـا         

 .استمر الانسان في التعامل مـع الطبيعـة بعبثيـة         

العلاقات والترابطات بين الاجزاء المكونة للعمران،      

ة او علـى مـستوى      على مستوى العمارة الواحـد    

الشارع والمدينة هـي علـى ذات المـستوى مـن           

ذلـك  . الاهمية، فان اختل ترابط الاجزاء اختل الكل      

لان الكل هو ليس حاصل الجمع الحسابي للاجـزاء         

بل هو اكثر من ذلك، فهو الرابطة بـين الاجـزاء           

ان تركات التاريخ الفنية والعمرانيـة       .المكونة للكل 

 هـذه المفـاهيم العلاقاتيـة       توفر لنا دلائل على ان    

بالابعاد والمكونات كان لها حـضور فـي عمـارة          

وفنون الاقدمين، سواءً كان ذلك قد حدث صـدفة أو       

 فالعين البشرية تميل الى التصميم الذي       بوعي مسبق 

ترتبط اجزائه وتتفاعل عناصره مع بعضها البعض       

  .بنسب رياضية واضحة

م بـان ادراك مفـاهي     Kimberly Elamويـرى  

التناسبات بين الابعاد الثلاثة في الاشياء، كانت تمثل        

ويسترسل بالقول  . ارجحية جمالية ووظيفية منذ القدم    

.  ق 2570بان هرم خوفو الذي يرجع تاريخه الـى         

 ).1/1.618(تتجلى في أبعاده النـسبة الذهبيـة        . م

)Kimberly Elam,p6(  ،    ويؤكد ذلـك العديـد مـن

ــا  ــوم الاهرامـ ــي علـ ــصين فـ ت المتخصـ

Paramidiology)(        ما معناه بان النسبة الذهبيـة  

ممكن تشخيصها في الكثير من اللقى الاثارية عنـد         

المصريين ما يرجح الرأي بان هذه ليست صـدفة،         

بل كانت نتيجة حس بمفهوم التناسب بين الاجـزاء         

  .المكونة للكل

وليس خافياً على كل مطلع ان مبنى البارثنون، الذي         

-432(القرن الخامس قبل الميلاد     يعود تاريخه الى    

 ،، قد استند الى النسبة الذهبية باجزائه وكلياته       )447

كما اسـتخدم النحـات      )29(و) 28(و) 27 (الاشكال

 النسبة الذهبية في نحـت تمثـال        )(Phidiasفيدياس

وقد شاع استعمال التناسـبات      .أثينا، وتمثال زيوس  

 الرياضية في معظم مباني عصر النهضة الاوربيـة       

وفنونها النحتية، والكثير من بقايـا هـذه الاعمـال          

للمعمار البرتي، وبرنيني، وبرونولسكي وليونـاردو      

   .دافنشي شواهد على صحة هذا القول

 67المسجد الكبير في القيروان بتونس، المشيد عام        

ميلادية يستدل من ابعاده الكليـة ومـن تفاصـيله          

ــة   ــسبة الذهبي ــق الن ــشيد وف ــه م ــة ان الجزئي

)Kenza,2004,p3-10(.      ومن المظـاهر البـصرية

المهمة في العمارة هو المقياس لانه يعطي احـساس         

بالارتباط والانتماء الى المبنى او مجموعة المبـاني        

التي ترتصف بموازاة الشارع، أو الفضاء وتجميعاته       

كلمـا اقتـرب    " الذي يخترق الشارع وخـصوصا    

ومـن  . المقياس من مقاسات وابعاد جسم الانـسان      

رواد هذا التوجه لي كوربوزيه بمرتـسمه الـشهير         

لجسم الانسان المثالي، وهو استدعاء صريح علـى        

ضرورة الالتزام بمبادىء العلاقات والتناسبات فـي       

  .العمارة والفنون

واذا ما اتجهت بوصلة الفكر الى ما يجري الان في          

المدن، لما رأينا ما يشير الى تبني أي توجه يـشير           

الحد الادنـى مـن قواعـد المقيـاس         الى الالتزام ب  

 سواء علـى صـعيد الحاويـة الكبـرى        . والتناسب

المدينة، نزولاً الى الشوارع العامة، وصـولاً الـى         
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المباني التي لها الاثر الاكبر في تناسب فـضاءات         

فرغم  .الشارع بامتداداتها الافقية واحتوائها العمودي    

ميـة  في مجالات عل  العالم  التقدم الهائل الذي احرزه     

وطبيعية سواها، الا انه قد تراجع في مجالات بيئية         

فالتنافس المحموم   .عدة لعل من بينها البيئة العمرانية     

، والمستثمرين على تجـسيد     نوكبين الشركات، والب  

ذاتهم وإطلاق العنان لصيحتهم كي تعلو على صراخ        

الآخر، أحال الشوارع العامة إلى محظ فوضى حيث        

فالانسان الذي كان لـه      .يسمعالكل يصرخ ولا أحد     

الاعتبار الأكبر في تراكيب مدن الأمس، أضـمحل        

ولعل نظرة  . اليوم مقياساً وانتماء إلى بنيته الحضرية     

على عمارة منهاتن، وشـانكهاي، وهونـك كونـك         

وسنغافورة وكثير غيرها تعطينا نماذج لاضـمحلال       

والملاحظ أن  . نظرية المقياس الإنساني في العمارة    

س الصوت العالي في العمـارة الحديثـة قـد          فيرو

تسرب إلى مدن عربية ممن حباها االله نعم ما فـي           

باطن الأرض، أو تلك التي تسربت إليها الملايـين         

   .بطرق وأساليب أخرى

  

  )20(شكل

                              

  

  

  

  

  

  

  

  

  )21(شكل

  )22( شكل

  رية الرومانيةالفورم في الامبراطو)  22(و) 21(و) 20(الاشكال 
            http://www.flicker.com/photos  

  

                                                    

  )23( شكل

  )24( شكل

  )25( شكل
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  )26( شكل
  

  )  26(و) 25(و) 24(و) 23(الاشكال 

منظر جوي يظهر المجمع الملكي الهلالي والسركس في مدينة 

  إنكلترا –باث 
http://www.flicker.com/photos  

  )27( شكل

  )28( شكل                             

  )29( شكل    

  
  اثينا والاكروبولس) 29(و) 28(و) 27(ل االاشك

  

  

   

غيـر  لقد أثبت طبياً أن تعرض الانسان لمـشاهد         و 

 فان حاسة البصر ترسل شفرات إلـى الغـدة          جميلة

ين التي بدورها   النخامية، ويزداد إفراز مادة الادرينال    

تودي إلى زيادة في ضغط الدم، وسرعة الانفعـال،         

والعكس صحيح فحين يستمتع     .وحموضة في المعدة  

 ـ       دي إلـى   ؤالإنسان بمشهد بصري جميل فان ذلك ي

زيادة افراز مادة الكورتيزون، التي من خصائصها       

ولربما لهذا   .تودي للشعور بالراحة والهدوء النفسي    

السبب تكون مناطق الـسكن المتـردي والـسمات         

السلبية في بنيته وظواهرة مرتعـاً لـشتى أنـواع          

ذكـر  و .الأمراض الفزيولوجية والانحرافات النفسية   

هنري فورد عندما جرب أول سـيارة صـنعها         عن  

انها شيئ مزعج،   ( : فقال بنفسه في حقل بيته الريفي    

حقاً انها شيء     )انها مصدر ضوضاء تخيف الجياد    

  .مزعج باتت تهدد مصدر البيئة البشرية

  

  :Street Furniture  أثاث الشارع -4.2

لعل من صواب القول بأن الشارع هو بمثابة غرفة         

ولهذه المقاربة دلالات ليس    . المعيشة لمجتمع المدينة  

أقلها أن تتوفر في المكان مقومات الراحة والانتماء        

مرفـق الحيـوي،    والأمان، كي يكون فـي هـذه ال       

ينـة مـن المقومـات     دوالمكون الهام في جـسد الم     

المستدعيه، وليس للمرور خلالـه فحـسب ابتغـاء         

الوصول إلى مكان ما، بل المكوث فيه بهدف الراحة         

وهذا يستلزم ان يتوفر فـي      .والاستجمام ولقاء الآخر  

ويقصد بها جميع العناصر الموجـودة      الشارع أثاث   

سطوحه، وتتباين فـي    ضمن الشارع والمثبتة على     

ابعادها والوانها ومقاييسها وموادها التي تختلف من       

تنـامي مـستمر انعكاسـاً      بلد الى آخر وهي فـي       

واهـم  لمتطلبات راحة الإنسان وحاجاته الأساسية،      
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التـي تتناسـب تـصاميمها      جلوس  لل مقاعد :الاثاث

واشكالها مع المواد المستخدمة فيها ومحميـة مـن         

وأخرى  والبريد   هواتف،الوأكشاك   التقلبات المناخية، 

لبيع الصحف والمجلات وأكشاك للحلوى وأخـرى       

 ومواقف الباصـات،    للمرطبات والأكلات السريعة،  

،  والنـافورات  وحاويات للنفايا، وصـنابير الميـاه     

والاعلانـات،  ولوحـات التوجيـه     ،  نارةلاوأعمدة إ 

والعلامات المرورية، وغيرها التي تتميـز بكونهـا        

بير وذات اشكال رمزية سـهلة القـراءة        بسيطة التع 

هـذا اضـافة إلـى      ". ونهارا" وان تكون مرئية ليلا   

 الفنية التي لاتقتصر أهميتها علـى إضـفاء         نصبال

الجمالية بل انها تعتبر عناصـر ارشـاد وبوصـلة          

فالـشارع حـسب رأي      )47(الـشكل   للمارة   توجيه

)Gibed (   في تكوين المدينة، انـه      مهمهو عنصر 

ذي تسري خلاله دماء الحياة فـي جـسد         الشريان ال 

المدينة، ويتوجب ان تتوفر فيه المـستلزمات التـي         

تديم نبض الحياة في هذا الجـسد، سـواء للمـراة           

ورضيعها، أو للشيخ الذي يرغـب فـي مـشاهدة          

سيناريو الحياة المعاصرة وهو على عتبة النهاية، أو        

للمعوق الذي بحرمانه من إمكانيـة الخـروج إلـى          

لقد ادركت  .حياة يضيف له عوقاً فوق عوق     مسرح ال 

العديد من مدن العالم هذه الحقيقة فراحت تتبارى في         

ولعل من عوامل   .توفير هذه المستلزمات كماً ونوعاً    

الجذب والاستدعاء ايضاً فـي الـشوارع الطبيعيـة         

ضرية التي فـي توقيعهـا واسـلوبية رصـفها          حال

وخيارات ارتفاعاتها واشـكالها يمكـن ان تـضيف         

الكثير إلى هوية الشارع فمن مسميات البنايات فـي         

الشارع يمكن أن تتعرف على بداياته ونهاياته، أنها        

اشارات توجيه طبيعية إذا مـا أجيـد اسـتخدامها          

 p199( .ورعايتها كي تبقى محافظـةعلى رونقهـا      

,1955Gibed,(   ه في بـاريس،    يليزيفي شارع الشانز

مة الخضرة  بمقاسه الشاسع، تم توظيف الأشجار دائ     

 ـلتوهين المقياس الواسع وخلق مـسارات للراج       ة ل

ت، كما ان الدقـة     امعزولة بصرياً عن حركة السيار    

 أشكالها وأسـلوبية رصـفها الخطـي،        يبفي تشذ 

عززت سمة المحورية التي يمتاز بها هذا الشارع،        

وأضافت لمسة حيوية إلى الاجواء العامة، هذا فضلاً        

تـوهين أصـوات    عن دورها الطبيعي البيئي فـي       

  .السيارت وتنقية الاجواء

وفي تونس العاصمة، ثمة شارع عـريض يختـرق         

المركز التجاري للمدينة وعلى ضفتيه متوالية مـن        

المباني الفندقية والإدارية والتجارية، يفصل مساري      

السيارت جزرة وسطية معممة بأوراق من الأشجار       

 ـ       شاة، المتداخلة جعلت هذا المسار الاكثر انجذاباً للم

وهذا بدوره حفز الكثير مـن الأنـشطة التجاريـة          

الصغيرة كاكـشاك بيـع الحلـوى والمـشروبات،         

      لخا... رائد ، والمجلات والزهور والمرطبات، والج

أن رغبة سكان المدن لاستخدام هكذا مسالك للسابلة،        

انما هي دروس ودلالات واقعية على أن الإنسان لا         

لاسفلتية بل هو دائماً    يستهويه السير في الصحاري ا    

وابداً يستجيب لنزعاته الفطرية فـي البحـث عـن          

حاضنة عمرانية تحتويه بحنان بعيداً عـن ضـجيج         

 استضافت أثينا   1933في العام   .المركبات ومخلفاتها 

 (CIAM) رمؤتمراً عالمياً أطلق عليه اختصاراً مؤتم     

  وهو اختصار لاسـم المـؤتمر فـي الفرنـسية    ، 

(Congress Internationaux d'Archtectur 

Moderne)    رات كثيرة لعل   راوقد خرج المؤتمر بق

ابرزها ما استقرت عليه الآراء بان مبادئ العمـارة         

 ،  )(Functionالوظيفيـة      :الحديثة الثلاث وهـي   

المعيـــــار ،   (Structure)الإنـــــشاء
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Standardization)(  ،         لم تعد هي وحدها التـي

وبـات التوجـه    . ءيتحقق من خلالها التصميم الكفو    

الذي خرج به المؤتمر ضرورة أن يحظى الإنسان،        

وهو الكائن المجتمعـي بـالفطرة، بالاولويـة فـي          

وقد  )Smithson,1967, p130(. التصميم والتخطيط

وجد هذا النص صـدى واسـع فـي العديـد مـن             

  .الطروحات

"The street is not only a means 

of  access, but also an arena for 

social interaction,"  

 ان ) (Jane Jacobs جـين جيكـوبز   وذكـرت  

الشوارع وجنباتها من الارصـفة تمثـل العناصـر         

وتـسترسل بـالقول    . الاساسية في مخططات المدن   

أية مدينة، ماذا يبرز في الذهن أولاً؟       ،  فكروا بالمدينة 

مـشوقة،   و انها الشوارع، فاذا كانت شوارعها جذابة     

، وان  تكون كذلك جذابة ومشوقة   فان المدينة باسرها    

شكل المدينة والطابع الـوظيفي لهـا متـأتي مـن           

الاستخدامات المتنوعة لاستخدامات الارض وطرقها     

المنسوجة مع طبوغرافية الموقع والدلائل الفيزياوية،      

وان بعض اجزائها من التركات والاثـار وكانمـا         

تحولت الى ما يشبه ممتلكاتها المادية الخاصة بهـا          

ا يرافقها من قيم معنوية وكلها تعمـل كعوامـل          وم

وتربط جيكوبز بين القـانون     . تعريفية مميزة للمدينة  

والنظام من جهة، والشارع من جهة أخرى حيـث         

ان احد اسباب التجاوزات على النظام      (يرد ما نصه    

والقانون في المدن، انما يعود، ولو جزيئاً الى عـدم          

ن الامـن فـي     ذلـك لا  . الاهتمام بتصاميم الشوارع  

      الشوارع لا تـضبطه رجـال الامـن فقـط، بـل           

                )العيــون الفاعلــة الــساهرة علــى امنــه    

Effective Eye on the Street وهذا يقتضي ان 

لا يتوقف نبض الحياة فـي الـشارع علـى مـدار            

، ويـصف لـنج       )Jacobs,1961,p39-40( .الساعة

ات والمعاني مع   لكل مواطن خياله المشبع بالذكري    ان  

الاجزاء المكونـة للمدينـة كالمبـاني وواجهاتهـا         

والشوارع وكأنها ملك من ممتلكاتـه الشخـصية او         

جذور عميقة تربطه بمدينته تشبه جـذور النباتـات         

فـي  وتمتزج  التي تمتد الى اعماق الارض وتغلغل       

  )Lynch,1972, p3(. مكنونات طبقاته

لتي تربط فيما   على الذكريات ا  " ويعتمد المجتمع دوما  

بينهم وما تفرزه من تجارب متبادلة ومتجددة طوال        

الوقت وماتحمله من احـداث ومواقـف وعلاقـات         

متغيرة مع اجزاء المدينة وتفاصيلها الدقيقة كعناصر       

اي ان   ),p21 Doxiadis,1974(.التأثيث في الـشارع   

: نمط الحياة في المدينة يتبع عـدة قـوى اهمهـا          

رضـية للموقـع، وجغرافيـة      الطبيعة كالجاذبية الا  

او " التشكل، واسلوب التصميم العام للمدينة طبيعيا     

تدخل الانسان، وطريقة تنظيم مكوناتها كالمبـاني       

والواجهات والساحات وطرق النقل وما تعكسه هذه       

  . القوى من ردود افعال لدى السكان
  

 وتطبيقاتها في   طرق المشاة : المحور الثالث 

  منظور مدن المستقبل
  : tPedestrian Streeطرق المشاة  -1.3

تعتبر طرق المشاة والفضاءات المفتوحة المرتبطـة       

بها وما يقام فيها من الفعاليات الانسانية من الادوات         

 ،  الحضرية المهمة في بث مظاهر الحياة لاي مدينة       

عنـدما  " والرفع من قيمتها الحضارية وخـصوصا     

 ـ   حية  تترجم الى مشاهد     زن بعيون مستخدميها او تخ

  .كصور في ذاكرة المتلقين

 فيلاحظ ان المدن الناجحة هي التي تـشهد حيويـة         

ضمن مرافقهـا ونـسب عاليـة لحركـة الـسكان           

العديد من المدن   ، وان   وممارستهم للانشطة المختلفة    
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 من شوارع   لكثيرفباتت ا هذه الفكرة   تبنت  المعاصرة  

وخلافـاً  . تخصصة حصراً للمشاة  ممدنها ومراكزها   

"  مثلا عديد من أصحاب المهن والمتاجر    لمعارضة ال 

 . فقد أحدثت شوارع المشاة هذه رواجاً في المبيعات       

السكان على السير    لتحفيز مانوكما ذكر اوسكار نيو   

  عند تصميم  عناصر جاذبة ضع  يجب و داخل المدن   

كاحاطتها بالنباتات والنوافير او الاقواس      هذه الطرق 

ت ملامـس   والجداريات او اكساء سطوحها بمواد ذا     

متنوعة والوان مبهجة او انفتاحها علـى فـضاءات         

شبه مغلقة تحتوي على اثاث للاستراحة والتوقـف        

  الانـــارةوســـائل تزينهـــا مـــلأوالت

(Newman,1972,p169) ــوات ــم الخط ــا دع  ومم

وبشكل اكبـر    طرق للمشاة تخصيص  لترويج ثقافة   

عمـوم دول   لفي المدن   الهائل   التمركز السكاني    هو

  والتي ب على ذلك من اتساع مكاني،     ت تتر العالم، وما 

الإقبال على اقتناء   :  منها أنعكاسات وتبعات كان لها   

تاثيرهـا فـي     وازداد   واستخدام السيارات الخاصة  

 لزحـام كاالتي تتواجد فيها    حدود المنطقة الجغرافية    

على مـستوى الاقتـصاد الكلـي         والكلف يالمرور

Macro Economicsمـا   لتلك المدن أو الدول، في

البعض لها ترددات بيئية باتت تهدد الكرة الأرضية        

) 38(و) 37(و )36(و) 35( الاشكال. والبشرية جمعاء 

هذا ما أثار الوعي والحذر على المـستويين         )39(و

الرسمي والجماهيري حول هذه الظاهرة مـا حفـز         

اتخاذ قرارات وإجراءات    العديد من دول العالم إلى    

ا المباشرة منها وغيـر     في محاولة للحد من تأثيراته    

البعض من هذه الإجراءات محفزة تتجـه        .المباشرة

نحو زيادة معدلات اشغال السيارة الواحدة، خاصـة        

في رحلات العمل بهدف التقليل من عدد الـسيارات         

اصة فـي فتـرات الـذروة       خالعاملة على الطرق،    

ويصاحب هذا الإجراء زيـادة      .الصباحية والمسائية 

لعامـة بانواعهـا، وإعطاءهـا      كفاءة المواصلات ا  

بعض الإجراءات رادعة كمنـع      .أولويات مرورية 

دخول السيارات الخاصة إلى مراكز المدن أو بعض        

شوارعها الرئيسية، وتوفير مواقف خـارج حـدود        

المركز ترتبط بشبكة مواصلات كفوءة تقصد مناطق       

ويأتي ذكر شـارع سـتروكيت       .مختلفة من المركز  

Stroget   ة كوبنهاكن كمثال حي لما      في مركز مدين

أكتسبه من فوائد أعادت إليه نفس الحياة الترفيهيـة         

مدينة نيويـورك المكتظـة     . والإجتماعية والتجارية 

بالسكان والزوار والسيارات اتخذت إجـراء حـديثاً        

 ومحيطـه  Times Squareبتحويل ميدان التايمز 

إلى منطقة مشاة، وكما حدث في شارع سـتروكيت         

طقة باتت أكثر المناطق جـذباً للمـشاة        فان هذه المن  

الغناء ومعـارض   الموسيقى و وأكثر أستدعاء لفرق    

) 52(و )51(و) 50(و) 49(و) 48(الاشـكال    .الفنانين

ونظراً لما حققته تجارب بعض المدن بهـذا         )53(و

الاتجاه، فقد تسربت مفاهيمها إلى العديد مـن مـدن        

 )40(مثل مدينتي الرباط وبيروت الاشـكال       ،  العالم

يطلــق و ، )46(و) 45(و) 44(و) 43(و) 24(و) 41(و

 A -أمةٌ تسير علـى عجـلات   - كنيةى امريكاعل

nation on wheels  حيث بلغ فيها عدد المـدن ،

 مدينة  57التي أوقفت دخول السيارت كلاً أو جزءاً        

)en.wikipedia , p 1-20( عموماان بيئة السابلة و "

المدينـة كبيئـة    العامـل الاول    : تتأثر بعدة عوامل  

. عمرانية من الابنية وواجهاتها والساحات والميادين     

والعامل الثاني المرور وانسيابية الحركـة والتنقـل        

والعامل الثالث تنظيم المرور والاجراءات المتخـذة       

في هذا المجال والعامل الرابع البيئـة الاجتماعيـة         

للمدينة ويقصد بها مستخدمي الشارع وهم الـسكان        
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علهم مع بعـضهم الـبعض وممارسـاتهم        ومدى تفا 

فالعاملين الاول والرابـع لهمـا      . لفعاليتهم الانسانية 

علاقة بالبيئة الثابتة وهي المدينـة وسـكانها بينمـا          

العاملين الاخرين متغيران لانهما يرتبطـان بـرأي        

السكان ووعيهم وثقافتهم تجاه قوانين وانظمة المرور       

  )13،ص1986النعيمي،(.وكيفية تطبيقها

  :المستقبل المدن في منظور -2.3

إن التعامل مع مراكز المدن أو بعـض شـوارعها          

بصيغ جزئية لانقاذها مما هي فيه مـن أزدحامـات         

مرورية لهي خطوة جادة ومفيدة، حـصدت المـدن         

جراء تطبيقها واقعياً العديد من الفوائد، ليس أقلهـا         

إنقاذ العديد من الأرواح التي كانت تـذهب ضـحية          

أعادت شوارع المـشاة إلـى       و . المرورية الحوادث

المدن روجتها كبيت مجتمعي وأنقذت المـدن مـن         

 نبض الحياة   واسترجعتمظاهر التهري والإنحدار،    

نجـاح  و .البشرية بعد أن التهمتها آفـة الـسيارات       

 دفعت بأتجـاه أكثـر      )شوارع بلا سيارات  (تجربة  

نفعاً، حيث كانت شرارة أوقـدت جـذوة التفكيـر          

تـه  ميكل المدن القائم منها والمزمـع أقا      الجذري به 

وهو توجه بالاساس وضع الانسان والبيئة      . مستقبلاً

لهذا التوجه جذور تعود     و .س قائمة الأولويات  رأفي  

إلى عقود من الزمن حيث ظهـرت إلـى الوجـود           

طوبائية مدن جديدة ذات توجهات مثالية      لطروحات  

Utopias تبمنها بقي راكداً في حاضنة الك     كثير   ال ،

 كما ذكـر خالـد      و، أ خرج عن دائرة الأمنيات   تلم  

 ،مرحلة التخطيط الورقي    في   انها ما تزال     السلطاني

فيما بدأ البعض منها يشق شرنقة الماضي ليظهـر          

بطرح جديد قديم، يدور في فلـك فكـرة جوهريـة           

تنحصر في استغلال كل الاماكن من الارض       واحدة  

 التوجـه الـى     أواو بجوار المدن التقليدية     وباطنها  

بحيث تصمم المدن عائمـة عليهـا        وسواحلهاالمياه  

والبعض منهـا تكـون      بالمدن المحلقة فلهذا عرفت   

بهيئة هياكل عملاقة تحتوي على اغلب مـستلزمات        

مدينة وفي حالة نموها واتساعها يتم اضافة هياكل        ال

، المدن المتحركـة  جديدة الى المنشأ فسميت بعمارة      

 الخارجي المحيط بشكل مدن     الفضاءاو اللجوء الى    

 عمارة المدن  واطلقت حينها عدة تسميات منها       معلقة

، مدن الكواكب السيارة  ،  وبيوت الكوكبية ،  الفضائية

المقترحات لتكوين مدينـة المـستقبل ذات       وكل هذه   

: منهـا   مفـاهيم   عـدة   دف  هحضري متميز ي  نسيج  

، التقليل من أعتماد الناس على السيارات الخاصـة        

وتحـسين  ،  تخدام المواصـلات العامـة    وتحفيز اس 

وتوفير كل مراكز الخـدمات      استخدام طرق المشاة،  

، ثـم   الاجتماعية، وتقريب مناطق العمل من السكن     

لما خلق شروط مثلى للمعيشة والحياة في هذه المدن         

ئد شخصية ومجتمعيـة    افي ذلك من مردودات وفو    

  )120 -117،ص1985السلطاني،( .وبيئية واقتصادية

العديد من الافكار والمقالات الادبية في مجال       وهناك  

التخطيط العمراني لمدينة المستقبل ومنهـا كتابـات        

لتحقيق سعادة الانـسان    ( حسن فتحي التي جاء فيها      

بان نجعل مبانينا ومدينتنا المستقبلية على المقيـاس        

الانساني ، وليس على مقياس الـسيارة  والطـائرة          

جمالية وحسب  بل من     والصاروخ ، لا من الناحية ال     

النواحي البيولوجية، والفسيولوجية، والـسيكولوجية،      

فان مشكلاتنا المعاصرة ، نتجت عـن نقـص فـي           

المعرفة بالعلوم المتعلقة بالانسان  ومـن بواعـث         

الامل ان نرى بعض المحاولات لشباب الجيل مـن         

مهندسي ومخططي المستقبل بالعمل على الفصل بين       

) ي تخطيط المدن كنقطـة بـدء      المشاة والسيارات ف  

  )111،ص1987عبد الباقي،( )30(الشكل 

"  التي لقت رواجا والتجاربلعل اكثر الطروحاتو

مفكر أبنيزر هوارد لل Garden Cityمدن الحدائق 
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Ebenezer Haward هو  شكل المدينة المقترحة

الشكل الدائري، تتخلله شوارع دائرية تلتف حول 

شع ستة شوارع تربط من المركز ت. مركز المدينة

الى ستة تقسم مركز المدينة بضواحيها، المدينة 

ولو تفحصنا . قطاعات متشابهة في الشكل والمساحة

احد القطاعات الستة، نلاحظ ان مركز المدينة 

مخصص كحديقة عامة يسهل الوصول اليها من 

كافة ارجاء المدينة، وتطل على الحديقة المركزية 

ة الثانية تطل هذه المباني المباني العامة ومن الجه

على متنزه فسيح، يحيط بهذا المتنزه فضاء حلقي 

رحب، تدور تحت سقفه المزجج العديد من الانشطة 

بموازاة هذا الفضاء يلتف حول المدينة  الحياتية

الطريق الدائري الخاص، ويتقاطع مع الطرق 

الشعاعية الواسعة وما بين الطريق الخامس والرابع 

يلي الطريق الرابع فسحة . لسكنفسح مخصصة ل

" هلاليا" شاسعة على جانبيه مباني سكنية تتخذ شكلا

لتوفير اكبر اطلالة ممكنة على هذا الفضاء الذي في 

 العام طبيعته ومزروعاته اقرب الى المتنزه
، ويحف به طريقين دائريين محاذيين للساكنين

للمباني السكنية، وهذه المباني جميعها تجلس وسط 

الطريقين  ،يلي هذا الفضاء الرحب.  خضراءبيئة

الثاني والثالث، وما بينهما تقع القسائم السكنية، 

ويليهما المنطقة الريفية التي تغذي سكان المدينة 

اقترح ان تنشأ مدن اخرى و. باحتياجاتهم الغذائية

على غرارها ، ترتبط مع بعضها البعض بخطوط 

تنقل من  اليمكن  بحيث ،مواصلات سريعة ومتنوعة

وترتبط هذه المدن . مدينة الى اخرى بيسر وسهولة

 )31(ينالشكل .مع مدينة مركزية تتوسط مدن التوابع

 "ويستذكر ايضا )Spreiregen,1965,p.36( )32(و

 Leلوكوربوزييه معماري  للالتخطيطيةفكار لاا

Corbusier  التي تتخذ شكلامدينة الغدفي  "

أو بمفرداتها في مخططها العام " صارما" هندسيا

 عمارة شاهقة 24يحتل مركز المدينة  .العمرانية

 طابق، وهي مخصصة 60ارتفاع الواحد منها 

وبهذا تكون نسبة تغطية هذه . للسكن والمكاتب

المباني للارض التي تتواجد عليها لا تشكل اكثر من 

وما يتبقى من الارض يترك كاماكن خضراء % 5

 تتعارض البتة لاالتي ومتنزهات ومسارات للسابلة 

في الجهة الغربية من المدينة . مع حركة السيارات

المؤسسات الخدمية، وتقع مباني المركز المدني 

في الجهة . تطل على متنزه المدينة الرئيسيو

  المدينةوترتبط الشرقية تقع المدينة الصناعية،

شبكة المواصلات و .بخطوط مواصلات متطورة

لاث مستويات سفلي الداخلية المقترحة تتألف من ث

لقطارات الانفاق، وعلوي للشوارع السريعة التي 

 ".وجنوبا" ، وشمالا"وغربا" تخترق المدينة شرقا

ويرتبط بهذين المحورين الرئيسيين الشوارع المؤدية 

ان و )34(و )33(ين الشكل .الى المناطق السكنية

في حاضرة هواجس الانفتاح على الطبيعة كانت 

-5ية أرضية واطئة لا تتجاوز نسبة تغطب مخططاته

تحرير و والتوجه فيه احترام للطبيعة، ،12%

 )Gallion,1969,p360-362( .الارض من المباني

بناء مستوطنات من الافكار والطروحات السابقة في 

بشرية جديدة، وأن اتخذت مسميات وعنوانين 

أنها تلتقي في مصب أهداف مشتركة الا مختلفة، 

الابتعاد عن كل ما يحدث  :يمكن تلخيصها بالآتي

اتخاذ كل ما من شأنه  و،خللاً في التوازن البيئي

تحديد مساحة وعدد  و،ترويج التفاعل الإجتماعي

توفير فرص عمل و ،السكان بما يحقق الهدف أعلاه

، في مجالات مختلفة متوازنة مع عدد من السكان
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اعتبار المقياس الإنساني هدفاً أسمى يتوجب و

حفيز على التنقل سيراً ضمن الت و،مراعاته

التكامل مع الإقليم المحيط  و،المستوطنة الواحدة

كفاءة ومتطورة، وربطها بمنظومة مواصلات 

الخدمات بأنواعها وأعتماد أسلوب استرجاع 

توظيف التكنولوجيات غير و ،وتدوير النفايا

احترام الموروثات ورعايتها كحلقة من وة، الملوث

  .حلقات المسلسل الزمني

         مدن الحدائق) 31(شكل 

Spreiregen,1965,p.36)(    )،107،ص1987عبد الباقي(  

  مدن الحدائق) 32(شكل
Spreiregen,1965,p.36)                           (  

   مدينة الغدلوكوربوزييه )33(شكل

)Gallion,1969,p.361(  

  

ــكل                     ــد ) 34(شــ ــة الغــ مدينــ

)Gallion,1969,p.361(  

  واجهات الشارع) 35(شكل 
http;//3bpblogspot.com  

  تخطيط شوارع السيارات )36(شكل

http;//whatsonsanya.com 

  الاعداد الكبيرة للسيارات) 37(شكل  

http;//fastmotoring.com  

مدن المستقبل )30(شكل
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  التنافس بين مفردات الشارع) 38(شكل 
http;//3bpblogspot.com  

  تشوارع السيارا) 39(شكل 
http://en.wikipedia.org/wiki/Street               

  

المظاهر الجديدة في ) 39(و) 38(و) 37(و) 36(و) 35(الاشكال 

  مدن اليوم

  

              

 
                            

                   

  

  

  

  

  

                         
  )40(شكل 

                               مدينة الرباط)44(و) 43(و) 42و) 41(و)40(الاشكال 

)Favro,1994,p.229-232(  

  
                 

  

  

  

  
  

  )41(شكل                 )42(شكل               

  
 )43(شكل                           

  

  
                 

  

  

  

  
  )44(ل شك

  

  
                        

                        
  

  

  

  مركز مدينة بيروت حولت الى شوارع للمشاة) 45(شكل 
http://en.wikipedia.org/wiki/Street  



       الاستاذ طالب حميد الطالب                                                                                              شوارع المدن نظرة تقويمية

  هدى صباح فخرالدين                                                                                                                                                      

 40

 عناصر التأثيث في الشوارع) ب-47(الشكل 

http;//www.ftscities.com 

(Parfect,1997,p.207,211,215) 
http://en.wikipedia.org/Streetfurniture 

 عناصر التأثيث في الشوارع) أ-47(الاشكال 

  

  في مدينة بيروت شوارع للمشاة) 46(شكل 
 http://en.wikipedia.org/wiki/Street           

           

  

  

  

  

                  

  
                   

                      

   
                               

              

  

  
  

  

  

  

  

  

  

  

    

  

                     
  

                                

   
       

  
  Times squareميدان تايمز سكوير ) 48(شكل           

   بعد تحويله الى ميدان للمشاة                     
              http://blogs.villagevoice.com/runninscared  

                                                         

  
  

                        

              
               

                 
  
  

                                
   المؤدي الى تايمز سكويرBroad wayشارع )  49(شكل

  بعد تحويله الى شارع للمشاة
http;//www.playbill.com  
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  Times squareمشهد لتايمز سكوير ) 50(شكل

  بعد تحويله للمشاة
http://gothamist.com/attachment/jsaxena/timessquare  

  شارع ستروكيت في كوبنهاكن) 51(شكل

  مخصص للمشاة
http://www.pps.org/graphics/ Copenhagen 

  
  في شارع ستروكيت في كوبنهاكن) 52(شكل

  بؤرة استقطاب السكان والزوار لاغراض التسوق والترفيه
http://www.pps.org/graphics/ Copenhagen  

  

  

  

  في شارع ستروكيت في كوبنهاكن) 53(شكل

   العديد من الفعاليات الترفيهية والثقافيةتقام
http://www.pps.org/graphics/ Copenhagen  
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  :الاستنتاجات النهائية
يجب خلق مؤثرات تحفيزية معنوية حـسية        -

وعناصر جاذبة ماديـة ملموسـة وبـشكل        

متوازن عند تحويل طرق الـسيارات الـى        

طرق للمشاة وفي اطار شمولي وواقعي تبدأ       

من عملية التخطيط والتصميم على مستوى      

المكـان الـى   البنية العمرانية الـى هويـة       

الاجزاء الاكثر دقة التي تدخل في تكـوين        

تفاصيل البنية الفنيـة للطـرق وواجهاتهـا        

" والميادين والساحات المرتبطة بها وصـولا   

الى المشاهد والتجارب والرؤى والمفـاهيم      

  .في ذاكرة المتلقي" التي تتنج عنها لاحقا

ان طرق المشاة هـي انعكـاس لانـشطة          -

 ـ      ع التـصميم   الانسان لذا وجب عنـد وض

الاساس لاعادة هيكلية وتـصنيف وتفعيـل       

الطرق كطرق للمشاة الاخذ بنظر الاعتبـار       

البيئة الملائمة للانسان والتناسبات والمقاييس     

 .المتعلقة به

عند تطوير طرق المشاة او تحويل طـرق         -

السيارات الى طرق للمشاة يجـب دراسـة        

المراحــل التاريخيــة لمــسار التطــورات 

 طرأت على هـذه الطـرق       والتغيرات التي 

وتحليلها والاستفادة منها كعامـل ارشـادي       

واستدلالي وفعال في اداء دورهـا الجديـد        

وتعزيز مهمتها بشكل صحيح وملائم للمدينة      

 .التي تحويها

اغلب طروحات مدن المـستقبل او المـدن         -

الجديدة هـدفها الاساسـي فـصل حركـة         

الــسيارات عــن المــشاة والتأكيــد علــى 

خصصة للمشاة من سـاحات     الفضاءات الم 

وميادين وطرق لاعـادة القـيم الطبيعيـة        

والمفاهيم الانسانية الى هـذه المـدن ، ورد     

فعل ضد كل المظاهر الـصناعية التـي لا         

 . تمت بصلة بالانسان وواقعه

  

  :التوصيات
أن النظرة السائدة التي تتجه نحـو اعتبـار          -

الشوارع قنوات حركة للمركبـات نظـرة       

جاوزهـا فـي مـشاريع      قاصرة لابد من ت   

  .التطوير لمراكز المدن الحالية

يتوجب أن يحظى المـشاة بالأولويـة فـي          -

تصاميم الشوارع وأن تعالج وفق منظـور       

انساني كونها أماكن للمكوث وليس محـض       

قنوات للمرور، وتوفير المستلزمات لتحقيق     

 .هذا الهدف

أن تحوير بعض الشوارع في بعض مـدن         -

 اثبتـت فاعليتهـا   العالم إلى مسالك للمـشاة    

كعناصر جذب لإضفاء الحيويـة ويتوجـب       

أخذها كنماذج واقعية للتعامل مـع مراكـز        

 .مدننا العراقية

المعالجات التضميدية لمراكز المدن الحالية      -

هي ممارسات محفزة لاعادة النظـر فـي        

اساسيات الفكر المتعلق بمخططات المـدن      

 .المستقبلية لتحاشي سلبيات المدن القائمة

يد من الطروحات والطموحات في مجال      العد -

التصميم الحضري يجب أن يكـون حجـر        

أساس ومنطلق فكري لوضع لبنـات مـدن        

المستقبل التي تضع الانسان والبيئـة فـي        

 .رأس قائمة الأولويات
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ABSTRACT 
This paper focuses on Load distribution factors for horizontally curved composite concrete-steel 
girder bridges. The finite-element analysis software“SAP2000” is used to examine the key 
parameters that can influence the distribution factors for horizontally curved composite steel 
girders. A parametric study is conducted to study the load distribution characteristics of such bridge 
system due to dead loading and AASHTO truck loading using finite elements method. The key 
parameters considered in this study are: span-to-radius of curvature ratio, span length, number of 
girders, girders spacing, number of lanes, and truck loading conditions.  
The results have shown that the curvature is the most critical factor which plays an important role in 
the design of curved girders in horizontally curved composite bridges. Span length, number of 
girders and girder spacing generally affect the values of the moment distribution factors. Moreover, 
present study reveals that AASHTO Guide criterion to treat curved bridges with limited curvature 
as straight one is conservative.  Based on the data generated from the parametric study, sets of 
empirical equations are developed for the moment distribution factors for straight and curved steel 
I-girder bridges when subjected to the AASHTO truck loading and due to dead loading. 
 
KEYWORDS: Composite Bridges, AASHTO Loading, Load Distribution Factors, Horizontally 
Curved Bridges, Finite Element Analysis, Curved I-Girders, Warping Stresses. 
 

 معاملات توزيع الأحمال على الجسور المركبة المنحنية في المستوى الأفقي

سعدي قاسمزينب  رافع محمود عباس. د. م   
rafaamaa@yahoo.com 

  جامعة بغداد-قسم الهندسة المدنية 
 

  :الخلاصة
حيثُ يهدف البحث . ناد والمنحنية في المستوى الأفقييهدف هذا البحث لدراسة السلوك الإنشائي للجسور المرآبة بسيطة الإس 

 لا واصفة الأمريكية للجسور المنحنية أن الم. ميتة على تلك الجسور المرآبةلتحديد معاملات توزيع الأحمال الحية والأحمال ال
 على الأعتاب الفولاذية لتلك الجسور وإنما تكتفي فقط بإعطاء صيغة مبسطة غ رياضية لمعاملات توزيع الأحمالتعطي قيم أو صي

 واحتساب معاملات توزيع الأحمال فيها آما في تقوستاثير البإهمال وذلك  لها بسيطة التقوسلتحليل تلك الجسور عندما تكون قيمة 
  .الجسور المستقيمة

تم استعمال برنامج . المقوسةلتحليل نموذج ثلاثي الأبعاد لسطح الجسر والعتبات الفولاذية  استعمال طريقة العناصر المحددة تم
)SAP 2000 (المؤثرة على معاملات توزيع أحمال مل ير عدد من العوالعمل موديل ثلاثي الأبعاد للجسر المرآب ودراسة تأث

، طول الجسر، عدد درجة التقوس:  في هذا البحث تشملإن العوامل التي تمت دراستها. العجلات والأحمال الميتة لتلك الجسور
بينت  .تالاعتاب الفولاذية، مسافة توزيع الأعتاب الفولاذية، عدد الممرات لسطح الجسر وعدد وطبيعة الممرات المحملة بالمرآبا

ي الأعتاب  فد معاملات توزيع العزوم في تحدي آبيرها دورلتقوس للمسقط الأفقي لسطح الجسر لالنتائج من هذه الدراسة إن درجة ا
آما وان طول الجسر وعدد الأعتاب ومسافة توزيعها لها دور في . ما زادت درجة التقوس ازدادت تلك المعاملاتلالمقوسة وانه آ

واعتماداً على النتائج النظرية التي تم التوصل إليها في هذه الدراسة تم تطوير عدد من المعادلات الرياضية . ت المعاملاتحديد تلك
 في الأعتاب الفولاذية وبطريقة مشابهة  ديد معاملات توزيع العزومالمبسطة التي تساعد المصمم للجسور المرآبة المنحنية على تح

  لمعاملات الجسور المستقيمة
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معاملات ، العتبات المقوسة، الجسور المنحنية في المستوي الافقي، الجسور المرآبة، تحليل العناصر المحددة: لمفتاح ااتآلم
 .احمال الجسور، اجهادات الالتواء، توزيع الاحمال

 
INTRODUCTION 
 
During recent years, there is a trend toward the 
design and construction of horizontally curved 
highway bridges to accommodate higher volumes 
of traffic within geographical constrains. Due to its 
geometry, simple presence of curvature in curved 
bridges produces non uniform torsion and 
consequently, lateral bending moment (warping or 
bi-moment) in the girder flanges as shown in Fig.1. 
The simple presence of curvature in curved steel 
girders complicates, to a great extent, their 
behavior and design considerations over those of 
straight girders. Fig. 2 shows typical cross-section 
of a four-girder bridge. It consists of a concrete 
deck slab supported over steel I-girders. Cross-
bracings as well as top and bottom chords are used 
at equal intervals between bridge support lines to 
stabilize the girders during construction and 
enhance its structural integrity. 

 In designing highway bridges, dead loading and 
live loading are imposed on bridges and used in the 
design of bridges. In the bridge design codes, the 
live load is the standard truck loading with 
concentrated wheel loads. Both longitudinal and 
lateral position of truck wheel loads is of great 
importance when calculating moment in the 
girders. Therefore, the truck load must be 
positioned longitudinally and transversely in a 
certain manner to produce maximum positive and 
negative bending moments, shear and deflection in 
the girders. Bridge design codes define  lateral 
distribution factor that specify the fraction of each 
wheel load that must be applied to each girder and 
allows each girder to be designed as straight girder. 
For this reason, load distribution factor is of 
fundamental importance in bridge design. 

 

 

 

 
 
 
 
 
 
 
 

 
BACKGROUND 
 
The first treatment of the analysis of curved beams 
is presented in 1843 by Barré de Saint Venant as 
referred by Zureik (1998, 1999). McManus et al. 
(1969) present the first survey of the most 
published works related to horizontally curved 
bridges. His bibliography list contained 202 
references. 
Serious studies pertaining to the analysis and 
design of horizontally curved bridges begun only 
in 1969 when the Federal Highway Administration 
(FHWA) in the United States formed the 
Consortium of University Research Teams 
(CURT). This team consists of Carnegie Mellon 
University, University of Pennsylvania, University 
of Rhode Island, and Syracuse University, whose 
research efforts, along with those at University of 
Maryland, resulted in the initial development of 
working Stress Design (WSD) or Allowable Stress 
Design (ASD) criteria and tentative design 
specifications.  
The American Society of Civil Engineers (ASCE) 
and the AASHTO Task Committee on flexural 
members (1977) compile the results of most of the 
research efforts prior to 1976 and presented a set of 
recommendations pertaining to the design of 
curved I-girder bridges. The CURT research 
activity is followed by the development of Load 
Factor Design (LFD) criteria adopted by AASHTO 
to go along with the ASD criteria. These 
provisions appeared in the first Guide (1980) as 
well as the Guide (1993). It is worthwhile to 
mention that the AASHTO guide specification for 
horizontally curved highway bridges (1993) is 
primarily based upon research work conducted 
prior to 1978.  
 

 

 

 

 

 

 

 
Fig. 1: Normal Stresses Distribution in Curved I-Girder Flanges  

a) Major Axis 
Bending stresses 

b)Warping stresses c) Combined  Bending 
and Warping stresses 
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OBJECTIVES 
 
The objectives of this study are:  

1. Identifying the key parameters that influence 
the lateral distribution of loads in straight and 
horizontally curved composite concrete-steel 
bridges and calculating the load distribution 
factors, 

2. Providing accurate database that can be used for 
developing simplified design method for 
horizontally curved composite concrete-steel 
bridges, and 

3. Developing simplified formulas for moment 
distribution factors for straight and horizontally 
curved composite concrete-steel bridges when 
subjected to AASHTO truck loading as well as 
dead loading. 

 
 
BRIDGE MODEL CONFIGURATIONS 
 
102 simply supported straight and curved 
composite concrete-steel girder bridge prototypes 
are considered for finite-element analysis in this 
study. Several major parameters are considered as 
follows: 
 

1. Span length (L): 15, 25, and 35 m, 

2. Girder spacing (S): 2, 2.5, and 3 m, 

3. Number of girders (N): 3, 4, and 5, and 

4. Span-to-radius of curvature ratio (L/R): 0.0, 
0.1, 0.2, & 0.3 for span L=15 m; 0.0, 0.1, 0.3, 

& 0.5 for span L=25 m; and 0.0, 0.1, 0.4, & 
0.7 for span L=35 m. 

 

 

 

 

 

 

 

 
Other bridge configurations are listed as below: 
 
• The deck slab thickness is taken as 225 mm, 

• The deck slab width (Wc) is taken equal to the 
total bridge width minus 1.0 m to consider the 
parapet thickness, 

• The depth of the girder webs is taken (1/20) of 
the centre line span, 

• The girder web thickness is considered equal 
to 16 mm, 

• The over-hanging slab length is considered 
equal to half the girders spacing, and 

• The bottom and top steel flanges width and 
thickness are maintained 300 mm, and 20 
mm, respectively. 

Table 1 shown below summarizes the straight 
bridge configurations considered in this study. 

 

 

Number 
of   
Lanes 

Girder 
Spacing 
(m) 

Number 
of 
Girders 

Deck 
Width,Wc 
(m) 

Bridge 
Width 
(m) 

2-lanes 2.5 3 6.5 7.5 
2-lanes 3 3 8 9 
2-lanes 2 4 7 8 
2-lanes 2.5 4 9 10 
3-lanes 3 4 11 12 
2-lanes 2 5 9 10 
3-lanes 2.5 5 11.5 12.5 
4-lanes 3 5 14 15 

 

Fig. 2: Typical Cross Section of Concrete Deck I-Girder Bridge  

Table 1: Bridge Configurations Considered in 
the Parametric Study 



Lecturer Dr. Rafa'a Mahmood Abbas                                      Load Distribution Factors For Horizontally Curved  
 Zainab Saadi Qassem                                                                            Composite Concrete-Steel Girder Bridges  

 

 170

X-type cross-bracings with top and bottom chords 
are utilized in this study as shown in Fig. 2. These 
bracings are spaced at equal intervals between the 
support lines and are made of single steel angles 
having dimensions (150x150x25) mm. The equal 
intervals spacing between these cross-bracings are 
based on equation A, which is developed by 
Davidson et al. (1996) to reduce and limit the 
warping-to-bending stress ratio. 

                         (A) 

Where: (L) is span length, (R) radius of curvature, 
(bf) flange width. 

 The study is based on the following assumptions: 

1. The reinforced concrete slab deck has 
composite action with the top steel flange of 
the girders (shear interaction); 

2. The bridges are simply-supported; 

3. All materials are elastic and homogenous; 

4. The effect of road super elevation, and curbs 
are ignored; and 

5. Bridges have constant radii of curvature 
between support lines. 

Regarding the first assumption, Wassef (2004) 
concludes that bridge composite action is 
accurately achieved when the shear connector 
studs are modeled in the finite element analysis 
using shell element rather than frame elements. 
Hence, the latter is ignored in this study and shell 
elements are adopted to represent the shear 
connectors in the finite element models. 

The modulus of elasticity of concrete material is 
taken 28 GPa with Poisson’s ratio of 0.20 while 
they are 200 GPa and 0.30, respectively, for 
structural steel material. 

  
 

 

  

 

 

 

 

 

 

FINITE ELEMENTS MODELING 
 
To analyze all the above mentioned composite 
bridge models and to determine their structural 
behavior, a three-dimensional finite-element model 
is used. 

The composite bridge is divided into concrete deck 
slab, top steel flange, steel web, bottom steel 
flange, and the cross-bracings. In this study, four-
node shell elements with six degrees of freedom at 
each node are used to model the concrete deck 
slab, the top and bottom girder flanges, and finally 
the girder web. Whereas, frame elements, pinned at 
both ends, are used to model the cross-bracings 
with the top and bottom chords. 

Based on previous work on finite-element 
modeling, four vertical shell elements are used in 
each web, and another four are used horizontally 
for the deck slabs between the webs, whereas two 
shell elements are used for the over hanged deck 
slab, and for the upper and lower steel flanges. 
Fig.3 shows a finite-element discretization of the 
four-girder cross section. 

BOUNDARY CONDITIONS 
 
In modeling the bridge supports in this study, the 
lower nodes of the web ends are restrained against 
translation in such way to simulate temperature-
free bridge superstructure. The interior support at 
the right end of the bridge is restrained against 
movements in all direction. The middle supports 
and the exterior support at the same right end of 
the bridge are restrained against the vertical 
movement and against the movement in y-
direction. 

Fig. 3: Finite Element Discretization of the Bridge Cross-section 

Shell element  Shell elements 
for deck slab 

Truss elements for bracing 
and top and bottom chords

Shell elements 
for web 

Shell elements 
for flanges 
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On the other end of the bridge (left end), all the 
supports are restrained only against vertical 
movement, except for the interior support which in 
addition to the vertical restraining, it is restrained 
in x-direction (towards the bridge transverse 
direction). 

BRIDGE LOADING 
 
The loading conditions considered herein include 
dead load and AASHTO truck loading case. 

For the longitudinal position of truck loading, three 
different AASHTO (HS-20) truck loading 
configurations are employed, namely: Level 1, 
Level 2, and Level 3 trucks. The Level 1 truck is 
used for bridges with span of 15 m, Level 2 truck 
is considered in case of 25m span bridges and 
Level 3 truck is considered in case of 35m span 
bridges. In these loading levels, the longitudinal 
truck loading position on the bridge prototype is 
applied in such a way to produce maximum 
midspan longitudinal stresses. 

For the transverse truck loading position across the 
bridge deck, different bridge configurations are 
considered in this study which includes two-lane, 
three-lane and four-lane bridges. Three different 
sets of loading cases are considered in this study 
based on the number of design lanes. Fig. 4 shows 
one set of schematic diagrams of the loading cases 
considered in determining the structural response 
of the exterior, middle, and interior girders for 
three lane loading. 

The exterior girder in this study is the one which is 
far away from the centre of curvature in the bridge 
and the internal girder is the closest girder to the 
centre of bridge curvature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4: AASHTO (HS20) Truck Live Loading Cases for Three-lanes 
Bridge 
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MOMENT DISTRIBUTION FACTORS 
 
To determine the moment distribution factor 
(MDF) for curved girder, the maximum flexural 
stresses, (σ straight)truck , (σ straight)DL are calculated for 
a straight simply supported beam subjected to 
AASHTO  truck loading, and dead load, 
respectively.  

The span of the straight simply supported girder is 
taken as the curved length of the bridge centerline. 
From the finite-element modeling, the maximum 
longitudinal moment stresses along the bottom 
flange for dead load, fully loaded lanes, and 
partially loaded lanes are calculated. Consequently, 
the moment distribution factors (MDF) were 
calculated as follows: 

 

FOR EXTERIOR GIRDERS: 

(MDF)DLext=(σFE.ext)DL/(σStraight)DL                         (1) 

(MDF)FL.ext=(σFE.ext)FLxN/((σStraight)truckxn)           (2) 

(MDF)PL. ext = (σ FE.ext)PL x N x RL′ / ((σ Straight)truck x 

xRL)                                            (3) 

FOR MIDDLE GIRDERS: 

(MDF)DL.mid=(σFE.mid)DL/(σStraight)DL                       (4) 

(MDF)FL.mid=(σFL.mid)FLxN/((σStraight)truck n)         (5) 

FOR INTERIOR GIRDERS: 

(MDF)DL.int=(σFE.int)DL/(σStraight)DL                         (6) 

(MDF)FL.int=(σFE.int)FLxN/((σStraight)Truckxn)           (7) 

(MDF)PL.int= (σ FE.int)PL x N x RL′ / ((σ Straight)truck x 

n x RL)                                            (8) 

Where (MDF)DL , (MDF)FL , and (MDF)PL are the 
moment distribution factors for dead load,  fully 
loaded lanes, and partially loaded lanes, 
respectively. And the symbols ext, mid, and int. 
refer to the exterior, middle, and interior girders, 
respectively. (σ FE. ext)DL , (σ FE. ext)FL , and (σ FE. 

ext)PL  are the maximum longitudinal stresses which 
are the greater at bottom flange, found from the 
finite-element analysis for the exterior girder due 

to dead load, fully loaded lanes, and partially 
loaded lanes , respectively.  

In the same criteria, (σ FE.mid)DL , (σ FE.mid)FL , (σ 
FE.int)DL , (σ FE.int)FL , and (σ FE.int)PL  are the 
maximum stresses which are the greater of the 
flange stresses  for the middle and interior girders 
under the same above types of loading. While RL, 
RL′, n, and N are defined as: 

n: number of design lanes, as listed in Table 2, 

RL: multi-lane factor based on the number of the 
design lanes; as shown in Table 3, 

RL′: multi-lane factor based on the number of the 
loaded lanes; as shown in Table 3, and 

N: number of girders. 

 

 

 

 

 

 

 
 
 
 
 
 
 

Number of Design 
Lanes, N Deck Width, Wc 

2 Over 6.0 m to 10.0 m incl. 

3 Over 10.0 m to 13.5 m incl. 

4 Over 13.5 m to 17.0 m incl. 

Modification Factor Number of Loaded Design 
Lanes 

1 1 or 2 

0.90 3 

0.75 4 or more 

Table 2: Number of Design Lanes

Table 3: Modification Factors for Multilane 
Loading 
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PARAMETRIC STUDY 
A parametric study is conducted to study the load 
distribution characteristics of the curved composite 
bridge system due to dead loading and AASHTO 
truck loading and to examine the key parameters 
that can influence the distribution factors for 
horizontally curved composite steel girders. 

The key parameters considered in this study are:  

• Span-to-radius of curvature ratio, 

• Span length,  

• Number of girders, 

• Girders spacing,  

• Number of lanes, and 

• Truck loading conditions. 

Results from the parametric study are presented 
herein below 

EFFECT OF CURVATURE 
 
Fig. 5 shows the variation in the moment 
distribution factors for the exterior, middle and 
interior girders of the three-lane, four-girder bridge 
with the increase in the span-to-radius of curvature 
(L/R) ratio due to dead load. Whereas, Fig. 6 
shows the moment distribution factors for the 
exterior, middle and interior girders for the same 
bridge with the increase in the span-to-radius of 
curvature (L/R) ratio due to fully-loaded lanes with 
AASHTO truck loading.  

It can be observed that the moment distribution 
factors for the exterior and middle girder increases 
with the increase in span-to-radius of curvature 
ratio. It can also be noticed that the rate of increase 
of the moment distribution factor generally 
increases with the increase in span length. 
Whereas, the moment distribution factor for the 
interior girder increases with increase of curvature 
up to a certain value of L/R ratio, after which the 
moment distribution factor decreases with the 
increase in curvature. 

These figures reveal that curvature of the bridge is 
one of the most significant parameters affecting the 
distribution of moments between the longitudinal 
girders.  

It should be noted AASHTO Guide, 2003 states 
that curved bridges can be treated as straight ones 
if the span-to-radius of curvature ratio is less than 
0.06 radians. While, the AASHTO-LRFD, 2004 

specifications state that a curved bridge can be 
treated as a straight one in structural design if the 
central angle is less than 3° (≈ 0.05 radians) for 
bridge cross-section made of three or four girders 
and 4°(≈ 0.07 radians) if the number of girders is 5 
or more.  

It is evident from the results presented in Figs. 5 
and 6  that the limitation specified by AASHTO 
guide 2003 and AASHTO-LRFD, 2004 is in a 
good agreement with the results from this 
parametric study for simply supported composite 
concrete bridges with small L/R ratio. It is evident 
that AASHTO Guide criterion (Guide, 2003) to 
treat curved bridges as straight one is conservative. 
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Fig.5: Effect of Bridge Curvature on moment 
distribution factors due to dead loading 
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EFFECT OF SPAN LENGTH 
 
Fig. 7 shows result for the effect of bridge span 
length on the moment distribution factors for the 
external girders of two-lane five-girder bridges due 
to dead load and fully-loaded lanes, respectively.  

It can be observed that the effect of the span length 
on the moment distribution factors is insignificant 
for straight bridges with L/R=0. However, for 
curved bridges, the moment distribution factor of 
the exterior girder is observed to increase with the 
increase in the span length as shown in this figure. 

EFFECT OF NUMBER OF 
LONGITUDINAL GIRDERS 
 
To study the effect of number of girders on the 
moment distribution factors, a bridge with 2.5m 
girder spacing and 35m span length is considered. 
Figs. 8 and 9 show the effect of number of 
longitudinal girders on the moment distribution 
factors due to dead load, fully-loaded lanes, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

respectively, for the exterior, middle and interior 
girders 

Generally, In case of dead load, there is 
insignificant change in the moment distribution 
factor for the exterior and interior girders with the 
increase in number of girders for any investigated 
curvature ratios. Whereas, moment distribution 
factor for the middle girder increases with the 
increase in the number of girders especially for 
larger curvature ratios. 

For the case of fully loaded lanes, it can be 
observed that the moment distribution factor for 
the exterior and interior girders increases with the 
increase of number of girders. It can also be 
noticed that the rate of increase of the moment 
distribution factor generally higher for the interior 
girder. Whereas, moment distribution factor for the 
middle girder generally increases with the increase 
in the number of girders especially for larger 
curvature ratios. 
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Fig.6: Effect of Bridge Curvature on moment distribution factors 
due to AASHTO Truck loading
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Fig.7: Effect of Bridge Span Length on moment distribution factors  
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Fig.8: Effect of Number of Girders on moment 
distribution factors Due to Dead loading 

Fig.9: Effect of Number of Girders on moment 
distribution factors Due to Live loading  
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EFFECT OF SPACING OF GIRDERS 
 
Figs. 10 and 11 show the effect of the spacing of 
the longitudinal girders on moment distribution 
factors for the exterior, middle and interior girders 
of two-lane curved bridges of 15m span and having 
4 girders due to dead load and fully-loaded lanes, 
respectively.  

Generally, it can be observed that the moment 
distribution factors for all girders increases with 
the increase in girder spacing for AASHTO truck 
live loading (Fig. 11) especially for the exterior 
and interior girders. While, the moment 
distribution factors are almost unchanged with the 
increase in girder spacing in the case of dead load 
as shown in Fig. 10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EFFECT OF NUMBER OF LANES 
 
Figs. 12 and 13 show the relationship between the 
moment distribution factors and the number of 
lanes for the exterior and interior girders of a 
bridge with five girders, 2 m girder spacing and  

 

 

15m span length due to fully loaded lanes and 
partially loaded lanes, respectively.  

It is observed that in the full loading case as the 
number of lanes increases, the moment distribution 
factors decreases. Hence, for the exterior girder 
shown in Fig. 12, as the number of lanes increases 
from 2 to 4 lanes the moment distribution factor 
decreases from 1.83 to 1.59 for L/R=0.3.  

For partially loaded lanes no general trend is 
observed as shown in Fig. 13. But, generally the 
moment distribution factors increases for the 
exterior girder as the number of bridge lanes is 
increased. 
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Fig. 10: Effect of Girders Spacing on moment 
distribution factors Due to Dead loading  
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Fig. 11: Effect of Girders Spacing on moment 
distribution factors Due to Truck loading  
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EFFECT OF LOADING CONDITION 

It is important to examine the effect of number of 
loaded lanes on the moment distribution factor to 
establish the critical cases that produce extreme 
values of moment distribution factors. 
Accordingly, two loading cases are considered; 
fully loaded lanes with truck loading and partially 
loaded lanes with truck loading. 

Figs. 14 and 15 show the relationship between 
results obtained from the case of fully loaded lanes 
and the case that provides the maximum moment 
distribution factor of all the partially loaded cases 
for the exterior and interior girders, respectively. It 
is worthwhile to mention that these plotted values 

are for all bridges of 35m and 15m spans 
regardless of number of lanes, or number of girders 
or girders spacing. 

It can be observed from the above Figures that 
sometimes with partially loaded lanes are almost 
half of the live load of the fully loaded lanes, still 
they can provide extreme design values especially 
for the interior girder 
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PROPOSED MOMENT DISTRIBUTION 
FACTOR EQUATIONS 
 
The current parametric study provides a database 
for the moment distribution factors for straight and 
horizontally curved composite concrete-steel 
bridges. This database can be used to develop 
expressions for the moment distribution factors for 
such bridges. 

The general equations for load distribution factor 
for exterior, middle and interior girders for straight 
and curved I-girder bridges due truck loading and 
dead loading are presented herein below. 

Two equations are proposed for each girder. 
Equations A includes the three major parameters 
that affect load distribution factors, as indicated by 
the correlation matrices. Whereas, equations B 
includes the six parameters investigated in this 
study. 

 Equation B is intended to represent simple relation 
with the minimum number of variables that may 
yield sufficiently accurate load distribution factor 
results. Whereas, Equation B is intended to 
represent the most general relation that may yield 
the most accurate load distribution factor results to 

be used for final analysis and design of curved 
bridge girders. 

TRUCK LOADING 

 =1.11+.025L+3.862L/R-.116X    (9.A) 

=.124+.025L+.243N+.297S+3.925L/R

-.119X-.323n                                  (9.B) 

=.969+.019L+3.071L/R-.088X  (10.A) 

=.567+.018L+.087N+.018S+3.032L/R

-.088X-.003n                                (10.B)                      

                          (11) 

DEAD LOAD 

=.914+.025L+4.347L/R-.1X        (12.A) 

=.661+.025L+.03N+.069S+4.351L/R-

.1X-.017n                                      (12.B) 

=1.19+.015L+3.812L/R-.096n   (13.A) 

=.595+.014L+.114N+.053S+3.764L/R

-.093X+.000n                             (13.B) 

                          (14) 

CONCLUTIONS 
 
Based on the results from the parametric study, the 
following conclusions are drawn: 

1-  Curvature is the most critical factor which plays 
an important role in the design of curved 
girders in composite bridges. Moment 
distribution factors increase with the increase in 
bridge curvature, 

2- Span length, number of girders and girders 
spacing generally affect the values of the 
moment distribution factors .In general, the 
increase in the number of girders, girders 
spacing, and span length results in an increase 
in the moment distribution factor, 

3- The developed sets of empirical expressions for 
moment distribution factors can be used to 
obtain the MDF for such bridges. 

4- Study reveals that fully loaded lane cases govern 
the extreme values of the moment distribution 
factors. Nevertheless, partially loaded lane 
cases sometimes provide the design value. 
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Fig. 15: Effect of loading condition on the 
moment distribution factor for the 15m span 
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5- Results from this study have shown that 
AASHTO Guide and AASHTO-LRFD criterion 
to treat curved bridges with small specified 
amount of curvature as straight ones is safe and 
conservative. 
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NOTATION 
 
L   centre line span of a simply 

supported bridge 

n   number of design lanes 

N   number of girders 

R   radius of curvature of the centre 
span of the curved bridge 

R L   multi-lane factor 

Wc   width of design lane 

(σsimple)DL mid-span stress in bottom flange 
fibres, for a straight simply 
supported girder subjected to dead 
load 

(σsimple)truck   mid-span stress in bottom flange 
fibres, for a straight simply 
supported girder subjected to 
AASHTO truck loading 

(MDF)DL ext the moment distribution factor of 
exterior girder for dead load case 

(MDF)FL ext   the moment distribution factor of 
exterior girder for full load case 

(MDF)PL ext   the moment distribution factor of 
exterior girder for partial load case 

(MDF)DL mid  the moment distribution factor of 
middle girder for dead load case 

(MDF)FL mid   the moment distribution factor of 
middle girder for full load case 

(MDF)DL int   the moment distribution factor of 
interior girder for dead load case 

(MDF)FL int   the moment distribution factor of 
interior girder for full load case 

(MDF)PL int   the moment distribution factor of 
interior girder for partial load case 
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