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  الخلاصة 

تضمن البحث إجراء دراسو شاممو لواقع حال وآفاق تطوير منتوج بلاطات التسطيح الخرسانيو )الشتايكر( الشائع 
 يَـنَ إن أغمب , إن لم يكن كل , المنتوج يفشل في تحقيق متطمبات المواصفوألإستخدام وألإنتاج في العراق. تـَبَـ

سطوانات ومواشير ومن ثم قطع شتايكر  .0877لسنة  0016العراقيو  القياسية تم إعداد نماذج تتضمن مكعبات وا 
ومن ثم تحمميا ألأساليب المتبعو محمياً وجرى فحصيا لمعرفة مقاومتيا للإنضغاط وألإنشطار وألإنثناء  ةلمحاكا

لمحمل المستعرض وقياس قابميتيا للإمتصاص , وقد إتضح من خلال الفحص بأنيا دون المستوى القياسي 
من خلال معرفة قوة التحمل المستعرض المطموبو تم حساب مقاومة ألإنثناء الدنيا المستيدفو ومن ثم  المطموب.

إسم الخمطو الجديده. تم تكرار إعداد النماذج )التي بمغ جرى تصميم حمطو خرسانيو تـُمـَبي ذلك وقد اُطمق عمييا 
سموب المعالجو.أثبتت  51مجموع عيناتيا الكمي  عينو( ولكن بإستخدام الخمطو الجديده مع ألإىتمام بتدرج الركام وا 

 الفحوصات بإن نماذج الشتايكر تفوق متطمبات المواصفو.

تقاد قائماً بوجود إمكانيو لفشل بعض النماذج عندما يستمر ألإنتاج رغم نجاح النماذج الجديده مختبرياً , لازال ألإع 
بمشبكات  بلاطات الخمطة الجديدةتم تجريب طريقو جديده لتعزيز  وعميوالنمطي وتضعف المراقبو والسيطره النوعيو, 

 %. 10تحمل المستعرض بمقدارالقوة  أدت ىذه الطريقة الى زيادة سمكيو.
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ABSTRACT 

A case study had been made to investigate the reasons of the repetitive failure during concrete tiles 

testing. Cubes, cylinders, and prisms in addition to full-scale concrete tiles had been prepared. Half of 

these samples were made using the same popular concrete mix. Test results indicated that, these 

samples were below standard requirements. The second half of the test samples was prepared using a 

newly designed concrete mix. Based upon the recommended breaking load, the required flexural 

strength of the tiles was calculated. This mix was designed to comply a flexural strength that was 

recommended by specifications. Care had been also concentrated on aggregate grading and concrete 

curing. Tests showed positive results. 

In spite of this success it is still believed that there is a possibility of some failures may be due to mass 

production or due to bad quality control. A new proposed model had been prepared and tested. Finally 

these newly proposed tiles had shown that it was more resistant to breaking loads by +21% in 

comparison with the previous samples. This result might insure the production of safe concrete tiles. 
 

Building & Construction Engineering Department, University of Technology. 

 

 ةالمقدم
تنسجم فكرة ىذا البحث التطبيقي مع التطمعات الخاصو بتطوير المواد ألإنشـائيو عـن طريـق ألإسـتخدام ألأمثـل  

والمعروفة تجارياً  البلاطات الخرسانية )المستخدمة لمتسطيحأن بلُوحِـظَ  لمموارد وألإمكانيات المتاحو في القطر.
ـجَـو في شــركات القـطاع العام ومعامل القـطاع الخاص تُعاني بإستمرار من فشميا في الفحوصات المُنـتَ  (الشـتايكرب

.  إن تـَرَدي نوعـية ( 0877 – 0016 )م ق ع المختبريو  ولا تُمَبي  متطمبات المواصفو الـقياسـيو العـراقـيو  المُـعـتـَمَـدَه
نخفاض جودتو عن الحدود ا لقياسيو المطموبو يُـعَـرِضَـو لمتمف إثـناء الخـزن والمناقـمو ويكـون سَــيـل الشتايكر المُـنتـَج وا 

لمنتوج شائع الكَســر إثـناء تنـفـيـذه في موقعو الـنيائي. كل ذلك يُـشَـكل ىدراً إقتصادياً كبيراً , خصوصاً إن ىذا ا
 ق.   ألإستخدام في العرا

لعديد من ألمِقاءات مع  المُنـتِجـين تأكَـدَ لنا بأن ىـناك عـدم عـنايو الدقيق لممشكمو وبعد إجراء ا تشخيصالل من خلا
نتياءاً بإســموب الخزن  في كافة خطوات سير العمميو ألإنتاجيو إبتـداءاً من إنتـقاء المواد ألأوليو وفحوصاتيا وا 

عيو خصوصاً في فحـص قـوة والمداولو. كل ذلك يؤدي إلى تـَرَدي نوعـية المنتوج وفشـمو في فحوصات السيطره النو 
 التحـمل المستـَعـرَض.

إن تحسيـن خواص منـتوج الشتايكر من خلال تحسـين خواص الخمطو الخرسانيو امر بدييـي ، حيث ان زيادة محتوى 
سـتخدام   الإسمنت او اسـتخدام ركام خشـن مكسر او مقاس اقصى لمركام غير كبير وتخفيض نسبة الماء/الأسمنت وا 

والرص الجيد إثناء العمل والمعالجو المستمره ، سينعكس إيجابياً عـمى كافـة خواص الخرسانو المنتجو المضافات 
 ,Neville and Brooks – 1987 ) وبالتالي تأميـن متطمبات المواصفات



1العدد  2007 كانون الاول   14المجمد   الهندسة مجمة    
 

 iasj.net 305متوفز على الموقع التالي9 

 Neville – 1995). ـثـين إن سبب الإخفاق في ىذا المجال بالنسبو لمخرسانو المسبقة الصب قد اشار إليو أحد الباح
في معامل الصب المسبق وخصوصاً حـيـث أكـد عـمى ضرورة توحـيد الغايات والأىـداف بـين المـصمـميـن  والعاممين 

فحوصات السيطره النوعيو في ىذه المعامل تجرى عمى نماذج بمقاساتيا الفعميو  ويتم إختيارىا  بشكل عشوائي  أن
 .(Newman and Choa – 2003) من أكداس متراكمو من المنتوج

إن قمة ميارة العاممين وعدم إكتراثيم بالعديد من المتطمبات إثناء عممية الإنتاج يـؤدي دائماً إلى إخفاقيم في   
شتايكر ذو مواصفاتٍ عاليو ، ويكون ىذا أكثر وضوحاً في مقاومة    الوصول إلى اليـدف المنشـود ألا وىـو إنـتاج

لذلك فقد تم التركيز في ىذا      التوصيات النظريو العديده في ىذا المجال.الشتايكر لمتحمل المستعرض بالرغم من 
البحث عمى تحسين خواص منتوج الشتايكر من خلال تصميم خمطو خرسانيو مناسبو إضافةً إلى إقتراح إستخدام 

ج والخزن مشبكات سمكيو  لضمان الحصول عمى شتايكر مقبول بالرغم من بعض ىفوات العمال إثناء عممية الإنتا
 والمناقمو والتنفيذ في الموقع النيائي .

إلى أن ( Shah and Key – 1972 ,Netlon Ltd. – 1988 ,Engel and Bakis – 2001) تشير بعض البحوث السابقو
البلاطات الخرسانيو المسبقة الصب وخاصةً مقاومتيا للإنثناء والصدم من خلال  ىناك إمكانيو لتحسين خواص

   :ات سواء كانت من البوليمر أو الحديد او الياف أُخرى ، حيث أَنَ ىذه المشبكات ستساىم فيإستخدام المشبك
 تحسين متانة وديمومة البلاطات. .أ 
 تحسين الخواص الميكانيكيو العامو لمبلاطات.  .ب 

 .مية البلاطات عمى إمتصاص الصدماتزيادة قاب  .ج 
 جئو.تقميل نسبة التمف إثناء المناقمو أو الإرتطامات المُفا  .د 
 تقميل كمية التشققات الشعريو المُتوقع حدوثيا إثناء الصب والمعالجو. .ه 

 
إلى   (Shah and Key – 1972,Mathews et al. – 1981 ,Brooks and Kenai – 1995)كما توصل باحثون آخرون  

رسانيو المسبقة أن نوع المِشبَك وعدد الطبقات المستخدمو وشكل الفتحات وأبعادىا يؤثر عمى سموك البلاطات الخ
الصب من حيث المقاومو ودرجة التشقق ومسار التشققات وعرض وعمق التشقق وكيفية إنتشار وتشظي الضرر. ما 
ييمنا في ىذا البحث ىو إتخاذ إجراءات بسيطو وغير مكمفو لتلافي إخفاقات شائعو في منتوج الشتايكر العراقي ، 

 وىذا ما سنتطرق لو إثناء خطة البحث العمميو.
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 :الجانب العممي
 :المواد المستخدمه 

لجعل البحث قابل لمتطبيق ، تم إستخدام نفس المواد المحميو الشائعة الإستخدام من قبل معامل إنتاج 
الشتايكر, الا أنو تم التأكيد عمى مطابقتيا لممواصفات ) وىذا ما لاتعتمده أغمب معامل إنتاج الشتايكر (. 

  -تاليو :وعموماً تم إستخدام المواد ال
تم إسـتخدام الإسمنـت البورتلاندي الإعـتيادي المنـتج في معـمل إسـمنـت القائم ووجـد بأنو مطابـق  أ. الإسمنت:

0873 - 4 م ق علممواصـفو العراقـيو )
 .) 

 م ق عقيو )تم إستخدام الركام الناعم المُـجَـيـَز من منطقة الُاخيضر وكان مطابق لممـواصفو العرا ب. الركام الناعم :
، في حين بـمغـت نـسـبة   1654( ، ووزنو النوعي يبمغ zone-2، تـدرجو ضمـن المنطقو الثانيو )(0871 - 34

 . وكـان نـظيـفاً وخالياً مـن الشوائب العضويو.في المائة 161الأملاح الكبريـتـيو 
( ممم. 03لنباعي، ذو مـقاس أقـصى )تم إستخدام الحصى المكسر ، المُـجَـيـَز من مقالع ا -الركام الخشن : -ج

، أما النـسـبة المـئويو  165، ووزنو النوعي يبمغ (0871 - 34 م ق ع)وكان تـدرجو مـطابـق لمـمـواصـفو العراقيو 
ن كثافـتو في المائة 1611للأملاح الكبريـتـيو فـتـسـاوي  وكـان . ٣كغـم/م 0531بمـقــدار  المرصوصة الجافة كانت ، وا 

تم  د. الماء:                                              ـاً وخالياً مـن الشوائب العضويو المنظوره. نـظيـفـ
 إستخدام الماء الصالح لمشرب لخمط ومعالجو الخرسانو في كافة أعمال البحث.

ـنوع المنســـوج، ممم  من ال08تم إستخدام مشبك سمكي حديدي ذو فتحات سداسـيو ذات  مقاس  . المشبك السمكي:ىـ
        . 1نت/ ممم 164ممم ، وذو مقاومة شــد قصوى مقدارىا  1671الـنســيج يـبـمغ  وكان قـطر الســمـك المســتخـدم في ىـذا

 ±2 ×711×711)بقياس  بلاطاتتم إنتقاء قوالب غير متضرره ذات أبعاد قياسيو دقيقو لضمان إنتاج  و. القوالب:

 القوالب بالزيت لتسييل عممية نزع الشتايكر بعد تصمبو منيا. ( ممم.  وروعي طلاء 31
 

 ات الخرسانية:الخمط
لضمان الحصول عمى خرسانو ذات مقاومو تؤدي إلى إكساب قطع الشتايكر قوة تحمل مستعرض أعمى من 

 (Neville – 1995) تم إعتماد الطريقو البريطانيو 0877لسنة  0016المطموب في المواصفو العراقيو القياسيو رقم 
يوم ومقاومة إنثناء لاتقل  17بعمر 1نت/ممم 21لتصميم خمطو خرسانيو بحيث تؤمن مقاومة إنضغاط دنيا لاتقل عن 

يوم . ىذا بحد ذاتو سيكون كافياً لزيادة الحمل المستعرض المطموب لكسر قطعة الشتايكر  17بعمر  1نت/ممم 3عن 
 حيث ان: يمونيوتنك 4.3إثناء الفحص عن القيمو القياسيو البالغو 
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ية وظروف الركام المستعمل فعمياً في نوع ةيبيو موقعيو مُـصَـغَـرَه لمراعابناءاً عمى ذلك وبعد إجراء خمطات تجر 
  1674: 064: 0 قترحو ذات نسب خمط وزنيو بمقدار الخمط , وتصحيح النسب فقد كانت الخمطو الخرسانيو الم

)وىـذا  ٣كغم/ م 301بذلك يكون محتوى الإسمنت المستخدم في ىذه الخمطو يساوي  164 ونسبة ماء/ إسمنت مقدارىا
ـن التـصمـيم والواقع إذ أَن المعامل لاتستعـمل ىذه الكميات من الإسمنت لعوامل أول جانب من الإخـتلاف بي

 .Mnew إقتصاديو معروفو لدييم (. وقد تم تسمية ىذه الخمطو بالخمطو الجديده

لإغراض المقارنو تم إستخدام نفس الخمطو الشائعو المستخدمو من قبل معامل إنتاج الشتايكر دون أي تدخل حيث 
 2614:  0664:  0 سانو تُحضر بمقادير حجميو وقد تم تحويميا إلى نسبة خمط وزنيو تقريبيو تساوي كانت الخر 

   251بذلك يكون محتوى الإسمنت المستخـدم في ىذه الخمطو حوالي   1654ونسبة ماء / أسمنت مقدارىا 

ممم تقريباً ) عمى أي  14يبمغ  تقريباً. وكان غالبية الركام الخشـن المستعمل غـير مكسـر وبمقاس أقصى ٣كغم/ م
حال لم نلاحظ سيطره نوعيو معتمده عمى المواد الداخمو في صناعة الخرسانو أصلًا (.  و تم تسمية ىذه الخمطو 

 .Moldبالخمطو القديمو 
  

 :النماذج وفحوصاتها
نماذج شتايكر لغرض إستكمال جوانب البحث فقد تم تييئة نماذج لإجراء فحوصات مرجعيو إضافةً إلى إنتاج 

   بالقياس الكامل ، و تم تحضير النماذج التاليو لإجراء الفحوصات المؤشره إزائيا:
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يوم وبمعدل ثلاثة مكعبات لكل  (51, 17, 6)ممم  لفحص مقاومة الإنضغاط بعمر 041×041×041مكعبات أ. 
 عمر. 
وبمعدل ثلاثة   يوم (51, 17, 6)لإنشطار بعمر با الشد ممم لفحص مقاومة 211×041إسطوانات ب. 

 إسطوانات لكل عمر. 
ممم  لفحص مقاومة الإنثناء بنفس الأعمار آنفة الذكر وبتسميط حممين  411×011×011مواشيربأبعاد ج. 

 ممم. وتم إعداد موشوران لكل عمر. 341مُـرَكَـزين يؤثران عمى نقاط تثميث الفضاء البالغ 
يوم. و تم إعداد ثلاثة  17راء الفحوصات القياسيو بعمر { ممم. لإج31 ±2×711×711شتايكر بأبعاد } د. 

 عينات لكل نموذج.

. لإجـراء الفحوصات (1الشكل)عمى مشبك سمكي موضوع بالطريقو الموضحو تفاصيميا في  شتايكر حاويىـ. 
 يوم. و تم إعـداد ثلاثة عينات لكل نموذج. 17القـياسـيو بعـمر 

 
وجرى  Moldلإستنتاج الدقـيـق تم تييئة كافة النماذج أعلاه بإسـتخـدام الخـمـطو القـديمو لإســتـكـمال متـطمـبات المقارنو وا

 .Mnew تكرارىا بإستعمال الخـمـطو الجـديـده

 
 :إعداد نماذج الشتايكر 

كائن لإنتاج نماذج فحص الشتايكر بالقياس الكامل, وفـق النسـبو المصممو لمخـمط  وبإسـتخدام نفس المواد ألأوليو والم
 -والميارات المتيسره , تم إجراء ألآتي:

ممم لإســـتـبعاد الحـصى ذو 03إستخدام الحصى المكسر الموجود موقعياً بعد غربمتو بإستخدام غربال قـياس  أ. 
( ممم. جـرى  03المقاســات الكـبيـره. أي بعـباره أُخرى تم إسـتعمال حصى مكسـر ذو مقاس إسـمي أقـصى مقداره ) 

الحـصى عـمى أرضيو نـظـيـفـو لـمـنع إختلاطو بألأطيان. إن عممية الغـسـيل تزيل ذرات الغـبار الممتصقو عمى غـسـل 
سـطوح حُـبَيبات الحـصى وتسـاعـد عمى زيادة ترابـطيا مع المونو ألإسـمنـتـيو. إن ترطـيب الحصى بالماء قـبل الخمط 

ع بقـية مكـونات الخمطو الخرسانيو لايمتص أي كميو من الماء الضروري يجعـمو مُـشَـبَـعاً بالماء فعـندما يُـخمـَط م
نما  يُـسـيم في فـرز الماء في اليوم ألأول من الصب بإتجاه المونو ألإسـمنـتـيو بطريقـو  تشـــبو  لتفاعـل  ألإسـمنت, وا 

 المعالجو الداخميو لمخرسانو مما يزيد من ترابطيا وبالتالي  مقاومتيا .     
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ممم عـمى أرضيو نظـيفـو لتلافي إخـتلاطو  4تمت غـربمة الرمل الموجـود في الموقع بإســتخدام غـربال قـياس   ب.
بأتـربو ألأرضيو.  بـذلك تم إسـتبعـاد كُـتـَل الرمـل المتوقع وجودىا في الرمل , التي لاتتـفـتت خلال الخمط , والتي 

 لمنتـوج النيائي. يُعتـَقَد بأنيا تـُشَـكِـل  نقاط ضعـف في ا

ممم   لمحصول عمى السُــمك  31ممم  والتي لايـقـل إرتـفاعيا عن   711×711تم إخـتيار الـقـوالـب بأبعـاد ج. 
 الـقـياســي المطموب.

مع نسبو ماء/    1674:  064:  0 وزنيو التي جرى تصميميا والبالغوتم خمط الخرسانو وفقاً لمنسبو التجريبيو الد. 
 .164إسمنت بمقدار 

. كل نموذج  يتألف من ثلاثة  Bو  A لإنتاج نوعـيـن من النماذجMnew  تم إستخدام  الخمطو الجديده  ىـ. 
يُـمـثَـِل الحالو ألإعـتياديو بدون مشبك سمكي .  A  ( ممم. النموذج ألأول31×711×711عَـيـنات بألـقـياس الكامل )

 التالي: فـَقـَد جرى إنتاجو بإســـتخـدام ألإسـموب المُـبـتـَكَـر  Bالنموذج  أما

وُضِـعَ خميط خرساني يُـعـادل ثلاثة أرباع الكميو المطموبو لإنتاج قطعة شتايكر واحده   في قالب الصب. بعـد  
نسـيج ســمكي مُـشَــبـك   مُـرَبَـعَـو بأبعاد   ألإىـتزاز والتسـويو أُوقِـفَ الإىـتزاز لوضع الـتـَعـزيـز المؤلـَف   من قـطعة

, بطريقو تكون أضلاعيا متعامده عمى أقطار قالب الصب .  (1الشـكل )ضح   في ( سـم  , كما مو  41×41) 
ىذه الطريقو تضمن الحصول عمى أكبر مسـاحة تعزيز) تسميح ( في المقاطع الوسـطيو لقطعة الشتايكر بإستخدام 

المشـبك السـمكي.  ثم أُضيفت الكميو المتبقـيو من الخميط الخرساني البالغو حوالي ربع الكميو أقل ما يمكن من 
المطمـوبو لإنتاج قـطعـة شـتايكر واحـده لـتغـطية المشـبك السـمكي بسُـمك مقداره حوالي سـنتمتر واحد . بعـد ذلك 

 جرى تسـميط إىـتزاز وعـمل تسـويو لمسطح.

لإنتاج نموذجين من الشتايكر. يتألف كل نموذج من ثلاثة   Moldاتو بإستخدام الخمطو القديمو كما تم تكرار العمل ذ
 6الحاوي عمى مشبك سمكي D الإعتيادي ونموذج C عينات , ىما النموذج

 تهيئة النماذج ومعالجتها:
 :الجة النماذج لغاية تاريخ الفحصتم إعتماد الآتي في تييئة ومع 

خزن التم  بالماء حيثالمرجعيو )المكعبات ، الأسطوانات، المواشير (  العينات معالجةتم  النماذج المرجعيو:أ. 
 في أحواض ماء لغاية تاريخ الفحص.

 تمت معاممة النماذج وفـق ألإسـموب التالي: :Mnew نماذج الشـتايكرب. 

ســاعو وىي  11بالماء لمدة  عيناتوذلك برش البعـد مرور سـاعـتيـن من بـدء الصب  جـرى ألإســـتمرار بالـترطـيـب  
 01داخـل الـقـوالـب . بعـد ذلك فـُتـِحَـت الـقـوالب واُخـرِجَـت كـافـة  العَـيـِنات وَوُضِـعَـت بصوره شــبو عـموديو.  بَـعـدَ   
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,  حـيث  يوماً  16ساعات من  فـَتح  الـقـوالـب  جَـرى  غَـمرالعـينات في حـوض خرســاني  مممـوء بالماء لـمدة  
 يوم.  17اُخـرِجَـت قـبَـل يـوم واحـد من تاريخ الـفحـص  المخـتـبري بعـمر  

وفـقاً لمطـريـقو الشــائعو في المعامل العراقيو   لغاية تاريخ  عيناتتمت معاممة ال :Mold نماذج الشــتايكرج. 
 الفحص.

 
 :النتائج ومناقشتها

  Moldرجعيو لمخمطو الخرسانيو القديمو المعتمده من قبل المعامل معدل نتائج الفحوصات الم (1الجدول )يوضح 
 مسار تطور المقاومات (4, 3, 2الاشكال ). كما توضح  Mnewوالخمطو الخرسانيو الجديده المقترحو إثناء البحث 

 مع الزمن. المختمفة
دام المشبكات السمكيو مع نتائج فحوصات الشتايكر المنتج من الخمطتين وكذلك بإستخ (2الجدول )بينما يوضح  

كل منيما. ىذا ومن الجدير بالذكر بأنو تمت ألإستعانو بالمركز القومي لممختبرات ألإنشائيو لإجراء الفحوصات 
 القياسيو لكافة نماذج الشتايكر.
ىي أعمى مما في  Mnewإلى أن الخواص الميكانيكيو لمخمطو الجديده  (1الجدول )تشير النتائج الموضحو في 

ن نسبة  34يوم تبمغ )  17, حيث إن نسبة الزياده في مقاومة ألإنضغاط بعمر   Moldمطو القديمو الخ % ( , وا 
% ( , وكذلك الحال بالنسبو إلى مقاومة ألإنثناء فقد كانت  35ألإنشطار تساوي ) ب الشد الزياده في مقاومة

 في الخمطو الجديده.  1( نت/ممم 4600في الخمطو القديمو وأصبحت )   1( نت/ممم 2621) 

بأن ىناك تطور جيد في مقاومة ألإنضغاط لكلا الخمطتين ، إلا أن معدل التطور في الخمطو  (2) الشكليتضح من 
Mnew  أفضل مما ىو في الخمطوMold  أيام كانت مقاومة ألإنضغاط لمخمطتين  6، ففي عمرMnew  ،Mold  ىي

 1( نت/ممم2763يوم إلى ) 17وقد إزدادت قيمتيا بعمر  عمى التوالي. 1( نت/ممم0567و) 1( نت/ممم1264)
 . 1( نت/ممم2166و) 1( نت/ممم3468يوم ) 51، وأصبحتا بعمر  1( نت/ممم1564و)

قد  Mnewلمخمطو  مقاومةالالإنشطار مع الزمن لمخمطتين ويتبين بأن ب الشد معدل زيادة مقاومة (3) الشكليوضح 
أيام. في حين  6يوم عمى التوالي بالمقارنو مع المقاومو بعمر  51يوم و 17%( بعمر 71%( و)42إزدادت بنسبة )

 .Mold%( لمخمطو 37%( و)21أن تمك الزياده قد كانت بنسبة )
بمقدار  Mnew. فقد إزدادت مقاومة الإنثناء لمخمطو (4) الشكلكذلك الحال بالنسبو لمقاومة الإنثناء وكما مبين في 

أيام. في  6يوم عمى التوالي بالمقارنو مع المقاومو بعمر  51يوم و 17بعمر  1( نت/ممم164و) 1( نت/ممم0625)
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 51يوم و 17بعمر  1( نت/ممم067و) 1( نت/ممم1682قد إزدادت مقاومتيا للإنثناء بمقدار )  Moldحين أن الخمطو 
 أيام. 6يوم عمى التوالي عند مقارنتيا بمقاومة الإنثناء بعمر 

الإنشطار والإنثناء من مقاومة الإنضغاط ىي الُأخرى قد تحسنت في ب الشد مقاومتي ومن الجدير بالذكر أن نسبة
الإنشطارمن مقاومة الإنضغاط قد كانت ب الشد . إن نسبة مقاومةMoldبالمقارنو مع نتائج الخمطو Mnewالخمطو 

الإنثناء من يوم. وأن نسبة مقاومة  17وبعمر  Mnew%( في الخمطو 764في حين ) Mold%( في الخمطو 763)
 17وبعمر   Mnew%( في الخمطو 0262وقد تحسنت إلى ) Mold%( في الخمطو 0164مقاومة الإنضغاط قد كانت )

 يوم أيضاً. 
الشائعة   Moldبالمقارنو مع الخمطو الخرسانيو التقميديو  Mnewإن تحسن جميع خواص الخمطو الخرسانيو المقترحو 

و أسباب عديده ومشخصو مسبقاً ولكن كان لابد لنا من إجراء الفحوصات الإستخدام في معامل إنتاج الشتايكر ل
ختيارركام خشن مكسر ذو حتوى الإسمنت وتقميل نسبة الماء/لمعرفة النتائج بشكل دقيق. إن زيادة م الإسمنت وا 

جراءات السيطره النوعيو عمى المواد الداخمو في صناعة الخرسانو كل تمك العوامل 03مقاس أقصى  قد  ممم وا 
الإنشطار والإنثناء ب الشد ساىمت في تحسين خواص الخمطو الخرسانيو ، وكذلك أدت إلى زيادة نسبة مقاومتي

 بين عجينة الإسمنت والركام الخشن في الخمطو الجديده. لترابطقاومة الإنضغاط وذلك لتحسن اكنسبو من م
سيكون قطعاً أفضل  Mnewطو المقترحو الجديده كل ما ورد آنفاً من نتائج يشير إلى أن الشتايكر المنتج من الخم

حيث توضح النتائج بأن  (2الجدول )، وىذا ما يبينو  Moldبكثير من الشتايكر المنتج من الخمطو التقميديو القديمو
الشتايكر المنتج من الخمطو القديمو غير مطابق لممواصفات من ناحية المقاومو )الحمل المستعرض( والإمتصاص ، 

 21%( خلال  2683ونسبة الإمتصاص ) كيمو نيوتن( 262معدل مقاومتو لمحمل المستعرض بمقدار )حيث كان 
ساعو ،في حين أن تمك الخواص قد تحسنت في الشتايكر المنتج من الخمطو الجديده  13%( خلال 6681دقيقو و)

 21%( خلال 2601)وبنسبة إمتصاص ذات معدل  كيمونيوتن (561)وأصبحت مقاومتو لمحمل المستعرض بمقدار 
 ساعو. 13%( خلال  3611دقيقو و)

إن إضافة المشبك السمكي بالطريقو التي تم ذكرىا بالتفصيل في متن ىذا البحث قد تدارك جزء من خمل الشتايكر 
 كيمونيوتن (3631المنتج من الخمطو القديمو حيث أصبح معدل مقاومة نماذج الشتايكر لمحمل المستعرض بمقدار )

قتربت من الحد الأدنى المطموب في المواصفو ، كذلك فقد تحسنت خواص 22حسنت بنسبة )أي إنيا ت %( وا 
ساعو بدلًا من  13%( خلال  6641دقيقو و) 21%( خلال 2601الإمتصاص حين أصبحت ذات معدل )

 ساعو. 13%( خلال  6681دقيقو و) 21%( خلال 2683)
الخمطو الجديده فقد حسن مرَةً أُخرى من المنتوج وأصبحت  أما إستخدام المشبك السمكي في إنتاج الشتايكر من

%( 1654ومعدل نسبة الإمتصاص ) كيمونيوتن( 561بدلًا من )  كيمونيوتن( 7.5)مقاومتو لمحمل المستعرض بمقدار 
ساعو.  13%( خلال 3611دقيقو و) 21 %( خلال2601ساعو بدلًا من ) 13%( خلال 2651دقيقو و) 21خلال 
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نا أصبحنا في مأمن بالمقارنو مع المواصفو القياسيو وىذا ىو ما نتوخاه لملافات أي إخفاقات تنتج إثناء وىذا يعني أن
العمل من قبل كادر غير ماىر أحياناً أو بسبب عدم المراقبو الجيده والمستمره لممنتوج أو حدوث إخفاقات إثناء 

 الخزن والمناقمو.       

 
 : الإستنتاجات

  لمتعمقو بو يمكن إستنتاج الآتي :لتي تم الحصول عمييا من ىذا البحث وضمن المحددات امن خلال النتائج ا
لايمكن الحصول عمى شـتايكر جـيد ومقـبول وفـقاً لممواصفات بإتباع الأساليب الحاليو الشائعة الإستخدام في أ. 

ة الشتايكر ولا بدقة نسب خمطيا ومن معظم المعامل المحميو التي لا تيتم بنوعية المواد الأوليو الداخمو في صناع
 ثم معالجتيا.                

مع نسبة ماء /أسمنت مقدارىا  1674:  064:  0البالغو إن إستخدام  الخمطو  الخرسانيو  الوزنيو  المقترحو  ب. 
تـباع السـيطره النوعيو في ا 03مع ركام  خـشــن  مكسـر ذو مقاس  أقـصى  مقـداره   164 لعمل, بما فييا ممم ، وا 

إجراء خمطات موقعيو تجريبيو عند حصول تغيير في مصدر تجييز الركام او تغير محتواه الرطوبي خلال 
 .  0877لسنة  0016فصول السنو, سيؤدي إلى إنتاج شتايكر مستوفي لشروط المواصفو القياسيو العراقيو رقم 

%+ مقارنةً 10يؤدي إلى زيادة مقاومتو لحمل الكسر بمقدار  إن إسـتخـدام المشـبكات السـمكيو لـتعـزيز الشـتايكرج. 
       مع الشتايكر الذي لايحتوي عمى مشبكات سمكيو.
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 :الرموز
fr  9  مقاومة إنثناء الخزسانه ( (N/mm

26 

        M 9 العزم المطلوب لكسز النموذج بألإنثناء (kN.m6) 

          c 9 نصف سـمُك النموذج (mm)6 

P  9 قوة التحمل المستعزض (kN6)  

l   ( 9 المسافه بين نقاط إسناد النموذجmm6) 

I    9عزم القصور الذاتي للمقطع العزضي للنموذج (mm
46) 

b   9عزض ( النموذجmm6)    

h  9 ( إرتفاع النموذجmm6)    

 (: نتائج الفحوصات المرجعية لمخمطات الخرسانية.1جدول )

 
 نوع الخمطه

  معدل مقاومة ألإنضغاط
N/mm

2 

 الشدمعدل مقاومة
ألإنشطارب  

N/mm
2
 

ءمعدل مقاومة ألإنثنا  
N/mm

2
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 انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انجُٕٛ٘
 "دٔس انفعم انتظًًٛٙ نهفضبءاد انخبسجٛخ فٙ تحمٛك ثُٛخ الاتظبل انضًٛٛبئٛخ نهجبيعخ "

 
                                                              ْذٚم ثبيش انخزاعٙ                   ْذٖ عجذ انظبحت انعهٕاٌ    

                                                                         يبجضتٛش ُْذصخ يعًبسٚخّ               يذسس / كهٛخ انُٓذصخ   

                                                                                           جبيعخ انمبدصٛخ          جبيعخ ثغذاد        

 

 مستخلص البحث 
٣روظ٠ اُثؽس قٝن اُلؼلَ اُرظل٢ٔ٤ٔ ُِلؼلا اخ اُفانظ٤لح ُِث٤للح اُؽؼله٣ح ُِعآؼلح كل٢ 

ا٤ُٜلللح أُاق٣لللح ُِث٤لللح ؼللٞانا ٍٓللرٔها تلل٤ٖ أُرِولل٢ ٝذؽو٤للن ت٤٘للح اذظللاٍ ٌلل٤ٔ٤اا٤لح ٓرٌآِللح ذفِللن 

ذؽولن اٌُآ٘لح ك٤ٜلاو ٝلاخ اٍُل٤ٔ٤اا٤لح اُؽؼه٣ح )ٖٓ ـلاٍ الاٌرؽؼان اُلاٝاػل٢ ُِٔؼلا٢ٗ ٝ اُلكلا

ٝالاظرٔللاػ٢ ٝاُصوللاك٢ اؼٍللاي اركللهاق تالاٗرٔللا  أٌُللا٢ٗ ا٤ُٜللا ل ٓؼللىوج تللمُي اُللكٝن الاٍٗللا٢ٗ 

 ٍٓاٛٔرٜا اُلؼاُح ك٢ ت٘ا  الاٍٗإ اٌُآَ .ُِعآؼح ٝ

لٌَ ؿ٤اب الاؽان اُ٘ظه١ اُشآَ ُلكٝن اُلؼلَ اُرظل٢ٔ٤ٔ ُِلؼلا اخ اُفانظ٤لح كل٢   ُوك ش

هك ٗعْ لُلي ٓؼح ل ٓشٌِح اُثؽس اُها٤ٍ٤لح . ٝح أُرٌآِح ُِث٤لح اُؽؼه٣ح ُِعاذؽو٤ن اُث٤٘ح ا٤ٔ٤ٍُاا٤ل 

ٓرٌآلَ ُلمُي ظله١ ٝاػلػ ٝػٖ هظٞن أُؼهكح ك٢ الاقت٤اخ أُؼٔان٣لح اٍُاتوح ك٢ ذولك٣ْ اؽلان ٗ

)ٗر٤عح ذه٤ًى ؿاُث٤ح اُطهٝؼاخ ػ٠ِ ٓلهقاخ ٝ ٓئشهاخ ٓعىأجو ل كؼلا ػٖ ؿ٤اب اُهتؾ اُكٝن

كلللل٢ ٓعللللا٢ُ اُث٣ٞ٤٘للللح اُ٘ظه٣للللاخ اُؼ٤ِٔللللح تلللل٤ٖ اُ٘ظه٣للللاخ أُؼٔان٣للللح ٝ ُٔ٘طولللل٢اُعللللك٢ُ ٝ ا

Structuralism ٝ ا٤ٔ٤ٍُاا٤حSemiotics ٝلٌٖ ٖٓ ذش٤ٌَ الاؽان اُ٘ظله١ ل١ الاؼاؽلح  اُم١ ٣ٔ

١ ػ٠ِ ػٞ  أُشٌِح اُثؽص٤لح ذؽكق ٛكف اُثؽلس كل٢ اُرٞطلَ اُل٠ ت٘لا  اٗٔلٞلض ٗظلهاُش٤ُٞٔلح . ٝ

اُها٤ٍ٤لح ُِلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤ح ك٢ ذؽو٤ن اُث٤٘لح ا٤ُ٥اخ ذرؽكق ٖٓ ـلاُٚ الاًٌ ٝ

ػِل٠ ا٤ٔ٤ٍُاا٤ح أُرٌآِح ُِث٤لح اُؽؼه٣ح اُعآؼ٤لح . ُوك ذطِة ذؽو٤ن اُٜكف ت٘ا  الاؽان اُ٘ظله١ 

 ٝ ٖٓ شْ اٌرفلاص الاٌر٘راظاخ ٝاُرٞط٤اخ اُفاطح تاُثؽس.  ،ػٞ  كهػ٤لح اُثؽس أُطهٝؼح 

اُلؼَ اُرظلل٢ٔ٤ٔ ُِلؼللا اخ ٝاػللؽح ُللكٝن  ـِللض ا٤ُٜللا اُثؽللس  ٤ُللحهللك اكللهوخ اُ٘رللااط اُرلل٢ ٝ

ح ُِعآؼلح ذرؽلكق ٓلٖ ـللاٍ ذلاػلَ ك٢ ذؽو٤ن اُث٤٘ح ا٤ٔ٤ٍُاا٤ح أُرٌآِح ُِث٤للح اُؽؼله٣  اُفانظ٤ح

إ . اٍُل٤ًِٞحو ٌُٔا٤ٗلح )الاقنا٤ًلح ٝاُلؼلاا٤ح ٝذىآٖ  ٤ُاخ أُهًثلاخ الاٌاٌل٤ح اُلصلاز ُِث٤٘لح اٝ

ظللْٔ ٓللٖ ـِللن ت٤لللاخ ؼؼلله٣ح أًصلله قلاُللح ٝٓؼ٘لل٠ ٝذؽوللن اؼٍللاي اكهاقٛللا ٛللمٙ ا٤ُ٥للح ذٌٔللٖ أُ

  تالاٗرٔا  أٌُا٢ٗ ا٤ُٜا . 

 
The Campus and the Sense of Belonging to Place and Structure  

ABSTRACT 

The research investigates the role of the Campus Landscape Design in 

achieving a complete semio-communicational structure that creates a continuous 

dialogue between the perceiver and the physical entity of the urban environment 



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش
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(through the unconscious recall of meanings and semiotic indexes implicit therein) 

and achieves individuals' sense of belonging to place , thereby emphasizing the 

human ,social and cultural role of the university and its vital contribution in building 

up the Whole  Man .The absence of a comprehensive theoretical framework for the 

role of the Landscape Design in achieving a semio-communicational structure for the 

campus urban environment ,constitutes the main research problem.This problem 

arises from the lack of knowledge in the previous architectural literature in providing 

clear theoretical frame-work concerning the above mentioned role (as a result of 

literature concentration on fragmented and separate attributes) , as well as the absence 

of a dialectic and reasonable interrelation between architectural theories and scientific 

theories in the fields of Structuralism and Semiotics . In view of the problem under 

investigation , the aim of the present research is defined as arriving at the 

establishment of a comprehensive theoretical model , by which are determined the 

principles and mechanisms of the role of the Landscape Design in achieving a semio-

communicational  structure for the campus urban environment . Arriving at this aim 

requires the building of the theoretical framework in the light of the main research 

hypothesis, and eventually the extraction of the research conclusions and 

recommendations . The result of the research , led to clear mechanism for the role of 

landscape design in achieving a semio- communicational structure for the campus 

urban environment . This mechanism is formed by the reaction and simultaneity of the 

components of the three basic characteristics of place structure (cognitive , spatial and 

behavioral). By applying this mechanism , the designer will be able to create 

meaningful environments that achieve  people’s sense of belonging to place . 

  

 انًمذيخ
٣ر٘اٍٝ اُثؽس تاُكناٌح ٝ اُرؽ٤َِ قٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤لح ُِعآؼلح كل٢ 

ذؽو٤للن ت٤٘للح اذظللاٍ ٌلل٤ٔ٤اا٤ح ُِث٤لللح اُؽؼلله٣ح ذ٘للرط ػللٖ ذلاػللَ ٝذهاًللة  للٞاٛه ٓرؼللكقج ٓاق٣لللح 

ٝٓؼ٣ٞ٘لح ٝؼ٤ٍلح ذؼَٔ تٔعٔٞػٜا ػ٠ِ ذٌل٣ٖٞ ت٤٘لح ت٤ل٤لح ٓرٔاٌلٌح لاخ ـظلااض ٓؽلكقج ٣ٞٛٝلح 

ذفِلن ؼلٞانا ٍٓلرٔها تل٤ٖ أُرِول٢ ٝ ا٤ُٜللح أُاق٣للح ُِث٤للح اُؽؼله٣ح ٣ٍلْٜ تلكٝنٙ كل٢ كٜلْ  ٓؼهكح

ت٤٘رٜلللا ٝذ٤٤ٔلللى ػ٘اطلللهٛا ٝاقناى ٝذلٍللل٤ه نٓٞوٛلللا ٝػلآاذٜلللا ٝالاؼٍلللاي تاُرٞظلللٚ أٌُلللا٢ٗ 

ٝاُىٓا٢ٗ ك٤ٜا ، كؼلا ػلٖ الاؼٍلاي تالاؽٔل٘لإ ٝالآلإ ٝالانػلا  اُؼلاؽل٢ ٝأُؼ٘ل١ٞ ُٓٞلكج 

تالاٗرٔا  أٌُا٢ٗ ا٤ُٜا .ٝػ٤ِٚ ٣ر٘اٍٝ اُثؽس قناٌح اُؼلاهح ا٤ٔ٤ٍُاا٤ح ت٤ٖ الاٍٗلإ تمُي الاؼٍاي 

ٝ اُر٘ظ٤ْ اُثظه١ ٝاُلؼاا٢ ُث٤٘ح اُث٤لح اُؽؼه٣ح ُِعآؼح ٖٓ ـلاٍ اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ 

اؼؼانٛا ا ٝا ٜان أُؼا٢ٗ اٌُآ٘ح ك٤ٜا ٝاُفانظ٤ح ك٢ ذ٘ظ٤ْ ػ٘اطه ٌٝٓٞٗاخ اُث٤لح ٝ كؼا اذٜ

٢ اُؼاُْ أُِٔٞي ٖٓ ـلاٍ اُرش٤ٌَ اُثظله١ ٝ اُلؼلاا٢ ُِٔرـ٤لهاخ اُل٤ى٣اا٤لح ٌُل٢ ذٌلٕٞ ت٤٘لح ك

اُث٤لح أُظٔٔح أًصه قلاُح ٝ ٓؼ٠٘ ٝ أًصه اٍٗلعآا ٝ ذعاٝتلا ٓلغ اُؽاظلاخ ٝأُرطِثلاخ الاٍٗلا٤ٗح 

ٌآِللح ٝاٍُللا٣ٌُٞٞظ٤ح ٝالاظرٔاػ٤للح ٝاُصواك٤للح ٓ٘رعللح تللمُي ت٤٘للح ٓاق٣للح ذؼٌللً اُث٤٘للح اُلٌه٣للح أُر

ُِعآؼللح . كؤ٤ٔٛللح ٛللمٙ اُكناٌللح ذللؤذ٢ ٓللٖ آٌا٤ٗللح اُلٜللْ اُؼِٔلل٢ ٝ اُ٘لٍلل٢ ُِؼلاهللح اٍُلل٤ٔ٤اا٤ح تلل٤ٖ 

الاٍٗإ ٝ اُر٘ظ٤ْ اُثظه١ ٝ اُلؼاا٢ ُث٤٘لح اُث٤للح اُؽؼله٣ح ٝ آٌا٤ٗلح اٌلرفلاص ٓلهقاذٜلا تٔلا 

ٝطلٞلا اُل٠ ٣ٌٔ٘٘ا ٖٓ اٌرؼٔاُٜا ٍٓلروثلا كل٢ ػ٤ِٔلح اُرظل٤ْٔ تطه٣ولح ٓ٘طو٤لح ٝػ٤ِٔلح ٓكنٌٝلح 

ذؽو٤ن ت٤لح ٓؼٔان٣لح لاخ ت٤٘ح ٤ٔ٤ٌاا٤لح ذؽون ذآُق الاكهاق ٓؼٜا ٝذُٞك الاؼٍاي تالاٗرٔا  أٌُا٢ٗ 

 .  ا٤ُٜا
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 مشكلة البحث 
تاُهؿْ ٖٓ اُطهٝؼلاخ اُرل٢ ذ٘اُٝلد ؽث٤ؼلح اُؼلاهلح تل٤ٖ ٓلٜلّٞ اُث٤٘لح ٝ اُث٤للح اُؽؼله٣ح 

ذؽو٤ن ٛمٙ اُؼلاهح ل كوك  ٜه ظ٤ِا ؿ٤لاب  ُِعآؼح ٝقٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤ح ك٢

اُلْٜ اُٞاػػ ُكٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤ح ُِعآؼح ك٢ ذؽو٤ن ت٤٘ح اذظاٍ ٤ٔ٤ٌاا٤لح 

ذفِن ؼلٞانا ٍٓلرٔها تل٤ٖ أُرِول٢ ٝ ا٤ُٜللح أُاق٣للح ُِث٤للح اُؽؼله٣ح ٝ ذؽولن الاؼٍلاي تالاٗرٔلا  

 : هك ٗرعد ٛمٙ أُشٌِح ػٖأٌُا٢ٗ ا٤ُٜا . ٝ 

 

٤لى ؿاُث٤لح اُطهٝؼلاخ ػِل٠ ٓللهقاخ أٝلا : ؿ٤اب الاؽان اُ٘ظه١ اُشلآَ ُلمُي اُلكٝن ٗر٤علح ذهً

 ٓئشهاخ ٓعىأج.ٝ

شا٤ٗا : ؿ٤اب اُهتؾ اُعك٢ُ ٝ أُ٘طول٢ تل٤ٖ اُ٘ظه٣لاخ أُؼٔان٣لح ٝ اُ٘ظه٣لاخ اُؼ٤ِٔلح كل٢ ٓعلا٢ُ 

الاؽللان اُ٘ظلله١  ٝ اُللم١ ٣ٌٔللٖ ٓللٖ ذشلل٤ٌَ Semioticsٝ اٍُلل٤ٔ٤اا٤لح  Structuralismاُث٣ٞ٤٘للح 

 اُشٌَ ا٥ذ٢ :تشٌِٚ أُرٌآَ . ٝ ػ٤ِٚ كوك ذثِٞنخ ٓشٌِح اُثؽس ت
 

ػكّ ٝظٞق اؽان ٗظه١ ٝاػػ ٝ ٓرٌآَ ُكٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼلا اخ اُفانظ٤للح كل٢ ذؽو٤لن 

 .ت٤٘ح اذظاٍ ٤ٔ٤ٌاا٤لح ُِث٤لح اُؽؼه٣ح ُِعآؼح 

 

 ْذف انجحث
 ٥ذ٢ :ذثؼا ُِٔشٌِح اُثؽص٤لح ذؽكق ٛكف اُثؽس تا 

اُرٞطَ ا٠ُ ت٘ا  اٗٔلٞلض ٗظله١ ذرؽلكق ٓلٖ ـلاُلٚ الاٌلً ٝ ا٤ُ٥لاخ اُها٤ٍل٤لح ُِلؼلَ اُرظل٢ٔ٤ٔ 

 ُِلؼا اخ اُفانظ٤ح ك٢ ذؽو٤ن ت٤٘ح اذظاٍ ٤ٔ٤ٌاا٤لح ُِث٤لح اُؽؼه٣ح ُِعآؼح .

 

 فشضٛخّ انجحث 
٤اا٤ح إ ُِلؼللَ اُرظلل٢ٔ٤ٔ ُِلؼللا اخ اُفانظ٤للح قٝنا اٌاٌلل٤ا كلل٢ ذؽو٤للن ت٤٘للح الاذظللاٍ اٍُلل٤ٔ[ 

أُرٌآِللح ُِث٤لللح اُؽؼلله٣ح ُِعآؼللح)ٝاُر٢ ذؽوللن الاؼٍللاي تالاٗرٔللا  أٌُللا٢ٗو ٓللٖ ـلللاٍ ذلاػللَ 

ٝذللىآٖ  ٤ُللاخ اُلؼللَ اُرظلل٢ٔ٤ٔ ُِٔهًثللاخ الاٌاٌلل٤ح اُللصلاز ُِث٤٘للح أٌُا٤ٗللح ٝاُرلل٢ ذرٔصللَ تاُث٤٘للح 

 .  ] ٤حا٤ٔ٤ٍُاا٤ح الاقنا٤ًح ٝ اُث٤٘ح ا٤ٔ٤ٍُاا٤ح اُلؼاا٤ح ٝ اُث٤٘ح ا٤ٔ٤ٍُاا٤ح اًٍُِٞ

 

 يشكهخ انجحث ٔ انخهفٛخّ انُظشٚخّ 
   يعُٗ انجبيعخ
ٓئٌٍح ُِرؼ٤ِْ اُؼا٢ُ ل ٣ٌٕٞ أُعاٍ ك٤ٜا ٓلرٞؼا ُٖٔ  -ًٔا ػهكرٜا ا٤ٌٍُٞٗٞ -اُعآؼح

                            أًَٔ اُكناٌح اُصا٣ٞٗح ل ٝذؼط٢ ٓكج ذكن٣ة لا ذوَ ػٖ شلاز ٌ٘ٞاخ

. ٝ ٖٓ ظٜح اـهٟ ٣٘ظه ُِعآؼح ػ٠ِ اٜٗا  [p.128 Unesco,]ٌ٘ٞاخ و  2-4)ًواػكج ػآح ٖٓ 

٤ٌَٛ ٖٓ الاشفاص ٓعرٔؼ٤ٖ ك٢ ٌٓإ ٓؼ٤ٖ ُ٘شه ٝ اٌر٤ؼاب أُؼهكح ك٢ ؼوٍٞ قنا٤ٌح ٓروكٓح 

[,p.6 Birks]  أٓا ذؼه٣ق   اُعآؼح ػ٠ِ ػٞ  الاٌْ اُرو٤ِك١ ُٜا .Universita  ل ك٤ؽَٔ ٓؼ٘ا

كؼلا ػٖ لُي  .Unesco,p.10] ] ااُؼآح ك٢ ذط٣ٞهٛ ؼهكح ٝأٍُاٛٔحٓىقٝظا ٝ ٛٞ : اذٔاّ أُ

ف  اُعآؼح ػ٠ِ أٜٗا اُ٘ٔٞلض الاٌاي ُِرؼ٤ِْ ُٔئٌٍاذ٘ا   Educational Prototypeذؼهل

اُؽك٣صح ل ػ٤ِٚ كؤٕ ٓظٜهٛا اُل٤ى٣ا١ٝ لا تك إ ٣ٌٕٞ ذع٤ٍكا ُٞطلٜا ٝ ٛككٜا أُرٔصَ تعٔغ 

إ اُعآؼح   (Pearce). ٖٓ ظٜح اـهٟ ٣ئًك [Neuman ,p.84]اُ٘اي لاؿهاع ذهت٣ٞح ٝاظرٔاػ٤ح 

. ٖٝٓ  [Pearce ,p.10]ذؼك ظى ا ٌٓٔلا ُِٔك٣٘ح أُظٔٔح ك٤ٜا ل ًٕٞ اُعآؼاخ ذ٘ٔٞ قاـَ أُكٕ 

ٝ ٛما ٓا ٣عؼَ ٖٓ  Knowledgeو ٓوها ُِثؽس ػٖ أُؼهكح(Keithٝظٜح ٗظه اـهٟ ٣عكٛا
ك٤ؼ٢٘ ؼهّ Campus ا ٓظطِػ .أٓ [Neuman ,p.79]ظٞقج ذظ٤ٜٔٔا ؼاكىا ٓشعؼا ػ٠ِ اُرؼِلْ



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 672ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

ل ًٔا ٣ؼ٢٘ ذِي أُ٘طوح ٖٓ الانع ؼ٤س ذوغ الات٤٘ح  [p.12 Dober,]اُعآؼح ٝانػٜا ٝٓهظٜا 

اُعآؼ٤ح أُؼهٝكح تا٤ٌُِاخ أٝ الاهٍاّ ًَٝ ٓا ذرطِثٚ ٖٓ ـكٓاخ ٝ ٌٓٔلاخ. ًٔا ذٔصَ ًِٔح 

Campus تٞظٞق اُلؼا اخ اُفانظ٤ح  اُ٘ٔٞلض أُصا٢ُ ُِؽهّ اُعآؼ٢ ٝ اُم١ لا ٣ٌرَٔ ٓؼ٘اٙ الا

.  ٝٗظها ُٔا ٣رٔرغ تٚ  [p.xi Ibid,]أُظٔٔح تٔا ٣فكّ الاشٌاٍ اُل٤ى٣ا٣ٝح ُٔئٌٍاخ اُرؼ٤ِْ اُؼا٢ُ

ٖٓ ٓلّٜٞ ٣ؼك الاػْ ٝالاًصه ش٤ُٞٔح ك٤ٔا ٣فض ذظ٤ْٔ اُث٤لح اُؽؼه٣ح  Campusٓظطِػ 

ٚ ك٢ أُؽاٝن اُلاؼوح ٖٓ ُِعآؼح ل ٤ٌرْ اػرٔاقٙ ًؤٌاي ُِثؽس اُؽا٢ُ ٝٝٛما ٓا ٤ٌرْ ذٞػ٤ؽ

 اُثؽس . 

  لٛى انجبيعخ ٔ دٔسْب فٙ انًجتًع 
ك٢ قناٌرٚ أٌُٞٞٓح)اُؽؼانج ٝاُشفظ٤حو ٣ثؽس )اُ٘ٞن١و قلاُح اُو٤ٔح ػ٠ِ ـظااض 

اُش٢  ٝ كاػ٤ِرٚ اٍُ٘ث٤ح لإ ٣ٌٕٞ ٛككا ـ٤ها اٝ شها ٣ٍؼ٠ الاٍٗإ ا٠ُ تِٞؿٚ اٝ ذع٘ثٚ ٝتؽٍة 

لؼح أُهذثطح تاُـا٣ح ُما كؤٕ ه٤ٔح ٓعرٔغ اٝ ؼؼانج ٓا ذؼك ٗاؼ٤ر٢ الانػا  اُ٘ل٢ٍ ٝ أُ٘

"ذه٤ًى اٗلؼا٢ُ ٝ ل٢٘ٛ ؼٍٞ اٛكاف ٓؽكقج ل ذٌٕٞ تشٌَ ٓثاقٟ  ٣ؽرؼٜ٘ا اكهاق أُعرٔغ " اٝ 

٢ٛ " اٌر٘راظاخ ٍٓرفِظح ػٖ قناٌاخ ػ٤ٔوح ذلؼ٢ ا٠ُ ذشف٤ض ٗٔالض ٓ٘طو٤ح ٓر٘ا٤ٛح 

تاُمًه إ اُو٤ٔح ذرؼٖٔ اُٞػ٢ تٔظاٛهٙ اُصلاشح  ٖٝٓ اُعك٣ه . [44-44ص:  ،اُ٘ٞن١]الاٗرظاّ "

. كأُظٜهاُٞظكا٢ٗ ُِٞػ٢ تاُو٤ٔح ٣ظٜه تاُشؼٞن  [p.10 Schulz,]اُٞظكا٤ٗح ل اُ٘ىٝػ٤ح ٝ الاقنا٤ًح 

اُؼاؽل٢ اٝ الاٗلؼا٢ُ ٝ تكنظاخ ٓفرِلح . ٝأُظٜه اُ٘ىٝػ٢ ٛٞ أُعٜٞق اُظاٛه ؼه٤ًا ُثِٞؽ 

أٓا أُظٜه الاقنا٢ً ك٤رؼػ ك٢ ػ٤ِٔح اقناى اُش٢   ٛكف ٓؼ٤لٖ اٝ ٓؼ٤ان ٢ًٌِٞ ٓؼ٤لٖ ل

ن. ٝػ٤ِٚ ح ٝٓٞػٞع اُو٤ٔ لٞ لًهٝ اُرظ ذ٤٤ٔىٙ ل ٝٓا ٣رظَ تٚ ٖٓ ػ٤ِٔاخ ػو٤ِح ل٤٘ٛح كٌه٣ح ًاُرم

ٝ تاُؼٞقج ا٠ُ ٓٞػٞع اُثؽس الاٌاي ٗعك إ ه٤ٔح اُعآؼح اٌر٘اقا ا٠ُ ٓا ظا  اػلاٙ ذرٔصَ 

٤ا ك٢  ٕ ٝاؼك ٝكوا ُِو٤ْ الاٍٗا٤ٗح ُعٞاٗة اُؽ٤اج أُفرِلح تٌٜٞٗا ٝػ٤ا ٝظكا٤ٗا ٝ ٗىٝػ٤ا ٝ اقناً

 Universalو ُِعآؼح ػ٠ِ اٜٗا ٌٓإ ُرؼ٤ِْ أُؼهكح اُؼآح Newman.ٝٛما ٓا ٣ئًكٙ ذؼه٣ق )

.Knowledge ٝك٢ اُٞهد لاذٚ ٢ٛ ٓئٌٍح اٍٗا٤ٗح ذصٔه ػٖ شفض ٝاٌغ أُؼهكحBroad 

Knowledged   تلٌهاٗرواق١Critical Intelligence ٤ُاهح ـِو٤لح ٝMoral Decency  

وك٢ إ  (Ikeedaٝٛما ٓا ٣ؤذ٢ ٍٓ٘عٔا ٓغ نأ١.  Social Sensitivity [6,p:xv]ٝؼً اظرٔاػ٢

ل٢ٔ Humankind Love for اُعآؼح ذؼًٌ ٗٞع اُرؼ٤ِْ اُم١ ٣ؼىوٓلّٜٞ ؼة الاٍٗا٤ٗح ٘٣ٝ

 رط٣ٞهأُعرٔغلاقناى ٓؼ٠٘ اٍُلاّ تٔا ٣ٍْٜ تBasis ٣ٝٞكـهاًٌ Character اُشفظ٤ح

[Neuman,p.14] ّٜٞ٣رٞاكن ٓغ لُي ٓل ٝErskine)و ُِعآؼح تؤٜٗا اٗٔٞلض اٍٗا٢ٗHuman 

Model   ُٔئٌٍاخ اُرؼ٤ِْ اُؼا٢ُ[Erskine,PP.42-43]  ْ٣ٌٖٝٔ اظٔاٍ اُو٤ْ الاٍٗا٤ٗلح ُِعآؼح تاُو٤ .

 ًا٥ذ٢ :ٝ الاظرٔاػ٤لح كؼلا ػٖ اُصواك٤لحٝ، اُعٔا٤ُلح اٍُا٣ٌُٞٞظ٤ح أٌُا٤ٗح ٜٓ٘ا ٝ

 

 جًبنٛخ -انجبيعخ لًٛخ صبٚكٕنٕجٛخ يكبَٛخ 
 reminiscenceذرع٠ِ اُو٤ٔح اٍُا٣ٌُٞٞظ٤ح ُِعآؼح ٖٓ ـلاٍ قٝنٛا ك٢ اشانجاُمًه٣اخ 

ظٔا٢ُ . ك٢ ًراتٚ  -ٌٓا٢ٗ ٝ الاـه ٌا٣ٌُٞٞظ٢  -٣ٝؼىٟ لُي ا٠ُ ظاٗث٤ٖ الاٍٝ ٌا٣ٌُٞٞظ٢

The Campus as a Work of Art ف  اُعآؼح ػ٠ِ اٗٚ ه٤ٔح ؼهّ(Gaines) ٣ؼهل

ًٞٗٚ ٣ٔصَ ٛككا ؼٍاٌا ػٖٔ أُؽ٤ؾ ٣رٔصَ تؤشانج اُمًه٣اخ ُكٟ اُطِثح  يكبَٛخ( -)صبٚكٕنٕجٛخ

ٝ ٛما ٓا ٣رلن  .[Gaines,p:11]ٗر٤عح لاٌرعاتح ذلاػِْٜ ٌُِٔإ اُم١ ٣ٍْٜ ترـم٣ح ْٗٔٞٛ اُلٌه١ 

 Sense of Placeٌٔإ اٛكاف اُعآؼح تٞطلٜا ٓئٌٍح ذؼ٤ٔ٤ِح ذؽكز ٝ ذُٞك الاؼٍاي تاُٝ

. ًٔا  [Neuman,p:2]ٝاُشؼٞنتاُطٔؤ٤ٗ٘ح ٝ ٛ٘ا ٣ٌٖٔ ٓهًى اُوٞج ك٢ ذظ٤ْٔ اُعآؼاخ 

و ٓلراؼا ُرع٤ٍك ذِي أُثاقٟ أُؼرٔكج ك٢ ًاكح ههاناخ ذفط٤ؾ اُعآؼح ػ٠ِ ٣Neumanعكٛا)

ف تٔل٤ٜٓٞح اُعآؼح ٝٝػٞؼ٤رٜا ٝلُي ٖٓ ـلاٍ  اُوكنج اٜٗا ٤ٌِٝح ُلاؼٍاي تأٌُإ تٔا ٣ؼهل

ي تاُرٞظ٤ٚ الاؼٍاناى ٝ ذل٤ٍه نٓٞوٛا ٝ ػلآاذٜا ٝػ٠ِ كْٜ ت٤٘رٜا ٝ ذ٤٤ٔى ػ٘اطهٛا ٝ اق
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 iasj.net 624ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

ال إ  جًبنٛخ( –)صبٚكٕنٕجٛخ ٖٝٓ ظاٗة  ـه ٗعكٛا ه٤ٔح  [Ibid,p.4] أٌُا٢ٗ ٝاُىٓا٢ٗ ك٤ٚ

ُٞ ٍُ٘ٞاخ أُهؼِح اُعآؼ٤ح ذؼك ؼوثح ٜٓٔح ظكا ك٢ ؼ٤اج اُلهق ل ُما كؤٕ ذعهتح الاٗرٔا  ا٤ُٜا ٝ 

ج ٜٓ٘ا ٝٛما ٓا ٣ٍرٞظة اػطا  لُي أٌُإ ٗٞػا  لٞ ٓؽكقج ٣عة إ ذٌٕٞ تالا٤ٔٛلح ٝاُو٤ٔح أُهظ

ٝاُعٔاٍ اُم١ ٣ـ٢٘ ٓلّٜٞ اُرعهتح اُلٌه٣ح ٝ لا ٣رؼانع ٓؼٜا ُـهع ـِن   ٓر٤ٔىا ٖٓ اُر٘ظ٤ْ

 Memorable Environmentشفظ٤ح ٓر٤ٔىج ُِعآؼح ٝ ت٤لح ؼؼه٣ح تانوج ظك٣هج تاُمًهٟ

. ًٔا  [Ibid,p.103]ٝذطثغ ُـح تظه٣ح ك٢ لاًهج اُطاُة ًٔلراغ ٤ٍُٖ٘ قناٌرٚ ،ذثٜهاُىااه

وػ٠ِ إ لاًهج أٌُإ ذؼك ٝاؼكج ٖٓ أُؼا٤٣ه الاٌا٤ٌح ك٢ ذظ٤ْٔ اُعآؼاخ . ٣Doberئًك)

Memory of place has significance for all campuses" [Doper,p.36]  " 

 انجبيعخ لًٛخ اجتًبعٛخ
إ اُعآؼلح ه٤ٔلح اظرٔاػ٤لح  (Neuman)٣علك  The Idea of a University ًراتلٚ كل٢

ًٜٞٗللا ٓئٌٍللح ذٔصللَ ٗٞػللا ٓر٤ٔللىا ٓللٖ اُرؼِلل٤ْ تٔللا ٣ؽوللن اٌُلللا ج ٝ أُوللكنج ػِلل٠ ـِللن شفظلل٤ح 

ف ) و اُعآؼح ٝ ذظ٤ْٔ اُث٤للح اُعآؼ٤لح  Neumanاظرٔاػ٤ح ٓرلاػِح ٓغ اظٔا٢ُ أُعرٔغ . ٣ٝؼهل

ٝت٤٘لح اُلٌله  اُلم١ ٣ٍلْٜ كل٢ ذؼث٤ه٣لح اُؼولَ  اٌرص٘اا٢ ػٖ أٍُروثَ أُرٞهغ ػٔٞٓا ػ٠ِ اٗٚ ذؼث٤ه

 Mumford). ٝٛللما ٓللا ٣ؼللىو ٓلٜللّٞ ) [Neuman,p:xv]ٝاُوللكنجػ٠ِ اُرلاػللَ أُللك٢ٗ ٝالاظرٔللاػ٢ 

ُِعآؼح تؤٜٗا ٓئٌٍح لاخ اػرثاناخ اظرٔاػ٤ح ًٜٞٗا اٌاٌلا ُلؼا٤ُلح اُرؼِل٤ْ ٌٝٝل٤ِح ُلرؼِْ ٝ ؽِلة 

اخ ٓر٘ٞػح ٝ تطهم ٓر٤ٔىج كؼلا ػٖ ًٜٞٗا اٌِٞتا لاقناى ـظٞط٤ح أُعرٔغ ل أُؼهكح تؤٌٓا٤ٗ

ال إٔ تؤٌٓإ ًَ شفض إ ٣رؽظٖ اظرٔاػ٤ا ٓلٖ ـللاٍ ٓٔانٌلح ذعهتلح اُرؼِل٤ْ اُعلآؼ٢ . ُلمُي 

 ذؼك اُعآؼح ٝاؼكج ٖٓ اْٛ اٍُثَ أُئق٣لح اُل٠ ذؽو٤لن ٓثلكأ أُصا٤ُلح كل٢ ًلَ ٓلٖ ٓلٜلّٞ أُٞاؽ٘لح

 . [Mumford,p:42]اػ٤ح الاػرثاناخ الاظرٔٝ

 

 انجبيعخ لًٛخ ثمبفٛخ
لٌَ ه٤ٔح شواك٤ح ؼر٤ٔلح ال ٣عكٛا  تكا٣ح (Stefanos) ٝٓٔا لا شي ك٤ٚ إٔ اُعآؼح ذش

 The campus refers to the beginning and continuity of"اُصواك٤ح ٝاٌرٔهان ُِعمٝن 

cultural roots”  ًٔا ذؼثه ػٖ الا٣ٔإ تٍٔروثَ نٝغ اُه٣اقج"The campus refers to the 

    belief in the future of the pioneering spirit”  [Neuman,p:2]  اُعك٣ه تاُمًه ٖٓٝ

٣ٌٖٔ ك٢ ذشع٤غ ػ٤ِٔح اُرثاقٍ اُصواك٢ ٝاُر٤ُٞك  (Woods)إٔ أُثكأ اُٞ ٤ل٢ ُِعآؼح ٝكوا ُٔلّٜٞ 

ؽٌْ ك٢ ٤ٌطهج الاٍٗإ ػ٠ِ ت٤ٖ اُ٘اي ُـهع و٣اقج ؼوٍٞ أُؼهكح الاٍٗا٤ٗح ٝ اُر  اُلٌه١

ًٔا أًكخ ٓ٘ظٔح ا٤ٌٍُٞٗٞ ػ٠ِ اُو٤ٔح 4 [Woods,p:83]اُعٔاػ٤ح ٜٓ٘ا ٝاُلهق٣ح  ،كؼا٤ُاذٚ اُصواك٤ح

اُصواك٤ح ُِعآؼح ت٘ا ا ػ٠ِ ٝ االٜا ٝاُر٢ ٣ٌٖٔ ذِف٤ظٜا تاُرؼ٤ِْ اُؼا٢ُ ل اُثؽس اُؼ٢ِٔ ل اُرؼ٤ِْ 

  ٢ اُم١ ٣ٜٔلك اُطه٣ن ُث٘ا  الاٍٗإ اٌُآـَأٍُرٔه  كؼلاػٖ ذؼى٣ى اُكٝن اُصواك٢ ٝالاظرٔاػ

“The Whole Man" [,p.12 Uneseco ]  . 

 

 اًْٛخ تظًٛى انجٛئخ انحضشٚخ نهجبيعخ 
إ الاٌرؼهاع اٍُاتن ُكٝن اُعآؼح ٝٓا ذؼ٤٘ٚ ٖٓ ه٤ْ ك٢ ظٞاٗة اُؽ٤اج أُفرِلح ٝ ٓا 

اٍ ك ن أُعرٔغ ل ٣ؽرلْ ُمُي ٖٓ ذؤش٤ه ٝاػػ ك٢ ت٘ا  اٍٗإ ًآَ ٣ٍْٜ ٝ تشٌَ كؼل لٞ ٢ ت٘ا  ٝذط

ػ٤ِ٘ا الاـم ت٘ظه الاػرثان ا٤ٔٛح ذظ٤ْٔ اُث٤لح اُؽؼه٣ح ُِعآؼح ُرثكٝ ٓلاأح ُرؽو٤ن اُٜكف 

 Neuman)أُثرـ٠ ٜٓ٘ا ٝ ذلؼ٤َ اُعآؼح ُرٌٕٞ ٓئِٛح لاقا  ٝ االٜا . ٝك٢ ٛما أُعاٍ ٣هٟ )

ث٤لح اُؽؼه٣ح ُِعآؼح ٣ٔصَ إ ذظ٤ْٔ اُ College and University Facilitiesك٢ ًراتٚ 

ٝاُ٘شٞ  Physical Planning ذٞاوٗا ت٤ٖ شلاز ػٞآَ أٌا٤ٌلح ذرٔصَ تاُرفط٤ؾ اُل٤ى٣ا١ٝ

   Technological Progressٝاُروكّ اُرٌُ٘ٞٞظ٢   Historical Evolutionاُران٣ف٢

[Neuman,p.26]  ٟظٜح اـهٟ ٣ه ٖٓ ٝ .(Neuman)  ٕذظْٔ إ اُث٤لح اُؽؼه٣ح ُِعآؼح ٣عة ا



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 624ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

ٕ ٗٔٞلظا ُِرهاتؾ تٔا ٣شعغ  لٞ ٝكوا ُٔؼا٤٣هذٔراو تٔكٟ الاٌرعاتح اُل٤ى٣ا٣ٝح ُٞ االٜا أُر٘ٞػح ٝ ذٌ

تٔا ـلاٍ قهح اُرؼث٤ه ػٖ ٝ االٜا ل ٝػ٠ِ اُصوح أُرثاقُح ٓا ت٤ٖ اُطِثح ٝالاٌاذمج ٝ اُىااه٣ٖ ل ٖٓ 

٤ه ا٠ُ ٓا ذؼ٤٘ٚ ٛمٙ أُئٌٍح ٣ؼىو ٓلّٜٞ الاٍٗا٤ٗح تٌَ ٓوا٤٣ٍٜا ٝ الاٍٗعاّ اُل٤ى٣اا٢ اُم١ ٣ش

اُرؼ٤ٔ٤ِح ٖٓ ه٤ْ ٓفرِلح . ًٔا ٣عك إ اُؽؼٞن اُل٤ى٣اا٢ ا٢ٌُِ ُِٔئٌٍح اُعآؼ٤ح ٣ؤذ٢ ٖٓ ًٜٞٗا 

ذٔصَ ٓؽ٤طا ٓرهاتطا ٖٓ الات٤٘ح ٝ اُلهاؿاخ ل ٝإ ٛما أُؽ٤ؾ أُرٔاٌي ٣٘رط ػٖ ٤ٌِ٤ٛح 

ج ٤ٍٗط اُؼٔانج. ك٢ ؼ٤ٖ ٣عك اُرفط٤ؾ اُصاتد ٝاُلؼا اخ اُفانظ٤لح أُر٤ٔىج اػاكح ا٠ُ ه لٞ
(Dober و إ ذظ٤ْٔ اُث٤لح اُؽؼه٣ح ُِعآؼح ٣ٔصَ ٤ٌِٝح ك٤ى٣اا٤ح ُِرؼث٤ه ػٖ اُرظ٤ْٔ اُؽا٢ُ

و ُِرظ٤ْٔ ذوغ ػٖٔ شلاشح ٓؽاٝن اٌا٤ٌح ذرٔصَ Doberٝاُرٌٞغ أٍُروث٢ِ ُِٔٞهغ . إ ٗظهج)

ٝ اٌُرَ  Landscape Designاُفانظ٤ح  ل ذظ٤ْٔ اُلؼا اخTopography تاُطٞتٞؿهاك٤ح 

٣ص٤ه الاؼٍاي الاظَٔ  ل ٝ تٔا ٣ؽون اُٞ ٤لح الآصَ ٝ Building Massesاُث٘اا٤ح 

[[Dober,p.xviii  . ٚك٢ ًرات ٝUniversity Builders  ( ٣ئًكPearce  ْو إ الاٛرٔاّ ترظ٤ٔ

 اطه. اُث٤لح اُؽؼه٣ح ُِعآؼح ٝكوا لاكٌان كٍِل٤ح ٓر٤ٔىج ٣ؼىوذظٞنٗا ُِرؼ٤ِْ اُؼا٢ُ أُؼ

"Design of universities environment according to philosophical ideas will 

 underpin our conception of contemporary higher education"                     

 . [Pearce,p.7]    

                                                                                                                     

   يعخيفٕٓو انفضبءاد انخبسجٛخ نهجب 

تثٍللاؽح ُلل٤ً ٓعللهق ٓ٘طوللح ٓللٖ  فللانظ٢اُلؼللا  اُ و ٗعللك إٔ(Fairtrotherٝكوللا ُٔلٜللّٞ 

ٌاؼح ػٖٔ اُفانؽح ٝ اٗٔا ٗظهذ٘لا ا٤ُلٚ ٝ ًٔلا ذكنًلٚ ؼٞاٌل٘ا اُثظله٣ح  ٌطػ الانع اٝ ٓعهق

ٝ ٣ٌٔلٖ قٝن الاٍٗلإ ٛ٘لا كل٢ ًٞٗلٚ   Unity ٝاُرٞؼ٤لكHarmony    ذؼثه ػلٖ  ٓلٜلّٞ اُرٞاكو٤لح

 Aestheticalظٔا٤ُحٝ Functionalتٔا ٣ؽِٔٚ ٖٓ ٓلا٤ْٛ ٝ ٤ل٤ح  فانظ٤ٌٝ٢ِح ُفِن اُلؼا  اُ

 [Neuman,p:35] .ٝػ٠ِ اٗٚ ٗظاّ  فانظ٢اُثؼغ اُلؼا  اُ ٣ؼهلفOrder  ٛما ٓا ٗعلكٙ كل٢ نأ١ ٝ 

(Stanley) ػ٤ِٔح ذظ٤ْٔ لاٗظٔح ٓؼ٤٘لح ٓرٞاكولح  فانظ٤حؼا اخ اُال ٣هٟ إ ٓثكأ ػٔانج اُل ٞٛ

ٝ كلل٢ . .Stanley ,www]] ٓللغ تؼؼللٜا لاخ اٍٗللعاّ ٝ ذللآُق تاُؼلاهللاخ ٝ تٔللا ٣ؽوللن ٓلٜللّٞ اُ٘ظللاّ

ػ٠ِ اٗٚ  فانظ٢ػٖ ٓظطِػ اُلؼا  اُوStitt)ه٣ؼثل   Ecological Design Handbookًراتٚ

 Introduction  to اٌُرلاب ك٢آا . [Stitt,p:66] ٤ٌِٝح ُرع٤ٍك الاػرثاناخ الاظرٔاػ٤ح ٝ اُطث٤ؼ٤ح

the Interpretation of Ordinary Landscape  كولك ػثلله(Meinig)   ػلٖ اُلؼلا اخ

)إ اُث٤للح كل٢ هُٞلٚ  تٞػلٞغ ٍلِٚٗٔٛما ٓاِح ُرع٤ٍك الاػرثاناخ اُصواك٤ح ٤ٌٝٝاُفانظ٤ح ػ٠ِ أٜٗا 

 اخو .ذكػٔ٘ا ًٔفِٞهاخ  ٝ اُلؼا اخ اُفانظ٤ح ذثهوٗا ًصواك

"An environment sustains us as creatures;landscape displays us as   

,cultures"   [ Meinig,www.]. 

اُصواكلح  ٝ اُرل٢ ذئًلك ػِل٠ إٔ (Prigogine&Isabelle)ٓلغ ٝظٜلح ٗظله ٣رللن ٝ ٛما ٓلا 

اُصواكح  ذؼك ٓهًى ٗشاؽ ٓلااْ ُرؼى٣ى ٓلّٜٞ ذِيفانظ٤لح ٝ إ اُلؼا اخ اُ Artifactٗراض ط٘ؼ٢ 

  Cultural ٝ اُث٤للح اُصواك٤لح Landuseًلَ ٓلٖ اٌلرؼٔالاخ الانع ًٜٞٗلا ٗرلاض اُرلكاـَ تل٤ٖ 

Environment   [[Prigogine,www.  .  وا ـٞكلللذؽك٣لللكا ل ك اُلؼلللا اخ اُفانظ٤لللح ُِعآؼلللحآلللا

ل أت٤٘ح اُعآؼح كؽٍةت٤ٖ  ٤ُLeftover-Spacesٍد توا٣ا كؼا اخ ٗعكٛا  و (Reuterقـؼه٣ـُر

لٌِح ٌٍِِح ٖٓ الآاًٖ أُظٔٔح  ٢ٛ تَ ٝ اُر٢ ٣لرهع  فانظ٤حٓؽ٤طا ٓهًثا ٖٓ اُلؼا اخ آُش

لاػللَ ٓلٜللّٞ اُرٓللغ اُعٔاػللح تٔللا ٣ؼللىو  اي تالآللإ  ٝذشللعغ ػِلل٠ أُشللانًحذؼللل٢ الاؼٍللإ 

 Campus  ٝ كلل٢ ًراتللٚ.  [[Reuter ,P.35 تٔفرِللق أٍُللر٣ٞاخالاظرٔللاػ٢  ٝ ذللهٝم ُِع٤ٔللغ ٝ

Landscape (٣شللل٤ه(Dober تاٍُ٘لللثح لاظٔلللا٢ُ اُث٤للللح  اُفانظ٤لللح اُللل٠ ا٤ٔٛلللح قٝن اُلؼلللا اخ

اُرظل٤ْٔ ٔثرـلاج ٓلٖ ػ٤ِٔلح اُرفطل٤ؾ ٝالاكٌلان آُر٘ا٤ٛلح  هللحكٝ تُِعآؼلح ًٜٞٗلا ذؼٌلً اُؽؼه٣ح 

ًٔلا ذٔصلَ اُلؼلا اخ اُفانظ٤لح  .[p:xv Dober,] ُِث٤لح اُفؼها  ٝ تٔا ٣هٓى ُٔئٌٍح اُرؼِل٤ْ اُؼلا٢ُ
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 iasj.net 626ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

 Fresh ت٤ٖ اُكاـَ ٝ اُفانض ٝ ٛلما ٓلا ٣رطِلة ا ٜانٛلا تٔظٜله ٓرعلكق ُِعآؼح اُ٘وطح اُلاطِح

Look   ـلاُٜا ٣رْ ذؽ٣َٞ الاكٌان ا٠ُ ـ٤اٍ ِٓٔٞي ا١ ذهظٔرٜا ُرثكٝ ؼو٤ولح ٝاػلؽح هاتِلح ٖٓٝ

ُِرو٤٤ْ ٝ لاخ ٗرااط ظك٣هج تاُوثٍٞ ٝاُهػا ل ٝٛما ٓا ٣ِؼة قٝنا ٓر٤ٔىا ك٢ ذلؼ٤لَ اُف٤لاٍ ٣ٝؼلىو 

اُعآؼاخ تشلٌَ  اُؼا٢ُ تأُوانٗح تأُئٌٍاخ الاـهٟ ٝ تاُرا٢ُ ٤ٔ٣لىًَ ٖٓ ٌٓاٗح ٓئٌٍح اُرؼ٤ِْ

غ ػِل٠  ػاّ ٝ ٤ًِاذٜا تشٌَ ـاص ُرؽرَ اُظكانج ًٔٞاهغ ُعمب اُطِثلح ًٝلَ ٓلٖ ٣هذاقٛلا ٝ ٣شلعل

ُِعآؼلح ٣ٝصثلد ؼؼلٞنٛا اُعٔلا٢ُ اُل٘ل٢ ٣ٝثلك١  اػرٔاق اكٌان ٓر٤ٔىج ك٤ٔا ٣فض اُرظ٤ْٔ اُث٤ل٢

ف  Community Assetؾ اظرٔلللاػ٢ شٔللل٤ٖ اُؽلللهّ اُعلللآؼ٢ ًٔؽللل٤ . كؼللللا ػلللٖ لُلللي ذؼلللهل

اُلؼا اخ اُفانظ٤ح ُِعآؼح ػ٠ِ أٜٗلا كؼلا اخ ٓ٘ظٔلح ُٔٞهلغ اُعآؼلح ٤ُثلكٝ ٓر٘اٌلوا ًٔلا ذٔصلَ 

 Urban Spacesٝاُلؼلا اخ اُؽؼله٣ح  Urban Blocksاُؼلاهح اُهاتطح ت٤ٖ اٌُرَ اُؽؼه٣ح 

ٝ ٓلا ٣رهذلة ػ٤ِلٚ ٓلٖ الاؼٍلاي Safety لآلإ أُؽ٤طح تٜا ٤ٌِٝٝح ُرؽو٤ن ٝ ٤للح الاؼٍلاي تا

ٛما ٓا ٣ٌٍثٜا ٌٔح ٝ ٤ل٤ح ذؼلاف اُل٠ . ٝ  Sense of Belonging to Placeتالاٗرٔا  ٌُِٔإ

   ٗلح اُمًه . ٖٓ أٍُاخ  ٌاتواذٜا

 

 دٔس انفعم انتظًًٛٙ نهفضبءاد انخبسجٛخّ نهجبيعخ  
ٝاػلللؽا ُلللـ  ِٗٔلللً ذؤ٤ًلللكا Campus Landscape Concept Planكللل٢ ًراتٜلللا 

(Barbra ُِعآؼلح ُرثِلؾ الاٛلكاف اُرا٤ُلح  فانظ٤حاُلؼا اخ اُو ٓلاقٙ أ٤ٔٛح ذط٣ٞه[,p.47  Dober] 

:-  

ُِعآؼح إ ذفِن  فانظ٤حال لا تك ُِلؼا اخ اُ -: Campus Imageاُظٞنج اُم٤٘ٛح ُِعآؼح   -

ك اُث٤لح أُث٤٘ح ُرِلي اُعآؼلح٣ٞٛح تظه٣ح ٓر٤ٔىج   ّ ذؼٌلً  ُلؼلا اخ ٣علة إاذِلي إ  ًٔلا ذٞؼل

أُٞهلغ اػلاكح  ٝ ذلان٣ؿ اٌلرؼٔاٍ تٔؽ٤ؾ أُٞهلغاُرؤش٤هاخ اُفاطح تاُلؼا اخ أُؽ٤ِح ٝ أُرٔصِح 

  ُلاٌرؼٔاٍ اُؽا٢ُ ُِٔٞهغ.  

   ُِعآؼلح فانظ٤لحال إ اُلؼلا اخ اُ -:Spatial Definition -اُؽ٤لى١ : –اُرؼه٣ق اُلؼاا٢  -

تٔا ٣ٍاػك ػِل٠ ٝ أُكاـَ  اُؽهًح ٓاُلؼا اخ لؽهم ل ٣عة إ ذؼهف ًَ ٖٓ ٓ٘اؽن اُعآؼح ّ

 .ػٖٔ ت٤لح اُعآؼح  Way Findingٝ ا٣عاق اُطه٣ن  Spatial Orientationاُرٞظ٤ٚ أٌُا٢ٗ 

اُولكنج  ُِعآؼلح ٓلٖ ٣هذاقٛلا  فانظ٤لحاُلؼا اخ اُ ذٔ٘ػال  -: Quality of Life -ٗٞع اُؽ٤اج : -

  .  ًٌ اُهػا ٝ اُوثٍٞ ُكٟ ٍٓرفك٤ٜٓاذؼٓه٣ؽح اٌُاك٤ح ػ٠ِ ذؽًٍ ت٤لح ـانظ٤لح ً

 ح ُِعآؼح ٣علة إ ذٞ لق فانظ٤كاُلؼا اخ اُ -: Educational Use -الاٌرؼٔاٍ اُرهت١ٞ : -

  ػ٤ِٔللح ٝ ٣ثللك١ ُِؼ٤للإ اطلل٘اف اُ٘ثاذللاخ ٓللٖ ٓٞػللغ ذللىنع ك٤للٚ الاشللعان لاؿللهاع ػِلل٠ اٜٗللا  ؽ

  . ك٢  ٕ ٝاؼك  أُعا٤ٓغ أُر٘ٞػح تؤػرثانٛا ٓظكن ذهت١ٞ ُِعآؼح ٝأُعرٔغٗ٘٘

ٝ لُللي   -: Resource Conservation & Environment -ٝ اُث٤لللح :أُللٞانق طلل٤اٗح  -

اُ٘للاقنج أُٞظللٞقج ك٤ٜللا تثالاٌللرعاتح ُِطث٤ؼللح أُؽ٤ِللح ٓللٖ ـلللاٍ اُؽلللا  ػِلل٠ الآللاًٖ اُطث٤ؼ٤للح تث

  اٌاٌا .

رؽولن ٓلٖ ٣فِض اُثؽس ٛ٘ا ا٠ُ إٔ قٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤للح ُِعآؼلح ٣

ـلاٍ  ذش٤ٌِٜا ُرٌلٕٞ ؼِولح ٝطلَ تل٤ٖ ٌٓٞٗلاخ اظلىا  اُعآؼلح ٌٝلث٤لا ُلهتؾ ات٤٘لح اُعآؼلح ٓلغ 

ٓعاٝناذٜللا ٓللٖ اٌُرللَ ٝ اُلؼللا اخ اُؽؼلله٣لح ل ًٔللا إٔ ٝ للااق اُلؼللا اخ اُفانظ٤للح أُظللٔٔح 

لٌَ ذٞاطلللا ٓللغ ٝ للااق كؼللا اذٜا اُكاـ٤ِلللح ل كؼلللا ػللٖ قٝنٛللا اُلؼللالٍ كلل٢ اؿ٘للا  أُرطِثللاخ  ذشلل

 ُٞ ٤ل٤ح ٜٓ٘ا ٝ اُعٔا٤ُح ٝ اُؽ٤ٍح .ا

اُث٤٘لح  ت٘ا ا ػ٠ِ لُي ٣ؼك قٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤لح ُِعآؼلح الاٌلاي كل٢ ذشل٤ٌَ

لاظٔا٢ُ ت٤لرٜا اُؽؼه٣ح ٝ ٌثثا ُفِلن ٍٗل٤ط ٓرلهاتؾ ػلٖٔ ٍٗل٤ط أُك٣٘لح أُظلٔٔح ك٤ٜلا  أُاق٣لح

٤هج ػلٖٔ ٓك٣٘لح أًثله. ُلما ٌل٤هًى اُثؽلس ذِي اُعآؼح تٔا ٣عؼَ ذش٤ٌَ الا٠ُٝ ٣ثكٝ ًٔك٣٘ح طلـ



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 622ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

اُؽا٢ُ ػ٠ِ ٛما اُ٘ٞع ٖٓ اُلؼا اخ ُٔا ُٜا ٖٓ قٝن أٌا٢ٌ كل٢ اتلهاو اُث٤للح اُؽؼله٣ح ُِعآؼلح 

  . اٌُآ٘ح ك٢ ٓؼٜٔٞٗا ُِث٤٘ح اُلٌه٣لح  اٛهج ذؼك اٗؼٌاٌا ًث٤٘ح ٓاق٣لح

 

 انطشٔحبد انُظشٚخ انضبثمخ  
 David J.Neuman   /2003دساصخ          

٤ٌِٝح ٍُُٜٞح الاٌرؼٔاٍ و (Neumanْ ٗظل  College and University Facilitiesك٢ ًراتٚ 

ٖٓ ـلاٍ ذؽك٣ك ٤ٌِ٤ٛح ُث٤إ ٗٔلؾ  فانظ٤حُٔهاكن اُعآؼح أُفرِلح ٝذؽك٣كا ٓا ٣فض كؼا اذٜا اُ

اُعآؼللحل ٌللثَ ا٣عللاق ق٤ُلَ ذظلل٤ْٔ ل ذفطلل٤ؾ أُٞهللغ لاُرظل٤ْٔ  تالاػرٔللاق ػِلل٠ ًللَ ٓلٖ اُثهٗللآط 

ؼاخ ذؼلك ؼِولح ٝطلَ ٓلا تل٤ٖ ٝ اٍُلا فانظ٤لحػِل٠ إ اُلؼلا اخ اُو٣Neumanنل ال ٣ئًك)اُطه

ًرِح ٓرلاؼٔح ٝ ٣ص٤ه نؿثح  ٌٓٞٗاخ اُعآؼح أُفرِلح ٝ ٛما ٓا ٣عؼَ  اُث٤لح اُعآؼ٤ح ذثكٝاظىا  ٝ

ُِعآؼللح اػرٔللاقا ػِلل٠  ُفانظ٤للحٛ٘للا ٣رعٍللك قٝنذظلل٤ْٔ اُلؼللا اخ ااؽللٍٞ ل ٝ اُثوللا  ك٤ٜللا ُٔللكج

ٓٞكها تمُي اُواػكج أُؼِٞٓاذ٤ح  لأُر٘ٞػح ُرٌٕٞ آركاقا ُٞ ااق اُلؼا اخ اُكاـ٤ِح ك٤ٜا ٝ االٜا 

ٝطلٞلا اُل٠ اٗعلاغ اُٜلكف  ُِعآؼلحاُؽؼله٣ح اُلاوّ اذثاػٜا ك٢ ػ٤ِٔلح ذفطل٤ؾ ٝ ذظل٤ْٔ اُث٤للح 

 . ٤ِ٣ن تاُعآؼح ًٔئٌٍح ٓهٓٞهح ُِرؼ٤ِْ اُؼا٢ُ تٔا  ُرِي اُلؼا اخ اُٞ ٤ل٢

 

  Richard P. Dober /2000دساصخ  -
اُرظل٤٘لاخ ٔؽلكقاخ ٝاُ ػِل٠اُؼلٞ  Dober) ؾ أُؼٔان)ٌِل  Campus Landscape ك٢ ًراتٚ

 ٔلرٞؼللحُِعآؼللح ل ٓللٖ ـلللاٍ ذؽك٣للك ق٤ُللَ ػِٔلل٢ ُِلؼللا اخ اُ ُفانظ٤للحاُفاطللح تاُلؼللا اخ ا

اُرظل٤ْٔ اُفاطلح ترِلي اُلؼلا اخ  أُفططلاخ ٝ اٌلً ل  ًَ  ٖٓ أُٞاهلغتالاػرٔاق ػ٠ِ قناٌح 

فاص تٌَ ٓظاٛه اُرظ٤ْٔ ُِلؼا اخ أُلرٞؼح ٓؼرٔلكا ػِل٠ اُُرٞطَ ا٠ُ ت٘ا  الاؽان اُلٌه١ اٝ

 .  آصِح ُؽوة و٤٘ٓح ٓر٘ٞػح اُوك٣ٔح ٜٓ٘ا ٝ أُؼاطهج

 

 Thomas A. Gaines /1991 دساصخ
اُلل٠ إ اكؼللَ  Gaines)اشللان أُؼٔللان)  The Campus as a Work of Artكلل٢ ًراتللٚ

 ٌُلَ ٓلٖ ػٔلانج اُعآؼلحػِل٠ ؼلك ٌلٞا   اُرفط٤ؾ ٝ اُرظ٤ْٔ تكهلحراو اُعآؼاخ ٢ٛ ذِي اُر٢ ذٔ

ُِعآؼح ػ٠ِ ذؽو٤لن ٓثلكأ اُعٔا٤ُلح  فانظ٤حٓؼرٔكا ك٢ ذظ٤ٔٔٚ ُِلؼا اخ اُ ٝكؼا اذٜا اُفانظ٤ح

ٝ ٣ؽولن اُٜلكف أُلهاق ٜٓ٘لا كل٢ اُؽللا   ٝ ٣ٍلْٜ كل٢ ذ٘ظ٤ٜٔلا اُؽؼله١تٔا ٣ؼاُط ذظ٤ْٔ ات٤٘رٜلا 

ٓا ٣رهذة ػ٠ِ لُي ٖٓ ذلؤش٤هاخ  ٝ الاؼٍاي تاُرٞظ٤ٚ ٝ  اّ وٞن اُؼػ٠ِ الاٗعاو اُثظه١) أُ٘ظ

ٛللٞ إ كوللكإ   (Gaines)ٌللا٣ٌُٞٞظ٤ح ػِلل٠ شللاؿ٢ِ اُث٤لللح اُعآؼ٤للح ل ٝٓللٖ ظِٔللح ٓللا اشللان ا٤ُللٚ

ل ٝٓلا ٣رهذلة ػِل٠ ٣ؼك اؼكٟ أُئشهاخ أُئق٣ح اُل٠ كشلَ اُؼ٤ِٔلح اُرظل٤ٔ٤ٔح ُِعآؼلاخ  اُرٞظ٤ٚ

 شاؿ٢ِ ذِي اُث٤لح . لُي ٖٓ ٌِث٤اخ ٌا٣ٌُٞٞظ٤ح ػ٠ِ

 

 Franklin,Durkin  /2003دساصخ -

 The Role of Landscape in Creating Sustainable Campuses ك٢ تؽصْٜ أٌُٞلّٞ
و اُلل٠ إ ا٤ٌُِللاخ ٝ اُعآؼللاخ ذؤـللم ػللاقج تاُرٌٞللغ تٍ٘للة  ٣Franklin,Durkinشلل٤ه ًللَ ٓللٖ )

ٓلا ٣٘لرط ػلٖ ٝ  حٝاُصواك٤ل اُران٣ف٤ح ٝ ٜٓ٘ا ٓفرِلح ك٢ ذفط٤طٜا تالاػرٔاق ػ٠ِ أُؽكقاخ اُطث٤ؼ٤ح

اظرٔللاع ذِللي أُؽللكقاخ ٓللٖ ذللؤش٤ه ِٓٔللٞي ػِلل٠ ذظلل٤ْٔ اُث٤لللح اُفانظ٤للح تـ٤للح الانذوللا  ُرؽو٤للن 

ٝ تاُشلٌَ اُلم١ ٣للرلااْ تٔلا ٣شلعغ ػِل٠ اُرٞاطللَ الاظرٔلاػ٢ ٝ أٍُلاػ٢ اُها٤ٓلح ُفكٓلح اُعٔاػللح

ا  ُِعٔاػللح ٝ ذثللاقٍ اُظلللاخ ؽث٤ؼللح أُعرٔللغ أُؼ٘لل٢ ٝٓللا ٣٘للرط ػللٖ لُللي ٓللٖ نؿثللح كلل٢ الاٗرٔللٝ

الاظرٔاػ٤ح ػٜٔ٘ا  تٜكف ػٔإ قٝنذظ٤ْٔ اُث٤لح اُفانظ٤ح ُِعآؼح كل٢ الأُلاّ تٌلَ ٓلا ٣رطِثلٚ 

 .  [www.  Franklin,] ت٘ا  أُعرٔغ أُرؽؼه
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 iasj.net 624ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

  Ann Arborr /1997دساصخ
و ػِل٠ قٝن اُلؼلَ اُ٘لاذط Annذئًلك) Special Planning for Special Places كل٢ ًراتٜلا 

ػٖ ذش٤ٌَ اُلؼا اخ اُفانظ٤ح اُفاطح تاُث٤لح اُعآؼ٤لح ٝنتطٜا ٓغ تؼؼلٜا تؤٌلِٞب ذٜل٤ٖٔ ك٤لٚ 

طلح اُرٔلظلَ تل٤ٖ اظلىا  اُلؼلا اخ أُرهاتطلح ٓٔلا ٣ٍلٔػ تاُرلكاـَ ؿ٤له أُثاشله تل٤ٖ ا٤ٌُِلاخ 

أُفرِلللح  ٝكوللا ُلل٘ٔؾ ٣رلل٤ػ كهطللا أًثهلاظرٔللاع اُطِثللح ٝٓللا ُللمُي ٓللٖ ذللؤش٤ه ٓثاشلله ػِلل٠ اُرثللاقٍ 

ًٔلا أشلانخ كل٢ اٌُرلاب  .  ٌه١ ت٤ٖ ؽِثح الاهٍاّ أُفرِلحل ك٤ظٜه اُٜلكف ٛ٘لا اظرٔلاػ٢ شولاك٢ اُل

لاٍ ُرظل٤ْٔ اُلؼلا اخ اُفانظ٤لح كل٢  ذؼى٣لى اُل ؼا٤ُلاخ اُصواك٤لح اُلهق٣للح ٜٓ٘لا لاذٚ اُل٠  الاشله اُلؼل

ُلي اُعٔاػ٤لح كؼلا ػٖ ذٌٞل٤غ ا٥كلام اُفاطلح تؽولٍٞ أُؼهكلح تٔفرِلق أٗٔاؽٜلا تل٤ٖ شلاؿ٢ِ لٝ

 .اُ٘ٞع ٖٓ كؼا اخ اُعآؼح

 
 
 Fides , Louise , Helen  /2002دساصخ   

 The Impact of Facilities on Students Choice of كل٢ تؽلصْٜ أٌُٞلّٞ 

University (اػرٔكFides,Louise,Helen ٖو ػ٠ِ الاشه اٍُا٣ٌُٞٞظ٢ أُرهذة ػ٠ِ اذولإ كل

 Facilities ٤لاخ ـلـِل٠ كؼلَ ٍٓلرٟٞ اُرٍٜػٓئًلك٣ٖ  ل ذظل٤ْٔ اُلؼلا اخ اُفانظ٤لح ُِعآؼلاخ

Level ػِل٠ ٤ًل٤لح الاؼٍلاي تؼلاهلح اٌُرِلح تلاُلهاؽ ح اُفانظ٤لح للأُرثؼح ك٢ ذفطل٤ؾ اظٔلا٢ُ اُث٤

لـى   ػٖٔ ذِي اُث٤لح ل ٝا٤ٔٛح ذش٤ٌَ اُلؼا اخ اُفانظ٤ح ٝ ذكاـِٜا تؤٌــِٞب ٣ؼك اُؼآــَ أُؽللـ

Stimulus Factor  أُؽ٤ؾ  ٝذلاػِْٜ اُ٘ل٢ٍ ٓغ اظٔا٢ُ  ػٖٔ لُيػ٠ِ اٌرٔهان٣ح توا  اُطِثح

 ٤ًٝVisual Reminderل٤ح ا ٜانٛا ًٔمًه تظه١  Visual Environment اُث٤لح اُثظه٣ح

َ اُ٘اذط ػٖ اُكهلح  أُؼرٔكج ك٢ ذظ٤ْٔ اُلؼا اخ اُفانظ٤ح    .  ٝٓهاػاج اُرٔلظل

     

 َمذ انطشٔحبد انُظشٚخ انضبثمخ -
)اُلؼللَ اُرظلل٢ٔ٤ٔ  أُر٘ٞػللح اُرلل٢ ذ٘اُٝللد ٓٞػللٞع ٍٗللرفِض ٓللٖ ٓهاظؼللح اُطهٝؼللاخ 

 -ُِلؼا اخ اُفانظ٤لح ُِعآؼحو أُلاؼظاخ ا٥ذ٤ح :

  . ٗاهشلللد اُطهٝؼلللاخ قٝن اُلؼلللَ اُرظللل٢ٔ٤ٔ ُِلؼلللا اخ اُفانظ٤لللح ُِعآؼلللح تشلللٌَ ٓعلللىأ

ٝنًىخ ؿاُث٤رٜا ػ٠ِ ٓئشهاخ ذظ٤ٔ٤ٔح ٓرلههح ذؽون اُ٘ٞاؼ٢ اُٞ ٤ل٤ح أٝ اٍُا٣ٌُٞٞظ٤ح أٝ 

أٝ ؿ٤هٛللا . ُٝللْ ذٞػللػ اُطهٝؼللاخ قٝن اُلؼللَ اُرظلل٢ٔ٤ٔ ُٜللمٙ اُلؼللا اخ كلل٢  الاظرٔاػ٤للح

اُؽؼه٣لح ُِعآؼح ، ٝ تٔا ٣ؼًٌ اُث٤٘لح  اُث٤٘ح أُاق٣لح ُِث٤لحت٤ٖ ٌٓٞٗاخ  اٍُ٘ن ٝاُرآُقذؽو٤ن 

 اُلٌه٣ح اُشآِح ُٜا .

  ُٚٞٝذلاػِٚ  ذ٤ٔىخ اُكناٌاخ اٍُاتوح ترٞك٤هٛا ٓؼِٞٓاخ ؼٍٞ ٤ًل٤ح اقناى اُلهق ُِث٤لح ٖٓ ؼ

ت٤ٖ اُلهق ٝاُر٘ظل٤ْ اُثظله١ ٝاُلؼلاا٢ ُث٤٘لح  اُؼلاهح اُرؼث٤ه٣لحٓؼٜا . الا اٜٗا ُْ ذٞػػ اتؼاق 

 اُث٤لح اُؽؼه٣ح ٝاُر٢ ذؽكق اتؼاق اُطث٤ؼح اُرلاػ٤ِلح ٝذُٞلك اؼٍاٌٚ تالاٗرٔا  أٌُا٢ٗ ا٤ُٜا  .

 

 اصتخلاص انًشكهخ انجحثٛخّ  -
 تٔؽٞن٣ٖ أٌا٤٤ٌٖ  ٍُاتوح انذثاؽ أُشاًَ أُؼهك٤لح٣ٝرؼػ ُ٘ا ٖٓ ـلاطح ٓ٘اهشح اُطهٝؼاخ ا

 أُؽٞن الاٍٝ :  •

ٓشٌِح ؿ٤اب الاؽان اُ٘ظه١ اُٞاػػ ُكٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤ح ك٢ ذؽو٤ن ت٤٘لح 

 ٓاق٣لح ٓرٌآِح ذؼًٌ اُث٤٘ح اُلٌه٣لح اُشآِح ُِعآؼح . 

 أُؽٞن اُصا٢ٗ : •

لؼلَ اُرظل٢ٔ٤ٔ كل٢ ذؽو٤لن ػلاهلح اذظلاٍ ٌل٤ٔ٤اا٤لح تل٤ٖ ٓشٌِح ؿ٤اب الاؽان اُ٘ظله١ ُلكٝن اُ    

 .ٝاُر٘ظ٤ْ اُثظه١ ٝاُلؼاا٢ ُث٤٘ح اُث٤لح اُؽؼه٣ح ذؽون الاؼٍاي تالاٗرٔا  أٌُا٢ٗ ا٤ُٜااُلهق 



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 622ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

 ٝذؽكق ٛككٚ تاُشٌَ ا٥ذ٢ :  ٓشٌِح اُثؽسك٢ ػٞ  أُشاًَ أُؼهك٤لح أػلاٙ ، ذثِٞنخ ٝ 

 يشكهخ انجحث :  

ػػ ُكٝن اُلؼَ اُرظ٢ٔ٤ٔ ُِلؼا اخ اُفانظ٤ح ك٢ ذؽو٤ن ت٤٘ح اذظاٍ ػكّ ٝظٞق اؽان ٗظه١ ٝا

 ٤ٔ٤ٌاا٤لح ُِث٤لح اُؽؼه٣ح ُِعآؼح ذُٞك الاؼٍاي تالاٗرٔا  أٌُا٢ٗ ا٤ُٜا . 

 ْذف انجحث : 

اُرٞطَ اُل٠ ت٘لا  اٗٔلٞلض ٗظله١ ذرؽلكق ٓلٖ ـلاُلٚ الاٌلً ٝا٤ُ٥لاخ اُها٤ٍل٤ح ُِلؼلَ اُرظل٢ٔ٤ٔ 

 ت٤٘ح اذظاٍ ٤ٔ٤ٌاا٤ح ُِث٤لح اُؽؼه٣لح ُِعآؼح. ُِلؼا اخ اُفانظ٤ح ك٢ ذؽو٤ن 

 

 ثُٛخ انجٛئخ انحضشٚخ ٔ الاَتًبء انًكبَٙ
   انفهضفٙ فٙ انًُظٕسانجُٛخ يبْٛخّ  -

" اٝ اُره٤ًلة تٔلا ٣٘طل١ٞ ػ٤ِلٚ Structure" إ ٓلّٜٞ ًِٔح اُث٘ــ٣ٞ٤ح ٣ؤذـلـ٢ ٓلٖ اُث٤٘ـلـح

ـق ٓـٖ اُظلٞاٛه أُرٔاٌلٌح اُرل٢ ٣رٞهلق ٖٓ قلااَ ذفط٤ط٤ح ٓؼٔان٣ح ٓؼثها ػٜ٘ا تاُ٘ــظاّ أُئُـ

. [46لصـ٤ِللَ]ٝ لا ٣ٌٔللٖ إ ٣ٌللٕٞ ٓللا ٛــللـٞ ػ٤ِللـٚ الا تلؼللَ ػلاهرللٚ ٓؼٜللا ،ًللَ ٜٓ٘للا ػِلل٠ الاـلله

لٍك ٓكٟ ٝػلٞؼ٤ح اُث٤لـلـحأو ٗظـاّ اُث٤٘ـــح اؼـك (Lynch رثه٣ؼـٝ ل ال  أُث٤٘للح ْٛ أُؼا٤٣ه اُر٢ ذع

ّ ٓرــوٖ اُر٣ٌٖٞ ٓلٖ اُؼ٘اطـلـه رــ٢ ذكنى ت٘ــ٤رٜا ً٘ظااُ اُث٤لح ٣ؼهف اُث٤لح اُٞاػؽح تؤٜٗـا "ذِي

٣هٟ اٌُص٤ه ٖٓ أُلٌه٣ٖ إ اُث٤٘ح ٓ٘ظٞٓلح ًٔا   .] p.7]  Lynch,أٌُٞٗاخ أُهذثطـح ٓغ تؼؼٜا" ٝ

كل٢ ٓ٘اقاذلٚ تلٌلهج اُث٣ٞ٤٘لح لاٍٝ ٓلهج  Vico)ٌه اُِـل١ٞ)ذؼث٤ه٣ح ل ٓـٖ ٛـما أُؼلـ٠٘ اٗطِلن أُللـ

ُؼـاُـْ أُؽ٤ؾ ٖٓ ـلاٍ ت٠٘ اقنا٤ًح ٣و٤ٜٔا الاٍٗإ ٍٓر٘كا ػ٠ِ ٓؼروكاذٚ تٌٞٗـٜا ؽه٣وـح لاقناى ا

ٝ ٓلا٤ٛٔللٚ ؼ٤للس ٣شلل٤ه اُلل٠ ٝظللٞق ُـللح ل٤٘ٛللح ٓشللرهًح كلل٢ ؽث٤ؼللح الاٗظٔللح اُث٣ٞ٤٘للح ُللكٟ ظ٤ٔللغ 

أُعرٔؼاخ اُر٢ ذكنى ظٞٛه الاش٤ا  أُٞظٞقج ك٢ اُؽ٤لاج الاظرٔاػلـ٤ح ٝ ذٌشلـق لاذلـٜا تره٤ًلـة 

ٝ هـك ٌٔـلـ٤د اُث٘لـ٣ٞ٤ح ا٣ؼلا تاُرهًلـ٤ث٤ح . ) 42لصًٛٞى]رٜا ُٔرـطِثاخ اُث٘ـا  اُث٠٘ ٝ اـؼاع ؽث٤ؼـ

اُم١   Ferdinand de Saussure))ًٔؽاُٝح ُرـطث٤ن اٌـا٤ُـة ٓــئًٌ ػـاُْ اُِــح اُرـه٤ًـث٢ 

 ٣عة إ ٣كنى تظـٞنج ذىا٤٘ٓح ا١ ٣كنى ً٘ظاّ ٓرٌآَ ك٢ ٗوطلح و٤٘ٓلحٗظاّ اشاناخ   ٣ؼك اُِـح

ػ٤ِٚ ٣فِض اُثؽلس . ػلاهاذٜا ٓغ تؼؼٜا اُثؼغ ك٢ لُي اُ٘ظاّ لاٍ ذؽ٤َِ ذها٤ًثٜا ٝٓؼ٤٘ح ٖٓ ـ

كؼللا اخ اُث٤لللح  اُلل٠ ذؼه٣للق  ت٤٘للح اُث٤لللح اُؽؼلله٣ح ػِلل٠ اٜٗللا : ٗظللاّ ٓللٖ الاشللاناخ اٌُآ٘للح تلل٤ٖ

لٌَ اُث٤٘لح ٓلٖ ػ٘اطله ٓرعاٍٗلح تٔلا أُرِو٢ شلاؿِٜال ٝاُؽؼه٣ح ٝ اٍُلثة كل٢ لُلي ٣ؼلىٟ اُل٠ ذشل

ٓؼِٞٓللاخ ٓؼ٤٘للح ُِعٜللح أٍُللرِٔح عاٍٗللٜا تاػصللا ُٔئشللهاخ ذطِللن تٜللكف ا٣ظللاٍ ٣عؼللَ اظٔللا٢ُ ذ

 )الاشفاص شاؿ٤ِٜاو . 

 

 يبْٛخ انضًٛٛبئٛخّ -

ن ه٤لللاّ ػِلللْ ٣لللكني ؼ٤لللاج الاشلللاناخ كللل٢ أُعرٔلللغ ٝكولللا ُٔلٜلللّٞ   لٞ ٓلللٖ أٌُٔلللٖ ذظللل

Saussure) ٌٝ ِن ٌٕٞ ظى ا ٖٓ ػِْ اُ٘لً الاظرٔاػ٢ ل ٝ تاُ٘ر٤عح ظى ا ٖٓ ػِْ اُ٘لً ٣ط٤و 

ػِللْ الاشللانج )ٝ ٛلل٢ ُلظللح ٓشللرولح ٓللٖ اُِلظللح الاؿه٣و٤للح أ١  Semiologyػ٤ِللٚ تاٍُلل٤ٔ٤ُٞٞظ٢ 

Semeion  أُلللا٤ْٛ أشٔهػِللْ الاشللاناخ ٓللٖ ٣ؼللك ًٔللا  . [444لصٛللًٞى]تٔؼ٘لل٠ اشللانج اٝ ػلآللح و

إ  اٍُلر٤٘اخ ٝ ٓلٖ ؿ٤له ا٤ٍُل٤ه اُر٤٤ٔلى ت٤ٜ٘ٔلا ل الٌهج اُث٣ٞ٤٘ح اُؼآح ُِفٍٔل٤٘اخ ٝاُ٘اتؼح ٖٓ اُل

ؼكٝق ػِْ الاشانج ٓشرهًح ٓغ اُث٣ٞ٤٘ح : لُي إ اٛرٔآاخ اُؽو٤ِٖ ٤ٍُد ٓ٘لظِح ظٞٛه٣ا ٝ ػ٠ِ 

كل٢ . أُكٟ اُثؼ٤ك ٣رٞظة ػْ ًلا اُؽو٤ِٖ ك٢ ؼوَ شاُلس ٣عٔؼٜٔلا ٝ ٣ٍل٠ٔ تثٍلاؽح ) الاذظلاٍو 

ظ٘لاي ؼولٍٞ اٍُِلا٤ٗاخ ٝ ػِلْ الا ٛما ا٤ٍُام ذظٜه اُث٣ٞ٤٘ح ٗلٍلٜا تظللرٜا ؽه٣ولح ُِرؽ٤ِلَ ذلهتؾ

ؼولللا  Barthes))ًٔللا ٣ٌٔللٖ اػرثللان ػِللْ الاشللانج ٝكوللا ُٔلٜللّٞ  ]444أُظللكن ٗلٍللٚ ل ص]اُؼلآاذ٤للح ٝ

ل ٝ إ ٓا ٣ٜرْ تٚ ٛما اُؽوَ ٣ٌٔلٖ اظٔاُلٚ تأُصِلس  ٣Nature of Symbolsرؼِن تطث٤ؼح اُهٓٞو

ُلٌلله ل ا Symbolالاشلاناذ٢ الاٌاٌل٢ ٝ اُلم١ ٣ٔصللَ تلكٝنٙ اُؼلاهلح اُهاتطلح تلل٤ٖ ًلَ ٓلٖ اُهٓلى 
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 iasj.net 622ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

Thought  ٍُٞل ٝ أُكReferent [,p.205  Lang]  . إ ٓا ٛٞ اٌا٢ٌ كل٢ ػِلْ الاشلانج ٣رؼلػ كل٢

.  Signs Context [,www.  Eco]ًلك٤َُ ٝ ٛلما ٓلا ٣ُٞللك ٍٗلن الاشلاناخ  Concept ٜٞن اُلٌهج

٣ٌٞللغ أُظللاقن ٞقٗللا اُلل٠ قناٌللح شواكللح ٓعرٔللغ ٓللا ٣ٝعللك  ـللهٕٝ إ قناٌللح ػِللْ الاشللاناخ ٣وٝ

تاُ٘ولللك ٝ أُ٘اهشلللاخ اُفاطلللح تاُ٘ظلللٞص أُئُللللح ُِٔؼلللا٢ٗ ل ٝكللل٢ ٛلللما أُعلللاٍ ٝظلللك  اُفاطلللح

((Genette  قناٌح ُره٤ًة اُصواكح ٖٓ ـلاٍ ذطلاتن أُؼلا٢ٗ ٝكولا ُِؼلاهلاخ تل٤ٖإ اُث٣ٞ٤٘ح ذؼك( 

لٌَ أُؼ٠٘ ٝ ٣هٟ اُثؽس ٛ٘ا ٝ.   ٓكٟ اُرراتغ اُصواك٢ و  ذظٜهٙ ًٍٍِِح ذؼًٌالاشاناخ ٝ اُر٢ ذش

ذٌٔـللـٖ ػللٖٔ ٍٓرـللـِىٓاخ اقناى ت٤٘للح اُث٤لللح اُؽؼلله٣ح ل ظللاػلا ٓللٖ ٓللكٟ  اٍُلل٤ٔ٤اا٤لح ح٤ٔٛللأإٔ 

ٛللككا ٣ؽٔللَ كلل٢ ظ٤ٔللغ اتؼللاقٙ  آؼ٘اٛللاخ أٌُٞٗللح ُِث٤لللح اُؽؼلله٣ح ٝاقناى أُرِولل٢ ُشللٌَ اُلؼللا 

ٓؼىوج ُٞ ٤لرٚ ٖٓ ظٜح اـهٟ اُؼلاهاخ ت٤ٖ اُلؼا اخ ٖٓ ظٜح ٝ طٞنا ٓفرِلح ػٖ ٤ًل٤ح ذٞاكن

 .  ؼٌاي الاشاناخ اٌُآ٘ح ك٤ٚل ٖٓ ـلاٍ اٗ

       انجٛئخ انحضشٚخّ ثٕطفٓب ثُٛخ اتظبل صًٛٛبئٛخ 

اُهٌلااَ الاٗظٔلح ٝتل٤ٖ  إ ػِْ الاشلاناخ ٤ٔ٣لى تل٤ٖ أُؼ٘ل٠ اُصاتلد ٝ أُؼ٘ل٠ الا٣ؽلاا٢ ل

 ٝ اُرل٢ ذؼلك تلكااَ ُثؼؼلٜا الاـله ٝذِلي الاط٘اف اٌُآِح ٓلٖ الاشلاناخ أُ٘وُٞح تٞاٌطرٜا ل ت٤ٖ

. ًٔلا إ كٜٔ٘لا  [42لصتانخ]ؼ٤س ذهذثؾ الاشاناخ ٓؼا ك٢ ٤ٛلح ٌٍِِح ، لاكو٤ح أُثاشهج اُؼلاهاخ ا

 ك٤ٜا ٤واؽؼُٚا٠ُ قنظح ًث٤هج  تٔا ٣ٍٔػ تاُر٘ثئ تٚ ُِرها٤ًة أُؼٔان٣ح ٤ٍُِ٘ط ٣وٞق اقناً٘ا ُٔؼا٤ٜٗا

ٜٔلا كلؤٕ  ـه ٤ُٔ٘ؽٚ ؼ٣ٞ٤ح ظك٣كج ل ٝ الا ٓلا انذلثؾ ذه٤ًثلإ ٓؼلا ُرشلاتٚ طلٞنٛٔا اٝ ٓٞهؼ اٗظآ

ٍ تظلٞنج ٝ ٛمٙ اُظاٛهج ذفِن اؼٍاٌا اقم ترشاتٜٜٔا أٝ اـرلاكٜٔا ٝاُم١ تكٝنٙ ٣ـ٢٘ اُؼَٔ لٞ ٣ؽ

ٝ إ ًلَ ٓلا ذٌص٤لٜلا. للح ٍٝٓرٔهج اُظٞن اُم٤٘ٛح ٝ ٣فِن طٞنج ظك٣لكج ترظلاقّ ٍٓلر٣ٞاذٚ أُفرِ
ٓرثا٣٘لح  ػلاهحأُشٜك اُؽؼه١ ٗكنًٚ تأُوانٗح ٝ اُرثا٣ٖ كوؾ ل كاُؼ٘ظه اُم١ لا ٣ِٔي ٗكنًٚ ك٢ 

 [Pecheux ,p.85]لا ٓؼ٘ل٠  تاُؼ٘اطه الاـهٟ ٣ٌٕٞ ؿ٤ه ٓها٢ ٝ إٔ ؿ٤اب تؼغ اٌُٞااَ هك ٣ٌلٕٞ

. ُوك تهوخ اُث٣ٞ٤٘ح ًٔؽاُٝح ُِؽظٍٞ ػِل٠ ذلٍل٤هاخ ظك٣لكج ل ؼ٤لس ذ٘ظله اُل٠ اٍُ٘ل٤ط ػِل٠ اٗلٚ 

لاشلانج ٝ ٗظاّ ٖٓ الاشاناخ اُر٢ ٣عة إٔ ذكني ذىا٤٘ٓا لٝ إٔ أُؼ٘ل٠ ُل٤ً ػ٘ظلها ًآ٘لا كل٢ ا

اّ تاُره٤ًلة ٌُ٘ٚ ٝ ٤ل٢ ٣٘رط ػٖ اـرلاف الاشلانج ػلٖ الاشلاناخ الاـلهٟ ٝ ٣هًلى ػِل٠ الاٛرٔل

                 ٣فِللللض اُثؽللللس ٛ٘للللا اُلللل٠ ذؼه٣للللق .اُرلللل٢ ذعؼللللَ اٍُ٘لللل٤ط ٓؼثللللهاأُٞػللللٞػ٢ ُلاشللللاناخ ٝ

ٖ اُلـــؼا اخ ػ٠ِ اٜٗا :  ٗراض ُٔ٘ظٞٓــح ٓــٖ اُؼــ٘اطه أٌُٞٗلح ُ٘ـــ٤ٍط ٓ ت٤٘ح اُث٤لح اُؽؼه٣ح

أٌُِٔلح ُثؼؼللٜا الاـله ل ٝ اُرلل٢ ذٍللر٘ك اٌاٌلا ػِلل٠ ٗظلاّ الاذظللاٍ اُوللااْ تل٤ٖ  الاٗطثاػللاخ اُرلل٢ 

ِح ُمُي أٌُإ ٝ )اُكلالاخ ٝ أُؼا٢ٗو اٌُآ٘ح ك٢  لٌ ٣ؽِٜٔا أُرِو٢ ػٖ ذِي اُؼ٘اطه ٝأُؼاُْ أُش

ػػ ت٤ٖ) أُللهقاخ اُلٌه٣لح ذِي اُلؼا اخ ٝ ٓلآؽٜا ا٤ُٔٔىج اُر٢ ذرؼػ ٖٓ ـلاٍ اُرطاتن اُٞا

ُِث٤٘حو ٝ)اُث٠٘ أُاق٣حو. ػ٤ِٚ ذؼك اُث٤لح اُؽؼه٣ح ت٤٘ح اذظاٍ ٌل٤ٔ٤اا٤ح . ٝ ٛلما ٓلا ٣رطِلة ذؽك٣لك 

 اُفظااض أٌُا٤ٗح ُِث٤٘ح ا٤ٔ٤ٍُاا٤ح .

 

 يبْٛخّ الاَتًبء انًكبَٙ -2-3
ٓظلطِؽاخ  ذؼكقخ اُكناٌاخ ٝ اُثؽٞز اُر٢ ذ٘اُٝد ٓلّٜٞ الاٗرٔا  أٌُا٢ٗ ٓٔا ُٝلك ػكج

 للاٛهج الاٗرٔللا   (Mackeackie)ٝػللغ  Psychologyُِرؼث٤لله ػللٖ ٛللمٙ اُظللاٛهج كللل٢ ًراتللٚ 

أٌُا٢ٗ ًركنض شاُس تاٍُ٘ثح ُرٍٍَِ اُؽاظاخ الاٍٗلا٤ٗح ٓلٖ الاهلٟٞ اُل٠ الاػلؼق ل تؼلك اُؽاظلح 

ا  ٓٔلا ٣لكٍ ػِل٠ إٔ الاٍٗلإ لا ٣شلؼه تالاٗرٔل  Protectionٝ اُؽٔا٣ح  Saftyاُ٘ل٤ٍح ا٠ُ الآإ 

. ٝٝكولا لانا   [ p.161 Mackeackie,]ا٠ُ أٌُإ الا تؼك شلؼٞنٙ تاُؽٔا٣لح ٝ الآلإ كل٢ أٌُلإ لاذلٚ 

ف اُثؼغ الاٗرٔا  ػ٠ِ اٗٚ ؼاظح ٌٓرٍثح لاخ قاكغ اظرٔاػ٢ ذ٘شؤ اٌاٌا ٖٓ  ػِٔا  اُ٘لً كوك ػهل

ػ تاؼلكاز اُرؼلك٣َ ذلاػَ الاٍٗإ ٓغ ت٤لح ٓؼ٤٘ح لاخ ذوا٤ُك ٝ ٓؼا٤٣ه اظرٔاػ٤ح ٓؽكقج ٝ اُرل٢ ذٍلٔ

 Road Form and Townspaceكللل٢ ًراتلللٚ ٝ.  كللل٢ ٗلللٞع ٝ شلللٌَ تؼلللغ اُلللكٝاكغ
ُٔلا ٛلٞ ا٠ُ الاٗرٔا  أٌُا٢ٗ ًؽاظح لاخ ٌٓٞٗلاخ كٍل٤ُٞٞظ٤ح ذ٘ؽلهف ٝكولا  (Moclusky)٣٘ظه



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 627ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

. ٝ ٖٓ اُعلك٣ه تاُلمًه اشلانج الاقت٤لاخ اٍُلاتوح  Moclusky ,p.40]]ؼؼان٣ا ٌااك اظرٔاػ٤ا ٝ شواك٤ا ٝ

لاشح ٓظطِؽاخ ذش٤ه ًَ ٜٓ٘ا اُل٠ ٌلٔاخ ـاطلح ٤ٔٓلىج ُلاٗرٔلا  أٌُلا٢ٗ اػرٔلكخ الاُٝل٠ ا٠ُ ش

كلل٢ ؼلل٤ٖ اذفللمخ اُصا٤ٗللح ٓللٖ ٓلٜللّٞ اُظاٛهاذ٤للح ل Behaviorismٜٓ٘للا ػِلل٠ ٓلٜللّٞ اٍُلل٤ًِٞح 

Phynomenology  اُره٤ًث٤لللح -اُث٣ٞ٤٘لللحاٌلللر٘كخ ػِللل٠ ٓلٜلللّٞ أٌاٌلللا ُٜلللا ل أٓلللا اُصاُصلللح كولللك- 

Structuralism . ٗعلك إْٔ اُره٤ًى ػ٠ِ الاـ٤هج لانذثاؽٜا أُثاشه تٔؽٞن اُثؽلس ؼ٤لس ٝ ٤ٌر 

ظا خ اٌر٘اقا ا٠ُ كٌهج ٓلاقٛا إٔ ٓلّٜٞ الاٗرٔا  أٌُا٢ٗ ٣ؼرٔك ػ٠ِ أ٤ٔٛح اٍُ٘ن ٝاُ٘ظاّ  اُث٣ٞ٤٘لح

ل ٝأ٤ٔٛح اٌَُ ػٖٔ ٛما اُ٘ظاّ ٝ ٛما ٓا ٣ؤذ٢ ً٘ر٤عح ُؼلاهح الاٍٗإ ٓغ أٌُإ تٞطلٚ ظى ا ٖٓ 

أٌُإ ل ٝلا ٤ًإ ُٚ الا ػٖٔ ٛمٙ اُث٤٘لح أُرهاتطلح . ٝ ًلٕٞ الاؼٍلاي تالاٗرٔلا  ُِث٤للح ت٤٘ح لُي 

ٗاذٜلللا ٝ انذثاؽٜلللا أُرٔصِلللح اُؽؼللله٣ح لا ٣ٌٔلللٖ إٔ ٣ٌلللٕٞ تؼلللىٍ الآٌ٘لللح أٌُٞٗلللح ُٜلللا ػلللٖ ٓوره

ذعلانب الاٌلللاف ٝ ػللاقاذْٜ ٝ ذوا٤ُللكْٛ ًٝللَ ٓللا ٛلٞ ٓص٤لله ُِللمًه٣اخ ٝ اُ٘للاذط ػللٖ اُللماًهج تلٌهٝ

ٛللما ٓللا ٣ؼللىٟ اُلل٠ طللِح أٌُللإ تٔؽ٤طللٚ تلؼللَ ذللؤش٤ه أٌُللإ ػِلل٠ شللاؿِٚل ٝ ح أُرهأًللحاُعٔؼ٤للل

ًٕٝٞ اُثؽس اُؽا٢ُ ٣ؼ٠٘ تٔلّٜٞ ت٤٘ح اُث٤لح اُؽؼه٣ح .أُعاٝن ٝ أُرٔصِح تؼلاهح )اٌَُ ٝاُعى و 

ل ٤ٌٍللِؾ اُعللى  اُلاؼللن ٓ٘للٚ اُؼللٞ  ػِلل٠ اُث٣ٞ٤٘للح تٞطلللٜا أٌاٌللا ُرؽو٤للن الاؼٍللاي تالاٗرٔللا  

ُِث٤لح اُؽؼه٣ح ٖٓ هثَ شاؿ٤ِٜا ٝلُي ٖٓ ـلاٍ قناٌح الاٗطثاػاخ اُرل٢ ٣ؽِٜٔلا أُرِول٢  أٌُا٢ٗ

ػللٖ ذِللي اُث٤لللح ٝ أُ٘ؼٌٍللح ػللٖ )أُؼللا٢ٗ ٝاُللكلالاخو اٌُآ٘للح ك٤ٜللا . ٝ ٣رطِللة لُللي الاـللم ت٘ظلله 

 -ًا٥ذ٢ :أٌُا٤ٗح ُِث٤لح اُؽؼه٣ح ٝ -ـظااض اُث٤٘ح  ا٤ٔ٤ٍُاا٤ح الاػرثانأْٛ 

 

 الادساكٛخ نهجٛئخ انحضشٚخ -ٛبئٛخ انجُٛخ انضًٛ -
اُرل٢ ذُٞللك ل٤ٌله اٌُآ٘لح كل٢ لٛلٖ الاٍٗلإ ل ٣ٝهًى ٓلّٜٞ الاقناى اٛرٔآٚ ػ٠ِ اٗلٞاع اُر

ذشلل٤ه ك٤للٚ ذ٘ظ٤ٜٔلا اُلؼللاا٢ ٝ نقٝق الاكؼلاٍ ٝ اُرظللهكاخ ُشلفض ٓللا ذعلاٙ اُث٤لللح اُل٤ى٣ا٣ٝللح تٔلا

٤ٛلح ُر٢ ٣ؽِٜٔٞٗا ػٖ ٤ٌَٛ ٠ٝ اُظٞن ااُكناٌاخ ا٠ُ إ ٌِٞى الاشفاص ٣ؼرٔك تشٌَ ًث٤ه ػِ

ل ذلئشه كل٢  كل٢ الالٛلإ اُث٤لح اُؽؼله٣ح ل كاُطه٣ولح اُرل٢ ٣لرْ ٓلٖ ـلاُٜلا ٤ٌِٛلح اُث٤للح اُؽؼله٣ح

ػللٖٔ اقناى ٝ ذؽٍللً اُلللهق ٝ ٌللُٜٞح الاٌللركلاٍ ٝ ا٣عللاق أٍُللان ػللٜٔ٘ا ٝطللٞلا اُلل٠ ٛككللٚ 

اُرٌلل٣ٖٞ اُؽؼلله١ طللِح ه٣ٞللح تلل٤ٖ ٝ ٛللما ٓللا ٣ُٞللك اػروللاقا تٞظللٞق ل  حاُؽؼلله٣ ث٤لللحكؼللا اخ اُ

أُعرٔغ ٝٝظٞق ت٤لح ٓؼ٤٘ح ٣ٌٖٔ إ ٣ٌٕٞ ٗر٤علح ُرؼاهلة ذعٍل٤ك ذظلٞناخ ٝ هل٤ْ ٓؼ٤٘لح ٣ؽِٜٔلا ٝ

اُوللٟٞ الاـللهٟ ل ال ٣ٔرِللي أٌُللإ ٤للح ٓللٖ ذللؤش٤ه الاهرظللاق ٝ أُ٘للاؾ ٝأُعرٔللغ هللك ذٌللٕٞ أًصلله اٛٔ

ج اُر٢ ٣ٔرٌِٜا لُي ؼكٝقا ٗل٤ٍح ٝ ٓؼ٣ٞ٘ح ذهذثؾ ت٤ٌإ الاٍٗإ ٝ ؼؼانذٚ ٝذؤش٤هٛا ٣ؼٞق ا٠ُ اُو لٞ
لًهُٓٞللكج ٓعٔٞػللح ٓللٖ أُؼللا٢ٗ  ٝ أُلللا٤ْٛ   Meaningsأٌُللإ كلل٢ ذؽو٤للن ٓٞاهللغ ظللمب ٝ ذم

Themes  ٣ؽاٍٝ ٖٓ ـلاُٜا الاٍٗإ اُؽظلٍٞ ػِل٠ الاٌلروهان ٓٔلا ح ٝذؼ٤ق ٌُِٔإ ه٤ٔا اٍٗا٤ٗل

ٝ ذلئشه تشلٌَ أُؽ٤ؾ اُث٤لل٢ ٝ اٍُل٢ًِٞ ُلاٍٗلإ ٝ ذؼه٣للٚ  ش٣َ٤ٌعؼِٜا ذِؼة قٝنا اٌا٤ٌا ك٢ ذ

اٍ ك٢ ذش٤ٌَ ا٤ُٜلح اُؽؼه٣ح . ٝٛما ٓا ٣كػٞٗا ُرٍل٤ِؾ اُؼلٞ  ػِل٠ ٓللا٤ْٛ  [ p.221 Rapoport,] كؼل

 -ًالاذ٢ :ا ٖٓ ـلاٍ ذو٤ٍٜٔا ا٠ُ ٓل٤ٜٖٓٞ ٝاقناى اُث٤لح اُؽؼه٣ح ػٔٞٓ

 

ػ٠ِ كٌهج اُؼلاهح ت٤ٖ  ؼ٤س اػرٔك و Hillier&Hanson-1984) : ٝػغ ٖٓ هثَ أُلّٜٞ الاٍٝ

ٝاػلؽا اُل٠ قنظلح إٔ  اُفظااض أُٞػؼ٤ح ٝ اُفظااض اُش٤ُٞٔح ُِ٘ظاّ اُلؼاا٢ اُم١ ٣ٌلٕٞ

تاٍُ٘لثح ُِ٘ظلاّ  ُٚٔٞهؼلقُل٤لا ٣ؼطل٢ ٍ شلفض ٓلا ٝ ٓٞظلٞق ؼلٞ ا١ ػ٘ظه ك٤ى٣ا١ٝ ٣ٌٖٔ نإ٣رٚ

ػلؼ٤ا ٛلٞ اُلؼاا٢ ا٢ٌُِ ل كٖٔ ـلاٍ ؼهًح اُشفض ٝ اٗرواُٚ ػٖٔ أُك٣٘ح ل كؤٕ ًَ ٓا ٣هاٙ ٓٞ

قاألا ٓرـ٤لله ل ٝ ًللَ ٓلا ٣لهاٙ شلل٤ُٞٔا ٣ٌلٕٞ ؿ٤له ٓرـ٤للله ل ٝ ٓلٖ ـللاٍ ٛللمٙ اُك٣٘ا٤ٌ٤ٓلح ل ٣ٍللرط٤غ 

اُشفض إ ٤ٔ٣ى ٓٞهؼٚ اُش٢ُٞٔ ٖٓ ـلاٍ أُؼِٞٓاخ أُٞػؼ٤ح أُٞظٞقج ؼُٞٚ ل ٝ ٛما ٣ؽظَ 

ٟ اٌُِل٢ اُؽؼه٣ح تٔعِٜٔا قنظح ػا٤ُح ٖٓ اُرٔاٌي ٝ اُٞػٞؼ٤ح ػ٠ِ أٍُرٞاُث٤لح ػ٘كٓا ذٔرِي 

 .  [ Ibid,p.13]ُٜا 
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 iasj.net 622ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

اُم١ ٣٘ض ػ٠ِ إٔ ا١ ت٤لح ذرهى ػ٘ك ٝ  (Lynch)ٝ اُم١ ٝػؼٚ اُثاؼس اُهااك :  أُلّٜٞ اُصا٢ٗ

اٝ شللاؿِٜا اٗطثاػللا ـاطللا ذرللكاـَ كلل٢ ذ٣ٌٞ٘للٚ ٓلاؼظللاخ ػك٣للكج أٝ لًه٣للاخ ٓؼ٤٘للح ٓٔللا  وااهٛللا 

لٌلا ٓلا ٣ٍل٠ٔ تلاُفهااؾ  ذؼهػٚ اُث٤لح ٖٓ ٓشاٛك ٝ ػلاهاخ ٣فران ٜٓ٘ا ٓلا ٣كنًلٚ ٝ ٣رؽٍٍلٚ ٓشل

اُرلل٢ ذفرِللق تللؤـرلاف الاكللهاق ٝ أُعرٔؼللاخ ٝ ؽث٤ؼللح ذؽٍٍللْٜ ُِث٤لللح ٓللٖ ؼللُْٜٞ  الاقنا٤ًللح 

[Lynch,p.7 ]  لْ ٓلٖ  -. ٝ ُما ظهخ ػكج قناٌاخ ُرظ٤٘ق ٌٓٞٗاخ اُث٤٘ح الاقنا٤ًح أٌُا٤ٗح ٝ اُر٢ ذ

ٓلٖ ذلؤش٤ه كل٢ آٌا٤ٗلح اُرظلٞن ٠٘ و ٝ ٓا ُمُي أُؼٓؼ٠٘)ـلاُٜا ذؽك٣ك ػ٘اطه اُث٤لح اُر٢ ذؼط٤ٜا

Imageability  ل ٝ هك اٌر٘كخ ٓؼظٜٔلا ػِل٠ قناٌلح(Lynch)  ٚل كلل٢ ًراتلThe Image of 

The City   ٝهللاقنج ػِلل٠ ذ٤ُٞللك طللٞنل٤٘ٛح ه٣ٞللح ذٌللٕٞ ؼؼلله٣ح  ٣للح ت٤لللحأاشثللد إٔ أُك٣٘للح أ

لاخ  Formal Patternsٓرٔاٌٌح ُكٟ أُرِو٢ ل الا ًإ ٖٓ أٌُٖٔ كٜٜٔا تظ٤ـح اٗٔاؽ ش٤ٌِح ٝ

اٌرٔهان٣ح ٝ ؼؼٞن ػا٤٤ُٖ ٓغ ٝظٞق ٓعٔٞػح ٖٓ الاظلىا  أُر٤ٔلىج ػلٖ تؼؼلٜا ٝ أُرٔلظلِح 

ٓث٤٘لح   City Imageاُل٠ إ طلٞنج أُك٣٘لح و  Lynch)تشلـٌَ ٝاػلـػ ٝٓلـوهٝ  . ٝ ذٞطلـَ 

اُثظللـه٣ح ًرِٔللـ٤ؽاخ ُِـرٞظللـ٤ٚ  ؼللٍٞ ٌٍِللِح ٓللٖ اُؼ٘اطلله اُ٘ٔط٤للح اُرلل٢ ذللـؼك ٜٓللـٔح ٤ُٜٔللـ٘رٜا

اظرٔاػ٤للح اٝ ذان٣ف٤للح اٝ ٝ ٤ل٤للح ُِٔك٣٘للح  ل ٝ ذثؼللا ُٜللمٙ  ُفـظللـااض Signsعلاياابد تٞطلللٜا ٝ

اُكناٌح ذْ ذؽك٣ك ـٔـٍح اطـ٘اف ٓلـٖ ػ٘اطله اُث٘لا  اُل٤ى٣لاا٢ ٤ٌُٜلَ أُك٣٘لح ٝ اُرل٢ ٣ٍلرفكٜٓا 

ػللٖ أٌُللإ ٝ ٛلل٢ : أٍُللاناخ  Mental Schemataاُ٘للاي ػللاقج ُللـث٘ا  ٓفططاذٜللـْ اُمٛ٘للـ٤ح 

Paths ٝ  اُؽاكلللاخEdges ٝ اُوطاػلللاخDistricts  اُؼولللك ٝNodes ٝ ُْأُؼلللاLandmarks. 

     ٝٛ٘للا ٣ظٜلله قٝن الاذظللاٍ اُللم١ ٣رؼللػ ظ٤ِللا ػثلله ٝظللٞق ٍٓللرٟٞ ٓؼلل٤لٖ ٓللٖ اُرٞاكللن ٓللا تلل٤ٖ

)ٓؼا٢ٗ الاشٌاٍو ٝ)أُؼلا٤ٖٓ اُرؼث٤ه٣لحو ُِث٤للح اُؽؼله٣ح ػلٖٔ أٍُلرٟٞ الاقناًل٢ ل ٝٛلما ٓلا 

تاُث٤لحاُؽؼه٣ح  أٌُإ أُرٔصَٖ الاٍٗإ شاؿَ اُث٤لح اُؽؼه٣ح ٌٝٔٞح ٓا ت٤ِٓ ٣ُٞلك ت٤٘ح ٤ٔ٤ٌاا٤لح

ذؼٔك ٖٓ ـلاُٚ ذِي اُث٤٘ح ا٠ُ ٗوَ أُؼا٢ٗ اٌُآ٘ح ٝنا  ذِي اُلؼلا اخ ٓلٖ ـللاٍ ٓ٘ظٞٓلح  ٗلٍٜا

      ذؼث٤ه٣لللح ذٔرلللاو تؤٌٓا٤ٗلللح اقناًٜلللا ٓلللٖ هثلللَ ًلللَ ٓلللٖ اُثاػس)٤ٛلحاُث٤للللح اُؽؼللله٣حو ٝأٍُلللرِْ

رٔصَ تشاؿَ اُث٤لحو ػ٠ِ ؼك ٌٞا  ٓؽلىا ُك٣ٚ اُشؼٞن تالاٗرٔا  ُرِي اُث٤للح ٗظلها ُكهلح )أُرِو٢ أُ

 . ذؼث٤ه٣رٜا ػٖ أُؼ٠٘ إٌُٔ٘ٞ ك٤ٜا

 

 نهجٛئخ انحضشٚخّ -انفضبئٛخ  -انضًٛٛبئٛخ  -انجُٛخ - 

أُرلهاتؾ تؼؼلٜا ٢ٌ ٖٓ ٓعا٤ٓغ ٖٓ اٌُرَ أُرظِح ٝال ذرٌٕٞ اُث٤لح اُؽؼه٣ح تشٌَ اٌا

اُرل٢ ذؼٔلَ ٓلٖ اُلهاؿلاخ ٝلاـله ل ٝ ٣رفِلَ ٛلمٙ أُعلا٤ٓغ ٓلٖ اٌُرلَ ٤ٌٛلَ ٓرلهاتؾ ٓغ اُلثؼغ ا

ـِللن ٓ٘ظٞٓللح كؼللاا٤ح ؼؼلله٣ح كؼاُللح ٝؼ٣ٞ٤للح ٣ٌٔللٖ ذؽٍٍللٜا ٓللٖ ـلللاٍ تشللٌَ ًلللٞ  ػِلل٠ 

ٖ اُرهاتطللاخ تلل٤ٖ اٌُرللَ اُؽؼلله٣ح ـظااظللٜا اُرشلل٤ِ٤ٌح ٓٔللا ٣ؼللل٢ ػِلل٠ أٌُللإ ٗٔطللا ٓؼ٤٘للا ٓلل

ٝ ذٞاكوا ٓغ  . [Rapoport,p.53]ٝ ٤ل٤ح ٝ كؼاا٤ح ٓر٤ٔىج  ٣ٌٍثٜا ـظااظا ٝاُلؼا اخ اُؽؼه٣ح ٝ

ٗعك إ اُث٤٘ح اُلؼاا٤ح ٌُِٔإ ذٔصَ اُواػكج الاٌلاي Rapoport) )ٓا ظا  ٝ تاُهظٞع ا٠ُ ٓلّٜٞ 

ُرؼه٣للق أٌُللإ ٝ اػطللا  ـظااظللٚ ٝ اتؼللاقٙ اُلؼللاا٤ح أُفرِلللح ل ٝ ذظٜلله ٓللٖ ؽه٣وللح ذعٔللغ 

ٓؼا٤ٜٗا اُرل٢ ذفرِلق ٝ ،ٝ ػلاهرٜا ٓغ تؼؼٜا اُثؼغ ،اا٤حأٌُٞٗاخ اُلؼاا٤ح ُٔفرِق اُ٘ظْ اُلؼ

ٖٓ ٌٓإ لاـه ٓٔا ٤ٔ٣ى ت٤لح ؼؼه٣ح ػٖ اـهٟ ذثؼا ُِؼلاهح اُثظه٣ح ت٤ٖ الاظىا  ٝ ت٤ٖ اُعلى  

ٝ اٌَُ ك٢ ذٞه٤غ أٌُٞٗاخ اُؽؼه٣ح ػ٠ِ اـرلاف ٍٓر٣ٞاخ اُرؼه٣ق ٝاُرلاػَ ت٤ٖ هطث٢ ذٌل٣ٖٞ 

٣فِلللض اُثؽلللس كللل٢ ٛلللما اُعلللى  اُللل٠ إ .  [ Ibid,p.14 -15]ٝ اٌُرِلللح   اُلؼلللا  ا٤ُٜللللح اُؽؼللله٣ح 

ل ٝ كل٢ اُٞهلد ٗلٍلٚ  ٚػٖٔ اظٔا٢ُ اُث٤لح اُؽؼه٣ linksاُلؼا اخ اُفانظ٤لح ذؼَٔ ًؤنذثاؽاخ 

 ،لاؼرللٞا  اُلؼا٤ُللاخ الاظرٔاػ٤للح . ًٔللا ذؼللك ٓٞنكُٞٞظ٤للح اُث٤لللح اُؽؼلله٣ح placesذؼٔللَ ًؤٓللاًٖ 

ا كل٢ ذؽٍلً الاٍٗلإ ٝ اقناًلٚ ٝ اٗرٔاالٚ ُرِلي اُث٤للح ل ػلآلا اٌاٌل٤ ،تٔاك٤ٜا كؼا اذٜا اُفانظ٤لح

ٛللما ٓللا ٣ُٞلللك ذؽل٤للىٙ لاٌللرؼٔاٍ كؼللا اذٜا ل ال ٣ٌللٕٞ اُشللٌَ اُؼللاّ ُِث٤لللح اُؽؼلله٣ح ٗاتؼللا ٓللٖ ٝ

ـظااض اُر٘ظ٤ْ اُش٢ُٞٔ ٤ٌَُٜ كؼا اذٜا ٝ ٤ًُ ٖٓ اُر٘ظ٤ْ اُلؼاا٢ أُٞػؼ٢ ل ٣ٝؼىٟ لُلي 



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 622ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

٤ٌَِٜ اُؽؼه١ ٝ اُر٢ ذهٌَ ا٠ُ أُرِول٢  تطث٤ؼلح ذشل٤ٌِٜا ا٠ُ ؽث٤ؼح اُث٤٘ح اُلؼاا٤ح ا٤ٔ٤ٍُاا٤ح ُ

ج ٝ أُرؼللكقج كلل٢  اخ أٍُللرٔهل ع أُشللٜك١ ٝ اُرـ٤لهل لٞ ٓعٔٞػلح ٓللٖ أُؼللا٢ٗ ٝ اُلكلالاخ ذر٤ٔللى تللاُر٘

 أُؽاٝن اُثظه٣ح .

 

 انضهٕكٛخ نهجٛئخ انحضشٚخ -انضًٛٛبئٛخ -انجُٛخ -
ا٢ٗ ٣ٍللرٞظة قناٌللح اٍُللِٞى إٔ ذؽك٣للك اُؼلاهللح تلل٤ٖ اُر٘ظلل٤ْ اُلؼللاا٢ ٝاٍُللِٞى الاٍٗلل

اُلؼللاا٢ أُِٔللٞي ً٘للاذط ٜٗللاا٢ ُِؼ٤ِٔللاخ الاٌاٌلل٤ح اُرلل٢ ذٔللد ٓ٘اهشللرٜا  ٗلللا . ٝ هللك اـرِلللد 

اٍُِٞى هح ت٤ٖ ـظااض اُر٘ظ٤ْ اُلؼاا٢ ٝاُكناٌاخ ٝ اُرٞظٜاخ اُثؽص٤ح ٝ اُر٢ اذفمخ ٖٓ اُؼلا

ا٢ٗ ٣ٔصَ ٓرـ٤لها ٓؼرٔلكا ل اُثشه١ ٓٞػٞػا ُكناٌرٜا تاػرثان إٔ الاٍٝ ٛٞ ٓرـ٤ه ٍٓروَ ٝ إٔ اُص

 ٖٝٓ أْٛ اُرٞظٜاخ اُر٢ ذ٘اُٝد أُٞػٞع :

ال ٣ش٤ه ٛما اُرٞظٚ ا٠ُ إٔ ٌِٞى الاشفاص قاُح ُلكٝاكؼْٜ ٓلٖ ـللاٍ اُللهص :  انتٕجّ انضهٕكٙ

اٌل٢ كل٢ ذو٤ل٤ْ الاٗٔلاؽ اٍُل٤ًِٞح ٝذئًلك إٔ اُلكٝن الاٌ . [ Lang,p.97]أُراؼح ك٢ اُث٤للح اُؽؼله٣ح 

 ـلاٍ اُرعهتح .ٝاًرٍاتٜا ٣ٌٕٞ ٖٓ 

ٛٞ اذعاٙ ٗظه١ ٣لرهع إٔ اٍُِٞى ػ٘ك الاٍٗإ ٓرٞاظك تشٌَ ٓٔاشلَ ُلٚ ٝ:  أنتٕجّ الاٚثٕنٕجٙ 

ػ٘للك اُؽ٤ٞاٗللاخ الاـللهٟ ل ٝإٔ ٌللِٞى الاٍٗللإ كطلله١ ٣ٌٔللٖ ذو٣ٞٔللٚ تلؼللَ اُؽؼللانج ل ٝ أٛللْ 

اُرولانب  ذلْ لًهٛلا  ٗللا ٝٗظه٣لح اُ٘ظه٣اخ اُر٢ ذٔصَ ٛما الاذعاٙ ٢ٛ كٌهج ٓؽ٤طاخ اٍُِٞى اُر٢

 . اُ٘ظه٣ح اُؽ٤ى٣حٝ

اُل٠ اػرٔلاق ٛلما اُرٞظلٚ و  Hillier)٣شل٤ه ٢Against Enclosure ًراتٚ ك  انتٕجّ الاجتًبعٙ 

االللٚ ُِلؼا٤ُلللاخ ػِللل٠ قناٌلللح أُللللا٤ْٛ الاظرٔاػ٤لللح ُِرٞطلللَ اُللل٠ ٓثلللاقٟ  ذ٘ظللل٤ْ اُلؼلللا  ٝ اؼرٞ

ٞا اخ ٓٞػلللؼ٤ح لاظرٔاػ٤لللح ػلللٖٔ اؼرلللاٍُللل٤ًِٞح تاذعلللاٙ ػلللىٍ أُعلللا٤ٓغ االاظرٔاػ٤لللح ٜٓ٘لللا ٝ

أْٛ أُثاقٟ  اُرظ٤ٔ٤ٔح ُٜلما . ٝ[Hillier,p.63]  ٢ ٕٞ ا٤ٌَُٜ اُش٢ُٞٔ ُِ٘ظاّ اُلؼااترٌهانٛا ٣رٌٝ

 اُرٞظٚ :

ذٌلل٣ٖٞ  ٓللٖ أٛللْ أُثللاقٟ  اُرظلل٤ٔ٤ٔح اُلللاوّ اػرٔاقٛللا كلل٢ ػ٤ِٔللح الاؼرللٞا  ؼللك٣ ال الاحتاإاء :

٣ح اٍُلطٞغ أُؽ٤طلح تلٚ ٌرٔهاناُؼ٘اطه اُلؼاا٤ح أُٞػؼ٤ح ٝ ٣ٌٖٔ ذؼه٣لٚ ػٔها٤ٗا ٖٓ ـلاٍ ا

ٛللٞ ٓثللكأ ذ٘ظ٤ٔلل٢ ٝ:  انتكااشاس لاهللاخ اُفاطللح تلل٤ٖ أُعللا٤ٓغ اُلؼللاا٤ح .ؼاظرٔاػ٤للا ٓللٖ ـلللاٍ اُٝ

ُر٣ٌٖٞ ا٤ٌَُٜ اُش٢ُٞٔ ٖٓ ـلاٍ ذٌهان الاؼرٞا اخ أُٞػؼ٤ح ًلؼا اخ ـاطح ُر٣ٌٖٞ ا٤ٌُٜلَ 

انٛا ٗؽظلَ ػِل٠ اؼرلٞا اخ ٛٞ ٓثكأ ُر٘ظ٤ْ الاؼرٞا اخ أُٞػؼ٤ح ال ترٌهٝ : انتذسج اُش٢ُٞٔ .

ػِلل٠ إٔ اُلشللَ كلل٢ ٤ًل٤للح  Hillier))أًثلله لاخ ذللكنض ٛهٓلل٢ ٓللٖ اُفللاص اُلل٠ اُؼللاّ . ًٔللا أًللك 

اُؽؼلله٣ح .  ذشلل٤ٌَ اُث٤لللح اٌللرفكاّ ٛللمٙ أُثللاقٟ  ٣وللٞق ٝ تللكٕٝ اقٗلل٠ شللي اُلل٠ كشللَ أُفططللاخ

ذٌٔللٖ كلل٢ ٣فِللض اُثؽللس ٛ٘للا اُلل٠ إٔ : ا٤ٔٛللح اُرٞظللٚ الاظرٔللاػ٢ كلل٢ ذظلل٤ْٔ اُث٤لللح اُؽؼلله٣ح  

اػرثانٛا ٤ٌِٝح ُِؽلا  ػ٠ِ ذٔاٌي ت٤٘ح اُث٤لح اُؽؼه٣ح ٝ ٓ٘ؼٜلا ٓلٖ اُرعىالح ل ٝ ٛلما ٓلا ٣ٌٍلة 

كؼا اذٜا ٗٞػا ٖٓ اُؽ٣ٞ٤ح ٝ ًلا ج ك٢ ٓكٟ الاشـاٍ ٝ اُر٢ ذؼك ٖٓ اْٛ أٍُاخ اُٞاظة ذٞكهٛلا 

 ُرؽو٤ن ٓثكأ الاٗرٔا  ُرِي اُلؼا اخ . 

 

 خ فاااٙ تحمٛاااك ثُٛاااخ الاتظااابلدٔس انفعااام انتظاااًًٛٙ نهفضااابءاد انخبسجٛااا

 انضًٛٛبئٛخ نهجبيعخ 

 انحضشٚخ نهجبيعخ انجٛئخانفعم انتظًًٛٙ نهفضبءاد انخبسجٛخ ضًٍ ثُٛخ  -
 Massذرٔصللَ أٌُٞٗللاخ الاٌاٌلل٤ح ُث٤٘للح اُث٤لللح اُؽؼلله٣ح تؼ٘ظلله٣ٖ أٌاٌلل٤٤ٖ ٛٔللا اٌُرِللح 

شلٌَ اُلم١ ٣عؼلَ . ٝ ٣ركاـَ ٛمإ اُؼ٘ظهإ ٓغ تؼؼلٜٔا كل٢ ذٌل٣ٖٞ اُث٤٘لح تاُ Spaceٝاُلؼا  

ٖٓ اُظؼة اُلظَ ت٤ٜ٘ٔا ٝ اػطا  ا٣ُٞٝح لاؼكٛٔا . ٝ ٣رٔصلَ ظٞٛهذظل٤ْٔ اُث٤للح اُؽؼله٣ح كل٢ 
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 iasj.net 624ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

ؽث٤ؼح ذ٘ظ٤ْ اُؼلاهح أُرثاقُح ت٤ٖ ٛم٣ٖ اُؼ٘ظه٣ٖ ٓلٖ ظاٗلة ل ٝ انذثاؽٜٔلا تالاٍٗلإ ٓلٖ ظاٗلة 

ٔٚ ُِؼلاهح اُعك٤ُح  ـه. ٝ ذظثػ اُث٤٘ح اُش٤ٌِح ُِث٤لح اُؽؼه٣ح ؼظ٤ِح ذلاػَ اقناى الاٍٗإ ٝ كٜ

تلل٤ٖ اٌُرِللح ٝاُلؼللا  ٝآٌا٤ٗللح ذؼث٤هٛللمٙ اُؼلاهللح ػللٖ الاتؼللاق اُٞظٞق٣للح ُلاٍٗللإ ٝ ػللٖ أكٌللانٙ 

ٝؼؼللانج ػظللهٙ ٓللٖ ـلللاٍ اُظلللاخ أُاق٣للح ٝ أُؼ٣ٞ٘للح ُِث٤٘للح اُ٘اذعللح ٝ اُؼلاهللح تلل٤ٖ ٌٓٞٗاذٜللا 

٤لل٢ )اُث٤٘لحو ذؼرٔللك و اُل٠ إٔ ا٣ُٜٞلح ا٤ُٔٔللىج ُِرٌل٣ٖٞ اُث Norberg-Schulzٝ ٣شل٤ه). الاٌاٌل٤ح 

تشللٌَ أٌاٌلل٢ ػِلل٠ ؽث٤ؼللح اُشفظلل٤ح اُشلل٤ٌِح ٍُِ٘لل٤ط اُؽؼلله١ ٝػلاهرللٚ تٔؽ٤طللٚ اُٞظللٞق١ 

Existential Environment [Schulz,p.78 ]  ٣ٌٖٔ إٔ ذرٌٕٞ ٛلمٙ اُشفظل٤ح تطلهم ٝاٗٔلاؽ ٝ .

ٓفرِلللح ذثؼللا لاٌللِٞب اُر٘ظلل٤ْ أٌُللا٢ٗ ُِلؼللا اخ ٝاٌُرللَ كلل٢ اؽللاناُر٣ٌٖٞ اُؽؼلله١ اُشللآَ 

الاٌلرٔهان٣ح ل الاٌلروهان ٝالاذعا٤ٛلح ل  لاقنا٤ًح الاٌا٤ٌح )ٓصَ اُٞؼكج ٝػرٔاقا ػ٠ِ أُثاقٟ  اٝا

ٓاق٣لح  Place Structuresالاؼرلٞا  ٝالاٗلراؼ٤لح .. ٝؿ٤له لُلي و ٓ٘رعلح تلمُي تلمُي ت٘ل٠ ٌٓا٤ٗلح 

 Ringأٝ ؼِو٤للللح اؼرٞاا٤للللح Linearأٝ ـط٤لللللح  Clusteredٓفرِلللللح لاخ ؽث٤ؼللللح ذعٔؼ٤للللح 

Enclosure . 

  

 تظُٛف انعُبطش الاصبصٛخ نجُٛخ انجٛئخ انحضشٚخ نهجبيعخ -
ل كللللؤٕ ٌٓٞٗللللاخ ت٤٘للللح اُث٤لللللح أُث٤٘للللح ذشللللرَٔ ػِلللل٠ Lynch))ُرظلللل٤٘ق اُهااللللك  ٝكوللللا

اُؼ٘اطهالاٌا٤ٌح اُفٍٔح ٝ أُرٔصِح تـ )أٍُلاناخ ل أُؼلاُْ ل اُوطاػلاخ ل اُؼولك ٝ اُؽاكلاخو . إٔ 

ؽثي طٞنج ٌٓصلح ٝ ؼ٣ٞ٤ح ل ًٔا إٔ ذٞاكلن ػ٘اطله اُث٤٘لح اُر٘اٌن ا٢ٌُِ ُرِي اُؼ٘اطه ٛٞ اُم١ ٣

ل كاُرٔلظللَ  Integrationٝ اُرٌآللَ   Articulationو كلل٢ اُرٔلظلل٣Von Meissَرثلغ ٓثللكأ)

 [Von Meiss,p.80]٣ئًك اٌرولا٤ُح اُؼ٘اطه ك٢ ؼ٤ٖ ٣ؽون اُرٌآَ ذكاـَ اُؼ٘اطه ػٖٔ ًلَ ٝاؼلك 

ٝ ؼؼٞنٛا أُر٤ٔى ل لا ذظٜه ٓ٘لظِح ٝ اٗٔلا ذرهذلة . كؼ٘اطه اُث٤٘ح ػ٠ِ اُهؿْ ٖٓ اٌرولا٤ُرٜا 

نٝ الاٌلر٤ؼاب  لٞ ت٘لا اػ٠ِ لُلي كولك .   Imageable Structureٓؼا تشٌَ ت٤٘ح ٌٓا٤ٗح هاتِح ُِرظ

ػ٘اطلله ت٤٘للح اُث٤لللح اُؽؼلله٣ح ُِعآؼللح ًٔللا ٣للؤذ٢ : ؽللهم ٝٓٔاشلل٢ اُعآؼللح ل Dober)طلل٘لق )

                  ُِعآؼللللللحو ل كؼللللللا اخ اُٞطللللللَ أُؼللللللاُْ )اُشللللللٞاـض ل اُثٞاتللللللاخ ٝاُلؼللللللا اخ اُهٓى٣للللللح

)اُلؼللا اخ اُها٤ٍلل٤لح ل اُلؼللا اخ اُصا٣ٞٗلللح ل اُلؼللا اخ اُهؽثللح ٝاُلؼللا اخ اُعاكللحو ل ٗطاهللاخ 

اُلل٠ إٔ )ًللَ ظآؼللح تٌٔٞٗاذٜللا  Dober)اُعآؼللح ٝ أـ٤للها ؼللكٝق ٝٓؽلل٤ؾ اُعآؼللح. ٝهللك أشللان)

  ػ٘اطهٛا ذٔصلَ ٌٓاٗا ٓر٤ٔىاو .ٝ

كلل٢ أُؽللٞن اُصللا٢ٗ ل اُلل٠ ذؼه٣للق الاٗرٔللا  أٌُللا٢ٗ تٞطلللٚ ٗراظللا ُوللك ذٞطللَ اُثؽللس ل 

لاظٔا٢ُ ـظااض اُث٤٘ح ا٤ٔ٤ٍُاا٤ح أٌُا٤ٗح ُِث٤لح اُؽؼه٣ح )الاقنا٤ًح ، اُلؼلاا٤ح ٝ اٍُل٤ًِٞحو . 

ٝػِللل٠ ػلللٞ  لُلللي ٌرفظلللض اُلولللهاخ ا٥ذ٤لللح لاٌلللرفلاص قٝن اُلؼلللَ اُرظللل٢ٔ٤ٔ ُِلؼلللا اخ 

حو ك٢ ذؽو٤ن ت٤٘ح الاذظلاٍ اٍُل٤ٔ٤اا٤لح أُرٌآِلح ل ٝ لُلي ٓلٖ اُفانظ٤لح ُِث٤لح اُؽؼه٣ح ُـ )اُعآؼ

 ـلاٍ : 

  -الاقنا٤ًلح  -اٌرفلاص قٝناُلؼَ اُرظ٢ٔ٤ٔ ك٢ ذؽو٤ن اُث٤٘ح ا٤ٔ٤ٍُاا٤لح  -

 -اُلؼاا٤لح  -اٌرفلاص قٝناُلؼَ اُرظ٢ٔ٤ٔ ك٢ ذؽو٤ن اُث٤٘ح ا٤ٔ٤ٍُاا٤لح  -

 –ا٤ًٍُِٞلح  -٤ٔاا٤لح اٌرفلاص قٝناُلؼَ اُرظ٢ٔ٤ٔ ك٢ ذؽو٤ن اُث٤٘ح ا٤ٍُ -

 

   دٔسانفعم انتظًًٛٙ فٙ تحمٛك انجُٛخ انضًٛٛبئٛخالادساكٛخ -
ُِث٤لح اُؽؼه٣ح )اُعآؼحو ٛلٞ ٗرلاض ُلكٝن اُلؼلَ  –الاقنا٤ًح  -إ ذؽو٤ن ت٤٘ح الاذظاٍ ا٤ٔ٤ٍُاا٤ح 

اخ ، اُرظ٢ٔ٤ٔ ٌُٔٞٗاذٜا ٝ أُرٔصِح تـ ) اُطهم ٝ أُٔاش٢ ، أُؼاُْ ، كؼلا اخ اُٞطلَ ، اُ٘طاهل

فٛزٚااابٔ٘ نٓااازِ انعُبطاااش ٔتٕافمٓاااب ياااٍ  ااالال انتلكٛاااذ عهاااٗ انحضااإس ان اُؽلللكٝق ٝ أُؽللل٤ؾو .

 -، ٝ ًٔا ٣ؤذ٢ :اَضجبيٓب يع ثعضٓب ضًٍ ثُٛخ انجٛئخ انحضشٚخ ٔ

 



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 624ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

 طشق ٔيًبشٙ انجبيعخ

ف )   .ؽلللهم اُعآؼلللح ػِللل٠ أٜٗلللا )ٓلللكـَ ٜٓلللْ ُرظللل٤ْٔ  كؼلللا اذٜا اُفانظ٤للللحو  Dober)٣ؼلللهل

ا٠ُ إٔ ٗظاّ اُؽهًح قاـَ اُعآؼح ٣ؼك  Campus Master Planًراتٚ و ك٢ ٣ٝMichaelش٤ه)

ٍٓثثا ٜٓٔا ك٢ ذش٤ٌَ أٌُٞٗاخ أٌُِٔح ُلؼا اذٜا اُفانظ٤ح ُٔلا ذؽِٔلٚ ٓلٖ ذؼث٤ه٣لح ػلٖ اُعٔلاٍ 

و . 4. اُشٌَ ) لاُٞ ٤لح ل الآإ ل اُٞػٞغ كؼلا ػٖ ذؼث٤ه٣رٜا اُٞاػؽح ػٖ ٌثَ ا٣عاق اُطه٣ن

ٖ أٌُٞٗاخ الاٌا٤ٌح ك٢ ػ٤ِٔح ٤ٌِٛح ٓفطؾ اُعآؼلح الاٌلاي ل ٝ اُرل٢ ذؼك ؽهم اُعآؼح ٓ ًٔا

٣عة ٓهاػاج ٌلثَ ذٞو٣ؼٜلا ُرٌلٕٞ ـك٤ٓللح ل ٝ لا ٣ؽثلم ذظل٤ٜٔٔا تل٘ٔؾ ٣ثلك٣ٜا ت٤ٜللح ٤ٜٓٔ٘لح ػِل٠ 

تاٗٞنآا أُشٜك اُؼاّ ُِث٤لح اُؽؼه٣ح ُِعآؼح . ٝ ٣لرهع ذظ٤ٜٔٔا تٔ٘ر٠ٜ اُكهلح تٔا لا ٣رؼانع 

أُثرـلل٠ ٓللٖ اُرظلل٤ْٔ الاٌللاي كللل٢ ؼاُللح ذٞكهٛللمٙ اُشللهٝؽ ٌرٍللَٜ ػ٤ِٔلللح  ٝ اُرٍٍِللَ اُثظلله١

أٓلا  اقناى ؽهم اُعآؼح ًؼ٘اطه ا٣عات٤للح ذفلكّ اُرظل٤ْٔ اٌُآلَ ُلؼلا اخ اُعآؼلح اُفانظ٤لح .

اُلؼَ اُرظ٢ٔ٤ٔ ُٔٔاش٢ اُعآؼح ٣لرهع إٔ ٣ؽون ٛكك٤ٖ أٌا٤٤ٌٖ : ٣رٔصَ اُٜكف الاٍٝ ترعهتلح 

ف اُؽللكز اش٘للا  ذعٞاُللٚ ٓللٖ ٌٓللإ اُلل٠  ـلله ػللٖٔ انظللا  اُعآؼللح ذؽٍللً أُرِولل٢ كلل٢ اٌرٌشللا

أُفرِلح ٖٓ ؼ٤س اُٞ ٤لح ل أُلاألحل الآلإل اُعٔا٤ُلح ل كؼللا ػلٖ ٓثلكأ اُٜ٘لٞع ترِول٢ ٓلا ٛلٞ 

ُرٌللٕٞ اقاج ٓثاشللهج ُِٞطللٍٞ ل  . كلل٢ ؼلل٤ٖ ٣رٔصللَ اُٜللكف اُصللا٢ٗ تؤًرٍللاب أُٔاشلل٢ ٌللٔح ٓلللاظ٠ 

ٝ اُؼى٤ُلللح كلل٢  ٕ ٝاؼللك ل تؼ٤للكا ػللٖ اُروللاؽغ ٓللغ اُطللهم  ذؽو٤للن ـاطلل٤لح اُللهتؾ ل الاٌللرٔهان٣ح

 . و 6، اُشٌَ ) أُفظظح ٤ٍُِاناخ

 

  يعبنى انجبيعخ
أُؼاُْ ا٠ُ ٗٞػ٤ٖ : ٣رٔصَ اُ٘ٞع الاٍٝ تـ )أُؼاُْ اُؼٔٞق٣لحو . أٓا اُصا٢ٗ ك٤رٔصللَ تلـ ٣ٌٖٔ ذظ٤٘ق  

ٓلٖ اُؼ٘اطله أُٜٔلح ٝ اُرل٢  Vertical Featuresاُؼٔٞق٣لح  ذؼلك اُشلٞاـض.  )أُؼلاُْ الاكو٤للحو

 انُإ  الألا٠ُ ٗلٞػ٤ٖ : ٣رٔصلَ  ٝ ذوٍْذِؼة قٝنا كؼالا ك٢ ذش٤ٌَ ت٤٘ح اُث٤لح اُؽؼه٣ح ُِعآؼح 

ٝ اُرل٢ ذظلْٔ ٝكولا ُل٘ٔؾ ٣ؽولن ؼؼلٞنا ك٤ى٣ا٣ٝلا Central Buildings تلـ )الات٤٘حأُهًى٣للحو 

لٍك تٔا ٣ثؼصٚ شٌَ أُث٠٘ أُظْٔ ٖٓ اشاناخ  أُرِول٢ ٝكولا ُطث٤ؼلح الاشلانج ٣رهظٜٔلا  ٣Signsرع

ٓلٖ  اُ٘لٞع اُصلا٢ٗأٓلا و . 2اُشلٌَ ) أُهٌِح ا٠ُ ٓؼا٢ٗ ٗاتؼح ٖٓ أٌاي اُشٌَ أُاق١ ُمُي أُث٠٘

ٝاُرل٢ ذِؼلة قٝنا   Sculptural Features)اُشلٞاـض اُ٘ؽر٤للحو ـاُشٞاـض اُؼٔٞق٣لح ك٤رٔصللَ تل

ؼٌللً ؼؼللٞنا ك٤٘للا تلل٤ٖ انظللا  ٜٓٔللا كلل٢ اؿ٘للا  اُعاٗللة اُرؼث٤لله١ ُِث٤لللح اُؽؼلله٣ح ُِعآؼللح ٝذ

ل  Topological Elementsكؼا اذٜا اُفانظ٤للح ل ٝ ٣طِلن ػ٤ِٜلا تلـ )اُؼ٘اطله اُطٞتُٞٞظ٤للحو 

أ١ اُٜ٘كٌح اُلا٤ًٔلح ٝ اُر٢ ذرؼٖٔ اػٔالا ُٔ٘ؽٞذاخ ك٤٘لح ٣لرْ ذظل٤ٜٔٔا ٝ ذؽك٣لك ٓٞاهؼٜلا ُرٌلٕٞ 

ثللك٣ٜا ًعللى  ٓللٖ ٓعٔللٞع ٓها٤لللح ٓللٖ ٓفرِللق انظللا  ٓؽلل٤ؾ اُلؼللا اخ اُفانظ٤للح ُِعآؼللح ٓٔللا ٣

ُثٞاتلللاخ اُها٤ٍللل٤لح ٓلللٖ اُؼ٘اطلللهأُٜٔح ُِرؼث٤لللهػٖ ٌللل٤ٔ٤اا٤لح اٝ ذؼلللك و . 4، اُشلللٌَ ) اُلؼلللا اخ

 أُئٌٍاخ أُفرِلح ل ًٔا ٣ؼلك ذظل٤ٜٔٔا ذؼث٤لها ك٤ى٣ا٣ٝلا ٝاػلؽا ػلٖ ٓثلكا٢ اُرهؼ٤لة ٝ اُرٞق٣لغ

ُِعآؼلح ٓلٖ ػِل٠ اظٔلا٢ُ اُث٤للح اُؽؼله٣ح  Imageabilityاػللا  ٌلٔح اُٞػلٞؼ٤ح  كؼلا ػلٖ

.  و2) أُئق٣ح لاظىااٜا أُفرِلح اُها٤ٍ٤ح ٜٓ٘ا ٝ اُصا٣ٞٗلح Axesـلاٍ اُرؼه٣ق تاذعا٤ٛح أُؽاٝن

اػاكح ا٠ُ ٝ ٤لرٜا أُرٔصِح تلهتؾ اُلؼلا اخ ٓلا تل٤ٖ أٍُلاناخ قاـلَ ٝ ـلانض اُث٤للح اُؽؼله٣ح 

ف تٞاتل و . 2، اُشٌَ )ُِعآؼح ٓغ ٓعاٝناخ ٓٞهؼٜا الاٌاي  ح اُعآؼلح ػِل٠ كؼلا ػٖ لُي ذؼهل

اّ تٞاتلح ٌُلَ ٓلاٛٞ ٝاهلغ أٓل Visual Progressionأٜٗا ٌلث٤َ ُرؽو٤لن  لاٛهج اُررلاتغ اُثظله١ 

الات٤٘ح ٤ٌِٝٝح ٍُلؽة أُرِول٢ )شلاؿَ اُث٤للح اُعآؼ٤لحو ٝتشلٌَ ٓرٍٍِلَ اُعآؼح ٖٓ أٍُاناخ ٝ

اش٘لا   ػثه كؼا اذٜا اُفانظ٤لح ٝ ٓلا ٣رهذلة ػِل٠ لُلي ٓلٖ آٌا٤ٗلح لاٌرٌشلاف ؽث٤ؼلح اُلؼلا اخ

ٍ تلل٤ٖ أنظااٜللا ت٘للا ا ػِلل٠ أُؼللا٢ٗ أٌُ٘ٞٗللح ك٤ٜللا ٝ أُرعٍللكج كلل٢ اشللٌاٍ كؼللا اذٜا   لٞ آللا  .اُرعلل

ٝذٔصلَ  Campus Symbolic Spacesاُهٓى٣لح ُِعآؼلح ُلؼلا اخ أُؼاُْ الاكو٤ح كوك ذٔصِلد تا

لؼ٤َ اُؽ٤لاج اُفِل٤ح الاٌا٤ٌح ُِث٤لح اُصواك٤ح أُظٔٔح ك٤ٜا اُعآؼح ًٔا ذٍْٜ تظٞنج ِٓؽٞ ح ك٢ ذ

 و . 7اُعآؼ٤ح ل ًٜٞٗا ذٜكف ا٠ُ اُرم٤ًه ترعانب الاٌلاف ك٢ اُث٤لح أُث٤٘ح ، اُشٌَ )
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  فضبءاد انٕطم

ل ػ٠ِ أٜٗا )الآاًٖ اُر٢ ذؽرل١ٞ ػِل٠  Lynch)اُر٢ ط٘لٜا ) Nodesُِؼوك ٢ٛ ٓشاتٜح ٝ        

تشللٌَ ٓ٘للرظْ ػللٖٔ اُث٤لللح  كؼا٤ُللاخ ٓؼ٤٘للح ٝ ذٔصللَ ٗوللاؽ الاطللَ ٝ اُـا٣للح اُرلل٢ ٣للرْ اُرللهقق ػ٤ِٜللا

. ٝذوٍْ كؼلا اخ اُٞطلَ اُهاتطلح تل٤ٖ تو٤لح اُلؼلا اخ اُفانظ٤لح ُِث٤للح  Lynch,p.83]]اُؽؼه٣لحو 

و . ٝاُلؼلا اخ 2اُؽؼه٣ح ُِعآؼح ا٠ُ أنتؼح أٗٞاع نا٤ٍ٤لح ٢ٛ : اُلؼا اخ اُها٤ٍ٤لح ، اُشلٌَ )

 و .44اُلؼا اخ اُعاكح ، اُشٌَ )و .  44ٝو . ٝ اُلؼا اخ اُهؽثح ، اُشٌَ )2) اُصا٣ٞٗلح ، اُشٌَ

  

  َطبلبد انجبيعخ
ٓ٘لاؽن ذؽرل١ٞ ل ػِل٠ أٜٗلا ) Lynch)اُرل٢ طل٘لٜا ) Districtsُِوطاػاخ ٢ٛ ٓشاتٜح ٝ

ف . [ Ibid,p.37] واُؼ٘اطه اُؽؼه٣ح ًاكحػ٠ِ أٍُاناخ ٝ اٌُرَ اُث٘اا٤ح ٝ اُعآؼلح  ٗطاهلاخ ٝذؼلهل

ُعآؼللح ٝكوللا ُِٞ ٤لللح ا٤ُٔٔللىج ٌُللَ ٓث٘لل٠ ٓللغ ػِلل٠ أٜٗللا ٓللٞاؽٖ لاٗللكٓاض ٝ ذلاػللَ ًللَ ٓللٖ ات٤٘للح ا

اظٔا٢ُ اُلؼا اخ اُفانظ٤ح أُؽ٤طح تٜا ل تٔا ٣عؼَ ًَ ٖٓ الات٤٘لح ٝ ٓعاٝناذٜلا ٓلٖ اُلؼلا اخ 

ف ػااك٣رٜا  )٣ٞٛرٜاو . ًٔا ٣رظَ ًَ  Its Belongingٓؽرٞاج ػٖٔ ؼكٝق ٓؼ٤٘ح ذطٞهٜا ٝ ذؼهل

رلل٢  ذللئٍٝ تللكٝنٛا اُلل٠ اُ٘طللام الاػللْ ٗطللام ٓللغ الاـهٓشللٌلا ٌٍِللِح ٓرهاتطللح ٓللٖ اُ٘طاهللاخ اُ

تٞاٌللطح نٝاتللؾ نا٤ٍلل٤ح . ٝاُللم١ ٣ٔصللَ اُ٘طللام أُهًللى١ ُِث٤لللح اُؽؼلله٣ح ُِعآؼللح ؼ٤للس ذوللاّ 

 و . 46اُلؼا٤ُاخ أُهًى٣لح ، اُشٌَ)

  

  حذٔد ٔ يحٛظ انجبيعخ

ػ٘اطلهـط٤لح ٍٓلرٔهج و ػِل٠ أٜٗلا )Lynchاُر٢ ط٘لٜا ) Edgesُِؽاكاخ  ٢ٛ ٓشاتٜحٝ

ك٢ ٣ٌٖٔ ذظ٤٘لٜا ك٢ ؼ٤ٖ .  [ Ibid,p.35]وذٔصَ ؼكٝقا لاٌرٔهان٣ح ا٤ٌَُٜ اُؽؼه١ أٝ ٓروطؼح ل ٝ

و  . أٓلا 42طِن ػ٠ِ اُ٘ٞع الاٍٝ اٌْ )اُؽكٝقو ، اُشلٌَ )٣اُث٤لح اُؽؼه٣ح ُِعآؼح ا٠ُ ٗٞػ٤ٖ : 

 و . 44ػ٤ِٚ اٌْ )أُؽ٤ؾو ، اُشٌَ )ك٤طِن اُ٘ٞع اُصا٢ٗ 

٤ٔ٤ٍاا٤ح الاقنا٤ًح ُِث٤لح اُؽؼه٣ح ُِعآؼح ٛٞ ٍٗرفِض ٓٔا لًه أػلاٙ إٔ ذؽو٤ن اُث٤٘ح اُ

، كؼلا اخ اُٞطلَ ، اُ٘طاهلاخ ، ) اُطلهم ٝ أُٔاشل٢ ، أُؼلاُْ ٗراض اُلؼَ اُرظ٢ٔ٤ٔ ٌُٔٞٗاذٜلا 

. ٝٓللٖ ـلللاٍ  ٤ُللح ذظلل٤ٔ٤ٔح ذئًللك ػِلل٠ اُؽؼللٞن اُل٤ى٣للا١ٝ ُٜللمٙ اُؼ٘اطلله اُؽللكٝق ٝ أُؽلل٤ؾ و 

 اُؽؼه٣ح .  ذٞاكوٜا ٝ اٍٗعآٜا ٓغ تؼؼٜا ػٖٔ ت٤٘ح اُث٤لحٝ

 

 دٔسانفعم انتظًًٛٙ فٙ تحمٛك انجُٛخ انضًٛٛبئٛخ  انفضبئٛخ -
نهجٛئخ انحضشٚخ نهجبيعاخ ْإ َتابج ناذٔس  -انفضبئٛخ  -اٌ تحمٛك ثُٛخ الاتظبل انضًٛٛبئٛخ         

انفعااام انتظاااًًٛٙ فاااٙ  هاااك انُظااابو دا ااام ٔ  ااابسج انجُٛاااخ انحضاااشٚخ   ياااٍ  ااالال تحمٛاااك                    

 -ُظٛى انفضبئٙ ( ٔ )الاحبطخ انفضبئٛخ( . ٔ كًب ٚلتٙ :) انت

 

  انتُظٛى انفضبئٙ

اُ٘ظاّ اُم١ ٣ئًٌ ػلاهح ٓرٔاٌٌح  ٣Organization Principleوظك تأُثكأ اُر٘ظ٢ٔ٤  

ت٤ٖ ػ٘اطهاُث٤٘ح . كٌَ ػ٘ظه ٣ٔرِي ٗٞػا ٖٓ الاٌرولاٍ ل ٌُٝ٘ٚ ك٢ اُٞهد ٗلٍٚ ٣ٌٕٞ ظى ا ٖٓ 

 Orderedكللؤٕ اُث٤٘للح اُ٘ظا٤ٓلللح  ػ٤ِللٚا ُٔثللكأ ذ٘ظ٤ٔلل٢ ٝاػللػ . ٝ ٓؽلل٤ؾ أًثلله ٣للهذثؾ ٓؼللٚ ٝكولل

Structure ِٔل٢ ذ٘ظل٤ْ أظلىا  ذ٣ٌٜٞ٘لا اُث٤لل٢ ٢ٛ ذِي اُر٢ ذر٤ٔى تٞظٞق ٓثكأ ذ٘ظ٢ٔ٤ أٌاٌل٢ ل ٣

ك٢ٜ اُث٤٘ح  ٣Disordered Structureٌٖٔ هها ذٚ ٝ اٌر٤ؼاتٚ تٍُٜٞح . أٓا اُث٤٘ح ؿ٤ه اُ٘ظا٤ٓلح ٝ

ًٔللا ٣ٌٔللٖ إ   ٓللغ تؼؼللٜا ػشللٞاا٤لح لا ٣ؽٌٜٔللا ٓثللكأ ذ٘ظ٤ٔلل٢ ػللاّ . اُرلل٢ ذٌللٕٞ ػلاهللح الاظللىا



 ْذٖ عجذ انظبحت                                                                     ُٕٛ٘انجبيعخ ٔ الاحضبس ثبلاَتًبء انًكبَٙ انج

 ْذٚم ثبيش

 

 

 iasj.net 622ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

ا٠ُ أُثكأ اُر٘ظ٢ٔ٤ تؤٗٚ لُي أُثكأ اُلم١ ٣ؼلٖٔ الاٗرظلاّ أُ٘طول٢ ٝاُشل٢ُٞٔ تل٤ٖ اُؼ٘اطله ٗش٤ه

لٌٖ هها ج اٌَُ ٖٓ الاظىا     و .42اُشٌَ ) ،أٍُروِح ٌُٔإ ٓا ٝ اُم١ ٣ٔ

 

   الاحبطخ انفضبئٛخّ

ػِل٠ إٔ ؿ٤لاب ؼلكٝق  ٢Elemets of Architecture ًراتلٚ و كل٣Von Meissئًلك )

ٝاػؽح ٌُِٔإ ذٔ٘ؼ٘لا ٓلٖ ذٌل٣ٖٞ طلٞنٓكنًح ُِث٤للح اُؽؼله٣ح أُث٤٘للح ل ٝ ًِٔلا ذٌلٕٞ الاؼاؽلح 

ت٘لا ا .   ] [Von Meiss,p.26اُلؼاا٤ح ٓؼهكح اُؽكٝق ذٌٕٞ اُظٞن اُم٤٘ٛح أُ٘ؼٌٍح ػٜ٘ا أًصهاقناًلا

ًٔللا إٔ و . 44، اُشللٌَ )ٓلا كؼللالا كلل٢ اقناى اُث٤٘للح ا٤ٌُِللح ػِلل٠ لُللي ذؼللك الاؼاؽللح اُلؼللاا٤ح ػللا

أ٤ٔٛرٜا لا ذوَ ػٖ أ٤ٔٛح اُر٘ظ٤ْ اُلؼاا٢ ل كٌلاٛٔا ٣ٍلٜٔإ كل٢ ذٞػل٤ػ اُث٤٘لح ل٤٘ٛلا . كلالا ًلإ 

 .  اُر٘ظ٤ْ اُلؼاا٢ ٣ٞؽك اُ٘ظاّ قاـَ اُث٤٘ح ل كإ الاؼاؽح اُلؼاا٤لح ذٞؽكٙ ٖٓ اُفانض 

ا٢ُ اُلل٠ ذؼه٣للق )اُث٤٘للح اُلؼللاا٤لح ُِث٤لللح اُؽؼلله٣ح ػ٤ِللٚ ٣فِللض اُثؽللس كلل٢ ظىاللٚ اُؽلل

الاذظلللا٢ُ اٍُللل٤ٔ٤اا٢ ُِلؼلللَ اُرظللل٢ٔ٤ٔ ُِعآؼلللحو ػِللل٠ أٜٗلللا : ت٤٘لللح ٌللل٤ٔ٤اا٤لح ٗاذعلللح ػلللٖ اُكٝن

كلل٢ ذؽو٤للن اُر٘ظلل٤ْ اُلؼللاا٢ قاـللَ ٝ ـللانض ت٤٘رٜللا . ٓللٖ ـلللاٍ اُرؼث٤لله  ُلؼللا اذٜا اُفانظ٤لللح

ٓؼلح تالاٗرولاٍ تلؼلا اذٜا اُفانظ٤لح ٓلٖ ؼاُرٜلا ٝتظٞنج ظ٤ِللح ػلٖ شفظل٤لح اُث٤٘لح اُلؼلاا٤لح ُِعا

اُٞظٞق٣ح ًلٌه ا٠ُ ٝظٞق ٓاق١ ٣رٔصَ ت٤ٜلرٜلا اُل٤ى٣ا٣ٝلح أُ٘ؼٌٍلح ػلٖ ٓلا ٣ؽر٣ٞلٚ ظٞٛهٛلا ٓلٖ 

 .نٓٞو

 دٔس انفعم انتظًًٛٙ فٙ تحمٛك انجُٛخ انضًٛٛبئٛخّانضهٕكٛخّ-
صتٛعبة انخظابئض انز٘ ٚتحمك يٍ  لال  هك تجشثخ ثظشٚخ يتًٛزح َتٛجخ تحضش ٔ أ        

 انفضبئٛخ ٔ كبٜتٙ :

 

ذرؽلكق ػِل٠ اُلؼلا  ٝ شلٌِٚ ٓلغ ؼعلْ الاٍٗلإ ٝ ذ٘ظ٤ْ اُؼلاهح تل٤ٖ ؼعل٣ْٝوظك تٚ  :  انًمٛبس -

اٌللاي هللكنج أُشللاٛك الاٌللر٤ؼات٤ح ٝ اقناًللٚ ُِظللٞنج اُؽؼلله٣ح ل ٝ ٛلل٢ ٓللٖ اٌاٌلل٤اخ ذٌلل٣ٖٞ 

عللْ اُل٤ى٣للا١ٝ ٌُللَ ٓللٖ اٌُرِللح اُؽٝ أُو٤للاي " ٛللٞ الاٗطثللاع اُعٔللا٢ُ ذعللاٙ . الاؼٍللاي تأٌُللإ 

ل الا٠ُٝ ٢ٛ ا٤ُٜلح اُل٤ى٣ا٣ٝح ل هٞذ٤ٖ ٍٗث٤ر٤ٖ  اُلؼا  " ل ت٘ا ا ػ٠ِ لُي ٣رؼٖٔ أُو٤اي ٝظٞقٝ

ٓلا ٔرؤذ٤ح ٖٓ ذظٞن الاٍٗلإ أٍُلثن ٝر٢ ذهذثؾ تاُؽعْ ل ٝ اُصا٤ٗح ا٤ُٜلح اُلٍِل٤ح ٝ اُؽ٤ٍح اُُٝ ا

ؤٕ ت٤٘ح اُث٤لح اُؽؼه٣ح ذرشٌَ ػاقج كذْ ؽهؼٚ ٝٝكوا ُٔا .  ٣ؽِٔٚ ٖٓ قلالاخ ـاطح تو٤اي اُش٢ 

ٝ اُرل٢ ٣علة إٔ ذشلرهى تل٘لً  فانظ٤لحٖٓ ٌٍِِح ٖٓ اُلؼا اخ اُؽؼه٣ح تٔا ك٤ٜلا اُلؼلا اخ اُ

اُِـح أُؼٔان٣ح ٤ٌُٕٞ ٓظٜهٛا ٓؤُٞكا ٝ ٣ٍَٜ اقناى ٓؼا٤ٜٗا ٖٓ هثلَ ٝأُو٤اي أُٞاق فٞاص ٝاُ

ٝ ذرهاٝغ ٓوا٤٣ً اُلؼا اخ ت٤ٖ أُو٤اي . ِي اُث٤لح أُرِو٢ تٔا ٣ؽون اؼٍاٌٚ تالاٗرٔا  أٌُا٢ٗ ُر

ل ٝ ٣ؼثله أُو٤لاي  Monumental Scalesٝ ت٤ٖ أُوا٤٣ً اُ٘ظث٤ح  Human Scaleالاٍٗا٢ٗ 

ُؼل٤ن أٝ الآلإ أٝ شلؼٞنٙ تا٢ ذؽًٍ الاٍٗإ ػٖٔ ٛلما اُلؼلا  ٝػٖ اُثؼك الاٍٗا٢ٗ ٝ ٣ئشه ك

  . الاٗرٔا  أٌُا٢ٗ  اُرٞاػغ أٝ اُرٍِؾ أٝ اُ٘لٞنٝ ؼٍةاُطٔؤ٤ٗ٘ح ل ٝ

٣ٔصَ اُؼلاهح ت٤ٖ اتؼاق اُلؼا  ٝ اُؼلاهح ت٤ٖ اُعلى  ٝ اٌُلَ اُرل٢ ٣ل٘عْ ػٜ٘لا ٓؼلا٢ٗ ٝ:  انتُبصت -

ٕ ذؽون ٍٓر٣ٞاخ اُهاؼح اُثظله٣ح ٣لرهع إ ذظَ ا٠ُ الاٍٗإ ٝ إٔ ٣رؽٍٍٜا ل ؼ٤س ٣لرهع أ

 . ح اُر٢ لا تك إ ذهذثؾ تاُو٤ْ اُعٔا٤ُح ٍُِ٘ة أٍُرؼِٔح اُ٘ل٤ٍل ٝ

 

يعددا حتواددمحد  ادداي حي يددي  ددي اصددميف حئعة اددض حئ ادد ضيي حئواددضيي حئ ماددعيي  : الاحتاإاء -
Spatial Elements  توامحد  ف حئة ويي حئ ا ضيي يعةي يف حئ ا د حئ واب يصمف  ا يزح عف  

شد غييا  تجا  عيدي يعةدي حف هداه حتاةيدي مغيضه اصمةد   و اد  ا يدالا حتاةيدي . م  دف حئة ويدي ح
 ادددع اع خدددي ع ادددي  دددع ائددده حئ اددد د ح م هددداه حئع خدددي ا دددةلا شددد غيي حئايضدددي حئوادددضيي اا

ذؼ٢٘ قنظح اُرؽك٣ك تاُؼ٘اطه اُل٤ى٣ا٣ٝلح ُِلؼلا  ٓلغ تؼؼلٜا اُلثؼغ ٝ.  شاضصي  Identityهميي

اُفلانض أٝ هلك لا ذؼلك ًٜٞٗلا اُؽهًلح ٝ الاـرلهام تل٤ٖ اُلكاـَ ٝ ُر٢ هك ذٌٕٞ ؼٞاظى كؼ٤ِح ذٔ٘غٝا
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 iasj.net 624ٓرٞكه ػ٠ِ أُٞهغ اُرا٢ُ: 

اُفظلااض ذؽلكق الاؿلهاع ٝاـَ ٝ اُفلانض ل ٝى٣ح ذٞكه ذكاـلا تظه٣ا ت٤ٖ اُلكٌٝااَ ذؽك٣ك نٓ

ٓٔلا  -ا١ قنظلح الاٗـلاه٤لح  –الاظرٔاػ٤ح قنظح اُرهاتؾ أُٞظٞقج ٝ أُطِٞتح ػثه ٛلمٙ اُؽلٞاظى 

ٝ ـظٞط٤ح ٓؼ٤٘ح تل٤ٖ اُلكاـَ ٝ اُفلانض أٝ قنظلح ٓلٖ الاظرٔاػ٤لح ُٝـلهع  ٍػى٣رطِة ذٞك٤ه

ٕ . ًٔا إٔ اُلؼا  أُؽاؽ ٝ أُؽكق ٖٓ هثَ الات٤٘لح ٝ تظلٞنج ٗظا٤ٓلح الاـرلاؽ ت٤ٖ شاؿ٢ِ أٌُا

ٝاُلللللم١ ٤ٔ٣لللللى ٣ؼلللللك أؼلللللك ٓوٞٓلللللاخ ذؽو٤لللللن ٓلٜلللللّٞ اُٞؼلللللكج اُثظللللله٣ح ُِٔشلللللٜك اُؽؼللللله١ 

٣ؼط٢ ذؤش٤ها ه٣ٞا ًٝاك٤لا ُرؽك٣لك ٤ٛللح  أٍُا  اُم١ ٖٓ ـلاٍ ذ٘ظ٤ْ ـؾ  ٣ٞٛIdentificationرٜا

  .  تاٍُ٘ثح ُٔرِو٤ٚٔا  أٌُا٢ٗ ُمُي اُلؼا  اُلؼا  ل ٝ تاُرا٢ُ ذؽل٤ى اُشؼٞن تالاٗر
 

ٛٞ ٓثلكأ ذ٘ظ٤ٔل٢ ُرٌل٣ٖٞ ا٤ٌُٜلَ اُشل٢ُٞٔ ٓلٖ ـللاٍ ذٌلهان الاؼرلٞا اخ أُٞػلؼ٤ح ٝ :انتكشاس -

ًٔا ٣ٔصَ ٓلّٜٞ اُرٌهان أُثلكأ اُر٘ظ٤ٔل٢ اُلم١ ٣ظٜله  ًلؼا اخ ـاطح ُر٣ٌٖٞ ا٤ٌَُٜ اُش٢ُٞٔ .

غ الاظلىا  أُٞػلؼ٤ح ٝ اُرل٢ ٣ـِلة ػ٤ِٜلا ؽلاتغ ك٤ٚ اُ٘ظاّ اُؽؼه١ اُش٢ُٞٔ تٞطلٚ ٗراض ُرع٤ٔ

كلل٢ أُفططللاخ ٝ اُرظللا٤ْٓ . ال إ ٛللما أُلٜللّٞ ٣رؼللٖٔ قلاُللح أُعرٔللغ  Geometryاُٜ٘كٌلل٤ح 

أُعىأ ، ٝ ٛٞ ٓعرٔغ ٣رؤُق ٖٓ ٝؼكاخ شا٣ٞٗح ٓ٘لظِح ٌُٜ٘لا ٓرٔاشِلح ٝ ذٔاشِٜلا كل٢ ٓعرٔلغ اًثله 

 . ٖٓ ـلاٍ اُرٌآَ اُلؼاا٢ ٣ٌٕٞ ٖٓ ـلاٍ اُرٔص٤لاخ اُهٓى٣ح اًصه ٖٓ إ ٣ٌٕٞ
 

ح أُٞػللؼ٤ح كلل٢ ذللكنض كؼللاا٢ ػِلل٠ أٍُللرٟٞ ػ٤لللاٛللٞ ٓثللكأ ُرع٤ٔللغ اُٞؼللكاخ الاظرٔ : انتااذسج -

ٝ ٣ئًللك ػِلل٠ ٤ٛٔ٘للح اُشللٌَ اُٜ٘كٌلل٢ ُِلؼللا اخ ، ٓٔللا ٣فِللن ٌللطؽا ؼؼلله٣ا ٣ٔرِللي  اُشلل٢ُٞٔ .

ا٢ ٓللٖ ٝػللٞؼا ٣ٌٔللٖ اقناًللٚ ػللٖ تؼللك ، الا اٗللٚ ٣للئشه ٝ تشللٌَ ِٓٔللٞي ػِلل٠ اُٞػللٞغ اُلؼللا

ٓثللكأ ُر٘ظلل٤ْ الاؼرللٞا اخ أُٞػللؼ٤ح ال ترٌهانٛللا  ًٔللا ٣ٔصلللَ اُرللكنضأُٞػللؼ٢ اُلل٠ اُشلل٢ُٞٔ . 

 ٗؽظَ ػ٠ِ اؼرٞا اخ أًثه لاخ ذكنض ٛه٢ٓ ٖٓ اُفاص ا٠ُ اُؼاّ . 

 

ت٤٘للح ٌلل٤ٔ٤اا٤لح ٗاذعللح ػللٖ اُللكٝن ُِث٤لللح اُؽؼلله٣ح ُِعآؼللح ٛلل٢ ٝ ػ٤ِللٚ كللإ اُث٤٘للح اٍُلل٤ًِٞح        

٢ ُِلؼَ اُرظ٢ٔ٤ٔ ُلؼا اذٜا اُفانظ٤ح ك٢ ـِن ٗلٞع ٓلٖ اُؽلٞان تل٤ٖ )٤ٛلرٜلا الاذظا٢ُ ا٤ٔ٤ٍُاا

اُؽؼه٣حو أُ٘ؼٌٍلح ػلٖ ٓلا ٣ؽر٣ٞلٚ ظٞٛهٛلا ٓلٖ نٓلٞو ٝ )اٍُلِٞى اُلؼلاا٢ ُٔرِو٤ٜلاو ل ٗظلها 

لاٌركػا  لاًهج أٌُإ أُرؽووح ٖٓ اُرعهتلح اُثظله٣ح اُ٘اذعلح ػلٖ اٌلر٤ؼاب أُرِول٢ ُِفظلااض 

)أُو٤للاي لاُر٘اٌللةلالاؼرٞا ،اُرٌهان ٝاُرللكنضو . ٝٓاُٜللا ٓللٖ قٝن  ُٔرٔصِللح تللـاُلؼللاا٤لح الاٌاٌلل٤لح ا

اٍ ك٢ ٗظهذٚ اُش٤ُٞٔح لاظٔا٢ُ اُلؼا اخ اُفانظ٤ح ُِعآؼح ٝ تاُرا٢ُ اؼٍاٌٚ تالاٗرٔا  ا٤ُٜا .  كؼل

 

ُوك ذٞػػ ػ٠ِ ػٞ  الاؽان اُ٘ظه١ أُطهٝغ كل٢ اُثؽلس إ ُِلؼلَ اُرظل٢ٔ٤ٔ ُِلؼلا اخ       

 ُِث٤لللح اُؽؼلله٣ح ُِعآؼللح      ٝنا اٌاٌلل٤ا كلل٢ ذؽو٤للن ت٤٘للح الاذظللاٍ اٍُلل٤ٔ٤اا٤ح أُرٌآِللح اُفانظ٤للح ق

اُلؼلَ اُرظل٢ٔ٤ٔ   ٤ُلاخٓلٖ ـللاٍ ذلاػلَ ٝ ذلىآٖ الاؼٍلاي تالاٗرٔلا  أٌُلا٢ٗ و  اُر٢ ذؽولن) ٝ

ا٤ٔ٤ٍُاا٤ح  ُِٔهًثاخ الاٌا٤ٌح اُصلاز ُِث٤٘ح أٌُا٤ٗح اُر٢ ذرٔصَ تاُث٤٘ح ا٤ٔ٤ٍُاا٤ح الاقنا٤ًح ٝ اُث٤٘ح

   اُلؼاا٤ح ٝ اُث٤٘ح ا٤ٔ٤ٍُاا٤ح ا٤ًٍُِٞح . 
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 اٌرفلاص الاؽان اُ٘ظه١ ُكٝن اُلؼَ اُرظ٢ٔ٤ٔ ك٢ ذؽو٤ن ت٤٘ح الاذظاٍ ا٤ٔ٤ٍُاا٤لح ُِعآؼح
 

 اُلؼا اخ اُفانظ٤ح

 ُث٤لح اُؽؼه٣ح ُِعآؼحاأُشٌِح ُث٤٘ح 

 اذظــــــــــــــــــــــــــــــــــــــــــــــــــــــــاٍ  

 ـــــــاا٢ ٤ٔ٤ٌـــــــــــــــــــــــــــــــــــــــــــــــــ

 

 اُث٤٘ح أُاق٣لح

 )الاقنا٤ًح اُلؼاا٤ح ا٤ًٍُِٞحو

 ُِث٤لح اُؽؼه٣ح ُِعآؼح

 ُث٤٘ح اُلٌه٣لحا

 )الاقنا٤ًحاُلؼاا٤ح ا٤ًٍُِٞحو

 ُِث٤لح اُؽؼه٣ح ُِعآؼح

 

 اُلؼَ اُرظ٢ٔ٤ٔ

 ُِلؼا اخ اُفانظ٤ح

 ُِعآؼح

  ٤ُاخ ذؽو٤ن

 -الاقنا٤ًلح  –اُث٤٘ح ا٤ٔ٤ٍُاا٤لح 

 

  ٤ُاخ ذؽو٤ن

 -اُلؼاا٤لح –اُث٤٘ح ا٤ٔ٤ٍُاا٤لح 

 

  ٤ُاخ ذؽو٤ن

 -ا٤ًٍُِٞلح  –اُث٤٘ح ا٤ٔ٤ٍُاا٤لح 

 

 ئٛخّ انًتكبيهخ ثُٛخ الاتظبل انضًٛٛب

 نهجٛئخ انحضشٚخ نهجبيعخ

 ـِن اُ٘ظاّ اُلؼاا٢ 

 قاـَ ٝ ـانض اُث٤٘ح

 

٣ا١ٝ ٌُٔٞٗاخ اُؽؼٞن اُل٤ى

 ٜا ٝ اٍٗعآٜاواُث٤٘ح ٝ ذٞاك

 

اتهاو اُفظااض اُلؼاا٤ح 

 اُر٢ ذُٞك ذعهتح تظه٣ح 

اُر٘ظ٤ْ 

 اُلؼاا٢ 

 الاؼرٞا 

اُطهم 

 ٝأُٔاش٢

 

 كؼا اخ

 اُٞطَ

 أُؼاُْ

 

 

اُؽكٝق 

 ٝأُؽ٤ؾ

 

 اُ٘طاهاخ

 

 أُو٤اي اُر٘اٌة

 اُركنض اُرٌهان

 الاؼاؽٚ

  ٚاُلؼاا٤

 الاحضبس ثبلاَتًبء انًكبَٙ انجُٕٛ٘ 
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 و 4اُشٌَ ) 

Bocum University 

ذظ٤ْٔ ا٤ٌَُٜ اُؼفْ ُِعآؼح ظا  ٤ُرلااْ ٓغ 
ٓركاـلا ٓغ اُؽكاان  ٌؼح كؼا اذٜا اُفانظ٤ح ٝ

ٝ اُـاتاخ أُعاٝنج ُٔٞهغ اُعآؼح الاٌاي تٔا 

٣عؼِٜا ٓرؼآح ٝ ٓؽٌٔح كؼلا ػٖ ًٜٞٗا 

 ًلٞ ج ك٢ اقا  اُٞ ٤لح أُثرـاج ٜٓ٘ا .

 و 6اُشٌَ ) 

Rochester University 

ذظ٤ْٔ ٓٔش٠ اُعآؼح اُها٢ٍ٤ اتركا ا ٖٓ أُكـَ 
اخ اُها٢ٍ٤ ٓٔا ٌاػك ػ٠ِ ذلؼ٤َ ٝ ٤لح اُلؼا 

ُٚ ، كؼلا ػٖ ٝ ٤لرٚ اُها٤ٍ٤ح اُفانظ٤ح أُعاٝنج 

أُرٔصِح ترو٣ٞح ا٤ٌِ٤ُٜح اُلاوٓح ُرؼه٣ق اُؽاكاخ 

 .اُكاـ٤ِح ٝ ػٞاؼ٤ٜا 

و  2اُشٌَ )    

United States Air Force Academy 

ذظ٤ْٔ أُث٠٘ أُهًى١ ٤ُرفم )ٓو٤اٌا طهؼ٤او ٤ٔٓىا ل 
ػ٠ِ ٓٞهؼٜا ٣ؼِٖ ػٖ ٣ٞٛح اُعآؼح ػٖ تؼك ٤ٌُٕٞ ق٤ُلا 

 ٍٗثح ا٠ُ ٓعاٝناذٜا ٖٓ أُئٌٍاخ

 

و  4اُشٌَ )   

Ohio State University. 

 U. S. A 

ذظ٤ْٔ أُ٘ؽٞذاخ ُررفم أشٌاٍ الانهاّ ٝ تانذلاػاخ ٓفرِلح تاُوهب ٖٓ ٓكـَ 

ا٤ٌُِح أُرفظظح تؼِّٞ اُه٣اػ٤اخ اػرٔاقا ػ٠ِ اُلٖ أُؼاطه 

Contemporary Art رح ُلاٗرثاٙ ٓٔا ٣ؼىو اُث٤لح ٓشٌلا قلاُح ٤ٔٓىج ٝ ِٓل
اُفانظ٤ح ُِعآؼح ٖٓ ـلاٍ الاشانج ا٠ُ ـظٞط٤ح  اظىا ٛا )ا٤ٌُِاخو ػٖٔ 

 ٤ٍٗعٜا ا٢ٌُِ )اُث٤لح اُؽؼه٣ح ُِعآؼحو .

 و(Harvey,2001أُظكن : 

و  2اُشٌَ )   

Stanford University 

ذظ٤ْٔ اُثٞاتح اُها٤ٍ٤ح ُِعآؼح ٣رٍْ  تاُلفآح ٝالآٌا٤ٗاخ 

٤ٔح اُعه٣لح ٓٔا ٣ثك٣ٜا ً٘ظة ٤ٔ٤ٌاا٢ ٣ٍركػ٢ اُماًهج اُرظ٤ٔ

ك٢ شٌِٜا   ُِرؤَٓ ه٤ِلا لاٌرفلاص ٓؼ٘اٛا ٝ اُكلالاخ أُرعٍكج

 اُل٤ى٣ا١ٝ .

  Safdie,1999)أُظكن : )

و 2)  اُشٌَ  

University of Arizona  

٠ٍٔ٣ ٛما اُ٘ٞع ٖٓ اُثٞاتاخ ب )اُثٞاتح 

٘ا اُصا٣ٞٗحو ًٜٞٗا ـاطح ت٤ٌِح ٓؼ٤٘ح ٝ ٛ

ذٔصَ تٞاتح ٤ٌُِح اُلٕ٘ٞ ل ٝ ذؼك ٖٓ أُؼاُْ 

لاخ اُكلالاخ ػ٠ِ ٝػٞؼ٤ح أٌُإ ٝ 

أؼ٤اٗا ذؽَٔ ذؼث٤ه٣ح ٗؽر٤ح ٓٔا ٣ٌٍة 

 ذظ٤ٜٔٔا ٌٔح اُ٘راض اُل٢٘ .
 

و 7)  اُشٌَ  
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و  2)  اُشٌَ  

Claremont-McKenna College 

٣ح ٓؽ٤ِلح ٓٔا ذظ٤ْٔ اُلؼا اخ اُها٤ٍ٤ح ُِعآؼح اػرٔاقا ػ٠ِ اًٌ ٝ أكٌانذؼث٤ه 

 ٣ٔ٘ؽٜا ٓؼا٢ٗ ذؼًٌ ٣ٞٛح اُث٤لح أُظٔٔح ك٤ٜا اُعآؼح 
 

و  2)  اُشٌَ  

University of Michigan 

ذظ٤ْٔ اُلؼا اخ اُصا٣ٞٗح ُرشٌَ ٗواؽ ُلاٌرهاؼح ٝ اُعِٞي ٝ ذٌٕٞ ٝ ٤ل٤ح تؽرح  

 ل ٝ ٓؼىُٝح ػٖ الات٤٘ح الاًاق٤ٔ٣ح ٝ ٓركاـِح ٓغ اُلؼا اخ اُفانظ٤ح ك٢  ٕ ٝاؼك . 
 

 

 

و  44)  اُشٌَ  

U.S.A. لUniversity of Miami 

ػ٠ِ اظٔا٢ُ اُث٤لح اُفانظ٤ح ُِعآؼح ذظ٤ْٔ كؼا اخ اُٞطَ ت٤ٖ أُٔاش٢ تؤٌِٞب ٣ؼل٢ اُثٜعح  

 ٖٓ ـلاٍ ذٞ ٤ق ػ٘ظه أُا  ك٢ اُؼوك اُهاتطح ت٤ٖ أُٔاش٢ أُئق٣ح ا٠ُ هطاػاخ اُعآؼح أُفرِلح .

 

و  42)  اُشٌَ  

Harvard University 

ذظ٤ْٔ الا٤ٌعح ٝ اُعكنإ تاٌِٞب ٓظٔد ُرؼَٔ ًٔؽكق ُ٘طاهاخ اُعآؼح ًَ  

ً ـظٞط٤ح اُ٘طام اُٞاؼك اُم١ ٣ؼَٔ ًعى  ٖٓ ػ٠ِ ؼكج ٝ اًٍاتٜا ٤ٛلح ذؼٌ

 ا٤ُٜلح الاظٔا٤ُح ُؽكٝق اُ٘طاهاخ أُشٌِح لاظٔا٢ُ ا٤ٍُ٘ط اُؽؼه١ ُِعآؼح .

 

و  44)  اُشٌَ  

College of Santa Fe 

ذظ٤ْٔ كؼا اخ اُٞطَ ت٤ٖ أُٔاش٢ تؤػلا  ٌٔح اُعٍا ج ػ٤ِٜا ُرؼَٔ تاُؼك ٖٓ  
 تؼغ ٓعاٝناذٜا ٖٓ الات٤٘ح اُر٢ هك ذرٍْ تاُشلاك٤لح 

 

 

 و  46اُشٌَ ) 

University of California 

ذظ٤ْٔ ٗطاهاخ اُعآؼح ٝكوا ُ٘ٔؾ ٣ؼَٔ ػٔ٘ٚ اُ٘طام اُٞاؼك 
ا ا٠ُ ًعى  ٖٓ ٓعٔٞع اُ٘طاهاخ أُعاٝنج ُٚ ٝ ذئٍٝ ظ٤ٔؼٜ

 اُ٘طام أُهًى١ ُث٤لح اُعآؼح .
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 الاصتُتبجبد ٔ انتٕطٛبد  

 بد جالاصتُتب  -

  إ ُِلؼَ اُرظ٢ٔ٤ٔ قٝنا اٌا٤ٌا ك٢ ذؽو٤ن ت٤٘ح الاذظاٍ ا٤ٔ٤ٍُاا٤ح أُرٌآِح ُِث٤لح اُؽؼه٣ح

ُِعآؼح ٝاُر٢ ذؽون الاؼٍاي تالاٗرٔلا  أٌُلا٢ٗ ٓلٖ ـللاٍ ذؽك٣لك  ٤ُلاخ ٓهًثاذٜلا الاٌاٌل٤ح 

لاز أُرٔصِللح تاُث٤٘للح اٍُلل٤ٔ٤اا٤ح الاقنا٤ًللح ٝاُث٤٘للح اٍُلل٤ٔ٤اا٤ح اُلؼللاا٤ح ٝاُث٤٘للح اٍُلل٤ٔ٤اا٤ح اُللص

 ا٤ًٍُِٞح . 

  َإ ذؽو٤ن ت٤٘ح الاذظلاٍ اٍُل٤ٔ٤اا٤ح الاقنا٤ًلح ُِث٤للح اُؽؼله٣ح ُِعآؼلح ٛلٞ ٗرلاض ُلكٝن اُلؼل

اُؽلكٝق  –اخ اُ٘طاه –اُلؼا اخ اُٞطَ  –أُؼاُْ  -اُرظ٢ٔ٤ٔ ٌُٔٞٗاذٜا )اُطهم ٝ أُٔاش٢

 ٝأُؽ٤ؾو . 

ذرؽكق ٖٓ ـلاٍ آنٛبد انفعم انتظًًٛٙ نتحمٛك ثُٛخ الاتظبل انضًٛٛبئٛخ الادساكٛخ ٝػ٤ِٚ كإ 

اُرؤ٤ًك ػ٠ِ اُؽؼٞن اُل٤ى٣لا١ٝ ُٜلمٙ أٌُٞٗلاخ ٝذٞاكوٜلا ٝاٍٗلعآٜا ٓلغ تؼؼلٜا ػلٖٔ ت٤٘لح 

 اُث٤لح اُؽؼه٣ح .

  اُؽؼله٣ح ُِعآؼلح ٛلٞ ٗرلاض ُلكٝن اُلؼلَ إ ذؽو٤ن ت٤٘لح الاذظلاٍ اٍُل٤ٔ٤اا٤ح اُلؼلاا٤ح ُِث٤للح

 اُرظ٢ٔ٤ٔ ك٢ ـِن اُ٘ظاّ اُلؼاا٢ قاـَ ٝ ـانض ت٤٘ح اُث٤لح . 

ذرؽكق ٖٓ ـلاٍ  آنٛبد انفعم انتظًًٛٙ نتحمٛك ثُٛخ الاتظبل انضًٛٛبئٛخ انفضبئٛخٝػ٤ِٚ كإ 

ذؽو٤للن )اُر٘ظلل٤ْ اُلؼللاا٢و ٓللٖ ظاٗللة ، ٝ اُللم١ ٣ٜللكف اُلل٠ ذ٘ظلل٤ْ اُؼلاهللاخ اُهاتطللح تلل٤ٖ 

 و  44شٌَ )اٍ

Harvard University 

ذظ٤ْٔ ٓؽ٤ؾ اُث٤لح اُؽؼه٣ح ُِعآؼح ظا  ٤ٌَُٔ كٌهج ذظ٤ْٔ  

اُث٤لح اُفانظ٤ح ُٜا ٖٓ ؼ٤س اُرٍٍَِ اُثظه١ تالاٗرواٍ ٖٓ كؼا  
ا٠ُ  ـه ػٖٔ ت٤لح اُعآؼح ٝطٞلا ا٠ُ ٓؽ٤طٜا ٝ اُم١ ٣ٔراو 

ذؽٍٍٚ اُل٤ى٣ا١ٝ ٖٓ ـانض ٓٞهؼٜا ٝ ٖٓ قاـِٚ ك٢ تٍٔح اقناًٚ ٝ 

  ٕ ٝاؼك . 
 

 

 

و  42اُشٌَ )   
ذظ٤ْٔ اُؼلاهاخ اُهاتطح ت٤ٖ اُلؼا اخ اُفانظ٤ح ُِعآؼح ٝكوا 

ُ٘ٔؾ ذ٘ظ٢ٔ٤ ٣ِؼة قٝنا ٜٓٔا ك٢ ا ٜاناُث٤لح اُؽؼه٣ح 

ًٔعا٤ٓغ ٓرعاٍٗح ٖٓ الات٤٘ح ٝ اُلؼا اخ اُفانظ٤ح أُرلاؼٔح 
  l ٓؽ٤طٜا اُؽؼه١ ػٖٔ
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ُلؼللا اخ اُفانظ٤للح ُِث٤لللح اُؽؼلله٣ح ٓٔللا ٣ؽوللن اُ٘ظللاّ اُلؼللاا٢ قاـللَ ت٤٘رٜللا . ٝ ذؽو٤للن ا

)الاؼاؽللح اُلؼللاا٤حو ٓللٖ ظاٗللة  ـلله ٝاُرلل٢ ذٜللكف اُلل٠ اُر٘ظلل٤ْ اُشلل٢ُٞٔ لاظٔللا٢ُ اُث٤لللح 

 اُؽؼه٣ح ٝ اؼرٞا  كؼا اذٜا ٝ اتهاو ؼكٝقٛا ٓٔا ٣ؽون اُ٘ظاّ اُلؼاا٢ ـانض ت٤٘رٜا .  

 اٍُل٤ٔ٤اا٤ح اٍُل٤ًِٞح ُِث٤للح اُؽؼله٣ح ُِعآؼلح ٛلٞ ٗرلاض ُلكٝن اُلؼلَ إ ذؽو٤ن ت٤٘لح الاذظلا ٍ

اُرظلل٢ٔ٤ٔ كلل٢ ذؽو٤للن شفظلل٤ح تظلله٣ح ٓر٤ٔللىج ذؼللل٢ ػِلل٠ أُرِولل٢ ٤ٓللىج اقناى ت٤٘رٜللا 

 الاظٔا٤ُح ؼ٤ٍا ٝ ل٤٘ٛا ٝ ذؽون الاؼٍاي تالاٗرٔا  ٌُِٔإ. 

ذرؽكق ٖٓ ـلاٍ  نضهٕكٛخآنٛبد انفعم انتظًًٛٙ نتحمٛك ثُٛخ الاتظبل انضًٛٛبئٛخ اٝػ٤ِٚ كإ 

اتهاو اْٛ اُفظااض اُلؼاا٤ح اُر٢ ذئشه ك٢ اٌر٤ؼاب أُرِو٢ ٝ ٗظهذٚ ُِلؼا  ٝ ذُٞك ذعهتح 

٤ٔٓىج . ٝ ذرٔصَ ٛمٙ اُفظااض تـ )أُو٤اي ، اُر٘اٌة، الاؼرٞا  ، اُرٌهان، اُركنض اُثظه١ 

 ... اُؿ و .

 ح أٌُا٤ٗللح )الاقنا٤ًللح ٝاُلؼللاا٤ح إ ذلاػللَ ٝ ذللىآٖ  ٤ُللاخ أُهًثللاخ الاٌاٌلل٤ح اُللصلاز ُِث٤٘لل

ٓللغ  ٝاٍُل٤ًِٞحو ٣ؽوللن ت٤٘للح اذظللاٍ ٌلل٤ٔ٤اا٤ح ُِث٤لللح اُؽؼله٣ح ُِعآؼللح ذفِللن ؼللٞانا ٍٓللرٔها

 ٓرِو٤ٜا ٝ ذؽون اؼٍاٌٚ تالاٗرٔا  أٌُا٢ٗ ا٤ُٜا .  

 

 انتٕطٛبد -

تؼلللك إٔ ذٞػلللؽد كاػ٤ِلللح الاؽلللان اُ٘ظللله١ أُطلللهٝغ كللل٢ اُثؽلللس كللل٢ نطلللك قٝن اُلؼلللَ   

ؼا اخ اُفانظ٤ح ك٢ ذؽو٤ن ت٤٘لح ٌل٤ٔ٤اا٤لح ٓرٌآِلح ُِث٤للح اُؽؼله٣ح ُِعآؼلح ، اُرظ٢ٔ٤ٔ ُِل

ٝاُٞطٍٞ اُل٠  ٤ُلح ٝاػلؽح ذعٍلك ٛلما اُلكٝن ػِل٠ اُظلؼ٤ك الاقناًل٢ ٝاُلؼلاا٢ ٝاٍُل٢ًِٞ 

 تا٥ذ٢ : ٣ٞط٢ اُثؽس 

 

  ْػِلل٠ اُظللؼ٤ك اُرطث٤ولل٢ : اػرٔللاق الاؽللان اُ٘ظلله١ تٞطلللٚ ٌٝلل٤ِح ذؽ٤ِ٤ِللح ٣للرْ تٔٞظثٜللا ذو٤لل٤

ا٤ح ت٤٘ح اُث٤لح اُؽؼه٣ح ، ٤ٌِٝٝح ذظؽ٤ؽ٤ح ٣رْ ٖٓ ـلاُٜلا اػلكاق اُرظلا٤ْٓ اُعك٣لكج أٝ ٤ٔ٤ٌا

ذو٤٤ْ تكااَ اُرظا٤ْٓ اُث٤ل٤ح ؿ٤ه أُ٘لمج تٜكف اُٞطٍٞ ا٠ُ ت٤لح ٓؼٔان٣لح أًصله قلاُلح ٝٓؼ٘ل٠ 

 ذرؽون ك٤ٜا اُكنظاخ أُطِٞتح ٖٓ اُرلاػَ اُث٤ل٢ ٝأُرؼح اُؽ٤ٍلح .

 ٔان أُللللا٤ْٛ ٝ اُ٘ظه٣لللاخ أُطهٝؼلللح كللل٢ ؼولللٍٞ اُث٣ٞ٤٘لللح ػِللل٠ اُظلللؼ٤ك اُ٘ظللله١ : اٌلللرص

ٝا٤ٔ٤ٍُاا٤ح لاؿ٘ا  ٓعالاخ اُلٌه أُؼٔان١ ٝ الاٛرٔاّ تاُكناٌاخ الاقنا٤ًح ٝ اُثظه٣ح اُرل٢ 

ذؼك ٓظاقنا ٝٓهاظؼا اٌا٤ٌح ٜٓٔح ك٢ ذفط٤ؾ ٝ ذظ٤ْٔ اُث٤لاخ أُث٤٘ح ٝ ط٤اؿح كؼلا اذٜا 

  .أٌُا٢ٗ ا٤ُٜا اُؽؼه٣ح ُرؽو٤ن ٓلّٜٞ الاؼٍاي تالاٗرٔا 

 

 

 الاجُجٛخ ٔ شجكخ انًعهٕيبد انذٔنٛخّ ٔ انعشثٛخ  انًظبدس ٔ انًشاجع

 
 لل ذهظٔح : تٖ ػثك اُؼاٍ ل ػثك اٍُلاّ ل قان ذٞتواٍ" دسس انضًٕٛٛنٕجٛب "و ل 4222 تانخ ل نٝلإ ) 

                                 أُـهب          
 ت٤هٝخل تان٣ً –ٓ٘شٞناخ ػ٣ٞكاخ  ", صٕعخ لالاَذانفهضفٛخيٕ"و ل 4222ـ٤َِ ل ـ٤َِ أؼٔك )
       ُؼِٔلل٢ ل ظآؼللح     ل ػٔللانج اُثؽللس ا"ثٛئااخ الاَضاابٌ يااٍ يُظاإس انثمبفااخ ٔ انًجتًااع  "و ل 4222اُ٘للٞن١ ل هلل٤ً  )

                .ا٤ُهٓٞى ل الانقٕ           

 ُطثؼح الا٠ُٝ ل تـكاق .ل ا "انجُٕٛٚخ ٔ عهى الاشبسح  "و ل 4222ًٜٞىل ذهًٗ ل )ذ
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Stanley, R. (1997) "The Correspondance Orders of Campus Landscape", from : 

       http//www.campus hub.com 

 Stitt, A. (1999) "Ecological Design Hand Book", McGraw-Hill Publishing '''''' ''.       

        Co.,Institute of Architecture, University of San Francisco Press, U.S.A. 

Unesco, (1970) "Planning The Development of Universities-I-", International           

      Institute for Educational Planning, Paris 
Unesco, (1976) "Planning Buildings and Facilities for Higher Education",              

         Architectural Press Ltd., Paris.ٕ 

Unesco, (1982) "Higher Education and the New International Order", A;collection  

          of Papers, Edited by Bikas C. Sanyal.  ٕٝ  

University of York,(1972),"University of York Development Plan" 

LLJEngland,(1962-1972) . 
Von Meiss, P. (1991) "Elements of Architecture" : From Form to Place", E L          

          &Fnspon, London, U.K. 

Woods, S. (1965) "Free University:The Architecture of Universities ", McGraw       

         Hill, New York .ْٓ 

. 

 
 



  مجلة الهندسة 2002أذار       11المجلد          1العدد 

 

 iasj.net 757غ الخالً: مخىفر ػلى المىق

 
 

 
 

 التآزرية في منشآت قوى الشد
 س حميد نا                                عاطف السهيري                                    
 كمية الهندسة  –جامعة بغداد                   الهندسة كمية  –جامعة بغداد                               

 
 خلاصةال

التكنولوجيػا بتطػور سػاددت  التػي بة مف الزمف ظيور العديد مػف الماػاىيـيشيد العالـ في ىذه الحق
الكثيػػػر مػػػف ىػػػذه ااشػػػكاؿ بصػػػاات تتصػػػؼ وغيرىػػػا مػػػف العوامػػػؿ دمػػػ  بػػػروز أشػػػكاؿ متعػػػددة مػػػف العمػػػارة. 

ىذه ااشػكاؿ ذات منشػ ت ئائمػة دمػ  ئػو  معظـ , لاعؿ الشد ةملائماد و م استعماؿالتكنولوجيا مف كااءة ب
 الشد.

لػػرغـ مػػف أف منشػػ ت ىػػذه القػػو  فيػػزاؿ يكتنايػػا التػػردد والشػػؾ, اف أف بوادرىػػا بػػدأت تظيػػر ودمػػ  ا
واضػحة فػػي البمػػداف العربيػػة واائػػاليـ المجػػاورة بعػػد ت ثرىػػا بمنجػػزات الػػدوؿ المتقدمػػة تكنولوجيػػا  والعمػػؿ دمػػ  

ي تسػاىـ فػي نشػوء تطبيؽ بعض مػف تمػؾ المنشػ ت فػي وائعيػـ المحمػي, وفسػيما إذا مػا تػوفرت العوامػؿ التػ
سػػتيعاب الماػػاىيـ المرتبطػػة بمثػػؿ ىػػذه القػػو  منشػػ ت دمػػ  أراضػػيياال همثػػؿ ىػػذ وكانػػت حقػػوؿ المعرفػػة  .وا 

العممية بمجافتيا المختماة ئد كشات الكثير مف جوانب نواتج ىذه القػو , اف أف ىنػاؾ بعػض القصػور فػي 
مشكمة البحث بعدـ وجود تصور نظري شامؿ  التغطية الكاممة لماىية ىذه النواتج. ليقود ما سبؽ ال  طرح

يػػذا النػػوع مػػف القػػو  نتيجػػة لضػػعؼ القادػػدة المعرفيػػة المعماريػػة المتعمقػػة بيػػا ب لممبػػادئ والماػػاىيـ المرتبطػػة
 والمتعاممة معيا, وبالتالي ددـ وضوح دور وأىمية ىذه القو  في العمارة.

المااىيـ ااساسية  إحد  طرحمف خلاؿ  ودميو تـ تناوؿ الموضوع وفؽ منيج وصاي تحميمي
براز دور و  وىو مبدأ الت زرية ذات العلائة بالبحث تصور حوؿ  إدطاءيدؼ ب مبادئ العموـ الحياتية في ها 

ئو  الشد ودوره في إبراز دمارة مواكبة لعجمة التطور والحداثة, دم  أساس  الت زرية لمنش ت موضوع
بوجود أسس معرفية لمنظـ المنشئية الموجودة , و يفدممي مايوـ ئابؿ للإدراؾ مف ئبؿ جميور المتمقي

مق  بعض الضوء ال  الإستنتاجات التي تفي نيايتو ويصؿ البحث تسادد في مؿء الاجوات التخصصية. 
 دم  موضوع ت زرية منش ت ئو  الشد.
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Tensegrity in Tensile Forces Structures 
 

ABSTRACT 

The world witnesses in this period of time the appearance of various structural 

concepts. Technology and other factors helped in the development of many architectural 

forms that carried technological character manifested through efficiency, lightness, most of 

these forms are tensile structures. 

 In spite of the fact that the use of tensile structures is still in doubt and suspicion, they 

started to appear in Arab countries and neighbouring regions, after they had been affected by 

the technological achievements of the technologically developed countries, and started to use 

such structures in their local buildings, especially if the factors needed to adapt such kind of 

structures are present on their lands, also the minds that can deal with such structures with 

special forces. The scientific fields had discovered a lot of in this field, but there is a gap in 

dealing with principles and concepts of this force and its products. This had formed our 

research problem. 

 So, the study depends on describtive-analytical method in dealing with one of the 

basic concepts and thier biological bases which aim to give an imagination about tensile 

forces related to this subject -this is tensigrity concept- and its role in achieving architecture 

modern. 

The research concluded many points that throw some light on the subject of tensigrity 

of tensile forces stryucture.   
 

   المقدمة
ب شػػكاؿ نحياػة ئميمػػة السػمؾ ب سػػموب رشػيؽ خايػػؼ الػوزف تبعػػا   فػػي الغالػب تظيػر منشػ ت ئػػو  الشػد

ىػذه القػو  العديػد مػف اامثمػة الحياتيػة ب شػكاؿ  أوبناس مبػدتتوفر لظروؼ القو  السارية ضمف دناصرىا. 
ة مػػػذ ىػػػذه القػػػو  وكيايػػػة مختماػػػة وبسػػػمات خاػػػة متقاربػػػة, لػػػذا فسػػػيتـ التطػػػرؽ لػػػبعض ىػػػذه اامثمػػػة المتاادمػػػ

الػػنمط الػػذي ينػػتج دػػف ئػػو  دفػػذ وسػػحب ليمػػا  الػػذي يمثػػؿالت زريػػة  مػػف خػػلاؿ مبػػدأ إنعكاسػػيا دمػػ  أشػػكاليا
ئػو  السػحب مسػتمرة وئػو  الػدفذ متقطعػة وبصػورة متوازنػة  تكػوف فيػوالػبعض,  ادلائة مترابطة مػذ بعضػي

 نقاوة الشد والإنضغاط. التنتج دني
 

 Tensegrity (1)تعريف التآزرية 
حالة دفذ أو سػحب مؤديػة  دم  أنياالقو  بشكؿ داـ ئبؿ التطرؽ لتعريؼ الت زرية فبد مف تعريؼ 

دمػػ  المنشػػ  مػػف خػػلاؿ مقػػػدارىا  ىػػػامعػػايير ت ثير  حيػػث يمكػػف أف تظيػػرالػػ  تغييػػر حركػػة أو شػػكؿ جسػػػـ, 
تجاىيا وموئذ ت ثيرىا دم  الجسـ.  رض ليػا المنشػ  أو أي تمثؿ القو  إحد  الحافت التػي يمكػف أف يتعػوا 

جػػزء مػػف أجزائػػو وفقػػا  لطبيعػػة القػػو  ومػػا تحممػػو مػػف خػػواك وسػػمات تحػػاوؿ أف تتػػرؾ ت ثيراتيػػا دمػػ  ذلػػؾ 
المنشػػ  وضػػمف ظػػواىر السػػكوف والثبػػات وااسػػتقرار والموازنػػة وغيرىػػا مػػف العوامػػؿ التػػي تعػػد دوامػػؿ حتميػػة 

 ( 88؛ ك/ 41)ـ/ لممنش  الصحيح.
                                                 

 .أو التعاوف الذي يدؿ دم  معن  الت زرو  synergyجاء ىذا المصطمح مف دمـ  (4)
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دم  الصمود بوجو مثؿ ىػذه القػو  لغػرض  لقو  المسمطة تسادد المنش إف سبؿ تعامؿ المنش  مذ ا
 -إزالة التخوؼ وتحقيؽ مبدأ الموازنة, ومف ىذه السبؿ:

المسػػؤوؿ دػػف حمػػؿ ىػػو مػػف المنشػػ   ا  واحػػد ا  جػػزء : حيػػث ياضػػؿ فػػي أف يكػػوفتوزيععا القععوى والحمععا  -
 جميذ ااحماؿ المسمطة.

 دم  طوؿ المركبات ذوات الزوايا. : وياضؿ توجييياتوجيه القوى والحما  -
: والػذي يعمػؿ دمػ  مقاومػة ئػو  معينػة كقػو  الشػد والمػؤثرة فػي المنشػ . إعطاء المنشع  شعكلًا مناسعباً  -
 (5؛ ك/ 1)ـ/

 
 تعريف قوى الشد

ىي حالة مف الإجياد تكوف فييا جزيئات المادة ذات ئابمية لاعؿ السحب نحػو خػارج مركػز الجسػـ 
إنفعا  الشد إف مقدار وحدة إستطالة القابمو تدد  بػػ   ,ستطالة حالة مثالية لاعؿ الشدالإتمثؿ أو العنصر. 

tensile strainر  والػػذي يتناسػػب مػػذ الحمػػؿ المحمػػوؿ مػػف ئبػػؿ كػػؿ وحػػدة مسػػاحة لمقطػػذ العنصػػ. 
الحمػؿ كمما ازداد  وفالإستطالة ىي التشويو الميـ المصاحب لقو  الشد. فالقياسات الدئيقة والعامة تبيف ب ن

دمػ  دنصػر مػػا خاضػذ لقػػو  الشػد اسػتطاؿ ذلػػؾ العنصػر مػػذ إختػزاؿ لمسػاحة مقطعػػو. فػالتغيير الحاصػػؿ 
فػػي بػػػدايات القػػػرف  Poisson  نسػػػبة  الػػ  الايزيػػػائي الارنسػػػي Poissonنسعععبة لقطػػر العنصػػػر يعػػرؼ بػػػػ  

ناعالػػو الطػػولي   longitudinalالتاسػػذ دشػػر, حيػػث تمثػػؿ النسػػبة مػػا بػػيف التغيػػر فػػي ئطػػر العنصػػر وا 

strain. /(88؛ ك/ 9)ـ 
أي أف مػف خػلاؿ فعػؿ  ,ف ىنا أىمية الإجياد المسبؽ لمعناصر تجاه القو  غيػر المرغػوب بيػاييتبل

 الإجياد المسبؽ يمكف تجنب الإزاحة الكبر  الممكف حصوليا نتيجة دممية السحب.
الػبعض,  اذ بعضػيالنمط الذي ينتج دف ئو  دفذ وسحب ليما دلائػة مترابطػة مػ لذا فالت زرية ىي

نقاوة الشد والإنضغاط. اف ىػذا  احيث ئو  السحب مستمرة وئو  الدفذ متقطعة وبصورة متوازنة لتنتج دني
 (4؛ ك/ 48)ـ/النمط يعمؿ دم  إبداع نظاـ إستقرار ذاتي جاسئ. 

وأحيانػػػا  تمزيػػػؽ  elongate, إسػػػتطالة stretchتصػػػاحب فػػػي الغالػػػب دمميػػػة مػػػط  قعععوى الشعععد
tearىػػذه القػو  حالػة الاعػػؿ ورد الاعػؿ فػػي الوئػت ذاتػو. ئػػو  الشػد تمػد وتسػػحب المػادة مػػف  ؛ حيػث تمثػؿ

قػو  الشػد مػف خػلاؿ أدظػـ ئػو  شػد يمكػف لممػادة تحمميػا ل المػادة نيايتييا بعيدا  دػف المركػز, وتقػاس متانػة
 (44؛ ك/ 8ومقاومتيا ئبؿ بموغ الاشؿ. )ـ/

لممػادة بعمميتػي الكسػر  crushحطيـ وت shortenفتصاحب دممية تقصير  قوى الإنضغاطأما 
والعصر, حيث تمثػؿ ئػو  الإنضػغاط حالػة الاعػؿ ورد الاعػؿ فػي ذات الوئػت شػ نيا شػ ف ئػو  الشػد. تقػاس 
متانػػة ئػػو  الإنضػػغاط مػػف خػػلاؿ أدظػػـ ئػػو  إنضػػغاط يمكػػف لممػػادة مقاومتيػػا ئبػػؿ فقػػدانيا لشػػكميا وبالتػػالي 
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 pushلقػػػو  الشػػػد يصػػػاحب تعبيػػػر الػػػدفذ  pull stateفشػػػميا. وكمػػػا يصػػػاحب تعبيػػػر حالػػػة السػػػحب 
 (41؛ ك/ 8ئو  الإنضغاط. )ـ/ pressureوالضغط 
 Kenneth Snelsonاف مبػػدأ الت زريػػة ئػػد ظيػػر اوؿ مػػرة مػػف خػػلاؿ نحػػت فيزيػػاوي لمانػػاف كػػ

للإنسػاف والػذي كػاف  ا  تجريػدي ا  . جػاء ىػذا النحػت تعبيػر R. Buckminster Fuller(4)وىو أحػد طػلاب 
, ىػػػذا النحػػػت مكػػػوف مػػػف أسػػػلاؾ وددػػػائـ. أدرؾ 4919فػػػي دػػػاـ   X-piece  قطععععة سئػػػد ددػػػاه بػػػػ  

Fuller .ب فّ ىذا النحت كاف مثاف  لنمط ئوي مف التنظيـ الموجود في الطبيعة 
توجد المت زرات في جميذ أنحاء الطبيعة بإنتظار مكتشايا. فعم  سػبيؿ المثػاؿ يمثػؿ إطػار السػيارة 

ولكنػػو لػػـ يعػػرؼ  Snelsonت زريػػة والػػذي وجػػد  ئبػػؿ فتػػرة طويمػػة مػػف نحػػت اليػػوائي احػػد تطبيقػػات مبػػدأ ال
 (8؛ ك/ 48)ـ/ كنوع ت زري.

فػي ىػذه المنشػ ت والتراكيػب بشػكؿ مختمػؼ دنػد تطبيقيػا ضػمف تتصرّؼ ئػوانيف ئػو  الرفػذ والػدفذ 
 سػلاؾ المنشػ  مػف خػلاؿ دناصػر الشػد المجيػدة ك تت المتولػد دمػ  تقوّيػةالنظاـ التػ زري, حيػث تجبػر التشػ

 الشد في الخرسانة المسمحة مسبقة افجياد, يكوف الغرض منيا ىو تقوية ااجزاء الضعياة.
 

 الكيمياء الحياتية في مبدأ التآزرية 
تمعب الكيمياء الحياتية وفسيما الخموية دورا  ميما  في دالـ اانظمة الييكمية الحياتية والتي يمكف الإستاادة 

تعمػػؿ دمػػ   cytoskeletal filaments (4)فشػػعيرات الييكػػؿ الخمػػويمنيػػا فػػي مجػػاؿ دمػػارة الشػػد, 
توليد ومقاومة أحماؿ ميكانيكيػة وبالتػالي تكػوف مسػؤولة وبشػكؿ كبيػر دػف ئػدرة الخميػة دمػ  مقاومػة تشػويو 

نتػػاج ردود أفعػػاؿ دضػػاء مػػف خػػلاؿ توجيػػو الإنزيمػػات لإشػػكميا. تشػػتغؿ ىػػذه الشػػعيرات كمسػػارات حركػػة لأ
 (6؛ ك/ 48)ـ/ سّيـ في الوظائؼ الخموية.كيمياوية حيوية ت

مطاطيػػة. ذات يمكػػف تمثيػػؿ الخميػػة دمػػ  إنيػػا غشػػاء مطػػاطي يحػػيط بالسػػايتوبلازـ بصػػورة لزجػػة و 
  وجية النظر ىذه لمخمية ىي محاولة بسيطة لايـ كياية تنظيـ القو  الميكانيكية سموؾ خمية.

ي دبػػارة دػػف إطػػار مشػػدود تػػ زري ودمػػ  ىػػذا ااسػػاس, يمكػػف إدتبػػار الخميػػة ضػػمف الييكػػؿ الخمػػو 
متكػػوّف مػػف الػػددامات الجزيئيػػة ومػػف حبػػاؿ وئػػابموات. وينطبػػؽ اامػػر دمػػ  الجزيئػػات المتكونػػة مػػف الخلايػػا 
التي تمثؿ تراكيب مترتبة بصورة معقػدة لتكػوف النتيجػة أنظمػة ضػمف أنظمػة ضػمف أنظمػة )كمػا ىػو الحػاؿ 

 (4؛ ك/ 6)ـ/ في الخلايا والجزيئات واانسجة واادضاء(.
ة العػػػيف سػػػي لأدصػػػاب فػػػي الػػػدماغ وكػػػذلؾ شػػػبكيالتركيػػػب اليندالػػػتحكـ ب يػػػتـفعمػػػ  سػػػبيؿ المثػػػاؿ, 

بواسػػطة ئػػو  النسػػيج الداخميػػة, ىػػذه القػػو  كانػػت ئػػد تولػّػدت ضػػمف الييكػػؿ الخمػػوي لمخلايػػا المؤسسػػة ليػػا. 
                                                 

(1)
 , حؤثر بىظرٌت أوشخاٌه الىسبٍت وأوؼكس رلك ػلى الؼمارة بصىرةMilton Academyحلقى حؼلٍمه فً  1895مؼماري ألماوً مه مىالٍذ  

ثر . إػخمذ ػلى الرٌاضٍاث والهىذست المجسمت لشرح مىشؤ وىاة الخلٍت. كان له إهخماماث بالبحر والسفه السارٌت فٍه أشكالاً ومىشآث كما حاواضحت

 .  Marine Corps Dome 1954بجمالٍاث الماكىت وأوؼكسج ػلى أػماله الخً امخازث بصفت الجٍىدٌسٍت كمشروع 
(1)

 دئيقة. tubletsنبيبات و  filamentsدادة  ما يتكوف مف شعيرات كؿ المسؤوؿ دف شكؿ الخمية و اليي الييكؿ الخموي ىو 
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)إدطائو الصػلابة  ودميو، فإف وجود افجياد المسبؽ الموجود في كؿّ دنصر أو نسيج يعمؿ دم  تصمّيب
المناسبة( دناصر الشد الداخمية التي ستقاوـ الضغط المتولد في الخلايا الممتصقة لتعمؿ دم  تثبيّت شكؿ 

 الخمية.
دم  المسػتو  الجزيئػي، يتكػوف الييكػؿ الخمػوي مػف تركيػب )-كالآتي: لية الت زرية الخمويةالآ تعمؿ

. ىػػذه الشػػبكة (8)مناصػػمة مػػف جزيئيػػات بروتينيػػةتػػ زري يقبػػذ تحػػت غشػػاء. ىػػذا التركيػػب مكػػوف مػػف شػػبكة 
تكػػوف فػػي العػػادة مسػػبقة افجيػػاد نتيجػػة لمصػػاة التنافذيػػة اغشػػية ىػػذه الشػػبكة والتػػي تكػػوف منتظّمػػة بصػػورة 

 .(شبكة جيوديسية
الت زريػػة لمخلايػػا بشػػكؿ مسػػتقر، ودنػػد تزاوجيػػا مػػذ بعضػػيا تعمػػؿ  منشػػ تىػػذه اليمكػػف أف تتصػػرّؼ 

 (41؛ ك/ 6)ـ/ .ؿ مكونة الجزيئاتمكنظاـ ت زري واحد متكا
الت زريػػػة الخمويػػػة ىػػػي مبػػػدأ يتكػػػوف مػػػف أنظمػػػة تركيبيػػػة تحػػػافظ دمػػػ  أشػػػكاليا بالشػػػد المسػػػتمر ف 

متكػوّف مػف ئضػباف فوفذيػة معزولػة مقاومػة طبػؽ الػ  نمػوذج أكبػر  Snelsonبالضغط المسػتمر. فنحػت 
سمس وواضػح و يرمػز الػ  البسػاطة المميّػزة ثاؿ م[ 4 لمصدأ ومعمّقة في اليواء بقابموات شد دالية, ]الشكؿ:

التي أدت إل  وصؼ ىندسة ىذا النحت كشبكة مشدودة لمعناصر الييكمية المقاومة لتشويو الشكؿ والثبػات 
 الذاتي مف خلاؿ دمج دناصر الددـ وااسناد التي تكوف مقاومة للإنضغاط. 

 
 
 
 
 
 
 
 
 

[ تػوازف 8 ف اوتػاد خشػبية وخيػوط مطاطيػة ]الشػكؿ:والمتكػوف مػ منش النحت المماثؿ ليذا ال يصوّر
القػػو  المسػػتندة دمػػ  الضػػغط المػػوئعيّ المتقطػػذ والشػػد المسػػتمر والمسػػؤوؿ دػػف إسػػتقرار الشػػكؿ. وفيػػو تػػـ 

[ 1[. ]الشػػكؿ:1اسػػتبداؿ العناصػػر الصػػمدة غيػػر الضػػرورية بنػػوابض مرنػػة تختمػػؼ فػػي مطاطيتيػػا ]الشػػكؿ: 
حػػوؿ تعريػػؼ  Fullerغط المتقطػػذ والشػػد المسػػتمر. تطبيقػػا  لمقولػػة يبػػيف تػػوازف القػػو  المسػػتندة دمػػ  الضػػ

التآزريععة صععنفي  منشععميي  جمععا امجهععاد المسععبة والجيوديسععيةن والمعع ا  يفشععلا  فععي تتضععم  الت زريػػة  

                                                 
(7)

 التي تتواجد بشكؿ شبكة ضمف الييكؿ الخموي.و  actin   , ankryin  ,spectrinمكونات الجزيئات البروتينية  
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حالة تصرّفهما ككيا  واحد مستق  ع  الآخر عند خضوعهما لقوى الشدّ بصورة ميكانيكية بدو  إرسا  
 geodesicsو لك مع  خعلا  عناصعرجا الهيكميعة المقسعمة عمعم شعك  م م عات مستمر م  قوى الشدن 

 (8؛ ك/ 7)ـ/  .لإعاقة الحركة بشك  جندسي
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

الخميػػػة, فنحتػػػو المتكػػػوّف مػػػف الػػػددائـ المعدنيػػػة الكبيػػػرة  -منشػػػ  – تركيػػػب Snelsonيماثػػػؿ نحػػػت 
يػػػة مػػػف اادػػػواد والخيػػػوط المطاطيػػػة. فخػػػلاؿ ىػػػذا التماثػػػؿ والحبػػػاؿ المطاطيػػػة مماثػػػؿ لمػػػا تحتويػػػو نػػػواة الخم

الخموي، تمثّؿ الددائـ الكبيرة النبيبات المجيريػة؛ وتقابػؿ الحبػاؿ المطاطيػة الشػعيرات المجيريػة التػي تحمػؿ 
 (8؛ ك/ 6)ـ/ ئو  الشد في الييكؿ الخموي.
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 العمارة تطبيقها في و  عموم الحياتيةمبدأ التآزرية في ال
دافت التػػي تحػػوـ حػػوؿ مسػػ لة كػػوف الييكػػؿ الخمػػوي مثػػؿ شػػبكة العضػػلات وااوتػػار واحػػدة مػػف الجػػ

والعضؿ وااربطة ولكػف دوف دظػاـ, لػذا فػ يف سػتكوف دناصػر الضػغط  كثيػرة ىػي التاسػيرات والشػروحات 
ولكف أبسطيا ىي ما تكوف مرتبطػة بمثػاؿ شػبكة العنكبػوت التػي يتعػذر دمينػا وصػايا دوف الإدتبػار لاػروع 

 (7؛ ك/ 6)ـ/المرتبطة بيا وخلاليا.  الشجرة
دمميػا  فػي العمػارة. فعمػ  سػبيؿ المثػاؿ  اء الحياتية الخموية يمكف تطبيقػوإف مبدأ الت زرية في الكيمي

يكػػوف غشػػاء السػػطح لمخيمػػة مسػػتقرا  مػػف خػػلاؿ وضػػعو تحػػت الشػػد, حيػػث يمكػػف إنجػػاز ىػػذا اامػػر بوسػػائؿ 
تجػاه غشػاء السػطح، أو سػحب الغشػاء دكػس اتجػاه أوتػاد مختماة كػدفذ أدمػدة الخيمػة الػ  افدمػ  دكػس ا

الخيمة الثابتة في اارض مذ ربط الغشاء إل  فرع الشجرة. تزوّد أدمػدة الخيمػة الداخميػة والحبػاؿ الخارجيػة 
بوظائؼ حمؿ اف كلاىما تقاوـ القو  الداخمية الموجّيػة الػ  غشػاء الخيمػة. مػف خػلاؿ ىػذا التػوازف لمقػو  

 (7؛ ك/ 6)ـ/ لشد مسبؽ افجياد يتولّد الشكؿ الثابت لمخيمة.اولد يذي الت زرية وال
 

 الجهاز العضمي للأنسا  وعلاقته بمبدأ قوى الشد
إف ناس مبادئ الإنشاء التي تحمؿ سمة الوائعية لمنش  اابنية يمكف أف تطبؽ دم  جسـ اانساف 

ئي يحػػدد مػػف خػػلاؿ الػػوزف وتركيػػب مػػواد , فجسػػـ اانسػػاف والتوزيػػذ المنشػػمنشػػئية   ا  اف كلاىمػػا يمػػثلاف نظمػػ
 (82؛ ك/ 41الجسـ. )ـ/

التػػ زري مسػػبؽ الإجيػػاد, فعظامنػػا تتصػػرؼ  منشػػ جسػػامنا مػػزودة بمثػػاؿ مػػ لوؼ لمدػػادة  مػػا تكػػوف أ
كػػػددائـ مقاومػػػة لاعػػػؿ سػػػحب العضػػػلات وااوتػػػار وااربطػػػة التػػػي تعمػػػؿ دمػػػ  اسػػػتقرار الشػػػكؿ مػػػف خػػػلاؿ 

 (8؛ ك/ 6الإجياد المسبؽ لمعضلات. )ـ/ التصمب والمتغير دادة ادتمادا  دم 
 -سيتـ منائشة الجياز العضمي للإنساف وفقا  لمبدأ ئو  الشد إدتمادا  دم  مرتكزيف:

 : دراسة مكونات الجياز العضمي لغرض معرفة آلية دمميا دند خضوديا لاعؿ الشد.المرتكز الو * 
 المقارنػػة مػػذي مػػف أوتػار ودضػػؿ لغػػرض : دراسػػة أشػػكاؿ بعػض مكونػػات الجيػػاز العضػػمالمرتكععز ال ععاني* 

 .والإستاادة منيا لإشتقاؽ أشكاؿٍ جديدةٍ  أشكاؿ لمنش ت ئو  الشد

  (1)تركيب العضمة
إف الوحدة البنائية لمعضمة ىي الميؼ العضمي, فيي خمية واحدة متعددة النو  تكوف بصورة طولية 

ؿ العظمػي الػذي يمثػؿ المسػاند والػددائـ ممتدة دم  طوؿ العضمة المرتكزة دم  نقطتػيف أو أكثػر مػف الييكػ
 (845؛ ك/ 8الصمبة الحاممة لأغشية والتي تنقؿ أحماليا ال  اارض. )ـ/

                                                 
.العضػػلات الإراديػػة )والتػػي تكػػوف 4: يوجػػد فػػي الجسػػـ ثػػلاث أنػػواع مػػف العضػػلات تختمػػؼ مػػف ناحيػػة الشػػكؿ و التركيػػب (4)

 .العضلات القمبية.1إرادية. لا.العضلات ال8مسؤولة دف حركة و انتصاب الجسـ معتمدة دم  شد العضلات(. 
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 iasj.net 762مخىفر ػلى المىقغ الخالً: 

  والذي يكوف بشكؿ انبوب sarcolemmaالغمد العضمي يحيط بالميؼ العضمي غلاؼ يسم   
حػػيط بػػالنوابض يسػػيؿ دمميػػة الػػتقمك وافنبسػػاط لميػػؼ العضػػمي بداخمػػو. ىػػذا التركيػػب مماثػػؿ لمغػػلاؼ الم

المرنػػة تحػػت فعػػؿ الشػػد والػػذي يعمػػؿ دمػػ  الحاػػاظ دمييػػا مػػف الظػػروؼ الخارجػػة مػػذ سػػيولة فػػي الصػػيانة 
دامػػة, حيػػث أف واحػػدة مػػف الم خػػذ والنقػػاط السػػمبية لمنشػػ ت ئػػو  الشػػد ىػػي دمميػػات الصػػيانة الصػػعبة والإ

المعدنيػػة المرنػػة والمغماػػة  لمقػػابموات والنػػوابض وغيرىػػا مػػف دناصػػر الشػػد. يشػػابو الميػػؼ العضػػمي النػػوابض
 ( 845؛ ك/ 8[. )ـ/5بغطاء حماية ]الشكؿ: 

 
 
 
 
 
 
 
 
 

دم  شكؿ خيوط طويمة رفيعة رئيقة كؿ خيط يسم   cytoplasmيكوف ىيولي الخمية العضمية 
 . تقطػػػذ المييػػػؼ العضػػػمي دمػػػ  امتػػػداده حػػػزـ مستعرضػػػة غامقػػػة المػػػوف myofibrilالمييفعععة العضعععمية بػػػػ 

( والحػزـ Aحعزم مذ حزـ فاتحة الموف أوسذ مف الحزـ الغامقة. يطمؽ دم  الحػزـ الغامقػة )تتناوب بانتظاـ 
تقطػذ بخػط غػامؽ يسػم   I( وحػزـ Hحزمعة بخػط رفيػذ شػاحب يسػم  ) A(. تقطذ حػزـ Iحزم الااتحة )

 (.Zحزمة )
لقد أظير المجير الإلكتروني أف المييؼ العضػمي مػنظـ بشػكؿ خيػوط طوليػة دئيقػة أحػدىما خيػوط 

  ]الشػكؿ: actinخيعوط الكتعي    وأخػر  خيػوط أدؽ تسػم   myosinخيوط المايوسعي  ميكة تسػم   س
الوحػػدة   Zلتشػػكؿ المنطقػػة المحصػػورة بػػيف حزمتػػي   Z[, وتقّسػػـ خيػػوط ااكتػػيف بصػػورة درضػػية بحػػزـ 6

 (882؛ ك/ 8 . )ـ/sarcomereالساركومير التقمصية والإنبساطية لمعضمة والمسماة بػ  
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 iasj.net 765غ الخالً: مخىفر ػلى المىق

 
 
 
 
 
 
 
 
 
 
 
 
 

 آلية عم  العضمة
ومف النياية ااخر  تكوف حرة لتدخؿ بيف خيػوط  Zتتصؿ خيوط ااكتيف مف نياية واحدة بحزمة 
أثناء دممية التقمك العضػمي. حيػث تتزحمػؽ خيػوط  Aالمايوسيف الثابتة نسبيا  والمحصورة في منطقة حزـ 

خيػػوط المايوسػػيف لتػػدخؿ فػػي الاسػػحة, لتقتػػرب  وتتػػداخؿ مػػا بػػيف Zااكتػػيف الرفيعػػة غيػػر المرتبطػػة بحزمػػة 
 Iمػػف بعضػػيما دنػػد الػػتقمك العضػػمي وتبتعػػد دنػػد الإنبسػػاط العضػػمي. أي تػػتقمك حػػزـ  Zبػػذلؾ حزمتػػا 
 (882؛ ك/  8[. )ـ/ 7غير متغيرة ومحتاظة بطوليا الطبيعي ]الشكؿ:  Aلتبق  حزـ 
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 iasj.net 766مخىفر ػلى المىقغ الخالً: 

 

يبػػػيف العلائػػػة  ]ارتبػػػاط مخروطػػػي (8الشعععك  )
ما بيف دناصر الشػد ودناصرالضػغط السػاندة 

 (849؛ ك/ 9[.)ـ/ليا

 tendonالوتار
ا نجميػة كثياػة صػمبة وئويػة جػدا  وأكثػر ئػوة مػف االيػاؼ يتكوف الوتر مػف مجمودػة حػزـ ذات خلايػ

العضمية. الوتر أممس ذو لوف أبيض لقمػة ااوديػة الدمويػة فيػو لحاجتػو القميمػة إلػ  الغػذاء. تقػدر ئػوة الػوتر 
كغػػػػـ ذو مقاومػػػة لمتمػػػدد وئابميػػػػة  4222-622بتحمػػػؿ ئطػػػر السػػػػنتمتر الواحػػػد منػػػو وزف يتػػػػراوح مػػػا بػػػيف 

جػػاه نحػػو المغػػرز )نقطػػة اارتبػػاط بػػالعظـ( ليسػػتطيذ تغييػػر اتجػػاه سػػحب العضػػمة مػػذ للانحنػػاء لتغييػػر افت
صػػلابتو لمقاومػػة افحتكػػاؾ لػػذا يحػػؿ محػػؿ االيػػاؼ العضػػمية فػػي المنػػاطؽ المعرضػػة للإحتكػػاؾ مػػف خػػلاؿ 

 (888؛ ك/ 8اتصافتيا بالعظاـ. )ـ/
مثممػػػػا تمعػػػػب ااوتػػػػار دورا  ميمػػػػا  بػػػػيف كػػػػؿ مػػػػف العظػػػػـ 

رتباطيمػػا معػػا  مػػف خلالػػو, يمكنػػو لعػػب ناػػس والعضػػؿ وطريقػػة أ
الػػدور فػػي المنشػػ ت الغشػػائية وغيرىػػػا مػػف منشػػ ت الشػػد. حيػػػث 
يمكنيا أف تكوف حمقة الوصؿ بيف الددائـ والركائز )وغيرىا مف 
دناصػػػػػر الضػػػػػغط المماثمػػػػػة فػػػػػي دمميػػػػػا لعمػػػػػؿ العظػػػػػاـ( وبػػػػػيف 
ااغشػػية والسػػطوح المقوسػػة وأغماػػة الخػػيـ وااشػػكاؿ المشػػرومية 

رىػػػػػػػا مػػػػػػػف دناصػػػػػػػر الشػػػػػػػػد المماثمػػػػػػػة فػػػػػػػي دمميػػػػػػػا لعمػػػػػػػػؿ )وغي
 [ 45]الشكؿ: -[8العضلات(.]الشكؿ: 
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 iasj.net 767غ الخالً: مخىفر ػلى المىق

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

تطبيػػؽ ىػػذا افرتبػػاط و (, 155؛ ك/ 8]ارتبػػاط دضػػمي مػػذ العظػػـ دػػف طريػػؽ ااوتػػار فػػي دظػػـ الاخػػذ )ـ/ (9الشععك  )
دناصػػر  حمقػػة الوصػػؿ بػػيف. حيػػث يمكنيػػا أف تكػػوف (11الشععك  )اس المبػػدأ فػػي منشػػ ت ئػػو  الشػػد كمػػا فػػي الحيػػوي بػػن

 (84؛ ك/ 44وبيف دناصر الشد المماثمة في دمميا لعمؿ العضلات([.)ـ/ ط المماثمة في دمميا لعمؿ العظاـالضغ
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 iasj.net 768مخىفر ػلى المىقغ الخالً: 

 

 
 
 
 
 
 
 
 

 آلية الوقوف في جسم النسا 
أف نظػاـ الػددـ والإسػػناد فػي اانسػاف يمثػػؿ واحػدا  مػف ااشػػكاؿ العميػا فػي الحيػػاة والػذي مػف خلالػػو 

ختبػار فصػاحة ااشػكاؿ النحتيػة ونقاوتيػا. نظػاـ الػددـ ىػذا ىػو نظػاـ  يمكف تكػويف بد مػددـ دو شػمفحك وا 
ف  -دمػػ  سػػبيؿ المثػػاؿ–دضػػمي يشػػابؾ العمػػود الاقػػري والصػػدر ممػػثلا  نظػػاـ ددػػـ مشػػدود. فمػػوح الكتػػؼ 

لمبػدأ  يضغط دم  الصػدر ودظػـ الترئػوة تعمػؿ كددامػة ضػغط وغيرىػا مػف اامثمػة التػي تعػد صػورا  وائعيػة
 (44؛ ك/ 48الت زرية. )ـ/

فػػي حالػػػة الوئػػوؼ دمػػػ  الطػػرفيف السػػػامييف يسػػتند الجسػػػـ ويتػػوازف دمػػػ  ئادػػدة صػػػغيرة نسػػبيا  ىػػػي 
أخمك القدميف, فيذه القاددة الصغيرة ف تتناسب مف حيث أبعادىا مذ أبعاد الجسـ طوليػا  ودرضػيا  ولكػف 

 (188؛ ك/ 8ر . )ـ/آلية التوازف تتـ مف خلاؿ فعؿ العضلات مذ دوامؿ أخ
فالرأس يتػوازف دمػ  الاقػرات العنقيػة مػذ حاجتػو إلػ  
شد بسيط بالعضلات لبقاءه متوازنا  في موضعو والعينيف في 
اتجػػاه أمػػامي. دضػػلات الرئبػػة والظيػػر الخمايػػة تكػػوف دمػػ  
شػػػػكؿ شػػػػبكة مػػػػف الحػػػػزـ العضػػػػمية التػػػػي تعمػػػػؿ دمػػػػ  إسػػػػناد 

بعػض العضػلات وتوازف الرأس دم  العمود الاقػري مػذ ئيػاـ 
سػػػناد وموازنػػػة العمػػػود الاقػػػري  المتخصصػػػة بػػػربط الاقػػػرات وا 
دمػػ  الحػػوض. يسػػند الحػػوض مػػف اامػػاـ بعضػػلات الػػبطف 
اامامية مف اادمػ  ودضػلات الاخػذ ااماميػة مػف ااسػاؿ, 
ويسػػػػند الحػػػػوض مػػػػف الخمػػػػؼ دضػػػػلات الاخػػػػذ الخمايػػػػة مػػػػذ 
دضػػلات أخػػر , إضػػافة الػػ  وجػػود دضػػلات أوليػػة وسػػط  

]الشػكؿ: الحوض تمنعو مف التمايؿ إل  الجانػب. مف جانب 
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 iasj.net 769غ الخالً: مخىفر ػلى المىق

 

 

 (  188؛ ك/ 8)ـ/[ 46
 

 التآزريةقشرة البيض وعلاقتها بمبدأ 
المثاؿ ااكثر وضوحا  لممنش ت القشػرية  تعد ئشرة البيضة

shells يمكف تعريايا ب نيا غلاؼ رئيؽ غير سػميؾ مػذ سػطح .
ءا  مقػػوس يعمػػؿ دمػػ  نقػػؿ وأرسػػاؿ القػػو  دمػػ  طػػوؿ تقوسػػيا إنتيػػا

بالػددائـ. غالبػػا  مػا تشػػيّد المنشػػ ت القشػرية مػػف مػواد ئابمػػة لمتقػػوس 
والإدوجػػاج كالخرسػػانة المسػػمحة والخشػػب والمػػواد المعدنيػػة الامزيػػة 

 (67؛ ك/ 41وغيرىا مف المواد المدائنية. )ـ/
إف آليػػػة نقػػػؿ القػػػو  فػػػي ىػػػذه القشػػػرة بسػػػيطة ومذىمػػػة فػػػي 

داخميػػػػة مػػػػف خػػػػلاؿ ذات الوئػػػػت. فبسػػػػبب التقػػػػوس تنتقػػػػؿ القػػػػو  ال
الإجيػادات المباشػرة لمشػد والإنضػغاط والقػك فػي مسػتوي سػطح 
القشػػػػػرة أكثػػػػػر مػػػػػف الإنحنػػػػػاء كمػػػػػا فػػػػػي المسػػػػػتويات أو السػػػػػطوح 

 [ 47المستوية.]الشكؿ: 
 

إف أوائػػؿ التطبيقػػات العمميػػة لمقشػػريات مػػف صػػنذ اانسػػاف كانػػت القبػػة. ومػػف أجػػؿ إسػػتيعاب القػػو  
انة بنصؼ ئشرة بيضة, فإذا ما دفعت ال  ااساؿ مف خػلاؿ ئمتيػا وبشػكؿ المتولدة في القبب يمكف ااستع

تكوف فيو موضودة دم  سطح مستو, يمكف ملاحظة أف ئو  الإنضػغاط المسػمطة ستصػبح ئػو  شػد دنػد 
حافات القشرة. وبالتالي سيؤدي ذلػؾ الػ  زيػادة فػي دػرض ئادػدتيا المرتبطػة بالسػطح المسػتوي مػذ تمزئيػا 

 (68؛ ك/ 41)ـ/ بعيدا  دف المركز.
في حالة إنشاء القبػة فػإف ىػذا التوضػيح والشػرح يمكػف ترجمتػو وتطبيقػو دمميػا  مػف خػلاؿ إسػتعماؿ 

 re-strainحمقػات شػػد دنػػد دنػػؽ القشػػرة كوضػػذ ئػػابموات حػػوؿ الحافػػات السػػامية مػػف أجػػؿ إدػػادة إناعػػاؿ 
[ 48جػػدا . ]الشػػكؿ: ئػػو  الشػػد. إذا مػػا وضػػعت فتحػػة فػػي ئمػػة القبػػة, فػػإف حمقػػات ضػػغط سػػتكوف ضػػرورية 

 (68؛ ك/ 8)ـ/
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 iasj.net 772مخىفر ػلى المىقغ الخالً: 

 
 
 
 
 
 
 

  ضم  مبدأ التآزرية مبدأ الكفاءة
يعد مبدأ الكااءة واحدا  مف اامور الواجب مراداتيا دنػد تصػميـ أي دمػارة. حيػث يػر  بػ ف القػو  
الماترضة في تصميـ المنش ت التي تسري في المبن  يجب إرساليا بصورة مباشرة وبشػكؿ كاػوء ومنطقػي. 

.ف  (828؛ ك/ 5)ـ/ ي الاقرات التالية سيتـ منائشة بعض الصعوبات واامور العالقة بيذا المايوـ
 

  لمنشآت الشد المتآزرة المبادئ الساسية لمكفاءة المنشمية
الشعكا  المنشعمية تفضع  أ  ( إف واحدة مف الخطوط العريضػة العامػة لمبػدأ الكاػاءة تبػيف بػ ف 4)

ستنباط النظـ منيػا, ف  لموجودة في الطبيعةتكو  مشابهة لتمك الشكا  ا والعمؿ دم  تحميميا ودراستيا وا 
سػػػيما نظػػػـ نقػػػؿ أحماليػػػا وأوزانيػػػا الػػػ  اارض. يػػػر  جميػػػور الدارسػػػيف فػػػي مجػػػاؿ تطػػػور الطبيعػػػة ىػػػو أف 
التطػور كػاف ومػػازاؿ يخػك ااشػػكاؿ التػي تمتمػػؾ سػمة التطػػور لإمتلاكيػا صػػاة الكاػاءة اجػػؿ البقػاء. ومػػف 

از بعػػػض ااشػػػكاؿ المنشػػػئية بدرجػػػة مماثمػػػة مػػػف الكاػػػاءة يحبػػػذ الإئتبػػػاس والإسػػػتمياـ مػػػف بعػػػض أجػػػؿ إنجػػػ
 (828؛ ك/ 5)ـ/ ااشكاؿ الطبيعية.

 العمػػػؿ فعمػػػ  سػػػبيؿ المثػػػاؿ, يمكػػػف ملاحظػػػة ىػػػذا المبػػػدأ ب بسػػػط أشػػػكالو بالمقارنػػػة مػػػذ منشػػػ  ئصػػػر
Labour  فيTurin مينػدس الإنشػائيلم Nervi  :غصػاف الشػجرة التػي اب [, الشػكؿ مقػار 49]الشػكؿ

كالجذع الذي يعمؿ دمؿ اادمدة. ومف ثـ تنتقؿ ااحماؿ  وتوجيييا نحو الددائـ تعمؿ دم  جمذ ااحماؿ
  [.82 ]الشكؿ: ذور التي تعكس صورة ااسسبصورة طبيعية لأساؿ بإتجاه الج
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بيعػة تمثػؿ حمقػة الوصػؿ بػيف كػلا المبػدأيف. وبالنسبة لمبدأ ئو  الشػد ومبػدأ الكاػاءة, فػإف صػاة الط
فػي المحػور  -إدتمادا  دم  الكااءة المنشػئية لأمثمػة الطبيعيػة–يمكف ملاحظة ذلؾ مف خلاؿ ما تـ شرحة 

 الذي تناوؿ النظاـ العضمي لأنساف والبيضة وغيرىا مف اامثمة التي تكوف فييا ئو  الشد أساسية.
التي يعتمػد  تدرج كفاءة المنش  تبعاً لمقوى الساسيةلكااءة ىو ( اامر الآخر والمتعمؽ بمبدأ ا8)

دمييا المنش . فاي المنش ت أو العناصر المنشئية المعتمدة دم  فعؿ الإنحناء تكوف جزيئات المادّة القريبػة 
مف المحور المركزي المحايد تحت الإجياد؛ في الوائذ فإف جزيئات المادّة في ئمػة وئعػر العنصػر معرضػة 

   (829؛ ك/ 5)ـ/ كامؿ للإجياد.بال
وفػػي منشػػ ت الشػػد أو الضػػغط البسػػيط، فػػإف جميػػذ جزيئػػات المػػادة فػػي المقطػػذ العرضػػي يجػػب أف 
تعمؿ بقدرتيا الكاممة. دند دناصر الضغط تكوف معرضة للإنبعاج كعامؿ محدّد لممد  الذي يمكف لممادّة 

الوسائؿ سػيولة وكاػاءة لنقػؿ ااحمػاؿ، ثػـ  ب ف تستغؿ ئبؿ الاشؿ. لذا فإف دناصر ومنش ت الشد ىي أكثر
  يمي ذلؾ دناصر ومنش ت ئو  الإنضغاط، لت تي أخيرا  منش ت الإنحناء.

بالنسػػبة للإدتبػػار لمميمػػة المعماريػػة، فػػإف منشػػ ت ئػػو  الشػػد فبػػد أف تضػػـ دناصػػر شػػد مشػػدودة 
مـ. إضػافة الػ  ذلػؾ، فػإف بعناصر مجاورة مغروسة في اارض كالركػائز والػددائـ والرواسػي أو معمقػة بػالق

ردود اافعاؿ المساىمة في ميؿ العناصر )الدادية لمميؿ( في الكثير مػف العناصػر المنشػئية كالقبػب )ردود 
أفعاليا تسع  لزيادة دنقيػا الػ  الخػارج( والقػابموات )ردود أفعاليػا تسػع  لزيػادة ىطوليػا نحػو اارض( فبػد 

ة حمقػػات شػد أو إنضػغاط بشػكؿ روابػػط أو أسػس ثقيمػة. ودمػػ  مػف جعميػا تقػاوـ تمػػؾ الػردود لأفعػاؿ بواسػط
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النقػػيض مػػف ذلػػؾ فمػػف السّػػيؿ ضػػماف ردود اافعػػاؿ مػػف جسػػر دمػػودي تمامػػا  حيػػث يكػػوف مقاومػػا  بسػػيولة 
 [84]الشكؿ:  (842؛ ك/ 5)ـ/ أكثر في مستو  ااسس.

 
 
 
 
 
 
 
 
 
 

قػو  وااحمػاؿ خلالػو. فعمػ  شكؿ دنصر أو منش  ما فبد أف يعكػس المسػار والجريػاف الطبيعػي لم
سبيؿ المثاؿ يتضمّف المقطذ العرضي لمجسور المعمقة دم  إختلافػات فػي أحجاميػا بموجػب مخطػط حمػؿ 

 [88]الشكؿ:  .الإنحناء، كما إف تثخّيف اادمدة في منتصؼ إرتااديا يعمؿ دم  زيادة مقاومتيا للإنبعاج
 

 
 
 
 
 
 
 
 
 
 

 يفية تطبية مبدأ الكفاءة المنشمية 
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بإختصار وكطبيعػة تطبيقيػة لمػا ورد أدػلاه, يمكػف القػوؿ بػ فّ القػو  فبػد أف تجمػذ سػوية وتتػدفّؽ و 
ختصػارا  خػلاؿ ااشػكاؿ والعناصػر المنشػئية ليكػوف حػلا   وتسري طبيعيا  ال  اارض ب كثر الطرؽ مباشرة  وا 

 -منطقيا . وبصورة أئرب ال  أف تكوف صيغة, يمكف تحقيؽ ذلؾ مف خلاؿ:
 ستعماؿ كؿّ المواد المنشئية أو الإنشائية ئريبا  مف خواصيا وئدرتيا, ( يجب إ4)
 ( تحقيؽ أدن  حد مف وزف المادة )تقميؿ الوزف الميت ئدر الإمكاف(, 8)
در 1)  ك ئبػػؿ كػػؿ شػػيء.اكػػا , واضػػحا  لمشػػخك غيػػر المتخصػػ( يجػػب إف يكػػوف الاعػػؿ المنشػػئي, تحسسػػا  وا 

 (844؛ ك/ 5)ـ/
المععواد المسععتعممة مسععتخدمة بموجععب سػػتعمافتيا, فلابػػد أف تكػػوف فيمػػا يخػػك موضػػوع المػػواد وا  

. حيث تنك الاكرة الصحيحة والسػميمة بػ فّ الشػكؿ النػاتج الصػحيح والسػميـ يمثػؿ نتيجػة خواصها الطبيعية
 (844؛ ك/ 5)ـ/ حتمية لخواك المادّة دند شيوع إستخداميا.

 
 

 الإستنتاجات العامة
سػػتيلاكيا الشػػحيح  تيػػابخاتعتمػػد دمػػ  ئػػو  الشػػد والتػػي تتصػػؼ  ىنالػػؾ أسػػس معرفيػػة لممنشػػ ت التػػي - وا 

وتلازميما مذ الوزف والحجـ المنتقؿ إضػافة الػ  وئػت  ياوتصنيع ىالمطائة مذ موضودية إختزاؿ كماة مواد
 , وتمثؿ الت زرية إحد  ىذه ااسس.الإنجاز والطائة المخزونة في ىكذا منش ت

الشد ال  متطمبات خاصة ومنيا التصػميـ الإنشػائي. يسػتند ىػذا  يحتاج التصميـ المعماري لمنش ت ئو  -
نتياءا  بالمادةالتصميـ دم  مااىيـ وتعاريؼ أولية تعد أساسية بدءا  مف معرفة سموؾ ا   .لقو  وا 

التطرؽ ال  أنماط منشئية بمستويات متباينة ومختماػة يزيػؿ جػزءا  مػف المػبس والتخػوؼ الػذي يحػوـ حػوؿ  -
ؾ الخلايػا الحيػة, والتػي تسػاىـ ما ىو الحاؿ في نمػط الت زريػة ودضػلات الإنسػاف وسػمو منش ت ئو  الشد ك

 قو  الشد.لإنشاء دمارة تعتمد دم  مبادئ مماثمة  في

أنماط الت زرية مختماة ااشػكاؿ سػواء أكانػت مػف القضػباف المعدنيػة والخيػوط المطاطيػة أـ مػف النػوابض  -
مػػد شػػكميا دمػػ  فعاليػػات الخميػػة الميكانيكيػػة وسػػبؿ ثبػػات أشػػكاليا يعت رنػػة فيػػي مماثمػػة لغشػػاء الخميػػة إذالم

  ضمف مستويات الكيمياء الحياتية.

منشػ ت ئػو  الشػد تتطمػب متانػة دمػ  مسػتو  دػاؿ. ويمكػف الحصػوؿ دمػ  ىػذه تبعا  لمبدأ الت زريػة فػإف  -
  .بالإضافة ال  أف الشكؿ يتبذ القو  ,المتانة مف خلاؿ ااشكاؿ الملائمة والمدروسة

ضمف منش ت العمارة العضوية لما ليا مف سمة التغيير المستندة إل  الت زرية الشد ئو  منش ت  تصنؼ -
يمكػػف كمػػا  والحركػػة وااشػػكاؿ المنحنيػػة التػػي يمتػػاز بيػػا الكػػائف العضػػوي دػػف الكائنػػات السػػاكنة والجامػػدة.

سػػتقرار الإماػػاىيـ المرتبطػػة بية بااشػػكاؿ اليندسػػية ااساسػػ ياربط منشػػ تتقميػػؿ التخػػوؼ لعمػػارة ئػػو  الشػػد بػػ
 .لتعبير  الشكؿ يتبذ القو   , تطبيقا  ثباتالو 
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 المصادر والمراجا 
، إطروحػػة دراسععة تحميميععة لواقععا العمععارة المعاصععرة-قععوى الشععد فععي العمععارةالجبػػوري، أنػػس حميػػد،   -

 .7226جامعة بغداد,  -ماجستير، كمية اليندسة/ ئسـ اليندسة المعمارية

، مخصػػػك لطمبػػػة كميػػػة التربيػػػة الرياضػػػية، وزارة التعمػػػيـ العػػػالي عمعععم التشعععري يس إبػػػراىيـ، الػػػدوري، ئػػػ -
.1988جامعة الموصؿ,  -والبحث العممي/ جامعة بغداد، مديرية دار الكتب لمطبادة والنشر  

- Calatrava, Santiago, Galinsky. GNU Free Documentation License, 2006. 

[http://www.galinsky.com/Santiago Calatrava.htm] 

-  Essien, Victoria, Structures and Forces. External and Internal Forces acting on structures, 

McGraw-Hill Book Company, Inc. 2006. 

[http://www.edquest.ca/pdf/sia74-2notes.pdf] 

- Holgate, Alan, The art in Structural Design. Oxford University Press, London, 1986. 

- Ingber, Donald E., Tensegrity Cell Structures and Hierarchical System Biology. Journal 

of Cell Science 116, 1157-1173 © The Company of Biologists Ltd, 2005. 

[http://www.booklounge.com/books/architecture/materials-form-and-architecture] 

- Internet Article/ Google searching images/ skeleton structure building, 1998. 

[http://images.google.com/images?svnum=10&hl=en&lr=&rls=GGLR%2CGGLR%3A2006

-36%2CGGLR%3Aen&q=skeleton+structures+building&btnG=Search] 

- Lisborg, Niels, Principles of Structural Design. B.T. Batsford Ltd., London, 1961. 

-  Salvadori and Heller, Structure in Architecture: The Building of Buildings. Prentice-Hall 

Inc. Englewood Cliffs, New Jersey, 1975. 

-  Sturzebecher and Ulrich, Peter and Sigrid, Architecture for sport. Wiley Academy, a 

division of John Wiley & Sons Ltd, Great Britain, 2002. 

-  Vandenberg, Martiz, Cable Nets, Detail in building. Academy Editions, London, 1998. 

-  Wikipedia, the free encyclopedia, Tensegrity. GNU Free Documentation License, 2005. 

[http://en.wikipedia.org/wiki/tesigrity] 

-  Wikipedia, the free encyclopedia, Tensile Architecture. GNU Free Documentation 

License, 2003. 

[http://en.wikipedia.org/wiki/tensile_architecture] 

- Wilson, Forrest, Structure: the Essence of Architecture. Studio Vista Van Nostrand 

Reinhold Company, New York, 1971. 
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في منطقة بغداد  الأختيار الأمثل لمواقع المدارس الأبتدائية الجديدة 
 الجديدة باستخدام التحسس النائي ونظم المعلومات الجغرافية

 بشار سميم                                        لمى حنا                                
 الهندسةجامعة بغداد كمية الهندسة                         جامعة بغداد كمية 

                                                                                                              

 خلاصة البحث
يقددددم البحدددث كيتيدددة اسدددمخدام ن دددم المعمفمدددات الجغراليدددة لددد  بندددا  المفديددد  المحميمددد         

نطقة الدراسة الفاقعة ل  الجز  الجندفب  لأخميار ألض  المفاقع لأنشا  مدارس جديدة ضمن م
الاعممدداد عمددى مر يددة ف معطيددات المحسددس الندا    ف باسددمامار .الشدرق  مددن مركددز مدينددة بغدداد

 .لمنطقة الدراسدة Layers)لضا ية مممقطة لمدينة بغداد أعدت خرا ط رقمية ممعددة الطبقات)
ث أ  بيانددات ليهددا باسددمخدام مكددن الاسددمتادة منهددا فالرجددفف إليهددا لدد  أ  فقددت ف محددديفهدد ي ي

فبعددد اسددمكما  عمميددة بنددا  قاعدددة البيانددات الجغراليددة لممدد   .بددرامن ن ددم المعمفمددات الجغراليددة
 model builder of spatialالخرا ط مم أسدمخدام برندامن البندا  النمدا ج  لممحميد  المكدان 

analysis  الأبمدا يددة لممدددارس مددم أعددداد نمددف ج محميمدد  لاسددمنباط ألضدد  المفاقددع المحمممددة ف
 layoutsفمدن ادم أعدداد مرمسدمات  .الجديدة بالأعمماد عمى معدايير فمفاصدتات لنيدة فعمميدة
  ات مفاصتات هندسية فجغرالية له ي المفاقع المقمرحة.

Selecting the Best Locations of New Primary Schools in New Baghdad by Using Remote Sensing and 

Geographic Information Systems 

 
  ABSTRACT                                            

This paper deals with the using of Geographic Information Systems to build 

up analytical model to choose the best locations of new schools within the study area. 

This has been done by using satellite image of Baghdad city. Then multi themes 

digital maps were prepared to the study area. These can be used to update their data 
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by using Geographic Information Systems software. Then, an analytical had been 

prepared to create the best probable locations, for new primary schools, depending on 

criteria, scientific technical specifications. Finally, we prepared layouts with 

geographical geometrical specifications for these proposed locations.                                                                   

 هدف البحث
يهدددف البحددث الددى أنشددا  نمددف ج لأخميددار ألضدد  المفاقددع ةنشددا  مدددارس جديدددة ضددمن الأحيددا  

فقددد مددم اسددمخدام ن ددم المعمفمددات  .السددكنية بالاعممدداد عمددى عدددة عفامدد  مددؤار لدد  نددفف الاخميددار
الجغراليددددة فمكنفلفجيددددا المحسددددس النددددا   كفسدددديمة لبنددددا  قاعدددددة بيانددددات ممكاممددددة لمنطقددددة الدراسددددة 
بالاسمعانة بمر ية لضا ية مغط  منطقة الدراسة باةضالة إلى بيانات إحصا ية فبياندات متصديمية 

آخد ين بن در الاعمبدار كالدة  .فال   سيؤمن الاخميار الأماد  لهد ي المفاقدع ,عن فاقع حا  المنطقة
فبالمدال   الممغيرات المطمفبدة باسدمخدام كالدة البرمجيدات المميسدرة ممدا يضدمن مقميد  الكمتدة فالفقدت

 المساعدة عمى أمخا  القرارات.
 

 منطقة الدراسة
( لدد  الجددز  الجنددفب  الشددرق  مددن مركددز مدينددة بغددداد فبالمحديددد 1مقددع منطقددة الدراسددة شددك  رقددم )

ضمن منطقة بغداد الجديدة )ح  الخمين( فالم  ممألف من أانما عشر محمة سدكنية فمنحصدر بدين 
44خطدد  طددف 

 o
28'00", 44

o
33  عددر  فدا رمدد "20'30

 o
19'15",  33

o
،فقددد "20'18

اخميرت ه ي المنطقدة بسدبب الزيدادة السدكانية. كمدا فأن ألمدب المددارس المفجدفدة مددارس مزدفجدة 
حيث مشمر  اكار مدن مدرسدة فاحددة لد  نتدس البنايدة فالمد  لاممبد  معدايير الأبنيدة المدرسدية المد  

 عمى المسمفى العمم  لطمبة ه ي المدارس.معد لك  مدرسة بناية مسمقمة بها أضالة الى أنها مؤار 
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 مراح  بنا  قاعدة بيانات منطقة الدراسة:
بالأضدالة الدى خارطدة  Quikbirdمم الاعمماد عمى صفرة لضا ية لمدينة بغداد لمقمر الصناع  

 .الدراسةأسمعمالات الأر  لجز  من مدينة بغداد ل  بنا  قاعدة البيانات الجغرالية لمنطقة 
فبصددددفرة عامددددة، يمكددددن أنجدددداز أ  مشددددرفف لددددن م المعمفمددددات الجغراليددددة عددددن طريدددد  سمسددددمة مددددن 
الخطدددفات المنطقيدددة حيدددث أن كددد  خطدددفة مبندددى عمدددى أسددداس الخطدددفة المددد  مسدددبقها ،أن الخطدددفات 

 .(2المنطقية الم  اسمخدمت ل  ه ا البحث جا ت كما  ل  الشك )
 

 

 

 

 

منطقةةةةةةةةةةة 

 الدراسة

 IKONOS(،منطقة الدراسة ل  صفرة القمر الصناع  1شك  رقم)
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 خميار مفاقع المدارس :المعايير المكانية الخاصة با
أن أخميار مفاقع المؤسسات المعميمية من العفام  المهمة الم  يجب أن مؤخ  بن ر الاعمبار ل  

أن أهم الأسباب الم  دعت إلى الاهممام بمجا  المخطيط المعميم  ف  عممية المخطيط المعميم .
إضالة إلى قمة أعداد الابنية هف المزايد الكبير ل  عدد طلاب المدارس نميجة لمزايد عدد السكان 

المدرسية نسبة الى عدد المدارس الممفلرة حاليا" فبالمال  أدى الى اشمرا  عدد من المدارس ل  
فسف  مفزيعها بشك   ,عدد من المحلات السكنية لممدارس المقار إلى باةضالة .نتس الأبنية

 مناسب.
لمعميمية بأن هنال  عدة معايير ل  نسمطيع أن نخمص من خلا  الدراسات المعنية بالخدمات ا

 أخميار مفاقع المؤسسات المعميمية فه :

 الخطفات المنطقية لبنا  قاعدة بيانات ن م المعمفمات الجغرالية لأخميار ألض  مفقع مدرسة(,2شك  )

 ة الدراسةبناء قاعدة البيانات الجغرافية لمنطق

ادخال الصورة 
 الفضائية

 خلق وتنظيم طبقات المشهد

 أجراء عملية التمشيط 

 الآلي للبيانات
 أدخال البيانات الوصفية التحقق من الأخطاء وأزالتها

 وربطها بالبيانات المكانية

أدارة وتنظيم وخلق 
 طبقات جديدة

 من قاعدة البيانات

 تصحيح خارطة 

 استعمالات الأرض

 يار نقاط الضبط الأرضيأخت
GCPs 

 

 أجراء عملية مطابقة الصورة الفضائية

 مع خارطة استعمالات الأرض المصححة

   بناء قاعدة بيانات متكاملة
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 فحف  الخدمة المعميمية. أمكانية الفصف  

ضمن الحدفد  مفلر التضا ات الأرضية فمساحامها الم  يمكن أقامة المدارس عميها  -
 النمف جية.

 بعد المفاقع المخمارة عن المناط  الصناعية.  -

 لمخمارة عن طر  النق .بعد المفاقع ا- 
 
 أمكانية الفصف  فحف  الخدمة المعميمية: .

يعد عام  المسالة عاملا" مهما" يجب اعممادي معيارا" أساسيا" ل  عممية المفقيع المكان  
لمخدمات المعميمية حيث أن مراكز الخدمات ه ي يتمر  أن يكفن الفصف  اليها سهلا" فمن 

  المحمة أف الح  مشيدة ل  مفقع يسه  الفصف  اليه المتض  أن مكفن مراكز الخدمات ل
أ  عمى طري  المماش  الم  لاممقاطع مع طر  النق  فالمرفر لغر  مفالر الأمان  ،سيرا"

 ،أما مراكز الخدمات العميا الم  مخدم أكار من محمة سكنية كالح  فالقطاف فالمدينة .لمسابمة
رفر فالنق  العام فعمى ه ا الأساس نشأ متهفم ) بأس من مفقيعها بالقرب من خطفط الم لأنه لا

 .حف  الخدمة لممؤسسة المعميمية ( ال   يعن  مساحة جغرالية مخدمها مؤسسة معميمية فاحدة
( يفضح 1)رقمفيحدد ه ا الحف  بما مقدمه المؤسسة من خدمة لمجمفعة من السكان فالجدف  

 .[1],[2] .دمهاحف  الخدمة نسبة الى نفف الخدمة المعميمية الم  مق
  

 (,يفضح حف  الخدمة لممؤسسة المعميمية1جدف  رقم)

 

 

 نوع الخدمة

 التعلٌمٌة
 توزٌعها

الفترة الزمنٌة التً 

ٌحتاجها الطالب 

للانتقال من المسكن 

الى المدرسة 

 مشٌا")دقٌقة(

حوض 

الخدمة)نصف 

 قطر الدائرة(متر

السبب المباشر 

 لسعة الحوض

 التعلٌم الابتدائً
ضمن المحلة 

 السكنٌة
10-5 800-400 

القابلٌة الجسمٌة 

 للتلمٌذ

 التعلٌم الثانوي
منطقة وسطى بٌن 

 عدة أحٌاء سكنٌة
20-10 1600-800 

تخدم أكثر من 

 حً سكنً
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 مفلر التضا ات الأرضية فمساحامها: 

مدددفلر التضدددا ات الأرضدددية فمسدددداحامها مدددن المعدددايير الأساسدددية عنددددد دراسدددة مفقيدددع المدددددارس إن 
الحضدددرية حيدددث هندددا  أسدددس فمعدددايير لأبنيدددة الخددددمات المعميميدددة فمسددداحمها المطمفبدددة لممنددداط  

لمدرسة عدد صتفلها  5م 6000ضمن المعايير الخاصة فالم  ممرافح مساحامها النمف جية مابين 
 .[3],[4] صف. 24لمدرسة عدد صتفلها  5م 12000صف الى  12

 
 بعد المفاقع المخمارة عن المناط  الصناعية:

مفقيعهدا  ر ه ا المعيار من المعايير المهمة عند عممية المفقيع المكان  لممدارس حيث يتضد يعمب
كمما كدان المفقدع .ف بعيدة عدن المنداط  الصدناعية لمدا مسدببه مدن ضفضدا  فاعمبدارات بي يدة سدمبية

 المخمار لممدرسة بعيدا" عن ه ي المناط  كمما كان الأخميار ألض .
 

 بنا  النمف ج المحميم  المكان :
فال   يمضمن مقنية  Arcviewمم أسمخدام برنامن المحم  المكان  كممح  لبرنامن      

model builder أبمدا ية يمم من خلاله بنا  نمف ج محميم  لاخميار ألض  مفقع مدرسة . 
متعي  كلا" من  حيث مم Arc viewمن فاجهة المشرفف برنامن  model builderيمم لمح نال ة 

model builder  ,spatial analyst  من أيقفنة الاممداداتextensions .لمبرنامن 
فبعددها يددمم اسدمدعا  الطبقددات  Arcviewيبددأ العمدد  بدالنمف ج بتددمح فاجهدة البرنددامن مدن برنددامن 

 modelألض  مفقع مدرسدة. أن البندا  النمدا ج  راللازم إدخالها ضمن المعايير المكانية لاخميا

builder  لايمعامددد  مدددع الطبقدددات الامجاهيدددةvector themes  نمدددا مدددع الطبقدددات الممسددداممه فا 
raster(grid)themes  لدد ا يجددب لدد  بددادئ الأمددر محفيدد  كدد  الطبقددات المدخمددة ضددمن المعددايير

بعددد  .الممجهددة المكانيددة إلددى طبقددات ممسدداممه عددن طريدد  مطبيدد  عمميددة محفيدد  صدديغة البيانددات
اللازم أجراؤها عمى البياندات المدخمدة  processesبيانات ممم عدد من المعالجات عممية محفي  ال

حيدث سديمم ادخدا  جميدع  (,3)الشدك كمدا لد   bufferلانمخاب ألضد  مفقدع ماد  عمميدة النطدا  
 Weightedنددفامن العمميددات المدد  أجريددت عمددى البيانددات المدخمددة الددى عمميددة المراكددب المددفزفن 

Overlay  قدددة مدددن ممددد  الطبقدددات حمدددى يدددمم اسدددمكمالها فاعطدددا  كددد  منهدددا فزن مسدددمدعى كددد  طبف
خدددددداص حسددددددب اهميددددددة فألضددددددمية ممدددددد  الطبقددددددة بالأضددددددالة الددددددى أعطددددددا  كدددددد  الطبقددددددات مقيدددددداس 

( فزعدت عمدى 1-5)خمسة درجدات  أعط  ضمن عممنا مقياس من.( evaluation scaleمفحد)
النمددف ج النهددا   لاخميددار ( 4يفضددح الشددك  رقددم)  .كدد  خميددة لدد  كدد  طبقددة مددن الطبقددات المدخمددة
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 Inputفال   يمألف من مجمفعة من الخلايا مما  البيانات المدخمة  أبمدا ية ألض  مفقع مدرسة

themes  فالعمميات الم  مجرى عميهاFunctions  فنامن ه ي العممياتOutput themes. 
 

     

 

 
 

ة من العمميات المكانيدة ضدمن برندامن ك  طبقة من قاعدة البيانات المعّدة ، مبدأ سمسم إدخا بعد 
البنددا  النمددا ج  لممحميدد  المكددان  منهددا عمميدددة المحفيدد  الأمجاهيددة الددى الصدديغة الممسدداممه حيدددث 
يلاحدد  لدد  النمددف ج أن كدد  الطبقددات المدخمددة مددم محفيمهددا الددى الصدديغة الممسدداممه لمبدددأ بعمميددات 

 . Buffering Processأخرى منها عممية خم  الأنطقة 
عمدد  أنطقددة حددف  المحددلات المدد  لددفح  ليهددا زيددادة بعدددد المدددارس الأبمدا يددة فأخميددر عددر  مددم 

عمد   ممر فال   يما  المسالة المطمفبة لحدف  الخدمدة لممددارس الأبمدا يدة كمدا مدم 400النطا  
 الحدا  بالنسدبة لممنداط  الصدناعية ممدر فكد ل  200أنطقة حف  الشفارف الر يسية عر  النطدا  

فهد  عمميدة  ،عم  الأنطقة فمسمية البيانات النامجة من ه ي العممية ممم عممية أخدرى بعد أكما ف 
. لاخميددار ألضدد  مفقددع مدرسددة ابمدا يددة مددم Weighted Overlay Processالمراكددب المددفزفن 

 Evaluationلمح النال ة الخاصة بعممية المراكب فاخميار مقياس مفحد لخلايا الطبقات المدخمة 

scale،    مدم  .( فبعددها مدمم عمميدة اسدمدعا  الطبقدات فلايلامهدا المطمفبدة1-5مرافح مدا بدين )فال
% فأعطدا  كد  خميدة 35( فأعطا هدا فزن قددري buffer quarter1ادخا  طبقة أنطقدة المحدلات )
بالمقارندة مدع الخميدة  1( حيث يعطى لمخمية القميمة الأهمية رقدم 1-5من خلايا الطبقة مقياس من)

 (,عمميات الأنطقة3شك )
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فبعددها يدمم ادخدا  الطبقدة الاانيدة فهد   5.ية ضمن عممية المحميد  فالمد  معطدى رقدم الم  لها أهم
% فادخدا  مقيداس لكد  15فأعطا هدا فزن قددري  (buffer streets)الر يسدية طبقة أنطقة الشدفارف 

هدد  طبقدددة المسدداحات التارلدددة  ات الصددديغة لخميددة مدددن خلايددا الطبقدددة،أما الطبقددة الاالادددة المدخمدددة 
% فادخا  مقياس لك  خمية فاخيرا" 35( فك ل  اعطا ها فزن قدري grid open area)الممساممه 

( فالمد  اعطد  لهدا فزن buffer factories)الصدناعية الطبقة الرابعة فه  طبقة أنطقة المناط  
فهكدد ا سددفف يكددفن النمددف ج جدداهز  %100فبالمددال  يجددب أن يكددفن مجمددفف الأفزان  .%15قدددري 

الابمدا يدة بعددد عمميددة فضددح المفاقدع المامددى لممدددارس المد  م( 5فالشددك ) (4لممنتيد  كمددا لد  الشددك )
  .المحمي 
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 ج النها   لاخميار ألض  مفقع مدرسة أبمدا ية,النمف 4)شك )
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 فضّح ألض  المفاقع الممكنة لاخميار مدرسة ابمدا يةي   النها   ال مخطط,ال5)شك )

 

 الاستنتاجات 

علقاة فاً حال المساائل المت GISالدراسة فاعلٌة استخدام نظام المعلوماات الجررافٌاة  أظهرتلقد 

الملائماة  ألحٌزيعملٌات التحلٌل  إجراءمن خلال  location analysisالمواقع  أفضلباختٌار 

 البحث.لطبٌعة المسالة موضوع 

 إجراءفً  والإضافةتقنٌة سرٌعة وقابلة للتحدٌث  model builder ألنماذجًوفر برنامج البناء 

العوامل المؤثرة فً وإمكانٌة ترٌٌر أوزان  المواقع رفً اختٌاالحل وفق المعاٌٌر القٌاسٌة المتبعة 

 .حسب المعطٌات والمستجداتالاختٌار 

 إتباعهااالوسٌلة الفعالة والحدٌثة التاً ٌاتم  أصبحتنظم المعلومات الجررافٌة  إنٌتضح مما تقدم 

 فً تحدٌد سٌاسات المؤسسات الحكومٌة واتخاذ القرارات.
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 المصادر

طاااٌط الخااادمات التعلٌمٌةلمنطقاااة براااداد الجدٌدة"أطروحاااة . أحمااادف وفااااء محمااادف "تحلٌااال وتخ2

 .2222للدراسات العلٌا , ًماجستٌر,جامعة برداد, المعهد العالً للتخطٌط الحضري والإقلٌم

. جااالالف شاااازاد جمااااالف " تحلٌااال سااااهولة الوصاااول الااااى المااادار  ا بتدائٌااااة فاااً مدٌنااااة 5

ور المكانً فً العراق فاً ظال ا تجاتاات السلٌمانٌة"بحث مقدم الى المؤتمر العلمً الرابع)التط

 .2/2/5222ولراٌة  22/2المعاصرة(للفترة من 

 أمانة برداد/التصمٌم ا ساسً/دراسة حول تخطٌط مدٌنة برداد)الهٌئة ا ستشارٌة      الٌابانٌة. .2  

 . وزارة التربٌة/دائرة ا بنٌة المدرسٌة.4
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ABSTRACT 

       Aluminum-Silicon alloys, with soft lubricant metal, are considered to be one of the important 

tribological alloys which resist seizure. The effect of different lead percentages (1-20%Pb) that 

added to the modified eutectic Al-12%Si alloy on the wear rate and resistance was studied by 

sliding these alloys under dry sliding conditions on a carbon steel disc at different sliding distances 

(2.24-40.37 km). The results showed that the wear rate was decreased and wear resistance increased 

with increasing lead percentage of Al-12%Si alloy. Furthermore, wear rate was increased linearly 

with increasing sliding distance. 

 
 

 الخلاصة
سميكون المحتوية عمى معدن مزيت من السبائك الترايبولوجية المهمة المقاومة -تعد سبائك الالمنيوم       

عمى معدل  (Pb%20-1)للالتصاق. يهدف هذا البحث الى دراسة تاثير اضافة الرصاص بنسب مختمفة 
زلاق الجاف عمى قرص من الفولاذ الايوتكتيكية المحورة تحت تاثير الان Al-12%Siومقاومة البمى لسبيكة 

اوضحت النتائج انخفاض معدل البمى وزيادة  .(km 40.37-2.24)الكربوني عند مسافات انزلاقية مختمفة 
علاوة عمى ذلك فان معدل البمى يزداد بصورة . Al-12%Siمقاومة البمى مع زيادة نسبة الرصاص لسبيكة 

 خطية مع زيادة مسافة الانزلاق.

 
KEYWORDS: 

 Aluminum Alloys, Antiseizure Characteristics, Sliding Conditions 
 

INTRODUCTION 

       Aluminum based alloys; especially eutectic aluminum-silicon alloys are regarded to be one of 

the most important tribological alloys due mainly to the presence of silicon (Lee 1998 and Yasmin 

2004). Silicon is the second most abundant impurity of aluminum. It imparts fluidity in casting, 

weldability and high mechanical properties (Mondolfo 1976). These properties incited many 

researchers in order to approach the convenient application. Therefore, replacement of cast iron by 
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aluminum based alloys in manufacturing automobile pistons is the start point in the early ninetieth 

century (Sarkar 1980). Lead is technically and economically the best qualified metal for use as a 

soft phase alloying addition to aluminum based alloys. Leaded aluminum alloys are characterized 

by low wear rate, antifriction and antiseizure characteristics suitable for a variety of bearing 

applications (Tiwari 1987). (Rudrakshi et al. 2004) found that the wear properties of spray formed 

Al-Si-Pb alloy were improved to be greater than that of Al-Si alloy as a result of microstructural 

features of spray formed alloy and the nature of the worn out surfaces. (While Hao et al. 2005) 

showed that the main reason of decreasing wear in the hot extruded Al-4Si-20Pb alloy attributed to 

the constituents of lubricating film that created between the mating surfaces. They indicated that 

this film is composed of mixture of Fe2O3, Pb4SiO6 and a small amount of Fe2O3 at room 

temperature, and Pb4Al12(SiO3)7, SiO2, Al2O3 and a small amount of Fe2O3 at high temperature. The 

same result is concluded by (An et al. 2006) when irradiated Al-Si-Pb alloys with high current 

pulsed electron beam in which the different constituents of lubricating film is the main reason of 

decreasing wear. 

       In this work, some light will be thrown to study the effect of lead addition on wear rate and 

resistance of modified eutectic Al-12%Si alloy. 

 

MATERIALS AND METHODS 

       Leaded aluminum alloys were prepared using commercial high purity aluminum, lead and Al-

18%Si master alloy as starting materials. The master alloy of Al-18%Si was previously prepared by 

adding high purity silicon as chunks to the molten of commercial high purity aluminum using gas 

fired furnace under the pressure effect via graphite block in a graphite crucible to prevent any 

floatation of silicon on the molten surface of aluminum. The molten of Al-18%Si alloy was casted 

in a metallic mould to produce ingot of Al-18%Si master alloy. A specified amount of commercial 

high purity aluminum was added to the molten of Al-18%Si master alloy to obtain Al-12%Si alloy. 

Lead was added separately in different amounts, that corresponding to 1-20%Pb, to the diluted Al-

18%Si master alloy with aluminum to produce different types of leaded Al-12%Si alloys. The 

addition of lead was carried out using vortex method as a result of no solubility and miscibility 

between lead and eutectic Al-12%Si alloy. In this method, lead was added as chips to the molten of 

diluted Al-18%Si master alloy with aluminum in a graphite crucible using graphite fan to prevent 

any reaction. The inclination angle of vortex mixing and speed of mixer rotation were 30
°
 and 1256 

rpm respectively. All leaded alloys were mixed at 650 
°
C for 10 min individually to obtain 

homogenous distribution of lead inside the molten of Al-12%Si alloy. The pouring temperature for 

each alloy was fixed at the same temperature of vortex mixing in which each alloy was poured into 

a cooled carbon steel mould to obtain chilled ingots of Al-Si-Pb alloys. All casted ingots have the 

dimensions of 100 mm length and 15 mm diameter. Chemical composition of pure aluminum, 

master alloy and prepared Al-Si-Pb alloys is tabulated in table І. The ingots of Al-Si-Pb alloys were 

cut and turned to produce specimens suitable for microstructural and wear study. For 

microstructural study, each alloy specimen was cold mounted and then ground using different SiC 

emery papers. Primary polishing was carried out using slurry of alumina while final polishing was 

achieved using diamond paste. All microstructural study specimens were etched using 1%Vol. HF 

etching solution. 

       Pin on disc type wear testing apparatus with 450 Hv carbon steel disc was used in this work in 

order to determine antiseizure characteristics of Al-Si-Pb alloys. Wear test specimens that 

previously prepared have the dimensions of 10 mm length and 5 mm diameter. The sliding circle 

diameter and bearing pressure were fixed at 14 cm and 63.6 kPa respectively. A wide range of 

running periods was used ranging from 10 min to 3 hr in order to produce different sliding distances 

(2.24-40.37 km). 
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RESULTS AND DISCUSSION 

       Fig. 1 shows the microstructure of modified eutectic Al-Si alloys. It is clear from this figure 

that two phases are presented in the matrix of Al-Si-Pb alloys. These phases are eutectic and lead, 

while one phase presented in the matrix of Al-12%Si alloy which is eutectic. Fig. 1 also shows the 

potent effect of chilling on producing modification of eutectic silicon in the matrix of leaded alloys, 

in which fibrous eutectic silicon associated with aluminum dendrites can be recognized in the 

matrix for each alloy. This modification in eutectic silicon morphology from angular and flake as in 

ordinary conditions to the fibrous as in this work has a crucial role on increasing the mechanical 

and tribological properties of eutectic Al-Si alloys as mentioned elsewhere (Subramanian 1991, 

Fatahalla 1999 and Liao 2002). It is explicit to know that lead decreasing the hardness of Al-Si 

alloys in a magnitude dependent on its percentage in the matrix. This decreasing in hardness value 

does not mean decreasing in wear properties of Al-Si alloys. This can be demonstrated by showing 

the relationship between sliding distance and wear rate as shown in Fig. 2. It is clear from this 

figure that the wear rate was increased linearly with increasing sliding distance for each alloy. In the 

other side, the wear rate was decreased with increasing lead percentage at any sliding distance. 

Plastic deformation always associated with wear in the subsurface region of the base matrix of Al-

Si alloys. The deformation of aluminum phase results in fragmentation of silicon phase into fine 

particles distributed in the subsurface region (Pramila Bai 1984). In this work, no fragmentation 

was occurred as a result of potent effect of modification that occurred in eutectic silicon 

morphology as explained above. The aluminum and silicon phases in the eutectic of Al-Si alloys 

behave independently on each other during dry sliding in which the silicon phase resists the applied 

bearing pressure while the aluminum phase accommodates the plastic deformation in the matrix. 

The presence of lead in the matrix of modified Al-12%Si alloy results in decreasing the wear rate as 

explained above. This is because the lead acts as a lubricant and reduces wear between mating 

surfaces as a result of its extrusion during dry sliding of leaded aluminum alloys on carbon steel 

disc and forming a trib-layer of low shear strength spreads over modified eutectic Al-12%Si alloy 

substrate. The smearing of lead prevents adhesion between the mating surfaces in areas dependent 

on lead location in the matrix of modified eutectic Al-12%Si alloy. Therefore, wear rate will be 

decreased and in the same time seizure resistance will be increased. This result can be demonstrated 

precisely from the relationship between lead percentage and wear resistance, as shown in Fig. 3, in 

which the wear resistance increases with increasing lead percentage. From curve fitting programme, 

the wear resistance (WR) changes with lead percentage (Lp) according to the following formula: 

 

WR=-0.021Lp
2
+1.267Lp+35.83                       (1) 

 

       This illuminates the importance of lead addition; especially the adhesive compatibility of slided 

metals (Norton 1998) indicated clearly the low metallurgical compatibility between lead and iron 

where iron can be considered as a counterface material. This makes Al-Si-Pb alloys a suitable 

choice for bearing applications. The relationship between wear rate (Wr) and hardness (Hv) is 

shown in Fig. 4 in which the wear rate decreases with decreasing hardness, i.e.  increasing lead 

percentage, according to the following formula obtained from curve fitting programme 

 

Wr=0.002Hv
2
-0.2Hv+6.250                            (2) 

 

CONCLUSIONS 

       Rapid cooling of leaded eutectic Al-12%Si alloys in a metallic mould could produce 

modification of eutectic silicon morphology in the matrix of these alloys. The presence of 

accompanied lead that added using vortex method with modified eutectic silicon led clearly to 

remarkable changes in the antiseizure characteristics of leaded alloys. These changes can be 

summarized by decreasing wear rate and increasing wear resistance with increasing lead 

percentage, i.e. decreasing hardness. 
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TableІ Chemical composition of pure aluminum, master alloy and prepared Al-Si-Pb alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Microstructure of as-cast leaded modified eutectic aluminum-silicon alloys. 

 

 

 

Elements Si Fe Cu Pb Mn Ti Al 

Al 0.11 0.11 0.008 0.001 0.007 0.005 Rem. 

Al-18%Si 18.2 0.31 0.09 0.001 0.02 0.009 Rem. 

Al-12%Si 12.4 0.24 0.03 0.001 0.01 0.007 Rem. 

Al-12%Si-1%Pb 11.9 0.24 0.03 1 0.01 0.007 Rem. 

Al-12%Si-6%Pb 12.7 0.24 0.03 6 0.01 0.007 Rem. 

Al-12%Si-12%Pb 12.1 0.24 0.03 12 0.01 0.07 Rem. 

Al-12%Si-20%Pb 12.4 0.24 0.03 20 0.01 0.07 Rem. 

Al-12%Si Al-12%Si-1%Pb 

Al-12%Si-6%Pb Al-12%Si-12%Pb 

Al-12%Si-20%Pb 
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Fig. 2 The relationship between sliding distance and wear rate of Al-Si-Pb alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 The relationship between lead percentage and wear resistance of Al-12%Si alloy. 

Sliding distance, 40.37 km. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 The relationship between hardness and wear rate of Al-Si-Pb alloys. Sliding distance, 

40.37 km. 
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ABSTRACT 

This paper studies the two-dimensional analysis of the consolidation process for partially 

saturated soils applied to an earth embankment mainly from the theoretical point of view. The 

method of finite elements is used to find a numerical solution to describe the behavior of soils 

during consolidation. Moreover, this study was carried for both, isothermal and non-isothermal 

cases. 

The case of two–dimensional, plane strain consolidation is considered, as it is widely 

needed in the studies of soil mechanics. The parameters studied are displacement in the y–direction, 

pore water pressure, pore air pressure, and temperature. 

The embankment was constructed in Basrah - Iraq, where the temperature is usually high at 

most days of the year. It is believed that it is more realistic to model the embankment as a partially 

saturated soil rather than a fully saturated soil as was done before. 

The study reveals that: – 

- The consolidation process is affected by the degree of saturation. As the paths in the soil that 

are used by the pore–water and/or the pore–air may transfer from one state (open path) to 

another state (closed path) and vice versa.  

- The pore–water and the pore–air pressures are affected by temperature. The pressure increases 

when the temperature increases (for a constant volume). This is usually the case inside the 

partially saturated soil. Temperature can affect indirectly the soil skeleton as a result of the 

change in pore–air and pore–water pressures. 

- The vertical displacement for partially saturated soil consolidation under self weight loading is 

noticed to have almost regular settlement. Then, there is an accelerated settlement due to the 

dissipation of the air and water pressures. After a while (after excess pressures dissipation), 

there will be a classical consolidation form. 

 

KEYWORDS 

 partially saturated soils, unsaturated soils, soil mechanics, geotechnique, consolidation, non-

isothermal consolidation 

 

INTRODUCTION 

Soils that are unsaturated form the largest category of materials, which do not adhere in 

behavior to classical, saturated soil mechanics.  
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The differentiation between saturated and unsaturated soils becomes necessary due to basic 

differences in their nature and engineering behavior. An unsaturated soil has more than two phases 

and the pore–water pressure is negative relative to the pore–air pressure.  

Any soil near the ground surface, present in a relatively dry environment, will be subjected to 

negative pore–water pressures and possible desaturation. 

It is the presence of more than two phases that results in a material that is difficult to deal with in 

engineering practice.  

An unsaturated soil is commonly defined as having three phases, namely; 

 solids,  

 water, and   

 air. 

It may be more correct to recognize the existence of a fourth phase, namely, that of the air–water 

interface or contractile skin. The presence of even the smallest amount of air makes the soil 

unsaturated.  A small amount of air, may occur as occluded air bubbles, which makes the pore fluid 

compressible. Generally, it is a larger amount of air, which makes the air phase continuous 

throughout the soil. At the same time, the pore–air and pore–water pressures begin to differ 

significantly, with the result that the principles and concepts involved differ from those of classical, 

saturated soil mechanics. 

 

TYPES OF PROBLEMS :– 

 

The types of problems of interest in unsaturated soil mechanics are similar to those of 

interest in saturated soil mechanics.  Common to all unsaturated soil situations are the negative 

pressures in the pore–water.  The type of problem involving negative pore–water pressures that has 

received the most attention is that of swelling or expansive clays. 

Several typical problems are described to illustrate relevant questions, which might be asked by the 

geotechnical engineer. 

 Construction and Operation of a Dam 

 Natural Slopes Subjected to Environmental Changes 

 Mounding Below Waste Retention Ponds 

 Stability of Vertical or Near Vertical Excavations 

 Lateral Earth Pressures 

 Bearing Capacity for Shallow Foundations 

 Ground Movements Involving Expansive Soils  

 Collapsing Soils 

 

CONSTITUTIVE RELATIONS : – 

Constitutive relations for an unsaturated soil can be formulated by linking selected 

deformation state variables to appropriate stress state variables.  The deformation state variables 

must satisfy the continuity requirement.  The link of the deformation and stress state variables 

results in the incorporation of volumetric deformation coefficients.  The established constitutive 

relations can be used to predict volume changes due to changes in the stress state. 

Two approaches can be used in establishing the stress versus deformation relationships. These are: 

the “mathematical” approach and the “semi–empirical” approach.  In the mathematical approach, 

each component of the deformation state variable tensor is expressed as a linear combination of the 

stress state variables or vice versa.  In other words, the relationship between the stress and 

deformation state variables is expressed by a series of linear equations.  The problem with this 

approach is that it involves the assessment of a large number of soil properties. 
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The semi–empirical approach involves several assumptions, which are based on experimental 

evidence from observing the behavior of many materials.  These assumptions are that: 

 normal stress does not produce shear strain; 

 shear stress does not cause normal strain; and 

 shear stress component, , causes only one shear strain component, (. 

In addition, the principle of superposition is assumed to be applicable to cases involving small 

deformations. 

The constitutive relations for an unsaturated soil can be formulated as an extension of the equations 

used for saturated soil, using the appropriate stress state variables. Assume that the soil behaves as 

an isotropic, linear elastic material. The following constitutive relations are expressed in terms of 

the stress state variables, ( – ua) and (ua – uw).  The formulation is similar in form to that proposed 

by Biot in 1941.  The soil structure constitutive relations associated with the normal strains in the 

x–, y–, and z–directions are as follows: – 

 

  

where 

H = modulus of elasticity for the soil structure with respect to a change in matric suction, (ua – uw). 

The constitutive equations associated with the shear deformations are: – 

 

  

where 

xy = shear stress on the x–plane in the y–direction (i.e., xy = 

yx), 

yz = shear stress on the y–plane in the z–direction (i.e., yz = 

zy), 

zx = shear stress on the z–plane in the x–direction (i.e., zx = 

xz), and 

G  = shear modulus. 

The modulus of elasticity, E, in the above equations is defined 

with respect to a change in the net normal stress, ( – ua). 

The above constitutive equations can also be applied to 

situations where the stress versus strain curves are nonlinear.  

Figure 1 shows a typical stress versus strain curve. An 

incremental procedure using the small increments of stress and 
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Fig. 1 

Nonlinear stress versus strain 

curve 
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strain can be used to apply a linear elastic formulation to a nonlinear stress versus strain curve. 

The nonlinear stress versus strain curve is assumed to be linear within each stress and strain 

increment. The elastic moduli, E and H, have negative signs, as indicated in figure 1, and may vary 

in magnitude from one increment to another. 

The soil structure constitutive relations associated with normal strains can be written in an 

incremental form: – 

  

Equations 7, 8, and 9 represent the general elasticity constitutive relations for the soil structure. The 

left–hand side of the equations refers to a change in the deformation state variable, while its right–

hand side contains changes in the stress state variables.  A change in the volumetric strain of the 

soil for each increment, dv, can be obtained by summing the changes in normal strains in the x–, y–

, and z–directions: 

 

            dv = dx + dy + dz                                                                                                                                                      (10) 

 

where 

dv = volumetric strain change for each increment. 

Substituting equations 7, 8, and 9 into equation 10 gives: – 

 

 

Equation 11 can be simplified to the following form:– 

 

  

where 

mean = average total normal stress (i.e., (x  +y + z) / 3). 

The volumetric strain change, dv, is equal to the volume change of the soil element divided by the 

initial volume of the element: 

 

 

The Initial volume, Vo, refers to the volume of the soil element at the start of the volume change 

process. Therefore, Vo remains constant for all increments. At the end of each increment, the 

volumetric strain change, dv, can be computed from equation 12 and the volume change of the soil 
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element, dVv, is obtained from equation 13. The summation of the volumetric strain changes for 

each increment gives the final volumetric strain of the soil: – 

 

v =  dv                                                                                                                      (14) 

 

Change in the Volume of Water 

The soil structure constitutive relationship is not sufficient to completely describe the 

volume changes in an unsaturated soil. Either an air or water phase constitutive relation must be 

formulated.  It is suggested that the water phase is most suitable for formulating the second 

constitutive relationship. The water phase constitutive relation describes the change in the volume 

of water present in the referential soil structure element under various stress conditions. The water 

itself is assumed to be incompressible, and the equation accounts for the net inflow or outflow from 

the element. The water phase constitutive relation can be formulated in a semi–empirical manner on 

the basis of a linear combination of the stress state variables. In an incremental form, the 

constitutive equation can be written as: – 

 

  

where 

Ew = water volumetric modulus associated with a change in ( – ua), and 

Hw = water volumetric modulus associated with a change in ( – uw). 

The summation of water volume changes at each increment gives the final change in the volume of 

water: – 

 

 

Change in the Volume of Air 

The change in the volume of air in an element can be computed as the difference between 

the soil structure and water volume changes.  The continuity requirements (i.e., Vv/Vo = Vw/Vo + 

Va/Vo) can also be written in an incremental form 

using the volumetric strain change, dv: – 

 

  

The constitutive relationships for an unsaturated 

soil can be presented graphically in the form of 

constitutive surfaces (figure 2). The deformation 

state variable is plotted with respect to the (mean – 

ua) and (ua–uw) stress state variables. The 

coefficients used in the constitutive equations are 

the slopes of the constitutive surface at a point. 

The slopes are with respect to both axes.  For 

example, the slopes of the soil structure constitutive 

surface at a point are equal to (3 (1–2)/E) and 

(3/H) with respect to the (mean – ua)  
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and (ua – uw) axes, respectively. The coefficients on the constitutive surface are referred to as 

“volumetric deformation coefficients”. These coefficients vary from one stress state to another for a 

curved constitutive surface. Similarly, the slopes on the water phase constitutive surface at a point 

are (3/Ew) and (1/Hw) with respect to the (mean – ua) and (ua – uw) axes, respectively. 

The above constitutive relations can be formulated 

for a general, three–dimensional loading in the x–, 

y–, and z–directions.  

 

Plane Strain Loading 

Many geotechnical problems can be 

simplified into a two–dimensional form using the 

concept of plane strain or plane stress loading. If 

an earth structure is significantly long in one 

direction (e.g., the z–direction) in comparison to 

the other two directions (e.g., the x– and y–

directions) and the loadings are applied only on the x– and y–planes, the structure can be modeled 

as a plane strain problem.  The slope stability, retaining wall, and strip footing are problems 

commonly analyzed by assuming plane strain loading conditions. For plane strain conditions, the 

soil deformation in the z–direction is assumed to be negligible (dz=0).  Imposing a condition of 

zero strain in the z–direction in equation 9 gives: – 

 

  

Volumetric strain during plane strain loading is obtained by substituting equation (18) into equation 

(11) : – 

 

  

where 

ave = average total normal stress for two–dimensional loading (i.e., (x +y)/2). 

Equation 19 can be used as the soil structure constitutive relation for plane strain loading. 

The water phase constitutive equation is obtained from equation 15 by replacing the d(z – ua) term 

with equation 18: – 

 

   

FIELD EQUATIONS AND EQUILIBRIUM ANALYSIS OF AN UNSATURATED SOIL 

ELEMENT :– 

The state of stress at a point in an unsaturated soil can be analyzed using a cubical element 

of infinitesimal dimensions. Figure 3 illustrates the total normal and shear stresses that act on the 

boundaries of the soil element. The gravitational force, g, (i.e., soil density, , times gravitational 

acceleration, g) is a body force. The gravitational force acts through the centroid of the element, but 

is not shown in figure 3 in order to maintain simplicity. 

Fig. 2 

Three–dimensional constitutive surfaces for 

an unsaturated soil.  

a) soil structure constitutive surface; 

b) water phase constitutive surface. 

(After Fredlund and Rahardjo, 1993) 
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The equilibrium analysis of a soil element is based upon the conservation of linear momentum. The 

conservation of linear momentum can be applied to the soil element in figure 3 by summing forces 

first in the y–direction. 

  

where 

xy      = shear stress on the x–plane in the y–

direction, 

y                 = total normal stress on the y–plane, 

zy     = shear stress on the z–plane in the y–

direction, 

= total density of the soil, 

g                  = gravitational acceleration, and 

dx, dy, dz  = dimensions of the element in the x–, y–, 

and z-directions respectively. 

Since the soil element does not undergo acceleration, 

the right hand side of equation (21) becomes zero. 

Equation (21) is commonly referred to as the 

equilibrium equation for the y–direction. Similarly, 

equilibrium equations can be derived for the x–

direction: – 

 

  

Moreover, for the z–direction: – 

 

Total or Overall Equilibrium 

 Total equilibrium refers to the force 

equilibrium of a complete soil element with its four 

phases (i.e., air, water, contractile skin, and soil 

particles). The total stress fields of an unsaturated soil 

element in the x–, y– and z–directions are presented in 

figure 4 with the exception that no body forces are 

shown (i.e., gravitational force, g). Only the 

equilibrium in the y–direction will be analyzed and 

presented. However, the same principles apply to 

equilibrium in the x– and z–directions. Figure 4 depicts 

the total stress fields in the y–direction. The force 

equilibrium equation associated with figure 4 is given 

in equation  (21). 

The water phase equilibrium in the y–direction is 

obtained by summing forces in the y–direction which 

gives the equilibrium equation for the water phase. 
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Fig. 3  

Normal and shear stresses on a cubical soil 

element of infinitesimal dimensions. 

 

Fig. 4 

Components for total equilibrium in the 

y–direction for an unsaturated soil 

element 
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where 

uw   =  pore–water pressure, 

F
w

sy    = interaction force (i.e., body force) between the water phase and the soil particles in the y–

direction, and 

F
w

cy    =  interaction force (i.e., body force) between the water phase and the contractile skin in the 

y–direction. 

The air phase equilibrium in the y–direction is obtained by summing the forces in the y–direction 

which gives the equilibrium equation for the air phase. 

 

  

where 

ua  = pore–air pressure, 

F
a
sy    = interaction force (i.e., body force) between the air phase and the soil particles in the y–

direction, and 

F
a
cy   = interaction force (i.e., body force) between the air phase and the contractile skin in the y–

direction. 

Contractile Skin Equilibrium 

The contractile skin is only a few molecular layers in thickness. However, its presence 

affects the equilibrium conditions in an unsaturated soil. This is due to its ability to exert a surface 

tension, Ts. 

The equilibrium equation for the contractile skin is as follows: 

 

  

f
* 

        = final interaction between the contractile skin and the soil structure equilibrium 

 

 

Final Form of Equilibrium Equation 

To obtain the final form of the differential equations, some simplifications and assumptions, 

need to be made, which are: – 

1. For two–dimensional analysis, consider the equilibrium of forces that acts in the x–, and 

y–directions only, and neglect the equilibrium of forces that acts in the z–direction. 

2. The value of contractile skin porosity (nc) is considered very small and approaches to zero 

in comparison with other values of porosities (i.e., ns, nw, and na). So nc  0. 

The equilibrium equation will be written as: – 
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Mass Transfer 

The volume of water entering and leaving the element in y–direction is: – 

 

  

where 

Vw          = change in the volume of water in the soil element over a specific time dt, 

Vw /t    = net flux of water through the soil element, 

vw                  = water flow rate across a unit area of the soil element in the y–direction, and 

dx, dy, dz = infinitesimal dimensions in the x–, y–, and z–directions, respectively. 

The water volume change with respect to time could be written as: – 

 

  

where 

kwy     =  coefficient of permeability with respect to water as a function of matrix suction which 

varies with location in the y–direction [i.e., kwy(ua–uw)], 

i  = molecular mass of the diffusing constituent, 

R  = universal (molar) gas constant, 

T  = absolute temperature, 

Datm   = is the molecular diffusivity of water vapor in air, cm
2
 sec

–1
, Datm could be 

  obtained by applying the equation   

  = the tortuosity factor allowing for extra path length (~ 0.66),  

v        = is the mass flow factor introduced to allow for the mass flow of vapor arising from the 

difference in boundary conditions governing the air and vapor components of the diffusion 

system. 

 

a       =  volumetric air content which describes the area available for the vapor to flow, and is 

equal to (1–S) n. 

The water phase constitutive relation for plane strain conditions describes the time derivative of the 

water volume change as: – 
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Equating with equation (30) gives: – 

 

  

For the case of nearly saturated soils, the second term on the right hand side does not exist, because 

air will be entrapped as bubbles in the water. Therefore, there is no continuous path for the air phase 

to move from one place to another. Consequently, there is no vapor movement, as a result, there is 

no contribution of water vapor to the water mass transfer, so, this term can be omitted for nearly 

saturated soils. For homogeneous soil, the terms containing kwy/y are equal to zero, so the fourth 

and fifth terms on the right hand side vanish. In addition to the assumptions mentioned, it is 

assumed that the water density remains constant (incompressible) and the thermal liquid diffusivity 

also remains constant. The equation of two–dimensions can be written as:– 

 

 

Air Flow Differential Equation 

The air phase is compressible and flows in response to an air pressure gradient and a 

concentration gradient. Therefore, the flow of air through a referential element of unsaturated soil  

is computed in terms of mass rate of air flow, Ja. The net mass rate of air flow across the element is 

obtained as the difference between the mass rate of air entering and leaving the element within a 

period of time: – 

 

  

where 

Ma /t   = net mass rate of air flowing through the soil element, and 

Ja     = mass rate of air flowing across a unit area of the soil. 

The net mass rate of air flow can be expressed for a unit volume of the soil elements as: – 
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where 

(Ma/Vo)/t   = net mass rate of air flow per unit volume of the element, and 

Vo                   = initial total volume of the element (dxdydz). 

According to Fick’s law (Hillel, 1971): – 

 

 

where 

Ja    = mass rate of air flowing across a unit area of the soil, 

Da    = transmission constant for air flow through a soil, 

C          = concentration for the air expressed in terms of the mass of air per unit volume 

of soil, and 

C/y      = concentration gradient in the y direction. 

The negative sign indicates that air flows in the direction of decreasing concentration gradient. 

The change of air volume could be described as: – 

 

 

 

From the constitutive relation, the change of air volume could be described as: – 

 

 

Simplifying yields: – 

 

  

Now, equating and simplifying yields: – 
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The above derivation is valid when the degree of saturation is below about 90%, where continuous 

paths for the air phase exist to transfer from one place to another. 

For the special case of unsaturated soils where the degree of saturation is about >90%, the air phase 

exists in the form of occluded bubbles and cannot transfer easily, the air transfer takes place by 

diffusion. 

When the air diffuses in the water (as dissolved air in the water phase due to its pressure), the water 

phase plays a big role in the transport mechanism for the air phase. When the dissolved air reaches a 

suitable environment (where the air pressure is less), air is freed from the water phase to its original 

form. The derivation of the continuity equation for this condition is slightly different. 

 

Air Diffusion Through Water 

Fick’s law can be used to describe the diffusion process. The concentration gradient, which 

provides the driving potential for the diffusion process is expressed with respect to the soil voids 

(i.e., air and water phases). In other words, the mass rate of diffusion and the concentration gradient 

are expressed with respect to a unit area and a unit volume of the soil voids, respectively. 

The formulation of Fick’s law for diffusion in the y–direction is as follows: – 

 

  

where 

M/t   = mass rate of the air diffusing across a unit area of the soil voids, 

D          = coefficient of diffusion, 

C     = concentration of the diffusing air expressed in terms of mass per unit volume of the soil 

voids, and 

C/t    = concentration gradient in the y–direction (or similarly in the x– or z–directions). 

The diffusion equation can appear in several forms, similar to the forms presented for the flow of 

air through a porous medium. The concentration gradient for gases or water vapor (i.e., C/y) can 

be expressed in terms of their partial pressures. Consider a constituent diffusing through the pore–

water in a soil. Equation (44) can be rewritten with respect to the partial pressure of the diffusing 

constituent: – 

where 

             =   partial pressure of the diffusing constituent, 

                   = change in concentration with respect to a change in partial pressure, and 

                    = partial pressure gradient in the y–direction (or similarly in the x– or z–

directions). 

 

Simplifying for two–dimensions will yield: – 

 

Equating this expression to the expression in equation 42 yields: – 
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Heat transfer  

 The Fourier diffusion equation can be used to describe heat transfer in soils. For one–

dimensional flow, the heat flux can be described as: – 

 

where 

H = heat flux, 

 = thermal conductivity, and  

T = temperature. 

The heat transfer can be due to conduction, convection, and radiation. In soil, convection and 

radiation are considered to be negligible (Philip and de Vries, 1957; Lewis and Schrefler, 1987; 

Edgar et al., 1989; Al–Khaddar, 2000). So the conduction term is considered, in addition to the heat 

lost due to evaporation of water. This could be described as: – 

 

where 

          = volumetric specific heat of the soil as a function of water content (J/m
3
/°C), and 

Lv  = latent heat of vaporization of water (i.e., 2418000 J/kg). 

 

5. Finite Element Equations :– 

Using the method of weighted residuals on equations (27), (28), (35), (47), and (49), a 

discretized finite element form is reached (Zainal, 2002). The final equations are obtained after 

simplifying as:– 

 

or in matrix form, the equations are represented as:– 
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After discretization in time domain, the equations are represented as:– 

 

 

Appendix (A) gives the definitions for the matrices encountered in equations 50 to 55. A 

finite element program is set to deal with solving equation 55 (Zainal, 2002), the results of which 

are presented in the next section. 

 

Problem Description 

The Mdaina trial embankment was constructed in the southern part of Iraq at Al–Basrah 

province in 1979. The height of the embankment is 5 meters, the width at the top is 12 meters, and 

the width at the bottom is 37 meters with side slopes of 2.5:1. 

Figure 5 shows the cross section that has been adopted for this analysis. For more details, refer to 

Penman and Burford (1983). 

Figure 6 shows the finite element discretization using quadratic quadrilateral of the serendipity type 

element. This figure shows the right half of the embankment where the height is 5 meters, the top 

width is 6 meters, and the bottom width is 18.5 meters. 

Due to symmetry, the analysis of the left half is assumed to be identical to the analysis of the right 

half. A one way drainage condition is assumed because of the clayey soil underneath the 

embankment and the open surface from above. 

Material properties shown in table 1 are after Al–Hamrany (1980) and Appendix (B). The thermal 

degrees are taken depending on the thermal map of Iraq for dry and wet seasons. Temperature is 

taken for the dry season as 35.8 °C for the upper part of the embankment, and 32 °C for the lower 

part of the embankment (Zainal, 2002).  
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Soil temperature under 1.0 m depth is considered to be the same as for the 1.0 m depth without a 

significant loss of accuracy (Al–Khaddar, 2000). 

Fig6 

Discretized cross section for the finite element 

method for half of the Mdaina trial embankment 
 

Fig 5 

Cross-section of the Mdaina trial embankment 
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The degree of saturation was assumed 0.95 under the assumption that for clayey soils (like the kind 

of soils used for this embankment) water may reach a large height due to capillarity. Hence, the soil 

becomes nearly saturated.  

 

Table 1 

Material Properties for the Mdaina Consolidation Problem 

Property Value Units 

Modulus of elasticity E 2870 kN/m
2
 

Poisson’s ratio 0.4 – 

Solubility of air in water 0.01708 – 

Porosity 50 % – 

Thermal conductivity,  72.3168 kJ/°C m day 

Degree of saturation, S 90 % – 

Molecular mass of air, a 28.966 kg/kmol 

Hydraulic conductivity, kw 5.7610
–8

 cm/sec 

Universal gas constant, R 8.31432 J/mol °K 

Coefficient of Diffusion, D 1.72810
–4

 m
2
/day 

Volumetric specific heat capacity of the soil 

solids, s 

2.23510
6
 J/m

3
/°C 

Volumetric specific heat capacity of the soil 

solids, w 

4.15410
6
 J/m

3
/°C 

Temperature coefficient of surface tension of 

water,  

–2.0910
–3

 – 

 

This section is intended to demonstrate the application of the coupled differential equations 

that were derived previously for two–dimensional consolidation of a saturated soil.  

An isoparametric quadrilateral element of the serendipity type is used in solving this problem by the 

finite element method. An eight–nodded element is used for all degrees of freedom, which are: – 

1. displacement in the y–direction,  

2. pore water pressure uw, 

3. pore air pressure ua, and 

4. temperature. 

A special computer program was designed and implemented to solve this problem. A 

FORTRAN 90 compiler was used (Power Station) due to its ease when dealing with large 

matrices and equation solving facilities.  

 

Results  

Results of the non–isothermal consolidation of the trial embankment under its self weight 

are shown in figures 7 to 11. 

Figure 7 shows the temperature variation for various nodes at the centerline of the embankment. 

Figures 8a, b, and c show the temperature distribution inside the embankment after 1, 10, and 100 

days, respectively.  

Figures 9a, b, and c show the variation of the pore–water pressure at different time factors (for the 

water phase) Tvw =  0.1, Tvw = 0.5, and Tvw =  0.9. 

Figures 10a, b, and c show the variation of the pore–air pressure at different time factors (for the air 

phase) Tva = 0.1, Tva = 0.5, and Tva = 0.9. 

Figure 11 shows the vertical displacement of various nodes at the centerline of the embankment. 
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The figures mentioned can be used to describe an elementary analysis of the consolidation behavior 

for the partially saturated embankment under its own self-weight. 

 

Discussion  

Figure 7 shows the temperature variation for various nodes at the centerline of the 

embankment. The difference between the surface of the embankment and its base is already small 

(less than 4 °C). After about 500 days, the difference is less than 1 °C.  

This means that the increase in the water and air pressures inside the embankment due to the 

increase in temperature can be assumed negligible after 500 days (for this case study). After that, 

water and air pressure dissipations are continued normally. 

Figures 8a, b, and c show the gradual increase of the temperature inside the embankment. The 

contour lines in figure 8a shows little roughness due to variations in the assumed initial degrees of 

temperature at some nodes. 

Figures 9a, b, and c show the water–pressure inside the embankment in terms of uw/uwmax (water 

pressure / maximum water pressure at 0.1 Tvw). The dissipation seems to be going smoothly with 

time (at different time factors for the water phase) as expected for the fully saturated soil. 

Figures 10a, b, and c show the air–pressure inside the embankment in terms of ua/uamax (air pressure 

/ maximum air pressure at 0.1 Tva).  

The dissipation of the air pressure also seems to be going smoothly with time (at different time 

factors for the air phase). 

At the early stages of consolidation, there is no obvious pattern of sudden increase in the pore–air 

pressure at specific places (as previously seen in the one–dimensional and two–dimensional 

problems that were analyzed earlier) (Al-Damluji et al., 2003).  

This could be due to the lack of sufficient load that is considered to be the main cause of the 

increase in the pore–air pressure near the places of applied load. The only load used for this analysis 

is the self–weight. 

Figure 11 shows the vertical displacement for some specified nodes at the centerline of the 

embankment. The displacement is represented as y/ymax (the displacement of the node / maximum 

displacement of the surface node). 

It is noticed from this figure that the difference in the displacement is not constant even when the 

vertical distances between the nodes under consideration (nodes 1, 21, 41, 61, and 81 in figure 6) 

are constant (1 m). 

This is due to the difference in the vertical load (self–weight) over a specified node (e.g., load over 

node 21 due to self–weight is much less than the load over node 81 due to self–weight). Obviously, 

this will make (for example) the difference in settlement between nodes 1 and 21 much less than the 

difference in settlement between nodes 61 and 81 (as seen in figure 11). 

There is still a little initial compression in the air phase as seen by the values of the settlement at the 

Fig 7 

Temperature variation with time for different nodes at the center line 
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early stages of consolidation. This stage is followed by a descent in the rate of settlement due to air 

propagation through the soil, then after about 5 to 7 days, there is an increase in the rate of 

settlement and the consolidation process continues as usual. 

The settlement may take longer time than expected due to the lack of enough loads that could 

accelerate the consolidation process.  

Finally, this analysis should not be compared with any other analysis made before where the 

Mdaina embankment was assumed fully saturated there. This is due to that some of the parameters 

used in this analysis are assumed for demonstrative purposes. 

 

(a) 

(b) 

(c) 

Fig 8 

Temperature distribution in the embankment 

a) after 1 day ; b) after 10 days; c) after 100 days 
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(a) 

 

(b) 

 

(c) 

 

 

 

Fig 9 

Water pressure distribution, contour lines represent uw/uwmax 

a) at Tvw=0.1 ; b) at Tvw=0.5 ; c) at Tvw=0.9 
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Air pressure distribution, contour lines represent ua/uamax 

a) at Tva=0.1 ; b) at Tva=0.5 ; c) at Tva=0.9 

 



Journal of Engineering Volume 14 march 2008       Number1  
 

 

Available online @ iasj.net 2252 

 

 

 

 

CONCLUSIONS 

 

As the subject of modeling of partially saturated soils behavior is considered relatively new, 

many concluding ideas can be formed in different aspects regarding this regime. 

From the analysis and discussion of the consolidation problem for the embankment under its self 

weight, it is concluded that: – 

1. The water–phase pressure dissipation behavior is the same as that for the classical 

consolidation process for ordinary loading.  

2. The pore–air pressure dissipation takes the normal shape of the classical consolidation process. 

This was observed for a degree of saturation about 95%. 

3. The vertical displacement for the partially saturated consolidation is nearly similar to the 

vertical displacement for the fully saturated condition. Except that after the first region (about 1 

or 2 days) the vertical displacement begins to accelerate due to pore–air pressure dissipation. 

4. Prediction of degree of consolidation is not due to pore–water pressure dissipation only, but 

pore–air pressure dissipation should be considered also. The degree of consolidation should be 

calculated separately for the water–phase and the air–phase. 

Generally, the increase of temperature causes an increase in the pore–air and pore–water pressures 

and vice versa. This increase in pressure may cause an expansion in the soil skeleton, and may 

cause both pressures to take a longer time to dissipate. 

The effect of soil skeleton expansion is neglected due to its small effect for many types of 

soils. If it is taken into consideration, it may affect the soil skeleton and cause more expansion in it. 

Fig11 

Vertical displacement for various nodes at the center line of the embankment 
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APPENDIX A 

 

Definitions of matrices 
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APPENDIX B 

 

Input Data Required for Partially Saturated Soils 

In addition to the input data required for the usual case problems, there are some additional 

parameters that are needed in dealing with partially saturated soil characteristics, which are:– 

 

 Volumetric Coefficient of Solubility, h:  

which is defined as: –  

 

h = (w/a)H                                                                                                                                   (B-1) 

 

where  

H is the coefficient of solubility, and 

h  for air varies with temperature as shown in figure B-1. 

 

An extrapolation is made to the available data using an exponential function best fit curve obtained 

by using the computer program Wingraph 1.09
**

.  The equation obtained has the following form: – 

 

y = exp (– 0.0206841 * x) * 0.0285497             (B-2) 

 

This equation is included in the computer program to obtain the volumetric coefficient of solubility 

at each temperature. 

 

 Coefficient of Diffusion D: 

Its value is taken as 2.0  10
–9 

m
2
/s (Fredlund and 

Rahardjo, 1993). 

 

 Coefficients of Volume Change:  

The values of m1
s
, m2

s
, m1

w
, and m2

w
 are taken as 

0.00610
–4 

kPa
-1

, 0.03210
–4 

kPa
-1

, 0.13110
–4 

kPa
-1

, and 

0.65710
–4 

kPa
-1

, respectively (Fredlund and Rahardjo, 

1986). These values are taken as results from 

experimental tests. True data must be obtained from 

laboratory experiments.  

 

                                                 
**

 The computer program Wingraph Ver. 1.09 is a software produced by Golden Software, Inc. 1993 and 

works under WINDOWS 95/98/2000/Me.  
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ABSTRACT 

This paper presents a study to assess the degree of personal exposure to traffic generated 

pollutant emission along urban arterials in Mosul. The traffic flow characteristics (volume, speed, 

density, and vehicle type) were determined in the field at selected locations on the arterials.The 

vehicular traffic which includes (drivers, number of passengers in vehicles on the road, and 

pedestrian) exposed to road generated emissions were obtained through field survey.The vehicle 

emissions of CO, VOC, and NOx were calculated using air pollution estimation computer model 

(Mobile 4.1). It was concluded that the emission of CO, VOC, and NOx exceeds the standard 

level requirements. The risk arising from personal exposure to traffic generated emissions of such 

pollutants was analyzed and the degree of personal exposure of road users (drivers, passengers, 

and pedestrians) to pollutants emission along urban arterials in Mosul was determined. 

 الخلاصة 

ان خصناص   0يعرض هذا البحث دراسة لتقدير درجة التعرض الشخصية لدلوثات ناتجة عن  ررةنة الدنرعر عنق شنرا ينريانية ل الدو ن 
اما ررةة  0ررةة الدرعر )الحجم الدرعري, السرعة, الكثافة, عنوع الدرةبات( قد تم رسابها ل الدوقع عند نقاط مختارة على الطرا الشريانية

تشم  )الساصقين, عدد الرةاب ل الدرةبات, عالدشاة( الدعرضين الى انبعاثات الطريق, فقد تم رسابها ايظنا من  خندر دراسنة الدرعر عالتي 
 0موقعية

( قند تم رسناب نسنببا تاسنتخدار  ذجنة ترننامر تقندير CO,VOC, NOx ان انبعناث الدلوثنات من  عنوادر الدرةبنات عالشناملة ) 
ان الخطننورة  0تم الاسننتنتاج تنان انبعناث هننذث الدلوثنات يتجناع  الدسننتوا الدقبنور عالدينا 0(Mobile 4.1 ملوثنات عنوادر الدرةبنات )

الناتجننة عنن  التعننرض الشخصنني لدسننتخدمي الطريننق لدثنن  هننذث الدلوثننات قنند تم تليلبننا عرسنناب درجننة التعننرض الشخصنني لدختلنن  انننواع 
 الطرا الشريانية ل مدينة الدو  مستخدمي الطريق عةذلك للساةنين  لدث  هذث الدلوثات رور ععق 
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  INTRODUCTION 
Road generated emissions and public reaction to it have become a major  problem  in recent 

years, especially in densely populated areas. The highway planner may be concern with 

how pollutants emissions from traffic flow are perceived by persons living or working 

nearby. 

 

THE PROBLEM AND THE CITY 
Mosul is the second largest city in Iraq, it is located at the north with a total area of 

32698 km
2
 and an urban area of 220 km

2
 . The projected population for the year 

2004 is 2.7 million as per 1997 census. The city is surrounded by hills to the south 

and mountains to the north ,such topographical situation may act as a barrier trapping 

pollutants close to the city. Plastics , chemicals , drugs ,wood and portland cement 

factories are surrounding the major urban area within 15km from the city center. The 

city continues to grow and is expanding into surrounding agricultural areas. The 

central part of the city is a mixed commercial and residential area. Table1 shows that 

the vehicles fleets tend to be old and poorly maintained, more than 93% of the 

passenger car and more than 94% of commercial vehicles are over 15 years old, and 

of these, most have engines in need of major repairs. It was felt that this will increase 

the significance of motor vehicle as a pollutant source and the quality of life of urban 

residents will continue to deteriorate. 

 

               Table –1 Classification of vehicles in Mosul by Category of model year 

as in December- 2004 

 

Vehicle * 

Model year 

Passenger 

Car 

% Commerical vehicles 

(pick up,bus,truck) 

% 

1954-1959 894 0.74 X 0 

1960-1971 2972 2.4 8889 10.3 

1972-1976 4476 3.7 6728 7.8 

1977-1979 3873 3.2 6987 8.1 

1980-1984 36472 30.3 35370 41.2 

1985-1989 65451 54.5 24728 28.8 

1990-1993 4866 4.0 2503 2.9 

1994-1996 808 0.67 370 0.4 

1997-2004 208 0.17 243 0.3 

          Total 120020  85818  
* From Traffic Police department - Mosul 

 

FIELD WORK 
The current investigation was confined to eleven selected portions of the major 

arterials lined by 2-3 story buildings on both sides of the road where the traffic 

pollutants emissions level were expected to be high. Such locations are located at 

crowded , commercial , residential and open area for comparison. Plate 1 shows the 

observation points and the arterial studied. 
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        Determination of traffic flow characteristics  
The measurement of traffic volume and composition was conducted using the manual 

count system by field observer, the number of vehicles of each category was 

determined during 10 minutes, through each observation point at rush hour.  

The time mean speed was recorded for each vehicle category by timing it over a 100m 

distance. A total of 12 vehicle samples of each category were tested for speed at each 

observation point. The elevated observation technique was followed so that the 

observers select typical vehicles at random and record pertinent data regarding their 

progress through a section of a roadway. Such technique is designed for short-run 

observations. The speed and volume measurements techniques were as per Pignataro 

(1973) and Sarsam(1999).Vehicles were assigned to one of two general categories, 

passenger car (gasoline fuelled) and  commercial vehicles (includes pick up, buses and 

trucks which are mostly diesel fuelled). Table 2 illustrates the traffic flow 

characteristics observed. The vehicular traffic which includes (drivers , number of 

passengers in the vehicle on the road and pedestrian) exposed to road generated 

emissions were obtained through field survey. An average vehicular occupancy factor 

of 3 was obtained from direct observation in the field. 

 

Table – 2 Traffic flow characteristics observed along major arterials in Mosul. 

  
Section volume 

(vehicle/rus

h hour) 

%  

passenger  

cars 

%  

commerical 

(pick up, bus,trucks) 

Average  

speed 

(km/hr.) 

1 1104 

1206 

82 

87.5 

18 

12.5 

50.7 

50.3 

2 1596 

1932 

80.0 

83.5 

20 

17 

57.3 

55.3 

3 1692 

2184 

79.4 

81.3 

20.6 

18.7 

56.5 

49.4 

4 1128 

930 

68.6 

74.1 

31.4 

25.9 

51.5 

48.5 

5 1632 

1662 

73.8 

74.4 

26.2 

25.3 

32.6 

41.3 

6 942 

1092 

67.5 

72.5 

32.5 

27.2 

48.1 

47.8 

7 276 

456 

71.7 

72.3 

28.3 

27.7 

65.5 

56 

8 498 

522 

77.1 

86.2 
22.9 

13.8 

54 

63 

9  1932 

1116 

90.9 

90.3 
9.1 

9.7 

45 

51 

10 1674 

1110 

90.6 

95.1 
9.4 

4.9 

63 

46.4 

11 1368 

1668 

91.2 

93.5 
8.8 

6.5 

42.8 

39.3 
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Calculation of pollutants emissions , dose and risk.  
The vehicles emissions of CO, VOC and NOx were calculated using air pollution 

estimation computer model (mobile 4.1). Essam etal (1997). Table 3 illustrates the 

pollutants emissions through rush hour on the arterials. The degree of exposure of road 

users as a unit life time occupational dose was calculated using the procedure 

suggested by Beyers etal (1984), and Ortolano (1997), while the risk was calculated 

using Peirce etal (1998) procedure. 

 

              Table – 3 Pollutant emissions through rush hour using ((Mobile 4.1)) 
Section CO 

gm/km 
VOC 

gm/km 
NOx 

gm/km 
CO 

mg/m
3
 

VOC 
mg/m

3
 

NOx 
mg/m

3
 

Traffic  
density 
Veh/km 

1 7.5 
7.81 

0.95 
0.968 

1.387 
1.40 

2.70 
3.12 

0.343 
0.387 

0.501 
0.560 

21.7 
24 

2 6.25 
6.56 

0.875 
0.887 

1.375 
1.375 

2.89 
3.82 

0.405 
0.517 

0.637 
0.802 

27.8 
35 

3 6.25 
7.18 

0.875 
0.975 

1.375 
1.376 

3.120 
5.280 

0.437 
0.718 

0.687 
1.021 

30 
44.2 

4 7.5 
8.1 

0.937 
0.98 

1.381 
1.39 

2.750 
2.592 

0.343 
0.313 

0.506 
0.444 

22 
19.2 

5 
 

13.1 
10 

1.42 
1.17 

1.54 
1.43 

10.91 
6.7 

1.183 
0.783 

1.283 
0.958 

50 
40.2 

6 8.12 
8.43 

1.0 
1.0 

1.39 
1.4 

2.652 
3.203 

0.326 
0.380 

0.454 
0.532 

19.6 
22.8 

7 
 

5.0 
6.25 

0.78 
0.87 

1.37 
1.36 

0.350 
0.843 

0.054 
0.117 

0.095 
0.183 

4.2 
8.1 

8 
 

6.87 
5.0 

0.92 
0.81 

1.37 
1.36 

1.051 
0.685 

0.140 
0.111 

0.209 
0.187 

9.18 
8.28 

9 9.25 
7.5 

1.07 
0.95 

1.41 
0.95 

6.582 
2.725 

0.761 
0.345 

1.003 
0.345 

42.7 
21.8 

10 5.0 
8.75 

0.81 
1.05 

1.36 
1.40 

2.200 
3.500 

0.356 
0.420 

0.598 
0.560 

26.4 
24 

 

RISK ASSESSMENT 

  
Risk assessment involves the measurements of the severity of harm inherent in 

exposure to pollutant emissions, two types of population exposed to risk were 

identified :  

a-The permanent population living and working near the arterial (on both sides and 

along). 

b-pedestrians walking along the road , drivers and passengers of vehicles on the road. 

Table 3 shows that the pollutant emissions are likely to represent maximum 

exposure through rush hour which people probably experienced at the kerb side of 

the arterial , the dwellers may be exposed to the same as demonstrated by Clench – 

Ass etal(1989). In measuring the potential health impact of population, it is 

important to determine the likely population exposure to pollutants. Table4 shows 

the unit life time occupational dose of pollutant taken by the road user and dweller 

and the unit life time occupational risk of cancer per 1000 population for each of 

road users and dweller . The number of population at risk was also shown in the 

table, which was calculated using the traffic density and the vehicle occupational 
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factor. The dwellers are expected to experience a cancer risk five folds larger than 

road users. The cancer fatalities in Mosul were 1478 at 2004, 893 at 2000 , 830 at 

1999, 750 at1998 and 600 at 1996 as obtained from Ministry of health annual 

report.Equation 1, which  was obtained from  Ortolano (1997) was adopted for 

calculation of unit life time occupational Dose, and the test conditions and variables 

were as suggested by Beyers & Dudas (1984).  

 

   (ULTO Dose)  = Breathing  x    365           x   70     x   Dose   response                  

(1) 

                                 (m³ / day)    (days/year)    ( year)      information (gm /m³) 

 

The risk analysis was conducted as per the procedure suggested by Peirce (1998) the      

calculation of unit life time occupational risk of Cancer was adopted using Equation 

2 suggested by WHO (1992).  

EPA definition of  Unit life time occupational risk implies exposure for 2000 hours               

per year for 47 years ( a working lifetime) . peirce (1998). 

                    

       Unit life time 

       occupational  

       risk of canser/1000 = [Latent canser x (10³ x 10³)] / [47 years x (2000/ 8760)]       

(2) 

                                          fatality  

Table – 4 Degree of exposure to pollutant emissions and risk. 
 *U.L.O Dose ((gm)) *U.L.O Risk of  

cancer/1000 
Secti
on 

Road users Dweller Road users Dwellr 

 CO VOc NOx CO VOc NOx Risk Pop. 
** 

 

1 115.8 
113.9 

14.7 
16.6 

21.5 
24 

347 
342 

44 
50 

64.5 
72 

23.5 
20.4 

56 
72 

3.6 
3.1 

2  124 
164 

17.3 
22.2 

27.3 
34.4 

372 
492 

52 
67 

82 
103 

21.2 
16.2 

83 
105 

3.2 
2.4 

3  133.9 
226.6 

18.7 
30.8 

29.4 
43.8 

402 
680 

56 
93 

88 
132 

19.6 
11.8 

90 
133 

3.0 
1.8 

4  118.0 
111.2 

14.7 
13.4 

21.7 
19.0 

354 
334 

44 
40 

65 
57 

23.1 
24.8 

66 
58 

3.5 
3.8 

5 468.5 
287.6 

50.7 
33.6 

55.0 
41.1 

1406 
863 

152 
101 

165 
123 

6.2 
9.8 

150 
121 

0.95 
1.5 

6 113.8 
137.4 

14.0 
16.3 

19.4 
22.8 

341 
412 

42 
49 

58 
68 

24.2 
20.2 

59 
68 

3.7 
3.1 

7 15.0 
36.1 

2.31 
5.02 

4.0 
7.8 

45 
108 

7 
15 

12 
23 

167.0 
73 

13 
24 

25.5 
11.1 

8 45.1 
29.4 

6.0 
4.7 

8.9 
8.0 

135 
88 

18 
14 

27 
24 

59.5 
84.7 

28 
25 

9.1 
12.9 

9 282.5 
116.9 

32.6 
14.8 

43.0 
14.8 

848 
351 

98 
44 

129 
44 

9.9 
24.4 

128 
65 

1.5 
3.7 

10 94.4 
150.2 

15.2 
18.0 

25.6 
24.0 

283 
451 

46 
54 

77 
72 

26.4 
18.6 

79 
72 

4.0 
2.8 

11 221.5 
330.6 

25.8 
37.3 

32.6 
43.9 

665 
992 

77 
112 

98 
132 

12.7 
8.6 

96 
127 

1.9 
1.3 
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 *Unit lifetime occupational 
**In vehicle population 

*low values indicates 
 high risk /1000 
population 

 

CONCLUSIONS AND RECOMMENDATIONS: 
1- Concentrations of CO, VOC and NOx and the life time occupational dose of such 

pollutants exceeds the WHO levels at some observation points. It is expected that air 

quality will deteriorate in the city. 

2- The dwellers are expected to experience a cancer risk five folds larger than road 

users. 

3- The emission per vehicle – km on the arterial in Mosul could be reduced by limiting 

the speed to a range of 60-65 km/hour. 

Its recommended that a stringent control measures for traffic related pollutants should 

start in the city with direct field measurements of pollutants, collection and processing 

of vehicle emission data should be repeated peroidically. 
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ABSTRACT 

The pavement is one of the basic components of road infrastructure and, therefore, directly influences 

general levels of transport safety, as well as the quality of transportation services in human and cargo 

traffic. 

Accordingly, the objective of the present study is to develop the prediction model for pavement 

condition index (PCI) for flexible pavement. 

To achieve this objective, (80) selected pavement sections in four sites in the study area and (1100) 

sample of pavement sections were selected from these sections for the purpose of (PCI) model 

building. These data include ; longitudinal , transverse, alligator , slippage and block cracking , rutting  

,depression , bleeding , polishing , patching and pothole .  

The effort to develop a (PCI) model is carried out by using a stepwise regression technique. These 

statistical processes are carried out with the aid of (STATISTICA – version 5.5) computer package.  

The validation process for the developed models shows that, this model is adequate to be used for the 

prediction of pavement condition for flexible pavements within the range of data.  

 

 الخلاصة

 باشيشة  يأ أ يال النويب ذ االا ياىت اليا , ييثرش  لليا المويتوياث الةا يت  هو أحذ المكوناث الاساسيت لبناء التحتي  للريشو ذليزاالتبليط  

 نوليت خذ اث النوب للانوال ذ شحأ المشذس. 

 ( المشل  . (PCIحالت التبليط  دليباناءا للا رلك ىأل أهذاف الذساست الحاليت ه  ترويش النمارج الخاصت االتنبث للا    

ذلغييشت تحويييه هييزا الاهييذاف أ ختيييشث  وييافي التبليييط  ىيي  أساةييت  وااييي  ييمأ   نروييت الذساسييت , لامييي  البيانيياث المرلواييت لبنيياء    

( لينييت   ييأ تلييك الموييافي  لغييشت انيياء نمييورج. أل هييزا البيانيياث تت ييمأ9 الت ييوه تييف ىيييت اختييياس( ذ (PCIالنمييورج الخييال اييا 

(Cracking   ذالمتمثلييت  9 الرييول )Longitudinal )(  الةش يي ,)Transverse ( الكلييب اذ التمويياحيت , )( Alligator or 

Fatigue    ال يبكيت ,  ( Block)  ( ذالهلالييتSlippage  التخيذد , )Rutting )   التخوي  , )Depression ) زفـــــيـ( , الن 

(Bleeding )(التلميي ,Polishingالتش ,)ايي(Patching) (ذالفاواث(Pothole  

( . لوييذ تييف الوييياة اهييزا الةملييياث  ( Stepwise Regression( ىوييذ تييف أسييتخذاة تونيييت الانحييذاس التييذسيا  PCI)   لترييويش نمييورج

 .  (STATISTIC V. 5.5)الاحصائيت اموالذةاشنا ح الحاسو   

ظهش األ هزا النمارج  لائمت  للاستخذاة ى  التنبث لأ حالت التبليط  الميشل  (   للنمارج المروسة ت  Validationال  لمليت التحوه )    

  مأ حذذد البياناث . 

KEY WORDS  

Pavement Condition Index, Flexible pavement, ; Longitudinal ,Transverse, Alligator , Slippage and 

Block cracking , Rutting  ,Depression ,Bleeding , Polishing , Patching and Pothole , prediction of 

pavement condition. 
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INTROUDECTION 

Pavement condition index PCI is one of the most widely used performance measures for pavements, it 

uses as an indicator of the pavement condition [Susan et. al 2004]. 

 

 

 [U.S Army Corps of Engineers 2003] defines the PCI as the default condition index for the PAVER 

system. A numerical index, ranging from 0 for a failed pavement to 100 for a pavement in perfect 

condition. Calculation of the PCI is based on the results of a visual condition survey in which distress 

type, severity, and quantity are identified. It was developed to provide an Index of the pavement 

structural integrity and surface operation condition.  

[Shahin M.Y. (1982)] mentions that, the distress characterization should include three parameters: 

distress type, severity, and quantity. The lack of any of these parameters will produce an unrepeatable 

and inconsistent distress characterization.  

These points can then be summed and subtracted from some upper limit to give an overall rating of a 

pavement's structural condition. The equations that describe how to convert from severity and extent 

of a certain distress type to an index number, or score vary from state to state and can be rather 

complex [ Deighton  (1998) ] . 

 

STUDY AREA DESCRIPTION  

The study area is located on the west of Baghdad in Al-Kharkh side, between latitudes (33 ˚ 22' 

7.03“’, 33˚ 17' 25.27“), and Longitudes (44˚ 17' 55.36 “, 44˚ 19' 59.25 “) respectively. 

   This area includes: Al- Huriya, Al-Adel, Al- Kadra'a, and Al-Hamra'a districts. Figure (1) shows 

the location of the selected study area. It is important to mention that all the selected roads in the 

study area are flexible pavements. 

   The following items are considered in the selection of the study area:-  

1.The selected sites are close to each other to minimize the travel time between sites. 

2.The sites are selected are near the residential area in order to minimize the expected effect of 

congestion or any other effect on this process.  

3.Same lengths of sections are selected. This will lead the raters to ride over these sections at 

desired speed and approximately the same travel time has been used. 
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DATA COLLECTION PROCESS  

The mentioned pavement sections were used to collect the required distresses data for the purpose of 

model building for the prediction of PCI. The monitoring distresses; types, severity and amount were 

listed and recorded. The following flexible Pavement distresses were observed in the study area , 

these distresses includes : Rutting ,alligator, block ,longitude, transverse , slippage cracks, bleeding 

,depression ,patching and polishing  .  

 

FIELD MEASURMENTS 

The field measurement in the present study consists the following flexible pavement distresses:  

 

Alligator Crack 
To measure this type of distress, the distress severity it must be determined. This distress  is different 

in level of severity, such as; low,   moderate and high.  This type of distress is measured manually by 

use of tape, in area unit (ft²). Figure (2) presents the alligator crack in the study area. 

 

 

 

 

    Fig (2) Alligator crack at AL- Huirya City  

Fig (1) Location of Study Area  

##

###### ##
#

#
####

###
###

###
###

###

################
#########

#
#

#####
#####

##

###########

#########

###

#
##

#

####

# #
#

###

#
#

#

##
###

##
#
#
#

#

#
#

########

#
#
#
###
#

###

83

0.5 0 0.5 Kilometers

N

EW

S

33 ˚ 22 ’  7.03“’  

44˚ 17 ’  55.36 “     
33°17  َ  25.27  َ  

44°19   َ  َ  َ 

59.25  َ  



N. G. Ahmed                                                                                         Development of Pavement Condition Index 

G. J. Awda                                                                                            Model for Flexible Pavement in Baghdad city 

S. E. Saleh 
 

Available online @ iasj.net 1212 

 

Bleeding 

This type of distress is measured manually by use of cloth tape, in area unit (ft²), it's observed in most 

of the selected pavement sections. 

This distress is different in level of severity. When the severity is "low", the pavement surface creates 

a shiny; the pavement surface is glass-like and reflecting surface for the" moderate ", and quite sticky 

for the "high severity ". This type of distress can be obvious in the study area as shown in Figure (3). 

 

 

 

 

 

            

 

Depression  
Depressions are localized in the pavement surface that has elevations slightly lower than those of the 
surrounding pavement. [ASTM  , 2003 ] starts that the  severity level (maximum depth of depression) 
depends on the range of this depth," low severity" when the range is " 0.5 to 1 inch ", "moderate " 
when the range is " 1 to 2 inch " and "high severity " when more than " 2 inch ". This failure is 
measured manually by use of tape and straight edge to determine the severity level and is measured in 
(ft²) of surface area. Figure (4) shows this type of failure in the study area. 
.  

 

 

 

 

 

 

 

 

 

 

Block Cracking  

This distress is measured manually by using tape in "ft²". Block cracks are interconnected cracks that 

divide the pavement into approximately rectangular pieces. They differ in level of severity, low, 

moderate and high.   Figure (5) presents this type of distress in the selected study area.  

 

 

 

 

 

 

 

 

 

 

  Fig (4) High Severity Depression at AL- Adel City 

                        

 

Fig (5) Block Crack at Al- Huriya City 

 

Fig (3) Bleeding at Al-Hamra'a City 
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Longitudinal and Transverse Cracking  

These types of distresses are obvious clearly in different severity. Longitudinal cracks are present in 

parallel to the pavement centerline, and located within the lane (wheel path). This type of crack 

appears in different severity levels, such as, low, moderate and high level.   Figure (6a) illustrates this 

type of failure as appears in the study area. 

While the transverse cracks extend perpendicular to the centerline, as shown in Figure (6b), 

transverse crack severity depends on crack width which is caused by shrinkage of asphalt surface due 

to low temperature or asphalt hardening or result form reflective cracks caused beneath the asphalt 

surface. 

   Many types of these cracks are observed in the selected sections, but in different levels of severity. 

These distresses are measured manually by use of cloth tape in liner "ft”.  

 

  

 

 

 

 

 

 

Patch/Patch Deterioration 
A patch is an area of pavement that has been replaced with new material to repair the existing 

pavement. These distresses differ in level of severity, Patch is a good condition and satisfactory, or 

ride quality is rated as low severity or better [ASTM 2003]. 

Patch is moderately deteriorated, or ride quality is rated as medium severity, or both. Patch is badly 

deteriorated, or ride quality is rated as high severity, or both; this type needs replacement soon. It is 

measured manually by tape in "ft²". Figure (7) presents this type of distress as shown in the study 

area.  

  

  

 

 

 

 

 

 

 

Polish Aggregate  

This type of failure can be seen in most of the roads in the study area. The polish aggregate is 

measured manually by use of tape in area unit (ft²). This distress is caused by repeated traffic 

applications. This type of distress is indicated when the number on a skid resistance test is low or has 

dropped significantly from a previous rating [Mike and  John, 2002].   Figure (8) shows this type of 

distress as a given in the study area. 

 

 

 

 

 Fig (7) Patching at  AL-Adel City 

 

b – Transverse a - Longitude              

       Fig (6) Longitudinal and Transverse Cracks at Al-Hamra'a  

 

 



N. G. Ahmed                                                                                         Development of Pavement Condition Index 

G. J. Awda                                                                                            Model for Flexible Pavement in Baghdad city 

S. E. Saleh 
 

Available online @ iasj.net 1214 

 

                                                    

 

   

 

 

 

 

 

 

 

Potholes  

Potholes are small usually less than (30 inch) in diameter-bowl-shaped depressions in the pavement 

surface. These distresses differ in level of severity, and the units measured by number. Potholes are 

measured by counting different types severity; low, when the depth from  13 to ≤ 25 mm and average 

diameter100-450mm , medium from  25 to ≤ 50mm, and average diameter200-450mm  high is > 50 

mm and average diameter450-750mm   recording them separately, this type of distress as given by 

[Mike and John2002. Figure (9) shows this type of distress as seen in the study area.  

  

 

 

 

 

 

 

 

 

 

 

Rutting 

A rut is a surface depression in the wheel paths. These distresses differ in level of severity (Mean Rut 

Depth), low severity is range (¼ to ½in.), moderate severity is range (>½to 1 in.) and high severity is 

range (>1 in) [AASHTO 1986]. Rutting is measured manually in (inch) depth, and its severity is 

determined by the mean depth of the rut. The mean rut depth is calculated by laying a straightedge 

across the rut, measuring its depth, then using mean depth in inch. Figure (10) presents this type of 

distress as it appears in the study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (9) Pavement Potholes at AL-Huriya city 

Fig (10) Rutting at AL- AL-Huriya City 

 

    Fig (8) Polishing at Al-Hamra'a City 
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Slippage Cracking  
Slippage cracks are crescent or half-moon shaped cracks, usually transverse to the direction of travel. 
The severity level of this distress is low when the average crack width is (<

8
3 in.), moderate, the 

average crack width is (≥ 83 and < 1- ½ in) or the area around the crack is moderately spalled, or 
surrounded with secondary cracks, high severity if the width crack is (1- ½ in) and area around the 
crack is broken into easily removed pieces. The area associated with a given slippage crack is 
measured manually by use of tape in (ft²), Figure (11) shows this distress as it appears in the study 
area.  
 
 

 

 

 

 

 

 

 

REQUIRED DATA FOR PCI AND PCR DETERMINATION  

Data Collection  

    The Data obtained from this procedures is  the primary basis for determining requirements of the 

evaluation process. Pavement condition is related to several factors, including structural integrity, 

structural capacity, roughness skid resistance, and rate of deterioration.  

    These factors can be assessed by observing and measuring distresses in the pavement. The PCR is 

based on the PCI, which is a numerical indicator based on a scale of 0 to 100. Its scale and associated 

ratings are shown in Figure (12). The following is a description of the procedure used to assess the 

condition of the pavement;   

    PAVER system  was used in this study  as recommended by many U.S agencies  [ ASTM 2003 , 

ALswilimi Saleh , 1995,TECHNICAL MANUAL 1995,] The first step in this method procedure 

involves the identification of a representative area, before a pavement network is inspected, it must be 

divided into branches, sections, and sample units. A sample unit for asphalt area is approximate (2500 

ft²) for roads and parking. This area is selected because the networks of roads range from very poor to 

very good. The number of sample units to be inspected (n ) is determined in Figure  ( 13) , as a 

function of the total number of units in the section ( N ) and the standard deviation of the PCI ( ).  

For the entire section inspections the inspector walks over each section in each sample unit and 

records the distresses as shown in Figure (14) . 

    The PCI method uses weighted (deduct ) values as a function of  distress types ,severities and 

densities of visible distress  .This selected  procedure is presented by the U.S. Army Corps of 

engineering  " PCI field Manual ". Each of the various types of pavement distresses was identified 

and measuring "units are liner feet, , square feet and number ". In addition, for each distress, a level of 

severity was determined into [low (L), Medium (M), High (H)]. In this study there are various kinds 

of distresses at different density and severity . For the purpose of pavement evaluation, the pavement 

condition index (Rating Scale) can be used easily as presented in Figure (12).  

 

 

 

 

 

 

 

 

 

 

 
Fig (11) Slippage Crack at AL-Huriya City  
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Assessment Calculation of PCI  

Using the data obtained in the assessment procedure as shown in  Figure (14), we performed the 

following calculations to determine the pavement condition index "PCI". All required information 

about  the following calculations are recorded as given in Table (  ِ A1) as per Appendix(A).  

For each of the different types of distresses, for example a distress density is calculated in Table (A2) 

as per Appendix (A) . The formulas from "1 through 3" are used to calculate the distresses 

density[TECHNICAL MANUAL HEADQUARTERS  ,1982]: 

       100*
feetsquareinareaunitSample

feetsquareinamountDistresses
Density                                                               (1) 

       100*
feetsquareinareaunitSample

feetlinearinamountDistresses
Density                                                                 (2) 

        100*
feetsquareinareaunitSample

potholeOfNumber
Density                         (3)                                                                                         

The next step is severity estimation, (i.e. L, M, or H) a deduct value for each distress type is 

determined. The deduct values are determined through the use of the "deduct value curves". These 

curves are present in Figures (15 to 23), and represent a part of the [U.S. Army Corps of Engineers 

Technical Manual 1983], then the deduct values for all distresses are summed to produce "deduct 

total". To calculate the value of the "correct deduct value", the number of deducts greater than (5) is 

taken as point "q" , from shown in Figure (24), it is used to determine a "correction deduct value" 

(CDV).These Calculations are recorded in Table (A3)as per Appendix( A) . 

 
Fig (13) determination of Minimum Number of Sample Units to be Surveyed 

Fig (12) Pavement Condition Index and Rating Scale 
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Finally the pavement condition index (PCI) is calculated using the following equ.(4) [TECHNICAL 

MANUAL HEADQUARTERS  ,1982]: 

 

 

 

Where           PCI = 100 –CDV                                                                                                   (4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig (14) An Sample of a Recorded and Computed of Procedure 

Data, Asphalt Pavement Inspection Sheet 

 

 

PCI = Pavement Condition Index ,and; 

CDV = Correct Deduct Value.  
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   Fig ( 24 ) Deduct Value for Polish Aggregate 

Fig (A-21) Deduct Value for Rutting  Fig (A-22 )Correct Deduct Value           Curves for 

Asphalt – Surfaced Pavements 

Fig ( 20) Deduct Value for Long & Tran. Cracking 

 
Fig ( 19) Deduct Value for Patching 

 

Fig ( 18) Deduct Value for Block Crack 

 

     Fig ( 17) Deduct Value for Depression 

       Fig (16) Deduct Value for Bleeding 

 
 Fig (15) Deduct Value for Alligator Crack 

 

     Fig (23) Deduct Value for Slippage Cracking 
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DEVELOPMENT OF MODEL FOR THE PREDECTION OF PAVEMENT CONDITION 

INDEX 

   The statistical techniques used for the models development required for evaluation of the pavement 

condition indices of the selected roads in the study area.. For the purpose of model development of of 

the pavement condition, these data include: alligator crack, Bleeding ,depression ,block crack, ( 

longitude and transverse ) cracks , patching , pothole , polish , rutting  and slippage crack .  
 
OUTLIERS  
If one or more of observations is different significantly from all others, it is called “outlier “.The cause 

of a faulty observation may be a mistake .Outliers and influential observations are checked by using 

Chauvinist's criterion Kennedy and Neville[1975].The results of this test can be found inTable (5) .  

Variable Mean 
Mini

m 
Maxim 

Standard 
Deviation (s ) 

xmx  /s 
X m = min 

xmx  /s 
X m=maxi 

PCI 62.746212 8 94 20.796314 2.6324959 1.5028523 

Alligator 20.5383 0.00 98.300 26.34316 0.779643324 2.951869932 

Bleed 42.8764 2.7 104.8 20.63454 1.9520009 2.9960135 

Depression 21.857875 1.3 53.2 10.73053 1.915830812 2.920836156 

Block Crac. 238.9614 0.00 1240.00 364.0559 0.65638656 2.749683771 

Lon &Tran 31.6042 0.00 105.3 26.99353 1.1708081 2.7496838 

Patch 55.662276 0.00 158.2 45.15347 1.2327354 2.27301267 

Polish 454.3457 51.5 1098.5 210.1489 1.9169536 3.065228 

Pothole 1.8295455 0.00 6.00 1.649207 1.109325734 2.5287633 

Rut 0.038346 0.010 0.158 0.039888 0.7106398 2.9997493 

Slippage 38.294712 0.00 132.00 35.48959 1.0790408 2.6403602 

     Sample Size :264   : X m = value of outlier . x= sample mean . s = standard deviation .  

      ( xmx  /s ) tabulated = 3.08  >    all calculated values . Thus the outliers are not rejected 

 

MULTICOLLINEARITY  

   It is a condition that exists when the independent variables are correlated with another one. By using 

STATISTICA software the correlation coefficients between all of the variables were calculated and 

the correlation matrix was setup .This matrix can be seen in Table (6) ,the variables having the 

highest correlation coefficient with the designated dependent variable are selected and calculated, the 

regression equation is formulated. 

Table (6): Correlation Matrix for PCI 

 
STEPWISE REGRESSION PROCEDURE  
The procedure begins by computing the simple regression model for each independent variable. 

STATISTICA software uses the F- statistics and it is usually set at F= 4.0 which is chosen because 

Correlations   (PCI model .sta- o131.sta) 

 ALIG BLEED DEPR BLOCK 
LON_ 

TRA 
PATCH polish 

POTH

OLE 
RUT SLIPP PCI 

ALIG 1 -0.054 -0.013 0.201 0.133 0.015 0.007 0.144 0.087 0.196 -0.18 

BLEED -0.054 1 0.0143 0.122 -0.026 -0.003 -0.03 -0.057 0.109 0.034 -0.02 

DEPR -0.013 0.014 1 0.128 -0.004 -0.055 0.03 0.1328 -0.029 0.135 -0.10 

BLOCK 0.201 0.122 0.1276 1 0.1588 -0.016 0.061 0.3369 0.095 0.391 -0.39 

LO_TRA 0.133 -0.03 -0.0041 0.159 1 0.0193 0.108 0.0425 -0.016 0.118 -0.09 

PATCH 0.015 -0 -0.055 -0.016 0.0193 1 0.023 0.0733 0.079 0.015 -0.04 

POLISH 0.008 -0.03 0.0298 0.061 0.1084 0.0227 1 0.0650 0.044 -0.002 -0.01 

POTHOL 0.144 -0.06 0.1328 0.337 0.0425 0.0733 0.065 1 0.169 0.545 -0.61 

RUT 0.087 0.109 -0.0293 0.095 -0.0160 0.0779 0.046 0.1619 1 0.229 -0.27 

SLIPPAG 0.196 0.034 0.1351 0.391 0.1177 0.0153 -0.002 0.5449 0.229 1 -0.87 

PCI -0.184 -0.02 -0.1008 -0.38 -0.0864 -0.039 -0.01 -0.607 -0.274 -0.87 1 

Table (5): Results of Chauvenet' Test for Outliers of PCI Database 
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the significant level is about 5%. The standard is called the F- to – enter for independent variable .  

DEVELOPED MODEL  

The analysis through the stepwise regression technique is used for the purpose of PCI model 

development, the following PCI model form results in equ.(5);   

        

             PCI= 85.3360 -0.4415*Slip -2.3254 *Poth -37.2875 *RD                                        (5)                                                                  

where: 

 

 

 

 

 

 

The regressions summary and stepwise regression, and several possible developed models can be seen 

in Tables (7)and (8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PCI = Pavement Condition Index, 

Pot = Pothole in (number), 

RD = Rutting in( cm or mm), and; 

Slip = Slippage Crack in( m
2
). 

Regression Summary for Dependent Variable: PCI  
 
 R=0 .88713146 R²= 0.78700222 Adjusted R²=0 .7845445 

F(3,260)=320.22 p<0.0000 Std .Error of estimate: 9.6531 

 
 

 
BETA 

St. Err. 
of 

BETA 

 
B 

St. Err. 
of B 

 
t(260) 

 
p-level 

Intercept     85.33596 1.038846 82.14498 0 

SLIPPAGE -0.75337 0.034637 -0.44146 0.020297 -21.7501 0 

POTHOLE -0.18441 0.034169 -2.32537 0.430868 -5.39693 1.53E-07 

RUT -0.07152 0.029433 -37.2875 15.34546 -2.42987 0.015782 

Summary of Stepwise Regression; DV: PCI 

  
Step 

+in/-out 

Multiple 

(R)  

Multiple R-square F - to   Variable 

included   R-square change entr /rem p-level 

SLIPPAGE 1 0.87020 0.75726 0.757262 817.3521 0 1 

POTHOLE 2 0.88440 0.78216 0.024904 29.83831 1.09E-07 2 

RUT 3 0.88713 0.78700 0.004837 5.904277 0.015782 
3 

 

Models R
2 

SEE 

PCI= 85.3360 - 0.4415 *Slip -2.3254 *Po - 37.2875 *RD 0.80 9.6531 

 PCI=84.31451- 0.44984*Slipp -2.37313 Po 0.78 9.7433 

Table (7): Regression Summary and Summary of Stepwise Regression for PCI Model. 
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RESULTS OF THE ANALYSIS  

    The results of the technique that is used to development process of the pavement condition index 

model, shows that the slippage crack, pothole and rutting have largely affect the pavement condition 

index. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pavement condition index can however, be reduced by increasing the distresses in the road pavement. 

The results show that many variables have little correlation with the PCI and, therefore, little affect 

PCI, were dropped from the analysis.  

It was found that the linear forms of the variables result the best correlation between the independent 

variables and PCI. The model found shown at previously as a PCI model (equa. 5).  

 

DISCUSSION OF RESULTS  

As a result of several different sets of regression models, three variables were found to be common to 

the general picture of each set to form the PCI model; these are   pothole, rutting and slippage crack.  

As stated previously the coefficient of determination for PCI model was found to be 0.80, and again 

that means; 80 percent of the PCI prediction can be explained by this model.  

 

MODEL LIMITATION 

As with all regression models, the model is only valid within the ranges of the variables they were 

developed from .Some additional limitations may be related to the study area. Specific specifications 

can be listed as follows;  

1.A uniform pavement sections of a (1200 ft) each is used for the purpose of PCI model development. 

2.Constant pavement areas of a (2500 ft
2
) each are used for the purpose of PCI model development.  

 

VALIDATION OF THE DEVELOPED MODEL  

 The final step in the model building process is validation of the developed models. The objective is to 

assess the ability of pavement condition index prediction model to accurately predict amount of PCI 

Fig (24) Observed PCI versus New Developed PCI- Model 
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in the field.  A review of the statistical researches suggested the following methods for validation of a 

regression model [Ahmed, Namir G 2002]. 

  check on model predictions and coefficients 

 collection new data        

 comparison with previously developed Models 

 data splitting     

 prediction sum of squares   

 

SELECTION OF VALIDATION METHODS  

The literature suggests that all available methods of validation could be used. However, in this case, it 

is not possible to use all the methods of validation .Therefore, the applicability of each method in 

terms of the validation of the PCI model will be discussed and the most appropriate methods of 

validation will be selected. 

 The fourth method (Data Splitting) recommends that one should not consider data splitting 

unless N>2P+25, where N is a sample size and P is number of estimated parameters. For the above 

mentioned discussion and because of the nature of the available data; the fourth method (Data 

splitting procedure) was selected to assess the predictive ability of the PCI model. It has been 

recommended that one may not consider data splitting unless N> 2P+25.  

 

VALIDATION RESULTS  
The half of the observed data (those not used in the development process), is used in the validation 

process of the PCI_ model. The observed PCI values are plotted against those obtained by using of 

the developed model. This comparison is presented in Figure (24).    

The relation between observed and estimated PCI can be found in the following form in equ.(6);  

           

                  (PCI) Observed =0.9903* (Developed PCI) +3.0149                                           (6)                    

   These findings seem to be in good agreement with the relation y= x. The results of checking the 

goodness of fit for the relation between observed and estimated PCI model by using Chi-square test 

and t- test, these testing  can be seen in the following paragraphs  . 

 

Goodness of Fit  

To checking the goodness of fit for the predicted models. t – test and Chi- square test  were carried 

out and the following results are expressed;  

 

t-test :    n= 264, df = 525    confidence level = 95% 

 

           There is no reason to reject the null hypothesis.  Thus the difference is not significant. 

 

 

 

 

Variable Mean St. division t tc 

X= observed 67.60567 19.90337 0.073651 1.645 

Y= predicted 

PCI Model 

67.73326 

 
   

Variable x
2
 – value x

2
c – value 
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X
2
 –

test : 

n   = 

264, 

d f = 

263,    confidence level = 95% 

 

 

 

 

 

 

CONCLUSIONS AND RECOMENDATIONS  

The main conclusions that can be drawn from this research are summarized as follows:   

1- A stepwise regression technique is used in the development process of the following pavement 

condition index (PCI) Model in Baghdad city:   

                         PCI = 85.3360-0.4415*Slip -2.3254*Poth -37.2875*RD                      

2-The developed (PCI) model is adequate to be used for the prediction of pavement condition index for 

local flexible pavements within the range of the data. 
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NOMENELATURE    

R
2
     = Coefficient of Determination  

SEE  = Standard Estimation Error    

X= observed 197.1773 233.993 

Y= predicted 

PCI Model 
  

 For x2  < x2c . Thus is no significant difference between the observed and the predicted values       

http://www.cecer/
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X
2      

= Critical chi-square 
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Table (A3) Computed of   Pavement Condition Rating  

 

Table (A2) Computed of Density For Distresses in Sample Sections 
 

 Table (A1) Data base  Used For the Pavement Condition 
Index 
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ABSTRACT 

           This study examined the effect of Temperature (T); flow rate(F); and pH ; on the zinc 

consumption as sacrificial anode in cathodic protection of steel pipe carrying saline solution (i.e., 

0.5 M NaCl) using a 2
3
 factorial design. Rates of zinc consumption during cathodic protection 

were measured by weight loss technique and it ranges from 7.5x10
-3 

to 98.9x10
-3

 g/cm
2
.day. For 

the system under investigation, the cell responsible for cathodic protection is  Zn/NaCl/Fe               

      

It was found that both temperature and flow rate increases the zinc consumption while pH 

decreases it sharply.It was found also that the interaction between the temperature and    pH 

is the dominant term compared with other interactions.  

 

 اىخلاصت

 

ٕزٓ اىذساست اخخبشث حأثٍش دسجت اىحشاسة ،سشعت جشٌاُ سائو اىَحي٘ه اىَيحً ٗحاٍضٍخٔ عيى 

اسخٖلاك اىضّل مَضحً اّ٘دي فً عَئٍ اىحَاٌت اىناث٘دٌٔ لأّب٘ب حذٌذي بأسخعَاه حقٍْت 

ت اىفقذاُ حصٌٍَ اىخجاسب.اُ ٍعذلاث اسخٖلاك اىضّل اثْاء عَئٍ اىحَاٌت اىناث٘دٌت حٌ قٍاسٖا بخقٍْ

.ًٌ٘. اىخيٍت اىنٖشٗمٍٍَائٍت 2غٌ/سٌ 0.00.0ٗ  0.0010باى٘صُ ٗ ماّج ٍذٌاحٖا حخشاٗح بٍِ 

اىَسؤٗىٔ عِ اىحَاٌت اىناث٘دٌت فً اىْظاً قٍذ اىذساست ماّج صّل/ٍحي٘ه ٍيحً/حذٌذ.ى٘حظ اُ 

ت دسجت اىحشاسة ٗ سشعت جشٌاُ اىسائو حضٌذ ٍِ اسخٖلاك اىضّل مَضحً اّ٘دي بٍَْا حاٍضٍ

اىسائو حقيو ٍِ رىل بشذة.مزىل ى٘حظ اُ اىخذاخو بٍِ دسجت اىحشاسة ٗ حاٍضٍت اىسائو ًٕ 

 اىسائذة ٍقاسّت ٍع بقٍت اىخذاخلاث.
 

KEY WORD 
Sacrificial anode, Cathodic protection, Seawater, Factorial design. 

 
INTRODUCTION 

Without some forms of protection, Steel is very susceptible to degradation in 

chloride- containing environments. To prolong the lifetime and functioning capability 

of steel, one of the most effective forms of protection is sacrificial anode cathodic 

protection. Sacrificial anode protection is called "sacrificial" because the anode is 
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thought of as " sacrificing" itself to protect the structure. This type of protection 

utilizes a galvanic cell consisting of an anode made from a more active metal than  the 

structure , so this  method is also called galvanic anode protection. Sacrificial anodes 

require no external power. The protection current comes from the electrochemical cell 

created by the connection of the anode material to the more noble or electrically 

positive metal of the structure [Ulig, 2000]. In a galvanic couple between dissimilar 

metals, the galvanic current cathodically protects the more noble metal and 

preferentially dissolves the more active metal. Electrons flow from the active 

sacrificial anode to the noble cathode structure. The anodic reaction at the cathode 

structure, for example:                                           

eFeFe 22   

   , is reduced by surplus of electron provided by the sacrificial anode . At the same 

time, the reduction of dissolved oxygen by reaction: 

       OHeOHO 442 22 

Or the evolution of hydrogen: 

       OHHeOH 222 22 

           is accelerated . The cathode structure is cathodically protected, and the same 

electrochemical reactions are present at the cathode as when polarization is provided 

by impressed current.[Davies,2003].                      

The aim of the present work is to study the effect of different operating parameters 

such as temperature, flow rate and pH on the rate of zinc consumption during cathodic 

protection of a steel pipe carrying 0.5M NaCl solution adopting 2
3
 factorial design. 

Cathodic protection was carried out by extending a zinc strip along the steel tube to 

ensure uniform current and potential distribution along the wall tube.                     
  

APPARATUS AND PROCEDURE 

     The apparatus (fig.1) consists of an insulated 6 liters storage reservoir, 210 watt 

pump of capacity 11.4-54.6 lit/min and a vertical pipeline. The pipeline was made of 

low carbon steel of chemical composition: C%=0.1648; si%=0.254; Mn%=0.51; 

s%=0.0062; Cr%=0.0253; Ni%=0.009; Cu%= 0.1511; V%=0.0034; Fe% the 

remainder. 

The tube dimensions were: 13.5 cm length; 2.68cm inside diameter and 0.31 cm thick. 

A zinc strip of 12.5 cm length and a 1 cm width, 0.6 cm thick was extended along the 

axis of the low carbon steel tube. The zinc strip was fixed at the inlet and was 

electrically connected by a wire to the low carbon tube outlet. 
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Fig (`1): Schematic diagram of apparatus used in sacrificial anode test system 

 

 Before each run, a weighed zinc strip was fixed inside a low carbon pipe and 6 liter 

of 0.5 M NaCl solution after adjusting its pH was placed in the storage tank. The 

solution was circulated between the pipeline and the storage tank by the pump. 

Solution flow rate was measured by a rotameter placed after the pump and adjusted by 

a valve. Temperature was controlled by thermostat heater or chiller, duration of 

experiments   was fixed at 4 h’s . After each run, the zinc strip was rinsed in distilled 

water, dried and reweighed. 

 
Experimental Design and Analysis: 

    
      Factorial design [Balton, 1984 and Armstrong, 1990] is an experimental technique 

by which factors involved in a process can be identified and their relative importance 

assessed. It is thus a means of separating those factors that are important from those 

that are not, and identifying the interactions, if any, between the factors chosen. Thus 

the construction of a factorial design involves the selection of parameters and the 

choice of responses. A 2
3
 factorial design was used to determine the effect of 

temperature , flow rate and pH, on the zinc consumption used as sacrificial anode in 

protection of iron pipe carrying seawater ( 0.5M NaCl solution). To observe a 

significant weight loss ( zinc consumption) for each experiment, duration time was 

fixed at four hours. The factors and the levels are shown in table (1). The matrix of 

the factorial design is shown in table (2).                                                                         

            

                   Table (1) Factors and levels used in the 2
3 

factorial design. 

High level Low level Factor 

45 15 T: temperature, ºC 

900  300 F: Flow rate ,L/h 

8  2 pH: pH of solution 
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Table (2) Matrix of the 2
3 

factorial design zinc consumption in sacrificial anode used 

in steel protection * 

 
Exp. No. Factor T Factor F Factor PH Zinc Consumption 

(mg/cm²) 

1 -1 -1 -1 7.94 

2 +1 -1 -1 13.89 

3 -1 +1 -1 11.12 

4 +1 +1 -1 16.48 

5 -1 -1 +1 2.16 

6 +1 -1 +1 3.210 

7 -1 +1 +1 2.56 

8 +1 +1 +1 3.72 

 
*-1, Low level of the factor; +1, high level of the factor. 

 

Result and Discussion: 

   The results for the zinc consumption as weight loss in (mg/cm
2
) during cathodic 

protection are listed in table (2). Based on the data [Khalid, 2006], the main effects of 

the factors under study and their interaction were calculated, table (3).  

 

Table (3) Effects and interactions of the selected factors on the zinc consumption used 

as sacrifice in cathodic protection of steel.* 

 
Factor Main Effect or 

interaction 

T 3.40 

F 1.70 

pH -9.40 

TXF -0.12 

TXpH -2.30 

FXpH -1.22 

 * T indicates Temperature (°C); F, Flow rate (L/h); pH, acidity of the solution. 

 
  Table (3) shows that an increase in the both the temperature of the solution and its 

flow rate results in an increase in zinc consumption. while the pH of the solution 

sharply reduces, the zinc consumption within the range studied. 

IN other words: The relative importance of main effect coefficients in present 

investigation indicates that the effect of temperature, flow rate, and pH with 

coefficient 3.4, 1.7 and -9.4 respectively is not the same (i.e., Temperature and flow 

rate lead to increase zinc consumption while PH of the solution induces a retarding 

influence). With factors combined effects, as measured by (TXF),(TXpH) , and 

(FXpH) are appreciably pronounced in reducing zinc consumption, but still (TXpH) 

term is the dominant term. According to previous explanation , it can be stated that: 
The alkaline conditions promoted by cathodic protection in seawater deposit 

calcareous scales on the surface, while reduce corrosion rates and necessary cathodic 

protection currents. i.e., 

The reduction reactions: 
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 OHeOHO 442 22                                                              … (1) 

And 
 OHHeOH 222 22                                                           … (2) 

Increase pH at the protected surface by generation of OH
-
 during cathodic polarization 

. To some degree this is beneficial, because the ferrous alloys are resistant to mildly 

alkaline solutions in which a protective oxide film is stable. Also generation of OH
-
 in 

seawater. deposits calcareous seals by reaction with dissolved calcium and 

magnesium ions: 

323
2 CaCOOHOHHCOCa  

                               … (3) 

2
2 )(2 OHMgOHMg  

                                                   … (4) 

Seal deposition causes a continuous decrease in limiting current density for O2 

reduction as scale thickness increases. The current necessary for cathodic protection 

decreases correspondingly. 

To develop a response surface equation to predict the zinc consumption during 

cathodic protection, the data were analyzed using a commercially available package 

(statistica). A 2
3
 fractional design was used for response surface analysis. The design 

was chosen because it allows the estimation of complex response functions up to the 

quadratic order [Box, 1978]. The design of selected experiments as well as the zinc 

consumption values is shown in table (2). To follow the levels adopted in this design, 

the factors studied needed to be decoded. The decoding formula was as follows: 

 
)(5.0

)(5.0(
var

aluevlowvaluehighx

valuelowvaluehighxvalueduncode
iableCoded




    … (5) 

 

The polynomial equation obtained, correlates the temperature(x1), the flow rate (x2) 

and the pH of the seawater (x3) with the amount of zinc consumption (y) was:  

Y= 7.64+1.7x1 +0.86x2-4.7x3-0.06x1x2-1.15x1x3-0.61x2x3          … (6) 

Where x1 , x2 and x3 are in their coded values. 

Equation (6) is statistically acceptable with a correlation coefficient of 0.98. 

The effect of solution temperature and pH on zinc consumption for the solution flow 

rate at its minimum and maximum level (i.e., 300 and 900 L/h) respectively can be 

seen in figure (2 and 3). 
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 3.144

 4.207

 5.271

 6.335

 7.398

 8.462

 9.525

 10.589

 11.653

 12.716

 above

 

 

 
 
Fig (2) Effect of solution temperature and pH on zinc consumption as sacrificial 

anode; F= 300 L/h (-1). 

 3.964

 5.227

 6.491

 7.755

 9.018

 10.282

 11.545

 12.809

 14.073

 15.336

 above

 

 

 
Fig (3) Effect of solution temperature and pH on zinc consumption as  

sacrificial anode; F= 900 L/h (+1). 

 

It is clear from figure (2) that when the solution pH is at its maximum level, 12 (coded 

+1), the zinc consumption is about 3.144 mg/cm
2
 .This amount increases as the 

temperature increased and the solution pH shifted toward acidic (i.e. pH=2, coded -1), 

until it reaches about 13mg/cm
2
 at pH=2 and the temperature is 45°C . This means 

that the zinc consumption increases about 4 times with pH shifting .Same behavior 

can be seen in figure (3), but in this case the zinc consumption is more pronounced 

with flow rate increase to 900 L/h. 
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Conclusions 

       Temperature and flow rate of the solution were found to some extent affect the 

zinc consumption as sacrificial anode in cathodic protection of steel in sea water,but 

the pH of the solution was found to be significantly the dominant.the correlation of 

temperature,flow rate,pH of the solution and the amount of zinc consumption as 

sacrificial anode can be adequately described by equation (6).Finally experimental 

design techniques such as factorial design proved to be useful for the identification 

and correlation of the significant factors that affect cathodic protection of steel by zinc 

consumption. 
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ABSTRACT

This thesis deals with design and implementation of PC based control unit for testing systems. The 

design of the system involves mainly the hardware circuits, and software. 

 The tester carries out the following types of test Analog circuit test, Digital I.C. test, In-

circuit test, and functional test. 

 The system designed and implemented, the implemented system hardware was built around 

two parallel ports. The hardware includes four buffers used as I\O channels addressed as Analog 

input (A\I), Analog output (A\O), Digital input (D\I), and Digital output (D\O). The system also 

includes Analog to digital converter, Digital to analog converter, and resistor testing circuit. The 

data to processed can be in digital or in an analog form. In the same time the hardware outputs 

controlling signals for testing and controlling the equipments. These signals are in digital or analog 

form. 

 The implemented system software has two main user interfaces, one for selecting the mode 

of operation (as read or write), and activates the associated buffer. The other which included the 

functions of tests. 

 For the resistor testing, I.C. testing, and circuit testing the system software compares inputs 

from the unit under test (UUT) with stored upper and lower limits, if the input is a value between 

them the test is considered successful otherwise the test fails. 

 The software has been written in "Visual Basic" programming language running under 

windows® (ME\XP) operating system environment and tested on the already exist hardware. 

The system has been tested and it worked successfully for different resistance value and different 

types of Digital I.C.  

 

 INTRODUCTION 

The manufactures of the Printed Circuit Board (PCB) face the constant challenge of determining the 

quality of the product they build. All manufactures have to inspect finished products to insure that 

they satisfy the required quality standard [1]. Electrical testing has always been an essential tool 

used in these determinations [2]. 

A general definition of a test is an experiment done either to confirm or deny a hypotheses or to 

differentiate between two hypotheses. Testing a device means checking it whether it is operating as 

expected or not. In any type of testing, needed to know two things. First, which input stimuli should 

be applied to the device? Inputs should apply only those inputs  

that activate the fault i.e. the inputs which result in different outputs from the  
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 The need for more effective methods has long been accepted as common place among electronic 

engineers [3].  

The idea of having test equipment, which can check the components in circuit, to determine its 

performance is an attractive work [4].  

Different testing techniques are needed to test the whole board. Automatic testing of electronic 

devices has been a major factor not only in the overall improvement of product quality and 

reliability, but also in the dramatic lowering of product costs [3].  

 

 

        

Types of Testing Approaches [5]. 

There are some basic approaches for testing populated circuit boards or modules. These are:             

                                            

Functional Testing: Using this approach, a board is inserted into an actual system and its behavior is 

observed while the system performs its regular functions. This approach has several major 

shortcomings. First, it is extremely difficult to diagnose a failure. Second, it is difficult to develop 

complete test suites, or even measure how good a given test suite is. In general, it is extremely 

difficult to develop quantification of faults (or defects) that are covered by a given functional test. 

This is because no algebra that defines and links functional activity to physical defects such as 

shorts or opens among the nets. Ones tests are developed; there isn't any mathematical method for 

determining fault coverage. Only "guesstimates" are available. Finally, functional test set up may be 

very costly since it is unique to each different board and may also require ancillary functions (e.g. 

disk unit, etc.) to be available functioning in order for Unit Under Test (UUT) board to be tested.     

                            

Card-edge Testing: This is different Testing approach when compared to one above. In this case, a 

"card-edge"(i.e. edge connector) tester is used to insert UUT board in order to apply signals 

sequence/combination of signals (and observe responses at all times) at the card-edge. Thus, 

whereas the card-edge tester can be programmed to mimic the exact behavior of the target system 

for the UUT board it can also be programmed to control and observe the signal values along the 

edge-connector at a fine resolution. This improves the testability of the UUT but, like the 

Functional Testing approach, difficulties in test generation and coverage assessment remain very 

high. It also suffers from limited-access since complex boards, nets and components on the 

"interior" of the PCB are difficult to test due to limited access from just   the edge connector.            

                             

In-Circuit Testing: ICT was developed in response to difficulties in creating card-edge and 

functional tests in the late '70' and early 80's. This technique represents a major departure from the 

Functional Testing (and card-edge testing) approach, in that it tests one component on a PCB at a 

time. As the PCB's functional complexity grew, it became difficult for engineers to understand the 

entire PCB functionality and test generating tools had difficulty in crating tests for the entire PCB. 

The 'one IC' at a time became a convenient divide-and-conquer approach to minimize test 

development time by breaking down the PCB into small MSI (at that time) circuits such as an AND 

gate that tests could easily and automatically developed. To achieve its goal, In-circuit Testing 

(ICT) uses a bed-of-nails fixture to contact the board-level nets in order to apply electrical stimulus 

   and observe the response. The bed-of-nails fixture provides an array of spring-loaded test pins that 

come into contact with the UUT board at specifically designed points, called test points, whose 

locations must be planned during board layout so that there is sufficient surface area and clearance 

for paper contact to be made at each pin position. Each test point may be used to inject a signal 

value into the corresponding net or to observe its present value.                  
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Fig1. Illustration of In-circuit Testing 

 

 

1.2 Related Works 

 In 1979 Schreiber made the first Automatic Test Generation Technique classification. But it was in 

1979 when P.Duhamel and J.C.Rault published a more exhaustive categorization of known analog 

circuit testing methods. The types of tests and faults to diagnose were given and classified. The 

methods were grouped into estimation techniques, topological methods, taxonomical methods and 

methods for linear circuits [10].        

          In 1985 J.W. Bandler and A.E. Salama reported another excellent classification, including 

methods that had just appeared and improvements obtained from them. This is one of the most 

referenced reviews for analog electronic circuit testing. They classify the methods into two main 

groups: techniques that need a simulation before the test, and the ones that need the simulation after 

the test [7].           

In 1987 Mohammad Baha Al-Deen used a microcomputer as a based 

system for circuit testing. The project used the microcomputer as a part of an automatic test system 

used for Analog In-circuit PCB testing. Testing operation were achieved by comparing voltage 

taken from UUT with data stored in the microcomputer and the results were displayed by using 

monitor or a printer to printed out the results [4].                                         

 In 1999 Malathe AL-Qezweeny used also a microcomputer in design and implementation a 

telephone tester. The project used a computer (NEC6001) as a dedicated computer based automatic 

telephone tester suitable for testing push button and rotary telephone sets [9].                   

 In 2002 Waseem AL-Haidari used a personal computer to build a data acquisition and 

monitoring system for (Automated Test Equipments) ATE. The system used Industry Standard 

Architecture (ISA) bus to interface with testing circuit [9].          

2. BASIC CONCEPTES OF TESTING SYSTEMS. 

 

The problems associated with testing have increased with introduction of each new generation of 

equipment. An important contribution towards solving these problems has been made by the 

introduction of automatic test methods [3].                 

 

2.1 Type of Faults: Test Capabilities and   

      Selection 

 The process of testing or diagnosing circuits consists in applying certain types of excitation 

to a circuit and then analyzing the responses obtained in order to derive a possible failure. A fault 

could be defined as any variation of a component value from the nominal. This could produce an 

abnormal behavior of the global circuit [8]. A typical Automatic Test Equipment (ATE) 

environment is the one shown in Figure 2 
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Fig2. : Basic structure of an ATE system 

 

According to the figure, an ATE system should carry out the following basic actions: [10] 

 

   . Signal generation, using an external device such as an acquisition card DSP board, waveform 

generator operated via a GPIB bus, etc. It is necessary to have a set of stored input signals that 

produce particular circuit responses that are useful for fault detection and isolation. These input 

stimuli could be sine waves, square waves, DC-signals, ramps, etc. 

Take measures from the circuit and obtain signatures. The output response can be interpreted in 

time or frequency domains. Once the measures are taken , some features can be extracted, for 

example a tuple [overshoot, rise time] or a particular sequence corresponding to the signal shape. 

The set of parameters that characterized a signal is known as a signature. 

    3. Interpretation of the obtained signatures. These signatures can be compared with the ones 

previously stored, or used to derive possible parameter values. These tasks require an appropriate 

diagnosis strategy. 

  There are many researches in the bibliography concerning the testing or diagnosing of 

electronic circuits. The objective of these two disciplines is almost the same but, although they have 

a lot in common, there is an important difference between them. In general, the purpose of the test , 

as it is known in the industrial domain, is to detect a fault in a circuit, while fault diagnosis is not 

only to detect but also locate the fault or fault identify the incorrect parameter values [10]. Both 

domains are described in the following paragraphs. 

2.2 Functional testing and In-circuit testing 

Printed circuit board testing can be divided into two different 

approaches, namely In-circuit testing and functional testing. Each has 

a specific job and solves a specific problem.[4] 

           In-circuit testing can be considered as a diagnostic tool, While functional testing tests the 

characteristics of parts, electronic performance of the circuit and determines whether a PCB is a 

fault-free or not. [11] 

2.3 The concept of in-circuit tester operation 

The testing theory of an in-circuit tester is based on comparison With known good unit. Good 

master unit (such as: component, circuit, IC, etc) are measured in predetermined sequence and the 

obtained data are stored in the memory of the computer. The unit to be tested is measured in the 

same sequence to see if the measured values lie in the certain range centered around the stored data 

samples. The unit under test is judged to be good if the measured values are the same as the data 

samples or lie in the certain range centered around them, Therefore the accuracy of the samples is 

an important point in deciding the performance of the tester. 

2.4 Guarding Technique  

 As mentioned previously, in-circuit testing involves tests of individual components mounted 

on a PCB, hence the major task of an in-circuit tester is to exclude the influence of other 

components surrounding the component under test, and this can be achieved using guarding 

technique.  
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 Guarding is a technique to eliminate as much as possible the effect of impedances 

surrounding the component under test in order to measure the actual value of the component. 

 Without guarding, the percentage of components showing a value almost equal with the actual 

value is 50 to 60 percent for analogue boards and about 80 percent for digital boards [12]. However, 

these rates do vary according to the kind of the circuit. 

 The guarding technique uses the characteristics of an op-amp for isolating the component 

under test from the effect of parallel impedance caused by other components. A typical situation is 

shown in a Fig. (3) with Rf is a known feedback resistance and Rx is the resistance to be measured, 

when the measuring voltage Vi is applied, Vo is generated as determined by: 

Vo = - (Rf  / Rx) Vi 

Since the non-inverting input of the op-amp in fig. (3.) is grounded; hence, it is at zero potential 

because of the virtual short. As a result of both ends of R2 comes to zero and current would flow 

through it. The current through R1 flows to ground and return to the input voltage source Vi, hence 

the output voltage of op-amp will be proportional to the value of Rx only (since Vi and Rf   are 

constants).  

 Generally speaking, when impedance Zx on a circuit is under the influence of parallel 

impedance caused by several other components, it is possible to eliminate the influence of other 

components and measure Zx, with one end of all other components grounded. 

It should be noted that the guarding technique is not applicable to cases where there are two or more 

individual components completely in parallel. In such instances, the in-circuit tester views theses 

parallel components as a single component with an impedance value equivalent to the impedance 

formed from the parallel combination. This is a limitation of all in-circuit testers. 

 

 

 

 
 

Fig 3. Testing guarded resistor 

 

Digital IC. Testing 

The evaluation of the reliability and quality of a digital IC is commonly called "testing", yet it is 

comprised of distinct phases which are mostly kept separate both in the research community and in 

industrial practice. 

 

Verification [13] 

This is the initial phase in which the first prototype chips are "tested" to ensure that they match their 

functional specification, that is, to verify the correctness of the design. Verification checks that all 

design rules are adhered to, from layout to electrical parameters; more generally, this type of 

functional testing checks that the circuit: (a) implements what it is supposed to do and (b) does not 

do what it is not supposed to do. Both conditions are necessary. This type of evaluation is done at 

the design stage and uses a variety of techniques, including logic verification with the use of 

VO 

RF 

GP 

RX 

R1 R2 

 

Vin 

RF 



Journal of Engineering Volume 14 march 2008       Number1  
 

 

 

Available online @ iasj.net 4364 

hardware description languages, full functional simulation, and generation of functional test vectors. 

Figure (4) shows the principles of testing digital IC.[14]   

 
Fig 4. Testing Digital IC. Scheme. 

 

Test Pattern Generation [13] 

Test pattern generation is the process of generating a (minimal) set of input patterns to stimulate the 

inputs of a circuit, such that detectable faults can be exercised (if present) . The process can be 

divided in two distinct phases: (a) derivation of a test, (b) application of a test. For (a), one must 

first select appropriate models for the circuit (gate or transistor level) and for faults; one must 

construct the test such that the output signal from a faulty circuit is different from that of a good 

circuit. This can be computationally very expensive, but one must remember that the process is 

done only once at the end of the design stage. The generation of a test set can be obtained either by 

manual methods, or by algorithmic methods (with or without heuristics), or by pseudo random 

methods. On the other hand, for (b), a test is subsequently applied many times to each integrated 

circuit and thus must be efficient both in space (storage requirements for the patterns) and in time. 

Often such a set is not minimal,  

3. HARDWARE IMPLEMENTATION 

The implemented system is used to test analog passive components (resistors), analog voltages, 

Digital IC and resistance potential divider. The system is based on using a computer. The test 

results are displayed on the screen of the RGB monitor.  

 The block diagram of the testing system is shown in the figure (5) the system consists of 

several connected units, and consists of the following main units. 

Input/output interface unit. 

Analog to digital conversion unit. 

Resistor testing unit. 

Digital IC testing unit. 

Digital to analog conversion unit. 

Functional testing unit. 
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Each of these units will be described in details.  

Fig(5). Block diagram of the Testing System. 

3.1 Input/output interface unit 

 Interfacing is a term that is applied across a broad range of electronic implementations. It 

relates to systems as well as to individual components. Interfacing usually involves effectively 

traversing a boundary one entity to another. In the field of electronics, the entities can be viewed in 

a hierarchical fashion from a system, subsystem, components. 

 The tester is interfaced to the computer system via a parallel port. The tester uses the four 

74245 octal buffer line drivers (bi-directional buffer) to interface to the computer system. This 

device is used for several good reasons; it buffers the computer port during the communication with 

external hardware. 

 A more important function of these devices is that of computer protection. The devices help 

to isolate the computer bus from outside problems.If the external hardware were tied directly to the 

computer bus, this protection would be missing.  

The 74245 has the DIR pin to select the direction of data transfer, so this pin is put logic 1 or 0 

depending on the direction selected from side A to side B, or from side B to side A respectively.  

 The four buffers can be used as follows depending on the DIR pin. Analog input (A/I), 

Analog output (A/O), Digital input (D/I) and Digital output (D/O). 

In the proposed system two parallel ports can be used as LPT1 and LPT2, 

Figure (6) represents the circuit diagram of the input/output interface unit. The 8-bit data group of 

the LPT1 is connected to the A data port of the four 74245. While 4-bit of the data group of LPT2 

are connected to the Output Enable OE pin of the four buffers respectively.  

 The aim of this connection is to switch between the buffers by sending an appropriate set of 

word that activate one of the buffers and isolate the others. 

  There are another 3-bit from the data group of the LPT2 are connected to the status group of 

the LPT1 to indicate it to set the 8-bit data group in read or write state to match with the active 

buffer.      
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                                         Fig 6. Circuit Diagram of I\O Interface unit 

 

3.2 Single chip data acquisition system (Analog Multiplexer/ADC) 

 An analog multiplexer is simply a switching unit having a number of analog input channels 

and a single output channel, which is connected in turn to each of the individual input channels. So 

the output is one of the inputs and the selection of which one of the inputs will appear at the output 

is under digital control like a simple decoder. The input to the decoder represents the address of 

analog input channel and the number of the line inputs to the decoder depends on the number of 

analog inputs to the multiplexer. In the proposed system three lines from LPT1 are input to the 

decoder to select one of the 8-chaanels. 

  The analog Mux is used to couple the output of the test circuits to the ADC in a preset 

sequence, while the ADC is used to convert these output analog signals to their digital equivalent by 

comparing it against a reference signal. In the proposed system the ADC0816 is uses a Successive-

approximation technique, which is a feedback system operates on a trial and error technique to 

approximate an analog input with the corresponding digital code. figure (7) shows the circuit 

diagram of ADC chip interfaced to the A/I buffer 
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                                                          Fig 7. Circuit Diagram of ADC               

 

Test Circuit for resistors - 

 The test circuits use an op-amp type (LM 358, App.A-3) as the basic building block. 

Constant voltage technique is used to test the resistors. The range values of resistor testing circuit 

covered are between 100 Ω to 15 kΩ, these values are divided into two ranges: 

Low range resistors (100 Ω to 1 kΩ). 

High range resistors (2.2 KΩ to 15 kΩ). 

Each range has a separate test circuit. Figure (8), shows the resistors test circuit. The difference 

between the low range test circuit and the high range test circuit is the feedback resistor (Rf). 

 
                                                  Fig 8. Test circuit for Resistors. 

 

Digital I.C. Test  - 

 One of the main functions that test system does is digital I.C. test. This system tests three 

types of digital I.C. 74LS00, 74LS08, and 74LS32.The test procedure can be described by three 

phases. Generation of an appropriate test bit pattern that produces a desired output, that will be done 

by software which writes the test bit pattern to parallel port (LPT1). This test pattern is applied to 

the I.C. under test through the D\O buffer which connected to Latch (74LS373, App.A-4). The 

purpose of using latch is to capture the test bit pattern and apply it to the I.C. under test when the 

D\O is off and D\I activated. The Enable of the latch and the Output Enable (OE) of the D\I are 

connected together. So at the beginning of the test D\O is active, D\I is off, and latch behaves as a 

buffer i.e. the output of the latch follow the input. The next step is to change the status of D\I to be 

active, in the same time the latch latched the last output. Finally the D\O is set in off mode. The last 

phase of the test procedure is reading the output response that’s come from I.C. under test through 

D\I and parallel port (LPT1), and compares the output with truth table of the specific I.C. and 

display the result. Figure (9) shows the circuit diagram of the I.C. tester. 
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                                                 Fig 9. Circuit Diagram of I.C. Tester Circuit     

 

Testing Circuit Response - 

 This type of test can be called Functional test. It depends on applying certain input on the 

circuit under test and compare the result obtained by the expected one. In this system an input signal 

generated from PC is applied through A\O buffer and is converted it into analog form by using 

digital to analog converter (DAC). The type of DAC used in this project is called R2R DAC, Figure 

(3.8) shows the circuit diagram of the DAC. The output of the DAC is connected to a buffering 

circuit to prevent any change in the value of the output of DAC because of load balancing. The 

output of the DAC is connected to ADC through channel three to check the value of voltages 

applied to circuit under test. The output obtained from the circuit (Attenuation circuit used in this 

project) is applied back to ADC through channel two. Figure (10) shows the circuit diagram of 

attenuation circuit.   

 
                                            Fig 10. Circuit Diagram of Attenuation circuit    

 

 - RESULTS 

4.1 User interface 

The software of the system consists of two main user interfaces, one is used for choosing the type of 

operation as Digital input test, Digital output test, Digital I.C. test, and Analog test. Figure (11) 

shows the user interface according to parallel port 2 
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                                            Fig11. User interface according to parallel port 2  

 

The second one receives the order and displays the type of operation and contains the testing 

program function as receiving the settings and displays the results. Figure (12) shows the user 

interface according to parallel port 1. 

 

 
 

                                          Fig 12. User interface according to parallel port 1 

As mentioned previously when the operator clicks one of the button in Fig (11), the type of the 

clicked button immediately appeared in the text box in Fig (12).The message that appears in Figure 

(12) presents at the start of the program, which mean that LPT1 senses which mode of test sent to it 

from LPT2.   

Digital I.C. test results 

 The first two steps is the same in each operation of any type of test, the choice of type and 

clicking the test button as shown in Fig (13). 

 Fig 13. Selecting I.C. test 
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The operator will present with a new window that contains the type and number of I.C.s. He selects 

one of them for testing as shown in Figure (14). 

 

 
Fig14. Selecting I.C. under test 

 

When the operator selects I.C. to be tested and then click start button the test starts and the result 

will be displayed, Figure (15), and Figure (16) shows the results obtained from testing two I.C.. One 

passed test and the other failed. 

 

 
Fig 15. 7400 I.C. passing test result 
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Fig16. 7400 I.C.  Test is failed 

 

After the test finished, a new window appears asking the operator to choose the next I.C. to be 

tested as shown in Figure (17). 

 
Fig 17. Selecting new I.C. to test 

Analogue Test results 

 When the operator selects to test in analog mode. So at analog test message presents in text 

box, as shown in fig (18): 
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Fig18. Selecting Analog test mode 

The operator after clicked the analog test button in Fig (18), a new window appears. Figure (19) 

then displays set of buttons each one of them indicates the type of test.   

 
 

                                                 Fig 19. Analog test selection interface.  

 

Analogue voltage results 

 This system displays the values of three different voltages and display the channel 

connected to it. Figure (20) displays two reading to the channels. In channel 6 there is different in 

the value because changing in the voltage. 

     

 
                                                  Fig 20. Analog voltage data read results 

 

Response test results 

 The operator when clicks "Start Response Test" button the program presents a message 

showing to the operator the value of the voltage from DAC, also it shows the expected response of 

the attenuation circuit, and display the upper and lower acceptable limits. The program then 

displays the practical value of the response as read by the system and compare it with limits and 

finally displays the result as the circuit passed the test or failed. Figure (21). 
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Fig 21. Circuit response result 

Resistor test circuit results  

 The operator must first set the value of resistor to be tested and starts the test. The program 

then sets the upper and lower acceptable limits. Read the value of the voltages, calculate the resistor 

value, compare it with the limits, and display the result where the test pass or not. Figures (22), and 

(23) for low range. 

 
Fig22. High range results 

 

 
Fig 23. Low range results 
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Sources of errors  

 -. Deviation from the amplifiers ideal characteristics 

  The op-amps used in test circuits is considered to be ideal, in fact there is no ideal 

op-amp due to various types of non-idealness of the circuit performance, such as finite input 

impedance which allows a voltage drop to exist between the inverting terminal and the guarding 

point. To minimize this voltage drop, an op-amp with very high input impedance (MOS or bipolar-

field effect (BIFET)) should be used to minimize this voltage drop. 

 -. Errors in the ADC 

  The system uses an 8-bit ADC. The bit resolution is 0.019V which represents the 

basic error introduced by the ADC. This value of bit resolution will affect the accuracy of 

conversion especially for low values of DC voltages. The ADC error was taken into account when 

determining the upper and lower limits.   

-. Conclusions 

 In previous chapters, the design, implementation, and testing of a flexible a PC-based test 

system has been carried out. 

 In this work, Automatic testing system has been designed and implemented which consists 

of two parts: the hardware circuits and software programs. The hardware structure consists of two 

parallel ports, Buffering circuits, resistor testing circuit, latching buffers. The First parallel port used 

to transfer the bi-directional data, while the second one used for controlling the I\O buffers and 

signaling the first parallel port to which mode to is set. The four I\O buffers used for isolation of the 

parallel port and to switch between types of I\O so can be called it as A\I, D\I, D\O, and D\I. To 

indicate to Analog or Digital input or output. The ADC chosen for the design of analog input 

section is Monolithic I.C. (ADC0816), which is appropriate for low speed input signals.  

 The software design of the system consists of two main parts: Selecting of the type of test, 

and the performing of the test. The selector parts is used to activate one of the four I\O buffers and 

indicates the first parallel port to change it's mode from writing to reading depends on the 

indications. The second parts is responsible of performing each type of test as reading the values, 

making the calculations; comparing the results with the limits, taking the decision as pass the test or 

not, and finally displays the results. The upper and lower limits can be adjusted to meet any 

modification introduced, by simply changing the reference values stored in the computer. 

The system software is implemented by using Visual Basic.6. The software structure of the 

Automatic test system algorithm is a general algorithm, which can be modified to achieve a specific 

function. The proposed system can be described as a prototype system which can be easily modified 

(by adding some function) to match the system under test.          
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ABSTRACT 

     Password security and protection are one of the important research topics in 

modem computer systems. Providing privacy, authenticity, integrity and limited 

access to data, encryption methods are proposed  for password security schemes.  

    This paper proposes the use of neural network accessing the system, the system 

needs other information extracted from  the user's password along with the password 

itself, these information is passed to two different neural networks to examine the 

authenticity of the user, and then decide whether the user is a legal user or an intruder. 

   The extracted information can be summarized by the time period between each two 

successive characters in the password and the strength of strike of the user when each 

character is typed at login time. 

   As a result is a powerful security scheme for password protection and the user has 

no wary about password being theft because the related password information can not 

be theft. 

 الخلاصـــة

 
فموه الوا الحلوُ    حماية كلمة المزَر َ امىيتٍا ٌي احدِ المُاضيغ المٍمة في الاوظمة الحاسوُيية الحديةوة     

صحة المؼلُمات َ لؼا الُصُ  الّ البياووات المُلوُ ف فوي الىظوات  يوت  فموق  موه لبوا  ػلّ الامىية  المُثُلية  َ

 اشخاص مخُليه  للاسباب اػلاي وحتاج الّ طزق حماية لمفتاح المزَر.

  يستؼما الطزيمة الممتزحة ٌي ياستؼما  الشبكات الؼلبية مه الا الُلُج الّ الىظات  حيث ان الىظات الممتزح   

مستخللة مه كلمة المزَر يالاضافة الّ ليمة كلمة المزَر  حيث ان ٌذا المؼلُمات يت  تمزيزٌا  مؼلُمات اخزِ

ػلّ شبكتيه ػلبيتيه مختلفتيه مه الا التاكد مه مُثُليوة المسوتخدت َالسوماح لوً يالودخُ  الوّ الىظوات اَ رفو  

 ٌذا المستخدت.

ا خوا  كلموة الموزَر َ لوُف ال وكطة لكوا  خوز ػىودالمؼلُمات المستخللة تمةا الفتزف الزمىيوة يويه حوز  َ ا    

حز  مطبُع اثىاء ا خا  كلمة المزَر  يالتالي ٌُ يىاء طزيمة ليدف َ كفُءف مه الا حماية كلموة الموزَر  َفوي 

حالة ت  اكتشا  كلمة المزَر مه  لبا المتطفليه  فلا حالة للملك لان المؼلُمات المستخللة مه كلمة الموزَر لا 

 تشافٍايستطيؼُن اك

 

KEY WORD : 

Security, Protection, Back Propagation Neural Network, Learning, Testing 

 

INTRODUCTION 

   The mechanisms for security and protection of a computer system can be classified 

into three concentric circles ([8]): 

 The innermost circle represents the memory of a computer—RAM and disk 

mechanisms such as base-bound registers, virtual memory mappings, and file 

access concern Trojan horses, processes entering supervisor state and gaining 
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supervisor privilege, and processes attaining super user privilege. 

 

 The middle circle represents the security perimeter of a system: only 

authorized people are allowed to cross the perimeter and establish processes 

within; their processes are controlled by the mechanisms of the inner circle.  

 
 

 The outer circle represents the network—all the other computers and people 

who want to interact with a given one. Here the concern becomes the ability to 

complete exchange transactions successfully (the central notion of commerce 

and collaboration). The biggest problem is authentication. Many of the 

vulnerabilities of networked systems arise from inadequate means authenticate 

users and machines. Sophisticated cryptographic protocols have been devised 

to assist with such aspects   as   secret communication, digital signatures, 

certificates, and money.  

 

    This paper reviews password security and protection, in a computer system and 

focuses on password protection using neural networks. Especially, a new method of 

password protection is invented. 

 

    There are many ways of password protection used in the current systems scaled 

from the easy methods such as encryption process of password for small and minor 

importance system to creating accounts for each user with a system list of password 

with some constraints for choosing the password itself using the access control list 

and access matrix found in the system that has a high importance. 

         

THE PROPOSED SYSTEM 

     In order to prevent the password from being attacked by the pentrators, we have to 

design a good password features, these features represent the combinations of the 

characters in the password itself as well as the information that are taken from the 

password typing. The proposed system uses three different information for password 

protection: 

- The value of the password itself 

-The time period between each two successive password's characters (may be 

letters, or special characters and so on). 

- The key strike of the characters  

 

   If we notice that, the password characteristics are difficult to achieve by the 

pentrators which are the strength of the key strike and the time period between each 

two successive characters, even if the pentratos can guess the password characters in 

some how, he can not for sure obtain the other password's characteristics which are 

the time period between each two successive characters and the strength of the key 

strike, because these information is supplied to the system at the login time by only 

the actual user who created the password and information is not saved in a system 

password file because we use neural networks for analyzing the correctness of such 

information, so, the password protection is achieved. 

   

NEURAL NETWORKS FOR PASSWORD PROTECTION 

     The aim of a neural network is to recognize the other information extracted from 

the password at login time, let us rewrite these information again:  
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 The time period between each two successive characters in the password    

(PT as a  shortcut for  time period between password characters) 

 The strength of the strike for each character in the password                         

(ST as a shortcut for strike of characters in password) 

 

   As I mentioned, the extracted information is not saved in any system file to prevent 

accessing by other intruders, so the neural network will be used to recognize PT and 

ST information in order to check the user authenticity a long with the password itself. 

 

    We used a neural network called Back Propagation Neural Network that is 

developed by Paul Werbos [1], this net used here for the following purposes: 

 

- Very popular model in neural networks 

- Easy to training Can estimate the behave of the input patterns  

- Supervised training algorithm 

 

    The estimation property means that, the user ,for example, have one character 

password length, and PT =300 milliseconds, the user want to login the system, he can 

not repeat the same operation with PT=300 milliseconds every time he logs in the 

system, so the neural network manages this input with acceptable range of error. 

     The supervised property of this algorithm made it suitable for the proposed system 

because I have the input features represented by the PT and ST after formulating it to 

a suitable input codes, and these information should indicate exactly one user after 

matching with the value of the password itself, in other words, the system have the 

input features and the desired output user which is the supervised version of neural 

network is suitable for this purpose. 

 

AN OVERVIEW FOR A BACK PROPAGATION NEURAL NETWORK 

    There are two stages in this network: 

- The learning stage of the neural network 

    There are two phases in its learning cycle, one to propagate the input pattern and 

the other to adapt the output.   It is the error signals those are backpropagated in the 

network operation to the hidden layer (s). It does not have feedback connection, but 

errors are backpropagated-during training, least mean squared error is used.  

    The input patterns represent by the PT and ST information as mentioned before, 

and the output represents the authenticity measure of that user. 

    This neural network composed of three different layers, the input layer which take 

the input pattern, and the hidden layer, and the output layer which represents the 

neural network response, a further point is that the network shown in Figure (5) is 

fully connected, which means that the output of every neuron in one layer is 

connected to an input of every neuron in the next layer, starting from the input layer 

and ending at the output layer. Not every multi-layered perception is connected in this 

way but this is the most common way of doing it. 

   Errors in the output determine measures of hidden layer output errors, which are 

used as a basis for adjustment of connection weights between the input and hidden 

layers. Adjusting the two sets of weights between the pairs of layers and recalculating 

the outputs is an iterative process that is carried on until the errors fall below a 

tolerance level. Learning rate parameters scale the adjustments to weights. A 

momentum parameter can also be used in scaling the adjustments from a previous 

iteration and adding to the adjustments in the current iteration. 
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- The testing stage of the neural network 

    Once training is completed, the weights are set and the network can be used to find 

output for new inputs. The dimension of inputs are limited by the number of neurons 

in the input layer, and the dimension of outputs are limited by the number of neurons 

in the output layer.  

 

- Applying Neural Network in the System 

    The proposed system uses two different neural networks: 

1) PTNN (Period Time Neural Network) :  that is used for PT features 

2) STNN (Strike Time Neural Network)  :  that is used for ST features 

 

   Both neural networks have the same general structure with same input, hidden and 

output neurons, the difference is with the type of the input information as an input 

pattern for each network, after the user start entering the password, the system collect 

the PT information and ST information, and when user finishes entering the 

password, the system search in system list of password in order to recognize the user 

as a first step, when matching is found, the system takes the user number that is 

assigned for each user inside the system, like user 1 has number =1, user 2 has 

number =2, and so on, this number taken and combined with PT and ST information 

to form two input vectors, PTNN input vector, STNN input vector, and use the 

corresponding neural network to recognize that  vector pattern, if both of neural 

network responds for that user, the user will be allowed to enter the system, if one of 

them fails or both fails , the access is denied for that user. 

 
PTNN 

     This neural network is used to recognize the PT feature of the current user, this 

network has 111 input nodes, 223 hidden nodes, and one output node, the input 

information here represented by the PT features as well as the user number to form 

the input vector for that neural network. 

 

CALCULATING INPUT NEURONS  

    The longest password length in this system is 10 characters, and if we compute the 

numbers of pairs in this longest password we find 9 pairs with 9 elapsed times, and 

the time elapsed between the finish typing the last character in the password and 

pressing the login key, so we have 10  periods each of which represented by 10_bits, 

the time measure here in milliseconds by doubling the number; 50 milliseconds wait 

means 100 milliseconds; 500 milliseconds wait means 1000 milliseconds (1 second), 

so we have a maximum time of 2
10 

*2=2048 milliseconds=2.048 seconds elapsed time 

between each two successive characters the user can range, so we have 10 different 

input information each of 10_bits = 100_bits=100 neuron plus 10_bits for user 

number=110_bits=110 neurons, plus one for bias the total is 111 nodes. 

    Assume that the password was "my pasword", 10 characters, so there are 9 pairs of 

two successive characters in this password, and the tenth pair is between writing the 

last password character and pressing the login key: 

 
Transferring and Pressing to Login Button 
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Where I=Information, so, each information takes: 

10_bits = 10_information * 10_bits_for_each=100_bits 

We need extra 10_bits for user number, so, the total of: 

 

100_bits + 10_bits_for_user_number = 110_bits = 110 neurons  

110 + 1 for bias = 111 neurons at the input layer 

 

CALCULATING HIDDEN NEURONS  

    The number of hidden neurons are estimated, there is no ideal equation to compute 

the number of hidden neurons in back propagation neural network, so this number is 

depend on the experimental results and testing, some references emphasis on the 

following equation that we use it: 

 

Hidden_neurons = Input_neurons * 2 +1 

 

 Table (1)  shows the different number of hidden neurons compared to the number of 

cycles need to learn the neural network assuming the system consists of 20 users, so 

we get the final number of hidden neurons. 

 
Table (1) _ preliminary experiment results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CALCULATING OUTPUT NEURONS  

    The number of output neurons used in this system are just one, after supplying the 

input vector features for the neural network, the output will be an authenticity 

measures that scaled between 0 and 1, as the output value goes to one, the user is more 

authenticate, as the output value goes to 0 the authenticity reduced, so we need a 

threshold to recognize between authentic users and no authentic users, this threshold 

decided to be 0.7, some errors are allowed here because it is difficult to the user to 

Hidden 

number 

Iterations 

number 

Error 

20 4000 0.3544 

50 4000 0.3541 

130 4000 0.0219 

160 4000 0.0195 

190 4000 0.0183 

223 4000 0.0031 
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supply the same exact PT and ST in each time which is one of the reasons of using 

back propagation neural network, figure (5)    shows the layout of PTNN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig (5) _ the layout of PTNN 

 

 
STNN 

     The design of this neural network is identical to this one that used in PTNN except 

that the codes in the input vector represents different kind of information, this 

network also has 111 input nodes, 223 hidden nodes, and one output node, the input 

information here represents the ST features a long with the user number to form the 

input vector for that neural network. 

 

CALCULATING INPUT NEURONS  

    The longest password length in this system is 10 characters, each character has its 

own ST, so the system computes 10 different periods for ST, also each character has 

10_bits representation which allows 2.048 seconds the ST of each character in the 

password. 

 

   The ST for each character is computed by computing the time elapsed between 

holding down the keyboard key and releasing up this key which represents the ST for 

that character, these 10 different periods as well as the user number are presented to 

the neural network in order to decide the authenticity of that user. 

 

   As an illustration example, assume that the password was "my pasword", 10 

characters; the ST information will be computed from: 

 

Input Layer 

Neurons 

Hidden Layer 

Neurons 

Output Layer 

Neuron 

PT Input 

vector 

features 

with user 

number 
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So, each information takes 10_bits = 10_information * 10_bits_for_each=100_bits 

We need extra 10_bits for user number, so, the total of: 

 

100_bits + 10_bits_for_user_number = 110_bits = 110 neurons in input layer 

110 + 1 for bias = 111 neurons 

 

Calculating Hidden Neurons  

    The number of hidden neurons are 221 in the same way computed in section 

(5.2.1.2).  

 
CALCULATING OUTPUT NEURONS  

    There is one neuron used as an output neuron as illustrated in section (5.2.1.3), 

figure (6) shows the layout of the STNN. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (6) _ the layout of STNN 

 
LEARNING STAGE OF THE PTNN AND STNN 

    Once the required system is installed on a target computer, the system needs now to 

learn the neural network to the available users in this system so the weights are saved. 

     Any new registered user in the system, his ID and Password will be taken as 

tradition, the system store the ID, password, user number that is generated by the 

system, and the extracted information from the password at the moment of typing the 

password will be used to learn the neural network, as a result, we can use the neural 

network at log in for registered users. 

    The Back-propagation network undergoes supervised training with a finite number 

of pattern pairs consisting of an input pattern and a desired or targets output pattern. 

An input pattern is presented at the input layer. The neurons here pass the pattern digits 

to the next layer neurons, which are in a hidden layer. The outputs of the hidden layer 

Input Layer 

Neurons 

Hidden Layer 

Neurons 

Output Layer 

Neuron 

ST Input 

vector 

features 

with user 

number 
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neurons are obtained by using perhaps a bias, and also a threshold function with the 

activation determined by the weights and the inputs. These hidden layer outputs 

become inputs to the output neurons, which using possibly a bias and a threshold 

function with their activation to determine the final output from the network. 

 
 

  Learning Algorithm: 

 Let x0(0), x0(l), x0(2), up to x0(111) be the input vector features to the input 

layer.  

 Let y1(0), y1(1), y1(2) up to y1(223) be the input of the hidden layer, which is 

the output of the input layer. 

 Let y2 be the final output value. 

 w1(i ,j ) is the weights connection between input node i and hidden node j 

 w2( i ) is the weights connection between hidden node i and output node 

 x1(1), x1(2), up to x1(111) and x2 is a temporary storage  

 

    As a first step, the system has to initialize all weights with a random number scaled 

between 0 and 1 an d must be not equal to zero. 

   The system has to compute the hidden neurons which is: 

 

 

 

  
 We need a derivative function to ensure that the output will fall in the range 0 to 1; the 

one that is most often used successfully in multilayered perceptrons is the sigmoid 

function, shown in Figure (7). 

 
 So, using the sigmoid function, the hidden layer inputs can be computed from the 

following equation: 
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Fig (7) _ sigmoid function 

 

    For positive values of x, as x increases y approaches 1. Similarly, for negative 

values of x, as the magnitude of x increases y approaches 0. In addition, when x = 0, y 

= 0.5, So the output is continuous between 0 and 1 and is therefore differentiable. 

     

   The temporary output of the hidden layer is computed from the following equation: 

 

 

 

  
    Using the sigmoid function, the final output can be computed from the following 

equation: 

 

 

 

 

 

  

 
    If the actual Neural Network output which is ( y2) is far a way from the desired 

output, we have to go to the next step, which is Weight Adaptation.. 

 

    Use a recursive algorithm starting at the output nodes and working back to the first 

hidden layer Adjust weight by: 

 
     
 

 

 
 Where  

η  : is a gain term 

δ : is an error term for output node which can be computed from the following 

)1(
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equation: 

 

 

 

 

 
  And similarly, d is the desired output of the output node which is 1. 

 

The weight adaptation between input and hidden layer, Equation 5 is used by updating 

w1 using y2,  the equation of δ will be: 

 

 

 

  

 

 
   Where k is the overall nodes in the layer above node j, internal node threshold are 

adapted in a similar manner by assuming they are connection weights on links from 

auxiliary constant valued inputs. 

    Convergence is sometimes faster if a momentum term is added and weight changes 

are smoothed by: 

 

 

 

 

 
Where 0< α < 1 

 
    Note that the weights are updated after each pattern is presented and not after the 

whole training set is presented. The reason why this is done is because the training set 

is probably very large, so that the time taken to train becomes intolerable. This has not 

been shown to be equivalent to minimizing the mean squared error, but is widely 

adopted. 

    The above algorithm is repeated until the neural network is learned. Figure (8) 

shows the flowchart of the learning algorithm. 
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Fig (8) _ the learning process 
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Testing Algorithm: 

 Let x0(0), x0(l), x0(2), up to x0(111) be the input vector features to the input 

layer.  

 Let y1(0), y1(1), y1(2) up to y1(223) be the input of the hidden layer, which is 

the output of the input layer. 

 Let y2 be the final output value. 

 w1(i ,j ) is the weights connection between input node i and hidden node j 

 w2( i ) is the weights connection between hidden node i and output node 

 

   The system has to compute the hidden neurons which is: 

 

 

 

  
    Using the sigmoid function, the hidden layer inputs can be computed from the 

following equation: 

 

 

 

 

 

 

 
         

   The temporary output of the hidden layer is computed from the following equation: 

 

 

 

  

 
    Using the sigmoid function, the final output can be computed from the following 

equation: 

 

 

 

 

 

  

 
    If the output (y2) larger than the threshold value, then the user is allowed to access 

to the system, otherwise the user is denied access to the system. Figure (9) shows the 

flowchart of the testing algorithm. 
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Flowchart (9) _ testing process 

 
EXPERIMENTAL RESULTS  

   I applied two examples on the suggested system, the first example is acceptable one, 

and the second example is rejected by the system, let us consider the user number 12 in 

the system, when the system create an account for that user and the user enters the user 

name and password for the first time, the system extracts these information from the 

password, these information after multiplying the PT and ST information by 2 as 

mentioned before is: 

 

 

 

 

 

 

 

 

 

 

Compute hidden layer  

values ( y1 ) 

 

Input vector for next user 

 

 

Initialize the Weights 

 

Compute actual output  

( y2 ) 

 

Y2> Threshold 

No 
Yes 

Access Allowed Access Denied 

collection 

Password Value  
 

 790, 680, 704, 786, 696, 652, 804, 704, 644, 978 

PT information 
 

304, 378, 254, 518, 420, 382, 388, 512, 418, 420 

ST information 
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    So that, the system will store the weights of the neural network after learning using 

the above information which will be used at login time.   

 
ACCEPTABLE EXAMPLE 

  Assume that a user has the following information registered in the system: 

 

 

 

 

 

 

 

     The user number in the system was 12, so, at the login interface the user will type 

his user name and when switches to the password entering area and starts typing the 

first letter of the password which is letter 'c', the system starts to record two type of 

information which is PT and ST information, as mentioned before, according to the 

speed of that user that he decided using my proposed system, we get the following 

time periods in milliseconds and already multiplied by 2. 

 

 

 

 

 

 

 

 

 

 

 

 

    The user number will be used for both PT and ST information. 

 

    The PTNN input vector features will be extracted from the above information as 

well as the STNN input vector features, Figure (10) and figure (11) shows the final PT 

and ST vectors that will be used as an input to both PTNN and STNN respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

User Name  : beginner 

Password : collection 

706,748, 766, 680, 758, 698, 736,682,664, 980 

PT information 
 

442, 464, 398, 424, 396, 462, 448, 388, 368, 378 

ST information 
 

12 

User Number 
 

1 1011000010 1011101100 1011111110 1010101000 1011110110 1010111010 1011100000 1010101010 1010011000 1111010100 0000001100 

PTNN input  
 

Info1 

Info2 

Info3 

Info4 

Info5 

Info6 

Info7 Info9 

Info10 

User No. 

Bias Info4 Info8 

Info9 
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Fig (10) _ the input vector information for PTNN 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (11) _ the input vector information for STNN 

   

 By applying each input vector to the corresponding neural network,  i.e. by giving 

the PT vector features to the PTNN and ST vector feature to the STNN, we will 

obtain two different outputs each one from a network, these two outputs are: 

 

 

 

 

 

 

 

 

 

    As noted above, the user is authenticated user, so this user is allowed to enter to the 

system. 

 

 

REJECTED EXAMPLE 

  I applied the system on the same previous user: 

 

 

 

 

 

 

 

     The user number in the system was 12, so, the information that extracted from the 

user password at typing time is: 

 

 

 

 

 

 

 

Info1 

Info2 

Info3 

Info4 

Info5 

Info6 

Info7 Info9 

Info10 

User No. 

1 0110111010 0111010000 0110001110 0110101000 0110001100 0111001110 0111000000 0110000100 0101110000 0101111010 0000001100 

STNN input  

 

Bias Info4 Info8 

Info9 

PTNN output :  0.897  which is > 0.7 

STNN output :  0.799 which is > 0.7 

User Name  : beginner 

Password : collection 

918,988, 834, 922, 812, 942, 898,864,890,968 

PT information 
 

788, 846, 738, 372, 358, 298, 324, 896, 842, 880 

ST information 
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    As you noticed, the PT and ST information is quiet different from the original user 

information, that is mean, the user is not authenticated that steals the password and 

tries to log into the system, let him do what he came for. 

 

    The PTNN input vector features will be extracted from the above information as 

well as the STNN input vector features. Figure (12) and figure (13) shows the final PT 

and ST vectors that will be used as an input to both PTNN and STNN respectively 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (12) _ the input vector information for PTNN 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig (13) _ the input vector information for STNN 

 

   By applying each input vector to the corresponding neural network,  i.e. by giving 

the PT vector features to the PTNN and ST vector feature to the STNN, we will 

obtain two different outputs each one from a network, these two outputs are: 

 

 

 

 

 

 

Info1 

Info2 

Info3 

Info4 

Info5 

Info6 

Info7 Info9 

Info10 

User No. 

12 

User Number 
 

1 1110010110 1111011100 1101000010 1110011010 1100101100 1110101110 1110000010 1101100000 1101111010 1111001000 0000001100 

PTNN input  
 

1 1100010100 1101001110 1011100010 0101110100 0101100110 0100101010 0101000100 1110000000 1101001010 1101110000 0000001100 

STNN input  

 

Info1 

Info2 

Info3 

Info4 

Info5 

Info6 

Info7 Info9 

Info10 

User No. 

Bias Info4 Info8 

Info9 

Bias Info4 Info8 

Info9 

PTNN output :  0.531  which is <= 0.7 

STNN output :  0.242 which is <= 0.7 
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    As noted above, the user is not authenticated user, so this user can not login into 

the system, which is the aim of this paper. 

 

 

CONCLUSIONS  

    In this system, I built a strong enough security method for password because all the 

newer systems use the password as the live key for their users and the system is aware 

more than the user for the password security and provision new techniques for 

protection, this is a powerful method for protection, that uses the password value as 

well as the information extracted from the password itself which called PT and ST, if 

the pentrators can guess the password in some how, he can not guess the PT and ST 

information and I can say that it is impossible to guess these information, so, when 

the password is protected, the system is protected. 

 

    By using the Neural Network for password security, it has the main significant 

property which is the acceptable of input within a specific range of error, because the 

extracted information from the user's password at login time is not the same in each 

time the user logs in to the system and can not be so, there is a different in PT and ST 

because the time measured in milliseconds, so the neural network fits our demand in 

this case and it accepts the extracted user information at login time with a suitable 

error. 
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ABSTRACT 

 
The potential to remove Pb(II) from aqueous solutions through biosorption using four raw dead plant biomasses 

(karab, bardie, rice hulls and corn-cobs) was investigated in batch tests and compared with that for the PAC. 

From tests, it was found that the four types of dead-plant biomasses had shown high removal efficiency with the 

descending order (karab, bardie, rice hulls and corn cobs). Their percent removal (% R) of Pb(II) were (98.76, 

96.10, 95.16 and 94.70) respectively at pH 4 with 0.2 g of sorbent/100 ml of 10 ppm lead solution , while it was 

(99.8 %) for PAC. Generally through batch system at a laboratory scale, karab has proved to be an efficient 

biosorbent for the removal of Pb(II) from aqueous solutions with low initial ion concentration (1–10 mg 

Pb(II)/ℓ) at pH (4 - 4.5). The EPA discharge limit (0.1 ppm) for lead was achieved. The biosorption rate is quite 

rapid and within 5 min of mixing more than 90 % of Pb(II) ions were removed by the karab biomass. Varying 

agitation speed has no influence on the rate of uptake and the Pb(II) uptake was not affected by karab particle 

size. The Freundlich and Langmuir isotherms described the data well. According to the evaluation using 

Langmuir equation, the maximum capacity q max obtined from equilibrium biosorption isotherm test was 13.2 

mg/l for pb (II) . The ultimate sorption capacity KF in the Frendlich model was 3.1  . 

 

 الخلاصة

ٍْ  إَٔٚبد إصانخ ٌِ انضمٛهخِ يِ دساسبد  يًب دفغ انؼهًبء ٔانجبحضٍٛ ثئلبيخ يشكهخ ثٛئٛخ سئٛسٛخانًٛبِ انًهٕصخ ثٓب ٔخبطخ انًٛبِ انظُبػٛخ يُٓب, رؼزجشانًؼبد

كٕسبئم لإَزضِاع  حٕٛاَٛخ أٔ َجبرٛخ انًظذس كزم ػضٕٚخ يٛزخ إسزؼًبلنهًشكهخ ْٕ ٔكبٌ يٍ أحذ انحهٕل يُز انضًبَُٛبد حٕل ْزا انًٕضٕع كضٛشح 

ٌِ انضمٛهخبَٕٚبدِ انًؼأ ٌّ ألزظبدٚخ ٚزطهت  انًؼبنجخِ انجٛئٛخِ ٌ نزكٕيٍ انًبء انًهٕس ثٓب, ٔ د َٔ فضلادٚكٌٕ يظذس أ ٍْ انطجٛؼخِ أَ  انكزم انؼضٕٚخَ يِ

إٌ انًؼبنجخ ثطشٚمخ فظم الإَٔٚبد يٍ انًٛبِ ثبنكزم  .برجخ يٍ انًظبَغ أٔ يٍ انُشبطبد انضساػٛخ ٔأٌ ركٌٕ يزٕفشح ثكضشح ٔ يزجذدحػضٕٚخ َ

ٌْ رسُبًكٍ نٓزِ انَٚ انؼضٕٚخ انًٛزخ أخزد رجزة انكضٛش يٍ انؼهًبء ٔانجٓبد انًسؤٔنخ ػٍ حًبٚخ انجٛئخ لأَٓب طشٚمخ ألزظبدٚخ ٔكفٕءح ٔ  فٙ  ْىَ زمُٛخً أَ

 رحَسٍٛ انجٛئخِ.

خهٛظٓب انغشع يٍ  ْزا انجحش ْٕ دساسخ إيكبَٛخ اسزخذاو أجضاء َجبرٛخ يٛزخ ككزم ػضٕٚخ نًؼبنجخ انًٛبِ انحبٔٚخ ػهٗ إَٔٚبد انشطبص انزائجّ ٔر

زظبد٘ انًطهٕة فٙ يؼبنجخ يشكهخ يُٓب ٔيذٖ كفبءح ْزِ انًؼبنجخ ٔخٕاطٓب ٔ دساسخ انششٔط انجٛئٛخ ٔانزشغٛهٛخ لإصانخ أفضم ٔنزحمٛك انغشع الأل

 رهٕس انجٛئخ.

راد أطم َجبرٙ ْٔٙ كشة انُخٛم ٔ انجشد٘ ٔلشٕس انشص )انسجٕط( ٔػشاَٛض انزسح حٛش  أسثغ كزم ػضٕٚخَ يٛزخَ رى اخزٛبس أٔلاً، فٙ ْزا انجحشِ  

ٌِ ث رؼزجش يخهفبد صساػٛخ يب ػذا انجشد٘ ٔرى أخزجبس لبثهٛزٓب لإصانخ إٌٔٚ انشطبص ٔيمبسَزٓب حٛش رجٍٛ يٍ (PAC) بنكبسثٌٕ انًُشّظِ انًطحٕ

 98.76 )ٔإٌ َست الإصانخ انًئٕٚخ نٓب كبَذ كًب ٚهٙ انزجبسة ثأٌ كفبءح الإَٔاع الأسثؼخ يٍ انكزم انؼضٕٚخ انُجبرٛخ انًٛزخ كبَذ ػبنٛخ جذا 

 انًطحٌٕنهكبسثٌٕ انًُشظ  % 99.80َذ ؼشاَٛض انزسِ( ثًُٛب كبن % 94.70مشٕس انشص ٔأخٛشا ن % 95.16, هجشد٘ن % 96.10نهكشة, %

(PAC .)   ثخ نكفبءح ال ٔ يمبس ًً  أػهٗ يٍ انضلاس الأخشٚبدإٌ كفبءح انكشة فٙ إصانخ إٌٔٚ انشطبصPAC نزنك رى انزشكٛض ػهٗ دساسخ كشة ,

 ِٖ   .انُخٛم فٙ انزجبسة الأخش

انًبء انًهٕس ثإَٔٚبد انشطبص انًزاثخ ٔ انًسزخذو فٙ انًؼبنجخ رى  .َفزد انزجبسة يخزجشٚب ثأسزخذاو انذٔاسق انضجبجٛخ ٔ انخلاط انًغُبطٛسٙ

حظهُب ثؼذ انًؼبنجخ ػهٗ لٛى رشاكٛضيزجمٛخ يٍ إٌٔٚ  ػًٕيبً نزش(. \يهغ سطبص 111 -1رحضٛشِ يخزجشٚب  ثزشاكٛض يخففخ ٔيخزهفخ ضًٍ انًذٖ )
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ّ لإٌٔٚ انشطبص فٙ انًبء انز٘ ٚزى رظشٚفّ نلأَٓش حست ٔ حزٗ ألم ثكضٛش يٍ انحذ انًٕطٗ ثّ ٔانًسًٕح ث سبٔٚخانشطبص طغٛشح جذا ي

 (. 0.1ppmكزنك يُظًخ حًبٚخ انجٛئخ انؼبنًٛخ ) انًٕاطفخ انؼشالٛخ ٔ

 

KEYWORDS 

 Heavy metal removal, wastewater treatment, sorption, isotherms, biosorption, agro-wastes, dead- plant 

biomass, agricultural by products.  

 

INTRODUCTION: 

        The world suffers from chemical contamination of water supplies, largely due to uncontrolled 

industrial activity and so a water treatment technique which is able to deal with such pollutants in an 

effective way is very valuable.  

The presence of heavy metal ions in surface and ground water supplies have been prioritized as 

major inorganic contaminants in the environment. It has been established that dissolved metals 

(particularly heavy metals) escaping into the environment pose a serious health hazard. They 

accumulate in living tissues throughout the food chain, which has humans at its top, multiplying the 

danger (Volesky, 1999). Besides, metal resources are non-renewable and natural reserves are becoming 

depleted. It is therefore imperative that those metals considered environmentally hazardous, or which 

are of technological importance, strategic significance or economic value, be removed/recovered at 

their source using appropriate treatment (Atkinson et al., 1998).  

The biosorption appears to be a promising technology that could contribute to improving the 

environment. Biosorption technology, utilizing any natural form of biomass to passively sorb and 

immobilize solubilized heavy metals (Atkinson et al., 1998). Therefore, biosorption can be defined as 

the ability of certain types of inactive, dead biomass to binde and concentrate heavy metals from 

aqueous solutions (even very dilute ones) (Cordero et al., 2004; Ahalya et al., 2004). The use of non-

living biomaterials as metal-binding compounds has been gaining advantage because high levels of 

contamination do not affect them. Moreover, they require minimum care and can be obtained more 

cheaply (Horsfall et al., 2003). Hence, the advantages of biosorption are the low cost, high efficiency of 

heavy metal removal from diluted aqueous solutions and environmentally friendly.  

 
The economics of environmental remediation dictate that the biomass must come from nature, or 

even be a waste material (Vieiral and Voleskey, 2000). Therefore, suitable biomass comes as a waste 

material or by-product from large-scale industrial operations (eg. Use of olive mill residues as heavy 

metal sorbent material) or certain waste from agricultural operations or biological materials that are 

available in large quantities (Nomanbhay and Palanisamy, 2005). 
 

Several studies have shown that non-living plant biomass materials are effective for the removal 

of trace metals from contaminated waters (Horsfall et al., 2003). The unique ability of these plants 

(lignocellulosic biosorbents) to bind metals has been attributed to the presence of various chemical 

functional groups such as carboxyl, hydroxyl, amino, or phenolics, which can attract and sequester 

metal ions from their solutions (ABIA et al., 2002; Shin et al., 2003).  
 

Research on biosorption is revealing that it is sometimes a complex phenomenon where the 

metallic species could be deposited in the solid biosorbent through various sorption processes, such as 

ion exchange, complexation, chelation, microprecipitation, etc. Due to the complexity of the 
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biomaterials used, it is possible that at least some of these mechanisms are acting simultaneously to 

varying degrees, depending on the biosorbent and the solution environment (Jeffers et al.  1991). The 

most probable mechanism may be ion exchange (Han et al., 2000). 

  

Biosorption not only offers an innovative alternative to other remediation approaches, it also 

allows metals recovery. The metal ions can be readily desorbed from the biomass by use of a suitable 

eluting agent. It has been shown in certain cases, at least, that the biomass can be subjected to a number 

of loading and elution cycles without the biomass losing its sorption capacity (Schneider et al., 2001). 

Biosortpion can be carried out as a batch process and/or a continuous process. 

The goal for this research is to develop inexpensive, highly available, effective metal ion sorbent 

from agricultural by-products or agro-wastes as alternative to existing commercial adsorbents. 
 

The work on this project include carrying out different equilibrium sorption tests for finding the 

optimum environmental and operating conditions and sorption isotherm experiments also performed 

using a synthetic single-solute aqueous solutions polluted with Pb(II).  
 

MATERIALS AND METHODS: 

Sorbate: 

 

In the experimental works, the dissolved Pb(II) in aqueous solutions has been selected as the 

sorbate. The selection to this sorbate is based on the following reasons: 

Lead is one of the oldest metals known to human and the most widely use of the toxic heavy metals 

(CWA, 1972). The hazard from lead is aggravated by its widespread distribution as the metal, 

inorganic and organometallic compounds (Manahan, 1999). In addition lead is non-biodegradable, 

persists in the environment and has a tendency for bioaccumulation (Reimann and De Caritat, 1998). 

 

Lead is widely distributed in the environment of Iraq as a result of the use of tetraethyl lead in 

gasoline to control premature ignition (knocking), battery industrial factories, petrochemical industry, 

electroplating, metallurgy, paints, radiation protection equipment, pigments, stabilizer in plastic 

industries, ammunition, cable sheathing and in printing processes. Moreover, the absence of the direct 

control from environmental protection agencies on above industries has increased the size of this 

problem. Thus, it is existed in rain, runoff, soils, dust and industrial and municipal discharges.  

 

The health hazards due to the presence of lead in water are of extreme concern to the public, 

government and industry. Lead is known to have a toxic effect on the neuronal system and on the 

function of brain cells (Baig et. al., 1999). The health hazards due to the toxicity of lead in waters have 

been reported in many journals and emphasize the need to identify effective lead sorption systems. 

 

According to the U.S. EPA standards, the maximum concentration limit for Pb(II) for discharge 

into surface water is 0.1 mg/ℓ and in drinking water is 0.05 mg/ℓ (Nomanbhay and Palanisamy, 2005). 

This limit has been recommended for Iraqi water standards according to the Law No. 25, (1967) 

(Standard Iraqi Pollution Control Regulation for the Preservation of Water Resources from 

Contamination). While for lead in drinking water the maximum acceptable concentration (MAC) 

recommended by (WHO) is 0.01 mg/ℓ (10 μg/ℓ) (Reimann and De Caritat, 1998).  
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Biosorbents used:  

 

-  The old bases of leaves for date palm tree (karab), 

-  Phragmites australis (bardie) a large grass native to wetland sites.  

-  Rice hulls (or rice husks) and 

-  Maize cobs (corn cobs) 

 

PREPARATION OF THE BIOMASS: 

  

The palm Karab was collected from Baghdad, Khastawi type, sun dried and washed with tap 

water then rinsed with distilled deionized water several times and thereafter dried at a temperature of 

105
o
 C in an oven for 24 hours. Following cutting into small pieces then it was ground using a food 

processor (Blender) and screened through a sieve No.40 (ASTM E 11- 81). This was done to remove 

any large particles and to obtain particles of size less than (0.425 mm). This fine biomass was used in 

the batch experiments described below. For preservation, it was kept in plastic bags to minimize its 

contact with humidity. Same procedure was followed for preparing bardie, rice husk and corncobs. 

 

PREPARATION OF SYNTHETIC POLLUTED WATER: 

 

Firstly an aqueous stock solution (1000 mg/l) of Pb(II) ions was prepared using PbNO3 salt 

according to (Standard Methods for the Examination of Water and Wastewater, 1971). Synthetic 

polluted water samples containing definite concentrations of Pb(II) were prepared by diluting stock 

(1000 ppm) solution with distilled water. Fresh dilutions were used for each study. The adjustment of 

lead solution pH at a desired value was done by adding drops of 0.1N HCl or NaOH.  

  

ANALYTICAL MEASUREMENTS: 

 

The polluted water sample and the samples resulted from each treatment were analyzed for Pb(II) 

using atomic absorption spectrometer (AAS). 

 

BATCH TESTS: 

 

A batch technique was used to perform biosorption experiments and to find the optimum 

environmental and operation parameters for biosorption of Pb(II) . 

All experiments were carried out in 250 ml Erlenmyer flasks. In each experiment a solution of (100 ml) 

with known initial lead concentration adjusted to a desired pH value was mixed with a definite amount 

of biosorbent. After that the sample was mixed (stirred) for certain time by using a magnetic stirrer 

until reaching equilibrium condition. The suspension was then filtered with Whatman filter paper and 

the concentration of metal ion in the filtrate was measured by AAS. Then the final metal concentration 

can be recorded as a function of the initial metal concentration and the biomass loading.  

 

 Effects of various parameters such as pH, contact time, stirring speed, amount of biosorbent, initial 

metal concentration and effective biosorbent particle size were studied and details shown in Table 1. 

All experiments were carried out at room temperature (25 ± 2
o
C). 

http://en.wikipedia.org/wiki/Poaceae
http://en.wikipedia.org/wiki/Wetland
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THE BIOREMOVAL EFFICIENCY: 

 

The results were expressed also as the removal efficiency of the biosorbent on Pb(II), which was 

defined as follows (Aslam, M. M., et. al., 2004): 

Removal efficiency (%) = [(Ci – Cf)/Ci ] x 100               

where Ci and Cf are the metal ion concentration in the sample solution before and after treatment, 

respectively. 

 

CALCULATION OF METAL UPTAKE BY BIOMASS: 

The amount of metal ion uptake by the biomass during the series of batch experiments, were 

determined using a mass balance equation which expressed as follows (Hussein et al., 2004): 

 

qe =   (Ci – Cf ) V 

                 S  

where qe is the metal ion uptake capacity (mg of metal ion sorbed/g dry biomass) at equilibrium, Cf is 

the final metal ion concentration in solution (mg of metal ion/ℓ) at equilibrium, Ci is the initial metal 

ion concentration in solution (mg of metal ion/ℓ), V is the volume of initial metal ion solution used (ℓ) 

and S is the mass (dry weight) of biomass used (g). 

 

Table 1: Examined conditions of batch tests. 

Test type 
Test 

No. 

Type of 

biosorbent 

S 

(g of biomass/100ml)  
Initial pH 

Co 

 (mg/ℓ) 

Time of stirring 

(t) 

Particle siz, 

dp (mm) 

Speed 

of 

stirring 

(rpm) 

E
ff

ec
t 

o
f 

p
H

 

1 PAC, 

Karab, 

Bardie, 

Rice hulls, 

Corncobs 

0.2 

(2, 3, 4, 5, 6, 

7, 8.5) for 

each 

sorbent 10 1 h < 0.425 120 

2 4 

E
ff

ec
t 

o
f 

b
io

so
rb

en
t 

am
o

u
n

t 
 

1 

Karab 

(0.05 – 1.0) 

4.5 

10 

1 h < 0.425 120 

2 (0.05 - 1.5) 106.5 

E
ff

ec
t 

o
f 

co
n

ta
ct

 t
im

e 

1 

Karab 

0.2 
4.5 

 

10 (5 min- 4 h) 

< 0.425 120 

2 1 106.5 (5 min- 4 h) 
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E
ff

ec
t 

o
f 

in
it

ia
l 

P
b

(I
I)

 

co
n

ce
n

tr
at

io
n
 &

 b
io

so
rp

ti
o

n
 

is
o

th
er

m
 (

b
y
 c

h
an

g
in

g
 C

i)
 

1 Karab 1 4.5 (1-100) 1h < 0.425 120 

E
ff

ec
t 

o
f 

st
ir

ri
n

g
 

sp
ee

d
 

1 Karab 1 4.5 37 1 h < 0.425 (0-600) 

E
ff

ec
t 

o
f 

p
ar

ti
cl

e 

si
ze

  

1 Karab 0.2 4.5 10 (5 min- 60 min) 

(< 0.426, 

 0.425 - 1.4,  

2.0 - 2.36) 
120 

 

EQUILIBRIUM MODELING: 

 

Biosorption has been studied as simplified sorption systems, usually containing one heavy metal. 

This is an appropriate simplification for effective experimentation. Langmuir and Freundlich are some 

of the simple sorption isotherm models that are most frequently applied. There is no critical reason to 

use a more-complex model if a two-parameter model (such as the Langmuir and Freundlich isotherm 

models) can fit the data reasonably well (Volesky, 2003). 

 

The Langmuir equation has been extensively used for the evaluation and comparison of metal 

uptake capacities of biosorbents. The Langmuir isotherm is based on these assumptions 

(Muraleedharan et al., 1995): 

1. Metal ions are chemically adsorbed at a fixed number of well defined sites; 

2. Each site can hold only one ion; 

3. All sites are energetically equivalent and; 

4. There is no interaction between the ions. 

 

The general form of the Langmuir relationship as follows (Ahalya et al., 2005): 

           

                         qmax b Cf 

                qe =                         

 1 + b Cf 

 

where qe is milligrams of metal bound per gram of biosorbent at equilibrium, Cf is the metal residual 

concentration in solution at equilibrium (mg/l); qmax is the maximum metal uptake corresponding to the 

site saturation (mg/g) and b is constant and is the ratio of adsorption and desorption rates .  

 

The linearised Langmuir isotherm allows the calculation of adsorption capacities and the Langmuir 

costants and is equated by the following equation. 

 

Cf/qe = 1/qmax. b + Cf/qmax 

 

The Freundlich isotherm is represented by the equation (Watts, 1998): 
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q = KF Cf
1/n

 

 

where Cf is the equilibrium concentration (mg/l), q is the amount adsorbed (mg/g) and KF and n are 

constants incorporating all parameters affecting the adsorption capacity and intensity respectively.  

 

The linearised forms of Freundlich adsorption isotherm was used to evaluate the sorption data and is 

represented as: 

 

ln q = ln KF + 1/n ln Cf 

 

Results and Discussions 

 Effect of pH: 

Four types of dead plant biomass (karab, bardie, rice hulls and corncobs) were chosen to examine 

their ability to remove Pb(II) from aqueous solutions under different pH values. Also the PAC was 

used only in this test as a commercial sorbent for comparison. The comparison of the sorption 

performance of the different biosorbents was achieved under the same environmental and operating 

conditions. 

 

The pH profile studies showed that the biosorption of Pb(II) is pH dependent. This effect in pH 

suggests that the binding mechanism for the metal investigated may be an ion-excahange type process. 

The protons of the acid functional groups in the biomass were exchanged with cationic Pb (II) at 

slightly acidic pH. Also, the Pb(II) uptake for the four types of  agro-biomass is very low at a pH of  

2.0, then increasing the pH of the solution from 2 to 4, leads to a rapid increase in the Pb(II) uptake. 

The optimum Pb(II) uptakes occur at pH value 4, with a further increase in pH to about 5 and more, the 

Pb(II) uptake by all of the four agro-biomass decreases due to the hydrolysis and precipitation of lead 

ions, as shown in Fig. 1. It is also notised from the figure that the Pb(II) uptake of PAC is very high at a 

pH of  2.0  .The increasing of the pH of the solution leads to a decrease in Pb(II) uptake . Steel and 

McGhee(1980) stated that the forces holding a molecule against the carbon curface may result from 

chemical bonding or Van  der  Waals attraction .  

Adsorption is greatest at low pH since at low Ph activated carbon is positively charged due to 

adsorption of hydrogen ion , while most colloids and all ionized polar grups on organic molecules are 

negativly charged . 

The pH represents the negative logarithm of protom (H
+
) concentration in aqueous solution , 

different levels of pH reflecting the hydrogen ion concentration , which affect the uptake of metal ions . 

Researchers rported that the decrease in metal uptake capacity for the biosorbents at lower pH values    

(≤ 2) can be attributed to the presence of  H
+
  ions in high concentration and compete with cations for 

the binding sites. While others stated that at the lower the pH value the highel the proton concentration 

in the solution and the surface of the sorbent would bclosely associated with hydronium ions (H3O
+
) 

which hinder the access of heavymetel ions (i.e.cations) , by repulsive forces , to the surface functional 

groups of biomass , consequently decreasing the percentage of metl big removal conversely , the 

increase in biosorption as pH  increases can be explained  on the basis of a decrease in competition 

between protons and dissolved metal ions for the surface sites and by the decrease in positive surface 

charges which results in a lower coulobic repultion of the cations (Tilaki and Ali , 2003 cossich et al 

2002).  
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From Figure 2, it can be seen that the high percent removal values were obtained at pH 4 by the 

four agro-biomasses used with the order as shown in bar chart. The karab has the higher ability 

followed by bardie, rice hulls and corncobs consequently. The removal efficiency with karab was 

(98.76 %) which gave the lower remaining concentration for Pb (II) in solution sample and it is 

comparable to that for the commercial sorbent PAC. Therefore, the karab biomass was selected as our 

objective biosorbent to study in more detailes. Besides, no further researches have been done on the use 

of Karab as agro-biomass sorbent for heavy metal ions removal. 

 

 

Fig 1 The pH profile for Pb(II) uptake for Ci = 10 ppm, by 2 g/1 at 120 rpm with equilibrium time of 1 h. 

 

Test 2

98.7699.80 96.10 95.16 94.70

0

20

40

60

80

100

PAC Karab Bardie Rice hulls Corncobs

Sorbent type

R
e

m
o

v
a

l 
(%

)

 

Fig 2 Effect of sorbent type on percent removal of lead ion.  

Effect of biomass quantity on Pb(II) uptake by karab: 

Effect of karab dosage on biosorption process was carefully studied through doing two tests with 

varied karab dosages, started with 0.05 to 1.5 g of karab/100 ml lead solution of two varied initial 

concentrations 10 and 106.5 ppm and keeping pH, agitation speed and contact time constant. The 

results have been plotted on arithmetic papers as shown in Figure 3 and 4 respectively.  

It can be seen in Fig. 3 that the increase in the biomass concentration leads to decrease the metal 

ion uptake, this attributed to the responsibility of metal ion concentration shortage in solution.  
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Fig3 Effect of karab dosage on Pb(II) uptake at various initial concentrations. 

 

While, Figure 4 demonstrates that the metal bioremoval efficiency increases with increasing 

biosorbent dosage up to a certain value. Hence, the optimum sorbent amount required for cost-effective 

treatment can be well noticed from Fig. 4, where at 10 ppm the maximum percent removal for Pb(II) 

was about 96.63 % at the karab dosage of 0.2 g/100 ml. While at 106.5 ppm the maximum percent 

removal for Pb(II) was about 93.15 % at 1g/100 ml karab dosage. 
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Fig4 Effect of karab dosage on lead percent removal from aqueous solutions of two different    initial 

concentrations of Pb(II). 

Biosorption kinetics: 

 

The rate of Pb(II) uptake by karab biomass was investigated, in order to assess the required 

contact time between the biosorbent and the polluted water to reach an equilibrium state between the 

dissolved and solid-bound sorbate (lead ions). 
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From Figure 5 and 6, one can notice how rapidly the biosorption process happens; more than 90% 

of the equilibrium sorption has occurred within 5 minutes of exposure and remains relatively constant 

thereafter. This is explained by that, the initial rapid sorption of Pb(II) is due to ion exchange with 

surface cations on the biomass, while the later slow sorption of lead(II) represents a gradual uptake of 

cation exchange at the inner surface. 

 

Generally, the equilibrium is attained at less than 30 min. After one hour Pb(II) concentration was 

found to be time invariant in all tests. Thus, one hour contact time was more sufficient to approach 

equilibrium. This result is important, as equilibrium time is one of the important parameters for an 

economical wastewater treatment system. 
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        Fig 5 Rate of percent removal of Pb(II) Figure 6 Rate of percent removal of Pb(II) 

                   by karab biomass for [Ci = 10 ppm].               by karab biomass for [Ci = 106.5 ppm]. 

                    

Effect of initial concentration of Pb(II): 
 

The initial concentration of the metal ion is a significant factor to be considered for effective 

biosorption. 

The Pb(II) percent removal from solutions within the low concentration range (1-100 ppm) is 

shown in Fig. 7, the Pb(II) uptake percentage for 1 g karab biomass/100 ml is considered high and 

approximately in the range of (95 – 99 %).  

 

 

 

 

 
 

Figure (6) The final concentrations of Pb(II) at equilibrium 
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Fig 7 Percent removal of Pb(II) by karab biomass from solutions        

                                               of various initial concentrations. 

 

Also, it can be seen in Fig. 8, the final lead concentrations (Cf) for lower concentrations range (1-

10 ppm) are within the allowable limit of wastewater discharge (0.1 ppm) for Pb(II). Moreover, some 

results are within the limit of drinking water (0.05 ppm) for Pb(II). Thus, results have encouraged us to 

continue the tests with column system. 
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Fig 8 The final concentrations of Pb(II) at equilibrium. 

 

- Effect of stirring (mixing) speed: 

 

The effect of stirring (mixing) the biosorbent/sorbate system on Pb(II) removal efficiency by 

karab was studied by varying the speed of mixing from 0 (with no-mixing as a control for comparison) 

to 600 rpm, while keeping the dose of biosorbent, the contact time and optimum pH as constants. 

 

It can be seen in Fig. 9, the Pb(II) bioremoval efficiency has increased with samples mixed at 

different speeds over the non-mixed samples of the karab/lead solution system. The Pb(II) removal 

efficiency increased from (21.62 %)  for the sample without mixing to (96.5 %) for the sample mixed 

with 100 rpm. Then increasing the mixing speed from 100 rpm to 600 rpm there is no effect observed 

on Pb(II) removal efficiency and the biosorption capacity for karab remained constant with speed 

increase as shown in Fig. 10. Thus, results indicate that the contact between the karab biomass and lead 

solution is effective even at low mixing speed (100-120 rpm).   
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Fig 9 Effect of mixing speed on Pb(II)          Fig 10 Effect of mixing speed on Pb(II)  

                         percent removal by karab.                                uptake for karab. 

 

 

Influence of biosorbent particle size on lead biosorption: 

 

From Figure 11(a), one can notice that the effect of karab particle size on Pb(II) uptake is 

negligible and can not be recognized easily. This small effect has been shown better in Fig. 11(b), after 

changing the scale of y-axis of Fig. 11(a). From this figure, it can be seen that the karab particle size 

has little influence on the capacity and rate of Pb(II) biosorption. 

 

 
(a) (b) 

 

Fig 11 Pb(II) uptake related to time for various karab particle sizes. 

 

 Sorption equilibria studies: 

 

The experimental results were analyzed in terms of two adsorption isotherm equations, the 

Langmuir and Freundlich isotherms. These two models were used to adjust (fit) the experimental data 

obtained for biosorption of Pb(II) from the synthetic lead solution by karab biomass. The parameters of 
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the two models, the ultimate sorption capacity (KF) and the sorption intensity (n) in the Freundlich 

model as well as the maximum uptake capacity (qmax) and the equilibrium constant (b) in the Langmuir 

model were calculated using the linear regression analysis of the experimental data. Also, the 

correlation coefficient (R
2
) for each model and experiments was calculated.The Langmuir capacity 

(qmax ) is the maximum specific uptake corresponding to the site saturation . qmax  is used to compare the 

effeciency of  the adsorbent (karap biomass) with other materials ,which have been tested as biosorbent 

for Pb(II) .the magnitude of  KF  and n is used to compare easy seperation of heavy metal ion from 

wastewater and high adsorption capacity of karab biomass with other materials. 

KF is the Freundlich capacity factor for various compounds is extremely wide .Because of the 

wide variatoin the Freundlich capacity factor must be detrmined for each compound (Metcalf and eddy 

,2003) .    

Table 2 Summary of Freundlich and Langmuir equilibrium biosorption isotherms results. 

Exp.  

No. 
pH 

S                                    

(g of 

karab/100 ml 

lead solution) 

t 

(h) 

Co 

(mg/ℓ) 

Linear Freundlich 

isotherm constants 

Linear Langmuir 

isotherm parameters 

KF 1/n n R^2 
qmax 

(mg/g) 

b 

(ℓ/mg) 
R^2 

1 4 1.0 1 1 - 100 3.1 0.759 1.32 0.9732 13.2 0.4 0.9331 

 

The correlation coefficient (R2) of both models, were mostly greater than 0.9 (close to one). The 

values of correlation coefficients (R2) indicated a strong positive relationship between the data and the 

linear equations of Langmuir and Freundlich as shown in Fig. 12 and 13 respectively. Also, that both 

models adequately describe the experimental data of the biosorption of these metals but Freundlich 

model fits experimental data better than Langmuir one as shown in Fig. 14.  

 

According to Ahalya et al., (2005), n values between 1 and 10 represent beneficial adsorption. 

Hence, the value of n, which is related to the distribution of bonded ions on the sorbent surface, is 

found to be greater than unity for karab, indicating that adsorption of Pb(II) is favourable for karab 

biomass. 

 

 

 

 

 
 

 

 

 

 

 

Fig 12 Langmuir adsorption isotherm for Pb(II) biosorption by karab,  

for [Ci = 1-100ppm] and at optimum conditions. 
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Fig 13 Freundlich adsorption isotherm for Pb(II) biosorption by karab,  

for [Ci = 1- 100 ppm] and at optimum conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig14 Equilibrium biosorption isotherms for Ci = 1-100 ppm. 

Conclusion 

Human populations need methods and technologies to clean waters and diminish the environmental 

dangers related to technological progress. Biosorption can be one such solution to clean up heavy metal 

contamination. The ability of the karab biomass to remove Pb(II) from synthetic aqueous solution with 

a single solute has been found higher than the ability for the other three biomasses “bardie, rice hulls 

and corncobs”, and as good as that for PAC. The karab biomass was used as an inactivated natural dead 

plant biomass. It is a lignocellulosic material. It is an agro-waste or agricultural by-product has 

negligible cost (cheap material) and has also proved to be an efficient biosorbent for the removal of 

Pb(II) ions from a synthetic aqueous solutions with low concentrations (1-100 mg of Pb(II)/L) in a 

laboratory scale. So its utilizing in industrial wastewater treatment plants would be convenient to 

provide economic metal decontamination of large amounts of wastewaters of low concentrations waste 

streams.  
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ABSTRACT: 

Activated carbon has been used as an adsorbent in this work to remove mercury from aqueous 

solutions. The aim of the work is to test how best activated carbon can be used as an adsorbent for 

mercury. Equilibrium isotherms, both, Dubinin-Redushkevich, and Temkin have been test. The batch 

experiments were conducted at room temperature (30
o
C) and at the normal pH (7.0±0.1) of the 

solution. HYBRID fraction error function analysis shows that the best-fit for the adsorption 

equilibrium data is represented by (D-R) model rather than Temkin model. Its found that the correction 

factor (R
2
) for (D-R) is 0.9928 while for Temkin model is 0.942, also the HYBRID fractional error 

was conducted for the both models and (D-R) model give minimum value of (0.0128) while it was 

(0.129) for Temkin.  

 

 الخلاصة :
 Temkinيقيدٌر   Dubinin-Redushkevichلفرعلٌر  قريدٌلٌر اٌريرٌٌر  قرر قيدٌر  ٌهدف البحث الى اجراا  القاراةر  

القتاطعر  يرً داجر  حرااا  اقتزاز الزئبق يقر القحلي  القرئً برستخدام الكرابير القةشط . يقد ترم اجراا  التجررا  ليصف عقلٌ  
R( يقد يجد ار قعرق  التصحٌح )pH=7يقٌق  ) 303

( بٌةقر كرةت الاٌق  للقيدٌ  الثررةً 0.9928( للقيدٌ  الاٌريً الاي  ٌسريي )2
( بٌةقررر 0.0128( الاةحاايررً للخطررج ييجررد ار قٌقتررل للقيدٌرر  الاي  ٌسررريي )HYBRID( كرركلت تررم تطبٌررق قعٌرررا )0.942تسررريي )

 ( .0.129للقيدٌ  الثرةً )
 

KEYWORDS 
Adsorption, Mercury, Wastewater treatment, Isotherms, Kinetics. 

 

INTRODUCTION: 

Mercury has been chosen in this work for experimentation. Among several methods for the 

removal of heavy metal from solutions (precipitation, evaporation, electroplating, ion exchange and 

membrane separation). Adsorption onto activated carbon proves to be an efficient and cost effective 

method. In the present study, adsorption of mercury on AC has been studied at the normal pH 

(7.0±0.1) of the solution and at room temperature (30
o
C). Number of works on the removal of mercury 

using activated carbon had been reported(both Redad and Ruble),In addition to find the adsorption 

capacity of activated carbon for mercury,also to test the validity of batch experimental data to various 

two parameters adsorption isotherm models such as Dubinin-Redushkevich, and Temkin models. 
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Dubinin-Redushkevich (D-R) Model 

This adsorption isotherm(Dubinin-Redushkevich) is given as: 

 

)Beexp(qq 2

me    ……. (1) 

 

Where qm (mol/g) is the theoretical monolayer saturation capacity of the adsorbent and e (known as 

Polanyi potential) is given as: 

 

 )
C

1
1(InRTe

e

   ………. (2) 

 

The constant B (mol
2
/J

2
) given by the following equation, the mean free energy E (J/mol) of 

adsorption per molecule of adsorbate, when it is transferred to the surface of solid from infinity in the 

solution, is: 

 

 
B2

1
E    ……. (3) 

 

The linear from of D-R equation is: 

 

In qe = In qm – Be
2
   ……. (4) 

 

 

 

 

Temkin Model:  

The Temkin adsorption isotherm is expressed as: 

 

)CK(In
b

RT
q eTe    ……. (5) 

 

The linearized form of the above equation is: 

 

qe = B1 In KT – B1 In Ce  ……. (6) 

 

Where B1=RT/b; R is the universal gas constant (8.314J/mol K) and T is the absolute temperature 

(K)(Temkin). 

 

EXPERIMENTAL: 

Materials and Methods 

The chemical used were mercury (II) chloride (Merck), and activated carbon (Merck). 

Specifications of activated carbon are given in table 1. The surface area of AC used is 1250 m
2
/g and 

the Hg(II) was determined by using spectrophotometer (HITACHI 2000). 

 

Adsorption Experiments 

100mL solutions of 50 mg/L Hg(II) concentration each were treated with 20, 40, 60, 80, 100, 

120, 140, 160, and 180 mg of AC, respectively, and equilibrated for a period of 24h at room 

temperature and at a pH of 7.0±0.1 of the solution in an orbital flask shaker.  
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The solutions were then filtered and the residual Hg(II) concentrations determined 

spectrophotometrically.  

 

Table 1: Specifications of activated carbon 

Specifications Value 

Porosity 70-80% 

Cation Exchange Capacity 0.71 meq/g 

Surface Area 1250 m
2
/g 

Average Particle Size 250 μm 

Particle Density 0.887 g/cm
3
 

 

 

RESULTS AND DISCUSSION  

Experimental data (Table 2) on equilibrium studies for the adsorption of Hg(II) on AC were 

tested to fit the various two-parameter adsorption isotherm models.  

 

Table 2: Batch experimental data for the Adsorption of Hg(II) on AC, at normal pH and at room 

temperature (30
o
c) 

Equilibrium Studies 

Activated Carbon 

qe (mg/g) Ce (mg/L) 

57.33 32.8 

46.10 22.4 

39.78 14.2 

33.17 10.2 

28.33 7.5 

24.50 5.9 

21.67 4.5 

18.60 3.5 

15.87 2.4 

12.20 1.3 

 

Linearized forms of the (D-R) and Temkin adsorption isotherms, the values of parameters 

involved and the correction correlations are given in Table 3. 

 

Table 3: Two-parameters adsorption isotherm models and parameter values of the isotherms for 

the adsorption of Hg(II) on activated carbon at normal pH of the solution and at room 

temperature (30
o
C) 

Model 
Linearized  

Equation 

Parameters values  

for the adsorption  

of HG(II) 

Dubinin- 

Resushkevich 

(D-R) 

Inqe=Inqm–Be
2
 

B=4x10
-9

; 

qm=1.59x10
-3

; 

E=11180;R
2
=0.9928 

Temkin qe=B1InKT+B1InCe 
KT=1.23;B1=13.951; 

R
2
=0.942 
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A plot of qe versus e
2
 should yield straight line. This plot for the present experimental data is 

shown in Fig. 1. the fits are good in the present study (R
2
 = 0.9955 for AC). 

 

 

 

 

 

 

 

 

 

 

Fig (1): Dubinin-Redushkevich plots 

Temkin isotherm takes in to account the adsorbing species-adsorbent interactions. A plot of qe 

versus In Ce yields a straight line   (Fig. 2) from which the isotherm constants B1 and KT (L/mg) can be 

determined, KT is the equilibrium binding constant corresponding to the maximum binding energy and 

constant B1 is related to the heat of adsorption. 

 

 

 

 

 

 

 

 

 

 

Fig (2): Temkin plots 

 

BEST-FITTING ISOTHERM MODEL: 

Both the isotherms studied in this work are in their linearized form. Due to the inherent bias 

resulting from linearization, to find of the best-fit isotherm model to the experimental equilibrium data, 

the hybrid fractional error function of non-linear regression is employed, as it compensates for low 

concentrations by balancing absolute deviation against fractional error and is more reliable than other 

error functions. The hybrid error is given as: 

 





 i

e

ee ]
exp.q

calc.qexp.q
[

pN

100
HYBRID  …. (7) 

 

Where N is the number of data points and p is the number of parameters in the isotherm model. 

The hybrid error is lowest for (D-R) model for adsorption on AC (0.0128) and for Temkin model was 

(0.129) and hence the best-fit is the (D-R) adsorption isotherm. 

 

CONCLUSIONS: 

The present study shows that activated carbon, follows the adsorption isotherm models tested; 

Dubinin-Redushkevich, and Temkin. However, the best-fit isotherm is the (D-R) model isotherm, as 

determined by hybrid fractional error analysis, also it clear that the values of R
2
 for the (D-R) model 

are better for the Temkin model.  
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ABSTRACT 

 

Electrically heated horizontal cylinders of diameters 2.15cm,3cm, and 3.8cm were vibrated 

vertically in stagnant air at a frequency (10,15,20Hz) and amplitude range from (0.0005m) to 

(.0076m). The effect of different parameters on the heat transfer ratio (hv/ho) was investigated from 

its outer surface. It is concluded that, heat transfer ratio increases at high frequency and small 

diameter. Vibration Reynolds number has good effects on heat transfer ratio. (Gr.Pr) has bad 

indication on heat transfer ratio at high temperature difference (high heat flow). The vibration 

intensity also has good influence on heat transfer.          

 

 الخلاصة 

 

سن تهتش اهتشاسا عوىدٌا فً هىاء ساكي  012و  013و 1122اسطىاًاث أفقٍت  هسخٌت كهزبائٍا باقطار  

م(1 تن دراست تأثٍز العىاهل الوختلفت 3133.0م( إلى )313332(هزتش و بسعت تتزاوح بٍي )13و22و23بتزدد )

ٌتج باى ًسبت اًتقال الحزارة تشداد هع التزدد وقذ است هي سطحها الخارج1ً  (hv/ho)على ًسبت اًتقال الحزارة  

العالً والقطز الصغٍز1 وعذدرٌٌىلذ الاهتشاسي له تأثٍز جٍذ على ًسبت اًتقال الحزارة فً حٍي إى عذد 

(Gr.Pr)   لهن تأثٍز ضعٍف على ًسبت اًتقال الحزارة هي الاسطىاًاث الوهتشة عٌذ فزق درجاث الحزارة

 (1 كذلك وجذ باى كثافت الاهتشاس لها ـاثٍز جٍذ على اًتقال الحزارة1الىاطئ )اًتقال حزارة هٌخفض

 

 

KEY WORDS 

Influence of Vertical Vibration, Heat Transfer From Horizontal Cylinders, Heat Transfer 

Coefficient 
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INTRODUCTION 

 

 Heat transfer by free convection from engineering machineries can be increased 

by several methods. One of these methods is to create a relative motion between the heat 

surface and the surrounding fluid medium. This can be done by mechanical vibration, 

sound and fluid fluctuating methods. 

 One of the earliest investigations of the vibration effect on heat transfer was done 

by (Martinelli and Boelter 1938) . They studied the effect of vibrations upon the heat 

transfer from a horizontal tube immersed in the water. (Penny and Jefferson 1966). 

Studied the heat transfer from an oscillating wire. The influence of vertical mechanical 

vibrations on a free convection heat transfer from a large horizontal cylinder has been 

studied by (Fand and Keye 1971). ( Armarly and Madson 1973) studied heat transfer 

from oscillating horizontal wire. (Dawood and Mathotra 1980) studied heat transfer 

from horizontal cylinders vibrated in air and they found that heat transfer is increased up 

to two and half times. Heat transfer from finned horizontal cylinders, that vibrated 

vertically was studied by (Yacoab and Sabieh 1997). In this study the increase in 

vibration heat transfer coefficient to free heat transfer coefficient recorded to be about 

(1.16). (Makki Al-Uboydi 2001) in his thesis studied a wide range of vibration effects on 

the heat transfer from horizontal cylinders. 

 In this study the effects of vibration parameters on the heat transfer coefficient are 

investigated. 

                

EXPERIMENTAL APPARATUS 

 

 The experimental apparatus consists of the following:- 

1- Testing cylinder: which is used as a heated vibrated horizontal cylinder made of aluminum 

with outside diameters of (0.0215m, 0.03m, and 0.038m), with a heating length of 0.38m. 

This cylinder is heated by an electric heater passing through its core. The electric heater 

consists of resistance coil with voltage variance and current ammeter. Five thermocouples 

nodes are fixed on the cylinder outer surface to measure the temperatures at different places 

on the cylinder. 

2- Rigid frame: The cylinder is fixed on a heavy rigid frame . this frame is fixed on a table 

with plastic fixtures to absorb the vibration from the frame. 

3- Vibration instruments: The vibration instruments that used in the vibration generation and 

measurements are 

a) Piezoelectric accelerometer 

b) Vibration exciter 

c) Power amplifier 

d) Vibration meter with filter 

e) Functional generator 

f) Oscilloscope 

The process of measuring is done as follows: 

1- Heating the cylinder and measuring this value of heat flow by IVQ  . This quantity of heat 

generation due to electric current passage is equal to the heat transfer from the outer surface 

of the cylinder 

2- When the study state was reached temperature is measured with no vibration. 

3- The vibration exciter is operated with some frequency and amplitude values, to vibrate the 

cylinder. 

4- When the steady state is reached the measurements are done and recorded from the 

instruments . 
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5- These previous four steps are repeated with different values of heat transfer, amplitudes, 

frequency and with different cylinder of different diameters.  

 

     

THEORY 

    

 The heat generated electrically in the cylinder is transferred to the ambient by radiation and 

convection due to the temperature difference between the cylinder surface and the ambient.  

 cr QQQ                                                                                                                             (1) 

 

where Q=heat generated in the coil [W] 

  Qr=heat transfer by radiation [W] 

 Qc=heat transfer by convection [W] 

The heat transfer by radiation can be calculated from the following equation  

 

 )( 44

asr TTAQ                                                                                                                 (2) 

 

Where A=surface area [m
2
] 

 = the emissivity  (taken as 0.9) 

=Stefan Boltizmann constant= ]/[1067.5 428 KmW    

Ts= surface temperature [K] 

Ta= ambient area temperature [K] 

Then; 

 

   rc QQQ                                                                                                                                      (3) 

 

The value of heat transfer by convection can be calculated from  eq.(3). The heat transfer by 

convection can be represented as: 

 

 )( asc TTAhQ                                                                                                                     (4) 

hence  

           
 as

c

TTA

Q
h


                                                                                                                         (5) 

 

where h=coefficient of heat transfer by convection [W/m
2
.K]            

The dimensionless number Nu (Nussult Number) if function of coefficient of heat transfer by 

convection and is represented by: 

 

  
k

hd
Nu                                                                                                                                  (6) 

 

where d is the diameter of the cylinder in meter and k is the thermal conductivity of the fluid(air).  

For free convection (with no vibration or any other effects on the heat flow) from the horizontal 

cylinder Nu is a function of (Gr.Pr). 

 

 Pr).(GrfNu                                                                                                                        (7) 
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Where Gr= Grashof number and Pr=Prandtl number, and h in free convection can be denoted as ho. 

For force convection under the effect of vibration only the heat transfer coefficient is a function of 

many parameters as illustrated in following equation. 

 

 ),,,,,,,,,( kTTlCpafdfh asv                                                                                         (8) 

 

Where f=frequency, a=amplitude, = viscosity, =density, Cp=specific heat, and l= length.  

 From eq(8) the relation can be rewritten by dimension less form that: 

 

 )Pr,,(Re
2d

al
fNu vv                                                                                                             (9) 

Where   


afd
v

2
Re   

 

 and the relation between the vibration heat transfer coefficient and the free heat transfer coefficient  

can be written as 

 

 )Pr,,RePr),.((

)Pr,,(Re

Pr).(
2

2

d

al
Grf

d

al
f

Grf

Nu

Nu

h

h
v

v

v

o

v                                                        (10) 

 

RESULT AND DISCUSSION 

 

 The different parameters were taken in consideration to study its effect on heat transfer by 

convection from a horizontal vibrated cylinder in air. 

a- Effect of vibration intensity 

The vibration intensity is defined as the product of vibration amplitude by a frequency (a.f) with 

a unit of [m/sec]. 

Fig(1) to Fig(3) show the effect of the vibration intensity on the ratio of heat convection with 

vibration to the free convection (convection ratio=( )/ ov hh )with different values  of heat transfer 

(Q). The trend of the behavior of the increase in convection ratio is  same, but its values affected by 

the frequency. The convection ratio increases with the increases of frequency. These figures show 

that as the heat transfer value is increased the convection ratio will decreases. This means that as the 

temperature difference is raises the free convection is increases and so the convection ratio 

decreases. 

 

b- Effect of vibration Reynolds number  

The effects of Rev on the convection ratio for different heat transfer values (Q) and for different 

diameter and frequency values are illustrated in Figs (4(a,c,e)-6(a,c,e)). It is shown that with 

increase of Rev , the convection ratio also increased. The frequency has the positive effect on the 

convection ratio. This effect increase with low heat transfer(low temperature difference), because at 

this case the effect of temperature difference is decreases so the increase in heat transfer is due to 

frequency. 

 

c- Effects of (Gr.Pr) 

To study the effect of the free convection terms (Gr.Pr) on the convection ratio, the relation 

between (Gr.Pr) and (hv/ho) was also drown on Figs(5(b,d,f)-7(b,d,f)). It was shown from these figs 

that as heat transfer increase the term (Gr.Pr) is also increased and the convection ratio decreased 

and becomes about unity at high heat transfer. As the temperature difference is increased the 

buoyancy is increased and so the free convection term (Gr. Pr) effect is also increased.        
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      The trend of the behavior is same for all values of (Q) with change in frequency and diameter. 

  

d- Effect of the diameter of the shaft 

It is shown from Fig(6(a,c,e)) that the effect of the diameter has indication on the convection 

ratio at high frequency, because at high frequency the free boundary layer may damaged and the 

heat transfer becomes in the region of turbulent force convection. These effects are inversely 

influence by the heat transfer by free convection as indicated with the (Gr.Pr) effects on the 

convection ratio, Figs(7(b,d,f)). It is shown at low frequency and large diameter, the convection 

ratio becomes high, Fig(7,a). 

 

e- Effects of frequency  

The effect of frequency on convection ratio is indicated in fig(8). The convection ratio is 

increases with increase of (Rev), Fig(8,a,c,e). the convection ratio decreased with  increasing of 

(Gr.Pr) and frequency, fig(8,b,d,f). The term (Rev) indicates the inertia force effect, and this will 

increase the convection ratio. The term (Gr. Pr) indicates the buoyancy force effect, and this will 

decrease the convection ratio.       

 

CONCLUSIONS 
 

 It is concluded that heat transfer has been affected by the vibration. The heat transfer 

increases greatly  at high frequency and small diameter. The convection ratio is decreased with the 

increasing of the temperature difference(high heat transfer). 

 The vibration Reynolds number has good effects on the heat transfer from the cylinder. The 

free convection term (Gr.Pr) has bad effect on the vibration heat transfer. 

 This study can be expanded to include other shapes to study the vibration effects on the heat 

transfer from it.                  
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LIST OF SYMBOLS: 

 

A Area     m
2 

Nuv Vibration Nusslt number 

a Amplitude    m Pr Prandtl number 

Cp Specific heat   kJ/kgK Q Heat transfer W 

d Diameter of cylinder   m Qc Convection heat transfer W 

f Frequency   Hz  Qr Radiation heat transfer  W 
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Fig(1) The Effect of Vibration density on Heat Transfer Coefficient for Different frequency  

                                                   and Heat Flux At d=0.021m 

 

Fig(2) The Effect Of Vibration Density on heat Transfer Coefficient for Different Frequancy 

And Heat Flux at d=0.03m 
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Fig(3)The effect Of Vibration Density on Heat Transfer Coefficient for Different Frequency 

and Heat Flux at d=0.038m 
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Fig(4) The Effect Of Rev, and (Gr, Pr) on Vibration heat Transfer Coefficient at d=0.021m for 

Different Frequency 

Fig(5) The Effect Of Rev, and (Gr, Pr) on Vibration heat Transfer Coefficient at d=0.030m for 

Different Frequency  
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Fig(6) The Effect Of Rev, and (Gr, Pr) on Vibration heat Transfer Coefficient at d=0.038m for 

Different Frequency 
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Fig(7) The Relation Between (Rev), (Gr, Pr) and The (hv/ho) for Different Frequency at  

                                             d=0.021m for different Heat Transfer 
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Fig(8) The Relation Between (Rev), (Gr, Pr) and The (hv/ho) for Different Diameters at 

Different Frequency and Heat Transfer 
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ABSTRACT 

      This paper presents a study of the geometrically non-linear vibrations of  

clamped circular plates  with variable thickness by taking the effect of large 

amplitude motion. The maximum thickness is considered to be at the plate 

center and it is taken to be twice the value of thickness at the edge. The 

problem is solved by the numerical iteration procedure to obtain the results of 

vibration amplitudes up to twice the maximum plate thickness. The results are 

presented for the first two modes of vibration.  The obtained results indicate 

that increasing the ratio of thickness has the effect of increasing the nonlinear 

frequency and modify the corresponding mode shape. 
 

 الخلاصة
فً هز انبحث حًج دساست  الإ هخضاصاث انلا خطٍت نصفٍحت دائشٌت يحكًت الإسُاد عهى انًحٍظ ، راث سًك 

يخغٍش ورنك بأخز حأثٍش انسعت انعانٍت عهى الأهخضاص . نقذ حى إعخباس أقصى سًك عُذ يشكض انصفٍحت ويساوٌا 

عذدي  نهحصول عهى انُخائج ورنك بأعخباس  أٌ الأصاحت نضعف انسًك عُذ انحافت . نقذ حى إسخخذاو طشٌقت انخكشاس ان

يسوٌت نضعف انسًك الأقصى ، وأخزث انُخائج نهُسقٍٍ الأونٍٍٍ فقظ .نقذ بٍُج انُخائج أٌ صٌادة َسبت انسًك ) 

 أقصى سًك انى انسًك عُذ انحافت ( ٌضٌذ يٍ قًٍت انزبزبت انلاخطٍت وٌؤثش عهى شكم انًوجت انخابعت نهُسق .

 

KEYWORDS: Non-Linear Vibration, Circular Plate, Variable Thickness, Large 

Amplitudes 

 

INTRODUCTION 

     Thin plates are used in various modern engineering problems and they  are often 

subjected to severe dynamic loading. In some cases this may result in large amplitudes 

vibration which leads to a behavior different from that predicted by the classical linear 

theory. Thus it is necessary to include the geometrical  non-linearity. In the literature, 

the Von Ka‟rma‟n relations is the most widely used. The governing equations are 

coupled non-linear partial differential equations of motion. Also no general and 

symmetric approach  to nonlinear problems is available which allows all or most of the 

various non-linear effects to be described in a unified manner  (Benamar 1990). 

In the study of geometrically non-linear axi-symmetric vibrations of clamped 

circular plates, the common approach has been to use an assumed space or time mode. 

The different methods of solution used in the literature related to the subject of  interest 
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have been presented in (Benamar 1991). In the very recent works, the finite element 

method has been applied to study the nonlinear vibrations of hinged orthotropic circular 

plates with a concentric rigid mass using Von Ka‟rma‟n equations (Huang 1998)  and 

geometrically nonlinear free vibrations of polar orthotropic circular plates with various 

boundary conditions, using the three-dimensional elasticity theory with all of the non-

linear terms retained in the strain expressions (liu 1996). If the single mode approach is 

used, this approach is not completely useful for studying the geometrically non-linear 

vibration of thin structures, therefore multimode analyses are used. 

In the present paper the nonlinear vibration of a clamped circular plate with linearly 

varied thickness is studied taking both the in-plane  and  the transverse motions into 

account. The method of solution depends  on the explicit approach. This approach is 

based on the linearization of the set of algebraic equations in the neighbourhood of each 

resonance. 

 

MATHEMATICAL ANALYSIS  

      The plate is considered to have a radius R and variable thickness h clamped along 

its edge. The variation of the plate thickness is assumed as linear. The origin of the 

coordinate system is taken at the center of the plate, as shown in Fig. 1. 

 

       The plate is assumed to be elastic with homogeneous isotropic mechanical 

properties. For circular plate having large amplitude vibrations, the strains are given by  

the following equation  (Hung, 1971) : 
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Fig. 1: Plate and Coordinate Notation 

 

In large amplitude vibration, the strain energy is the sum of strain energy due to bending 

and the strain energy due to membrane, that is: 
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the bending strain energy of the clamped circular plate with axi-symmetric vibrations is  

(Haterbouch 2003) : 
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where, D=Eh
3
/ 12(1-ν

2
). The membrane strain energy of the circular plate is given by 

(Timoshinko 1959) : 
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Now the total strain energy is: 
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The kinetic energy of the circular plate with neglecting the rotary inertia is: 
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The most common approach in seeking an approximate solution of geometrically non-

linear vibration is by separation of space and time functions. The transverse 

displacement function is: 

 

                         )cos()(),( trwtrW                                                                              

(7) 

 

and the in-plane radial displacement is given by  (Haterbouch 2004) :  

 

                         )(cos)(),( 2 trutrU                                                                             (8) 

 

The spatial functions u(r) and w(r) are expanded in the form of finite series of  pi and po 

in-plane ui( r ) and transverse motion wi( r ) basic functions, respectively as: 
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Now the discretized forms for the total strain and kinetic energies are: 
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    )]2(sin)(sin[
2
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(11)  

 

where, m
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ij , m
2

ij , k
1

ij , k
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ij  are the mass and stiffness tensors associated with   W and U 

respectively, and bijkl & cijk are fourth order and third order non-linearity tensors 

respectively. These tensors are: 
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       Hamilton‟s principle is powerful to govern the dynamics of structures, which is 

written in its general symbolic form as: 
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Substituting Eq. (5) and (6) into Eq. (13) and after integrating the time functions and 

differentiating with respect to ai‟s & bi‟s results the following set of non-linear algebraic 

equations: 
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In order to generalize the analysis, the following non-dimensional displacements may 

be used; 
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where, 
R

ho  

Now Eq. (14) may be written to take the form: 
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3 2222     

 

where ω
*
 is the non-dimensional non-linear frequency, which is defined by: 
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The dimensional terms in (12) may be written in non-dimensional forms as: 
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These non-dimensional terms are given by: 
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The transverse functions w
*
i (r

*
) for the clamped axisymmetric circular plate are written 

as (Hatrbouch 2003) : 
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(20) 

 

where, βi „s are the real positive roots of: 
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0)()()()( 11  ioiioi IJIJ                                                                          (21) 

 

In this equation Jn , In are the Bessel and the modified Bessel functions of the first kind 

of order n. The parameter βI related to (ω
*
l)I by; 

 

   βi
2
=(ω

*
l)i                                                                                                 (22) 

 

The values of β can be found from Eq. (21). 

The in-plane basic functions uI
*
(r

*
) for the immovable axisymmetric circular plate are 

(Lee 1971) : 

           )()( 1

  rJru iii                                                                               (23) 

 

where, αI is the ith real root of ; 

 

   J1(α)=0                                                                                              (24) 

 

The functions wI
*
( r ) and uI

*
( r ) should be normalized as: 
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                                                                                           (25) 

The values of  k
1*

ij , k
2*

ij
 
 , c

*
ijk and  b

1*
ijkl  given by Eq. (19) were computed by 

Simpson‟s rule. The set of nonlinear algebraic equations (16), which called the 

amplitude equation, can be written in matrix form as: 

 

            ([K
1*

]+[Knl
*
]){A}-ω

*2
[M

1*
]{A}={0}                                                               (26) 

 

where, ([K
1*

] , [M
1*

] and [Knl
*
] are respectively the non-dimensional linear stiffness, 

mass and non-linear geometrical stiffness matrices. The terms of the matrix [K
*
nl] are;  

(K
*
nl)ij =(3/2)akalb

*
ijkl . Neglecting the term [K

*
nl] from Eq. (26) gives the classical 

eigenvalue problem; 

 

                   [K
1*

]{A}=ω
*2

[M
1*

]{A}                                                                             (27) 

 

In this equation each eigenvalue have a corresponding eigenvector while the nonlinear 

Eq. (26) lead to a set of amplitude-dependent eigenvectors with their amplitude-

dependent associated eigenvalues. 

     The single mode assumption, which neglects all of the coordinates except the 

single resonant coordinate, has been used widely in the geometrical non-linearities due 

to the great simplifications it introduces  (Azrar,1999). Also this approach does not 

give any information about the amplitude dependence between the deflection shape and 

distribution of stresses  (El Kadiri 2002). Therefore the explicit method of solution is 

used because  it remedies this insufficiency of the single mode approach. 

     If the effect of λ in Eq. (16)is neglected due to its very small values, it can be 

rewritten according to this approach as: 
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For r=1, we have, 
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The (po-1) remaining equations are: 
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where, εr is the contribution coefficient of the non-resonant modes which is given by: 
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substituting Eq. (29) into (31) gives: 
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                        (32) 

Eq.(32) is an explicit formula, allowing direct calculation of higher order contribution 

corresponding to the first mode shape. Thus the first non-linear amplitude dependent 

clamped circular plate mode shape, w
*
nl1(r

*
,a) can be defined in a series form as: 
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In this equation the predominant term in which proportional to the first linear mode 

shape is  a1w
*
1(r

*
) and the others which corresponding to the higher linear mode shapes 

w
*
2(r

*
), ……… w

*
po(r

*
) are corrections due to the non-linearity. 

        In order to determine the distribution of membrane stresses, the in-plane 

displacement coefficients bI should be determined. As mentioned above, because of the 

very small values of λ, Eq. (16) gives: 

 

  ijlilji pidaab .,.........1..........,  
                                                                   (34) 

where, ijlklijk ckd   12

2

1
 , is a third order terms expressing the coupling between the 

transverse and in-plane motions, the tensor k
2*

ij . 

              If the first and second order terms in the expression aiajd
*
ijk are neglected, the 

in-plane contribution coefficients are simply given by: 

 

   bi=a1
2
d

*
11I , i=1,……….pI                                                                         (35) 

 

Thus the in-plane shape function is given by: 
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If the first order term lida 111

  is added, the in-plane basic function contribution 

coefficients, Eq. (35), are given by: 
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now the in-plane function is: 
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This equation improves significantly the membrane stress estimates for amplitudes 

higher than those permitted by expression (35). 

 

       RESULTS AND DISCUSSIONS 

      The dependence of the non-linear frequency on the amplitude of vibration is shown 

in Fig. (2) for thickness ratios of  1, 1.5 and 2. This figure is plotted for the first two 

axisymmetric mode shapes. The ratio of thickness (hi/ho) has the effect of magnifying 

the frequency ratio (ω
*
nl/ω

*
l). Also it is seen that a spring hardening effect is present and 

this effect increased with increasing the amplitude ratio. The plot also shows  that the 

first mode shape exhibits less change in frequency with the vibration amplitude than 

does the second non-linear mode shape. This is because that the deflection shape 

associated with the first mode shape produces less induced tensile forces than does that 

associated with the second mode shape for the same maximum displacement 

amplitudes. This figure shows that the nonlinear frequency increased with increasing 

the ratio of thickness. This is because of the bending effect arise due to the geometry of 

the plate. This effect increased with increasing the ratio of thickness. 

 

   Figs. (3a) and (3b) show the effect of thickness ratio on the non-linear mode shape. 

The non-linear mode shapes are plotted for the first two axisymmetric modes. The 

effect of amplitude ratio is presented in (Haterbouch  2003 & Haterbouch 2004), 

therefore it is not presented here. The values of thickness ratio has the effect of keeping 

away the mode shape in the direction of the plate edge. Also it can be seen that the 

mode shapes become more flatening near to the centre of the circular plate with the 

increase of vibration amplitude. But here it is shown that the effect of thickness ratio is 

more pronounced than the amplitude ratio. 

     The effect of amplitude of vibration and thickness ratio on the normalized in-plane 

displacement shape functions is shown in Figs. (4a) and (4b) respectively for the first 

two modes. Increasing the ratio of thickness has the effect of pulling the in-plane mode 

shape in the direction of plate centre. This effect because that the inertia force near the 

centre of plate is higher than that near the edge. 

     Fig. (5) shows that the normalized amplitude is affected by the ratio of thickness in 

which increasing this ratio cause a shift to  higher values at dimensionless radius values 

between 0.2 and 0.8.  This trend is due to the high  inertial values which cause higher 

values of deflection. 

 

 

 

 



Journal of Engineering Volume 14 march 2008       Number1   
 

Available online @ iasj.net 2033 

 

 

Conclusions 

      From the presented results the following two conclusions can be drawn;  

1- It is shown that both of  the amplitude of vibration and thickness nonuniformity  

have a clear effect on the nonlinear frequency and the corresponding mode shape.  

2- Increasing these two parameters cause an increase in the nonlinear frequency and 

change the mode shape.  
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ABSTRACT 

The aim of the present work is to study the effect of different outlet nozzle 

diameters, by using one or two nozzles on the performance of divergent vortex tube 

and also to determine the effects of various parameters on the vortex tube cooling 

performance such as: refrigeration capacity, coefficient of performance, isentropic 

efficiency. The experimental investigation was carried out on a divergent vortex 

tube rig manufactured for the present study covering all tests. The effect of different 

outlet nozzle diameters ( dn= 4 mm, dn = 5 mm, and dn= 6.5 mm) on the performance 

of the vortex tube is described by using one nozzle or two nozzles by varying the 

pressure of the inlet air and cold air mass ratio (μc) within the ranges (Pi abs=2 - 7 

bar) and (μc= 0 - 1).  The outlet nozzle diameter, (dn= 5 mm), and the outlet cold 

diameter (dc= 10 mm), when using two nozzles, give high temperature separation 

and may considered to be the optimum for different pressures of the inlet air 

regarding all the size tube diameter. The experimental study predicts two empirical 

results between the outlet nozzle diameter (dn), number of nozzles (N), inside vortex 

tube diameter (D), and length of vortex tube (L) as: 

105.0
D

Nd
2

2
n


          for ( N=1 )  and;                 

211.0
D

Nd
2

2
n


           for ( N=2 ) 

 الخلاصة 

منفث واحد ،   ومنفثان عمى  ,باستخدام   افثهو دراسة تاثير القطر الداخمي لممنالحالي الهدف من البحث 
، معامل  أداء الأنبوب الدوامي المنفرج ، وكذلك دراسة مختمف العوامل التي توثر عمى الأداء التبريدي مثل سعة التبريد

تجارب من خلال بناء جهاز متكامل للأنابيب الدوامة المنفرجة ، صمم أنجزت ال .الأداء ، الكفاءة الايزنتروبية
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 )  افثلممنتمت دراسة تأثير تغير القطر الداخمي . وصنع خصيصاً لهذا البحث، حيث غطى جميع التجارب

dn= 4 mm , 5 mm , 6.5mm )  وذلك باستخدام منفث واحد ، ومنفثان  ، عمى أداء الأنبوب الدوامي
ضمن  ( c )تغير الضغط المطمق لمهواء الداخل ونسبة كتل الهواء البارد الى الهواء الداخل  المنفرج ، مع 

وقطر  ( dn = 5 mm)عند استخدام فتحة المنفث  .عمى التوالي(  = 0 -1 )و   ( bar 7-2 )المدايات  
ة ويمكن اعتبراها وباستخدام منفثان تعطي اعمى فصل في درجة الحرار  ( dc = 10 mm)فتحة البارد الخارج 

تم الحصول عمى علاقتين تجريبية تربط قطر المنفثات   .الامثل لضغوط المختمفة الداخمة الى الانبوب الدوامي
بحيث تعطي افضل تصميم للأنبوب    ( L )، طول الأنبوب.  (D)، القطر الداخل للأنبوب افثمنلا، عدد 

  :الدوامي المنفرج ذو طاقة فصل عالية، كالتالي
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          N=1                  
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         N=2 

KEY WORDS  

 Counter Flow Vortex Tube , Thermal / temperature Separation , Design 

                      Parameters  

 
INTRODUCTION  

     A vortex tube uses compressed air as a a power source, has no moving parts and produces 

hot air from one end and cold air from the other, as shown in Fig.1. 

There is one widely accepted explanation of the phenomenon: (Prasad 1963 , vortex tube 

theory 2000). Compressed air is supplied to the vortex tube and passes through nozzles that 

are tangent to the internal counterbore. These nozzles set the air in a vortex motion. The 

spinning stream of air turns and passes down the hot tube in the-form of a spinning shell, 

similar to a tornado. A valve at one end of the tube allows some of the warmed air to escape. 

What does not escape, heads back down the tube as a second vortex inside the low-pressure 

area of the larger vortex. The inner vortex losses heat and exhausts through the other end as 

cold air. 
 

  

Fig.1: Diagrammatic view of the pattern in a counter-flow tube .   

 

Compressed Air in  
Control Valve   Cold Air  Hot Air  
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    While one air stream moves up the tube and the other down it, both rotate in the same 

direction at the same angular velocity. Due to the principle of conservation of angular 

momentum the speed of the inner vortex remains the same. Angular momentum has been lost 

from the inner vortex. The energy lost shows up as heat in the out vortex. Thus the outer 

vortex becomes warm, and the inner vortex is cooled. 

A number of researches mention the effects of tapering the vortex tube, with conflicting 

results. ( Martynovskii and Alekseev 1957), find a contracting hot tube to be preferable and 

get optimum performance for (40 < L/D < 50) which is comparable to (Hilsch’s 1947) 

comment that (L/D) should be around (50) for good temperature separation.  

(Raiskii and Tunkel 1974) investigated the influence of the vortex tube configuration 

(cylinder, diffuser and step), on the vortex-temperature gas-separation process. Results show 

that long cylindrical tubes are most effective in a broad range of variations of structural and 

modal parameters, noting that the majority of the energy transfer appears to occur within the 

first five diameters of the tube. 

(Soni and Thomson 1975) employed a systematic method of experimental design to 

determine the optimum performance of a vortex tube as a function of the pertinent design 

parameters, especially the individual experiments were stipulated according to the simplex 

modification of the method of evolutionary operations, (EVOP 1962). 

The results indicate the following optimum design parameters for maximum (ΔTc ) and 

maximum isentropic efficiency (ηise). 

AN (Nozzle / tube area) = 0.11  0.01 (0.08  0.001) 

AФ (Orifice area / tube area) = 0.08 + 0.01 (0.145  0.035)  

(Takahama and Yakosawa 1981) investigated the measurements of the swirling flows 

inside the divergent chambers. The results show that the shorter divergent chambers (L=900 

mm) have a higher angular velocity near the center of the back flow and the swirl intensity 

increases in divergent chambers in the direction of flow with relatively large divergent angles. 

(Mitushen and Mohammed 1992), part I, designed “ Laser Doppler Velocimeter” that 

provides three velocity components of the flow inside the counter flow vortex tube. Results 

indicate a reverse flow from the axial velocity profiles in the central region (r < 4 - 5) mm of 

the vortex tube and the maximum axial velocity was is to the tube wall.  

(AL-Abriy  1997) carried out an experimental study on the effect of tangential nozzles 

number on the performance of vortex tube by varying the number of tangential nozzles to 

become between (1-8) nozzles under inlet pressure of (3-7) bar at cold air mass fractions of 

(µc = 0-1). 

A laboratory device, “Hilton Co. Manufacture” and rig employed by (Al-Jielawe 1994) 

were used to carry out the experiments studying. 

Results show that there is an optimum value of number of nozzles (N = 8 and dc = 0.8 mm) 

to get high performance.  

(AL-Barwari 2004) studied the experimental study on the thermodynamic properties of 

vortex tubes with a divergent chamber. The experimental investigation was carried on a 

divergent vortex tube rig especially designed for the present study covering all tests. The 

effect of different cold outlet diameters (dc=10 mm, dc=12 mm, and  dc=14 mm ) on the 

performance of the vortex tube is described .The results show a pronounced influence of 

divergent vortex tube  (˚= 1.72, L= 460 mm), on the energy separation performance. 

 

REFRIGERATION PERFORMANCE 

Performance of simple refrigeration plant is usually characterized by means of the 

Coefficient of Performance (C.O.P) defined for the cyclic work-absorbing device Fig.2 as      

( vortec corporation catalogue  1992). 
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                        Fig (2) cyclic work absorbing device.  

act
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The process of ideal compression of the inlet air mass from the atmospheric pressure 

(Pa) to high pressure (Pi) is represented by the line (Ti - Tf ) in Fig.3 and the actual 

compression is represented by the line (Ti – Tf
-
) . [13] 

The COP of the vortex tube is defined as the ratio of the actual cooling effect to the work 

input to the air-compressor. 

The compressed air has to be cooled at constant pressure in a cooler to the initial 

temperature (Ti) before being sent to the vortex tube. The refrigeration capacity (actual 

cooling) of the vortex tube is simply equal to Qr.     

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.3: Compression and expansion 
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process in a vortex tube  
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If the process undergoes an isentropic expansion from the inlet pressure (Pi) to atmospheric 

pressure (Pa) at the cold end then the static temperature drop due to expansion is given by: 
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The actual temperature drop due to expansion occurred in vortex tube is cT  the ratio of 

cT to  cT  is called   “ Relative Temperature Drop”. 
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The adiabatic (isentropic) efficiency of the vortex tube is defined as: 
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Sub. Eq. ( 4 ) in (6) one gets:                                                                                            
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By substituting the value of 
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 from Eq.(6), in Eq.(7), one gets: 







1

i

a
compise )

P

P
(COP                                                                     (8)  

 

      EXPERIMENTAL APPARATUS AND RIG LAYOUT 

The test rig is designed and manufactured to fulfill the requirements of the test system for 

different divergent vortex tube. The main rig, and the apparatus of the system illustrated in 

Figs. 4 and 5 and photograph (1).    
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 RESULTS AND DISCUSSION    

Effect of cold air mass ratio (μc) on the temperature difference ( Th, Tc), isentropic 

efficiency (ηise) coefficient of performance (COP), and refrigeration capacity (Qr), for the inlet 

air pressure change and outlet nozzle diameter (dn) , are investigated . 

Fig.6 at (Pi abs = 7 bar), number of nozzle = 1, and,   (μc =0.408), shows, that the best 

energy separation, i.e highest temperature separation is for the outlet nozzle diameter (dn=6.5 

mm), and (dc = 10 mm), in respect with all selected outlet nozzle diameters, which give the 

minimum values of the cold air temperature differences (ΔTc),as shown in Table (1) 
 

Table (1): Results of One Nozzle 

Number of nozzles = 1,  D= 20 mm, L/D = 23, L = 460, (θ˚ = 1.72), Tin = 30 ˚C dc=10 mm 

dn = 4 mm dn = 5 mm dn = 6.5 mm 

Minimum 

Tc (˚C) 

Maximum 

Th (˚C) 

Minimum 

Tc (˚C) 

Maximum 

Th (˚C) 

Minimum 

Tc (˚C) 

Maximum 

Th (˚C) 

1.2 55.2 -14.5 71.2 -20 72.3 

 

Fig.7, at  ( Pi abs = 7 bar ),  ( number of nozzles = 2 ), (μc= 0.409). shows clearly, that the 

best performance is for the outlet nozzle diameter (dn = 5 mm), and (dc= 10 mm), which gives 

the minimum values of the cold air temperature .i.e maximum temperature differences (ΔTc), 

and the maximum value of the hot temperature, i.e the highest value of the hot temperature, as 

shown in Table (2): 

Table (2): Results of Two Nozzle 

Number of nozzles = 2,  D = 20 mm, L/D = 23, L = 460, (θ˚ = 1.72), Tin = 30˚C dc = 10 mm 

dn = 4 mm dn = 5 mm dn = 6.5 mm 

Minimum 

Tc(˚C) 

Maximum 

Th(˚C) 

Minimum 

Tc(˚C) 

Maximum 

Th(˚C) 

Minimum 

Tc(˚C) 

Maximum 

Th(˚C) 

-20.2 70.5 -35.5 81.2 -34.1 77.5 

 

In Figs. 8, 9 and 10 samples are selected to illustrate the effect of outlet nozzle diameter on 

isentropic efficiency with  two nozzles at outlet cold diameter ( dc=10 mm ) as illustrated in 

Table (3) for different outlet nozzles diameters.    

 

Table (3): Isentropic Efficiency Results 

One  nozzle Two nozzles 

dc= 10 mm dc= 10 mm 

 dn= 4 mm dn= 5 mm dn= 6.5 mm dn= 4 mm dn=5 mm dn= 6.5 mm Pi abs 
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ηise

% 

10.58 18.25 22 22.9 28.2 27.9 

2 

μc 0.601 0.718 0.706 0.714 0.703 0.714 

ηise

% 

6.22 13.38 18.1 18.8 20.6 21.8 

7 

μc 0.607 0.617 0.707 0.715 0.702 0.713 

 

In Figs. 11, 12 and 13  samples are selected to show the effect of changing (μc) on (COP) 

of vortex tube (θ˚= 1.72), at (L/D= 23) for different pressure ranges between  (2-7) bar, with 

two nozzles at outlet cold diameter     (dc = 10 mm).   

The best values were acquired for the above mentioned outlet nozzle diameters, as 

illustrated in Table (4): 
 

Table (4): Effect of Cold Air Ratio Optimum Results of COP 

One  nozzle Two nozzles 

dc=10 mm dc=10 mm 

 dn=4 mm dn=5 mm dn=6.5 mm dn=4 mm dn=5 mm dn=6.5 mm Pi abs 

COP 0.05 0.094 0.126 0.127 0.180 0.159 
2 

μc 0.701 0.616 0.606 0.714 0.712 0.604 

COP 0.035 0.079 0.09 0.094 0.125 0.108 
7 μc 0. 702 0.612 0.605 0.712 0.711 0.603 

 
Figs. 14, 15 and 16, show the effect of changing (μc) on the refrigeration capacity for 

vortex tube (θ˚= 1.72) at (L/D= 23) for the pressure range between (Pi abs.= 2-7) bar, with two 

nozzles at outlet cold diameter    (dc = 10 mm).   

The best values acquired for the above mentioned outlet nozzle diameters at highest 

pressure (Pi abs=7bar) and minimum at pressure (Pi abs= 2 bar), are shown in Table (5): 

 

Table (5): Effect of Cold Air Ratio Optimum Results of Qr 

One  nozzle Two nozzles 

dc=10 mm dc=10 mm 

 dn=4 mm dn=5 mm dn=6.5 mm dn=4 mm dn=5 mm dn=6.5 mm Pi abs 

Qr, 

watt 
15.7 33.25 60.03 54.81 150.5 149.51 

2 

μc 0.601 0.616 0.706 0.718 0.714 0.714 

Qr, 

watt 
308 610 1180 1284 1875.8 1866 

7 
μc 0.611 0.617 0.712 0.716 0.713 0.714 
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        CONCLUSIONS 

- The outlet nozzle diameter (dn= 6.5 mm), and the outlet cold diameter,(dc= 10), when 

using one nozzle give a high temperature separation and may considered to be the 

optimum for different pressures of the inlet air regarding the size of  tube diameter. 

- The outlet nozzle diameter, (dn= 5 mm), and the outlet cold diameter (dc= 10 mm), when 

using two nozzles, give high temperature separation and may considered to be the 

optimum for different pressures of the inlet air regarding all the size tube diameter. 

- The isentropic efficiency of the divergent vortex tube (θ˚= 1.72),( L/D = 23 ), (L = 460 

mm),  (dc = 10 mm), (dn = 6.5 mm), when uesing one nozzle and two nozzles, increase 

with cold air mass ratio (μc) and reaches the highest value at (μc = 0.6-0.72). On the other 

hand they decrease with the inlet air pressure increase. Divergent vortex tube  (θ˚= 1.72) 

has a highest isentropic efficiency attain: (ηise = 27.9  %) at (μc = 0.714), when using two 

nozzles.  

- The coefficient of performance (COP) of the divergent vortex tube (θ˚= 1.72), ( L/D = 

23 ), (L = 460 mm),  (dc = 10 mm), (dn = 6.5 mm), when using one nozzle and two 

nozzles, increase with cold air mass ratio (μc) and reaches the highest value at (μc = 0.6-

0.72). On the other hand they decrease with the inlet air pressure increase. Divergent 

vortex tube  (θ˚= 1.72) has a highest coefficient of performance attain: (COP = 0.159  %)  

at (μc = 0.604), when using two nozzles.  

-The refrigeration capacity of the divergent vortex tube (θ˚= 1.72) when using one nozzle 

and two nozzles is increased with cold air mass ratio (μc) till reaching the highest value at 

(μc = 0.6 - 0.72). They increase with the inlet air pressure increase and has a higher 

refrigeration capacity attain: (Qr = 1866 Watt) at (μc = 0.714), when use two nozzles.  
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    NOMENCLATURE 

Ac , Ah Cross sectional area of the cold end orifice and hot end 

of the outlet air 

`m
2 

Ai Cross sectional area of inlet pipe m
2
 

COP Coefficient of performance - 

Cp Specific heat at constant pressure J/kg. K 

D Inner diameter of vortex tube mm 

dc Diameter of cold end orifice mm 

dh Diameter of hot end outlet mm 

dn Diameter of nozzle outlet mm 

hi Specific enthalpy of the inlet air J/kg 

L Length of vortex tube mm 

L/D (Length / inner diameter) of the vortex tube   - 

m  Mass flow rate per nozzle  kg/s 

Im , cm
, 

hm
 

Mass flow of inlet air, cold air and hot air kg/s 

Pa Ambient pressure bar 

Pi , Pc , Ph Pressure of the inlet air, cold air and hot air bar 

Qr Refrigeration capacity Watt 

Q Heat exchanged between the system and its surrounding Watt 

Ta Ambient temperature 
o
C 

Ti, Tc , Th Temperature of the inlet air, cold air and hot air 
o
C 

To Temperature at the nozzle outlet  
o
C 
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ΔTc Temperature difference of cold air = Tc – Ti 
o
C 

ΔT c
 

Isentropic (maximum) temperature difference  
o
C 

ΔTh Temperature difference of the hot air = Th – Ti 
o
C 

comp The isentropic efficiency of the compressor % 

ise Isentropic efficiency of the vortex tube % 

 Angle of divergence  degree 

c 
Cold air mass ratio = i

c

m

m

 
- 

 Density of the air kg/m
3 

c, h, i Subscripts refer to cold, hot and inlet air - 
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Fig. (4) Schematic diagram of the experimental rig. 
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Fig. (5) Nozzle 
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Fig (5.62) Variation of temp. differences.                             with the cold air mass 
                 ratio(   )for vortex tube No.2 (  =1.72) ,with outlet nozzle daimeter(dn)  
                 of the vortex tube as a parameter.
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N= 1  
L/D= 23
D= 20 mm
L= 460 mm   
dc= 10mm
pi abs= 7 bar

                    Fig. (6) Variation of temp. differences ΔTc & ΔTh with the  

                              mass ratio(μc)for vortex tube (θ˚=1.72) ,with outlet  

                              diameter (dn) of the vortex tube as a parameter. 
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Fig (5.68) Variation of temp. differences.                             with the cold air mass 
                 ratio(   )for vortex tube No.2 (  =1.72) ,with outlet nozzle daimeter(dn)  
                 of the vortex tube as a parameter.
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                Fig. (7) Variation of temp. differences ΔTc & ΔTh with the cold air 

                              mass ratio(μc)for vortex tube (θ˚=1.72) ,with outlet nozzle  

                              diameter (dn) of the vortex tube as a parameter. 
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Fig (5.99) The relation between isentropic efficency                        and cold 
                 air mass ratio (  ) for vortex tube No.2 (  =1.72) ,with the absolute
                 pressure (pi)  of the inlet air as parameter. 
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Fig. (8) The relation between isentropic efficiency (ηise) and cold  

             air mass ratio (μc) for vortex tube (θ˚ =1.72) , with  the  

             absolute pressure (pi)  of the inlet air as parameter. 
 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Cold air mass ratio

0

4

8

12

16

20

24

28

32

is
en

tr
o
p

ic
 e

ff
ic

en
cy

  

Fig (5.102) The relation between isentropic efficency                         and cold 
                   air mass ratio (  ) for vortex tube No.2 (  =1.72) ,with the absolute
                   pressure (pi)  of the inlet air as parameter. 
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Fig. (9) The relation between isentropic efficiency (ηise) and cold  

              air mass ratio (μc) for vortex tube (θ˚ =1.72) , with the 

              absolute pressure (pi)  of the inlet air as parameter. 
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Fig (5.105) The relation between isentropic efficency                         and cold 
                   air mass ratio (  ) for vortex tube No.2 (  =1.72) ,with the absolute 
                   pressure (pi)  of the inlet air as parameter. 
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Fig. (10) The relation between isentropic efficiency (ηise) and cold  

              air mass ratio (μc) for vortex tube (θ˚ =1.72) , with  

              the absolute pressure (pi)  of the inlet air as parameter. 
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Fig (5.117) The relation between Coefficient of prformance (Cop) and cold 
                   air mass ratio(  )for vortex tube No.2 (  =1.72) ,with the absolute 
                   pressure (pi)  of the inlet air as parameter. 
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Fig. (11) The relation between coefficient of performance (Cop)  

              cold air mass ratio (μc) for vortex tube (θ˚= 1.72), with       

               the absolute pressure (pI) of the inlet air as a parameter    
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Fig (5.123) The relation between Coefficient of prformance (Cop) and cold 
                   air mass ratio(  )for vortex tube No.2 (  =1.72) ,with the absolute 
                   pressure (pi)  of the inlet air as parameter.                 
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Fig (5.120) The relation between Coefficient of prformance (Cop) and cold 
                   air mass ratio(  )for vortex tube No.2 (  =1.72) ,with the absolute
                   pressure (pi)  of the inlet air as parameter. 
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Fig. (12) The relation between coefficient of performance (Cop) and  

               cold air mass ratio (μc) for vortex tube (θ˚= 1.72), with 

               the absolute pressure (pI) of the inlet air as a parameter   

 

Fig. (13) The relation between coefficient of performance (Cop) and 

               cold air mass ratio (μc) for vortex tube No.2 (θ˚= 1.72), with 

               the absolute pressure (pI) of the inlet air as a parameter   
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Fig (5.135) The relation between Refrigeration Capacity (Qr) and cold 
                   air mass ratio (  ) for vortex tube No.2 (  =1.72) ,with the
                   absolute pressure (pi)  of the inlet air as parameter. 
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Fig. (14) The relation between Refrigeration capacity (Qr) and  

               cold air mass ratio (μc) for vortex tube (θ˚= 1.72), with   

               the absolute pressure (pi) of the inlet air as a parameter.   
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Fig (5.141) The relation between Refrigeration Capacity (Qr) and cold 
                   air mass ratio (  ) for vortex tube No.2 (  =1.72) ,with the
                   absolute pressure (pi)  of the inlet air as parameter. 
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Fig (5.138) The relation between Refrigeration Capacity (Qr) and cold 
                   air mass ratio (  ) for vortex tube No.2 (  =1.72) ,with the
                   absolute pressure (pi)  of the inlet air as parameter. 
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Fig. (15) The relation between Refrigeration capacity (Qr) and   

               cold air mass ratio (μc) for vortex tube (θ˚= 1.72), with   

                the absolute pressure (pi) of the inlet air as a parameter.   
 

 

Fig. (16) The relation between Refrigeration capacity (Qr) and   

               cold air mass ratio (μc) for vortex tube (θ˚= 1.72), with  

               the absolute pressure (pi) of the inlet air as a parameter.   
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ABSTRACT 

The present research involves experimental and theoretical work to study the 

performance of three kinds of packing (PVC, corrugated and flat plate asbestos) in a cross-

flow water cooling tower under different atmospheric conditions and then comparing the 

performance of them with each other. The experimental work included the design, 

constructions and installation of a cross-flow cooling tower test rig suitable for measuring 

the individual coefficients (kGa) and (k'a). The experimental results were found by varying 

the inlet air flow rate and inlet water flow rate which are used as an input data to the 

computer program for finding the available performance coefficient (NTU) using the 

method of Webb with some modifications. Least square method was then used to correlate 

the experimental results of (NTU) in terms of water to air ratio (L/G). 

 الخلاصة

 PVCيتضمممال حث امممل حثاممم ثظ يةحومممي  لاديمممي  ااوامممي ايحش امممبلا ح ممم ح   مممل حثا ممم ح    بومممتا اي       

 مممد    ، حثممم حس حو ممممج  تا سمممي    ممممت يي ي  مممظ  مممدر ا ديمممظ  ت   مممظ حثرديممم   اامممج  مممد   س يمممي  ت امممد   

ا ممم اواي  فتو مممي، اممما  ء ة مممي حيحش ممممعض حثا ممم ح   مممع   ضمممة م   ممممظ ااومممي حث اممم  اةا مممي   لا  مممي  مممدر حثت ديمممظ   

حممم م     مم  ح تءمم د حثامم ي    حثاممدحة   ثو ممدر  تاوامم  حثءا ومم   حث اوامميم   مممظ امما  ممظ حثترمم ةم ا ااممد  ااممي حثةمم حش 

حممممم  ظ ثواعمممم د اومممم      مممم  حايحش   وممممت ا د    حثامممم ش حثممممظحي    حثتممممظ حدمممم اج  ا  مممم   ييمممم د حثمممم   د مممم   

 مممع حسمممدحش   ممما حثتاممم يدح م   ممممظ حومممت اوج طديءمممي حثاد  ممم   حثعممم د  ثواعممم د ي  Webbطديءمممي حث  حمممل   

 او  ابم    ال       حايحش    م ي   ظد سدي   حثا ش حث  حثة حشم
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INTRODUCTION 

Probably the most important device utilizing direct contact between water and atmospheric air is 

the cooling tower. The objective of cooling tower is not the processing of the air, but cooling of 

the spray water. Cooling towers may be used thermally to reclaim circulating water for re-use in 

refrigerant condensers, power plant condensers and other heat exchangers. 

There are two basic cooling tower heat transfer packing or fill arrangements, namely, counter-

flow and cross-flow. In the counter-flow cooling towers, the air is directed to flow vertically 

upwards against the descending flow of water. In the cross-flow arrangement, the air flow is 

directed in a perpendicular direction to the flow of water, as shown in  Fig (1). For both packing 

configuration, drift eliminators are placed beyond the packing to prevent loss of water droplets 

into the leaving air stream. 

The advantages and disadvantages of the counter-flow cooling towers: 

Advantages: 

1. It has the most efficient means for heat transfer, since the coolest                                                                           

water contacts the coolest air. 

2. Close control of cold water temperature. 

3. Small ground area in which it can be operated. 

4. Close approach and long cooling range possible. 

Disadvantages:  

1. Restricted louver area at the base with high velocity of inlet air increases the fan horsepower. 

2. Resistance of upward air travel against the falling water, results in higher static pressure loss 

and a greater fan horsepower than with air/ water flow in cross-flow towers. 

3. Uneven distribution of air velocities through the packing with very little movement near the 

walls and center of the tower. 

4. High pumping head necessary because of the tower height and nozzle pressure require the 

packing to be placed high up in the tower because the intakes at the base must be unobstructed. 

5. The hot water system is inaccessible for ready maintenance, because the water spray system is 

sandwiched between the top of the fill and the drift eliminators. 

 

                The advantages and disadvantages of the cross-flow cooling towers: 
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Advantages:  

1. Low pumping head. 

2. Low static pressure drop at the air side. 

3. Low fan horsepower. 

4. Convenient arrangement of the distribution system requiring only (6-8in) depth of water over 

the top of the tower. 

5. It is possible to clean the distribution system while the tower is in operation.  

6. Higher water loadings are possible for a given height.  

Disadvantages: 

1. A substantial cross-flow correction factor needs to be applied to the     driving force, 

particularly where long range and close approach performance are required.  

2. A cross-flow tower may need more ground area and more packing or                       fill 

material to transfer the same amount of heat, because the performance calculated has a 

greater NTU and this has been interpreted to indicate  the cross-flow tower will have a 

larger required coefficient so must be physically larger to meat this condition.  

3. In a cross-flow cooling tower the water temperature decreases vertically while the air 

enthalpy increases horizontally, requiring a double integration. 

 

               

                                                  

Fig (1) :  Cross-Flow Cooling Tower 

 

 

 

            Merkel developed the first practical use of the differential equations in 1925. He 

combined the  equations for heat and water vapor transfer and used enthalpy as the driving 
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force to allow for both sensible and latent heat transfers. Heat is removed from the water by a 

transfer of sensible heat due to a difference in temperature levels and by the latent heat 

equivalent of the mass transfer resulting from the evaporation of a portion of the circulating 

water. Merkel's method has been the basis of most cooling tower analysis. His analysis is 

based on the assumptions that the water evaporation loss in the energy balance equation is 

negligible and that the Lewis number for air/ water vapor system is unity. 

( Molyneux 1967 )theoretical and experimental work to determine the difference between 

counter-flow and cross-flow cooling towers. He concluded that for the large industrial units 

with relatively small ranges, an approach of less than (15
º
F) and operating with large flows of 

cooled water at (L/G) ratios greater than (1), the double induced draught cross-flow cooling 

tower can give economic advantages and the capital cost need to be no higher than that of the 

counter-flow tower having the same duty, but there can be significant saving in air and water 

pumping cost. 

 ( Sutherland 1983 ) covered a wide range of air conditioning applications of cooling 

tower and should be of real value for design purposes. The accurate thermodynamic predictions 

apply generally and not to one particular tower and packings. His analysis did not utilize the 

assumptions of Merkel. 

( Webb and Villacres 1984 ) presented algorithms for the performance simulation of 

evaporative cooling equipments. The algorithm performs a rating calculation for a given 

cooling tower fluid cooler or evaporative condenser. The most common rating calculation 

seeks the heat duty of the evaporative heat-exchanger for a specified operating condition (fluid 

flow rates, inlet process conditions and ambient air wet-bulb temperature). 

Two types of packings were used in the experimental research work. The first is made of 

PVC sheets which are compressed thermally and having corrugations and extensions to 

increase the wetted surface area and to increase the spraying of the water. The second type is 

manufactured from asbestos cement, either as a flat plate or corrugated sheets. 

CROSS-FLOW COOLING TOWER THEORY 

The present analysis is based on the theory proposed by ( Baker and Shryock 1961 ), which is 

an extension and development of the original theory of cooling tower by ( Merkel 1925 ).  
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  Both mass transfer (water evaporating from the droplets falling through the tower) and heat 

transfer (cooling of the water due to evaporation) are incorporated in the single coefficient 

(K
′
aV/L). The driving force for both is represented by the enthalpy potential difference 

between the air at the local wet-bulb temperature (ha) and air at the local water temperature 

(h
′
). 

As shown in Fig (2), water falls through the tower and is cooled by sensible heat loss and 

latent heat loss due to evaporation. The air is drawn across the tower by the fan, picking up 

sensible heat and water vapor in the process. Starting at the top left corner where the water 

temperature and air enthalpy are known, calculating the air enthalpy horizontally and water 

temperature vertically, as represented by the equations: 

a

t

t

pw
hh

dt
CL/aVK

2

1


                                                                       (1) 

and 

 
a

a

h

h
hh

dh
G/aVK

2a

1a


                                                                          (2) 

Numerically, the tower volume is divided into incremental volumes each of which 

accomplishes an identical fraction of the total transfer duty. The typical increment framed in 

Fig (2) and Fig (3). The air enters at the left of the increment, its enthalpy increases as water 

vapor is added, and it exits to the right. The water is cooled from (t1) to (t2) due to the 

evaporation. After all increments have been traversed (M=10 is the number of increments), the 

calculation is terminated by averaging the temperature of the water leaving the bottom group of 

increments to yield the water outlet temperature. 

A computer program was prepared based on Webb's method with some modifications to 

calculate the required conditions such as, temperatures and enthalpies for the bulk water, bulk 

air and interface for all the increments of the tower. 

The algorithm for performance simulations of cross-flow cooling tower in the computer 

program consists of two iterations (inner and outer), starting from integrating eq. (2), which 

gives: 

G

a

a )NTU(
hh

h
G/aVK 





                                                                 (3) 
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The above equation is applied to each incremental unit volume. The inlet and outlet water and 

air properties in the incremental volume are symbolized as shown in Fig (3). The enthalpy of 

air entering to each increment of the first column is (hW= ha) and the temperature of water 

entering to each increment of the first row is (tN=t1).At the bottom of grid we found the water 

outlet temperature of the last vertical increment (M) and for each of the horizontal increments 

(i= 1, 2, 3, …, M) or t2 (M,i) from the equation : 





M

1i

2 )i,M(t
M

1
t                                                                     (4) 

The outer iteration was developed for comparing the water outlet temperature 

(t2) with a specified water outlet temperature, and if thy are not in agreement a new value of 

(NTU)G is assumed until the difference between them meet a specified value. The enthalpy for 

the outlet air is then computed from the following equation: 





M

1j

a )M,j(h
M

1
h

2
                                                                            (5) 

Then we can find (NTU)L from the following equation: 

L

G
)NTU()NTU( GL                                                                        (6) 

 

             

 

Fig (2): Cross-flow cooling tower 

                        Incremental volume 

Fig (3): Incremental unit volume 

 

RESULTS AND DISCUSSIONS 

Results: 

Results of this study are shown in Figs. (4 to 7). 
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Discussions:  

On comparing the performance of the three packings with each other it appears from 

Fig.4 that the performance of the PVC packing is higher than the other two by about (98%) 

because its wetted surface area per unit volume is higher than the other two packing. In 

addition to that the ascending water spray down as small droplets, because of the packing 

corrugation and slots which increase the period of contact between air and water. This figure 

also shows that the performance of the corrugated asbestos packing is slightly higher than the 

flat plate asbestos packing by about (10%) because the wetted surface area per unit volume for 

the corrugated asbestos packing is higher than corresponding value for the flat plate asbestos 

packing. 

As a practical application, the correlation equation for each of the three packing used in 

the tower (PVC, flat plate asbestos and corrugated asbestos packing) had been obtained for the 

range of air flow rates   (1.3964 kg/s.m
2
) to (0.6991 kg/s.m

2
). The correlation equations are:  

9144.0
)G/L(2660.0NTU
  (For flat plate asbestos packing) 

7171.0
)G/L(4581.0NTU
  (For PVC packing) 

5815.0
)G/L(2567.0NTU
  (For corrugated asbestos sheets spaced 15mm)  

5141.0
)G/L(2438.0NTU
  (For corrugated asbestos sheets spaced 25mm) 

The volumetric mass transfer coefficient (K
′
a) for the PVC packing is higher than (K

′
a) 

for the other two types as shown from the same Fig.5. This figure also show that the volumetric 

mass transfer coefficient (K
′
a) for the corrugated asbestos sheets with (S=15mm) is higher than 

(K
′
a) of the flat plate asbestos packing with (S=25mm). 

The correlation of each line is represented in the following relation: 

 

K
′
a = cG

b
L

d
, where: c, b and d are constant 

 

From the above relation, the volumetric mass transfer coefficients equations which had 

been obtained for the range of air flow rates (1.3964 to 0.6991kg/s.m
2
) are: 
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    0856.0
L

9144.0
G5976.1aK                    (Flat plate asbestos packing) 

2829.0
L

7171.0
G7513.2aK                    (PVC Packing) 

  4185.0
L

5815.0
G5413.1aK                     (Corrugated asbestos sheets spaced 15mm) 

  4859.0
L

5141.0
G4643.1aK                    (Corrugated asbestos sheets spaced 25mm) 

The volumetric heat transfer coefficient (KGa) is highly increased with (G), but slightly 

increased with (L) as shown in Fig.6. Also it can be seen from this figure that the volumetric 

heat transfer coefficient (KGa) is higher for PVC packing than for the flat plate and corrugated 

asbestos packings. The volumetric heat transfer coefficient (KGa) for the corrugated asbestos 

packing is also higher than the corresponding value for the flat plate asbestos packing. 

The above influences, the volumetric heat transfer coefficient (KGa) as with the volumetric 

mass transfer coefficient (K
′
a), because of the Lewis relation which relates them:  

Le
cak

aK

pm

G 


                                                                                    (7) 

This relation is considered unity. 

 Fig.7 is a plot of volumetric rate of mass transfer coefficient (K′a) in (kg/s.m
3
) versus 

air flow rate (G) in (kg/s.m
2
) for the results of Molyneux

[3]
 using fiber glass packing and for 

the three packing used in this experimental work and for a constant water flow rate of 

(1.358kg/s.m
2
). This Figure shows a good matching with the results of Molyneux, especially 

for the corrugated asbestos packing (S=25mm). 

The reason for the differences in the slope of these lines is because of the differences in 

types of packing. 
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Fig (4) The (NTU) Vs (L/G) 

For Flat Asbestos 

Corrugated Asbestos And 

PVC Packings 

For Air Flow Rate About 

(0.775kg/S) 

Fig (5) Volumetric Mass Transfer 

Coefficient 

Vs. L/G For Different Packings At 

Air Flow Rate About (0.775kg/S) 
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Fig (6) Volumetric Heat 
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CONCLUSIONS 

 

1. The performance of a given volume of tower packing is affected mainly by the 

ratio of water flow rate to the air flow rate. This means that the maximum 

performance can be obtained with minimum water and air flow ratio (L/G). 

2. The mass and heat transfer coefficients (K
′
a) and (KGa) are mainly affected by the 

air flow rates and slightly by the water flow rates. 

3. For a given volume of packing, air flow rates and water flow rates, the performance 

of PVC packing exceeds that of the two types of the asbestos packings by about 

(45%-50%). Also the performance of the corrugated asbestos sheets is more than the 

corresponding performance of the flat plate asbestos by about (6.5%-7%). 

4. We found that in the case of using PVC packing, substantial decrease in volume of 

the cooling tower is obtained compared to using the other two kinds of asbestos 

packings to achieve the same operating conditions due to the performance of PVC 

packing being higher than the corresponding value of the other types. 
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     NOMENCLATURE 

 

A Area of water surface per unit volume K′ Unit conductance, mass transfer, 

interface to main air stream 

Cpw Specific heat of water assumed, 4.19 L Inlet water mass flow rate  

G Inlet air mass flow rate (dry air) M Number of horizontal and vertical 

increments 

ha Enthalpy of moist air, ha1 entering, ha2 

leaving (dry air) 

NTU Number of transfer units 

H′ Saturated enthalpy of moist air at bulk 

water temperature 

V Cooling volume  
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ABSTRACT 

 A theoretical description is given for the ploughing of a work-hardening inclined surface by a 

hemispherical slider. As the indenture is moving horizontally, the grooving force and the depth of 

penetration are expressed for conditions that correspond to the climbing and descending asperities. 

Assuming a constant vertical load on the slider, the friction coefficient due to ploughing, PF , is 

shown to be affected by surface inclination moreover, the limiting value of  PF when the vertical 

load on slider is made infinitely small is shown to be independent upon the asperity angle and the 

shape of the slider. The treatment has some use in predicting the extent of surface damage in 

contact profilometry, especially for soft materials in particular, the depth of penetration is shown to 

be different when climbing or descending a surface whose inclination is . 

 

 الخلاصه:

 

جم اجزاء جُصٕف وظزْ نعمهٕة حزخ سطح مائم مصهذبانحشغٕم بُاسطة مىشنق وصف كرزَْ   نىرذما ٔحكرز  

 نحسهق َاٖوكذار نهىحؤ فأن قُِ انكزخ َكذنك نمق انخزق جم انحعبٕز نىٍا نكانة ا ،انمىشنق انخارق أفقٕا  

بأورً ٔحرأثز بمرٕ ن  جبرٕه   Fpبأفحزاض َجُد حمم نمُدْ ثابث نهّ انمىشنق فأن معامم الأححكا  وحٕجة انكرزخ

نىذما انكمم انعمُدْ نهّ انمىشنق ٔصم انّ قٕم محىإًٌ فٓ انصرغز  Fp انسطح بأٖظافً انّ أوً انقٕم انكذًٔ ل

 كم انمىشنق أثبث أوً ٔعحمذ نهّ سأَة انىحؤ َش

  (profilometry)ٌذي انمعانجً نٍا بعط الأسحخذامات فٓ انحىبؤ بمذِ جشُي انسطح فرٓ ج مرا انبزَفرأهُمٕحز

 خاصً نهمعادن انهٕىً 
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    نهّ َجً انخصُص، نمق انخزق أثبث أوً ٔخحهف نىذ انحسهق أَ الأوكذار مه سطح مٕ وً 
 

INTRODUCTION: 

When a rigid indenter slides over a work-hardening surface, the resistance to motion is generally 

due to two different factors: the elastoplastic deformation of metal, or ploughing, and the adhesion 

at the interface of the components. This physical phenomenon is treated in text books on tribology 

[Moore. D.F. 1975] and a number of experiments which have been performed to establish the 

validity of some mathematical models or to analyze the wear mechanism in this study, an extension 

to classical demonstration about the ploughing component of friction are presented. One of the aims 

to model how surface damage is done in contact profilometry when a slider or a tiny rigid stylus 

travels on a surface showing an irregular profile for the proposed mathematical models, the shape of 

asperities is simplified as to be represented by straight inclined surface . Therefore, relative to the 

primary direction of motion, the slider has to climb or descend surfaces inclined at an angle  , as 

shown in fig. (1). Note that in this work, and contrary to the usual terminology, the word `asperity` 

is associated with the surface that is being deformed and not with the slider. 

 

 

 

 

Fig.(1) Representation of a Slider Moving on 

Horizontal, then Inclined Surface . 

Fig(2) Hemispherical Slider Moving on Horizontal 

surface 

 

PLOUGHING OF A HORIZONTAL SURFACE:  

The ploughing component of friction is often modeled assuming that a slider of simple geometry 

moves parallel to an ideally flat surface and grooves its path into it. Fig.(2) represent such situation 

with a hemispherical slider of radius R deforming plastically a softer, yielding material in the 

following development the following assumption are made.  
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- Material pile-up surrounding the slider is neglected. 

- Effects of slider speed (inertial forces) and heat generation (modification of material 

properties) are not considered. 

A static analysis of force balance gives a relation ship between the vertical load , FV, and the extent 

of surface damage in terms of groove width, d, or groove depth, h, and yield pressure Py, as in 

fig.(2) . 

2/)8/( 2 hRPdPAPF YYVYV      

From [J.Halling 1975] Halling found  to be  

5.02 n  

hRnPF yV )2(
2

1 5.0  

5.022 ))2/(( dRRh   

)))2/(1(1()2)(2/( 5.0225.0 RdRnPF yV   --------------------------------------------(1) 

The horizontal force opposing motion is derived similarly and yields  

2/)))2/(1(2/(2/ 5.022 RdRdRPhAPF yyh    

Where 5.01 2;)2/(sin nRd     

n: work hardening index (0) for plastic (1) for elastic 

)))2/(1(2/)2/((sin2/)2( 5.02125.0 RdRdRdRnPF yh   ----------------------------(2) 

We can now write the expression for the coefficient of friction due to ploughing. It is the ratio of 

the horizontal and vertical forces: 

VhVhP AAFFF //  ----------------------------------------------------------------------(3) 

Eqs.(1and2) are given independently as a function of d,h,n and R since those parameters are of 

more practical importance than  . The width can be estimated by observing a grooved surface 

under the microscope. The depth of penetration may be useful in interpreting data related to surface 

profilometry. 

In the same way , other basic slider shapes have been investigated, namely the cylinder, cone and 

pyramid[Nam P. 1970, Hisakado T. 1970 , Sin H.G.1979]. 

 

PLOUGHING WHILE CLIMBING OR DESCENDING AT  : 

We now consider a hemispherical slider that climbs fig.(3) or descends fig.(4) a surface having an 

inclination  . 
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The load on the slider, FV, is assumed to be remain constant and vertical Eq.(1) still applied and , in 

non dimensional terms we define . 

2/)2/( 22 R

A

RP

F
F V

Y

V
V





-----------------------------------------------------------------(4) 

In the present analysis the contact is restricted to the lower hemisphere that is for  

max

1 )2/(cos    Rd -----------------------------------------------------------------------(5) 

 

WIDTH OF GROOVING:  

The projected areas Avc and Avd (fig.3 and fig.4) are composed of elliptical and circular segments 

subtracting or adding with each other. With proper geometrical considerations, one obtain the 

following equations 
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               ------------(6) 

 

 

Fig(3) Hemispherical Slider Climbing an Inclined 

Surface at   

Fig.(4) Hemispherical Slider Descending an Inclined 

Surface at   
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     ----------(7) 

By substituting eq.(4) into eq.(6) and eq(7) it is possible to calculate the width of the grooving at 

various angles and work-hardening index for any test parameter values. 

Results are given in fig.s(5.1,2,3,4) for a climbing trajectory and in fig.s(6.1,2,3,4) for a decent. To 

maintain vertical force equilibrium (for given values of R and PY), the groove width has to increase 

in a non-linear fashion with increasing   and with the increasing of the work-hardening index n.  

By comparing the graphs one can see that for a given FV
*
 the width of grooving is always when 

descending than climbing at the same   and n (i.e. AVd > AVC). The difference also becomes larger 

as the angle gets steeper. Mathematically, this is explained by the facts that the second right-hand 

term of eq.(6) and eq.(7) is always small in comparison with the other. 

Figures 5 and 6 could be used to predict the groove width when a stylus is used for surface 

measurements of hard and soft surfaces. By knowing the geometry of the stylus, the depth of 

indentation could also be determined. 

 

FRICTION COEFFICIENT: 

The friction coefficient due to ploughing is calculated using generalized form of eq(3) as the ratio 

of the horizontal and the vertical projected areas. 

For climbing an asperity, and referring again to fig.(3) the horizontal projected areas is: 
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sin}))2/(1(1){2(
2/
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-----------(8) 

One can now obtain the analytical expression for the friction coefficient Fp by dividing eq.(6). The 

result is shown graphically in fig.s(7.1,2,3,4) as a function of the non dimensional load FV
*
 while Fp 

never exceeds 1.0 in the more conventional case of ploughing a horizontal surface, it may 

theoretically increases in sever climbing conditions. 

For descending an asperity, and referring to fig.4 the horizontal projected areas is: 
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Where 



cos

))2/(1(
cos

5.0
1 Rd

   

In this analysis the specific angle at which no resistance to motion occurs when descending an 

asperity can be expressed mathematically by: 

)2/(sin
))2/(1(

)2/(
tan 1

5.02

1 Rd
Rd

Rd  


  

The friction coefficient that applies in a descend is obtained by dividing eq(9)by eq(7) and a 

graphical representation of it appears in fig.s(8.1,2,3,4) as a function of the non dimensional load 

FV
*
. 

Figs.7 and 8 show that the friction coefficient due to ploughing increases and the slope of the 

asperity increases during climbing the asperity, on the contrary decreases when the slider descends 

[Ishizuka 1985] has found that the friction coefficient between a hard conical projection and soft 

rubbing surface having the projection of triangular prism increases with increasing the half angle of 

the prism which is well represented by the present model for descending a surface whose 

inclination is  .  

 

CONCLUSIONS: 

Essentially the extent of ploughing can be the depth of penetration of a soft material by a hard 

slider. This factor is a function of the shape and size of the indenter, the load applied on it, the 

work-hardening index and the yield pressure of the material that under goes grooving. 

Taking into account only ploughing component of friction, it was demonstrated that a simple model 

can be extended to predict damage on rough surfaces. 

In the case of a hemispherical slider climbing and descending asperities that are represented by 

inclined surfaces, the groove width was shown to be dependent upon the inclination . 
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Fig(5.1) Graf of Width of Grooving versus vertical 

force For Various  in a Climbing Situation , For 

n=0 

Fig(5.2) Graf of Width of Grooving versus vertical 

force For Various  in a Climbing Situation , For 

n=0.3 

 

Fig(5.4) Graf of Width of Grooving versus vertical 

force For Various  in a Climbing Situation , For 

n=1 

Fig(5.3) Graf of Width of Grooving verses vertical 

force For Various  in a Climbing Situation , For 

n=0.6 
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Fig.(6.1) Graf of Width of Grooving Versus vertical 

Force for Various  in a Descending Situation for 

n=0 

Fig.(6.2) Graf of Width of Grooving Versus vertical 

Force for Various  in a Descending Situation for 

n=0.3 

 

Fig.(6.4) Graf of Width of Grooving Versus vertical 

Force for Various  in a Descending Situation for 

n=1 

Fig.(6.3) Graf of Width of Grooving Versus vertical 

Force for Various  in a Descending Situation for 

n=0.6 
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Fig.(7.1) Graf of Friction Coefficient Versus 

Vertical Force For Various  in Climbing Situation 

For     n=0 

Fig.(7.2) Graf of Friction Coefficient Versus Vertical 

Force For Various  in Climbing Situation For   

n=0.3 

 

Fig.(7.4) Graf of Friction Coefficient Versus 

Vertical Force For Various  in Climbing Situation 

For    n=1 

Fig.(7.3) Graf of Friction Coefficient Versus Vertical 

Force For Various  in Climbing Situation For  

n=0.6 
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Fig.(8.1) Graph of Friction Versus Vertical Force 

For Various  in a Descending Situation For n=0 

Fig.(8.2) Graph of Friction Versus Vertical Force 

For Various  in a Descending Situation For n=0.3 

 

Fig.(8.4) Graph of Friction Versus Vertical Force 

For Various  in a Descending Situation For n=1 

Fig.(8.3) Graph of Friction Versus Vertical Force 

For Various  in a Descending Situation For n=0.6 

 

 

APPENDIX: 

Here are the details for derivation of eq(9) to calculate Ahd as shown in fig(4). Fig (9) gives an 

outlines of fig(4) and is used in the following equations. 
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Fig(9.A) Side View Fig(9.B) Front View 
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SOLVING PROBLEMS OF UNSTEADY – CONFINED FLOW TO 

PUMPED WELLS BY COMPUTER 
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ABSTRACT 

 In this research, a procedure to solve problems of unsteady flow to wells in confined 

aquifers by the computer is developed. The solution is based on the [THEIS:1935] procedure to 

solve such problems. The developed procedure is applied to (14) different sets of well – test data, 

including a predicted ideal one. The respective problems are solved completely by the computer 

without the need to construct or to refer to tables or nomographs; this, accordingly, deletes the role 

of personal judgment and the need to a high skill. 

 The applications indicate that the developed solution procedure is simple, easy to use, 

elaborate, superiorly fast in giving the required results, and comparatively accurate. 

 Despite that the developed solution procedure has been set for the case of a pumped well in 

an ideal confined aquifer, it is basically general; the computer program can be easily modified to fit 

the solution of problems of the other cases of groundwater flow to wells after introducing the 

additions that consider the respective boundary conditions. 

 

 

KEYWORDS: 

 Wells hydraulics; Unsteady confined flow; Theis equation; Solution by computer.  

  
 

 الخــلاصــة

هذاممزبهب تطممرهترممة شهلش سممله طمميهه ممر يهب بش ممرىهلآبممشهب ارذممرهب ممحهبرذممرسه ممسهب طلممرس هب وط ممةس ه ر مم هذر مم  ور ه  تممنب

س هعلمحه ه[5391]ثايس:ب طر ةب,ه ب  ٌذهب طيهعلحهلش سله (ههبوةعمله36 سهحيههايههزٍهب و ر ي.هجشىهترتبقهب رش سملهب ورمةب

هحيهب و ر يهربتهب  لاقلهكلبرهًذةب رلهب طر ةبهد ىهب طرجملهسبوةعلههار بلهه  ٌترل.ه هخ لفله شصةدبته طصهبرذرس،ههٌارهه ذهتنب

هب حهإعذبدهأ هب شجةعهب حهجذب  هأ هس ةمهذبرًبل,ه هزبهذر ٌ ببلهأ غحهد سهبلاج اردهب لخ سه ب طرجلهب حهب ختش هب  ر بل.

س ههممسهذ ممبرله  ممالله ممرهب  رتبسممرتهبىهلش سمملهب طمميهب ورممةب بلا مم  ور ه هق سٌممله  ر سمملهب  ممشعله ممسهإعرممر هب ٌ ممر  هه سممذهذببٌ

ه دقبسلهً تببرً.ب ورلةذله

ه سهحلش ههط ةسههامر س,ه نًامرهذلم يهه س ه قض ره طر لهذئشهضخب عرهملهإرهذرمه مرىههأ مر  سلآنهبىهلش سلهب طيهب ورةب

ب محهبرذمرسه ر م هذ مذهت موبيهذشًمره ههت ذ يهذشًره هب طر ةبهذ ماة له بمةب نهحميهه مر يهب طمرلاتهبلجمشىه بش مرىهب ومر هب بمة س

هب طر ةبهبمضر رتهب  سهتأجزهذ بيهبلاع ترسهبل ضرعهب  قخوببلهربتهب  لاقل.
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INTRODUCTION 

 Groundwater represents a major water resource – if not the only one – in too many localities 

all over the world. Beside its relatively good quality, in general, the attainable quantity of the 

world's groundwater (at depths less than 760 m) has been estimated at (3, 853, 213 km
3
) 

[UNESCO:1978], which is more than (33) times of the estimated total quantity of fresh water in all 

rivers, reservoirs, and lakes. 

 

 Groundwater is extracted mainly by means of pumped wells. The flow to a well is in fact 

unsteady. However, a steady state may be practically assumed after a continuous pumping from a 

well at a constant rate for a considerably long time. The pumped aquifers may be unconfined,    

semi – confined (leaky), or confined; the basic hydraulic principles for the aforementioned flow 

cases are essentially the same. 

 

 Practical problems of most concern in the field of groundwater hydrology and hydraulics 

fall in one of the following categories : 

(1). Estimating the average values of the aquifer characteristics, namely, the transmissivity (T) and 

storativity (S). 

(2). Determining the safe yield of a well (or an aquifer, or even a basin) for known (T) and (S). 

(3). Predicting the drawdown (z) at the pumped well or in an observation well at a distance (r) from 

the pumped well at any time (t) since the start of pumping, provided that aquifer's (T) and (S) 

are known. 

 

Pumping tests are the major tool for establishing the field data which are necessary for the 

solution of the aforementioned problems. Results of pumping tests are usually recorded in the form 

of tables giving the depth of water (d) in the considered observation well (measured from the 

ground surface) versus the respective time elapsed since the start of pumping, (t). The water surface 

in a well represents the instantaneous level of the piezometric surface in the confined aquifer (or 

that of the water table in an unconfined aquifer). 

 

As it is discussed later, solution of any problem related to the discussed subject necessates 

the reference to some pre – established tables. Besides, the available procedures for solving 

problems of category (1) are graphical (in which human judgment plays a major role). 

Realizing that the basic principles behind the Theis equation and Theis procedure of 

solution (mentioned hereafter) are unquestionable, this research aims at developing a simple and 

accurate methodology to solve problems of any of the three aforementioned categories. The 

solution is to be performed completely by computer and, consequently, there will be no further 

reference to tables, nomographs, or graphical solution for which high personal skill and experience 

are prerequisites. An ideal confined aquifer will be considered in establishing the methodology. The 

validation of the methodology is checked through application to some selected case studies. 

 

THE GOVERNING EQUATION 

 Actual groundwater flow is three – dimensional and unsteady, with the storage 

characteristics of the aquifer playing a major role. Thus, an actual soil – water system is so complex 

that the solution of any problem concerning it, no matter how simple is, cannot be performed 

straightforward and accurately; wells hydraulics is one such example. Consequently, accompanying 

simplifying assumptions are always indispensable. 

 

 For an assumed laminar groundwater – flow, the general governing differential equation is 

developed by combining Darcy's equation and the continuity (mass balance) equation. The resulting 

equation can be written as [MCWHORTER and SUNADA:1977] : 
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where, for a confined aquifer, the specific storage ( sS ) is a measure of compressibility of the 

aquifer and water. 

 The solutions of Eq. (1) give the time and space distributions of the piezonetric head (h) in 

heterogeneous, anisotropic, confined aquifers, in the usual three Cartesian coordinates (x, y, z). 

 To overcome the big difficulty and the complexity involved in solving Eq. (1), some 

practical simplifying assumptions, beside the assumption of laminar flow, are usually introduced. 

Such assumption involve [CHOW:1964] : 

1. The aquifer is homogeneous, isotropic, of infinite areal extent, bounded by impermeable 

(confining) strata above and below, and has constant coefficients of transmissivity and storage in 

all directions at all times. 

2. The discharging well is of infinitesimal diameter and completely penetrates the aquifer. 

3. Pumping is maintained at a constant rate (Q). 

4. Water is released instantaneously with decline in head. 

 It is to be noted, however, that for an assumed horizontal confined aquifer of a relatively 

uniform thickness (b) and an extensive areal extent, when average values of the effective soil 

characteristics, namely, the hydraulic conductivity (K) and the specific storage ( sS ), are considered 

then the assumptions of homogeneity and isotropy are implicitly justified. 

 

 Thus, under the aforementioned assumptions, Eq. (1) reduces to : 
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                                                                                                                             [2] 

 

where : K = overall average hydraulic conductivity of the aquifer. 

 

 For a radial flow towards a well, Eq. (2), written in polar coordinates, becomes : 
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 With the assumption that the aquifer is of a uniform thickness (b), and defining the aquifer's 

storativity (S) and transmissivity (T) as :  

 

S = sS  . b                                                                                                                                       [4] 

 

T = K . b                                                                                                                                         

[5] 
 

then Eq. (3) could be written as : 
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[6] 
 

which is the governing equation for the groundwater flow described hereinbefore. 
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SOLVING THE GOVERNING EQUATION 

 The difficulty in solving Eq. (6) led C.V. Theis to present a formula based on heat – 

conduction analogy, accounting for the effects of the storage characteristics of the aquifer and the 

time. For the conditions of (h = h0) at (t = 0) and (h   h0) as (r    ) for (t   0), the equation 

was [THEIS:1935] : 

h0 – hr = zr = 
T

Q

4
 
 

u

y

y

e
 dy                                                                                                        [7] 

 

which is the nonequilibrium or Theis equation. The parameters (h0), (hr), and (zr) are as shown in 

Fig. (1). The dimensionless parameter (u) is given by : 

 

u = r
2
 S / 4 T t                                                                                                                                [8] 

 

 In groundwater literature, the integral in Eq. (7), known in mathematics as the exponential 

integral, is commonly denoted by [W(u)] and called "the well function of (u)"; the log – log plot of 

[W(u)] versus [u] or [1/u] is called the type curve. Thus, Eq. (7) is commonly written as : 

 

zr = 
T

Q

4
  W(u)                                                                                                                             [9] 

 

 No analytic solution is available for [W(u)] but a numerical representation by the infinite 

series : 

 

W(u) = – 0.5772 – ln u – 






1 !.

)(

n

nn

nn

u
                                                                                           [10] 

 

Based on that, [WENZEL:1942] prepared a table for the values of [W(u)] versus values of [u], 

available for the range ( 110
-15

   u   10). The solution of any problem in this respect necessates 

the reference to Wenzel's table. 

 

 There is only one equation, the governing equation, which is available for solving the faced 

problems. Problems of categories (2) and (3) involve one unknown only and, therefore, can be 

solved directly, of course with the aid of Wenzel's table. However, the case is not so for a problem 

of category (1) because it involves two unknowns, namely, (T) and (S). For this [THEIS:1935] 

proposed his well – known graphical solution. Later, [COOPER and JACOB:1946] proposed a 

modified graphical procedure to solve problems of this category, provided that (u) has a small 

value. [CHOW:1952] developed a method that avoids the curve fitting of the Theis method and not 

being restricted to small values of (u). Nevertheless, the method is also graphical and necessates the 

use of a second table for a new function (Fu), beside Wenzel's table. 

 In an extensive study to solve some subsurface flow problems by the use of a computer, 

[AL-ASSAF:1976], supported by some hypothetical and real examples, established the respective 

computer programs. One such a program is to estimate the aquifer characteristics directly from well 

test data through an iterative approach and in two stages. The first stage involves approximating the 

Theis equation and solving the approximated version for the considered data. The second stage uses 

the approximate results obtained in the first stage to solve the exact Theis equation and thus, 

obtaining the exact results aimed at. 

 

PRACTICAL CONSIDERATIONS 
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 To keep the computer work within some reasonable limits, the following practical 

considerations would be helpful. However, the developed solution procedure, in general, and the 

computer work, in particular, are by no means limited to these considerations as they are only 

indicative. 

 

 

[A] Values of (u) 

Theoretically, the dimensionless parameter (u), as defined in Eq. (8), may take any value in 

the range (0 < u <  ). However, in real practice, the following may be considered. 

(1): Values of (r)  

With a specified constant pumping rate (Q), the value of the radial distance (r) from the 

pumped well depends mainly on the characteristics of the aquifer. Values of (r) of (5 – 100 m) 

are common in practical use. Reasonable values of (10 – 50 m) will be considered in the 

following analysis. 

(2): Values of (S) 

Values of the aquifer storativity (S) in the range (1   10
-6

 – 5   10
-3

) have been recorded. 

Values of (1   10
-4

) and (1   10
-3

) will be used in the following analysis. 

(3): Values of (T) 

The hydraulic conductivity (K) of a natural soil is the most variable soil characteristic; it 

ranges from as low as (1   10
-7

 m/day) for clay to as high as (10
3
 m/day) or even more for 

gravel [CHOW:1964]. However, establishing a pumped – wells scheme in an aquifer of low 

permeability is not a feasible practice. Consequently, practical values of (2 – 20 m/day) seem 

reasonable for the purposes of this research. 

The average thickness (b) of the source confined aquifer could be from few meters to 

several hundreds of meters. For the purposes of this research, values in the range (20 – 100 m) 

shall be considered. 

Based on the considered values of (K) and (b) hereinbefore, the extreme values of (T), as 

defined by Eq. (5) would be (40 – 2000 m
2
/day). 

(4): Values of (t) 

Duration of pumping, (t), in a pumping test, i.e., the time of continuous pumping from its 

start until stoppage, depends on the characteristics of the aquifer and the degree of accuracy of 

results aimed at. Values of (t) in the range (0.5 – 2 day) are practically reasonable. 

 

On considering the extreme values of (r), (S), (T), and (t) mentioned hereinbefore, the 

respective values of (u) would be in the range (6.25   10
-7

 – 3.125   10
-2

). Consequently, the 

practical range of (u) for the purposes of this research will be considered as (1   10
-7

 – 0.1). 

 

[B] Values of (Q) 

The pumping rate (Q) should be high enough to produce measurable drawdowns in the 

respective observation wells. Values of (5 l/s   Q   40 l/s) shall be considered when needed in 

this research. 

 

THE DEVELOPED PROCEDURE OF SOLUTION 
 The type curve, {the log – log plot of [W(u)] vs. [u]}, resembles the theoretically – expected 

trend of the observed data of a pumping test when drawn as [(z) vs. (r
2
 / t)] on a log – log paper of 

the same scale as that of the type curve. Two basic assumptions in the derivation of Eq. (9) are that 

(Q) is constant throughout the test, and water is released instantaneously with decline of head. 

Practically, these two assumptions are commonly not well met during the first few observations. 

Consequently, less weight is usually given to the data of such observations. 
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 With the progress of the pumping, the plot of the pumping – test data, [(z) on an arithmetic 

scale versus (t) on a logarithmic scale], will be close to a straight line, the longer (t) is the more the 

closeness will be. For such a straight line, the data could be represented by : 

 

z = C + m  log(t)                                                                                                                          [11] 

 

where : (C) is the logarithmic intercept; (m) is the slope of the line, calculated between any two 

points, [(ta, za) and (tb, zb); (tb > ta)] as : 

 

m = 
)()( ab

ab

tlogtlog

zz




 = 

)/( ab ttlog

z
                                                                                        [12] 

 

 If the two points were chosen such that they cover a complete logarithmic time cycle, i. e., 

(tb = 10 ta), then [log (tb / ta) = 1] and Eq. (12) reduces to (m = z ). 

 Each observation shall be denoted by (R) with a subscript to denote its serial number. Thus, 

an observation will be [(Ri); i = 0, 1, …, N; N = the serial number of the last observation]. 

Consequently, and if the available data permit, the analysis will consider (J) observations [from   

(Ra) or ( 1JNR ) to (RN)] that cover the last complete time logarithmic – cycle [that is from (ta) to 

(tN), where  (ta = tN / 10)]. If (ta) is not the time of an existing observation then an existing 

observation (Ra') is to be considered such that the time (ta') is just preceding (ta). 

 

 The developed solution procedure is summarized in the following steps : 

 

[A] Verification of the observed data : 
(1): Imagine that all data points have been located on a semi – log plot, (z) on the vertical 

arithmetic scale versus (t) on the horizontal logarithmic scale. After deciding on the (J) data 

points to be considered in the analysis (as mentioned hereinbefore), imagine that each two 

consecutive data points of the chosen ones are connected by a chord. 

(2): Use Eq. (12) to calculate the slope of the established chords, (mj;  j = 1, 2, …, J–1). Of course, 

(mj) as calculated would never be (–ve); otherwise, a point creating a (–ve) (mj) should be 

considered as an outlier and, consequently, discarded. 

It is to be noted that whenever an observation is discarded from the analysis, the number 

of involved observations (J) is decreased by one for the following calculations. 

(3): For the considered data points to form a single, reasonably – acceptable straight line [outlined 

by the established (J–1) chords], the computed values of (mj) should be insignificantly 

different.  

 

[B] For the (J) observations still under consideration, the best – fit straight line is found by the least 

squares method. 

 Denoting [log(t)] as (X) and (z) as (Y), then Eq. (11) becomes : 

 

Y = C + m X                                                                                                                            [13] 

 

According to the least – squares fitting [MONTGOMERY et al.:1998] : 

 

C = 
22

2

)()(

))(())((



 

XXJ

XYXXY
                                                                                          [14] 
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 m = 
22 )()(

))(()(





XXJ

YXXYJ
                                                                                                  [15] 

 

and the respective regression coefficient (R) is computed as : 

 

R = 
Total

Explained
                                                                                                                    [16] 

 

which, for linear regression, could be set in a form simpler for calculation as :  

 

R = 
  

  

])()(][)()([

))(()(

2222 YYJXXJ

YXXYJ
                                                                        [17] 

 

[C] The function (Fu) of [CHOW:1952] 
 To connect the observed data with the type curve, [CHOW:1952] defined a function (Fu) 

such that : 

In relation to the considered observed data : 

 

Fu = zi / m                                                                                                                               [18] 

 

where (zi) is the drawdown of an observation (Ri) chosen arbitrarily from the considered set of 

observations. 

In relation to the type curve : 

 

Fu =           W(u) . e
u
                                                                                                               [19]           

 

where (Fu), [W(u)], and (u) are all evaluated at (Ri). 

 

The value of (Fu) is calculated by Eq. (18). Then, the solution of Eq. (19) would give unique 

values of (u) and [W(u)] evaluated at (Ri). This would enable solving Eq. (9) for (T) and then 

solving Eq. (8) for (S). 

 

[D] Solving for [W(u)] and (u) 
What is mentioned in item [C] hereinbefore sounds attractive. However, it involves an 

obstacle in that, despite of that [W(u)] being a function of (u) (and vice versa), Eq. (19) could not 

be solved explicitly, neither for (u) nor for [W(u)]. 

To overcome the involved dilemma, [CHOW:1952] prepared a table (and also a log – log 

nomograph) for values of (Fu) corresponding to a range of values of [W(u)] and their respective 

values of (u). 

 

 For a solution to be performed completely by a computer, the reference to tables or 

nomographs should be avoided. Accordingly, the case under consideration could be tackled by a 

computer through a trial – and – error solution. Such a solution would involve assuming a 

reasonable value for (u), computing the respective value of [W(u)] by Eq. (10), computing the 

respective value of (Fu) by Eq. (19), and comparing this value with that computed by Eq. (18); 

the two values should be insignificantly different (within a pre-specified tolerance limit). If the 

two values were not so, the calculations are repeated for modified values of (u) until the aimed 

goal is achieved. However, this would be a cumbrous and tedious task. An elaborate alternative 

is to provide the necessary explicit mathematical relationships between each two of the three 

    variation 
 

variation 

1 

ln 10 
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involved parameters, namely, (Fu), [W(u)], and (u). This implies the establishment of the 

following functional relationships : {W(u) = f1[u]}, {u = f2[W(u)]}, and {u = f3[Fu]} or {W(u) = 

f4[Fu]}. 

 Taking into consideration the practical range of values of (u) of ( 7101   – 0.1) mentioned 

before, the following has been deduced in this respect.  

(1): {W(u) = f1[u]} 

Such a relationship is already given by Eq. (10). However, it is logical and more practical 

that for small values of (u), the series may be truncated after the second term. Thus, Eq. (10) 

becomes : 

 

W(u) = – 0.5772 – ln u = ln (1 / 1.781 u)                                                                          [20] 

 

To check the validity of such an approximation, consider values of (u) of (0.001), (0.01), 

and (0.1). Moreover, and for illustrative purposes and based on the practical considerations 

outlined before, consider average practical values of the involved parameters, say [Q = 10 l/s;  

T = 400 m
2
/d]. The drawdowns calculated for the aforementioned cases are summarized in 

Table (1). For drawdowns calculated to the nearest millimeter, the results show that the 

approximation of [W(u)] for the considered values of (u) will yield a relative percent decrease 

(D1) in the computed drawdowns of (0.0), (0.29), and (5.35), respectively. The relative 

percent decrease (D2) would be (0.0), (0.0), and (3.23), respectively, if the drawdowns were 

calculated to the nearest centimeter. This indicates that the use of Eq. (20) is well justified, at 

least for the purposes of this research, for (u < 0.01). 

(2): {u = f2[W(u)]} 

(i): Since Eq. (20) was found satisfactorily accurate for (u < 0.01) [for which W(u) > 4.0379], 

then the inverse functional relationship will be valid too. That is : 

For [W(u) > 4.0379] : 

 

u = 1 / {1.781 exp. [W(u)]}                                                                                            [21] 

 

(ii): For [4.0379   W(u)   1.8229], [that is 0.01   u   0.1] : 

For purposes other than this research, the researcher solved Eq. (10) up to (n = 34) 

(which was the limit of the capacity of the used computer) and prepared a table similar to 

Wenzel's table and for the same values of (u) involved therein. The respective type curve is 

then divided into several overlapping hypothetical sectors. The data of each sector were 

regressed, [W(u) on (u) and vice versa]; the sectors were shortened or elongated until the 

best regression, i. e., the highest regression coefficient (R), was obtained. 

For the aforementioned relationship, the obtained one was : 

 

u = Exp. {– [1.04 W(u) + 0.41]};  {R = 1.0}                                                                  [22]   

 

(3): {W(u) = f4[Fu]} 

(43) values of (u), covering the range (110
-7

   u   0.1) were selected. The respective 

values of [W(u)] were calculated by Eq. (10) or Eq. (20), as the case indicated. Then, Eq. (19) 

is used to calculate the corresponding values of (Fu). 

The software GRAPHER was used to perform the regression of [W(u)] on (Fu). Of the 

various styles the software offers, the best functional relationship obtained in this respect was 

a third – degree polynomial which, after modification, came as : 

 

a0 = – 0.34; a1 = 2.55; a2 = – 0.0567; a3 = 0.004124; {R = 1.0}                                      [23] 

 

[E] Solving for (T) and (S) 
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With known (Q), (r), and [W(u)] in respect to the chosen observation (Ri) with known (t) and 

(z), the solution for (T) and (S) would be systematic and straightforward and as follows : 

(1):Solve Eq. (5) for (T). 

(2):Solve Eq. (22) [or Eq. (21) as the case may be] for (u); then, solve Eq. (4) for (S). 

 

It is known in statistics that when a set of data points {X, Y} is fitted linearly, a point       

( X , Y ), whether real or predicted, would locate on the fitted straight line. Consequently, it was 

thought that such a point would be an appropriate choice for (Ri). Thus, the established computer 

program has been set accordingly; it computes ( t , z ) of the considered (J) data points and uses 

the respective values to represent the chosen observation (Ri). 

 

APPLICATION 

 The researcher was hoping to apply the developed solution procedure to some recent, 

dependable well – test data, Iraqian in particular. However, he was almost unfortunate in this 

respect. Nevertheless, (14) different data sets were used to form the application cases. The 

information regarding these sets are outlined hereinafter. 

 

[1] For a rigid check of the applicability of the developed procedure, an ideal hypothetical data set 

has been fabricated as follows : 

(a) (24) values of (u) representing the practically – common range of (2.5E–1   u   4E–5) have 

been selected. The respective values of [W(u)] were calculated by Eq. (10) [for (u   0.01)] or 

by Eq. (20) [for (u < 0.01)]. 

(b) For assumed reasonable values of (Q = 20 l/s = 1728 m
3
/d), (r = 25 m), (T = 400 m

2
/d), and  

(S = 2.5E–4), the values of (z) [by Eq. (9)] corresponding to the calculated values of [W(u)] 

and then the values of (t) [by Eq. (8)] corresponding to the chosen values of (u), were 

calculated. 

(c) The resulting (24) (t, z) data points formed the application set [1] for the present research.  

 

[2] To illustrate his developed graphical approach, [CHOW:1952] used  the well - test data shown 

in his Fig. (3). The values of (22) data points (t, z) abstracted from the aforementioned figure 

formed the application set [2]. 

  

[3] Test data for well (1) at Gridley, Illinois is used as an illustrating example in 

[WALTON:1970], (P 229). The data of the example formed the application set [3]. 

 

[4] Data constituting (29) observations are given in Problem (4-1), P 283 in [WALTON:1970]. He 

indicated the solution to be (T = 358000 gpd/ft ; S = 4.7E–4) without mentioning the procedure 

of solution. This data formed the application set [4]. 

  

[5]; [6]; [7]: Data from the pumping test Qude Korendjik are given in [KRUSEMAN and DE 

RIDDER:1970], (P 53). Observations were made in three piezometers, (P1), (P2), and (P3), 

located at radial distances from the pumped well of (30 m), (90 m), and (215 m), respectively. 

The basic assumptions mentioned before were closely satisfied in the test. 

[KRUSEMAN and DE RIDDER:1970] used the aforementioned data to estimate (T) and 

(S). The procedures of solution used were as follows : 

(a) [THEIS:1935] procedure applied to the data of the three piezometers collectively. 

(b) [COOPER and JACOB:1946] procedure. This was used in three approaches :  

(i): The traditional approach, that is : [(z) vs. (t)] for constant (r), for each piezometer 

separately. 

(ii): [(z) vs. (r)] for constant (t); solved for (t = 140 min.). 
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(iii): [(z) vs. (t/r
2
)] for the data of the three piezometers collectively. 

(c) [CHOW:1952] procedure applied to the data of (P1). 

The data of (P1), (P2), and (P3) have been considered as the application sets [5], [6], and 

[7], respectively. 

 

[8]; [9]; [10]: [LOHMAN:1972] used data observed at three observation wells (N–1), (N–2), and 

(N–3) in a solution by the Theis procedure. These data  have been considered as the application 

sets [8], [9], and [10], respectively. 

 

[11]: [LINSLEY et al.:1988] present an illustrative example on (P 179). They solved  for (T) and 

(S) by the Theis and the Jacob procedures. The data of the example have been considered as the 

application set [11]. 

 

[12]; [13]; [14]: [ABDULLA:2001] used data sets observed at seven observation wells in the Jolak 

Basin (Al-Ta'miem Governate, Iraq), each corresponds to a certain pumped well. Those 

corresponding to the wells Yarimja, Kurzi, and Nabi Awah have been considered as the 

application sets [12], [13], and [14], respectively, for the purposes of the present research. 

 

RESULTS AND ANALYSIS 

 The basic results of applying the developed solution procedure to the considered (14) data 

sets are summarized in Table (2). In this respect, the following is worth mentioning : 

 

[A] No data point has been found to be as an outlier. 

 

[B] The respective values of the regression coefficient (R) were high enough to indicate excellent 

linear fittings. 

 

[C] Values of (T) and (S) estimated by the solution procedure developed in this research are 

designated as (CT) and (CS), respectively. The corresponding reference values are designated 

(RT) and (RS), respectively; those concerning data set [1] are the assumed values; those 

concerning the other data sets are the values estimated by the respective researchers; the 

abbreviations (TH), (JA), and (CH) denote that the respective values have been estimated by the 

[THEIS:1935], [COOPER and JACOB:1946], and [CHOW:1952] procedures, respectively. 

 

[D] Values of (T) and (S) could be described as exact only when they are obtained by a purely – 

theoretical solution (without any added assumptions other than those accompany the derivation 

of the governing equation) and for ideal well – test data. This is virtually the case of (RT) and 

(RS) of application case [1]. 

The values (CT) and (CS) obtained by the solution procedure developed in this research and 

for the same data set [1] were identical to the reference values. This clearly proves the 

elaborateness and accuracy of the developed procedure. 

 

[E] The developed procedure solves the involved problem completely by the computer without the 

need neither to construct nor to refer to any table or graph. In fact, when the computer program 

is ready in the computer, the time to obtain the results is just that time for inputting the data and 

pressing the "run" button. 

   

[F] Recalling that the keystone in the solution of the considered problems is the Theis equation. 

However, actual field conditions are never ideal; the percent deviation between the two could be 

anywhere between the two extreme limits, (0) and (100). The error in the results due to ignoring 

such a deviation may be exaggerated when using different data sets for the same aquifer, using 
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different approximate procedures of solution, or when the solutions are performed by different 

persons and by procedures in which the personal skill and judgment play a significant role. 

Consequently, the comparison of different mere results for the same data would be indicative 

only. 

All the known procedures of solution in this respect are issued from the same theoretical 

basis. The differences between them are basically the additional assumptions, simplifications, 

and approximations to facilitate and accelerate the solution process while keeping the results 

closely comparable to some references ones, usually taken as those of the Theis procedure of 

solution. Accordingly, one can pronounce that no other solution procedure may be more 

accurate than the one developed in this research since it adds no further assumptions or 

conditions, except that the well test should last long enough to make the plot [(z) vs. (log t)] 

closely approximates the expected straight line (which is, in fact, a general prerequisite to any 

well test). Moreover, the procedure involves no approximations other than those required to 

give the highest reasonable computation accuracy the computer provides. Yet, the fully – 

computerized solution by the developed procedure leaves no role to personal judgment or the 

necessity to highly – skilled personnel. 

 

 Keeping in mind the aforementioned merits of the developed solution procedure, the 

obtained values (CT) and (CS) for the application cases [2] through [14], given in Table (2), 

indicate that they were : 

 Close to (RT) and (RS) for [2] by (CH). 

 Identical to (RT) and (RS) for [3] by (TH). 

 Somehow comparable to (RT) and (RS) for [4] (for which the reference do not mention his 

procedure of solution). 

 Somehow different from (RT) and (RS) for [5] as obtained by all the five applied procedures. 

 Somehow comparable to (RT) and (RS) for [6] as obtained by all the five applied procedures. 

 Identical to (RT) and (RS) for [7] by (JA–1). 

 Different from the average (RT) and (RS) obtained for [8], [9], and [10] collectively, by (TH). 

 Very closely comparable to those obtained for [11] by both (TH) and (JA). 

 Ditto, for [12]. 

 (CT) was identical to (RT) for [13] obtained by both (TH) and (JA). However, (CS) was 

identical to (RS) by (TH) but different from that by (JA) {unless there is a misprint}.  

 Almost identical to (RT) and (RS) for [14] by (TH) and closely comparable to those by (JA). 

 

CONCLUSIONS 

 In summary, the following conclusions could be stated : 

1. The fully – computerized procedure developed in this research for solving problems of unsteady 

flow to wells in confined aquifers is simple, elaborate, superiorly fast in giving the required 

results, and without the need of graphics or the reference to tables or nomographs. Moreover, on 

considering the results obtained by the available solution procedures for the same data, the 

accuracy of the results of the developed procedure are comparatively unquestionable.  

2. The procedure is basically general; it is equally applicable to the different problems encountered 

in wells hydraulics (such as those for data of water – level recovery, for unconfined or semi – 

confined aquifers, or when accretion is present) after introducing the additions that count for the 

relevant boundary conditions. 

 

 

 

 

 



  A.A. A. Al-Delewy                                                                                 Solving Problems of Unsteady – Confined  

Flow to Pumped Wells by Computer                                                                                                                    

 

Available online @ iasj.net 4548 

 

Table (2) : Summary of results [ The cases and symbols are explained in the text ] 
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s Case Number 

( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) 

1 

2 

3 

4 

Q 

r 

N 

J 

M
3
/d 

m 

--- 

--- 

1728 

25 

24 

9 

4088 

245 

22 

16 

1200 

251.2 

22 

13 

8176 

91.44 

29 

11 

788 

30 

34 

11 

788 

90 

35 

15 

788 

215 

9 

9 

5 

6 

7 

8 

9 

10 

C 

m 

R 

t 

Z 

∆ Z 

m 

--- 

--- 

min. 

m 

m 

0.4763 

0.7914 

1.0000 

1524.41 

2.995 

0.792 

-0.8848 

0.6519 

0.9984 

166.79 

0.564 

0.652 

-1.2823 

1.6993 

0.9988 

142.45 

2.377 

1.699 

0.2346 

0.2890 

0.9982 

503.09 

1.015 

0.289 

0.4169 

0.2297 

0.9977 

281.53 

0.982 

0.230 

0.0256 

0.2390 

0.9991 

274.88 

0.608 

0.239 

-0.1679 

0.1450 

0.9948 

274.44 

0.186 

0.145 

11 

12 

13 

F(u) 
W(u) 

u 

--- 

--- 

--- 

3.782 

8.7084 

9.28E-5 

0.865 

1.8260 

9.94E-2 

1.399 

3.1278 

2.57E-2 

3.512 

8.0867 

1.73E-4 

4.270 

9.8320 

3.02E-5 

2.544 

5.8578 

1.60E-3 

1.283 

2.8470 

3.44E-2 

14 

15 

CT 

CS 

M
2
/d 

--- 

399.8 

2.51E-4 

1053.1 

8.08E-4 

125.6 

2.00E-5 

5183.2 

1.50E-4 
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1.60E-5 
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9.10E-5 
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5.44E-4 
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RT 

RS 
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2
/d 

--- 
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1008.1 

8.83E-4 
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2.00E-5 

(?) 

4439.2 

4.70E-4 

(TH) 

418 

1.7E-4 
 

16b 

17b 

 

RT 

RS 

 

M
2
/d 

--- 
    

(JA-1) 
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1.7E-4 

 

480 

1.8E-4 

 

960 

5.8E-4 
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RT 

RS 
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--- 
    

(JA-2) 
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4.5E-4 
 

16d 
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RT 

RS 
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--- 
    

(JA-3) 
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1.7E-4 
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--- 
    

(CH) 
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2.2E-4 
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Table (2) :  [ Continued ] 
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1 

2 

3 

4 

Q 

r 

N 

J 

M
3
/d 

m 

--- 

--- 

2718.4 

61 

25 

12 

2718.4 

122 

25 

12 

2718.4 

244 

25 

12 

3672 

30 

11 

10 

3120 

50 

17 

15 

691.2 

30 

20 

17 

907.2 

30 

25 

19 

5 

6 

7 

8 

9 

10 

C 

m 

R 

t 

Z 

∆ Z 

m 

--- 

--- 

min. 

m 

m 

0.5382 

1.3184 

0.9999 

83.38 

3.071 

1.318 

-0.2137 

1.3003 

0.9998 

83.38 

2.284 

1.300 

-0.8924 

1.2545 

0.9994 

83.38 

1.518 

1.255 

-5.3440 

2.6451 

0.9829 

422.34 

1.601 

2.645 

-0.5443 

0.6516 

0.9961 

69.53 

0.656 

0.652 

-0.1741 

1.1292 

0.9991 

249.59 

2.533 

1.130 

-0.1632 

0.4103 

0.9987 

453.64 

0.927 

0.411 

11 

12 

13 

F(u) 
W(u) 

u 

--- 

--- 

--- 

2.330 

5.3650 

2.63E-3 

1.757 

4.0456 

9.83E-3 

1.210 

2.6698 

4.13E-2 

0.605 

1.1829 

1.94E-1 

1.006 

2.1721 

6.93E-2 

2.242 

5.1624 

3.22E-3 

2.255 

5.1923 

3.12E-3 

14 

15 

CT 

CS 

M
2
/d 

--- 

377.9 

6.2E-5 

383.1 

5.9E-5 

380.4 

6.1E-5 

215.9 

5.46E-2 

822.0 

4.40E-3 

112.1 

2.78E-4 

404.3 

1.78E-3 
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RS 

 

M
2
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--- 
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1267.0 

1.98E-4  
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5.6E-2 
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1.53E-3 

(JA) 

437.2 

4.3E-3 
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Fig. (1) : Definition sketch for a confined flow to a pumped well. 

 

 

 

 

 

 

Table (1) : Results by approximating W(u) . [ Q = 10 l/s ; T = 400 m
2
/d ] 

 

Parameter Units 
Values of ( u ) 

0.001 0.01 0.1 

W(u) { Eq. (10) } ---- 6.3315 4.0379 1.8229 

Z1 { Eq. (9) } m 1.088 0.694 0.313 

W(u) { Eq. (15) }  ---- 6.3306 4.0280 1.7255 

Z2 { Eq. (9) } m 1.088 0.692 0.297 

D1
(*) 

% 0 0.29 5.35 

D2
(*) 

% 0 0 3.23 

 

(*) D = 
1

21

Z

ZZ 
 × 100 ; (D1) and (D2) are calculated for values of (Z) computed to the nearest 

millimeter and centimeter, respectively. 

 

 

 

 

Drawdown curve 

rw 

Q 

D 

h0 
hw 

re 

r 

Zw 

d 

Zr 

hr 

h0 

Pumped 

well 

b 

Ground surface 

Initial piezometric surface 

Observation 

Well 

Confined aquifer 

 [Hydraulic conductivity (K); 

Specific storage (Ss)] 

Impermeable 

stratum 



Journal of Engineering Volume 14 march 2008       Number1  
 

 

Available online @ iasj.net 454; 

REFERENCES 

 ABDULLA, H. H. [2001]: "Quantitative and qualitative evaluation of groundwater resources in 

the Jolak Basin". M. Sc. thesis; University of Baghdad. 

 

 AL-ASSAF, S. A.-H. [1976]: "Application of computer techniques to ground-water flow 

problems". Ph. D. Dissertation; University College, London. 

 

 CHOW, V. T. [1952]: "On the determination of transmissibility and storage coefficients from 

pumping test data". Am. Geophys. Union Trans.; Vol. (33), pp. (397 – 404). 

 

 CHOW, V. T. {Editor-in-Chief} [1964]: "Handbook of applied hydrology". McGraw-Hill, 

U.S.A. 

 

 COOPER, H. H. and JACOB, C. E. [1946]: "A generalized graphical method for evaluating 

formation constants and summarizing well field history". Am. Geophys. Union Trans.; Vol. 

(27), PP. (526-534). 

 

 LINSLEY, R. K. (Jr.), KOHLER, M. A., and PAULHUS, J. L. H. [1988]: "Hydrology for 

engineers", (SI Metric Edition). McGraw-Hill, Singapore. 

 

 LOHMAN, S. W. [1972]: "Ground-water hydraulics". Geological Survey Professional Paper 

708; U.S. Government Printing Office; Washington. 

 

 KRUSEMAN, G. P. and DE RIDDER, N. A. [1970]: "Analysis and evaluation of pumping 

test data". International Institute for Land Reclamation and Improvement; Wageningen, The 

Netherlands. 

 

 MCWHORTER, D. B. and SUNADA D. K. [1977]: "Groundwater hydrology and hydraulics". 

Water Resources Publications; Fort Collins, Colorado, U.S.A. 

 

 MONTGOMERY, D. C., RUNGER, G. C., and HUBELE, N. F. [1998]: "Engineering 

statistics". John Wiley; U.S.A. 

 

 THEIS, C. V. [1935]: "The relation between the lowering of the piezometric surface and the 

rate and duration of discharge of a well using groundwater storage". Am. Geophys. Union 

Trans.; Vol. (16), PP. (519-524). 

 

 UNESCO [1978]: "World water balance and water resources of the earth". Studies and Reports 

in Hydrology -25; UNISCO. 

 

 WALTON, W.C.[1970]: "Groundwater resource evaluation". McGraw-Hill Kogakusha; 

Tokyo. 

 

 WENZEL, L.K.[1942]: "Methods for determining permeability of water-bearing material, with 

special reference to discharging – well methods". U.S. Geol. Survey; Water Supply Paper 887; 

U.S.A. 

 



Journal of Engineering Volume 14 march 2008       Number1  
 

 

Available online @ iasj.net 2222 

 

 

 

 

 

SPOT WELDING RESIDUAL STRESSES ASSESSMENT USING 

NONLINEAR NUMERICAL TECHNIQUE 
 

 
                          Dr. Nabeel K. Alsahib                                                           Dr. Somer M. Nacy    

                          University of Baghdad                            University of Baghdad 

                   AL-Khwarizmi college of Eng.                                          AL-Khwarizmi college of Eng. 
    

                                                                            Dr. Faiz F. Mustafa 

                                   University of Baghdad 

                             AL-Khwarizmi college of Eng 

 

 
ABSTRACT 

       A description is given of the resistance spot welding process in terms of internal behavior of the 

weld as welding takes place. Heat input due to spot welding of steel sheet plate causes temperature 

gradient in the parent metal. After cooling, residual stresses appear around the welding zone 

reducing the strength. Residual stresses are a result of the temperature gradient and the dependency 

of material properties on the temperature, such as yield strength, elasticity modulus, and thermal 

expansion coefficient. Nonlinear transient heat transfer analysis performed in order to obtain the 

temperature distribution in the welded part .A nonlinear thermo–plastic stress analysis is then 

performed to predict the stress and strain fields during and after welding. The material properties 

such as yield strength, elasticity modulus, convection coefficient, conduction, specific heat, and 

thermal expansion coefficient are used as a function of temperature. The heat transfer results are 

compared with experimental results performed within the scope of work of this study. On the other 

hand, the residual stress results are compared with experimental result obtained from literature .The 

comparison shows good agreement between numerical and experimental results. 

 الخلاصة:
يقدم البحث وصف  دييفل لليةيفل الةحفلم ال قلف  سةف  اتفلر الاليفخاي الدااةيف  الحلصفة  أف  اليلفدن مل فلا وبلفد سيةيفل الةحفلم  حيفث 
اسايففدي لخيقففل خيييففل ماليففل يلايففدا سةفف  الل لصففخ اليحففددا يينففن يففن ارلرففل اليففين دخمففلي الحففخاخا ال لميففل سففن سيةيففل الةحففلم 

ليتفلأل والفنين    ا اقفلل الحفخاخا الرالف  واليلايفد سةف  الالييفخ يف  الفنين يي ويفن لفم يينفن ب تفاادام لخيقفل ال قل  والييخهل يف  ا
الل لصففخ اليحففددا الراليففل    الةدو ففل الحخاخيففل يي لاليففين ابمرففلداي اليابقيففل أفف  المففنا اليةحففوم ويففل حولفف  بلففد سيةيففل الابخيففد  ان 

خ دخملي الحخاخه ويل يصلحبرل ين اليخ أ  اواص اليلدن يلل يقلويل الاضوع  حفد اليخو ف   اممرلداي اليابقي  اظرخ  ايمل لالي
يلليل الايدد الحفخاخ  ويلليفل الاوصفيل والحيفل يف  الاليفخ أف  دخمفلي الحفخاخا  ولقفد افم امفخاا امفلخ  لقيفلر دخمفلي الحفخاخا لةمفنا 

قلخ ارفل بلل افل ا الخيييففل م وافم ابسايففلد سةف  امففلخ  لقيفلر ابمرففلداي اليةحفوم مل فلا وبلففد سيةيفل الةحففلم أف  امففناا ومني فل يااة ففل لي
اليابقيففل ممخيففي أفف  مبحففلث ماففخ  لةيقلخ ففل حيففث ظرففخ صففرحيل اللففخل الخيييففل بن ففلاا سلليففل والصففل لاليففين دخمففلي الحففخاخا و لفف  

 ايليل الحخاخ  مو ابمرلداي    ايمل ديل الايليل الخيي  أ  وص  واليخهل ي  الحخاخا ووص  الظخو  اليحيلل تواا ال
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INTRODUCTION 

       Residual stress distribution and distortion in welded plates are strongly affected by 

many parameters and by their interaction. In particular, there are structural, material and 

welding factors. The structural parameters include geometry of the plates, thickness and 

width and joint type. Among the material parameters mechanical and physical properties. 

Welding variables such as current, force, and weld time .As a consequence of the non-

uniform temperature distribution, parts of material close to the weld is subjected to different 

rates of expansion and contraction developing a three-dimensional complex residual stress 

state, (Sarkani and Lutes, 1988). To understand the formation of residual stress, node 

temperature history during the welding process must be calculated. During the weld thermal 

cycle material mechanical properties change–drastically, especially when material 

approaches melting temperature. Therefore, due to the temperature dependence of material 

properties and the large deformation in welding, material and geometrical non-linearity have 

to be taken into account .The initial expansion of material due to the temperature increase is 

constrained by material placed away form the heat source. Therefore generating compressive 

stress .At a temperature higher than material critical temperature, the material starts 

exhibiting thermal softening where heating results in decrease of flow stress .As phase 

change occurs deviatory stress become zero and considerable plastic deformation occurs in 

the weld metal and the base metal near the weld. As temperature decreases during the cooling 

phase, the stress in the solidifying martial increases, and become tensile due to the positive 

temperature gradient. The region placed away form the welding area, will therefore, be in 

compression since the resultant force and the resultant moment induced by residual stress 

evaluated in the center spot plane section must satisfy translation and rotational equilibrium. 

Plate stiffness affects strongly magnitude and distribution of residual stress. In some cases, 

residual stress may or exceed the yield stress of the parent plate material, (Tall, 1964), (Sun 

and Dong, 2000). The plastic strains resulting from heating induce stress, which in turn 

produce internal forces that may cause bending and rotation. The displacements are in 

general called distortion. The residual stress combined with distortion and degradation of the 

material mechanical properties influence the buckling strength and fatigue life of welded 

structure. 

          
FINITE ELEMENT MODELING PROCEDURE 

      Spot welding is a material joining technology using electrical resistance heat of metallic 

and it is a complicated phenomena. The FE analysis was carried out in two steps (coupled-

field analysis that coupling between two or more fields of engineering). A non-linear 

transient thermal analysis was conducted first to obtain the global temperature history 

generated during the welding process. A stress analysis was then developed with the 

temperatures obtained from the thermal analysis used as loading to the stress model, M. Meo 

and R. Vignjevic. In this analysis, the left and bottom edge of Fig. 1, are symmetry axes so 

only one quadrant of the weld nugget (upper right corner) is shown, ANSYS (8) package was 

used with an ax symmetric 2D model; solid 8-node element.       

The accuracy of the FE method depends upon the density of the mesh used in the analysis. 

Both the stress and thermal analysis have identical meshes. The weld nuggets temperature is 

higher than the melting point of the material, and it drops sharply in regions away from the 

weld nugget. Therefore in order to obtain the correct temperature field in the region of high 

temperature gradients it was necessary to have a more refined mesh close to the weld nugget. 

While in regions located away from weld-nugget a more coarse mesh was used. Sensitivity 
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analysis of mesh density was performed and a satisfactory mesh was adopted for further 

studies, the higher is the heat input the higher is the number of nodes necessary to accurately 

interpolate high temperature gradient, H. Huh and Kang, 1997. A stainless steel (304) 

material property was used for FE model. The chemical composition, mechanical properties 

of the specimens at room temperature are given in Table 1&2, respectively, William, and 

spot welding condition described in Table 3, Roy and Norman, 1976. 
 

NON-LINEAR TRANSIENT HEAT TRANSFER NUMERICAL MODEL 

      One of the fundamental problems in the analysis of heat flow during welding is how to take into 

account physical material changes due to temperature changes during the welding process. If the 

material properties are treated as temperature dependent the eq. (1) of heat –flow become non-linear, 

Cosmos, 2000.  

                                     
 

                         (1) 
 

 

Where cp is the specific heat, K thermal conductivity, T temperature, Q is the volumetric heat 

generation and t is time .If the material properties are considered temperature independent the 

equation (specific heat, thermal conductivity do not change with temperature) is reduced to a linear 

differential eq. (2).     
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      In the current analysis temperature-dependent thermal properties were assumed, therefore non-

linear equations were obtained and solved. Fig. 2, shows the thermal specific heat (CP), conductivity 

(K=Kx=Ky=Kz), and convection coefficient relationship with temperature, Ajinomoto, 2001. The 

material density is approximately considered constant (7850 kg/m
3
). To determine temperature and 

other thermal quantities that vary over time there was the need to perform a transient thermal 

analysis. Implicit method of time discrimination was employed which allows for larger time steps .It 

is important not to forget that time step size is not a problem with respect to calculation stability but 

it determines the accuracy of the solution.  Using the FE analysis the thermal and stress analysis are 

uncoupled while in reality thermal effect and mechanical deformation occur at the same time .The 

de-coup line of the analysis becomes acceptable if one assumes that dimensional change (mechanical 

deformation) during welding process are negligible because thermal energy change is predominant 

over mechanical work done during welding, and the internal energy dissipation effect on the 

temperature distribution is negligible. Therefore to evaluate distortion and residual stress distribution 

the thermal analysis was performed first in order to find nodal temperature as a function of time. 

Once defined temperature history for each node, temperature loads were applied to the structural 

model. Temperature history can be shown in Fig. 3.  The heat within a spot weld is generated totally 

by resistance to the high electric current passing through the joint and consequently the points of 

greatest heat generation are the points of greatest resistance (faying surface) .The plate absorbs a part 

of the heat generated. There are losses from the surfaces in the form of convection. Therefore, to 

evaluate the amount of heat absorbed by the plates as a portion of the total heat generated the 

following formula was used, ( Milner and Apps, 1968).  
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Where I  is the welding current, R  is the faying surface resistance and t  the time of welding.  
 

The assumptions made are: 

 Thermal properties, i.e. conductivity, specific heat and convection are temperature dependent. 

 Effects arising from phase change are taken in to account, enthalpy change during the phase   

change. 

 Heat losses by transfer to the ambient medium by radiation are negligible. 

 
 
Convection losses are evaluated using the eq. (4) 

   

                    )( TThAQ iii                                                  (4) 
  

Where h is the convection heat transfer coefficient (for free convection in air, h has maximum of 

( CmW 2/9 )), (Chapman, 1987). 
iQ  denotes the heat loss on surface i with area 

iA  ,
iT   is the 

temperature on surface 
iA  ,  and 

T  is the ambient temperature.                 

     During the welding process phase change occurred, to account the effect of latent heat, i.e. heat 

energy which, is released or stored by the material during a phase change enthalpy was specified. 

The concept that could be readily adopted by the finite element was formulated on the basic of 

integrating the heat capacity of the material over a small region of phase changes (see eq. (5)), 

(Tekriwal and Mazumunder, 1988). 

 

                         dTTCH pT )()(                                       (5) 

 
EXPERIMENTAL RESULTS FOR HEAT TRANSFER PROBLEM 

    The experimental temperature of melting pool zone could not be measured with simple technique 

such as thermocouples, but in the region away from weld nugget, peak temperature was measured 

using a thermocouple located at five different positions  A, B, C, D  and  E  from the center of spot 

as shown in Fig. 4. The temperature measured from the experiment and the temperature result from 

the numerical analysis can be shown in Fig. 5. The nodal numerical results temperature distribution 

for the (0.6mm) plate at different time steps during welding and cooling are shown in the Fig. 6, and 

Table 4, gives the maximum temperature measured compared with temperature calculated and its 

discrepancy. 

 
NON-LINEAR NUMERICAL MODEL FOR RESIDUAL STRESS 

     An important problem in the analysis of residual stress during welding is how stress develops in 

region near the welding nugget when structural members are joined by spot welding the material of 

the plates has to be heated to its melting point and then cooled again rapidly under restraint 

conditions imposed by the geometry of the joint. As a result of this severe thermal cycle the original 

microstructure and properties of the metal in a region close to the weld are change. This part of the 

metal, or zone, is usually referred to as heat–affected zone (HAZ). The change in the HAZ 

dependent upon the thermal and mechanical history of the metal. Therefore, after the welding 
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process there will be different zones with different mechanical properties. In particular, there is a 

softening of the material in the HAZ, and decrease mechanical properties, i.e. Yield strength, 

ultimate strength, but elastic modulus remains unaffected by the welding process, (Mansubuchi, 

1980).      

After calculation the temperature distribution in time, the next step was to find distortion and 

residual stress distribution. The residual stress distribution calculation was based on the following 

assumptions: 

 
 Parent plate metal and welded zone metal have the same mechanical properties, i.e. softening of 

material was neglected. 

 Deformation process was rate independent, and a elastic – plastic constitutive model with 

isotropic hardening was assumed for the material. 

 Mechanical properties depend on temperature as shown in Fig. 7. 
     The analysis was performed for the time period between the start of welding and the end of 

cooling phase. Within each time increment, the solution of elastic–plastic problem was found by 

linearzing the non-linear stress–strain curved. The analysis was performed and stresses and 

displacements were calculated by Newton–Raphson iterative process. The iterations were repeated 

until convergence is achieved. Boundary conditions were imposed to prevent any rigid body motion 

of the plate. Additional symmetry boundary conditions were imposed since only half of the plate was 

analyses. 

 
RESULTS AND DISCUSSIONS 

     It is found that magnitude and distribution of residual stress is strongly affected by: 

 

 Temperature gradient and distribution through the thickness and width of the plates. 

 Thermal expansion coefficients of the materials. 

 Mechanical properties of material at elevated temperature  
 

     The longitudinal residual stress distribution is shown in Fig. 8, evaluated at middle cross-section, 

bottom surface of spot. The positive stress (tension) in x direction peak of (317 MPa) is at the weld 

area, while away from the weld center the stress is negative (compression) and the maximum is     

(21 MPa). The shape of longitudinal stress distribution dose not change but the stress amplitude 

decreases towards the top surface when the maximum longitudinal stress is (91 MPa) seeing Fig. 9, 

10. This was due to the assumption that heat generation was coming through the bottom weld 

surface. The Von Misses stress distribution over the entire plate is shown in Fig. 11. The peak stress 

is (321 MPa) close to the material yield strength. The out-of-plane displacement is shown in Fig. 12, 

and the maximum displacement amplitude was 0.0074mm, this means that the out-of-plane 

displacement was 1.23% of plate thickness. The displacement is very important for the buckling 

behavior of welded panel. The other displacement UX, (see Fig. 13) are negligible compared to the 

UY. For a similar plate with same geometry, same boundary condition with higher thickness, 

residual stress would be higher but distribution would become smaller due to the increased in 

stiffness of the plate, Meo and Vignjevic. The residual stress results are verified with experimental 

measurements obtained from literature, where the longitudinal stress reach a maximum of (301 MPa) 

in tension and (17 MPa) in compression. Such a discrepancy between the numerical and 

experimental values for welding residual stress may be attributed to the difference between the 

condition of the numerical analysis and the experiment. The nugget metal was actually pressed out 

by the electrode force and thermal expansion. However, such actual welding condition and various 

thermal and physical properties were neglected in the process of the FEA. Also, the releases of 

residual stress when cutting off the plate with wet machining were not considered in the FE analysis. 
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        CONCLUSION               

     The residual stress and distortion for the 304 stainless steel plate were calculated. De–coupled 

thermal and structural analyses were performed. Good correlation between experimental results and 

analytical calculation was achieved. In particular, an error of 6.12% between calculated temperature 

profile and experimental measurement was found. Residual stress distribution agrees with the 

experimental result obtained with an error of 5% for the tension–stress and 19% for the compression. 
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SYMBOLS 

A            Area )( 2mm  

Cp          Specific heat ).sec/.( ckgw  

H            Enthalpy )/.sec.( 3mmcw   

h             Convection heat transfer )./( 2 cmmw  
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I              Welding current )(Amp  

K            Thermal conduction )./( cmmw  

Q            Heat generation )sec/.( 3mmw   

Qi           Heat losses sec).(w  

R            Surface resistance 

T            Temperature )( c  

t             Time (sec)  

 

 

Table 1 -  Chemical  composition of stainless steel (304), William. 

 

 
Table 2 – Mechanical properties of stainless steel (304), William. 

 

   

 
Table 3 – Welding condition of stainless steel (304), Roy and Norman. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Si S P Ni N Mn Fe Cr C  

1 0.03 0.045 8-11 0.1 2 71 18-20 0.08 Stainless steel 

(304) 

Elongation % 

Modulus of 

Elasticity 

(GPa) 

Yield strength 

(MPa) 

Tensile 

strength 

(MPa) 

 

50 200 290 572 Stainless steel (304) 

Tip diameter 

(mm) 

Welding time 

(cycles) 

Welding 

current (A) 

Electrode 

force (N) 

 

0.5 12 4000 2300 Welding condition 
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Fig. 2.  Variation of Heat Transfer Parameters with temperature, Ajinomoto, 

2001 

Fig. 1. Finite Element Model and Mesh 
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Temprature distribution in X direction for 0.6mm plate
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Fig. 3. Temperature distribution in X direction for 0.6mm plate 
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Measured 

Point 

Maximum 

Numerical 

Temperature 

Maximum 

Experimental 

Temperature 

 

Discrepancy % 

A 833 888 +6.2 

B 192 179 -7.2 

C 102 112 +8.9 

D 73 79 +7.6 

E 55 51 -7.8 

Fig. 5.  Computed and measured temperature for 0.6mm plate 

Table 4 - Maximum Numerical and Experimental Temperature. 
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Fig. 6. Temperature distribution at different time for 0.6mm plate 

a. Time = 0.05 sec b. Time =0.1sec 

c. Time =0.15 sec d. Time = 0.2 sec 

e. Time = 0.3 sec f. Time = 1sec 

g. Time = 2sec h. Time = 15sec 
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Fig. 7. Variation of Mechanical properties with temperature, Ajinomoto, 2001 
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Fig. 8. Longitudinal Stress evaluated at middle Cross-Section – Bottom Surface through the Thickness 

Fig. 9. Longitudinal Stress evaluated at middle Cross–Section – Mid Surface through the Thickness  

Fig. 10. Longitudinal Stress evaluated at middle Cross-Section – Top Surface through the Thickness 
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Fig. 11. Von Misses Stress Distribution 

Fig. 12. Out – OF – Plane Displacement, UY 

Fig. 13.  UX Displacement 


