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 "الجاؼ الحار المناخ ذات العراقية العمرانية البيئة في الطبيعية التيوية لتحقيؽ المنفعمة التصميمية الستراتيجيات إنتخاب"
 

 

 د. غادة محمد اسماعيؿ عبد الرزاؽ كمونة
 مدرس

  جامعة بغداد –ية اليندسة قسم ىندسة العمارة في كم
 الخلاصو

 عن طريقكفاءة إستخدام الطاقة في الأبنية  تحقيقالتيوية الطبيعية في الأبنية, إحدى الستراتيجيات الفعالة لعَد تُ 
ورفع  , فضلًب عن كفاءتيا في توفير مديات عالية من الراحة الحرارية لشاغمي الأبنيةتوظيف طرق وأساليب التصميم المنفعل

النوافذ والفتحات فحسب, إقتضى الأمر عن طريق  حقيقوفي تإقتصر  من الناس لمكثيرولأن مفيوم التيوية الطبيعية . تاجيتيمإن
 توفير ىذه الورقة البحثية لبيان ستراتيجيات التصميم المنفعل المختمفة لمتيوية الطبيعية.

تطبيق الستراتيجيات التصميمية المنفعمة لمتيوية  وآلية ,ميةمن ثم, تمثَّمت المشكمة البحثية بـ: عدم كفاية المعرفة حول أى
ة لتحقيق التيوية الطبيعية في الأبنية, منفعمال الستراتيجيات التصميمية تحميل. أما ىدف البحث فيو: الطبيعية في الأبنية

الذي إستعرض الإطار  ,ب النظريالجان: انبين. وعميو, تضمَّن البحث جبغرض إنتقاء المناسب منيا لمبيئة العمرانية العراقية
ستنباط أىم الجوانب فييا من البحث.  (العمميالتطبيقي ) انببغرض تبنييا بمثابة أساس لمج ,المفاىيمي لمتيوية الطبيعية, وا 

يعية وظفت الستراتيجيات التصميمية المختمفة لمتيوية الطببنية لأالذي تناول تحميل مجموعة أمثمة  ,(العمميالتطبيقي )الجانب و 
ضرورة تبنِّي الستراتيجيات التصميمية المنفعمة المختمفة الى بالنتيجة, توصل البحث  وفقاً للئطار النظري الذي جرى إستنباطو.

لِما ليا من أثر فعّال في تقميل الطاقة المصروفة لمتيوية الطبيعية في البيئة العمرانية العراقية ذات المناخ الحار الجاف, 
 .بنيةفي البيئات الداخمية للؤ اليواء جودة التبريد, فضلًب عن كفاءتيا في تحسينلأغراض التيوية و 

 ., التصميم البيئي المستدامتأثير المدخنة, التصميم المنفعلالتيوية الطبيعية,  :كممات رئيسة
 

Passive Design Strategies to Enhance Natural Ventilation in Buildings 
 

"Election of Passive Design Strategies to Achieve Natural Ventilation in Iraqi Urban 
Environment with Hot Arid Climate" 

 

Dr. Ghada M.Ismael Abdul Razzaq Kamoona 
Instructor 

Archietctural Department in Engineering College – Baghdad University 
ghada2010mi@yahoo.com 

 
ABSTRACT 

The natural ventilation in buildings is one of effective strategies for achieving energy efficiency in 
buildings by employing methods and ways of passive design, as well as its efficiency in providing high 
ranges of thermal comfort for occupants in buildings and raises their productivity. Because the concept of 
natural ventilation for many people confined to achieve through the windows and openings only, become 
necessary to provide this research to demonstrate the various passive design strategies for natural ventilation. 
Then, research problem: Insufficient knowledge about the importance and mechanism of the application of 
passive design strategies for natural ventilation in buildings. The research objective is: Analysis of passive 
design strategies to achieve natural ventilation in buildings, for the purpose of the proper selection of them to 
Iraqi urban environment. Accordingly, the research included two parts: First, the theoretical part, which dealt 
with the conceptual framework of natural ventilation and deriving the most important aspects in it, in order to 
adopted as a base for the practical part of the research. Second: the practical part, which analyzed examples of 
buildings projects that employed various design strategies for natural ventilation, according to the theoretical 
framework that has been drawn. The main conclusion is, Necessity to adopt various passive design strategies 
for natural ventilation in Iraqi urban environment with hot dry climate, as they have a significant impact in 
reducing the energy consumption for the purposes of ventilation and cooling, as well as for its efficiency in 
improving air quality in indoor environments of buildings.  
Key Words: Natural Ventilation, Stack-Effect, Passive Design, Sustainable Environmental Design. 
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 المقدمػػػػػػة:
الحرارية  الراحة عالية من وتحقيق مديات ,مبنىفي البيئات الداخمية لم اليواء جودة عمى رفعتساعد التيوية الطبيعية 

 . النقي فيو بشكلٍ صحيح يواءالمبنى لتدوير ال إذا صُمِّمعمى صحتيم وتعزيز إنتاجيتيم, لا سيما  فضلًب عن المحافظة ,ولشاغمي
ومنيا مشكمة التموث, وظيور  ,ونظراً لما يعانيو العالَم في القرن الحادي والعشرين من ظيور مشكلبت بيئية جمة

أن الإنسان يقضي  بالأخصمصادر تموث جديدة داخل الأبنية, أدى بالنتيجة الى ضرورة تحقيق التيوية الطبيعية في الأبنية, 
طويمة من  مواسمول ,المناخ الحار الجافالبيئة العمرانية العراقية ذات في  لا سيماالبيئات الداخمية للؤبنية, أغمب وقتو في 

 لما يحممو المناخ الحار الجاف من إرتفاع في درجات الحرارة طوال اليوم تقريباً. ,السنة
والتي لا ينبغي حاجة وضرورةً مُمِّحة,  ,ىبالنتيجة, أصبح موضوع توفير التيوية الطبيعية في البيئات الداخمية لممبن

الإكتفاء بتحقيقيا عن طريق النوافذ والفتحات فحسب, بل ينبغي تبنِّي ستراتيجيات تصميمية متعددة لتوفير التيوية الطبيعية داخل 
يق مبنى مستدام بيئياً , تحقوالتي من أىميا, لاسيما الستراتيجيات التصميمية المنفعمة لما تحممو من مزايا عدة مبنىفضاءات ال
 .الداخمية يئاتوبفي  اليواء جودة تحسين , فضلًب عنترشيد إستيلبك الطاقةيعمل عمى 

 
 :(التصميـ المنفعؿ )السمبيستراتيجيات  1-1

لأغراض  ,الطبيعية الوسائل والطرق (, الى إستخدامPassive Designتُشير ستراتيجيات التصميم المنفعل )السمبي 
 ظروف بغرض تحقيق ,الميكانيكية النظم لىا الحاجة من والتقميلوالإضاءة في الأبنية,  ,التدفئةة, والتبريد, و توفير التيوي

توظيف الطاقات  عن طريقلممبنى, والوصول الى مديات عالية من الراحة الحرارية لشاغمييا, وذلك  متوازنة لمبيئة الداخمية
  واليومية. المناخية الموسمية , والدوراتلتيوية الطبيعيةواوالعناصر الطبيعية, مثل: الأشعة الشمسية, 

, والبرودة أو الطبيعية لتحقيق أقصى قدَر من التيويةالمتجددة وتستفيد التصاميم المُنفَعِمة, من الطاقات الطبيعية 
 فقاً لشكل الملبئم لممبنى و إعتماد ستراتيجيات كفوءة في إستخدام الطاقة, مثل: إختيار ا عن طريق, الطبيعية ضاءة, والإالحرارة

ستجابة المبنى ل, و نحو الأشعة الشمسية الصحيح وتوجييوممنطقة المناخية, ل مظروف المناخية والطبيعية المحيطة بالموقع, ا 
حمول التيوية الطبيعية  بغرض تحقيق توظيف كتمة المبنىمثل: ستراتيجيات أخرى مُتضمَنة في ىيكل المبنى نفسو,  فضلًب عن

(, Skylightsتركيب الكوات السقفية )لتبريد والتدفئة الإشعاعية, و , مع توفير االتحرك اليوائي داخل فضاءات المبنىتفعيل ل
 , ووضع النوافذ وأبعادىا وأشكاليا وأساليب تظميميا, علبوةً عمى توفير المساحات الخضراءالمستخدمة والعزل ومواد البناء

 .(Yudelson, 2007)من الحمول التصميمية المنفعمة  , وغيرىاوالمسطحات المائية والمزروعات
عن  ,في المبنىالناضبة إستيلبك الطاقة  وتقمل منوتتطمب النظم الموظفة لمتصاميم المُنفَعِمة, القميل من الصيانة, 

 عن طريقبنى, أو الحرارة والإضاءة داخل الم اتالنظم الميكانيكية المُستَخدَمة لتنظيم درج الإستغناء عنتقميص أو حتى  طريق
قمل تُ , كما إنيا الميكانيكية في المباني التدفئةو  ,والتبريد ,التيويةذروة الأحمال المصروفة لأغراض  الأدنى( من )ولمحدّْ  تقميل

تقميل حجم أجيزة تكييف مع ف, يالتكيالتيوية و بالنتيجة, تقميل المدة المطموبة لأغراض و  .من إنبعاثات الكربون في المبنى
تتطمب صيانة  فضلًب عن كونياء الميكانيكية والتي غالباً ما تجمب معيا مشكلبت الضوضاء, ومتلبزمة المباني المريضة, اليوا

 .(Building and Construction Authority, 2010)ة نظم التصميم المنفعممثيلبتيا من مقارنةً ب وتكاليف تشغيمية أعمى
 دون الحمل الحراري, ومن أو والتوصيل, الإشعاع,: طبيعية, منيا وسائلب ةالمنفعم ميماالتص في الطاقة ويتم تدفق

 نسبة تخفيض عموماً, عمى الحار المناخ في مبنىال داخل مريحة بيئة عمى ويعتمد الحفاظ. وسائل ميكانيكية أي إستخدام
 .(Kamal, 2012) شتاءاً  المبنى الفقدان الحراري من قميلوت ,صيفاً  المبنى داخل الكسب الحراري

 
 مفيوـ التيوية الطبيعية: 1-2

ومن طرق التصميم المنفعل لممباني الخضراء والمستدامة  ميماً  , نيجاً (Natural Ventilation) الطبيعية تُعَد التيوية
بيعي من لا سيما إذا تم تصميمو لتدوير اليواء الط النقي لشاغمي المبنى, الحرارية واليواء الراحة بيئياً, والتي تيدف الى توفير

(", حيث Stack-Effectخارج المبنى الى داخمو, ومن ثم توفير مساراً آخر لخروج اليواء من المبنى بتأثير "مفعول المدخنة )
( أو بئر Atriumالفناء الداخمي ) عن طريقيرتفع اليواء الساخن طبيعياً الى الأعمى, ليخرج من فتحات المبنى العميا, وأحياناً 
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حتى في حال كانت درجات الحرارة  الحرارية لشاغمي الأبنيةالراحة مديات عالية من وفِّر تأن  التيوية الطبيعية السُمَّم. وبإمكان
 .(Yudelson, 2007)أكثر برودة أو سخونة بقميل عن المعتاد 

 ات المبنى, ويتمفضاء الى النقي اليواء توفير عن طريقيايتم  التي الطبيعية عمى أنيا: "العممية تُعرَّف التيويةمن ثم, 
 لمتنفس. اللبزم الأوكسجين عمى لإحتواءه نقياً  ويُعَد اليواء في البيئة الخارجية عادةً . الفاسد )غير النقي( منيا" اليواء إزالة

 (CO2) مثل غاز ثنائي أوكسيد الكربون المموثات, عمى والحاوي المحصور داخل الفضاءات المغمقة اليواء ىو الفاسد, واليواء
 فضلًب عن ذلك, يُستخدم اليواء النقي. .. الخ والطبخ, والسجاد الناتجة عن المنسوجات والجسيمات والروائح الدقيقة ئناتوالكا
 بمثابة آلية التيوية استخدام يتم وعادةً,. الصيف فصل في الحرارية الراحة تحسين من ثم الفضاء, من المفرطة الحرارة لإزالة

 .(Macquoy, 2014) بالمطمو  اليواء وتدفق لمتبريد,
 من دون المباني عبر أو داخل اليواء فييا حركات تحدث التي الحالة الى الطبيعية", للئشارة ويُسخدَم مصطمح "التيوية

  .()كإستخدام المراوح أو أجيزة تكييف اليواء ميكانيكية لتحركييا آلة أي مساعدة
 :(Bin Ahmad and et al., 2006) ىي لإنسافا اةحي في , ثلاث وظائؼ أساسةالطبيعي وتُحقِّؽ التيوية

 من أجل صحة الإنسان وتعزيز إنتاجيتو. التيوية 
 الحرارية لدى الإنسان. من أجل تحقيق الراحة التيوية 
 الييكمي لممبنى. من أجل تحقيق التبريد التيوية 

 

, ينبغي تحسين تصاميم المباني والتصميم البيئي المستدام لممباني ,وبغرض تحقيق كفاءة الإستخدام الطاقوي الأمثل
في  الطبيعية التيوية تعزيزويتحقق . البيئات الداخمية لممباني عبر فتحاتيا لىا الخارجية البيئة من النظيف النقي اليواءلسحب 
 :(Building and Construction Authority, 2010)  الآتي عن طريق العمرانية البيئة نطاق ضمنالأبنية, 
 .الكثيفة الحضرية المناطق في لحرارةا تراكم إزالة .1
 .الميكانيكية التيوية وسائل, لا سيما الناضبة الطاقة ستيلبكإ من الحدّْ  .2
 فضاءات المبنى. داخل الإنسان راحة تحسين .3
 .داخل فضاءات المبنى الحرارية الراحة بالسيطرة عمى مديات التحكمالقدرة عمى  زيادة .4
 .مية لممبنىالبيئات الداخ في اليواء جودة تحسين .5

 

 الطاقة عمى الطمب من الحدّ تقميل أو حتى  تُعد التيوية الطبيعية في فضاءات الأبنية, إحدى ستراتيجياتإجمالًا, 
 اليواء تدفق لأنماط جيداً  فيماً بشكل طبيعي, الذي تمت تيويتو لممبنى يتطمب التصميم الناجع بالنتيجة,  الميكانيكية في المبنى.

. الفضاءات الداخمية لممبنى من ممكننطاق  أكبر تيويةيكمن في  ,ذلك من واليدف. لو المجاورة مبانيال وتأثير, حولو من
وسموكيات التحرك اليوائي المنفعل  لفضاءات المبنى الداخمي والتصميم وأبعادىا, نافذةال موقع عمى ,اليدف ىذا تحقيقويعتمد 
تجاىيا( في موقع المبنى الرياح خصائص, فضلًب عن دراسة عبرىا  .(Geetha and Velraj, 2012) )سرعتيا وا 

 
 جودة اليواء داخؿ فضاءات المبنى:التيوية الطبيعية و  1-3

 ,الإنسان صحة عمى البيئات الداخمية لممبنى الناتجة عن الآثار الأبنية بعين الإعتبار, في الداخمية البيئة جودة تأخذ
البيئة  رؤيةوالحرارية, و  البصرية والراحة النيار الطبيعي, وضوء وية الطبيعية,الداخمي والتي اليواء جودة ذلك في بما وأداءه,

 الى تحسين الخضراء في المباني المستدامة بيئياً والمباني الطاقة إستخدام معايير كفاءة وتسعى. الخارجية المحيطة بالمبنى
 صحيح, بشكلٍ  المُصممة والتبريد والتدفئة المنفعمة يعية,يشمل: توفير التيوية الطب الذي التصميم عن طريق الداخمية البيئة جودة

 .... الخ النيار الطبيعي, لضوء الأمثل والإستخدام ,الذكية والنوافذ اليواء, تكييف وأنظمة
 , حيث ظيرت مصادر جديدةالناضبة منذ سبعينيات القرن العشرين, والقمق يزداد حول الحفاظ عمى الطاقةغير أنو و 
والطابعات الميزرية, والمواد  ,إستعمال الآت التصوير عن طريق, )مصادر غازات الدفيئة( في أماكن العمل لمتموث لا سيما

التموث فضلًب عن  .لبستيكية, ... الخپالعضوية المتطايرة من مواد التنظيف, والطلبءات, والمواد اللبصقة, والمفروشات ال
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مُكتشَف مؤخراً والوالنيتروجين,  وأكاسيد الكبريت ,كسيد الكربونو أول أ نتجاً مُ كبير,  بشكلٍ  إزداد الذي ,النقل طالناجم عن وسائ
 .(2015كمونة, )( ميكرون 10)أقل من التي قطرىا جزيئات الكربون عبارة عن  وىو, (PM10s) والأكثر خطورةً ىو
يمكن من ثم,  .لؤبنيةالداخمية لالبيئات  في مثمى ىواء جودة لتحقيق جيدة الطبيعية, ستراتيجية تُعَد التيوية, بالنتيجة

عدم الراحة من المموثات التي تسبب  اليواء الذي ىو خالٍ " الأمثل في البيئات الداخمية لممبنى عمى أنو:اليواء  جودةتعريف 
 .(Kleiven, 2003)شاغمي المبنى" عتلبل صحة إ فضلًب عنزعاج, الإو 

 خمس الى النمطية المموثات تصنيف ويمكن. والشاغمين بناءال لأنواع تبعاً  المباني داخل المموثات مصادر وتختمف
 :(Building and Construction Authority, 2010) أساس, ىي فئات
 (.Microbial Contaminantsالميكروبية ) المموثات .1
 د الكربون, وغازثنائي أوكسيغاز و  الكربون, أوكسيد أول مثل: غاز) الدفيئة المتسببة بحدوث ظاىرة الإحتباس الحراري غازات .2

 .((Volatile Organic Compoundsالمتطايرة ) العضوية والمركباتوالأكاسيد النتروجينية والكبريتية,  (,Radonالرادون )
 (.Particulatesالجسيمات ) .3
 )المذيبات وغيرىا(. الكيميائية, المواد .4
 Environmental Tobacco Smoke (ETS.))) البيئي التبغ دخان .5

 

عن  الخارجي اليواءتمك الفضاءات ب تزويد يتعين ,يل المموثات في فضاءات المبنى والى أدنى حد ممكنتقم اجل منو 
ويقاس تموث اليواء بمستويات تركيز غاز ثنائي أوكسيد . والذي ينبغي أن يكون ىواءاً نقياً قدر الإمكان الطبيعية التيوية طريق

( من اليواء النقي للئلتزام بالقيمة المقبولة في الساعة 3م 20)تبديل  ( فيو. ويحتاج كل شخص عمى الأقل الىCO2الكربون )
ذا (CO2)جزء في المميون لمستويات تركيز غاز  1500صحياً )  الموجودة في الضارة المواد أُخذت إنبعاثات في الغرفة(. وا 
( 1وصحياً. ويوضح )الشكل  نقياً  ءاليوا لن يجعل (CO2تركيز ) من المستوى أيضاً, فإن ىذا الإعتبار بعين البناء مكونات

 .(Bauer and et al, 2010)( داخل الفضاءات المغمقة والتي بدورىا تحدد جودة اليواء CO2مستويات )
تعمل ( داخل فضاءات المبنى, والتي CO2)كسيد الكربون و ثاني أ, ىناك ضرورة في تثبيت شاشات رصد غاز بالنتيجة

, يمكن ستخدام مستويات معروفة لمتيويةإ عن طريقي الفضاءات المشغولة, وذلك ف (CO2غاز )رصد مستويات وفق مبدأ 
 الطبيعية, بحيث معدلات التيوية ضبط يمكن وبالنتيجة, .فضاء المرصود )تحت المراقبة(في الالمتواجدين  معرفة عدد الناس

 . (2لفضاء )الشكل الواحد داخل ا لمشخص الساعة النقي في أمتار مكعبة من اليواء عدة يتوفر دائماً 
( لممباني الخضراء والمباني LEEDوبغرض تحقيق تيوية طبيعية بشكلٍ فعال داخل فضاءات الأبنية, إقتضى معيار لييد )

 . (Yudelson, 2007)( م فوق مستوى سطح أرضية الفضاء 1,8-0,9( عمى إرتفاع حوالي )CO2رصد )شاشات المستدامة, تثبيت 
 
 فيوـ الراحة الحرارية:التيوية الطبيعية وم 1-4

 السطح المشع, وسرعة اليواء, ودرجة حرارة حرارة درجة الإنسان عمى:الحرارية عند راحة محددات البيئية الأساس لالم تشمل
 .(Building and Construction Authority, 2010) العازلية الحرارية لمممبسالغذائي, و  التمثيل اليواء, والرطوبة النسبية, ومعدل

 وتكييف والتبريد التدفئة لميندسي الأمريكية الجمعية قِبَل من محدد ىو الحرارية, وكما الراحة الحرارية ا إن معاييركم
 .النسبية والرطوبة الحرارة, درجة من: كل في النظر , تشملالخارطة السيكرومتريةإعتمادىم  عن طريق (ASHRAE) اليواء

 (.ASHRAE)الأساليب والمبادئ التوجييية لـ  بإستخدام ,الفضاء وتكييف التيوية أنظمة لذا, يتعين عمى الميندسين, تصميم
لممباني الخضراء والمباني  (LEEDوفقاً لمنظومة التقييم لييد )ممبنى الداخمية لفضاءات الفي تُعرَّف الراحة الحرارية و 
 مبيئة الحرارية المحيطة بيم".لعن إرتياحيم  يارين ببشاغمو المبنى مُع يمر بياعمى أنيا: "الحالة الذىنية التي  المستدامة

ة المناخية, خصوصيحدود الراحة الحرارية عند الإنسان في الفضاءات الداخمية لممبنى تبعاً لعدة عوامل, منيا: ال وتتباين
نوع داخل الفضاء, و  (, ونوع الفعاّليةالنحافة والسُمنة)التكوين الجسماني و نوع الجنس البشري )الرجال, والنساء(, والعُمْر, و 

 .تؤدي الى الشعور وبشكلٍ مختمف من حيث الراحة والتي بمجمميا, الإنسانالملببس التي يرتدييا 
 التوجيو ذلك في بما والتخطيط, الدقيق التصميم عن طريقويمكن تحقيق الراحة الحرارية في البيئات الداخمية للؤبنية, 

في  الطبيعية التيوية وتحقيق ا وأبعادىا, والمون والمممس في الفضاءات الداخمية,النوافذ وأحجامي لممبنى, ومكان الستراتيجي
, فضلًب عن الداخل لىا الخارج من طبيعية بصورةفيو  اليواء لتدوير المبنى تصميم تم إذا النقي واليواء الراحة لتوفير المبنى
 .(Yudelson, 2007)مصادر الطاقات والموارد الطبيعية الأخرى التيوية الطبيعية والإنارة الطبيعية, و  لإلتقاطكتمة المبنى تصميم 
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ة, ــة للؤبنيــات الداخميــاغمي البيئــواء النقي لشـة واليــة الحراريـرق الأساس لتوفير الراحـة الطبيعية, إحدى الطـوتُعد التيوي
 المناخات الحارة الجافة والرطبة.  في ظروف وبالأخصلا سيما إذا تم تصميم المبنى لتدوير اليواء فيو بشكلٍ صحيح, 

 :(Kleiven, 2003) الحرارية بالراحة الأمر تعمق عند أىداف لثلبثة النيار أثناءفي المبنى  الطبيعية التيوية تُستخدَمإجمالًا, 
 الطمق ءاليوا حرارة كانت درجات طالما الخارجي باليواء ىواءىا إستبدال عن طريقلممبنى  الداخمية البيئات ىواء تبريد .1

 .(ºم33)أقل من  الداخمية لممبنى البيئات في الحرارة درجات من أقل
 .المبنى ىيكل تبريد .2
 والتبخر. الحراري الحمل عن طريق البشري الجسم عمى المباشر التبريد تأثير .3

درجات حرارة أعمى من  حار يشعرون بالراحة فيالمناخ الذات  في البيئاتأن الأشخاص الى  الدراسات شيرتو 
 بين درجة الراحة الحرارية ومعدل درجات حرارة اليواء الخارجي: المعادلة الآتيةتربط  حيثبارد, المناخ ال بيئاتفي الأشخاص 

CT = 0.534 (T mean) + 11.9 
 

 .(Comfort Temperature) = درجة الراحة الحرارية CT  أف: حيث
 T mean =معدل درجات حرارة اليواء الخارجي = (T max +T min) /2 

 

أو  "(Active Occupant)الشاغل الفعّال "مفيوم  ,التوجيات الحديثة لتوفير البيئة الداخمية المريحة لمشاغمينوتتناول 
 بنىد عمييا المعتمِ ر في توفير الراحة بالتفاعل مع المؤثرات البيئية التي يَ ؤثِّ والذي لو دور مُ  "(Active User) م الفعّالستخدِ المُ "

 .الذاتي حيث يصبح لممتغيرات البيئية تأثير إيجابي في توفير البيئية الداخمية المريحةذي التكييف 
ستناداً الى القيم المثالية لمتغيرات الميكرومناخ لمناطق العراق, وُضِعَت  عتماداً عمى المقاييس والتجارب العممية, وا  وا 

 ,%(60-40, والرطوبة النسبية )°( م22,0-20,0رارة بين )حدود الراحة الحرارية للئنسان: في فصل الشتاء تتراوح درجات الح
( م/ثا, والحد الأعمى لمفروقات في درجات الحرارة داخل الفضاء بما لا يزيد عن 0,1-0,07مع الحدّْ الأعمى لمتحرك اليوائي )

, والرطوبة °( م28,0-26,0بالإتجاىين العمودي والأفقي. في حين تتراوح درجات الحرارة في فصل الصيف بين )°( م 3)
( م/ثا. مع إمكانية رفع الحد الأعمى لدرجة الحرارة في فصل الصيف 0,25-0,1, مع تحرك ىوائي )%(50-30) النسبية
الفروقات تعني الإختلبف في المنطقة المعنية بالدراسة, م/ثا(, عمماً أن  1,5بزيادة التحرك اليوائي الى )°( م 32,0لغاية )

 .(2015)كمونة,  ناطق الشمالية من العراقوالدرجة الأقل تعني الم
 
 :الجوانب الأساس لمتيوية الطبيعية 1-5

التيوية  لتطبيق مبادئ الطبيعية الدافعة القوى من للئستفادة والأساليب المتطورة الوسائل من واسعة مجموعة إستخدام يتم
مف مفاىيم التيوية الطبيعية, ىناك جوانب أساس توظيف طرق التصميم المنفعمة. ولتحديد مخت عن طريقالطبيعية في الأبنية 

يمكن إستخداميا لوصف وتحديد المفاىيم والخصائص المختمفة لمتيوية الطبيعية في الأبنية بالطرق والأساليب التصميمية 
 أىم ىذه الجوانب: من النتائج والإحتمالات المعمارية, و من  العديد عمييا تترتب المنفعمة والتي

 الدافعة الطبيعية.القوى  أولًا/
 مبدأ التيوية. ثانياً/
 عناصر التيوية المميزة. ثالثاً/

 

 :في الأبنية لتيوية الطبيعيةحداث اأولًا/ القوى الدافعة الطبيعية لإ
والتي تشمل كلًب من:  (Natural Driving Forcesالطبيعية ) الدافعة القوى طريق في الأبنية عن الطبيعية تتولَّد التيوية

وفي حال الجمع بينيما سيكون . بينيما الجمع أو (,Thermal Buoyancyوالطفو الحراري ) ,(Wind Pressure) رياحالضغط 
الدافعة,  القوى ليذه الأمثل عمى أساس الإستخدام المبنى ومنظومة التيوية الطبيعية فيو تصميم ويجري السائد. ىو أحدىما
 .(Per Kvols, 2006)الحرارة  ودرجات الرياح السائدة, قوة لكل من: وفقاً  متفاوتة بنسب المبنى عمى يعملبن وكمييما

 واجيات عمىمختمفة  ضغوطاً  دولِّ يُ  فإنو يحدث بسبب ىبوب الرياح ضد المبنى أو مروراً بو, مما :لرياحضغط ابالنسبة ل
, وما ينتج عنو من إختراق سرعتو تقميل يتم أو اليواء ينحرف عندما)القوى الدافعة(  الزخم فيالحاصل  ريالتغي بسبب نىالمب

 .(Macquoy, 2014)لميواء عند مداخل التيوية )النوافذ والفتحات( التي تؤثر بدورىا عمى تدفق اليواء عمى واجيات المبنى 
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ضطرابيا وسرعتيا, الرياح إتجاه الحاصل في التباين كما إن كثير التعقيد, ,الضغط لتوزيع الدقيق التركيب ويعد  , يتأثروا 
 .المعماري الميندس ميام ضمن والتي قد تكون, الطبيعية والمناظر والنباتات المباني وجود :مثل ,الموقع بظروف ,ما حدٍ  لىا

يتعين  وأىم قاعدة. الطبيعية في المباني التيوية لتصميم تجريبية قواعد عمى كبير بشكلٍ  الإعتماد عمى المصممين يتعينمن ثم, 
ضغوطاً مختمفة عمى الواجية, والتي  توليد الفتحات, لضمان ت عمى نطاق واسع في واجيات المبنىتوزيع الفتحا" :مراعاتيا ىي

 .(Baker & Steemers, 2005) (3)الشكل  تعمل عمى حدوث تدفق اليواء, ومن ثم توزيعو لاحقاً بشكل جيد في المبنى"
 تكون عندما لجزيئات اليواء التصاعدية لحركةا شير الىيُ  فإنو :("Thermal Buoyancy) أما فيما يخص "الطفو الحراري

ويولد الطفو الحراري, فرق الضغط العمودي الذي يعتمد عمى معدل الإختلبف  .بيا المحيطة بالبيئة بدرجات حرارة أعمى مقارنةً 
رتفاع عمود اليواء الدافئ.   في درجات الحرارة بين عمود اليواء الدافئ ودرجات الحرارة الخارجية, وا 

و. من ثم, فإن اليواء الدافئ يميل بىواء أكثر دفئاً مقارنةً بالمناطق المحيطة وي عمى يحت والة المبنى, فإنفي حو 
 .(4المبنى )الشكل  أرضيةمستوى عند الجزء العموي من المبنى, ليحل محمو اليواء البارد الموجودة في فتحات المن  خروجلم

 أكبر مع وجود الشتاء فصل في أقصى كحدّْ تكمن في وجوده يوية الطبيعية, لقيادة الت غير أن المشكمة مع الطفو الحراري
 . التيوية مطموباً في المبنى من الأدنى عندما يكون الحد الحرارة, درجات في فروقات

يحدث  وبالتالي في الضغط بناءاً عميو يحدث الإختلبف الذي الحرارة درجات في الفرق أن ندرك أن الميم منعموماً, 
 من ثم,. المدخنة يترك عندما اليواء حرارة عمى درجة وليس اليواء", عمود في الحرارة درجة "متوسط عمى يعتمد اليواء, تدفق
 .(Baker & Steemers, 2005) المدخنة يترك حينما اليواء من تسخين فائدة لا فإنو

تدفق  أنبسبب . الطفو الحراري من ىميةأ أكثر ,بنيةالأ من الموظفة لتيوية العديد الرياح تُعَدومن الجدير بالذكر, 
لا  ,(Stack Effectتأثير المدخنة ) الناتج عنتدفق اليواء  من أقوى كون عادةً ي الرياحاليواء )التيوية الطبيعية( الناتج عن 

 .(Bin Ahmad and et al., 2006)الإرتفاع  سيما في الأبنية منخفضة

 في فروقاتات الأبنية, مما يؤدي الى حدوث رتفاعبإ الطبيعية المحركة القوى وخصائص ستخدامإ درجة تتأثر بالنتيجة,
تجاىياو  الرياح سرعةوتكون . الطبيعية التيوية مفاىيم  مسافةبال النباتي والغطاء المحيطة المبانيب تأثراً  وأقل ستقراراً إ أكثر ا 

 من ستفادةللئ أيضاً  كبيرة تكون أن يمكنيواء ال ومخرج مدخل بين العمودية المسافةغير أن . الأرض سطح مستوى الواقعة عند
مقارنةً بالأبنية المنخفضة  ,الأخرى والمبادئ التيوية عناصر ستخدامإ لىا ميلت الأبنية العالية الإرتفاع إنا, فلذ. الحراري الطفو

 متوسطة والمباني ,(طوابق 10 من أكثر) العالية الإرتفاع المباني قد جرى تمييز الأبنية بناءاً عمى إرتفاعيا الى:و الإرتفاع. 
 .(ابقط 2-1) رتفاعالإ منخفضةالمباني الو  ,(طوابق 6-3) رتفاعالإ

 التيوية عناصر بإختيار والتي تتعمق المبنى, وتصميم شكل يترتب عمييا الدافعة الطبيعية, أثاراً  , تمتمك القوىمن جية أخرى
. (مبدأ التيوية) الداخل والخارج من المبنى اليواء مسارات فضلًب عن ,(داخميالفناء ال أو الرياح, مغرفة )مثل: منيا بغرض الإستفادة

 التيوية الطبيعية, ويتجسد مبادئ الدافعة الطبيعية لتعزيز القوى من للئستفادة المتطورة الوسائل من واسعة ىناك مجموعة ذلك, ومع
  .(Per Kvols, 2006) الطبيعية لمتيوية الدافعة القوى خدِمتَست عمى حدٍ سواء, والتي والجديدة القديمة المباني من عدد في ىذا

 الميكانيكية القوى الدافعة مع بالتعاون فإنيا وبدون إستثناء تقريباً, تتم الحديثة المباني في الطبيعية التيوية من أما الإستفادة
 الدافعة القوى بين ويُشار الى الجمع .لوحدىا كافية ةالدافعة الطبيعي الأوقات التي لا تكون فييا القوى في الطبيعية القوى تساعد التي

 لمشكلبت مبتكرة حمول لإيجاد الفرص والتي توفر ,("Hybrid Ventilation) التيوية اليجينة"إسموب ب والميكانيكية الطبيعية
 .(Heiselberg, 2005) الطاقة عمى الطمب لممبنى وتقميل الداخمية البيئة تحسين عمى الحمول الخاصة بالتيوية, وتعمل ىذه المباني

 

 ثانياً/ مبدأ التيوية:
 تقسيم مبدأ ويمكن. مكانٍ ما لتيوية الطبيعية المحركة القوى ( لإستغلبلVentilation Principle) يُستخدَم مبدأ التيوية

 والتيوية واحد, جانب من التيوية أنواع ىي: ثلبثة الطبيعية, الى الدافعة القوى بغرض إستغلبل المباني في المُستخدَم التيوية
 .وفيما يأتي شرح موجز لكل منيا .(Stack Effect) بتأثير المدخنة والتيوية المتقاطعة,

. الغرفة من فقط واحد جانب عمى التيوية تكون فتحات حيث من جية واحدة,الحاصمة ىي التيوية التيوية مف جانب واحد:  .1
 غيرىا مع بالمقارنةو . فصل الصيف في المضطربة الشتاء, والرياح فصل في الحراري الطفو ىي الرئيسة الدافعة وتكون القوة

وفي حال ضم جدار الغرفة  .الفضاء بعمق في التيوية تتخمل وبالنتيجة لا التيوية, في معدلات تخفيض يتولد ,المبادئ من
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ال ضم جدار الغرفة فتحتين, فإن مرة( الأرضية الى إرتفاع السقف. وفي ح 2فتحة واحدة, فإن عمق الفضاء ينبغي أن يكون )
 (.5)الشكل  (Geetha and Velraj, 2012) مرة( الأرضية الى إرتفاع السقف 2,5عمق الفضاء ينبغي أن يكون )

 الدافعة والقوة. الغرفة جانبي عمى موجودة التيوية تكون فتحات من جانبين, حيثالتي تحدث ىي التيوية  التيوية المتقاطعة: .2
من  في التيوية عالية تدفق معدلاتفي ىذه الحالة تتحقق و  ,فتحتي التيوية بين الرياح عن ةالناجم الضغط فروق ىي الرئيسة

ويكون ىنا توجيو  .عمييا السيطرة الصعب فمن الرياح, تدفقات في والسريعة الكبيرة يراتيلتغا بسبب ولكن جانب الى آخر.
التيوية المتقاطعة جداً كي تكون التيوية المتقاطعة فيو فعالة )تكون  وشكل المبنى ميماً, فالمبنى ينبغي أن لا يكون عريضاً 

(, فضلًب عن وجوب توجيو الجانب الطويل من المبنى مرات( الأرضية الى إرتفاع السقف 5فعالة في حال كان عمق الفضاء )
 .(Macquoy, 2014) (6)الشكل  يوفالمتقاطعة عمودياً عمى إتجاه الرياح السائدة لضمان كفاءة أعمى من التيوية الطبيعية 

مستوى  مستويين في فضاء الغرفة: في التيوية في ىذه الحالة تكون فتحات(": Stack Effectالتيوية بتأثير المدخنة ") .3
 وثابت عالي تيوية تدفق ويمكن تحقيق معدلات .الحراري الطفو ىي الرئيسة الدافعة والقوة ,منخفض, ومستوى عالي

 سيتـ توضيحيا بالتفصيؿ. (Stack Effect) مدخنةونظراً لأىمية التيوية بتأثير ال. الحرارة تدرجا في بالإختلبف
 Passive Cooling and) ةالمنفعموالتيوية إحدى طرق التبريد " (Stack Effect)يُعد "تأثير المدخنة 

Ventilation) ,ويُعرَّف مفيوم "تأثير المدخنة (Stack Effect)"  :الدافئ  اليواء إرتفاع من ينتج الذي واءالي تدفق"عمى أنو
 الجزء في السمبي ومساحة أخرى من الضغط المبنى من العموي الجزء في الإيجابي الضغط من مساحة وخمق للؤعمى,
 مــــساً بإــــــعرف أيضاىرة تُ ــــــوىذه الظ. "اء المبنىــــــالى فض البارد واءــالي ملــتس ثـالمبنى, ليعمل عمى ح من السفمي

(Chimney Effect)  (7)الشكل (Building and Construction Authority, 2010). 
المباني, ويحدث عندما يرتفع  من والى اليواء عمى أنو: "حركةأيضاً " (Stack Effect) كما يُعرَّف مفيوم "تأثير المدخنة

فتحتي مدخل ومخرج في المبنى لميواء(, حينيا تتولَد  اليواء الدافئ ويتم إستبدالو بيواء أكثر برودة من محيطو )شريطة وجود
 . (Szokolay, 2004) حركة دائمة في اليواء مع وجود مصدر حراري مستمر"

بسبب إختلبف  الفتحات عند ضغط المدخنة أو الطفو الحراري عن طريق( Stack Effect)ة ويحدث مفعول المدخن
. إيجابية أو سمبية أما قوة طفو :والنتيجة ىي .رطوبةختلبف درجات الحرارة واللإ كثافة اليواء بين داخل المبنى وخارجو نتيجةً 

 نحدارالى الإ بينيما, الضغط ويرجع الإختلبف في مختمفة, إرتفاعات عمى الفتحات الواقعة عمى المبدأ نفس تطبيق ويمكن
 .(Bin Ahmad and et al., 2006)العمودي 

 أن . كما يُمكنوسحب أدخنة الحريقالطبيعية, والترشيح,  التيوية تحريك عمى (Stack Effect)ويساعد مفعول المدخنة 
يقع  ومدخل عالٍ  مستوىً  عمى منفذ تضم كانت إذا كبير, إرتفاع ذات غرفة داخل أيضاً ( Stack Effect)مفعول المدخنة  يحدث

بين  الحرارة درجات في والفرق والمخرج, خلفتحتي المد بين الإرتفاع فرق مع متناسباً  يكون اليواء فتدفق. منخفض في مستوىً 
 .(Szokolay, 2004)جداً  صغيراً  فإن مفعول المدخنة يكون الإرتفاع مُنخفِضة المباني الخارجي. أما في واليواء الغرفة ىواء

 

 ثالثاً/ عناصر التيوية المميزة:
 ة المقابمة ليا, وبناءاً عمى ذلك يتمالتيوي في أي مشروع ومبادئ المميزة التيوية عناصر وثيقة بين ىنالك علبقة

إمداد أو إستنفاذ التيوية من المشروع, أو قد يُستخدَم لمجمع بينيما )إمداد المبنى بالتيوية الطبيعية  في الفردي العنصر إستخدام
ستنفاذىا منو(  .(Kleiven, 2003) وا 

 العناصر ىذه من وكل ,الطبيعية فيو ويةالتي ستراتيجية في المبنى عمى تحقيق المستخدمة التيوية عناصر تساعدو 
كبيراً  اىتماماً  يتطمب الذي الأمر بيا, المرتبطة فضلًب عن الإحتمالات ,المترتبة معمارياً وتقنياً  النتائج من مجموعة يحتوي عمى

 :ىم عناصر التيوية الطبيعية في المبنىفيما يأتي أو . المعماري من قِبَل الميندس
لأبنية لممساعدة عمى توفير التيوية الطبيعية لممبنى ا في واجيات التيوية فتحات تُستخدَم :المبنى اجيةو التيوية في فتحات . 1

 .(Kamal, 2012)والحارة الجافة  الحارة المناخات ة الطبيعية, لا سيما فيضاءالمنفعل, فضلًب عن الإ والتبريد
ات في الواجية, ضمان حركة ىواء طبيعية داخل التصميم المعماري الجيد, لا سيما مواقع الفتح عن طريقويمكن 

 :(2015كمونة, ) إستخدام مبدأين ىما وعن طريقالمبنى, 
يؤدي الى تدفق اليواء من  ممايعتمد عمى التباين في ضغط اليواء الناجم عن الإختلبفات في سرعة الرياح,  المبدأ الأوؿ:

(", الذي يَعتمِد أساساً عمى Venturi Actionنتوري )ڤالسموك المنطقة الضغط العالي الى منطقة الضغط المنخفض. ويُعَد "
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(" إطاراً نظرياً ىاماً لفيم كيفية حدوث حركة اليواء بفعل تباين الضغط الناتج عن Bernoulli Effectظاىرة "تأثير بيرنولي )
( Moving Fluidئع المتحرك )( في: "يقل ضغط الماBernoulliنظرية بيرنولي ) صتتمخَ و  .(Szokolay, 2004) حركة الرياح

 .(2015)كمونة,  ويُمكن إستخدام ىذا المفيوم بأكثر من طريقة واحدة لتوفير تيارات ىوائية مستمرة في داخل الأبنية بإزدياد سرعتو".
قتضي حمول اليواء وصعوده الى أعمى, مما ي تسخينيعتمد عمى حركة اليواء بتأثير الحِمْل الحراري والناتجة عن  المبدأ الثاني:

" فعندما يرتفع اليواء الدافئ يجب (Stack Effect) ىواء أكثر برودةً منو في مكانو. وقد تؤدي العممية الى حدوث "تأثير المدخنة
أن يُستبدَل بيواء أكثر برودة من محيطو, وبوجود مصدر حراري مستمر تتولَّد حركة دائمة في اليواء. وىكذا يتكوَّن تيار ىوائي 

 رودة في المساحة الواقعة بين المنطقة الدافئة, وفتحة دخول اليواء المعتدل البرودة. معتدل الب
, معدل تدفق اليواء الطبيعي فييا, يساعد وجود الفتحات عمى إرتفاعات مختمفة في واجية المبنى عمى تعزيز عموماً 

 فتحات لا سيما إذا ضمت الواجيةى واجية المبنى, وذلك بفعل الحِمْل الحراري نتيجة الإختلبف بين مناسيب الفتحات المختمفة عم
. (Szokolay, 2004) الطبيعي اليواءزاد تدفق  كمما إزداد الفرق بين المناسيب, فمنخفض وأخرى عمى مستوىً  عالٍ  مستوىً  عمى

 مساراً  عمى توفير الطبيعية في المبنى لأنيا تساعد التيوية من الواجية عمى تعزيز العموي الجزء في وجود الفتحات حيث يعمل
طبيعية  تيوية دورة وبالنتيجة, إقامة. أعمى الفضاءات الداخمية لممبنى في جمعو تم من المبنى والذي الساخن اليواء ليروب
 .(Kamal, 2012) فضاءات المبنى في المبنى, فضلًب عن تبريد مستمرة

, والتي يتم تسييرىا مرياحل الطاقة الحركيةلئستفادة من عبارة عن عناصر بنائية مُصمَّمة ل :(Wind Towers) الرياح . أبراج2
 خارجالى  اليواء لسحب الرياح وتُستخدَم أبراج. بشكل صحيح داخل المبنى من أجل توليد حركة اليواء داخل فضاءات المبنى

مربع, وأحياناً يكون  ويكون شكل المدخنة في أبراج الرياح عادةً . الطبيعي في المبنى لاحقاً  اليواء تدفق المبنى, وتشجيع
 مستطيل. وبالإمكان وضع أبراج الرياح قرب سطح المبنى, أو بشكل ىيكل منفصل, يتصل بالمبنى بواسطة قنوات اليواء

 .(Kang and Lutz-Carillo, 2009) دمجةالمُ 

ليام والأساس في الأبنية ا ,والتيوية الطبيعية ,المنفعل التبريد نظام يُمثِّل الرياح كان برج الحارة الجافة, المناطق في
. المبنى خلبل وتعميمو اليواء لتبريد السائدة الصيف رياح يقوم بتسخير حيث ,إستُخدِم لمدة طويمةوالذي التقميدية )التراثية( 

, أخرى ودولاً  ,العربي والخميج ,معراقالعمارة التقميدية لالذي كان موجوداً في  الرياح لبرج الأصمي نموذجالإ ,"يرگالباد"ويُعَد 
 افضاءاتيالى  التقميدية, بغرض إدخال اليواء ير بإتجاه الرياح السائدة في أعمى الوحدة السكنيةگحيث يتم توجيو فتحة الباد

عن  فيو بنفس الوقت النسبية الرطوبة زيادة مع اليواء, من الحرارة من كبيرة كمية حيث يتم إستخراج وتيويتياىا تبريدلالداخمية 
 المبنى ثانيةً من اليواء إستخراج عمىير گالباد ة, فضلًب عن قدر يرگفي أعمى المجرى اليوائي لمباد تُعمقمياه وضع جرار  طريق

 .(Macquoy, 2014) يرگفي حال إرتفاع درجات الحرارة في أعالي الباد
 

 الى و بشكلٍ مباشرونقم النقي واليواء الرياح" أدوات مصممة لـ "صيد عبارة عن ىي :(Wind Scoops) الرياح مغارؼ. 3
 ذات المباني في خاص بشكل فعّالة وتكون مغارف الرياح. مركزية لدخول اليواء فييا ومنو لممبنى مسارات, حيث تمتمك المبنى
 : , ىمامغارف الرياح بنوعين وتكون. في الأبنية الكبيرة البيئات الداخمية أو الكبير الحجم
 مع مراعاة تجاهبالإ وتكون مستقمة وبنفس الوقت تستفيد منو تيار الرياح ضد تتحول ,متحركة الإتجاىات مغارف متعددة ,

  .وجود الثموجتقل فعاليتيا الوظيفية في حال إن ىذا النوع من مغارف الرياح س
  إذا فعالة غير ستصبح الثابتة الرياح , مع ملبحظة أن مغارفدةالسائ الرياح تجاهإ من تستفيد ثابتة أدواتمغارف بشكل 

30ت زاوية إنحراف المغرفة أكثر من كان إذا لا سيما) المغرفة مواجيةب الرياح توجيو ميت لم
º.)  

المساحة المحيطة بالمبنى وعمى  في وضعيا إمكانية من الرغم عمى سطوح الأبنية, عمى وضع مغارف الرياح يتم عادةً,
  .دمجةالمُ ة قنوات اليواء ويتم تجييز اليواء لممبنى في ىذه الحالة بواسط ما, نوعاً  بعيدة مسافة

 الخارجية, الضوضاء تسمل بسبب المبنى, تيوية لأغراض مناسبة غير ياواجيات التي لممباني جيداً  بديلبً  مغارف الرياح تقدمو 
 يعتمد . غير أن مغارف الرياح تمتمك سمبيات أيضاً, منيا: قميمة غير فعالة لتيوية فضاءات المبنى اليواء حركة , أو قد تكونوالتموث

مكانية دخول الأمطارو تجييز اليواء لفضاءات المبنى عمى سرعة الرياح,   .(Kleiven, 2003) لممبنى حمغارف الريا عن طريق والثموج ا 
وتشجيع تدفق اليواء الطبيعي فيو لاحقاً من جية, وقابمية  ستخدَم لسحب اليواء خارج المبنىولأن أبراج الرياح يمكنيا أن تُ 

فإنو في حال جمعيما معاً في مبنى واحد, يتم تحقيق  مى جمع وتقديم اليواء الخارجي لممبنى من جية أخرى,مغارف الرياح ع
 .(Kang and Lutz-Carillo, 2009) افضلًب عن إستنفاذه مني ,المبنىفضاءات اليواء الطبيعي داخل  دفقلتالشكل الطبيعي 
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 جانب عمى تعمل أنيا إلا لمغارف الرياح, جداً  مماثمة ارة عن وسيمةعب (:Roof Cowls) الدوارة . أغطية المداخف السقفية4
. خارج المبنى التيوية ىواء لإستخراج الرياح طاقة من تستفيد بحيث مصمَّ تُ  أن ويجب لميواء, منافذ بمثابة وىي. إستنفاذ اليواء

عن  أو الرياح, عن بعيداً  وتتحول ,()متحركة حسب حركة الرياح الإتجاىات متعددة جعميا طريق عن إما ذلك تحقيق ويمكن
 ويرجع ,الرياح لمسيطرة عمى إتجاىات الضغط بموجب يتم إنشاءه الذي ,(Aerodynamic) اً إيروديناميكي شكلبً  منحيا طريق
 ,أوسع نطاق عمى فعالة الإتجاىات ن أغطية المداخن السقفية غير المتعددةاغير  .(Venturi Effectنتوري )ڤ تأثير لىا ذلك
 .(Kleiven, 2003)الإتجاىات  المتعددة قارنةً بمغارف الرياح غيرم
 

 بإستخدام الطاقة الشمسية, الطبيعية عمى التيوية تحث مصممة عبارة عن وسيمة (:Solar Chimneis. المداخف الشمسية )5
 اليواء تسخين ويتم لنيار,ا خلبل الشمسية الطاقةب المدخنة ىيكل يتم شحنحيث . الطفو الحراري تأثير والتي تعمل بواسطة

 تحويل بسبب المدخنة قناة طول عمى المستحث اليواء لتدفق نتيجةً  اليوائية الكتمة من الضغط قوة زيادة طريق بداخميا, وعن
 الى المبنى من اليواء سحب يتم وبالنتيجة,. إرتفاعو الى يؤدي الذي اليواء, الأمر حركة من حركية طاقة الى الحرارية الطاقة

. وفي حال (8)الشكل  ويتم إستبدال اليواء الخارج من المدخنة باليواء المحيط بالمبنى ,المدخنة أسفل من بالقرب جزء المفتوحال
كان اليواء المحيط بالمبنى أكثر حرارة من اليواء داخل المبنى )وكما ىو الحال خلبل ساعات النيار في المناخات الحارة(, 

  نة الشمسية في تسخين ىيكل المبنى قبل تبريده خلبل الميل.حينيا يتم إستمرار عمل المدخ
اليواء الساخن من المبنى بمعدل سريع, ومن ثم تحسين القدرة عمى تبريد اليواء  ذوتُستخدَم المدخنة الشمسية لإستنفا

سبياً, حيث يمكن الداخل الى المبنى من فتحاتو الأخرى. وىكذا يساعد وجود المداخن الشمسية عمى تخفيض كمفة البناء ن
تحريك اليواء دون الحاجة الى نفقات الأشكال التقميدية لمطاقة, ويمكن أن تساعد في تحقيق الراحة الحرارية لمشاغمين عن 
طريق التبريد في ىيكل المبنى ليلًب. فضلًب عن قدرة المدخنة الشمسية عمى تحسين راحة شاغمي المبنى أثناء النيار إذا وُظفت 

 .(Kamal, 2012)(, كالمبردات عمى سبيل المثال Evaporative-Cooling Deviceزة التبريد التبخيري )الى جانب أجي
الطبيعي  التدفق عمى حافزاً  فسيكون ىناك المبنى, وأخرى عمى إرتفاع منخفض في عالية وفي حال وجود فتحات

 .واء بواسطة أشعة الشمس(" الذي يزداد بتسخين اليStack Effect"تأثير المدخنة ) عن طريقلميواء, 
 من أىمية أكثر الرياح تكون , حيثالجافةالحارة  المناطق في الرياح برج نباجالى  عادةً  الشمسية مدخنةال تصميم مويت

 لا سيما في المباني ,تدفق اليواء الناجم عن المدخنة من أقوى عادةً يكون  المستحثة الرياحب التيوية تدفق لأن ية,الطفو 
 .(Bin Ahmad and et al., 2006) رتفاعالإ المنخفضة

 

يضم زوج من الواجيات الزجاجية المفصولة بواسطة ممر ىوائي,  عبارة عن نظام :(Double Façade) المزدوجة الواجيات .6
 أو قميديالت الييكمي الجدار من جزء بمثابة والتي تعمل عازلة, وعادةً تكون الزجاج, لمواجية المزدوجة من الرئيسة وتكون الطبقة

الرئيسة. وتساعد الواجية  طبقة الزجاج وراء أو أمام إما توقيعيا يتم مفردة التزجيج, الإضافية الطبقة تكون حين في الجدار الستائري.
الطبيعي بدون حرارة إضافية داخل المبنى, فضلًب  النيار ضوء من قدر أقصى لتحقيق فرصاً إضافية المزدوجة المبنى عمى خمق

مدخل  مسار توظيف عن طريقلفضاءات المبنى  الطبيعية التيوية المزدوجة, وتوفر الواجية. الطاقة داخل المبنى داءأ عن تحسين
 .(Kleiven, 2003) ("(Stack Effect) التيوية بتأثير المدخنةو التيوية المتقاطعة, ) الطبيعية التيوية مبادئ من أي مخرج لميواء فيو 

بيئة المبنى الداخمية والبيئة الخارجية تكون بمثابة منطقة عازلة بين , حيث د من المزاياواجيات المزدوجة العديالوتحقق 
 الطبيعيةالتيوية الى جانب ذلك, تساعد الواجيات المزدوجة عمى تحقيق من فقدان الحرارة.  الحدّْ فضلًب عن , المحيطة بو

التيوية وذلك من خلبل إستخلبص  ,ة عمى أفضل وجومنفعمالتأثيرات الحرارية الالواقع بين غلبفي الواجية, وتفعيل مفضاء ل
 Stack) المدخنةتأثير حينيا يوفر الطبيعية من المنطقة العازلة في المبنى عن طريق فتح النوافذ في الواجية الداخمية. 

Effect),  كما . إرتفاعاً  قلالأالمباني ب مقارنةً  والذي يتحقق بصورة أكثر فاعمية,التيارات اليوائية الحرارية في المباني العالية
, علبوةً عمى تقميل ضغط الرياح حول المبنى ات فيفروقال تكلبمش يساعد فتح النوافذ عمى الواجية الداخمية عمى تقميل

 .(Kang and Lutz-Carillo, 2009)نحو الخارج  الأمن والسلبمة المحتممة الناجمة عن وجود نوافذ يمكن فتحيا مشكلبت
 

وىو عبارة عن فناء داخمي ذو سقف مزجج يتوسط المبنى, وتحيطو جميع مستويات وفضاءات  :(Atrium) اخميالفناء الد. 7
بتوفير الإضاءة الطبيعية لفضاءات الفناء الداخمي المركزي يقوم و . المبنى واجية من جزءًا أيضاً  يكون , وقدالمبنى الداخمية

دافعة  بوصفيما قوىً في الفناء الداخمي المركزي  وطاقة الرياح الحراري الطفو من الإستفادة يمكن, كما المطمة عميو المبنى
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 العالي الفناء الداخمي المركزي فضاء الى المجاورة الغرف من الدافئ حيث ييرب اليواء ,في المبنى الطبيعية لإحداث التيوية
  .(Macquoy, 2014) (9 الشكل) ستمرىوائي م تيار إنشاء ويتم ,(Stack Effect) المدخنة تأثير الإرتفاع وعندىا يحدث

 ,والإضاءة الطبيعية ,والتأكد من توفيره لمتيوية ,لمفناء الداخمي المركزي الأصمية الفوائد عمى المحافظة ومن أجل
 :(Baker & Steemers, 2005)الآتية في تصميمو  النقاط مراعاة يجب وعدم إستيلبكو لمطاقة, ,لفضاءات المبنى الداخمية

 الإنياءات العاكسة إستخدام عن طريقالمزجج,  الداخل لمفناء المركزي عبر سقفو النيار ضوء فة مستوياتيجب مضاع 
 .الإضاءة الطبيعية لمفضاءات المطمة عمى الفناء, وتقميل أو الحدّْ من الحاجة للئنارة الصناعية لتوفيروالتزجيج الملبئم, 

  د الفناء الداخمي المركزي, اليواء  النقي الذي يوفر بدوره التيوية الطبيعية, لجميع فضاءات المبنى المطمة عميو.يجب أن يُزوِّ
 فيو,  حرارةات الدرج رتفاعإ منعل ,صيفاً  الفناء الداخمي المركزي فيالطبيعية  التيوية معدلات رتفاعا  و  التظميل توفيرنبغي ي

 .الفضاءات المطمة عميو حرارة والذي سيؤدي بالنتيجة الى رفع درجات
 

تحت سطح  دمجةوىي القنوات الأفقية المُ  (:Embedded Ductsالتيوية المُتضمَنة  )أنابيب دمجةقنوات اليواء المُ . 8
 الكتمة من للئستفادة إمكانية ليا يعطي وىذا. عمى إتصال بسطح الأرض السطحية مساحتيا الأرض, حيث تكون معظم

اليواء  لتوفير عادةً  المُنفعمة, كما تُستخدَم التبريد والتدفئة توفيرلأغراض  بيا المحيطة القنوات والأرض جدران في الحرارية
  .(10الطبيعي لفضاءات المبنى, غير أن توزيع سرعة اليواء فييا لا يكون ثابتاً )الشكل 

 المُدمجةتساىم قنوات اليواء  البيئة الخارجية لممبنى, منخفضة في الحرارة درجات تكون عندما الشتاء, فصل في
. من ثم, يتدفق اليواء )قانون حفظ الطاقة في باطن الأرض( دفئاً  أكثرتكون نسبياً  الأرض بسبب أن والتيوية اليواء نبتسخي

 الحال عميو يكون العكس وعمى. الدافئ الى الأعمى إعتماداً عمى: معدل تدفق اليواء خلبل القناة, وعمى كمية اليواء المسحوبة
 .(Heiselberg, 2005)لفضاءات المبنى  المناسب التبريد المُدمجةوات اليواء حيث توفر قن فصل الصيف الحار, في

التي تعتمد التيوية الطبيعية وفؽ ستراتيجيات التصميـ المنفعؿ, تسعى الى  المباني بناءاً عمى ما تقدـ, فإف معظـ
 الطبيعي خلاؿ اليواء تدفؽ ودعـ الطبيعية المحركة القوى لتسخير )آنفة الذكر( والمخصصة التيوية عناصر مف الإستفادة
التيوية أو أكثر مف مبادئ مبدأ  ترتبط معمبنى, العناصر التيوية الطبيعية المميزة في  فإف أي مفوعميو, . المبنى

وظَّفت منتخبة ( مف البحث عند تحميؿ أمثمة لمشاريع العمميالتطبيقي )في الجانب  توضيح ذلؾالطبيعية. وسيتـ 
التصميمية,  ستراتيجياتتمؾ ال, لبياف أىـ نفعمة مختمفة لتحقيؽ التيوية الطبيعية في بيئاتيا الداخميةستراتيجيات تصميمة م

 تحميميا, بغرض إنتقاء المناسب منيا لمبيئة العمرانية العراقية. ومف ثـ 
 
 ة:التقميديالبغدادية  وحدة السكنيةالتعزيز التيوية الطبيعية في  1-6

والتخمص من الحرارة المخزونة في قشرة  ,المسكن التقميدي لتقميل العبء الحراري تأىم ستراتجيا تُمثِّل التيوية الطبيعية
 البغدادي لتوفير بيئة مريحة لمساكنين. فعمى الرغم من صغر النوافذ أو إنعداميا في الطابق الأرضي في واجية المسكن ,المبنى

. وتُعَد ملبقف المنفعمة أساليباً مُبتكَرة لمحصول عمى التيوية الطبيعيةالمحمية  ةيالتقميدي المُطِمة عمى الزقاق, طَورت العمارة التقميد
دخاليا الى فضاءات (Wind-Catcher)ير أو البارجيل گاليواء )أبراج الرياح أو الباد المسكن ( الوسيمة الأىم لإصطياد الرياح وا 

و فتحة الممقف اليوائي بإتج. المحمي التقميدي لي الوحدة السكنية, سامحةً بتمرير اليواء ااه الرياح السائدة في أعوعادةً ما تُوجَّ
يتحرك لومنيا العراق, ا الرياح التي تيب عمى الأقاليم الحارة الجافة, مالبارد صيفاً, والخالي من الغبار والرمال المذين تحممي

 يراتگالبادوتقوم  ,التقميدي لممسكنالسميكة  ن( مبني داخل الجدراShaftىوائي ) جرىم عن طريقاليواء البارد بإتجاه السرداب 
تكوين مناطق ضغط  عن طريقويحصُل التيار اليوائي  المطموب. في الحصول عمى التيار اليوائي ة السرداببإستكمال فاعمي

تحات أخرى. وتكون ير, ومن ثم إخراجو عبر فگفيدخل اليواء بعد تنقيتو وترطيبو عِبْرّ فتحة الباد ,متباينة ما بين الداخل والخارج
, ( )ضغط واطئ(ºم33النيار عندما تزداد درجة حرارة سطح المسكن عن )في أوقات أخرى العممية عكسية, لا سيما في ساعات 

د فتحات البادگحيث يتحرك اليواء عِبْر ىذه الفتحات وخلبل فضاءات المسكن بإتجاه أعالي الباد يرات والتي تكون گير. وقد تُزوَّ
أو منحنية, بمشبكات قابمة لمسد والفتح عند الضرورة, فضلًب عن إستخدام جرات المياه المعمقة في أعمى المجرى  عادةً دائرية
 .(2015)كمونة, ( 11ير لأغراض الترطيب وزيادة فاعمية التحرك اليوائي فيو )الشكل گاليوائي لمباد

الخاص بنظام التبريد في "معيد مصدر لمعموم  "لبارجيلامن الأمثمة عمى إستخدام البادكير بإسموب معاصر, "برج الرياح أو 
 لتوفير مجموعة من الحمول التكنولوجية المبتكرة عن طريق وذلك دولة الإمارات العربية المتحدة, – في مدينة مصدر ,والتكنولوجيا"

 وتوجيييا العموي من المستوى احالري إلتقاط فوق المنصة, عمى م( 45الذي بمغ ) البرج . حيث ساعد إرتفاعاليواء النقي والرطب
في تم تركيبيا  (كواتفتحات تيوية )تسع  تشغيل عن طريق , وذلكمعيد مصدر لمعموم والتكنولوجياالعامة الرئيسة في  الساحة الى

تجاه إب ئياً تمقا الكواتالرياح, حيث تفُتح  إتجاهعن  كشفلم إستشعار أجيزة بواسطة تُشغلو , الييكل المعدني لمبرج الجزء العموي من
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اليواء نحو  ينساب ,بالنتيجة .البرج أسفل الى الرياح طاقة لتحويل الأخرى تجاىاتالإفي وتغمق  منيا,لتقاط أكبر قدر الرياح السائدة لإ
 قمة البارجيل, عمى إضافة لمرذاذ تم تثبيتيا في تعمل مولدات حين في .(Polytetrafluoroethyleneمادة ) الأسفل عبر غشاء من

وتنشيط  التبخيري التبريد من المزيج ىذاويساعد . التبريد بواسطة التبخر عن طريقدرجة حرارة اليواء  لميواء, بغرض تقميل يدتبر 
 . (Martin and et al, 2015) (12)الشكل معيد مصدر في  الوسطية عند مستـوى الساحـة الحرارة درجات خفض عمى اليواء حركة
 
 ليلًا: التيويةاتيجية تبريد المبنى بواسطة ستر  1-7

. ("Night-Time Ventilation"التيوية ليلًب ) واحدة من حمول التيوية الطبيعية اليامة والتي تعمل عمى تبريد المبنى ىي
عن  النيار خلبل ةبرودال لتخزين وفييا يتم إستخدام كتمة المبنى التيوية الأخرى, أساليب من ستراتيجية وتُعد التيوية ليلًب, أكثر

الحرارة, لا سيما في المناطق الحارة  الإرتفاع الكبير في درجات لمنعكمة في ساعات النيار, اريق سحب الأحمال الحرارية المتر ط
 كبيرة حدوث زيادةعن طريق وذلك  الفضاءات, إستخدام يتم لا عندما الميل, أثناء الحرارة ىذه إزالة تتم حيث ثم. الجافة ومنيا العراق

 الحرارة بسحو  ,(Stack Effect) تأثير المدخنة الى ذلك ويرجع. المبنى خلبل من ليلبً  الجو برودة بواسطة يواءال تدفق معدل في
 .(Macquoy, 2014) عالي لميواء تدفق معدل حيث يتحقق كتمة المبنى, في بالتخزين المرتبط الحراري التبادل نتيجة ليلبً  اليواء من

 لذلك, ونتيجةً . درجات الحرارة في الفضاءات الداخمية لممبنى من أقل الطمق اليواء في الحرارة تكون درجات الميل, أثناء
زالة لفضاءات المبنى بالدخول لميواء السماح عن طريق المبنى تيوية الممكن من إمتصاصيا  فيو والتي تم المخزنة الحرارة وا 

 في دفئاً  الأكثر يُستنزف اليواء ومن ثم البناء مواد من ةالحرار  من تبديد ىذه, تزيد اليواء حركة. ساعات النيار وتخزينيا خلبل
 في اليواء حرارة درجة فإن من ثم, الميل. أثناء العممية ىذه وتستمر .لمغلبف الجوي ويجري تشتيتيا المنخفضة الحرارة درجات

 في أخرى مرة بالزيادة الحرارة درجة دورة تبدأ عندما درجات حرارة أقل مستويات تكون عند المبنى وكتمة البيئات الداخمية لممبنى
 لممرء يمكن المُكيفة, المباني في حتى أنو يعني مما تكون فضاءات المبنى أكثر برودة, الصباح, في لذلك, ونتيجةً . التالي اليوم
 .النظم الميكانيكية لمتيوية وتكييف اليواء تشغيل خفض عن طريق الطاقة في كبيرة وفورات يحقق أن

نخفاض الطمق, واليواء الفضاءات الداخمية لممبنى في اليواء حرارة بين درجات النسبي الفرق عمى ليلبً  لتيويةا ويعتمد نجاح  وا 
 اليواء من تيوية ممكنة حركة أفضل ضرورة تحقيق التيوية ليلًب, فضلًب عن فعالية إرتفاع مع الطمق اليواء في الحرارة درجات
 اليواء لمرور النسبية السرعة بزيادة المبنى كتمة من الحراري الحمل يزداد بالذكر, الجدير ومن الفضاءات الداخمية لممبنى. نحو الخارجي

 .الفضاءات الداخمية لممبنى في اليواء من حركة ستزيد والتي السقفية, المراوح إستخدامب العممية ىذهتزداد و . المختمفة سطوحو فوق
 .(Per Kvols, 2006)لممبنى واليواء المار عمييا  المختمفة الأسطح بين الحرارة الإنتق من معامل الحراري الحمل يرفع لذلك, نتيجةً 

الحارة  الصيف أيام في الحرارية المكاسب بالأساس, من ذروة ويقمل نيج تبريد المبنى بواسطة التيوية الطبيعية ليلبً 
 .(Macquoy, 2014)( 13وكما موضح في )الشكل 

 عن طريقالطبيعي في الأبنية  لمتبريد بوصفيا ستراتيجية التيوية الطبيعية من المثمى الاستفادة إجمالًا, يمكن تحقيق
  :(Per Kvols, 2006)يشمل  وىذا الحرارية, والراحة التبريد وأحمال التبريد, قدرة بين الأمثل التوازن تحقيق
عن  والإضاءة,الحرارية  الكفوءة في إستخدام الطاقة المعدات إستخدام طريق عن والخارجية الداخمية الحرارية الأحمال تخفيض/ أولاً 

ستخدام ستراتيجيات الفعالة, الشمسي التظميل ووسائل الطبيعي, النيار ضوء المثمى من الإستفادة طريق والتيوية  التبريد والتدفئة وا 
 ذلك. لىا وما الطبيعية, ركةالمح تسخير القوى عن طريق المصروفة لعمل المرواح الطاقة المنفعمة. فضلًب عن إمكانية تقميل

الإشغال داخل  ساعات خلبل الحرارة وتخزن تمتص والتي لمحرارة عازلة بمثابة منطقة لممبنى الحرارية الكتمة إستعمال /ثانياً 
 .الطبيعية خلبل الميل تحقيق التيوية مع المأىولة بالشاغمين غير الساعات خلبل الفضاء وتقوم بإرجاع الحرارة الى المبنى,

 
 الجانب التطبيقي: 1-8

ؿ مجموعة مف الأمثمة تحمي عف طريؽبغرض تحقيؽ ىدؼ البحث, تـ تدعيـ الدراسة النظرية بجانب تطبيقي وذلؾ 
مديات اـ الطاقة فييا, فضلًا عف الوصوؿ الى بغرض تحقيؽ كفاءة إستخدفت ستراتيجيات التيوية الطبيعية, لمشاريع وظَ 

 .يياعالية مف الراحة الحرارية لشاغم
 :(niversityUatar Q) جامعة قطر وؿ/المثاؿ الأ 

 

 .(Qatar University)جامعة قطر :  اسـ المشروع
 .تعميمي:  نوع المشروع
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 .قطر – مشارف الدوحة:  موقع المشروع
 شحيحة.أمطار مناخ شبو إستوائي جاف, ومناخ صحراوي حار مع :  مناخ الموقع

 (.Kamal El Kafrawiالكفراوي )كمال  : الميندس المعماري لممشروع
 .م1985 عامشباط من  في الأكاديمية المباني تضموالتي  المشروع من الأولى المرحمة فتتاحإ:  تأريخ إنجاز المشروع

 

 أولًا/ وصؼ المشروع:
مناخية  تُعَد جامعة قطر إحدى الجامعات الحكومية التي تقع عمى المشارف الشمالية لمعاصمة الدوحة, وتقع في منطقة

 لىاتصل بإرتفاع درجات الحرارة التي يمتاز صيفيا جداً, حيث  شحيحةأمطار , ومناخ صحراوي حار مع ةجاف ةشبو إستوائي
 .درجات الحرارة القصوى والدنيا بين( مع فرق كبير ºم50)

م(  84) ( بعرضOctagonمؤلفة من أشكال مثمنة ) شبكة في جامعة قطر عمى الأكاديمية المباني تصميم إجمالًا, يستند
النموذجي لأبنية  النمط لتشكيل المربعات وتتجاور وتتصل الأشكال المثمنة مع م(, 35ببعد ) الجانبين عمى مع وجود أشكال مربعة

ويمكن إستخدام إحدى  ,"(Lobbies) الفناءات الداخمية"من  الأقل عمى الشكل بإثنين مثمنة صف دراسي وحدة كل الجامعة. وترتبط
 الفصول معزول عن ولكنو إضافي فضاء أو تُستخدَم بمثابة الدراسية الفصول بين إنتقالية ومنطقة كمدخل إما فناءاتالىذه 

 .(rg/sites/288http://archnet.o)ومكاناً لتجمع الطمبة  النيار الطبيعي لتوفير ضوء ستخدَم كمصدريُ , ففناء الثانيأما ال الدراسية.
تمتاز الأبنية في جامعة قطر بكونيا ذات طابع تراثي, تعكس التمسك بيوية العمارة العربية الإسلبمية, فأول ما يظير 

في تصميمو لممشروع الميندس المعماري  ياأدخمقد و  ,في أبنية الجامعة لمعيان عند رؤية الجامعة ىو ملبقف اليواء )البارجيلبت(
 توفير الظللالمشربيات مزايا مستدامة بيئياً أخرى تمثمت ب وجودفضلًب عن  ,الممقف اليوائي لشكل جديداً  يراً بإسموب يحمل تفس

والمزروعة مع وجود النافورات  جزئياً, والمغطاة المفتوحة العديد من الساحاتوجود  مع ,في فصل الصيفلا سيما  تمطيف البيئة,و 
 .(http://archnet.org/sites/288)و (Shorbagy, 2010-El), فضلًب عن ترطيبو ة في الجوتقميل نسبة الحرار والتي تعمل عمى  فييا

 ثانياً/ أىـ ستراتيجيات التيوية الطبيعية المستخدمة في المشروع:
 الخميج منطقة فيامعة قطر بسبب موقع جفتمثل جامعة قطر من الناحية الوظيفية, أوضح حالات لإستخدام أبراج الرياح, 

عن الطبيعية, حيث يكمن أحد أىداف المشروع في تحقيق الحد الأدنى من إستيلبك الطاقة  التيوية لصالح التصميم جاء العربي,
 الداخمية البيئة عمى لمساندة أجيزة التيوية الفاعمة )الميكانيكية(, وذلك من أجل الحفاظ )الطبيعية( توفير التيوية المنفعمة طريق

 عن طريقالتيوية, مع توفير مديات عالية من الراحة الحرارية لشاغمييا, وتحقق ذلك  وجيدة لأبنية الجامعة بصورة مريحة وصحية
 إنشاء البارجيلبت )أبراج الرياح( فوق أبنية الجامعة, والتي تعمل بمثابة منظومة تدفع اليواء الطبيعي الى داخل أبنية الجامعة.

 من جانب كل من جيت بشكل مييمنوُ  ة الشكل,مثمن ىيئة وحدات عمى مباني الجامعة فوق إرتفعت أبراج الرياحوقد 
 يةروح ممقفال شكل الجميمة. ويعكس التقميدية العناصر ىذه تحيطالجامعة التي  ساحاتفضلًب عن إطلبلتيا عمى  ,الجامعة
  .(14المبنى )الشكل  الطبيعي في اليواء تدفق أداةً لتوليدبوصفو  الأصمية وظيفتو عمى الإبقاء عن فضلبً  الحاضر,

 جوانب أربعة كل برج رياح وتضمنمن جية أخرى, تم توقيع أبراج الرياح بمستويات مختمفة لإصطياد الرياح السائدة, 
ية الدخول الى ( لمسماح بالتيوية الطبيعPerforated Gypsumالفتحات بمادة الجبس المثقب )ىذه تمت تغطية  , وقدمفتوحة
 .(El-Shorbagy, 2010)ومن ثم توفير اليواء البارد وتقميل الرطوبة داخل فضاءات أبنية الجامعة  المبنى

 ( ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في المشروع.1-1ويوضح الجدوؿ )
 

 .امعة قطرمباني ج(: ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في 1-1الجدوؿ )
 (.Per Kvols, 2006)إستناداً لممصدر  ػػةػالباحثػػػػتنظيـ المصدر: 

 

ستراتيجيات تعزيز 
التيوية الطبيعية 
 المُوظفة في المشروع

عناصر التيوية 
الطبيعية المميزة 
 في المشروع

مبدأ التيوية 
 الطبيعية
 المقابؿ ليا

إمداد المبنى 
 بالتيوية الطبيعية
ستنفاذىا منو  وا 

الدافعة  القوى
لإحداث التيوية 
 الطبيعية في المشروع

آلية عمؿ عناصر التيوية في 
 المشروع

 الأحمال تخفيض أولًا/
 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

إستخدام أبراج 
 )البارجيلبت( الرياح

 في المشروع.

المتقاطعة,  التيوية
بتأثير والتيوية 

 Stack) المدخنة

Effect.) 

إمداد المبنى 
 بالتيوية الطبيعية.

تعمل أبراج الرياح 
بالإستفادة من الطاقة 

 الحركية لمرياح.

الاستخدام الأمثل لظروف الرياح 
. وبالنتيجة, في موقع المشروع

عن زيادة القوى المحركة الطبيعية 
 إستخدام أبراج الرياح. طريق
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 :( Research CenterTorrent) نتيتور  أبحاث مركز /ثانيالمثاؿ ال
 

 .(Torrent Research Center)نت يمركز أبحاث تور :  اسـ المشروع
 داعمة(. تحتية وبُنى مرافق مع للؤبحاث مختبرات تعميمي )مجمع:  نوع المشروع
 .اليند –( Ahmedabadأحمد آباد ):  موقع المشروع
 مناخ حار شبو جاف.:  مناخ الموقع

 (.Parul Zaveriيري )ڤارول زاپ(, و Nimish Patelاتيل )پنيميش  : الميندس المعماري لممشروع
 م.2000 : تأريخ إنجاز المشروع

 

 أولًا/ وصؼ المشروع:
 وبُنى مرافق مع للؤبحاث مختبرات التعميمي الذي يضم مجمع (Torrent Research Center)يقع مركز أبحاث تورينت 

 البالغةم ىذا المجمع مِّ وقد صُ اليند, ذات المناخ الحار وشبو جاف.  –( Ahmedabadداعمة ليا, في مدينة أحمد آباد ) تحتية
(, Parul Zaveriيري )ڤارول زاپ(, و Nimish Patelاتيل )پاريين نيميش (, من قِبَل الميندسين المعم2م 19700مساحتو الإجمالية )

 المستجيب لمتصميم فريداً  نموذجاً  الناضبة, ويعد من المشاريع المميزة بوصفو الطاقة عمى الإعتماد حول زيادة المتزايد لمقمق إستجابةً 
 .(Thomas and Baird, 2007) المنفعل التبخيري الطبيعية والتبريد ةالتيوي نظام يدمج والذي الحراري, والأداء البيئي التحكم ونظام لممناخ

ستخدام إ لتحقيقعمى أساس التيوية المنفعمة والتبريد التبخيري,  فضاءاتوتوفير الراحة للئنسان داخل ييدف المبنى الى 
حيث  ة والتي ىي سمة مميزة لممشروع.أبراج تيوية ىائم ,والنتيجة. الحد الأدنى من الطاقة الكيربائية أو الأجيزة الميكانيكية

 تحقيق الممكن من ويوضح أنو واسع نطاق عمى لممكاتب التبخيري المنخفض التبريد المنفعل بواسطة التيار المبنى ىذا يستخدم
 .(Kamal, 2012)البناء  بتكمفة المساس ودون العادية نظم التكييف إستخدام دون الجافة الحارة المناطق في الإنسان راحة

 

 ثانياً/ أىـ ستراتيجيات التيوية الطبيعية المستخدمة في المشروع:
 ضوءالتيوية الطبيعية, و  من القصوى ستفادةالإ تحقيق حول البيئية, النظر جيةو  من تصميم المشروع, فمسفةتمحورت 

في البيئة المحمية لممشروع.  فرةالمتو  الطبيعية المواد ستخداملممبنى, فضلًب عن إ الغبار دخول عمى والسيطرة الطبيعي,النيار 
فضلًب عن تظميل  ,لمتزجيج الحكيم تصميمال بواسطة الكسب الحراري الشمسي عمى الكاممة السيطرة تحقيق ممن جية أخرى, ت

 من الخارج بواسطة كاسرات أفقية. النوافذ
, (Torrent Research Center)ت نيمركز أبحاث تور  في بنجاح المنفعمة التبخيري التبريد أنظمةإجمالًا, تم إستخدام 

 تبريدهداخميا, ومن ثم  اليواء سحبل الرياح بإصطياد براجتقوم الأ .البرج أعمى فيموقعة  منصات مع جابر أ من تتكونوالتي 
لإنتاج رذاذ خفيف )يطمق  المياه إمدادات خط في الضغط طريق عن المياه توزيع يتم, حيث خفيف رذاذ الى وتحويم طريق عن

بغرض سحب  ر, وذلكمختببناية  كلل الوسطى ممراتال فوق تقعلمداخل كبيرة  العموي الجزء في( Microniserاسم  عمييا
. حيث تم تطوير وتعزيز فكرة الممر المركزي مع فضاءات العمل عمى جانبيو, بغرض تحقيق التبريد التبخيري براجاليواء للؤ
 كل في العمل أماكن فيلممشروع, ليتم إستخلبصو  المفتوح المركزي الممر المبرد عن طريق اليواء ينزلبالنتيجة,  .المنفعل
بإستنفاذ اليواء الساخن عند الحدود الخارجية لفضاءات العمل  براجمن ثم, تقوم الأ. من المبنى كي تتم تيويتيا وتبريدىا طابق
 .(Thomas and Baird, 2007)( 15ليلًب )الشكل  المجمع( محيط حول )من

 اليواء عمود (, ففي الوقت الذي يرتفع فيوReverse Chimneys) عكسية مداخن بمثابة الأبراج ىذه توصف ام لباً غا
 عمى اليواء تدفق معدل ويعتمد .المداخن العكسية ىذه في ييبط للؤسفل البارد اليواء عمودفإن  ,الشمسية المدخنة في الحار
 .برجال أو التبريد جياز في اليواء تدفق ضد المقاومة وكذلك العرضي, قطعوالم ,البرج رتفاعوا   التبخيري, التبريد جياز كفاءة

 º( م30 - 29) بحدودتعميمي ال (Torrent Research Center)نت يتور مركز أبحاث  داخل الحرارة درجات جمتسُ قد و 
 في التيوية الطبيعية راتتغيي (9 – 6) تحققتو . ºم (44 – 43المبنى تتراوح ما بين ) خارجفي  الحرارة درجات كانت عندما
 .(Kamal, 2012)من المبنى  مختمفة طوابق في الساعة في

 ( ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في المشروع.2-1ويوضح الجدوؿ )
 

 .(Torrent Research Center)نت يمركز أبحاث تور (: ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في 2-1الجدوؿ )
 .ػػةػالباحثػػػػ تنظيـالمصدر: 

 

ستراتيجيات تعزيز 
التيوية الطبيعية 
 المُوظفة في المشروع

عناصر التيوية 
الطبيعية المميزة 
 في المشروع

مبدأ التيوية 
 الطبيعية
 المقابؿ ليا

إمداد المبنى 
 بالتيوية الطبيعية
ستنفاذىا منو  وا 

القوى الدافعة 
لإحداث التيوية 
 وعالطبيعية في المشر 

آلية عمؿ عناصر التيوية في 
 المشروع

العكسية,  لممداخن العمودية المسافةالمداخن تعمل إمداد المبنى المتقاطعة,  التيوية مداخنتثبيت  الأحمال تخفيض أولًا/

http://archnet.org/sites/4454/media_contents/17676
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 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

بتأثير والتيوية  عكسية.
 Stack) المدخنة

Effect.) 

الطبيعية بالتيوية 
ستنفاذىا منو.  وا 

بالإستفادة  لعكسيةا
 الطفو الحراري.من 

 زيادة تأثير الطفوتعمل عمى 
 , ومن ثم زيادة معدلاتالحراري

 .التيوية الطبيعية داخل المشروع
 

 :(Eastgate Centre) يتگمركز إيست /لثثاالمثاؿ ال
 

 .(Eastgate Centre)يت گمركز إيست:  اسـ المشروع
 .متعدد الإستخدامات )مركز تسوق ومبنى إداري(:  ع المشروعنو 

 .(Zimbabweزيمبابوي ) -( Harareىراري ):  موقع المشروع
 مناخ شبو إستوائي.:  مناخ الموقع

 (.Mick Pearceيرس )پمايك  : الميندس المعماري لممشروع
 م.1996:  تأريخ إنجاز المشروع

 

 أولًا/ وصؼ المشروع:
 ( ذات المناخ شبوZimbabweزيمبابوي ) -( Harareفي مركز مدينة ىراري ) (Eastgate Centre)يت گإيستيقع مركز 

 .سيارة( 450سع لـ )ت( وموقفاً ي2م 26000( ومكاتب إدارية بمساحة )2م 5600الإستوائي, ويضم المبنى مركزاً لمتسوق بمساحة )
 (.  منفعمةبإسموب تم تيويتو وتبريده بوسائل طبيعية تماماً ) (Mick Pearceرس )يپوالمبنى مُصمَّم من قِبَل الميندس المعماري مايك 

غرب( لتحقيق أقل إنفتاح نحو الشمس في الواجيتين الشرقية والغربية,  –مخطط المبنى ضمعو الطويل بإتجاه )شرق 
يارات والمذان تعموىم برجين من ويتألف المبنى من تسعة طوابق, يضم الطابقين )الأرضي والأول( مركز التسوق وموقف الس

أما الفناء الداخمي  .المكاتب الإدارية )التي تطل عمى الفناء الداخمي المركزي لممبنى( ويتألف كل برج من سبعة طوابق
المركزي, وىو يرتفع بتسعة طوابق من أرضية مركز التسوق الى مظمة سقف المبنى الزجاجية. كما يضم المبنى مجموعة من 

 .(Johnston, 2000)لشمسية والتي تقوم بدفع حركة اليواء ليلًب ونياراً خلبل المبنى المداخن ا
تبريد فضاءات المبنى ل الطبيعية , منيا: توفير التيويةالبيئي المستدامتضمن تصميم المبنى العديد من مزايا التصميم و 

 ضوء النيار من القصوى الإستفادة بين التوازن ق, وتحقيالميكانيكية اليواء الإفراط في إستخدام الطاقة من مكيفات تجنبل
 من الإستوائية وشبو الإستوائية الحرارة المفرطة والمرافقة عادةً لممناطق عن المبنى لإضاءة فضاءات المبنى مع عزل الطبيعي

 .(Johnston, 2000), و(UNEP, 2011)امة بيئياً دالعالَم, فضلًب عن غيرىا من الحمول المست
 ستراتيجيات التيوية الطبيعية المستخدمة في المشروع: ثانياً/ أىـ

 الطبيعية حمول التيوية حقق والذي التصميم بيئياً في مستدام مبنى عن عبارة( Eastgate Centre)يت گيُعَد مركز إيست
كلبت الإنسان, بإمتياز, حيث عمل ميندس المشروع عمى محاكاة الطبيعة من خلبل دراسة العمميات الطبيعية وتكييفيا لحل مش

وعكسيا في تصميم المبنى بإسموب يحقق التيوية الطبيعية بشكل فعال لمغاية, مستوحياً ذلك من أبنية السكان الزيمبابويين الأصميين 
 ولا حيث لا يحتاج الى مكيفات ىواء الخرسانة, من كبير بشكل المبنى تم إنشاءه .ومن تلبل التبريد الذاتي لمنمل الأبيض في أفريقيا

 .(UNEP, 2011)المماثمة لو بالحجم  التقميدية ( مقارنةً بالمباني%10من ) أقل الطاقة أن إحتياجو من يعني مما تدفئة,
مدخنة شمسية( مثبتة عمى أعمى سطح المبنى, والتي  48لممشروع ) المميزةالشمسية  المداخنيضم المبنى مجموعة من 

الى خارج المبنى  خنامدال كلاىي منالمكاتب في المشروع ومن ثم خروجو  فضاءات من وسحبتقوم بإلتقاط اليواء الساخن و 
يعي, حيث لتعزيز التيوية الطبيعية في فضاءات المبنى ليلًب ونياراً. كما يضم المبنى فناءاً داخمياً مركزياً تتم تيويتو بشكل طب

ط المبنى. فضلًب عن وجود حمول أخرى داعمة " لتحقيق حركة تيوية طبيعية في وس(Stack Effect) يعزز من "تأثير المدخنة
 التبريد آليةتحقيق ل الأساس المبادئ كالكاسرات الشمسية وغيرىا لتحقيق التيوية الطبيعية الفعالة في المبنى. وتعد ىذه نفس

 بناء طريق عن ثابتة حرارة درجةب تلبلال من الداخمية الأجزاء مىيحافظ ع الذيو  الأبيض, النمل يستخدميا التي منفعلال
  .(16)الشكل  (UNEP, 2011), و(Johnston, 2000) والجانبين العموي الجزء عن طريق تقوم بالتنفيس التي المداخن

 ( ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في المشروع.3-1ويوضح الجدوؿ )
 

 .(Eastgate Centre)يت گإيست مركز(: ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في 3-1الجدوؿ )
 .ػػةػالباحثػػػػ تنظيـالمصدر: 

 

ستراتيجيات تعزيز 
التيوية الطبيعية 
 المُوظفة في المشروع

عناصر التيوية 
الطبيعية المميزة 
 في المشروع

مبدأ التيوية 
 الطبيعية
 المقابؿ ليا

إمداد المبنى 
 بالتيوية الطبيعية
ستنفاذىا منو  وا 

القوى الدافعة 
التيوية لإحداث 

 الطبيعية في المشروع
آلية عمؿ عناصر التيوية في 

 المشروع
تم زيادة القوى المحركة الطبيعية المداخن  تعملإستنفاذ اليواء المتقاطعة,  التيوية مدخنة 48 تثبيت الأحمال تخفيض أولًا/
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 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

شمسية في 
 المبنى.

بتأثير والتيوية 
 Stack) المدخنة

Effect.) 

 الشمسية بواسطة ى.من المبن
 الطفو الحراري.

المسافة الكبيرة  عن طريق
لممداخن الشمسية. والعمودية 
زيادة تأثير الطفو وبالنتيجة, 

, ومن ثم زيادة معدلات الحراري
 .التيوية الطبيعية داخل المشروع

 الأحمال تخفيضثانياً/ 
 عن يةالداخم الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

يحتوي المبنى 
عمى فناء داخمي 

 مركزي.

المتقاطعة,  التيوية
بتأثير والتيوية 

 Stack) المدخنة

Effect والتيوية ,)
 من جانب واحد.

إمداد المبنى 
بالتيوية الطبيعية 
ستنفاذىا منو.  وا 

يعمل الفناء الداخمي 
المركزي بالإستفادة 

لحراري ا من الطفو
 والطاقة الحركية لمرياح.

تم زيادة القوى المحركة الطبيعية 
إستخدام حجم كبير  عن طريق

 .لمفناء الداخمي المركزي
زيادة معدلات تدفق وبالنتيجة, 

 .داخل المشروع اليواء
 

 ":(Genzyme Centerمركز جنزايـ ) /رابعالمثاؿ ال
 

 .(Genzyme Centerمركز جنزايم ):  اسـ المشروع
 .مبنى إداري:  نوع المشروع
 .( في الولايات المتحدة الأمريكيةMassachusettsماساشوستس ) –( Cambridgeكامبريدج ) : موقع المشروع
 وشتاء بارد ثمجي. حار صيف مع رطب, قاري مناخ:  مناخ الموقع

 .(Behnisch & Partner)(, وHouse & Robertson Architects(, و)Lyme Properties) : الميندس المعماري لممشروع
 م .2003عام :  تأريخ إنجاز المشروع

 

 أولًا/ وصؼ المشروع:
الولايات المتحدة الأمريكية, ذات  –( Cambridgeفي كامبريدج )الإداري الواقع ( Genzyme Centerمركز جنزايم ) يُعَد
 معمارية شركات ثلبث شاركتو  ,م2003عام  أنشِئستدام بيئياً, م وىو مبنى الحيوية التكنولوجيا لشركة الرئيس , المقرالمناخ القاري

(, وبينيش House & Robertson(, والمعماريون ىاوس وروبرتسون )Lyme Propertiesلايم العقارية ): , ىيوتصميم في مختمفة
 وىو. 2003عام في ازه طابقاً(, تم إنج 12, ويتألف من )(2م 32000) مبنىالتبمغ مساحة (. Behnisch & Partnerوشركاءه )

 . (Yudelson, 2007) 2006عام  (LEED Platinum)أكبر مبنى في الولايات المتحدة الأمريكية حاصل عمى شيادة لييد الپلبتينية 
وفرة ضوء النيار الطبيعي, فضلًب و  ,ي المبنىف جودة البيئة الداخميةيضم المبنى مجموعة من المزايا المستدامة بيئياً, منيا: 

كما تميز غلبف . وتكنولوجيات حفظ المياه, وكفاءة إستخدام المواد منظومة كفوءة في إستخدام الطاقة, عمىإشتمال المبنى عن 
 .(Olmstead and Neely, 2005) ء أيضاً منظومة التزجيج فيو مُؤلَفة من الستائر الجدارية عالية الأدا, و عالي الأداءبكونو المبنى 

 لتيوية الطبيعية المستخدمة في المشروع:ثانياً/ أىـ ستراتيجيات ا
, مجموعة من الستراتيجيات التصميمية المنفعمة لتعزيز التيوية الطبيعية في فضاءاتو الداخمية (Genzymeجنزايم )مبنى ضم 

  لممبنى. ميةالبيئة الداخعالية في جودة , مما حقق المسقف إستخدام: الواجية المزدوجة, والفناء الداخمي المركزي عن طريقوذلك 
( من %32أكثر من ), حيث أن ( عالي الأداءGenzymeجنزايم ) مبنىغلبف يُعَد لواجية المزدوجة, ا وفيما يخص

التيوية مفصولة فضائياً بحوالي عبارة عن واجية مزدوجة )أي ما يعادل ثمث الغلبف الخارجي لممبنى( الغلبف الخارجي لممبنى 
خارجية المحيطة بو. في الصيف, يتم تيوية ىذا الفضاء والبيئة ال المبنى بين حرارياً  عازلة منطقة بخمقتقوم  , والتيم( 1,25)

 .(Yudelson, 2007) في ىذا الفضاء لحفظ المبنى دافئاً  الحرارة إلتقاط ومن ثم تيوية فضاءات المبنى الأخرى. بينما في الشتاء, يتم
فيو طوال الطاقة الشمسية قميل كسب تو  ,الحرارية ظة عمى ظروفوكما ساعد تصميم الواجية المزدجة, المبنى في المحاف

 إليو. من الدخول الشمس حرارة ومنع المبنى من تشع إحتباس الحرارة التي عن طريقوذلك  العام تقريباً 
اتيا أما بالنسبة لمفناء الداخمي المركزي, فقد ضم المبنى فناء داخمي مركزي فُتحَت عميو جميع مستويات المبنى بفضاء

 لفضاءات المبنى. ,والإضاءة الطبيعية ,والتبريد ,الداخمية. ويعمل ىذا الفناء الداخمي بمثابة قناة ضخمة تساعد عمى توفير التيوية
من الحرارة المرتفعة خلبل الفناء الداخمي  (Stack Effect) ويتم تبريد وتيوية المبنى بشكل طبيعي عن طريق تأثير المدخنة

 عن طريق لغاية إستنفاذه, تأثير المدخنة عن طريقطبيعي  ليواء الدافئ بشكلٍ وذلك بإرتفاع ا, روجيا من المبنىالمركزي ومن ثم خ
. ومما يعزز ىذه العممية بشكلٍ كبير ىو حجم الفناء الداخمي المركزي الكبير, فضلًب عن فناء الداخمي المركزيالجزء العموي من ال

لطبيعي وتقمل من الطمب عمى نظام التكييف الميكانيكي. من ثم, المحافظة عمى صحة شاغمي النوافذ التي ترفع من تدفق اليواء ا
 .(Olmstead and Neely, 2005) (17)الشكل  توفير مديات عالية من الراحة الحرارية ليم, وبالنتيجة رفع إنتاجيتيم عن طريقالمبنى 

 مُستخدمة في المشروع.( ستراتيجيات تعزيز التيوية الطبيعية ال4-1ويوضح الجدوؿ )
 

 .الإداري (Genzymeجنزايـ ) مبنى(: ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في 4-1الجدوؿ )
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 ػػػػػػػػػة.الباحثتنظيـ المصدر: 
 

ستراتيجيات تعزيز 
التيوية الطبيعية 
 المُوظفة في المشروع

عناصر التيوية 
الطبيعية المميزة 
 في المشروع

 مبدأ التيوية
 الطبيعية
 المقابؿ ليا

إمداد المبنى 
 بالتيوية الطبيعية
ستنفاذىا منو  وا 

القوى الدافعة 
لإحداث التيوية 
 الطبيعية في المشروع

آلية عمؿ عناصر التيوية في 
 المشروع

 الأحمال تخفيض أولًا/
 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

توظيف الواجية 
 في المزدوجة
 المبنى.

المتقاطعة,  التيوية
بتأثير والتيوية 

 Stack) المدخنة

Effect.) 

إمداد المبنى 
بالتيوية الطبيعية 
ستنفاذىا منو.  وا 

تعمل الواجية 
المزدوجة بالإستفادة 
من الطاقة الحركية 

 لمرياح.

الواجية المزدوجة التأثيرات  فعلتُ 
إستخلبص بالحرارية المنفعمة, 

لمنطقة التيوية الطبيعية من ا
العازلة في الواجية عن طريق 
فتح النوافذ في الواجية الداخمية. 
حينيا يوفر تأثير المدخنة التيارات 

بالإستفادة اليوائية داخل المشروع 
 .من الطاقة الحركية لمرياح

 الأحمال تخفيضثانياً/ 
 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

يحتوي المبنى 
ى فناء داخمي عم

 مركزي.

المتقاطعة,  التيوية
بتأثير والتيوية 

 Stack) المدخنة

Effect والتيوية ,)
 من جانب واحد.

إمداد المبنى 
بالتيوية الطبيعية 
ستنفاذىا منو.  وا 

يعمل الفناء الداخمي 
المركزي بالإستفادة 

الحراري  من الطفو
 والطاقة الحركية لمرياح.

يعية تم زيادة القوى المحركة الطب
إستخدام حجم كبير  عن طريق

 .لمفناء الداخمي المركزي
زيادة معدلات تدفق وبالنتيجة, 

 .داخل المشروع اليواء
 

 :"(Frederick Lanchesterيستر فريدريؾ )چلان"مكتبة  /خامسالمثاؿ ال
 

 (.Frederick Lanchesterيستر فريدريك )چمكتبة لان:  اسـ المشروع
 .ميمبنى تعمي:  نوع المشروع
 .متراگإن –( Coventryينتري )ڤكو :  موقع المشروع
 .بحري مناخ:  مناخ الموقع

 (.Short and Associates Architects)شورت وشركاءه  ونالمعماري ونالميندس : الميندس المعماري لممشروع
 م .2002عام :  تأريخ إنجاز المشروع

 

 أولًا/ وصؼ المشروع:
( في مدينة Coventry Universityينتري )ڤ( في جامعة كو Frederick Lanchesterك )يستر فريدريچتقع مكتبة لان

 Short and Associates)شورت وشركاءه  ونالمعماري ونالميندسمترا, والمصممة من قِبَل گإن –( Coventryينتري )ڤكو 

Architects) .( 4(, وتضم )2م 9103وتبمغ مساحة المكتبة )من المباني الكفوءة في إستخدام تبة وتُعد المك .طوابق وسرداب
ولمطوابق الأربعة الرئيسة لممكتبة  الطبيعية التيوية عمى كمياً  التصميمومثالًا ممتازاً عمى التيوية الطبيعية, حيث إعتمد  ,الطاقة

 .(Lomas, 2007) اليواء الميكانيكية( تكييفنظم  تطمب طويمة, ساعاتللطابق السرداب و  عاليةال ةيحرار ال المكاسب بسبب)
 ثانياً/ أىـ ستراتيجيات التيوية الطبيعية المستخدمة في المشروع:

تزويد الفناء الداخمي المفتوح عمى خمسة طوابق )أربع طوابق أساس وسرداب(  عن طريقتتم تيوية الطوابق الأربعة لممشروع 
 الشمسية( والتي تم توقيعيا عمى طول محيط المبنى. باليواء النقي, فضلًب عن وجود سمسمة من الآبار الضوئية )والمشابية لممداخن

الآبار الضوئية الرباعية  يخدم الذي والسرداب الأول الطابق بين الكاممة الدورة طريق عن المبنى الى النقي اليواءيدخل 
والتي تعمل  والموقعة بشكل بئر ضوئي مركزي, فضلًب عن مجموعة آبار ضوئية لكل ركن من أركان المبنى, ,الشكل لممشروع

 الحرارة حيث تعمل. لممبنى عميقةال الطوابقمخططات  عبر ية الطبيعيةالنيار  والإضاءة النقي ميواءل توزيع حسنأ وفيرتعمى 
نشاءعمى تسخين اليواء داخل فضاءات المبنى,  الكمبيوتر وأجيزة المبنى شاغميبواسطة  المكتسبة  يتال الحراري الطفو ةقو  وا 
حينيا سيتولد تأثير  .(م 3,9بحدود ) السقف تحتالواقعة  طبقةال في ووتراكم ,الساخن الى الأعمى اليواء إرتفاع سببت ابدورى

( م عمى المحيط الخارجي للآبار الضوئية في المشروع ليتم تيويتيا, من 20,0 – 1,8إرتفاع ) عمى( Stack Effect)المدخنة 
 .(18)الشكل  بنىثم تقوم بدورىا بتوجيو اليواء الساخن الى خارج الم

 التي (Pre-Heating Coilsالشتاء, يتم رفع درجة حرارة اليواء الداخل لممبنى بواسطة ممفات التسخين المسبق ) فصل في
 اليواء تُدخل التي النقاط ( مجيزة في أعمى الآبار الضوئية, والتي تدفع اليواء الساخن عند2م 6قاعدة بمساحة ) عبر أفقياً  تقع
 لتبريد ليلبً  تُستخدَم التيوية كما .المنفعمة الستراتيجيات يوية بواسطةتبينما في فصل الصيف الحار, فيتم توفير ال .طابق كل عمى
 .التالي اليوم من الدافئة تساعاال خلبل الحرارة إستيعاب يمكنيا لممبنى والمُعرَّضة لمحرارة العالية, بحيث الحرارية الكتمة
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 الجريان مشكمة لممبنى لحل أُضيفت والتي منفصمة لمتيوية, مداخن شمسية وجود أربع يقعن طر  العموي الطابق تيوية تتم
 تصميم المبنى. مرحمة خلبل الحاسوبية المحاكاة بواسطة تم تحديدىا والتي المركزي الضوئي البئر من المُستنفَذ لميواء العكسي

 عمى متحركة أفقية ستائرتثبيت  عن طريقروع, في المش الشمسيةالحرارية  مكاسبال من الحدّْ  من جية أخرى, يجري
 رتفاعإ مخاطر من الحدّْ بعناية, لممساعدة عمى  المعدنية التظميل ونتوءات بروزاتالو  مع توقيع النوافذ ,ئيةضو ال الآبار رأس
 .(Krausse and et al., 2007)في المبنى  الطبيعية التيويةمنظومة  فعالية, فضلًب عن تحسين الحرارة اتدرج

 ( ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في المشروع.5-1ويوضح الجدوؿ )
 

 .(Frederick Lanchesterيستر فريدريؾ )چلانمكتبة (: ستراتيجيات تعزيز التيوية الطبيعية المُستخدمة في 5-1الجدوؿ )
 ػػػػة.الباحثػػػػػ تنظيـ المصدر:

 

ستراتيجيات تعزيز 
التيوية الطبيعية 

 مُوظفة في المشروعال

عناصر التيوية 
الطبيعية المميزة 
 في المشروع

مبدأ التيوية 
 الطبيعية
 المقابؿ ليا

إمداد المبنى 
 بالتيوية الطبيعية
ستنفاذىا منو  وا 

القوى الدافعة 
لإحداث التيوية 
 الطبيعية في المشروع

آلية عمؿ عناصر التيوية في 
 المشروع

ستراتيجية التيوية  أولًا/
إستخدام الكتمة ليلًب ب

 الحرارية لممبنى.

 الكتمة تبريد
 لممبنى الحرارية

والمُعرَّضة لمحرارة 
العالية عن طريق 

 التيوية ليلًب.

 التيوية بتأثير
كتساب المدخنة,  وا 

 ليلبً  اليواء من لحرارةا
 الحراري التبادل نتيجة
 في بالتخزين المرتبط

 كتمة المبنى.

 إمداد المبنى
بالتيوية الطبيعية 

 ستنفاذىا منو.وا  

تعمل كتمة المبنى 
بالإستفادة من تأثير 

 الطفو الحراري.

لممبنى  الحرارية توظيف الكتمة
عن طريق سحب  البرودة لتخزين

الأحمال الحرارية المتراكمة في 
النيار بالإستفادة من تأثير الطفو 

الإرتفاع الكبير في  لمنع الحراري,
 الحرارة. درجات

 الأحمال تخفيضثانياً/ 
 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

تثبيت أربع 
مداخن شمسية 

 في المبنى.

المتقاطعة,  التيوية
بتأثير والتيوية 

 Stack) المدخنة

Effect.) 

إستنفاذ اليواء 
 من المبنى.

تعمل المداخن 
الشمسية بالإستفادة 
من تأثير الطفو 

 الحراري.

الطبيعية تم زيادة القوى المحركة 
المسافة الكبيرة  عن طريق
لممداخن الشمسية. والعمودية 
زيادة تأثير الطفو وبالنتيجة, 

, ومن ثم زيادة معدلات الحراري
 .التيوية الطبيعية داخل المشروع

 الأحمال تخفيضاً/ لثثا
 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

 تثبيت الآبار
بية المشا الضوئية

في عمميا لممداخن 
 الشمسية.

المتقاطعة,  التيوية
بتأثير والتيوية 

 Stack) المدخنة

Effect.) 

 إمداد المبنى
بالتيوية الطبيعية 
ستنفاذىا منو.  وا 

 الآبار الضوئية تعمل
بالإستفادة من تأثير 

 الطفو الحراري.

تم زيادة القوى المحركة الطبيعية 
المسافة الكبيرة  عن طريق

للآبار الضوئية.  والعمودية
زيادة تأثير الطفو وبالنتيجة, 

, ومن ثم زيادة معدلات الحراري
 .التيوية الطبيعية داخل المشروع

 الأحمال تخفيض/ رابعاً 
 عن الداخمية الحرارية
عناصر  إستخدام طريق

 التيوية الطبيعية.

يحتوي المبنى 
عمى فناء داخمي 

 مركزي.

المتقاطعة,  التيوية
 بتأثيروالتيوية 

, والتيوية المدخنة
 من جانب واحد.

إمداد المبنى 
بالتيوية الطبيعية 
ستنفاذىا منو.  وا 

يعمل الفناء الداخمي 
المركزي بالإستفادة 

الحراري  من الطفو
 والطاقة الحركية لمرياح.

عن  الطبيعية المحركة القوى زيادة تم
إستخدام حجم كبير لمفناء  طريق

ة زيادوبالنتيجة,  .الداخمي المركزي
 .المشروع داخل اليواء تدفق تمعدلا

 :(العمميالتطبيقي )إستنتاجات الجانب  1-9
  بعد مقارنة العناصر المميزة لمتيوية الطبيعية, ىناؾ ضرورة لوجود الفناء الداخمي المركزي في الأبنية العامة متعددة

, وأىمية إنشاء وتعزيز التيوية الطبيعية فيو" داخؿ المبنى (Stack Effect) ستفادة مف تفعيؿ "تأثير المدخنةالطوابؽ للإ
 Eastgate)يت گمركز إيست )وكما ىو الحاؿ في الفناء  الداخمي المركزي في الأبنية العامة في البيئة العمرانية العراقية

Centre) ومبنى ,( جنزايـGenzyme)چ, ومكتبة لان( يستر فريدريؾFrederick Lanchester) لا سيما إف الأبنية ,
  ( في تمؾ الأبنية.CO2وبالنتيجة زيادة كميات غاز ) ,فيياوالمراجعيف عامة تمتاز بكثرة العامميف ال
 وكما ىو , لا سيما في البيئة العمرانية العراقيةيرات( بإسموب معاصر في الأبنيةگأىمية توظيؼ أبراج الرياح )الباد ,

لذي وظَّؼ الستراتيجيات التصميمية المنفعمة والفاعمة, وافي برج الرياح )البارجيؿ( الموجود في مدينة مصدر  الحاؿ
لزيادة فاعميتو في التيوية. أو توظيؼ أبراج الرياح بإسموب منفعؿ وكما ىو الحاؿ في أبراج الرياح الموجودة في أبنية 

 . (Torrent Research Center)نت ي, وأبراج الرياح في مركز أبحاث تور جامعة قطر
 المزدوجة في البيئة العمرانية العراقية ذات المناخ الحار الجاؼ )وكما ىو الحاؿ في مبنى  أىمية تطبيؽ الواجيات

حرارية  عازلة توفيرىا منطقة عف طريؽ, لما ليا مف أىمية في تحقيؽ التيوية الطبيعية لممبنى ((Genzyme)جنزايـ 
 .اليواء داخؿ المبنى تكييؼ وأحماؿ الحرارية المكاسب مف الحدّْ , فضلًا عف أىميتيا في عف البيئة الخارجية
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  ضرورة تبنِّي الستراتيجيات التصميمية المختمفة لمتيوية الطبيعية )ودمج أكثر مف عنصر تيوية في المبنى وكما ىو
وبما يتلائـ معيا )توظيؼ الواجيات  الحاؿ في الأمثمة السابقة( في البيئة العمرانية العراقية ذات المناخ الحار الجاؼ

بمثابة حؿ لمتيوية الطبيعية,  فقط, وعدـ الإكتفاء بوجود النوافذ والفتحات ة, والفناء المركزي, وأبراج الرياح(,المزدوج
لأف ىذه الستراتيجيات التصميمية تساعد عمى تمطيؼ المناخ الموضعي وتقميؿ التموث, مع المحافظة عمى صحة 

 بيعية العراقية مف مموثات ناجمة عف الحروب التي مرَّ بيا.الإنساف ورفع إنتاجيتو, لا سيما بعد ما أصاب البيئة الط
 أىمية تطبيؽ ستراتيجيات التصميـ المنفعؿ لمتيوية الطبيعية في البيئة العمرانية العراقية لترشيد إستيلاؾ الطاقة 

امو لمطاقة , لا سيما أف مشكمة العراؽ تكمف في كثرة إستخدوأخذىا بعيف الإعتبار منذ المراحؿ التصميمية الأولى
الكيربائية بشكؿٍ أساس, وبالأخص لأغراض التبريد والتيوية. وحيث أف أجيزة التبريد معظميا عالية الإستيلاؾ لمطاقة 
الكيربائية, توجب وجود الستراتيجيات التصميمية المنفعمة لمتيوية الطبيعية في الأبنية لمساعدة اجيزة التكييؼ 

 .الناضبة ؿ مدد تشغيميا, وبالنتيجة ترشيد إستيلاؾ الطاقةتقمي عف طريؽوالتيوية الميكانيكية 
  إمكانية تطبيؽ الستراتيجيات التصميمية المنفعمة لمتيوية الطبيعية في الأبنية في سياقات متنوعة بتوظيؼ أكثر مف

 التكامؿ بيف عناصر التيوية الطبيعية المميزة.عف طريؽ أسموب في التصميـ, 
 
 :العامة الإستنتاجات 1-10
 البيئي الأثر مف في البيئات الداخمية لممبنى, والحدّْ  اليواء جودة تحسيف مف أىـ ستراتيجيات الطبيعية التيوية تُعَد 

 السمبي لممبنى, فضلًا عف فاعميتيا في تحسيف المناخ الموضعي لفضاءات المبنى الداخمية.
  بنية, عمى توفير بيئة صحية خالية مف المموثات متيوية الطبيعية في الأالمنفعؿ ليساعد توظيؼ ستراتيجيات التصميـ

 لداخميةا البيئات عمى الحرارية لسيطرةا مف عالية مديات تحقيؽمع  ,(CO2) غاز وتقميؿ نسب ,فييا اليواء الصحي زيادة كميةب
 تيـ الإنتاجية.بالنتيجة, تعزيز صحة شاغمي تمؾ الأبنية ورفع قابميلممبنى, فضلًا عف توازف المبنى مع البيئة المحيطة. 

  توظيؼ طرؽ وأساليب التصميـ المنفعؿ نظراً لِما تمتمكو مف أثر  عف طريؽضرورة تعزيز التيوية الطبيعية داخؿ الأبنية
فعاؿ وقدرة عالية في تقميؿ الطاقة المصروفة لأغراض التيوية والتبريد في الأبنية, فضلًا عف كفاءتيا الكبيرة في 

 ة الحرارية لشاغمي تمؾ الأبنية. تحقيؽ مديات عالية مف الراح
  أىمية تفعيؿ عناصر التيوية الطبيعية المميزة في تصاميـ الأبنية في الوقت الحاضر, ودمجيا مع الطرؽ الميكانيكية

في التيوية والتبريد, لا سيما في مناخ العراؽ الحار الجاؼ وما يتمتع بو مف طوؿ فصؿ الصيؼ, وذلؾ بغرض تقميؿ 
ستنزافيا.الطمب عمى الوسا  ئؿ الفاعمة في التيوية والتبريد, وبالنتيجة التقميؿ مف الطمب عمى الطاقة وا 

  نظراً لِما  ,مُمِّحة ضرورةً ينبغي تحقيؽ المتطمبات التصميمية لمتيوية الطبيعية في المراحؿ التصميمية الأولى لكونيا
 .ات الداخمية لممبنىكفاءة مثمى في أداء البيئمف تُوفره 

 تطبيؽ لنجاح المُحدِّدة الرياح, مف العوامؿ وسرعة والرطوبة, البيئة الخارجية المحيطة بالمبنى, في الحرارة اتتُعَد درج 
 الطبيعية في أي مبنى. التيوية تقنيات

 اـالمستد البيئيتحقيؽ إحدى مفاىيـ التصميـ  الأبنية الى التيوية الطبيعية في الستراتيجيات التصميمية المنفعمة لتوفير تسعى. 
 ة,ػػالحارة الجاف ؽػػالتقميدية في المناط يرات( في الأبنيةگاح )البادػػػمع أبراج الري دمجةة قنوات اليواء المُ ػػػػبالإمكاف رؤي 

 نحو السرداب ومنو الى بقية فضاءات المبنى. لأسفؿل يُدفَعو  القنوات ىذه في اليواء يُبرَّدالعراؽ, حيث  في سيما لا
 فذ صغيرة بمستوى عالي في فضاء المبنى, وأخرى كبيرة بمستوى الشاغميف, عمى تعزيز مفعوؿ يُسيـ وجود فتحات نوا

فرؽ الكثافات  عف طريؽوتفعيؿ حركة التيوية الطبيعية مف خارج المبنى الى داخمو وبالعكس )( Stack Effect)المدخنة 
مكانو(, لا سيما في حاؿ كاف إرتفاع الفضاء عالياً,  بإرتفاع اليواء الدافئ القميؿ الكثافة الى الأعمى وحموؿ اليواء البارد

 وكاف المبنى يطؿ عمى باحة مزروعة وتضـ مسطحاً مائياً أو نافورة لترطيب اليواء فييا وتقميؿ درجة حرارتو.
 يُعد تأثير المدخنة (Stack Effect), طاقوي داخؿ عمى رفع كفاءة الإستخداـ ال الذي يساعد البيئي المستداـالتصميـ  وسائؿ أحد

  توفير التيوية الملائمة لفضاءات المبنى, فضلًا عف التبريد في الأشير المعتدلة مف السنة.  عف طريؽالمبنى وبإسموب منفعؿ 
 ( أىمية وجود الفناء الداخمي المركزيAtrium في الأبنية العامة متعددة الطوابؽ والذي تفتح عميو جميع طوابؽ )

" داخؿ المبنى (Stack Effect) يساعد عمى تفعيؿ "تأثير المدخنة لأف الفناء الداخميالمبنى بفضاءاتو الداخمية, 
 وتعزيز التيوية الطبيعية فيو, لا سيما إذا ضـ سقؼ الفناء, كوات تُفتح وتُغمؽ آلياً )أوتوماتيكياً(.

  دور أساس في ما تمتمكو مف لِ راً نظ ,(الجدراف والسقوؼ والأرضيات والنوافذالكتمة الحرارية لممبنى )يتعيف الإستفادة مف
 لا سيما ,شتاءاً الحراري الكسب و تعزيز الفقداف الحراري صيفاً  ومف ثـجمع وتخزيف وتوزيع الحرارة داخؿ فضاءاتو, 

 ., وبإسموب منفعؿ يساعد عمى تقميؿ الإستيلاؾ العالي لمطاقة الكيربائيةالمناطؽ الحارة الجافة ومنيا العراؽ
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 ة يعمؿ تأثير المدخن(Stack Effect) المحطية بو.  الخارجية البيئة الى البناء مواد في المختزنة الحرارة عمى إزالة 
  الإستفادة مف ستراتيجيات التصميـ المنفعؿ لمتيوية الطبيعية في الأبنية, لاسيما في الأوقات المعتدلة مف السنة في

 ع قمة الأتربة والعواصؼ.مناخ العراؽ الحار الجاؼ, حيث الإنخفاض في درجات الحرارة م
  إيلاء موضوع التيوية الطبيعية أىمية أكبر في تصاميـ الأبنية في البيئة العراقية بشكؿ عاـ, والإستفادة مف الحموؿ

 التي قدمتيا العمارة العراقية التقميدية وتوظيفيا بإسموب معاصر.
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رتفاع الفضاءو    W = عرض الفضاءحيث أف:    H = ا 

 التيوية الطبيعية المتقاطعة داخؿ فضاء.(: 6الشكؿ )
 .(Per Kvols, 2006)المصدر: 

 

 

رتفاع الفضاءو      W = عرض الفضاءحيث أف:   H = ا 
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 ب ( فضاء يضـ فتحتي تيوية مف جانب واحد. .أ ( فضاء يضـ فتحة واحدة مف جانب واحد

 التيوية الطبيعية في جانب واحد مف الفضاء.(: 5الشكؿ )
 .(Per Kvols, 2006)المصدر: 

 

 

 الطفو الحراري في المبنى.: (4الشكؿ )
 (.Kleiven, 2003)المصدر: 

 
 

 

 

 .(CO2)ز شاشات رصد غا: (2الشكؿ )
 (2015المصدر: )كمونة, 

 
 

 

 ( في الفضاءات المغمقة.CO2مستويات تركيز )(: 1الشكؿ )
 (.Bauer and et al, 2010المصدر: )
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 جودة ىواء متوسطة

  الضغط توزيع: (3الشكؿ )
 المبنى. سطح عمى بالرياح المستحث
 .(Baker&Steemers, 2005)المصدر:
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 .قطر الستراتيجيات التصميمية لمتيوية الطبيعية الموظفة في أبنية جامعة(: 14الشكؿ )
 .(http://archnet.org/sites/288)و (Shorbagy, 2010-El)تنظيـ الباحثػػػة إستناداً لممصدريف المصدر: 

 

 منظور خارجي لأبراج الرياح في مباني جامعة قطر.

 ؤلؼ مف أشكاؿ مثمنة.التصميـ الشبكي الم وذ ممشروعمنظور جوي ل منظور جوي لجامعة قطر.

 فضاءات لتزويدالدورة الكاممة 
 المبنى باليواء النقي.

دخوؿ اليواء الطبيعي عبر برج 
 الرياح الى فضاءات المبنى.

 فتحات تيوية 
 مسيطر عمييا

أحد أبنية الجامعة يوضح آلية دخوؿ اليواء الطبيعي لفضاءات مقطع طولي في 
ستنفاذه م  .ف الفتحات الموجودة في فضاءات المبنىالمبنى عبر برج الرياح وا 

 التيوية الطبيعية بالفناء الداخمي المركزي.: (9الشكؿ )
 .(Macquoy, 2014)المصدر: 

 

 

 والمرتبطة مع أبراج الرياح.  دمجةقنوات التيوية المُ  :(10)الشكؿ 
 (.Kleiven, 2003المصدر: )

 

 الرياح السائدة

 المُدمجةقنوات اليواء 

 .المدخنة الشمسية آلية عمؿ(: 8الشكؿ )
 .(Macquoy, 2014)المصدر: 

 

الدافئ  إستنفاذ اليواء
 مف المبنى عِبرَ 
 المدخنة الشمسية

 المدخنة الشمسية

 دخوؿ اليواء البارد
 الى المبنى

 اليواء الدافئ

 

 .(Stack Effect) المدخنةالتيوية الطبيعية بتأثير (: 7الشكؿ )
 .(Per Kvols, 2006)المصدر: 

 

 إستنفاذ اليواء 
 الدافئ 
 مف المبنى

 

 .برج الرياح في مدينة مصدر(: 12الشكؿ )
 (.Martin and et al, 2015)المصدر: 

 
 

 

 التقميدي.مسكف : ملاقؼ اليواء في ال(11)الشكؿ 
 .(2015كمونة, )المصدر: 

 

 

 ستراتيجية التيوية ليلًا في المبنى.: (13الشكؿ )
 .(Macquoy, 2014)المصدر: 
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 .المخطط الأفقي لمجموعة مختبرات في المشروع

     .(Torrent Researchنت )يأبحاث تور  لمركزمخطط الموقع 
 

   .(Torrent Researchنت )يأبحاث تور  لمركز جيمنظور خار 

 كاتبم مختبرات

 إستنفاذ اليواء الدافئ مف المبنى عِبرَ أبراج الرياح

 اليواء الدافئ اليواء الدافئ

 دخوؿ اليواء البارد عبر الأبراج الى المبنى

 نزوؿ اليواء 
طريؽ  البارد عف

الممر المركزي 
 إستخلاص اليواء  لممشروع

  أماكف ارد فيالب
 طابؽ  كؿ في العمؿ

 مف المبنى كي تتـ 
 تيويتيا وتبريدىا

 نت يأبحاث تور  في مركز مقطع طولي
(Torrent Research) .يوضح آلية عمؿ أبراج الرياح 

 الممر 
 المركزي 

 .(Torrent Research Center)نت يمركز أبحاث تور الستراتيجيات التصميمية لمتيوية الطبيعية الموظفة في (: 15الشكؿ )
 .(Thomas and Baird, 2007)تنظيـ الباحثػػػة إستناداً لممصدر المصدر: 

 

 (.Eastgate Centre) يتگإيستمركز الستراتيجيات التصميمية لمتيوية الطبيعية الموظفة في (: 16الشكؿ )
 (.UNEP, 2011, P. 36) ,(Johnston, 2000, P. 81)المصدر: تنظيـ الباحثة إستناداً لممصدريف 

. 

 

 مقطع في المبنى.

 إستنفاذ اليواء بشكؿ طبيعي 
 الممتصة  الحرارية الطاقة مف المكاتب

  المداخف بواسطة
 المدخنة  تأثير لتحسيف

(Stack Effect) 

 مظمة زجاجية
 الألواح الشمسية
 لسخانات المياه

  سحب اليواء بتأثير
 (Stack Effect) المدخنة

 الفناء  مف
 المركزيالداخمي 

 موقؼ سيارات
 محلات تجارية محلات تجارية

 مكاتب مكاتب
 بارد مُظمَؿ داخمي فناء

 اليواء لسحبمراوح  اليواء لسحبمراوح 

 .(Eastgate Centreمنظور خارجي لمركز إيستگيت )

 .مناظير في الفناء الداخمي المركزي لممبنى
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 ( الإداري.Genzyme)مركز جنزايـ الطبيعية الموظفة في  الستراتيجيات التصميمية لمتيوية(: 17الشكؿ )
 .(Olmstead and Neely, 2005)تنظيـ الباحثػػػة إستناداً لممصدر المصدر: 

 

 .منظور داخمي في منطقة الفناء المركزي

 تأثير "مفعوؿ  عف طريؽطبيعي  رتفاع بشكؿٍ لإ باميواء الدافئ ( لGenzyme)مركز جنزايـ يسمح 
 .(Atriumفناء الداخمي المركزي )خلاؿ الجزء العموي مف ال لغاية إستنفاذه", (Stack effect)المدخنة 

 المنطقة العازلة 
 جيدة التيوية

 فتح والغمؽكوة سقفية قابمة لم

 اليواء المستنفَذ مف المبنى

الفناء 
 المركزي

 التيوية بواسطة تأثير 
 (Stack Effect) المدخنة

 الواجية المزدوجة
 اخؿ التيويةمد

قابمة الالنوافذ والستائر تساعد 
 بدرجات عمى التحكـلمبرمجة 
داخؿ المبنى فضلًا عف الحرارة 
 ممبنى.ل النقي اليواء توفير

  مُستنفَذستبداؿ اليواء الإيتـ 
النقي الأكثر  بواسطة اليواء الخارجي

 في معظـ أوقات السنة. برودة
 

 .مقطع طولي في المبنى

 زلة المنطقة العا
 جيدة التيوية

 

 .منظور خارجي لممبنى

 .(Frederick Lanchesterيستر فريدريؾ )چمكتبة لانالستراتيجيات التصميمية لمتيوية الطبيعية الموظفة (: 18الشكؿ )
 (.Krausse and et al., 2007)تنظيـ الباحثػػػػػة إستناداً لممصدر المصدر: 

 
 

 التيوية 
 المُستنفَذة مف المبنى

 سطة تأثير المدخنة بوا
(Stack Effect) 

 .المخطط الأفقي لمطابؽ النموذجي

 البئر الضوئي  
 المركزي لخروج اليواء 

 مف المبنى

 الآبار الضوئية
الركنية لدخوؿ اليواء 
النقي والإضاءة الطبيعية 

 الى المبنى

 .منظور خارجي لممكتبة

 .اخف الشمسية في المكتبةدمنظور خارجي لمم
 فتحات تيوية  فراغ لمتيوية متحركةأفقية ستائر 

 مسيطر عمييا

 دخوؿ اليواء النقي 
الدورة الكاممة لمتزود  الى المبنى

 باليواء النقي
 توفر الآبار الضوئية اليواء

 النقي والإضاءة الطبيعية لممبنى

 الحماية مف الرياح
 توفر الآبار الضوئية اليواء
 ىالنقي والإضاءة الطبيعية لممبن

 ( ودرجات الحرارةCO2أجيزة إستشعار لغاز )

 لإستنفاذ اليواء مف المبنى. البئر الضوئي المركزي ب.     الركنية لإستنفاذ اليواء مف المبنى. الآبار الضوئية أ.: يوضح مقطع طولي في المبنى
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ABSTRACT 

Engineering equipment is essential part in the construction project and usually manufactured 

with long lead times, large costs and special engineering requirements. Construction manager 

targets that equipment to be delivered in the site need date with the right quantity, appropriate 

cost and required quality, and this entails an efficient supplier can satisfy these targets. Selection 

of engineering equipment supplier is a crucial managerial process .it requires evaluation of 

multiple suppliers according to multiple criteria. This process is usually performed manually and 

based on just limited evaluation criteria, so better alternatives may be neglected. Three stages of 

survey comprised number of public and private companies in Iraqi construction sector were 

employed to identify main criteria and sub criteria for supplier selection and their priorities.The 

main criteria identified were quality of product, commercial aspect, delivery, reputation and 

position, and system quality . An effective technique in multiple criteria decision making 

(MCDM) as analytical hierarchy process (AHP) have been used to get importance weights of 

criteria based on experts judgment. Thereafter, a management software system for Evaluation 

and Selection of Engineering Equipment Suppliers (ESEES) has been developed based on the 

results obtained from AHP. This model was validated in a case study at municipality of Baghdad 

involved actual cases of selection pumps suppliers for infrastructure projects .According to 

experts, this model can improve the current process followed in the supplier selection and aid 

decision makers to adopt better choices in the domain of selection engineering equipment 

suppliers.  

Key words: engineering equipment, supplier, construction, AHP, decision maker, model, 

ESEES, software. 

لتقييم واختيار مجهسي المعذات الهنذسية في المشاريع الانشائية في العراق ينمىرج ادار  

 علا صكبان بذن                                                                                                  د.كاظم رحيم ارزيج

 يذسط                                                                                                           طانب ياجسخٍش         

 قسى انُٓذست انًذٍَت-كهٍت انُٓذست-جايؼت بغذاد                                           قسى انُٓذست انًذٍَت   -كهٍت انُٓذست-جايؼت بغذاد

 الخلاصة 

انًؼذة انُٓذسٍت ًْ جضء اساسً فً انًششٔع الاَشائً ٔحصُغ ػادة بفخشاث اَخظاس طٌٕهت ,كهف ػانٍت ٔيخطهباث ُْذسٍت اٌ 

فً انًٕػذ انًحذد,انكًٍت انصحٍحت ٔبانكهفت انًُاسبت ٔانجٕدة  خاصت.ٌطًح يذٌش انًششٔع بأٌ حسهى انًؼذاث فً انًٕقغ

كفٕء ٌسخطٍغ ححقٍق ْزِ الاْذاف. اٌ حقٍٍى ٔاخخٍاس يجٓضانًؼذاث انُٓذسٍت ٌؼذ ػًهٍت   انًطهٕبت ٔاٌ ْزا ٌسخهضو ٔجٕد يجٓض

اَجاصِ ٌذٌٔا" ٌٔبُى ػهى ػذد يحذٔد  اداسٌت حاسًت حخطهب حقٍٍى نؼذة يجٓضٌٍ ٔفقا" نًؼاٌٍش يخؼذدة ٔاٌ ْزِ انؼًم ػادة يا ٌخى

. حى حٕظٍف ثلاثت يشاحم يٍ انًسح انًٍذاًَ شًهج ػذد يٍ فاٌ بذائم افضم قذ ٌخى انخغاضً ػُٓايٍ يؼاٌٍش انخقٍٍى ٔبزنك 

انششكاث انحكٕيٍت ٔانخاصت  فً انقطاع الاَشائً انؼشاقً نغشض ححذٌذ انًؼاٌٍش انشئٍسٍت ٔانفشػٍت لاخخٍاس انًجٓضٌٍ ٔ 

 انًؼاٌٍش انشئٍسٍت انخً حى ححذٌذْا ًْ جٕدة انًُخج, انجاَب انخجاسي,  انخسهٍى, انسًؼت ٔانًكاَت ٔ جٕدة انُظاو. .أٔنٌٕاحٓا

mailto:kadhim1969@yahoo.com
mailto:eng_aula2010@yahoo.com
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( نهحصٕل AHPحى اسخخذاو حقٍُت فؼانت فً ػًهٍت صُغ انقشاس يخؼذد انًؼاٌٍش ًْٔ ػًهٍت انخحهٍم انٓشيً بٕاسطت بشَايج ) 

  .بُاءا" ػهى حكى انخبشاء ػهى أصاٌ الاًٍْت نهًؼاٌٍش 

( اػخًادا" ػهى انُخائج انًسخحصهت يٍ ESEESنخقٍٍى ٔاخخٍاس يجٓضي انًؼذاث انُٓذسٍت)حاسٕبً   اداسة حى بُاء َظاوبؼذ رنك 

( .ْزا انًُٕرج حى انخحقق يُّ بخطبٍقّ ػهى حانت دساسٍت )أياَت بغذاد( يخضًُت حالاث ٔاقؼٍت لاخخٍاس يجٓضي AHPبشَايج )

 انحانٍت انًخبؼت فً اخخٍاس انًجٓضٌٍ تث نًشاسٌغ بُى ححخٍت. ٔفقا" نهخبشاء فاٌ ْزا انًُٕرج ًٌكٍ اٌ ٌحسٍ انطشٌقيضخا

 ٌذػى صاَؼً انقشاس فً حبًُ خٍاساث افضم فً يجال اخخٍاس يجٓضي انًؼذاث انُٓذسٍت.ٔ

 , بشيجٍاث ESEES, صاَغ قشاس, ًَٕرج ,AHP يؼذاث ُْذسٍت ,يجٓض , اَشاء, : الكلمات الرئيسية

1. INTRODUCTION  

Selection of engineering equipment suppliers is one of the most critical decisions taken by 

procurement manager. It is not an easy process and generally consists of four stages; defining 

objective, formulating the selection criteria, qualifying the suitable alternatives and final 

selection. Many different formulas and techniques involve the determination of quantitative and 

qualitative factors can be used to select the best possible suppliers.  Supplier selection decisions 

were complicated by the fact that various criteria must be considered in decisions making 

process Weber et al., 1991. According to G3SP-ESS, 2010, the procurers can categorize 

supplier selection criteria  as Mandatory which represents the criteria that a supplier must meet 

in order to be on the bid list , Preferred refers to criteria that is not necessary to be meeting by 

suppliers to enter the bid list and leading criteria which really differentiate suppliers and will 

separate the exceptional suppliers from the ordinary and should have the highest weighting 

within the supplier selection process. Number of studies were conducted to deal with suppliers 

evaluation; Ho et al., 2007 in their study, they identified what criteria that construction firms in 

Taiwan and Vietnam were adopted to evaluate and select suppliers. They confirmed that non-

quantifiable criteria like, quality and capability to meet delivery due dates have the most 

important role in the selection process. Azambuja and Chen , 2010 presented  methodology of 

statistical procedure of cluster analysis for commercial assessment to select short list of 

equipment suppliers in construction projects but this technique was supported just quantitative 

criteria. This study aims to present a management model with a decision support tool that can aid 

construction firms in the selection of the best engineering equipment suppliers that satisfy project 

targets considering both quantitative and qualitative criteria. 

2. SUPPLIERS EVALUATION AND SELECTION 

The analysis of criteria for selection and measuring the performance of suppliers had been the 

focus of many scientists and purchasing practitioners since the 1960’s. In the recent years, many 

researchers in the domain of supplier selection like Benyousif et al., 2003, Thanaraksakul, and 
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Phruksaphanrat, 2009, Pal et al. ,2013 and Abdolshah ,2013  referred to an interesting work  

presented  by Dikson . 

Dikson ,1966 conducted a questionnaire and sent  it to 273 purchasing organizations and 

managers selected from list of managers in the National Association of Purchasing Managers, 

which covered USA and Canada. He had received 170 mails regarding the 23 important criteria 

which were ranked according to the observations. The results showed that delivery, quality, 

performance history, and warranty policies were the most important criteria for 1960s 

.Thereafter, the 23 criteria in Dikson (1966) were served as principal for categorizing criteria in 

the consequent researches. Pal et al. 2013 stated the various important criteria for the supplier 

selection such as: price, quality, delivery, performance history, warranties and claims policies, 

production, facilities and capacity, technical capability, financial position, procedural 

compliance, reputation and position in industry, desire for business, repair service, attitude, 

packaging ability, labor relations record, geographical location, amount of past business and 

reciprocal arrangement. 

2.1 Identifying Potential Suppliers 

This process is substantial, it is often critically important to discover new suppliers as well as 

develop the existing suppliers. The buyer must ensure such suppliers are qualified .The 

qualification processes should be performed according to the qualification criteria set on the 

solicitation documents. A potential supplier who does not meet the required qualifications will 

be rejected, and this will lead to short list suppliers. 

Pre-qualification is an effective method for identifying potential suppliers to invite for tender, 

particularly where a large number of suppliers might be able to fulfill the organization’s needs. 

Some organizations pursue pre‑qualify suppliers prior to have a specific need. This can allow 

them to focus on specific needs at a given moment in time from a pre-qualified pool of suppliers. 

To ensure that the pre-qualification process is not too cumbersome, suppliers should only be 

requested to provide information adequacy to satisfy the buyer on their level of competence that 

is sufficient to execute any future contract. Such qualifications criteria may be all or some of the 

following IAPWG, 2006: 

1. Legislative requirements 

2. The financial strength 

3. Performance record 

4. Business ethics record 
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5. Production capacity. 

6. Experience and technical capacity 

If a pre-qualification process has preceded the solicitation, just suppliers who have passed the 

pre-qualification would be allowed to submit offers. 

 

2.2 Methods for Suppliers' selection 

For many years, the traditional approach to select supplier has been to select suppliers based on 

the basis of price ,Pal et al., 2013. Actually, evaluation and selection of suppliers is a typical 

multiple criteria decision making (MCDM) that can be both qualitative and quantitative. 

However, as companies realized this fact, they have turned into more comprehensive multi-

criteria approaches. 

Decision aid methods are very useful tools is used to support managers making selection 

decisions.  There are number of multi-criteria techniques that have been developed in operations 

research to aid solving selection problems. 

Pal et al., 2013, in their research, summarized various supplier selection methods as shown in 

Fig.1. The most well- known (MCDM) technique which is used in various selection problems is 

Analytical Hierarchy Process (AHP). AHP was developed by Saaty, 1980 as a mathematical 

decision making model which solved complex linear algebra problems when there were multiple 

objectives or criteria to be considered. It required the decision makers to provide judgments 

about the relative importance criterion for each decision alternatives. AHP is an effective tool 

dealing with complex decision making, and can aid the decision maker in setting priorities and 

making the best choice by reducing complex decisions to a series of pair wise comparisons; then 

the results were synthesized. The researcher adopted this tool in developing a model for the 

evaluation and selection of engineering equipment suppliers. 

3. IDENTIFYING CRITERIA FOR EVALUATION AND SELECTION OF 

ENGINEERING EQUIPMENT SUPPLIERS 

To identify which criteria are the basis for E.E supplier's selection in Iraq and their priorities, a 

field survey was conducted in number of public and private companies in Iraqi construction 

sector. In the first stage, some of criteria were identified by personal interviews with top senior 

managers. From literature review and interviews with specialist, the required criteria for 

evaluation and selection suppliers were identified. A closed questionnaire form contained the 

identified criteria were presented to (44) of the respondents to identify the degree of importance 
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of each criteria . These criteria were reordered as a hierarchy of five main criteria and sub criteria 

related to each main criterion, see Fig.2. 

In order to get importance weights of criteria a special questionnaire form was prepared, this 

form based on the principle of analytical hierarchy process to get priorities of criteria. 

In this form, a simple matrix was built for each of main and sub criteria. The specified criteria 

were placed in the matrix vertically and matched by the same criteria in a horizontal bar. To 

achieve this purpose ,(15) experts  in the domain of evaluation engineering equipment suppliers 

were asked to compare the importance of criteria according to the ratios set in the questionnaire 

form which was based on AHP scale ,see Table 1. 

The answers of respondents were collected, and then the average of the values given by 

respondents was calculated in order to get criteria priorities. 

4. DEVELOPING DECISION MAKING MODEL (AHP, ESEES) 

A proposed model for evaluation and selection of E.E suppliers contains two parts: 

Part 1: The analytical hierarchy process (AHP) is used as a tool for support decision in selection 

among suppliers regarding multi criteria qualitative and quantitative criteria. Precisely, to find 

importance weight for criteria and sub criteria according to the results obtained from 

questionnaire of priorities. The results obtained from AHP are shown in Tables 2 and 3.  

Part 2: A software model for evaluation and selection of E.E suppliers (ESEES) depending on 

importance weights of criteria obtained from the application of AHP developed software. 

 

4.1 Development of a Software Model (ESEES) 

The application (ESEES) has been implemented by Microsoft visual basic as a windows form 

with Microsoft access as the back data base. The main window is shown in Fig.3. 

The core window in this program is named as Evaluate suppliers. It contains the list of sub 

criteria where the user can enter the rating of one supplier against each criterion. The values 

shown at the side of the ratings are calculated by multiplying the rating that evaluator has entered 

by the importance weight for the sub criteria and their related main criteria .These importance 

weights have been obtained by applying the (AHP) Software illustrated previously and saved as 

database in this program. The total rating of one supplier also can be shown in this window and 

the mathematical procedure behind this process is expressed as follows: 

The researcher suggested an equation to get the total rating for one supplier, that for n number of 

main criteria and n number of sub criteria related to each main criterion, 

Total rating for one supplier = M1 (s1M1*Rs1M1+s2M1*Rs2M1+……..+snM1*RsnM1) +   

M2(s1M2*Rs1M2+s2M2*Rs2M2+……..+snM2 *RsnM2)+…….+ 

Mn (s1Mn*Rs1Mn+s2Mn*Rs2Mn+……..+snMn *RsnMn)                                                                  (1) 

Where: 
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 M1,M2,Mn  are the importance weights of the  first, second, and nth main criterion  respectively. 

 s1M1, s1M2, s1Mn  are the importance weights of  each first sub criterion related to the first 

,second, and nth main criterion, respectively . 

 Rs1M1, Rs1M2, Rs1Mn are suppliers rating against each first sub criterion related to the first, 

second, and nth main criterion, respectively. 

 s2M1, s2M2, s2Mn  are  the importance weights of  each second sub criterion related to the first 

,second, and nth main criterion, respectively . 

Rs2M1, Rs2M2, Rs2Mn  are  suppliers rating against each  second sub criterion related to the first 

,second, and nth main criterion,  respectively .  

 snM1, snM2 , snMn are the importance weights of  each nth sub criterion related to the first 

,second, and nth main criterion respectively. 

 RsnM1, RsnM2, RsnMn  are suppliers rating against each  nth sub criterion related to the first 

,second, and nth main criterion respectively . 

and,        M1+M2+……+Mn=100% 

            s1M1+ s2M1+……+snM1=100% 

            s1M2+ s2M2+……+snM2=100% 

            s1Mn+ s2Mn+……+snMn=100% 

The entry of supplier's ratings is in a percentage form. The main steps of ESEES software 

approach is shown in Fig.4.  

  

5. VALIDATION OF THE PROPOSED MANAGEMENT MODEL 

A case study was selected to describe the results obtained from using the software. The case 

study chosen was Municipality of Baghdad as the fact that this organization expends large 

amounts of money on the procurement of engineering equipment, especially for infrastructure 

projects. The suggested engineering equipment for this study was (pumps). Pumps are 

considered a critical component in project whatever process it operates: power, destination, 

petrochemical, and water treatment or supply. The complete plant operation depends on the 

reliable performance of the main intake, cooling or seawater pumps. Two actual cases were 

selected for pumps procurement. The first was Sharq Dijla project for water treatment and the 

other was Al- Rustamiya project for sewage treatment. A team from each of Baghdad sewerage 

and Baghdad water directorates consisted of different qualifications was specified to evaluate the 

bidders regarding the sub criteria by studying the offers and analyzing the catalogues in detail. 

The suggested team included; civil engineer, mechanical engineer and financial member. These 

engineers have sufficient experience in project requirements and required equipment. 

5.1 Case study :Municipality of Baghdad -Infrastructure Projects 

5.1.1 First case: Extension of sewage treatment plant at Al-Rustamiyah project:  
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Selection of submersible pumps with different diameters.  

The actual award decision according to traditional process is shown in Table 4 ,while Fig. 5 

shows the results obtained from applying ESEES program. 

5.1.2 Second case: Extension of existing water treatment plant at Sharq Dijla project: 

Selection of vertical pumps supplier. 

The actual award decision according to traditional process is shown in Table 5 , while Fig. 6 

shows the results obtained from applying ESEES program. 

 

5.2 Comparison between Traditional Method and Applying of (ESEES) Software in Supplier 

Selection 

1. In the first case, the final result showed that EPC Company was the best supplier for 

submersible pumps. This result differs from the actual recommendation which was (Al 

Qotb Alaraby company).Based on the fact that the criteria adopted was more 

comprehensive and feasible for suppliers' selection. The result obtained by the  proposed 

model is seen to be more suitable for serving the targets of  project and procurement. 

2. In the second case, the result obtained from ESEES shows that the bidder (Alwa 

company) is ranked as a top supplier. This result was similar to that obtained from actual 

recommendation, and that seemed reasonable as there were some criteria were not been 

considered by the team like (ground shipping and transport, risks, environmental benefits 

and innovation) because there were not sufficient details or indicators in the offers to 

prefer one bidder to the others. 

6. CONCLUSIONS AND RECOMMENDATIONS 

The major observations and conclusions can be summarized as follows: 

a. The traditional evaluation process is based on criteria and importance weights decided by 

Ministry of Planning with limited flexibility in changing the weights as necessary. These 

criteria are not comprehensive and do not cover the supplying requirements and project 

targets. 

b. The importance weights of main criteria resulted from applying AHP software 

showed that Quality of product is the most important criterion in the selection of the 
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best supplier, followed by Commercial aspect. The third place is for Delivery and 

implementation while the fourth place is received by Reputation and position and 

the last ranking is for criterion of System quality. 

c. According to experts, the proposed model can contribute to serve the construction 

project management related to cost, schedule and quality requirements and successful 

selection can prevent later supplier related problems affecting project targets. 

d. To get advantage of the proposed management model , it is recommended to: 

 Provide the criteria and importance weights which are identified in this study to 

the procurement documents so that the tenderers take in to account when 

developing their offers. 

 The evaluation process should be conducted by professional and experienced 

persons related to the  supplying the required equipment. 

 Specifying qualified persons to evaluate the supplier's present performance and 

save this rating for supporting  future decisions. 
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Figure 1.  Various supplier selection methods, Pal  et al.,2013. 
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Figure 2. Hierarchy for evaluation and selection of E.E suppliers. 

 

Figure 3. The main window of ESEES. 
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Figure 4. ESEES software approach.  
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Figure 5. The final results of bidders evaluation (submersible pumps) by applying (ESEES). 

 

 

Figure 6. The final results of bidder’s evaluation (vertical pumps) by applying (ESEES). 
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Table 1. : Scale of relative importance in AHP approach, Saaty, 1980. 

Definition 
Value of relative 

importance (aij) 

Equally  important  attributes 1 

Moderate importance of one attribute over other 3 

Strong importance of one attribute over other 5 

Very strong importance of one attribute over other 7 

Extreme importance of one attribute over other 9 

Intermediate values between the two adjacent judgments 2,4,6,8 

If an attribute is given one of the above numbers when compared with a 

second attribute , then the second attribute is assigned the reciprocal value 

when compared with the first attribute 

Reciprocal of above 

non- zero numbers 

 

Table 2. Ranking of main criteria according to importance weights with respect to the goal. 

No. Criteria Weight % 

1 Quality of product 39.0% 

2 Commercial aspect 26.8% 

3 Delivery and implementation 16.9% 

4 Reputation and position 10.0% 

5 System quality 7.1% 

 

Table 3. The ranking of sub criteria according to their importance weights. 

No. 
Sub-criteria for Commercial aspect 

(Inconsistency = 0.05156) 
Weight % 

1 Financial Status 20.8% 

2 Competitive price 66.0% 

3 Lifecycle costs 13.1% 

No. Sub-criteria for Reputation and Position 

(Inconsistency = 0.02043) 
Weight % 

1 Satisfactory past performance 33.6% 

2 Flexibility in dealing 23.6% 

3 Reputation and position 22.0% 

4 Amount of relevant works 12.9% 

5 Cooperation in the field of situ delegations 8.3% 

No. 
Sub-criteria for Quality of product 

(Inconsistency = 0.04056) 
Weight % 
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1 Commitment to technical merits 47.5% 

2 Quality marks (origin)  21.2% 

3 Product reliability (running and performance) 10.9% 

4 Environmental benefits 8.4% 

5 Innovation 6.1% 

6 Using modern technology 5.8% 

No. 
Sub-criteria for System Quality 

(Inconsistency = 0.00156) 
Weight % 

1 Staff qualification 33.0% 

2 Safety and environmental characteristics 8282% 

3 Quality assurance system and quality control plans 8.86% 

: After sales services, technical support 71.:% 

No. 
Sub-criteria for Delivery and implementation 

(Inconsistency = 0.06948) 
Weight % 

1 Delivery schedule and duration 51.8% 

2 Risks  28.3% 

3 Ground shipping and transport 9.8% 

4 Geographical location 9.8% 

 

Table 4. Actual award decision for supplying submersible pumps to Al-Rustamiyah project.  

Total 

(100%) 

Commercial 

aspect (40%) 

Technical 

aspect (60%) 
Bidder  No. 

91.5 40 51.5 
Alqotb Alaraby 

Company 
1 

88.7 32.6 56.1 EPC Company 2 

67.9 33.9 34.2 Alhijaz Company 3 

Excluded  Alramih Company 4 

Excluded Al Watany Company 5 
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Table 5. Actual award decision for Supplying vertical pumps to the treatment plant at Sharq 

Djila project. 

Total 

(100%) 

Commercial 

aspect (40%) 

Technical aspect 

(60%) 
Bidder  No. 

91.9 34.9 57 Alwa Company 1 

70.6 37.6 33 
Adnan al Mosawi 

Company 
2 

69.2 36.2 33 
Nawafith Alalam 

Company 
3 

52 40 12 Maarib Company 4 
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 فً انمشارٌع الاوشائٍت فً انعراق فً ادارة انمخاطر تطبٍك متطهباث ادارة انجىدة انشامهت

 

 اوفال واضم مذمذ                                                                                 د.اوتصار كاظم انجٍلاوي              
 ؽبُجخ ٓبعغز٤ش                                                                          اعزبر ٓغبػذ                                                

 هغْ اُٜ٘ذعخ أُذ٤ٗخ -٤ًِخ اُٜ٘ذعخ  -عبٓؼخ ثـذاد                                                   هغْ اُٜ٘ذعخ أُذ٤ٗخ -٤ًِخ اُٜ٘ذعخ - عبٓؼخ ثـذاد 

 

 انخلاصت

خ ٝروّٞ ثزوذ٣ْ أُخشعبد أُلائٔخ ٤اٝ اُخذٓ ٤خٔ٘ظٔبد الاٗزبعاُرؼزجش اداسح اُغٞدح اُشبِٓخ ٓذخلا ػ٤ِٔب ؽذ٣ضبً رٔبسعٚ      

أُ٘ظٔبد اُز٢ رغؼ٠ ُلاعزٔشاس ٝاُزطٞس ٓغ ٝعٞد ٓ٘بكغخ ػب٤ُخ ٖٓ  إ ر٤ٌٖٔ ,أُشؿٞثخ ُِغٞدح ٝكن ؽبعخ ٝسؿجخ اُضثٕٞ

اُزِج٤خ ٝاُزٞك٤ش ُٔزطِجبد اداسح اُغٞدح أُلائٔخ ع٤ؤد١ ا٠ُ ٓٞاعٜخ أُخبؽش ٝٓؼبُغزٜب ٓغ ا٣غبد اُطشم اُز٢ رؤد١ ا٠ُ رلبد٣ٜب 

 ك٢ أُغزوجَ ك٢ ؽبٍ رٌشاسٛب. 

ْٛ ٓلب٤ْٛ اداسح اُغٞدح اُشبِٓخ ثبلاػبكخ ا٠ُ ٓلّٜٞ رؾ٤َِ ٝاداسح ُوذ رؼٖٔ اُجؾش عضئ٤ٖ اعبع٤٤ٖ اُٜٝٔب اعزؼشاع لا

أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ ٤ًٝل٤خ رطج٤ن ٓلّٜٞ اداسح اُغٞدح اُشبِٓخ ك٢ رؾ٤َِ ٝاداسح أُخبؽش. آب اُغضء اُضب٢ٗ كزؼٖٔ 

ش٤٤ذ ُِؾظٍٞ ػ٠ِ اُج٤بٗبد ُزطج٤ن اُغضء اُؼ٢ِٔ ُِجؾش ٝٛٞ اعشاء اعزج٤بٕ ٓلزٞػ ٝٓـِن ُِخجشاء ك٢ هطبع ط٘بػخ اُز

 ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ك٢ اداسح أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ ك٢ اُؼشام.

رؤص٤شا ػب٤ُبً ػ٠ِ اداسح أُخبؽش, ثبلاػبكخ ا٠ُ  ٣ؤصش إ ٖٓ اْٛ اُ٘زبئظ اُز٢ رٞطَ ا٤ُٜب اُجؾش ٛٞ إ دػْ الاداسح اُؼ٤ِب     

ٝاُزؼ٤ِْ ك٢ ؽ٤ٖ إ ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ ٝاُزؾل٤ض أُغزٔش ٝاُزش٤ًض ػ٠ِ اُضثٕٞ  اُزؾغ٤ٖ أُغزٔش ٝاُزذس٣ت

 ػ٠ِ اداسح أُخبؽش. ٓزٞعؾ ًٔزطِجبد ُزطج٤ن اداسح اُغٞدح اُشبِٓخ رؤص٤ش

 .اداسح اُغٞدح اُشبِٓخ , اداسح أُخبؽش , رؾ٤َِ أُخبؽش , رو٤٤ْ ٗٞػ٢ , ا٤ٔٛخ ٗغج٤خانكهماث انرئٍسٍت: 

Application of Total Quality Management (TQM) Requirements in Risk 

Management in Construction Projects in Iraq 

 

Dr. Entisar K. Al-Geelawee                                             Anfal Nadhel Mohammed 
Graduate Student                                                                                                         Ass. Prof  

College of Engineering-University of Baghdad          College of Engineering-University of Baghdad 

f.lightingshiny@yahoo.com                                                   entisargeelawee@yahoo.com                        
 

ABSTRACT 

      Total quality management  considers one of the modern scientific entrances  which 

practiced by productivity service organizations alike to provide appropriate quality required 

outputs according to the needs and desires of customers manage , enable the organization 

seeking to continue and grow in light of the increasing competition from the satisfy and provide 

the appropriate total quality management requirements whenever led to face risks that they may 

have  in a manner in which they can be addressed and find ways to avoid them in the future 

when repeated.                                                                                                                                   

           The research has consist of two main parts firstly have included a review of the most 

important concepts of total quality management in addition to the concept of risk analysis and 

management in construction projects and how to apply the concept of total quality management 

in the risk analysis and management. Second part included the practical part of the research, 

which was open and closed questionnaire for experts in the construction industry to obtain 
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required informations for the application of total quality management requirements in risk  

management in construction projects in Iraq.                                                                                     

One of the main findings of the research is that top management support has a high impact on 

risk management in addition to continuous improvement, training and education, while the 

participation of all employees in the organization and constant stimulation and focusing on the 

customer as one of the total quality management requirements had a moderate impact on risk 

management.                                                                                                                                       

Key words: total quality management , risk management , risk analysis , qualitative assessment , 

relative importance.                                                                                                      

 ممذمت. 1

أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ ػ٠ِ رؾو٤ن اٛذاف أُششٝع أُزٔضِخ ثبٌُِلخ ٝأُذح ٝاُغٞدح ٝإ ػ٤ِٔخ رؾ٤ِِٜب  رؤصش     

ٝاداسرٜب ػ٤ِٔخ ػشٝس٣خ رؾزبط ا٠ُ رظبكش اُغٜٞد ٝاعزخذاّ رو٤٘بد ؽذ٣ضخ ُزؾو٤وٜب ٖٓ خلاٍ رطج٤ن اداسح اُغٞدح  اُشبِٓخ ك٢ 

ٗشبئ٤خ ك٢ اُؼشام ػٖ ؽش٣ن اُزطج٤ن ُٔزطِجبرٜب  ٝكوب لأعظ ػ٤ِٔخ اثزذاءً ثبلإداسح اُؼ٤ِب رؾ٤َِ ٝ اداسح أُخبؽش ك٢ أُ٘شآد الا

ٓز٠ ٓب رٌٔ٘ذ أُ٘ظٔبد اُز٢ رغؼ٠ ٗؾٞ اُزوذّ ثؤٗٚ  2007صانخ, ٝانصىاف  ,ٝ اٗزٜبءً ثبهَ ٓ٘ظت ٝظ٤ل٢ . ٝهذ اٝػؼ

ع٤ؤد١ ُٔٞاعٜخ  كؤٕ رُي ٞدح اُشبِٓخ أُلائٔخٝاُزطٞس ٓغ ٝعٞد ٓ٘بكغخ ٓزضا٣ذح ٖٓ اعبثخ ٝٝكشح أُزطِجبد لاداسح اُغ

أُخبؽش اُز٢ ٖٓ أُؾزَٔ إ رٞاعٜٜب ثبُطش٣وخ اُز٢ رٌٜٔ٘ب ٖٓ ٓؼبُغزٜب ٝروّٞ ثب٣غبد اُطشم أُلائٔخ ٖٓ اعَ رلبد٣ٜب ك٢ 

 أٝ أُؼذاد أٝ أُٞاد ػ٠ِ ٝاُؼشع اُطِت رزثزة اخطبس ثؤٕ 2008واجً, ٝانشخٍهً  ,ث٤ٖ ٝ أُغزوجَ ك٢ ؽبٍ رٌشاسٛب.

 ع٤بعخ ك٢ ٝاخطبس اُزـ٤٤شاد اُ٘ٞػ٢ اُزو٤٤ْ ٗبؽ٤خ ٖٓ ثشٝصاً  الاخطبس أًضش ٢ٛ اُؾٌٞٓخ ع٤بعخ ك٢ اُزـ٤٤شاد ٝ الأ٣ذ١ اُؼبِٓخ

 اُخطش سدٝد ٝإ .اُ٘غج٤خ الأ٤ٔٛخ ٗبؽ٤خ ثشٝصاً ٖٓ الاخطبس أًضش ٢ٛ اُذاخ٤ِخ ٝاُؼٞآَ أُٞاد ػ٠ِ اُؼشع ٝرزثزة اُؾٌٞٓخ

 ثبُٔوبسٗخ الأ٤ٔٛخ ٖٓ الأًجش اُ٘ظ٤ت ػ٠ِ ؽظِذ هذ أُزـ٤شح رخض اُظشٝف اُؼوذ ك٢ كوشح ٝرخظ٤ض ثبُطٞاس١ء أُزٔضَ

ٖٓ خلاٍ رؾ٤َِ اُج٤بٗبد إٕ أًضش أُخبؽش أُغججخ ُٔطبُجبد اُزؼ٣ٞغ  2013مهذي,  ,أظٜشد ٗزبئظٝ .الأخشٟ اُجذائَ ٓغ

٤خ ثظٞسح ػبٓخ ًبٕ خطش أخطبء اُزخ٤ٖٔ ٤ٌُٔبد عذٍٝ ا٤ٌُٔبد , خطش ثشٝصا" ٖٓ ٗبؽ٤خ اُزو٤٤ْ اُ٘ٞػ٢ ك٢ أُشبس٣غ الإٗشبئ

اُلوشاد أُغزؾذصخ اُؼشٝس٣خ , خطش اُزـ٤شاد ك٢ اُزظب٤ْٓ , خطش اُلوشاد أُغزؾذصخ ثغجت سؿجخ طبؽت اُؼَٔ ك٢ إعشاء 

 اُزؾ٣ٞشاد ك٢ الأػٔبٍ ٝخطش اُظشٝف الاعزض٘بئ٤خ أٝ اُؼٞائن الاطط٘بػ٤خ.

 شامهت . ادارة انجىدة ان2

 تعرٌف ادارة انجىدة انشامهت 1 .2

رؼزجش إ ؽش٣وخ اداسح اُغٞدح ػ٠ِ ٓغزٟٞ أُ٘ظٔخ ًٌَ رؼشف ثئداسح اُغٞدح اُشبِٓخ. ٝ   2009اخرون, ٝ  مذمذ ,٣ٞػؼ     

سعخ ٝٓغزٟٞ ثؤٜٗب اشبسح اٝ د٤َُ ٗؾٞ اُزش٤ًض ػ٠ِ د Hizer and Renelit,1996 ,اداسح اُغٞدح اُشبِٓخ ٖٓ ٝعٜخ ٗظش

اداسح أُ٘ظٔخ ٝاٛزٔبٜٓب ثٌَ  ثبُٔغزِٜي. إ اداسح اُغٞدح اُشبِٓخ رزٔضَ ثٔذٟ اُزضاّ ثشٌَ ٢ًِ ثذءاً ثبُٔغٜض ٝاٗزٜبءاً  أُ٘ظٔخ

ا٠ُ اداسح اُغٞدح اُشبِٓخ   Noori and Radfrd,1995 ,ٔغز٤ٌِٜٖ. ًٔب اشبسُخذٓبد اُز٢ ُٜب ا٤ٔٛخ ُِاٝعٚ أُ٘زغبد ٝا

 ثبػزجبسٛب كِغلخ رغز٘ذ ػ٠ِ أُجبدا الاعبع٤خ الاسثؼخ اُزب٤ُخ:

 . اُضثٕٞرش٤ًض ٌٓضق ٗؾٞ اسػبء  .1

 ػَٔ أُوب٤٣ظ اُذه٤وخ ُ٘شبؽبد أُ٘ظٔخ. .2

 ثبُ٘غجخ ا٠ُ اُؼ٤ِٔبد ٝأُ٘زغبد ك٤غت ػَٔ رؾغ٤٘بد ثظٞسح ٓغزٔشح ُٜب. .3

 أُ٘ظٔخ.اُغ٤طشح ٝاُزؤص٤ش اُو١ٞ ػ٠ِ اكشاد  .4

. ك٢ ؽ٤ٖ اُضثٕٞزٔذح ٖٓ اسػبء اٜٗب كِغلخ اداس٣خ ٓغرؼشف ػ٠ِ  Hagle,1997 ,إ اداسح اُغٞدح اُشبِٓخ ٖٓ ٝعٜخ ٗظش     

 أُ٘ظٔخػ٠ِ ًَ ٓذساء ٝاكشاد  ٣غزٞعت ٓغٔٞػخ اػٔبٍ ٝٗشبؽبد ؽ٤ش إ اداسح اُغٞدح اُشبِٓخ 1996بىذلجً, ,اػزجش

 الاُزضاّ ثٜب ثٜذف الاعزغبثخ ُشؿجبد اُضثبئٖ.

 ادارة انجىدة انشامهت اهمٍت 2. 2

 ٓب ٢ِ٣: 2009اخرون, ٝمذمذ  ,٣شٟ
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 رٔضَ اداسح اُغٞدح اُشبِٓخ ٜٓ٘غ٤خ هبثِخ ُِزـ٤٤ش اًضش ٖٓ ًٜٞٗب ٗظبّ رو٤ِذ١ ٣زجغ اعشاءاد ٝ هشاساد. .1

 اُزضاّ اُششًخ هبث٤ِزٜب ػ٠ِ رـ٤٤ش عِٞى اكشادٛب ُٔلّٜٞ اُغٞدح. ٣ؼ٢٘ .2

 رطج٤ن ٓلّٜٞ اداسح اُغٞدح اُشبِٓخ إ اُششًخ رٜزْ ثؤٗشطزٜب ٝ ٤ُظ ثبُٔغز٤ٌِٜٖ كوؾ. ٣ؼ٢٘ .3

 اُغٞدح ؽظ٤ِخ اُزؼبٕٝ ث٤ٖ ػٔلاء اُذاخَ ٝاُخبسط. رؼ٢٘ .4

اُؼلاهخ  ٓب ث٤ٖ أُٞسد ٝأُ٘زظ ثَ أُؾبكظخ ػ٠ِ  ٤ٔٛخ اداسح اُغٞدح اُشبِٓخ اُزؤص٤ش كوؾ ػ٠ِ رط٣ٞشلأ لا ٣ٌٕٞ .5

 ك٤ٜب ٓغ سكغ اُشٝػ أُؼ٣ٞ٘خ ُِلش٣ن. اُؼب٤ِٖٓأُ٘ظٔخ ٝعٔؼزٜب ٝٓؼ٣ٞ٘بد 

 اهذاف ادارة انجىدة انشامهت 3. 2    

إ اداسح اُغٞدح اُشبِٓخ ٤ُغذ إداسح رخزض ثزؾو٤ن عٞدح أُ٘زغبد اٝ اُخذٓبد كوؾ ٝاٗٔب ٢ٛ ػ٤ِٔبد رشَٔ ًَ أهغبّ      

ٝأٗشطخ ٝٝظبئق اُششًخ ثشٌَ عِغِخ رشرجؾ ٝرٌَٔ ثؼؼٜب اُجؼغ ؽ٤ش إ ا١ خَِ ثغضء ٜٓ٘ب ٣ؼ٢٘ اٛٔبلا ٝرٜبٝٗب  ثؼ٤ِٔخ 

 رؾو٤ن عٞدح ٤ًِخ ٓشؿٞثخ ُِخذٓخ.

ٌِلخ ٝاُز١ ٣ؤد١ ا٠ُ رؾغ٤ٖ اُخذٓخ ُِؼٔلاء غٞدح ُِخذٓبد ٝأُ٘زغبد  ٝخلغ اُٜذف اداسح اُغٞدح اُشبِٓخ ا٠ُ رط٣ٞش اُر     

 :2009اخرون, ٝ مذمذ ,ٝرِج٤خ ؽبعبرْٜ ٣ٌٖٝٔ رِخ٤ض اٛذاكٜب ثٔب ٣ؤر٢

 ٣ٝزْ رُي ػٖ ؽش٣ن رو٤َِ الاخطبء ٝ ٗغجخ رٌشاس اُؼَٔ الاػبك٢. رخل٤غ اٌُِلخ .1

 اُغٞدح.رؾو٤ن  .2

 ص٣بدح اُؼٞائذ ٝ الاسثبػ أ١ ص٣بدح أُج٤ؼبد ٝ اُؾظخ الاًجش ك٢ الاعٞام. .3

 اُزش٣ٝظ ٝاُذػب٣خ.ك٤ؤد١ رُي ا٠ُ اسػبء ٝ عؼبدح اُضثبئٖ  ثؾ٤ش ٣وٕٞٓٞ ثبُششاء ٓشح ثؼذ اخشٟ  .4

 ػذح ٓشبًَ ٓغزوج٤ِخ. ٓٔب ٣غ٘ت أُ٘ظٔخ رخ٣َٞ اُؼب٤ِٖٓ ٝٓ٘ؾْٜ اُغ٤طشح .5

 .2001عمٍهً , ,اُشئ٤غخ اداسح اُغٞدح اُشبِٓخاٛذاف  1شكمٝ ٣ٞػؼ      

 متطهباث تطبٍك ادارة انجىدة انشامهت 4. 2

 رْ اػزٔبد أُزطِجبد اُزب٤ُخ ك٢ اٗغبص ٛزا اُجؾش:     

 دػْ الاداسح اُؼ٤ِب: .1

اٍٝ خطٞح ُزطج٤ن ٗبعؼ لاداسح اُغٞدح اُشبِٓخ ثبلاُزضاّ ٝاُذػْ اُٞاهؼ٢ ٖٓ هجَ الاداسح, كؼ٠ِ اُشؿْ ٖٓ رخظ٤ض  رجذأ     

ػغ ػذد ٖٓ الاعجو٤بد ٢ٌُ روّٞ ثزؼض٣ض خططٜب اُز٢ ٝ ٜبالاداسح اُؼ٤ِب ُِٔٞاسد اُلاصٓخ ُؼ٤ِٔبد الاٗزبط كؤٕ رُي ٣زطِت ٓ٘

 غٞدح ٝروّٞ ثزج٤ٜ٘ب ثذٕٝ ا١ رشدداد.رٜذف ا٠ُ اُٞطٍٞ ُزطج٤ن ع٤ِْ لاداسح اُ

 ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ: .2

اُٞاؽذح ا٤ٔٛخ ًج٤شح ك٢ رطج٤ن ٓلّٜٞ اداسح اُغٞدح اُشبِٓخ ٝرٌٕٞ ٛزٙ أُشبسًخ  أُ٘ظٔخداخَ  اُؼب٤ِٖٓٔشبسًخ ع٤ٔغ ُإ      

خ ٝرغؼِْٜ عضءً ٖٓ ا١ ٓشؽِخ ٖٓ ٓشاؽَ لاعَ أُشبسً اُؼب٤ِٖٓػٖ ؽش٣ن ػَٔ اُجشآظ اُزؾل٤ض٣خ ٝرٞك٤ش اُلشص ُغ٤ٔغ 

رؾو٤ن أُ٘زغبد اثزذاءً ثٔشؽِخ اُزظ٤ْٔ صْ ٓشؽِخ اُزؾذ٣ذ ُِٔٞاد الا٤ُٝخ ُٝـب٣خ ػ٤ِٔبد الاٗزبط ٝطٞلا ا٠ُ رغ٤ِْ أُ٘زغبد ٝكوب 

 .اُضثبئُِٖٔٞاطلبد اُز٢ ٣شؿت ثٜب 

 اُزؾغ٤ٖ أُغزٔش: .3

داكغ ٗؾٞ  ٣ؼزجش ُٞؽذٙ ثبُشؿْ ٖٓ اُظؼٞثخ ك٢ رؾووٚ ٌُٖ رُي أٌُبٍثِٞؽ  ا٠ُػ٤ِٔخ اُزؾغ٤ٖ أُغزٔش ُِٔ٘زظ رٜذف      

إ اُغٞدح ٤ُغذ ٓؾذدح ثٜ٘ب٣خ ٓؼ٤٘خ ثَ رؼزجش اُغٞدح اُؼ٤ِٔخ اُز٢ رغزٞعت  ٣ٞش ثظٞسح ٓغزٔشح ٝٓزضا٣ذح  .اُزؾغ٤ٖ ٝاُزط

 الاعزٔشاس ك٤ٜب ٝثلا رٞهق.

 اُزش٤ًض ػ٠ِ اُضثٕٞ: .4

إ رغزغ٤ت ُِٔزطِجبد  أُ٘ظٔخٝٛذكٜب ٝأؽذ اعشاس اُ٘غبػ ٝدسعخ اُزوذّ ُزُي كؼ٠ِ  ٤غ٢اُشئ أُ٘ظٔخؿب٣خ  اُضث٣ٕٞؼزجش      

٣ٞبد ُلاهز٘بع ثبٗٚ ثؤ٠ُٝ الاُٝ اُضثٕٞٝالاؽز٤بعبد ٝاُزلؼ٤لاد اُغذ٣ذح ُِؼ٤َٔ ٝثزُي رؼَٔ اداسح اُغٞدح اُشبِٓخ ػ٠ِ ٝػغ 
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ؼ٤لاد ٝالاؽز٤بعبد ُِؼ٤َٔ ك٤ِظ ثٔوذٝسٛب اُ٘ٔٞ ٝلا لا رِج٢ اُزل أُ٘ظٔخكبرا ًبٗذ  أُ٘ظٔخُغ٤ٔغ ػ٤ِٔبد  ٓؾشى اعبط

 خبسع٢ اٝ داخ٢ِ. اُضث٣ٕٞٞعذ ٛ٘بى كشم ك٢ ًٕٞ 

 

 اُزذس٣ت ٝاُزؼ٤ِْ: .5

ٝرؼ٤ِْٜٔ ػشٝسح ٖٓ ػشٝساد رؾو٤ن ٓلّٜٞ اداسح اُغٞدح اُشبِٓخ رزٌٖٔ اداسح اُغٞدح  أُ٘ظٔخك٢  اُؼب٤ِٖٓإ رذس٣ت      

لاٜٗب  أُ٘ظٔخٖٓ رط٣ٞش الآٌبٗبد ٝاُوذساد ٝاُطبهبد ُِؼب٤ِٖٓ ك٢ ػٖ ؽش٣ن اعزخذاّ اُجشآظ ُِزذس٣ت ُِٝزؼ٤ِْ اُشبِٓخ 

اُٞع٤ِخ اُؾذ٣ضخ  ُزغذ٣ذ ُٝزط٣ٞش أُؼِٞٓبد ٝاُوذساد ٝأُٜبساد اُلؼ٤ِخ ُِؼب٤ِٖٓ ٝػٖ ؽش٣ن اعزخذآٜب لاعب٤ُت أُؾبًبح ٓغ 

ثبلاؽلاع ٝأُشبٛذح عزوّٞ ثزٞك٤ش كشطخ ُِٔٞظل٤ٖ ٖٓ اعَ رؾو٤ن أُ٘زظ أُطِٞة ٖٓ  ػَٔ كؼ٢ِ ك٢ اُذٝساد ٓغ ػذّ اًزلبئٜب

 اٍٝ ِٝٛخ ٝثذٕٝ رِق.

 اُزؾل٤ض أُغزٔش: .6

رؾل٤ض اُؼب٤ِٖٓ ثظٞسح ٓغزٔشح ُغٜٞدْٛ ٝاػٔبُْٜ ا٤ُٔٔضح ثظٞسح ع٤ِٔخ ٖٓ  رطج٤ن ع٤ِْ لاداسح اُغٞدح اُشبِٓخ ٣غزٞعت     

ٝث٘بءً ػ٠ِ ٛزا أُلّٜٞ كوذ ٔٞاطلبد أُشؿٞثخ ٛٞ اؽذ الاعظ ُزؾو٤ن اٗزبط ٜٗبئ٢ رٝ عٞدح ػب٤ُخ اٍٝ ِٝٛخ لإ الاٗزبط ٝكوب ُِ

ٓؼ٣ٞ٘خ اُؼبَٓ ؽ٤ٖ اُض٘بء ػ٤ِٚ اٝ رٌش٣ٔٚ ثشٌَ ٓبد١ اٝ ٓؼ١ٞ٘ ٗز٤غخ عٜذٙ ا٤ُٔٔض ٝرُي ٣زْ اسرلبع ػذد ٖٓ اُذساعبد  ث٤٘ذ

 رطج٤وٚ ك٢ اداسح اُغٞدح اُشبِٓخ.

 اداسح أُٞاسد: .7

رؾذ٣ذ ٝرٞك٤ش أُٞاسد اُلاصٓخ ُزطج٤ن ٗظبّ اداسح اُغٞدح ٝأُؾبكظخ ػ٤ِٚ ثبلاػبكخ ا٠ُ رؾذ٣ذ اٌُلبءح  أُ٘ظٔخػ٠ِ  إ     

 اُؼشٝس٣خ ُلاكشاد اُوبئ٤ٖٔ ثؤػٔبٍ رؤصش ػ٠ِ رطبثن أُ٘زظ ٝ رؾذ٣ذ ٝاداسح ث٤ئخ اُؼَٔ اُلاصٓخ ُزؾو٤ن ٓطبثوخ أُ٘زظ ُِٔزطِجبد. 

 رؾو٤ن أُ٘زظ: .8

إ رخطؾ ٝرطٞس اُؼ٤ِٔبد اُلاصٓخ ُزؾو٤ن أُ٘زظ ٣ٝغت إ ٣زٞاكن اُزخط٤ؾ ُزؾو٤ن أُ٘زظ ٓغ ٓزطِجبد  أُ٘ظٔخ٣غت ػ٠ِ      

 .بُٔ٘ظٔخاُؼ٤ِٔبد الاخشٟ ُ٘ظبّ اداسح اُغٞدح ٝإ ٣ٌٕٞ ٗبرظ ٛزا اُزخط٤ؾ ك٢ شٌَ ٣ز٘بعت ٓغ اعِٞة اُؼَٔ ث

 اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ: .9

إ رخطؾ ٝرطجن ػ٤ِٔبد أُشاهجخ ٝاُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ أُطِٞثخ ٖٓ خلاٍ ٓشاهجخ أُؼِٞٓبد أُزؼِوخ  أُ٘ظٔخػ٠ِ      

 ثزٞهؼبد اُضثٕٞ ٝٓشاهجخ ٝه٤بط أُ٘زظ ٝاُزؾٌْ ك٢ أُ٘زظ ؿ٤ش أُطبثن.

 . ادارة انمخاطر3

 تعرٌف ادارة انمخاطر 1. 3

ٓلّٜٞ اداسح أُخبؽش عضئ٤ٖ اؽذٛٔب إداسح ٝالاخش ٓخبؽش, الإداسح ثٔلٜٜٞٓب أُزؼبسف ٢ٛ رخط٤ؾ ٝر٘ظ٤ْ ٝسهبثخ  ٣زؼٖٔ     

 .2004بسمت, ,ث٤٘ٔب أُخبؽش ك٢ٜ رجب٣ٖ ؽٍٞ ٓب ٣زٞهغ

ُؾشًخ   ؼ٢٘ ع٤طشح ػ٠ِ اُغٞدح ػٖ ؽش٣ن ر٘ظ٤ْ ٝرخط٤ؾ ٝسهبثخداسح اُغٞدح ٣ٝٓلّٜٞ اداسح أُخبؽش ٓغ ٓلّٜٞ ا ٣زشبثٚ     

ٗشبؽبد ٝع٤بعبد ٓزؼِوخ ثبُزٞطَ ُٞعبئَ ٓؼ٤٘خ ُِزؾٌْ ثبُٔخبؽش ٓغ رو٤َِ  لآٌبٕ رؼش٣ق ٓلّٜٞ أُخبؽش ثبٕٓغ٤شٛب ٝثب

ُؾغْ اُخغبسح أُزشرجخ ُزُي ٓغ ٓب ر٘زغٚ ٛزٙ الاٗشطخ ٖٓ رو٤َِ ُذسعخ أُخبؽش ثبلاػبكخ ا٠ُ خلغ ًِلخ  ر٘ل٤ز اُ٘شبؽبد 

اُز٢ رؤد١  ٓلّٜٞ اداسح أُخبؽش ثبٗٚ اُ٘شبؽبد Grockford,2002 ,٣ؼشف. ك٢ ؽ٤ٖ 2011عهً, ٝ مذمىد  ,ٝاُغ٤بعبد

ٓغٔٞػخ ػ٤ِٔبد ٓشًجخ ٛذكٜب روذ٣ْ  اداسح أُخبؽش ثؤٜٗب Bothroyod and Emmet,2006 ,ُٔ٘غ ٝهٞع خغبسح ٣ٝؼزجش

 .أُغبػذح ُِؼب٤ِٖٓ لارخبر هشاس طؾ٤ؼ ثٞهذ طؾ٤ؼ ُزؾذ٣ذ أُخبؽش ٝرظ٤٘لٜب ٖٝٓ صْ اداسح أُخبؽش ٝاُغ٤طشح ػ٤ِٜب

اداسح أُخبؽش ثبٜٗب ٓؾبُٝخ ُزؾذ٣ذ اُزٜذ٣ذاد أُؾزِٔخ ػ٠ِ أُ٘ظٔخ ٝ اؽزٔبٍ  McNarmara,2008 ,ًٔب ٣ؼشف     

١ رُي ػ٠ِ ارخبر الاعشاءاد أُ٘بعجخ ُٔؼبُغخ ٛزٙ اُزٜذ٣ذاد ٝ اُزؾون ٖٓ اؽزٔبلاد ؽظُٜٞب ؽ٤ش إ دساعخ ٝهٞػٜب ٝ ٣٘طٞ

 ٛزٙ الاؽزٔبلاد رؤد١ ا٠ُ ارخبر الاعشاءاد اُلاصٓخ ُِؾذ ٖٓ ؽذٝس ٛزٙ أُخبؽش.

 مرادم ادارة انمخاطر 2. 3
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ٛزٙ الاعزشار٤غ٤خ اُزؾذ٣ذ  اؽذ ٓزطِجبد اداسح أُخبؽش, ٝرٞػؼٞ ػغ الاعزشار٤غ٤خ أُطِٞثخ ٛإ ٝعٞد الاداسح اُلؼبُخ ُٞ     

ٝاُزشخ٤ض ُِٔخبؽش ثؼذٛب ٣زْ اُزو٤٤ْ ُؾغْ اُخغبسح أُؾزَٔ ُِٔخبؽشح صْ ثؼذ رُي ٣زْ اُزؾذ٣ذ ُِطش٣وخ أُلائٔخ ٤ٌُل٤خ 

 :ر٤خ لإداسح أُخبؽش الا أُشاؽَ 2004انهاشمً, ,ٓٞاعٜزٜب ثبلاػبكخ ا٠ُ اُز٘غ٤ن ٓغ الاداساد الاخشٟ, ث٤٘ٔب ٣ؾذد

            .رؾذ٣ذ ٝاًزشبف أُخبؽش .1

 .ُٔخبؽشرو٤٤ْ ا .2

       .عزشار٤غ٤خ ٓٞاعٜخ أُخبؽشاخز٤بس ا .3

     .ر٘ل٤ز .4

 .سهبثخ .5

أُشؽِزبٕ الا٠ُٝ ٝاُضب٤ٗخ ٢ٛ ر٤ٜٔذ أ٢ُٝ ُٔشؽِخ الاخز٤بس لاعزشار٤غ٤خ ٓٞاعٜخ أُخبؽشح اػزٔبدا ػ٠ِ دسعخ اُخطش اُز٢      

كزُي ٣ؼ٢٘ اخز٤بس  أُ٘ظٔخط٘بػ٤خ اٝ خذ٤ٓخ كئرا ًبٕ خطشا دائٔب ٓلاصٓب ُ٘شبؽبد ُٝلؼب٤ُبد  ًبٗذ رغبثٜٜب أُؤعغبد عٞاء

٣ذ ٌٖٓٔ اُخطش ٤ًٝل٤خ ٓؼبُغزٚ ٝاؽذٟ ٓ٘بٛظ ٓٞاعٜخ اُخطش اُؾذ٣ضخ ٛٞ ٜٓ٘بط اداسح اُغٞدح ُلإعزشار٤غ٤خ أُلائٔخ ُزؾذ

 اُؼب٤ِٖٓػٖ ؽش٣ن ٓشبسًخ ع٤ٔغ  أُ٘ظٔخأٓب ك٤ٔب ٣خض ٓشؽِخ اُز٘ل٤ز ك٢ٜ رخض ر٘ل٤ز ُلإعزشار٤غ٤خ اُز٢ رخزبسٛب . اُشبِٓخ

اعَ ٓلاؽظخ ا١ رـ٤٤شاد رؾزبط ُٔشاعؼخ اٝ ُز٘و٤ؼ اُغ٤بعخ أٓب أُشؽِخ الاخ٤شح ك٢ٜ ػَٔ ٓزبثؼخ ٝٓشاهجخ ٖٓ   .ك٢ ر٘ل٤زٛب

  ُِزؼبَٓ ٓغ أُخبؽش ٝٗزبئغٜب.

 .Thevendran,2003 ,أُشاؽَ الاعبع٤خ لاداسح أُخبؽش 2شكم٣ٝٞػؼ      

 . انذراست انمٍذاوٍت4

 مردهت اجراء انممابلاث و جمع انمعهىماث 1. 4 

اُٜ٘ذع٤خ ٝ ٓذساء أُشبس٣غ ٝ  اُشخظ٤خ ٓغ ر١ٝ اُخجشح ٖٓ اُلشمرْ ك٢ ٛزٙ أُشؽِخ اعشاء اُؼذ٣ذ ٖٓ أُوبثلاد      

 الاعبثخ ػ٠ِ ٗٔٞرط اعزٔبسح الاعزج٤بٕ أُلزٞػ.  ٖٓ خلاٍٝ ص٣بسح ثؼغ اُششًبد ُـشع عٔغ أُؼِٞٓبد الاًبد٤٤ٔ٣ٖ 

 مردهت الاستبٍان انمفتىح 2. 4

الادث٤بد ٝ اُذساعخ اُ٘ظش٣خ ك٤ٔب  خلاٍ رْ اػذادٛب ثشٌَ ا٢ُٝ ٖٓ اُز٢ بسح الاعزج٤بٕ أُلزٞػ ػذدا ٖٓ الاعئِخشِٔذ اعزٔ     

 : ISO 31000 ,٣زؼِن ثئداسح اُغٞدح اُشبِٓخ ٝػلاهزٜب ثئداسح أُخبؽش ٝثبُزٞاكن ٓغ ٓب ٝسد ٖٓ اعئِخ ك٢ أُٞاطلخ اُو٤بع٤خ

2009 2013,Praxiom .ٝرْ رٞص٣غ ٛزٙ الاعزٔبساد ػ٠ِ اُخجشاء 

بعزض٘بء ػذد ٝهذ ارؼؼ ٖٓ إعبثبد أُغزج٤٘٤ٖ ٓغزٔؼخً ثؤٗٚ لا ٣ٞعذ رطج٤ن ػ٢ِٔ لاداسح اُغٞدح اُشبِٓخ ٝاداسح أُخبؽش ث     

د ك٢ ساالادا رؾ٤َِ ٝاداسح أُخبؽش ٝرطج٤ن ٓلّٜٞ اداسح اُغٞدح اُشبِٓخ ُذٟ ػؼق ه٤َِ ٖٓ الاعبثبد ٝهذ دٍ رُي ػ٠ِ

ٝاهغ اُؾبٍ ٝرو٤٤ْ  ػذاد اعزٔبسح الاعزج٤بٕ أُـِن ٝرُي ُِٞهٞف ػ٠ِثئا٠ُ  ٓٔب أدٟ ا٠ُ ه٤بّ اُجبؽش أُشبس٣غ الاٗشبئ٤خ ك٢

اُجؾش ُِزٞطَ ا٠ُ اُزطج٤ن اُغ٤ِْ ُٔزطِجبد  اُجبؽش ػ٠ِ رؾو٤ن ٗظش٣خ اُز٢ رؼ٤ٖٝ اُؼ٤٘خ ُِٔخبؽش ٝاداسح اُغٞدح اُشبِٓخ

 شبِٓخ ك٢ رؾ٤َِ ٝاداسح أُخبؽش .ٓلّٜٞ اداسح اُغٞدح اُ

 مردهت الاستبٍان انمغهك 3. 4

 ًٝٔب ٢ِ٣: اُز١ ٣ٔضَ عضء ٖٓ ٗٔٞرط الاعزج٤بٕ أُـِن 1ومىرجرؼٖٔ الاعزج٤بٕ ٓؾٞس٣ٖ ًٔب ٓٞػؼ ك٢      

 ٓؾٞس رؾذ٣ذ ٝرؾ٤َِ أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ 1. 3. 4

 ًٝٔب ٢ِ٣: ػ٘بطش ُوذ رؼٖٔ ٛزا أُؾٞس صلاس      

ٓؼشكخ اؽزٔب٤ُخ ؽذٝس رِي أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ ٖٓ اعَ ؽغبة اُزو٤٤ْ اُ٘ٞػ٢ ٌَُ  ٣ٜٝذف ا٠ُ: اُؼ٘ظش الاٍٝ     

  ٓخبؽشح ٖٓ رِي أُخبؽش .

اكشاد ٝكوبً لإعبثبد 1983ابى صانخ, ,(1)ٓؼبدُخٖٓ أُخبؽش ثزطج٤ن  رْ اؽزغبة ٓؼذٍ رو٤٤ْ اؽزٔب٤ُخ ؽذٝس ًَ ٓخبؽشح     

لاؽزغبة الاٗؾشاف أُؼ٤بس١ ًٝزُي رْ اؽزغبة الا٤ٔٛخ اُ٘غج٤خ ٌَُ ٓخبؽشح ٖٓ  (2)ٓؼبدُخؾش ٖٝٓ صْ رطج٤ن ػ٤٘خ اُج

 .(3)ٓؼبدُخؽزٔب٤ُخ ؽذٝصٜب ثزطج٤ن أُخبؽش ٝكوب لا
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 (1)                                                                                                                ̅  ∑           
 
     

 ؽ٤ش:     

 (̅ :) اُٞعؾ اُؾغبث٢                    (               ٓشًض اُظ٘ق :)                      (           :) ػذد اُزٌشاساد ٌَُ ط٘ق

 ( :) ؽغْ اُؼ٤٘خ اٝ ٓغٔٞع اُزٌشاساد ُلاط٘بف         ( : ) الاط٘بفرغِغَ                   ( ) : ػذد الاط٘بف              

                   

 (2)                                                                               √∑      ̅             
     

 

  

                                                                                                                                           (3) 

 

 

ٓؼشكخ شذح رؤص٤ش رِي أُخبؽش ػ٠ِ ًَ ٖٓ اٌُِلخ ٝأُذح ٝاُغٞدح ٝاُغلآخ ا٤ُٜ٘ٔخ ٖٓ اعَ  ٣ٜٝذف ا٠ُ: ؼ٘ظش اُضب٢ٗاُ     

 ؽغبة اُزو٤٤ْ اُ٘ٞػ٢ ٌَُ ٓخبؽشح ٖٓ رِي أُخبؽش. 

 (1)ٓؼبدُخ غٞدح ٝاُغلآخ ا٤ُٜ٘ٔخ(  ثزطج٤نرْ ؽغبة ٓؼذٍ رو٤٤ْ شذح رؤص٤ش ًَ ٓخبؽشح ٖٓ أُخبؽش ػ٠ِ )اٌُِلخ, أُذح, اُ      

ُؾغبة الاٗؾشاف أُؼ٤بس١ اػبكخ ا٠ُ اؽزغبة الا٤ٔٛخ اُ٘غج٤خ ٌَُ  (2)ٓؼبدُخٝكوبً لاعبثبد اكشاد ػ٤٘خ اُجؾش ٖٝٓ صْ رطج٤ن 

 . (4)ٓؼبدُخٓخبؽشح ٖٓ أُخبؽش ٝكوب ُزؤص٤شٛب ػ٠ِ )اٌُِلخ, أُذح, اُغٞدح ,اُغلآخ ا٤ُٜ٘ٔخ( ثزطج٤ن 

 

                                                                                                                                                       (4) 

     

 .(5)ٓؼبدُخثؼذٛب رْ اؽزغبة اُزو٤٤ْ اُ٘ٞػ٢ ٌَُ ٓخبؽشح ٖٓ أُخبؽش ثزطج٤ن      

 

                                                                ×                                   =                                               (5) 

       

 .(6)ٓؼبدُخًزُي رْ اؽزغبة الا٤ٔٛخ اُ٘غج٤خ ُِٔخبؽش ٝكوب ُِزو٤٤ْ اُ٘ٞػ٢ ثزطج٤ن      

 

 

                                                                                                                                                (6) 

 

 معدل تقييم الاحتمالية لحدوث المخاطرة   

                                               =×100% 

 مجموع معدلات احتمالية الحدوث لكل مخاطرة  

الاهمية النسبية للمخاطرة وفقا 

 لاحتمالية حدوثها %

 معدل تقييم تأثير المخاطرة           

                                                 =×100% 

 ر لكل مخاطرةمجموع معدلات تقييم التأثي  

الاهمية النسبية للمخاطرة وفقا 

لتأثيرها على )الكلفة, المدة, 

 الجودة, السلامة المهنية(%

لنوعي التقييم ا

 للمخاطرة
معدل تقييم احتمالية 

  ةطراالمخ حدوث

 حدوثمعدل تقييم شدة 

ة على )الكلفة, المدة, طراالمخ

 الجودة, السلامة المهنية(

الاهمية النسبية للمخاطرة 

 وفقا للتقييم النوعي %

 معدل التقييم النوعي لحدوث المخاطرة    

                                                 =×100% 

 مجموع معدلات التقييم النوعي لكل مخاطرة  



Journal of Engineering Volume   22  June  2016 Number 6 
 

 

7 
 

ثبُ٘غجخ ُ٘زبئظ اُزو٤٤ْ اُ٘ٞػ٢ ٝالا٤ٔٛخ اُ٘غج٤خ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ ًِلخ أُششٝع كوذ اٝػؾذ اُ٘زبئظ ٓغزٔؼخ ثؤٕ      

( 4.34( ؽ٤ش ًبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ )اُ٘ضاػبد اُؼغٌش٣خاػ٠ِ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ اٌُِلخ ًبٕ ُِٔخبؽشح )

ؼؼق ك٢ الارظبلاد ك٤ٔب ث٤ٖ أؽشاف هَ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ اٌُِلخ ًبٕ ُِٔخبؽشح )اُا(, 3.44ٝٝالا٤ٔٛخ اُ٘غج٤خ )

 (.1.34( ٝالا٤ٔٛخ اُ٘غج٤خ )4.13أُششٝع( ؽ٤ش ًبٕ رو٤٤ٔٚ )ٓزٞعؾ( ٣ظَ ا٠ُ )

كوذ اٝػؾذ اُ٘زبئظ  آب ثبُ٘غجخ ُ٘زبئظ اُزو٤٤ْ اُ٘ٞػ٢ ٝالا٤ٔٛخ اُ٘غج٤خ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ ٓذح اٗغبص أُششٝع     

( ؽ٤ش ًبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ اُ٘ضاػبد اُؼغٌش٣خٓغزٔؼخ ثؤٕ اػ٠ِ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ أُذح ًبٕ ُِٔخبؽشح )

زوِت ثٔؼذٍ اُزجذ٣َ ُِؼِٔخ( اهَ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ أُذح ًبٕ ُِٔخبؽشح )اُ(, ٝإ 3.59( ٝالا٤ٔٛخ اُ٘غج٤خ )4.36)

 (.1.45( ٝالا٤ٔٛخ اُ٘غج٤خ )4.14بٕ رو٤٤ٔٚ )ٓزٞعؾ( ٣ظَ ا٠ُ )ؽ٤ش ً

آب ثبُ٘غجخ ُ٘زبئظ اُزو٤٤ْ اُ٘ٞػ٢ ٝالا٤ٔٛخ اُ٘غج٤خ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اُغٞدح كوذ اٝػؾذ اُ٘زبئظ ثؤٕ اػ٠ِ رو٤٤ْ      

ُل٤٘خ( ؽ٤ش ًبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ اُؼٔبُخ اُـ٤ش أُؤِٛخ ٖٓ اُ٘بؽ٤خ اٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ اُغٞدح ًبٕ ُِٔخبؽشح )

اُؼؼق ك٢ الارظبٍ ك٤ٔب ث٤ٖ اهَ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ اُغٞدح ًبٕ ُِٔخبؽشح )(, 3.77ٝ( ٝالا٤ٔٛخ اُ٘غج٤خ )4.36)

 (.1.44( ٝالا٤ٔٛخ اُ٘غج٤خ )4.13ٓٞهغ اُؼَٔ ٝأُوش ُِٔوبٍٝ( ؽ٤ش ًبٕ رو٤٤ٔٚ )ٓزٞعؾ( ٣ظَ ا٠ُ )

آب ثبُ٘غجخ ُ٘زبئظ اُزو٤٤ْ اُ٘ٞػ٢ ٝالا٤ٔٛخ اُ٘غج٤خ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ كوذ اٝػؾذ اُ٘زبئظ ٓغزٔؼخ      

( ؽ٤ش ًبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ اُ٘ضاػبد اُؼغٌش٣خثؤٕ اػ٠ِ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ ًبٕ ُِٔخبؽشح )

اُؼؼق ك٢ اهَ رو٤٤ْ ٗٞػ٢ ُذسعخ اُزؤص٤ش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ ًبٕ ُِٔخبؽشح )(, 3.85ٝ٘غج٤خ )( ٝالا٤ٔٛخ ا4.28ُا٠ُ )

 (.1.41( ٝالا٤ٔٛخ اُ٘غج٤خ )4.14الارظبٍ ك٤ٔب ث٤ٖ ٓٞهغ اُؼَٔ ٝأُوش ُِٔوبٍٝ( ؽ٤ش ًبٕ رو٤٤ٔٚ )ٓزٞعؾ( ٣ظَ ا٠ُ )

ٗغت رْ ؽغبة  ٝهذ  جبػٚ ٖٓ اعَ الاعزغبثخ ُِٔخبؽشأُشؽِخ اُضبُضخ: رٜذف ٛزا أُشؽِخ ا٠ُ ٓؼشكخ اكؼَ اعشاء ٣ٌٖٔ ار

 .(7)ٓؼبدُخ لأكؼَ إعشاء اعزغبثخ ُِٔخبؽش ثزطج٤ن اُزٌشاساد

 

 (7)                                                                                                                            ⁄       

      

 ؽ٤ش:

  :    اُزٌشاس ُِظ٘ق %ٗغجخ 

ث٤٘ذ اُ٘زبئظ ثبٕ اكؼَ اعشاء ُلاعزغبثخ ُِٔخبؽش ٛٞ )رغ٘ت أُخبؽشح( ٤ِ٣ٚ اعشاء الاعزغبثخ )هجٍٞ أُخبؽشح( صْ       

 اعشاءاد الاعزغبثخ الاخشٟ ٝهذ ًبٕ اعشاء الاعزغبثخ )اٛٔبٍ أُخبؽشح( ٛٞ الاعشاء الاهَ اكؼ٤ِخ ث٤ٖ اعشاءاد الاعزغبثخ

 ٓؾٞس رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ 2.  3.  4

 ًٝٔب ٢ِ٣: ك٢ ٓغز٤٣ُٖٞوذ رؼٖٔ ٛزا أُؾٞس ػذدا ٖٓ الاعئِخ رْ ر٘ظ٤ٜٔب      

: اُٜذف ٜٓ٘ب ٛٞ ٓؼشكخ ٓذٟ رؤص٤ش اداسح اُغٞدح اُشبِٓخ ػ٠ِ اؽزٔب٤ُخ ؽذٝس أُخبؽش ٖٓ اعَ ؽغبة اُزو٤٤ْ  أُغزٟٞ الاٍٝ 

ٖٓ خلاٍ اؽزغبة ٓؼذٍ رو٤٤ْ رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ اؽزٔب٤ُخ  ٠ِ أُخبؽشاُ٘ٞػ٢ ُزؤص٤ش رِي أُزطِجبد ػ

ُؾغبة  (2)ٓؼبدُخػ٠ِ ٝكن اعبثبد اكشاد ػ٤٘خ اُجؾش ٖٝٓ صْ رطج٤ن  (1)ٓؼبدُخؽذٝس ًَ ٓخبؽشح ٖٓ أُخبؽش ثزطج٤ن 

 الاٗؾشاف أُؼ٤بس١ .

ًزُي رْ اؽزغبة الا٤ٔٛخ اُ٘غج٤خ ُزؤص٤ش ًَ ٓزطِت ٖٓ ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ اؽزٔب٤ُخ ؽذٝس ًَ ٓخبؽشح ٖٓ      

 .(8)ٓؼبدُخثزطج٤ن أُخبؽش 

 

                                                                                                                                            (8) 

 

الاهمية النسبية لتأثير 

المتطلب على احتمالية 

 حدوث المخاطرة%

 معدل تقييم التأثير على الاحتمالية       

                                                 =×100% 

 ييم التأثير على الاحتماليةمجموع معدلات تق
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اُٜذف ٜٓ٘ب ٛٞ ٓؼشكخ ٓذٟ رؤص٤ش اداسح اُغٞدح اُشبِٓخ ػ٠ِ شذح ؽذٝس أُخبؽش ٖٓ اعَ ؽغبة اُزو٤٤ْ : أُغزٟٞ اُضب٢ٗ

بؽش ٖٓ خلاٍ اؽزغبة ٓؼذٍ رو٤٤ْ رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ شذح ؽذٝس اُ٘ٞػ٢ ُزؤص٤ش رِي أُزطِجبد ػ٠ِ أُخ

ُؾغبة الاٗؾشاف  (2)ٓؼبدُخد اكشاد ػ٤٘خ اُجؾش ٖٝٓ صْ رطج٤ن ػ٠ِ ٝكن اعبثب(1)ٓؼبدُخًَ ٓخبؽشح ٖٓ أُخبؽش ثزطج٤ن 

 أُؼ٤بس١.

ًزُي رْ ؽغبة الا٤ٔٛخ اُ٘غج٤خ ُزؤص٤ش ًَ ٓزطِت ٖٓ ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ شذح ؽذٝس ًَ ٓخبؽشح ٖٓ      

 .(9)ٓؼبدُخأُخبؽش ثزطج٤ن 

 

                                                                                                                                       (9) 

 

 

ثؼذٛب رْ اؽزغبة اُزو٤٤ْ اُ٘ٞػ٢ ُزؤص٤ش ًَ ٓزطِت ٖٓ ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ ًَ ٓخبؽشح ٖٓ أُخبؽش ثزطج٤ن      

 .(14)ٓؼبدُخ

 

                                 =                                                               ×                                                (14) 

      

ًزُي رْ اؽزغبة الا٤ٔٛخ اُ٘غج٤خ ُزؤص٤ش ًَ ٓزطِت ٖٓ ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ ًَ ٓخبؽشح ٖٓ أُخبؽش ٝكوب      

 .(11)ٓؼبدُخُِزو٤٤ْ اُ٘ٞػ٢ ثزطج٤ن 

 

                                                                                                                                              (11)  

 

اُزو٤٤ْ اُ٘ٞػ٢ ٝالا٤ٔٛخ اُ٘غج٤خ ُزؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ أُخبؽش ثبٕ اػ٠ِ رو٤٤ْ ٗٞػ٢ ٗزبئظ اٝػؾذ      

( ٝاػ٠ِ 4.388ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )دػْ الاداسح اُؼ٤ِب( ًبٕ ػ٠ِ أُخبؽشح )سشٞح ٝ كغبد( ًٝبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ )

اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ( ًبٕ ػ٠ِ أُخبؽشح )سشٞح ٝ كغبد(ًٝبٕ رو٤٤ٔٚ )ػب٢ُ(  رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )ٓشبسًخ ًبكخ

( ث٤٘ٔب ًبٕ اػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )اُزؾغ٤ٖ أُغزٔش( ػ٠ِ أُخبؽشح )اكزوبس رٞاكن ٣4.315ظَ ا٠ُ )

( 4.273رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ ) الإٗشبئ٢, أُؼٔبس١(( ٝ)اُزخل٤غ ُغٞدح الاػٔبٍ ُلاُزضاّ ثٞهذ ٓؼ٤ٖ( ًٝبٕ( اُزظ٤ْٔ

ٝاػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )اُزش٤ًض ػ٠ِ اُضثٕٞ( ًبٕ ػ٠ِ أُخبؽشح )سشٞح ٝ كغبد(ًٝبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ 

( ٝاػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )اُزذس٣ت ٝاُزؼ٤ِْ( ًبٕ ػ٠ِ أُخبؽشح )الأخطبء ك٢ اُزظب٤ْٓ(ًٝبٕ 4.227ا٠ُ )

( ث٤٘ٔب ًبٕ اػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )اُزؾل٤ض أُغزٔش( ػ٠ِ أُخبؽشح )سشٞح ٤4.314ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ )رو٤

( ٝ إ اػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )اداسح أُٞاسد( ػ٠ِ أُخبؽشح 4.278ٝ كغبد( ًٝبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ )

( ٝ إ اػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )رؾو٤ن أُ٘زظ( ػ٠ِ ٣4.281ظَ ا٠ُ ))سشٞح ٝ كغبد( ًٝبٕ رو٤٤ٔٚ )ػب٢ُ( 

( ٝ إ اػ٠ِ رو٤٤ْ ٗٞػ٢ ٝا٤ٔٛخ ٗغج٤خ ُٔزطِت )اُو٤بط 4.249أُخبؽشح )سشٞح ٝ كغبد( ًٝبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ )

 (.4.249)ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ( ػ٠ِ أُخبؽشح )سشٞح ٝ كغبد( ًٝبٕ رو٤٤ٔٚ )ػب٢ُ( ٣ظَ ا٠ُ 

 (Contingency Coefficient)اختبار انفرضٍت )معامم انتىافك ) 4. 4

( ؽ٤ش 1,+1-٣ؼذ ٓؼبَٓ اُزٞاكن اؽذ ٓوب٤٣ظ ٓؼبٓلاد الاسرجبؽ اُز٢ رو٤ظ ػلاهخ الاسرجبؽ ث٤ٖ أُزـ٤شاد ٝروغ ه٤ٔزٚ ث٤ٖ )     

( رذٍ ػ٠ِ ٝعٞد ػلاهخ اسرجبؽ ث٤ٖ 1( رذٍ ػ٠ِ ػلاهخ اسرجبؽ ه٣ٞخ ٝإ اهزشاة ه٤ٔخ ٓؼذٍ اُزٞاكن ا٠ُ )+1إ اُو٤ٔخ )+

الاهمية النسبية لتأثير المتطلب 

 على شدة حدوث المخاطرة%

 لشدةمعدل تقييم التأثير على ا       

                                                 =×100% 

 لشدةمجموع معدلات تقييم التأثير على ا

التقييم النوعي لتأثير 

 ةطراعلى المخ متطلبال

تأثير المتطلب على معدل تقييم 

  ةطراالمخ حدوث احتمالية

قييم تأثير المتطلب معدل ت

  ةطراالمخ على شدة حدوث

الاهمية النسبية للتأثير 

 وفقا للتقييم النوعي %

 معدل التقييم النوعي للتأثير          

                                                 =×100% 

 مجموع معدلات التقييم النوعي للتأثير  
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( اٝ الاهزشاة ٜٓ٘ب ,ٝك٢ ؽبُخ اهزشاة ه٤ٔزٚ ٖٓ 1-ًٕٞ ه٤ٔخ ٓؼبَٓ الاسرجبؽ ٓغب٣ٝخ ا٠ُ )أُزـ٤شاد ٝاُؼٌظ طؾ٤ؼ ك٢ ؽبُخ 

 .2007مذمذ, ,اُظلش كٜزا ٣ذٍ ػ٠ِ اٗؼذاّ اُؼلاهخ اٝ اهزشاثٜب ٖٓ اُؼذّ

ضء اُٞاؽذ ٝهذ رْ رطج٤ن ٛزا أُو٤بط ٌَُ عضء ٖٓ أُؾبٝس ػ٠ِ ؽذح ُٔؼشكخ ٓذٟ رٞاكن ا١ اسرجبؽ أُزـ٤شاد أُخزبسح ُِغ     

  .2007مذمذ, ,(13( ٝ ٓؼبدُخ)12ٓؼبدُخ) خلاٍ رطج٤ن ك٢ اعزٔبسح الاعزج٤بٕ ٖٓ

 

 (12)                                                                                                                            √    ⁄ 

 (13)                                                                                             
     

 

      
 

     
 

      
   

     
 

      
 

      

 ؽ٤ش إ:

   = ٓؼبَٓ اُزٞاكن

     = ؽبطَ عٔغ ٗبرظ هغٔخ ٓشثغ رٌشاس ًَ اعبثخ ػ٠ِ ؽبطَ ػشة ٓغٔٞع اُزٌشاساد ُِؼٔٞد ك٢ ػذد اكشاد اُؼ٤٘خ

 ٝاُز١ ٣ٞػؼ ٝعٞد ػلاهخ اسرجبؽ ٝرٞاكن ع٤ذح ث٤ٖ أُزـ٤شاد. 1جذولًٔب ٣ٌٖٔ ٓلاؽظخ ٗزبئظ ٓؼبَٓ اُزٞاكن ك٢      

 . الاستىتاجاث وانتىصٍاث5

 الاستىتاجاث 1. 5

اُشبئؼخ ار اظٜش اُجؾش ثؤٕ اُزش٤ًض ػ٠ِ ػذد ٓؾذد ٖٓ أُخبؽش راد اُزؤص٤ش اٌُج٤ش ك٢ أُشبس٣غ اُغبثوخ ٣ؼذ ٖٓ الاخطبء  – 1

 ٣غت دساعخ اٗٞاع ؿ٤ش ٓؾذدح ٖٓ أُخبؽش ٝاُزش٤ًض ػ٠ِ ع٤ٔغ أُخبؽش أُؾزِٔخ ُزغ٘ت ػ٘ظش أُلبعئخ.

 ث٤٘ذ ٗزبئظ اُجؾش ك٤ٔب ٣زؼِن ثزؤص٤ش أُخبؽش ػ٠ِ ًِلخ أُشبس٣غ الاٗشبئ٤خ ٓب ٢ِ٣: – 2

ٝأُذح ٝاُغٞدح ٝاُغلآخ ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ أُخبؽش  إٔ ٓخبؽشح )ػٔبُخ ؿ٤ش ٓؤِٛخ ك٤٘ب ( ًبٕ ُٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ●

)اُل٤ض٣بئ٤خ اٝ اُجشش٣خ( ك٢ ؽ٤ٖ ًبٕ ٓخبؽشح )ًٞاسس ث٤ئ٤خ( اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ٝاُغلآخ ا٤ُٜ٘ٔخ ٝٓخبؽشح )ظشٝف 

 (. ع٣ٞخ ع٤ئخ عذا اٝهبع٤خ( ُٜب اُزؤص٤ش الاًجش ػ٠ِ أُذح ٝاُغٞدح ٖٓ ث٤ٖ أُخبؽش )اُج٤ئ٤خ اٝ اُطج٤ؼ٤خ

ًزُي إ ٓخبؽشح )أخطبء ك٢ اُزظ٤ْٔ( ُٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ٝأُذح ٝاُغٞدح ٝاُغلآخ ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ ● 

أُخبؽش)اُزظ٤ٔ٤ٔخ( ك٢ ؽ٤ٖ ًبٕ ٓخبؽشح )ػذّ رٞاكش ػٔبُخ اٝ رغ٤ٜضاد ثشٌَ ًبفٍ( اُزؤص٤ش الاًجش ػ٠ِ أُذح ٝاُغٞدح ٝإ 

 ٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ٝاُغلآخ ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ أُخبؽش )اُِٞعغز٤خ (.ٓخبؽشح )عذُٝخ ؿ٤ش ده٤وخ ُِٔششٝع( ُ

ًٔب ٣زؼؼ ثؤٕ ٓخبؽشح )اؽزٌبس أُٞاد أُطِٞثخ ُِز٘ل٤ز ٗز٤غخ اؿلام أُؼبَٓ اٝ ظشٝف ع٤بع٤خ ؿ٤ش ٓزٞهؼخ ( ُٜب اُزؤص٤ش  ●

ُٔب٤ُخ( ك٢ ؽ٤ٖ إ ٓخبؽشح )طؼٞثخ اُؾظٍٞ ػ٠ِ الاًجش ػ٠ِ اٌُِلخ ٝأُذح ٝاُغٞدح ٝاُغلآخ ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ أُخبؽش )ا

اُزشاخ٤ض ٝرظبس٣ؼ اُؼَٔ( ُٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ٝأُذح ٝٓخبؽشح )ػذّ اُٞػٞػ ك٢ رشش٣ؼبد اُؼَٔ( ُٜب اُزؤص٤ش 

اُغلآخ  الاًجش ػ٠ِ اُغٞدح ٝٓخبؽشح )ٗضاػبد هب٤ٗٞٗخ خلاٍ ٓلاؽِخ اُزش٤٤ذ ث٤ٖ اؽشاف أُششٝع(ُٜب اُزؤص٤ش الاًجش ػ٠ِ

 ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ أُخبؽش )اُوب٤ٗٞٗخ (.

ًزُي ظٜش ثؤٕ ٓخبؽشح )اخزلاف ث٤ٖ ا٤ٌُٔبد اُلؼ٤ِخ ٝاُؼوذ٣خ ( ُٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ث٤٘ٔب ٓخبؽشح )رـ٤شاد ك٢  ●

ًبٕ ُٜب اُزؤص٤ش الاًجش  اُزظ٤ْٔ ( كبٕ ُٜب اُزؤص٤ش الاًجش ػ٠ِ أُذح ٝإ ٓخبؽشح )رخل٤غ عٞدح اُؼَٔ ٓوبثَ الاُزضاّ ثبُٞهذ (

ػ٠ِ اُغٞدح ٝإ ٓخبؽشح )اُزؤخ٤شاد ٝأُشٌلاد اُل٤٘خ ٓغ أُوب٤ُٖٝ اُضب٤٣ٖٞٗ( ُٜب اُزؤص٤ش الاًجش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ 

 أُخبؽش )اُز٢ ُٜب ػلاهخ ٓجبششح ثبُز٘ل٤ز(.

ٔذح ٝاُغٞدح ٝاُغلآخ ا٤ُٜ٘ٔخ ٖٓ ث٤ٖ أُخبؽش ( ُٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ٝاُاُ٘ضاػبد اُؼغٌش٣خًزُي إ ٓخبؽشح ) ●

)اُغ٤بع٤خ( ك٢ ؽ٤ٖ إ ٓخبؽشح )ػذّ رٞاكش أُؼِٞٓبد )ٗوض ثبُٔؼِٞٓبد اُؼشٝس٣خ(( ُٜب اُزؤص٤ش الاًجش ػ٠ِ أُذح ٝاُغلآخ 
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ٓلّٜٞ ثغجت رؼو٤ذ  ا٤ُٜ٘ٔخ ٝإ ٓخبؽشح )ٓشٌلاد ك٢ اداسح أُٞاسد( ُٜب اُزؤص٤ش الاًجش ػ٠ِ اٌُِلخ ث٤٘ٔب ٓخبؽشح )رخط٤ؾ ؿ٤ش

 أُششٝع( ًبٕ ُٜب اُزؤص٤ش الاًجش ػ٠ِ اُغٞدح ٖٓ ث٤ٖ أُخبؽش )الاداس٣خ(.

( أُشرجخ الا٠ُٝ ٖٓ ث٤ٖ أُخبؽش ثبُزؤص٤ش ػ٠ِ اٌُِلخ ٝأُذح ؽ٤ش ًبٕ اُزو٤٤ْ اُ٘ضاػبد اُؼغٌش٣خُوذ رظذسد أُخبؽشح ) – 3

ؼؼق ك٢ الارظبلاد ٞػ٢ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اٌُِلخ ُٔخبؽشح )اُاُ٘ٞػ٢ ُذسعخ رؤص٤شٛب )ػب٤ُبً(. ث٤٘ٔب ًبٕ اهَ رو٤٤ْ ٗ

اهَ رو٤٤ْ ٗٞػ٢ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ أُذح ًبٕ ُٔخبؽشح ك٤ٔب ث٤ٖ أؽشاف أُششٝع( ؽ٤ش ًبٕ رو٤٤ٔٚ )ٓزٞعطبً(. ٝإ 

 زوِت ثٔؼذٍ اُزجذ٣َ ُِؼِٔخ( ؽ٤ش ًبٕ رو٤٤ٔٚ )ٓزٞعطبً(.)اُ

اُؼٔبُخ اُـ٤ش أُؤِٛخ ٖٓ اُ٘بؽ٤خ اُل٤٘خ( ؽ٤ش ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اُغٞدح كوذ ًبٕ ُٔخبؽشح )آب اػ٠ِ رو٤٤ْ ٗٞػ٢  – 4

اُؼؼق ك٢ الارظبٍ ك٤ٔب ث٤ٖ ٓٞهغ اهَ رو٤٤ْ ٗٞػ٢ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اُغٞدح ُٔخبؽشح )ًبٕ رو٤٤ٔٚ )ػب٤ُبً(, ث٤٘ٔب 

 اُؼَٔ ٝأُوش ُِٔوبٍٝ( ًٝبٕ رو٤٤ٔٚ )ٓزٞعطبً(.

( ًٝبٕ رو٤٤ٔٚ )ػب٤ُبً(, اُ٘ضاػبد اُؼغٌش٣خٕ اػ٠ِ رو٤٤ْ ٗٞػ٢ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ ًبٕ ُٔخبؽشح )ا – 5

اُؼؼق ك٢ الارظبٍ ك٤ٔب ث٤ٖ ٓٞهغ اُؼَٔ اهَ رو٤٤ْ ٗٞػ٢ ُذسعخ رؤص٤ش أُخبؽش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ ًبٕ ُٔخبؽشح )ث٤٘ٔب 

 طبً(.ٝأُوش ُِٔوبٍٝ( ًٝبٕ رو٤٤ٔٚ )ٓزٞع

إ اكؼَ اعشاء ُلاعزغبثخ ُِٔخبؽش ٛٞ )رغ٘ت أُخبؽشح( ٤ِ٣ٚ اعشاء الاعزغبثخ )هجٍٞ أُخبؽشح( صْ اعشاءاد الاعزغبثخ  – 6

 الاخشٟ ٝهذ ًبٕ اعشاء الاعزغبثخ )اٛٔبٍ أُخبؽشح( ٛٞ الاعشاء الاهَ اكؼ٤ِخ ث٤ٖ اعشاءاد الاعزغبثخ اُز٢ ر٘بُٜٝب اُجؾش.

 ٔب ٣زؼِن ثزؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ أُخبؽش اظٜش اُجؾش ٓب ٢ِ٣:ث٤٘ذ ٗزبئظ اُجؾش ك٤ – 7

إ ُٔزطِت دػْ الاداسح اُؼ٤ِب اُزؤص٤ش الاًجش ػ٠ِ أُخبؽش ثبلاػبكخ ا٠ُ اُزؾغ٤ٖ أُغزٔش ٝاُزذس٣ت ٝاُزؼ٤ِْ ٝرؾو٤ن أُ٘زظ  ●

أُغزٔش ٝاُزش٤ًض ػ٠ِ اُضثٕٞ ٝاداسح أُٞاسد ٝاُو٤بط ك٢ ؽ٤ٖ إ أُزطِجبد ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ ٝاُزؾل٤ض 

 ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ ًبٕ رؤص٤شٛب ٓزٞعطب ػ٠ِ أُخبؽش.

إ ٓخبؽشح )سشٞح ٝكغبد( اؽزِذ أُشرجخ الا٠ُٝ ث٤ٖ أُخبؽش ٖٓ ؽ٤ش رؤص٤ش أُزطِجبد دػْ الاداسح اُؼ٤ِب ٝٓشبسًخ ًبكخ  ●

زٔش ٝاداسح أُٞاسد ٝرؾو٤ن أُ٘زظ ٝاُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ ك٢ أُ٘ظٔخ ػ٤ِٜب اُؼب٤ِٖٓ ٝاُزش٤ًض ػ٠ِ اُضثٕٞ ٝاُزؾل٤ض أُغ

 ؽ٤ش ثِؾ اُزو٤٤ْ اُ٘ٞػ٢ ٝالا٤ٔٛخ اُ٘غج٤خ ُزؤص٤ش ٛز٣ٖ أُزطِجبد اػ٠ِ ه٤ٔخ.

اّ ثٞهذ زخل٤غ ُغٞدح الاػٔبٍ ُلاُزضاُالإٗشبئ٢, أُؼٔبس١(( ٝ)( )اكزوبس رٞاكن اُزظ٤ًْٔزُي اُؾبٍ ثبُ٘غجخ ا٠ُ أُخبؽش  ●

٤ٔٛخ اُ٘غج٤خ ُزؤص٤ش ٓؼ٤ٖ( كٌبٕ ُٜٔب أُشرجخ الا٠ُٝ ٖٓ رؤص٤ش ٓزطِت )اُزؾغ٤ٖ أُغزٔش( ػ٤ِٜٔب ؽ٤ش ثِؾ اُزو٤٤ْ اُ٘ٞػ٢ ٝالا

  أُزطِت اػ٠ِ ه٤ٔخ.  

آب أُخبؽشح )الأخطبء ك٢ اُزظب٤ْٓ( كوذ رظذسد أُخبؽش ٖٓ ؽ٤ش رؤص٤ش ٓزطِت )اُزذس٣ت ٝاُزؼ٤ِْ( ػ٤ِٜب ؽ٤ش ًبٕ ● 

 و٤٤ٔٚ اُ٘ٞػ٢ )ػب٤ُبً( ًٝزُي الا٤ٔٛخ اُ٘غج٤خ.ر

َِ ػبّ ٣ٌٖٔ ٓلاؽظخ اُزؤص٤ش اُٞاػؼ ٝاُؼلاهخ ث٤ٖ رطج٤ن ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ٝاداسح أُخبؽش ٖٓ خلاٍ       ثشٌ

د أُغؤ٤ُٖٝ ػٖ اداسح اُ٘ظش ا٠ُ اُزو٤٤ْ اُ٘ٞػ٢ ُٜزا اُزؤص٤ش ٝاُز١ ًبٕ )ػب٤ُبً( ُِؼذ٣ذ ٖٓ ٛزٙ أُخبؽش ٓٔب ٣زطِت رٞع٤ٚ عٜٞ

رجب٣ٖ ك٢ رؤص٤ش أُخبؽش  أُخبؽش ا٠ُ اُزش٤ًض ػ٠ِ اعزخذاّ ٛزٙ أُزطِجبد ًٞع٤ِخ ٗبعؾخ لاداسح أُخبؽش ٝٓؼبُغزٜب. إ ٛ٘بى

ػ٠ِ اٛذاف أُششٝع الاٗشبئ٢ ٝٛزا ٣ؼ٢٘ ػشٝسح دساعخ أ١ ٖٓ أُخبؽش رؤصش ػ٠ِ أُذح ٝأ١ ٜٓ٘ب رؤصش ػ٠ِ  اٌُِلخ اٝ 

ٝثبعزخذاّ غلآخ ا٤ُٜ٘ٔخ اٝ ًَ ٜٓ٘ب ٓغزٔؼخً ٝرُي ُٔؼبُغزٜب ٝاداسرٜب ُِؼَٔ ػ٠ِ ػذّ رٌشاسٛب ٝرلاك٤ٜب ٓغزوجلاً, اُغٞدح اٝ اُ

 ًض٤شاً ًٝٔب أ٣ذ رُي اُخجشاء أُغزج٤٘٤ٖ ٖٓ خلاٍ رو٤٤ْٜٔ ُِجشٗبٓظ. اُجشٗبٓظ اُؾبعٞث٢ أُؼذ ُٜزا اُجؾش ٣ٌٖٔ رغ٤َٜ ٛزٙ أُٜٔخ

 انتىصٍاث 2. 5

اُغبد ٗؾٞ رطج٤ن ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ثبػزجبسٛب ٝعبئَ ٗبعؾخ ُزؾو٤ن اُؼذ٣ذ ٖٓ أُ٘ظٔبد لأػ٠ِ دسعبد اُغؼ٢  – 1

 اُغٞدح ٝثبهَ اُزٌب٤ُق ك٤ٔب ٣زؼِن ثبُغ٤طشح ػ٠ِ أُخبؽش.

 الاٗشبئ٤خ.اعزضٔبس ٓضا٣ب اُزطج٤ن اُغ٤ِْ ُٔزطِجبد اداسح اُغٞدح اُشبِٓخ ًؤداح ُزو٤َِ أُخبؽش ك٢ أُشبس٣غ  – 2

اُزؤ٤ًذ ػ٠ِ ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ ك٢ أُشبس٣غ الاٗشبئ٤خ ٖٓ خلاٍ ٓ٘ؾْٜ أُشبسًخ اُلؼ٤ِخ ثبُٔ٘بهشبد  – 3

 اُغبس٣خ ؽٍٞ اُغٞدح اُشبِٓخ ٝاُزطج٤ن ا٤ُٔذا٢ٗ لاكٌبسْٛ ٝاسائْٜ اُؼ٤ِٔخ ٝاُؼ٤ِٔخ أُجذػخ.
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 بكخ الاػٔبٍ ك٢ أُشبس٣غ الاٗشبئ٤خ.اُزؤ٤ًذ ػ٠ِ اُزؾغ٤ٖ ٝاُزط٣ٞش أُغزٔش٣ٖ ٌُ - 4

رؾذ٣ذ عٜخ ٓزخظظخ ثئداسح أُخبؽش ٝٓزبثؼخ أُخبؽش ٝاُؼَٔ ػ٠ِ ٓؼبُغزٜب دٕٝ ا١ رؤخ٤ش ٓغ ٝػغ أٗغت ع٤بعخ  – 5

ُٔٞاعٜخ اُخغبئش أُزٞهؼخ ثؤهَ رٌب٤ُق ٌٓٔ٘خ, ٣ٝز٠ُٞ ٛزٙ اُٞظ٤لخ شخض ٣غ٠ٔ " ٓذ٣ش أُخبؽش " ٝرخظض ُٚ ٤ٓضا٤ٗخ 

 أُخبؽش ثبلاػبكخ ا٠ُ اهبٓخ دٝساد رذس٣ج٤خ ػٖ ٤ًل٤خ اداسح أُخبؽش . ٓؼ٤٘خ لاداسح

رطج٤ن ًٞداد اُغلآخ ك٢ اُششًبد ٝأُشبس٣غ الاٗشبئ٤خ ٝدساعخ اٗٞاع اُؼوٞد ٝاُؼجبساد اُؼوذ٣خ ثشٌَ ده٤ن ُزؾذ٣ذ  – 6

 لاهذس ػ٠ِ اداسرٜب ٝثشٌَ اكؼَ. أُخبؽش اُز٢ ٣زؾِٜٔب ًَ ؽشف ك٢ أُششٝع ٝكن اُؼوذ أُؾذد ُٝزؾ٣َٞ أُخبؽش ُِطشف ا

 انمصادر:

 , داس عٞإ ٝا٢ِ٣ ٝاث٘بئٚ .ٓوذٓخ ك٢ الاؽظبء 1983, ٓؾٔذ طجؾ٢, ػذٗبٕ ٓؾٔذ ػٞع, ,اثٞ طبُؼ –

رط٣ٞش ٗظبّ لاداسح أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ ثبعزخذاّ اعِٞة  ,2448 اُش٤خ٢ِ, ثبعَ هبعْ ٝ ٗبع٢, ؽبكع اثشا٤ْٛ, –
 اُؼشاه٤خ ُِٜ٘ذعخ أُذ٤ٗخ, اُؼذد اُؼبشش. , أُغِخأُؾبًبح

اداسح اُغٞدح اُشبِٓخ ًؤداح ُزو٤َِ أُخبؽش دساعخ ٤ٓذا٤ٗخ ك٢ ٓؼَٔ , 2447اُظٞاف, ٓؾلٞظ ؽٔذٕٝ ٝ طبُؼ, ٓبعذ ٓؾٔذ,  –
 , عبٓؼخ أُٞطَ .اُ٘غ٤ظ اُؾ٢ٌٓٞ أُٞطَ

داس اُغبٓؼخ ُِطجبػخ  ,ٝاُزطج٤ن ٝاُزب٤ٖٓ ث٤ٖ اُزطٞسٓوذٓٚ ك٢ ٓجبدا اُخطش  ,2445 ,ٓخزبس ٝإثشا٤ْٛ ؽٔٞدح اُٜبش٢ٔ,–

 .ٝاُ٘شش, الإعٌ٘ذس٣خ

 ك٢ ٝاُ٘غ٤ظ اُـضٍ ٓؼَٔ ٤ٓذا٤ٗخ ك٢ اُظ٘بػ٤خ دساعخ أُ٘ظٔبد ك٢ ٝأ٤ٔٛزٚ اُخطش إداسح ٝاهغ ,2444ػ٢ِ,  ٓؾٔذ ثغٔخ  –

 .أُٞطَ الإداسح ٝالاهزظبد,عبٓؼخ ٓبعغز٤ش, ٤ًِخ , سعبُخأُٞطَ

ارغبٛبد اُزذس٣ت ػ٠ِ اُغٞدح اُشبِٓخ ُٔذساء ششًبد رظ٤٘غ أُٞاد اُـزائ٤خ ك٢ ٓ٘طوخ ػٔبٕ  ,1996ساػ٢,ث٘ذهغ٢, ٓؾٔذ  –
 .2, اُؼذد23, ٓغِخ دساعبد, أُغِذ, الاسدٕاٌُجشٟ

اُطجؼخ الأ٠ُٝ, داس ٝائَ ُِ٘شش, ػٔبٕ,  ,ٓذخَ إ٠ُ أُٜ٘غ٤خ أُزٌبِٓخ لإداسح اُغٞدح اُشبِٓخ ,2441 ػو٢ِ٤, ػٔش ٝطل٢, –

 الأسدٕ.

س, ٤ًِخ اُٜ٘ذعخ, عبٓؼخ ٓشًض رط٣ٞش اُذساعبد اُؼ٤ِب ٝاُجؾٞ ,اُزؾ٤َِ الاؽظبئ٢ ُِج٤بٗبد , 2447 ,ٓؾٔذ, أٓب٢ٗ ٓٞع٠ –

 .اُوبٛشح

ُلاٗزبط ٝاُؼ٤ِٔبد  اداسح اُغٞدح أُؼبطشح ٓوذٓخ ك٢ اداسح اُغٞدح اُشبِٓخ ,2449,ٓؾٔذ ٝاخشٕٝ, ػجذ اُؼبٍ اُ٘ؼ٢ٔ٤  –
 .خ ُِ٘شش ٝاُزٞص٣غ, ػٔبٕ, الاسدٕداس ا٤ُبصٝس١ اُؼ٤ِٔ ,ٝاُخذٓبد

 الأسد٤ٗخ اُغبٓؼبد ك٢ اُز٘بكغ٤خ ا٤ُٔضح ُزؾو٤ن ًؤداح اُشبِٓخ اُغٞدح إداسح ٓغزِضٓبد , 2411 ,اُضػج٢ ٝػ٢ِ اُٞاد١ ٓؾٔٞد –

 .اُضبٖٓ, الأسدٕ اُذ٢ُٝ اُضسهبء عبٓؼخ ٓؤرٔش , )رؾ٤ِ٤ِخ دساعخ (

, سعبُخ ٓوذٓخ ا٠ُ هغْ  اداسح أُخبؽش أُغججخ ُِٔطبُجبد ك٢ أُشبس٣غ الاٗشبئ٤خ اُؾ٤ٌٓٞخ , 2413ٜٓذ١, ػلاء ٓؾغٖ, –

 .داسح أُشبس٣غ الاٗشبئ٤خا ,اُٜ٘ذعخ أُذ٤ٗخ ك٢ عبٓؼخ ثـذاد ًغضء ٖٓ ٓزطِجبد ٤َٗ دسعخ أُبعغز٤ش ك٢ ػِّٞ اُٜ٘ذعخ أُذ٤ٗخ 

 Bothroyod ,Catherine & Jeremy ,Emmett, 2006, Risk Management Apractical Guide for 

construction professionals. 

 Grokford ,Gneil, 2002, The Bibiography and History of Risk Management: Some 

Preliminary Obserration, Geneva papers on Risk & Insurance Vol.7 No.23. 

 Hagle J & Jeffery F., 1997, The Coming Battle for Customer in Forrndtion H.B.R. 

 Hizer & Renelit,2006, Operations Management, Total Quality and Responsivenss, Mc 

Graw- Hill inc ,New York. 

 ISO 31000 , 2009, Risk Management, IT Management Collection, Geneva, Switzerland. 

 McNamara, C., 2008, Authenticity Consulting, LLC Copyright. 
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 Noori,Hamid & Radford, Russell, 1995, Production and Operations Management, Total 

Quality and Responsivenss, Mc Graw- Hill inc, New York. 

 Praxiom Research Group, 2013 , ISO 31000 2009 Risk Management Audit Tool, Praxiom 

Research Group Limited. 

 Thevendran, V. , 2003, Risk Management in the Construction Industry: the Relevance of 

Human Factors, PhD Thesis, University of Nottingham, Nottingham, UK. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 .2001عمٍهً, ,اٛذاف اداسح اُغٞدح اُشبِٓخ. 1شكم

 اُزؾذ٣ذ ُِٔخبؽش                                       

                                 Risk Identification    

 

 

 اُزؾ٤َِ ُِٔخبؽش ٝ رو٤٤ٜٔب                               ٓشاهجخ ٝٓشاعؼخ                                

         Risk Analysis and                                                            Monitoring and Review 

Evaluation                                          

 

 

 اعزغبثخ ُِٔخبؽش                                       

Risk Response                                     

 

 .Thevendran,2003 ,أُشاؽَ الاعبع٤خ لاداسح أُخبؽش.  2شكم

 ادارة الجودة الشاملة

تحسين 

 الجودة
انخفاض 

 التكاليف

 رفع الكفاءة الانتاجية

, سعادتهم ,التقديم الزبائنارضاء 

 للسلعة او للخدمة بالجودة العالية

تفوق على الاخرين وبقاء واستمرار 

 المنظمة

الجودة 

 العالية

حصة اكبر 

 في السوق
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 رؾذ٣ذ ٝ رؾ٤َِ أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ أُؾٞس الاٍٝ:

 ٓب ٢ٛ اؽزٔب٤ُخ ؽظٍٞ أُخبؽش اُزب٤ُخ ك٢ أُشبس٣غ الاٗشبئ٤خ –1

تصىٍف 

 انمخاطر

مىخفض  انمخاطر

 جذا 

عانً  عانً متىسط مىخفض

 جذا

ك٤ض٣بئ٤خ اٝ 

 ثشش٣خ

      ك٤٘بً  ٓؤِٛخ ؿ٤ش ػٔبُخ

      اُؼبِٓخ ٝا٤ُذ ُلآ٤ُبد الإٗزبع٤خ ٓؼذلاد رزثزة

ث٤ئ٤خ اٝ 

 ؽج٤ؼ٤خ

      ٝهبع٤خ عذاً  ع٤ئخ ع٣ٞخ ظشٝف

      ًِٝلزٜب اُج٤ئ٤خ ٝاُزشش٣ؼبد ثبُوبٕٗٞ الاُزضاّ طؼٞثخ

  

 اُزب٤ُخ ػ٠ِ ًَ ٖٓ )اٌُِلخ, اُٞهذ, اُغٞدح, اُغلآخ ا٤ُٜ٘ٔخ(ٓب ٛٞ شذح رؤص٤ش أُخبؽش  – 2

تصىٍف 

 انمخاطر

مىخفض  تأثٍر عهى انمخاطر

 جذا 

عانً  عانً متىسط مىخفض

 جذا

 رظ٤ٔ٤ٔخ

 

 

 

 

 

 

 ٝأُخططبد ا٤ٌُٔبد ث٤ٖ اُزٞاكن ػذّ

 ٝأُٞاطلبد

      اٌُِلخ

      اُٞهذ

      اُغٞدح

      اُغلآخ ا٤ُٜ٘ٔخ

 اُزظ٤ْٔ ك٢ أخطبء

 

      اٌُِلخ

      اُٞهذ

      اُغٞدح

      اُغلآخ ا٤ُٜ٘ٔخ

 ُٞعغز٤خ

 

 

 

 

      اٌُِلخ اُؼشٝع روذ٣ْ خلاٍ ػب٤ُخ ٓ٘بكغخ

      اُٞهذ

      اُغٞدح

      اُغلآخ ا٤ُٜ٘ٔخ

      اٌُِلخ ُِٔششٝع ده٤وخ ؿ٤ش عذُٝخ

      اُٞهذ

      اُغٞدح

      اُغلآخ ا٤ُٜ٘ٔخ

 

 ٓب ٛٞ اكؼَ اعشاء ُلاعزغبثخ ُِٔخبؽش اُزب٤ُخ: – 3

تصىٍف 

 انمخاطر

 اخر تأمٍه اهمال لبىل تذىٌم تجىب انمخاطر

       الأعؼبس ٝروِجبد اُزؼخْ ٓب٤ُخ

       اُؼوذ ٝكن اٌُشٞف رغذ٣ذ رؤخش

 أؽشاف ث٤ٖ اُزش٤٤ذ ٓشؽِخ خلاٍ هب٤ٗٞٗخ ٗضاػبد هب٤ٗٞٗخ

 أُششٝع

      

       اُؼَٔ ٝرظبس٣ؼ اُزشاخ٤ض ػ٠ِ اُؾظٍٞ طؼٞثخ

 

 رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخأُؾٞس اُضب٢ٗ: 

 ٓب ٛٞ رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ اُزب٤ُخ ػ٠ِ اؽزٔب٤ُخ ؽظٍٞ أُخبؽش اُزب٤ُخ: – 1

تصىٍف  متطهباث ادارة انجىدة انشامهت

 انمخاطر

لا  انمخاطر

 تؤثر

مىخفض 

 جذا 

عانً  عانً  متىسط  مىخفض 

 جذا 

ُٜب ػلاهخ  دػْ الاداسح اُؼ٤ِب

ٓجبششح 

 ثبُز٘ل٤ز

 

 

 

 

 

 اُلؼ٤ِخ ا٤ٌُٔبد ث٤ٖ اخزلاف

 ٝاُؼوذ٣خ

 

 

 

 

 

 

      

       ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزؼ٤ِْاُزذس٣ت ٝ 

       اُزؾل٤ض أُغزٔش

       دػْ الاداسح اُؼ٤ِب

       ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ
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  اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

 

 

 

 

       

 اُزظ٤ْٔ ك٢ رـ٤شاد 

 

 

 

      

       

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       اُزؾل٤ض أُغزٔش

       اداسح أُٞاسد

       رؾو٤ن أُ٘زظ

       اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

 ع٤بع٤خ دػْ الاداسح اُؼ٤ِب

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       ٝاُلغبد اُششٞح

       ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       اُزؾل٤ض أُغزٔش

       اداسح أُٞاسد

       رؾو٤ن أُ٘زظ

       اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

       ٝاُغشهبد الأٓبٕ ػذّ دػْ الاداسح اُؼ٤ِب

       اُؼب٤ِٖٓ ك٢ أُ٘ظٔخٓشبسًخ ًبكخ 

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       اُزؾل٤ض أُغزٔش

       اداسح أُٞاسد

       رؾو٤ن أُ٘زظ

       اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

 

 ٓب ٛٞ رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ اُزب٤ُخ ػ٠ِ شذح ؽظٍٞ أُخبؽش  – 2

تصىٍف  متطهباث ادارة انجىدة انشامهت

 انمخاطر

مىخفض  لا تؤثر انمخاطر

 جذا 

عانً  عانً  متىسط  مىخفض 

 جذا 

ك٤ض٣بئ٤خ اٝ  دػْ الاداسح اُؼ٤ِب

 ثشش٣خ

 

 

 

 

 

 

 

 

 

 

 

 

 إعشاءاد هِخ ثغجت ؽبدس

 الأٓبٕ

 

      

       ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       اُزؾل٤ض أُغزٔش

       اداسح أُٞاسد

       رؾو٤ن أُ٘زظ

       اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

 أٝ طبُؾخ ؿ٤ش ٓٞاد رٞس٣ذ دػْ الاداسح اُؼ٤ِب

 ُِٔٞاطلبد  ٓطبثوخ ؿ٤ش

 

      

       ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       اُزؾل٤ض أُغزٔش

       اداسح أُٞاسد

       رؾو٤ن أُ٘زظ

       ٝاُزؾغ٤ٖاُو٤بط ٝاُزؾ٤َِ 

       الإداسح ؽشم ك٢ رـ٤شاد اداس٣خ دػْ الاداسح اُؼ٤ِب

 ٣زجغ 1ومىرج

 عضء ٖٓ ٗٔٞرط الاعزج٤بٕ أُـِن 1ومىرج
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  ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       اُزؾل٤ض أُغزٔش

       أُٞاسداداسح 

       رؾو٤ن أُ٘زظ

       اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

       أُٞاسد إداسح ك٢ ٓشٌلاد دػْ الاداسح اُؼ٤ِب

       ٓشبسًخ ًبكخ اُؼب٤ِٖٓ ك٢ أُ٘ظٔخ

       اُزؾغ٤ٖ أُغزٔش

       اُزش٤ًض ػ٠ِ اُضثٕٞ

       اُزذس٣ت ٝ اُزؼ٤ِْ

       أُغزٔشاُزؾل٤ض 

       اداسح أُٞاسد

       رؾو٤ن أُ٘زظ

       اُو٤بط ٝاُزؾ٤َِ ٝاُزؾغ٤ٖ

 

 

 

 ه٤ْ ٓؼبَٓ اُزٞاكن .1جذول 

 B C∑ ٗٞع اُذساعخ

 0.3613 1.1501 اؽزٔب٤ُخ ؽذٝس أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ

 0.3853 1.1744 الاٗشبئ٤خرؤص٤ش أُخبؽش ػ٠ِ اٌُِلخ ك٢ أُشبس٣غ 

 0.3694 1.158 رؤص٤ش أُخبؽش ػ٠ِ أُذح ك٢ أُشبس٣غ الاٗشبئ٤خ

 0.3658 1.1545 رؤص٤ش أُخبؽش ػ٠ِ اُغٞدح ك٢ أُشبس٣غ الاٗشبئ٤خ

 0.32 1.114 رؤص٤ش أُخبؽش ػ٠ِ اُغلآخ ا٤ُٜ٘ٔخ ك٢ أُشبس٣غ الاٗشبئ٤خ

 0.4681 1.2806 الاٗشبئ٤خاكؼَ اعشاء ُلاعزغبثخ ُِٔخبؽش ك٢ أُشبس٣غ 

 0.4577 1.2650 رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ اؽزٔب٤ُخ ؽذٝس أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ

 0.4473 1.2501 رؤص٤ش ٓزطِجبد اداسح اُغٞدح اُشبِٓخ ػ٠ِ شذح ؽذٝس أُخبؽش ك٢ أُشبس٣غ الاٗشبئ٤خ

 

 ٣زجغ 1ومىرج
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ABSTRACT 

An experimental model is used to simulate the loss of soil lateral confinement due to excavation 

nearby an individual axially loaded pile. The effects of various parameters, such as the horizontal 

distance of excavation, depth of excavation and pile slenderness ratios are investigated. The 

experimental analysis results showed the effect of excavation is more remarkable as the 

horizontal distance of excavation becomes closer to the pile than half pile length. The effect of 

excavation diminishes gradually as the horizontal distance increases beyond that distance for all 

the investigated pile slenderness ratios and depths of excavation. The pile head deflection, 

settlement and bending moments along pile increase with decreasing horizontal distance between 

excavation face and adjacent axially loaded pile of various depths of excavation and pile 

slenderness ratios. The location of maximum bending moment is positioned between 1/4 and 1/2 

of pile length for all horizontal distance of excavation, depth of excavation and slenderness 

ratios. The bending moment profiles indicate a (single curvature) for medium flexible piles and 

(double curvature) for very flexible piles for different horizontal distance between excavation 

face and adjacent axially loaded pile and various depths of excavation. In addition the theoretical 

approach of wood, 2004 showed good agreement especially for very flexible pile (slenderness 

ratio ˃45).  

Key words: excavation, axially loaded pile, deflection, settlement, bending moment 

  

للحفرٌاث غٍر المسنذة مع مراعاة تاثٍرها على ركٍزة عمودٌت محملت رأسٍا مجاورة مختبريالتحلٍل ال  

 
 د. علاء ناصر الجورانً غصون صادق القٍسً

 اسرار يذسس يساعذ

 خايعح تغذاد -كهٍح انُٓذسح اندايعح انرمٍُح انٕسطى – /تغذاديعٓذ ذكُهٕخٍا

 الخلاصت

انحفشٌاخ غٍشانًسُذج َمصاٌ انضغظ انداَثً نهرشتح انُاشًء عٍ فً ْزِ انذساسح ذى اسرخذاو انًٕدٌم انعًهً انًصغشنًُزخح 

ذى انرحشي عٍ ذاثٍشعذج يعايلاخ يثم انًسافح الافمٍح نهحفش , عًك انحفش َٔسثح  .انًدأسج نًُٕرج سكٍزج يفشدج يحًهح سأسٍا

 عُذيا خذٌشتانًلاحظح ذاثٍش نهحفشٌاخ انعًهٍح اٌ انرحهٍم نهُرائح أثثد نمذ ثح انُحافح نهشكٍزج(.انطٕل انى انمطش انًكافًء ) َس

 ذزداد عُذيا ذذسٌدٍا انحفشٌاخ ذاثٍش انشكٍزج , ٌرلاشى طٕل َصف يٍ ٔذسأي ألم انشكٍزج يٍ لشٌثح انحفش يسافح ذصثح

 نشأس ٔانٓثٕط الاَحشاف اٌ. انحفش اعًاق ٔنكم نهشكٍزجانُحافح  َسة نكم انشكٍزج طٕل َصف يٍ اكثش الافمٍح انًسافح

ٔانشكٍزج انعًٕدٌح انًحًهح سأسٍا نكم  َمصاٌ انًسافح الافمٍح نهحفش يع ذزداد عزٔو الاَحُاء عهى طٕل انشكٍزجٔ انشكٍزج

اٌ يٕلع اكثش عزٔو اَحُاء ٌمع تٍٍ ستع َٔصف طٕل انشكٍزج نكم انًسافاخ الافمٍح  .انُحافح نهشكٍزج َسة ٔنكم اعًاق انحفش

 انًرٕسطح نهشكائز  انرحذب احادي ٌكٌٕ الاَحُاءاٌ شكم يُحً انعزٔو  .انُحافح نهشكٍزج َسة ٔنكماعًاق انحفش , نهحفش 

.  الاعًاق نًخرهف ٔكزنك انحفش ٔٔخّ انشكٍزج تٍٍ الافمٍح انًسافاخ نًخرهف خذا انًشَح نهشكائز انرحذب يزدٔج تًٍُا انًشَٔح

)َسثح انطٕل /انمطش انًكافًء اظٓشخ انُرائح انُظشٌح ذٕافك يع انُرائح انعًهٍح ٔخاصح نهشكائز انًشَح خذا  اضافح انى رنك

 (.54اكثش يٍ 
 ء , الهبوط , عزوم الانحنا لضغط الجانبي: ركيزة عمودية محملة رأسيا , ا الكلمات الرئيسية
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1. INTRODUCTION 

In dense civilian area where landscapes of structures are nearly distance, deep excavation for 

underground constructions is necessary. Axially loaded piles in present structures are essentially 

exposed to horizontal soil movement causes by excavation , Finno, et al.,1991and 2005 and 

Leung et al., 2000 and 2003, pile supporting bridge or pile nearby embankment 

Springman,1989; Ellis and Springman, 2001 and Goh et al., 2005. That soil movement 

induces lateral loading on nearby pile foundations, causes additional bending moment and 

deflection on the piles. Horizontal soil movement generally has an adverse effect on the behavior 

of axially loaded piles. 

The centrifuge model for passive piles nearby unsupported excavation was carried out by Leung, 

et al., 2000, Leung, et al., 2003, and  Ong, et al., 2004, 2006 and 2009. Centrifuge modeling 

technique is considered a good alternative way to study the problem as the tests can be adopted 

under an organized condition such that the soil strength profile, soil deformation and elapsed 

time can be measured with accuracy and converted to prototype scale. The results showed that 

the bending moment increased with increasing depth of excavation initially. Then the bending 

moment decreased with increasing depth and time. The difference between soil movement and 

head deflection is relatively low at depth of excavation less than 0.60m. Then the difference 

increased significantly with increasing depth of excavation and highly soil movement were 

detected closely ground surface. 

Chiang, and Lee, 2007, studied the response of individual piles under different design loads 

adjacent to tunneling by centrifuge model experiments. The tunnel permanence in saturated sand 

was observed. Two instrumented piles of depths 27 m were situated of each side with various 

cover-to-diameter ratios and different distances from tunnels. The bending moments and axial 

forces were measured at various depths during tunneling. The results showed that the unit skin 

frictions rapidly decreased with increasing the tunneling operation for the shallow tunneling near 

a long pile and substantial decay of the end bearing capacity that causes large settlement of the 

pile if the pile base is close to the tunnel. The depth ratio was observed to be an important effect 

on the bending moment variation along the piles, but both the working loads and depth ratio 

identify axial load response and the settlement of pile.  

Guo, 2010 and Ghee, 2009 established a new experimental apparatus comprises from a box, and 

a loading system that allows various horizontal soil movements shapes (rectangular, triangular 

and arc) and with application of vertical load simultaneously on piles/pile groups. The sand used 

with relative density of 89%. The tests results for single pile noticed that the bending moment 

increased with decreasing distance from boundary as the reduction of soil pressure. In addition, 

the maximum bending moment (Mmax) increased with increasing the pile diameter while the 

maximum pile deflection (at the sand surface) reduced as the pile diameter increased. Results of 

pile groups showed that an increase in bending moment, shear force and soil reaction in front 

pile than rear pile, but a decrease in the deflection due to axial load increases as the axial load 

increases from 0 to 588 N on the pile cap of pile groups. The deflection profile for test with no 

load indicates that piles mainly translate with slight rotation; while in test with axial load, the 

piles translate and rotate. In comparison the results of pile group with single free-head piles, 

maximum bending moment and shear force decrease of 30-60% and 40-60% respectively for the 

piles in groups. 

Lee, et al., 2013 carried out large scale model to study the effect of combined load on pile 

behavior. The model consisted mainly from cylindrical steel tank and instrumented model pile 

with outer diameter 30 mm and length 1200 mm instrument with 18 uniaxial strain gages with 

resistance of 350 Ω distributed along length. Models piles are prepared in fine clean poorly 
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graded sand at loose, medium and dense relative densities. The results examined that the 

combined load test effects exhibit that the presence of an axial load on a driven pile is negative 

to its lateral capacity and significantly increased in lateral deflection with increasing axial load. 

The bending moment at the head of pile increased with increasing soil relative density of the 

model pile head in the existence of axial loads. Consequently, the effect of axial loads should be 

measured in the design of laterally loaded piles in sand (particularly in the dense sand). 

Muthukkumaran, and Begum, 2015. adopted the experimental model to examine the influence 

of slope on laterally loaded pile capacity, the study is performed on horizontal surface and two 

slopes (1V:2H) and (1V:1.5H), loose to medium density and various length to diameter ratio of 

piles that behave as flexible pile for all L/deq ratios. The results observed that the lateral 

resistance increased with increasing soil-pile stiffness but the capacity of lateral load reduced 

when the slop surface varies from horizontal surface to slope surface and the effect was reduced 

with increasing relative density and L/d ratio. In addition, the capacity of lateral load was 

increased with increasing relative density, soil depth and pile embedment length but the steeper 

slope was less affected. Also when the lateral load increased, the bending moment and fixity 

depth increased, while the increasing of relative density results in reducing fixity depth. 

Most of above previous research focused on the work on pile foundations subjected to soil 

movement due to braced excavation, but the pile response under vertical load nearby 

unsupported excavation can be significantly different. Therefore, in this study an attempt is made 

to investigate and measured the effect of unsupported excavation on adjacent axially loaded pile 

throughout experimental model. In addition one of theoretical approach (wood, 2004) is adopted 

to verify behavior of single axially loaded under the same condition of experimental model.       

 

2. MODEL BOX AND LOADING SYSTEM  

Fig.1 shows the image of box model that made of steel plate with thickness (4 mm) with internal 

box dimensions measures 0.80 m as length (WM), 0.40m as width (BM) and 0.80 m as depth 

(HM). That are composed of eight steel - U shaped parts with width 0.10 m for each one that are 

connected through a number of screws. The front face of mold consists of the of 8 steel moving 

laminar parts. 

 

3. MEASURING SYSTEM 

3.1 Data Logger  

Data Logger is a sophisticated data acquisition unit that provide link between computer and the 

transducers connected to test equipment that is strain gauges, load cell and LVDT.  

3.2 Linear Variable Differential Transformer (LVDT)  

Linear Variable Differential Transformer LVDT is an energy converter that alters a linear 

movement or location from a mechanical reference (or zero) into a relative electrical signal 

comprising phase (for direction) and amplitude information (for distance).  

 

 

3.3 Strain Gauge  

Metal foil Rosette strain gauge with resistance 120 OHMS, gauge factor G.F. 2.15, size 3 mm 

and 3 m Lead are used. The Rosette strain gauge consists of two located perpendicular strain 

gauge with respect to each other jointly in same carriers as shown in Fig.2. 
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4. THE INSTREMENTED MODEL PILE  

Aluminum bars with rectangular cross section with constant thickness (3 mm) are used as model 

piles. Different length to equivalent diameter was design to simulate the problem. The model pile 

was instrumented with four pairs of Rosette strain gauges were each pair glued at opposite 

largest faces in same location at intervals of L/4, L/2, 7L/8 with bending connection. In addition 

At interval approximately 7L/8 other pair was existed to measure axial compression or tension 

connection with full bridge circuit for all pairs. See Fig.3. 

 

5. SOIL PROPERTIES AND MODEL BOX PREPARATION    

The selected sample classified as silty sand with trace of clay according to USCS classification. 

The friction angle of the soil is determined to be 36° and the constrained modulus is measured to 

be 5.0-7.0 Mpa. Table1 summarizes the main physical properties of the selected soil.   

The preparation process is carried out of soil for testing with different length of model box (WM).  

The length of mode box is depended on the horizontal distance of excavation from face of 

excavation to axially loaded pile at specified length.  

The model pile is tested under applied axial working load that obtained after examining different 

criteria such as; Ahmed, 1997, Brinch, 1963, Butler, and Hoy, 1977, Chin, 1970 Davisson, 

1970 and 1972, De Beer, 1967, Decourt,1999, Fuller, and Hoy, 1970. By numerical analysis 

using different methods of pile load test are tabulated in Table 2.  

6. PILE RELATIVE FLEXIBILITY  

At the beginning, the pile response is defined as short rigid or infinitely long elastic pile 

throughout calculating the stiffness factors R and T. Those factors that combine the effect of soil 

and pile properties are not constant for any soil and depend on pile diameter and depth. The soil 

modules k is related to Terzaghi's concept of modules of horizontal subgrade reaction. In case 

of cohesion less soil the soil modules is function of relative density and increase linearly with 

depth, the stiffness factor for cohesion less soil calculated from following equations: 

                      √
  

  

 

                                                                                               

Where: 

E: Modules of elasticity of model pile which calculated and results are displayed in chapter three 

in unit of F/L
2
. 

I: Moment of inertia about the weak axis towards the excavation (Imin = bh
3
/12) for rectangular 

cross section of model pile in unit of L
4
 

nh: parameter to define the variation of Ks with depth in unit of F/L
3
 . 

Fig. 4 presents nh variation as function of relative density that are suggested by Terzaghi and 

Reese et al.,  The nh value suggested by Reese et al is significantly higher than Terzaghi 

therefore the average value of  nh between two approach is considered in this study nh is equal 

7.5 MN/m
3
 for relative density about 50% at medium dense state for soil sample prepared in 

model tests. The criteria for pile behavior as short rigid or long flexible are tabulated in Table 3, 

Tomlinson,  1994. Table 4 displays the calculated stiffness factor T and thus determines the 

criteria for pile behavior. It is obviously seen all model piles behave as flexible element. 

Furthermore, other flexibility criteria to describe pile behavior basing on rigidity factor (KR = 

Ep.Ip/EsL
4
) ,Poulos,  and Davis, 1980, where:  
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KR < 10e-1 (Rigid pile. 

KR < 10e-3 (Med flexible pile) 

KR < 10e-5 (Very flexible pile) 

Table 5 shows the determination of rigidity factor KR , all model piles of different length and 

cross section are behavior range between medium flexible pile to very flexible pile. 

 

7. TESTS RESULTS 

The calculated bending moment is normalized with respect to coefficient of passive earth 

pressure Kp, total unit weight of soil γ and pile moment of inertia I. Additionally the measured 

pile deflection Ux and pile settlement Uy were normalized with respect to equivalent pile 

diameter of same recognized pile. The results of three model piles are displayed for L/deq 20, 53 

and 97. The closest horizontal distance of excavation equals L/4, L/8 and L/12 for L/deq ratios 

20, 53 and 97 respectively. 

Fig. 5 shows the variation of pile head deflection Ux/deq with excavation horizontal distance to 

pile length LEX/L for model piles of L/deq ratios 20, 53 and 97 respectively. Each figure 

includes two profiles of variation the normalized pile head deflection for depth of excavation L/2 

and L. It appears that the increases in magnitude of pile head deflection Ux/deq is being about 

200% as compared to previous stage especially for horizontal distance of excavation less than 

L/2.The pile head deflection is decreased by approximately 70% as the excavation horizontal 

distance increases from closest distance to L/2 horizontal distance and decreases by 

approximately 85% as the excavation horizontal distance increased from closest to L horizontal 

distance.   

Fig.6 shows the variation of pile head settlement profile Uy/deq with excavation horizontal 

distance to pile length LEX/L for model piles of L/deq ratios 20, 53 and 97 respectively. Each 

figure includes two profiles of variation the normalized pile head deflection for depth of 

excavation L/2 and L. The pile head settlement is decreased by approximately 20-40% as the 

excavation horizontal distance increases from closest horizontal distance to L/2 horizontal 

distance and decreases by approximately 50% as the excavation horizontal distance increases 

from closest horizontal distance to L/2 horizontal distance. 

Figs.7 to 9 show the variation of bending moment profile with excavation horizontal distance to 

pile length LEX/L and depth of excavation for model piles of L/deq ratios 20, 53 and 97 

respectively. In general the bending moments decrease with increasing horizontal distance of 

excavation for different depth of excavation and L/deq ratios. For medium flexible pile the 

bending moments decrease from negative value to slightly positive (reverse the excavation) with 

increasing horizontal distance of excavation especially as horizontal distance of excavation more 

than half pile length LEX ≥ L/2 and depth of excavation less than half pile length HEX≤ L/2. The 

maximum bending moment increases by about 70 % along pile length as the horizontal distance 

of excavation gets closer than (L/2) to the closest possible horizontal distance for all examined 

excavation depths. The largest variation of the maximum bending moment with horizontal 

excavation distance at L/4 and L/2 but little effect observes near pile base. 

In this paper, the theoretical work of Wood, 2004, is adopted in addition to experimental models 

to verify behavior of single axially loaded pile exposed to lateral soil movement due to adjacent 

excavation. Wood, 2004, solved the differential equation of pile deformation and presented 

design charts to estimate bending moment and deflection along model pile. Fig. 10 presents the 



Journal of Engineering Volume   22  June  2016 Number 6 
 

 

22 
 

normalized bending moment profiles that predicted from experimental model of different L/deq 

ratios. In addition the points of theoretical normalized bending moment are represented on same 

figures that evaluated referring to Wood, 2004. The measured and predicted responses of the 

model piles are in good agreement for very flexible pile (L/deq ˃ 45) but less agreement notices 

for medium flexible pile (L/deq ˂ 45).  

 

8. CONCLUSIONS 

1. The pile head deflection increases with decreasing horizontal distance between 

excavation face and adjacent axially loaded pile of various depths of excavation and lengths to 

cross section ratios (L/deq). 

2. The pile downward settlement increases with decreasing horizontal distance between 

excavation face and adjacent axially loaded pile for various L/deq ratios and depth of excavation. 

It is attributed to decrease the confining pressure, passive resistance and density of particles 

distribution of soil below and surrounding model pile. 

3. Insignificant effect of excavation at horizontal distance more than half pile length 

LEX≥L/2for all L/deq ratios. 

4. The horizontal distance of adjacent excavation is noticeably affected on bending 

moments along the pile. It can be noticed that maximum bending moment increases with 

decreasing horizontal distance between excavation face and adjacent axially loaded pile for 

various depths of excavation and lengths to cross section ratio of L/deq. This finding may 

attributed to the soil lateral movement resulting due to the excavation. 

5. The location of maximum bending moment is positioned between L/4 and L/2 of pile 

length for all horizontal distance of excavation, depth of excavation and L/deq ratios. 

6. The bending moment profiles are showed (single curvature) for medium flexible piles 

and (double curvature) for very flexible piles of different horizontal distance between excavation 

face and adjacent axially loaded pile and various depths of excavation. 
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NOMENCLATURE 

BM: width of model box 

LVDT: linear variable differential transformer  

HM: depth of model box 

WM: length of model box 

G.F.: gauge factor 

L: length of model pile. 

Ux: pile head deflection 

Uy: pile head settlement 

deq: equivalent pile diameter  

T: stiffness factor 

E: modules of elasticity of model pile  

I: moment of inertia  

nh: parameter to define the variation of Ks with depth. 

β : parameter for soil-pile interaction. 
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WM=0.80 m 

HM=0.80 m Eight U shaped 
parts with 0.10 m 

width for each one  

Loading 
system 
Frame 

Figure 1.  Image of experimental model 

box with detailed dimension.  

 

Figure 2.Rosette strain gauge used in 

experimental work. 

 

Figure 3. Instrumented model pile with 

four pairs of Rosette strain gauges.  
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Figure 4. Relationship between coefficient of modulus variation and relative density of 

sands,Tomlinson, M.J. 1994. 

   

Figure 5. The Variation of pile head deflection of model piles of L/deq 20, 53 and 97 

with various horizontal distance of excavation (a) Excavation depth HEX=L/2, (b) 

Excavation depth HEX=L.   

(a) (b) 
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Figure 6. The Variation of pile settlement of L/deq 20,53 and 97 with various horizontal 

distance of excavation of (a) Excavation depth HEX=L/2, (b) Excavation depth HEX=L 

  

 

Figure 7. The effect of horizontal excavation distance for each excavation depth of L/deq=20 (a) 

HEX= L/2 : (b) HEX= L : (c) HEX=3L/2  : (d) HEX= L/2.   

a b c d 

(a) (b) 
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Figure 8. The effect of horizontal excavation distance for each excavation depth of L/deq=53 (a) 

HEX= L/4 : (b) HEX= L/2 : (c) HEX=3L/4  : (d) HEX= 3L/2.   

 

Figure 9. The effect of horizontal excavation distance for each excavation depth of L/deq=97 (a) 

HEX= L/3 : (b) HEX= 2L/3 : (c) HEX=L  : (d) HEX= 4L/3.   

a b c d 

a b c d 
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Figure 10  Comparisons of theoretical normalized bending moment from ,Wood, 2004, 

with experimental results of different L/deq of model pile 

L/deq=97 L/deq=79 

L/deq=65 L/deq=61 
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Table1. Material properties of selected soil.  

Test Name Standard Soil Property Value 

Specific Gravity (ASTM D-854) Specific Gravity, Gs 2.67 

Water Content (ASTM D-2216) Natural Water Content, ωc % 8-10 

Grain Size Analysis 

 Sieve Analysis 

 Hydrometer Analysis 

(ASTM D-422) 

D10,mm  0.07 

D30,mm 0.18 

D60,mm 0.23 

Coefficient of Uniformity, Cu 3.286 

Coefficient of Curvature ,Cc 2.012 

Clay % 

 
3.02 

Silt % 

 
6.10 

Coarse to Medium Sand % 

 
14.85 

Fine Sand % 

 
74.45 

Gravel % 
 

1.58 

Unified Classification System 

( USCS) 
SP-SM 

Amount of Material finer 

about No.200 (75-µm) 
(ASTM D-1140) 

Amount of Material finer about 

No.200 (75-µm)% 
14.60 

Maximum Index  Unit 

Weight  
(ASTM D-4253) 

Maximum Dry Unit Weight γmax 

gm/cm
3

. 
1.672 

Minimum Index  Unit 

Weight  
(ASTM D-4254) 

Minimum Dry Unit Weight γmin 

gm/cm
3
 

1.367 

Relative Density 

Calculation 

ASTM D-4254 

& 

ASTM D-4253 

Relative Density, RD % 

48-55 

Med. 

Dense 

Organic Matter  
BS 1377:1990 

Part 3 
Percent of Organic matter % 4.07 

 

 

 

 

Table 2. Working load values of different pile length and equivalent diameter. 

Pile Length 

mm 

Equivalent 

Diameter 

(mm) 

L/deq 
Working Load 

KN 

200 9.775 20 0.220 

400 7.571 53 0.180 

600 6.182 97 0.250 
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Table 3. The criteria of pile behavior, Tomlinson, M.J. 1994. 

Pile Type  Soil Modules 

Rigid ( Free Head )       

Elastic ( Free Head )      

 

 

Table 4. Model piles flexibility basis on stiffness factor T. 

Embedment 

Depth(m) 
L/deq 

Width 

(m) 
Ip (min) 

Ep.Ip 

(MN.m
2
) 

T 4T 2T 
Pile 

Criteria 

0.185 20 25.00 5.625E-11 4.22E-06 0.056 0.225 0.112       

Elastic 0.385 53 15.00 3.375E-11 2.53E-06 0.051 0.203 0.102 

0.585 97 10.00 2.25E-11 1.69E-06 0.047 0.187 0.094 

 

 

Table 5. Model piles flexibility basis on rigidity factor KR. 

Pile 

Length 

mm 

Pile 

Cross 

Area 

mm2 

Equivalent 

Diameter 

mm 

L/deq 
I min 

m
4
 

KR 

Ep.Ip/EsL
4
 

 

Relative 

Pile 

Flexibility 

200 75 9.775 20 5.625E-11 2.25E-03 
Med. 

Flexible 

Pile 

400 30 6.182 65 2.250E-11 4.27E-05 
Very 

Flexible Pile 

600 30 6.182 97 2.250E-11 7.72E-06 
Very 

Flexible 

Pile 
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ABSTRACT 

     This paper studies the combination fluid viscous dampers in the outrigger system to add 

supplementary damping into the structure, which purpose to remove the dependability of the 

structure to lower variable intrinsic damping. It works by connecting the central core, comprising 

either shear walls or braced frames, to the outer perimeter columns. 

     The modal considered is a 36 storey square high rise reinforced concrete building. By 

constructing a discrete lumped mass model, and using frequency-based response function, two 

systems of dampers, parallel and series systems are studied. The maximum lateral load at the top 

of the building is calculated, and  this load  will be applied at every floor of the building, giving 

a conservative solution. For static study Equivalent Lateral Force (ELF) was conducted. 
MATLAB software, has been used in this study. 

     From analysis data, it is observed that the parallel system of dampers result lower amplitude 

of vibration and achieved more efficiently compared to the series system, and the horizontal 

displacement for each configurations by using MATLAB software is less than the analytical 

solution using a uniformly distributed load of 36 nodal point forces that divided the total height. 

 

Key words: outrigger system, fluid viscous damper, discrete model.  

 

 نظمةة عااةة اإخمةاع ااصطناااي يي الةاانظي الررسانظية الةللحةلأ والتحليل الأستاتيكيالتأثيرات الزلزالية 

 العالية 

 
 آةاة حاةد الةرتار      ع. اااس ااد الةجيد الاوي                                                                        

 استبر يسبػذ                                                                      طبنبت يبخستٍش                                      

 خبيؼت بغذاد-كهٍت انُٓذست                   خبيؼت بغذاد                                    -كهٍت انُٓذست                              

 

                                                                     

 الرلاطة

 إنى ٌٓذف ٔانزي انذػبيت لإضبفت إخًبد تكًٍهً نهًُشأ ، َظبو ػًهٍت ديح يخًذاث انسبئم انهضج فًذساست ان تتُبٔل ْزِ     

 the central coreانًشكضٌت ) انُٕاة سبظ طشٌق ػٍ تؼًم ًْٔ. ػهى انقًٍت انًُخفضت نلإخًبد اندْٕشي اػتًبد انًُشأ إصانت

  .انخبسخٍت انًحٍطت الأػًذة إنى ٍْكم يذػٕو، أٔ انقص خذساٌ إيب انتً تضى (،

تتًحٕس  .ٔراث يقطغ يشبغطببق  25 بُبٌت شبْقت الاستفبع يٍ انخشسبَت انًسهحت تتكٌٕ يٍ ْٕ تى دساستّانًُٕرج انزي      

نُظبيٍٍ يٍ  ،تشددان انًؼتًذة ػهى الاستدببت دانت، ٔاستؼًبل يُفصهت يٍ خلال اَشبء ًَٕرج يٍ كتم يتدًؼتانذساست 

 ْزاطبق ٔ انًبُى، يٍ انؼهٕي اندضء فً اندبَبً نهحًم الأقصى انحذ احتسبة تى .انًخًذاث، ًْٔب َظبيب انتٕاصي ٔانتٕانً

تى استخذاو  .الاستبتٍكٍتحبنت نه ؼًبل طشٌقت انقٕة اندبَبٍت انًكبفئتستاتى  .يؼطٍب حلا يحبفظب انًبُى، يٍ طببق كمن انحًم

 .هذه الدراسةفي  MATLABبشَبيح 

 يقبسَتأكثش  يحقق كفاءةو ٌُتح ربزببث راث قٍى اقم بٕضؼٍت انتٕاصيانًخًذ انسبئم انهضج أٌ  انبٍبَبث تحهٍم يٍ نٕحظ     

 انتحهٍم طشٌقتأقم يٍ  الإصاحبث الأفقٍت نكلا انُظبيٍٍ تكٌٕ MATLABبشَبيح  ؼًبلببست .انًخًذ بٕضؼٍت انتٕانً بٕضغ
 .انكهًستفبع الا يقسٕيت ػهىَقطت ػقذٌت  25 ؼًبل حًم ٌٕصع بشكم يُتظى ػهىببست

 

        َظبو انذػبيت، يخًذ انسبئم انهضج، ًَٕرج يُفصم. الرئيلية:الكلةات 

mailto:amena1981eng@gmail.com
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1. INTRODUCTION 

     Outrigger is a common system of strengthening and stiffening tall  buildings. It works by 

connecting the central core, comprising either braced frames or shear walls, to the outer 

perimeter columns. The explication of building outrigger behavior is easy because outriggers 

represent as firm arms engaging external columns, at the point when a core have a tries to 

incline, its rotation at the outrigger level generates a tension- compression couple in the external 

column moving contrary to that movement. As the outcome, the outrigger restrict the bending of 

the core by introducing a point of inflection in the deflection profile, as shown in Fig.1. Thus 

decreasing the lateral motion at the top when the reversal in curvature, Nanduri, et al., 2013; 

and Melek, et al., 2012. 

     Besides at the outrigger intersection lowering the core moment, the system equals the 

differential shortening of exterior columns coming from axial load imponderables and 

temperature. Another influence of using outriggers is the considerable lowering of net tension 

and uplift force at the foundation level, Choi, et al., 2012. 

     The damped outrigger system works by the insertion of viscous dampers between  the  

external  columns  and  the  outriggers. When it was done, there was a considerable rise in 

damping, Willford, and Simith, 2008. Therefore, the outrigger system was used as one of the 

structural system to control the excessive drift during lateral load due to earthquake load. 

 

2. STRUCTURAL DESCRIPTION AND MODELING 

2.1 Structural Parameters 

     The modal considered in this study is a 36 storey square high rise reinforced concrete 

building with a base dimension of 30 m by 30 m. The floor to floor height is 4 m contributing to 

a total building height of 144 m. The building has a 14 m by 14 m central concrete core with a 

thickness of 45 cm. The building has two outrigger arms cantilevering from the core to the 

perimeter columns from each of the side of the core. W14𝝬398 sections with an approximate 

cross-section area of 0.15 m
2 

used as the perimeter columns, Gamaliel, 2008; and Smith, and 

Willford, 2007. 
     The gravity system used in conjunction with central concrete core consists of 25 cm thick 

reinforced concrete slabs, with beams section of 45 cm 𝝬 70 cm, and square reinforced concrete 

columns (45 cm 𝝬 45 cm). Fig. 2 summarizes the building dimensions described. 

 

2.2 Structural Model 

     To create a realistic modal of the proposed building described in section 2.1, each floor of the 

building will be modeled as a series of masses lumped at the center of the core. Each mass has 

two degrees of freedom, the vertical translation degree of freedom has been neglected to simplify 

the modal, as shown in Fig. 3. 

     The general discrete equation of motion written in matrix form as 

 

    ̈       ̇                                                                                                           (1) 

 

     To obtain the global stiffness matrix, the direct stiffness approach is used. A standard two-

node member element with two degrees of freedom for each node is considered in this study. 
The element stiffness matrix are given by 
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Where, A = area of the lumped mass = 53.19   , E = elastic modulus of the core, I = moment of 

inertia of the lumped mass with respect to the bending axis               , L =  floor height  

=  4  m, a = angle of reference with respect to the global coordinate = 0, b =  core length = 14 m, 

and t =  core thickness = 0.45 m. 

     The mass matrix M is a diagonal matrix containing the floor mass as well as the rotational 

inertia of the following form  

 

M = 

⌈
⌈
⌈
⌈
 

                            
     
 

                   

                              ⌉
⌉
⌉
⌉
 

                                                                                                              (6) 

 

     Since the floor layout is the same throughout the building height, M1 = M2 =   = M36 = M. 

Similarly, the rotational inertia entries are equal throughout the height, thus J1 = J2 =   = J36 = J. 

Rotational inertia is assumed to be provided by the concrete core system only, and the gravity 

system have negligible effect on rotation because it is not rigidly attached to the core, Gamaliel, 

2008.  

     Where, M = nodal mass = gravity system mass (mf ) + core mass (mc) = 1,100,093  Kg;  

J= nodal rotational inertia = 7,895,042.64  Kg m
2
. 

     The intrinsic damping in a high-rise building is a key design parameter. Although the effect of 

damping is less important for seismic response than for wind response, the values assigned to 

structural damping should be selected with care. The intrinsic damping ratio of between 1% and 

2% appears reasonable for buildings more than 50 m and less than 250 m in height, Willford, et 
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al., 2008. While some studies using the intrinsic damping ratio of 2.5% for 50 storey high rise 

reinforced concrete building, Melek, et al., 2012. 

 

 

2.3 The Damped Outrigger Concept 

     The concept of the damped outrigger is shown in Figs. 4,5 and 6. Fig. 4 appears how the 

outrigger systems activate in easy conditions while incorporated inside a usual core-to-perimeter 

columns outrigger systems. As a structure subjects dynamic sway motion, there is proportional 

vertical motion between the ends of stiff outrigger element that cantilevering from the core and 

the perimeter column. There are needful for the outriggers to shift vertically proportional to the 

floor at these levels, while the floors bend in double curvature to stay attached to the outer 

columns and the central core. The dampers are incorporated across this building discontinuity, 

dissipating energy through the cyclic motion, and producing the raise in the total damping for the 

structure.  Fig. 5 shows in terms of a conceptually the form of detail commonly wanted at the 

level where the damper is incorporated. The arranging can be as shown in Fig. 6 at the outriggers 

level in this situation, Smith, and Willford, 2007. 

 

2.4 The Damped Outrigger Model 

     While the concept given by Willford and Smith, 2008 implies that the perimeter columns is 

in series configuration with the dampers, as well be studied parallel configuration of columns 

and dampers by Gamaliel, 2008 to provide a good comparative study, as shown in Fig. 7. 

     The approach to drive typical damper characteristic is based on macroscopic point of view. 

Where in this point of view, the stiffness is defined based on the slope of the diagonal line of the 

hysteresis loop and the damping is derived from the hysteresis loop of tested damper, Al Mallah, 

2011. Then, obtain the equivalent complex stiffness for both parallel and series configuration. 

 

2.4.1 Hysteresis loop and characteristics of tested damper 

     Considering a simple single degree of freedom (SDF) system with a viscous damper is 

subjected to a harmonic load, under steady- state response, the damping force equals to: 

 

     =    
  

  
 =                   =      √    

     
                 

 

         =      √     
   [    ]                                                                                                       (7) 

 

(
 

  
)
 

    (
     

        
)
 

                                                                                                                (8) 

 

Which is the equation of the ellipse shown in Fig. 8. The area in closed by the ellipse is 

                             
 , which is equal to the dissipated energy 

 

    =      
 

  
        

                                                                                                                    (9) 

 

Due to harmonic force with       , and based on macroscopic point of view, the loose 

stiffness,    is defined based on the slope of the diagonal line of the hysteresis loop. The 

damping  coefficient,   , is equal to the loose stiffness divided by  , and is also calculated from 

above as: 
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                                                                                                                                  (10) 

 

The equivalent damping ratio      calculated from a test at        would not be right at any 

exciting frequency, but it would be a satisfying approximation. 

 

     = 
 

  
 
   

   
                                                                                                                                (11) 

 

Where the strain energy,            
  ⁄   is calculated from the stiffness   resolved by 

experience, Chopra, 2008. Based on the above,     and      can be calculated from hysteresis 

loop of the tested dampers. 

     The model considered for this study is based on that the material behavior is in linear elastic 

range. However, it must be mentioned that most dampers classified as viscous dampers do not 

behave fully linear over the range of the entire velocity due to nonlinear material behavior and 

sealing friction which ends up in a nonlinear viscous behavior at small velocities.  

 

2.4.2 Derivation of equivalent complex stiffness 

     Damping introduces complexity to the solution by adding a term involving velocity. In order 

to define the complex frequency-response function, the steady-state motion of a SDOF system is 

applied for both parallel and series configuration, which the equivalent complex stiffness can be 

expressed as: 

- Parallel configuration, The harmonic motion at the forcing frequency,  , can be expressed as 

 

                                                                                                                                    (12) 

 

 ̇(t) =                                                                                                                               (13) 

 

The equation of motion for the parallel configuration of damper and column is 

 

                   ̇(t)                                                                       (14) 

 

                                                                                                                                  (15) 

 

, Chopra, 2008 and Gamaliel, 2008, See Fig. 9. 

-Series configuration, The harmonic motion at the forcing frequency,  , can be expressed as 

 

                 , and                                                                                        (16) 

 

 ̇(t) =            , and   ̇(t)1 =                                                                               (17) 

 

Then, the equation for the series configuration of damper and column is: 

 

                       ̇(t) –  ̇(t)1 )                                                                                      (18) 

 

              (                                                                                                     (19) 
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                                                                                                               (20) 

 

      
        

         
                                                                                                       (21) 

 

      
        

         
                                                                                                                        (22) 

 

,Chopra, 2008 and Gamaliel, 2008, See Fig. 10. The above procedure has been derived the 

equivalent complex stiffness for both parallel and series damper configuration. The next step is 

to obtain the rotational stiffness at the outrigger level. 

 

2.4.3 Derivation of the rotational stiffness 

     The column-restrained outriggers oppose the rotation of the core, when subjected to lateral 

loads, causing the moments and the lateral deflections in the core to be minimal than if the 

freestanding core alone resisted the loading. The exterior moment is now resisted not by bending 

of the core alone, but also by the axial compression and tension of the exterior column connected 

to the outrigger, Taranath, 2010. 

     The axial shortening and elongation of column is clearly equal to the rotation of the core 

multiplied by their particular distances from the exterior column to the center of the core. If the 

distance of the equivalent columns is d/2 from the central core, the axial distortion of the 

columns is then equal to  d/2, where   is the core rotation. Then the stiffness of the equivalent 

spring is studied for unit rotation of the core (i.e.,   = 1), therefore the axial deformation of the 

equivalent columns is equalize to 1 × d/2 = d/2 units, Taranath, 2010. 

 The corresponding axial load is as following 

 

                 ⁄                                                                                                                (23) 

 

     is the column axial load;   is the column area;   is the modulus of elasticity;   is the 

distance from the center of core to the exterior column;    is the height at the outrigger level. 
Using the notion    for the rotational stiffness, and noticing that there are two equivalent 

columns, each situated at a distance from the core, we obtain 

 

                                                                                                                              (24) 

 

    
      

    
                                                                                                                                 (25) 

 

The addition of rotational stiffness to the core at the outrigger level can be obtained as follows 

 

                                                                                                                                   (26) 

 

Where,                ,        
 

 
    , and            

 

           (
 

 
)
 

                                                                                                                       (27) 
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2.5 Applying Outrigger Effect to Discrete Model 

The effect of the outrigger can be modeled by introducing a minor change in the stiffness matrix. 

A rotational spring is to be added to the nodal point where the outrigger is located. Hence, the 

outrigger nodal point will have a modified rotational stiffness comprised of the existing 

rotational stiffness from the core (cantilever beam) and the rotational stiffness,   , from the 

outrigger. From previous section, the value of    has been derived. Because the Damping 

introduces complexity to the solution by adding a term involving velocity, the equivalent 

complex stiffness has been derived for both parallel and series damper configuration, and has 

been incorporated this effect into the stiffness matrix of the core, Gamaliel, 2008 and Taranath, 

2010. 

     In the case of a damped outrigger, the damping matrix, C, is required to solve the full 

differential equation of motion. The conventional approach is to work in the real domain by 

constructing the damping matrix and introducing the damping coefficient    at the location 

corresponding to the rotation of the outrigger node. However, it is algebraically more convenient 

to work in the complex domain, by collapsing the C  matrix altogether and lumping the effect of 

damping into the stiffness matrix, forming an equivalent complex stiffness matrix, Gamaliel, 

2008, which has been obtained in section 2.4.1. 

 

3. STATIC ANALYSIS 

3.1 Equivalent Lateral Force (ELF) Analysis 
     The ground motion risks that rely on the regional seismicity depending upon a list of basics. 

Then considered to be ingrained in building designed to ASCE 7-05  the design ground motions 

are depend on the margin of a minimal  bound evaluation versus collapse. Depend on experiment 

this minimal bound has been believed in ground motion to be almost a factor of 1.5, Taranath, 

2005. Subsequently, the design earthquake ground motion has been selected at a ground motion 

shaking level that is 1/1.5, which is equal to the 2/3 of the MCE ground motion. 

     ASCE 7-05 explains the MCE ground motion at short periods, Ss,  in terms of the mapped 

values of the spectral response acceleration and also at 1 second, S1, for site class B for soft  

rock. These values may  be  gained from the map developed by USGS. The maps developed by 

USGS define sites of fault using both the probabilistic and deterministic proceedings, and 

contours of random  horizontal acceleration  values, Taranath, 2005. 

     In this study, the parameters Ss and S1 determine from the major map developed by USGS, in 

Irvine, California for site class D, using an importance factor, IE , is equal to 1 for the Occupancy 

Category II, and the effective seismic weight, Wx at each node is equal to 12,000  KN. 

     The seismic base shear, V, in accordance with (Eq. 12.8-1, ASCE 7-05) is 

 

V Cs  Wt                                                                                                                                  (28) 

 

The seismic response coefficient, Cs, shall be determined in accordance with the following 

equation: 

 

Cs = 
   

(
 

   
)
                                                                                                                                      (29) 

 

Where,  SDS, design spectral response accelerations; R, response  modification  factor see (Table 

12.2-1, ASCE 7-05). 

     Observing ASCE 7-05 does not give a separate formula for calculating the concentrated  force 

Ft at top. Its effect is automatically included in the manner in which the base shear, V, is 
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distributed vertically over the building height. For a structure with n levels, the force at 

diaphragm level x is given by the equation: 

 

Fx   Cvx  V                                                                                                                              (30) 

 

Where, Cvx = vertical distribution factor. 

 

3.2 Static Analysis of Single Outrigger 

3.2.1 Optimum location of the single outrigger 

     The preceding analysis has assigned to that the useful action of outrigger is a function of two 

special characteristics: (1) the stiffness of the equivalent spring; and (2) the value of the rotation 

at the spring location of the cantilever due to lateral loads. The spring stiffness, which is 

derivation in Section 2.4.3, is a function of column length beneath the outrigger site, which 

differs inversely as the distance of the outrigger from the base. For example, the stiffness is at a 

minimal when  the  outrigger exists  at  the  top  and  a maximum when at the bed. 

      On the other hand, the rotation, θw, of the free cantilever subjected to a uniformly lateral load 

differs parabolically at the top with a maximum value to zero at the bottom. Therefore, from the 

point of view of spring stiffness, it is eligible to set the outrigger at the bottom, whereas from 

estimation of its rotation, the converse is true. It must therefore be clear that the optimum 

location is somewhere in between. 

     To evaluate the optimum location, first the restoring moment, Mx, of the outrigger situated at 

x is estimated. Next, a equation for the deflection at the top of the core due to Mx is derived. 

Differentiating this equation and equating a zero results in a third-degree polynomial, the 

solution of which yields the outrigger optimum location identical to the minimum deflection at 

top of the building due to external load. The rotation θw of the cantilever at a distance x from the 

top, due to uniformly distributed load w, is the derivative of its deflection profile, is given by the 

relation: 

 

θw = 
 

   
                                                                                                                             (31) 

 

The rotation due to the restoring couple Mx is given by the relation: 

 

      ∫
  

  

   

 
    = 

  

  
                                                                                                     (32) 

 

Knowing the rotational stiffness   , one can find the moment in the spring Mx, by satisfactory 

the rotation compatibility relation at a distance x from the top. The final rotation of the cantilever  

 
 

   
             

  

  
        =  

  

  
                                                                                     (33) 

 

The negative sign mentions that the rotation of the cantilever due to external load acts in a 

direction opposite to the rotation due to the spring stiffness. 

 
 

   
          Mx*

          

        
  

      

  
 + ; Let g = 

 

        
  

 

   
 

Mx = 
 (     )

          
                                                                                                                           (34) 
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     Next, the deflection at the top due to Mx is obtained, by the integration of the Bending-

Moment Equation: 

 

u( )x = 
  

   
                                                                                                                  (35) 

 

The optimum location of the outrigger is that location for which the deflection u( )x is a 

maximum. This is gained by substituting Mx into the equation above and differentiating with 

respect to a distance x from the top and equating to zero. 

 

u( )x = 
 (     )          

           
  

 (      )     

      
                                                                             (36) 

 

Thus, dy/dx of, 0 = 
 (            )

      
 

     This cubic equation has a single positive root, x = 0.445L. Therefore, to minimize drift, the 

outrigger must exist at a distance x = 0.455L form the top or, say, approximately at midheight of 

the building. This corresponds most closely to story number 19. 

 

3.2.2 Deflection calculations 

The  two major limitation of an outrigger systems are the maximum  moment at the base of the 

building, and also the horizontal deflection at the top of the building. The  maximum  horizontal  

deflection  needs  to  be  below  an acceptable limit of human comfort. The moment at the base 

has no effect on  human comfort, but  has a great effect in the overall  building cost as far as 

member sizes and foundation  system, Gamaliel, 2008. 

   A simple cantilever beam subjected to uniform loading is considered and the deflection profile 

is given by:  

 

u(x) = 
   

     
                                                                                                             (37) 

 

where the value,  , is the distance from the top. Then the deflection at the top due to uniform 

load is 

 

u( )1 = 
     

    
                                                                                                                                (38) 

 

The deflection at the top due to Mx, which Mx under the outriggers restraint is the resorting 

moment, is 

 

 u( )2 = 
  

   
                                                                                                                 (39) 

 

     The deflection at the top is simply the superposition of the cantilever beam due to the moment 

induced by the rotational spring and due to the uniform load: 

 

u( )1,2 = 
     

    
  * 

  

   
           + 

u( )1,2 = 
     

    
  

 (      )     

      
  ,  Let  f =       g = 
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u( )1,2 = 
     

    
  

 (               )

       
 

 

u( )1,2 = 
   

    
*    

 

 
                 +                                                                      (40) 

 

     The analytical solution, by using a uniformly distributed load of 36 nodal point forces that 

divided the total height, gives a value of 0.224 m. 

 

3.3 Static Analysis Using Software Program 

     The different outrigger systems appoint the use of viscous dampers. The discrete model is run 

in MATLAB software for four different configurations, 

(1) outrigger with damper in series; 

(2) outrigger with damper in parallel; 

(3) outrigger without damper; 

(4) system without outrigger. 

     For static case, the forcing frequency   is set to zero for each series and parallel 

configurations. Therefore, mathematically it can be shown as    ; the equivalent stiffness for 

series is: 

 

     
        

         
                                                                                                                      (41) 

 

     This proposes that the outrigger system with series damping behaves completely as a system 

without outrigger under static loading. For parallel the equivalent stiffness is 

 

                                                                                                                             (42) 

 

This implies that the outrigger with parallel damping configuration behaves as a typical outrigger 

under static load. 

     The matrix equation run in MATLAB to be solved is: 

 

                                                                                                                                          (43) 

 

     The outrigger location must be the addition of the rotational stiffness to the core for each 

configuration. Fig. 11 shows the horizontal displacement along the height of the building for 

each configurations. It can be seen that the curve for configuration (1) and configuration (4) 

matched with each other, and the curve for configuration (2) matched with the curve for 

configuration (3). The  horizontal displacement for configuration (1) and configuration (4) at the 

top of the building is equal to 0.206 m, and for configuration (2) and configuration (3) at the top 

is equal to 0.1976 m. 

 

3.4 Story – Drift Limit 

     The story drift, ΔX, is calculated from previous analysis, from data of Fig. 11, compared with 

the allowable story drift (Δa) as gained from (ASCE 7-05, Table 12.12-1), for any story. 

     The allowable drift (Δa) in the ASCE 7-05 is based on the selected building system and 

dependent on building occupancy category. From , ASCE 7-05, Table 12.12-1, the value of (Δa) 

is equal for any story (0.08 m), because the story height is equal for any story.  

     The determination of story drift, ΔX, uses the next steps: 
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1. Determine the horizontal displacement at each floor levels by an elastic analysis of the 

building under the design base shear(see Fig. 11). The horizontal displacement at floor level x, 

obtained from this analysis, is termed δxe. The subscript “e” stands for elastic analysis. 

2. Increase dxe by the deflection amplification factor, Cd ; see (Table 12.2-1, ASCE 7-05), for 

Cd values. The resulting quantity, Cd δxe, is an estimated design earthquake displacement at 

floor level x. ASCE 7-05 requires this quantity to be divided by the importance factor, IE, 

because the forces under which the δxe displacement is computed are already amplified by IE. 

The quantity Cdδxe∕IE at floor level x is δx, the adjusted design earthquake displacement. 

 

δx =  Cd δxe∕IE                                                                                                                            (44) 

 

3. Calculate the story drift δx for story x (the story below floor level x) by deducting the adjusted 

earthquake displacement at the bottom of story x (floor level x − 1) from the adjusted earthquake 

displacement at the top of story x: 

 

ΔX = − (δx − 1) +  δx                                                                                                                  (45) 

 

The ΔX values must be kept within limits, see (Table 12.12-1, ASCE 7-05). Two items are 

noting: 

1. The redundancy coefficient,  , is equal to 1.0 for the computation of the design story drift, 

where a redundancy factor,  , shall be assigned to the seismic force-resisting system in each of 

two orthogonal directions(ASCE 7-05). 

2. For determining compliance with the story drift limitations, the deflections, δx, may be 

calculated corresponding to the fundamental period of the structure(ASCE 7-05). The values for 

ΔX and Δa are shown in Table 1. 

 

3.5 P – Delta Effects 

    The PΔ effects in a given story are due to the eccentricity of the gravity load above that story. 

If the story drift due to the lateral forces were ΔX, the bending moments in the story would be 

augmented by an amount equal to ΔX times the gravity load above the story. The ratio of the PΔ 

moment to the lateral-force story moment is designated as a stability coefficient, φ. If the 

stability coefficient φ is less than 0.10 for every story, the PΔ effects on story shears and 

moments and member forces may be neglected. If, however, the stability coefficient φ exceeds 

0.10 for any story, the PΔ effects on story drifts, member forces, shears, etc., must be determined 

by a rational analysis. 

     where the stability coefficient (φ) as determined by the following equation(ASCE 7-05):  

 

φ = 
         

            
                                                                                                                           (46) 

 

Where,    = the total vertical design load at and above Level x (kip or KN), where computing 

   no individual load factor need exceed 1.0; ΔX  = the design story drift as defined in Sec. 3.4 

revolving simultaneously with    (in or mm);   = the seismic shear force acting between 

Levels x and x − 1 (kip or KN) as determined by the following equation(ASCE 7-05):  

    ∑   
 
                                                                                                                              (47) 
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where   = the portion of the seismic base shear(V)(kip or KN) induced at Level i;        = the 

story height below Level x (in. or mm);    = the deflection amplification factor in (Table 12.2-

1, ASCE 7-05). 

The stability coefficient (φ) shall not exceed φMAX determined as follows(ASCE 7-05): 

 

 φMAX   
   

     
                                                                                                                        (48) 

 

where   is the ratio of shear demand to shear capacity for the story between Levels x and x−1. 

This ratio is permitted to be conservatively taken as 1.0(ASCE 7-05). Consequently, the value 

φMAX is equal to 0.1. The values for φ are shown in Table 2. 

 

4. CONCLUSIONS 

1. The optimum location of the outrigger is that location at a distance x = 0.455L form the 

top or, say, approximately at midheight of the building.  

2. The analytical solution, by using a uniformly distributed load of 36 nodal point forces 

divided the total height, gives a value of 0.224 m. 

3. The related results, at the discrete model run in MATLAB software for four different 

configurations, are as follows: 

 The horizontal displacement for configuration (1) and configuration (4) at the top of the 

building is equal to 0.2060, and for configuration (2) and configuration (3) at the top is 

equal to 0.1976. This implies that the outrigger with  series damping configuration 

behaves as a system without outrigger under static loading, and that the outrigger with 

parallel damping configuration behaves as a regular outrigger under static loading. 

 The horizontal displacement for each configurations by using MATLAB software is less 

than the analytical solution, 0.224 m. 

4. The related results, compared the story drift, ΔX, calculated from previous analysis with 

the allowable story drift (Δa = 0.08 m) as obtained from (ASCE 7-05) for any story, are 

as follow: 

 From configuration (1) to configuration (4) the story drift is less than the allowable 

story drift, which is able to pass the requirement. 

5. The stability coefficient φ for every story is less than 0.10; therefore, the PΔ effect on 

moments and member forces and story shears may be neglected. 

6. From analysis data, the parallel placement of viscous damper result in lower amplitude of 

vibration compared to when the damper is in series. 

7. The result of analysis suggests that viscous dampers should be installed in parallel with 

the perimeter column where the outrigger connects. However, to achieve this type of 

parallel connection takes more of a construction challenge than connecting it in line with 

column as proposed by Smith and Willford, 2007. Two columns side by side will be 

required to connect the damper in parallel. 
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NOMENCLATURE 

A = area of the lumped mass,     
  =Height at the outrigger level, m. 

b =  core length, m. 

C0= damping coefficient, N.s/m, 

Cd = deflection amplification factor, dimensionless. 

Cs =  seismic response coefficient, dimensionless. 

Cvx = vertical distribution factor, dimensionless. 

E =elastic modulus of the core, Pa. 

   = energy dissipation, N.m. 

   = strain energy, N.m. 
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Fx = the force at diaphragm level x, kN. 

      =Complex frequency-response function, dimensionless. 

I = moment of inertia of the lumped mass,   . 

J= nodal rotational inertia, Kg m
2
. 

 = Stiffness matrix, N/m. 

  =loss stiffness, N/m. 

  =Rotational stiffness, N/m. 

    =Stiffness of column, N/m. 

   =Equivalent complex stiffness, N/m. 

L =floor height, m. 

 =Mass matrix, Kg. 

Mx = restoring moment, kN.m. 

  =A complex periodic loading function, kN. 

S1=Mapped MCE, 5 percent damped, spectral response acceleration parameter at a 

      period of 1, %g.  

Ss=Mapped MCE, 5 percent damped, spectral response acceleration parameter at  

      short periods, %g. 

t =core thickness, m. 

u= displacement of the system and the damper, m. 

 ̇=velocity of the piston, m/s. 

  =amplitude of the displacement, m. 

V= base shears, kN. 

  =the portion of the total gravity load of the structure at level i, kN. 

  =effective modal gravity load, kN. 

Wx=effective seismic weight at each node, kN. 

 =frequency of motion, rad/s. 

   =Vibration Natural Frequency, rad/s. 

 =phase angle, rad.  

  =damping ratio, dimensionless. 

    =equivalent damping ratio, dimensionless. 

 =rotation of the core, rad. 

θw = rotation of the cantilever at a distance x from the top, rad. 

φ = stability coefficient, dimensionless.  
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Figure 1. Core – Supported outrigger structures, Sathyanarayanan, et al., 2012. 

         

                (a)                                                        (b) 

Figure 2. Buildings dimensions (a) in elevation, (b) in plan (some details and beams for gravity 

system omitted for clarity). 

                                              

Figure 3. Discrete lumped mass modal for a 5 story building. 
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 Figure 4. Patent pending (damped outrigger),       Figure 5. Conceptual detail at outrigger level, 

 Smith, and Willford, 2007.                              Smith, and Willford, 2007. 

 

 

         
 

Figure 6. General arrangement of outrigger levels, Smith, and Willford, 2007. 

 

          
                                    (a)                                                     (b) 

Figure 7. Simplified models of the damped outrigger systems in (a) series (b) parallel, Gamaliel,               

               2008.   
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Figure 8. Hysteretic Loop for Viscous Damper 

 

                        
        Figure 9. Damper in parallel                          Figure 10. Damper in series 

 

       
Figure 11. Plot of horizontal displacement profile under static loading. 
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Table 1. (The values for ΔX and Δa) 

 

    Level                ΔX(m)                       ΔX(m)                           Δa(m) 

    (from         Configuration           Configuration        The allowable drift                         

  the top)              (1)&(4)                     (2)&(3) 

    36                      0.0422                       0.0404                          0.0800        

    35                      0.0421                       0.0404                          0.0800 

    34                      0.0420                       0.0404                          0.0800        

    33                      0.0415                       0.0404                          0.0800     

    32                      0.0420                       0.0403                          0.0800    

    31                      0.0420                       0.0402                          0.0800   

    30                      0.0419                       0.0401                          0.0800   

    29                      0.0417                       0.0400                          0.0800  

    28                      0.0415                       0.0398                          0.0800   

    27                      0.0413                       0.0396                          0.0800    

    26                      0.0410                       0.0392                          0.0800    

    25                      0.0406                       0.0390                          0.0800    

    24                      0.0403                       0.0385                          0.0800    

    23                      0.0398                       0.0380                          0.0800    

    22                      0.0392                       0.0375                          0.0800    

    21                      0.0386                       0.0369                          0.0800    

    20                      0.0379                       0.0361                          0.0800  

    19                      0.0371                       0.0354                          0.0800    

    18                      0.0362                       0.0346                          0.0800  

    17                      0.0352                       0.0338                          0.0800  

    16                      0.0342                       0.0327                          0.0800    

    15                      0.0329                       0.0316                          0.0800  

    14                      0.0316                       0.0303                          0.0800    

    13                      0.0302                       0.0291                          0.0800    

    12                      0.0286                       0.0275                          0.0800    

    11                      0.0269                       0.0260                          0.0800    

    10                      0.0251                       0.0242                          0.0800    

    09                      0.0231                       0.0223                          0.0800    

    08                      0.0210                       0.0204                          0.0800    

    07                      0.0188                       0.0181                          0.0800    

    06                      0.0163                       0.0158                          0.0800    

    05                      0.0137                       0.0134                          0.0800    

    04                      0.0110                       0.0107                          0.0800    

    03                      0.0081                       0.0078                          0.0800    

    02                      0.0050                       0.0048                          0.0800    

    01                      0.0017                       0.0017                          0.0800 
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Table 2. (The values for φ) 

 Level                                                                             φ                            φ 

 (from          (KN)            (KN)            (KN)         Configuration     Configuration                                                   

the top)                                                                     (1)&(4)                (2)&(3) 

   36             1168            1168             12000              0.0197                 0.0189                                                                                    

   35             1111            2280             24000              0.0201                 0.0193                                                           

   34             1055            3335             36000              0.0206                 0.0198                                                       

   33             1001            4335             48000              0.0209                 0.0203                                                      

   32             948              5283             60000              0.0217                 0.0208                                                        

   31             896              6180             72000              0.0222                 0.0214                                                        

   30             846              7024             84000              0.0228                 0.0218                                                       

   29             796              7820             96000              0.0233                 0.0223                                                        

   28             748              8568             108000            0.0238                 0.0228                                                        

   27             701              9270             120000            0.0243                 0.0233                                                         

   26             656              9925             132000            0.0248                 0.0237                                                         

   25             612              10537           144000            0.0252                 0.0242                                                         

   24             569              11106           156000            0.0275                 0.0246                                                         

   23             528              11634           168000            0.0261                 0.0249                                                          

   22             488              12122           180000            0.0265                 0.0253 

   21             449              12570           192000            0.0268                 0.0256                                                                      

   20             412              12981           204000            0.0271                 0.0258                                                         

   19             376              13357           216000            0.0273                 0.0260                                                         

   18             342              13700           228000            0.0274                 0.0262                                                         

   17             309              14008           240000            0.0274                 0.0263                                                                                                          

   16             277              14284           252000            0.0274                 0.0262                                                               

   15             247              14532           264000            0.0272                 0.0261                         

   14             219              14741           276000            0.0269                 0.0258                                                               

   13             192              14933           288000            0.0265                 0.0255                                                              

   12             166              15100           300000            0.0258                 0.0248                                                          

   11             142              15243           312000            0.0250                 0.0240                                                         

   10             120              15363           324000            0.0241                 0.0232                                                         

   09             100              15463           336000            0.0228                 0.0220                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

   08             81                15545           348000            0.0214                 0.0208                                                                                                             

   07             64                15670           360000            0.0196                 0.0189                                                                    

   06             48                15694           372000            0.0176                 0.0170                                                                    

   05             35                15715           384000            0.0152                 0.0149                                                                            

   04             23                15738           396000            0.0126                 0.0122                                                                   

   03             14                15752           408000            0.0095                 0.0092                                                                    

   02             6                  15759           420000            0.0061                 0.0058                                                                  

   01             2                  15761           432000            0.0021                 0.0021                                                                             
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ABSTRACT  

Warm asphalt mixture (WMA) and reclaimed asphalt pavement (RAP) are the most 

memorable sustainable materials in world of asphalt concrete pavements . This research aims to 

study the warm asphalt mixture for different types of filler materials such as ordinary cement and 

limestone dust. Beside, this research focused on the test of emulsified asphalt properties by 

evaluating the performance of warm asphalt mixture by Marshall Stability properties as well as 

moisture sensitivity. The results of this experiment provided many important points. First, The 

cationic emulsified asphalt is suitable with RAP aggregate for production warm asphalt mixtures 

.Second, The effective mixing procedure for warm asphalt mixtures consists heating the RAP 

aggregate at 100 C
o
 and then mixing with emulsified asphalt. Because of heating of reclaimed 

asphalt pavement material can improve the dispersion as well as densification significantly. 

Furthermore, the warm asphalt mixtures containing filler of cement type improved the Moisture 
sensitivity  performance by mean of increasing tensile strength   ratio furthermore enhanced Marshall 

properties .Finally, It was indicated that optimum asphalt content  (2.8%) is the best percentage 

found based on trail mixes ranging from (1.8 to 3.8) % 

 

Key words : warm mix , emulsified asphalt, Marshall stability, indirect tensile strength test. 

والمستحمب الاسفمتي  ية الدافئةالاسفمت ةخمطالباستخدام  المستصمحة يةخرسانة الاسفمتال تدوير اعادة
 الكاتيونك
 المستخلص

خهطخ الاسفهذ انذافئخ وخشسبَخ الاسفهذ انًسزصهسخ هٍ انًىاد انًسزذايخ الاكثش رًُزا فٍ عبنى سصف خشسبَخ الاسفهذ. 

َهذف هزا انجسث انً دساسخ خهطخ الاسفهذ انذافئخ ثبسزخذاو َىعٍُ يخزهفخ يٍ يىاد انًبنئخ يثم الاسًُذ انجىسرلاَذٌ 

عزُبدٌ وبجبس انُىسح . ثدبَت هزا انجسث سكز عهً فس  خىا  يبدح انًسزسهت الاسفهزٍ .وريُى  ادا  خهطخ الاسفهذ الا

انعذَذ يٍ انُيبط انًهًخ .اولأ اٌ انًسزسهت الاسفهزٍ انكبرُىَك  خثجبرُخ يبسشبل.اثجذ انُزبئح انعًهُ فس  انذافئ ثىاسطخ خىا 

سفهذ الاخهطخ   لإَزبج  .ثبَُب اٌ اسهىة انخهظ انًلائىخ ذافئان ُخسفهزالاخهطبد انلاَزبج  خانًسزصهس انخشسبَخيلائى يع  كبٌ

دسخخ يئىَخ وثعذ رنك َزى اضبفخ انًسزسهت الاسفهزٍ  511شكبو انًسزصهر عُذ دسخخ زشاسح انرُ  عهً رسخٍُ  ئذافان

زشزذ وكزنك انزكثُف ثشكم فعبل.وعلاوح عهً رنك وخهطه يعه. اٌ انزسخٍُ خشسبَخ الاسفهذ انًسزصهسخ ًَكُهب يٍ رسسٍُ  ان

سسبسُخ انشطىثخ انًزًثهخ نه انخهطبد سسٍ ادا كًبدح يبنئخ ر سًُذالااٌ انخهطبد الاسفهذ انذافئ انزٍ رسزىٌ عهً َىع 

يٍ خلال عًم و غُش يجبشش. وأخُشانعبنُخ نشذ  رًزهك ييبويخوكزنك  فسىصبد ثجبرُخ يبسشبل انًزجيُخ وَسجخ انشذ انغُش يجبششث

ونٍ نهسصىل عهً افضم َزبئح وانزٍ رزشاوذ اٌ افضم َست نًسزىي الاسفهذ انًزجيٍ الا وخذ انعذَذ يٍ انخهطبد انزدشَجُخ

 %(.8.1%( واٌ افضم َسجخ يثبنُخ نًسزىي الاسفهذ انًزجيٍ الاونٍ كبَذ )5.1,8.8,8.1,8.8,8.1)

الاسفلتي ,فحص ثباتية مارشال ,فحص مقاومة الشد الغير مباشرالكلمات الرئيسية :الخلط الدافئ ,المستحلب   

mailto:hussinhamil@yahoo.com
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1. INTRODUCTION  

         Sustainability is important approach today in engineering world. Warm mix asphalt 

(WMA) and reclaimed asphalt pavement (RAP) are the most memorable sustainable materials in 

asphalt concrete pavements. WMA is not a new concept, however new innovations and increased 

usage of WMA has been spurred by the increased focus on sustainable infrastructure systems.  

 The RAP, as mentioned earlier, is a deteriorated bituminous mix that contains aged bitumen and 

aggregates. Hence, its performance is poorer when compared to the fresh mix. The purpose of 

the bituminous recycling is to regain the properties of the RAP, such that it tends to perform as 

good as fresh mix. Thus, the process of bituminous recycling involves mixing of the RAP, fresh 

bitumen, rejuvenators and new aggregates in suitable proportions ,Aravind & Animesh 2006. 

RAP is the primary recycled product of the aged asphalt concrete pavement and its use leads to 

reductions in virgin aggregate and asphalt demand. However, significant performance issues can 

stem from the individual integration of WMA or RAP materials in asphalt concrete. Asphalt 

concrete producers have begun to evaluate sustainable construction practices by adding recycled 

materials and utilizing new technologies. Therefore, asphalt concrete sustainability in today’s 

society is most readily met through the use of warm mix asphalt (WMA) and reclaimed asphalt 

pavement (RAP) ,Angelo, et al., 2008. 

United States asphalt officials began to take notice of these products and took a European WMA 

tour in 2002. In 2005, the WMA Technical Working Group was created to introduce these 

technologies to U.S. asphalt producers and develop preliminary specifications for the allowance 

of WMA ,Prowell, & Hurley, 2007. Finally, field trials were conducted over the next few years 

in many states, NCAT published laboratory results for a number of technologies, and the first 

WMA International Conference was conducted.  

The main objective of Warm mix asphalt is to produce mixtures with similar mechanical 

properties such as Marshall Stability and indirect tensile strength, durability, and performance 

characteristics as HMA using substantially reduced production temperatures. 

2. EXPERIMENTAL PROCEDURE 

2.1 Materials Used 

The materials used in this research included cationic emulsified asphalt( CSS-1), RAP aggregate, 

and  mineral filler such as ordinary Portland cement, commercially known (Al-mass) and 

limestone dust (from lime Factory in Kerbala) and the specific gravity for both fillers was (3.14 , 

2.73) respectively. The Reclaimed asphalt pavement (RAP) taken and collected from the 

Baghdad city Kadhimiya road. The specimen of the recycling asphalt pavement was taken using 

extraction equipment, RAP aggregate extraction and washing to calculate the asphalt content of 

RAP was (3.8%). The RAP aggregate gradation was verified by the limits recommended by the 

specification limits for wearing course of the State Corporation for Roads and Bridges in Iraq 

SCRB,2003 except the percentage of filler retained on sieve No. 200. So it has been added to the 

missing quantity of filler which is (5%) by total weight of RAP aggregate  and get the aggregate 
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gradation within specified limits of aggregate gradation for Iraqi specification for surface course. 

Where this gradation used is a job mix formula. The RAP gradation is presented in Fig.1. Table 

1. and Table2. listed the physical properties for RAP aggregate and cationic emulsified asphalt , 

respectively .  

2.2 Warm Mix Design of RAP 

In fact, the mix design needs to be an important criterion is as follows:  

 The mix design for RAP and filler material mixes was carried out according to the 

specification limits of the State Corporation for Roads and Bridges in Iraq (SCRB) was 

taken as a mid-term between upper and lower limits of aggregate gradation for Iraqi 

specification for wearing course. Where this gradation used as a job mix formula. 

Estimation of Initial Residual Asphalt Content (IRAC) and Initial Emulsified Content (IEC). 

These estimation done by adopting trial mixes and based on asphalt residual content in RAP. 

Were these mixes tested for gain some variables such as coating test, mixing and 

compaction temperature and Marshall properties. Five consecutive percentage were adopted 

for determine Initial Residual Asphalt Content ranging (1.8,2.3,2.8,3.3,3.8) %. These 

variables used to verify the mixes practice abilities that were characterized by adequate tests 

of the above variables. To verify these tests, the initial emulsion content should be 

considered by total weight of mixture as stated by equation below Asphalt Institute, 1987, 

Republic of Indonesia, 1990. :   

IEC= (
 

 
)*100%         .... (1)   

Where: P =% Initial Residual asphalt Content by mass of' total mixture for percentages 

(1.8%, 2.3%, 2.8%, 3.3%, 3.8%), X value was (55.3%). The initial emulsified content (IEC) 

for emulsified type used was calculated from the above equation and the results found as 

(3.25%, 4.15%, 5.06%, 5.96%, 6.87%) by mass of' total mixture. 

 Asphalt Coating and mixing procedures of WAR mix: Several trials were carried out in order 

to determine the most suitable mixing procedure that would provide the best coating. All 

mixing trials were carried out manually in a metal bowl with the aid of a large spatula. The 

total recommended mixing time was about (5-10) minutes. The temperature degree of mixing 

of warm mix was (100) C
o
 for obtain on best coating degree between ingredients of mixture. 

And WMA is produced at temperatures 20 to 55 °C lower than typical hot-mix asphalt 

(HMA),Angelo, et al., 2008.  

 The curing of compacted samples was carried out in two stages: 

  

 Curing of Compacted Samples for Dry Stability Test. This curing procedure consisted of 

keeping the newly compacted samples for one day in their compaction molds. Some of the 

samples were subsequently tested for Marshall Stability and the results obtained were referred 

to as (dry stability values).  

 other samples applied in water Conditioning After removed molds. In this procedure of each 

compacted specimen were immersed in water at 60C
o
 for 24 hr. During immersed, the samples 
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would rest on a bed of coarse aggregate in water pan . The samples were subsequently to be 

well dried and tested for Marshall Stability results obtained referred as (wet stability values) 

Aksoy, et al.,2005. 

 

3. DENSITY AND POROSITY CALCULATIONS 

To determine these properties, the samples were weighed dry in air and when fully saturated in 

water. Where these values with other known parameter used to calculate (bulk density, Air 

Voids, V.M.A., and maximum specific gravity of paving mixture ASTM D2041, D3203. 

4. MARSHALL PROPERTIES 

Five different Initial Residual Asphalt content ratios were chosen, (1.8%-3.8%) by total weight 

of mixtures, were prepared with increment of 0.5% to determine the optimum initial residual 

asphalt content for each RAP mixture. And the corresponding percentages of initial emulsified 

content (IEC) (3.25%, 4.15%, 5.06%, 5.96%, 6.87%) by total weight of mixtures. The fifteen 

specimens were prepared and tested and the optimum emulsified asphalt is found as a percentage 

by weight of the mixture. Marshall specimens prepared according to ASTM D6927,2010. The 

compaction effort was 150 blows per face using the Marshall compactor to meet the design 

criteria of air voids that ranging between (3 to 5)%. The compaction effort was conducted 

according to SCRB for Heavy traffic (75 Marshall Hammer blows) given results that the mixes 

containing high air voids which exceed the allowable range of air voids for hot mixture about (3-

5%). While compaction effort (150 Marshall Hammer blows). Where the air voids percent was 

within the allowable range of air voids (3-5%). Followed placed the specimens in a water bath at 

60 °C for 30 to 40 min. and tested for Marshall Stability and flow, And this represent dry 

condition . While, wet condition another set of specimens were immersed in water at 60C
o
 for 24 

h. then tested for Marshall Stability at 60C
o
. The Marshall Stability and flow results obtained 

were referred as wet stability. The ratio of wet to dry condition referred as retained stability is 

required for mixtures that containing different percentages of initial residual asphalt content a 

minimum of three samples are required for each percent, Aksoy, et al.,2005. 

5. CRITERIA DETERMINE OF OPTIMUM INITIAL RESIDUAL ASPHALT CONTENT 

(OIRC) 

The OIRC is determined based on the main parameters namely: dry Stability, Bulk Density, Air 

voids, Furthermore Flow and V.M.A values must be evaluated with specifications. All 

parameters shall be plotted in graphical format versus the residual asphalt Content . 

Based on Fig. 2 For bulk density, Fig. 3 for air voids  and Fig. 5 for stability it can be conducted 

that the optimum percentage of initial emulsified asphalt content is (5.06%) and Initial Residue 

asphalt Content is (2.8%). 

6. THE INDIRECT TENSILE STRENGTH (ITS) TEST  

In the indirect tensile strength test, a cylindrical sample is subjected to compressive loads along 

two generators which creates tensile stresses perpendicular to and along the diametric plane 

causing a splitting failure. Testing is carried out ASTM D4867. The test is normally carried out 

were the first subset was tested in a dry condition (soaked in water for 2 hours at 25 
o
C).The 
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second subset was tested in wet condition were inundated for 24 hours at 60 C
o
 followed by 25 

C
o
 for 2 hours in water bath. All specimens are tested to determine their indirect tensile strengths 

using a Marshall loading frame fitted with 12.5mm wide concave surface loading strips below 

and above the Marshall sample and the rate of loading is the same as in the Marshall Stability 

test, i. e. 50.8 mm per minute , and  total number of  samples are 15 sample for optimum initial 

residual asphalt content (%) with different types of filler. The ITS value is calculated using the 

following formula: 

 ITS=   
  

     
    …                                                                  (2) 

Where: 

 ITS = indirect tensile strength (kPa); Pmax = maximum load at failure (N); t= thickness of 

sample (mm); d= diameter of sample (mm). 

The evaluation of moisture induced damage can be made by determining the Tensile Strength 

Ratio (T.S.R) as follows: 

T.S.R = 
 T of conditioned  wet  specimen 

 T of unconditioned dry specimen
  …                                    (3) 

       7. RESULTS AND DISCUSSION 

The bulk density of warm asphalt mixture obtained at various initial  residual asphalt contents as 

shown in Fig.2. It can be seen that as the emulsified asphalt content increases the bulk density 

also increases until maximum is reached. The maximum value is obtained at 2.8 percent binder 

content. Possible way to explain the bulk density trend to binder content for warm asphalt 

mixture follows the same trend observed for hot asphalt mixture, which show increasing with 

increase the percentage of initial the, also the result is showing of reduction in the volume and 

increasing in weight of sample and that mean increasing density. And after certain percentage 

which known an optimum percentage ,the asphalt material which starting to form film with much 

thickness which leading to reduce the contact distance between aggregate particles and that 

resulting increase the volume of the sample which means decreasing in sample density 

,Garber& Hoel 2009. 

Fig.3 shows that, as the binder content increases, the air voids decrease rapidly, up to a certain 

percentage of binder content. The relations between air voids and binder content follows the 

same trends observed for hot asphalt mixtures. It may be explained by the fact that as more 

binder is added into the matrix more voids are filled with binder and therefore the percentage of 

air voids decreases. In general, the range of air voids percent for hot asphalt mixture about (3-5) 

%. And air voids values of mixtures with cement filler type are slightly lower than the mixtures 

with limestone dust filler type. The reduction in air voids is due to the cement particles filling up 

more of the void space available in the mixture due to fineness of cement particles, increasing 

packing, and therefore reducing porosity. Therefore the hydration process for cement and 

developed hydration products would be filled the air voids in mixture and that will be reduced. 
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Fig.4 show that, initially, as the binder content increases, the V.M.A voids decrease rapidly, up 

to a certain percentage of binder content and then begins to rises with increasing binder content. 

It may be explained by the fact that as more binder is added into the matrix more voids are filled 

with binder and therefore the percentage of air voids decreases. But for any further increase in 

binder overfills the system, destroys the maximum packing and hence the VMA increases .  

Fig. 5 Show that the dry Marshall stability increases continuously as the binder content increases 

up to a certain percentage of binder content and after this point the stability dropping down with 

increment of binder content. The difference in dry stability within mixtures with regard to added 

binder content can be principally attributed to the degree of coating, since all the other factors 

which might influence the dry stability were kept constant, i. e. compaction level, type of binder 

and aggregate gradation. As the percentage of emulsified asphalt content was increased, the rate 

of setting of the emulsified was reduced and hence the coating of the aggregates was improved. 

The slow rate of setting results in a better distribution of binder and a reduction in the number of 

uncoated aggregates both of which contribute towards better stability. Although an increase in 

the amount of emulsion content improves the coating of the aggregate and results in better dry 

stability, an excessive amount of emulsion content will produce a very wet mix which has two 

distinct disadvantages. These are the prolonged curing time. The wetter mixtures will certainly 

require longer time for the water to evaporate in order to reach certain content for compaction, 

and consequently a longer time for the emulsion to break completely. And Fig. 5 shows that the 

dry Marshall stability for mixtures with filler of cement type was higher than that of the mixtures 

with filler limestone dust type. The increase in dry Marshall stability for mixtures with filler of 

cement type can be attributed to the cement would reacted with water available in emulsion at 

first hours from mixing of mixture and developed hydration products which would reducing 

porosity and increasing the bond cement between cement and emulsion (cohesion and adhesion) 

and increasing the stiffness and rigidity of mixtures. Therefore, consuming water available in 

emulsified at first hours from mixing of mixture by evaporation and hydration process would 

accelerated the gain of strength for mixture at age of test , and this does not occur with the 

mixtures with filler of limestone dust type. Thus the dry Marshall stability for mixtures with 

cement type of filler is higher than that of mixtures with limestone dust type of filler at  age test.    

The wet stability continues to increase as the binder content increases until a maximum is 

reached. The maximum value is obtained at 2.8 percent residue binder content (5.06 percent 

initial emulsion content) and the wet stability continues to decrease as the binder content 

increases, and that can be attributed to the effect of moisture on mixture and causing prevented 

the evaporation water from mixture, delay the curing process and developed strength of mixture 

at early age. Thus the wet stability continues decrease as the binder content increases after 

reached a maximum at the optimum asphalt emulsion content as show in Fig.6. The variability of 

the low wet stability values is attributed to the fact that the specimens, the immersion period 

capillary soaking, absorbed an appreciable amount of water. The absorbed water may have 

penetrated between the binder film, and the aggregate surface, causing a reduction in the bonding 

and adhesion between the aggregate particles. According to that it is found that the wet stability 

for mixtures with filler of cement type is higher than the mixtures with filler of limestone dust 
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type at age test. This is due to the mixtures with cement filler having good bond (cohesion and 

adhesion) between ingredients of mixture, as compared with mixtures containing limestone dust 

as filler. Also, and due to hydration process and developed hydration products which fill the 

pores and hence binding the ingredients of mixture. So that mixtures will be with air voids and 

water absorption values lower than that for mixtures with limestone dust type of filler. Thus the 

effects of moisture on mixtures with cement filler lower than the mixtures with limestone dust 

filler at age test. 

Fig.7 Show that the retained stability increases as the binder content increases until a maximum 

is reached at the last percent of binder. The retained stability for mixtures with filler of cement 

type is higher than the mixtures with filler of limestone dust type .This can be interpreted to the 

low difference between dry stability and wet stability, so represented the little moisture effect on 

mixtures with cement type of filler due to hydration process and developed the products of 

hydration to fill air voids and reducing water absorption.  

The Flow values for warm asphalt mixtures are represented in Fig.8 it is found that the flow 

values started to increases with increasing of binder content until reached to maximum value at 

the higher percentage of binder. Also it can be noted that the flow values for mixtures with filler 

of cement type is lower than that for mixtures with limestone dust filler. This can be attributed to 

the high rigidity, stiffness and low air voids of mixtures with cement filler and this improves the 

flow values in general.  

Fig.9 shows that the Dry Indirect Tensile Strength for mixtures with filler of cement type is 

higher than that for mixtures with filler of limestone dust type. This is due to the high rigidity, 

stiffness, higher density and low air voids of mixtures containing cement filler.  

Fig. 10 show that the Wet Indirect Tensile Strength for mixtures with cement filler is higher than 

that for mixtures with limestone dust filler. This behavior is attributed to the low air voids of 

warm asphalt mixture with cement filler leading to low water absorption. Therefore, the moisture 

effects on mixtures with filler of cement type are lower than that for mixtures with filler of 

limestone dust type. And that can be attributed to the cement which reacts with water available in 

emulsion content at first hours from mixing of mixture and developed hydration products which 

would reduce porosity and increasing the bond cement between cement and emulsion (cohesion 

and adhesion) and increasing the stiffness and rigidity of mixtures with filler of cement type. As 

a result of the consuming water that available in emulsion by evaporation and hydration process, 

the gain strength of mixtures is accelerated. This did not occur for mixtures with filler of 

limestone dust type.  

 Fig. 11 shows that the Indirect Tensile Ratio for warm mixtures with filler of cement type was 

higher than the mixtures with filler of limestone dust type. Consequently, Indirect Tensile 

Strength for warm asphalt mixture is found to be increased with decreasing air void content in a 

similar behavior that occurs with the hot asphalt mixture. 
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  8. CONCLUSIONS 

1. The cationic emulsified asphalt slow setting low viscosity (Css-1) is very suitable with RAP 

for production warm asphalt mixtures . 

2.From many trial mixes it is found that the best range percentages of initial residual asphalt 

content to produce adequate results for coating test ,mixing ,compaction , and Marshall stability 

are ranged from (1.8% to 3.8%). And hence the optimum percentage is (2.8%). 

3. The effective mixing procedure for warm asphalt mixtures consists of heating the RAP 

aggregate at 100 C
o
 and then mixing with emulsified asphalt .This procedure produces 

appropriate coating degree for compositions of warm asphalt mixture . 

4. The compaction procedure required to obtain air voids within allowable range (3-5) % is about 

150 blows for each face Marshall Sample for warm asphalt mixture. 

5. The warm asphalt paving mixture is suitable to Iraqi environmental conditions because of 

reducing of temperatures for mixing and compaction.  

6. Results obtained from dry Marshall Stability test indicate that stability is gradually increasing 

with increases in initial residual asphalt content and after specific percentage it was decreasing. 

Maximum Marshall Stability obtained for mixtures with cement filler is 13.6kN and 11.2kN for 

mixtures with limestone dust filler.  

7. Generally, it is believed that the warm asphalt mixtures containing filler of cement type having 

indirect tensile strength higher than that for warm asphalt mixtures containing filler of limestone 

dust type.  
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Table 1 Physical properties of aggregates 

Property ASTM 

Designation 

Test 

Results 

SCRB 

Specification(2003) 

Coarse Aggregate : 

1.Bulk Specific Gravity 

2.Apparent Specific Gravity 

3.Water Absorption,% 

4.Percent Wear by Los Angeles 

Abrasion ,%  

 

 

C-127 

C-127 

C-127 

C-131 

 

 

 

2.63 

2.65 

0.41 

12 

 

 

 

…… 

…… 

…… 

35 Max 

 

 

 

Fine Aggregate : 

1.Bulk Specific Gravity 

2.Apparent Specific Gravity 

3.Water Absorption,% 

 

 

C-128 

C-128 

C-128 

 

 

2.64 

2.67 

0.43 

 

 

…… 

…… 

…… 

 

 

Table 2. Physical Properties of cationic emulsified asphalt slow setting low viscosity (CSS1). 

Test 

 

ASTM 

Designation 

(D244) 

Test 

Result 

Specification Limits 

(D2397) for CSS-1 

Min. Max. 

Particle Charge Test  D244 positive positive 

Viscosity, Saybolt Furol at 25°C  D244 

 

26 20 100 

Residue by Distillation, %. D6997  55.3 

 

57 …… 

 

Residue By Evaporation D6934 54.9 50 70 
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Sieve Test,% D6933  0.02 …… 

 

0.10 

Cement mixing test, % D6935 0.732 …… 

 

2.0 

Settlement Test,5day,% 

 

D6930 0.1 0 1 

1 Day Storage stability test, % D6930 0.04 0 1 

Tests on Residue  

Penetration, 25°C (77°F), 100 g, 5 

s 

D5 133 100 250 

Ductility, 25°C (77°F), 5 cm/min, D113  185 40 …… 

 

Solubility in trichloroethylene, % D2042 99 97.5 …… 

Specific Gravity at 25°C D70 1.02   

 

 

Plate 1. Sample Arrangement for ITS Test Using Marshall Stability Loading Frame. 
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Figure2. Bulk density with initial residual asphalt content (%) for different types of filler. 
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Figure 1. RAP aggregate gradation chart for wearing course. 
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Figure3. Air voids with initial residual asphalt content (%) for different  types of filler. 

 

 

 

 

 

 

 

 

 

 

 Figure 4. V.M.A% with initial residual asphalt content (%) for different types of filler. 

 

 

 

 

 

 

 

 

Figure 5. Dry marshall stability with initial residual asphalt content (%) for different types of filler. 
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Figure 6. Wet Marshall stability with initial residual asphalt content ( %) for different types of 

filler. 

 

 

 

 

 

 

 

 

Figure 7.Retained Marshall Stability with initial residual asphalt content (%) for different types 

of filler. 

 

 

 

 

 

 

 

 

Figure 8. Flow value with initial residual asphalt content (%) for different types of filler. 
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Figure 9.Dry indirect tensile strength (kPa) with initial residual asphalt content ( %) for different 

types of filler. 

 

 

 

 

 

 

 

Figure 10.Wet indirect tensile strength (kPa) with initial residual asphalt content (%) for 

different types of filler. 

 

Figure 11. Indirect tensile strength ratio with initial residual asphalt content (%) for different 

types of filler. 
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ABSTRACT 

Entropy generation was studied for new type of heat exchanger (shell and double concentric 

tubes heat exchanger). Parameters of hot oil flow rate, temperature of inlet hot oil and 

pressure drop were investigated with the concept of entropy generation. The results showed 

that the value of entropy generation increased with increasing the flow rate of hot oil and 

when cold water flow rate was doubled from 20 to 40 l/min, these values were larger. On the 

other hand, entropy generation increased with increasing the hot oil inlet temperature at a 

certain flow rate of hot oil. Furthermore, at a certain hot oil inlet temperature, the entropy 

generation increased with the pressure drop at different hot oil inlet flow rates. Finally, in 

order to keep up with modern technology, infrared thermography camera was used in order to 

measure the temperatures. The entropy generation was determined with lower values when 

infrared thermography camera was used to measure the temperatures, compared with the 

values obtained by using thermocouples. 

  

Key Words: entropy, entropy generation, heat exchangers, concentric tubes. 

 

 العشوائيت المتولذة لمبادل حراري من نوع الغلاف والأنابيب المسدوجت المتحذة المركس

 
 زينت فلاح عبذ الله        بسمت عباش عبذ المجيذ

  طانبت ياجسخُش       أسخار يساعذ    

 جايعت بغذاد-كهُت انهُذست              جايعت بغذاد -كهُت انهُذست

 

 الخلاصت

)انًبادل انحشاسٌ رٌ انغلاف والأَابُب  تحشاسَان ثًبادلاان يٍ جذَذ نُىع انعشىائُت انًخىنذةنقذ دسسج 

دساست حأثُش كم يٍ  يعذل جشَاٌ انضَج انساخٍ، ودسجت حشاسة انضَج انذاخم نهًبادل  جانًضدوجت انًخحذة انًشكض(. حً

 صَادة يع صادث انعشىائُت انًخىنذة قًُت أٌ انُخائج أظهشثانعشىائُت انًخىنذة. ع يقذاس انحشاسٌ وانهبىط فٍ انضغظ ي

نهعشىائُت  انقُى هزِ كاَج دقُقت،/نخش 00-00يٍ  انباسديعذل جشَاٌ انًاء  حضاعف وعُذيا .انساخٍ انضَج حذفق يعذل

ٌ انذاخم نهًبادل انحشاس دسجت حشاسة انضَج صَادة يع انعشىائُت انًخىنذةاسحفعج قًُت  أخشي، َاحُت يٍ. عانُتانًخىنذة 

، فإٌ ٌانذاخم نهًبادل انحشاس ضَجيعُُت نهحشاسة عُذ دسجت  رنك، عهً علاوة. انساخٍ انضَج يٍ يعٍُ حذفق يعذلعُذ 

 يىاكبت أجم يٍ وأخُشا،. انساخٍ هضَجيخخهقت ن حذفق ثيعذلاعُذ انضَج  ضغظ َخفاضإصدادث بضَادة اانعشىائُت انًخىنذة 

قُى  ححذَذ حى، حُث انحشاسة دسجاث نقُاط انحًشاءحعًم بالأشعت ححج  تحشاسَ ةكايُش واسخخذحى ا انحذَثت، انخكُىنىجُا

 انحصىل حى انخٍ انقُى يع يقاسَت انحشاسة، دسجاث نقُاط تانحشاسَ ةانكايُش اسخخذيج عُذيا نهعشىائُت انًخىنذة يُخفضت

 .انًخحسساث انحشاسَت الإعخُادَت باسخخذاو عهُها

  انعشىائُت، انعشىائُت انًخىنذة، انًبادل انحشاسٌ، الأَابُب انًخحذة انًشكض. الكلماث الرئيسيت:

  

mailto:basma1957@yahoo.com
mailto:zenafallah@yahoo.com
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1. INTRODUCTION 

As a result of the worsening global crisis of energy, attention to the heat transfer 

enhancement has increased significantly, taking into account that heat transfer represents 

about 80% of total energy consumption, Qian and Li, 2011.  

With the increasing decline in energy sources, to use energy in the correct way is one 

of the important ways to face the growing requirements for energy. One of thermal system 

devices is heat exchanger and it is used extensively in many fields of industry such as power 

engineering, petroleum refineries, chemical industries, and so on. So in this sense, it is 

important to develop ways for decreasing unnecessary dissipated energy and improving the 

performance of heat exchanger by optimizing their design. This may be done by either 

reducing their cost or reducing irreversibility within heat exchanger. That's why some of the 

different methods and theories that have been developed to optimize heat transfer, such as the 

constructed theory, Bejan, 1997. and the minimum entropy generation, Bejan, 1982 and the 

entransy theory, Guo et al., 2007. 

Two important functions in thermodynamics are considered, the concepts entropy and 

entropy generation. These two concepts are used to estimate the irreversibility of process and 

optimizing heat transfer based on the premise that the minimum entropy generation (MEG) 

will lead to the most efficient heat transfer performance, Chen Q. et al., 2011. 

Optimization of heat transfer based on minimum principle of entropy generation was 

conducted by many researchers, Poulikakos and Bejan, 1982 and  Erek and Dincer, 2008. 

McClintock, 1951. was the first who proposed the entropy generation minimization and he 

developed equations for optimum design of fluid passages for a heat exchanger. 

In 1854 Clausius investigated the Carnot cycle (heat-work conversion). The concept 

of entropy was introduced, Zhao and Luo, 2002. It was defined based on the reversible cycle 

of the Carnot engine. In thermodynamics, entropy was commonly understood as a measure of 

disorder. It was a measure of the irreversibility of process and a criterion describing the 

thermal equilibrium of a system.  

In non-equilibrium state of system the thermal gradient between two media results in 

entropy generation. It is produced in any irreversible process. Over a physical process; 

system will lose more ability to do work as more entropy generation is, Zhao and Luo, 2002. 

According to this consideration, entropy generation was used to optimize or analyze the 

thermodynamics processes to improve the performance of thermodynamic systems, Chen et 

al., 2010 and Myat et al., 2011. 

Kim and Kim, 2015. investigated the effect of entropy generation and entransy 

dissipation on the optimal design of heat exchanger in both cases of parallel and counter flow. 

They determined the relation of entropy generation according to several assumptions, where 

the “heat exchanger is a control volume and the surface is adiabatic”, as in Eq.(1). 

 

       (
   

   
)      (

   
   

)                                                                                                                

 

On the other hand, Cheng et al., 2012, developed the expression of entropy 

generation for a multi-stream heat exchanger with several assumptions that “the fluids in the 

heat exchangers are incompressible, the influence of the viscous dissipation on the entransy 

could be ignored, and there was no heat exchange between the heat exchangers and the 

environment”. The expression of this physical quantity is presented bellow in Eq.(2). 

 

   ∑       
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Additionally, entropy generation was used to measure the irreversibility for any 

irreversible process, while the concept of irreversibility as a result to finite temperature 

difference and fluid friction in heat transfer processes was presented by Bejan, 1977, 1996. 

Also the expression of entropy generation for heat and fluid flows was improved by the same 

author Bejan, 1982 and  1996. As well as the entropy generation minimization method was 

utilized by Ahmadi et al., 2011 to optimize a cross-flow plate fin heat exchanger. In the 

analysis of an absorption chiller, Myat et al., 2011 found that maximum coefficient of 

performance (COP) can be obtained through the minimization of entropy generation. 

The main goal of this research will be to study the entropy generation with flow rate 

of inlet hot oil, temperature of inlet hot oil, pressure drop of both hot oil and cold water and 

flow rate of inlet cold water. From the response of entropy generation at different operating 

conditions, the efficiency of heat transfer will be investigated to ensure minimum energy 

consumption and reduction of operating costs.  

 

2. EXPERIMENTAL WORK 

2.1 Description for the Parts of the Unit 

A tank of 250 liters was used as a supplier for the cold water, which is pumped by 

single stage centrifugal pump passing through a flow meter to measure its flow rates. The 

outlet cooling water was collected in a vessel of 100 liters to measure its temperature using a 

portable thermocouple, where the water was drained to the sewage. On the other side, a 

cubical tank (reheater tank) supplied with two electrical heaters was used to heat the oil to the 

desired temperature controlled by thermostats equipped with the two heaters and measured by 

thermocouple. A centrifugal pump was used to pump the hot oil through the flow meter 

where the flow was controlled by gate valves. The outlet hot oil leaving the heat exchanger 

was collected in a 200 liters tank where the temperature was measured using a thermocouple. 

Six pressure gauges were used to measure the pressure for the fluids streams. Two pressure 

gauges were used for the inlet and outlet streams of cold water, the other four gauges were 

used for the inlet and outlet streams of hot oil, two of them for hot oil flow through the shell 

and the others for the hot oil flow through the inner tubes.  

 

2.2 Heat Exchanger Description 

Fadhil, 2013 was used the shell-and-double concentric tubes heat exchanger instead 

of the conventional one, where the tube was replaced with double concentric tubes, Fig.2. 

This will improve the heat transfer through an additional flow passage which gives larger 

heat transfer area. The hot oil flow though the shell and the inner tubes sides while the cold 

water flow through the annulus side. 

 

2.3 Experimental Procedure 

The two heaters were switched on for heating oil to the required temperature 50, 60, 

70 and 80C. After that the hot oil was pumped to the shell side and the inner tubes side in 

the heat exchanger after controlling the flow rate to its desired value 15, 25, 35 and 45 l/min. 

The cold water was pumped in the annuals side at the same time with the hot oil to the 

desired flow rate 20 and 40 l/min. At steady state, the temperatures and pressures were 

constantly measured during the flow rate variation. The results were analyzed for the 

different conditions. 

Infrared thermography camera (Thermo Gear G100EX/G120EX) was used to 

measure the temperatures of fluids in the system, Fig.3. The results obtained from the 
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Infrared thermography camera were analyzed and compared with the results obtained by 

using thermocouples. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Parameters Effect on Entropy Generation in Heat Exchanger 

3.1.1 Effects of heated oil flow rate 

Entropy generation of oil with different oil flow rates at different oil inlet 

temperatures 50, 60, 70, and 80C are shown in the Fig.4. It was noticed from the figure that 

by increasing the oil inlet temperature the entropy generation increases.   

The figure shows that the absolute value of entropy generation of oil increases with 

increasing the flow rates of hot oil 15, 25, 35, and 45 l/min at a certain hot oil inlet 

temperature. This is true since the entropy generation is caused from the fluid friction and 

heat transfer, so by increasing the flow rate of hot oil, this causes an increase in the 

generation of entropy, Asadi and Tabrizi, 2014. 

 

3.1.2 Effects of heated oil inlet temperatures 

Entropy generation of oil was tested for different hot oil inlet temperatures. The 

conditions for inlet cold water are 20C temperature and 20 l/min flow rate. Entropy 

generation was investigated for different hot oil inlet temperatures 50, 60, 70 and 80C and at 

different hot oil flow rates 15, 25, 35 and 45 l/min as seen in Fig.5. The figure shows that 

entropy generation of oil increases with increasing temperature at a certain flow rate of oil. 

This is in agreement with the results obtained by Kim and Kim, 2015. where the entropy 

generation increases with increasing the inlet temperature. Also, the figure shows that by 

increasing the hot oil inlet flow rate the entropy generation increases. The reason behind this 

increase is caused by the high flow rate of the hot stream resulting in high convective heat 

transfer. 

 

3.1.3 Effects of heated oil pressure drop 

The relation between entropy generations of oil with pressure drop at different hot oil 

inlet temperatures 50, 60, 70, and 80C were also studied and shown in Fig.6. Curves in the 

figure show that at a certain hot oil inlet temperature, the entropy generation increased with 

the pressure drop at different hot oil inlet flow rates, but there is no different in the value of 

the pressure drop at a certain inlet hot oil flow rate. 

 

3.1.4 Effects of cold water flow rate 

To investigate the effects of cold water flow rate on the values of entropy Generation, 

the experiments were repeated for a double flow rate of cold water 40 l/min. Results of 

comparison between the entropy generation of oil for different oil inlet flow rates at a certain 

hot oil temperature for both 20 and 40 l/min cold water flow rates illustrated in Fig.7. The 

results show that when 40 l/min cold water flow rate was used the values of entropy 

generation is larger compared with the values of entropy generation obtained when 20 l/min 

cold water flow rate was used. 

 

3.2 Infrared Thermography Camera Results 

In order to keep up with modern technology, infrared thermography camera was used 

in order to measure the temperatures of hot oil and compare these results with the results that 

were obtained when using the conventional thermocouples.  

The experiments were repeated with different hot oil flow rate 15, 25, 35, and 45 

l/min and 20 l/min cold water flow rate. The oil outlet temperatures were obtained using 
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infrared thermography camera and the data are illustrated in the Table 1. Images of 

temperature distributions for inlet and outlet paths of oil when hot oil passes at 35 l/min are 

presented in the Fig.8. The color gradients in the images of Fig.8 represents the temperature 

distribution in the units. As it can be seen, the intensity of the color gradients is more when 

the inlet temperature of oil was 80C. Other image of temperature distribution for the whole 

heat exchanger can be seen in the Fig.9. 

The comparison between the entropy generations for the different techniques i.e. the 

infrared thermography camera and conventional thermocouples is shown in Fig.10. The 

figure shows that for different hot oil inlet flow rates 15, 25, 35, and 45 l/min at certain hot 

oil inlet temperatures 50, 60, 70, and 80C, the values of entropy generation obtained from 

using infrared camera in some points were lower than these values obtained from using 

conventional thermocouples. This is because that the temperatures obtained by infrared 

camera were higher than the temperatures obtained by the thermocouples, and according to 

equation of entropy generation, Eq.(2), as the value of outlet temperature increases, the value 

of entropy generation decreases. This may be related to the accuracy of the camera and the 

temperatures can be measured in the real time. 

 

4. CONCLUSIONS 

Entropy generation was studied for new type of heat exchanger (shell and double 

concentric tubes heat exchanger). The relation between entropy generation and hot oil inlet 

flow rate, temperature of inlet hot oil and pressure drop of oil were studied and the results 

showed that the entropy generation of oil increases with increasing the flow rate of hot oil. 

Furthermore, entropy generation of oil increased with increasing the hot oil inlet temperature 

at a certain flow rate of inlet hot oil. Also, the results showed that there is no change in the 

pressure drop at a certain hot oil flow rate, but with increasing the hot oil inlet temperature 

the entropy generation increases. On the other hand, when the cold water flow rate was 

doubled the entropy generation of oil increased with increasing of the hot oil inlet flow rate 

and the values of entropy generation are higher. Finally, the entropy generation was 

determined with lower values when infrared thermography camera was used to measure the 

temperatures, compared with the values obtained by using thermocouples. 
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6. NOMENCLATURE 

 

Symbols Description Units 

Cc heat capacity rate of cold stream W.K
-1

  

Ch heat capacity rate of hot stream W.K
-1

  

c specific heat J.Kg-
1
.K

-1
 

m mass flow rate  Kg.s
-1

 

Sg entropy generation rate W.K
-1

 

Tc,i & Tc,o inlet and outlet temperatures of cold stream K 

Th,i & Th,o inlet and outlet temperatures of hot stream K 

Tin & Tout inlet and outlet temperatures K 
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Figure 1. Schematic diagram of operating system unit. 

 

 
Figure 2. Shell- and -double concentric tube heat exchanger. (a) conventional one (b) 

modified one. 

 

 
Figure 3. Infrared thermography camera (Thermo Gear G100EX/G120EX) 

(www.infrared.avio.co.jp). 
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Figure 4. Comparison of entropy generation with hot oil flow rate at different oil inlet 

temperatures, water flow rate 20 l/min. 

 

 
Figure 5. Entropy generation of oil for different hot oil inlet temperatures 50, 60, 70 and 

80C; at different hot oil flow rates 15, 25, 35 and 45 l/min and water flow rate 20 l/min. 

 
Figure 6. Comparison between entropy generation of oil with pressure drop at different hot 

oil inlet temperatures 50, 60, 70, and 80C. Water flow rate is 20 l/min. 
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Figure 7. Comparison between the total entropy generation of oil for different oil inlet flow 

rates at a certain hot oil temperature for both 20 and 40 l/min cold water flow rates.  

 

 
Figure 8. Images of temperature distributions for inlet and outlet paths of oil when hot oil 

passes at 35 l/min. (a) at 50C of hot oil inlet temperature. (b) at 80C of hot oil inlet 

temperature. 

 
Figure 9. Image of temperature distributions for whole heat exchanger. 
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Inlet path 

(a) Outlet path 
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Figure 10. Comparison between the entropy generations for the different techniques (infrared 

camera and thermostat). The dotted curves represent the entropy generation obtained using 

thermostat. Cold water flow rate 20 l/min. 

 

 

Table 1. Outlet temperatures of hot oil obtained by infrared thermography camera at different 

hot oil inlet flow rates. 

Oil 

flow 

rate 

(LPM) 

Oil inlet 

temperature = 

50°C 

Oil inlet 

temperature = 

60°C 

Oil inlet 

temperature = 

70°C 

Oil inlet 

temperature = 

80°C 

Ttube out 

°C 

Tshell out 

°C 

Ttube out 

°C 

Tshell out 

°C 

Ttube out 

°C 

Tshell out 

°C 

Ttube out 

°C 

Tshell out 

°C 

15 24.3 23.5 24.7 24 25.8 25.2 26 25.1 

25 28 26.8 28.5 28 35.3 32.4 36.3 30.3 

35 32.4 30.7 33.1 31.3 37 34.7 45.5 37.9 

45 32.8 31.8 36 34.2 41.9 37.8 48.8 41.4 
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Coagulant with Chemical Coagulants in Domestic Wastewater Pretreatment. 
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ABSTRACT 

The pretreatment process can be considered one of the important processes in wastewater 

treatment, especially coagulation process to decrease the strength of many pollutants. This paper 

focused on using powdered date seeds as natural coagulant in addition to chemical coagulants (alum 

and ferric chloride) to find the optimum dosage of each coagulant that makes efficient removal of 

turbidity and chemical oxygen demand (COD) from domestic wastewater as a pretreatment process, 

then finding the optimum combined dosages of date seeds with alum, date seeds with ferric chloride 

that make efficient removal for both pollutants. Concerning turbidity, the optimum dosage for date 

seeds, alum and ferric chloride were 40 mg/l (79%), 70 mg/l (84%) and 60 mg/l (82%) respectively.  

Concerning COD the optimum dosage for date seeds, alum, and ferric chloride were 40 mg/l (75%), 

60 mg/l (83%) and 50 mg/l (86%). The study showed that the optimum combined dosage that made 

higher turbidity removal (95%) resulted from mixing 70 mg/l date seeds with 50 mg/l alum, while 

for higher COD removal 90% resulted from mixing 40 mg/l date sees with 70 mg/l ferric chloride.  

 

Key words: coagulation, wastewater treatment, date seeds, turbidity removal, COD removal. 

 

إيجاد التراكيز المشتركة المثلً من مسحىق نىي التمر كمخثر طبيعي مع المخثرات الكيمياوية في المعالجة 

.التمهيذية لمياه الصرف الصحي  

 
 م.د. علي جىيذ جعيل 

 قسى انهُذسح انًذَُح 

جايعح واسط-كهُح انهُذسح   

 

 الخلاصة

ذعرثز انًعانجح انرًهُذَح نًُاِ انصزف واحذج يٍ اهى يزاحم انًعانجح فٍ يحطاخ يعانجح يُاِ انصزف، وخصىصا عًهُح اسرخذاو 

انًخثزاخ انكًُُاوَح فٍ ذخفُف قىج انعذَذ يٍ انًهىثاخ فٍ هذِ انًُاِ.  هذِ انذراسح ذزكشخ عهً اسرخذاو يادج َىي انرًز تعذ 

ً جُة انًخثزاخ انكًُُاوَح الأخزي يثم انشة وكهىرَذ انحذَذ فٍ انًعانجح انرًهُذَح لإسانح انعكارج طحُها كًخثز طثُعٍ جُثا ان

والاوكسجٍُ انكًُُاوٌ انًطهىب يٍ يُاِ انصزف انصحٍ يٍ خلال إَجاد انرزاكُش انًثهً نكم يخثز عهً حذِ. ويٍ ثى إَجاد 

ُعٍ يع انشة يٍ جهح ويع كهىرَذ انحذَذ يٍ جهح أخزي. تانُسثح لإسانح انرزاكُش انًثهً انًشرزكح وانُاذجح يٍ ديج انًخثز انطث

يهغى تانهرز تُسثح إسانح  94%، انشة 97يهغى تانهرز تُسثح إسانح  04انعكارج تُُد انُرائج اٌ انرزاكُش انًثهً نهًخثز انطثُعٍ كاَد 

ح الاوكسجٍُ انكًُُاوٌ انًطهىب كاٌ انرزكُش الأيثم % ايا فًُا َخص إسان48يهغى تانهرز تُسثح إسانح  04% وكهىرَذ انحذَذ 40

يهغى تانهرز تُسثح  74% وكهىرَذ انحذَذ 48يهغى تانهرز تُسثح إسانح  04%، انشة 97يهغى تانهرز تُسثح إسانح 04نهًخثز انطثُعٍ 

يهغى تانهرز يٍ انًخثز انطثُعٍ  94%. وكذنك تُُد انذراسح اٌ انرزكُش الأيثم انًشرزك لإسانح انعكارج كاٌ َاذج يٍ ديج 40إسانح 

%، فٍ حٍُ كاٌ انرزكُش الأيثم انًشرزك لإسانح الاوكسجٍُ 77يهغى تانهرز يٍ يادج انشة حُث كاَد َسثح الاسانح  74يع 

ثح يهغى تانهرز يٍ يادج كهىرَذ انحذَذ حُث كاَد َس 94يهغى تانهرز يٍ انًخثز انطثُعٍ و 04انكًُُاوٌ انًطهىب كاٌ َاذج يٍ ديج 

 %. 74الاسانح 
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 انرخثُز، يعانجح يُاِ انصزف، َىي انرًز، إسانح انعكارج، إسانح الاوكسجٍُ انكًُُاوٌ انًطهىب.: الرئيسةالكلمات 

1. INTRODUCTION 

 

Generally, one of the main causes of pollution is the effluents that are discharged from wastewater 

treatment systems and these effluents have adverse effects to aquatic ecosystems and to humans. 

Some of these impacts can include water toxicity from industrial wastewater, algal blooms, death of 

aquatic life, and habitat destruction from sedimentation, Canada Gazzette, 2010. Wastewater is 

99.94 percent water by weight and the rest 0.06 percent is suspended solids and dissolved solids 

materials,  Lee, 2000. Chemical characteristics are pH, alkalinity, suspended solids, dissolved solids, 

chemical oxygen demand (COD), biological oxygen demand (BOD), dissolved gases, nitrogen and 

phosphorus compounds, Frank, 2003. Wastewater turbidity is resulted from soluble organic 

compounds, suspended solids (organic and inorganic matters), such as clay, silt, and plankton and 

microorganisms, Harashit, 2014. In order to remove the suspended solids and turbidity from water 

and wastewater there is two important preliminary processes coagulation and flocculation. 

Coagulation process is a chemical process uses chemical either organic such as polymers or natural 

plants or inorganic salts such as aluminum sulphates, aluminum chloride, sodium aluminates,   ferric 

sulphates, ferric chloride and ferric chloride sulphates. The purpose of coagulation is to neutralize 

charges and form a bridge of particles thus forming very large particles enough to be 

settled. Flocculation is gentle stirring or agitation to encourage the agglomeration of particles into 

masses large enough to be settled or be filtered from solution because of the increment in size and 

density of particles, which leads to faster rate of settling. The most common material that used in 

coagulation process in water and wastewater treatment is the Alum, aluminum sulphates 

Al2(SO4)3.18H2O. The second common material used in coagulation process is ferric chloride. They 

have been in use and they still in use in the form of powder dispensed by one of the several forms of 

mechanical dry feeder units in water and wastewater treatment plants. 

As a coagulant M. oleifera seed used in water or wastewater treatment, the extracted protein from 

the seeds showed a removal percentage of suspended solids up to 99%, Katayon, et al., 2006. The 

natural coagulant produced from M. oleifera seed was capable of improving turbidity removal up to 

98%, Sutherland, et al., 1994. Using a combined dosage of chemical coagulant Al2(SO4)3 and 

natural coagulant M. oleifera produced a turbidity removal up to 98%, Ali and Afuye, 2010. Plant 

origin coagulant such as Coccinia indica (Kundru) used as a coagulant for synthetic turbid water 

treatment, the efficiency of turbidity removal was 99% and at a range of pH 6.5 to 8, Madhukar 

and Yogesh, 2013.Using aluminum silicate as a coagulant for synthetic turbid wastewater treatment 

was studied by, Ho, et al., 2009. They discovered that the maximum turbidity removal occurred 

when the salt dosage was more than 20 mg/l and pH was more than three. The removal efficiency 

for turbidity in wastewater was 99%, Rubi, and Fall, 2009 studied sedimentation and coagulation 

treatment of wastewater effluents from car washing workshop. The influence of the chemical 

coagulants (aluminum hydrochloride Al2Cl4(OH)2, diallyldimethyl ammonium chloride C8H18NCl, 

aluminum sulfate  Al2(SO4)3 and ferric chloride FeCl2 was studied. Coagulation process produced 

removal of   74%, 88%, 92%, and 90% for COD, TSS, turbidity and oil respectively. Sedimentation 

process produced removal of 82%, 88% 73% and 51% for oils, TSS, COD, and turbidity, 

respectively. Ammar and Yilian, 2013 studied using hybrid copolymer Fecl2 as a new alternative 

flocculent to remove COD and turbidity from municipal wastewater, the optimum turbidity and 

COD removals were 96.56% and 83.54% respectively. Safaa, 2011 showed that when increasing the 

http://www.sswm.info/glossary/2/letterc#term2400
http://www.sswm.info/glossary/2/letterf#term2398
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periods of slow mixing and sedimentation resulted more removal percentage in turbidity removal 

from water , the turbidity removal percentage was 97% using alum dosage 50 mg/l and period of 

sedimentation varied from 35 to 60 minutes. Faris, 2012 studied using of chemical coagulants ( 

alum and powdered activated carbon PAC) to treat the oily wastewater, the optimum dosages of 

alum and PAC were 125 and 100 mg/l that resulted a removal of 97.8%, 97.4% and 99.3% for oil 

grease, COD, and total suspended solids respectively. Mohammad, et al., 2013 made a comparative 

study between starches as a natural coagulant and alum as a commercial coagulant in treatment of 

semiconductor wastewater to remove the heavy metals. They found that the starches have the same 

capability to remove heavy metal as the alum. Another efficient method to remove wastewater 

turbidity is the electrocoagulation method. Saidat, et al. 2012 showed that electrocoagulation can be 

considered as an efficient way to remove wastewater turbidity in spite of environmentally friendless 

and very large cost method.  

The aim of this study is to decrease the turbidity and COD strength domestic wastewater and to 

improve biological treatment through the following investigations: 

1) The optimum coagulant dosages of chemical coagulants (alum and ferric chloride). 

2) The optimum coagulant dosage of natural coagulant (date seeds powder). 

3) The optimum combined coagulant dosage (alum plus date seeds powder). 

4) The optimum combined coagulant dosage (ferric chloride plus date seeds powder). 

 

2. EXPERIMENTAL WORK 

2.1 Apparatus  

The jar testing apparatus contains four paddles as shown in Fig. 1, which stir the contents of four 1-

liter containers. The mixing speed in all of the containers can be controlled uniformly by a rpm gage 

built in the device, while the time of mixing can be controlled by a digital timer.  

 

2.2 Materials and Methods 

2.2.1 Raw domestic wastewater  

Domestic wastewater collected from the primary clarifier influent at Al Aziziyah wastewater 

treatment plant. Raw wastewater samples were stored at 04°C; the properties of raw domestic 

wastewater were shown in Table 1. 

 

2.2.2 Preparation of alum solution 

Stock solutions of alum were prepared according to the APHA procedure for coagulation process 

enhancement, by dissolving 100 grams of aluminum sulphates  Al2(SO4)3.18H2O) in one liter of 

distilled so one ml of this stock gives  alum solution of 100 mg/l concentration. Then after that by 

titration methods a ten different concentrations of Alum were prepared ranged from 10, 20, 30, 40, 

50, 60, 70, 80, 90, and 100 mg/l, APHA, 1998. 

 

2.2.3 Preparation of ferric chloride solution 

Stock solutions of Ferric Chloride were prepared according to the APHA procedure for coagulation 

process enhancement, by dissolving 100 grams of ferric chloride  FeCl2 in one liter of distilled so 

one ml of this stock gives  ferric chloride  solution of 100 mg/l concentration. Then by titration 
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methods a ten different concentrations of Alum were prepared ranged from 10, 20, 30, 40, 50, 60, 

70, 80, 90, and 100 mg/l, APHA, 1998. 

 

2.2.4 Preparation of natural coagulant solutions (Date Seeds Coagulant) 

In this study, the local Iraqi dates were collected from date trees then the seeds were separated. 

Then, the seeds were washed in tap water and dried in an oven at 50°C for six hours. The seeds then 

were crashed and powdered using flour grinder machine and finally sieved through a 250µm sieve. 

Stocks solutions of this natural coagulant (seed dates coagulant) were prepared for coagulation 

process enhancement, by dissolving 100 grams of seed powder in one liter of distilled, so one ml of 

this stock gives seed coagulant solution of 100 mg/l concentration. In order to be sure that this 

solution was free of residual particles, it was filtered using 1µm filter paper.  Then by titration 

methods a ten different concentrations of seeds coagulant were prepared ranged from 10, 20, 30, 40, 

50, 60, 70, 80, 90, and 100 mg/l. 

 

2.3 Experimental Procedure 

Sedimentation and Jar test were carried out to determine the coagulation properties of each 

coagulant and to obtain the optimal dosage for each coagulant (alum, ferric chloride and seed dates). 

One beaker was used as a control and other in the beakers, various dosages of each coagulants was 

added at ranges from 10 to 100 mg/l. Then a rapid mixing for 2 minutes and 100 rpm was subjected 

to the samples then 30 min with a slow mixing at 25 rpm, when the mixing was completed, the flocs 

allowed to settle, ASTM, 1995. for 60 minutes. In order to measure the residual turbidity, samples 

were withdrawn using a pipette from a height of 4cm below the surface of each beaker, and residual 

turbidity was measured. So the optimal dosage can be calculated by calculating the best turbidity 

removal percentage for each coagulant. After finding the optimal dosage of alum, a combination 

dosage consisted of this fixed alum dosage (optimal dosage) with different ranges of natural 

coagulant started from 10 mg/l to 100 mg/l in order to find the optimal mixing ratio of these two 

coagulants ( alum and date seeds). Same procedure was done with the optimal dosage of ferric 

chloride, a combination consisted of this fixed ferric dosage (optimal dosage) with different ranges 

of natural coagulant started from 10 mg/l to 100 mg/l in order to find the optimum mixing ratio of 

these two coagulants (ferric chloride and date seeds).The effect of optimal mixing dosage ratios of 

chemical and natural coagulants combinations on the removal of turbidity and chemical oxygen 

demand was examined. 

 

3. RESULTS AND DISCUSSION 

3.1 Finding the Optimum Coagulants dosages For Turbidity and COD Removals  

A set of experiments were done using jar test device to calculate the optimum dosage for each 

coagulant ( alum , ferric chloride and date seeds) for turbidity and COD removals. A range of 

concentrations from 10 mg/l to 100 mg/l for each coagulant was used separately. The study showed 

that the optimum dosages for turbidity removal using alum, ferric chloride and dates seeds were 70 

mg/l, 60 mg/l and 40 mg/l and the turbidity removal percentages were 84%, 82% and 79% 

respectively as shown in the Fig. 2. While the optimum dosages for COD removal using alum, ferric 

chloride and dates seeds were 60 mg/l, 50 mg/l and 40 mg/l and the COD removal percentages were 

83%, 86% and 75% respectively as shown in the Fig. 3. 

 

3.2 Finding the Optimum Combined Coagulants dosages For Turbidity Removal  
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Another set of experiments were done using jar test device to calculate the optimum dosage for 

combination of optimum fixed dosage of ferric chloride which was 60 mg/l with a different dosages 

of date seeds ranged from 10mg/l to 100 mg/l. The optimum mixing dosage was 60 mg/l ferric 

chloride plus 40 mg/l date seeds and this combined dosage produced turbidity removal percentage 

up to 93% as shown in the Fig. 4. From the other hand a set of experiments were done using also jar 

test device to calculate the optimum dosage for combination of optimum fixed dosage of alum, 

which was 70 mg/l with different dosages of date seeds ranged from 10mg/l to 100 mg/l. The 

optimum mixing dosage was 70 mg/l alum plus 50 mg/l date seeds and this combined dosage 

produced turbidity removal percentage up to 95% as shown in the Fig. 5. This highly removal of 

turbidity can be attributed to the fact that the powdered of date seeds has a very good adsorption for 

the suspended solids beside the highly effect of formation of aluminum coagulant hydrolysis 

products which considered the most important cause of suspended solids destabilization.    

 

3.3 Finding the Optimum Combined Coagulants dosages For COD Removal  

Another set of experiments were done using jar test device to calculate the optimum dosage for 

combination of optimum fixed dosage of ferric chloride which was 40 mg/l with a different dosages 

of date seeds ranged from 10mg/l to 100 mg/l. The optimum mixing dosage was 40 mg/l ferric 

chloride plus 70 mg/l date seeds and this combined dosage produced COD removal percentage up to 

90% as shown in the Fig. 6. From the other hand a set of experiments were done using also jar test 

device to calculate the optimum dosage for combination of optimum fixed dosage of alum, which 

was 60 mg/l with different dosages of date seeds ranged from 10mg/l to 100 mg/l. The optimum 

mixing dosage was 60 mg/l alum plus 50 mg/l date seeds and this combined dosage produced COD 

removal percentage as shown in the Fig. 7. The removals of COD were attributed by the formation 

of sediments from the combination of ferric coagulant and the soluble organics Tebbutt, 1998. And 

this finding was fully agreement with study of Dialynas, et al., 2008 he showed that FeCl2 was 

more efficient than alum in removing of organic content of landfill leachate and this was due to 

FeCl2 increases the flocs size and decreasing settling time more than alum. 

 

4. CONCLUSIONS 
This study has found the possible benefits and  effectiveness of using dates seeds as a natural 

coagulant that could be used in coagulation process in domestic wastewater pretreatment to remove 

the turbidity and chemical oxygen demand (COD), and the removal efficiency for both parameters ( 

turbidity and COD) could be increased when a combination is done between this natural coagulant ( 

date seeds) and other chemical coagulants such as ferric chloride and alum. 

The study showed that the optimum combined dosage used to remove initial turbidity of domestic 

wastewater (250 NTU) was 120 mg/l  resulted from ( 70 mg/l date seeds plus 50 mg/l alum) and the 

turbidity removal percentage was 95%. The study also showed that the optimum combined dosage 

used to remove initial COD of domestic wastewater (390 mg/l) was 110 mg/l resulted from (40 mg/l 

date seeds plus70 mg/l ferric chloride) and the COD removal percentage was 90%. 
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            Figure 1. Jar test apparatus. 

 

 
Figure 2. Variation of turbidity removal with coagulant concentration. 
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Figure 3. Variation of COD removal with coagulant concentration. 

 

 

 
Figure 4. Variation of turbidity removal with combined coagulants.  
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Figure 5. Variation of turbidity removal with combined coagulants. 

 

 

 
 Figure 6. Variation of COD removal with combined coagulants. 
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Figure 7. Variation of COD removal with combined coagulants. 

 

 

Table 1. Characteristics of the domestic wastewater. 

Constituent Concentration* Unit 

BOD 220 mg/L 

COD 390 mg/L 

Turbidity 250 NTU 

pH 7.1-7.4 - 

*Average of 3 values 
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ABSTRACT 

          Partial shading is one of the problems that affects the power production and the efficiency of 

photovoltaic module. A series of experimental work have been done of partial shading of   

monocrystalline PV module; 50W, Isc: 3.1A, Voc: 22V with 36 cells in series is achieved. Non-linear 

power output responses of the module are observed by applying various cases of partial shading 

(vertical and horizontal shading of solar cells in the module). Shading a single cell (corner cell) has 

the greatest impact on output energy. Horizontal shading or vertical shading reduced the power from 

41W to 18W at constant solar radiation 1000W/m
2 

and steady state condition. Vertical blocking a 

column of cells (9 cells) in a module reduces the power from 41W to 18W (53% power reduction); 

while, blocking one or two cell in the row reduces the power from 41 W to 18W (53% power 

reduction). Shading three or four cells in the same row reduces the power from 41W to 1W or 

0.006W (94% power reduction). A complete Matlab / Simulink model are achieved to simulate the 

effect of partial shading on power output of module. It is found that shading a single cell reduces the 

power from 50 W to 25 W (50%) using Matlab/Simulink model. Comparisons have been made 

between the I-V and P-V characteristic curves from the simulation with the practical (experimental) 

curves. The results showed that the percentage of error between the Simulink results and the 

corresponding experimental measurement are 22% without shading effect and, 32% with partial 

shading. 

Key words: partial shading, bypass diode, matlab/simulik, pv module, photovoltaic system 

 

انهوح انشمسي أداء أثير انظم انجزئي عهىانتجربة وانمحكاة نت  

 

اصيم جمال خانذ                                                                 هاشم طانب عماد  

ٍبجسزٍر طبىجخ                                                                     ٍسبػذ أسزبر   

قسٌ ْٕذسخ اىطبقخ /ميٍخ اىْٖذسخ/جبٍؼخ ثغذاد                                                                                    ثغذاد جبٍؼخ/اىْٖذسخ ميٍخ/اىطبقخ ْٕذسخ قسٌ

        

 انخلاصة

 ٍِ  اىزجبرة ٍِ سيسيخ اجراء رٌ. اىنٖرٗض٘ئً ىي٘ح ٗاىنفبءح اىَْزجخ اىطبقخ ػيى رؤثر اىزً اىَشبمو ادذ ٕ٘ اىجزئً اىزظيٍو              

 الاسزجبثخ.اىز٘اىً ػيى ٍرث٘طخ خيٍخ 36 رذز٘ي ف٘ىذ 22,اٍجٍر 3.1, ٗاط 50 اىجي٘رح ادبدٌخ ّ٘ع ٍِ مٖرٗض٘ئٍٔ ٗدذح ػيى  اىجزئً اىظو

 ىٖب( اىزاٌٗخ خيٍخ)ٗادذٓ خئٍ رظيٍو(.ػَ٘دي, افقً) اىجزئً ىيزظيٍو ٍخزيفٔ دبلاد رطجٍق ٍلادظزٖبػْذ ٌَنِ  اىْبرجخ ىيطبقخ خطٍٔ اىغٍر

 رٌ.   ٍسزقرح ٗدبىخ٠١١١ ثبثذ اشؼبع ػْذ ٗاط18 اىى ٗاط 41 ٍِ اىطبقخ ٌقيو  اىؼَ٘دي اٗ الافقً اىزظيٍو.اىخبرجٍخ اىطبقخ ػيى اىنجٍر الاثر
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 ٗ(  خاىطبق اسزٖلاك رخفٍض%53) ٗاط18 اىى ٗاط 41 ٍِ اىطبقخ ٌقيو اىض٘ئٍخ اى٘دذٓ فً(خلاٌب9)اىخلاٌب ٍِ ػَ٘د دجت اُ ٍِ اىزذقق

 فً خلاٌب ارثغ اٗ ثلاس رظيٍو(.( .اىطبقخ اسزٖلاك رخفٍض%53) ٗاط 18 اىى ٗاط 41 ٍِ اىطبقخ ٌقيو اى٘ادذ اىرف فً خيٍزٍِ اٗ خيٍخ دجت

 رٌ.ٍبرلاة اىسٍَ٘ىْل ثجرّبٍج اىجزئً اىظو ربثٍر ر٘ضٍخ رٌ( .اىطبقخ اسزٖلاك رخفٍض%94) ٗاط 0.006 اٗ ٗاط1 اىى اىطبقخ ٌقيو اىرف ّفس

 -رٍبر) ٍْذٍْبد ثٍِ ٍقبرّخ ػَيذ(.اىطبقخ اسزٖلاك رخفٍض% 50) ٗاط25 اىى ٗاط50اه ٍِ اىطبقخ ٍِ ٌقيو ٗادذٓ خيٍخ رظيٍو اُ اىزذقٍق

 ثٍِ اىَئٌ٘خ اىخطأ ّسجخ اىْزبئج ٍِ ٍجٍِ ٕ٘ ٗمَب,اىؼَيٍخ اىزجبرة ٍِ اىْبرجخ اىَْذٍْبد ٍغ اىَبرلاة ثرّبّج ٍِ اىْبرجٔ(ف٘ىزٍخ -طبقخ)ٗ(ف٘ىزٍخ

32% اىى رصو اىجزئً اىظو ربثٍر ٍٗغ%,22 اىى رصو اىظو رأثٍر ثذُٗ ٗاىْظرٌخ اىؼَئٍ اىْزبئج      

اىْظبً اىف٘ر٘ف٘ىزبئً ,ٍبرلاة/ سٍَ٘ىْل , اىذاٌ٘د اىثْبئً , :اىظو اىجزئً  ةرئيسيان كهماتنا  

1.INTRODUCTION 

         Solar cell is a device that directly converts sunlight into electricity with no intervening heat 

engine through the process of photovoltaic. In 1839, French physicist Antoine Edmond Bequerel’s 

research was the beginning to develop of solar cell technology. 

          A number of parallel/series connected solar cell are used to construct a PV module. Series 

connected solar cells has a negative impact on PV module performance if all its cells are not equally 

illuminated (partially shaded).  

         Shading is one of the many factors that have a great effect on the performance of solar 

photovoltaic modules. Two possible sources that the shading arises from them in the natural 

environment; the first is some type of plant such as trees, while the second is a solid body like a 

socle or construction Di Piazza and Vitale, 2010. So even if a tiny part of the solar photovoltaic 

module is in shade, the performance of the full solar photovoltaic module will significantly 

decrease. Also, there are two factors have impact on the performance of PV modules in natural 

environmental; artificial like evaporation of pollution from different factories and natural like dust, 

temperature and clouds. Accumulation of a permanent pollution strip along the edge of the framed 

cell lead to reduction of energy production up to 10-20% of PV cell Eloy Dı´az-Dorado, 2014. 

         In recent years, the effect of partial shading on the PV array performance has been widely 

discussed and studied. the impact of partial shading is complicated because the testing field is 

costly, time consuming and depends strongly on the prevailing weather condition, Ahmed et al., 

2014. 

        All the cells carry the same amount of current. In a series connected concentration of cells, 

Even though a few cells under shade produce less photon current but these cells are also obliged to 

carry the same current as the other fully lighted cells. The shaded cells may be in reverse biased 

state, acting as loads, absorbing power from fully lighted cells. Hot-spot problem can appear if the 

system is not well protected; the system can be irreversibly damaged, Quaschning and Hanitsch, 

1996. 

Many researchers examined the effect of partial shading on PV technologies. Gross et al., 1997 

depending on heliodon analysis concluded that replacing the current central inverter by module 

inverters could decrease losses due to shading from 25 to 19.5% of the yearly energy product. 

Tegtmeyer et al., 1997 found from experimental measurements that when partial inverter systems 

where shading happens from time to time, with central inverters extra losses are lower than 5% of 

the optimum. Beuth, 1998 simulated two present PV systems with partial shading for various 

arrangements did not see big avail of the module inverter configuration. Depending on the cost for 
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installations and inverters, and reliability considerations, advises the application of series or central 

inverters. Belhaouas et al., 2013 studied the built PV module depended on two diode model by use 

matlab / Simulink under partial shading. Concluded when shaded one cell the power reduced 50%. 

The objective of this work is to illustrate the effect of partial shading first by experimental 

measurements, and then theoretically by Matlab /Simulink. 

 

2. MODELING OF PHOTOVOLTAIC SYSTEM 

2.1 PV Cell Model 

          The single diode equivalent circuit of a photovoltaic cell in Fig.1 consists of a current 

source, a diode, a series and a parallel resistance. 

The open circuit voltage (Voc) and the short circuit current (Isc) obtained from the cell 

manufacturer’s data sheet the PV current can be derived by Eq. (1) ,Yusof et al., 2004. 

         o                                                                                                                  (1)                                 

In which    is the output current and    refers to the photo-generated current,  o represents the diode 

current, the photo-generated current(   ) which is a function of incident solar irradiation and cell 

temperature. It can be calculated as Eq. (2), Wang and Hsu, 2010. 

        (               ) 
  

  
                                                                                         (2)                     

Where    is the temperature coefficient,      is the deviation of the operating temperature from the 

reference temperature (    = T− Tr), and    and    are reference and operating irradiances, 

respectively. Also the reverse saturation current (   ) at a certain reference temperature can be 

calculated as follows, Ekpenyong and Anyasi, 2013. 

    
   

    
    

      
   

                                                                                                                       (3)                                            

The diode current saturated (  ) changes with fluctuations in environmental conditions, so it can be 

calculated by the equation below. The parameter    refers to the band gap energy for the silicon 

semiconductor which should be between 1.1 and 1.2 eV,  Pandiarajan and Muthu, 2011. 

      (
 

  
)
 

   *
   

  
(

 

  
 

 

 
)+                                                                                                  (4)                

Where   is the Boltzmann constant,   is constant known as the electron charge (  = 1.602 × 10−19 

C), A is ideality factor depends on PV technology as      is the diode current that will be calculated 

by the Shockley Equation, Pandiarajan and Muthu, 2011. 
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       *   (
 (         )

   
)   +                                                                                                 (5)              

A photovoltaic module is the basic element of each photovoltaic system. It consists of many jointly 

connected PV cells. The equivalent module circuit equation for an (Ns) PV cells in series, leads to 

equation, Wang and Hsu, 2010. 

          *   (
 (         )

     
)   +  

(         )

  
                                                                 (6)     

 

3. EXPERIMENTAL FACILITIES AND MATLAB – SIMULINK 

3.1 Experimental setup  

          A study on the effect of partial shading has been done through a series of experimental 

measurements.  Fig.2 shows the PV system of single PV module. A single monocrystalline silicon 

solar module used in this experimental, which consists of 36 solar cells connected in series and 

placed on a mobile metallic holder, to get the desired radiation flux. The experimental work has 

been make at the department of energy engineering in March, April and May, 2015.Table 1 shows 

the electrical characteristics of monocrysalline module under standard test conditions (STC); 

irradiance G = 1000 W/m
2
and temperature = 25°C.The PV module is connected to the Prova 200 

solar module analyzer shown in Fig.3 which used for the measurements of output power, efficiency, 

fill factor, Vmax and Imax of the solar module. Solar power meter (TES1333R) shown in Fig.4 that 

measures irradiation in W/m². The temperature of the module was measured using digital 

thermometer (TPM-10) attached firmly to the back of the module shows in Fig.5. The entire device 

and the solar module, which is supplied by the manufacture (Pasco, TES Electrical Electronic Corp), 

are calibrated on line. A software program is supplied by the manufactory company for calibrated 

the solar module and prova 200 and solar power meter. For resolution accuracy of the measuring 

device (prova 200, solar power meter, digital thermometer), Table 2 demonstrates the properties of 

measurement apparatus range, resolution and accuracy. 

3.2 Matlab Simulink  

          A single solar module simulation is based on the single diode model equations were 

implemented in Matlab/Simulink. This simulation allows modifying the environmental data and the 

electrical  parameters characteristic of the implemented photovoltaic module such as irradiance (G), 

temperature(T), short circuit current (Isc), open circuit voltage (Voc), etc. The simulation model of 

the PV system shown in Fig.6 is divided into two groups, each one of them connected to bypass 

diode. The first group contains number of solar cells without shade at radiation flux 1000W/m
2
.The 

second group contains number of shaded cells at radiation flux 500W/m
2
. 

 

 

4. RESULTS AND DISCUSSION 

4.1 Experimental Results 

         The effect of partial shading is shown in Figs.7 and 8 the I-V and P-V characteristic curve 

respectively at G=1000W/m
2 

and T=45
o
C. Isc is equal to 2.8A ,Voc is close to 21.4V ,the Imax is equal 
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2.4A ,Vmax equal 16.5V.The blue curve represent the case without shade , the red and green curves 

represent the case when one or two cell is shaded in horizontal way, noticing that shading has a 

strong influence on the I-V and the P-V characteristics curve of the module and the maximum 

power decreases for approximately 50% power reduction. The Purple and light blue curves 

represent the case when three or four cells are shaded in horizontal way, so that the maximum power 

decreases for approximately (96%power reduction). Fig.9 shows the power drop with number of 

cells. The power decreases whenever the number of shaded cells increases.  

         The I-V and P-V characteristic curves of partial shading in vertical way illustrated in Figs.10 

and 11 .The blue curve (without shade). The red and green curves represent when one and two cell 

is shaded respectively (power decreases for approximately50%).The Purple and light blue curves 

represent the case when three and four cells are shaded respectively (power decreases for 

approximately 96%). Fig.12 shows the power drop with number of cells. The power decreases to 

half when one or two column is shaded .and continue decreasing when shading three or four 

columns. 

         The power drop with number of shaded cells at different radiation flux 500,800,100 in 

horizontal and vertical case shown in Figs.13 and 14. Notice that whenever the radiation flux 

decreases the power is decrease. When the radiation flux value of 500W/m
2
the power became 20 W 

less than what it was when the radiation flux (800, 1000), which is 36W, 41W respectively. When 

1,2 cells is shaded the power reduces to half and when 3,4 cells are shaded the power reduce more 

than half in horizontal case, when shading 1,2,3,4 cells in vertical case the power reduce to half. 

Notice the impact of shading when shading (1, 2, 3, 4) cells, in vertical state .it’s different from the 

shading (1, 2, 3, 4) cells in horizontal state. 

4.2 Partial Shading Simulation 

          The simulation result of the I-V characteristic curve is shown in Fig.15. The short circuit 

current is very closed to 3.1A and the Voc is very close to 22V. The simulation result of the P-V 

characteristic curve is shown in Fig.16. The maximum power is 50 W which is the expected value. 

Vmax is very close to 17.5 V and Imax is very close to 2.9 A. In Fig.17 shows the simulated I-V 

characteristic curve for irradiance (G = 1000 W/m
2
) on Group 1 and shading on Group 2 (G = 500 

W/m
2
) with two bypass diodes connected. The Vmax equals 8.6 V, as the two groups are not equally 

illuminated the power shown in Fig.18 contributed by each group is different and the maximum 

power is less than 50 W. Table 3 introduces a comparison between the maximum power obtained in 

this work and a sample of other previous work such as Basim et al., 2013 and Quaschning and 

Hanitsch ,1996.Those works studied the partial shading effect on the performance of PV modules. 

 

5. CONCLUSIONS 

 This paper presented the procedure for creation the mathematical model of photovoltaic module 

under partial shaded condition in the different current Simulink libraries and choose the appropriate 

one. The results are found to be in close agreement with the Laboratory results. Experimental results 

showed that single cell shading reduces the total power of the solar module to 50%, and the 

horizontal shading more influential than the vertical shading .In horizontal shading blocking one or 

two cells in the row reduce the power 41 W to 18W (53% power reduction).Shading three or four 

cells in the same row reduces the power to 1W or 0.006W (94% power reduction) and also, in 
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vertical  shading blocking a column of cells (9 cells) in a module has reduce the power from 41W to 

18W (53% power reduction).The decrease in power of the photovoltaic module is not proportional 

to the shaded area. Also showed when decrease solar radiation the Isc and Voc reduce. As it is 

shown by the results that the percentage of error between the theoretical and practical in case 

without shade reach to 22.0%, and with partial shading reach to 32%. 
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NOMENCLATURE 

A = diode ideality factor, dimensionless. 

Eg = band gap energy (EV= electron volt) 

G1 = operating irradiances (W/m
2
) 

Gr = reference irradiances (W/m
2
) 

Io = diode current (Amp) 

IPh = solar-generated current (Amp) 

Ipv = output current (Amp) 

Irs = reverse saturation current (Amp) 

Is = diode current saturated (Amp) 

Isc = short circuit current, (Amp) 

K = boltzmann constant 1.3805*10-23(Joule/k) 

Ki = temperature coefficient 

Ns = number of solar cells connected in series. 

Rp = parallel resistance (Ω) 

Rs = series resistance (Ω) 

T = operating temperature (K)   

     Tdif = deviation of the operating temperature from the reference temperature (K) 

     Voc = open circuit voltage, V. 

Table 1. Electrical characteristics parameters of the PV module at 25°C and 1000 W/m
2
. 

 

 

 

 

 

 

 

 

 

 

 

50 W Rated power 

17.5V Voltage at maximum power (Vmax) 

2.9A Current at maximum power (Imax) 

22V Open circuit voltage  (Voc) 

3.1A Short circuit current (Isc) 

36 Total number of cells in series 

 5.6Kg Module weight 

(50)17M800×541 Module type 

0.0017 Temperature coefficient ki 
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Table 2. Measurement apparatus range, resolution and accuracy. 

 

Table 3. Maximum power degradation comparison with some previous studies. 

    

     

 

 

 

 

     

 

Figure 1. Equivalent circuit of PV.                                Figure 2. Experimental system. 

 

 

 
Measuring 

range 
Resolution Accuracy 

Solar module analyzer PROVA 200A 

DC voltage 

measurements 
0-60 V 

0.001-0.01 

V 
±1% ±(1% of Voc±0.09 V) 

DC current 

measurements 
0-6 A 0.1-1 A ±1% ±(1% of Isc±0.9 mA) 

Solar power meter TES1333R 

Solar radiation 

measurements 
0-2000 W/m

2
 0.1 W/m

2
 

±10 W/m
2
 or ±5%. higher 

temperature induced error of ±0.38 

W/m2/°C from 25°C 

Digital thermometer TPM-10 

Temperature 

measurement 
-50~70 °C 0.1 °C ±1 °C 

 

Power without partial 

shade (W) 

Power with partial shade 

 (W) 
     

 % 
Experiment

al 
Simulink 

Experiment

al 
Simulink 

Present Results 41 50 18.93 25 0.53 

Basim et al., 2013  110 108 49 48 0.55 

Quaschning and 

Hanitsch ,1996 
20 30 6.3 10.3 0.68 

  

 

PV module Prova200 

PC 
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Figure 3. Solar analyzer prova.                 Figure 4. Solar power meter. 

 

Figure 5. Digital thermometer. 

 Figure 6. Simulink model for partial shading of single PV module.  
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    Figure 7. I-V curve with partial shade.                         Figure 8. P-V curve with partial shade. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Power drop with number of shaded cells. 
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Figure 10. I-V curve of PV module.                          Figure 11.P-V curve of PV module. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Power drop with number of shaded cells. 
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     Figure 13. Power drop with number of shaded cells in horizontal shade at different radiation 

(500, 800, 1000) W/m
2
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Power drop with number of shaded cells in vertical shade at different radiation 

(500, 800, 1000) W/m
2
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Figure15. Simulink I-V curve without shade.           Figure 16. Simulink P-V curve without shade.   

Figure17. Simulink I-V curve with shade.                   Figure18. Simulink P-V curve with shade. 
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The Effects of Inclination and Compounds Angles of Round Holes in Staggered 

Rows on Adiabatic Film Cooling Effectiveness of Vane Suction side  
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ABSTRUCT 

            The aim of this work is oriented to increase film cooling effectiveness value through 

numerical investigations for flow of Mach number not more than 0.3 around vane surface, to find the 

effects of inclination and compounds angles of round holes in staggered rows on adiabatic film 

cooling effectiveness of vane suction side. Multi cylindrical film cooling hole cases were studied 

with pitch ratio P/d =2 and 3, local blowing ratios M=0.382, 0.77 and 1.14,  inclination angles =30° 
and 45°, compound angles β= 0°, 15°, 30° and 45° and local momentum ratios I= 0.084, 0.34 and 

0.756  for better cooling process. 

            A numerical technique, using ANSYS-FLUENT version 14.5, was used to solve governing 

partial differential equations of mass, momentum (Navier Stokes equations) and energy 

conservations in three dimensions with a      turbulence model that involves the solution of the 

four transport equations. Based on the results of the numerical solution, the best film cooling 

configuration, blowing ratio, with the range of actual engine flow conditions, dimensions and vane 

geometry; density ratio 1.74 , temperature ratio 0.57 and blowing ratio M=0.382, 0.77 and 1.14 was 

obtained. The best case for inclination angle =30°, P/d=2 was at M=1.14 and β=0° for the total 

average effectiveness along 60L/d of surface suction side was 0.616, while the best case for 

inclination angle =45°, P/d=2 was at M=0.382 and β=30° for the total average effectiveness along 

60L/d of surface suction side was 0.516. 

            In addition, comparisons were performed with available other work, where the experimental 

total average effectiveness results of Dees et al., 2011 were in good agreements with the numerical 

results of current work with a maximum deviation of 9.9% at I=0.34 and 3.6% at I=0.75.  

 

Key words: vane turbine, film cooling, adiabatic cooling effectiveness. 

 

تاثيراخ زوايا الميل والذوران للثقوب الذائريح في الصفوف المتخالفح على كفاءج التثريذ الغشائي لجاوة 

   السحة مه ريش التوجيه الرئيسيح في التورتيه

 
                                                                                                              وجذخ وشاخ عثذ الله                                                                                 راشذ خالذ وصيف         أ.د.               

 ٔظاضج انُفط   ظايعح تغساز                                                                                -سحكهٛح انُٓس              

 

 الخلاصح

لا ٚعٚس عٍ اٌ انٓسف يٍ ْصِ انسضاسح ْٕ ظٚازج كفاءج انرثطٚس انغشائٙ يٍ ذلال زضاسح َظطٚح نعطٚاٌ ْٕاء تطقى ياخ              

ذاشٛطاخ ظٔاٚا انًٛم ٔانسٔضاٌ نهصقٕب انسائطٚح فٙ انصفٕف انًررانفح عهٗ كفاءج نغطض انٕصٕل انٗ حٕل سطح انطٚشح  3.0

. ذًد زضاسح انعسٚس يٍ انحالاخ  َظطٚا نصقٕب ذثطٚس انرثطٚس انغشائٙ نعاَة انسحة يٍ ضٚش انرٕظّٛ انطئٛسٛح فٙ انرٕضتٍٛ

ٔ   3.025ٔتًعسل ضد َسثح انٗ انسطعح انًٕقعٛح نهعطٚاٌ انطئٛسٙ ْٕ  0ٔ 2انصقة ْٙ  اسطٕاَٛح تُسثح يسافح تٍٛ شقثٍٛ انٗ قطط
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 0.084 ,0.34 ,0.756 وبعزم ضخ °45 , °0 ,°15 ,°30ٔظأٚح ذٕظّٛ ظاَثٙ     54°ٔ 03°ٔتعأٚح ذٕظّٛ عهٕ٘  1...ٔ  3.44

  لافضم ذثطٚس. 

ذى حم انًعازلاخ انرفاضهٛح انععئٛح  ANSYS-FLUENT version 14.5تاسررساو انحم انعسز٘ تٕاسطح انثطَايط             

     تالاضافح نًعازنح انطاقح ٔتاسررساو ًَٕشض  Navier Stokes equationsتالاذعاْاخ انصلاشح نهكرهح ٔانععو ٔانًعطٔفّ 

رٙ ْٙ تظطٔف يشاتٓح نظطٔف نهعطٚاٌ انًضططب انص٘ ٚشًم اضتع يعازلاخ اَرقال. تالاعرًاز عهٗ َرائط انحم انعسز٘ ٔان

ذى انٕصٕل   ,1.14  0.77,0.382, َسثح ضد 3.24, َسثح زضظاخ حطاضج 41..انًحطك انرٕضتُٛٙ يٍ انُاحٛح انُسثٛح َسثح كصافح 

حيث   and  β=0°  M=1.14 ْٕ عُس  =30°  ,P/d=2انحانح الايصم عُسيا ذكٌٕ ظأٚح انًٛم  انٗ أيصم7 شكم ٔكًٛح انضد.

تًُٛا انحانح الايصم عُسيا ذكٌٕ ظأٚح , 3.3.3يٍ سطح انسحة نطٚشح انرٕضتٍٛ ْٕ  60L/dالمعدل الكلي لكفاءة التبريد لطول 

يٍ سطح انسحة  60L/dحيث المعدل الكلي لكفاءة التبريد لطول  M=0.382 and  β=30°ْٕ عُس  =12°  ,P/d=2انًٛم 

 .3.2.3نطٚشح انرٕضتٍٛ ْٕ 

 ,.Dees et alًد انًقاضَح يع تحٕز يرٕفطج لاعًال أذطٖ حٛس كاَد انُرائط انعًهٛح نًعسل انرثطٚس انكهٙ  نهثاحس ذ            

عُس َسثح ععو نهضد  6.6تشكم ظٛس يع انُرائط انعًهٛح نٓصِ انسضاسح ٔكاَد اعهٗ َسثح نلاذرلاف تٍٛ انعًهٍٛ ْٕ % يرقاضتح  2011

 .3.42عُس َسثح ععو ضد  0.3ٔ % 3.01

 . الازٚاترٛكٙ انكفاءج انرثطٚسانرثطٚس انغشائٙ,  ضٚش انرٕضتٍٛ,الكلماخ الرئيسيح:

 

1. INTRODUCTION 

     Modern high pressure turbine blade and vane are set under high thermal stress. Since the early 

years, the turbine combustion gases inlet temperature has been increasing considerably in order to 

increase the work output per unit mass and the thermal efficiency of gas turbine engine. Nowadays, 

the combustion gases temperature in the first stages of turbine can be beyond acceptable vane metal 

temperatures. In order to keep vanes at an acceptable temperature, a complex cooling ways were 

used. Many works were made in the earlier years in order to increase the cooling efficiency and in 

the recent years continuous efforts are doing to develop the technologies for higher blade loading, 

Gomes and Niehuis, 2013 part II. Film cooling technique is widely used for the vanes and blades 

of the front stages in order to reduce material temperatures as far as necessary for an acceptable life 

span of the components. As film cooling jets reduced combustion gases temperature, improvements 

can be gain by decreasing the amount of jet cooling mass flow rate and with effective film cooling 

distribution on vane surface, Kusterer, et al., 2007.  

         Several global researches studied the vane film cooling and great affords was done to improve 

film cooling method. Cutbirth and Bogard, 2002, defined thermal fields of the showerhead film 

cooling region which is part of suction side of a turbine vane by using a closed-loop, low speed wind 

tunnel with ranged of blowing ratios from 0.5 to 2.0. Showerhead cooling jet was completely lift-off 

from the vane surface even at low blowing ratios and the interaction of the coolant jets from lateral 

adjacent holes improve adiabatic film cooling effectiveness. Dittmar, et al., 2003, investigated four 

different film-cooling hole configurations on a large scale suction side of vane in open loop 

atmospheric wind tunnel and one of them was staggered arrangement of double row cylindrical 

holes. It was found that all configurations show similar film-cooling effectiveness at low blowing 

ratios. Effectiveness was decreased drastically for the cylindrical holes which were attributed to 

coolant jet separation from the vane surface. Colban, et al., 2006, presented a study of the adiabatic 

cooling effectiveness and heat transfer coefficients for turbine vane under low-speed conditions by 

using low speed wind tunnel. Near the leading edge, the Stanton number had the maximum value. 

Measurements of single row adiabatic film cooling effectiveness without upstream showerhead 

blowing showed that the jet lift-off was along vane suction side. Waye and Bogard, 2007, 

investigated adiabatic film cooling effectiveness for round axial hole and with compound angle on 
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the simulated vane suction side to evaluate the performance of these configurations. Experiments 

were conducted by using low speed wind tunnel for different coolant density ratio, main flow 

turbulence levels, and hole spacing. Compound angle holes provided higher laterally averaged 

adiabatic effectiveness than axial holes and the adiabatic effectiveness for the compound angles, 

showed better than axial holes. Dees, et al., 2011, presented experimental measurements of external 

surface temperature on the cooled adiabatic model of scaled up vane suction side. Adiabatic 

effectiveness values were measured on downstream of the film cooling holes near the mid span of 

adiabatic vane at local momentum ratio I= 0.34 and 0.75 . The highest values of laterally averaged 

adiabatic effectiveness occur immediately downstream of film injection. At I = 0.34 best 

effectiveness was obtained over the whole test domain. Increasing the film cooling momentum flux 

ratio decreased the adiabatic effectiveness values due to coolant flow separation.  
Mhetras, et al., 2012, studied experimentally the effect of cooling holes location in lateral direction 

of a stationary linear cascade on film-cooling effectiveness using the pressure sensitive paint 

method. The effect of showerhead cooling jet at vane leading edge and the compound angle hole 

type on the suction sides were examined. Dyson, et al., 2013, measured the adiabatic and overall 

effectiveness for a scaled up linear vane cascade model, fully cooled, with film cooling holes on a 

showerhead and rows on vane suction side in a low speed wind tunnel with a “chord-exit Reynolds 

number” of 700,000. Adiabatic effectiveness measured for a model was constructed from foam low 

thermal conductivity. The spatial variation in the overall effectiveness was considerably less than 

that for the adiabatic effectiveness. Naik, et al., 2014, investigated film cooling effectiveness 

characteristics of a first stage turbine via numerical method. The oil flow visualization indicated that 

the secondary flows on the vane suction side were relatively small. The impact of high and low 

blowing ratios was relatively small on the film cooling effectiveness. 

A model studied in this work represents the actual dimensions of vane geometry of 125MW 

gas turbine for South Baghdad Power Station as given in Table 1. Study of performance of gas 

turbine vane suction side film cooling effectiveness was investigated through different inclination 

and orientation angles of film cooling holes. Multi cylindrical film cooling holes cases were studied 

as shown in Table 2 to find the best case for better cooling.  

 

2. NUMERICAL SOLUTION    
     In order to analyze the fluid flow and heat transfer characteristics mathematically at vane suction 

sides of turbine, a solution of Navier-Stokes equations is required. Due to the complexity of vane 

surface configuration and the significant viscous and heat effects, it is impossible to obtain an 

analytical solution of Navier-Stokes equation. Therefore, a numerical technique, using ANSYS-

FLUENT version 14.5, was used to solve governing partial differential equations of mass, 

momentum and energy conservations in three dimensions with a      turbulence model that 

involves the solution of the four transport equations; the turbulence kinetic energy  , its rate of 

dissipation  , the velocity variance scale   ̅̅ ̅ and the elliptic relaxation function  ƒ, to demonstrate the 

effect of the turbulence on the flow structure.  

     The annular geometry of vanes was converted to straight for one vane with periodic boundary 

condition from suction and pressure side and symmetry boundary conditions in span direction far 

from endwall effects at the hub and shroud as shown in Fig. 1. Only 12mm in the middle of the span 

which contains holes film cooling, was modeled. This method was used by, Colban, et al., 2007. 
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     For the modeled geometry, the distance from inlet section of combustion gases to the leading 

edge of the vane is 55mm, while the distance from vane trailing edge to exit boundary of combustion 

gases is 30mm and the distance between periodic boundaries was 167mm and all other dimensions 

are listed in Table 1. Depending on the dimensions of actual vane gas turbine for South Baghdad 

Power Station 125MW, the same dimensions of cylindrical film cooling holes have been made in a 

model vane with different inclination and compound angles in order to investigate its effects on 

adiabatic film cooling effectiveness on vane suction side. In this work, air was chosen as a working 

fluid and cold air was used in film cooling flow while the hot air represents the hot main stream 

flow. The physical properties for stream was fed as an input to ANSYS-FLUENT and used in 

solving the cases.  

     Pointwise V17.0R1 was used to generate structured, unstructured and hybrid grids. Structured 

grid was used around the vane surface for a sufficient distance from the vane surface and then 

completed the whole domain by using unstructured grid which result a hybrid mesh in the block that 

a mixture from hexahedron, pyramid and prism cells as shown in Fig. 1. Non-conformal grids was 

produced due to the difference in cells configuration between vane wall cells and cooling hole exit 

area cells (named interface where the locations of grid node at the meet boundaries of two 

subdomains not identical).  

     To obtain accurate solution in this work, skewness kept to not exceed 0.85 for hex, quadratic and 

triangular cells and for tetragonal cells, skewness should not exceed 0.9.  The mesh adjacent to the 

wall was so fine to solve the boundary layer flow. In the film cooling researches that presented, the 

recommended value of y+ is less than four. In this work the value of y+ near the vane surface was 

kept at a value y+ =1. 

     For structured domains the orthogonality of grid points adjacent to the vane wall was kept to 

perfect orthogonality and max value was 90° along the entire vane surface. For the present model 

1,091,160 cells was used.  The rate of convergence is indication to mesh quality. In this work the 

convergence was achieved with about 160 iterations.  

The numerical study of this work depends on the general gas turbine engine conditions that 

was specified and used from a very few researches as was found in the literature surveyed. These 

engine conditions represented by density ratio DR=1.2 to1.75, temperature ratio  
  

  
 = 0.5 to 0.7 and 

blowing ratio M=0.3 to 1.5. In this research will focus on the effect of inclination and compound 

angle of round hole on adiabatic film cooling effectiveness for P/d=2 on vane suction side. 

     The free stream out from the combustion chamber is normally turbulent or the simulation one in 

this study entering the vane inlet boundary and flowing around the vane surfaces suction and 

pressure side. This flow is as a flow around an obstacle and it considered as external flow Mathew, 

et al., 2013.  Flow around obstacle was considered as turbulent for             The Reynolds 

number for the model vane is      25100 where the characteristic length is the leading edge 

diameter. The characteristic Reynolds number depending on vane cord length as a characteristic 

length is normally high      1.49E+05 in this study depending at inlet velocity and     
 5.51E+05 depending on exit velocity at trailing edge and 20% turbulent intensity was used at free 

stream inlet velocity. 

     In the present work, the working fluid was air and the flow characteristics were assumed to be 

three-dimensional turbulent incompressible Newtonian fluid flow, density   varies only with 

http://en.wikipedia.org/wiki/Convergence_(mathematics)
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temperature and single-phase flow. In addition, flows pressure work  
 

 
 , and kinetic energy 

  

 
 terms 

in energy equation are negligible, viscous dissipation terms (  ̿    ⃑ ) are negligible and       

 

     In this work Reynolds averaged Navier-Stokes equations RANS was used, ANSYS theory 

guide, 2014. 

In Cartesian tensor, they can be written as: 
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where (    ́   ́̅̅ ̅̅ ̅) is a Reynolds stress tensor     which represents the effects of turbulence. The 

forma of energy equation that solves in ANSYS FLUENT, was: 

 

     ⃑      =   (       ∑        (  ̿    ⃑ )) +                                                              (3) 

                                                                                                                                          

     The film cooling flow over the vane surface is a boundary layer flow. The most suitable turbulent 

model for this type of flow considering the boundary layer is       model. This model is the 

successful modeling of the separation of fluid from a curved surface for example, the suction side of 

an airfoil. The turbulence kinetic energy  , rate of dissipation  , the velocity variance scale   ́̅̅ ̅, and 

the elliptic relaxation function   can be obtained from the following transport equations: 
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     The model constants have the following default values: 

      ,        ,        ,         ,         , (     ) ,         ,         ,      , 

       ,  ́       (       √   ́̅̅ ̅⁄ )   ANSYS Fluent       turbulence model manual, 

2013. 
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     Boundary conditions were specified for each zone of the computation domain. For the steady 

state, there were four boundaries in the physical flow domain, inlet, outlet, periodic boundary and 

solid surfaces wall as shown in Fig. 1. However, the internal domain zone that shares common areas 

faces does not require any boundary condition. 

        The boundary conditions used in this work are as follow: 

- Velocity-inlet boundary at area NO.1, where        ,        ,       , 

   =22.3mm and pressure gage=0. 

- Pressure outlet boundary at area NO.2, where        ,      ,    =22.3mm. 

- Periodic boundary at area NO.3. 

- Velocity-inlet boundary at area NO.4, where its velocity depend on blowing ratios with 

       ,    =2mm. 

- Symmetry boundary at area NO.5 

- Wall boundary at area NO.6, no-slip and adiabatic wall was defining by setting a zero heat 

flux condition. 

- Zero-gradient boundary condition for the variable   at inlets with default value    

-      ,   ́̅̅ ̅ and   at inlet boundaries were compute its initial values from: 

     (    )
      ;                 

   ⁄

 
        ;          ́̅̅ ̅ = 

 

 
    ;         (                  )  

ANSYS Fluent       turbulence model manual, 2013.  
              

     In this work the predicting near-vane wall cell distance was specified according to      , a 

good power law correlation for a flat plate for turbulent coefficient of skin friction was used, 

Saadati, 2009, as follows: 

  

           
  ⁄

                                                                                                                        (8) 

 

Wall shear stress was predicted from; 

    
 

 
     

                                                                                                                             (9) 

 

From   compute the velocity  ; 

   √
  

 
                                                                                                                                    (10) 

The distance from the wall to the centroid of the first cell    can be estimated by choosing the 

desired wall distance vector    
   

 
 dimensionless where y distance from the wall.  

   
   

   
                                                                                                                                     (11) 

 

     To characterize the film cooling performance, adiabatic film cooling effectiveness was used. It 

represent a normalized form of     (the coolant temperature at the wall will be at the adiabatic wall 

temperature,    , which it was the driving temperature potential for heat transfer into the wall). The 

film effectiveness   is defined as follows, Bogard, 2012: 

 

   
      

          
                                                                                                                              (12) 
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     In this work Mach number (Ma) is assumed to not exceed 0.3 in two passages around the vane 

surface, in order to be within incompressible flow range. The velocity was kept approximately at  

          at the inlet of vane near the leading edge to ensure the Mach number not exceeds 0.3 

around the vane. This velocity was specified via using Auto-Cad program and thus the minimum 

vane passage flow area was calculated (it is equal to 0.0003396  ). Also, the cross sectional area 

between two stagnation points on the pair of the neighbor vanes was equal to 0.002  . The velocity 

of sound (a) at the temperature of hot main stream flow of 527C° was equal to 458m/s that found 

from Eq. (13). 

 

  ((
  

  
)   )                                                                                                                           (13) 

 

                                                                                                                                          (14) 

 

Hence, from Eq. (14), the maximum hot flow speeds at minimum vane passage cross section area 

was computed.  

             

4. RESULTS AND DISCUSSIONS 

     As shown from the contours of vane static temperature, Fig. 2, the staggered arrangement of 

holes improves the film cooling on vane surface where the upstream row of staggered arrangement 

fills the film cooling gap between the holes of downstream row of staggered arrangement. As shown 

in the jet film cooling fully attached to vane surface because of low momentum ratio I=0.085 

corresponding to blowing ratio of M=0.382. The local span average effectiveness of case (1) for β= 

0°, 15° and 30° along 60L/d  was presented in Fig. 3 with insignificant difference among local span 

effectiveness. The values of total average effectiveness for these cases were 0.342, 0.413and 0.387 

respectively. Figure 4 shows local span average effectiveness for case (2) for β= 0°, 15° and 30° 
along 60L/d of vane surface distance.  At β= 30°, the cooling jet was lift-off little from the hole 

trailing edge of the downstream row and reattached at 8L/d after mixes with hot gases and the 

temperature of cooling jet was increased. While the cooling jets for β= 0° and 15° were fully 

attached to the vane surface which that improve the cooling effectiveness. The momentum ratio of 

I=0.34 corresponds to M=0.77 was the moderate between I=0.25 and I=0.5. Below I=0.25 the 

cooling jet was fully attached the vane surface and for I=0.5 and above the cooling jet flow was 

separated. The value of total average effectiveness at 60L/d surface distance was 0.517, 0.535 and 

0.432 respectively. The local span average effectiveness of case (3) for β= 0°, 15° and 30° along 

60L/d was presented in Fig. 5. The cooling jet was fully attached the vane surface at β= 0° and 15°. 
For β= 30°, the jet was separated and mixed with hot mainstream gas that flows above the cooling jet 

and between the gap formed in cooling jet from staggered holes arrangement and the second vortex 

system of hot gas sweeps and mixes under cooling jet and warm the gap area and the cooling jet 

warms and mixes as it flows in downstream direction. The value of total average effectiveness at 

60L/d surface distance was 0.616, 0.496 and 0.366 respectively. 

     Among the cases (1, 2 and 3) the best one that gave higher total average effectiveness along 

60L/d was case (3) at β= 0° (= 0.616) where the local span average effectiveness for this case as 

shown in Fig.6. It was obvious that the case 3 at β= 0° had the highest total average effectiveness of 

0.616, but for the case 2 at β= 15° had also a good value of total average effectiveness 0.535. The 
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percentage difference between two values of total average effectiveness was 8.1% and this value 

was achieved by increasing the blowing ratio from 0.77 to 1.14 which represents 25.2%. 

     Fig. 7 represents the span average effectiveness of case 4 for β= 0°, 15°, 30°, and 45°.    In this 

case, the cooling jet fully attached to vane surface. While the high inclination angle, =45° assists 

the jet to separate, but the low blowing ratio M=0.382 and its corresponding low momentum ratio 

prevent the separation. Due to low blowing ratio, the cooling jet quickly losses its coldness due to of 

mixing with hot flow stream. This mix is proportional with degree of compound angle. β= 

30°produces a high lateral cooling distribution and increases perfectly the effectiveness. The values 

of total average effectiveness along 60L/d of vane surface were 0.375, 0.362, 0.516 and 0.334 

respectively. Fig. 8 shows the span average effectiveness of case (5) for β= 0°, 15°, 30°, and 45°. At 
β= 0 and 15°, the cooling jet attached to the surface with not allowing the hot gases to control and 

weaken the cooling effect. For β= 30°, lift-off was occurred and reattached at 5L/d while at β= 45° 
lift off was occurred and mixed with hot gases and causes poor in lateral cooling distribution which 

decreases the cooling effectiveness. Very good lateral cooling distribution at compound angle 15° 
and 30°. The values of total average effectiveness for β= 0°, 15°, 30°, and 45° were 0.47, 0.523, 

0.487 and 0.215 respectively. From Fig. 9 the span average effectiveness of case (6) for β= 0°, 15°, 
30°, and 45° were clarified. At β= 0° and 15° the hot gas don’t mix strongly with cooling jet and the 

cold mixture still in touch with the vane surface with good lateral cooling distribution. At β= 30° the 

cooling jet were separated and warmed via mixes with hot gas and reattached at 6L/d after losing 

some of its cooling effect with few lateral distributions. At β= 45° the cooling jets mixed with hot 

gas, converged and lost the cooling effect after 8L/d. The values of total average effectiveness for β= 

0°, 15°, 30°, and 45° were 0.524, 0.452, 0.286 and 0.09 respectively. Among cases (4, 5 and 6) the 

best one that gave higher total average effectiveness along 60L/d was case 6 at β= 0° (= 0.524). It 
was clear that the values of total average effectiveness of these three cases had the highest and 

approximately equal values which were 0.516 at β= 30°, 0.523 at β= 0°, and 0.524 at β= 0°,  
respectively. The choosing one of these values as the best case must not depend on the highest value 

of total average effectiveness only, but also depends on the blowing ratio for each of these cases 

must. The increase of blowing ratio from 0.382 to 1.14 represents 50.8% increasing in blowing ratio 

which reduces gas turbine engine efficiency. The percentage increase in total average effectiveness 

from 0.523 to 0.524 was 0.1% with corresponding to percentage increase in blowing ratio 25.2% for 

increasing M from 0.77 to 1.14. So that the case (6) with β= 0°will be out of the interest. Thus the 

comparison will be between case 4 at β= 30°, and case (5) at. β= 0°.  The percentage increase in total 

average effectiveness for these cases, from 0.516 to 0.523 is 0.7% with corresponding increasing in 

blowing ratio of 25.6% for increasing M from 0.382 to 0.77. So that the best case was case (4) at β= 

30°, because it was not logic to cool and increase the gas turbine efficiency of 0.7% by increasing 

the injection cooling air through increase blowing ratio 25.6% . 

     The best case for thirty degrees inclination angles of film cooling holes was the case (3) at β=0° 
that had the value of 0.616 total average effectiveness, and the best case for forty five degrees 

inclination angle of film cooling holes was the case (4) at β= 30°, that had the value of 0.516 total 

average effectiveness. The difference between the values of total average effectiveness 0.616 and 

0.516 is 10%. This 10% increase accomplished with increase in blowing ratio of 50.8% .The 

designer of gas turbine engine is the only person has the permission to decide whether this 10% 

increase in cooling effectiveness worth to increase blowing ratio. In this work the case (3) at β=0° 
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with total average effectiveness 0.616 was chosen to be the best case among all the twenty one 

different cases as shown in Fig. 10.  

     Comparison was made between cases from current work and experimental cases from Dees, et 

al., 2011, as shown in Fig. 11. Two cases from current study on the vane suction side, consists of a 

line of holes at =45°, β=0°, P/d=3 at I=0.75 and the second at I=0.34. These two cases were 

compared with two cases from Dees, et al., 2011, work with a line of holes at the suction side of 

scaled up vane four times bigger than the actual size at =42, β=0, P/d=3, where first case at I=0.75 

and the second at I=0.34. It was obvious that the value of local momentum factor was close together 

among the compared cases. It was obvious that there were no lift-off occurred in the cooling jet for 

both cases of Dees et al., 2011, while in current study, the cooling jet lift-off was found and 

reattached at 5.4L/d. So that the total average effectiveness of Dees, et al., 2011 two cases was 0.279 

at I=0.34 and 0.206 at I=0.75 along 55L/d where higher than the total average effectiveness of 

current cases, which were 0.18 at I=0.34 and 0.17 at I=0.75. The reason of these differences in 

cooling performance between cases of Dees, et al., 2011, and current study cases were related to 

used actual engine vane size in this work, while Dees, et al., 2011, was used scaled up four times 

larger than the actual engine vane size. Generally, for I=0.34 and I=0.75 for current study as shown 

in Fig. 11 was closed to spouse results of Dees, et al., 2011, cases especially after 16L/d, where the 

maximum deviation of 9.9% at I=0.34 and 3.6% at I=0.75. 

 

5. CONCLUSIONS 

     The following conclusions were extracted from numerical simulation results on the prediction of 

the best configurations of film cooling round holes on vane suction side: 

1- For case (1) the highest effectiveness was at β=15° with the total average effectiveness along 

60L/d was 0.413.  

2- For case (2) the highest effectiveness was at β=15° with the total average effectiveness along 

60L/d was 0.535.  

3- For case (3) the highest effectiveness was at β=0° with the total average effectiveness along 

60L/d was 0.616.  

4- For case (4) the highest effectiveness was at β=30° with the total average effectiveness along 

60L/d was 0.516.  

5- For case (5) the highest effectiveness was at β=0° with the total average effectiveness along 

60L/d was 0.523.  

6- For case (6) the highest effectiveness was at β=0° with the total average effectiveness along 

60L/d was 0.524.  

7- The best case for inclination angle =30 was case (3) at β=0° with the total average effectiveness 

along 60L/d of surface suction side was 0.616, while the best case for inclination angle =45° 

was case (4) at β=30° with the total average effectiveness along 60L/d of surface suction side 

was 0.516. 
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NOMENCLATURE 

 

Latin Symbols 

Symbol                               Description Unit 

   specific heat   J/ kg.K 

   turbulent coefficient of skin friction - 

C chord length  mm 

d cooling hole diameter mm 

DR density ratio - 

  energy W 

  elliptic relaxation function - 

H span or vane height  mm 

  local momentum ratios - 

  turbulence kinetic energy  m²/s² 

  fluid thermal conductivity W/m.K 

  the turbulence length scale   mm 

  local blowing ratios - 

Ma mach number - 

 ̅ average pressure  Pa 

P hole pitch mm 

P/d pitch ratios - 

    reynolds stress tensor  N/m² 

    reynolds number depending on vane cord length as a 

characteristic length 

- 

    reynolds number for the model vane where the characteristic 

length is the leading edge diameter. 

- 

  ,   ,   , 
   ̅̅̅̅ ,    

chemical reaction heat, and any heat source W 

S distance between two stagnation points of vane leading edge. mm 

s distance from stagnation point on vane leading edge 

downstream along suction side vane surface. 

mm 

   turbulence intensity.  % 

T local flow temperature, turbulent time scale. K
 

T∞ mainstream temperature K 

Taw adiabatic wall temperature K 

Tc coolant temperature K 

TR temperature ratio - 

  time s 
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   mean mainstream velocity m/s 

         local hot flow velocity near cooling hole region m/s 

   cooling flow velocity at hole exit m/s 

   shear velocity m/s 

 ⃑  velocity vector  m/s 

 

Greek Symbols 

 

Symbol                               Description Unit 

α inclination angle degree 

   constant - 

β compound or orientation angle degree 

β1 vane angle at inlet degree 

β2 vane angle at outlet degree 

  rate of dissipation m²/s³ 

 adiabatic film cooling effectiveness - 

   distance from the wall to the centroid of the first cell mm 

  dynamic viscosity kg/m.s 

   turbulent or eddy viscosity kg/m.s 

  kinematic viscosity  m²/s 

   hot flow density kg/m³ 

   cold flow density kg/m³ 

  density kg/m³ 

   wall shear stress N/m² 

 

 

 

 

Table 1. Dimensions of actual gas turbine vane (at the mid span) of South Baghdad Power plant and 

numerical model vane of this study with its initial conditions. 

Item Model vane 

Pitch or vane spacing S 167mm 

Chord length C 267mm 

Vane angle at inlet β1 0 degree 

Vane angle at outlet β2 76 degree 

Inlet uniform velocity    23.24m/s 

Chord Reynolds number        at inlet boundary 1.49E+05 
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Table 2. Cases studied. 

Case no. M I     

Case (1) 0.382 0.084 30° 
0° 

15° 

30° 

Case(2) 0.77 0.34 30° 
0° 

15° 

30° 

Case(3) 1.14 0.756 30° 
0° 

15° 

30° 

Case(4) 0.382 
0.084 

 
45° 

0° 

15° 

30° 

45° 

Case(5) 0.77 
0.34 

 
45° 

0° 

15° 

30° 

45° 

Case#6 1.14 0.756 45° 

0° 

15° 

30° 

45° 
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Figure 1.  CFD model of vane. 

 

 

 
Figure 2. Contours of static temperature K for the vane suction side with  

staggered film cooling holes. Model for M=0.382, =30°, P/d=2. 
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Figure 3. Span average effectiveness for the case 1 at β= 0°, 15° and 30. 

  

 

Figure 4. Span average effectiveness for the case 2 at β= 0°, 15° and 30. 

  

  
Figure 5. Span average effectiveness for the case 3 at β= 0°, 15° and 30.  
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          Figure 6. Best span average effectiveness among the cases for  =30. 

    

 

          
           Figure 7. Span average effectiveness for the case 4 at β= 0°, 15°, 30°, and 45°.   

                                                                          

 
       Figure 8. Span average effectiveness for the case 5 at β= 0°, 15°, 30°, and 45°. 
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.  

Figure 9. Span average effectiveness for the case 6 at β= 0°, 15°, 30°, and 45°. 
  

 
Figure 10. Best span average effectiveness for the cases 4, 5, and 6. 

 

 
                         Figure 11. Comparison between results of current study and experimental  

                                           results of Dees, et al., 2011. 
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ABSTRACT 

In this paper, an analytical solution describing the deflection of a cracked beam repaired with 

piezoelectric patch is introduced. The solution is derived using perturbation method. A novel 

analytical model to calculate the proper dimensions of piezoelectric patches used to repair 

cracked beams is also introduced. This model shows that the thickness of the piezoelectric patch 

depends mainly on the thickness of the cracked beam, the electro-mechanical properties of the 

patch material, the applied load and the crack location. Furthermore, the model shows that the 

length of the piezoelectric patches depends on the thickness of the patch as well as it depends on 

the length of the cracked beam and the crack depth. The additional flexibility of the beam caused 

by crack is modeled depending on a dimensionless parameter identified from finite elements 

method. Different piezoelectric patches were designed and investigated using analytical and 

finite elements models. The results show that increasing the patch thickness enhances the beam 

resistance to crack and load effects, while increasing the length of the piezoelectric patch reduces 

the magnitude of the voltage required to repair the cracked beam. 

 

Keywords: Repaired beam deflection, slope discontinuity and piezoelectric patch dimensions   

 

 الصفائح الكهروضغطٍة المستخدمة لأصلاح العتبات الحاوٌة على تصدعاتنمىذج تحلٍلً جدٌد لتصمٍم 

 
 ولٍد خالد خٍري الاشتري

 يذسس

 قسى انهُذست انًيكاَيكيت

 جايؼت بغذاد –كهيه انهُذست 

 

 الخلاصة

وانًصهذت باستخذاو صفائخ ُاتج في انؼتباث انذاويت ػهى تصذع هزا انبذث انًُىرج انتذهيهي نىصف الاَذشاف انيقذو 

رج بالأػتًاد ػهى اضافت يفشداث سياضيت نهذم انتذهيهي يشتقت يٍ استخذاو ًَىرج يبُي ىانًُ اتى تطىيش هز. كهشوضغطيت

اسبت نصفائخ انكهشوضغطيت ؼاد انًُبًَىرج تذهيهي جذيذ لأيجاد الأايضاً  هزا انبذث يقذوبأستخاداو طشيقت انؼُاصش انًذذدة. 

انكهشوظغطيت يؼتًذ بشكم  تاٌ انًُىرج انًقتشح اظهش اٌ سًك انصفيذ انًستخذيت لأصلاح انؼتباث انذاويت ػهى تصذػاث.

انؼتبت انًشاد اصلادها و انًىاصفاث انكهشوييكاَيكيت نهصفيذت و يقذاس انذًم انًسهظ و يىقغ انتصذع في  سًككبيش ػهى 

يؼتًذ ػهى سًك انصفيذت بالاضافت انى أَه يؼتًذ ػهى طىل ظهش انًُىرج اٌ طىل انصفيذت انكهشوضغطيت انؼتبت. وايظا, ا

تى ًَزجتها بالاػتًاد ػهى يؼايم بذوٌ ودذاث  انُاتجت بسبب وجىد انتصذع نهؼتبت انؼتبت و ػًق انتصذع. اٌ انًشوَه الاضافيت

يًكٍ اٌ يىجذ باستخذاو طشيقت انؼُاصش انًذذدة. يختهف يٍ انصفائخ تى تصًيًها ودساستها اػتًاداً ػهى انًُارج انتذهيهيت 

نتاثيش  انًقتشدت و ًَىرج انؼُاصش انًذذدة. أظهشث انُتائج اٌ صيادة سًك انصفيذت انكهشوضغطيت سيذسٍ يقاويت انؼتبت

 بيًُا صيادة طىل انصفيت انكشوضغطيت يقهم يقذاس انفىنطيت انًطهىبت لأجشاء ػًهيت الأصلاحانتصذع و تاثيش انذًم انخاسجي 
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1. INTRODUCTION 

Repair cracked structure using passive patch is achieved from bonding the patch at the crack 

location where it causes to local increasing in the structure stiffness. Thus, the structure will 

resist the crack propagation. Composite patch usually is preferable on the metal patch because it 

has a higher stiffness and a lighter weight. Many researches are investigated the repair of 

cracked structures using metal or composite patches (passive patches) e.g. Rose, 1981, Chue et 

al., 1994, Sun et al., 1996, Doung et al., 2006, Ayatollahi and Hashemi, 2007, Hosseini-

Toudeshky et al., 2011, Maligno et al., 2013,. Ramji et al., 2013, and Kwon and Hall, 2015.  

Passive patches become inefficient when the load conditions and/or the crack characteristics are 

changed. This motivates many researchers to study active patches made from a piezoelectric 

material instead passive patches. The active patch converts the applied voltage on it to a bending 

moment to counter the bending moment caused by the external load on the beam at the crack 

location. The magnitude and direction of the bending moment caused by the piezoelectric patch 

can be controlled by adjusting the external applied voltage. The technique of crack repair using 

piezoelectric patch is proposed first by Wang et al., 2002. The authors discussed the feasibility 

of using piezoelectric patch to repair a simply supported beam includes an open type crack 

subjected to static load. They were theoretically showed that using piezoelectric patch can 

effectively repair the cracked beam. Later Wang et al., 2004 studied theoretically the repair of 

the cracked beam subjected to an external dynamic load. It was deduced that using piezoelectric 

patch may decrease the singularity at the crack tip. Liu, 2007, studied two-dimensional plane 

strain finite element analyses of the active repair for cracked structures using multi-layered 

piezoelectric patch. It was concluded that the better design choices for the piezoelectric patch are 

as follows: increasing the layer number and increasing the patch length. In additions, it is not a 

good idea to use higher input voltage that is larger than the required voltage because it will 

enlarge the crack open near the crack tip. Later Liu, 2008, made a comparison between two 

criteria which are used to repair beams with piezoelectric patches: the slope continuity and 

fracture mechanics criteria. The finite element analyses have been used to consider crack contact 

analyses and fracture mechanics in the crack tip. It was concluded that the fracture mechanics 

criterion is better for defining the required voltage for repair. Ariaei et al., 2010, introduced an 

approximated model describing the deflection of a beam contains a crack and is repaired with a 

piezoelectric patch; the beam is subjected to moving mass. The governor equation is derived 

basing on Timoshenko beam theory. The authors deduced that using piezoelectric patch can 

reduce the cracked beam deflection to be same as that when the beam is healthy i.e. has no crack. 

Platz et al., 2011, introduced a statistical approach to evaluate the reduction of the fatigue crack 

propagation within a simply supported beam which is repaired using piezoelectric patch. It was 

shown that repair the beam with piezoelectric patch leads to a significant reduction in the crack 

propagation within the beam. 

In the present work, an analytical solution describing the deflection of a cracked beam is 

introduced. This solution is extended to describe a cracked beam repaired with piezoelectric 

patch. The solution is developed using perturbation method whereas the model describing the 

repaired beam includes a mathematical term identified from a finite elements model. Precisely, 

the crack is assumed to cause an additional flexibility to the beam. This flexibility makes 

discontinuity of the beam slope at the crack location. The slope discontinuity is described by a 

proposed relationship which contains a dimensionless parameter identified from finite elements 

models. Furthermore, the derived solution is developed to obtain a novel model which can be 

used to determine the proper dimensions of the piezoelectric patch depending on the magnitude 

of the subjected force, crack depth and location and the desired applied voltage. The patch 
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design is based on two important factors: factor of safety and the voltage factor. These factors 

are introduced to ensure that the piezoelectric patch can repair effectively the cracked beam 

depending on the designer preferences. A cantilever beam subjected to an external static load at 

its tip was used to validate the proposed model. The cantilever beam was studied at different 

conditions: different dimensions and locations of the crack and different dimensions of the 

piezoelectric patch. For each condition, a proper piezoelectric patch was designed and 

investigated using finite elements model. In all conditions a good agreement was obtained 

between the results and the designed piezoelectric patch satisfied the repair requirements. 

 

2. MODELLING OF BEAM 
Cantilever beam is chosen to investigate the parameters which affect the repair of a cracked 

beam with piezoelectric patch. The same procedure can be followed to obtain the solution for 

any other type of beam support. As shown in Fig. 1, three cases will be modeled: healthy 

cantilever beam, cantilever beam includes open type crack and cracked cantilever beam repaired 

with piezoelectric patch.  

The crack is considered to be an open type crack as shown in Fig. 2. The width of the crack is    

and the depth of the crack is   . It is assumed that the crack appears along the whole width of the 

beam. 

 

2.1 Healthy Cantilever Beam  

Healthy beam refers to that beam does not contain any crack; the equation of the deflection of 

such beams can be expressed as (Hearn, 1985)   

 

    
   

   
        (1) 

 

where   the deflection of the beam,    is the modulus of elasticity,    is the moment of inertia 

and      the external applied moment. Based on Equation (1), the deflection of the healthy 

cantilever beam shown in Fig. 1a can be expressed as 

 

    
    

   
              (2) 

 

where    is the deflection of the healthy beam and   is the applied external load. The slope    

and deflection    of the healthy cantilever beam can be obtained from integrating Equation (2) 

with using the following boundary conditions 

 

  |     
   

  
|
    

     (3a) 

 

and 

 

  |         (3b) 

 

where    is the length of the beam. Thus, the slope of this beam is can be written as 
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               (4) 

 

The deflection of a healthy cantilever beam can be expressed as 

 

   
 

     
    

      
               (5) 

 

More details can be found in any textbook of mechanics of materials e.g. Hearn, 1985.  

 

2.2 Cracked Cantilever Beam  

Cracked beam can be modeled basing on the piecewise approach introduced by Krawczuk and 

Ostachowicz, 1995. In this approach, the beam is divided into finite segments depending on the 

crack location. Referring to Fig. 1b, the slope of the cracked beam    can written as 

 

   {
          
           

  (6) 

 

The deflection of the cracked beam    can expressed as  

 

   {
          
           

  (7) 

 

where    is the length of the beam at which the crack appears. For simplicity,    will be called 

crack location. The governing equations of the cracked beam can be written as 

 

    
     

   
              (8a) 

 

and 

 

    
     

   
               (8b) 

 

Integrating Equation (8a) and Equation (8b), thus  

 

         
 

 
               (9a) 

         
 

 
                   (9b) 

         
 

 
                (9c) 

         
 

 
                    (9d) 
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To find the constants (   to   ) in Equation (9a) to Equation (9d), it is required four boundary 

conditions; these conditions are:  

 

   |         (10a) 

 

and 

 

   |         (10b) 

 

It can be predicted that the crack causes a discontinuity of the beam slope at the crack location. 

This means that the slope of the beam to right of the crack differs from the slope of the beam to 

the left of the crack as shown in Fig. 3. Therefore, the following relationship between the slopes 

of the beam at the crack location can be assumed   

 

   |        |          |       (10c) 

 

where   is a dimensionless parameter has a value less than one as shown in Fig. 3. This 

parameter is introduced to count for the additional flexibility of the beam due to crack. 

Therefore, it will be called the crack flexibility parameter. It depends on beam characteristics 

(geometry and properties) and crack Characteristics (dimensions and location). This parameter 

can be identified either from experiments or from finite element model. In this paper, the crack 

flexibility parameter will be identified from solving the system with finite elements model. 

Because of the homogeneity in beam deflection, the following boundary condition can be 

assumed 

 

   |        |       (10d) 

 

These boundary conditions (Equation (10a) to Equation (10d)) are used to calculate the constants 

(   to   ) in Equation (9a) to Equation (9d); these constant found to be  

 

   
 

 
  
    (11a) 

    
 

 
  
    (11b) 

   
 

 
*
   

    
  

     
   

 +   (11c) 

 

and 

 

   
 

 
[   

       
     

  
 

   
   

      
  ]   (11d) 

 

Substituting the expressions of the constants (Equation (11a) to Equation (11d)) into the 

equations of the slopes derived earlier (Equation (9a) and Equation (9c)) gives  
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*(

  
    

 

   
)    

    +          (12a) 

 

and 

 

    
 

     
   

                (12b) 

 

Also, from substituting Equation (11a) to Equation (11d) into Equation (9b) and Equation (9d) 

gives the deflections of the cracked beam as 

 

    
 

     
[   

      
       

     
    

 
 

   
   

    
        ]  

        (13a) 

 

and 

 

    
 

     
    

      
                (13b) 

 

2.3 Cracked Cantilever Beam Repaired with Piezoelectric Patch 

Now, same approach stated before will be used to model the repaired beam with patch. Referring 

to Fig. 1c, the slope of the repaired beam    can be expressed as  

 

   

{
 
 

 
     
    
    
    

          

           

           

           

  (14) 

 

Also, the deflection of the repaired beam    can be written as 

 

   

{
 
 

 
     
    
    
    

          

           

           

           

  (15) 

 

The governing equations of the repaired beam can written as  

 

    
     

   
                 (16a) 

 

Two effects can be caused by piezoelectric patch at the bonding location on the beam: increasing 

local stiffness and applying local bending moment   . The local increasing of the beam stiffness 

at the bonding location can be addressed from considering the total flexural rigidity     , thus   
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                     (16b) 

    
     

   
         

            (16c) 

 

and 

 

    
     

   
                  (16d) 

 

The total flexural rigidity      is calculated and found to be  

 

       ,
    

 

  
 *    (

     

 
)
 

+-    (
    

 

  
)   (17) 

 

where   ,    and    are the modulus of elasticity of the piezoelectric patch, the thickness of the 

piezoelectric patch and the width of the piezoelectric patch, respectively.    and    are the 

thickness and width of the beam, respectively. Again, integrating Equation (16a) to Equation 

(16d) gives 

 

         
   

 
                (18a) 

         
   

 
                    (18b) 

         
   

 
                     (18c) 

         
   

 
 

   
 

 
                     (18d) 

         
   

 
                     (18e) 

         
   

 
 

   
 

 
                     (18f) 

         
   

 
                 (18g) 

 

and 

 

         
   

 
                     (18h) 
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In order to calculate the constants (   to   ) in Equation (18a) to Equation (18h), the following 

boundary conditions are applied: 

 

   |         (19a) 

   |         (19b) 

   |           |          (19c) 

   |           |          (19d) 

   |        |          |       (19e) 

   |        |       (19f) 

   |           |          (19g) 

 

and 

 

   |           |          (19h) 

 

Applying the above boundary conditions on Equation (18a) to Equation (18h), thus the constants 

can be expressed as (the constants are calculated depending on each other in order to keep short 

term expression) 

 

   
   

 

 
   (20a) 

   
   

 

 
        (20b) 

   
 

 
     (     )

 
       (     )   (20c) 

   
 

 
     (     )

 
 

  

 
(     )

 
         (     )        (20d) 

   
 

     
* (     

   
 

 
)    +   (20e) 

                  (20f) 

   
 

  
[      (     )

 
    (     )     ]   (20g) 

 

and finally 
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[      (     )

 
    (     )

 
          (     )

    ]  
 (20h) 

 

The constant introduced in the above equations   is defined as  

 

  
    
    

   (21) 

 

3. OPERATION OF THE PIEZOELECTRIC PATCH 

Adjusting the operation of the piezoelectric patch is the most important parameter which 

determines the achieving of the beam repair. The operation can be adjusted from controlling the 

voltage applied on the piezoelectric patch. This voltage should be calculated based on a certain 

operation strategy of the piezoelectric patch. The strategy should ensure that the applied voltage 

does not exceed the maximum voltage which the piezoelectric patch can withstand. Also, it 

should ensure that the moment induced by the piezoelectric patch not exceeds and counters the 

moment caused by the external force at the crack location. 

 

3.1 Applied Voltage  

The axial stress along piezoelectric layer    induced by the applied voltage    can be written as 

(Sun et al, 1999) 

 

      
  
  

   (22) 

 

where    is the thickness of the piezoelectric layer and     the stress constant of the piezoelectric 

patch which can be calculated as (Southin et al, 2001) 

 

    
   

   
     

    (23) 

 

where     is the piezoelectric coefficient,    
  and    

  are elastic compliance of piezoelectric 

layer at constant electric field; these properties can be found in the datasheet of the used 

piezoelectric patch . The axial stress    will cause a local bending moment effecting on the 

beam; this bending can be expressed as (Wang et al, 2002) 

 

       (
     

 
)   (24) 

 

The applied voltage    can be determined from using Equation (24) and Equation (22), thus  

 

   
   

   (     )
   (25) 

 

The maximum moment generated by the piezoelectric patch      
 equal to the moment caused 

by the external force at the crack location, otherwise the patch will bend the beam in the opposite 
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and enlarge the crack open near the crack tip as stated by Liu, 2008. Therefore, the maximum 

moment induced by the piezoelectric patch      
 can be expressed as 

 

     
        (26) 

The minus sign refers to that the moment counting the moment caused by the external force  . 

The maximum applied voltage      
 can be calculated from substituting Equation (26) into 

Equation (25), thus  

 

     
  

    

   (     )
   (27) 

 

In this paper, the repair is achieved if the piezoelectric patch makes the slope of the cracked 

beam return back to its original state when there is no crack; this means that the slope of the 

repaired beam equal to the slope of the healthy beam, thus  

 

   |       |        (28) 

 

The slope    |     can be found from substituting Equation (20a), Equation (20c) and Equation 

(20e) into Equation (18c) at     , thus  

 

   |     
 

         
{
 

 
[ [  

  (     )
 
]    

       ]      }  (29) 

 

Equating Equation (29) and Equation (5), and then solving the obtained expression to find the 

moment    can be expressed as 

 

   
 

   
[     

    
        (  

       )]  (30) 

 

Equation (31) can be used to calculate the constants derived before (Equation (20a) to Equation 

(20h). the applied voltage    can be found from substituting Equation (30) into Equation (25), 

thus 

 

   
 [     (  

       )       
    

  ]

     (     )
   (31) 

 

Equation (31) shows the effect of many important parameters on the magnitude of the applied 

voltage    ; these parameters are the length of the patch   , the length of the beam   , the 

stiffness parameter   and the flexibility parameter   which their effects are not considered in the 

work of  Wang et al, 2002 and 2004. 

 

3.2 Design of Piezoelectric Patches 

In order to ensure that the piezoelectric patch can effectively repair the cracked beam under the 

effect of the force  , it will be designed to withstand a larger force    which is related to the 

applied force   by the following relationship 
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   (32) 

 

where    is factor of safety has a value greater than one depending on the designer preferences. 

The maximum voltage    corresponding to the force    can be calculated from substituting 

Equation (32) into Equation (26), and then substituting the result into Equation (25), thus  

 

    
      

   (     )
   (33) 

 

  is the maximum electrical field which can be applied on the piezoelectric patch. It is a 

property can be found in the datasheet of the used piezoelectric patch. Therefore, the desired 

applied voltage    can written as 

 

         (34) 

 

Equating Equation (33) with Equation (34), and then solving the obtained expression to calculate 

the thickness of the piezoelectric patch    which is found to be 

 

   
 

 
.√  

  
      
    

   /   (35) 

 

For completing the patch design, it is required to define a new factor    which will be called the 

voltage factor and defined as 

  

   
  

     

   (36) 

 

The factor    is dimensionless factor has a value ranging from zero to one based on the desired 

applied voltage specified by the patch designer. From using Equation (27) and Equation (36), the 

applied voltage    can be expressed as 

 

    
      

   (     )
   (37) 

 

The required length of the piezoelectric patch    can be calculated from equating Equation (31) 

with Equation (37), and then solving the obtained quadrant equation to calculate the length    

which is found to be 

 

   √(
  

   
)   

  *(
      

   
)
 

 (
  

   
)+     (

      

   
)      (38) 

 

In the above analysis, the width of the piezoelectric patch is considered to be constant and equal 

to beam width. 
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4. FINITE ELEMENT MODEL  

In this paper, a steel cantilever beam was chosen to be the case study. The beam has a 

rectangular cross sectional area of       width and       thickness. The length of the beam 

was chosen to be        . The external force was applied at the tip of the beam of magnitude 

     . The standard mechanical properties of steel material were used e.g. the value of modulus 

of elasticity was taken as         ⁄ . The piezoelectric is chosen to be hard lead zirconate 

titanate type EC-63 manufactured by EXELIS. Table 1 shows the specifications of this material 

obtained from the datasheet. These specifications are required for running the finite elements 

model and simulating the analytical solution. The proposed cantilever beam was built using 

finite element model as shown in Fig. 4. The piezoelectric patch was considered to be perfectly 

bonded in the opposite side to the crack at the surface of the beam.  

The crack flexibility parameter   is identified from comparing the slopes obtained from the finite 

elements model and that obtained from the derived equation (Equation (29)). Figure 5 shows the 

identified crack flexibility parameter   at different crack depth and locations. The results shown 

in Fig. 5 can be used with very good accuracy to a crack width    up to 5 mm. 

In this finite elements model, the magnitude of the applied voltage on the piezoelectric patch is 

manipulated manually till the slope of the cracked beam becomes same as to that of the healthy 

beam.  

 

5. RESULTS AND DISCUSSION  

The proposed analytical model and the built finite element model were used to find the 

deflection profiles at different crack locations as shown in Fig. 6. Both models give almost the 

same deflection profiles. This is expected because the crack flexibility parameter   used in the 

analytical model is identified from the finite elements model. Thus, the assumed relationship 

given in Equation (10c) is accurate and can be used at different crack depths and locations.  

The patches shown in Table 2 are designed using the proposed analytical model: Equation (35), 

Equation (37) and Equation (38). These patches are investigated using the derived analytical 

solution and the built finite elements model whereas very good agreements between results were 

obtained. It can be noticed in this table that increasing the factor of safety    has no significant 

effect on determining the patch length    or the applied voltage   . Furthermore, the decreasing 

of    cause to decrease the applied voltage   , but this decreasing causes increasing in the 

required patch length   . 

The deflection profile of the repaired beam is almost the same when any of the designed patches 

shown in Table 2 is used. This because of that the effect of the piezoelectric patch is adjusted by 

changing the patch thickness    and length    with the applied voltage    all together as shown 

in Table 2. Therefore, Fig. 7 includes only one curve representing the deflection profile of the 

repaired beam. This figure shows the deflection of the healthy beam and that of the repaired 

beam. It is clear that the designed piezoelectric patch repairs the beam effectively and causes a 

reduction of 6% in the maximum beam deflection. 

Equation (35) stats that for certain beam dimensions and load condition, the piezoelectric patch 

thickness    depends on two parameters: the factor of safety    and the crack location   . Figure 

8 shows the effect of these parameters on the patch thickness   . This figure indicates two 

important things: increasing the factor of safety    cause to increase the patch thickness    and 

increasing the crack location    requires using a thicker patch. 

It can be deduced from Equation (37) that for certain beam dimensions and load condition, the 

applied voltage    depends on the voltage factor   , crack location    and patch thickness   . 
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Increasing the voltage factor    and crack location    will increase the required applied voltage 

  , while increasing the patch thickness    will decrease the required applied voltage   . 

Also for certain beam dimensions and load condition, Equation (38) shows that the length of the 

piezoelectric patch depends on four parameters: the voltage factor   , the crack location   , the 

crack flexibility parameter   and piezoelectric patch thickness   . Actually, the crack flexibility 

parameter   depends on the crack depth    and location    as shown in Fig. 5, while the 

piezoelectric patch thickness    depends on the factor of safety    and the crack location    as 

shown in Fig. 8.  

Figure 9 shows the variation of the length of the piezoelectric patch    with the factor of safety 

   at different crack locations   . This figure indicates that increasing the factor of safety    

causes to reduce the required length of the piezoelectric patch   . Also, it indicates that the patch 

length    is decreased when the crack location    is increased. This because of that the increasing 

in the crack location    is already encountered by increasing the patch thickness    as shown in 

Fig. 8. 

Figure 10 shows the variation of the length of the piezoelectric patch    with the voltage factor 

   at different crack locations   . This figure shows that increasing the voltage factor    reduces 

the required length of the piezoelectric patch   . Also, it shows that crack location    has no 

significant effect at the patch length    at large voltage factors   . 

Figure 11 shows the variation of the length of the piezoelectric patch    with the voltage factor 

   at different factors of safety   . At this situation, it can be deduced that increasing the factors 

of safety    has no advantage if the voltage factor    is large. 

Figure 12 shows the variation of the length of the piezoelectric patch    with the voltage factor 

   at different crack depths   . In this figure, it is clear that increasing the crack depth    

requires also increasing in the patch length   .  

 

6. CONCULUSION  

In this work, closed form solutions describing the deflection of a beam subjected to static load at 

two cases are introduced. The first case for a beam contains a crack, while the second case for a 

beam contains a crack and is repaired with a piezoelectric patch. Also, a novel model to design 

the required piezoelectric patch is introduced. Thus, the following points are remarked from the 

present work: 

1. The factor of safety chosen by the patch designer is very important parameter which 

plays great rule in determining the patch thickness and hence the amount of applied 

voltage 

2. The thickness of the piezoelectric patch is highly affected by the crack location whereas 

they are proportionally related  

3. The additional flexibility of the beam due to crack depends mainly on the crack 

dimensions and location 

4. The length of the piezoelectric patch depends on the thickness of the piezoelectric patch 

and the crack dimensions  
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NOMENCLATURES  

 

   Width of the crack 

   Width of the piezoelectric patch 

   to    Constants of the equation described the cracked beam deflection 

    Charge constant of the used piezoelectric material 

  Maximum applied field of the piezoelectric patch 

    Stress constant of the used piezoelectric material  

  Applied static force 

   Force used to design the piezoelectric patch 

    Voltage constant of the used piezoelectric material 

   Moment of inertia of the beam 

   Moment of inertia of the piezoelectric patch 

   Total moment of inertia of the beam with the piezoelectric patch 

  Ratio equal to         ⁄  

   Length of the beam 

   Length at which the crack appears (simply is called crack location) 

   Half length of the piezoelectric patch 

      Total bending moment at   location 

   Bending moment induced by the piezoelectric patch 

     
 Maximum induced moment by the piezoelectric patch to counter the 

external load effect 

   to    Constants of the equation described the repaired beam deflection 

   
  and    

  Elastic compliances of the used piezoelectric material  

   Thickness of the beam 

   Depth of the crack 

   Thickness of the piezoelectric patch 

   Applied voltage on the piezoelectric patch to achieve the beam repair 
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 Maximum applied voltage on the piezoelectric patch to achieve the beam 

repair  

   Applied voltage corresponds to the force     

  and   Used  plane 

   Modulus of elasticity of the beam 

   Modulus of elasticity of the piezoelectric patch 

   Deflection of the cracked beam 

   Deflection of the healthy beam 

   Modulus of elasticity of the piezoelectric patch 

   Deflection of the repaired beam 

   Total Modulus of elasticity of the beam with the piezoelectric patch 

   Factor of safety  

   Voltage factor 

   Slope of the cracked beam 

   Slope of the healthy beam 

   Slope of the repaired beam 

  Crack flexibility parameter 

   Stress in   direction 

 

 
Figure 1. (a) Healthy cantilever beam, (b) Cantilever beam includes open type crack and (c) 

cracked cantilever beam repaired with piezoelectric patch 
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Figure 2. Part of the beam shows shape and dimensions of the crack 

 

 
Figure 3. Slope of the beam at the crack location  

 

 
Figure 4. Implementation of the case study with finite element method 
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Figure 5. Identified crack flexibility parameter   at different crack depths and locations  

 

 
Figure 6. Deflections of the cracked beam at different crack locations (origin of   is located at 

the free end of the beam) 

 

 
Figure 7. Deflections of the healthy and Repaired beams (origin of   is located at the free end of 

the beam) 
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Figure 8. Variation of the piezoelectric patch thickness with the factor of safety at different 

crack locations. 

 
Figure 9. Variation of the piezoelectric patch length with the crack depth at different crack 

locations 

 

 
Figure 10. Variation of the length of the piezoelectric patch with the voltage factor at different 

crack locations 
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Figure 11. Variation of the length of the piezoelectric patch with the voltage factor at different 

factors of safety 

 
Figure 12. Variation of the length of the piezoelectric patch with the voltage factor at different 

depth of the crack 

 

Table 1. Specifications of the used piezoelectric patch 

Property Magnitude Unites 

                   

   
                  

   
                  

           
 

Table 2. Designed piezoelectric patches (based on the proposed model) 

Designer Preferences  Calculated Patch Dimensions (mm)  

Factor of 

Safety    

Voltage 

Factor     

Thickness 

   

Length    

   

Width           

   

Calculated Required 

Voltage    (V) 

1 1 0.35 82.40 10 208.69 

3 1 1.00 82.20 10 204.16 

5 1 1.70 82.00 10 200.00 

5 0.75 1.70 106.30 10 150.00 

5 0.5 1.70 150.70 10 100.00 
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ABSTRACT 

    Drilling fluid loss during drilling operation is undesirable, expensive and potentially 

hazardous problem. 

    Nasiriyah oil field is one of the Iraqi oil field that suffer from lost circulation problem. It is 

known that Dammam, um-Radoma, Tayarat, Shiranish and Hartha are the detecting layers of 

loss circulation problem. Different type of loss circulation materials (LCMs) ranging from 

granular, flakes and fibrous were used previously to treat this problem.    

    This study presents the application of rice as a lost circulation material that used to mitigate 

and stop the loss problem when partial or total losses occurred. 

     The experimental work included preparing drilling fluid, which is selected to be water based 

mud. Amount of loss for rock samples was measured where the percentage of losses of drilling 

mud were 46.52% and 96.66% as well as the percentage of improvement in curing of lost 

circulation were calculated after rice adding. Rice materials addition was done by tow stages: a) 

Adding 24 Ib/bbl of fine rice and 1 Ib/bbl of course rice gave improvement in curing from 

30.67% to 100%. b) Adding 24 Ib/bbl of fine rice and 6 Ib/bbl of course rice gave an 

improvement in curing equal to 92.12%.   

Keywords: lost circulation materials, drilling fluid, treatment, rice. 

 

 هشكله فقذاى سائل الحفر باستخذام هاده الرز تقليل
 

 

 كساروسي عبذالله  الباحثه:                                                                       أياد عبذ الحلين عبذ الرزاقد. أ.م. 

 قغى ُْذعّ انُفط                                                                                                       قغى ُْذعّ انُفط    

 / جبيعّ بغذادتانُٓذع كهٍّ                                                                                              بغذاد / جبيعّ كهٍّ انُٓذعت                
 

ةلخلاصا

 أحذانحفش اثُبء عًهٍّ انحفش ًْ يشكهت كبٍشة ٔيكهفت ٔخطٍشة فً َفظ انٕقج. حقم انُبصشٌت انُفطً ْٕ  فقذاٌ عبئم    

انطبقبث انخً ٌفقذ  أكثشيٍ ٔانٓبسثّ  ٔاو سضٕيّ ٔانطٍبساث ٔشٍشاٍَش انذيبو .انحقٕل انعشاقٍت انخً حعبًَ يٍ ْزِ انًشكهت

يٕاد حبٍبٍّ أ نٍفٍّ  اعخخذيج انعذٌذ يٍ انًٕاد انًعبنجت نهفقذاٌ فً حقم انُبصشٌت عٕاء كبَج .فً ْزا انحقم فٍٓب عبئم انحفش

 صفبئحٍّ.   أ

اعخخذاو يبدِ انشص كًبدِ يعبنجّ نفقذاٌ عٕائم انحفش نهخخفٍف يٍ حذة ٔإٌقبف يشكهت انفقذاٌ عُذ حذٔثٓب حى ْزِ انذساعت فً     

 .بشكم جضئً أٔ كهً

انخجبسة انًخخبشٌت شًهج إعذاد عبئم انحفش يبئً انقبعذة حٍث حى قٍبط يقذاس انخغبسة نًُبرج صخشٌّ حى قٍبط انُغبت     

انُغبت انًئٌٕت نهخحغٍ فً  ٔكزنك حى حغبة %.96.96% 46.25ٔحٍث كبَج َغبّ انفقذاٌ  انًئٌٕت نفقذاٌ طٍٍ انحفش فٍٓب

  بعذ اضبفّ يبدِ انشص. ج حبلاث انفقذاٌعلا
ببَٔذ/بشيٍم يٍ انشص انخشٍ حٍث اعطى َغبّ 1ببَٔذ/بشيٍم يٍ انشص انُبعى يع 24انشص عهى يشحهخٍٍ أ( اضبفّ  حى اعخعًبل

شص انخشٍ ٔانزي ببَٔذ/ بشيٍم يٍ ان 6ببَٔذ يٍ انشص انُبعى يع  24اضبفّ  %. ة(100% انى 30.67ححغٍ حخشأح يٍ 

 .%92.12اعطى َغبّ ححغٍ

 .انشص يعبنجّ، انحفش،عبئم  انفقذاٌ،يٕاد يعبنجّ  الكلوات الرئيسية:

mailto:wasan_sahar86@yahoo.com
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1. INTRODUCTION 

    Routine practice to stop lost circulation is to add LCMs to the mud system to fill the fractures 

and vugs created while drilling. Although using these materials decreases the loss rate, the 

method is not consistent because materials are selected by trial and error. , Salehi, and Nygaard, 

2011. Further, it is not clear to what extent loss rate can be decreased and how long 

LCMs are stable and effective in the loss zone.  

   The complexity of diagnosing lost circulation arises for several reasons, including limited 

knowledge of a loss mechanism when it occurs and of an appropriate strategy to mitigate it. 

, Ghalambor et al., 2014. 

 

1.1  Causes of Lost Circulation Zones  

     Lost circulation is widely classified into two major categories based on the cause of the loss: 

, Toreifi, et al., 2014. 

a) Natural losses occur in formations with natural permeability, usually fractures or voids. 

b) Induced losses occur in an induced fracture, caused when hydraulic forces within the well 

bore exceed the formation strength. The frequency and severity of natural and induced losses 

vary around the world and are dependent on both the geology and the drilling conditions. ، Baker 

Hughes INTEQ., 1999. 

 

1.1.1  Natural Losses 

      Natural losses can occur within three formation types: 

a) Formations with conductive natural fractures or faults.  

b) Losses into high matrix permeability formations (gravels and coarse sands). 

c) Vugular or cavernous formations 

 

1.1.2  Induced Losses 

    Induced losses result from the creation and extension of fractures by the drilling operation. 

Induced fractures result when the equivalent circulation density (ECD) of the drilling fluid 

exceeds the fracture gradient. This causes the formation to part, opening a fracture. Unlike 

natural losses that first occur at the bit, induced fractures occur at the weakest exposed 

formation. Induced fractures happen, when the ECD is increased, while weighing up, tripping, 

drilling too fast, or as the result of a mud ring or other situation causing a temporary pressure 

surge that breaks down a weak formation. The location of the fracture is often closer than the 

hole bottom. This attribute of induced fractures complicates the identification of the loss zone 

and the placement of materials designed to combat the problem. , Baker Hughes INTEQ., 1999.  

 

1.2  Lost Circulation Severity 

     Loss circulation  may  be  categorized  based  on  the intensity  and  type  of  circulation loss 

zone. Although no generally accepted standard exists to classify the problem in terms of 

intensity, operators usually use the following terms to describe the severity of the fluid loss. 

 

1.2.1  Seepage loss 

    Although some studies concluded that seepage loss may happen in any formation, Messenger, 

1981. seepage loss mostly occurs in porous and permeable formations where a firm low 

permeability mud cake cannot be formed. Under static conditions, seepage loss rate may vary 

from in a range of 10 to 20 bbl/hr and under dynamic conditions, less than 10% of the fluid may 

be lost. , Sweatman, et al., 1997. Some studies have limited seepage loss to less than 10 bbl of 

fluid loss per hour. , Cowan, et al., 1991. Others have defined the upper limits of 25 bbl/hr and 
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10 bbl/hr for the seepage loss when drilling with WBM and OBM, respectively. , Nasirov S., 

2005. 

 

1.2.2  Partial loss 

    Partial loss of fluids happens in unconsolidated sands and loose gravels as well as zones 

containing one or more small natural or induced fractures. , Baker Hughes INTEQ., 1999. 

Some studies concluded that partial losses rarely occur in induced fractures. [Robert, 2007] The 

loss rate of 20 to 50 bbl/hr in static conditions and 20% to 50% of the drilling fluid in dynamic 

mode happens during a partial loss of fluids. In another study, ranges of 25 to 100 barrels per 

hour and 10 to 30 bbl/hr have been presented as the partial loss range for WBM and OBM, 

respectively.  

, Nasirov, 2005. In another classification, all fluid losses in a rate between 10 bbl/hr and 25 

bbl/hr have been categorized as partial circulation losses. , Ivan, 2003.  

 

1.2.3  Severe losses  

      Severe lost circulations happen in long sections of unconsolidated sands and larger fractures. 

Fluid is lost at a rate of 50 to 150 bbl/hr and 50% to 100% in static and dynamic conditions, 

respectively during severe lost circulation. In some studies, severe losses have been defined as 

loss rates of fluid loss higher than 500 bbl/day. Severe losses have also been described as 

conditions in which more than 30 barrels of oil-based muds or 100 bbl of WBMs are lost per 

hour, Nasirov, 2005. and in another work , Ivan, 2003. all circulation losses over 25 bbl/hr have 

been classified as severe losses.  

 

1.2.4  Total losses 

    Total fluid loss, however, occurs when all the mud flows into a formation with no return to 

surface. Unless the fracture is induced, losses normally cannot be stopped by pumping 

conventional LCM pills. The alternative reinforcing plug or cement. However, a pill of LCM 

often is the first choice since, if successful, it delivers a quick response and it's easy to apply. If 

this pill does not heal the fracture, a reinforcing plug or cement should be set across the loss 

zone. , Bp Lost Circulation Manual, 1995. 
 

2.  PRESENT WORK 

     The present work is about the use of rice as LCM to plug core samples that have large natural 

fractures. Table 1 summarize the core samples specifications. Tests were performed in closed 

loop circulating system Fig. 1 which was designed and built for this purpose. It has four main 

components: a circulating system, a mud loss collector, a pressure measurement system and a 
dynamic mud cell. 
A detailed description of the used system showed in Fig. 2, which give a schematic diagram of 

different components.  

 

3.  METHODOLOGY OF THE EXPERIMENTS PERFORMED 

    The tank was used for draining the fluid. The tank was filled with 100 liters of mud. A Gear 

pump (flow rate =12 m
3
/hr., Hp = 7.5, Pressure =110 psi) was used to circulate the mud from the 

mud tank at 100 psi, across the face of the core that is held in the dynamic mud loss cell. The 

pump rate was adjusted to maintain a flow velocity across the face of the core of 0.22 m/sec, the 

circulating temperature was maintained at 56°C (reservoir temperature).  The volume of mud 

loss was collected in a cylinder to compute the cumulative volume of the mud loss with time. 
The pressure across the sample and the drilling mud was recorded using a pressure gauge. The 
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dynamic mud loss cell was consisted of a core holder similar to standard Haussler core holder 

where the core was placed inside a rubber sleeve and the two sealed together by means of 

overburden pressure applied by hydraulic hand pump. A thermal jacket was used to surround the 

Haussler cell to provide and maintain the desired temperature. 

 

The experiments were carried out as follows: 

1- The core sample was sited in Haussler Cell and the pressure of cell (500) Psi was applied 

around the rubber sleeve to prevent any fluid by-pass. 

3- The Haussler core holder was connected with thermal jacket to raise the temperature to 

reservoir formation temperature (56C°). 

4- The prepared drilling mud was then circulated across the face of the core. The out flowing 

mud loss was collected in a fraction sampler. 

5- The volume of mud loss was measured with time. 

6- Repeat the tests by adding different concentrations of Rice to the drilling fluid. 

7- These steps were repeated for each core sample and for each fluid type. 
 

     The composition of the mud systems that were used are presented in Table 2 and their 

properties presented in Table 3. 

 

4.  RESULTS AND DISCUSSION 

    Tables 4 and 5 and Fig. 3 to 6, illustrate that adding of 15 lb/bbl of fine rice to the base mud 

gave a reduction in loss percentages from 96.96% to 80.03% and from 46.25% to 26.26%, which 

means an improvement in curing percentages from 17.46%–43.23%. Adding 24 Ib/bbl of fine 

rice and 1 Ib/bbl of coarse rice together gave a reduction in loss percentage from 96.96% to 

67.22.% and from 46.25% to 0%, which means an improvement in curing equals to 30.67% to 

100%. Finally, adding 24 Ib/bbl of fine rice and 6 Ib/bbl coarse rice together gave a reduction in 

loss percentages from 96.96% to 7.64%, which means an improvement in curing equals to 92.12 

% when loss was stopped and sealing was achieved after 3.6 minutes only. Fig. 7 and 8 illustrate 

the core samples (represent partial (46.25%) and complete(96.96%) losses) before and after 

treatment. 

 

1. CONCLUSIONS AND RECOMMENDATIONS 

1. The size of the treated material is very important, for example adding (24) Ib/bbl of fine rice 

with (1) Ib/bbl of coarse rice together gave an effect (30.67%), while adding (24) Ib/bbl of fine 

rice with adding (6) Ib/bbl of coarse rice gave 92.12% effective when the amount of the loss is 

96.96%.  that mean (5) Ib/bbl of coarse rice gave change in improvement from 30.67% to 

92.34%.  Therefore, a mixture of coarse granular (of rice) material and a fine material (of rice) 

can be considered as an optimum treatment to stop loss of drilling fluids. 

2. To achieve the complete treatment of lost circulation, the concentration of rice is preferably in 

the range from about 50 percent to about 60 percent by weight of the total materials from drilling 

mud can be considered.   

3. The results revealed a strong relationship between fluid loss and the sealing efficiency, i.e. lower 

fluid loss gave higher sealing efficiency. For example, 1 Ib/bbl of course rice with 24 Ib/bbl of 

fine rice gave an improvement in curing (30.76%) for (96.96%) losses while same quantity of 

same material gave treatment (100 %) for (46.25%) losses. 

4. For future studies its recommended to take the size, dimensions and specific gravity of rice and 

PH of drilling mud which contains the treatment materials into consideration. 
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5. The factors of the mixing and mixture waiting time before treatment should be take an interest 

for any similar study since the time factor have an important effect on changing the mixture 

properties   
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Nomenclatures 

bbl/hr= barrel per hour 

ECD= equivalent circulation density 

FV=funnel viscosity 

Ib/bbl= pound per barrel 

LCMs= lost circulation materials 
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OBM= oil based mud 

PV=plastic viscosity 

WBM= water based mud 

YP= yield point  

 
Figure 1. Closed loop circulating system. 

 

 

1. Gear pump, 2. Flow meter, 3. Tank, 4.By pass line, 5. One-way valve, 6. Entrance length, 

7.gauge pressure, 8.Core holder, 9. Thermal jacket, 10. Valve, 11. Hydraulic hand pump 

Figure 2. Schematic diagram of flow system. 
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Figure 3. Relationship between muds loss and rice additions as a function of time for 

 partial loss (46.25%). 

                              

 
Figure 4. Effect of rice additions on improvement percentage for partial loss (46.25%). 

 

 
Figure 5. Relationship between muds loss and Rice additions as a function of time for 

 complete loss (96.96%). 
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Figure 6. Effect of rice additions on improvement percentage for complete loss (96.96%). 

 
Fig.7. core sample with partial losses (46.25%). 

    
       Fig.8. core sample with complete losses (96.96%). 

 

Table 1. Summarized specifications of cores 

Losses 

type 

Losses 

rate% 

Permeability 

md 

Length 

cm 

Diameter 

in  

Lithology Depth 

m  

Formation  Core 

No  

partial 46.25 413.4715 

2.5 1 

Limestone 

Dolomite, bf-

light grey at 

the top, bf, 

beige porous 

vuggy. 

625 

Dammam 

1 

complete 96.96 1104.85 506 2 

 

Table 2. Composition of the used drilling muds with rice material in ppb of water 

Rice 

(C) 

Rice 

(F) 
Caustic soda Soda Ash Barite Bentonite Fluid No. 

  0.5 0.75 25 25 I 

 15 0.5 0.75 25 25 M 

1 24 0.5 0.75 25 25 N 

6 24   0.5 0.75 25 25 O 
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Table 3. Physical Properties of Drilling muds. 

FV 
)sec) 

Yb 
)lb/100ft

2
) 

Pv 

(cp) 
Ø300 Ø600 

Density 
)lb/gal) 

Fluid 

No. 

44 12 12 24 36 9.16 I 

57 24 11 35 46 9.19 M 

69 20 16 36 52 9.26 N 

88 55 20 75 95 9.40 O 

 

 

Table 4. The test results of muds loss for partial loss (46.25%). 

1 

Mud type Mud Loss % Loss type Reduction in loss % Improvement percentage% 

I 46.25 Partial  0 0 

M 26.26  19.99 43.23 

N 0  46.25 100 

    

Table 5. The test results of muds loss for complete loss (96.96%). 

2 

Mud type Mud Loss % Loss type Reduction in loss % Improvement percentage% 

I 96.96 Complete  0 0 

M 80.03  16.93 17.46 

N 67.22  29.73 30.67 

O 7.64  89.32 92.12 
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ABSTRACT 

This study aims to assess the accuracy of digital elevation model (DEM) created with 

utilization of handheld Global Positioning System (GPS) and comparing with Advanced 

Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model 

(ASTER GDEM), version 2. It is known that the quality of the DEM is affected by both of 

accuracy of elevation at each pixel (absolute accuracy) and accuracy of presented morphology 

(relative accuracy). The University of Baghdad, Al Jadriya campus was selected as a study area 

to create and analysis the resulting DEM. Additionally, Geographic Information System (GIS) 

was used to visualize, analyses and interpolate GPS track points (elevation data) of the study 

area. In this research, three additional DEMs were created using 60%, 30% and 15% of the all 

GPS track points to deduce the effect of the number of the included points on the accuracy of the 

resulting DEM. The study findings show a high resolution for the resulting DEM less than 5m 

when taking into consideration all GPS tracking points that observed in this research. Moreover, 

the resulting DEM has relative accuracy better than absolute accuracy and reaches to around 2m. 

By comparing with ground control points (reference points), the quality of handheld GPS DEM 

shows considerable improvement better than ASTER GDEM. Thus, this study indicates to 

improve the accuracy level of handheld GPS DEM by about 40% with increasing the observed 

number of GPS track points to twice. 

 

Key words: digital elevation model (DEM), handheld GPS, DEM accuracy 

 

  هالوحوول الؼالوية نظام تحذيذ الوواقغ الرقوي الونتج بأستخذام هتسلوات تقيين دقة نوورج الارتفاع

                                                         
 حسين زهراء ػسالذينم م.

 قسم ٌىدسث المساحث

بغدادكلٕث الٍىدسث/دامعث   

 

 الخلاصة

وظةا  تددٔةد المُاقةل المدمةُ   الةذْ تةم تئُىةً باسةم دا   ((DEMدقةث ومةُ ح اترتعةال الزقمةٓ  تقٕٕم إلّ الدراسث ٌذي تٍدف 

(GPS  )( َٓمقارومٍا مل ومُ ح اترتعال الزقمٓ العالمASTER GDEM )ٓومةُ ح ان دةُدت  مه المعزَف. اتصدار الجاو

ظةاٌزت )الدقةث المللقةث( َدقةث الم ةيل ال حةدت مةه َحةداج الةةُرتَعىد كل  الىاتذث تمأثز بيل مه دقث اترتعال اترتعال الزقمٓ

ومةُ ح اترتعةةال كمىلقةث دراسةةث تو ةاح َتدلٕةةل  الدةز  الزيٕسةةٓ اةٓ الذادرٔةةثاخمٕةةار دامعةث بغةةداد/ حٕةةت تةم  .)الدقةث الىسةةٕث(

( لغةةزع عةةزع َتدلٕةةل GISوظةةا  المعلُمةةاج الذغزاإةةث )عةةةَت علةةّ  لةةس تةةم اسةةم دا  . الزقمةةٓ الىةةاتخ اةةٓ ٌةةذت الدراسةةث

 اضةاإث وما ح لةرتعةال الزقمةٓثةث  كما تم او اح)بٕاواج المىسُب( ال اصث بمىلقث الدراسث.  GPSَاسميما  وقاط مسار الـ 

 دقةث  علةّ المضةمىثتسمىماح تأثٕز عدد الىقاط  GPS% مه دمٕل وقاط مسار الـ 15% َ 30% َ 60باسم دا   آ ٌذت الدراسث

الذْ اسةم د  دمٕةل وقةاط المى أ  لىمُ ح اترتعال الزقمٓ ومايخ ٌذت الدراسث دقث عالٕث  الىاتذث. اظٍزج ومُ ح اترتعال الزقمٓ

 المللقةث دقةث وسةةٕث ااضةل مةه الدقةث لةًالميةُن  ممةز. عةةَت علةّ  لةس  ان ومةُ ح اترتعةال الزقمةٓ 5مه اقل  GPSمسار الـ 

عما ٌةُ علٕةث اةٓ الةـ  ملدُظا تدسىاالمدمُ    GPSللـ  ومُ ح اترتعال الزقمٓ  ممز. كما اظٍزج دُدت  2حُالٓ  َتةل الّ
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ASTER GDEM  رج ٌةذت الدراسةث الةّ اشةا اوقةاط الضةةظ اترضةٕث )الىقةاط المزدعٕةث(. كمةَ لس عه طزٔة  المقاروةث مةل

المزصةُدي  GPS% مل سٔةادت عةدد وقةاط مسةار الةـ 40المدمُ  بىدُ حُالٓ  GPSللـ  ومُ ح اترتعال الزقمٓ تدسه مسمُِ 

 الّ الضعف.

 ومُ ح اترتعال الزقمٓدقث   وظا  تددٔد المُاقل المدمُ   ومُ ح اترتعال الزقمٓ :الكلوات الرئيسية

1. INTRODUCTION 
Digital elevation models play an important part for several applications such as hydrologic 

analysis, land use, landslide monitoring and others. Some of these applications require high 

accuracy of DEM despite of the cost such as planning of dam area and drainage channel 

networks. Where, high resolution DEM less than 30m does not freely available for most of the 

world’s regions Srivastava and Mondal, 2012. Data of freely available DEM provide varied 

ground parameters (e.g. Earth's relief, slope and aspect of terrain) to be utilized for 3 

dimensional modeling and geospatial analysis. For example, the most common freely available 

DEM are the Advanced Spaceborne.   Thermal Emission and Reflection Radiometer Global 

Digital Elevation Model (ASTER GDEM, 30m resolution) and the Shuttle Radar Topography 

Mission (SRTM, 90m resolution). Additionally, several techniques were adopted for DEM 

production with different level of accuracy such as traditional field survey, photogrammetry, and 

laser scanning, Suganthi and Srinivasan, 2010. Where, traditional survey techniques such as 

leveling surveys and total stations are utilized for DEM generation with high accuracy for civil 

engineering project, however its cost comparing with other techniques, Farah, 2008. It is known 

that a geodetic GPS receivers are used for positioning with centimeters/ millimeters level of 

accuracy (depending on the length of baselines), while positioning accuracy of handheld GPS 

receivers reach to about a few meters. By Wide Area Augmentation System (WAAS) enabled 

the positioning accuracy of handheld GPS increases to about 3 meters based on WAAS 

correction for broadcast signal, Fry, et al., 2015. Thus, the objectives of this research were to (1 

assess the accuracy of DEM which created based on handheld GPS, (2 develop a high resolution 

DEM (less than 5m) based on low cost GPS, (3 compare the resolution of freely available DEM 

(ASTER GDEM) with the resulting DEM of this study. 

 

2. DEM STRUCTURE AND INTERPOLATION TECHNIQUE 

Digital Elevation Models (DEMs) represent data files that include the elevation of the earth’s 

surface for a specified area. Digital elevation data are obtainable in variety formats that consist 

of Digital Terrain Models (DTM), Digital Surface Models (DSM), and Triangulated Irregular 

Network (TIN).The difference between a DTM and a DSM is that a DSM represents the ground 

surface and includes all objects on it whereas a DTM represents the earth’s surface without any 

objects like building and trees, De Sawal, 1996. DEM can be created based on two main sources 

using interpolation method. The first is the traditional ground surveying (e.g. level, theodolite, 

and GPS). While, remotely sensed surveying, e.g. satellite image and laser scan, is the second 

source. After the data collection step, DEM generation needs to interpolation technique 

(whatever the data collection size). This technique is applied for determining the unknown 

values for certain locations based on the known values for another points (all points in DEM 

generation area become known data), Carlisle, 2002. Geographic Information System (GIS) is a 

tool widely used to visualize, manage, integrate, and analyze large quantities of spatial data. 

There are several interpolation methods available in GIS such as inverse distance weighting 

(IDW), ordinary kriging (KG), and spline with tension (ST). Most studies showed that kriging is 

more superiority by comparing with the other methods, Erdogan, 2009; Svobodová, 2011; and 
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Arun 2013. Thus, Kriging is a geo statistical interpolation which based on the spatial 

distribution of data instead of real values. 

 

3. STUDY AREA AND FIELDWORK DESCRIPTION 

In this study, Baghdad University Campus and Al Nahrain University were selected as the study 

area. The selected area located in the Iraqi, Baghdad, Al Jadriyah on geographic coordinates 33° 

16' 20" to the North and 44° 22' 44" to the East (as shown in Fig. 1). The dimensions of the 

observed region of this study area are approximately 0.8 km in the East-West direction and 1 km 

in the North-South direction. Regarding this study, fieldwork was accomplished in two stages. 

From 5 - 17 April 2015, handheld GPS units (2 Garmin eTrex units) as shown in Fig. 3-A, were 

used to gather elevation of GPS track points (by rate three thousand points per day) for the DEM 

creation of the interested area as the first stage. GPS track points, which amounted to over thirty-

seven thousand points, were distributed to cover all the selected area by arbitrary tracks as 

shown in Fig. 2 (red points). In the fieldwork of the first stage, the two handheld GPS receivers 

were set to receive the signal of Wide Area Augmentation System (WAAS). WAAS delivers 

signal corrections to enhance point positioning accuracy of GPS receivers, Andreea, 2011; and 

Donghai et al. 1998. For the period 18 - 28 April 2015, one hundred fifty two ground control 

points, which shown as a yellow points in Fig. 2, were created in obvious and specified sites of 

the study area, and represent the second stage of the fieldwork. Where, Differential Global 

Positioning System (DGPS) technique using two GR5 receivers, shown in Fig. 3-B, was used to 

observe these control points, which utilized for evaluating the accuracy of the resulting DEM. 

 

4. DEM CREATION AND ACCURACY ASSESSMENT 

In this study, spatial data for both of handheld receivers and geodetic receivers were used to 

construct DEM and assess its accuracy. Spatial data of GPS was visualized, analyzed and 

interpolated using Geographic Information System (GIS) Bussink, 2003 and Salih, and AL-

Tarif, 2012. Thus, the created DEM based on GPS track points was implemented through 

several stages in GIS. Firstly, GPS points were reviewed and edited for filtering and removing 

the blunders. This filtering was applied manually by comparing GPS points with data for both of 

fieldwork and satellite image of the study area. In the second stage, initial DEM for the study 

area was created based on interpolation method. This interpolation for GPS points was applied 

using ordinary kriging, which deduces values for unobserved locations based on advanced 

statistical method  Svobodová, and Tuček, 2009 and Muhsin 2013. Re-filtering was performed 

for the initial DEM in the third step. Thus, GPS points, which have elevation values significantly 

different from the neighboring points, were edited to represent the real terrain as it appeared in 

field data. Finally, interpolation of ordinary kriging was again achieved to obtain the final DEM 

of the study area. Moreover, GPS ground control points were considered as reference points 

(RP) to assess the accuracy for both of ASTER Global DEM (ASTER GDEM) and handheld 

GPS DEM (HGPS DEM). The absolute accuracy of the resulting DEM can be computed using 

the root mean square error (RMSE). The RMSE values were computed for the resulting DEMs 

(ASTER GDEM and HGPS DEM) relative to the reference points DEM (RP DEM) as shown in 

Eq. (1), Jenson and Domingue, 1988 and Wechsler and Kroll, 2006.  .  

 

RMSE   √
∑       

 
                                                                                                                     (1)                                                                                 
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where Ei is the elevation of the interpolated DEM, Et is the reference elevation (RP DEM) , and 

n is the number of RP. Furthermore, the relative accuracy of DEM also can be computed in 

addition to the absolute accuracy. Where, the relative accuracy, which is elevation difference for 

sample of point pairs, was calculated using the following equation, Bhakar, et al., 2010 and 

Gu, et al., 2014: 

Relative accuracy  |            |                                                                                         (2)                                         

 

where       refers to the elevation difference between RP point pairs and        refers to the 

elevation difference between the interpolated DEM point pairs. Additionally, accuracy 

assessment of DEM is also based on the value of spatial resolution which can be determined by 

the following spatial equation Chirico, et al., 2012: 

 

 Average spatial resolution  √
 

 
                                                                                                (3) 

where D stands for the dimension of the study area, which used to create DEM, and N stands for 

the number of observed GPS track points. Thus, the quality of a DEM is determined based on the 

level for both of absolute accuracy and relative accuracy (accuracy of morphology presented). 

Where, several factors significantly impact on quality of interpolated DEM, Sulebak, 2000; 

Guo-an, et al., 2001 and Ashraf, et al., 2012: 

 

 Earth surface roughness, 

 collected data density, 

 resulted resolution, 

 and interpolation method.                                                                              

 

5. RESULTS AND DISCUSSION   

In this study, DEM with spatial resolution less than 5m were developed using handheld GPS 

(low cost GPS) for the study area (Baghdad University) as shown in Fig. 4 (yellow grid). On the 

other hand, the open source data (free available DEM) do not provide DEM at this resolution 

such as ASTER GDEM, which has resolution equals to 30 m, as shown in Fig. 4 (red grid). 

Thus, results of this study showed that DEM which created by handheld GPS has high resolution 

and closer to the reference DEM (ground control points DEM) than open source DEM (ASTER 

GDEM), see Fig. 5. It is worth to mentioning that accuracy of handheld GPS observations was 

inhomogeneous due to constant changing in both of number and geometry of satellite that 

observed by the limited scope of handheld GPS. Therefore, the procedure of filtering by GIS, 

which applied in this study, plays an important factor to improve the accuracy of this resulting 

DEM (HGPS DEM). Where, the yellow grid in Fig.4 represents the DEM production based on 

the collected GPS track points (up to 37000 points) which input to GIS tool as individual 

shapefile. Thus, the points of this shapefile were interpolated after applying the visualizing and 

the filtering procedures to get high resolution DEM for the specific region. Moreover, the red 

grid (Fig.4) refers to ASTER GDEM grid which freely uploaded from internet and input to GIS 

with another shapefile. Meanwhile, ASTER GDEM showed lower resolution than HGPS DEM 

by over 6 times. Moreover, the significant variation between the reference DEM and ASTER 

GDEM can be noted in Fig.5. In contrary, this Figure shows magnitude similarity between DEM 
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of handheld GPS and DEM of reference points in terms of values of elevation and their 

distribution pattern in the study area. Additionally, the diagram for both of elevations and 

difference elevations, which were obtained from DEMS (RP DEM, HGPS DEM and ASTER 

GDEM), were presented in Fig. 6. Regarding the outcome of this study, the root mean square 

error, which refers to absolute accuracy, for the HGPS DEM is 3.07 m. Where, the ASTER 

GDEM has root mean square error more than HGPS DEM by over 5 times as shown in Table 1, 

which also presented the values of minimum and maximum difference elevation. In this study, 

the relationship between the number of GPS track points and the accuracy of resulted DEM was 

deduced. Where, all GPS track points (up to 37000 points) were reduced to three groups by 60%, 

30% and 15% to create three additional DEMs. Thus, accuracy assessment values for the 4 

DEMs, which created from either all points or reduced points, were computed depending on 

each of absolute accuracy, relative accuracy and spatial resolution (shown in Table 2). In Table 

2, it can be noted that the relative accuracy value was significantly lower for all the DEMs than 

the absolute accuracy. Where, the interest of the relative accuracy is represented by obtaining 

earth surface parameters such as aspect and slope that depend on differences between elevation 

points. Regarding Table 2, it is noticeable an increase values for each of relative accuracy, 

absolute accuracy and spatial resolution by reducing the number of GPS track points. For 

example, DEM for a 50% reduction results in a 2 m increase in spatial resolution. Thus, the 

number of the observed GPS track points can be determined based on a required spatial 

resolution and project budget (time and availability of personnel). 

 

6.  CONCLUSION 

Results of this study showed the ability to generate high resolution DEM, which reached to 

about 4 m, using low cost GPS that associated with GIS analysis (filtering and interpolation 

technique) based on the satellite image of the study area and ancillary field data. Additionally, 

created DEMs using this technique have more certainty for relative elevation accuracy than 

absolute elevation accuracy. Thus, this procedure provides considerable utility for obtaining 

earth parameters that rely on elevation difference of points such as earth surface relief, terrain 

depth, and determination of cut/fill volume. Moreover, ASTER GDEM (freely available DEM) 

showed lower accuracy than handheld GPS DEM by about 5 times. This study suggests that the 

quality of the resulting DEM can be improved by increasing the observed number of GPS track 

points, which determined depending on the required accuracy and the budget of the project. 
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Table1.Summary of the mean error and range of elevations from resulting DEMs. 

 

Resulting DEM  Maximum elevation 

difference (m) 

Minimum elevation 

difference (m) 

Root mean square 

error,  RMSE (m) 
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HGPS DEM 3.05 0.20 3.07 

ASTER GDEM 17.17 1.3 16.11 

 

Table2. Accuracy results for the 4 interpolated DEMs based on the number of GPS track points. 

 

HGPS DEMs GPS 

points 

Spatial 

resolution 

(m) 

Absolute 

accuracy  

(RMSE,m) 

Relative 

accuracy 

HGPS DEM 37875 4.5 3.0 2.1 

HGPS DEM (50%) 18938 6.5 4.0 3.2 

HGPS DEM (30%) 11362 8.4 4.8 3.7 

HGPS DEM (15%) 5681 11.9 5.2 4.3 

 

 

Figure 1.  Study area, Baghdad and Al Nahrain Campus University. 
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Figure 2.  The distribution of points which included both of control points and GPS track points. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.The distribution of points which included both of control points and GPS track points. 
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Figure 4. DEM grid production utilizing handheld GPS and ASTER GDEM. 
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Figure 5. Created DEM using each of handheld GPS, ground control points and Aster GDEM.  
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 Figure 6.  Comparison of elevation and difference elevation for the resulting DEMs. 
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