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ABSTRACT 
     It may by said that there is a historical relationship between architecture and structure which was 

strongly affected by the technological developments. Therefore structure as a factor of the material base 

of architectural technology is very influencing factor in design activity, and in architectural configuration. 

      Many, other points of views and transformations that appeared casted their shadows upon the Iraqi 

architecture of 20
th

 century, each period carried the entry of architectural and structural styles which 

caused a variation in effect, So the knowledge gap that the research focuses on the absence of the role of 

structure (on the practical level as a direct influencing factor) in the shaping of Iraqi architecture.  

      The subject matter is dealt with through an inductive research for the purpose of establishing basic 

concepts of the nature of structural effect upon styles and stresses the theoretical and practical integration 

in the developments of the 20
th

 century architecture. The research reveals the large effect of structural 

system on architectural form according to the principle (cause- results). And the research concluded that: 

 There are many influences factors (especially in structural technology) contributed to the shaping 

and styling of architecture in every period and place. 

 There is a large effect upon architectural configuration (on practical and theoretical level) by 

structure in the various periods of Iraqi architecture, then concluded the levels of the nature of 

structural effect on architectural form, and their applications upon local architectural development. 
 

 
 :الخــلاصـــة

يمكن القول بان هنالك علاقة تاريخية بين العمارة والمنشأ  تأ ترك كتيأراا بأالتتوراك التكنولوخيأة خا أة اأب الخانأي المنشأ ب                   
 منهأأاس اأأواى عسأأى ماأأتو  المأأواو الخويأأوة وخ ا  أأها سو عسأأى ماأأتو  واأأا ل ازنشأأاىي االمنشأأ  كمرتكأأ  مأأاو  يشأأكل خانأأي ساااأأب مأأن

 خواني الفعالية الت ميمية باعتباره الخ ى الأكتر سهمية اب التشكيل المعمار ي      

وقأأو سلقأأك الكتيأأر مأأن التوخهأأاك والتاأأوىك بالالهأأا عسأأى نتأأار عمأأارة القأأرن العشأأرين اأأب العأأرا  ايأأ  امسأأك كأأل اقبأأة وخأأول تأأر        
وبالتأالب اقأو تأ  التاأول ىلأى خأ ى مأن العمأارة الماسيأة وساأسوبها الت أميمبس معمارية ومنش ية الأمر الأي  اأبي تفاوتأاا اأب وقأأ التأ تير ومأن 

 عسى الشكل المعمار  اب عمارة القرن العشرين اب العرا يواتره ترك ك المشكسة الباتية اب غياي التركي  اول وور المنش  
  الأاااأية لأنمأات تبيعأة التأ تير المنشأ ب وو أفها وعسيه اقو ت  تناول الموضوع من خلال با  ااتقرا ب تاسيسب يهوف ىلى وضأ المفأاهي

الأتأأر المباشأأر لسمناومأأة المنشأأ ية اأأب الشأأكل المعمأأار  واأأ  علاقأأة وبيأأان  وت كيأأو التأأرابت الفكأأر  والتتبيقأأب عسأأى ماأأتو  العمأأارة الماسيأأةي
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عويأأأو مأأأن الأاكأأأار ياك العلاقأأأة بالموضأأأوع وبعأأأو مناقشأأأة ال ينتيخأأأةا باعتبأأأار المنشأأأ   الخأأأ ى الأكتأأأر سهميأأأة اأأأب التشأأأكيل المعمأأأار  -)مأأأ تر
 وااقاتاتها اب مراال العمارة الماسية تو ل البا  ىلى مخموعة من النتا ج سهمها:

 التأب و اب تاويو  يغ وتوخهاك كل عمأارة اأب  مأان ومكأان خا أة مأا تعسأ  منهأا بالتكنولوخيأا المنشأ ية  كهنالك عوة م تراك ااهم
 يلال ال منبالويناميكية التتورية خامتا ك 

  وقأأو ااأأر  الباأأ  التأأ تير الكبيأأر الأأي  يفرضأأه المنشأأ  عسأأى الماأأتويين الفكأأر  والتتبيقأأب اأأب التشأأكيل المعمأأار  واأأب مختسأأف مرااأأل
تتأأور العمأأارة العراقيأأةي ايأأ  تأأ  ااأأتخلات عأأوة ماأأتوياك لتبيعأأة التأأ تير المنشأأ ب والأأي  اتخأأي بأأووره عأأوة توخهأأاك تبعأأاا لتبيعأأة العلاقأأة 

 ة وتتبيقاتها عسى تتوراك العمارة الماسيةس والتب سترك اب نتار كل مراسةي الت تيري

The research focuses on establishing the nature of the role of structure in the 20
th

 

century architecture in Iraq. 

 دور المنشأ في تطورات عمارة القرن العشرين في العراق :
  :المـقدمــة        

العمأأارة نتأأار لمرااأأل متتاليأأة ياك اسقأأاك مترابتأأة متكامسأأة تاأأعى لبنأأاى الفكأأر المعمأأار يييي ايأأ  تتأأواخل تعّأأو         
اىختماعية واىقت اوية والايااية واتى الأكاويميأة لسمختمأأ مأروراا بأالقي  التكنولوخيأة والفنيأة عسأى مختسأف  عنوها القي 

المأأر ة التأأب تأأنعكا عسيهأأا الأوضأأاع اىختماعيأأة واىقت أأاوية والتقنيأأة  عأأو أأور تماأأتوياتهاس االعمأأارة عسأأى مختسأأف الع
ساأأأو الهأأأواخا  والتتأأأوراك المنشأأأ ية الاويتأأأة ياأأأل تأأألا   الشأأأكل المعمأأأار  بالتقنيأأأةلسمختمعأأأاك اأأأب كأأأل ع أأأري ايأأأ  

مأأارة را أأوة وياك لأنأأه مأأن غيأأر المتوقأأأ سن تاهأأر ع الأاااأأية التأأب يباأأ  عأأن ماأأاااك خويأأوة لهأأا كأأل مهأأت  بالعمأأارةس
  ية والمنشأ يةالبنامخاىك ال ناعة ىليه العس  اب  لما تو تعبر عن  خر التب متتورة التقنية بالقيمة وون سن تلا مها 

وقأأو شأأهو القأأرن العشأأرين  ييوتأأ تيره المباشأأر عسأأى الفعاليأأة البنا يأأة عمومأأاا  تتأأور التقنأأب والعسأأ يبأأر  سهميأأة اليي وهأأو مأأا 
والتتبيقيأة اأب مخأال التكنولوخيأا البنا يأة  ةاوىك والأاكار التب امتا ك بارعة تاوىتها الأيويولوخيأاهور الكتير من الت

عموماا والمناومة المنش ية عسى وخه الخ وت مما سنتج العويو من التوخهاك والتاوىك المعمارية التب سلقك بالالهأا 
 عسى نتار عمارة القرن العشرين اب العرا ي

الباتية هنا اب غياي التركي  اول تبيعة وور المنش  عسى الشكل المعمار  اب عمأارة القأرن العشأرين  وتمتسك المشكسة
اأأب العأأرا  وقسأأأة الورااأأاك الماسيأأة اولأأأهي مأأأ غيأأاي التتأأأر  ليتأأر والماأأوواك المعماريأأأة والشأأكسية المرتبتأأة بالمنشأأأ  

 وخا ة ما يتعس  بالخاني الاوابي 

ة اب ىبرا  تبيعة وخ ا ت الأوور المنشأ ب وو أفها وت كيأو التأرابت الفكأر  والتتبيقأب وعسيه يهوف البا  اب المااول
 عسى ماتو  العمارة الماسية خلال انواك القرن العشرين وا  ت نيف مراسبي

 .تكنولوجيا المنشأ والشكل المعماري  : 
اأأو اتخأأاه القأأو  وماأأاراتهاي االمنشأأ  يمتأأل المنشأأ  الخأأ ى الأاأأاا اأأب العمأأارةس والأأي  يمتأأا  بكونأأه مفهأأو  عأأا  يخ       

كيان ويناميكب يتغير  منياا متتوراا من شكل ىلى  خرس وساياناا تاأو  قفأ اك تتوريأة ياهأر ايهأا سنمويخأا خويأواا مختسفأاا 
عن الأولس والمنش  الخويو يخضأ لمفهو  التتور الماتمر س  سن هنالك سخياىا تكنولوخيةس وبعبارة سخأر  يمكأن اعتبأار 

كيان بشر  ال نأ يمتل ماتو  ىبواعب عأالب اأب مرااأل  منيأة معينأة وان هأيا  -واقاا لستتوراك التكنولوخية  -نش  الم
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الكيان يتتور باتخاه سعسى خومة لسماتخو  بأ عسى كفأاىة ممكنأة وبمأا يسبأب الااخأة الماأتمرة )ياك المتغيأراك المتلااقأة 
  مانياا ومكانياااي

 الوظائف الأساسية للمنشأ:- 
يخأاو الموا نأة المنشأ ية لسمبنأى بايأ  يكأون تركيأ   أ :  الوظيفة العملية الأساسية للمنشأ:   والتب تتمتأل بنقأل القأو  واا

 يالشكل المنش ب عسى عكا اىنتقال التبيعب لسقو  ب قل مااراك ممكنة
ــة للمنشــأ: ى يمنأأأ مأأن ووره اأأب تعميأأ   بأأالرغ  مأأن الوايفأأة العمسيأأة الباتأأة لسمنشأأ  ىى سن هأأيا ب :  الوظيفــة التعريري

 المعانب الخماليةس اي  تبر  سهمية المعانب الخمالية التب يمكن سن يضيفها المنش  لستشكيل العا ي
 :أنواع النظم المنشئية     

كشفك العويو من الوراااك بان تاويو الناا  المنش ب يعتمو الكتير من الماوواك منها خ ا ت المواو وتبيعة      
التنفيييأأة المتااأأة ونأأوع المتتسبأأاك اىختماعيأأة المأأراو تسبيتهأأا اضأألاا عأأن تبيعأأة الفعاليأأاك الوايفيأأة وغيرهأأاي الأاأأاليي 

 -ا:Angererومن ابر  الت نيفاك لسنا  المنش ية هو ت نيف )

 : Solid Structures:   المنشآت الصلدة )المصمتة( أ
اأأب  ةالتقسيويأأة الماسيأأة ىرتباتهأأا بشأأكل وتيأأ  بالأاأأاليي التقسيويأأمأأن اكتأأر الأأنا  انتشأأاراا خا أأة اأأب العمأأارة  عّأأوت       

ازنشأأأاىي بالتأأأالب اأأأان مركباتهأأأا الأاااأأأية الاامسأأأة ليتقأأأال تعتمأأأو عسأأأى تراكأأأي الواأأأواك البنا يأأأةس وقأأأو اتبأأأأ هأأأيا الناأأأا  
سايانأأأاا سبعأأأاو الواأأأواك  المنشأأأ ب اأأأب النمأأأاير المعماريأأأة التقسيويأأأة لملاىمتأأأه لسمأأأواو التبيعيأأأة المتااأأأةس وياأأأتغل الم أأأم 

البنا ية المكونة لسناا  وتراكبها لسا ول عسى معالخاك متنوعة لما تتياه تسك الأبعاو من ىمكانياك التنويأ اأب ساأاليي 
 اي1[يشكل)4/ت:8الربت والتركيي باي  توار ىمكانياك منش ية وت يينية متعووةي ]

ه الخأأوار الخأأارخبخس بايأأ  يمكأأن القأأول بأأان خالاأأو الخأأارخب لسمبنأأى هأأو ياتأأ
اهنالك تكامل من خلال عنا ر تعريف الفضاى ساوهما يأوور باتخأاه العأال  
الخأأأارخب وا خأأأر يأأأوور باتخأأأاه الفضأأأاى الأأأواخسب ومأأأا بأأأين هأأأيين الخأأأانبين 

 [ي5/ت:8تتواخو كتسة تمتل الخا  الفعال لهيا الناا  المنش بي ]
لفعأال العامأل المهأ  يشأكل الاأمك ا  الجدران الحاملة والسمك الفعال:  -

اأأأب تاويأأأو الاأأأماك الفي ياويأأأة لسخأأأوار ايأأأ  يمتأأأل هأأأيا البعأأأو اأأأب الخأأأوران 
الاامسأأة الخانأأي الأأي  يف أأل بأأين مناأأومتب القشأأرة الواخسيأأة والخارخيأأة ممأأا 
يعتيأأأه الأهميأأأة الكبيأأأرة كخانأأأي منشأأأ ب وتشأأأكيسب اأأأاه  اأأأب ىغنأأأاى العمأأأارة 

 ة عسيهيالعراقية تعبيرياا من خلال المعالخاك الواخس
وتكمأأأأن سهأأأأ  المأأأأ تراك التأأأأب مأأأأن شأأأأانها التأأأأ تير اأأأأب تاويأأأأو الاأأأأمك الفعأأأأال 

 -لسخوران الاامسة بالم تراك التالية:
 ا المنش  الم مك1شكل رق  )والأي  اأاه  اأب تاويأو   طريعة الأحمال المنتقلة ونظـام التسـقيف المعتمـد:* 
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مأأأال مأأأن كونهأأأا متمركأأأأ ة ابأأأر  الاأأأماك الشأأأكسية والمنشأأأأ ية لسخأأأوران الاامسأأأةي ايأأأ  كأأأأان اأأأب التغيأأأر اأأأب انتقأأأأال الأا
(Concentrated Loads( ا بنقات ماووةس ىلى كونها موّ عةDistributed Loads ا وعسى تول الماأااة الاأتاية

 لسامك الفعال لسخوار الأتر الكبير اب تاويو الامك الفعالي
مك الفعأال لسخأوران الاامسأة متّل هيا الخانأي ابأر  ماأوواك الاأطريعة المادة الرنائية المعتمدة وتطوراتها النوعية: * 

 وعسى مر المراالي

 : Skeleton Structure:  المنشأ الهيكلي  ب
يتكون هيا الناا  من عنا ر منش ية واضاة ومتمي ة تتامل الأتقال وتقاو  القو  الم ترة عسى المبنأىس بأالرغ          

ى )الف أأل الواضأأن بأأين مناأأومتب المنشأأ  مأأن سن تسأأك العنا أأر ى تعمأأل عسأأى تشأأكيل الغأألاف البي أأب الماأأيت بالفضأأا
ا لنقأأل اىخهأأاواك خأألال Linear Materialsوالقشأرة الخارخيأأةاي ويعتمأأو هأأيا الناأأا  عسأأى العنا أأر والمأأواو الختيأأة )

شأأبكة مأأن العنا أأر الماأأتقسة والمف أأولة اي يا يأأاا عأأن مكونأأاك مناومأأة القشأأرة الخارخيأأة التأأب تف أأل مأأا بأأين الأأواخل 
 اي2[ي شكل )22/ت:9ي  يارر العنا ر المنش ية من مهمة الع ل البي بي ]والخارر الأمر ال

ا ممأأا ياأأاه  اأأب تأأواير مرونأأة Pointedالتبيعأأة النقتيأأة )  كمأأا ياأأتنو هأأيا الناأأا  اأأب عمسأأه عسأأى الامأأل المنقأأول ي
عأأأن تقسيأأأل  ت أأأميمية اكبأأأر اأأأب تشأأأكيل اأأأووو الفضأأأاىاك الواخسيأأأة والخارخيأأأة بمعأأأ ل عأأأن الماأأأوواك المنشأأأ ية اضأأألاا 

 اي3الماااة المتسوبة لسعنا ر المنش يةي شكل رق  )

 : Surface Structure: المنشأ السطحي   ج
يمتا  باعتماوه عسى عنا ر بنا ية اتاية ياك اأمك  أغير عمسأك عسأى نقأل القأو  والأامأال وتاويأو الفضأاىي      

ب والتأأأأب يأأأأت  مأأأأن خلالهأأأأا تو يأأأأأ الأامأأأأال واىخهأأأأاواك اأأأأب الفأأأأرا  )اأأأأ
كمأا اىتخاهاك التلاتةا وليا اب اتخأاه وااأو كمأا اأب الأنأواع الاأابقةس 

 اي4شكل) يمتا  بامتلاكه االة التتاب  بين المنش  والفضاى الواخسبي
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  Structural Requirementsرات المنشئية
مكأان مأأ متتسبأاك يخأي سن يتوااأ  المنشأ  قأور از    : Structural Functionality: الوظيفية المنشـئية أ 

الفضاى الوايفية ىضااة لمتتسباك الاركة وازاناو التب تفرضها تسك الوايفةي وعسيأه االمتتسبأاك الوايفيأة تسعأي الأوور 
الكبيأأر اأأب نأأوع المنشأأ  وتقريأأر شأأكسه المتسأأويس بمأأا تاويأأه مأأن تأأ تير قيأأاا 
 الباأأأأر وموقأأأأأ نقأأأأات الأأأأوع  وازاأأأأناو المتسوبأأأأة ومقأأأأوار الأامأأأأال والتكأأأأوين

[ي وهكأأأأأأيا اأأأأأأان المتتسبأأأأأأأاك 194/ت:11الضأأأأأأرور  لسفضأأأأأأاى الأأأأأأأواخسبي ]
الوايفية ممكن سن تااه  ساياناا اأب اقتأراا الشأكل المنشأ ب الملا أ ي بايأ  

 اي5يمكن سن يكون الشكل والمنش  هنا متوا   مأ الوايفة شكل)
             :Structural Stability: الاستقرار المنشئي   ب
خي الشكل المنش ب بالاابان القيوو المفروضة عسيه من قبأل يخي سن ي      

وتبيعأأأة التربأأأة  اتبيعأأأة الموقأأأأ المختأأأار وبكأأأل مأأأا يتضأأأمنه مأأأن توبوغراايأأأ
وال أأخور والخأأوماك التاتيأأة ىضأأااة لسقيأأوو البي يأأةي بايأأ  ي أأل ىلأأى اىاأأتقرار المنشأأوو ومأأن ابأأر  المبأأاو  المرتبتأأة 

 باىاتقرار المنش ب ما يعرف بأ:
وهأأب نقتأأة خا أأة تتأأو ع اولهأأا خميأأأ كتأأل   (/Structural Center of Gravityمركــز اللقــل المنشــئي )*  

 المنش  ب ورة متااوية وبالتالب الو ول ىلى االة اىاتقراري
كما سن البعض يشوو عسى ضرورة التكامأل بأين مركأ  التقأل المنشأ ب مأأ مركأ  التقأل الب أر  بايأ  يكأون المبنأى اأب 

ا 6بالناأأأأأأأأأأبة لسمتسقأأأأأأأأأأب متأأأأأأأأأأى مأأأأأأأأأأا كأأأأأأأأأأان هنالأأأأأأأأأأك يلأأأأأأأأأأك التوااأأأأأأأأأأ  بأأأأأأأأأأين مركأأأأأأأأأأ   التقسأأأأأأأأأأيني شأأأأأأأأأأكل )االأأأأأأأأأأة قبأأأأأأأأأأول 

 
ويكمن المتتسي الأاااب لسموا نة اأب الضأمان بأان    :Structural Equilibrium:  الموازنة المنشئية  ج

  القأورة عسأى تنفيأي هأيا المتتسأي بشأكل كامأل سو سٌ  من سخ ا ه اأوف لأن يتاأركي ولكأن يخأي ملاااأة عأو كلاا المبنى 
 ىن بعض الاركاك ى يمكن تخنبها بازضااة ىلى كونها ضرورية اب بعض الأاياني

 :Structural Strength:  المتانة المنشئية  د
عسيأه س   المنش  هنا يخي سن تكون لويه الورخة الكااية من المقاومة والتباك ضو الأامال الماستة وان ى تاهأر      

  علامة من علاماك الضعف بابي ازخهاو المفرت سو الاركاك الغير متوااقة لسمواو والمركباكي

( دور الوظيفة في المنشأ في 5شكل رقم )
 3271مرنى الراوهاوس للمعمار كروريوس 

 

 

 

 

 

 

( مركز اللقل المنشئي 1شكل رقم )
وعلاقته رمركز اللقل الرصري لمرنى  

City Hall    للمعمارNorman 

Foster 2002 
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 :Structural Economy: الاقتصادية المنشئية هـ
بالرغ  من سن اىقت او ى يكون متتسي معمار  خا ة اب المنشآك ياك الأغراض الرم ية والتيكاريةي ولكن          

مأأأأن الأمأأأأور الأاااأأأأية اتأأأأى اأأأأب الأنامأأأأة المنشأأأأ ية لسمبأأأأانب ياك ال أأأأفة غيأأأأر النفعيأأأأةي  تعأأأأوة لسمنشأأأأ  الاأأأأمة النفعيأأأأ
[ي وعسيه االمنش  الي  يت  انتخابه يخأي سن يمتسأك ىمكانيأة ازنشأاى والتركيأي مأن خألال ااأتخوا  تقنيأاك 195/ت:11]

 ماوية بشكل اقت او  وبالكمياك المتسوبةيىنشا ية موخووة ومتوارة وبشكل كفوى ىضااة ىلى توار مكوناك المنش  ال
  :Structural Aesthetics:   الجمالية المنشئية  و

ت تير النااية التعبيرية عسى المنش  ى يمكن سن يُنكر سو يُهمل بابي ارض الكتير من الأاكار والعقا و الخماليأة         
 أأمي  النأأاخنس كمأأا سن اخأأ  يلأأك التأأ تير يختسأأف ايأأ  يكأأون المنشأأ  هنأأا مأأن سهأأ  عنا أأر الو أأول لست .عسأأى المنشأأ 

 باختلاف النارة لأهمية الت تير المنش ب وباختلاف اخ  ومقياا المبنىي 
 الكفاءة والإرداع المنشئي& Structural Creativity  Structural Efficiency: 
اكسمأا قأل الأو ن الميأك ا واوك الكفأاىة يمكن تعريف كفاىة المنش  ب نها النابة بين الامل الكسب ىلى الو ن الميأك       

 ورالتالي يمكن استخلاص اررز إمكانيات تحقيق الكفاءة المنشئية وفق اررز الطروحات النظرية:   المنش يةي
مأأن خأألال ااأأتيفاى المتتسبأأاك المنشأأ ية الأاااأأية الاأأاب  يكرهأأا لسا أأول بالنتيخأأة عسأأى المنشأأ  الكفأأوى )والأأي   .3

 [ي 66/ت:13الأاضلاي ]بالمنش   Salvadoriاماه 

الأشأكال المنشأ ية المبوعأأة هأب التأب تكأأون مشأابهة لتسأك الموخأأووة  .7
اأأأأأب التبيعأأأأأة )اأأأأأواىا عسأأأأأى ماأأأأأتو  الشأأأأأكل سو المضأأأأأموناي ىن تسأأأأأك 
الأشأأأأأأكال يخأأأأأأي سن تكأأأأأأون بالضأأأأأأرورة كفأأأأأأوىة لأنهأأأأأأا بقأأأأأأك وااأأأأأأتمركي 

 اي7[ي شكل )208/ت:11]

شأأوو عسأأى سن الشأأو سمأأا الناأأرة الاويتأأة لمقيأأاا الكفأأاىة المنشأأ ية ات .1
Tension من سه  عوامل تاقي  تسك الكفاىة لأنها  تعو ةكمناومة منش ي

الواأأأا ل الأكتأأأر كفأأأاىة مأأأن  هأأأو ساأأأواكتأأأر كفأأأاىة لنقأأأل الأامأأأالي  االشأأأو 
ناايأأأأة انتقأأأأال الأامأأأأال وتامأأأأل اىخهأأأأاواك بأأأأالرغ  مأأأأن سهميأأأأة عنا أأأأر 

 اي8[ي شكل)209/ت:11ازنضغات ايهي ]

يمكأأأن سن يكأأأون ازبأأأواع المنشأأأ ب اأأأب خأأأانبين: الأول هأأأو اىناأأألا   .4
والتاأأرر مأأن الألفأأة والتأأرابت مأأأ تخأأاري ازنخأأا اك الاأأابقةس والتأأانب اأأب 
الفهأأ  المتعمأأ  والموضأأوعب لسفعاليأأة المنشأأ ية والأأي  يعتأأب بأأووره العمأأ  

 الضرور  لمعنى الخبرة ويخعل منها ممكنة التارك خسفهاي

لمنأأأأأتج المبأأأأأوع مأأأأأن )الأاأأأأأسوي ال أأأأأاو ا والأأأأأي  تكمأأأأأن ا ينتسأأأأأ  .5
الغياي الضرور  لست ويأ   -خ ا  ه الضرورية اب )الخوهر المنش ب

 [ي26/ت:12] نقاوة الخت والشكلاي -وال خرف

لمرنى  ( مشارهة المنشأ للطريعة2شكل رقم )
 Nerviقصر العمال للمعمار 

 

 

 

 

 Millennium( منشآت الشد /8شكل رقم )

Bridge للمعمار /Foster   2001 
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   المنشئية في التشكيل المعماريعناصر المفردات: 
  اب خانبين: اب التشكيل والتكوين الب ر المنش ية  المفرواكيمكن ىورار  
عنهأا المأأواو  التشأكيل: و هأو يقتأرن بمخأالب العسأ  وال أأناعة اي خأيو خأات بمأواو البنأاى وسنامأة البنأأاى  : مـادي -أ 

 . والتقنياك الاويتة وهو اب هيا الش  يخاتي الماتو  العقسب للإناان

 تعبيأأره عأأن المعتقأأواك والشأأعا ر خأأات بالمعتقأأواك س ايخاتأأي الماأأتو  الرواأأب للإناأأان مأأن خأألال : رمــزي -ب 
 [يhtml/ت:6] .الخا ة بالمختمأ خلال العمسية البنا ية

   الشكل المعماريArchitectural Form  :  
ا  مانيأة سو intervalsا هو ترتيي معين لسعنا ر سو المفرواك المف ولة عأن بعضأها بماأاااك )formالشكل )      

كتسأأةا تاأأيت بعنا أأر غيأأر اي يا يأأة )هأأب مكانيأأة ماأأووة متخأأية هي أأة معينأأةي وهأأو يتأأ لف مأأن عنا أأر اي يا يأأة )هأأب ال
وعسيه االشكل هو تمتيل ماو  ب ر  ناتج عن تفاعل خمسة من المتتسباك اىختماعية والتكنولوخية لت اأيا  يالفضاىا

نمأا  ماوة قابسة للإوراك تمتا  عن غيرها بكونها سماكن للإيأواى ازناأانبس االشأكل المعمأار  لأ  يكأن سبأواا البنيأة الاأاهرة واا
القأأاورة عسأأى تاويأأل مخمأأوع الأاكأأار ىلأأى واقأأأ  المنشأأ ية اكتأأوار ازمكانيأأعسأأى وتعتمأأو ىقامأأة الشأأكل البنيأأة الموركأأةي  هأو

 يماو  مااوا ويكون الشكل الفي يا ب بعو تنفييه هو وايسة اىت ال ونقل المعانب بين المعمار والماتعمل
 اري:    إمكانيات تكامل العلاقة رين الشكل المنشئي والشكل المعم 
المق أأأوو بالتكامأأأل هأأأو العلاقأأأة التأأأب تأأأرتبت بهأأأا المناومأأأاك الر ياأأأية المكونأأأة لسمبنأأأىس بشأأأكل ى يخعأأأل منهأأأا        

يكمأن بأالتوا ن واىناأخا  بأين واأا ف المبنأى مأأ  فالتكامـل كمفهـوم تكنولـوجيمناوماك ماتقسة الوااوة عن الأخر س 
 ور[ي وتبر  هنالك عوة ىمكانياك لسو ول ليلك التكامل منها:/با  منش6مكوناك المنش  والأنامة الأخر ي ]

من خلال ترخمة لسقراراك المتخاناة والمناقة لسخهاك ياك العلاقة بالمبنىي وهيا اىناأخا  بأين المنشأ  والشأكل  اس 
 /با  منشور[ي5المفتاا لسنخاا التعبير  لسمبنىي ] تعوالمعمار  

ي  الفضأأاىاكس ومعانيهأأا التعبيريأأة تكمأأن اأأب المنشأأ ي اازااأأاا عسأأى كأأون العمأأارة اأأن تناأأ التاكيأأومأأن خأألال  اي 
 [ي13/ت:1بالتكامل وا  هيا المناور ي تب من الكمال التقنبي ]

بتاقيأأ  )ال أأرااة المنشأأ يةاس ايأأ  سن خكأأل تااأأين اأأب الوايفأأة والفعاليأأة التكنولوخيأأة سو التقنيأأة لسنتأأار يقابسأأه  ار 
 [ي26/ت:12] خيةتاايناا اب نوعيته التعبيرية والخمالي

اب التعامل الت ميمب لسو ول ىلى التكامل من خلال ىمكانيأة  )ياتية الم م ا بإعتاى سهمية لياسوي الياتب او 
التلاعي ب شكال العنا أر المنشأ ية ياك التبيعأة العمسيأة ال أراة ويلأك مأن خألال تاويأل المتتسبأاك المنشأ ية 

 قا   المنش ية لتاقي  التعبير والخمالية المتسوبةيىلى عنا ر خمالية مأ عو  الممانعة من ىخفاى بعض الا

 :تطورات العلاقة التأليرية رين المنشأ والشكل في العمارة العراقية خلال القرن العشرين 

مرك عمارة القرن العشأرين اأب العأرا  بمتغيأراك كتيأرة امتأا ك باأرعتها وتفاوتأك اأب شأوة ت تيرهأا عسأى مأر القأرن       
تاا مأ تراا مأن شأ نه ان ياأو  ستأراا مهمأاا اأب نتأار العمأارة وعسأى مختسأف الماأتوياك اقأو امتأا ك باي  امل كأل عقأو اأو
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 الأأىعمأأارة القأأرن العشأأرين اأأب العأأرا  باهأأور عأأوة تأأر  سو ساأأاليي اأأب المماراأأة الماسيأأة ايأأ  تأأ  ت أأنيفها ااأأتناواا 
 توخهاتها التكنولوخية خا ة ما يتعس  منها بالخاني المنش بس 

 أررعة مراحل رئيسية:هنالك اي  بر ك 
 (   "شيوع محددات المنشأ المصمت":3240-3200:   المرحلة الأولى: )أ 

تمتأل هأأيه المراسأأة تخاأأيواا لسعمأأارة التقسيويأة الماسيأأة اأأب ااأأتغلال التقاليأأو والمأورو  عسأأى ماأأتو  المنشأأ  والتشأأكيل      
مسأأب الماسأأأب مأأن نأأأوااب العمالأأة والتقنيأأأاك )اأأب ازنتأأأار وازنشأأاى وبمأأا يناأأأخ  مأأأ المعتيأأأاك التأأب يفرضأأأها الواقأأأ الع

والتنفيأأيا والمأأواو التأأأب اأأاوك اأأب تسأأأك الفتأأرة التأأب امتأأأا ك بتنأأوع م تراتهأأأا لمأأا مأأرك بأأأه مأأن تعأأوو اأأأب م أأاور ت تيرهأأأا 
 وخ و ية كل م وري 

اك المنشأ ية التقسيويأة المعرواأة وبالنتيخة االنا  المنش ية المعتموة اب تسأك المراسأة اعتمأوك ىخمأاىا عسأى الأنا  والمركبأ
والشا عة اب المنتقة كالخوران الاامسة الاميكة والتاقيف بالأقبيأة سو العقأاوة كمأا اقت أرك عسأى المأاوة البنا يأة الشأا عة 

)التأابو ا اأب تنفيأأي تسأك الأنا  والمركبأأاك المنشأ يةي كمأا امتأأا ك منشأآك تسأك المراسأأة 
منشأأ ب نفاأأها زاأأرا  التأأ تيراك الفنيأأة والتشأأكيسية باعتماوهأأا الكسأأب عسأأى مأأواو الناأأا  ال

عسى واخهاك المبانبس االتابو  الماتخو  اب المنش  هو ياته الي  يعتب قو  التعبير 
اي اي  متّل التتأور النأوعب 9المعمار  المت تب من مسماه ولونه و فاتهس شكل رق  )
ارة عامأةا لمأا اأاه  بأه مأن راأأ لتسك الماوة تاوىا نوعيأاا اأب خأانّببّ المنشأ  خا أةا والعمأ

الكفاىة المنشأ ية لسخأوران الاامسأة وبالتأالب التأ تير عسأى الاأمك الفعأال لسخأوران ومأن تأ  
التقسيل من الامك المتسوي وما ترتي عسيه من  ياوة المرونة اب الفتاأاك والتقسيأل مأن 

 الماوة الماتعمسةي 
ياية اب التكوين العا ي باي  خاىك مما خعل المناومة المنش ية هنا ساو الأعموة الر 

 اغسي التكويناك نابعة من الشكل المنش ب لسمركباك المنش يةي

كما نلااا يلك اب مبنى الشعبة الوينية )خامعة  ل البيكا اي  كأان 
هنالأأك ااأأتغلال لمأأا وارتأأه تسأأك المركبأأاك مأأن كفأأاىة منشأأ ية وتعبيريأأةي 

لمنشأأأأ ية ومناومأأأأة القشأأأأرة وبالتأأأأالب تكامسيأأأأة العلاقأأأأة بأأأأين المناومأأأأة ا
الخارخية اب خس  التكويناك والتشكيلاك المتسوبة )النابعأة مأن تبيعأة 
الناا  الم مك والماوة البنا يةاي باي  خاىك اغسي تكويناك المبنأى 
نابعأأأأة مأأأأن الشأأأأكل المنشأأأأ ب لسمركبأأأأاك المنشأأأأ ية )الشأأأأكل يتبأأأأأ انتقأأأأال 

 اي  10ومااراك القو اي شكل رق  )
(   "شـيوع المنشـأ 3215 -3240اللانية: ):   المرحلة  ب

 الهيكلي":

( جدار الشعرة الدينية / 2شكل رقم )
  3277ويلسون 

 
 

 

 

 

 

 ( الرواق الشعرة الدينية / ويلسون30شكل رقم )
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تخاأو مراسأة العمأأارة المتعاتفأة مأأ الن عأأة الاواتويأة والمقسأوة لسعمأأارة الغربيأة بكأل تقنياتهأأا وسشأكالها ياك ال أأبغة       
المنشأأ ية الخويأأوة العالميأأة )لمخأأاراة الكفأأاىة واىوا يأأة الوايفيأأة والمنشأأ ية العالميأأةاي ايأأ  كأأان لاهأأور الأاأأاليي والأأنا  

وخا أأة الأأنا  الهيكسيأأة بااأأتخوا  الاويأأو والخراأأانة الماأأساة والركأأا   العميقأأة الأأوور الكبيأأر اأأب خسأأ  تاأأوىك نوعيأأة 
                   معمارية كبيرة )خا ة عسى ماتو  الأبنية العامة وازوارية ياك المقياا الكبير نابياااي 

ل المناومأأأة المنشأأأ ية عأأأن مناومأأأة الشأأأكل الخأأأارخب لتعتأأأب بأأأيلك مرونأأأة ايأأأ  سشأأأرك تسأأأك المراسأأأة االأأأة ا أأأ    
ت ميمية اكبأر الأمأر الأي  ستأاا اريأة اكبأر اأب الت أمي  والتختأيتي كمأا سن تسأك التتأوراك سعتأك بالمقابأل ىمكانيأاك 

 كبيرة اب  ياوة عوو التواب ي 
ب لسفضأأأاى وون ااتعأأأال سو ىضأأأااة عنا أأأر غيأأأر وعسيأأأه يكمأأأن وور الناأأأا  المنشأأأ ب هنأأأا اأأأب تاقيأأأ  الشأأأكل النهأأأا      

ا بعنا أأرها العموويأأة Structural Gridمتسوبأأةي واهأأور مأأا عُأأرف بأأأ)ال خرف الخويأأوا النأأابأ مأأن الشأأبكة المنشأأ ية )
والأاقيأة والمأ ترة مباشأرة اأأب الشأكل المعمأار  اأواى سكانأأك تسأك الشأبكة اأاهرة س  مخفيأأةي 

لهيكسأأأب هنأأأا اأأأب الكتيأأأر مأأأن خوانأأأي الفعاليأأأة اس ايأأأ  اأأأاعو الناأأأا  المنشأأأ ب ا11شأأأكل)
الت ميمية والبنا ية وخا ة عسى ماتو  الفضاى من خألال ىعتأاى ماأاااك وااأعة بأين 
العنا أأأر المنشأأأ ية الاأأأانوة الأمأأأر الأأأي  سو  بالمقابأأأل ىلأأأى  يأأأاوة وااأأأعة اأأأب الفضأأأاىاك 

فتأواي وهأأيا نأأابأ الواخسيأة و يأأاوة المرونأة الت أأميمية ايهأا و أأوىا ىلأأى تاقيأ  المختأأت الم
ساااأأاا مأأن ازمكانيأأاك المنشأأ ية لسأأنا  الهيكسيأأة مأأن ناايأأة انتقأأال القأأو  ايهأأا ايأأ  يعتمأأو 
هأأيا الناأأا  عسأأى المركبأأاك الختيأأة لنقأأل اىخهأأاواك خأألال شأأبكة مأأن العنا أأر الماأأتقسة 
والمف أأولة اي يا يأأاا عأأن مكونأأاك مناومأأة القشأأرة الخارخيأأة التأأب تف أأل مأأا بأأين الأأواخل 

رر الأمأأأر الأأأي  ياأأأرر العنا أأأر المنشأأأ ية مأأأن مهمأأأة العأأأ ل البي أأأبس وتتتسأأأي تسأأأك والخأأأا
العنا أأأأر ااأأأأتخوا  مأأأأواو كفأأأأوىة اأأأأب تامسهأأأأا ىخهأأأأاواك الشأأأأو واىنضأأأأغات معأأأأااي 

 اي  12شكل)
ولكنه ى ياهره بالضرورةس االشكل  االتشكيل بالنتيخة كان يعبر عن نمت الناا  المنش ب

الوايفيأأأة  تهنأأأا يميأأأل ىلأأأى عكأأأا الواأأأا فس والوايفأأأة هنأأأا يمكأأأن سن تأأأرتبت بالخ أأأا 
لسعنا أأأأر المنشأأأأ ية وتبيعأأأأة المأأأأواو البنا يأأأأة واتأأأأى تريقأأأأة ازنشأأأأاىي بأأأأالرغ  مأأأأن شأأأأيوع 

فأر المعالخاك الشكسية ياك المناى التقسيو  كما اب مبنى الموراة الخعفرية لسمعمأار خع
اي ايأأ  تأأ  ااأأتخوا  الخأأوران التابوقيأأة المكشأأواة ياك الوايفأأة غيأأر 12عأألاو س شأأكل)

المنشأأأ ية )الخأأأوران غيأأأر الاامسأأأة ليتقأأأالا والتأأأب ااأأأتنوك كسيأأأاا عسأأأى المنشأأأ  الخراأأأانب 
لسأأأ)النا   اا الهيكسأأب الأأي  اخأأي عسأأى عاتقأأه ىاأأناو الأرضأأياك الخراأأانيةي وهأأيا متأّأل توايفأأ

ين تعبيريأأأة الشأأأبكة المنشأأأ ية لسناأأأا  الهيكسأأأب وبأأأين الهخينأأأةا التأأأب خمعأأأك بأأأ
تعبيريأأأأة الخأأأأوران التابوقيأأأأة بأأأأالرغ  مأأأأن كأأأأون الأخيأأأأرة خأأأأاىك بوايفأأأأة غيأأأأر 

 ( مرنى الساعاتي / قحطان عوني33شكل رقم )
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واب خانأي  خأر اهأر لأوينا بعأض المعالخأاك التأب تعكأا انعأوا  ال أرااة المنشأ ية مأن خألال ااأتخوا  مأاوة  منش يةي
بواأا ف غيأر منشأ ية س ألاا كمأا هأو تقأو  امة عسى الرغ  من كونها الخراانة اب الواخهة بتشكيلاك تعكا القوة وال ر 

الاأأأال اأأأب واخهأأأة مبنأأأى خأأأان الباشأأأا ال أأأغير لسمعمأأأار عبأأأو ا  ىااأأأان كامأأألي 
 اي13شكل)
"الجمـــــع رـــــين التـــــرا   (3220 -3215:   المرحلـــــة اللاللـــــة: )ج

 :  والتقنيات المنشئية الحديلة"
ناأو التعأاتف مأأ التأرا  ب اأسوي يعكأا امتا ك بكونها مراسأة الاأعب         

التقأأأأو  التكنولأأأأوخب بايأأأأ  تكأأأأون المااولأأأأة ىاأأأأتسها  التأأأأرا  كوخأأأأوو تقأأأأااب سو 
اي يأأأأأأاو  وتاأأأأأأويره سو تخريأأأأأأوه وبمأأأأأأا يلا أأأأأأ  التوخهأأأأأأاك التكنولوخيأأأأأأة والتكوينيأأأأأأة 
المعا رةي االتركي  كان هنا عسى التشأكيل العأا  النهأا ب منتسقأاا واأ  مبأوس تأواير 

الأأأوع  لأأأه مأأأن قبأأأل المنشأأأ  وون اىعتمأأأاو عسأأأى نمأأأت رااأأأ ي ايأأأ  كأأأان ازاأأأناو و 
الهوف يكمن اب المااولة زعاوة العلاقة بين الشكل والمعأانب بتوايأف عأوو مأن 

المبأأاو  الخماليأأة والأنامأأة التقنيأأة بمأأا ايهأأا الأنامأأة المنشأأ ية الاويتأأة عأأن تريأأ  اعتمأأاو تنا يأأة تخمأأأ مأأا بأأين القأأوي  
المعانبي اتبيعأة العلاقأة بأين كأل مأن المنشأ  والشأكل اأب عمأارة هأيه المراسأة هأب علاقأة ضأمنيةس  والاوي  بغية ىغناى

والشكل هنا متنوع التر  والأنمات ياتخو  المعالخاك ال خراية التب تخفب الخوهر المتمتل ب نمأات الأنا  المنشأ ية التأب 
 [ي19/ت:3] .قو ت تب كتا يل اا ل لسمعالخاك الشكسية

ااتخوا  مفرواك الترا  المعمار  اأب التشأكيلاك التكوينيأة الفنيأة لسمبأانب  وبالتالب   
المنفأية وتوايفهأأا اأب المنشأأ  الاأوي ي بايأأ  اهأأرك لأوينا ماأأاوىك تهأوف ىلأأى بسأأورة 
يخأأأاو لغأأأة خويأأأوة تخمأأأأ العنا أأأر والعلاقأأأاك التراتيأأأة مأأأأ  العمأأأارة العراقيأأأة الماسيأأأة واا

ا )خا أأأة توخهأأأاك مأأأا بعأأأو الاواتأأأةا كمأأأا اأأأب التقنيأأأاك المنشأأأ ية الاويتأأأة ومتتسباتهأأأ
سعمأأال مامأأو مكيأأة وراعأأة الخأأاورخب وقاتأأان عأأونب وغيأأره  رغأأ  المبالغأأة اأأب هأأيا 

 اي14المناى بعض الأايانيشكل)

بالتأالب اقأأو متأّأل التشأأكيل المعمأأار  االأأة مأأن اىنف أأا  الضأأمنب بأأين الشأأكل الاأأاهر 
همتأأه عكأأا مضأأمون اعاليأأاك مأأأ مضأأمون المنشأأ س االشأأكل الخأأارخب لسمبنأأى لأأيا م

المبنى ووايفته بقور ما هو ىقرار ماب  بايأ  كانأك بعأض المشأاريأ تمتأا  بالتضأاو 
اأأب معالخأأاك الواخهأأاك التأأب كانأأك معقأأوة بشأأكل غيأأر عأأاو  وبأأين وضأأوا وباأأاتة 

و سو تعسأ  [ي االناا  المنشأ ب اأاه  هنأا اأب خسأ  هيكأل تاأتنhtml/ت:2المختتاك والهيكل المنش ب الواقأ خسفهاي ]
 الخاورخبي  المعمار راعك ايي كما اب اغسي سعمال14عسيه الاتارة التب تشكل التكوين العا  لواخهة المبنىس شكل)

 
 ( "العودة للتقاليد المنشئية/رروز اللاتكتونية المنشئية:7000 - 3220: المرحلة الرارعة: )د

( مرنى خان الراشا الصغير / 31شكل رقم ) 
 3251عرد الله إحسان كامل 
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وة توخهأأاك )التراتيأأة والمعا أأرةا عسأأى الماأأتو  الشأأكسب تمتأأل مراسأأة الخسأأت وااتناأأا  الأشأأكال والأنمأأات مأأن عأأ       
 والتكوينب واتى عسى ماتو  التفا يل والمواو بااتخوا  تقنياك وسااليي تقسيوية ماسية اب المنش ي

مما اار  ا وواخية اب التعامل واىهتما  عسى ماتو  الأشكال والمنش  والمواو تبعاا ىختلاف المتتسباك التب يمسيها ري 
اي  متل المنش  هنا خاني المناومة التب توار المتانة وازاناو ماتغسة المواو المنش ية التب . مل سو الواقأ التنفيي الع

تتين تاقي  مختسف التكويناك والتشكيلاك بالرغ  من اتباع التقنياك التقسيوية اب ىنشا ها ومن ت  ااأتخوا  مختسأف مأواو 
الشكل النهأا ب النأاتجي ولأو عسأى ماأتو  المقيأاا ال أغير ايأ  كأان الاأا و هنأا التغسيف اب خس  القشرة المغسفة لخس  

 عمارة المنا ل والعماراك التخاريةي
سما الأهواف اقو كانك ى تعوو عن كونها تفخيمية رم ية بعيوة عن الأاباي المنشأ ية سو الوايفيأةس ايأ  س أباك مأن 

يا الأأأأنهج يعأأأأو م شأأأأراا الضأأأأروراك الت أأأأميمية المفروضأأأأة مأأأأن قبأأأأل ري العمأأأألي وهأأأأ
 واضااا عسى انتهار اللاتكتونية اب التعامل الت ميمبي 

وبالناأأبة لأأوور المنشأأ  اأأب المبأأانب ياك المقيأأاا الكبيأأر ناأأبياا كالعمأأاراك التخاريأأة 
والفنأأاو  المتواأأتة وغيرهأأا اقأأو كأأان الناأأا  الهيكسأأب يمتأأل الناأأا  المنشأأ ب الأاأأاا 

س والتأأأب خاأأأوك االأأأة مأأأن التكأأأرار اأأأب ىن لأأأ  يكأأأن الوايأأأو زنشأأأاى متأأأل هكأأأي ا مبأأأانو
الأبعأأأأاو والمأأأأواو والمعأأأأواك الماأأأأتخومة اأأأأب ازنشأأأأاى بغأأأأض الناأأأأر عأأأأن الماأأأأوواك 
والااأأأاباك المنشأأأ ية التأأأب تفرضأأأها تبيعأأأة المشأأأروع الوايفيأأأة وسبعأأأاو اضأأأاىاته سو 
مأأو  القأأو  والأامأأال التأأب يتعأأرض لهأأاس كمأأا سن تسأأك النمتيأأة اأأب ااأأتخوا  الشأأبكة 

 ية قأأو ستأأرك وبشأأكل ى يقبأأل الشأأك اأأب تاويأأو الأشأأكال والت أأميماك الناتخأأة المنشأأ
اي  متسك الماوواك المنش ية هنا الم تر الأكبر والمقيو ناأو المرونأة الت أميميةس 
وان تسأأك الماأأوواك المنشأأ ية كانأأك نابعأأة مأأن التقااأأة المنشأأ ية الماأأوووة التأأب سوك 

مفرتي وبالتالب اهرك التكويناك عبارة عن مواو مضااة سو مس قة عسى الهياكأل بالنتيخة ىلى تسك النمتية سو التكرار ال
المنش ية لأغراض خمالية ت يينية باتة وليا ب اسوي ااتخوا  عن راا ياق  واا فها الم أممة لهأاي وهأيا مأا ي كأو مأن 

 اي  15ل)تركي  نتار المراسة عسى الخاني التكوينب اىاهار  وون اىهتما  بالخاني المنش بي شك
  العمارة العراقية:على  هتطريقاتو الشكل في المنشأ  دورأنماط  طريعة-          
 المنشأ هو الشكل )توحد العلاقة وتكاملها(: أ: 

 4( عمارة المرحلة 35شكل رقم )
 
 

 

 

 

 



 رييعاطف السه                                                                               دور المنشأ في تطورات عمارة القرن العشرين في العراق 

 سامة عبد المنعم أ                                                                                                                                                                     

 

 232 

يتركأأأأ  هأأأأأيا الخانأأأأأي اأأأأأب ااأأأأتخوا  نمأأأأأت منشأأأأأ ب بأأأأأار  تتواأأأأو ايأأأأأه كأأأأأل مأأأأأن       
المرحلة يناك عمارة المناومتين المنش ية والقشرة الخارخيةس وهيا ما بر  خسياا اب تكو 

ايأ  خأاىك التكوينأاك بشأكل عأا  تماتسيأة لمعاأ  ت أميماك المبأانب المنفأية  الأولى
 نأأياك باأأبي ماأأوواك تبأأاك المنشأأ  كناأأا  وتأأ تيراك المأأاوة البنا يأأة ممأأا اأأرض نمتأأاا 
ماأأوواا مأأن التكوينأأاك عسأأى المبأأانب بغأأض الناأأر عأأن الخانأأي الأأوايفبي ايأأ  تميأأ  

ياك ن عأأأأة تكامسيأأأأة مأأأأن ناايأأأأة العلاقأأأأة والتأأأأ تير بأأأأين المنشأأأأ  النتأأأأار بكونأأأأه عمأأأأارة 
كمناومأأأة اضأأأا ية تكوينيأأأة تعتأأأب كمناومأأأة ىاأأأناو ساااأأأية وبأأأين القشأأأرة الخارخيأأأة 

لسمبنى شكسه الممي  له باي  ي عي بمكان ا ل المناومتين عن بعضهماي اضلاا 
مأأاو  لهأأيا  عأأن  أأعوبة التفريأأ  بأأين المنشأأ  كمفهأأو  ىاأأناو  وبأأين ازنشأأاى كتخاأأيو

المفهأأأأو ي وهأأأأيا ين أأأأي بأأأأووره اأأأأب تواأأأأو العلاقأأأأة بأأأأين المنشأأأأ  والشأأأأكل مأأأأن نأأأأوااب 
يمكأأأأن  بايأأأأ  ى ساىاأأأأتخابة والتأأأأ تير ىمتلاكهمأأأأا خ أأأأا ت مشأأأأتركة اأأأأب خوهرهمأأأأا
اي وبالتأأالب اهنالأأك تأأ تير متبأأاول لكأأل منهمأأا اأأب 16التفريأأ  بينهمأأا ا اأأوهما يعتمأأو عسأأى الأخأأر ويكأأوّن ا خأأري شأأكل)

لسشكل المعمار  يواأ هيا باتخاه  ياغة ومعالخة الشكل المنش ب س اعنوما يكون هنالك اهتما  بالخاني التعبير  ا خر
ن مشأأأأتركتان بأأأأنفا ال أأأأفاك الفي ياويأأأأة يعسأأأأى ماأأأأتو  المأأأأواو والتفا أأأأيل لسو أأأأول لستعبيريأأأأة المتسوبأأأأة ىن المناأأأأومت

 المنش  والقشرتين الواخسية والخارخية معااي  والتعبيرية الب ريةي وبالتالب االخوار الم مك خاو هنا 
االماوواك المنش ية عسى ماتو  متانة المنش  ككل سو المواو التب تشكسه تمتل ىاو  عوامل التشكيل سن ل  تكن سقواهاي 

و يلأك ولهيا نخو الكتير من المركباك المنش ية ااتنوك سشكالها عسى تريقة تو يأ وماار القو  المنتقسأة خلالهأا كمأا نخأ
 واضااا اب العقوو المتقاتعة والأقواا وغيرهاي

 )جزء مكمل للتشكيل(: : المنشأ وسيلة لإنتاج الشكل المعماريب 
نمأأا يخعسهأأا ممكنأأة الاأأوو  ايأأ  يأأوار البنيأأة الماويأأة ياك التأأابأ ازناأأانبس  لى يشأأك     المنشأأ  هنأأا عمأأارة بمفأأروه واا

س ومأا المرحلـة اللانيـةيةا لهي ويمكأن ملاااأة يلأك التوخأه اأب تتبيقأاك عمأارة ايخاو المنش  هنا الوايفة العمسية )الماو
رااقهأأا مأأن تكأأرار لغأأة اغسأأي المعالخأأاك الشأأكسية عسأأى الأأرغ  مأأن التتأأوراك المنشأأ ية 
الكبيرة الواخسأة عسأى الفعاليأة الت أميمية وهأيا خسأ  نأوع مأن عأو  ال أرااة المنشأ ية 

 اب التعبير الناتجي   
كانأأأأك مخأأأأروة تاكمهأأأأا الواأأأأا ف وتاأأأأووها الأنمأأأأات المنشأأأأ ية التأأأأب االأشأأأأكال هنأأأأا 

اعتمأأوك عسأأى الشأأبكة المنشأأ ية المتعامأأوة والمختأأت المفتأأوا الأأي  انعكأأا بالمقابأأل 
اي والتركيأأ  16عسأأى الأشأأكال التأأب خأأاىك عسأأى ورخأأة مأأن التخريأأو والباأأاتةي شأأكل)
ال التب تأول عسأى كان عسى الايا  الوايفب والشبكة المنش ية كم اور لخس  الأشك

 [ي 86/ت:10معانب ماووة بمتتسباك تسك الوايفة سو المنش ي ]
 : المنشأ أحد مرادئ إنتاج العمارة:ج 

 ( الريت التقليدي31شكل رقم )
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بالعمأأأارة والتشأأأكيل النهأأأا ب مأأأن خأأألال تأأأواير ازاأأأناو الملا أأأ  لسمبنأأأى ومأأأا ياأأأاه  بأأأه  اا يكأأأون المنشأأأ  هنأأأا مرتبتأأأ      
ولأو بشأكل -والتأب تميأ ك المرحلة اللاللـة منش ب يمكن تتبيقه عسى نتار كمناومة ىاناويةي وهيا الخاني من الت تير ال

ب نهأأا ياك خ أأا ت تنا يأأة مأأن خأألال ااأأتعمالها لسعنا أأر التقسيويأأة )باعتبارهأأا سوواك ات أأاليةا بواأأا ل تنفيأأي  -خ  أأب
منتسقأاا مأن يلأك الشأكل غير تقسيويةي االعمارة هنا رك ك خل اهتمامها عسى الشكلس سما اختيار نمأت المنشأ  ايهأا ايكأون 

واأأأ  مبأأأوس تأأأواير ازاأأأناو والأأأوع  لأأأه وون اىعتمأأأاو عسأأأى نمأأأت مواأأأوي االشأأأكل هنأأأا متنأأأوع التأأأر  والأنمأأأات ياأأأتخو  
[ي ااهأرك ضأمن مناأى اىاأتسها  19/ت:3المعالخاك ال خراية التب تخفب الخوهر المتمتل ب نمأات الأنا  المنشأ يةي ]

 اتو  الشكسب وما رااقه به من ت تيراك منش ية وهب:التراتب تلاتة سنمات ساااية عسى الم
التوايأأأأأف المباشأأأأأر لسعنا أأأأأر الشأأأأأكسية التراتيأأأأأة والأأأأأي  يمتأأأأأل مراسأأأأأة  - أ

التعأأأاتف مأأأأ التأأأرا  بايأأأ  يكأأأون هنالأأأك تأأأواخلاا بأأأين العنا أأأر والتشأأأكيلاك 
التراتية مأ المركباك المنش ية الاويتة لتكون الا يسة عمأارة تاأتغل مخأاىك 

ناو المنشأأأأأأأ ب ولكنهأأأأأأأا متكيفأأأأأأأة كسيأأأأأأأاا مأأأأأأأأ الخانأأأأأأأي الماسأأأأأأأبي التقنيأأأأأأأة وازاأأأأأأأ
  اي18[ي شكل)255/ت:4]

توايأأف تشأأكيلاك التأأرا  الماسأأب بالأاأأسوي الأأي  يأأوا ن بأأين المباشأأرة  - ب
والتخريوس االتابأ العا  لسمنش  يبقى عمارة ووليأة بكأل تقنياتأه وخوا أه عأوا تسأك 

تأأر  معا أأرة اأأب المنشأأ  ازوخأأاىك الشأأكسية الماتناأأخةس اأأالتعبير هنأأا يكأأون ب
 اي19وبعض التكويناك لتشكيلاك تقسيوية من الترا ي شكل)

توايف العنا ر التراتية بعو ت ويسها وتخريوها ىلى او بعيو )التراتية التخريويأةا وهأأيا الأنهج يعتمأو بورخأة كبيأرة  - ت
ضأاا مأأ ااأتخوا  مأاوة الخراأانة اأب عسى الماوة التقسيوية الماسيةس كالتابو  المكشوف والعنا ر المنش ية المكشواة سي

 اي20ىنشاى بعض العنا ر التراتيةي شكل)
 
 
 
 
 
 

 
 

وما متسته تسك العمارة من ااتعارة وااتناا  الأنمأات  المرحلة الرارعةكما يمكن تتبي  هيا المناى عسى توخهاك عمارة 
ل أأأاقها عسأأأى المنشأأأ   التقسيأأأو ي ايأأأ  متأّأأل المنشأأأ  هنأأأا خانأأأي والأشأأأكال مأأأن التوخهأأأاك والعمأأأا ر المتنوعأأأة وتعسيقهأأأا واا

( جامع الخلفاء 38شكل رقم )
   للمعمار محمد مكية
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عسأأى ماأأتو  الشأأكل المنشأأ ب سو عسأأى ماأأتو  المأأواو  كالمناومأأة اىاأأناوية بكأأل متتسباتهأأا وبتكأأرار كبيأأر اأأب المعالخأأا
اأب اغسأي الأايأانس بالضأو مأن مناومأة القشأرة الخارخيأة التأب  ةبغض النار عن تبيعة ومقوار الأامال والقأو  المأ تر 

 ياك  بغة التعقيو والتنوع الكبيري  امتا ك ب نها 
 : المنشأ وسيلة لإدراك مقياس العمارة: د

المنش  هو المعبأر عأن المقيأاا المأورك مأن قبأل المتسقأبس اأإوراك المنشأ  هأو الأواة سو المفتأاا زوراك العمأارة  يعو      
ة من نوااب المقياا والمعانب والرمو ي وهيا التوخه يبر  اب بعض نتاخأاك عمأار 

ومأأا متستأأه مأأن انتشأأار وااأأأ وكبيأأر لسمنشأأ  الهيكسأأب بكأأل خوا أأه  المرحلــة اللانيــة
الشأكسية وشأأبكاته المنشأأ ية ياك الأعمأأوة والخاأور الخراأأانية خ و أأاا اأأب عمأأارة 

الأبنيأأأة اأأأواى المقيأأأاا الكبيأأأر غيأأأر الم لواأأأة ماأأأبقااي اقأأأو عمأأأل المنشأأأ  اأأأب بعأأأض 
المقيأاا الاقيقأب بالناأبة لسمتسقأبس بشكل مق وو س  ى عسى تاقيأ  يلأك الشأعور ب

وقأأأو اتخأأأي هأأأيا المناأأأى واأأأا ل وتأأأر  عويأأأوة اتبعأأأك لهأأأيا الغأأأرض منهأأأا اأأأاهرة 
البالكوناك سو التتسيعاك الماتغسة زمكانياك المأاوة المنشأ ية )الخراأانة الماأساةا 
وممي اتهأأأا الفي ياويأأأة ومأأأا ستااتأأأه مأأأن مرونأأأة ت أأأميمية ومنشأأأ ية وبالتأأأالب اهأأأرك 

المبأأأأانب ااويأأأأة عسأأأأى تسأأأأك العنا أأأأر والمعالخأأأأاك وب شأأأأكال متنوعأأأأة  الكتيأأأأر مأأأأن
 اي  21ااهمك بما ى يقبل الشك اب تاقي  يلك ازوراك الاقيقب لسمقيااي شكل)

 المنشأ أداة اللغة التعريرية للعمارة:هـ: 
منشأ  وخوا أه الفي ياويأة التب خاوك تتبيقاا لتسك العلاقأة ايأ  اأاه  ال المرحلة الأولى بر  هيا التوخه اب نتار      

اب خس  وتافي  التعبيرية الت ميميةس اقأو متأل الخأوار الم أمك الخأارخب يو الاأمك الكبيأر العن أر الأكبأر ااأتغلاىا 
لإمكانية التعبيرية المعماريةي اضلاا عن ااتغلال بعض العنا ر والمركباك لاب هيا الخاني الي  سضفى ماااة خيوة 

كانك تسك التعبيرية اأب بعأض الأايأان نابعأة مأن الخوانأي والمتتسبأاك المنشأ ية  التعبيريةي والمنش ية اب خس  نوع من 
ياتها اي  نساا ىن هنالك معالخاك شكسية لبعض المركباك المنشأ ية نابعأة مأن ت ترهأا بانتقأال وماأاراك القأو  خلالهأا 

 )الشكل يتبأ انتقال القوةاي
  في العمارة المحلية: المنشئي الدورعة طريالمستخلصة والمرترطة راررز المستويات- 

 -:    المستـوى الوظـيفـي "المنفعة والاستعمال":  -أ
لعبأأك الوايفأأة ووراا كبيأأراا اأأب التتأأوراك التقنيأأة عسأأى ماأأتو  المنشأأ  وخسأأ  الشأأكل المعمأأار  بأأالرغ  مأأن الناأأرة        

نشأأ ية اأأب المرااأأل المختسفأأة لماأأار العمأأارة العراقيأأةس المتفاوتأأة لتسأأك الوايفأأة وتريقأأة  أأياغتها وعلاقتهأأا بالمناومأأة الم
وبتأأ تير مباشأأر مأأن التتأأوراك المنشأأ ية ايأأأ  انتقسأأك مأأن ماأأتو  التقيأأو والماأأأوواك اأأب المراسأأة الأولأأى بايأأ  يكأأأون 
اىنتأألا  الشأأكسب هنأأا هأأو تخاأأأيو لماأأوواك ومتتسبأأاك المناومأأة الوايفيأأةس ىلأأأى ماأأتو  المرونأأة الوايفيأأة واعتبارهأأأا 

اا الي  ينتس  منه الشكل المعمار  وتتويأ المنش  بكل ىمكانياته الاويتأة لخومأة هأيا الغأرضس وهأيا مأا ىاانأاه الأا
اب نتار المراسة التانيةس ومأروراا بالمراسأة التالتأة التأب شأهوك اىنف أال المتفأاوك بأين الوايفأة والشأكل الخأارخب ايأ  

( مصرف الرافدين للمعمار 73شكل رقم ) 
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كة الهيكأأل المنشأأ ب ويقابسهأأا تعقيأأو شأأويو اأأب المأأواو والمعالخأأاك اأأب تمتسأأك الوايفأأة هنأأا بالباأأاتة ومرتبتأأة مباشأأرة بشأأب
مناومأأة القشأأرة الخارخيأأة المكونأأة لسماهأأر العأأا  لسمبنأأى وبإاأأناو مأأن قبأأل المنشأأ  كأأيلك الأأي  متأأل الخانأأي الموضأأوعب 

 لهماي
ىناأخا  كأان هنالأك باأ  وا أ  عأن ا       -: مستوى الخصائص الشـكلية "السـعي نحـو ملاليـة التشـكيل":-ب 

سوخأه عويأوة تبقأاا لمتغيأراك ومتتسبأاك كأل مراسأة مأن مرااأل  ااب العلاقة المناوماتيةي وهيا اىناخا  باو ياتأه كأان ي
ماأأار عمأأارة القأأرن العشأأرين اأأب العأأرا ي ايأأ  انتقأأل مأأن المعالخأأاك الكلااأأيكية والكلااأأيكية المتخأأووة ياك التقنيأأاك 

والنقيأأة وانتهأأار مأأنهج التخسأأب عأأن خميأأأ التأأر  التقسيويأأة والاأأعب ىلأأى ىهمأأال  الماسيأأة التقسيويأأة ىلأأى الأشأأكال المخأأروة
ال خراة والت وي  والتركي  بالمقابل عسى التخريو والبااتة )ال خرف الخويأواي ومأن تأ  ا أبن التوخأه اأب المراسأة التالتأة 

منشأ ية الاويتأة واىعتمأاو عسأى تنا يأة زعاوة العلاقة بين الشكل والمعانب بتوايف عوو من المباو  الرم ية والأنامة ال
اكان الاعب هنا اب الم ر القار  لمواو وسشكال وعنا ر وتفا يل )الرابعةا تخمأ ما بين القوي  والاوي ي سما المراسة 

 المبنى الوااوي ابمن م اور وبي اك وسماكن متنوعة زنتار تر  متنوعة اتى 
بوخأأوو الخ أأا ت الخويأأوة لسمأأواو البنا يأأة والأاكأأار المنشأأ ية      -: مســتوى تحقيــق الجماليــات التصــميمية:-ج 

الاويتأة اأأان ىوراك الخمأال شأأهو تاأوىا وتتأأوراا ورااأ  يلأأك  يأاوة التسأأي عسأى تسأأك التقنيأاك والأنامأأة المنشأ يةي وبالتأأالب 
سفكأأر الماسأأب العراقأأب يمكأأن سن تتأأوع خميأأأ المفأأرواك الخماليأأة لسعمأأارة العالميأأة وتأأوخل ضأأمن ازوراك والتقبأأل الخويأأو ل

 وهيا ما نخوه خسياا اب الماار التتور  لسعمارة العراقية عسى اختلاف مرااسها بالرغ  من تفاوك ت تيرهي 
  اررز استنتاجات الرح: 

عأأوة ماأأتوياك خضأأعك لمخموعأأة مأأن -واقأأاا لأأنمت تبيعأأة العلاقأأة  -ااأأر  الأتأأر المنشأأ ب اأأب التشأأكيل المعمأأار   (3
واىا ياتية س  موضأوعيةا عسأى اخأتلاف مرااأل تتأور العمأارةس والتأب اأاهمك وبشأكل كبيأر اأب الماوواك والم تراك )ا

  ي ياغة نمت العمارة العراقية

امتأأا  نتأأار المراسأأة الأولأأى بكأأون المنشأأ  ايهأأا هأأو الشأأكلس سمأأا المراسأأة التانيأأة اقأأو كأأان ايهأأا المنشأأ  واأأيسة زنتأأار  (7
الرابعأأة اكأأان المنشأأ  ايهمأأا ساأأو مبأأاو  ىنتأأار العمأأارةي سمأأا وور المنشأأ  كأأ واة الشأأكل المعمأأار س بينمأأا المأأراستين التالتأأة و 

 السغة التعبيرية لسعمارة اقو ارتبت بنتار اكتر من مراسة وااوةي

نتيخةا باعتبار المنشأ  الخأ ى البأالغ -بر  الأتر المباشر لسمناومة المنش ية اب الشكل المعمار  وا  علاقة )م تر (1
المعمأأار  ايأأ  سن معاأأ  القأأراراك المأأ ترة اأأب النتأأار النهأأا ب بمأأا تتضأأمنه مأأن ياتيأأة ت أأميمية  الأهميأأة اأأب التشأأكيل

مرتبت ب ورة مباشرة باختيار نمت الناا  المنش ب الما ول عن تاقي  الفضاى والوايفة والمتانأة اضألاا عأن التعبيريأة 
 الت ميمية المبتغاة لسمبنىي 

 أأيغ وتوخهأأاك كأل عمأأارة اأب  مأأان ومكأان خا أأة مأا تعسأأ  منهأأا  عأوة مأأ تراك اأاهمك اأأب تاويأوبأر ك هنالأأك  (4
خانأأأي اكأأأر  سيأأأويولوخب يمتأأأل الأول لستكنولوخيأأأا المنشأأأ ية خانبأأأان ساااأأأيانس  اقأأأو بأأأر بالتكنولوخيأأأا المنشأأأ يةس وعسيأأأه 
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يأأة التتأأوراك اأأب الناريأأاك المنشأأ ية وبضأأمنها الاأأوا المنشأأ ب وا خأأر خانأأي عمسأأب تتبيقأأب مأأرتبت بأأالتتوراك النوع
 لسمواو ازنشا ية اضلاا عن التخاري واىختباراك المنش يةي

متأأ ترة بالشخ أأية  -عسأأى الأأرغ  مأأن موضأأوعيتها-ورخأأة اىاأأتخابة والتتبيأأ  لسمتتسبأأاك المنشأأ ية المختسفأأة  كنأأاك (5
 ي والتب ارتبت بوون شك بماتو  التقااة التكنولوخية لسمختمأ الت ميمية وورخة الوعب

 :المصادر والمراجع 
س الــر التكنولوجيــا علــى علاقــة الشــكل رالمنشــأ فــي لغــة الفلــاءات الداخليــة المعاصــرةس ا2001) يسغأأاس رنأأو اأأا   (3

 راالة ماخاتيرس قا  العمارةس كسية الهنواةس خامعة بغواوي  
س س راأأالة ماخاأأتيرألــر تطــورات تكنولوجيــا المنشــأ فــي التشــكيل المعمــاريس ا2006) يالتميمأبس ساأأامة عبأأو المأأنع  (7

 قا  العمارةس كسية الهنواةس خامعة بغواوي  
س مقأاىك و راى منشأورةس المخسأة المعماريأة العراقيأة مذاهب الهندسـة المعماريـة العراقيـةس ا2003) يالتوينبس ويعسأب (1

ISM                         س الشبكة الووليةي 
[http://www.iraqisciencejournal.com/articles/200308/36 ]       

س راأأالة ماخاأأتيرس قاأأ  العمأأارةس الهيكــل الإنشــائي والمعنــى فــي الشــكل المعمــاريس ا1999) يخعفأأرس عسأأب مااأأن (4
 الخامعة التكنولوخيةي

س وار العمارة الحديلة في العراق، تحليل مقارن في هندسة العمارة والتخطيطس ا1988) ياويشس عقيل نور  المألا (5
 عة الأولىس بغواويالش ون التقااية العامةس التب

س النظريــة وتطريقهــا علــى الريــت الرغــدادي التقليــدي–التكامــل فــي الفعاليــة الرنائيــة س ا2001) يالاأأهير س عأأاتف( 1
 .8س المخسو1با  منشورس مخسة اتااو الخامعاك العربيةس العوو

اأأب قاأأ  العمأأارةس كسيأأة  : مااضأأراك سُلقيأأك عسأأى تسبأأة الماخاأأتيرتكنولوجيــا العمــارةس  ا2005) يالاأأهير س عأأاتف( 2
 الهنواةس خامعة بغواوي

 س مقال منشورس الشبكة الووليةيعناصر التشكيلو الإنشائية ، العناصر ا2006) يمنتو  معمار ( 8
     

 [http://m3mare.com/vb/showthread.php?t=425] 
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Industrial building approach as an energy conservation system 

 
 ABSTRACT 

Aiming at energy preservation and depending on the production of years of 
expertise and hard work of international research laboratories in the area of energy 

preservation and finding alternatives and undepleted energy sources in all aspects 

and various areas of the world, all these institutions asserted on following the 

Sustainable Design Method. It pursues the integrated building design method, 

which is one of the modern methods in the domain of energy preservation . This 
method focuses on the building's perfection from the very first stages of the design 

process, Through integration between the building components and mechanical 

services and supplementary systems in it and the impact exchange positively among 

them instead of being equipment used in a building that depends on the whole 

Building Approach , which has two key features , being circular and containing 

feedback concept , this makes it a frequent performing within the identification of 
the general conceptual framework. 

Considering oil and other new sources as unreliable as continues energy 

sources and synchronically and interactionally with the products of knowledge 

developments and technical products aiming at diminishing energy consumption 

and producing the light and thermal environment comfortable for staff at the human 
environment generally and industrially environment specifically , the study directed 

its research problem toward clarifying and demonstrating substance  and 

effectiveness the method of the integration industrial building on the internal 

human and mechanical environment, aiming at demonstrating its importance as a 

consistent work mechanism that participate in organizing and correcting courses of 

the internal productive environment , plus demonstrating effect of its performance in 
clarifying the sustainable design interacted with the external environment to 

preserve energy . 

The aim is identifying the basic steps that role components of the integrated 

industrial building method to be a specific interactional method and a step context 

that explores work mechanism and the internal environment response to the 
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external one to turn it to a visually , biologically and productively comfortable work 

environment. 

         The research development on various studies and researches of many centers 

of the world , to be a base of the applied discussion of this study. 
 
 :خلاصة البحث.1

سنوات الخبرة والعمل   جالت بفيضهما تقدمت به و إلىبقصد الحفاظ على الطاقة واعتماداً       
فللل مجللا  الحفللاظ علللى الطاقللة وإيجللاد البللدا    العالميللة  المضللنل للمرا للل والمختبللرات البح يللة

   هذه  متأجل ، فقد الأرضوفل مختلف بقاع  الأصعدةعلى     ةالناضب غيرمصادر الطاقة ل
 أسلوبالذي يعتمد   Sustainable Designالمؤسسات على اعتماد منهج التصميم المستدام 
الحدي للة فللل مجللا  الحفللاظ علللى الطاقللة  الأسللاليبتصللميم المبنللى المت املل  والللذي يعتبللر ملل  

Energy .لعمليلة التصلميم مل  خلل  الت امل   الأوللىير ل على م الية المبنى منذ المراح   إذ
Integration  م ونللات المبنللى   أوبللي  عناصللرBuilding Components )والأنظمللة 

المتباد  بينهما بش   ايجابل ، بدلاً م   ونها  والتأ يرالمي اني ية والخدمية والت ميلية الداخلة فيه 
 Whole Building( تستخدم فل مبنى يعتمد على الملنهج الت لاملل  Equipmentمعدات  

Approach) فلللل  ونللله حلقلللل وحلللاوغ لمفهلللوم الت ذيلللة أساسللليتي يمتلللال بميللللتي   ، اللللذي ،
 العام. ألمفاهيمل الإطارضم  تعريف  الأداء(، مما يجعله ت راري Feedbackالاسترجاعية  

 ة لا يم ل  أ  يعلو  عليهلا  مصلادر طاقلة أ  اللنفط وبقيلة المصلادر المسلتحوعلى اعتبلار      
وانتاجلات تقنيلة تهلدف إللى تقليل  معرفيلة ينلتج مل  تطلورات  مستمرة . وتلامناً وتفاعلً مل  ملا

عموملا  الإنسلانيةللعلاملي  فلل البي لة البي ة الضو ية والحراريلة المريحلة  وإنتاجاستهلك الطاقة 
ماهيللة   وإظهللار، فقللد توجهللت الدراسللة بمشلل لتها البح يللة نحللو توضللي  خصوصللا المصللنعيةو

 إبلرال بهدفالداخلية ، ةوالمي اني ي الإنسانيةعلى البي ة الصناعل المت ام  وفاعلية منهج المبنى 
الداخلية،  الإنتاجيةية تسهم فل تنظيم سير وتصحي  مسارات عم  البي ة فاعلعم  ت  آلية أهميته
ا ر ادا يتها فل توضلي  ف لرة التصلميم المسلتدام المتفاعل  مل  البي لة الخارجيلة حفظلا  إظهارم  

مللنهج المبنللى الصللناعل  التللل تح للم م ونللة الأساسلليةيللد الخطللوات تحدهادفللاً بهللذا نحللو  للطاقللة.
 إللىعمل  واسلتجابة البي لة الداخليلة  آليلةوضل  ي بخطلواتتفاعليا محلددا  أسلوباالمت ام ، لي دو 

 .وإنتاجيا وبيولوجيابي ة عم  مريحة بصريا  إلى، ليحيلها الخارجية
ا ل متعلددة فلل العلالم لت لو  ة لمرمتنوعحوث وقد اعتمد البحث فل هذا على دراسات وب

 .ل الطرح التطبيقل م  هذه الدراسةأساسا ف
 
 :كلمات رئيسية. 2

، ملنهج  نظلام سلريا  المعلوملاتالاي ولوجل ،  مستدام ،، التصميم ال حفظ الطاقةتمتة ، الأ
 المبنى الصناعل المت ام ، المما لة الحية.

 

 :المقدمة.3
 إلللىللوصللو   أخللرالتوحللد ملل  شلللء  أو  ال لللل    التشلل يIntegrationيقصللد بالت املل   

( فلل ال ل  ، لم ونلات To Blend( او المللج  To formال    او يعرف الت ام  بـالتش ي   
( او Act الفعلل   ( . وت للو  عمليللة الت املل  هلللUnityفرديللة وجماعيللة ممللا يعطللل الوحللدة  

ي لو  مفهلوم الت امل  هلو المبنلى  أنظملة، وضلم   هلذه الوحلدة إيجلاد( فلل (Processالعملية 
 لأنظمللةالمبنلى ب لل  متنللوع ، ضللامة  أنظمللةالفعل  فللل خلللف وظيفللة المبنلى ال ليللة الحاويللة علللى 

، لتجهيلهللا  ، وملل  عناصللر المبنللى والتهويللة الإنللارةظللم ن، و (HAVCالطاقللة فيلله ملل  نظللم  
(، 427ص0891، -البعلب لللل  . عاليلللة للمبنلللى أدا يلللةبالطاقلللة الللملللة بالشللل   اللللذي يعطلللل 

 Websters,1973 ,p600،) Rush,1986,p4). 
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 وهنا يعتمد منهج المبنى المت ام  على تحلي  ادا ية المبنى ل   ساعة ، باسلتخدامه موديل        
فل برنامج حاسوبل ، يلود التصاميم الاولية بمقدار الطاقة المخمنة،  او نموذج افتراضل للمواق 

( خللل  Feedbackيهللا باسلللوب الت ذيلة الاسللترجاعية  وليلتم اجللراء التعللديلت التصلميمية عل
عملية التصميم الاولية وصولاً للتصاميم النها ية النموذجية بدلاً م  معرفة الطاقة المخمنة و لفها 

او لربمللا عنللد ا تماللله ، هللذا الاسلللوب يسللاعد علللى تلويللد  ،فللل المراحلل  المتللاخرة ملل  التصللميم
ة اتخللاذ القللرارات التصللميمية الصللحيحفيللدة وتقللودهم الللى المصللممي  بالمعلومللات الدقيقللة والم

 ,BTS,2000,pp.1-4) ،   Snyder  ، (002-98ص،0894، عبيللداتوالنموذجيللة،  
(1979,pp.151-163 ،  ,p.383 NREL, 2000). 

لذا فا  العملية التصميمية ضم  ف رة المبنى الصناعل المت ام ، تتصف بخصا ص عامة ،      
( FeedBackعلى مفهوم الت ذية الارجاعية   م  احتواءها، حلقية ه هو  ونهااو  ما يميلها ب

والذي ي م  فل  ونه سر حياة هذه العمليات ، اذ ا  بعض المعلومات الجديدة قد تدف  المصمم 
الى اعادة النظر فل المعلومات المتوفرة عنده  لما تطور التصميم ، مما يجع  العملية التصميمية 

، فالمصمم يمر خللها بعدة مراح  فل    مرة يدخ  عدد م  المت يرات فل عملية م ررة 
التصميم حتى يصب  الت وي  ا  ر نضجاً ، وا  ت رار العملية لعدة مرات سيعم  على تحقف 
التصميم المطلوب. و انل خصيصة لهذه الف رة ، هل فل  ونها مقادة بمجموعة م  المفاهيم 

العلقات المتفاعلة وضم  اطار مفهوم الت ذية الاسترجاعية ما والستراتيجيات التل تخط ش   
بي  المت يرات المناخية والعوام  المؤ رة على انتاج ش   وقشرة المبنى، وما بي  ادا ية هذه 
القشرة وتقنياتها الضو ية ذات الاداء المت ام  لتجسيد ف رة المبنى الصناعل ال ام  واهدافه فل 

 داخلية المريحة للعام .حفظ الطاقة والبي ة ال
 
 :المشكلة البحثية والهدف.4

تامي  البي ة الداخلية المريحة للعما  داخ  المصن  ، م  اعتبار تلامي  اعللى وفقا لاعتبار 
لعملهم والم ا  ، وباق  قيم مصروفة م  الطاقة لتامي  مبدا خلف بي ة داخلية فعالة مؤتمتة ادا ية 

 مايلل:  لتل البحث مستجيبة اقتصادية، فقد حددت مش
 
انطوت تحت اظهلار ماهيلة وفاعليلة ملنهج المبنلى الصلناعل  التل ،مش لة البحث العامة -

سهم ية تفاعلابرال اهميته  الية عم  تبهدف المت ام  على البي ة الانسانية والمي اني ية الداخلية ،
ر ا لر ادا يتهللا فللل ملل  اظهللا ،تصللحي  مسللارات عمل  البي للة الانتاجيللة الداخليلةفلل تنظلليم سلير و

 توضي  ف رة التصميم المستدام المتفاع  م  البي ة الخارجية حفظا للطاقة.
اما مش لة البحث الخاصة ، فقد ا دت اهمية اظهار سياف والية عم  وخطوات التشل ي   -

والتللداخ  لمللنهج المبنللى المت املل  بصللفته سللياقا خطواتيللا واسلللوبا تفاعليللا يح للم اليللة الحر للة 
  لعصب حياة المعم  الم ا نل الداخلل ليجع  منه  يانا مؤتمتا مستجيبا للنشاطات بصفة والتفاع
 ذاتية.
فل تحديد الخطوات الواضحة التل تح م م ونه ملنهج المبنلى  –هدف البحث  ي م  يهلعو       

الصناعل بصفته برنامج عم  م لف الدورة تحدد خطواته وعناصره م ونة الدورة الاسترجاعية 
Feedback   عملل  واسللتجابة البي للة  تفاعليللا وسلياقا خطواتيللا يسللير اليلة، لتجعلل  منله اسلللوبا

بي للة عملل  مريحللة بصللريا الللى الم ا نيللة والانسللانية داخلل  بي للة الفضللاء المصللنعل ، ليحيلهللا 
وبايولوجيا ، لي دو هذا الملنهج  لل مت لامل يح لم ويلؤطر النظلام الادنلى ويح مله ويلؤطره  ل  

 ومة ا بر يح مها ويؤطرها النظام الا بر الى ا  تص  الى البي ة الام.  ا بر ضم  منظ
 
 :منهج المبنى المتكامل .5
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 ةافل الماليوا  عملية التحقف م  مدى مصداقية هذا المنهج يتم م  خل  مايسمى الح       
 Financial incentives  باستخدام مشروع حفظ الطاقة السنوي ، )Annualized 

energy saving project  للمبانل الجديدة باعتماد اداة التحلي  لصرف الطاقة ولترف )
 مستوى لليادة ال فاءة المخمنة ، والتل تستعم  على تخفيض  لف المشروع التقليدي المشابه 

ليب الحدي ة لقشرة %( ، وذلك بتوظيفها للوسا   والتقنيات والاسا90-01بنسبة تتراوح مابي   
بالاضافة الى اختيار الاجهلة والادوات والم ا   المتطورة ال فوءة التل جميعاً ، وخدمات المبنى

  طاقة .                       تمتال بانها ذات استهلك قلي  لل
( سي و  خادماً Whole building approach فا  اسلوب او منهج المبنى ال ام لذا       

 (،BTS, 2000,p212    خل  إتسامه بما يأتلل   م  عمليتل التصميم والانشاء ، وذلك م
 NREL,1994.p362:)- 

 استخدام الطاقة ب فاءة عالية تظم  تقلي  استهل ها . -0
ني ية اتحقيف الراحة الحرارية للفضاء الداخلل للمبنى باستعما  المعدات والاجهلة المي  -7

وبصرياً . مما  المل مة وتحسي  الاجواء الداخلية صحياً وحرارياً ووظيفياً وصوتياً 
 يعطل تصور التصميم الم الل المري  بصرياً وبايولوجياً .

( بت ام  م  Daylightingتوظيف واستخدام فوا د وتقنيات الضوء الطبيعل   -3
 منظومة الاضاءة الصناعية .

( ليعم  على Passive solar energyتوظيف طاقة الاشعاع الشمسل الذاتية   -4
مبنى بدو  اضافة اي  لف اضافية فوف ال لف الر يسية تقلي   لف الطاقة العامة لل

 للمبنى .
يمتلك هذا المنهج اهمية  بيرة فل توظيف الوقت والجهد وتش ي  الاجهلة بش    فوء  -0

 وبدو  اضرار م  ام انية وسهولة الصيانة والسيطرة المؤتمتة المبرمجة.
مة والفعاليات العملية ، م  ما تقدم يعطل ت املية تامة مابي  التصميم والانظ اضافة الى -6

 Renewableاعطاءه انفتاحاً و شفاً ع  م ام  استخدام مصادر الطاقات المتجددة  
energy sources).  (SBIC,2001,p201.  NREL,1994.p373،) 

 Broadbent,1988,p71) ،   Littlefair,1997,p19.) 
 
 -توازن منهج المبنى المتكامل: -6

لطاقة الذي يقصد التقلي  م  استهل ه، هو تلك الطاقة المستهل ة  ناتج ا  نطاف مفهوم ا       
لتش ي  وادامة مستللمات الراحة البصرية   Architecture Fieldنها ل ضم  حق  العمارة

والبايولوجية فل البي ة الداخلية، وا  الحفاظ على الطاقة فل المبنى يعبر ع  التقلي  فل استهلك 
دد منها. حيث يقاس مفهوم المحافظة على الطاقة نسبة الى الحالة الم الية المتجدد وغير المتج

للستهلك المتضم  اق  مقدار لافض  الظروف والذي ي و  لاسلوب تصميم المبنى م  البي ة 
المحيطة دور اساسل فيه لتقلي  احما  المبنى م  الطاقة الذي قد يحتاج صرفاً اضافياً منها 

م  تقلي  الا تساب  –ال   لتوفير الاضاءة وتقلي  الاحما  الحرارية للوصو  الى حالة التو
وا  الحفاظ يؤ د على التقلي  الا بر م  استخدام  الحراري الصيفل والفقدا  الحراري الشتوي(.

الوسا   المي اني ية العملقة للحصو  على متطلبات البي ة الداخلية للبنية الصناعية خاصة اذا 
ة م  وحدات الطاقة ال هربا ية يحتاج انتاجها صرف  لث وحدات م  الطاقة علمنا ا     وحد

الحرارية . وهنا ينصب دور المصمم والتصميم فل الموالنة وتحسي  العلقة بي  الاداء 
فهل   الحراري والمردود الاقتصادي  على المدى البعيد( ليصب فل جدوى حفاظ الطاقة ،

 life cycleوالتل تعرف بـ تحلي  ال لفة لعمر المبنى(   عملية مستمرة على طو  عمر المبنى
costing analysis وفقاً لتحقيف مبدأ ش   المبنى الصناعل المتوال ) .  Julier, 

2000,p12 حيث ا  اتباع منهج التصميم المستدام .) Sustainable Design،   والسيطرة
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بي ة الخارجية ، سي و  هو المقي  فل المناخية على ادخا  الضوء ودرء الاجهادات الحرارية لل
الوصو  الى متطلبات الراحة الداخلية بصرياً وحرارياً . وهذا المنهج عادةً ما ي و  متنوع 

، ية  شاملً الموق  و تلة البناء(الحلو  فتارةً ياتل بش   حلو غ وقا ية منذ بداية العملية التصميم
الحرجة م  العملية التصميمية او حتى  واخرى ي و  بهي ة جرعات علجية عند المراح 

 ,Broadbent  التنفيذية والتل عادة ما تتم بالتوظيف المقحم للوسا   المي اني ية
1988,p76)  ، Mc Cluney, 1991,p108. ) 

و  يراً ما  ا  الحل  يعمل  معاً ، اذ انه وم  وجهة نظر العملية الت املية، فا   ل      
على الاخر ولا يم   الفص  بينهما ، لهذا  رست جهود ح ي ة لتصميم  الحلي  يعتمد احدهما

مبانل ذات  فاءة طاقة مرشدة وبتوظيف الاف ار التفصيلية والتخطيطية المطورة جامعةً العوام  
السرمدية والعامة   ضوء الشمس وحر ة الهواء والش   باستجابة مناخية( ، وبهذا اصب  

حضاري يحتم على المعمار ا  يطور ويوظف حسه البي ل  تقليلها حاجة اجتماعية وتقدم
 اي ولوجل( لتحقيف اهداف التصميم المستدام فل المحافظة على الطاقة وتوفير بي ة داخلية 

حة بصرياً وبايولوجياً . وا  المحافظة على الطاقة سيعتمد على تحسي   فاءة الاجهلة يمر
قلي  الطاقة المصروفة لتش ي  وادامة هذه والم ا   والمعدات الموظفة فل المعم  وعلى ت

المعدات والاجهلة اضافة الى اجهلة ومعدات المبنى الخدمية اعتماداً على الخصا ص 
 (.AIA ,1989,p310   . التصميمية للمبنى وحجمه وفعاليته

 
 حفظ الطاقة بمنهج المبنى المتكامل: -7

 -را ل بح ية متعددة فل العالم:ولتقلي  الطاقة فقد وضعت برامج عديدة م  قب  م      
التعام  م  الطاقة الحرة بتصميم مستدام يست   طاقة الاشعاع الشمسل وذلك بالتوقي  المل م  -أ

والتوجيه والحجم الداخلل وش   المبنى والتفاصي  الاخرى المدروسة ، وانتاج مشاري  وليدة 
ية التل  انت نتا جها ا  خفضت م  الطاقة ،  حا  ال  ير م  المشاري  الصناعية وغير الصناع

%(  ونها تدخ  الضوء الطبيعل المست مر بتقنيات ال لف 20 لف الاضاءة الصناعية الى  
، ولتخفض م   لف التبريد   Cool Lightالخارجل والتل عمدت الى ادخاله بصي ته الباردة

مسة  الممل ة %(، وقد  انت هذه النتا ج لاختبارات اجريت فل مناطف حارة مش00الى  
العربية السعودية والهند، لذا يجب على المبانل ا  تتعام  م  طاقة الاشعاع الشمسل بصيغ 

 (.                             Broadbent, 1988,p76 وتقنيات ذاتية وبمناهج متطورة، 
 حفظ الطاقة يجب ا  ينسجم م  متطلبات الانسا  وسلو ه الشخصل الارادي واللارادي -ب

الذي يعتمد التصميم المستدام  معطى ش لل للعمارة، على ا  ي و  تقلي  الطاقة لايعنل ابداً 
 تقلي  الراحة .

است ل  اف ار وستراتيجيات الطاقة بادخا  الضوء الطبيعل والتظلي  م  ال تلة الحرارية  -ج
ادا ية الطاقة  الخالنة( والمتداخلة م  نظم السيطرة على الطاقة وعلى الخواص المؤ رة على

 ونق  الطاقة والتشع  .  للعناصر  الامتصاصية والانع اسية
توفير موالنة طاقوية باختيار مواد الانشاء بمواصفات عالية فل العل  الحراري المستخدم  -د

فل انشاء الجدرا  والسقوف والتقنيات واللجاج المستخدم فل النوافذ لتحسي  نوعية الاضاءة 
الاضاءة الاصطناعية وتقلي  نفاذية الاشعاع الشمسل، لتعم     م   م  خل  ت امله م 

 عناصر الانشاء الانفتاحية والصلدة بت ام  لتحقيف هذه الموالنة.
اعتماد غلف المبنى  قشرته الهي لية الم لفة الخارجية(  منظومة بي ية مت املة تؤم   -هـ

ليعم  بصي ة جلد ال ا   الحل فل توفير الانفصا  ع  والاتصا  م  البي ة الخارجية الطبيعية،
 (،Girardet, 1998,p50  ،)Lampert, 1999,p148 وتامي  البي ة الداخلية المريحة. 

  Julier, 2000,pp64-65.) 
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ا  مؤشر نجاح منهج التصميم ال لل المت ام  للمبنى الصناعل، هو ادراك ا     انظمة       
. وم  خل  التحلي  ترابطة ذات اعتماد متباد  ايجابلم المبنى تتص  وتت ام  بعلقات مشتر ة

النظامل لهذه المنظومات المت املة يم   الحصو  على  فاءة ادا ية عالية للمبنى م  تقلي  
 .(Lampert, 1999,p149 ،) AIA,1989,p151. فيه  لل لف الاولية والتش يلية المؤ رة

 
 ة:المبنى الصناعي كنظام للمحافظة على الطاق -8

لقد تناولت   ير م  الدراسات موضوع المبنى  نظام يحافظ على الطاقة اذا ما ت يلف مل         
الظللروف الخارجيللة ملل  خللل  ادامتلله لنفسلله  ونلله مجموعللة مترابطللة متداخلللة ملل  المنظومللات 
المادية تنظم ل رض معي  ، تعم  عندما ت و  نتا جها مطابقة او مما للة للهلداف او المقاصلد ، 

 و  مبنية على متطلبات معينة وضعت لاجلها . وا  هذه المنظومات المادية هلل التلل تؤللف وت
الاجلاء الر يسية للمبنلى  ال للف الخلارجل والهي ل  الانشلا ل والفضلاءات الداخليلة والم ونلات 
الت ميليللة التللل تشللم  وسللا   وتقنيللات الاضللاءة والت ييللف( . وهللذا يعنللل ا  ل لل  مجموعللة ملل  

لها ميلة التفاعلية للما  وم ا  معيني  ، والتل تهي   نظامهلا وتمنحهلا سلمات تميلهلا العناصر 
علل  غيرهللا ، وتضللم العلقللات الاتصللالية والانفصللالية ملل  بي تهللا المحيطللة . وبالتللالل ستتصللف 
طبيعة هذه النظم بصفتي  ، هملا صلفة التنظليم وصلفة العلقلات والتفاعل  بلي  العناصلر ، اللتلا  

نظللام مميلللات تجعللله ملل  المم لل  ا  يسللتخدم فللل حلل  المشللا   بنفسلله علل  طريللف سللتعطيا  ال
، مملا سليجع  الهي ل  العلام لللنظم يتضلم  مفهوملاً اساسلياً يعمل  عللى  امللةمنظومته الذ يلة المت

( والتلل هلل Feed Backالدوام على تلدقيف النتلا ج مل  الاهلداف وهلو الت ذيلة الاسلترجاعية  
ل ا نللات الحيللة وعلقتهللا بالبي للة  اي ولوجيللاً( ملل  م للا   الاحتللراف اسللاس الللربط بللي  مشللابهة ا

( ونظرية النظم Cybernetic theoryالداخلل و ذلك الاساس فل عم  نظرية التح م الذاتل  
 Rush (، 797ص-0828 –الضلللام    . General system theoryالعاملللة  

,1996,p18،)   Handler, 1990,p22. ) 
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، تصب  عملية عند توظيف اف ار  نظرية التح م الذاتل  ،  نظرية النظم العامة         
( بي  عم  ال ا نات الحية والبنى يم   ا  ت و  صحيحة ، فالمبنى بام انه Analogyالمما لة  

اره م  خل  الت ذية الاسترجاعية المستمدة م  ا  يمتلك صفة التنظيم  نظام مفتوح يديم استمر
مت يرات البي ة المحيطة عند تنظيم مفرداته ، والتل ت و  دينامي ية ومت يرة الاتجاهات تعم  
على تلويد النظام بالطاقة وتعم  م  البي ة التل تحيط به بموجب نظام الموالنة الدينامي ية 

                                  

  ئن الحي()الاتزان البدني لعناصر الكابمفهوم الهوميوستاتيك ارتبطت ان نظرية التحكم الذاتي(Homeostatic" حيث اوضح كانون )Canon 1121" عام 
انها تعني الحالة التي يمكن ان اذ . ، الكيفية التي يتم بها بقاء درجة حرارة الجسم ثابتة واطلق عليها ما اسماه الهوميوستاتيك والتي لاتعني الجمود او بقاء الشيء راكد 

وجود  عمل مع بعضها بطريقة معينة معتمدة على ثلاثيةالهوميوستاتيكية للجسم تتطلب عدداً من المكونات المتصلة لكي ت تتغير ولكنها ثابتة نسبياً . ان الميكانيكية
( هي من Cybernetic، واصل كلمة )(التاكد من اتمام العمل بواسطة التغذية الاسترجاعية)و (عضو الاستقبال "مركز السيطرة" )الدماغ( المتحسس والفعل المناسب)

ية ليتمكن من التحكم بها ، لكن ما كان اكثر دقة هو ما توصل اليه واط في ماكنته البخار مفهومها ( والتي تعني "المتحكم" وقد استعملها Kybernetesل يوناني )اص
يوستاتيكية للجسم المشتركة مع بعضها ، حيث يتم " باطلاقه دورة التغذية الاسترجاعية والتي تعتبر الاساس في عمل ميكانيكية التحكم الذاتي والميكانيكية الهوم" ڤينر 

( ، ففكرة البحث عن الهدف في الميكانيكية الهوميوستاتيكية تختلف عن ترتيب عمل النظام Feedback loopرجاعية )ستالتحكم بها من خلال فكرة دورة التغذية الا
نظرية "النظم العامة"  ف المتحرك هي حالة اعلى مستوى ، اماا فينر فمحاولته بالسيطرة على الهدلدى "واط" فماكنة "واط" لاتحاول السيطرة على البيئة المحيطة بها ، ام

(General system theory ) بالعلاقة والمشابهة بين فكرة النظم الحية ونظم المكائن "التحكم الذاتي" والعلاقة بين هذه النظم والبيئة ، فالكائنات الحية هي فتعنى
( واضع نظرية النظم العامة ، بان النظم Bertalenffyعلاقات تبادلية مع البيئة عكس المكائن فهي مغلقة امام البيئة . وقد وصف )برتا لانفي( )نظم مفتوحة تقيم 

الاخيرة وتديم نفسها من خلال  المغلقة لاتدخل او تخرج منها مواد وتكون "مفتوحة" عندما يكون لها خروج ودخول ، ولهذا تتغير مكوناتها فالنظم الحية تحمل هذه الصفة
-122ص 1122 -ريناساب )(،Montgomery, 1998,p20 بصورة تفاعلية.                  )وتهدم مكوناتها تبني التبادل بالمواد مع البيئة وبحالة مستمرة 

122. ) 
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  فيها غلف المبنى النفعل اساس الانفصا  (، والتل ي وDynamic Equilibriumبينهما  
 ( .Handler, 1990,p25والاتصا   

وهنا نستطي  اعتبار المبنى نظاماً يمتلك الصفات التل تم نه م  ادامة عملياته بفاعلية اذا       
تل ه ويتفاع  معها وم  البي ة الدراً على ا  ينطلف الى جمي  اجلا تم اعتباره ت ويناً مادياً حياً قا

تحيط به عبر م ونات غلفه ، وهو اهم ما يميل النظم الحية ، حيث ا  حيوية المبنى وقشرته 
هو ا  يقترب م  حيوية ال ا   الحل  بجلده( فل ادا ه ، طالما  ا  الت ام  لاعضاء ال ا   
الحل الداخلية والخارجية اساساً فل الاتصا  والانفصا  ، حيث ا  خصوصية المبنى التل 

باحتياجات وظيفة العم  ومتطلباتها ست و  مت املة رغم عدم اعتبار تلك الخصوصية  اوجدت
مؤهلة للتعبير ع  انظمة خاصة ، على اعتبار ا  هذه الخصوصية مت املة بالتعريف ع  
الظروف الخارجية بردود افعا  ال لف وع  الظروف الداخلية بتفاع  انظمة ال لف والبي ة 

فل ل نها دا مة الت ير والتفاع  لتض لى الوظيفة واللما  والم ا  والشاغلي (،الداخلية  اعتماداً ا
صفة الديمومة المستدامة . وبهذا يم   اعتبار المبانل الموظفة لف رة المبنى الصناعل المت ام  

تلك المبانل  -وس و  مفاص  -بقشرته الفعالة، مبا غ ذات ت ام  دا م الت ير لعدم استقرار
 التواص  اللمنل والم انل  وهو مقياس الاستدامة( . ليعطيها صفة

 
ا  مدى ارتباط النظام  المبنى( بالمحيط الخارجل يم   م  خل  مقياس الانتروبل  الذي       

 Closed( ل الم لفهو الطاقة الفا ضة غير المستفاد منها فل نظام ال رموداينام 
thermodynamic system)  تقتات على  الانتروبل  السالب وا  ، اذ ا  ال ا نات الحية

النظام الحل يديم نفسه بحالة توال  م  خل  استيراد المواد ال نية بالطاقة ع س النظم الم لقة ، 
لتعم  ردود افعالها الداخلية على ليادة  الانتروبل ، مما يعطيها التوال  لحصو  تحولات 

حيث ا  الطاقة عند تحويلها م  ش   واضحة محددة مابي  مصادر الحرارة والعم  المؤدى. و
لاخر لاتتحو  جميعها الى ش   اخر للطاقة، فا  بعضها سيبقى بش   لايم   الاستفادة منه هو 
 الانتروبيا(، م  ا  شي اً لايفقد منها لانها تبقى  ابتة داخ  النظام . وهذا ما يجع  النظام ال ونل 

، الامر ل   فعالية او عم  مطلوباق  طاقة يمي  للحفاظ على الطاقة م  خل  محاولة بذ  
%( مهما 011الذي ينطبف على ال ا   الحل والمادة غير الحية ، فالما نة لاتعم  ب فاءة م الية  

بل ت م  الجودة والدقة فل الصن . وعلى هذا الاساس فا  هذا يستللم م  نظام المبنى ا  يبقى 
، يبذ  فيها الانسا  اق  طاقة او حة و ابتة نسبياً بي ة داخلية مريمحافظاً على الطاقة لتوفير 

مجهود لادامة مفهوم الراحة البصرية والبايولوجية الداخلية اللتا  ستنع سا  بالتالل عليه لتوفير 
 (،Lampert,1999,p301مضاعف لمفهوم الحفاظ على الطاقة بش   ديال تي ل. 

 Johnson, 1991,p542 ،) 768ص 0826 -ريناساب.) 
 

 الاتمتة المسيطرة للمبنى الصناعي كنظام للمحافظة على الطاقة: -2.8
وبموجب نظرية التح م الذاتل ونظرية النظم العامة فا  عملية المما لة الحية اظهرت       

سياسات الاتمتة والسيطرة فل المعام  الصناعية ومي اني ياتها ، تح م  لتا العمليتي  التصنيعية 
ة التقنيات والوسا   التل تنفذ الاوامر الصادرة م  النظام العام . وخل  والبي ية المجهلة بواسط

لهذي  الحقلي  المختصي  بالسيطرة قد طورت  Automationالسني  المنصرمة ، فا  الاتمتة 
الى تطبيقات عم  وقواعد ت نولوجية مستقلة منفصلة موجهة لحق  الصناعة على وجه 

اهية وموجبات اللامية اقتصادية لتداخ  وت ام  السيطرات الخصوص، اذ ا  هنالك اسباباً ا ر
التصنيعية والبي ية ونظمها التقنية م  اج  بلوغ اهداف حفظ الطاقة واعطاء بي ة داخلية مسيطر 

 عليها مفعمة بالحياة والنشاط .
وقد أوجدت هذه القواعد الت نلوجية التطبيقية فل مجا  الاتمتة والسيطرة على البي ة     
 -صناعية ا  هنالك  لث ابعاد م  تداخ  النظام  سريا  المعلومات(، هل:ال
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بي  المعلومات ذات التداخ  للسيطرات البي ية وتداخ  سيطرات الانتاج الداخلية  – البعد الافقي
  تصميم تفاصي  ال لف الخارجل ، تصميم منظومة ال هرباء الداخلية( .

ونظم السيطرة التنظيمية بي     Transactionalا يةبي  المعلومات الاجر – البعد العمودي
 الوظا ف الصناعية  التش ي  للم ا  ( .

طولياً على امتداد عام  الوقت ، لتنظيم وعل الانسا  م  خل  تنسيف عم   –البعد المحوري 
 تقنيات ال لف الخارجل م  البي ة الداخلية والخارجية .

حسي  وتحفيل نوعية الانتاج واظهار الاهتمام بعام  ا     ابعاد التداخ  هل مهمة لت     
 (.Alarcon,1992,pp12-14 ،) Blair, 1983,p83 (، 0 الاقتصاد وحفظ الطاقة. ش  

ا  نظم السيطرات البي ية المقصودة عند البعد الافقل تضم    مايخص خدمات المبنى      
ضاءة والاما  والطاقة(. وقد الصناعل التحتية   تقنيات السيطرة على عوام  المناخ والا

( الامري ية با  ادا ية الانسا  داخ  المعم  ترتبط بصورة ASHRAEاوصت منظمة  
مباشرة بمديات خاصة محدودة  مريحة( م  درجات الحرارة والرطوبة والض ط والاضاءة 

لخارجية ونوعية الهواء و ذلك العوام  النفسية مما يتعلف منها خصوصاً بالارتباط م  المناظر ا
 و   حالة بحالتها( ، وهل م  عوام  تحديد اما  العما  وصحتهم والابقاء على حيويتهم 
وتحفيلهم لليادة الانتاج ، حيث يجب ا  تلعب خصوصية البي ة الداخلية وفل مختلف حقو  

نتج الصناعة دوراً مهماً فل قابلية التطبيف والنجاح للجوانب الانسانية والتش يلية المتعلقة بالم
                             والانتاج والاما  والاقتصاد والصيانة واستهلك الطاقة وتقلي  ال لف.

 BRT, 1999,p52  ،)Fergusson, 1993,p93     .) 
 

ا  نظم السيطرة وعلى مختلف الاصعدة التقنية والتنظمية فل المعام  لها سلسلة معقدة جداً      
للسيطرة   Hierarchyطرة واعطاءها للوامر بنمطية تصاعديةومستويات مختلفة فل السي

على نظم التفاع  والاستجابة المناخية والانتاجية . وبموجب النظرة العالمية الجديدة والتطور 
 Cybernetic & Generalتك  االفنل الذي تفرضه نظريتل النظم العامة والسايبرن

system theories فا  نظم مبانل المعام  على اختلف حجومها وانواعها ، تس   نظم ، )
( متهي لة، تعرف levels 6مستويات  ستة ب  Hierarchyالاتمتة المتسلسلة بصورة تصاعدية

مستويات الاتمتة الابتدا ية والتل تتعقد وت بر ا  ر فا  ر  لما لاد التفصي  وارتف  مستوى 
 (،Fergusson, 1997, P8 (،7 لنظام المصدر الامر(. ش  التواص  م  الامر الاعلى  ا

  Blair, 1983,p55.) 
بموجب قواني  السايبرناتك فا  نظم الاتمتة فل المعام  تتر ل اهميتها بالسيطرة والتح م      

على تقنيات ال لف والسيطرة على البي ة الداخلية والانتاجية م  السيطرة على حر ة العما  
 -هذه النظم تح م م  قب  مجموعة م  بديهيات ومبادئ النظام والتل هل:والم ا   ، و

 النظم على مختلف المستويات تح م م  قب  النظام الاعلى مرتبة . -0بديهية 
ا  النظام الاعلى يح م م  النظام الاعلى منه عند الانتقا  بالمستوى الى مستوى  -7بديهية 

 اعلى منه .
سيطرة والاتمتة والخدمات قد يحدث افقياً و/او عمودياً و/او محورياً التداخ  لنظم ال -3بديهية 

  لمنياً( او بمجموعها.
السيطرات المتداخ  تعتمد على الاتصالات المترا بة القوية م  بروتو ولات معرفة  -4بديهية 

بصورة جيدة  مبرمجة( بي  وعلى طو  خط العناصر والتقنيات لمستوى معي  و ذلك العناصر 
 قنيات للمستويات المجاورة بنفس المستوى .والت

ا  النظام المطبف  ال ابت بصورة داينامي ية( يجب ا  ي و  مرناً وقاب   -0بديهية 
 ، لا  البي ة التل تش له مت يرة باستمرار .  adaptationللتبنل
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  Reflexiveا  النظام المطبف يجب ا  ي و  ذا ت ذية مرجعية مرتدة على نفسه -6هية بدي
للحالات الطار ة   diagnosisفل سب  توفير ام انية التشخيص معرفة حالاته وسلو ياته

والصيانة المتوقعة م  التصلي  الذاتل واعادة تنظيم تقنيات ووسا   السيطرة بموجب الحالة 
 الجديدة .
ل ( ومتفقة فل المعان syntaxا  النظم تتداخ  فقط عندما تتقاسم ل ة عامة  رملية -2بديهية 

عند الرسا   التل ت يرها داخلياً والتل تعم   مختارات   meaningsوالمقصود
ومت يرات للحر ات وردود الفع  تجاه ت ير حالة المناخ او البي ة الداخلية   selectorsللسلوك
 ,Fischer, 2001,pp333-346،)  Katz, 2002,pp81-104 ،) Keidel .  للمصن 

1985,p95  . ) 
فا  هذه المجموعة م  البديهيات ستعم  وفقاً لست مستويات فل النظام  وبموجب هذا،    

 -التصنيعل هل:
يضم الادارة وعمليات التطوير والتخطيط وخط انتاج الاف ار  -المستوى الخامس  المؤسسة(  -

 ، ويمتال بمسؤولية الاشراف على المستويات الادنى م  السلوك . وهو اعلى مستوى للوامر
الاشراف على الافرع وعلى نظم الانتاج ووسا   السيطرة على  -لراب   المصن ( المستوى ا -

 البي ة وهو يح م المستوى الادنى منه.
يسيطر ويدير ويشرف على    خطوط المبنى والانتاج  -المستوى ال الث  المبنى/ الانتاج(  -

 . وينظم بي تها وتقنياتها الداخلية ، وهو يشرف على المستوى الادنى منه
سلوك لمساحة معينة يسيطر ويدير ويشرف على الادارة وال -المستوى ال انل  المساحة/الخط(  -

 ، وهو يسيطر على المستوى الادنى منه .م  خط الانتاج
يسيطر ويدير ويشرف على نظم التح م بالحالات والسلوك  -المستوى الاو   الوحدة/ الخلية(  -

( ويجهل الاشراف على وسا   1يطر على المستوى صفر لوحدة الاتمتة وخلية التصني  ، ويس
 هذا المستوى  الحساسات والمش لت المي اني ية(.

(، التل تؤم  sensetiveيشم  الوسا   والتقنيات المتحسسة   -المستوى صفر  الوسيلة(  -
-Howard, 1998,pp31 التش ي  المي اني ل للعمليات الفيليا ية داخ  نظم الانتاج والبي ة. 

32 ،) Matthews, 1989,pp14-16 ،) Nam, 2002,p117.) 
  

 الية نظام السيطرة: -1.2.8
هنالك العديد م  التشابهات والاختلفات بي  الاتمتة للعم  ولنظم السيطرات البي ية      

والصناعية ، اعتماداً على طبيعة التصميم الوظيفل والمتطلبات ، والتل بصورة عامة تح م 
م  المستمر المتحسس والمستجيب لتقنيات غلف المبنى الصناعل البي ية ، و ذلك الاداء والع

 نظم السيطرة على البي ة الداخلية الطبيعية الانسانية والمي اني ية .
ا  مفتاح التمييل بي  نظم العم  والسليطرة قلد اوجلد فلل رياضليات وعللوم السلايبرناتك مل      

، اذ ا  الف لللرة  interactionفلللل اللللنظم المتفاعللللة خلللل  الاتصلللالات والسللليطرة الموجلللودة 
 FeedBackالمر لية فل هذه العلوم هل السيطرة المنظمة بالاعتماد على سيطرة الاسترجاع 

control  ودورات السيطرة بواسطة اداة اللتح م الملؤالرServo control  والتلل 3  شل ،)
ية  البي ية والانتاجية( المسيطر عليهلا ستعم  على تنظيم عم  تقنيات السيطرة الخارجية والداخل

بواسللطة المتحسسللات لملحظللة سلللو ها وحر اتهللا ، وملل   للم ستصللدر معلومللات قياسللية باتجللاه 
المستوى الاعلى مل  خلل  الادراك لتحديلد وتخملي  حلالات العمليلة والسللوك للمرحللة والحاللة 

 (.002ص0828 -ضام ال (، Fischer, 2001,p212 القادمة المتوقعة وغير المتوقعة. 
 Knowledge Baseقاعدة المعرفة  updateهذه القياسات الجديدة ستستعم  لتحديث      

لعملية السيطرة المبرمجة العامة للمعم  ، وم  قاعدة المعرفة هذه فا  مبرمج السيطرة العام 
العملية م    المودي ( سيحسب ويتوق  الحالات القادمة ليت يف معها ويجعلها قابلة للسيطرة عند
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لتا ير واحداث الت يير فل  Actuatorsجديد مرسلً الاوامر لواحدة او ا  ر م  المش لت 
حر ة وموق  واستجابة تقنية السيطرة البي ية او الانتاجية ، مما يجعلها وسيلة سيطرة منظمة 

 ,Keidel لادا ية وعم  التقنيات بنجاح لتوفير بي ة داخلية مريحة ومقنعة لشاغليها. 
1985,p102 ،) Fergusson, 1997,p25.) 

ولتطوير مودي  النظام المتداخ  ، فانه م  الضروري البدء بتحلي  دورة السيطرة       
Decomposing loop   الى م وناتها الاساسية 3  ش )Core Components  عند

الصلبة ( بفص  وعل  العناصر الت وينية L0مستوى السيطرة صفر المسيطر على العملية  
hardware  والمرنةSoftware  لتصب  التقنية وتوابعها م  المتحسسات والمش لت ،
، اما ماينق  اليها وعنها م  معلومات للسيطرة م  قب  الح م المنفذ hardwareضم  نظام 

، مما يسه  ايصا  المعلومات  Softwareبالحاسبة العليا المسيطرة ، فهل ضم  نظام 
( . وا  نفس Digital fieldبواسطة الحق  الرقمل العام   ( L0  والسيطرة على مستوى
( ستحتوي المعلومات البي ية والانتاجية وحاجات العام  والصيانة L0وسا   المستوى الاوطأ  

وقاعدة المعلومات العامة للتش ي  المتجدد حسب الظروف والحالات. وهذا التوجه سيجع  م  
لذ اء مما يسه  التح م والح م والتفاع  عند دوراتها وسا   الحق  التطبيقل متلايدة ا

 ,Stinchcombe, 1995,185 ،)Graedel  (.4 (، ش  FeedBackالاسترجاعية  
2003,pp342-345) . 

( هو انها ست و  L0وعليه فا  المنطف المسيطر على الوسيلة  التقنية( للمستوى صفر        
يطر باتجاه المس hierarchyتسلس  المتصاعد موضوعة بصفة خادم مسيطر منه وعليه فل ال

هذا التش ي  سيتطلب شب ة عم  متداخلة محسوبة للحالات الاعلى ضم  المستوى الاعلى .
      الطار ة بوجود حساسات ومش لت الية سريعة الاستجابة لانجاح م   ه ذا تف ي ات 

 (.Stinchcombe, 1995,p191 (. 0  ش  
 

 م السيطرة:توزيع اوامر نظا -2.2.8
( با  نظم المستوى الاوطأ مح ومة ومضبوطة 0ا  تصميم نظام السيطرة ي بت  بديهة       

بمنطف المستوى الاعلى وا  هذه العلقة المنظمة هل حرجة عملياً  ونها تداخ  وت ام  ادارة 
عمليات مختلف المستويات لما فوف وتحت عصا السيطرة . حيث ا  المسيطر الت املل 

Unitary   فل المستوىL1 يشرف على المسيطر للوسيلة  التقنية( عند المستوى صفر )
 L0)  والحالة الراهنة عند المستوى .L0  ت ذي باتجاه الاعلى حي ما مسيطر المستوى الاو )
 L1  يم   ا  يوظف معلومات للسيطرة على استراتيجية السيطرة عند المستوى )L0 هذه . )

 مستويي  مترا بة وايضا بي  المسيطرات عند نفس المستوى.العلقة موجودة بي  اي 
( يلحظ الحالة والسلوك الحر ل والسيطرة عند L1 ذلك فا  المسيطر المستوى الاو        

(، لضما  التساوف والتعاو  فل خط العمليات المتظمنة  ال بات L0عمليتل المستوى صفر  
Sableوالتلام  فل الاداء ، Synchronizedالسماح بالعيوب البسيطة غير المؤ رة على ، و

(، Tatum, 1990,pp112  .(0 ش  ، حتى يبقى عاملً( Fault tolerantالاداء العام
 Nam, 2002,p133 .) 
 

 الدورة الاسترجاعية لنظام السيطرة: -3.2.8
فر ا  اساس الحياة والعم  عند    مرحلة ومستوى م  المستويات ابتداءاً م  المستوى ص      

 L0 والى اعله وعلى مختلف تفاصيلها ووسا لها ت و  جميعاً مح ومة ومفعلة بموجب نظام )
( . حيث ا  العمليات على اختلف مستوياتها م ونة م  FeedBackالت ذية الاسترجاعية  

  التخطيط الاستراتيجل ، الانشاء ، هندسة  interwindedا  ر م  عملية  انوية محتواة 
   ، التنظيم ، ....الخ(، هذه العمليات ال انوية م ونة بذاتها م  عمليات  انوية وتصني  الم ا
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اخرى وه ذا . وا  ل   م  هذه العمليات على اختلف مستوياتها ارب  خطوات اساسية هل 
يذه وهنا دور  المطلوب تنف-Doالعمل  ، لمل مة اهداف العم  الاستراتيجل( -Planالمخطط 

 م  العم  المؤدى لتحديد اذا ما  انت الاهداف الستراتيجية -Checkالتاكد ،الوسا   والتقنيات(
 بواسطة تنظيم العملية لتحقيف النتا ج الافض (. وهذه -Actالنشاط  الموضوعة محققة( ،واخيرا

العمليات جميعاً تمتلك دورات استرجاعية تفصيلية داخلية  انوية ودورات استرجاعية عل قية 
 جود الدورات الاسترجاعية العلوية التل تح م علقتها بالنظم والمستويات الاعلىفيما بينها م  و

 Tatum, 1990,p75)،  Thomas, 1993,p88،)  Vanegas, 1998,p125.) 
 

 الاستنتاجات :  -9
ه لسلماتاعتبلاراً ست و  المبانل التل تصمم  وفقا لمنظور منهج المبنى الصناعل المت ام         
 ه:خصا صو
( غيللر مسللتهل ة للطاقللة High-performance buildings  الأدا يللة غ عاليللة مبللا -0

( مقاب  ذلك تحقف متطلبات البي ة الداخليلة Energy-saving buildingحافظة لها  
وحرارة ونقاوة الهواء وتقلي  ال لف الفعليلة للمبنلى،  ونهلا تسلتعم  مقلاييس  إضاءةم  

 المواد المستخدمة ،   فاءة الطاقة المتجددة مما يطي  م  عمر
ة للموقلل  والمنللاخ، ملل  تللوفر عاملل  يللالبي  الأحمللا ذات تصللميم حسللاس بللالموق  لتقليلل   -7

المرونة والتوس  المستقبلل وسهولة الصيانة والتحفيلل لنشلاط العلاملي  داخل  المصلن ، 
م  خل  وض  العلقة الحية الرابطة بي  البي تي  الخارجية والداخلية بعنصلر الوسليط 

 . لف( المتحرك بفاعلية تفاصيله وتقنياته ال
ا  تصللميم المبنللى وفللف مللنهج المبنللى الصللناعل المت املل ، يللدرس العلقللة بللي  حجللم  -3

الفتحللات مقابلل  حجللم النظللام المي للاني ل والتللل يترتللب عليهللا  ميللة الاضللاءة الطبيعيللة، 
ى ، فضلل علل  سللاعات العمل  ، طريقللة تنظلليم الفضللاء و فلاءة ال لللف الخللارجل للمبنلل

( والاتجلاه والادا يلة العاليلة local microclimateتا ير الموق  والمناخ الموضلعل  
ا  هللذا فللالمتعللددة منهللا  الوظيفللة والحراريللة والصللوتية والبي يللة والبصللرية( ،  للذلك 

 المنهج لايساعد فقط فل تقلي   لف الانشاء وانما يقل   لف التش ي  على طو  الوقت.
مناخل المستدام للمبنى الصناعل م  وجهة نظر المحافظة على لي و  هدف التصميم ال  -4

يللوفر اقلل  اسللتهلك لالطاقللة بانلله عمليللة الحصللو  علللى ا بللر تعللرض للبي للة الخارجيللة 
للطاقة حفاظاً وت بيتاً لمفهوم الراحة الداخلية والتل ي و  فيها    الجهد المبذو  م  قب  

لفيليلاوي العقللل دونملا فقلدا  او هلدر العاملي  داخ  المبنى يصرف مل  اجل  الانتلاج ا
 .يذ ر

ا  نظم السيطرة وعلى مختلف الاصعدة التقنية والتنظمية فل المعام  لها سلسلة معقلدة  -0
 Hierarchyللوامر بنمطية تصاعدية  جداً ومستويات مختلفة فل السيطرة واعطاءها

 .للسيطرة على نظم التفاع  والاستجابة المناخية والانتاجية 
 Knowledgeقاعلدة المعرفلة  updateه القياسات الجديدة ستستعم  لتحلديث هذا   -6

Base  لعملية السيطرة المبرمجة العامة للمعم  ، وم  قاعدة المعرفة هذه فلا  مبلرمج
السيطرة العام  المودي ( سيحسب ويتوق  الحالات القادملة ليت يلف معهلا ويجعلهلا قابللة 

الاواملللر لواحلللدة او ا  لللر مللل  المشللل لت للسللليطرة عنلللد العمليلللة مللل  جديلللد مرسللللً 
Actuators  لتا ير واحداث الت يير فل حر ة وموق  واسلتجابة تقنيلة السليطرة البي يلة

او الانتاجية ، مما يجعلها وسليلة سليطرة منظملة لادا يلة وعمل  التقنيلات بنجلاح لتلوفير 
 . ة داخلية مريحة ومقنعة لشاغليهابي
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ا  نظلللم السللليطرات البي يلللة والانتاجيلللة المت امللللة وعللللى ضلللوء ملللا تقلللدم يم للل  القلللو   
الخط الر يسلل للتطبيقلات العمليلة المم للة للقاعلدة الوظيفيلة ستتما   عند والمسيطرة فل المعم  

للنظم المؤتمتة المت املة والمتداخلة لتأدية عم  جسم المصن  البي ية والانتاجية. حيلث يم ل  هلذا 
المترا بلة تم ل  المسلتويات السلتة للتمتلة المبينلة سلابقاً ، الخط التطبيقلل مجموعلة مل  الحلقلات 

الادارة الماليلة  مت املة بعملها م  منظوملة البي ية ،  وسيطرات التصني  الانتاجية بم   تتوالتل 
 نظم الانتاج المفتاحية.ووالتخمي  
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 ( 1شكل ) 

 ( 2شكل ) 

 ( 3شكل ) 

 ( 4شكل ) 

 ( 5شكل ) 

 الحكم   

 السيطرة      الرؤيا

 الحساس المحكم

 السيطرة     

 الحكم   

 الرؤيا

 المحكم الحساس

(Alarcon,1992,p4) 

Ferguson,1997,P8 

  Fischer, 2001,p212) 

 Stinchcombe, 1995,185) 

   Stinchcombe, 1995,p191) 

 

 5المستوى 

 1المستوى 
 7المستوى 

 3المستوى
 0المستوى 

 4المستوى 
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ABSTRACT 
 This study presents an experimental and theoretical investigation of torsion behavior of 

prestressed concrete rectangular beams without ordinary (or typical) reinforcement. Two concrete 

beams with concentric prestressing tendons (6-strands of 7 wires) and two plain concrete beams 

were tested in this investigation with f'c= 44MPa was used. 

Experimental results showed that the ultimate torsional strengths  increased by about 70%  for the 

tested beams containing concentric prestressed strands over the plain concrete beams. Also the 

angle of twist decreased (68.8%).Crack patterns and the effect of compressive force due to 

prestressing tendons and high strength concrete can be denoted from the helical mode of single 

crack at midspan of the beams under testing and from the sudden failure mode. In the analytical 

work P3DNFEA (Program, three-dimensional nonlinear finite element analysis), by Al-Shaarbaf 

has been utilized. Three dimensional nonlinear quadratic 20 -node brick elements were used to 

model the concrete, while, the prestressing strands were modeled by embedded representation. 

Reinforcing bars (Prestressing strands) were assumed to be capable of transmitting axial forces 

only.                                                                                                                           

 It was found that the general behavior of the finite element showed good agreement with 

observations and results from the experimental tests. 

 
KEY WORDS:   Concrete, FEA, Nonlinear analysis, Prestressed, Strands, Torsion.  

                                                

 
لخلاصةا  
 

حديدتستلي  سستبا اهادتا   باستتخدام المسلحةخرسانية تقدم هذه الدراسة بحثا عمليا ونظريا لتقصي سلوك اللي للعتبات ال

 عتبتات أربت  تت  يعتدا  .وبتدو  حديتد تستلي  يعتيتا        وذات سقطت  سستتطيا اللت ا( الصتلا   فقط )ظفائرتستلي  عاليتة

سركزية الموق  وسجدده سسبقا هحداث تأثير قوى سحورية سركز  علت   ام ستة ظفائرسسلحة باستخداثنتا  سندا خرسانية، 

وباستتخدام   وتت  فحتك كتا العتبتات المعتده فتي المختبتر والعتبتا  اهخريا  بدو  أ  نوع ست  انتواع التستلي ، طول العتبة

حتك لفروقتات ايتا   سلحوظتة فتي قتي  النتتائ  المختبريتة للفاشتارت  .سي اباست ال( 44) المقاوسة تصا ال  ةعاليخرسانة 

 في العتبات المسلحة باستخدام الحديد المسبا اهادا  عنه في العتبتات الخاليتة ست  التستلي . %07سقاوسة اللي تصا ال  

ي  نوع التلققات الناتجة ت  تتبعدا خلال سراحا الفحتك المختبتر  وسلاحظتة نتوع الفلتا الحتا ث وستلوكية العتبتات تحت  
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ت  استتخدام برنتاس  اللتعرباي فتي سقارنتة النتتائ  المحصتول عليدتا سختبريتا ست  الناحيتة النظريتة  ال المسلطة.تأثير اهحم

 حيت  تت  اعتمتا  نمتوذب طتابوقي س تو  ست  علتري  عقتده وواد تقارب سقبول بي  حاهت الفحك ونتائ  التحليا النظتر 

 يضتتافة ه ختتال تتتأثير القتتوى، يتتد التستتلي  المستتتخدملتمثيتتا عناصتتر حد واعتمتتد العنصتتر المطمتتور خرستتانةلغتترت تمثيتتا ال

            المحورية في نفس العقد الممثلة لتلك العناصر الحديدية.                                                                         
 

INTRODUCTION 

          Prestressed concrete beams are used extensively in long span and other structures. The 

simplest form is the rectangular shape. Prestressed concrete members do not need large 

maintenance; a longer working life is possible due to better quality control of the concrete. 

Very large spans such as in segmental bridges or cable-stayed bridges can only be constructed 

through the use of prestressing, [Nawy, 2000]. 

           The determination of the stress resultants (due to twisting moments or cross sectional 

distortion) and deformation in straight and curved, simple or continuous girders is complex and 

requires specified relationships between geometry, loads and deformations. 

           Concrete is strong in compression, but weak in tension: its tensile strength varies from 8 

to 14 percent of its compressive strength [Lin and Burns 1982]. Due to such a low tensile 

capacity, flexural and torsional cracks develop at early stages of loading. In order to reduce or 

prevent such cracks from developing, a concentric or eccentric compressive force is imposed in 

the longitudinal direction of the structural element. This force prevents the cracks from 

developing by eliminating or considerably reducing the tensile stresses at the critical midspan 

and support sections at service load, thereby raising the bending, shear and torsional capacities 

of the sections. The sections are then able to behave elastically, and almost the full capacity of 

the concrete in compression can be efficiently utilized across the entire depth of the concrete 

sections when all loads act on the structure.  Such an imposed longitudinal force is called a 

prestressing force; it is a compressive force that prestresses the sections along the span of the 

structural element prior to the application of the transverse gravity dead and live loads. Fig. (1).  

The prestressing force (P) that satisfies the particular conditions of geometry and 

loading of a given element is determined from the principles of mechanics and from stress- 

strain relationship of concrete.  
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(a) Concentric tendon, prestress only. (b) Concentric tendon, self-weight added 
Fig. (1): Concrete fiber stress distribution in a rectangular 

beam with straight tendon [Lin and Burns 1982] 

  

 
           A prestressed concrete beam shows considerably higher torsional stiffness and higher 

ultimate torque when compared with a plain concrete beam. This increase in torsional strength 

by the prestressing force may attributed to the higher inter-friction or interlocking force 

between the slices of the beam (Coulomb friction theory).The present study will show the 

extent of this effect.                    

  EXPERIMENTAL STUDY                                                                             

Four beams were tested in this investigation (2 groups): Group one included two samples 

of concrete beams with six strands only without typical ordinary reinforcement. 

These two samples were tested under pure torsion only. The strands were 

distributed on two layers at middle section (two layers) of (3 m) length. Group two 

include two samples of concrete beams without any type of   reinforcement. Both 

of them were plain concrete of (2m) length and they were tested under pure 

torsion. Rotations due to applied loads were measured. The strains at many 

positions on the concrete faces (sides and upper surface) of the beams were 

recorded. The influence of prestressing force on the increase of ultimate torsion 

values was investigated. The concrete types (geometry and properties) were kept 

unchanged for both groups. 

TEST SPECIMENS 

The nominal dimensions of the tested beams are shown in Fig. (2). A design 

equation adopted by ACI-318-05 Building Code was used to estimate the main 

factors of concrete strength and the torsional capacities. 
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          The main reinforcement consisted of (6-strands, 7-wires,  12.7 mm, 1/2 in.), 

passing grade 250ksi. 

 

 

 s

 

 

 

 

 
  

  
                                                                                  

                                                                                                            (b)Isometric view                                                                               

   
Fig. (2): Details of test beams (Cross sections 

and isometric view of the samples, dimensions in mm) 

 
 

 

 

 

 

 

 

 

 

 

 

 (c)Cross-section of plain concrete beam 

 
Fig. (2): continued 

 THE BASIC MATERIALS 

Prestressed concrete utilizes high quality materials, namely high strength steel 

and concrete. All the materials were tested under standard specifications. In 

manufacturing the control and the test samples ,the following materials were 

used: ordinary Portland cement(Type I);crushed gravel with maximum size of 

(14mm);natural sand from Al-Ukhaider region with maximum size of (5mm) 

and fineness modulus of (2.84).The mix proportions for HSC are presented in 

Table(1). 

            (a)Six strands in cross-section              
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                 Prestressing (7-wires) strand has the following components, fpy = 

1570MPa, fpu = 1770MPa, Aps=93mm², Ø=12.7mm, 1/2 in. and 

E=195000MPa. 

Table (1) Concrete mix proportions 

Components Quantities 

Cement type I 500 kg/m
3
 

Sand (5 mm) 600 kg/m
3
 

Coarse aggregate (14 mm) 1150 kg/m
3
 

Water  190 L/m
3
 

Superplasticizer  0 

Water / cement ratio (w/c)  0.38 

Strength (cylinder 150*300 mm) 

 

(
cf  ) =  35 MPa at 7 days 

( cf  ) =  42 MPa at 28 days 

( cf  ) =  50 MPa at 60 days 

Density () 2440 kg/m
3
 

 
TEST MEASUREMENTS AND INSTRUMENTATION  

 INCREMENT OF STRAIN MEASUREMENTS (CONCRETE COMPRESSIVE AND 

TENSILE STRAIN) 

 

The middle zone (1500 mm) of the total length of the specimens was determined as a 

measuring zone. The longitudinal concrete compressive strain and tensile strain at the 

extreme top and bottom fibers were measured above and below the neutral axis and at an 

inclined direction with (45
o
), using demec strain gages. Demec gage points were placed at a 

spacing of 100 mm along the length of the measuring zone for all beam specimens, Fig. (3). 

The demec points can be seen at top face with shape of 4 points as a star, with respect to 

longitudinal axis or direction of the beam parallel to this axis, and in vertical and inclined 

directions which represent the expected strain directions under the applied torsional loading 

conditions, Fig. (3).  
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      The prestressed concrete beams were with full prestressing, testing was under pure 

torsion, the concrete strain was investigated for compression and tension fibers, Fig. (4). 

 

 

 

 

 

 

                             A. demec strain gage nodes for ( side face 1) 

 

 

 

 

 

 

      

               B. demec strain gage nodes for ( side face 2) 

Fig. (4): Concentric 6-strand beam under pure 

torsion with demec strain gages 

        The strain diagrams for the concentrically prestressed concrete beams, represent the 

strain variation over the fibers and the behavior of concrete under pure torsion case (full 

prestressing), these are shown in Figs. (5) to (12). 
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Fig.( 6 ):Torque-strain diagram in concrete 
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Fig.( 5 ):Torque-strain diagram in concrete 
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Fig.( 7 ):Torque-strain diagram in concrete 
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Fig.(12 ):Torque-strain diagram in concrete  
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Fig.( 8 ):Torque-strain diagram in concrete 
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Fig.(10 ):Torque-strain diagram in concrete  
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Fig.( 9 ):Torque-strain diagram in concrete 
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ANGLE OF TWIST MEASUREMENTS                       

For the important application of prestressed concrete beams under the proposed type of this 

loading condition, pure torsion, the investigation of twisting angle is essential as a 

relationship with torque value, and also for estimating the torsional capacity of the prestressed 

concrete beams. A simple mechanical system was arranged with two dial gages in order to 

record the upward and downward deflection due to the effect of load (torque) on rotating the 

beam sample cross-section as shown in Fig. (13), within the increasing applied load.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Fig. (13): Angle of twist instrumentation 

Fig.(11 ):Torque-strain diagram in concrete 
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TEST PROCEDURE OF BEAM SPECIMENS  

All beam specimens were tested as simply supported over an effective span of (2800mm) 

with symmetrical boundary conditions as shown in Fig. 14. Test started with the application 

of 2kN load to set and check the dial gages, then unloading to zero. At zero loading, initial 

readings of dial gages and mechanical strain gages (demecs) were obtained. The load was 

applied in (10 to 25) stages depending on the type of sample and loading conditions. At each 

loading stage, all the dial gages and strain gage (demec points) readings were taken. The 

interval between two consecutive stages was roughly 10 minutes. The overall testing time 

took an average 2 – 2.5 hours, depending on the deformation capacity of the beam tested. The 

load was continued until failure (defined as the highest capacity beyond which loading 

dropped) takes place, Fig. 14. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (14): Concentric prestressed concrete beam sample under testing 

 

THEORETICAL STUDY 

In order to study the behavior of the prestressed concrete rectangular beams under the effect 

of torsion and to compare the results with the all tested beams, the nonlinear finite element 

program P3DNFEA
 [1]

 was used for this purpose.  

          
FINITE ELEMENT IDEALIZATION  

In the present study, the chosen segments were modeled by using the quadratic 20-node brick 

elements as shown in Fig (15), for all length of the specimen (3m), in order to consider the 
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effect of initial prestressing forces along the actual length. Longitudinal reinforcement was 

simulated as embedded one-dimensional elements in the brick elements. Since this study is 

devoted for the analysis of prestressed concrete beams, so more efficient prestressed models 

capable of being incorporated in a finite element solution were used.  

 

 

 

 

 

 

 
 

 

 

                (a) 20-Node isoparametric brick element
 [1]

                           (b): representation of reinforcement 

(Embedded representation) 

Fig. (15): Concrete idealization and reinforcing bar representation 

 

In this approach, the equivalent load method is used to compute the force applied by 

the tendon upon the structure where the prestressing tendon takes the form of a particular 

loading case and as such it may be taken into consideration in the form of appropriate local 

loads at the level of each element. Practically, this means that the effect of prestressing 

manifests itself in the evaluation of the vectors of primary nodal forces only.  

The method is adopted here with the consideration that the tendon has straight profile 

along the beam and is fully bonded (prestressing by pretensioning) (no inclined or parabolic 

profile and without losses in tendons) and so the prestressing reinforcement was represented 

as embedded one-dimensional elements, with local coordinates. The straight tendon being in 

one level along the beam specimen. 

 

MODELING OF BEAMS 

The actual dimensions of the tested beams with special reinforcement and loading conditions 

are shown in the figures below. Each two beams of group one (G1), had length (3m) and 

(160x240) mm cross-section, with concentric prestressing reinforcement only, and with no 

ordinary reinforcement, while  the two beams of group two (G2), had length (2m) and 
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(160x240)mm cross-section, also without any type of reinforcement (plain concrete 

specimens). Both types of beams were tested under pure torsion to investigate the torsional 

capacity and the response by the angle of twist parameter and also the magnitude of the 

applied torque over these samples with effect of prestressing reinforcement, see Table (2).  

Table (2) Classification of concentric prestressing beams     

of plain concrete group with its properties under pure torsion. 

MESHING AND LOADING CONDITIONS 

The behavior of the beams under torque was investigated using the angle of twist and the 

ultimate failure torque. 

The geometry and the finite element mesh and with the applied loading are shown in 

Fig. (16). The whole beam is modeled with 56 brick elements and a total number of 441 

nodal points, as shown below.  

Angle of twist will decrease due to initial prestressing force (as external axial load) if 

existing. 

 

  

 

 

 

 

Group 

No. 

Bea

m 

No. 

  cf   

(MPa) 

Prestressing 

reinforcement 

 No. of stands  

Ordin

.  

Reinf. 

fpy 

(MPa) 

 

X-section 

b(mm) 

width 

H 

(mm) 

depth No. A(mm
2
) dia. 

prestress

ed 

concrete 

beams 

(6 

strands) 

B1 42 6 558 12.7 None 1570 160 240 

B2 43 6 558 12.7 None 1570 160 240 

plain 

concrete 

beams 

B3 44  None  None None 160 240 

B4 43  None  None None 160 240 

b. Cross sections for 

prestressed and plain 

concrete beams 
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         a. Nodal forces mode 

 

 

 

 

 

 

 

 

 
                            

        c. Finite element mesh 

 

                                       d. Pure torsion case (concentric prestressing  

and plain concrete)  

 

 

 

 

 

 

Fig. (16): Deflection of concrete specimen during test 

RESULTS AND DISCUSSION 

In Fig. (17), the torque-angle of twist relations of the concentric prestressed concrete 

beam with 6 strands is shown. While in Fig  
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Fig.(18):Experimental and analytical torque-angle of twist 

diagram (plain concrete beam under pure torsion)
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Fig.(17 ):Experimental and analytical torque -angle of twist 

diagram  (concentric 6-strands prestressed beam under pure 

torsion )
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(18), the torque-angle of twist relation of the plain concrete beams is shown. Good 

agreement is obtained with experimental results. The values of the angle of twist decrease 

due to existence of initial prestressing force (as external axial load).  

 

GENERAL BEHAVIOR   

All beams that were tested under pure torsion loading failed in torsion. At early loading 

stages, torsional cracks (spiral or helical cracks) were observed first in the middle zone of 

the beam (pure torsion region). As the load was increased, more torsional cracks developed 

in the pure torsion span. A main single crack with helical mode was generated at the 

midspan and gradually extending from side faces and from top and bottom of the sample. 

Clear cracks at the compressive region of the beam (top face) where the compressive 

stresses exist was found to increase due as the torsion load increases.This mode of failure 

associated with a diagonal tension cracks inclined at 45°, as shown in Fig. 19. Sudden 

failure (sudden seperation) occurred. The cracking patterns are similar for the samples of 

concentric prestressed members and the samples of plain concrete, with inclined angle 

approaching 45°. However the main difference is the drop of the failure load (torsional 

resistance) between prestressed beams and the beams of plain concrete, where presence of 

prestressing strands in the section reduces the angle of twist of concrete sample and thus 

increased the ultimate torsional resistance. 
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Fig.(19):Failure of plain concrete beam 

under pure torsion loading 

FAILURE MODE 

The failure modes for the tested beams were the formation of diagonal tension crack (due to 

torsion load), as shown in Fig. 20. In table (3) the differences between experimental and 

theoritical results are presented.  

 

 

 

 

 

 

 

 

(a)Single diagonal crack mode failure for plain concrete sample 
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(b)Single helical crack for prestressed  

concrete beam with 

          

 

Fig.(20): Modes of failure for plain and Prestressed concrete beams under               

pure torsion loads 

 

Table (7.8): comparison of experimental and analytical results for all samples 

 

Group 

No. 

Beam 

No. 

Type of 

load 

Tult. 

Exp. 

(kN.m) 

 

Tult. 

(max) 

F.E.A. 

(kN.m) 

ult.  

Twist 

angle () 

rad. Exp.

ult.  

Twist 

angle () 

rad. 

F.E.A 

% of 

diff. 

Tult. 

(kN.m) 

% of 

diff. 

in ()  

rad. 

Group 1 

(6-strands) 

B1 (T)only 19.125
* 20.125 1.26x10

-4
 1.467x10

-4
 3 14 

B2 (T)only 19.125 20.125 1.26x10
-4

 1.467x10
-4

 3 14 

Group 2 

(plain 

concrete) 

B3 (T)only 5.625
* 5.46 3.926x10

-5
 3.207x10

-5
 1 18 

B4 (T)only 5.625 5.46 3.926x10
-5

 3.207x10
-5

 1 18 

 

*The main difference in  values of ultimate torque that would be applied over the 

beams for plain and concentric prestress reaches to 73%. 

 

CONCLUSIONS 

Based on the results obtained from the experimental work and the finite element analysis 

for concentric prestressed and plain concrete beams, the following conclusions are 

presented: 

1. Presence of the prestressed strands delays concrete failure and leads to higher failure 

load. 
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2. The ultimate torsional resistance is increased by 73% for the tested beams with 

prestressed strands relative to plain concrete beams. 

3. The controlling crack propagation, the rate of cracks widening and the load carrying 

capacity are higher for the prestressed concrete beams relative to plain concrete beams. 

4. The nonlinear finite element method utilized in this study has shown to be capable of 

reproducing the experimental response of the prestressed concrete beams. The 

isoparametric brick elements with embedded steel bars proved to be suitable for predicting 

the state of ultimate load, deflections and stress with good accuracy. The differences with 

experimental values (in deflection or ultimate load) were in the range (1-18%). 

 

 

5. The effect of providing axial compressive force by prestressing was significant to get 

higher torsional resistance than in plain concrete beams. This phenomenon appeared 

pronounced in concentric prestressed concrete beams, where the ultimate torque increased 

considerably (more than 3 times) due to the applied compressive stresses on the sections.  

 

NOTATIONS 

Tu 1. Ultimate torsional moment  

cf  Compressive strength of concrete    

Tuo Ultimate torsional capacity of beam subjected to pure torsion 

Aps Area of prestressing steel 

As Area of reinforcing steel 

Ec Modulus of elasticity of concrete 

Eps Modulus of elasticity of prestressing steel 

fpy Yield strength of prestressing bar 

x,y,z Global coordinate system 

x
'
, y

'
, z

' 
Local coordinate system 

ε Strain  

σ Stress 
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τ Shear stress 

ξ,η,ζ Curvilinear coordinate system 
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CIRCULAR FOOTING RESTING ON REINFORCED 

SOILS. 
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The University of Baghdad, Civil Engineering Department. 

 

    ABSTRACT 

 

    An analytical approach, adopted to find the settlement of foundations resting on 

reinforced soil based on the test results on a model surface circular footing resting on 

reinforced soil, is summarized. The soil was reinforced using biaxial geomesh. The 

settlement was determined by considering the compatibility of strain (settlement) 

between soil and reinforcement element underneath the foundation. Theoretical 

equations were used to estimate the settlement either from the superstructure loads or 

from in-situ plate load tests on the reinforced soil system. The type of geomesh used 

in this study has been determined based on the grain size distribution of the soil. The 

investigation in this study used two different types of geomesh. Uniformly graded 

sand was used to make it easier to control the density and fabric in different tests. It 

was found that initial horizontal and vertical movement of the reinforcement is needed 

to mobilize the reinforcing strength. Further, the initial settlement at small loads could 

be avoided when the reinforcement was placed closer to the base of the footing and 

there was an improvement in the bearing capacity value of the footing. When the 

reinforcement is placed away from the base of the footing(greater than B), the initial 

settlement decreased with a slight improvement in the bearing capacity compared 

with that of unreinforced soil. Non-dimensional factors were developed for settlement 

calculations based on the experimental test results from a series of laboratory tests on 

the model footing. Additional tests were performed on the model footing to evaluate 

the effect of the number of reinforcement layers and the depth of the top most 

reinforcement layer on the settlement and the improvement in the bearing capacity of 

the footing-reinforced soil system.  

 

 الخلاصة 

 

على تجارب الفحوص المختبرية امبنيالمسلحة ترابيا  الأسسلحساب الهبوط تحت  اقترح في هذه الدراسة تحليل   

تسليح بلاستيكية. كان (شبكة قطع ) مسلحة حيث أن التربة تم تسليحها بواسطةالتربة ال على ةجالسال الأسسلهذه    

ل الحاصل تحت الأسس لكل من التربة وقطع التسليح.أن المعادلات مبدأ التحليل مستندا إلى التوافق في الانفعا 

من نتائج الفحوصات الحقلية أو أية لكل يمكن استخدامها  المقترحة لحساب الهبوط تحت هذا النوع من الأسس  

لوحظ من. في هذه الفحوص رمل منتظم متدرج تم استخدامأحمال متوقعة من المنشأ يراد حساب الهبوط تحتها ،  
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من تلك المقارنة  لابد من وجود أحمال أكبرفجل حصول حركة )رأسية / أو أفقية( تحت الأسس المسلحة أ 

الأسس يمكن إهماله عندما قيم الأحمال هذه بالأسس غير المسلحة ، وأكثر من ذلك أن هذا الهبوط الأولي تحت  

الأسس  لوحظ أيضا تحسن كبيرفي تحمل وشرائح قطع التسليح قريبة من قاعدة الأسس كما ةالأولية المسلطة قليل 

هذه الشرائح بعيدة عن الأسس تكون  عندما  سعة التحمل لهذه الحالة من التحميل ، في حين أن هناك تحسن أقل 

 وفي المقابل الهبوط المتوقع يكون أكبر ،أن مثل هذا التباين في مقدار الهبوط لمثل هذه الحالات من التحميل تم 

 في ر حينما تم وضع المعاملات اللابعدية من أجل حساب الهبوط المتوقع تحت الأسسأخذه بعين الاعتبا

 تم حساب الهبوط لحالات فحص أخرى غير تلك التي أجريت في البحث.المعادلات المقترحة في هذه الدراسة

المسلطة على هذه كان مقدار هذا الهبوط يتناسب وطبيعة التربة ومقدار الأحمالفمقدار الهبوط المتوقع  للتأكد من  

.الحالة   

KEY WORDS:-Settlement, Circular, Footing, reinforced, Soil, Reduction  

 

     INTRODUCTION 

 

         Reinforced earth technique is one of the most promising materials that have 

emerged in the last 30 years from intensive research that has been carried out into 

alternative construction materials. Reinforced earth technique is not new, the earliest 

remaining examples of soil reinforcement are ziggurat of ancient city of Dur-Krigatzu 

in Iraq (6000 B.C.), and the great wall of China. It is also known that Romans have 

used earth reinforcement technique (Ignold 1982). Further, there are a limited number 

of studies in the literature on the possibility of using analytical developed equations to 

estimate footing settlement resting on reinforced sand. This paper reports the initial 

findings of such a study and attempts to provide a relatively simple approach to 

estimate the settlement of circular footings resting on reinforced sand. The proposed 

approach is based on test results of a model circular footing. 

 

 

 

PHYSICAL MODELING  

 

   Loading tests of a model circular footing resting on the surface of a reinforced sand 

subgrade were performed using steel lever-arm system. The sand is placed in a square 

wooden box of internal dimensions of 570 mm x 570 mm x 800 mm, and 10 mm in 

thickness, stiffened by means of steel strips and the inside of the box was covered 

with two sheets of polyethylene. The model footing consists of circular aluminum 

metal with a diameter of 50 mm and a thickness of 50 mm. The sand flows in a 

flexible hose through sieve No. 4 and then to the box, where the falling height of sand 

was fixed at 600 mm. It was found that pouring the sand from this height in 25-mm 

lifts, gives a unit weight of 18.8 kN/m
3
 and a relative density of 65% (medium dense 

sand) this lifts was kept constant for the whole layers in all tests ( similar to that 

recommended by Bieganousky et. ,al 1976 was used ).The testing were carried out at 

Baghdad University. 

   

MATERIALS  USED 

 

  The sand used are passing sieve No.4 was washed with running water to remove dust 

as much dust as possible. The sand was then air dried before before sored in 

barrel,sieve analysis was carried out and a grain size distribution curves was obtained    

The uniformity coefficient of sand was determined as 3.2 .Laboratory tests were 

carried out on the sand to get some other properties and  these values are listed below: 

  

 Specific gravity ……………Gs=2.63 
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 Maximum unit  weight (d max)= 19.71 KN/m
3
 

 Minimum unit  weight (d min)= 16.46KN/m
3
 

 Unit weight in the Box = (d)= 18.8 KN/m
3
 

  Void ratios Calculated based on (d max and d min): 

   emax     =        0.567               emin    = 0.309  

 

The angle of internal friction was determined as 39
o
 using Triaxial tests. The 

reinforcement used in the tests were of polymer geomeshes  commercially known as 

Netlon geomesh (CE111 and CE121) having an aperture size of (8 mm x 6 mm) and 

thickness of 2.90 mm and 3.3 mm for CE111 and CE121 respectively with 

dimensions of 540x540 mm. The tensile strength was 2.0 and 7.68 kN/m respectively. 

The bearing capacity and settlement of the footing resting on sand depend on 

properties of sand such as the angle of internal friction  and the relative density, size, 

shape and embedment depth of footing (Lambe and Whitman, 1979). The results 

obtained from small scale model tests such as the one used in this study are usually 

hindered by limitations associated with size and boundary effects. As a result, it is of 

importance to keep such limitations in mind when designing such small scale model 

tests and when interpreting and extrapolating results to full scale footings. 

 

 

TEST RESULTS AND DISCUSSION 

 

  The following parameters were considered  in this study: 

a. Depth of top most reinforcement layer. 

b. Number of reinforcement layers. 

c. Improvement in the subgrade reaction value. 

The bearing capacity of the footing-soil system with and without reinforcement, q and 

q respectively, were obtained from load-settlement relationship. The bearing capacity 

ratio (BCR), which is defined as (q/q) and represented at a settlement of 5% of 

footing width , most of failure cases (load -settlement curves) capacities starts  within  

this value . 

 

A-EFFECT OF TOP MOST REINFORCEMENT LAYER  

 

  Tests were carried out to investigate the effect of distance between the footing and 

the top most reinforcement layer (U), where U is used as a ratio of the diameter of the 

footing D. The relationship between U and bearing capacity ratio BCR is drawn for 

different values of U (i.e U=D/6, D/2, D &∆Hused=2cm between reinforcement 

layers), different types of reinforcement (Netlon CE111, and CE 121), and for 

different number of layers (N) as shown in Figures (1 and 2), as example of  one layer 

layout below footing different tests were carried out at different (U) locations and 

similar for two and three  layers of reinforcements. It is found that BCR increases as 

U decreases for all number of reinforcement layers. As expected and observed, the 

results show that the soil deformation occurs first in the upper layer of sand, just 

below the footing, and then propagates to deeper areas as the load is increased. This is 

due to the existence of the high stress zone below the footing which reflects the 

benefit obtained by placing the reinforcement at this zone. This observation is in 

agreement with that reported by Akinmusuru  and Akinbolade (1981). 
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                           Fig(1 ) BCR-U Relationship for Netlon CE121. 

 

 

 

 

 

 

 

 

 

                                  Fig( 2)  BCR-U Relationship for Netlon CE111. 

 

B-EFFECT OF THE NUMBER OF REINFORCEMENT LAYERS 

   The effect of increasing the number of reinforcement layers (N) on the bearing 

capacity of footing is shown in Figures(3 and 4). The gain in the bearing capacity with 

the number of layers is expressed in terms of bearing capacity ratio (BCR). Figures (3 

& 4)  show that BCR increases with the number of reinforcement layers for both types 

of reinforcement(H=2cm). A similar conclusion was reported by Akinmusuru and 

Akinbolade (1981). 

 

 

 

 

 

 

 

 

 

 

 

                            Fig( 3)  BCR-Number of Layer Relationship for Netlon CE121. 

 

 

 

 

 

 

 

 

 

                             Fig( 4)  BCR-Number of Layer Relationship for Netlon CE111. 
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IMPROVEMENT IN THE SUBGRADE REACTION VALUE  

 

   It is concluded from the tests that reinforcing the soil causes improvement in the soil 

subgrade reaction value (Figures 5-8) these values are calculated from (q/H) at a 

settlement of 5% of footing width. . The figures show that the modulus of subgrade 

increases as U decreases and as the number of layers increases. It is recommended to 

place the first layer of reinforcement in the zone of initial strain (i.e., close to the 

footing base at a depth that is less than or equal to B/6), and the second layer in the 

lower zone of maximum strain at a depth of 0.4B below the base of the footing. 

Placing the reinforcement in these levels will significantly improve the subgrade 

reaction value and reduced the footing settlement. The figures also show that the 

subgrade reaction reaches a steady value when U is larger than 80% of the diameter of 

the footing (D). Similar observations were also presented by Al-Dobaissi (1990). The 

values of subgrade reaction of the unreinforced soil (Kun) are also shown in the Figs. 5 

and 6. 

 

 

 

 

 

 

 

 

 

                                           Fig( 5) Ks-U Relationship for Netlon CE121. 

 

 

 

 

 

 

 

 

 

                                          

                                             Fig( 6) Ks-U Relationship for Netlon CE111. 

 

 

 

 

 

 

 

 

 

 

 

Fig(7 )Stiffening Subgrade Factor (Ks/Kun) versus 

U Relationship for Netlon 
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Fig( 8) Stiffening Subgrade Factor (Ks/Kun) versus U Relationship for Netlon 

CE111 

 

 

ALYTICAL AND EXPERIMENTAL APPROACH 

 

  The use of reinforcement (Geosynthetics) to improve the bearing capacity of 

footings and to reduce settlement has been proven to be cost-effective for foundation 

system. A reinforced soil-foundation system consists of one or more layers of 

geosynthetics and a control soil placed below a conventional spread footing. The 

reinforcement is usually placed horizontally. However, there are cases in which 

vertical or sloped reinforcement may be used below the footing. Further, the 

reinforcement placed within the tensile arc of strain field causes realignment of the 

strain field which improves the performance for  the load carrying capacity ( Colin 

JFP Jones 1985). The ideal reinforcement pattern for the direction of the principal 

tensile strain is shown in Figures 9 and 10. As shown in these figures, the ideal pattern 

has a reinforcement placed horizontally below the footing and becomes progressively 

more vertical further from the footing (Bassat and Last 1978) . 

 
Fig( 9) Zero extension characteristics for dilating soil (After Bassat and 

Last,1978). 
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Fig(10) Different reinforcement orientations below the footing (After Colin JFP 

Jones 1985) . 

 

 The calculation of footing immediate settlement for different soil types is estimated 

on the basis of elasticity, provided that the elastic properties of the soil (modulus of 

elasticity E, and Poisson's ratio ) are known. These two parameters can be evaluated 

in the lab from soil samples obtained during site investigation processes for cohesive 

soils. However, for granular soils, it is much more difficult, if not impossible in most 

cases. The in-situ testing on granular soils may not accurately give these soil 

properties which are needed for the calculation of settlement. In the case of reinforced 

soil systems, it seems to be difficult to use traditional investigation methods such as 

borings, or to use other traditional techniques such as pressuremeter tests or cone 

penetrometer tests. Such methods and techniques require drilling to various depths 

which will deform the reinforcement mesh below the footing. Plate bearing test on 

reinforced foundation systems resting on homogeneous sand to a sufficient depth, on 

the other hand, can be used as an economical alternative. The model footing can be 

used to estimate the overall modulus of the soil which provides a representative 

parameter for use in conventional settlement estimation. 

 

 From Figures. 5 and 6, it was concluded that the improvement in the modulus of 

subgrade reaction as a result of reinforcement is in the range of 2 to 10 times that of 

unreinforced soils. It was assumed that the modulus of elasticity of reinforced soil 

(ER) will be increased by the same ratio (i.e., ER=2-10ES), where ES is modulus of 

elasticity for unreinforced soil and ER  can be estimated from equation (1) 

 

ER = (FI) * Ksun * B (1- 
2
 ) -------------------(1) 

 

Where: 

ER: Modulus of elasticity for reinforced soil. 

FI: Improvement factor (FI = 2 and 10  for 1 and 3 reinforcement layers 

respectively) 

KsUN: The subgrade reaction value of unreinforced soil. 

B: Footing width (for an equivalent square). 

: Poisson's ratio (recommended ranges are between 0.28 and 0.34 for 3 and 1 

reinforcement layers respectively). 
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While the settlement below a reinforced soil system can be estimated from equation 

(2) which should be used with the following limitations in mind 

 Best estimation for base contact pressure (q) should be used. 

 For the circular footing it is better to convert the footing width to equivalent 

square. 

 The sands layer depth can cause settlement to a depth of Z= 1.5 to 2 times B or to 

a depth where a hard stratum is encountered below the base. 

 

R

FlP
E

Bq
 8.0   ---------------------------- (2) 

Where: 

FlP : Footing and/or plate settlement. 

q: Load on footing and/or plate. 

B: Footing width ( an equivalent square). 

 

When the previous limitations are considered, the settlement estimated from the above 

equation gives good correlation with the test results. 

 

Another method of analysis was proposed for settlement estimation by adopting a 

non-dimensional factor for any size of footing or plate size. The value of  factor that 

will provide a settlement of 25 mm is used in equation (3). 

 



FP

P
F

BB /

2
      ----------------------  (3) 

Where: 

F : Footing settlement (mm). 

P : settlement from a plate test of model footing and/or plate bearing test. 

: non dimensional factor  as shown and proposed in Figures (14-21). 

BP: plate size (m). 

BF: footing size (m). 

 

By using the plate load-settlement curve for 
F  of 25mm, the value of the 

corresponding bearing pressure can be found from the curve of the computed value of 

P  from equation (3). This bearing pressure is the safe pressure for a given 

permissible settlement (
F ), or one can run a reverse calculation to find out the safe 

pressure for the settlement criterion. If the footing is allowed to settle for (50 mm) 

then the value of () obtained from Figs. 14-21 should be increased by 20-25%. 

 

 

 

YIELD CRITERION IN REINFORCED FOUNDATION SYSTEMS 

  The yield stress is defined when permanent deformation initiates. The yield stress 

which is a boundary to separate the elastic and plastic deformation for soils is usually 

not clearly defined and is not a constant value. The locus of the stress at which a soil 

yields is called yield surface. The stresses smaller than yield stresses cause the soil to 

respond elastically, and stresses larger than yield stresses cause the soil to respond in 

an elastoplatic way. The yield stress for soil continuously increases or decreases as the 

soil hardens or softens. The load settlement curves for reinforced foundation systems 

was found to be elastic when the reinforcement is placed close to the base of the 
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footing (i.e., U  B/2). A number of tests were performed to verify this behavior, and 

higher yield stresses were obtained at failure due to reinforcement location in this 

zone (when U is smaller than or equal to B) and due to the inclusion of additional 

confining stresses in the soil. The additional confining stresses are the result of the 

placement of the reinforcement in the soil. The proposed failure criterion in the 

medium dense reinforced sand have been proposed and defined as the bearing 

capacity at which the settlement is twice the settlement at 60-75% of the safe bearing 

pressure for the case of U  B/2 (Fig. 19), Further, the proposed failure criterion in the 

medium dense reinforced sand has been defined as the bearing capacity at which the 

settlement is twice the settlement at 80-90% of the safe bearing pressure for the case 

of U   B (Fig. 20). 

From the tests results it was found that 1 is clearly smaller than 2, which clearly 

shows the benefit of reinforcement inclusion in the zone of tension arc, where the 

zone of high tensile stresses exists. Figure 21 shows the general load settlement trends 

for both cases. 

 Additionally, the footing on a reinforced foundation system is more likely to 

experience a gradual failure curve than a plunging failure. This clearly shows that the 

settlement is highly reduced when reinforcement is placed closer to the base of 

footing, while it is improved in a lesser degree when reinforcement is placed further 

from the footing (Figures 19 and 20). 

 

The value of p obtained from equation (3) represents the value 21 and /or 22 in 

figures 11 and 12 in order to verify the proposed safe bearing pressure in the proposed 

yield failure criterion  for reinforced footing systems. The plate load tests should not 

be used to determine the ultimate bearing pressure of footings resting on sandy soils 

because scale effects in such a case give misleading results . 

 

 
Fig(11)  proposed Safe bearing capacity (qs) for the settlement criterion of 

circular footing resting on reinforced subgrads ( U  B/2). 
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Fig(12)  Proposed Safe pressure (qs) for the settlement criterion of circular 

footing resting on reinforced subgrads (U   B ). 

 

 

 

 

 
Fig(13) Proposed Safe bearing capacity (qs) for the settlement criterion for 

RFS(U  B/2 and U  B) rest on sandy soils. 

 

It was also noted that, when the reinforcement was placed in the zone of maximum  

soil shear, it acted to significantly inhibit the development of a classical bearing 

failure . 

The results in the next figures clearly demonstrate that reinforcement below the  

shallow footing on sand can reduce the amount of the of settlement, especially 

differential settlement under the four corners of footings. Footings resting on 

unreinforced sandy soil settled unevenly, while footings on reinforced soil settled 

evenly with no tipping of any corners during the observation for the settlement values 

at the corners  after ending the test. 
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    Fig( 14)  - (Bp/Bf ) relationships for (U=B/6) CE111. 
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                            Fig(15)  - (Bp/Bf ) relationships for (U=B/3) CE111. 
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Fig( 16)  - (Bp/Bf ) relationships for (U=B/2) CE111. 
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Fig(17)  - (Bp/Bf ) relationships for (U=B) CE111. 
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Fig(18)  - (Bp/Bf ) relationships for (U=B/6) CE121. 
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Fig(19)  - (Bp/Bf ) relationships for (U=B/3) CE121. 
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Fig( 20)  - (Bp/Bf ) relationships for (U=B/2) CE121. 
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Fig(21)  - (Bp/Bf ) relationships for (U=B) CE121. 

 

 

 

CONCLUSIONS 

 

The following main conclusions are drawn from this study: 

 The depth of top most reinforcement layer is found to be more effective when 

it is located near the base of the footing (tension arc zone) and the BCR 

increased up to 3 rapidly when the value of U is close to footing base and the 

number of layers of reinforcement is three, while a little improvement was 

achieved beyond that number of layers. 

 The settlement value is smaller when a stiff geogrid (CE121) is used below the 

footing compared with another geogrid (CE111). This was the result of the 

fact that the value of modulus of the reinforced soil Ks was larger when Netlon 

CE121 was used compared with Netlon CE111. 

 The subgrade reaction values for reinforced soil were found to improve by 2 to 

5, 3 to 7 , and 4 to 9 times for one layer, two layers, and three layers of 

reinforcement respectively when compared with those of unreinforced soils. 

The lower limit reflects the effect of top most reinforcement layer (U is greater 

than or equal to D), and the upper limit reflects the effect of the case when U 

is equal D/6. The value of subgrade reaction became steady when U was larger 

than 0.8D. However, the steady value of subgrade reaction is still larger than 

that of unreinforced soil. 

 The failure criterion in the medium dense reinforced sand has been defined as 

safe bearing capacity at which settlement is twice the settlement at 60%-75% 
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of qs for the case of (U≤B/2), while the reinforced layer at depth of (U≥B), the 

failure criterion can be defined also near to that of unreinforced and medium 

sand at 80%-90% percentage of qs. This amount of reduction in settlement are 

shown from that the value of 1<<2. 

 The safe bearing pressure for footing resting on reinforced soil can be 

estimated with (Fs=3) from equation (2) after getting (p) from equation (3); 

in condition that a plate load test should be achieved. 
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ABSTRACT:  

In this paper possible improvements in the performance of adaptive Linear Equalizer 

(LE) and Decision Feed Back Equalizer (DFE) are reported. A modified Least Mean 

Square (LMS) algorithm incorporating a recursively  adjusted adaptation step size based 

on rough estimate  of  the  performance surface gradient square is proposed. The first 

proposed algorithm was called Adjusted Step Size LMS (ASSLMS) which used single 

adjusted step size for all weight coefficients. The second proposed algorithm was called 

Distributed Step Size LMS algorithm (DSSLMS). This algorithm (i.e. DSSLMS) will 

distribute the resultant variable step size in an exponential form among all weights of the 

adaptive filter such that each weight coefficient has its own step size. These proposed 

algorithms through computer simulation results shows favorable performance than 

traditional LMS algorithm and another Variable Step Size LMS (called VSSLMS) 

algorithm in terms of fast convergence time, less miss-adjustment in steady state, and 

good tracking ability. 

 

KEYWORDS 

  Linear Adaptive Equalizer, DFE Equalizer, LMS Adaptive algorithm,                        

Variable Step Size LMS algorithm. 

 

 

INTRODUCTION 

Adaptive equalizer was widely used in digital communication systems in order to reduce 

or eliminate the channel distortions like additive noise or intersymbol interference ISI 

before demodulation at the receiver. The simple structure for adaptive equalizer was the 

Finite Impulse Response filter (FIR) which can be trained by the Least Mean Square 



T. M.J. Al-anbaky                                                                Performance Improvements of Adaptive 

                                                                                               Fir Equalizer Using Modified Version of 

                                                                                              VSSLMS Algorithm. 
 

 

 1890 

adaptive algorithm (LMS). This LMS algorithm, which was first proposed by Widrow 

and Hoff in 1960, is the most widely used adaptive filtering algorithm (Farhang 1999)  

This widely applications of LMS algorithm are as a result of its simplicity. Furthermore, 

it does not require matrix inversion, nor does it require measurements of the pertinent 

correlation functions (Farhang 1999). But this algorithm suffers from slow convergence 

since the convergence time of LMS algorithm is inversely proportional to the step size( 

Widrow and S.Stearns 1985). However if large step size is selected, then fast 

convergence will be obtained but this selection results in deterioration of the steady state 

performance (i.e. increased the miss-adjustment (excess error ). Also small value of the 

step size will cause slow convergence but will enhance or decrease the steady state error 

level( Widrow and S.Stearns 1985). 

Numerous modifications of the LMS algorithm have been reported [3, 4, 5, 6, 7, 8, 9 and 

10].  In these works, the  optimization issue  concerning  the  step  size is discussed, and 

several methods  of  varying  the  step  size to improve performance of the LMS 

algorithm especially in time varying environments are proposed. In such environments  

the step size must  be  adjusted  automatically  in  order  to  obtain the following features 

: 

 Adaptive filter must be able to track any change in the   system, i.e. to reduce 

the lag factor which was a decreasing function of the step size. 

 Reduce  the trade  off  between  the  low  level  of  miss-adjustment and fast 

convergence , i.e. both requirements , must be obtained . 

 

 Reduce the sensitivity of the algorithm to variations in the level of non-

stationary, i.e.  Low level of miss-adjustment   must be obtained when high 

level of non-stationary occurred.  

Optimum step Size can be used but it is undesirable approach since in practical 

implementation; optimum step size is   approximated by trial and error. In addition to the 

optimum step size cannot track any sudden change in the system environments because it 

has a fixed value. Some papers used active taps detection techniques with traditional 

LMS algorithm to enhance the performance of the system. But this technique suffers 

from overhead operations which is not suitable for hardware implementation. Therefore 

this paper tries to improve the performance of the LMS algorithm and to get rid of the 

previous main drawbacks.  The  proposed  algorithms  used  recursively  adjusted 

adaptation  step  size  based  on  the  performance surface gradient square. The first 

proposed algorithm was called ASSLMS. Then the obtained step size is distributed 

among all the weights of the adaptive filter. This proposed algorithm will be refereed to 

as Distributed Step Size LMS algorithm (DSSLMS) all over in this paper. These 

proposed algorithms then will be applied to two types of adaptive equalizers which are 

Linear Equalizer (LE) and Decision Feed Back Equalizers (DFE). 
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LINEAR AND DECISION FEED BACK EQUALIZER WITH LMS 

ALGORITHM 

Figure (1) shows the classical model of the LE .As shown in this figure there are two 

modes of operations, namely, the training mode and decision-directed mode (Thamer el 

al 1997 ). 

 

 
 

Fig (1) Classical Model of LE  

 

During the training mode, the transmitter generates a data symbol sequence known to the 

receiver. The receiver therefore, substitutes this known training signal in place of the 

decision device output. Once an agreed time has elapsed, the decision device output is 

substituted and the actual data transmission begins. When the training process is 

completed, the adaptive equalizer is switched to its second mode of operation: the 

decision-directed mode. In this mode of  operation, the error signal is defined by (Thamer 

el al 1997).  

 

                        )()( nynane                              ……………… (1) 

 

Where y (n) is the equalizer output and )(na  is the final correct estimate of the 

transmitted symbol   )(na . In figure (2), there is a general structure of the adaptive 

decision feedback equalizer. This figure shows that DFE equalizer consists of two 

sections, a feed forward section and a feedback section connected together (Thamer el al 

1997 ) 
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Fig (2) Block Diagram of DFE  

The feedback section consists of a tap-delay line filter (such as FIR type) whose taps are 

spaced at the reciprocal of the signaling rate. The data sequence to be equalized is applied 

to this section. The feedback section consists of another tapped-delay-line filter whose 

taps are also spaced at the reciprocal of the signaling rate. The input applied to the 

feedback section consists of the decision made on previously detected symbols of the 

input sequence. The function of the feedback section is to subtract out that portion of the 

ISI produced by previously detected symbols from the estimates of the future samples 

(Thamer el al 1997). As in the case of the linear adaptive equalizer, the coefficients of the 

feed forward filter and the feedback filter in a decision-feedback equalizer may be 

adjusted recursively. Also in the case of a linear equalizer, a training sequence was used 

to adjust the coefficients of the DFE initially. Upon convergence to optimum coefficients, 

the system is switched to a decision-directed mode where the decisions at the output of 

the detector are used in forming the error signal and fed to the feedback filter. This is the 

adaptive mode of the DFE. 

The LMS or Gradient algorithm is used to implement adaptive equalization. It is a 

stochastic gradient optimization algorithm based on a traditional optimization technique 

called the Method of Steepest Descent. Let us define the input vector at the equalizer 

input as Xn=[x(n), x(n-1),……,x(n-N-1)]
T
 , and the vector  of the weight coefficients as  

W(n)=[w0(n) w1(n) w2(n)…wN-1(n)]
T
 of the adaptive filter at an instant n, N is the order 

of the adaptive FIR filter. Moreover, the signal samples at the equalizer input are of the 

form: 

 

                                  )(nnoisejnajhnnx
j

    ………. (2) 

 

Where a (n) denotes the n-th data transmitted sample, noise (n) is the additive noise with 

the variance σ
2
, and hn (j) is the channel impulse response. The equalizer output at the n-

th iteration instant is: 

                                       nXnWny T               ………….  (3) 

 

FEEDFORWARD 

SECTION 

DECISION 

DEVICE 

 

FEEDBACK 

SECTION 

Σ 

INPUT  x(n) + 

_ 

 

ESTIMATED OF 

TRANSMITTED 

SYMBOL a
^
(n) 

 



Journal of Engineering Volume13 December  2007       Number4 
 

 

 1893 

The output y(n) is used in estimating the transmitted data symbol a(n-D) , with D 

denoting to the delay. The equalizer output error at the n-th iteration instant in training 

mode  is: 

 

                                          Dnanyne      …………….   (4)  

      

The weighting coefficients in the LMS algorithm are obtained from the following 

expression: 

 

                                )()()()1( nXnenWnW      … ….   (5) 

Where µ   represents the algorithm fixed step size. The output Mean Square Error 

(MSE) is( Zens 1989.) 

 

                      )(2)()( 0

22 DnanXEnWnaEnRWnWneEn TT         (6) 

 

With R=E(X (k) X
T
 (k)). Where E (.) is expected operation and R is defined as the 

square matrix.  The average output MSE after n-th iteration can be expressed as: 

                                         nRVnVE T

MINavr                         (7) 

 

Where εMIN is the MSE minimum (Zens1989) ,for optimal weighting coefficients vector 

W
*
(n), and V (k) = W (n)-W

*
(n) is the weighting coefficients error vector. In the steady 

state, the MSE above εMIN is known as the excess MSE. 

As shown in (Widrow and S.Stearns1985), the excess MSE (also called miss-adjustment) 

for LMS algorithm is given by: 

                                     Rtrnexess

2

2

1
                …………….    (8) 

It may be observed that from (Zens1989) that the excess MSE is due to the gradient noise 

and is proportional to the step size. The step size must be selected to balance the 

coefficient goals of the fast convergence (large step size) and small steady state error, i.e. 

small excess MSE (small step size) (Widrow and S.Stearns1985) . 

 

 

 PROPOSED VARIABLE STEP SIZE LMS ALGORITHMS 

ASSLMS Algorithm 

The proposed algorithm in this paper is called Adjusted Step Size LMS (ASSLMS) 

algorithm which used variable step size that will be adjusted according to the square of 

the gradient of the performance surface (i.e. nn Xe )
2
. Using the gradient of the 

performance surface as a guide to adjust the step size was first developed in( Kang and 

Johnstone 1992) [9]. Their formula for adjusting the step size was( Simon haykin 1983):- 

                        

                         )exp(1.(max kkk Xe     ……….. (9) 
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Where    is a constant called damping factor and  is regular norm vector. This 

algorithm has practical hardware implementation since equation (9) has exponential 

factor and require an approximate formula. Another formula to adjust the step size was 

developed in ( Simon haykin 1983). The algorithm used in ( Simon haykin 1983) was 

called Variable Step Size LMS algorithm (VSSLMS) and their formula is:- 

 

                        2

nnn e                ……………… .. (10) 

Where 10    and 0 , then:- 

 max1  n      if   max1  n     ,  or    min1  n   if    min1  n ,   …….. (11) 

Otherwise   11   nn   

 

Where  min  is chosen to provide minimum level of miss-adjustment at steady state, and 

max  ensures the stability of this algorithm ( Simon haykin 1983). So this paper proposes 

to use the square of the gradient estimation   2

nn Xe  into equation (10) instead of using 

the square of the error. Then equation (10) will be modified to be as follow(Hulya 2004):- 

 

                      2).( nnnn Xe                      ………. (12) 

This proposed algorithm (ASSLMS) algorithm regard as modified version of the 

VSSLMS algorithm [12]. Involving the term (Xn ) which represents the input  signal in 

the updating step size formula in addition to error factor is favorite choice in order to 

speed up the estimation and adaptation process. 

 

DSSLMS ALGORITHM 

By theory for a stationary channel, the length of the window which tracks the channel is 

the length of the number of samples. However, channels that have a time- varying nature 

require a window which must adjust to the recent channel. There are several fundamental 

considerations that must be understood in the implementation of the LMS algorithm for 

time- varying channels. First of all, the LMS algorithm uses the most recent channel 

estimation error into equation (5). This, in turn, means it is severely affected by time- 

varying channels. Secondly, the most of the impulse response of the channel has 

decreasing values from higher values to smaller values. Also if all weight coefficients 

adjusted in equal form will lead to slower the convergence rate of the algorithm. 

Therefore this paper proposed to adjust the weight coefficients in non uniform manner 

such that the amount of adjusting the weight coefficients will be in decreasing manner. 

The only parameter that can perform this function was the variable step size (see equation 

(5)).  This idea can be implemented by applying a sliding window to the obtained step 

size in equation (12) (Hulya 2004). Such that equation (12) can be distributed among all 

weight coefficients. There are several types of windows that can be used to do this idea. 

These can be rectangular, triangular, exponential, and such. In this paper, an exponential 

sliding window is considered due to its superiority over the other types of windows for 

the most types of channels. Then the step size that obtained from (12) will be distributed 
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among the weights of the adaptive filter. Such that each weight coefficient has 

independent step size µi(n) where i=1,2,….,N (order of the FIR filter), and n is the 

iteration  instants. The distribution of the step size µn+1 will be according to the 

following: 

 

                                   )1(

1

)1( 



  n

i

ni      …………………  (13) 

Where ζ is constant, determine the curvature of exponential distribution of µn+1  among 

the weights of the adaptive filter. The length of this window is the same as the number of 

the weight coefficients (i.e. N). Such that each weight will be adjusted independently 

according to the following: 

 

                                 )()()()1( ninninini yeww    …………… (14) 

This proposed algorithm is called Distributed Step Size LMS (DSSLMS) algorithm. This 

algorithm adapts the filter weights having larger values by amounts more than the 

weights having smaller values at each iteration. Therefore the weights of coefficients for 

this proposed algorithm will convergence faster and estimate the inverse impulse 

response of the channel very quickly. 

Simulation Results 

LE using Channel A  

In this case LE was simulated using different algorithms. The channel used here is 

called channel A which has a spectral null in the middle frequency region. The impulse 

response of the channel A is [0.2 -0.15 1.0 0.21 0.03]  ] . The order of FIR adaptive 

filter for all simulation was 11 taps and signal to noise ratio was 26  dB,  the additive 

noise was Gaussian noise with mean zero, and variance 001.02  . The training 

samples were 1000 samples then the adaptive process is switched to decision mode. 

Figure (3) shows the learning curve for this case with different algorithms. The 

optimum step size for LMS algorithm was chosen by trial and error to be 0.06.  
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Fig (3) 

 

 
 

Fig (3) Learning Curves for LE using Channel A 

 

The optimum values of max  and min   was chosen to be 0.06 and 0.0001 respectively 

for VSSLMS, ASSLMS and DSSLMS algorithms. The values of   and   was chosen 

to be 0.97 and 0.001 respectively for all algorithms. The ζ for DSSLMS algorithm was 

equal to 0.05. As shown in figures (3.c and 3.d) the proposed algorithms have fast 

convergence time than LMS and VSSLMS algorithms (figures (3.a and (3.b)). Also 

these proposed algorithms have less miss-adjustment (excess error) in the steady state 

region than LMS and VSSLMS algorithms. 
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DFE USING CHANNEL A  

In this case DFE is used with the same channel as used previously in LE. The order of 

feed forward section was 5 and for feedback section was 3. The optimum step size for 

LMS algorithm was chosen by trial and error to be 0.008. The optimum values of max  

and min   was chosen to be 0.008 and 0.0000001 respectively for VSSLMS, ASSLMS 

and DSSLMS algorithms. The values of   and   was chosen to be 0.97 and 1e-7 

respectively for all other algorithms. The ζ for DSSLMS algorithm was equal to 0.05.  

Figure (4) shows the learning curves for this case. 

 

 

Fig (4) Learning Curves for DFE using Channel A 
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As shown in figure (4) the performance of adaptive equalizer was enhanced using 

different algorithms with the same channel compared with that obtained using LE type. 

Also here the performance of the proposed algorithms (figures (4.c and 4.d)) was also 

better than LMS and VSSLMS algorithms (figures (4.a and 4.b)) in terms of fast 

convergence and less miss-adjustment in the steady state region.  

 

 

DFE USING CHANNEL B 

In this case another channel response is used which has the following impulse response [1 

0 1.2 0 0 -0.3]. This channel is called channel B which represent an example of non-

minimal phase channel and it is characterized by a multipath that is stronger than the 

channel A. Figure (5) shows the learning curve of different algorithms using DFE type. 

The optimum step size for LMS algorithm was chosen by trial and error to be 0.001. The 

values of max  and min   was chosen to be 0.001 and 0.0000001 respectively for 

VSSLMS, ASSLMS and DSSLMS algorithms. The values of   and   was chosen to be 

0.97 and 1e-7 respectively for all algorithms. The ζ for DSSLMS algorithm was equal to 

0.005. As shown in the figure (5) the good performance of the proposed algorithms 

(figures (5.c and 5.d) compared of the other algorithms (figures (5.a and 5.b)). 

CONCLUSIONS 

In this paper possible improvements of the adaptive LE and DFE are proposed by using 

two modified versions of VSSLMS algorithm. The first one was called ASSLMS 

algorithm and the second was called DSSLMS algorithm.  These proposed algorithms 

used the square of the gradient estimation   2

nn Xe  instead of error square alone. 

Involving the term (Xn ) which represents the input received signal in the updating step 

size formula is favorite choice in order to speed up the estimation and adaptation process. 

Also using individual step size (DSSLMS algorithm) for each weight coefficients was 

good idea to speed up and reduce the miss-adjustment in the steady state region. Through 

simulation results that used two different channels one can see the good performance of 

the proposed algorithms compared with traditional LMS and VSSLMS algorithm in 

terms of fast convergence and less miss-adjustment in the steady state region. 
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Fig(5) Learning Curves for DFE using Channel B 
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ABSTRACT 

Single neuron perceptron is designed as a classifier of two different classes using the hard-

limiter activation function (i.e. in the absence of light, and presence of light). An example is 

designed and tested so that the proposed circuit learned different categories and then used as a 

classifier for two different classes because of the use of single neuron. Additional electronic circuits 

were used for computation processes. The Computer simulation results indicate stable solution that 

compares with theoretical results. 

Single layer perceptron M-category classifier is designed as a classifier for more than two 

classes. An example is designed and tested for the verification. The example learns after (5) 

iterations. Computer simulation results indicate stable solution that compares favorably with 

theoretical results. 
 

 

 الخلاصة
، وتدم ححدم ملدال عادد الددالرق الم،ترحد ، ح د  تدم النمداذج التدت تقبدو بو دود الم در  كأحددتم اعتماد نموذج برسبترون 

افدد  ومددن لددم اسددت دامفا كمطددنف  لنمقدد ن ح،ددق بسددبص اسددت دام  ا دد  عطددب   واحدددق  ل،ددد اسددت  دم  دوالددر تعادد م الدددالرق طنمدداق م ت
إلكترون   ط رى مساعدق لتح، و العما ا  الحساب   التت نحتا فا حت تمل ل هذا النموذج، وقد طظفر  الدالرق الم،ترحد  نتدالم م،اربد  

 ب اً  و سارح  حلانتالم النظر   من  لال محاكاق الدالرق الم،ت
من ط ل تطدن   عددد طكبدر مدن الأنمداق  طكلدر مدن الند ن ،  نموذج برسبترون لتطن   الأنماق المتعددق كذلك تم تطم م 

 كدال  حعال  حت الدالرق الم،ترح   دال  المحددوقد تم ححم ملال عا فا وكان  النتالم م،ارب  لانتالم النظر  ، كما وتم است دام 
 

INTRODUCTION 

 
Learning theory develops models from data in an inductive framework. It is, 

therefore, no surprise that one of the critical issues of learning is generalization. But before 

generalization, the machine must learn from data [Principe 2000]. Learning can be viewed as 

maximizing the likelihood of observed data under the generative model, which is 

mathematically equivalent to discovering efficient ways of coding the sensory data 

[Chahramani 1999]. While neural networks can and are implemented entirely with electronic 

hardware, optoelectronics have a clear advantage in the task of interconnecting neurons. 
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Unlike electronic signal, light beams do not interact with one another, permitting many 

connections to be made in the same space. Since photons do not interact with one another, it 

is difficult to implement directly the processing operation of the neuron with optical devices, 

thus many systems combine optical synaptic interconnections with optoelectronic neurons 

[Wilamowski 2000]. 

In this paper, a variety of issues are discussed that have impact on the development of 

optoelectronic technology as applied to hardware implementation of neural networks with 

enhanced capabilities. Optoelectronics has the potential for the implementation of neural 

networks with large numbers of neurons (10
5
 to 10

6
) and high connectivity (approximately 

10
10

 analog weighted interconnections) in one module. The approach taken here is to use 

electronics to implement the internal functions of each neuron unit, and to use optics to 

implement the connections, weight, and input and output. With this technique, most of the 

area of a two-dimensional “chip” can be used to implement the neuron units themselves 

[Keller 1993].  Analog optoelectronic hardware implementation of neural nets has been the 

focus of attention for several reasons. Primary among these is that the optoelectronic 

approach combines the best of two worlds: the massive interconnectivity and parallelism of 

optics, the flexibility, high gain, and decision making capability (non linearity) offered by 

electronics [Keller 1992]. 

 

OPTOELECTRONIC NEURAL NETWORK 

 

Optical implementation of neural networks is promising for a variety of reasons. First 

of all, light offers the fastest possible communication channel, not requiring physical limiting 

conductors. Secondly, increasing light beams do not noticeably interfere with each other. 

This means that the large number of interconnections of artificial neural network can be 

optically implemented in a compact way of truly parallel implementation of large neural 

networks. Optical implementations of multilayer neural network perform nonlinear 

thresholding which is an essential constituent of all neural network models, and hence 

involve conversion of optical signals to electronic ones and vice versa. In order to avoid this 

conversion and to progress to all – optical forward propagation in multilayer neural networks, 

the use of optical activation function is essential [Al-Buhrezi 2001]. 

Desirable features for the field of optical neural networks are the ability of performing 

subtraction and an ideal optical linearity, which is spatially uniform in its response. In 

general, spatial non - uniformities are measured as a variation in the read out intensities.  

The fan – out optics and other optical elements may have non-ideal behavior. These 

non-uniformities are expected to be compensated to a considerable extent in an adaptive 

optical neural network, the weights of which are updated during the training of the actual 

optical system. 

Generally, in optoelectronic neural system each neuron is composed of an input 

summing port, nonlinear transfer device, and an output port. Differential pair of detectors is 

operated as the input to the neuron; signals with positive (excitatory) weights arrive at one 

detector and signals with negative (inhibitory) weights arrive at the other detector. These 

detectors sum the intensity of each optical signal arriving at the neuron. The neuron’s 

activation function is electronically applied to the detected signal to produce an output signal. 

The output signal drives either an optical source or pair of sources [Chew 1993]. 

 

 

 
 PERCEPTRON LEARNING RULE 
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For the perceptron learning rule, the learning signal is the difference between the 

desired and the actual neuron’s output. Thus, learning is supervised and the learning signal is 

equal to:- 

r= di - oi                                 … (1) 

where oi=f( xw
t

i ), and (di) is the desired response as shown in Fig.(1). Weight 

adjustment in this method, (wi), and (wij), is obtained as follows:- 

           wi= c[di - f( xw
t

i )]x                     … (2a) 

           wij= c[di - f( xw
t

i )]xj ,                                                                                   … (2b) 

      for j=1, 2, …, n  and t:- iteration        

Under this rule, weights are adjusted if and only if (oi) is incorrect. Error as a 

necessary condition of learning is inherently included in this training rule. Obviously, since 

the desired response is either (1) or (-1), the weight adjustment (2a) reduces to:- 

wi=  2cx                                                                                             … (3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (1) Perceptron learning rule. 

 

 

EQUIPMENT NEEDS FOR THE DESIGN OF PERCEPTRON LEARNING RULE 
 

Even though neural networks are primarily implemented in software, their good 

approximation properties make them attractive in hardware [Moerland 1996], as seen from 

the previous section (i.e. from perceptron model). First the multiplication of the input signal 

by the stored weight must be performed. A simple multiplier can achieve this, and it must be 

four-quadrant multiplier, use of the four quadrant analog Gilbert multiplier satisfies this 

purpose. After this stage, a summing device is used. It can be seen that the summer is either 

for voltage or for currents, as seen from Fig.(1). 
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The summing circuit is shown in Fig.(2), it can be seen that if the summation is grater 

than (zero) then the output will be in logic (0) because the transistor reaches the saturation 

region or the output will be logic (1) when the value of summation is less 

then (zero) because the transistor falls onto the cut off region.  

This circuit will be used to drive the light emitting diode as shown in Fig.(3). When 

the transistor turns (ON) and if (Ic) is greater than the turn (ON) current of the (LED), the 

(LED) will light up, and this can be represented as the (ON) state or logic (1). Else if (Ic) is 

less than the turn (ON) current of the (LED), the (LED) will not light up, so this case can be 

considered as logic (0). The turn (ON) current for the (LED) used in this circuit is (10 mA).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2) The current summing circuit                  Fig.(3) The sum-driving circuit 

 
 

FOUR QUADRANT ANALOG GILBERT MULTIPLIER 

 

 A Four Quadrant Analog multiplier is a device in which the output voltage is directly 

proportional to the product of the two input voltages regardless of the polarity of the inputs 

thus:- 

 VO= k V1V2                                                                                               … (4) 

where (V1) and (V2) can be either positive or negative. 

 The basic Four Quadrant Analog multiplier is Gilbert multiplier as shown in Fig.(4), 

having:- 

           Vout=Rc Ix  tanh(
Vt

V

2

1 )  tanh(
Vt

V

2

2 )                                                                      …(5) 

If (V1) and (V2) << Vt then equation (4) can be written as:- 

 Vout= Rc 
Vt

VV

4
2

21                                                                                              …(6) 

 Where Vt is  the threshold voltage. 
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Fig. (4) Gilbert multiplier. 
 

The current source as shown in Fig. (5), illustrate that:- 

             Ix= 
21

1

21

2

3

(
1

RR

RV

RR

RV

R

DEE





 - VBE7)                                                  … (7) 

 Since this current is independent of the signal voltages (V1) and (V2), then (Q7) acts a 

supply of constant current to the Gilbert multiplier. 

 

 

 

 

 

 

 

 

 

 

Fig. (5) The current source circuit 

 

The CMOS Inverter  

 

The (CMOS) inverter circuit is shown in Fig.(6), which consists of complementary 

(NMOS) and (PMOS) transistors, and having (VSS=-VDD), Vthn= -Vthp (Vthn=1.4 V and 

Vthp=  -1.4 V). If we want to use this circuit to be in logic mode then VSS is set to zero. 
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Fig.(6) The CMOS inverter circuit. 

 

THE CMOS ANALOG SWITCH 

 

Connecting an (NMOS) device in parallel with a (PMOS) forms a (CMOS) analog 

switch also called bilateral transmission gate. This combination acts like two parallel 

switches, both of which are simultaneously closed or simultaneously open. Actually when the 

switches are closed, both conduct small positive and negative signals, but only one conducts 

large positive signals, while other conducts large negative signals. Fig.(7) shows how the 

devices are connected. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7) The CMOS analog switch. 

 

PROPOSED DESIGN OF SINGLE NEURON PERCEPTRON LEARNING RULE  

 

The main problem in all learning rule designs is the storage element (i.e. where the 

updating weight is stored), and it can be taken as a capacitor. The synaptic weight can thus be 

stored as a charge on the capacitor (storage capacitor).  

Fig.(8) illustrates the block diagram of the proposed circuit for the perceptron 

learning rule for (n) inputs. It includes elements of all above mentioned circuits. This circuit 

needs two storage capacitors: the first one, (C1) is used to store the updated weight w(t+1) 

then transfers its charge to the second capacitor (C2) which is used to store the weight (w(t)) 

as charge (C1=1 F. and C2=10 F.). 

The photodiode used in the design of this circuit supplies a current (Iph=100 A). 

Ones sees that when the photodiode is illuminated by an optical signal the output of the drive 

circuit will be (-1) in order to achieve the subtraction of the neuron output from the desired 

signal, and when there is no optical signal then (Iph= 0), the neuron output will be (1) for the 
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same reason mentioned above. A simple subtraction circuit can be used to achieve this 

purpose. 

The initialization of weights is stored on the storage capacitor before the learning 

operation takes place. The proposal presented above has been implemented with the aid of 

the software package (EWB) program, and verified by (MATLAB) programs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.(8) The block diagram of the proposed implementation circuit for perceptron 

learning rule. 
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EXAMPLE 1 

 

A single neuron can be designed to classify two different input patterns. Fig. (9) 

shows an example of two patterns (M=2 and number of nodes n=12), which are the 

characters (O, j) entered to the proposed circuit of the perceptron rule with the desire      (1, -

1) respectively, The circuit will learn until it reaches the final weight when w(t+1)=w(t).  

 

 

 

 

 

 

Fig. (9) Two different input patterns. 

 

The results are illustrated in table (1) obtained from the simulation results of the 

(MATLAB) computer programs for (example 1). It can be seen that the learning process 

stopped after three iterations. As an examination, two distorted patterns are examinated. The 

vector of the distorted pattern shown in table (1), has the shape seen in Fig. (10) together 

with the correct pattern. The proposed circuit block diagram of this example is shown in 

Fig.(11). 

Table (1) Simulation result for example 1. 
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Fig. (10) Distorted pattern examination 
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Fig. (11) Optoelectronic implementation of (3*4) input pattern 

block. diagram. 
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MULTICATEGORY SINGLE  LAYER PERCEPTRON NETWORK 

 

In this section an attempt to apply the error-correcting algorithm to the task of 

multicategory classification is made. The assumption needed is that classes are linearly pair 

wise separable, or that each class is linearly separable from other class. This assumption is 

equivalent to the fact there exist (M) linear discriminate functions such that:- 

gi(x) > gj(x)                                                                                                          … (8) 

 for i,j= 1, 2, …, M   , ij 

where g(x) is the discriminate function and can be considered as an equation depending on 

the stored weight. Since the inputs here are not only (x), but is added to it a constant value 

called (bias) which always has the value (-1). This bias element makes the learning process 

faster so the discriminate function according to this input is given by:- 

 

 

                         x1    

                               x  x2 

 

                     y=       = 

                               -1  xn  

                                              -1       

                    g(x)= w1x1+w2x2+…+wnxn-wn+1                                                                … (9) 

 

                                     w1 

                        w2 

 

                           w =  

 

                                  wn 

                                wn+1 

 

  

          In this paper the focus is (M) discrete perceptron. The network generated in this way is 

comprised of (M)-discrete perceptrons as shown in Fig.(12). The output will depend on the 

discriminate function g(x), so if g1(x) > gj(x) where j=1, 2, …, M, then ( O1=1) and (O2, O3, 

…, OM) is equal to (-1). This theory exists when using a hard-limiter as an activation function 

shown in Fig.(12). It is called Threshold Logic Unit (TLU #M). This should indicate category 

(1) input. So the classifier using (M) individual (TLU) elements can be obtained. For this 

classifier the (k’th) (TLU) response of (1) is indicative of class (k) and all other (TLUs) 

respond with (-1). 

The weight adjustment during the (k’th) step for this network is as follows:- 

          yOd
c

ww
kk

i

k

i

k

k

i

k

i
)(

2

1



       for i=1, 2, …, M                                     … (10) 

where (di) and (Oi) are the desired and the actual response of the (i’th) discrete perceptron 

respectively. The desired response for the training pattern of the (i’th) category is:- 

  di=1 , dj=-1        for j=1, 2, …, M.   ij                                                                         … (11)    

  

y1 
y2 

yn+1 
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Example  
Assume having three classes with random initial weights as shown in table (3), and the 

augment pattern are presented in the sequence (y1, y2, y3, y1, y2, …) as shown in Fig.(13a). 

 

Table (3) Input classes and initial weights. 
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3 
w

0
1

 

w
0
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w
0
3

 

10 2 5 1 2 4 

6 -4 -2 -1 -1 3 

-1 -1 -1 0 2 0 
 

 

Step 1: y1 is input: - 

 

  O1=1, O2=1*, O3=1*  
Since the only incorrect response is provided by (TLU #2, 3), so for (c=1): 

 

 

          2      10          -8 

,ww
0
1

1
1    w

1
2   -1   -    6     =   -7 

          2       -1         3  
 

 

                    4         10         -6 

       w
1
3 =                3   -     6    =   -3                

                                0        -1         1  

 

Step 2: y2 is input:- 

 

 O1=1*, O2=1, O3=-1  

 

The weight updates are:- 

,ww
1
2

2
2    ,ww

1
3

2
3   

 

1         2          -1 

w
2
1 =  -1    -   -4    =    3 

            0        -1 1  
 

Step 3: y3 is input:- 

 O1=-1, O2=-1, O3=-1* 

The weight updates are 
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ww
2
2

3
2    ww

2
1

3
1   

 

 

 -6          5          -1 

w
3
3    -3    +   -2    =    -5 

              1         -1    0 

 

This terminates the first learning cycle and the third step of weight adjustment. The 

only adjusted weights as from now will be those of the third perceptron. The outcome of the 

subsequent training is  

                            3 

w
77
3 =    -3 

     20 
 

The three-perceptron network obtained as a result of the training is shown in 

Fig.(13b). It perform the following classification: 

 O1=f( -x1 + 3x2 – 1 )   

O2=f( -8x1 - 7x2 -3  ) 

O3=f( 3x1 - 3x2 - 20 ) 

The resulting decision surfaces are shown in Fig.(14). It can be seen that the three – 

perceptron classifier produces three decision surfaces (shown as lines here) and they are: 

-x1 + 3x2 – 1 = 0   

-8x1 - 7x2 -3  = 0  

3x1 - 3x2 - 20 = 0 

          The lines are shown in Fig.(14) along with their corresponding normal vectors directed 

toward their positive sides. It can be seen that there are several indecision regions thus 

patterns in shaded areas are not assigned any reasonable classification. One such patterns may 

be (Q). The corresponding linear discriminate functions are shown in Fig.(15). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(12) M-category linear classifier using M-discrete perceptron 
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(b) 

 

Fig. (13) Three-class classifier(a) three perceptron untrained classifier. (b) three 

perceptron trained classifier. 
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Fig.(14) Decision regions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (15) Discriminate functions. 

 

PROPOSED OPTOELECTRONIC CIRCUIT FOR MULTICATEGORY SINGLE 

LAYER PERCEPTRON 

 

 The sub-circuits needed for the designs of M-category single layer perceptron are 

similar to those used for the design of single neuron perceptron learning rule. The M-category 

depends on the same model of the single neuron perceptron except the learning constant in 

M-category perceptron is half that of the single layer perceptron model used. This can be 

achieved by multiplying the subtraction between the output and the desired by (0.5), by using 

the same operational-amplifier circuit.  

The block diagram of the proposed circuit for (n) input and (M) category is shown in 

Fig. (16). 

 

EXAMPLE 3 

 

 To examine the proposed circuit, three classes are applied to it as follows: the three 

classes are three characters (T, F, I), as shown in Fig.(17), are entered to the circuit. The input 

signals and the final training weights are tabulated in table (4). 

 The results were obtained by using (MATLAB) programs for computer simulation as 

shown in table (4). These results were obtained when the desired input was of the form: 

            1 -1  -1 

 d =    -1   1  -1 

          -1  -1   1 

 

entered into the circuit. 

 The learning process stopped when the output signal was equal to the desired even 

though the input classes contained training because the training process is not affected by the 

updating of weight. 

The problem in this classifier model is the value of the bias so that the patterns that 

are used to classify it must have the value of (-1) in its last term, but this problem can be 

solved by increasing the number of pixels used to divide the input pattern or adding an 

additional column so that it takes the value of (-1). 
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 The entire components used in the design of the proposed circuits were designed 

using (Electronic Work Bench) program in computer simulation. As a test, three different 

classes were entered to the proposed circuit for their recognition them. The results are shown 

in Fig. (18). 
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Fig. (16) M-category classifier for n-input signals block diagram 

 

 

 

 

 
 

 

 

Fig. (17) Three input characters. 

 
 

 

 

Table (4) Input signals, initial weight, and final training. 
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Fig. (18) Three different distorted classes and their correct class. 
 

 DISCUSSION 

 

 Neural networks and classical optical processing can be combined together to create 

optical neural networks, which offer great and fundamental advantages over electronic neural 

networks in various well- defined cases. 

 The fundamental advantage of optics is solving the massive interconnection between 

processors required in most neural network models. Since in electrical systems the electrical 

signals must travel on physical wire, then the massive interconnectivity is very difficult to be 
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achieved. It requires a large area and careful design to minimize the interference between the 

physical wires and crosstalk.  The perceptron learning rule is an example of supervised 

learning rule. Single neuron perceptron can be used to classify only two different classes, so 

the output may be taken as (1) for excitatory case and (-1) for inhibitory case. This is 

achieved by the LED driving circuit and it can be considered as hard limiter activation 

function, and the desired sums with output. 

         The optoelectronic representation of M-category single layer perceptron was realized. It 

depends on the single neuron perceptron model, it can be used as a classifier with its output 

depending on the desire that the output must reach it, such that the number of neurons is 

equal to the number of classes. In this design another element, which is very important in the 

classification process, is seen, it is the bias that speeds the learning process.  

 
CONCLUSION 
 

      The availability of the desired speeds the learning process and lowers the number of 

iterations needed for reaching the final weight. This can be seen from the example taken on 

the proposed design of single neuron perceptron by using the same initial weight used for 

Hebbian learning rule so that the updating weight reaches the final weight after (3) iterations 

only.  The designed M-category classifier can be used to classify the input pattern into one of 

a very large number of categories due to the large number of synapses capacity per neuron. 
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              ABSTRACT 

Supervisory Control And Data Acquisition (SCADA) is a commonly used industry term for 
computer based system allowing system operators to obtain real-time data related to the status 
of an electric power system over wide geographic area.the designed SCADA system consists of 
Five modules and it is designed to work with two layers: Client layer and Data server layer each 
in a separated PC. The APplication Program (APP) module is one of the SCADA modules that 
works as an interface between the I/O cards and the other SCADA modules. It collects the data 
from the I/O cards; through an I/O interface card; and passes it to the Process Data Interchange 
(PDI) module. And because of the APP module works in a separated PC, it communicate with 
PDI module using the PC serial port and High-level Data Link Control (HDLC) communication 
protocol. The designed SCADA modules are programmed as a multithread programs written 
using Visual C++ programming language. The APP module is built to consist of  three threads: 
one for collecting data, another to perform the communication operation, and the third thread  is 
responsible of controlling all APP operations. The overall SCADA system including the APP 
module is implemented to supervise the operation of a power station since 1999 and it proves a 
very fast response time and provides a good real-time reports.  
 
 

  الخلاصة
للسيطرة على  المعامىا التىع تعتمىد  م( من الأنظمة الشائعة الاستخدا SCADA) تيعتبر نظام السيطرة الإشرافية وجمع البيانا

ذي تىم ألى SCADAنظىام يتكىون  مات عن محطات الكهرباء بالوقىت الحيييىع وعبىر مسىافات بعيىدة و الحاسبات الشخصية  لتجميع المعل
وحىدة البىرام  على  حاسىبتين منلصىلتين  و  تمحضىر البيانىاموكىا وطبيىة بطبيتىين برمجيىةط طبيىة ال بناءه من خمس وحدات رئيسية تعما

ولة ؤ مسىفهىذه الوحىدة والاخراج وباقع وحىدات النظىام   حيوا وحدات الإدخااالذي يعما كواجهة بين بييية هع إحدى وحدات النظام التط
ت  ونظىىرا عىىن طريىح وحىىدة تبىىادا المعلومىىاإلىى  بىىاقع الوحىىدات والاخىىراج وتمريرهىا حيىىوا وحىىدات الإدخىىاا مىن عمليىىة جمىىع البيانىىات عىن 

كوسىىيلة اتصىىاا مىىع وحىىدة تبىىادا وحىىدات الإدخىىاا المتسلسىىا المتىىوفرة فىع الحاسىىبة  لعمىا هىىذه الوحىىدة علىى  حاسىىبة منلصىىلة فانهىا تسىىتخدم
باسىىىتخدام ل ىىىة لتتكىىىون مىىىن عىىىدة خيىىىوط برمجيىىىة  SCADAتىىىم برمجىىىة وحىىىدات نظىىىام   HDLCخاطىىى  وباسىىىتخدام نظىىىام التالمعلومىىىات 
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تم بناء برامجها لتتكىون  مىن ثى خ  خيىوط برمجيىة خصىا أحىدها ليىراءة البيانىات مىن  ة  وحدة البرام  التطبييي ++Visual cالبرمجة 
طى  وتبىادا المعلومىات مىن بىاقع وحىدات النظىام   أمىا الثالىخ وحدات الإدخاا والإخراج فيما خصا الثانع للأشىرا  على  عمليىة التخا

 برم  للسيطرة عل  عما وحدات النظام ككا  دوهو الرئيسع في
وقىد اثبىت كلىاءة عاليىة  9111تم فحا عما النظام بجميع وحداتى  لششىرا  على  عمىا إحىدى محطىات الكهربىاء منىذ  العىام 

 اخلة  ونوعية التيارير التع تم تحريرها فع الأداء من حيخ وقت الاستجابة لششارات الد
  
 
 

KEY WORDS: 
 
APP module: APplication Program module  CRC: Cyclic Redundancy Check 
FCS: Frame Check Sequence     HDLC: High-level Data Link Control 
SCADA: Supervisory Control And Data Acquisition  
  
 
INTRODUCTION 

SCADA systems have made substantial progress over the recent years in terms of functionality, 
scalability, performance and openness such that they are an alternative to in house development even 
for very demanding and complex control systems as those of physics experiments. 

SCADA system is not a full control system, but rather focuses on the supervisory level. As 
such, it is a purely software package that is positioned on top of hardware to which it is interfaced, in 
general via Programmable Logic Controllers (PLCs), or other commercial hardware modules. SCADA 
systems are used not only in industrial processes: such as steel making, power generation (conventional 
and nuclear) and distribution, chemistry, but also in some experimental facilities such as nuclear fusion. 
The size of such plants range from a few 1000 to several 10 thousands I/O channels. However, SCADA 
systems evolve rapidly and are now penetrating the market of plants with a number of I/O channels of 
several 100 K [Dennise 1987]. 

 

SCADA SYSTEM ARCHITECTURE 
There are two basic layers in a SCADA system: the "client layer", which caters for the man 

machine interaction, and the "data server layer" which handles most of the process data control 
activities. The data servers communicate with devices in the field through process controllers. Process 
controllers, e.g. PLCs, are connected to the data server either directly or via networks or field buses 
[Dennise 1987] . 

The data server polls the controller in an operation called scanning operation. Scanning 
operation is performed at a user defined polling rate which is differing for different parameters. The 
controller pass the requested parameters to the data server, time stamping of the process parameters is 
typically performed in the controller and this time-stamp is taken over by the data server. 

Server-client communication is in general based on a publish-subscribe and event-driven using 
one of common communication protocols [Ghanim 1999]. The client application subscribes to a 
parameter which is owned by a server application and only changes to that parameter are then 
communicated to the client application. 

The SCADA system software is multi-tasking software based upon a real-time database located 
in the server. Normally the SCADA system is built to consist of a number of modules each responsible 
of a specific function. The number of these modules and the functions they performed are depending on 
the requirements of the system the SCADA is built to control. 
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            SCADA SYSTEM FUNCTIONS 
 The SCADA systems are designed to perform the following functions [Ghanim 1999]: 

 Access Control  
Users are allocated to groups, which have defined read/write access privileges to the process 
parameters in the system and often also to specific product functionality. 

 Man Machine Interface ( MMI ) 
The products support multiple screens, which can contain combinations of synoptic diagrams 
and text. They also support the concept of a "generic" graphical object with links to process 
variables. These objects can be "dragged and dropped" from a library and included into a 
synoptic diagram. 
Most of the SCADA products that were evaluated decompose the process in "atomic" 
parameters (e.g. a power supply current, its maximum value, its on/off status, etc.) to which a 
Tag-name is associated. The Tag-names used to link graphical objects to devices can be edited 
as required. The products include a library of standard graphical symbols, many of which would 
however not be applicable to the type of applications encountered in the experimental physics 
community. 
Standard windows editing facilities are provided: zooming, re-sizing, scrolling, etc. On-line 
configuration and customization of the MMI is possible for users with the appropriate privileges. 
Links can be created between display pages to navigate from one view to another.  

 Trending  
The products all provide trending facilities (the parameters to be trended in a specific chart, 
number of trended parameters in each chart, etc). The trending feature is either provided as a 
separate module or as a graphical object (ActiveX), which can then be embedded into a synoptic 
display. XY and other statistical analysis plots are generally not provided. 

 Alarm Handling  
Alarm handling is based on limit and status checking and performed in the data servers. More 
complicated expressions (using arithmetic or logical expressions) can be developed by creating 
derived parameters on which status or limit checking is then performed. 

 Logging/Archiving  
The terms logging and archiving are often used to describe the same facility. However, logging 
can be thought of as medium-term storage of data on disk, whereas archiving is long-term 
storage of data either on disk or on another permanent storage medium. Logging is typically 
performed on a cyclic basis, i.e., once a certain file size, time period or number of points is 
reached the data is overwritten. Logging of data can be performed at a set frequency, or only 
initiated if the value changes or when a specific predefined event occurs. Logged data can be 
transferred to an archive once the log is full. The logged data is time-stamped and can be filtered 
when viewed by a user. 

 Report Generation  
One can produce reports using SQL type queries to the archive, Real Time Data Base (RTDB) 
or logs. Although it is sometimes possible to embed EXCEL charts in the report, a "cut and 
paste" capability is in general not provided. Facilities exist to be able to automatically generate, 
print and archive reports. 
. 

            THE DESIGNED POWER STATION SCADA SYSTEM 
       The System Architecture 

The system is constructed around two PCs, the central computer and the I/O processor. 
The central computer PC is the client of the SCADA system, while the I/O processor PC is the 
data server. The I/O processor is connected to the process equipment by means of an I/O 
interface which provides interfacing between I/O cards bus line of the existing equipments and 
the bus of the I/O processor PC. 
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The designed system major parts are hardware I/O interface card and software modules 
that are designed to fulfill the system requirements. The software modules are: 

 APplication Program module (APP). 
 Process Data Interchange module (PDI). 
 Data Base module (DB). 
 Event Processing module (EP). 
 Man-Machine Interface module (MMI). 

Digital and analog data are acquired through the system hardware via the I/O interface 
driven by the I/O drivers in the APP module. The APP module residing in the I/O processor PC 
transmits the data to the PDI module in central PC via serial link using HDLC communication 
protocol.  

PDI module manages the data exchange and transmission . After receiving the 
information, the PDI updates the data base files and transmits a transaction to the EP module. 
This occurs upon status change of digital data or if analog values exceed predefined limit, or in 
case of error occurrence in the system. 

DB module manages the data base files and the logging and archiving process. The EP 
module is responsible of alarm handling and records the events to the operator. 

MMI module display the information stored in the data base files either as diagrams or 
event lists or curves. MMI also provides initiation of user inquiries and commands, such as 
system diagnostic and test requests. Event lists, reports and other messages can be directed to a 
printer if required. 

The scope of this paper is to design APP module in SCADA system. 
 

      The Designed APP Module 
As mentioned before the APP module is responsible of providing the plant’s status to 

another modules. Therefore it is structured to perform the following functions: 
 Provide I/O driver routines for I/O interface card. 
 Perform scanning operation . 
 Interrupts handling. 
 Transmit field status to central PC. 
 Perform Diagnostic operation. 

 

 I/O Driver Routines 
Driver routines for I/O interface card are required as a major part of any APP module. To 

achieve highest accuracy the structure of these drivers should be such fast response time and 
minimum software overhead. Therefore these programs should be simple, flexible and with 
minimum code. 

To write I/O driver routines the structure of the I/O field and the data types this I/O field 
provides must be specified. 

The designed SCADA system is implemented in a hardware with six thermal units 
connected to the computers. Inputs from the plant are interfaced directly to seven separated 
subsystems for analog inputs and digital inputs collection. One subsystem is foreseen for each 
of the six power units, and one dedicated to common services data collection[Baiji Manual 
1989]. 

Several I/O driver routines are written to read different types of data. The system accepts 
plant data in form of analog inputs, digital inputs or pulse inputs and generates output digital 
signals to perform loop-back test to the I/O cards. 

For  analog inputs the plant includes 14 boards of 16 channels each. These inputs are 
applied to an Analog to Digital Converter (ADC) via multiplexers. At the end of conversion the 
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ADC generates an interrupt signal after which APP module can read the analog data from ADC 
buffer. 

The digital inputs arranged in 32 boards of 16 channels each. These channels are known 
as Digital-scan channels. Two driver routines are written to read data from these channels, one 
to read all 32 boards at one time and another to read single specified board.  

Pulse input channels are digital input with interrupt, changing the status of any channel 
will cause an interrupt signal; these channels are known as Digital-interrupt channels.  The 
signals connected to these channels are with the highest priority in the system. In this type the 
inputs arranged in 16 boards of 12 channels each. The data from these channels are reads either 
when an interrupt occurs from these channels or by using an I/O driver routine written to allow 
selective reading of these channels at normal time (no interrupt). 

 
Scanning Operation 

In this operation the APP module reads the status of the plant from the I/O field. At the 
initialization of SCADA system all channels are scanned in order to record the initial state of 
the plant. After that the scanning operation is performed periodically depending on the rate of 
change of data on these channels. For the designed system and depending on this rate of change 
the analog channels are divided into seven types: one second, two seconds, five seconds, ten 
seconds, twenty seconds, thirty seconds, and sixty seconds data change rate channels. In 
accordance with this classification the APP module perform the scanning operation, some 
channels scanned every one second another scanned every two seconds and so on. Digital–scan 
input channels are all with the same data rate change, every one second, so they are all scanned 
every one second. Digital-interrupt channels are not scanned for there nature of operation. All 
channels are scanned, but only the changed one will transmitted to central PC.  

During the scanning operation, the APP module reads the status of the channel and 
compare it with the old one stored in the DB, if there is a change the  channel address, the new 
status of the channel, and the time stamp (if need) are stored in a circular queue in order to be 
arranged in a frame and send to central PC. 

Three circular queues are defined to store the status of the channels one for each type ( 
Digital-scan, Digital-interrupt, and Analog). Because of APP module is built as a multithread 
program these queues may accessed from more than one thread at the same time. To 
synchronize the accessing of these queues without  any error, these queues are defined as a 
critical section area [Silberschatz 1998]. 

With Digital-scan channels and analog channels there is no needs for a time stamp 
because they scanned periodically, therefore the status of each channel is represented in only 
three bytes (one for channel address and two bytes for channel status in its digital form). With 
digital-interrupt channels it is very important to fix the time of the event, therefore the status of 
each channel will represented in five bytes (6-bit channel address, 4-bit modified point in this 
channel, 1-bit for point status, 1-bit not used, and 28-bit for time stamp which is fixed in 
millisecond), Fig.(1). 
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Fig (1) Digital-interrupt information record 
 
 

Interrupt Handling 
One of the most important and critical operation needs to be handled by APP module is 

handling the interrupt signals generated by the hardware components. The designed APP 
module handles four interrupt signals: 

 Interrupt signal from A/D converter: When A/D completes his operation it sends an 
interrupt signal, the Interrupt Service Routine (ISR) handles this interrupt signal will read 
the data from  A/D buffer and initiate, if any, next analog scanning. 

 Interrupt signal from system timer: The APP module programs Intel 8254 system timer to 
generate an interrupt signal every 150ms. Accordingly the APP will update the time and the 
date of the system. The APP module use this time to synchronize the communication 
operation with central PC, fix the time of scanning operation, record the time of the events, 
and reset the watch dog hardware timer. The watch dog timer is a part of the I/O interface 
card that used to insure continuous operation of the system. This timer must resets every 
200ms, if for some reason the system is stopped and the watch dog timer not resets, this 
timer will cutoff the power supply of the I/O boards. 

 Interrupt signal from any changed Digital-interrupt channel: The ISR handles this interrupt 
signal will read the new status of this channel and records it, with all other information, in a 
digital-interrupt circular queue. 

 Interrupt signal from serial port: PC serial port is used to communicate the data with central 
PC. It is programmed to send an interrupt signal when the receiver buffer is full. The ISR 
reads the characters in the buffer and return the control to APP main routine. 

 
Transmit Field Status to Central PC 

  This part of APP module is designed to transmit the status of the channels from APP 
module to central PC through PDI module. The two PCs, I/O processor PC and central PC are 
placed in two different places and they are connected through RS232 serial port. HDLC 
communication protocol is used to control the communication operation between these PCs 
[Halsall 1996]. 

  Different types of messages are defined to handle the communication operation some of 
these messages are used to control the communication operation and another are used to hold 
data. In HDLC protocol both data and control messages are carried in a standard frame format, 
Fig (2) [Halsall 1996].  

0                                                                                7 

Channel Address ( 6-bit ) Point 
status 
(1-bit) 

not 
used 

(1-bit) 

Modified Digital Point 
No. (4-bit)   

Millisecond 
(4-bit) 

Millisecond   (8-bit) 

Millisecond  (8-bit) 

Millisecond  (8-bit) 
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Start of frame 
delimiter (8-bit) 

Frame Header (16 bit) 
8-bit                 8-bit  

Information Field   
0.. N 

Frame Check 
Seq. (16-bit)  

End of frame 
delimiter (8-bit) 

Flag Address Control Information FCS Flag 

  

Fig (2) Standard HDLC frame format 
 
  The designed SCADA system uses the Flag byte to define the start and the end of the 

message. The address field  is used to check for data transparency (the appearance of flag 
sequence in frame contents) because the connection between the two PCs is point-to-point 
[Halsall 1996].  

  The Control field is used to define the frame type: Unnumbered  frame, Information 
frame, and Supervisory frame. For each type the designed SCADA system use the control field 
as in Fig (3). 

 
   

 1 2 3 4 5 6 7 8 

Information frame  0 N(S) P/F N(R) 

 
Where N(S) : send sequence number  
    N(R) : receive sequence number  
    P/F    : Poll / Final bit 

 

  
 1 2 3 4 5 6 7 8 

Supervisory frame  1 0 S P/F N(R) 

 
  Where S :  Receiver Ready – RR 
          Receiver Not Ready - RNR  
          Reject – REJ 
          Selective Reject – SREJ 

 
 

 1 2 3 4 5 6 7 8 

Unnumbered frame  1 1 M P/F M 

 
Where  M : Unnumbered commands 

Set Normal Response Mode (SNRM) 
Frame Reject (FRMR) 
Disconnect (DISC) 

    Unnumbered  responses  
Unnumbered Acknowledge (UA) 
Frame Reject  (FRMR) 
Disconnected Mode (DM) 
 

Fig (3) SCADA system HDLC Control Field formats 
 

  Frame Check Sequence (FCS) field is a 16-bit Cyclic Redundancy Check (CRC) 
computed for the complete frame contents enclosed between the two flag delimiters. This field 
is computed and transmitted with each message in order to detect any error may occur during 
the communication operation. The CRC error detection method is used to increase the reliability 
of the system [Halsall 1996]. 
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  These information messages and control messages are implemented in both APP and 
PDI modules. The APP module receives a number of control messages from PDI module that 
control the communication operation between the two PCs. Five link modes are defined in 
communication operation: Link-establishment mode, Time-sync mode, Data-request mode, 
Diagnostic mode, and Link-disconnected mode. 

  The data communication operation is activated when the link is established upon request 
from central PC. When the link is established between the two PCs a time-sync mode is 
activated in which central PC sends a time-sync message to synchronize the time in two PCs. 
When APP receives a time-sync message it updates the timer counters in I/O processor PC 
accordingly. Time-sync mode is activated from time to time to always insure the 
synchronization of the time between the two PCs.  

  Data-request mode is activated after time-sync mode, in this mode APP module begins a 
transmission of data messages. One information message can hold the status of more than one 
channel but with the same type, for example one message can hold the status of all changed 
Digital-scan input channels that scanned at specific time. With any transmission error, APP 
module retransmits the last message for three times and if there is still an error a Link-
establishment mode is reactivated to check the status of the connection between the two PCs. 
With any error occurs during the communication or scanning operation the APP module also 
sends an error message such as: Dig-scan-buffer-full, Address-error-scan-seq., Analog-buffer-
full, etc to central PC in order to recover it, Fig (4). 

 
 

8-bit 8-bit Control 1-bit 10-bit 5-bit 16-bit 8-bit 

Flag Address 0 N(S) P/F N(R) Error 
Channel 
Address 

Error code CRC Flag 

  

Fig (4) SCADA system error message format 
 
  After sending any error message the APP module continues with his normal operation. 

The PDI module passes this error message to EP module in order to display a suitable report to 
the operator describing the problem in the system. 

 
 Diagnostic Operation 

  Checking the performance of the I/O boards in the I/O field is called diagnostic 
operation. Diagnostic operation is performed by using special diagnostic cards. These cards are 
used to route a defined pattern of zeros and ones to the I/O boards. The APP then reads the data 
from the I/O boards and compares it with the written one. The diagnostic operation is activated 
by central PC when there are a number of error messages (such as Address-error-scan-seq.) are 
received from APP module. 

  When APP module receives a diagnostic request message from central PC it suspends 
all the operations and changes the mode of operation to diagnostic mode and begins the 
diagnostic operation. After completing the diagnostic operation the APP module sends the 
diagnostic results in messages to central PC and resumes his operations. The EP module in 
central PC will display a report about the diagnostic result so the operator can make a decision 
about the system accordingly.   

 

             DISCUSSION AND CONCLUSION 
In spite of the complexity of the SCADA system and very large and different types of 

signals received from the I/O fields, the designed SCADA system improves a good performance 
when it is implemented to supervise the operation of a power station since 1999. The system 
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performance measure is by examining the CPU usage and the memory usage. During the 
operation of the designed SCADA system the PCs are work with minimum CPU and memory 
usage. 

  Programming SCADA modules as a multithread system simplify running these modules 
concurrently and simplify the operation of writing very efficient programs with  maximum use 
of the CPU. 

  HDLC communication protocol is very suitable communication protocol for such 
SCADA system for his flexible frame format that makes the system provides different types of 
control and information messages and a different number of operation modes that help the 
programmer to cover all the requirements of the system. 
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    ABSTRACT 

 

      The aim of this study is estimating the critical bed depth in adsorption process through a fixed-bed 

of granular activated carbon at different bed depths of 0.03, 0.05, 0.08and 0.11m at influent furfural 

concentration in waste water of 0.2 kg/m
3
, with constant flow rate of (16.66) × 10

-5
 m

3
/min and 

adsorbent particle size (0.5-1.5) mm. the changing of flow rate and furfural influent concentration had 

been studied to determine their effects on the critical bed depth value by using bed depth- service time 

method (BDST). Length of unused bed (LUB) and length of equivalent section of bed had been 

estimated mathematically during process of the adsorption at different bed depths and during changing 

the flow rate(8.3× 10
-5

 m
3
/min) and influent concentration at same bed depth (0.05m). 

 

 الخلاصة:

 متنوعةاحتساب عمق الحشوة الحرج لعملية الامتزاز في حشوة ثابتة من الفحم المنشط الحبيبي ذات اعماق  هو الدراسة هذه الهدف من

10 ×(  01011) بقيمة ( م بثبوت كل من معدل الجريان 000., 0.8.,  0.0., 0.0.)هي 
-5  

م
0

/ دقيقة , وتركيز الفورفورال الداخل 

/م( كغم00.في المياه المختلفة )
0
دراستها  تـم ( ملم. تغير معدل الجريان وتغير تركيز المادة الداخلة 00. – 000وحجم حبيبات الفحم )  

الغير مستخدم والطول المكافئ  ( . طول الحشوةخدمةزمن ال –لغرض تحديد تأثير عمق الحشوة الحرج باستخدام طريقة عمق الحشوة 

لية الامتزاز للظروف اعلاه ودراسة تأثير تغير معدل الجريان وتركيز المادة الداخلة خلال عم رياضيا  للحشوة المستخدمة تم تحديدها 

 عند ثبوت اعماق الحشوات المستخدمة.
 

KEY WORDS: Adsorption, furfural, break through, exhausting point, length of unused bed, 

                           length of equivalent section, critical bed depth. 
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INTRODUCTION 

      In fixed – bed, dynamic adsorption system a liquid   rich in sorbable component (adsorbate) flows 

through bed or zone containing adsorbent particles (Lukchis, 1973). The contact time between 

adsorbate and adsorbent is limited by the rate and geometry of the bed (Crittenden and Thomas, 1998). 

Granular activated carbon (GAC) in fixed – bed column is generally preferred to use in powdered form, 

where continuous application is required. GAC allows a more complete use of adsorption capacity of 

the carbon and prevent clogging in the bed thus reducing make-up costs (Casey, 1992). 

Empirical or short – cut methods were still used extensively for the design of fixed bed column which 

are, length of unused bed (LUB), mass transfer zone length (MTZL), empty bed contact time (EBCT), 

bed depth – service time (BDST) and capacity of break point ( Crittenden and Thomas, 1998). Bed 

Depth Service Time (BDST) method is used extensively by the water industry and can be applied to 

other situation where (BDST) is a common method for evaluating pilots column data from graphical 

analysis of the break through curve and analysis of granular – carbon system (Richard, 1998) (Ray, 

1973). Length of unused bed (LUB) represents the part of the total bed at the end equilibrium zone 

(break through time) therefore increasing the bed size beyond the length of the mass transfer zone 

(MTZ ) (critical bed depth) (Crittenden and Thomas, 1998) able equilibrium capacity – adsorbent that 

provides 100% use due to increasing break through time (Lukchis, 1973)that help to determine the 

active bed. 
   

EXPERMINTAL WORK 

      Down flow fixed – bed vertical polyvinyl chloride (PVC ) column with inside diameter (0.04) m 

was used for the experiments at different bed depths of 0.03, 0.05, 0.08and 0.11 m and constant flow 

rate    (16.66 )×10
-5

 m
3
/min , influent furfural concentration 0.2 kg/m

3
, carbon particle size (0.5–1.5) 

mm. Adsorbate is a furfural (OSHA, 2000) in industrial waste water obtained from Al- Dora refinery 

treatment plant after the primary treatment stage (Akrawi, 1988). Adsorbate is granular activated 

carbon (Provided by UniCarbo CO. Italia) with bulk density 460-480 kg/ m
3 

and mesh number 0.4–1.6 

mm with high surface area 1100 – 1200 m
2
/gm (Carbo- chem`s report, 2004) (Lyderson, 1983). The 

samples were taken from the bottom of the column at each 15 min. each sample ( 5 ml ) was analyzed 

by using calorimetric ( type Jenway, 6030, UK.) at wave length 430 nm after adding 65 ml of 27.5 

vol.% ethanol, 5 ml of 10 vol. % .acetic acid and 0.5 ml of distilled aniline as an indicator ( Foste and 

Leslie, 1971). 

 

 

RESULT AND DISCUSSION 
 

Break through curves: 

      Break through curves were plotted between effluent furfural concentration C/Co vs. time at 

different bed depth and constant other variables Figure (1) (Abood, 2005) 

Fig (1) shows the increasing the bed depth leads to the increasing break through time (Tb) with clear S 

– shape of curve for mass transfer that is due to the provide of extra surface area for more adsorbate to 

carry on. (Martin and Al- Bahrani, 1978). 

 

- Bed Depth Service Times:  

      Horizontal lines of  (C / Co = 0.1) and (C / Co = 0.9) were plotted as shown in Figure (1) in order 

to determine of break through point and exhaustion point respectively for each curve Table -1-. 
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Table (1) Bed Depth Service Time 
 

Bed depth (m ) 0.03 0.05 0.08 0.11 

Break point time ( min ) 15 120 277.5 435 

Exhaustion point time ( min ) 187.5 285 457.5 625 

    

   Fig(2) was plotted as service time vs. bed depth at flow rate (16.66×10
-5

)m
3
/min, influent 

concentration 0.2 kg/m
3 

and particle size (0.5–1.5) mm.  

 
 

 

 

 

 

 

 

 

 

 
 

Fig. (1) Plot of (C/Co) vs. time at different bed depth 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2)Plot of service time as a function of bed depth 
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By fitting the lines which represent the best result in Fig (2) the regression equation was determined as 

follow: 

 

 

Where:  X= Bed depth  m. 

A = the slope (min/ m) or (day / m) = 4 day / m 

B = intercept of (C / Co = 0.1) line with Y – axis (Service time) (min) or (day) = - 0.095 day. 

The intercept of (C / Co = 0.1) line with the X – axis ( bed depth ) represents the critical bed depth 

which approximately with the lowest value of experimental bed depth which means the mass transfer 

zone length without equilibrium zone ( Crittenden and Thomas, 1998 ) ( Richard, 1998) 

 

 EFFECT OF CHANGING FLOW RATE ON CRITICAL BED DEPTH 

      For changing the operating criteria like flow rate at constant influent concentration, particle size 

and different bed depth, equation (1) becomes as follow: 

 

 

 

At same B. 

  

 

A′ = new slope of (C / Co = 0.1) line (day / m) at flow rate ( 8.3 × 10 
-5

 )m
3 

/ min the A′ value equal to 

8 day / m at constant B value. Fig (3). 

Q = flow rate (m
3
/min). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (3) Bed depth service time at different flow rate 

 

     (C/Co = 0.1) line in Fig (3) which shows the intercept of the line with x– axis to determine the new 

critical bed depth, decreasing flow rate will decrease the critical bed depth this is due to the more 

Time =  A X + B      ………….(1) 

Time =  A´ X + B      ………….(2) 

A′ =  A ( Q old / Q new )  ………….(3)       
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contact time at constant cross section area and bed depth and increasing break through point time 

therefore the flow rate per section area must be not more than (0.132 m
3
/ m

2
.min (Cassy, 1992)Table – 

2 –. 

 

Table – 2 – Critical bed depth at different flow rate 

 

Flow rate 10 
-5

  (m
3 
/ min) A (day / m) B (day) Critical bed 

depth (m) 

16.66  4 -0.0 95 0.024 

8.3 8 - 0 .095 0.012 

 

 Effect of Influent Concentration on the Critical Bed Depth 

    Changing the influent concentration at different bed depths (0.03, 0.05, 0.08, 0.11 ) m ,constant flow 

rate ( 16.66 ) × 10
-5

 m
2
/min and particle size ( 0.5 – 1.5 )mm, the regression equation (1) will become 

as follow :  
 

 

Where:  

A´ = new slope = A (Co /C′o) 

new intercept with Y – axis         B′ = B (Co /C′o)[  ln (Co/Ce -1)/ ln (C′o/ Ce -1)  ]  

Where : 

Co = old concentration (kg / m
3
) 

Co′= new concentration (kg / m
3
) 

Ce = effluent concentration equal to 0.9 influent concentration 

Figure (4) shows the new regression equations and old one where Table -3- shows A′ , B′ and critical 

bed depth for  each influent concentration at different bed depths. 
 

 

Table -3- Critical bed depth values 

 
 

Co (kg/ m
2
)  A ( day/m) B (day) Critical bed depth 

(m) 

0.3 2.667 -0.0633 0.024 

0.2 4 -0.095 0.024 

0.1 8 -0.19 0.024 

0.05 16 -0.38 0.024 

 

 
     Table -3- shows that the critical bed depth values are same as shown in Figure (4) there are same 

intercepts lines (C/Co= 0.1) with the X– axis.  

Time =  A´ X + B′      ………….(2) 
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Fig (4) Bed depth Service Time at Different influent concentration 

 

 

 Length of Unused Bed ( LUB ): 

Determination of length of unused bed (LUB) depend on break through times Tb at (C/Co = 0.1) 

and stiochemitric times Ts where Ts consider the time of mass transfer zone front, equation (5) had 

been used to estimated (LUB) value: 

  

 

 

 

Where : 

Lo = length of original bed depth (m) 

Te = exhaustion time at (C/Co = 0.9) (min) 

     The length of equivalent section (LES) at break through time represent the length of bed when the 

process of adsorption must be stopped for replacing the bed or regeneration and its calculated as follow 

(Likchis, 1973). 

  

 

       Table (4) shows increasing (LES) with increasing bed depth when (0.03) m approximately equal to 

the value of critical bed depth as shown in Figure (2) therefore the bed depth must be at least (1.5-3) 

times of the mass transfer zone length (MTZL) (Lukchis, 1973). Figure (5) shows the increasing of 

percentage used bed with increasing bed depth 

 

 

 

 

LUB =  Lo (1- Tb / Ts)  …………(5) 
 

Time =  A´ X + B′      ………….(2) 

    ………….(2) 

Ts =  Tb + (Te - Tb)/ 2  …………(6) 
 

Time =  A´ X + B′      ………….(2) 

    ………….(2) 

LES  =  Lo – LUB      …………(7) 

 
Time =  A´ X + B′      ………….(2) 

    ………….(2) 
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Table -4- shows the values of LUB and LES at different bed depth and constant other operation 

condition. 

 

Bed depth 

(m) 

Tb (min) Ts (min) LUB (m) LES (m) % used bed 

0.03 15 101 0.255 0.0045 14 

0.05 120 202 0.2 0.03 60 

0.08 277.5 367.5 0.2 0.06 75.5 

0.11 435 530 0.2 0.08 82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (5) Percentage of used bed  

 

     At same bed depths when flow rate had been changed from (16.66 to 8.3)×10
-5

 m
3
/min theoretically 

the LUB and LES will change to as shown in Table -5- at (0.05) m bed depth, (0.2)kg/m
3
 

concentration and (0.5-1.5) particle size. 
 

 

Table -5- LUB & LES values 

 

Flow rate 

m3/min 

Bed depth 

(m) 

Ts (min) Tb (min)   LUB (m) LES (m) 

16.66 × 10
-5

 0.05 120 202 0.02 0.03 

8.3 × 10
-5

 0.05 360 477.5 0.012 0.0376 

 

    

  The value of LUB is approximately equal to value of intercept ( C / Co =0.1) line in Figure (3) at flow rate (8.3 

× 10
-5

)
 
m

3
/min which approve that decreasing flow rate increasing break through time. 

There is no effect of changing influent concentration on the values  of LUB and LES these due to the constant 

time between the adsorbate- adsorbent is limiting by the rate and geometry of bed (Lukchis, 1973) where Figure 

(4) shows no effect of influent concentration or the critical bed value. 
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        CONCLUSIONS 

- Break through time increase with the increase of bed depth and the decrease of flow rate and influent 

concentration 

- The given results from bed depth – service time method approximate with experimental results of the  

length of critical bed depth. 

- Length of equivalent section (LES) increases with the increase of the bed depth and the decrease of the 

flow rate. 

- There is no effect of changing the influent concentration on the critical bed depth at constant flow rate in 

bed depth service time methods analysis. 

- The values of length of unused bed (LUB) is constant even though adds more size of bed was added 

beyond mass transfer zone and decreases when flow rate decreases. 
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   NOMENCLATURE 

 

A     Slope of regression equation (day/ m) 

B     Intercept of regression equation with y- axis (day) 

C     Effluent concentration at given time (kg/m
3
) 

Ce   Equilibrium concentration (kg/m
3
) 

Co   Influent concentration (kg/m
3
) 

L     Length of carbon bed (m) 

Q    Flow rate (m
3
/ min) 

Tb    Break through time (min) 

Te    Exhaustion time (min) 

Ts     Sstoichiometric time (min) 
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ABSTRACT 

The Depleted Uranium contamination in soil was treated with chemical leaching 

method by using sodium bicarbonate with respect to the effect of several variables (Time, 

Temperature, Bicarbonate Concentration, Carbonate/Bicarbonate Ratio, Oxidative Reagent 

Effect, pH, Soil/Solution Ratio and Rinsing Effect after treatment) in order to 

decontaminate or remove Depleted Uranium to acceptable regulatory levels. 

The objective is to reach a selectively extracted Depleted Uranium by using a soil 

washing/extraction without generating a secondary waste which would be difficult to 

manage and/or dispose off. Results of Depleted Uranium removal efficiency were ranged 

from (35.4-88.25) %. 

 الخلاصة
 

التلوث الناجم عن اليورانيوم المنضب في التربة عولج بإستخدام طريقة الغسل الكيمياوي 

بواسطة بيكاربونات الصوديوم أخذاً بنظر الإعتبار تأثير متغيرات عديدة ) الزمن, درجة الحرارة, 

الأس تركيز البيكاربونات, نسبة الكاربونات الى البيكاربونات, تأثير العامل المؤكسد, 

(, نسبة التربة الى المحلول, تأثير الشطف بعد المعالجة( لازالة او معالجة التلوث pHالهيدروجيني)

 الناجم عن اليورانيوم المنضب وصولا الى نتيجة تكون ضمن الحدود المسموحة.
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الهدف كان ايضا انتقاء طرقة معالجة بالغسل الكيمياوي لا تولد تلوثا ثانويا كبيرا يصعب 

(%. بالإضافة الى دراسة تأثير ,22,8الى  3,,4منه.نتائج كفاءة الأزالة تراوحت ما بين ) التخلص

ثلاثة محاليل)حامض الكبريتيك, حامض الستريك وبيكاربونات يتبعها حامض الستريك( في عملية 

يجاد المعالجة, وكذلك دراسة تاثير المعالجة بالإذابة على)الحديد و الرصاص( في التربة.أخيراً, تم إ

علاقات رياضية خاصة بظروف التجارب التي اجريت ما بين تركيز اليورانيوم المنضب والمتغيرات 

 المذكورة أعلاه.

   

INTRODUCTION 

When measuring isotopic ratios in environmental samples it is important to realize 

that uranium may sometimes become depleted (or enriched) in some of its isotopes due to 

natural processes such as chemical weathering. Depleted uranium (DU) is a by-product 

from the process used to enrich natural uranium ore for use as fuel in nuclear reactors and 

nuclear weapons. 

In weapon use ,when penetrator impact on ground surface ,a portion of its DU mass 

is transformed into aerosols or fine particles and thrown into the surrounding air .These 

aerosols and fine particles are normally depleted in measurable quantities on the 

surroundings ground or on other  surfaces within about 100m from impact[1]. 

It is important to solve DU contamination problem in soil. There are several 

methods of treatment, basically are classified as physical and chemical, soil washing in a 

conventional sense is based on a physical separation such as screening classification 

(separation of soil particulate according to their settling velocities). Chemical extraction 

processes characteristically used to remove uranium from uranium ores are either acid or 

carbonate based extractions. 

For acid extraction, sulfuric acid, which is less expensive than nitric, is the most 

commonly used acid. Other chemical extractions like carbonate extractions are highly 

selective for uranium.  

The efficiency of the carbonate extractions is based on the formation of sodium or 

ammonium uranyl tri- and di-carbonate [UO2 (CO3)2 and UO2 (CO3)3], highly stable, 

water-stable and anionic complexes. Oxidants such as potassium permanganates may be 

used to increase the extraction efficiency. [2] 
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In the present work of treatment of DU contamination various variables were 

examined in leaching experiments such as time, temperature, soil to solution ratio, pH, 

NaHCO3 concentration, carbonate/bicarbonate ratio, oxidizing reagent and rinsing effect, 

finally best conditions were obtained to give the best treatment. 

 

- ALKALINE LEACHING OF URANIUM 

Alkaline leaching is used only for materials, such as carbonates, which would 

consume a wasteful amount of acid. Its main advantage is the relatively non-corrosive 

properties of the solutions employed and the fact that few impurities are dissolved along 

with the uranium [3]. 

From these solutions: 

1. Carbonate leaching involves the formation of various highly soluble U-carbonate 

complexes which are not likely to absorb to negatively charged soil constituents [4]. This 

allows high concentration of uranium in the leachate solution [5]. 

Some of the key reactions in this process are:  

                                                                             (1) 

                                                                                 (2) 

                                                                                 (3) 

                                                                    (4) [6] 

 (Mason et al., 1997)[7] Used 0.5M sodium bicarbonate as the dominant reagent, 

was able to achieve uranium removal of (75-90%). 

(Duff. et al., 1997)[8] Found that 0.5M sodium bicarbonate with oxidative 

compound indicated the overall efficiency of removal (52%) for different soil samples. 

(Francis et al., 1994)[9] in their leaching design, used carbonate leaching media 

showed that >90% of the uranium can be removed from their soil samples. 

(Mattus et al., 1993)[10] Found that carbonate extractions generally removed (40-

90%) of the uranium from different soil samples. 

(Timpson et al., 1994)[11] used the ultrasound treatments combined with carbonate 

extractions; the result was much as 90% of uranium removed. 

(Francis et al., 1997)[2]Utilized carbonate/bicarbonate solution in the treatment, 

and this solution gave them good results in the removal of uranium. 
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(Elles et al., 1993)[12] also used the carbonate/bicarbonate solution in the removal 

of uranium from contaminated soil. 

 

EXPERIMENTAL WORK 

- Soil Preparation 

The soil samples were dried by exposing to air for four days [13] with respect to 

good save conditions. After drying soil samples, the impurities (like small metal pieces and 

plants) were removed and then crushed and sieved ( 2mm Diameter ) [14,15] before the 

treatment ,the samples were left for (28-30) day to reach the equilibrium state for the 

radionuclides that exist in soil [13,16]. 

- Equipment and Materials 

1. Beakers & Plastic cups. 

2. Filtration Paper. (Whatman 41). 

3. Distilled Water. 

4. Sensitive Balance (Mettler AC 100 ). 

5. pH Meter (Expandable Ion Analyzer EA B40). 

6. Thermometer. 

7. Water Bath (Labsco, Germany). 

8. Mechanical Compressing Device (Wabash, made in USA)  

- Solutions Preparation 

Solutions that used for uranium leaching process were prepared as below: 

Bicarbonate solution 

    The bicarbonate solution was prepared with different range of molarities (0.2, 0.3, 

0.5, 0.7 and 0.8). The weight of bicarbonate powder was taken by using the sensitive 

balance, and calculated by using the following equation (for 1liter of distilled water): 

M = weight of compound (w)/molecular weight of compound (M.W)  

The results were tabulated in Table (1). 

 

 

 

Table (1):NaHCO3 preparation and pH value. 
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Weight (gram) Concentration (molar) pH 

16.8 0.2 8.2 

25.2 0.3 8.1 

42 0.5 8.06 

58.8 0.7 8.02 

67.2 0.8 8.03 

 

Each of these weights were diluted with 1 liter of distilled water, then were placed 

in bottles and labeled with solution name, preparation temperature and date of preparation. 

The other solutions were prepared in the same manner by using the molarity & normality 

equations for preparation.(for 1 liter of distilled water ) 

Normality = Weight of compound (W)/equivalent weight of compound/volume  

eq.w= Molecular weight (M.W)/n 

Where n = number of protons ( in acid-base reaction ), or total change in oxidation number 

of compound (in redox). 

Table (2) below shows the solutions, concentrations and pH 

Table (2): Solutions preparation  

 

Solutions Concentrations pH 

Carbonate/Bicarbonate 37 g carbonate+18.5 g 

bicarbonate/liter 

9.03 

Carbonate/Bicarbonate 18.5 g carbonate+37g 

bicarbonate/liter 

9.03 

Carbonate/Bicarbonate 18.5 g carbonate+18.5 

g bicarbonate/liter 

8.45 

 

- Leaching Process 

The three samples were detected and the highest concentration was used in leaching 

experiments (detection process will be explained later). 

All experiments were prepared in the same manner, where 0.8 g of soil were added 

to batch leaching solution then the solution-soil combination were left for a period. The 
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soil samples solution were filtered by filtration paper, then the samples were dried, 

prepared to detection procedure and labeled with sample name and other experiment 

conditions. 

A. Time Set 

S1 were used in all experiments, because of its high concentration compared with 

the other samples. This set consisted of five samples, each sample was represented a period 

of leaching. 

The five experiments in this set were prepared as follows: 

 Soil sample were placed in the plastic cup, then 0.5M of NaHCO3 were added with 

1:20 soil to solution weight ratio. This batch solution was left for 2,3,4,5 and 7 days. (at 

temperature = 15 ). 

B. Temperature Set 

Soil sample were placed in plastic cup with 0.5M NaHCO3, soil to solution weight 

ratio was 1:20, the sample left in flask in water bath for 3 hours and half, this procedure 

were repeated five times, each one represented a temperature degree (20, 30, 40, 50 and 

60 ). 

C. Concentration Set 

In this set five molar values have been taken ( 0.2, 0.3, 0.5, 0.7 and 0.8).Soil 

samples were used with each of the five solutions for 4 days, at 23C
o
 , soil to solution 

weight ratio 1:20, then the samples were filtered, dried and labeled as the previous sets. 

D. Carbonate/Bicarbonate Weight  Ratio Set 

The experiments are the same, except the experiment conditions were at 

temperature= 26 )., soil to solution ratio = 1:30, the samples were labeled with respect 

to the solutions' preparation (with Carbonate/Bicarbonate Ratio =1:1, 1:2 and 2:1). 

 

E. pH Set 

A 0.5M NaHCO3 was placed in 4 plastic cups, soil samples were added to each 

one. The pH value were varied by adding NaOH and HCl, pH value were adjusting by 

using pH meter. Table (3) shows the samples' preparation conditions.  

 

Table. (3):pH set solutions' preparation. 
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Samples Solutions Composition pH 

S1 pH1 0.5M NaHCO3+3 drops HCl 6.53 

S1 pH2 0.5M NaHCO3 8.06 

S1 pH3 0.5M NaHCO3+0.25g NaOH 9.01 

S1 pH4 0.5M NaHCO3+0.5g NaOH 10.43 

 

 

Experiments conditions were: temp. =31 , soil to solution ratio=1:30, then the 

samples were left for 2 days. 

 

 

F. Oxidative Reagent Set 

Potassium Permanganate KMnO4 was added to the batch solution (0.5M NaHCO3) 

of  three soil samples (0.8 g) under the conditions temperature=25 , soil to solution 

ratio=1:30) and left for 2 days of leaching, the samples and its solution were prepared as 

shown in Table(4): 

 

Table (4):Oxidative reagent set solution preparation. 

 

Samples Batch Solution 

S1O1 0.5M NaHCO3+0.016 g KMnO4 

S1O2 0.5M NaHCO3+0.024 g KMnO4 

S1O3 0.5M NaHCO3+0.032 g KMnO4 

 

It was important to study the oxidation effect on the treatment, so in the same 

condition but without adding KMnO4, sample S1bo was prepared. 

 

G. Soil to Solution Ratio Set 
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In this set five different soil to solution ratios were prepared by using (0.5M 

NaHCO3) at 19
 
(Soil/ Solution Ratio=1:10, 1:20, 1:30, 1:40, 1:50), The samples were 

left for 2 days in the leaching solution. 

H. Rinsing Effect 

Distilled water were used to enhance the treatment process, two experiments were 

made; treatment with 0.5M NaHCO3 followed by one rinsing ( 2 days left in distilled 

water) and by two rinsing ( 4 days left in distilled water), the sample before rinsing were 

prepared at 26 , with ratio 1:30, and treated with 0.5M NaHCO3. 

 

Detection of uranium in soil 

A method of Solid State Nuclear Track Detectors (SSNTDs) was used in the 

detection of depleted uranium in soil sample. 

- The Track Detectors  

Commercially available sheets of CR-39 plastic which are presently known to be 

the most sensitive SSNTDs and also characterized by low background were used in the 

present work.  

These detector sheets of 250 µm thick where cut into small pieces each of (1 cm x 1 

cm) area. The present sheets of CR-39 were made by Pershore modeling limited Company, 

U.K. The detector sheets were stored at normal laboratory conditions. 

 

- Experimental Procedure for uranium concentration measurement in soil 

The soil samples were prepared as previous suggestion.0.5g of soil samples were 

mixed with 0.1 g of methylcellulose powder (C6H10O5) used as a binding material. The 

mixture was pressed by using a mechanical compressing device with force equal to (5 tons) 

in to a pellet of 1 cm diameter and 1.5mm thickness.  

The pellets were covered with (CR-39) detector and placed in a plate of paraffin 

wax at a distance of (5 cm) from the neutron source (Am-Be), with flounce of thermal 

neutron (3.024 xl0
9
 n.cm

-2
) and flux (5 x l 0

3
 n. cm

-2
.s

-1
), to obtain induced fission 

fragments from the   

                                     (5)  



Journal of Engineering Volume13 December  2007       Number4 
 

 

       0202 

After the irradiation time (7 days) , (CR-39 ) detectors were etched in (6.25N) 

NaOH solution at temperature of 60  for (6 h) , then the induced fission tracks density 

were recorded using the optical microscope. 

The metal's samples were cut in small pieces and irradiated as mentioned in the 

above procedure for soil. 

The density of fission tracks ( ) in the samples was calculated according to the 

following relation [17]. 

Track detectors ( )=Average number of total pits(tracks)/Area of field view. 

The uranium concentrations in soil samples were measured by comparison between 

track densities registed on the detectors of the sample pellet and that of the standard 

geological sample pellets from the relation [18,19](Fig.(1)): 

Cx(sample)/ x(sample)=Cs(standard)/ s(standard)                                                         (6) 

Cx=Cs.( x/ s). 

 

         Fig.(1):Relation between standard track density and standard DU        

concentration[19] 

Where: 

Cx: uranium concentration in unknown sample (ppm). 

Cs: uranium concentration in standard sample (ppm). 

x: track density of unknown sample (track/mm
2
). 

s: track density of standard sample (track/mm
2
). 

 

RESULTS & DISCUSSIONS 

Time Effect 
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The removal rate of uranium at various leaching time (2, 3, 4, 5 and 7days) was 

studied and it was found that the removal rate increased with increasing time, the 

concentrations of uranium after treatment were obtained between [6.903 ppm (2 days) to 

4.54 ppm (7 days) with best removal efficiency equal to (63.73%) at (14 ). 

 The concentration of DU after treatment were decreased gradually because the soil 

particles exposed more to solution, and that gave the chance to all the DU particles to 

reacts with the solution, the last two samples were approximately equal in DU removal, 

this was because the solution reached the saturation level and no important decrease were 

regarded. Relation between time and DU concentration plotted in Fig. (2). 

 

Temperature Effect 

Five soil samples with five values of temperature ( 20, 30, 40, 50 and 60)  gave 

uranium concentration [ from 5.857 ppm (20 ) to 4.483 ppm ( 60 )] with best removal 

efficiency of DU=64.2% 

It was regarded that the uranium concentrations obtained from the treatment were 

decreased with increasing temperature. 

 Temperature more than 60  was not taken, because NaHCO3 will disintegrate to 

its ions in this temperature degree [20]. Relation between temperature and uranium 

concentration were plotted in Fig(3). 

 

CARBONATE CONCENTRATION EFFECT 

 Five concentrations of NaHCO3 (0.2, 0.3, 0.5, 0.7, and 0.8M) were examined. The 

resulted uranium concentration were decreased slightly with increasing sodium bicarbonate 

molarity [4.924 ppm at (0.2M) to 4.328 ppm at (0.8M)], the best removal efficiency of DU 

were equal to (65.4%). 

All the previous sets and this set , the solution color after treatment was ( light 

yellow), but for (0.8M)was different ,it had a green color, this color might due to the 

oxides of uranium which had different colors, and the green color referred to U3O8[21], the 

yellow color referred to UO3 oxide. The relation between carbonate molarity and uranium 

concentration was plotted in fig(4). 

 



Journal of Engineering Volume13 December  2007       Number4 
 

 

       0222 

CARBONATE/BICARBONATE RATIO EFFECT 

Three samples were prepared with three different ratios of Na2CO3 to NaHCO3, 

two similar results were obtained for the (S1c1/b) and (S1c/b1), the two samples had either 

carbonate or bicarbonate to be the dominant, and gave the same effect in treatment (about 

4.6 ppm), but the sample S1c/b had equal weight of ( ) and ( , so it gave a 

great effect in treatment of ( 1.47 ppm of DU) with removal efficiency (88.25%), this 

difference in the treatment from S1c/b  and the other two samples was due to the high 

concentration of ( ) and/or (  which prevented the precipitation of uranium as 

hydroxide in the solution[7]. Relation between carbonate/bicarbonate and DU 

concentration was plotted in fig.(5). It can observe from this figure that the optimum value 

for Carbonate/Bicarbonate ratio equal to about 1.25 which give about 1.1ppm of Depleted 

Uranium. The three solutions of the samples colored with light green after treatment, and 

this might be resulted from the existence of (U3O8) in sample solution. 

 

PH EFFECT 

The effect of pH on the DU removal efficiency from soil by leaching   showed in 

Fig. (6). (the uranium concentration versus pH values), Solutions' pH  were adjusting by 

pH meter. The uranium removal efficiency decreased with increasing pH solution, the best 

treatment were in pH = 6.53(5.235 ppm of DU), with best removal efficiency of (58.2%). 

Where the oxidized uranium (VI) is soluble at low pH[5]. 

The treatment efficiency of samples set were not differed greatly, sample of 

(pH=9.1) had a very light green color solution after treatment, while a sample of (pH=6.53) 

had a yellow color. 

 

OXIDATIVE REAGENT EFFECT 

Four samples in this set were prepared; one of the samples was prepared to show 

the treatment efficiency without oxidation and in the same experiment conditions the other 

three samples were prepared (with the use of KMnO4) to show the effect of oxidation on 

the treatment process. 

 The best treatment was in S1O1 (4.95 ppm) with removal efficiency of (60.4%) at 

(0.2gm (KMnO4)/1 gm of soil) and with further increasing of KMnO4 concentration the 

removal efficiency were decreased, this was happened because the increase of KMnO4 in 
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the solution decrease the KMnO4 capacity to solubilize the DU, and some of KMnO4 were 

not reacted and still in the solution. 

 This was clearly regarded when the slight violet color appeared in the solution of 

S1O2, S1O3, but in S1O1 the violet color disappeared completely and the oxide gave the 

best treatment result in this set with the completely reaction of KMnO4 in solution. 

Fig.(7).represented the relation between oxide and DU concentration. 

 

SOIL /SOLUTION RATIO EFFECT 

In this set five different soil/solution ratio were used. The uranium concentration in 

soil after treatment were widely differed from first sample and the last one (8.086ppm to 

4.87ppm) and the best removal efficiency equal to (61.08%), where the concentration of 

DU were decreased with increasing soil/solution ratio. 

 This was happened because those DU particles have a great chance to react and 

solubilize with a high ratio of solution. 

Not important notes about the solution were recorded; it had the same ordinary 

color of (light yellow). Relation between DU concentration and ratios were plotted in 

fig.(8). 

 

RINSING EFFECT 

The first sample in this set were prepared before rinsing and the two other were  

after rinsing, after one day and two days respectively, the best one were after two days (4.3 

ppm) with removal of (65.6%).Fig(9).displayed the rinsing effect. 
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Fig.(2):Relation between DU concentration & time of leaching 

(Temp.=14  , pH=8.06 ,Solution Conc.=0.5M NaHCO3,Soil:Solution=1:20). 

 

Fig.(3):Relation between DU concentration & solution's temperature. 

(Leaching time=3 and half hour , pH=8.06 , Solution Conc.=0.5M 

NaHCO3,Soil:Solution=1:20). 
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Fig.(4):Relation between DU concentration & NaHCO3 concentration 

(Temp.=23  , pH=8.06 ,Leaching time=4 days ,Soil:Solution=1:20). 

 

 

Fig.(5):Relation between DU concentration & NaHCO3/Na2CO3 Ratio. 

(Temp.=26 ,Leaching time=3 days , Soil: Solution=1:30). 
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Fig.(6):Relation between DU concentration &PH of solution. 

(Temp.=31 ,Leaching time=2 days , Solution Conc.=0.5M 

NaHCO3,Soil:Solution=1:30). 

 

Fig.(7):Relation between DU concentration & Oxide's concentration. 

(Temp.=25 ,Leaching time=2 days , solution conc.=0.5M 

NaHCO3,soil:solution=1:30). 
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Fig.(8):Relation between DU concentration & soil to solution ratio. 

(Temp.=19 ,Leaching time=2 days , Solution Conc.=0.5M NaHCO3). 

 

 

Fig.(9):Relation between DU concentration & Rinsing after treatment. 

(Temp.=26 ,Leaching time with 0.5M NaHCO3 =2 days, Soil:Solution=1:30). 
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Conclusions 

a. with increasing leaching time the DU concentration in soil after treatment were 

decreased. Removal efficiency were ranged between (44.8-63.7)% 

b. With increasing solution temperature the DU concentration after treatment in 

soil were decreased. Removal efficiency were ranged between (53.2-64.2)% 

c. With increasing Bicarbonate concentration, the DU concentration in soil after 

treatment were decreased. Removal efficiency were ranged between (60.6-

65.4)% 

d. Carbonate/bicarbonate ratio: the best treatment was at ratio=1, when the weight 

of carbonate were equal to bicarbonate. Removal efficiency were ranged 

between (63.1-88.25)%.that was good result to decrease the DU concentration 

lower than the allowed level of 40 Bq/Kg or about 1.6 ppm. 

e. With increasing pH the DU concentration in soil were also increased. Removal 

efficiency were ranged between (60.8-54.8)% 

f. The influence of oxidizing reagent were decreased as the increasing of its 

weight added to solution, the best treatment were at oxidizing ratio to soil(0.02g 

KMnO4/1g of soil). Removal efficiency were increased from (2.3 to 5.2)% 

from before oxidation. 

g. With increasing the soil/solution ratio the DU concentration in soil were 

decreased. Removal efficiency were ranged between (35.4 - 61.08)% 

h. Taking two conditions of rinsing with distilled water giving good effect after 

treatment with bicarbonate leaching. Removal efficiency increased from (6 

to12.8) % from before rinsing. 
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Description. Sample name  

Sets 

Sample 1 at time=2 days S1a  

 

Time set 

 

Sample 1 at time=3 days S1b 

Sample 1 at time=4 days S1c 

Sample 1 at time=5 days S1d 

Sample 1 at time=7 days S1e 

Sample 1 at temp.=20 C
o 

S1t1  

 

Temperature set 

 

Sample 1at temp.=30 C
o

 S1t2 

Sample 1at temp.=40 C
o

 S1t3 

Sample 1at temp.=50 C
o

 S1t4 

Sample 1at temp.=60 C
o

 S1t5 

Sample 1 at M=0.2  S1k1  

NaHCO3 concentration set 

 

 

 

Sample 1 at M=0.3 S1k2 

Sample 1 at M=0.5 S1k3 

Sample 1 at M=0.7 S1k4 

Sample 1 at M=0.8 S1k5 

Sample 1at Na2CO3>NaHCO3 S1c1/b Carbonate/Bicarbonate 

Ratio set Sample 1at Na2CO3<NaHCO3 S1c/b1 

Sample 1at Na2CO3=NaHCO3 S1c/b 

Sample 1at pH=6.53 S1pH1 pH set 

Sample 1at pH=9.01 S1pH2 

Sample 1at pH=8.06 S1pH3 

Sample 1at pH=10.43 S1pH4 

Sample 1 before oxidation S1bo  

Oxidative reagent set Sample 1 at KMnO4=0.02/1g soil S1o1 

Sample 1 at KMnO4=0.03/1g soil S1o2 

Sample 1 at KMnO4=0.04/1g soil S1o3 

Sample 1at soil/solution ratio=1:10 S1r1  

 

Soil/Solution ratio 

 

 

Sample 1at soil/solution ratio=1:20 S1r2 

Sample 1at soil/solution ratio=1:30 S1r3 

Sample 1at soil/solution ratio=1:40 S1r4 

Sample 1at soil/solution ratio=1:50 S1r5 

Sample 1before rinsing S1br  

Rinsing Effect 

 
Sample 1 after one rinsing S1rr1 

Sample 1 after two rinsing S1rr2 

Sample 1 with citric acid S1ca Other Solution 

 Sample 1 with sulfuric acid S1sa 
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Sample 1with citric acid then NaHCO3 S1ci/bi  
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ABSTRACT 

A numerical technique is developed to predict both the transient and steady  

axisymmetric two-dimensional natural convection heat transfer for water as the 

working fluid in a vertical annulus enclosure of a fixed radius ratio (2) aspect ratio (1) 

and Rayleigh number ranging within (10
3
 ≤Rad≤10

6
) for a fixed Prandtl number 

(Pr=7). Finite difference analogs of the Navier – Stokes and thermal energy equations 

are solved in the stream function – vorticity frame work. The results obtained are 

presented graphically in the form of streamline, vorticity and isotherm contour plots. 

A correlation has been set up to give the average Nusselt number variation with Rad 

and for which the results are found to be in good agreement with previously published 

experimental data. 

  

 الخلاصة
يتضمن البحث دراسة رقمية باستخدام طريقة الفروق المحددة لدراسة انتقال الطاقة الحرارية بالحمل الحر لماء في  

 As] باعيةلنسبة  (2لنهايات ولنسبة أقطار ثابتة)حيّز حلق  عمودي ثنائ  البعد لأسطوانتين متمركزتين مغلقت  ا

=/ (ro – ri)] ( و 1تسياوي )( 10خيوا  ررييان
3
 ≤ Rad ≤ 10

معيادتت اتسيتمرارية تيم حيل  .(Pr=7)( و 6
النتيييائم تيييم  .لاليييي داليّيية اتنسيييام الدوّاميّييية الطاقييية اتنتقاليييية بعييد تحليلهيييا لاليييي معييادتت ت بعديييية ومييين ث ييمّ والييزخم و 
رقييم النتييائم أعطييت تمثييي ل لمعييدل حنيييات دررييات الحييرارة الثابتيية  و منا برسييم منحنيييات مغلقيية ل نسيييام و توضيييحه
المقارنية ميا البحيوث الأخيرط أعطيت نتيائم دقيقية كفايية حمكانيية حسيام معاميل انتقيال  .Radضد i  )  نسلت )

 للماء كوسط تنتقال الحرارة .لحالة الرريان المذكورة آنفال و  الطاقة الحرارية
 

KEY WORDS: Natural Convection, Concentric Vertical Annulus, Laminar Flow, 

                          Numerical Solution 
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INTRODUCTION 

The annulus represents a common geometry employed in a variety of heat transfer 

systems ranging from simple heat exchangers to the most complicated nuclear 

reactors. In spite of the importance of convection heat transfer in vertical annular 

enclosures in many practical applications, very few basic studies have so far been 

conducted for this system. Many finite difference solutions of free convection 

problems of long horizontal, rectangular and cylindrical enclosures subject to lateral 

heating are found in the works of (Boyd, 1983), (Charrier-Mojtabi and Mojtabi et-

al, 1979), (Date, 1986), (Kuhen & Golstein, 1976) and (Akbar et-al, 1985). 
Numerical studies of free convection in vertical annulus enclosures are found in the 

works of (Schwab & De Witt, 1970), (Kubair & Simha, 1982) (Keyhani et-al, 

1983) and (Prasad & Kulacki, 1985). Many investigators interested in the study of 

eccentric annular enclosures (Shue et-al, 2001) or elliptic cylinders (Lee and Lee, 

1981). Most of the studies available are for high aspect ratio. 

         The present paper considers the axisymmetric flow regime in a vertical annulus 

enclosure Fig. (1) whose surface temperatures are kept isothermal and with 

Boussinesq approximation being made to the governing equations.  

 

MATHEMATICAL FORMULATION 

            The problem considered are both the transient and steady state, two-

dimensional axisymmetric laminar convection of a Boussinesq fluid initially at rest 

and a uniform temperature is assumed in the mathematical model for the system 

shown in Fig. (1). The vertical cylindrical surfaces are considered to be perfect 

conductors of heat with the inner wall temperature (Ti) greater than that of the outer 

wall (To). Both top and bottom surfaces of the enclosure are considered to be perfect 

insulators with a rigid and motionless bounding surfaces. The dimensionless 

equations of continuity, momentum and energy are (Schwab & De Witt, 1970): 

 

(
1
/R)[R (∂U/∂R)] + (∂V/∂Z) = 0                                                                                   (1)  

 

(∂U/∂TM)+U(∂U/∂R)+V(∂U/∂Z) = -(∂P/∂R)+Pr[∂/∂R{(
1
/R)(∂RU/∂R)}+(∂

2
V/∂Z

2
)]  (2) 

 

(∂V/∂TM)+V(∂V/∂R)+(∂V/∂Z) = -(∂P/∂Z)+Pr[(
1
/R)(∂/∂R{R(∂V/∂R)}+(∂

2
V/∂Z

2
)]    (3) 

 

(∂Ө/∂TM)+U (∂Ө/∂R)+V(∂Ө/∂Z) = (
1
/R)[(∂/∂R){R(∂Ө/∂R)}]+(∂

2
Ө/∂Z

2
)                  (4) 

 

The vorticity-stream function formulation is applied in order to avoid direct 

determination of the lateral variations of pressure. The conservation equations then 

become: 

 

Vorticity: 
 

(∂ω/∂TM) + (∂Uω/∂R) + (∂Vω/∂Z) = Rad Pr (∂Ө/∂R) + Pr [(∂/∂R) {(
1
/R) (∂Rω/∂R)}(5) 

 

Stream function: 
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2
ψ = - ω = (

1
/R) [(∂

2
ψ/∂R

2
) – (

1
/R) (∂ψ/∂R) + (∂

2
ψ/∂Z

2
)]                                           (6) 

 

Energy: 

 

(
1
/R)(∂RUӨ/∂R) + (∂VӨ/∂Z) = (

1
/R) [(∂/∂R){R(∂Ө/∂R)}] + (∂

2
Ө/∂Z

2
)                      (7) 

 

The initial and boundary conditions are: 

 

For     TM = 0   ,     ω = ψ = U = V = 0                  (no slip condition) 

 

                         ,     Өi = 1    ,   Өo = 1                          (constant wall temperature) 

 

For     TM > 0   ,      ψ = ∂ψ/∂n = 0   ,  ∂Ө/∂Z = 0      

 

                                          ωVertical wall = - (
1
/R) (∂

2
ψ/ Z

2
)      ,  ωhorizontal wall  = - (

1
/Z)(∂

2
ψ/ R

2
) 

 

NUMERICAL SOLUTION OF THE GOVERNING EQUATIONS 

           An analytic solution cannot be found for a set of equations because of the 

complexity of those characterizing the cavity problem, and thus they must be 

integrated numerically by finite difference techniques. In this study, the governing 

equations which are expressions of conservation of mass, momentum and thermal 

energy are non-dimensionalized. A two–dimensional explicit finite difference 

technique was used to solve the transient behavior of the fluid and the heat transfer 

until the steady state is reached by marching o t in time step ΔTM. A forward 

difference technique may used to convert the convection terms in the energy and 

vorticity transport equations to an algebraic terms and in concern of diffusion terms, 

the central difference technique may used. To get numerical stability, the forward 

difference technique is applied when the mean value of the velocity is positive and the 

backward difference technique is applied when the mean velocity value is negative, so 

the method choice depends on the flow direction. To solve the stream function 

equation the Gauss Siedel method used with the successive over relaxation method to 

make earlier convergence. A n merical stability occ rred when the time step ΔTM is 

greater than (ΔTM)max., which depends on Rad and grid spacing. In this study the 

s itable ΔTM was fo nd to be (ΔTM ≤ 0.0001) for fixed Rad. 

The main steps of the solution procedure can be listed as follow: 

 

1. The boundary and initial conditions are specified for the dependent variables. 

2. The discretized temperature equation is solved to obtain the updated 

temperature field. 

3. Vorticity at all interior grid points was similarly advanced from using the 

updated temperature field. 

4. Stream function at all interior grid points was updated with the updated 

vorticity field. 

5. Local Nusselt number computed and the method of successive over relaxation 

was employed to obtain the new stream function at each grid point. 

Convergence was assumed whenever any two successive iterations was less 

than 10
-4

. 
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6. Total heat transfer calculated depending on local Nusselt number. 

7. Steps (1-6) were repeated until the magnitude of the error ratio (ε) did not 

change by more than 10
-4

. 

 

 

RESULTS AND DISCUSSION 

The difference equations of this study were solved on a digital computer using 

FORTRAN 95 program and the Tec Plot program used to plot the isotherm and 

streamline contours. The results are expressed in the transient region until 

reaching steady state where   i will be constant with time. 

Transient Results 

Grid Spacing 

The time steps used depend on Rad as shown in Table (1), and the grid spacing 

which was found to give an adequate representation of the results for Rad=10
3 

and 

10
4
 was (1/10) and for Rad =10

5 
and 10

6
 the grid spacing were (1/20) and (1/30) 

respectively. 

 Table (2) explain the best values for nodes number (N) in radial direction and 

(M) in vertical direction for (10
3
≤ Rad ≤ 10

6
). 

 

Flow and Isotherm Patterns 

          Figs. (2-13) show typical results obtained for vertical annuli with Rayleigh 

number (10
3
≤ Rad ≤ 10

6
), for different time steps. The fluid near the outer (colder) 

cylinder is heavier and is moving downward while the relatively lighter fluid near 

the inner (hotter) cylinder is moving upward and with the increase of Rad a 

slightly vertical displaced occurred towards the top of the annulus so the 

convection regime appears clearly as shown in Figs. (2, 3, 4 and 5 ).  

         The temperature gradient across the cavity is horizontal with conduction 

profiles being vertical lines traversing the entire length of the cavity as indicated 

in Fig.(6) and then start to develop and indicate more inclination in its lines while 

the slope of lines near (cold wall) is small because the velocity is decreased  

Fig.(7, 8 and 9). When Rad approaches 10
3
, large temperature gradients grow near 

the vertical wall giving rise to the formation of thermal boundary layers and fluid 

velocities sufficient to form hydrodynamic boundary layer. A unicellular flow 

pattern is generated in the enclosure. It is noticed that the maximum heat transfer, 

indicated by closely spaced isotherms, is located at the top of the cavity for the 

outer cylinder and at the bottom for the inner one.  

             As a consequence of the symmetry and the continuity, the resulting fluid 

motion inside the half cavity consists of one rotating vortex as shown in Fig. (10) 

when the time increasing a multi small vorticity will be appeared  

            In Figs. (11, 12 and 13) it is seen that a small secondary vorticity appears 

in the bottom and become smaller with time increasing where a start of forming of 

a secondary vorticity near the outer cylinder will happened which will be grow 

with the increasing of fluid velocity.    
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Temperature Distribution and Local Nusselt Number     

Fig. (14) shows the temperature variation versus Rad for a gap width (z = 0.5). In 

the thermal boundary layer adjacent to the outer cylinder, it is seen that the 

temperature gradient increases considerably and the trend is opposite near the 

inner cylinder. This is probably due to higher heat transfer by angular convection 

flow rather than radial one. 

A correlation of (  i) with respect of Rad was set up which is given as:  

 

  i = 0.4134* Rad
0.287

                                                                                            (8) 

 

Steady State Results 

Heat transfer rate can be calculated at a steady state when the average Nusselt number 

(  i), reach a constant value with time as shown in Fig. (15). 

Steady state streamlines and the isotherms for Rad ranging within (10
3
- 10

6
) are 

explained in Fig. (16 a & b) and Fig.(17 a & b) respectively and the vorticity lines 

are explained in Fig.(18 a& b) which shows the multi-cellular flow regime except at 

(Rad > 10
5
), where single vorticity appears. 

A reasonable agreement between the present work results and the previous researches 

are shown in Fig. (19). 

 

Table (1) Time Steps used with different Rad 

 

ΔTM Rad 

0.0001 10
3
 

0.0001 10
4 

0.00005 10
5 

0.00001 10
6 

 

Table (2) Best Values for the Selected Node Number for Study Cases 

 

 

 

 

 

 

 

 

 

Rad N M 

10
3
- 10

4 
11 11 

10
5 

21 21 

10
6 

31 31 



M. H. AL-Hafidh                                             Numerical Investigation Of Natural Convection 

S. B. Raheem                                                         In A Vertical Annulus Enclosure                 

 

 

 2010 

          
 

Fig. (1) Enclosure Geometry And Coordinate System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2) Transient Streamlines for Rad = 10
3
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Fig. (3) Transient Streamlines for Rad = 10

4 

        

Fig. (4) Transient Streamlines for Rad = 10
5 
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Fig. (5) Transient Streamlines for Rad = 10
6 



Journal of Engineering Volume13 December  2007       Number4  
 

 2013 

        

Fig. (6) Transient Isotherms for Rad = 10
3
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Fig. (7) Transient Isotherms for Rad = 10
4
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Fig. (8) Transient Isotherms for Rad = 10
5
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Fig. (9) Transient Isotherms for Rad = 10
6
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Fig. (10) Transient Vorticity for Rad = 10
3
 

           

Fig. (11) Transient Vorticity for Rad = 10
4
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Fig. (12) Transient Vorticity for Rad = 10
5
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Fig. (13) Transient Vorticity for Rad = 10
6
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Fig. (14) Temperature Distribution with Gap Width at Z = 0.5 
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Fig. (15) Average Nui Change with Dimensionless Time for Rad = 10
3
 & 10

4 
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Fig. (16a) Steady State Streamlines for Rad = 10
4
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Fig. (16b) Steady State Streamlines for Rad = 10
6
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Fig. (17a) Steady State Isotherms for Rad = 10
4
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Fig. (17b) Steady State Isotherms for Rad = 10
6
  

           
Fig. (18a) Steady State Vorticity Lines for Rad = 10

3
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Fig. (18b) Steady State Vorticity Lines for Rad = 10
6
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Fig. (19) Comparison between Present Work and Keyhani [5] and Schwab [11] 

 

CONCLUSIONS 

The natural convection of a mass of water contained between two concentric cylinders 

has been investigated numerically.   

The results obtained in the present study may be summarized as follows: 

1. The basic operation for heat transfer is conduction for (Rad ≤ 10
3
) and 

convection for (Rad > 10
3
). 

2. For the unsteady state the streamlines shows a single cell form except at (Rad 

=10
5
) where it shows a bicellular form. 

3. The time of reaching steady state decreasing with increase of Rad as shown in 

Fig. (15) because the increasing of Rad cause an increase of liquid acceleration 

according to buoyancy force increasing. 

4. Fig. (17) shows that the heat transfer operation can be divided into three 

regions, the first is that of heat transfer by conduction which extended to 

(Rad=10
3
) where (  i =3) and it is considered to be the start of convection 

region. The second region is transition region until plume region is appeared 

and it’s ranged is (10
3
≤ Rad ≤ 10

4
). Third region is the plume region where 

(Rad ≥10
5
). 
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NOMENCLATURE 

Symbols Description Units 

As Dimensionless aspect ratio 

As =/ (ro – ri) 

 

g Acceleration of gravity m
2
/sec 

L Cylinder length m 

M Nodes number in r-direction  

N Nodes number in z-direction  

  i Average Nusselt number 

  i =h (ro – ri)/k 

 

Pr   Prandtl number     Pr =/  

R Dimensionless radial direction     R = r/(ro –ri)  

Rad Rayleigh number 

Rad = Pr (g(Ti – To) (ro – ri)
3
/

2
) 

 

ri, ro Inner and outer radius m 

TM Dimensionless time 

TM =  t / (ro –ri)
2
 

 

t Time sec 

Tf     Film temperature 

Tf = (Ti + To) /2 

 

K 

U Dimensionless radial velocity 

U= u (ro –ri) / 

 

u Radial velocity m/sec 

V Dimensionless vertical velocity 

V= v (ro –ri) / 

 

v Vertical velocity m/sec 

Z Dimensionless vertical direction 

Z= z / (ro –ri) 

 

z   Gap width 

z = (ro –ri) 

 

m 

 

GREEK SYMBOLS 

Symbols Description Units 

ω Dimensionless vorticity  

ψ Dimensionless stream function  

ε Error ratio  

Ө Dimensionless temperat re               Ө = (T –

To) / (Ti – To) 

 

 Thermal diffusivity m
2
/sec 

 Volume coefficient of expansion 

 = 1/Tf 

 

1/K 

 Kinematics’ viscosity m
2
/sec 
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ABSTRACT: 

     The design and construction of an instrumented heat pipe H.P for domestic heating 

that uses water as a working fluid was undertaken to investigate experimentally the 

performance of the H.P under various operating conditions of: Power levels, water 

inventories and angle of inclinations.   A theoretical model to predict the temperature 

of the condenser surface (the temperature at which heat is rejected) and system 

pressure at steady state conditions was developed and used to compare these 

parameters with the experimental findings. The model utilizes the total heat supplied 

to the evaporator to predict system pressure and condenser temperature. The 

theoretical model is suitable for vertical H.P (i.e.  =0) and its predictions of 

condenser surface temperature is within 16% and of system pressure is within 21%. 

An acceptable H.P design may have a condenser heat flux of 1.16 k W/m
2
 with a 

corresponding system pressure of 1500 kPa. 

 الخلاصة
وسمممت    نة ممموم   مممو    نةتممم تصممم و  ن ء ممموم   نن مممر ر ءمممنف ةممممنمل ة ت   مممر نة   ةومممر تممم           
نلأ ءمنف نةةممنمل نةتغوممني  م  نةلنن م   لأ نمر ذ و ء نم نلاعتءوم ع   نةءةث نةتجموءم   تشغو  .

ة  ممو    ن مم   سممتنووي   ت  ممر ن  نةتشممغو ور نةتوةوممرل  ت ت  سممتنووي نةلمم مة نة ن  ممر  ةمم  نة سمم  
نة  نذج نة نمل نةمذل تم   (. Inclination Angle ننوو  و    ت  ر ) ضو ر  ة   (Inventoryنة  نن ر)

( م   Pن ضمغط نة  نن مر) (tc تطنومه وت       ةسوف نة ل   ة مجر نةةمنمة نةسطةور ة   ثت
نة  مممنذج نة نممممل  ةوةمممر نلاسمممتلمنم.نت ي  لوم مممر نة تمممو   نةل  ومممر  ممم  نةةسممموءوي نة نمومممر ننجممم  ر 

وست    نةةمنمة نة  ور نة س طر ع   نة س   ةتنق  ضغط نة  نن ر ن مجر ةمنمة نة  ثت نولتءم 
( ننة  منذج نةمووضم  ولطم  قمو   3 =هذن نة  نذج   وسف ةلأ ءنف نةةممنمل نةنضم  نةل من ل )
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ر  نةتصم و    سمت ت  ( ةضغط نة  نن مر.21%( ة مجر نةةمنمة نةسطةور ة   ثت ن)15%ءة ن  )
نةل  ممم  نة لءممممن  ة  نن ممممر نةت   ممممر نة   ةوممممر وجممممف ر  و ممممن  ضمممم   ةمممم ن   ثو ممممر  ممممو  ةمممممنمل) 

2121kw/m
 (.  03-3( ن ننور  و  تتمننح ءو )kpa 2033(  لا  ضغط   نن ر )2

KEY WORDS: 

  Thermosyphon Design, Natural Convection, Heat Pipe 

 

 

INTRODUCTION 

             A heat pipe (H.P) is a heat transfer device, which has high effective thermal 

conductivity. Heat pipes are evacuated vessels, typically circular in cross section, 

which are back-filled with a small quantity of working fluid. They are totally passive 

and are used to transfer heat from a heat source to a heat sink with minimal 

temperature gradients (Qian and Chen 1999). Some applications of heat pipes are in 

cooling electronic devices, heat recovery from exhaust ventilation, application in 

cooling a computer processor (Shunji and Suzuki 2000), Geological applications 

(Torrance 1979) and (Chi 1976) , Electronics cooling (Marquet. and Solecki 1989), 

nuclear thermonic space power concept using rod control and heat pipes (Dunn  and . 

Reay 1976). Most of the published research dealt with the theory and performance of 

wick type heat pipe, since most of its applications are in zero gravity environment 

(cooling of re-entry vehicles). To the authors knowledge there has been no 

experimental or theoretical work done on heat pipes specifically intended for 

residential heating in the open literature. 

       The wickless H.P to be considered in this work is like a thermosyphon. The 

working fluid of choice was water because of its availability and low cost and also 

because one can use cast iron pipe for the H.P.This choice of material allows high-

pressure operation of the H.P (up to 40 bars). Of course we can use copper for 

construction materials because of its compatibility, corrosion wise with water.  

     The concept of using a H.P for domestic heating stem from the idea of providing 

very clean heating without resorting to more expensive electrical heating. And also 

avoid using any moving parts. The condenser must be cooled by natural convection 

driven by density differences only. Fins are to be used to dissipate the rejected heat 

from the condenser in order to lower the thermal resistance across the condenser.  

        There is no application specifically tailored for residential heating using a heat 

pipe in the open literature. What prompt this work is the convenience of the H.P in 

providing large heat flux at small temperature gradient coupled with the attractive 

feature of using conventional and available fuel like gasoline to heat residential 

homes.  

         The present work will attempt to address the following goals: 

1. Design and implement an experimental H.P rig with a finned condenser 

cooled by natural convection. To study its performance under a variety of 

operating conditions of input power to the evaporator, water inventory and angle 

of inclination. 

2. Develop a theoretical model to predict the operation characteristics of the 

H.P: mainly system pressure and condenser temperature, from a single parameter, 

namely the total heat supplied to the evaporator. 

3. Compare the theoretical predictions with experimental results.  
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EXPERIMENTAL APPARATUS 

The rig used for this purpose was designed and built here and is shown schematically 

in Fig.A consists of a cast iron pipe of length (2.5m) which is divided into an 

evaporator, condenser and adiabatic zone. Carbon steel was chosen because of its 

compatibilty corrosion with water. Detail description of these components along with 

its associated instrumentation is given below.    

 

 

 Fig.A: Experimental Rig of the H.P (Showing Thermocouple Locations)

 

 

The Evaporator: 
       The evaporator has a length of (0.7m) and is heated electrically by eight co-axial 

type heaters of (750 watt) each. The heaters were fixed to the outside surface of the 

evaporator at (45) degree intervals. The length of each is equal to the length of the 

evaporator. In order to reduce heat losses to the outside and to insure uniform heat 

flux along the evaporator, a heat shield in the form of a cast iron pipe of length (0.7m) 

and thickness (0.003m), was installed concentrically around the evaporator pipe. The 

heat shield is then wrapped with (0.03m) of glass wool insulator to further reduce the 

heat losses. In order to measure the average temperature of the evaporator, nine 

thermocouples were imbedded on the outside surface of the evaporator in (0.002m) 

deep groves. These groves were filled with lead-zinc alloy to insure good thermal 

contact. Three thermocouples were attached to the outside surface of the insulator to 

get the average temperature of that surface. All thermocouples were of (0.2mm)-

asbestos sheathed Alumel-Chromel (type K). 

 

The Condenser: 
        The condenser has a length of (1.5m) and was cooled by longitudinal fins that 

reject heat with the environment through natural convection. The fins were welded to 

the out side surface of the condenser. The length of each is equal to the length of the 

condenser with width (0.1m) and thickness (0.002m). In order to measure the average 

temperature of the condenser; six thermocouples were imbedded on the outside 

surface of the condenser. Table.1 shows the dimensions of the fin.      

The Adiabatic Zone: 
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        The segment of the rig between the finned condenser and the evaporator is 

normally referred to as the adiabatic zone. The temperature profile is monitored by 

three thermocouples type K. Table.2 shows the heat pipe specifications. 

 

Table .1 fins Specifications 

1 length  L=1.5 m 

2 width l=0.1 m 

3 thickness tfin=0.002 m 

4 numbers of fins 8 

 

Table .2 Heat pipe specification    

1 Length of evaporator zone Le = 700mm 

2 Length of adiabatic zone La = 300mm 

3 Length of condenser zone Lc=1500mm 

4 Inner diameter of the pipe di= 26.6mm 

5 Outer diameter of the pipe do = 33mm 

6 Thermal conductivity of the 

pipe 

kiron = 73 

7 Thermal conductivity of the 

insulator 

kins =.0206 

Purging and Filling the apparatus: 

   The heat pipe is filled with water through tube A in Fig.B to a given level, say to the 

top of the evaporator or to (-5) cm from the top. Valves 1and 2 are now open. Closing 

valve 2 and turning two heaters on, the water inside the evaporator is allowed to boil 

at atmospheric pressure and the vapor leave the system through valve 1 and will carry  

 

         Fig.B: Schematic Diagrams Showing Purging and Filling the H.P with Water 
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with it the entrapped air. The process of purging the system out of air is continued for 

one hour. Then valve 2 is opened and distilled water is added to bring the water to the 

required level then valve 2 is closed. It is to be noted that valve 1 and 2 are of the ball 

type. 

  

 

  THEORETICAL MODEL 

                  A theoretical steady state model that describes the performance of a heat 

pipe (H.P) under a variety of operating conditions is developed below. The heat pipe 

has a diameter of (di=0.0266m,do=0.033m) and is (2.5 m) long with an evaporator that 

is driven by a constant heat flux of length (0.7m) and longitudinally finned condenser 

that reject heat with the environment through natural conviction. The length of the 

condenser is (1.5m). Between the evaporator and condenser; there is an adiabatic zone 

(i.e. insulated zone) of length (0.3m). Full description of the heat pipe system with the 

instrumentations was given earlier. The variable operating conditions include different 

input heat flux, fluid charge (water) and inclination of the heat pipe with the vertical. 

 The net heat input (Q) to the evaporator is given by: 
 

 Q= Qt-Ql                                                                                                   (1) 
 

Where Qt is given by: 
 

Qt =V*I                                                                                                       (2) 

Ql =
2 Kins.   Le  ∆t

ins              
 

           ln(ro/ri) 
 

In steady state operation, Q is balanced exactly by the heat rejected by the condenser 

Qc. Thus: 

 

Q=Qc=VI - 2 Kins.   Le  ∆tins                                                                 (3) 

                           ln(ro/ri) 

 

The energy transfer from condenser to ambient is given by: 
 

Qc =hc Ac (tc-t)                                                                                         (4) 
 

Where Qc = heat flow through the condenser and Ac= the effective surface area of the 

finned condenser  Ac=π doLcE ηs. Here E is the area enhancement factor, (Dunn  and 

Reay 1976):  
      Area of condenser surface with fins 

E= 
      Area of condenser surface without fins  
 

and    s is the surface efficiency  

s =1  -   
Af    (1- F)

                                                                                     (5)
 

               Aoc 

Where    f is the fins efficiency 
 

f  =    
 tanh (mL)  
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            (mL) 
 

Where: 

          mL = l
3/2        2 ho

*                  
 

                                             
Kf l tfin 

The heat rejected by the condenser to the ambient, may by written as: 
 

Qc = Ac hc (tc – t  ) + Ac  (tc
4
 –t 

4
 )                                                           (6) 

 

Eq. (5) may be put in a more convenient form by defining an effective heat transfer 

coefficient ho
*
 given by (Zeina  2005): 

 

ho
*
= ( hc + ( tc

3
 + tc

2
 t  + tc t 

2
 +

 
t 

3
  ))  

 

Thus eq. (5) may read now: 
 

Qc=Ac hc
* 

(t c - t )                                                                                           (7) 
 

And eq.(3) may simplify to: 
 

Ac hc
*
(tc – t ) =VI - 2 Kins.   Le ∆tins                                                        (8) 

                                       ln(ro/ri) 
                                                    
The natural convection heat transfer coefficient hc may be calculated from the 

following correlation, El-Wakil M. M., (1988), which is suitable be for constant heat 

flux and for the range 2*10
13

 < Gr* Pr <10
16

, Incorporeal, F.P., and Dewitt D.P., 

(1990).  

  Nu= 
hc  Lc  = (0.17) (Gr

*
pr )

1/4
                                                                     (9) 

              k 

All physical properties for air and are evaluated at film temperature = (tc+t )/2 

The pressure p, of the heat pipe may now be evaluated by back calculating tg (refer to 

Fig.C)and using the steam tables to find p=p(tg). 

 

                Fig.C: Condenser section showing the definitions of tc  , tf  and tg. 

 

Using the concept of thermal resistance across the film condensation ,condensate film 

and wall of the H.P, one easily evaluates tg as: 

  tg=  tf +
    Qc                                                                                                                                                         (10)
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                    Ai h1 

 

Where: 

tf = tc + (
 
Qc /Ai ) [ (

  ri   
ln

  ro   
+

   ri  
ln

    ri +δw  
) ]                                       (11)   

                                 ks           ri       kw            ri
 

w= average condensate film thickness,  (Incorporeal  and Dewitt 1990).  

  
w  =

 4  
[  

4w  k (tg – tf)        
]
1/4

  
Lc

5/4
                        

           5     g Lc
4
 hfg (w -g) 

 

 h1=the average film condensation heat transfer coefficient and is given by (Holman  

1997): 

    h1=0.943    [  
kf

3 
g hfg (w -g)     

]
1/4

                  
 

                             w Lc  (tg – ti) 

 

All physical properties for condensate (w, w, w, hfg) are evaluated at the average 

condensate temperature (ti+tg) / 2
 

Where ti may readily be written as: 

ti = tc +( Qc/ Ai ) (   ri   ln   ri +δs   ) 

                                 ks            ri 

Equation (9) may now be solved iteratively to determine tg and hence the pressure of 

the H.P. 

The performance of the H.P may be conveniently characterized by the following 

efficiency  and thermal resistance, R of the H.P: 

 =
     Qc                                                                                                                                                                (12) 

            Qt

  

           t e – tc                                                         

   R = 

               qc

 

    =     (t e–tc)           Ai                                                                                                                                 (13) 
 

                      
 Qc 

 

RESULTS AND DISCUSSIONS 

    Experimental results that relates the basic parameters of the H.P (average 

temperature of condensers surface, average temperature of the evaporator surface and 

system pressure) under various operating conditions (inventory, net power input to the 

evaporator and angle of inclination of the H.P with the vertical) are  presented and 

discussed along with performance indices represented by the thermal resistance of the 

heat pipe and its efficiency. A comparison of both the experimental pressure and 

condensers temperature with theoretical predictions were presented and discussed.  
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Transient Behavior of the Heat Pipe: 

          Fig.1 and Fig.2 show the transient behavior of a typical run for the evaporator 

and condenser respectively. The familiar rise to the eventual steady state temperatures 

is shown. The rise time is around 40-50 minutes. Thus in 2-2.5 hours, the steady state 

of the system is reached, and hence the steady state measurements may be recorded. 

 

 

 

Steady State Behavior of the H.P: 

      According to the transient time of the H.P discussed previously, all steady state 

temperatures and pressures were recorded after two hours in half-hour interval and 

steady state is assume to be reached when successive readings were within 1c

. 

 

  Heat Pipe Behavior: 
        The steady state behavior of the H.P components were taken and include the 

temperature profiles of the condenser, adiabatic zone and the evaporator respectively. 

For each component, the average value was computed. The behavior of the H.P was 

investigated experimentally in relation to: water inventory, net power supplied to the 

evaporator and angle of inclination of the H.P with the vertical. The results and 

relevant discussion are given below: 

 

Heat Pipe Behavior with Water Inventory: 
          When the evaporator is filled to the top, the inventory is said to be 100%. Fig.3 

shows the average temperature of the evaporator (te) in relation to percent inventory 

for different net powers. It is noted that (te) is approximately constant (the maximum 

scatter in the experimental points is  8% and the constancy is within  4%. This 

behavior is to be expected since, every thing being equal, as the inventory is reduced, 

the condensation process continues to be of the film type, while the evaporation 

process changes from totally nucleate boiling to a mixture of nucleate boiling in the 

submerged depth plus sub-cooled and nucleate boiling in the non sub-cooled boiling 

occurs as the condensate film descend through the top of the evaporator at a 

temperature which is lower than saturation. The change in the boiling regime as 

inventory is reduced does not change the evaporation process significantly since both 

sub cooled boiling is just as effective as a heat transfer mechanism as that of nucleate 

boiling. Thus as inventory is reduced, the mechanisms remain essentially the same 

and subsequently, the temperature (tc) remains constant. The scatter of experimental 

points reflects the fact that each experimental point is the result of a given net power 

and ambient environmental temperature that is slightly different from the next point. 

These differences, which constitute an inadequacy of the experimental rig, are 

indicated on Fig.3 and are unfortunately unavoidable. Fig.4 shows the average 

condenser temperature in relation to inventory for different net power to the 

evaporator. Again, one notes the constancy of the average condensers temperature as 

the inventory is changed (the mean standard deviation of the points is  6%). The 

deviation from constant (tc) is with in  5%). The same explanation given earlier for 

the constancy of (te) holds here.  

        Fig.5 shows the average temperature for the adiabatic zone as a function of 

inventory and for different net evaporator’s power.  

            Fig.6 shows system pressure for the H.P as a function of inventory for 

different net evaporator’s power. The pressure of the H.P is directly related to (tc) and 
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the heat flux, qc leaving through the condenser, thus for constant (tc) and qc, the H.P 

pressure should have a given value. Fig.6 shows that the pressure is not constant with 

inventory, as one would expect if (tc) and qc were kept constant. But as explained 

earlier and as indicated on the captions in Fig.6 both, the net power qc and  (t) vary 

slightly from one inventory point to the next. As indicated in chapter four (tg)(and 

hence the system pressure) is related to (w) and (t). But (w) is directly related to qc 

and therefore the shape of the pressure curves indicated in Fig.6 reflects the combined 

variations in qc and (t) as indicated in captions. 

         Fig.7 shows the thermal efficiency of transferring power through the H.P as a 

function of inventory, for different net power to the evaporator. Due to slight variation 

in main voltage, the input power during these measurements fluctuated by few percent 

and the ambient temperature change by 5C

. Since both of these parameters affect 

the actual heat loss from the evaporator, and subsequently they affect the surface 

efficiency as defined in eq. (10). In split of this fluctuation, the efficiency is almost 

constant with inventory at all power levels. The maximum standard deviation is  

3.8% while the best-fit straight lines have slopes  0.06. 

        It is to be noted that the efficiency is very high at all powers but being the 

highest at 99% for an input power 2.25kW. The efficiency is still very high at 96% for 

an input power of 3kW. 
 

Behavior with Angle of Inclination: 
        Before attempting to present and discuss the results of the H.P, it is instructive to 

describe what happens inside the H.P. As the H.P is tilted away from the vertical, the  

condenser area available for film condensation decreases while that available to drop 

wise condensation increases. 

          Since heat transfer coefficient in drop wise condensation is nearly four times 

the corresponding film wise condensation. And that there is temperature drop across 

film condensate, while no such drop exists over the region where drop wise 

condensation is occurring, then it follows, with every things being equal, that 

condensation occurs at lower temperature as the angle of inclination is increased. This 

indeed is the case as shown in Fig.6. It is known that the condenser controls the 

pressure of the H.P and since the dominant heat transfer occurs in the region of drop 

wise condensation where there is no temperature drop across a film then we expect 

that as the angle of tilt charges. One sees no charge in the surface temperature in that 

region and this temperature controls the pressure of the H.P. Thus one would expect 

that with every things being equal, the pressure of the H.P remains constant with tilt 

angle. This deduction is proved correct in Fig.9 where the pressure of the heat pipe is 

shown to be content.  

          In the evaporator region the picture is more complicated. As the angle of 

inclination is increased, boiling changes from nucleate boil in the liquid film region 

plus in the submerged region at angle zero to nucleate boiling in the wetted region 

plus film boiling in the non wetted or dry region. As the angle of inclination is further 

increased (i.e. as the heat pipe approaches the horizontal position) then plug flow 

boiling dominates the entire region of the evaporator since plug flow takes over. Thus 

one would expect the rate transfer mechanism to decrease initially, then to recover 

and start to increase. Consequently, the evaporator’s temperature  (tg) is expected to 

rise and eventually to reach a maximum, then declines. This behavior is observed in 

the experimental H.P as shown in Fig.10. 
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            The efficiency of the H.P as a function of inclination angles is shown in 

Fig.11. The efficiency of transferring power actually slightly improves initially (from 

96% at 30

angles) then it declines rapidly to below (97% at 60


angles). Thus the heat 

pipe is very efficient at an inclination angle between (0-30

). 

 

Behavior with Heat Flux (or Net Power): 
       Fig.12 shows the thermal resistance for the H.P as a function of the heat flux 

through the condenser at 100% inventory. It is shown that the value of thermal 

resistance is reasonably small up to a condenser heat flux of (1.158 kW/m
2
) and the 

resistance then begins to increase sharply with heat flux due to changing the boiling 

mechanism from nucleate to partial film which is accompanied by sharp increase in 

(te) and subsequent increase in thermal resistance. Thus a conservative upper limit for 

normal operation of the heat pipe is at (1.2 kW/m
2
). 

      From Fig.12 one may consider the last point, which corresponds to heat flux (1.48 

kW/m
2
) to represent a point very close to the critical flux since further increase in heat 

flux resulted in heaters burn up. These values of thermal resistances could by 

drastically reduced (by ten folds for example) if the electric heaters were welded 

directly to the surface of the boiler instead of being attached, by metal band as in the 

current experiment. Of course in actual practice gas or kerosene fuels will heat these 

residential H.P, and then the actual thermal resistance will be many folds lower than 

obtained in the present experiment. 

      Fig.13 shows the system pressure (which is solely controlled by the condenser) as 

a function of heat flux through the condenser at (100%) inventory. The pressure 

increases with heat flux. We note that the slope of the curve also increases with the 

heat flux. A reasonable pressure of 1.2 to1.4 Mpa may be chosen as working pressure 

for a domestic H.P.  

   In summary, the design heat flux through the condenser should be ( 1.158 kW/m
2
). 

 

Comparison with the Theoretical Model: 
      Fig.14 and Fig.15 depicts the comparison between the actual  (tc) measurements 

and the corresponding theoretical counter part as a function of inventory percent. It is 

to be noted that the complicated shape traced by the theoretical model is only a 

reflection of the combined variation in net power (rejected by the condenser) and (t). 

These variations as mentioned earlier, are beyond the experimenter’s control. The 

maximum standard deviation is (  16%). The model tends more often to over 

estimate the value of (tc) but non the less the theoretical prediction may by regarded as 

adequate for design purposes. 

       Fig.16 shows the comparison between experimental system pressure and the 

corresponding theoretical predictions as a function of inventory. It is observed that the 

theoretical model always underestimate system pressure. Fortunately, the maximum 

standard deviation is 21% and is not considered very large. 
 

Design of a Residential H.P: 
       The heat flux of (1.1589 kW/m

2
) with the corresponding system pressure of 

1500kpa (at 100 % inventory) will be taken as a basis for any design, such as this one. 

Thus all piping and units should withstand 1.5x design pressure or 2250kpa. No 

instrumentation is necessary. The closed system should be purged after installation, 

then filled with distilled water to 50% inventory and then sealed. Actual 
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implementation of the H.P to heat a residence (composes, say of three spaces with 

each space requiring 4kW heating) necessitate the following components: 

1. Collector and film flow generator: This unit which connects to the 

evaporator simply receives the condensate as a stream and convert it to film flow 

down the evaporator. This unit should be welded on top of the evaporator and is 

shown below schematically for one such design. 

2. Vapor supply pipe: This pipe (same diameter as the evaporator pipe) is 

attached to the top of the collector and supply steam to all the condensers, one for 

each space. Since in our example we have three condensers, then the branched 

pipes (pipe to each condenser) have a pipe diameter 1/3 =0.577 times the 

diameter of the main branch.  The main branch should be designed for 12 kW and 

since the experimental H.P (with di of 26.6mm) operated normally up to 1.2 

kW/m
2
 (i.e. at 3kW total power), then it follows that the main branch should have 

a di of 26.6 12/3=53.2mm.   one important consideration is that this pipe should 

have a slope that is  0.2 to facilitate the return of any condensate to the 

evaporator. 

3. The condenser: This is a standard finned tube condenser with inlet 

manifold at the top and condensate out let at the bottom. It is sized on 1.12 

kW/m
2
. A twenty five percent increase in area is added for conservative design. 

This gives a total of (4/1.12)*1.25=6 m
2
 as the required surface area for each 

condenser. It should be noted here that all exposed piping inside the residence 

should be considered part of the condenser unit. 

4. Condense pipe: The main condensate pipe receives the condensate from the 

individual condensers. The diameter of the main pipe should be sized to give 

water velocity of 1m/minute. This requires a diameter of 21.7mm. The branch 

pipes required have a diameter of 21.71/3 mm. All condensate pipes should have 

a slope  0.2. 

5. The evaporator: This is located outside the residence, and has the main 

branch should be designed for 12kW and since the experimental H.P (with di of 

26.6mm) operated normally up to 1.2 kW/ m
2
.(i.e. at 3kW total power), then it 

follows that the main branch should have a di of  26.6√12/3= 53.2mm. For gas or 

kerosene heating, a tube of approximate diameter that is greater than the burner 

should enclose the boiler. This tube acts as a flux equalizer: to distribute the input 

heat uniformly along the cylindrical evaporator. A thermal shield is required to 

enclose the flux equalizer in order to reduce heat losses and improve the thermal 

efficiency. A sketch is shown below. 
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 6. The parts of the pipes that are located out side the residence should be insulated. 

7. A pressure safety device, such ruptured disk should be attached, very close to the 

evaporator and is placed out side the building. It is vented to the outdoors. The setting 

for the ruptured disk should be 1.5 system pressures ( 1.8mpa). 
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CONCLUSIONS: 
 

1. For a given (vertically oriented) H.P design, the important operating 

parameters of (p, tc ,qc

) are found to be independent of total inventory. Practical 

consideration, however, favor an inventory close to 50 %. Since lower inventory 

may cause unwarranted high evaporator's temperature during start up while higher 

inventory may reduce the part of the evaporator where boiling film flow  takes 

place. 

2. A conservative design flux for the condenser unit (in vertically oriented 

H.P) is 1.2 kW/m
2
. This flux is nearly 30 % lower than the critical flux for the 

H.P. This design flux, which controls the system pressure, maintains a system 

pressure of 1500 kpa. 

3. For an inclined H.P, the performance (as reflected in efficiency) is slightly 

improved with angle of inclination equal to 30. The pressure of the system is 

totally independent of   inclination angle. 

4. The theoretical model developed to predict the condensers temperature and 

system pressure for a given net power input is accurate to  16% in predicting tc 

and with 21% in predicting system pressure. This accuracy is adequate for 

design purposes. 
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NOMENCLATURE: 
Symbol Meaning Unit 

A area  m2 

CP specific heat capacity kJ/kg.k 

d pipe diameter m 

E enhancement factor  --------- 

g gravitation acceleration=9.8 m/s2 

h heat transfer coefficient W/m2 . 0c 

K thermal conductivity W/m . 0c 

l Fin length m 

L pipe length m 

Nu Nusselt number=hd/k --------- 

p power W 

P pressure kPa 

q'' the heat flux to the evaporator kJ/m2 .s 

Q heat flow w 

r radius of pipe m 

s  thickness of fins m 

t temperature 0c 

V voltage volt 

I current ampere 

Pr prandtl number =  CP /k ------- 

Gr Grashof number = g  (ts – t )Lc
3 /2 -------- 

Gr* modified Grashof number = Nu Gr -------- 

hfg Heat of vaporization J/kg 
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  Greek Symbol: 
Symbol Meaning Unit 

 
 

Volume expansion coefficient for steam 1/k 

 

 

dynamic viscosity N.s/m2  

 
 

density kg/m3 

 kinematics viscosity m2/s  

 
 

Stefan-Boltzman constant =5.669*10-8 W/m2 .k4 

 

 

ambient -------- 
 

 
 

angle degree 

 
 

change (t2-t1) --------- 

 
 

efficiency --------- 

 
 

Heat flux W 

 
 

average liquid film thickness --------- 

     

 

 

Subscripts: 
Symbol Meaning 

a adiabatic zone 

c condenser 

e evaporator 

f fluid 

fin Fins surface area 

g vapor 

ins insulator 

i inner 

l losses 



M.M. saleh                                                                               Design And Implementing A Heat Pipe               

Z. A. Al-Saadi                                                                         Experimental System For 

 H.-H. Al-Jubori                                                                      Residential Heating.  
 

 1301 

o outer 

s cast iron 

t total 

uf un finned 

w water 

x local 
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ABSTRACT 

The present paper presents an approach to optimize tooth contact analysis (TCA) of spiral 

bevel gear drivin by controlling the machine-tool settings that directly affects the shape of tooth and 

behavior of meshing and contact for mating gears. The proposed settings provide a pre-designed 

parabolic function of transmission errors and the desired location and orientation of the bearing 

contact. The main goal of detecting the pre-designed parabolic function of transmission errors is to 

reduce the gear noise which can be done by absorbing the linear function of transmission errors that 

are caused by gear misalignment. The model is generated with means of CAD software package 

and solid works program, the basic input design data imported by Gleason works standards. 

 
 الخلاصة:

في هذا البحث تم تقديم وسيلة لإيجاد أفضل تحليل لتلامس الأسنان للمسنن المخروطي الحلزوني وذلك بواسطة التحكم 
بضبط موقع الأداة لماكنة القطع الخاصة بهذا النوع من المسننات والتي تؤثر بشكل مباشر على شكل السن وسلوك المحاكاة 

إن الضبط المقترح لأداة القطع سوف يأخذ بنظر الاعتبار الأخطاء المتولدة من جراء آلية نقل  والتلامس بين المسننات المتعاشقة.
إن الهدف الرئيسي من هذا البحث هو تقليل الخطأ الحاصل  وكذلك موقع التحميل ومنحى التلامس الحاصل بين الأسنان. الحركة

نات المتعاشقة، وذلك لتخفيض مستوى الضوضاء المتولدة منها من جراء آلية نقل الحركة والمتسبب من عدم التطابق بين المسن
تم استخدام برنامج جاهز لتوليد النماذج الخاصة بهذا النوع من المسننات وفقاً ولغرض الشروع في هذه الدراسة،  عند التعشيق.

 لبيانات إدخال قياسية استخدمت لهذا الغرض.
 

 

KEYWORDS: Gear, Spiral, Bevel, Tool, Setting, TCA. 
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INTRODUCTION 

Tooth Contact Analysis (TCA) is a computational approach for analyzing the nature and 

quality of the meshing contact in a pair of gears. The concept of TCA was originally introduced in 

early 1960s as a research tool, and applied to spiral bevel gears. It is a powerful tool for the design 

and analysis of spiral bevel gear drives. Typical outputs of TCA are the graphs of contact patterns 

and transmission errors. 

TCA can simulate gear meshing contact characteristics under light and heavy loads. TCA 

program have been widely employed by gear engineers and researchers in their design of high 

strength and low noise spiral bevel gear drives. 

Application of TCA technology resulted in significant improvement in the development of 

bevel gear pairs, under given contact conditions (Lelkes and Marialigeti , 2002). 

Basically, machine tool setting means the guide to design and manufacture the gear drive. In  

the present work, a developed approach has been proposed to control and design suc a gear drive by 

simulating the meshing and changing the machine-tool settings to get optimal TCA. 

There are two methods for manufacturing spiral bevel gears, face milling and face hobbing. 

Both of which are widely employed by the gear manufacturing industry and can be implemented on 

modern CNC bevel gear generators (Litvin and Lee , 1989). 

Fig.(1) shows a 3D geometric model of spiral bevel gear. 

 

MACHINE-TOOL SETTENGS AND TCA 

 

Gear Machine-Tool Settings 

 

The proposed design provides the following: 

The gear-generating surface by ∑ G, the generated gear surface by ∑ 2, the pinion-generating 

tool surface by ∑ P, and the generated pinion surface ∑1. 

To set up the gear machine-tool settings, the following data should be given: 

Γ: shaft angle 

N2: gear tooth number, N1: pinion tooth number 

γ 2: gear root angle 

A: mean pitch cone distance 

β: mean spiral angle 

ψG: blade angle for gear cutter 

dG: average diameter of gear cutter 

wG: point width 

 

The gear pitch angle is represented by (Faydor L. Litvin and Alfonso Fuentes, 2004): 
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μ2 = arc tan





cos

sin

2

1

N

N
 (1) 

 

The pinion pitch angle is: 

 

μ1 = Γ- μ2   (2)  

The dedendum angles are: 

 

δ1= μ1- γ1 and δ2= μ2- γ2 (3)  

 

Gear Cutting Ratio 

The process of gear generation is based on the imaginary meshing of a crown-gear with the 

member-gear (Qi Fan 2006). 

The instantaneous axis of rotation by such meshing coincides with the pitch line axis ZP, as 

shown in Figs. (3) and (4). 

The generating surface ∑G which may be imagined as the surface of the crown gear, and be 

generated gear surface ∑2 contact each other at a line at every instant. The ratio of angular 

velocities of the crown gear and the being generated gear (the cutting ratio) remains constant while 

the spatial line of contact moves over surfaces ∑G and ∑2 . 

 The gear cutting ratio can be represented as follows (Litvin and Lee 1989): 

 

2

2

)2(

)(

2
cos

sin










G

Gm

  

(4)

 

Cutter Tip Radius, Radial Setting, and Cradle Angle 

 

From Fig.(5), it can be obtained the inside and outside tip radii of the head-cutter as follows 

(Litvin and Lee 1989): 

 

)(
2

1
GGG wdr 

  

(5)

 

Also, from the relation between the lengths and angles of the triangle OmOcMG of the same 

figure, it can be expressed the radial setting SG and cradle angle qG as follows: 
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DETERMINATION ANALYSIS OF THE MEAN CONTACT POINT 

The gear and pinion surfaces of spiral bevel gears are in point contact at every instant. The 

mean contact point is the center of the bearing contact and its location is selected generally at the 

middle of the working depth on gear tooth. Fig.(6) shows a gear tooth surface. Section AD is the 

gear tip, section BC is the pinion tip and it is parallel to the root line of the gear, and the working 

area is within ABCD (Faydor and Alfonso 2003). 

The mean contact point is located on a line which passes through the middle point of the two 

points at which the normal section of the gear surface intersects line AD and line BC respectively. 

In addition, the mean contact point must be on the gear surface. This means that is must satisfy the 

equation of meshing for the gear being generated by the tool. From these two requirements, the 

location of the mean contact point is determined (Joseph  and Thomas  2003). 

 

RELATION BEWEEN DIRECTIONS OF THE PATHS OF THE MEAN CONTACT POINT 

OVER THE GEAR AND PINION TOOTH SURFACES 

Fig.(7) shows the tangent plane to the gear and pinion surface at the mean contact point B. 

The relation between angles υ1 and υ2 depends on parameters in motion and the principal curvatures 

of the gear tooth surface. 

This relation can be expressed as follow (Gosselin C, Cloutier L and Brousseau J., 1991): 

 

332

)12(

2

)12(

232

)12(

2312

)12(

23133

1
)tan(

tan)(
tan

aVVa

VaVaa

III

III











  

(8)

 

 

PINION MACHINE – TOOL SETTINGS 

There are five machine-tool settings mp1, Em, Lm, sp, and qp to be determined. The key to the 

solution of this problem is the determination of the cutting ratio mp1 (Lelkes M. and Marialigeti J., 

2002). 

 

Determination of Pinion Cutting Ratio 

Consider that surfaces ∑1 and ∑F are equivalent, and that surfaces ∑p and ∑Q are equivalent. 

Also the following data must be given ( Lelkes and Marialigeti  2002): 

1- The principal curvatures of the pinion surface at the mean contact point, Ik1  and IIk1 . 

2- The principal directions of the pinion surface at the mean contact point, Ie1


 and IIe1


. 

3- The coordinates of the mean contact point. 

4- The unit normal at the mean contact point. 

5- The coefficients a11, a12, and a22. 

 

The procedure to determine mp1 is as follows (Robert Handschuh 1997): 

 

Step 1: The angular velocity of the pinion is represented by  
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The angular velocity of the pinion cutter is represented by: 
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Therefore, the relative angular velocity )1( p


 can be obtained as follows: 
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Step 2: Representation of  pI

p en
 )1(  

 

The scalar  pI

p en
 )1(  is represented by: 
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Step 3: Representation of  PII

p en
 )1(   

The scalar  PII

p en
 )1(  is represented by: 
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Step 4: Representation of )1( pV


 

The velocity )1(V


 may be obtained by: 
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The velocity )( pV


 may be obtained by: 
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So, the sliding velocity )1( pV


 is described by: 
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Step 5: Representation of )1( p

PIV and )1( p

PIIV   
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By using Eqs. (17), (18), and (19): 
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Also, it can be deduced that: 
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By considering only the x component in Eqs. (16) and (21): 
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Also by considering only the z component in Eqs. (16) and (21): 
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By multiplying Eq. (22) by cosδ1 and Eq. (23) by sinδ1, and adding the resulting equations: 
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Then, substituting Eq.(24) into Eq.(22): 
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Step 6: Representation of )1( pV


 
The matrix form of Eq.(21) may be represented by: 
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By substituting Eqs. (24) and (25) into Eq.(26): 
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Step 7: Representation of  )1()1( pp Vn


  

The scalar  )1()1( pp Vn


  may by represented by: 
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Step 8: Representation of ).( )1()()()1( VxVxn pp


   

The velocity )( pV


 may be described by: 
 

)1()1()( pp VVV


   (32) 

 

Now, substituting Eqs.(14) and (27) into Eq.(32): 
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Vector )( )()1( pVx


  is represented by: 
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Vector )( )1()( Vxp


  is represented by: 
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Subtracting Eq.(35) from Eq.(34): 
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Where: 

 

11112111 sin)sincos(cos  zx BBuh 
 (37) 

1221112 cos)cossin(  uBBh xz 
 (38) 

131111121 sincossin  uuBh y  
 (39) 

)sincos( 13211222  uuBh y 
 (40) 
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11112131 cos)sincos(sin  zx BBuh  
 (41) 

1221132 sin)cossin(  uBBh xz 
 (42) 

Therefore, it may be obtained ).( )1()()()1( VxVxn pp


  as follows: 
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Where:  
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 (45) 

Step 9: Representation of mp1  
Using Eqs. (12) and (25), the equation of a13 may be represented by: 

)1(
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 (46) 

Using Eqs. (11) and (24), a23 may be described by: 
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Using Eqs. (24), (25), and (43), the equation for a33 may be represented by: 
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So, Eqs. (46), (47), (48), and (49) yield: 
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Determination of Parameters Em and Lm 

Parameters Em and Lm of the pinion machine-tool settings have been shown in Figs.(3) and 

(4). Since the pinion cutting ratio mp1 has been determined, it is easy to find these two parameters 

(Litvin et.al 2001). 

By using Eq.(27) to determine vector )1( pV


 and applying Eq.(16): 
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Also: 
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Determination of Pinion Radial Setting and Cradle Angle 

The determination of the pinion radial setting and the cradle angle is based on the 

consideration that the position vectors of the pinion tooth surface and head-cutter must coincide at 

the mean contact point.  

 

For a straight-edged cutter( Lelkes and Marialigeti  2002 ) 
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For a curved-edged cutter (Theodore  1981) 
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Using sin
2
qp+cos

2
qp= 1, and eliminating qp then solving for pinion radius sp. Also eliminating 

sp, it can be solved the pinion cradle angle qp. 
 

NUMERICAL EXAMPLE 

The synthesis above is used to determine the machine-tool settings for a pair of spiral bevel 

gear drive, and then TCA computer program is developed to simulate the meshing of this pair under 

alignment and misalignment conditions, Fig.(8) represent the flow chart of the TCA computer 

program which has been developed in this work. 

 The major blank data is represented in Table (1), these data imported from standard Gleason 

works (Theodore 1981). 

 The straight blade is used to cut the gears and curved blade is used to cut the pinion, and 

Table (2) shows the input design data. Tables (3) and (4) show the output for the pinion machine-

tool settings. 

 Two conditions of misalignment are considered when the TCA is applied to simulate the 

meshing. They are the shift of pinion along its axis, which is denoted by ΔA, and the error of pinion 

shaft offset, which is denoted by ΔV. 

 The output of TCA program is shown in Figs. (9 to 18) and from these figures, its clear that 

there is a reduction in the transmission error for the case of using curved edged blade, where the 

value of the transmission error for the case of straight-edged blade with ΔA = − 0.05 mm, [Fig.(10)] 

is about (8 sec.) but for the case of using curved-edged blade with ΔA = − 0.05 mm, [Fig. (16)] is 

about (7 sec.), i.e. reduction ratio about (12% →15%). Also, the same tendency can be seen when 
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ΔA = + 0.05 mm, [Fig. (10) and Fig. (15)] and when ΔV = − 0.05 mm, [Fig. (13) and Fig. (18)], or 

ΔV = + 0.05 mm, [Fig. (12) and Fig. (17)]. 

CONCLUSION 

The main conclusions obtained from present work can be summarized as follows: 

1- A developed approach to simulate the optimal meshing and contact of spiral bevel gear 

drives has successfully applied by controlling the machine-tool settings. 

2- A new approach of TCA has been proposed. 

3- A computer program to evaluate the pinion machine-tool settings and function of 

transmission errors has been developed. 

4- The results of this computer program show the effect procedure which followed and leads 

us for controlling the bearing contact by reducing the errors of misalignment. 



M. Q. Abdullah                                                                                  Machine-Tool Settings to Provide Optimal 

                                                                                                 TCA of Spiral Bevel Gear Drives 

 

 

 1994 

 

 

 

 

 

 

 

  

 

Fig.(1): Face Milling And Face Hobbing Generation Processes 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.(2): 3D Geometric Model Of Gear And Pinion Created By Solid Works Program 
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Fig. (3): Top And Front Views Of Left-Hand Gear Generator 
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Fig. (4): Top And Front Views Of Right-Hand Gear Generator. 
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Fig.(5): The Front View Of The Installation Of The Head Cutter 
 

 

 

 

 

 

Fig. (6): Gear Tooth Surface 
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Fig.(7): Common Plane At The Mean Contact Point 
 

 

 
 

Fig.(8): Flow Chart Of Tooth Contact Analysis (TCA) Computer Program 

Start 

Input Design Data 

Γ, N2, N1, γ2, A, β, ψG, dG, wG 

Equations of tooth Surfaces 

(1 – 4) 

Calculate Pinion Machine – Tool Settings 

Equations (5 – 13) 

Simulate The Meshing (TCA) 

Equations (37 – 49) 

Types of 

cutter edge 
Straight Curved 

Equations 23, 55, 56 

Output: 

1- Path of contact 

2- Function of transmission errors 

End 

Equations 22, 53, 54 

Output: 

1- Path of contact 

2- Function of transmission errors 

End 
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Fig.(9): TCA Output, Straight- Edged 

            Blade, Alignment 

Fig.(10): TCA Output, Straight- Edged  

               Blade, ΔA= +0.05 Mm 

Fig.(14): TCA Output, Curved- Edged 

               Blade, Alignment. 

Fig.(13): TCA Output, Straight- Edged 

               Blade, ΔV= -0.05 Mm 

Fig.(11): TCA Output, Straight- Edged 

              Blade, ΔA= -0.05 Mm 

Fig.(12): TCA Output, Straight- Edged 

               Blade, ΔV= +0.05 Mm 
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Table (1): Blank Data 
 

 Pinion Gear 

Number of Teeth 10 41 

Diametric Pitch 141.199 mm 

Shaft Angle 90
ο
  

Mean Cone Distance 81.940 mm 

Outer Cone Distance 96.418 mm 

Whole Depth 8.509 mm 

Working Depth 7.671 mm 

Clearance 0.838 mm 

Face Width 28.931 mm 

Root Cone Angle 12
ο 

72
ο 

Mean Spiral Angle 35
ο 

Hand of Spiral R.H L.H 
 

Fig.(16): TCA Output, Curved- Edged 

               Blade, ΔA= -0.05 

Fig.(15): TCA Output, Curved- Edged 

               Blade, ΔA= +0.05 

Fig.(17): TCA Output, Curved- Edged 

               Blade, ΔV= +0.05 

Fig.(18): TCA Output, Curved-Edged 

               Blade, ΔV= -0.05 
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Table (2): Input Data 
 

 Gear Convex Side Gear Concave Side 

Gear Blade Angle 20
ο 

Gear Cutter Average Diameter 152.399 mm 

Gear Cutter Point Width 2.032 mm 

First Derivative of Gear Ratio - 0.0037 0.0055 

Semi major Axis of Contact Ellipse 4.343 mm 4.343 mm 

Contact Path Direction Angle 90
ο 

75
ο 

Radius of Blade 1016 mm 1270 mm 
 

 

Table (3): Pinion Mation Settings With Straight Blade 
 

 Pinion Concave Side Pinion Convex Side 

Blade Angle 16.5561
ο 

22.9907
ο 

Tip Radius of Cutter 75.303 mm 77.987 mm 

Radial 76.030 mm 68.525 mm 

Cradle Angle 63.1869
 ο 

54.1910 
ο 

Ratio of Roll 0.229 0.25348 

Machining Offset 4.421 mm - 6.213 mm 

Machine Center to Back + Sliding Base 0.539 mm 1.324 mm 
 

 

Table (4): Pinion Mation Settings With Curved Blade 
 

 Pinion Concave Side Pinion Convex Side 

Blade Angle 16.5561
ο 

22.9907
ο 

Blade Center (293.548, 0, -896.849) mm (499.998, 0, 1244.752) mm 

Tip Radius of Cutter 75.811 mm 77.314 mm 

Radial  75.077 mm
 

69.662 mm
 

Cradle Angle  63.0025 
ο 

54.09 
ο 

Ratio of Roll  0.23157 0.24915 

Machining Offset  3.059 mm -4.782 mm 

Machine Center to Back + Sliding Base 0.429 mm 0.916 mm 
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NOMENCLATUTE 

 

Index 

C tool surface (C = G, P) 

W work surface (W = 1, 2) 

G gear tool surface 

P pinion tool surface 

1 pinion surface 

2 gear surface 

I first principal 

II second principal 

 
Matrices and Vectors 

[A] matrix represents the relation between the principal curvatures and directions for 

mating surfaces 

[B] matrix represents homogenous coordinates of point B 

[Lab] matrix describes the transformation of vector from the Sb coordinate system to Sa 

coordinate system 

[Mab] matrix describes the transformation of coordinates from the Sb coordinate system to Sa 

coordinate system 

[N] matrix represents components of normal vector N


 

[n] matrix represents components of unit normal vector n


 

[ω] matrix represents components of angular velocity vector 


 

B


 Position vector of point B on a surface 

uB


 uB  /


 

vB


 vB  /


 

III ee


,  Unit vectors along the principal directions of the surface at the contact point 

kji


,,  Base vectors along axes X, Y, and Z, respectively 

N


 Normal vector of point B on a surface 
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n


 Unit normal vector of point B on a surface 

un


 un  /


 

vn


 vn  /


 
)(CWV


 Slide velocity of surfaces ∑C and ∑W 

V


 Transfer velocity vector 
)2()1( ,VV


 Velocity vectors of contact point in its motion over the pinion and gear surfaces, 

respectively  




 Angular velocity vector 
)(TQ


 Relative angular velocity vector of surface T  with respect to surface Q  




 Tangent vector 

 

 

Latin Symbols 

A mean pitch cone distance, mm 

A0,A1,A2 Coefficient of a quadratic equation 

B Point on a surface 

Em Machining offset, mm 

Lm Vector sum of machine center to back and sliding base 

mG2 Gear cutting ratio 
)1(

2

)1(

2 , III VV  The projections of vector )1(V


on vectors Ie2


and IIe2


, respectively, mm/sec 

XMCB Machine center to back 

XSB Sliding base, mm 

W Point width, mm 

a Constant 

aij Element of matrix [A] 

b Semi-minor axis of the contact ellipse, mm 

c Clearance, mm 

dg Average diameter of gear cutter, mm 

kn Normal curvature, mm  

q Cradle angle, deg 

r Tip radius of the cutter, mm 

s Radial setting, mm 

t Semi-major axis of the contact ellipse, mm 

 
Greek Symbols 

∑ Surface 

Γ Shaft angle, deg 

α Orientation angle of ellipse, deg 

β Mean spiral angle, deg 

δ Dedendum angle, deg 

є Specified tolerance value 

γ Root angle, deg 

μ Pitch angle, deg  
2G  Angular velocity in relative motion, rad/sec 

2,1  Angles formed between vectors )1(V


 and Ie2


, and )2(V


and Ie2


, respectively, deg. 
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Modified Stability Functions with Shear Effects for Non-Prismatic 

Members in Steel Plane Frames 
 

 

 

 

 

 

 

 

 

 

 

 
 

ABSTRACT 

The mathematical model of the tapered struts subjected to axial load is solved to obtain 

the modified stability functions due to shear effect as well as bending effects. The stability 

functions are derived for a wide range of non-prismatic struts then compared in graphical 

curves with stability functions excluding shear effects.  

The stability functions for non-prismatic members under compressive and tensile axial 

loads are developed for the purpose of expressing both effects of bending and shear in a beam-

column stiffness at any value of axial force under the buckling limit. 

 الخلاصة
محوري للحصول على دوال استقرارية معدلةة ناتةةة عةا تةاثيرات  لقد تم حل نموذج رياضي لعتبات لا موشورية معرضة لثقل

القص اضافة الى تاثيرات الانحناء المعهودة. لقةد تةم اشةتقاو دوال الاسةتقرارية لمةدع واسةل مةا العتبةات اللاموشةورية ومةا ثةم 
 تمت المقارنة بمنحنيات مرتسمية مل دوال الاستقرارية ما دوا تاثيرات القص.

ال الاسةةتقرارية للاعضةةاء اللاموشةةورية تحةةت اثقةةال انضةةرا  و شةةد محوريةةة فةةي سةةبيل التعبيةةر عةةا تةةاثيري لقةةد تةةم ت ةةوير دو  
 العمود تحت اية قيمة ما قوة محورية اقل ما حد الانبعاج.  -الانحناء و القص في ةساءة العتبة

 

KEYWORDS 

Modified Stability Functions – Shear Effects – Non-Prismatic Members –   Beam-Column 

Stiffness 

 
 

INTRODUCTION 

Shear effects on the elastic stability analysis are usually not considered in the analysis 

and design of frames made up of structural members of solid sections; this is because the 

distortion caused by shear is relatively small except for short members. But in different 

member’s length and cross sectional shapes, the contribution of shear deformation to the total 

deflection may be appreciable. Few research works had covered shear effects in the non-
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prismatic members loaded axially. Most of the researchers used approximate methods for 

including this effect such as a method proposed by  Al-Quraishi 
(1)

 which used approximate 

stability functions for non-prismatic members by developing the approximate formula 

similarly to that derived by S. Al-Sarraf
(3)

. Other researchers such as AL-Fadul
(2)

 obtained the 

exact stability functions for special shape of non-prismatic members and used the finite 

difference method to obtain the approximate stability functions for other shapes. 

In the present study, a new method is adopted based on the exact stability functions 

including bending effects. The new expression of stability functions is derived herein by 

adding the effect of shear to the slope of deflection curve and to the member curvature. 
 

Mathematical Model 
When the beam-column member is loaded with a constant axial force Q, the initially 

straight longitudinal axis is deformed into a curve called the deflection curve which is 

produced by the combined effects of bending and shear deformations. 

The ratio of change in slope caused by shear to that caused by moment is defined as 

the shear flexibility parameter as given by Equation (1) for prismatic members 
(3, 4, 5)

, 

Equation (2) for batten lacing prismatic members
 (1, 6)

 and Equation (3) for non-prismatic 

members 
(1)

. The modified stability functions for beam-columns having any solid cross-

sectional shapes, built-up structural members are developed in terms of the shear flexibility 

parameter.  

V

E

GA

Q
   (1) 
















bh

v

b

2

v

b

hv

E GA.l

l.n

EI24

l

EI12

l.l
.Q   (2) 

2V

2E

2
GA

Q
   (3) 

where 

2

2

E
L

EIQ   : Euler load for prismatic members,or 

2

c

2

E
L

EI
Q


  : Euler load for batten prismatic members, 

2

2

2

2E
L

EI
Q


  : Euler load  for tapered members at end 2, 

vGA,EI  : flexural and shear rigidities of prismatic members ,  

bb GA,EI  : flexural and shear rigidities of batten prismatic members ,  

2v2 GA,EI  : flexural and shear rigidities of tapered members at end 2, 

cI  : moment of inertia for the vertical plate, 

vA  : effective shear area for prismatic members, 

bA  : cross sectional area for batten, 

2vA  : effective shear area for tapered members at end 2, 

n  : numerical factor equal to 1.2 in the case of a rectangular cross section
(7)

, 

hl  : length of the batten center to center of the vertical plate, and 

vl  : center to center vertical distance between two batten lacing. 
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PROPOSED MODIFIED STABILITY FUNCTION FOR NON-

PRISMATIC MEMBERS: 

 A member may have a linear taper in either one or the other direction as shown in 

Figure (1), M1 and M2 are the applied end moments, a is the distance of end 2 from the origin 

O and b is the distance of end 1 from the origin O of zero depth. Therefore, the depth d(x) may 

be expressed by Equation (4): 

   axdxd 2  (4) 

where 
d1, d2 : depths of member at ends 1and 2, respectively, 

d(x) : depth of member at variable (x) from origin (O). 

The moment of inertia of the member about the axis of bending is expressed in the form: 

 m2 axI)x(I   (5) 
where I(x) is the moment of inertia at distance x from the origin O, m is the shape factor that 

depends on the cross-sectional shape as given in Table (1). 

 

 

 

 

 

 

 

 

 

 

 

 
  

  

The effect of shear force of the non-prismatic beam-column is derived starting from the slope 

of the deflection curve
 (10)

: 

 
G).x(Av

xV

dx

dy

dx

dy b   (6) 

 










G).x(Av

)x(V

dx
d

)x(EI

xM

dx

yd
2

2

 (7) 

The bending moment and the shear force at distance x from the origin are: - 

  )yy(QM
L

xb
M

L

xa
xM sb21 







 








 
   (8) 

  















 


dx

dy
Q

dx

dy
Q

L

MM
xV sb21  (9) 

By substituting Equation (9) into the slope due to shear yields: - 

















 


dx

dy
Q

L

MM
.

G).x(Av

1

dx

dy s21s  (10) 

The effective area under shear stress at distance (x) from the origin is: - 

         Fig (1): Non-prismatic beam-column element 

1

Q 2

Q 
L 

Lc u 

M1 M2 
Q Q 

dx O 

L a 

x 
b 

1 2 
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n

2 a
xAv)x(Av 




  (11) 

The shear flexibility parameter and non-dimensional axial force parameter can be defined by 

the equation below: 

22

2

.
G.Av

Q
   (12) 

The curvature equation due to shear is derived below: - 

0
Q

.
.

x

a
..1

1
.

x

a
.

L

MM
.n

dx

yd 22

2

n

n

22

n

21

2

s

2





















 
  (13) 

 

 

 

MODIFIED STABILITY FUNCTIONS FOR BEAM-COLUMN WITH SQUARE 

CROSS SECTIONS 

The basic differential equation when the shape factor n = 2 is 
(10)

:  

0
Q

.
.

x

a
..1

.1
.

x

a
.

L

MM
.2

dx

yd 22

2

2

2

22

2

21

2

s

2





















 
  (14) 

The solution of the second order differential equation is: - 

2Cx.1C
a..

x
tanha.

Q

a..
.

L

MM
y

2

22

2

2221
s 

























 
  (15) 

where C1 and C2 are constants of integration obtained by substituting the boundary 

conditions: 

y = 0 at x = a and x = b yields: 

L

a..

b
tanha

a..

a
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.
Q

a..
.

L

MM
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2

22

2

22
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  (16) 

L
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a..

atanhaa.
a..

btanha

.
Q
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.

L
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2
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2

22
2
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  (17) 

The slope of the deflection curve due to shear only is: - 

1C
Q

.
.

x

a..1.
x

a.
L

MM

dx

dy 22

1

2

2

22n

n
21s 


















 




 (18) 

The curvature of the deflected curve due to bending only is: - 

 
)x(EI

xM

dx
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2

b
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  (19) 
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By substituting Equation (8) and (20) into Equation (19), yields: -  

)bx(
L

M
)ax(

L

M
Qy

dx

yd

a

x
EI 21

b2

b

24

2 







 (21) 

where    5.0

2

42 I EQa . 

The solution of Equation (21) and its first derivative are: 
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 (23) 

where the boundary conditions are:  

at    x = a,      y = 0, and dy/dx = b2 ,  

and    at    x = b,      y = 0, and dy/dx = b1 .  

The values of the constants A and B are obtained by substituting the boundary conditions into 

Equation (22). 

Q Zb a

 b )(JM a )(JM

A 2
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Therefore, the total slope of the deflected curve which is 
dx

dy

dx

dy

dx

dy sb   becomes: 
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The boundary conditions of 
dx

dy
 at x = a and at x = b are: 
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           at x = b (25) 
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          at x = a, (26) 

By substituting the above boundary conditions in Equation (24), then: 
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Thus the stability functions are: 
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  (31) 

where the symbols A1, B1, C1, D1, A2, B2, Ka, Kb and Z are given in Appendix 
  

The modified stability functions for beam-column with a rectangular cross section bent about 

the major axis and a rectangular cross section bent about the minor axis are listed in the 

Appendix: 
 

Experimental Determination of the Elastic Critical Load: 

It is based on the fact that the stiffness of a structure decreases with the increase of the 

axial force in the members. At the critical load, the stiffness of the structure is zero. Thus, it is 

possible to determine the elastic critical load of structures by expressing the stiffness as 

described below.  

The natural frequency of oscillation of a frame decreases with the increase of the 

applied external load. When the vibration stiffness is plotted against the applied load, an 

almost linear relationship is obtained. An estimation of the elastic critical load is made by the 

extrapolation of the linear part of the graph. In frames with complicated sways, experimental 

determination of the elastic critical load is obtained by dynamic stiffness plots. 

In general, for any system, the frequency of vibration may be calculated as in the 

following 
(8): - 

g

W

k

2

1f


  (32) 

where 
f : frequency in cycle/sec, 

k : stiffness of structure, 

W : summation of external load on frame, and 

g : acceleration due to gravity. 

Equation (32) may be written as: - 
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  2

2

Wf
g

2
k 


     for constant g, (33) 

2f.Wk   
The stiffness of the primary buckling mode is a linear function of the applied external load. 

Thus, the relation between the total applied load W  and the parameter  2Wf  is 

approximately linear. 

This method was widely used in finding out the elastic critical load experimentally. In 

this test which is done in present study, the structure is subjected to push at every applied load 

and the number of vibrations is calculated at this time. Then, the frequency, f, is equal to the 

number of vibrations over the unit time for that total load. 

The cantilever beam-column models are manufactured from steel materials with 

dimensions of high accuracy. These models consist of four different non-prismatic cross-

sectional types and one prismatic type in four different cases of batten lacing. The number of 

sway cycles is recorded for 6 seconds for different loads at the free end, then the relation 

between the loads and the beam-column dynamic stiffness is drawn to obtain the elastic 

critical load. The results of each type of non-prismatic member that is subjected to 

experimental load are reported in Table (1). The same thing is used for each case of batten 

lacing. The model types are shown in Appendix. Table (2) to (9) expose the average recorded 

data for three non-prismatic models of the described properties in Table (1). In other words, 

each type has dimensions defined in Table (1). 

 
Table (1) Models dimensions 

Test No. Cross-section m u Length, cm Width, mm Depth, mm 

1 Square 4 2 30 6 – 12 6 – 12 

2 Rectangular 3 2 40 3 1.5 – 3  

3 Rectangular 1 2 40 15 – 30  2 

4 
Rectangular box 1 

mm thickness 
2.4 2 75 1.5 7 – 14  

5 2 cm Batten lacing - 1 40 25 2mm each part 

6 5 cm Batten lacing - 1 40 25 2mm each part 

7 10 cm Batten lacing - 1 40 25 2mm each part 

8 20 cm Batten lacing - 1 40 25 2mm each part 

 

 
Table (2): Average results of 3 models having shape factor m=4 

Axial Force, kN Mass Load, kg 
No. of 

cycles 
Frequency rad/6 sec 

0.0004905 0.050 49 51.31268 

0.0009810 0.100 32 33.51032 

0.0014715 0.150 23 24.08554 

0.0019620 0.200 18 18.84956 

0.0024525 0.250 14 14.66077 

0.0029430 0.300 11 11.51917 
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Table (3): Average results of 3 models having shape factor m=3 

Axial Force, kN Mass Load, kg 
No. of 

cycles 
Frequency, rad/6 sec 

0.000981 0.100 155 162.3156 

0.001962 0.200 109 114.1445 

0.002943 0.300 89 93.20059 

0.003924 0.400 76 79.58702 

0.004905 0.500 68 71.20944 

0.009810 1.000 47 49.21829 

0.049050 5.000 16 16.75516 
 

 

 
Table (4): Average results of 3 models having shape factor m=1 

Axial Force, kN Mass Load, kg 
No. of 

cycles 
Frequency rad/6 sec 

0.000981 0.100 84 87.9645 

0.001962 0.200 59 61.7846 

0.002943 0.300 47 49.2182 

0.003924 0.400 41 42.9350 

0.004905 0.500 36 37.6990 

0.009810 1.000 24 25.1327 

0.049050 5.000 3 3.1415 
 

 
Table (5): Average results of 3 models having shape factor m=2.4 

Axial Force, kN Mass Load kg 
No. of 

cycles 
Frequency, rad/6 sec 

0.000981 0.100 292 305.7817 

0.001962 0.200 206 215.7227 

0.002943 0.300 168 175.9292 

0.003924 0.400 146 152.8908 

0.004905 0.500 130 136.1357 

0.009810 1.000 92 96.34217 

0.049050 5.000 40 41.8879 

 
 

 
 

Table (6): Average results of 3 prismatic models with 2 cm batten lacing 

Axial Force, kN Mass Load, kg 
No. of 

cycles 
Frequency rad/6 sec 

0.000981 0.100 1007 1054.528 

0.001962 0.200 712 745.604 

0.002943 0.300 581 608.421 
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0.003924 0.400 503 526.740 

0.004905 0.500 450 471.238 

0.009810 1.000 318 333.008 

0.098100 10.00 100 104.719 

 

 

 

 
Table (7): Average results of 3 prismatic models with 5 cm batten lacing 

Axial Force, kN Mass Load, kg 
No. of 

cycles 
Frequency rad/6 sec 

0.000981 0.100 603 631.460 

0.001962 0.200 426 446.106 

0.002943 0.300 348 364.424 

0.003924 0.400 301 315.206 

0.004905 0.500 269 281.696 

0.009810 1.000 190 198.967 

0.049050 5.000 85 89.011 

0.098100 10.00 60 62.831 

 

 
Table (8): Average results of 3 prismatic models with 10 cm Batten lacing 

Axial Force, kN Mass Load, kg 
No. of 

cycles 

Frequency, rad/6 

sec 

0.000981 0.100 356 372.8023 

0.001962 0.200 252 263.8938 

0.002943 0.300 205 214.6755 

0.003924 0.400 178 186.4012 

0.004905 0.500 159 166.5044 

0.009810 1.000 112 117.2861 

0.049050 5.000 50 52.35988 

0.098100 10.00 35 36.65191 

 

 
Table (9): Average results of 3 prismatic models with 20 cm batten lacing 

Axial Force, kN Mass Load, kg 
No. of 

cycles 
Frequency, rad/6 sec 

0.000981 0.100 194 203.1563 

0.001962 0.200 137 143.4661 

0.002943 0.300 112 117.2861 

0.003924 0.400 97 101.5782 

0.004905 0.500 87 91.10619 

0.009810 1.000 61 63.87905 

0.049050 5.000 27 28.27433 

0.098100 10.00 19 19.89675 
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The results are obtained experimentally and theoretically. They are then compared as in 

the following: 

Experimentally: The results are analyzed graphically to obtain the buckling load at 

the vanished stiffness by extending the relation between the stiffness and mass linearly. 

Figures (2) to (9) show the buckling load for eight different models. 

Theoretically: For a cantilever tapered column having load at the top free end, the 

stiffness matrix is
(9)

:  
 

  
 

  
 

  
   

 q SC S
 SC S S k

 ) (

 ) (

 2

 2 2
 

where   2

2

21 SC2SSq     , 
2

2

2

2
EI

QL


  

 

 

The results shown in Tables (10) and (11) present the obtained results by considering the eight 

different models experimentally and theoretically. 
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Fig (4): Stiffness-mass relation of model 3 
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 Fig  (5): Stiffness-mass relation of model 4 
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Fig (2): Stiffness-mass relation of model 1 
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Fig  (3): Stiffness-mass relation of model 2 
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Fig  (6): Stiffness-mass relation of model 5 
Loaded mass (kg) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(10) Experimental and theoretical results of model 1, 2, 3 and 4 

Test No. 
Experimental results Theoretical results 

Qcr, kN Qcr, kg 2  
S1 S2 SC 

1 0.003946 0.405 1.6659 27.31426 6.82856 8.61646 

2 0.112815 11.500 1.0840 16.959 5.982 6.124 

3 0.051551  5.255 0.4179 6.19183 4.38816 3.0121 

4 0.847 584 86.400  0.823 12.608 5.481 4.958 

 

Table (11) Experimental and theoretical results of model 5, 6, 7 and 8 

Test No. 
Experimental results Theoretical results 

Qcr, kN Qcr, kg     s sc 

5 18.474  1883 0.1841102 1.431531 1.862895 0.292099 

6 10.607 1081 0.1057058 5.460222 1.175894 -0.394902 

7 4.735  482 0.047188 17.19175 0.922095 -0.648701 

8  1.581   152 0.015755 59.4687 0.826299 –0.744498 

 

The buckling load is obtained for the first model divided into two, three and four non-

prismatic elements. Hereafter, the stability functions and non-dimensional axial force 

parameter for each element are obtained and given in Table (12). 
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Fig  (7): Stiffness-mass relation of model 6 
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  Fig  (8): Stiffness-mass relation of model 7 
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      Fig  (9): Stiffness-mass relation of model 8 

M
a

ss
 x

 (
fr

eq
u

en
cy

)2
  

M
a

ss
 x

 (
fr

eq
u

en
cy

)2
  

Fig  (6): Stiffness-mass relation of model 5 
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Fig  (7): Stiffness-mass relation of model 6 
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Table (4) Stability Functions for model 1 divided into 1, 2, 3 and 4 tapered members 

Element 
L 

m 

Q 

kN 

Stability 

Function 

Values of Stability Functions   

First Second Third Fourth 

One  0.3 0.00394 

1S
 

27.3143 - - - 

SC  8.61646 - - - 

2S
 

6.82856 - - - 

2  
1.66590 - - - 

Two  0.15 0.00394 

1S
 

12.6399 9.3238336 - - 

SC  4.63927 3.5783314 - - 

2S
 

5.61763 5.2446338 - - 

2  
0.416475 0.0822700 - - 

Three  0.01 0.00394 

1S
 

9.139763 7.7054150 6.8649449 - 

SC  3.613771 3.1403804 2.8841442 - 

2S
 

5.141116 4.9314656 4.7673228 - 

2  
0.185100 0.0585664 0.0239888 - 

Four  0.075 0.00394 

1S
 

7.629459 6.8353036 6.3118599 5.9462715 

SC  3.155855 2.8903702 2.7254391 2.6124706 

2S
 

4.882853 4.7467386 4.6372774 4.5526189 

2  
0.104119 0.0426468 0.0205665 0.0111013 

 

The experimental data for models from 1 to 8 are identical with theoretical results that used 

modified stability functions by including shear effect. From the previous results, the elastic 

critical load of models 5, 6, 7 and 8 are compared with others, as shown in Figure (10) to 

represent the effect of increasing the number of batten lacings on elastic critical load in a 

prismatic member. 
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Fig (10): Buckling load on prismatic member for different batten lacings  
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It is found that the prismatic member having 2cm-batten lacing buckled after the three other 

models which have less number of battens lacing. On the other hand, the prismatic member 

having 20cm batten lacings buckled before the three other models which have a larger number 

of battens lacings. This means that, when the number of batten lacing increased, the buckling 

load increased. The other type of comparison is presented in Table (13) for the elastic critical 

load of the present study and the equivalent member
 (6)

. It is found that the elastic critical load, 

which is obtained from the present study, is more than that obtained from the equivalent 

member. Their values are close to each other. The error percent reduces when the number of 

batten lacings is increased. 

 
Table (13): Buckling load and displacement comparisons 

Test 

No. of 

batten 

lacings 

Buckling load, kN 

Ratio* 
Error** 

% 

Displacement at critical load, m 

Present study Equivalent 

member 

Present study Equivalent 

member 

5 20 18.474 18.2631 0.9886 1.14 0.2163 0.2080 

6 8 10.6066 9.03929 0.8522 14.78 0.1352 0.1315 

7 4 4.735 3.10014 0.6547 34.52 0.0617 0.0512 

8 2 1.5809 0.85348 0.5399 46.01 0.0272 0.0191 

*   The ratio between the buckling load of equivalent member to that of the present study. 

**  Error = Deference between the buckling load of the present study and equivalent member divided 

by the buckling load of the present study. 

 

From the above experimental works and theoretical results, the stability functions are very 

close.  

 

Conclusions  

1. The modified stability functions including the effect of bending and shear are 

compared with the stability functions including the effect of bending only for the same 

properties of non-prismatic beam-columns under different axial forces and cross-sectional 

areas. These conditions give different ratios of stability functions, which include and 

exclude shear effect. The effect of shear is summarized in Table (14) which shows: - 

 

Table (14): Ratios between stability functions 

excluding and including the effect of shear 

           2  

2  
0.00 2.00 

0.0001 

S1 0.999747 0.999813 

SC 0.999600 0.999888 

S2 0.999838 0.999998 

0.0400 

S1 0.908997 0.928652 

SC 0.854400 0.958576 

S2 0.941763 0.999844 

 
a. The effect decreases the stability functions with increasing of non-dimensional axial force 

parameters in the compression range. 

b. The effect increases the stability function with increasing of value of shear parameter. 

c. The minimum effect is at maximum axial force and minimum shear parameter (0.0001). 

d. The maximum effect is at zero axial force and maximum shear parameter (0.04). 



O.Al-Farouk                                                                   Modified Stability Functions with Shear Effects  

S. Z. AL-Sarraf                                                              for Non-Prismatic Members in Steel Plane Frames 

W. V. Yossif 
 

 

 4522 

e. The effect of shear parameter exceeds the effect of non-dimensional axial force 

parameter. 

 

2. In batten laced members, the shear flexibility parameter is decreased with increasing the 

number of batten lacings between two main columns. The limit of buckling load is increased 

by reducing the additional deformation due to shear strain as given by which summarizes the 

buckling load data for models 5, 6, 7 and 8.  

3. .It is found that the prismatic member having 2cm batten lacing buckled after the three other 

models which have less number of battens lacings. On the other hand, the prismatic member 

having 20cm batten lacings buckled before the three other models which have a larger number 

of battens lacings. This means that, when the number of batten lacing is increased, the 

buckling load is increased.  

4. It is found that the elastic critical load, which is obtained from the present study, is larger 

than the elastic critical load obtained from the equivalent prismatic member given by 

Timoshenko formula
 (6)

 .Their values are close to each other and the error percent is reduced 

when the number of batten lacings is increased. 
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List of symbols 
Symbol Symbol Definition 

Av Effective shear area for prismatic members 
Ab Cross sectional area for batten 
Av2 Effective shear area for tapered members at end 2 
E Modulus of elasticity 
I2 Moment of inertia for tapered member at end 2 

I(x) Moment of inertia at distance x from the origin O for tapered member 
Ic Moment of inertia for vertical plate 
Ih Length of the batten center to center of vertical plate 
Iv Center to center vertical distance between two battens lacing 

M1, M2 Applied moment at end 1 and 2 respectively 
M(x) Bending moment at distance x from the origin O  

Q Constant axial force 

QE Euler load ( 22 L/EI ) 
S1 Flexural stiffness factor for tapered member at end 1 
S2 Flexural stiffness factor for tapered member at end 2 
SC Flexural carry-over factor for tapered member 
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V Shear force 
a Distance of end 2 from the origin O for tapered member 
b Distance of end 1 from the origin O for tapered member  

d1, d2 Depth of tapered member at end 1 and 2 respectivily 
d(x) Depth of tapered member at distance x fro origin O 

f Frequency in cycle /sec 
g Acceleration due to gravity 
k Stiffness of structure 
m Shape factor 
n Numerical factor equal to 1.2 in the case of a rectangular cross section 
u Tapering ratio 
W Summation of external load on frame 
y Lateral deflection at distance x along the member 

 Shear flexibility parameter 

1, 2 End rotations at end 1 and 2 

2 Non-dimensional axial force parameters for tapered member 
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 ستخدامية للمناطق المكشوفة والخضراء لكلية الزراعة الكفاءة الإ
 

 نجوى عبيد عجمي
 جامعة بغداد –كلية الزراعة 

 -:المستخلص 

ان الهدف الاساس من عملية تخطيط وتصميم الفضاءات الخارجيةة والدةدا ه  ةو  لةه بياةة  ارجيةة 

الا ةةب بر ةةع الاعمبةةار  ةةعوف المو ةة  الممعةةة مةة  تمةةوا ن  هيهةةا  الو يفةةة مةة  ملا مةةة لاسةةمخدان الان ةةان 

يهدف البدث الى تدديد ا م ال لبيات والمشاكل المةي تعةاني . وامكاناته الا مصادية مه ومميزاته  صوصيو

مرهةةا الم ةةااات المكشةةوهة والدةةدا ه هةةي كليةةة الزراعةةة مةة  دراسةةة تجةةارا الةةدوة الععبيةةة لبلةةدان مشةةابهة 

القاعةةدا المعلوماتيةةة المةةي يمكةةن ان تكةةون ور ةةة عمةةل لمد ةةين وتطةةويع  ل ةةعوف العةةعاب البيايةةة واسةةمبا 

وديمومة  به الم ااات المفمواة والخضعاء وصيانمها وتشغيلها بالشكل البي يدقه الغعض من انشا ها . 

تضةمر  الدراسةة جانةظ ن ةعي ا ةممل علةى توسةيخ اسةو تخطةيط وتصةميم وصةيانة الدةدا ه والعوامةةل 

المةي تعةاني من تدديد المشةاكل وال ةلبيات تض انظ عمليجومجارا دوة ععبية ، وععض لالمؤثعا عليها 

 واسممارا الاسمبيان ومقمعاات المطويع .مرها الم ااات المكشوهة والددا ه هي كلية الزراعة  

 

 

EFFICIENT EMPLOYABILITY OF OPEN GREEN AREA IN THE 

AGRICULTURAL COLLEGE – UNIVERSITY OF BAGHDAD  

 
 

ABSTRACT 

         The main goal of planning and designing for external open spaces and gardens 

is to create a comfortable external environment for human use. In this environment, 

there should be a balance between the function and the aesthetic, taking into account 

the location’s circumstances, specialty, characteristic and economic potentials. The 

research is aimed at limiting the disadvantages and the problems of the opening areas 

and gardens in the agriculture college supported by study of the similar Arabic 

countries experience that have the same Iraq circumstances environment.Also 

building a data base that may be a work sheet to improve, develop and ever-living 

these opening green areas and maintain and act it in the form that achieves the 

purpose behind it’s establishment. 

The study includes a theorem side which includes illustration of foundations of 

planning , designing and maintain the gardens and the external infected factors and 

show the Arabic countries experience, and application side that includes limiting the 

problems and disadvantages of the opening areas and gardens in the agriculture 

college and the information form as well as the  development suggestions . 

Keywords: Open and Green Areas, Efficient Employment, Agriculture College .  
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 المقدمة  

سةمن اسةو علميةة لغةعض اسةمغلاة المةوارد  سمعاتيجية دف المخطيط  ومداولة وس   طة  إن

وعلى  با الاسةاس هةان العمليةة المخطيطيةة تمطلةظ  للموا   الاكاديمية والبدثية البشعية والطبيعية والمادية

الموهيةةه بةةين تةةواهع عةةاملين الاوة الهةةدف والثةةاني المدةةددات والقيةةود المةةي تدةةدد المرفيةةب وعلةةى المخطةةط 

الا داف والمدددات بشكل عقلاني وموسةوعي . كمةا انةه لا يمكةن هصةل العمليةة المخطيطيةة عةن العمليةة 

غرةةاء أالمصةةميمية ههمةةا عمليمةةان مملا ممةةان للعلا ةةة الوثيقةةة بيرهمةةا . ان انشةةاء  ةةاب  مدلةةي ي ةةا م هةةي 

يةة ليبقةي هةي راكةعا الطالةظ الشخصية المعمارية ويعكو المدموى الدضاري للمديرةة سةمن هضةاءات الكل

 ةي وبعوعة المصةاميم وكفةاءا الاداء للفضةاءات المفمواةة والخضةعاء وجمالهةا دوماً  وكله هخع واعجاا 

غاية ي مو اليها المخطةط والمصةمم معةاً . ان تر ةيه وتجميةل الدةدا ه يمثةل ااةد اركةان المطةويع والمرميةة 

دا ه والفعاغةةات وممةةعات المشةةاا وامةةاكن الجلةةوس العمعانيةةة ، هدراسةةة تصةةاميم المرةةا ه الخضةةعاء والدةة

واسو ا ميار الرباتةات الملا مةة للبياةة كةل رلةع ي ةاعد علةى تةوهيع بياةة ملا مةة و لةه جةو دراسةي مةعيخ 

هةي جامعةة بغةداد مرطقةة  الزراعةةللطالظ ومن  با المرطله جاءت أ مية دراسة الفضاءات المفمواة لكلية 

والددا ه لها و يفةة يز ا عن با ي الكليات ايث الم ااات المكشوهة وما لها من  صوصية تم ابو غعيظ

وسة  اط ةع المصةميمية لو، تعليمية وبدثية الى جانظ الو يفةة المخطيطيةة والبيايةة والجماليةة والمعهيهيةة 

تشمل الجانظ الر عي البي تطةعب الةى / الاولى : المعالة والمخطيطية لمطويع ا تضمن البدث معالمين 

شمل الجانةظ العملةي ت ة /الثانيوالمعالة  ، يط وتصميم وصيانة الددا ه والعوامل المؤثعا عليهاأسو تخط

والمةةي وتدديةةد المشةةاكل المةةي تعةةاني مرهةةا هةةي جامعةةة بغةةداد كليةةة الزراعةةة  اةةدا ه والممضةةمن وا ةة  اةةاة

 طويعية . توما تعتظ عليها من مقمعاات ان ياسممارا الاسمبتوسد  عبع 

 

 تصميم وصيانة الحدائقأسس تخطيط و -

 هةةجاههةي تمثةل و للمرا ه الخضعاء  يمة كبيعا با ةجار ا و ةجيعاتها وا  ار ةا وم ةطداتها الخضةعاء

المخطةيط للدةدا ه لرا من مععهة اساسيات المصميم و ولكي نصل الى الدالة المثلى لابد و خصية المديرة ،

ورا معكبةة وبطعيقةة هريةة للوصةوة الةى تر ةيم هالمصميم بمعراه الشامل  و تر يم الاجزاء الب يطة هي صة

هلكل اديقةة مدةور رأسةي  ةولي ومدةور او اكثةع ثةانوي او ععسةي عةامودي علةى   وبالمالى تر يه جيد

الع ي ي ولكل مدور بداية ونهاية يبدأ بعلامات دالة او عراصع جبا كرةاهورا او نصةظ ولابةد مةن تدقيةه 

بفكع  تصميمي مواد يجعةل مةن جمية  اجةزاء ومكونةات الدديقةة الوادا والمعابط المي بين اجزاء الدديقة 

تم م بالمعابط والمراسظ والموا ن ههراك وادا المصةميم لجمية  عراصةع الدديقةة سةواء بةالالوان او بةالمواد 

وبصفة عامة هان ،  الداويات...الخ  لات ومقاعد الجلوس، م الاكشاك ، الم مخدمة من رصف المما ي ،

    www.momra.gov.sa/Specs/guid0021.asp  ن العراصع الع ي ية المالية :أي اديقة تمألف م

تعمبةةع الرباتةةات العراصةةع الاساسةةية المةةي تمكةةون مرهةةا الدديقةةة ههةةي رات و يفةةة  : العناصررر النتاتيررة  -اولاً 

تخطيطيةةة ايةةث تعمةةل علةةى تدديةةد وتق ةةيم الم ةةااات والفصةةل بةةين المعاهةةه المخملفةةة وتدديةةد المما ةةي 

، كمةا أن لهةا اسةمخدان بياةي هةي ا ع غيع العغوا هيها رارات الدعكة وتكوين اسوار نباتية لدجظ الموم 

مكاهدة الملوث واممصاص الغا ات غيع المعغوا هيها وتقليل الضوساء ومقاومة الملوث البياي وتلطيف 

مخدان جمةالي درجة الدةعارا ولرشةع ال ةل  اصةة هةي المرةا ه الصةدعاوية وك ةع اةدا العيةاس ، ولهةا اسة

ايث تشكل الا جار والرباتات الا عى العرصع الاساسي لجماة المدن وتر يه الموا   والددا ه وعرصةع 

    www.momra.gov.sa/specs/guid0014.aspجبا بجماة ا كالها والوانها و ابليمها على القص والمشكيل 

لمعطي اا اس للزا ع بأن  راك تعتيظ هي اسمخدان الرباتات و الالوان بشكل يضيف الجماة ويبعث الممعة 

ويربغةةي ان تكةةون الرباتةةات المخمةةارا تةةؤدي الةةدور ( 1-وكمةةا موسةةخ رلةةع هةةي    ةةكل ،  هةةي نفةةو المملقةةي

بزيةةادا الم ةةااات المطلةةوا مرهةةا علةةى اكمةةل وجةةه وللمملكةةة ال ةةعودية تجعبةةة را ةةدا هةةي مجةةاة الا ممةةان 

يم اسةمغلالها وهةي مديرةة يربة  تةم عمةل م ةخ  ةامل  ةالخضعاء وامايمها و المدديد الصةديخ لموا عهةا وتر

مةة المشةجيع بعةد اجةعاء المجةارا والابدةاث  يفهةا هةي ان لجمي  اصراف الرباتات المدلية والم موردا لمو

ة اامياجهةا لميةاه الةعي وعمليةات الصةيانة  لة عوف المرا يةة المدليةة مة  ةوانمخاا الانواع المةي تمدمةل ال

ايةث تةم تطبيةه المعةاييع الاساسةية للمشةجيع هةي ا ميةار العراصةع  ى تراسبها لغايات وا داف المشةجيعومد

http://www.momra.gov.sa/specs/guid0014.asp
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الرباتيةةة برةةاء علةةى دراسةةة المو ةة  والغةةعض مرهةةا وتجهيةةز المعبةةة وا ةةاا الاامياجةةات الما يةةة للرباتةةات 

 بةل الجهةات المخمصةة لكةل مديرةة وتزويةد المرةا ه المشةجعا بر ةان  واسمخدان  ا مة الرباتات المعممدا مةن

العي   الالي ( المبةعم  بشةكل دا ةم وثابة  وعرةدما ت ةمخدن الا ةجار كاسةوار يجةظ ان يمةالف ال ةور مةن 

وتةةزرع الا ةةجار والشةةجيعات  ا ةةجار و ةةجيعات دا مةةة الخضةةعا ععيضةةة الاوراب وممقاربةةة الم ةةاهات ،

مي  ا ظ اسمخداماتها المخملفة لمك ظ المكان مر عاً جميلا ً كمةا تةزرع الرباتةات كرمارج هعدية او هي مجا

العشبية الدولية والمعمعا لالوان ا  ار ا الممعددا وا ميمها هي عمليات المر يه وتزرع ااةواض الز ةور 

تعطةى هي  ليط لا يمعدى اكثع من ثلاثة انةواع مةن الا  ةار مة  معاعةاا تعتيةظ الالةوان وتو يعهةا بديةث 

    وسمن العراصع المكويرية الاتية :. يرا ً مموا نا ً  لاة هصل الرموتكو

 4.html - www.urar.org.sa/ibda/mahawer3                                                                                          

 

            
 

 المي توسخ العراية( جوانظ  من الددا ه والاسمعااات هي ال عودية  1 كل  

 بزراعة الرباتات وتر يقها لمك ظ المكان مر عا ً جميلا ً 

 www.arriyadh.com/Tourism/LeftBar/Gardensالمصدر :   

 

                

الم ةةلات ، المج ةةمات ، المقاعةةد وامةةاكن الجلةةوس ،وتشةةمل ممةةعات المشةةاا :  العناصررر التنائيررة   -ثانيرراً 

يوجةد هةي الدديقةة عةدد مةن الممةعات المةي تةعبط مةدا ل ، ااويةات الرفايةات . اةواض البرا يةة البرا ية ، الا

انشاء  به الممعات يجةظ ان يعاعةى  ةعا  الدديقةة وعرد الدديقة وأجزا ها وتوصل الاماكن المخملفة هيها 

و اصة المي هةي م ةموى ويجظ الا ممان بالروااي البصعية على جمي  مداور وممعات المشاا الم معمل 

كمةةا ان   http://civilawy.jeeran,com/lectures2.htm مممابعةةات بصةةعية ممروعةةة ومممعةةة لاعطةةاءالر ع

ت لها معاييع تخطيطية وو يفية وجمالية يجظ ان تؤ ب هي الاعمبةار المواد الم مخدمة هي اك اء الارسيا

ولكل مادا من مواد الاك اء تأثيع مخملف عةن الا ةع مةن  ةلاة المرةوع هةي المقاسةات والا ةكاة والملمةو 

كالخعسةةانة ، الدجةةع ،  والالةوان و ةةوا المدمةةل والمقاومةةة للعوامةةل الجويةةة والداجةة الةةى الصةةيانة الم ةةممع

ويخملةةف عةةعض المما ةةي ونةةوع المةةواد الم ةةمخدمة هةةي ارسةةيمها ا ةةظ نةةوع الدديقةةة  سةةفل  البلةةوك ،الا

كما يعاعةى تةوهع امةاكن الجلةوس ويعمةل علةى رصةف الطةعب المؤديةة اليهةا  . وم اامها وا ظ  عا  ا

وتجرظ وسعها على الم دطات الخضعاء لع وبمهةا الم ةممعا بةل يخصةص مرطقةة للجلةوس يوسة  بهةا 

علةى  ةعا  الدديقةة والغةعض الةبي ترشةا مةن اجلةه كمكةان بلا  كما يمو ةف تصةميمها رمل او تعصف بال

مرعزة يشعع هيه الان ان بهدوء الطبيعة او الاسةمعااة او كمكةان لمرةاوة الطعةان مة  وجةود بعةع المقاعةد 

دراسةة  والطاولات البرا ية كما ان مو   اماكن الجلوس ونوعية المقاعد الم معملة هيها لها ا مية كبيعا هةي

الروااي الو يفية والجمالية وعموما هان اماكن الجلةوس يجةظ الا تعمةعض ان ةيابية الدعكةة هةي الممةعات 

http://www.urar.org.sa/ibda/mahawer3
http://www.arriyadh.com/Tourism/LeftBar/Gardens
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الع ي ية وال ااات ويمكن دم  اماكن الجلوس هي المكوين م  ااواض الةزرع بديةث تكةون  ةبه الامةاكن 

كاماكن للجلوس وهةي  اوض الزرع اواجز ومديطاتمواجهة لمداور اعكة المشاا ، كما يمكن اسمخدان 

ومةةن العراصةةع البرا يةةة المهمةةة وبةةالا ص هةةي   ةةبه الدالةةة يعاعةةى ان تكةةون بارتفاعةةات مراسةةبة ومعيدةةة .

المرا ه الدارا الم لات ايث ان ت ليةل الطةعب والممةعات وامةاكن الجلةوس رو  يمةة جماليةة ومهمةة هةي 

شةةأت المعماريةةة الم ةةمخدمة كةةدعامات ، وتعمبةةع الا ةةواس مةةن المرالامةةاكن المشم ةةة بهةةدف تهياةةة العااةةة 

للمم لقات وتجميل البوابات والمدا ل وارا وسع  هوب الطةعب الطويلةة هانهةا تك ةع مةن اةدا  ةبا الطةوة 

  وما يبعثه من ملل .  

ولابةد مةن تةأمين المةاء  يعمبع توهع الماء من اكثةع العوامةل أ ميةة لرمةو الرباتةات :  مائيةالعناصر ال - ثالثاً 

هةي  ، ،ويعمبةع الةعي أاةد الفرةون القديمةة  ةدن الدضةارا نف ةها ، و ةد اةدث  ةبا  ومةة الرباتةاتلضمان ديم

لاداره او،  وغيع ةةا   مو ةة  الدراسةةة الداليةةة (مصةةع والصةةين وباك ةةمان واليابةةان وبةةلاد مةةا بةةين الرهةةعين 

الما يةة الممااةة  والمقريةات المراسةبة لمدقيةه الاسةمثمار اطمثةل للمةوارد  ةو تطبيةه اطسةو يالممكاملة للةع

 اسةمخدامها . ولغةعض تدقيةه  ةبا الهةدف يجةظ إجةعاء الدراسةات الخاصةة بالاامياجةات الما يةة وتع ةيد

 ي العلم البي  - ردسة العيو ( تدديد مواعيد وكميات مياه العي للرباتات لعيلللمدصوة وتدديد جدوة 

أسةاس  لزراعية بطعيقة مد وبة بد ة علىالم ااات الزراعية بالمياه اللا مة للاسمخدامات ا يهمم بمزويد

        .  المرةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةا  و الطبوغعاهيةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةا و بيعةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة المعبةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة 
www.uaeagri.ae/home.aspx?ctname=ArticleDetails.ascx&rid=76 

بالع وبة لرمو الربات دون ها ةد هةي الميةاه أو المعبةة ، وتةؤمن   ي المي تمد اطرض   عيقة العي المثلىو

جفةاف القصةيعا ، وتغ ةل اطمةلاس الموجةودا هةي القطةاع اطرسةي لمصةبخ دون ال المدصوة سد همةعات

الا مصةادي  للدصوة على أكبع وأجود مدصوة ، م  كفاءا اسمخدان المياه والمميز هي العا ةد الدد الدعج

اسةمخدان المكرولوجيةا  بةدءاً مةن  وعمومةاً مةن المعةعوف تمامةاً أنةه لكةي تةعوي لا بةد مةن. مةن واةدا المةاء

  .إمداد الرباتات باامياجاتها الما ية العي البدا ية إلى أادث ن ان للعي ( لمر يم وسا ل

يعمبةع ا ميةار  عيقةة الةعي اطكثةع ملا مةة جةزءاً  ايةث ن ان العي معاعاتها لا ميارو راك عوامل يجظ 

 لكل  عيقة ري مميزاتهةا الخاصةة ، ولكةل تصةميم مشةعوع ري مشةاكل و العي  اماً هي تخطيط مشاري 

 :  وعمومةةةةةاً يجةةةةةظ أن يعاعةةةةةي هةةةةةي أي ن ةةةةةان ري المعةةةةةاييع اطساسةةةةةية الماليةةةةةة وصةةةةةعوبات ،

 . الاامياجةةةات الما يةةةة المراسةةةبة للرباتةةةات  ةةةلاة معااةةةل الرمةةةو المخملفةةةة مةةة  اعمبةةةار المرةةةا  تلبيةةةة -

 . مرطقةةةةةةة الجةةةةةةبور وصةةةةةةولا اًلةةةةةةىالعدالةةةةةةة هةةةةةةي تو يةةةةةة  ميةةةةةةاه الةةةةةةعي تو يعةةةةةةاً مرم مةةةةةةاً  -

 . يةةةةةةةة هةةةةةةةي سةةةةةةةطخ اطرض المعويةةةةةةةة إلةةةةةةةى أ ةةةةةةةل  ةةةةةةةدر ممكةةةةةةةنعمليةةةةةةةات المعع تقليةةةةةةةل -

 . اللا مةةةةةةةةةةةةةة العمالةةةةةةةةةةةةةة  بأ ةةةةةةةةةةةةةل عةةةةةةةةةةةةةدد مةةةةةةةةةةةةةن إنجةةةةةةةةةةةةةا  عمليةةةةةةةةةةةةةة الةةةةةةةةةةةةةعي -

 .المعبة و بوغعاهية ال طخ أن تممشى  عيقة ن ان العي م  المغييعات هي -

  العمةةةل المةةةز رعةةةي بالمرطقةةةة المعويةةةة أن يكةةةون لر ةةةان الةةةعي معونةةةة كاهيةةةة هةةةي تطبيةةةه ميكرةةةة -  

 . للمشةةةةةةةةةةةةةةةةةعوع جةةةةةةةةةةةةةةةةةدوى ا مصةةةةةةةةةةةةةةةةةاديةك ةةةةةةةةةةةةةةةةةان الةةةةةةةةةةةةةةةةةعي معاعةةةةةةةةةةةةةةةةةاا ن -  

المدةددا لننمةاج الزراعةي امةى  يجظ الإلمان بجمي  تفاصيل العواملأنفا ً ولموهيع مع م المعاييع المبكورا

 .إلةةى أهضةةل عا ةةد بأ ةةل تكلفةةة ممكرةةة يةةمم المخطةةيط ال ةةليم لمشةةعوع ري يراسةةظ كةةل ال ةةعوف ويةةؤدي

 : ميةةةةةةةةار  عيقةةةةةةةةة الةةةةةةةةعي همشةةةةةةةةملوا أمةةةةةةةةا المةةةةةةةةوارد المةةةةةةةةي يجةةةةةةةةظ مععهمهةةةةةةةةا  بةةةةةةةةل تدديةةةةةةةةد

الميةاه(، المعبةة، نةوع المدصةوة، رأس المةاة والعمالةة  الموارد الما ية  مصدر المياه، كمية الميةاه، نوعيةة

 .الم معمل، ن ان الصعف القا م كررةالمموهعا، الطا ة، نوع الم
www.uaeagri.ae/home.aspx?ctname=ArticleDetails.ascx&rid=76  

لةعى المرةا ه الصةدعاوية   و أاد أن مة العي الدديثة و المي ت ةمخدنالعراري والمرقيط العي بالعش ان 

ن ةان الةعي بةالغمع  اطرض العملية و المي لا ت مطي  الإامفةا  بالمةاء لمةدا  ويلةة، ايةث إن تطبيةه رات

اةين الةعي بةالعش يةوهع المةاء ايةث إن  ، هةيممةا يرةم  عرةه إ ةدار ميةاه الةعي مةن المةاءالكثيع  بظ هقدي 

بةالعه  مةن  هي ري اطراسي المةي تةعوى  ي مراسبة أيضا،  .% 75 مموسط كفاءا العي لهبا الر ان  ي

 ان موتةورات مراسةبةالآبار الارتوا ية. و هي  به الطعيقة يلزن ده  المياه من مصادر ا المخملفةة بسسةمخد

 تمرا ص أ طار  به المواسيع تدريجيا (P.V.C ) الدديد المجلفن أو البلاسميع القوا هي  بكة مواسيع من

http://www.uaeagri.ae/home.aspx?ctname=ArticleDetails.ascx&rid=76
http://www.uaeagri.ae/home.aspx?ctname=ArticleDetails.ascx&rid=76
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وهةةي مديرةةة الكويةة  تجعبةةة واسةةعة هةةي اسةةمخدان ن ةةان الةةعي بواسةةطة .الميةةاه  كلمةةا تباعةةدت عةةن مصةةادر

 . ي ري الم طدات الخضعاءالع ا ات الصغيعا وتعمبع من اهضل الطعب المعممد اسمخدامها ه

ايةةث تةةم الاعممةةاد علةةى القطةةاع الخةةاص مةةن  ةةلاة الشةةعكات المؤ لةةة هةةي ترفيةةب مجمةةل عقةةود ومشةةاري  

الزراعة المجميلية   سواء عقود المرفيب او عقود الصيانة ( وتةم الاعممةاد هةي ري مع ةم موا ة  الزراعةات 

 -ي تدةد كثيةعا مةن الاسةمهلاك المةا ي  المرقةيط المشةغيل المة وراتيةةعلةى أن مةة الةعي الدديثةة ، يليةة مالمج

العببةة( وتموجةه الهياةة مةن  -الصةليبية  -مخملفة مةن الميةاه  المجةاري المعالجةة  العش( باسمخدان نوعيات

ميةاه  مشةعوعاتها الممعا بةة ندةو تعمةيم ن ةم الةعي الدديثةة علةى كاهةة الموا ة  والمشةاري  وااةلاة  ةلاة

يمم كما المجميلية والدعجية، لمياه الصليبية والعببة هي ري مجمل الزراعاتالمجاري المعالجة بديلا عن ا

المعبةةة ونمةةو  مةةن ميةةاه المجةةاري المعالجةةة كروعيةةة جيةةدا ت ةةهم هةةي تد ةةين  ةةواص و صةةوبة سةةمفاداالا

هةي مديرةة ان ن ةان الةعي الم ةمخدن هةي  ةارع الخلةي  الععبةي وموا ة  ا ةعى .وا د ار جمي  الزراعةات

اهضل ن م العي المعممةد اسةمخدامها هةي ري الم ةطدات الخضةعاء  الع ا ات الصغيعابواسطة الكوي  

انداء العالم ولاسيما باسمعماة  بكة راتية المشةغيل ت ةمخ بةالمدكم هةي مواعيةد  والموا   المشابهة بمخملف

اة هي االةة الم هي 14والمو ي  المراسظ للوهاء بالاامياجات الما ية الفعلية دون  در يمثل اكثع من  العي

هةةي كثيةةع مةةن مرا قرةةا القعيبةةة علةةى مثةةاة مو ةة  مديرةةة وي ةةمخدن  ةةبا الرةةوع مةةن الةةعي  الةةعي المقليةةدي

   .الثعثارالجديد ومقمعباته  

بالع ا ةةات تو يعةةا مممةةاثلا للميةةاه علةةى مجمةةل الم ةةطخ الا ضةةع ي ةةمخ بةةالرمو  كمةةا يدقةةه ن ةةان الةةعي

هان  ةعوج  وعليه،.رية وتجميلية يلد ها الجمي  ب هولةلجمي  اجزاء الم طخ بما يعكو  يمة ه الممجانو

الدادث مةن و ة  لا ةع  بعع  طعات المياه اثراء العش امع يصعظ المدكم هيه بشكل مطله ن عا للمباين

بالغا ار يقون المخمصون بضبط ومعايعا  هي سععة العياس واتجا اتها ولكن تولي الهياة  با الامع ا مماما

بالمغلةظ علةى  ةبه المشةكلة ورلةع مةن  ن لا ةع وهقةا   ية  و مةن الةعي بمةا ي ةمخهمدات الع ا ةات وتوا

 .الى ا ع و  المي تخملف من  للمرا  ال ا د والاامياجات الما ية
www.uaeagri.ae/home.aspx?ctname=NewsDetails.ascx&news_ 

، الا ان  تةهورهة  كفاء قة العي بالعش لها هوا ةد مةن ايةث تقليةل كميةة الميةاه الم ةمخدمة هةي الةعيي عان 

اسمخدان  به الطعيقة  صوصاً  بمياه رات تعكيز معتف  من الاملاس  د ي بظ تةعاكم الامةلاس علةى اسةطخ 

 اوراب الرباتات  صوصا هي هصل الصيف نميجة لارتفاع درجة الدعارا . 

مرطقة  صغيعا إلي عاتهيه إساهة المياه للمعبة وهي صورا  طي  و رلع الر ان البي يمم لعي بالمرقيطاما ا 

المعبةة هقةط وتبقةي اطجةزاء اط ةعي  الجبور. ويرفعد العي بالمرقيط عن غيعه بأنه يقون بمع يظ جةزء مةن

ويةمم إسةاهة الميةاه هةي  هوا ةد عديةدا ومشةاكل  ليلةة. جاهة  واة الموسةم ويرةم  عةن  ةبا المع يةظ الجز ةي

ور هلا يضاف لها مياه وبالمالي المةوهيع هةي كميةات المرطقة المي ليو بها جب مرطقة جبور الرباتات هقط أما

( يوسةخ نمةورج لشةبكة ري 1-  ةكل الجبور يقلةل مةن مشةكلة ملواةة المعبةة هةي مرطقةةو المضةاهة الميةاه

 . بالمرقيط 

، بةالغمع عاليةة ن ةبياً والمةي لا يمكةن إسةمخدامها مة  الةعي بةالعش أو الةعي يمكن إسمخدان مياه رات ملواة

اللا مةة للةعي  ي مخدن تقعيباً نصف إلي ثلثي كمية الميةاه.، بالكامل  ان ليعمل أوتوماتيكياً سهولة تدويل الر

 - www.zira3a.net/forum/showthread.php?t=708  .عالية المكاليف الإسمثمارية هي البداية .بالعش

يةاه الةعي وارتفةاع وتعمبع  عيقة العي بالمرقيط من أكفأ  عب الةعي الدديثةة الا أنةه عرةد ارتفةاع ملوايةة م

درجة الجو هي هصل الصةيف هانةه يجةظ الماكةد مةن ان همدةات المرقطةات واسةعة لكةي تعطةي تةدهقا ً عاليةا ً 

 وبالمالي مر  تعاكم الاملاس اوة جبور الرباتات بعد تبخع الماء من المعبة لارتفاع درجة الدعارا .

بالمرقيط ايث لواظ ان الفمدات المةي يخةعج وتد ين العي اما  عيقة العي بالببلع    الرب ( و ي تدديث 

مرها الماء هي العي بالمرقيط كثيعاً  ما تغله بالاملاس او بدبيبةات المعبةة هاسةمغرى عةن الصةمامات هةي  ةبه 

 الفمدات باسمعماة أنبونمين واادا دا ل الا عى يخعج ماء العي مرها نميجة لفعو ات الضغط . 

 عا لموهيع ا هي كميات المياه الم مهلكة ول هولة اسمعمالها .ويرصخ باسمخدان الطعب الثلاث الا ي
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 يوسخ نمورج لشبكات العي بالمرقيط 1- كل 

 - www.zira3a.net/forum/showthread.php?t=708 ر : البطعاوي ، اامد ،  بكات العي بالمرقيط .المصد

يؤدي الى ا دار كمية كبيعا مةن المةاء الةبي يفقةد مع مةه بةالمبخيع مةن هاما العي بالغمع او العي ال طدي 

الجوهيةة ال ةطدية الا ان  سطخ المعبة، وعلى العغم من ان جزءا مره يعود الى المعبة لمغبية مصادر المياه

 با الجزء يعود مدملا بالاملاس وملوثا بالمخصةبات الكيماويةة الزراعيةة ومبيةدات الاعشةاا والآهةاب ممةا 

ي بظ تلويث المياه الجوهية ويجعل تأثيعه اكثع سعرا.كما ان  عيقة العي المدوري المي ت ةمخدن اسةلوا 

ي الةى ا ةدار كبيةع هةي الميةاه نميجةة المبخةع ال ةعي  ممةا العش عاليا هي الهواء  و أاد الاساليظ المةي تةؤد

ي بظ اسمرزاف المياه الجوهية بشكل غيع مبعر  صوصا هي مثل مرا قرا الدارا الجاهةة المةي ت ةاعد علةى 

سععة المبخيع، وارا ما تم تدويله الةى ن ةان الةعش الةد يه مةرخفع الضةغط الةبي يوصةل ميةاه الةعش الةى 

عة عن  عيه انابيظ مةدلاا عموديةا مةن رراع الع ةاش هةسن رلةع روصيل المزا عا نقطة ممكرة من المدا

يعه  من كفاءا اسمخدان المياه هي العي بشكل كبيع  اصة لو تم الى جانةظ رلةع اسةمخدان الطةعب الد اسةة 

الع يصة لمقديع ر وبة المعبية وتدديد مواعيد العي المطلوبة مثةل  عيقةة مكعبةات الجةبو المدهونةة هةسن 

يةةؤدي هقةط الةةى رهة  كفةةاءا اسةةمخدان الميةاه هةةي الةعي بةةل يزيةةد انماجيةة المدصةةوة هةي نفةةو الو ةة   رلةع لا

 لضةةةةةةةةةةةةمان اةةةةةةةةةةةةدوث الةةةةةةةةةةةةعي هةةةةةةةةةةةةي الو ةةةةةةةةةةةة  المراسةةةةةةةةةةةةظ بالكميةةةةةةةةةةةةة المطلوبةةةةةةةةةةةةة هقةةةةةةةةةةةةط.

وهي نفو الو   هان الموس  هي ن ان العي بالمرقيط مطلوا مهمةا كانة  تكلفةة ترفيةبه معتفعةة ار انهةا سةيمم 

يع مياه العي  لاة  من  صيع ، وللمملكة الاردنية الها مية تجعبةة ناجدةة هةي اسمعجاعها هي صورا توه

رلع تم ترفيب ا هي ااد الوديان الكبيعا  لاة رب  القعن الا يع ادى هيها اسمخدان  عب الةعي بةالمرقيط الةى 

نة  اسمخدان نفو كمية المياه الممااة هةي ري م ةااة تزيةد عشةعا اسةعاف عةن الم ةااة الاصةلية المةي كا

.  تةةةةعوى بةةةةالغمع وارتفعةةةة  انماجيةةةةة الارض هةةةةي نفةةةةو الو ةةةة  مةةةةا بةةةةين ثةةةةلاث الةةةةى  مةةةةو مةةةةعات

 /www.fao.org/docrep/007/ad820a/ad820a03.htm –   هدت مديرة ال عودية تطوراً  ملموساً  و يادا 

ة بمطبيةه ي  مديرة يرب  الصةراعي واسدة هي انماج المياه ، وتوهيع المياه الم معملة هي عمليات العي وا

 ةبكة المجهيةزات الاساسةية هاصةبد  نمورجةا ً مميةزا ً يدمةبى بةه بةين أن مة العي الدديثةة وجعلةه سةمن 

المدن المي تواكظ تطورات العصع . ان مديرة يرب  تق  على ساال البدةع الاامةع وهةي مرطقةة صةدعاوية 

لمدليةة الميةاه المالدةة   ميةاه البدةع(  تعاني من ندرا المياه العببة ومياه العي همم ايجاد البديل بانشاء مدطة

 htl-www.urar.org.sa/ibda/mahawer3.4ومدطةةةةة ا ةةةةعى لمعالجةةةةة ميةةةةاا الصةةةةعف الصةةةةدي ، 

الملةع سةعود والجديع بالبكع ان ا ع الابداث المي اجعي  هي   م و اية الرباتات هي كلية الزراعةة جامعةة 

http://www.urar.org.sa/ibda/mahawer3-4.htl
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ات ، أ هعت أنه لا سعر من اسمخدان مياه الصعف الصدي المعالجة   معالجة والمي اسممعت لثلاث سرو

ثرا يةةة علةةى الا ةةل ويفضةةل أن تكةةون المعالجةةة ثلاثيةةة ( هةةي ري نباتةةات الزيرةةة وأنهةةا أمرةةة هةةي مدموا ةةا 

العامةةة  عةةز الةةدين الفةةعاج، الكيميةةاوي والميكعوبةةي ، و ةةد أوصةة  الدراسةةة باسةةمخدامها  اصةةة للدةةدا ه 

( ايةةث أنهةةا  اليةةة مةةن الةةعوا خ المةةي تةةزع  المةةوا رين ولا يكةةون  رةةاك أسةةعارا ً وسةةلبيات مةةن 1991

وللماء اسمخدامات ا عى ايث تعج  أ مية اسمخدان العراصع الما ية والرةاهورات هةي الدديقةة  .اسمخدامها 

المكويرةات الما يةة وجمةاة م هع ةا واعكةة المةاء الجمالية والو يفيةة ورلةع مةن  ةلاة  ةكل  الى تأثيعاتها

الان يابية و عيع صوته ،بالاسةاهة الةى الةدور الهةان الةبي تقةون بةه الم ةطدات الما يةة هةي تلطيةف درجةة 

اعارا الجو و يادا الع وبة الر ةبية ، وهةي االةة الم ةطدات الخضةعاء المةي تدمةاج الةى ري م ةممع هةي 

العي بالاعمبار هي المصميم بديث يمم اساهمه كعرصع جمةالي ،وغالبةا  المرا ه الدارا يمكن ان يا ب ن ان

ما تلعظ الراهورات دور  ان كمكوين جمالي او عرصع تشكيلي ودراسة وسة  الرةاهورا هةي الفةعال بالر ةبة 

ولابةد لرةا مةن مععهةة العوامةل المةؤثعا علةى تصةميم  لضوء الشمو ودراسة الانعكاسات من او علةى المةاء

   www.momra.gov.sa/Specs/guid0021.asp  هي : مممثلةالددا ه وال

عامل مهم هي تدديد المصةميم المراسةظ ديقة ديعمبع الغعض من انشاء ال :الغعض من انشاء الدديقة   -أ 

ايث يخملف تصميم الدديقة العامة عن المرزلية او ادا ه المدارس او الم مشفيات ولكل مرها مواصفات 

 ون بة الاسمخدان او اسلوا الععض المأثيعي . لانشاء . اصة تلا م الغعض من ا

المةي لهةا تةأثيع كبيةع علةى الدديقةة  العوامل الطبيعية وتشمل العوامل المرا ية و ي من ا م العوامل -ا 

وريةةاس ور وبةةة لان الدديقةةة مععسةةة بشةةكل مبا ةةع الةةى تةةأثيعات العوامةةل المرا يةةة مةةن درجةةة اةةعارا 

 معبة .ونوع ال و كل و بيعة الارض

نشاء الدديقة وصيانمها ايث يمو ف تصميم الدديقةة علةى مةدى المقةدرا الماليةة لا الامكانيات المالية -ج    

شأت البرا ية هيها و راعة الرباتات وعمليات الصيانة رلمغطية المصاريف اللا مة لانشا ها وا امة بعع الم

 اللا مة وما تدماجة من عراية م ممعا .

 

 :وتحليلها من قتل التاحث  لدراسةلمنطقة اوصف   -

( ، تقة  1911  مجلةة المةزارع الدةديث ،1911تأس   كلية الزراعة هي الماس  من  هع تمةو  مةن عةان 

كلية الزراعة / جامعة بغداد الى الشماة الغعبي من مداه ة بغداد ، و ي  ةارج اةدود المصةميم الاساسةي 

الدجم الطلابي للكلية على م ةموى الدراسةات  بو غعيظ ،لمديرة بغداد ، وسمن المصميم الاساسي لرااية ا

   الةظ دكمةوراه ، 11ماج ةميع و لةظ  ا 11 الظ و البة وعلى م ةموى الدراسةات العليةا  1944الاولية 

يدةد كليةة الزراعةة مةن الشةعب مع ةكعات ابةو ، كيلةو ممةعاً  11تبعد كلية الزراعة عن معكزبغداد اةوالي 

عهةد الزراعةي للكليةة ، ويدةد ا مةن الغةعا ناايةة ابةو غعيةظ ، ومةن الجرةوا بعد اساهة المغعيظ سابقاً  

 الشارع العان المةؤدي الةى مداه ةة الانبةار ، ومةن جهةة الشةماة نهةع ابةو غعيةظ الةبي يمعمداريةا ً للدةدود

نلااظ بان مو   الكلية يشممل  المي توسخ اسمعمالات الارض للكلية ، (1الشمالية للكلية ، ومن الخار ة  

لى ثلاثة مدا ل جميعها يق  على  عيه بغداد / العمادي كبلع يشةمل المو ة  علةى مجموعةة مةن الطةعب ع

الممعامدا واماكن لو وف ال يارات وابرية تعليمية تشمل القاعات الدراسةية والمخمبةعات والمكمبةة والبيةوت 

ريةة بم والملاعةظ العياسةية واوابرية تعهيهية تشمل الرةادي و اعةة المةامي ت للامالزجاجية والبلاسميكية وال

 دمية للطلاا وابرية لخدمات الصيانة تضم وتشمل الماء والكهعباء والمعمل وابرية للخدمات الخاصة مثل 

للطةلاا والطالبةات الابرية الادارية والجام  كبلع يشمل المو   علةى ا  ةان دا ليةة  هضلا عنالم موصف 

ن سةوا ي الةعي والمبةا ة ومدطةة ميةاه المجةاري ومردةل واي سكري لاساتبا ومرم بي الكليةة ، و ةبكة مة

و راك ابرية سمن مو   الكلية ولكرها لا تخض  لادارتها مثل ابرية المعهد الزراعةي الةبي الغةي وسةم الةى 

توجد هةي الكليةة ثةلاث مةدا ل  ةي علةى المةوالي مةد ل الدةي ال ةكري ومةد ل  الكلية والمدرسة الابمدا ية .

قة  علةى  عيةه بغةداد / العمةادي . مةد ل العمةادا  ةو المةد ل الخةاص تة وجميعهةا مةد ل الطلبةثم العمادا 

بصعياً  ب ااة ال باع وتعمبع نقطة رات دلالةة بصةعية المةد ل رو سةعة كاهيةة  تبطبالاساتبا والمو فين يع

لاسمقباة اعداد المرم بين ولكن غله ااد جوانظ المد ل لاغعاض امرية ي بظ   م مةعوري و اصةة هةي 

ات البروا ،المد ل يفمقع الى هضاء م قف مدمي مرا يا ً من ا عة الشمو يمكن المو فين من انم ةار او 



 نجوى عبيد عجمي                                                                                           لاستخدامية للمناطق المكشوفة والخضراء لكلية الزراعةالكفاءة ا

 

 199 

وسةةةةا ط الرقةةةةةل ،كمةةةةةا انةةةةةه يفمقةةةةةع الةةةةةى مخطةةةةط توسةةةةةيدي للدلالةةةةةة علةةةةةى ا  ةةةةةان وهضةةةةةاءات الكليةةةةةة 

 
 بغدادجامعة  –( مو   كلية الزراعة  1-  ار ة 
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 يارات الخطو  المخصصة لرقةل الطلبةة و ةبا المو ةف مد ل الطلبة ههراك مو ف  اص ل إلىبالر بة  أما

 ةارج الكليةةة هةةلا ي ةمخ بالةةد وة لهةةم دا ةل مو ةة  الكليةةة ، المةد ل يفمقةةع الةةى  ةا ص للدلالةةة علةةى نقطةةة 

الد وة ، كما انه غيع مدمي مرا يا ً من ا عة الشمو يمكن الطلبة مةن انم ةار الخطةو  الخاصةة لةرقلهم ، 

م ارات الدعكة المممثلة بمجموعة مةن   .االيا ً كري ههو مغله لاسباا امرية اما المد ل الخاص بالدي ال

الطعب الممعامدا و ي ردياة من نااية الاك اء ومع مها لا يوجد على جوانبها ارصفة ل يع المشةاا كةبلع 

عدن وجود همدات  اصة بالمجاري على جوانبها لمصعيف مياه الامطارمما ي بظ تجم  المياه هيهةا كةبلع 

هان وجود المرا ه المعابية على جوانظ الطعب ي بظ هي تدويلها عرد سقو  الامطار الى مرطقةة  يريةة ، 

توجةد  مةو  وكبلع عدن وجود الميلا ن المرم م ندو الجوانظ هي بعع الطعب ي بظ تجم  الميةاه هيهةا  .

بارسيه تعابيةة ممةا  موا ف مخصصة  لل يارات الاوة  عا مد ل الطلبة و و اكبع الموا ف ولكره يمما 

عياسةي ي بظ هي تدويله الى مرطقة  يرية عرد سقو  الامطار والثاني  عا العمادا والثالةث امةان الق ةم ال

المةي يموجةه اليهةا لم ةااات المكشةوهة وهيمةا يخةص ا والخامو  عا الرةادي .  ،والعاب   عا  اعة الماميم 

الدةةدا ه ، الملاعةةظ  : تشةةملوالمةةي ء الةةدوان الطةةلاا و ةة  الفةةعال ومةةا بةةين المداسةةعات او بعةةد انمهةةا

فةةي الكليةةة العديةةد مةةن الدةةدا ه يقةة  بعضةةها امةةان ه الم ةةعس    اعةةة المةةاميم( .، الرةةادي والمطعةةم ،العياسةةية

ومجاور القاعات الدراسية ومقابل الرادي ومةا بةين الا  ةان وامةان العمةادا وتشةممل علةى العراصةع الم جيل 

ة   تماثيل ، م ا ظ( والوا   الدالي لها  و الا ماة بشكل واسةخ اسةاهة لةبلع الرباتية والعراصع الانشا ي

هليو  راك تصميم مدروس لاي من ادا ه الكلية بل تم  راعة الا جار بشكل عشوا ي ، هضلا عن  تعك 

ة الا جار والرباتات بدون  ص او تشكيل او تقليم ورعاية م ممعا ي بظ هقدانها لقيممهةا الجماليةة والو يفية

. كما ان  له المما ي العابطة بين اجةزاء الدةدا ه وعةدن وجةود (  1-( و  كل 1 -وكما موسخ هي   كل 

سااات لكعا القدن الملاعظ العياسية وتشمل ،  هية يقلل من الاداء الو يفي لها اماكن الجلوس الم للة الكا

ى كلية الزراعة ت بظ  ي تشةمي  وال لة والطا عا والمرو وسم الملعظ العياسي الخاص بمعهد الادارا ال

الملاعظ العياسية وعدن تعكيز ا كما كان هي مرطقة مدددا ايث يمعارض مو    ةبا الملعةظ والفعاليةات 

الرادي والمطعم يقعان هي برايةة وااةدا  ةعا مةد ل اما  المي تجعي هيه م  الفعاليات المعليمية القعيبة مره .

لي مةن الطلبةة ورلةع ب ةبظ اسةمعماله كمكةان يةوهع  ةدمات الطعةان الطلبة ويمما  الرادي والمطعم بز م عا

كما تم انشاء كاهميعيا  اصة بالاساتبا و لبة الدراسات العليةا سةمن برايةة ، والشعاا وكمكان تعهيهي مهم

ويوجةةد مجموعةةة مةةن الاكشةةاك بةةالقعا مةةن الرةةادي والمطعةةم ومبرةةى الم ةةجيل و  ةةم الدراسةةات العليةةا ، 

مصروعة من الخشظ و ي بدالةة ردياةة مةن ناايةة برا هةا و ةكلها ولةبلع ههةي ها ةدا  الصراعات ، الاكشاك

مبرى الم عس    اعة الماميم ( يق   لف الم ةجيل كةان هةي ال ةابه ي ةمعمل لغةعض . اما لكل القيم الجمالية 

ى ب ةةبظ ااجمةةه الةة يرما ية وهةةي الو ةة  الدةةالي مغلةةه ةةاايةةاء الدفةةلات وا امةةة الرةةدوات وعةةعض الاهةةلان ال

مشمل اقةوة المجةارا وب ةاتين هرات الو يفة المعليمية والبدثية  المكشوهة  الم اااتاما  اعماة الصيانة .

وهيمةا يخةص . واقةوة الةدواجن والاغرةان والابقةار الرخيل والزيمون والمردل وال لل الزجاجية  والخشبية 

، ايةث ي ةمعمل لةعي الدةدا ه ومةا  هةو ال ةيخ  الغمةع( والابةار الارتوا يةةه ن ان العي هي كلية الزراعةة 

تشملة من م طدات  ضعاء وا جار و ةجيعات واقةوة المجةارا ، ولشةده المةاء الممةأتي  مةن نهةع ابةو 

غيع مرم مة   الع ةن( هقةد تةم افةع العديةد  باو ات غعيظ البي يمع مداريا لددود الكلية الشمالية واعطاءه

أن  عيقة العي ال يدي والابار  ي  عيقة  ديمة  . * امن الابار الارتوا ية لعي الددا ه واقوة المجار

ورلةع ب ةبظ تبخةع المةاء وتعسةظ الملةخ علةى سةطخ  وت بظ الكثيةع مةن المشةاكل أ مهةا مشةكلة الملواةة ،

المعبة وان مشكلة الملواة تصبخ ا د عردما تكون المياه الجوهية ملدية او عردما تصبخ ملدية ، كبلع هةان 

ن انم ان العي هعرد بداية الةعي يكةون   ةم مةن موا ة  المعبةة بدالةة مشةبعة بيرمةا  به الطعيقة ت بظ هي عد

الق م الا ع البي يكون عرد نهاية دوره العي هي االة  عيبة من نقطة الببوة ، وتشةمد  ةبه المشةكلة عرةدما 

تكةون الارض غيةةع م ةموية ممةةا ي ةةبظ تجمة  المةةاء هةةي المرةا ه المرخفضةةة وعةةدن وصةوله الةةى المرةةا ه 

 ويلةة  ل ةاعاتان الابةار تدمةاج الةى مضةخات تعمةل بالكهعبةاء وانقطةاع الكهعبةاء  هضلا عةنلمعتفعة ، ا

ي بظ تو ف  به المضخات . ان مخطط العي يلعظ دور مهم هي مشاري  تصميم وتر يه الددا ه ، ورلةع 

 امة الرباتات .و يفمه هي توهيع مياه العي الضعورية لاد هضلا عنمن  لاة و يفمه الجمالية والبياية 

 11/9/1441مقابلة  خصية لم ؤة الوادا الهردسية هي كلية الزراعة المهردس رياض  يع الدين بماريخ  * 
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 جانظ من الواجهة الامامية لرادي الطلبة هي كلية الزراعة ( 1-  كل 

 

 
 

 ةوالمدا ة بالادغامر ع لااد الددا ه هي كلية الزراعة ومقاعد الجلوس غيع الم للة 

 

 ( 1-   كل 
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 جانظ من الواجهة الامامية للمكمبة المعكزية هي كلية الزراعة (1-  كل 

 والا ماة الواسخ للم ااات المديطة بها

 

 
 

 مر ع الى ااد المبا ة هي كلية الزراعة وكثعه الادغاة يقلل من القيمة الو يفية والجمالية ( 1-  كل  

 

تلع المي توصل الماء من نهةع ابةو غعيةظ الةى أجةزاء الموا ة  المخملفةة  ان مع م ال وا ي الدالية و اصة

غيةع مبطرةةة لةةبلع نلااةةظ انمشةةار الادغةاة هيهةةا وعلةةى اكماههةةا ممةةا يعع ةل اعكةةة المةةاء ويقلةةل مةةن كفاءتهةةا 

، توجةد هةي بعةع م ةااات الكليةة ( 1-وكما موسخ هي   كل هقدانها  يممها الجمالية  هضلا عنالو يفية 

 ي المبطرة والمي تدول   ي الا ةعى الةى مكةان لمجمة  الميةاا والاوسةا  ، ورلةع ب ةبظ عةدن بعع ال وا

وجود اعكة المياه هيها وتجم  مياه الامطار هيها من على الشوارع المداريه لها . ان مخطط الةعي الدةالي 

ضها وكبلع هان يمطلظ جهد اكبعمن نااية الصيانة المي تشمل عمليات المر يف من الادغاة واعاده همخ بع

صةعوبة المر ةةيم والادارا هةةي تجهيةز المةةاء مةةن مصةادره مةةن نهةةع ابةو غعيةةظ االيةةا ً  ةبه معدومةةة وكةةبلع 
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بالر ةبة للابةار الارتوا يةةة . ان المبةا ة الداليةة مكشةةوهة وغيةع مبطرةةة ممةا ادى الةى انمشةةار الادغةاة هيهةةا 

انةه ي ةةبظ تةدني القيمةةه  هضةةلا عةنيةة و اصةة القصةظ الةةبي يعع ةل اعكةة المةةاء ويقلةل مةةن  يممهةا الو يف

. ان عةدن انم ةان عمةل المضةخات ادى الةى ركةود المةاء هةي (  1-وكما موسخ هةي   ةكل الجمالية للمو   

المبا ة وتدويلها الى ما ا به بم مرق  الماء العاكد وانمشار الكثيع من الدشعات ومرهةا البعةوض ، اسةاهة 

ال كري اليها سبظ هي انمشار العا دة الكعيهة من  به المبا ة اري من الدي جالى رلع هان ت عا مياه الم

مراسيظ الميةاه . ان كفاءا  به المبا ة الو يفية يقمصع على الاماكن القعيبة مرها و با ما أ هعته دراسات 

 هي المو   و با يعود الى غياا المبا ة الدقلية .  الجوهية

 : الجانب العملي  -4

الاساتبا والمخمصين هةي المجةاة الزراعةي والديةواني ب  اصالاوة  الرمورجيان اسمب تيتم تو ي  اسممار 

وبعةدد  الطلبةةب  ةاصوالرمةورج الا ةع     م ون اسممارا ( % من الممواجدين االيا94وبر بة هي الكلية 

 والمخمصةةين لمععهةةة اراء ةةم اةةوة الموسةةوع ، وهيمةةا يخةةص الاسةةمبيان الخةةاص بالاسةةاتبا ماةةة أسةةممارا 

 لاسممارا مجموعة من الاسالة على الردو الاتي :تضمر  ا

 السؤال الاول :

 أهم السلتيات الاكاديمية والتطتيقية لموقع الحدائق والساحات المكشوفة في كلية الزراعة ؟  ما  ي

  -:  والممفه عليه جميعا ًكان رأي المخمصين والمدليل الشخصي للبااث الاسمبيان نما   من  لاة      

 ضمونا ً هبعع الم ااات تدماج الىالى أعادا ن ع هي  يكلمها  كلا ًوم  بداجة ااات المكشوهةالم ان  -

اعادا تصميم لاجل تد ين اداء ا الو يفي والجمالي والبياةي ، والةبعع الا ةع غيةع م ةمغل ويدمةاج الةى 

 . المأ يل لغعض الاسمفادا مره 

 لا اصع لها الم طدات الخضعاء عبارا عن مزي  من الثيل وادغاة  -

 % . 2.4تمعدى  E.C و ماء ن بة الملواة هيه مياه الابار الارتوا ية ان  -

 ا جيةةدالان ت ةةوية الارض غيةةع و ن ةةان الةةعي الم ةةمخدن عةةن  عيةةه غمةةع المعبةةة بالمةةاء  عيقةةة  ديمةةة ، -

 اهضةل  ةعب ال ةقي وتلطيةفو  . م بظ هي تجم  ماء ال قي هي اماكن وعدن الوصوة الى امةاكن ا ةعىت

 و المع اا المطعية المي تعطي الرباتات ما يدماجة من ر وبة هضلا عن المي يرصخ باسمخدامها الاجواء 

 .غ لها للاوراب المي تجدد ن ارتها 

عدن ا عاف جهةه اكاديميةة علةى الدةدا ه مثةل ان أ م الم ببات هي تد ورالددا ه  و  كما ركع المخمصين

واغلبها ،   مصين بخبعاتهم وتجاربهم الاكاديمية هي تطويع الددا هوعدن ا عاك الاساتبا المخ  م الب مرة 

يدماج الى اعةادا بعمجةة وتخطةيط ولابةد مةن اسةمدداث  ةعبة  اصةة بالدةدا ه تقةون بالمر ةيه مة  العمةادا 

لاعةةادا  يكلةةة  ةةبه الدةةدا ه وسةةمان المخصيصةةات الماليةةة لةةبلع واعةةداد بعنةةام  علمةةي هرةةي هةةي تصةةميم 

ا ه لمد ين الاداء الو يفي كل ا ظ مو عه واعداد بعنام  علمي لمكاهدة الادغةاة وتعتيظ و راعة الدد

 عي لادامة الرباتات .ال لان مة واسمخدان اساليظ اديثة وممطوره

 السؤال الثاني : 

تغطية أضافية ....؟  ما  الزراعة كافية أم انها بحاجة الى هل المساحات المفتوحة المخصصة حالياً لكلية 

        احك للتطوير في هذا المجال ؟هو اقتر
الم ااة الكلية للم ااات الخضعاء االياً هي الكلية واجعيرا ا اا لدصةة المرم ةظ لو تم اام اا          

 ياسةةا اًلةةى معةةاييع مرخفضةةة الوااةةد مةةن  لبةةة وكةةادر تدري ةةي واداري لوجةةدنا بةةان الم ةةااة غيةةع كاهيةةة و

/ ةخص كمعيةار معممةد لةبعع الةدوة 1ن 19والمي  ةد تزيةد عةن  الم ااات الخضعاء لدصة الفعد الوااد

(  11/ ص1911/ اا / 1444المشابهة مرا يا ً للععاب   المقعيع الانما ي الشامل لمديرة بغداد امةى سةرة 

عشةوا ي لكثيةع مةن  طة بداجة الى تغطية باسةاهة م ةااة  ضةعاء وعلةى العكةو ممةا يجةعي مةن  وانها 

 -لة ما  دن المخمصون من مقمعاات للمطويع :ومن جمالا جار والرباتات. 

لاعادا تصميم وس   طة عمل من  بل الا  ان المخمصة وبشكل لجان او هعب عمل جادا ونشطة  -

 الددا ه وتد ين ادا ها .

هةةةي مجةةةاة  راعةةةة المداصةةةيل وتعةةةويع الا ةةةجار المصةةةابة والاسةةةمفادا مةةةن الخبةةةعات القديمةةةة  -

 . للجدوى الا مصادية ببلع  وعلى المدى الطويل م  وس  جدوةوا ع اين والمم ا طة بين
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الجانةظ  هضةلا عةنمطويع بشكل علمةي لخدمةة الجانةظ العلمةي والاغةعاض البدثيةة الالى  الداجة  -

وعلةةى سةةبيل المثةةاة مةةدا ل الكليةةة تدمةةاج الةةى تععيةةف اكثةةع كزراعةةة الز ةةور كةةالعو   الجمةةالي ،

، كمةا ان  عا لمعطةي انطبةاع بانهةا كليةة  راعةةوالجهرمي بالوانه الممعددا والا جار الدا مة الخضة

ة صةخعية ، قةشات من ادا ه ما ية ، بديعا اسماك ، اديقة نباتيةة ، ادير راك سعورا لا امة الم

مرشات  راعية م مغلة مثل البيوت الزجاجية وال لل الخشبية وغيع ا وكل رلع سيكون مةن اجةل 

مفاد مرها  لبة الدراسات العليا وكبلع الدراسةات  دمة الجانظ العلمي ويوهع بياة علمية وبدثية ي 

طاء الرباتي مةن مر ومةة غالاولية ولا يمم رلع الا بعد توهع الم ملزمات الاساسية لانجاس  راعة ال

 العي  والمخصيصات المالية .

الدقليةةةة  لومةةن مقمعاةةات المطةةويع  راعةةةة الم ةةااات المكشةةوهة امةةان   ةةةم الو ايةةة والمداصةةي -

ي تممد بين ال لةل الخشةبية  ةعا الم ةجد ولغايةة الشةارع العةان ،  راعةة الجةزرات والم ااات الم

الوسطية بالورود على ان تر ه الشملات بد ظ تراسه الالوان ، كبلع  راعة الجزرات الوسطية 

 لشارع   م الصراعات الغبا ية على اممداده .

اف مدليةةة اسةةموا ية ، او مةةن ا ميةةار ااةةد البيةةوت الزجاجيةةة وكةةبلع ال لةةل الخشةةبية لزراعةةة اصةةر  -

هضةةلا عةةن اسةةمخدامها لاغةةعاض  Botanical gardenالمرةةا ه المعمدلةةة لمكةةوين اديقةةة نباتيةةة 

 المدريو وغيع ا من المطبيقات العلمية والبدثية كما  و ممب  هي جامعات العالم .

 دعاثة والمعديل .ال لاغعاض والالات الزراعية الدديثةمكا ن الاد اة   -

نمةط ى ات المطويع هي المجاة الديواني ههراك الداجة الى براء اقوة دواجن اساهية علاما مقمعا -

تطويع  هضلا عناديث هالموجود  ديم جدا ً بالر بة للمطور الداصل هي الدوة الععبية والعالمية . 

وتا يل الدقل الديواني و راعة الم ةااات الممعوكةة بةالعلف الا ضةع لدةل المشةكلة المةي يعةاني 

الغةةباء للديوانةةات الموجةةودا سةةمن الدقةةل الديةةواني الدقةةل الديةةواني بصةةفة م ةةممعا لمةةوهيع  مرهةةا

معدود ةا الا مصةةادي هةةي تزويةةد  هضةةلا عةةنوالمةي ي ةةمفاد مرهةةا لاجةعاء البدةةوث وتةةدريو الطلبةة 

  نماج الالبان .لامرم بي الكلية بالدليظ وكبلع تزويد   م الصراعات بمادا الدليظ لمصريعها 

 الثالث :  السؤال  

كيرف يرتم الاسررتفاد  مرن الحردائق والمسرراحات المفتوحرة لحعمررال التحثيرة حاليراً وعلررى مسرتو  الاسرراتذة 

 التاحثين وطلتة الدراسات العليا ؟

 ما هي مؤشرات التطوير التي يمكن ان تقترح من قتلكم ؟ 

الددا ه والم ااات المفمواة مةن  يمكن الاسمفادا من اصيلة ما اوردته الاجابات الاسمبيانية  و انه        

 لاة اسمغلاة بعضها لاغعاض بدثية من  بل   م الب مرة لمطويع اةدا ه الكليةة هةي مجةاة نباتةات الزيرةة 

وعمةل مشةمل  ةاص لمعبيةة نباتةات الزيرةة بمخملةف انواعهةا ، كةبلع يمكةن اسةمثمار دروس مشةاري  بدةةث 

ات العلا ةةة وكةةبلع دروس الممارسةةة الدقليةةة للمعالةةة المرمهيةةة للا  ةةان العلميةةة ر فالمخةةعج لطلبةةة الصةةفو

وبالامكةةان تخصةةيص م ةةااات مةةن الاراسةةي و راعمهةةا بمخملةةف المداصةةيل بمشةةاركة الطلبةةة  .الثالثةةة

والاساتبا لكةي يمةدرا الطالةظ علةى كيفيةة اتمةان عمليةة الزراعةة وادارا المزرعةة والمدصةوة وتشةخيص 

بدةوث  لبةة الدراسةات  وبالامكةان تو يةف بعةع  اء عليهةا .وكيفية مقاومة  به الاهات والقضةالامعاض 

وهةةي المجةةاة الديةةواني بالامكةةان اسةةمغلاة القاعةةات الموجةةودا هةةي اقةةل  العليةةا هةةي تطةةويع اةةدا ه الكليةةة .

الدواجن لمعبية الةدجاج البيةاض وهةعوج اللدةم  ةلاة تجةارا الاسةاتبا البةااثين وتجةارا  لبةة الدراسةات 

يكون للجامعة جزء من العبخ الرات   انو م مدصل راك مدددات من ايث العبخ الالعليا على ان لا تكون 

يمكن تو يف بدوث  لبة  الاغران والابقار .كمن المشعوع وكبلع الداة بالر بة لدقوة الديوانات الكبيعا 

 ةو الدراسات العليةا هةي تطةويع اةدا ه الكليةة ودراسةة المشةاكل المةي تعةاني مرهةا  ةبه الم ةااات هالبدةث 

الاكثةار مةن  راعةة طلبة هي الدراسات الاولية من المشكلة وايجاد الدل لها ، كما يمكن الاسمفادا من  ا ة 

وا ع لمرمية الثقاهة الزراعية هي نفو الطالظ   اين الشملات ل د ااجة الددا ه والقيان بدملات  راعة بين

يمكةن عمةل  .  هةالابةد مةن م ةا ممه هةي براوتدبيظ العمل له وترميةة الشةعور بةان الكليةة  ةي بيمةه الثةاني و

 ار ة نباتية لمدمويات ادا ه الكلية من ا جار و جيعات ونباتات ا ةعى مؤ ةع عليهةا الاسةماء العلميةة 

واساهة نباتات ا عى غيةع ممةوهعا هةي اةدا ه الكليةة هيصةبخ لةديرا مخمبةع نبةاتي جيةد ي ةمفيد مرةه الطالةظ 
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خةص الربةات كدراسةة ملا ممهةا وادا هةا الةو يفي وم ةا ل ا ةعى لهةا والاسمار هي المجالات البدثيةة المةي ت

علا ة بالغابات والمعدود الا مصادي والرباتات الطبية وغيع ا ، وبعد عمةل دراسةة م مفيضةة عةن تعكيبةة 

والار ادية عن مدموياتها يصةبخ لةدى كليةة الزراعةة اديقةة نباتيةة الددا ه ووس  المخططات الاسمبيانية 

 .تعطي معدودات علمية بدثية على المدى القصيع والطويل   ادرا على ان

 السؤال الرابع : 

هل يمكن تطوير المناطق الزراعية فري الكليرة وكرذلك منراطق الانتراي الحيرواني وتربيرة الاسرما  وتربيرة 

 النحل لتصتح مورداً مالياً مهما للكلية ..؟

 مثلى في الانتاي . عملما هو الاسلوب الامثل الذي تقترحه للتوصل الى آلية 

يمكةةن تطةةويع المرةةا ه الزراعيةةة هةةي الكليةةة وكةةبلع مرةةا ه الانمةةاج  الااصةةاء الاسةةمبياني أكةةد أنةةه         

كةان للمكمةظ  وما بعةد ا ايةث 1991 سرةوللكلية تجعبة ناجدة هي ، الديواني لمصبخ موردا ً ماليا ً للكلية 

الامواة  ةو الفيصةل هةي ادامةة وتطةويع اي مشةعوع ،  الاسمشاري الدور المميز هي  با المجاة لان توهيع

وتجعبة المعمل هي   م الصراعات الغبا ية  يع مثاة لما يعةود مةن ها ةدا ومةعدود مةالي للكليةة هضةلا عةن 

 -خمصين :موالاسلوا الامثل البي ا معاه بعع ال يم وتدريظ الطلبة .لتع

لمةةوهع الا  ةةار المةةي  المردةةل تطةةور اعمةةاة يةةرعكو علةةى  ع اةةدا ه الكليةةة مةةن  راعةةة الا  ةةاريتطةةوان  -

  يدماجها الردل كغباء .

هةي   ةمي و،يمكن اسمغلاة البيةوت البلاسةميكية هةي انمةاج الخضةع ويمكةن ان تكةون انماجيةة وتعليميةة  -   

هي انمةاج بعةع نباتةات الزيرةة ويمكةن ان ت ةمغل للبية   يمكن اسمغلاة البيوت البلاسميكية  الو اية والب مرة

 يع البيوت الزجاجية .وتطو

 راعة الاراسي الممعوكةة بالخضةع الموسةمية وبيعهةا للمرم ةبين والطلبةة وتةوهيع مةعدود مةالي للكليةة  -  

 ويمكن ا عاك الطلبة والمرم بين باسهم تعاد لهم بارباس سروية .

 انشاء ب اتين ممكاملة ممخصصة مثل الرخيل والزيمون والعرظ والدمضيات وغيع ا . -   

 تعبية الدواجن وانماج بيع الما دا . -    

 تعبية الاسماك بشقيها الزيرة والانماجي . -   

 توسي  معمل الالبان ليشمل مرمجات مخملفة . -   

واسمبعاد الديوانات المصابة ورش الدقوة وتعقيمها من اما اقوة الانماج الديواني ههي بداجة الى تطويع 

امةا اقةوة الةدواجن هالقاعةات بداجةة الةى تطةويع واصةلاس  يةدا .الاصابات لكونها تععسة  لاصةابات عد

 اصة القاعة الارسية للبياض واصلاس ال قوف الثانوية هيها كي تصبخ صالدة للمعبية ولابد مةن تشةكيل 

هةةعب عمةةل مةةن روي الخبةةعا لغةةعض اكمةةاة اامياجةةات الدقةةل مةةن الرةةوا ص ووسةة   طةةة لاتمةةان عمليةةة 

لمشاري  ال ابقة هي الكلية وايجاد دعم لصةردوب المعلةيم او اي تر ةيم مةالي المطويع من  لاة دراسة وا   ا

 ا ع بديث يمكن الاسمفادا مره هي تاسيو المشاري  الانماجية رات الطبيعة الانماجية المكثفة .

الاسلوا الامثل  و وس  لجرة هةي كةل   ةم بديةث تكةون م ةؤولة عةن اي مشةعوع يةمم عملةه وتدةدد كةل 

للمشعوع سةواء هةي الةدواجن او الاغرةان او الاسةماك وتكةون علةى درايةة بعةدد الديوانةات الاسو الع ي ية 

علةى وكمية العلف وممابعه المشعوع بصفة م ممعا وتكون على درايةة امةى بالم ةويه والةعبخ الممدصةل 

س ان يق م العبخ بر ظ معيرة وجزء مره يكون للكلية ولا تا ب الجامعة الاربةاس بديةث تكةون اصةة الاربةا

 الكلية . يمر ب صلمرم بي الجامعة اكثع من اص

ومن المهم المخلص من العوتين الاداري والمالي وربط المشاري  بالا  ان العلمية ومن  ةلاة لجةان يمثةل  

ويخصةص لهةا مةن ويمكن ا عاك الطلبة والمو فين بأسهم يمكن  ةعا ها سةرويا ً  هيها الادارا والد ابات .

كان   راعية او ثعوا ايوانية ويكةون  ةبا عةعف سةروي يضةاف لمةوارد الكليةة ارباس  به المرشات سواء 

 الموجودا.

 السؤال الخامس :

 أي افتراضات تجدونها مهمة في هذا المجال ؟  

اقامة معارض للزهرور والنتاترات  – انشاء مراكز بحثية -التوسع في استخدام المسطحات المائية  –مثلا 

 ومغلقة . انشاء حدائق نتاتية مكشوفة  –
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 رةةاك معو ةةات ولكةةن ت المخمصةةين اةةوة ال ةةؤاة الا يةةع ان جميةة  الاهمعاسةةات مهمةةة اكانةة  اجابةة        

عوامل ر ي ية لانجاس اي مشعوع سواء كان لغعض تعهيهي او انماجي او تعليمةي ههراك  مرها ، كللمرفيب 

 و به العوامل  تملخص هي : 

رات الخبةةةعا  –يةةةاه    ةةةبكات الارواء ( ، الايةةةدي العاملةةةة الكاهيةةةة ، مصةةةادر الم ةالمخصيصةةةات الماليةةة -

والممارسة العلميةة الكاهيةة ،ان يمةولى امةع  ةبه المشةاري  مةن لةه درايةة وههةم لا ميةة  ةبه المشةاري  و ةبه 

 العوامل غيع مموهعا هي الكلية .

بياية جيدا لكةي لا تصةبخ ولكرها تمطلظ ادارا هالم طدات الما ية مهمة جدا ً بالر بة للددا ه المفمواة  -   

قبلاً  بؤرا للمياا الاسرة والامعاض ، و راك ااجة ماسة لهةا ايةث ان  لبةة الدراسةات الاوليةة يعةانون مم 

من عدن وجود م ةطدات ما يةة ولةو بديةعات صةغيعا يمكةن اسةمغلالها هةي ابدةاث الطلبةة هةي   ةم الثةعوا 

  عى .الديوانية كبديعا اسماك او دراسة الااياء الما ية الا

كز بدثية هي الكلية اتم انشاء معو د  و مطلظ جيد ولكره يدماج الى أدارا مهرية أنشاء  المعاكز البدثية ان 

مثةل معكةز المكاهدةةة الاايا يةة ومعكةز بدةةوث الرخيةل وتمة  المواهقةةة علةى انشةاء معكةةز بدةوث الرباتةةات 

علما ًبأنه من الممكن الوصوة الى كةل  د الملاك .والطبية ولكن المشكلة هي المخصيصات المالية وعدن وج

  به الامكانات المبكورا من  لاة المغطية الباتية للمشاري  كامكانات تجارية  ابله للم ويه .

هةي الكليةة أ ةم معو ةات تطةويع وأعةادا تا يةل الم ةااات المكشةوهة والخضةعاء كما بين بعع المخمصين 

 ويمكن تلخيصها هي :

والةبي يمكةن تةوهيعه مةن  ةلاة تطةويع  لادامة الم ةطدات الخضةعاء عدن توهع ماء العي الضعوري -

 . نهع ابو غعيظ 

ة والمي ممكن توهيع ا من  ةلاة المةعدود مالية لشعاء الم ملزمات الزراعيعدن توهع المخصيصات ال -

 .الا مصادي الكبيع للمشاري  المقمعاة 

 عدن اسمخدان المعلومات الاكاديمية هي جوانظ تطبيقية . -

مخدان المكررة و اصة هي مجاة الادغاة وعدن اسمخدان المبيدات الكيمياوية ووسةا ل المكاهدةة عدن اس -

 الا عى .

والمي ممكن تأميرها من  لاة عا دات عدن وجود ا عاف لمخمصين على الددا ه و لة الايدي العاملة  -

 .الارباس 

ممةا  ةد يمعتةظ عليةه انشةأ ي مضخات العي وال ةق الانقطاع الم ممع للميار الكهعبا ي يؤثع على عمل -

 .مدطة كهعبا ية  اصة 

ومةن الممكةن جلةظ ا مصاصةين  هامعدن وجود الممخصصين هي  ردسة الددا ه والا عاف على ادام -

 .من  ارج القطع 

والبي  د يمعتظ عليه صعف رأس مةالي اولةي  ابةل عدن اسمخدان المقريات الدديثة هي  ردسة الددا ه  -

 ومن  لاة سمانات مصعهية .للم ديد ب هوله م مقبلا ً

ومةا اسةهل تغطيةة  ةبه عطل مضخات العي والاعممةاد علةى عمةاة روي كفةاءا مدةدودا هةي المشةغيل  -

 .المشكلة والبي يمطلظ المشاركة الجماعية لجمي  المخمصين هي  با المجاة 

 عدن وجود بعنام  علمي هري هي تصميم وتعتيظ و راعة الددا ه وال ااات . -

م ااات الكبيعا هي ادا ه الكلية واقوة الدواجن والاغران بالشكل الامثل ايث تدماج عدن اسمغلاة ال -

 به الم ااات الى اعادا بعمجة وتخطيط على سبيل المثاة مدا ل الكلية يفمعض ت هع من  ةلاة  راعةة 

 الز ور كالعو  والجهرمي بالوانه الممعددا والا جار والخضعا لمعطي انطباع بانها كلية  راعة .

 ةةاص بالطلبةةة ايةةث تةةم تو يةة  عةةدد مرهةةا علةةى الطلبةةة تضةةمر   :  الرمةةورج الثةةاني لاسةةممارا الاسةةمبيان

الاسةةممارا مجموعةةة مةةن الاسةةالة اةةوة تخطةةيط وتصةةميم الفضةةاءات الخارجيةةة والدةةدا ه لكليةةة الزراعةةة 

 ومععهة اراء م اوة ا م ال لبيات 
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 كلية الزراعة مع نتائج الاستتيان صة بطلتةاستمارة الاستتيان الخا( محصلة نتائج  1-) جدول 
 

 أسالة اوة تخطيط وتصميم الفضاءات الخارجية لكلية الزراعة 

 

الةةةةةةةةةةةةةى  لا نعم

 ادما

 نما   الاسمبيان

مةةةةةد ل الكليةةةةةة يمةةةةةرخ  ةةةةةعور بالمعايةةةةةظ بالقةةةةةادمين   1

 والوسوس والدماية وال يطعا .

المةةد ل لايمةةرخ  ةةعور بالمعايةةظ والوسةةوس   * 

  يطعاوالدماية وال

تةةةوهع موا ةةةف سةةةيارات م ةةةقفة لدمايةةةة ال ةةةيارات مةةةن  1

 الدعاري . االاكم ا

ال ةةةةيارات غيةةةةع مدميةةةةة مةةةةن ا ةةةةعة  موا ةةةةف  * 

 الشمو .

ممةعات الدعكةةة المةةي تةةعبط كاهةة الا  ةةان م ةةقفة مكونةةة  1

 مرا ه م للة للمدعك والمجم  الطلابي 

 ممعات الدعكة ومرا ه المجم  غيع م قفة .  * 

 العلامات الدالة الى الا  ان .تموهع  *   علامات الدالة للار اد الى ا  ان الكلية توهع ال 1

تةةوهع هضةةاءات للمدةةعك والمجمةة  والعااةةة والقةةعاءا مةة   1

 توهع كاهة الخدمات الخاصة بها 

تمةةوهع هيهةةا لا تمملةةع  الكليةةة هضةةاءات للمجمةة    * 

 كاهة الخدمات

كالطعةةةةان تةةةةوهع هضةةةةاءات لممارسةةةةة هعاليةةةةات معيرةةةةة  1

 والشعاا

 موهع هعاليات معيرة كالطعان والشعاا  ت *  

 لا توجد هضاءات غرية بالمعالجات المصميمية   *  هضاءات المجم  غرية بالمعالجات المصميمية  1

 توجد علامات وار ادات دالة  لا  *  وجود علامات وار ادات دالة على موا ف ال يارات 9

 لم يمم اسمخدان المبلطات رات الا كاة الجميلة   *   كاة الجبابة اسمخدان المبلطات رات الا 9

تشكل الملاعظ عرصع مهم هةي الفضةاءات الخارجيةة ار  14

 انها سعورية لاامفا  الطلبة برشا هم وليا مهم البدنية 

نعةةةةةم الملاعةةةةةظ تشةةةةةكل عرصةةةةةع مهةةةةةم  هةةةةةي  *  

 الفضاءات الخارجية

و ريةةةةة او تةةةةوهع هضةةةةاء  ةةةةاص لا امةةةةة المراسةةةةبات ال 11

 مراسبات المخعج ي موعظ اعداد كبيعا من المدمفلين

لا امةةةةة المراسةةةةبات لا يمةةةةوهع هضةةةةاء  ةةةةاص   * 

الو ريةةة او مراسةةبات المخةةعج ي ةةموعظ اعةةداد 

 كبيعا من المدمفلين

 ل تعغظ بوجود تصميم مدرج ومرصةة للخطابةات مة   11

ن ةةةان انةةةارا ون ةةةان مكبةةةعات صةةةوت وامةةةاكن لوسةةة  

 ت .الاعلان واللاهما

نعم يعغظ جمي  الطلبة يوجةود تصةميم مةدرج    *

 ومرصة للخطابات 

توهع نقا  جبا مثل ناهورا ، اماكن للجلوس ، اسمعماة  11

 تدرج بالم مويات سمن هضاءات تجم  الطلبة 

 لا تموهع نقا  جبا   * 

توهع هضاءات  اد ة للعااة والمأمل والقعاءا بعيةدا عةن  11

 قاعد جلوس م للة  عايين الدعكة مزودا بم

 لا تموهع هضاءات  اد ة للعااة   * 

 الطا عا ولل لة وللمرونعم توجد سااة لكعا    * وجود سااة لكعا الطا عا ولل لة وللمرو 11

سةةااة معكزيةةة لكةةعا القةةدن والالعةةاا لاتوجةةد   *  وجود سااة معكزية لكعا القدن والالعاا ال ويدية  11

 ال ويدية

اكشةةةةاك بيةةةة  المع بةةةةات والصةةةةدف لاتمةةةةوهع   *  ي  المع بات والصدف وغيع ا توهع اكشاك ب 11

 وغيع ا

 اسمخدان عرصع الماءلم يمم   *  اسمخدان عرصع الماء لاساهة ممعة بصعية وصوتية 19

 اسمخدان مقاعد للجلوس معيدة وجبابةلم يمم   *  اسمخدان مقاعد للجلوس معيدة وجبابة 19

امةةةةاكن تقةةةةوي الاا ةةةةاس بالجانةةةةظ لا تمةةةةوهع   *  ا اس بالجانظ الجمالي توهع اماكن تقوي الا 14

 الجمالي

وجةةود الم ةةقفات رات الا ةةكاة والالةةوان المممعةةة المةةي  11

تةةةوهع للطالةةةظ العااةةةة الرف ةةةية مةةةن عرةةةاء الدراسةةةة هةةةي 

 او ات العااة 

الم ةةةةةقفات رات الا ةةةةةكاة والالةةةةةوان لاتوجةةةةةد   * 

لرف ةية مةن المممعة المي تةوهع للطالةظ العااةة ا

 عراء الدراسة هي او ات العااة

وجةود تصةاميم وتشةكيلات مميةزا مةن ااةواض الرباتةةات  11

 والز ور الفعيدا الروعية . 

تصةةاميم مميةةزا مةن ااةةواض الرباتةةات  لا نوجةد  * 

 وعيةوالز ور الفعيدا الر

 ةةل ت مشةةعع بوجةةود ترةةوع هةةي الفضةةاء عرةةد تجولةةع هةةي  11

 ادا ه وسااات الكلية

 تروع هي الفضاءيوجد  لا  * 

 ةةل تعغةةظ بةةأن يكةةون لةةع دور وم ةةا مة هةةي صةةيانة  11

دور وم ا مة ه بأن يكون لنعم يعغظ الطالظ    * ادا ه الكلية .

 هي صيانة ادا ه الكلية .

اللون  و أاد م ا ع الاسةميعاا البصةعي  ةل ت مشةعع  11

تلةةوين الفضةةاءات بقةةيم لونيةةة تعطةةي ردود هعةةل هكعيةةة 

ون الز ور ، لون الارسية ، لةون ااويةات وعا فية   ل

 الز ور ، لون مقاعد الجلوس( 

لفضةاءات بقةيم لونيةة تعطةي لتلوين  ليو  راك   * 

ردود هعةةل هكعيةةة وعا فيةةة   لةةون الز ةةور ، 

لةةون الارسةةية ، لةةون ااويةةات الز ةةور ، لةةون 

 مقاعد الجلوس(
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 علاه .يوسخ نما    الاسمبيان للاسالة المشار اليها ا (1- جدوة 
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 مناقشة وتحليل النتائج :   -

 -: من  لاة الاسمبيان اتضخ

ان الددا ه والم ااات المكشوهة هي الكلية بداجة الى اعادا ن ع هي المخطيط والمصةميم لمد ةين  -1

الاداء الةةو يفي والبياةةي والجمةةالي ، هالدةةدا ه القعيبةةة مةةن القاعةةات الدراسةةية مهملةةة وغيعم ةةمغلة 

ة الةى تخطةيط وتا يةل واسةمغلاة لقعبهةا مةن القاعةات الدراسةية ، هالطالةظ بداجةة الةى و ي بداجة

امةةاكن تقةةوي الاا ةةاس بالجانةةظ الجمةةالي والصةةفاء الةةب ري والعااةةة الرف ةةية ، ان عةةدن وسةة  

المصاميم المدروسة للددا ه و لة العراية بها سبظ هي تةد ور ا وهقةدانها لعراصةع الممعةة والاثةارا 

داء الو يفي الجيد ، ويفمةعض ان تةزود  ةبه الم ةااات بامةاكن الجلةوس والم ةقفات والجماة والا

رات الا كاة الجميلة والالةوان المممعةة المةي تةوهع للطالةظ العااةة الرف ةية مةن عرةاء الدراسةة هةي 

 .او ات العااة 

ى اب ط التفمقعوهيما يخص ممعات الدعكة المي تعبط كاهة الا  ان لواظ من  لاة الدراسة بانها   -1

المقومات الو يفية والبياية والجمالية ، هاغلظ الارصةفة غيةع مبلطةة وبداجةة الةى م ةقفات لمةوهع 

 .مرا ه م للة للمدعك والمجم  الطلابي للدماية من ا عة الشمو صيفا ً والمطع  ماءا 

ًً وكبلع اماكن و وف ال يارات بداجةة الةى م ةقفات لدمايةة ال ةيارات مةن الاكم ةاا الدةعاري  -1

لاً  عن عدن كفايمها هلا يوجد  عا المكمبة وبراية الدراسات العليا مو ف لل يارات و با ي بظ هض

بعع الارباك وو وف ال يارات بشكل عشوا ي و اصة هي او ات معيرة كان تكون  راك مرا شة 

 لااد  لبة الدراسات العليا .

الجماليةة للرباتةات مةن ا ةجار ومن  لاة الاسمبيان والملاا ة اتضخ انخفةاض القيمةة  الو يفيةة و -1

داجةة الةى المقلةيم والمشةكيل والقةص بو جيعات و  ور ب بظ عدن العراية بها بصورا كاهية ههي 

وتوهيع ماء ال قي بشةكل مرةم م والمعبةة الجيةدا ، ههرةاك ا مةاة واسةخ و ةص عشةوا ي للا ةجار 

 رها والمصاا . الممقدمة هي العمع ، ويفمعض ان تزرع  ملات سرويا ً لمعويع المالف م

ان ن ان الارواء الدالي هةي كليةة الزراعةة  ةو ال ةيخ   الغمةع ( والابةار الارتوا يةة وملواةة مةاء  -1

العي الم مخدن هي ال قي   ماء نهع ابو غعيظ ( سا م بشةكل واسةخ هةي رهة  ن ةبة الملواةة هةي 

تي مةةن نهةةع ابةةو المعبةة ، هضةةلا عةةن رلةةع كميةة المةةاء غيةةع كاهيةةة ل ةقي الدةةدا ه لشةةدة المةةاء الممةأ

غيةع مرم مةة   الع ةن( ، كمةا ان ا مةاة ال ةوا ي وتعكهةا بةدون تر يةف  بأو ات غعيظ واعطاءه

الامطةار ، ومةن  ةلاة  هوسا  وميابشكل م ممع من الادغاة اولها الى مكان لمجم  الادغاة والا

انمشار الادغاة  المشا دا تبين ان المبا ة الدالية  ي من المبا ة المفمواة غيع المبطرة مما ي بظ

هيها كما ان انقطاع الميار الكهعبا ي ل اعات  ويلة وعدن عمل مضخات ال دظ بصورا مرم مةة 

 سبظ هي تدولها الى م مرق  من الماء العاكد وبالمالي هقدانها لقيممها الجمالية والو يفية .

الصةةةديخ  هعةةةدن وجةةةود الةةةدعم المةةةالي والمخطةةةيط ت لةةةلاموهيمةةةا يخةةةص البيةةةوت البلاسةةةميكية وال -1

مار ا وتطويع ةةا ادى الةةى تلةةف مةةا موجةةود مرهةةا وبةةدلا ًمةةن الموسةة  والمطةةويع نجةةد الفشةةل ثلاسةةم

والخ ةةا ع وكةةبلع المردةةل ، واقةةوة الةةدواجن واقةةوة الاغرةةان وغابةةات الزيرةةون والرخيةةل ، هكليةةة 

رةاك الزراعة هيها من الموارد والخبعات المي لةو تةم اسةمغلالها وتو يفهةا بالشةكل الصةديخ لكةان  

المةعدود  هضةلا عةنمن المعدود الا مصادي البي يعود على المر ةبين والمرطقةة المديطةة بالفا ةدا 

العلمةةي الةةبي يعةةود علةةى الطلبةةة والبةةااثين مةةن  لبةةة الدراسةةات العليةةا والدراسةةات الاوليةةة بالفا ةةدا 

 العلمية   .

ن الطلبةة هيمةا يخةص أ ةارت ن ةبة كبيةعا مة وهيما يخص اسةممارا الاسةمبيان الخاصةة بالطلبةة هقةد -1

ولايعطةي  لقةادمين  والوسةوس والدمايةة وال ةيطعا .ليمةرخ  ةعور بالمعايةظ مد ل الكلية بانةه لا 

ورلةةع لفقةةدان العراصةةع المععيفيةةة الاا ةةاس للزا ةةع مةةن اوة و لةةة بانةةه دا ةةل هةةي كليةةة  راعةةة 

ر الواجهةةة ولواةةة كبيةةعا الدجةةم تمصةةدونباتةةات نةةادرا ،  ،  والمجميليةة مةةن ااةةواض   ةةور مميةةزا

أ ةار مع ةم كمةا سةيو الكليةة والا  ةان المةي تمضةمرها .أيمكن ركع بعع المعلومةات عةن تةاريخ ت

، ممةا يةؤثع علةى كفةاءا اسةمخدامها ، ان وممعات اعكةة م ةقفة الطلبة بعدن توهع موا ف سيارات 

 مةة بهةدف تةوهيع بياةة مرا يةة ملا والمعالجةات اماية الفضاءات من ا عة الشةمو واتخةار الدلةوة
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ومةةن  ةةلاة  .سةةعورا مةةن الضةةعورات المةةي لا يمكةةن الاسةةمهانه بهةةا تزيةةد مةةن كفةةاءا الاسةةمخدان 

الاسمبيان تبين اهمقار الددا ه وممعات الدعكةة الةى كثيةع مةن المعالجةات المصةميمية والمخطيطيةة 

 أ ةار مع ةم الطلبةة أن أغلةظ الفضةاءات.  ولايوجد تروع بالفضاء من نااية الاسةمخدان والو يفةة 

والددا ه القعيبة من ا  امهم لم يمم تخطيطها بديث يمم الانمفاع مرها من نااية توهيع الخصوصية 

جانةةظ مرهةةا مخصةةص للاسةةمعااة ، وجانةةظ ن يكةةون أاللا مةةة لمخملةةف الاسةةمعمالات الخاصةةة كةة

، والا ةةع مصةةمم  مصةمم كمرطقةةة تجمةة  ، والق ةةم الا ةع مصةةمم لممارسةةة هعاليةةة الاكةل والشةةعا

لمأمل، والا ع لفعالية الاسمر ا  و عاء بعع اللوا ن المي يدماجهةا الطالةظ . ولغةعض للقعاءا وا

تدقيةةه ديمومةةة  ةةبه الفضةةاءات هةةلا بةةد مةةن وجةةود ادارا تمدمةةل م ةةوفلية الممابعةةة والا ةةعاف 

والصةةيانة ومداسةةبة الطالةةظ هةةي االةةة الا ةةلاة بالقةةانون مةةن ناايةةة المداه ةةة علةةى الر اهةةة او 

. كمةا تبةين ااجةة الدةدا ه الةى امةاكن جلةوس معيدةة وجبابةة م للةة ، ونقةا  الاسعاربالممملكات

كالرةةاهورات والمماثيةةل والمشةةكيلات المميةةزا مةةن ااةةواض الز ةةور المةةي تفمةةعض ان تةةزين جةةبا 

كما اوسد  الدراسةة  ممعات الدعكة ومدا ل الا  ان لمعطي  عور واسخ بخصوصية المو   .

المراسةبات الو ريةة او مراسةبات المخةعج وأيةد أغلةظ الطلبةة  بداجة الكلية الى هضاء  اص لا امةة

 هكعا وجود مدرج ومرصة للخطابات ، وان يكون للطالظ دور وم ا مة هي صيانة ادا ه الكلية .

 

 :  الختامية الاستنتاجات  -    

 . غياا المخطيط الصديخ والاسمغلاة الامثل  للددا ه والم ااات المفمواة 

 عةدن وجةود  ةعبة هريةة تخصصةية تمةولى اة تصةميم وتر ةيه الدةدا ه ، و لة الممخصصين هي مج

 عملية الا عاف والممابعة والمخطيط سمن بعنام  علمي .

  مةةن ااجةةة الكليةةة الةةى المخصيصةةات الماليةةة الكاهيةةة لمغطيةةة نفقةةات المطةةويع والانشةةاء والادامةةة

 .م ملزمات  راعية ومكا ن واسمدا وكاهة الممطلبات 

 ب   ديم ولا يفي بداجة الددا ه والب اتين والدقوة لغعض ادامة الرباتات .ن ان العي المم 

  ااجة اقوة الدواجن والاغران الى المطويع والادامة لكةي تمما ةى مة  المطةور الداصةل هةي بلةدان

 العالم .

 

 -:الخمامية الموصيات    -1

  مغلاة الامثةل والاسةوس  بعنةام  علمةي هرةي لاعةادا  يكلةة الم ةااات المفمواةة والخضةعاء

، مةن  ةلاة جهةة تخصصةية تكةون ايث تدماج  ةبه الم ةااات الةى اعةادا بعمجةة وتخطةيط  

 م وفلة عن ادارا وصيانة الددا ه .

   هةةمخ مجةةاة الاسةةمثمار امةةان الاسةةاتبا ورلةةع مةةن  ةةلاة تخصةةيص بعةةع الم ةةااات لزراعمهةةا

يةةة الزراعةةة وادارا بمشةةاركة الطلبةةة لكةةي تكةةون مجةةاة لمةةدريظ الطالةةظ علةةى كيفيةةة اتمةةان عمل

المزرعة والمدصوة وتشخيص امعاسة واشةعاته وهةي نفةو الو ة  تعةود بةالمعدود المةالي 

 ويمكن وس  ن بة  ليلة من الارباس للكلية سمن ا لية يمفه عليها .على الاسمار 

 . ايجاد ن ان يدفز العاملين على العمل يمراسظ م  جهود م 

 المخصيصات المالية . ا عاك القطاع الخاص بالاسمثمار لمامين 

  تامين مياه العي ورلع من  ةلاة المر ةيه مة  دا ةعا ري ابةو غعيةظ لضةمان ايصةاة الكميةات

اللا مة من الماء و يادا عدد الابار المدفورا وتةوهيع المضةخات لايصةاة كميةات المةاء المةي 

 تدماجها الدقوة .

 ة ل عوف الععاب البياية كما اسمخدان ان مة ري ممطورا والاسمفادا من تجارا الدوة المشابه

 جاء هي الدراسة .

  ا امةةة المعةةارض لبيةة  الز ةةور ونباتةةات الزيرةةة بهةةدف تثقيةةف الةةزوار وتةةوعيمهم بيايةةا ً وترميةةة

 البوب الجمالي والد ي .
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 . الا ممان باعماة الصيانة والقص والمقليم والمشكيل لعه  القيمة الجمالية للددا ه 

 ة والمفمةةيع علةةى سةةيع العمةةل وتقةةديم تقةةاريع دوريةةة وا ةةظ تشةةكيل لجرةةة للا ةةعاف والممابعةة

 الداجة .

  اليةة معيرةة اعطاء الدقل الديواني الى  عكات م مثمعا والمعا د معها لعدد من ال ةروات وهةه

 يمم الاتفاب عليها 
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ABSTRACT 
 Based on the biological human models in defending human body against viruses, a new 

approach in designing the anti-virus system is introduced. This approach is called SDS( Self-

Defence System). The principle of the SDS is that each executable program is responsible of 

defending itself against viral-attacks. In this system, each executable program is injected with 

basic anti-virus component which is called Self-Defence Routine. This routine, together with 

dedicated anti-virus loading program are used to construct the SDS which protects the computer 

system from virus invasion. 

 

INTRODUCTION 
 Today, the computer virus pandemic becomes a serious security threat to causal home 

computers and large corporate networks. Over the years, the anti-virus industry has had to keep 

pace, as virus writers have become more sophisticated. Therefore, the effort to combat the 

computer virus must continue until an ideal, universal anti-virus system is designed. 

Researchers have taken many approaches, and some of the newest and most promising anti-

virus technology is modeled on the way the human body fights viruses [1]. 

 Based on the similarities between human and computer viruses (both types of viruses 

latch onto a host, use its resources to reproduce, and cause a range of symptoms). The objective 

of this work is to build computer immune system. The proposed system is called Self-Defence  

System (SDS). The SDS mimics the characteristics of human immune system by distributing 

the anti-virus components through the computer in the same way the human immune system 

distributes the anti-bodies. The concept of the SDS is to vaccinate each executable program 

with special anti-virus component that will detect and eradicate any foreign code attached to the 

executable. The vaccinated executable is loaded and executed by special centralized anti-virus 

program which is designed to prevent virus infection and damage to the computer system. 

 In part this research has been a follow-up on the two papers; the first titled “Computer 

Virology: Formal Analysis of Computer Viruses” [7], and the second titled “Computer 

Virology: Toward Designing an Ideal Anti-virus System” [4]. Some terms, classifications, and 

concepts presented in this research are thoroughly explained in the above papers. For example 

the efficiency of the SDS is determined according to the analysis criteria described in the 

second paper mentioned above. 

  

SELF-DEFENCE CONCEPT 

The self-defense concept is that: “Every executable program must be capable of 

protecting itself against viral attacks by detecting and eradicating any virus attached to 

its body”. Accordingly, special part of each executable must be reserved for the self-defence 

task. This part is called “Self-Defence Routine (SDR)” and defined as: “The part of the 
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executable that is specifically designed to protect the executable against viral attacks”. 

SDR is the first basic anti-virus component in SDS, which is embedded, as integral part of an 

executable E. E will be called the “protected executable” along this research.  The second 

basic anti-virus component in SDS is a special OS program called “Load and Execute Program 

(LEP)”. LEP is used to load executables into memory and execute their SDRs secretly by using 

a special secret communication protocols. LEP and SDR cooperate to satisfy the requirements 

of the IAVS.  

The communication between LEP and SDR consist of two phases (PHASE-ONE and 

PHASE-TWO). During PHASE-ONE, LEP must transfer control to SDR without giving the 

attached virus “if any” the opportunity to execute. If SDR detect a virus infection, it will try to 

eradicate the attached virus and repair the protected executable using the Foreign Block 

Eradication Algorithm (FBEA). If FBEA failed, SDR must alert LEP to switch to PHASE-

TWO. In PHASE-TWO, LEP will execute the virus in a virtual computer system. After the 

virus execution is completed, SDR will try to eradicate the virus and repair the infected 

executable using Virus Follower Eradication Algorithm (VFEA). The following sections will 

discuss how SDR and LEP are designed, and the communication protocols they use in PHASE-

ONE and PHASE-TWO. 

SECRET ENTRY POINT   

Most viruses tacks themselves into an executable program and ensure that they will 

execute before their host, therefore, they must redirect the executable standard entry point to 

point to the virus entry point. The standard entry point is the location to which the OS transfers 

control when deciding to execute the executable. The standard entry point is considered the 

most vulnerable spot for viral attacks. 

 In PHASE-ONE, LEP must execute SDR without giving the opportunity to any 

attached virus “if any” to execute. Clearly, this cannot be done by transferring control to the 

standard entry point of the executable because viruses know where the standard entry point of 

the executable is, and they always redirect it to ensure that they will get the opportunity to 

execute before the infected executable. There is only one way to ensure that SDR will get the 

opportunity to execute before any attached virus. That is, by using a nonstandard or secret entry 

point. This kind of entry point is called trapdoor: “The Trapdoor is a secret entry point to the 

executable [2]”. Fig.1 shows how the trapdoor can be used.  

In fact, the secret entry point will be used to solve the standard entry point problem. 

Therefore, the trapdoor location must vary from one executable to the other. For example, while 

the trapdoor of the executable ‘E1’ is located at offset ‘X1’, the trapdoor of the executable ‘E2’ 

must be located at offset ‘X2’, where ‘X1X2’. Because the same standard entry point problem 

will be faced again, if the trapdoor location is standardized for all executables. For example, if 

the trapdoor location is standardized to be at offset ‘X1’ for all executables, then: “The virus 

will know that there is another entry point to the executable located at offset ‘X1’. 

Consequently, it will redirect to this entry point to ensure that it will get the opportunity 

to execute before its host”.  Therefore, a new technique that will enable LEP to find or mark 

the trapdoor while, at the same time, viruses cannot find the trapdoor. The following sections 

describe how LEP mark the trapdoor, the standard SDR module format, and how different LEPs 

can exchange protected executables between each other. 

TRAPDOOR MARKING 

LEP can find the trapdoor location of a given executable by using special type of 

information stored in the executable itself. This special type of information will be called the 

“Trapdoor Mark” and defined as “A special code or string of characters whose location 

(LOC) or value (TMV “Trapdoor Mark Value”) can be used to find the trapdoor”. 

LEP must calculate the TMV and store it into LOC using criteria known by LEP only. 

This criterion differs from one LEP to the other. Therefore, viruses cannot estimate in advance 

which trapdoor mark is used by a randomly selected LEP. For example, if LEP1 and LEP2 are 

used in two different computers PC1 and PC2 respectively. LEP1 define (TMV= “HMS”), and 
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define the first byte position which follow the 3’rd character as the trapdoor 

(Trapdoor=LOC+3), while LEP2 define (TMV=666) and (Trapdoor=LOC+2). Since the virus 

cannot estimate in advance in which computer it exist, in PC1, PC2, or some other computer, it 

cannot estimate in advance whether the TMV is, “HMS”, 666, or any other number or string. 

The efficiency and reliability of the secret entry point depend on the TMV type and the method 

used to generate it. In general, two TMV types can be defined: 

FIXED TMV 

In this type, the same TMV used for all executables in the system. The generation and 

searching formulas are very simple in this case. There is, however, a vulnerable spot in this 

case. Since the TMV is used in all executables, it will be the common code between all 

executable. Viruses can determine the fixed TMV by comparing two or more executables to see 

which code is common between them. This code might be the TMV. Note that if each 

executable in the system uses the suggested self-defence technique efficiently, no virus will get 

the opportunity to execute and therefore it cannot perform the comparison described above.  

Variable TMV 

In this type, a different TMV used for each executable in the system. Only LEP knows 

how to generate and find this TMV for a given executable. Two general techniques can be used 

to generate a variable TMV: 

A- Value-Based Technique: “In this technique, TMV is calculated using a predefined 

formula and stored in LOC”. The general Value-Based generation formula can be 

defined as follow: “TMV= f(g(EBV), LBC)”. Where: 

 EBV “Executable-Based Variable”: This value is constant with respect to a given 

executable. But it differ from one executable to the other. Therefore, LEP can ensure that 

TMV will change from one executable to the other. 

 LBC “Loader-Based Constant”: This value is constant with respect to a given LEP. 

But differ from one LEP to the other. This ensures that the TMV will change from one 

LEP to the other even if both use the same EBV, g, and f.  

 f and g : Functions (arithmetic or logical relation). 

In general, LEP must search for the trapdoor mark location (LOC) using TMV. The 

general Value-Based searching formula can be defined as follow: “IF ([P]=TMV) THEN 

(LOC=P)”. Where: 

 P= Address Pointer  

 [P]= Content of the location at address P. 

For example, the executable file name can be used as EBV, because it is constant for a 

given executable file. The TMV generation formula will be: “TMV= f(g(Executable 

Name),LBC)”. Let us define the following, for LEP1 and LEP2: 

 

Component  LEP1-Definition LEP2-Definition 

g ASCII of the 1st Character + 

ASCII of the 2nd Character +  

ASCII of the 3rd Character 

ASCII of the 2nd character - 

ASCII of the 4th character 

LBC 6 305 

f g + LBC g  LBC 

 

Tab.1 shows the TMV generated for three different file names by using the definitions shown 

above. LEP1 can find LOC for HAMED.COM using the following algorithm: 

       Calculate :TMV=72+65+77+6=220 

  P=0 

       IF ([P]=220) THEN (LOC=P) ; GO TO 6 

       P=P+1 

IF (PSize of HAMED.COM) THEN 3 
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     End. 

 

B- Condition-Based Technique: “In this technique, TMV is selected so that a predefined 

condition satisfied”. The general Condition-Based generation formula can be defined as 

follow: “Select TMV To Satisfy: f(LOC,LBC1)=g(LOC,LBC2)”. 

The general Condition-Based searching formula can be defined as follow: “IF 

(f(P,LBC1)=g(P,LBC2)) THEN (LOC=P)”. For example, the following can be defined: 

 

 

LBC1 f(P,LBC1) LBC2 g(P,LBC2) Condition 

 0 [P]+LBC1 0 P+LBC2 [P]=P 

1 [P]+LBC1 2 P*LBC2 [P]+1=P*2 

19 [P]-LBC1 0 P[P-1]+LBC2 [P]-19=P[P-1] 

Tab.2 shows the TMVs generated to satisfy the condition “[P]=P+3” for the three 

executables shown in Tab.1. The following algorithm can be used by LEP to search for LOC, 

assuming that f, g, and LBC are defined as shown above: 

      P=0 

     IF ([P]=P+3) THEN (LOC=P) ;  GO TO 5 

     P=P+1 

    IF (P<Size of HAMED.COM) THEN 2 

   End. 

 

However, it is very important to test the influence of virus infection on the selected 

condition. For example, if the condition [LOC]=LOC+3 used, and a virus inserts 256-bytes in 

the start of HAMED.COM and, hence, shift the contents of HAMED.COM by 256-byte. In this 

case the “TMV=503” will be shifted from location 500 to location 756. Clearly, the condition 

will be not satisfied in location 500 and location 756. Conditions that link the content of LOC 

with the contents of its predecessor or successor locations are not affected by the virus 

infection. For example, the condition:[LOC]=[LOC-1]+[LOC+1]. 

SDR Module Standard Format  

The SDR module consists of the SDR code/data and trapdoor marking information. 

Two problems must be considered before defining the standard format of the SDR module: 

Pseudo Trapdoor Mark: “The pseudo trapdoor mark is any value satisfy the searching 

formula and cause LEP to transfer control to an incorrect location”. The increased 

probability of pseudo trapdoor mark in the value-based technique is the great 

disadvantage of this technique. For example, in Tab.1 the TMV associated with 

HAMED.COM is 220 with respect to LEP1. Clearly, this value may exist more than 

one time within the code or data of HAMED.COM. Moreover, viruses may consider 

this as a vulnerable spot for attack. For example, TMV will range from 0 to 255 if 

represented as one byte storage location. The virus can insert a table that contains all of 

the expected values (from 0 to 255) in the start of the infected executable. When LEP 

search the infected executable, it will find a pseudo trapdoor mark in the virus table and 

transfer control accordingly. This transfer will activate the virus to start its execution. 

The probability of finding a pseudo trapdoor mark in the condition-based 

technique is less relative to the value-based technique. Because it searches for a value 

that satisfy a condition. For example, in Tab.2, even though the value 503 may exist 

many times within the code or data of HAMED.COM, it will be considered as a 

trapdoor mark only if it exists at offset address 500.  

In general, the solution to the pseudo trapdoor mark problem is to use two 

TMVs associated with special integrity check information. Tab.3 shows the suggested 

standard format of the SDR module. According to Tab.3, LEP can find the SDR module 

as follows: 

1. P=0 
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2. IF (f11(P,LBC11)=g11(P,LBC12)) THEN 6 

3. P=P+1 

4. IF P<Executable_Size THEN go to 2 

;Trapdoor not found, 

5. Display Alarm Message “Cannot Find the Trapdoor”. 

;Test if the second condition satisfied 

6. IF (f12(P,LBC13)=g12(P,LBC13)) THEN go to 8 

;TMV2 Not exist, continue the search 

7. Go To 3 

;Perform checksum test 

8. LEN= f13
-1

([P+08H]) 

9. Using CHKS-ALG1, Set C= Checksum of the block 

(P+10H+LEN) 

10. IF C=[P+0CH] THEN go to 12 

;Checksum Error, Continue The search 

11. Go To 3 

;Trapdoor Mark Found 

12. LOC1=P 

 

   Destruction: Destruction can be caused by a virus infection. If the virus, for example, 

inserts part or all of its code between TMV11 and TMV12, between the header and the 

SDR module, or inside the SDR module. The solution to this problem is to use 

redundancy. That is, two SDR modules must be used so that if one of them destroyed 

the other one can be used. The first SDR module (shown in Tab.3 ) will be called the 

“Primary SDR Module” and the second SDR module will be called the “Redundant 

SDR Module”. The redundant SDR module is shown in Tab.4. 

LEP-To-LEP Communication 

 As mentioned earlier, each LEP uses its own standard to generate and search for TMV 

and LOC. Users may ask what happens when the protected executable ‘E’ copied from the 

environment of LEP1 to the environment of LEP2. That is: “How LEP2 can find LOC1 and 

LOC2 of ‘E’, without giving viruses the opportunity to find them”.  Clearly, there must be a 

standard and secure communication protocol between LEP1 and LEP2. There are many ways to 

do this. 

First, the communication can be done by using a global TMV, say “HMS”. When the 

user asks LEP1 to copy ‘E’ to be used by LEP2, LEP1 must store “HMS” at LOC1 and LOC2. 

When the user asks LEP2 to execute ‘E’ for the first time, it will search ‘E’ for the global TMV 

(i.e. HMS) to find LOC1 and LOC2.  Once “HMS” is found LEP2 will recalculate LOC1, 

LOC2 and reorganize the SDR locations according to its formula. The advantage of this method 

is its transparency for users. The great disadvantage of this method is its vulnerability. Viruses 

know that the global TMV used in copies is “HMS”, therefore, they can easily find LOC1 and 

LOC2 of the protected executable. 

Second, the communication can be done through the computer user. The user can ask 

LEP1 about the value of LOC1 and LOC2 of ‘E’ after copying the executable to a new diskette. 

The user must give the value of LOC1 and LOC2 to LEP2 (i.e. manually) when he wants to 

execute ‘E’ for the first time. The advantage of this method is that it is secure, because there is 

no way that a virus will know the value of LOC1 and LOC2. The disadvantage of this method is 

that it depends on the computer user responsibility. A serious problem arises when the user 

decides to copy a large number of executables. For example, if the user wants to copy 100-

executable from DISK1 to DISK2, then, he must ask LEP1 about the value of LOC1 and LOC2 

for each one of these executable, keep these (200-Value) values in his mind, and give them to 

LEP2. 

Third, the best suitable method is to use Message-Files. When the user asks LEP1 to 

copy the 100-executable (E1, E2,… E100) from DISK1 to DISK2, LEP1 will ask the user about 
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the message file name to store the values of LOC1 and LOC2 in it. Assuming that the user uses 

the name MESSF.LOC. LEP will create a message file with the name MESSF.LOC in DISK2, 

and insert 100-entry in this file. Each entry represent one executable. The standard entry format 

is shown in Tab.5. LEP2 can use the message file to find LOC1 and LOC2 of each executable 

individually or all executables at once. Regardless of the number of executables being copied, 

the user needs to remember only the message file name.  

-The Communication Standards 

Before describing the communication protocols used in PHASE-ONE and PHASE-

TWO; and the operations of LEP and SDR in each phase, the standard data blocks, variables, 

and flags used in the system must be defined and described. Fig.2 shows an overview of the 

communication system and its individual components. Each data block, variable, and flag used 

for specific purpose. The following sections will describe these components and explain the 

purpose of using them. 

- Image Information Block (IIB) 

In PHASE-ONE, LEP must prepare the Image Information Block (IIB) before 

transferring control to the SDR. The IIB describes the status of the disk and memory images of 

E. The standard format of the IIB is shown in Tab.6.  

MIS=DIS for COM and SYS files. But MISDIS for EXE and OVL files, because the 

header exist in the disk image but not loaded with the memory image. MIS and DIS are used by 

the detection algorithm. TOA is used by the detection and eradication algorithms as will be 

explained later. EPN (Executable Private Number) is generated by LEP for each executable 

before executing it. EPN of E is considered, by LEP, as the “identifier” or “Secret Name” of E. 

While in PHASE-TWO, the SDR of E must pass the EPN of E associated with the other 

identification information to LEP, so that it can get the permission from LEP to access the disk 

image of E.  LEP-TRAP is a pointer to a special trapdoor within LEP. This trapdoor is used to 

ensure that the SDR can communicate with LEP secretly while in PHASE-TWO.  

- Detection and Eradication Information 

The SDR must know the following information about the protected executable: 

1- Executable Critical Bytes: “The critical byte is any byte which is virtually 

guaranteed to be changed after a virus infection”. The executable size, the first three 

bytes of a COM or SYS, and the EXE or OVL file header are considered as critical 

bytes. Determining the critical bytes of a given executable, require a deep 

understanding of how the computer virus infect it. In general, the following components 

are calculated and stored in the SDR of E during the protection process “see section 5”: 

1. CMIS= Correct Memory Image Size (CMIS) 

2. CDIS= Correct Disk Image Size (CDIS) 

3. The correct values of any other critical byte. Such as the first 

three bytes of COM and SYS files and the header of EXE 

and OVL files. 

- Integrity Check Information (Checksum): The SDR is assumed to view the executable 

memory image as group of N-Blocks (BLK1,BLK2, ... BLKN) “see Fig.3”. The block 

size (BLKS) is equal for all blocks and stored in (BLKS). A CheckSum Number (CSN) 

calculated for each block using the algorithm CHKS-ALG, and stored in a special SDR 

table. Also, a given block ‘BLKi” is assumed to be valid (i.e. has a correct checksum) if 

the following condition satisfied: “CHKS-ALG(BLKi, CSNi)=0”. 

- Position Test Information: The position test information (SOF and EOF) are used (with 

TOA, and MIS) by the FBEA to find the virus block position relative to the SDR 

module as show in Tab.7. Fig.3 shows how the protected executable appear in memory. 

SOF and EOF represent the position test information and defined as follow: 
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 The Start Offset (SOF): Is the offset of the SDR trapdoor relative to the 

start of the memory image. 

 The End Offset (EOF): Is the backward offset of the SDR trapdoor 

relative to the end of memory image. 

- SDR Internal Flags 

 SDR uses two internal flags: 

1- Executable Infection Flag (EIF): SDR set this flag if it detects a virus infection. The 

status of this flag is returned to LEP at the end of PHASE-ONE. 

2- Executable Repair Flag (ERF): SDR set this flag if it can repair the infected executable. 

The status of this flag is returned to LEP at the end of PHASE-ONE, and the end of 

PHASE-TWO through LEP-TRAP.  

2.4 The Secret Identification Block (SIB) 

The SIB passed by the SDR of E to LEP during PHASE-ONE. When LEP switch to 

PHASE-TWO, it can use SIB to distinguish the SDR of E from the SDRs of the other 

executables and viruses. The standard format of SIB is described in Tab.8. 

3- PHASE-ONE Communication 

PHASE-ONE starts when LEP receives a request to execute an executable. Assuming 

that LEP receives a request to execute the executable E, the following sections describe the 

sequence of operations: 

 Locating and Executing SDR 

The following steps describe loading the executable by LEP and preparing the IIB: 

Step-1: “Loading the executable memory image” 

1. Find the disk image of E. 

2. Store DIS in the IIB. 

3. Assign EPN to E and store it in the IIB. 

4. Store LEP-TRAP in the IIB 

5. Reserve a memory block to store the executable memory image. And 

store the start address (SMI) in the IIB.  

6. Load the executable memory image into the reserved block. 

7. Store the MIS in the IIB. 

 

Step-2: “Finding the Trapdoor” 

1. Search for the trapdoor of the primary SDR module.  

2. IF (the trapdoor found) THEN go to 6 

3. Search for the trapdoor of the redundant SDR module. 

4. IF (the trapdoor found) THEN go to 6 

5. LEP cannot find any one of the trapdoors. This can happen if the 

executable is not Self-Protected, the executable is new in the system, or 

both SDR modules are destroyed due to a virus infection. In either case, 

LEP must display alarm message to the user, and ask him what to do. 

Depending on the user response, LEP must proceed as follow: 

 If E is not self-protected, then execute it in a virtual computer 

(explained later). 

 If E is new, then prepare it using the message file. 

 If E destroyed by a virus infection, then, avoid executing it 

6. Store the offset of the trapdoor in TOA. 

7. Store TOA in the IIB. 

 

Step-3:”Execute and Wait” 
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LEP can transfer control to the SDR trapdoor using a far call instruction, and 

wait until the SDR return control again. What happens when the SDR receives control is 

explained in the next section. 

 SDR Operation in PHASE-ONE 

The SDR operation can be described by two cycles: “Self-Test Cycle, and Self-Repair 

Cycle”. Both cycles are described in the following sections. 

 Self-Test Cycle 

This cycle initiated each time SDR executed, in this cycle SDR must decide whether E 

is infected or not. If E is infected, SDR will set EIF, and clear it otherwise. The status of EIF 

returned from SDR to LEP as shown in Fig.2. The following algorithm describe the self-test 

cycle: 

;Size test 

  IF DISCDIS THEN go to 13  

1. IF MISCMIS THEN go to 13 

;Critical byte test 

2. IF (Any critical byte changed) THEN go to 13 

;Checksum test 

3. i=1 

4. C=CHKS-ALG(BLKi, CSNi) 

5. IF C0 THEN go to 13  

6. i=i+1 

7. IF i  N THEN go to 5 

;Position test 

8. IF SOFTOA THEN go to 13 

9. IF EOFMIS-TOA go to 13 

 “The executable is clean”.  

10. EIF=0 

11. Return to LEP. 

“The executable is infected”. 

12. EIF=1 

13. Go to the Self-Repair Cycle. 

 Self-Repair Cycle 

In this cycle, SDR will try to eradicate the virus and repair the protected executable. 

SDR will set ERF if the protected executable repaired properly and clear it otherwise. A new 

eradication algorithm (Foreign Block Eradication Algorithm “FBEA”) will be used. FBEA 

capability depends on how the virus distributes itself within the infected executable. The FBEA 

described below can eradicate SBD viruses efficiently, and can be upgraded to eradicate CBD 

viruses as well. However, because the CBD idea not used by viruses yet “see [3]”, the 

discussion will be limited for the SBD viruses only. Assuming a simple virus distribution, the 

eradication algorithm can be divided into the following steps: 

Step-1: “Find the virus block position relative to the SDR” 

In general, if the virus block inserted after SDR, the infected executable memory 

image will take the form of image ,, or  in Fig.4. Therefore, the search must start 

from BLK1. If the virus block inserted before SDR, the infected executable memory 

image will take the form of image ,, or . Therefore, the search must start from 

BLKN. Finding the virus block position relative to SDR can be done by using the 

position test information TOA, MIS, SOF, and EOF as shown in Tab.7. 
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Step-2: “Starting the block checksum test” 

For example, let us assume that the virus is inserted after the SDR, therefore, the 

block checksum test must start from BLK1. The following algorithm can be used in this 

case: 

1. i=1 

2. IF BLKi contain any critical byte, then repair the critical bytes. 

 “Only BLK1 in image , , and  affected by this step”  

3. C=CHKS-ALG(BLKi, CSNi)  ;Calculate the checksum of BLKi 

4. IF C0 THEN go to Step-3  ;Invalid block 

5. Move BLKi into BUF   ;Valid block 

6. i=i+1 

7. IF i  N THEN go to 2 

Arriving to this point means that the virus has inserted all of its added bytes at 

   the end of the infected executable, as shown in image .  

  Go to Step-6 

 

“Note the difference between (go to 3) and (go to Step-3)” 

Step-3: “Reversing the block checksum test order”. 

Arriving to this step means that the virus inserts its added bytes after SDR but 

not at the end of the infected executable. In this case, the infected executable memory 

image expected to take the form of image  or . Because BLKi is not found, the 

searching processes must be reversed. The following algorithm can be used: 

1. j=0 

2. m=N-j 

3. IF BLKm contain any critical byte, then, repair the critical bytes. 

4. C=CHKS-ALG(BLKm, CSNm) ;Calculate checksum number of BLKm 

5. IF C0 THEN go to Step-4    ;Invalid checksum 

6. Move BLKm into BUF     ;Valid checksum 

7. IF m=i THEN go to 10 

8. j=j+1 

9. Go to 2 

Arriving to this point means that the virus block inserted between two 

consecutive blocks (BLKi-1 and BLKi) without destroying any one of them, as 

shown in image . Because the blocks (BLK1, BLK2, ..., BLKi-1) are moved 

into BUF in Step-2. And the blocks (BLKi, BLKi+1, ... BLKN) are moved into 

BUF in Step-3. Therefore, all blocks are moved into BUF. 

10. Go to Step-6 

 

Step-4: “Repairing the damaged block” 

Arriving to this point means that the virus has inserted its block inside BLKi and, 

hence, destroyed this block. This is shown in image . Two routines to repair the 

destroyed block BLKi will be discussed: 

REPAIR1: 

Inputs: 

 i= Block number 

 S= Start offset address of BLKi which contain the virus block.  

 E= End offset address of BLKi which contain the virus block. 

 Z= MIS-CMIS=NAB 

 P= Offset address of a byte that is guaranteed to exist in the virus block. 

 

Outputs: 

 C=0 ;BLKi cannot be repaired 

 C=1 ;BLKi repaired properly and stored in the buffer BBK 
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The Idea: REPAIR1 assumes that the virus block start at P and define: “VS (Virus-

Start)=P, and VE (Virus-End)= VS+Z-1”. And then, moves the bytes at block (S-

To-(VS-1)) and block ((VE+1)-To-E) into the buffer BBK. If the checksum test on 

BBK fails, REPAIR1 assumes that P is not the actual start of the virus block. That is, 

there is at least one byte belong to the virus block and exist before P. Therefore, 

REPAIR1 shift VS and VE up by one byte position, and repeat the test process. 

Algorithm: 

1. VS=P 

2. VE=VS+Z-1 

3. IF {VE(E-1)} THEN {[VS=VS-(VE-(E-1))] AND [VE=VS+Z-1]} 

“This ensures that VE(E-1). Note that, the byte at E must belong to BLKi, 

because, otherwise, all of the content of BLKi exists above the virus block. 

And this can happen only if BLKi wasn’t destroyed by the virus infection”. 

4. Move the bytes at block (S-To-(VS-1)) into BBK 

5. Move the bytes at block ((VE+1)-To-E) into BBK 

6. C=CHKS-ALG(BBK, CSNi) 

7. IF C= 0 THEN go to 12 ;Valid block 

 

“Arriving to this point means that VS is not the actual start of the virus. That is, 

there is at least one byte belong to the virus but exist above VS. Therefore, VS 

must be decremented and the checksum must be calculated again”. 

8. VS=VS-1 

9. VE=VS+Z-1 

10. IF VSS THEN go to 4 

11. C=0, and RETURN “BLKi cannot be repaired” 

12. C=1, and RETURN “BLKi repaired properly and stored in BBK” 

 

REPAIR2: 

Inputs: 

 i= Block number 

 S= Start offset address of BLKi which contain the virus block.  

 E= End  offset address of BLKi which contain the virus block. 

 Z= MIS-CMIS=NAB 

Outputs: 

 C=0 ;BLKi cannot be repaired 

 C=1 ;BLKi repaired properly and stored in the buffer BBK 

 

The Idea: REPAIR2 is based on the fact: “If BLKi destroyed by one sequential 

virus block, then, the byte at S and the byte and E must belong to BLKi. Because 

otherwise, if the byte at S(E) belong to the virus block, the entire virus block 

must exist above (below) BLKi, and this can happen only if BLKi wasn’t 

destroyed by the virus block insertion”. REPAIR2 moves one byte starting from S 

and (BLKS-1) bytes starting from E into BBK. If the checksum test on BBK fail, 

REPAIR2 repeat the process by moving 2-bytes starting from S and (BLKS-2) bytes 

starting from E into BBK. 

Algorithm: 

1. k=S 

2. j=k+Z+1 

3. Move the bytes at block (S-To-k) into BBK. 

4. Move the bytes at block (j-To-E) into BBK. 

5. C=CHKS-ALG(BBK, CSNi) 

6. IF C=0 THEN go to 10 ;Valid block 

7. k=k+1 

8. IF k (BLKS-1) THEN go to 2 
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9. C=0, and RETURN “BLKi cannot be repaired” 

10. C=1, and RETURN “BLKi repaired properly and stored in BBK” 

 

The advantage of REPAIR2 over REPAIR1 is that it can work without using P. 

However, the number of trails or the time needed by REPAIR1 is, in general, less than 

the time needed by REPAIR2. Which routine “REPAIR1 or REPAIR2” the SDR must 

use, depend on the prepared input arguments. The input arguments can be prepared as 

follow: 

1. S= (i-1)*(BLKS) ;The number of bytes in all blocks before BLKi. 

2. E= S+Z+BLKS ;To understand how S and E calculated see Fig.5. 

3. The SDR can use REPAIR1 only if it can prepare P. Otherwise, it must use 

REPAIR2. Two ways are suggested to determine  P: 

a) The entry point of the virus code within BLKi can be found 

from the standard entry point of the executable. For 

example, for COM files the displacement of the near jump 

instruction which is found in the first three bytes of BLK1 

can be used to find the virus entry point. After finding this 

entry point, set P= Virus code entry point. 

b) If the virus code entry point cannot be found, the following 

fact can be used: “IF (ZBLKS) THEN (The point at 

“S+(E-S)/2” must be in the virus block)”. Therefore: IF 

(ZBLKS) THEN (P=S+(E-S)/2)”. 

 

If P prepared, the SDR can proceed as follows: 

1. CALL REPAIR1 

2. If C=1 THEN go to 6 ;BLKi repaired properly using REPAIR1 

3. CALL REPAIR2 

4. IF C=1 THEN go to 6 ;BLKi repaired properly using REPAIR2 

 

BLKi cannot be repaired using REPAIR1 or REPAIR2.  

5. Go to Step-5 

6. Move the contents of BBK into the gap of BLKi in BUF.  

7. Go to Step-6 

 

Step-5: “Return Error Code and SIB to LEP”. 

Arriving to this step means that the SDR cannot repair E properly. Therefore, the 

SDR must return the following information: 

1. EIF=1  ;The file is infected 

2. ERF=0  ;The file is not repaired 

3. SIB  

4. Go to Step-7. 

 

Step-6: “Repair the Infected Disk Image of E” 

Arriving to this step means that BUF contain all blocks (BLK1, ... BLKN) of the 

protected executable. The content of BUF represent a clean memory image of the 

executable, therefore, it can be used to repair the infected disk image of E. The following 

algorithm describes how this can be done. 

1. If the infected executable is an EXE or OVL file, then, put the correct file 

header in the start of BUF. 

2. Overwrite the disk image of E by the content of BUF. 

3. ERF=1  ; Executable Repaired Properly.  

4. Go to Step-7 

 

Step-7: “Return To LEP” 
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The SDR can return control to LEP now. PHASE-ONE terminated at this point.  

- PHASE-TWO Communication 

LEP starts PHASE-TWO after the SDR execution, in PHASE-ONE, is completed. 

Once in PHASE-TWO, LEP will test the status of EIF and ERF returned from SDR. The 

executable is clean if (EIF=0). Therefore, LEP can execute the executable through its standard 

entry point. The executable was infected but repaired properly by SDR if (EIF=1 and ERF=1). 

Therefore, LEP must load the executable disk image again. And, then execute it through its 

standard entry point.  

The executable is infected and SDR cannot repair it if (EIF=1 and ERF=0). Therefore, 

the Virus Follower Eradication Algorithm (VFEA) must be used to eradicate the virus. VFEA 

is based on the fact that shell type viruses, “See [7]”, always repair the infected executable 

memory image before executing it. Therefore, VFEA use the following eradication approach: 

“The infected executable must be executed through its standard entry point so that the 

attached virus will get the opportunity to execute. The virus will repair the memory image 

of the executable and execute it. SDR will receive control again and test the memory 

image. If the memory image repaired properly by the virus, SDR must alert LEP to use 

the current memory image of the executable to replace the infected disk image of the 

executable”. 

 However, giving the opportunity to the virus to execute is very critical. Therefore, 

before executing the virus, LEP must prepare a trusted environments “Virtual Computer 

System” to ensure that the virus cannot cause any damage or infection. Preparing the virtual 

computer system and executing the SDR in PHASE-TWO is described in the following 

sections: 

 The Virtual Computer System  

The idea of the virtual computer system is described in [4]. In general, the virtual 

computer system must be designed to satisfy the following requirements: 

1- Protecting System Disks: Prevent the virus from infecting or destroying any target 

site/cell in the system disks. 

2- Protecting System Memory: Prevent the virus from reserving memory space and hide 

itself there, that is, stay resident in system memory.  

3- Deceiving the Virus: The virtual computer system must give the virus the illusion that it 

is running in a normal system. Because, if the virus knows that it exists in a virtual 

computer system, it may try to use special methods to bypass or deceive the virtual 

computer system; or it may terminate its execution without repairing its host, therefore, 

VFEA cannot repair the protected executable. 

Satisfying these requirements depend on the computer system hardware (i.e. Real-

Mode or Protected-Mode PC) and software (i.e. DOS or WINDOWS). As a case study, 

preparing a virtual computer system in DOS machines will be explained in what follows: 

1- Protecting System Disks: In order to prevent the virus from infecting/destroying target 

sites/cells in the system disks, it must be prevented from writing to these disks. First of 

all, LEP must ensure that all of the disk related interrupt vectors points to special 

handlers. Therefore, LEP must redirect the following vectors: 

1. Vector 13H (BIOS Disk Interrupt INT 13H). 

2. Vector 21H (DOS-API Interrupt INT 21H). 

3. Vector 25H (DOS: Absolute Disk Read Interrupt INT 25H) 

“see [5]”. 

4. Vector 26H (DOS: Absolute Disk Write Interrupt INT 26H). 

Under DOS, if the virus knows that it exists in a virtual computer system, it 

may try to use direct hardware access method to bypass the virtual computer handlers. 

The virtual computer can use one of the following methods to prevent viruses from 

accessing the disk: First, the handler of the virtual computer can reject any write to disk 

request by returning some error code which indicates that the requested operation 
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cannot be performed because, for example, the drive is not ready. Rejecting all writes to 

disk requests can help the virus in deciding whether it is working in a virtual computer 

system or not. Second, the virtual computer system can trick the virus to believe that the 

requested write to disk operation is performed while it is not. This can be done by 

returning a no error code that indicates the requested operation performed properly, 

without performing the actual operation. If this method used, the virus can decide 

whether it is working in a virtual computer system or not by using the following trick: 

1. Send a request to write the data block (BLK) to disk (C:). 

2. Read the data block from disk (C:) into (BLK1) 

3. If BLKBLK1, then, the data wasn’t written to the disk. 

Therefore, the system is a virtual computer system. 

Finally, all disk read/write operation can be redirected to a special RAM disk 

instead of the actual disk. In this way, the virtual computer system can trick the virus to 

believe that the requested write to disk operation was performed and the data written to 

the disk properly, while the data was written to the RAM disk. If the virus request the 

data later, the virtual computer can read it from the RAM disk. This means that the 

virtual computer must handle both disk read and write operations, this explains why 

vector 25H was redirect above. 

2- Protecting the IVT: The virtual computer system must save the content of the IVT 

before executing the virus, and restore it once the virus execution completed. This 

ensures that any redirection to the IVT vectors by a resident type virus is fixed once the 

virus execution is completed. 

3- Protecting System RAM: Protecting the PC system RAM can be done as follow:  

 Save the amount of the available URAM (the word at 0:0413H) before 

executing the virus. And restore the content of 0:0413H once the virus 

execution completed. This ensures that the virus cannot decrement the 

amount of URAM and install itself at the end of the URAM. 

 If the virus tries to allocate a memory block using function 48H of 

INT 21H, then, the virtual computer must store the address of the 

allocated memory block so that it can release this block once the virus 

execution completed. Therefore, it must redirect vector 21H. 

 Save a map of all memory control blocks “see [5”]  before executing 

the virus. And restore them once the virus execution completed. This 

ensures that the virus cannot allocate memory by directly accessing 

the memory control blocks. 

 Redirect vector 66H to special handler before executing the virus. INT 

66H is used to access the Expanded Memory Manger functions. This 

interrupt must be handled only if the system uses expanded memory. 

If the virus allocate a page (or pages) in the expanded memory, the 

handler must store the handles reserved by the expanded memory 

system for the allocated pages. This handle can be used to release the 

reserved pages when the virus execution completed. Expanded 

memory expands RAM beyond the 640KB limit, for more information 

see [5]. 

 Extended memory exists in AT machines (the memory beyond the 1 

MB limit “see [5]”). Because the eXtended Memory Manager 

functions are called through a FAR CALL instruction, instead of the 

special interrupt, the virtual computer cannot intercept requests to 

the extended memory function. Therefore, the virtual computer must 

ensure that all of the extended memory is free before executing the 

virus. And free it again after the virus execution completed, to ensure 

that viruses cannot allocate memory in the extended memory area. 
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Execute SDR and Wait  

After preparing the virtual computer system, LEP can execute E through its standard 

entry point and wait until it receives a special call which indicate that the virus execution was 

completed and SDR was executed. Note that LEP can switch from the virtual computer system 

back to the normal system only after ensuring that the virus execution was completed. 

Receiving the call is the clue that indicates to LEP that SDR is the currently active program. 

Because viruses always try to disable or circumvent the protection mechanism, the following 

requirements must be satisfied: 

1- The virus cannot mask the call: Therefore, in the PC system the software interrupt 

mechanism cannot be used to perform the call. Because the virus can redirect all of the 

interrupt vectors to its own handler, therefore, it can mask the call and preventing it 

from arriving to LEP. The call must be direct, that is, by using jump or call instructions. 

This explains why LEP passes a pointer (LEP-TRAP) to its trapdoor to SDR in 

PHASE-ONE. 

2- The virus cannot deceive LEP: In order to deceive LEP by a tricky call, the virus must 

know where to send the call and which information to pass with it. Therefore, the virus 

cannot deceive LEP through LEP-TRAP, because it doesn’t know the correct values of 

LEP-TRAP, EPN, and SIB. Since these variables passed from LEP to SDR in PHASE-

ONE and the virus was inactive at that time, therefore, there is no way to know these 

variables by the virus.  

SDR Operation in PHASE-TWO 

When the SDR receives control in PHASE-TWO it will proceed as follows: 

1. IF EIF=1 THEN go to 3 

;E is clean 

2. Continue the execution of E normally 

;E is infected, start the repair cycle using VFEA 

;Perform checksum test 

3. i=1 

4. C=CHKS-ALG(BLKi, CSNi) 

5. IF C0 THEN go to 12 

6. i=i+1 

7. IF iN THEN go to 4 

;All blocks are valid.  

8. ERF=1 ;The memory image is repaired properly  

9. SMI= Start of the repaired Memory Image 

10. MIS= Size of the repaired Memory Image 

11. Go to 15 

;BLKi is invalid 

12. ERF=0 ;The memory image cannot be repaired 

13. Prepare SIB  

14. EPN= Executable Private Number that was received from LEP in PHASE-ONE 

;Transfer control to LEP through LEP-TRAP  

15. JMP FAR PTR LEP-TRAP 

Receiving Control from SDR 

The virtual computer system prevents any program from writing to the system disk to 

ensure that viruses cannot replicate themselves. However, the question is how the SDR of E can 

repair the infected disk image of E. LEP can give the permission to the SDR to perform disk 

write operations. SDR must call LEP through LEP-TRAP with the proper EPN and SIB to get 

this permission. Giving this permission to SDR can be done in one of two ways: 
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1- Filtering: In this case, the virtual computer must be capable of distinguishing between 

the SDR write to disk requests and the other requests. This can be done, for example, 

by sending EPN and SIB with each request.  

2- Restoring the IVT: LEP can restore the IVT content when receiving EPN and SIB 

through its trapdoor. Therefore, SDR can access the disk as desired by using DOS and 

BIOS services.  

However, giving the permission to SDR to access the disk is not a good idea, because, 

the virus exist in system memory and may, in some way, interfere with the SDR operation, so 

there is a possibility that the virus will get the opportunity to access the disk. Therefore, the 

following method is suggested: “Instead of giving the disk access permission to SDR, LEP 

can repair the disk image by itself after receiving the necessary information from SDR”. 

Therefore, as shown above, SDR return SMI and MIS to LEP through LEP-TRAP. 

After receiving this information, LEP can proceed as follows: 

1. Compare the received EPN with the one that was given to SDR in PHASE-ONE, if 

not equal go to 6 

2. Compare the received SIB with the one that was received from SDR at the end of 

PHASE-ONE, if not equal go to 6 

3. IF ERF=0, THEN, switch to normal mode “SDR cannot prepare a clean backup 

image”. 

“A clean backup image is available and LEP must use it to replace the infected disk 

image, as follows:” 

4. Use the MIS-byte block that starts at (SMI) to replace the executable whose private 

number is EPN. 

5. Switch to normal mode. 

6. The SDR identification information (EPN or SIB) are invalid, therefore, reject the 

call, and display alarm message. 

4.5 Switching to Normal Mode  

LEP can switch to normal mode after receiving the SDR request through LEP-TRAP 

and repairing the infected disk image if necessary. LEP must do the following so that it can 

switch to normal mode: 

1. Restore the IVT 

2. Release any memory block allocated during the virus execution using DOS function 

48H, URAM, memory control blocks, expanded memory, and extended memory. 

3. Release the memory allocated for E, to ensure that the viral code which exist at this 

memory area will be destroyed. 

4. Release the RAM disk memory area. 

5- Vaccination 

There is a large number of executables in the world. All of these executables are 

developed without any built-in SDR. Clearly, some way must be found to convert these 

executables to self-protected executable. Vaccination can be used to do this. In this research, 

vaccination is defined as: “The process of converting an executable into a self-protected 

executable by injecting the SDR module inside it”. 

“Note: Some references (see [6])  refer to ‘Vaccination’ as one of the protection methods that 

was suggested by IBM. Some anti-virus programs are designed to inject themselves inside the 

executable files, and then operate like a ‘Benign Virus’ when the vaccinated program 

executed. The injected anti-virus creates a signature (finger-print) of uninfected executable, and 

display an alarm if the signature or executable size changed. Unfortunately, the alarm generated 

after the virus execution. The difference between the suggested SDR and the Vaccine of IBM, 

is that the SDR executed before any attached virus and uses sophisticated techniques to detect 

and eradicate the virus”. 
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In fact, the idea of vaccination is borrowed from viruses. A special program “called the 

INJECTOR” will inject the executable by the vaccine (i.e. SDR). However, there is no 

searching, or infection routine in this vaccine, therefore, the vaccine cannot replicate itself. The 

word “injection/inject” is used instead of the word “infection/infect” to distinguish vaccination 

from virus infection. The following steps can describe the algorithm used by INJECTOR to 

inject SDR into an executable E.  

Step-1: “Injecting SDR in the executable E” 

This is similar to what the virus infection routines do, that is: 

1. Store the contents of the standard entry point of E in SDR. 

2. Attach SDR to E. 

3. Redirect the standard entry point of E to point to the entry point of SDR. 

After this injection, E will take the form of image  in Fig.6. From now, image 

 is considered the correct executable image. If SDR receives control through the 

standard entry point and after the completion of its execution, it can repair the image of E 

to take the form of image  so that it can execute properly. 

 

Step-2: “Preparing the SDR Module” 

As shown in Fig.6, the correct image of E is image  from the SDR point of 

view. Therefore, INJECTOR must prepare SDR with respect to this image. After 

calculating and storing SOF, EOF, CDIS, CMIS, and the other critical bytes, INJECTOR 

must divide image  into block (BLK1, ... BLKN) and store the checksum numbers in 

the SDR table see fig. 3. Preparing the SDR header can be done easily if INJECTOR 

knows which algorithms and functions are used by LEP. Otherwise, INJECTOR must 

store the values of LOC1 and LOC2 in a message file so that LEP can prepare the SDR 

module header. 

- Efficiency Analysis 

The efficiency of SDS must be analyzed to see whether it can satisfy all of the 

requirements of IAVS or not. The efficiency of the SDS is determined according to the analysis 

criteria presented in [4] . In what follows, SDS will be analyzed with respect to detection, 

prevention, eradication, and damage control. 

 

1- Detection: SDR classified as a Target-Based detection.  

a- VGS= Max.: Because SDR knows every thing about the protected executable, it 

can detect any change to this executable. Viruses cannot avoid detection by the 

SDR, because, they cannot infect the executable without changing its contents. 

Even stealth type viruses “see [7]” cannot deceive the SDR, because, they 

cannot get the opportunity to execute before the SDR. Therefore, SDR 

detection capability is independent from the virus generation date and VDC. 

Also, if LEP cannot find any one of SDR modules, it concludes that the 

protected executable was changed, and it might be infected by a virus.   

b- TGS=1: Because SDR designed to detect viruses attached to the protected 

executable only. 

c- Capability: The following is concluded from a & b: “SDS can satisfy the 

requirement of ideal Target-Based detection”. 

 

- Prevention: Both VEP-Based and VIP-Based prevention can be used in SDS.  

 VEP-Based Prevention: SDR classified as a VEP-Based prevention anti-

virus, because, it can detect the infection without giving viruses the 

opportunity to execute.  

a- VGS= Max.: SDR prevention is independent from the virus generation date and 

VDC. 

b- TGS= Max.: SDR will prevent the detected virus from infecting any target site 

within its environment. 
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c- Capability: The following is concluded from a, b, and the fact that the SDR is 

ideal with respect to detection: “SDS can satisfy the requirement of ideal 

VEP-Based prevention”. 

 VIP-Based Prevention: LEP classified as a VIP-Based prevention anti-virus, 

because, it can prevent the detected virus from infecting a new target site 

when executed in PHASE-TWO by using the virtual computer system. 

a- VGS: It was mentioned in section 4.1 that the direct hardware access is the most 

vulnerable spot that the virus can use to penetrate the virtual computer system. 

Maximizing VGS thoroughly depends on the system that will implement the 

SDS. VGS can be maximized, if SDS is implemented on a computer system 

that provides hardware protection level (i.e. protected mode PC) with a 

permission or privilege level that will prevent an unauthorized program to 

direct access the hardware resources. Otherwise, VGS cannot be maximized.       

B- TGS= Max.: LEP will try to prevent the detected virus from infecting any 

target site within its environment. 

c- Capability: The following is concluded from a & b: 

  “SDS can satisfy the requirement of ideal VIP-Based prevention 

if used on a system that provides hardware protection level  (i.e. 

Protected Mode PC)”. 

  “SDS cannot satisfy the requirement of ideal VIP-Based 

prevention if used on a system that lacks the hardware protection 

level (i.e. Real Mode PC)”. 

 

- Eradication: As shown above, two eradication algorithms (FBEA and VFEA) are used by 

SDS: 

 FBEA: FBEA uses Analysis-Based eradication technique. It analyzes the 

protected executable and eradicates any foreign block. 

a- VGS: FBEA eradication capability depend on the virus type, shell or intrusive             

“see [7]”, and NAB-distribution method (SBD or CBD). Therefore, the FBEA 

described above can eradicate only shell type viruses that use SBD method. 

Even though, FBEA can be upgraded to eradicate CBD viruses, the virus 

designers can design new strains of CBD-viruses that cannot be eradicated by 

FBEA. Therefore, the FBEA eradication capability depends on the virus 

generate date. This means that: “FBEA cannot maximize VGS”. 

 

NOTE: FBEA is a good enhancement in the design of eradication algorithms. It is very 

efficient eradication algorithm at the present time, because, it can eradicate, almost, all 

of the currently available viruses.  

b- TGS=1: Because FBEA designed to eradicate viruses from the protected 

executable only. 

c- Capability: The following is concluded from a & b: “SDS cannot satisfy the 

requirement of ideal Analysis-Based eradication”. 

 VFEA: VFEA uses Backup-Based eradication technique. In this case, the 

infected disk image represents the vulnerable copy, and the repaired (i.e. by 

the virus) memory image represents the backup copy.  

a- VGS: VFEA can eradicate shell type viruses only and its eradication capability 

depend on the virus generation date, this means that: “VFEA cannot 

maximize VGS”. 

b- TGS=1: VFEA designed to eradicate viruses from the protected executable 

only. 

c- Capability: The following is concluded from a & b: “SDS cannot satisfy the 

requirement of ideal Backup-Based eradication”. 
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NOTE: VFEA is a good enhancement in the design of eradication algorithms. It is very 

efficient eradication algorithm at the present time, because, it can eradicate, almost, all 

of the currently available shell-type viruses.  

 

- Damage Control: SDS system can use Virus-Based, Cell-Based, and Backup-Based 

damage control techniques. 

 Virus-Based Damage Control: In PHASE-ONE, SDR classified as a Virus-

Based damage control anti-virus. Because it detects the virus before executing 

it. Clearly, the virus cannot cause any damage if not executed. Virus-Based 

damage control is similar to VEP-Based prevention, therefore, VGS= Max, 

TGS= Max, and: “SDS can satisfy the requirement of ideal Virus-Based 

damage control”. 

 Cell-Based Damage Control: In PHASE-TWO, LEP classified as a Cell-

Based damage control anti-virus, because, it tries to prevent viruses from 

destroying any target cell within its environment by using the virtual computer 

system. Clearly, direct hardware access is still a vulnerable spot. Cell-Based 

damage control is similar to VIP-Based prevention, therefore: 

 “SDS can satisfy the requirement of ideal Cell-Based damage 

control, if used  on  a system with hardware protection level”. 

 “SDS cannot satisfy the requirement of ideal Cell-Based damage 

control, if used on a system with no  hardware protection level. 

 Backup-Based Damage Control: In PHASE-TWO, LEP can store a backup 

copy of the virus target cells such as FAT, RD, BPS, and CMOS RAM before 

executing the virus. After the completion of the virus execution, LEP can 

repair any target cell that was destroyed by the virus, by using its backup. This 

technique is similar to saving the IVT before executing the virus and restoring 

it after the completion of the virus execution. In this case, LEP classified as a 

Backup-Based damage control anti-virus. 

a- VGS= Max.: LEP protection is independent from the virus generation date and 

VDC. 

b- TGS: TGS depend on the number of target cells selected by LEP. 

c- Capability: The following is concluded from a & b: LEP can protect any target 

cell in the selected T-group against destruction by any virus, therefore: “SDS 

can satisfy the requirement of ideal Backup-Based damage control”. 

- SDR Size Optimization  

SDR will increase the protected executable size and the time needed to load and 

execute it. Therefore, minimizing the SDR size must be one of the design goals. One way to 

minimize the code of SDR is to implement the FBEA as a LEP (or OS) service.  As mentioned 

earlier, the SDR calls the algorithm ‘CHKS-ALG’ with two arguments “Block number ‘BLKi’ 

and Checksum number ‘CSN’”. Clearly, it is not necessary to implement CHKS-ALG inside 

each SDR. Instead CHKS-ALG can be implemented as a global OS service that can be used by 

all SDRs. Note that the fact that the block size is different for different SDRs ensures that the 

general trend to avoid standard protection is not violated. Assuming that CHKS-ALG uses a 

standard CRC method, then, it can be implemented as a global service as follows: 

CHKS-ALG 

INPUT: 

 BLKi= Start address of the block 

 BLKS= Block Size in bytes 

 CSN= The CRC checksum of the block. 

OUTPUTS: 

 C=0 ;Valid checksum 

 C=1 ;Invalid checksum 
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In the same way, FBEA can be implemented as a global service. In this case, CHKS-

ALG can be implemented inside the global FBEA. The standard Input/Output of the global 

FBEA can be defined as follows: 

FBEA: 

INPUTS: 

 SMI, MIS, TOA, SOF, EOF 

 N= Number of blocks in the memory image 

 BLKS= Block Size 

 Checksum Number Table: The table format is shown in Tab.9 

OUTPUTS: 

 C=0 ;Repair Succeed 

 C=1 ;Repair Failed  

- Conclusions and Discussion 

A new approach in designing anti-virus system is presented in this paper. The proposed 

system is called Self-Defence System (SDS). The purpose of this research is to design an anti-

virus system that complies with the requirements of ideal anti-virus system (IAVS) “see [4]. In 

[4], it was mentioned that Dependent-Defence System (DDS) couldn’t satisfy the requirement 

of the IAVS because of four problems. Now let us consider these problems from the SDS point 

of view: 

 

1- Lack of Knowledge: In principle, SDR must be implemented as integral part of the 

protected executable during the development process and it must know every thing 

about the protected executable. Therefore, SDS can satisfy the requirement of ideal 

detection. However, if the SDR injected inside an existing executable using 

vaccination, then, it is important to ensure that the executable is clean before injecting 

the SDR. If a virus exists in the executable prior to the injection, then, SDR cannot 

detect the presence of this virus.  

 

2- Standard Protection: In principle, each SDR is designed and implemented by a different 

manufacturer. Therefore, the code and data of SDR will be different from one SDR to 

the other. For example, even though more than one SDR may use the FBEA, the block 

size (BLKS) selected by each SDR and the location of the checksum number table 

might be different. Clearly, viruses cannot deceive SDR without knowing this 

information. 

 

3- Intended Vulnerability: In SDS, the SDR capability in coping with viruses is considered 

one of the executable quality factors. Good programs are those that can protect 

themselves against viruses efficiently. Therefore, any failure in the SDR operation and 

any undetectable infection have bad affects on the trustiness between the program 

developer and his customers. They may, simply, do not purchase his programs if they 

find that the SDRs associated with these programs are vulnerable. 

 

4- Users Responsibility: In SDS, user responsibility is no longer a requirement or a factor 

of efficiency, because, the SDR designer cannot claim that his program cannot protect 

itself against the computer virus because the user do not use the protection program 

properly. SDR is embedded inside the protected program and its operation is, or must 

be, transparent for the computer user. 

 

As a summary: “SDS system solves the problems (Lack of knowledge, Standard 

Protection, Intended Vulnerability, and User Responsibility) found in DDS”. 
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Also, SDS provides a good support to design and use new sophisticated and efficient 

eradication algorithms. Even though FBEA is not ideal, it is considered a good enhancement in 

the design of Analysis-Based eradication programs, relative to the eradication method used in 

DDSs. In DDS, the eradication program can eradicate only ‘Known’ viruses. Any detected 

virus must be ‘Identified’ by security professionals, the identification information stored in a 

database, and a special eradication program designed to eradicate the virus. In SDS, FBEA 

eradicate any foreign block that exists between the protected executable blocks. FBEA doesn’t 

care whether the foreign block belong to a known virus, unknown virus, logic bomb, time 

bomb, or a Trojan Horse. 

Even though VFEA is not ideal, it is considered a good enhancement in the design of 

Backup-Based eradication programs, relative to the methods used by DDS. In DDS, for each 

target site (vulnerable copy), a backup copy must be stored in the disk. In SDS, VFEA depend 

on the virus to generate the backup-copy and then use it to repair the vulnerable copy, therefore, 

it has the following advantages relative to the method used by DDS: 

 No disk space needed to store backups. 

 There is no way that the virus will reside in the backup copy. 

 There is no need to update the backup copy 
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List of Abbreviations 

 

AT Advanced Technology 

BPS Boot (or) Partition Sector 

CBD Complex Block Distribution 

CDIS Correct Disk Image Size 

CMIS Correct Memory Image Size 

CRC Cyclical Redundancy Check 

CSN CheckSum Number 

DDS Dependent Defense System 

DIS Disk Image Size 

DOS Disk Operating System 

EBV Executable Based Variable 

EIF Executable Infection Flag 

EOF End Offset 

EPN Executable Private Number 

ERF Executable Repair Flag 

FAT File Allocation Table 

FBEA Foreign Block Eradication Algorithm 

IAVS Ideal Anti-Virus System 
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IBM International Business Machine 

IIB Image Information Block 

IVT Interrupt Vector Table 

LBC Loader Based Constant 

LEP Load and Execute Program 

LOC Trapdoor mark LOCATION 

Max. Maximum 

Min. Minimum 

MIS Memory Image Size 

NAB Number of Added Bytes 

NCB Number of Changed Bytes 

OS Operating System 

PC Personal Computer 

RD Route Directory 

SBD Simple Block Distribution 

SDS Self-Defense  System 

SDR Self-Defense Routine 

SIB Secret Identification Block 

SMI Start of Memory Image 

SOF Start Offset 

TGS Target site/cell Group Size 

TMV Trapdoor Mark Value 

TOA Trapdoor Offset Address 

VDC Virus Deception Capability 

VEP Virus Execution Probability  

VFEA Virus Follower Eradication Algorithm 

VGS Virus Group Size 

VIP Virus Infection Probability 

 

 

Tab.1 

 LEP1 LEP2 

File Name g TMV=g+6 g TMV= g305 

HAMED.COM 72+65+77=214 220 65-69= -4 -307 

MUNTHER.EXE 77+85+78=240 246 85-84= 1 304 

KARIM.SYS 75+65+82=222 228 65-73= -8 -311 

 

 

Tab.2 

Filename LOC  [LOC]=TMV 

HAMED.COM 500 503 

MUNTHER.EXE 1024 1027 

KARIM.SYS 856 859 

 

 

Tab.3 Primary SDR Module Standard Format 

LOC1+ Size(Byte) Content Function/Algorithm Name  

00H 4 TMV11 f11(LOC1, LBC11)=g11(LOC1,LBC12) 

04H 4 TMV12 f12(LOC1,LBC13)=g12(LOC1,LBC14) 

08H 4 CLEN f13(LEN)  

0CH 4 CSN CHKS-ALG1 

10H LEN SDR SDR code/data 

Where:  

LEN= SDR Module Length In bytes 

CLEN= Coded Length 

CSN= CheckSum Number 

CHKS-ALG= CheckSum Algorithm 

Tab.4 Redundant SDR Module Standard Format 

LOC2+ Size(byte)  Content Function/Algorithm Name  

00H 4 TMV21 f21(LOC2,LBC21)=g21(LOC2,LBC22) 

04H 4 TMV22 f22(LOC2,LBC23)=g22(LOC2,LBC24) 

08H 4 CLEN f23(LEN)  

0CH 4 CSN CHKS-ALG2 

10H LEN SDR SDR code/data 
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Tab.5 Message File Entry Format 

Offset Size (Byte) Content 

00H 11 Executable Name (E1, E2, ...) 

0BH 4 Value of LOC1 

0FH 4 Value of LOC2 

 

 

 

Tab.6 IIB Standard Format 

Offset Contents Description 

00H SMI Start Address of the executable Memory Image 

04H MIS Memory Image Size  

08H DIS Disk Image Size 

0CH EPN Executable Private Number 

0EH TOA The SDR Trapdoor Offset Address relative to SMI 

12H LEP-TRAP Far pointer to the trapdoor of LEP. 

 

 

 

Tab.7 

Conditions Description 

(TOA=SOF) AND (MIS-TOA=EOF) Clean executable 

(TOASOF) AND (MIS-TOA=EOF) Virus block before the SDR 

(TOA=SOF) AND (MIS-TOAEOF) Virus block after the SDR 

(TOASOF)AND (MIS-TOAEOF) CBD Virus 

 

 

 

Tab.8 SIB Standard Format 

Address Size (Byte) Content 

00 2 Length of SIB in bytes 

02 ? SIB contents 

 

 

 

Tab.9 “SDR Checksum Numbers Table” 

Block Number CRC-Checksum (CSN) 

1 CSN1 

2 CSN2 

. . 

. . 

N CSNn 
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ABSTRACT 
 Based on the biological human models in defending human body against viruses, a new 

approach in designing the anti-virus system is introduced. This approach is called SDS( Self-

Defence System). The principle of the SDS is that each executable program is responsible of 

defending itself against viral-attacks. In this system, each executable program is injected with 

basic anti-virus component which is called Self-Defence Routine. This routine, together with 

dedicated anti-virus loading program are used to construct the SDS which protects the computer 

system from virus invasion. 

 

INTRODUCTION 
 Today, the computer virus pandemic becomes a serious security threat to causal home 

computers and large corporate networks. Over the years, the anti-virus industry has had to keep 

pace, as virus writers have become more sophisticated. Therefore, the effort to combat the 

computer virus must continue until an ideal, universal anti-virus system is designed. 

Researchers have taken many approaches, and some of the newest and most promising anti-

virus technology is modeled on the way the human body fights viruses [1]. 

 Based on the similarities between human and computer viruses (both types of viruses 

latch onto a host, use its resources to reproduce, and cause a range of symptoms). The objective 

of this work is to build computer immune system. The proposed system is called Self-Defence  

System (SDS). The SDS mimics the characteristics of human immune system by distributing 

the anti-virus components through the computer in the same way the human immune system 

distributes the anti-bodies. The concept of the SDS is to vaccinate each executable program 

with special anti-virus component that will detect and eradicate any foreign code attached to the 

executable. The vaccinated executable is loaded and executed by special centralized anti-virus 

program which is designed to prevent virus infection and damage to the computer system. 

 In part this research has been a follow-up on the two papers; the first titled “Computer 

Virology: Formal Analysis of Computer Viruses” [7], and the second titled “Computer 

Virology: Toward Designing an Ideal Anti-virus System” [4]. Some terms, classifications, and 

concepts presented in this research are thoroughly explained in the above papers. For example 

the efficiency of the SDS is determined according to the analysis criteria described in the 

second paper mentioned above. 

  

SELF-DEFENCE CONCEPT 

The self-defense concept is that: “Every executable program must be capable of 

protecting itself against viral attacks by detecting and eradicating any virus attached to 

its body”. Accordingly, special part of each executable must be reserved for the self-defence 

task. This part is called “Self-Defence Routine (SDR)” and defined as: “The part of the 
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executable that is specifically designed to protect the executable against viral attacks”. 

SDR is the first basic anti-virus component in SDS, which is embedded, as integral part of an 

executable E. E will be called the “protected executable” along this research.  The second 

basic anti-virus component in SDS is a special OS program called “Load and Execute Program 

(LEP)”. LEP is used to load executables into memory and execute their SDRs secretly by using 

a special secret communication protocols. LEP and SDR cooperate to satisfy the requirements 

of the IAVS.  

The communication between LEP and SDR consist of two phases (PHASE-ONE and 

PHASE-TWO). During PHASE-ONE, LEP must transfer control to SDR without giving the 

attached virus “if any” the opportunity to execute. If SDR detect a virus infection, it will try to 

eradicate the attached virus and repair the protected executable using the Foreign Block 

Eradication Algorithm (FBEA). If FBEA failed, SDR must alert LEP to switch to PHASE-

TWO. In PHASE-TWO, LEP will execute the virus in a virtual computer system. After the 

virus execution is completed, SDR will try to eradicate the virus and repair the infected 

executable using Virus Follower Eradication Algorithm (VFEA). The following sections will 

discuss how SDR and LEP are designed, and the communication protocols they use in PHASE-

ONE and PHASE-TWO. 

SECRET ENTRY POINT   

Most viruses tacks themselves into an executable program and ensure that they will 

execute before their host, therefore, they must redirect the executable standard entry point to 

point to the virus entry point. The standard entry point is the location to which the OS transfers 

control when deciding to execute the executable. The standard entry point is considered the 

most vulnerable spot for viral attacks. 

 In PHASE-ONE, LEP must execute SDR without giving the opportunity to any 

attached virus “if any” to execute. Clearly, this cannot be done by transferring control to the 

standard entry point of the executable because viruses know where the standard entry point of 

the executable is, and they always redirect it to ensure that they will get the opportunity to 

execute before the infected executable. There is only one way to ensure that SDR will get the 

opportunity to execute before any attached virus. That is, by using a nonstandard or secret entry 

point. This kind of entry point is called trapdoor: “The Trapdoor is a secret entry point to the 

executable [2]”. Fig.1 shows how the trapdoor can be used.  

In fact, the secret entry point will be used to solve the standard entry point problem. 

Therefore, the trapdoor location must vary from one executable to the other. For example, while 

the trapdoor of the executable ‘E1’ is located at offset ‘X1’, the trapdoor of the executable ‘E2’ 

must be located at offset ‘X2’, where ‘X1X2’. Because the same standard entry point problem 

will be faced again, if the trapdoor location is standardized for all executables. For example, if 

the trapdoor location is standardized to be at offset ‘X1’ for all executables, then: “The virus 

will know that there is another entry point to the executable located at offset ‘X1’. 

Consequently, it will redirect to this entry point to ensure that it will get the opportunity 

to execute before its host”.  Therefore, a new technique that will enable LEP to find or mark 

the trapdoor while, at the same time, viruses cannot find the trapdoor. The following sections 

describe how LEP mark the trapdoor, the standard SDR module format, and how different LEPs 

can exchange protected executables between each other. 

TRAPDOOR MARKING 

LEP can find the trapdoor location of a given executable by using special type of 

information stored in the executable itself. This special type of information will be called the 

“Trapdoor Mark” and defined as “A special code or string of characters whose location 

(LOC) or value (TMV “Trapdoor Mark Value”) can be used to find the trapdoor”. 

LEP must calculate the TMV and store it into LOC using criteria known by LEP only. 

This criterion differs from one LEP to the other. Therefore, viruses cannot estimate in advance 

which trapdoor mark is used by a randomly selected LEP. For example, if LEP1 and LEP2 are 

used in two different computers PC1 and PC2 respectively. LEP1 define (TMV= “HMS”), and 
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define the first byte position which follow the 3’rd character as the trapdoor 

(Trapdoor=LOC+3), while LEP2 define (TMV=666) and (Trapdoor=LOC+2). Since the virus 

cannot estimate in advance in which computer it exist, in PC1, PC2, or some other computer, it 

cannot estimate in advance whether the TMV is, “HMS”, 666, or any other number or string. 

The efficiency and reliability of the secret entry point depend on the TMV type and the method 

used to generate it. In general, two TMV types can be defined: 

FIXED TMV 

In this type, the same TMV used for all executables in the system. The generation and 

searching formulas are very simple in this case. There is, however, a vulnerable spot in this 

case. Since the TMV is used in all executables, it will be the common code between all 

executable. Viruses can determine the fixed TMV by comparing two or more executables to see 

which code is common between them. This code might be the TMV. Note that if each 

executable in the system uses the suggested self-defence technique efficiently, no virus will get 

the opportunity to execute and therefore it cannot perform the comparison described above.  

Variable TMV 

In this type, a different TMV used for each executable in the system. Only LEP knows 

how to generate and find this TMV for a given executable. Two general techniques can be used 

to generate a variable TMV: 

A- Value-Based Technique: “In this technique, TMV is calculated using a predefined 

formula and stored in LOC”. The general Value-Based generation formula can be 

defined as follow: “TMV= f(g(EBV), LBC)”. Where: 

 EBV “Executable-Based Variable”: This value is constant with respect to a given 

executable. But it differ from one executable to the other. Therefore, LEP can ensure that 

TMV will change from one executable to the other. 

 LBC “Loader-Based Constant”: This value is constant with respect to a given LEP. 

But differ from one LEP to the other. This ensures that the TMV will change from one 

LEP to the other even if both use the same EBV, g, and f.  

 f and g : Functions (arithmetic or logical relation). 

In general, LEP must search for the trapdoor mark location (LOC) using TMV. The 

general Value-Based searching formula can be defined as follow: “IF ([P]=TMV) THEN 

(LOC=P)”. Where: 

 P= Address Pointer  

 [P]= Content of the location at address P. 

For example, the executable file name can be used as EBV, because it is constant for a 

given executable file. The TMV generation formula will be: “TMV= f(g(Executable 

Name),LBC)”. Let us define the following, for LEP1 and LEP2: 

 

Component  LEP1-Definition LEP2-Definition 

g ASCII of the 1st Character + 

ASCII of the 2nd Character +  

ASCII of the 3rd Character 

ASCII of the 2nd character - 

ASCII of the 4th character 

LBC 6 305 

f g + LBC g  LBC 

 

Tab.1 shows the TMV generated for three different file names by using the definitions shown 

above. LEP1 can find LOC for HAMED.COM using the following algorithm: 

       Calculate :TMV=72+65+77+6=220 

  P=0 

       IF ([P]=220) THEN (LOC=P) ; GO TO 6 

       P=P+1 

IF (PSize of HAMED.COM) THEN 3 
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     End. 

 

B- Condition-Based Technique: “In this technique, TMV is selected so that a predefined 

condition satisfied”. The general Condition-Based generation formula can be defined as 

follow: “Select TMV To Satisfy: f(LOC,LBC1)=g(LOC,LBC2)”. 

The general Condition-Based searching formula can be defined as follow: “IF 

(f(P,LBC1)=g(P,LBC2)) THEN (LOC=P)”. For example, the following can be defined: 

 

 

LBC1 f(P,LBC1) LBC2 g(P,LBC2) Condition 

 0 [P]+LBC1 0 P+LBC2 [P]=P 

1 [P]+LBC1 2 P*LBC2 [P]+1=P*2 

19 [P]-LBC1 0 P[P-1]+LBC2 [P]-19=P[P-1] 

Tab.2 shows the TMVs generated to satisfy the condition “[P]=P+3” for the three 

executables shown in Tab.1. The following algorithm can be used by LEP to search for LOC, 

assuming that f, g, and LBC are defined as shown above: 

      P=0 

     IF ([P]=P+3) THEN (LOC=P) ;  GO TO 5 

     P=P+1 

    IF (P<Size of HAMED.COM) THEN 2 

   End. 

 

However, it is very important to test the influence of virus infection on the selected 

condition. For example, if the condition [LOC]=LOC+3 used, and a virus inserts 256-bytes in 

the start of HAMED.COM and, hence, shift the contents of HAMED.COM by 256-byte. In this 

case the “TMV=503” will be shifted from location 500 to location 756. Clearly, the condition 

will be not satisfied in location 500 and location 756. Conditions that link the content of LOC 

with the contents of its predecessor or successor locations are not affected by the virus 

infection. For example, the condition:[LOC]=[LOC-1]+[LOC+1]. 

SDR Module Standard Format  

The SDR module consists of the SDR code/data and trapdoor marking information. 

Two problems must be considered before defining the standard format of the SDR module: 

Pseudo Trapdoor Mark: “The pseudo trapdoor mark is any value satisfy the searching 

formula and cause LEP to transfer control to an incorrect location”. The increased 

probability of pseudo trapdoor mark in the value-based technique is the great 

disadvantage of this technique. For example, in Tab.1 the TMV associated with 

HAMED.COM is 220 with respect to LEP1. Clearly, this value may exist more than 

one time within the code or data of HAMED.COM. Moreover, viruses may consider 

this as a vulnerable spot for attack. For example, TMV will range from 0 to 255 if 

represented as one byte storage location. The virus can insert a table that contains all of 

the expected values (from 0 to 255) in the start of the infected executable. When LEP 

search the infected executable, it will find a pseudo trapdoor mark in the virus table and 

transfer control accordingly. This transfer will activate the virus to start its execution. 

The probability of finding a pseudo trapdoor mark in the condition-based 

technique is less relative to the value-based technique. Because it searches for a value 

that satisfy a condition. For example, in Tab.2, even though the value 503 may exist 

many times within the code or data of HAMED.COM, it will be considered as a 

trapdoor mark only if it exists at offset address 500.  

In general, the solution to the pseudo trapdoor mark problem is to use two 

TMVs associated with special integrity check information. Tab.3 shows the suggested 

standard format of the SDR module. According to Tab.3, LEP can find the SDR module 

as follows: 

1. P=0 
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2. IF (f11(P,LBC11)=g11(P,LBC12)) THEN 6 

3. P=P+1 

4. IF P<Executable_Size THEN go to 2 

;Trapdoor not found, 

5. Display Alarm Message “Cannot Find the Trapdoor”. 

;Test if the second condition satisfied 

6. IF (f12(P,LBC13)=g12(P,LBC13)) THEN go to 8 

;TMV2 Not exist, continue the search 

7. Go To 3 

;Perform checksum test 

8. LEN= f13
-1

([P+08H]) 

9. Using CHKS-ALG1, Set C= Checksum of the block 

(P+10H+LEN) 

10. IF C=[P+0CH] THEN go to 12 

;Checksum Error, Continue The search 

11. Go To 3 

;Trapdoor Mark Found 

12. LOC1=P 

 

   Destruction: Destruction can be caused by a virus infection. If the virus, for example, 

inserts part or all of its code between TMV11 and TMV12, between the header and the 

SDR module, or inside the SDR module. The solution to this problem is to use 

redundancy. That is, two SDR modules must be used so that if one of them destroyed 

the other one can be used. The first SDR module (shown in Tab.3 ) will be called the 

“Primary SDR Module” and the second SDR module will be called the “Redundant 

SDR Module”. The redundant SDR module is shown in Tab.4. 

LEP-To-LEP Communication 

 As mentioned earlier, each LEP uses its own standard to generate and search for TMV 

and LOC. Users may ask what happens when the protected executable ‘E’ copied from the 

environment of LEP1 to the environment of LEP2. That is: “How LEP2 can find LOC1 and 

LOC2 of ‘E’, without giving viruses the opportunity to find them”.  Clearly, there must be a 

standard and secure communication protocol between LEP1 and LEP2. There are many ways to 

do this. 

First, the communication can be done by using a global TMV, say “HMS”. When the 

user asks LEP1 to copy ‘E’ to be used by LEP2, LEP1 must store “HMS” at LOC1 and LOC2. 

When the user asks LEP2 to execute ‘E’ for the first time, it will search ‘E’ for the global TMV 

(i.e. HMS) to find LOC1 and LOC2.  Once “HMS” is found LEP2 will recalculate LOC1, 

LOC2 and reorganize the SDR locations according to its formula. The advantage of this method 

is its transparency for users. The great disadvantage of this method is its vulnerability. Viruses 

know that the global TMV used in copies is “HMS”, therefore, they can easily find LOC1 and 

LOC2 of the protected executable. 

Second, the communication can be done through the computer user. The user can ask 

LEP1 about the value of LOC1 and LOC2 of ‘E’ after copying the executable to a new diskette. 

The user must give the value of LOC1 and LOC2 to LEP2 (i.e. manually) when he wants to 

execute ‘E’ for the first time. The advantage of this method is that it is secure, because there is 

no way that a virus will know the value of LOC1 and LOC2. The disadvantage of this method is 

that it depends on the computer user responsibility. A serious problem arises when the user 

decides to copy a large number of executables. For example, if the user wants to copy 100-

executable from DISK1 to DISK2, then, he must ask LEP1 about the value of LOC1 and LOC2 

for each one of these executable, keep these (200-Value) values in his mind, and give them to 

LEP2. 

Third, the best suitable method is to use Message-Files. When the user asks LEP1 to 

copy the 100-executable (E1, E2,… E100) from DISK1 to DISK2, LEP1 will ask the user about 
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the message file name to store the values of LOC1 and LOC2 in it. Assuming that the user uses 

the name MESSF.LOC. LEP will create a message file with the name MESSF.LOC in DISK2, 

and insert 100-entry in this file. Each entry represent one executable. The standard entry format 

is shown in Tab.5. LEP2 can use the message file to find LOC1 and LOC2 of each executable 

individually or all executables at once. Regardless of the number of executables being copied, 

the user needs to remember only the message file name.  

-The Communication Standards 

Before describing the communication protocols used in PHASE-ONE and PHASE-

TWO; and the operations of LEP and SDR in each phase, the standard data blocks, variables, 

and flags used in the system must be defined and described. Fig.2 shows an overview of the 

communication system and its individual components. Each data block, variable, and flag used 

for specific purpose. The following sections will describe these components and explain the 

purpose of using them. 

- Image Information Block (IIB) 

In PHASE-ONE, LEP must prepare the Image Information Block (IIB) before 

transferring control to the SDR. The IIB describes the status of the disk and memory images of 

E. The standard format of the IIB is shown in Tab.6.  

MIS=DIS for COM and SYS files. But MISDIS for EXE and OVL files, because the 

header exist in the disk image but not loaded with the memory image. MIS and DIS are used by 

the detection algorithm. TOA is used by the detection and eradication algorithms as will be 

explained later. EPN (Executable Private Number) is generated by LEP for each executable 

before executing it. EPN of E is considered, by LEP, as the “identifier” or “Secret Name” of E. 

While in PHASE-TWO, the SDR of E must pass the EPN of E associated with the other 

identification information to LEP, so that it can get the permission from LEP to access the disk 

image of E.  LEP-TRAP is a pointer to a special trapdoor within LEP. This trapdoor is used to 

ensure that the SDR can communicate with LEP secretly while in PHASE-TWO.  

- Detection and Eradication Information 

The SDR must know the following information about the protected executable: 

1- Executable Critical Bytes: “The critical byte is any byte which is virtually 

guaranteed to be changed after a virus infection”. The executable size, the first three 

bytes of a COM or SYS, and the EXE or OVL file header are considered as critical 

bytes. Determining the critical bytes of a given executable, require a deep 

understanding of how the computer virus infect it. In general, the following components 

are calculated and stored in the SDR of E during the protection process “see section 5”: 

1. CMIS= Correct Memory Image Size (CMIS) 

2. CDIS= Correct Disk Image Size (CDIS) 

3. The correct values of any other critical byte. Such as the first 

three bytes of COM and SYS files and the header of EXE 

and OVL files. 

- Integrity Check Information (Checksum): The SDR is assumed to view the executable 

memory image as group of N-Blocks (BLK1,BLK2, ... BLKN) “see Fig.3”. The block 

size (BLKS) is equal for all blocks and stored in (BLKS). A CheckSum Number (CSN) 

calculated for each block using the algorithm CHKS-ALG, and stored in a special SDR 

table. Also, a given block ‘BLKi” is assumed to be valid (i.e. has a correct checksum) if 

the following condition satisfied: “CHKS-ALG(BLKi, CSNi)=0”. 

- Position Test Information: The position test information (SOF and EOF) are used (with 

TOA, and MIS) by the FBEA to find the virus block position relative to the SDR 

module as show in Tab.7. Fig.3 shows how the protected executable appear in memory. 

SOF and EOF represent the position test information and defined as follow: 



Journal of Engineering Volume13 December  2007       Number4 
 

 

 4411 

 The Start Offset (SOF): Is the offset of the SDR trapdoor relative to the 

start of the memory image. 

 The End Offset (EOF): Is the backward offset of the SDR trapdoor 

relative to the end of memory image. 

- SDR Internal Flags 

 SDR uses two internal flags: 

1- Executable Infection Flag (EIF): SDR set this flag if it detects a virus infection. The 

status of this flag is returned to LEP at the end of PHASE-ONE. 

2- Executable Repair Flag (ERF): SDR set this flag if it can repair the infected executable. 

The status of this flag is returned to LEP at the end of PHASE-ONE, and the end of 

PHASE-TWO through LEP-TRAP.  

2.4 The Secret Identification Block (SIB) 

The SIB passed by the SDR of E to LEP during PHASE-ONE. When LEP switch to 

PHASE-TWO, it can use SIB to distinguish the SDR of E from the SDRs of the other 

executables and viruses. The standard format of SIB is described in Tab.8. 

3- PHASE-ONE Communication 

PHASE-ONE starts when LEP receives a request to execute an executable. Assuming 

that LEP receives a request to execute the executable E, the following sections describe the 

sequence of operations: 

 Locating and Executing SDR 

The following steps describe loading the executable by LEP and preparing the IIB: 

Step-1: “Loading the executable memory image” 

1. Find the disk image of E. 

2. Store DIS in the IIB. 

3. Assign EPN to E and store it in the IIB. 

4. Store LEP-TRAP in the IIB 

5. Reserve a memory block to store the executable memory image. And 

store the start address (SMI) in the IIB.  

6. Load the executable memory image into the reserved block. 

7. Store the MIS in the IIB. 

 

Step-2: “Finding the Trapdoor” 

1. Search for the trapdoor of the primary SDR module.  

2. IF (the trapdoor found) THEN go to 6 

3. Search for the trapdoor of the redundant SDR module. 

4. IF (the trapdoor found) THEN go to 6 

5. LEP cannot find any one of the trapdoors. This can happen if the 

executable is not Self-Protected, the executable is new in the system, or 

both SDR modules are destroyed due to a virus infection. In either case, 

LEP must display alarm message to the user, and ask him what to do. 

Depending on the user response, LEP must proceed as follow: 

 If E is not self-protected, then execute it in a virtual computer 

(explained later). 

 If E is new, then prepare it using the message file. 

 If E destroyed by a virus infection, then, avoid executing it 

6. Store the offset of the trapdoor in TOA. 

7. Store TOA in the IIB. 

 

Step-3:”Execute and Wait” 
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LEP can transfer control to the SDR trapdoor using a far call instruction, and 

wait until the SDR return control again. What happens when the SDR receives control is 

explained in the next section. 

 SDR Operation in PHASE-ONE 

The SDR operation can be described by two cycles: “Self-Test Cycle, and Self-Repair 

Cycle”. Both cycles are described in the following sections. 

 Self-Test Cycle 

This cycle initiated each time SDR executed, in this cycle SDR must decide whether E 

is infected or not. If E is infected, SDR will set EIF, and clear it otherwise. The status of EIF 

returned from SDR to LEP as shown in Fig.2. The following algorithm describe the self-test 

cycle: 

;Size test 

  IF DISCDIS THEN go to 13  

1. IF MISCMIS THEN go to 13 

;Critical byte test 

2. IF (Any critical byte changed) THEN go to 13 

;Checksum test 

3. i=1 

4. C=CHKS-ALG(BLKi, CSNi) 

5. IF C0 THEN go to 13  

6. i=i+1 

7. IF i  N THEN go to 5 

;Position test 

8. IF SOFTOA THEN go to 13 

9. IF EOFMIS-TOA go to 13 

 “The executable is clean”.  

10. EIF=0 

11. Return to LEP. 

“The executable is infected”. 

12. EIF=1 

13. Go to the Self-Repair Cycle. 

 Self-Repair Cycle 

In this cycle, SDR will try to eradicate the virus and repair the protected executable. 

SDR will set ERF if the protected executable repaired properly and clear it otherwise. A new 

eradication algorithm (Foreign Block Eradication Algorithm “FBEA”) will be used. FBEA 

capability depends on how the virus distributes itself within the infected executable. The FBEA 

described below can eradicate SBD viruses efficiently, and can be upgraded to eradicate CBD 

viruses as well. However, because the CBD idea not used by viruses yet “see [3]”, the 

discussion will be limited for the SBD viruses only. Assuming a simple virus distribution, the 

eradication algorithm can be divided into the following steps: 

Step-1: “Find the virus block position relative to the SDR” 

In general, if the virus block inserted after SDR, the infected executable memory 

image will take the form of image ,, or  in Fig.4. Therefore, the search must start 

from BLK1. If the virus block inserted before SDR, the infected executable memory 

image will take the form of image ,, or . Therefore, the search must start from 

BLKN. Finding the virus block position relative to SDR can be done by using the 

position test information TOA, MIS, SOF, and EOF as shown in Tab.7. 
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Step-2: “Starting the block checksum test” 

For example, let us assume that the virus is inserted after the SDR, therefore, the 

block checksum test must start from BLK1. The following algorithm can be used in this 

case: 

1. i=1 

2. IF BLKi contain any critical byte, then repair the critical bytes. 

 “Only BLK1 in image , , and  affected by this step”  

3. C=CHKS-ALG(BLKi, CSNi)  ;Calculate the checksum of BLKi 

4. IF C0 THEN go to Step-3  ;Invalid block 

5. Move BLKi into BUF   ;Valid block 

6. i=i+1 

7. IF i  N THEN go to 2 

Arriving to this point means that the virus has inserted all of its added bytes at 

   the end of the infected executable, as shown in image .  

  Go to Step-6 

 

“Note the difference between (go to 3) and (go to Step-3)” 

Step-3: “Reversing the block checksum test order”. 

Arriving to this step means that the virus inserts its added bytes after SDR but 

not at the end of the infected executable. In this case, the infected executable memory 

image expected to take the form of image  or . Because BLKi is not found, the 

searching processes must be reversed. The following algorithm can be used: 

1. j=0 

2. m=N-j 

3. IF BLKm contain any critical byte, then, repair the critical bytes. 

4. C=CHKS-ALG(BLKm, CSNm) ;Calculate checksum number of BLKm 

5. IF C0 THEN go to Step-4    ;Invalid checksum 

6. Move BLKm into BUF     ;Valid checksum 

7. IF m=i THEN go to 10 

8. j=j+1 

9. Go to 2 

Arriving to this point means that the virus block inserted between two 

consecutive blocks (BLKi-1 and BLKi) without destroying any one of them, as 

shown in image . Because the blocks (BLK1, BLK2, ..., BLKi-1) are moved 

into BUF in Step-2. And the blocks (BLKi, BLKi+1, ... BLKN) are moved into 

BUF in Step-3. Therefore, all blocks are moved into BUF. 

10. Go to Step-6 

 

Step-4: “Repairing the damaged block” 

Arriving to this point means that the virus has inserted its block inside BLKi and, 

hence, destroyed this block. This is shown in image . Two routines to repair the 

destroyed block BLKi will be discussed: 

REPAIR1: 

Inputs: 

 i= Block number 

 S= Start offset address of BLKi which contain the virus block.  

 E= End offset address of BLKi which contain the virus block. 

 Z= MIS-CMIS=NAB 

 P= Offset address of a byte that is guaranteed to exist in the virus block. 

 

Outputs: 

 C=0 ;BLKi cannot be repaired 

 C=1 ;BLKi repaired properly and stored in the buffer BBK 
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The Idea: REPAIR1 assumes that the virus block start at P and define: “VS (Virus-

Start)=P, and VE (Virus-End)= VS+Z-1”. And then, moves the bytes at block (S-

To-(VS-1)) and block ((VE+1)-To-E) into the buffer BBK. If the checksum test on 

BBK fails, REPAIR1 assumes that P is not the actual start of the virus block. That is, 

there is at least one byte belong to the virus block and exist before P. Therefore, 

REPAIR1 shift VS and VE up by one byte position, and repeat the test process. 

Algorithm: 

1. VS=P 

2. VE=VS+Z-1 

3. IF {VE(E-1)} THEN {[VS=VS-(VE-(E-1))] AND [VE=VS+Z-1]} 

“This ensures that VE(E-1). Note that, the byte at E must belong to BLKi, 

because, otherwise, all of the content of BLKi exists above the virus block. 

And this can happen only if BLKi wasn’t destroyed by the virus infection”. 

4. Move the bytes at block (S-To-(VS-1)) into BBK 

5. Move the bytes at block ((VE+1)-To-E) into BBK 

6. C=CHKS-ALG(BBK, CSNi) 

7. IF C= 0 THEN go to 12 ;Valid block 

 

“Arriving to this point means that VS is not the actual start of the virus. That is, 

there is at least one byte belong to the virus but exist above VS. Therefore, VS 

must be decremented and the checksum must be calculated again”. 

8. VS=VS-1 

9. VE=VS+Z-1 

10. IF VSS THEN go to 4 

11. C=0, and RETURN “BLKi cannot be repaired” 

12. C=1, and RETURN “BLKi repaired properly and stored in BBK” 

 

REPAIR2: 

Inputs: 

 i= Block number 

 S= Start offset address of BLKi which contain the virus block.  

 E= End  offset address of BLKi which contain the virus block. 

 Z= MIS-CMIS=NAB 

Outputs: 

 C=0 ;BLKi cannot be repaired 

 C=1 ;BLKi repaired properly and stored in the buffer BBK 

 

The Idea: REPAIR2 is based on the fact: “If BLKi destroyed by one sequential 

virus block, then, the byte at S and the byte and E must belong to BLKi. Because 

otherwise, if the byte at S(E) belong to the virus block, the entire virus block 

must exist above (below) BLKi, and this can happen only if BLKi wasn’t 

destroyed by the virus block insertion”. REPAIR2 moves one byte starting from S 

and (BLKS-1) bytes starting from E into BBK. If the checksum test on BBK fail, 

REPAIR2 repeat the process by moving 2-bytes starting from S and (BLKS-2) bytes 

starting from E into BBK. 

Algorithm: 

1. k=S 

2. j=k+Z+1 

3. Move the bytes at block (S-To-k) into BBK. 

4. Move the bytes at block (j-To-E) into BBK. 

5. C=CHKS-ALG(BBK, CSNi) 

6. IF C=0 THEN go to 10 ;Valid block 

7. k=k+1 

8. IF k (BLKS-1) THEN go to 2 
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9. C=0, and RETURN “BLKi cannot be repaired” 

10. C=1, and RETURN “BLKi repaired properly and stored in BBK” 

 

The advantage of REPAIR2 over REPAIR1 is that it can work without using P. 

However, the number of trails or the time needed by REPAIR1 is, in general, less than 

the time needed by REPAIR2. Which routine “REPAIR1 or REPAIR2” the SDR must 

use, depend on the prepared input arguments. The input arguments can be prepared as 

follow: 

1. S= (i-1)*(BLKS) ;The number of bytes in all blocks before BLKi. 

2. E= S+Z+BLKS ;To understand how S and E calculated see Fig.5. 

3. The SDR can use REPAIR1 only if it can prepare P. Otherwise, it must use 

REPAIR2. Two ways are suggested to determine  P: 

a) The entry point of the virus code within BLKi can be found 

from the standard entry point of the executable. For 

example, for COM files the displacement of the near jump 

instruction which is found in the first three bytes of BLK1 

can be used to find the virus entry point. After finding this 

entry point, set P= Virus code entry point. 

b) If the virus code entry point cannot be found, the following 

fact can be used: “IF (ZBLKS) THEN (The point at 

“S+(E-S)/2” must be in the virus block)”. Therefore: IF 

(ZBLKS) THEN (P=S+(E-S)/2)”. 

 

If P prepared, the SDR can proceed as follows: 

1. CALL REPAIR1 

2. If C=1 THEN go to 6 ;BLKi repaired properly using REPAIR1 

3. CALL REPAIR2 

4. IF C=1 THEN go to 6 ;BLKi repaired properly using REPAIR2 

 

BLKi cannot be repaired using REPAIR1 or REPAIR2.  

5. Go to Step-5 

6. Move the contents of BBK into the gap of BLKi in BUF.  

7. Go to Step-6 

 

Step-5: “Return Error Code and SIB to LEP”. 

Arriving to this step means that the SDR cannot repair E properly. Therefore, the 

SDR must return the following information: 

1. EIF=1  ;The file is infected 

2. ERF=0  ;The file is not repaired 

3. SIB  

4. Go to Step-7. 

 

Step-6: “Repair the Infected Disk Image of E” 

Arriving to this step means that BUF contain all blocks (BLK1, ... BLKN) of the 

protected executable. The content of BUF represent a clean memory image of the 

executable, therefore, it can be used to repair the infected disk image of E. The following 

algorithm describes how this can be done. 

1. If the infected executable is an EXE or OVL file, then, put the correct file 

header in the start of BUF. 

2. Overwrite the disk image of E by the content of BUF. 

3. ERF=1  ; Executable Repaired Properly.  

4. Go to Step-7 

 

Step-7: “Return To LEP” 
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The SDR can return control to LEP now. PHASE-ONE terminated at this point.  

- PHASE-TWO Communication 

LEP starts PHASE-TWO after the SDR execution, in PHASE-ONE, is completed. 

Once in PHASE-TWO, LEP will test the status of EIF and ERF returned from SDR. The 

executable is clean if (EIF=0). Therefore, LEP can execute the executable through its standard 

entry point. The executable was infected but repaired properly by SDR if (EIF=1 and ERF=1). 

Therefore, LEP must load the executable disk image again. And, then execute it through its 

standard entry point.  

The executable is infected and SDR cannot repair it if (EIF=1 and ERF=0). Therefore, 

the Virus Follower Eradication Algorithm (VFEA) must be used to eradicate the virus. VFEA 

is based on the fact that shell type viruses, “See [7]”, always repair the infected executable 

memory image before executing it. Therefore, VFEA use the following eradication approach: 

“The infected executable must be executed through its standard entry point so that the 

attached virus will get the opportunity to execute. The virus will repair the memory image 

of the executable and execute it. SDR will receive control again and test the memory 

image. If the memory image repaired properly by the virus, SDR must alert LEP to use 

the current memory image of the executable to replace the infected disk image of the 

executable”. 

 However, giving the opportunity to the virus to execute is very critical. Therefore, 

before executing the virus, LEP must prepare a trusted environments “Virtual Computer 

System” to ensure that the virus cannot cause any damage or infection. Preparing the virtual 

computer system and executing the SDR in PHASE-TWO is described in the following 

sections: 

 The Virtual Computer System  

The idea of the virtual computer system is described in [4]. In general, the virtual 

computer system must be designed to satisfy the following requirements: 

1- Protecting System Disks: Prevent the virus from infecting or destroying any target 

site/cell in the system disks. 

2- Protecting System Memory: Prevent the virus from reserving memory space and hide 

itself there, that is, stay resident in system memory.  

3- Deceiving the Virus: The virtual computer system must give the virus the illusion that it 

is running in a normal system. Because, if the virus knows that it exists in a virtual 

computer system, it may try to use special methods to bypass or deceive the virtual 

computer system; or it may terminate its execution without repairing its host, therefore, 

VFEA cannot repair the protected executable. 

Satisfying these requirements depend on the computer system hardware (i.e. Real-

Mode or Protected-Mode PC) and software (i.e. DOS or WINDOWS). As a case study, 

preparing a virtual computer system in DOS machines will be explained in what follows: 

1- Protecting System Disks: In order to prevent the virus from infecting/destroying target 

sites/cells in the system disks, it must be prevented from writing to these disks. First of 

all, LEP must ensure that all of the disk related interrupt vectors points to special 

handlers. Therefore, LEP must redirect the following vectors: 

1. Vector 13H (BIOS Disk Interrupt INT 13H). 

2. Vector 21H (DOS-API Interrupt INT 21H). 

3. Vector 25H (DOS: Absolute Disk Read Interrupt INT 25H) 

“see [5]”. 

4. Vector 26H (DOS: Absolute Disk Write Interrupt INT 26H). 

Under DOS, if the virus knows that it exists in a virtual computer system, it 

may try to use direct hardware access method to bypass the virtual computer handlers. 

The virtual computer can use one of the following methods to prevent viruses from 

accessing the disk: First, the handler of the virtual computer can reject any write to disk 

request by returning some error code which indicates that the requested operation 
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cannot be performed because, for example, the drive is not ready. Rejecting all writes to 

disk requests can help the virus in deciding whether it is working in a virtual computer 

system or not. Second, the virtual computer system can trick the virus to believe that the 

requested write to disk operation is performed while it is not. This can be done by 

returning a no error code that indicates the requested operation performed properly, 

without performing the actual operation. If this method used, the virus can decide 

whether it is working in a virtual computer system or not by using the following trick: 

1. Send a request to write the data block (BLK) to disk (C:). 

2. Read the data block from disk (C:) into (BLK1) 

3. If BLKBLK1, then, the data wasn’t written to the disk. 

Therefore, the system is a virtual computer system. 

Finally, all disk read/write operation can be redirected to a special RAM disk 

instead of the actual disk. In this way, the virtual computer system can trick the virus to 

believe that the requested write to disk operation was performed and the data written to 

the disk properly, while the data was written to the RAM disk. If the virus request the 

data later, the virtual computer can read it from the RAM disk. This means that the 

virtual computer must handle both disk read and write operations, this explains why 

vector 25H was redirect above. 

2- Protecting the IVT: The virtual computer system must save the content of the IVT 

before executing the virus, and restore it once the virus execution completed. This 

ensures that any redirection to the IVT vectors by a resident type virus is fixed once the 

virus execution is completed. 

3- Protecting System RAM: Protecting the PC system RAM can be done as follow:  

 Save the amount of the available URAM (the word at 0:0413H) before 

executing the virus. And restore the content of 0:0413H once the virus 

execution completed. This ensures that the virus cannot decrement the 

amount of URAM and install itself at the end of the URAM. 

 If the virus tries to allocate a memory block using function 48H of 

INT 21H, then, the virtual computer must store the address of the 

allocated memory block so that it can release this block once the virus 

execution completed. Therefore, it must redirect vector 21H. 

 Save a map of all memory control blocks “see [5”]  before executing 

the virus. And restore them once the virus execution completed. This 

ensures that the virus cannot allocate memory by directly accessing 

the memory control blocks. 

 Redirect vector 66H to special handler before executing the virus. INT 

66H is used to access the Expanded Memory Manger functions. This 

interrupt must be handled only if the system uses expanded memory. 

If the virus allocate a page (or pages) in the expanded memory, the 

handler must store the handles reserved by the expanded memory 

system for the allocated pages. This handle can be used to release the 

reserved pages when the virus execution completed. Expanded 

memory expands RAM beyond the 640KB limit, for more information 

see [5]. 

 Extended memory exists in AT machines (the memory beyond the 1 

MB limit “see [5]”). Because the eXtended Memory Manager 

functions are called through a FAR CALL instruction, instead of the 

special interrupt, the virtual computer cannot intercept requests to 

the extended memory function. Therefore, the virtual computer must 

ensure that all of the extended memory is free before executing the 

virus. And free it again after the virus execution completed, to ensure 

that viruses cannot allocate memory in the extended memory area. 
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Execute SDR and Wait  

After preparing the virtual computer system, LEP can execute E through its standard 

entry point and wait until it receives a special call which indicate that the virus execution was 

completed and SDR was executed. Note that LEP can switch from the virtual computer system 

back to the normal system only after ensuring that the virus execution was completed. 

Receiving the call is the clue that indicates to LEP that SDR is the currently active program. 

Because viruses always try to disable or circumvent the protection mechanism, the following 

requirements must be satisfied: 

1- The virus cannot mask the call: Therefore, in the PC system the software interrupt 

mechanism cannot be used to perform the call. Because the virus can redirect all of the 

interrupt vectors to its own handler, therefore, it can mask the call and preventing it 

from arriving to LEP. The call must be direct, that is, by using jump or call instructions. 

This explains why LEP passes a pointer (LEP-TRAP) to its trapdoor to SDR in 

PHASE-ONE. 

2- The virus cannot deceive LEP: In order to deceive LEP by a tricky call, the virus must 

know where to send the call and which information to pass with it. Therefore, the virus 

cannot deceive LEP through LEP-TRAP, because it doesn’t know the correct values of 

LEP-TRAP, EPN, and SIB. Since these variables passed from LEP to SDR in PHASE-

ONE and the virus was inactive at that time, therefore, there is no way to know these 

variables by the virus.  

SDR Operation in PHASE-TWO 

When the SDR receives control in PHASE-TWO it will proceed as follows: 

1. IF EIF=1 THEN go to 3 

;E is clean 

2. Continue the execution of E normally 

;E is infected, start the repair cycle using VFEA 

;Perform checksum test 

3. i=1 

4. C=CHKS-ALG(BLKi, CSNi) 

5. IF C0 THEN go to 12 

6. i=i+1 

7. IF iN THEN go to 4 

;All blocks are valid.  

8. ERF=1 ;The memory image is repaired properly  

9. SMI= Start of the repaired Memory Image 

10. MIS= Size of the repaired Memory Image 

11. Go to 15 

;BLKi is invalid 

12. ERF=0 ;The memory image cannot be repaired 

13. Prepare SIB  

14. EPN= Executable Private Number that was received from LEP in PHASE-ONE 

;Transfer control to LEP through LEP-TRAP  

15. JMP FAR PTR LEP-TRAP 

Receiving Control from SDR 

The virtual computer system prevents any program from writing to the system disk to 

ensure that viruses cannot replicate themselves. However, the question is how the SDR of E can 

repair the infected disk image of E. LEP can give the permission to the SDR to perform disk 

write operations. SDR must call LEP through LEP-TRAP with the proper EPN and SIB to get 

this permission. Giving this permission to SDR can be done in one of two ways: 
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1- Filtering: In this case, the virtual computer must be capable of distinguishing between 

the SDR write to disk requests and the other requests. This can be done, for example, 

by sending EPN and SIB with each request.  

2- Restoring the IVT: LEP can restore the IVT content when receiving EPN and SIB 

through its trapdoor. Therefore, SDR can access the disk as desired by using DOS and 

BIOS services.  

However, giving the permission to SDR to access the disk is not a good idea, because, 

the virus exist in system memory and may, in some way, interfere with the SDR operation, so 

there is a possibility that the virus will get the opportunity to access the disk. Therefore, the 

following method is suggested: “Instead of giving the disk access permission to SDR, LEP 

can repair the disk image by itself after receiving the necessary information from SDR”. 

Therefore, as shown above, SDR return SMI and MIS to LEP through LEP-TRAP. 

After receiving this information, LEP can proceed as follows: 

1. Compare the received EPN with the one that was given to SDR in PHASE-ONE, if 

not equal go to 6 

2. Compare the received SIB with the one that was received from SDR at the end of 

PHASE-ONE, if not equal go to 6 

3. IF ERF=0, THEN, switch to normal mode “SDR cannot prepare a clean backup 

image”. 

“A clean backup image is available and LEP must use it to replace the infected disk 

image, as follows:” 

4. Use the MIS-byte block that starts at (SMI) to replace the executable whose private 

number is EPN. 

5. Switch to normal mode. 

6. The SDR identification information (EPN or SIB) are invalid, therefore, reject the 

call, and display alarm message. 

4.5 Switching to Normal Mode  

LEP can switch to normal mode after receiving the SDR request through LEP-TRAP 

and repairing the infected disk image if necessary. LEP must do the following so that it can 

switch to normal mode: 

1. Restore the IVT 

2. Release any memory block allocated during the virus execution using DOS function 

48H, URAM, memory control blocks, expanded memory, and extended memory. 

3. Release the memory allocated for E, to ensure that the viral code which exist at this 

memory area will be destroyed. 

4. Release the RAM disk memory area. 

5- Vaccination 

There is a large number of executables in the world. All of these executables are 

developed without any built-in SDR. Clearly, some way must be found to convert these 

executables to self-protected executable. Vaccination can be used to do this. In this research, 

vaccination is defined as: “The process of converting an executable into a self-protected 

executable by injecting the SDR module inside it”. 

“Note: Some references (see [6])  refer to ‘Vaccination’ as one of the protection methods that 

was suggested by IBM. Some anti-virus programs are designed to inject themselves inside the 

executable files, and then operate like a ‘Benign Virus’ when the vaccinated program 

executed. The injected anti-virus creates a signature (finger-print) of uninfected executable, and 

display an alarm if the signature or executable size changed. Unfortunately, the alarm generated 

after the virus execution. The difference between the suggested SDR and the Vaccine of IBM, 

is that the SDR executed before any attached virus and uses sophisticated techniques to detect 

and eradicate the virus”. 
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In fact, the idea of vaccination is borrowed from viruses. A special program “called the 

INJECTOR” will inject the executable by the vaccine (i.e. SDR). However, there is no 

searching, or infection routine in this vaccine, therefore, the vaccine cannot replicate itself. The 

word “injection/inject” is used instead of the word “infection/infect” to distinguish vaccination 

from virus infection. The following steps can describe the algorithm used by INJECTOR to 

inject SDR into an executable E.  

Step-1: “Injecting SDR in the executable E” 

This is similar to what the virus infection routines do, that is: 

1. Store the contents of the standard entry point of E in SDR. 

2. Attach SDR to E. 

3. Redirect the standard entry point of E to point to the entry point of SDR. 

After this injection, E will take the form of image  in Fig.6. From now, image 

 is considered the correct executable image. If SDR receives control through the 

standard entry point and after the completion of its execution, it can repair the image of E 

to take the form of image  so that it can execute properly. 

 

Step-2: “Preparing the SDR Module” 

As shown in Fig.6, the correct image of E is image  from the SDR point of 

view. Therefore, INJECTOR must prepare SDR with respect to this image. After 

calculating and storing SOF, EOF, CDIS, CMIS, and the other critical bytes, INJECTOR 

must divide image  into block (BLK1, ... BLKN) and store the checksum numbers in 

the SDR table see fig. 3. Preparing the SDR header can be done easily if INJECTOR 

knows which algorithms and functions are used by LEP. Otherwise, INJECTOR must 

store the values of LOC1 and LOC2 in a message file so that LEP can prepare the SDR 

module header. 

- Efficiency Analysis 

The efficiency of SDS must be analyzed to see whether it can satisfy all of the 

requirements of IAVS or not. The efficiency of the SDS is determined according to the analysis 

criteria presented in [4] . In what follows, SDS will be analyzed with respect to detection, 

prevention, eradication, and damage control. 

 

1- Detection: SDR classified as a Target-Based detection.  

a- VGS= Max.: Because SDR knows every thing about the protected executable, it 

can detect any change to this executable. Viruses cannot avoid detection by the 

SDR, because, they cannot infect the executable without changing its contents. 

Even stealth type viruses “see [7]” cannot deceive the SDR, because, they 

cannot get the opportunity to execute before the SDR. Therefore, SDR 

detection capability is independent from the virus generation date and VDC. 

Also, if LEP cannot find any one of SDR modules, it concludes that the 

protected executable was changed, and it might be infected by a virus.   

b- TGS=1: Because SDR designed to detect viruses attached to the protected 

executable only. 

c- Capability: The following is concluded from a & b: “SDS can satisfy the 

requirement of ideal Target-Based detection”. 

 

- Prevention: Both VEP-Based and VIP-Based prevention can be used in SDS.  

 VEP-Based Prevention: SDR classified as a VEP-Based prevention anti-

virus, because, it can detect the infection without giving viruses the 

opportunity to execute.  

a- VGS= Max.: SDR prevention is independent from the virus generation date and 

VDC. 

b- TGS= Max.: SDR will prevent the detected virus from infecting any target site 

within its environment. 
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c- Capability: The following is concluded from a, b, and the fact that the SDR is 

ideal with respect to detection: “SDS can satisfy the requirement of ideal 

VEP-Based prevention”. 

 VIP-Based Prevention: LEP classified as a VIP-Based prevention anti-virus, 

because, it can prevent the detected virus from infecting a new target site 

when executed in PHASE-TWO by using the virtual computer system. 

a- VGS: It was mentioned in section 4.1 that the direct hardware access is the most 

vulnerable spot that the virus can use to penetrate the virtual computer system. 

Maximizing VGS thoroughly depends on the system that will implement the 

SDS. VGS can be maximized, if SDS is implemented on a computer system 

that provides hardware protection level (i.e. protected mode PC) with a 

permission or privilege level that will prevent an unauthorized program to 

direct access the hardware resources. Otherwise, VGS cannot be maximized.       

B- TGS= Max.: LEP will try to prevent the detected virus from infecting any 

target site within its environment. 

c- Capability: The following is concluded from a & b: 

  “SDS can satisfy the requirement of ideal VIP-Based prevention 

if used on a system that provides hardware protection level  (i.e. 

Protected Mode PC)”. 

  “SDS cannot satisfy the requirement of ideal VIP-Based 

prevention if used on a system that lacks the hardware protection 

level (i.e. Real Mode PC)”. 

 

- Eradication: As shown above, two eradication algorithms (FBEA and VFEA) are used by 

SDS: 

 FBEA: FBEA uses Analysis-Based eradication technique. It analyzes the 

protected executable and eradicates any foreign block. 

a- VGS: FBEA eradication capability depend on the virus type, shell or intrusive             

“see [7]”, and NAB-distribution method (SBD or CBD). Therefore, the FBEA 

described above can eradicate only shell type viruses that use SBD method. 

Even though, FBEA can be upgraded to eradicate CBD viruses, the virus 

designers can design new strains of CBD-viruses that cannot be eradicated by 

FBEA. Therefore, the FBEA eradication capability depends on the virus 

generate date. This means that: “FBEA cannot maximize VGS”. 

 

NOTE: FBEA is a good enhancement in the design of eradication algorithms. It is very 

efficient eradication algorithm at the present time, because, it can eradicate, almost, all 

of the currently available viruses.  

b- TGS=1: Because FBEA designed to eradicate viruses from the protected 

executable only. 

c- Capability: The following is concluded from a & b: “SDS cannot satisfy the 

requirement of ideal Analysis-Based eradication”. 

 VFEA: VFEA uses Backup-Based eradication technique. In this case, the 

infected disk image represents the vulnerable copy, and the repaired (i.e. by 

the virus) memory image represents the backup copy.  

a- VGS: VFEA can eradicate shell type viruses only and its eradication capability 

depend on the virus generation date, this means that: “VFEA cannot 

maximize VGS”. 

b- TGS=1: VFEA designed to eradicate viruses from the protected executable 

only. 

c- Capability: The following is concluded from a & b: “SDS cannot satisfy the 

requirement of ideal Backup-Based eradication”. 
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NOTE: VFEA is a good enhancement in the design of eradication algorithms. It is very 

efficient eradication algorithm at the present time, because, it can eradicate, almost, all 

of the currently available shell-type viruses.  

 

- Damage Control: SDS system can use Virus-Based, Cell-Based, and Backup-Based 

damage control techniques. 

 Virus-Based Damage Control: In PHASE-ONE, SDR classified as a Virus-

Based damage control anti-virus. Because it detects the virus before executing 

it. Clearly, the virus cannot cause any damage if not executed. Virus-Based 

damage control is similar to VEP-Based prevention, therefore, VGS= Max, 

TGS= Max, and: “SDS can satisfy the requirement of ideal Virus-Based 

damage control”. 

 Cell-Based Damage Control: In PHASE-TWO, LEP classified as a Cell-

Based damage control anti-virus, because, it tries to prevent viruses from 

destroying any target cell within its environment by using the virtual computer 

system. Clearly, direct hardware access is still a vulnerable spot. Cell-Based 

damage control is similar to VIP-Based prevention, therefore: 

 “SDS can satisfy the requirement of ideal Cell-Based damage 

control, if used  on  a system with hardware protection level”. 

 “SDS cannot satisfy the requirement of ideal Cell-Based damage 

control, if used on a system with no  hardware protection level. 

 Backup-Based Damage Control: In PHASE-TWO, LEP can store a backup 

copy of the virus target cells such as FAT, RD, BPS, and CMOS RAM before 

executing the virus. After the completion of the virus execution, LEP can 

repair any target cell that was destroyed by the virus, by using its backup. This 

technique is similar to saving the IVT before executing the virus and restoring 

it after the completion of the virus execution. In this case, LEP classified as a 

Backup-Based damage control anti-virus. 

a- VGS= Max.: LEP protection is independent from the virus generation date and 

VDC. 

b- TGS: TGS depend on the number of target cells selected by LEP. 

c- Capability: The following is concluded from a & b: LEP can protect any target 

cell in the selected T-group against destruction by any virus, therefore: “SDS 

can satisfy the requirement of ideal Backup-Based damage control”. 

- SDR Size Optimization  

SDR will increase the protected executable size and the time needed to load and 

execute it. Therefore, minimizing the SDR size must be one of the design goals. One way to 

minimize the code of SDR is to implement the FBEA as a LEP (or OS) service.  As mentioned 

earlier, the SDR calls the algorithm ‘CHKS-ALG’ with two arguments “Block number ‘BLKi’ 

and Checksum number ‘CSN’”. Clearly, it is not necessary to implement CHKS-ALG inside 

each SDR. Instead CHKS-ALG can be implemented as a global OS service that can be used by 

all SDRs. Note that the fact that the block size is different for different SDRs ensures that the 

general trend to avoid standard protection is not violated. Assuming that CHKS-ALG uses a 

standard CRC method, then, it can be implemented as a global service as follows: 

CHKS-ALG 

INPUT: 

 BLKi= Start address of the block 

 BLKS= Block Size in bytes 

 CSN= The CRC checksum of the block. 

OUTPUTS: 

 C=0 ;Valid checksum 

 C=1 ;Invalid checksum 
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In the same way, FBEA can be implemented as a global service. In this case, CHKS-

ALG can be implemented inside the global FBEA. The standard Input/Output of the global 

FBEA can be defined as follows: 

FBEA: 

INPUTS: 

 SMI, MIS, TOA, SOF, EOF 

 N= Number of blocks in the memory image 

 BLKS= Block Size 

 Checksum Number Table: The table format is shown in Tab.9 

OUTPUTS: 

 C=0 ;Repair Succeed 

 C=1 ;Repair Failed  

- Conclusions and Discussion 

A new approach in designing anti-virus system is presented in this paper. The proposed 

system is called Self-Defence System (SDS). The purpose of this research is to design an anti-

virus system that complies with the requirements of ideal anti-virus system (IAVS) “see [4]. In 

[4], it was mentioned that Dependent-Defence System (DDS) couldn’t satisfy the requirement 

of the IAVS because of four problems. Now let us consider these problems from the SDS point 

of view: 

 

1- Lack of Knowledge: In principle, SDR must be implemented as integral part of the 

protected executable during the development process and it must know every thing 

about the protected executable. Therefore, SDS can satisfy the requirement of ideal 

detection. However, if the SDR injected inside an existing executable using 

vaccination, then, it is important to ensure that the executable is clean before injecting 

the SDR. If a virus exists in the executable prior to the injection, then, SDR cannot 

detect the presence of this virus.  

 

2- Standard Protection: In principle, each SDR is designed and implemented by a different 

manufacturer. Therefore, the code and data of SDR will be different from one SDR to 

the other. For example, even though more than one SDR may use the FBEA, the block 

size (BLKS) selected by each SDR and the location of the checksum number table 

might be different. Clearly, viruses cannot deceive SDR without knowing this 

information. 

 

3- Intended Vulnerability: In SDS, the SDR capability in coping with viruses is considered 

one of the executable quality factors. Good programs are those that can protect 

themselves against viruses efficiently. Therefore, any failure in the SDR operation and 

any undetectable infection have bad affects on the trustiness between the program 

developer and his customers. They may, simply, do not purchase his programs if they 

find that the SDRs associated with these programs are vulnerable. 

 

4- Users Responsibility: In SDS, user responsibility is no longer a requirement or a factor 

of efficiency, because, the SDR designer cannot claim that his program cannot protect 

itself against the computer virus because the user do not use the protection program 

properly. SDR is embedded inside the protected program and its operation is, or must 

be, transparent for the computer user. 

 

As a summary: “SDS system solves the problems (Lack of knowledge, Standard 

Protection, Intended Vulnerability, and User Responsibility) found in DDS”. 

 



H. M. A. Abdul-Hussain                                                    Computer Virology: Self-Defense System 

H. M. Shabib 

 

 4411 

Also, SDS provides a good support to design and use new sophisticated and efficient 

eradication algorithms. Even though FBEA is not ideal, it is considered a good enhancement in 

the design of Analysis-Based eradication programs, relative to the eradication method used in 

DDSs. In DDS, the eradication program can eradicate only ‘Known’ viruses. Any detected 

virus must be ‘Identified’ by security professionals, the identification information stored in a 

database, and a special eradication program designed to eradicate the virus. In SDS, FBEA 

eradicate any foreign block that exists between the protected executable blocks. FBEA doesn’t 

care whether the foreign block belong to a known virus, unknown virus, logic bomb, time 

bomb, or a Trojan Horse. 

Even though VFEA is not ideal, it is considered a good enhancement in the design of 

Backup-Based eradication programs, relative to the methods used by DDS. In DDS, for each 

target site (vulnerable copy), a backup copy must be stored in the disk. In SDS, VFEA depend 

on the virus to generate the backup-copy and then use it to repair the vulnerable copy, therefore, 

it has the following advantages relative to the method used by DDS: 

 No disk space needed to store backups. 

 There is no way that the virus will reside in the backup copy. 

 There is no need to update the backup copy 
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List of Abbreviations 

 

AT Advanced Technology 

BPS Boot (or) Partition Sector 

CBD Complex Block Distribution 

CDIS Correct Disk Image Size 

CMIS Correct Memory Image Size 

CRC Cyclical Redundancy Check 

CSN CheckSum Number 

DDS Dependent Defense System 

DIS Disk Image Size 

DOS Disk Operating System 

EBV Executable Based Variable 

EIF Executable Infection Flag 

EOF End Offset 

EPN Executable Private Number 

ERF Executable Repair Flag 

FAT File Allocation Table 

FBEA Foreign Block Eradication Algorithm 

IAVS Ideal Anti-Virus System 
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IBM International Business Machine 

IIB Image Information Block 

IVT Interrupt Vector Table 

LBC Loader Based Constant 

LEP Load and Execute Program 

LOC Trapdoor mark LOCATION 

Max. Maximum 

Min. Minimum 

MIS Memory Image Size 

NAB Number of Added Bytes 

NCB Number of Changed Bytes 

OS Operating System 

PC Personal Computer 

RD Route Directory 

SBD Simple Block Distribution 

SDS Self-Defense  System 

SDR Self-Defense Routine 

SIB Secret Identification Block 

SMI Start of Memory Image 

SOF Start Offset 

TGS Target site/cell Group Size 

TMV Trapdoor Mark Value 

TOA Trapdoor Offset Address 

VDC Virus Deception Capability 

VEP Virus Execution Probability  

VFEA Virus Follower Eradication Algorithm 

VGS Virus Group Size 

VIP Virus Infection Probability 

 

 

Tab.1 

 LEP1 LEP2 

File Name g TMV=g+6 g TMV= g305 

HAMED.COM 72+65+77=214 220 65-69= -4 -307 

MUNTHER.EXE 77+85+78=240 246 85-84= 1 304 

KARIM.SYS 75+65+82=222 228 65-73= -8 -311 

 

 

Tab.2 

Filename LOC  [LOC]=TMV 

HAMED.COM 500 503 

MUNTHER.EXE 1024 1027 

KARIM.SYS 856 859 

 

 

Tab.3 Primary SDR Module Standard Format 

LOC1+ Size(Byte) Content Function/Algorithm Name  

00H 4 TMV11 f11(LOC1, LBC11)=g11(LOC1,LBC12) 

04H 4 TMV12 f12(LOC1,LBC13)=g12(LOC1,LBC14) 

08H 4 CLEN f13(LEN)  

0CH 4 CSN CHKS-ALG1 

10H LEN SDR SDR code/data 

Where:  

LEN= SDR Module Length In bytes 

CLEN= Coded Length 

CSN= CheckSum Number 

CHKS-ALG= CheckSum Algorithm 

Tab.4 Redundant SDR Module Standard Format 

LOC2+ Size(byte)  Content Function/Algorithm Name  

00H 4 TMV21 f21(LOC2,LBC21)=g21(LOC2,LBC22) 

04H 4 TMV22 f22(LOC2,LBC23)=g22(LOC2,LBC24) 

08H 4 CLEN f23(LEN)  

0CH 4 CSN CHKS-ALG2 

10H LEN SDR SDR code/data 
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Tab.5 Message File Entry Format 

Offset Size (Byte) Content 

00H 11 Executable Name (E1, E2, ...) 

0BH 4 Value of LOC1 

0FH 4 Value of LOC2 

 

 

 

Tab.6 IIB Standard Format 

Offset Contents Description 

00H SMI Start Address of the executable Memory Image 

04H MIS Memory Image Size  

08H DIS Disk Image Size 

0CH EPN Executable Private Number 

0EH TOA The SDR Trapdoor Offset Address relative to SMI 

12H LEP-TRAP Far pointer to the trapdoor of LEP. 

 

 

 

Tab.7 

Conditions Description 

(TOA=SOF) AND (MIS-TOA=EOF) Clean executable 

(TOASOF) AND (MIS-TOA=EOF) Virus block before the SDR 

(TOA=SOF) AND (MIS-TOAEOF) Virus block after the SDR 

(TOASOF)AND (MIS-TOAEOF) CBD Virus 

 

 

 

Tab.8 SIB Standard Format 

Address Size (Byte) Content 

00 2 Length of SIB in bytes 

02 ? SIB contents 

 

 

 

Tab.9 “SDR Checksum Numbers Table” 

Block Number CRC-Checksum (CSN) 

1 CSN1 

2 CSN2 

. . 

. . 

N CSNn 
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ABSTRACT 

     Experimental and theoretical studies have been carried out to study the adsorption 

of methane and carbon dioxide on 5A molecular sieve. Adsorption equilibrium 

isotherms of methane and carbon dioxide are reported for the temperature range 303–

333 K and pressure up to 2.5MPa. Experimental data were obtained using a static 

system for gas–solid adsorption. The Langmuir adsorption equilibrium equation gave 

good predictions. Adsorption of methane and carbon dioxide on 5A molecular sieve is 

purely physical since the isosteric heat of adsorption was found to be equal to 14.804 

and 37.218 kJ mole
-1

 for methane and carbon dioxide, respectively. 

 

 الخلاصة

ينزخا  نزساتداا  ال ثازيي اوسياثا البرناونغازز اليثاازن و زازز لتم الحصول على توازن الامتزاز الايزوثرمي      

و ضااااغل يصااا  إلااااى  لفااا س333إلااااى سلفااا  303و عنااااا ت حاااز  تاااارا   تتاااراو  ماااا   5Aألجزيئثاااو ياااو  

للايبيزير. امتزاز ززز اليثاازن و زازز مثبزنزسبزل. النتزئج أليدتبريو تتطزنق نشب  حثا مع النيوذج التجريبي 1.2

هو امتزاز فثزيزوي وذلا  نيابإ إن تارا   الامتازاز لغازز  5Aينزخ  ألجزيئثو يو  على ال ثزيي اوسيثا البرنون

 سثلوحول/مول..31.12تيزوي  ثزيي اوسيثا البرنونغزز لسثلوحول/مول و 01..21اليثازن تيزوي 

KEYWORDS  

molecular sieve; adsorption; methane; carbon dioxide) 
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INTRODUCTION 

     The increasing importance of adsorption processes for the separation of gaseous 

mixtures is due to the high selectivity and adsorption capacity of solid adsorbents, the 

less extreme operation conditions needed, and the small energy consumption required. 

Adsorption is becoming a competitive operation that can advantageously substitute 

for other separation operations such as distillation or absorption. The advantages are 

especially attractive when the problem is the separation of light gases, since their 

separation by distillation or absorption requires expensive high pressure units. 

     The adsorptive separation is achieved by one of the three mechanisms: steric, 

kinetic or equilibrium effect. The steric effect derives from the molecular sieving 

property of zeolites. In this case only small and properly shaped molecules can diffuse 

into the adsorbent, whereas other molecules are totally excluded. Kinetic separation is 

achieved by virtue of the difference in diffusion rates of different molecules into the 

adsorbent. By far, however, most processes operate through the equilibrium (or 

competitive) adsorption of the mixture, and hence are called equilibrium separation 

processes. Commercial separation processes using molecular sieve zeolites are mainly 

equilibrium processes (Kapoor & Yang, 1989).  

     Separation of bulk gas mixtures containing methane and carbon dioxide is an 

important problem in the chemical industry. Many natural gas reservoirs contain up to 

50% CO2 as impurity. The effluent gas from an oil well undergoing CO2 flooding for 

enhanced oil recovery may contain 20–80% CO2 and CH4. It may be necessary to 

separate the CH4 and the CO2 from these gases in order to improve their fuel value 

and to recover and reuse the CO2. 

     Data on the adsorption of methane and carbon dioxide on molecular sieves are 

scarce in the literature. Some low–pressure data and correlations have been reported 

for Linde 5A and 13X molecular sieve, where carbon dioxide was found to be 

preferentially adsorbed on the former molecular sieve (Tańczyk & Warmuziński, 

1998; Kumar, 1989; Hyun & Danner, 1982). Limitation are placed on the usefulness 

of these data for the design of commercial molecular sieve–based separation systems, 

since a large part of these data was obtained at temperatures and pressures which are 

not ordinarily considered practical from a commercial stand point. 
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     This paper reports a fundamental equilibrium adsorption data obtained for methane 

and carbon dioxide on a single sample of 5A molecular sieve (supplied by Rhone 

Poulenc industries). To simulate industrial conditions, the temperature ranged from 

ambient to 60 ˚C and the pressure to 2.5 MPa. These data are of value in process and 

design studies of 5A molecular sieve–based separation systems involving the 

separation of carbon dioxide from natural gas and oil well effluent. 

 

EXPERIMENTAL WORK 

     A schematic diagram of the apparatus is shown in figure 1. All tubing was thick 

wall stainless steel, to minimize the dead volume. The tubing was connected by 

Crawford Swagelock compression fittings. Parker CPI series severe service union 

bonnet valves, with a hardened ball stem tip, were chosen because of their durability 

under repetitive use. A metal stem tip was selected instead of a soft stem tip to avert 

destruction of the valve seat in the event that particulate matter should escape from 

the adsorption chamber, enter the valve and score the valve seat. 

     The adsorption chamber and reservoir were 20 cm
3
 iron sample cylinders. 

Entrainment of adsorbent particles in the tubing and valving system was prevented by 

employing a dual screen method. This was accomplished by inserting Pyrex glass 

wool and a conical brass wire mesh screen, capable of containing particles. 

     The gas pressure was measured via a Heise bourdon gauge with a 430 mm 

diameter dial and a pressure range from 0 to 6891 kPa. The accuracy of the gauge was 

rated at 0.1% of the full scale and the sensitivity at 0.02% of the full scale at all 

points. The pressure gauge enclosed a dead volume of approximately 30 cm
3
. 

     A water bath was employed to provide a constant temperature environment up to 

353 K for both the adsorber and the reservoir. The bath was thermo–stated and 

vigorously mixed by using a magnetic stirrer thermo–stat hot plate. The temperature 

of the bath was continuously measured and recorded via a digital recorder and a 

thermocouple wire, calibrated with mercury thermometer. 

     The whole equipment was evacuated by vacuum pump and absolute gauge 

pressure prior to each experiment. The feed gas supplied from cylinder was regulated 

by pressure regulator.\ 

 

 



A. K. Mohammed                                                    Equilibrium Adsorption of Methane and 

                                                                                        Carbon Dioxide on 5A Molecular Sieve. 
 

 1965 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 

2 

3 

4 

5 

Gas cylinder 

Heise pressure gauge 

Reservoir bomb 

Adsorber bomb 

Water bath 

6 

7 

8 

9 

10 

Stir bar 

Magnetic stirrer thermostat hot plat 

Chromel–alumel thermocouple 

Digital recorder 

Vacuum pump 

V 

PR 

AG 

 

Manual valve 

Pressure regulator  

Absolute gauge 

 

 

Fig (1) Schematic diagram of apparatus used for adsorption equilibrium measurement 

 

     The volume of the reservoir and the adsorber (together with the Swagelock 

fittings) and the other sections of the system were measured manometrically using 

nitrogen gas. Section C was charged with nitrogen gas to a known pressure P1 = 2.5 

MPa. Valve 5 was connected to a standard known volume previously evacuated 

cylinder vessel V1 = 1 liter and opened until equilibrium was reached with a new 

pressure P2, then the volume of section C was determined by the ideal gas equation of 

state: 

 

 
21

12
C
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VP
V


         (1)  

 

The volume of section A and B were determined in the same manner. 

     The granular adsorbent (10 g) was packed into the adsorption vessel and degassed 

for overnight under vacuum at a pressure of less than 3 Pa to clean the adsorbent. This 
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pretreatment enabled us to make adsorption measurements without changing the 

adsorbent. After the adsorbent had been regenerated, the vacuum pump was switched 

off. The water bath with electrical stirrer thermo–stated hot plate was switched on 

until constant temperature was reached. 

     The procedure for measuring equilibrium adsorption was as follow: 

1. Section A and C were pressurized with the adsorbate, corresponding to a 

pressure P3 then the number of moles of the adsorbate was estimated according to the 

relation: 

 

 
RT

VVP
n AC3

1


         (2)  

 

Passage of gas to section B was allowed until equilibrium (∆P ≤ 3 kPa/h). The 

equilibrium pressure was recorded as P4. 

2. Adsorber was isolated from the system. The number of moles of the adsorbate 

was estimated according to the relation: 

 

 
RT

VVVP
n BAC4

2


        (3)  

The amount adsorbed of the adsorbate at partial pressure equal to P4 is determined 

according to a material balance equation: 

 

W

nn
q 21           (4)  

 

RESULTS & DISCUSSIONS 

     The partial pressure and temperature ranges were chosen for each component in 

viewing to the expected values in the natural gas and oil well effluent properties and 

component vapor pressure, which almost must be greater than the component partial 

pressure under specified temperature, to avoid condensation of gases on the 

adsorbent. 
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     The experimental results for single gas equilibrium were fitted with Langmuir and 

Freundlich equations. BET and other equations that represent multi–layer adsorption 

were excluded because it is unlikely that multi–layer adsorption could have occurred 

in this study were all temperatures above the critical (Yang & Saunders, 1985). 

     The Langmuir equation takes the form: 

 

 
BP1

BP

q

q

m 
         (5) 

 

     The coefficients B and qm depend on temperature in accordance to the following 

equations: 

 

2a
1m Taq           (6) 

 

Ta
3

4eaB           (7)  

     The Freundlich equation takes the form: 

 

 Fn
F Pkq           (8) 

 

     The coefficients kF and nF depend on temperature in accordance to the following 

equations: 

 

 2b
1F Tbk           (9) 

 

 Tbbn 43F          (10)   

 

     The objective function (average relative error) used in the minimization routine 

was defined as: 
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where N is the number of experimental points and qi,exp and qi,cal are the experimental 

and calculated values of qi, respectively. 

     The calculated constants for the two model equations along with the average 

relative error values were presented in table 1. The table shows that Langmuir 

equation correlates the experimental data with mean average relative error of 1.59% 

while 2.29% for Freundlich equation. Therefore, the best fit was achieved with 

Langmuir equation. The experimental equilibrium data was correlated by Langmuir 

equation and presented in figures 2 and 3. 

 

 

Table (1) Summary of single gas adsorption isotherms results 

Adsorbate .a1 .a2 .a3 .a4 E % 

CO2 4.71×10
-1

 -0.86 2.27×10
-4 

999.67 2.67 

CH4 8.25×10
-1

 -0.99 3.24×10
-7 

705.96 0.51 

 

Adsorbate .b1 .b2 .b3 .b4 E % 

CO2 2.99×10
-3 

-0.19 3.12×10
-2

 180.99 2.80 

CH4 4.21×10
-44 

15.42 -8.7×10
-1

 385.45 1.77 

 

     All curves for any specified gas are similar in shape and are of the classic 

adsorption isotherm form. However, it was concluded that the strength of adsorption 

for CO2 is greater than for CH4, since it was recognized that CO2 has isotherms with 

greater slopes at P → 0, which indicates that the affinity for adsorption of CO2 is 

greater than for CH4. 

     The results also indicate that there is a fair correlation for the amount of adsorption 

on an adsorbent correspond to increased adsorption with higher gas molecular weight 

or critical temperature. This result is in agreement with published works (Lewis et al., 

1950). Also, vapor pressure can be expected to be the predominant factor favoring 

adsorption. The much less volatile gas is more likely to condense on the surface since 

it has a much larger relative saturation value (P / P*) than the more volatile one. This 

result was verified by several authors (Hyun & Danner, 1982). 
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     Adsorption isotherms for the CH4 and CO2 gases on 5A molecular sieve at 

moderate temperature ranges are presented in figures 2 and 3. The marked decrease in 

adsorption with increasing temperature is obvious from these diagrams. 

     The heat of adsorption (∆H) was calculated by application of the Clausius–

Clapeyron equation (Smith, 1988) at neighboring temperatures. When this equation is 

applied to the two phase system of gas and adsorbed component on the surface, we 

get: 

 aVVT

H

dT

dP










 



       (12)  

 

where V and Va are the volumes per mole of adsorbed component in the gas and on 

the surface, respectively. Va is very small and could be neglected. By assuming the 

ideal gas law for V we get: 

 



 









T1d

Plnd
RH        (13)  

 

Table 2 shows the results of this equation. 

 

Table (2) Heat of adsorption and condensation for gases 

Component ∆H, (kJ mole
-1

) ∆Hcond at BP (kJ mole
-1

) 

CH4 14.804 8.180 

CO2 37.218 Sublimes at 195 K 

 

     In both cases the heats of adsorption are higher or expected to be higher than the 

latent heats of condensation but are low enough to be characterized as physical 

adsorption. 

 

CONCLUSIONS  

1. Equilibrium isotherms for single component adsorption of methane and carbon 

dioxide on 5A molecular sieve can be correlated by Langmuir equation. 

2. The strength of adsorption for carbon dioxide is greater than for methane on 

5A molecular sieve. 
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3. The heat of adsorption for both methane and carbon dioxide on 5A molecular 

sieve always greater than the latent heat of condensation. 

 

NOMENCLATURE  

a1,.., a4 Langmuir isotherm coefficients - 

b1,.., b4 Freundlich isotherm coefficients - 

kF Constant in Freundlich equation Pa
1-nF

 

n Number of moles mole 

nF Parameter in Freundlich equation - 

q Adsorbed phase concentration mole g
-1

 

y Mole fraction in gas phase - 

B Adsorption coefficient in Langmuir equation Pa
-1

 

E Average relative error - 

N Number of experimental points - 

P Pressure Pa 

P* Vapor pressure Pa 

R Ideal gas constant J mole
-1

 K
-1

 

T Temperature K 

V Volume m
3
 

W Mass of adsorbent g 

θ Fraction of surface coverage - 

∆H Heat of adsorption J mole
-1
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ABSTRACT 

The problems of design of machine foundations for the special case of vertical mode of vibration 

for block foundation are presented in this paper. The empirical design method is used to get the 

results using a computer program MATHCAD dealing with the parameters related to the machine. 
Design charts that are prepared to be a guide for the designer engineer are drawn. The design charts 

are based on the variables limitations including the properties of the soil, machine and foundation. 

The design charts are based on three displacements which are acceptable for design of the machine 

foundation. 

 

 الخلاصة
. لقد استخدمت  للاسس الكتلية يتضمن البحث دراسة المشاكل التي تتعرض لها اسس المكائن بالاتجاه العمودي

يتعامل مع حدود  يذوال( MATHCADالطريقة الوضعية للحصول على النتائج بمساعدة برنامج حسابي )

. جداول التصاميم اعتمدت  مصمم في الموقعلقد تم اعتماد جداول للتصميم كمرشد للمهندس ال . ترتبط مع الماكنه

محددات المتغيرات والتي تتضمن خواص كل من التربة, الماكنة والاساس. حيث اعتمدت على ثلاث ازاحات 

 والتي تعتبر مقبولة من ناحية التصميم.

 

KEY WORDS:Machine foundation, Design charts, Empirical methods. 

 

 
INTRODUCTION 

The design of machine foundations is a trail-and-error procedure involving three interrelated steps 

(Gazetas and Roesset, 1979): 

1) Establishment of desired foundation performance (design criteria), 

2) Determination of magnitude and characteristics of the dynamic loading, 

3) Estimation of anticipated translational and rotational motion of machine-foundation-soil system. 

 

         The design of a machine foundation is more complex than that of a foundation which supports 

only static loads. In machine foundations, the designer must consider, in addition to the static loads, 
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the dynamic forces caused by the working of the machine operation. These dynamic forces are, 

inturn, transmitted to the foundation supporting the machine (Srinivasulu and Vaidyanathan, 1976). 

 

 

DESIGN LIMITS OF MACHINE FOUNDATION FOR EMPIRICAL METHODS 

The design of block foundation for centrifugal or reciprocating machine starts with preliminary 

sizing of the block, which has been found to result in acceptable configuration as (Arya et al., 

1979): 

1. The bottom of block foundation should be above water table. It should not be resting on back 

filled soil nor on a special sensitive soil.    

2. The mass of rigid foundation equals (2-3) times the mass of supported machine (for centrifugal), 

while the mass of rigid foundation equals (3-5) times the mass of supported machine (for 

reciprocating).                                                                                                                  

3. The top of block is usually kept (0.3 m) above finished floor or pavement elevation to prevent 

damage from surface water run off.                                                 

4. The vertical thickness of block should not be less than (0.61 m). The thickness seldom less than 

one-fifth the least dimension or one-tenth the largest dimension.                                                                 

 

5.  The foundation should be wide enough to increase damping in the rocking mode. The width 

should be at least (1-1.5) times the vertical distance from the base to machine centerline.                                        

6.  The combined center of gravity should coincide with the center of gravity of the foundation. 

7.  For large reciprocating machines, it may be desirable to increase the embedded depth in soil 

such that 50% to 80% of the depth, this will increase the lateral restrain and damping ratio for 

all modes of vibration.                                                                                                                                                 

8.  Static bearing capacity allq : proportion of footing area for 50% of allowable soil pressure, 

which means that the actual soil pressure should be less than 50% of static bearing 

capacity allq . The actual soil pressure equals to the weight of machine and foundation divided 

by the base area of footing as shown: 

      Actual soil pressure = 
ff

foumach

BL

WW




..

 

9.  Static settlement must be uniform; center of gravity of footing and machine load should be 

within 5% of each linear dimension from the foundation center.                                                                                                                  

10. Bearing capacity: static plus dynamic loads. The sum of static and modified dynamic loads 

should not create bearing pressure greater than 75% of allowable soil pressure given for static 

load condition allq . 

11. The magnification factor (M) should preferably be less than (1.5). The magnification factor can 

be defined as the ratio of dynamic displacement to the static displacement as shown in       

Table (1). 

                                                                                                                                    

12. Vibration amplitude (Y), at operating frequency is shown in Fig. (1). The maximum amplitude 

of motion for the foundation system should lie in zones A or B. 

13. The velocity which equals (2  f x displacement amplitude) compares with the limiting value in 

Table (2) and Fig. (1).  

14. The acceleration which equals (4 
2
 f

 2
 x displacement amplitude) should be tested for zone B in 

Fig. (1).   

      where: 
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  f = Operating speed of machine = 




2
   

15. Resonance: the acting frequencies of machine should have at least a difference of ±20 % with 

the resonance frequency of Table (1).                         
0.8 fmr  ≥  f  ≥  1.2 fmr    

16. The horizontal translation and the rocking mode needs not be coupled if: 

 fffff nnxnnx 32
22    

where: 

nxf 2 = natural frequency in the x- direction, rpm. 

nf = natural frequency in the rocking direction, rpm. 

                                                                                 

       Table (1) ─ Summary of derived expressions for a single-degree-of-freedom system (Arya 

et al., 1979). 

 

 where: 

r     = n  

n   = Natural circular frequency rad / sec. 

    = Frequency of excitation force =  mk , rad / sec. 

k     = Spring constant, kN /m  

m    = Mass of machine and foundation, kg 

im   = Rotating mass, kg 

D    = Damping ratio = cCC  

C     = Damping 

cC   = Critical damping = mk2  

e   = Eccentricity of unbalance mass to axis of rotation at operating speed, m 

fn    = Natural frequency, rpm 

mrf = Resonant frequency for rotating mass-type excitation, rpm  

Expression Constant Force Excitation 

          0F Constant 

Rotating Mass-type Excitation 

             0F  = mi e 
2
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  = Dynamic magnification factor 

r =Magnification factor 

0F  = Amplitude of excitation force, kN 

r   = Force transmitted / F0  

r = Force transmitted / mi e 
2

n 

Y = Amplitude at frequency f 

 

 

   Horizontal Peak Velocity       

(m/sec.) 

  Machine Operation 

<0.00013 Extremely smooth 

0.00013-0.00025 Very smooth 

0.00025-0.00051 Smooth 

0.00051-0.00101 Very good 

0.00101-0.00203 Good 
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0.00203-0.00406 Fair 

0.00406-0.008 Slightly rough 

0.008-0.016 Rough 

>0.016 Very rough 

Fig. (1): Vibration performance of rotating machines (Harr, 1966). 

A   No faults. Typical new equipment. 

B  Minor faults. Correction wasted dollars. 

C  Faulty. Correction within 10 days to save maintenance dollars. 

D  Failure is near. Correct within two days to avoid breakdown. 

E  Dangerous. Shut it down now to avoid danger. 

  

 

  

Table (2) ─General machinery-vibration-severity data 

(Richart et al., 1970). 
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FORMULATION OF THE PROBLEM 

The objective is to provide a clear image of design for machine foundation by using empirical 

methods. The empirical method, which is dependent on the theory of elastic half-space, the 

parameters of machine foundation and soil required for analysis are first obtained. 

          In this theory the footing is assumed to rest on the surface of the elastic half space and to 

have simple geometrical areas of contact, usually circular, but other shapes such as rectangular or 

long strip are possible (Arya et al., 1979). This theory includes the dissipation of energy throughout 

the half-space by "geometric damping" and allows calculation of finite amplitude of vibration at 

the "resonant frequency". The method is an analytical procedure, which provides a rational means 

of evaluating the spring and damping constants for incorporation into lumped-parameter, mass-

spring-dashpot-vibrating systems.  

         The parameters of machine include the weight of machine depending on its type, which may 

be reciprocating compressor that is relatively heavy machine and generate vibrating forces of 

substantial magnitude at low operating frequency. It is also important to know the primary and 

secondary compressor speed in (rpm) and the primary and secondary forces and moments. 

         The parameters of soil on which the footing is assumed to rest on are obtained considering 

the surface of elastic half space and to have simple contact area. For the present case, the footing is 

rectangular with dimensions of Lf × Bf × h (depending on limits or experience of the designer). 

         The type of soil is also considered, which is in this problem silty sand gravel (medium dense) 

including the density of soil (), shear modulus (G) and Poisson's ratio ().  The allowable bearing 

capacity allq and the permanent settlement of the soil (Stt) are also considered. 

 

EQUATIONS OF THE MACHINE FOUNDATION 

The foundation of machine when designed requires knowledge of the dimensions for design; these 

dimensions are supplied by the manufacturer of the machine or depending on the experience of the 

designer. The dimensions of the foundation are considered as (Lf, Bf, h) in which the weight of the 

foundation equals to: 

cfffoun hBLW   

where: 

c  = the unit weight of concrete = 23.5 kN/m
3 

         The effect of the shape of foundation is approximately considered by equivalent radius (ro). 

So for rectangular foundation, the equivalent radius is: 

 



ff

z

LB
r


0                                                                                                             (1)           

         To calculate the equivalent spring constant for the vertical direction, the spring constant 

embedment factor in vertical direction and the spring coefficient have to be specified as follows: 

zo

z
r

h0)1(6.01                                                                                         (2)    

where: h0 is the effective depth of embedment of the foundation. 

         The spring coefficient for vertical direction (z) is obtained from Fig. (2) (Srinivasulu and 

Vaidyanathan, 1976) as below:  

 

zffzz BL
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                                                                              (3) 
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         To calculate the geometric damping ratio for vertical direction 
zgD , the damping ratio 

embedment factor for vertical direction (z) and mass ratio for vertical direction (z) have to be 

specified, while internal damping ratio (Di) equals approximately (0.05) as follows (Das, 1983): 
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425.0

                                                                                               (6) 

 

         The summation of geometric and internal damping gives total damping which contributes to 

the calculation of resonance frequency if resonance is possible or not depending on the term (2D
2 

) 

in the equation of resonance frequency eq. (7b)  after calculating natural frequency eq. (7a) as 

given below (Das, 1983): 

 

 

t

z

zn
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f


2

1
                                                                                         (7a) 

 

Fig. (2) ─  Coefficient z, x and ψ for rectangular footing 

 (after Whitman, 1966). 
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                                                                                       (7b) 

         After the resonance conditions are defined, the magnification factor (MZ) should be 

calculated. The magnification factor is defined as the ratio of a steady-state displacement response 

caused by dynamic force (Amax) to the displacement caused by an equivalent static force of 

amplitude equals to the amplitude of the dynamic force (As) Fig. (1): 

  

 

MZ =Amax /As                                                                                                              (8a)    
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                        (8b)  

                                             
 

where (/n) is the ratio of operating frequency to natural circular frequency (rps) in vertical 

direction which is calculated from: 

 

f 2                                                                                                         (9a) 

 

nn f 2                                                                                                        (9b)   

 

in which f and nf are the operating frequency of machine and natural frequency, respectively. 

                                                                                                                         

         After all that, the displacement which occurs as a result of vibration is calculated depending 

on the vibration force obtained from the force diagrams that are usually supplied by the 

manufacturer of the machine as follows: 

z

oz FM
Z


                                                                                                       (10) 

where: F0 is the amplitude of excitation force. 

 

         Then the transmissibility factor ( r ), which is defined as, “the ratio of the magnitude of the 

force transmitted to that of the impressed force”, is calculated as follows (see Fig. (3) and (4)): 
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                                                                                     (11) 

         In the final step for design criteria, the transmitted force Pv is calculated as follows: 

 

     orv FP                                                                                                              (12) 
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         These calculations will be carried out using the computer program MATHCAD. The results 

obtained by this procedure have to be compared with the design limits as shown in Fig. (3) in order 

to get the appropriate decision of design. 

         The permissible amplitudes of a machine foundation is governed by the relative importance of 

the machine and the sensitivity of neighboring structures to vibration. These limits are summarized 

in Table (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (3) ─ The permissible amplitudes of the machine foundation  

(Srinivasulu and Viadyanathan, 1976). 

Type Permissible amplitudes (m) 

Low-speed machinery (500 rpm) 0.0002   to   0.00025 

        Hammer foundations 0.001     to   0.0012 

        High -speed machinery: 

a. (3000 rpm) 

b. (1500 rpm) 

 

 

0.00002   to   0.00003 

0.00004   to   0.00006 

 

 

THE COMPUTER PROGRAM MATHCAD 
In order to apply the empirical method, the design equations need to be used more than one time 

for a given data. So to solve these equations with a little effort, time, and high accuracy, it is 

preferred to use assistant program. The computer software MATHCAD is used for this purpose. 

 

         MATHCAD program is a professional quality tool being increasingly used by many of 

scientists and engineers in the visualization and application of mathematics (Desrues, 1997). It is 

Fig. (3) ─  General limits of vibration  

amplitude (Richart, 1960). 

Fig. (4) ─ Response spectra for allowable 

vibration (Richart et al., 1970). 



M. Y. Fattah                                                                                      Design Charts for Machine Foundations 

A. A.Al-Azal 
H.T. Al- Badri  

 

 0494 

the industry standard calculation software for technical professionals, educators, and college 

students. By using MATHCAD in calculating, the results become easy to understand. 

 

DESIGN CHARTS FOR MACHINE FOUNDATIONS 

To use of the solution presented in equations of machine foundation by the empirical method, 

design charts are prepared to be a guide for the designer engineer. The selected values used in these 

charts were limited based on the conditions considered in Table (4) as well as the limitations 

considered in the limitations of machine foundation. The design charts are selected based on three 

displacements which are acceptable for design of machine foundations as considered in Fig. (3) 

(Bowles, 1988). 

 

 

         Table (4): The parameters of the empirical method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         For these displacements, the analysis is carried out using the computer program MATHCAD 

and the results are presented in the form of a relationship between (G /γ Lf ) (y-axis) and frequency 

(rpm) (x-axis), for different ratios of the weight of the foundation to the weight of the machine 

((Wf / Wm) Wf = weight of foundation, Wm = weight of machine) ranging between (3-5). 

         The selected displacement values ranged between (2.5 x 10
-6

)
 
m to a maximum value of (125 

x 10
-6

) m.  

         The charts are used to design the dimensions of the footing by the empirical method 

depending on the weight of the machine, the operating frequency of the machine and the properties 

of the soil including (shear modulus, Poisson's ratio and unit weight of the soil). In this paper we 

will take the effects of the minimum displacement = (2. 5 x 10
-6

 m) on the design charts. 

 

MINIMUM DISPLACEMENT = 2. 5 x 10
-6 

m: 

Parameters Basic values Range of values Units 

Wmach. 1444.905 60-620 kN 

f 585 50-1000 rpm 

 18.33 18-22 kN/m
3
 

G 96365 25000-190000 kN/m
2
 

 0.35 0.3-0.45 _ 

Di 0.05 0.05-0.15 _ 

Lf 8.39 2-20 m 

Bf 4.80 2-20 m 

h 1.52 0.6-2.2 m 

Wfou. 1443.95 (3-5)Wmach. kN 
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This displacement is considered for general limits of vibration which is not noticeable to persons as 

shown in Fig. (3). Fig. (5) is drawn for the foundation dimensions ratio Lf /Bf = 1, Poisson's ratio, ν 

= 0.35, and different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         From these figures, it is apparent that the frequency is inversely proportional to the values of 

(G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) coincide with each 

other especially at frequency level (500-1750 rpm). After this limit of frequency, the effect of the 

weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures ranged between 

 

      (25 x 10
3
 and 175 x 10

3
) kN/m

2
.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Fig. (6) is drawn for the foundation dimensions ratio Lf /Bf = 2, Poisson's ratio, ν = 0.35, and 

different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

a) γ = 18  kN/m
3 

 
b) γ = 20  kN/m

3
 

  

c) γ = 22  kN/m
3

 

 
Fig.  (5) ─ Design charts for machine foundations (L/B = 1, ν = 0.35) and 

displacement = 2.5 x 10
-6

 m. 
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         From these figures, it is apparent that the frequency is also inversely proportional to the 

values of (G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) coincide 

with each other especially at frequency level (200-900 rpm). After this limit of frequency, the 

effect of the weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures ranged between      (25 x 10
3
 and 

125 x 10
3
) 

 
kN/m

2
 because in the case of shear modulus equals to     (175 x 10

3
)  kN/m

2
, the 

resulted displacements were out of the limit of                         ( 2. 5 x 10
-6

) m.   

 

          Fig. (7) is drawn for the foundation dimensions ratio Lf /Bf = 3, Poisson's ratio, ν = 0.35, and 

different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

 

         From these figures, it is apparent that the frequency is inversely proportional to the values of 

(G /γ Lf ). The curves of these relationships for different values of       (Wf / Wm) coincide with 

each other especially at frequency level (200-1750 rpm). After this limit of frequency, the effect of 

the weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures ranged between (25 x 10
3
 and 175 

x 10
3
) kN/m

2
 except for γ = 18, the shear modulus (G) ranged between (25 x 10

3
 and 125 x 10

3
) 

kN/m
2
. 

 

         Fig. (8) is drawn for the foundation dimensions ratio Lf /Bf = 1, Poisson's ratio, ν = 0.4, and 

different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         As in the previous figures, it is apparent that the frequency is inversely proportional to the 

values of (G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) coincide 

with each other especially at frequency level (400-2000 rpm). After this limit of frequency, the 

effect of the weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures ranged between (25 x 10
3
 and 125 

x 10
3
)
 
kN/m

2
 except for γ = 18 kN/m

3
, the shear modulus (G) ranged between (25 x 10

3
 and 175 x 

10
3
)
 
kN/m

2
. 

 

                 Fig. (9) is drawn for the foundation dimensions ratio Lf /Bf = 2, Poisson's ratio, ν = 0.4, 

and different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         The same relationship between the frequency and the values of (G /γ Lf ). The curves of these 

relationships for different values of (Wf / Wm) coincide with each other especially at frequency 

level (400-1000 rpm). After this limit of frequency, the effect of the weight ratio can be 

pronounced. 

         The values of the shear modulus (G) used in these figures ranged (25 x 10
3
 and 125 x 10

3
)
 

kN/m
2
.  

 

         Fig. (10) is drawn for the foundation dimensions ratio Lf /Bf = 3, Poisson's ratio, ν = 0.4, and 

different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         From these figures, it is apparent that the frequency is inversely proportional to the values of 

(G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) coincide with each 

other especially at frequency level (500-700 rpm). After this limit of frequency, the effect of the 

weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures are (25 x 10
3
 and 75 x 10

3
)
 
kN/m

2
.  

 

         Fig. (11) is drawn for the foundation dimensions ratio Lf /Bf = 1, Poisson's ratio, ν = 0.45, and 

different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         From these figures, it is apparent that the frequency is inversely proportional to the values of 

(G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) coincide with each 
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other especially at frequency level (250-2000 rpm). After this limit of frequency, the effect of the 

weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures ranged between (25 x 10
3
 and 175 

x 10
3
)
 
kN/m

2
.  
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Fig. (6) ─ Design charts for machine foundations (L/B = 2, ν = 0.35) and 

displacement = 2.5 x 10
-6
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           Fig. (12) is drawn for the foundation dimensions ratio Lf /Bf = 2, Poisson's ratio, ν = 0.45, 

and different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         From these figures, it is apparent that the frequency is inversely proportional to the values of 

(G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) also coincide with 

each other especially at frequency level (200-1000 rpm). After this limit of frequency, the effect of 

the weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures ranged between (25 x 10
3
 and 75 x 

10
3
)
 
kN/m

2
.  
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Fig. (7) ─ Design charts for machine foundations (L/B = 3, ν = 0.35) and 

displacement = 2.5 x 10
-6

 m. 
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                Fig. (13) is drawn for the foundation dimensions ratio Lf /Bf = 3, Poisson's ratio, ν = 

0.45, and different soil unit weights, γ = 18, 20 and 22 kN /m
3.

 

         From these figures, it is apparent that the frequency is inversely proportional to the values of 

(G /γ Lf ). The curves of these relationships for different values of (Wf / Wm) coincide with each 

other especially at frequency level (500-650 rpm). After this limit of frequency, the effect of the 

weight ratio can be pronounced. 

         The values of the shear modulus (G) used in these figures are (25 x 10
3
 and 75 x 10

3
)
 
kN/m

2
. 
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Fig. (8) ─ Design charts for machine foundations (L/B = 1, ν = 0.4) and 

displacement = 2.5 x 10
-6

 m. 
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Fig. (9) ─ Design charts for machine foundations (L/B = 2, ν = 0.4) and displacement = 2.5 

x 10
-6

 m. 



Journal of Engineering Volume13 December  2007       Number4 
 

 

 0411 

 

525 600 675 750 825 900 975 1050

Frequency       (rpm)

100

125

150

175

200

225

250

275

300

325

350

G
 /

  
  
L



f

525 600 675 750 825 900 975

Frequency       (rpm)

100

125

150

175

200

225

250

275

300

325

G
 /

  
  
 L


f

525 600 675 750 825 900 975

Frequency       (rpm)

75

100

125

150

175

200

225

250

275

300

G
 /

  
  
L



f

W  / W  = 3

W  / W  = 4

W  / W  = 5

f

f

f

m

m

m

a) γ = 18  kN/m
3 

 

b) γ = 20  kN/m
3

 
  

c) γ = 22  kN/m
3

 

 
Fig. (10) ─ Design charts for machine foundations (L/B = 3, ν = 0.4) and displacement = 

2.5 x 10
-6

 m. 
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Fig. (11) ─ Design charts for machine foundations (L/B = 1, ν = 0.45) and displacement = 

2.5 x 10
-6
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a) γ = 18  kN/m
3 

 

b) γ = 20  kN/m
3

 
  

c) γ = 22  kN/m
3

 

 
Fig. (12) ─ Design charts for machine foundations (L/B = 2, ν = 0.45) and displacement = 

2.5 x 10
-6
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Fig. (13) ─ Design charts for machine foundations (L/B = 3, ν = 0.45) and displacement = 

2.5 x 10
-6

 m. 

c) γ = 22  kN/m
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      CONCLUSIONS 

It was found that the most important variable affecting the problem of machine foundations is 

the shear modulus of the soil. Considering the shear modulus as state variable, it was found that 

by the empirical method, the maximum displacement decreases when the shear modulus 

increases as the type of soil is sand; and the maximum displacement is smaller than the case 

when the type of soil is clay. For the cone model method, the maximum displacement decreases 

when the shear modulus increases when the shear modulus is less than 200 kN/m
2
 for the range 

of soils analyzed in this study, while when the shear modulus is more than 200 kN/m
2
, the 

maximum displacement increases with the increase of the shear modulus.  

The maximum displacement decreases with the increase of machine operating frequency, soil 

unit weight, shear modulus, Poisson’s ratio and internal damping. 

  

 

 

 

REFERENCES 

 

- Arya, S. C., O’Neill, M. W. and Pincus, G., (1979), “Design of Structures and 

Foundations for Vibrating Machine", Gulf Publishing Company Book Division, Huston, 

London, Tokyo. 

- Bowles, J. E., (1988), “Foundation analysis and design”, 4
th

 ed., McGraw-Hill, New 

York, 1004 pp. 

- Das, B. M., (1983). “ Fundamentals of Soil Dynamics”, Elsevier Science Publishing 

Co., Inc. 

- Desrues, K. P., (1997), “Exploration of Mathcad”, Addison-Wesley Publishers Lid., 

227 pp. 

- Gazetas, G., (1983), “Analysis of Machine Foundation Vibrations: state of the art”, 

Journal of Soil Dynamics and Earthquake Engineering, chapter- 2, pp. 2-42. 

- Gazetas, G. and Rosset, J.M., (1979), “Vertical Vibration of Machine Foundations”, 

Journal of Geotechnical Engineering, ASCE, 105(12), pp. 1435-1454. 

- Harr, M. H., (1966), “Foundations of Theoretical Soil Mechanics”, McGraw-Hill, New 

York. 

- Reissner, E., (1936), "Station are Axialsymmetricle Ddruch Eine Elastischen 

HalbRraues", Ingenieur Archiv, Vol. 7, part-6, pp. 381-396, (as cited by Pradhan et al., 

2003). 

- Richart, F. E. Jr., Hall, J. R. Jr. and Woods, R. D., (1970), “Vibrations of Soils and 

Foundations”, Prentice-Hall, Inc. Englewood Cliffs, New Jersey. 

- Srinivasulu, P. and Vaidyanathan, C. V., (1976). “Machine Foundations”, Structural 



M. Y. Fattah                                                                                      Design Charts for Machine Foundations 

A. A.Al-Azal 
H.T. Al- Badri  

 

 0410 

Engineering Research Center, Roorkee-Madras.  

- Whitman, R. V., (1966), “Analysis of Foundation Vibrations”, Vibration in Civil 

Engineering, B. O. Skip ( ed.), Butterworths, London, pp. 159-179. 

 


