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 الخلاصـــة: 

ام مفلاديتهللامتمثللعمامللالابمية الللامية للااالاماياميةمكايللااميةة للللاب مملللاعبمةتالل  مية للااا
  متطل اتهامية ظلفلامية ييعا مالل ميتتفالااممفاملمهلام تعلددمت لاملمهام يا امهلام اف اتهلام
 مة اللااميةم  للبمية ااولللام يةع يمللعميةمللإثلابماللل مت  لعهللامظللم ميةم  للبم يةظلللا  ميةمااتلللام

ميةالايلايم  ا عمطا ام ااالامميتهلةا.مأديءمايةمإثلابماللها متؤملاامًةةفاءبم
ت  لبميةم ا مية ااايم اعاةلااماظاءيتهميةتلاىمظم ميةم  بميةعام ماا ممايملتطلبمم ةغلاض

دلايياميةعف اميةمت ادةامما ل ميةم ا م مة اااميةم  بميةط لعلام ية ااولام)يةع يمعمية للمللا ممل م
ةلم  بم)يةع يمعميةتتطلطلا مم ميتلاى مةللات طمةعماةكمم ظعي ها م ةاةكمظلا  ميةمااخميةم

هلل مميةت للملمميةماللاتيمةلم  للبم يةللايملهللد ميةلل متايللل ميةديءميةالللايلايمةلم الل م  لل لابم مف
بميةاتلايظلامةعمللاميةم ال  م تل اللاممدييايلا ممتمثفًم م دأمتلاشلدمييتهفكميةطا امال ميمتديدمية

 لوامديتللامملالاامةلعاملل متتااامممبممتطل ااميةلايااميةالايلالام يةظ ولام ية  لالام ية  تلام
مفظاءميةم اب م م ممامليع ميةلهمية اث.ة
م

Factors effecting locating Industrial Buildings in 
the Industrial Site 

 ABSTRACT: 

 
Industrial building architecture of grand measures represent a reflection of industry 

diversity relating its items and functional vast requirements ;therefore, factories buildings 
should be recognized from their concept, various designs , location plus the factors effecting 
locating them within the location and effecting climate situations, to ensure adequacy of its 
their thermal performance with the minimum consumed industrial energy. 
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To locate the industrial building and other spaces activities within the location, this 
requires studying the relation exchanged between the building and constructive natural 
components of the location (Regional Factors) and the location atmosphere circumstances 
(Planning Factors). All this to relate with the location climate design concept, that aims at 
improving the building thermal performance basically. this is represented by the principle of 
rationing energy consumption on the hypothetical range of the building age and providing an 
internal environment comfortable for occupants that are consistent with requirements of 
thermal, light, visual, and sound comfort of the factors space. this what the research seeks at.   

م
 
 كلمـات رئٌسٌـة: 

م.ممة اااميةم  بم–يةع يمعميةتتطلطلام–يةع يمعمية للملامم–يةم  بمية ااايم
م
 مشكلة البحث وهدفـه: 

 لللا اممشللةلامية اللثمالليم)اللدممةفالللاميةت لل لام تللؤثللامييللاةلبمتتطلللطم ت للملمميةم  للبم
ممممممماللل ميديوللهمية لولليميةعللامية للااايماللل مييللت ا اميةم الل م)يةم للاب مةلظلللا  ميةمااتلللاميةمللإثلابم

 ال م لاالااميةطا اماله  مممامل علعمملد مية الثملةمل مم-ية  تيم–يةالايلايمم-يةظ ويمم)
ايمدلايياميةعف اميةمت ادةاممام ل ميةم ا م مة اااميةم  بميةط لعلام ية ااولاممل م هلام ظللا  م

يمةلم  بمية ااايميةلايمةلم  بمم م هاميتلاى مةلاكقممفه مميةت ملمميةمااتم ظعييةمااخميةم
لهللد ميةلل متايللل ميةديءميةالللايلايمةلم للابمظللم ممفللاملممافللظميةطا للام تلل اللامية لوللاميةديتللللام

ميةملالاامةلعاملل مديتعميةم ا .
م
 المقدمــة: 

 ماللل ماشللاطااممتتلفللام ادلللدب مااة للاااامملليمIndustryلطلللقمم للطلصمية للاااام)
ااةلامي م ل لابميتللاى مت ل صممعهلاميةثللامافعلامًي مامللامتا لعمي متغلللامييممادبمي ميلعامية م

ممممممممميشلللل ااامًةاا للللاام لاس للللااميةايللللا مالللل مطلالللللقميةعمللللللااميةاتا لللللام اا ياهللللاميةمتتلفللللا
 م ملليمةللعماشللاطملللتممالليممإييللامي ممعمللعم ليللتتدمميةمةللاو مp.19-20 م1987يةيللماكم )

يةاشلاطميةلايملاطل يمالل م  مي ممليمp24,1979م,امللدم يةةامي يءمةاالاملد للامي ميةللام)
م.م p.154 م1965املا  م).ااالاميةلغ لايةتا لعميةم يدميةتاممية ممات ااماهاولامم م

م
اه ملتاددمم متفعمتعلالفهممل ميالهمم"Industrial siteاما مفهوم الموقع الصناعً "

يةايلجميةاظلايممت  امةل اااامم)مأ متالاجم م"ا الابما م طعاميلاضملة  مم  عهامظم 
كيلللمهام تتطلطهللام شللةعمماايللبم اللقمتطللامشللاملامتاكللقميةتةامللعمالليميةهلةللعميةاظلللايملللتممت

 ظلفلللامً  ماةلللامً تكللدلممةااللاميةتللدماام يةتيللهلفاميةتلليمتتطل هللاميةماطكللامملل مي للعمتلللقم لوللام
م .مp.74 م1987لالاض م ااالاممااي ا")

م
الاميةتلدماام" طعامم ميةلاضمتظممم م اامم ميةم اايمية ااالاممل  دبم ةام-او هً :

م لابمي ممإةل  غللابملت صمةعمماهاممأ ياممإة ماهمميلألاض يةملاياقميةعاما م ت   م طعام
ييلللتعماةاممأشلللةاع  م يةمالللاطقمية لللااالامملليميالللدمDuldley,1980,p.6مشللغعممعلللل "م)

 م يةاطللللاقمية للللااايمIndustrial Areasيةلاضمية للللااالامةاةميللللاااامية للللااالام)
(Industrial Zone ملاامية لااالام) م يةمتاIndustrial parksم سلللاماةلك م يةماطكلام 

املللاماكالاللاممأي لااالا م)مأ اللاملإاشاءية ااالاممة اامم ماددمم ميةكطبممكيمام مفلا  بم
مل مملد ممأ ل يءمأ اه مماملت  همت ملمميةمد مم مميلااااممالنطاق الصناعًيمامم,تاة ا 

م .مJames,1960,p.70ةفيتعماعمية ااايم)
م
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 الصناعٌة: ناطقالم نشأت 
مللا ل ميةكللا ميةلاي للبماشللام يةثللام ماشلللاممإةلل ي م ديللاميةماطكللامية لااالام للاةعم ممتلا لبم

يةادللدماليممأاملاعت   امًايم لالطاالاميامةااامية اااام علدبمال ميةمالاطقميةيلةالام تشلمعم
 ميمامم ادلامWest Riding م م)Lancashire م م اابميةايلجمايمية يخم)Deanسا ام)
ا اماهيميةملاهم يةلالاحمممام ععمية اااامتة  م علدبم ماع ةام مشتتام مكيماميةل م الدياميةط

م ااالام غللاب.
  عللدميةثلل لابمية للااالامتطلل لاامماللاطقميةم للاابمةامللاعميةادلللدم يةايلللجم شللةعمتللاصم

 ماللليمTrafford parkةتتللللقمية لللااااميةاظللللالا ميامةاالللامي عمماطكلللام لللااالاماللليم)
(Manchester(م ميةتللليمةلللا ميللل بماشللل وهاميللله ةاميةاكلللعم   للل دميةلاضم1896 مالللامم

ية للااالاميةفالللاماياميةلللديميةعاملللاميةمللاملاب ممللبم  لل دم اللابميةيللف مةتلا طهللاممللبم الللاميللاةاللديم
م يةمالطاام يةي يقميةعاةملا.

 ماللل مماطللامتللدماامBuckinghamshireم ماشللؤامماطكللامالليم1920 الليماللامم)
مماميةم للاابميةكلايلللاميةتلليم للدماميةتللدماام ياللدثامم م لل1924م  لل دبمي للفمًثللممالليم)

يةاتعاشمةت ديدمميلاااميةماطكلامية لااالا م اشل ءمثلفثممالاطقمةت مللبمية لااااام ةيل ابم
 South  م)The Clydeطاالام مليم)ليلايلام  ظغطمم ميةةتعميةعماةلامال ميةاة مامية لا

Wales(م  Northeast-coastام شةعمييلتثمالام  عكل دممل م ميةتيم معاميةتدمااميةمفوم
ااات لامم1945ةلةتمعميةفععمية ااايممل ميةتال ةاميةتليملاياكتلهميةل مالد دمالاممميةميتؤ لال 

م .p.5-6م1973,يةدلبية اااام يةمااطقمية ااالاميةمعلا اامااةلامً)
م م1899 ماليمشللاس يمالامم)Clearing Industrialيمامايميملالةاماكلدمةاالامماطكلام)

م مالااللاميةماللاطقم1950م م  عللدماللامم)1904ا  ةيمالليميلطاةلللاماللامم) ةللاةكمميللتعملابمالل
م .Cherry, 1974, p.87ية ااالامايمية لدي ميةااملامةاةهادم   لات لالة م سللامام)

م
 النسٌج الحضري:ولموقع الصناعً ا 

م-ي مم ظ  ميةم  بمية ااايملمة مي ملكيممية مميت لل ملاوليلل ممما:
ميةكطلايم ية للمي.ميةم  بمية ااايمال ميةميت ى

.مممممممممممممممممم مةل ااااميةمكتلاااSiteماطكاماظلالاممعلاا مةاةمةا م))مأ متالاجم ميةم  بمية ااايمايم 
م .p.44,1971يةادلثي م)
م
 مؤثرة فً اختٌار الموقع الصناعً:العوامل ال 
لللام ية  لل دمةملل يدمية ةمللاهميةع يمللعمملليمةللمم الل  ميةعمللعم يمأمللممم-يةع يمللعمية ت للادلا:م-1

ا ام يةي قم لاأسميةماعم يةد ةام يلايلتهام يةاكلعم  يلاوعميةم ي لفام يةلاضم م ادلاميةط
م م ادلاميةملاهم ية ا ميةلاتةا لام يةمااخ.

ميةع يمعمية تماالا.م-2
م .William,1973, p.133)م"يلأمالايةع يمعميةيتلايتل لام"م-3

عمية ت لادلام ية تمااللامةالهمةل  لدمم  لبم ل بميل لادميةتةاملعم يةتللاي طم لل ميةع يملممممممم
مثاةيمةل اااا م ياماممااةكمالل عممةمللام لل م  هتليميةاظللامية ت لادلام ية تمااللا.م الل م
يةعملل مممااةللكمثفثللاما يمللعمتتفااللعممللبم عظللهام شللةعميل للا يمالليمتادلللدميةم ظللبمية للااايم

م-وهً:م, مIndustrial site)يةاظع
م
اللثمي ميمةااللامية  ل عميةل ميةم ي لبمية لااالامةلهم :(Accessibilityامكان الوصول ) -أ

يمملاماظم مةلسمةتمةل ميةماشآامية ااالامم مت ملبميةم يدميةتامم   لابمي ت ادلاماايلب م
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م,لا  لللللا لللعميلظلللامًةت  للللبممات اتهلللا م تلعلللبمتةلللاةل ميةاكلللعمد لايمًمهملللامًاللليمملللايميةم لللاعم)
1974 p.101. م

 م-: تشمع (,Site Availabilityتوفر الموضع المناسب ) -ب
ةهلاماف لام اةت لاوصمية ل ال لا للامياممل ممما يمعميةتلا اميةتاتلامةلم ظبم"يةمةا ":م-م1-ب

يةظلللا لايممعلااللام لل بمتامللعميةتلا للام شللةعمةللاايمةفثكللاعم يةملللاهمية  الللام مللدىمتؤثللامللاماللل م
م .p.22 1982اا ي ميةهلةعميةاشاويمةلم ا مي مت ملمهم)

ةهلاماف لام ايلت يءميةلاضمي مياالديلامام يةتلدمااميةفاللامماوصميةيطالامةلم  ب:يةت م-م2-ب
م  ظماهامش ةاميةش يلا .

الا ميةشلةعميةميلتطلعملمثلعمم,ال ميات لالاميةمالدديامية لوللام ية ظلفللام:مشةعميةم ظبم-ـم3-ب
لاهميةمتططميةلاولييمةلم اايمية ااالا مالثمي ميةم  بميةميلتطلعميللة  ميةثللاممفوملاممل مسلل

 اةظااامية متل اللامميلاااامياتلاطللامةلت يلبميةميلتك ليميةتليمةتتعلالاضمملبميت املااميةامل م
م .p.81,1986لامظا ,يةعملايايمةلمدلاام)

م
ملبمية لاااااميةم لا لابم يةتليممليممل مم(:Site relationshipsع )ضاعلاقاات المو -ج 

ةعاملعميةمةاالااميةتالا للامميةع يمعمية ت ادلاميةمهماميةتيمتإثلامال متادلدميةم  لبمية لاااي
(External economiesم ميةااشلللللواماللللل ماف لللللااميةتللللللاي طم يةتةاملللللعمية لللللاااي.

Evans,1985,p.35). م
م
 وقٌع المبنى الصناعً ضمن الموقع:ت 

م-ي مت  لبميةم ا مظم ميةم  بملتطلبمدلاييا:
 العوامل الاقلٌمٌة:

 م ميما الابما ممالدديام لولام ماهميةع يمعمتاددميةظلا  ميةمااتلامال مميت ىمية للم
ط لعلامتفلاضم  يالاهامال ميةك يال مةةعمة اهاما يمعم ع اميةتغلللاممل م  لعمية شللامةل  ل عم
ية م لوامايامةفاءبمالايلاللا.مالةل  ممل ميةيله ةاميةتفالبم اةع يملعميةتللاىميةتليمتاكلقماتلاوجم

 ت ادلام  ااالام  لايالا مياظعم  ةل مي ع مال مياهملمة ميالااامًتغللامماهميةع يمعم د يابمي
مممممةعملللعميةيلللد دمي م لايالللاميةغا لللااميةةثلفلللامي ميةم معلللاامية لللااالا ميةثللللاممملللاممللليم لوللللام

م-  م    لابماامامتتة  ميةع يمعمية للملامم م:p.7 1992اظلع )
م

 العوامل المناخٌة الرئٌسٌة: 
لام يةمعا لابم  ظلماهاملعت لاميةمااخميةعامعميةمهلم مايم ظبميةمتططميةعاممةلمد ميةتكللد

م-يةم ي بمية ااالا.م م ميممميةع يمعميةمااتلاميةتيمتاددمية لواميةالايلالامةيمم  بممي:
م

لعت للاميةشلعا ميةشميليممل مي ل ىميةع يملعميةمااتللامتلاثللايًم يملممم لدلاممم-الاشعاع الشمساً:
يةشلمسمةلطا ام يةتيمت عممل مم لدلامام هلولاما ملاممل ميشلعا مةهلا مغااطليليملا علثممل م

تلفعميةفظلاءم لد  ميةاا لامة يلطماا لع ماليلكطمالل ميلطصميةلاضم للاعةسممللابمثااللامماهللام
 يةيط حميةتلاىمياتماديمًال مط لعاميةيطص م لاتكعم اةت  لعمية مديتعميةفظاءمي مية مديتعم
يةلاض م  يممماهملتممت ادةهممبميةه يءما مطلاللقميةاملع م مااةلكميةشلعا ميةاللايلايميةط للعم

يةما عثمم ميةيط حم عدمتيتلاهام يةايمل ديدم الاتفا مدلا امالايلابميةيطصما ميةهل يءمميةم  ه
ميةمفمسمةه.

 -ومن العوامل المحددة لتأثٌر الاشعاع الشمسً على المبنى هً:
 تطمالاضميةماطكامي مية للم.م-أ
  ي لاميلاتفا ميةشمس.م-ب
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  ميةاعةايللللامAbsorptionيةت لللاوصميةفل لا للللامةليلللط ح ممللل ماللللثميةمت ا للللام)م-ج
(Reflectivity.  
 مي ميةالللايلابميةا الللامHeat capacityيةت للاوصميةالايلالللامةليللطص ميةيللعاميةالايلالللام)م-د
(Specific Heat.  
 م  ي للاميلاتفلا ميشلعاميةشلمسمOrientationمكديلام  م ميةتعلاض ملعتمدمالل ميةت لاهم)م-م
(Altitude(م  ي لاميةيمام  Azimuth. م
 

الثمي متغللاممعدةاميةلاتفا ميةشمييم دلا لاميةاللايلابمللإديمم-رارة الهواء:حركة ودرجة ح
ية متغللامايممعدةاميلاااميةلالصمتفعميةاهلالا م ملاهميةتغلللايامتةل  مية للاماليميةمالاطقمايام
يةت للال ميةعللاةيمالليمشللدبميةشللعا م دلا للااميةالللايلابمتللفعميةاهللالام ت   للامًيةماللاطقمية االلام

م .p.26-29م1978لا,يةتال ية اةلممية الاي لام)
م

 مكونات الموقع الطبٌعٌة:
م تشمعم د لامامةعمم م:

م
تلعللبمد لايمًمهمللامًالليمتادلللدمظلللا  مماللاخمية للللمم اللاءيمًاللل مممالتضااارٌ" "انحاادار الموقااع" :

ط لعاميطصميةلاضمم مالثميةلاتفلا مي ميةاتفلاضمال مميلت ىميلطصمية اللا م ةلاةكمد لايمً
ةلمالاخم يةمالاخميةمالليمةلم  لب.م  لدميث تلاميةدلاييلاامي مملاوليلامًايمتادلدميةت اوصميةمااتللا

ية ا بمليتلمم دلايمًم ميةشعا ميةشمييمم– مشلاقمم15ْ م يةمت هم)م15ْيةم  بميةماادلام  ي لام)
%ماالهمتللفعميةفتلللابم4%مالل ميةم  لبميةميللطصمتلفعميةفتلللابميةالالابمملل ميةيلاام ل لللدم22لكلعم

 يماللللل مماللللاخم دلا للللاامالللللايلابميةم  للللبم مللللايميلللللة  مةللللهمتللللاثللاميل للللام,ية للللالادبمماهللللا
(U.N.,1989,p.323م لإثلاممكديلام ي لاممللعميةم  لبمالل مشلدبميةطا لاميةشميللاميةيلا طام. 

مالله مييمةملاميةشعا ميةيا طامال م ادبميةميااا.
م
ةهلامد لاممهلمماليمتادللدميةت لاوصميةمااتللامةلمالاخم يةمالاخميةمالليمي مممالمسااحات المائٌاة : 

مكمايمتلقم لواممت ي اامالايلالامًظم مديولابمتؤثللاما.يةم  عي م اة
م
 م مللعبمد لايًممامامًايمتادلدمت اوصميةمااخميةماليمي ميةم  عيم يةمالطمممالغطاء النباتً: 

 اةم ا  مالثمتا بميةش الاممكديلايًممعلاامًم ميةشعا ميةشمييميةيلا طماللهلام  اةتلاةيمتيلاممم
ةفشعا ماتكلعميةةيلبميةاللايلايمةهلاهميةيلط ح م اةلكممايمتكللصمتعلاضميةيط حميةمالطام ها

مياتماديمًال ممدىميلاتفااهام ا مهام ةثااام ا مم ياعةايلامي لاي ها.
 ةلا اتللااميةكللدلابماللل متفللضمدلا للامالللايلابميةغللف ميةتللالا يمةلم الل م يلل بما  هللامةفشللعا م

اهملكلصممامةلكعم مدلا اممو لام لفاً م ايم ملبميةا يعماا11-3يةشمييميةيا طماللهم عدعم)
% مملل مدلا للامالللايلابميةيللطصمالمللامةلل مةللا مسللللاممظلللع مةمللامياهللامتكلللصمملل ميةطا للام20ال م)

م.Liem,2005,p111))م.يةميتهلةامال ممديلاميةياام
م
 العوامل التخطٌطٌة: 

ي مةلع يمعميةتتطلطلامد لايًمة للايًمايمتادلدمظلا  ميةمالاخميةمل  عيم)يةشلعا ميةشميلي م
 يةلاط  اميةاي لام الاةاميةه يء م مااكميمةاالامةتايلاهم  علهمي للابميةل مدلا امالايلابميةه يءم

اد دميةلايااميةالايلالا م ي ميةمااخميةم  عيملعتمدم لد لاهمالل ميةتلاثللاميةل لا يمي ميةيلل يمةةلعم
م م)مة اااميةم  بمية ااولام ااا لامت ملمميةم  بم ال ميةظلا  ميةمااتلامةف للم .مي ميمملام

 Thermalيةملللل  عيملللللإديم اةاتل للللاميةلللل متايللللل ميةديءميةالللللايلايم)تايللللل ميةماللللاخم
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Performanceمةلم ا م شةعمسلللامم اشللام اةلكم اات لالاهم مثا لاميةالا  مي ميةملاشلصمية عم 
.م ةةليمتيلاممميةع يملعممةتؤثللاميةظللا  ميةمااتللامالل مية لولاميةديتلللا مللللهمد لامسلف ميةم ال 

اخميةملل  عيميةمطللل ب م  اةتللاةيمتاكلللقمةفللاءبميةديءميةتتطلطلللام شللةعميل للا يمالليمتاكلللقميةمالل
يةالايلايمةلم ا م ادا مييتهفكمةلطا ا مة دمم مياتمادمامظم مملاياعميةت ملممية ةل  م ملايم

م-لتطلبميةتطلاقمية مملاياعمتتطلطميةم  بمية ااايم ميمةمامللي:
م

 خطٌط العمرانً للمواقع الصناعٌة:الت 
ية ااالامد  م   دم لااامجمتتطلطيمم يةمااطقميايمةلم ي بةلمة ميةكلامم اةتتطلطميةعملا

م- :Perenyi, 1978, pp.70-77)م يظص متتممتهلوام ياديدممايمية لااامجم اكامًةمامللي
م

 لعامة والاهداف المطلوب تحقٌقها:تحدٌد السٌاسة ا 
معااممااةكممدىم ييبمم ميةمدي ميةتيملمة مي متاككهاميةمااطقمية ااالام اةاي امةلم ت

يةاظللالا مي متادلللدممللاهميةمللدي مل للبمي ملللتممي تلديءًمةاهللامتللاعةسماللل مية لللايمجميةتتطلطلللام
ةلماطكامية ااالا ماعادماملة  ميةهد ممثفًمت اللامالاصمامعمةليةا ميةماللل ماا ماةكميلإثلام

مال ميتتلالامامطمية ااااميةايملاكقماةك.
م

  اجراء المسوحات الاولٌة: 
يةم ي للبميةممةاللامالليميةايلللجميةاظلللايممإمةاالللاا اللثممإةلل مأ ةمتهللد ممللاهميةميلل ااا

"Location بمافيهم)ظ"مثممدلايياميةمSiteمم ممتتل ميةا يايممثعمماهميةدلايياامتتطللبم 
م-معل مااما :

ميةم  بمظم ميةهلةعميةعملايايميةااةيمةلمدلاام ظم ميةتط لاياميةميتك للا.مم-
م  لبم شل ةاميةاكلعم يةت لاةاميةااةللام يةميلتك للاميةعملعم يةم  أملاةمعل مااما ميةيةا ممم-

 . يلأي يقمية يةلا معل مااما ميةم يدم
  م يةتدماامية الام يةمديلاسم.Social infrastructureيةتدمااميةتاتلامية تماالام)مم-
 دلايياميةيتعماةاميةم ا لابميةااةلام يةميتك للام.مم-
م-عتمدمال ما يمعم يات الايامةثللابميممها:دلاييام تادلدما مميةماطكامية ااالاملمم-
م.م مدىمت الاميةلاضميةمااي ا ميةم  بمظم ميةمدلاا ميلايامتط للامية اااا ما  مية اااا)مم

 ةمثللاعماللامماللا ميةاملل اجميةمت للبمالليميةهاللدملكيللمميةم معللاامي م)يةماللاطقمية للااالا ميةلل مممممم
م- :1) د عم

م ممةتالا.12ماطكام ااالامة للاب:مماما قم)مم-أمممم
م ممةتالا.12-4ماطكام ااالاممت يطا:مما ل م)م-بمم
م ممةتالايا.4ماطكام ااالام غللاب:متاام)مم-جمم
م. ممةتالام0.8يةمشاسع:متاام)مم-دمم
م

 (U N, 1962,p.67ٌبٌن مساحة المواقع الصناعٌة فً عدة بلدان )بالهكتار( )  (1جدول )

 البلـــد
 مسـاحة الموقـع

 كبٌــر متوسـط صغٌـر

 وما فوق 044-044 04-044 04-04 الولاٌات المتحدة

 وما فوق 04-044 04-04 04الى  برٌطانٌا

 وما فوق 10 0-10 4.0-0 الهند

م
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 تحدٌد الفعالٌات العامة: 

يظاااميةل ميةفعاةللاامية لااالاميةيايللاممااةلكماعاةللااممةمللامةلعملعمية لااايم لعتملدم
 مالل  م متطل للاامية للااااميةمكتلااللام ميللاااميةماطكللاما مهللام مللدىماا للاميةماطكللاميةلهللاماللل

 ا مميةعماةام مدىمت الامماهميةفعاةلاام يمةاالامياتماعمت يبميةماطكلام مل مظلماهاميةفعاةللاام
م .Bharti, 1978, p.75-78يةتدملام يةتلاالهلام)

  دراسة وتحدٌد نوع الصناعات: 
ية للاااااميةمكتلااللاميلللفاً ممية لللايمجميةتتطلطلللامةلماللاطقمية للااالامل للبمي متاللددمالل  

 ي بمتؤثللاماميةم اشلامال ميةتتطلطميةعملايايمةلماطكا.م مااكمم م اامم ميةع يمعمتإثلامالل م
 -يتتلالاما  مية اااامماها:

 
متؤثللاما  مية اااامال مية لواميةاظلالاميةم الا ب.م–أممم

مم  بميةماطكامية ااالامظم ميةماطكاميةاظلالام.م–بم
م ااالاميةايملإثلامايميتتلالاما  م اددميةمشالالب.ا مميةماطكاميةم- ـ
ميةيلاياميةعاماميةم ظ اامةلتاملامية ااالا.م–دمم

م .Gibberd, 1967, P.80  عدماةكملتممتادلدممتطل اتهامية ظلفلامةف الام يةلاضم)
م
 طرٌقة ادارة واشغال المنطقة: 

ية لااالا م  شلةعمالامممل بمتادلدمية هاميةتيميتعمعمالل متافللام تشلغلعميديلابميةماطكلا
تعلا ايم لدامم ييلاادميةاة ملاممل مم-تلاص/م لـم-اة مي/مبم-لمة متادلدمثفثاميشةاعمةاةكم)أ
م ..(Ling,1967, p.36-37 تفعمت اللاميةكلا ضمط للاميةمد

م
 للمواقع الصناعٌة: وضع المخطط الشامل 

لل مييلتعماةاملهد ميةمتططميةشامعمية متطل للام تامللاميةماطكلامية لااالام يةيللطلابما
يةلاضمالها ماةكمةت ابممشاةعميةالاةام يةت يبم ادممت ياقميةيتعماةاميةتيمت لدمم مةلل م
تط للاميةماطكاماظفًما متؤثلاميةديءمية اااي.مي م ظبميةمتطلطميةشلامعميةلايملالددميةت  للبم

مللاتاطميةلإتلام اظللاميةات لالاميةاكليةعاممةلفعاةلاام تادللدميةيلتعماةامةةلعم ل ءممل ميةم  لب م
م- :p.229-234 1987 مه لالاميةعلايق )

م
اا لللاام متطل لللاامةلللعماعاةللللام يمملتهلللاميةايللل لاممللليميةيلللاسماللليم ظلللبميةت  للللبميةعلللامممم-

(Zoning. م
  ميةمتتلفام طلاقميةلا طم لاهما.Zonesيةعف ام ل ميةفعاةلاام يةاطكام)مم-
 لاهمام  لل ميةفعاةللاامية لااالا مميةيتعماةاميةم ا لابمةفلاضميةاظلالام يةتؤثللاميةمت ادعمم-

  مدىميةلا طمي ميةع عميةفل لا يميةمطل بمتاكلكه.
 يمةاالاام متطل ااميةملا اام يةت يب.مم-
 ملا غيمي ملتمم ةفاءبمااةلامةيتتديمميةلاضممامديمامتكبمظم مZoningت  لبميةفعاةلاام)مم-

 يةمااطقميةاظلالا.
لام اةاةللالاميةتتطلطلللام يةت للململامةتل لللاممتطل للاامت  لللبميةفعاةلللااميلل  ملتللؤثلام شللةعمة لللمم-

مية ااااميةمتتلفا.
م

 مةتطل بمZonesال مظ ءممامتكدمملتممتكيلمميةفعاةلاامية مم لاملبمت ظلبماليمياطكلام)
م-ي ة مايم ظبميةمتططميةشامعميةايمي  ملاددمماللي:
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م
 :(Industrial Facilites zonesانطقة الفعالٌات الصناعٌة : )

ظمما اامًم مية اااامي مةعددمم مية لاااااميةمتتلفلامال م عظلهام)يايمةاالاملمة مي مت
 اااااممتتلفاماهااةلكمالددممل ميةمتطل لاامةةلعمم م الاممل مية لااااامالملاملتلصميةم  لبم

م يةطا ام يةفظاءياميةتالا لام يةتيمتتطلبمي مت  بممعامًايماطاقمتاص .
م- : Walker,1980,p.75  شةعماامماا مماهميةاطكامية ااالامميم)

م
م:Firms with similar space requirementsميةماشآاماياميةمتطل ااممتشا هاميةميااام-أممم

 Standard buildingلمة مي متشغعمي الامي م طبميلايظيم لايلاماياميا اممم ادبم)
and plotsميمامايمااةامياشاءممعامعمايامم ي فاامتا ام لمة مي مللتمماليماطلاقم  

ميتلا.م
م:Firms with similar location needsمماطاقميةماشآاماياميةمتطل ااممتشا هاميةم  بم–بم

ا عضمية ااااامتملعمية مي مت  بم لابمشلالا ميةالاةاميةلاوليليماليميةماطكلاممثلعمتلطم
ميةاميةادلدمي مي متاتعميةم ي بميةمطلامال ميةطلاقميةلاوليلامي مم الايميةاهالا.م

م:Firms with special requirements مم ااميةتا ااطاقمية اااااماياميةمتطلم- ـ
 دمتتطللبمال عممالددمال ميةمالاطقميةماااللامةلا متةل  مم ا لام)يةظ ظلاء مي ملةل  م
ياتماعميةالالقمالهاميةثلامم مسللاما ماادماةكمل بمي مت ظبمايماطاقمتاصميايمةممتة م

ممااةكمظلا لابمةلااعهاماهاولاً.
م:تدملاميةفالاميةعاةلااطاقمية اااااماياميةمتطل ااميةم–دم

الثملمةل مت مللبمية لاااااميةتليمتيلتهلكمةمللاامية للاممل ميةطا لامي ميةمللاهميةتليمتالتجم
 Utilityيةتدملام)م ماشلآامتلفلااميلاولاممعلالامي ميةتليمتللات طم عف لام ثلكلام ا اللاميةتلدماام

plantsيةاطاقمم  ملمة مي مت مبمماهمية ااااام دةًمم مت  لعهاممبم ا يمية ااااا.مالاض
لتاايبممبما لمميةماشلآامية لااالا مةهلايمالا ميةاطلاقملمةل مي ملةل  م شلةعمالدبم لف  مي م

م .p.28 م1989يةادلديم م)م. .مةتاكقميةامالاميةمطل  امةةعمماهاMulti beltedيا مام)
م
 -(:Other Facilites zonesانطقة الفعالٌات الاخرى ) 

 ميةف مامZonesططملا غيمي ملاددميةاطكام) اةظااامية ميةفعاةلاامية ااالاماا ميةمت
 م يةماللاطقميةمفت اللامBuffer zonesةفاشللطام يةفعاةلللااميةمةملللاممثللعميةماللاطقميةفا لللام)

(Land-scaping.م م م ي  ميةيلالايا مية الام يةتدمااميةتلاى
م

 ماللثملا غيمي ملاددميةطلاقميةمكتلااامةليلطلابمال متاملام تط للاميةماطكامممالمخطط الشامل
متهلواميةتعللماام يةك يال م يةمادديا.

م
 ةلفلامتعا  هلام يةهلةلعميةعلاممةلاتفاالاامية اللام ت  للبميةةثاالاامية ااوللامتحدٌد مراحل التنفٌذ 

(Building densities(ممل م55-%40  م تتللاي حميةايل اميةمت  لامةلم لاابمملا ل م %
% م ةفديلابم ية الاميةتدملامما ل م40-%20مياااميةماطكام يةش يلا م يةيااااميةمفت اام)

م .Rudolf,1977,p.264-265)م. 2% مةمامايم) د عم20-10%)
 ٌبٌن النسب المئوٌة للفعالٌات فً المناطق الصناعٌة الهندٌة  (0)جدول 

(Rudolf,1977,p.264-265) 
 الادارة والابنٌة الاخرى الطرق والمناطق المفتوحة المصانع التوصٌة

نظاااااااااٌم المركااااااااا ي توصاااااااااٌات الت -1
 (CSIOللصناعات الصغٌرة )

 منطقة كبٌرة

 
 

55 

 
 

55 

 
 

14 
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 منطقة متوسطة 
 منطقة صغٌرة

54 
04 

55 
04 

15 
04 

توصااااااٌات المااااااؤتمرات للمناااااااطق  -0
 الصناعٌة الهندٌة 

 منطقة كبٌرة
 منطقة متوسطة
 منطقة صغٌرة

 
 

55 
55 
04 

 
 

05 
54 
04 

 
 

14 
15 
04 

 14-5 54 55-54 قائمةارة من المشارٌع التنماذج مخ -5

 -(:Layout of siteتصمٌم الموقع  ) 
ي مامللامتاظلمميةعف ام ل ميةعاا للاميةيايللاميةثفثلاميةتليمتتةل  مماهلامية لولاميةفل لا للام

(Physical Environmentمميمية الام يةطلاقم يةمااطقميةمفت اا م ي متادللدميةعف لاام 
م-اامجملتطلبمدلاييا:يةمةاالام ل ميةفعاةلااميةمتتلفامةل لا

 -(:Road Systems & Plots Layoutانظمة الطرق وتوجٌهها وتنظٌم القطع ) 
تشةعميةطلاقميةعامعميةلاولسمايمت ملمميةم  بمية اااي مةهايمل بمدلاييام تاللعميا ي م

م-يةالاةاميةمت  عامايميةماطكامية ااالام يةتيمتتة  م شةعمااممم :
م

ياماكعميةعاملل م الاةاميةمشابم الاةامتط طميةتدماا.مةهلايمالاةاميةم يدم ية ظاوبم يلالام♦م
اللا متادلللدما للممةللعمالل  مماهللاملعتمللدماللل م ملللاما يمللعمماهللاممتطل للااميةاكللعم ط لعللامامللعم
يةماشآامية ااالام ا مميةماطكام ةثااامية الام اددميةعاملل  يلة  ميةياسمايميةت  عمية م

م .p.25-28 م1985ةم اا مال عم معاة ااممااي ام)
م
ي مم ميةع يمعميةمهمامايما احميةماطكامم م ظبمت ملمم تتطلطم لدم ماايبمةلطلاقمم مم♦مم

م.مالللللثم مللللبميالللل ي ميةالاةللللاميةمتتلفللللاممللللبميةيللللتعماةاميةلاوليلللللاميةتلللللاىمالللليميةماطكللللا
Ling,1967, p.38-39), Bruyn,2002,p67) .م .م1م–)مشةعم

م

م
م
م
م
م
م
م
م
م
م
م
م
م
م
م
م

  مأا ي ميةالاةاممبميةيتعماةاميةمتتلفامةلماطكامية ااالا. مامللامية مبم لم1م-مشةع)م
Bruyn,2002,p67) م
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 iasj.net 326متوفر على الموقع التالي: 

 
ي ميتتلالامامطميةالاةام ت  لههامايميةماطكامية ااالاملإثلامالل متكيللمم طلبميةلايظليم شلةعم

م-ة للا م اةظااامية متاثللاميةمااخماللها ماهااةكمادبمياظمامةلالاةامماها:
مايميةاظامملكيلمميةكطلبميةل ميشلةاعمميلتطللا م  ملامي مم-(:nGrid Iroنظام الحركة الشبكً ) 

 ,Gibberdيشللللةاعمية الللللام  طللللبميةلايظلللليماللللل ميةسلللللبمتتتللللامشللللةفمًميللللتطلفمً)
1967,pp.230-231(ماللا مت للملمميةم  للبم شللةعمميللتطلعم  Rectangular Layoutم 

لاوليليمتكلبميةكطلبميلة  مياظعمماملاايبمماهميةكطب.م مايميةاظامملتؤة مم مشلالا مي مطلاللقم
م. Open-Gridية للااالامالللل م اا لللهم اللليممللاهميةااةلللامليللم م اةاظلللامميةشلل ةيميةمفتللل حم)

(U.N.,1989,p.48-50, ((Tony,2004,p334.م .2م–)شةعم
م
م
م
م
م
م
م
م
م
م
م
م
م
م
م
م
م

 متتطلطميةماطكامية ااالاميةمتةاملام اكامةلاظامميةش ةيمية يلطميةمعتمدمال م2م–)مشةعم
م.Tony,2004,p334)ولسم.)شلالا ميةالاةاميةلا

م
لاللتجمااللدممظللاافاميةاظللاممية عمم-(:Traditional Gridionالنظااام الشاابكً التقلٌاادي ) 
(Open-Grid(ميةايملكيلمميةم  لبميةل مةتلعمميلتطللام Rectangular blocksممف ل ةام 

 طلاقملاوليلا ما ممماهميةكطبملعتمدمال ما  مية اااام ا مميةم  بم لفظعمي ملة  م شلةعم
م.اافاامي لللغلام طعلللام لللااالا م ملللايميةت لللاهميلللاودماللليمية ةللللااميةمتالللدبميةملالةللللامظللل

(Gibberd, 1967,pp.253-255. م
 
 م ميلظامًاظاممش ةيم ةةل ملتلؤة ممل مطللالكل ملاوليلل مم-(:Super Blocksنظام الكتل ) 

اممثعم ملظممادديًمم ميةفعاةلااميةعامBlock  مةعم)Blocks يتلال مثاا لل ملة اا ممااطقم)
مةمايةا يالام يةملاة مية ايم اظامميةالاةاميةلديتليم يةمالاطقميةمفت الام م ي ل ميةيللالايا 

ي مية الامية ااالاملمة مي مت  بم ا امًية م البم  شلةعم لدملةل  ممتكالا لامًاليم علضميةاللا م
 لعتمدماةكمالل مال  مية لاااا مملايميةاظلامملل الامملا الامماايل امااملاماليميةماطكلا م ملا الام

ايلل امظللم مية للل كمافيللهم اةايلل املأا للامميةكطللبميةمتتلفللا م ا للممية للل كملعتمللدماللل ما للممما
ا.م ملللللللللايميةاظلللللللللامممت لللللللللبماللللللللليمياةلتللللللللللاي.ميةم لللللللللاابم ميلللللللللاااميةماطكلللللللللاميةةللللللللللل

((Liem,2005,p253,(U.N.,1989,pp.28-30. م .م3م-)شةعم
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ييلاسم الدبممي مييتتديمميةاظامميةش ةيمية يللطمملبميا لامميةكطلبميةام ا للاميةم اللامالل 
 متعتمدمال مطلالقمي مشللالا ملاوليليم يالد متةل  مماايل اماليمية للدي مايامModule لايلام)

يةت لابميةكلللامايمياشاءميةمااطقمية ااالاميةمتططامةااعم لداا م مااكمييل بمليم ميةت معاام
 ملعتمدمال مي م طعاميةلاضمتكيمميةل م طلبم لايللام القمIndustrial clustersية ااالام)

اظامممعلالايم  اظاممش ةيمةلطلاق م عدماةلكمتكيلممملاهميةكطلبميةكلايللامي مللتممية ملبم لل مالددم
ماهامةيتلعابممتتل مية اديامية ااالا م لتملل مملايميةيلل بم كدلاتلهمالل متةل ل مت معلاام

 مي ممااطقمالاالاماادمت ملبمالددممل مملاهمZonesمتت  ام متةاملا ممبمتشةلعماطا اام)
  م مايميةيل بمتممييلتعماةهماليمp.231-236 1987 مه لالاميةعلايق لابم)يةت معاامية غل

م .4م–)شةعمتتطلطميةماطكامية ااالامايممدلااميةثلاثالامايميةعلايق.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 .Liem,2005,p253)ية ااالام.)اظمميةالاةامايميةم ي بمم 3م–)مشةعمم
 
 
 
 

  

 
 تنظيم المنطقة الصناعية التقميدية )نظام الكتل(. –أ 

  
 

 

 

 
 

 

 

 
 

 

 

التخطيط وفق نظام الكتل  -ب
Super Blocks 
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مممممممممممممممممميةم مبمية ااايمةماطكاميةثلاثالامايميةاطا ااميةمتت  ا.متططمم 4م–)مشةعم
م .78,صم1987, مه لالاميةعلايقم)

م
م

 -توفٌر احجام متنوعة من قطع اراضً المصانع: 
ي ممتططميةمااطقمية ااالامل بمي مل الاميا امامًمتا اامم م طبميةلايظيمةتل لاميةمتطل اام

 Coverageية ظلفلامةل اااااميةمتتلفا ملعتمدما ممماهميةكطبم مكديلامتغطلاميةلاضمالهام)
plot نوع الصناعة ومتطلبات الفضاءات المفتوحة وموقع المنطقة الصناعٌة بالنسابة ) ال مم

 مةلاةكمةت  لدم االدبمةلا لمميةمثلاةيمةلكطلبمم(وعدد الطوابق ونوع المنطقاة الصاناعٌة للمدٌنة،
  مالثمي ميةكطعامية يادبمل بمي متات يم اةظلاااميةل مOptimum plot sizeية ااالام)

 االلاميةم للابمالل مميللاااامتالا لللامةتدملامم ي لل ميةيلللالايام اظلاءياميةتاملللعم ميللاااام
  ميظااامية متللاكمميلااامةلت يلبمظلم ميةكطعلامافيلها.مLandscapeيةفظاءياميةتالا لام)

ةهايماا ماي امميااامية ااءمظم ميةكطعامية ااالامية يادبماامعممهم م ماهميةايبمتتتل ممل م
م- ةمامللي: مU.N.,1989,pp.32-33 لدمةتلام)

م
للام ملامتةل  م علضميةمالاطقمية لااالاميةادلثلامتالددممكلديلامية اافليمية ةللااميةمتالدب:مممممم-

 ممياااميةكطعا م ميةتادلدميةعاممم مي مية الامل بمي مةتغطيميةثللاممل م3/1ةلت ا  م)
 % مماها.50)

اا ميةدلاييااما عميةمااطقمية ااالامادداميةمياااميةمغطلابممل ميةكطعلامميمامايميةهاد:ممممم-
% م66% مةلكطللبمية للغللابم م)50 م ايلل امتتلللاي حم للل م)Coverage plotية يالدبم)

 كطبميةة لا.ةل
م

يماميا امم طبميةلايظيمية ااالاماتتا  م شةعمة للام لعتمدم اةظااامية ميةع يمعميافهمال م
ا ممية االام شةعملاولس م تت ال مم م طلامية ميتلا م عمياهلامتت لال مظلم ميةكطللامية يالدميلظلامً

م-: Walker,1980,p.298) ةاةتي
 .مملاهم3 ممةتلالايمً) لد عم2 ممةتالام م)0.6وبم)لة  ميةا مميةشاافيمية ةلااميةمتادب:مممممم-

م% .50ية الامةتاتاجمية مت  متالا ي ممبميمةاالتهامةلت يبم مكديلام)
م

ٌوضح المساحات والابعاد التقرٌبٌة المناسبة للقطع الصناعٌة لمختلف حجوم   (5جدول )
 .(Walker,1980,p.298)الابنٌة فً المٌادٌن الصناعٌة الامرٌكٌة 

 ( ²م )اٌة المصنع الاولٌةمساحة بن
Initial building area 

 ) م ( العمق المناسب للقطعة
Optimum Block depth 

 ( ²م )المساحة المناسبة للقطعة
Optimum Block area 

1444 54 0444  

 
 المواد الإنشائية    صناعات غذائية صناعات مختمفة صناعات مختمفة
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0444  04 5444  

5444  55 0444  

0444  114 11044 

5444  104 15544  

0444  105 00444  

14444 154 00444 

04444  004 55444 

54444  554 104444 

 
% م م25اي امتغطلاميةلاضمت ديدم  لادبممياااميةكطبم ية الاماهليمتتللاي حم لل م)ي ممممممم
% م م37.5% مالا مملاهميةايلبمتتللاي حم لل م)50%  م  عدميةت يلبميةمالددم لـ)35.7)
م% .م53.5)

 مالا مSuper Blockةاظلامم)ماًم  م اكل اللثمي ميةتتطللطملةلمايميةمملةلاميةمتالدب:مميماممممم-
 ممتكلال للاً ميمللاميةميللاااميةما لل لابم للل ميةطلللالكل م200 م م)150ي عللادهمتتلللاي حم للل م)

يةلاوليلل ماتةلل  مظلعفيممللايميةللا م ممللاهمية علادمتةلل  مماايل امة للابميةمشلالالبميةة للللاب م
م.² م2000 لمة مي متكيمم شةعمي ت اديمية ميا اممي غلامساة امًمامتة  م ميااام)

 
م ايميةهاد:م ميمم ميةد عميةااملاماا ميسلبميةكطبمية ااالامةمت لدمميااتهاما ما يةيممممم-

اكلط.مةملامم² م200 م لامامي غلاميةكطبملمةل مي مت لعمميلااتهاميةل مال يةيم)²م1500)
م .U.N.,1989,p31 م)4ايم) د عم

م
نٌة التوسع لاغلب ٌبٌن مساحة القطع المعتمدة ومقدار تغطٌة الارض، وامكا (0جدول )

 (.U.N.,1989,p31) الصناعات الصغٌرة فً الهند.

 نوع
 مساحة القطعة
plot Size  

مساحة البناء 
 (²الاولٌة )م

 نسبة التغطٌة
Plot coverage 

(%) 

مساحة البناء 
الكلٌة بعد 
 (²التوسع )م

 نسبة التغطٌة
Plot coverage 

 (%) 

A 044 04 04 144 54 

B 044 54 05 144  54 

C 044 144 05 044  54 

D 054 044 00 544 55 

E 544 054 54 544 55 

F 1154 544 05 054 55 

G 1554 544 00 544  55 

H 1544 044 55 1444 55 

I 1544 544 54 1044 04 

 
يمامايبمت   ميةا امميةمتتلفامةلكطبميةة للابمايميةماطكامية ااالامايميةهادماه مةمامتلمم

م .5يةماعكدممااةكم اقم) د عمم1977  م ايممي تلاياهمايممإتملا
م

 (.U.N.,1989,p31( )ٌبٌن احجام القطع الكبٌرة فً منطقة صناعٌة فً الهند (5جدول )
 المساحة الكلٌة للقطعة

 (²)م
 مساحة البناء الاولٌة

 (²)م
 مساحة البناء الكلٌة بعد التوسع

 (²)م
 نسبة التغطٌة

% 

0044 544 1044 05 
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0044 1044 1044 05 

0044 1044 5544 15 

5544 0044 0044 15 

 04 مساحات متنوعة مساحات متنوعة 10444

م
م ممال مية د ةل مافاظممدىم غلاما  ممملاهميةكطلبمايل اميةل ميةلد عميةتللاى م ملايم
للات طم لامطمية لاااااميةيلاودبماليمتللكمية للدي  مثلممي مايل امتغطللاميةلاضمةلكطعلامية لااالام

بم للادبمميلاااميةكطلب مةهلايمالا ممل ميةظللا لايمي ملةل  ممااةلكمتادللدمت ديدم شةعمطللاديممل
ميلللل قمةالللل  مية للللااااميةيللللاودبم  للللعمتادلللللدمميللللااااميةلايظلللليمالللليميةماللللاطقمية للللااالام

(U.N.,1989,p35 .م
م

 القمية لد عميةتليمم² مم420-90يماماليميةم معلاامية لغللابمالا مميلااتهامتلاي الامملا ل م)
م :Bharti, 1978, p.159-161). 6) د عم

م
ٌوضح احجام قطع الارض ال راعٌة فً المجمعات الصناعٌة الصغٌرة )المتبع فً   (5جدول )

 (Bharti, 1978, p.159-161) الهند(
 (²مساحة التوسع المستقبلً )م (²)م مساحة البناء الاولٌة (²)محجم القطعة  نوع

A 144 04  04  

B 144 05  54  

C 044 04  144  

D 044 54  144  

E 044 144 044 

F 054 044 544  

م
اكدماددميةمتططميةياسمةمدلااميةثلاثالامية دلدبم طبميةلايظيمية لااالامميمامايميةعلايقم: -

م .p.75 1987 مه لالاميةعلايق )م. 7 م) د عم²مم3600-214 ل م)
م

 نة الثرثار الجدٌدة ٌداحجام قطع الأراضً الصناعٌة فً مٌوضح  (0جدول )
 (p.29، 1505الحدٌدي ، )

 الحد الاعلى لنسبة البناء )%( (²المساحة )م الابعاد )م( نوع

  قطـع صغٌـرة

S1 00×5 015 04 

S2 00×10 000 04 

S3 00×15 554 04 

  قطـع متوسطـة

M1 00×10 050 04 

M2 00×01 540 04 

  قطـع كبٌـرة

L1 00×00 1440 04 

L2 05×00 1404 04 

L3 54×00 1004 04 

L4 54×54 5544 04 

م
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 -:Provision for future expansionتوفٌر امكانٌة التوسع المستقبلً  

مةلأ اللايةت يلبممإمةااللاي ميادميةف يودميةيايلامةلمااطقمية ااالاميةمتططامميمت اللاملام
ية ااالاميةمشلدبمال ميةعةسمم ميةم ي لبميةمفللادبميةمتالاثلابماليميةمدلالا مي ميةيل بمةتت للصم

ية لااايم ةلاةكمميلإاتلاجم أيلاةلبيبمم مم ية اميةتغللاياميةيلالعامايميةتةا ة  لامميااامةلت 
يةتغللاياميةيلالعاميةمت  عامايمشاسليمية الا.م مايملتطلبمدلايياما ل مميةكطلبم اة ل لابميةتليم
تيمصم ا   مت يلبممل مد  ميةت لا  مالل ميةكطلبميةم لا لابمةلعطليمدةللفًمالل ما لاحمتتطللطم

اةلاسممم ميةتتف مايميةت يبم ل ميةمشالالبمية ااالام مكديلامملايميةت يلبميةماطكامية ااالام 
م-يةايم دملة  ميملايمًةلمة متادلدهم د ا مةهايماا ميمةاالاميةت يبملمة مي ملتمم ميت لل ممما:

 لللتمماةللكم اةا لل عماللل ميلاضمماايلل امم للا لابمةتل لللاممم-التوسااع فااً حجاام المنطقااة الكلااً:
 يةطل ااميةميتك للا.

 لادثماالدماملةل  ميةت يلبمية عممالدديً مةهلايملمةل مي ملتاكلقممم-لتوسع ضمن كل مشروع:ا
م-يةت يبميةثاايم عدبمطلاقمميم:

 
 عضميةمااطقميةمتططامتعطليميمةااللامم-ت اللاميا امممتعددبمم مية الامية ااالا:مم–أ  

مافيه.مةل ااااامي متتا عمية مي الامية لامظم ميةماطكامافيهام ةلمشلا  مية اااي
ي مي ملتمميةت يبمظم ميةكطعامافيهامي مال م طعامم ا لابممتلا ةلامةهلايميةغللاضممم–ب 

 اادم   عميةت يلبميةل مي  ل مالدمممةل مةلهماالدمايكملل لؤميةل مي ملاتكلعميةم لابميةل م
ممةا ميتلامية لامميااا.
لةل  ميةيلل بميةمت لبماليمةثلللاممل ميةمالاطقمية لااالاممل متللاكمم:مافيميةمملةلاميةمتالدب

% مم ممياااميةلاضمةغلاضميةت يب م م متفعمدلايياماددمم ميةم معاامية لالطاالام100)
 ماكللطمملل مميللاااممللاهميةماللاطقممشللغ ةام اة الللامية للااالا.مي م5/1ية للااالا ماكللدمت للل مي م)

يمةااللاميةت يللبملالتجمااهللامةثلللامملل ميةاللا ماللدمميةيلتغفعمية لللدمةلاضمايام لملام للااالام
م. U.N.,1989,p32)امةتت يبم اةيل بمافيهم  اةيلااامافيهامطاةمامي مية اااا

م
اكلدمةلا ميةت يلبممل متلفعميةاتكلاعميةل مم :Annacis Islandيمامايمةاديم ايمماطكام)

 اللدبممظللاافامملل مم الل مايم اللدبممافلللادبم يةاتكللاعميةلل مم للاابمتا للاملللتممياشللاإمامايللبم
ميإ ةامال ميةماطكلامية لااالاميةتليمتكل مميةمتطل اامية دلدبمت   امًاادمااةام   دمية هامية
م  ااءم يل الامية الام ةلسميل الامي م لبميةلاضماكط.

م
 م مStevenageلةلللل  ميةت يللللبمية للللااايمالللليممللللدلاتيم)مم الللليميةمملةللللاميةمتاللللدب:

(Crawley:م- مية دلدتل م دمتاكقم اةطلاقميةتلا
مت يبمظم ميةم  بمافيهم لتمم ت يلبمية الاميةيا كا.مم-
 شاءم االام دلدبمال مم  بم دلدممبمييتملايلامامعميةماشؤميةيا ق.يامم-
 يةت يبمال مايابممعامعمام ا لاممف كامةلماشؤمية لي.مم-
يشغاعممعاملعمام ا للاماليمي ل يءميتللاىممل ميةماطكلام تشلغللهام اةلات لاطمملبميةماشلؤممم-

 ية لي.
ماطكامية ااالا.يةاتكاعمم مم ابم غللامية ميتلامة للامايممةا ميتلامم ميةممم-
م

 ايميةمااطقمية ااالامي يءميةااامتتظم م لاااااممتتلفلامي ممشلالالبم لااالاممتت  لام
اا ميةت يبمايمية الام يةاا امية ميةت يبملعتمدم دلا امة للابمالل ميديلابميةمشلالالبمي ميةماطكلام
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ةمللا ميةلايمةةعميةتيمتيمصم اةت يبم اةياةلبمي ميةطلاقميةتيمملااميافامً ةاةكمالل ميةت لملممي
م p.29 م1989يةادلديم م)لعةسما احميةماطكامية ااالام

م
 : Land use Efficiencyكفاءة استعمال الارض  

تع لاما ممدىميةيلتفادبميةمثلل مةلفلاضميةمت  لامةلماطكلامية لااالاماليمايلبمت  للبم
ميةفعاةلااميةم   دبم ماملاكقميةديءمية ظلفيمةةعماعاةلام  شةعمتةامليمايميةماطكا.

 تكاسمةفاءبميةت ملمم اي امتغطلاميةم لاابممل ما لمميةم  لبميةةللي م ملاهميةايل اممهملام
تا امايمية لدي ميةتيمتيع مةتط للام اااتهام يللااامملبميةاا لاميةل مميلاااامم لاابميةثللام
م ميمةاالاتهامايمت اللاممااطقم دلدبمةماماليمية للدي ميةاامللا.م تتتلل مايلبميةتغطللاممل مد ةلام

 مةلطللاقم3/1 ممل ميةم  لبم م)3/1مملةلاميةمتالدبمتةل  مايل امملامتغطللهمل لل م)ةتلاى مافليمية
م مةلمااطقميةمفت اا.3/1 يةيةكم م)

م
  شةعمااممتل ديدمايل اميةلايظليميةمت  لامةلم لاابم ا دللادما لمميةماطكلامية لااالام

 .م اليمية للدي م1% مم ميةمياااميةةللامةلماطكامةماماليم) لد عم65-%40 ميمتتلاي حم ل م)
يةااملامت ديدمماهميةايبمةغلاضم لادبماي اميةلايظيميةتيمتيتغلهامية الامية ااالامةت لعميةل م

م.U.N.,1989,pp.48-50 ,((Liem,2005,p282)%ميالااام80ً
 الثمامتة  م لادبماي امتغطلامية الامال مايابميةمااطقميةمفت اامي ميةتدمااميةعاملا م

ل للبمدلاييللتهام الللثمةتةلل  ميالللاضمملل ميةا للمماللا ممللايمةلاط للقماللل مشلل ةاميةطلللاقميةتلليم
ميةماايبمةلملا لاميةةليميةمت  ب.

م
 قٌا" كفاءة تصمٌم الموقع: 

م- م اكامًةلمعالللاميةتلا:Layoutتكاسمةفاءبمت ملمميةم  بم)
  ا للتهمةلتط لامال مملاياع.م-1
 يمةاالاميةت يبميةميتك لي.م-2
 م  لا فمRigidً مةملةل  ميةمتطلطم املديمً)ي ملة  ميةمتططمملاااً م ا عمةلتغلللام يةتطل للامم-3

تغلللللاميةمللاة مممتطلللبماللل ميات للالامي م, Flexible layoutة ملت لل م للاةمتططميةملللا م)
 مت  عاً.لة  م يةمتطل اام اةاي امةلماشآامية ااالام

 مم ميةمعالللاميةمهملاماليم للاسمةفلاءبمadaptailityي ماامليميةملا اام يمةاالاميةتغلللام)
 مااةلكمييلاةلبمادللدبمتاكلقميةملا الامم.تاكلقميةا لاحماليميديوللاميةماطكلام شلةعمةفل ءيةت ملممة

م- مي:
متكيلمميةعمعمية مملاياع.ممم-أ
 تكيلمميةم  بمية مي  يءممتةاملا.م-ب
ميةت  لبميةملا مةلفعاةلاام يةاتمادمال مت ملمملاكقميةملا ااميةمطل  امةفديءمية اااي.م- ـ
ام لايللامتتطلطللاماليمت لملمميةم  لبمةةلعم ت لملمميةفعاةللااميةاتمادمالل ماظلامم الديم–دم

  مللاملايلل مممللبميةفعاةلللاامية للااالاممstandardization يةاتمللادماللل مامللااجم لايلللام
(Walker,1980,p.303 . م
م
 المحددات التخطٌطٌة لتوقٌع المبنى الصناعً: 

  مت لللا مLayout عللدمتاد للدمملاياللعمتتطلللطميةم ي للبمية للااالام  ظللبميةمتطللطميةعللامم)
م-مادديامتتطلطلامايمت  لبميةم ا مية ااايمظم ميةم  بم مي:

م
م- :Plot coverageاي اميةتغطلا:م)م-أ
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الثمي ممااةكماي امةلتغطلاممهمامة لامي م غلاميةم  بمم مية الامية ااالام ملاهميةايل ام
م-: . Walker,1980,pp.298-299)تتتل مم م لدمةتلامامثفمً

%ممل مميلااام53.5ت لل مايل اميةتغطللام علدميةت يلبميةاهلاويممتادبميةملالةللاايمية ةلااميةمم-
يةم  بم يةمياااميةمت كلامميمةلطلاقم يةفظاءياميةمفت اام ايبما  مية لااااميةتليم لدمت للدم

مي متاكصم للفمًا مماهميةاي ا.
 تعتملدمم%مةلكطلبميةة لللاب60%مةلكطبمية لغللابميةل م20ات ل ماي اميةتغطلامم مميمامايميةهادم-

ةاةكمال مميااام طعاميةلاضمية ااالامظم ميةم  بم ال ما  مية ااااميةمطل  ا م ت عم
 %مال ميةت يةيمم ممياااميةم  ب.80%م م50 عدميةت يبميةاهاويمية م

الثمالددميةمتطلطميةيايليمةمدلالاميةثلاثلالام لا مايل اميةتغطللامةلم  لبميةمتطلطمم ايميةعلايقم-
 امايميةميااام ة اااااممتتلفامظم ميةم  ب م لا مةتت لا  م يةمكيممية م طبميلايظيممتدلا

م. p.35 م1989يةادلديم م)%مم ميةمياااميةةللام70اي اميةتغطلام عدميةت يبميةاهاويما م
م- تع دميي ابمتادلدمماهميةايبمية م:

ا  مية اااامي مط لعتهامية ظلفلا م ة اهامظالابمي مسللامظالابم الثمةتإثلامال مية الاممم-1
ميةم ا لاب.

اللامليميةملا اللام يةتغللللامالليميةمللاة مظللم ميةم  للبم يةلللال مل للبمي ملتلل الايمالليمتتطلللطممم-2
 يةماطكامية ااالامي ميةمشلا  مية ااايمايمامطممعل مم مية اااا.

 ةمابمياتكاعميةالايوقم يةاف الايام يةظ لجمية مية الاميةم ا لاب.م-3
 يلالامً   لالامً   تلامً  ظلفلاً".ت اللام لوامتكالام" لوامديتللامملالاامالامم-4
ت اللاممااطقميةتامللعم يةتفلالل م يله ةاميةالاةلام لل مية اللامية لااالاممملاملتطللبم  ل دممم-5

ميةثلامم ممدتع.
يةمم,مماملعايم مل مملاهميةيل ابم االهمةللتممييلتغفعم طعلاميةلاضمي ميةم  لبمية لاااي

مطل اتهام يةماددياميةمت عامايمةعم لد. اقممعالللامماددبم مت الاام ايبمط لعامية اااام مت
م
 -علاقة المبنى الصناعً بالابنٌة المجاورة فً المنطقة الصناعٌة: 

م دولامً   عميةتطلاقمية ماف اميةم ا مية ااايم اة الاميةم ا لابمةهمايميةم  بمية لااايم
جمال مييلل بمة دمم مت ظللصمتةل ل مية لولاميةعملاياللام)ية لااالام يةيلةالا م شلةعمالامم يةالات

تكدلمميةةتعمية ااولامايميةم ي ب مالثمللا بمةلهميةثللاميةة لللاماليمتادللدمظللا  ميةمالاخميةمل  عيم
م-  اةتاةيمال مظلا  مية لواميةديتللامةلم ا  ماه ميمامي ملة  :

م
 تتملل م لهميةملد ميةتكللدللاميةكدلملاماليميةمالاطقماياميةمالاخميةالالامية لا  مم التكوٌن المتضاام: 

ية لام دلامم ميةامالامم ميةشلعا ميةشميليم   ل دميةشل يلا ميةظللكاميةتليمتإةلدمملايمميةايمل الا
يةمفه ممم مااالام ت الاممياةكمةالاةاميةلالصمم مااالاميتلاىم يةماا عماياميةفااءياميةديتلللا م
 ياتفاضميةفظاءياميةمفت ااماله ميظااامية مي مايبمي عادمماهميةفظاءيامتة  ممتكالا لام لل م

هللام ية عللادميةاكلللامي مل لللدمااهللا مةهللايملكللعمتللؤثللاميةشللعا ميةشميلليماللل ممللاهممعللدعميلاتفاا
يةفظاءيام لكت لامال ماتلابم لللامم ميةاهالاماادمامتة  م ي لاميلاتفا ميةشمسمااةلا مةهايمةلمام
ةااامية الاممتكالا ام متف كا مةا متؤثللاميةشعا ميةشمييمال ميةعاا للاميةعم دللام)ية لدلاي م

 للفًمتا امايما عمية لل مالثملامتل ديدممعلدةاميلاتفلا م  يللاميةشلمس مةلايمتكلعم يةفتااا م
  .p82,1986لامظا ,يمملامت  لهمية الامظم ممايميةا  مم ميةتة لااام)

 
 لتمللل م للهميةتةلل ل ميةعملايالليميةاللدلث مالللثمي ميةةتللعمتللإديميةلل متلللقمممالتكااوٌن المتباعااد:

ال لعبمتل اللامظللا  م لوللامماايل امةهلا مةلايممميااااممفت ااممعلاظامية ميةشلعا ميةشميلي
ايميةمااطقميةاالابمية االامملة  مم ميةميتاي م لاياتهام تش للاما مالثمي ميةشعا ميةشميي
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لةلل  مم اشلللايمً معلللا  ميةت للاه مممللامل عللعمت  لللهميةم للاايممهمللامً يلل بميةفظللاءياميةمفت اللام
دممةلم لاابمالثملامتةل  مةثاالاميةت مللبم يةة للابماله.مي ممايميةلامطمةت مللبميةةتلعمية ااوللامليلتت

 يلاتفا ميةةتعم)ييما  متاظلمها ملت  ل مالل مييلاةلبميةتتطللطميةمت علاماليميةم ي لبمية لااالام
م- :p.7Evans, 1985,(5 ميمةماملليم) اةظااامية ماظامميةالاةاميةمت ب م

م
م :Grid Iron اقماظامميةالاةاميةش ةيم)م-أ

يةمشالالبمية ااالام ي التهامية ااالامايميسلبميةالا ممي ممايميةاظاممليتتدممايمتتطلط
ةلعطيمالالامت  للبميةم ال م اف تلهمملبمية اللاميةتللاىم اعاةللااميةفظلاءياميةتالا للامظلم م
يةم  للبميةمت للصمةهللام لمةلل مي ملةلل  مملل ميةالل  ميةمفتلل حمي ميةتكللللدي م ليللاادماللل متاكلللقم

م .Rudolf,1977,pp.274-276يةت يبميةميتك ليمةلتط لامية ااايميةيلالبم)
م
م :Super block اقماظامميةةتعم)م-ب

م-لظهلاممايميةاظامميةثلامم مت ملممةت  لبميةم اايمية ااالام ةةاهامتشتلاكم ملعهام مامللي:مممممم
م .Setback   دممياااامتلفلامسللامميتغلاميظااامية ميةلاتديدميةماميم)م–أمم
معمةطلاقماا لامي ممااطقمتظلايءمتكلدلاممل م   دما ي عم اا لام ل مية الامتيتعمم-ب

 م مماهميةمياااامت ديدمايمااةامية الاميةاتا لاميةتا علامةمشللا  م لااايم10-15)
 يالللد م مللليمم  للل دبم لللل مية اللللاميةمافللللادبمظلللم ميةماطكلللامية لللااالاميةمتططلللام

مة اااااممتعددب مماهميةميااامت ديدمي متكعمايبما مميةم ا م شةله.
متاصمم ل : اقمييل بمم-ج

ليتتدممالهميةتتطلطم اقميةاظامميةش ةيمةم م اامم ميةم اابميةتا عامةمشللا  م لااايم
 ياد مالثملمة مي متت يبم يممم مماهميةم اابم ةلسم ملعها م مايميةيل بمي ت اديميةثلام
ايمييتغفعميةم  بمي ماي اميةتغطلا.م الهملتممتلاتلبمم م الاممل مي اللاميةم لاابم اللثمتةل  م

مللايمملاميةلل ما لل مالللاضميةم للاب. مميللا gapsكمميللاااممتلا ةللام للل م الل عمية الللام)ماللا
 ميظعا مميااتهامية ةلا ميملاميةمعاملعمية ي علام3يةتتطلطمليمصمةكيممم ميةم اايم ا متت يبم)

% مةادميال مي م لدمتت يلبممعاملعميتللاىم ايل ام125ال مية  يابمالمة مي متت يبم مكديلام)
يةتلفلا.مي مت  للبمية اللامية لااالام    ل دمملاهميةميلاااميةفا للامم% مم متفعميةميااا50)

 ةي ابمادلدبمةمامملاماةلاما ميتعطيم  لابم يظاام ا ميةةتعمية ااولامية ااالامايامتاظللمم
مت اادم)مفت ح م ةلسممتظامم ايامةثااام ااولام لللام ي بمت اادمام  الاتفاالااممت الالامايلبم

م .p.25-28 م1985ةم اا ما  مية اااام متطل اتهام)
م
 بنٌة الصناعٌة والظروف المناخٌة:علاقة تنظٌم كتل الا 

ي مةا  ميةتاظلمميةةتليميثلايًمة لللايًماليمتادللدمظللا  ميةمالاخميةمالليماليميةم  لبم  اةتلاةيم
ظلللا  مية لوللاميةديتللللامةلم الل  م مللايميةثلللاملتمثللعمالليمتادلللدممللدىمتعلللاضميةيللط حمةفشللعا م

م يت اهميةه يءمظم ميةم  ب.ميةشمييم تادلدميلااا
  مللامي ميةتاظلللمميةمفظلللعمةف الللامية لللااالامملل ميةتاظلللمميةمت االللدم)ي ميةمفتلل ح م ةللللسم

  اةظلاااميةل مم,يةمتلايص م ال ميات الامي ميةشةعميةماف عمم ميةميلتطلعم)ةملاميل قمشللااه 
بم مللاممل م  مالا مملايميللتطلMutual shadingياعديممتلؤثللاميةتظلللعميةمت لادعم لل ميةةتلعم)

يةمعاة للاامت للدأمملل ميةملاياللعمية ةلل مةلعمللللاميةتتطلطلللام يةت للململا ممظللااامًيةلل مي ما لل عم
يةتظللعميةمت لادعملعتملدمالل ميةعف لام لل ميلاتفلا ميةم ال م اللاضميةفظلاءميةتلالا ي ماةلملام يدم

 Spacingالاضميةفظاءميةتالا يم لعمتلؤثللاميةتظلللعمي مياعلدم م اكلامًةمعللالام ي للاميةت االدم)
Angleميةايملمة م  ييطتهمتادلدميلاتفاااامية الام يةميلاااميةفا للام لاهلا ميةمي مييلتعماةهم 

 ي بمي ميلاتفا م ا مميةم ا ملعتمدمال مم,ايمتادلدميلاتفاااامية الامية ااالاما ماطاقمظلق
ةملاممل ميةالاعماالدمية لاااااميةظلالابميةتليمل لبما لعميةم لاايمالهلامم-ط لعام ا  مية لاااا



  مجلة الهندسة 2002حزيران     41المجلد   2العدد 

 

 iasj.net 335متوفر على الموقع التالي: 

ياااامة للابمتفالامًةلمتاطلا.مةاةكم ايمااةامت اادمية الامت ديدميمملاميةت  لله مالل ميات لالام م
م .(Evans,1985,pp.60-61ي ميةت  لهمية لدملكلعمم متؤثللاميةشعا ميةشمييم شةعمة للا

م
 الاستنتاجــات: 
ةمتمل بم ة للاميميةم اابم ةاةكمال مي الاميةمتا  يةم اايمية ااالامي طفحملطلقمال مإ ممم-

ا مها م اةكمةت اللاماماظاءيامامعم ييعامسللاممعا امتاكقممتطل لااميةعملللاميةاتا للا م
ت املمهامتيمصم امةاالامت ادةهامية ظلفيم)ت اللاماماامعميةملا الا  مةتل ليممإ مإة م الإظااا

 ياتلا ااميةت يعااميةميتك للا.
يةماطكلامية لااالام ا مهلام ال  مما  ممملاهمية اللامتتتلل مايلبمال  مية لاااام ط لعلامم-

يةيللتثمالاميةماللددمة امللاممشللالالبم للااالاممتعللددبمالليميةم  للبمي مةتدمللاممشلللا  م للااايم
 يةاااابمايمية لدميةمعل .م يلأاظما ياد م ايبمط لعاميةك يال م

ي مط لعاميةم اايمية ااالاملفظعمي متة  مم ميةا  ميةماف عم ي بمم م ااما يملعمماهلاممم-
طلامةلم  ب م يمةاالاميةت يبميةميتك ليم ةة  ميسل هامم ا مياتا للا م ةاتملاعمالد ثمايبميةتغ

يةالايوللقمي ميةمتلل ي ياميةعالفللام ةتيلللابميةملل يدميةظللالاب مالفظللعما للعمية الللامية للااالاممللبم
 ية لوام ية ظلفلا.مةفاءتهامأث تايةيتطاةلامةا  ممميلأشةاعياتمادم

لعلاضميلم,ميةم  لبم  عف لااممت االدبمملبمية اللاميةتللاىي مت  لبميةم ا مية ااايمظلم ممم-
يةم ا مية متاثللاميةظلا  ميةمااتلاميةتالا لام شةعمة للامالإثلامالل ميديولهميةاللايلايم الل م

اصمتللاثللاميةشللعا ميةشميلليميةم اشلللا,متلل اللام لوللامديتللللامملالاللامةلعللاملل مالللهم  شللةعمتلل
مالاخميةعللايقم,مةلايملةل  ممل مية لا ميةلايملمتلا م لهمت   امتاامظلا  ميةمالاخميةالالام

يةظلا لايميةيتفادبمم مت الابميةد عميةمتكدمام ااالا,مت   امتلكميةتليملشلا هممااتهلام
يةعللاممماللاخميةعلللايق,مة ظللبميةل اللاميلأيللاسمةم ي للبم للااالاماا اللامملل ميةااالللاميةتتطلطلللام

  ية لولام ةت الامشلا طم متطل اامية لواميةديتللاميةملالاامةلعاملل .
 عمللاميةتاظلمميةمفت حمتعت لامميلؤةامت  للهميةةتلعمية ااوللاماليمساللاميةممللام يل بممتايلأاادممم-

 لادبميةمياااميةيطالامية ميةا م ميمامايميةتاظللمميةمتظلامم)يةمتكلالاب  ماتكلعمايل ام للادبم
يةمياااميةيطالامية ميةا مم  اةتاةيمتكعميمملامت  لهميةم ا  مةاهاميتعمعم ا امًيةل م البم

امية الامايميةايلجمةلتكللعمم متؤثللاميةشعا ميةشميي م مايممامةلا لعماليميةم ي لبممبم كل
 ية ااالا.

مةلم اايمية ااالامم مييل بميةت مللبميةمت االدميلأاظع ةمامةا مييل بمت ملبميةةتعمية ااولاممم-
يميةمااخم)مال ميةلاسممم ميمملامم دأميةتلايصميةةتليمةماددمةت اللامية لواميةديتللاميةملالااما

يتيميلللة  مظللعلفامً مةللايمالا مد لاميةتظللللعميةمت للادعم لل ميةةتللعم يةتظللللعميةلايةالالامية للا  م
يةالللايلايم اللل ممأديوهللايةمااتلللاممللإثلايمً شللةعمة للللاماللل مةفللاءبمملا   ل لل صمتللؤثللاميةظلل

 لاالااميةطا اميةميتتدمامةتاكلقممتطل ااميةلايااميةالايلاللامةل لولاميةديتلللامالهلا مةل ل صم
 ايمت اللاميةلاياامديتعم لواميةم اب.ميلأياسةم ا مم ميةعامعمسف مي

م
 :العربٌة المصادر

م.1978",معهدميةاماءميةعلا ي, للا ا,يمللام م"ت ملممي ةيمةلم مبمية ااايم,يةتاللام-
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يةادلللللدي متلاةلللليمايلللل مالللللي ميةمتطل للللااميةتتطلطلللللام يةمعمالالللللامةلم ي للللبمية للللااالامم-
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يةيماك مد.مامدمي ملا ما اسماليميةتملمي م"ييسم غلايالامية لاااام تط لكهلا" ميةم  لع مم-
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  غديد.م161أم- مج1987 مه لالاميةعلايق م"ملواميةمد مية دلدب ممدلااميةثلاثالامية دلدب" مم-
م.1979ملدم مد.املدم ايمماملدم يتلا   م"ية ت ادمية اااي" م غديد مام-
ثاولاماليممامدم"يثلاميةع يمعميةمااتلامايمتتطللطم ت لملمميةميلت طاااميةاظللالامم,لامظا م-

م.1986ايميةمااطقمية الاي لا" ملاياةامما يتللا مةللاميةهاديا م امعام غديد م
م1987ي" ميةط عاميةثاالاميةكاملاب ملالاض مد.ةماعملالاض م"ييسميةتتطلطميةعملايام-
 .1974ي  يد م"ا متتطلطميةمد " متلا مام لهجمشع ا  م للا ا.مم,لا  للام-
م.1965لاب مـــــــاملا  مد.ايل  م"م ي ااميةم طلااامية ت ادلا" ميةمةت اميةادلثا ميةكامم-
هلاميةاللايلايماليماظلع مااديم م"يثلاميةشةعميةهادييمةل ادبميةيةالام ت  لههامال مةفاءبميديوم-

 .1992يةمااطقميةاالابمية ااا" ملاياةامما يتللا م امعاميةتةا ة  لام
ةم اللا ميللعدما للل  م"معاة للاامتتطلطلللام معمالالللامةلماللاطقمية للااالامالليممدلاللام غللديد" مم-

يطلا اامما يتللامسللامماش لاب م امعام غديد مملاةل ميةتتطللطميةاظللايم ية للملي م غلديد م
م.1985

اب م"يةيسميةتتطلطلامةت  لبمية اااااميةمل ثلام سلللاميةمل ثلاماليميةملد ماا ي ما دمية ام-
م.1982يةعلاي لا" ميطلا اامما يتللا م غديد م

م
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 ستراتجيات العمارة الشمسية 
 

 رنا مجيد ياسين والمهندسة صبا جبار                               دكتورة 
 كمية الهندسة  -جامعه بغداد

          

 -الخلاصة:
عمى اساسيا نظم  تتطور وجود من اساليب معمارة الشمسية عممية منيجية تعتمد عمى ما البناء الشكمي لتمثل عممية  

النظرية الوظيفية في البناء الشكمي كما تتاثر  وتقترب من، الشكل المثالي الكفوء لحفظ الطاقة  د بنيةتحدوتفاصيل جديدة 
بالنظريات الاخرى ،وتتغير من مصمم الى أخر لتحقيق الابداع الشخصي في قضايا الشكل المتعمقة عادة بالحدس الذاتي 

التصميمية ضمن ماىو ممكن لموصول الى حمول مناسبة واحيانا  والتركيز عمى استراتجية دون أخرى والاستفادة من المناورة
 مبدعة .

تبني فكرة دمج التقانة الذكية بالعمارة الشمسية ضمن طرح سائد في و تاثر المصممين بالتقانة المعاصرة الا ان 
تحمل جانبا  فكرةالبحث وىو ما يعتبره ،  مختمفةسبب ظيور نماذج شكمية  اعتبارىا دلالة الى تقانة منفصمة تربط بالمبنى

اذ ان التقانة في وقتنا المعاصر عنصر ميم يمثل البنية المتغيرة المستجيبة  ،الحقيقة مجتزئة  فكرةمن المصداقية الا انيا 
لمتغيرات الحاصمة في البيئة المحيطة بالمبنى لتيئ ظرف راحة انسانية ،ولكي تكون فاعمة لابد ان تكون متكاممة مع الكيان 

 لممبنى ككل . المادي

تتناول دراسة ستراتجيات بناء الشكل المثالي لمعمارة وتكامل النظم التقنية معو لذا ينطمق البحث من مشكمة معرفية  
في الوقت  لتفعيل الاستفادة من الطاقة الشمسية ضمن العمارة بيدف تحديد ستراتجية البناء الشكمي لمعمارة الشمسية 

اذ توصل البحث الى فرضية مفادىا ان للابنية لمناطق الحارة الجافة خصوصا ية اصعموما وضمن خصو المعاصر 
بنيتين  المبنى الديناميكية اداء افضل من الابنية الساكنة، ولكي يحقق الاعتماد عمى الطاقة الذاتية فانو لابد ان يمتمك

ي وحددىا البحث " كبنية ثابتة " فيما تكون متكاممتين تتميز البنية الاولى بالاستقرار تمثل ستراتجيات تصميم الشكل المثال
البنية الثانية مرحمة لاحقة لتصميم البنية الثابتة تعتمد عمييا في حساباتيا وتصميم نظميا تتميز بالحركة والتغير المستمر 

قانة ذكية دوية او ميكانيكة او كلاييما معا وىي ضمن العمارة المعاصرة تكون تثلاث انواع من السيطرة تكون اما يوفق 
 دىا البحث " كبنية ديناميكية " .تممك استجابة ذاتية بسيطرة ميكانيكية ، حد
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ABSTRACT: 
The research had dealt with a study about the solar architecture, and determined the 

development in its forming construction strategies, by entering the intelligent technology with 

architectural control systems to create a comfort interior environment and gaining solar 

energy. 

The  importance of the research came from being of contraction of using original design 

approaches which can be created solar architecture over ages ,against the appearing of wide 

use of intelligent technology integrated to solar architecture which is the reason of the 

appearance of different formal buildings types ,some designers have been effected by the 

contemporary technology signed to technological elements connected with   building, to gain 

power from solar energy ,which the research consider it truth ,that have aside of credibility but 

it is a curtailed truth . 

The purpose of this research is to state a “strategy of construction forming for the solar 

architecture “and determine its development with integrated technology to the solar energy 

gaining system and control system, and study the effect of using industrial intelligent 

technologies to gain it automation ability in the identity of response, and personified the effect 

by integrated it with the whole envelope of building. 

While the general research problem is tended to find a knowledge to determined the effect 

of using solar energy in building to develop the strategies of forming construction in it, and 

find a knowledge to determine the effect of technology integrated to solar architecture to 

develop the strategies .and finally the research gained many result and reach many conclusion. 

 
 : العمارة الشمسية

، مثل لمتصميم كمرتكز اساسيتمثل العمارة الشمسية العمارة التي تتبنى توظيف الطاقة الشمسية 
مريحة مسيطر عمييا تتناسب  المباني الكفوءة الطاقة والتي توظف الطاقة الشمسية في تحقيق بيئة داخمية

اعتمادىا طاقة ذاتية عن طاقة رة ،الى جانب الراحة الانسانية من متطمبات التكييف الحراري والانا وحدود
 الاشعة الشمسية .

ان استخدام الطاقة الشمسية في العمارة لا يمثل فكرة القرن العشرين ولا توجو فكري لحركة معمارية 
ظيرت مع ظيور مشاكل الطاقة او غيرىا ،وانما يمثل عممية منيجية ليا اصول تصميمية تمتد الى 

اكتساب الطبيعية بتجنب او بالتعامل مع الظروف  ضارات وبناء اول عمارة للانسانلحبدايات تكون اولى ا
ىذه الطاقة ،لتتطور عنيا مجموعة اساليب لمتعامل مع المشاكل البيئية وتوظيف الطاقة الشمسية والتي 

 . [Denholm, Paul L, 2004]تطورت بمرور الزمن الى مجموعة ستراتجيات تمثل تجارب الشعوب 
في البناء الشكمي  ةيالوظيف ،والتي تقترب اكثر من النظرية ه الاستراتجيات بنية الشكل المثاليمثمت ىذ

توظيف الدافع الذي يوجو التغير نحو الا ان  العممية الفكرية لتكوين الحل ، توجو ستراتجية اساسك لمعمارة
ى ايجاد معالجات فعالة وح العصر" التي تيدف اليرتبط بنظرية اخرى تعرف "بنظرية ر  1بدائل الطاقة

اىم لمشاكل سائدة ضمن تمك الفترة الزمنية ،وىو مايفسر التوجو الكبير لحل مشاكل الطاقة باعتبارىا 
                                                 

 في مقدمتيا الطاقة الشمسية ضمن أفكار الاستدامة في العمارة 1
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تتجسد في عدد كبير من  فيزيائياً، تحقيق الشكل المثاليب النظرية اليندسية تعنىفيما العصر ، شاكلم
ونظرية الغلاف الشمسي،وطروحات)د.وأتسن  في الشكل المثالي الطروحات أبرزىا لـ )رالف ناولز(

 .[Denholm, Paul L,2004] ود.ماركوس ود.موريس( لمشكل المثالي حراريا ،إلى جانب طروحات )اولجي(
1وظائف العمارة اقتصرت في السابق عمى تحقيق الراحة الحراريةبالرغم ان 

التي تتضمن تدفئة   
معايير بسيطة بعيدة عن التعقيد تتماشى مع تكييف الإنسان  وفق ،[ Bratati, 1994, p.2] وتبريد الفضاءات

 عميق الارتباط مع بيئتو امتميز  قيمة اكبر تجعموليكسب  مبنى عن الترف بتصميم الضمن بيئتو بعيدا 
[Schulz,1966,p.109-104-21] وىو ما يفسر الاختلاف في المباني التقميدية ضمن المناطق المختمفة في,

ىذه الفكرة بواسطة المعالجات  رتتطو ولقد   الحارة الجافة والحارة الرطبة والمناطق الباردة؛ ظروفيا البيئية
  أشكال عديدة .بالبيئية والتصميمية 

إلى أن حدث التطور الحقيقي مع تطور مفيوم الآلة منذ بدايات الثورة الصناعية وتقدم وسائل السيطرة 
.وىو ما طرحو ايزنمان من [Rush, Richard D ,1986,p.22]ال البيئة الذي يعكس التطور التقني في ىذا المج

اسباب التغيير في النظرية المعمارية واوضح بان تقولب الوظيفة في اطار ما يسمى الشكل يتبع الوظيفة 
جاء نتيجة استحداث وظائف جديدة بسبب الماكنة والتصنيع خمفت العديد من التعقيدات التي لم تستطع 

واوضح ايزنمان بان العمارة اصبحت فنا تكون وافية لحل اشكالية التصميم فييا  الاطر النمطية ان
اجتماعيا والوظائف اصبحت اكثر تعقيدا و القدرة عمى اظيار الشكل النقي او النمط النقي اصبحت 
متاكمة ففي القرن التاسع عشر حتى العشرين اصبح نمو البرنامج اكثر تعقيدا و النمط الشكمي اصبح 

 .]73،ص9999الدجيمي، عمار،[كاىتمام قابل للادراك و التوازن مقيسا
 كيدف (Life quality)نوعية الحياة تمثل بتطور وتعقد متطمبات و تالتغير الى حالة اكثر عمقا  ليتعدى    

التي يوفرىا المبنى من خلال عممو كمرشح لممناخ عن طريق المنشأ و  ، (pleasure)يتضمن عامل المتعة 
ومن المعموم لغة أن المتعة شعورٌ أكمل وأتم من حالة الراحة ، وبالتالي فإن الراحة شيء والخدمات. 

 [.4003]رسول،ىوشيار قادر ، والمتعة شيء آخر متفوق عمى الأول ولا يتم إلّا بو
 والشكل تياجاتيم لمتعبير الجمالي لمييئةيمتمك المعماريون الفرصة المناسبة ليوفوا بوقت واحد اح

الوظيفة والخدمات )تدفئة فالتلازم بالعلاقة  ،لمتدفئة والتبريد والإضاءة الوظيفي اضافةوالاداء 
2جعل من السيطرة البيئية مانحة لمشكلمع المعالم المعمارية ،تبريد،اضاءة( 

 (form givers) في العمارة
كنو ممجأ مريحا في المبنى الذي يجد فيو ساان  [Norbert lechner,2001]  الوجود الإنساني ضمنيا ومعززة

  [م(.ق 390-470)ما يممك ىو بلا شك أفضل المنازل وأجمميا كما يعتقد سقراط  معجميع الفصول ويحميو 

 . ]9978سمفر ناتان، 

                                                 
1
 [.Schulz,1966,p.21]ىو اليدف الرئيس لإقامة المبنى  (Artificial Micro Climatic)إذ ان تأمين بيئة داخمية مسيطر عمييا  

2 We can say that the environmental controls are form givers in architecture  [Wiley&Sons,2001,p.9] 
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كمفيوم مرتبط بطبيعة الإنسان المعقدة المتجية   (Human Comfort)توسع متطمبات الراحة الإنسانيةان 
 .عاـتوسفس المعدل متطمبات أكثر تعقيدا و زت تدريجيا وبنالترف أفر التغير والتوسع و  باتجاه

ولعل مشاكل الطاقة كانت الاكثر من المحددات البيئية التي تتطمب التعامل مع العمارة ضمن 
 تخمي المعماري عن ميامو خمقمستوياتيا المتعددة كي يكون الانتاج متوازنا في مضمونو ومظيره ىو 

 .طاقةالمة مشكعدد من المشاكل في مقدمتيا 
إلا أنيا مشكمة من نوع أخر ضمن قطاع ألمبان  يبين رالف ناولز: حقيقة المشكمة  كانعكاس لما  

قامت بو المدارس المعمارية من تدريس أجيال من المعماريين اعتمادا عمى معان لا معمارية لمتكييف 
معضمة استيلاك  يان ألان عمى ىيئةمناىج تظير لمعوالمشكمة في ىذه ال (Environmental adaptation)البيئي 
 Architectural) لكنيا من وجية نظره "مشكمة تعبير معماري (Energy Consumption Dilemma)لمطاقة

Expression)  انبثقت عن ذاك الأسموب في التدريس [Norbert lechner,2001]. 
وتظهر مدى  ة لمطاقةيمكن تحديد جممة من التغيرات تسبب تزايد حاجة العمار ضمن هذا السياق 

 عمق المطمب التصميمي لعمارة شمسية وفق ستراتجيات ثابتة وحيوية:

 .ثورة في الوظائف العمارية الجديدة ،بعد الثورة الصناعية عمى الخصوص 

 يفوق شعور الراحة وصول الى شعور اكثر تمام لم اىدف ايير الراحة الانسانية الذي تعدفي مع التطور
 الى درجة المتعة.

 مص وتراجع اعتماد الاصول التصميمية التي افرزتيا العمارة عمى مر العصور في تجنب او كسب تق
الطاقة الشمسية لمعالجة مسالة تحقيق الراحة الحرارية والتي تمثل الجانب الاكبر المستيمك لمطاقة 

مة في تبريد فت كطاقة سيالاعتماد عمى الطاقة الاحفورية التي اكتشالتوجو الى سببو ،و ضمن العمارة 
 .اضاءة الفضاءات وتدفئة و 

  تغيير الضغط الخارجية لعوامل البيئة المحيطة ،بسبب التغير العام لممناخ(climatic change)  الذي
من الحرارة التي يتعرض الييا المبنى ،متطمبا جيد اكبر لمسيطرة عمى البيئة  ااضافي فرض حملا
 الداخمية. 

وان العمارة الشمسية لكي تكون  ،مشكمة كبيرة الى حد يكفي لخمق  يمك طاقةالعمارة اليوم تستن اذ
عمارة مستدامة ناجحة تمبي التزايد في الحاجة الى الطاقة ضمن متطمبات الانسان في الوقت المعاصر 

تستغل الطاقة الشمسية ضمن فترة الاشراق ليس لتكيف وانارة الفضاء نيارا فحسب وانما  ان فلابد من
التطور حاجة قة المساعدة لتشغيل وادارة المبنى عمى مدار اليوم بالطاقة الذاتية وبما يسد لتزويده بالطا
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المستمر التقني ونظم الادارة والسيطرة ضمن المبنى ، من خلال الاستجابة والتغير فييا لمتعامل مع التغير 
1في المعطيات المناخية

   . 
ى ثان من التعامل أكثر مرونة لو خصائص وبما إن العمارة ثابتة لابد من إن يكون ىناك مستو 

المعطيات المتغيرة لمبيئة ويوفق بنيا وبين التغير في المتطمبات المتغيرة لمبيئة الداخمية يتعامل مع احيائية 
ىذه الأجزاء تتغير استجابة لمؤشرات التغير في المحيط :الاتجاه ،الانفتاح   الثابتة نيةالبالمحتواة ضمن 
  . ]79،ص4006الدراجي،رنا ، [الرقمية الذكية،البرامج فيةوالانغلاق ،الشفا

ولا يمكن تغيـره زمانيـا ،يجعـل التغيـر ينحصـر ضـمن  الا ان اعتبار الشكل البنائي ثابت لصفة البناء
قشرة المبنى مرتبطـاً بالفضـاءات الداخميـة وتقنيـات السـيطرة والاتصـال والادارة ضـمن المبنـى  لتمريـر مـاىو 

الشمســية الــى داخــل الفضــاءات وحجبيــا عنــد انتفــاء الحاجــة الييــا او اكتســابيا ضــمن  ضــروري مــن الاشــعة
 القشرة لتوليد الطاقة الذاتية .

فـي العمـارة الشمسـية لكـي يحقـق الاعتمـاد عمـى الطاقـة الذاتيـة البحـث ان الشـكل المثـالي  يفتـرضلذا 
ســتقرار تمثــل ســتراتجيات تصــميم الشــكل فانــو لابــد ان  يمتمــك  بنيتــين متكــاممتين تتميــز البنيــة الاولــى بالا

المثــالي حــددىا البحــث " كبنيــة ثابتــة " فيمــا تكــون البنيــة الثانيــة مرحمــة لاحقــة لتصــميم البنيــة الثابتــة تعتمــد 
عمييا في حساباتيا وتصميم نظميا تتميز بالحركة والتغير المستمر وفق ثلاث انواع من السيطرة تكون اما 

ييمــا معــا وىــي ضــمن العمــارة المعاصــرة تكــون تقانــة ذكيــة تممــك اســتجابة ذاتيــة يدويــة او ميكانيكيــة او كلا
 بسيطرة ميكانيكية ، حددىا البحث "كبنية ديناميكية" . 

 
 :ضمن البنية الثابتة ستراتجيات العمارة الشمسية.4

ئة تشمل الاستراتجيات التصميمية لمعمارة الشمسية تصميم المبنى لتحقيق الراحة الحرارية من تدف
  )وتبريد إلى جانب توظيف الضوء الطبيعي ضمن نظم إنارة المبنى لتتجسد بـ: نظم التجنب الحراري 

(Heating Avoidanceوالنظم الذاتية ( (Passive System73،ص4006الدراجي،رنا ، [في التدفئة والتبريد والإضاءة[.  

ى عدد من الاستراتجيات الخاصة ستراتجيات تصميم العمارة الشمسية ضمن بنيتيا الثابتة الحددت 
 التي تتفرع عن الاستراتجيات العامة والتي تصنف الى:

 :  من الاستراتجيات الخاصة اوالتي تتضمن عدد (heating avoidance)ستراتجيات التجنب الحراري  .9

  ستراتجات التوجيه(orientation strategies): الشمسية  مثل الإستراتجية الأولى في عممية تصميم العمارةت
، اذ ان التغير في التوجيو يسبب أختلاف كمية وزاوية الأشعة الشمسية الساقطة عمى أوجو المبنى 

التوجيو الجنوبي اذ ان ، [Boyce, Newsham Myer ,2003,p.90]مما يؤثر عمى ادائيا الحراري بشكل كبير،

                                                 
1
التي تمتع  بفترات اشراق طويمة عمى مدار اليوم والسنة وضمن مناخ صاف يحتفظ بالطاقة بدون  وىو ما يمثل ثروة تممكيا المناطق الحارة الجافة 

  تشتيت وامتصاص عن طريق الغيوم .
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جة الحرارة تحت المعدل لممبنى يكسب السطح اكبر كمية إشعاع خلال الفترات التي تكون فييا در 
)شتاءاً( واقل كمية خلال الفترات التي ترتفع فييا درجة الحرارة فوق المعدل )صيفاً( مما يجعمو التوجيو 

O) المثالي ،مع وجود مناورة تصميمية تعطي مرونة أكثر لمتوجيو المثالي بزاوية 
جنوب –جنوب ( 4425

  [Norbert lechner,2001,p.99 ]وب غرب جن-جنوب شرق (O4425)شرقي مع نسبة سماح تصل إلى 

 ستراتجيات التظميل (Strategies Shading):تحقيق الراحة الحرارية الداخمية طبيعيا ل االتي تمثل مفتاح
. ستراتجية التظميل العام :يتينمن ستراتجية التجنب الحراري. يعتمد ستراتجيتين أساس اأساس اوجزء

 ات.. ستراتجية تظميل الفتح4و .لممبنى 
 ستراتجات الاضاءة الطبيعية (sun lighting strategies):  تصنف اعتماداً عمى محور توزيع الفضاءات نحو

 الفضاءات.تنطيق الفضاءات عمى المستوى الأفقي بتنظم 9 استراتجيتين اساس:مصدر الأشعة لتحدد 
طات التي لا تحتاج إلى التي تتطمب مستويات عالية من الإضاءة الطبيعية قرب النوافذ ،وتوقيع النشا

. 4 .[Brown,G.Z.&Dekay&Mark,2001,p.167-168] الإضاءة الطبيعيةبعيدا عن مصادر  الكثير من الإضاءة
الفضاءات التي  ضمن النسيج الحضري المزدحم توقع تنطيق الفضاءات ضمن المستوى العمودي

ا التي تتطمب إضاءة اقل يمكن تحتاج إلى الضوء بشكل كبير يمكن إن توضع في الطوابق العموية بينم
 .[Bratati,Biswas,1994,p.102] إن توضع قرب مستوى الأرض 

 ستراتجيات العزل الحراري (heating insulation strategies):  استخدام العوازل الحرارية والتي ىي مواد
عبر قشرة  بسعة حرارية واطئة وذات ممانعة حرارية عالية يمكن بإضافتيا تقميل السريان الحراري

 المبنى والتي يفاد منيا في المحافظة عمى درجة الحرارة الداخمية مستقرة عمى مدى ساعات اطول
 .]904،ص9990البزاز،إنعام،[

  الالوان ستراتجيات اختيار  (color strategies):  يؤثر اختيار لون السطوح الخارجية عمى معامل
 .[Brown,G.Z.& Dekay & Mark,2001,p.254]الانعكاس والامتصاص 

 ستراتجيات السيطرة عمى مصادر الحرارة الداخمية(heating resources zoning strategies) :  تنتج بعض
لذا فانيا  احراري امصدر الفضاءات نسب عالية من الحرارة كالمطابخ والغرف الميكانيكية التي تضم 

عيا لتشارك الغرف المجاورة تدفأ و تبرد وتيوى بشكل منفصل عن الفضاءات المجاورة وتوضع جمي
بمدخل الحرارة الخاص بيا وكإجراءات بديمة تنظم الفضاءات ضمن المبنى لتستخدم أو ترفض 

 .[Brown,G.Z.& Dekay & Mark,2001,p.161]مصادر الحرارة الداخمية 

 ستراتجيات التشجيرGreening Strategies):)  تظميل ذو أىمية خاصة عمى مستوى تصميم الفضاءات
 مستمرتحدث تظميل متجدد و  التيخارجية يتجسد بالبيئة المحيطة ،كالأبنية المجاورة الأشجار ال

 .[9]الجدولوفيما يمي جدول باىم استراتجيات التجنب الحراري لاحظ  ]78،ص4006الدراجي،رنا ،[

 ستراتجيات النظم الذاتية(passive system) :مع ويخزن إلى النظام الذي يج *النظم الذاتية يشير مصطمح
 Norbert]ويعيد توزيع الطاقة الشمسية من دون استخدام مراوح أو مضخات أو إي نظم مراقبة معقدة " 

                                                 
 Aerospace)) بةالأض  المحةي  الهةواء علة  السةيطرة أدوات لوصة (  الأمريكيةة الفضةاء وكالةة)  Naser قبل من الثانية العالمية الحرب إثناء استخدم Passive system)) الذاتي مالنظا مصطلح *

 [ للطاقةة طبيعة  كنظةام المبةى سةق  يعتمةد والةذ   (sky therm) مفهةوم لتوضيح انك العشرين القرن من السابع العقد في استخدامه إن إلا الميكانيكية السيطرة وأجهزة المراوح استخدام بدون
[Cook, Jefferey,1980,p.10 
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lechner,2001,p.146]  زالة الحرارة الشمسية الغير مرغوب بيا من اجل حفظ الطاقة و تييئة الراحة بأبعاد وا 
[Inger Andresen,2000,p.28]  البناية وعناصرىا الرئيسية العمودية بواسطة الطرق المدمجة في تصميم

 : يتيناستراتجيتين اساس والأفقية ،تتضمن

  ستراتجيات التبريد الذاتي(cooling passive system):  تتضمن عدد من الاسترتجيات الخاصة من التبريد
 .[2]جدول لاحظ بالتيوية ،الاشعاع ، التبخيري ،التبريد الارضي وستراتجية ازالة الرطوبة بالتجفيف 

 ستراتجيات التدفئة الذاتية (heating passive system) : تتضمن عدد من الاستراتجيات الخاصة من
ستراتجيات الكسب غير المباشر ونظم العزل التي تتضمن و ستراتجيات التدفئة بالكسب المباشر ، 

لاحظ الجدول  اءاتاستخدام الافنية والفضاءات الصيفية والشتوية بالاعتماد عمى مبدء اليجرة بين الفض
[3]  . 

 ]46،ص2006الدراجي،رنا ، [ التجنب الحراري[ ستراتجيات 4جدول ]

 
 

ستراتجيات التوجيه 
 العام لممبنى

تحديد اليدف من توجيو 
 المبنى

 

 كتوجيو مثاليإلى الجنوب توجيو المبنى 
 غرب لتجنب الكسب الحراري  –الاستطالة بالمبنى مع المحور شرق 

 شمال لرفع الكسب الحراري –بالمبنى مع المحور جنوب الاستطالة
توجيو المنفذ الشمسي توجييا 

 مغايراً 
 الدوران حول محور عمودي 

 افقي الدوران حول محور 
 تجزئ المبنى إلى وحدات منفصمة

 
 

 ستراتجيات التظميل

 
 التظميل العام لممبنى

 المبنى كاملا لتظميل  (parasol roof)استخدام السقوف المظمية  
 استخدام المظمة الأفقية لحماية الفناء الداخمي 

 استخدام المظمة الافقية لتظميل الواجيات
 

 تظميل الفتحات
 sun breakerالكاسرات الشمسية 

 استخدام طبقة التظميل الداخمية
 توظيف الرفوف الضوئية ضمن الفتحات

 
 
 
 
 

ستراتجيات 
 الإضاءة الطبيعية

 
 

نطيق الفضاءات عمى ت
 المستوى الأفقي

 

 التنظيم الشريطي لمحصول عمى منفذ ضوئي لكل فضاء
 استخدام الإضاءة السقفية في المباني ذات الطابق الواحد

 استعارة الفضاءات الصغيرة للإضاءة الطبيعية عن الفضاءات الكبيرة الداخمية 
 ة إلى الفضاءات الداخمية استخدام السطوح الأفقية الخارجية لعكس الأشع

 توظيف الإضاءة الجانبية الكبيرة 
 تفعيل علاقة ارتفاع النافذة مع عمق الغرفة 

 رفع معامل الانعكاس لقشرة المبنى الخارجية  
 تنطيق الفضاءات ضمن المستوى العمودي لتوفير الإضاءة الطبيعية

إستراتجيات العزل 
 الحراري

 رية كعازل حراريتوظيف الكتمة الحرا
 توظيف العازل الحراري ليحيط الكتمة الحرارية من الخارج

 دمج  العازل الحراري ضمن تجاويف الكتمة الحرارية 
 تغميف العازل الحراري لمسطوح الداخمية لمكتمة الحرارية  

ستراتجيات اختيار 
 الألوان

التحكم بمون طلاء السطوح 
 سلرفع أو تقميل قابمية الانعكا

 استخدام الألوان الساطعة لزيادة معامل الانعكاس لسطح قشرة المبنى 
 استخدام الألوان المعتمة لتقميل معامل الانعكاس لسطح قشرة المبنى 
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السيطرة عمى مصادر 
 الحرارة الداخمية

 استخدام  البرج الخدمي المركزي في الأبنية متعددة الطوابق تنظيم الفضاءات عموديا
 مصادر الحرارة الداخمية في التدفئة أو عزليا لتقميل أثرىا في زيادة أحمال التبريد  استغلال المخطط الأفقي تنظيمال

 
 التشجير

 استخدام النباتات الدائمة الخضرة لمتظميل طوال السنة استخدام الأشجار الكبيرة والمتوسطة الحجم
 كعازل حراري يحيط السطح الخارجي لقشرة المبنىتوظيف النباتات المتسمقة  استخدام النباتات المتسمقة

 
 ]52،ص2006الدراجي،رنا ، [ [ ستراتجيات نظم التبريد الذاتية2جدول ]

 
 

 التبريد بالتهوية 

 
 

التيوية 
 المريحة

تصميم مسارات 
 تيوية أفقية

 استخدام المنافذ المباشرة لمنطقة ىبوب الريح 
 وائي توظيف الافنية الوسطية لخمق اظطراب ى

تصميم مسارات 
 تيوية عمودية

 توظيف ملاقط الرياح 
 التحكم  Ductsاستخدام أنابيب

 تنظيم  البعد بين  الفتحات  العمودية 
 دمج ستراتجيات التيوية والإضاءة والكسب الحراري 

 ((heat sinkاستخدام الأحواض الحرارية  التبريد بالتدفق الميمي 
 التبريد بالإشعاع المباشر عاع التبريد بالإش

 التبريد بالإشعاع الغير مباشر
 التبريد بالتبخير المباشر  التبريد ألتبخيري 

 التبريد بالتبخير غير المباشر
 

 التبريد الأرضي 
 

 الارتباط المباشر بالأرض
استخدام الملاجئ 

 الأرضية
 احاطة الأرض لجوانب المبنى

 ع ابقاء منافذ خارجية لمرؤية والتيوية  طمر المبنى في التربة م
 دفن المبنى في الارض كميا

ستراتجية الارتباط الأرضي الغير 
 مباشر

استخدام القنوات 
 الأرضية

 Open – Loop systemالمفتوح  –النظام الحمقي 
 system closed – Loopالنظام الحمقي المغمق 

ستراتجية إزالة 
 الرطوبة بالتجفيف

خدام المواد المجففة لامتصاص است
 الرطوبة من الجو الداخمي

 استخدام المواد  الكيماوية:جبل السيمكا والالمومينا الفعالةكمورا يد الكالسيوم 

 ]63،ص2006الدراجي،رنا ، [[ ستراتجيات نظم التدفئة الذاتية 3جدول ]

 
 
 
 

 ستراتجيات 

التدفئة بالكسب 
 المباشر

 
 

 ياتالكسب المباشر عن الواج

 

 استخدام الواجية الجنوبية المزججة 
 ستراتجية التحكم بتوجيو النوافذ 
 ستراتجية التحكم بحجم التوافذ

 التنظيم الشريطي لمفضاءات لتوفير منفذ شمسي مباشر لكل منيا 
 استخدام  الفضاءات لتتداخل مع المقطع العمودي لممبنى 

 الكسب المباشر عن السقوف 
 يف التدفئة السقفية في السطوح المنشارية المواجية لمجنوبتوظ

 
توظيف كتمة المبنى  لمكسب 

 الحراري

 

 توظيف جدار الخزن الحراري لرفع الكسب الشمسي 
 بتجميع  الفضاءات  (S/Fالمناورة بمعامل )ستراتجية 

 تنطيق الفضاءات مع المحور العمودي لممبنى 
 (Buffer Zones) توظيف المناطق الفاصمة

 
ستراتجيات 

 
 استخدام جدار الحراري  

 دمج نظام الكسب المباشر وجدار الجدار الحراري 
 استخدام منافذ تيوية أعمى الجدار الحراري
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الكسب الغير 
 مباشر

 استخدام العازل الحراري بين الجدار الحراري وطبقة الزجاج
 ئب المائية ترطيب الجدار الحراري بتصميمو من الحقا

 roof pondاستخدام البركة السقفية 
 

ستراتجيات نظم 
 العزل

 بين الفضاءات migrationاليجرة  
 ستراتجية توظيف الكتل الحرارية لتقميل التذبذب بدرجات الحرارة لمفضاء الشمسية 

 ستراتجية استخدام الكتل الحرارية لتساىم في التبريد والتدفئة 

في تصميم اي  سالاستراتجيات في توفير بيئة داخمية مريحة حراريا ىو امر اسا استخدام ىذهوان 
بالرغم من ذالك قد يكون الجيد المتحد لمتجنب الحراري والتبريد الذاتي غير كاف في بعض  ،مبنى 

الظروف المناخية الأكثر تعقيداً  ، مما يتطمب الخطوة الثالثة من طرق التصميم بتدخل المعالجات 
انيكية لتكمل مالم تستطيع النظم الطبيعية إن تنجزه وفي ىذه الحالة ستكون المعالجات الميكانيكية الميك

 ,Baker,Fanchiotti, Steemers]من الطاقة ممكن إنتاجيا بالطرق الفعالة  قميلا امتواضعة وتستعمل مقدار 

1993,p.2] . 
 
 ستراتجيات العمارة الشمسية ضمن البنية الديناميكية.2

الطاقة الشمسية ضمن  انةلمعمارة الشمسية التي تتعامل مع تق الديناميكيةتجيات تصميم البنية سترا
مفاىيميا المعاصرة من اكتساب الصفات الاحيائية في الاستجابة الذاتية لمتغيرات البيئة الخارجية لتكوين 

  ردود الافعال في تحقيق السيطرة عمى ظروف البيئة الداخمية.
تاتي بمعالجات ثابتة عمى و من المناورة  اتصميمية ضمن العمارة الشمسية تممك نوع كل ستراتجيةان 

كبر فترة من السنة الا انيا لاتلائم جميع لامستوى الشكل والذي يعرف )بالشكل المثالي( ليكون ملائما 
لمشكمة ضمن . لذا تظير فكرة دمج التقانة الذكية بالعمارة الشمسية لحل ا[Norbert lechner,2001]اياميا

محورين : الاول يمضي في اتجاه خمق الشكل المثالي القابل عمى التغير مع تغير ظروف البيئة الخارجية 
المستمرة. فيما يتجو الثاني في تحقيق اكتفاء العمارة بالاعتماد عمى الطاقة الذاتية عن كسب طاقة الاشعة 

لميكانيكية والتي تكون ضمن ادنى حدود الشمسية كشكل من اشكال الطاقة المستخدمة ضمن الانظمة ا
التوسع في ان الاستخدام بسبب استنادىا الى ما صممت عميو العمارة الشمسية ضمن البنية الثابتة . 

استخدام التطبيقات الخاصة بتقانة السيطرة في ىذا السياق قاد الى ظيور مصطمح الابنية الذكية وقشرة 
 يمكن ان يمبي ىذه المطالب بنسب نجاح متباينة.المبنى الذكية لوصف بناء الشكل الذي 

الديناميكية فييا، من خلال نة  فيماعدا بعض الاجزاء ساك تعتبر المعاصرةالشمسية لذا فان الابنية 
سموك اجزاء المبنى المكونة لقشرتو باستجابة ذكية لممتغيرات كجزء من قابمية تكيفو مع البيئة الذي يتطمب 

 (Action)والفعل  ( Reasoning) والتعقل (Perception) ائية تدمج بالعمارة : الادراكتطوير ثلاث عمميات احي

الصناعي الى اجزاءىا الداخمية والخارجية .الا  اءوىي خصائص احيائية تكتسبيا العمارة بدمج تقانة الذك.
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طاقة الذاتية ونظم ان الاثر الواضح لمتقانة في تغير بنية الشكل يتركز في تقانة الفعل والمتضمنة نظم ال
القشرة المزدوجة والكاسرات المتحركة لتشكل العناصر المتحركة المكونة لمقشرة الذكية ضمن المبنى 

 :، حدد البحث ستراتجيات البنية الديناميكية ضمن ثلاث مستويات الشمسي 
مكائن الحي وتطوير بمماثمة خاصية الادراك ل : (Perception-Stratgies)الادراك  تقانةستراتجيات توظيف .9

ومتطمبات الشاغمين ؛ادراك الحالة البيئية :مستويين ىمالبنية الديناميكية لمعمارة عمى توظيفيا ضمن ا
من خلال توظيف تقنيات متعددة منيا تقنية المتحسس الضوئي ،الماسح الضوئي ، توظيف بيانات 

سطح البيني الحركي ووحدة القمر الصناعي ، شريحة السطح البيني ومتحسس الاشغال وتقنية ال
 البطاقة الذكية .

  تقانة التعقلستراتجيات توظيف (Reasoning-Stratgies ) يماثل الخاصية الاحيائية لمكائن الحي :
ومتطمب ، والتي تتمثل باستخدام الانظمة التالية ،الانظمة بالتفكير بالحمول وفق ما معطى من ظرف 
صطناعية ، الانظمة الضبابية ، الخوارزميات التطويرية ، الخبيرة ، منظومة الشبكات العصبية الا

 .]87،ص4006، الدراجي،رنا [النظم اليجينة 
  الفعل الصناعيستراتجيات توظيف (Action-Stratgies) يماثل الاستجابة الذاتية لمكائن الحي بتكوين :

مكثفات الطاقة رد الفعل ، والذي يتضمن توظيف كل من الانظمة المنتجة لمطاقة من مجمعات و 
لاحظ والواح الخلايا الضوئية ، الى جانب استخدام نظم القشرة المزدوجة وادوات  التظميل المتحركة 

 .4] [الجدول

 
 
 
 
 
 
 
 
 
 

 ]63،ص2006الدراجي،رنا ، [لمعمارة الشمسية الديناميكية ستراتجيات البنية [ 4جدول ]

 لمعمارة الشمسية الديناميكية ستراتجيات البنية 
 
 

ادراك الحالة  
 البيئية  

 Photo sensorتوظيف تقنية المتحسس الضوئي  
  Sky scannerتوظيف الماسح الضوئي لمسماء  
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ستراتجية 
الادراك 

الصناعي 
 )الفهم( 

   Geostationary satelliteتوظيف بيانات  القمر الصناعي
 
 

متطمبات فيم 
 الشاغميين

 المستخدمتوظيف تقنية السطح البيني لنظام 
 متحسس الحركة   توظيف تقنية متحسس الاشغال

 متحسس الاشعة الحمراء
 لبيانات المستعمل TEmotionتوظيف تقنية السطح البيني الحركي

   توظيف وحدة البطاقة الذكية
 

ستراتجية 
التفكير 
 الصناعي

 

 
 

تقنية البرامج 
 الكومبيوترية

  Expert systemsتوظيف الأنظمة الخبيرة 
  Artificial neural networksتوظيف منظومة شبكات عصبية إصطناعية 

  Fuzzy systemsتوظيف الأنظمة الضبابية 
 Evolutionary algorithmsتوظيف الخوارزميات التطوّرية

 Hybrid systems توظيف النظم اليجينة 
 
 
 

 ستراتجية
 الفعل

 
 

ستراتجيات 
استخدام 
 نتجةالانظمة الم

استخدام 
مجمعات الطاقة 

 الشمسية

   توظيف نظم شمسية ذات الوسط الحراري السائل
   توظيف نظم  شمسية ذات الوسط الحراري اليوائي

 التدفئة المسبقة ليواء التيوية 
 دمج نظم الطاقة الشمسية الفعالة / الذاتية 

 المسخن شمسيا انتاج الطاقة الكيربائية عن قوة حركة اليواء  
 ىيكل المبنى لالتقاط وخزن الحرارة عن طاقة الاشعة الشمسية  توظيف

 تضخيم مبدء عمل المجمع الشمسي الكبير
مكثفات الطاقة 

 الشمسية
 استخدام الاشكال المختمفة لممكثفات الشمسية

 تضخيم مبدء عمل المكثف الشمسي 
 التخزين الحرارة الظاىرة 

 لتخزين الكيمائي ا
 

محولات الطاقة 
المباشرة 

منظومة الخلايا 
 الضوئية

 النظام المنفصل
 نظم المتصمة بالشبكة

 
دمج منظومة الخلايا 
 الضوئية ضمن العمارة

 تغميف السطوح بالفوتوفولتك

 الواجيات المغمفة مع الفوتوفولتك 
 التزجيج والفوتوفولتك 

 ميل الفوتوفولتك ادوات التظ
 القشرة المزدوجة 

 ادوات او وسائل التظميل المتحركة

 
 
 

البناء الشكمي في العمارة  ستراتجية)ـ  ب اتم تسميتي ستراتجية تصميمية لمعمارة الشمسية ( ) حدد البحث
لعممية تمتمك ىذه الاستراتجية مرحمتين اساس تعتمد الثانية عمى الاولى كقاعدة لنجاح ا( . الشمسية

ستراتجية تصميم البنية تتمثل المرحمة الاولى في ) . لمعمارة الشكمية البنية وتوضح تشكل،ل التصميمية ككل
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ىي ساكنة  فيماعدا بعض الاجزاء النشطة و الديناميكية  اذ ان العمارة الشمسية (الثابتة لمعمارة الشمسية
ثل المرحمة الثانية من ستراتجيات البناء الشكمي التي تم والتي تممك القدرة عمى الاستجابة والتكيف فييا

تمثل  ( ،ستراتجية تصميم البنية الديناميكية لمعمارة الشمسيةالذي تم تسميتو ب )لمعمارة الشمسية 
 سمسمة منالتطور التقني لاستغلال الطاقة الشمسية في العمارة تممك الاثر في تغير البنية الشكمية لمعمارة 

  . العمميات  التحولية
سيتم اختبار توظيف ستراتجات العمارة الشمسية ىذه ضمن ثلاث مشاريع تمثل الحالة الدراسية تقارن 

العلاقة بينيما يدوية فقط ، فيما يتناول النموذج الثالث دراسة التكامل بين ببين نموذج يوظف واخرى بنية 
ن خلال توظيف تقانة ذكية باستجابة ذاتية البنية الثابتة والديناميكية وفق سيطرة وادارة الاستجابة لمتغير م

. 
 الحالة الدراسية :  
مناقشة المفردات المستخمصة ومناقشتيا في مشاريع منتخبة من العمارة بدءاً من  سيتم في ىذه الفقرة

 ةلاستقراء  اثر توظيف التقانة المعاصر  العمارة الشمسية التقميدية وصولا الى نماذج من العمارة المعاصرة .
يمثل الاول بداية توظيف النظم الذاتية في ثلاث مشاريع  ير البنية الشكمية لمعمارةيطاقة الشمسية في تغلم

يمثل جزء اساس من بدايات تصميم الشكل المثالي فيما يمثل النموذج الثاني في التدفئة الذاتية والذي 
وى عناصر قشرة المبنى الا انيا تطورا لاستخدام البنية الديناميكية عمى المستوى المبنى ككل وعمى مست

تقانة بدائية بتحكم يدوي وليس ذاتي فيما يمثل النموذج الثالث تطور ستراتجيات تصميم ستراتجية البنية 
 : الثابتة بعلاقة مرتبطة الى بنية ديناميكية بسيطرة وادارة تقانة ذكية ذاتية ، المشاريع الثلاث

 القصر البموري لجوزيف باكستن  -4

في لندن ، ليكون أول   (Hyde Parke)في  9859البموري ، ىو مبنى ضخم ، بني في عام القصر 
 [. 9شكل ] (Joseph Paxton)معرض عالمي ، صممو 

المتبعة في تصميم القصر البموري تتضمن التعامل مع البنية الثابتة فقط ستراتجية البناء الشكمي 
كستراتجية التوجيو العام لممبنى  رفع الكسب الحراريشمال ل –باستطالة المبنى مع المحور جنوبمتجسدة 

الى جانب استخدام الاضاءة الطبيعية المباشرة عن السطوح المزججة الافقية والعمودية كما تتضمن 
الى جانب التبريد بالتيوية بتصميم مسارات تيوية أفقية ستراتجيات التبريد الذاتي بالاعتماد عمى اسموب 

[.وفيما يخص 5التدفئة الذاتية  جدول ]في  اشر عن السطوح الافقية والعموديةالكسب المبالافادة من 
 البنية الديناميكة فمم تكن موجودة كخطة فكرية وتطبيقية في تصميم المبنى الشمسي انذاك .

 [ القصر البموري لجوزيف باكستن9شكل ] 
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 بموري ] الباحث [ستراتجيات البناء الشكمي   لممقصر ال [5جدول ]               

 ستراتجية البناء الشكمي في العمارة الشمسية مناخ بارد 
 

 ستراتجية تصميم البنية الثابتة لمعمارة الشمسية
ستراتجية تصميم 

البنية الديناميكية 
 لمعمارة الشمسية

 
التجنب 

 الحراري 

 التوجيه العام لممبنى
 

 –الاستطالة بالمبنى مع المحور جنوب
 ب الحراريشمال لرفع الكس

لايممك بنية 
 متحركة 

الاضاءة الطبيعية المباشرة عن السطوح  الإضاءة الطبيعية
 المزججة الافقية والعمودية 

 تصميم مسارات تهوية أفقية التبريد بالتهوية التبريد الذاتي
التدفئة 

 الذاتية 
الكسب المباشر عن السطوح الافقية  التدفئة بالكسب المباشر

 والعمودية
 

 

 Revolving house)  (روجرزلممعمار البيت الدوّار  -2

،يمثل اولى 9967صممو سنة  Wiltonفي ولتن ىومنزل المعمار رجرد فوستر البيت الدوار 
 .[4شكل ]محاولات تصميم المبنى المتحرك الكفوء لمطاقة 

مسند مركزي  يممك المنزل مخططا دائريا لتنظيم الفضاءات ضمن مستوى واحد ، المبنى مرفوع الى
مشيد من الكونكريت بسمك يختمف قرب القاعدة عنو قرب ارضية الفضاءات الداخمية المعمقة ، يخترق 

 ىذا المسند محور الحركة العمودية )الدرج(الحمزوني .
يممك المنزل صفة المبنى الديناميكي من خلال تصميمو لمقاعدة المتحركة ضمن جزء وسطي منيا 

ونكريتية لمفضاءات الداخمية الذي يمثل سكة ممتفة حول الجزء العموي من المسند يخترق سمك الارضية الك
الكونكريتي تسحب عناصر افقية تمتد قطريا الى محيط الفضاءات الى الخارج لتولد نوعين من الحركة : 

ركة المبنى ككل بجعمو يدور خمف الاشعة الشمسية لتفعيل الكسب المباشر شتاءاً . اما الحالاولى تشمل 



 صبار جبار                                                                                                  ستراتجيات العمارة الشمسية
 رنا مجيد                                                                                                                                 

 

 iasj.net 770متوفر على الموقع التالي: 

الثانية فتشمل تحريك جزء من الواجية الاسطوانية حول المحور الافقي اذ ان العناصر الافقية الممتدة 
قطرياً ترتبط بواجية تمثل جزء من الاسطوانة الخارجية المكونة لمقشرة الخارجية لممبنى تنزلق ىذه الواجية 

 لمتظميل من الحمل الحراري صيفا  لمتحركا بسب ارتباطيا المرن مع المنشأ لتمثل واجية متحركة تعم
تزاح ىذه الواجية عن مسار الاشعة المباشرة المتوجية نحو الفضاءات الداخمية لرفع الكسب الحراري ،

فجوة ىوائية بين السطح  يعتمد وجودالذي  المزدوجالجمد نظام تعمل الواجية المتحركة عمى تكوين ،شتاء
الذي يسخن عن الطاقة الحرارية المكتسبة عن جي لواجية المبنى الخار ح الداخمي لمواجية المتحركة والسط

 الاشعة الشمسية المباشرة وغير المباشرة لمواجية المتحركة والتي تشعيا ثانية الى ىذه الفجوة اليوائية .
  air) movementتوجد فتحات في الاعمى والاسفل من الجدارن الداخمية تعمل عمى توليد حركة ىوائية 

واء الساخن يرتفع ويصرف اعمى من منافذ تيوية مرتبطة بفجوة الحائط اما اليواء البارد يستخدم لان الي)
 لتبريد الفضاءات الداخمية.

 
 [ البيت الدوّار لممعمار رجرد فوستر4شكل ] 

 
( كنظام لمتوزيع، جميع اليواء المضخ raised floorاستخدم في التكييف )الأرضية  المعمقة و  

والخارج منو ، يتم عن طريق أجيزة وفتحات موجودة في ىذه الأرضيات والنظام المستخدم إلى الفضاء 
ىو نظام )الحجم المتغير + الحرارة الثابتة( ،  فعند حدوث اختلاف في الكسب الحراري يتم تجييز حجم 

ـ  ماء كتبريد أولي في نظام التكييف كالواء فضلا عن استغلال ـمتغير مع حرارة ثابتة من الي
(Condenser coolant)   [6تابع الجدول ]ويضخ إلى أعمى المبنى باستخدام وحدات دفع اليواء . 

تتحدد ستراتجية البنـاء الشـكمي فـي البيـت الـدوار  بوجـود بنيـة ثابتـة واخـرى ديناميكيـة الا انيـا لا تمتمـك 
قــــات العمميــــة لممبــــاني الــــتحكم الــــذكي بوجــــود تقانــــة التحســــس و الاســــتجابة والســــيطرة الذاتيــــة ضــــمن التطبي

 الشمسية انذاك .
الاســتراتجيات الثابتــة تــرتبط مــع البنيــة الديناميكيــة وفــق ســيطرة وتحكــم يــدوي اذ انيــا لاتممــك تقانــة فيــم 

م اليدوي عن فيم الانسـان لمحالـة البيئـة والمتطمبـات الانسـانية كمـا لا تممـك كصناعي مستعاض عنيا بالتح
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م اليدوي عن تفكير الانسان بالحمول الملائمة تبعا لفيمو الحالة كبالتحتقانة تفكير صناعي مستعاض عنيا 
 . [7الجدول ] لاحظم اليدوي كعنيا بالتح االبيئة اما تقانة الفعل الصناعي مستعاض

 لمبيت الدوّار  ] الباحث [تصميم البنية الثابتة  [  ستراتجيات 6جدول  ]           
 المناخ حار جاف 

 

 
 

 
 

التجنب 
 راريالح

 
 ستراتجيات التوجيو

توجيو المساحة السطحية المتضمنة المنفذ الشمسي توجييا 
 مغايراً 

 الدوران حول محور عمودي

 
 ستراتجيات التظميل

 السقف المظمي   التظميل العام لممبنى
 

 تظميل الفتحات
 الكاسرات الشمسية

 طبقة التظميل الداخمية
ستراتجيات الإضاءة 

 الطبيعية
 ظيف الإضاءة الجانبية الكبيرة تو 

 
ستراتجيات العزل 

 الحراري

 توظيف الكتمة الحرارية كعازل حراري
 توظيف العازل الحراري ليحيط الكتمة الحرارية من الخارج

 دمج العازل الحراري ضمن تجاويف الكتمة الحرارية 
 تغميف العازل الحراري لمسطوح الداخمية لمكتمة الحرارية  

ستراتجيات اختيار 
 الألوان

 استخدام الألوان المعتمة لتقميل معامل الانعكاس لسطح قشرة المبنى

 
 

 التبريد الذاتي

تصميم مسارات 
 تيوية أفقية

 استخدام المنافذ المباشرة لمنطقة ىبوب الريح 
 التيوية الافقية  للارضية برفعيا عن الارض 

تصميم مسارات 
 تيوية عمودية

 يف ملاقط الرياح توظ

 دمج ستراتجيات التيوية والإضاءة والكسب الحراري 
 
 
 
 
 
 

 التدفئة الذاتية 

 

التدفئة بالكسب 
 المباشر

 

 الكسب المباشر عن الواجيات

 استخدام الواجية الجنوبية المزججة

 التحكم بتوجيو النوافذ
 التحكم بحجم التوافذ

وفير منفذ شمسي مباشر لكل التنظيم الشريطي لمفضاءات لت
 منيا

توظيف كتمة المبنى  لمكسب 
 الحراري

 THERMAL STORAGEتوظيف جدار الخزن الحراري) 

WALL) 

 

 الكسب الغير مباشر
ستراتجية استخدام الجدار الحراري  

Trombe wall 
 Trombe wallدمج نظام الكسب المباشر والجدار الحراري 

 ي بين الجدار الحراري وطبقة الزجاجاستخدام العازل الحرار 

               
 لمبيت الدوّار  ] الباحث [تصميم البنية الديناميكية [  ستراتجيات 7جدول  ]

الارتباط 
مع ستراتجيات 
 البنية الثابتة

 ستراتجيات البنية الذكية 

 تقانة الفعل  تقانة التفكير  تقانة الفهم 
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 تغير مستمر
 )تحكم يدوي(

ك تقانة فيم صناعي لايمم
مستعاض عنيا بالتحم اليدوي 

لمحالة البيئة  عن فيم الانسان
 والمتطمبات الانسانية 

مستعاض  لايممك تقانة تفكير صناعي
 عنيا بالتحم اليدوي عن تفكير الانسان

بالحمول الملائمة تبعا لفيمو الحالة البيئة 
 والمتطمبات الانسانية

 لايممك تقانة فعل صناعي
عنيا بالتحم مستعاض 

 اليدوي

 
  (new genzimi center) الجديد مركز جنزايمي  -7

من الابنية كفوءة الطاقة التي تستخدم الانظمة المنتجة لمطاقة الذاتية  مبنى مكون من تسع طوابق 
إستعمال  الطاقة  اقل من خلال الاندماج مع الطبيعية وان ،تُخفّضُ إستراتيجياتُ التصميم  الإضافية  

 تصميم  الكومبيوتري كحساباتتخدام ستراتجيات التجنب الحراري بشكل مدروس وفق انظمة الباس
شكال اعطت امكانية تحقيق اقل ما يمكن من فائدة لالستراتجيات التجنب الحراري ،الى جانب التصميم للا

تو مع الطبيعة بنفس الاسموب لاستخدام النظم الذاتية في التبريد ، ويظير ىذا الاندماج من خلال محاور 
ن كانت ىذه الرموز والعلاقات ىي غير  –والإخضاع لأحكاميا واستعمال رموز وعلاقات في عمارتو  وا 

 واضحة ومبيمة ، الا انيا اساس التنظيم المورفولجي لمعمارة. 

المبنى يعتمد كميا عمى الطاقة الذاتية بمعالجة ما يتطمب حاجة المبنى الى الطاقة من خلال توليد 
 قة الذاتية باستخدام النظم المنتجة لمطاقة .الطا

تعتمد منظومة تشغيل الية تعتمد وجود متحسسات ترتبط بالمنظومة تتحسس بوجود الانسان ضمن 
الفضاء وزخم وجوده وطبيعة فعاليتو ضمن الفضاء ، اذ تمنحيا البيانات عمى مدار اليوم ،من ثم تقوم ىذه 

مة لمفاعمية التي تتم داخل الفضاء والتي تتغير تبعا لتغير ىذه الفعالية المنظومة بتزويد الفضاء بانارة ملائ
. 

 (Truss) نظام ىيكمي من الأعمدة والجسور والجدران الحاممة في بعض الأماكن ، ونظام الـ  استخدم
 في ىيكل المظلات في الواجية الخارجية فضلا عن الجدران الستائرية الحديدية مع الإملائيات الزجاجية ،
وذلك نظراً لكتمية المبنى من جية ، ومتطمبات الحركة التموجية لمشكل الخارجي والتعامل مع الأنظمة 

 ( 7المنشئية الجديدة من جية أخرى .)الشكل
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عاز الى نظم المتحسسات الضوئية في  التي تكتسب بيانات التغير في زواية وشدة الاشعة الشمسية لاعطاء الاي [ مركز جنزيوم يمتمك 7شكل ] 
 ادارة حركة العواكس لمحركة بالوضع المطموب  

استخدام ىذه المواد وىذه الأنظمة المنشئية ، تتطمب الكثير من التمفصلات والتفاصيل ،                 
 امعاصر  اجعمت من المبنى  نموذج  (High-tech)ىذه فضلا عن الاستخدامات  الرمزية لتفاصيل 

ة المنتجة لمطاقة خلال اوقات السنة من خلال حركة العواكس والكاسرات لتركيز لافكار توظيف الانظم
الاشعة الى وحدات الكسب الشمسي من اجل تكثيف الاشعة وتوليد الحد الاعظمي لمطاقة لادارة واكفاء 

مواد متنوعة في الييكل والإنياء، من استخدام  المصمماستخدم  حاجة المبنى المكون من تسع طوابق .
 .ران ستائرية من الزجاج والحديد في الواجية .ىذا فضلًا عن المظلات حديدية جد

تتحدد ستراتجية البناء الشكمي بوجود بنية ثابتة واخرى ديناميكية تمتمك التحكم الذكي بوجود فيما 
تقانة التحسس و الاستجابة والسيطرة الذاتية ضمن التطبيقات العممية لممباني الشمسية انذاك لاحظ 

ستراتجيات تصميم  [الذي يحدد8[الذي يحدد استراتجيات البنية الديناميكية .الى جانب الجدول ]9لجدول ]ا
 البنية الثابتة لمعمارة الشمسية.
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 مركز الجنازيوم الجديد ]الباحث [لتصميم البنية الثابتة [ستراتجيات 8]
 مناخ حار جاف 

 
 
 
 
 
 
 
 
 

 التجنب الحراري 

 كتوجيو مثاليإلى الجنوب توجيو المبنى  ديد الهدف من توجيه المبنىتح ستراتجيات التوجيو
 
 

 ستراتجيات التظميل

 استخدام المظمة الأفقية لحماية الفناء الداخمي التظميل العام لممبنى
 

 تظميل الفتحات
 الكاسرات الشمسية

 طبقة التظميل الداخمية
 توظيف الرفوف الضوئية ضمن الفتحات

 
 

 اتجيات الإضاءة الطبيعيةستر 

 التنظيم الشريطي لمحصول عمى منفذ ضوئي لكل فضاء

 استخدام الإضاءة السقفية في المباني 

 استخدام السطوح الأفقية الخارجية لعكس الأشعة إلى الفضاءات الداخمية 

 رفع معامل الانعكاس لقشرة المبنى الخارجية  

 لعمودي لتوفير الإضاءة الطبيعيةتنطيق الفضاءات ضمن المستوى ا

 
 

 ستراتجيات العزل الحراري

 توظيف الكتمة الحرارية كعازل حراري
 توظيف العازل الحراري ليحيط الكتمة الحرارية من الخارج

 دمج العازل الحراري ضمن تجاويف الكتمة الحرارية 
 تغميف العازل الحراري لمسطوح الداخمية لمكتمة الحرارية  

 
 التبريد الذاتي

 استخدام المنافذ المباشرة لمنطقة ىبوب الريح  تصميم مسارات تيوية أفقية
 توظيف الافنية الوسطية لخمق اظطراب ىوائي يمثل منطقة ضغط عالي لميواء

 التحكم  Ductsاستخدام أنابيب تصميم مسارات تيوية عمودية
 حراري دمج ستراتجيات التيوية والإضاءة والكسب ال

 
 
 
 
 

 التدفئة الذاتية 

 

 التدفئة بالكسب المباشر
 

 الكسب المباشر عن الواجيات

 استخدام الواجية الجنوبية المزججة

 التحكم بتوجيو النوافذ
 التحكم بحجم التوافذ

  ةمباشر ال ةشمسيلمفذ امنالالتنظيم الشريطي لمفضاءات لتوفير 
 (Thermal storage wall) توظيف جدار الخزن الحراري حراريتوظيف كتمة المبنى  لمكسب ال

ستراتجية استخدام الجدار  الكسب غير مباشر
 Trombe wallالحراري  

 Trombe wallدمج نظام الكسب المباشر والجدار الحراري 
 استخدام العازل الحراري بين الجدار الحراري وطبقة الزجاج

 تصميم البنية الديناميكية  لمركز الجنازيوم الجديد ]الباحث [[ستراتجيات 9]               
 ستراتجيات البنية الذكية

  
الادراك الصناعي ستراتجية 
 )الفهم( 

 
 ادراك الحالة  البيئية  

 تقنية المتحسس الضوئي 

 الماسح الضوئي لمسماء  

 بيانات  القمر الصناعي 

 
 متطمبات الشاغميينفيم 

 لاشغالتقنية متحسس ا

 تقنية السطح البيني 

   وحدة البطاقة الذكية

 Hybrid systems توظيف النظم اليجينة  تقنية البرامج الكومبيوترية ستراتجية التفكير الصناعي

 نظم المتصمة بالشبكة منظومة الخلايا الضوئية الفعل ستراتجية
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في تغيير بنية الشكل في العمارة الشمسية الاثر  تممكالتقانة المعاصرة نجد ان  ةالسابقمناقشة ال
، وفق فعل معين بضوابط الديناميكيأنماط التحولات التي تجرى عمى الشكل وستراتجياتو ،من خلال 

 . (Mechanism)وقواعد التي بالإمكان إعادتيا تكراراً . ىذا المفيوم ىو ما يعرف بالآلية 
تكـون آليـات متعـددة ومتنوعـة وقـد تكـون ىنـاك آليـات  بـذلك (،التحول بالحركة) نوع الالية ىي اليةوان 

أخــرى فــي عمميــات التحــول ، تعتمــد عمــى ميــارة المصــمم فــي تجربتــو التحوليــة . ويتــرك دور المصــمم فــي 
الإقرار والاختيار النيائي لما يراه مناسباً مع الأنظمة الأخرى من جية ونظام العمارة ككل مـن جيـة أخـرى 

المتجســدة عــن البنيــة الثابتــة  الأشــكالف، عتمــاد عمــة الطاقــة الذاتيــة بنســبة اكبــر مــن اجــل تفعيــل المبنــى للا
، تممــك قشــرة ذكيــة  الأجســام الأفلاطونيــةلمعمــارة الشمســية والتــي تمثــل الشــكل المثــالي حتــى وان كانــت مــن 

الثانية وفق ستراتجيات تصميم البنية المتحركة ضمن المرحمة  تصممترفع من ىذه النسبة اذا ما ديناميكة 
تــدمج البنيتــين الــى بعــض لتوجــد العناصــر المتحركــة  مــن تصــميم العمــارة الشمســية فــي الوقــت المعاصــر .

مـع   من خلال المعالجة في أبعادىا ، أو بإضـافة عناصـر أو الاقتطـاع مـن ىـذه العناصـرمن التغير  انوع
 تغير ىذه المعالجة مع الزمن

 
 الاستنتاجات والتوصيات : 

 ستراتجية البناء الشكمي  تم تسميتيا ب معمارة الشمسيةتصميمية لستراتجية  تحديد توصل البحث الى(
فـــي العمـــارة الشمســـية ( ،والتـــي تمتمـــك ىـــذه الاســـتراتجية مـــرحمتين اســـاس تعتمـــد الثانيـــة عمـــى الاولـــى 

لـى تتمثـل المرحمـة الاو  . لمعمـارة الشـكمية البنيـة وتوضـح ،لتشكل كقاعدة لنجاح العممية التصميمية ككل
اذ ان العمــارة الشمســية ىــي ســاكنة فيمــا عــدا فــي )ســتراتجية تصــميم البنيــة الثابتــة لمعمــارة الشمســية( 

بعـــض الاجـــزاء النشـــطة والديناميكيـــة فييـــا والتـــي تمتمـــك القـــدرة عمـــى الاســـتجابة والتكيـــف التـــي تمثـــل 
)سـتراتجية تصـميم  بالمرحمة الثانية من سـتراتجيات البنـاء الشـكمي لمعمـارة الشمسـية الـذي تـم تسـميتو 

تممـك و تمثل التطور التقني لاستغلال الطاقة الشمسية فـي العمـارة ة الديناميكية لمعمارة الشمسية( ،البني
 : التحولية (process)العمميات  الاثر في تغير البنية الشكمية لمعمارة من خلال سمسمة من

 في العمارة الشمسية في العلاقة التي تربط  (البنية الثابتة)تتضح  : الشمسية العمارة في الثابتة البنية
 . (ةيالاستجابة التصميم)و )امكانية الموقع( من خلال  (المناخ )مع  (العمارة)

 ىو كل ما يتم إجراؤه )العمميات الاحيائية ( لمتقانة الذكية  : الشمسية العمارة في الديناميكية البنية
ع التركيز عمى العناصر المادية المتجسدة بالعممية المتمثمة بثلاثية )الادراك والتفكير والعمل( م

المتحركة  (التقنية –التفاصيل المعمارية )بالاحيائية )العمل( ضمن تقانة الذكاء الصناعي والمتمثمة 
 كاستجابة لمتغير في متطمبات الانسان تبعا لمتغير في بيانات المحيط الخارجي. 



 صبار جبار                                                                                                  ستراتجيات العمارة الشمسية
 رنا مجيد                                                                                                                                 

 

 iasj.net 776متوفر على الموقع التالي: 

  المعاصرة الاثر في تغيير بنية الشكل في العمارة الشمسية  تممك التقانةالالية: وىو مفيوم يتعمق بما
وستراتجياتو ، من خلال انماط التحولات التي تجري عمى الشكل الديناميكي ، وفق فعل معين 

 بضوابط وقواعد التي بالامكان اعادتيا تكرارا.

 لذا يوصي البحث بالاتي : 

  ساكن دائم ياخذ من حجمو المادي معيارا تغيير النظر الى العمارة الشمسية كوجود مادي ثابت و
لممفاضمة والاختيار ، نحو التحول في التاكيد عمى القدرة عمى توفير المحيط الفيزيائي الملائم و 
المحفز الفكري لمخمق و الابداع اساسا في التصميم بجميع اشكال وجودة التي تتعدى ما الفناه من 

 ظيور ضمن موضوعة العمارة .

 الثابتة لمعمارة كقاعدة اساسية لبناء العمارة الشمسية تتكامل الييا  البنية المتحركة ضمن  اعتماد البنية
 سياق الارتباط الجذري من اجل بناء عمارة مبدعة وناجحة، انسانية كيدف لمظيور  .

  وضمن محور ادخال مادة العمارة الشمسية كموضوع اساس ضمن الدراسة الاكاديمية في قسم العمارة
 يخصص لو المنيج الكامل في الطرح والتقديم . البيئة

  البدء وبشكل مباشر في تاسيس مراكز لممعمومات في الاقسام اليندسية تكون مصدرا مباشرا في
النشر المعرفي وتوليد لبنة اولية نحو الانتقال من الوسائل التقميدية في المعالجة و الطرح نحو 

 الوسائل المتطورة .
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ABSTRACT 

This investigation presents a coupled analysis of a dam-reservoir problem which includes all 

aspects of fluid-structure interaction (class I coupling) and soil-pore fluid–structure 

interaction (class II coupling) under earthquake excitations using the finite element method. 

The analysis involves the compressibility of water, the flexibility of the dam, the earthquake 

excitation, the structural damping and the material nonlinearity on the response. 

     An efficient computer program in FORTRAN is developed for this analysis from the 

original computer code named MIXDYN. The new software for predicting and analyzing the 

coupled behaviour is established using the pressure formulation for modelling of fluid and the 

u-p formulation for modelling of soil-pore fluid behaviours. Also, the program prepared is 

provided with post-processing routines to plot the original and deformed meshes of the 

problem.  

     A staggered partitioned solution technique for coupled field problems is implemented and 

used in the computer code. This scheme is incorporated in terms of sequential execution of 

single-field analyzers. The Drucker Prager model is used to simulate the behaviour of the soil 

and concrete. Implicit-Implicit Newmark’s scheme with a predictor-corrector algorithm is 

employed for time integration of the equations of motion. The capability and efficiency of the 

model are found to be very useful when applied on a dam-reservoir system. 

 

 الخلاصة :
الدادة الصلبة  لدسألة سد مع خزان و الذي يتضمن كافة اوجو التفاعل الدتبادل مابين الدائع و اا مزدوج يقدم ىذا البحث تحليلا 

( تحت ثانيبين التربة و مائع الدسام و الدادة الصلبة )ازدواج من الصنف الما )ازدواج من الصنف الاول( فضلا عن تفاعل متبادل 
زة ارضية باستخدام طريقة العناصر المحددة. يتضمن التحليل انضغاطية الداء و قابلية تكيف السد و الذزة الارضية و تأثيرات ى

 الاخماد الانشائي و لا خطية الدادة من خلل تأثيرىا على الاستجابة.
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لقد تم التحقق لحاسوبي. ا MIXDYN لقد تم تطوير برتامج حاسوبي باستخدام لغة فورتران خاصة بهذا التحليل من برنامج
  u-p   من البرالريات الدستحدثة من خلل توقع و تحليل التصرف الدزدوج باستخدام معادلة الضغط لتمثيل الدائع و معادلة

 لتمثيل التربة مع مائع الدسام. لقد تم تحضير خوارزميات ما بعد الدعالجة لرسم التقسيمات الاصلية و ما بعد التشوه للمسألة.
لحل مسائل الوسط الدزدوج في البرنامج الحاسوبي الدطور. لقد تم اضافة ىذه  تم تضمين و استخدام طريقة حل التقسيم الدتعرجلقد 

لقد تم استخدام طريقة دروكر بريكر لتمثيل تصرف التربة و الخرسانة.   الطريقة بدلالة التنفيذ الدتناوب لتحليلت الاوساط الدنفردة.
لقد وجد  التصحيح للتكامل الزمني لدعادلات الحركة. –التوقع الضمنية مع خوارزمية  –ة نيومارك الضمنية كما تم استخدام طريق

  .عند تطبيقها على نظام سد مع خزان ان امكانية و كفاءة النموذج عالية جداا 
 

KEYWORDS 

 coupled analysis, dam-reservoir, finite element method, u-p formulation. 

  
INTRODUCTION 

The dynamic analysis of soil-fluid-structure interaction includes all aspects of both fluid and 

solid mechanics (i.e., fluid-structure interaction (class I coupling) and soil-pore-fluid 

interaction (class II coupling)). In a fluid-phase, the viscosity of the fluid, the magnitude of 

the gradient of the velocity field throughout the flow and whether the fluid is (compressible or 

incompressible), depending on whether density variations are large or small, play a key role in 

choosing the kind of formulation to be used. However, in the solid-phase, the time scale and 

the solver algorithm to be used depend on the loading rate and the permeability of the porous 

medium.  Traditionally, fluid problems can be classified into two categories: (i) non-flow 

problems, such as impounded water in a reservoir, tank, etc. and (ii) flow problems, such as 

free surface flow, flow around an airfoil etc... 

      In this study, the former type of problems is considered. The second class of problems to 

be considered here lies between the undrained and drained extremes where dynamic loading 

is applied and transient pore fluid motion is significant (Simon et al. [36]). The undrained 

analysis is possible when relatively rapid loads are applied and permeability is low, i.e., where 

the load rate is greater than the pore fluid diffusion rate. Otherwise, drained analysis is 

possible for situations with a relatively slow loading and high permeability, i.e., where the 

load rate is less than the pore fluid diffusion rate. Consequently, the problem to be solved in 

this research is a triple interaction: fluid-structure-soil pore fluid. 

 

Fluid-Structure Interaction (Class I Coupling): 

The dynamic interaction between an elastic structure and a fluid has been the subject of 

intensive investigations in recent years, e.g. ([10], [11], [21], [22], [32] and [35]). Since 

analytical solutions procedures are available only for very simple problems, numerical 

approaches, which can be formulated in the time or frequency domains, had to be employed, 

e.g. ([15], [17], [19], [27], [33] and [34]).  

Many researchers have attempted to derive variational functionals for different classes of 

fluid-structure interaction problems. The size of the coupled fluid-structure interaction 

problem is generally large. That is why attempts were made to reduce the problem size in 

different ways  

Out of all the works done in the area of developing a finite element method for fluid-

structure interaction problems, two approaches predominate. The first approach is the 

displacement-based method where the displacements are the nodal variables in both the fluid 
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and the structure. Bathe and Hahn [3], Belytschko [4], Belytschko and Kennedy ([5] and [6]), 

Chopra et al [9] and Nitikitpaiboon and Bathe [24] described the method in detail. This 

approach is not well suited for problems with large fluid displacements. Another difficulty 

with this method is that special care must be taken to prevent zero-energy rotational modes 

from arising. In the second approach, the potential-based method, displacements remain the 

nodal variables in the structure, while velocity potentials or pressures are the unknowns in the 

fluid. Everstine [12], Everstine and others ([13] and [14]), Hamdi et al. [16], Morand and 

Ohayon [23], Ohayon and Valid [25], Olson and Bathe ([26] and [28]) and Zienkiewicz  and 

others ([38], [39] and [42]) demonstrated techniques for formulating finite elements using 

potential-based methods. In all these works, only a linearized version of the problem has been 

considered.  

Several finite element studies have considered the gravity and free surface effects along 

with the fluid structure interaction.  

 

SOIL-PORE FLUID-STRUCTURE INTERACTION (CLASS II COUPLING): 

    Soils are multiphase materials exhibiting a strong mechanical coupling between the solid 

skeleton and the fluid phase. This coupling can be particularly strong in the case of saturated 

soils of low permeability and under fast transient or dynamic loading, where the pore pressure 

plays a significant role. The first successful attempt to develop a model for solid skeleton-

pore fluid interaction was due to Biot [7 and 8] for linear elastic materials. This work was 

followed by further development at Swansea University, where Zienkiewicz and others ([41], 

[43], [44], [45], [46] and [47]) extended the theory to non-linear materials and large 

deformation problems. 

         Zienkiewicz [37] described extensively several kinds of coupled problems and their 

numerical solutions with some applications. The analysis of coupled soil-pore fluid 

interaction during an earthquake shock applied to a dam shows that the non-linear soil 

response causes a pore pressure build up and failure of the actual structure.  

     Park and Felippa [30] reviewed several developments of computational procedures for 

solving coupled field problems with emphasis on stabilization of partitioned analysis. It was 

found that the resulting matrices after semi-discretization are not symmetric. The non-

symmetry in the coefficient matrices often induces conditional stability of partitioned 

solutions and, therefore, stabilization at the differential equation level before attempting to 

implement a partitioned solution procedure is necessary.       

    The behaviour of multiphase flow in deforming porous media is of interest in engineering 

problems such as the simultaneous flow of three immiscible fluids; e.g. gas, oil and water 

through a tar sand formation during the bitumen recovery process, with environmental 

studies, etc.. For most cases of fluid transport in soil, two or more fluid phases are present 

simultaneously in the pores and are separated from one another by interfaces. Li and 

Zienkiewicz [20] developed a numerical procedure for modelling the behaviour of porous 

media interacting with the flow of multiphase immiscible fluids based on Biot’s theory and 

the principle of effective stress. The displacement of the solid, pressure and saturation of the 

wetting fluid were taken as primary unknowns of the model. Unconditionally stable direct and 

staggered solution procedures were used for the time domain while the numerical solution of 

the coupled finite element equations were set with u-pw-Sw form and discreteized by 

Galerkin’s method. 
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Fluid Formulations: 

     Various formulations are generally used for inviscid fluid fields. The most common 

formulations for non-flow problems are the displacement, displacement potential, velocity 

potential and pressure formulations. In finite element analysis, the displacement formulation 

gives rise to two or more variables compared with one in the other formulations (Paul, [31]). 

Therefore, in this work, the pressure formulation is used because it results in fewer 

unknowns.  

 
PRESSURE FORMULATION: 

Governing Equation of Motion: 

 The equation governing fluid motion is the well-known wave Equation (Joseph [18]): 


2 

P+   2 P = P /c
2
      (Linearized-Navier-Stokes Equation).........(1) 

where:   = 4 /3 ρf c
2
, = the dynamic viscosity of fluid and c

2
 = K/ρ. 

For an inviscid fluid, Equation (1) reduces to: 


2 

P = P /c
2
………………….…………………………………....(2) 

 

Boundary Conditions: 
(i) At moving boundaries (at interface with solid) where the fluid has a normal acceleration, 

n
u , n being the direction of the unit normal to the boundary, the pressure gradient can be 

expressed as:  

 P/ n = - ρf n
u ……………...…….………..…………………....(3) 

       At fixed boundaries;  P/ n = 0.  

(ii) At a free surface with surface waves (considering only primary waves): 

P = ρf  g uy     or     P/ y = p / g ……...………………..……..….(4) 

       At a free surface without surface waves: P = 0.  

(iii) At radiating boundaries, the condition for no reflection of pressure waves can be 

expressed as:                                                                                                                                                                                                                                                                                                                                                                                                

       P/ n = - P /c …..……………………………………….………(5) 

       where: n = the direction of the unit normal at the radiating boundary.  

 

Fluid Isoparametric Element: 

    The fluid domain is usually represented by finite elements in Cartesian coordinates. The 

number of nodes may be variable (4-9) in two dimensions, with one degree of freedom per 

node inside the fluid domain. This degree of freedom is the value of the pressure P at the 

nodes. At the free surface, the element has an extra translational degree of freedom to 

accommodate the free surface motion. This element enforces the continuity (equilibrium in 

solids) equation along the mesh domain. The applied forces represent the water pressure (unit 

volume per second) at this node. The positive pressure is in-pressure and the negative one is 

out-pressure. For global equilibrium, the in-pressure must equal to the out-pressure. At the 

boundaries, only the normal velocity may be specified because the tangential velocity does 

not affect the pressure. The nodal equilibrium is satisfied if the sum of the water pressure 

increments at the node is equal to the total applied pressure. 

  

Fluid-Structure Interaction (Pressure Formulation): 

The structure and fluid are together idealized as a two dimensional system subjected to 

support excitations both in the horizontal and vertical directions and the equations of motion 
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can be expressed, after spatial discretization, by two sets of second order coupled differential 

equations. The fluid can be modeled using any of the various formulations mentioned before. 

However, in this study, only the pressure formulation is used in which the coupled fluid-

structure equations can be expressed as: 

Ms u  + Cs u + Ks u = fs – Ms d  + L P ......………………………….(6) 

Mf P + Cf P + Kf P = ff  – ρf L
T
(u +d ) .…………….……….…….(7) 

where: 

Ms = 


dNN u

T

u  ….……………………………………….……..(8a) 

Cs = α Ms + β Ks .....….........…(Rayleigh Damping)……………..(8b) 

Ks = 


d.BDB T
T

 ............................................................................(8c) 

fs = 
u

T

u tN dΓ + 


T

uN ρ b dΩ + 


T
B D

T
 dε

o
 dΩ ..………….….…….(8d) 

L = 


c B
T
 δ Np dΩ……….….……………………..…………….(8e) 

(Mf)ij = 
F

piN 1/g  Npj d
 
Γ + 

F

T

piN 1/c
2  

Npj dΩ ………….…………..(8f) 

(Cf)ij  = 
R

T

piN 1/c
2
  Npj d

 
Γ ………………….……………………...(8g) 

(Kf)ij = 



F

T
pi )N( (Npj) dΩ ……………….……………………..(8h) 

        
(L

T
)ij = 

I

T

uiN n Npj d Γ………………….…………………………..(8i) 

and Np and Nu are the shape functions used for pore pressure and solid skeleton, respectively. 

α  and β are Rayleigh damping constants, Ω
 
is the domain, Γ is the boundary surface, B is the 

strain-displacement matrix and t is the surface traction. 
 

Pore Fluid–Solid Interaction (u-p Formulation):  

     When the seepage velocity relative to the solid skeleton is small compared with the motion 

of the solid skeleton or if the permeability is low, the relative acceleration of the fluid with 

respect to the solid can be neglected. With this approximation (i.e., neglecting the w  term) 

and replacing the unknown w with the pressure P, the equilibrium equation of the fluid can be 

rewritten as (Paul [31]): 

w = – k P + kρb – kρ u …………………..……………………..(9) 

which can be used to eliminate w from the continuity equation. Upon discretization, it is 

possible to write: 

u = Nu u ………………………………………………………….(10) 

P = Np P ………………………………………………………….(11) 

and using the standard Gelerkin method, the resulting equations can be expressed as: 

Ms u + Cs u + Ks u = fs – Ms d  + L P .………………………..….(12) 

CP P + KP P = fP  –L
T uM̂u   .…………….……….…….(13) 

where: 

Ms = 


dNN u

T

u ..….……………….…………………………..(14a) 

Cs = α Ms + β Ks…..…...........(Rayleigh Damping)…….….…...(14b) 
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Ks = 


 d.B).Q.D(B T2
cT

T
….....…………………………….(14c) 

fs = 
u

T

u tN dΓ+ 


T

uN ρ b dΩ + 


T
B D

T
 dε

o
 dΩ…....…….………...(14d) 

L = 


c B
T
 δ Np dΩ.…...……………………………….………..(14e) 

Cp = 


T

PN 1/Q Np dΩ …..………………………………..……….(14f) 

         Kp = 


 T
P )N( k (Np) dΩ…..………………………………….(14g) 

         fp  = 
p

T

PN P dΓ + 


 T
P )N( k ρf b dΩ ……..……………………(14h) 

L
T 

= 


c Np
T
 δ B dΩ………………………………….…………(14i) 

 M̂ = 


 T
P )N( k ρf Nu dΩ………………………..………………(14j) 

In this study, this formulation is implemented and used in the computer program. 

  

Staggered Solution for Coupled–Field Problems: 

     Many engineering problems involve two or three fields, such as soil-structure interaction, 

fluid-structure interaction, soil-fluid-structure interaction, etc…Such problems are generally 

partitioned into well defined fields which are distinct in behaviour, material model or solution 

technique. These fields are linked continuously together through two-way interaction with 

other fields. Each field may be coupled (totally or partially) with all the other participating 

fields or with only few of them (at interfaces via the contact boundaries only).  

    The concept of staggered solution can be organized in terms of sequential execution of 

single-field analyzers. This leads in the nodal based implicit-explicit partitioning of time 

stepping, to a complete solution of the explicit scheme independently of the implicit one and 

then using the results to progress with the implicit partition. This approach offers several 

advantages over the field elimination and simultaneous solution approaches as follows:  

(1) Completely different methodologies could be used in each part of the coupled system. (2) 

Independently developed codes dealing effectively with single systems could be combined. 

(3) Parallel computation with its inherent advantages could be used. (4) The time step size 

restrictions can be excluded from consideration. (5) In systems of the same physics, efficient 

iterative solvers could easily be developed. (6) This approach permits decoupling of high 

frequency and low frequency components of a single system, so that an alternative time 

marching algorithm can be used in each part (Zienkiewicz and Taylor [40]). Finally, (7) it 

turns out to be unconditionally stable with a predicted (approximate) value of u at t+ t  and 

with suitable integration formulae for each set of equations of motion (Li and Zienkiewicz 

[20]. Therefore, in the present study, the staggered partitioned solution scheme for a coupled 

field problem as shown in Figure (1) is implemented and used in the computer code. 

 
NUMERICAL ALGORITHM: 
Based on the procedures and equations described, a coupled dynamic finite element algorithm 

is developed from the original uncoupled code MIXDYN (Owen and Hinton [29]) by the 

name DCAPII (Al-Nu'aimy [1]). It is also an extension of the computer code DCAPI 
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developed by Al-Shereffi [2] under the supervision of al-Damluji. DCAPII includes classes I 

and II couplings presented above. 

 

Numerical Example: Dam-Reservoir System:  

    The Koyna concrete gravity dam-reservoir system (India) is analyzed with all the aspects 

of fluid-structure interaction (class I coupling) and soil-pore fluid interaction (class II 

coupling). The shape and dimensions of this dam-reservoir system are shown in Figure (1). 

The material properties of the system are taken from Paul [31] and listed in Table (1). The 

analysis involves the compressibility of water, the flexibility of the dam, the structural 

damping, the earthquake excitations and structural nonlinearity on the response. This problem 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Koyna dam-reservoir system (India). 

 

 

 

Table (1): Dimensions and properties of Koyna  

                     dam-reservoir system (from Paul, [31]). 

 

 

Material and Property Value 

1. Dam (concrete)  
Height of dam above foundation (m). 107.00 

Depth of reservoir (m). 81.45 

Young’s modulus of concrete, Ec (T/m
2
) 3164000.0 

Poisson’s ratio of concrete, υc  0.20 

Density of concrete, ρc (T/m
3
)   2.690 

2. Soil (rock)  
Young’s modulus of soil, E (T/m

2
) 1800000.0 

Poisson’s ratio of soil, υs  0.20 

Density of soil, ρs (T/m
3
)   1.830 

3. Fluid (water)  
Compressibility of water, c (m/sec) 1439.0 

Density of water, ρf (T/m
3
) 1.000 

Number of nodes = 274 

Total number of elements        = 74 

Number of fluid elements        = 30 

Number of concrete elements = 18 

Number of soil elements         = 26 

Rigid impervious boundary 

81.45 m 
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The ratio of fundamental periods of 

reservoir to the dam: 

γT = (Tf) reservoir/ (Tf) dam  

  

 

 

0.566 

 
 

is solved by Paul [31] as a fluid-elastic structure interaction (i.e., with class I coupling) only. 

The eight node isoparametric element is adopted for both the solid and fluid phases as shown 

in Figure (1). The boundary conditions are as depicted in the figure.  

  
RESULTS AND DISCUSSION:  

Effect of Water Compressibility:  

     For this study, the rigid Koyna dam is subjected to a horizontal Heaviside unit base 

excitation. The velocity of water is taken as a measure of water compressibility (K = c
2 

ρf). 

Figure (2) shows the pressure distribution for cases with incompressible and compressible 

water. It is observed that as the velocity of water is increased from 1c to 4c, the peak 

hydrodynamic force does not change significantly. But, there is a shift in the occurrence of 

the peak force. The ratio of the peak hydrodynamic pressure to the hydrostatic force is 0.15 

for the compressible water (at 1c) when compared with the incompressible one. This implies 

that the compressibility of water has a significant effect on the distribution of pressure on the 

rigid dam. 

 

EFFECT OF DAM FLEXIBILITY:  

     Again, the rigid Koyna dam is subjected to a horizontal Heaviside unit base excitation. 

The pressure distribution for several cases of dam-foundation flexibilities are shown in Figure 

(3). For the case of dam on a flexible foundation, as the flexibility of the dam system 

increases (by decreasing its modulus of elasticity), the hydrodynamic force or the pressure 

distribution on the face of the dam also increases. The maximum effect is obtained when both 

the dam and the foundation are most flexible. Conversely, when the dam is rigid, foundation 

flexibility is not so important.  
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           Fig (2): Effect of water compressibility on hydrodynamic pressure          

distribution due to a Heaviside unit base excitation. 
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              Fig (3): Effect of dam flexibility on hydrodynamic pressure 

 distribution due to a Heaviside unit base excitation. 

 
    The peak hydrodynamic force is given in Table (2). This table shows that as the flexibility 

increases, the response also increases. 

 

Table (2): Effect of dam flexibility on hydrodynamic pressure 

                                        distribution due to a Heaviside unit base excitation. 
Response 

Description 
Fexible Foundation 

 

Rigid Foundation 

Ē = 1E Ē = 1E Ē = 2E Ē = 4E Ē = ∞ 

P
h
d/Ps 1.360 -- 0.505 0.500 0.395 

 

 
EFFECT OF EARTHQUAKE EXCITATION: 

 
     For this study, three different earthquakes each with different ground motion 

characteristics are considered as shown Figure (4a-e).  

 

 

 

 

 

 

Hydrodynamic/ Hydrostatic pressures (
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(a) Transverse component of El-Centro earthquake of May 1940. 
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(b)Vertical component of El- Centro earthquake of May 1940. 

 

 

 

Fig (4): Earthquakes (from Paul, [31]). 
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          (c) Transverse component of Koyna earthquake of Dec., 1967. 
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       (d) Vertical component of Koyna earthquake of Dec., 1967. 
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       (e) San-Fernando earthquake N18E component Feb., 1971. 

Figure (4): Continued 
     The undamped response (0 % damping) of the crest displacement (element 72), the stress 

at the dam heel (element 33) and the hydrodynamic pressure at the base of the dam (elements 

33, 34 and 35) when subjected to both transverse and vertical components of either the El-

Centro or Koyna or San Fernando earthquakes, simultaneously are shown in Figures (5), (6) 

and (7), respectively. It is noticed that the response characteristics are very much dependent 

on the type of earthquake excitation. This is because of the strong interaction between the 

impounded water and the foundation when the vertical component of the earthquake is 

considered in comparison with that due to only the transverse component of earthquake. The 

peak responses of the dam for various earthquake (transverse and vertical) excitations are 

summarized in Table (3). 
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             (a)  El-Centro earthquake. 
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      (b) Koyna earthquake. 
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                   (c) San-Fernando earthquake. 

                 Note : 1cm = 10 mm. 

Figure (5): Response of dam crest displacement when subjected to 

                          various earthquakes ( transverse and vertical) excitations. 
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(a) El-Centro earthquake. 
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(b) Koyna earthquake. 
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                     (c) San-Fernando earthquake. 

       Note: 1 t/m2 = 9.81 kN/m2 

Figure (6): Response of normal stress at the dam heel when subjected  

                            to various earthquake ( transverse and vertical) excitations. 
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   (a) El-Centro earthquake. 
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    (b) Koyna earthquake. 
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                (c) San-Fernando earthquake. 

               Note: 1 t/m2 = 9.81 kN/m2 

Figure (7): Response of pressure at the dam base when subjected to 

                           various earthquakes ( transverse and vertical) excitations. 

 

Table (3): Comparison of peak responses of dam for various  

                    earthquakes (transverse and vertical) excitations. 
Response  

Description 

El-Centro  

Earthquake 

Koyna 

Earthquake 

San-Fernando 

Earthquake 

Dam crest 

displacement (cm) 

10.00 at 3.33 sec. 9.33 at 4.53 sec. 13.67 at 9.72 sec. 

-9.66 at 3.53 sec. -9.33 at 4.00 sec. -13.33 at 9.24 sec. 

Stress at the dam 

heel (T/m
2
) 

800 at 3.55 sec. 853.33 at 4.20 sec. 1066.67 at 7.59 sec. 

-720 at 3.50 sec. -746.67 at 4.47 sec. -1013.33 at 9.19 sec. 

Pressure at the  50 at 3.85 sec. 166.67 at 5.47 sec. 180.00 at 8.92 sec. 

Energy transmitting reservoir 

implicit-implicit, damping = 0 % 

50 

65 

Energy transmitting reservoir 

implicit-implicit, damping = 0 % 

Energy transmitting reservoir 

implicit-implicit, damping = 0 % 
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Dam base (T/m
2
) -65 at 3.60 sec. -180.00 at 3.15 sec. -166.67 at 8.98 sec. 

 
EFFECT OF STRUCTURAL DAMPING: 

     The responses of Koyna dam when subjected to the transverse component of the Koyna 

earthquake for 0%, 5% and 10% damping are shown in Figures (8), (9) and (10), respectively. 

It is observed that the effect of structural damping is significant and, therefore, estimation of 

damping in the evaluation of the response should be made carefully. The peak responses of 

the dam for different damping ratios are given in Table (4). 
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                   Note : 1cm = 10 mm. 

Figure (8): Response of dam crest displacement when subjected 

                  to transverse component of Koyna earthquake. 
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              Note: 1 t/m2 = 9.81 kN/m2 

Fig (9): Response of normal stress at the dam heel when subjected 

    to a transverse component of Koyna earthquake. 
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                 Note: 1 t/m2 = 9.81 kN/m2 

Fig (10): Response of pressure at the dam base when subjected 

                To a transverse component of Koyna earthquake. 

 

Table (4): Effect of structural damping on the response of dam when 

                the transverse component of Koyna earthquake is applied. 

 
Response  

Description 

0 %  

damping 

5 %  

damping 

10 %  

damping 

Dam crest 

displacement (cm) 

8.75 at 5.8 sec. 5.31 at 4.4 sec. 4.68 at 3.66 sec. 

-8.75 at 4.8 sec. -4.37 at 4.5 sec. -3.44 at 3.46 sec. 

Stress at the dam 

heel (T/m
2
) 

700 at 4.55 sec. 300 at 4.6 sec. 375 at 3.8 sec. 

-650 at 7.95 sec. -350 at 4.4 sec. -275 at 4.07 sec. 

68.67 

80.12 

39.13 

26.08 

32.60 

26.08 
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Pressure at the  

Dam base (T/m
2
) 

68.67 at 9.26 sec. 39.13 at 3.5 sec. 32.60 at 2.93 sec. 

-80.12 at 7.4 sec. -26.08 at 3.26 sec. -26.08 at 0.8 sec. 

 

 

EFFECT OF MATERIAL NONLINEARITY: 

 

    The nonlinear response of the Koyna dam when subjected to transverse and vertical Koyna 

earthquake components is shown in Figure (11). The concrete and foundation-rock-soil are 

represented by the Drucker-Parger yield criterion (Owen and Hinton [29]). The yield stress 

values of the concrete and the foundation rock are taken equal to be 323.94 T/m2 and 257.75 

T/m2, respectively (1T/m2=9.81kN/m2). It is found that the effect of material nonlinearity is 

significant and when the nonlinearity in the dam structure is considered, the response reduces 

appreciably.   
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    (a) Response of dam crest displacement. 
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              (b) Response of normal stress at the dam heel. 
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                              1 t/m2 = 9.81 kN/m2. 

Fig (11): Nonlinear response of dam when subjected to transverse 

 

                                  and vertical components of Koyna earthquake. 

 
CONCLUSIONS: 

From this investigation, the following points can be drawn:  

-   The computer code developed is found to be very useful and can be used for a wide range 

of applications in many soil-fluid-structure interaction problems. 

-   The partitioned solution scheme in which the fluid, structure and soil-pore fluid is 

integrated in a staggered fashion is found to be very efficient.  

- Two-phase materials subjected to dynamic loadings can be formulated with approximate 

numerical solutions and acceptable degrees of accuracy. 

-   Analysis of the actual behavior of constructions during dynamic loading exemplify the fact 

that the soil-structure interaction and, in the case of hydraulic structures, the fluid-

structure interaction are phenomena which may have an important influence on the 

structural seismic response.  
-   The compressibility of water has a significant effect on the distribution of pressure on the 

rigid dam. 

-  As the flexibility of the dam system increases, the pressure distribution on the face of the 

dam also increases. The maximum effect is obtained when both the dam and the 

foundation are most flexible. Conversely, when the dam is rigid, foundation flexibility is 

not so important. 

-  The response characteristics of the dam-reservoir are very much dependent on the type of 

earthquake excitation, structural damping and material nonlinearity. 
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LIST OF SYMBOLS: 

b = Displacement of fluid relative to the solid skeleton. 

B = Strain –displacement matrix. 

c = Speed of sound. 

Cs =  Rayleigh damping matrix. 

Cf =Compressibility matrix. 

Cijkl = Components of the elasticity tensor. 

Dt = Constitutive matrix. 

E  = Modulus of elasticity specified by Table (1). 

Ē = Adopted modulus of elasticity in analysis. 
g = Gravitational acceleration. 
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G = Shear modulus. 

)L(h Heaviside step function defined as 1 for l > 0 and 0 at l   0 . 

H = Dam height. 

Ĥ = Positive shape hardening scalar function of ij  and nq . 

î , ĵ , k̂  = Unit vectors in x, y and z directions, respectively. 

k  = Permeability coefficient. 

K = Bulk modulus . 

Ks = Stiffness matrix. 

Kf =Flow matrix. 

Kf = Bulk modulus of the fluid. 

KS= Bulk modulus of the solid phase. 

KT = Total bulk modulus of the solid skeleton. 

L = Coupling matrix . 

L = Loading index. 

ijL = Loading direction. 

Ms = Solid skelton mass matrix. 

Mf =Fluid mass matrix. 

n = Porosity. 

n = the direction of the unit normal at the radiating boundary. 

Np = Shape functions for pore pressure. 

Nu = Shape functions for solid skeleton displacements. 

Ρf  = Mass density. 

P = Pressure above the hydrostatic value. 

Pd
h 

 =  Hydrodynamic pressure. 

Ps    = Static pressure. 

1/Q = 










 


s

c

f K

n

K

n 
 

t = Surface traction. 

T = Time. 

u = Solid phase translation. 

xu , yu  and zu = Velocity of solid phase components in x, y and z directions, respectively. 

w  = Fluid velocity. 

Y = Rise from dam base. 

α  and β are Rayleigh damping constants. 

α c= 1-KT/ KS. 

ε
o
= Autogenous strains. 

εij  = Strains due to stresses and the superscripts. 

Γ = Boundary surface.  

= The dynamic viscosity of fluid. 

ρ  = Solid phase density. 

ρf  = Fluid density. 

ij  = Stress tensor. 

Ώ = The domain. 

    = Macauley brackets defining the operation L = L)L(h . 

A superposed dot indicates the rate. 
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NONLINEAR ANALYSIS OF RENFORCED FIBROUS 
CONCRETE VIERENDEEL TRUSS 
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ABSTRACT:  

A Vierendeel truss is a hyper static frame composed of a series of rectangular or trapezoidal 
panels with out diagonal members. The end conections of all members are rigid and designed to 
take moment. In this work, the use of fiber reinforced concrete in construction of Vierendeel trusses 
with nonlinear material behavior is researched. The addition of randomly dispersed discrete steel 
fibers to concrete improves many engineering properties of the material such as fracture toughness, 
fatigue resistance, impact resistance and flexural strength. Several parameters that affected the 
behavior of the structure like fiber volume fraction, aspect ratio, and the position of the portion in 
structure that used fibrous concrete are studied. All these studies are hold out by developing a 
program, named (P3DNFEA).  

 
  :الخلاصة

قطرية. مناطق المنحرفة  وبدون عوارض  لة أو المعينيةالمستطيھيكل مستقر يتألف من سلسلة من الفضاءات مسنم فرنديل ھو 
و المحتوية على  خلال ھذا البحث, يتم استخدام الخرسانة المسلحة لان تكون جاسئة وتتحمل عزوم.لاعضاء المسنم تصمم الاتصال 

اضافة الالياف الفولاذية ان  مع الاخذ بنظر الاعتبار التصرف الاخطي للمواد.في انشاء المسنمات الفرنديلية الياف فولاذية 
مثل مقاومة الكسر, مقاومة الكلل, مقاومة يحن عدد من الصفات الھندسية للمادة ( الخرسانة ) الموزعة بشكل عشوائي في الخرسانة 

على تصرف المنشأ مثل نسبة تواجد الالياف, طول الليف وقطره, و الموقع من العوامل التي تؤثر الصدمات و مقاومة الالتواء. 
كل ھذه الدراسات تمت من خلال تطوير برنامج اسمه المنشأ الحاوي على خرسانة مسلحة بالالياف قد أخذت بنظر الاعتبار. 

P3DNFEA.  
KEYWORD 
 Finite element, fibrous concrete. 
 
INTRODUCTION 

The Vierendeel truss, in spite of its designation, is not a truss in the conventional sense of being 
an assemblage of connected triangular unit, but a rigid frame. The diagonals are omitted and the 
chords and web members are made fully continuous to obtain stability. In addition, Vierendeel 
truss: offers some esthetic qualities, has simple details because of the limited number of members at 
a joint, is easier to form and place, and can be pre-casted or cast in place. 

Both steel and reinforced concrete have been used as material construction. Moreover, 
Vierendeel girders are used in structures where free unobstructed space is required between the top 
and bottom chords. Fig. (1) show an arc-welded steel truss of this type.  
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Fig. 1 Bent-Leg spandrel columns with Vierendeel bracing, Hoover Support Team. 

 
 

FINITE ELEMENT 
20-nodes brick elements have been used for representing concrete element, as n Fig. (2). In each 

twenty-nodes, three degrees of freedoms (translation) u, v and w are along the Cartesian coordinate 
X, Y and Z, respectively. 

While for reinforcement bar the embedded representation is used. In this type of representation, 
the reinforcement bars are assumed as line element, which is capable of transmitting axial force 
only. 

The idealization of fibers effect were perform in the tension-stiffening model used as a result of 
fiber addition. That was in ( P3DNFEA ) program, while in the ANSYS program the effect of fibers 
were introduced by concerning fibers as bar.reinfocement with small fraction. 

 

 
Fig. 2 20-node element in global and local coordinates with the 

definition of steel bar location. 
 

Numerical Integration 
One of the most accurate and convenient methods is "Gaussian quadrature", and which is used 

here. Gaussian quadrature is suited for numerical integration of polynomials for finite elements 
where dimensionless parameters (such as ζ, η and ξ) are used, and the origin is located at the center, 
Fig. 3.  
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Fig. 3 Local coordinate system.  

 
Nonlinear Solution Techniques 

An incremental-iteration procedure is used through this work, Fig. 4. here, the load is applied 
incrementally, but after each increment successive iterations are performed. 

 
 

Fig. 4 The incremental-iteration procedure.  
 

MATERIALS PROPERTIES  
The main feature of plain concrete is its high compressive strength compared to its low tensile 

strength and low energy absorption capacity, as well, the brittleness behavior of failure mode. 
Therefore, to overcome these shortcomings, one may incorporate high-strength, small diameter 
fibers into the composites, and a new material can be gained, called fiber concrete or fibrous 
concrete. 

 
Uniaxial Compression Behavior  

The addition of fibers is shown to increase toughness much more than the first crack strength. In 
Fig. (5 and 6), which are the stress-strain curves in compression for SFR mortar (ACI committee 
544), one can recognize a substantial increase in the strain at peak stress, and the slope of the 
decending portion is less steep than that of control specimens without fibers. This is an indication of 
substantially higher toughness, where toughness is a measure of ability to absorb energy during 
deformation. 
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Fig. 5 Influence of the aspect ratio on the stress-strain curve, ACI committee 544. 

  
 

 
 

Fig. 6 Influence of te volume fraction of fibers on the compressive stress-strain curve[1]. 
 
 
Uniaxial Tensile Behavior  
 The strength mechanism of the fibers involves transfer of stress from the matrix to the fibers 
by interfacial shear, or by interlock between the fibers and the matrix if the fibers surfaces are 
deformed. Stress is, thus, shared by the fibers and the matrix in tension until the matrix crakes. 
Then the total stress is progressively transferred to the fibers. In tension, SFRC fails only after the 
steel fiber breaks or is pulled out of the cement matrix. 
 
Multiaxial Behavior  

The biaxial strength of fiber concrete is significantly greater than that of plain concrete. Fig. 7 
shows a biaxial strength envelopes for plain and fiber concrete. 
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Fig. 7 Biaxial strength envelops for plain and fiber concrete[10]. 

 
The mechanical behavior of steel fiber reinforced concrete subjected to multiaxial loading may 

be assumed to be similar to that of plain concrete, its strength and ductility increase with the 
increase of confining pressure. 
 

In this study the formulation presented by Soroushian and Lee for obtaining the stresses and 
strains in both compression and tension is used: 
 

*   For compression: 
( ) fffccf dLVff ⋅×+′=′ 6.3   (1) 

( ) fffpf dLV ⋅+= 007.00021.0ε  (2) 
 

*   For tension: 
( )ffffttf NLdNff ⋅⋅⋅++= π05.0016.01 31  (3) 
( )fffttf LdN ⋅⋅+= 35.01εε   (4) 

 
Where: 

fN  : Number of fibers per unit cross-section area 
 
MATERIAL MODELING 
 
Modeling  of Concrete 
 
Behavior of Concrete in Compression 

In the present study, the behavior of concrete in compression is simulated with an elastic-plastic 
work hardening model followed by perfect plastic response, which is terminated at the onset of 
crushing. The plasticity model can be illustrated in terms of the following constructions: 
1. The Yield Criterion. 



K. S. Mahmod                                                                                           Nonlinear Analysis of Renforced Fibrous 
A. W.Hameed                                                                                           Concrete Vierendeel Truss

 

Available online @ iasj.net - 2369 -

2. The Hardening Rule. 
3. The Flow Rule. 
4. The Crushing Condition. 
 
The Yield Criterion 

In the present work, a yield criterion based on two stress invariants has been adopted, and this is 
given by: 
( ) ( ) [ ] oJIJIff σβασ =⋅+⋅== 21

2121 3,  (5) 
 
The Hardening Rule 

The hardening rule defines the motion of the subsequent yield surfaces during plastic loading. A 
number of hardening rules has been proposed to describe the growth of subsequent yield surfaces 
for work-hardening materials, these are: 

1. isotropic hardening rule. 
2. kinematics-hardening rule. 
3. mixed hardening rule. 

Here, the isotropic hardening rule is adopted. The subsequent loading functions may be 
expressed as: 
{ }( ) ( ){ } σβσ =⋅+⋅+⋅=

21

2
2

11 3 JIcIcf   (6) 
 
 
 
The Flow Rule 

So far, the loading surface alone is considered, mention has been made of the plastic stress-
strain relations. The necessary connection between the loading function, f, and the stress-strain 
relation for a work-hardening material will be made here by means of a flow rule. In plasticity 
theory the flue rule is defined so that the increments of plastic strain can be evaluated from a given 
stress state. An associated flow rule will be employed here. This means that the plastic deformation 
rate vector will be assumed to be normal to the adopted yield surface. The plastic strain increment is 
defined as: 

{ } { }( )
{ } { }adfdd p ⋅=
∂
∂
⋅= λ

σ
σλε   (7) 

The yield function derivatives with respect to the stress components define the flow vector as: 

{ }
T

xzyzxyzyx
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∂
∂
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∂

=
τττσσσ

 (8) 

 
The Crushing Condition 

The described hardening–plastic model governs the increase of the elastic deformation in 
concrete under compressive stress. Inelastic deformation continues in the concrete until crushing 
occurs. The crushing type of fracture is a strain-controlled phenomenon. A failure surface in the 
stress space must be defined so that this kind of fracture can be taken into account. Despite the lack 
of experimental data on concrete ultimate deformation capacity under multiaxial loading, crushing 
criterion is obtained by, simply, converting the yield criterion, equation 5 which is described in 
terms of stresses, directly into strains, thus: 

( ){ } cuJIcIc εβ =′⋅+′+′
21

2
2

11 3  (9) 
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Behavior of Concrete in Tension 
Probably, the main feature of plain concrete material behavior is its low tensile strength, 

which results in tensile cracking at a very low stress compared with the failure stress in 
compression. However, the addition of steel fibers the mix will enhance the tensile strength and 
change the brittle failure to ductile one. 

A smeared crack model will be adopted in this work. To understand and deal with such 
model, the following items have to be studied: 

1. Cracking Criterion. 
2. Tension Stiffening. 
3. Shear Retention. 

 
The Cracking Criterion 

The tensile strength of uncracked concrete can be obtained from laboratory tests. Usually, 
concrete properties are deduced from the compressive strength. Simple criteria are, therefore, 
favored by most analysts to predict tensile fracture. Maximum tensile stress or maximum tensile 
strain criterion is, usually, used for this purpose. Here, the tensile type of fracture is the maximum 
tensile stress criterion ( tension cut-off)[6]. For previously uncracked sampling point, the principal 
stresses and there directions are evaluated. if the maximum principal stress exceeds a limiting value, 
a crack is formed in a plane orthogonal to it. The limited tensile stress required defining the onset of 
cracking, which can be calculated for states of triaxial tensile stress and for combinations of tension 
and compression principal stresses as follows: 
 

(a) For the triaxial tension zone ( )0321 >≥≥ σσσ   

3,2,1=′== iftfcri σσ  (10) 

(b) For the tension-tension-compression zone ( )0,0 321 ≤>≥ σσσ  

 2,175.01 3 =
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

′
+′== i

f
f

cf
tfcri

σσσ   (11) 

(c) For the tension-compression-compression zone ( )0,0 231 ≤≤> σσσ   

⎥
⎥
⎦

⎤

⎢
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⎣

⎡

′
+⋅

⎥
⎥
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⎤

⎢
⎢
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′
+⋅′==

cfcf
tfcri ff

f 32 75.0175.01 σσσσ  (12) 

 

Tension Stiffening Model 
The reinforcement and the concrete are both subjected to tension, so that, large cracks are 

formed. The opening of cracks occurs at the same time as boned failure and relative movement 

between the bar and concrete takes place. The shear force at the contact surface feed tension 

stresses into the concrete between the crakes. The concrete hangs on the bare and contributes to 

over-all stiffness of the system. This stiffness effect is often called tension stiffening. The 

phenomenon is represented by the descending part of the stress-strain curve. The model proposed 

by Yin et. al.,1989, is used though this work, and it is defined as follows: 

a) For 1tfncr εεε ≤≤  
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crn σασ ⋅= 2  (13) 

b) For 1tfn εε ≥  

0=nσ  (14) 

 

 

 

 

 

 

 

 

 
 

Fig. 8 Post-cracking model of steel fiber reinforced concrete. 
 

 

Shear Retention Model 
The shear stiffness at a cracked sampling point becomes progressively smaller as the crack 

widens. So the shear modulus of elasticity is reduced to βG, fig. 9. The following relations are used 
to account for the shear retention effect. 

a) For  nε < crε  

0.1=β  (15) 

b) For crε  < nε < crεα .1  

31
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c) For nε > crεα .1  
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Fig. 9 Shear retention model for concrete. 

 
Modeling of Reinforcement 
Reinforcing steel is a homogenous material and has, usually, the same strength in tension and 
compression. In the present work, an elastic-linear work hardening model simulates the uniaxial 
stress-strain behavior of steel bars, as in fig 10 

 

 
Fig.10 Stress-strain relationship of steel bars used in the analysis. 

PARAMETRIC STUDY 
 Three Vierendeel structures are analyzed here. These structures have been tested by Alwash 
(1995). Each structure is subjected to a mid-span concentrated load applied at the upper chored. The 
details of geometry and arrangement of reinforcements for these structures are shown in figs. (11-a, 
b, c) 
 
 
 
 
 
 
 

Fig. 11-a Geometry and arrangement of reinforcements for VER1. 

 
 
 
 
 
 

Fig. 11-b Geometry and arrangement of reinforcements for VER2. 

 

 

 

 

Fig. 11-c Geometry and arrangement of reinforcements for VER3. 
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         Sec 1-1           Sec 2-2 

 

 

Fig. 11 Details of geometry and arrangement of reinforcements. 

 
 
Structure shape 

From thes three different shapesof Vierendeel trusses, two comparison cases are provided, one 
for voids number and size, and the other for the inclination of top chord. 

 
Voids number and size  

This comparison is carried out between VER1 and VER3. VER1 has six voids; their size varies 
from (500*500 mm) to (450*500 mm). On the other side, VER3 has four voids; their size varies 
from (750*500 mm) to (850*500 mm) here and after referring to Fig. 12, one can conclude that: 
when the number of voids is lessened on the expense of the increase in the voids size leads to a 
remarkable decrease (by 17.8%) in the structure rigidity and increase in the average deflection (by 
14.1%). 
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Fig. 12 Influence of voids number and size. 
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Inclination of top chord   

By increasing the inclination of top chords from (inclination=0) to (inclination =12.4o) structure 
strength increase with decreasing in its deflection, by (10.57%) and (36.71%), respectively, as in 
Fig. 13. 
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Fig. 13 Influence of inclination of top chord. 

 
 
Fibers distribution 

Three cases are searched to examine the influence of fibers distribution position through the 
structure. In the first case, fibers are distributed through the whole structure. While in the second 
case, fibers are distributed just in the bottom boom where the tensile stress is expected to be high. 
Finally, in the third case, fibers are distributed in both bottom boom (where expected high tensile 
stress) and vertical members (where the shear stress expected to be high and influential). The 
comparisons between these three cases are clearly shown in Figs. (14, 15, 16).  
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Fig. 14 The influence of fibers distribution in VER1. 
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Fig. 15 The influence of fibers distribution in VER2. 
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Fig. 16 The influence of fibers distribution in VER3. 

 
When fiber geometries are changed like fiber length fiber diameter or fiber volume fraction, it 

seen to be affecting the response of structure which will be explained through the following notes: 
1. When increasing Vf , a substantial increasing in structure rigidity is noticed, as in Fig 17. 

This is because of increasing in the crack arrestors. Therefore, delaying structure failure. 
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Fig. 17 Effect of fV . 

 
2. The matrix contains fibers distributed through it fail by two way. Either by fiber pull-out 

(this happened when fiber is short) or by fiber yield (this happened when fiber is long). The 
needed stress for the former type of failure is much more than the latter one. Therefore, 
when increasing Lf , an increasing in structure rigidity is observed. 



K. S. Mahmod                                                                                           Nonlinear Analysis of Renforced Fibrous 
A. W.Hameed                                                                                           Concrete Vierendeel Truss

 

Available online @ iasj.net - 2377 -

 

0.00 10.00 20.00
Deflection , in ( mm )

0.00

50.00

100.00

150.00

Lo
ad

 , 
in

 ( 
kN

 )

VER1

Lf = 30

Lf = 40

Lf = 50

 
Fig. 18 Effect of fL . 

3. Here, the effect of fd  show a differ behavior than fV  and fL , i.e., when increasing fV , 
structure rigidity decreases. 
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Fig. 19 Effect of fd . 
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STRESSES STUDY          

Here the stress distribution in Y-direction, with a sketch for the crack propagation through 
different load stages can be viewed. One can depend on this survey to decide on and through which 
portion fibers are to be distributed.  

 
Stress distribution propagate in concrete     

In Fig. 20 stress distribution in Y-direction for VER1 at mid-span 
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Fig. 20 Stress distribution in Y-direction for VER1 at mid-span.  

 

 
Fig. 21 Stress distribution in Y-direction for VER1, (N/mm2). 

 
 

Here and from Figs. 20 and 21, both distributions have similarity for half of the structure. The 
compressive and tensile zones are appearing clearly in these figures. By considering that the barrier 
between the compressive and tensile zones is a shear zone, the shear appears in the middle of 
verticals and near joints; while the tensile zone is more dominating in bottom booms. 
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Stress distribution through the longitudinal main bars         
 Fig. 22 shows the stress distribution and development for the bottom steel bars. 
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Fig 22 Stress distribution and development for the bottom steel bars of VER1. 

 
 This longitudinal stress reaches its maximum magnitude at mid-span, where maximum 
number of cracks exists, and decreases gradually as close from support, with some inflection points 
appear through structure holes. By increasing the applied load, the stress distribution magnitude 
increases indicating that the steel bars carry the stress release from the cracked concrete to achieve 
the equilibrium.  
 
Crack pattern      

Figs. (23-a, b, c and d) show  the crack distribution and propagation through different load 
stages 

 
Fig. 23-a Crack pattern of VER1 at load (45 kN). 
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Fig. 23-b Crack pattern of VER1 at load (60 kN). 

 

 
Fig. 23-c Crack pattern of VER1 at load (75 kN). 

 

 
Fig. 23-d Crack pattern of VER1 at load (90 kN). 

 
CONCLUSIONS      

* The developed program has shown good agreement with experimental data of (Taan and 
Swamy) and ANSYS program in case of fibrous concrete. 
* The use of inclined chords is recommended, because this inclination greatly reduces the 
bending stress.  
* The use of steel fiber increases strength by (16.93 %) while deflection is decreased by 
(15.335 %) for the examples considered herein. 
* The use of steel fibers is shown to increase the toughness much more than the first crack 
strength.  
* The addition of steel fibers enhances the tensile strength, crack resistance, crack control. 
* Fiber length, fiber diameter and fiber volume fraction influence the mechanical properties 
of steel fiber reinforced concrete. 
* The usage of steel fibers may particularize in the tension and shear zones only for 
economical purposes.       
* Tension zone is concentrated in central bottom chords with some fragmentary portions in 
structure, while shear zone is concentrated in verticals and middle of outer chords. 
* Stress in steel bars has some inflection points because of change in stress distribution. 
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NOTATIONS 

Flow vector{ }a
Fiber diameterfd

Yield surface, yield function( )σf
Compressive strength of fiber reinforced concretecff ′

Tensile strength of fiber reinforced concretetff

first invariant of the stress tensor1I
second and third invariant of the deviator stress tensor3J and 2J
Fiber lengthfL

Number of fibers per unit cross-section areafN

Volume fraction of fiberfV
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Rate of strain decayα1
Sudden loss in stress rationα2

Shear reduction factorβ
Strainε
The total straincfε
Ultimate strain value that can be extrapolated from the 
ultimate compressive testcuε

Tensile strain of fiber reinforced concretetfε

Rate of decay of shear stiffness as the crack widens1γ
Ratio of sudden loss in shear at the instant of cracking2γ
Ratio of the residual shear stiffness due to the dowel3γ
A factor determining the size of the plastic strain 
incrementλd

Stressσ
Equivalent effective stress at onset of plastic 
deformationοσ

Effective stress or the equivalent uniaxial stressσ

Cracking stresscrσ
Shear stress between the fiber and the concreteuτ
Local coordinateξ ,η and ζ   
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ABSTRACT 

 Gypseous Soils are distributed in many regions in the world including Iraq, which cover about 

(31.7%) of the surface area of the country. Existence of these soils, some times with high gypsum 

content, caused difficult problems to the buildings and strategic projects due to dissolution and 

leaching of the gypsum slates by the action of water flow through the soil mass. 

 In this study the effect of treatment with Dihydrate Calcium Chloride (CaCl2.2H2O) as water 

solution on compaction, compressibility, leaching, permeability and shear strength characteristics of 

Gypseous soil is investigated. 

It is found that the maximum dry unit weight increases while optimum moisture content 

decreases with the increase in the concentration of calcium chloride in the molding water. 

 It is concluded that the engineering properties of the samples are highly improved when the 

samples are soaked in calcium chloride solution at (20%) concentration. Where, considerable 

reduction is observed in compressibility, collapsibility, coefficient of permeability, percentage of 

dissolved gypsum and leaching strain. Also, the treatment minimizes the reduction in cohesion 

component (c) upon soaking in water and slightly decreases the angle of internal friction (). 

Analysis of the tests results showed that the using of calcium chloride solution in 

improvement the gypseous soil is more efficient than using it in any other form (powder). 
 

 الخلاصة 
السطحية  %( من المساحة7.13تتوزع الترب الجبسية  في عدة مناطق من العالم ومن ضمنيا العراق، حيث تغطي حوالي)

ن وجود ىذه الترب و بنسب جبس عالية في بعض المواقع قد سبب عدة مشاكل معقدة لممباني والمشاريع الستراتيجية،  لمقطر. وا 
 بسبب ذوبان وغسل الجبس بتأثير جريان الماء  خلال كتمة التربة.

( كمحمول مائي عمى خصائص CaCl2.2H2Oالبحث تم دراسة تأثير المعالجة باستخدام كموريد الكالسيوم المائي) افي ىذ
 الرص، الانضغاط،  الغسل، النفاذية ومقاومة القص لمتربة الجبسية.

تركيز كموريد الكالسيوم الأمثل يقل مع زيادة  وقد وجد بان الكثافة الجافة العظمى تزداد وفي نفس الوقت المحتوى الرطوبي
 .في الماء المستخدم في عممية الرص

لخصائص اليندسية لمنماذج تتحسن بصوره كبيرة بعد غمر النماذج بمحمول كموريد الكالسيوم بتركيز وقد تم استنتاج إن ا
%(. حيث يلاحظ نقصان في كل من الانضغاطية ،الانييارية، معامل النفادية، نسبة الجبس الذائب و انفعال الغسل. كذلك 02)

وتقمل بشكل طفيف زاوية الاحتكاك الداخمي لمتربة المعالجة. كما إن (عند الغمر cفان المعالجة تقمل النقصان في معامل التماسك) 
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باي شكل  تحميل النتائج اظير أن استخدام كموريد الكالسيوم كمحمول مائي في تحسين التربة ىو اكثر كفاءه من استخدامو
 (.مسحوقآخر)

INTRODUCTION 

The development programs of many areas last years in Iraq was faced with a problem due to 

existence of various amount of gypsum in most of these areas as partially gypsum stratum or soil 

containing an amount of gypsum. 

Many major projects suffered from several problems related to construction on or by 

gypseous soils such as cracks, tilting, collapse and leaching the soil. These problems could happen 

due to percolation of water into these soils causing dissolution of gypsum, which provides the 

cementing bonds between the soil particles. This process leads to collapse of soil structure and 

progressive compression, and the problem becomes more complicated if flow occurred causing 

continuous loss of soil mass and formation of serious cavities. 

These considerable changes in the engineering properties of gypseous soils upon wetting or 

leaching necessitate geotechnical investigations of these soils and adopting more beneficial 

methods to improve their properties. 

This study is an attempt to treat the gypseous soil adopted by using a water solution of 

dihydrat calcium chloride (CaCl2.2H2O) to improve its properties.      

  

GYPSUM AND ITS SOLUBILITY 

From chemical point of view, gypsum is calcium sulfate with two water molecules attached 

(CaSO4.2H2O), the two other natural forms of calcium chloride are anhydrate (CaSO4) and 

hemihydrate plaster of Paris (Bassanite) (CaSO4. 1/2H2O), alter to gypsum at the temperature and 

pressure normally found at the earth’s surface (Nafie, 1989). 

Saaed and Khorshid (1989), reported that the solubility of gypsum is of the order 2.41gm/1, 

while Saleam et. al.(1988), reported that the saturated solution may contains about 2.6 gm /1. 

Seidell and Linke (1958), collected data from many references for the solubility of gypsum in 

water solutions of some salts. They showed that some salts such as [Mg(NO3)2, Mgcl2, Kcl, NaNO3, 

NaCl] increase the ionic strength and that lead to increase the solubility of gypsum. On the contrary 

to that, there are other salts like [CaCl2, MgSO4] cause an increase in common ions (Ca
+2

 or S4 
-2

), 

and thus decreasing the solubility of gypsum, see fig. (1). 
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Fig. (1): Solubility of Gypsum at Different Salts Concentrations, 

(Data Collected by Seidell and Linke, 1958). 
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EXPERIMENTAL WORK 

Soil Properties 

The soil of this investigation was taken from Heet site west of Iraq. Summary of physical and 

classification properties is presented in Table (1). 

 

Table (1): Summary of physical and classification properties 

 

Gypsum content % 53 γd field (kN/m
3
) 14.4 

TSS (%) 52.39 L.L. % 31 

SO3(%) 26.6 P.L. % 16 

pH 7.79  %Sand 82 

Gs 2.43  %Fines 18 

eo 
0.687 Soil Classification 

According to USCS 
SC 

 

Testing Program 
 Because of the difficulty of obtaining undisturbed samples for the engineering tests, the 

samples are prepared to satisfy dry unit weight by using static compaction method. 

A series of engineering tests was conducted on the soil treated with a water solution of 

calcium chloride. This series including compaction, compressibility, leaching and shear strength 

tests. 

Compressibility tests were performed using oedometer device. Shear strength parameters for 

both soaked and unsoaked samples were determined by using direct shear apparatus. Leaching tests 

were conducted using special oedometer cell called the Permeability-Consolation Cell. 

 

Method of Treatment with Calcium Chloride Solution 

The commercial product of Dihydrate Calcium Chloride (CaCl2.2H2O), with purity from (94 

to 97) %, was used in this study to improve the engineering properties of the gypseous soil taken 

from Heet area. The salt is white in color and crystalline solid in the hydrous state. 

 The procedure of treatment of gypsum with the salt could be summarized in following steps:  

1. Preparing three concentrations (10, 20 and 30) %of calcium chloride solution by adding a 

specified weight of the salt to the distilled water to satisfy the required concentration. It 

should be noted that the adding of water to the salt causes an agglomeration of salt particles, 

and these will not dissolve easily. Therefore, the salt should be added to the water in small 

amounts with continuous mixing. 

2. Preparing the samples at their field dry densities using static compaction method. 

3. Soaking the samples in calcium chloride solution for about two hours.  

4. After soaking period the samples were kept for (24) hours in nylon bags to insure homogeneous 

distribution of the solution through the samples. Then the samples were dried in the oven at 

(45
o
C) until the weights stabilize. These weights compared with their original dry weights lead 

to determine calcium chloride content as solids in the samples with respect to each 

concentration. 

 
ANALYSIS AND DISCUSSION OF THE RESULTS 

Effect of Treatment on Compaction Characteristics 

Compaction curves for treated soil at different calcium chloride concentrations dissolved in 

molding water are shown in fig. (2). It can be seen that the maximum dry unit weight increases and 
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optimum moisture content decreases conjugate with the increase in concentration of the solution. 

This behavior may be attributed firstly to increase in fine particles and secondly to the lubrication 

between soil grains, where chlorides are considered as good lubricants when added to the soil 

(O’Flaharty, 1974). 

 

 

Effect of Treatment on Compressibility Characteristics 

The results of standard odometer tests of the soil treated with calcium chloride solution at 

different concentrations are shown in fig. (3). Also the tests results are listed in Table (2). 

 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 In general the virgin compression and recompression curves are approximately linear. Also, 

the total volumetric strain at 800kPa (v, 800) decreases from (17.71 to 10.16) % and the 

compression index (Cc) decrease from (0.260 to 0.085), when the concentration of the used salt 

increases from (0 to 30) %. This behavior may be due to decrease of the dissolution of gypsum and 

increase of the cementing bonds between the soil particles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table (2): Summary of Compression test Results of Treated Soil. 

c.c.s* 

 (%) 

c.c.c**  

(%) 
eo 

γd 

kN/m
3
 

v,800 

% 
Cc Cr 

0 2 .687 14.13 17.71 .26 .022 

Fig. (2): Compaction Curves of Treated Soil at Different Solution Concentrations 

Fig. (3): Compression Test Results of Treated Soil  

6 8 10 12 14 16 18 20 22 24 26
Solution content, (%)

14

15

16

17

18

19

20

D
ry

 u
n
it

 w
ei

g
h
t,

 (
  
  
)

(K
N

/m
3
) 

10 100 1000

Vertical stress, (kPa)

0

4

8

12

16

20

24

V
o

lu
m

et
ri

c 
st

ra
in

, 
(%

)



Journal of Engineering Volume 14 June 2008       Number2  
 

Available online @ iasj.net 3542 

10 1.95 .65 14.62 12.77 .139 .0251 

20 3.64 .599 14.87 11.23 .137 .0260 

30 5.14 .568 15.38 10.16 .085 .0260 

* c.c.s: Concentration of Calcium Chloride Solution. 

**c.c.c : Calcium Chloride Content as Solid in the Sample. 
 

Collapsibility Characteristics 

The results of collapse test are shown in fig. (4). It is obvious that the collapse potential 

highly decreased after treatment with calcium chloride solution. 
Table (3) shows that the collapse potential of untreated soil is (5.28), where the degree of 

specimen collapse classified as a “Moderate” according to ASTM D5333, 2003. While this value 

decreases to (1.62) after treatment with the solution at (30%) concentration. Where the reduction in 

collapse potential is about (69.3%) and the degree of specimen collapse classified as a “Slight”. 

This reduction in collapse potential after treatment may be attributed to increase the common 

ion (Ca
+2

), which decrease the solubility of gypsum (as explained in sec.2). In addition to that the 

used salt acts as a filler material in the pores of the soil and provides new commenting bonds 

between the particles. Also, It can be observed from Table (3) that collapse potentials obtained from 

the double oedometer test are greater than those obtained from collapse test 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (3): Collapsibility Tests Results of Treated Soil.  
 

Soil Property 
Concentration of Calcium Chloride Solution, % 

0 10 20 30 

c.c.c, % 0 1.98 3.63 5.12 

eo 0.687 0.65 0.599 0.568 

γd ( kN/m
3
) 14.4 14.63 14.89 15.38 

Fig. (4): Results of Collapse Test of Soil Treated with different (c.c.s)  
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CT 
Collpse test 

CP, % 5.28 2.36 1.87 1.62 

Reduction in CP, % 0 55.3 64.58 69.31 
DOT 

Double 

Oedometer Test 

CP, % 5.54 2.49 1.98 1.65 

Reduction in CP, % 0 55.05 64.26 70.21 

 

Permeability and Leaching Characteristics 

The effect of treatment on permeability and leaching characteristics of the soil was 

investigated. The oedometer permeability-leaching test (OPLT) was conducted under two leaching 

stresses (100 and 200) kPa with hydraulic gradient (i) equal to (20). A discussion of the effect of 

treatment on coefficient of permeability, leaching strain and dissolved gypsum could be as follows: 

 

 

 

Permeability Characteristics  

The variation of coefficient of permeability (k) with time at different concentrations of 

(CaCl2) solution for each leaching stress level is shown in fig. (5). 

It can be seen from this figure that the permeability decreases with the increase in 

concentration of the used solution up to 20%. But with higher concentration, i.e. (30) %, it begins to 

increase. Al-Busoda (1999), found similar results when treated the gypseous soil with 2.5 and 5 % 

calcium chloride powder. She attributed the decrease in permeability to increase in fine particles 

that filled the voids within soil structure. Moreover, the salt reduces the dissolved gypsum, and 

those decrease the construction of new voids or enlarging the original voids. While she attributed 

the increase in permeability with increase in calcium chloride content to hydration process of the 

additive to (CaCl2.6H2O) under certain conditions. This process generating a pressure tried to 

spread the particles from each other, therefore, the void ratio will increase. So, the coefficient of 

permeability will increase. 

Also, it can be noticed that the permeability decreased with the increase in leaching stress 

level due to reduction in void ratio, which leads to the elimination of water paths. These results 

agree with the results obtained by Seleam (1988), Nashat (1990), Al-Busoda (1999), and Al-Qaisee 

(2001). 
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Leaching Characteristics 

The variation of leaching strain and dissolved gypsum during leaching process at different 

CaCl2 concentrations and leaching stresses are shown in figs. (6) and (7). 

In general, it can be seen that the leaching strain increased with time as the leaching process 

continued. This behavior may be due to the continuous dissolution of gypsum that caused a 

continuous settlement. Also, the leaching strain increased with the increase in percentage of 

dissolved gypsum. Similar results are reported by many researchers such as Al-Khuzaie (1985), 

Seleam (1988), Al-Busoda (1999) and Al-Beiruty (2003).  

Fig. (6) Shows significant reduction in leaching strain with time of the soil treated with (10 

and 20) % concentrations. While with (30) % concentration the leaching strain begins to increase, 

but it remained below the leaching strain of untreated soil. The treatment with (CaCl2,) leads to 

increase the calcium cations (Ca
+2

) which represent the common ions with calcium cations of the 

gypsum, therefore, the amount of dissolved gypsum will decrease. So, the leaching strain decreases. 

The increase in leaching strain which was observed for the specimens treated with (30) % 

concentration may be attributed to the increase in permeability (discussed previously in section 

4.3.1) which will increase the dissolution of gypsum and calcium chloride and removal of it from 

soil skeleton. Hence additional leaching strain will take place due to the collapse of soil structure. 
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Fig. (5): Results of Oedometer-Permeability Leaching Test of Samples 

               Treated with Different (c.c.s): 

                    (a) Coefficient of Permeability (k) vs. Time Relation, v=100 kPa 

                    (b) Coefficient of Permeability (k) vs. Time Relation, v=200 kPa 
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Shear Strength Characteristics 

To predict the shear strength parameters (c and ), two types of tests were conducted on (6) 

samples treated in the same concentration, three of them tested in dry state, while the other three 

samples were tested after soaking in water for (2) hours. 

Typical results of direct shear tests conducted on the samples treated with 20% concentrations 

of calcium chloride solution at dry state are shown in fig. (8)  

For unsoaked samples, it can be observed that the cohesion (c) increases with increase 

concentration of calcium chloride solution. On the other hand, the treatment minimized the 

reduction in cohesion (c) that occurred due to soaking. This behavior may be attributed to the 

existence of calcium chloride as solids in the voids which act as binder material between the 

particles; moreover, it decreases the destruction of the gypsum bonds after soaking in water. Fig. (9) 

presents the values of shear strength parameters (c and) in terms of isobar. 

Also, a reduction in the values of angle of internal friction () is observed after treatment 

especially for soaked samples. This could be attributed to that calcium chloride acts as lubricant 

when added to the soil. On the other hand, the soaking leads to hydration process of (CaCl2.2H2O) 

Fig. (6): Leaching Strain vs. Time Relation, v=200 kPa 
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which move the soil particles far from each other (as discussed previously), therefore, the inter 

particle friction will be reduced and as a result of that () will decrease. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A: Shear Stress-Horizontal Displacement Relationship 0 2 4 6 8 10
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Fig. (8): Direct Shear Test Results for Unsoaked Samples Treated with (20%) c.c.s 
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ANALYSIS OF TREATMENT RESULTS 

From the results of the tests conducted on the samples after treatment with a water solution of 

(CaCl2.2H2O) at three concentrations (10, 20 and 30%) as explained previously, it can be concluded 

that (20%) is the optimum concentration of calcium chloride solution to be used in improvement. 

The treatment at this concentration yields an increase in maximum dry density obtained from 

standard compaction test. Also it gives a significant reduction in compressibility, permeability and 

leaching characteristics see Table (4). 

 

     CONCLUSIONS 

 

-  The increase in concentration of calcium chloride (CaCl2.2H2O) in water used in compaction 

process of the gypseous soil causes an increase in the maximum dry unit weight which leads to 

decrease the optimum moisture content. 

-  The treatment by soaking the samples in calcium chloride solution at 20% concentration 

(optimum concentration) caused the following: 

a. Decrease in the compression index (Cc) and increase in the rebound index (Cr). 

b. Reduce values of the collapse potential obtained from collapse and double oedometer 

tests up to (64%). 

c. Decrease values of the coefficient of permeability (k). 

d. Decrease the percentage of dissolved gypsum and leaching strain. 

e. Minimize the reduction in cohesion component (c) upon soaking in water and slightly 

decrease the angle of internal friction (). 

1. the calcium chloride solution can be used easily in compaction process or as a grouting 

material compared it as powder. 

 

 

 

 

B: Variation of Angle of Internal Friction  () with c.c.s of unsoaked and Soaked Samples 

A: Variation of Cohesion (c) with c.c.s of unsoaked and Soaked Samples  

Fig. (9): Effect of Treatment on Shear Strength Parameters.  
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Increase or 

Reduction 

Treated 

with 20% 

Untreated 

Soil 
Characteristics 

Red. 47.3% 0.137 0.26 Cc 
Compression 

Characteristics 
Red. 64.6% 1.87 5.28 CT 

CP% , 
Red. 64.2% 1.98 5.54 DOT 

Red. 43.2% 2.88 5.07 k ave1 x10
-5

 (cm/sec.) Permeability and 

Leaching 

Characteristics(at 

v=200 kPa) 
 

Red. 54.72% 8.49 18.75 Total Leaching Strain% , 

Red. 57.71% 6.71 15.87 Total Dissolved Gypsum,% 

Inc.100.04% 102 50 c, kPa 
Unsoaked 

Shear Strength 
Red. 7.31% 38 41 , deg1 
Inc. 500.2% 62 10 c, kPa 

Soaked 
Red. 17.5% 33 40 ,deg1 

 

NOTATION 

c : Cohesion Component of Strength, (kPa) 

c.c.c : Calcium Chloride Content as Solid in the Sample, (%) 

c.c.s : Concentration of Calcium Chloride Solution, (%) 

Cc : Compression Index 

CP : Collapse Potential 

Cr : Rebound Index 

Dr : Relative Density, (%) 

eo : Initial Void Ratio 

Gs : Specific Gravity 

i : Hydraulic Gradient 

k : Coefficient of Permeability, (cm/sec) 

kav. : Average coefficient of Permeability 

L.L : Liquid Limit 

SC : Clayey Sand 

TSS : Total Soluble Salts 

USCS : Unified Soil Classification System 

v,800 : Volumetric Strain at (800 kPa) Stress, (%) 

 : Angle of Internal Friction, (degree) 

γd  : Dry Unit Weight  

γd field  : Field Dry Unit Weight , (kN/m
3
) 

n : Normal  Stress, (kPa) 
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ABSTRACT 

In a typical reservoir a sediment layer of considerable depth may be deposited on the top of 

exposed bedrock foundation. In this research an analytical solution was proposed to solve the case of 

the vertical acceleration with infinite reservoir with existence of such sediment layer.  
The results indicate that as the depth of sediment increases, the pressure increases also. The 

behavior is found to be affected by the change of the degree of saturation of the sediment layer. As this 

degree of sediment decreases the developed Hydrodynamic pressure increase. A comparison between 

the case of stiff  and soft foundation indicates that the pressure values are always greater for the stiff 

foundation. 
 

فى خزانات السدود الناجمة عن التعجيل العمودى لميزات الارضية مع  حل تحميمي لايجاد الضغوط الييدرونيماكية
 وجود الرسوبيات

 الخلاصة              
ان دراسة استقرارية السدود عند تعرضيا لميزة الارضية موضوع ذو اىمية لا تنكر فينالك العديد من الدراسات حول ىذا 

كن معظميا تفترض ارضية الخزان خمف السمد صمدة. ونظراً لوجود طبقة رسوبيات عمى ىذه الارضية فميس من الموضوع ول
 الواقع ان نفرض كونيا صمدة.

يشمل البحث دراسة تأثير حركة الارض العمودية التي تعطي تعجيلًا عمودياً لارضية الخزان في كلا الحالتين اعلاه تم دراسة 
 وخصائص الرسوبيات مثل ارتفاعيا ودرجة تشبعيا.رخوة  (Soft)و صمدة  (Stiff)خزان تأثير نوعية ارضية ال

حل تحميمي لمعادلة الموجة احادية البعد وتم استخدام معادلات لمعاممي الاخماد لتعجيل اليزة ومعامل امتصاص  نباطتم است
لحل بأن معادلة الضغط تتكون من حدين حد موجة الضغط في الشروط الحدودية لممسألة وعمى سطح الرسوبيات. وقد بيّن ا

 حقيقي وآخر خيالي في حالة وجود الرسوبيات . 
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 صمدةبينت نتائج الدراسة ان قيم الضغوط الييدروديناميكية في الاحوال جميعا تكون اعمى في حالة اعتبار ارضية الخزان 
(Stiff)  مما ىي عميو في اعتبارىا رخوة(Soft) عمق الرسوبيات فقد اظيرت نتائج مثل رسوبيات اما بالنسبة لخصائص ال

البحث بأنو يمكن القول بصورة عامة بأن الضغط يزداد بزيادة عمق الرسوبيات في حالة التشبع الكمي. اما بخصوص درجة 
 التشبع فكانت الضغوطات المتولدة تزداد كمما قمّت درجة التشبع.

 

INTRODUCTION 

The design of a new dam and safety evaluation of an existing dam should be carried out with a 

high level of accuracy. The failure of such structures, particularly during an earthquake may, be 

disastrous. Most failures recorded of such structures were due to earthquakes (Okamoto, 1973). During 

earthquakes, a pressure in excess of hydrostatic is exerted on the dam face, called hydrodynamic 

pressure. Hydrodynamic force was hence developed and may cause failure. The response of a dam to 

an earthquake is affected by the compressibility of water in the reservoir, and the absorption of pressure 

waves at the bottom of the reservoir. Therefore, an accurate analysis should consider these two factors, 

in addition to other factors, such as, earthquake acceleration intensity and frequency, with the 

geometrical factors.  

Reservoir sedimentation is a complex process varying with sediment production rate, 

transportation, and deposition as mentioned by (Chen and Hung,1993), serious deposition of sediment 

in reservoirs built prior to (1935) were identified. One-third of these reservoirs lost between one-fourth 

and one-half of their original capacity. About (14%) of the reservoirs lost between (50-70%) of their 

original capacity, and 10% were completely depleted.  

(Chopra et al., 1980) investigated the response of concrete gravity dams, including the dynamic 

effects of impounded water and flexible foundation rock, to the transverse (horizontal) and vertical 

components of earthquake ground motion. The system was analyzed under the assumption of linear 

behavior for the concrete, foundation rock and water. The complete system was considered as 

composed of three substructures: the dam, represented as a finite element system. The fluid domain, as 

a continum of infinite length in the upstream direction, and the foundation rock region as a viscoelastic 

halfplane 

(Hall and Chopra,1982) developed an analysis procedure in the frequency domain for 

determining the earthquake response of two-dimensional concrete gravity and embankment dams 

including hydrodynamic effect; response of the elastic dams and compressible water are assumed 

linear. The dam and fluid domain are considered to behave linearly, and the water as compressible. The 

dam and fluid domain are treated as substructure and modeled with finite elements. The fluid domain 

model approximately accounts for the interaction between the fluid and the underlying foundation 

medium through a damping boundary condition applied along the reservoir bottom. The sediment at the 

bottom of the reservoir can be roughly represented by introducing a so-called absorbing boundary at the 

bottom of the reservoir. 

(Lotfi and Tassoulas,1986) developed a finite element method for the two-dimensional 

problems of the dynamics of dam-reservoir-foundation systems, taking into account all interactions 

rigorously. In this study the dam-reservoir-foundation region is partitioned into three subregions: the 

neighborhood of the dam, the solid hyperelement and the fluid-solid hyperelement. This study 

indicates that including the sedimentary layer decreases the response to vertical ground motion 

significantly. However, the response to horizontal ground motion is very little reduced. A comparison 
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with the results obtained by the modified approximate treatment of reservoir-foundation interaction 

showed very good agreement. 

(Cheng,1986) solved a simplified problem of a rigid dam impounded with water and subjected 

to vertical harmonic earthquakes. The reservoir bottom was modeled as a poroelastic sediment layer of 

finite extent sitting on the top of a semi-infinite elastic and impervious foundation. The reservoir 

bottom damping coefficients were obtained and explicitly expressed in terms of the earthquake 

excitation frequency and the material properties of the sediment.  

 

(Bougacha and Tassoulas,1991) determined the response of a concrete gravity dam for a 

selected earthquake record in order to assess the potential significance of the sedimentary material 

accumulating on the reservoir bottom. The results were found to be sensitive to the direction of the 

horizontal ground motion. The significance of partially saturated sediment seems to be most 

pronounced when horizontal and vertical ground excitations are combined and less notable when only 

horizontal ground acceleration is applied. This study suggests that the reservoir bottom sediment may 

play a role in the response of dams to earthquakes. However, the importance of this role seems to hinge 

on the sediment properties, especially the pore-fluid compressibility. 

(Chen and Hung,1993) used a two-dimensional model of poroelastic media to obtain the 

dynamic effect of reservoir sediment on the hydrodynamic pressure of an incompressible impounded 

water. The pressure wave equation for the pore water and the sediment is solved by an implicit finite 

difference method coupled with a fast Poisson solver. The sediment in this model has been treated as a 

fluid-filled mixture consisting of both solid and fluid phases. During the onset of ground acceleration, 

the ground rise of pore pressure associated with the compressibility of the pore water results in an 

incipient reduction of dynamic pressure in the impounded water. However, the dynamic pressure of the 

incompressible impounded water rises rapidly with the pore pressure associated with the pressure wave 

and inertia in the sediment. 

(Zhao,1994) considered a simplified problem of a rigid dam impounded with water and 

subjected to vertical and harmonic earthquakes. The sediment of certain thickness at the bottom of a 

reservoir is assumed to be an elastic medium overlaying the top of a semi-infinite and impervious 

foundation. If the gravity dam is assumed to be rigid and the lateral scattering of reflected waves is 

negligible, a water-gravity dam-foundation system can be simplified as a one-dimensional wave 

problem. 

(Al-Suhaili,1997) used a finite element model to investigate the transient pressures generated 

by earthquake in reservoirs, tunnels, and bottom outlets. Both infinite and finite reservoir cases were 

considered. The effect of tunnel diameter to reservoir height ratio, reservoir height to length of tunnel, 

and reservoir height to extent of reservoir ratio were studied. The effect of excitation frequencies was 

also investigated analytical solutions were also presented for two cases,namely dam-tunnel-reservoir 

with tunnel gate excited horizontally, and a reservoir and tunnel bottom excited vertically. All of those 

solutions were found to be simple and in good agreement with the verified finite elements results. 
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The proposed  analytical Solution 

For the case of infinite reservoir and with the existence of a sediment layer at the bottom of the 

reservoir i.e., (ds  0) depth of sediment layer fig (1), no analytical solution could be found in the 

literature. It is  proposed to solve this problem using the one-dimensional wave equation and the 

following boundary conditions: 
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Where  

Using the method of separation of variables, the solution is: 
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Applying the boundary condition Eq. (2) gives: 
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and the boundary condition Eq. (3) gives: 
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SinceP(0, ) = B, Eq. (4) can be modified as: 
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After substituting Eqs. (5), and (6d) in Eq. (4), the following equation will be obtained : 
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 (7) 

 

where : 

P  = steady state response hydrodynamic pressure (F/L
2
); 

 = earthquake circular excitation frequency (1/T); 

Cw = (Ew / w)
1/2

 = pressure wave velocity of water (L/T); 

Ew = Bulk modulus of elasticity of water (F/L
2
); 

w = mass density of water (M/L
3
); 

 and  are depended on the sediment and the foundation properties; 
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Results and Discussions 

Tables (1), (2), (3) and (4) show the values of 
 wHP 

 calculated by Eq. (7) for infinite 

reservoir length, using  501 . , for a wide range of properties of sediment, and for a unit vertical  

earthquake acceleration (1g).it is watch to mention is that the 
 wHP 

values for different acceleration 

(0.2g) can be obtained by multiply these values by(0.2g) 

 

Table (1) hydrodynamic pressure found by the developed of analytical solution for standardized 

hydrodynamic pressures,
 wHP 

, for unit earthquake vertical acceleration, (1g), with 

stiff foundation (Hw=112.5m), 
 5.01 

, dS= 12.5m, (s/w=1.5) 

Analytic solution for stiff foundation (L=  ) 

Y / H 

Fully saturated      

sediment 

(S=100%) 

Partially saturated 

sediment 

(S=99.5%) 

Partially saturated (sediment 

S=99%) 

0.1 1.290 1.597 1.980 

0.19 1.185 1.467 1.819 

0.28 1.072 1.328 1.646 

0.37 0.953 1.180 1.463 

0.46 0.828 1.025 1.271 

0.55 0.698 0.864 1.071 

0.64 0.564 0.698 0.865 

0.73 0.426 0.527 0.653 

0.82 0.285 0.353 0.438 

0.91 0.143 0.177 0.219 

1 1.03E-19 1.04E-19 0 

 

Table (2) hydrodynamic pressure found by the developed analytical solution for standardized 

hydrodynamic pressures, 
 wHP 

, for unit earthquake vertical acceleration (1g) with 

soft foundation (Hw=112.5m),  5.01  , dS= 12.5m, (s/w=1.5) 

Analytical infinite solution for soft foundation 

Y/H 

Fully saturated      

sediment 

(S=100%) 

Partially saturated 

sediment 

(S=99.5%) 

Partially saturated sediment 

(S=99%) 

0.1 1.184 1.411 1.657 

0.19 1.088 1.296 1.522 

0.28 0.984 1.173 1.377 

0.37 0.875 1.042 1.224 

0.46 0.760 0.906 1.064 
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0.55 0.641 0.763 0.896 

0.64 0.517 0.616 0.724 

0.73 0.391 0.465 0.547 

0.82 0.262 0.312 0.366 

0.91 0.131 0.156 0.183 

1 0.000 0.000 0.000 

 

Table (3) Results of analytical solution for standardized hydrodynamic pressures,
 wHP 

, for 

unit vertical acceleration, (1g), with stiff foundation (Hw=100m),  5.01  , 

dS=25m, (s/w=1.5) 

Analytic solution for stiff foundation (L=  ) 

Y / H 

Fully saturated      

sediment 

(S=100%) 

partially 

saturated 

sediment 

(S=99.5%) 

Partially saturated (sediment 

S=99%) 

0.2 1.331 2.73 8.04 

0.28 1.222 2.511 7.389 

0.36 1.106 2.272 6.688 

0.44 0.983 2.020 5.945 

0.54 0.854 1.75 5.165 

0.6 0.720 1.47 4.354 

0.68 0.581 1.19 3.516 

0.75 0.439 0.902 2.656 

0.84 0.294 0.604 1.77 

0.92 0.147 0.303 .822 

1 0 0 0 

 

 

 

Table (4) Results of analytical solution for standardized hydrodynamic pressures,
 wHP 

, for 

unit vertical acceleration, (1g), with soft foundation (Hw=100m),  5.01  , dS= 25m, 
(s/w=1.5) 

Analytic solution for soft foundation (L=  ) 

Y / H 

Fully saturated      

sediment 

(S=100%) 

Partially saturated 

sediment 

(S=99.5%) 

Partially saturated (sediment 

S=99%) 

0.2 1.188 1.949 2.72 

0.28 1.091 1.790 2.50 

0.36 .987 1.620 2.265 

0.44 .878 1.440 2.013 

0.54 .763 1.251 1.749 
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0.6 .643 1.055 1.474 

0.68 .519 .851 1.190 

0.75 .392 .643 .899 

0.84 .262 .431 .602 

0.92 .131 .216 .302 

1 0 0 0 
 

 

 

The developed solution (eq.7)can be used to investigate the effect of different factors on the 

values and distribution of hydrodynamic pressures developed due to earthquakes on dam faces. The 

effect of the type of reservoir bedrock foundation, degree of saturation of sediments, depth of 

sediments, density of sediments. The following sensitivity analysed is proposed to illustrate the effect 

of each of those parameters. 

1- Effect of the Type of Reservoir Bedrock Foundation  

To show the effect of the type of foundation on the hydrodynamic pressure, the relation 

between (Y/H) and the normalized hydrodynamic pressure are plotted as shown in Figs. (1), (2), and 

(3). These figures show that for the case of stiff foundation, the hydrodynamic pressures developed 

were always greater than those for the soft foundation. This result is in agreement with the results 

obtained by (Cheng,1986) 

Changing the ratio of depth of sediments, (dS), to depth of reservoir  (H), in Figs. (4), (5), and 

(6) and the degree of saturation have no effect on this behavior. The reason for this behavior can be 

explained upon the terms incorporated into the boundary conditions. Since, for the stiff foundation, the 

coefficient of absorption of pressure wave is less than that for soft foundation. This is obvious from the 

value of the coefficient of absorption of pressure wave, which is lower for stiff foundation than that for 

soft foundation.  
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Fig.(1) Effect of the  type of foundation on the hydrodynamic pressure developed due to vertical 

earthquake acceleration (1g) for /1=0.5, with Hw=112.5m, dS=12.5m,  s/w=1.5,fully 

saturated sediments (100%) 
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Fig.(2) Effect of type of foundation on hydrodynamic pressure developed due to vertical 

earthquake acceleration (1g) for /1=0.5, with Hw=100m, dS=25m, s/w=1.5,fully 

saturated sediments (100%) 
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Fig.(3) Effect of type of foundation on hydrodynamic pressure developed due to vertical 

earthquake acceleration (1g) for /1=0.5, with Hw=112.5m, dS=12.5m,  s/w=1.5,partially 

saturated sediments (99%) 
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Fig.(4) Effect of type of foundation on hydrodynamic pressure developed due to vertical 

earthquake acceleration (1g) for /1=0.5, with dS=25m,  s/w=1.5,fully saturated 

sediments (100%) 
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Fig.(5) Effect of type of foundation on hydrodynamic pressure developed due to vertical 

earthquake acceleration (1g) for /1=0.5, with Hw=100m, dS=25m,  s/w=1.5,partially 

saturated sediments (99.5%) 
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Fig.(6) Effect of type of foundation on hydrodynamic pressure developed due to vertical 

earthquake acceleration (1g) for /1=0.5, with Hw=100m, dS=25m,  s/w=1.5,partially 
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saturated sediments (99%) 

2- Effect of the Degree of Saturation of the Sediment 

Figures (7), (8), (9) and (10) show the effect of the degree of saturation of the sediments on the 

hydrodynamic pressures developed due to vertical acceleration of (1g). It is shown that for (dS/H) 

equals (0.1) and (0.2) the hydrodynamic pressure increases with the decrease of the degree of 

saturation. These results are in agreement with those found by (Cheng,1986), and (Bougacha and 

Tassoulas,1991).  
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Fig. (7) Effect of the degree of saturation on the hydrodynamic pressures developed due to 

vertical acceleration (1g) for /1=0.5, with Hw=112.5 m, dS=12.5m, s/w=1.5, stiff 

foundation. 
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Fig. (8) Effect of degree of saturation on hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=112.5 m, dS=12.5m,  s/w=1.5, soft foundation. 

 

 

0.00 2.00 4.00 6.00 8.00 10.00

p/g*h

0.00

0.20

0.40

0.60

0.80

1.00

Y
/H

Effect of Degree of Saturation(stiff,ds=0.2h)

DS=100%

DS=99.5%

DS=99%

 
 

Fig. (9) Effect of degree of saturation on hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=100m, dS=25m,  s/w=1.5, stiff foundation. 
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Fig. (10) Effect of degree of saturation on hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=100m, dS=25m,  s/w=1.5, soft foundation. 

3- Effect of the Depth of the Sediment 

Figures (11), (12), and (13) show the effect of the depth of sediments on the hydrodynamic 

pressure developed due to vertical earthquake acceleration of (1g). It is shown that for the two types of 

foundation the hydrodynamic pressure increases when the depth of sediment increases for (99.5%) and 

(100%) degree of saturation. Figures (14), (15), and (16)   

 

0.00 0.40 0.80 1.20 1.60 2.00

p/g*h

0.00

0.20

0.40

0.60

0.80

1.00

Y
/H

Effect of Depth of sediment(stiff foundation)

D=0.1H

D=0.2H

 

Fig. (11) Effect of the depth of sediment on the hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=112.5m, dS=12.5m,  s/w=1.5, stiff 

foundation,fully saturated sediments (100%). 
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Fig. (12) Effect of the depth of sediment on the hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=100m, dS=25m,  s/w=1.5, soft foundation,fully 

saturated sediments (100%). 
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Fig. (13) Effect of depth the of sediment on the hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=112.5m, dS=12.5m,  s/w=1.5, stiff 

foundation,partially saturated sediments (99.5%). 
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Fig. (14) Effect of the depth of sediment on the hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=100m, dS=25m, s/w=1.5, soft 

foundation,partially saturated sediments (99.5%). 
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Fig. (15) Effect of the depth of sediment on the hydrodynamic pressures developed due to vertical 
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acceleration (1g) for /1=0.5, with Hw=112.5m, dS=12.5m,  s/w=1.5, stiff 

foundation,partially saturated sediments (99%). 
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Fig. (16) Effect of the depth of sediment on the hydrodynamic pressures developed due to vertical 

acceleration (1g) for /1=0.5, with Hw=100m, dS=25m,  s/w=1.5, soft 

foundation,partially saturated sediments (99%). 

CONCLUSIONS 

1. The values of the hydrodynamic pressure for the stiff foundation case are always larger than those 

for the soft foundation. 

2. The hydrodynamic pressure increases with the decrease of the degree of saturation. 

3. The hydrodynamic pressure increase when the depth of the sediment increase. 
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ABSTRACT 

       The inhibition of copper corrosion by Naphthylamine (NA), Ethylenediamine 

(EDA), Tetraethylenepentamine (TEPA), Diethylenetriamine (DETA), and 

Phenylenediamine (PDA) in 5% HCl have been investigated by weight loss technique at 

different temperatures. The results were compared with Benzotriazole (BTA), the 

common inhibitor used for inhibition of copper corrosion in different environments. The 

BTA film formed on the copper surface obeys Langmuir Adsorption Isotherm. While 

NA, EDA, TEPA, and DETA appear to obey the Freundlich Adsorption Isotherm. In the 

other hand, the two-adsorption isotherms were unsuitable to represent the data of PDA. 

Results also showed that the Kinetic-Thermodynamic Model was suitable to fit the 

experimental data of the most inhibitors of the present study.  

 

INTRODUCTION 

       Due to its good corrosion resistance in water and its excellent heat conductivity, 

copper and its alloy are used widely in heating systems and condensers. However, these 

systems should be regularly cleaned from carbonates and oxides that diminish their 

heating transmission. Diluted hydrochloric acid is used to clean these surfaces; a 

corrosion inhibitor is added to avoid the action of this acid on copper. Corrosion inhibitor 
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is a chemical substance which when added in small concentration to environment 

effectively checks, decrease or prevent the reaction of metal with environment
 (1)

. It must 

be clearly understood that no universal corrosion inhibitor exists. Each inhibitor must be 

tailored to the specific corrosion problem that needs solution
 (2)

. While the use of 

inhibitors for some types of corrosion can be similar to other, this similarity must be 

treated as coincidence. Most inhibitors have been developed by empirical 

experimentation. The corrosion mechanism can vary considerably depending on the 

corrosive factors that are present. Similarly, the mechanism of inhibition will vary 

depending on the chemical nature of the inhibitor and the factor causing corrosion 
(3)

. The 

most widely accepted postulated involves the formation of surface layers or films, which 

reduce the ease of access of the corrosive materials to the metal surface. Such scale can 

be formed naturally, or can be induced to form 
(4)

. 

An equation relates the amount of substance attached to surface to its 

concentration in gas phase or in solution at fixed temperature, is known as an adsorption 

isotherms
 (5)

. The simplest isotherm was first obtained in 1916 by Irvan Langmuir
 (5)

. This 

isotherm can be represented as; 

                                       
KC

KC




1
                                           …(1) 

       Systems that obey this equation are often referred to ideal adsorption. Systems 

frequently deviate significantly from Langmuir equation. This may be because the 

surface is not uniform, and also there may be interaction between adsorbed molecules, a 

molecule attached to surface may make it more difficult, or less difficult, for another 

molecules to became attached to a neighboring site, and this will lead to deviation from 

the ideal adsorption equation. Non-ideal system can sometimes be fitted to an empirical 

adsorption isotherm of Freundlich
 (6)

, 

                nKC                     …(2) 

K, is equilibrium constant, C is inhibitor concentration, n is positive generally not integer 

constant, and  (θ) is surface coverage. The surface coverage of inhibitor at a given 

concentration is calculated using the following equation:  
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Where the Win and Wun are the weight loss corrosion rates with and without inhibitor 

respectively.   

        Recent researches have looked in to the action of adsorptive inhibitors from purely 

mechanistic kinetic point of view
 (7,8)

. A kinetic-thermodynamic model for adsorption 

process at metal-solution interface has been suggested. This model has been tested on 

inhibition effect of number of open chain amines and one macrocyclic amine on the 

corrosion of steel in H2SO4 
(8)

 and aluminum in HCL
 (9)

. In this model, (y) is the number 

of inhibitor molecules occupying one active site. This model can be given by the 

following equation; 

                                           y
CK`

1













                                               …(4)  

Values of y>1 implies the formation of multilayers of inhibitor on the surface of metal. 

Values of y<1 mean a given inhibitor molecules will occupy more than one active site. K, 

corresponding to adsorption isotherm is given by;   

                                            










y

KK

1

`
                          

                                     
 
…  (5) 

      The present work is an attempt to evaluate some corrosion inhibitors for copper in 

HCl. Some amines, which used in the past as corrosion inhibitors for another metals, such 

as Fe and Al, in another acids such as H2SO4, H3PO4 and HNO3 are tested here for the 

corrosion of copper in HCl. 

 

EXPERIMENTAL  

      The corrosion behavior of copper-nickel alloys, which used widely in many 

industrial equipments, was studied using weight loss in absence and presence of 

Benzotriazole (BTA), Naphthylamine (NA), Ethylenediamine (EDA), Tetraethylenepentamine (TEPA), 

Diethylenetriamine (DETA), and Phenylenediamine (PDA) in 5% HCl solution at different 

temperature (35, 45, and 55 C
o
), and different inhibitor concentrations (1, 5, 10, and 15 

g/l). 
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      Locally produced hydrochloric acid supplied by AL-Furat Company for Chemicals 

Industries was used as a corrosive solution. The material of electrode was a copper-nickel 

alloy, which have the following analysis obtained by Specialized Institute of Engineering 

Industries shown in table (1) below: - 

Table (1) Analysis of Cu-Ni alloy. 

Compound % Compound % 

Sn 0.148 Ni > 2.4 

Fe >= 0.2 Pb 0.0583 

Zn 0.1374 Si 0.0202 

Al 0.015 S 0.017 

P 0.0003 As 0.0056 

Sb >= 0.5 Cu About 90 

       

 Ring shape specimen of Cu-Ni alloy with dimension (2.22 cm) outside diameter, (1.5 

cm) width, and (0.13 cm) thickness, exposing a surface area of about (10 cm
2
) to 

corrosive media. Specimens were cleaned by washing with detergent and flushed with tap 

water followed by distilled water, degreased by analar benzene and acetone, then 

annealed in vacuums to 600 C
o
 for one hour and cooled under vacuum to room 

temperature. Before each run, specimens of Cu-Ni were abraded in sequence using emery 

paper of grade number 220,320, 400, and 600, then washed with running tap water 

followed by distilled water then dried with clean tissue, degreased with benzene, dried, 

degreased with acetone, dried, and finally left in desicater over silica gel. Weighing the 

specimen was carried out using 4 decimals digital balance and its dimensions were 

measured with vernier. 

      The metal samples for weight loss runs were completely immersed in 250-cm
3 

solution of corrodant contained in a conical flask. They were exposed for a period of 

three hour at a desired temperature, acid concentration, and inhibitor concentration. 

Weight losses were determined in absence and presence of inhibitors. The data are 

expressed as mass loss per unit time per unit area; in present work the units of corrosion 

rate were g/m
2
.day (gmd). 
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RESULTS AND DISCUSSIONS 

       The corrosion rate increases with temperature increasing, generally, the addition of 

inhibitors reduces the corrosion rate, and the reductions depend on the type of inhibitor. 

Among all the inhibitors tested, BTA is the best one as shown in figure (1). As the 

concentration of BTA increased from (1 to 15 g/l) the corrosion rate decreased to a very 

low values. At 35 
o
C, the corrosion rate decreased from 12.5 gmd, when there is no 

inhibitor, to 0.0193 gmd at 15g/l-inhibitor concentration, with a maximum efficiency of 

99.8 %. When the temperature increased, the corrosion rate also increased slowly. BTA 

still effective to less extent. Generally, efficiency of BTA decreased slightly with 

increasing in temperature.  

     The rest inhibitors, approximately, give the same behavior; the corrosion rate 

decreases with increasing the inhibitors concentrations, and increases with temperature 

increasing.  

The order of inhibition of inhibitors evaluated by weight loss technique was as follows: - 

BTA > NA > EDA > TEPA > DETA > PDA 

The effect of temperature in presence of BTA is clear as shown in figure  (2). The 

corrosion rate increase when the temperature increased, at any inhibitor used, and at 

inhibitor concentration.  

Fig. (1) Effect of the Concentration of BTA on the corrosion of Cu-Ni 
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Alloy in 5% HCl Acid. 

       

Fig. (2) Effect of Temperature on the Corrosion Rate of Cu-Ni alloy 

In Presence of BTA as Inhibitor in 5% HCl Acid. 

 

 

    The corrosion rate data can be used to analyze the adsorption mechanism, by using the 

value of  as a function of inhibitor concentration. Rearranging Langmuir isotherm
 

equation will gives: 

                                           C
K

C


1


                                                … (6) 

Equation (6) can be plotted as 










C
 vs. C, as shown in figure (3). The higher value of K 

indicates that the inhibitor is strongly adsorbed on the metal surface. From fig. (3) and 

table (2), we can see that BTA follows Langmair adsorption isotherm, values of K 

decreases from (5.586 to 4.762 l/g) when the temperature increased from 35C
o
 to 45 C

o
, 

this may be due to the de-sorption of inhibitor, further increase in temperature to 55 
o
C, 

did not effect the value of K. It is clear that the highest value of K was 5.586 l/g at 35 
o
C, 

this suggest that at 35 C
o
 BTA gives the highest coverage at any concentration, and the 

lowest value was 4.762 l/g at 45 
o
C and 55 

o
C, which gives the lowest coverage, this 

similarity between the values of K at 45 
o
C and 55 

o
C due to the close range of the 
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surface coverage, which is ranged, from (0.868-0.99) at 45
o
C, and from (0.878-0.987) at 

55
o
C. Langmuir adsorption isotherm fit the corrosion rate data of BTA strongly, and this 

is clear from the values of correlation coefficient, R, which has an average value of 

0.9999 at different temperatures, this leads to suggest that BTA molecules form a 

monolayer on the metal surface. The values of y, (the number of inhibitor molecules 

occupying one active site in the metal surface), were approximately near unity, with an 

average value of 1.04, specially at 45 
o
C and 55 

o
C, which indicate that each molecule of 

BTA occupying one active site on Cu-Ni alloy surface, then it form a monolayer of 

inhibitor molecules.   

      The relation between surface coverage and the concentration of NA becomes linear 

when Freundlich adsorption isotherm is applied. This suggest that the corrosion rate data 

for NA is follow Freundlich adsorption isotherm, with K values of 0.1614, 0.1099, and 

0.0895 l/g at 35,45and 55 C
o 

respectively, which in the same order and gives the same 

behavior as in Langmuir adsorption isotherm. The average value of (n) was 0.703 at 

different temperature, which is in agree with typical value of n= 0.6 
(91)

. Generally, values 

of K obtained from the two-adsorption isotherms were in a good agreed with the values 

obtained from kinetic-thermodynamic models (0.22, 0.151, and 0.123 l/g) at 35,45and 55 

C
o
,
 
respectively. The values of y at different temperatures were near unity (1.19 to 1.154), 

which indicate that NA molecules were attached to one active site of Cu-Ni alloy. 

       For EDA, there is a good agreement between the adsorption isotherms and kinetic-

thermodynamic model, as it is shown from the values of K obtained from different 

models. The best fit was obtained by Freundlich adsorption isotherm, the values of K 

approximately constant with increasing of temperature. 

    For TEPA, the best fit to the data was by using Freundlich adsorption isotherm with an 

average value of correlation coefficient of 0.995,as shown in fig. (6). The values of 

equilibrium constant were increased slightly with temperature, which indicate, that there 

is some improvement in surface coverage with increasing in temperature. Values of K 

obtained from kinetic-thermodynamic model are differing from that obtained from 

adsorption isotherm, which indicate that this model did not represent the corrosion rate 

data of TEPA. 
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      Again, in the case of DETA, Freundlich adsorption isotherm fit the corrosion rate 

data with an average correlation coefficient of 0.9854, which is more than the average 

correlation coefficient of Langmuir adsorption isotherm, (i.e., 0.8948). Also, there is 

some increasing in the values of K with increasing in temperature. The values of K 

obtained from the two-adsorption isotherm were in the same order, while the values that 

obtained from kinetic-thermodynamic model were lower, and y<1. Fig. (8). 

      Non of the adsorption isotherm used in present work are represent the corrosion rate 

data of PDA, this may be due to a low surface coverage of this inhibitor and low ability 

to form a layer on the metal surface. Kinetic-thermodynamic model slightly fit the 

corrosion rate data with K values in the same order as the values obtained from the 

adsorption isotherms. Generally, the values of K are approximately constant with an 

average value of 0.021 l/g.  

   From the values of equilibrium constants, which obtained from different isotherms, the 

values of heat of adsorption, ΔGads, can be obtained using the following equation 
(10)

: 

                                  






 











RT

G
K adsexp

55.55

1
                                     … (7) 

The value of (55.5) is the water concentration in solution expressed in M, (i.e., ~1000 

g/l). R and T are the gas constant and absolute temperature respectively. 

        The values of ΔGads, heat of adsorption of BTA, were obtained using the values of K 

from adsorption isotherm and kinetic-thermodynamic models. These values are given in 

tables (2), (3), and (4). According to Langmuir adsorption isotherm the values of ΔGads, 

were around (-22 kJ/mol.), this indicates that the process under study is spontaneous, and 

the inhibitor is chemically adsorbed on the metal surface, because the values of ΔGads for 

BTA on Cu-Ni alloy in 5% HCL in the range of chemical adsorption processes for 

organic inhibitor in aqueous media, which lies between –21 to –42 kJ/mol. 
(10)

. 

  The values of ΔGads for the last five inhibitors, as shown in tables (2), (3), and (4), were 

in the range of (-3.418 to -14.28 kJ/mol.), which indicate the weak adsorption of these 

inhibitors to the metal surface, also, these values are much lower than the values obtained 

with BTA. The values of K were also much lower these obtained with BTA. 
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Table. (2) Adsorption Constants, and heats of adsorption from Langmuir 

Isotherm Models. 

 

Inhibitor T 

(oC) 

K 

(l/g) 

ΔGads  

(kJ/mol.) 

R 

 

BTA 

35 5.586 -22.093 0.99993 

45 4.762 -22.389 0.999923 

55 4.762 -23.093 0.99989 

 

NA 

35 0.1603 -13 0.9851 

45 0.106 -12.329 0.9725 

55 0.089 -12.24 0.99109 

 

TEPA 

35 0.115 -12.15 0.95489 

45 0.143 -13.121 0.9727 

55 0.18 -14.161 0.97755 

 

PDA 

35 0.02 -7.671 0.98296 

45 0.025 -8.510 0.2068 

55 0.0116 -6.683 0.6095 

 

 

                                       Table. (3) Adsorption Constants, Heats of Adsorption, and n 

From Freundlich Isotherm Models. 

Inhibitor 

 

T 

(oC) 

K 

(l/g) 

n ΔGads 

(kJ/mol.) 

R 

 

BTA 

35 0.883 0.048 -17.37 0.9742 

45 0.87 0.049 -17.894 0.99017 

55 0.879 0.043 -18.485 0.9985 

 

EDA 

35 0.1698 0.532 -13.15 0.9967 

45 0.1954 0.460 -13.95 0.9971 

55 0.1496 0.526 -13.66 0.9994 

 

TEPA 

35 0.131 0.452 -12.484 0.99182 

45 0.148 0.455 -13.211 0.997246 

55 0.188 0.378 -14.279 0.99516 

 

DETA 

35 0.039 0.471 -9.381 0.99447 

45 0.054 0.546 -10.546 0.96312 

55 0.0656 0.672 -11.408 0.99861 

                                       Table. (4) Adsorption Constants, heats of adsorption, and y from 
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Kinetic-Thermodynamic Models. 

Inhibitor 

 

T 

(oC) 

K 

(l/g) 

y ΔGads 

(kJ/mol.) 

R 

 

BTA 

35 3.67 1.31 -21.018 0.89 

45 5.53 1.003 -22.784 0.9406 

55 8.803 0.813 -24.768 0.95529 

 

NA 

35 0.22 1.199 -13.811 0.9776 

45 0.151 1.176 -13.265 0.9861 

55 0.123 1.154 -13.122 0.9948 

 

EDA 

35 0.160 0.925 -12.996 0.9715 

45 0.152 0.793 -13.282 0.9789 

55 0.107 0.802 -12.742 0.9950 

 

TEPA 

35 0.0447 0.621 -9.73 0.9925 

45 0.065 0.652 -11.036 0.95252 

55 0.074 0.575 -11.737 0.9928 

 

DETA 

35 0.002 0.512 -1.775 0.99248 

45 0.0106 0.631 -6.241 0.95252 

55 0.0393 0.833 -10.011 0.99284 

 

PDA 

35 0.0038 0.722 -3.418 0.97802 

45 0.0444 1.168 -10.028 0.97838 

55 0.0325 1.319 -9.493 0.98551 

 

 

Fig. (3) Langmuir Adsorption Isotherm of BTA on Cu-Ni AlloyIn 5% HCl Acid. 
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Fig. (4) Freundlich Adsorption Isotherm of NA on Cu-Ni AlloyIn 5% HCl Acid. 

 

Fig. (5) Freundlich Adsorption Isotherm of EDA on Cu-Ni Alloy In 5% HCl Acid. 

 

Fig. (6) Freundlich Adsorption Isotherm of TEPA on Cu-Ni Alloy in 5% HCl Acid. 
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Fig. (7) Kinetic-Thermo. Model for the Corrosion of Cu-Ni Alloy in 5% HCl Acid in Presence of 

NA. 

Fig. (8) Kinetic-Thermo. Model for the Corrosion of Cu-Ni Alloy in 5% HCl Acid in Presence of 

DETA. 

 

CONCLUSION 

The corrosion rate of Cu-Ni alloy in 5% HCl acid solution, increased with increasing of 

temperature, and decreased with increasing of inhibitor concentration. BTA is an 

effective inhibitor for copper in static hydrochloric acid solution. Maximum inhibitor 

efficiency is 99.8% at 15 g/l and 35 
o
C. Other chemicals (i.e. NA, EDA, TEPA, DETA, 

and PDA) were ineffective inhibitors even at high level of inhibitor concentration (i.e. 15 

g/l). The BTA film formed on the copper surface obeys Langmuir Adsorption Isotherm 
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KC

KC

1
 . While NA, EDA, TEPA, and DETA appear to obey the Freundlich 

Adsorption Isotherm  nKC . In the other hand, the two-adsorption isotherms were 

unsuitable to represent the data of PDA. Results also showed that the Kinetic-

Thermodynamic Model 











yC




1
was suitable to fit the experimental data of the 

most inhibitors of the present study. The values of y (i.e. the number of inhibitor 

molecules occupying one active site on the metal surface) obtained from the present work 

were near unity, which indicate the formation of monolayer on the metal surface. 

Values of heat of adsorption  adsG were higher in the case of BTA than the values of 

other inhibitors, which indicate the strong binding of BTA to the metal surface as 

compared with other inhibitors used. The order of inhibition of inhibitors evaluated by 

weight loss technique were as follows: - 

BTA > NA > EDA > TEPA > DETA > PDA 
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ABSTRACT 
Corrosion has gained special attention due to its significance, when predicting corrosion 

rates. However, the complexity and variability makes it hard to model its effects. This 

study evaluates the usefulness of Artificial Neural Networks (ANN) to predict the 

corrosion rate as a function of several factors which have been related in previous studies 

to the protectiveness of low carbon steel in sea water, i.e. Temperature, Flow rate, pH, 

and time. Results showed that neural networks are a powerful tool and that the validity of 

the results is closely linked to the amount of data available and the experience and 

knowledge that accompany the analysis. Statistical analysis showed that the proposed 

correlation has an Average Absolute Relative Error (AARE) of 0.09% and Standard 

Deviation (S.D) 0.46% 

 

KEYWORDS 

 artificial neural networks, corrosion prediction, cathodic protection 

 

  الخلاصة   

ان ظاٌشة التآكل تكتسب اٌميً خاصةة نىةذ ا عتق ةلأ ا  ةش نةالتىعد نمقةذآك التآكةلح  ةه واةيةة ااويةة ان التق يةذاك َ 

الصةقب ومزةةة تيايشاتٍةاح ٌةزي الذساقةً ت ةيد شُاةةذ عةعكة ا نصةاي ا صة ىانية المتغيشاك ااىاء ةذَاٍا تجقل  ه 

ل تىعد نمقذآك تآكل الحذعذ الكاسنُوي شي نم ية الحماعً الكااُدعة شي  اء العحش َ نذآلة نذد  ه المتغيشاك كذسةةة 

ك الىتةاة  ان ت ىيةة الحشاسة،قشنة ةشعان  اء العحةش َ ةا يةيتً افةاشة الةن ص ةه تقةشو الىمةُر. ل ُقة ح  ظٍةش

ععكاك ا نصاي ا ص ىانيً اداة شقالة َ ان صحة الىتاة  تشن  َ تقعش ن ُة نةيه كميةة الىتةاة  المتةُششة َ الخعةشة 

المقششة المشاش ة لتح يل الىتاة ح التح يل ا ةصاةي اظٍش ان القلاقة الم تشةة شي ٌةزي الذساقةة اشةشصك  قةذخ الخ ةي 

 % ح0.ح.َ ا وحشاف ال ياقي عساَي  %0.ح.الىسعي الم  لأ عساَي 
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INTRODUCTION 

Corrosion is an electrochemical process in which a current leaves a structure at the anode 

site, passes through an electrolyte and reenters the structure at the cathode site. Current 

flows because of a potential difference between the anode and cathode that is the anode 

potential is more negative than the cathode potential, and the difference is the driving 

force for the corrosion current.The total system-anode, cathode, electrolyte and metallic 

connection between anode and cathode is termed a corrosion cell 
1
.  

There are many methods for corrosion control as illustrated some of them in the 
2
: 

1. Cathodic protection. 

2. Anodic protection. 

3. Protective coating such as paint. 

4. Corrosion-resistant metals and alloys. 

5. Addition of inhibitors. 

6. Very pure metals. 

The selecting method depends on many factors such as cost, availability, contamination 

of environment with corroding metal …etc. 

Cathodic protection is unique amongst all the methods of corrosion control in that if 

required it is able to stop corrosion completely, but it remains within the choice of the 

operator to accept a lesser, but quantifiable, level of protection. Manifestly, it is an 

important and versatile technique. In principle, cathodic protection can be applied to all 

the so-called engineering metals. 

 
CATHODIC PROTECTION PRINCIPLES 

 It is possible to envisage what might happen if an electrical intervention was 

made in the corrosion reaction by considering the impact on the anodic and cathodic 

reaction. For example, if electrons were withdrawn from the metal surface it might be 

anticipated that the anodic reaction would speed up (to replace the lost electrons) and 

cathodic reaction would slow down because of the existing shortfall of electrons.It 

follows that the rate of metals consumption would increase. By contrast, if additional 

electrons were introduced at the metal surface, the cathodic reaction would speed up (to 

consume the electrons) and the anodic reaction would be inhibited; metal dissolution 

would be slowed down.This is basis of cathodic protection.
3
  

 

 

 

 

 

 

 

 

 

 

Fig.1 Schematic illustration of partial cathodic 

protection of steel in an aerated environmen 
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Artificial neural networks (ANNs) are simplified models of central nervous 

system. The network of highly inter connected neural computing elements that have the 

ability to respond to input stimuli and learn to adapt to environment.
4
 As the term of 

artificial neural networks implies early work in the field of neural networks centered on 

modeling the behavior of neurons found in the human brain, engineering systems are 

considerably lees complex than the brain, hence from an engineering view point ANN 

can be viewed as non linear empirical models that are especially useful in representing 

input-output data. Making predication, classifying data, reorganization patterns, and 

control process. ANN which will be referred to as a node in this work and is analogous to 

a single neuron in the human brain. The advantages of using artificial neural network in 

construct with first principles models or other empirical models.
5
  

1. ANN can be highly non linear. 

2. The structure can be more complex and hence more representative than  most other 

empirical models. 

3. The structure does not have to be prespecified. 

4. Quite flexible models. 

 

 THEORY AND MODELING OF ANN 

  

Artificial Neural Networks (ANNs) have been increasingly applied to many 

problems in transport planning and engineering, and the feed forward network with the 

error back propagation learning rule, usually called simply Back propagation (Bp), has 

been the most popular neural network .
6
  

Back propagation networks are among the most popular and widely used neural 

networks because they are relatively simple and powerful. Back propagation was one of 

the first general techniques developed to train multi-layer networks, which does not have 

many of the inherent limitations of the earlier, single -layer neural nets criticized by 

Minsky and Papert. These networks use a gradient descent method to minimize the total 

squared error of the output. A back propagation net is a multilayer, feed forward network 

that is trained by back propagating the errors using the generalized Delta rule.
7
  

The input is the input to the hidden layer and the output layer is the output from the 

immediate previous layer, so it is called feed forward neural network.   The number of the 

input units and the output units are fixed to a problem, but the choice of the number of 

the hidden units is somehow flexible as shown in figure 2. Too many hidden units may 

cause over fitting, but if the number of hidden units is too small, the problem may not 

converge at all. Usually a large number of training cases may allow more hidden units if 

the problem requires so.
8
  

The conventional algorithm used for training a MLFF is the Bp algorithm, which is an 

iterative gradient algorithm designed to minimize the mean-squared error between the 

desired output and the actual output for a particular input to the network .
9
  

Basically, Bp learning consists of two passes through the different layers of the network: 

a forward pass and backward pass as shown in figure 2. 

During the forward pass the synaptic weights of the network are all fixed. During the 

backward pass, on the other hand, the synaptic weights are all adjusted in accordance 

with an error-correction rule.
10
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A MLFF consists of layers of interconnected denoted as the input layer, the hidden layer 

and the output layer. So the number of neurons in the hidden layer can be varied based on 

the complexity of the problem and the size of the input information.10  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      Fig.2 Multi- layer feed forward network (one hidden layer). 

 

Two learning factors that significantly affect convergence speed as well as accomplish 

avoiding local minima, are the learning rate and momentum. 

The learning rate () determines the portion of weight needed to be adjusted. However, 

the optimum value of  depends on the problem. Even though as small learning rate 

guarantees a true gradient descent, it slows down the network convergence process. If the 

chosen value of  is too large for the error value, the search path will oscillate about the 

ideal path and converges more slowly than a direct descent. 

The momentum () determines the fraction of the previous weight adjustment that is 

added to current weight adjustment. It accelerates the network convergence process. 

During the training process, the learning rate and the momentum are adjusted to bring the 

network out of its local minima, and to accelerate the convergence. 

The algorithm of the error back-propagation training is given below 
9
: 

Step1: initialize network weight values. 

Step2: sum weighted input and apply activation function to compute output of hidden 

layer. 

]ijw

i
ix[fjh    (1( 

Where 

 hj: The actual output of hidden neuron j for input signals X. 

Xi: Input signal of input neuron (i). 
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ƒ: The activation function. 

Step3: sum weighted output of hidden layer and apply activation function to compute 

output of output layer. 









 

j
jkjk WhfO

       (2)

                               

where 

Ok: The actual output of output neuron k. 

Wjk: Synaptic weight between hidden neuron j and output neuron k. 

Step4: compute back propagation error. 

 













 

j
jkjkkk WhfOd

          (3) 

                                                        where

 

f   :The derivative of the activation function. 

dk: The desired of output neuron k. 

Step5: calculate weight correction term. 
   1njkWjhknjkW                                                          

)1n(jkWjhk)n(jkW      (4) 

Step6: sums delta input for each hidden unit and calculate error term.

  

















k i
ijWiXfjkWkj        (5)                                          

Step7: calculate weight correction term. 

 

   1nijWiXjnijW         (6)                                           

 

Step8: update weights. 

 

  )n(jkW)n(jkW1njkW           (7)                                              

 

                       
)()()1( nWnWnW ijijij 
         (8)                                                    

Step9: repeat step2 for given number of error. 














 

p k

2)
p
k

O
p
k

d(
p2

1
MSE

        (9)    

                                                    

where 

p: The number of patterns in the training set. 

Step10: END. 

Bp is easy to implement, and has been shown to produce relatively good results in 

many applications. It is capable of approximating arbitrary non-linear mappings. 

However, it is noted that two serious disadvantages in the Bp algorithm are the slow rate 

of convergence, requiring very long training times, and getting stuck in local minima. 
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 The success of Bp methods very much depends on problem specific parameter 

settings and on the topology of the network [Leonard 1990]. So in the next section the 

quick propagation will be presented. 

 

 
 

MODELING CORRELATION OF ANN  

 

In the current study, neural networks are used to fit a set of experimental points in order 

to provide a purely empirical model. The experimental points are called the training cases 

(or learning cases) and another are called testing cases. They consist of input vectors 

(values of input variables) associated with the experimental output value. To solve a 

problem with a back-propagation network, it is shown sample inputs with the desired 

outputs, while the network learns by adjusting its weights. If it solves the problem, it 

would have found a set of weights that produce the correct output for every input. This 

work includes computer simulation, implemented on a Pentium 4 computer using 

MATLAB, version7. 

The modeling of ANN correlation began with the collection of large data bank following 

the learning file was made by randomly selecting about 70% of the data base to train the 

network. The remaining 30% of data is then used to check the generalization capability of 

the model. The last step is to perform a neural correlation and to validate it statistically. 

So that the steps of modeling are:- 

 Collection of Data: The first step in neural network modeling is collection of data. The 

data is necessary to train the network and to estimate its ability to generalize. In this 

model about 256 experimental points have been collected for corrosion rate used cathodic 

protection of low carbon steel in sea water [Khalid, 2006]. The data were divided into 

training and test sets: the neural network was trained on 70% (180) of the data and tested 

on 30% (76). The data includes a large range of temperature, flow rate, pH, and time. All 

of these parameters are input to neural network and there is one output; it is the corrosion 

rate. 

 

 THE STRUCTURE OF ARTIFICIAL NEURAL NETWORK 

 

In this work, a multilayer neural network has been used, as it is effective in finding 

complex non-linear relationships. It has been reported that multilayer ANN models with 

only one hidden layer are universal approximates. Hence, three layer feed forward neural 

network are chosen as a correlation model. The weighting coefficients of the neural 

network are calculated using MATLAB programming. Structure of artificial neural 

network built as:- 

1. Input layer: A layer of neurons that receive information from external sources and 

pass this information to the network for processing. These may be either sensory inputs 

or signals from other systems outside the one being modeled. In this work four input 

neurons in the layer and there is a set of (180) data points available of the training set. 

2. Hidden layer: A layer of neurons that receives information from the input layer and 

processes them in hidden way. It has no direct connections to the outside world (inputs or 

output). All connections from the hidden layer are to other layers within the system. The 
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number of neuron in the first hidden layer consists of nine neurons and the second hidden 

layer consists of sixteen neurons. This gave best results and was found by trial and error. 

If the number of neurons in the hidden layer is more, the network becomes complicated. 

Results probably indicate that, the present problem is not too complex to have a 

complicated network routing. Hence, the results can be satisfactorily achieved by keeping 

the number of neurons in hidden layer at a best value with two hidden layer.  

3. Output layer: A layer of one neuron that receives processed information and sends 

output signals out of the system. Here the output is the corrosion rate or Zn consumption 

as sacrificial anode in Cathodic protection of a steel in sea water.  

4. Bias: The function of the bias is to provide a threshold for activation of neurons. The 

bias input is connected to each of hidden neurons in network. 

The structure of multi layer ANN modeling is illustrated in figure.3 

 

 

 

 

   

 

 

                         

                       

 

 

 

 

 

Fig.3Structure of a layer neural network 

  

TRAINING OF ARTIFICIAL NEURAL NETWORK 

 

Training is just the procedure of estimating the values of the weights and establishing the 

network structures and the algorithm used to do this is called a “learning” algorithm. 

Learning typically occurs through training or exposure to set of input, output data where 

the training algorithm iteratively adjusts the connection weights. These connection 

weights represent the knowledge necessary to solve specific problems (i.e. calculates the 

coefficients of correlation). 

           The training phase starts with randomly chosen initial weight values. Then a back-

propagation algorithm is applied after each iteration, the weights are modified so that the 

cumulative error decreases. In back-propagation, the weight changes are proportional to 

the negative gradient of error. Back-propagation may have an excellent performance, this 

algorithm is used to calculate the values of the weights the following procedure is then 

used (called “supervised learning”) to determine the values of weights of the network:- 

1. For a given ANN architecture, the value of the weights in the network is initialized as 

small random numbers. 

2. The input of the training set is sent to the network and resulting outputs are calculated. 
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3. The measure of the error between the outputs of the network and the known correct 

(target) values is calculated. 

4. The gradients of the objective function with respect to each of the individual weights 

are calculated. 

 5. The weights are changed according to the optimization search direction. 

6. The procedure returns to step 2. 

7. The iteration terminates when the value of the objective function calculated using the 

data in the test approaches experimental value. The trial and error to find the best ANN 

correlation model shown in table 1:- 

Table (1) 

 Network parameters in ANN model

 

With reduced MSE the network is more accurate, because MSE is defined as:- 

  MSE = ])([
2

1 2p
k

p k

p
k od

p
  (10)                                                               

 

Where p: the number of patterns in training set  

           k=No. of iterations. 

           
p
kd =The desired output. 

            
p
ko =The actual output. 

 

Learning rate: the main purpose of the learning rate is to speed up the rate at which the 

network learns. This is also accomplished by multiplying the learning rate by the change 

in weight factor from the previous iteration in order to determine the new weight factors. 

 

 

 

 

 

 

 

 

 

 

 

Structure 

                         network Parameters 

MSE No.of 

iteration 

Learning rate  Momentum 

coefficient  

Transfer 

function 

[4-16-1] 0.1 1340 0.7 0.9 Tan sigmoid 

[4-18-1] 0.01 7654 0.65 0.9 Tan sigmoid 

[4-9-16-1] 0.00001 929 0.9 0.9 Tan sigmoid 
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Fig.4 illustrates the number of   epochs with MSE for corrosion rat 

 

  weight factors by multiplying by the change in the weight factor that was produced in 

last iteration. 

The choice of transfer function is based on the function of the network being used. The 

tan-sigmoid function is appropriate for most types of network, especially prediction 

problems. 

 The learning process includes the procedure when the data from the input neurons 

is propagated through the network via the interconnections. Each neuron in a layer is 

connected to every neuron in adjacent layers. A scalar weight is associated with each 

interconnection. 

 Neurons in the hidden layers receive weighted inputs from each of the neurons in 

the previous layer and they sum the weighted inputs to the neuron and then pass the 

resulting summation through a non-linear activation function (tan sigmoid function). 

 Artificial neural networks learn patterns for this study can be equated to 

determining the proper values of the connection strengths (i.e. the weight matrices 

2h1h w,w  and ow illustrated in figure.3 that allow all the nodes to achieve the correct 

state of activation for a given pattern of inputs. The matrix, bias, and vector, given eq. 

(11), (12), (13) and (14) illustrate the result of coefficient weights for ANN correlation 

for this case where hw  is the matrix containing the weight vectors for the nodes in the 

hidden layer and ow  is the vector containing the weight for the nodes in the output layer. 
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  -0.2101   -0.0522    0.5464    6.8392 

    0.0313    0.0006   -0.2814    0.4433 

    0.2087   -0.0050    1.0017   -2.1666 

   -0.0202   -0.0010    0.3037    0.1873 

   -0.0025   -0.0077    0.7551    1.5166 

   -0.0307   -0.0023    0.2219   -0.5138 

   -0.1467   -0.0169   -3.8696    4.9871 

    0.0190    0.0001   -1.7795    0.5599 

    0.0079    0.0009   -0.0318   -0.9718 

                                                           ... (11) 
 

 

 

 

    0.0406   -0.3100   -0.8888   -0.3131   -2.4295    0.5815    1.5191 

    8.7740   -1.6365    1.5967   -4.3531    1.2756   -2.2288   -1.5553 

    0.4378   -0.4767    0.4341   -1.2425   -0.1427   -0.8395   -0.9642 

   -3.5163   -0.3959    1.7808   -0.0079    3.7486 -11.0608   -1.7049 

   -3.1893   -1.5956    0.5030   -1.9342    1.2678   -3.5760   -0.4841 

   -0.2755   -0.0541   -4.7363   -0.8619   -6.6302    0.3583   -5.6679 

    0.3525   -2.6604   -4.5104    1.6472   -1.3579    0.3411   -4.5446 

   -1.6356   -0.1007    2.6733   -0.8482   -3.0927    3.1922    2.1168 

   -1.3712    0.0500    1.0391    4.8353    1.8285   -1.3331    0.4950 

   -6.8859   -3.5244    6.0626   -3.1854   -3.5642   -8.2899    1.0237 

   -0.6302   -1.4180   -4.4862   -1.1765   -0.4018    0.1284   -0.5081 

   -0.2282    1.6494    0.0727   -4.0256   -1.6346    0.4222   -0.9693 

    0.5453   -0.2046   -1.9745    0.5938   -0.9798   -0.0110    0.9162 

  -0.0664   -0.9405   -1.2722    4.1727   -8.6158    0.1517   -3.5267  

    5.4313   -0.1749    1.5971   -4.8051   -8.7707    7.6181   -2.6448 

    0.0486    0.2388    0.3050    0.0095    0.9498   -0.0550   -0.2476                                                                                                                                                                                            

    

 

 

 [4.3844   -0.7402    2.7131    1.6743    1.8703    2.8731   -1.7626 0.7479   -2.5953  

     0.5427   -1.5195    0.6907    4.0277    3.3468 -0.6299   10.6241]    

                                                                                                                                    …(14)                             
 RESULTS 
  

The network architecture used for prediction corrosion rate for cathodic protection of low 

carbon steel in sea water in fig.3 consist of four inputs neurons corresponding to the state 

variables of the system, with hidden neurons and one output neuron. All neurons in each 

layer were fully connected to the neurons in an adjacent layer. The prediction of ANN 

correlation result is plotted in figure.5 compares the predicted of corrosion rate with 

experimental for training set. 

ow  

1hw = 

   b= 

    2.2825   -0.7296 

   -0.9756    7.6799 

    1.6665   -1.9187 

   -3.1292   -0.6846 

    4.5798    0.8413 

   -1.0520   -3.6661 

    0.3707    0.2862 

   -1.1799   -1.2983 

    0.0743    1.8176 

    4.4005   -1.8944 

   -0.3942   -0.5212 

    5.3954   -6.9461 

   -0.9258   -0.3238 

    1.0009 -10.2560 

   -0.4801   -2.4320 

    0.6169    0.3752 

 

 

2hw = 

…(13) 

 

-4.9377 

-1.6042 

-1.7661 

-1.0162 

-5.5346 

1.0628 

8.9828 

1.1397 

0.2220 

 

 

                             …(12) 
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Fig.5 Comparison between experimental and prediction for Zinc consumption  in training 

set 

 

 TEST OF THE PROPOSED ANN 

  

The purely empirical model was tested on data that were not used to train the neural 

network and yielded very accurate predictions. Having completed the successful training, 

another data set was employed to test the network prediction corrosion rate. We made use 

of the same model to generate (76) new data values. 

The result of prediction is plotted with experimental value as shown in figure.6. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(6) Comparison between experimental and prediction for Zinc consumption  in testing 

set.              
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CONCLUSIONS  

The ANN correlation shows noticeable improvement in the prediction of corrosion rate. 

The neural network correlation yields an AARE of 0.09% and standard deviation of 0.46%. 

The number of input units and output units are fixed to a problem, but the choice of the 

number of the hidden units is flexible. In this work it was started with a number of neurons 

in the hidden layer, but was found that two hidden layer the first layer consists of nine 

neurons and second consists of sixteen neurons gives butter results of prediction corrosion 

rate shown in table(2). Below two layer of hidden the network cannot to be trained.  

  

Table (2) Gives the statistical information of neural networks models for prediction of 

corrosion rate. 

 

ANN 

models 

Structure AARE% S.D%     R 

Case 

study 

[4-9-16-1] 0.09 0.46 0.998 
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NOMENCLATURE 

 

kd      The desired of output neuron k 

f       The activation function                                           

f   The derivation of the activation function    

 ih   The actual output of hidden neuron j 

ko   The actual output of output neuron k 

P The number of patterns in the training set 

ijV     Weight on link from Xi to Zj 

ijW  Synaptic weights between input and hidden neurons 

jkW  Synaptic weight between hidden and output neuron 

ix      Input signal of input neuron i 

Y       Target vector 

kY       Output unit 

iZ        Hidden unit 

GREEK SYMBOLS 

SYMBOL                                       DEFINITION                             

 

k        The error term 

           The learning rate 
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APPENDIX 

 

STATISTICAL ANALYSIS 

          Statistical analysis based on the test data is calculated to validate the accuracy of the 

output for pervious correlation model based on ANN. The structure for each model should 

give the best output prediction, which is checked by using statistical analysis. The statistical 

analysis of prediction is based on the following criteria:- 

 

1. The AARE (Average Absolute Relative Error) should be minimum  





N
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erimentalprediction
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N
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Where N=Number of data points. 

             x=Corrosion rate.  

2. The standard deviation should be minimum. 
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3. The correlation coefficient R between input and output should be around unity. 

2
N

1i
predictionprediction

2
erimentalexp

N

1i
erimentalexp

prediction)i(predictionerimentalexp
N

1i
)i(erimentalexp

)xx()xx(

)xx)(xx(

R














   e r i m e n t a lxe x p corrosion rate 

mean of experimental points 

  predictionx  =corrosion rate mean for prediction points 
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PREDICTION OF EXTRACTION EFFICIENCY IN RDC 

COLUMN USING ARTIFICIAL NEURAL NETWORK 

 

Prof. Dr. Adil. A. A. Al-Hemiri and Chalak  S. Omar 
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ABSTRACT 
    An application of neural network technique was introduced in modeling extraction 

efficiency in RDC column, based on a data bank of around 352 data points collected 

in the open literature. Three models were made, using back-propagation algorithm, 

the extraction efficiency was found to be a function of seven dimensionless groups: 

Weber number (we), ( cd VV ), ( dc  ), ( ts DD ), ( tr DD ), ( tc DZ ) and 

( ct ZZ ). Statistical analysis showed that the proposed models have an average 

absolute error (AARE) and standard deviation (SD) of 12.23% and 10.61% for the 

first model, 5.35% and 6.21% for the second model,  8.34% and 7.59% for the third 

model. The developed correlations also show better prediction over a wide range of 

operating conditions, physical properties and column geometry.  

 

KEY WORDS 

 Rotating disc contactor, Extraction Efficiency, Artificial neural network, Back-

propagation algorithm 

 
INTRODUCTION 

Liquid-liquid extraction has been emerging as a very important method for 

separation of liquid mixtures into its components by means of a solvent. The solvent 

used in the extraction process should be immiscible or partially miscible with one of 

the components of the mixture in order to facilitate the separation of the liquid phases 

(Laddha and Degaleesan, 1976). 

The rotating disc contactor (RDC) has received considerable attention as liquid-liquid 

extraction equipment for refining of vegetable oils, processing of nuclear fuels, 

refining of crude petroleum and purification of vitamins. In common with other 

agitated columns it relies upon the application of mechanical energy to the contactor 
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contents to gain high mass transfer efficiency (Laddha and Kannappan, 1978). It 

consists of a vertical cylindrical shell divided into a number of compartments by a 

series of stator rings. A rotating disc supported on a central shaft driven by an electric 

motor is located in each compartment. The feed inlets, at each end of the column, are 

arranged tangentially in the direction of rotation. The outlets are usually through the 

top and bottom plates of the column. The dense phase is introduced into the top of the 

column and the light phase into the bottom, so that, counter current flow is established 

by gravity. One of the phases is dispersed by the action of the rotating discs. At the 

ends of the column there are settling zones for phase separation (Alders, 1959), as 

shown in fig. 1. The advantages of such device are the acheivement high efficiency 

per unit height and high throughput for a given flow area. The column is relatively 

free from plugging, and thus can be operate in the presence of small amounts of 

suspended solids or other impurities. Moreover it requires low driving power and has 

comparatively low operation and maintenance costs (Zhang et al, 1981). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
COLUMN DESIGN VARIABLES: 

        The important column parameters that effect the performance of a rotating disc 

contactor for a given extraction system are; 

Column diameter            (Dt) 

Rotor disc diameter         (Dr) 

Stator diameter                (Ds) 

Compartment height         (Zc) 

Effective column height    (Zt) 

Speed of rotor disc             (N) 

        Fig.1. Rotating disc contactor column [Reman (1952)] 
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These dimensions are normally given as ratios with respect to (Dt). And may be 

varied slightly to provide flexibility in design. For the optimum design, the column 

dimensions should have the ratios (Remab and Olney, 1955; Logsdail et al, 1957). 

 

(Ds/Dt)  =  0.66  to  0.75 

(Dr/Dt)   =  0.5  to  0.66 

(Zc/Dt)   =  0.33  to  0.5 

 

EXTRACTION EFFICIENCY: 

      Numerous studies have been made to obtain the effect of  different parameters on 

RDC 's efficiency. Reman and Olney (1955) investigated the influence of column 

geometry and flow rates. Efficiency was found to increase with, 

1. Decreasing stator opening. 

2. Decreasing compartment height. 

3. Increasing of dispersed flow rate at constant continuous flow rate. 

4. Increasing rotor speed. 

5. Increasing diameter of rotor discs. 

6. Increasing specific load. 

           However, under certain conditions, increasing in rotor speed and specific load 

reduced the efficiency, due to back mixing. 

          Reman and Olney (1955) interpreted their results by plotting the efficiency, 

defined as the number of stages per foot column height, versus the energy input per 

unit volume (N
3
.R

5
 /H.D

2
). Data for two column diameters, 4 inches and 16 inches 

correlated well. 

 

      Later Logsdail et al (1957), using the system toluene-acetone-water and 

butylacetate-acetone-water, the water being the continuous phase throughput, showed 

that the overall values of the mass transfer coefficient or H.T.U. , could be correlated 

by the expression; 

                                                                                                              

3/)1(23/2

33

3/1
2

3/1
2

.
.)1.(

..

.
.

..)..(











 









































































m

c

m

cN

c

c

c

occ

c

c

oc

xV

g
K

g

aK

x
x

g

V

UTH

















                                                                                                               ..(1) 

Use of this expression for design purposes necessitates evaluation of the constant K, 

the exponent m, and the characteristic velocity NV  

            This may be determined from tests with the given system in a small-scale 

laboratory column. Alternatively for the case of transfer from an aqueous into solvent 

phase, i.e., a case of hindered coalescence, NV  may be evaluated using the equation 

below; 
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THE BACK-PROPAGATION ALGORITHM: 

         Back-propagation is a supervised learning technique used for training 

artificial neural networks. It was first described by Paul Werbos in 1974, and 

further developed by David E. Rumelhart, Geoffery E. Hinton and Ronald J. 

Williams in 1986. 

         It is most useful for feed-forward networks (networks that have no feedback, or 

simply, that have no connections that loop). The term is an abbreviation for 

"backwards propagation of errors". Back-propagation requires that the transfer 

function used by the artificial neurons (or "nodes") be differentiable. Back 

propagation networks are among the most popular and widely used neural networks 

because they are relatively simple and powerful. 

. The input is the input to the hidden layer and the output layer is the output 

from the immediate previous layer, so it is called feed forward neural network.   The 

number of the input units and the output units are fixed to a problem, but the choice of 

the number of the hidden units is somehow flexible as shown in fig. 2. Too many 

hidden units may cause over fitting, but if the number of hidden units is too small, the 

problem may not converge at all. Usually a large number of training cases may allow 

more hidden units if the problem requires so (Sivanadam, 2003). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                    Fig. 2. Multi layer feed forward neural network 

TRAINING A BACK-PROPAGATION NETWORK: 

         The conventional algorithm used for training a multi-layerd feed forward 

(MLFF) is the Bp algorithm, which is an iterative gradient algorithm designed to 

minimize the mean-squared error between the desired output and the actual output for 

a particular input to the network (Lendaris, 2004). 

     Two learning factors that significantly affect convergence speed as well as 

accomplish avoiding local minima, are the learning rate and momentum. 
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   The learning rate () determines the portion of weight needed to be adjusted. 

However, the optimum value of  depends on the problem. Even though as small 

learning rate guarantees a true gradient descent, it slows down the network 

convergence process. If the chosen value of  is too large for the error value, the 

search path will oscillate about the ideal path and converges more slowly than a direct 

descent. The momentum () determines the fraction of the previous weight 

adjustment that is added to current weight adjustment. It accelerates the network 

convergence process. During the training process, the learning rate and the 

momentum are bring the network out of its local minima, and accelerate the 

convergence of the network. 

The algorithm of the error back-propagation training for one hidden layer is 

given below (Lendaris, 2004): 

Step1: initialize network weight values. 

Step2: sum weighted input and apply suitable activation function to compute the 

output of the hidden layer. 
















i

ij
W
i

f
j

h                                           … (3) 

Where 

 hj: The actual output of hidden neuron j for input signals X. 

           Xi: Input signal of input neuron (i). 

          Wij: Synaptic weights between input neuron hidden neuron j and i. 

ƒ: The activation function. 

 

Step3: sum weighted output of hidden layer and apply activation function to compute 

output of output layer. 













j

jkjk WhfO                                               …(4) 

where 

Ok: The actual output of output neuron k. 

Wjk: Synaptic weight between hidden neuron j and output neuron k. 

 

Step4: compute back propagation error.

          

 

  

 













 

j
jkWjhfkOkdk                                   …(5) 

where 

f   :The derivative of the activation function. 

dk: The desired output of neuron k. 

 

Step5: calculate weight correction term. 
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   1 njkWjhknjkW                         …  (6) 

Step6: sums delta input for each hidden unit and calculate error term. 

        
  










k i
ijijkkj WXfW                                   … (7) 

 

Step7: calculate weight correction term. 

   1 nWXnW ijijij                                  … (8) 

 

Step8: update weights. 

  )()(1 njkWnjkWnjkW                                       … (9) 

                       
)()()1( nWnWnW ijijij 

                                                … (10) 

 

Step9: repeat step2 for given number of error. 















 
p k

p
k

O
p
k

d
p

MSE 2)(
2

1

        

                                  … (11) 

Where    p: The number of patterns in the training set. 

Step10: END. 

 

COMPUTER SIMULATION RESULTS:- 

COLLECTION OF DATA: 

      In this work about 352 experimental points have been collected from 11 sources 

spanning the years 1954-1986. These data were divided into training part (75%) and 

testing part (25%). 224 data points were used in the first model which is for mass 

transfer from continuous to dispersed phase ( dc ), 128 data points used in the 

second model for mass transfer from dispersed to continuous phase ( cd  ) and 

over all 352 data points used in the third model for mass transfer for both directions 

( cddc  , ). These data includes six chemical systems with a large range of 

rotary speed, velocity of both continuous and dispersed phase, column geometry, also 

the physical properties for each chemical system. Table 1 gives the detailed listing of 

data used for the present work. 
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Table 1. Details of data bank used for the present work. 

 

CHOICE OF INPUT PARAMETERS: 

      In this study there are thirteen parameters used, these are: rotor speed (N), 

dispersed phase superficial velocity ( dV ), continuous phase superficial velocity ( cV ), 

dispersed phase density ( d ), continuous phase density ( c ), dispersed phase 

viscosity (µd), continuous phase viscosity (µc), interfacial tension ( ), rotor disc 

Author 

System 

….Dispersed phase 

….Continuous phase 

 

Direction of 

solute 

transfer 

No. of data 

Ismail (1985) 

Toluene 

Acetone 

Water 
( dc ) 57 

Al-Hemiri (1973) 

Toluene 

Acetone 

water 

( dc ) 

( cd  ) 
46 

Al-Hemiri (1973) 

Liquid paraffin 

Methyle ethyl ketone 

water 

( dc ) 

( cd  ) 
22 

Korchinsky (1982) 

 

Toluene 

Acetone 

water 
    ( dc ) 15 

Zhang(1985) 

 

Kerosene 

n-butyric acid 

water 

( dc ) 

( cd  ) 
30 

Al-Aswad (1985) 

Clairsol 350 

Acetone 

water 

( dc ) 

( cd  ) 
22 

Al-Husseini (1986) 

Toluene 

Acetone 

water 
( dc ) 52 

Cruz-pinto (1983) 

Toluene 

Acetone 

water 
( dc ) 4 

Chartres and 

Korchinsky (1978) 

Toluene 

Acetone 

water 
( dc ) 7 

Korchinsky and 

Cruz-pinto (1979) 

Toluene 

Acetone 

water 
( dc ) 4 

Vermijs and 

Kramers (1954) 

Water 

Acetic Acid 

Methyl isobutyl ketone 
( dc ) 38 

Krishnaiah (1967) 

Benzene 

Acetic acid 

water 
( cd  ) 55 
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diameter (Dr), stator diameter (Ds), column diameter (Dt), compartment height (Zc) 

and column height (Zt).           
  These parameters are input to the network as seven dimensionless groups that affect 

the efficiency of (RDC). 

        The main advantage of dimensionless group is to reduce the number of input 

parameters to the network. 

           

 The dimensionless group input to the network are: 

1. Weber number: that consists the density difference of two phases (  ), interfacial 

tension ( ), rotor disc diameter (Dr) and rotor speed (N) 

                                 


 2)..(. rr DND
We


   

2. Ratio of dispersed to continuous phases velocities =( cd VV ) .         

3. Viscosity ratio of the phases = ( dc  ). 

4.  Ratio of stator to column diameters = ( ts DD ). 

5.  Ratio of disc to column diameters =  ( tr DD ). 

6. Ratio of compartment height to column diameter = ( tc DZ ). 

7. Ratio of column to compartment height =( ct ZZ ). 

     This is number of compartment. 

 
THE STRUCTURE OF ARTIFICIAL NEURAL NETWORKS: 

       The ANN structure is determined by trial and error. For the first model it 

consists of seven input neurons in the input layer, twenty one neurons in the hidden 

layer and one neuron in the output layer, for second case it has the same structure but 

different in number of neurons in the hidden layer it consists of twenty four neurons. 

The last case has the same structure of previous models but different in number of 

neurons with nineteen neurons in the hidden layer. And then the networks trained with 

back-propagation algorithm then calculate the weights and biases matrices.  

    The trial and error to find the best ANN correlation model for the case ( dc ), 

case ( cd  ) and for over all two cases together are shown in tables (2), (3) and (4) 

respectively. 

 

 

Table (2) Some of the trial and error attempts for finding the best ANN model for the 

case (cd). 

Structure MSE No. of   

iteration 

Learning 

rate  

Momentum 

coefficient  

Transfer 

function 

[7-15-1] 0.01 2379 0.2 0.8 Tan sigmoid 

[7-16-1] 0.005 1313 0.7 0.8 Tan sigmoid 

[7-17-1] 0.008 1303 0.4 0.9 Tan sigmoid 

[7-18-1] 0.003 1074 0.8 0.9 Tan sigmoid 

[7-20-1] 0.002 2078 0.65 0.8 Tan sigmoid 

[7-21-1] 0.001 2101 0.75 0.9 Tan sigmoid 
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Table (3) Some of the trial and error attempts for finding the best ANN model for 

mass transfer from ( cd  ). 

Structure MSE No.of 

iteration 

Learning rate  Momentum 

coefficient  

Transfer 

function 

[7-15-1] 0.01 678 0.2 0.8 Tan sigmoid 

[7-16-1] 0.008 721 0.5 0.8 Tan sigmoid 

[7-17-1] 0.004 768 0.6 0.9 Tan sigmoid 

[7-18-1] 0.003 362 0.7 0.9 Tan sigmoid 

[7-24-1] 0.001 542 0.75 0.9 Tan sigmoid 

 
Table (4) Some of the trial and error attempts for finding the best ANN model for 

mass transfer for all two cases. 
structure MSE No.of 

iteration 

Learning 

rate  

Momentum 

coefficient  

Transfer 

function 

[7-15-1] 0.1 3180 0.5 0.9 Tan sigmoid 

[7-16-1] 0.008 2352 0.6 0.9 Tan sigmoid 

[7-17-1] 0.004 2718 0.7 0.8 Tan sigmoid 

[7-19-1] 0.002 8320 0.75 0.9 Tan sigmoid 

 

The weights and biases matrices for the three models are shown in equations below: 

For the first model: 
      0.6712   -3.3673   -1.9696   10.9379   -15.2399   12.0679   -0.5428                             8.7672    

     -0.2061    0.0393   -2.5898    5.9822    23.5954    -4.8994     0.5979                           -23.9633 

     -0.0663   -6.6292    2.4579    0.9583   -39.1761    8.0865      0.2162                            16.0111  

     -1.4236    9.1276   -1.2101   -1.0746   -60.9264   -0.1834      4.8962                            33.8680 

      0.2418   -7.4610   11.5550   -2.9587   23.0981   -1.2386     -0.4613 33.8680 

      0.5020    6.7192   -1.5953    5.5997   -47.1539   -1.1287     -0.4449                          24.9955 

     -0.1585    4.9900    2.8305   -6.8283   35.0873    1.4067      -0.5246 -6.5297  

      0.0117   -6.6071    0.7065    1.2093   -0.9628    6.0162      -0.2302 1.0558 

      0.0881   -3.6348   -0.5344   -5.8485   -37.5682   -2.7069     0.0733 25.3744 

     -0.1074   -0.4881    0.4455   -9.2231   -29.7618   -2.9980    0.4807   13.1758        

hw     -0.0043   -3.0572    1.4106   -1.2227   -31.5198   -5.0645    0.0121             , 1b  20.0840 

       0.0049   -1.3719    0.8255   15.8067   -39.7171   -8.2089   -0.0138                            12.9769 

     -3.1340   -3.2529   -0.1819   -2.4573   -30.3152    6.3427      0.1685 13.7197 

     -6.4694   -20.1816   11.4064   -4.6109   30.2074   -1.0619    2.6669 -17.5943 

      0.0339    4.3099   -3.1361     8.3781   12.1996    7.8483      0.0662                            -19.9880 

     -0.0617   -7.1877    7.2925   -3.4151   17.3276   -6.9807     -0.0961 3.2111 

     -0.0504    3.4739    3.5516    3.8803   -15.4565   -1.8829    -0.0897                             5.5152 

      0.0011   -6.8589    3.4766   -10.6542    0.5341   -4.1628     0.0705 9.1235 

      0.1253    4.0017   -3.8548    4.7763    38.7567   -3.3763    -0.1087                            -24.3990 

      3.3161    8.4312   -0.8098   -3.1555   31.0113    8.4326     -1.4653                            -17.2059 

       0.0677   -0.7855    0.8125    6.3748   -8.6399   -5.8645      0.2365                             2.0656 

 ……(12)                              …..(13) 

 

2b [1.1006]                            ….(14) 
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0w   [-3.4891   -8.9789    6.1570   -1.3785   -2.6963    2.1895   10.3487   -5.3463   10.0372    7.6532    

              -11.0769    6.0423    6.2067   -17.6195   -8.3889   -4.9637   1.2610    3.6164   7.3337   

               - 19.1532    1.7628] 
                                                                                                                               ….(15)  

For the second model: 
  0.1234     0.2889   -0.2098    3.4187   35.7059     2.6383    -0.1933                                 -22.4296 

 -0.0357     0.7395   -0.0531     4.1740   -13.3786    3.6104     0.3944                               -3.2096  

 0.0930    -0.3501    0.0753    10.3319   -23.1379    3.9859     0.0543                                6.9129  

-0.6547     0.0229    0.2226    -3.9909    1.1249      5.5466     0.1787                                -2.1792 

 0.0956    -0.0465    0.0034    -1.7553   -60.4389    0.2748    -0.0457                                37.2682 

-0.0011    -1.4635    1.5229    -0.6160    4.4112      5.8333    -0.1594                                -0.5794 

 0.1889    -0.8623    -0.1330    4.4915   35.6777     0.5701     0.0534                                -17.6551 

 -0.0900    0.5578    -0.0051    -7.9568   -72.2110    2.3670     0.0189                               43.7335 

 0.1622     0.4424    0.0356    -10.2791   42.3113    8.6717     0.1048                              -18.8823 

-0.0716    -0.1468   -0.0947    6.5884     41.9295    6.5861    -0.2150                              -28.9934 

 0.0011    -0.7969    0.1646     0.4433    37.0766    -5.1581    0.1260                               -19.2918 

 -0.4757    -0.4012    -0.0098    -9.3298   -7.5400    2.5654    -0.3187           ,   1b        11.2014 

 0.1050     0.7325    -0.1837    -8.4602   -54.0223   -7.0581   -0.1633                               37.5087 

 0.0316    -0.5672   -0.3076    -7.5982    43.0925    -4.9177    0.0049                              -18.3603 

-0.2175    -0.3830    0.0075    -2.4090   -48.6293    7.1045     0.0400                               23.8124 

-0.1616     0.6706   -0.0360    -2.3382   -8.4124      3.8209    -0.1280                              0.3039 

-0.0489     0.1188   -0.1397    -8.7265   -57.7659    -8.5403   -0.1149                              36.8954 

-0.1628    -0.2300   -0.1223    12.8269   -33.7744    1.6003    -0.0373                             10.3930 

 0.0281     0.6424    -0.1755   -10.5666   68.4840    -1.2927    0.0101                             -28.2146 

 0.5449     0.0258    0.0105    -2.9365    51.8078     9.2572    -0.1245                              -29.5656 

 -0.1760    -0.5069   -0.3172    -5.9202   -31.6383    -6.1096    0.1793                            21.5242 

 0.4355    -0.5017    0.0074    -6.3292   44.2235    -7.4766     0.1543                              -14.6105 

-0.1672     0.0926    0.4492    10.6306   -3.2991    -0.5583     0.6760                               -7.9138 

-0.0400    -1.8825    0.2747    -4.7801   10.1719    11.9353    -0.0195                                -2.0174 

                                                                                                             ….(16)                                 ….(17) 

 

2b   [0.0214]                                             …..(18) 

 

ow [0.6345    0.4762   -0.5996    0.1780    0.3690    1.3332    1.1331    1.0184    0.1551  

          0.7346    1.6231   -0.0963    0.9227    0.6875    0.0962    0.2680   -0.6648   -0.6382  

          -0.9553   -0.8878   -0.6872    -0.0673    0.4206   -0.7015] 

                                                                                                         ……(19) 

For the third model: 
     0.0249   1.3648   -0.4491    6.3232   14.8117    3.6421    0.1036                             -18.6431                   
      -0.5099   6.1151   -3.4781   -2.5083  -29.4055   8.2767   1.0769                                        17.0586           

      -0.2348   0.1972   0.1672     6.2039    33.9799  -1.8162   0.1033                                       -21.0471 

       0.0389   0.1031   -0.2641    6.1485    32.9483   6.0856  -0.2337                                       -18.3708       

      -0.0083   7.5839   -0.1512   7.5159   -24.7785   -7.7478   0.2997                                        7.2773     

       0.6398   -2.2457  -1.4695   6.8300   13.4595    3.5864  -22.9526                                       -15.4990               

      -0.1163   -0.9637  -0.0369  -7.0662   23.4879   -5.2558   0.0320                                        -4.3358 

      -0.0034   11.6483  -1.5612  -9.4009  17.8948    2.6496   -0.0233                                       -5.8046      

      -0.0057  -3.1547   0.0702    -8.9703   -5.5169  12.0045  -0.5636                                       17.4021              

       0.0155   1.8149    2.1384     3.6038    -3.8340   3.4886   -0.9107                 ,       1b       8.6129                                                                   

       0.4714   2.1124   -3.7127   -8.5942   -4.6193    7.6501   -1.0597                                        -0.1512    

      -0.0031   -1.1453   0.7689   -13.9756    24.5252   4.0808   0.0316                                      -4.3949     

      -0.0182   -0.2930   -5.5158   10.5766   -1.3630    8.9686   -0.0562                                    -4.2431 

       0.1329   -5.2441   -0.0645  -11.1016  -13.7026   8.0867  -1.0243                                       9.2810   

      0.1777   4.4825    -0.6572    0.9513      2.4935   3.7738   -0.5070                                       3.6552 

     -0.0015   0.0619    0.8831   -3.2606      2.1586   -7.8348    0.0943                                      1.8434   

      -0.0022  -0.0247    3.2039   12.9280    -31.2622  -0.6524  -0.2862                                    7.8422        

      -0.1088  -1.7109   3.5722   10.5591    18.5896    -5.4965    0.0918                                    -20.6339         

     -0.9543   0.1094   0.0729  -10.0114    -5.1432    -6.9029   -0.0312                                      14.1979        

hw = 

hw = 
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                                                                                                           …..(20)                                         …(21) 

2b [-1.4308]                            …..(22) 

 

 ow [1.5043   0.3633   -0.8227   -1.9027   -13.4247    -18.5098    1.8115   -0.5788 

        -7.8875    -0.8821    1.2929   0.9230   -5.8703   -4.1934    0.4554    

        -11.1639   7.4440   -1.5360   5.0601 

                                                                                                                        ………(23)      

 

TEST OF THE PROPOSED ANNS: 

    The ANN models were tested using another data set to show the accuracy of the 

network for prediction extraction efficiency in (RDC). The first model was used to 

generate (60) new data values for mass transfer from (cd), the second model was 

used to generate (38) new data values for mass transfer from ( cd  ) and the third 

model was used to generate (98) new data values for mass transfer from 

( cddc  , ). The comparison between experimental and predicted efficiency for 

three cases were plotted in figures below: 

 

 
Fig. 3 .Comparison between experimental and predicted efficiency for the case 

( dc ) in testing set. 

 
Fig. 4 . Comparison between experimental and predicted efficiency for mass transfer 

from ( cd  ) in testing set. 
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Fig. 5 . Comparison between experimental and predicted efficiency 

for all cases in testing set. 

 
DISCUSSION 

1-  In the present work an attempt was made to correlate an ANN model for extraction 

efficiency prediction in (RDC). Three models were proposed, a model for mass 

transfer from ( dc ), mass transfer from ( cd  ), and a model for the two cases 

together ( cddc  , ). 

         The accuracy of each model was validated by testing it with an experimental 

data not used in the training set and then compares the efficiency predicted from the 

ANN model with the experimental efficiency. Figures (3), (4) and (5) show the 

comparison between the predicted and experimental efficiency for ( dc ), 

( cd  ) and for ( cddc  , ) respectively.  

            Also the accuracy of these models was validated by statistical analysis (AARE, 

S.D and R). The model gives best output prediction based on AARE and S.D values 

respectively as shown in table 5. 

 

Table 5. Statistical analysis information of three neural networks models 

ANN models Structure AARE% S.D% R 

Case 1 ( dc ) [7-21-1] 12.23 10.61 0.879 

Case 2 ( cd  ) [7-24-1] 5.35 6.21 0.962 

Both cases [7-19-1] 8.34 7.59 0.938 

 

2. In this work back-propagation algorithm was used. This algorithm uses the (trainlm) 

training function, which appears to be the fastest method for training feed forward 

neural network. 

 

3. The tansig (Hyperbolic tangent sigmoid) transfer function was used in the neurons in 

the hidden layer may be more accurate and is recommended for applications that require 

the hyperbolic tangent, especially prediction. Because the output from tan sigmoid 

varying from -1 to +1. The output neuron has a log sigmoid transfer function "logsig". 

Which is the best transfer function used in the output neuron for efficiency prediction. 

Because it generates outputs between 0 and 1. 
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4. Neural networks often encounter the well known 'overfitting' problem, which can 

make use of the ANN unreliable. To avoid 'overfitting' and make the ANN more useful, 

the following approach was used. The whole database was split into two parts, learning 

and generalization. The first part, called the 'learning file', was used to perform 

minimization using the ANN. The remaining part, called the 'generalization file', was 

used to validate the model 

5.  Third model concerning the two cases combined which cover cases of mass transfer 

from ( dc ) and from ( cd  ) is found to be flexible and more comprehensive. 

Also it has optimum structure. 

 
CONCLUSIONS: 

      It is very difficult to know which training algorithm will be the fastest for a given 

problem. It will depend on many factors, including the number of the experimental data 

points in the training set, the desired output (target) from the network, the relationship 

between the input and the desired output, the complexity of problem and the error goal. 

The number of neurons in the hidden layer was arrived at by trial and error starting 

from a minimum of fifteen neurons and according to the Hecht number.  

    ANN model can predict the extraction efficiency for a wide range of physical 

properties, operating parameters and column geometry. It has been demonstrated that 

the optimal model is a network that predicts for the two cases together 

( cddc  , ) with one hidden layer. 

 

NOMENCLATURE 

 a = Interfacial mass transfer area,  m
2
/m

3
. 

 b = Bias. 

kd = The desired of output neuron k 

rD =Diameter of rotary disc, m. 

sD = Stator ring diameter, m. 

tD  =Diameter of RDC column, m. 

f = The activation function.                                           

f =The derivation of the activation function. 

g  = Acceleration due to gravity, m/s
2
. 

jh  = The actual output of hidden neuron j. 

Koc =Over all Mass transfer coefficient,  m/s. 

K= Constant (dimensionless). 

N= Speed of rotor disc, rps. 

ko = The actual output of output neuron k. 

P =The number of patterns in the training set. 

R =Correlation coefficient. 

cV  = Velocity of continuous phase, m/s. 

dV = Velocity of dispersed phase, m/s. 
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NV = Characteristic velocity, m/s. 

ijW , hw = Synaptic weights between input and hidden neurons. 

jkW , 0w Synaptic weight between hidden and output neuron. 

We = Weber number (dimensionless). 

x = Hold up. 

ix = Input signal of input neuron i. 

cZ = High of compartment, m. 

tZ = High of RDC column, m. 

 

GREEK SYMBOLS 

 = Momentum rate. 

k =The error term 

  = The learning rate 

  =Density, kg/m
3
. 

 =Viscosity, kg/m.s. 

 = Interfacial tension, N/m.     

 =Difference in density, kg/m
3
. 

 

SUBSCRIPTS 

  c                 continuous phase. 

  d                  dispersed phase. 

   

ABBREVIATIONS 
AARE= Average Absolute Relative Error. 

BP=Back Propagation. 

H.T.U =Height Transfer Unit, m. 

MLFF= Multi-Layer Feed Forward. 

MSE=Mean Square Error. 

S.D=Standard Deviation. 
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FOR INTRANETS 
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ABSTRACT 

Among the many branches of security, authentication and confidentiality are very important to be 

provided. This work studies authentication focusing on the authentication systems supported by 

Windows 2000 family, especially Kerberos. As a result of this study, some unconvincing points are 

found along with others that are considered as weaknesses, such as being subject to offline 

dictionary attacks and the lack of perfect forward secrecy. Hence, some protocols (for 

authentication and key agreement) are chosen to build an authentication system that takes into 

consideration the observations on Windows 2000 systems. Based on this system, a security service 

provider is developed. The proposed provider isolates the developer from the complexity of the 

underlying system. 

 

KEYWORDS 

: security, security service provider, authentication, Kerberos, dictionary attacks, certificates. 

 

 الخلاصة
يعتبر التصديق و الخصوصية من اهم فروع الامن التي يجب توفيرها. يقوم هذا البحث بدراسة التصديق مركزاً عمى انظمة 

. كنتيجة لهذه الدراسة وجدت بعض  Kerberos، وخصوصاً Windows 2000التصديق المعتمدة في مجموعة انظمة التشغيل 
 perfect forwardو عدم توفير  offline dictionary attacksكالتعرض ل النقاط غير المقنعة و بعض مواطن الضعف،

secrecy  لذلك تم اختيار بعض البروتوكولات )لمتصديق و الاتفاق عمى المفتاح( لبناء نظام تصديق ياخذ بنظر الاعتبار .
ر مزود خدمة امن. هذا المزود . و بالاعتماد عمى هذا النظام قد طو  Windows 2000الملاحظات الماخوذة عمى الانظمة في 

 .المقترح يعزل المطور عن تعقيدات النظام التحتي

 

INTRODUCTION 

Security is a must in today networks. For this reason, the software developers are facing a challenge 

in this field, because they must provide security for their applications, especially authentication and 

confidentiality. This is the role of security service providers (SSPs). They provide security services 

to the applications isolating them from the details. This leads to the fact that the security provided is 

dependent on the security protocols used by the SSP. 

 

Passwords are the most common way to authenticate users. But they are considered weak keys; this 

means they cannot be used directly as encryption keys, because human users cannot remember long 

random numbers. This introduced the threat of dictionary attacks. An attacker carries offline 

dictionary attacks without direct interaction with the server. He eavesdrops and records messages 

exchanged between an authentic user and the server. These messages are constructed using 
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functions that take the password as input. Therefore, he applies the same functions on the entries in 

his dictionary and compares the result with the recorded messages, until they match. To slow down 

this attack, it is desirable to make the functions relatively slow such that the search operation takes 

more time, but in such a way not to annoy the users [MOV96]. A possible solution is the use of 

Diffie-Hellman based algorithms that reveal no information about the password, such as the 

Authentication via Memorable Passwords (AMP) protocol [Kwo01]. 

 

Another type of offline dictionary attacks is that against stored password file. It is common to store 

verifiers (hashes) of the passwords in a file on the server and not the passwords themselves. This 

prevents the compromise of passwords in case the file is stolen. But if it is stolen then the attacker 

can do the same previous procedure, but against the whole list, and not a specific user record. To 

slow down this attack, the password is salted before being hashed. Each password is attached with a 

random string (salt) and then hashed, so the hash and the salt are stored for each user. 

 

In the evaluation of a key establishment protocol, the effect of compromise of long term keys 

should be considered. This is what perfect forward secrecy describes. Perfect forward secrecy is 

provided by a protocol, if compromise of long term keys does not compromise past session keys 

[MOV96]. For this reason, it is preferred to be provided by a protocol. All the transport protocols 

do not provide perfect forward secrecy. Also, symmetric techniques cannot provide this feature. 

The key agreement protocols based on public-key techniques (Diffie-Hellman) achieve this 

property. 

 

IMPORTANCE OF THE WORK 

In this work the authentication systems available in Windows 2000 through the Security Support 

Provider Interface (SSPI) are studied, taking into consideration the two concepts previously 

presented: offline dictionary attacks and perfect forward secrecy. This gives some unconvincing or 

weak points that must be noticed. 

 

Then a Security Service Provider (SSP) is proposed taking into consideration the noticed points on 

Windows 2000 authentication, withstanding offline dictionary attacks and providing perfect 

forward secrecy. 

 

SECURITY SUPPORT PROVIDER INTERFACE (SSPI) 

Microsoft has given software developers the ability to develop software that makes use of some 

cryptographic functions and the authentication systems available in Windows 2000. This can be 

achieved through the use of Cryptographic Application Programming Interface (CryproAPI) and the 

Security Support Provider Interface (SSPI). 

 

The CryptoAPI provides the basic cryptographic functions (encryption, hash, and public key 

signature). So it is suitable if the developer needs little cryptography for his applications, but as the 

requirements are extended to authentication systems then it is not a good choice. 

 

On the other hand, SSPI provides a mechanism by which a distributed application can call one of 

several security providers to obtain an authenticated connection without knowledge of the details of 

the security protocol. This facilitates the way developers build their applications on the security of 

Windows 2000. A security provider is a Dynamic Link Library (DLL) that implements the SSPI 

and makes one or more security packages available to applications. A security package maps the 

SSPI functions to an implementation of the security protocol specific to that package, such as New 

Technology Local Area Network Manager (NTLM), Kerberos, or Secure Socket Layer (SSL). 

Security packages are sometimes referred to as Security Support Providers (SSPs) [Mic99a]. The 
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security strength provided by the SSPI is dependent on the three underlying authentication systems. 

As a result, a study on the authentication systems available in Windows 2000 is necessary. 

 

WINDOWS 2000 AUTHENTICATION 

Windows 2000 supports several protocols for verifying the identities of users, including protocols 

for authenticating dial-up connections and protocols for authenticating external users who access 

the network over the Internet. But there are only two choices for network authentication: Kerberos 

Version 5 and NTLM [Mic99b][TJ01]. 

 

SSL provides end-to-end encryption, integrity protection, and server authentication for the Web. It 

is also provided for applications through the SSPI. It makes use of certificates containing the public 

keys of the two parties. These certificates should be signed by a trusted Certificate Authority (CA). 

As a result, the next sections present NTLM, Kerberos, and certificates. 

 

NTLM 

The NTLM protocol was the default for network authentication in the Windows NT 4.0 

operating system. It is retained in Windows 2000 for compatibility with down level clients and 

servers. NTLM is also used to authenticate logons to standalone (not domain members) 

computers with Windows 2000. It provides unilateral authentication. NTLM authentication was 

designed for a network environment in which servers were assumed to be genuine [Mic99b]. 

For this reason Kerberos v5 was used as the default system in Windows 2000. 

 

Kerberos 

Kerberos was developed at Massachusetts Institute of Technology (MIT) as a part of Project 

Athena in 1988 [MNS+87]. Symmetric cryptography and a trusted third-party are the basis of 

this authentication system. It is considered an authentication and key transport protocol. There 

have been two versions of the protocol in public use, namely Kerberos v4 and v5. The latter was 

chosen by Microsoft to be the default authentication system in Windows 2000 family [Mic99b]. 

The following points are noticed: 

 

 It is subject to the offline dictionary attack [Wu99][KT03][BM91]. Since the client A sends 

the timestamp encrypted using the password hash, and the Authentication Server (AS) sends 

in the second message the timestamp encrypted using the A’s password hash. This means 

that an eavesdropper which captures these messages can try to decrypt them using a 

dictionary of common passwords. 

 

 The AS does not store a clear-text copy of the passwords. Instead, the password is encrypted 

using RSA MD4 algorithm, which takes a variable-length password and encrypts it using a 

secret key to produce a fixed-length result called the message digest. The result is the hash 

of the password using a secret key. Domestic versions of Windows 2000 use a 128-bit 

message digest, considered unbreakable by anyone but the National Security Administration 

(NSA), and only then with a great deal of expensive supercomputer time. Export versions of 

Windows 2000 are limited to a 40-bit message digest, considered easily crackable [Bos00]. 

 

 The Kerberos protocol does not provide perfect forward secrecy. This means that if long 

term secret of the client (password) is compromised then all session keys used by the client 

are compromised. This introduces a security risk, but depending on the requirements of the 

system it may be serious or not.  
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 The session key is controlled by the AS; this means that not only the two involved parties 

know the secret key, but the AS too. It is preferable that the secret be known to only the 

involved parties. 

 

 An overhead introduced is that the client A needs to get a different ticket for each different 

service (application server). This requires from the client to contact the AS to get a new 

ticket. This also means an overhead in the storage of secret keys. A needs to store KAB, KAC, 

and KAD, which represent the keys corresponding to tickets used to contact B, C, and D. 

 

 In Windows 2000, Kerberos is the authentication system, but NTLM is used to authenticate 

previous versions of Windows. So, this weakens the security, because it is not totally based 

on Kerberos. To prevent this, all clients must be upgraded to Windows 2000, and then 

NTLM should be prevented. 

 

CERTIFICATES 

A certificate is a digital document (i.e. a formatted file) that binds a public key to its owner. A 

trusted Certificate Authority (CA) creates the certificate and digitally signs it using the CA 

private key. Using the CA public key, applications verify the issuing CA digital signature, and 

hence, the integrity of the contents of the certificate (most importantly, the public key and the 

identity of the owner). 

 

Microsoft Certificate Services, included with Windows 2000 server family, provide a means for 

an enterprise to easily establish CAs. Windows 2000 supports the installation of stand-alone 

CAs or enterprise CAs. 

 

Stand-alone certification authority does not require the use of Active Directory. By default, all 

certificate requests sent to the stand-alone CA are set to pending until the administrator of the 

stand-alone CA verifies the identity of the requester and Okays the request. This means there is 

no automated procedure in certificate granting. 

 

Enterprise certification authority requires the use of Active Directory, which means there is a 

need to implement a domain. Here the requests are automatically serviced, and according to the 

user information in Active Directory, the certificate is issued or not [Mic00][TJ01]. 

 

The following points are noticed: 

 In Windows 2000, the case of stand-alone CA is not practical because it puts the decision on 

the administrator. For this reason, the enterprise CA is considered the best choice. But this 

type will depend on the user information in the Active Directory. This means that when a 

user requests a certificate, then he is authenticated to the CA using the network 

authentication system available, which may be NTLM or Kerberos [Mic00][TJ01]. 

 

 Certificate Revocation List (CRL) may add overhead in the communication and 

management, and the need to protect the list from unauthorized change. 

 

 Another very important point is that the certificate contains the public key, but the private 

key must be kept secret to the owner. So, in case the owner is a PC, there is no problem. But 

if the owner is a user, who needs to get access from different PCs, then he needs to store the 

private key on each PC, which is a security problem. 

 

 Windows 2000 stores the private keys of users using the Cryptographic Service Providers 

(CSPs). This means the keys are stored in the PC at which the user requested the certificate. 
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So, for PCs that has several users, the CSP stores the keys according to the identity of the 

user. Each user is given access to keys corresponding to his identity. This makes us 

conclude that CSPs depend on the (username, password) pair to protect the keys. This gives 

(in theory) the attacker a chance to launch dictionary attack against the stored keys, 

assuming the attacker has access to the location where the keys are secured and knows how 

they are secured. In other words, dictionary attacks are possible if the only thing missing is 

the password. This may compose a serious threat because the keys of certificates are kept 

for long time, which gives the attacker the required time. 

 

 

PROPOSED AUTHENTICATION SYSTEM 

The proposed system will be based on a central authentication server (AS) hosting the clients’ 

information. The system can be viewed to have two different participants: the authentication server 

(AS) and the clients (including application servers). Each client should contact the AS to 

authenticate itself, and the AS will grant it a ticket (certificate) that proves the client’s identity, and 

binds it to the public key in the ticket. When a client wants to contact another client (usually an 

application server), the tickets are exchanged and the two parties agree on a session key. Some 

important objectives are that the system should be secure against offline dictionary attacks and 

stolen verifier file, and should provide perfect forward secrecy. 

 

The authentication protocol used when the client contacts the AS is based on the AMP protocol. 

This will achieve security against dictionary attacks and stolen verifier file. The handshake protocol 

between two parties is based on Diffie-Hellman, providing perfect forward secrecy. RSA is used for 

digitally sign the tickets. Advanced Encryption Standard (AES) encryption is used as the 

symmetrical encryption algorithm. SHA-1 is the hash algorithm used. The ticket lifetime should be 

in hours or minutes. 

 

SYSTEM PROTOCOLS 

The details of the authentication protocol and ticket renewal protocol are presented next. Some 

important parameters used in the protocols are: 

 

(Any arithmetic operation not specifying the modulus, means ‘mod p’) 

π: password 

hw: hardware id of the PC (for example: LAN card physical address or hard disk serial 

number). 

v= h(userid, π) 

V: password verifier = g
v
 

x , g
x
: private/public key pair of the PC. 

y , g
y
: private/public key pair of the AS. 

VAS: digital signature verification key of the AS. 

p , q: large prime numbers; as in AMP protocol. 

 

The AS stores PC information (pcid, g
x
, g

hw
). It also stores the password verifiers in a file; each 

record is encrypted symmetrically using a secret key S and a salt τ. So, each record in the file is 

of the form :(userid, τ, ES+τ(V)). This makes the file secure against offline dictionary attacks 

when stolen. 

 

A. AUTHENTICATION PROTOCOL 

Fig. 1 shows the authentication protocol, assuming the user and PC are registered on the AS. 

The client A will be authenticated through H1, while the AS will be authenticated to the client 

through G3. At the end of the protocol the AS sends its digital signature verification key (VAS) 
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and its public exponential (g
y
). Other values are also sent, such as the session duration and the 

session parameters (α and n). The public exponential will be used by clients later to 

communicate with the AS. g
x1

 will be used as the public key in the ticket. 
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Fig. 1: Authentication Protocol 

 

B. KEY AGREEMENT PROTOCOL 

After the clients have been granted the tickets at the authentication phase, they can now 

communicate with each other. To communicate securely they must agree on a session key. The 

public exponentials included in the tickets are used to carry out a Diffie-Hellman key agreement. 

So, each client verifies the signature of the AS on the ticket of the other, and its validity. The 

details are shown in Fig. 2. 

 

When A receives G3 in step 2 it decrypts it using K1 and checks α
a1

, if it is correct then A is sure 

that the other party is really B. At step 3 A sends the hash of B’s exponential (G2). B checks it, 

and if it is correct then it is sure of the identity of A, because A is the only one that knows K1 

and so can decrypt G3. 

 

It is known that Diffie-Hellman states that: knowing the public exponentials only; it is hard to 

find the key α
a1b1

. But here the case is more difficult, because α
b1

 is not public. It is encrypted 
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using K1. Hence, the attacker must solve two such problems: one to find K1 and then to find the 

session key K2. For this reason the size of the number (n) can be reduced, this can improve the 

performance. So, 768 bits can be used in stead of 1024 bits used for (p). 
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Fig. 2: Key Agreement Protocol 

 

System Architecture 

The system may be viewed to be composed of two parts: the Authentication Server (AS) and the 

Client’s Security Service Provider (CSSP) as shown in Figure 3. The blocks representing the 

applications have discontinuous lines. This is to indicate that they are not part of the system, but 

the system will be used to provide services to these applications. 
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Users
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Authentication

Server  

Fig. 3: System Components 

 

A. Authentication Server Architecture 

It is the part of the system hosting the tables containing information about the users, PCs, 

groups, and tickets granted. The AS is responsible for the authentication of clients, granting 

tickets, renewal of tickets, and consequently the administration of the system occurs here. The 

architecture is shown in Fig. 4. 
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Fig. 4: The AS Architecture 

 

B. Client’s Security Service Provider 

It represents the part of the system residing at the client PCs. It is considered as a gateway for 

the application built over it. Through it the application connects to the AS and to other instances 

of the applications on other PCs. The CSSP is not involved in the details of the information sent 
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between the applications. It just provides the secure communication channel between them. The 

CSSP is involved in the authentication, key agreement, and ticket renewal protocols. These 

protocols require several functionalities, and according to them the architecture of the CSSP 

will be build, as shown in Fig. 5. 
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Fig. 5: CSSP Architecture 

 

1. Application Programming Interface (API): it is the set of functions that the developer must 

deal with to link his application with the system. This part isolates the details of the system, 

providing the developer simple functions to interact with. 

2. Authentication and Ticket Management: it includes the authentication protocol and ticket 

renewal protocol. This part communicates with the AS. So, it contains functions that provide 

network connectivity to the AS. 

3. Key Agreement and Secure Communication: it communicates with other CSSPs 

(specifically with the Key Agreement and Secure Communication part). This part includes 

the key agreement protocol and provides the secure transfer of data between applications. 

 

The steps carried out to establish a secure communication channel between two applications 

App1A and App1B are clarified through Fig. 6. App1B acts as an application server that listens for 

client requests, and App1A acts as a client to this application server. 
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IMPLEMENTATION AND PERFORMANCE 

Visual C++ was the programming language used. Each module is a separate library (DLL) of 

functions. However, the parts of the main module of the CSSP are all integrated in one library (one 

DLL). The separation of the modules allows the modification of each module without affecting the 

others. The RSA operations are implemented using the CryptoAPI library. The connections 

between the applications and the CSSP will be using sockets programming (based on the 

CAsyncSocket class). The system works on Windows 2000 family and next versions. It is preferred 

to use NT File System (NTFS) to give access control to the files.  

 

The system was tested on Pentium III with Windows 2000 Server operating system and 100 Mbps 

Fast Ethernet PCI Adapter. The authentication protocol starts and ends at the client side. Its average 

time has been found to be (131.2 msecs). This protocol starts at the CSSP acting as client, and ends 

at the other side (CSSP acting as server). Thus, the time will be taken for each side apart (i.e. the 

time each side participates in the protocol). The average time for the client side was (91.6 msecs) 

while for the server side was (78.5 msecs). Also, the effect of the protocols on the processor and 

network traffic was monitored using Windows 2000 Performance Monitor, and there was no high 

load. 

 

CONCLUSIONS AND FUTURE WORK 

The most important point is that Kerberos is subject to offline dictionary attacks and it does not 

provide perfect forward secrecy which may be considered important points, in addition to other 

notes. Also, it was shown that SSL supported by the SSPI depends on certificates, which are 

granted to clients through the network authentication system (Kerberos). This means that they 

suffer from the same weaknesses. This means that the SSPI provides a good level of security 

through Kerberos and SSL if their weaknesses are not considered serious. The seriousness of the 

weaknesses depends on the network environment in which the system is implemented. 

 

In case the level of security provided by the SSPI is not considered enough, then the proposed 

protocols presented in section 5.1 solve the unconvincing points and weaknesses in Kerberos. This 

was done using the AMP authentication protocol and the Diffie-Hellamn key exchange. But this 

gave some disadvantages, because the proposed authentication system is slower than Kerberos 

because the latter is based on symmetric encryption techniques, while the AMP protocol is based on 

public key. Also, it adds overhead as compared to SSL, because the proposed system requires 

online trusted third part, while SSL requires offline trusted third party. 

 

A very important point to be stated is that the proposed provider was implemented above the 

transport layer. This provides implementation flexibility and ensures that only the applications 

needing security use the system. But a disadvantage is that these applications must be modified (i.e. 

transparency is not provided). Transparency is provided if the security layer is implemented at the 

lower layers, network or data link layers, but at the cost of additional overhead and implementation 

complexity. The overhead results because not all the applications require the provided security. 

 

A suggestion for the future is to extend the design to provide cross domain trust, such that a client 

under the control of AS1 can contact another client under the control of AS2 in case there is a trust 

relationship between AS1 and AS2. Also, it is possible to integrate the system with the SSPI, taking 

the advantages and disadvantages into consideration. 
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ABSTRACT 

 One of the biggest problems in power quality aspects is the harmonic contents in the 

electrical system. Most of the current harmonics are due to the nonlinear operation of the 

power converters and arc furnaces . These harmonics cause overheating of the magnetic 

cores of transformers and motors beside their effect on the torque –speed of the later  . These 

problems  have lead to the creation of design standards for purpose of limiting the allowable 

harmonics on the power lines, and hence to improve the power factor. 

   This paper presents two types of power factor correction (PFC) for single  phase AC/DC 

converter, the Boost converter and  the Buck- Boost converter. The output of the Boost 

converter is fixed (400V , 3kW)  while the output of the Buck – Boost converter is variable 

(150-400V, 3kW-1kW) and due to the discontinuous inductor current mode operation of the 

Buck mode of the Buck- Boost converter an average charge current control is used in the 

inner current loop control. From harmonic analysis the two types of converters has less 

harmonics as compared with the IEC1000-3-2 standards. The Buck Boost converter 

eliminates the problem of high inrush input current produced by the Boost converter type.  

 

ةــلاصـالخ 

ان واحدة من اهم المشاكل  الموجودة في المنظومات الكهـربائية هي توافـقيــات التـيار     (Current Harmonics) 

 Non –Linear Operation of)وان اكثـــر هـــوا التوافقيـــات هـــي يرتي ـــة ة ـــل مةـــ ات القـــدرة ال   يـــة  

Converters )  . وافران الشرارة  
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يات حـــرارة فائقـــة في القنـــس المةناويتـــي لن  ـــوتت بات ـــافة  اا تزم هـــا ةنـــ   ـــوا  ال ـــ     التـــرةة تولـــد هـــوهالتوافق
(Torque _ Speed)  لن  ركــات و هــوا المشــاكل  دت اا  وــاد حــدود ديا ــية لت دفــد هــوا التوافقيــات في
 المنظومات الكهربائية وبالتالي تحتين ةامل القدرة.
هـي احـدم مدـادر هـوا التوافقيـات  ـ   ( Single Phase Buck – Boost Converter) ان مةـ ات 
(Variable Output)المر وب فيها وهي تتتخد  في ب ض الت بيقات  التي تحتاج اا  رج متة   .  
و فولتية الخرج (230V- 85)لنفولتية ذو وور واحد بزد ال ةا   ( Buck- Boost Converter)لقد تم ادتراح 
(400V -150)متةــــ ة مــــن  وفــــتم الــــت كم بفولتيــــة الخــــرج بز ــــتخدا  حنقتــــين  حنقــــة الفولتيــــة الخارجيــــة   (Outer 

Voltage Loop)  و حنقة التيار الدا نية(Inner Current Loop) بحيث فكون تيار الد ل وفولتية الد ل  
 في وور واحد.

دـتراح ورفقـة تحتـع م ـدل الشـ نة في حنقـة وةندما ف  ل المة  كخافض لنفولتيـة فـزن التيـار الـدا ل فكـون متق ـتم لـوا تم ا
(Charge Average Current Sensing)التيـار الدا نيـة  . ولقـد تم اوــاد ورفقـة لنت ـدفل في حنقـة التيــار  
(Gain)الدا نية لتةي  الكتس  ةندما تكون فولتية الخرج لن ة  متة ة.   
( Inrush Current)ك ــا تم ادــتراح دائــرة لت دفــد تيــار البــد   ز ــتخدا  ورفقــة الكشــم ةــن د ــة فولتيــة الــد ل ب 
(Peak Input Voltage Detection)  .  
تم احتتاب توافقيات الدائرة المقترحـة ووجـد بز ـا ادـل بالمقاريرـة مـتم الموالـفات القيا ـية ك ـا ان كفـا ة الـدائرة اةنـ  في حالـة 
 الد ل ال الي من الد ل الواوي.

 

 
KEY WORDS 

  Boost converter, Buck – Boost converter, Power Factor   Correction (PFC), current 

harmonics. 

 

INTRODUCTION 

 Most modern electronic apparatus use some form of AC to DC power conversion within 

their architecture , and they draw pulses of current from the AC network during each half 

cycle of the supply waveform. The amount of reactive power drawn by a single apparatus 

may be small , but within a typical large number of these apparatus the amount of reactive 

power is large and hence the amount of current harmonics are also high.    

   The effect of power factor and harmonics generated by equipment that can be connected to 

the public mains network is a matter of concern today. These harmonics must be filtered and 

this has led to the creation of EN 61000-3-2 standards which is adapted by the European 

Community [ 1]. 

   Boost , Buck – Boost converter is one type of AC/DC converter which is either for step up 

or step up- step down respectively. Many researchers have investigated in the field of power 

factor correction of AC/DC converter , a three phase Buck –Boost converter is presented in 

[2], the converter with an additional current loop and a circuit switches which switches  

between Buck and Boost stages using two transistors while a single phase Buck –Boost 
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converter with two current feedback loop is presented in [3] and [4] , the model used two 

transistors signal to generate the pulse width modulation (PWM) of the Buck – Boost 

switches . A  single phase Buck – Boost with variable output is presented in [5]. A current 

programmed control for cascade two switches Buck- Boost converter is presented in [6]and 

its provided a variable output . A computer model for common switch mode control  with 

average and conventional cycle by cycle switching operation mode for Buck – Boost is 

presented in [7].  A two switch Boost interleaved Buck- Boost converter is presented in [8] 

and it has the capability of producing both step-up and step down conversion with lower 

switches voltage stress.  

    

  POWER  CIRCUIT  DESIGN 
This work presents a Boost converter with fixed output (400 V , 3kW ) and a power 

factor preregulator (UC3854 ) is used in order to improve the power factor (as shown in 

figure 1)  in such a way that the input current is forced to follow the sinusoidal input voltage . 

Two loops are used to control the output voltage and the input current , the outer voltage loop 

and the inner voltage loop [9]. 
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Fig(1)  Power factor correction for Boost converter AC/DC Converter(UC3854) 

 

    The second converter is the Buck – Boost converter shown in figure 2 , the converter 

is either operate in boost mode in such away that the output voltage is higher than the 

maximum input voltage or in Buck Boost mode where the   output voltage is lower than 

the maximum input voltage. Figure 3 shows the two operation mode of the Buck Boost 

converter .        

 

  The output inductor employed in the converter  provides   the energy storage and 

filtering . The current flowing through it has a triangular waveform . In selecting the 

inductance a compromise has to  be found  between high rating required for diminishing 

the  ripple , and a low rating required for quick response to load changes.  

The peak inductor current is the sum of the peak line current and half of the peak to peak 

high frequency ripple current. The inductor must be designed to handle this current level.  
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   Buck Boost Converter                                                operation modes 

 

 
 BOOST CONVERTER INDUCTOR DESIGN: 

 The Boost converter inductor is decided according to the minimum rms input 

voltage  then  

rmsi

in
peak

V

P
I

2
                                                              (1) 

where PEAKI is the maximum input current, inP  is the input power to the  converter and 

rmsiV ,,  is the root mean square of the input voltage. 

Since in steady state the time integral of the inductor voltage over  one time periods 

must be zero [10] ,  therefore 

0)(  OFFoiONi tVvtv                                             (2)     

where iv is the instantaneous value of the input voltage , ONt is the on time of the switch , 

oV is the output voltage of the converter and OFFt is the off time of the switch. 

Dividing both sides by Ts   Where Ts   is the switching frequency and rearranging terms 

yield     

dv

V

i

o




1

1
                                                                 (3) 

where d is the duty cycle of the ON time of the boost switch. 

During the ON period  
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dt

di
LV l

L                                                                    (4) 

where ldi is the inductor ripple current 

S

o

i
S T

V

v
dTdt )1(                                                     (5) 

then 

 

)1(
max,max,

o

i

L

Si

V

V

di

TV
L                                                   (6) 

 

 BUCK- BOOST INDUCTOR DESIGN: 
The value of inductance   is decided  depending on the  worst operating condition , 

i.e, when the ripple is  X% and it  is in continuous conduction during buck   mode 

operation [5] . This  occurs when the input voltage is at its maximum peak value and the 

output is at its minimum value then  the peak input current  is given by 

(max)

2

,rmsi

in
peak

V

P
I                                                           (7) 

 peakL I
X

i
100

                                                               (8) 

where Li  is the peak to peak ripple of inductor current .  

When the converter operates at buck mode ,  as the Buck switch is ON then, 

 
dt

di
LVvV L

oiL                                                   (9) 

    STddt 1   

 

where 1d  is the duty cycle of the Buck switch , and as  

 

max

2

min1

iV

V
d                                                               (10) 

then  
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maxi

o

L

So

V
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                                                  (11) 

 

 OUTPUT CAPACITOR:  
The output capacitance selection depends on the following factors[10],[11] 

   The switching frequency .   

   The ripple current.   

   The second harmonic ripple  current.  

   The output    ripple.    

   The output d.c.   voltage .  

    The hold up time of the capacitor. 
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It should be noted that for a given capacitance the capacitor value is proportional to the 

voltage rating and the maximum energy storage capability which  is proportional to the 

square of the voltage rating. According to the above factors the capacitor with a certain 

hold up time is given by [10],[11] 

  

                          
2

min

2

2

oo

UPHOLDout

O

VV

tP
C


                                                       (12) 

        where UPHOLDt     is the time hold up by the capacitor and it is in the range of 16 to 50 

ms[1].   

 

BUCK BOOST CONVERTER CONTROL CIRCUIT :  
 Active   PFC   performs   much better and is significantly smaller and  lighter  than  the    

passive   PFC   circuit.   The active   PFC   can   be   implemented   with  a single   chip   

controller,     making the   circuit   relatively   simple  with minimum number of 

components .   

         One  of the  most  popular  chip   is the  Unitrode  UC3854 controller  which    accepts  

an  ac   input  voltage  of  75-275   rms voltage and a frequency of 50 – 400 Hz [9] . 

     The  circuit  has  two  control  loop  one  of them  is  the fast  acting        internal  current   

loop .  It  defines the input current shape to be sinusoidal and force it to be in phase with 

the input voltage .The second loop is the external voltage loop which regulates the output 

dc voltage. 

          The  principle  of operation of Boost  PFC is as   follows: The   rectified   sinusoidal  

input voltage is fed to a multiplier circuit , providing a current reference  to the multiplier  

and  a feed   forward  signal proportional to     the rms value of  the line voltage .The 

filtered  DC voltage of Boost PFC   is   compared to a reference voltage Vref  and 

amplified. The error  amplifier   sense the variation between  the output voltage and the  

fixed dc   reference     voltage. The error signal is applied  to  the multiplier .The 

multiplier output   follows the  shape of  the input  ac voltage.  This signal is compared  

to the   current signal sensed  by  Rs  in   a Pulse Width Modulation (PWM) circuit. The 

inductor current waveform   follows  the shape   of the    rectified   ac  line voltage. The  

gate  drive signal controls the inductor current amplitude and maintains a constant output 

voltage.  

   A charge control scheme is adopted in this design of the current loop control of the 

Buck Boost converter since the input current to the converter is discontinuous and its one 

form of average current control [12-14].Charge control uses a reset integrator to control 

the average value of a pulsating circuit variable.  Figure 4 show the  input current for the 

two cases . 

Time

i
i

i
i

     (a)Boost mode (b)Buck mode Time

 
            Fig(4) Input current for Boost and Buck mode 
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  Figure 5 illustrates the circuit used in charge average current control used to sense the 

current in the PFC of the Buck- Boost converter. The KiS /1  is hall current sensor which 

is proportional to the instantaneous input current. Two capacitors 1C  and 2C  are used 

for integrating the input current alternatively . Transistor 1T  and 2T  employed to quickly 

discharge the capacitors. The four diode bridge Da-Dd allows  KiS /1  to charge the 

capacitor with lower Vx to pick up the higher capacitor voltage which represents the 

average input current . 
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Fig( 5) Charge average current sensing used in buck boost converter 

SIMULATION RESULTS: 

 Using the package Orcad 10 the simulation results for the Boost converter given in 

figure 6 is shown in figure 7(a, b, and c) when the input voltage is 230 V rms , line 

frequency 50 Hz , output  voltage 400 V output power 3kW and the switching frequency 

is 20kHz . Figure 7 shows the input voltage input current , duty cycle of the boost switch 

, the output voltage and the input current harmonics. The input current at the first half 

cycle is 20-25 times the current of the converter. This problem is solved by using the 

Buck Boost    converter shown in figure 8. Figures 9 ,10 and 11 show the input voltage , 

input current output   voltage duty cycle of the   buck and boost   switch    and  input 

current   harmonics   when the output voltage of the converter is 400V ,250V and 150 V 

respectively.  

The input current harmonics for these cases is shown in figure 12 and it shows that the 

current harmonics is lower than the EIC standards . 

The problem of discontinuous input current in Buck mode operation is solved using 

average charge current control . 

 

CONCLUSIONS : 

 A power factor correction control for AC/  DC Boost converter is presented and the input 

current harmonics is eliminated and it is lower than the standards ,the output voltage and 

output power is fixed in this type of converters . 

   The problem of high inrush input current is solved by using Buck Boost converter and 

also the output voltage and output power can be made variable in this type of converters 
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   Since the input current in Buck mode of Buck Boost converter is discontinuous  , a 

charge average current control is used to provide the error signal for the inner loop 

current amplifier. Also the input current harmonics is lower than the standard harmonics 

current and hence the power factor is within the range 0.993-0.998. 
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Fig( 6) Single phase PFC boost converter schematic(UC3854) 
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Fig( 7)(a) Boost converter input voltage , input current  and 

                       output voltage  Vi=230Vrms,Vo=400V ,Po=3000W , fS=20kHz 
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Fig 7(b)Duty cycle of Boost converter  

Vi=230Vrms,Vo=400V Po=3000W , fS=20kHz 
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Fig7(c)Input current harmonics for Boost converter 

Vi=230Vrms,Vo=400V Po=3000W , fS=20kH 

 

 

V1

FREQ = 50
VAMPL = 320
VOFF = 0 0.47u

0.47u

amplifier parameters
voltage error 

15Vdc

5V

0

V
c
c

VCC

0

0

1
Q

1
 
C
e
x
t

1
R
e
x
t
 
/
 
C
e
x
t

S1 Buck switch

t
o
 
T
2

t
o
 
T
1

Charge average current sensing

Rs

0.025

sense 
 resistor

T3

15v

D1

voltage error 
parameters

1 2
L

1.8mH

S2

Cext
1n

D5

5k

Rf 1
910k

0

Rf 2

91k

Boost switch

Rf 3

20k

220k

 switch gate drive signals
 mpdified current sensing

1
Q

1.6k

75k

10k

0

Rmo
4k

Cz

270p

Rset
36k

 discharge signal generation

10

R10

27k

RL

v ariable

Cp

47p

1
A

1
B

1
R
d

Cext
1n

Cf 1

0.1u

average current sensing

Cf 2
0.47u

1u

IS1/k

470p

C7

1n

R6

2.5k

Co

4000u

C9
100n

Cv f

0.16u

R5

4k0

CT
1.8n

Da

R18

10

0

1N5817

R3

2k

15k

1N5817

15k

R21

10

Dc

gain modificationvariable output

15k

Db

0

2
A

0

C11

1n

0

R4

13k

0
Dd

R2

192k

C12

1n

0

2
B

2
R
d

2
R
e
x
t
/
C
e
x
t

2
C
e
x
t

2
Q

2
Q

G
N
D

10

10k

0

10

10

+Vcc

10k

18k

Rext

1k

feedforward voltage

+Vcc

20k

0

Rext

1k

10

0

5k

T5

VCC

CLK
3

C
L

R
1

D
2

P
R

E
4

Q
5

Q
6

U3A

74LS74A

20-55 ohm

Rv i

510k

Rdv

v ariable

Rv f

77k

0

5V

R1

4k

0

C10
100n

V SENSE GND

SS

ENA

PK LMT

CA  OUT

I SENSE

MULT OUT

V/A  OUT

RSET

CT

VRMS

IAC

VREF

VCC GT  DRV

U1

UC3854

To drive S1

buck switch

Vcc
15Vdc

T6

0

0

T1
2N2222

0

+VCC

T2
2N2222

5k

+
5

-
6

V
+

8
V

-
4

OUT
7

LM393

10

5k

VCC

0

10k - 27k

12k

+
5

-
6

V
+

8
V

-
4

OUT
7

LM393

0

 buck and boost switchesdrive signals of

0

+
5

-
6

V
+

8
V

-
4

OUT
7

LM393

0

+
3

-
2

V
+

8
V

-
4

OUT
1 LM393

To drive S2

+
5

-
6

V
+

8
V

-
4

OUT
7 LM393

Boost switch

+
5

-
6

V
+

8
V

-
4

OUT
7 LM393

7
4
H
C
T
1
2
3

in

Vcc

IR2117

Vs

Ho

Vb

com

5V

0

T4

0

+
5

-
6

V
+

8
V

-
4

OUT
7

LM393

5k
3Vdc

Vff

0

0

 

In
p
u
t 

v
o
lt

a
g
e(

V
),

 D
u
ty

 c
y
cl

e
 

  
C

u
rr

en
t(

A
) 



A.M. Shaker                                                                                                Design and simulation of powee factor 

A. M. Salih                                                                                                   Correction for ac/dc convereter 

K.S. Ismail 
 

Available online @ iasj.net 2600 

Fig8(a) The connection diagram for PFC single phase Buck Boost converter 
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Fig8(b) Buck Boost Converter block diagram 
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Fig9 (a)Buck –Boost converter input voltage , input current and 

out put voltage Vi=230Vrms,Vo=400V ,Po=3000W , fS=20kHz 

 

In
p

u
t 

v
o

lt
a
g

e(
V

) 
, 

in
p

u
t 

cu
rr

en
t(

A
) 

, 
o

u
tp

u
t 

v
o

lt
ag

e(
V

) 



Journal of Engineering Volume 14 June 2008       Number2 
 

 

Available online @ iasj.net 2601 

           Frequency

0Hz 100Hz 200Hz 300Hz 400Hz 500Hz 600Hz

I(V1)*.94

0A

10A

20A

25A

 
Fig9(b)Input current harmonics of Buck –Boost converter 

Vi=230Vrms,Vo=400V ,Po=3000W , fS=20kHz 
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Fig 10(a)Buck- Boost converter input voltage , input current and 

                       out put voltage Vi=230Vrms,Vo=250V ,Po=2000W , fS=20kHz 
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Fig 10(b)Buck switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=250V Po=2000W  fS=20kHz 
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Fig 10(c)Boost switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=250V Po=2000W  fS=20kHz 
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Fig10(d)Input current harmonics for Buck- Boost converter 

Vi=230Vrms,Vo=250V Po=2000W  fS=20kHz 
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Fig11(a) Buck- Boost converter input voltage , input current and 

out put voltage Vi=230Vrms,Vo=150V ,Po=1000W , fS=20kHz 
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Fig 11(b) Boost switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=150V Po=1000W , fS=20kHz 
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Fig11 © Buck switch duty cycle for Buck- Boost converter 

Vi=230Vrms,Vo=150V Po=1000W , fS=20kHz 
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Fig 11 (d) Input current harmonics for Buck- Boost converter 

Vi=230Vrms,Vo=150V Po=1000W , fS=20kHz 
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Fig` 12 Input current harmonics contents for the different cases 
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ABSTRACT 

      

Electrocoagulation is an electrochemical method of treating polluted water.  

Electrocoagulation and electroflotation are two techniques involving the 

electrolytic addition of coagulation metal ions directly from sacrificial electrodes by 

introducing an electrical current into the medium for the treatment of a wide range 

polluted water in an even wider range of reactor design, application of an electrical field 

prompts electrolysis of the water medium and generates particular quantities of hydrogen 

gas.  

The process works best with water's pH in range 7.0-7.5 and will still often work 

less efficiently in the range 3.5 <pH<9.The effects of electrocoagulation process are in 

reduction water turbidity in relation to electrical current and operation period. 

The Electrocoagulation process gives removal efficiency of turbidity by about 85% 

for batch process and by about 62% for continuous flow and removal efficiency of total 

suspended solid by about 96% for batch process and 66% for continuous process.           

The optimum temperature was found to be at 35 C
0
 to give high efficiency in 

removal of turbidity, total suspended solid and sulphate ions. 

 الخلاصً
 .تعتبر طرٔقة التلبٕد الكٍرَكٕمٕاَْ إحدِ الطرق الكٍرَكٕمٕأًَ لمعاملة الماء

َالتطُٔلالالالالالالالاا  اللالالالالالالاتخدا  التٕلالالالالالالالاا   (electrocoagulation)إن كلالالالالالالالا ملالالالالالالاه تقىٕتلالالالالالالالآ التلبٕلالالالالالالاد الكٍرَكٕمٕلالالالالالالااَْ        

تلبٕلالاد  رلالاُ ي مباملالاري ملالاه طرٔقلالاً تتنلالامه إ لالاانة أُولالاان المعلالاا ن المكُولالاً للتكتٕلالا  َال  (electroflotation)الكٍر لالاا ٓ

الأقطاب إلّ  اخ  المحٕط الما ٓ لمعالجة مختلا أولاُا  الملُالاان َ اللاتخدا  ترلاامٕت مختلنلاً ملاه المنلاا لان .إن اللاتخدا  

التٕلاا  الكٍر لاا ٓ ٔحنلاح تحللا  الملااء كٍر ا ٕلاا لٕىلات  كمٕلاان ملاه رلااي الٍٕلاد َإه اللا ْ ٔ لاا د  للاّ  نلاق َتطُٔلاا العُاللالا  

 الما ًٕ.

(   َلكىٍا   0.7 – 0.7لطرٔقً  رُ ي كنُءي لمعاملة الماء ال ْ تكُن  التً الحامنًٕ  مه المدِ ) ام  ٌ ي تع        

1 - 7.67(  َ التــخدا  ٌ ي الطــرٔقً ترتنق الحامنًٕ  مقـــدا     2.7<      <  9تعم   رُ ي اق  كناءي للمدٔان)        
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لبٕلالاد الكٍرَكٕمٕلالااَْ نلآ اختلالاحا   كلالاُ ا الملالااء  العلاقلالاة إللالاّ التٕلالاا  الكٍر لالاا ٓ لقلاد أهٍلالارن الد اللالاة تلالاعإران  ملٕلالاة الت      

لمنا لا  الدنعلاً    %85 أ طلا   ملٕلاة التلبٕلاد الكٍرَكٕمٕلااَْ كنلااءا إياللاة العكلاُ ي  حلادَ   الم تخد  َيملاه التغلالٕ  . نقلاد

كنلااءا َ    (continuous         process ) لمنا لا   الجرٔلاان  الم لاتمر    %62َحلاُالٓ  (batch process)الُاحلادا 

 لمنا   الجرٔان الم تمر. %66لمنا   الدنعً الُاحدا َ   %96إيالة المُا  العالقة  حدَ  

35C ىدٌا أنن  الىتا    ىد  تكُنلقد َاد إن أنن    اً حرا ٔة 
0

لتعطلآ أ للاّ كنلااءا لياللاً كلا  ملاه العكُ يدالملاُا   

 ألرلبً العالقة َالكبرٔتان.

General 

    At the turn of the last century, it was estimated that some 1.1 billion people 

(one-sixth of the worlds population) were without an improved water supply 

(WHO/ UNICEF/ 2000) while in the foreseeable future the demand for water is 

only expected to grow as human population and industrialization increases 
(1)

. 

        Coagulation and flocculation are traditional methods and most important 

physicochemical operation for the treatment of polluted water. In these processes 

coagulating agent (e.g. alum or ferric chloride) and other additives (e.g. poly 

electrolytes) are dosed to produce larger aggregates for smaller particles which 

then can be separated physically by sedimentation, filtration or flocculation.  

 

Fig.(1) Examples of some material removed with some different method
(3)

 

 

The electrocoagulation technology introduces low concentrations of   nontoxic 

aluminum hydroxide species into the aqueous media by the electrochemical 

dissolution of aluminum-containing electrode or pellets. The aluminum species 
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that are produced neutralize the electrostatic charges on suspended material and / 

or prompt the co-precipitation of certain soluble ionic species and thereby 

facilitate their removed
 (2)

.  

Electrocoagulation has been demonstrated to enhance the filtration and 

dewatering rates for solids removed from an effluent, such enhancements are 

prompted by growth in the mean particle size from typically 0.3 µm in diameter to 

as much as 150 µm depending on the degree of electrocoagulation as shown in 

Fig (1)
(3)

. So that electrocoagulation process can handle most of the pollutants that 

can be handled by particle filtration, micro filtration, ultra filtration combined and 

dissolved air flotation. Significant reductions in the total suspended solids (TSS) 

loading of particulate slurries and in the concentrations of metals (lead, copper, 

zinc, chromium), fluorides and phosphates from aqueous streams under certain 

pH conditions. This is suitable for waste water that is largest problem associated 

with waste and byproduct production and great quantities of water are used to 

remove small amounts of pollutants, in additional many different techniques are 

required including a variety of filters, chemical dosing, reverse osmosis and 

similar operations. On the other hand many of these are either pollutant specific or 

more expensive than dumpling and using more water. 

 

Electrocoagulation Theory: -  

One of more common methods of treating polluted water has been to dose it 

with chemical coagulation agent such as aluminum sulphate or ferric chloride. 

The metal ions agglomerate the pollutants, causing them either to sink to the 

bottom or become sufficiently larger than they can be filtered out, or floated out 

using dissolved air flotation
 (6)

. One of the difficulties associated with this 

progress is that the ionic contents of the water are increased by the addition of 

these salts. Although the metal ions are removed during the process, the salt 

content of the water has been greatly increased, often preventing the ability to use 

water in recycling or other applications. One method of overcoming, it has been 

to use a process known as electrocoagulation in which the metal ions are added 

electrolytically. 
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In electrocoagulation, sacrificial electrodes are used and the passage of  an 

electric current through the water from the electrodes causes the metal to go into 

solutions as ions, via the anode reaction.  

A current is passed through a metal electrode, oxidizing the metal (M) to its 

cation (M
n+

) as in equation (1). Simultaneously, water is reduced to hydrogen gas 

and the hydroxyl ion (OH
-
) as in equation (2). 

Electrocoagulation thus introduces metal cations in situ, electrochemically, 

using sacrificial anodes, (usually aluminum or iron)
 
inside a processing tank

 (3)
. 

  The reactions at the anode and cathode are respectively:  

M → M
n+ 

+ ne
-
                     ……….. (1)  

2H2O + 2e
-
 → 2OH

-
+H2       ……….. (2) 

So that; 

AI – 3e
-
 → AI

3+
                    ……….. (3) 

Fe – 3e
-
 → Fe

3+                           
……….. (4) 

   The cation hydrolyzes in water forming a hydroxyl with the dominant 

species determined by solution pH. 

Many other reactions forms may accrue as follows 
(4)

: 

O2+2H2O+4e
-
 → 4OH

-           
……….. (5) 

O2+4H
+
 +4e

-
 → 2H2O         ……….. (6) 

2H
+
 + 2e

-
 → H2                          ……….. (7) 

   The metal ions combine with (OH
-
) ions from the water to form highly 

charged coagulants which adsorb pollutants to form insoluble floc particles; so 

that Al
+3

 reacts with H2O to form Al (OH)3. Thus, each mole of dissolved Al
+3

 is 

added to reduce one mole of Al (OH)3 .                         

Highly charged cations destabilize any colloidal particles by the formation of 

poly hydroxide complexes. These complexes have high adsorption properties 

forming aggregates with pollutants. Evaluation of hydrogen gas is aid in mixing 

and hence flocculation. Once the floc is generated, the electrolytic gas creates a 

flotation effect removing the pollutants to the floc-foam layer at the liquid surface
 

(10, 14)
.  

There are a variety of ways in which species can interact in solution 
(3)

:-  

1- Migration to an oppositely charged electrode (electrophoresis) and 

aggregation due to charge neutralization. 
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2- The anion or hydroxyl ion (OH)
-
 forms a precipitate with the pollutant. 

3- The metallic cation reacts with (OH)
- 
to form a hydroxide, which has high 

adsorption properties thus bonding to the pollutant (bridge coagulation). 

4- The hydroxides from larger lattice-like structures and sweeps through the 

water (sweep coagulation). 

5- Oxidation of pollutants to less toxic species. 

6- Removal by electroflotation and adhesion to bulk.   

  

Aluminum Dosing: - 

In electrocoagulation, the electrodes of the electrochemical cell are connected 

to an electrical power source. Faraday's law can be used to describe the 

relationship between current density (Amp cm
-2

) and the amount of aluminum 

which goes into solution (gm Al cm
-2

) 
(3,5)

. 

W= I t m / z F        ……….. (8) 

Where: 

w= aluminum dissolving (gm Al cm
-2

) or may express as electrode  

    consuming rate (Ec)  

I= current density (Amp  cm
-2

)  

t= time (sec.)  

m= molecular weight of Al (M=27)  

z= number of electrons involved in the oxidation / reduction reaction (z=3)  

F= Faraday's constant 96,500 (Colomb/g-eq.)  

The theoretically calculated by Eilen 
(6)

 the amount of Al dissolved at various 

raw water temperatures is compared with the weighed values of Al dissolved; the 

correlation found was relatively good (r
2
=0.94) and suggests making further 

experiments, the Al dose was calculated based on Faraday's law. The coefficient 

of dissolved metal can be calculated according to the formula
 (5)

:  

η = QΓ /Q      ……….. (9) 

where: 

 η  = metal dissolubility coefficient; 

QΓ = actual quantity of dissolved metal (Kg Al); 

Q  = theoretical quantity of dissolved metal (Kg Al) . 

Electrode working time can be calculated as: 
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T = Sa b ρ ηЗ / (10 * Q)      ……….. (10) 

where 

T = working time (days); 

Sa= total anode surface area (m
2
);  

b = electrode thickness (m); 

ρ = specific weight of electrode material, (Kg/m
3
) 

ηЗ= electrode usage coefficient; ηЗ=0.8 

  

Electrode Material :- 

The electrode material impacts markedly on performance of the 

electrocoagulation reactor. The anode material determines the cation introduced 

into solution. Several researchers have studied the electrode material using a 

variety of theories according to the preference of a particular material. The most 

common electrodes are aluminum or iron plates .Do and Chen (1994) compare the 

performance of iron and aluminum electrodes for removing color from dye 

solution
(3)

. Their conclusion is that the optimal electrocoagulation conditions vary 

with the choice of iron or aluminum electrodes, which in turn is determined by:- 

1.initial pollutant concentration. 

2.pollutant type. 

3.stirring rate. 

 

Passivations:- 

One of the greatest operational issues with electrocoagulation is electrode 

passivation
 (3)

. Passivation is lack of a systematic approach to electrocoagulation 

reactor design / operation thus limiting electrode reliability and its implementation 

(1)
. 

There are various methods for preventing and / or controlling electrode 

passivation including:- 

 

1. Changing polarity of the electrode. 

2. Hydro mechanical cleaning. 

3. Introducing inhibiting agents. 

4. Mechanical cleaning of the electrodes. 
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According to these researchers, the most efficient and reliable method of 

electrode maintenance is to periodically clean the electrodes which for large-scale, 

continuous processes is arduous issue. On other hand, to avoid electrode 

passivation and to ensure uniform electrode usage their polarity is periodically 

reversed (reversal period being not more than 1 day) 
(5)

. 

 

SOME APPLICATIONS OF ELECTROCOAGULATION PROCESS 
(8)

: - 

* Clay Water / Suspended Solids  

* Fats, Oils and Grease (FOGs)  

* Sewage Treatment Plant and Effluent Aeration Treatment Units  

* Removal of Heavy Metals  

* Cyanide and Arsenic Removal  

   * Printing / Ink  

* Textile Dye Plants 

      * Food Processing. 

 

  - Experimental work: 

In order to achieve the goals of study, there was a plan to study a batch 

process by changing the current density, pH solution, temperature of water, and 

current concentration to get optimum conditions of these parameters, to reverse 

these conditions and compare the results with these of continuous process that has 

optimum condition.  The effects of electrolytic cell in water treatment are 

evaluated in this study in different water conditions. It is decided to use the final 

turbidity, total suspended solid, calcium ions concentration as parameters of range 

of treatment. These parameters indicate the effective process of electrocoagulation 

in water treatment when comparison is made after and before treatments. 

 

*  Batch Process: -  

It is divided two categories:- 

4-1-A   By using (111 mm L x 168 mm W x 1 mm) of one aluminum electrode 

as a node and two plates of stainless steel electrodes plot on two sides as cathode 

with 6 mm distance between electrodes and with total anode area used as 374 

cm
2
.These experiments were done to test the parameter changes along height level 
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of container; so the results show the pH; Calcium ions; Sulphate ions and 

Aluminum ions change at three levels: surface, middle and bottom level. 

4-1-B   By using ladder series of electrolytic cell which consists of four blades 

aluminum anodes, each of it is (110 mm L x 85 mm W x I mm thick) and five 

blades stainless-steel cathodes as shown in Fig. (2). 

The two categories above use: 

1-  glass container with volume of 13 lit. 

2- electrical device (power supply) that generates low voltage at maximum 32 

volt with maximum D. C. current at 10 Amp. 

The electrolytic cell is constructed to achieve a concentric gap of about 20mm 

between the central anode and the surrounding cathode. This arrangement allows 

the hydrogen bubbles to rise up, carrying all containments and water pollutants to 

the water surface.   

 

Continuous Process: -  

Pilot scale model consisting of raw water storage tank (T-101) is connected to 

packed bed by using centrifugal pump with 120 lit / min and (5.5 -40 m) head; 

Flow was adjusted by using Gate valves with Rotameter . The reactor formed 

from 10 cm diameter, Schedule 80, PVC pipe; 30 cm high, equipped with 

aluminum electrode as anode at inlet side and stainless-steel electrodes at outlet 

side and whose interior was filled with (0.8 cm O.D. x 0.55 cm I.D x 0.125 cm 

Thickness x 1 cm length) aluminum rushing ring with effective area 10245 cm
2 

 

(12)
, as shown in Fig. (3).The total high of packed is 25 cm; the unit was powered 

at 0.5 – 10 Amp depending on the position of bed ــ vertical or horizontal. 

 Throughout the various phases of the experimental studies; samples of the 

treated effluent were collected and allowed to settle for 1 hour and then analyzed 

for turbidity ,TSS, (Ca, Mg, Al…etc) ions. 

  
Study No. 1 Changing of (pH, Ca, Mg and Al) with time at three levels of reactor 

depths:- 

This study considers the changes that may happen at three levels of containers; 

at the surface, middle and the base of the container. It was done by using 374 cm
2
 

of aluminum anode area; the results are shown in Fig (4A) to Fig (4E) . 

The pH changing was studied with time; the result is shown in Fig. (4A).It is 

shown that pH value rises up about 0.25 unit; to a value of 7.69 during the five 
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minute of starting the operation; that results from the aluminum hydroxide 

formation and then falls down suddenly to a value below of 7.25, that is because 

aluminum hydroxide is consumed by water containments, then it gradually rises 

up to a value of primary magnitude 

Study No. 2 Effects of Current Density Change on Removal                                 

Efficiency in Electrocoagulation Process:- 

This study considers current density change effects by using 730 cm
2
 aluminum 

electrode area with 6 liter volume of water at 19C°, under four electric current 

values namely (0.5, 0.9, 1.5 and 3) amp. Figs. (5A),(5B) and (5C) show the results 

of current density effects after 1 hr operation on (turbidity, TSS, SO4, Ca, Al and 

conductivity) in which aluminum dosage varies with current changes. 

     A little change were shown between 1.5 Amp and 3 Amp to produce 2.64 NTU 

and 2.48 NTU respectively but a little effects shown with calcium ions, to produce 

63.57 to 65.38 ppm respectively, while it has effects on removal of total 

suspended solid to point of 60 ppm and 21 ppm respectively 

Study No. 3 Effects of pH Change on Removal Efficiency in        

Electrocoagulation Process:- 

Another consideration in this study is the effect of pH in electro coagulation 

process which uses the current density at 1.5 Amp with different pH variation at 

(3, 6.35, 7.25 and 9) adjusting with HCl acid and NaOH base by using 730 cm
2
 

aluminum electrode anode area and 6 liter volume of water at 19C°; the results 

were plotted in Figs (6A,B,C) in which show that most effects of aluminum 

dosage at pH of raw water ranged from (6.35 to 7.24) Study No. 4 Effects of 

Temperature Change on Removal                             Efficiency in 

Electrocoagulation Process:- 

The consideration of this experimental study is shown in Figs. (7 A,B,C), 

which show 730 cm
2
 aluminum electrode and 6 lit volume of water at 1.5 Amp. 

The temperature values used are (2, 19, 35 and 65) C°; where the results are 

optimum at 35 C°; the final turbidity is 1.74 NTU while it is at high value 2.46 

NTU at 2 C° and 1.98 NTU at 65 C° as shown in Fig. (7 B).  
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Fig (2 )  Batch process 

                        Fig (3) Continuous process flow diagram  
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Gate valve VG-101 

Gate valve VG-102 

 

Study No. (5)  Effects of Water Volume Change on Removal                              

Efficiency in Electrocoagulation Process (Effects of Current Concentration 

Changes):-  

This group of experimental work considers the effects of changing volume of 

water treated on purification, 730 cm
2
 aluminum electrodes are used as anode at 

1.5 Amp and 20 C° Figs (8A,B,C), show that using of minimum volume gives an 

optimum condition of water treatment and it consider the volume of 6 lit water as 

a maximum volume which is suitable for 730 cm
2
 aluminum anode area and this 

means the optimum current concentration is (166.7) Amp per m
3
 of water treated 

and (8.11) m
3
 of water per m

2
 of aluminum anode area.  

 

Study No. (6)  Effects of Current Density Change at Continuous flow rate on 

removal efficiency in electrocoagulation Process:-           

Figs (9A,B) show flow rate change in which D.C. electrical current changes 

(0.1, 0.5, 0.8, and 1.5) Amp with packed bed of (30 cm high x 10 cm diameter) 

with 25 cm packing high of rushing rings.  

    Study No. (7) Effects of Flow Rate Change on Removal                               

Efficiency in Electrocoagulation Process:- 

 By using the D.C. electrical current at 1.5 Amp with flow rate values of (0.66, 

23.4, 75.6 and 120) l/hr which indicate an optimum flow rate at 23.4 lit/hr; as 

shown in Figs. (10A,B). 
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Fig. (4A)  pH changing with time due to hydroxide formation 

  

 

 
FIG (4B) pH changing with time at different levels of reactor 
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 pH changes effect on water quality 
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CONCLUSIONS:-  

 

* The removal efficiency of turbidity with electrocoagulation process is due to the 

dosage of aluminum in which production increases with current density 

increasing.  

*  It is shown that the optimum efficiency of electric current is at 0.9 Amp but in 

where the removal of others matters like calcium ions and sulfate ions and total 

suspended solids are taken in consideration, the electric current 1.5 Amp is the 

optimum current density to be adopted for an area equal to 730 cm
2 

which is used 

in this investigation. By that is meant the optimum current density is 20.54 

Amp/m
2
 

*   By testing different value pH of water, the optimum pH lies at 7 – 7.5, while 

gives a higher effectiveness of electrocoagulation process. 

*   The optimum temperature used is at 35 C° while it is at lower or higher than 

the removal of other materials. 

*   The study shows the optimum current concentration at (166.7) Amp/m
3
.  

*  The proportion of optimum aluminum area to volume of water used is at (8.11) 

m
2
/m

3
. 

*   It was found that packed bed unit must be used at a horizontal situation that 

will allow the hydrogen gas formation and other upper floating flock to rise 

without causing any obstruction between two electrodes. 

* In compare with previous study by Naomi, It seems that rushing ring produce 

high quality water than fluidized bed, in addition to low current using in.    

*  The optimum current used in continuous flow rate for packed bed has effective 

area equal to 10245 cm
2
 and at D.C. electrical current equal to 1.5 Amp. This 

achieves higher efficiency. That means the optimum current density is 1.46 

Amp/m
2
. 

  *   The optimum flow rate of continuous flow used for packed bed is at (23 Lit / 

hr) which has achieved higher efficiency.  
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ABSTRACT 

 

Water quality control is an important protection issue. The analysis of the water quality 

parameters and the prediction of their changes in future, are important in the planning for water 

pollution control program. This analysis and prediction are the important steps and functions that the 

environmental engineer must perform. 

In this study, time series analysis was applied to model a short term forecasting for the 

minimum and the maximum values for both raw and produced water of Sulfate concentrations at seven 

water treatment plants serving Baghdad city (Karkh, Sharq Dijlah, Karama, Wathba, Qadisiya, Dora, 

and Rasheed).  

Holt-Winters' method was used for the modeling. Three years (2001-2003) were used for 

building the model and the year (2004) was used for the verification, to check the model acceptability. 

Comparisons by (t-test) and (F-test) between means and variances of the observed concentrations and 

these generated by the Holt-Winters' model had reflected the applicability of this model. Hence, in 

future for operation purposes, it can be use for forecasting Sulfate concentrations. 

Visual Basic Application (VBA) software was built for this short-term forecasting model. This 

software was built in away, which allows an automatic updating of the model parameters. Adding 

additional observed data usually performs the updating of such model. 

 
INTRODUCTIONT 

 

The idea of using a mathematical model to describe the behavior of a certain physical 

phenomenon is well established. In particular, it is some times possible to derive a model based on 

physical laws. This model is enabling to calculate the value of some time dependent quantity nearly 

exactly at any instant of time. If exact calculation were possible such a model would be entirely 

deterministic. Probably no phenomenon is totally deterministic because of the unknown factors that 

contribute to its variation. So it is not possible to use a deterministic model to describe this 

phenomenon. In this case, it may be possible to derive a model that can be used to calculate the 

probability of a future value lying between two specified limits. Such a model is called a stochastic 

model [1]. 

 
Stochastic analysis of water quality parameters is a useful treatment of its’ data for making 

quantitative decisions, such as whether water quality is improving or getting worse over time. The 
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short-term forecasting can be useful for extrapolating the momentum that exists in the phenomena. As 

changes in established patterns are not likely over a short span, extrapolating them provides, most 

often, with accurate and reliable forecasters. Seasonality can also be predicted fairly well [2].  

 

Area and Objective of the Study 

 

The Tigris River has a large importance in the present and in the future. This is because of the 

detrimental effect of pollutants resulting from human activities, industrial wastes, sewage wastes, and 

harmful effect of increasing drainage waters coming from agricultural lands upstream coupled with the 

decreasing in its discharge. So it has become necessary to make detailed studies and researches to 

evaluate the suitability of the river water for different purposes in a selected site of the river. 

The reach of the river along Baghdad city and Sulfate concentration levels were chosen for this 

study. Time series analysis was applied to both raw water and treated water of the existing treatment 

plants that exists along the river in Baghdad. The running conventional water treatment plants are 

(Karkh, Sharq Dijlah, Karama, Wathba, Qadisiya, Dora, and Rasheed) as shown in Figure (1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
The main objective of this study is to arrive at a stochastic description of the time series of 

Sulfate water quality data for the (7) plants in Baghdad for both raw and treated water with its monthly 

maximum and minimum recoded values. This can be achieved by obtaining a short-term forecasting 

model, which can be used for operation purposes. 

Figure (1) : Conventional water treatment plants and main sources of pollutions in Tigris 

River at Baghdad (from [3] ) 
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The analyzed time series for each plant is (3) years in length, during the period (2001-2003) of 

monthly maximum and minimum values for both raw and produced water. The records of year (2004) 

are used to check the model acceptability. The Sulfate concentration records were measured as SO4 in 

(mg/L) units. 

 
INTRODUCTION 

 

Time series analysis is a major tool in assessing the state of pollution of water resources. A 

review of short-term forecasting models and related researches are presented here in historical 

sequence . 
Brown [4] in (1956) developed an extension to the weighted moving average forecasting by 

exponentially decreasing weights which known as exponential smoothing procedures. A flat forecast 

function was used because single exponential smoothing works best for data, which have no trend, no 

seasonality. The smoothing was modified by a factor known as the damping factor. 
Holt [5] in (1957) extended the single exponential smoothing to a linear exponential smoothing 

to allow forecasting of data with trends. Holt's method sometimes called double exponential 

smoothing. Two smoothing constant were modified, one for level and the other for trend. 
Winters [6] in (1960) extended Holt's method to capture seasonality directly. The Holt-Winters' 

method was based on three smoothing equations, one for level, one for trend, and one for seasonality. 

Harrison and Stevens [7] in (1976) developed a multi disturbance state space approach. They 

introduced, in the ‘recipes’ section of their papers, special cases that in today’s terminology are called 

the local level, local trend and local seasonal models. 

Snyder [8] in (1985) developed a state space framework based on a single source of error, with 

equations closely resembling those of exponential smoothing, was proposed. For the first time, a 

statistical framework with clear, direct links with exponential smoothing had been found. 

Hyndman et. al. [9] in (2002) provided a statistical framework for the exponential smoothing. 

The framework incorporated stochastic models underlying the various forms of the exponential 

smoothing and enabled the calculation of maximum likelihood estimates of smoothing parameters. 

Baki et. al. [10] in (2005) showed that the applications of exponential smoothing to forecast 

time series usually rely on three basic methods: simple exponential smoothing, trend corrected 

exponential smoothing and a seasonal variation thereof. A common approach to select the method 

appropriate to a particular time series was based on prediction validation on a withheld part of the 

sample using criteria such as the mean absolute percentage error. A second approach was to rely on the 

most appropriate general case of the three methods. For annual series this is trend corrected 

exponential smoothing: for sub-annual series it is the seasonal adaptation of trend corrected 

exponential smoothing. The rationale for this approach is that a general method automatically 

collapses to its nested counterparts when the pertinent conditions pertain in the data. 

 

THEORY OF SHORT-TERM FORECASTING 
 

Generally, a time series can be expressed as a linear combination of four components 

depending on the type of variable and the averaging time interval. These components are represented 

in the form: 
 

 ttttt DPTJX  ........................................................................  (1) 

 

Where: 
Xt : Time series observations at time t = 1,2,3 … N 

Jt : Jump component. 
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Tt : Trend component. 
Pt : Periodic component. 
Dt: dependent stochastic component. 
N: No. of observations 

 

The first three components represent the deterministic part which is exactly determined by 

some mathematical function, while the fourth component represents the non-deterministic part 

(stochastic part) which is described only in terms of the probability distribution [11]. 
Short-term forecasting is used in the water quality systems for operation purposes. Forecasting 

can be useful by extrapolating the momentum that exist in the phenomena because it provides, most 

often, an accurate and reliable forecasters. Seasonality can also be predicted fairly well [2]. 

Exponential smoothing is a class of methods that imply exponentially decreasing weights as the 

observation get older. There are a variety of exponential smoothing methods, but they all have in 

common the property that recent values are given relatively more weight in forecasting than the older 

observations. Method of exponential smoothing takes the forecast for the previous period and adjusts it 

using the forecast error, then: 

 

tt11 F)W1(XWF   ..................................................................  (2) 

 

Where: 

Xt : Observation at time (t) 

Ft : Forecast value at time (t) 

Ft+1 : Forecast value at time (t+1) 

W : Damped factor in exponential smoothing method (between 0 and 1) 

 

The new forecast will include a substantial adjustment for the error in the previous forecast. 

Conversely, when (W) is close to zero, the new forecast will include very little adjustment [2]. To find 

the optimal value for (W), It must minimize the mean square error (MSE) between the observation and 

the forecasted values. 

 

 

N

FX

MSE

N

1t

2

tt




  ...........................................................................  (3) 

 

Exponential smoothing works best for data, which have no trend, no seasonality, or other 

underlying pattern. 

Holt [5] extended the exponential smoothing to linear exponential smoothing to allow 

forecasting of data with trends. The forecast was found by using two smoothing factors (W1) for level 

and (W2) for trend. Each ranges between zero and one. 

)TL)(1W1(X1WL 1t1ttt    .............................................  (4) 

1t1ttt T)2W1()LL(2WT    ................................................  (5) 

tt1t TLF   ..........................................................................................  (6) 

 

Where: 

Xt : Observation at time (t) 

Lt : Level at time (t) in Holt's linear method 

Tt : Trend at time (t) in Holt's linear method 
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Ft+1 : Forecast value at time (t+1) 

W1 : Smoothing factor for level in Holt's linear method 

W2 : Smoothing factor for trend in Holt's linear method 

 

The initialization process requires two estimations: one for finding (L1) and the other for 

finding (T1). This can be done by use the assumptions suggested by Holt [5]: 

 

11 XL   .......................................................................................................  (7) 

121 XXT   ..........................................................................................  (8) 

 

To find the optimal values for (W1) and (W2), we must minimize the mean square error (MSE) 

between the observation and forecast values by using equation (3). 

Holt's method was extended by Winters [6] to capture seasonality directly. The method is based 

on three smoothing equations, one for the level, one for trend, and one for seasonality [2]. The basic 

equations for the method are: 

)TL)(1W1(
S

X
1WL 1t1t

st

t
t 



  .............................................  (9) 

1t1ttt T)2W1()LL(2WT    ................................................  (10) 

st

t

t
t S)3W1(

L

X
3WS   ...............................................................  (11) 

s1ttt1t S)TL(F    ..............................................................................  (12) 

 

Where: 

Xt : Observation at time (t) 

Lt : Level at time (t) in Holt-Winters' method 

Tt : Trend at time (t) in Holt-Winters' method 

St : Seasonality at time (t) in Holt-Winters' method 

Ft+1 : Forecast value at time (t+1) 

W1 : Smoothing factor for level in Holt-Winters' method 

W2 : Smoothing factor for trend in Holt-Winters' method 

W3 : Smoothing factor for seasonality in Holt-Winters' method 

s : Season interval (for monthly data: s=12) 

 

To initialize the method, It needs initial values of the level (Lt), the trend (Tt), and the seasonal. 

To determine initial estimates of the seasonal indices it needs to use one complete season's data [2]. 

Therefore we initialize trend and level at period (s). 

The level is initialized by taking the average of the first season: 

 s21s X.....XX
s

1
L   ...............................................................  (13) 

 

To initialize trend, it is convenient to use two complete seasons as follows: 

 

 








 






 

s

XX
....

s

XX

s

XX

s

1
T sss22s11s

s  ..................  (14) 
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Finally, the seasonal indices are initialized using the ratio of the first few data values to the 

mean of the first year, so: 

s

s
s

s

2
2

s

1
1

L

X
S......,

L

X
S,

L

X
S   ........................  (15) 

 

To find the optimal values for (W1), (W2), and (W3) it must minimize the mean square error 

(MSE) between the observations and forecasted values by using equation (3) after two seasons [2]. 

 

Modeling of the Sulfate Concentrations 
 

The problem, which arises in the use of any statistical analysis, is the missing data values [11]. 

These gaps should be filled before starting the data analysis. Among many methods available to obtain 

a missing value, linear interpolation procedure was used for filling the gaps in the data series to 

complete the historical records of each station using the (SPSS) software. The parameters (W1, W2, 

and W3) of Holt-Winters’ method are shown in Table (1). Were: 

 

             R : Raw water 

             S : Supply water 

             Min : Minimum 

             Max : Maximum 

 

 

 

 
Karkh Sharq Dijlah Karama Wathba Qadisiya Dora Rasheed
T. P. T. P. T. P. T. P. T. P. T. P. T. P.

Min Min Min Min Min Min Min

W1 R 0.5 0.3 0.3 0.9 1.0 0.8 0.3

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.3

W3 R 0.2 0.1 0.4 1.0 0.0 0.4 0.4

W1 R 0.5 1.0 0.3 1.0 1.0 0.8 0.2

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.2 0.0 0.6 0.0 0.0 0.4 0.3

W1 R 0.5 0.3 0.3 1.0 0.6 1.0 0.3

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.9 0.4 0.8 0.0 0.9 0.0 0.1

W1 R 1.0 1.0 0.7 1.0 1.0 0.9 0.6

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.0 0.9 1.0 0.0 0.3 1.0 0.7

W1 R 0.6 1.0 0.6 0.9 1.0 1.0 0.7

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 0.2 1.0 1.0 0.0 0.0 0.7

W1 R 0.6 1.0 0.5 1.0 1.0 0.9 0.7

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.7 0.1 1.0 0.1 0.0 1.0 0.4

W1 R 0.6 0.5 0.5 0.7 0.8 0.8 0.6

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 0.7 1.0 0.8 1.0 0.0 0.7

W1 R 1.0 1.0 0.5 1.0 1.0 0.8 0.6

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.0 0.2 0.9 0.0 0.6 0.0 0.5

W1 R 0.9 0.9 0.5 1.0 1.0 0.7 0.5

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 1.0 0.9 0.0 0.0 0.0 0.4

W1 R 0.8 1.0 0.5 1.0 1.0 0.7 0.6

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 0.0 0.9 0.3 0.8 0.0 0.7

W1 R 0.8 1.0 0.5 1.0 0.8 0.5 0.9

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 0.2 0.8 0.0 1.0 0.4 0.1

W1 R 1.0 0.6 0.6 1.0 1.0 1.0 1.0

W2 R 0.0 0.0 0.0 0.0 0.9 0.0 0.0

W3 R 0.0 0.7 0.9 0.1 0.0 0.0 0.0

Month Prameters

1

2

3

4

5

6

7

8

9

10

11

12

 
 

Table (1) : Holt-Winters' model parameters for sulfate parameter 
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Karkh Sharq Dijlah Karama Wathba Qadisiya Dora Rasheed
T. P. T. P. T. P. T. P. T. P. T. P. T. P.
Max Max Max Max Max Max Max

W1 R 0.6 0.4 0.3 0.5 0.5 0.5 0.3

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.5 0.2 1.0 0.8 1.0 0.7 1.0

W1 R 0.5 0.5 0.3 0.5 0.9 0.5 0.4

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.4 0.1 1.0 0.9 1.0 0.6 1.0

W1 R 0.6 0.4 0.3 0.8 0.9 0.5 0.4

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.6 0.4 1.0 1.0 1.0 0.6 1.0

W1 R 1.0 0.3 0.3 0.7 0.8 0.5 0.3

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.0 0.7 1.0 1.0 1.0 0.5 1.0

W1 R 0.7 0.9 0.3 0.8 0.7 0.4 0.3

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.5 1.0 1.0 1.0 1.0 1.0 1.0

W1 R 0.6 0.6 0.3 0.6 0.9 0.7 0.4

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.2 0.7 0.9 1.0 1.0 1.0 1.0

W1 R 0.5 0.5 0.3 0.4 0.7 0.6 0.3

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.7 0.6 1.0 1.0 1.0 1.0 1.0

W1 R 1.0 0.6 0.3 0.5 0.7 0.5 0.4

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.0 0.8 1.0 1.0 1.0 1.0 1.0

W1 R 0.9 0.6 0.3 0.4 0.9 0.5 0.4

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 0.7 1.0 0.9 1.0 0.9 1.0

W1 R 1.0 0.6 0.3 0.4 0.8 0.5 0.4

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.0 0.8 1.0 0.8 1.0 0.7 1.0

W1 R 1.0 1.0 0.3 0.8 1.0 1.0 0.5

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 0.0 0.0 1.0 1.0 0.0 0.0 0.7

W1 R 0.8 1.0 0.5 1.0 1.0 0.3 0.6

W2 R 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 R 1.0 0.0 1.0 0.0 0.0 0.6 0.6

Month Prameters

1

2

3

4

5

6

7

8

9

10

11

12

 
 

 

 
Karkh Sharq Dijlah Karama Wathba Qadisiya Dora Rasheed
T. P. T. P. T. P. T. P. T. P. T. P. T. P.

Min Min Min Min Min Min Min

W1 S 0.7 0.3 0.3 0.9 1.0 0.7 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.0 0.1 0.8 1.0 0.0 0.7 0.4

W1 S 0.6 0.3 0.5 1.0 0.4 0.8 0.2

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.1 0.2 0.7 0.0 0.8 0.6 0.4

W1 S 0.5 0.3 0.3 0.9 0.3 0.8 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.4 0.4 0.7 1.0 1.0 0.7 0.5

W1 S 1.0 0.3 0.9 1.0 0.4 0.9 0.5

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.0 0.4 1.0 0.0 1.0 1.0 1.0

W1 S 0.6 1.0 0.8 0.9 0.4 0.7 0.7

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 0.0 1.0 1.0 1.0 1.0 1.0

W1 S 0.6 0.9 0.7 0.9 0.4 0.7 0.7

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.9 1.0 1.0 1.0 1.0 1.0 1.0

W1 S 0.5 0.6 0.6 0.7 0.4 0.5 0.6

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 1.0 1.0 1.0 0.8 1.0

W1 S 1.0 0.6 0.6 1.0 0.4 0.5 0.6

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.0 1.0 0.9 0.0 1.0 0.8 1.0

W1 S 0.8 0.7 0.7 1.0 0.4 0.4 0.6

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 1.0 0.0 1.0 0.6 0.8

W1 S 0.8 0.7 0.7 1.0 0.4 0.4 0.6

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 1.0 0.0 0.9 0.5 1.0

W1 S 0.7 0.7 0.7 1.0 0.4 0.4 0.7

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 1.0 0.6 1.0 0.7 0.8

W1 S 0.6 0.8 0.8 1.0 0.4 0.4 0.9

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 1.0 0.0 1.0 0.5 1.0

Month Prameters

1

2

3

4

5

6

7

8

9

10

11

12

 
 

Table (1) : Continued 
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Karkh Sharq Dijlah Karama Wathba Qadisiya Dora Rasheed
T. P. T. P. T. P. T. P. T. P. T. P. T. P.
Max Max Max Max Max Max Max

W1 S 0.5 0.4 1.0 0.6 0.4 0.4 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.6 0.8 0.0 0.9 1.0 0.9 0.9

W1 S 0.5 0.4 0.3 0.6 1.0 0.4 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.4 0.5 0.8 1.0 0.0 0.8 0.8

W1 S 0.5 0.3 0.3 0.9 1.0 0.4 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.7 0.6 0.9 1.0 0.0 0.8 0.8

W1 S 1.0 0.3 0.3 0.9 1.0 0.5 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.0 0.6 0.9 1.0 0.0 0.7 0.9

W1 S 0.6 0.4 0.4 1.0 0.8 0.3 0.4

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 0.7 0.8 0.2 1.0 1.0 1.0

W1 S 0.6 0.5 0.3 0.7 1.0 0.6 0.5

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.8 0.6 0.7 1.0 0.6 1.0 1.0

W1 S 0.5 0.5 0.3 0.4 0.8 0.5 0.3

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.8 0.6 0.8 1.0 1.0 0.8 1.0

W1 S 0.7 0.6 0.2 0.5 1.0 0.4 0.5

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 0.8 0.7 1.0 0.0 1.0 1.0

W1 S 0.7 0.7 0.3 0.5 0.9 0.5 0.5

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 0.7 1.0 1.0 0.7 1.0

W1 S 0.7 0.8 0.3 0.5 0.7 0.4 0.4

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 0.7 1.0 1.0 0.5 0.9

W1 S 1.0 1.0 0.3 1.0 0.9 0.8 0.7

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 0.0 0.0 0.6 0.3 1.0 0.3 0.6

W1 S 0.6 0.9 0.4 1.0 1.0 0.2 0.6

W2 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W3 S 1.0 1.0 0.7 0.0 0.0 0.8 0.4

Month Prameters

1

2

3

4

5

6

11

12

7

8

9

10

 
 

 

 
Results and Discussion 

 

For checking the Holt-Winters' model, the generated data are tested with those of the observed 

series (2004) using (t-test) and (F-test) at 95% level of significant as shown in Table (2). 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2) : Comparison between means and standard deviations of observed data and 

generated by Holt-Winters' model for sulfate parameter 
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Karkh Sharq Dijlah Karama Wathba Qadisiya Dora Rasheed
T. P. T. P. T. P. T. P. T. P. T. P. T. P.

Min Min Min Min Min Min Min

R 1.18 1.46 0.98 0.87 1.33 2.55 1.68

R 2.07 2.07 2.07 2.07 2.07 2.07 2.07

R Homog. Homog. Homog. Homog. Homog. Not Homog. Homog.

R 3.63 1.36 1.47 1.05 3.75 1.66 3.29

R 2.82 2.82 2.82 2.82 2.82 2.82 2.82

R Not Homog. Homog. Homog. Homog. Not Homog. Homog. Not Homog.

Max Max Max Max Max Max Max
R 1.65 2.10 0.86 1.96 1.17 0.64 0.96

R 2.07 2.07 2.07 2.07 2.07 2.07 2.07

R Homog. Not Homog. Homog. Homog. Homog. Homog. Homog.

R 2.83 3.18 1.30 2.62 5.56 1.30 1.05

R 2.82 2.82 2.82 2.82 2.82 2.82 2.82

R Not Homog. Not Homog. Homog. Homog. Not Homog. Homog. Homog.

Min Min Min Min Min Min Min

S 1.28 1.05 1.27 0.46 1.97 1.34 1.24

S 2.07 2.07 2.07 2.07 2.07 2.07 2.07

S Homog. Homog. Homog. Homog. Homog. Homog. Homog.

S 1.63 1.59 1.87 1.03 1.29 1.15 2.36

S 2.82 2.82 2.82 2.82 2.82 2.82 2.82

S Homog. Homog. Homog. Homog. Homog. Homog. Homog.

Max Max Max Max Max Max Max
S 1.10 1.86 1.53 2.04 1.41 0.52 1.07

S 2.07 2.07 2.07 2.07 2.07 2.07 2.07

S Homog. Homog. Homog. Homog. Homog. Homog. Homog.

S 2.41 3.61 2.59 2.22 4.85 1.31 1.65

S 2.82 2.82 2.82 2.82 2.82 2.82 2.82

S Homog. Not Homog. Homog. Homog. Not Homog. Homog. Homog.

F calculate
F tabulate

F-Test Result

t-Test Result

F tabulate

t tabulate

F calculate

t tabulate

t calculate

t-Test Result
t tabulate

t calculate

t calculate

t-Test Result

t calculate

t-Test Result

F tabulate
F-Test Result

F tabulate
F calculate

F-Test Result

t tabulate

F calculate

F-Test Result

 
 

Figure (2) shows the comparison between monthly observed and generated Sulfate 

concentrations by Holt-Winters' model. The figure indicates that the Holt-Winters' model is capable of 

preserving the monthly means for all Sulfate quality parameter. 
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 Y-axis : Sulfate as SO4 (mg/L) 
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Figure (2) : Comparison between monthly observed data and generated by Holt-Winters' 

model for sulfate parameter 
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CONCLUSIONS 

 
* Comparisons between means of observed data and generated series by Holt-Winters' model were 
reflected the applicability of this model for short-term forecasting, except the case of minimum 
records of Dora station and maximum records of Sharq Dijlah station due to the different sources 
of pollutions along the river which dispose their waste into it and change the concentrations in the 
water, therefore the randomness is increased. 
* Comparisons between standard deviations of observed data and generated were reflected the 
applicability of this model for short-term forecasting, except some cases as shown in Table (3). 

 

 
 
 
 
 
 
 
 
 
 

1. Most of the extreme values of the observed series and those of the generated 

series were found to exceed the allowable limits according to Iraqi and EEC 

specifications. 
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ABSTRACT 

 
Over the past two decades, there has been an increased interest in a new class of 

computational intelligence systems known as Artificial Neural Networks (ANNs). In this work, 

(ANNs) technique was applied in an attempt to predict the turbidity at intake of Al-Wathba water 

treatment plant (WTP) in Baghdad. This prediction is useful in the planning, evaluation, 

management, and operation of such plants, which may produce water of better quality. The 

available records from (1991-2000) were used for predicting turbidity in Tigris River, based on 

monthly maximum values of the water quality parameters near intakes of the water treatment 

plants. Multi-layer perceptron trainings using the back-propagation algorithm were used in this 

work. The feasibility of ANNs technique for modeling this water quality parameter was 

investigated. A number of issues in relation to ANNs construction such as the effect of ANNs 

geometry and internal parameters on the performance of ANNs model were investigated. It was 

found that ANNs have the ability to predict the Turbidity at Al-Wathba WTP with a good degree of 

accuracy (the coefficient of determination (R 2 ) was 0.9687). The ANNs model developed to study 

the impact of the internal network parameters on model performance indicate that ANNs 

performance was relatively insensitive to the number of hidden layer nodes, momentum term, and 

learning rate. 

 

 
INTRODUCTION 

 
      Water quality control and management have attached increasing attention from developing 

countries. The aspects of environmental protection are becoming a major obstacle for further and 

sustainable economic and social development. The use of raw water quality data cannot be over 

looked, since such data have considerable effect on the calculation of needed chemical, proper 

management, treatment, and assessing the potentialities of the use of furnished water supplies for 

different purposes, (Barzanjy, 2007). 
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     Traditionally, there have been two main philosophical approaches for surface water quality 

modeling. Process based models, which consider the underlying physical processes directly, and 

statistical models, which determine relationships based on historical data sets. Recently, artificial 

neural networks (ANNs) have emerged as alternatives to traditional statistical models in a variety of 

fields, including water quality management, (Maier and Dandy, 2000). 

           ANNs are one of the modeling techniques that attempt to simulate  

the operation of the human brain and nervous systems. ANNs learn  

by „example‟ in which an actual measured set of input variables and  

the corresponding outputs are presented to determine the rules that  

govern the relationship between variables. Consequently, ANNs are  

well suited to modeling complex problems where the relationship  

between the variables is unknown and when non-linearity is  

suspected. Although, the concept of artificial neurons was first introduced in 1943 by McCulloch 

and Pitts, research into applications of  

ANNs has blossomed since the introduction of the back-propagation-training algorithm for feed 

forward ANNs in 1986. ANNs may thus  

be considered a relatively new tool in the field of prediction  

and forecasting, (Shahin et. al. 2003).    

 

AREA AND OBJECTIVE OF THE STUDY 

 

The Tigris River has a large importance in the present and in the future. This is because of 

the detrimental effect of pollutants resulting from human activities, industrial wastes, sewage 

wastes, and harmful effect of increasing drainage waters coming from agricultural lands upstream 

coupled with the decrease in its discharge, (Abu-Hamdeh, 2000). So it has become necessary to 

make detailed studies and researches to evaluate the suitability of river water for different purposes 

in a selected site of the river. 

Baghdad city was chosen for this study. Artificial neural network was applied to predict the 

turbidity at the intakes of the existing water treatment plants in Baghdad. The running conventional 

water treatment plants are (Karkh, Sharq Dijlah, Karama, Wathba, Qadisiya, Dora, and Rasheed) as 

shown in Fig. (1). 

 

      The records from (1991-2000) were used for predicting turbidity at Al-Wathba WTP of 

monthly maximum values for the water quality parameters near intakes of the water treatment 

plants.  

   The main objective of this study is the evaluation and management for some of the water 

quality parameters at intakes of the water treatment plants in Baghdad by using ANNs technique to 

predict the turbidity at intake of Al-Wathba water treatment plant in Baghdad.  
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                                    Fig. (1) View of the Study Area 

 

 
 DETERMINATION OF ARTIFICIAL NEURAL NETWORKS MODELS 

 
Artificial neural networks (ANNs) models need to be in a systematic  

manner to improve its performance. Such an approach needs to  

address major factors such as, determination of model inputs, data division and pre-processing, 

determination of model architecture, model optimization (training), and model validation, (Maier 

and Dandy, 2000). These factors are explained and discussed below. 

A PC-based commercial software system was used, called Neuframe program (Version 4.0) 

(Neusciences 2000, Neurosciences Crop., Southampton, Hampshire, U.K.). The optimal network 

architecture was determined by trail-and-error. 
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 Determination of Model Inputs and Outputs 

 

The selection of the model input variables that have the most significant impact on the 

model performance is an important step in developing ANNs models. Presenting as large a number 

of input variables as possible to ANNs models usually increases network size, resulting in a 

decrease in processing speed and a reduction in the efficiency of the network, (Zaheer and Bai, 

2003).  

Different approaches have been suggested to assist the selection of input variables. The 

approach that was adopted in this research based on priori knowledge, the appropriate input 

variables can be selected. This approach is usually utilized in the field of civil engineering, (Maier 

and Dandy, 2000).  
The inputs of this model are: 

- Flow of the river, Q. 

- The Turbidity at Al-Karkh WTP, Tur-1. 

- The Turbidity at Sharq Dijlah WTP, Tur-2. 

- The Turbidity at Al-Karama WTP, Tur-3. 

- Suspended Solid at Al-Karkh WTP, S.S-1. 

- Suspended Solid at Sharq Dijlah WTP, S.S-2. 

- Suspended Solid at Al-Karama WTP, S.S-3. 

- The Distance between Al-Karkh and Al-Wathba WTP, D-1,4. 

- The Distance between Sharq Dijlah and Al-Wathba WTP, D-2,4. 

- The Distance between Al-Karama and Al-Wathba WTP, D-3,4. 

The output of the model is the turbidity at Al-Wathba WTP, Tur-4. 

 

DATA DIVISION AND PRE-PROCESSING 

It is a common practice to divide the available data into three sets, training, testing, and 

validation. The training set is used to adjust the connection weights of the neural network. The 

testing set is used to check the performance of the network at various stages of learning, and 

training is stopped once the error in the testing set increases. The validation set is used to evaluate 

the performance of the model once training has been successfully accomplished. The way data are 

divided can have a significant effect on model performance, (Al-Janabi, 2006), and trail-and-error 

process was used to select the best division. 

Once the available data have been divided into their subsets (i.e. training, testing and 

validation), it is important to pre-process the data in a suitable form before they applied to the 

ANNs. Data pre-processing is necessary to ensure all variables receive equal attention during the 

training process. Pre-processing can be in the form of data scaling, normalization and 

transformation. Thus, the logarithm of inputs and outputs of this model were taken (except the 

distances) before proceeding forward in the next steps.  

 
DETERMINATION OF MODEL ARCHITECTURE 

 
Determining the network architecture is one of the most important and difficult tasks in 

ANNs model development. It requires the selection of the optimum number of layers and the 

number of nodes in each of these layers. There is no unified theory for the determination of an 

optimal ANNs architecture. It is generally achieved by fixing the number of layers and choosing the 

number of nodes in each layer. 



Journal of Engineering Volume 14 June 2008       Number2  

 

Available online @ iasj.net 2487 

There are always two layers representing the input and output variables in any neural 

networks. It has been shown that one hidden layer is sufficient to approximate any continuous 

function provided that sufficient connection weights are given, (Al-Neami, 2006). The number of 

nodes in the input and output layers are restricted by the number of model inputs and outputs, 

respectively. There is no direct and precise way of determining the best number of nodes in each 

hidden layer. A trial-and-error procedure, which is generally used in civil engineering to determine 

the number and connectivity of the hidden layer nodes, can be used, (Shahin et. al, 2002). 

(Resop, 2006) suggested that the upper limit of the number of hidden nodes in a single layer 

network may be taken as (2I+1), where I is the number of inputs. The best approach found by 

(Nawari et. al, 1999) was to start with a small number of nodes and to slightly increase the number 

until no significant improvement in model performance is achieved. 

 
MODEL OPTIMIZATION (TRAINING) 

 

As mentioned previously, the process of optimizing the connection weights is known as 

„training‟ or „learning‟. This is equivalent to the parameter estimation phase in conventional 

statistical models. The aim is to find a global solution to what is typically a highly non-linear 

optimization problem. The method most commonly used for finding the optimum weight 

combination of feed-forward neural networks is the back-propagation algorithm, which is based on 

first-order gradient descent, (Jun, 2002). Ultimately, the model performance criteria, which are 

problem specific, will dictate which training algorithm is most appropriate. If training speed is not a 

major concern, there is no reason why the back-propagation algorithm cannot be used successfully. 

 

MODEL VALIDATION 

 
Once the training phase of the model has been successfully accomplished, the performance 

of the trained model should be validated. The purpose of the model validation phase is to ensure 

that the model has the ability to generalize within the limits set by the training data in a robust 

fashion, rather than simply having memorized the input-output relationships that are contained in 

the training data. The approach that is generally adopted in the research to achieve this is to test the 

performance of trained ANNs on an independent validation set, which has not been used as part of 

the model building process. If such performance is adequate, the model is deemed to be able to 

generalize and is considered to be robust. The training error and the testing error (carried out by 

Neuframe software) and the coefficient of correlation of validation set (r) are the main criteria that 

are often used to evaluate the prediction performance of ANNs models. 

 
RESULTS AND DISCUSSION 

 
The effect of data subsets divisions on performance of ANNs was investigated. Trail-and-

error process was used to select the best division, the network that performs best with respect to 

testing error was used in this work. Using the default parameters of the software, a number of 

networks with different divisions were developed and the results are shown graphically in Fig. (2). 
It can be seen from Fig. (2) that the best division is 60 % for training set, 25 % for testing set, and 

15 % for validation set, according to lowest testing error. Thus, this division was adopted in this 

model. 
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                 Fig. (2) Effect of data divisions on performance of ANNs 

 

The effect of the number of hidden nodes on ANNs performance was investigated. A 

number of trials were carried out using the default parameters of the software used with one hidden 

layer and start with one hidden node and then slightly increasing the number of the nodes until no 

significant improvement in the model performance, was gained. a number of networks with 

different numbers of hidden layer nodes were developed and the results are  shown graphically in 

Fig. (3). It can be seen from Fig. (3) that there are slightly differences in the testing error after 8 

nodes. Therefore, the process was stopped at 10 nodes where no significant improvement in model 

performance, was found. Fig. (3) shows that the network with 3 hidden layer nodes has the lowest 

prediction error for testing test. However, it is believed that the network with 1 hidden layer node is 

considered optimal, as it is prediction error is not far from the network with 3 hidden layer nodes 

coupled with smaller number of connection weights. Therefore, 1 hidden layer node was chosen in 

this model. 
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        Fig. (3) Performance of ANNs model with different hidden layer nodes 
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The effect of the internal parameters controlling the back-propagation algorithm (i.e. 

momentum term and learning rate) on the model performance was investigated for the model with 

1 hidden layer node. The effect of the momentum term on model performance is shown graphically 

in Fig (4). It can be seen that the performance of the ANNs model is relatively insensitive to the 

variation of the momentum term, particulary in the range 0.01 to 0.60. Then the testing errors 

slightly decrease at the range 0.80 to 0.95. Thus, the obtained optimum value for momentum term 

is 0.80, which have the lowest values of testing error and training error, hence it was used in this 

model. 
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 Fig. (4) Effect of various momentum term on ANNs performance 

 

The effect of the learning rate on the model performance is shown graphically in Fig. (5). It 

can be seen that the performance of the ANNs model is relatively insensitive to the variation of the 

learning rate. The testing errors are slightly decreased at the range 0.10 to 0.40, while it is slightly 

increase at the range 0.60 to 0.99. Thus, the obtained optimum value for learning rate is 0.40, which 

has the lowest value of testing error, hence it was used in this model.  
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     Fig. (5) Effect of various learning rate on ANNs performance 

 

In an attempt to identify which of the input variables have the most significant impact on the 
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output predictions, a sensitivity analysis was carried out on the ANNs. A simple and innovative 
technique proposed by (Garson, 1991) was used to interpret the relative importance of the input 

variables by examining the connection weights of the trained network. The results indicate that the 

turbidity and suspended solid at Al-Karama WTP have the most significant effect on the predicted 

the turbidity at Al-Wathba WTP with a relative importance of 16.4 and 16.343 % respectively. The 

results also indicate that the turbidity and suspended solid upstream have a moderate impact on 

prediction, while the flow of the river and the distances between those water treatment plants have 

the smallest impact on the prediction, as shown in Fig. (6). 
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                Fig. (6) Relative importance of the input variables 

 

ANNS MODEL EQUATION  

 
The small number of connection weights obtained by Neuframe for the optimal ANNs 

model enables the network to be translated into relatively simple formula. To demonstrate this, the 

structure of the ANNs model is shown in Fig. (7). 
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              Fig. (7) Structure of the ANNs optimal model 

 

The derived formula is as follows: 

255.1
1

699.2
4

)tanh595.57.1(





 xe
Tur

……………………………….... .(1) 

Where: 

        x  = 1.233 + 0.735Q - 0.139Tur_1 – 0.307Tur_2 - 0.22Tur_3 – 0.131S.S_1 

 -0.253S.S_2 – 0.339S.S_3 …………………………………………… (2) 

    

 

VALIDITY OF THE ANNS MODEL 

 
To assess the validity of the ANNs model for the turbidity at Al-Wathba WTP (Tur-4), the 

predicted values of Tur-4 are plotted against the measured (observed) values of Tur-4 for validation 

data set, as shown in Fig. (8). It is clear from Fig. (8), the generalization capability of ANNs 

techniques using the validation data set. The coefficient of determination (R 2 ) is (96.87 %), 
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therefore it can be concluded that ANNs model show very good agreement with the actual 

measurements. 

 

                 

No. of data=18

R2 = 0.9687

1.3

1.8

2.3

2.8

3.3

3.8

4.3

1.3 1.8 2.3 2.8 3.3 3.8 4.3

Observed

P
re

d
ic

te
d

                                                                                                                                                                                                                                                               

 
    Fig. (8) Comparison of predicted and measured Tur-4 for validation data set 

 

CONCLUSIONS 

 

The results obtained from this work had yielded the following conclusions. 

 

-ANNs have the ability to predict (Tur-4), with a very good degree of accuracy within the range 

of data used for developing ANNs models. 

 

- The ANNs models developed to study the impact of the  

internal network parameters on model performance indicate that  

ANNs performance is insensitive to the number of hidden  

layer nodes, momentum terms, and learning rate (the optimal network usually achieved by trail 

and error process). 

 

-  The sensitivity analysis indicated that the parameters at Al-Karama WTP have the most 

significant effect on the prediction of the parameters at Al-Wathba WTP. The results also 

indicated that the parameters at further upstream of the river have a moderate impact on the 

prediction, while the flow of the river and the distances between those WTP have the smallest 

impact on the prediction. 

 

-       ANNs models could be translated into simple and practical formula from which    

        (Tur-4) may be calculated. 
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PRELIMINARY DESIGN OF A MULTI- STAGE AXIAL 

COMPRESSOR 
 

 

 

 

 

ABSTRACT 

A numerical calculations algorithm has been developed in the present work for a 

thermodynamics and aerodynamic design of an axial flow compressor. The design calculations 

were based on thermodynamics, gas dynamic, fluid mechanics, aerodynamic and empirical 

relations. A two- dimensional compressible flow is assumed with constant axial and rotor blade 

velocities. A free –vortex swirl distributions was used in the design. These calculations include; 

power of the compressor, thermodynamic properties of the working fluid, stage efficiency, number 

of rotor and stator blades, tip and hub diameters, blade dimensions (chord, length and space) for 

both rotor and stator, velocity triangles before and after the rotor, Mach number, solidity, degree of 

reaction, flow and blade angles (blade twist) and lift and drag coefficients along the blade and lift. 

A repeated stage calculation is made to calculate the above parameters along compressor stages. 

The twist of the blades can be calculated along the blade length at any required number of sections 

selected by the designers to obtain smooth blade twist profile. The developed algorithm was tested 

on a compressor cascade series type NACA 65(12)10 with circular camber angle of (30). The 

results show that; the lift coefficient decreases as mean flow angle increases, the drag coefficient 

increases along blade length at a mean flow angle of (15), the relative Mach number increases 

along blade length as mean flow angle increases, the ratio of total drag coefficient to lift coefficient 

increases when the mean flow angle increases, the drag coefficient decreases along blade length as 

the solidity increases, the cascade efficiency increases as the mean flow angle increase to (45).  

 

 الخلاصة:

حسابات عددية لمتصميم الثرموديناميكي والايروديناميكي لضاغطة محورية. تم في هذه  تطوير خوارزميةتم في هذا البحث 
 بعض العلاقات التجريبية يك, ديناميك الغازات, ديناميك الموائع, الايروديناميك والحسابات التصميمية اعتماد معادلات الثرمودينام

بالاعتماد عمى الفرضيات التالية: اعتبار الجريان ثنائي البعد وانضغاطي, ثبوت السرعة المحورية وسرعة الريشة الدوارة والتوزيع 
 الخواص واكثرها فاعمية في حسابات تصميم  الضاغطة.الدوامي الحر لالتواء الريش. تم في هذه الخوارزمية ايجاد اهم 

وخواص المائع الحرارية لمريش الدوارة والثابتة, كفاءة المرحمة الواحدة, عدد الريش الدوارة والثابتة,  تم ايجاد قدرة الضاغطة
رض و وتر(, مثمثات السرع قبل الاقطار عند قمة وقاعدة الريشة بثبوت قطر وسط الريشة, ابعاد الريشة الدوارة والثابتة )طول, ع
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يش( وبعد الريشة الدوارة, رقم ماخ النسبي, النسبة الفراغية, درجة رد الفعل, زوايا الجريان وزوايا الريش الدوارة والثابتة ) التواء الر 
ول الريشة)حسب ومعامل الرفع عمى طول الريشة. تم اجراء حسابات لتحديد التواء الريش عن طريق اختيار عدد من النقاط عمى ط

آخر  إلىحسابات المرحمة المتكررة لتسهيل الانتقال من صف  أسموبتم اعتماد  والحصول عمى درجة التواء مقبولة. رأي المصمم(
 العددية عمى متعاقبة من سمسمة الضواغط نوع  اختبار خوارزمية الحسابات إجراءخلال مراحل الضاغطة. تم  أو

NACA65(12)10 معامل الرفع يقل بزيادة متوسط زاوية  إنالنتائج  أظهرت .( درجة30ئري وزاوية تحدب )معدل تحدب دا ذات
الجريان, يزداد معامل الكبح عند اقل متوسط زاوية جريان, ازدياد رقم ماخ عند زيادة متوسط زاوية الجريان, زيادة نسبة معامل 

معامل الكبح عمى طول الريشة عند زيادة النسبة الفراغية, تزداد الكبح الكمي الى معامل الرفع بزيادة متوسط زاوية الجريان, يقل 
  .تدريجيا درجة بعده تبدأ بالنقصان( 67)كفاءة المتعاقبة عند زيادة متوسط زاوية الجريان وصولا الى زاوية مقدارها 

KEYWORDS 

Axial Compressor, Multi-Stage, Preliminary design 

 

INTRODUCTION 

         Axial compressor is one of the most common compressor types in use today. It finds its major 

application in large gas turbine engine like those of  power today’s jet aircraft, it derive its name 

from the fact that the air being compressed has very little motion in the radial direction, in contrast, 

the radial motion of the air in centrifugal compressor is much longer than the axial motion (Yahya 

1983). In general, the axial machines  have  much  greater  mass  flow but much less pressure ratio 

per stage because of the boundary layer behavior, fundamentally, the axial compressor is limited by 

boundary layer behavior in adverse (positive) pressures gradients, each blade passage of compressor 

may be thought of as a diffuser, so that the boundary layer on all its wall are subject to a pressure 

increase unless this  pressure gradient  is kept under  control, separation or stall will occur 

(Peterson 1970). The compressor is made up of two major assemblies. The rotor with its blades and 

the casing with its stationary blades (stator) and this make one stage, the rotor increase the angular 

velocity of the fluid resulting increase in total temperature, total pressure and static pressure. The 

following stator decrease the angular velocity of the fluid, resulting in an increase in the static  

pressure and sets the flow up for the following rotor (Mattingly 1996). 

        The axial compressor may be designed with constant tip diameter or with constant mean 

diameter or with constant hub diameter or with all varying; however the mean blade radius does not 

usually change very much. The blade length varies in order to accommodate the variation in air 

density so that the axial velocity component will be approximately uniform. (Vincent 1950)   
 

THEORETICAL FORMULATION 

A theoretical and empirical formulation of design calculations for a multi -stage axial flow 

compressor is developed. The formulation will be based on a thermodynamic, gas dynamic, fluid 

mechanics and aerodynamic relations. Besides; an empirical correlations and values for some 

design parameters will also be used. The design calculations include, in general, the number of 

stages, rotor and stator blades data (numbers, width, pitch, height and twist angles), annular area 

distribution along the compressor, the thermodynamic state along the compressor section and along 

the blade height at each section, lift and drag for both stator and rotor blades along the compressor, 

the degree of reaction along the blade height for each stage, the power required to drive the 

compressor, Mach numbers and the velocity diagram at the rotor inlet and outlet along the blade 

height.(Al- Rubyee 2006) 

 

 

Power of the Compressor: 

From the general momentum equation (Peterson 1970);           
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            n)dA    (VρVdvρV
dt

d
ΣF uucsucv                                                              (1) 

It can be shown that the  

                               1u2u2sh VrVr UmP 1                                                                             (2) 

Where    U = ω * r    &    for the axial machines, (r2 = r1 ) 

 And, the power required to drive the compressor is calculated as; 

                      Power = Psh /c                                                                                                     (3) 

 

Compressor Efficiencies:    
            By using the definition of the compressor efficiency: [Mattingly 1996]                      
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Using the (h-s) diagram, the stage efficiency can be obtained as; 
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  Radial Equilibrium:  

For long blades, the variations of blade speed, static pressure and the axial velocity are 

considerable and the three – dimensionality must be taken into account. The basic assumption of the 

radial equilibrium type of design is that the radial velocity component is zero at entry and exit from 

a blade row. The basic equation of motion is (Peterson 1970);         
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          Using the exponential swirl distribution type of design, where the swirl velocity (Vu) at the 

inlet and exit to the rotor has the following general variation with radius (Dixon 1975);     

                  
r

b
arV n
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b
arV n

2u                                                                       (8)                                                                                        

          Where (a) and (b) are constants and the index (n) have any value, but in exponential swirl 

distribution the index is taken to be equal to zero (n=0).  

           Note that, the axial velocity at the rotor inlet and exit is the same along the mean line, but at 

other section the axial velocity will be calculated at inlet and outlet as follows: 

          Differentiating eq.(8) and substitute the results in eq.(7) to get the variation of axial velocity 

as;  
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 ( 1k ) and ( 2k ) can be evaluated at constant axial velocity in the mean line section and taking the 

same for all blade section. 

 

Thermodynamic Calculations: 

The thermodynamic properties at stage inlet (rotor) are calculated from equations below 

(Mattingly 1996); 
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       The isentropic stagnation and static temperature can be found from:        
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Also, the static isentropic enthalpy can be obtained as;    

                        3ssP3ss *TCh                                                                                                       (13) 

Now,              13ssis hh Δh       &    

        

        ΔhRΔh

        

isCrotor                                              (14)                             

Where ( CR ) is the degree of reaction.    

Thus                 rotor12is Δhhh                                                                                                   (15) 

                        P2is2is ChT                                                                                                           (16) 

Now, the pressure, temperature, density and enthalpy at rotor exit can be calculated as;                                            
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          Note that, the terms (w1m and w2m) in eq.(18) were calculated from velocity triangle at mean 

section, as will be explained later; the stagnation temperature loss at mean section can be calculated 

as;              
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Degree of Reaction: 

A useful term for turbomachine designers is the degree of reaction which is defined as the 

ratio of the static enthalpy increase across the rotor to the increase in static enthalpy for the stage. 
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 Or, using the notation for the axial flow stage as shown in Fig.(1) (Yahya 1983);  
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Aerodynamic Calculations: 

To evaluate the lift and drag forces, lift and drag coefficients must be calculated as shown 

below: 

The mean relative velocity for rotor can be obtained as (Bathie 1995);            
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   And mean angle (βm) for rotor can be obtained from:                      
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Cascade Test:    
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  From typical cascade test (Peterson 1970) for blade type NACA 65 (12) 10 at solidity 

equal one (c/s =1) and by using curve -fitting program, the equation relates the cascade angles to the 

stagger angle were obtained from: 

λ0.929 iii β0.228-β 25.3                                                      (24) 

           This equation can be applied at () values between (10 - 50) and (βi) between (30-70) to 

calculate the angle at cascade exit (βii) and these will be taken as the same for all stages. 

            For rotor:       βi = β1        ,      βii = β2                              

            For stator:      βi = α2      ,        βii = α3                            
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       The total effective drag coefficients for the cascade (using the notations of the present work for 

length) may be written as;  

                    CD=(CD)cascade + 0.02(s/L)  + 0.018CL
2
                                                                   (27) 

  

Pressure Rise Limitations: 

           The limiting pressure coefficient can be expressed for a simple case in terms of blade angles, 

in which the blades may be either rotor or stator blades, since the axial velocity is constant at inlet 

and outlet to cascade, where many designers limit the static pressure rise in a given blade row to CP 

< 0.6 (Peterson 1970), therefore :  
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  Compressibility Effects: 

Compressibility limits the relative velocity at the inlet to any blade row, and this limitation 

is especially important for the first stage of the axial flow compressor. The relative Mach number at 

rotor entrance usually lies in the range of 0.6< M1rel< 0.85 and it can be calculated as (Peterson 

1970);          

                      
 1

1
1rel

TRk

w
M


                                                                                          (29) 

Annular Area Distribution  

Constant Mean Diameter( see Fig. 2-a): 
 By assuming the design radius of the compressor stage is at the mean line, this leads to:            

Dm = Dm1= Dm2 = Dm n                                                

   From equations below the area, mean diameter and length at stage inlet can be computed as;         
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L  ,       2 / Dr mm                                            (30)                                         

Thus, the tip and hub (root) diameter is obtained from: 

                        Dt1 = Dm + L1       &       Dr1 = Dm - L1                                                                 

Similarly, in the same way can be found all dimensions at rotor exit or at stage exit.  

Constant Root Diameter ( see Fig. 2-b): 

           The root diameter can be defined as; 
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                       Dr = Dm1-L1                                                           

  From assumption of constant root diameter:   Dr = Dr1 = Dr2 = Dr3 = Dr n                                         

  Now, the tip diameter at inlet to the stage is: 

                       Dt1 = Dr +2L1                                                                                                    (31) 

 Again, by using the continuity equation the tip diameter at rotor exit can be calculated as;                 
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  So, the length and mean diameter at rotor exit can be found from: 
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Constant Tip Diameter ( see Fig. 2-c): 

          The tip diameter can be defined as; 

                Dt = Dm1+L1                                                       

Also, from assumption of constant tip diameter:   Dt = Dt1 = Dt2 = Dt3 = Dt n                                       

Now, at inlet to the stage:   Dr1 = Dt -2L1                                                                                                

Again, by using the continuity equation, the tip diameter at rotor exit is;             
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 So, the length and mean diameter at rotor exit can be found from: 

                          
2

r2
D

t
D

2
L


      &      

2
L

t
D

m2
D                                                           (35)                               

                                                                               

Number of Blades:  

To specify the number of blades for both rotor and stator, suitable limit for aspect ratio and 

solidity must be assumed. The aspect ratio is defined as;         

                     
c

L
AR                                                                                                                (36) 

 The space can be obtained from equation of solidity ( .σ ) as;                            
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σ                                                                                                                    (37)     

 The number of rotor blades can be evaluated as;   
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          The number of blades must be a whole number, if not an interpolation for the blades number 

must be and recalculate in the reverse order then yields a new space, chord and aspect ratio as 

(Cohen 1972); 
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        The calculations of chord, space and number of blades for the stator is made in a similar 

procedure as mentioned above, but the solidity of the stator blades is usually less than that for the 

rotor blades (Vincent 1950). 

 

Blade Twist   

Blade Angle: The blade inlet angle will be known when chosen incidence angle at the design point, 

equal to zero, but the blade outlet angle can not be determined until the deviation angle () has been 

determined (Cohen 1972) by using the Howells relations;              

                       csmθδ   ,    where : )
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0.23(2m 22                                      (40)                                       
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        For circular arc camber (2a/c) =1(Cohen 1972), and (a) is the distance of point of maximum 

camber from the leading edge of the blade.   

In terms of rotor blades; 

                         = 1 - 2       &         =2 - 2                                                                    (40a)                                      

From eq.( 40a & 40) and using zero incidences (i.e. 1= 1 : 1 = 1) can be get: 
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Velocity Triangle Calculation at Mean Section 
         It is important to be able to calculate the change in tangential velocity across the rotor (Dixon 

1975). This is best accomplished by drawing velocity diagrams for a normal compressor stage as 

shown in Fig.(1).  

         The velocity diagrams at the mean section may calculate as follows: 

 The inlet absolute velocity from: 

                             1mxm1um αtanVV     &    2

1um

2

xm1m VVV                    

 And the inlet relative velocity as;                                                                                                  (42) 

                      1umm1um VUw      &     2
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2

xm1m wVw                               

 Where the 1umV & 1umw  is the component velocity of 1mV & 1mw  and by applying the set of 

equations below, the outlet absolute velocity can be calculated from:  

       22
Vww xm2m2um  ,   2umm2um wUV    &    22

VVV 2umxm2m                                       (43)                   

Now, the flow angles related to the relative inlet and outlet velocity were calculated as: 
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Also, the outlet flow angles related to the outlet absolute velocity can be calculated as;                                                                    
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The constants (a) & (b) is obtained by evaluating the eq.(8) at the mean radius as;                          
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        Also, the constants ( 1k )& ( 2k ) can be calculated from eq.(9) at constant axial velocity in the 

mean section ; 
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RESULTS AND DISCUSSION 

A verification of the proposed theoretical formulation is made here through a comparison 

between the present work results and the published results of preliminary design of axial flow 

compressor (Al-Druby and Hussain 1995), the results of calculations for the present work and this 

case are summarized in (Tables 2 to 9) with the given input data listed in Table (1). 

The length, root and tip diameters are shown in Table (2) at inlet, exit from rotor and stage 

exit at constant mean diameter. The root diameter increases from inlet to exit stage, whereas the tip 

diameter and length decreases from inlet to exit, these diameters forms the compressor stage 

geometry, the hub diameter and tip diameter are between (0.306-0.320) and (0.501-0.491), 

respectively. The number of blades, chord length, and space are shown in Table (3), the calculated 

aspect ratio for rotor and stator blades is also tabulated. the aspect ratio were calculated after re- 

calculating the number of blades and space, calculated aspect ratio is less than the assuming value 

in the given data. The stage exit pressure and temperature, stage efficiency, stagnation temperature 

rise for one stage, compressor efficiency, pressure and temperature at compressor exit, and the 
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power required are shown Table (4). The pressure, temperature and density along blade length are 

shown in Table (5), all thermodynamic properties are increasing from hub to tip radius and the 

shadow lines represents the mean line data. The lift coefficient result along blade length are shown 

in Table (6) the shadow line represents the mean line data, the lift coefficient increases above the 

mean line and decreases below the mean line, the lift coefficient is proportional to solidity ratio 

were calculated. The twist angles at inlet and outlet from rotor and stator, camber angles and 

relative Mach number along the blade length are shown in Table (7), all the angles increases except 

the camber angles for rotor which decreases along blade length, the values of relative Mach No. 

(0.55-0.70) and these value are in the limiting range. The variation of solidities for rotor and stator, 

degree of reaction along blade length are shown in Table (8), the solidity decreases whereas degree 

of reaction increases along blade length, the shadow line represents the mean line data and these 

values is approximately equal to the input data, the solidity in the present work were calculated 

after re- calculating chord length and space values for the stator are higher than the rotor, thus; the 

solidity for rotor is less than for the stator along blade length. The results of cascade lift and drag 

coefficient and effective drag coefficient (total) on the mean line design are shown in Table (9), by 

using the cascade test curve (Peterson 1970), were chosen the stagger angle of (40) and inlet 

cascade angle of (50) to obtain cascade outlet angle from equ.(24), then applying equ.(28) to find 

the pressure coefficient (CP) equal to (0.51) and this value is less than the limiting range. the term 

(CD) and (CL) is for cascade where the term (CDtotal) is for actual compressor blades, by using the 

value of (CDtotal), the actual stagnation pressure (PO) for rotor and stator can be obtained to yield 

the lift and drag forces for actual compressor. The flow angles and the swirl velocity distribution at 

inlet and exit of the rotor for the present work are shown in (Figs. 3 and 4). There is a significant 

variation with blade length of the swirl velocity and flow angles near the blade root and very little 

near the tip, the relative flow turns about (65) at the hub and only about (39) at the tip. The large 

radial variation in the rotor inlet flow angle for one stage requires that its rotor blade have a lot of 

twist in them. (Mattingly1996). The relative Mach No. along blade length are shown in Fig.(5), the 

values of the Mach number are between (0.55- 0.7), and these values in the limiting range leads to 

efficient operation. The advantage of high Mach No. operation is that the mass flow per unit area 

and the pressure ratio per stage will both be high. Also a parametric case study will be made in 

different solidities and mean flow angle,   the  plot  of  lift  and  drag  coefficients  at  three  

solidities  (1, 1.33, and 2) along the blade length are shown in (Figs. 6 and 7), the lift coefficient 

decrease as solidity increases, taking the solidity of one as a reference, the rate of change in lift 

curve slope for solidity of (1.33) is approximately half that change for solidity of (2), the difference 

is due to the interference of two opposing effects, the 1
st
, is that large blade spacing increase the lift, 

the 2
nd

 , is that close blade spacing mean that the flow angle leaving a blade row exhibits smaller 

variation a cross the blade passage (Jassam1992), the drag coefficient increases at the tip diameter, 

then decreases at hub diameter, the drag coefficient increases as solidity decreases, the values of 

drag coefficient at solidity (1) are between (0.025-0.027) whereas at solidity (2) the values are 

between (0.037-0.042). A plot of lift and drag coefficients along the blade length at different mean 

flow angles (15, 25 ,35 and 45) are shown in (Figs. 8 and 9), where the lift coefficient 

decreases as mean flow angle increases, till it reaches 45, the lift coefficient is nearly a straight 

line, on the other hand, the drag coefficient increases with mean flow angle, up to a value of (45) 

then it decreases. The efficiency of compressor cascade with different mean flow angles (15 to 

75) as shown in Fig.(10) at varying ratio of (CD/CL) calculate from the following equation (Dixon 

1975); 

                            
mL

D

sin2αC

2C
1η                                                                                            (46) 

         The maximum efficiency of compressor cascade is obtained when the mean flow angle only a 

little less than 45 but the curve is rather flat for a wide range in mean flow angle.  
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CONCLUDING REMARKS 

A suitable design calculations algorithm has been developed for a multi-stage axial flow 

compressor. The lift coefficient decreases along the blades length from hub to tip. The upper limit 

of lift coefficient is when the solidity equals one. The lift coefficient decreases as mean flow angle 

increases, approximately to optimum value at (45) then the lift coefficient varied little along blade 

length. The drag coefficients reach higher limits along blade length when the mean flow angle is 

(15). The relative Mach No. increases along blade length, but when mean flow angle increases the 

relative Mach No. decreases.  
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NOMENCLATURE 

Latin Symbols 

Greek Symbols 

Symbol Description Units 

α Stator Flow Angle  degree 
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ά Stator Blade Angle  degree 

β Rotor Flow Angle  degree 

β׳ Rotor Blade Angle  degree 

γ Ratio of Specific Heat ---- 

δ Deviation Angle  degree 

 Strain  

λ Stagger Angle  degree 

ρ Density  kg/m
3
 

σ Solidity ---- 

θ Camber Angle  degree 

∆ Change per Stage ---- 

ω  Rotating Speed  r.p.m 

 Pressure ratio ---- 

η Efficiency ---- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

The compressor inlet temperature (To1) 294K 

Symbols Descriptions Units 

a constant ---- 

A Area  m
2
 

AR Aspect Ratio ---- 

b constant ---- 

c Chord  m 

CD Drag Coefficient ---- 

CL Lift Coefficient ---- 

Cp Specific Heat at Constant Pressure  J/kg.K 

D Diameter m 

h Enthalpy  kJ/kg 

i Incidence Angle degree 

L Length (height) m 

M Mach No. ---- 

  m    Mass flow rate  kg/s 

n No. of Blade ---- 

P Pressure  Pascal 

U Blade Velocity  m/s 

r Radius  m 

R Gas Constant kJ/kg.K 

Rc Degree of reaction ---- 

s Space  m 

T Temperature  K 

V, w Fluid Velocity, Relative Velocity  m/s 

Table 1: The Main Input Data (Al-Druby & Hussain 1995) 
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The compressor inlet pressure (Po1) 101325 Pa 

The compressor inlet velocity (V1) 146 m/s 

The mean axial velocity (VX) 122 m/s 

The compressor pressure ratio (Po3/Po1) 1.23 

The overall compressor pressure ratio 4 

The mass flow rate (m
.
) 18.144 kg/s 

The rotor blade velocity (U) 244 m/s 

The angular velocity  11500 r.p.m 

The blade aspect ratio (AR) 3 

The solidity (σ)  1 

The air inlet angle (1) 33° 

 

 

 Design Calculations: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Dr (m) Dm (m) Dt (m) L (m) 

Rotor inlet .3064730 .4052223 .5018698 9.728426 E-02 

Rotor exit .3138668 .4052223 .5003454 9.023113 E-02 

Stage exit .3207271 .4052223 .4910624 8.501962 E-02 

Comp. exit .3605752 .4052223 .4502072 4.264601 E-02 

 Blades No. Chord Length (m) Space (m) AR 

Rotor 39 3.242809E-02 3.637267E-02 2.93 

Stator 34 4.722581E-02 4.106592E-02 2.25 

Stage Exit 125411.8 (Pa) 314.9377(K) 

Stage Efficiency % 88 ------ 

∆To/To1 for stage .069875 ------ 

Compressor Efficiency % 84  

Compressor Exit 357452.5(Pa) 460 (K) 

 The Power Required 3083.518 (kW) 

    Table 2: Stage Geometry 

Table 5: Thermodynamics Properties along the Blade 

Table 4: Stage Data 

Table 3: Blade Dimension 
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At:  λ = 40  ,  βi = 

50  

 

 

D (m) P2 (Pa) T2(K) ρ2 (kg/m
3
) 

.305738 103930.24 296.576 1.22533 

.3255473 1074035 299.6945 1.240205 

.3505473 108585.5 300.5109 1.255302 

.3755473 110460 303.0857 1.269312 

.405223 111877.7 303.4635 1.289135 

.4255473 113897.6 304.6796 1.291372 

.4505473 115272 305.7607 1.307121 

.4755473 115622.7 307.7281 1.310012 

.5005473 116281.7 307.5991 1.332690 
D (m) CL 

.305738 .5902831 

.3255473 .5810574 

.3505473 .5707791 

.3755473 .5391446 

.405223 .505476 

.4255473 .4580317 

.4505473 .3832497 

.4755473 .2800809 

.5005473 .2030155 

D (m) αº1 αº2 βº1 βº2 θºrotor θºstator M1rel 

.30 24.27 47.13 39.12 1.33 38.82 -22.77 .55 

.33 26.24 48.19 42.16 8.68 35.56 -21.85 .56 

.35 28.11 49.35 46.22 15.99 31.90 -21.15 .57 

.38 29.90 50.65 51.20 23.45 27.09 -20.66 .58 

.40 33.0 53.65 53.5 32.30 20.96 -20.35 .59 

.43 35 55.4 56.77 41.64 15.85 -20.30 .61 

.45 36.71 57.35 59.36 48.22 11.91 -20.58 .65 

.48 38.41 59.55 61.81 54.40 7.43 -21.09 .68 

.50 40.43 63. 61 64.45 60.57 3.31 -21.88 .70 

D (m) σ - rotor σ - stator % Rc 

.30 1.31 1.56 17.68 

.33 1.23 1.45 27.26 

.35 1.15 1.36 35.87 

.38 1.05 1.28 44.00 

.40 .99 1.01 50.05 

.43 .94 1.03 56.02 

.45 .89 .98 60.47 

.48 .85 .93 64.93 

.50 .81 .9 68.72 

Table 8: Solidity and Degree of Reaction along Blade 

Table 9:  Cascade Aerodynamic Forces 

Table 7: Blade Angles 

Table 6: Lift Coefficient along the Blade 
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CL cascade CD cascade CD total Lift (N) Drag (N) 

1.32 0.049 0.0546 568 21 
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V2u 

W1u 
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Stator 

 Fig. 1: Velocity Triangle for Compressor Stage [ Yahya 1983]  
 2 1 3 n 



M. I. Al-Druby                                                                                      Preliminary Design of A multi- Stage Axial Compressor 

I. Y. Hussain 

R. I. M. Al-Rubyee 
 

Available online @ iasj.net 4769 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                             (c) 
 

Ln L3 L2 L1 

2 
1 

3 
n 

Dm 

2 
1 

3 
n 

Ln L3 L2 L1 

Dr 

(a) 

(b) 

2 1 3 n 

Ln L3 L2 L1 

Dt 



Journal of Engineering Volume 14 June 2008       Number2 
  

Available online @ iasj.net 476: 

 

Fig. 3: Twist of Rotor Angles along Blade Length  

   Fig. 4: Variation of  Swirl Velocity along Blade Length 
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Fig. 6: Lift Coefficient along Blade Length at Different Solidities 

Fig. 5: Mach No. along Blade Length  
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Fig. 10: Cascade Efficiency versus Mean Flow Angle 
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 لاصةخال
 مدعنفااة   (18mm)تنااا ا الث ااا ة امااة عتلثااة لتااالز تنفثااى الدعااالق علااى ارةاة  لفااس  ااذ الس امااة علااى ر ااة  ااا   ماا  ارلا ثااى   ف اار

علاى التاوالي حثاا خ ااتثاا     (3,4,2,3mm) ق ار  (hole /fin 3,3,6,2)منفثاة ما  منتهافبا  نفاوئ ةا رعاة   اسة (12mm)حلد لثا  دعالق  ا تفاع 
 لدااااااااااس  ماااااااااا  أعااااااااااساة  عنولااااااااااس عاااااااااا ا    ثاااااااااااا   m/s 7.5-1.5)ألثااااااااااوئ  أففثااااااااااا عنااااااااااس ت ر اااااااااا  لذااااااااااواة   اااااااااارع قهااااااااااو  تاااااااااا ا    اااااااااا    كاااااااااا 

(
3107.10531015.21  في كا  ععنفاة   تاالز تغثاز عاسة  (hole/fin 3) قس  ة س تالز تغز ق ر النفوئ ل سة لا اذ ما  الناااافوئ   (

وأظهرت النتارج االنلية رناأنايية رناا ا رعالن يرجت اار زيادنرما  رجزنايلجيرلالتاارجلالن رتلتناة.ارةاعلاى  (3mm)النفوئ لف ر لا اذ 
للإجيررجنواونجي ررناليتجا ررعالني ااررناوناررناتةررانالن  ررجزنااإاةرر ايررناأتارروعادنررمالإررتاالوايررناياجتتررنايلجيررلالتااررجلالن ررتلتنا

تاي اررعالن يررجت اوجررزالترربا رر زلزااتةررانايررناأتارروعا  ررا (3mm),(hole/fin 3))ااطررتا اررعا(للإجيررجنوايتارروعاي اررعا
ويترزاا(m/s 7.5)يترزالنةرتيناا (%36 )وهره النتةرانااةايررتااجن  رجزنانا رررلادنرماا (4.5m/s)يترزالنةرتيناا  (12.3%)

أناليتارروعالني اررعاااطررتا رر  تااا(hole/fin 3)ياجتتررناأتارروا نايايررج ة ناااالررجزالن يررجت اوالررززالن ارروعا رروااررلا يت ررناا
(2mm)يررنالرإررتالني اررعاااطررتاال ضررلا(3mm)يتررزالنةررتيناا (%28)اتةررانا(7.5 m/s) ولتررباناطررتا جارر انة ارروعاا
(3mm)نةررتيناا (%7.8)لنررماا ةرر نايلجيررلالتااررجلالن ررتلتناللإجيررجنوااتةرراناا(3)دنررماا(2)ارر زيا  ررجزنايررززالن ارروعايررناا

(7.5 m/s)لا رتايرنا  رجزنا طرتالن اروعانيةرج ناةرط  نااهنكا  رجزنايرززالن اروعاا  رزايرنايلجيرلالتاارجلالن رتلتناللإجيرجنوا
ا جاانانة يجت ا)ن جننالنا ث(.



ال ةجنا   مااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااانايية ناناا  تاا ا عالن يجت ايةماليزلءزتلة
الإلاصاي يزااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااالحرا ي للألا ثى الددعنفة حلد لثا 

اهتجءايازالنهجزياااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
اةجهتنا ةنااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
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EXPERIMENTAL STUDY OF FINS PERFORATION EFFECT ON 

THERMAL PERFORMANCE OF HELICALLY FINNED TUBES 
 

 

 

ABSTRACT 
 

   The present research includes an experimental study for the effect of fins perforation on 
the performance of helically finned tubes. The experiments were made on five models of (18 
mm) diameter tubes finned spirally with (12mm) high fins perforated with a circular holes ,  
the number of holes was (3-3-6&2 hole /fin)ا and their diameters were (3,4,2&3mm)ا  
respectively .Each tube was tests horizontally  by forcing air with(1.5-7.5 m/s) maximum 

velocity and Reynolds number range ا( 310105.731021.15   on the tube .The  effect ofا(
number and diameter of holes were studied.The experimental results showed that the fins 
perforation increase the overall heat transfer coefficient for all perforated fins tubes, but the 
percentage increase differs from tube to another. From the comparison of overall heat transfer 
coefficient for perforated finned tube ((3 hole/fin), (3mm) hole diameter) with unperforated 
finned tube found that it is increased to (12.3%) at air velocity (4.5m/s), this percentage  
continue with  increasing until to reach    (36%) at (7.5 m/s). It is found that for two tubes 
with same fins dimensions and same number of holes (3 hole/fin), the tube with smaller hole 
(2mm) is better than that of the larger hole (3mm) by (28%) at (7.5 m/s) maximum air 
velocity, the increase of the number of holes from (2) to (3) for constant hole diameter (3mm) 
improves the overall heat transfer coefficient by (7.8%) at (7.5 m/s) maximum air velocity .So 
the increasing of  holes number increase the overall heat transfer coefficient more than the 
increasing of holes diameter for constant fins surface area (for research case). 

ا
KEYWORDS: Fins Perforation, Finned Tubes, Helical, Thermal Performance     

 

  المقدمـــــة المقدمـــــة 
تظررررتلايهي رررررنالنيارررررجزك الن تلت رررررناونا رررررتنالةررررراإزليهجاارررررزأالناوجررررربات رررررواا ةررررر ناليزلءالن رررررتلتيااااااااا

او رررلادنرررمايرررزناوةرررج لانا ةررر ناليزلءاويتهرررجالنةرررطو اولنه رررزتون اوانهررره النيارررجزك الن تلت رررناو رررزاارررمالن
لنييارزناأوالن يررجت اواإ رر نالنةررطلاووةرج لاا ت رركالنيررج ناو ة تررناجت رجنالنيررج ناووةررج لالن ررزالنةررط وا
ضررج نايررولزاي ةررتنانةإررولصالن تلت ررنانة ررج ل اويية ررنا ضررج نايررولزاي ةررتنانةإررولصالن تلت ررنانةةررول لاولح ولح

تلةررنالن جن ررنااجيتجا ررعالني يت ررناإجتج ررجالنارروااةرراإزماايررجزنايتررزيجا ارروناالتررمالنز.لهارر ل النةررطلاو  تهررج
يلجيلالتاارجلالن رتلتناك رزالنيرج ل نالاارتااا  رتايرنالنيرج نالرإرتالايرجاهروالن رجلا روالتاارجلالن رتلتناار نا

 Bell and Mueller) , (Kakak, et.al 1981).لنيررجءاهوايلجيرلالتاارجلا رتلتنايرجنوااات ارجولنهولءا

ازتلةناتظت ناناا  تالن اعايةرماليزلءالن رتلتيانة يرجت ا رواا(Abdulah,2000).ا جمالناج ثاا(2001
 جنرررنالتاارررجلالن رررتلتنااجن يرررلالن رررتايرررناةرررطلا يت رررناو رررزازتااأتالرررناأترررولعايرررنالن اررروعالنرررزل تياولنيتارررنا

يت رنالني اارنااجكيايرجزالن رتلتنا روالن ااولني ةثاياةجوياليضلاعاولنيةاط لا.وامالنا ة لالنت جضواكتاارجل
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ا ررززنيلرجزك االنا جضرة نااطررت انالنلتج رتالنييةرمالنتيروهج ناأ رجزيالنالرزاو ترج والنالرزاو رزا رجماا رلالن
.ووجزاأنالنا ا عا زا وزيادنماا ة نالتااجلالن تلتناأواااة ةبا ةعاا رالالن ارعاوةريكالن يت رناويلرزنا

الن يجت .
زتلةررنايية ررناناررا  تالضررطتلعالنيررج نايةررماا(Zozuly&Khavin,1973 )وناررزا ررزمالناج ررثاااا

ليزلءالن تلتيان  ينايناليتجا عالني يت نا ة وت جاولنيتااناا الايالج عا وا جنناجت جنالنهولءاييوز جا
ية هجاووجزاأناليزلءا ا ةناينا  جزنالكضرطتلعانةيرج ناوايرجا رجتناار نايلجيرلالتاارجلالن رتلتنانة ر و ا

و رررررزاأجرررررتلااججتاررررربايةرررررما  يرررررنايرررررناةرررررانا ررررر و ااايرررررناليتجا رررررعالني يت رررررناالنيإاة رررررنا ررررروالن  يرررررنا
ا.(m/s 5-15)واةرتيناهررولءااارررتلو اا نا(0.8mm)واةيكاا(8mm)واجتا جعا يجت ا(22mm)ااطت

ازتلةررنايية رررناكتااررجلالن ررتلتنايررنايجيرررويناأتجا رررعااا(Katz&Beatty,1945)ناررزا ررجمالناج  ررجنا
 رررروينايررنال ررلالنيلررزناوهرره اليتجا ررعاااضررينايرررززا يررجت ا ارررررتلو اارر نهل ا يررجت ا ة وت ررناالني ت

(157.5-945  fin/m)واجتا رجعا يررجت ا ارتلو اار ناا  (9.652-1.27 mm)و رزاأجرتلايجيويرنايررنا
لنا جةرررج اأوالنا جترررج اناا ررر ماأزلءاهررره اليتجا رررعايةررراإزيجالناإرررجتاولنهرررولءاولنيرررجءااايول رررنانةليرررلاو رررزا رررجما

لنتاج االناوا  لاية هجاووضنايلا ناتظت نانيلجيرلالتاارجلالن رتلتناللإجيرجنواو رزا رجتناار نااياجتتناا نا
اأزلءاليتجا عالني يت ناوليتجا عالن  تالني يت نا وا جنناالتضهجادنمات ااظتو النليلا.

زنانرهنكااترجولالنا رثالن ررجنوازتلةرنالتاارجلالن ررتلتنااجن يرلالناةرتيايرناأتجا ررعاي يت رنا ة وت رجايت ررتا
أ ا نايترزاجت جنالنهولءاييوز جاية هجا.وااضينالنزتلةنالن جن نال ججزايلجيرلالتاارررجلالن تلتناللإجيجنوانا ما
يإاة ناينااةرتينالنهرولءاونإيةرناتيرجه ايرناليتجا رعاهل الن يرجت الني اارناا اروعازل ت رنان رت ازتلةرنا

ا.عااا  تايززاوأ طجتالن اوعايةماليزلءالن تلتيانهه اليتجا 
  
 Rig) Test (Experimental العممي جهاز الاختبارجهاز الاختبار  

نارررزاأجت ررر الناجرررجتعالنلية رررنايةرررماجهرررج الإاارررجتيا اارررونايرررناليجررر لءالناجن رررناايرررجاياررر نا رررواااااااااااا
ا:(1)لن ال
اأ جز نالنطوتايا  تنالنةتينا.(Blower)   زل لناهولءا -3
ايجتلاهول وايةاط لالنياطن. -2
ا نالنيجءادنمازتجنالن تلتنالنيطةوان.يةإنا تلتي)ي تناي ة ج(اناةإ -3
اإ لناناجه  النيجءاااز قا جا ا. -4
يرررولزايج نرررناي رررلالن رررو الن جرررججواولن ةررر نانااة رررلااي رررنالن رررتلتنالنيتااةرررنادنرررمالني ررر طايرررناةرررطلا -5

النيةإنالن تلتيا.



ال ةجنا   مااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااانايية ناناا  تاا ا عالن يجت ايةماليزلءزتلة
الإلاصاي يزااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااالحرا ي للألا ثى الددعنفة حلد لثا 

اهتجءايازالنهجزياااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
اةجهتنا ةنااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
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اوي تلتا  ااروانا رجاازتجرنا رتلتنالنيرجءااولنهرولءالنرزلإلاولنإرجت اا(T)ي زوجج ا تلت ناينالنتوعا -6
ا.
اةجينااو   ا زو ن -7
ازوتقا جججوايزت انا جاا جمالنيجءالنياز ق. -8

ا
لوهرهلالنيجرتلاا(1.5cm)واةريكاا(m  3.5)نازا تنايجتلاهول وايرنالنإ رعالنيضر وطاااطرول

وتظتلانلزمااو تاإ عااهه اليالجزااماا ت نالنيجتلاينااا(cm ×12.6  cm 80)هل اياطنايةاط لا
و ررزااررماتاطهيررجااا اررجمااجةرراإزلمالنةررة اوناايررجزناا(m 1.5)اطررولاولن ررجتواا(2m)جرر أ ناليولااطررولا

 60)ك انلاو زااماا ت نالن نانااز لاليتجا عا واأ زاجولتعالنج ءالن جتوا  ثا ا  ا  بااولانااطول

cm)او اا اينايتا هجاا اعا ةجويا طتاليتاوعالنإجتجوا.اا
 رما (12cm) هرولءالنزل ت رناهل ا طرتان ت اتاطالنيجتلالنهول والنيةراط لالنياطرنايرنايضرإنالن
وهل اياطرررنا(1m) وطررولاا(1mm)ا ررت ناتج ررتانرررتاطالنجرر أ ناايررنالن ررر ج لالني ةوتررنالنإ   ررناةررريك

ا(cm ×80cm 12.6) ويةرج نالنإرتو (cm ×12cm 12) يةاطرر لااارونايةررج ناياطرنالنرزإولاا
ا واازل نالنتج تا.ا(screen)لونضيجنالتاظجماا جتالنهولءالناجزماينالنيضإنااماوضناي اك

ا(Carbon steel  0.5%c)نا ررت ناليتجا ررعالني يت ررنايوضرروعالنا ررثا اررزااررمالةرراإزلماايررجزنا
اتلاناو رررتهجانزلررتظاا(Nickel steel  0 % Ni)نا ت ناليتجا عاأيجالن يجت ا  تل اايناا

عايررناطت اررناا ررت نا ررتانالنيلررزل الن ا ةررنا)لنجهررنالني ررتلنا(او ررزالإا ررت ايررجزنالن يررجت اا  ررثا اتجةررا
(ايررنا0.3mm(وارررةيكا)ا22اmواطررولا) (ا(12mmليتجا ررعا  ررثااررمالةرراإزلما ررت طايلررزتواالررت 

لن اررعالنيطةرروعااررماهوايارراااييرروزياو ولنررعالنيررجزنالنيررهاوتناوالررزاأجررتلءايية ررنالنا ا ررعااولةررطناي اررعا
نلإ جطررناارراتاوعاواررامااا ررا لالن ررت طانجلةرربايايوجررجااولةررطنايجاتررناا ررت ناليتجا ررعان اإررها ررالاا ررجالا

يية نالنا ت ناا زالن ت طاالزان جماازل اربايةرماليتاروعااجيواةرج ناويترزاا رو تاليتاروعايةرماي روتا
ارر نالن يررجت ااررمان ررجمالنتهج ررنااررت االنطت اررناا(5mm) جارر ااجةرراإزلمالناجنررعالنإررجصااررجنإطونالنيطةواررنا

نا  ررثاأإاةرر اأتارروعايررنالرإررتاالررززاو طررتالنةررجااناو ررزااررماا ررت ناليتجا ررعالنإيةررنااجنطت اررنالنةررجاا
وااطرررررتاإرررررجتجوااا(1m)ليتجا رررررعالنإيةرررررنااطرررررولا(1)لن اررررروعا ررررروالن يرررررجت اايرررررجاياررررر نا ررررروالنجرررررزولا

(18.375mm)و طرررررتازلإةرررررواا(16mm)واطرررررولاي يتررررر اا(78cm)والرررررززا يرررررجت ااا(5 fin/in)ا
ا(ا وضلاليتجا عاواتا عالن اوعا والن يجت .2ولن ال)

ا
 مواصفات وأبعاد الأنابيب المصنعة(1) ل الجدو            
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T 

(mm) 
Lf

 

(mm) 
do 

(mm)ا
dr 

(mm) 
Holeا
Dia.(mm) 

Hole 

NO. 
Fin/in Tube 

No. 
ا1ا5ا-ا-ا38ا42ا12ا3.3
ا2ا5ا6ا2ا38ا42ا32ا3.3
ا3ا5ا3ا3ا38ا42ا32ا3.3
ا4ا5ا2ا3ا38ا42ا32ا3.3
ا5ا5ا3ا4ا38ا42ا32ا3.3

 

يطةوارنانةرزإولادنرماليتاروعاارماا رت نا)يةرإنا رتلتي(اي ةروان ت ااو  تالنيجءاازتجنالن رتلتنالنا-
ينالنت جاالنتاو.اوهواياجتنايناياجزلا رتلتياير زو اليتاروعا  رثا اارونايرناأتاروا نايرنالنت رجاا

ا(2mm)واةرررريكا ررررولنوا(54mm)و طررررتاإررررجتجوا(50mm)لنتارررروااليتارررروعالنررررزلإةواااطررررتازلإةررررو
اررلايتهيررجاا(1mm)واةرريكا ررولنوا(65mm)و طررتاإررجتجوا(63mm)وأتارروعاإررجتجوااااطررتازلإةررو

ايجاهواياو تاي ة جاو زااماا ا  اkW(5.56)  وياازلإةبايةماةةكاا تلتياهيا زتنااا(1m)اطول
 يررجت ااجنة ررجمالناهتاررج وايةررمالناطررتالنإررجتجوانيتارروعالنررزلإةواييررجا   ررزالنيةررج نالنةررط  ناكتااررجلا

يررجت الن ة وت رررناي ررتوينايررنا ررت طات جةررروانااولضررطتلعالنيررجءازلإرررلالنياررجزلا.دناهرره الن ا ررلن تلتا
ي ااررنايررناطت ررقالن ررزااجةرراإزلما جنررعايلررزتواإررجصايةررماليتارروعالنررزلإةواا ررماا(4.5mm)اجتا ررجع

ليتارروعالنررزلإةوااجناو رر لااويترربااجن يررلاوياتاةكالن ررتلتيايررنالنةررالاجن يرران يرر ا  ررثااتااررلالن ررتلتن
 النا امااجنا جتالنيجتاإلالاةةكالنيةإناأوكان تاا(30A)دنمالنيجءا. زااماالةاإزلماياجوينايا  تنا

ا.(3) مااااي نالن تلتنالنياونزنا  باوزتجنا تلتنالنيجءالنإجت اايجا والن ال
نازاامالةاإزلمالنلز زاينال ه نالنا رجاايتهرجاأجهر نا  رجاازتجرنالن رتلتناارمالةراإزلماير زو ا رتلتياااااااا

نا رررجاازتجرررج ااا(T-type)لنيلرررتو ااتررروعاا(Copper- Constantan)اوتةررراتج اا-يرررناتررروعات رررجاا
 Thermocouple)لن ررررتلتناو ليررررلاتلاالنيرررر زو الن ررررتلتيالنررررهياهرررروالنجرررر ءالن ةررررجاانزتجررررنالن ررررتلتن

Junction)يةررماه  ررنالا ررجلااررتويااا(Spherical  Junction)ااطررتا(0.5mm)و ررزااررمااو رر لاا
  Digital Electronic)لنت يرروالني زوجررج الن تلت ررنادنررما ررتزوقااو  ررنالإااررجتياويترربادنررمالني ررتلت

Thermometer)اولةطناأةلاكااو  لااا(Compensation wires)و زازي الن ججنادنرمالةراإزلماا
ا-اجلإضج نادنماي تلتا  ااواو زاو ي ااآكاو:ا(9)ي زوجج ا تلت نايزز

ا  جاازتجنا تلتنالنيجءا واالايناتاطنالنزإولاولنإتو ايناليتاوعالني يت  -3
التنالنهولءالنزلإلا واتاطنااانا واازل نالنيجتلالنهول وا.  جاازتجنا تا -2
  ررجاازتجررنا ررتلتنالنهررولءالنإررجت اوناررزااررماالإا ررجتا لا ررنايول ررنايةررماطررولالنيجررتلا -3

لنهررول واان ررت اا ز ررزالنياررجنالي ضررلانوضررنالني زوجررج الن تلت ررنالنلا يررنانا ررجاا
يرناي روتاا50cm و 40cm وا33اcmزتجرنا رتلتنالنهرولءالنإجتجرررواوهروايةرماالرز



ال ةجنا   مااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااانايية ناناا  تاا ا عالن يجت ايةماليزلءزتلة
الإلاصاي يزااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااالحرا ي للألا ثى الددعنفة حلد لثا 

اهتجءايازالنهجزياااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
اةجهتنا ةنااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
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ناوترباياوةرطاهره نالنيرو ل نااات ارجاايرجاا40cmليتاوعالني يت او زالإا تالنيو نا
نررو ظايررنالكإااررجتل اليون ررنااأنازتجررنالن ررتلتنااا  ررتااجكاجررج النليرروزيايةررماي رروتا
لنيجررتلاييررجازيررجادنررمالةرراليجلاإيةررناي زوجررج ا تلت ررنانا ررجاازتجررنا ررتلتنالنهررولءا

ءالنإرجت اهروايلرزلاهره النرزتجج او رزاوضرناي زوجرجنايةرماواجت ازتجنا تلتنالنهرول
ويرررررر زو اول ررررررزايةررررررماا(5cm)ايررررررجاوضررررررناي زوجررررررجنايةررررررماييررررررقاا(3cm)ييررررررقا

ا.ا(6cm)ييق
و  ةررعايلررزلالناررز قالن جيرروااايررناإررلالا  ررجاالنرر ينالنررلا ماناررز قا جررمايلرر نايررنالنيررجءاو ررزا

و   ا زو نالواما  جااةتينالنهولءاااو  لاأتاوارناوةجينااااm  500لةاإزمازوتقا جججوايزت اا جم
دنرمايج اتويرجتوياتات يروان رت اا  رجاالن رتقااار نالنضر طالنةراوتواا(Pitot – Static tube)ا او اا

يررناي رروتاا(20cmو ررزاوضررل ا رروايولجهررنالنجت ررجناويةررماالررزا)ا((mmH2Oولنضرر طالناةرروااو ررزل ا
 ررزااررمالكيايررجزايةررمالنللا ررنالنز تجي اررنالناجن ررنان ةررجعاليتارروعالني يترر او رروايتارر النيجررتلالنهررول وااوا

اةتينالنهولءايتزالنض طالنجويالكيا جزي.ا
ااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااااا
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جءاإلالاأتاوعالكإااجتا. ةجعايلزلااز قالني.3  
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  ةجعاااي نالن تلتنالني اوزناينالنيجءاإلالالناات زا واليتاوعالني يت ..2
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  ةجعااي نالن تلتنالنيتااةنااإلالاليتاوع..3



  مجلة الهندسة 2002أذار       44المجلد          2دالعد
 

 iasj.net 345متوفر على الدوقع التالي: 

 

 

 LMTDAUq
oo

                                                   
أن  ثا  























)TT(

)TT(

2a1wat

1a2wat

2a1wat1a2wat

Ln

)TT()TT(

LMTD                         

 

 

  

F

2

F

FrFFFF

2

r

2

oo

Nnh)/4)dh2((π-dhtnhπ        

)LNdPπ)tNdo(π))Nd-(d((π(πA




          

 ةجعايلجيلالتااجلالن تلتناللإجيجنوا.)ا ت ايزماوجوزااةتعا تلتنايناليتاوعا.4
 دنمالنجهج اأوالني  طالنإجت ا(ا.
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 5. ةجعايلجيلالتااجلالن تلتنانججتعالنيجءا

33.0

wat
Pr

8.0

wat
Re023.0*

i
d

k

i
h                                      

ا نا. ةجعايلجيلالتااجلالن تلتنانججتعالنهولءاواإهيجلاياجوينالكاةجخانةججت. 6  

  
  التجــارب العمـــــميةالتجــارب العمـــــمية

ا-نازااماأجتلءاتوي ناينالناججتعا والنا ثالناجنو:
ااججتعاأون نا:االن ت ايتهجالنالت ايةماز ناأجه نالنا جااوأ ضجايلج تناليجه ن.-أوك

ااججتعااتهج  ن:اا رية ا  رجاازتجرج الن رتلتنانةهرولءالنرزلإلاولنإرجت اولنيرجءالنرزلإلاولنإرجت اويلرزل- جت ج
ا. ية الناججتعايةمازتلةنا(m/s   1,2,3,4,5)ولءاهوارررراز قالنيجءايناليتجا عاونإيةناةتعانةه

I- .ااا  تاا ا عالن يجت ايةماليزلءالن تلتيايتاوعاي يت ا ة وت ج
II- .اا  تايززاالن اوعايةماليزلءالن تلتيايتاوعاي يت ا ة وت ج
III- ا ا ة وت ج.ا  تا طتالن اوعايةماليزلءالن تلتيايتاوعاي يت
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 -وقد كانت هذه الدراسة ضمن برنامج تبعا لمخطوات التالية:
ا.(m/s 1)ا   لازل لنالنهولءايةمالنةتيناليونما -3
لنةرريج انةيررجءااجنةررت جناإررلالاجهررج الكإااررجتايررناطت ررقا ررالا رريجماإرر لنالنيررجءاايررجا رروالن ررالا -2

ا.(1)
قالنجهزاياتاية النيةإناالزاا ا  اا   لالنيةإنالن تلتياولنا امااجنياجوينالنيا  تنااا  تا تا -3

 60)ولكتاظجتانيزنااC50زتجنا تلتناإتو النيجءاينالنيةإنالن تلتياايةمازتجنالن تلتنالنيطةوان

از  انااا.ا(
ز  ارررنااات اررجا رررامالإرررهالنارررتلءل النيطةوارررنااا( 60)الررزالنو رررولادنرررما جنرررناالكةررااتلتاالرررزا رررولنوا -4

اعا.لنإج نااالاأتاوا
ا   ررتاةررتيناز ررنالنهررولءا ررمالكتاظررجتادنررمالنو ررولادنررما جنررنالكةررااتلتاولإررها ررتلءناأإررتلاوهاررهلا -5

انإيةناةتعايإاة ن.
يجزنالنإطول  -6 انالاأتاوع.ا (5-1)ا   تاليتاوعاولح

ا
  مناقشةالنتائج مناقشةالنتائج 

اارنا(ااتجون النزتلةنالنلية نازتلةناليزلءالن تلتيايتاوعاي يتر ا ة وت رجاا يجت )ي اارناو  رتاي ا
 ارر نا ل ايرجازتااأ ضرجاارا  تاا  رتايرززاو طرتالن اروعانة يررجت ايةرمايلجيرلالكتاارجلالن رتلتياللإجيرجنو

 ارروع(اا(3)ويررززااا(mm 3)(اياجتتررناليزلءالن ررتلتيانيتارروعالن جنررثاهلا يررجت اي ااررنا) طررت4لن ررالا)
هرولءادنرما  رجزنايلجيرلالتاارجلاولإتاهلا يجت ا  تالني اانان جنناا  تاةتينالنهولءادهاا زيا  جزناةتينالن

 3.5-1.5)لن تلتناللإجيجنوانالااليتاوا نالونانالن تقا واتةانالن  جزنا اونايلزوما والنةرتينالنولط رنا

)m/s(7.5-3)و رر زلزالن ررتقا رروالنةررتينالنلجن ررناا m/sدهااارروناتةررانالن  ررجزنانيتارروعالني يترر الني اررعاا
لنيةررج نااواررجنت مايررناتا ررجنا(%25.9)يترر ا  ررتالني اررعاا تيررجاااررونالنتةررانانيتارروعالني اا(35.6%)
 نالنتجاجرنايرناا ا رعالن يرجت اييرجا ةرجيزايةرماديرجزنااارو ناا  جزنالكضطتلا جنتااجلالن تلتناكلنةط  نا

لنطااررنالنياجإيررنالن تلت ررناييررجا   ررزايررنايلجيررلالتااررجلالن ررتلتناللإجيجنولأيررجااررا  تاا  ررتايررززالن ارروعايةررما
(ادهااررماياجتتررناأتارروا نالن جنررثاولنتلاررناا5ناطررتا اررعا جارر ا رر يانايلا ظارربا رروالن ررالا)اليزلءالن ررتلتيا

نرو ظاأناليتاروعالنتلارناهلا ااوالنلرززا(لررر) اوعالن يجت ايايج ةنااجناطتانالااليتاوا ناوناتهرجايإاة رنا 
اتةراناا(3)ززرررررررجاهلالنلأيا(%31.6)(الطوا  جزناط   نا وايلجيلالتااجلالن تلتناللإجيجنوااتةاناا2لنلررزز)

ارا  تاا  رتا طرتالن اروعاا(6)و ار نالن رالاالا(m/s 7.5– 3)  رولاازلايرناةرتيناهرولءررررنيا(35.6%)
  ررررثا رررروتناليتارررروعالن جنررررثااا(m/s 7.5– 1.5)يةررررماليزلءالن ررررتلتيانيررررزلايررررنالنةررررتينالنهررررولءا
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 اروع(اونرو ظاأنا  رجزناا(3)ويرززااا(4mm) اروع(ايرناأتاروعالنإرجياا) طرتا(3)ويززااا(3mm)) طت
اةاعا  جزناية وظرنا روايلجيرلالتاارجلالن رتلتناللإجيرجنوانيتاروعااm/s (7.5-1.5)لنا ولاولءررررةتينالنه

ولنتررجااايترربا  ررجزنااررلايررناالنيةررج نالنةررط  ناا(%52)وليتارروعالن جنررثااتةررانااا(%46)لنإررجياااتةرران
ا نا.ااااينا طتالن اعالناة ل(الكضطتلنة يجت ا)لنتج

ا
ويرززااا(3mm) اروع(ايرناليتاروعالن جنرثا) طرتا(6)ويرززااا(2mm)ازا وتناليتاروعالن رجتوا) طرتن

 اررروع(اناوتهيرررجاياةرررجو جنااات ارررجا ررروالنيةرررج نالنةرررط  نالناة رررنانة يرررجت .اونو ررررظاأنايلجيرررلالتاارررجلاا(3)
أيرجااا(%49.4)نيتاروعالن رجتوااتةرانا  m/s(7.5-1.5) لن رتلتناللإجيررجنوا ر زلزانيرزلاةررتينالنهرولءايرن

وناررونايلجيررلالتاارجلالن ررتلتناللإجيررجنوانيتارروعالن رجتوايررجنوا اررمانةةررتينالنولط ررناا(%52)لن جنرثااتةررانا
ا(m/s 1.5)يترررررزالنةرررررتينا(%20.9)(ادهالتررررربا ررررر زلزااتةرررررانا(7ايرررررجا ررررروالن رررررالاا(3.5m/s)ل رررررلايرررررن

يررنا  رررثاليزلءايترربانيتاررروعالن جنررثا هررروال ضررلاليتجا رررعاا(m/s 7.5)يتررزالنةرررتيناا(%14.3)ياجاررل
(لاو لررر لاةررراعاهنررركادنرررماأوكالكضرررطتلاج النلجن رررنالن ج رررةنانةجت رررجنا ررروا8لنررررر تلتياايرررجا ررروالن ارررررل)ا

ليتاوعالن جتواوتظتلاكيااجتالنجت جنايول يانة اوعا جنالنض طايةماججتاوالن يت ناياةجويانهلاكا اونرزا
ينايةاولاجت جنالنيرج نا)تا جرنالنا رت نااجت جنا جتوياونانا والن ا انا   لالت تل انيةاولالن اوع

(اييجا ةاعالإالا النض طايةماجرجتاوالن اروعاولنير زيادنرماجت رجنا رجتويايرلاونايةرماالرت الن يت رنا
دنماا وهج اةط  نا)لنايوجج ا(اولناواأز ادنمايزماوجوزايةاويا جار انة يت رناو رزاارمالن  رولايةرما

لاللإجيجنواوةتينالنهولءالنا ولانجي ناليتجا عاوايجايا تنايززاينالنللا ج الناجت ا ناا نايلجيلالتااج
ا.اا(2) والنجزولا

أناليتجا عايا جاباينا  ثايجزنالنا ت ناوأالجزالن يجت اوايجاأنالنارز قانةيرجءالنةرجإناارجنااات ارجا جاارجا
لالتااجلالن تلتنااإلالالناجتانا جناأيا  جزنا وايلجيلالتااجلالن تلتناللإجيجنواااوناتجاجناينا  جزنايلجي

انججتعالنهولء.
اوامالنو لالنمايززاينالكةاتاججج 

دناايلجيلالتااجلالن تلتناللإجيجنواانيتجا عالني اانالن يجت اأيةمايناا  تالني اانا هوانيتاوعا -3
ا.(7.5m/s)ينا  يابانيتاوعالن  تاي اعايتزالنةتينا(%36)لن جنثاا  زلزااتةان

تلتناللإجيررجنوانيتارروعالني اررعا اررا تاا  ررتلااةررتيناهررولءالناات ررزا  ررثادناا ةرر نايلجيررلالتااررجلالن رر -2
ا ا ةناينا  جزناةتينالنهولءاواتةاناأيةماينا  تالني اعا.ا

يرنالن اروعاار زيا(hole/fin 3) ونلرززا جار ا(mm 3) دنرمااا(mm 4)دناااة رلا طرتالن ارعايرن -3
نررهنكا رجنالي طررجتالن رر  تناا(m/s 7.5)يترزالنةررتينا(%28.9)دنرمايلجيررلالتاارجلا ررتلتناأيةرمااتةرران

انة اعاهوالي ضلا.
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ا
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 (  يبين الجهازالاختباري4الشكل)
 
 
 
 
 

 مفتا  التخابي-7           صتام               -4مضخة هواة                                                                         -3
 لزرا   قتي-8م خ  حرا ي                 -5لرر  هوا ي                                                                         -2
                    مفا مة متغزة-6ادان تجبثد الداة                                                                     -3

 الغير مثقب المزعنفالانبوب الحمزوني   (2a)لشكل ا
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 ابعاد الزعانف والثقوب للانابيب الخمسة(  يبين 2شكل)

ا
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ا
ا
ا
ا
ا
ا
ا
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 (  المسخن الحراري3لشكل)

 
 

 عواعا حرا عة -6ملك الد خ     -5الف ر الساالي  -4ارلثوئ الساالي   -  3لد لثة  الدعالق الح -2ارلثوئ الخا جي  -3
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معامل انتقال الحرارة الإجمالي لأنبوب مزعنف حمزونيا)مثقب الزعانف وغير مقارنة بين ا(4) الشكل
 مثقب الزعانف(ولمدى من سرعة الهواء

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

زعانف بقطر معامل انتقال الحرارة الإجمالي لأنبوبين مزعنفين حمزونيا)مثقبين المقارنة بين (5)   الشكل
 ثقب ثابت وبعدد متغير لمثقوب   ( ولمدى من سرعة الهواء
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معامل انتقال الحرارة الإجمالي لأنبوبين  مزعنفين حمزونيا))مثقبين الزعانف بقطر  مقارنة بين (6) الشكل
 متغير لمثقوب وبعدد ثابت  ( ولمدى من سرعة الهواء
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معامل انتقال الحرارة الإجمالي لأنبوبين مزعنفين حمزونيا بزعانف ذا مساحة ن المقارنة بي(7) الشكل
 سطحية متساوية ولمدى من سرعة الهواء

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 معامل انتقال الحرارة الإجمالي للأنابيببين المقارنة (8) الشكل
 
 
 

 العلاق ات التجريبية للأنابيب الخمسة  (2)الجدول

U0 (W/m2.K) 

                  Vmax(m/s) 

dh 
(mm) 

Nh Tube 

No. 
UO = 2.3741Vmax + 17.055 - 3 3 
UO = 3.8099 Vmax + 19.39 2 6 2 
UO = 3.6043 Vmax + 15.066 3 3 3 
UO = 3.0613 Vmax + 16.521 3 2 4 
UO = 2.76    Vmax + 16.2 4 3 5 
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ABSTRACT 

A numerical finite-volume calculation method was used for application to fully-developed 

flow and heat transfer in straight ducts with 2-Cusp, 3-Cusp and 4-Cusp cross-sectional area. The 

method was formulated with reference to a non-orthogonal curvilinear coordinate system which 

was fitted exactly into duct shape. In turbulent flow, the Reynolds stresses were calculated by using 

the coupled algebraic stress model of Launder and Ying (1973) with a ( k  ) transport model. 

This turbulent stress model enabled secondary flows to be included in the non-circular duct 

calculations. In heat transfer solution, three thermal boundary conditions were 

investigated.Predictions were compared with available numerical and experimental data. The 

turbulent flow predictions of secondary and axial velocity, wall shear stress and Nusselt number 

were in reasonable agreement with experiment for the fully-developed flow cases. It is concluded 

that, although the maximum secondary flow was found to be (1.5%-2.5%) of the mean axial flow, 

the absence of this flows have significant influence on the flow and heat transfer parameters. 

Moreover, these flows will increase when the corners of a duct become more acute. Heat transfer 

results showed that the peripheral temperature variation around the duct has a significant effect on 

the heat transfer results, and confirmed the inadequacy of the hydraulic radius concept in the cases 

of the very non-circular ducts when comparison is made with Blasius correlation. 

 الخلاصة
دراسة عددية باستخدام طريقة الحجوم المحددة تم تطبيقيا لحساب الجريان وانتقال الحرارة في أنابيب ذات مقطع غير 

في الجريان  دائري وتحتوي عمى زوايا مستدقة.الدراسة اعتمدت عمى نظام المحاور الغير متعامدة والذي يأخذ شكل مقطع الأنبوب.
( , ىذا النموذج kمع نموذج ) Launder and Ying (1973)ينولدز باستخدام نموذج المضطرب, تم حساب اجيادات ر 

تم  قادر عمى حساب الجريان الثانوي  الذي يتولد في الأنابيب الغير دائرية المقطع. في حساب انتقال الحرارة, ثلاثة شروط حدية
تائج نظرية ومختبرية سابقة. نتائج الجريان المضطرب لمسرعة الثانوية والمحورية تطبيقيا. النتائج المستحصمة تم مقارنتيا مع ن

واجياد القص ورقم نسمت كانت مطابقة بشكل مقبول مع النتائج المختبرية المتوفرة. لقد تم الاستنتاج أنو رغم ان القيمة القصوى 
أن تأثيره عمى النتائج واضح, فضلا عن أن ىذا  ( من معدل الجريان المحوري ,الا%2.5-%1.5لمجريان الثانوي تصل الى)

الجريان تزداد قوتو مع وجود زوايا حادة في مقطع الأنبوب. نتائج أنتقال الحرارة أظيرت أن التغيير المحيطي لدرجة الحرارة حول 
ات الزوايا المستدقة عند في حالة الانابيب ذو  ءالأنبوب لو تأثير واضح عمى ىذه النتائج وكذلك تبين ضعف مفيوم القطر المكافى

 المقارنة مع علاقة بمسيوس للانبوب الدائري المقطع.
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INTRUDUCTION 

The need for compact flow passages in heat exchangers and other engineering component 

systems, like, the cooling and heating process in nuclear reactors and all kinds of waste-heat 

recovery have led to an urgent need for detailed knowledge of flow and heat transfer in non-circular 

ducts; in particle ducts with cusp corners. Such geometries, i.e. cusp corners, may be found in many 

applications like tube bundles and the shell and tube which form many types of heat exchangers. 

Therefore the study of these geometries, for both the flow and heat transfer, is very important in the 

industrial. This study will provide the require data for behavior of average and local properties for 

the flow and heat transfer like the friction resistance and the heat transfer coefficient. 

For its mathematical simplicity, the fully-developed laminar flow in non-circular ducts has 

been solved for most practical geometries to investigate the effect of shape on the friction factor by 

using the hydraulic diameter concept. Examples of these investigations are the work of (Gunn and 

Darling 1963) as they carried out numerical study on fluid energy losses in non-circular conduits, 

especially sections formed by close packed tube bundles and they also investigated these shapes 

experimentally. (Shah and London 1978) showed that solutions of the governing differential 

equations have been obtained by both analytical and numerical methods for many non-circular 

geometries. It was found that non-circular ducts friction factor is always different from that of 

circular duct. The main reason for this difference is the deformation of the local wall shear stress, 

which is caused by the duct shape deformation. 

A feature of turbulent flow in non-circular ducts which is absent from laminar flow is the 

“secondary flows” that are generated in the cross-sectional plane. These flows have the effect of 

transporting some of the core fluid into the corners of the duct, causing the flow to spiral in the 

axial direction in separate cells located across the cross-section. Although the secondary velocities 

are relatively weak compared with the main axial flow (about 1%-2.5% of mean axial velocity), but 

can have significant influence on the flow and heat transfer characteristics. Indeed, the distortions 

caused to the axial velocity distribution were the main early evidence of the existence of these flows 

in non-circular ducts. 

Experimental work on turbulent flow in non-circular duct geometry is mainly confined to 

friction factor measurements. Examples of those are, (Launder and Ying 1973) for square duct, 

(Hassan 1984) for isosceles right angle triangular and 4-cusp ducts and (Rijab et al 1991) for 3-

cusp duct. Previous experimental works showed that any prediction procedure must therefore 

include secondary flow effects if it is to produce realistic results. An alternative simplified approach 

was however taken by (Launder and Ying 1973) who developed approximate algebraic versions 

of the Reynolds stress transport equations for the calculation of square duct flow. These were later 

generalized by (Gesener and Emery 1976) who derived an algebraic equation set for the full 

Reynolds stress tensor. The prediction method of (Launder and Ying 1973) has been applied to the 

axial flow in equilateral triangular and square ducts (Rapley 1980); isosceles right angle triangular 

and 4-cusp ducts (Hassan 1984) and trapezoidal and a wavy ducts (Rokni and Gatski 1999). 
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The ducts shown in Fig.1 are of particular interest because it represents the limiting case of 

compact rod bundle flows with rods touching with flat plates. Closely spaced rod bundles have 

important applications in nuclear reactor cores and other compact heat exchangers and, over the 

years, much effort has gone into methods of prediction (Hassan 1984). However, no calculations of 

turbulent flow with predicted secondary flow appear to be available for 2-cusp and 3-cusp 

geometries. Such ducts yield a very non-circular passage shape with curved walls and cusped 

corners and are thus suitable for the present study. This should provide useful information on local 

mean flow, secondary flow and turbulence distributions and the problems associated with their 

prediction generally in this class of duct as well as specifically for the limiting case of rods touching 

in rod bundle flow. 

In the present study, a numerical finite-volume procedure, used for the prediction of fully-

developed turbulent flow in straight passages of arbitrary constant cross-section, is applied to 2-

cusp and 3-cusp ducts, as shown in Fig.1. The method solves the Reynolds, continuity and 

turbulence transport equations on a non-orthogonal curvilinear grid which is generated numerically 

to fit the duct cross-section. The Reynolds stresses are calculated with an algebraic stress transport 

model (ASTM) of (Launder and Ying 1973) which links the stresses to mean velocity gradients 

through the turbulence kinetic energy and its dissipation rate, whose values are obtained by solving 

their modeled transport equations; i.e. (k-) model.  

     

THEORETICAL MODEL 

 

Governing Equations 

The Reynolds equation for steady time-averaged incompressible turbulent flow can be 

written in Cartesian tensor form as (Hinze 1975): 
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and the continuity equation as: 
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The stress tensor ij  represents the sum of the viscous and turbulent (Reynolds) stresses, i.e.  

 

Fig.1: Ducts under consideration 
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And the energy equation: 
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The terms ( tu j ) represent the turbulent heat fluxes. Simply eddy diffusivity (SED) model based 

on the Boussinesq approximation is used to provide closure these fluxes, (Rokni and Gatski 1999).  
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substituting eq.(5) into eq.(4) gives: 
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Turbulence Modeling 

As attention previously, generation of secondary flows by numerical model is an important 

factor to accurately the prediction of turbulent flow in non-circular passages. A linear eddy-

viscosity model (EVM) does not have the ability to predict secondary flows, this being a 

consequence of the stresses being directly related to co-planar velocity gradients, as with fully-

developed laminar flow. This means that a higher order turbulent stress model is needed, which 

usually entails solving the Reynolds stress transport equations for each stress required. Therefore, 

the algebraic stress transport model (ASTM) of (Launder and Ying 1973) is used in the present 

study to describe the Reynolds stresses, as: 
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In order to be consistent with the aim of obtaining a prediction procedure for general 

geometries, no attempt has been made to optimize the empirical constant, whose values have simply 

been taken from previous studies, (Launder and Ying 1973) and (Rapely 1980) and may be 

summaries below: 

C1=0.23,C2=0.027,C3=0.562 and C4=C =0.09  
  

The axial plane shear stresses wu   and wv  are seen from eq.(11) and eq.(12) to be represented 

by a gradient diffusion model with an isotropic turbulent viscosity t given by (Jones and 

Launder(1972): 

 


 

2k
Ct                                                                                                                        (13) 

 

In contrast the cross-plane stresses, which are responsible for secondary flows, are seen from 

eqs.(8)-(10) to depend on strain rates in planes normal to the cross-plane. 

The turbulence quantities k and  , required in the ASTM, were obtained here from the appropriate 

from of the well-known (k-) two equation turbulence model (Launder and Spalding 1974): 
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Where k=1.0 and =1.2 are the turbulent Prandtl numbers for k and , respectively, C1=1.55, 

C2=2.0 and G is the generation rate of turbulence kinetic energy, calculated from (Hassan 1984); 
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Transformation of the Governing Equations 

The governing equations can be written in terms of a single general equation for an arbitrary 

scalar dependent variable as 
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where   is an effective diffusion coefficient and S is a source term. Eq.(17) when cast into general 

non-orthogonal form with, the aid of the transformation of (Rhie 1985) to new independent 

variables (,,) and specialized to fully-developed flow in straight passages ( z =0 except 

zP  and zT   (Kays and Crawford 1993)), eqs.(1),(2),(6),(14) and (15) can be written: 
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u - Momentum:   
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v - Momentum:    
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w - Momentum:   
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Continuity Equation:  
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Energy eq.: 
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k-Equation: 
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-Equation: 
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here G1 and G2 are contravariant velocities: 
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Where J,, and  can be found in (Karki and Patankar 1989). Details of the source term S for 

each equation can be found in Table 1. The turbulent stresses appearing in these source terms were 

calculated with the ASTM eqs.(8)-(12). 

 

Table 1: Parameters in the General Transport Equation. 
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Turbulent dissipation   


21 CGC
k

  

 

 

Boundary Conditions 

The treatment of solid wall boundaries includes the most difficult part of solving the 

problem of flow and heat transfer in non-circular duct. The boundary conditions applied around the 

duct periphery involved the use of wall functions to bridge between the interior solution and wall 

surfaces. The functions used were conventional and based on the well-known “log-law of the wall” 

which is written (Versteeg and Malalasekera 1995); 

 

For momentum:                 YE
u

U
ln
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                                                                                    (26) 

where U represents the local resultant velocity and  

                                          


  nyu
Y                                                                                          (27) 

with yn the distance from the wall along the appropriate coordinate line. u  is the local friction 

velocity taken here as 

                                           2/14/1/ kCu w                                                                               (28) 

 

with w the local wall shear stress, =0.42 and E=9.025 as in (Rapley 1980). 

The above relations were used to obtain local wall shear stress for solution of the 

momentum equations and together with the assumption of local turbulence equilibrium also to 

obtain relations for the near-wall generation and dissipation of turbulence kinetic energy for 

solution of the turbulence equations (Rapley 1980). 

    

For energy:                       )( TLT fUT                                                                        (29) 

where T is a non-dimensional temperature defined by(Versteeg and Malalasekera 1995): 
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where wT is the wall temperature, PT is the near wall temperature and wq is the wall heat flux. 
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as well as, three thermal boundary conditions are applied for heat transfer field as in (Rapley 1980) 

H1: Constant peripheral temperature and axial heat flux. 

H2: Constant peripheral and axial temperature (isothermal wall). 

H3: Constant peripheral and axial heat flux. 

 

THE NUMERICAL SOLUTION 
The transport equations, i.e. eq.(18), eq.(19) and eq.(20) for momentum, eq.(22) for energy and 

eq.(23) and eq.(24) for turbulence, can all be cast into the following common form: 
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Where  stands for any of the main dependent variables u, v, w, T, k and  .  and STotal are 

respectively the corresponding diffusion term and source, where STotal=SN+JS, and SN  is the source 

term arising from the nonorthogonality of the grid system,  
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and the details of the appropriate  and S for each equation can be found in Table 1. 

A finite-volume method was used, based on a non-orthogonal grid in the duct cross-plane, 

Fig. 2, and employing a staggered grid arrangement for u and v (Versteeg and Malalasekera 

1995). 
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Fig. 2: The cross-plane non-orthogonal curvilinear grid 
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Integration of each term in eq. (32) across the appropriate control volumes led to the final 

discretized algebraic equation, i.e. 

 

CSSNNWWEEPPP SAAAASA  )(                                                      (34) 

 

where SNWEP AAAAA   and SP and SC are coefficients of the linearized sources. The A 

coefficients contain the combined effects of convection and diffusion approximated by a standard 

hybrid differencing scheme (Patankar 1980). The solution procedure consisted of a repeated outer 

sequence in which the cross-plane momentum and continuity equations were dealt with by the 

SIMPLE method of (Patankar 1980), and an inner iteration sequence in which the discretized 

algebraic equations were solved with a conventional line-by-line method based on the well known 

tri-diagonal matrix algorithm (TDMA). Because of the inherent non-linearity of the discretization 

equation it is sometimes necessary to slow down the change in  from one iteration to the next, so 

in the present study, under-relaxation used to avoid divergence to the solution (Rapley 1980). The 

convergence requirement used was that the sum of the absolute residual sources over the whole 

field be less than 10
-3

 of reference quantities based on overall mass and momentum flows.  

  

RESULTS AND DISSCUSION 

 

Grid Generation 

The non-orthogonal body-fitted curvilinear grid used in the flow and heat transfer 

predications for 2-Cusp and 3-Cusp ducts was generated numerically by using the most common 

elliptic partial differential equation, Laplace equation, in the form: 
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The above were solved by finite differences using central differencing and a similar ADI 

algorithm to that used in the flow solution. Typical full mesh generated for the present cases shown 

in Fig. 3 and Fig. 4. Tests with different meshes were used to obtain mean flow solutions that were 

substantially independent of the mesh and as may be expected, the secondary flow field was found 

to be more sensitive to mesh changes than mean flow particularly in the regions where nodes 

became sparse. 

 

The Flow and Heat Transfer Calculations 

    At first of these calculations, the flow was assumed to be unidirectional flow (without 

secondary flows). The unidirectional solution severed a number of purposes. The primary purpose 

was to set it as a first estimate to the solution when the full flow problem is considered. This was 

found to be very effective in enhancing the stability and convergence rate of the numerical solution. 

Moreover, the results of the unidirectional solution for the ducts under consideration are compared 

with these with secondary flow to see the effect of secondary flows on the various parameters. The 

unidirectional flow is considerably simpler than that with secondary flow, since the mathematical 

problem is reduced to a one-dimensional problem. It is necessary to solve the axial momentum 

equation with the ( k ) turbulence model. The results of this flow will be shown and discussed 

along with the other results in the following section. 
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For 2-Cusp duct, the flow in this geometry must represent one of the more severe tests of the 

present calculation method, particularly in the absence of the smaller acute angle, where the axial 

velocity, turbulence properties and stresses change rapidly across the narrow duct. A further 

physical feature of this flow should be the significant damping effect of the walls on turbulence in 

the acute-angled corner. Fig. 5 shows the axial velocity plotted at side bisector. The difference 

between the prediction for unidirectional flow and the real situation is attributed to the influence of 

the direction of rotation of the secondary flow which caused a reduction of the axial velocity in the 

side bisector. The effect of Reynolds number on the axial velocity is shown also and as expected, as 

the flow rate increases the velocity field becomes more full. The predicted secondary velocity 

vectors in the whole duct geometry are shown in Fig. 6. In the symmetry half of the duct, three 

swirls of secondary flow are predicted with two counter-rotating cells near the acute angle and the 

other near the right angle. Although there are no theoretical or experimental data available for 

comparison, the overall pattern seems a logical extrapolation of the isosceles right angle triangular 

duct flow pattern of (Hassan 1984), and contains the usual features of flow from the core region 

along corner bisectors into the corners, then returning to the core via the walls and their 

perpendiculars. The largest secondary velocities are about 1.2% of the mean axial velocity and 

occur along the corner bisectors and base wall. The effect of secondary flows on the axial velocity 

contours can be seen in Fig. 7.  

The predicted wall shearing stress along the curved side and the flat side is plotted in Fig. 8. 

The effect of flow rate and secondary flows is apparent on the distribution of the wall shear stress 

along the two walls of the duct, and it is similar to that in the axial velocity. The effect of secondary 

flow in reducing the peripheral variation is evident with reduced shear stress as approach to the 

center wall. This tendency of secondary flow to make wall shear more uniform is apparent in all 

previous non-circular passages studied (Rapley 1980) and (Rokni and Gatski 1999) and can be 

considered a further characteristic effect of secondary flow on the mean flow. 

   In heat transfer calculations, the heat transfer was obtained for three thermal boundary 

conditions, H1, H2 and H3. Details of the treatment of these boundary conditions can be found in 

(Rapley 1980). Air was chosen as a working fluid in these calculations and its properties were 

taken at bulk temperature of the flow field as in (Kays and Crawford 1993). The local distribution 

of the heat transfer coefficient for the three boundary conditions, H1, H2 and H3 is presented in 

Fig. 9. The heat transfer coefficient in the case of H3 boundary condition varies steeply in the 

peripheral direction when compared with that for the other two boundary conditions H1 and H2. 

This behaviour of the heat transfer coefficient is strongly related to the distribution of the wall 

temperature in the peripheral direction. The effect of flow rate is presented in Fig. 9; therefore as 

the flow rate increases the profile of the heat transfer coefficient becomes more full. However, the 

variation of the heat transfer coefficient with the flow rate is very slight for the range of Reynolds 

numbers in the figure. The effect of the secondary flow is also evident in Fig. 10 and it is similar to 

that observed on the local wall shear stress. Therefore, the secondary flow acts to increase the heat 

transfer coefficient in the corner region and at the same time reduces it in the central region. The 

mean Nusselt number-Reynolds number characteristics are shown in Fig. 11. The relation between 

the three thermal boundary conditions confirms the previous conclusions from the distributions of 

heat transfer coefficient. As expected, the predicted results for H1 and H2 are (40%) and (50%) 

respectively below the pipe flow correlation, whereas the H3 line is about (87%) lower than that of 

the pipe flow. Moreover, the uniform wall temperature (H1) boundary condition has the maximum 

value of mean Nusselt number whereas the uniform heat flux case, (H3) is always the smallest. This 

is caused by the presence of the transverse temperature gradient which is accompanying the H3 

boundary condition and does not exist in the H1 boundary condition. 

In 3-Cusp duct, Fig. 12 shows the predicted axial velocity at two sections, the corner and 

side bisectors; a comparison between the present predictions and experimental data of (Rijab et al 

1991), is also made. It is clear that the agreement along the side bisector is very good. Moreover, 
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the effect of secondary flow is clear also as it tends to make the axial velocity more full near the 

corner and reduces it near the side bisector. The predicted secondary velocity vectors in the 3-Cusp 

duct are shown in Fig. 13. Although, there is no experimental or theoretical pattern available with 

which to compare the latter, the three eddies obtained in the symmetry cell are consistent with the 

equilateral triangular duct case of (Rapley 1980) and (Rokni and Gatski 1999), in that flow is 

from the core region towards the corner along the line of the corner bisecting plane, returning via 

the walls and wall bisecting planes. The largest secondary velocities were about 1.5% of the mean 

axial velocity and were located near the wall and along the corner bisector. The axial velocity 

contours which are presented in Fig. 14 shows clearly the effect of the secondary flow in 

convecting the momentum from high momentum central regions towards the low momentum corner 

regions.        

In Fig. 15 the predicted local wall shear stress is compared with the measurements that 

made by (Rijab et al 1991). Several indications can be drawn from this figure which confirms those 

observed earlier in the axial velocity predictions. It is clear that the shear stress decreases near the 

corners, with higher gradient near the smaller angle. This is due to the laminarization of the flow 

near the corners. The decrease near the center of the flat is attributed to the existence of the 

secondary flow, as the secondary flow tends to make wall shear stress more uniform along the 

section and this similar to the results of (Hassan 1984), in isosceles right angle triangle. 

The present calculations for the local distribution of heat transfer coefficient are compared 

with the experimental measurements of (Rijab et al 1991). The experimental duct had electrically 

heated walls which were assumed to produce a constant heat flux, H3, boundary condition. This 

comparison is shown in Fig. 16 where the present prediction is seen to be in reasonable overall 

agreement with experiment. The local distribution of heat transfer coefficient for the three boundary 

conditions H1, H2 and H3 is presented in Fig. 17. The present calculations show, however, that the 

peripheral variation of the heat transfer coefficient in the case of H3 is very steep compared with 

that of H1 and H2. The main reason is the steep variation of the temperature field in the peripheral 

direction. The significant effect of secondary flow in making the peripheral variation more uniform 

is evident from these results. The mean heat transfer coefficient is shown in Nusselt number form in 

Fig. 18. It is apparent from this figure that the difference between H1 and H2 Nusselt number is 

small. This is expected since the peripheral temperature variations are quite small. On the other 

hand, the mean Nusselt number for H2 and H3 cases is about 5% and 65% respectively below that 

of H1; this is caused by the severe wall temperature variations in the peripheral direction in H3 

boundary condition. 

 

CONCLUSIONS: 

A numerical solution was developed for solving the flow and heat transfer fields in 2-Cusp 

and 3-Cusp ducts. In flow field, the flow was assumed to be hydrodynamically and thermally fully-

developed flow. The secondary flows calculated by using ASTM of (Launder and Ying1973). In 

heat transfer field, three thermal boundary conditions, H1, H2 and H3 were investigated. The results 

of the present study were in good agreement with the previous measurements. The following 

conclusions are indicated from the predictions: 

1. In turbulent flow, it is evident that the two-equations ( k ) model is quite a satisfactory 

model for turbulent flow in non-circular ducts. 

2. The predicted axial velocity and wall shear stress distributions obtained for turbulent flow 

in corresponding ducts studied were generally found to be flatter than might be expected from the 

equivalent laminar calculations, taking into account the increased shear due to turbulence. The 

reason for this was clearly revealed by taking advantage of the facility in the present method of 

being able to make calculations for the hypothetical situation in which the turbulence secondary 

flow is suppressed. 
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3. The algebraic stress transport model (ASTM) of (Launder and Ying 1973) have the 

ability, rather than eddy-viscosity turbulence models, to predicate the secondary flow in straight 

non-circular ducts. 

4. The secondary flows so generated, will distort the mean flow since axial velocity 

gradients, turbulence kinetic energy and wall shear stress will tend to increase in regions where 

secondary flow is directed towards the wall, and decrease in regions where it is directed away from 

the wall. This effect will be seen in axial velocity contours which will bulge into a wall 

convergence, and in wall shear stresses which will be made more evenly distributed. 

5. In turbulent heat transfer, the effect the secondary flow on the local temperature 

distributions and local heat transfer coefficient was found to be quite significant which indicates the 

importance of including the secondary flow in the calculations. 
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NOMENCLATURE 

Latin Symbols 

A: Coefficient of the discretized equations 

C1,C2,C3,C4:Constants in ASTM 

cp :Specific heat at constant pressure , J/(kg.K) 

C,C1,C2 :Constants in ( k ) turbulence model  
D :Diffusion term 

E :Logarithmic law constant, equation (3.58) 

F :Convection term 

g :Metrics tensor element 

G :Generation term of the turbulent kinetic energy 

G1,G2,G3 :Contravariant velocity components 

h :Heat transfer coefficient, W/(m
2
.K) 

J :Jacobian of transformation 

k :Turbulence kinetic energy, m
2
/s

2
 

Nu :Nusselt number 

P :Pressure, N/m
2
 

q  :Heat flux, W/m
2
 

Re :Reynolds number 

S :Source term of  ,table (3-1) 

SN :Source term due to non-orthogonality, equation (3.40) 

STotal :Total source terms 

T :Temperature, K 

Tb :Bulk (mixed) fluid temperature, K 

u,v,w :Cartesian velocity components, m/s 

x,y,z :Cartesian coordinate, m 

U
+ 

:Dimensionless velocity, eq. 3.54) 
 

Y
+ 

:Dimensionless distance from a wall, equation(3.52)
 

 

Greek Symbols 

,, :Coordinate transformation parameters, equation(3.29) 

ij :Kronecker delta 

 :Grid spacing, m 

 :Under-relaxation factor 

V :Elementary volume, m
3
 

 :Diffusion coefficient 

 :Dissipation rate of kinetic energy, N/(s.m
2
) 

 :Von Karman constant 

 :Laminar viscosity, kg/(m.s) 

e :Effective total viscosity,(+t), kg/(m.s) 

t :Turbulent viscosity, kg/(m.s) 

 :Kinematics viscosity, m
2
/s 

,: Curvilinear coordinates 

 :Density, kg/m
3
 

ij  :Stress tensor, N/m
2
 

k, :Effective Prandtl numbers  

ij  :Viscous stress tensor, N/m
2
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w :Wall shear stress, N/m
2
 

 :Dependent variable 

Subscripts 

e,w,n,s :Face of the control volume 

E,W,N,S :Neighbor nodes of point p 

i,j :Index Notations or coordinate direction identifiers  

L :Local value 

m :Mean value 

MX,MY,MZ :Refers to source term of momentum equation in Cartesian coordinates  

nb :Abbreviation of neighboring 

 

Superscripts 

*    :Guessed quantity or quantity from last iteration  

’     :Fluctuating quantity in the time averaging or correction quantity   

— :Averaged quantity 
 

Abbreviations  

ASTM :Algebraic stress transport model  

CFD :Computational Fluid Dynamics 

SIMPLE :Semi- Implicit Method for Pressure Linked Equation 

TDMA :Tridiagonal Matrix Algorithm  

Fig.3: Non-orthogonal curvilinear grid for 

2-cusp duct 

Fig.4: Non-orthogonal curvilinear grid for 

3-cusp duct 
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ABSTRACT 

A computational algorithm for calculating the unsteady compressible and turbulent 
hydrodynamic and thermal boundary layers over a porous flat plate with uniform suction or 
injection is developed in the present work. The mathematical modeling involves the derivation of 
the governing partial differential equations of the problem. These are the continuity, the 
momentum, the ( εκ − ) turbulence model and the energy equations. Besides, the perfect gas law 
and the Sutherland's law of molecular viscosity are also used. A proper initial and boundary 
conditions are specified to be used in the solution of the governing equations. A numerical solution 
of the governing equations is made by using the control volume approach, with non-staggered grid 
technique and modified SIMPLE algorithm. The numerical solution is capable of calculating the 
velocity and temperature distributions of the calculation domain, the kinetic energy and dissipation 
of turbulence, the local and average skin-friction and heat transfer coefficients and Nusselt number, 
and the hydrodynamic and thermal boundary layers thicknesses. All these parameters are calculated 
at the transient and steady states. The numerical results show that the developed algorithm is 
capable of calculating the flow field, properly and accurately. The results show that injection causes 
slight decrease in the temperature inside the thermal boundary layer, a decrease in skin – friction 
coefficient, a slight increase in the Nusselt number, a decrease in hydrodynamic boundary layer 
thickness, an increase in thermal boundary layer thickness and an increase in the time required to 
reach the steady state. Suction almost causes reverse effects.  
 

  الخلاصة
ابرة،  ة الع ة والحراري ة الھيدروديناميكي ة المتاخم في البحث الحالي، تم التوصل إلى نموذج رياضي عددي لحساب الطبق

وذج الرياضي  الانضغاطية والمضطربة على صفيحة مسطحة مسامية مع حقن وسحب بسرعة منتظمة من الصفيحة. يتضمن النم
ة للمس ادلات التفاضلية الجزئي وذج (اشتقاق المع ادلتي نم زخم، مع تمرارية، ال ادلات الاس ي ھي مع εκألة، والت ) للاضطراب −

ومعادلة الطاقة.  بالإضافة إلى ذلك، تم استخدام معادلة الغاز المثالي وقانون سذرلاند للزوجة الديناميكية. تم تعريف ظروف ابتدائية 
ة  وحدية مناسبة لاستخدامھا في حل المعادلات. ة وطريق ر مزحف تم حل المعادلات عدديا باستخدام تقنية الحجم المحكوم مع شبكة غي

)SIMPEL  ،دد للاضطراب ة والتب ) المعدلة. للحل العددي القابلية على حساب توزيعات السرع ودرجات الحرارة، الطاقة الحركي
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ة. القيم الموقعية والمتوسطة لمعدل الاحتكاك، معامل انتقال الحرارة ورقم  ة والحراري ة الھيدروديناميكي ة المتاخم نسلت، سمك الطبق
ى  ة عل كل ھذه المتغيرات تحسب للحالة العابرة والمستقرة. أظھرت النتائج العددية إن النموذج العددي الذي تم التوصل أليه له القابلي

اض طف ن يسبب انخف ة أن الحق ائج العددي ة. بينت النت بة ودقيق ان بصورة مناس ة حساب الجري رارة داخل الطبق ة الح ي درج يف ف
ة  ة المتاخم مك الطبق ي س اض ف لت, انخف م نس يم رق ي ق ة ف ادة طفيف اك, زي ل الاحتك يم معام ي ق اض ف ة, انخف ة الحراري المتاخم

  في الوقت المطلوب للوصول إلى الحالة المستقرة.  ةالھيدروديناميكية, زيادة في سمك الطبقة المتاخمة الحرارية, وزياد
 

KEYWORDS 

 Boundary Layer, Flat Plate, Unsteady, Hydrodynamic and Thermal, Injection and                  

Suction. 

 

INTRODUCTION:- 

  The flow and heat transfer inside the boundary layer may be either steady or transient 
(unsteady) .The most important cases in practical applications are usually steady cases. 
Nevertheless, there exists some important unsteady applications, such as motion started from rest, 
periodic motion, accelerated motions, boundary layer behind a moving normal shock wave,…etc. 
Besides, all processes in nature must pass through a transient period before they attain the steady 
conditions. Therefore, the calculation of the transient phenomena associated with any process is an 
important matter. The development of the theory of boundary layer flow in compressible streams 
was stimulated by the progress in aeronautical engineering and rockets and artificial satellites. 
When flight velocities of the order of multiples of the velocity of sound are attained, the work of 
compression and energy dissipation produces considerable increase in temperature and always 
forces to include thermal boundary layer in the analysis, because the two boundary layers strongly 
interact with each other. Boundary layers with localized injection and section are frequently found 
in engineering applications, the configuanation is often found in gas turbine applications, where the 
aim is to protect the surface from high transfer rates. Other applications have been boundary layer 
control, drying processes in the chemical industry and more recently, cooling of electronics by 
means of injections through the printed circuit board. Most of these applications are concerned with 
injections through a series of small holes. However, many applications also exist (boundary layer 
control and high efficiency heat exchangers) where the injection is performed through a porous 
surface. The effects of wall suction or injection have been studied experimentally or numerically, 
for various flow fields. It has been known that in turbulent boundary layer, uniform blowing from 
the wall decreases the skin friction and increases the strength of fluctuating quantities, while suction 
has nearly the opposite effect. However, the increase of turbulent fluctuations from blowing may 
cause an increase of drag in the downstream due to strong turbulent motion there. In the case of 
suction, the downstream skin friction may be reduced due to the stabilization of turbulence even 
through the skin friction increases near the place of suction. The problem was investigated with 
different approaches. (Jeongyoung and Haecheon. 1999) investigated effect of uniform blowing or 
suction from aspanwise slot on a turbulent layer flow by using the direct numerical simulation 
technique. (Per-Age and Anatoli 2000) examined the effect of localized injection through porous 
strip on a turbulent boundary layer at zero pressure gradient condition experimentally. (Park and 
Sung 2001) performed study to analyze flow structure behind local suction and blowing in a flat 
plate turbulent boundary layer. (Kyoungyoun and Haying 2001) investigated the effects of local 
blowing or suction from a span wise on a turbulent boundary layer flow using the direct numerical 
simulation technique, where three different blowing or suction velocities are imposed on the slot 
keeping blowing or suction flow rate constant. (Kyoungyoun and Hynng 2003) performed direct 
numerical simulation to analyze the effect of, periodical blowing through a span wise slot on 
turbulent boundary layer. The present work deals with the calculation of the transient compressible 
turbulent hydrodynamic and thermal boundary layers over a porous flat plate with uniform suction 
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or injections see Fig.1. It will be assumed that the quantity of fluid removed from the stream is so 
small that only fluid particles in the immediate neighborhood of the wall are sucked (injected) a 
way. That is to say the ratio of suction or injection velocity ( )xwV  to free stream velocity ∞U is 

small, say ∞UwV =0.001 to 0.01 the condition of no slip at the wall is retained with suction 

present, as well as the expression 
0
⎟
⎠

⎞
⎜
⎝

⎛
∂

∂
=

y
u

w μτ  for the shearing stress at the wall 

 
MATHEMATICAL MODELIN:- 
 

The usual system of Cartesian coordinates will be adapted, the x-axis being along the wall, 
and the y-axis being at right angle to it. Suction or injection will be accounted for by prescribing 
non-zero normal velocity component (Vw) at the wall. In the case of suction Vw<0 and Vw>0 will 
be used for injection, see Fig (1). Flow and heat transfer with negligible edge effect are assumed   
(w=0, ( ) )0=∂∂ z with uniform suction or injection and negligible axial diffusion  

( ( ) )022 =∂∂ x  
A cording to the previously mentioned assumptions, the governing conservation and 

constitution laws will be presented here interims of the geometry and coordinates system of Fig.1 
These are the continuity, the momentum, the (К-ε) turbulence model and the energy equations 
(Ayser 2005):  
 
The continuity equation is  
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The x-direction momentum equations is 
 

) ⎟
⎠

⎞
⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
⎜
⎝
⎛

∂

∂

∂

∂
+

∂

∂

∂

∂
+

∂

Ρ∂
−=

∂

∂
+

∂

∂
+

∂

∂

y
u

tyy
u

yxy
u

v
x
u

u
u

μμ
τ

ρ                                             (2) 

 
The y-direction momentum equation is; 
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The standard form of (К-ε) model is as follows:- 
Turbulence kinetic energy equation; 
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And dissipation of turbulence kinetic energy equation; 
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According to the high Reynolds number (κ -ε ) turbulence model the turbulent viscosity 

tμ is related to the turbulent kinetic energy (κ ) and to the dissipation of turbulent kinetic energy 
(ε ) through the expression; 

=tμ ε

κ
ρμ

2
c                                                                                                                (6)  

The effective viscosity ( )effμ is related to the turbulent viscosity ( )tμ and to the molecular 

viscosity ( )μ through the relation :- 
                                                                 μμμ += teff                                                  (7) 

In the above equations, ( εσσεεμ ,
2

,
1

, kccc ) are constants at high Reynolds number and 

the model constants 2,1, εεμ ccc  are set to 92.12,44.11,09.0 === εεμ ccc . Usually, the 

constants εσσ andk  are assigned to 3.10.1 == εσσ andk . 

 
 The energy equation is; 

 

ρ ⎟
⎠
⎞

⎜
⎝
⎛⎟

⎠

⎞
⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
∂

∂

∂

∂
+

∂

∂

∂

∂
=

∂

∂
+

∂

∂
+

∂

∂

Y
T

tk
yy

T
k

yy
T

v
x
T

u
t
T

cp                                                  (8) 

where; 
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For the evaluation of turbulent kinetic energy and dissipation at turbulent Kinetic energy, it 
is sufficed to fix their values at the near wall node (P) according to the following formula:-    
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 where ( py )is the normal distance of the near wall node (p) to the solid surface. In the above 

formula, (k) is the Von Karman constant (0.4187) and (E) is an integration constant that depends on 
the roughness of the wall. For a smooth wall constant shear stress, (E) has a value of (9.793). 
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The initial and Boundary conditions for the problem are shown to in Fig.2. all the previously 
discussed differential equations can be conveniently presented in the general form:- 
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In the above equation, φ identifies the dependent variables, φΓ  is the appropriate exchange 

coefficient for the variableφ , and φs is the source term which includes both the sources of 

φ (positive or negative) and any other terms which cannot find place on the left-hand side of 
Eq.(13), see Table .2 . 

The derived governing equations and the initial and boundary conditions in Fig.2 Will be 
solved numerically by using the control volume approach of (Patanker 1980). The finite difference 
method (F.D.M.) will be used, and the details of the numerical solution will be described in the next 
article.    

 
 
NUMRICAL SOLUTION:- 
 The general from Eq.(13) may be written as; 
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By defining Jas the total flux which consists of convection and diffusion fluxes, or 

x
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Where xJ and YJ or the total fluxes through faces normal to the x and y directions respectively 

with these definitions, Eq. (14) can be written 
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 Eq. (17) was integrated by using the finite volume approach of (Patenker 1980), see Fig. 3. 
The source term has been linerized, and the values at the control volume faces (e, w, n, s) are 
assumed to be found by linear interpolation (central differences). The resulting final form of the Eq. 
(17) becomes   
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where:  b = Absolute part of the discretized equation 
 
RESULTS AND DISUSION:- 

The investigated case was the flow over a flat plate (1m) length. The height of the 
calculation domain was taken to be (0.03m), which was twice the boundary layer thickness at the 
trailing edge. The flow conditions were chosen to ensure that the flow is compressible and 
turbulent. The free stream pressure and temperature was taken as (101325 pa and 25˚c). The Mach 
number was taken as (0.5). Accordingly, the free stream velocity was calculated as (156 m/s). The 
Reynolds number was calculated to be (1.02E+7). The suction and injection rates were taken as 
[±0.001 and ±0.0005 (+for injection and – suction)] of the free stream velocity. The wall 
temperature was taken as (70˚c).The results will be shown for the solid wall and porous wall with 
injection and suction, but since the rate of injection and suction were small, their effects are not 
clear in the figures 
 
Steady State Results:- 

Fig.4 to 6 show the velocity profiles with injection or suction. The relative shapes for the 
velocity profiles are turbulent in these figures. The turbulent profile has apportioned near the wall 
which is almost linear. This portion is due to a laminar sub layer which hugs the surface very 
closely. Outside this sublayer the velocity profile is relatively flat in comparison with the laminar 
profile. It can be concluded from these figures, that injection causes a decrease in boundary layer 
thickness, while suction causes an increase in boundary layer thickness, and the rate of increase or 
decrease is proportional to the injection or suction rate, respectively. Fig.7 to 9 show the 
temperature distributions inside the thermal boundary-layer with and without injection or suction. 
The very steep temperature gradient near the wall and the flatness of the profiles indicate clearly the 
turbulent shape of the profiles. Injection causes a slight decrease in temperature while suction 
causes reverse effect. Fig.10 and 11 show the local skin-friction coefficient and the local Nusselt 
number coefficient respectively, with and without injection or suction. The skin friction coefficient 
decreases with the flow direction (increasing Rex) due to the decrease of the velocity gradient at the 
wall, which is caused by the decrease of the velocity of points near the wall due to the increase in 
resisting viscous forces. This happens for all cases, with and without injection or suction. The 
injection or suction causes slight difference due to small rates of injection and suction used. But, it 
can be noticed that injection causes a decrease in (cfx), while suction causes reverse effect. Fig.11 
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and 13 show the hydrodynamic and thermal boundary-layer growth with and without injection or 
suction. Fig.12 shows a decrease in the hydrodynamic boundary-layer thickness with injection. This 
is so because injection causes an increase in the velocity for points near the wall, which decrease 
the boundary-layer thickness. The boundary-layer, evidently, begins to grow from zero thickness at 
the leading edge and continues downstream tending asymptotically to the value given by the 
equation:- 
 

2.0Re

376.0

x

x
=δ  

Fig.13 indicates an increase in thermal boundary-layer thickness with injection and a 

decrease with suction. 

 
Transient Results:- 

Fig.14 to 16 show the boundary-layer velocity profile history at the trailing edge with and 
without injection and suction. The time required to reach the steady state is found to be (4.4s) for 
the solid wall case (Vw=0 m/s). Injection causes an increase of this time to (Vw=0.156m/s). Suction 
causes reverse effect, that it decreases this time to (2.8s) for (Vw=-0.078m/s) and (1.4s) for (Vw=-
0.156m/s). These effects are due to the disturbances caused by injection or suction to or from the 
boundary-layer. Fig.17 to 19 show the temperature history across the thermal boundary-layer with 
and without injection or suction. The temperature profiles consist of linear part near the wall, 
superimposed on it a parabolic profile due to heat generated by friction. In an analogous way 
similar to that in Figs. 14 to 16, the time required to reach the steady temperature profiles is found 
to be the (4.2s) for the solid wall (Vw=0), (2.8s) for (Vw=-0.078m/s) and (1s) for (Vw=-0.156m/s). 
Fig.20 and 21 show the hydrodynamic and thermal boundary-layers history at the trailing edge. The 
figures indicate in a very clear picture the effects of injection or suction on the time required to 
reach the steady state case, which is mentioned and discussed  above .The values of this time differ 
slightly in this case, as shown in Table.1. Fig.22 and 23 show the variation of the average skin 
friction coefficient and Nusselt number with time. The figures demonstrates the increase of the 
steady state time with injection and decrease with suction see Table.2. Fig.24 and 25 show the 
comparison between the empirical and the numerical values of boundary-layer thickness and the 
local Nusselt number. The maximum relative difference on this line was (18.5%) for the boundary-
layer thickness and (26.7%) for the Nusselt number. The minimum relative difference is (1.6%) for 
the boundary-layer thickness, and (18.28%) for the Nusselt number. The average relative difference 
is (12.7%) for the boundary layer thickness, and (21.28%) for the Nusselt number.     
 

 

CONCLUSIONS 
 

Injection causes a slight decrease in the temperature inside the thermal boundary-layer, 
while suction causes reverse effect. Turbulence kinetic energy level decreases away from the wall 
region, while effective viscosity level increases away from the walls region. The dissipation rate of 
turbulence is maximum at points adjacent to the wall surface where the velocity is in the minimum 
values. The local skin friction coefficient decreases with the flow direction. It can be noticed that 
injection causes a decrease in local skin friction coefficient while suction causes reverse effect. The 
local Nusselt number increases with local Reynold number, despite that the local heat transfer 
coefficient (hx) decreases with the flow direction due to the increase in the thermal boundary layer 
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thickness. Injection causes a slight increase in Nusselt number and suction causes reverse effect. 
The hydrodynamic boundary layer thickness decrease with injection, while thermal boundary layer 
thickness increases with injection. Injection causes an increase in the time required to reach the 
steady state, while suction causes a reverse effect.   
 
 
 
                                   Table.1: Steady State Time for ( hδ ) and ( tδ ) 

 
 

 
Vw(m/s) 

Time (s) 

hδ  tδ  
 

0(solid wall) 
 

 
4.2 

 
4.2 

 
0.078(injection) 

 

 
5.5 

 
5.7 

 
0.156(injection) 

 

 
6.7 

 
6.7 

 
-0.078(suction) 

 

 
2.7 

 
2.8 

 
-0.156(suction) 

 

 
1 

 
1 

 
 
 

                         Table.2: Steady State Time for ( fc ) and ( Nu  ) 

 
 

Vw(m/s) 
Time (s) 

fc  Nu  

 
0(solid wall) 

 

 
4.1 

 
3.9 

 
0.078(injection) 

 

 
5.1 

 
5.5 

 
0.156(injection) 

 

 
6.4 

 
6.6 

 
-0.078(suction) 

 

 
2.3 

 
2.5 

 
-0.156(suction) 

 

 
1.1 

 
2.5 
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Fig.1: The Problem of the Present Work  
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Fig.2: The Initial and Boundary Condition 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3: Control Volume for Tow- Dimensional Case 
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        Fig. 4: Boundary-Layer Velocity Profiles (Vw=0m/s)                            Fig. 5: Boundary-Layer Velocity Profiles (Vw=0.156m/s)       
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     Fig. 6: Boundary-Layer Velocity Profiles (Vw=0.156m/s)              Fig. 7: Thermal Boundary-Layer Temperature Profiles (Vw=0m/s) 
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Fig. 8: Thermal Boundary-Layer Temperature Profiles (Vw=0m/s)     Fig. 9: Thermal Boundary-Layer Temperature Profiles (Vw=0m/s) 
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Fig. 10: Local skin Friction Coefficient Variation with Local Reynolds Number 
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Fig. 11: Local Nusselt Number variation with local Reynolds Number 
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Fig. 12: Hydrodynamic Boundary-Layer Thickness Growth 

 

δ h
(m

.)
  

x(m) 



I. Y.Hussain                                                                                            unsteady hydrodynamic and thermal boundary layers 
A. W. A. Taha                                                                                          over a flat plate with uniform injection or suction 
A. M. Fleh 

 

Available online @ iasj.net 2564

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014
0.016
0.018
0.02

0 0.2 0.4 0.6 0.8 1 1.2

x(m.)

dt
(m

)

Vw=0

Vw=0.156

Vw=-0.156

Vw=0.078

Vw=-0.078

 
Fig. 13: Thermal Boundary-Layer Thickness Growth 
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Fig. 14: Boundary-Layer Velocity Profile History at Trailing Edge (Vw=0m/s) 
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Fig. 15: Boundary-Layer Velocity Profile History at Trailing Edge (Vw=-0.156m/s) 
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Fig. 16: Boundary-Layer Velocity Profile History at Trailing Edge (Vw=-0.078m/s) 
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Fig. 17: Boundary-Layer Temperature Profile History at Trailing Edge (Vw=0m/s) 
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Fig. 18: Boundary-Layer Temperature Profile History at Trailing Edge (Vw=-0.156m/s) 
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Fig. 19: Boundary-Layer Temperature Profile History at Trailing Edge (Vw=-0.078m/s) 
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              Fig.20: Hydrodynamic Boundary-Layer Variation with Time            Fig. 21: Temperature Boundary-Layer Variation with Time 
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                Fig. 22: Mean Skin Friction Variation with Time                            Fig. 23: Mean Nusselt Number Variation with Time 
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            Fig. 24: Comparison of Hydrodynamic Boundary-Layer Results                 Fig. 25: Comparison of Nusselt Number Results 
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NOMENCLATUR 
 
Latin Symbols 
Symbol             Description                                                                                                    Units   

xfC                   Local Skin-Friction Coefficient 
CP                    Pressure Coefficient, also the Specific Heat at Constant Pressure                 J/kg. K 
E, W, N, S       Nodal Points Neighbor (Refer to East, West, North and South)   
F                      Convective Flux Through a cell Face                                                                m2/s 
J                       Flux                                                                                                                kg/m s2 
K                     Thermal Conductivity                                                                                    W/m. k 
К                      Kinetic Energy of Turbulence                                                                        J 
K                      Ratio of Specific's Heat, (=1.4 for air)               
M                     Molecular Weight                                                                                           kg/mol 
M                     Mach number 
Nu                    Nusselt Number 
P                      Pressure                                                                                                          N/m2 

P                     Cell Nodal Point 
Pr                    Prandtl Number 
Re                   Reynolds Number 
S                    Source Term 
SR                  Sum of Residuals 
T                    Temperature 
Tw                   the Wall Temperature 
t                     Time                                                                                                                  sec 
U                   The Velocity Vector                                                                                          m/sec 
u, v, w           Velocity Components in the x, y and z                                                              m/sec 
X, x               X-Coordinate Distance                                                                                       m 
Y, y               Y-Coordinate Distance                                                                                       m 
 
GREEK SYMBOLS 
 
Symbol             Description                                                                                                    Units   
α                      Under-relaxation Factor 
ε                       Dissipation Rate of Turbulent 

ΔΖΔΥΔ ,,X   Cell Distances 
δεδ ,k             Constant in the ε−Κ Model 
yx δδ ,              Half the Cell Distances 

hδ                   Hydrodynamic Boundary-Layer Thickness                                                         m 
tδ                   Thermal Boundary-Layer Thickness m 
Φ                    Dependent Variable in the General Form of Equation  
Γ                    Transfer Coefficient 
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wallΓ             Diffusion at the Wall 

μ                    Laminar Viscosity                                                                                             kg/m.s 

effμ               Effective Eddy Viscosity                                                                                   kg/m.s 

ρ                    Density       kg/m3 

seaρ                Sea Level Density, (=1.225 Kg/m3)                                                                  kg/m3 
ν                Kinematics Viscosity                                                                                            m2/s 

oττ ,w             Wall Shear Stress                                                                                                N/m2 
 
SUBSCRIPTS 
 
Symbol             Description                                                                                                    Units   
 e, w, n, s          At The Center of The Cell Face 
i, j, k                 Coordinate Direction Indices 
nb                     Neighbor Points 
o                       Initial Value 
P, E, W, N, S   of the Nodal Point 
 
SUPERSCRIPTS 
 
Symbol             Description                                                                                                     
o                       Old Values 
∞                     Signifies Free Stream Conditions 
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ABSTRACT 

Gypseous soils are distributed in many regions in Iraq. Therefore, it is necessary to study the 

geotechnical properties of such soils due to the possible large damage that may incur 

structures founded and constructed in or on them. The soil used in this study is from Al-Najef 

City, Iraq. It is poorly graded sand. It also has a gypsum content of about 28-32٪. The 

mineralogical and chemical properties of the soil are established at first. However, this study 

is concerned with the dissolution of gypsum and its effect on the soil. The importance of the 

progress of dissolution is verified through the study of the characteristics of the soil skeleton 

and the pore fluid. Three differential equations are used to study this effect, namely, 

continuity, equilibrium and dispersion. They are solved by using the finite element method. In 

addition, this work uses the hyperbolic stress-strain idealization as a constitutive relationship. 

Tri-axial (CD) tests are conducted to find the hyperbolic parameters. An experimental setup is 

modified to find the longitudinal and lateral coefficients of dispersion. One- and two-

dimensional problems are solved to study the effect of dissolution. Results reveal high effects 

of dissolution of gypsum on the settlement, pore water pressure, elastic modulus and Poisson's 

ratio values. Settlement increases while other parameters (E, B and υ) decrease with 

increasing dissolution. Furthermore, there is a vast behavioral difference between one and two 

dimensional problems.  

 

 الخلاصة
محتملة بسبب الاضرار الالترب تنتشر الترب الجبسية في مناطق عديدة من العراق. لذلك من الضروري دراسة الخواص الفيزياوية لهذه 

ان  الكبيرة التي تحدث بالمنشاءآت نتيجة لبناءها عليها او بداخلها. لقد استخدمت تربة من هذا النوع تم جلبها من مدينة النجف في العراق.
%. لقد تم التحقق من الخواص المعدنية و 28-82نوع التربة هو رمل متدرج بشكل سيء كما ان لها محتوى من الجبس قدره حوالي 

لقد تم التحقق من تقادم الاذابة من خلال دراسة  وية للتربة اولَا. بعد ذلك, تتطرق هذه الدراسة الى اذابة الجبس و تأثيره على التربة.الكيميا
خواص الهيكل الصلب و مائع المسام. لقد تم استخدام ثلاثة معادلات تفاضلية لدراسة هذه الظاهرة و هي : الاستمرارية و الاتزان و 

انفعال القطع الناقص   -لقد تم حل هذه المعادلات باستخدام طريقة العناصر المحددة. اضافة الى ذلك, تم استخدام تمثيل اجهاد الانتشار.
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تشار كعلاقة تكوينية. لقد تم اجراء فحوص ثلاثية محاور مبزولة لايجاد معاملات علاقة القطع الناقص. لقد تم تعديل جهاز لايجاد معاملي الان
لجانبي. لقد تم حل مسألتين ببعد واحد و ببعدين لدراسة خواص الاذابة. تظهر النتائج تأثيرات عالية لاذابة الجبس على الهبوط و الطولي و ا

يزداد الهبوط بينما تقل قيم المعاملات الاخرى )معاملي المرونة و التضخم و نسبة ضغط الماء المسامي و قيم معاملي المرونة و بويزون. 
  يادة الاذابة.تظهر الدراسة فرقاَ كبيراَ في الخواص عند دراسة المسألة ببعدين عن البعد الواحد.بويزون( مع ز 

 KEY WORDS 

 Gypseous, Dissolution, Dispersion, Finite element, Hyperbolic. 

 

INTRODUCTION 

The term "gypsiferous soil" and “gypseous soil” are used to specify the soil that contains 

gypsum, the first is used by agronomists, while the second is used by civil engineers.  

Gypsum is present in soils in the form of calcium sulphate dihydrate (CaSO4.2H2O). A 

transitional form of calcium sulphate (CaSO4.0.5H2O) is sometimes found at the soil surface 

in extremely dry climates (Doner and Lynn, 1977). There is no unique definition for gypseous 

soils used by civil engineers. It can be stated that a gypseous soil is one in which has a 

gypsum content enough to change or to affect its engineering properties.  Gypseous soils are 

distributed in many regions in the world including Iraq. They cover about (20٪) of Iraq's area. 

Gypseous soils in Iraq cover about 7.28٪ of the gypseous soils in the world and 16.2٪ from 

Asia (FAO, 2001). Many problems relating to construction on gypseous soils were observed. 

There are three main sources of these problems; first, the dissolution and transportation of 

gypsum through soil causes a continuous loss of soil mass and increasing voids. A large 

reduction in shear strength and an increase in compressibility are the main results of this 

phenomenon. The second is the variation of shear strength and compressibility characteristics 

of gypseous soils upon wetting and saturation. The third is the volume change accompanying 

the dehydration of gypsum or hydration of anhydrite. In the first case, a volume decrease of 

approximately 39٪ may be reached, while in the second case, the volume may be increased by 

63٪ (Ismail-1993). The main purpose of this study is to simulate the mechanical behavior of 

gypseous soils before and during leaching by using the finite element method for solving three 

differential equations, namely, dispersion , flow and continuity. In addition to that, set up 

experimental facilities which are used for the determination of the dispersive characteristics of 

gypseous soils (Al-Hassanee, 2004). 

 

LEACHING STRAIN 

Consider the element shown in Figure (1) which has a volume (Vo) and the water flows 

through the element having a velocity (vi). This element contains some gypsum. Due to flow 

of water, the gypsum dissolves and causes a decrease in volume: -  

dmass = dCVw                                                                                                                                                                                      (1)                                                                                                                   

dmass = dC vi A t                                                                                                                  (2) 

where: - 

C: concentration of gypsum in water (mg/l), 

t: time (sec),                                                     Co                                                                            Ci     

vi: velocity (m/sec),                                                                                           

Vw: volume of water (L
3
), and 

A: area of section (m
2
).                                                                                                         

                                                   Fig (1) Variation of concentration through element 
 

wg

i

G

tAvdC
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                                                                                                             (3) 



Journal of Engineering Volume 14 June 2008       Number2  
 

Available online @ iasj.net 0150 

where: 

Gg: specific gravity of gypsum (with an average value of 2.32), 

w : density of water (kg/m
3
), 

Leaching strain =












 

owg

i

VG

tAv
dC


, and                                                                                    (4) 

Vo: initial volume of element (L
3
). 

 

CONSTITUTIVE EQUATION 

The constitutive equation relating effective stress ( ) to the strain of the skeleton is 

independent of the pore pressure and for a general non- linear material, it can be written in a 

tangential form thus allowing plasticity, if desired, to be incorporated. If leaching strain is 

present, the expression is written in a general form as (Lewis and Schrefler, 1987): - 

 omT ddpddDd                                                                                              (5) 

where: 











sK3

dp
mpd   (6) 

owgwm vGdCVd    (7)  

in which: - 

 

DT : is the tangent matrix, 

m : is equal to unity for the normal stress components and zero for shear stress     

components, 

d  : the total strain of skeleton, 

pd  : the overall volumetric strain caused by uniform compression of the particles due to    

the pressure of the pore fluid, 

Ks : the bulk modulus of the solid phase, 

md  : the strain due to the dissolved mass of calcium sulphate,  

od  

 

: represents all other strains not directly associated with stress changes (swelling,   

thermal, etc.); (Zienkiewicz, 1977), and 

  dp : is the pore water pressure. 

 

The equilibrium equation relating the total stress ( ) to the body forces (b) and the boundary 

traction ( t̂ ) specified at the boundary ( ) of the domain ( ) is formulated in terms of the 

unknown displacement vector (u). Using the principle of virtual work, the general equilibrium 

statement can be written as (Zienkiewicz, 1977): - 

0dt̂ubdud TTT   
  

 (8) 

Furthermore, upon taking into account the constitutive relationship given by Equation (5) and 

dividing by dt, the following equation is obtained: - 

  
  















































 d

K3

1

t

p
d

t

p
md

t
D

s

TT

T

T  

 
 

















































 0

dt

df
d

t
Dd

VG

V

t

C
D o

T

T

owg

w

T

T  (9) 



O. Al-Farouk                                                                                         Modelling of Iraqi Gypseous Soil Behaviour Under 

 H. Mohammed                                                                                     Stress-Flow-Dissolution Conditions 
 

Available online @ iasj.net 0152 

 

DARCY’S LAW (FLUID PHASE)                                                 

The geometrical complexity of a porous medium renders impossible a strict analytical 

treatment of the fluid velocity within the porous space. To overcome this obstacle, the 

fictitious seepage velocity (also known as bulk or Darcy’s velocity) is defined as (Lewis and 

Schrefler, 1987): - 

 pghpk
1

q 









  (10) 

where: 

k : is the absolute permeability matrix of the medium,  
  : the dynamic viscosity of the fluid, 

p : the fluid pressure, 
  : the density of the fluid,  

g 

h 

: the gravitation acceleration, and 

: total head. 

 

CONTINUTY EQUATION 

The continuity of flow requires that the following expression is valid (Crichlow, 1977):  

Rate of fluid accumulation =   0g   (11) 

 

which upon combining with Darcy’s law given by Equation (10) results in: - 

- rate of fluid accumulation =   0ghp
k






















 . (12) 

There are many factors which contribute to the rate of fluid accumulation and these are 

enumerated as follows (Lewis et al., 1976): - 

a. Rate of change of total strain 
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b. Rate of change of the soil volume due to pressure change = 
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c. Rate of change of saturation = 
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d. Rate of change of fluid density = 
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e. Change of soil size due to effective stress change = 
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The continuity equation for water, therefore, becomes: - 
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                                                                                  (13) 

 

where: 
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K = k (


g )                                                                                                                       (14) 

and is known as the coefficient of permeability or hydraulic conductivity matrix whose 

coefficients have units of length over time. 

 

DERIVATION OF THE ADVECTION-DISPERSION EQUATION 

An important relationship in fluid flow is the principle of conservation of mass. This principle 

is a statement of material balance with respect to a volume element fixed in space and may be 

simply stated as: -  

(Rate of Mass Outflow – Rate of Mass Inflow)= (Rate of Change of Mass Inside the volume 

element).                                                                                                                         (15) 

Applying this principle to the volume element shown in Figure (2) results in: - 

 

 

       

   
t

M
MpMM

MMMM

VE

XXXX

XXXXXXXX

2/332/33

2/222/222/112/11












 (4-1)  

 

 

where: -                                                                                                 

 2/11 XXM  ,  2/22 XXM  ,  2/33 XXM  = 

rate of mass out–flow across faces               

2/11 xx  , 2/22 xx  , 2/33 xx  , and                                                        

 2/11 XXM  ,  2/22 XXM  ,  2/33 XXM  =  

rate of mass in-flow across faces 

2/11 xx  , 2/22 xx  , 2/33 xx  .                                     

MVE = mass contained inside the volume element, and  

MP = mass source or sink term which is positive when a source and negative 

          when a sink.  

Applying a Taylor series expansion about the point X1, X2 and X3, neglecting second and 

higher order terms and then substituting into Equation (16), the following is obtained after 

each one of the mass flow rate components is expressed in terms of the fluid density, the 

dimensions of the volume element and the volume flux: 

Mxi= ρqi.∆xi. ∆xj                                                                                                              (17) 

321VE x.x.x.SM                                                                                  (18) 

pQMP                                                                                                         (19) 

Equation (15) gives: 

   

   321321

3

231

2

132

1

x.x.x.S
t

pQxx.x.3q
x

xx.x.2q
X

xx.x.1q
x





















                                      (20) 

 

Reddle and Sunada (1974) used Fick’s law for describing diffusion on a microscopic scale in 

a porous medium. The following is obtained: - 

 

  (16) 
 

Fig (2): Representative elementary volume of porous 

medium used to develop continuity equation for gypsum in 

miscible fluid flow 
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Ĉ  : concentration of tracer (gypsum in our case) in fluid element , 

tV̂  
: velocity of the tracer in fluid element with respect to a fixed     

  coordinate system, 

V̂  
: volumetric velocity of fluid element , and 

Dd : is the coefficient of molecular diffusion. 

 

By using macroscopic analysis and assuming isothermal conditions gives (Reddle and 

Sunada, 1974): 
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(22)  

where, 

  : fluid compressibility, 

  : proportionality factor relating C and ρ, 
Po : is the original value of pressure,  
 o : is the original value of density,  
Co : is the original value of concentration, and 
O : is the original value of the variable (Reddle and Sunada, 1974). 

 

The following assumptions are made for simplifying the dispersion equation: -  

1. The volume element is completely saturated with water (S = 1). 

2. The porous medium is homogeneous so that the porosity will be independent of 

position. 

3. The density does not vary with concentration ( 0 ). 
 

Accordingly, Equation (22) becomes: 
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Expanding the advection – dispersion equation from equation (24) for a two–dimensional 

flow, and considering that the transport by molecular diffusion is negligible, the Equation (23) 

will be as follows: -  
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FINITE ELEMENT APPLICATION 

 

The fully coupled solution of the one-phase flow (α1–species) equation in a non-linear porous 

medium will now be presented in detail. The particular form of the equilibrium equation (9), 

together with the continuity equation (13) and the advection-dispersion equation (25) 

represent the governing equations for soil mechanics problems within the lines of Biot’s self-

consistent theory. The first two mentioned equations are re-written again for the sake of 

completeness:  - 
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By using Green's theorem (26) and (27) become (Zienkiewicz, 1977): 
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The Galerkin method is applied where a = N. The finite element discretization gives the result 

(Zienkiewicz and Morgan, 1982):  
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As for the third differential equation for advection-dispersion (Equation 25), assuming a trial 

function of the form (Zienkiewicz and Morgan, 1982): 
 

     tPxNtCĈC IiII      (32) 

 

Applying the weighted residual method with Galerkin’s method and integrating the second 

spatial derivative term by using Green’s theorem (Zienkiewicz, 1977), Equation (25) 

becomes: - 
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The resulting finite element discretization in space of the three above governing equations 

yields the following system of semi-discrete coupled equations (refer to the appendix for 

definition of matrices): 
 

dt

df

dt

Cd
UC

dt

dp
L

dt

ud
K                                                                         (34) 

FHP
dt

Pd
S

dt

ud
LT                                                                              (35) 

3CC FPCKVKD
dt

Cd
KT

dt

Pd
CP                                                         (36) 

The matrices listed above form the coefficient matrices of the combined equations: - 
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                                         (37) 

SOLUTION PROCEDURE 

 

The analysis of displacement, fluid flow and dispersion through a deforming porous medium 

represents a three-degree of freedom field problem. The most obvious solution procedure of 

the three-coupled semi-discrete Equations (37) developed in the previous section consists of 

adding the concentration (C) as an additional variable to the existing nodal variable 

displacement (u) and pressure (P) parameters to solve the system of equations simultaneously. 

This is usually done by the monolithic augmentation approach (Park and Felippa, 1983), first 

proposed by Lewis and Karahanglu in 1981, but instead of the advection-dispersion equation, 

the heat flow equation was used. Following this approach, Equation (37) becomes: 
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         (38)    

 

The matrices in the above equation need to be evaluated once per time step. 

 

THE HYPERBOLIC MODEL STRESS-STRAIN LAW 

Setting out constitutive relations relevant for gypseous soils is still a topic under research. The 

adoption of the hyperbolic model is an appropriate first step towards this goal, for it is 
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basically a curve fitting technique of available stress-strain curves from laboratory tested 

specimens (Majeed, 2000). The hyperbolic stress-strain relationship was first proposed by 

Kondner (1963), and developed by Duncan and Chang (1970), in an attempt to provide a 

simple framework encompassing the most important characteristics of soil stress-strain 

behavior, using the data available from conventional laboratory tests such as the 

unconsolidated un-drained UU tri-axial compression test or the consolidated drained CD tri-

axial compression test. The relationship between stress and strain is assumed to be governed 

by the generalized Hooke’s law of elastic deformations which, for plane strain conditions, 

may be expressed as follows (Wong an Duncan, 1974): 
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Kondner (1963), and Kondner and Zelasko (1963) have shown that the stress-strain curves for 

a number of soils, both clay and sand, could be approximated reasonably accurate by 

hyperbolas. This hyperbola can be represented by an equation of the form: 

 





ba
31

                                                                                                                         (40) 

 

iE

1
a                                                                                                                                                              (41) 

 
ult31

1
b


                                                                                                                                             (42) 

It may be noted that a and b are, respectively, the intercept and the slope of the best fit 

resulting straight line. The asymptotic stress value (σ1-σ3) may be related to the compression 

strength, (σ1-σ3), by means of a factor Rf as follows: 

   
ult31ff31 R                                                                                                    (43) 

By expressing the parameters a and b in terms of the initial tangent modulus value and the 

compressive strength, Equation (40) may be rewritten as: 
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The variation of Ei and σ3 is represented by an equation of the form (Janbu, 1963): 
n

a

3

ai
P

kPE








        (45) 

Equation (45) can also be used for unloading-reloading conditions, but replacing E by Eur  and 

k  by kur. For saturated soils under un-drained conditions, there is no volume change and 

Poisson's ratio vi is equal to one-half for any value of confining pressure. For most other soils 

the value of vi decreases with confining pressure and this variation of vi with 3 may be 

expressed by the equation:  










a

3

i
P

logFGv

                                                                                                                 (46)   

where: 

G: is the value of vi at a confining pressure of one atmosphere. 
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F: is the reduction in vi for a tenfold increase in 3. 

The instantaneous slope of the curve representing the variation of tra isand  . By 

differentiating the equation (  avr
2

1
  ) with respect to r , substituting Equation (46) 

and eliminating the strain using Equations (40 to 44), the tangent value of Poisson’s ratio may 

be expressed in terms of the stresses as follows (Majeed, 2000): - 
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where  
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DISPERSION TEST 

A simplified form of the mass conservation equation was presented in above for the one-

dimensional flow through a homogeneous and isotropic porous medium. In order to apply the 

analysis presented in the derivation of the advection-dispersion equation, it is necessary to 

have data obtained from one-dimensional flow experiments (Al-Damluji and Al-Rawi, 2005). 

The schematic diagram in Figure (3) shows the details of the modified setup. The porous 

medium box has outer dimensions of (7x30x30) cm. It is made up of 6 mm thick glass sheets   

and 4mm thick steel sheets where the removable upper cover was manufactured from 1mm 

thick steel sheets having (3) pores for the outlet water. A matrix of conductivity probes was 

embedded in the box at various locations to monitor the movement of the gypsum by using an 

Ohmmeter probe.                                          

Longitudinal dispersion coefficients are determined according to the following equation:  

v
t

tt
D







 


50

1684
11

2
5.0                                           (48) 

A plot is made between time and relative concentration (C-Co)/(Cmax-Co). The longitudinal 

apparent dispersivity (A11) is calculated by plotting the values of (D11) against the 

corresponding values of (v) on log-log paper, as shown in figure (4a). The best fit equation is: 

D11= 0.3997 (v)
0.904

                                        (49) 
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                           Fig (3) Schematic diagram of the porous medium box        

Lateral dispersion coefficients are obtained for various seepage velocities by using the 

following equation:  
2

1090

22
625.3

XX

L

V
D







 

                                                                                      (51) 

where; 

L = distance from inlet, and 

X = lateral distance from 50 % composition point. 

The lateral apparent dispersivity (A12) is calculated by plotting the values of (D22) against the 

corresponding values of (v) on log-log paper, as shown in Figure (4b). The best fit equation is: 

D22 = 0.00255 (v)
6.304 

                                                                                                                               (52)  
 

              Table (1) Coefficients of longitudinal and lateral dispersions (D11 and D22) 

Velocity (cm/min)   1.51   1.006 0.5033 

                      X=5 cm 

 

                     X=15 cm  

    D11 (cm/min) 

                     X=25 cm        

 

                      Average 

 

0.566 0.403 0.244 

0.755 0.289 0.1617 

0.705 0.503 0.236 

 

0.675 

 

0.398 

 

0.2138 

    D22 (cm/min) 0.0344 0.00225 0.0002 
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Fig (4) Longitudinal and lateral dispersive curves for tested soil 

 

 

CONSOLIDATED DRAINED TRIAXIAL TEST (CD TEST) 

The consolidated drained tri-axial (CD) test was carried out under three different confining 

conducted in three different stages which are the saturation, the consolidation and finally the 

shearing stages. Figures (5a, b, c, and d) show the results of the tests. 
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                               -c-                                                                               -d- 

Fig (5) Results of drained tri-axial compression (CD) tests under confining stresses of (a)100, 

(b)150, (c)300kPa, respectively and (d) is the variation of the initial tangent Poisson’s ratio 

with confining stress 
 

 Table (2) shows the obtained parameters for the hyperbolic stress-strain relationship. These 

parameters are used as input data in the developed algorithm. The parameters k, kur and n 

from Equation (45), Rf from Equation (43) and G, F and d from Equations (46) and (47) are 

assumed constant during the dissolution process of gypsum. 

 

 

 

          Table (2) Parameters of hyperbolic stress-strain relationship 
                  

 

k 

 

kur 

 

  n  

 

 Ф 

 

Rf 

 

  G  

 

 F  

 

    D 

 

250 

 

420 

 

3.331 

 

38º.67 

 

0.91 

 

0.374 

 

-0.08 

 

0.0 

 

 

One Dimensional Problem 
The finite element mesh is shown in Figure (6). The width of the mesh is assumed to be equal 

to 0.5m. An external surface load of 50kN/m2 is assumed to be applied. The time stepping 

scheme and the material properties for this problem are given in Tables (3) and (4), 

respectively. There are two cases for this problem with some assumptions: 

Case (one): Dissolution of gypsum does not happen in the first problem by assuming Co=Cs. 

In this case, the developed algorithm solves two equations only, namely, flow and 

equilibrium. 

Case (two): Dissolution of gypsum happens by assuming Co<Cs. In this case, the advection-

dispersion equation is included with the two mentioned in case one equations. Here, Co will 

be taken equal to 0.4 gm/l. 

σ
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Fig (6) Finite element mesh for the one-dimensional problem 

Table (3) Time steps taken for different time values 

Time Interval (day) Number of Time Steps 

0.25 8 

0.5 8 

1.0 104 

 

 

 

Figures (7), (8) and (9) show the variation of the elastic modulus, pore water pressure and 

settlement ratio, respectively at the center of element (1) for cases (one) and (two).   

 

 

 

Table (4) Adopted material properties for the one-dimensional problem 

  

Value The Material properties  

2.5 *10
-5

 m/second 

 
Horizontal Coefficient of Permeability, kh (from tests) 

2.5 *10
-5

 m/second 

 
Vertical Coefficient of Permeability, kv (from tests) 

250 Modulus number k (from tests) 

420 Modulus number kur (from tests) 

3.331 Modulus Exponent n (from tests) 

38.67° Angle of internal friction Φ (from tests) 
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0.91 Failure ratio Rf (from tests) 

0.374 Poisson's ratio Parameter G (from tests) 
-0.08 Poisson's ratio Parameter F(from tests) 
0.0 Poisson's ratio Parameter d  (from tests) 
23230 KN/m

2 
Elastic modulus (initial) (from tests) 

0.37 Poisson's ratio (initial) (from tests) 

 (3α χ γd )/(nr Gs γw ) Surface area of gypsum (Al-Mufty, 1997) 

 (0.15 +8.6 v)/10
5
 dissolution rate Ќ (Al-Mufty, 1997) 

 

0.3997 (v)
0.904

 Longitudinal Dispersion (D11 ) (from tests) 

0.00255 (v)
6.304

 Lateral Dispersion (D22 ) (from tests) 

18.8 KN/m
2 

Soil density  

0.0 Cohesion (c) (from tests) 

   

  

 

                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (7) Elasticity modulus-time relation                           Fig (8) P.W.P.-time relation  
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                                         Fig (9) Settlement ratio-time relation 

 

 

Two Dimensional Problem 

 

Figure (10) shows the finite element mesh. The width of the loaded area B is equal to 9.15m. 

The applied load is 50kN/m
2
.The time stepping scheme and the material properties are the 

same as those in Tables (3) and (4). Figures (11) and (12) show the results of analysis against 

time for the elastic modulus and bulk modulus at the center of elements 2, 8, 14, 20, and 26. 

These results show the variation of values against depth. All the parameters become constant 

after (5) days of loading and these values are very low when compared to the results of 

problem one. The values of the elastic modulus are between 500 and 5300 kN/m
2
, bulk 

modulus between 5300 and 22000kN/m
2
 and Poisson's ratio between 0.27 and 0.365. Figures 

(13) and (14) show the variation of pore-water pressure against depth and the settlement 

against time for cases one and two, respectively. 
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Fig (10) Finite element mesh for the two-dimensional problem 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         

 

 

 

 

                             

                                    -a-                                                                                    -b- 

Fig (11) Variation of elastic modulus with time for (a) case one; and (b) case two  
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      Fig (12) Variation of bulk modulus with time for (a) case one; and (b) case two 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (13) Pore water pressure-depth relation at center of elements 2, 8, 14, 20 and 26 
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                          -a-                                                                                        -b- 

Fig (14) Variation of settlement with time in nodes 1 to 13; (a) case one and (b) case two 

 

CONCLUSIONS 
* Results of analysis by using the finite element method show a high effect of dissolution of 

gypsum on the values of elastic modulus and Poisson's ratio. These parameters and pore water 

pressures decrease with the increase in dissolution. Dissolution of gypsum is the main reason 

for this decrease. In addition, there is a high difference in values between the one-dimensional 

and two-dimensional cases. 

* Assuming constant values of hyperbolic stress-strain relationship parameters during the 

dissolution of gypsum is not correct, because when the content of gypsum varies, some 

parameters undergo change like specific gravity, density, cohesion and the angle of internal 

friction. This implies that the values for hyperbolic parameters must vary as the process of 

dissolution progresses. 

* The results of analysis show the soil in a dense state, because the value of the elastic 

modulus is more than 3000 kN/m
2
 and Poisson's ratio more than 0.3. This is similar to 

laboratory test results. 

* The one-dimensional and two-dimensional problems have shown that the dissolution of 

gypsum decreases with the increase of depth. 

* The area of a gypsum particle depends mainly on the diameter. This study assumes that all 

particles have the same diameter. If the particles considered have varying diameters, then this 

would have its effect on the results. 
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Abbreviations:  

ASCE = American Society of Civil Engineers. 

PWP   = pore water pressure. 
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List of Symbols: 

 

A : is area of section of flow (m
2
).                   

 

A11 : is the longitudinal apparent dispersivity. 

A12 : is the lateral apparent dispersivity. 

a : is the intercept of the best fit resulting straight line. 

b : is the slope of the best fit resulting straight line. 

b : are the body forces. 

B : is the bulk modulus. 

C : is the concentration of gypsum in water (mg/l). 

Ĉ  : is the concentration of gypsum in the fluid element. 

Co : is the original value of concentration. 

c : is the cohesion (from tests). 

DT : is the tangent matrix. 

Dd : is the coefficient of molecular diffusion. 

D11 : is the longitudinal dispersion (D11 ) (from tests). 

D22 : is the lateral dispersion (D22 ) (from tests) 

dp  : is the pore water pressure. 

d : is Poisson's ratio Parameter (from tests) 

F : is the reduction in Poisson's ratio vi for a tenfold increase in 3 (from tests). 

G : is the value of Poisson's ratio vi at a confining pressure of one atmosphere. 

Gg : is the specific gravity of gypsum (usually taken as 2.32). 
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g 

 

: is the gravitational acceleration. 

h : is the total head. 

Ks : is the bulk modulus of the solid phase. 

k : is the absolute permeability matrix of the medium,  

kh : is the horizontal coefficient of permeability, (from tests). 

kv : is the vertical coefficient of permeability, (from tests). 

K : is the modulus number (from tests). 

kur : is the modulus number (from tests). 

K : is the dissolution rate Ќ. 

L : is the distance from inlet. 

M : is the mass. 

MVE : is the mass contained inside the volume element. 

MP : is the mass source or sink term which is positive when a source and negative when 

a sink. 

m : is equal to unity for the normal stress components and zero for the shear stress 

components. 

n : is the porosity. 

n : is the modulus exponent (from tests). 

O : is the original value of the variable. 

P : is the fluid pressure. 

Pa : is the atmospheric pressure. 

Po : is the original value of pressure.  

Rf : is the failure ratio (from tests). 

t : is time (sec).                                                   

 

t̂ : is the boundary traction ( t̂ ) specified at the boundary. 

u : is the unknown displacement vector. 

υ : is Poisson's ratio. 

vi : is the velocity (m/sec).                                                                                           
 

Vw : is the volume of water (L
3
). 

 

Vo : is the initial volume of element (L
3
). 

 

tV̂  
: is the velocity of the gypsum in the fluid element with respect to a fixed coordinate 

system. 

V̂  
: is the volumetric velocity of the fluid element. 

 
X : is the lateral distance from 50 % composition point. 
 : is the proportionality factor relating C and ρ. 

 : is the fluid compressibility. 

d  : is the total strain of skeleton. 

pd  : is the overall volumetric strain caused by the uniform compression of the particles   

due to the pressure of the pore fluid. 

md  : the strain due to the dissolved mass of calcium sulphate,  
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od  

 

: represents all other strains not directly associated with stress changes, e.g. swelling,   

thermal, …etc. 

Φ : is the angle of internal friction (from tests). 

  : is the boundary. 

w   

 

: is the density of water (kg/m3). 

  : is the dynamic viscosity of the fluid. 
  : is the density of the fluid.  
 o : is the original value of density.  

  : is the total stress. 

  : is the domain. 
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ABSTRACT 
The Digital Elevation Model (DEM) considered a common tool in producing topographic 

maps, orthophotos and civil engineering projects besides other different engineering 

applications. As a result many software packages were developed and used to produce DEM 

from different sources like field surveys, scanned topographic maps and stereo photos exposed 

from air or space. 

This paper is devoted to evaluate the most suitable and accurate interpolation method in 

producing digital elevation model for the data gathered from existed topographic maps which 

are also compared with data gathered from field survey. Map scale (1:25000) with contour 

interval (50m) were chosen in the tests. The accuracy tests based on the National Mapping 

Accuracy Standards (NMAS) by comparing the result of Root Mean Square Error (RMSE) in 

elevations with the typical standard deviation (σz) proposed by (NMAS) which depends on the 

scale of maps and contour intervals. 

From testing four interpolation techniques ((Kriging, Triangulated Irregular Network (TIN), 

Inverse Distance Weighting (IDW) and Polynomial)) it was found that kriging is the best 

method followed by TIN method while IDW method failed in some tests, and the polynomial 

model failed in all tests. 

  

 :الخلاصة
 مشاريع( في الوقت الحاضر شائع الأستعمال في مجال انتاج الخرائط الطبوغرافية و DEMاصبح نموذج الأرتفاع الرقمي )

وبالاضافة إلى استخدامه بشكل واسع في مجالات اخرى مثل ابراز الأرتفاعات والتخطيط والأستكشافات  الهندسة المدنية هذا
الجيولوجية والجيوفيزيائية وكنتيجة لذلك فان العديد من البرامج الجاهزة قد تم تطويرها واستخدامها لأنتاج نموذج الارتفاع 

لنماذج المجسمة لمصور الجوية والفضائية والخرائط الطبوغرافية الرقمي ومن مختمف المصادر مثل المسوحات الأرضية, ا
استخدام اكثر من طريقة رياضية لأنتاج النموذج وباستخدام برنامج  هذا البحث يتناولالممشطة. وتماشيا مع هذا التوجه فان 

(Autodesk Field Survey)  سد طق طق ومن مصدرين مختمفين المصدر الأول هو المسوحات الأرضية لممنطقة
لمنطقة الدراسة  (Scanned Contour maps)لأغراض المقارنة والمصدر الثاني وهو طريقة الخرائط الكنتورية الممشطة 

 ( وبالأعتماد عمى نفس البرنامج. 50mوبفترة كنتورية مقدارها )  (25000;1)وذات مقياس 
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3 4 

 National)بالأعتماد عمى معيار دقة الخارطة الوطنية  وبعد انتاج النموذج فقد تم فحص الدقة لمنماذج والطرق الرياضية و

Mapping Accuracy Standards (NMAS))  الذي يعتمد عمى مقياس الخارطة ومقدار الفترة الكنتورية وتم استخراج
لقيم الارتفاع ولكل النماذج وبكل الطرق الرياضية   (Root Mean Square Error (RMSE))جذر معدل مربع الخطأ 

( IDW, طريقة الوزن بمعكوس المسافات )Kriging(, طريقة ال TINخدمة )طريقة الشبكة المثمثية الغير منتظمة )المست
مع  (Computed Standard Deviation)( وتم مقارنة الأنحراف المعياري المحسوبPolynomialو طريقة ال 

عد اختبار الدقة فكانت افضل النتائج هي وب (Typical Standard Deviation (σz)).الأنحراف المعياري النموذجي 
نتائجها كانت مقبولة في بعض الفحوصات  (IDW)اما طريقة ال  TIN) ,وتميها طريقة ال ) Kriging)لمطريقة ال )
 فنتائجها كانت فاشمة في جميع الفحوصات. (Polynomial)وطريقة ال 

 

KEY WORD 

 Digital Elevation Model (DEM), Applications, Interpolation Techniques, Evaluation of 

Interpolation Techniques. 

 

INTRODUCTION 

Digital elevation modeling is one of the modern methods for representing the topographic 

surface of the terrain, (i.e., how the elevation of the ground surface is changing with position). 

Traditionally this has been done by contour lines on topographic maps. DEMs have been 

developed and studied for more than 40 years [Kennie, 1993]. The development has revealed 

the significance of several main aspects such as data acquisition, interpolation methods, 

accuracy, computer programs and application, all that will be discussed in this chapter.                                                                                   

For the future, the use of terrain modeling methods will undoubtedly continue to develop and 

expand, particularly with continued improvements in the price performance ratio of computer 

systems. National and regional terrain data based on existing topographic maps are now being 

developed in many parts of the world, and these will play an increasingly important role in 

terrain visualization during the preliminary planning stage of engineering projects [Anderson, 

1998].                                     

The term DEM originally referred to the use of cross sectional height data to describe the 

terrain. Nowadays, however, the definition is including both grid and non grid data sets. 

Several other terms are also used to describe the terrain surface. Among the more common are 

Digital Elevation Model (DEM), Digital Height Model (DHM), Digital Terrain Model (DTM), 

Digital Ground Model (DGM) and Digital Terrain Elevation Data (DTED) [Kennie, 1993]. 

 

THE STUDY AREA: 

The study area is described through the following conditions: 

 The area is called (TaqTaq), which covers about (12.974km
2
), the survey for this area were 

accomplished by AL-Aali for engineering consultancies by Total Station Topcon,  its 

borders coordinates are shown : 

 

 

 Pt     E (m)      N (m)     

1  468460.657   3973469.559  

2  464468.958  3973469.559 

3  464468.958  3970219.393 

4  468460.657  3970219.393 
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These points help to obtain real-world coordinates, the same tic numbers and locations will be 

recorded and used for each separate layer of contour lines.The coordinate system of this data 

set is defined by using the following values which has the following projection data: 
 

Projection   Units  Zone 

   UTM              Meter   38 
 

 

 

 

This area were covered by a topographic map of a scale 1:25000 with contour interval (50m), 

It extends between latitude (35
o
 52' 30“- 36

o
 00' 00“, North) and longitude (44

o 
30' 00“- 44

o
 00' 

00“, East). (See fig.1). 

 Valleys and mountains is the most active features of land cover in the region due to high 

slopes of this region. 

 The Small Zap River passes through this region. 

 
 

 
   

 

 

GRIDDING INTERPOLATION ALGORITHM  
Gridding produces a regularly spaced array of Z values from irregularly spaced XYZ data. The 

term "irregularly spaced" implies that the points are randomly distributed over the extent of the 

map area meaning that the distance between data points is not consistent over the map [Lebrer, 

1973].  When the XYZ data is randomly spaced over the map area, there are many "holes" in 

the distribution of data points.Gridding fills in the holes by extrapolating or interpolating Z 

values in those locations where no data exists [Surfer, 1995]. 

Fig (1): The study area (TaqTaq), (1/25000) scale. 
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 Interpolation: the process of estimating the values of an attribute (e.g., elevation) at internal 

unsampled sites using measurements made at reference points. The interpolation point lies 

within the range defined by the reference points [Habib, 2003]. 

 Extrapolation: the process of predicting the values of an attribute (e.g., elevation) at external 

unsampled sites using measurements made at reference points. The extrapolation point lies 

outside the range defined by the reference points [Habib, 2003]. 
 
 

There are several gridding methods. Each method calculates grid node values using a different 

algorithm, and can result in a some what different interpretation of input data [Surfer, 1995]. 

 

 

 

Inverse Distance to a Power Interpolation Method  

The Inverse Distance to a Power gridding method is a weighted average interpolator, and can 

be either an exact or a smoothing interpolator.  The Power parameter controls how the 

weighting factors drop off as distance from a grid node increases.  For a larger power, closer 

data points are given a higher fraction of the overall weight; for a smaller power, the weights 

are more evenly distributed among the data points.  

The weight given to a particular data point when calculating a grid node is proportional to the 

inverse of the distance to the specified power of the observation from the grid node. When 

calculating a grid node, the assigned weights are fractions, and the sum of all the weights is 

equal to 1. When an observation is coincident with a grid node, the observation is given a 

weight of essentially 1.0, and all other observations are given a weight of almost 0. In other 

words, the grid node is assigned the value of the coincident observation.  This is an exact 

interpolator [Surfer, 1995].  

One of the characteristics of inverse distance is the generation of "bull's-eyes" surrounding the 

position of observations within the gridded area.  

The smoothing parameter can be assigned during inverse distance gridding. If it was greater 

than zero assures that no one observation is given all the weight at a particular grid node, even 

if the observation is coincident with the grid node. The smoothing parameter reduces the 

"bull's-eye" effect by smoothing the interpolated grid. 

This method basically depends on estimating the height of the unknown point by computing 

the distances from this point to the other known points. Weights are proportionally by inverse 

to distances. Whenever the point being far away, its effect reduce the following equation 

explain that: 

 




























n

i
p

i

n

i
p

i

i

d

d

Z

YXZ

1

1

1
),(                                                                                             (1)    

  1),( i

With

ii ZYXZ                                                                          

(2) 

id  Is the planimetric distance between the reference point and the i
th

 interpolation point [21]. 

   
2

2
YYXXd iii                                                                                         (3) 



Journal of Engineering Volume 14 June 2008       Number2 
 

 

Available online @ iasj.net 3558 

Z (x,y): is the predicted value at the unsampled location x,y. 

n: is the number of measured sample points within the neighborhood defined for x,y. 

Zi: is the observed value at location i. 

  : are the distance-dependent weights associated with each sample point. 

di: is the distance between the prediction location x,y and the measured location i. 

p:  is the power parameter that defines the rate of reduction of the weight as distance increases. 

We have mention that the weight might be inverse to a distance which rise to the power n, thus 

n = 1,2,3,4,5,...................... 

 

 

 
 

Kriging Interpolation Method 

Kriging is a geostatistical gridding method, the geostatistical method is defined as that use 

spatial coordinates to help in the formulation of models, which are used in the estimation and 

prediction. In the Geostatistical Analyst: Exploratory and interpolation methods that used 

information of the spatial coordinates [ESRI, 2001].  

Kriging method has proven useful and popular in many fields. This method produces visually 

appealing contour and surface plots from irregularly spaced data [Ibrahem, 1993]. Kriging 

attempts to express trends that are suggested in our data, so that, for example, high points 

might be connected along a ridge, rather than isolated by bull's-eye type contours.  

Kriging is a very flexible gridding method. It can be custom fit to a data set by specifying the 

appropriate variogram model. It incorporates anisotropy and underlying trends in an efficient 

and natural manner [Habib, 2003].  

Kriging is based on the assumption that the parameter being interpolated can be treated as a 

regionalized variable. A regionalized variable is intermediate between a truly random variable 

and a completely deterministic variable in that it varies in a continuous manner from one 

location to the next and therefore points that are near each other have a certain degree of 

spatial correlation, but points that are widely separated are statistically independent [Habib, 

2003]. Kriging is a set of linear regression routines which minimize estimation variance from a 

predefined covariance model. 

This method uses to calculate the auto correlation between the data points and produce a 

minimum variance estimate. Kriging method produces much more accurate interpolation 

results than the other methods. 

Kriging can be achieved by the following steps:-  
 

 Using the observed height in the Ground Control Points (GCP) to compute experimental 

covariance function C{d}. 

 Choose covariance sample similar to experimental covariance function C{d}. 

 Using least square for computing unknowns, which related to function covariance sample. 

 Using product equation to interpolate heights. 
 

The kriging interpolation techniques include:- 

a. Ordinary Kriging. 

b. Simple Kriging. 

c. Universal Kriging. 
 

a. Ordinary Kriging: it is presented statistically what can be named Beast Linear Unbiased 

estimation (BLUE) and in this way the summation of weights are one,   is Lagrange 

multipliers is a powerful method for finding the maximum and minimum of constrained 

functions and k is the value of elements equal one, but that mean complex in mathematics 
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from other side, also the using of this method require solving a huge number of equations 

[Surfer, 1995] 

                                                         

   

  

(4) 

 

 
 

 

b. Simple Kriging: Simple kriging is similar to ordinary except that the following equation is 

not added to the set of equations:  

  
w1 + w2+ w3 = 1                                                                                                                    (5)   
  

And the weights do not sum to unity. Simple kriging uses the average of the entire data set 

while ordinary kriging uses a local average (the average of the scatter points in the kriging 

subset for a particular interpolation point). As a result, simple kriging can be less accurate than 

ordinary kriging [Habib, 2003].  

Simple kriging is presented statistically what can be named Best Linear Estimation (BLE) and 

next the method interpolation achieve as shown: 
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},{ rr zzC : Covariance between ground control points with each other. 

},{ pr zzC : Covariance between ground control points with unknown point. 

And it is named },{ rr zzC  and },{ pr zzC  semi-variance. 

 

c. Universal Kriging: One of the assumptions made in kriging is that the data being estimated 

are stationary. That is, as you move from one region to the next in the scatter point set, the 

average value of the scatter points is relatively constant. Whenever there is a significant spatial 

trend in the data values such as a sloping surface or a localized flat region, this assumption is 

violated. In such cases, the stationary condition can be temporarily imposed on the data by 

using of a drift term [Surfer, 1995]. The drift is a simple polynomial function that models the 

average value of the scattered points. The residual is the difference between the drift and the 

actual values of the scattered points. Since the residuals should be stationary, kriging is 

performed on the residuals and the interpolated residuals are added to the drift to compute the 

estimated values. Using a drift this function is often called "universal kriging." the 

mathematical model of universal kriging is as follow [Habib, 2003]: 

 

 

 

 
                                (8)    

 

Where:- 
 : is Lagrange multipliers. 

a1 and a2: the coefficients expressing the trend (two coefficients). 
 

3. Polynomial Regression Interpolation Method     

Polynomial Regression is used to define large scale trends and patterns in our data.  There are 

several options can be used to define the type of trend surface.  Polynomial Regression is not 

really an interpolator because it does not attempt to predict unknown Z values [Lebrer, 

1973].The form of the 2
nd

 degree polynomial is as follow: 
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TIN INTERPOLATION ALGORITHM 

TINs represent surfaces as contiguous non overlapping triangular faces. A surface value can be 

estimated for any location by simple or polynomial interpolation of elevations in a triangle. 

Because elevations are irregularly sampled in a TIN, a variable point density to areas where 

the terrain changes sharply can be applied, yielding an efficient and accurate surface model 

[ESRI, 2001]. 
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A TIN preserves the precise location and shape of surface features. Area features such as lakes 

and islands are represented by a closed set of triangle edges. Linear features such as ridges are 

represented by a connected set of triangle edges. Mountain peaks are represented by a triangle 

node. 

TINs support a variety of surface analyses such as calculating elevation, slope, and aspect 

performing volume calculations, and creating profiles on alignments. The disadvantage of 

TINs is that they are often not readily available and require data collection. TINs are well 

suited for large-scale mapping applications where positional accuracy and shapes of surface 

features is important [Surfer, 1995]. The TIN data structure can be used in representing any 

type of surface accurately. Not only can elevations be interpolated for any location within a 

TIN, but natural features that form breaks in a surface's slope, such as ridges and streams, can 

also be stored. After constructing TIN we can interpolated the height of unknown point that its 

location inside the triangulation network as shown in figure (2)  one of the next mathematical 

techniques could be used [Habib, 2003]: 

 

1.Linear Interpolation. 

2.Second Exact Fitted Surface Interpolation. 

3.Quintic Interpolation. 

 

 

 

 

 

 

 

 
 

1. Linear Interpolation: it is basically depending on the following equation: 
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By known vertices of triangle and by matrix form, so that: 
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Figure (2): Represent the point unknown elevation [Habib, 2003].  
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(12)   

 

2. Second Exact Surface: depend on a second degree equation, as shown in equation (13) 

[Habib, 2003]. 
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(13)     

 

Or in matrix form:- 

 

 
                                                        

                                                 (14) 
  

1666
16




xAI z  

 (15)  zIAx 1

16
ˆ 

   or    z

TT IAAAx
1

16
ˆ
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3. Quintic Interpolation: is produces a continuous surface. Considers the surface model to be 

smooth, that is, the normal to the surface varies continuously within each triangle and between 

triangles [Habib, 2003]. This smooth characteristic is accomplished by considering the 

geometry of the neighbouring triangles when interpolating the z value of appoint in a TIN 

triangle,quintic interpolation depend on a five degree polynomial in x and y as the follow: 
 

 

(20)       

 

 

 
Elevation Data Collection 

In this work it was depended on collecting the data of elevation from field survey of 

TaqTaq area, also on the scanned topographic maps by separating the layer of contour lines 

where the value of the elevation for each line is known, elevation data will be assigned as 

shown in figure (3). 
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Data Modeling 

Data Modeling by Using Field Survey 

Digital elevation model (DEM) can also be generated from field survey. The accuracy of all 

field survey method is very high but they are really practical and economical to be 

implemented over relatively small area of terrain. The field surveys were used here just for 

compartment purposes with those collected from topographic maps.   

The used field survey are for TaqTaq area which is about 32000 surveyed points. The stage of 

producing the digital elevation model from field survey was the following as:- 

The DEM building using the field survey. At first were drawn the points by using (Autodesk 

field survey) software as shown figure (4), then the points, which are considered in data base 

and information correlated with digital elevation model, are selected. The model building will 

be dependent on the triangulation method and gridding method. This means the information 

that is saved in surface file will be converted to (Triangulated Irregular Network (TIN), 

Inverse Distance Weighting (IDW), Universal Kriging and 2
nd

 polynomial). After that the 

digital elevation model is displayed as a perspective figure for a three dimensional vision. (See 

fig. (5), which are plotted by ArcView ver.3.2, (6), (7), and (8)) are illustrate the digital 

elevation model of the study area (TaqTaq) by using mathematical techniques. 

 

 Fig (3): Contour lines of the study area (TaqTaq), from map (1/25000) scale. 
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Fig (4): Represent the drawing of the field survey data by using (Autodesk Field 

Survey) software. 
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   Fig (6): EM for field survey data of TaqTaq area by (Kriging) method. 

Fig (5): DEM for field survey data of TaqTaq area by (TIN) method. 
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Fig (7): DEM for survey data of TaqTaq area by (IDW) method. 
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Data Modeling by Using Topographic Map 

Digital Elevation Model (DEM) can also be generated from the existing contour map. In this 

part topographic map with scale (1:25000) have been used to generate the digital elevation 

model from it. The procedures of DEM generation contain many phases as illustrated below:- 

1-Seperate contour lines layer from the study areas topographic maps, by projecting it on a 

trace paper used for this purpose, with indicating for the value of each line. Understanding this 

step, with more details can be made from the illustration contour line layer which will be given 

in figure (3) of the study area  known as contour map. 

2-Input the contour map to the computer memory. This means a converting  a digital form 

(Raster) by using scanner instrument with a resolution accuracy of about 500dpi, and save it in 

a special work folder. 

3-Convert contour maps from raster format to vector format.By what is called on screen 

digitizing this operation is fullfilled by using (Autodesk Field Survey) software, which 

shows the contour lines in the first case as separate picture elements (pixles) having a gray-

scale value and identified by (sample, line) coordinate format.In the second case, the contour 

line is identified by a starting point (x1,y1) and ending point (xn,yn) coordinates. Between these 

two points there are many points known as (nodes), representing the changing in contour line 

direction. In this part of scanning and digitizing existing maps, prior to scanning the ground 

control points or grid points on maps have been fixed on the maps as register points, with 

known value (Easting, Northing).The values were inserted in the software (Autodesk Field 

Survey) with scanned maps images to control the coordinates system for DEM as the same as 

previous model. These control points obtained from the topographic maps of the study areas 

using a universal transverse meractor (UTM) projection. Each point was chosen in the 

Fig (8): DEM for field survey data of TaqTaq area by (Polynomial) method.  



Journal of Engineering Volume 14 June 2008       Number2 
 

 

Available online @ iasj.net 3568 

topographic maps and the scan images, which should be identified easily, the coordinates of 

these points for the study area are listed in table: 

 

 

 

Point no. E(m) N(m) 

1 468460.657 3973469.559 

2 464468.958 3973469.559 

3 464468.958 3970219.393 

4 464468.958 3970219.393 

 

4-Errors may result, when the contour lines are drawn. These errors, , are dependent on the 

region (study area) nature. When some of regions like (taqtaq and halbja) includes high slopes 

(i.e. very high contour line density), the probability of obtaining errors is increased. 

The probable error defined as error resulting from the drawing of the dense contour lines. In 

addition, the processing includes also the errors in the map obtained as a result of the 

vectorization. These errors  result  from the cutting in the lines or the removing of the extra 

lines. Then reconstruction of contour lines is made in order to be ready for editing and 

identifying as contour lines having certain height values [Wolf, 1982]. 

The above processing was done by using (AutoCAD map, ver. 5.0). This process is called 

clean up.
 
 

5-DEM building, using the contour maps prepared in the previous steps. At the first step editing 

the contour lines and giving each contour line its real height value, then select the surface that 

considered in saving the data and information correlated with DEM building. This model will be 

depending on the triangulation and gridding method. This means the information that is saved in 

surface file will be converted to a [“Triangulated Irregular Network" (TIN), ''Invese Distance 

Weighting"(IDW), Kriging and Polynomial]. After that the digital elevation model is displayed as 

a perspective figure for a three-dimensional vision. As shown figures:- 

Figure (9a) which illustrates the digital elevation model produced for the study areas by TIN 

method.  

Figure (9b) which illustrates the digital elevation model produced for the study areas by Kriging 

method. 

Figure (9c) which illustrates the digital elevation model produced for the study areas by IDW 

method. 

Figure (9d) which illustrates the digital elevation model produced for the study areas by 

Polynomial method. 
 

 

 

Table (1): GCP of  the Study Area. 
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  Fig (9a): DEM of the study area (Taq Taq) by TIN method.                 

          

  Fig (9b): DEM of the study area (Taq Taq) by Kriging method.                    
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Evaluation of the Mathematical Techniques Accuracy 

The Evaluation of Mathematical Techniques Accuracy for the DEM produced from 

Scanned Topographic Maps 

To evaluate the accuracy of the mathematical techniques used for producing the DEM from 

scanned topographic maps, for study areas, the following procedure should be followed:  

After producing the DEM from the scanned topographic maps with various mathematical 

methods, the models are transferred (Raster Digital Elevation Model) by using the (ERDAS 

Imagine ver.8.7) software. Figures (10) represent the raster digital elevation model for the 

study areas. 

    Fig (9c): DEM of the study area (Taq Taq) by IDW method.                    

       

 Fig (9d): DEM of the study area (Taq Taq) by Polynomial method.                           
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Thirty random points were chosen on each transferred models and its coordinates were 

recorded (E, N, Elev.), then simplifying or projecting them in to topographic maps which are 

related to the same model, using the value of elevation by traditional methods and taking in 

consideration the distance between the two lines, the point lies between them and the contour 

interval value, then compute the value of (RMSE) in elevations with the typical standard 

deviation proposed by National Mapping Accuracy Standard (NMAS) depending on the used 

map scales and contour intervals, for all models with the mathematical methods. 

 

 

 

 

The Root Mean Square Error (RMSE) were computed for each mathematical method by 

equation (21) and the Vertical Map Accuracy Standard (VMAS) also computed as described in 

section (2.4) for each method and comparative between the computed standard deviation and 

typical standard deviation as illustrated in table (2) and graphically by figures (11). 

 

 

 

(21) 

 

 

 

 

           Fig (10): Raster DEM for field survey data of the study area.  
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The Evaluation of Mathematical Techniques Accuracy for the DEM produced from Field 

Survey and Topographic Map 

To evaluate the mathematical techniques accuracy for the DEM produced from scanned 

topographic map for TaqTaq area, a compartment have been done by subtracting the produced 

DEMs from both data types first the evaluation accuracy was made from the model to the map, 

then an evaluation for the accuracy was made from model to the field survey with many 

mathematical methods, as follows:- 

                       Case Study. 

Methods.      
1 

TIN 9.694m 

Kriging 7.465m 

IDW 11.896m 

Polynomial 15.146 

Vertical Map Accuracy 

Standard (VMAS) 
25m 

Typical Standard 

Deviation 
15.2m 

Fig (11): The Accuracy of DEM for the Study area by Using Different Mathematical 

Techniques Statistically. 

Table (2): The computed Standard Deviation ( zσ ) of DEM for the study areas by using 

different mathematical techniques. 
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To examine the accuracy of the model, we consider the layer, of DEM produced from the field 

survey for TaqTaq area is the main layer which is produced by Universal Kriging method, but 

the layer of DEM produced from scanned topographic map is the sub-layer produced by the 

following methods (Universal Kriging, IDW, TIN and Second Degree Polynomial). By using 

the (Autodesk Field Survey) software, we subtract the main layer from each sub-layer by 

recalling the two layers and determing them from work file. This process was named (layer 

subtraction) were results are the differences of elevations (difference in size of cut and fill) see 

figure (12). Fifty points were selected for checking the accuracy of mathematical methods, in 

both Digital Elevation Models (DEMs) (main and sub-layer), the difference were computed in 

(z value), also the value of Root Mean Square Error (RMSE) computed by using a special 

equation (21). 
 

 

 
 

 
 

 

 

 
 

 
 

Results: 

It can be noticed that the differences in elevations values between those obtained from field 

survey DEM and the obtained one scanned contour map, is within the contour interval limit 

which is (50m), i.e. this difference is within the acceptable range, but the differences in some 

    Subtraction of Layers 

DEM from Scanned Topographic Map 

  DEM from Field Survey Data 

Differences in Size of Fill 
Differences in Size of Cut 

 

Figure (12): The process of Layers Subtraction by using Autodesk Field Survey software. 
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points has exceeded the (50m) contour interval, which caused a "gap" in some areas between 

the two models. 

The reasons why the difference between the points which lies in two models (elevations) 

exceeds the acceptable range of the contour interval can be caused by one of the following: 

1- The scale of the drawing. The larger the scale used the greater the accuracy obtained in 

line drawing, and hence the greater accuracy in elevation model (DEM). This can be obtained 

for scales larger than 1/25,000, for e.g. (1/10,000, 1/5,000), and  

2- An error has occurred in the drawing of the contour line from aerial photographs in the 

“gaps” area between the two models.  

The Root Mean Square Error (RMSE) were computed for each mathematical technique by 

equation (21) and also the Vertical Map Accuracy Standard (VMAS) computed. Table (3) 

summarize the predicted accuracy for all these mathematical methods. 
 

 

 

Mathematical Techniques. zσ  

Triangulated Irregular Network (TIN). 14.439m 

Kriging interpolation. 11.849m 

Inverse Distance Weighting (IDW). 16.709m 

Polynomial interpolation. 17.989m 

Vertical Map Accuracy Standard (VMAS) 25m 

Typical Standard Deviation 15.2m 

 
A graphical representation of table (3) illustrates the difference in accuracy more as in fig.(13) 
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Table (3): The computed standard deviation for the model by using 

mathematical techniques. 

    Fig (13): The Accuracy of DEM Using Different Mathematical Techniques Statistically. 



H. Z. Ali                                                                                 Evaluation of Mathematical Techniques used 

B.S. Abbas                                                                                      f or Producing Digital Elevation Model (DEM) 
A. M. Daham 

 

Available online @ iasj.net 3575 

Conclusions: 

From the results obtained in table (3), the following conclusions extracted:- 

1. The DEM's produced by four mathematical methods were compared on the basis of computing the Root 

Mean Square Error (RMSE). It was found that the best interpolation method is Kriging which gives the best 

results as illustrated in figure (14). 
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2. The digital elevation model could be produced from scanned topographic maps with acceptable accuracy 

standards by using suitable interpolation method. It was found that the scale of maps and the contour 

intervals affect the accuracy besides the interpolation method. 

3. When dealing with Raster format DEM it was found that the produced DEMs by mathematical methods is 

the one produced by Kriging technique which is a model distinguished for its high clarity, it was the reason 

to produce the photo textured DEM depends on the obtained kriging model. 

4. Digital Elevation Models (DEMs) proved the effectiveness of solving many scientific and engineering 

problems like the intervisibility analysis, terrain analysis, volumetric computations and production of photo-

realistic DEMs which is very useful in military applications.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (14): The results of the Kriging method for each study area.     
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ABSTRACT: 

      In this study regeneration process was carried out for exhausted activated carbon, which has 

been used for adsorption process of furfural from its solution by three different methods (washing 

with dilute alcohol ethanol 20%, washing with boiled distilled water at 100C
o
 and thermal process ؛

at (200 – 900) C
o
 The regenerated activated carbon has been reused in the column system of fixed .؛

– bed in order to estimate the adsorption quantities and comparing the value with adsorption 

quantity of original activated carbon under same condition (furfural with concentration 0.2 kg/m³, 

bed depth 5 cm, flow rate of liquid 16.16 × 10
-5

 m³/min and particular size of activated carbon (1.5-

0.5) mm) in order to estimate the regeneration efficiency for each method which ranged (60-90)%. 

 
 الخلاصة:

تم استخدامو في عممية الامتزاز لمادة الفورفورال من محمولو المائي  أنفي ىذه الدراسة تمت عممية تنشيط لفحم مستيمك بعد       
؛ واخيراً عًهيت م 100% والغسل بماء مقطر مغمي لدرجة 20غسل بكحول اثيمي مخفف وتم استخدام ثلاث طرق مختمفة ) ال

؛ . انفحى انًعاد انخُشيط حى اضخخذايه في عًهيت الايخساز في عًىد رو م(  000-200انحراريت انجافت بذرجت حرارة يخصاعذة يٍ ) 

نًطخحصهت يٍ اضخخذاو فحى غير يطخخذو وححج َفص حشىة ثابخت نغرض احخطاب انكًيت انًًخسة نهًادة ويقارَخها بانقيًت ا

 10  × 17.17ضى ، يعذل جرياٌ  5، عًق انحشىة  ³كغى/ و 0.2) حركيس انفىرفىرال      انظروف
-5

/ دقيقت و أخيرا حجى  ³و 

 %. 00-70( يهى نغرض احخطاب كفاءة انخُشيط نكم طريقت وانخي حراوحج يٍ  1.5 – 0.5)      انحبيباث نهفحى

 
KEY WORDS: 

   Activated carbon, regeneration efficiency, thermal process, adsorption quantity, break point 

time. 

 
INTRODUCTION: 

      Activated carbon is used as adsorbent in the process of the adsorption in order to control the 

odor or amount of organic compound because of its large surface area, it is used as powdered or 

granular while the last is more useful in the continuous process when waste water is purified by 

passing through bed of granular activated carbon (Rao1994, Casey 1992). In every small plant, it 
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may be feasible to use granular carbon for one time but for economical concernment the activated 

carbon must be regenerated (Culp and Gorden 1971). 

  Four general methods for reactivation granular carbon are solvent wash, acid or caustic wash, 

steam reactivation and thermal regeneration (Culp and Gorden 1974). Regeneration efficiency by 

boiling water method was achieved after 4.5 hr for phenol as (adsorb ate) with activated carbon as 

(adsorbent) was 90% ( Martine and Ng. 1984,1985). 

 

CALCULATION OF REGENERATION EFFICIENCY: 

      The efficiency of the regerant is judged on the adsorption quantity of activated carbon the 

efficiency can be calculated by using the following equation of calculation was employed (Martin 

& Ng. 1984). 

       

 

 

 
……………(1) 

 
Where: 

qo = quantity of solute (adsorb ate) adsorbed per unit weight of adsorbent (original activated 

carbon) and qr is quantity of adsorbed solute per unit weight of adsorbent ( regenerated carbon) 

during the passing of solution through fixed – bed column. 

  

 

 

 
EXPERIMENTAL WORK: 

      The physical properties of Granular activated carbon manufactured by (unicarbo co. Italy) are 

listed in table (1). The exhausted carbon from experiments of fixed – bed column adsorption of 

furfural. From waste water which was obtained from Al- Dora refinery plant after the stage of 

primary treatment contaminated with furfural (C5H4O2 ) molecular weight (96.06 gm/mole) (OSHA 

2000). 

 

Table ( 1 ) properties of activated carbon 

Item of analysis specification 

Dimensions ( granular ) 12 × 40 mesh ( 0.4- 1.6 mm) 

Surface area ( m² / kg ) 1100 – 1130 

Bulk density ( kg / m ³ ) 460 – 480 

Ash ( % ) 5 ( max ) 

 

 

REGENERATION OF ACTIVATED CARBON: 

      Regeneration of exhausted activated carbon was carried out in the laboratory using the 

following methods (Martine and Ng. 1984, Clup and Gorden 1971). 

 

WASHING WITH ETHANOL 20 %: 

      50 gm of the exhausted carbon was weight by electric balance (type, mattler, AE200, Swiss) 

and mixed with 600 ml of (20%) ethanol in Pyrex beaker of 1 liter. Agitating the mixture by using 

magnetic stirrer (type, prolabo, 2204) at 800rpm for 4 hr at 25 C˚. The washing liquid was changed 

three times during the process. The mixture was filtered and the activated carbon washed by 

              t=ts 

qr & qo  =  ش    [ (Co – C ) / m  . Q .t ] …………..(2) 

             t=0 
 

        % 100   
q

q 
     %) (RE Efficiencyon Regenerati

o

r 
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distilled water and dried in electrical oven (type, memmert, 8840, West Germany ) at 200 C˚ for 3 

hr. 

 

     WASHING WITH BOILED DISTILLED WATER: 

      50 gm of exhausted carbon with boiled distilled water in Pyrex beaker of 1 liter and heated at 

100 C˚ with agitating at speed 800 rpm for 6 hr with change the boiled distilled water during the 

process in order to achieve the adsorption of adsorb ate ( furfural ). The mixture was filtered and the 

activated carbon was washed by distilled water and dried at electrical oven at 200 C˚ for 3 hr. 

 
  

    THERMAL PROCESS: 
      50 gm of exhausted activated carbon was washed by distilled water and dried in an oven at 100 

C˚ for 1 hr and at 200 C˚ for 2 hr, after that the activated carbon was heated in an electrical furnace 

(type, Heraeus., Germany) at temp. 600 C˚ for 1.5 hr and the temperature was raised to 900 C˚ for 

1.5 hr. 

After each experiment the activated carbon was screened to remove the ash and granular with size 

less than 0.5 mm to be ready for using in adsorption experiment by fixed – bed column. 

 

 
CONTINUOUS ADSORPTION SYSTEM: 

      The equipment are shown in Fig (1) were used for investigating the adsorption of furfural from 

the aqueous solution onto (original or regenerated activated carbon) and these equipment are 

consisted mainly from a vertical Polyvinylchloride (PVC) column fixed – bed with inner diameter 4 

cm and 100-cm height, the samples were taken at internal time of 15 min from the bottom of the 

column. The analysis was carried by calorimetric ( type, Jenway, 6030.UK) at wave length 430 nm. 

( Foste and Lesile 1971). Table (2) shows the experiment condition, which were carried out for 

using original and regenerated activated carbon.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1) A schematic representation of the experimental equipment 
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Table (2) Experiment information data. 

experiments Co (kg/m³) 

×10
-3 

d.p. 

mm 

Q (m³/min) 

×10
-5

 

Bed depth 

cm 

Carbon 

mass in gm 

Original gran 

activated carbon 

(GAC) 

200 0.5 – 1.5 16.16 5 28.9 

Regenerated(GAC) 

by alcohol 
200 0.5 – 1.5 16.16 5 28.9 

Regenerated(GAC) 

by boiled distilled 

water 

200 0.5 – 1.5 16.16 5 28.9 

Regenerated(GAC) 

by thermal process 
200 0.5 – 1.5 16.16 5 28.9 

 
RESULT AND DISCUSSION: 
      The break through curve Fig (2) showed the time required for break point and Fig (3) showed 

the adsorption quantity vs. time. Both above figures showed that the break point time and total 

adsorption quantity respectively decrease for regenerated activated compared with the original one 

Table (3 and 4). 

 

Table (3) 

Kind of bed Break point time  

( min) 

Total adsorption 

quantity (kg/kg) 

Original (GAC) 120 23.49 

Reg. (GAC) by alcohol 35 14.3 

Reg. (GAC) by boiled distilled 

water 
60 18.4 

Reg. (GAC) by thermal process 75 21 

 

Examining Tables (3 and 4) it can be seen that the removal of furfural from activated carbon using 

the washing with dilute alcohol Ethanol 20% is less effective compared with other methods as well 

as with an undiluted organic with water ( Foste and Esile 1971). It is likely that bonding between 

the organic regenerant and water hinders the regeneration process, and the regeneration efficiency 

increases with increasing alcohol percent in the solution of regeneration (Martine and Ng 1984). 

Using equation (1) to calculate (RE%) of the regenerated (GAC) by dilute ethanol was: 

RE % = (14.3 / 23.49)  × 100 = 60.80 % 

This value of RE % is low compared with other methods, Table (5). This is due to the low solubility 

of furfural in water at 25 C˚ while its very soluble in pure alcohol (ethanol). 

The regeneration by boiled distilled water shows to be an attractive form of regeneration knowing 

that solubility of furfural in water increases with increasing the temperature (Al-Saady, 2000). This 

indicates that it is acceptable to use steam in the regeneration in fixed bed adsorbers. The value of 

RE% by using equation (1) is 78.27%. 

Using thermal process indicated that it is more effective process compared with the other methods 

because the high temperature will let the furfural molecules in the microspores be evaporated but 

this method leads to high percent of ash as a result of combustion of exhausted (GAC). The value of 

RE% is 89.4% and percentage of ash was 17%. Table ( 5) shows the efficiencies of the three 

methods.  
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Table ( 5) Regeneration efficiencies 

Regenerated GAC qo qr RE% 

Washing by ethanol 20%. 23.49 14.3 60.8 

Washing by boiled distilled 

water 100 C˚  

23.49 18.4 78.27 

Thermal process (200-900) C˚ 23.49 21 89.4 

 

CONCLUSION: 

- Pure organic chemical regenerant, which has high solubility for furfural is more effective in 

regeneration process than the dilute one. 

- Adsorption of furfural onto activated carbon is consider physical adsorption. 

- Boiling water proved to be a very successful regenerant due to the process of adsorption is 

more effective when temperature is increased. 

- High temperature of thermal process considered more effective method which help the 

molecules of adsorb ate release from the micro pores of adsorbent but leads to high percentage 

of ash formation due to the high temperature of heating. 

 

 

Fig.( 2):Break through curves of isotherm adsorption for regenerated activated  

carbon by different methods comparison with original activated carbon. 
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Fig. (3) Adsorption quantities curves of the regenerated activated 

 carbon by different method comparison with original one 

 

 
Table (4 ) break through and adsorption rate data for different regeneration methods 

Where: C (kg/m
3
) X10

-3
 and q (kg/kg)X 10

-2
 

Time 
min 

Original activated 
carbon 

Thermal regeneration Boiling water method 20%ethanol washing 
method 

C q C q C q C q 

15 0 1.72 0 1.72 0 1.72 5 1.69 

30 0 3.44 3 3.44 7 3.44 10 3.334 

45 2 5.15 9 5.09 10 5.04 25 4.85 

60 3 6.85 13 6.708 18 6.617 33 6.3 

75 5 8.5 20 8.265 22 8.16 45 7.64 

90 7 10.16 25 9.78 33 9.6 55 8.9 

105 14 11.78 38 11.18 50 10.9 75 10 

120 20 13.32 47 12.5 65 12.07 90 10.95 

135 27 14.8 54 13.703 78 13.125 110 11.72 

150 35 16.2 60 14.92 87 14.1 138 12.421 

165 43 17.56 73 16 105 14.922 153 12.95 

180 54 18.8 85 17.01 120 15.614 164 13.36 

195 68 19.9 100 17.88 130 16.2 177 13.67 

210 89 20.85 112 18.64 140 16.7 180 13.87 

225 106 21.65 138 19.33 150 17.133 185 14 

240 120 22.3 155 19.87 162 17.46 189 14.13 

255 148 22.74 175 20.26 170 17.72 195 14.25 

270 175 22.95 180 20.5 182 17.936 198 14.3 

285 180 23.12 190 20.67 191 18.126 200 14.3 

300 185 23.3 194 20.8 194 18.325   

315 187 23.4 197 20.88 197 18.37   

330 195 23.45 197 21.93 198 18.4   

345 197 23.48 200 21 200 18.4   

360 199 23.49 200 21     

375 200 23.49       
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NOMENCLATURE: 

C = Concentration of adsorbent at given time ( kg / m
3
). 

Co = initial concentration of adsorbent (kg/m
3
). 

d = bed depth (cm). 

dp = diameter of carbon particle (mm). 

GAC = granular activated carbon. 

m = mass of carbon (gm). 

q = flow rate of waste water ( m
3
/ min ). 

qo= adsorption quantity of original GAC. 

qr= adsorption quantity of regenerated GAC. 

RE = Regeneration efficiency. 

t = time ( min ). 

ts = time of bed saturation  ( min ) . 

 

 

 

      

http://www.earochem.com/activatedcarbon101.html.
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ABSTRACT 

 
Soil in general is not a linear material, in which the relation between stress and strain is 

more complicated than the simple, linearly elastic relation. To make accurate 

deformation analysis of clay deposits, the incremental Biot's theory of consolidation is 

used together with elasto-viscoplastic constitutive relations based on the critical state 

concept using the modified Cam-clay model. One and two dimensional consolidation 

problems were analyzed numerically by the infinite-finite elements. Results show that 

the proposed method can describe the effect of sample thickness on consolidation 

phenomena. Also the two dimensional behavior of a clay foundation during the 

construction of embankment was analyzed. 

 الخــلاصــــــة
   

إن التربة وبصورة عامة لا تعتبر كمادة خطية، حيث إن العلاقة بين الإجهاد و الانفعال معقدة جداً مقارنة بالعلاقة 

 الخطية المرنة البسيطة.   

( للانضمام Biot’sلذلك و لغرض الحصول عمى تحميل دقيق لتشوهات التربة، فقد استعممت نظرية)          

المزج المدن اعتماداً عمى مفهوم الحالة الحرجة لمتربة و باستخدام النموذج -مع علاقات النموذج المرن  المتزايد

تم تحميل مسائل الانضمام لمتربة ذات البعد الواحد و البعدين عددياً  .(Modified Cam clay)المعروف بـــــ 
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أن الطريقة المقترحة قادرة عمى وصف تأثير باستخدام العناصر الغير محددة و المحددة، حيث أظهرت النتائج 

 سمك النموذج عمى ظاهرة الانضمام، وكذلك تم دراسة سموكية الأساس الطيني أثناء إنشاء سدة ترابية.

 INTRODUCTION 

 
 Most work on the analysis of consolidation problems using numerical technique 

has considered linear elastic behavior of soil. Unfortunately, Terzaghi's consolidation 

theory does not always describe the relation between excess pore pressure and 

settlement during consolidation of a clay deposits. Mesri and Choi (1979) reported that 

the settlement of a soft clay deposits take place with almost constant values of effective 

stress and pore water pressure. Similar phenomena have been observed for sensitive and 

aged clays, where this phenomena is due to both time-independent (plastic behavior), 

and time-dependent (creep) of clay. 

 In order to make accurate predictions of consolidation problem, it is necessary to 

use a constitutive model for clay that describes not only in viscid behavior, such as 

strain hardening, but rate sensitive behavior as well. 

 In this work, linear elastic Biot's consolidation is modified by extending the 

media to include infinite domain using an elasto-viscoplastic constitutive relations to 

model the non-linear soil stress-strain relations; Abdul-Hameed  (1998). 

  

 CONSTITUTIVE EQUATIONS FOR SATURATED SOIL MEDIA 
 

The general idea of elasto-viscoplastic behavior linking the strains and effective stresses 

in the soil skeleton are introduced for a general stress state. Perzyna (1966) proposed the 

following flow rule for viscoplastic deformation in the simple case of an infinitesimal 

strain field: 

 








F
Fvp

                                                                                                 (1) 

 

in which   is a fluidity parameter controlling the viscoplastic flow rate,  F  

represents the strain rate effect on the yielding of the material, and defined as: 
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0

0<F0

FF
F


                                                                                   (2) 

 

The functional form of  F  is given by Zienkiewicz et al. (1975) as follows: 

 
N

oF

F
F 








                                                                                                       (3) 

where Fo  the yield value is in uni-axial stress and N is an exponent, which is simply 

used equal to unity. 

 The function F is an appropriate yield function. The mechanical behavior of 

clays can be described by the modified Cam-clay model (Roscoe and Burland, 1968). 

The yield surface of this model is an ellipse in p-q plot as shown in Fig. (1), and 

mathematically is expressed as: 

q

p

Collapsing Yield

Surface

M

1
Expanding Yield

Surface

Failure Line

CSL

pco

 

Fig. (1) Modified Cam-Clay Model in The Space of The Two Stress Invariants P 

and q. 
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                                                                               (4)                                                                          

where p, q, pc, and Mc.s are respectively the mean effective stress, the deviator stress 

and are related to the stress invariants as given in [Appendix A], the current diameter of 
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the ellipse (yield surface) in p-direction and is analogous to a pre-consolidation pressure 

and the value of the stress ratio (q/p) at the critical state conditions; Mc.s is related to the 

angle of internal friction  obtained from tri-axial compression test by: 

 



g

sin3
6.sin

.c.s 
M                                                                                                 (5)                                                                                                   

 The shape of the failure surface in the deviatoric - plane can be made to 

coincide with Mohr-Coulomb principles with a smooth variation (Yousif, 1984): 

 
    


sin3.11

2

KK

K
g


                                                                        (6)                                                                           

In which  is the Lode angle defined in the deviatoric plane (Yousif, 1984): 

K 




3

3

sin

sin




                                                                                                           (7) 

When yielding occurs, the yield surface will expand or contract as the soil hardens or 

softens as shown in Fig. (1). The initial size of the ellipse is governed by the maximum 

pre-consolidation pressure (pco) to which the soil has previously been subjected during 

its past history. The change in the current value of the hardening parameter (pc) is 

related to the viscoplastic volumetric strain increment through the following equation:  

 p
e

pc
o

co vp
v



 


1
. .                                                                                           (8)                                                                                         

where eo is the initial void ratio,  is the slope of the normal consolidation line in e-ln p 

space, and  is the slope of swelling and recompression line in e-ln p plot as shown in  

Fig.(2). 

 
CONSOLIDATION ANALYSIS BY THE FINITE ELEMENT METHOD 

The consolidation problem may be discretized using finite elements. A pore pressure 

degree of freedom is added to the usual displacement degree of 
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Fig. (2) Consolidation and Swelling Lines in e-ln p plot. 
 

Freedom at the corner nodal points only.  The spatial integrations may then be 

performed using Gaussian quadrature, and a time marching process is used to perform 

the time integration. 

 Shape functions {N} and {Np} are used to relate the continuous values of 

displacements u, and pore pressure p to the to the nodal values u
n
 , and  p

n
 as follows 

(Zienkiewic , 1977) : 

 

     
     








nT

p

n
.

T

pNp

uNu
                                                                                                 (9) 

 

The coupled equations for an element may be written in matrix form as [detailed 

of which are given by Yousif (1984) and Abdul-hameed (1998)]: 

 







 


















 0.0.5

Cdf

dp

du

HtL

LK
n

n

T

T
                                                      (10)                                                               

 

In which the gravity load F  is set equal to zero. 

 Where the element stiffness matrix [KT] is given in the usual way by: 
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v

... dvBDBK T
T   (11)                                                                                             

In which D is the elasticity matrix either for plane strain or axi-symmetric conditions. 

The matrix [L] couples the stiffness equations with those of fluid flow and is given as: 

 

  
v

... dvNmBL T
p

T
  (12)                                                                                            

Where 

 

 1011Tm                                                                                                (13)                                                                                                

 

The fluid flow [H] matrix is given by: 

     
 
v

.
w

dvN
k

NH T
p

TT
p


                                                                         (14) 

Where {k} is the permeability matrix,  is the del-operator defined as: 











zyx

T












       (15)                                                                                       

{df} is the incremental load vector, due to boundary or body force loading and is given 

as: 

 
s

.... dsdtNdvdbNdf TT

v

      (16)                                                                 

Where b and t are body forces and boundary tractions respectively. And finally, C is the 

additional load vector due to viscoplastic flow or stress relaxation and is given as: 

 

   
v

.... dvtDBC n
vpT

          (17)                                                                              

The symmetry of the final formulation is assumed providing KT is symmetric as in the 

case of using associated plasticity theory. For a specified time step t, and prescribed 
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incremental loadings, the unknown increments of displacements u
n
(t) and pore 

pressure p
n
(t), can be obtained. 

 

COMPOSITE INFINITE ELEMENT FOR CONSOLIDATION PROBLEMS 

This type of element can be formulated to show the different types of decay rates 

applied for the field variables. For consolidation problems the decay rate applied can be 

obtained from the available analytical solutions. 

Solutions for the instantaneous loading condition at (t=0
+
) and at the end of 

consolidation (t=) responses indicate that the vertical displacement at the surface of 

the half-space decays approximately in inverse proportion to the radial distance from 

loaded area. 

 The element with a (1/r) order decay rate was found to yield the most accurate 

solutions for various consolidation problems, Selvadurai and Gopal (1986). 

 Hence, the same type of decay rate (1/r) is employed in this research work to 

develop the composite infinite element used for consolidation problems. Five-nodded 

infinite element was shown in Fig. (3), represent an infinite medium in the -direction. 

This element is a combination of five-nodded infinite element which representing 

quadratic variation for the displacement field and a two-nodded super parametric infinite 

element which is representing a linear variation for the pore pressure field. 

(a) (c)(b)

1 2

34
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1 2

34





1 2

34

5 



 

Fig.(3) Composite Infinite Element; 

One)Five-Nodded Element for Displacement; 

Two)Two-Nodded Super parametric Element for Pore Pressure; and 

Three)Superposed Element [After Selvadurai and Rajagopal (1989)]. 

The pore pressure shape functions for the two-nodded super parametric element 

are obtained directly from those of the four-nodded linear quadrilateral element. Node 2 

and 3 of this element are used only for mapping and are not used for interpolation. 
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Displacement shape functions for the five-nodded element are obtained from those of 

the eight-nodded quadratic element. Mapping and element shape functions can be found 

in Abdul-Hameed (1998). 

 The requirements for completeness and monotonic convergence are satisfied by 

these elements and therefore, the mapping is independent of the choice of the coordinate 

system. 

 The implementation of the infinite element required the following modifications: 

* The jacobian is formulated on the basis of the singular mapping functions. 

* The interpolation is carried on the basis of the variable at two or five nodes as 

indicated in Fig. (3). 

* The mapping functions referring to the particular geometry of infinite elements is that 

the nodded coordinates of outer nodes (2 & 3) shown in Fig. (3 c) are taken twice as 

those of the corresponding inner nodes (1 & 4). 

 
NUMERICAL APPLICATION 

The coupled field equations presented by Eq. (11) have been incorporated into a finite 

element program called “EVPCON” written in FORTRAN 77, developed for this 

study to analyze one and two dimensional consolidation problems. 

 
One-Dimensional Consolidation Analysis 

 
An external uniform surface load (T = 100 kN/m

2
) is applied to a clay layer and 

drainage is allowed to occur in the vertical direction only. The finite element mesh used 

in this analysis is shown in Fig. (4). The material properties needed for the nonlinear 

modified Cam-clay model are listed in Table (1). Euler’s time integration scheme is 

used to calculate the viscoplastic strain increments. 

 The predicted settlements and pore pressure are presented for different values of 

over consolidation ratios in Figs. (5) And (6) for sample thickness of H=5cm. The pore 

pressure distribution are non-dimensionalized with respect to the initial pore pressure 

(p =T00), and settlements with respect to the final settlement (S) predicted by 

Terzaghi’s classical solution. The non-dimensional time factor Tv was used as the 

abscissa. 
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Fig. (4) Finite Element Mesh and Boundary Conditions for 1-D Nonlinear 

Consolidation. 

 
Table (1) Material Properties Used for 1-D Consolidation Analysis 

Material Properties Soil 

Young’s Modulus, E (kN/m
2
) 10000 

Poisson’s Ratio,  0.333 

Coefficient of Permeability, k (m/day) 1*10
-4

 

Fluidity Parameter,  (day
-1

) 8.64*10
-5

 

Initial Void Ratio, eo 1.5 

Slope of Normal Consolidation Line,  0.231 

Slope of Swelling Line,  0.05 

Angle of Internal Friction,  22 

Initial Vertical Effective Stress, yo (kN/m
2
) 200 

 
 The inclusion of the viscoplasticity effects decreases the magnitude of 

dissipation of pore pressure for Tv between 0.03 and 0.5. Therefore, the predicted pore 

pressure is higher than those predicted by the elastic analysis. 

Impermeable 

Boundary 

Drainage 

Boundary 
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Fig. (5) One-Dimensional Consolidation; Surface Settlements versus Time Factor 

at (node A) for Different OCR. 
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Fig. (6) One-Dimensional Consolidation; Pore Pressure versus Time Factor at 

(node B) for Different OCR. 

 

When (OCR=2). Similarly the predicted settlements are higher than those predicted by 

the elastic theory. Figures (5) and (6) also show the effect of using different over 

consolidation ratio (OCR) on the predicted results. As (OCR) values increase the 

behavior is approaching that of the elastic solution obtained by Terzaghi’s theory. For 
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(OCR) equal 2 elastic behaviors is predicted within the yield surface as the state of 

stress approaches the yield point viscoplastic is predicted till the end of consolidation. 

For (OCR) equal 1 non-linear analysis is predicted immediately upon loading. 

 Figure (7) shows the predicted vertical settlement-time curves for clay layer of 

(OCR=1) but of different heights, in which the effect of drainage path has been 

investigated. 
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Fig.(7) One-Dimensional Consolidation; Surface Settlements Versus Time Factor 

at (node A) for Different OCR. 

 

 
 The predicted viscoplastic strain for the cases investigated was found to be 

proportional inversely to soil thickness. This behavior is experimentally supported by 

Aboshi (1973), who carried out several one-dimensional consolidation tests with 

different specimen heights on clay exhibiting creep settlement, it was found that the 

viscoplastic volumetric strain rate (&
VP

) for the thick sample is lower than that of the 

thin sample. 

 
Two-Dimensional Consolidation Analysis 

 
The response of clay foundation during the construction of embankment has been 

investegated by Tavenas and Leroueil (1980). They reported that none of the existing 
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analytical methods can describe field data. Oka et al. (1986) were the first who tried to 

account for this behavior using elasto-viscoplastic constitutive equations based on Cam-

clay model and Biot’s consolidation theory. 

 The construction of a similar embankment is analyzed numerically using the 

developed elasto-viscoplastic constitutive equations and Biot’s consolidation theory 

under plane strain conditions. The infinite-finite elements idealization and boundary 

conditions are shown in Fig. (8). The material properties used for the nonlinear visco-

plastic using the modified Cam clay model are listed in Table (2). The rate of loading 

required by the analysis is taken equal to 2 kN/m
2
/day. The calculations were stopped at 

100 days at the end of construction. 
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Fig. (8) Infinite-Finite Elements Mesh and Boundary Conditions. 
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Table (2) Material Properties Used for 2-D Consolidation Analysis 

Material Properties Soil 

Young’s Modulus, E (kN/m
2
) 5350 

Poisson’s Ratio,  0.333 

Coefficient of Permeability, k (m/day) 1*10
-5

 

Fluidity Parameter,  (day
-1

) 8.64*10
-8

 

Initial Void Ratio, eo 1.5 

Slope of Normal Consolidation Line,  0.231 

Slope of Swelling Line,  0.05 

Angle of Internal Friction,  22 

Initial Vertical Effective Stress, yo (kN/m
2
) 100 

 
 Figure (9), shows the settlement-time profile predicted at the center line 

elements and immediately below the embankment. Figures (10) and (11), show the 

distribution of excess pore pressure and lateral displacement versus depth build up 

during construction. Both lateral displacement and pore pressure are at maximum values 

between 2 to 5 m depth as shown. 
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Fig. (9) Settlement-Time profile Center Line Elements. 
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Fig. (10) Distribution of Excess Pore Pressure at Center of the First Column of the 

Elements versus Depth. 
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Fig. (11) Distribution of Lateral Displacement with Depth at Embankment Toe.  
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 The relation between excess pore pressure and total vertical stress increment v of 

element 1 is shown in Fig. (12). As shown the ratio p/v is almost equal to 0.8 during 

early construction, thereafter the ratio increases to 1.0. 
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Fig. (12) Excess Pore Pressure versus Total Vertical Stress for Element1. 

 

The trends of predicted behavior agree well with the field observation reported by 

Tavenas and Leroueil (1980). They related it to the fact that as natural clay is initially 

over consolidated, the rate of pore pressure dissipation is high at beginning of 

construction and p/v is smaller than unity, and as construction advances, pore 

pressure increment becomes equal to embankment load due to passage of clay to the 

state of normally consolidated, and the behavior is totally nonlinear. 

 
SUMMARY AND CONCLUSIONS 

 
The main conclusions obtained from these analyses can be summarized as follows: 

 

1. The effect of using different over consolidation ratio (OCR) on the predicted clay 

behavior was examined, in which the elastic behavior was obtained when (OCR) 

equal 2, while the nonlinear behavior was predicted immediately upon loading when 

(OCR) is equal to 1. 
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2. The inclusion of viscoplastic flow decreases the amount of dissipation of pore 

pressure for the time factor Tv between 0.03 to 0.5. 

3. The developed visco-plastic model can describe the effect of the length of the 

drainage path on the consolidation settlement. Where, the viscoplastic volumetric 

strain rate for the thick sample is found to be less than that of the thin sample. 

4. The behavior of clay foundation during embankment construction was simulated 

using the developed model. From the distributions of excess pore pressure at center 

line element and lateral displacement at toe versus depth, maximum values are found 

at depths between 2 to 5 m. Also, the rate of pore pressure dissipation is high at 

beginning of construction and (p/v) is smaller than unity, and as construction 

advances this rate becomes equal to embankment load. This behavior is related to the 

passage of clay to state of normally consolidated from the state of over consolidated. 

5. A numerical difficulty encountered in all analyses carried is in the choice of the 

fluidity parameter . The predicted results were very sensitive and a value between 

10
-8

 - 10
-12

 per second was used.  

  
APPENDIX A 

 
The state of effective stress of a soil continuum needed for the modified Cam clay 

model are the mean effective stress and the deviatoric stress respectively: 

 

 

  







 

2

1

321

2

1
3

3
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ijij
SSq

P 

                                                                                  (A-1) 

 

Where 1, 2and 3 are the three principal stresses and Sij is the deviatoric stress as: 

  

Sij    ij
1

3 ij kk. .                                                                                 (A-2) 

 

Here ij is the stress tensor, ij is the kronecker delta. 
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AN INDIRECT ROTOR-FLUX-ORIENTED  CONTROL 

OF A TWO-PHASE INDUCTION MOTOR DRIVE 
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ABSTRACT 
 

A vector control is proposed for a two phase induction motor drive . The motor  

is driven by H-bridge current-regulated pulsewidth modulated voltage source inverter. 

The vector control is based upon rotor field orientation concepts that have been adopted 

for this type of machine. Simulation results are provided to illustrate the system 

operation and  the MATLAB/SIMULINK has been used for simulation.   

 

 الخلاصة

 

يتناول هذا انبذث يقتزح باستخذاو  سيطزة انًىجه في يسىق انًذزك انذثي ثنائي انطىر ديث يستخذو يبذل نىع 

ين  عزض اننبضت نىع تنظيى انتيار. سيطزة انًىجه تستنذ عهى يبادئ وانًسيطز عهيه بطزيقت تضً Hقنطزة 

باستخذاو    اةنهذا اننىع ين انًكائن.تى ايجاد نتائج انًذاك استخذايهااعتبار فيض انذوار كًذىر  وانتي تى 

MATLAB/SIMULINK    . نتىضيخ عًم انًنظىيت 
 

KEY WORDS 

 

Two phase induction motor, indirect rotor-flux-oriented control. 
 

INTRODUCTION 
 

Control systems utilize the fractional-horsepower size electromagnetic 

components as motors  and sensors to measure speed and position of controlled 

elements. A two phase induction motor is used as a control motor, and is suitable for 

control systems up to a few hundred watts. 

The two phase induction motor has two-phase windings located in stator slots 

,which are displaced from each other by 90° electrical degrees. One winding is always 

supplied and is called the excitation(or main) winding. The control signal is applied to 

the other winding (called control or auxiliary winding) , such that with no control signal 

the motor must be at standstill. 

  In order to develop a torque the two windings voltages must be shifted in time-

phase. The motor operates from a single-phase supply and utilize a phase-splitting 
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capacitor to develop a rotating field in the air gap. However , due to an elliptical 

rotating field, a pulsating torque that causes higher noise than a three-phase induction 

motor. 

In recent years various schemes have been proposed for inverter-driven two 

phase induction motor. In references (1, 2) square voltage waveforms with quadrate 

phase shift are supplied to the two-phase windings of a two phase induction motor 

driven by an inverter. Though this drive is simple and cheap, the control range of speed 

is limited and the harmonic content of the output is high. In references (3, 4) phase-

difference angle control of a two-phase induction motor is used which can extend the 

speed  control range without a substantial increase in cost of the drive . However , 

under phase –difference angle control , the torque pulsation still exists. In reference ( 5) 

space-vector pulse width-modulation (SVPWM) inverter is proposed for constant-

power operation of a two phase induction motor . Though with this scheme a smooth 

torque is obtained ,the drive can not  suitable for constant torque with variable speed 

applications which are needed highly in industry. Also the dynamic response of the 

speed is very slow and the system has no ability to reject the disturbances in the load 

torque , system parameters and the dc power supply , since the system is an open loop 

system. 

This paper introduces a variable speed drive for a two phase induction motor .A 

current-regulated pulsewidth modulated two phase voltage-source inverter is designed 

as a  balanced two phase supply for the motor. A vector control method and the rotor 

field orientation concepts have been adopted for this type of machine to obtain closed 

loop speed control drive system like a separately excited dc motor drive. 

Simulation results are presented to demonstrate the main characteristics of the 

proposed drive system, and the MATLAB/SIMULNK has been used to perform the 

simulation studies. 

 

MACHINE MODEL 

 
The simplified representation for the 2-phase machine is shown in Fig.1 .When 

a stator winding is distributed for the purpose of producing a sinusoidal MMF wave in 

space , it is convenient to consider the winding as an equivalent single coil and express 

the mutual coupling between it and an equivalent rotor coil as a sinusoidal function of 

the angular displacement between their magnetic axes. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 A 2-phase Symmetrical Machine . 
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If the induction machine has either a squirrel-cage rotor or a coil-wound rotor 

with the same number of phases as the stator, the rotor can be considered as having 

equivalent coils (shown in Fig.1). The stator windings are identical ,i.e. ,both windings 

have an identical number of effective turns Ns , identical resistance rs ,identical leakage 

inductance Lls ,and self inductance  Ls. Similarly rotor windings  are identical which 

have the same effective turns Nr ,resistance  rr ,leakage inductance Llr , and self  

inductance Lr.   

The voltage equations for the stator phases are written 

 

assasas irpv                                                                                         (1)                                                             

  bssbsbs irpv                                                                                         (2)                 

 

In  the case of the rotor phases  

 

arrarar irpv                                                                                        (3)    

                       

   brrbrbr irpv                                                                                        (4) 

For induction motor with squirrel cage rotor  var=0 ,vbr=0 ,therefore equation 3 

and equation 4 can be written 

 

    arrar irp  0                                                                                       (5) 

 

     brrbr irp  0                                                                                       (6) 

 

Where λ is the total flux-linkages of  a particular winding , and p is the operator d/dt . 

Figure 2 shows the angular relation of the stator and rotor axes of a 2-phase 

machine with the third set which is an orthogonal set (d-q axis) . It is clear that as-bs set 

is fixed in the stator . The ar-br set is fixed in the rotor and hence rotates at an electrical 

angular velocity of ωr 
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Fig.2   Axes of 2 pole 2 phase symmetrical machine 
 

 

 

The equations of transformations which can be correlated to the angular relation 

of the axes in Fig.2 , are  

 

Stator 

 

 sincos bsasds fff                                                                          (7) 

 

 sincos asbsqs fff                                                                          (8) 

 

Rotor 

 

 

 sincos brardr fff                                                                       (9) 

 

 sincos arbrqr fff                                                                       (10) 

 

Where 

 

r                                                                                              (11) 

 

In  these equations  the variable f  can represent either voltage , current , or flux-

linkage .If the transformation equations are used to transform the voltages , currents , 

and flux-linkages of both the stator and the rotor to the arbitrary reference frame (d-q 

axis) ,with the rotor variables are referred to the stator windings and with the self-

inductances separated into leakage inductance component and a magnetizing 

inductance component, the following equations are obtained 
(6 ) ,(

 
7)  

: 

 

 

dssqsdsds irpv                                                                            (12) 

                                                                               

qssdsqsqs irpv                                                                            (13)                                              
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 drrqrrdr irp  )(0                                                              (14)                        

 








 qrrdrrqr irp  )(0                                                              (15)           

 

Where 

 

)(


 drdsdslsds iiMiL
                                                                      (16)                   

)(


 qrqsqslsqs iiMiL
                                                                      (17)                

)( dsdrdrlrdr iiMiL 








                                                                    (18) 

 

)( qsqrqrlrqr iiMiL 








                                                                    (19)            

 

 p                                                                                                  (20) 

 

 pr                                                                                           (21) 

 

For the 2-phase machine , 

 
 

mssls LLL                                                                                          (22) 

  

msrlr LLL 





                                                                                      (23) 

 

msLM                                                                                                 (24)  

 

sr

r

s
ms L

N

N
L                                                                                          (25) 

                                                                                                     

Lsr is the mutual inductance between stator and rotor. Ns and Nr are the effective 

turns of a stator and rotor phase winding respectively. The primes are used to denote 

rotor quantities referred to the stator windings. 

It is clear that the voltage equations (12) to (15) of the symmetrical induction 

machine may be expressed in any reference frame by setting the speed  of the arbitrary 

reference frame , ω , equal to the speed of the desired reference speed. For example , 

the voltage equations expressed in the stationary reference frame may be obtained by 

setting   ω  to zero . For a reference frame fixed in the rotor  ω is set equal to the 

electrical angular velocity of the rotor , ωr . The voltage equations in the synchronously 

rotating reference frame are obtained  by setting   ω  equal to the electrical angular 

velocity of the fundamental frequency component of the applied  stator voltages   ωe . 
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An expression for the instantaneous electromagnetic torque can be obtained by 

applying the principle of virtual displacement  
( 7 )

 .This expression is 

 

))(
2

(





 qrdrdrqre ii
P

T                                                                       (26) 

 

Where  P  is the number of poles . 

In  order to obtain the dynamic characteristics , it is necessary to relate torque 

and speed  , and the relation can be expressed as 

 

lrre TB
P

Jp
P

T   )
2

()
2

(                                                                 (27) 

 

Where Tl  is load torque , J is the moment of inertia , and B is the friction constant . 

 

INDIRECT ROTOR-FLUX ORIENTATION 
 

The  indirect rotor-flux oriented controller is derived from the dynamic 

equations of the machine in the synchronously rotating reference frame , i.e., ω=ωe . The 

rotor voltage equations of the two phase induction motor in synchronously rotating 

reference frame are given by  
 








 drqrsldrr pir 0                                                                                    (28) 

 








 qrdrslqrr pir 0                                                                      (29) 

 

Where 

 

resl                                                                                           (30) 

 

)( dsdrdrlrdr iiMiL 








                                                                    (31) 

 

)( qsqrqrlrqr iiMiL 








                                                                    (32) 

 

Where ωsl    is   the slip frequency in rad/sec . 

The fluxes  and currents in  the above equations are represented in the 

synchronously rotating reference frame . In the vector control strategies , the ac motors 

are controlled like  separately excited dc motors which have independent channels for 

the flux and torque control . In order to link the d-axis of the reference frame to the 

rotor flux vector , the q –component of this flux has to be equal to zero 
( 8 )

 

  

0


qr                                                                                                  (33) 

 





drr                                                                                                 (34) 
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Substituting  (33) ,(34) in (28) ,(29) ,(31) and (32) causes the new rotor flux and 

voltage equations 

 

0





rdrr pir                                                                                    (35) 

 

0





rslqrr ir                                                                                             (36) 

 

dsdrrr MiiL 





                                                                                  (37) 

 

0


qsqrr MiiL                                                                                    (38) 

 

Where 

 

MLL lrr 





                                                                                       (39)     

 

 

The rotor currents in terms of the stator currents are derived from equations (37) 

and (38) as 
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                                                                                   ( 40)    
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The rotor flux in term of the stator current   ids  can be obtained by substituting 

equation (40) in equation  (35) as 

 

r

ds
r

s

Mi








1
                                                                                         (42) 

 

Where s is the laplace transform (s=p) and τr is the rotor time constant which is 

 







r

r
r

r

L
                                                                                                                    (43) 

 

Substituting (33) ,(34) and (41) in (26) cause the new electromagnetic torque equation 

to be 

 

qsr
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(                                                                                  (44) 
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Equation (44) indicates that the developed torque depends on the rotor flux and 

quadrature-axis component of the stator current (iqs) . The torque variation is 

proportional to the variation of Iqs when the rotor flux is controlled as a constant and the 

behavior of the two phase induction motor becomes like a separately excited dc motor . 

Equations (36) and (41) are used to derive a formula for slip frequency  ωsl  in terms of 

iqs and λr
/
 as 

 




rr

qs

sl

Mi


                                                                                            (45) 

 

 

 

 

For the indirect rotor-flux orientation , the rotor flux position required for 

coordinates transformation is generated from the rotor speed ωr and the slip frequency 

ωsl  as 

 

dtrsle )(                                                                                                   (46)      

 

IMPLEMENTATION OF INDIRECT ROTOR- FLUX-ORIENTED CONTROL 

SCHEME 
 

The block diagram that is shown in figure (3) represents  the indirect rotor flux-

oriented  control scheme for  two phase induction motor drive . The dc supply voltage 

is converted to balanced two phases supply through H-bridge inverter
 ( 2 ) ,

 
( 4 )

 which is 

consisted of four insulated gate bipolar transistors (IGBT) . Fig. 4 shows the H-bridge 

inverter and the way of connecting the two phase windings . This is a cheaper method 

because it uses only four semiconductor switches . Fig. 4 also shows that two capacitors 

are connected in series in the dc link to form a midpoint that is connected to neutral 

point N . In practice , two large resistors are also needed in parallel with the capacitors 

to balance the voltage of the capacitors.  

The output of the inverter is applied to the stator windings of the motor. Motor 

ratings and its parameters are given in Appendix. The rotor speed ωm is sensed and 

compared with the reference speed ωm
*
 and the error is converted to the reference 

torque Te
*
 using proportional-integral controller (P-I controller). The reference 

quadrature-axis stator current iqs
*
(torque current ) and the slip frequency ωsl are 

calculated in terms of the reference torque and the rotor flux  using equation (44) and 

equation (45) respectively.  

For the indirect rotor-flux-oriented control, the rotor flux position (angle) is 

calculated using equation (46). The stator currents ias and ibs are measured and 

converted to the direct-axis component ids and quadrature-axis component iqs  of the 

stator current using the equations (7) and (8) of transformation from stationary 

reference frame to the synchronously rotating reference frame (Park transformation) . 

The rotor flux referred to stator (λr
 
 ) is calculated in term of direct-axis 

component of stator current (ids ) using equation (42) .The drive has rotor-flux control 

loop. The rotor flux command (λr
  
 ) is constant and the drive operates in the constant-

torque region. The P-I controller is used for the rotor flux loop and the output of the 

controller represents the reference direct-axis component of stator current ( ids
*
 ). 
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 The currents  ids
*
 and iqs

*
 are reference command currents for the current-

regulated pulse width modulation (CRPWM) block that will force motor stator currents 

to follow these reference currents .There are two P-I controllers in the CRPWM block 

which convert the current errors between the references and feedback into reference 

magnet and torque voltages .These voltages are transformed to stationary reference 

frame using inverse park transformation and then converted to motor terminal voltages  

by using sinusoidal pulsewidth modulation 
( 9 )

 .    

 

 

 

 

 

 

 

 

 

Fig.3 Block diagram of the indirect rotor- flux-oriented control of a two 
phase induction motor drive 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.4 H-bridge inverter with phases connection 
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RESULTS 

 

Digital simulations were carried out to simulate the control responses  of the 

indirect rotor-flux-oriented control scheme using MATLAB/SIMULINK . The 

simulations set up such that the drive system is tested with low and high values of a 

step reference speed command ,also the system is tested with load and with no load for 

each reference speed command. 

Fig.5 and Fig.6 show the simulated values of the rotor speed and the two- phase 

stator currents of the motor respectively. A step reference speed command of 30 rad/sec 

value  is applied with no load torque .The rotor speed tracks the reference speed at 

steady state with small overshoot (  approximately 1 rad/sec ). The stator currents are 

balanced and each is limited to a maximum value of 12 A at starting in order to protect 

the semiconductor switching devices of the inverter from high current. The outputs of 

the speed controller and flux controller are provided with limiters to prevent stator 

currents from exceeding permissible value. The stator currents drop to a low no load  of 

(2A) value when the speed reaches the steady state. 

Fig.7 and Fig.8 represent the rotor speed and stator currents respectively for the 

same step reference speed command (30 rad/sec) with applied load of 4 Nm.The rotor 

speed response is similar with the case of no load (Fig.5).The stator currents are raised 

to a value of 4.5 A (maximum value) proportional to the applied load . 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                        

Fig.5 Rotor speed for reference             Fig.6 Two phase stator currents for  
value of 30 rad/sec With no load            reference  value of 30 rad/sec With                                                                                                                                                       
                                                                                          no load     
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Fig.7 Rotor speed for reference             Fig.8 Two phase stator currents for  
value of 30 rad/sec With load                 reference  value of 30 rad/sec with 
value of 4 Nm                                                          load value of 4 Nm                                          

 

 

 

The drive system is tested at speed near the rated speed by applying a step 

reference speed command value of 130 rad/sec. Fig.9 shows the rotor speed which 

tracks the reference speed at steady state. Fig.10 shows the two phase stator currents 

with small no load value at steady state. Fig.11 and Fig.12 represent the rotor speed and 

stator currents for the case of 4 Nm applied load and reference speed of 130 rad/sec. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Rotor speed for reference           Fig.10 Two phase stator currents for  
value of 130 rad/sec With no load       reference  value of 130 rad/sec with                                                                                                                                                 
                                                                                  no load 
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Fig.11 Rotor speed for reference         Fig.12 Two phase stator currents for   
value of 130 rad/sec With load                    reference  value of 130 with 
value of 4 Nm                                                                  load value of 4 Nm                                          

 

 

To investigate the robustness of the proposed drive system, we analyzed the 

speed response and the stator currents of the motor to step change in load torque. Fig.13 

and Fig.14 show the rotor speed and the stator currents when the motor is started by 

applying a step reference speed of 30 rad/sec with no load torque. After 0.35 sec, a step 

load torque of 4 Nm value is applied .Avery small dip in speed (approximately 0.5 

rad/sec)  occurs  and the speed returns to its original value after  0.15 sec .The stator 

currents increases to a value of 4.5 A (maximum value ) at the instant of applying the 

load . 

Fig.15 and Fig.16 represent the rotor speed and stator currents for the case of 

starting the motor with applied load of  4 Nm and reference speed value of 30 rad/sec . 

After 0.35 sec  a load is removed ,a small rise in speed occurs which decay to zero after 

0.15 sec .The stator currents is reduced to its no load value at the instant of removing 

the load.  Figs. 17-20 are similar to Figs. 13-16 but with 130 rad/sec reference value in 

order to verify the robustness at high speed .  
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Fig.13 Rotor speed for reference value         Fig.14 Stator currents  for           
of 30 rad/sec with no load  .After 0.35sec      reference value of 30 rad/sec 
load torque of 4 Nm value is applied            with no load.After 0.35sec load      
                                                                         torque of 4 Nm value is applied                           
                                                                                                                                                                                                                                                                                                              

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

 

 

 

 

 

 

 

 

 

 

 

                                                                   

Fig.15 Rotor speed for reference value           Fig.16 Stator currents  for                 
of 30 rad/sec with 4 Nm load. After                 reference of 30 rad/sec with                                                              
0.35 sec the load torque is removed               4 Nm load. After 0.35 sec the                                                                          

                                                         load is removed  
 

 

 

 

 

 

 

 

 

 

 

 

 



T.K.Hassan                                                                     An Indirect Rotor-Flux-Oriented  Control 

                                                                                         of A two-Phase Induction Motor drive  

 

Available online @ iasj.net 2672 

 

.  
 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 

 

 

 

 

Fig.17 Rotor speed for  reference         Fig.18 Stator currents  for reference  
value  of 130 rad/sec with                         value  of 130 rad/sec with no load. 
no load .After 0.35 sec                             After 0.35 sec the load torque of 
the load torque of 4 Nm value                4 Nm value is applied 
 is applied                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.19 Rotor speed for reference                   Fig.20 Stator currents for                                                         
 value  of 130 rad/sec with                              reference value of 130 rad/sec 
4 Nm load .After 0.5 sec                                  with 4 Nm load .After 0.5 sec 
the load torque is removed                              the load torque is removed 
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Figs 21-23 show the rotor speed ,stator currents and rotor flux respectively .The 

motor is started with 30 rad/sec reference speed and no load torque. After 0.3 sec the 

reference speed is increased to 130 rad/sec. The rotor speed  tracks the reference speed 

at steady state for each step. The rotor flux tracks the reference of  0.5 Wb value and 

independent upon the speed command. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.21 Rotor speed for reference value     Fig.22 Stator currents  for              
of 30 rad/sec  with no load. After 0.3 sec    reference value  of 30 rad/sec                                                                                                                                                                                                                                                                                                  
the  reference is increased to 130 rad/sec   with  no load. After 0.3 sec                                                                                                                                                                                                                                                                                                          
                                                                        the  reference is increased to                
                                                                                 130 rad/sec            
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.23 Rotor flux for reference flux value of 0.5 Wb 
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CONCLUSIONS 
 

      This paper has discussed the indirect rotor-flux-oriented control scheme for two 

phase induction motor. The modeling approach proposed made it possible to adapt 

some high performance control for use with a two phase motor drive system. 

Simulation tests were considered satisfactory and have confirmed the claimed features. 

      In spite of being more complex than other strategies, like  the standard V/Hz , the 

use of indirect rotor-flux- oriented control may not result in additional cost in terms of 

data processing. This is due to the  innovations of microelectronics that increase the 

capability of processing information and reducing cost and power consumption of the 

integrated circuits. 

      Based on simulation results , the following conclusions are made:  

1. The rotor speed can be varied from zero up to rated value. 

2. Balanced sinusoidal currents are obtained due to sinusoidal pulse width 

modulation. 

3. The drive system is robust against the variation of the load torque. Small dip in 

speed occurs when a step of load torque is applied ,this dip decays to zero after 

short time (approximately 150 msec.).. Small rise in speed occurs when the load 

is removed .This rise decays to zero after short time (approximately 150 msec.). 

      The proposed drive system can be experimentally  built with digital signal 

processing  board for fast calculations of control algorithms in real time. Also the H-

bridge inverter with IGBT transistors can be built to convert the dc voltage in to two 

phase  balanced supply using sinusoidal PWM.  

 

APPENDIX 

 
The specifications of two phase motor that is used for simulation  are: 

1hp, 2Φ, 110 V, four poles and the parameters of the motor  are:  

 

             mHM 4.308  ,               mHL
rl 1.10


 

 

                mHL
sl 1.10    

 

               2.3sr   ,                             


4.2rr     

 

            02.0J  kg.m
2
   ,             410945.2 B kg.m

2
/sec 
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