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الإجراءاخ انرً ٌمكه إذثاػها مه اجم ذجىثها أو ذخفٍضها إنى اقم و انمخاطر انمطثثح نهمطانثاخ

 ما ٌمكه
 الاضرار مطاػذ  ضىضه رشٍذ محمذ 

 عبِؼخ ثغلاك / و١ٍخ إٌٙلٍخ / لَُ اٌّلٟٔ 
 ػلاء محطه 

 عبِؼخ ثغلاك / و١ٍخ إٌٙلٍخ / لَُ اٌّلٟٔ

 

 انخلاصح
ئ١خ فأٙب رّزبى ثىضوح اٌّقبؽو ؽ١ش رشزون اغٍت اٌّشبه٠غ الإٔشبئ١خ فٟ فبط١خ وٛٔٙب ِؾفٛفخ ثبلأفطبه ثبٌؾل٠ش ػٓ اٌظٕبػخ الإٔشب

لا ٠ّىٓ ٚػلَ اٌزأول ٚمٌه ٠ؼٛك ٌزؼم١ل ٘نٖ اٌظٕبػخ ٚؽٛي ِلح اٌّشبه٠غ ، ٚوضوح الأؽواف اٌزٟ ٌٙب ػلالخ ثٙب. فبٌّقبؽو فٟ اٌّشبه٠غ أِو ٚالغ 

ٌٚىٓ ٠غت ئكاهرٙب ثبٌشىً اٌظؾ١ؼ ٚمٌه ثٕمٍٙب أٚ رٛى٠ؼٙب أٚ رؾ٠ٍٛٙب ، ٚفٟ وً الأؽٛاي ٠زطٍت الأِو رفبكٞ ئّ٘بٌٗ أٚ رغبٍ٘ٗ أٚ ئٌغبؤٖ، 

 رأص١و٘ب )ئْ أِىٓ( أٚ رم١ًٍ اٌقَبئو إٌبرغخ ِٕٙب ئٌٝ أكٔٝ ؽل ِّىٓ .

رٍه اٌّطبٌجبد ئِب ثبٌزّل٠ل أٚ ٠ٚلاؽع ئْ اٌمَُ الأوجو ِٓ اٌّطبٌجبد ث١ٓ الإؽواف اٌّزؼبللح ٔبعّخ ػٓ رٍه اٌّقبؽو ؽ١ش رىْٛ  

ٚثبٌزبٌٟ رؼوع ِل٠و اٌّشوٚع ِٕٚٙلً اٌىٍفخ ِشىٍخ  الإٔشبئٟ  اٌزؼ٠ٛغ أٚ اٌزّل٠ل ٚاٌزؼ٠ٛغ ِؼب" ِّب رَجت ى٠بكح فٟ وٍفخ ِٚلح اٌّشوٚع

زبثؼزٙب ٚؽٍٙب ٠َزغوق ٚلزبً ؽ٠ٛلاً ثٕبء اٌّشوٚع ػّٓ ا١ٌّيا١ٔخ ٚاٌّلح اٌّموهح. ٚرلهن الأؽواف اٌّؼ١ٕخ ثزٍه اٌّطبٌجبد أْ ر٠َٛزٙب ِٓ فلاي ِ

٠ٛخ هغُ أٔٙب ٚعٙلا" وج١وا" ٚاٌنٞ لل ٠ّزل ٌَٕٛاد ػل٠لح ثؼل أزٙبء اٌّمبٌٚخ ، فؼلاً ػٓ أْ أؽلاً لا ٠َزط١غ اٌزٕجإ ثبٌٕزبئظ إٌٙبئ١خ ٌٙنٖ اٌزَ

زؼٛػٗ ػٓ ثؼغ اٌقَبئو اٌزٟ رىجل٘ب ٍبثمبً , رّضٍذ فٟ وض١و ِٓ اٌؾبلاد فٟ فَبئو ئػبف١خ ٌٍطوف اٌنٞ للَ رٍه اٌّطبٌجبد ِؼزملاً أٔٙب ٍ

اٌّقبؽو اٌَّججخ ٌّطبٌجبد  ٚمٌه ٌزؾل٠لٍّقبؽو اٌزٟ رإكٞ ئٌٝ ؽظٛي ٘نٖ اٌّطبٌجبد ٚئعواء رؾ١ًٍ ٌٙب ٌ ػًّ كهاٍخٌٚنٌه كػذ اٌؾبعخ ئٌٝ 

الإعواءاد اٌّّىٓ ارقبم٘ب ٌزغٕت أٚ رم١ًٍ رٍه اٌزّل٠ل ٚرأص١و٘ب ػٍٝ اٌّشبه٠غ الإٔشبئ١خ ٚو١ف١خ ئكاهارٙب ٚونٌه اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚ

و ثبلإػبفخ ئٌٝ اٍزقلاَ اٌٍٛبئً ٚاٌزم١ٕبد اٌؾل٠ضخ ٌٍزٕجإ ثزأص١و رٍه اٌّقبؽو ػٍٝ وٍفخ اٌّشوٚع ِّب رَبػل فٟ ا١ٌَطوح ٚاٌزم١ًٍ ٌزأص١)اٌّقبؽو 

 اٌزؼ٠ٛغ ٚونٌه اٌَّججخ ٌّطبٌجبد اٌزّل٠ل الأوضو ثوٚىا" ٌجبدّقبؽو اٌَّججخ ٌّطباٌ ئْإٌزبئظ  ٚأظٙود .(رٍه اٌّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ

ِٓ شأٔٙب ئْ اٌزٟ  وّب رُ اٌزٛطً ئٌٝ ػلك ِٓ الإعواءاد, ئٌٝ اٌزغ١١واد فٟ اٌزظب١ُِ  ثبلإػبفخاٌفمواد اٌَّزؾلصخ , فٟ اٌزق١ّٓ  أفطبءوبٔذ 

 رإكٞ ئٌٝ رغٕت أٚ رقف١غ رٍه اٌّقبؽو ئٌٝ الً ِب ٠ّىٓ .

.اٌىٍفخ , اٌّلح ,  ّل٠لاٌّقبؽو , ئكاهح اٌّقبؽو , ِطبٌجبد اٌزؼ٠ٛغ , ِطبٌجبد اٌز: ٍح انكهماخ انرئٍط  
 

Alaa Mohsin Mahdi 
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ABSTRACT 

              Talking about the construction industry, they frequently characterized by risk, where most of the 

construction projects involved in the property being fraught with risks and uncertainty, and this is due to the 

complexity of the industry and the length of the project, and the large number of parties that have a 

relationship with them. The risks in the projects is a reality that can not be neglected or ignored or canceled, 

but must be managed properly and so transferred, distributed or transferred, and in any case be required to 

avoid the impact (if possible) or reduce the losses caused them to a minimum. 

 It is noted that the bulk of the claims between the contracting parties arising from those risks where 

those claims either extension or compensation or extension and compensation together, causing an increase in 

the cost and duration of the project construction and thus exposed the project manager and architect of the cost 

problem of building the project within budget and the prescribed period. Recognizes Parties on those claims to 

be settled through follow-up and resolution takes time and effort "significant" and which may extend for many 

years after the end of the contract, as well as no one can predict the final outcome of this settlement, although 

it was in many cases in additional losses to the party who made those Claims believing they ٍزؼٛػٗ   for some 

of the losses incurred by the former, and therefore called for the need to conduct a study of the risks that lead 

to get these claims and to analyze them in order to identify risks causing compensation claims, as well as 

causing claims extension and its impact on construction projects and how departments and actions that can be 

taken to avoid or minimize those risk (in addition to the use of methods and modern techniques to predict the 

mailto:alaaengineer15@yahoo.com
mailto:Sawsan_2@yahoo.com
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impact of those risks on the cost of the project, which help control and minimize the impact of those claims in 

construction projects). Results showed that risks causing compensation claims, as well as causing claims ot 

the most prominent "were errors in guessing, paras created in addition to changes in designs, has also been 

reached on a number of actions that would lead to avoid or reduce these risks to as little as possible. 

 

 ( Research Justificationمثرراخ انثحث ) -1
فٟ  ٚونٌه اٌزّل٠ل اٌزؼ٠ٛغٕ٘بٌه اٌؼل٠ل ِٓ اٌّجوهاد اٌزٟ ؽضذ اٌجبؽش ػٍٝ الا٘زّبَ ثّٛػٛع ئكاهح اٌّقبؽو اٌَّججخ ٌّطبٌجبد 

، فبٌّقبؽو اٌَّججخ ٌٍّطبٌجبد ٟ٘ ظب٘وح ِزأطٍخ فٟ اٌّشبه٠غ الإٔشبئ١خ ٚرؾلٍ َِزّو ِٚزيا٠ل ِغ ِوٚه اٌيِٓ ٚفٟ ع١ّغ  اٌّشبه٠غ الإٔشبئ١خ

ِٚلك٘ب ٚاػؼ ػٍٝ وٍفٙب  ، وّب رؼزجو ِٓ الأٍجبة اٌوئ١َ١خ اٌّزىوهح فٟ اغٍت اٌّشبه٠غ ٚاٌزٟ رإصو ثشىً ِواؽً رٕف١ن اٌّشوٚع الإٔشبئٟ

 اٌّؾلكح ٌٙب. ٚاٌي١ِٕخ ٚثبٌزبٌٟ اٌزأص١و ػٍٝ اٌقطؾ اٌّب١ٌخ 

 

 (Research Objectivesأهذاف انثحث ) -2
 اٌَبئلح فٟ اٌّشبه٠غ الإٔشبئ١خ . ٚونٌه اٌَّججخ ٌّطبٌجبد اٌزّل٠ل رؾل٠ل اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ - أ

 بػٙب ٌزغٕت أٚ اٌزم١ًٍ ِٓ رأص١و رٍه اٌّقبؽو ػٍٝ اٌّشبه٠غ الإٔشبئ١خ .بٌخ اٌّّىٓ ئرجرؾل٠ل الإعواءاد اٌفؼ   - ة

اٌزأص١و  فٟ اٌزؾ١ًٍ إٌٛػٟ ٌزٍه اٌّقابؽو ٚاٌزؼاوف ػٍاٝ أ٠ٌٛٚزٙاب ٚأ١ّ٘زٙاب فاٟ  -اٍزقلاَ ئؽلٜ رم١ٕبد ئكاهح اٌّقبؽو ٟٚ٘ رم١ٕخ الاؽزّب١ٌخ  - د

اٌانٞ ثالٚهٖ ٠َاًٙ الأفان ثبٌّقابؽو اٌىج١اوح ثّؼم١ٌٛاخ أوضاو ِّاب ٠ي٠ال اٌفبئالح اٌّشبه٠غ الإٔشبئ١خ ؽ١ش ٠َبػل فٟ اٌفٙاُ اٌغ١ال ٌزٍاه اٌّقابؽو ٚ

  ّ  ىٓ ع١ّغ الأؽواف اٌّزؼٍمخ ثبٌّشوٚع ِٓ ِؼوفخ اٌزؼبًِ ِغ رٍه اٌّقبؽو .اٌّىزَجخ ِٓ الأفن ثبٌّقبؽو وّب ٠

 

 (Claimانمطانثاخ )-3

 (Claimذؼرٌف انمطانثح )
 ٚهكد فٟ ِظبكه ػل٠لح ٟٚ٘ وّب ٠أرٟ :ٕ٘بٌه اٌؼل٠ل ِٓ اٌزؼبه٠ف ٌٍّطبٌجخ ٚاٌزٟ 

اٌّطبٌجخ ثأٔٙب اٌّطبٌجخ ثؾك أٚ الاكػبء ثؾك ٌشٟء ِب (OXFORD)٠ؼوف لبًِٛ - أ
 (EL-Eazabi ,1981)

 . 

ونٌه رؼوف اٌّطبٌجخ ػٍٝ أٔٙب اكػبء ٠ملِٗ اؽل ؽوفٟ اٌؼمل ػل الأفو ٌٍّطبٌجخ ثؾك ِب - ة
(1996( , )محمذ , 2119)انمؤضطح انؼامح نهرؼهٍم انفىً وانرذرٌة انمهىً,  

. 

ّب١ٌخ ِٚٓ فلاي ِب ٍجك ٠َزط١غ اٌجبؽش ئْ ٠ؼوف اٌّطبٌجخ ثأٔٙب  اٌّطبٌجخ لأؽل أؽواف اٌؼمل ِٓ اٌطوف الأفو ثبٌزؼ٠ٛغ ػٓ اٌقَبئو اٌ
 ؽَبْ )اٌٙجخ( .ٚاٌزٟ رٕشأ ػٓ أٍجبة لل رىْٛ رؼبلل٠خ أٚ غ١و رؼبلل٠خ ٌٚىٓ ػّٓ اٌمبْٔٛ اٌؼبَ أٚ ػٍٝ ٍج١ً الإأٚ اٌي١ِٕخ أٚ ولاّ٘ب ِؼب 

 
 انمذوٍح الأضاش نمطانثاخ انمقاول تمىجة شروط انمقاونح لأػمال انهىذضح

ىٓ ٕ٘بٌه اٌؼل٠ل ِٓ اٌّٛاك فٟ شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخ رؼزجو الأٍبً اٌنٞ رورىي ػ١ٍٗ ِطبٌجبد اٌّمبٚي ٚرٍه اٌّطبٌجبد ٠ّ

 رظ١ٕفٙب ئٌٝ طٕف١ٓ ٚوّب ٠أرٟ :

 اٌّزؼٍمخ ثمواهاد طبؽت اٌؼًّ أٚ ِٓ ٠ّضٍٗ . ِطبٌجبد اٌّمبٚي - أ

 ِطبٌجبد اٌّمبٚي اٌّزؼٍمخ ثأِٛه رؼبلل٠خ ٚلب١ٔٛٔخ فبهعخ ػٓ ١ٍطوح طبؽت اٌؼًّ أٚ اٌّمبٚي أٚ ِٓ ٠ّضٍّٙب . - ة

( ٠ٛػؼ الأٍبً ٌٙن٠ٓ اٌظٕف١ٓ ِٓ اٌّطبٌجبد ثّٛعت شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخ 1-1ٚاٌغلٚي )
(2111,  حٍاوي)

. 

 

 الأضاش نمطانثاخ انمقاول تمىجة انقاوىن انمذوً انؼراقً

ٚي ٠ؾٛٞ اٌمبْٔٛ اٌّلٟٔ اٌؼوالٟ ػٍٝ اٌؼل٠ل ِٓ اٌّٛاك رؼزجو الأٍبً ٌٍؼل٠ل ِٓ ِطبٌجبد اٌّمبٚي ٚاٌزٟ ػٍٝ ػٛئٙب ٠ّىٓ ث١بْ أؽم١خ اٌّمب

فٟ أكػبئٗ ٚرزّضً فٟ اٌّٛاك اٌزب١ٌخ 
(2111,  حٍاوي)

( 873( , اٌّبكح)1( اٌفموح )873( , اٌّبكح)2(  اٌفموح )867, اٌّبكح) (2( اٌفموح )146: اٌّبكح) 

( , 1( اٌفموح)880( , اٌّبكح )2, 1( اٌفموح )879( , اٌّبكربْ)878اٌّبكح) ( , 877( , اٌّبكح) 876( , اٌّبكح )1( اٌفموح )874( , اٌّبكح)2اٌفموح )

 ( . 1( اٌفموح )889( , )اٌّبكح 4( اٌفموح)887اٌّبكح ) ,( 2) (  اٌفموح886اٌّبكح )( , 1( اٌفموح )885)اٌّبكح 

 

 انمذوٍح  وتمىجة انقاوىن انمذوً انؼراقً  الأضاش نمطانثاخ صاحة انؼمم تمىجة شروط انمقاونح لأػمال انهىذضح - 

بً اٌنٞ رورىي ػ١ٍٗ ِطبٌجبد ٕ٘بٌه اٌؼل٠ل ِٓ اٌّٛاك فٟ شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخ ٚاٌمبْٔٛ اٌّلٟٔ اٌؼوالٟ رؼزجو الأٍ

َ ثّب طبؽت اٌؼًّ ٚاٌزٟ ِٓ فلاٌٙب ٠مَٛ طبؽت اٌؼًّ ثبٍزمطبع اٌّجبٌغ ِٓ اٍزؾمبلبد اٌّمبٚي ٚاٌزٟ رشًّ اٌّجبٌغ اٌّظوٚفخ ِٓ لجٍٗ ػٓ اٌم١ب

(2-٠1غت ػٍٝ اٌّمبٚي اٌم١بَ ثٗ ٚػٍٝ ٔفمزٗ ٚوّب ِج١ٓ مٌه فٟ اٌغلٚي )
(2111,  حٍاوي, )(2111,  حٍاوي) 

  : 

 

 (Classification of Claimsذصىٍف انمطانثاخ ) -

 ذصىٍف انمطانثاخ مه انىاحٍح انقاوىوٍح وانرؼاقذٌح إنى أرتؼح أوىاع
(David  ,2115( , )Abdissa  ,2113)

 : 

 (Contractual claimsاٌّطبٌجبد اٌزؼبلل٠خ ) - أ

 (Common law claimsِطبٌجبد اٌمبْٔٛ اٌؼبَ) - ة

 ( Quantum meruit claimsِطبٌجبد الاٍزؾمبق اٌىّٟ ) - د

 (Ex gratia claimsِطبٌجبد ػٍٝ ٍج١ً اٌٙجخ )ِطبٌجبد الإؽَبْ( ) - س

ِب ٠ىْٛ اٌّطبٌت طبؽت اٌؼًّ , اٌّمبٚي ٚوّب ٠أرٟ ٚغـــــــــــبٌجب" (claimant) وّب رظٕف اٌّطبٌجبد ؽَت اٌّطبٌت ٌٙب
(David 

M.Kleman  ,2112 , ً1999( , )انطامرائ)
 : 

 ٌؼًِّطبٌجبد طبؽت ا - أ

  ِطبٌجبد اٌّمبٚي - ة
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وّب رظٕف اٌّطبٌجبد ػٍٝ أٍبً اٌؼوه اٌنٞ ٌؾك ثظبؽت اٌّطبٌجخ ئٌٝ 
(Jingbo ,2009), (1996)ِؾّل, 

 : 

 ِطبٌجبد اٌزؼ٠ٛغ  - أ

 ِطبٌجبد اٌزّل٠ل   - ة

 ِطبٌجبد اٌزؼ٠ٛغ ٚاٌزّل٠ل   - د

 طلاؽ١خ الأوضوِٚطبٌجبد اٌزؼ٠ٛغ ٚاٌزّل٠ل ٘ٛ ِطبٌجبد اٌزّل٠ل   ِطبٌجبد اٌزؼ٠ٛغ , أٍبًرظ١ٕف اٌّطبٌجبد ػٍٝ  ئْاِب اٌجبؽش ٚعل  
 

 (The Factors Caused for Claimsانؼىامم انمطثثح نهمطانثاخ)

فٟ اٌّشبه٠غ الإٔشبئ١خ ٚاٌزٟ ػبكح ِب رىْٛ ٔبشئخ ِٓ أؽواف ٚوٍه اٌزّل٠ل ٕ٘بٌه اٌؼل٠ل ِٓ اٌؼٛاًِ اٌَّججخ ٌٕشٛء ِطبٌجبد اٌزؼ٠ٛغ 

ٍزشبهٞ أٚ اٌّمبٚي( أٚ لل رٕشأ ِٓ أِٛه فبهط ئهاكح ٘نٖ الأؽواف ٚف١ّب ٠ٍٟ رٛػ١ؼ ٌٙنٖ اٌؼٛاًِ ِٓ فلاي اٌزؼبلل )طبؽت اٌؼًّ , إٌّٙلً الا

(3-1ٓ )ــــٚوّب ِٛػؼ فٟ اٌغل١ٌِٚب ٘ٛ ِٛعٛك فٟ اٌّظبكه ٚاٌجؾٛس 
(1999, انجٍلاوي), (1996)محمذ,  

 ( ,1-4)
(1999)انطامرائً ,  

 . 

رُ الاؽلاع ػ١ٍٗ ِٓ ِظبكه أفوٜ ٠مزوػ اٌجبؽش رظ١ٕف اٌؼٛاًِ اٌَّججخ ٌٍّطبٌجبد ئٌٝ ِغّٛػز١ٓ ٚثٕبءا" ػٍٝ ِب رُ مووٖ ٍبثمب" ِٚب 
 . (6-1( , )5-1ٟ٘ اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚاٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزّل٠ل ٚوّب ِج١ٕخ فٟ اٌغل١ٌٚٓ )

 
 الإوشائٍحانمخاطر فً انمشارٌغ  إدارج -4

 ذؼرٌف انخطر

 ٌؼل٠ل ِٓ اٌزؼبه٠ف ٌٍقطو ٚاٌزٟ ٚهكد فٟ ِظبكه ػل٠لح ٟٚ٘ وّب ٠أرٟ :ٕ٘بٌه ا

   الاؽزّب١ٌخ ٌؾظٛي ؽلس غ١و ِوغٛة ف١ٗ ٠ّىٓ ئْ ٠مغ فٟ اٌّشوٚع
(Gustafson  ,2112( , )Kendrick  ,2113)

.
    

            

  ح , ٔطبق اٌّشوٚع ئٞ شٟ لل ٠ؾلس ٠ّٚىٓ أْ ٠ٕشأ ػٕٗ أٞ رأص١و ػبه ػٍٝ اٌىٍفخ , علٌٚخ اٌٛلذ, اٌغٛك
James) ,2111)

. 

  اٌؾلس أٚ اٌظوف غ١و اٌّزٛلغ اٌنٞ ػٕل ؽظٌٛٗ ٠إكٞ ئٌٝ راأص١و ٍاٍجٟ  ٚ ا٠غابثٟ ػٍاٝ أ٘الاف اٌّشاوٚع
 (Office of Project Management Process 

Improvement  ,2113) ( ,Michael  ,2114) 
 . 

  ٚلٛػٙب ٍزإصو ػٍٝ ئرّبَ أ٘لاف اٌّشوٚع اٌؾلس غ١و اٌّإول اٌؾلٚس أٚ ِغّٛع اٌّلاثَبد ٚاٌزٟ ػٕل
(Duncan  ,2119)

. 

اٌقطؾ اٌّٛػٛػخ  ٝثأٔٗ اؽزّب١ٌخ ؽلٚس أ٠خ ؽبكصخ َِزمج١ٍخ ٚاٌزٟ ٠ّىٓ أْ رإصو ػٍِٚٓ فلاي ِب ٍجك ٠َزط١غ اٌجبؽش رؼو٠ف اٌقطو 
 ٌٍّشوٚع ِٕٚٙب اٌّب١ٌخ ٚاٌي١ِٕخ ٚثبٌزبٌٟ الأؾواف ػّب ٘ٛ ِقطؾ ٌٗ.

 
 اطر ذؼرٌف أدارج انمخ  

 :ٚاٌزٟ ٚهكد فٟ ِظبكه ػل٠لح ٟٚ٘ وّب ٠أرٟ  كاهح اٌّقبؽوٕ٘بٌه اٌؼل٠ل ِٓ اٌزؼبه٠ف لأ

 ىٍفخ , اٌؼمل , اٌغاـٛكح ٚرزؼآّ ؽو فٟ ِغبي اٌؼًّ , اٌغلٌٚخ , اٌٟ٘ اٌؼ١ٍّبد اٌزٟ رؾزٛٞ ػٍٝ أٍٍٛة ٌٍزؾىُ ثبٌّقبؽو ٍٛاء وبٔذ ٘نٖ اٌّقب

بئ١خ ٌزغٕت اٌّقبؽو أٚ رقف١ف ؽلح رأص١و٘ب , ئٔشبء فطؾ ؽاٛاهب ٌٍزؼبِاً ِاغ اٌّقابؽو ػٕال ؽالٚصٙب , رؾل٠ل اٌّمب١٠ٌ اٌٛل :ئكاهح اٌّقبؽو الأرٟ 

ِٓ فلاي عّاغ اٌّؼٍِٛابد اٌغ١ال , ٚػاٛػ اٌوؤ٠اخ ٌالٜ طابٔؼٟ اٌماواه (Uncertainty) اٌجلء فٟ ػًّ ألظٝ ِب ٠ّىٓ ٌزقف١ف ػلَ اٌزأول
,  جمؼةح)

2118)
.   

 لاك فطخ ٌزؾل٠ل ِقبؽو اٌّشوٚع ٚرؾ١ٍٍٙب  ٚالاٍزغبثخ ٌٙب ِٚوالجزٙب ٟٚ٘ ثانٌه رَابػل ِال٠و اٌّشاوٚع ٟ٘ ػ١ٍّخ ٔظب١ِخ ِّٕٚٙغخ ِزؼٍمخ ثأػ

ػٍٝ ى٠بكح اؽزّب١ٌخ الأؽلاس الا٠غبث١خ ٚاٌؼًّ ػٍٝ رم١ًٍ الأؽلاس اٌزٟ رإصو ثشىً ٍٍجٟ ػٍٝ اٌّشاوٚع ئٌاٝ أكٔاٝ ؽال
(Office of Project Management 

Process Improvement  ,2113)
 . 

و ِٚٓ فلاي ِب ٍجك ٠ؼوف اٌجبؽش ئكاهح اٌّقبؽو ثأٔٙب ٔظبَ ِزىبًِ ٚشبًِ ٌز١ٙئخ اٌج١ئخ إٌّبٍجخ ٚالأكٚاد اٌلاىِخ ٌزٛلغ ٚكهاٍخ اٌّقبؽ
زغٕت ٗ ٌاٌّؾزٍّخ ٚرؾل٠ل٘ب ٚرؾ١ٍٍٙب ٚل١بٍٙب ٚرؾل٠ل ِملاه أصبه٘ب اٌّؾزٍّخ ػٍٝ اٌّشوٚع , ٚٚػغ اٌقطؾ إٌّبٍجخ ٌّب ٠ٍيَ ٌّٚب ٠ّىٓ اٌم١بَ ث

 اٌّقبؽو أٚ رم١ٍٍٙب ٚا١ٌَطوح ػ١ٍٙب ٚػجطٙب ٌٍزقف١ف ِٓ أصبه٘ب اٌّؼبوَخ لأ٘لاف اٌّشوٚع ئْ ٌُ ٠ّىٓ اٌمؼبء ػٍٝ ِظله٘ب .
 

 انمىاطق انكامىح نهمخاطر فً انمشارٌغ الإوشائٍح

ػٍٝ ػٕبطو اٌّشوٚع اٌزٟ رىْٛ  لجً اٌؾل٠ش ػٓ ِواؽً ئكاهح اٌّقبؽو لاثل أٚلا" ِٓ اٌزؼوف ػٍٝ إٌّبؽك اٌىبِٕخ ٌٍقطو ئٞ اٌزؼوف

ٌٙب إٌظ١ت الأوجو ِٓ اٌزأصو ثبٌّقبؽو اٌزٟ رزؼوع ٌٙب اٌّشـبه٠غ الإٔشبئ١خ ٟٚ٘ وّب ٠أرٟ 
(Roger  ,3991)

: 

ٓ رأص١و اٌّقبؽو ػٍٝ اٌىٍفخ فٟ اٌفشً فٟ ئوّبي  اٌّشوٚع ػّٓ ا١ٌّيا١ٔخ اٌّؾلكح /اٌىٍفخ اٌّزٕجئخ أٚ اٌّقّٕخ أٚ وٍفخ  - أ  ّ  ٌؼطبء .ااٌىٍفخ : ٠ى

ٓ رأص١و اٌّقبؽو ػٍٝ اٌٛلذ فٟ اٌفشً فٟ ئوّبي  اٌّشوٚع ػّٓ اٌّلح اٌّؾلكح ٚاٌّظبكق ػ١ٍٙب . - ة  ّ  اٌٛلذ : ٠ى

ٓ رأص١و اٌّقبؽو ػٍٝ عٛكح ٚٔٛػ١خ اٌؼًّ فٟ اٌفشً فٟ رٕف١ن اٌّشوٚع ػّٓ اٌّٛاطفبد اٌم١ب١ٍخ اٌّطٍٛثخ ٌٍّشوٚع .  - د  ّ  اٌغٛكح : ٠ى

رؾل٠ل ِظبكه اٌّقبؽو اٌزٟ  ٚاٌّمب١ٌٚٓ خ ِّب ٠ٛعت ػٍٝ ئكاهاد اٌّشبه٠غاٌّشوٚع ئٌٝ فَبئو ِبك٠ رإكٞ اٌّقبؽو إٌّبٚئخ لأ٘لاف

 و.رَجت اٌزأص١واد اٌّؼبوَخ ٌٍىٍفخ ٚاٌٛلذ ٚاٌغٛكح ٚرط٠ٛو ئٍزوار١غ١خ ئكاهح اٌّقبؽو اٌزٟ رٛفو اٌزٕظ١ُ إٌّبٍت ٌٍزؼبًِ ِغ رٍه اٌّقبؽ

 

 ائٍحإدارج انمخاطر فً انمشارٌغ الإوش مراحم

رزؼّٓ ِواؽً ئكاهح اٌّقبؽو فٟ اٌّشوٚع الإٔشبئٟ ِب ٠ٍٟ
(Office of Project Management Process Improvement  ,2113 انمؼهذ الأمرٌكً نهمقاٌٍص( , )

( 2118( , )ػاطف , Michael  ,2114( , )Michael Springer  ,2114( , )Paul  ,2116(  , )2114انقىمٍح, 
: 

 

 (Planning for Risk Management )       نمخاطرذخطٍظ إدارج ا -

خ ٟٚ٘ اٌؼ١ٍّخ اٌزٟ ٠زُ ف١ٙب رمو٠و ِٕٙغ١خ ئكاهح اٌّقبؽو ٚرقط١طٙب ٚرٕف١ن٘ب فٟ ِشوٚع ِب ؽ١ش ٠زُ رمو٠و و١ف١خ اٌزؼبًِ ٚاٌزقط١ؾ لأٔشط

ؽو ٚاٌزٟ ٟ٘ ػجبهح ػٓ ٚصبئك رزؼّٓ ئعواءاد ئكاهح اٌّقبؽو ٌٍّشوٚع , ٚاٌّقوعبد اٌوئ١َخ ٌٙنٖ اٌؼ١ٍّخ رزّضً فٟ ٚػغ فطخ لإكاهح اٌّقب
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ِؼبٌغخ اٌّقبؽو فلاي كٚهح ؽ١بح اٌّشوٚع ٚرزٍقض رٍه الإعواءاد ثزؾل٠ل اٌّقبؽو , ٚ رؾ١ٍٍٙب ٔٛػ١ب" ٚو١ّب" , ٚرقط١ؾ الاٍزغبثخ ٌزٍه 

  اٌّقبؽو ٚػجؾ ِٚوالجخ )اٌّقبؽو(  . 

 

 (Risk Identification)ذحذٌذ انخطر -

ؽ١ش رشًّ رؾل٠ل اٌّقبؽو اٌزٟ رإصو ثظٛهح ػى١َخ ؾل٠ل اٌّقبؽو اٌزٟ  رإصو ػٍٝ اٌّشوٚع ِغ رَغ١ً فظبئظٙب رٟ٘ ِوؽٍخ ٠زُ ف١ٙب 

ػٍٝ أغبى الأ٘لاف اٌّوعٛح ٌٍّشوٚع ِٚٓ صُ رظ١ٕفٙب فٟ لٛائُ ٚرؾذ وً طٕف ِغّٛػخ ِٓ اٌّقبؽو اٌّؾزٍّخ اٌزٟ ٠زُ رؾل٠ل٘ب . ؽ١ش ئْ 

( فٟ رؾل٠ل اٌّقبؽوStakeholdersاٌىف١ً ٌَّبػلح كاػّٟ اٌّشوٚع ) زبػّفلل ٠ىْٛ اٌبٌخ ٚػغ فطخ ٌٍّقبؽو فؼ  
(Jason  ,2006)

ٚرَزقلَ فٟ  .

ػ١ٍّخ رؾل٠ل اٌّقبؽو اٌؼل٠ل ِٓ اٌزم١ٕبد ثٙلف عؼٍٙب ػ١ٍّخ كل١مخ ٚٚاف١خ ثبٌغوع ِٚٓ أُ٘ ٘نٖ اٌزم١ٕبد ٟ٘ 
(Michael  ,2004) 

: رم١ٕخ اٌؼظف 

رم١ٕخ ػمل اٌّمبثلاد ِغ اٌقجواء , رم١ٕخ ِقططبد اٌَجت ٚالأصو . ٠ٚوٜ اٌجبؽش ئْ اٌلِظ ث١ٓ  ػخ اٌَّّبح ,اٌنٕٟ٘ , رم١ٕخ كٌفٟ , رم١ٕخ اٌّغّٛ

اٌزم١ٕبد اٌّنوٛهح أػلاٖ ٍٛف رؼطٟ فُٙ ٚطٛهح ٚاػؾخ ٌٍّقبؽو اٌزٟ رزؼوع ٌٙب اٌّشبه٠غ الإٔشبئ١خ ِٕٚٙب اٌَّججخ ٌٍّطبٌجبد ٚثبٌزبٌٟ 

 ِٓ ٘نٖ اٌؼ١ٍّخرؾل٠ل٘ب ِّب ري٠ل ِٓ عٛكح إٌزبئظ 

 

 (Qualitative Risk) Analysis انرحهٍم انىىػً نهخطر -

رزُ فٟ ٘نٖ اٌّوؽٍخ ٚػغ أ٠ٌٛٚبد ٌٍّقبؽو ٚمٌه ِٓ فلاي رم١١ُ ِٚيط اؽزّبلاد ؽلٚصٙب ٚرأص١و٘ب ٚمٌه ٌغوع أعواء رؾ١ًٍ ئػبفٟ ٌٙب 

ّقبؽو ِٚظٕفخ ثطوق ِقزٍفخ ٚػٍٝ أ٠خ ؽبي ١ٌٌ ِٓ اٌّؼمٛي أْ أٚ ارقبم ئعواءاد ثشأٔٙب , فؼ١ٍّخ رؾل٠ل اٌّقبؽو رٕزظ لبئّخ ؽ٠ٍٛخ ِٓ اٌ

رشقض اٌّقبؽو ثٕفٌ اٌلهعخ ِٓ الأ١ّ٘خ ١ٌٌٚ وً اٌّقبؽو رَزؾك ٔفٌ اٌَّزٜٛ ِٓ الا٘زّبَ ٌنٌه أطجؼ ِٓ اٌؼوٚهٞ أْ ٔؾلك الأ٠ٌٛٚخ 

ٚ٘نا ٘ٛ اٌغوع ِٓ ػ١ٍّخ اٌزؾ١ًٍ إٌٛػٟ ٌزٍه اٌّقبؽو اٌزٟ رُ رؾل٠ل٘ب ؽ١ش فٟ اٌؼبكح ٠زُ رؾل٠ل اٌقطو الأٍٛء ٚاٌفوطخ الأفؼً
 (Paul  ,2006)  

و ٌٍقطو فٟ ِظفٛفخ ٠زُ كِظ الاؽزّب١ٌخ ٚاٌزأص١ ؽ١ش اٌزأص١و( –ؽو٠مخ ِظفٛفخ )الاؽزّب١ٌخ  ٟ٘ اٌَّزقلِخ فٟ ػ١ٍّخ اٌزؾ١ًٍ إٌٛػٟ ِٓ اٌطوق .

اٌزأص١و(  ×الاؽزّب١ٌخ قطو اٌزٟ ٟ٘ ػجبهح ػٓ ؽبطً ػوة )ٛػٟ ٌٍاٌزم١١ُ إٌ أٚالاؽزّب١ٌخ ٚاٌزأص١و( أٚ ِظفٛفخ ِؼبًِ اٌقطو رَّٝ ِظفٛفخ )

ٌىً ٘لف ِٓ أ٘لاف اٌّشوٚع
(Office of Project Management Process Improvement  ,3001) ( ,Albert  ,2116( , )Krige  ,2118)

 . 

١ض ػلاِبد أٚ ٔمبؽ ِٓ لجً ِغّٛػخ ِٓ  فو ٠مَٛ ثزؾل٠ل رور١ت ٌلأفطبه ثٕبء ػٍٝ رقظ أٍٍٛثبإٌٛػ١خ الأفوٜ ٔغل ِٚٓ اٌطوق 

ػلاِخ ٠ٛىػٙب ؽَت الأ١ّ٘خ اٌزٟ ٠مله٘ب ٘ٛ ٌىً فطو ِٓ الأفطبه صُ ٠زُ ثؼل  100، ؽ١ش ٠قظض ٌىً ِم١ُ  ١ّٓ ٌىً فطو ِٓ الأفطبهاٌّم١  

٠ٚوٜ  فٟ كهعخ رؼم١ل٘ب ٚكلزٙب. ٕ٘بن ؽوق أفوٜ وض١وح رؼزّل فٟ اٌزؾ١ًٍ إٌٛػٟ رزجب٠ٓ. وّب ئْ  مٌه رور١ت الأفطبه ٚفك أ١ّ٘زٙب إٌَج١خ 

اٌزأص١و( أٚ اٌزم١١ُ إٌٛػٟ ٠ؼطٟ طٛهح ٚاػؾخ ٌزأص١و وً فطو لأٔٙب رؼزّل ػٍٝ كِظ اٌزم١١ُ  –اٌجبؽش ئْ اٍزقلاَ ؽو٠مخ ِظفٛفخ )الاؽزّب١ٌخ 

 ٌؼبٍِٟ الاؽزّب١ٌخ ٚاٌزأص١و , ٚلل اٍزقلِذ ِٓ لجً اٌجبؽش فٟ ػ١ٍّخ اٌزؾ١ًٍ إٌٛػٟ ٌٍّقبؽو.

 ( Risk Quantitative Analysisانكمً نهخطر )انرحهٍم 

رشزًّ ٘نٖ اٌّوؽٍخ ػٍٝ اٌزؾ١ًٍ اٌولّٟ أٚ اٌىّٟ لأصو اٌّقبؽو اٌّؼوٚفخ اٌّإصوح ػٍٝ أ٘لاف اٌّشوٚع الإعّب١ٌخ فؼ١ٍّخ اٌزؾ١ًٍ اٌىّٟ 

. ٕ٘بٌه اٌؼل٠ل ِٓ اٌزم١ٕبد اٌزٟ  اٌقطو اٌقطو ػٍٝ أٍبً اؽزّبي اٌؾلٚس ٚاٌؼٛالت إٌبعّخ ػٓ ٌزأص١وِؾَٛة  ِؾبٌٚخ ٌٍٛطٛي ئٌٝ رمل٠و وّٟ

( , ػمل Pert( , ث١ود )(Monte-Carlo( ثبٍزقلاَ  رؾ١ًٍ ِٛٔزٟ وبهٌٛ  (Simulationرَزقلَ ٌٙنا اٌغوع ِٚٓ ػّٓ ٘نٖ اٌزم١ٕبد اٌّؾبوبح

 ً اٌم١ّخ اٌّزٛلؼخ )ـــــــــــــــــــ( , رم١ٕبد اٌزق١ّٓ الإؽظبئٟ ٚرؾDecision Tree١ٍ, رؾ١ًٍ شغوح اٌمواه)Interviewing)اٌّمبثلاد )

(Expected Value , َ٠ٚغت اٌؾنه فٟ ػ١ٍّخ  اٌزؾ١ًٍ اٌىّٟ لاْ اٍزقلاَ رم١ٕبد ع١لح ٌٍزؾ١ًٍ اٌىّٟ ِغ ث١بٔبد فبؽئخ ٘ٛ أٍٛء ِٓ ػل

و اٌّقبؽو ٔفَٙباٍزقلاَ ٘نٖ اٌزم١ٕبد , وّب ئْ ػ١ٍّخ اٌزؾ١ًٍ اٌىّٟ لل رىْٛ وٍفزٙب فٟ ثؼغ الأؽ١بْ ٟ٘ أوضو ِٓ وٍفخ رأص١
(Michael, 2114)

 . 

 

 ( Risk) Response Strategiesنهخطر  الاضرجاتحاضرراذٍجٍاخ 

ٚرزؼّٓ ٘نٖ اٌّوؽٍخ رط٠ٛو ف١بهاد ٚئعواءاد ٌزؼي٠ي اٌفوص ٚرم١ًٍ اٌزٙل٠لاد ػل أ٘لاف اٌّشوٚع , فجؼل أْ رزُ ػ١ٍّخ رؾل٠ل 

رٍه اٌّقبؽو ٚاٌزؼبًِ ِؼٙب رمغ ػّٓ ٚاؽلح أٚ أوضو ِٓ أهثغ ِغّٛػبد هئ١َ١خ  ٚرم١١ّٙب فاْ ع١ّغ اٌزم١ٕبد اٌَّزقلِخ ٌّؼبٌغخ بؽوقاٌّ
(Roger  ,

1993( , )James ,2111( , )Dennis  ,2114( , )Eric  ,2115( , )Duncan  ,2009) 
: 

 (Risk Acceptanceاٌمجٛي ثبٌقطو)   .1

 ( (Risk Mitigationاٌزقف١ف ِٓ ؽلح اٌقطو  .2

 (Risk Transference)ئٍزوار١غ١خ ٔمً اٌقطو   .3

 (Risk Avoidance Strategyئٍزوار١غ١خ رغٕت اٌقطو)  .4

  Contingency Plan)فطخ اٌطٛاهب)  .5

6.  

 مراقثح وضثظ انمخاطر

١ن ٟ٘ ػ١ٍّخ ٠زُ ف١ٙب رؼمت ي)رأص١و اٌّقبؽو اٌزٟ رُ رؾل٠ل٘ب , ٚاٌّقبؽو اٌّزجم١خ ثؼل ِؼبٌغزٙب , ٚاٌّقبؽو اٌغل٠لح اٌزٟ رظٙو فلاي رٕف

بٌخ والجخ فطؾ الاٍزغبثخ اٌّقططخ ٚرم١١ُ فؼب١ٌزٙب ٚٚػغ فطؾ عل٠لح فٟ ؽبٌخ وٛٔٙب غ١و فؼ  اٌّشوٚع( ِٚ
(Paul  ,2006)

. 

لبئّخ اٌّقبؽو ٌٍّشوٚع رزغ١و ثزملَ اٌّشوٚع  ئْئْ ػ١ٍّخ ِوالجخ ٚػجؾ اٌّقبؽو ٟ٘ ػ١ٍّخ َِزّوح فلاي فزوح ؽ١بح اٌّشوٚع ؽ١ش 

ِزٛلؼخ ٠ّىٓ أْ لا رؾظً , ٚفٟ ؽبٌخ وْٛ رأص١و اٌّقبؽو أوضو ِٓ اٌّزٛلغ أٚ ظٙٛه ٌّقبؽو فّقبؽو غ١و ِزٛلؼخ ٠ّىٓ أْ رؾظً  ٚ ِقبؽو 

 غ١و ِزٛلؼخ فبْ الاٍزغبثخ اٌّقططخ لل لا رىْٛ ِلائّخ  ِّب ٠زطٍت ِٓ ئكاهح اٌّقبؽو ِٚل٠و اٌّشوٚع رٛف١و فطؾ اٍزغبثخ ئػبف١خ ١ٌٍَطوح

٠و اٌّقبؽو )فٟ ٍغً اٌّقبؽو( ٚثظٛهح كٚه٠خ ِٓ لجً ِل٠و اٌّشوٚع ٚفو٠ك اٌّقبؽو ٠مٛك بٌخ اٌّقظظخ ٌزمبهػٍٝ اٌّقبؽو . أْ الإكاهح اٌفؼ  

ئٌٝ وفبءح اٌقطخ 
(Office of Project Management Process Improvement ,2113)

. 
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 )الاضرثٍان انمٍذاوً( -5

اٌقجوح ِٓ اٌىٛاكه إٌٙل١ٍخ ِٚلهاء اٌّشبه٠غ أعواء اٍزج١بْ ِفزٛػ ٌّغّٛػخ ِٓ مٚٞ  خاٌلهاٍخ اٌؼ١ٍّ رزؼّٓ اٌّوؽٍخ الأٌٚٝ ِٓ

ئػلاك ٚر١ٙئخ  ذؼّٕر ؽ١شالاٍزج١بْ اٌّغٍك  ِوؽٍخ ئعواء اٌّوؽٍخ اٌضب١ٔخ وبٔذفٟ ؽ١ٓ ٚأٍزبمح اٌغبِؼبد ٚمٚٞ الافزظبص فٟ ٘نا اٌّغبي 

 أٍئٍخ الاٍزج١بْ اٌَّزٕجطخ ِٓ اٌلهاٍخ إٌظو٠خ ٚاٌّمبثلاد اٌشقظ١خ ٚالاٍزج١بْ اٌّفزٛػ . 

 

 ( Closed Questionnaireلاضرثٍان انمغهق)ا

 ثؼل الأزٙبء ِٓ ِوؽٍخ الاٍزج١بْ اٌّفزٛػ ٚعّغ اٌّؼٍِٛبد رُ ئػلاك ٚرظ١ُّ اٍزّبهح الاٍزج١بْ فٟ ػٛء اٌّؼٍِٛبد اٌزٟ رُ عّؼٙب ٚونٌه

ً ٚاػؼ ِٓ اعً ػّبْ ٌٍٙٛخ الإعبثخ اٌّؼٍِٛبد اٌزٟ رُ اٍزٕزبعٙب ِٓ اٌلهاٍخ إٌظو٠خ ٌٍجؾش ٚلل ؽوص اٌجبؽش ػٍٝ ئػلاك الاٍزّبهح ثشى

 ػ١ٍٙب ٚلل لبَ اٌجبؽش ثزم١َُ اٍزّبهح الاٍزج١بْ ئٌٝ فَّخ ِؾبٚه ٟٚ٘ :

 

 انمحىر الأول )انثٍاواخ وانمؼهىماخ انؼامح( - 

ووخ اٌزٟ ئْ اٌغوع ِٓ ٘نا اٌّؾٛه ٘ٛ اٌؾظٛي ػٍٝ اٌج١بٔبد ٚاٌّؼٍِٛبد اٌؼبِخ ػٓ أفواك ػ١ٕخ اٌجؾش ٚاٌزٟ رزؼّٓ اٌلائوح أٚ اٌش

ٌؼٍّٟ ٠ؼًّ ثٙب ٚاٌظفخ اٌشقظ١خ أٚ اٌغٙخ اٌزٟ ٠ّضٍٙب ٚلطبع اٌؼًّ ٚاٌلهعخ اٌٛظ١ف١خ ٚػلك ٍٕٛاد اٌقلِخ فٟ ِغبي رٕف١ن اٌّشبه٠غ ٚاٌزؾظ١ً ا

 ٚالافزظبص إٌٙلٍٟ ثبلإػبفخ ئٌٝ ٔٛع اٌّشبه٠غ ٚاٌّجبٟٔ اٌزٟ ٔفن٘ب .

 انمحىر انثاوً )محىر إدارج انمخاطر( -

نا اٌّؾٛه ٘ٛ ِؼوفخ ِلٜ رطج١ك ِٕٙغ١خ أكاهح اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ ِٚلٜ ؽبعخ ٘نٖ اٌّشبه٠غ ئٌٝ ئْ اٌٙلف ِٓ ٘

ٚلل اٍزقلَ اٌجبؽش فٟ ٘نا  ؼخ فٟ رمل٠و ٚرم١١ُ رٍه اٌّقبؽوٚعٛك ٔظُ ٚفطؾ ٚفجواء لإكاهح ِضً ٘نٖ اٌّقبؽو ٚاٌزؼوف ػٍٝ اٌطوق اٌّزج

 ( .7-1ّؼب١٠و اٌول١ّخ اٌّمبثٍخ ٌٙب ٌغوع ر١ًَٙ ػ١ٍّخ اٌؾَبثبد ٚرؾ١ًٍ اٌج١بٔبد ٚوّب ِٛػؾخ فٟ اٌغلٚي )اٌّؾٛه ػلك ِٓ اٌّمب١٠ٌ ٚاٌ

 

 انمحىر انثانث )محىر ذحذٌذ وذحهٍم انمخاطر انمطثثح نهمطانثاخ( 

غ الإٔشبئ١خ ِّب ٠ؼطٟ طٛهح فٟ اٌّشبه٠ِٚطبٌجبد رّل٠ل ئْ اٌٙلف الأٍبٍٟ ٌٙنا اٌّؾٛه ٘ٛ رؾل٠ل اٌّقبؽو اٌزٟ رَجت ِطبٌجبد رؼ٠ٛغ 

ػٍٝ ٚاػؾخ ػٓ أُ٘ اٌّقبؽو اٌزٟ رزؼوع ٌٙب اٌّشبه٠غ الإٔشبئ١خ وّب ٠ٙلف ٘نا اٌّؾٛه ئٌٝ اٌزؼوف ػٍٝ اؽزّب١ٌخ ٚلٛع ٘نٖ اٌّقبؽو ٚرأص١و٘ب 

ٔشبئ١خ  ثبلاػزّبك ػٍٝ ٘ن٠ٓ اٌؼب١ٍِٓ ٚثبٌزبٌٟ رم١١ُ اٌزأص١و إٌٛػٟ ٌىً فطو ِٓ رٍه اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ  الإٚاٌّلح اٌىٍفخ 

ّ ٓ فٟ ئْ اٌقطو لل ٠ىْٛ اؽزّب١ٌخ ٚلٛػٗ ػب١ٌخ ٌىٓ رأص١وٖ ِٕقفغ أٚ لل ٠ؾظً اٌؼىٌ ٌنٌه ٠زُ رم١١ُ رأص١و وً فطو  ٚاٌفبئلح ِٓ مٌه رى

 ثبلاػزّبك ػٍٝ ٘ن٠ٓ اٌؼب١ٍِٓ .

 

 انمحىر انراتغ )إجراءاخ اضرجاتح انمخاطر(  -

ؼوفخ أُ٘ الإعواءاد اٌزٟ ٠ّىٓ ئرجبػٙب ِٓ اعً رغٕت أٚ رم١ًٍ أٚ ٔمً ٘نٖ اٌّقبؽو ئٌٝ ؽوف أفو ِٓ اعً ٠ٙلف ٘نا اٌّؾٛه ئٌٝ ِ

 رغٕجٙب أٚ رقف١ؼٙب ئٌٝ الً ِب ٠ّىٓ .

 

 اورخاب ػٍىح انثحث -

اٌقجوح اٌغ١لح اٌؼب١ٍِٓ فٟ ٌمل رُ اٌزأو١ل فٟ ػ١ٍّخ أزقبة أفواك ػ١ٕخ الاٍزج١بْ ػٍٝ ئْ ٠ىٛٔٛا ِٓ إٌّٙل١ٍٓ اٌّز١ّي٠ٓ ٚالأوفبء ٚمٚٞ 

جوح اٌّإٍَبد اٌؾى١ِٛخ ٚاٌّىبرت الاٍزشبه٠خ إٌٙل١ٍخ ٚػٍٝ إٌّٙل١ٍٓ اٌؼب١ٍِٓ فٟ شووبد الإٔشبء، ٚػٍٝ أٍبرنح اٌغبِؼبد اٌن٠ٓ ٠ّزٍىْٛ ف

 ؽ٠ٍٛخ فٟ ٘نا اٌّغبي.

الاٍزج١بْ ٚرٛػ١ؼ ِب ٘ٛ غبِغ ِٕٗ ئٌٝ  ( اٍزّبهح اٍزج١بْ ٚثشىً ِجبشو ٌىٟ ٠زّى ٓ ِٓ رٛط١ً أ٘لاف44ؽ١ش لبَ اٌجبؽش ثزٛى٠غ )

( اٍزّبهح فمؾ، ٚػٕل رؾ١ًٍ اٌّؼب٠ٕبد رُ اٍزجؼبك صلاصخ ِٕٙب ثَجت ػلَ اوزّبي ئعبثبرٙب، ٚػ١ٍٗ أطجؼ ػلك 39أفواك اٌؼ١ٕخ إٌّزقجخ. رُ اٍزوكاك )

( اٌنٞ ٠ج١ٓ ػ١ٕخ اٌجؾش 8-1ب ِج١ٕخ فٟ اٌغلٚي هلُ )( اٍزّبهح , ٚو36ّاٍزّبهاد الاٍزج١بْ إٌٙبئٟ اٌزٟ اػزّلد ػٕل رؾ١ًٍ ٔزبئظ الاٍزج١بْ )

 ّووي٠خ .اٌّؼزّلح .ٚٔز١غخ ٌّب موو ٍبثمب" ٚؽَت إٌظو٠بد الإؽظبئ١خ فبْ ػ١ٕخ اٌجؾش رقؼغ ئٌٝ اٌزٛى٠غ اٌطج١ؼٟ اٍزٕبكا" ئٌٝ ٔظو٠خ إٌٙب٠خ اٌ

 

 لاص انىرائجالأضانٍة انرٌاضٍح والإحصائٍح انمطرخذمح فً جذونح و ذحهٍم انثٍاواخ واضرخ -
٠قزض الإؽظبء ثبٌطوق اٌؼ١ٍّخ ٌغّغ ٚرٕظ١ُ ٚرٍق١ض ٚػوع ٚرؾ١ًٍ اٌج١بٔبد ٚونٌه اٌٛطٛي ئٌٝ ٔزبئظ ِمجٌٛخ ٚلواهاد ١ٍٍّخ ػٍٝ 

ً ثشىػٛء ٘نا اٌزؾ١ًٍ. ٌٚغوع رؾ١ًٍ  اٌج١بٔبد  ِٚمبهٔزٙب  لبَ اٌجبؽش ثؼوع اٌج١بٔبد فٟ هٍَٛ ٚئشىبي  ٌز١ًَٙ كهاٍزٙب ٚرؾ١ٍٍٙب ٚرٛػ١ؾٙب 

بي ػٕل ِمبهٔزٙب ِغ ثؼؼٙب لأٔٙب ٍزؼىٌ أوجو لله ِٓ اٌّؼٍِٛبد ثّغوك إٌظو ئ١ٌٙب ٚرلػٝ ٘نٖ اٌؼ١ٍّخ ثبٌطـوق اٌظـٛه٠ـخ  ًٍٙ ٚفؼ 

(Pictorial method ): وّب اٍزقلَ اٌجبؽش ػلكا" ِٓ اٌّمب١٠ٌ الإؽظبئ١خ ٌغوع رٍق١ض اٌج١بٔبد ٚرؾ١ٍٍٙب ٚٚطفٙب ثشىً ع١ل ِٓ أّ٘ٙب , 

 

 (Measurement of Central Tendency ىسػح انمركسٌح ) مقاٌٍص ان - أ

أػزّل اٌجبؽش ٘نا اٌّم١بً وٛٔٗ اٌم١ّخ إٌّٛمع١خ فٟ رّض١ً ِغّٛػخ ث١بٔبد، ؽ١ش اٍزقلَ اٌجبؽش أوضو اٌّزٍٛطبد ش١ٛػبً ٚ٘ٛ اٌٍٛؾ  

ِٓ اٌم١ُ( ٌىبْ ِغّٛع ل١ُ اٌّفوكاد اٌغل٠لح  ( ٚاٌنٞ ٠ؼوف ثأٔٗ اٌم١ّخ اٌزٟ ٌٛ أػط١ذ ٌىً ِفوكح فٟ اٌّغّٛػخ)ِغّٛػخ:X Meanاٌؾَبثٟ )

َِبٚٞ ٌّغّٛع ل١ُ اٌّزغ١واد الأط١ٍخ . ٠ٚؼوف أ٠ؼب ثأٔٗ ِغّٛع ل١ُ اٌّشب٘لاد ِمَِٛبً ػٍٝ ػلك٘ب ٠ٚؾَت وبلأرٟ
(2117)انقصاص , 

   : 

                                                 

    h                                                                                                                                                                                                                                 

 Mean(X) =∑ xi .  fi  / n          ( 1-1ِؼبكٌخ)  
                        i =1                                                                                                                                                                                                                                                   

 : ؽ١ش

           (Xٟاٌٍٛؾ اٌؾَبث : ) 
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           (xiِووي اٌظٕف : ) 

           (fiػلك اٌزىواهاد ٌىً طٕف : ) 

           (nؽغُ اٌؼ١ٕخ أٚ ِغّٛع اٌزىواهاد ٌلأطٕبف : ) 

           (iرًٍََ الأطٕبف :  ) 

           (h  ػلك الأطٕبف : ) 

                   

 (Measures of spreadمقاٌٍص انرشرد ) - ب

لا رؼزجو ِمب١٠ٌ اٌزّووي وبف١خ ٌٛطف ِغّٛػخ ِٓ اٌج١بٔبد ٚطفبً وبِلاً فمل رزَبٜٚ ثؼغ اٌؼ١ٕبد فٟ اٌٍٛؾ اٌؾَبثٟ ثبٌوغُ ِٓ 

ح اٌج١بٔبد افزلاف رٛى٠غ ث١بٔبرٙب ؽٛي ِووي٘ب )كهعخ رغبٌٔ اٌج١بٔبد( فبٌٍٛؾ اٌؾَبثٟ ٠ّضً ِووي اٌج١بٔبد ٌىٕٗ لا ٠ج١ٓ ِلٜ اٌزفبف أٚ ثؼضو

بْ ؽٛي ٘نا اٌٍٛؾ ، ٌٚٙنا لا ثل ِٓ ٚعٛك ِم١بً  فو ِغ اٌّمب١٠ٌ اٌّووي٠خ ٌم١بً كهعخ اٌزغبٌٔ أٚ اٌزشزذ فٟ كافً ٘نٖ اٌج١بٔبد . ٌنٌه و

ا وبْ ِم١بً اٌغوع ِٓ اػزّبك ٘نا إٌٛع ِٓ اٌّمب١٠ٌ ٘ٛ رؾل٠ل ؽج١ؼخ رٛى٠غ ِؼب٠ٕبد الاٍزج١بْ ٌؼىٌ ِلٜ افزلافٙب ٚأزشبه٘ب ػٓ ٍٚطٙب ٚئم

ل١ٍٍخ. ٚلل اٌزشزذ وج١واً كيَّ مٌه ػٍٝ ػلَ اٌزغبٌٔ ث١ٓ ل١ُ اٌّؼب٠ٕبد، ١ٍٚىْٛ ِم١بً اٌزشزذ طغ١واً ػٕلِب رىْٛ الافزلافبد ث١ٓ ل١ُ اٌّؼب٠ٕبد 

( Xٌؾَبثٟ )( وّم١بً ٌٍزشزذ ؽ١ش ٠ؼىٌ ل١ُ أؾوافبد اٌّؼب٠ٕبد ػٓ ٍٚطٙب اStandard Deviationأػزّل اٌجبؽش الأؾواف اٌّؼ١بهٞ )

٠ٚؾَت وبلأرٟ
(1983) أتى صانح, 

 : 

             h                                               

(S) =    ∑(xi - X )
2
 . fi / (n – 1)…….. (2-1ِؼبكٌخ)

 

  
                     i=1 

 ؽ١ش :

(sٞالأؾواف اٌّؼ١به : ) 

 ص انىرائجإجراءاخ جذونح وذحهٍم انثٍاواخ واضرخلا   

 رّذ ػ١ٍّخ رؾ١ًٍ إٌزبئظ اٌزٟ رُ اٌؾظٛي ػ١ٍٙب ِٓ الاٍزج١بْ ٚفك رًٍََ ِؾبٚهٖ ٚوّب ٠أرٟ :

اٌّؾٛهاْ الأٚي ٚاٌضبٟٔ ٍٛف ٠زُ ؽَبة َٔت اٌزىواهاد ػٍٝ ػٛء اٌّؼٍِٛبد ٚالإعبثابد لإفاواك ػ١ٕاخ اٌجؾاش ِٚآ صاُ ػوػاٙب فاٟ أشاىبي  - أ

 ٚوبلارٟ : 

P% =( fi  / n) * 100……… (3-1)ِؼبكٌخ 
(1983) أتى صانح,    

 ؽ١ش :  

 (p%  : ) اٌزىواه ٌٍظٕف %                            َٔجخ 

ٚرم١١ُ شلح اٌزأص١و ٌزٍه اٌّقبؽو ػٍٝ   ٚونٌه اٌزّل٠ل اٌّؾٛه اٌضبٌش ٚاٌّزؼٍك ثزم١١ُ الاؽزّب١ٌخ ٌؾظٛي اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ئِب - ة

 خ إٌزبئظ ٚرؾ١ٍٍٙب وبلأرٟ :فَٛف ٠زُ علٌٚاٌّشوٚع ِٚلح وٍفخ 

 ( ػٍاٝ ٚفاك 1-1ك اٌّؼبكٌاخ )ـاـثزطج١ ٚوانٌه اٌزّل٠ال رُ ؽَبة ِؼلي رم١١ُ اؽزّب١ٌخ ؽظٛي وً فطو ِٓ اٌّقابؽو اٌَّاججخ ٌّطبٌجابد اٌزؼا٠ٛغ

 .( رُ ؽَبة الأؾواف اٌّؼ١بهٞ 2-1ئعبثبد أفواك ػ١ٕخ اٌجؾش ِٚٓ صُ ثزطج١ك اٌّؼبكٌـخ )

   ٚوانٌه اٌَّاججخ ٌّطبٌجابد اٌزّل٠ال ػٍاٝ اٌّالح رأص١و وً فطو ِآ اٌّقابؽو اٌَّاججخ ٌّطبٌجابد اٌزؼا٠ٛغ ػٍاٝ اٌىٍفاخ رُ ؽَبة ِؼلي رم١١ُ شلح

  ( رُ ؽَبة الأؾواف اٌّؼ١به2ٞ-1( ػٍٝ ٚفك ئعبثبد أفواك ػ١ٕخ اٌجؾش ِٚٓ صُ ٚثزطج١ك اٌّؼبكٌخ )1-1ثزطج١ك اٌّؼبكٌخ )

   ٚفمب" لاؽزّب١ٌخ ؽظٌٛٙب ٚوبلأرٟ : ٚونٌه اٌزّل٠ل اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ رُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌىً فطو ِٓ اٌّقبؽو 

 ِؼلي رم١١ُ الاؽزّب١ٌخ                                       

 ٌؾظٛي اٌقطو                                          

 (4-1)-------   %100×                   ٌٍقطو % =           الأ١ّ٘خ إٌَج١خ 

 ِغّٛع ِؼللاد اؽزّب١ٌخ   ٚفمب" لاؽزّب١ٌخ ؽظٌٛٙب   

 اٌؾظٛي ٌىً فطو                                       

  اٌّشوٚع ٚونٌه اٌَّججخ ٌّطبٌجبد رُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚفمب" ٌزأص١و٘ب ػٍٝ وٍفخ

                           : ٚوبلأرٟ ػٍٝ اٌّلح٘ب ٚفمب" ٌزأص١واٌزّل٠ل 
 ِؼلي رم١١ُ رأص١و اٌقطو                                    

 (5-1)-------- % 100×  =                            الأ١ّ٘خ إٌَج١خ ٌٍقطو % 

 ِغّٛع ِؼللاد رم١١ُ           ٚفمب" ٌزأص١و٘ب ػٍٝ   

    اٌزأص١و ٌىً فطو           ع اٌّشوٚ /ِلح وٍفخ    

. 

  اٌّج١ٕاخ فاٟ اٌزاأص١و  –ٚٚفاك ِظافٛفخ الاؽزّب١ٌاخ ٚوانٌه اٌزّل٠ال رُ ؽَبة اٌزم١١ُ إٌٛػٟ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼا٠ٛغ ٚ

أٚ ٚفك اٌّؼبكٌخ اٌزب١ٌخ ( 1اٌشىً )
(Office of Project Management Process Improvement  ,2003( , )Krige  ,2008)

 : 

 (6-1)------ /اٌّلحاٌقطو ػٍٝ اٌىٍفخِؼلي رم١١ُ شلح رأص١و ×        ؽظٛي اٌقطو  = ِؼلي رم١١ُ اؽزّب١ٌخ   ٌٍقطو         اٌزم١١ُ إٌٛػٟ

 : ٟرُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌٍّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚفمب" ٌٍزم١١ُ إٌٛػٟ ٚوّب ٠أر  

 ِؼلي اٌزم١١ُ إٌٛػٟ                                     

 ٌؾظٛي اٌقطو                                       
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 (7-1)---------- %100×                             الأ١ّ٘خ إٌَج١خ ٌٍقطو % = 

 ِغّٛع ِؼللاد اٌزم١١ُ           ٚفمب" ٌٍزم١١ُ إٌٛػٟ         

   إٌٛػٟ ٌىً فطو                                              

إٌزبئظ ثبٌَٕجخ ٌٍّؾٛه اٌواثغ ٚاٌّزؼٍك ثبلإعواءاد اٌّّىٓ ارقبم٘ب ِٓ اعً رغٕت أٚ اٌزم١ًٍ ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ رُ علٌٚخ  - د

 ٚرؾ١ٍٍٙب وبلأرٟ :

  ٓثزطج١اك ٚاٌزّل٠ال اٌّقابؽو اٌَّاججخ ٌّطبٌجابد اٌزؼا٠ٛغ رُ ؽَابة ِؼالي رم١ا١ُ فؼب١ٌاخ واً ئعاواء ِآ ئعاواءاد رغٕات اٚ رم١ٍاً واً  فطاو ِا

 ( ٚمٌه ػٍٝ ٚفك ئعبثبد أفواك ػ١ٕخ اٌجؾش.1-1اٌّؼبكٌخ )

  : رُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌىً ئعواء ِٓ ٘نٖ الإعواءاد ٚفك اٌّؼبكٌخ اٌزب١ٌخ 

 ِؼلي رم١١ُ فؼب١ٌخ                                 

 فطوٌىً الإعواء                                   

 (8-1)----- % 100×                                     % = الأ١ّ٘خ إٌَج١خ

 ِغّٛع ِؼللاد رم١١ُ                 ٌىً ئعواء   

 اٌفؼب١ٌخ ٌىً ئعواء                                      

 ذحهٍم ورائج الاضرثٍان انمٍذاوً ومىاقشرها -

بهاد الاٍزج١بْ ٚفوى٘ب ِٚٓ صُ علٌٚخ اٌّؼٍِٛبد ٚاٌج١بٔبد اٌٛاهكح ِٓ الاٍزج١بْ ٚرؾ١ٍٍٙب ؽَت رًٍََ ِؾبٚه الاٍزج١بْ ٚلل رُ عّغ اٍزّ

 ( الإطلاه اٌزبٍغ ػشو فٟ ػ١ٍّخ اٌزؾ١ًٍ ٚثبلاػزّبك ػٍٝ اٌّؼبكلاد اٌّنوٛهح ٍبثمب". SPSSرُ اٍزقلاَ اٌجؤبِظ الإؽظبئٟ )
 

 : محىر انثٍاواخ وانمؼهىماخ انؼامحانمحىر الأول  -          

 ٌلائوح أٚ اٌشووخ اٍُ ا - أ

 ٌزٟ ٠ّضٍٙب أفواك اٌؼ١ٕخ اٌظفخ اٌشقظ١خ أٚ اٌغٙخ ا - ة

 اٌلهعخ اٌٛظ١ف١خ  - د

( 15( ٠ّزٍىاْٛ فجاوح لا رماً ػآ )63.89( ٍإٛاد ٚاْ )%10( ِٓ أفواك اٌؼ١ٕخ ٠ّزٍىْٛ فجوح ري٠ال ػآ )86.11)%ػلك ٍٕٛاد اٌقلِخ :  - س

 ٍٕخ . 

إٌَجخ الأوجو ِآ أفاواك اٌؼ١ٕاخ ٘اُ ِآ اٌؾبطا١ٍٓ ػٍاٝ شاٙبكح اٌجىابٌٛه٠ًٛ ٚرٛىػاذ إٌَاجخ اٌّزجم١اخ ثا١ٓ ِّآ ٘اُ  بٔذٌؼٍّٟ : وزؾظ١ً ااٌ - ط

 ؽبط١ٍٓ ػٍٝ شٙبكح اٌّبعَز١و ٚشٙبكح اٌلوزٛهاٖ .

اٌّزجم١خ ث١ٓ افزظابص إٌٙلٍاخ الافزظبص إٌٙلٍٟ : ئْ الأغٍج١خ ِٓ أفواك اٌؼ١ٕخ وبٔذ ثبفزظبص إٌٙلٍخ اٌّل١ٔخ فٟ ؽ١ٓ رٛىػذ إٌَجخ  - ػ

 ثبئ١ـــــخ ا١ٌّىب١ٔى١ــــخ ٚاٌىٙو

 ( . 94اغٍت أفواك اٌؼ١ٕخ وبٔذ لل ػٍّذ فٟ رٕف١ن ِشبه٠غ اٌّجبٟٔ ٚعبءد ثَٕجخ )% ٕفنح ِٓ لجً أفواك اٌؼ١ٕخ : ٔٛع اٌّشبه٠غ اٌّ - ؿ

 

 انمحىر انثاوً : محىر أدارج انمخاطر - 

ٍزؼبًِ ِغ اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فمل أشبهد اغٍت ئعبثبد أفواك ػ١ٕاخ اٌجؾاش ئٌاٝ لٍاخ أٚ ػالَ ٌّؼوفخ ِلٜ ٚعٛك ٔظبَ أكاهٞ أٚ فطخ ٌ - أ

 ( %77ٚعٛك ٔظبَ أكاهٞ أٚ فطخ ٌٍزؼبًِ ِغ رٍه اٌّقبؽو ٚلل عبءد ثَٕجخ )

خ ٚوّاب ٠ظٙاو مٌاه ٚاػاؾب" ِآ لاؽع اٌجبؽش ئْ اغٍت الإعبثبد رإ٠ل ٚعٛك فجواء لإكاهح اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١ - ة

 .إ٠ل مٌه ( ر%78فلاي َٔجخ اٌزىواهاد ٌلإعبثبد ؽ١ش ئْ َٔجخ )

ٌّؼوفاخ اٌطااوق اٌّزجؼااخ فااٟ اٌزٕجاإ ثبٌّقاابؽو اٌَّااججخ ٌٍّطبٌجاابد فمال أٚػااؾذ ئعبثاابد أفااواك ػ١ٕاخ اٌجؾااش ئْ اٍاازقلاَ اٌّؼٍِٛاابد اٌزبه٠ق١ااخ  - د

ٌَابثمخ  فاٟ وبٔذ ٕ٘بن لٍخ فٟ اٍزقلاَ اٌقجواء اٌّقزظ١ٓ ٚ اٌلهاٍبد اٌؼ١ٍّخ ا . َخٌّشبه٠غ ٍبثمخ ٘ٛ اٌطو٠مخ اٌّزجؼخ فٟ مٌه ثظٛهح هئ١

 اٌزٕجإ ثزٍه اٌّقبؽو 

 

 وانمطثثح نمطانثاخ انرمذٌذ انمحىر انثانث : ذحذٌذ وذحهٍم انمخاطر انمطثثح نمطانثاخ انرؼىٌض -

ٚرم١١ُ شلح اٌزأص١و  ونٌه اٌزّل٠لٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚرم١١ُ الاؽزّب١ٌخ ٌؾظٛي ارؼّٓ اٌّؾٛه اٌضبٌش فٟ ٍإاٌٗ الأٚي ٚاٌضبٟٔ  - أ

( ٚمٌه ِٓ فلاي اٍزقلاَ فَّخ ِمب١٠ٌ )ِٕقفغ علا" , ِإقفغ 3(, )2ٓ )ـــــٚوّب ِٛػؼ فٟ اٌشى١ٌٍزٍه اٌّقبؽو ػٍٝ وٍفخ ِٚلح اٌّشوٚع 

 ب . ( الأٚىاْ اٌّؼ١به٠خ 9ٌٙ-1, ِزٍٛؾ , ػبٌٟ , ػبٌٟ علا"( ٠ٚٛػؼ اٌغلٚي ) 

ِٓ ِٚٓ فلاي ِب رُ اٌؾظٛي ػ١ٍٗ ِٓ ٔزبئظ ٌزم١١ُ الاؽزّب١ٌخ ٚاٌزأص١و ٌٍّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ١ٍزُ ؽَبة اٌزم١١ُ إٌٛػٟ ٌىً 

ٔٛػٟ ٌىً اٌزأص١و( ٌٍقطو اٌزٟ رؼطٟ رم١١ُ  –( صُ رم١١ّٙب ٚمٌه ثبلاػزّبك ػٍٝ ِظفٛفخ )الاؽزّب١ٌخ 6-4رٍه اٌّقبؽو ٚمٌه ِٓ فلاي اٌّؼبكٌـخ )

( اٌزم١١ُ إٌٛػٟ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ 5( , )4ٓ )ــ١١ٍالاؽزّب١ٌخ ٚاٌزأص١و ٠ٚٛػؼ اٌشىفطو ثبلاػزّبك ػٍٝ ػبٍِٟ 

 ٚالأ١ّ٘خ إٌَج١خ ٌزٍه اٌّقبؽو ػٍٝ أٍبً اٌزم١١ُ إٌٛػٟ ٌٙب .

ٙلف ِّٕٙب ٘ٛ رم١١ُ اؽزّب١ٌخ اٌؾظٛي ٚ شالح اٌزاأص١و ٌىاً فطاو ِآ اٌّقابؽو ٔلاؽع ِٓ فلاي اٌَإا١ٌٓ اٌضبٌش ٚاٌواثغ ِٓ ٘نا اٌّؾٛه ئْ اٌ - ة

اٌزم١ا١ُ اٌَّججخ ٌّطبٌجبد اٌزّل٠ل ٚثبٌزبٌٟ رم١١ُ رأص١و٘اب ػٍاٝ ِالح اٌّشاوٚع  رم١١ّاب" ٔٛػ١اب" ٚوانٌه ئ٠غابك الأ١ّ٘اخ إٌَاج١خ ٌىاً فطاو ػٍاٝ أٍابً 

( ٚلل رُ اٍزقلاَ ٔفٌ الأٍٍٛة اٌَّازقلَ فاٟ ِطبٌجابد اٌزؼا٠ٛغ 9 ( ,)8( , )7( , )6إٌٛػٟ ٌزٍه اٌّقبؽو ٚوّب ِٛػؾخ فـــــٟ الأشــــــىبي )

 ( .9-1فٟ رم١١ُ الاؽزّب١ٌخ ٚشلح اٌزأص١و ؽ١ش أػط١ذ ٔفٌ اٌّمب١٠ٌ ِٚؼب١٠و٘ب اٌّج١ٕخ ثبٌغلٚي)

١ُ إٌٛػٟ ٌٙب ٠ؼطٟ طٛهح أٚػؼ ػٍٝ أٍبً اٌزم١ ٚونٌه اٌزّل٠ل ٠ٚوٜ اٌجبؽش ئْ الأ١ّ٘خ إٌَج١خ ٌٍّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ

ػب١ٌخ ػٓ أ٠ٌٛٚخ ٚأ١ّ٘خ رٍه اٌّقبؽو ٚمٌه لاػزّبك٘ب ػٍٝ ػبٍِٟ الاؽزّب١ٌخ ٚاٌزأص١و ِؼب" ففٟ ثؼغ الأؽ١بْ لل رىْٛ اؽزّب١ٌخ اٌؾظٛي ٌٍقطو 
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لل لا رؼطٟ طٛهح كل١مخ ػٓ الأ٠ٌٛٚخ  ٌىٓ رأص١وٖ ِٕقفغ أٚ لل ٠ىْٛ اٌؼىٌ فٕلاؽع ئْ الأ١ّ٘خ إٌَج١خ ٌٍقطو ػٍٝ أٍبً الاؽزّب١ٌخ أٚ اٌزأص١و

 اٌٛاعت ئػطبئٙب ٌنٌه اٌقطو .

 

 انمحىر انراتغ : محىر الإجراءاخ  -

أٚ اٌزم١ًٍ  ٚاٌزّل٠ل ٠ٙلف ٘نا اٌّؾٛه ئٌٝ ِؼوفخ أفؼً الإعواءاد اٌزٟ ٠ّىٓ ارقبم٘ب ِٓ اعً رغٕت اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ

اٌّشوٚع  , ؽ١ش ؽٍت اٌجبؽش رم١١ُ رٍه الإعواءاد ثّٛعت أٚ ِلح ِٕٙب ئٌٝ أكٔٝ َِزٜٛ ٠ىْٛ ف١ٗ رأص١و رٍه اٌّقبؽو الً ِب ٠ّىٓ ػٍٝ وٍفخ 

 ( ِؼ١به رٍه اٌّمب١٠ٌ.10-1بي( ٚلل أٚػؼ اٌغلٚي )بي ثؼغ اٌشٟء , غ١و فؼ  بي , فؼ  بي علا" , فؼ  ِم١بً )فؼ  

( ئعواء ل١ًٍ اٌفؼب١ٌخ ٚلبَ ثبٍزجؼبكٖ ٚمٌه )لاْ اٌٍٛؾ اٌؾَبثٟ ٌّؼ١به 2.5الإعواء اٌنٞ ٠ىْٛ ِؼلي رم١١ّٗ الً ِٓ )ٚلل اػزجو اٌجبؽش 

 (( .2.5اٌزم١١ُ ٠َبٚٞ ئٌٝ )

به٠غ فٟ اٌّش ٚاٌزّل٠ل بٌخ ٌزم١ًٍ أٚ رغٕت اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ٠ٛػؼ الأ١ّ٘خ إٌَج١خ ٌلإعواءاد اٌفؼ   (11-1ٚاٌغلٚي ) 

 الإٔشبئ١خ ٚاٌزٟ ٠ّىٓ ئرجبػٙب فٟ اٌّشبه٠غ الإٔشبئ١خ .

 

 الاضرىراجاخ وانرىصٍاخ-6

 الاضرىراجاخ -
 ِٓ فلاي اٌؼًّ ثبٌجؾش رُ اٌزٛطً ئٌٝ اٌؼل٠ل ِٓ الاٍزٕزبعبد ٠ّىٓ رٍق١ظٙب ثبٌٕمبؽ اٌزب١ٌخ :

ئلا ئْ ِٚالك٘ب ؼ ػٍاٝ رٍاه اٌّشابه٠غ ِآ ٔبؽ١اخ ى٠ابكح وٍفٙاب ػٍٝ اٌوغُ ِٓ أ١ّ٘خ ِٛػٛع اٌّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ ٚرأص١و٘ب اٌٛاػا .1

 اٌجؾٛس ٚاٌلهاٍبد اٌّزؼٍمخ ثٙنا اٌّٛػٛع رّزبى ثمٍزٙب فٟ اٌؼواق ثبلإػبفخ ئٌٝ افزمبه٘ب ئٌٝ اٌَّؼ ا١ٌّلأٟ ٚاٌج١بٔبد اٌزبه٠ق١خ.

 اٌوٞ .ئْ ٌٍّطبٌجبد رأص١وا" وج١وا" فٟ ِشبه٠غ اٌّجبٟٔ ٚ اٌَبثمخ ٠لاؽع ِٓ فلاي اٌلهاٍبد .2

ئْ رؾ١ًٍ ٚئكاهح اٌّقبؽو فٟ اٌّشوٚع رؼزجو ػ١ٍّخ َِزّوح ٠ّٚىٓ أْ رجلأ فٟ أٞ ِوؽٍخ ِٓ كٚهح اٌّشوٚع ٠ّٚىٓ أْ رلَٚ ٚرَزّو ئٌٝ أْ  .3

كاهح رظجؼ رىب١ٌف اٍزقلاِٙب أوضو ِٓ فبئلرٙب اٌّؾزٍّخ ٚاٌزٟ ٠ّىٓ وَجٙب. ٚثزملَ اٌّشوٚع رمً اٌّقبؽو ٚثٙنا فاْ فؼب١ٌخ اٍزقلاَ رؾ١ٍاً ٚئ

  .اٌّقبؽو ر١ًّ ئٌٝ اٌزمٍض ٌنٌه فأٗ ِٓ اٌَّزؾَٓ اٍزقلاِٙب فٟ الأؽٛاه اٌّجىوح ِٓ كٚهح ؽ١بح اٌّشوٚع

 اٌشقظ١خ . ئْ اٌطوق اٌزم١ٍل٠خ اٌَّزقلِخ فٟ اٌزٕجإ ثزأص١و رٍه اٌّطبٌجبد رّزبى ثؼلَ اٌللخ اٌؼب١ٌخ ثبلإػبفخ ئٌٝ ػلَ اٌزأول ٚرأصو٘ب ثبٌؼٛاًِ .4

١ٍبق ِؾلك ِٚٛؽل ٌؾفع ٚرٕظ١ُ اٌج١بٔبد ٚاٌّؼٍِٛبد اٌقبطخ ثبٌّطبٌجبد ِٚب ٠ٕزظ ػٕٙب فٟ ِؼظُ اٌلٚائو ٚاٌشووبد اٌزٟ لٍخ ٚعٛك ٔظبَ اٚ  .5

 رّذ ى٠بهرٙب .

اٌزأص١و رؼطٟ رظٛها" ٚاػؾب" ػٓ رأص١و الأفطبه ٚمٌه لاػزّبك٘ب ػٍٝ ػبٍِٟ الاؽزّب١ٌخ  -ئْ ػ١ٍّخ اٌزم١١ُ إٌٛػٟ ثبٍزقلاَ رم١ٕخ الاؽزّب١ٌخ .6

 اٌزأص١و ٌزٍه الأفطبه ثبلإػبفخ ئٌٝ ث١بْ الإفطبه اٌّّٙخ ٚأ٠ٌٛٚزٙب ِّب ٠َبػل فٟ ػ١ٍّخ اٌّؼبٌغخ ٚارقبم اٌمواه .ٚ

ونٌه أظٙاود ٔزابئظ اٌزؾ١ٍاً أ٠ؼاب" ػالك ِآ الإعاواءاد إٌّبٍاجخ اٌزاٟ ٠ّىآ ِآ فلاٌٙاب رغٕات أٚ رم١ٍاً راأص١و اٌّقابؽو اٌَّاججخ ٌّطبٌجابد  .7

 اٌزؼ٠ٛغ .

 ّقبؽو أ١ّ٘خ رزؼٍك ثّوؽٍخ اٌزظ١ُّ ٚئػلاك اٌَّزٕلاد ٌنٌه ٔغل ئْ ٘نٖ اٌّوؽٍخ ِّٙخ فٟ ػ١ٍّخ ِؼبٌغخ رٍه اٌّقبؽؤلاؽع ئْ أوضو اٌ .8

 ٍّطبٌجبد ثَوػخ ٚكلخ ػب١ٌزبْ ٌٚعٛك ؽبعخ ئٌٝ اٍزقلاَ رم١ٕبد أٚ ثواِظ ؽبٍٛث١خ رَبػل فٟ ػ١ٍّخ اٌزٕجإ ثزأص١و اٌّقبؽو اٌَّججخ  .9

 

 (Recommendationsانرىصٍاخ )

ٔٛطاٟ ثؼاوٚهح الا٘زّاابَ ثؼ١ٍّاخ اٌزٛص١اك فااٟ اٌّشابه٠غ الإٔشاابئ١خ ٚفظٛطاب" اٌّزؼٍماخ ثبٌّطبٌجاابد ٚالاٍازفبكح ِآ اٌطبلاابد اٌىج١اوح ٌغٙاابى  .1

 اٌؾبٍٛة فٟ ٘نٖ اٌؼ١ٍّخ , ٚمٌه ِٓ فلاي الا٘زّبَ ثٛعٛك علٚي ٌلأػّبي ا١ِٛ١ٌخ.

ئػلاك َِزٕلاد اٌّمبٌٚخ ٚمٌه ِآ فالاي ئؽبٌاخ اٌؼّاً ئٌاٝ اٌّىبرات  ٔٛطٟ ثؼوٚهح رٛفٟ اٌللخ فٟ رق١ّٓ و١ّبد علٚي اٌى١ّبد ٚونٌه فٟ .2

 الاٍزشبه٠خ اٌّزقظظخ ٚاٌلل١مخ  ٚماد اٌقجوح اٌط٠ٍٛخ .

اٌلهاٍخ اٌّزأ١ٔخ ِٓ ؽوف طبؽت اٌؼًّ ٚالاٍزشبهٞ اٌّظُّ ٌىً ِوؽٍخ ِٓ ِواؽً اٌزظا١ُّ لاٍاز١فبء ِؼظاُ هغجابد ِٚزطٍجابد طابؽت  .3

 اٌؼًّ .

ح ٌٍّشااوٚع ٌّوالجااخ اؽز١بعاابد اٌّشااوٚع ِاآ اٌَاا١ٌٛخ اٌّب١ٌااخ ػٍااٝ ؽااٛي ِاالح اٌّشااوٚع ٠ٚشااًّ ؽغااُ ٚرٛل١ااذ ٘اانٖ ئػاالاك ئكاهح ِب١ٌااخ ع١اال .4

  .ؽز١بعبد ٚاٌزٕجإ اٌَّزمجٍٟ ٌٙبالا

الإٍواع فٟ ئطلاه اٌمواهاد ٚاٌّٛافمبد ِٓ لجً طبؽت اٌؼًّ ٚمٌه ِٓ فلاي ئػطبء طالاؽ١بد اوجاو ٌالٚائو إٌّٙالً اٌّما١ُ فاٟ ئطالاه  .5

 اهاد ٚاٌّٛافمبد .رٍه اٌمو

 ػوٚهح ػًّ كٚهاد فبطخ ِٓ لجً كٚائو اٌلٌٚخ رزٍمٝ ف١ٙب اٌىٛاكه اٌؼبٍِخ فٟ اٌّشبه٠غ الإٔشبئ١خ ِٓ إٌّٙل١ٍٓ ٚاٌف١ٕا١ٓ ٚغ١اوُ٘ ِّآ ٌاٗ .6

 ػلالخ ثبٌؼ١ٍّخ الإٔشبئ١خ ٌٍزضم١ف ؽٛي ػ١ٍّخ ئكاهح اٌّقبؽو فٟ اٌّشبه٠غ الإٔشبئ١خ .  

 اٌّقبؽو فٟ اٌّشبه٠غ الإٔشبئ١خ .  ٔٛطٟ ثؼوٚهح ٚعٛك فجواء لإكاهح .7

الا٘زّاابَ ثي٠اابكح اٌّؼوفااخ اٌؼ١ٍّااخ فااٟ ِغاابي ئكاهح اٌّقاابؽو اٌّااإصوح فااٟ اٌّشاابه٠غ الإٔشاابئ١خ ثشااىً ػاابَ ٚئكاهح اٌّقاابؽو اٌّااإصوح فااٟ فطااؾ  .8

لح ئٔغبى اٌّشوٚع الإٔشبئٟ وّٛٔٙب اٌّؾلك٠ٓ اٌٍن٠ٓ  ُِ ١ٍإك٠بْ ئٌٝ رؾم١ك أفؼً اٌّشوٚع ثشىً فبص ٚفبطخ اٌّقبؽو اٌّإصوح فٟ وٍفخ ٚ

 ٔٛػ١خ.

 

 انؼرتٍح انمصادر

  ,  ٗ1983أثٛ طبٌؼ , ِؾّل طجؾٟ, ػلٔبْ ِؾّل ػٛع "ِملِخ فٟ الإؽظبء". كاه عٛاْ ٚا٠ٍٟ ٚأثٕبئ . 

  "هٍابٌخ اٌغ١لاٚٞ , أزظبه وبظُ هش١ل "ٔظبَ ١ٌٍَطوح ػٍٝ اٌزغ١١واد ٚاٌّطبٌجبد فٟ اٌّمابٚلاد الإٔشابئ١خ ٌٍّشابه٠غ اٌؾى١ِٛاخ فاٟ اٌؼاواق

 . 1999ٛهاٖ فٟ إٌٙلٍخ اٌّل١ٔخ , ِملِخ ئٌٝ لَُ إٌٙلٍخ اٌّل١ٔخ فٟ و١ٍخ إٌٙلٍخ فٟ عبِؼخ ثغلاك وغيء ِٓ ِزطٍجبد ١ًٔ كهعخ اٌلوز
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 ٟاٌَبِوائٟ , ى٠ل لبٍُ ِؾّل "اٌّطبٌجبد ٚرأص١و٘ب ػٍٝ وٍف ِٚلك اٌّشابه٠غ الإٔشابئ١خ" هٍابٌخ ِملِاخ ئٌاٝ لَاُ ٕ٘لٍاخ اٌجٕابء ٚالإٔشابءاد فا 

 . 1999اٌغبِؼخ اٌزىٌٕٛٛع١خ وغيء ِٓ ِزطٍجبد ١ًٔ كهعخ اٌّبعَز١و فٟ ػٍَٛ ٕ٘لٍخ اٌجٕبء ٚالإٔشبءاد, 

  ,2007اٌمظبص , ِٙلٞ ِؾّل "ِجبكب الإؽظبء ٚاٌم١بً الاعزّبػٟ". عبِؼخ إٌّظٛهح  , و١ٍخ ا٢كاة . 

  ُ2009ٚرط٠ٛو إٌّب٘ظ "ػمٛك اٌزش١١ل" اٌٍّّىخ اٌؼوث١خ اٌَؼٛك٠خ , اٌّإٍَخ اٌؼبِخ ٌٍزؼ١ٍُ اٌفٕٟ ٚاٌزله٠ت إٌّٟٙ , الإكاهح اٌؼبِخ ٌزظ١ّ . 

 اٌضبٌاش اٌّؼٙل الأِو٠ىٟ ٌٍّمب١٠ٌ اٌم١ِٛخ , ِؼٙل ئكاهح اٌّشوٚػبد "ك١ًٌ اٌل١ًٌ اٌّؼوفٟ لإكاهح اٌّشوٚػبد ". ِىزجخ اٌىٛٔغوً , الإطلاه 

 ,2004 . 

 " 2008 زت اٌلهاٍبد ٚالاٍزشبهاد إٌٙل١ٍخ , اٌمب٘وح ,ِى. "الإٔشبئ١خرٕف١ن اٌّشوٚػبد  ئكاهحعّؼخ , ؽ١َٓ ِؾّل . 

 " ّٓ2010ثم١َّٙب الأٚي ٚاٌضبٟٔ" اٌّىزجخ اٌمب١ٔٛٔخ , ثغلاك ,  شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخؽ١بٚٞ , ٔج١ً ػجل اٌوؽ . 

 ( ٌَُٕخ 40ؽ١بٚٞ , ٔج١ً ػجل اٌوؽّٓ "اٌمبْٔٛ اٌّلٟٔ اٌؼوالٟ هل )2010خ اٌمب١ٔٛٔخ , ثغلاك , ٚرؼل٠لارٗ" اٌّىزج 1951 . 

  ػبؽف ػجل إٌّؼُ , ِؾّل ِؾّٛك اٌىبشف , ١ٍل وبٍت "رم١١ُ ٚئكاهح اٌّقبؽو". ِووي رطا٠ٛو اٌلهاٍابد ٚاٌجؾاٛس , و١ٍاخ إٌٙلٍاخ , عبِؼاخ

 . 2008,  اٌمب٘ــوح , ِإٍَخ فٛهك

 لِخ ئٌٝ لَُ إٌٙلٍخ اٌّل١ٔخ فٟ و١ٍخ إٌٙلٍخ فٟ عبِؼخ ثغالاك ِؾّل , اوَبٔخ عٙبك "اٌّطبٌجبد فٟ اٌّمبٚلاد الإٔشبئ١خ فٟ اٌؼواق". هٍبٌخ ِم

 . 1996وغيء ِٓ ِزطٍجبد ١ًٔ كهعخ اٌلوزٛهاٖ فٟ إٌٙلٍخ اٌّل١ٔخ , 
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 ( 1-1جذول)  اٌّزؼٍمخ ثأِٛه رؼبلل٠خ ٚلب١ٔٛٔخ فبهعخ ػٓ أٚ ِٓ ٠ّضٍٗ ٚ طبؽت اٌؼًّ ثمواهاداٌّمبٚي اٌّزؼٍمخ ٠ٛػؼ الأٍبً ٌّطبٌجبد

لأػّبي إٌٙلٍخ اٌّل١ٔخثّٛعت شوٚؽ اٌّمبٌٚخ  أٚ اٌّمبٚي أٚ ِٓ ٠ّضٍّٙبطبؽت اٌؼًّ  ١ٍطوح
(2111,  حٍاوي)

 

 الأضاش تمىجة شروط انمقاونح لأػمال انهىذضح انمذوٍح  وىع مطانثاخ انمقاول خ

أٚ ِآ  طبؽت اٌؼًّ ثمواهاداٌّمبٚي اٌّزؼٍمخ ِطبٌجبد  1

 ٠ّضٍٗ 

( , 6,  3, 1( اٌفماواد )7( , اٌّابكح )1( اٌفماوح )6( , اٌّابكح )4اٌّبكح )

ة(( , اٌّااابكح  -/ )أ1( اٌفماااوح )12( , اٌّااابكح )2ح )( اٌفماااو10اٌّااابكح )

( 1اٌفموح ) (20اٌّبكح ),  (18( , اٌّبكح )17, اٌّبكح ) (1اٌفموح ) (16)

  (25) اٌّااابكح ( ,24) اٌّااابكح,  (4، 3، 2، 1)اٌفماااواد  (22) اٌّااابكح, 

( اٌفموح 31اٌّبكح ),  (28( , اٌّبكح )2( اٌفموح )26) , اٌّبكح (5)اٌفموح 

 1)اٌفمورابْ  (39( , اٌّبكح )4( اٌفموح )37اٌّبكح )( , 32) اٌّبكح,  (3)

,  (1)اٌفمااااوح   (43, اٌّاااابكح ) (2،  1 ) اٌفموراااابْ (41, اٌّاااابكح ) (2، 

,  (2)اٌفمااوح  (48, اٌّاابكح ) (2 ,ط -ة  -/ أ  1)اٌفموراابْ  (45اٌّاابكح )

( , اٌّبكح 51, اٌّبكح ) (2)اٌفموح  (50, اٌّبكح ) (1)اٌفموح  (49اٌّبكح )

 حاٌفماو (62, اٌّابكح ) (1)اٌفماوح  (54, اٌّبكح ) (2،  1)اٌفموربْ  (53)

( 65, اٌّااابكح ) (1)اٌفماااوح   (64, اٌّااابكح ) ٞ( -ؽ  -ى  -ٚ  -٘اااـ  / 1)

 ( . 69, اٌّبكح ) (3،  2)اٌفموربْ 

اٌّزؼٍمخ ثأِٛه رؼبلل٠خ ٚلب١ٔٛٔخ فبهعخ ِطبٌجبد اٌّمبٚي  2

 أٚ اٌّمبٚي أٚ ِٓ ٠ّضٍّٙبطبؽت اٌؼًّ  ١ٍطوحػٓ 

( , 22( , اٌّبكح )2( اٌفموح )20( , اٌّبكح )16( , اٌّبكح )12اٌّبكح )

 ( 67, اٌّبكح ) ط( / 1)اٌفموح   (45( , اٌّبكح )26اٌّبكح )

 

اٌّل١ٔخ ٚاٌمبْٔٛ اٌّلٟٔ اٌؼوالٟشوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ الأٍبً ٌّطبٌجبد طبؽت اٌؼًّ ثّٛعت  (2-1جذول )
(2111,  حٍاوي)

 

 انمادج  الأضاش نمطانثاخ صاحة انؼمم خ

طااابؽت اٌؼّاااً ثّٛعااات ِطبٌجااابد  1

 ٌٕٙلٍااااخا شااااوٚؽ اٌّمبٌٚااااخ لأػّاااابي

 ّل١ٔخاٌ

( 19( , اٌّبكح )17, اٌّبكح ) ك(-ط-ة-/ أ 8( اٌفموح ) 16اٌّبكح )(, 13( , اٌّبكح )8اٌّبكح )

, اٌّبكح  (24( , اٌّبكح )22اٌّبكح )( , 1( اٌفموح )21, اٌّبكح ) (1( اٌفموح )20اٌّبكح ), 

( , اٌّبكح 30( , اٌّبكح )1( اٌفموح )29( , اٌّبكح )2( اٌفموح)26( , اٌّبكح )4( اٌفموح )25)

( 50( ,  اٌّبكح )1( اٌفموح )48( , اٌّبكح )3( اٌفموح )40( , اٌّبكح )39( , اٌّبكح )37)

 ( . 66( , اٌّبكح )3اٌفموح ) (65( , اٌّبكح )3( اٌفموح )60( , اٌّبكح )3اٌفموح )

طااابؽت اٌؼّاااً ثّٛعااات ِطبٌجااابد  2

 اٌؼوالٟ اٌمبْٔٛ اٌّلٟٔ

( , 1( اٌفموح )869( , اٌّبكح )868( , اٌّبكح )1( اٌفموح )867( , اٌّبكح )866اٌّبكح )

( , 1( اٌفموح )883اٌّبكح )( , 2( اٌفموح )875( , اٌّبكح )871( , اٌّبكح )870اٌّبكح )

 (3اٌفموح ) (887اٌّبكح )

 

اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌّمبٚي (3-1جذول )
(1999, انجٍلاوي), (1996)محمذ, 

 

انؼىامم انرئٍطٍح  خ

انمطثثح نمطانثاخ 

 انرؼىٌض

وىع انمطانثح  انؼىامم  انمطثثح نمطانثاخ انرؼىٌض

 حطة انضرر

ٚعٛك ػلَ ٚػٛػ ٚ/ أٚ أفطابء  أ

 ٚ / أٚ افزلافبد فٟ ٚصبئك اٌؼمل

اٌّماابٚي ٚطاابؽت اٌؼّااً ؽااٛي افاازلاف 

 رف١َو ٚصبئك اٌؼمل 

رّل٠ل 

 ٚرؼ٠ٛغ

ؽااااااااااالٚس اٌظاااااااااااوٚف  ة

الاٍاااازضٕبئ١خ اٚ اٌّقاااابؽو 

 اٌقبطخ

راااأفو أػّااابي اٌّمااابٚي ثَاااجت اٌظاااوٚف 

 إٌّبف١خ اٌظؼجخ 

 رّل٠ل

ؽلٚس ظوٚف اٍازضٕبئ١خ )ػالا اٌظاوٚف 

إٌّبف١ااخ ( أٚ ػٛائااك اطااطٕبػ١خ ٚل١اابَ 

 اٌّمبٚي ثّٛاعٙزٙب 

رّل٠ل 

 ٚرؼ٠ٛغ

ؽلٚس اٌّقبؽو اٌَّازضٕبح ٚل١ابَ اٌّمابٚي 

 ثّٛاعٙزٙب ٚرٕف١ن اٌزظ١ٍؾبد اٌلاىِخ 

رّل٠ل 

 ٚرؼ٠ٛغ

ى٠اااابكح أٍااااؼبه اٌٛلااااٛك ٚأٍااااؼبه اٌّااااٛاك 

 الإٔشبئ١خ ٚاٌؼوائت ٚاٌوٍَٛ 

 رؼ٠ٛغ

 د

 

رااأفو طاابؽت اٌؼّااً فااٟ 

الإ٠فبء ثبٌزياِبرٗ  أٚ ػالَ 

 الإ٠فبء ثٙب

رأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 

اٌؼًّ فٟ رٛف١و اٌّٛاك اٌزٟ رمغ َِإ١ٌٚخ 

 رٛف١و٘ب ػ١ٍٗ ثّٛعت اٌؼمل 

 رّل٠ل

 رّل٠لرأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 
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اٌؼًّ فٟ رٕف١ان اٌزياِبراٗ اٌزؼبلل٠اخ ثزٕف١ان 

 الأػّبي اٌزٟ رمغ َِإ١ٌٚخ رٕف١ن٘ب ػ١ٍٗ 

رأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 

 ٚاٌّٛافمبد اٌؼًّ فٟ ئطلاه اٌمواهاد 

 رّل٠ل

رأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 

 اٌؼًّ فٟ ر١ٍَُ اٌّٛلغ 

 رّل٠ل

رااااأفو أػّاااابي اٌّماااابٚي ثَااااجت رؼطااااً 

ا١ٌ٢ااابد اٌزاااٟ ٠ٛفو٘اااب طااابؽت اٌؼّاااً 

ٌٚم١بِااااٗ ثَااااؾت ا١ٌ٢اااابد اٌّقظظااااخ 

ٌٍّشااااوٚع ٚئشااااغبٌٙب فااااٟ ِٛلااااغ أفااااو 

 لأٍجبة فبطخ ثٗ 

 رّل٠ل

فو رااااأفو أػّاااابي اٌّماااابٚي ثَااااجت رااااأ

إٌّٙلً فٟ ئعواء اٌفؾٛطابد اٌلاىِاخ 

ٚاٌّظبكلخ ػٍٝ اٌقاوائؾ ٚإٌّابمط اٌزاٟ 

 ٠ملِٙب اٌّمبٚي 

 رّل٠ل

رااااأفو أػّاااابي اٌّماااابٚي ثَااااجت رااااأفو 

إٌّٙااااالً فاااااٟ رغ١ٙااااايٖ ثبٌّقططااااابد 

ٚاٌقوائؾ ٚاٌّؼٍِٛبد اٌلاىِخ ٚرفبط١ً 

 اٌؼًّ اٌّطٍٛثخ لاٍزّواه رٕف١ن اٌؼًّ 

 رّل٠ل

ثَجت رؼبهػٙب ِاغ رأفو أػّبي اٌّمبٚي 

أػّاااااابي اٌّمااااااب١ٌٚٓ ا٢فااااااو٠ٓ اٌاااااان٠ٓ 

 ٠َزقلُِٙ طبؽت اٌؼًّ 

 رّل٠ل

رأفو طوف اٌٍَف ٌٍّمبٚي ٌّلح رزغبٚى 

(30 َٛ٠ ) 

 رؼ٠ٛغ

ئ٠ماابف الأػّاابي ِاآ لجااً  س

إٌّٙااااااالً اٚ طااااااابؽت 

اٌؼّاااااً ثَاااااجت لا كفاااااً 

 ٌٍّمبٚي ف١ٗ

ؽلٚس رٛلف ٚلزٟ فٟ اٌؼًّ لأٍجبة أٚ 

أٚ لأٞ ئعااواءاد رؼااٛك ٌظاابؽت اٌؼّااً 

عٙااخ ِقٌٛااخ لبٔٛٔااب" أٚ اٍاازّواه رٛلااف 

( ٠ِٛااااب" كْٚ 90اٌؼّااااً ٌّاااالح رزغاااابٚى)

 ئ٠غبك ط١غخ ؽً

رّل٠ل 

 ٚرؼ٠ٛغ

 ط

 

ئعااواء رغ١١ااواد شااى١ٍخ ٚ 

/ أٚ ٔٛػ١اااخ ٚ / أٚ و١ّاااخ 

 ٌلأػّبي

ل١ااابَ اٌّمااابٚي ثزٕف١ااان أػّااابي ئػااابف١خ لا 

رزغبٚى و١ّبرٙب إٌَجخ اٌّؾلكح فٟ علٚي 

 اٌى١ّبد 

 رؼ٠ٛغ

١ّاااخ الأػّااابي ثؾ١اااش رزغااابٚى ئٔمااابص و

 إٌَجخ اٌّؾلكح فٟ علٚي اٌى١ّبد 

 رؼ٠ٛغ

ل١اابَ طاابؽت اٌؼّااً ثاٌغاابء فمااواد ِاآ 

 علٚي اٌى١ّبد 

 رؼ٠ٛغ

ل١بَ اٌّمبٚي ثزٕف١ن أػّبي ئػبف١خ رزغبٚى 

و١ّبرٙااااب إٌَااااجخ اٌّؾاااالكح فااااٟ عاااالٚي 

 اٌى١ّبد 

رّل٠ل 

 ٚرؼ٠ٛغ

ئػبفخ فمواد عل٠لح ئٌٝ عالٚي اٌى١ّابد 

 ؼّٕٙب اٌّمبٌٚخ لا رز

رّل٠ل 

 ٚرؼ٠ٛغ

ل١اابَ اٌّماابٚي ثاااعواء فؾٛطاابد ئػاابف١خ 

ثطٍت ِٓ إٌّٙلً رإ٠ل طاؾخ اٌؼّاً أٚ 

رٕف١اانٖ ٌفؾٛطاابد لا ٠زؼاإّٙب اٌؼماال ٚلا 

 رمغ َِإ١ٌٚخ ئعوائٙب ػ١ٍٗ 

رّل٠ل 

 ٚرؼ٠ٛغ

ئعاااواء رغ١١اااو فاااٟ ِٛاطااافبد ٚٔٛػ١اااخ 

اٌّٛاك اٌَّزؼٍّخ فاٟ اٌؼّاً ٚاٌّضجزاخ فاٟ 

 ل ٚصبئك اٌؼم

رّل٠ل 

 ٚرؼ٠ٛغ

رٕف١اان ؽٍجاابد طاابؽت اٌؼّااً فااٟ ئعااواء 

اٌزؾاااا٠ٛواد فااااٟ الأػّاااابي ِاااآ ؽ١ااااش 

إٌّبٍااااااا١ت ٚالاٍااااااازمبِبد ٚاٌّٛػاااااااغ 

 ٚالأثؼبك لأٞ عيء ِٕٙب 

رّل٠ل 

 ٚرؼ٠ٛغ

رؼااابهع اٌقاااوائؾ ِاااغ عااالٚي اٌى١ّااابد 

 اٌَّؼو أٚ ِغ اٌّٛاطفبد 

رّل٠ل 

 ٚرؼ٠ٛغ
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اٌؼمال لأٍااجبة ل١ابَ طاابؽت اٌؼّاً ثفَااـ  فَـ اٌؼمل ٚئٔٙبؤٖ ػ

 فبطخ

 رؼ٠ٛغ

الافااازلاف ؽاااٛي رَااا٠ٛخ  ؿ

ؽَاااابة اٌّمبٌٚااااخ )ِاااالك 

 ِٚجبٌغ(

ػالَ هػاب اٌّماابٚي ػآ اٌّالك اٚ اٌّجاابٌغ 

 إٌّّٛؽخ ٌٗ 

رّل٠ل 

 ٚرؼ٠ٛغ

افاازلاف اٌّماابٚي ٚطاابؽت اٌؼّااً ؽااٛي 

 ر٠َٛخ ؽَبة اٌّمبٌٚخ ثؼل ٍؾت اٌؼًّ 

 رؼ٠ٛغ

افزلاف اٌّمبٚي اٚ طبؽت اٌؼّاً ؽاٛي 

 د الاٍزمطبػب

 رؼ٠ٛغ

ل١اااابَ طاااابؽت اٌؼّااااً ثؾااااجٌ فطاااابة  أٍجبة ِزفولخ أفوٜ ك

اٌؼااااّبْ أٚ اٌزأ١ِٕاااابد أٚ ٌؼاااالَ ل١بِااااٗ 

ثاػاابكح ِجٍااغ اٌزااب١ِٓ ػاآ الأػااواه ئٌااٝ 

 اٌّمبٚي كْٚ ِجوه 

 رؼ٠ٛغ

رٕف١اان ؽٍاات طاابؽت اٌؼّااً فااٟ الإٍااواع 

 ثزٕف١ن الأػّبي ٌزم١ٍض ِلح اٌّمبٌٚخ 

 رؼ٠ٛغ

 ئٌؾاااااابق اٌؼااااااوه ٚالأمٜ ثبلأشااااااقبص

ٚالأِاااٛاي ٔز١غاااخ ٌؼّاااً أٚ ئّ٘ااابي ِااآ 

 طبؽت اٌؼًّ أٚ َِزقل١ِٗ 

 رؼ٠ٛغ

ل١اابَ اٌّماابٚي ثزماال٠ُ رَاا١ٙلاد ٚفاالِبد 

ئٌااااااٝ طاااااابؽت اٌؼّااااااً أٚ ٚولائااااااٗ أٚ 

َِزقل١ِٗ أٚ ئٌٝ ِمب١ٌٚٓ  فو٠ٓ ٠ؼٍّْٛ 

 ٌظبٌؼ طبؽت اٌؼًّ ٚثطٍت ِٕٗ 

رّل٠ل 

 ٚرؼ٠ٛغ

 

ٔٛع اٌؼوه اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌّمبٚي ؽَت( 4-1جذول )
(1999)انطامرائً , 

 

وىع انمطانثح  خ

 حطة انضرر

انؼىامم انرئٍطٍح انمطثثح 

 نمطانثاخ انرؼىٌض

 انؼىامم  انمطثثح نمطانثاخ انرؼىٌض

 أ

 

ِطبٌجااااااااااااااااابد 

 اٌزؼ٠ٛغ

أٍاااااجبة رؼاااااٛك ئٌاااااٝ  - أ

 َِزٕلاد اٌّمبٌٚخ

 ٚعٛك ٔمض فٟ َِزٕلاد اٌّمبٌٚخ  .1

 ٚعٛك فطأ فٟ َِزٕلاد اٌّمبٌٚخ  .2

 ؼبهع ث١ٓ َِزٕلاد اٌّمبٌٚخ ٚعٛك ر .3

 الافزلاف ؽٛي رف١َو َِزٕلاد اٌّمبٌٚخ  .4

 ٚعٛك ٔمض فٟ َِزٕلاد اٌّمبٌٚخ  .5

أٍاااااجبة رؼاااااٛك ئٌاااااٝ  - ة

اٌزغ١١اااواد ٚأٚاِاااو 

 اٌزغ١١و

 رٕف١ن أػّبي ئػبف١خ ػّٓ أٚ فبهط إٌَجخ اٌّؾلكح  .6

 رٕف١ن أػّبي ئػبف١خ غ١و ِشٌّٛخ ثبٌّمبٌٚخ  .7

 بد أٚ اٌزظب١ُِ رغ١و فٟ اٌّٛاطف .8

اٌزاااااااااأف١واد ِااااااااآ  - د

 طبؽت اٌؼًّ

 رأف١و اٌؾظٛي ػٍٝ اٌّٛافمبد ٚاٌّظبكلبد اٌلاىِخ ٌزٕف١ن اٌّمبٌٚخ  .9

 رأف١و رغ١ٙي اٌّٛاك ٚالأعٙيح ٚاٌّؼلاد اٌزٟ رؼٙل طبؽت اٌؼًّ ثزغ١ٙي٘ب  .10

 رأف١و كفغ َِزؾمبد اٌّمبٚي  .11

اٌظااااااااوٚف اٌغ١ااااااااو  - س

 ِزٛلؼخ

 افزلاف ؽج١ؼخ اٌّٛلغ  .12

 اٌمواهاد ٚاٌزؼ١ٍّبد اٌؾى١ِٛخ  .13

 اٌزغ١واد الالزظبك٠خ )اهرفبع أٍؼبه اٌّٛاك , اىك٠بك ِؼللاد اٌزؼقُ(  .14

 الإ٠مبف اٌٛلزٟ ٌلأػّبي .15 أٍجبة أفوٜ - ط

 اٌزؼبهع ِغ أػّبي أفوٜ  .16

 الافزلافبد ؽٛي ر٠َٛخ ؽَبة اٌّمٛي فٟ ؽبٌخ ٍؾت اٌؼًّ أٚ ئٔٙبء اٌّمبٌٚخ   .17

 ِطبٌجبد رؼ٠ٛغ رؼٛك ٌٍطوف الأفو اٌزؼوع ئٌٝ   .18

 رَو٠غ اٌؼًّ   .19

أٍاااااااجبة رؼاااااااٛك ئٌاااااااٝ  - أ ِطبٌجبد رّل٠ل ة

طاااااابؽت اٌؼّااااااً أٚ 

 َِزقل١ِٗ

 ٚعٛك ى٠بكح فٟ الأػّبي وّب" أٚ ٔٛػب"  .1

 الإ٠مبف اٌٛلزٟ ٌلأػّبي  .2

 اٌزؼبهع ِغ أػّبي أفوٜ  .3

 ّمبٌٚخ رأف١و اٌؾظٛي ػٍٝ اٌّٛافمبد ٚاٌّظبكلبد اٌلاىِخ ٌزٕف١ن اٌ .4

 رأف١و رغ١ٙي اٌّٛاك ٚالأعٙيح ٚاٌّؼلاد اٌزٟ رؼٙل طبؽت اٌؼًّ ثزغ١ٙي٘ب  .5

 رأف١و ر١ٍَُ اٌّٛلغ ِٚٛافمبد اٌلفٛي  .6

 اٌزأف١و ثَجت رٕف١ن أٚاِو أٚ رؼ١ٍّبد ِٕٙلً طبؽت اٌؼًّ  .7
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أٍجبة فبهعاخ ػآ  - ة

ئهاكح طااااااااااااااابؽت 

 اٌؼًّ ٚ اٌّمبٚي

 ٚعٛك ظوٚف ِٕبف١خ طؼجخ  .8

 ٍزضٕبئ١خ )ػلا إٌّبف١خ( أٚ ػٛائك اططٕبػ١خ ٚل١بَ اٌّمبٚي ثّٛاعٙزٙب ظوٚف ا .9

 اٌزأف١واد ثَجت اٌّمبٚي اٌضبٔٛٞ اٌَّّٝ  .10

 اٌزأف١و ثَجت اٌمواهاد ٚاٌزؼ١ٍّبد اٌّووي٠خ ٌٍلٌٚخ  .11

ِطبٌجااااااااااااااااابد  د

 رؼ٠ٛغ ٚرّل٠ل

 أٍجبة رؼٛك ئٌٝ َِزٕلاد اٌّمبٌٚخ  .1 

 الإ٠مبف اٌٛلزٟ ٌلأػّبي    .2

 اٌزؼبهع ِغ أػّبي أفوٜ    .3

 رأف١و اٌؾظٛي ػٍٝ اٌّٛافمبد ٚاٌّظبكلبد اٌلاىِخ ٌزٕف١ن اٌّمبٌٚخ   .4

 رأف١و رغ١ٙي اٌّٛاك ٚالأعٙيح ٚاٌّؼلاد اٌزٟ رؼٙل طبؽت اٌؼًّ ثزغ١ٙي٘ب   .5

 ظوٚف اٍزضٕبئ١خ )ػلا إٌّبف١خ( أٚ ػٛائك اططٕبػ١خ ٚل١بَ اٌّمبٚي ثّٛاعٙزٙب  .6

 د اٌى١ّخ ٚإٌٛػ١خ اٌزغ١١وا  .7

اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ فٟ اٌّشبه٠غ الإٔشبئ١خ (5-1جذول )
 )انثاحث(  

انؼىامم انرئٍطٍح انمطثثح  خ

 نمطانثاخ انرؼىٌض

 انؼىامم  انمطثثح نمطانثاخ انرؼىٌض

 ٔمض ثبٌّقططبد ٚاٌّٛاطفبد .1 ِطبٌجبد ثَجت َِزٕلاد اٌّمبٌٚخ أ

 اد اٌّمبٌٚخٚعٛك رؼبهع ث١ٓ َِزٕل  .2

 الافزلاف ؽٛي رف١َو َِزٕلاد اٌّمبٌٚخ  .3

ِطبٌجاااااااابد ثَااااااااجت اٌظااااااااوٚف  ة

 الاٍزضٕبئ١خ ٚاٌّقبؽو اٌَّزضٕبح

 ؽلٚس ظوٚف اٍزضٕبئ١خ أٚ ػٛائك اططٕبػ١خ  .4

 ؽلٚس اٌّقبؽو اٌَّضٕبح  .5

 لبٔٛٔب" ؽلٚس رٛلف ٚلزٟ لأٍجبة رؼٛك ئٌٝ طبؽت اٌؼًّ اٚ لأٞ عٙخ ِقٌٛخ   .6 ِطبٌجبد ثَجت اٌزٛلفبد س

ِطبٌجااااابد ثَاااااجت ػااااالَ اٌزاااااياَ  ط

طاااااابؽت اٌؼّااااااً فااااااٟ الإ٠فاااااابء 

ثبٌزياِبرٗ اٌّب١ٌخ أٚ لأٍاجبة ِب١ٌاخ 

 فبهعخ ػٓ ١ٍطوح ؽوفٟ اٌزؼبلل

 رأفو طوف َِزؾمبد اٌّمبٚي  .7

 ى٠بكح أٍؼبه اٌٛلٛك ٚأٍؼبه اٌّٛاك الإٔشبئ١خ ٚاٌؼوائت ٚاٌوٍَٛ  .8

 ١ٕبدل١بَ طبؽت اٌؼًّ ثؾجٌ فطبة اٌؼّبْ أٚ اٌزأِ  .9

 %20أفطبء اٌزق١ّٓ ٌى١ّبد علٚي اٌى١ّبد ِّب ٠َجت أػّبي ئػبف١خ ػّٓ ٚ أوضو ِٓ  .10 ِطبٌجبد ثَجت اٌزغ١واد ؿ

 اٌزغ١واد فٟ اٌزظب١ُِ  .11

 اٌزغ١و فٟ ِٛاطفبد ٚٔٛػ١خ اٌّٛاك اٌَّزؼٍّخ ٚاٌّضجزخ فٟ ٚصبئك اٌؼمل   .12

 اٌفمواد اٌَّزؾلصخ اٌغل٠لح اٌؼوٚه٠خ  .13

 ؾلصخ ثَجت هغجخ طبؽت اٌؼًّ فٟ ئعواء اٌزؾ٠ٛواد فٟ الأػّبي اٌفمواد اٌَّز  .14

رٕف١ن أٚاِو إٌّٙالً فاٟ ئعاواء فؾٛطابد ئػابف١خ لا ٠زؼإّٙب اٌؼمال ٚلا رماغ َِاإ١ٌٚخ   .15

 ئعوائٙب ػٍٝ اٌّمبٚي

 فَـ اٌؼمل ٚئٔٙبؤٖ ِٓ لجً طبؽت اٌؼًّ لأٍجبة فبطخ  .16 ِطبٌجبد ثَجت فَـ اٌؼمل ك

 َبة اٌّمبٌٚخ ثؼل ٍؾت اٌؼًّافزلافبد ؽٛي ر٠َٛخ ؽ  .17

ِطبٌجاابد ثَااجت الافزلافاابد ثاا١ٓ  م

 طبؽت اٌؼًّ ٚاٌّمبٚي

 الافزلاف ؽٛي اٌّلك ٚاٌّجبٌغ إٌّّٛؽخ  .18

 الافزلاف ؽٛي الاٍزمطبػبد  .19

 رَو٠غ اٌؼًّ  .20 ِطبٌجبد ثَجت رَو٠غ اٌؼًّ ه

اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزّل٠ل فٟ اٌّشبه٠غ الإٔشبئ١خ  (6-1جذول )
ثاحث()ان

 

انؼىامم انرئٍطٍح انمطثثح نمطانثاخ  خ

 انرمذٌذ

 انؼىامم  انمطثثح نمطانثاخ انرمذٌذ

 ٔمض ثبٌّقططبد ٚاٌّٛاطفبد  .1 ِطبٌجبد ثَجت َِزٕلاد اٌّمبٌٚخ أ

 ٚعٛك رؼبهع ث١ٓ َِزٕلاد اٌّمبٌٚخ  .2

 الافزلاف ؽٛي رف١َو َِزٕلاد اٌّمبٌٚخ  .3

ِطبٌجبد ثَجت اٌظوٚف الاٍزضٕبئ١خ  ة

 ٌّقبؽو اٌَّزضٕبحٚا

 ؽلٚس ظوٚف اٍزضٕبئ١خ أٚ ػٛائك اططٕبػ١خ  .4

 ؽلٚس اٌّقبؽو اٌَّضٕبح  .5

 رأفو ثَجت ظوٚف ِٕبف١خ طؼجخ  .6

 رأفو اٌفؾٛطبد اٌّقزجو٠خ  .7

 رٛف١و٘ب ػ١ٍٗ ثّٛعت اٌؼملرأفو طبؽت اٌؼًّ فٟ رٛف١و اٌّٛاك اٌزٟ رمغ َِإ١ٌٚخ   .8ِطبٌجبد ثَجت رأفو طبؽت اٌؼًّ فٟ  د



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

14 
 

رأفو طبؽت اٌؼًّ فٟ ئطلاه اٌمواهاد ٚاٌّٛافمبد ثؼّٕٙب رأفو ِٕٙلً   .9 الإ٠فبء ثبٌزياِبرٗ اٌزؼبلل٠خ 

طبؽت اٌؼًّ فٟ ئعواء اٌفؾٛطبد اٌلاىِخ ٚاٌّظبكلخ ػٍٝ اٌقوائؾ ٚإٌّبمط 

 اٌزٟ ٠ملِٙب اٌّمبٚي 

 رأفو طبؽت اٌؼًّ فٟ ر١ٍَُ اٌّٛلغ  .10

١ٌبد ٚاٌّؼلاد ثَجت رؼطً ا١ٌ٢بد اٌزٟ رمغ رأفو طبؽت اٌؼًّ فٟ رٛف١و ا٢  .11

 َِإ١ٌٚخ رٛف١و٘ب ػ١ٍٗ ثّٛعت اٌؼمل ثَجت رؼطً ا١ٌ٢بد أٚ ٔمٍٙب ئٌٝ ِشوٚع أفو

رأفو طبؽت اٌؼًّ فٟ رغ١ٙيٖ اٌّقططبد ٚاٌقوائؾ ٚاٌّؼٍِٛبد اٌلاىِخ   .12

 ٚرفبط١ً اٌؼًّ اٌّطٍٛثخ لاٍزّواهٖ

 ُِٙ طبؽت اٌؼًّاٌزؼبهع ِغ أػّبي ِمب١ٌٚٓ  فو٠ٓ ٠َزقل  .13

 ؽلٚس رٛلف ٚلزٟ لأٍجبة رؼٛك ئٌٝ طبؽت اٌؼًّ اٚ لأٞ عٙخ ِقٌٛخ لبٔٛٔب"   .14 ِطبٌجبد ثَجت اٌزٛلفبد س

ِطبٌجبد ثَجت ػلَ اٌزياَ طبؽت اٌؼًّ  ط

فٟ الإ٠فبء ثبٌزياِبرٗ اٌّب١ٌخ أٚ لأٍجبة 

 ِب١ٌخ فبهعخ ػٓ ١ٍطوح ؽوفٟ اٌزؼبلل

 رأفو طوف َِزؾمبد اٌّمبٚي  .15

 طبؽت اٌؼًّ ثؾجٌ فطبة اٌؼّبْ أٚ اٌزأ١ِٕبدل١بَ   .16

 ِشبوً ػشبئو٠خ .17 ِطبٌجبد ثَجت اٌظوٚف الاعزّبػ١خ ػ

أفطبء اٌزق١ّٓ ٌى١ّبد علٚي اٌى١ّبد ِّب ٠َجت أػّبي ئػبف١خ ػّٓ ٚ أوضو ِٓ  .18 ِطبٌجبد ثَجت اٌزغ١واد ؿ

20% 

 اٌزغ١واد فٟ اٌزظب١ُِ  .19

 ٍخ ٚاٌّضجزخ فٟ ٚصبئك اٌؼمل اٌزغ١و فٟ ِٛاطفبد ٚٔٛػ١خ اٌّٛاك اٌَّزؼّ  .20

 اٌفمواد اٌَّزؾلصخ اٌغل٠لح اٌؼوٚه٠خ  .21

 اٌفمواد اٌَّزؾلصخ ثَجت هغجخ طبؽت اٌؼًّ فٟ ئعواء اٌزؾ٠ٛواد فٟ الأػّبي   .22

رٕف١ن أٚاِو إٌّٙلً فٟ ئعواء فؾٛطبد ئػبف١خ لا ٠زؼّٕٙب اٌؼمل ٚلا رمغ   .23

 َِإ١ٌٚخ ئعوائٙب ػٍٝ اٌّمبٚي

الافزلافبد ث١ٓ طبؽت  ِطبٌجبد ثَجت م

 اٌؼًّ ٚاٌّمبٚي

 الافزلاف ؽٛي اٌّلك ٚاٌّجبٌغ إٌّّٛؽخ  .24

 

 اٌّمب١٠ٌ ٚاٌّؼب١٠و اٌول١ّخ اٌّمبثٍخ ٌٙب اٌَّزقلِخ فٟ أٍئٍخ اٌّؾٛه اٌضبٟٔ (7-1جذول )

 كائّب" غبٌجب" أؽ١بٔب" ولا انمقٍاش انهفظً

 4 3 2 1 انمقٍاش انرقمً

 

 

 اٌّؼزّلح فٟ رؾ١ًٍ الاٍزج١بْرٛى٠غ ػ١ٕخ اٌجؾش  (8-1جذول )

 ػذد الاضرماراخ انمطرهمح ػذد الاضرماراخ انمىزػح اضم انىزارج خ

 8 9 ٚىاهح اٌزؼ١ٍُ اٌؼبٌٟ ٚاٌجؾش اٌؼٍّٟ 1

 9 11 ٚىاهح الأػّبه ٚالإٍىبْ 2

 6 8 ٚىاهح اٌظؾخ 4

 7 8 اٌٛلف اٌش١ؼٟ 5

 6 8 ٚىاهح اٌزوث١خ 6

 36 44 اٌّغّٛع
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ٌّؼب١٠و ٚاٌّمب١٠ٌ ٌزم١١ُ الاؽزّب١ٌخ ٚاٌزأص١و ٌٍّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ ا (9-1جذول )
 (Albert ,2116( , )2114, انمؼهذ الأمرٌكً نهمقاٌٍص انقىمٍح)

 مؼٍار انمقٍاش نهرأثٍر مؼٍار انمقٍاش نلاحرمانٍح انمقٍاش  خ

 0.05 0.1 ِٕقفغ علا" 1

 0.1 0.3 ِٕقفغ 2

 0.2 0.5 ؾِزٍٛ 3

 0.4 0.7 ػبٌٟ 4

 0.8 0.9 ػبٌٟ علا" 5

 

 ٠ٛػؼ ِمب١٠ٌ ِٚؼب١٠و ئعواءاد رغٕت أٚ رم١ًٍ اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ (11-1جذول )

 انمؼٍار نمقٍاش الإجراء انمقٍاش نلإجراء خ

 1 غ١و فؼبي 1

 2 فؼبي ثؼغ اٌشٟء 2

 3 فؼبي 3

 4 فؼبي علا" 4

 

 الأ١ّ٘خ إٌَج١خ لإعواءاد اٌزغٕت ٚاٌزم١ًٍ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ (11-1ل)جذو

 الأهمٍح الإجراءوىع   انمخاطر انمطثثح نهمطانثاخ خ

انىطثٍح 

% 

1 

 

 

ٚمٌاه  اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ .1 ٔمض ثبٌّقططبد ٚاٌّٛاطفبد

رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ  لأ١ٍ٘ااخِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

27.40 

 25.06 رشى١ً ٌغبْ ِزقظظخ ٌّواعؼخ ٚرلل١ك َِزٕلاد اٌّمبٌٚخ .2

رىْٛ اٌغٙخ اٌّظّّخ ٟ٘ ٔفَٙب اٌّشاوفخ ػٍاٝ رٕف١ان اٌّشاوٚع ٚمٌاه  ئْ .3

 اٌجٕبء -ُ ثبلاٍزؼبٔخ ثؼمٛك اٌزظ١ّ

24.20 

 23.34 اٌغ١لح ٌٍؼمل الإكاهحٚعٛك  .4

اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه  .1 رؼبهع ث١ٓ َِزٕلاد اٌّمبٌٚخ كٚعٛ 2

رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ  لأ١ٍ٘ااخِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

25.92 

 26.58 ى١ً ٌغبْ ِزقظظخ ٌّواعؼخ ٚرلل١ك َِزٕلاد اٌّمبٌٚخرش .2

 23.75 كهاٍخ َِزٕلاد اٌّمبٌٚخ ٚرلل١مٙب ِٓ لجً طبؽت اٌؼًّ ٚاٌّمبٚي .3

 23.75 اٌغ١لح ٌٍؼمل الإكاهحٚعٛك  .4

ؽااااٛي رفَاااا١و َِاااازٕلاد  فالافاااازلا 3

 اٌّمبٌٚخ

 اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه .1

ِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ لا١ٍ٘ااخ رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

24.90 

 25.98 رشى١ً ٌغبْ ِزقظظخ ٌّواعؼخ ٚرلل١ك َِزٕلاد اٌّمبٌٚخ .2

 23.80 كهاٍخ َِزٕلاد اٌّمبٌٚخ ٚرلل١مٙب ِٓ لجً طبؽت اٌؼًّ ٚاٌّمبٚي .3

 25.32 ؼملاٌغ١لح ٌٍ الإكاهحٚعٛك  .4

ػٛائاااك  أٚظاااوٚف اٍااازضٕبئ١خ  سؽااالٚ 4

 اططٕبػ١خ

اٍازجبل١خ ٘الفٙب روؽ١ااً ثؼاغ اٌّقابؽو اٌَّااججخ  ئعااواءادرؼا١ّٓ اٌؼمال  .1

 اٌّمبٚي ئٌٌٍّٝطبٌجبد 

23.27 

اٌؼّااً ٚاٌّقاابؽو اٌَّاازضٕبح  ئطاابثبداٌطٍاات ِاآ اٌّمااب١ٌٚٓ اٌزااب١ِٓ ػٍااٝ  .2

 ٚاٌظوٚف اٌغ١و ِزٛلؼخ ِمبثً رؼل٠ً اٌّمب١ٌٚٓ ٌؼوٚػُٙ

25.65 

ٌٍزوثخ فاٟ ِٛاػاغ ِقزابهح ِآ ِٛلاغ اٌّشاوٚع  ئػبف١خاٌم١بَ ثبفزجبهاد  .3

 ٌؾبٌخ اٌزوثخ لجً اٌزو١ٍخ ٚأػّكِٓ اعً رشى١ً رظٛه اشًّ 

26.08 

اٌّماابٚي اٌّؼٍِٛاابد اٌىبف١ااخ  ٚاٌلل١مااخ ػاآ  ثاػطاابءل١اابَ طاابؽت اٌؼّااً   .4

ّٛلغ ثزؾوٞ اٌّٛلغ ٌٍزؼوف ػٍٝ ع١ّغ ظوٚف اٌ ٚئٌياِٗاٌّٛلغ  أؽٛاي

فاٟ  ئلاػطابؤٖ ٚثانٌه ٠َامؾ ؽماٗ فاٟ اٌّطبٌجاخ  ئٌاٝ ئػابفزٙب١ٌزّىٓ ِآ 

 ٠ّىٓ ٌّمبٚي مٞ فجوح رٛلؼٙب ؽبٌخ وْٛ اٌظوٚف اٌزٟ رمغ َِزمجلا" لا

25.00 
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اٍازجبل١خ ٘الفٙب روؽ١ااً ثؼاغ اٌّقابؽو اٌَّااججخ  ئعااواءادرؼا١ّٓ اٌؼمال  .1 ؽلٚس اٌّقبؽو اٌَّزضٕبح 5

 اٌّمبٚي ئٌٌٍّٝطبٌجبد 

46.22 

اٌؼّااً ٚاٌّقاابؽو اٌَّاازضٕبح  ئطاابثبدٌطٍاات ِاآ اٌّمااب١ٌٚٓ اٌزااب١ِٓ ػٍااٝ ا .2

 ٚاٌظوٚف اٌغ١و ِزٛلؼخ ِمبثً رؼل٠ً اٌّمب١ٌٚٓ ٌؼوٚػُٙ

53.84 

اٌغ٠ٛاخ اٌمبٍا١خ ٌاجؼغ إٌّابؽك اٌٛالاغ ف١ٙاب اٌّشاوٚع  ٌلأؽاٛايرؼ١ّٓ اٌؼمل  ثَجت ظوٚف ِٕبف١خ طؼجخ رأفو 6

 ُ ػطبؤٌٖىٟ ٠ؼغ اٌّمبٚي فٟ اٌؾَجبْ مٌه ػٕل رمل٠

100 

اٌفؾٛطابد ٚاٌزؼبلال ِاغ ِقزجاواد ِإٍ٘اخ ٚماد  لإعواءٚػغ ثؤبِظ ىِٕٟ  فو اٌفؾٛطبد اٌّقزجو٠خأر 7

 ٍّؼخ ع١لح ٍٚوػخ فٟ اٌؼًّ ٚرجٕٟ  ١ٌخ اٌّقزجواد اٌؾم١ٍخ ٌٍّشبه٠غ اٌىج١وح

100 

 100 ٚػغ فطخ ٌٍطٛاهب ِشبوً ػشبئو٠خ 8

طبؽت اٌؼّاً فاٟ راٛف١و اٌّاٛاك  رأفو 9

رٛف١و٘ااااب ػ١ٍااااٗ  َِااااإ١ٌٚخغ اٌزااااٟ رماااا

 ثّٛعت اٌؼمل

اٌّاٛاهك ٌزؾل٠ال الاؽز١بعابد ٌٕاٛع اٌّاٛاك ٚاٌّؼاالاد  لإكاهحٚػاغ فطاخ ع١الح 

اٌّطٍٛثخ ِٓ لجً طبؽت اٌؼًّ ٚاٌزٛل١ذ اٌٛاعت رٛافو٘ب فٟ اٌّٛلغ ٚاٌى١ّخ 

 اٌّطٍٛثخ

100 

 ئطاااالاهطاااابؽت اٌؼّااااً فااااٟ  رااااأفو 10

 رااأفوٚاٌّٛافماابد ثؼاإّٙب  داٌمااواها

 ئعاااواءاٌؼّاااً فاااٟ ِٕٙااالً طااابؽت 

اٌفؾٛطاابد اٌلاىِااخ ٚاٌّظاابكلخ ػٍااٝ 

 اٌقوائؾ ٚإٌّبمط اٌزٟ ٠ملِٙب اٌّمبٚي

 100 اٌمواهاد ٚاٌّٛافمبد ِٓ لجً طبؽت اٌؼًّ ئطلاهفٟ  الإٍواع

 100 اٌزقط١ؾ  اٌَّجك ٌز١ٍَُ اٌّٛلغ اٌٝ اٌّمبٚي طبؽت اٌؼًّ فٟ ر١ٍَُ اٌّٛلغ رأفو 11

 ١ٌابدا٢طبؽت اٌؼًّ فٟ رٛف١و  رأفو 12

اٌزااٟ  ا١ٌ٢اابدٚاٌّؼاالاد ثَااجت رؼطااً 

رٛف١و٘ااب ػ١ٍااٗ ثّٛعاات  َِااإ١ٌٚخرمااغ 

 ئٌاٝٔمٍٙب  أٚ ا١ٌ٢بداٌؼمل ثَجت رؼطً 

 أفوِشوٚع 

اٌّاٛاهك ٌزؾل٠ال الاؽز١بعابد ٌٕاٛع اٌّاٛاك ٚاٌّؼاالاد  لإكاهحٚػاغ فطاخ ع١الح 

اٌّطٍٛثخ ِٓ لجً طبؽت اٌؼًّ ٚاٌزٛل١ذ اٌٛاعت رٛافو٘ب فٟ اٌّٛلغ ٚاٌى١ّخ 

 ٛثخاٌّطٍ

 

100 

طاااابؽت اٌؼّااااً فااااٟ رغ١ٙاااايٖ  رااااأفو 13

اٌّقططااابد ٚاٌقاااوائؾ ٚاٌّؼٍِٛااابد 

اٌلاىِاااخ ٚرفبطااا١ً اٌؼّاااً اٌّطٍٛثاااخ 

 لاٍزّواهٖ

رىااْٛ اٌٛصاابئك اٌّزؼٍمااخ ثاابٌقوائؾ اٌزظاا١ّ١ّخ ٚاٌّٛاطاافبد ٚعاالاٚي  ئ٠ْغاات 

 ئلارزُ اٌّجبشوح ثبٌؼًّ  اٌى١ّبد ٚاف١خ ٚٚاػؾخ ِٚلهٍٚخ ثشىً وبًِ ٚاْ لا

ع١ّغ اٌّقططبد ٚاٌّٛاطفبد ٚعالاٚي اٌى١ّابد لال ٍاٍّذ  ئِْٓ  اٌزأولثؼل 

 ٌٍّمبٚي

100 

  فااو٠ٓ ِمااب١ٌٚٓ أػّاابياٌزؼاابهع ِااغ  14

 ٠َزقلُِٙ طبؽت اٌؼًّ

اٌّماب١ٌٚٓ اٌان٠ٓ ٠َازقلُِٙ طابؽت اٌؼّاً ِٕٚاغ رؼابهع  أػّابياٌز١َٕك ث١ٓ 

 ِٓ فلاي رٕظ١ُ اٌجواِظ اٌي١ِٕخ الأػّبي

100 

 ئٌاٝٛك رؼا لأٍاجبةؽلٚس رٛلف ٚلزٟ  15

عٙاااخ ِقٌٛاااخ  لأٞ أٚطااابؽت اٌؼّاااً 

 لبٔٛٔب"

 100 ٚػغ فطخ ٌٍطٛاهب

ِب١ٌااخ ع١االح ٌٍّشااوٚع ٌّوالجااخ اؽز١بعاابد اٌّشااوٚع ِاآ اٌَاا١ٌٛخ  ئكاهح ئػاالاك طوف َِزؾمبد اٌّمبٚي رأفو 16

اٌّب١ٌخ ػٍٝ ؽٛي ِلح اٌّشوٚع ٠ٚشًّ ؽغُ ٚرٛل١ذ ٘نٖ الاؽز١بعبد ٚاٌزٕجاإ 

 اٌَّزمجٍٟ ٌٙب

100 

اٌّااٛاك  ٚأٍااؼبهاٌٛلااٛك  أٍااؼبهى٠اابكح   17

 ٚاٌؼوائت ٚاٌوٍَٛ الإٔشبئ١خ

رااٛف١و ِجاابٌغ اؽز١اابؽ وبف١ااخ ٌىااً ِشااوٚع ٌزغط١ااخ إٌفماابد إٌبرغااخ ِاآ رغ١ااو 

 الأٍؼبه ٚاهرفبػٙب

100 

ل١ااابَ طااابؽت اٌؼّاااً ثؾاااجٌ فطااابة  18

 اٌزأ١ِٕبد أٚاٌؼّبْ 

فاٟ فطبة اٌؼاّبْ ٚاٌزأ١ِٕابد  ٚئؽلاقإٌّغيح  الأػّبيفٟ اٍزلاَ  الإٍواع

 ؽبٌخ ػلَ ٚعٛك ِجوه ٠ّٕغ ؽظٛي مٌه

100 

اٌزقّااااا١ٓ ٌى١ّااااابد عااااالٚي  أفطااااابء 19

 ئػااابف١خ أػّااابي٠َاااجت  اٌى١ّااابد ِّاااب

 %20ِٓ ٚأوضو ػّٓ 

رىاااْٛ اٌٛصااابئك اٌّزؼٍماااخ ثااابٌقوائؾ اٌزظااا١ّ١ّخ ٚاٌّٛاطااافبد  ئ٠ْغااات  .1

راازُ  ٚعاالاٚي اٌى١ّاابد ٚاف١ااخ ٚٚاػااؾخ ِٚلهٍٚااخ ثشااىً وبِااً ٚاْ لا

ع١ّااغ اٌّقططاابد ٚاٌّٛاطاافبد  ئِْاآ  اٌزأواال ثؼاال ئلااٌّجبشااوح ثبٌؼّااً 

 ٚعلاٚي اٌى١ّبد لل ٍٍّذ ٌٍّمبٚي

34.69 

اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه  .2

ِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ لا١ٍ٘ااخ رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

34.96 

 30.35 ِزقظظخ ٌّواعؼخ ٚرلل١ك علاٚي اٌى١ّبد رشى١ً ٌغبْ .3

ِاآ ٍاالاِخ ِٚلائّااخ اٌزظاا١ُّ ٌٍّشااوٚع  ٌٍزأواالِؾبواابح ٌٍّشااوٚع  ئعااواء .1 اٌزغ١واد فٟ اٌزظب١ُِ 20

رؼال٠ٍٙب لجاً روٍا١خ  ئٌاٝٚوشف اٌّشىلاد اٌزٟ ٠ؼب١ٔٙاب اٌزظا١ُّ ١ٌظابه 

 اٌؼمل

15.03 
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ظااُّ ٌىااً اٌلهاٍااخ اٌّزأ١ٔااخ ِاآ ؽااوف طاابؽت اٌؼّااً ٚالاٍزشاابهٞ اٌّ .2

ِؼظاُ هغجابد ِٚزطٍجابد طابؽت  اٌزظ١ُّ لاٍاز١فبءِوؽٍخ ِٓ ِواؽً 

 اٌؼًّ

14.92 

اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه  .3

رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ  لأ١ٍ٘ااخِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

14.68 

ٌغٙخ اٌّظّّخ ٟ٘ ٔفَٙب اٌّشاوفخ ػٍاٝ رٕف١ان اٌّشاوٚع ٚمٌاه رىْٛ ا ئْ .4

 اٌجٕبء -ثبلاٍزؼبٔخ ثؼمٛك اٌزظ١ُّ 

14.32 

 14.44 ئعواء ِواعؼخ اٍزشبه٠خ لاٍزؼواع ِواؽً رطٛه اٌزظ١ُّ .5

 14.80 ػمل اعزّبػبد كٚه٠خ ٚاٌزٛاطً ثشفبف١خ ِغ فو٠ك اٌزظ١ُّ .6

ِؼا١ٓ ِمبثاً رؾّاً وبفاخ  الارفبق ث١ٓ اٌّمابٚي ٚطابؽت اٌؼّاً ػٍاٝ ِجٍاغ .7

 اٌّطبٌجبد اٌزٟ رٕزظ ثَجت ِقبؽو اٌزغ١واد فٟ اٌزظب١ُِ

11.81 

اٌزغ١ااو فااٟ ِٛاطاافبد ٚٔٛػ١ااخ اٌّااٛاك  21

 اٌَّزؼٍّخ ٚاٌّضجزخ فٟ ٚصبئك اٌؼمل

 ثبلإػابفخالاثزؼبك ػٓ اٍزقلاَ ِاٛاك ِٚؼالاد ٌاُ ٠ازُ اٍازقلاِٙب ِآ لجاً  .1

 الأٍٛاقٚٚعٛك٘ب فٟ  ِٓ ِطبثمزٙب ٌٍّٛاطفبد اٌم١ب١ٍخ اٌزأول ئٌٝ

47.57 

ِآ اٌّٛاطافبد  ٚأفان٘بالاثزؼبك ػٓ افن اٌّٛاطفبد ِٓ ِشابه٠غ ٍابثمخ  .2

٠ؾظاً ِآ رؾال٠ضبد  ( ِغ ػوٚهح ِزبثؼخ ِبالأطًاٌم١ب١ٍخ اٌّوعؼ١خ )

 ٌٙنٖ اٌّٛاطفبد

52.50 

ػلَ اٌَّبػ ٌظبؽت اٌؼًّ ثاعواء رغ١١اواد أٚ أْ رىاْٛ رٍاه اٌزغ١١اواد  .3

 هحِؾلٚكح ٚػٕل اٌؼوٚ

51.58 

 48.35 ٚػغ فطخ ٌٍطٛاهب .4

 30.041 رطج١ك ػمل ٠زؼّٓ ٍؼو ئعّبٌٟ صبثذ .1 اٌَّزؾلصخ اٌغل٠لح اٌؼوٚه٠خ داٌفموا 22

ػلَ اٌَّبػ ٌظبؽت اٌؼًّ ثاعواء رغ١١اواد أٚ أْ رىاْٛ رٍاه اٌزغ١١اواد  .2

 36.130 ِؾلٚكح ٚػٕل اٌؼوٚهح

 33.829 ٚػغ فطخ ٌٍطٛاهب .3

ت هغجاااااخ اٌَّااااازؾلصخ ثَاااااج داٌفمااااوا 23

اٌزؾا٠ٛواد  ئعاواءطبؽت اٌؼّاً فاٟ 

 الأػّبيفٟ 

اٌلهاٍااخ اٌّزأ١ٔااخ ِاآ ؽااوف طاابؽت اٌؼّااً ٚالاٍزشاابهٞ اٌّظااُّ ٌىااً  .1

ِؼظاُ هغجابد ِٚزطٍجابد طابؽت  اٌزظ١ُّ لاٍاز١فبءِوؽٍخ ِٓ ِواؽً 

 اٌؼًّ

38.62 

ػلَ اٌَّبػ ٌظبؽت اٌؼًّ ثاعواء رغ١١اواد أٚ أْ رىاْٛ رٍاه اٌزغ١١اواد  .2

 ٚهحِؾلٚكح ٚػٕل اٌؼو

30.50 

 30.83 ٚػغ فطخ ٌٍطٛاهب .3

 ئعااااواءإٌّٙاااالً فااااٟ  أٚاِااااورٕف١اااان  24

٠زؼاإّٙب اٌؼماال  لا ئػاابف١خفؾٛطاابد 

 ػٍٝ اٌّمبٚي ئعوائٙب َِإ١ٌٚخرمغ  ٚلا

 الإػبف١خرؼ١ّٓ اٌؼمل فموح فبطخ ثبٌفؾٛطبد 

 

100 

ِاآ لجااً طاابؽت  ٚئٔٙاابؤٖفَااـ اٌؼماال  25

 فبطخ لأٍجبةاٌؼًّ 

 ٚػغ فطخ ٌٍطٛاهب

 

100 

ؽاااااٛي رَااااا٠ٛخ ؽَااااابة  دالافزلافاااااب 26

 اٌّمبٌٚخ ثؼل ٍؾت اٌؼًّ

رشى١ً ٌغبْ ِشازووخ ثا١ٓ طابؽت اٌؼّاً ٚاٌّمابٚي ٌلارفابق ػٍاٝ الافزلافابد 

ٚاٌّجبٌغ إٌّّٛؽخ ٚر٠َٛخ اٌؾَبة ثؼال  ٚالاٍزمطبػبد ٚاٌّلكثَجت اٌّمب٠َخ 

 ٍؾت اٌؼًّ

100 

الافاااااازلاف ؽااااااٛي اٌّاااااالك ٚاٌّجاااااابٌغ  27

 إٌّّٛؽخ

وخ ثا١ٓ طابؽت اٌؼّاً ٚاٌّمابٚي ٌلارفابق ػٍاٝ الافزلافابد رشى١ً ٌغبْ ِشازو

ٚاٌّجبٌغ إٌّّٛؽخ ٚر٠َٛخ اٌؾَبة ثؼال  ٚالاٍزمطبػبد ٚاٌّلكثَجت اٌّمب٠َخ 

 ٍؾت اٌؼًّ

100 

رشى١ً ٌغبْ ِشازووخ ثا١ٓ طابؽت اٌؼّاً ٚاٌّمابٚي ٌلارفابق ػٍاٝ الافزلافابد  الافزلاف ؽٛي الاٍزمطبػبد 28

ٚاٌّجبٌغ إٌّّٛؽخ ٚر٠َٛخ اٌؾَبة ثؼال  اٌّلكٚالاٍزمطبػبد ٚثَجت اٌّمب٠َخ 

 ٍؾت اٌؼًّ

100 

 53.76 الاٌزياَ ثبٌجواِظ اٌي١ِٕخ اٌّزفك ػ١ٍٙب ث١ٓ طبؽت اٌؼًّ ٚاٌّمبٚي .1 اٌؼًّ غرَو٠ 29

 46.24 رؼ١ّٓ اٌؼمل اٌؾك ٌٍّبٌه فٟ ئطلاه رؼ١ٍّبد ثزَو٠غ اٌؼًّ .2
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 مقٍاش انخطر نمخاطرج مؼٍىح

P * I  حرمالالا )مؼامم انخطر( = درجح انخطر 

0.72 0.36 0.18 0.09 0.05 0.9 

0.56 0.28 0.14 0.07 0.04 0.7 

0.40 0.20 0.10 0.05 0.03 0.5 

0.24 0.12 0.06 0.03 0.02 0.3 

0.08 0.04 0.02 0.01 0.01 0.1 

0.80 0.40 0.20 0.10 0.05  

  الأثر ػهى أحذ الأهذاف )مثم انكهفح، زمه الإوجاز( 

ِظفٛفخ ِؼبًِ اٌقطو   (1) شكم
(Project Management Institute  ,2111 )  , ,(2114)انمؼهذ الأمرٌكً نهمقاٌٍص انقىمٍح 
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ABSTRACT 

Roller-Compacted Concrete (RCC) is a zero-slump concrete, with no forms, no reinforcing 

steel, no finishing and is wet enough to support compaction by vibratory rollers. Because the 

effectiveness of curing on properties and durability, the primary scope of this research is to study the 

effect of various curing methods (air curing, emulsified asphalt(flan coat) curing, 7 days water 

curing and permanent water curing) and different porcelanite (local material used as an Internal 

Curing agent) replacement percentages (volumetric replacement) of fine aggregate on some 

properties of RCC and to explore the possibility of introducing more practical RCC for road 

pavement with minimum requirement of curing. Cubes specimens were sawed from the slabs of 

(38*38*10) cm for determination of compressive strength. The results show that using (5) % 

porcelanite improved the compressive strength of RCC (with air curing) as compared with reference 

RCC (with permanent curing) by percentage ranging from(-2.9 to 6)%. 

 
Key words: porcelanite, compressive strength, internal curing, roller compacted concrete, curing methods, 

volumetric replacement. 
 

 مادة البورسيلنايج على مقاومت الانضغاط للخرسانت المرصوصت بالحذل. حقييم حأثير اضافت

 
 ير عبذ القادر صالح                                           زيــاد مجــيــذ عــبــذ ـعب                                             

 يهُذط أقذو       يساعذ                                                  أسخار                                                   

 اندايعت انخكُىنىخيت   –خايعت بغذاد                         هُذست انبُاء والاَشاءاث  –كهيت انهُذست                                           

 

 الخلاصت

اَت انعذيًت انهطىل وانخي لا يخى فيها أسخعًال انقىانب أوزذيذ انخسهير  ولا حسخاج انً  انخشساَت انًشطىطت بانسذل هي انخشس

م انسذل بىاسطت انسادنت انهضاصة.بسبب حأثيش الاَضاج عهً خظائض  ًّ عًم الاَهاءاث ،ويدب اٌ حكىٌ  راث سطىبت كافيت نخس

الاَضاج بانًسخسهب )الاَضاج بانهىاء، الاَضاج انًخخهفت وديًىيت نزا فإٌ  انهذف انشئيسي يٍ هزا انبسث هى دساست حأثيش طشق

وبأسخخذاو انبىسسيهُايج )يادة يسهيت حسخعًم كعايم أَضاج  ،الاَضاج انذائًي بانًاء (اياو بانًاء 7ُكىث( ،الاَضاج  هالاسفهخي )انف

ت انًشطىطت بانسذل واسخكشاف عهً بعض خىاص انخشساَ )اسخبذال زدًي يٍ انشكاو انُاعى( وبُسب اسخبذال يخخهفت داخهي(

يذي ايكاَيت  اَخاج هزِ انخشساَت نشطف انطشق نخكىٌ اكثش عًهيت وبأسخعًال انسذ الادًَ يٍ يخطهباث عًهيت الاَضاج.يخى َشش 

 بىسسيهُايج%( 5( سى نخشكيم يكعباث نفسض يقاويت الاَضغاط.حظهش انُخائح اٌ اسخعًال )01*88*88) بأبعاد انىاذ خشساَت

 ت انًشطىطتانخشساَ)بأسخعًال الاَضاج بانهىاء( يقاسَت يع  بانسذل خشساَت انًشطىطتنهٍ يقاويت الاَضغاط يسسبخيقىو 

 (%. - 9.9 – 6) انًشخعيت )بأسخعًال الاَضاج انذائًي( بُسبت حخشاوذ بيٍ بانسذل

 

 طىطت بانسذل,طشق أَضاج,أسخبذال زدًي.انبىسسيهُايج,يقاويت الاَضغاط,الاَضاج انذاخهي ,انخشساَت انًش الكلماث الرئيسيت:
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1. INTRODUCTION 

The American Concrete Institute (ACI) committee(s) 116R, 2010, and 211.3R, 2009, 
define Roller Compacted Concrete (RCC) as “concrete compacted by roller compaction; concrete 

that, in its unhardened state, will support a roller while being compacted”. RCC is a zero-slump 

material that has to be compacted by roller to achieve the required density. It differs from 

conventional hydraulically-bound materials in that it can be exposed directly to traffic, European 

Ready Mixed Concrete Organization (ERMCO), 2012. 
RCC is a lean no-slump, with minimal shrinkage, almost dry concrete that is compacted in 

place by vibratory roller. It is a mixture of aggregates, cement and water. Supplementary cementing 

materials such as fly ash can also be used. Cement contents range from 60 to 360 kg per cubic 

meter. Mixing is done with conventional batch mixers, continuous mixers, or in some instances 

tilting-drum truck mixers, Kosmatka, et al., 2002. 

Keifer, 1986 refers to the RCC having no dowels or reinforcements, no finishing, and is cast 

using both vibratory and roller compaction. The application of this concrete is mainly in the 

construction of dams, rapid placement of single layer paving for highways and runways and also for 

multi-layer placement of foundation. 

A form of RCC paving was reported in Sweden as early as the 1930s, Anderson, 1986. In 

ACI 325.10R, 2001, the first RCC pavement in North America was identified by the Seattle Office 

of U.S. Army Corps of Engineers (USACE) constructed around 1942. 

The design of RCC uses three common ideas in roads construction; using rigid pavement 

concrete, using pavers and rollers (asphalt) and using proctor and density test (soil), as shown in 

Fig. 1. 

  

2. MATERIALS CHARACTERISTICS 

2.1 Cement 

Sulphate Resisting Portland Cement (SRPC) (Type V) under commercial name of (Al-jeser) 

was used for RCC mixes throughout work. The physical properties, chemical analysis of the cement 

used and the compounds of cement calculated according to Bogue's equations, ASTM C 150, 2005, 

are given in Tables 1 and 2. The results conform to, Iraqi specifications (IQS) (No.5:1984). 

 

2.2 Coarse Aggregate 

Aggregate predominately retained on the No.4 (4.75mm) sieve, in this work crushed coarse 

aggregate with a nominal size of (19 mm) was used and it was obtained from Al-Nibaai region. The 

gravel was sieved through sieve size of (25 mm) and washed with water, air dried, separated into 

different sizes, and stored in containers. Some properties of coarse aggregate are illustrated in Table 

3 according to (IQS, No.45:1980). The design overall gradation of aggregate is selected by using, 

ACI 211.3R, 2009, ACI 325.10R, 2001, and State Commission of Roads and Bridges (SCRB) , 

2003, (type II binder course) dense gradation which is usually used for asphalt concrete pavement in 

Iraq and using the centerline of them. Table 4 and Fig. 2 illustrate the combined gradation used 

throughout the investigation. 
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2.3 Fine Aggregate 

Al-ekhaider natural sand of 4.75 mm   maximum size   was used as fine aggregate in RCC 

mixes. The fine aggregate was sieved through sieve size (9.5 mm) to separate the aggregate 

particles of diameter greater than (9.5mm). The fine aggregate was then cleaned with water on sieve 

size 0.075mm (No.200 BS.) and after that it was air dried and separated into different sizes to be 

ready for use. Some properties of natural fine aggregate are illustrated in Table 3 according to 

(IQS, No.45:1980).The grading of fine aggregates is shown in Table 4. 

 

2.4 Porcelanite Aggregate 

Porcelanite stone was used   in this research in   all mixes (except for reference mix). It was 

brought   from Al-Rutba town   in Al-Anbar Governorate and tested by IGSB.  It  has  a  white  

color  and  is  characterized  by   high   permeability  and  low  density.  The  large  lumps  were 

firstly  crushed  into smaller size manually with a hammer   in  order   to  use it  as a partial 

replacement of fine aggregate  with  maximum  size 4.75 mm, by screening  on  electrical sieve 

shaker. The replacement was (5, 8, 12, 16 and 20) % as a volumetric partial replacement 

percentages of the same sieve   analysis   and   grading   curve of fine aggregate.  The  required   

quantity  of   the  porcelanite   aggregate  was  washed   with  water  in   order  to  remove   dust   

associated  with   crushing   process   of   porcelanite  stone. The  porcelanite   aggregate  was 

soaked in water in the  laboratory temperature  for  a suitable  time period  to  bring  the  aggregate  

particles to saturation, which is  recommended  by, ACI 211.2, 2004.Tables 5 and 6 show some 

physical and chemical analysis of fine porcelanite aggregate respectively. 

 

  2.5 Water  

The water used in RCC mixes was potable water for both casting and curing of specimens. 

 

3. PREPARATION OF RCC SLAB SAMPLES 

3.1 Roller Compactor and Mold 

The slab specimens used in this research were cast in steel mold having internal dimensions 

(380×380 mm) and depth of (100 mm). This mould consists of a steel plate base of (650×600×10 

mm) surrounded by four steel angles with sections of (100×100×10 mm) and weight of (51 kg), as 

shown in Fig. 3. 

The roller compactor apparatus, manufactured in a local workshop, is designed to simulate 

steel roller which is usually used in the field for compaction. It consists of steel skeleton as shown 

in Fig. 4 and a solid cylinder (150 mm) in diameter, (330 mm) in length and (15 kg) in weight. The 

total weight of this apparatus is (36 kg).  It is supplied with a container to carry the additional steel 

weights up to design load. 

 

3.2 Mix Design and Proportions of RCC  

RCC specimens are designed by modified proctor test according to, ASTM D1557, 2002 

(method C). This proportioning method involves establishing a relationship between the dry density 

and moisture content of the mix by compacting the mix in cylinder steel mould of (152.4mm) 

diameter and (116.4mm) height. A moisture-density test is used to determine the optimum moisture 

content which gives maximum dry density of RCC mixtures for each mix. The optimum moisture 
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content is defined as the amount of water present in the mixture design that allows for maximum 

compaction. 

In addition to reference RCC mixture, different percentages of saturated porcelanite content 

are used (5, 8, 12, 16, and 20) % by volumetric replacement of oven dried fine aggregate and 

different percentages of moisture content are used to determine the dry density-moisture content 

relationships and (14%) of cement content by weight of air dry aggregate, according to, Shamil, 

2011 results.  

After determination the proportions of the mixes, the specimens are prepared. The total 

weight of aggregate which filled the above mould is approximately (3.5kg), for safety it is taken 

equal to be (4.5kg); this weight is separated by 7 sieves which are used in this work according to the 

retained percentage of these sieves multiplying the total weight of aggregate (4.5kg) by the retained 

percentage of each sieve. 

The mixture is placed into the cylinder in five layers and each layer is compacted with (56) 

blows of a modified Proctor hammer of (4.5 kg) falling from (450 mm) height. When compaction is 

finished, the extension collar is removed and the surface of concrete is leveled with the mould, first 

weighting the mould with concrete, second the wet weighting of mixture is determined. 

The above procedure is repeated with other percentages of moisture content. The specimen 

is withdrawn from mould by using loading jack and the wet specimen of mixture in the mould is 

weighted, the wet density can be calculated by using Eq. (1) as shown below: 

 

 γwet= Wm / V        ……………………                                                                  . (1) 

 

The dry density can be found from Eq. (2):  

 

 γd=  γwet/(1+ ω)       ……………….…                                                                   (2) 

 

After that, the relationship between dry density and moisture contents is plotted to find the 

optimum moisture content then the maximum dry density is calculated for every percentage of 

porcelanite as shown in Fig. 5. A total of 24 cylinder specimens were prepared for this research. 

 

3.3 Casting of RCC Slab Specimens     

3.3.1 Mixing 

The same materials, gradation of aggregate and mix proportions which used in hammer 

compacted method; was used in casting RCC slabs. The retained percentage of aggregate on each 

sieve stayed the same, but the total aggregate content in this method was calculated to conform to 

the new volume of slab according to, ACI 211.3R, 2009. After mixing, the concrete was poured 

into the steel mould to construct slab specimen which was prepared for compaction. 

 

3.3.2 Compaction 

The mixture was placed in the slab mould and subjected to initial compaction on a vibrating 

table for 3 cycles of 30 seconds time interval. Such procedure is in agreement with that of, Shamil, 

2011.The influence of this compaction is to create some initial compactive effort to the freshly laid 

surface, which is usually the case when using paving machine. 
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After initial compacting, the concrete mix is compacted using the roller apparatus. The 

mould was fixed in front of the roller compactor and subjected to three stages of rolling based on 

the work done by, Sarsam, 2002, to each stage15 passes were applied .This number of passes is 

suitable to achieve the good rolling with little effort, and the rolling action is taken in x-x direction, 

then the same sequence has been repeated in the y- y direction to insure the compaction of the slab 

sides as shown in Fig. 6. This process is used in three stages on slab specimen to obtain the 

designed dry density.  

First stage: A total load of (1.1 kg/cm width) (using roller compactor weight) is 

implemented with 15 passes of the roller in each direction. The concrete is settled in a level position 

and completely fills the slab mould. This can represent the initial compaction in the field. 

Second stage: The total load is increased to (3.2 kg/cm width) (using 69kg standard loads + 

roller compactor weight) with 15 passes in each direction. This may simulate the intermediate field 

compaction. 

Third stage: The total load is increased to (5.3 kg/cm width) (by using 138kg standard 

loads + roller compactor weight) with 15 passes of the roller in each direction. At this stage, the slab 

surface is smooth and level. This represents the finishing compaction in the field. 

 

3.3.3 Curing 

 After compaction, the slab specimens are leveled by hand trawling, and covered with 

polyethylene sheet and sealed with tape in the laboratory for about (24) hrs at laboratory 

temperature to prevent evaporation of moisture from the fresh concrete. After that, the specimens 

were cured with different curing methods according to, Abed, 2014, as followed: 

 Water curing is for 1 day and then put in air until test. 

 Water curing is for 7 days and then put in air until test. 

 Water curing is for 1 day and after that the specimens are painted with flan coat and then put in 

air until test. 

 Permanent (continuous) water curing. 

 

3.3.4 Obtaining sawed cubes  

According to, ASTM C42, 2004, wet concrete diamond sawing process is used to cut the 

slabs to obtain cubes of (100 × 100 × 100 mm). 

 

4. DETERMINATION THE COMPRESSIVE STRENGTH TEST OF RCC SLAB 

Compressive strength test was measured on 100 mm cube for the determination of average 

compressive strength according to, B.S. 1881: part 116, 1983 using a compression testing machine 

with a capacity of (2000 KN).  

Specimens were kept under curing method conditions until testing. The loading rate used in 

the test was 0.3 N/mm² per second. The test was conducted at ages of 7, 28, 56 and 90 days. The 

compressive strength was determined by using Eq. 3 and the results are expressed to the nearest 

(0.5N/mm²). 

 

 
P

Fc
A

 ...…………..…….                                                                                     (3) 
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5. DISCUSSIONS OF COMPRESSIVE STRENGTH TEST RESULTS 

Fig. 7 shows the relationship between the compressive strength and age of the RCC 

specimens for different porcelanite percentages cured in different methods (air curing, flan coat 

curing, 7 days water curing and permanent curing). 

 Concrete specimens using porcelanite exhibit an additional increase in compressive strength 

due to internal curing(IC) with increasing of curing age. This complies with studies carried out by, 

Lam, 2005, Bentz, 2007, and, Sato, et al., 2011.  

In general, the results show that concrete mixes internally cured with saturated porcelanite 

aggregate give compressive strength obviously lower than that of reference concrete, independent of 

the exposure conditions, except concrete internally cured with (5%) porcelanite aggregate as partial 

fine aggregate replacement. It shows higher compressive strength than reference concrete, in all 

methods of curing and at 7,28,56 and 90 day age, by (15.2-30.8) (7.9- 22.2) (2-17.9) % and (2-9.8) 

% at air curing, flan coat curing,7days curing and permanent curing  respectively. 

The highest percentage of increasing in compressive strength value at 5% porcelanite 

percentage for all ages and different curing methods compared to reference mix is 30.8 % in air 

curing method and at age 28 days. Otherwise, the highest percentage of decreasing in compressive 

strength value at 20% porcelanite percentages is 46.2 % in permanent curing method at 56 days age. 

 In spite of the fact that the porcelanite aggregate is much weaker than the NWA (fine 

aggregate),the increase in compressive strength may be due to enhanced cement hydration because 

of using of saturated porcelanite which works as an IC agent, and this improves of the Interfacial 

Transition Zone (ITZ) and reduces shrinkage induced in micro cracking according to, Lura, 2003, 

Lura, et al., 2005 and, Piehl, and Monning, 2006, who reported that ,the compressive strength 

increases due to existing IC water and this is caused by different influences: 

 Increase in the degree of hydration and then increase in the hydration products which fill internal 

voids of concrete. 

 Decrease in the porosity of concrete. 

 Reduction of stresses and micro cracks due to shrinkage. 

 

6. CONCLUSION 
Depending on the results of the experimental work which has been done to investigate the 

effect of using porcelinite on RCC, the following conclusions can be drawn from analysis of these 

results: 

1. Porcelinite aggregate (light weight locally available cheap material) could be used as a partial 

replacement material of fine aggregate as an IC agent.  

2. Best percentage of porcelinite used is 5% as a percentage replacement of fine aggregate volume. 

This percentage gave improvement in tested properties of RCC. 

3. Four methods of curing (air, permanent, flan coat and 7 day water curing) were used in this 

study. Permanent water curing has great effect on compressive strength, flexural strength 

(modulus of rupture), bulk density, porosity, absorption and UPV of RCC specimens than other 

curing methods for the same RCC mixture. 

4. Compressive strength of RCC is improved by IC with 5%porcelinite replacement and has the 

highest value compared to the other mixes and ranges between (25.5-45 MPa), for reference RCC 

ranges between (23-41MPa) and for others (14.5-38 MPa).These results are for RCC using all 

methods of curing and for all ages. 
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5. The results of compressive strength, flexural strength and density show that the values of 5% 

porcelinite percentage replacement RCC and using air or flan coat curing (depending on exposure 

conditions) were equal or greater than of the reference RCC. This result could be very beneficial 

in practical work in road application fields. It reduces the time of work, the total cost of project 

and improves the properties of RCC. 
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NOMENCLATURE 

A = area exposed to load, mm². 

Fc = compressive strength, MPa. 

P = maximum applied load indicated by the testing machine, N. 

V= the volume of the cylinder mould, cm³. 

Wm = the wet weighting of mixture, gm. 

γd = the dry density, gm/cm³. 

γwet = the wet density, gm/cm³. 

ω = the moisture content, %. 
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Figure 1. Multiple personalities, Adaska and Tull (PCA) (2011). 
 

Table 1. Physical properties of SRPC.  

Properties Physical Test Result IQS (No.5:1984) limits 

Specific surface area, Blaine method, m
2
/kg * 324 ≥ 250 

Setting time , Vicat’s Method 

Initial setting , hr : min 

Final setting , hr : min 
1:30 

3:40 

≥ 45 minutes 

≤ 10 hours 

Compressive strength MPa 

3-days 

7-days 

18.5 

23.2 

 

≥15 

≥23 

       * Performed by the Iraqi Geological Survey Board (IGSB). 

 

Table 2. Chemical composition and main compounds of SRPC *. 

Oxide Composition % by weight IQS (No.5:1984) limits 

SiO2 21.58 ---- 

CaO 62.2 ---- 

MgO 2.75 ≤  5.0 

Fe2O3 4.76 ---- 

Al2O3 3.94 ---- 

SO3 2.23 ≤  2.5 

Loss on ignition 2.5 ≤   4.0   

Insoluble residue 0.71 ≤  1.5 

Lime saturation factor 0.88 0.66-1.02 

Main compounds ( Bogue’s equations ) ** 

C3S 49.57 ---- 

C2S 24.47 ---- 

C3A 2.38 ≤  3.5 

C4AF 14.48 ---- 

* Performed by IGSB. 

** According to, ASTM C 150, 2005.  
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Table 3. Properties of coarse and fine aggregate*. 

Type of Aggregate Bulk Specific Gravity Absorption So₃ % 

coarse aggregate 2.56 0.6 0.06 

fine aggregate 2.76 1.2 0.3 

                        * Performed in Laboratory of Building Materials-University of Baghdad. 

 

 Table 4. Grain size distributed used for RCC. 

Sieve Size 

(mm) 

Finer by weight 

% 
Grading SCRB 2003 

Grading ACI 325.10R & ACI 

211.3R 

25.4 100 100 100 

19.2 94 90-100 82-100 

12.5 80 70-90 72-93 

9.5 71 56-80 66-85 

4.75 56 35-65 51-69 

2.36 40 23-49 38-56 

0.3 12 5-19 11-27 

0.075 3 3-9 2-8 

 

 
 

Figure 2. Grading of aggregate according to SCRB (2003), ACI 325.10R (2001) and ACI 211.3R 

(2009). 
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Table 5. Some physical properties for porcelanite aggregate * 
 

Property Test Result 

Specific gravity 1.68 

Absorption, % 42 

Dry rodded unit weight ,kg/m³ 860** 

          * Physical properties testing were performed by IGSB. 

          ** Within the limits of ASTM C330 (2005) (1120 kg/m³ max.) for fine aggregate. 

 

 

Table 6. Chemical properties for porcelanite aggregate *. 

Oxide Composition % by weight 

SiO2 70.03 

CaO 8.2 

MgO 2.75 

Fe2O3 0.98 

Al2O3 3.33 

SO3 0.1 

Loss on ignition 9.5 

  * Chemical properties testing were performed by IGSB. 

 

 

 

         

                 Figure 3. Mould of slab specimen.               Figure 4. Roller compactor apparatus. 
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Figure 5. Dry density-moisture content relationships for different RCC mixtures. 
 

 

 
 

Figure 6. Direction of rolling compactor. 
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Figure 7. Compressive strength development of RCC with porcelanite replacement percentages. 
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ABSTRACT 

The possibility of using zero-valent iron as permeable reactive barrier in removing lead from 

a contaminated groundwater was investigated. In the batch tests, the effects of many parameters 

such as contact time between adsorbate and adsorbent (0-240 min), initial pH of the solution (4-

8), sorbent dosage (1-12 g/100 mL), initial metal concentration (50-250 mg/L), and agitation 

speed (0-250 rpm) were studied. The results proved that the best values of these parameters 

achieve the maximum removal efficiency of Pb
+2

 (=97%) were 2 hr, 5, 5 g/100 mL, 50 mg/L and 

200 rpm respectively. The sorption data of Pb
+2

 ions on the zero-valent iron have been performed 

well by Langmuir isotherm model in compared with Freundlich model under the studied 

conditions. 

Finite difference method and computer solutions (COMSOL) multiphysics 3.5a software 

based on finite element method were used to simulate the one-dimensional equilibrium transport 

of lead through sand aquifer with and without presence of barrier. The predicted and 

experimental results proved that the reactive barrier plays a potential role in the restriction of the 

contaminant plume migration and a reasonable agreement between these results was recognized. 

  

Key words: zero-valent iron, lead, permeable reactive barrier, groundwater, migration. 

 

لازالت الرصاص هن الوياه الجوفيت الولوثتالجذار الحذيذي التفاعلي التفار   

 
سالن حريس جسام                                                     طالب رشيذ عباش                                                      أياد عبذ الحوسة فيصل    

طانة دكرىساج                                                       تاحس                                                  أسرار يساعذ                                  

دظايعح تغذا-انهُذسحكهيح                                           وصاسج انعهىو وانركُىنىظيا                                ظايعح تغذاد                 -كهيح انهُذسح  

 

   الخلاصت
ذهذف انذساسح انحانيح انى يعشفح ايكاَيح اسرخذاو انحذيذ صفش انركافؤ كحاظض ذفاعهي َفار في اصانح انشصاص يٍ انًياِ 

-0انعىفيح انًهىشح. في اخرثاساخ انذفعح ذى دساسح ذأشيش عذج يرغيشاخ ذشغيهيح يصم صيٍ انرًاط تيٍ انًادج انًاصج وانًًرضج )

 200-00يهيهرش(, انرشكيض الاترذائي نهًعذٌ ) 100غى/ 12-1(, كًيح انًادج انًًرضج )8-4دقيقح(, انذانح انحايضيح ) 240

دوسج/دقيقح(. أٌ افضم قيى نهزِ انًرغيشاخ وانري ذى يٍ خلانها انحصىل عهى اعهى كفاءج  200-0يهغى/نرش(, وسشعح الاهرضاص )

دوسج/دقيقح عهى انرىاني. اظهشخ َرائط  200يهغى/نرش, و  00يهيهرش, 100غى/ 0, 0 ساعح, 2%( هي 79اصانح نهشصاص )=

الايرضاص نهشصاص اٌ ًَىرض لاَكًيش هى الافضم في ذًصيم تياَاخ الايرضاص يقاسَح تًُىرض فشيُذنط ذحد انظشوف انري ذى 

 دساسرها.

طشيقح انعُاصش انًحذدج نرًصيم اَرقال يهىز  ذى اسرخذاو طشيقح انفشوقاخ انًحذدج وتشَايط حاسىتي ظاهض يعرًذ عهى

في انطثقح انشيهيح في حانح وظىد وعذو وظىد انعذاسانرفاعهي انُفار. اشثرد انُرائط انًحسىتح يٍ انًُارض  انشصاص تاذعاِ واحذج

فق يعقىل تيٍ ذهك انشياضيح وانرعاسب انًخرثشيح اٌ هزِ انعذساٌ ذهعة دوس يهى في اصانح وذقييذ حشكح انًهىز كًا يىظذ ذىا

 انُرائط. 

 

mailto:ayadabedalhamzafaisal@yahoo.com
mailto:talibrshd@yahoo.com
mailto:hrez_salim@yahoo.com
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1. INTRODUCTION 

The permeable reactive barrier (PRB) technology has received acceptance as an effective 

passive remediation technology for the treatment of inorganic contaminants (such as cadmium, 

lead, mercury, nickel, zinc…etc) in groundwater. This technology combines subsurface fluid-

flow with contaminant treatment by combinations of physical, chemical, biological or mixed 

processes. The medium most widely used in PRBs is the zero-valent iron (ZVI), which has 

proven very efficient, in particular, for heavy metals. The main advantage of a reactive barrier is 

the passive nature of the treatment: the contaminated groundwater moves under natural hydraulic 

gradient through the permeable reactive zone where the pollutant is degraded or immobilized. 

This method is found to be more cost-effective than pump and treat. It has been demonstrated 

potential to diminish the spread of contaminants which have proven difficult and expensive to 

manage with other cleanup methods, Puls, et al., 1998, Di Natale, et al., 2008, Wilkin, et al., 

2009. 

A considerable theoretical and laboratory-bench scale studies on ZVI and its potential for the 

treatment of heavy metals in water has been achieved. The kinetics of the cementation of lead 

from acidic solutions onto rotating iron discs have been studied over a large range of initial lead 

ion concentrations, disc rotation speeds and temperatures, Makhloufi, et al., 2000. The removal 

of organic and inorganic pollutants from groundwater by ZVI and apatite was investigated. 

Reduction of organic or inorganic contaminants in the case of ZVI and immobilization of 

inorganic pollutants in the case of apatite were the predominant mechanisms of removal process, 

Geranio, 2007. The reduction of hexavalent chromium by scrap iron was investigated in 

continuous system, using as reducing agent the following scrap iron shapes and sizes: (1) spiral 

fibers, (2) shavings, and (3) powder. The shape and size of scrap iron were found to have a 

significant influence on chromium and iron species concentration in column effluent, on column 

effluent pH and on Cr(VI) reduction mechanism, Gheju, and Balcu, 2010. A continuous column 

experiment was carried out under dynamic flow conditions in order to study the efficiency of 

low-cost PRBs to remove several inorganic contaminants from acidic solutions. A 50:50 w/w 

waste iron/sand mixture was used as candidate reactive media in order to activate precipitation 

and promote sorption and reduction–oxidation mechanisms, Bartzas, and Komnitsas, 2010. 

The optimal weight ratio between iron and pumice in nickel removal from contaminated 

groundwater in order to balance the preservation of the hydraulic conductivity (favoured by 

increasing the pumice content of the mixture) and the removal efficiency (favoured by increasing 

ZVI content) was evaluated, Calabró, et al., 2012. Groundwater flow velocity is found to have 

no effect on the adsorption performance of PRB, but it have effect on treating time because zinc 

is transported faster from its source to the PRB with greater groundwater flow velocity, 

Riyapan, et al., 2012. The treatment of the groundwater contaminated with metals by dumping 

sites located in the provinces of southern Poland was investigated. The simulated groundwater 

circulated through the column filled with ZVI in the laboratory tests. Chromium, copper, nickel, 

cobalt, lead, cadmium and zinc, occurring in the water as cations and anions, have been removed 

in the iron bed. The rapid metal removal has likely occurred due to the reduction and 

precipitation/co-precipitation and/or due to adsorption onto the iron metal surface or/and onto the 

iron corrosion products, Suponik, 2013. A study for groundwater flow and zinc transport 

modeling to assess the performance of the continuous and funnel and gate PRBs which having 

ZVI and activated sludge as reactive materials was conducted. Simulation results show that the 

0.5 m thick PRBs are good for treating zinc-contaminated groundwater for operation time in the 

range of 2170 to 2248 and 1675 to 1803 days for continuous and funnel and gate PRBs, 

respectively, Chalermyanont, et al., 2013. 



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

31 
 

Accordingly, the significance of the present study was investigated the potentially using of 

ZVI as an inexpensive material in PRBs theoretically and experimentally for the removal of lead 

from simulated contaminated groundwater.  

 

2. EXPERIMENTAL WORK 

2.1 Materials 

Naturally Iraqi soil was used as porous medium in the experiments conducted in the present 

study. Depended on particle size distribution (ASTM D 422), the percentage of sand, silt and 

clay were 93, 7 and 0 % respectively and this soil can be classified as sandy soil. The 

permeability of this sand, measured with a constant head permeameter, was 2.22 x 10
-4

 cm/s. The 

measured values of the porosity and bulk density were 0.44 and 1.78 g/cm
3
, respectively. 

The ZVI was prepared as scrap iron (iron filings of workshop). It has a grain size ranged from 

0.35 to 2.38 mm with average specific surface area of 0.555 m
2
/g. The specific surface area was 

measured at the oil research and development center using the same method adopted by 

Rangsivek, 2010.The typical Fe content of these filings is ~90 % with porosity equal to 0.51. Fe
0
 

was pre-washed with acetone, dried and kept in an oxygen free environment until used. 

Lead was selected as a representative of heavy metal contaminants. To simulate the water's 

lead contamination, a solution of Pb(NO3)2.2H2O (manufactured by E. MERCK, Denmark) was 

prepared and added to the specimen to obtain representative concentration. 

 

2.2 Batch Experiments 

Batch equilibrium tests are carried out to specify the best conditions of contact time, initial 

pH, initial concentration of metal, ZVI dosage and agitation speed. Series of 250 mL flasks are 

employed and each flask is filled with 100 mL of contaminant solution. A constant weight of 

adsorbent was added into different flasks and the mixtures were agitated on a rotary shaker 

(Thermolyne, Maxi-Mix III, Type: 65800 (USA)) at 200 rpm for 4 hours. A fixed volume (20 

mL) of the solution was withdrawn from each flask. This withdrawn solution was filtered to 

separate the adsorbent and a fixed volume (10 mL) of the clear solution was pipetted out for the 

determination of the amount of metal ion still present in solution. The measurements were 

carried out using atomic absorption spectrophotometer (AAS) (Norwalk, Connecticut (USA)). 

The adsorbed concentration of metal ion on the ZVI was obtained by a mass balance.  

Kinetic studies were investigated with different values of initial pH (4, 5, 6 and 8), ZVI 

dosage (1, 3, 5, 10 and 12 g per 100 mL), initial metal concentration (50, 100, 150, 200 and 250 

mg/l) and agitation speed (0, 50, 100, 150, 200 and 250 rpm). The amount of metal ion retained 

in the ZVI, qe (mg/g), was calculated as follows, Wang, et al., 2009:   

                         

    (     )
 

 
                                                                                                                         (1) 

 

where Co is the initial concentration of lead in the solution before mixing with ZVI (mg/L), Ce is 

the equilibrium concentration of lead remaining in the solution (mg/L), V is the volume of 

solution in the flask (L), and m is the mass of ZVI in the flask (g). 

Langmuir (Eq. (2)) and Freundlich (Eq. (3)) models are used for the description of sorption 

data as follows, Watts, 1998: 

 

    
    

     
                                                                                                                                    (2) 

 

where a is empirical constant and b is the saturation coefficient (L/mg). 
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 ⁄                                                                                                                                   (3) 

 

where KF is the Freundlich sorption coefficient and n is an empirical coefficient. 

 

2.3 Continuous Experiments  

Fig. 1 shows the schematic diagram of the reactor setup used in the present study. This setup 

is constructed of Perspex cylinder having height and diameter equal to 70 and 5 cm, respectively; 

the column is equipped with seven sampling ports at the distance of 10 (port 1), 20 (port 2), 30 

(port 3), 40 (port 4), 50 (port 5), 60 (port 6),  65 cm (port 7) from the bottom. These ports should 

be constructed of stainless steel fittings which blocked with Viton stoppers. Sampling was 

carried out at specified periods from sampling ports using needle to be inserted into the center 

axis of the column.  

At the beginning of each test, the column was packed with 40 cm depth of soil specimen 

measured from the bottom. Then, ZVI with depth of 10 cm was placed at the top surface of the 

packed soil. Again, 15 cm of the soil was added above the ZVI. The column was then filled with 

distilled water that was fed slowly into the bottom of the column and forced upward through the 

medium, pushing the air in front of it. As a result of this procedure, Ujfaludi, 1986, no 

difficulties with entrapped air were encountered. The up flow column test was performed at 

constant temperature, 25ºC. 

The contaminated solution with Pb
+2

, which simulated the contaminated groundwater, was 

introduced into the column from storage tank controlled by pump, flowmeter and three valves A, 

B and C. Four values of flow rate (5, 10, 15 and 20 mL/min) are applied. 

Monitoring of Pb
2+

 concentration along the length of the column in the effluent from 

sampling ports was measured for a period of 12 hrs. Water samples were taken regularly after 2, 

4, 6, 8, 10 and 12 hrs. Four needles were connected to the four ends of Viton stoppers covered 

port 1, port 3, port 5, and port 7 in each test.  In addition to specify four locations only for 

sampling, the column effluent line was closed and a small amount of water (1-1.5 mL) was 

withdrawn from these ports. In this way, the samples were taken at the flow rate of the column 

and this minimized disruption of flow within the column. The samples were immediately 

introduced in poly-ethylene vials and analyzed by AAS. The filling material in the column was 

assumed to be homogeneous and incompressible, and constant over time for water-filled 

porosity. All tubing and fitting for the influent and effluent lines should be composed of an inert 

material.  

A tracer experiment was performed to determine the effective dispersion coefficient for the 

system. A sand soil was packed into the column in a dry condition for a depth of 45 cm. A 

solution of 1 g/L NaCl in distilled water as a tracer was continuously fed into the column, at a 

rate of 5, 10, 15 and 20 mL/min. Electrical conductivity was measured with time, as a 

representative of concentration, by using conductivity meter at port 7 (zo=65 cm). In this case, 

the value of DL is given by the following formula, Ujfaludi, 1986: 

 

   
 

 
*
(         )

(     )   
 
(         )

(     )   
+
 

                                                                                                   (4) 

 

where DL is the longitudinal dispersion coefficient, V is the mean pore velocity of seepage 

(volume rate of flow per unit cross sectional area of voids), t0.16 and t0.84 are the arrival times of 

C/Co = 0.16 and 0.84 relative concentration values, respectively. 
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3. RESULTS AND DISCUSSION 

3.1 Investigation of Sorption Parameters 

3.1.1 Effect of contact time and initial pH  

Fig. 2 shows the effect of contact time on the percentage removal of lead using 5 g of ZVI 

added to 100 mL of metal solution at 25ºC. The percentage removal for different values of pH 

was rapid in the beginning but it gradually decreased with time until it reached equilibrium. The 

plots reveal that maximum removal efficiency of the lead after about 2 hr of shaking. The rate of 

removal is higher in the beginning due to the presence of large number of sites available for the 

sorption processes.  

The sorption of Pb
+2

 on the ZVI was examined at different pH ranging from 4 to 8 with an 

initial metal concentration of 50 mg/L and different values of contact time (Fig. 2). The affinity 

of sorption is generally determined by pH at point of zero charge (pHPZC). The pHPZC is the pH at 

which a positive charge by protonation exists in approximately equal numbers with negative 

charges caused by the development of deprotonation on the iron surface. Under an acidic 

condition or pH below pHPZC, protons are sorbed on the functional group that causes the iron 

surface to have a net positive charge and, thus, inhibit cation sorption. At above pHpzc, the 

oxygen atom stays deprotonized and the surface prevails to have a net negative charge, thus, 

enhancing cation sorption, Rangsivek, 2010.  However, the maximum removal efficiency of this 

metal was achieved at initial pH of 5. 

 

3.1.2 Effect of initial lead concentration 

Fig. 3 explains that the removal efficiency increased inversely with the initial metal 

concentration. It is clear that the removal efficiency of Pb
+2

 decreased from 97% to 75% with 

increasing the initial metal concentration from 50 to 250 mg/L. This plateau represents saturation 

of the active sites available on the ZVI samples for interaction with lead ions. These results 

indicate that energetically less favorable sites become involved with increasing metal 

concentrations in the aqueous solution, Selvarani, and Prema, 2010. 

 

3.1.3 Effect of ZVI dosage 

The dependence of lead sorption on sorbent dosage was studied by varying the amount of ZVI 

from 1 to 12 g added to 100 mL of metal solution (Fig. 4). It can be observed that removal 

efficiency improved with increasing sorbent dosage from 1 g to 5g at a fixed initial metal 

concentration. This was expected due to the fact that the higher dose of sorbent in the solution, 

the greater availability of sorption sites. This means that the more ZVI particles are able to 

provide more iron surface-active sites for collision with metal molecules to accelerate the metal 

removal efficiency, Rahmani, et al., 2010.  

 

3.1.4 Effect of agitation speed 

The effect of agitation speed on removal efficiency of lead ions was studied by varying the 

speed of agitation from 0 (without shaking) to 250 rpm and keeping other parameters equal to 

best ones obtained in the previous steps. Fig. 5 shows that about 10% of the metal ion was 

removed before shaking and that Pb
+2

 uptake increase with the increase of shaking rate. There 

was gradual increase in metal ions uptake when agitation speed was increased from zero to 200 

rpm at which about 97% of lead ions have been removed. The results also indicate that a shaking 

with 200 rpm is sufficient to ensure that all the surface binding sites are made readily available 

for metal uptake. Results proved that there is no significant change in ions removal after 200 

rpm. These results can be associated to the fact that the increase in the agitation speed improves 

the diffusion of metal ions towards the surface of the reactive media, Faisal, and Hmood, 2013. 
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Thus, proper contact is developed between metal ions in solution and the binding sites, which 

promotes effective transfer of sorbate ions to the sorbent sites.  

 

3.1.5 Sorption isotherms 
The sorption isotherms were produced by plotting the amount of lead removed from the 

solution (qe in mg/g) against the equilibrium metal concentration in the solution (Ce in mg/L) at 

constant temperature, Hamdaouia, and Naffrechoux, 2007, Kumar, and Kirthika, 2009. The 

data of the batch tests are fitted with linearized form of Langmuir and Freundlich models. 

Accordingly, the equations of these models will be; 

 

   
       

         
             R

2
=0.9926                                                                                                 (5) 

 

         
               R

2
=0.9836                                                                                                 (6) 

 

It is clear that these models are provided the best representation of lead sorption onto ZVI 

reactive material. However, the Langmuir model was chosen to describe the sorption of solute 

onto solid in the partial differential equation governed the transport of a solute undergoing 

equilibrium sorption through permeable reactive barrier in the continuous mode.  

 

3.2 Longitudinal Dispersion Coefficient 
Results of the experimental runs concerned the measurement of longitudinal dispersion 

coefficient (DL) at different values of velocity (V) for soil and ZVI are taken a linear relationship 

as follows: 

 

For soil,                                       R
2
=0.998                                                            (7) 

 

For ZVI,                                       R
2
=0.9537                                                          (8) 

 

These equations are taken the general form of longitudinal hydrodynamic dispersion 

coefficient as follows: 

 

          
                                                                                                                           (9) 

 

where Dmech and D
*
 are the mechanical dispersion coefficient and effective molecular diffusion 

coefficient respectively. 

 

3.3 Theoretical Modeling 

One dimensional solute transport in the saturated zone of the soil which well-known 

advection-dispersion equation can be established as follows: 

 

  
     

   
   

    

  
  

    

  
                                                                                                         (10) 

 

where Dz is the dispersion coefficient in the direction z, Vz is the velocity of flow, and R is known 

as the retardation factor since it has the effect of retarding the transport of adsorbed species 

relative to the advection front. For the flow of contaminated groundwater through the sandy soil, 

the value of R will be assumed equal to 1 which is reasonable for this type of soils. On the other 
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hand, the sorption of solute on ZVI barrier is governed by Langmuir sorption isotherm and the 

retardation factor is expressed as follows, Elango, 2005: 

 

    
  

 
(

  

(    ) 
)                                                                                                                   (11) 

 

    
  

  
(

     

(           )
 
)                                                                                                        (12) 

 

where nB is the porosity of the barrier. To present theoretical verification for column test 

described previously, Eq. (10) can be applied for sandy soil aquifer in the regions where 0 ≤ z 

≤40 cm and 50 cm ≤ z ≤ 65cm. The same equation can be applied for ZVI barrier in the region 

where 40 cm ≤ z ≤ 50 cm. However, parameters and constants related to the sand soil and ZVI as 

well as initial and boundary conditions adopted for this verification are reported in Table 1.  

An explicit method among finite difference methods was applied to the partial differential 

equation (PDE) describing the transport of contaminant through saturated zone of the sand soil 

and ZVI barrier. The equation was formulated with the following producer: for time, forward 

difference was used; for space, backward difference was used for simple partial difference; and 

center difference was used for quadratic partial difference. A computer program written in 

MATLAB R2009b (version 7.9) was developed to implement the model described above. Also, 

the same problem was solved by using the COMSOL Multiphysics 3.5a software which is based 

on finite element method. 

Fig. 6 reports the concentration lines of lead in the aquifer without presence of PRB at 

different values of contaminated groundwater flow rate after many time intervals. These 

concentrations are calculated from numerical methods described above and they are compared 

with those calculated by analytical solution given by, Holzbecher, 2007: 

 

 (   )  
  

 
{    (

     

√    
)     (

   

  
)     (

     

√    
)}                                                                  (13) 

 

where erfc(-) is a complimentary error function. It is clear that there a good agreement between 

analytical and numerical solutions. This demonstrates that the numerical solution procedure is 

representative of contaminant distribution through saturated soil. This figure shows that the 

propagation of contaminated plume is very fast and the time required for reaching the 

normalized concentration of solute (C/Co) to 1 at the outlet of column was not exceeded 3 hr. 

Also, it seems that the increased value of flow rate will increase the velocity of flow for same 

cross sectional area of soil specimen and, consequently, this will increase the velocity of 

contaminant plume propagation.  

The predicted concentrations of Pb
+2

  ions by the numerical solutions for different values of 

flow rate after the introduction of the PRB show that the contaminant plume is hindered by the 

ZVI barrier and the lead concentration level reaching the outlet of the column is around zero 

(Figs. 7 and 8). It is clear from these figure in comparison with Fig. 6 the important role of 

barrier in restriction the propagation of contaminant plume. It seems that the barrier functionality 

is decreased with time because the decreasing of retardation factor. This may be due to formation 

of iron hydroxide and intermediate rust particles because the precipitation is the controlling 

mechanism in the zinc removal. These particles in turn may affect the longevity of an iron PRB 

by deposition and filling of the pores. This could eventually reduce the porosity of the reactive 

zone, and thereby block the flow path and reduce the efficiency of a PRB. It is clear from these 
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figures that there is a reasonable agreement between the predicted FDM, COMSOL and 

experimental results for Pb
+2

 concentrations.  

 

4. CONCULSIONS 

1) Equilibrium contact time, initial pH of the solution, initial metal concentration, ZVI 

dosage and agitation speed were most the parameters affected on the sorption process between 

lead ions and ZVI. The best values of these parameters that will achieve the maximum removal 

efficiency of Pb
+2

 (=97%) were 2 hr, 5, 50 mg/L, 5 g/100 mL, and 200 rpm respectively.  

2) Lead sorption data on the ZVI were correlated reasonably with Langmuir and Freundlich 

sorption isotherm equations. However, Langmuir model with highest coefficient of 

determination (R
2
) was chosen in the solute transport model through the PRB.  

3) One dimensional numerical model, solved by explicit finite difference method and 

COMSOL Multiphysics 3.5a under equilibrium condition, was used to describe pollutant 

transport within groundwater and the pollutant sorption on the PRB. The results proved that the 

iron barrier is efficient technique in the restriction of contaminant plume. However, the 

functionality of the barrier was decreased with time because the decreasing of retardation factor. 

This may be due to formation of iron hydroxide and intermediate rust particles. These particles 

in turn may affect the longevity of an iron PRB by deposition and filling of the pores. This could 

eventually reduce the porosity of the reactive zone, and thereby block the flow path and reduce 

the efficiency of a PRB. A reasonable agreement between predicted and experimental results 

proved that these models are effective and efficient tools in description of pollutant transport 

phenomena.  
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NOMENCLATURE 

a = empirical constant, L/g. 

b= saturation coefficient, mg/g. 

C/Co= normalized concentration. 

Ce= equilibrium concentration, mg/L. 

Co= initial concentration of metal, mg/L. 

D
*
= effective molecular diffusion coefficient, m

2
/sec 

Dmech = mechanical dispersion coefficient, m
2
/sec  

Dz=dispersion coefficient in the direction z, m
2
/sec. 

KF= Freundlich sorption coefficient. 

m= mass of zero-valent iron in the flask, g. 

n= porosity. 

qe= amount of solute removed from solution, mg/kg. 

R= retardation factor. 

t= travel time, sec. 

V= volume of solution in the flask, L. 

Vz= velocity of flow in the direction z, m/sec. 

αL= longitudinal dispersivity, cm. 

ρb= bulk density of the soil, g/cm
3
. 
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Table 1. Measured parameters, related constants and conditions used in the modeling of lead 

transport in 1D column. 

Item Parameter Value  

Aquifer characteristics 

Aquifer bed depth before barrier (cm) 40 

Aquifer bed depth after barrier (cm) 15 

Porosity of aquifer (nA) 0.44 

Longitudinal dispersivity (αL, cm) 3.339 

Bulk density (g/cm
3
) 1.78 

ZVI characteristics 

Barrier bed depth (cm) 10 

Porosity of barrier (nB) 0.51 

Longitudinal dispersivity (αL, cm) 14.353 

Bulk density (g/cm
3
) 6.5 

Initial condition Concentration of Pb
+2

 (mg/l) zero 

Boundary conditions 
Concentration of Pb

+2
@ z=0 (mg/l) 50 

Advective flux (
  

  
) @ z=65 cm zero 

 
Figure 1. Schematic diagram of the laboratory-scale column. 
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Figure 2. Effect of contact time and initial pH on removal efficiency of lead on ZVI (Co= 50 

mg/L; dosage=5 g/100 mL; agitation speed= 200 rpm; T= 25
o
C). 

 

 

 

 
Figure 3. Effect of initial concentration on removal efficiency of lead on ZVI (pH=5; dosage=5 

g/100 mL; agitation speed= 200 rpm; contact time=2 hr; T= 25
o
C). 
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Figure 4. Effect of ZVI dosage on removal efficiency of lead (Co=50 mg/L; pH=5; agitation 

speed= 200 rpm; contact time=2 hr; T= 25
o
C). 

 

 

 
Figure 5. Effect of agitation speed on removal efficiency of lead (Co=50 mg/L; pH= 5; ZVI 

dosage=5 g/100 mL; contact time= 2 hr; T= 25
o
C). 
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Figure 6. Comparison between analytical and numerical solutions of conservative solute 

transport along the length of the soil column without using PRB at different time intervals for 

flow rate equal to; a) 5, b) 10, c) 15, d) 20 cm
3
/min. 
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Figure 7. Comparison between COMSOL solutions and experimental results of Pb
+2

 

concentrations in groundwater for different values of travel time. 
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Figure 8. Comparison between FDM solutions and experimental results of Pb
+2

 concentrations 

in groundwater for different values of travel time. 
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ABSTRACT 

          The present work includes design, construction and operates of a prototype solar 

absorption refrigeration system, using methanol as a refrigerant to avoid any refrigerant 

that cause global warming and greenhouse effect. Flat plate collector was used because it’s 

easy, inexpensive and efficient.  

Many test runs (more than 50) were carried out on the system from May to October, 2013; 

the main results were taken between the period of July 15, 2013 to August 15, 2013 to find 

the maximum C.O.P, cooling, temperature and pressure of the system. The system 

demonstrates a maximum generator temperature of 93.5 
o
C, on July 18, 2013 at 2:30 pm, 

and the average mean generator temperature Tgavr was 74.7 °C, for this period. The 

maximum pressure Pg obtained was 2.25 bar on July 19, 2013 at 2:00 pm. The current 

system shows cooling capacity of 0.15 ton with coefficient of performance of 0.48, and 

minimum evaporator temperature obtained was 14.2
o
C. 

A comparison of the present with previous works, showed that most of the previous work 

used ammonia as the main refrigerant, and even that used methanol it was as aqua 

methanol, or to be part of pair refrigerant, while the present work use the methanol as the 

main and the only refrigerant in the system. The results and the factors that provided by 

the current work, give a good understanding for using the methanol as a refrigerant with 

the solar absorption system. And the system can work in continuous operation cycle. This 

work gave fundamental understanding for designing solar refrigeration system, by using 

the results of present study to design air-conditioning unit, with one ton capacity, using 

the solar energy, and the methanol as a refrigerant. 

Keyword: solar power, absorption refrigeration, methanol 
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ٔثصٕسح سئٛسٛخ فٙ انفزشح  ، 3102يٍ شٓش اٚبس انٗ رششٍٚ انثبَٙ  انؼذٚذ يٍ انزدبسة ػهٗ انًُٕرج الأنٙاخشٚذ 

نهسصٕل ػهٗ اقصٗ يؼبيم اداء ٔطبقخ ٔزشاسح ٔضغظ يطهٕة نزشغٛم  3102اة نؼبو  01رًٕص انٗ  01يبثٍٛ 

انسبػخ  3102رًٕص  01زبسٚخ دسخخ يئٕٚخ ث 52.1انًُظٕيخ. ٔاظٓشد انزدبسة اقصٗ دسخخ زشاسح ٔيقذاسْب 

نك اقصٗ ضغظ رشغٛهٙ دسخخ يئٕٚخ نهفزشح رارٓب، ٔكز 7..7ثؼذ انظٓش، ٔكزنك يؼذل دسخخ نهًٕنذ يقذاسْب  3321

 .3102رًٕص  05ثزبسٚخ  ثبس،  3.31يقذاسِ 

فٙ انًجخش  يغ ادَٗ دسخخ رجشٚذ 1..1طٍ ٔيؼبيم اداء يقذاسِ  1.01ٔاػطذ انًُظٕيخ انسبنٛخ قذسح رجشٚذ يقذاسْب 

 دسخخ يئٕٚخ. 3..0يقذاسْب 

انذساسخ انسبنٛخ رضغ انًفبْٛى الأنٛخ ٔالاسبسٛخ نؼًهٛخ رصًٛى يُظٕيخ رجشٚذ ثبلايزصبص رؼًم ثبنطبقخ انشًسٛخ 

ثبلايزصبص  ثبلاػزًبد ػهٗ َزبئح انذساسخ انسبنٛخ، ٔرٕضر انذساسخ خطٕاد اسبسٛخ نزصًٛى يُظٕيخ رجشٚذ ْٕاء

 سٛخ ٔثقذسح ٔازذ طٍ ثأسزخذاو انًٛثبَٕل كٕسظ رجشٚذ سئٛسٙ.رؼًم ثبنطبقخ انشً

سزخذو الأيَٕٛب كغبص كزنك رى اخشاء يقبسَخ  ثٍٛ انؼًم انسبنٙ ٔالأػًبل انسبثقخ ، أظٓشد أٌ يؼظى انطشق الاخشٖ ر

  . رجشٚذ سئٛسٙ

  شئٛسٛخ3 طبقخ شًسٛخ، رثهٛح ايزصبصٙ، يٛثبَٕلانكهًبد ان

1. INTRODUCTION  

         The concerns on energy price, the depleting of resources and the global climate 

changes are given more attention to environment-friendly and sustainable alternatives. 

The energy crisis in the seventies, and the unclear future of energy situation, increase the 

demand for exploiting alternative energy sources, the most important alternative source 

that inspiring people is the solar intensity energy. 

 

         The solar energy is collector area dependent, and is a diluted form of energy and is 

available for only a fraction of the day. Also, its availability depends on several factors 

such as latitude and sky clearness. At the same time, its system requires high initial cost. 

But on the other hand, it has some attractive features such as its system requiring 

minimum maintenance and operation cost, and it does not have negative effects on the 

environment. Another important feature of solar energy is its ability to satisfy rural areas 

where conventional energy systems might be not suitable or uneconomical, Duffie & 

Beckman, 1980.  

 The conventional refrigeration systems require mechanical energy as the driving 

source and are responsible for the emission of CO2 and the other green house gases such 

as chlorofluorocarbon CFCs and hydro chlorofluorocarbon HFCs which are considered 

major cause for ozone layer depletion. From this context the absorption refrigeration 

system attains a considerable attention in 1970s due to the energy crisis and ecological 

problems related to the use of CFCs and HFCs. Anyanwu, 2012.  

             The Montreal Protocol (1987) controls the release and use of CFCs, and has set a 

time scale schedule for eliminating their production. This agreement is an historic step in 

the ongoing process of building consensus regarding environmental impacts of CFCs.  

      The International Institute of Refrigeration in Paris (IIF/IIR) has estimated that 

approximately 15% of all the electricity produced in the whole world is employed for 

refrigeration and air-conditioning processes of various kinds, and the energy consumption 

for air-conditioning systems has recently been estimated to 45% of the whole households 

and commercial buildings, Santamouris, 1994. 

        

         Due to the international attempt to find alternative energies, absorption refrigeration 

has become a prime system for many cooling application. Where thermal energy is 
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available the absorption refrigerator can very well substitute the vapour compression 

system, Epstein, 1992. 

         Researchers have proved that the absorption refrigeration technology has a 

promising potential for competing with the conventional vapour compression 

refrigeration systems. In comparison with the vapour compression refrigeration systems 

absorption refrigeration systems have the benefits of energy savings if powered by waste 

heat or solar energy, simpler control, absence of vibration and low operation cost. 

Anyanwu, 2012. 
 

          More interests have been paid to the solar thermal-driven refrigeration 

technologies, especially solar sorption (absorption and adsorption) systems, due to the 

low efficiency of the solar photovoltaic collectors of (10–15%) contrary to that of the 

solar thermal collectors, and the electrically driven systems are characterized by the 

limited useful power that can be achieved by solar means, and also by their fairly high 

initial cost, Papadopoulos ,2003, and Dind, 2004. 

             One of the most common solar air conditioning alternatives is a solar powered 

absorption system. The solar absorption system is similar in certain aspect to the 

conventional vapor compression air conditioning system in that the electrical compressor; 

is replaced with a solar-powered generator and absorber. Fig.1 shows a commercial flat-

plate solar-powered single-effect absorption cooling system. The most standard pairs of 

chemical fluids used include lithium bromide-water solution (LiBr-H2O), where water 

vapor is the refrigerant and lithium bromide is the absorbent, and ammonia-water solution 

(NH3-H2O) with ammonia as the refrigerant and water the absorbent, ASHRAE, 1997. 

 

The aim of the present work is to study the performance of solar absorption refrigeration 

using methanol. For this study a solar absorption refrigeration unit was constructed. The 

system was operated mainly during the months of May to October (2013) for a period of 

8 hours per day (8 am to 4 pm). 

  

2.EXPERIMENTAL WORK 
       The system consists of a generator, condenser, absorber and evaporator, all were 

connected using copper pipes of 3/8" or 9.5 mm, and the heat exchanger is used with the 

system between the evaporator and the absorber, some of the connections made by 

welding and others by copper fittings. Fig. 1 shows the schematic diagram for the system 

and Fig.2 shows the absorption refrigeration system a. 

The generator was assembled using 11 copper pipes of 12.7 mm and 1 m long, the two 

ends of the pipes were connected to two main pipes at the top and bottom, each of these 

pipes was a copper pipe; 1.25 m in length and 28.58 mm, in diameter, all the pipes were 

of thickness of 1mm. Painted black to improve its solar absorbing capabilities. The 

generator is rectangular in shape with the dimensions of (125 cm x 125cm x 10 cm) and 

at 20° incline angle, and with a total volume of 3 liters, without the header. The generator 

total area is 0.66 m
2
, Fig. 3 below shows the generator. 

 The absorber consists of main vessel that contains the refrigerant. It is a steel 

container of thickness of 0.8 mm, and 13 l in capacity. The absorber has 4 openings; one 

for inlet pipe coming from the heat exchanger followed by the evaporator, the second is 

used as outlet, connected to the generator, the third is used as the filling point of 

refrigerant, and the forth is used as drain. 
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                            Valve A                      Valve B     Expansion valve          Valve C 

 

 

                                 

                                   Generator                Absorber                        

                                          

                                      Valve D    

 

 

Figure 1. Schematic diagram of the solar absorption refrigeration system. 

Figure 2. Photograph of the system. 
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Figure 3. A photograph of the generator. 

3.EXPERIMENTAL PROCEDURES 

At the start of the generation process valve A is opened and valves B, C, D are closed. The 

generator kept in a position facing the sun at the angle of 20
o
 to start solar absorption to heat the 

generator and the liquid inside. Methanol starts to evaporate and the vapour accumulates in the 

header producing vapour at high pressure, then methanol vapour pass to the condenser which is 

cooled by forced air. Readings were taken each 15 minutes; these records include ambient 

temperature, generator metal temperature and the vapour temperature and pressure at the header. 

At the maximum pressure produced in the generator, refrigeration process starts. To start the 

refrigeration process valves B and C are opened and valve D is closed, the condensate refrigerant 

pass to the evaporator under the pressure produced in the generator, and refrigeration occurs due to 

the passing of the refrigerant inside the expansion valve, which causes boiling of the refrigerant and 

a decrease in the pressure inside the evaporator, which leads to absorb the heat from the surrounding 

of the evaporator. Readings were taken each 5 minutes for the temperature and the pressure of the 

evaporator. Then the vapour passes to the heat exchanger which is cooled by passing cold water 

with normal flow to condense the refrigerant that accumulates at the absorber tank, which will refill 

the generator again. 
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4.RESULTS AND DISCUSSIONS 
Many test runs were made on the solar absorption refrigeration system, using methanol as a 

refrigerant in these experiments, the system demonstrated interesting results. The main results were 

taken between the period of July 15, 2013 to August 15, 2013 to find the maximum energy, 

temperature and pressure that the system can reach. There were many test runs obtained along the 

period of October 2012 to October 2013, to find the operation of the system in different seasons. 

There were about 50 tests have been carried out for the generator, and 10 tests to find the optimum 

operating pressure of the methanol refrigerant in the evaporator.  

 

VARIATION OF GENERATOR AND SOLUTION TEMPERATURE AND GENERATOR 

PRESSURE WITH TIME.           

 Fig. 4 to 7. show that the generator temperature (Tg), is higher than refrigerant vapour temperature 

(Ts), and the maximum temperature obtained was 93.5 
o
C, in July 18, 2013 at 2:30 pm. And the 

average mean generator temperature (Tgav) was (74.7 °C).The maximum pressure (Pg) obtained was 

2.25 bar on July 19, 2013 at 2:00 Pm. 

 

 

Figure 4. Variation of generator and solution temperature and generator pressure with time. 
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Figure 5. Variation of generator and solution temperature and generator pressure with time. 

                                             
Figure 6. Variation of generator and solution temperature and generator pressure with time. 
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Figure 7. Variation of generator and solution temperature and generator pressure with time. 

 

REFRIGERATION CYCLE AND VARIATION OF TEMPERATURES AND PRESSURE 

WITH TIME. 

The indoor cycle or refrigerating cycle occurred when the liquid methanol passes through 

the evaporator by the expansion valve, with the operating pressure that produced by the generator, 

then the methanol evaporates at the evaporator, absorbing the heat in the surrounding making the 

evaporator cool. Fig. 8 and Fig. 9 show the refrigeration process results of the system, and the 

variation between evaporator temperature (Te), absorber temperature (Ta), and the evaporator 

pressure (Pe), absorber pressure (Pa) with refrigeration time.  
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Figure 8. Variation of the temperature and pressure in the evaporator and the absorber with time. 

 

Figure 9. Variation of the temperature and pressure in the evaporator and the absorber with time. 

EFFECT OF MAXIMUM TEMPERATURE ON C.O.P 

           Fig. 10. shows the distribution of coefficient of performance plotted with generator 

temperature and pressure. The C.O.P increases with the increasing of the generator temperature and 

pressure; this increase is due to the increasing quantity of the methanol evaporated from the 

generator.  
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Figure 10. Effect of maximum generator temperature on C.O.P. 

 

EFFECT OF MAXIMUM GENERATION TEMPERATURE ON COOLING LOAD  

 Fig. 11 shows that the cooling load of the system increases with the increase of the generator 

temperature. This increase in cooling load is due to the increase of the evaporated methanol and 

the pressure of the system.    
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Figure 11. Effect of maximum generator temperature on cooling load. 

 

MINIMUM EVAPORATOR TEMPERATURE 

 The increase in generator temperature leads to an increase in the cooling capacity of the 

system, which means lowering the evaporator temperature to the minimum temperature. That means 

the minimum evaporator temperature decreases with the increase of the maximum generator 

temperature. Fig. 12 shows that the temperature of the evaporator decreases with the increase of the 

generator temperature, this is due to the fact of increasing the quantity of the methanol evaporated 

and the increase of the pressure, which causes circulation of the refrigerant. 
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Figure 12. Effect of maximum generator temperature on the evaporator temperature. 

 

 CONCLUSIONS 

1- The operation of this type of system is environmentally efficient, because it uses 

refrigerant that doesn’t affect the Ozone layer, and uses a renewable energy that reduce 

the source depletion of the energy sources, also the system use clean energy that produce 

no waste gas that affect or increase the global warming, which demonstrate the 

sustainable development requirement for the future projects and researches. 

    

2- The generator type and specification used in this work showed that the Maximum 

temperature that can be reached is 93 °C, and this can be achieved during July and 

August.  

3- The system used with the design criteria and the condition that related to the experiments 

produced cooling capacity of 0.15 ton, and the C.O.P (0.35-0.48).    

4- The employed operating pressure produced minimum evaporator temperature of (14.2°C 

-17°C). 

5- The cooling ratio or C.O.P increases with the increase of the generator temperature. 
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ABSTRACT 

      A winglet is devices attached at the wing tips, used to improve aircraft wing efficiency by 

reduction influence wing tips vortices and induct drag, increasing lift force at the wing tips and 

effective aspect ratio without adding greatly to the structural stress and weight in the wing 

structure. This paper is presented three-dimensional numerical analysis to proposed modification 

swept back wing by adding Raked winglets devices at the main wing tips belong the two seat 

trainer aircraft type Aermacchi Siai S211 by using Fluent ANSYS 13 software. CFD numerical 

analysis process was performed  at the same flight boundary conditions indifferent wing angle of 

attacks with constant air flow velocity V∞ =50 (m/sec), ambient pressure Po=101325 (Pa), 

ambient temperature To=288.14 (K), and at air density ρo=1.225 (kg\m3) to both proposed wing 

model and the main aircraft wing model. The results are shown an improvement in aerodynamic 

parameters including increment lift coefficient to (0.22%-5.95%), reduction drag coefficient to 

(0.34% - 3.60%), increment wing load efficiency ratio to (2.62% - 7.30%), reduction induct drag 

coefficient CDi to (7.65% - 13.11%) compared with the main aircraft wing model and achieved 

an improvement in aircraft flight maneuver abilities and stability controls especially during 

descent, approach, landing and takeoff with lower speed with shortage runway. 

 

Key word: aerodynamics, theory of wing section, winglets, Aermacchi Siai s211 Aircraft.  
                       

 Aermacchi Siai S211جناح المتراجع الى الخلف لطائرة اللسيادة كفاءة  التعذيل المقترح 

 
 نصير عبذالرزاق مىسى 

 مذرش مساعذ

 جامعت بغذاد -قسم الشؤون الهنذسيت 

 

 الخلاصت

ذقهٍتم ذتارٍر جُتا  انطتاةرج عتٍ طرٌت  كفتاةج انجٍُحاخ انطرفٍح عثارج عٍ اجهسج ذركة عهى اطراف الاجُحح ذستردمو نرحستٍٍ 

زٌادج ذارٍر َستثح تتاا انجُتا   ذؤدي انى زٌادج قىج انرفع عُم طرفً انجُا  انرً ،ذارٍر انكثح انحثًو انطرفٍح، انمواياخ انهىاةٍح

 انعتمدي رثرتً الاتعتادٌقتمو ذت ا انثحتل انرحهٍتم  ٍح كثٍترج نهٍكتم انجُتا .اجهاداخ اضتافاحًال وتموٌ اضافح  انى انًساحح انكهٍح

 ذتمرٌةنطتاةرج انتى انجُتا  الاساستً  تاضتافح جٍُحتاخ طرفٍتح يستهىتح انتى اندهتف يقررحح نجُا  يرراجع انى اندهف رعمٌثخن

ذتتى ذُفٍت  عًهٍتتح انرحهٍتتم  (. .ANSYS 13انرحهٍهتً )ثرَتتاي  ان  تاستردماو (Aermacchi Siai S211)  طترازرُاةٍتح انًقعتتم 

يتع  جُتا  انزواٌتا ذجتىو رهتف دانًحتمدج نًانطٍتراٌ انجُتا  الاساستً نهطتاةرج فتً َفتف  تروف انًقرتر  وجُتا  انعمدي نكث ان

و  To=288.14 (K)ودرجتح حترارج  Po=101323 (Pa), انضتطظ انجتىي V∞ = 50 (m/sec) تثثىخ سرعح جرٌاٌ انهتىاة

نًُتتى ا انجُتتا   حالاٌرودٌُايٍكٍتت ثتتارايرراخانا هتترخ َرتتاة  انرحهٍتتم انعتتمدي ذحستتٍ فتتً . ρo=1.225 (kg\m3)كثافتتح انهتتىاة 

 -% 0..2)يعايم قىج انكتثح انتى  ذقهٍمو ,%(5..5 -% 2.00) انى يعايم انرفع  زٌادج يعايم قىج انرفع  انرً ذرضًٍانًقرر  

  %(....7 -% 5...) يعايتتم انكتتثح انحثتتً انتتى ذقهٍتتمو , %(2... -% 0..0) َستتثح كفتتاةج انجُتتا  انتتى زٌتتادج و ,%(0...
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قاتهٍتتح انطتتاةرج نهًُتتاورج واستترقرارٌح انستتٍطرج ء ى تتا ارُتتاة  فتتً ذحستتٍ حققتتدو تانًقارَتتح يتتع انجُتتا  االاساستتً نهطتتاةرج

  .اق رفً يسافح يمرا اقم طٍراٌ انهثىط والاقثا فً سرعاخ ،وانرقرب،وانُسول

 

1. INTRODUCTION 

      The wings are the most important part to produce lift force of the aircraft. Wings vary in 

design   depending upon the aircraft type and its purpose, Abbott, and Doenhoff, 1959. Induced 

drag is caused by the wingtip vortex, an unavoidable collateral effect of lift generation in a finite 

wing. It has been proven that modifications in the wingtip or the use of wingtip devices can 

minimize the induced drag expressively, Cosin and Catalano, 2010. Wingtip devices are usually 

increase the effective aspect ratio of a wing, with less added wingspan and intended to improve 

the efficiency of fixed-wing aircraft, Abbott, and Doenhoff, 1959. The wingtip devices increase 

the lift generated at the wing tip, and reduce the lift-induced drag caused by wingtip vortices, 

improving lift-to-drag ratio L / D. This increases fuel efficiency in powered aircraft, and cross-

country speed in gliders, in both cases increasing range, The winglet converts some of the 

otherwise wasted energy in the wing tip vortex to an apparent thrust. This small contribution can 

be very worthwhile, provided the benefit offsets the cost of installing and maintaining the 

winglets during the aircraft's lifetime. Another potential benefit of winglets is that they reduce 

the strength of wing tip vortices, which trail behind the plane. When other aircraft pass through 

these vortices, the turbulent air can cause loss of control, possibly resulting in an accident,             

Inam, et al,. 2010.  

 

2. RELATED WORKS 

     There are several works on “Aerodynamic characteristics of the winglet devices” were 

developed. Cosin and Catalano, 2010, performed aerodynamics analysis of the multi-winglets 

for low speed aircraft, baseline and six other different multiwinglets configurations were tested. 

The device led to 32% improvement in the Oswald efficiency factor, representing an increase of 

7% in the maximum aerodynamic efficiency. Improvements of 12% in the maximum rate of 

climb and 7% in the maximum range were also obtained. Azlin, et al., 2011, a three-dimensional 

CFD analysis that was performed on a winglets rectangular wing of NACA653218 cross 

sectional airfoil. He was obtained that a comparison of aerodynamics characteristics of lift 

coefficient CL, drag coefficient CD and lift to drag ratio, L/D was made and it was found that the 

addition of the elliptical and semi circular winglet gave a larger lift curve slope and higher Lift-

to-Drag Ratio in comparison to the baseline wing alone. Smith and Komerath, 2001, examined 

the potential of multi-winglets for the reduction of induced drag without increasing the span of 

aircraft wings. Wind tunnel models were constructed using a NACA 0012 airfoil section for the 

untwisted, rectangular wing and flat plates for the winglets. Testing of the configurations 

occurred over a range of Reynolds numbers from 161,000 to 300,000. The results show that 

certain multi-winglet configurations reduced the wing induced drag and improved L/D by 15-

30% compared with the baseline 0012 wing. Hossain, et al., 2012, studied the aerodynamic 

characteristic for aircraft wing model with and without bird feather like winglet. The aerofoil 

used to construct the whole structure is NACA 653-218 Rectangular wing and this aerofoil has 

been used to compare the result with previous research using winglet. The experimental result 

shows 25-30 % reduction in drag coefficient and 10-20 % increase in lift coefficient by using 

bird feather like winglet at angle of attack of 8 degree. 
 

3. WINGTIP VORTICES 

      Wingtip vortices are circular patterns of rotating air left behind a wing.  Vortices form 

because of the difference in pressure between the upper and lower surfaces of a wing that is 

http://en.wikipedia.org/wiki/Wing
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operating at a positive lift, air flows from the lower surface out around the tip to the upper 

surface of the wing in a circular fashion caused to pressure on the upper and lower surface become 

equal at the wing tips Fig. 1. The spanwise flow on the finite wing is meet at the trailing edge, they 

give rise to a swirling motion that, within a short distance downstream, is concentrated into the 

two well-known tip vortices Fig. 2. This process can be idealized as a “horseshoe” vortex system 

Fig. 3. The wingtip vortices contain a large amount of translational and rotational kinetic energy 

which is produce a stream of air downward after the wing called downwash or induct velocity 
(wi) which is directly responsible for the appearance of one of the components of resistance aerodynamic, 

induced drag (Di), reduce the wing effective angle of attack and increase aircraft engine fuel 

conception ratio, Thomas, 1999.  

 

4. WINGLETS 

     Wingtip devices are usually intended to improve the efficiency of the fixed-wing aircraft by 

partial recovery of the tip vortex energy, increase effective aspect ratio without increasing wing 

span, increase the lift generated at the wingtip by smoothing the airflow across the upper wing 

near the tip,  reduce the  lift-induced drag caused by wingtip vortices and increase aircraft power 

plant efficiency Faye, et al., 2007. There are many types of winglets which applicant in aircrafts 

such as transporting, cargo, VIP transporting aircrafts.  Winglets can be classified depending of 

the winglet part attachment with main wingtips, so commonly they are three types wing with 

fence winglets, wing with blended winglets and wing with Raked winglets see Figs. 4a, 4b, and 

4c.  

 

5. AERODYNAMICS BACKGROUND 

      Usually flight operation consist of take-off, climb, cruise, turn, maneuver, descent, approach 

and landing, so the wing must produce sufficient lift force while the drag force must be 

minimum. 

The lift force can be written as: 

 

L= 1/2 V2∞ S CL                                                                                                                       (1) 

 

The drag force can be written as:  
 

D=1/2 V2∞ S CD                                                                                                                        (2) 

 

Where: 

- air flow density. (Kg/m
3
)  

V∞ - air flow velocity. (m/sec) 

S - wing area. (m2) 

CL - wing lift coefficient (dimensionless)  

CD - wing drag coefficient (dimensionless) 

 

Induced drag is caused by the wingtip vortex in finite wing and can be written as, Anderson, 

2005. 

 

Di=
   

        
                                                                                                                                  (3) 

 

http://en.wikipedia.org/wiki/Fixed-wing_aircraft
http://en.wikipedia.org/wiki/Lift-induced_drag
http://en.wikipedia.org/wiki/Wingtip_vortices
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Where: 

L is the lift,   fluid density, b is wingspan, V velocity and e is efficiency factor, in general e<1 and 

depends on the wing shap. 

Induct drag coefficient is 

    
  
 

    
                                                                                                                                     (4)  

 

Where: 

The induced drag coefficient Cdi is equal to the square of the lift coefficient CL divided by the 

quantity:   (3.14159) times, wing efficiency factor time's (e)  the aspect ratio AR, 

 

   
  

 
                                                                                                                                         (5)               

 

For a wing, the total drag coefficient, CD is equal to the parasite drag coefficient at zero lift Cdo 

plus the induced drag coefficient Cdi. 

 

CD = Cdo + Cdi                                                                                                                             (6) 

 

Where parasite drag is Cdo is skin friction drag due frictional shear stress integrated over the 

wing surface and pressure drag due to flow separation.  

Induct angle of attack can be written as 

 

   
  
   

                                                                                                                                         (7) 

 

Effective angle of attack of the wing is:  

 

eff =  -                                                                                                                                     (8) 

 

Downwash velocity at the wing tip is: 

 

    
  
  

                                                                                                                                      (9) 

 

Where    is the circulation at the wing 

 

    
        

  
                                                                                                                              (10) 

 

7. CASE STUDY 

      Two seats trainer aircraft type Siai - Aermacchi S.211, Figs. 5 and  6, are analyzed in order to 

produce a new modification to improve the efficiency of the aircraft wing.  

The main general technical data and characteristics of the aircraft are: FAA, 2012. 

  

 Crew: two: student and instructor  

 Length: 30 ft 6½ in, (9.31 m)  

 Wingspan: 27 ft 8 in, (8.43 m)  

 Height: 12 ft 5½ in, (3.8 m)  



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

64 

 

 Wing area: 135.63 ft², (12.6 m
2
)  

 Empty weight: 4,070 lb, (1.850 kg)  

 Maximum takeoff weight: 6,050 lb, (2750 kg)  

 Power plant: 1 × Pratt & Whitney JT15D-4C turbofan engine, 2,500 lb, (11.12 kN)  

 

Aircraft performance: (Cruise altitude (25000 ft), 7620 m)  

 Never exceed speed: Mach 0.8, (740 km/h, 400knots, 460 mph) 

 Maximum speed: 360 knots, (667 km/h)   

 Stall speed: 74 knots, (138 km/h)  

 Range: 900 nm, (1,668 km, 1,036 miles)  

 Service ceiling: 40,000 ft, (12,200 m)  

 Rate of climb: 4,200 ft/min, (21 m/s)  

 Thrust/weight: 0.413:1  

 Acceleration limits: +6.0g (+58.9 m/s²)/-3.0g (-29.0 m/s²)  

 

Aircraft wing geometry model, Fig. 7: 

 Aspect Ratio AR is 5.52 

 Wing root chord length Cr is 2 m, 

 Wing tip chord Ct is 1 m. 

 Taper ratio λ is 0.5 

 Leading edge swept angle ɅLE is 19o 

 Quarter chord swept angle Ʌ1/4 is15o  

 Not twisted. 

 No dihedral angle. 

 Wing span  b is 8.34 m 

 Wing root cross section is airfoil Naca 642-215  

 Wing tip cross section is airfoil Naca  642-212 

 

The cross section airfoil  Naca 642-215 and Naca 642-212 was selected as follow: Sadraey, 2013. 

 

CL Vmax aircraft = 
     

              
                                                                                              

 

CL Vmax aircraft = 
           

                   
 = 0.2267 

 

CL Vmax wing = 0.2267/0.95 = 0.23867 

 

Cli airfoil = 0.23867/0.9 = 0.26519 

 

Cl ideal airfoil    0.2 x 10 =2 

 

CLmax aircraft  = 
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CLmax aircraft = 
           

                 
 = 2.37 

 

CLmax wing = 2.37/0.95 = 2.49 with flaps and slats down 

 

Clmax airfoil = 2.49/0.9 = 2.76 with flaps and slats down 

   

    Proposed aircraft wing model is the aircraft main wing geometry with attached raked winglet 

bended up to 30o, Fig. 8, where raked winglet tip is a small wing attached at the main wing tips 

and consist of selected Naca 642-212, Naca 64-012 and Naca 64-010 as a winglet cross section 

airfoils, Fig. 9. General characteristics of the proposed modification aircraft wing with raked 

winglet Figs. 10, 11 and 12 are: 

 

 Main wing root chord Length Cr is 2 m. 

 Main wing tip chord length Ct is 1 m. 

 Winglet root chord length is 1 m. 

 Winglet tip chord length is 0.3 m.  

 Winglet area is 0.5 m2. 

 Winglet span is 0.67 m. 

 Winglet bended up at the tip by 30o. 

 Winglet swept angle leading edge is 51o.  

 Winglet root cross section airfoil Naca 642-212 

 Winglet intermediate cross section airfoil Naca  64-012 

 Winglet tip cross section airfoil Naca 64-010 

 Wing span b is 9.34 m 

 Wing area is S is 13 m2 

 Taper ratio λ = 0.5 without winglets 

 Aspect ratio AR= 6.71  

 Leading edge swept angle ɅLE = 19o 

 Quarter chord swept angle Ʌ1/4 =15o 

  

8. MATHMATICAL MODEL 

      FLEUNT solves the Navier-Stokes equation which is includes expressions for the 

conservation of mass, momentum, pressure, species and turbulence, because the flow conditions 

are incompressible flow, the results are written as a continuity equation Eqs. (11) and  (12) and 

Navier-Stokes equations for a viscous flow Eqs. (13a, 13b and 13c). Anderson, 2005. and 

Fluent, 2005.  

 

 
  

  
   (  )                                                                                                                            (11) 

 

Where, ρ is fluid density, t is time, and   is the flow velocity vector field. If density (ρ) is a 

constant, as in the case of incompressible flow, the mass continuity equation. 

Simplifies to a volume continuity equation:- 
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  (  )                                                                                                                                   (12) 

 
 (  )

  
    (   )   

  

  
     (   )                                                                           (13a) 

 (  )

  
    (   )   

  

  
     (   )                                                                           (13b) 

 (  )

  
    (   )   

  

  
     (   )                                                                           (13c) 

 

The Momentum Eq. (14a, 14b, and 14c) for an inviscid flow are called the Euler equations. 

 

  (   )   
  

  
                                                                                                                        (14a) 

 

  (   )   
  

  
                                                                                                                        (14b) 

 

  (   )   
  

  
                                                                                                                        (14c) 

 

9. NUMERICAL ANALYSIS  

    The CFD numerical analysis is consisting of three stages as shown in Fig. 13. The pre-

processing stage is include re-design Three-Dimensional model to the main wing without winglet 

and proposed wing with raked winglet, meshing models and  flow control volume into the 

elements using   GAMBIT 2.4.6. In addition, to ensure that the mesh created is sufficient to 

accurately model the flow behavior around the wing at air velocity with various angle of attacks 

at the straight flight, a grid independence study was conducted, Fig. 14. The second stage is the 

CFD numerical analysis process is solved to determine the grid check, definition boundary 

conditions, definition simulation flight parameters at various angle of attacks α =( 0o, 2o, 4o, 6o, 

8o, 10o, 12o, 14o, 16o), flow air velocity V∞ = 50 m / sec, ambient pressure 101325 pa, ambient 

temperature 288.14 K, dynamic viscosity 1.7894e-05 kg\m-s, air density 1.225 kg\m3 and ratio 

of specific heats is 1.4 (), graphics simulations Fig. 15, Fig. 16, Fig. 17, and Fig. 18. Finally is 

the post-processing stage where the aerodynamics characteristics of the proposed wing with 

winglet model were found. 

 

10. RESULTS AND DISCUSSIONS. 

      CFD numerical analysis results are discussed and focused on the proposed wing model 

improvements compared with the main wing model as follow: 

 

 Improvement in the aerodynamic performance as a result of reduction influence wing tip 

vortices on the main wing, where Table 1 represents magnitudes of lift coefficient CL at 

different angle of attacks α, and Fig. 19 represents graphics change of the lift coefficient CL 

with constant air velocity at different angle of attacks. 

 Reduction total drag coefficients of the wing as a result of effective winglet tip by reduction 

induct drag magnitude, where Table 2 represents magnitude drag coefficient CD at different 

angle of attacks α, Fig. 20 represents graphics change of the drag coefficient CD. 
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 Improvement in the aerodynamic wing efficiency by increasing magnitude of the wing 

efficiency CL/CD ratio as a result of effect winglet tip, where Table 3 represents Lift-to-Drag 

coefficient ratio CL/CD, Fig. 21 represents  lift- to- drag coefficient ratio CL/CD graphics. 

 The aerodynamic wing efficiency improved by decreasing magnitude of the CD/CL ratio as a 

result of influence decrease the wing drag coefficient and increases the wing lift coefficient, 

where Table 4 represents drag-to lift coefficient ratio CD/CL, Fig. 22 represents drag-to lift 

coefficient ratio CD/CF graphics. 

 The aerodynamic wing efficiency improved by decreasing induct drag coefficient (CDi) as a 

results of reduction influence of the wing tip vortices, where Table 5 represents induct drag 

coefficient, Fig. 23 represents induct drag coefficient graphics.  

 Improvement in the aerodynamic lift force parameter of the wing as a result of increasing lift 

force at the wing tips by reduction influence magnitude wing tip vortices, where Table 6 

represents aerodynamic lift force, Fig. 24 represents aerodynamic lift force graphics.  

 The aerodynamic characteristics wing efficiency improved by decreasing magnitude of the 

wing tip vortices, where Table 7 represents aerodynamic drag force, Fig. 25 represents 

aerodynamic drag force graphics. 

 Improvement in aerodynamic wing efficiency by decreasing magnitude of the induct angle of 

attack  (αi) and increase effective angle of attack (αeff), where Table 8 represents Induct 

Angle of Attack (αi) and effective angle of attack (αeff).  

 

11. CONCLUSSION   
      Proposed modification on the main swept back wing is achieved an improvement in aircraft 

flight maneuver abilities and stability controls especially during descent, approach, landing and 

takeoff with lower speed with shortage runway by increasing the lift generated at the wingtip, 

effective angle of attack and lift-to-drag ratio as a result of smoothing the airflow across the 

upper wing near the tip and reduce the lift-induced drag caused by wingtip vortices, where  

Table 9 represents the percentage gain of the aerodynamic parameters of the proposed wing as 

follow: 

 Improved increment (0.22%-5.95%) to lift coefficient CL and that lead to increasing lifting 

load on the wing especially during descent, approach, landing and takeoff with lower speed.  

 Improved  reduction (0.34% - 3.60%) in drag Coefficient CD and that led to reduction engine 

power during cruise speed, reduction fuel consumption and reduce stall speed and takeoff – 

landing runway distance. 

 Improved aircraft maneuver by increment wing load efficiency CL/CD to (2.62% - 7.30%).  

 Improved reduction (7.65% - 13.11%) in induct drag coefficient as a result of influence 

winglet type by decreasing wing tip vortices, downwash velocity, especially during takeoff 

and landing operations.  

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Lift-to-drag_ratio
http://en.wikipedia.org/wiki/Lift-induced_drag
http://en.wikipedia.org/wiki/Wingtip_vortices
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NOMENCLATURE 

 

L    : wing lift force (KN) 

D    : wing drag force (KN) 

Di   : wing induct drag (KN) 

CL  : wing lift coefficient (dimensionless)  

CD  : wing drag coefficient (dimensionless) 

CDi : wing induct drag coefficient (dimensionless) 

Cdo : base drag coefficient at zero lift (dimensionless) 

AR   : wing aspect ratio(dimensionless)  

b      : wing span (m) 

e      : span efficiency factor < = 1  

S      : wing area (m2) 

Α    : wing angle of attack (Degree) 

αi    : wing induct angle of attack (Degree) 

αeff : wing effective angle of attack (Degree) 

w    : wing downwash velocity at the wing tip (m/sec) 

 0   : wing circulation flow (rad/sec) 

V∞  : air flow velocity  (m/sec) 

Cr   : wing cross section airfoil root chord length (m) 

Ct   : wing cross section airfoil tip chord length (m) 

Λ    : wing taper  ratio (dimensionless) 

ɅLE: wing leading edge swept back angle. (Degree) 

Ʌ1/4: wing quarter chord swept back angle (Degree)
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Figure 1. Static pressure distribution around 

the wing. 

 
 
 
 
 

 
 
 
 
 
 
 

Figure 2. Spanwise flow on a finite wing -       

                 solid lines, upper surface; dashed  

               lines, lower  .  

Figure 3. Idealized "horseshoe" vortex 

system. 

 
 

 
 
 
 
 
 
 
 

Figure 4a. Wing with Fence Winglets. 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 4b. Wing with blended winglets. 
 

 

 

 

 

Figure 4c. Wing with raked winglets. 

 

Figure 4. Winglets types. 
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Figure 5. Two seats trainer aircraft Siai-Aermacchi S211.                

 

 

 

 

Figure 6. Aircraft dimensions. 

 

            
 

Figure 7. Aircraft wing geometry.                              

 

                       
 

Figure 8. Proposed aircraft wing model .                Figure 12. Modification wing model with                

                                                                      raked winglets. 

         a. Main wing root airfoil type                                                            

          b. Main wing tip airfoil type 

          c. Winglet root airfoil type 

          d. Winglet tip airfoil type 

Figure 9. Wing cross section airfoil types.  

.  

Figure 10. Proposed winglet tips dimensions 

Figure 11. Front view proposed wing    

                   with raked winglet tips. 
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Figure 13. Numerical analysis simulation stages. 

 

 

Figure 14. Grid mesh quality level of the proposed wing model.   

CFD Processing  

Numerical 

Simulations 

Pre-Processing 

AutoCAD,2010 

 Main wing model 

geometry setup. 

 Proposed wing model 

setup 

 Export geometries as 

SCII, sat path to 

Gambit 2.6.4.  

 

Proposed Wing Model 

 Gambit 2.6.4 

 Main wing model grid 

mesh generating 

 Proposed wing model 

grid mesh generating 

 Flow volume 

boundaries generating 

 Export files as a mesh 

to fluent ansys 13, CFD 

 

Proposed Wing Model 

 

Ansys 13, Fluent, CFD 

 Grid Check 

  Definition boundary 

conditions  

 Definition simulation 

flight parameters () 

 Solver CFD and 

iterations 

 Simulation graphics  

 Print parameters and 

results 

 

 

Post-

Processing 

Results and Discussion 

 For both models 

finding aerodynamic 

parameters (CL, CD, 

CL/CD, αi, αeff, CDi, 

CD/CL, L, D)  

  Tables,  

  Graphics and diagrams 

 Discussion advantages 

proposed model  
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Figure 15. Static pressure distribution along 

span main wing model at =0o 

. 

 

Figure 16. Static pressure distribution along 

span main wing model at =6o. 

 

Figure 17. Static pressure distribution along     

span main wing model at =12o. 

 

Figure 18. Static pressure distribution along 

span proposed wing model at =0o  

 

Figure 18. Static pressure distribution along 

span proposed wing model at =6o. 

 

Figure 18. Static pressure distribution along    

span proposed wing model at =12o. 
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Table 1. Lift coefficient CL vs α. 

Air 

Velocity 

V∞ (m/s)  

α 

CL 

Proposed 

Wing  

CL Main 

Wing 

50  

0 0.117023 0.113869 

2 0.276141 0.26273 

4 0.428717 0.404643 

6 0.572105 0.546597 

8 0.702571 0.664326 

10 0.813211 0.778107 

12 0.902425 0.865405 

14 0.940456 0.919837 

16 0.929477 0.927423 

 

 

 

Table 2. Drag coefficient CD vs α. 

Air 

Velocity 

V∞ (m/s)  
α 

CD 

Proposed 

Wing 

CD Main 

Wing 

50  

0 0.020441 0.021204 

2 0.025097 0.025621 

4 0.033221 0.033632 

6 0.046017 0.047142 

8 0.066976 0.067612 

10 0.093391 0.093706 

12 0.125221 0.125686 

14 0.162042 0.162649 

16 0.193253 0.200721 

 
 
 
 
 

 
 
 

 
 

Figure 19. Lift coefficient CL vs α . 

 
 

 

 
 

Figure 20. Drag coefficient CD vs α. 

 
 



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

75 

 

Table 3. CL/CD ratio vs α. 

Air 

Velocity 

V∞ 

(m/s)  

α 

CL/CD 

Proposed 

Wing  

CL/CD 

Main Wing 

50  

0 5.724969 5.370089 

2 11.00307 10.25464 

4 12.90501 12.03141 

6 12.43239 11.59456 

8 10.48986 9.82553 

10 8.707594 8.303718 

12 7.206637 6.885478 

14 5.803775 5.655348 

16 4.809647 4.620469 

 

 

 

Table 4. CD/CL Ratio vs α. 

 

 

 

 

 

 

 
 

                  Figure 21. CL/CD ratio vs α. 

 

 

 

 

 
 

                 Figure 22: CD/CL Ratio vs α. 

 

 

 

 

Air 

Velocity 

V∞ (m/s)  
α 

CD/CL 

Proposed 

Wing 

CD/CL 

Main 

Wing 

50  

0 0.174673 0.186217 

2 0.090884 0.097517 

4 0.077489 0.083116 

6 0.080435 0.086247 

8 0.09533 0.101776 

10 0.114842 0.120428 

12 0.138761 0.145233 

14 0.172302 0.176824 

16 0.207915 0.216428 
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Table 5. Induct drag CDi vs α. 

Air 

Velocity 

V∞ (m/s)  
α 

CDi 

Proposed 

Wing 

CDi 

Main 

Wing 

50  

0 0.000764 0.00088 

2 0.004255 0.004682 

4 0.010256 0.011107 

6 0.018264 0.020266 

8 0.027544 0.029936 

10 0.036903 0.041069 

12 0.045444 0.050801 

14 0.049355 0.057393 

16 0.048209 0.058343 

 

 

 

 

 

Table 6. Lift force L vs α. 

 

 

 

 

 

 

 
 
 
 

 
Figure 23. Induct drag CDi vs α. 

 
 
 

 
 

Figure 24. Lift force L vs α. 
 
 

 

 

 

 

Air 

Velocity 

V∞ (m/s)  

α 
L  Proposed 

Wing 

L  Main 

Wing 

50  

0 2329.489 2196.953 

2 5496.937 5069.052 

4 8534.152 7807.089 

6 11388.47 10545.9 

8 13985.55 12817.34 

10 16187.98 15012.61 

12 17963.9 16696.9 

14 18720.95 17747.11 

16 18502.4 17893.47 
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Table 7: Drag force D vs α. 

Air 

Velocity 

V∞ (m/s)  

α 

D 

Proposed 

Wing 

D Main 

Wing 

50  

0 389.6239 406.9037 

2 470.7741 499.5772 

4 617.9864 661.3055 

6 866.2346 916.0318 

8 1242.371 1333.245 

10 1721.846 1859.065 

12 2309.471 2492.689 

14 2988.677 3225.651 

16 3688.204 3846.943 

 

 
 
 
 
 
 

 
 

Figure 25. Drag force D vs α. 

 
 
 
 

Table 8. Induct angle of attack (αi) and effective angle of attack (αeff) vs α. 

Air 

Velocity 

V∞ (m/s)  
α 

i 

Proposed 

Wing 

eff 

Proposed 

Wing 

i 

Main 

Wing 

eff 

Main 

Wing 

50  

0 0.005551 -0.00555 0.006565 -0.00657 

2 0.013098 1.986902 0.015148 1.984852 

4 0.020335 3.979665 0.023331 3.976669 

6 0.027136 5.972864 0.031515 5.968485 

8 0.033324 7.966676 0.038303 7.961697 

10 0.038572 9.961428 0.044864 9.955136 

12 0.042804 11.9572 0.049897 11.9501 

14 0.044608 13.95539 0.053035 13.94696 

16 0.044087 15.95591 0.053473 15.94653 
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Table 9.  Improvement of proposed modification wing with raked winglets comparing to the 

baseline main wing model.  

Air 

Velocity 

V∞ 

(m/s)  

α 
Gain 

CL% 

Gain 

CD% 

Gain 

CL/CD% Gain 

CDi% 

50  

0 2.77% 3.60% 6.61% 13.11% 

2 5.10% 2.04% 7.30% 9.12% 

4 5.95% 1.22% 7.26% 7.65% 

6 4.67% 2.39% 7.23% 9.88% 

8 5.76% 0.94% 6.76% 7.99% 

10 4.51% 0.34% 4.86% 10.14% 

12 4.28% 0.37% 4.66% 10.55% 

14 2.24% 0.37% 2.62% 14.01% 

16 0.22% 3.72% 4.09% 17.37% 
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ABSTRACT 

     This paper presents a brief study undertaken for improving the performance of information 

and communication management of construction projects through investing in information and 

communication technologies (ICT). The work aims at first to investigate and diagnose the problems, 

challenges, weaknesses, and inefficiencies related to information and communication management in 

projects in the construction industry of Iraq. Studying the diagnosed matters and the different 

solutions of ICT to improve project management performance is following the investigation process. 

The research presents a technological system suggested to process a lot of the diagnosed problems, 

challenges, weakness, and inefficiencies of the construction projects and to improve the current 

performance of project management and execution. The suggested system principles and 

fundamentals, benefits, features, classification and types, and the different solutions are described to 

ease and improve the process of development, adoption, and implementation of the system. The 

results show that the proposed system can improve the performance of the current state of project 

management through improving the processes of information and communication management. 

 

Key Words: information and communication management, information and communication 

technology (ICT), construction industry, web-based project management systems (WPMSs). 
 

استخذام أشظوت إدارة الواارع  الت  تعتوذ ث ي  الواارع  اإنشااييت  سين أداء إدارة الوعلوهاث والاتصالاتح

 على تكنولوجيا الوعب
 

                 أ. د. أشغام عز الذعن الصفار                     م. د. كاظن رحين                                         عباس عاهر غالب          

 جايؼت بغذاد        طانب دراساث ػهيا، قسى انينذست انًذنيت، جايؼت بغذاد-جايؼت بغذاد        قسى انينذست انًذنيت-قسى انينذست انًذنيت
 

 الخلاصت

ذف انؼًم في انؼزاق. يي الإنشائيتانًؼهٌياث ًالاتصالاث في انًشاريغ  إدارة أداءتذسين  إنَيقذو ىذا انبذث دراست يٌجزة تيذف 

بئدارة انًؼهٌياث  انًتؼهقت انفؼانتًغيز  انكفؤةانؼًهياث غيز  انضؼف،نقاط  انتذذياث، انًشاكم،تقصي ًتشخيص  إنًَلا" أ

انًختهفت انًشخصت ًدراست انذهٌل  الأيٌرفي انؼزاق. يتبغ ىذه انؼًهيت دراست ًتذهيم نيذه  الإنشائيتفي انًشاريغ  ًالاتصالاث

انًشاريغ. يقذو انبذث نظايا" يقتزدا" نًؼانجت انكثيز ين  إدارة أداءًتذسين  الأيٌراث ًالاتصالاث نًؼانجت ىذه تكنٌنٌجيا انًؼهٌين

ًتنفيذ انًشاريغ. تى في  لإدارةنهنيٌض بانًستٌٍ انذاني  أػلاهانًشاكم ًانتذذياث ًنقاط انضؼف ًانؼًهياث غيز انفؼانت انًذكٌرة 

 أكثز ًجؼهوًتبني ًتنفيذ اننظاو  بناءين اجم تسييم ػًهيت  ًأنٌاػوًييزاتو  ًفٌائذهانًقتزح اننظاو  أساسياثىذا انبذث تٌضيخ 
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ًتذسين اداء  ًالاتصالاثتظيز اننتائج اىًيت اننظاو انًقتزح ًفؼانيتو في تذسين ػًهياث ادارة انًؼهٌياث الاستخذاو.  أثناءفؼانيت 

 ادارة ًتنفيذ انًشاريغ.

أنظًت إدارة انًشاريغ انتي  ًالاتصالاث،تكنٌنٌجيا انًؼهٌياث  انتشييذ،قطاع  ًالاتصالاث،انًؼهٌياث > إدارة الكلواث الرييسيت

 تؼتًذ ػهَ تكنٌنٌجيا انٌيب.

 

 

1. INTRODUCTION 

The construction industry has unique characteristics, for instance the construction industry is 

fragmented due to the many phases and non-frequent activities and tasks involved in a construction 

project, and also the construction project involves many organizations and individuals from different 

sectors participate in project execution, and these participants are different in their working times, 

roles and jobs, tools, objectives, requirements, and goals in the project and their objectives may 

conflict in many cases. The construction projects are also characterized by large investments, size, 

complexity, and plenty of execution methods and techniques, and contracting types. These 

characteristics and others have increased the complexity of construction projects, and the amount of 

information that needs to be managed and processed during the construction of projects have 

increased a lot, and the project sites became intensive environments with information that needs to be 

managed more effectively and efficiently. The successful execution of construction projects depends 

heavily on information communication processes such as information availability, information 

exchange, collaboration, and coordination. The effective and efficient communication and 

information management gives more opportunities for project members to control, organize, and 

monitor projects execution and management, where the project members can better manage changes, 

transmittals, decisions-making processes, problems, risks, and other project items.  

 

Very large amounts of expenses, efforts, and times are spent on executing construction projects over 

the world. In Iraq, the expenses and times spent on developing and improving the performance of 

projects management compared to the expenses and times spent on projects execution are relatively 

very low and are not compatible with the current projects that are characterized by complexity, 

expansion, dispersion, tighter schedules and standards, more requirements and expectations, and 

more challenges and problems. There are a lot of problems, challenges, weaknesses, inefficiencies, 

and inefficacies involved in the construction projects currently, therefore improving and developing 

the current performance are required intensively to promote the current level of project management 

and execution. 

 

According to the aforementioned reasons, lots of benefits and savings can be obtained by improving 

the current performance of project management even when these changes be small. Information and 

Communication Technology (ICT) offers a lot of opportunities to develop the construction industry, 

which have proved its large and clear importance and effect during the last three decades in all 

industries especially the construction industry. The construction industry has benefited a lot from 

different ICT solutions, which motivated the organizations in the construction industry to invest in 

ICT largely. One of the most important topics that have been given high attention by the researchers 

and organizations in the construction industry is to develop and improve the performance of project 

and information management through adopting Web and Internet technologies, especially “Web-

Based Project Management Systems (WPMSs)”. These systems allow project members to manage 



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

:8 

 

project processes, information, and communications online in real-time, and to access all project 

information anytime and anywhere with less time, effort, and expenses. 

 

2. CONSTRUCTION INDUSTRY CHARACTERISTICS, PROBLEMS, AND CHALLENGES 

In order to identify, investigate and diagnose construction industry characteristics, problems, and 

challenges, two processes were undertaken to support that. The first process was a review to the most 

recent literature and researches related to the topic in the construction sector. The second process was 

a survey (Questionnaire) undertaken in the Iraqi construction sector. A sample of 87 questionnaire 

forms were obtained from the survey process. The respondents were from construction organizations 

and from different specializations including Civil, Architect, Electrical, Mechanical and other 

Engineers. Table 1 shows the functional positions and percentages of the respondents. 
  

Table 1. The percentages and functional positions of the questionnaire respondents. 

Functional Position Percentage 

Engineers 29 

Senior Engineers Head 25 

Head of a Section 16 

Project Manager 13 

Senior Engineer 8 

Head of a Department 3.4 

Consultant 3.4 

Site Manager 1.2 

Vice Engineers Head 1.2 

 

The questionnaire involved closed-ended questions and open-ended questions. It was divided into six 

parts. The first part aims to collect general information about the respondents. The second, third, 

fourth, and fifth parts include closed-ended questions aiming to investigate the characteristics of 

construction industry, the management of information and communications, the current state, and the 

information and communication technologies currently used, respectively. The sixth part involves 

open-ended and optional questions. In this part, the respondents were asked to give their opinions 

about the most important problems in the construction industry and project management, and to give 

their suggestions to improve the performance of project management. 

 

The data obtained from the questionnaire was analyzed using Statistical Package for the Social 

Science Program (SPSS, Version 20). The SPSS was selected because it provides useful and suitable 

tools for manipulating the work of analysis. The analysis of data was undertaken depending on 

determining frequencies and percentages of questionnaire variables (questions). Both weighted and 

unweighted analysis cases were considered in the process. The weighted case is based on considering 

the general information of the respondents involving engineering field, academic degree, functional 

position, years of experience in the construction sector, type of the organization, geographic 

distribution of the projects, and participation of the respondent in project management. For each item 

of these respondents’ general information specific factors were taken in the analysis process called 

weighing factors. These factors were assumed based on several resources such as survey (with 

engineers have enough experience in the construction sector) and previously accomplished 

researches. Because the results obtained from the weighted analysis case give more reasonable 
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results, the weighted case was adopted when discussing the results of the questionnaire process.  In 

addition, measures of center and dispersion were calculated to identify the tendency of results of the 

analysis. The results of the two processes can be illustrated as following: 

 The construction sites are intensive environments with information generated, collected, 

stored, transferred, received, etc. 

 A lot of information, data, documents, and files in project sites require less time as possible to 

be transferred, received, processed, etc. among project members. 

 The project progress depends widely on communicating the required information at the right 

time among project members. 

 The geographic dispersion of the locations of the projects and the project members make one 

of the challenges facing the communication of the required information at the right time. 

 The construction projects involve many parties and individuals dependent on each other, 

which require that the methods and processes of communication and information exchange 

being more effective and efficient. 

 The project sites are reactive environments, where changes, problems, and unexpected events 

and circumstances occur frequently, which require continuous and effective communication 

among project members during the construction of the projects. 

 Continuous and effective communication among project members is very important 

consideration for monitoring project works, directing, coordinating, collaborating, and 

solving problems at appropriate times. 

 Effective information management helps to increase and improve the productivity. 

 Effective and efficient planning for information and communication management in the early 

stages of projects is required heavily. 

 Effective communication among project members helps to manage effectively the goals and 

expectations of project members, reduce reworks and losses, and reduce the cases of 

information lack or wrong interpretation. 

 A lot of problems and time losses occur in the projects because of inefficiency and 

ineffectiveness of communication and information management. 

 Lots of time, effort, and expenses are spent on the processes of transferring, distributing, and 

updating information and data in the projects. 

 There is urgent need to improve the current management techniques to suit the current 

projects. 

 The results showed that the electronic applications such as email, Internet, Mobile Phone, and 

project management programs such as Microsoft Project are used largely and intensively in 

the projects, this due to their effectiveness in communicating and processing information in 

less time, effort, and expenses. 

 There are a lot of obstacles and problems that intercept the processes of communication and 

information exchange among project members during the construction of the projects. 

 Interference of tasks and functions of the project members during the construction of the 

projects. 

 Retardation of communication of information and files during the construction of the 

projects. 
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 A lot of breakdowns and delays happen in the projects due to lack or loss of some 

information during the construction of the projects. 

 A lot of errors and delays happen in the projects due to retardation of communication of 

information at the right time. 

 Plenty of expenses, time, and effort are spent on movements between sites (project and 

project members’ sites) in order for information.  

 Plenty of time, effort, and expenses are spent on the processes of updating information, 

distributing new information, preparing reports and logs, and distributing them among project 

members. 

 Weakness of processes of communication and information exchange among project 

members. 
 

3. INFORMATION AND COMMUNICATION TECHNOLOGY (ICT) IN CONSTRUCTION 

Information and Communication Technology (ICT) has competitive solutions to the problems and 

challenges of project and communications management. The great advances in information and 

communication technologies made large changes in the construction industry over the world. Experts 

identified the benefits of ICT for managing construction projects as follows: richer information to 

improve decisions-making processes, easier and quicker access to project information, improving 

communication among project members, better relationships between project members, better 

information flow, better project control, and better management of geographically dispersed project 

sites and project members’ sites, Yang, Ahuja, & Shankar, 2007; Love, Irani, and Edwards, 

2004; Root & Thorpe, 2001; Egbu, Gaskell, and Howes, 2001. One of the most important 

solutions that have been given high attention from organizations and researchers in the construction 

industry is to improve the performance of project management and execution through Internet and 

Web technologies. All industries and especially construction industry have benefited a lot from 

applying the applications of these technologies.   

 

4. THE PROPOSED SYSTEM 

The system proposed to improve and enhance the processes of project management and execution is 

the project management application software that depends on Web and Internet technologies to 

provide remote, continuous and instant communication and access to project information and to 

manage the projects of an organization centrally online in real-time among project members. This 

type of system called web-based project management systems (WPMS). The Web (World Wide 

Web) is a system of interlinked hypertext documents accessed via Internet, World Wide Web, 2013. 

WPMS depends on application software, Web, and Internet technologies. WPMS can be described as 

a repository, communication station, and project processes manager. All information related to 

organization’s projects is stored centrally in the system and in its different forms such as schedules, 

documents and files, text, pictures, charts, tables, videos, etc. to be available for project members 

anytime and anywhere. Internet is used in the system as a medium by which project members 

(system users) can access the system and its stored information. While the application software is 

used to manage project processes and information. Software and web-related information are 

installed on specific servers in the system. For every project of an organization’s projects, there is a 

specific space on the servers and website called project website. Through the project website, the 

project members can access the project-related information and manage the different project 
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processes. Fig.1 shows a simple model of WPMS configuration. One website may involve too many 

pages that show project information. The pages of websites contain hyperlinks used for navigating 

between the pages of websites. The information and pages of websites can be viewed using an 

electronic browser called Web Browser such as Internet Explorer, Google Chrome, and Mozilla 

Firefox.  Application software, Web, and Internet form a system can be working without time and 

place constraints.   

 

The availability of information or the ability to reach it through Internet does not mean that anyone 

can access it, but only those who have the authority given to them by system administrator or project 

manager. The individuals that have the authority to access the system and its stored information and 

do the different processes in the system are called system users. The system administrator is an 

individual has maximum permission in the system and can add, disable, remove, etc. users and 

determine their levels and the information they can access and the processes they can do in the 

system. Every user in the system has its own ID that identify the user into the system through secret 

data can be considered as a key to login the system. The secret data is forming during signing up 

process and usually consists of username or ID and password.  

 

4.1 WPMSs Features 

WPMSs can make the processes of managing projects easier, quicker, and more effective. All 

management processes from bidding to project completion can be carried out through the system. All 

projects of an organization are managed from one central and common location that stores all their 

related-information, and can be accessed anytime and anywhere. The following features are brief 

examples of many features WPMSs provide for organizations in the construction industry involving 

all project management processes. 

 

4.1.1 Document management 

WPMSs allow project members to store project files and documents for instant access and retrieval 

at anytime and anywhere. Project members can always find the documents they need immediately 

and they do not need to transit between sites to get certain documents and files. They can use their 

PC, iPhone, iPad, etc. to access project files and documents they need online. 

 

4.1.2 Schedule management 

WPMSs make the process of scheduling simpler, faster, and focused on the needs of project 

members. Using online scheduling ensures that the project members use the latest and most up-to-

date schedule version, and all project members use the same schedule version at any time. The 

project members can update and edit the schedule online in real-time and with less time, effort, and 

cost. 

 

4.1.3 Communications management 

WPMSs make the processes of communications and information exchange between project members 

easy and effective. New project information such as changes to the schedule, revisions, new 

documents, submittals, approvals, requests, etc. becomes available immediately to project members 

and they receive automatically notifications and emails whenever any change is made on any item of 

the project in the system. 
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4.1.4 Collaboration 

WPMSs make working together simpler and more effective. Project members can know what is 

going on all the time and to work together online in real-time. These systems provide a central and 

common place for project members to discuss and exchange information online. Discussion Forums 

and Discussion Boards are widely used in WPMSs and every member of the project team can create 

a page for discussing some topic or item related to the project with other project members. 

 

4.1.5 Risks and issues management 

WPMSs make the processes of managing project risks and issues easy and effective. They provide a 

systematic procedure for identifying, submitting, assessing, and resolving and closing the risks and 

issues. Any member of project team (with the appropriate permission) can submit risks or issues 

online easily and quickly. The project manager and team members can immediately access the 

details of the submitted risks or issues, and participate in making resolutions anytime and anywhere. 

 

4.1.6 Change management 

Project members can quickly and easily manage the project changes using WPMSs. They can 

manage the changes from request to approval online in real-time. Any member of the project team 

(with the appropriate permission) can enter the system and submit a request for change anytime and 

anywhere. The project members can immediately know the information of the submitted changes and 

make responses to the requests online. When a change is approved, all project members are 

automatically notified and quickly know the details of the change and its impact on the project 

timeline, budget, quality, and other project items. 

 

4.1.7 Requests for information (RFIs) and submittals management. 

WPMSs provide effective tools for project members to manage the processes of questioning and 

answering in easy ways. The project members can quickly create and reply to questions about any 

item related to the project. Electronic documents of any type can be attached to the requests. 

 

4.1.8 Project reports 

Project reports are very important part for project managers and members. WPMSs provide real-time 

status reports of various project items such as project activities and tasks reports, costs and expenses 

reports, payments reports, resources reports, risks and issues reports, project portfolio reports, etc. 

Project members can get project status reports quickly at any time and anywhere. Project reports can 

be viewed online, printed, or exported to the computer. 

 

4.1.9 Meetings management 

Meetings are important part of projects. Many decisions and actions related to a project are made 

during the meetings. WPMSs provide effective tools for managing meetings electronically. Meetings 

information such as topic, time, attendees, agenda, duration, and location can be quickly created and 

distributed among meetings members. When a meeting take places, the members can easily create 

the minutes of the meetings, actions, and share them with project members. 
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4.1.10 Integration 

WPMSs support import and export of project documents and data between these systems and the 

most common desktop programs used in projects such as Microsoft Office and Microsoft Project, 

and Adobe Acrobat Reader 

 

4.1.11 Others for instance: bidding management, project team data management, logs and 

timesheets management, approvals management, project portfolio management, estimating 

management, video-conferencing, etc. 

 

 

4.2 WPMSs Types and Solutions  

WPMSs can be classified according to the type of development or investment as following: 

 

4.2.1 In-House Completely developed WPMSs 

This type is based on developing and operating the system completely by the organization itself. This 

option enables the construction organizations to make systems that are best fitting and focused on 

their needs and requirements. They can fully customize the systems and their features to fit their 

business environments and operational procedures. It is obvious that this type requires lots of 

investment, outsourcing, and long developing cycle, Chan and Leung, 2004. Therefore, this option 

is suitable for the large organizations. 

 

4.2.2 Ready web-based application software packages 

This type of investment enables the organization to purchase ready software package and install it on 

its own servers. This option is chosen by organizations to overcome the process of developing 

system software and reduce the need for outsourcing and to reduce the life cycle of the system 

development. Having the software installed on organizations’ servers means that the organizations 

have complete control over the system. However, this option also require high investment and 

outsourcing (but lower than the first type). 

 

4.2.3 Software as a service (SaaS) 

This option is based on renting a completely developed system from IT companies called 

Application Service Providers (ASPs) for periodic fees (monthly, quarterly, annual, etc.). ASPs are 

professional IT organizations that develop ready-to-use systems (hosted software). The construction 

organizations (customers) do not need anything to install on their side (computers or servers) except 

a web browser and making an account at ASP’s to get started, which take a few minutes to be done. 

The construction organizations can immediately use the service (system) after making the account. 

This type of systems is characterized by low initial cost (only fees of using the service), reducing 

much the need for outsourcing and IT experts, and it is the most popular and common type among 

the three options and suitable for small to medium sized organizations. 

 

4.3 Benefits of WPMSs 

There are many benefits these systems can provide for instance the following benefits: 

 All information that is related to a project is stored and being available for project members 

in one common place and can be accessed anytime and anywhere. 
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 Unifying the source of information for project members, where all project members have the 

same information at any time. 

 The system provides project members with the most current information more quickly and 

easily. 

 All communications, correspondences, and discussions related to a project are carried out 

through the system, which records comprehensive details for these processes. 

 New information such as changes, updates, etc. are spread more quickly and in less time, 

effort, and costs among project members. 

 Improving documentation of projects. 

 Improving collaboration, organization, and coordination in projects. 

 Improving the knowledge level of project members. 

 Improving the quality of information display. 

 Organizing the information in an easy manner to be found. 

 

4.4 The Proposed System for Iraqi Construction Organizations 

The final goal of the study is to develop the final configuration of the proposed system that best fits 

the construction companies in the construction sector and to solve or reduce as many as possible the 

problems, challenges, weaknesses, inefficiencies and inefficacies in the projects. The problem here is 

how to incorporate WPMS with the organizational structure of the construction organizations and the 

project site teams to develop an integrated system that can manage the construction project 

information and communication more effectively and efficiently without conflict of the system with 

the rules and laws followed in these organizations. The nature of this incorporation determines the 

manner of information flow in the system because the new system provides more methods and 

solutions for communicating and managing projects’ information between the employees and project 

team members of the organizations without changing the general procedure followed in the 

construction organizations. 

 

The organizational structure of most construction organizations consists of the following parts: 

Board of directors, Departments, and Sections that branch from the departments. The information 

and documents of the projects pass among these parts until they reach the project site teams 

throughout the Project Department, which is responsible for managing, controlling and monitoring 

the project processes, activities and execution, and acts as a connector between the organization parts 

and the project teams. Most of project information and communication problems happen in the circle 

that involves the Project Department and project sites because the actual use and implementation of 

the information happen in this circle. Therefore, and because of making changes in this circle is 

somewhat easier than making changes in the internal systems of the organizations that are subjected 

to stronger and a lot of rules and laws, the system will be developed to manage the processes that 

occur in the circle of Project Department and project sites. The benefits of the new system are not 

restricted to this circle only, but their effects are reflected on the other parts and the organization 

generally since the Project Department of any construction organization plays a key role in its 

projects construction and its success is reflected generally on the organization and its reputation.  

 

However, some suggestions are proposed in the system to improve the performance of information 

communication among the internal parts of the organizations by connecting them through a local 
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area network (LAN) besides the traditional (current) system or procedure followed. The local area 

network can give a lot of support to the processes of information and documents communication 

among the different parts of the organizations and provide an instant medium for communication and 

information exchange among organization employees. In addition, a local server can be used to 

support and increase the performance of the local area network by connecting the local server to the 

local area network. The local server can be used for storing the information and documents of the 

projects centrally to provide the possibility of accessing and retrieving them anytime, Fig. 2 

illustrates the final configuration of the proposed system. There are several notes on the figure 

mentioned: 

1) The phrase “Normal Communications” refers to the traditional methods of 

communication such as face-to-face, phone, email, etc. 

2) The direct link between the local server and computer and communications 

department means that this department has control over the server in terms of 

administration and maintenance purposes. 

3) The red line refers to limited or restricted and secured access. 

 

The local area network can also be connected to Internet (if required) to provide the project members 

or the employees of an organization with the possibility of accessing their computers and the other 

machines that are connected to the local area network, and the information and documents that are 

stored on the local servers anywhere. As results of the great advances in information and 

communication technology, the local area network can be made to provide many features and 

benefits that can ease improve and enhance the different processes of information, and 

communication in the organizations, for example, the following features can be handled by using the 

local area network: 

a) Quick or immediate (on-demand) communication and information exchange among 

organization members. 

b) More effective ways for sharing and transferring information and documents. 

c) The possibility of making immediate audio and video communication among organization 

members. 

d) The possibility of sharing applications and machines among organization members. 

e) The local area network can be connected to Internet to provide remote access to the local 

area network and the documents and machines and doing the different operations such 

transferring files, running applications and connected machines, revising documents, 

accessing the personal computers, etc. 

f) Reducing the other communication methods such as face-to-face, Mobile Phone, email, 

etc., and the movements between the different parts of the organizations. 

g) The local area network can be supported by a local server to provide a central and 

common repository for the organization information and data.    

h) The local area network can be connected to other organizations to share information and 

other resources, and to make remote training, learning, conferencing, etc. The type of 

connection depends on the geographic distance between the connected organizations for 

instance the connection may be using Internet, WAN (Wide Area Network), LAN, etc.   
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4.5 WPMSs Adoption and Implementation 

The process of adopting and implementing WPMS requires following correct and effective 

procedure in building and applying this system and to transfer from the current state to the new state 

that the system require. A systematic procedure for helping organizations to build, adopt, and 

implement system that best satisfies their needs, requirements, and goals is required intensively. 

Without following the correct and effective way in choosing and applying the system, it is not 

expected to success or continue using the system and achieve the expected benefits and goals.  

 

 

 

 

5. CONCLUSIONS 

The conclusions of the study can be illustrated as following: 

 There are a lot of problems, challenges, weaknesses, inefficiencies, and inefficacies that are 

related to project information and communication management in the construction industry in 

Iraq, which have great impact on project management, execution and completion. 

 The current performance of project management is not satisfactory, and not agreed with the 

current projects that have more challenges, requirements and expectations, and are larger in 

number, size and complexity. 

 Plenty of challenges and problems that intercept the processes of communication and 

information exchange among project members. 

 Plenty of delays, reworks, and downtimes that due to retardation of communicating or 

providing information at the right time for project members. 

 The level of supporting, training, and developing the skills and knowledge of individuals on 

using electronic project management techniques and programs is low and does not meet the 

ambitious and requirements. 

 Plenty of time, expenses, and effort are spent on information management and 

communications during the construction of projects. 

 The engineering staffs are not qualified enough with project management. 

 Unemployment of the new project management methods and techniques makes one of the 

most important reasons for low project management performance. 

 Weakness and ineffectiveness of the processes of collaboration, organization, and 

coordination among project members. 

 The geographic dispersion of construction project and project members’ sites makes one of 

challenges facing construction projects and information and communication management. 

 Weakness of documentation level in projects. 

 Insufficiency of the authorities given to project members. 

 Insufficiency of laws and legislations. 

 The study showed that WPMSs could improve and develop the current performance of 

project management through improving and enhancing the processes of information and 

communication management. These systems introduce competitive solutions to the problems, 

challenges, weaknesses. Inefficiencies and inefficacies related to information and 

communication management and project management of the construction projects. The many 

and different solutions that these systems offer for construction organizations make one of the 
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advantages of these systems. However, understanding the technology is the key for applying 

these systems successfully and effectively. Following reasonable procedure from preparation 

and adoption to implementation is very important consideration to ensure choosing best 

solution based on needs and requirements and to satisfy the goals and expectations 
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Figure 1. Simple model of web-based project management system. 
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Figure 2. The final configuration of the proposed system. 
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                                                                           ABSTRACT 

          In this paper, the behavior of spliced steel girders under static loading is investigated. 

A group of seven steel I-girders were tested experimentally. Two concentrated loads were 

applied to each specimen at third points and the load was increased incrementally up to the yield 

of the specimen. Two types of splices were considered; the bearing type and the friction-grip 

type splices.  For comparison, an analytical study was made for the tested girders in which the 

finite element analysis program (Abaqus) was used for analysis. It was found that the maximum 

test load for spliced girders with bearing type splices was in the range of (34%) to (67%) of the 

maximum test load for the reference girder. For girders spliced by using friction-grip type 

splices, the maximum test load was in the range of (90%) to (99%) of the maximum test load for 

the reference girder. The analytical results show a good agreement with the experimental results 

with a difference in maximum deflection at midspan was not more than (15%) at maximum load 

for all girders.      

Key words: bolted splices, bearing type splices, friction-grip type splices, finite element 

modeling.   

 

 الحمل الساكن تاثير تصرف الروافذ الفولارية الموصولة تحت

                                                                                                                                                     مصعب عايذ كصب                                                                                                         ثامر خضير محمود    

 يذسط                                                                                                                     اسخار               

 انُهشٌٍخايعت -كهٍت انهُذست                                                                                           بغذادخايعت -كهٍت انهُذست

 

 الخلاصة

خشاء فحص يخخبشي إسخاحٍكٍت. حى انشوافذ انفىلارٌت راث انىصلاث ححج حأثٍش الأحًال الإ سهىنفً هزا انبحث حى دساست 

حى حسهٍظ لىحٍٍ يشكضحٍٍ فً َماط انثهث نكم ذ)سافذة يشخعٍت و سخت سوافذ راث وصلاث(. نًدًىعت يكىَت يٍ سبعت سواف

حى إخشاء دساست ححهٍهٍت نهًُارج انخً حى فحصها ًَىرج عهى يشاحم حخى انىصىل انى حًم انخضىع. لأغشاض انًماسَت, 

ً حى انحصىل عهٍها وخذ اٌ انحًم الألصى . يٍ خلال انُخائح انًخخبشٌت انخ(Abaqus)بإسخخذاو بشَايح انعُاصش انًحذدة 

يٍ انحًم الألصى  (%67)و (%34) ٌخشاوذ بٍٍ (Bearing Type Splices) نهًُارج راث انىصلاث يٍ َىع ححًٍم 

,فمذ كاٌ انحًم  (Friction-grip Type Splices) أيا بانُسبت نهشوافذ راث انىصلاث يٍ َىع إحخكان نهشافذة انًشخعٍت.

حى انحصىل عهى حىافك خٍذ بٍٍ انُخائح انخحهٍهٍت . يٍ انحًم الألصى نهشافذة انًشخعٍت (%99)و (%90)بٍٍ  الألصى ٌخشاوذ

 عُذ انحًم الألصى. (%15)وانًخخبشٌت حٍث كاٌ انفشق فً الإَحشاف لاٌخداوص 
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1. INTRODUCTION 

Rolled beams or plate girders are often spliced for several reasons, such as: (a) the required full 

length of beam or girder may be greater than the standard length, (b) to overcome length 

limitations of structural components as a result of fabrication, and transportation facilities, and 

(c) the design may require a change in the cross section of the beam. Fig. 1 shows a typical 

bolted splice in a steel girder. 

      Splices in beams and girders are generally classified into two types:1)Shop splices and 2) 

Field splices. Shop splices are made during the fabrication of the member in the shop. They are 

usually used when the length of a structural component forming a beam or a girder is limited by 

the fabrication or handling process available. Field splices are necessary when a steel girder 

becomes too long to be transported in one piece from the shop to the construction site. Two types 

of bolted splices are commonly in use for girders and they are as follows: (a) web-flange splices 

which is the more commonly used and (b) end-plate splices.  Both types are shown in Fig. 2. The 

main difference between these two types of splices is the type of forces to which the bolts are 

subjected. The bolts in the web- flange splices are subjected to shear forces only, whereas the 

bolts in the end- plate splices are subjected to combined axial and shear forces. 

       At present, different design procedures are followed for web- flange splices. For example, 

Fuisher, and Struik,1974 assumed that the web splice transfer all the shear force and the flange 

splice must resist the force (M/d). The bolts in the web splice are assumed to be designed for the 

eccentric shear force (v)   with an eccentricity (e) equal to the distance between the centroid of 

the fastener group on each side of the splice (see Fig. 3) 

         The AISC,2005 specifications require that bolted beam or girder splices should be 

designed to resist the most unfavorable combination of shear and moment at the location of 

splice. However, it does not provide insight into how the eccentric effect of  the shear force 

should be accounted for in the design of a web splice or how the moment at the section should be 

proportioned between web splice and the flange splices 

The BS-5950, 1987 specifications recommend that the splices in beams should be designed to 

transmit all the forces and moments in the member at that point and have adequate stiffness. The 

AASHTO, 2002 specifications require that the web splices be designed for the shear force, 

moment due to the eccentricity of the shear force, and the portion of the design moment resisted 

by the web. Flange splices according to AASHTO, 2002  specifications should be designed for 

the moment portion not resisted by the web. Based on one of the previous design methods and 

depending on the required joint (splice) performance, friction- type as well as bearing type joint 

splices can be used                                                                                                                 

2. EXPERIMENTAL PROGRAM 

Each test specimen was placed in a test rig and simply supported as shown in Fig. 4. The load 

was applied by a hydraulic jack with (115 kN) capacity and distributed equally by a rigid steel 

beam to the specimen third points. Seven test specimens (one intact girder and the others were 

spliced at different locations) were manufactured and used in the experimental investigation. 

Each test specimen has a total length of (2.453 m) and a clear span of (2.403m). The cross-

section dimensions and the details of splice for the test girders are given in Fig. 5. The 

independent variables for the test specimens are: a) location of splice, b) connection type for the 

splice, and c) number of splices along the girder span. The splices were designed according to 

AASHTO, 2002 specifications. M10 grade 8.8 high strength bolts were used for both types of 

splices for all spliced steel girders used in the experimental program. The bolt holes were drilled 
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with a diameter of (11mm). Washers were used under both the bolt head and nut. The bolts were 

installed in accordance to the specifications of RCSC, 2004 Research Council on Structural 

Splices) for structural joints using high strength bolts.                                                                                                                                                                                                                         

  

           In bearing type connection, the bolts were tightened to the snug-tight condition to bring 

the connection plies into firm contact. . Ordinary spanner was used to attain the snug-tight 

condition. The axial bolt strain caused by the snug-tight condition was measured and it was 

found to be in the range [467-500] (micro strain).                                                                                                                                                                                                              

      In friction type splices, the bolts were torqued (by using a digital torque meter) until the 

minimum required pretension force was reached. The minimum required pretension is equal to 

(70%) of the specified minimum tensile strength as specified by RCSC, 2004. For each bolt, the 

torque was applied by a digital torque-meter (Snap-On model, made in USA) and the resulting 

axial strain in the bolt was measured by using the KFG-2N-120-C1-11L12MR (made in Japan 

for Omega Engineering) type strain gage which was bonded to the non-threaded part of the bolt 

shank. The pre-wired strain gage was (2mm) gage length, (120 ) resistance, (2.1) gage factor 

and it was bonded to the bolt surface by using SG401 instance adhesive
 
which was specially 

used for the strain gage type. It was found that the required torque for flange bolts was (97 N.m) 

to reach the minimum required pretension force. For web bolts, the required torque was (86 

N.m). For each specimen, the load was applied incrementally up to the maximum load which is 

equal to or greater than the yield load of the girder (Pmax Py). The maximum load (Pmax) was 

assumed to be reached when the girder deflection was increasing in a non-proportional way with 

load. Details of the test specimen are shown in Fig. 6. 

3. TEST RESULTS AND DISCUSSION                                                                                                                                                                      

The test results are given in Table 1 and Figs. 7 to 12 show the load-deflection curves for the 

girders. The splice locations are as stated below each figure. It can be seen from the results that 

the maximum load for the spliced girders (G1bs (mid), G2bs (third)) is less than (55% Pmax) for 

the reference girder (RGs). This is attitude to the small clamping force between the connected 

plies for bearing type connection used in the girders, and also due to the existence of (1mm) gap 

between the bolt shank and the hole, and the location of the splice. Hence, a relatively smaller 

applied load is enough to cause sliding between the connected plies and consequently the load-

deflection curve is to be diverge from that of the reference girder. Fig. 7 shows that when 

(26.63%) of the maximum applied load for the reference girder was applied to the spliced girder 

(G1bs(mid)), the midspan deflection will be equal to the deflection of the reference girder at 

maximum load. This ratio was found to be (26.47%) for (G2bs (third)) (Fig. 9) and (49%) for 

(G1bs(third)) (Fig. 8).  

      For girders (G1fs (mid), G1fs (third) and G2fs (third)) the load-deflection curves for both 

midspan and third point are identical with those for reference girder to a large extent up to a load 

ratios equal to (69.38%, 68.44% and 71.76%) (of max applied load for reference girder (RGs)) 

for the three girders respectively. It is clear that the deflection of spliced steel girders using the 

friction-grip type splices is almost identical to that of the reference girder at a load ratio that 

produces the allowable bending stress state (i.e. Pallw.=0.55Py) or ( =0.55 )as specified by 

AASHTO, 2002 specifications. In other words, the load-deflections curves for girders spliced by 

using friction-grip type splices are identical to that of the reference girder up to a load greater 

than that required to produce the allowable bending stress in the reference girder.
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4. ANALYTICAL APPROACH                                                                                                                                                                                             

       A three-dimensional finite element model for a spliced steel girder was developed in order to 

analyze the girders under static loads. Because of complexity of the model simulation, the 

starting point for the model was a simple plate with a bolt bearing against a hole .The model was 

then developed to form a single lap joint. Finally, the real spliced steel girder including the I-

girder, cover plates and bolts were assembled and modeled as shown in Fig. 13which is a model 

example. All the parts of the model were modeled using the 8-node continuum three dimensional 

brick element (C3D8R) with reduced order integration available in Abaqus. This element has 

the capability of representing large deformation, geometric and material non-linearities.  

The surface -to-surface contact with small sliding was considered for all the contact interactions 

in the model which assumed relatively small sliding, but could undergo arbitrary rotation of the 

bodies. The master surfaces in the contact pairs represent the bolt shank, girder flange, girder 

web, and the surfaces of the cover plates contacting the bolt head and the nut, whereas the 

surfaces interacting the master surfaces were considered as slave surfaces. The tangential contact 

interaction between the bolt head-(flanges/web) cover plates, nut-(flanges/web) cover plates, and 

(flanges/web) cover plates-(girder flanges/girder web) was modeled by using penalty friction 

formulation with mean friction coefficient of (0.3),Kulak, et al, 2001. 

 

5. NUMERICAL ANALYSIS RESULTS 
The Load versus deflection curves obtained from the finite element analysis are presented and 

compared with the experimental load-deflection curves as shown in Figs. (18 -24). In general, it 

can be noted from the plots that the finite element results are close to the experimental test 

results throughout the entire range of behavior . The summary of comparison between the 

numerical and experimental results is presented in Table 2. It can be seen that the (num./ exp.) 

deflection ratios at the maximum test load for the girders are in the ranges of (0.88-1.15) and 

(0.88-1.09) at midspan and third point respectively. This variation in results is mainly attributed 

to the nonlinear behavior of the splice which depends on several variables such as: contact 

conditions between the splice components; variation of pretension forces in the bolts and 

coefficient of friction between the splice components which cannot be modeled exactly by any 

numerical analysis technique.     

                                                                                          

6. CONCLUSIONS 

1. For girders having bearing type splices at midspan, or at third point or at two third points, 

the maximum test loads were (43.53%), (67.06%), and (34.12%) of that for the reference 

girder respectively. Also, it was found that the maximum load for the same girders spliced 

by using friction- grip type splices was (98.82%),(99.76%), and (90.58%) of that for the 

reference girder. This indicates the importance of using friction-grip type splices.  
2. It was found that when (26.63%) of the maximum test load for the reference girder was 

applied to the girder having bearing type splice at midspan, the resulting midspan 

deflection will be equal to the midspan deflection of the reference girder at maximum test 

load. This ratio was found to be (49%) and (26.47%) for girders having bearing type 

splice at third point or at two third points respectively.  
3. For girders having friction-grip type splices at midspan, or at third point or at two third 

points, it was found that the load-deflection curves were almost identical with that for the 

reference girder up to a load equal to (69.38%), (68.44%), and (71.76%) of the maximum 

test load for the reference girder respectively. 
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4. The results obtained by using the finite element analysis method using Abaqus. were 

found to be in a very good agreement with the experimental results with a difference in 

maximum deflection at yield load not more than (15%) for all the tested girders. 
5. From the FE analysis, it was found that the moment carried by the web splice plates for 

girders spliced by using bearing type splices was found to be (0.365) to (0.431) times the 

total moment at splice centerline up to the elastic load level. At maximum test load, this 

moment ratio was found to be (0.312) to (0.487). 
For girders spliced by using friction-grip type splices, the ratio of the moment carried by 

the web splice plates was (0.09) to (0.21) times the total moment at elastic range. At 

maximum test load, this moment ratio was (0.20) to (0.22) of the total moment. 

6. From the FE analysis, it was found that the shear force carried by the web splice plates at 

elastic range was (0.369) to (0.385) times  the  total  shear  at  splice centerline for girders 

spliced by using bearing type splices. At maximum test load, this shear value was (0.101) 

to (0.123) times the total shear. 

 For girders spliced by using friction-grip type splices, the ratio of shear force carried by 

the web splice plates was (0.386) to (0.410) times the total shear at elastic range. At 

maximum test load, this shear force was (0.279) to (0.298) times the total shear. 
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Table 1. Static test results. 

 



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

33 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specimen 

 

Max. Test 

Load Pmax (kN) 

Experimental Numerical 

(mm) (mm) 
 

(mm) 

(*) 

(mid) 

 

(mm) 

(*) 

(third) 

RGs 40.85 16.69 14.20 16.23 0.97 13.82 0.97 

G1bs(mid) 17.78 22.78 16.84 24.91 1.09 17.89 1.06 

G1bs(third) 22.59 19.63 23.27 20.53 1.05 22.98 0.98 

G2bs(third) 13.94 28.55 27.57 24.98 0.88 24.30 0.88 

G1fs(mid) 40.37 26.80 21.38 27.11 1.01 21.92 1.02 

G1fs(third) 40.46 22.40 22.46 25.10 1.12 24.60 1.09 

G2fs(third) 37.00 25.75 26.07 29.63 1.15 27.83 1.07 

Table 2. Comparison between experimental and numerical analysis results. 

(*) (numerical / experimental) deflection ratio. 
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Figure 1. Typical bolted girder splice. 

(a)

(b)
 

 Figure 2. Girder splices 

(a) web- flange splice , (b) end- plate splice . 
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Figure 3. Design condition for bolt group                        

          in web splice
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Figure 4. General view of static test setup. 

 

 

Figure 5. Details and dimensions of a bolted splice 

used in the experimental investigation.   
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Figure 7. Load-deflection curves at midspan for RGs and G1bs(mid) .     

 

 

Figure 6. Details of the test specimens. 
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Figure 8. Load-deflection curves at midspan for RGs and G1bs(third).      
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Figure 9. Load-deflection curves at midspan  for RGs and G2bs(third) .     

0 10 20 30
5 15 25

Mid Span Deflection (mm)

0

10

20

30

40

50

5

15

25

35

45

L
o
a
d

 P
 (

k
N

)

RGS

G1fs (Mid)

 

 Figure 10. Load-deflection curves at midspan for RGs and G1fs(mid).     
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Figure 11. Load-deflection curves at midspan for RGs and G1fs(third).      
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Figure 12.  Load-deflection curves at midspan for RGs and G2fs(third) .     
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     Figure 13. Finite element mesh of the model assembly for girder (G1bs(mid)).           
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Figure 14. Stress-strain curve for I-girder. 
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Figure 15.  Stress-strain curve for cover plate(4mm). 
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Figure 16. Stress-strain curve for cover plate(6mm). 
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 Figure 17.  Stress-strain curve for bolts .                           
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Figure 18. Load-deflection curves for reference girder RGs. 
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Figure 19.  Load-deflection curves for girder G1bs(mid). 
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 Figure 20. Load-deflection curves for girder G1bs(third). 
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Figure 21. Load-deflection curves for girder G2bs(third). 
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Figure 22.  Load-deflection curves for girder G1fs(mid). 
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Figure 23b.  Load-deflection curves for girder G1fs(third). 
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Figure 24. Load-deflection curves for girder G2fs(third). 
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Figure 23a. Load-deflection curves for girder G1fs(third). 
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ABSTRACT 

      Ultrasonic extraction is an inexpensive, simple and efficient alternative to conventional 

extraction techniques, as compared with other novel extraction techniques such as microwave-
assisted extraction & supercritical fluid extraction techniques, the ultrasound apparatus is cheaper 
and its operation is easier. Ultrasound assisted extraction has risen rapidly in the latest decade, and 

for most applications it has proven to be effective compared to traditional extraction techniques. In 
this paper, a method of ultrasonic-assisted extraction was used to extract Inulin from tubers of 

Jerusalem artichoke, which have been reported to have several medicinal properties and uses. Inulin 
is a storage carbohydrate found in many plants especially in chicory root, Jerusalem artichoke and 
dahlia tuber. In this study, the effect of time, temperature, pH and solid to liquid ratio on Inulin 

extraction from Jerusalem artichoke tubers by using ultrasonic water bath. The highest yield of 
Inulin were investigated from Jerusalem artichoke tuber was (99.47%) at temperature of 70°C, 
pH=7, 60 min and ratio of solid to solvent was (10gm/100ml). Then, The UV detector by 

colorimetric method with vanillin–sulfuric acid was used for the quantification of Inulin.  
 

Key words: jerusalem artichoke, extraction conditions, inulin, ultrasonic bath. 

 

باستخذام حمام مائي بالموجاث الفوق  اختيار افضل الظروف لاستخلاص الانولين من درناث  نباث الالمازة
 الصوتيت

 
 وسن عمر نوري

 يذسط يسبعذ

 جبيعت بغذاد –كهُت انضساعت 
 

 الخلاصت

الاسخخلاص ببسخخذاو انًىجبث انفىق انظىحُت حقُُت غُش غبنُت وبسُطت وراث كفبءة عبنُت فٍ ححىل الاسخخلاص يقبسَت يع حقُُبث 

الاسخخلاص انخقهُذَت الاخشي يثم حقُُبث الاسخخلاص ببنًىجبث انًسبعذة و الاسخخلاص ببنًبئع انحشج، َعخبش الاسخخلاص ببنًىجبث 
هم انخشغُم وبذا اسخخذايهب حذسَجُب فٍ اغهب انخطبُقبث واثبخج كفبئخهب يقبسَت يع حقُُبث الاسخخلاص انفىق انظىحُت  سخُض وس

انًعشوفت. فٍ هزا انبحث اسخخذيج طشَقت الاسخخلاص ببنًىجبث انفىق انظىحُت لاسخخلاص الاَىنٍُ يٍ دسَبث َببث الانًبصة انزٌ 

ٍُ خبصٌ نهكبسبىهذساث يىجىد فٍ انعذَذ يٍ انُببحبث وخبطت انخششىف والانًبصة َسخخذو فٍ انعذَذ يٍ الاسخخذايبث انطبُت.الاَىن
ودسَبث انذانُب. حُث حى دساست حبثُش انىقج ودسجت انحشاسة ودسجت انحًىضت وَسبت انظهب انً انسبئم عهً اسخخلاص الاَىنٍُ يٍ 

 01. اعهً َسبت اَىنٍُ حى انحظىل عهُهب عُذ دسجت حشاسة دسَبث َببث الانًبصة ببسخخذاو انحًبو انًبئٍ ببنًىجبث انفىق انظىحُت  

mailto:Wassanmch234@yahoo.com
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يم يبء يقطش ثى حى ححهُم  111غشايبث يٍ قطع دسَبث الانًبصة فٍ  11دقُقت وببسخخذاو  01يئىَت وفٍ وسط يخعبدل وبًذة 
 ٍ فٍ انًسخخهض.ببسخخذاو انفُهٍُ يع حبيض انكبشَخُك ورنك نًعشفت َسبت الاَىنُ ببنطشَقت انهىَُت UVانًسخخهض بجهبص 

 
 , ظشوف الاسخخلاص , الاَىنٍُ , حًبو انًىجبث انفىق انظىحُت. الأنًبصةالكلماث الرئيسيت: 

1. INTRODUCTION 

Inulin is a polysaccharide found in more than 30,000 species, which composed of a chain of 

fructose units with a terminal glucose unit, Toneli, et al., 2008 and Costa, et al., 2013. It is a natural 
carbohydrate source found mainly in roots and tubers of many plants, such as chicory artichoke 

(Cynara scolymnus L.), viper’s grass (Scorzonera hispanica L.), and Jerusalem artichoke (Helianthus 
tuberosus L.) , and has been reported to have an Inulin content of 14-19% (wet weight) , Saengkanuk, 

et al.,  2011,  and Abou Arab, et al.,  2011. Inulin is increasingly used in processed foods for its 

unusually adaptable characteristics. It can be used to replace sugar, fat and flour. The Inulin has 
minimal increasing impact on blood sugar and is not insulemic. Therefore, it is suitable for diabetics 

and potentially helpful in managing blood sugar-related illnesses, Panchev, et al., 2011. Inulin is 
particularly suitable for fat replacement in low fat or fat free products, such as chocolate, confectionery, 
cheese and ice cream dressing, because it has a fat creamy form, gelling capacity and good body, 

texture and mouthfeel, Nogueira, et al., 2007. In addition, Inulin has health-promoting properties such 
as prebiotic activity, enhancement of calcium absorption, and weight control through the promotion of 

satiety, Ripoll, et al., 2010. Inulin is water soluble, which depends on the temperature. At 10°C its 
solubility is about 6% where as at 90°C it is about 35 % , Winarti, et al., 2011, Leite, et al.,  2004 and 

Gaafar, et al., 2010. From various extraction methods used to separate the active principles from 

plants tissues, e.g. solvent extraction, steam extraction, supercritical fluid extraction, pressurized liquid 
extraction, ultrasound-assisted extraction, micro wave assisted extraction etc., Conventional extraction 

with hot solvent under stirring and ultrasound-assisted extraction are the most common techniques to 
obtain Inulin. Extraction yield and quality of Inulin are depending on the extraction technique, 
temperature and pH of extraction medium, operating time and solid/solvent ratio, Dobre, et al., 2010. 

There are many demands on new extraction techniques with shortened extraction time, reduced organic 
solvent consumption and efficient extraction of target components in plant matrixes. Recently, there 

have been numerous reports on the application of high intensity or power ultrasound in the extraction 
of various photochemical such as alkaloids, flavonoids, polysaccharides, proteins and essential oils 
from various parts of plant and plant seeds, Firdaus, et al., 2010. It has been successfully applied in the 

static mode for extraction of formaldehyde from cosmetics and shiitake mushroom, Chen, et al., 2008. 
Ultrasound assisted extraction depends on the destructive effects of ultrasonic waves. The possible 

advantages of ultrasound in extraction are intensification in mass transfer, cell disruption, enhanced 

penetration and capillary effects, abdul razak, 2009 and Glibowski, and Bukowska, 2011. Ultrasound 

can be considered as a useful alternative for solid sample pretreatment because the energy imparted 
facilitates and accelerates some steps, such as dissolution, fusion, and leaching, among others, Jalbani, 

et al., 2006. Ultrasound extraction has two main principles that constitute its advantage over other 

leaching techniques. These are cavitation phenomena and the mechanical mixing effect, both of which 
increase the extraction efficiency and reduce the extraction time, Ince, et al., 2013. Ultrasound-assisted 

leaching is an expeditious, inexpensive and efficient alternative to conventional extraction techniques 
and, in some cases, even to supercritical fluid and microwave-assisted extraction, Li, and Zhou, 2008. 
Ultrasonication is a potential alternative technology: this is the application of high-intensity, high-

frequency sound waves and their interaction with material. The propagation and interaction of sound 
waves alters the physical and chemical properties of materials that are subjected to ultrasound. High-
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intensity ultrasonication can accelerate heat and mass transport in a variety of food process operations 
and has been successfully used to improve drying, mixing, homogenization and extraction, Li, et al., 

2004. Ultrasound-assisted extraction has been proven to significantly decreased extraction time and 
increased extraction yields in many vegetables materials, Plaza, et al.,   2008. Is this study, this 

technique is used  for the extraction of Inulin from Jerusalem artichoke tubers and the important 
parameters such as temperature, pH and ratio solid to liquid are studied. 

 

2.EXPERIMENTAL 

2.1 Material 

Sodium hydroxide (Reachim 98%), hydrochloric acid 35.4% (1.18) (AR), vanillin (4-hydroxyl-3 
methoxybenzal dehyde) (BHD),  concentrated sulfuric acid (98%), standerd Inulin (Sigma Aldrich), 

deionized water , Jerusalem artichoke tubers (Helianthus tuberosus) were purchased from a commercial 
market in Baghdad, Iraq . 

 

2.2 Equipment 

Ultrasonic heater bath (Grant Laboratories Ltd F5200b , 240 volt, 15 Amp) as shown in Fig.1, 

thermometer, pH meter (CRISON, made in EU), hot plate magnetic stirrer (Model L-81), digital 
balance (KERN(ABS)), volumetric flask (150 ml), filter paper, UV- visible spectrophotometer (Model 

80 D, made in UK). 
 

2.3 Procedures 

The samples of Jerusalem artichoke tubers were cleaned with tap water to remove sand and other 
undesirable materials. Cleaned tubers were peeled and cut into small pieces and used immediately. An 

extractor equipped with an ultrasonic water bath transducer working at 20 kHz frequency with 
amplitude, range and sample temperature being monitored up to 70°C. Ten grams of previously 
prepared tubers were used for extraction in 100 ml of deionized water heated to (30,50,70°C) by 

magnetic stirrer in a 150 ml conical flask then placed into the ultrasound assisted extractors at room 
temperature. The ultrasonic bath were filled with water and heated to the temperatures required then the 

conical flask containing the mixture was submerged in the ultrasonic water bath and samples were 
taken periodically each 10 min for 1 hour, then extract filtered through filter paper and in refrigerator 
stored for further analysis using UV/Vis spectrophotometer. 

 

2.4 The standard curve 

The standard curve was done by preparing stock solution using vanillin, in presence of concentrated 
sulfuric acid, forms with Inulin a deep red color. The colorimetric method with vanillin– sulfuric acid is 
used for the quantification of Inulin, Dobre, et al., 2008. This has been reported to be a simple, quick 

and accurate method. 1.52 gm. Vanillin was dissolved in 200 ml of sulfuric acid then 4 ml of this 
solution was added to 4 ml of extracted samples. Inulin standard stock of solution (1000 ppm) was 

prepared. (20, 50, 100,150, 200 ppm) different concentrators were prepared. The protocol requires that 
the colorimetric reaction is done for 15 min to obtain maximum color development; complex that yields 
a characteristic adsorption spectrum with a peek at 520 nm. The absorbance will be scan using UV/Vis 

spectrophotometer in the range of 200-700 nm. The absorbance at Vis 520 nm will be determined with 
a glass cell of 1 cm. Standard curve was drawn by measuring the absorbance of the samples containing 
Inulin standard is shown in Fig.2 and the Chemical structure of inulin compounds is shown in Fig. 3. 
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3.  RESULTS and DISCUSSIONS 

3.1 Effect of temperature 

The effect of ultrasonic duration at selected temperature on the recovery of Inulin from the tubers of 
Jerusalem artichoke is shown in Fig. 4. Results illustrated that the ultrasonic extraction was more 

efficient in obtaining Inulin by hot water extraction. The recovery rate was found to increase gradually 
during the first 40 minutes of experiences time then reached a constant value until 60 min. In contrast, 
the recovery rates of Inulin at 30°C was found to be (Inulin < 800 mg/ml) whereas at 50°C was 1220 

mg/ml which corresponds to an extraction efficiency of (64.2%).the highest recovery rate of 1859.91 
mg/ml corresponding to extraction efficiency (97.89%) of Inulin was obtained at 70°C after 40 min. 

then, increased to (99.47%) after 60 min. The mechanism of ultrasonic extraction involves two physical 
processes: the dissolution of the extracted Inulin near the particle surface (rinsing) and the diffusion of 
Inulin to the liquid extract (slow extraction), Yang, et al., 2008. Increasing the ultrasonic time could 

enhance these two activities, resulting in a high extraction recovery rate, which might account for the 
increase, observed in the recovery rate of Inulin as the treatment time was extended from 40 to 60 min. 

At high ultrasonic temperature, the liquid viscosity and density decreased resulting in a more rapid 
mass transfer. Furthermore, high ultrasonic temperature can lead to an increase in the number of 
cavitations within these tissues and surface contact areas .Thus, application of high ultrasonic 

temperature resulted in enhanced extraction efficiency. 
 

 

                          
                            

                                         
                                 (1) 

 

 

                                            (
  

  
)  

                                                                                                 (2) 

 

3.2 Effect of Solid to Liquid Ratio 

From Fig. 5 it can be seen that the highest extraction rate of Inulin is 1889.93 mg/ml at a solid to liquid 
ratio 10 wt/vol %. While a lower value of ratio 20 wt/vol % is 1600 mg/ml. The lowest value of was 

obtained 1400mg/ml at 5 wt/vol %. 
    The reason for the low rates at the latter two concentrations may be that at 5 wt/vol % concentration, 
the solute is not sufficient (dilute solution) and that at 20 wt/vol %, the solution is not sufficient. And 

there is an optimum concentration in between of 10 wt/vol %. 
 

3.3 Effect of pH 

From Fig. 6 it can be seen that the highest extraction rate was obtained at pH equal to 7. It was noted 
that for the acidic media of pH = 3 (adding few drops of hydrochloric acid) for the significant decrease 

in Inulin recovery rate from tubers while alkaline medium (adding few drops of sodium hydroxide 
solution) at pH value of 11, the extraction was more efficient as compared to the acidic extraction.  It is 

clearly seen that lowest rate of Inulin recovery was exhibited in the acidic extraction media 390 mg/ml 
(20.5%) after 60 min; while in the alkaline extraction media the recovery rate was 1422.86 mg/ml 
(74.84%) after 60 min. The highest extraction rate at pH = 7 was 1889.93 mg/l after 60 min. These 

results are in agreement with previous studies, Glibowski, and Bukowska, 2011. 
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3.4 Effect of Extraction Time 

     From the three figures presented above it can be seen that the extraction rate when used the 
ultrasonic water bath increases fast up to 40 minutes, then at slower rate after 40 to 60 minutes. When 

compared the best results obtained in these studied of extraction of inulin with extraction of inulin 
without using the ultrasonic water bath at the same condition (pH=7 & 10 wt/vol % at 70°C). In Fig. 7 
we seen the best extraction rate giving Inulin concentration of 987.52 mg/ml (51.97%) was obtained 

without using the ultrasonic water bath at 60 minutes. 
 

4.CONCLUSIONS 

     Ultrasound method improves extractions of microalgae significantly, with higher efficiency, reduced 

extraction times and increased yields, as well as low to moderate costs and negligible added toxicity.  
     The best extraction rate giving Inulin concentration of 1889.93 mg/ml was obtained when using: 

- A temperature of 70 0C. 
- A solid to liquid ratio of 10 gm/100 ml (10 wt/vol %). 
- A pH = 7. 

- Operation time of 60 minutes. 
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Figure 1. Schematic diagram of ultrasonic water bath. 
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Figure 2. Standard curve of Inulin . 
 
 

 

 
Figure 3. Chemical structure of Inulin compounds. 
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 Figure 4. Effect of different temperature on Inulin concentration. 
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ABSTRACT 

Friction stir welding (FSW) of Tee-joints is obtained by inserting a specially designed rotating pin into 

the clamped blanks, through top plate (skin) to bottom plate (stringer), and then moving it along the 

joint, limiting the contact between the tool shoulder and the skin. The present work aims to investigate 

the defects occur for Tee-joint of an Aluminum alloy (Al 5456) with dimensions (180mm x 70mm) for 

the skin plate, (180mm x 30mm) for stringer plate and thickness of (4mm). 

 The effects of welding parameters such as rotational speed, linear speed, plunging depth, tool 

tilting,  and die radii of welding fixture on the welding quality of Aluminum Alloy will be studied. Weld 

defects had been summarized and studied, and then the best conditions that led to good welds had been 

estimated. 

 

    Key words: FSW, T-Section, Aluminum 5456, defects analysis, 4mm thickness. 
 

 اك وانًزج عهى الانًنيووكحتالا( تأستخذاو عًهية انهحاو ت Tتحهيم انعيوب نًفصم نحاو نوع ) 
 

 أ.د. قاسى يحًذ دوس 

 جاٍؼت بغذاد / ميٍت اىهْذست / قسٌ ٍٍناٍّل 
 كًال صاحة يكي 

 جاٍؼت بغذاد / ميٍت اىهْذست / قسٌ ٍٍناٍّل

 

 انخلاصة

 الأفقٍتدواسة بخصٌٍَ ٍؼٍِ فً اىصفٍحت اىؼيٍا  أداة( بطشٌقت اىيحاً بالاحخناك واىَضج بغشط Tٌخٌ اىحصىه ػيى ٍفصو ٍِ اىْىع )

خَاط اىٍغ ( سشػت حغزٌت ٍْاسبت الأداة) إػطاءها( بؼَق ٍؼٍِ ثٌ stringerاىصفٍحت اىسفيى اىؼَىدٌت ) إىى( وصىلا skinاىَنىّت ىيَقطغ)

اىذواسة ٍغ سطغ اىصفٍحت اىؼيٍا ػيى طىه خظ اىيحاً ورىل بؼذ حثبٍج اىصفٍحخٍِ اىَنىّخٍِ ىيَفصو اىى بؼضهَا بىاسطت  الأداةنخف اىخاً ى

 فنىك حذٌذٌت.

حظهش فً هزا اىْىع ٍِ اىيحاً ىهزا اىَفصو باسخخذاً صفائح ٍصْؼت ٍِ  أُاىبحث اىى اىخحشي ػِ اىؼٍىب اىخً ٍَنِ هزا ٌهذف 

حٍث حٌ  ىنيٍهَا ٍيٌ( 4بسَل )( ىيصفٍحت اىسفيى و180x30( ىيصفٍحت اىؼيٍا و )180x70بأبؼاد ) (Al5456ٍسٍىً )اىَغْ-الأىٍَْىًسبٍنت 

 ٍحىس إٍاىتّصف قطش حافت اىَثبج , و صاوٌت ػَق حغيغو الاداة , , سشػت اىيحاً,  الأداةٍخغٍشاث اىؼَيٍت ٍثو )سشػت دوساُ  حأثٍشدساست 

 شوف اىخً حقىد ىيحصىه ػيى ىحاً رو جىدة ػاىٍت .و ححيٍو اىؼٍىب وٍِ ثٌ حؼٍٍِ اىظ الاداة ( ػيى جىدة اىيحاً. مَا حَج دساست
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1. INTRODUCTION  
Friction Stir Welding (FSW) is a well-established joining process for welding aluminum and other 

low melting temperature metals. The application of this process to steels and stainless steels has 

primarily been limited by the availability of suitable tool materials. Friction stir welding was recently 

identified by leading aircraft manufactures as "key technology" to replace riveting for fuselage and wing 

manufacturing, Thurlby,2009. 

FSW of T-joints is obtained by inserting a specially designed rotating pin into the clamped blanks, 

and then moving it along the joint. The pin is inserted at a rather small nutting angle, limiting the 

contact between the tool shoulder and the blank. As the pin is inserted into the upward sheet (skin), the 

blank material undergoes a local backward and forward extrusion process in order to penetrate the 

vertical blank (stinger) and to reach the tool shoulder contact, Fratini,et.al.,2005. 

Aluminum 5xxx series is the Al-Mg group, it is high strength alloys, (AL5456) is an alloy of 

aluminum and magnesium with good strength; it is good for structural use because it is of good 

weldability. It is commonly used in the manufacture of high strength welded structures, pressure 

vessels, marine applications, and in storage tanks ,Thurlby,2009. 

Actually investigating the scientific literature of the last years, very few contributions are found to be 

focused on FSW operations of T-joints. Some of the authors carried out fundamental investigations 

regarding the mechanical performances of the FSW T-joints undergoing bending mechanics in 

comparison to traditionally welded T-parts and the study of corrosion resistance of FSW T-joints. 

Colligan,2009,  Investigated two new techniques for visualizing material flow patterns in friction stir 

welds are presented. Based on measured results in welds of 6061 and 7075 aluminum, material 

movement within friction stir welds is by either simple extrusion or chaotic mixing. Cederqvist, et. Al. 

,2002, carried out an extensive investigation on FSW lap joints. Two materials, Alclad 2024-T3 and Al 

7075-T6, sheet materials were commonly joined and used in the aerospace industry. Welding variables 

used included welding speed, rotational speed and, of particular importance, and tool dimensions. 

Larsson, et. Al.,2000, studied report on microstructural observations and provide information about the 

mechanical properties of joints welded using FSW. In a cross-section of a welded joint, the central part 

had a shape of a “nugget” (often asymmetrical), in contrast to the well-defined beads of a MIG weld 

compared FSW welds with MIG welds and noted that the presence of 

the “annual rings” (or onion ring structure) in the FSW weld area which typically consists of concentric 

ovals. Adamowski, et. al., 2007, investigated the properties and microstructural changes in friction stir 

welds in the aluminum alloy 6082-T6 as a function of varying process parameters. Al-Ani, 2007, 

investigated the effect of welding parameters on mechanical properties of welded joints using different 

mechanical tests. AL-Joudi, 2009, investigated an attempt to understand the effect of tool pin profile and 

rotation diameter on microstractur and mechanical properties of aluminum alloy (2218-T72). 

Thurlby,2009, evaluated the effects of high rotation speed friction stir welding (HRS-FSW) on the 

microstructure, mechanical, and corrosion properties of aluminum welds. 

 

2. EXPERIMENTAL WORK 

 2.1 Welded Plates  
The plates of Al-alloy 5456A, Table1. were prepared with the dimensions (180mm x 70mm x 

4mm) for the skin and (180mm x 30mm x 4mm) for stringer. 

2.2 Welding Fixture 
Because the milling machine didn't organize directly to the (FSW), fixture system should be added 

to be suitable for the job. Welding fixture consist of two parts, these were manufactured from cast iron, 

with base dimensions (135mm x 200mm x 30mm) and side wall dimensions (92mm x 200mm x 30mm) as 

shown in Fig.1 and prepared to be suitable with the table of the Milling Machine. Both parts could be fixed. 

on the machine table by using three bolts type (M16). 

 

2.3 Welding Tool 

A low alloy steel welding tool was manufactured to perform the welding of the Tee-joint 

aluminum plates. Welding tool was consists of two geometries, the former called shoulder and the 
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second called probe or pin. Tool was manufactured with shoulder of (22mm) diameter; it is the 

source of heat input to the welding zone Fig.2. 

Pin is the second part of the tool. Two types of tool pin had been tried in this work; first 

type was progressive pin, Fig.3. with dimensions of (5mm) diameter for first (4mm) length 

starting from shoulder face and (3mm) diameter for last (1mm) of length. Progressive did not use 

because of insufficient ability of stirring; this causes defects in welded joints such as Groove –

Like defect. Conical pin tool, Fig.4 was used with base diameter of (5mm), final diameter of 

(3mm) and pin length of (5mm).  

 A group of welding parameters [(640, 960, and 1200) RPM rotational speed and (60, 90, 

and 110) mm/min welding speed] was used with different profiles of welding fixture and tool and 

tool tilt angle to study the effect of each parameter on properties and quality of welded joints. 

 

3. TESTS 

3.1 Non-Destructive Inspection  

3.1.1 Visual inspection:  

Perhaps the most straight forward and simplest inspection technique, it is an excellent 

means for inspecting surface features including excess flash, galling, shoulder voids and even weld 

misalignment. These defects are visible to the naked eye and are attributed to out of family 

welding parameters such as excessive travel speed (mm/min), excessive rotational speed (RPM) , 

inadequate plunge force loads, and improper joint tracking. characteristics are, likewise directly 

linked to the weld process itself. Primary factors affecting lack of penetration (LOP) during 

welding include heat input or material flow and, most importantly, the depth of the FSW pin tool. 

3.1.2 Liquid penetrates inspection: 
Liquid penetrates inspection is a technique, which can be used to detect defects in a wide 

range of components, provided that the defect breaks the surface of the material. The principle of 

the technique is that a liquid is drawn by capillary attraction into the defect and, after subsequent 

development, any surface -breaking defects may be rendered visible to the human eye, (Yousuf  

,2007). Penetrate inspection of the FSW welds have been conducted on the root-side of as welded 

condition of the stir welds.                      

4.Results and Discussion: 

4.1 Non-Destructive Inspection Results 

4.1.1 Visual examination results: 

After conducting (FSW) process and several welded joints were obtained with different 

welding parameters, several non-destructive inspection or examination techniques were used to 

computation the soundness of welded joints and to complete the destructive tests for the defect free 

welded joints.  The first technique used was visual examination using a magnifying lens, visual 

examination of welded joints was applied in three stages: 

1. Visual examination of joint preparation. 

2. Visual examination during welding. 

3. Visual examination of the finished weld. 

Different effected features due to repeated welding experiment cause these defects. 

1. Fixture die radii: large die radii cause a large gap between skin and stringer plates appear as a 

hole along welding line; the cause of this gap is the metal flow into die radii without additional 

metal. When the die radii was been reduced the hole cross section area was reduce. After many 

trials of redaction this gap, the best results die radii was obtained (2mm) that led to welded joint 

without effected gap but a fine horizontal crack was reside, Fig.5.  
 

2. Tool tilt angle: Tilting angle of the tool by (2 degs.) improved welded joint in two sides: 
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 Good surface finish obtained due to improving metal flow, then no excess flash of metal on skin 

surface, because of high leading edge and low trailing edge, Fig.6. 

 Improving the wavy metal flow between skin and stringer plates that led to remove the 

horizontal crack due to improving forging action by forced the metal inside the joint, Fig.7. 

 

3. Welding operating parameters (rotation and travel speed). The range of travel speed was 

limited by trying many speeds. When low rotation speed (below 640 R.P.M.) or high travel 

speed (above 110 mm/min) was used, the plastic flow of the material would be incomplete 

because of inadequate input heat and insufficient metal stirring. In this case many types of 

defects were accrue such as kissing bond defect, tunnel-type defect, and groove-like defect, 

Acerra ,et al.,2009. 

 

When high rotation speed or low travel speed was used, surface defects were appearing 

due to high input heat Fig.8. 

 

4.1.2 Liquid penetrates inspection (LPI) results: 
Liquid penetrate inspection technique has been used to detect any surface defects on weld 

root that cannot be detected by visual inspection. 

The results of this inspection firstly reveal the defects, which were detected by visual 

inspection, and secondly other surface defects, which were not revealed by visual inspection. 

Figs.9 – 11. 
 

5. ANALYSIS OF FRICTION STIR WELDING DEFECTS 

According to (NDT) results, weld defects can be summarized and analyzed as follows:  

5.1 Excess Flash 

Shoulder voids and even weld misalignment. These defects are visible to the naked eye and 

are attributed to out of family welding parameters such as excessive travel speed (mm/min.), 

excessive rotational speed (RPM) , inadequate plunge force loads, and improper joint tracking, 

Fig. 12. 

5.2 Incomplete Welding 
At the beginning of welding line , this defect can be attributed to low heat input in the weld 

start and this can be overcome by preheating (using welding tool) in weld beginning (dwell time) 

Fig.13. 

5.3Tunnel-Type Defect 

 Defect that occurs when the plastic flow of the material is incomplete, Fig.14 because of 

inadequate input heat when the tool rotates at low speed and the welding speed becomes 

high,KaijiKyokai ,2010. 

 

5.4 Kissing Bond 

Defect that occurs when stirring by the probe tip becomes extremely small. This defect is 

difficult to detect by standard non-destructive inspection of incomplete welds in which the 

bonding force was extremely small, KaijiKyokai , 2010, Fig.15. According to the weld defect 

summary mentioned above, defect free joints can be made by selecting adequate conditions, and 

the most important were (rotational speed, welding speed and plunging depth). 

 

5. CONCLUSIONS  

According to the results of the present study of Tee-joint FSW process on Al-Alloy (Al 

5456) several conclusions can be written as follow: 
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1. There are many types of defects were accrued such as Excess flash, incomplete welding, 

tunnel-type defect, and kissing bond. Incomplete welding defect was the mostly appears. 

2. Excess flash defect accurse due to excess plunge depth, this defect can be eliminated when 

choosing a suitable plunging depth (0.3 mm). 

3. Incomplete welding defect accurse when low heat input use. This defect can be overcome 

by preheating using welding tool in beginning of welding process ( about 30 sec). 

4. Tunnel –Type defect appears due to low heat input. This defect can be overcome by using 

low traveling speed or high rotational speed of tool. 

5. Kissing bond defect accurse when stirring becomes extremely small due to high traveling 

speed (more than 110 mm/min). 

6. Defect free joints can be made by selecting adequate conditions such as fixture design, tool 

profile and tilt angle, and using of proper operation parameters. 
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Table 1.Chemical composition of welded plates. 

Element Si Fe Cu Mn Mg Cr Ni Zn Ti Al 

Quantity  % 0.251 0.382 0.046 0.584 0.461 0.120 0.005 0.088 0.014 Balance 

 

 

 
Figure1. Sketch of process fixture (one part). 

 

 

 

 

                                                          Figure2. Sketch of welding tool. 
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Figure3. Progressive welding tool. 

 

Figure 4.Conical welding tool. 

 
 

 

(a) r =4mm                                                         (b) r =4mm 

 



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

127 
 

 
 

(c) r =3mm                                                    (d) r =2mm 

 

Figure5. Stages of gap redaction due to reducing die radii. 

 

 
(a) Zero-tilt angle                                             (b) (2 degs.) tilt angle 

 

Figure6. Different surfaces due to tilt angle of tool. 

 

 

 

Figure7.(2 degs.) tilt angle (no defects). 
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Figure8. Surface defects due to high input heat. 

 

 

 
Figure9. LPI image of (TFS11: 960 RPM ,140mm/min) skin side. 

 

 
Figure10. LPI image of (TFS 11) stringer side (crack due to high travel speed). 

 

 
Figure11. LPI image of (TFS 4) stringer side (no defects). 

 

 
Figure12. Excess flash. 

Cracks 
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                                        (a) (S.V.)                                                   (b) (T.V.) 

Figure13. Incomplete welding at starting point. 

 

 
Figure14.Tunnel-type defect. 

 

 
Figure15. Kissing bond defect due to high welding speed (140 mm/min). 
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الإجراءاخ انرً ٌمكه إذثاػها مه اجم ذجىثها أو ذخفٍضها إنى اقم و انمخاطر انمطثثح نهمطانثاخ

 ما ٌمكه
 الاضرار مطاػذ  ضىضه رشٍذ محمذ 

 عبِؼخ ثغلاك / و١ٍخ إٌٙلٍخ / لَُ اٌّلٟٔ 
 ػلاء محطه 

 عبِؼخ ثغلاك / و١ٍخ إٌٙلٍخ / لَُ اٌّلٟٔ

 

 انخلاصح
ئ١خ فأٙب رّزبى ثىضوح اٌّقبؽو ؽ١ش رشزون اغٍت اٌّشبه٠غ الإٔشبئ١خ فٟ فبط١خ وٛٔٙب ِؾفٛفخ ثبلأفطبه ثبٌؾل٠ش ػٓ اٌظٕبػخ الإٔشب

لا ٠ّىٓ ٚػلَ اٌزأول ٚمٌه ٠ؼٛك ٌزؼم١ل ٘نٖ اٌظٕبػخ ٚؽٛي ِلح اٌّشبه٠غ ، ٚوضوح الأؽواف اٌزٟ ٌٙب ػلالخ ثٙب. فبٌّقبؽو فٟ اٌّشبه٠غ أِو ٚالغ 

ٌٚىٓ ٠غت ئكاهرٙب ثبٌشىً اٌظؾ١ؼ ٚمٌه ثٕمٍٙب أٚ رٛى٠ؼٙب أٚ رؾ٠ٍٛٙب ، ٚفٟ وً الأؽٛاي ٠زطٍت الأِو رفبكٞ ئّ٘بٌٗ أٚ رغبٍ٘ٗ أٚ ئٌغبؤٖ، 

 رأص١و٘ب )ئْ أِىٓ( أٚ رم١ًٍ اٌقَبئو إٌبرغخ ِٕٙب ئٌٝ أكٔٝ ؽل ِّىٓ .

رٍه اٌّطبٌجبد ئِب ثبٌزّل٠ل أٚ ٠ٚلاؽع ئْ اٌمَُ الأوجو ِٓ اٌّطبٌجبد ث١ٓ الإؽواف اٌّزؼبللح ٔبعّخ ػٓ رٍه اٌّقبؽو ؽ١ش رىْٛ  

ٚثبٌزبٌٟ رؼوع ِل٠و اٌّشوٚع ِٕٚٙلً اٌىٍفخ ِشىٍخ  الإٔشبئٟ  اٌزؼ٠ٛغ أٚ اٌزّل٠ل ٚاٌزؼ٠ٛغ ِؼب" ِّب رَجت ى٠بكح فٟ وٍفخ ِٚلح اٌّشوٚع

زبثؼزٙب ٚؽٍٙب ٠َزغوق ٚلزبً ؽ٠ٛلاً ثٕبء اٌّشوٚع ػّٓ ا١ٌّيا١ٔخ ٚاٌّلح اٌّموهح. ٚرلهن الأؽواف اٌّؼ١ٕخ ثزٍه اٌّطبٌجبد أْ ر٠َٛزٙب ِٓ فلاي ِ

٠ٛخ هغُ أٔٙب ٚعٙلا" وج١وا" ٚاٌنٞ لل ٠ّزل ٌَٕٛاد ػل٠لح ثؼل أزٙبء اٌّمبٌٚخ ، فؼلاً ػٓ أْ أؽلاً لا ٠َزط١غ اٌزٕجإ ثبٌٕزبئظ إٌٙبئ١خ ٌٙنٖ اٌزَ

زؼٛػٗ ػٓ ثؼغ اٌقَبئو اٌزٟ رىجل٘ب ٍبثمبً , رّضٍذ فٟ وض١و ِٓ اٌؾبلاد فٟ فَبئو ئػبف١خ ٌٍطوف اٌنٞ للَ رٍه اٌّطبٌجبد ِؼزملاً أٔٙب ٍ

اٌّقبؽو اٌَّججخ ٌّطبٌجبد  ٚمٌه ٌزؾل٠لٍّقبؽو اٌزٟ رإكٞ ئٌٝ ؽظٛي ٘نٖ اٌّطبٌجبد ٚئعواء رؾ١ًٍ ٌٙب ٌ ػًّ كهاٍخٌٚنٌه كػذ اٌؾبعخ ئٌٝ 

الإعواءاد اٌّّىٓ ارقبم٘ب ٌزغٕت أٚ رم١ًٍ رٍه اٌزّل٠ل ٚرأص١و٘ب ػٍٝ اٌّشبه٠غ الإٔشبئ١خ ٚو١ف١خ ئكاهارٙب ٚونٌه اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚ

و ثبلإػبفخ ئٌٝ اٍزقلاَ اٌٍٛبئً ٚاٌزم١ٕبد اٌؾل٠ضخ ٌٍزٕجإ ثزأص١و رٍه اٌّقبؽو ػٍٝ وٍفخ اٌّشوٚع ِّب رَبػل فٟ ا١ٌَطوح ٚاٌزم١ًٍ ٌزأص١)اٌّقبؽو 

 اٌزؼ٠ٛغ ٚونٌه اٌَّججخ ٌّطبٌجبد اٌزّل٠ل الأوضو ثوٚىا" ٌجبدّقبؽو اٌَّججخ ٌّطباٌ ئْإٌزبئظ  ٚأظٙود .(رٍه اٌّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ

ِٓ شأٔٙب ئْ اٌزٟ  وّب رُ اٌزٛطً ئٌٝ ػلك ِٓ الإعواءاد, ئٌٝ اٌزغ١١واد فٟ اٌزظب١ُِ  ثبلإػبفخاٌفمواد اٌَّزؾلصخ , فٟ اٌزق١ّٓ  أفطبءوبٔذ 

 رإكٞ ئٌٝ رغٕت أٚ رقف١غ رٍه اٌّقبؽو ئٌٝ الً ِب ٠ّىٓ .
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ABSTRACT 

              Talking about the construction industry, they frequently characterized by risk, where most of the 

construction projects involved in the property being fraught with risks and uncertainty, and this is due to the 

complexity of the industry and the length of the project, and the large number of parties that have a 

relationship with them. The risks in the projects is a reality that can not be neglected or ignored or canceled, 

but must be managed properly and so transferred, distributed or transferred, and in any case be required to 

avoid the impact (if possible) or reduce the losses caused them to a minimum. 

 It is noted that the bulk of the claims between the contracting parties arising from those risks where 

those claims either extension or compensation or extension and compensation together, causing an increase in 

the cost and duration of the project construction and thus exposed the project manager and architect of the cost 

problem of building the project within budget and the prescribed period. Recognizes Parties on those claims to 

be settled through follow-up and resolution takes time and effort "significant" and which may extend for many 

years after the end of the contract, as well as no one can predict the final outcome of this settlement, although 

it was in many cases in additional losses to the party who made those Claims believing they ٍزؼٛػٗ   for some 

of the losses incurred by the former, and therefore called for the need to conduct a study of the risks that lead 

to get these claims and to analyze them in order to identify risks causing compensation claims, as well as 

causing claims extension and its impact on construction projects and how departments and actions that can be 

taken to avoid or minimize those risk (in addition to the use of methods and modern techniques to predict the 
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impact of those risks on the cost of the project, which help control and minimize the impact of those claims in 

construction projects). Results showed that risks causing compensation claims, as well as causing claims ot 

the most prominent "were errors in guessing, paras created in addition to changes in designs, has also been 

reached on a number of actions that would lead to avoid or reduce these risks to as little as possible. 

 

 ( Research Justificationمثرراخ انثحث ) -1
فٟ  ٚونٌه اٌزّل٠ل اٌزؼ٠ٛغٕ٘بٌه اٌؼل٠ل ِٓ اٌّجوهاد اٌزٟ ؽضذ اٌجبؽش ػٍٝ الا٘زّبَ ثّٛػٛع ئكاهح اٌّقبؽو اٌَّججخ ٌّطبٌجبد 

، فبٌّقبؽو اٌَّججخ ٌٍّطبٌجبد ٟ٘ ظب٘وح ِزأطٍخ فٟ اٌّشبه٠غ الإٔشبئ١خ ٚرؾلٍ َِزّو ِٚزيا٠ل ِغ ِوٚه اٌيِٓ ٚفٟ ع١ّغ  اٌّشبه٠غ الإٔشبئ١خ

ِٚلك٘ب ٚاػؼ ػٍٝ وٍفٙب  ، وّب رؼزجو ِٓ الأٍجبة اٌوئ١َ١خ اٌّزىوهح فٟ اغٍت اٌّشبه٠غ ٚاٌزٟ رإصو ثشىً ِواؽً رٕف١ن اٌّشوٚع الإٔشبئٟ

 اٌّؾلكح ٌٙب. ٚاٌي١ِٕخ ٚثبٌزبٌٟ اٌزأص١و ػٍٝ اٌقطؾ اٌّب١ٌخ 

 

 (Research Objectivesأهذاف انثحث ) -2
 اٌَبئلح فٟ اٌّشبه٠غ الإٔشبئ١خ . ٚونٌه اٌَّججخ ٌّطبٌجبد اٌزّل٠ل رؾل٠ل اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ - أ

 بػٙب ٌزغٕت أٚ اٌزم١ًٍ ِٓ رأص١و رٍه اٌّقبؽو ػٍٝ اٌّشبه٠غ الإٔشبئ١خ .بٌخ اٌّّىٓ ئرجرؾل٠ل الإعواءاد اٌفؼ   - ة

اٌزأص١و  فٟ اٌزؾ١ًٍ إٌٛػٟ ٌزٍه اٌّقابؽو ٚاٌزؼاوف ػٍاٝ أ٠ٌٛٚزٙاب ٚأ١ّ٘زٙاب فاٟ  -اٍزقلاَ ئؽلٜ رم١ٕبد ئكاهح اٌّقبؽو ٟٚ٘ رم١ٕخ الاؽزّب١ٌخ  - د

اٌانٞ ثالٚهٖ ٠َاًٙ الأفان ثبٌّقابؽو اٌىج١اوح ثّؼم١ٌٛاخ أوضاو ِّاب ٠ي٠ال اٌفبئالح اٌّشبه٠غ الإٔشبئ١خ ؽ١ش ٠َبػل فٟ اٌفٙاُ اٌغ١ال ٌزٍاه اٌّقابؽو ٚ

  ّ  ىٓ ع١ّغ الأؽواف اٌّزؼٍمخ ثبٌّشوٚع ِٓ ِؼوفخ اٌزؼبًِ ِغ رٍه اٌّقبؽو .اٌّىزَجخ ِٓ الأفن ثبٌّقبؽو وّب ٠

 

 (Claimانمطانثاخ )-3

 (Claimذؼرٌف انمطانثح )
 ٚهكد فٟ ِظبكه ػل٠لح ٟٚ٘ وّب ٠أرٟ :ٕ٘بٌه اٌؼل٠ل ِٓ اٌزؼبه٠ف ٌٍّطبٌجخ ٚاٌزٟ 

اٌّطبٌجخ ثأٔٙب اٌّطبٌجخ ثؾك أٚ الاكػبء ثؾك ٌشٟء ِب (OXFORD)٠ؼوف لبًِٛ - أ
 (EL-Eazabi ,1981)

 . 

ونٌه رؼوف اٌّطبٌجخ ػٍٝ أٔٙب اكػبء ٠ملِٗ اؽل ؽوفٟ اٌؼمل ػل الأفو ٌٍّطبٌجخ ثؾك ِب - ة
(1996( , )محمذ , 2119)انمؤضطح انؼامح نهرؼهٍم انفىً وانرذرٌة انمهىً,  

. 

ّب١ٌخ ِٚٓ فلاي ِب ٍجك ٠َزط١غ اٌجبؽش ئْ ٠ؼوف اٌّطبٌجخ ثأٔٙب  اٌّطبٌجخ لأؽل أؽواف اٌؼمل ِٓ اٌطوف الأفو ثبٌزؼ٠ٛغ ػٓ اٌقَبئو اٌ
 ؽَبْ )اٌٙجخ( .ٚاٌزٟ رٕشأ ػٓ أٍجبة لل رىْٛ رؼبلل٠خ أٚ غ١و رؼبلل٠خ ٌٚىٓ ػّٓ اٌمبْٔٛ اٌؼبَ أٚ ػٍٝ ٍج١ً الإأٚ اٌي١ِٕخ أٚ ولاّ٘ب ِؼب 

 
 انمذوٍح الأضاش نمطانثاخ انمقاول تمىجة شروط انمقاونح لأػمال انهىذضح

ىٓ ٕ٘بٌه اٌؼل٠ل ِٓ اٌّٛاك فٟ شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخ رؼزجو الأٍبً اٌنٞ رورىي ػ١ٍٗ ِطبٌجبد اٌّمبٚي ٚرٍه اٌّطبٌجبد ٠ّ

 رظ١ٕفٙب ئٌٝ طٕف١ٓ ٚوّب ٠أرٟ :

 اٌّزؼٍمخ ثمواهاد طبؽت اٌؼًّ أٚ ِٓ ٠ّضٍٗ . ِطبٌجبد اٌّمبٚي - أ

 ِطبٌجبد اٌّمبٚي اٌّزؼٍمخ ثأِٛه رؼبلل٠خ ٚلب١ٔٛٔخ فبهعخ ػٓ ١ٍطوح طبؽت اٌؼًّ أٚ اٌّمبٚي أٚ ِٓ ٠ّضٍّٙب . - ة

( ٠ٛػؼ الأٍبً ٌٙن٠ٓ اٌظٕف١ٓ ِٓ اٌّطبٌجبد ثّٛعت شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخ 1-1ٚاٌغلٚي )
(2111,  حٍاوي)

. 

 

 الأضاش نمطانثاخ انمقاول تمىجة انقاوىن انمذوً انؼراقً

ٚي ٠ؾٛٞ اٌمبْٔٛ اٌّلٟٔ اٌؼوالٟ ػٍٝ اٌؼل٠ل ِٓ اٌّٛاك رؼزجو الأٍبً ٌٍؼل٠ل ِٓ ِطبٌجبد اٌّمبٚي ٚاٌزٟ ػٍٝ ػٛئٙب ٠ّىٓ ث١بْ أؽم١خ اٌّمب

فٟ أكػبئٗ ٚرزّضً فٟ اٌّٛاك اٌزب١ٌخ 
(2111,  حٍاوي)

( 873( , اٌّبكح)1( اٌفموح )873( , اٌّبكح)2(  اٌفموح )867, اٌّبكح) (2( اٌفموح )146: اٌّبكح) 

( , 1( اٌفموح)880( , اٌّبكح )2, 1( اٌفموح )879( , اٌّبكربْ)878اٌّبكح) ( , 877( , اٌّبكح) 876( , اٌّبكح )1( اٌفموح )874( , اٌّبكح)2اٌفموح )

 ( . 1( اٌفموح )889( , )اٌّبكح 4( اٌفموح)887اٌّبكح ) ,( 2) (  اٌفموح886اٌّبكح )( , 1( اٌفموح )885)اٌّبكح 

 

 انمذوٍح  وتمىجة انقاوىن انمذوً انؼراقً  الأضاش نمطانثاخ صاحة انؼمم تمىجة شروط انمقاونح لأػمال انهىذضح - 

بً اٌنٞ رورىي ػ١ٍٗ ِطبٌجبد ٕ٘بٌه اٌؼل٠ل ِٓ اٌّٛاك فٟ شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخ ٚاٌمبْٔٛ اٌّلٟٔ اٌؼوالٟ رؼزجو الأٍ

َ ثّب طبؽت اٌؼًّ ٚاٌزٟ ِٓ فلاٌٙب ٠مَٛ طبؽت اٌؼًّ ثبٍزمطبع اٌّجبٌغ ِٓ اٍزؾمبلبد اٌّمبٚي ٚاٌزٟ رشًّ اٌّجبٌغ اٌّظوٚفخ ِٓ لجٍٗ ػٓ اٌم١ب

(2-٠1غت ػٍٝ اٌّمبٚي اٌم١بَ ثٗ ٚػٍٝ ٔفمزٗ ٚوّب ِج١ٓ مٌه فٟ اٌغلٚي )
(2111,  حٍاوي, )(2111,  حٍاوي) 

  : 

 

 (Classification of Claimsذصىٍف انمطانثاخ ) -

 ذصىٍف انمطانثاخ مه انىاحٍح انقاوىوٍح وانرؼاقذٌح إنى أرتؼح أوىاع
(David  ,2115( , )Abdissa  ,2113)

 : 

 (Contractual claimsاٌّطبٌجبد اٌزؼبلل٠خ ) - أ

 (Common law claimsِطبٌجبد اٌمبْٔٛ اٌؼبَ) - ة

 ( Quantum meruit claimsِطبٌجبد الاٍزؾمبق اٌىّٟ ) - د

 (Ex gratia claimsِطبٌجبد ػٍٝ ٍج١ً اٌٙجخ )ِطبٌجبد الإؽَبْ( ) - س

ِب ٠ىْٛ اٌّطبٌت طبؽت اٌؼًّ , اٌّمبٚي ٚوّب ٠أرٟ ٚغـــــــــــبٌجب" (claimant) وّب رظٕف اٌّطبٌجبد ؽَت اٌّطبٌت ٌٙب
(David 

M.Kleman  ,2112 , ً1999( , )انطامرائ)
 : 

 ٌؼًِّطبٌجبد طبؽت ا - أ

  ِطبٌجبد اٌّمبٚي - ة
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وّب رظٕف اٌّطبٌجبد ػٍٝ أٍبً اٌؼوه اٌنٞ ٌؾك ثظبؽت اٌّطبٌجخ ئٌٝ 
(Jingbo ,2009), (1996)ِؾّل, 

 : 

 ِطبٌجبد اٌزؼ٠ٛغ  - أ

 ِطبٌجبد اٌزّل٠ل   - ة

 ِطبٌجبد اٌزؼ٠ٛغ ٚاٌزّل٠ل   - د

 طلاؽ١خ الأوضوِٚطبٌجبد اٌزؼ٠ٛغ ٚاٌزّل٠ل ٘ٛ ِطبٌجبد اٌزّل٠ل   ِطبٌجبد اٌزؼ٠ٛغ , أٍبًرظ١ٕف اٌّطبٌجبد ػٍٝ  ئْاِب اٌجبؽش ٚعل  
 

 (The Factors Caused for Claimsانؼىامم انمطثثح نهمطانثاخ)

فٟ اٌّشبه٠غ الإٔشبئ١خ ٚاٌزٟ ػبكح ِب رىْٛ ٔبشئخ ِٓ أؽواف ٚوٍه اٌزّل٠ل ٕ٘بٌه اٌؼل٠ل ِٓ اٌؼٛاًِ اٌَّججخ ٌٕشٛء ِطبٌجبد اٌزؼ٠ٛغ 

ٍزشبهٞ أٚ اٌّمبٚي( أٚ لل رٕشأ ِٓ أِٛه فبهط ئهاكح ٘نٖ الأؽواف ٚف١ّب ٠ٍٟ رٛػ١ؼ ٌٙنٖ اٌؼٛاًِ ِٓ فلاي اٌزؼبلل )طبؽت اٌؼًّ , إٌّٙلً الا

(3-1ٓ )ــــٚوّب ِٛػؼ فٟ اٌغل١ٌِٚب ٘ٛ ِٛعٛك فٟ اٌّظبكه ٚاٌجؾٛس 
(1999, انجٍلاوي), (1996)محمذ,  

 ( ,1-4)
(1999)انطامرائً ,  

 . 

رُ الاؽلاع ػ١ٍٗ ِٓ ِظبكه أفوٜ ٠مزوػ اٌجبؽش رظ١ٕف اٌؼٛاًِ اٌَّججخ ٌٍّطبٌجبد ئٌٝ ِغّٛػز١ٓ ٚثٕبءا" ػٍٝ ِب رُ مووٖ ٍبثمب" ِٚب 
 . (6-1( , )5-1ٟ٘ اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚاٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزّل٠ل ٚوّب ِج١ٕخ فٟ اٌغل١ٌٚٓ )

 
 الإوشائٍحانمخاطر فً انمشارٌغ  إدارج -4

 ذؼرٌف انخطر

 ٌؼل٠ل ِٓ اٌزؼبه٠ف ٌٍقطو ٚاٌزٟ ٚهكد فٟ ِظبكه ػل٠لح ٟٚ٘ وّب ٠أرٟ :ٕ٘بٌه ا

   الاؽزّب١ٌخ ٌؾظٛي ؽلس غ١و ِوغٛة ف١ٗ ٠ّىٓ ئْ ٠مغ فٟ اٌّشوٚع
(Gustafson  ,2112( , )Kendrick  ,2113)

.
    

            

  ح , ٔطبق اٌّشوٚع ئٞ شٟ لل ٠ؾلس ٠ّٚىٓ أْ ٠ٕشأ ػٕٗ أٞ رأص١و ػبه ػٍٝ اٌىٍفخ , علٌٚخ اٌٛلذ, اٌغٛك
James) ,2111)

. 

  اٌؾلس أٚ اٌظوف غ١و اٌّزٛلغ اٌنٞ ػٕل ؽظٌٛٗ ٠إكٞ ئٌٝ راأص١و ٍاٍجٟ  ٚ ا٠غابثٟ ػٍاٝ أ٘الاف اٌّشاوٚع
 (Office of Project Management Process 

Improvement  ,2113) ( ,Michael  ,2114) 
 . 

  ٚلٛػٙب ٍزإصو ػٍٝ ئرّبَ أ٘لاف اٌّشوٚع اٌؾلس غ١و اٌّإول اٌؾلٚس أٚ ِغّٛع اٌّلاثَبد ٚاٌزٟ ػٕل
(Duncan  ,2119)

. 

اٌقطؾ اٌّٛػٛػخ  ٝثأٔٗ اؽزّب١ٌخ ؽلٚس أ٠خ ؽبكصخ َِزمج١ٍخ ٚاٌزٟ ٠ّىٓ أْ رإصو ػٍِٚٓ فلاي ِب ٍجك ٠َزط١غ اٌجبؽش رؼو٠ف اٌقطو 
 ٌٍّشوٚع ِٕٚٙب اٌّب١ٌخ ٚاٌي١ِٕخ ٚثبٌزبٌٟ الأؾواف ػّب ٘ٛ ِقطؾ ٌٗ.

 
 اطر ذؼرٌف أدارج انمخ  

 :ٚاٌزٟ ٚهكد فٟ ِظبكه ػل٠لح ٟٚ٘ وّب ٠أرٟ  كاهح اٌّقبؽوٕ٘بٌه اٌؼل٠ل ِٓ اٌزؼبه٠ف لأ

 ىٍفخ , اٌؼمل , اٌغاـٛكح ٚرزؼآّ ؽو فٟ ِغبي اٌؼًّ , اٌغلٌٚخ , اٌٟ٘ اٌؼ١ٍّبد اٌزٟ رؾزٛٞ ػٍٝ أٍٍٛة ٌٍزؾىُ ثبٌّقبؽو ٍٛاء وبٔذ ٘نٖ اٌّقب

بئ١خ ٌزغٕت اٌّقبؽو أٚ رقف١ف ؽلح رأص١و٘ب , ئٔشبء فطؾ ؽاٛاهب ٌٍزؼبِاً ِاغ اٌّقابؽو ػٕال ؽالٚصٙب , رؾل٠ل اٌّمب١٠ٌ اٌٛل :ئكاهح اٌّقبؽو الأرٟ 

ِٓ فلاي عّاغ اٌّؼٍِٛابد اٌغ١ال , ٚػاٛػ اٌوؤ٠اخ ٌالٜ طابٔؼٟ اٌماواه (Uncertainty) اٌجلء فٟ ػًّ ألظٝ ِب ٠ّىٓ ٌزقف١ف ػلَ اٌزأول
,  جمؼةح)

2118)
.   

 لاك فطخ ٌزؾل٠ل ِقبؽو اٌّشوٚع ٚرؾ١ٍٍٙب  ٚالاٍزغبثخ ٌٙب ِٚوالجزٙب ٟٚ٘ ثانٌه رَابػل ِال٠و اٌّشاوٚع ٟ٘ ػ١ٍّخ ٔظب١ِخ ِّٕٚٙغخ ِزؼٍمخ ثأػ

ػٍٝ ى٠بكح اؽزّب١ٌخ الأؽلاس الا٠غبث١خ ٚاٌؼًّ ػٍٝ رم١ًٍ الأؽلاس اٌزٟ رإصو ثشىً ٍٍجٟ ػٍٝ اٌّشاوٚع ئٌاٝ أكٔاٝ ؽال
(Office of Project Management 

Process Improvement  ,2113)
 . 

و ِٚٓ فلاي ِب ٍجك ٠ؼوف اٌجبؽش ئكاهح اٌّقبؽو ثأٔٙب ٔظبَ ِزىبًِ ٚشبًِ ٌز١ٙئخ اٌج١ئخ إٌّبٍجخ ٚالأكٚاد اٌلاىِخ ٌزٛلغ ٚكهاٍخ اٌّقبؽ
زغٕت ٗ ٌاٌّؾزٍّخ ٚرؾل٠ل٘ب ٚرؾ١ٍٍٙب ٚل١بٍٙب ٚرؾل٠ل ِملاه أصبه٘ب اٌّؾزٍّخ ػٍٝ اٌّشوٚع , ٚٚػغ اٌقطؾ إٌّبٍجخ ٌّب ٠ٍيَ ٌّٚب ٠ّىٓ اٌم١بَ ث

 اٌّقبؽو أٚ رم١ٍٍٙب ٚا١ٌَطوح ػ١ٍٙب ٚػجطٙب ٌٍزقف١ف ِٓ أصبه٘ب اٌّؼبوَخ لأ٘لاف اٌّشوٚع ئْ ٌُ ٠ّىٓ اٌمؼبء ػٍٝ ِظله٘ب .
 

 انمىاطق انكامىح نهمخاطر فً انمشارٌغ الإوشائٍح

ػٍٝ ػٕبطو اٌّشوٚع اٌزٟ رىْٛ  لجً اٌؾل٠ش ػٓ ِواؽً ئكاهح اٌّقبؽو لاثل أٚلا" ِٓ اٌزؼوف ػٍٝ إٌّبؽك اٌىبِٕخ ٌٍقطو ئٞ اٌزؼوف

ٌٙب إٌظ١ت الأوجو ِٓ اٌزأصو ثبٌّقبؽو اٌزٟ رزؼوع ٌٙب اٌّشـبه٠غ الإٔشبئ١خ ٟٚ٘ وّب ٠أرٟ 
(Roger  ,3991)

: 

ٓ رأص١و اٌّقبؽو ػٍٝ اٌىٍفخ فٟ اٌفشً فٟ ئوّبي  اٌّشوٚع ػّٓ ا١ٌّيا١ٔخ اٌّؾلكح /اٌىٍفخ اٌّزٕجئخ أٚ اٌّقّٕخ أٚ وٍفخ  - أ  ّ  ٌؼطبء .ااٌىٍفخ : ٠ى

ٓ رأص١و اٌّقبؽو ػٍٝ اٌٛلذ فٟ اٌفشً فٟ ئوّبي  اٌّشوٚع ػّٓ اٌّلح اٌّؾلكح ٚاٌّظبكق ػ١ٍٙب . - ة  ّ  اٌٛلذ : ٠ى

ٓ رأص١و اٌّقبؽو ػٍٝ عٛكح ٚٔٛػ١خ اٌؼًّ فٟ اٌفشً فٟ رٕف١ن اٌّشوٚع ػّٓ اٌّٛاطفبد اٌم١ب١ٍخ اٌّطٍٛثخ ٌٍّشوٚع .  - د  ّ  اٌغٛكح : ٠ى

رؾل٠ل ِظبكه اٌّقبؽو اٌزٟ  ٚاٌّمب١ٌٚٓ خ ِّب ٠ٛعت ػٍٝ ئكاهاد اٌّشبه٠غاٌّشوٚع ئٌٝ فَبئو ِبك٠ رإكٞ اٌّقبؽو إٌّبٚئخ لأ٘لاف

 و.رَجت اٌزأص١واد اٌّؼبوَخ ٌٍىٍفخ ٚاٌٛلذ ٚاٌغٛكح ٚرط٠ٛو ئٍزوار١غ١خ ئكاهح اٌّقبؽو اٌزٟ رٛفو اٌزٕظ١ُ إٌّبٍت ٌٍزؼبًِ ِغ رٍه اٌّقبؽ

 

 ائٍحإدارج انمخاطر فً انمشارٌغ الإوش مراحم

رزؼّٓ ِواؽً ئكاهح اٌّقبؽو فٟ اٌّشوٚع الإٔشبئٟ ِب ٠ٍٟ
(Office of Project Management Process Improvement  ,2113 انمؼهذ الأمرٌكً نهمقاٌٍص( , )

( 2118( , )ػاطف , Michael  ,2114( , )Michael Springer  ,2114( , )Paul  ,2116(  , )2114انقىمٍح, 
: 

 

 (Planning for Risk Management )       نمخاطرذخطٍظ إدارج ا -

خ ٟٚ٘ اٌؼ١ٍّخ اٌزٟ ٠زُ ف١ٙب رمو٠و ِٕٙغ١خ ئكاهح اٌّقبؽو ٚرقط١طٙب ٚرٕف١ن٘ب فٟ ِشوٚع ِب ؽ١ش ٠زُ رمو٠و و١ف١خ اٌزؼبًِ ٚاٌزقط١ؾ لأٔشط

ؽو ٚاٌزٟ ٟ٘ ػجبهح ػٓ ٚصبئك رزؼّٓ ئعواءاد ئكاهح اٌّقبؽو ٌٍّشوٚع , ٚاٌّقوعبد اٌوئ١َخ ٌٙنٖ اٌؼ١ٍّخ رزّضً فٟ ٚػغ فطخ لإكاهح اٌّقب
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ِؼبٌغخ اٌّقبؽو فلاي كٚهح ؽ١بح اٌّشوٚع ٚرزٍقض رٍه الإعواءاد ثزؾل٠ل اٌّقبؽو , ٚ رؾ١ٍٍٙب ٔٛػ١ب" ٚو١ّب" , ٚرقط١ؾ الاٍزغبثخ ٌزٍه 

  اٌّقبؽو ٚػجؾ ِٚوالجخ )اٌّقبؽو(  . 

 

 (Risk Identification)ذحذٌذ انخطر -

ؽ١ش رشًّ رؾل٠ل اٌّقبؽو اٌزٟ رإصو ثظٛهح ػى١َخ ؾل٠ل اٌّقبؽو اٌزٟ  رإصو ػٍٝ اٌّشوٚع ِغ رَغ١ً فظبئظٙب رٟ٘ ِوؽٍخ ٠زُ ف١ٙب 

ػٍٝ أغبى الأ٘لاف اٌّوعٛح ٌٍّشوٚع ِٚٓ صُ رظ١ٕفٙب فٟ لٛائُ ٚرؾذ وً طٕف ِغّٛػخ ِٓ اٌّقبؽو اٌّؾزٍّخ اٌزٟ ٠زُ رؾل٠ل٘ب . ؽ١ش ئْ 

( فٟ رؾل٠ل اٌّقبؽوStakeholdersاٌىف١ً ٌَّبػلح كاػّٟ اٌّشوٚع ) زبػّفلل ٠ىْٛ اٌبٌخ ٚػغ فطخ ٌٍّقبؽو فؼ  
(Jason  ,2006)

ٚرَزقلَ فٟ  .

ػ١ٍّخ رؾل٠ل اٌّقبؽو اٌؼل٠ل ِٓ اٌزم١ٕبد ثٙلف عؼٍٙب ػ١ٍّخ كل١مخ ٚٚاف١خ ثبٌغوع ِٚٓ أُ٘ ٘نٖ اٌزم١ٕبد ٟ٘ 
(Michael  ,2004) 

: رم١ٕخ اٌؼظف 

رم١ٕخ ػمل اٌّمبثلاد ِغ اٌقجواء , رم١ٕخ ِقططبد اٌَجت ٚالأصو . ٠ٚوٜ اٌجبؽش ئْ اٌلِظ ث١ٓ  ػخ اٌَّّبح ,اٌنٕٟ٘ , رم١ٕخ كٌفٟ , رم١ٕخ اٌّغّٛ

اٌزم١ٕبد اٌّنوٛهح أػلاٖ ٍٛف رؼطٟ فُٙ ٚطٛهح ٚاػؾخ ٌٍّقبؽو اٌزٟ رزؼوع ٌٙب اٌّشبه٠غ الإٔشبئ١خ ِٕٚٙب اٌَّججخ ٌٍّطبٌجبد ٚثبٌزبٌٟ 

 ِٓ ٘نٖ اٌؼ١ٍّخرؾل٠ل٘ب ِّب ري٠ل ِٓ عٛكح إٌزبئظ 

 

 (Qualitative Risk) Analysis انرحهٍم انىىػً نهخطر -

رزُ فٟ ٘نٖ اٌّوؽٍخ ٚػغ أ٠ٌٛٚبد ٌٍّقبؽو ٚمٌه ِٓ فلاي رم١١ُ ِٚيط اؽزّبلاد ؽلٚصٙب ٚرأص١و٘ب ٚمٌه ٌغوع أعواء رؾ١ًٍ ئػبفٟ ٌٙب 

ّقبؽو ِٚظٕفخ ثطوق ِقزٍفخ ٚػٍٝ أ٠خ ؽبي ١ٌٌ ِٓ اٌّؼمٛي أْ أٚ ارقبم ئعواءاد ثشأٔٙب , فؼ١ٍّخ رؾل٠ل اٌّقبؽو رٕزظ لبئّخ ؽ٠ٍٛخ ِٓ اٌ

رشقض اٌّقبؽو ثٕفٌ اٌلهعخ ِٓ الأ١ّ٘خ ١ٌٌٚ وً اٌّقبؽو رَزؾك ٔفٌ اٌَّزٜٛ ِٓ الا٘زّبَ ٌنٌه أطجؼ ِٓ اٌؼوٚهٞ أْ ٔؾلك الأ٠ٌٛٚخ 

ٚ٘نا ٘ٛ اٌغوع ِٓ ػ١ٍّخ اٌزؾ١ًٍ إٌٛػٟ ٌزٍه اٌّقبؽو اٌزٟ رُ رؾل٠ل٘ب ؽ١ش فٟ اٌؼبكح ٠زُ رؾل٠ل اٌقطو الأٍٛء ٚاٌفوطخ الأفؼً
 (Paul  ,2006)  

و ٌٍقطو فٟ ِظفٛفخ ٠زُ كِظ الاؽزّب١ٌخ ٚاٌزأص١ ؽ١ش اٌزأص١و( –ؽو٠مخ ِظفٛفخ )الاؽزّب١ٌخ  ٟ٘ اٌَّزقلِخ فٟ ػ١ٍّخ اٌزؾ١ًٍ إٌٛػٟ ِٓ اٌطوق .

اٌزأص١و(  ×الاؽزّب١ٌخ قطو اٌزٟ ٟ٘ ػجبهح ػٓ ؽبطً ػوة )ٛػٟ ٌٍاٌزم١١ُ إٌ أٚالاؽزّب١ٌخ ٚاٌزأص١و( أٚ ِظفٛفخ ِؼبًِ اٌقطو رَّٝ ِظفٛفخ )

ٌىً ٘لف ِٓ أ٘لاف اٌّشوٚع
(Office of Project Management Process Improvement  ,3001) ( ,Albert  ,2116( , )Krige  ,2118)

 . 

١ض ػلاِبد أٚ ٔمبؽ ِٓ لجً ِغّٛػخ ِٓ  فو ٠مَٛ ثزؾل٠ل رور١ت ٌلأفطبه ثٕبء ػٍٝ رقظ أٍٍٛثبإٌٛػ١خ الأفوٜ ٔغل ِٚٓ اٌطوق 

ػلاِخ ٠ٛىػٙب ؽَت الأ١ّ٘خ اٌزٟ ٠مله٘ب ٘ٛ ٌىً فطو ِٓ الأفطبه صُ ٠زُ ثؼل  100، ؽ١ش ٠قظض ٌىً ِم١ُ  ١ّٓ ٌىً فطو ِٓ الأفطبهاٌّم١  

٠ٚوٜ  فٟ كهعخ رؼم١ل٘ب ٚكلزٙب. ٕ٘بن ؽوق أفوٜ وض١وح رؼزّل فٟ اٌزؾ١ًٍ إٌٛػٟ رزجب٠ٓ. وّب ئْ  مٌه رور١ت الأفطبه ٚفك أ١ّ٘زٙب إٌَج١خ 

اٌزأص١و( أٚ اٌزم١١ُ إٌٛػٟ ٠ؼطٟ طٛهح ٚاػؾخ ٌزأص١و وً فطو لأٔٙب رؼزّل ػٍٝ كِظ اٌزم١١ُ  –اٌجبؽش ئْ اٍزقلاَ ؽو٠مخ ِظفٛفخ )الاؽزّب١ٌخ 

 ٌؼبٍِٟ الاؽزّب١ٌخ ٚاٌزأص١و , ٚلل اٍزقلِذ ِٓ لجً اٌجبؽش فٟ ػ١ٍّخ اٌزؾ١ًٍ إٌٛػٟ ٌٍّقبؽو.

 ( Risk Quantitative Analysisانكمً نهخطر )انرحهٍم 

رشزًّ ٘نٖ اٌّوؽٍخ ػٍٝ اٌزؾ١ًٍ اٌولّٟ أٚ اٌىّٟ لأصو اٌّقبؽو اٌّؼوٚفخ اٌّإصوح ػٍٝ أ٘لاف اٌّشوٚع الإعّب١ٌخ فؼ١ٍّخ اٌزؾ١ًٍ اٌىّٟ 

. ٕ٘بٌه اٌؼل٠ل ِٓ اٌزم١ٕبد اٌزٟ  اٌقطو اٌقطو ػٍٝ أٍبً اؽزّبي اٌؾلٚس ٚاٌؼٛالت إٌبعّخ ػٓ ٌزأص١وِؾَٛة  ِؾبٌٚخ ٌٍٛطٛي ئٌٝ رمل٠و وّٟ

( , ػمل Pert( , ث١ود )(Monte-Carlo( ثبٍزقلاَ  رؾ١ًٍ ِٛٔزٟ وبهٌٛ  (Simulationرَزقلَ ٌٙنا اٌغوع ِٚٓ ػّٓ ٘نٖ اٌزم١ٕبد اٌّؾبوبح

 ً اٌم١ّخ اٌّزٛلؼخ )ـــــــــــــــــــ( , رم١ٕبد اٌزق١ّٓ الإؽظبئٟ ٚرؾDecision Tree١ٍ, رؾ١ًٍ شغوح اٌمواه)Interviewing)اٌّمبثلاد )

(Expected Value , َ٠ٚغت اٌؾنه فٟ ػ١ٍّخ  اٌزؾ١ًٍ اٌىّٟ لاْ اٍزقلاَ رم١ٕبد ع١لح ٌٍزؾ١ًٍ اٌىّٟ ِغ ث١بٔبد فبؽئخ ٘ٛ أٍٛء ِٓ ػل

و اٌّقبؽو ٔفَٙباٍزقلاَ ٘نٖ اٌزم١ٕبد , وّب ئْ ػ١ٍّخ اٌزؾ١ًٍ اٌىّٟ لل رىْٛ وٍفزٙب فٟ ثؼغ الأؽ١بْ ٟ٘ أوضو ِٓ وٍفخ رأص١
(Michael, 2114)

 . 

 

 ( Risk) Response Strategiesنهخطر  الاضرجاتحاضرراذٍجٍاخ 

ٚرزؼّٓ ٘نٖ اٌّوؽٍخ رط٠ٛو ف١بهاد ٚئعواءاد ٌزؼي٠ي اٌفوص ٚرم١ًٍ اٌزٙل٠لاد ػل أ٘لاف اٌّشوٚع , فجؼل أْ رزُ ػ١ٍّخ رؾل٠ل 

رٍه اٌّقبؽو ٚاٌزؼبًِ ِؼٙب رمغ ػّٓ ٚاؽلح أٚ أوضو ِٓ أهثغ ِغّٛػبد هئ١َ١خ  ٚرم١١ّٙب فاْ ع١ّغ اٌزم١ٕبد اٌَّزقلِخ ٌّؼبٌغخ بؽوقاٌّ
(Roger  ,

1993( , )James ,2111( , )Dennis  ,2114( , )Eric  ,2115( , )Duncan  ,2009) 
: 

 (Risk Acceptanceاٌمجٛي ثبٌقطو)   .1

 ( (Risk Mitigationاٌزقف١ف ِٓ ؽلح اٌقطو  .2

 (Risk Transference)ئٍزوار١غ١خ ٔمً اٌقطو   .3

 (Risk Avoidance Strategyئٍزوار١غ١خ رغٕت اٌقطو)  .4

  Contingency Plan)فطخ اٌطٛاهب)  .5

6.  

 مراقثح وضثظ انمخاطر

١ن ٟ٘ ػ١ٍّخ ٠زُ ف١ٙب رؼمت ي)رأص١و اٌّقبؽو اٌزٟ رُ رؾل٠ل٘ب , ٚاٌّقبؽو اٌّزجم١خ ثؼل ِؼبٌغزٙب , ٚاٌّقبؽو اٌغل٠لح اٌزٟ رظٙو فلاي رٕف

بٌخ والجخ فطؾ الاٍزغبثخ اٌّقططخ ٚرم١١ُ فؼب١ٌزٙب ٚٚػغ فطؾ عل٠لح فٟ ؽبٌخ وٛٔٙب غ١و فؼ  اٌّشوٚع( ِٚ
(Paul  ,2006)

. 

لبئّخ اٌّقبؽو ٌٍّشوٚع رزغ١و ثزملَ اٌّشوٚع  ئْئْ ػ١ٍّخ ِوالجخ ٚػجؾ اٌّقبؽو ٟ٘ ػ١ٍّخ َِزّوح فلاي فزوح ؽ١بح اٌّشوٚع ؽ١ش 

ِزٛلؼخ ٠ّىٓ أْ لا رؾظً , ٚفٟ ؽبٌخ وْٛ رأص١و اٌّقبؽو أوضو ِٓ اٌّزٛلغ أٚ ظٙٛه ٌّقبؽو فّقبؽو غ١و ِزٛلؼخ ٠ّىٓ أْ رؾظً  ٚ ِقبؽو 

 غ١و ِزٛلؼخ فبْ الاٍزغبثخ اٌّقططخ لل لا رىْٛ ِلائّخ  ِّب ٠زطٍت ِٓ ئكاهح اٌّقبؽو ِٚل٠و اٌّشوٚع رٛف١و فطؾ اٍزغبثخ ئػبف١خ ١ٌٍَطوح

٠و اٌّقبؽو )فٟ ٍغً اٌّقبؽو( ٚثظٛهح كٚه٠خ ِٓ لجً ِل٠و اٌّشوٚع ٚفو٠ك اٌّقبؽو ٠مٛك بٌخ اٌّقظظخ ٌزمبهػٍٝ اٌّقبؽو . أْ الإكاهح اٌفؼ  

ئٌٝ وفبءح اٌقطخ 
(Office of Project Management Process Improvement ,2113)

. 
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 )الاضرثٍان انمٍذاوً( -5

اٌقجوح ِٓ اٌىٛاكه إٌٙل١ٍخ ِٚلهاء اٌّشبه٠غ أعواء اٍزج١بْ ِفزٛػ ٌّغّٛػخ ِٓ مٚٞ  خاٌلهاٍخ اٌؼ١ٍّ رزؼّٓ اٌّوؽٍخ الأٌٚٝ ِٓ

ئػلاك ٚر١ٙئخ  ذؼّٕر ؽ١شالاٍزج١بْ اٌّغٍك  ِوؽٍخ ئعواء اٌّوؽٍخ اٌضب١ٔخ وبٔذفٟ ؽ١ٓ ٚأٍزبمح اٌغبِؼبد ٚمٚٞ الافزظبص فٟ ٘نا اٌّغبي 

 أٍئٍخ الاٍزج١بْ اٌَّزٕجطخ ِٓ اٌلهاٍخ إٌظو٠خ ٚاٌّمبثلاد اٌشقظ١خ ٚالاٍزج١بْ اٌّفزٛػ . 

 

 ( Closed Questionnaireلاضرثٍان انمغهق)ا

 ثؼل الأزٙبء ِٓ ِوؽٍخ الاٍزج١بْ اٌّفزٛػ ٚعّغ اٌّؼٍِٛبد رُ ئػلاك ٚرظ١ُّ اٍزّبهح الاٍزج١بْ فٟ ػٛء اٌّؼٍِٛبد اٌزٟ رُ عّؼٙب ٚونٌه

ً ٚاػؼ ِٓ اعً ػّبْ ٌٍٙٛخ الإعبثخ اٌّؼٍِٛبد اٌزٟ رُ اٍزٕزبعٙب ِٓ اٌلهاٍخ إٌظو٠خ ٌٍجؾش ٚلل ؽوص اٌجبؽش ػٍٝ ئػلاك الاٍزّبهح ثشى

 ػ١ٍٙب ٚلل لبَ اٌجبؽش ثزم١َُ اٍزّبهح الاٍزج١بْ ئٌٝ فَّخ ِؾبٚه ٟٚ٘ :

 

 انمحىر الأول )انثٍاواخ وانمؼهىماخ انؼامح( - 

ووخ اٌزٟ ئْ اٌغوع ِٓ ٘نا اٌّؾٛه ٘ٛ اٌؾظٛي ػٍٝ اٌج١بٔبد ٚاٌّؼٍِٛبد اٌؼبِخ ػٓ أفواك ػ١ٕخ اٌجؾش ٚاٌزٟ رزؼّٓ اٌلائوح أٚ اٌش

ٌؼٍّٟ ٠ؼًّ ثٙب ٚاٌظفخ اٌشقظ١خ أٚ اٌغٙخ اٌزٟ ٠ّضٍٙب ٚلطبع اٌؼًّ ٚاٌلهعخ اٌٛظ١ف١خ ٚػلك ٍٕٛاد اٌقلِخ فٟ ِغبي رٕف١ن اٌّشبه٠غ ٚاٌزؾظ١ً ا

 ٚالافزظبص إٌٙلٍٟ ثبلإػبفخ ئٌٝ ٔٛع اٌّشبه٠غ ٚاٌّجبٟٔ اٌزٟ ٔفن٘ب .

 انمحىر انثاوً )محىر إدارج انمخاطر( -

نا اٌّؾٛه ٘ٛ ِؼوفخ ِلٜ رطج١ك ِٕٙغ١خ أكاهح اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ ِٚلٜ ؽبعخ ٘نٖ اٌّشبه٠غ ئٌٝ ئْ اٌٙلف ِٓ ٘

ٚلل اٍزقلَ اٌجبؽش فٟ ٘نا  ؼخ فٟ رمل٠و ٚرم١١ُ رٍه اٌّقبؽوٚعٛك ٔظُ ٚفطؾ ٚفجواء لإكاهح ِضً ٘نٖ اٌّقبؽو ٚاٌزؼوف ػٍٝ اٌطوق اٌّزج

 ( .7-1ّؼب١٠و اٌول١ّخ اٌّمبثٍخ ٌٙب ٌغوع ر١ًَٙ ػ١ٍّخ اٌؾَبثبد ٚرؾ١ًٍ اٌج١بٔبد ٚوّب ِٛػؾخ فٟ اٌغلٚي )اٌّؾٛه ػلك ِٓ اٌّمب١٠ٌ ٚاٌ

 

 انمحىر انثانث )محىر ذحذٌذ وذحهٍم انمخاطر انمطثثح نهمطانثاخ( 

غ الإٔشبئ١خ ِّب ٠ؼطٟ طٛهح فٟ اٌّشبه٠ِٚطبٌجبد رّل٠ل ئْ اٌٙلف الأٍبٍٟ ٌٙنا اٌّؾٛه ٘ٛ رؾل٠ل اٌّقبؽو اٌزٟ رَجت ِطبٌجبد رؼ٠ٛغ 

ػٍٝ ٚاػؾخ ػٓ أُ٘ اٌّقبؽو اٌزٟ رزؼوع ٌٙب اٌّشبه٠غ الإٔشبئ١خ وّب ٠ٙلف ٘نا اٌّؾٛه ئٌٝ اٌزؼوف ػٍٝ اؽزّب١ٌخ ٚلٛع ٘نٖ اٌّقبؽو ٚرأص١و٘ب 

ٔشبئ١خ  ثبلاػزّبك ػٍٝ ٘ن٠ٓ اٌؼب١ٍِٓ ٚثبٌزبٌٟ رم١١ُ اٌزأص١و إٌٛػٟ ٌىً فطو ِٓ رٍه اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ  الإٚاٌّلح اٌىٍفخ 

ّ ٓ فٟ ئْ اٌقطو لل ٠ىْٛ اؽزّب١ٌخ ٚلٛػٗ ػب١ٌخ ٌىٓ رأص١وٖ ِٕقفغ أٚ لل ٠ؾظً اٌؼىٌ ٌنٌه ٠زُ رم١١ُ رأص١و وً فطو  ٚاٌفبئلح ِٓ مٌه رى

 ثبلاػزّبك ػٍٝ ٘ن٠ٓ اٌؼب١ٍِٓ .

 

 انمحىر انراتغ )إجراءاخ اضرجاتح انمخاطر(  -

ؼوفخ أُ٘ الإعواءاد اٌزٟ ٠ّىٓ ئرجبػٙب ِٓ اعً رغٕت أٚ رم١ًٍ أٚ ٔمً ٘نٖ اٌّقبؽو ئٌٝ ؽوف أفو ِٓ اعً ٠ٙلف ٘نا اٌّؾٛه ئٌٝ ِ

 رغٕجٙب أٚ رقف١ؼٙب ئٌٝ الً ِب ٠ّىٓ .

 

 اورخاب ػٍىح انثحث -

اٌقجوح اٌغ١لح اٌؼب١ٍِٓ فٟ ٌمل رُ اٌزأو١ل فٟ ػ١ٍّخ أزقبة أفواك ػ١ٕخ الاٍزج١بْ ػٍٝ ئْ ٠ىٛٔٛا ِٓ إٌّٙل١ٍٓ اٌّز١ّي٠ٓ ٚالأوفبء ٚمٚٞ 

جوح اٌّإٍَبد اٌؾى١ِٛخ ٚاٌّىبرت الاٍزشبه٠خ إٌٙل١ٍخ ٚػٍٝ إٌّٙل١ٍٓ اٌؼب١ٍِٓ فٟ شووبد الإٔشبء، ٚػٍٝ أٍبرنح اٌغبِؼبد اٌن٠ٓ ٠ّزٍىْٛ ف

 ؽ٠ٍٛخ فٟ ٘نا اٌّغبي.

الاٍزج١بْ ٚرٛػ١ؼ ِب ٘ٛ غبِغ ِٕٗ ئٌٝ  ( اٍزّبهح اٍزج١بْ ٚثشىً ِجبشو ٌىٟ ٠زّى ٓ ِٓ رٛط١ً أ٘لاف44ؽ١ش لبَ اٌجبؽش ثزٛى٠غ )

( اٍزّبهح فمؾ، ٚػٕل رؾ١ًٍ اٌّؼب٠ٕبد رُ اٍزجؼبك صلاصخ ِٕٙب ثَجت ػلَ اوزّبي ئعبثبرٙب، ٚػ١ٍٗ أطجؼ ػلك 39أفواك اٌؼ١ٕخ إٌّزقجخ. رُ اٍزوكاك )

( اٌنٞ ٠ج١ٓ ػ١ٕخ اٌجؾش 8-1ب ِج١ٕخ فٟ اٌغلٚي هلُ )( اٍزّبهح , ٚو36ّاٍزّبهاد الاٍزج١بْ إٌٙبئٟ اٌزٟ اػزّلد ػٕل رؾ١ًٍ ٔزبئظ الاٍزج١بْ )

 ّووي٠خ .اٌّؼزّلح .ٚٔز١غخ ٌّب موو ٍبثمب" ٚؽَت إٌظو٠بد الإؽظبئ١خ فبْ ػ١ٕخ اٌجؾش رقؼغ ئٌٝ اٌزٛى٠غ اٌطج١ؼٟ اٍزٕبكا" ئٌٝ ٔظو٠خ إٌٙب٠خ اٌ

 

 لاص انىرائجالأضانٍة انرٌاضٍح والإحصائٍح انمطرخذمح فً جذونح و ذحهٍم انثٍاواخ واضرخ -
٠قزض الإؽظبء ثبٌطوق اٌؼ١ٍّخ ٌغّغ ٚرٕظ١ُ ٚرٍق١ض ٚػوع ٚرؾ١ًٍ اٌج١بٔبد ٚونٌه اٌٛطٛي ئٌٝ ٔزبئظ ِمجٌٛخ ٚلواهاد ١ٍٍّخ ػٍٝ 

ً ثشىػٛء ٘نا اٌزؾ١ًٍ. ٌٚغوع رؾ١ًٍ  اٌج١بٔبد  ِٚمبهٔزٙب  لبَ اٌجبؽش ثؼوع اٌج١بٔبد فٟ هٍَٛ ٚئشىبي  ٌز١ًَٙ كهاٍزٙب ٚرؾ١ٍٍٙب ٚرٛػ١ؾٙب 

بي ػٕل ِمبهٔزٙب ِغ ثؼؼٙب لأٔٙب ٍزؼىٌ أوجو لله ِٓ اٌّؼٍِٛبد ثّغوك إٌظو ئ١ٌٙب ٚرلػٝ ٘نٖ اٌؼ١ٍّخ ثبٌطـوق اٌظـٛه٠ـخ  ًٍٙ ٚفؼ 

(Pictorial method ): وّب اٍزقلَ اٌجبؽش ػلكا" ِٓ اٌّمب١٠ٌ الإؽظبئ١خ ٌغوع رٍق١ض اٌج١بٔبد ٚرؾ١ٍٍٙب ٚٚطفٙب ثشىً ع١ل ِٓ أّ٘ٙب , 

 

 (Measurement of Central Tendency ىسػح انمركسٌح ) مقاٌٍص ان - أ

أػزّل اٌجبؽش ٘نا اٌّم١بً وٛٔٗ اٌم١ّخ إٌّٛمع١خ فٟ رّض١ً ِغّٛػخ ث١بٔبد، ؽ١ش اٍزقلَ اٌجبؽش أوضو اٌّزٍٛطبد ش١ٛػبً ٚ٘ٛ اٌٍٛؾ  

ِٓ اٌم١ُ( ٌىبْ ِغّٛع ل١ُ اٌّفوكاد اٌغل٠لح  ( ٚاٌنٞ ٠ؼوف ثأٔٗ اٌم١ّخ اٌزٟ ٌٛ أػط١ذ ٌىً ِفوكح فٟ اٌّغّٛػخ)ِغّٛػخ:X Meanاٌؾَبثٟ )

َِبٚٞ ٌّغّٛع ل١ُ اٌّزغ١واد الأط١ٍخ . ٠ٚؼوف أ٠ؼب ثأٔٗ ِغّٛع ل١ُ اٌّشب٘لاد ِمَِٛبً ػٍٝ ػلك٘ب ٠ٚؾَت وبلأرٟ
(2117)انقصاص , 

   : 

                                                 

    h                                                                                                                                                                                                                                 

 Mean(X) =∑ xi .  fi  / n          ( 1-1ِؼبكٌخ)  
                        i =1                                                                                                                                                                                                                                                   

 : ؽ١ش

           (Xٟاٌٍٛؾ اٌؾَبث : ) 
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           (xiِووي اٌظٕف : ) 

           (fiػلك اٌزىواهاد ٌىً طٕف : ) 

           (nؽغُ اٌؼ١ٕخ أٚ ِغّٛع اٌزىواهاد ٌلأطٕبف : ) 

           (iرًٍََ الأطٕبف :  ) 

           (h  ػلك الأطٕبف : ) 

                   

 (Measures of spreadمقاٌٍص انرشرد ) - ب

لا رؼزجو ِمب١٠ٌ اٌزّووي وبف١خ ٌٛطف ِغّٛػخ ِٓ اٌج١بٔبد ٚطفبً وبِلاً فمل رزَبٜٚ ثؼغ اٌؼ١ٕبد فٟ اٌٍٛؾ اٌؾَبثٟ ثبٌوغُ ِٓ 

ح اٌج١بٔبد افزلاف رٛى٠غ ث١بٔبرٙب ؽٛي ِووي٘ب )كهعخ رغبٌٔ اٌج١بٔبد( فبٌٍٛؾ اٌؾَبثٟ ٠ّضً ِووي اٌج١بٔبد ٌىٕٗ لا ٠ج١ٓ ِلٜ اٌزفبف أٚ ثؼضو

بْ ؽٛي ٘نا اٌٍٛؾ ، ٌٚٙنا لا ثل ِٓ ٚعٛك ِم١بً  فو ِغ اٌّمب١٠ٌ اٌّووي٠خ ٌم١بً كهعخ اٌزغبٌٔ أٚ اٌزشزذ فٟ كافً ٘نٖ اٌج١بٔبد . ٌنٌه و

ا وبْ ِم١بً اٌغوع ِٓ اػزّبك ٘نا إٌٛع ِٓ اٌّمب١٠ٌ ٘ٛ رؾل٠ل ؽج١ؼخ رٛى٠غ ِؼب٠ٕبد الاٍزج١بْ ٌؼىٌ ِلٜ افزلافٙب ٚأزشبه٘ب ػٓ ٍٚطٙب ٚئم

ل١ٍٍخ. ٚلل اٌزشزذ وج١واً كيَّ مٌه ػٍٝ ػلَ اٌزغبٌٔ ث١ٓ ل١ُ اٌّؼب٠ٕبد، ١ٍٚىْٛ ِم١بً اٌزشزذ طغ١واً ػٕلِب رىْٛ الافزلافبد ث١ٓ ل١ُ اٌّؼب٠ٕبد 

( Xٌؾَبثٟ )( وّم١بً ٌٍزشزذ ؽ١ش ٠ؼىٌ ل١ُ أؾوافبد اٌّؼب٠ٕبد ػٓ ٍٚطٙب اStandard Deviationأػزّل اٌجبؽش الأؾواف اٌّؼ١بهٞ )

٠ٚؾَت وبلأرٟ
(1983) أتى صانح, 

 : 

             h                                               

(S) =    ∑(xi - X )
2
 . fi / (n – 1)…….. (2-1ِؼبكٌخ)

 

  
                     i=1 

 ؽ١ش :

(sٞالأؾواف اٌّؼ١به : ) 

 ص انىرائجإجراءاخ جذونح وذحهٍم انثٍاواخ واضرخلا   

 رّذ ػ١ٍّخ رؾ١ًٍ إٌزبئظ اٌزٟ رُ اٌؾظٛي ػ١ٍٙب ِٓ الاٍزج١بْ ٚفك رًٍََ ِؾبٚهٖ ٚوّب ٠أرٟ :

اٌّؾٛهاْ الأٚي ٚاٌضبٟٔ ٍٛف ٠زُ ؽَبة َٔت اٌزىواهاد ػٍٝ ػٛء اٌّؼٍِٛبد ٚالإعبثابد لإفاواك ػ١ٕاخ اٌجؾاش ِٚآ صاُ ػوػاٙب فاٟ أشاىبي  - أ

 ٚوبلارٟ : 

P% =( fi  / n) * 100……… (3-1)ِؼبكٌخ 
(1983) أتى صانح,    

 ؽ١ش :  

 (p%  : ) اٌزىواه ٌٍظٕف %                            َٔجخ 

ٚرم١١ُ شلح اٌزأص١و ٌزٍه اٌّقبؽو ػٍٝ   ٚونٌه اٌزّل٠ل اٌّؾٛه اٌضبٌش ٚاٌّزؼٍك ثزم١١ُ الاؽزّب١ٌخ ٌؾظٛي اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ئِب - ة

 خ إٌزبئظ ٚرؾ١ٍٍٙب وبلأرٟ :فَٛف ٠زُ علٌٚاٌّشوٚع ِٚلح وٍفخ 

 ( ػٍاٝ ٚفاك 1-1ك اٌّؼبكٌاخ )ـاـثزطج١ ٚوانٌه اٌزّل٠ال رُ ؽَبة ِؼلي رم١١ُ اؽزّب١ٌخ ؽظٛي وً فطو ِٓ اٌّقابؽو اٌَّاججخ ٌّطبٌجابد اٌزؼا٠ٛغ

 .( رُ ؽَبة الأؾواف اٌّؼ١بهٞ 2-1ئعبثبد أفواك ػ١ٕخ اٌجؾش ِٚٓ صُ ثزطج١ك اٌّؼبكٌـخ )

   ٚوانٌه اٌَّاججخ ٌّطبٌجابد اٌزّل٠ال ػٍاٝ اٌّالح رأص١و وً فطو ِآ اٌّقابؽو اٌَّاججخ ٌّطبٌجابد اٌزؼا٠ٛغ ػٍاٝ اٌىٍفاخ رُ ؽَبة ِؼلي رم١١ُ شلح

  ( رُ ؽَبة الأؾواف اٌّؼ١به2ٞ-1( ػٍٝ ٚفك ئعبثبد أفواك ػ١ٕخ اٌجؾش ِٚٓ صُ ٚثزطج١ك اٌّؼبكٌخ )1-1ثزطج١ك اٌّؼبكٌخ )

   ٚفمب" لاؽزّب١ٌخ ؽظٌٛٙب ٚوبلأرٟ : ٚونٌه اٌزّل٠ل اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ رُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌىً فطو ِٓ اٌّقبؽو 

 ِؼلي رم١١ُ الاؽزّب١ٌخ                                       

 ٌؾظٛي اٌقطو                                          

 (4-1)-------   %100×                   ٌٍقطو % =           الأ١ّ٘خ إٌَج١خ 

 ِغّٛع ِؼللاد اؽزّب١ٌخ   ٚفمب" لاؽزّب١ٌخ ؽظٌٛٙب   

 اٌؾظٛي ٌىً فطو                                       

  اٌّشوٚع ٚونٌه اٌَّججخ ٌّطبٌجبد رُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚفمب" ٌزأص١و٘ب ػٍٝ وٍفخ

                           : ٚوبلأرٟ ػٍٝ اٌّلح٘ب ٚفمب" ٌزأص١واٌزّل٠ل 
 ِؼلي رم١١ُ رأص١و اٌقطو                                    

 (5-1)-------- % 100×  =                            الأ١ّ٘خ إٌَج١خ ٌٍقطو % 

 ِغّٛع ِؼللاد رم١١ُ           ٚفمب" ٌزأص١و٘ب ػٍٝ   

    اٌزأص١و ٌىً فطو           ع اٌّشوٚ /ِلح وٍفخ    

. 

  اٌّج١ٕاخ فاٟ اٌزاأص١و  –ٚٚفاك ِظافٛفخ الاؽزّب١ٌاخ ٚوانٌه اٌزّل٠ال رُ ؽَبة اٌزم١١ُ إٌٛػٟ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼا٠ٛغ ٚ

أٚ ٚفك اٌّؼبكٌخ اٌزب١ٌخ ( 1اٌشىً )
(Office of Project Management Process Improvement  ,2003( , )Krige  ,2008)

 : 

 (6-1)------ /اٌّلحاٌقطو ػٍٝ اٌىٍفخِؼلي رم١١ُ شلح رأص١و ×        ؽظٛي اٌقطو  = ِؼلي رم١١ُ اؽزّب١ٌخ   ٌٍقطو         اٌزم١١ُ إٌٛػٟ

 : ٟرُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌٍّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚفمب" ٌٍزم١١ُ إٌٛػٟ ٚوّب ٠أر  

 ِؼلي اٌزم١١ُ إٌٛػٟ                                     

 ٌؾظٛي اٌقطو                                       
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 (7-1)---------- %100×                             الأ١ّ٘خ إٌَج١خ ٌٍقطو % = 

 ِغّٛع ِؼللاد اٌزم١١ُ           ٚفمب" ٌٍزم١١ُ إٌٛػٟ         

   إٌٛػٟ ٌىً فطو                                              

إٌزبئظ ثبٌَٕجخ ٌٍّؾٛه اٌواثغ ٚاٌّزؼٍك ثبلإعواءاد اٌّّىٓ ارقبم٘ب ِٓ اعً رغٕت أٚ اٌزم١ًٍ ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ رُ علٌٚخ  - د

 ٚرؾ١ٍٍٙب وبلأرٟ :

  ٓثزطج١اك ٚاٌزّل٠ال اٌّقابؽو اٌَّاججخ ٌّطبٌجابد اٌزؼا٠ٛغ رُ ؽَابة ِؼالي رم١ا١ُ فؼب١ٌاخ واً ئعاواء ِآ ئعاواءاد رغٕات اٚ رم١ٍاً واً  فطاو ِا

 ( ٚمٌه ػٍٝ ٚفك ئعبثبد أفواك ػ١ٕخ اٌجؾش.1-1اٌّؼبكٌخ )

  : رُ ؽَبة الأ١ّ٘خ إٌَج١خ ٌىً ئعواء ِٓ ٘نٖ الإعواءاد ٚفك اٌّؼبكٌخ اٌزب١ٌخ 

 ِؼلي رم١١ُ فؼب١ٌخ                                 

 فطوٌىً الإعواء                                   

 (8-1)----- % 100×                                     % = الأ١ّ٘خ إٌَج١خ

 ِغّٛع ِؼللاد رم١١ُ                 ٌىً ئعواء   

 اٌفؼب١ٌخ ٌىً ئعواء                                      

 ذحهٍم ورائج الاضرثٍان انمٍذاوً ومىاقشرها -

بهاد الاٍزج١بْ ٚفوى٘ب ِٚٓ صُ علٌٚخ اٌّؼٍِٛبد ٚاٌج١بٔبد اٌٛاهكح ِٓ الاٍزج١بْ ٚرؾ١ٍٍٙب ؽَت رًٍََ ِؾبٚه الاٍزج١بْ ٚلل رُ عّغ اٍزّ

 ( الإطلاه اٌزبٍغ ػشو فٟ ػ١ٍّخ اٌزؾ١ًٍ ٚثبلاػزّبك ػٍٝ اٌّؼبكلاد اٌّنوٛهح ٍبثمب". SPSSرُ اٍزقلاَ اٌجؤبِظ الإؽظبئٟ )
 

 : محىر انثٍاواخ وانمؼهىماخ انؼامحانمحىر الأول  -          

 ٌلائوح أٚ اٌشووخ اٍُ ا - أ

 ٌزٟ ٠ّضٍٙب أفواك اٌؼ١ٕخ اٌظفخ اٌشقظ١خ أٚ اٌغٙخ ا - ة

 اٌلهعخ اٌٛظ١ف١خ  - د

( 15( ٠ّزٍىاْٛ فجاوح لا رماً ػآ )63.89( ٍإٛاد ٚاْ )%10( ِٓ أفواك اٌؼ١ٕخ ٠ّزٍىْٛ فجوح ري٠ال ػآ )86.11)%ػلك ٍٕٛاد اٌقلِخ :  - س

 ٍٕخ . 

إٌَجخ الأوجو ِآ أفاواك اٌؼ١ٕاخ ٘اُ ِآ اٌؾبطا١ٍٓ ػٍاٝ شاٙبكح اٌجىابٌٛه٠ًٛ ٚرٛىػاذ إٌَاجخ اٌّزجم١اخ ثا١ٓ ِّآ ٘اُ  بٔذٌؼٍّٟ : وزؾظ١ً ااٌ - ط

 ؽبط١ٍٓ ػٍٝ شٙبكح اٌّبعَز١و ٚشٙبكح اٌلوزٛهاٖ .

اٌّزجم١خ ث١ٓ افزظابص إٌٙلٍاخ الافزظبص إٌٙلٍٟ : ئْ الأغٍج١خ ِٓ أفواك اٌؼ١ٕخ وبٔذ ثبفزظبص إٌٙلٍخ اٌّل١ٔخ فٟ ؽ١ٓ رٛىػذ إٌَجخ  - ػ

 ثبئ١ـــــخ ا١ٌّىب١ٔى١ــــخ ٚاٌىٙو

 ( . 94اغٍت أفواك اٌؼ١ٕخ وبٔذ لل ػٍّذ فٟ رٕف١ن ِشبه٠غ اٌّجبٟٔ ٚعبءد ثَٕجخ )% ٕفنح ِٓ لجً أفواك اٌؼ١ٕخ : ٔٛع اٌّشبه٠غ اٌّ - ؿ

 

 انمحىر انثاوً : محىر أدارج انمخاطر - 

ٍزؼبًِ ِغ اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فمل أشبهد اغٍت ئعبثبد أفواك ػ١ٕاخ اٌجؾاش ئٌاٝ لٍاخ أٚ ػالَ ٌّؼوفخ ِلٜ ٚعٛك ٔظبَ أكاهٞ أٚ فطخ ٌ - أ

 ( %77ٚعٛك ٔظبَ أكاهٞ أٚ فطخ ٌٍزؼبًِ ِغ رٍه اٌّقبؽو ٚلل عبءد ثَٕجخ )

خ ٚوّاب ٠ظٙاو مٌاه ٚاػاؾب" ِآ لاؽع اٌجبؽش ئْ اغٍت الإعبثبد رإ٠ل ٚعٛك فجواء لإكاهح اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١ - ة

 .إ٠ل مٌه ( ر%78فلاي َٔجخ اٌزىواهاد ٌلإعبثبد ؽ١ش ئْ َٔجخ )

ٌّؼوفاخ اٌطااوق اٌّزجؼااخ فااٟ اٌزٕجاإ ثبٌّقاابؽو اٌَّااججخ ٌٍّطبٌجاابد فمال أٚػااؾذ ئعبثاابد أفااواك ػ١ٕاخ اٌجؾااش ئْ اٍاازقلاَ اٌّؼٍِٛاابد اٌزبه٠ق١ااخ  - د

ٌَابثمخ  فاٟ وبٔذ ٕ٘بن لٍخ فٟ اٍزقلاَ اٌقجواء اٌّقزظ١ٓ ٚ اٌلهاٍبد اٌؼ١ٍّخ ا . َخٌّشبه٠غ ٍبثمخ ٘ٛ اٌطو٠مخ اٌّزجؼخ فٟ مٌه ثظٛهح هئ١

 اٌزٕجإ ثزٍه اٌّقبؽو 

 

 وانمطثثح نمطانثاخ انرمذٌذ انمحىر انثانث : ذحذٌذ وذحهٍم انمخاطر انمطثثح نمطانثاخ انرؼىٌض -

ٚرم١١ُ شلح اٌزأص١و  ونٌه اٌزّل٠لٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ٚرم١١ُ الاؽزّب١ٌخ ٌؾظٛي ارؼّٓ اٌّؾٛه اٌضبٌش فٟ ٍإاٌٗ الأٚي ٚاٌضبٟٔ  - أ

( ٚمٌه ِٓ فلاي اٍزقلاَ فَّخ ِمب١٠ٌ )ِٕقفغ علا" , ِإقفغ 3(, )2ٓ )ـــــٚوّب ِٛػؼ فٟ اٌشى١ٌٍزٍه اٌّقبؽو ػٍٝ وٍفخ ِٚلح اٌّشوٚع 

 ب . ( الأٚىاْ اٌّؼ١به٠خ 9ٌٙ-1, ِزٍٛؾ , ػبٌٟ , ػبٌٟ علا"( ٠ٚٛػؼ اٌغلٚي ) 

ِٓ ِٚٓ فلاي ِب رُ اٌؾظٛي ػ١ٍٗ ِٓ ٔزبئظ ٌزم١١ُ الاؽزّب١ٌخ ٚاٌزأص١و ٌٍّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ ١ٍزُ ؽَبة اٌزم١١ُ إٌٛػٟ ٌىً 

ٔٛػٟ ٌىً اٌزأص١و( ٌٍقطو اٌزٟ رؼطٟ رم١١ُ  –( صُ رم١١ّٙب ٚمٌه ثبلاػزّبك ػٍٝ ِظفٛفخ )الاؽزّب١ٌخ 6-4رٍه اٌّقبؽو ٚمٌه ِٓ فلاي اٌّؼبكٌـخ )

( اٌزم١١ُ إٌٛػٟ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ 5( , )4ٓ )ــ١١ٍالاؽزّب١ٌخ ٚاٌزأص١و ٠ٚٛػؼ اٌشىفطو ثبلاػزّبك ػٍٝ ػبٍِٟ 

 ٚالأ١ّ٘خ إٌَج١خ ٌزٍه اٌّقبؽو ػٍٝ أٍبً اٌزم١١ُ إٌٛػٟ ٌٙب .

ٙلف ِّٕٙب ٘ٛ رم١١ُ اؽزّب١ٌخ اٌؾظٛي ٚ شالح اٌزاأص١و ٌىاً فطاو ِآ اٌّقابؽو ٔلاؽع ِٓ فلاي اٌَإا١ٌٓ اٌضبٌش ٚاٌواثغ ِٓ ٘نا اٌّؾٛه ئْ اٌ - ة

اٌزم١ا١ُ اٌَّججخ ٌّطبٌجبد اٌزّل٠ل ٚثبٌزبٌٟ رم١١ُ رأص١و٘اب ػٍاٝ ِالح اٌّشاوٚع  رم١١ّاب" ٔٛػ١اب" ٚوانٌه ئ٠غابك الأ١ّ٘اخ إٌَاج١خ ٌىاً فطاو ػٍاٝ أٍابً 

( ٚلل رُ اٍزقلاَ ٔفٌ الأٍٍٛة اٌَّازقلَ فاٟ ِطبٌجابد اٌزؼا٠ٛغ 9 ( ,)8( , )7( , )6إٌٛػٟ ٌزٍه اٌّقبؽو ٚوّب ِٛػؾخ فـــــٟ الأشــــــىبي )

 ( .9-1فٟ رم١١ُ الاؽزّب١ٌخ ٚشلح اٌزأص١و ؽ١ش أػط١ذ ٔفٌ اٌّمب١٠ٌ ِٚؼب١٠و٘ب اٌّج١ٕخ ثبٌغلٚي)

١ُ إٌٛػٟ ٌٙب ٠ؼطٟ طٛهح أٚػؼ ػٍٝ أٍبً اٌزم١ ٚونٌه اٌزّل٠ل ٠ٚوٜ اٌجبؽش ئْ الأ١ّ٘خ إٌَج١خ ٌٍّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ

ػب١ٌخ ػٓ أ٠ٌٛٚخ ٚأ١ّ٘خ رٍه اٌّقبؽو ٚمٌه لاػزّبك٘ب ػٍٝ ػبٍِٟ الاؽزّب١ٌخ ٚاٌزأص١و ِؼب" ففٟ ثؼغ الأؽ١بْ لل رىْٛ اؽزّب١ٌخ اٌؾظٛي ٌٍقطو 



Journal of Engineering    Volume    20    October    -   2014 Number  10 
 

 

8 
 

لل لا رؼطٟ طٛهح كل١مخ ػٓ الأ٠ٌٛٚخ  ٌىٓ رأص١وٖ ِٕقفغ أٚ لل ٠ىْٛ اٌؼىٌ فٕلاؽع ئْ الأ١ّ٘خ إٌَج١خ ٌٍقطو ػٍٝ أٍبً الاؽزّب١ٌخ أٚ اٌزأص١و

 اٌٛاعت ئػطبئٙب ٌنٌه اٌقطو .

 

 انمحىر انراتغ : محىر الإجراءاخ  -

أٚ اٌزم١ًٍ  ٚاٌزّل٠ل ٠ٙلف ٘نا اٌّؾٛه ئٌٝ ِؼوفخ أفؼً الإعواءاد اٌزٟ ٠ّىٓ ارقبم٘ب ِٓ اعً رغٕت اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ

اٌّشوٚع  , ؽ١ش ؽٍت اٌجبؽش رم١١ُ رٍه الإعواءاد ثّٛعت أٚ ِلح ِٕٙب ئٌٝ أكٔٝ َِزٜٛ ٠ىْٛ ف١ٗ رأص١و رٍه اٌّقبؽو الً ِب ٠ّىٓ ػٍٝ وٍفخ 

 ( ِؼ١به رٍه اٌّمب١٠ٌ.10-1بي( ٚلل أٚػؼ اٌغلٚي )بي ثؼغ اٌشٟء , غ١و فؼ  بي , فؼ  بي علا" , فؼ  ِم١بً )فؼ  

( ئعواء ل١ًٍ اٌفؼب١ٌخ ٚلبَ ثبٍزجؼبكٖ ٚمٌه )لاْ اٌٍٛؾ اٌؾَبثٟ ٌّؼ١به 2.5الإعواء اٌنٞ ٠ىْٛ ِؼلي رم١١ّٗ الً ِٓ )ٚلل اػزجو اٌجبؽش 

 (( .2.5اٌزم١١ُ ٠َبٚٞ ئٌٝ )

به٠غ فٟ اٌّش ٚاٌزّل٠ل بٌخ ٌزم١ًٍ أٚ رغٕت اٌّقبؽو اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ٠ٛػؼ الأ١ّ٘خ إٌَج١خ ٌلإعواءاد اٌفؼ   (11-1ٚاٌغلٚي ) 

 الإٔشبئ١خ ٚاٌزٟ ٠ّىٓ ئرجبػٙب فٟ اٌّشبه٠غ الإٔشبئ١خ .

 

 الاضرىراجاخ وانرىصٍاخ-6

 الاضرىراجاخ -
 ِٓ فلاي اٌؼًّ ثبٌجؾش رُ اٌزٛطً ئٌٝ اٌؼل٠ل ِٓ الاٍزٕزبعبد ٠ّىٓ رٍق١ظٙب ثبٌٕمبؽ اٌزب١ٌخ :

ئلا ئْ ِٚالك٘ب ؼ ػٍاٝ رٍاه اٌّشابه٠غ ِآ ٔبؽ١اخ ى٠ابكح وٍفٙاب ػٍٝ اٌوغُ ِٓ أ١ّ٘خ ِٛػٛع اٌّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ ٚرأص١و٘ب اٌٛاػا .1

 اٌجؾٛس ٚاٌلهاٍبد اٌّزؼٍمخ ثٙنا اٌّٛػٛع رّزبى ثمٍزٙب فٟ اٌؼواق ثبلإػبفخ ئٌٝ افزمبه٘ب ئٌٝ اٌَّؼ ا١ٌّلأٟ ٚاٌج١بٔبد اٌزبه٠ق١خ.

 اٌوٞ .ئْ ٌٍّطبٌجبد رأص١وا" وج١وا" فٟ ِشبه٠غ اٌّجبٟٔ ٚ اٌَبثمخ ٠لاؽع ِٓ فلاي اٌلهاٍبد .2

ئْ رؾ١ًٍ ٚئكاهح اٌّقبؽو فٟ اٌّشوٚع رؼزجو ػ١ٍّخ َِزّوح ٠ّٚىٓ أْ رجلأ فٟ أٞ ِوؽٍخ ِٓ كٚهح اٌّشوٚع ٠ّٚىٓ أْ رلَٚ ٚرَزّو ئٌٝ أْ  .3

كاهح رظجؼ رىب١ٌف اٍزقلاِٙب أوضو ِٓ فبئلرٙب اٌّؾزٍّخ ٚاٌزٟ ٠ّىٓ وَجٙب. ٚثزملَ اٌّشوٚع رمً اٌّقبؽو ٚثٙنا فاْ فؼب١ٌخ اٍزقلاَ رؾ١ٍاً ٚئ

  .اٌّقبؽو ر١ًّ ئٌٝ اٌزمٍض ٌنٌه فأٗ ِٓ اٌَّزؾَٓ اٍزقلاِٙب فٟ الأؽٛاه اٌّجىوح ِٓ كٚهح ؽ١بح اٌّشوٚع

 اٌشقظ١خ . ئْ اٌطوق اٌزم١ٍل٠خ اٌَّزقلِخ فٟ اٌزٕجإ ثزأص١و رٍه اٌّطبٌجبد رّزبى ثؼلَ اٌللخ اٌؼب١ٌخ ثبلإػبفخ ئٌٝ ػلَ اٌزأول ٚرأصو٘ب ثبٌؼٛاًِ .4

١ٍبق ِؾلك ِٚٛؽل ٌؾفع ٚرٕظ١ُ اٌج١بٔبد ٚاٌّؼٍِٛبد اٌقبطخ ثبٌّطبٌجبد ِٚب ٠ٕزظ ػٕٙب فٟ ِؼظُ اٌلٚائو ٚاٌشووبد اٌزٟ لٍخ ٚعٛك ٔظبَ اٚ  .5

 رّذ ى٠بهرٙب .

اٌزأص١و رؼطٟ رظٛها" ٚاػؾب" ػٓ رأص١و الأفطبه ٚمٌه لاػزّبك٘ب ػٍٝ ػبٍِٟ الاؽزّب١ٌخ  -ئْ ػ١ٍّخ اٌزم١١ُ إٌٛػٟ ثبٍزقلاَ رم١ٕخ الاؽزّب١ٌخ .6

 اٌزأص١و ٌزٍه الأفطبه ثبلإػبفخ ئٌٝ ث١بْ الإفطبه اٌّّٙخ ٚأ٠ٌٛٚزٙب ِّب ٠َبػل فٟ ػ١ٍّخ اٌّؼبٌغخ ٚارقبم اٌمواه .ٚ

ونٌه أظٙاود ٔزابئظ اٌزؾ١ٍاً أ٠ؼاب" ػالك ِآ الإعاواءاد إٌّبٍاجخ اٌزاٟ ٠ّىآ ِآ فلاٌٙاب رغٕات أٚ رم١ٍاً راأص١و اٌّقابؽو اٌَّاججخ ٌّطبٌجابد  .7

 اٌزؼ٠ٛغ .

 ّقبؽو أ١ّ٘خ رزؼٍك ثّوؽٍخ اٌزظ١ُّ ٚئػلاك اٌَّزٕلاد ٌنٌه ٔغل ئْ ٘نٖ اٌّوؽٍخ ِّٙخ فٟ ػ١ٍّخ ِؼبٌغخ رٍه اٌّقبؽؤلاؽع ئْ أوضو اٌ .8

 ٍّطبٌجبد ثَوػخ ٚكلخ ػب١ٌزبْ ٌٚعٛك ؽبعخ ئٌٝ اٍزقلاَ رم١ٕبد أٚ ثواِظ ؽبٍٛث١خ رَبػل فٟ ػ١ٍّخ اٌزٕجإ ثزأص١و اٌّقبؽو اٌَّججخ  .9

 

 (Recommendationsانرىصٍاخ )

ٔٛطاٟ ثؼاوٚهح الا٘زّاابَ ثؼ١ٍّاخ اٌزٛص١اك فااٟ اٌّشابه٠غ الإٔشاابئ١خ ٚفظٛطاب" اٌّزؼٍماخ ثبٌّطبٌجاابد ٚالاٍازفبكح ِآ اٌطبلاابد اٌىج١اوح ٌغٙاابى  .1

 اٌؾبٍٛة فٟ ٘نٖ اٌؼ١ٍّخ , ٚمٌه ِٓ فلاي الا٘زّبَ ثٛعٛك علٚي ٌلأػّبي ا١ِٛ١ٌخ.

ئػلاك َِزٕلاد اٌّمبٌٚخ ٚمٌه ِآ فالاي ئؽبٌاخ اٌؼّاً ئٌاٝ اٌّىبرات  ٔٛطٟ ثؼوٚهح رٛفٟ اٌللخ فٟ رق١ّٓ و١ّبد علٚي اٌى١ّبد ٚونٌه فٟ .2

 الاٍزشبه٠خ اٌّزقظظخ ٚاٌلل١مخ  ٚماد اٌقجوح اٌط٠ٍٛخ .

اٌلهاٍخ اٌّزأ١ٔخ ِٓ ؽوف طبؽت اٌؼًّ ٚالاٍزشبهٞ اٌّظُّ ٌىً ِوؽٍخ ِٓ ِواؽً اٌزظا١ُّ لاٍاز١فبء ِؼظاُ هغجابد ِٚزطٍجابد طابؽت  .3

 اٌؼًّ .

ح ٌٍّشااوٚع ٌّوالجااخ اؽز١بعاابد اٌّشااوٚع ِاآ اٌَاا١ٌٛخ اٌّب١ٌااخ ػٍااٝ ؽااٛي ِاالح اٌّشااوٚع ٠ٚشااًّ ؽغااُ ٚرٛل١ااذ ٘اانٖ ئػاالاك ئكاهح ِب١ٌااخ ع١اال .4

  .ؽز١بعبد ٚاٌزٕجإ اٌَّزمجٍٟ ٌٙبالا

الإٍواع فٟ ئطلاه اٌمواهاد ٚاٌّٛافمبد ِٓ لجً طبؽت اٌؼًّ ٚمٌه ِٓ فلاي ئػطبء طالاؽ١بد اوجاو ٌالٚائو إٌّٙالً اٌّما١ُ فاٟ ئطالاه  .5

 اهاد ٚاٌّٛافمبد .رٍه اٌمو

 ػوٚهح ػًّ كٚهاد فبطخ ِٓ لجً كٚائو اٌلٌٚخ رزٍمٝ ف١ٙب اٌىٛاكه اٌؼبٍِخ فٟ اٌّشبه٠غ الإٔشبئ١خ ِٓ إٌّٙل١ٍٓ ٚاٌف١ٕا١ٓ ٚغ١اوُ٘ ِّآ ٌاٗ .6

 ػلالخ ثبٌؼ١ٍّخ الإٔشبئ١خ ٌٍزضم١ف ؽٛي ػ١ٍّخ ئكاهح اٌّقبؽو فٟ اٌّشبه٠غ الإٔشبئ١خ .  

 اٌّقبؽو فٟ اٌّشبه٠غ الإٔشبئ١خ .  ٔٛطٟ ثؼوٚهح ٚعٛك فجواء لإكاهح .7

الا٘زّاابَ ثي٠اابكح اٌّؼوفااخ اٌؼ١ٍّااخ فااٟ ِغاابي ئكاهح اٌّقاابؽو اٌّااإصوح فااٟ اٌّشاابه٠غ الإٔشاابئ١خ ثشااىً ػاابَ ٚئكاهح اٌّقاابؽو اٌّااإصوح فااٟ فطااؾ  .8

لح ئٔغبى اٌّشوٚع الإٔشبئٟ وّٛٔٙب اٌّؾلك٠ٓ اٌٍن٠ٓ  ُِ ١ٍإك٠بْ ئٌٝ رؾم١ك أفؼً اٌّشوٚع ثشىً فبص ٚفبطخ اٌّقبؽو اٌّإصوح فٟ وٍفخ ٚ

 ٔٛػ١خ.

 

 انؼرتٍح انمصادر

  ,  ٗ1983أثٛ طبٌؼ , ِؾّل طجؾٟ, ػلٔبْ ِؾّل ػٛع "ِملِخ فٟ الإؽظبء". كاه عٛاْ ٚا٠ٍٟ ٚأثٕبئ . 

  "هٍابٌخ اٌغ١لاٚٞ , أزظبه وبظُ هش١ل "ٔظبَ ١ٌٍَطوح ػٍٝ اٌزغ١١واد ٚاٌّطبٌجبد فٟ اٌّمابٚلاد الإٔشابئ١خ ٌٍّشابه٠غ اٌؾى١ِٛاخ فاٟ اٌؼاواق

 . 1999ٛهاٖ فٟ إٌٙلٍخ اٌّل١ٔخ , ِملِخ ئٌٝ لَُ إٌٙلٍخ اٌّل١ٔخ فٟ و١ٍخ إٌٙلٍخ فٟ عبِؼخ ثغلاك وغيء ِٓ ِزطٍجبد ١ًٔ كهعخ اٌلوز
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 ٟاٌَبِوائٟ , ى٠ل لبٍُ ِؾّل "اٌّطبٌجبد ٚرأص١و٘ب ػٍٝ وٍف ِٚلك اٌّشابه٠غ الإٔشابئ١خ" هٍابٌخ ِملِاخ ئٌاٝ لَاُ ٕ٘لٍاخ اٌجٕابء ٚالإٔشابءاد فا 

 . 1999اٌغبِؼخ اٌزىٌٕٛٛع١خ وغيء ِٓ ِزطٍجبد ١ًٔ كهعخ اٌّبعَز١و فٟ ػٍَٛ ٕ٘لٍخ اٌجٕبء ٚالإٔشبءاد, 

  ,2007اٌمظبص , ِٙلٞ ِؾّل "ِجبكب الإؽظبء ٚاٌم١بً الاعزّبػٟ". عبِؼخ إٌّظٛهح  , و١ٍخ ا٢كاة . 

  ُ2009ٚرط٠ٛو إٌّب٘ظ "ػمٛك اٌزش١١ل" اٌٍّّىخ اٌؼوث١خ اٌَؼٛك٠خ , اٌّإٍَخ اٌؼبِخ ٌٍزؼ١ٍُ اٌفٕٟ ٚاٌزله٠ت إٌّٟٙ , الإكاهح اٌؼبِخ ٌزظ١ّ . 

 اٌضبٌاش اٌّؼٙل الأِو٠ىٟ ٌٍّمب١٠ٌ اٌم١ِٛخ , ِؼٙل ئكاهح اٌّشوٚػبد "ك١ًٌ اٌل١ًٌ اٌّؼوفٟ لإكاهح اٌّشوٚػبد ". ِىزجخ اٌىٛٔغوً , الإطلاه 

 ,2004 . 

 " 2008 زت اٌلهاٍبد ٚالاٍزشبهاد إٌٙل١ٍخ , اٌمب٘وح ,ِى. "الإٔشبئ١خرٕف١ن اٌّشوٚػبد  ئكاهحعّؼخ , ؽ١َٓ ِؾّل . 

 " ّٓ2010ثم١َّٙب الأٚي ٚاٌضبٟٔ" اٌّىزجخ اٌمب١ٔٛٔخ , ثغلاك ,  شوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ اٌّل١ٔخؽ١بٚٞ , ٔج١ً ػجل اٌوؽ . 

 ( ٌَُٕخ 40ؽ١بٚٞ , ٔج١ً ػجل اٌوؽّٓ "اٌمبْٔٛ اٌّلٟٔ اٌؼوالٟ هل )2010خ اٌمب١ٔٛٔخ , ثغلاك , ٚرؼل٠لارٗ" اٌّىزج 1951 . 

  ػبؽف ػجل إٌّؼُ , ِؾّل ِؾّٛك اٌىبشف , ١ٍل وبٍت "رم١١ُ ٚئكاهح اٌّقبؽو". ِووي رطا٠ٛو اٌلهاٍابد ٚاٌجؾاٛس , و١ٍاخ إٌٙلٍاخ , عبِؼاخ

 . 2008,  اٌمب٘ــوح , ِإٍَخ فٛهك

 لِخ ئٌٝ لَُ إٌٙلٍخ اٌّل١ٔخ فٟ و١ٍخ إٌٙلٍخ فٟ عبِؼخ ثغالاك ِؾّل , اوَبٔخ عٙبك "اٌّطبٌجبد فٟ اٌّمبٚلاد الإٔشبئ١خ فٟ اٌؼواق". هٍبٌخ ِم

 . 1996وغيء ِٓ ِزطٍجبد ١ًٔ كهعخ اٌلوزٛهاٖ فٟ إٌٙلٍخ اٌّل١ٔخ , 
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 ( 1-1جذول)  اٌّزؼٍمخ ثأِٛه رؼبلل٠خ ٚلب١ٔٛٔخ فبهعخ ػٓ أٚ ِٓ ٠ّضٍٗ ٚ طبؽت اٌؼًّ ثمواهاداٌّمبٚي اٌّزؼٍمخ ٠ٛػؼ الأٍبً ٌّطبٌجبد

لأػّبي إٌٙلٍخ اٌّل١ٔخثّٛعت شوٚؽ اٌّمبٌٚخ  أٚ اٌّمبٚي أٚ ِٓ ٠ّضٍّٙبطبؽت اٌؼًّ  ١ٍطوح
(2111,  حٍاوي)

 

 الأضاش تمىجة شروط انمقاونح لأػمال انهىذضح انمذوٍح  وىع مطانثاخ انمقاول خ

أٚ ِآ  طبؽت اٌؼًّ ثمواهاداٌّمبٚي اٌّزؼٍمخ ِطبٌجبد  1

 ٠ّضٍٗ 

( , 6,  3, 1( اٌفماواد )7( , اٌّابكح )1( اٌفماوح )6( , اٌّابكح )4اٌّبكح )

ة(( , اٌّااابكح  -/ )أ1( اٌفماااوح )12( , اٌّااابكح )2ح )( اٌفماااو10اٌّااابكح )

( 1اٌفموح ) (20اٌّبكح ),  (18( , اٌّبكح )17, اٌّبكح ) (1اٌفموح ) (16)

  (25) اٌّااابكح ( ,24) اٌّااابكح,  (4، 3، 2، 1)اٌفماااواد  (22) اٌّااابكح, 

( اٌفموح 31اٌّبكح ),  (28( , اٌّبكح )2( اٌفموح )26) , اٌّبكح (5)اٌفموح 

 1)اٌفمورابْ  (39( , اٌّبكح )4( اٌفموح )37اٌّبكح )( , 32) اٌّبكح,  (3)

,  (1)اٌفمااااوح   (43, اٌّاااابكح ) (2،  1 ) اٌفموراااابْ (41, اٌّاااابكح ) (2، 

,  (2)اٌفمااوح  (48, اٌّاابكح ) (2 ,ط -ة  -/ أ  1)اٌفموراابْ  (45اٌّاابكح )

( , اٌّبكح 51, اٌّبكح ) (2)اٌفموح  (50, اٌّبكح ) (1)اٌفموح  (49اٌّبكح )

 حاٌفماو (62, اٌّابكح ) (1)اٌفماوح  (54, اٌّبكح ) (2،  1)اٌفموربْ  (53)

( 65, اٌّااابكح ) (1)اٌفماااوح   (64, اٌّااابكح ) ٞ( -ؽ  -ى  -ٚ  -٘اااـ  / 1)

 ( . 69, اٌّبكح ) (3،  2)اٌفموربْ 

اٌّزؼٍمخ ثأِٛه رؼبلل٠خ ٚلب١ٔٛٔخ فبهعخ ِطبٌجبد اٌّمبٚي  2

 أٚ اٌّمبٚي أٚ ِٓ ٠ّضٍّٙبطبؽت اٌؼًّ  ١ٍطوحػٓ 

( , 22( , اٌّبكح )2( اٌفموح )20( , اٌّبكح )16( , اٌّبكح )12اٌّبكح )

 ( 67, اٌّبكح ) ط( / 1)اٌفموح   (45( , اٌّبكح )26اٌّبكح )

 

اٌّل١ٔخ ٚاٌمبْٔٛ اٌّلٟٔ اٌؼوالٟشوٚؽ اٌّمبٌٚخ لأػّبي إٌٙلٍخ الأٍبً ٌّطبٌجبد طبؽت اٌؼًّ ثّٛعت  (2-1جذول )
(2111,  حٍاوي)

 

 انمادج  الأضاش نمطانثاخ صاحة انؼمم خ

طااابؽت اٌؼّاااً ثّٛعااات ِطبٌجااابد  1

 ٌٕٙلٍااااخا شااااوٚؽ اٌّمبٌٚااااخ لأػّاااابي

 ّل١ٔخاٌ

( 19( , اٌّبكح )17, اٌّبكح ) ك(-ط-ة-/ أ 8( اٌفموح ) 16اٌّبكح )(, 13( , اٌّبكح )8اٌّبكح )

, اٌّبكح  (24( , اٌّبكح )22اٌّبكح )( , 1( اٌفموح )21, اٌّبكح ) (1( اٌفموح )20اٌّبكح ), 

( , اٌّبكح 30( , اٌّبكح )1( اٌفموح )29( , اٌّبكح )2( اٌفموح)26( , اٌّبكح )4( اٌفموح )25)

( 50( ,  اٌّبكح )1( اٌفموح )48( , اٌّبكح )3( اٌفموح )40( , اٌّبكح )39( , اٌّبكح )37)

 ( . 66( , اٌّبكح )3اٌفموح ) (65( , اٌّبكح )3( اٌفموح )60( , اٌّبكح )3اٌفموح )

طااابؽت اٌؼّاااً ثّٛعااات ِطبٌجااابد  2

 اٌؼوالٟ اٌمبْٔٛ اٌّلٟٔ

( , 1( اٌفموح )869( , اٌّبكح )868( , اٌّبكح )1( اٌفموح )867( , اٌّبكح )866اٌّبكح )

( , 1( اٌفموح )883اٌّبكح )( , 2( اٌفموح )875( , اٌّبكح )871( , اٌّبكح )870اٌّبكح )

 (3اٌفموح ) (887اٌّبكح )

 

اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌّمبٚي (3-1جذول )
(1999, انجٍلاوي), (1996)محمذ, 

 

انؼىامم انرئٍطٍح  خ

انمطثثح نمطانثاخ 

 انرؼىٌض

وىع انمطانثح  انؼىامم  انمطثثح نمطانثاخ انرؼىٌض

 حطة انضرر

ٚعٛك ػلَ ٚػٛػ ٚ/ أٚ أفطابء  أ

 ٚ / أٚ افزلافبد فٟ ٚصبئك اٌؼمل

اٌّماابٚي ٚطاابؽت اٌؼّااً ؽااٛي افاازلاف 

 رف١َو ٚصبئك اٌؼمل 

رّل٠ل 

 ٚرؼ٠ٛغ

ؽااااااااااالٚس اٌظاااااااااااوٚف  ة

الاٍاااازضٕبئ١خ اٚ اٌّقاااابؽو 

 اٌقبطخ

راااأفو أػّااابي اٌّمااابٚي ثَاااجت اٌظاااوٚف 

 إٌّبف١خ اٌظؼجخ 

 رّل٠ل

ؽلٚس ظوٚف اٍازضٕبئ١خ )ػالا اٌظاوٚف 

إٌّبف١ااخ ( أٚ ػٛائااك اطااطٕبػ١خ ٚل١اابَ 

 اٌّمبٚي ثّٛاعٙزٙب 

رّل٠ل 

 ٚرؼ٠ٛغ

ؽلٚس اٌّقبؽو اٌَّازضٕبح ٚل١ابَ اٌّمابٚي 

 ثّٛاعٙزٙب ٚرٕف١ن اٌزظ١ٍؾبد اٌلاىِخ 

رّل٠ل 

 ٚرؼ٠ٛغ

ى٠اااابكح أٍااااؼبه اٌٛلااااٛك ٚأٍااااؼبه اٌّااااٛاك 

 الإٔشبئ١خ ٚاٌؼوائت ٚاٌوٍَٛ 

 رؼ٠ٛغ

 د

 

رااأفو طاابؽت اٌؼّااً فااٟ 

الإ٠فبء ثبٌزياِبرٗ  أٚ ػالَ 

 الإ٠فبء ثٙب

رأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 

اٌؼًّ فٟ رٛف١و اٌّٛاك اٌزٟ رمغ َِإ١ٌٚخ 

 رٛف١و٘ب ػ١ٍٗ ثّٛعت اٌؼمل 

 رّل٠ل

 رّل٠لرأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 
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اٌؼًّ فٟ رٕف١ان اٌزياِبراٗ اٌزؼبلل٠اخ ثزٕف١ان 

 الأػّبي اٌزٟ رمغ َِإ١ٌٚخ رٕف١ن٘ب ػ١ٍٗ 

رأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 

 ٚاٌّٛافمبد اٌؼًّ فٟ ئطلاه اٌمواهاد 

 رّل٠ل

رأفو أػّبي اٌّمبٚي ثَجت رأفو طبؽت 

 اٌؼًّ فٟ ر١ٍَُ اٌّٛلغ 

 رّل٠ل

رااااأفو أػّاااابي اٌّماااابٚي ثَااااجت رؼطااااً 

ا١ٌ٢ااابد اٌزاااٟ ٠ٛفو٘اااب طااابؽت اٌؼّاااً 

ٌٚم١بِااااٗ ثَااااؾت ا١ٌ٢اااابد اٌّقظظااااخ 

ٌٍّشااااوٚع ٚئشااااغبٌٙب فااااٟ ِٛلااااغ أفااااو 

 لأٍجبة فبطخ ثٗ 

 رّل٠ل

فو رااااأفو أػّاااابي اٌّماااابٚي ثَااااجت رااااأ

إٌّٙلً فٟ ئعواء اٌفؾٛطابد اٌلاىِاخ 

ٚاٌّظبكلخ ػٍٝ اٌقاوائؾ ٚإٌّابمط اٌزاٟ 

 ٠ملِٙب اٌّمبٚي 

 رّل٠ل

رااااأفو أػّاااابي اٌّماااابٚي ثَااااجت رااااأفو 

إٌّٙااااالً فاااااٟ رغ١ٙااااايٖ ثبٌّقططااااابد 

ٚاٌقوائؾ ٚاٌّؼٍِٛبد اٌلاىِخ ٚرفبط١ً 

 اٌؼًّ اٌّطٍٛثخ لاٍزّواه رٕف١ن اٌؼًّ 

 رّل٠ل

ثَجت رؼبهػٙب ِاغ رأفو أػّبي اٌّمبٚي 

أػّاااااابي اٌّمااااااب١ٌٚٓ ا٢فااااااو٠ٓ اٌاااااان٠ٓ 

 ٠َزقلُِٙ طبؽت اٌؼًّ 

 رّل٠ل

رأفو طوف اٌٍَف ٌٍّمبٚي ٌّلح رزغبٚى 

(30 َٛ٠ ) 

 رؼ٠ٛغ

ئ٠ماابف الأػّاابي ِاآ لجااً  س

إٌّٙااااااالً اٚ طااااااابؽت 

اٌؼّاااااً ثَاااااجت لا كفاااااً 

 ٌٍّمبٚي ف١ٗ

ؽلٚس رٛلف ٚلزٟ فٟ اٌؼًّ لأٍجبة أٚ 

أٚ لأٞ ئعااواءاد رؼااٛك ٌظاابؽت اٌؼّااً 

عٙااخ ِقٌٛااخ لبٔٛٔااب" أٚ اٍاازّواه رٛلااف 

( ٠ِٛااااب" كْٚ 90اٌؼّااااً ٌّاااالح رزغاااابٚى)

 ئ٠غبك ط١غخ ؽً

رّل٠ل 

 ٚرؼ٠ٛغ

 ط

 

ئعااواء رغ١١ااواد شااى١ٍخ ٚ 

/ أٚ ٔٛػ١اااخ ٚ / أٚ و١ّاااخ 

 ٌلأػّبي

ل١ااابَ اٌّمااابٚي ثزٕف١ااان أػّااابي ئػااابف١خ لا 

رزغبٚى و١ّبرٙب إٌَجخ اٌّؾلكح فٟ علٚي 

 اٌى١ّبد 

 رؼ٠ٛغ

١ّاااخ الأػّااابي ثؾ١اااش رزغااابٚى ئٔمااابص و

 إٌَجخ اٌّؾلكح فٟ علٚي اٌى١ّبد 

 رؼ٠ٛغ

ل١اابَ طاابؽت اٌؼّااً ثاٌغاابء فمااواد ِاآ 

 علٚي اٌى١ّبد 

 رؼ٠ٛغ

ل١بَ اٌّمبٚي ثزٕف١ن أػّبي ئػبف١خ رزغبٚى 

و١ّبرٙااااب إٌَااااجخ اٌّؾاااالكح فااااٟ عاااالٚي 

 اٌى١ّبد 

رّل٠ل 

 ٚرؼ٠ٛغ

ئػبفخ فمواد عل٠لح ئٌٝ عالٚي اٌى١ّابد 

 ؼّٕٙب اٌّمبٌٚخ لا رز

رّل٠ل 

 ٚرؼ٠ٛغ

ل١اابَ اٌّماابٚي ثاااعواء فؾٛطاابد ئػاابف١خ 

ثطٍت ِٓ إٌّٙلً رإ٠ل طاؾخ اٌؼّاً أٚ 

رٕف١اانٖ ٌفؾٛطاابد لا ٠زؼاإّٙب اٌؼماال ٚلا 

 رمغ َِإ١ٌٚخ ئعوائٙب ػ١ٍٗ 

رّل٠ل 

 ٚرؼ٠ٛغ

ئعاااواء رغ١١اااو فاااٟ ِٛاطااافبد ٚٔٛػ١اااخ 

اٌّٛاك اٌَّزؼٍّخ فاٟ اٌؼّاً ٚاٌّضجزاخ فاٟ 

 ل ٚصبئك اٌؼم

رّل٠ل 

 ٚرؼ٠ٛغ

رٕف١اان ؽٍجاابد طاابؽت اٌؼّااً فااٟ ئعااواء 

اٌزؾاااا٠ٛواد فااااٟ الأػّاااابي ِاااآ ؽ١ااااش 

إٌّبٍااااااا١ت ٚالاٍااااااازمبِبد ٚاٌّٛػاااااااغ 

 ٚالأثؼبك لأٞ عيء ِٕٙب 

رّل٠ل 

 ٚرؼ٠ٛغ

رؼااابهع اٌقاااوائؾ ِاااغ عااالٚي اٌى١ّااابد 

 اٌَّؼو أٚ ِغ اٌّٛاطفبد 

رّل٠ل 

 ٚرؼ٠ٛغ
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اٌؼمال لأٍااجبة ل١ابَ طاابؽت اٌؼّاً ثفَااـ  فَـ اٌؼمل ٚئٔٙبؤٖ ػ

 فبطخ

 رؼ٠ٛغ

الافااازلاف ؽاااٛي رَااا٠ٛخ  ؿ

ؽَاااابة اٌّمبٌٚااااخ )ِاااالك 

 ِٚجبٌغ(

ػالَ هػاب اٌّماابٚي ػآ اٌّالك اٚ اٌّجاابٌغ 

 إٌّّٛؽخ ٌٗ 

رّل٠ل 

 ٚرؼ٠ٛغ

افاازلاف اٌّماابٚي ٚطاابؽت اٌؼّااً ؽااٛي 

 ر٠َٛخ ؽَبة اٌّمبٌٚخ ثؼل ٍؾت اٌؼًّ 

 رؼ٠ٛغ

افزلاف اٌّمبٚي اٚ طبؽت اٌؼّاً ؽاٛي 

 د الاٍزمطبػب

 رؼ٠ٛغ

ل١اااابَ طاااابؽت اٌؼّااااً ثؾااااجٌ فطاااابة  أٍجبة ِزفولخ أفوٜ ك

اٌؼااااّبْ أٚ اٌزأ١ِٕاااابد أٚ ٌؼاااالَ ل١بِااااٗ 

ثاػاابكح ِجٍااغ اٌزااب١ِٓ ػاآ الأػااواه ئٌااٝ 

 اٌّمبٚي كْٚ ِجوه 

 رؼ٠ٛغ

رٕف١اان ؽٍاات طاابؽت اٌؼّااً فااٟ الإٍااواع 

 ثزٕف١ن الأػّبي ٌزم١ٍض ِلح اٌّمبٌٚخ 

 رؼ٠ٛغ

 ئٌؾاااااابق اٌؼااااااوه ٚالأمٜ ثبلأشااااااقبص

ٚالأِاااٛاي ٔز١غاااخ ٌؼّاااً أٚ ئّ٘ااابي ِااآ 

 طبؽت اٌؼًّ أٚ َِزقل١ِٗ 

 رؼ٠ٛغ

ل١اابَ اٌّماابٚي ثزماال٠ُ رَاا١ٙلاد ٚفاالِبد 

ئٌااااااٝ طاااااابؽت اٌؼّااااااً أٚ ٚولائااااااٗ أٚ 

َِزقل١ِٗ أٚ ئٌٝ ِمب١ٌٚٓ  فو٠ٓ ٠ؼٍّْٛ 

 ٌظبٌؼ طبؽت اٌؼًّ ٚثطٍت ِٕٗ 

رّل٠ل 

 ٚرؼ٠ٛغ

 

ٔٛع اٌؼوه اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌّمبٚي ؽَت( 4-1جذول )
(1999)انطامرائً , 

 

وىع انمطانثح  خ

 حطة انضرر

انؼىامم انرئٍطٍح انمطثثح 

 نمطانثاخ انرؼىٌض

 انؼىامم  انمطثثح نمطانثاخ انرؼىٌض

 أ

 

ِطبٌجااااااااااااااااابد 

 اٌزؼ٠ٛغ

أٍاااااجبة رؼاااااٛك ئٌاااااٝ  - أ

 َِزٕلاد اٌّمبٌٚخ

 ٚعٛك ٔمض فٟ َِزٕلاد اٌّمبٌٚخ  .1

 ٚعٛك فطأ فٟ َِزٕلاد اٌّمبٌٚخ  .2

 ؼبهع ث١ٓ َِزٕلاد اٌّمبٌٚخ ٚعٛك ر .3

 الافزلاف ؽٛي رف١َو َِزٕلاد اٌّمبٌٚخ  .4

 ٚعٛك ٔمض فٟ َِزٕلاد اٌّمبٌٚخ  .5

أٍاااااجبة رؼاااااٛك ئٌاااااٝ  - ة

اٌزغ١١اااواد ٚأٚاِاااو 

 اٌزغ١١و

 رٕف١ن أػّبي ئػبف١خ ػّٓ أٚ فبهط إٌَجخ اٌّؾلكح  .6

 رٕف١ن أػّبي ئػبف١خ غ١و ِشٌّٛخ ثبٌّمبٌٚخ  .7

 بد أٚ اٌزظب١ُِ رغ١و فٟ اٌّٛاطف .8

اٌزاااااااااأف١واد ِااااااااآ  - د

 طبؽت اٌؼًّ

 رأف١و اٌؾظٛي ػٍٝ اٌّٛافمبد ٚاٌّظبكلبد اٌلاىِخ ٌزٕف١ن اٌّمبٌٚخ  .9

 رأف١و رغ١ٙي اٌّٛاك ٚالأعٙيح ٚاٌّؼلاد اٌزٟ رؼٙل طبؽت اٌؼًّ ثزغ١ٙي٘ب  .10

 رأف١و كفغ َِزؾمبد اٌّمبٚي  .11

اٌظااااااااوٚف اٌغ١ااااااااو  - س

 ِزٛلؼخ

 افزلاف ؽج١ؼخ اٌّٛلغ  .12

 اٌمواهاد ٚاٌزؼ١ٍّبد اٌؾى١ِٛخ  .13

 اٌزغ١واد الالزظبك٠خ )اهرفبع أٍؼبه اٌّٛاك , اىك٠بك ِؼللاد اٌزؼقُ(  .14

 الإ٠مبف اٌٛلزٟ ٌلأػّبي .15 أٍجبة أفوٜ - ط

 اٌزؼبهع ِغ أػّبي أفوٜ  .16

 الافزلافبد ؽٛي ر٠َٛخ ؽَبة اٌّمٛي فٟ ؽبٌخ ٍؾت اٌؼًّ أٚ ئٔٙبء اٌّمبٌٚخ   .17

 ِطبٌجبد رؼ٠ٛغ رؼٛك ٌٍطوف الأفو اٌزؼوع ئٌٝ   .18

 رَو٠غ اٌؼًّ   .19

أٍاااااااجبة رؼاااااااٛك ئٌاااااااٝ  - أ ِطبٌجبد رّل٠ل ة

طاااااابؽت اٌؼّااااااً أٚ 

 َِزقل١ِٗ

 ٚعٛك ى٠بكح فٟ الأػّبي وّب" أٚ ٔٛػب"  .1

 الإ٠مبف اٌٛلزٟ ٌلأػّبي  .2

 اٌزؼبهع ِغ أػّبي أفوٜ  .3

 ّمبٌٚخ رأف١و اٌؾظٛي ػٍٝ اٌّٛافمبد ٚاٌّظبكلبد اٌلاىِخ ٌزٕف١ن اٌ .4

 رأف١و رغ١ٙي اٌّٛاك ٚالأعٙيح ٚاٌّؼلاد اٌزٟ رؼٙل طبؽت اٌؼًّ ثزغ١ٙي٘ب  .5

 رأف١و ر١ٍَُ اٌّٛلغ ِٚٛافمبد اٌلفٛي  .6

 اٌزأف١و ثَجت رٕف١ن أٚاِو أٚ رؼ١ٍّبد ِٕٙلً طبؽت اٌؼًّ  .7
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أٍجبة فبهعاخ ػآ  - ة

ئهاكح طااااااااااااااابؽت 

 اٌؼًّ ٚ اٌّمبٚي

 ٚعٛك ظوٚف ِٕبف١خ طؼجخ  .8

 ٍزضٕبئ١خ )ػلا إٌّبف١خ( أٚ ػٛائك اططٕبػ١خ ٚل١بَ اٌّمبٚي ثّٛاعٙزٙب ظوٚف ا .9

 اٌزأف١واد ثَجت اٌّمبٚي اٌضبٔٛٞ اٌَّّٝ  .10

 اٌزأف١و ثَجت اٌمواهاد ٚاٌزؼ١ٍّبد اٌّووي٠خ ٌٍلٌٚخ  .11

ِطبٌجااااااااااااااااابد  د

 رؼ٠ٛغ ٚرّل٠ل

 أٍجبة رؼٛك ئٌٝ َِزٕلاد اٌّمبٌٚخ  .1 

 الإ٠مبف اٌٛلزٟ ٌلأػّبي    .2

 اٌزؼبهع ِغ أػّبي أفوٜ    .3

 رأف١و اٌؾظٛي ػٍٝ اٌّٛافمبد ٚاٌّظبكلبد اٌلاىِخ ٌزٕف١ن اٌّمبٌٚخ   .4

 رأف١و رغ١ٙي اٌّٛاك ٚالأعٙيح ٚاٌّؼلاد اٌزٟ رؼٙل طبؽت اٌؼًّ ثزغ١ٙي٘ب   .5

 ظوٚف اٍزضٕبئ١خ )ػلا إٌّبف١خ( أٚ ػٛائك اططٕبػ١خ ٚل١بَ اٌّمبٚي ثّٛاعٙزٙب  .6

 د اٌى١ّخ ٚإٌٛػ١خ اٌزغ١١وا  .7

اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزؼ٠ٛغ فٟ اٌّشبه٠غ الإٔشبئ١خ (5-1جذول )
 )انثاحث(  

انؼىامم انرئٍطٍح انمطثثح  خ

 نمطانثاخ انرؼىٌض

 انؼىامم  انمطثثح نمطانثاخ انرؼىٌض

 ٔمض ثبٌّقططبد ٚاٌّٛاطفبد .1 ِطبٌجبد ثَجت َِزٕلاد اٌّمبٌٚخ أ

 اد اٌّمبٌٚخٚعٛك رؼبهع ث١ٓ َِزٕل  .2

 الافزلاف ؽٛي رف١َو َِزٕلاد اٌّمبٌٚخ  .3

ِطبٌجاااااااابد ثَااااااااجت اٌظااااااااوٚف  ة

 الاٍزضٕبئ١خ ٚاٌّقبؽو اٌَّزضٕبح

 ؽلٚس ظوٚف اٍزضٕبئ١خ أٚ ػٛائك اططٕبػ١خ  .4

 ؽلٚس اٌّقبؽو اٌَّضٕبح  .5

 لبٔٛٔب" ؽلٚس رٛلف ٚلزٟ لأٍجبة رؼٛك ئٌٝ طبؽت اٌؼًّ اٚ لأٞ عٙخ ِقٌٛخ   .6 ِطبٌجبد ثَجت اٌزٛلفبد س

ِطبٌجااااابد ثَاااااجت ػااااالَ اٌزاااااياَ  ط

طاااااابؽت اٌؼّااااااً فااااااٟ الإ٠فاااااابء 

ثبٌزياِبرٗ اٌّب١ٌخ أٚ لأٍاجبة ِب١ٌاخ 

 فبهعخ ػٓ ١ٍطوح ؽوفٟ اٌزؼبلل

 رأفو طوف َِزؾمبد اٌّمبٚي  .7

 ى٠بكح أٍؼبه اٌٛلٛك ٚأٍؼبه اٌّٛاك الإٔشبئ١خ ٚاٌؼوائت ٚاٌوٍَٛ  .8

 ١ٕبدل١بَ طبؽت اٌؼًّ ثؾجٌ فطبة اٌؼّبْ أٚ اٌزأِ  .9

 %20أفطبء اٌزق١ّٓ ٌى١ّبد علٚي اٌى١ّبد ِّب ٠َجت أػّبي ئػبف١خ ػّٓ ٚ أوضو ِٓ  .10 ِطبٌجبد ثَجت اٌزغ١واد ؿ

 اٌزغ١واد فٟ اٌزظب١ُِ  .11

 اٌزغ١و فٟ ِٛاطفبد ٚٔٛػ١خ اٌّٛاك اٌَّزؼٍّخ ٚاٌّضجزخ فٟ ٚصبئك اٌؼمل   .12

 اٌفمواد اٌَّزؾلصخ اٌغل٠لح اٌؼوٚه٠خ  .13

 ؾلصخ ثَجت هغجخ طبؽت اٌؼًّ فٟ ئعواء اٌزؾ٠ٛواد فٟ الأػّبي اٌفمواد اٌَّز  .14

رٕف١ن أٚاِو إٌّٙالً فاٟ ئعاواء فؾٛطابد ئػابف١خ لا ٠زؼإّٙب اٌؼمال ٚلا رماغ َِاإ١ٌٚخ   .15

 ئعوائٙب ػٍٝ اٌّمبٚي

 فَـ اٌؼمل ٚئٔٙبؤٖ ِٓ لجً طبؽت اٌؼًّ لأٍجبة فبطخ  .16 ِطبٌجبد ثَجت فَـ اٌؼمل ك

 َبة اٌّمبٌٚخ ثؼل ٍؾت اٌؼًّافزلافبد ؽٛي ر٠َٛخ ؽ  .17

ِطبٌجاابد ثَااجت الافزلافاابد ثاا١ٓ  م

 طبؽت اٌؼًّ ٚاٌّمبٚي

 الافزلاف ؽٛي اٌّلك ٚاٌّجبٌغ إٌّّٛؽخ  .18

 الافزلاف ؽٛي الاٍزمطبػبد  .19

 رَو٠غ اٌؼًّ  .20 ِطبٌجبد ثَجت رَو٠غ اٌؼًّ ه

اٌؼٛاًِ اٌَّججخ ٌّطبٌجبد اٌزّل٠ل فٟ اٌّشبه٠غ الإٔشبئ١خ  (6-1جذول )
ثاحث()ان

 

انؼىامم انرئٍطٍح انمطثثح نمطانثاخ  خ

 انرمذٌذ

 انؼىامم  انمطثثح نمطانثاخ انرمذٌذ

 ٔمض ثبٌّقططبد ٚاٌّٛاطفبد  .1 ِطبٌجبد ثَجت َِزٕلاد اٌّمبٌٚخ أ

 ٚعٛك رؼبهع ث١ٓ َِزٕلاد اٌّمبٌٚخ  .2

 الافزلاف ؽٛي رف١َو َِزٕلاد اٌّمبٌٚخ  .3

ِطبٌجبد ثَجت اٌظوٚف الاٍزضٕبئ١خ  ة

 ٌّقبؽو اٌَّزضٕبحٚا

 ؽلٚس ظوٚف اٍزضٕبئ١خ أٚ ػٛائك اططٕبػ١خ  .4

 ؽلٚس اٌّقبؽو اٌَّضٕبح  .5

 رأفو ثَجت ظوٚف ِٕبف١خ طؼجخ  .6

 رأفو اٌفؾٛطبد اٌّقزجو٠خ  .7

 رٛف١و٘ب ػ١ٍٗ ثّٛعت اٌؼملرأفو طبؽت اٌؼًّ فٟ رٛف١و اٌّٛاك اٌزٟ رمغ َِإ١ٌٚخ   .8ِطبٌجبد ثَجت رأفو طبؽت اٌؼًّ فٟ  د
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رأفو طبؽت اٌؼًّ فٟ ئطلاه اٌمواهاد ٚاٌّٛافمبد ثؼّٕٙب رأفو ِٕٙلً   .9 الإ٠فبء ثبٌزياِبرٗ اٌزؼبلل٠خ 

طبؽت اٌؼًّ فٟ ئعواء اٌفؾٛطبد اٌلاىِخ ٚاٌّظبكلخ ػٍٝ اٌقوائؾ ٚإٌّبمط 

 اٌزٟ ٠ملِٙب اٌّمبٚي 

 رأفو طبؽت اٌؼًّ فٟ ر١ٍَُ اٌّٛلغ  .10

١ٌبد ٚاٌّؼلاد ثَجت رؼطً ا١ٌ٢بد اٌزٟ رمغ رأفو طبؽت اٌؼًّ فٟ رٛف١و ا٢  .11

 َِإ١ٌٚخ رٛف١و٘ب ػ١ٍٗ ثّٛعت اٌؼمل ثَجت رؼطً ا١ٌ٢بد أٚ ٔمٍٙب ئٌٝ ِشوٚع أفو

رأفو طبؽت اٌؼًّ فٟ رغ١ٙيٖ اٌّقططبد ٚاٌقوائؾ ٚاٌّؼٍِٛبد اٌلاىِخ   .12

 ٚرفبط١ً اٌؼًّ اٌّطٍٛثخ لاٍزّواهٖ

 ُِٙ طبؽت اٌؼًّاٌزؼبهع ِغ أػّبي ِمب١ٌٚٓ  فو٠ٓ ٠َزقل  .13

 ؽلٚس رٛلف ٚلزٟ لأٍجبة رؼٛك ئٌٝ طبؽت اٌؼًّ اٚ لأٞ عٙخ ِقٌٛخ لبٔٛٔب"   .14 ِطبٌجبد ثَجت اٌزٛلفبد س

ِطبٌجبد ثَجت ػلَ اٌزياَ طبؽت اٌؼًّ  ط

فٟ الإ٠فبء ثبٌزياِبرٗ اٌّب١ٌخ أٚ لأٍجبة 

 ِب١ٌخ فبهعخ ػٓ ١ٍطوح ؽوفٟ اٌزؼبلل

 رأفو طوف َِزؾمبد اٌّمبٚي  .15

 طبؽت اٌؼًّ ثؾجٌ فطبة اٌؼّبْ أٚ اٌزأ١ِٕبدل١بَ   .16

 ِشبوً ػشبئو٠خ .17 ِطبٌجبد ثَجت اٌظوٚف الاعزّبػ١خ ػ

أفطبء اٌزق١ّٓ ٌى١ّبد علٚي اٌى١ّبد ِّب ٠َجت أػّبي ئػبف١خ ػّٓ ٚ أوضو ِٓ  .18 ِطبٌجبد ثَجت اٌزغ١واد ؿ

20% 

 اٌزغ١واد فٟ اٌزظب١ُِ  .19

 ٍخ ٚاٌّضجزخ فٟ ٚصبئك اٌؼمل اٌزغ١و فٟ ِٛاطفبد ٚٔٛػ١خ اٌّٛاك اٌَّزؼّ  .20

 اٌفمواد اٌَّزؾلصخ اٌغل٠لح اٌؼوٚه٠خ  .21

 اٌفمواد اٌَّزؾلصخ ثَجت هغجخ طبؽت اٌؼًّ فٟ ئعواء اٌزؾ٠ٛواد فٟ الأػّبي   .22

رٕف١ن أٚاِو إٌّٙلً فٟ ئعواء فؾٛطبد ئػبف١خ لا ٠زؼّٕٙب اٌؼمل ٚلا رمغ   .23

 َِإ١ٌٚخ ئعوائٙب ػٍٝ اٌّمبٚي

الافزلافبد ث١ٓ طبؽت  ِطبٌجبد ثَجت م

 اٌؼًّ ٚاٌّمبٚي

 الافزلاف ؽٛي اٌّلك ٚاٌّجبٌغ إٌّّٛؽخ  .24

 

 اٌّمب١٠ٌ ٚاٌّؼب١٠و اٌول١ّخ اٌّمبثٍخ ٌٙب اٌَّزقلِخ فٟ أٍئٍخ اٌّؾٛه اٌضبٟٔ (7-1جذول )

 كائّب" غبٌجب" أؽ١بٔب" ولا انمقٍاش انهفظً

 4 3 2 1 انمقٍاش انرقمً

 

 

 اٌّؼزّلح فٟ رؾ١ًٍ الاٍزج١بْرٛى٠غ ػ١ٕخ اٌجؾش  (8-1جذول )

 ػذد الاضرماراخ انمطرهمح ػذد الاضرماراخ انمىزػح اضم انىزارج خ

 8 9 ٚىاهح اٌزؼ١ٍُ اٌؼبٌٟ ٚاٌجؾش اٌؼٍّٟ 1

 9 11 ٚىاهح الأػّبه ٚالإٍىبْ 2

 6 8 ٚىاهح اٌظؾخ 4

 7 8 اٌٛلف اٌش١ؼٟ 5

 6 8 ٚىاهح اٌزوث١خ 6

 36 44 اٌّغّٛع
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ٌّؼب١٠و ٚاٌّمب١٠ٌ ٌزم١١ُ الاؽزّب١ٌخ ٚاٌزأص١و ٌٍّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ ا (9-1جذول )
 (Albert ,2116( , )2114, انمؼهذ الأمرٌكً نهمقاٌٍص انقىمٍح)

 مؼٍار انمقٍاش نهرأثٍر مؼٍار انمقٍاش نلاحرمانٍح انمقٍاش  خ

 0.05 0.1 ِٕقفغ علا" 1

 0.1 0.3 ِٕقفغ 2

 0.2 0.5 ؾِزٍٛ 3

 0.4 0.7 ػبٌٟ 4

 0.8 0.9 ػبٌٟ علا" 5

 

 ٠ٛػؼ ِمب١٠ٌ ِٚؼب١٠و ئعواءاد رغٕت أٚ رم١ًٍ اٌّقبؽو اٌَّججخ ٌٍّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ (11-1جذول )

 انمؼٍار نمقٍاش الإجراء انمقٍاش نلإجراء خ

 1 غ١و فؼبي 1

 2 فؼبي ثؼغ اٌشٟء 2

 3 فؼبي 3

 4 فؼبي علا" 4

 

 الأ١ّ٘خ إٌَج١خ لإعواءاد اٌزغٕت ٚاٌزم١ًٍ ٌىً فطو ِٓ اٌّقبؽو اٌَّججخ ٌّطبٌجبد فٟ اٌّشبه٠غ الإٔشبئ١خ (11-1ل)جذو

 الأهمٍح الإجراءوىع   انمخاطر انمطثثح نهمطانثاخ خ

انىطثٍح 

% 

1 

 

 

ٚمٌاه  اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ .1 ٔمض ثبٌّقططبد ٚاٌّٛاطفبد

رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ  لأ١ٍ٘ااخِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

27.40 

 25.06 رشى١ً ٌغبْ ِزقظظخ ٌّواعؼخ ٚرلل١ك َِزٕلاد اٌّمبٌٚخ .2

رىْٛ اٌغٙخ اٌّظّّخ ٟ٘ ٔفَٙب اٌّشاوفخ ػٍاٝ رٕف١ان اٌّشاوٚع ٚمٌاه  ئْ .3

 اٌجٕبء -ُ ثبلاٍزؼبٔخ ثؼمٛك اٌزظ١ّ

24.20 

 23.34 اٌغ١لح ٌٍؼمل الإكاهحٚعٛك  .4

اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه  .1 رؼبهع ث١ٓ َِزٕلاد اٌّمبٌٚخ كٚعٛ 2

رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ  لأ١ٍ٘ااخِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

25.92 

 26.58 ى١ً ٌغبْ ِزقظظخ ٌّواعؼخ ٚرلل١ك َِزٕلاد اٌّمبٌٚخرش .2

 23.75 كهاٍخ َِزٕلاد اٌّمبٌٚخ ٚرلل١مٙب ِٓ لجً طبؽت اٌؼًّ ٚاٌّمبٚي .3

 23.75 اٌغ١لح ٌٍؼمل الإكاهحٚعٛك  .4

ؽااااٛي رفَاااا١و َِاااازٕلاد  فالافاااازلا 3

 اٌّمبٌٚخ

 اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه .1

ِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ لا١ٍ٘ااخ رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

24.90 

 25.98 رشى١ً ٌغبْ ِزقظظخ ٌّواعؼخ ٚرلل١ك َِزٕلاد اٌّمبٌٚخ .2

 23.80 كهاٍخ َِزٕلاد اٌّمبٌٚخ ٚرلل١مٙب ِٓ لجً طبؽت اٌؼًّ ٚاٌّمبٚي .3

 25.32 ؼملاٌغ١لح ٌٍ الإكاهحٚعٛك  .4

ػٛائاااك  أٚظاااوٚف اٍااازضٕبئ١خ  سؽااالٚ 4

 اططٕبػ١خ

اٍازجبل١خ ٘الفٙب روؽ١ااً ثؼاغ اٌّقابؽو اٌَّااججخ  ئعااواءادرؼا١ّٓ اٌؼمال  .1

 اٌّمبٚي ئٌٌٍّٝطبٌجبد 

23.27 

اٌؼّااً ٚاٌّقاابؽو اٌَّاازضٕبح  ئطاابثبداٌطٍاات ِاآ اٌّمااب١ٌٚٓ اٌزااب١ِٓ ػٍااٝ  .2

 ٚاٌظوٚف اٌغ١و ِزٛلؼخ ِمبثً رؼل٠ً اٌّمب١ٌٚٓ ٌؼوٚػُٙ

25.65 

ٌٍزوثخ فاٟ ِٛاػاغ ِقزابهح ِآ ِٛلاغ اٌّشاوٚع  ئػبف١خاٌم١بَ ثبفزجبهاد  .3

 ٌؾبٌخ اٌزوثخ لجً اٌزو١ٍخ ٚأػّكِٓ اعً رشى١ً رظٛه اشًّ 

26.08 

اٌّماابٚي اٌّؼٍِٛاابد اٌىبف١ااخ  ٚاٌلل١مااخ ػاآ  ثاػطاابءل١اابَ طاابؽت اٌؼّااً   .4

ّٛلغ ثزؾوٞ اٌّٛلغ ٌٍزؼوف ػٍٝ ع١ّغ ظوٚف اٌ ٚئٌياِٗاٌّٛلغ  أؽٛاي

فاٟ  ئلاػطابؤٖ ٚثانٌه ٠َامؾ ؽماٗ فاٟ اٌّطبٌجاخ  ئٌاٝ ئػابفزٙب١ٌزّىٓ ِآ 

 ٠ّىٓ ٌّمبٚي مٞ فجوح رٛلؼٙب ؽبٌخ وْٛ اٌظوٚف اٌزٟ رمغ َِزمجلا" لا

25.00 
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اٍازجبل١خ ٘الفٙب روؽ١ااً ثؼاغ اٌّقابؽو اٌَّااججخ  ئعااواءادرؼا١ّٓ اٌؼمال  .1 ؽلٚس اٌّقبؽو اٌَّزضٕبح 5

 اٌّمبٚي ئٌٌٍّٝطبٌجبد 

46.22 

اٌؼّااً ٚاٌّقاابؽو اٌَّاازضٕبح  ئطاابثبدٌطٍاات ِاآ اٌّمااب١ٌٚٓ اٌزااب١ِٓ ػٍااٝ ا .2

 ٚاٌظوٚف اٌغ١و ِزٛلؼخ ِمبثً رؼل٠ً اٌّمب١ٌٚٓ ٌؼوٚػُٙ

53.84 

اٌغ٠ٛاخ اٌمبٍا١خ ٌاجؼغ إٌّابؽك اٌٛالاغ ف١ٙاب اٌّشاوٚع  ٌلأؽاٛايرؼ١ّٓ اٌؼمل  ثَجت ظوٚف ِٕبف١خ طؼجخ رأفو 6

 ُ ػطبؤٌٖىٟ ٠ؼغ اٌّمبٚي فٟ اٌؾَجبْ مٌه ػٕل رمل٠

100 

اٌفؾٛطابد ٚاٌزؼبلال ِاغ ِقزجاواد ِإٍ٘اخ ٚماد  لإعواءٚػغ ثؤبِظ ىِٕٟ  فو اٌفؾٛطبد اٌّقزجو٠خأر 7

 ٍّؼخ ع١لح ٍٚوػخ فٟ اٌؼًّ ٚرجٕٟ  ١ٌخ اٌّقزجواد اٌؾم١ٍخ ٌٍّشبه٠غ اٌىج١وح

100 

 100 ٚػغ فطخ ٌٍطٛاهب ِشبوً ػشبئو٠خ 8

طبؽت اٌؼّاً فاٟ راٛف١و اٌّاٛاك  رأفو 9

رٛف١و٘ااااب ػ١ٍااااٗ  َِااااإ١ٌٚخغ اٌزااااٟ رماااا

 ثّٛعت اٌؼمل

اٌّاٛاهك ٌزؾل٠ال الاؽز١بعابد ٌٕاٛع اٌّاٛاك ٚاٌّؼاالاد  لإكاهحٚػاغ فطاخ ع١الح 

اٌّطٍٛثخ ِٓ لجً طبؽت اٌؼًّ ٚاٌزٛل١ذ اٌٛاعت رٛافو٘ب فٟ اٌّٛلغ ٚاٌى١ّخ 

 اٌّطٍٛثخ

100 

 ئطاااالاهطاااابؽت اٌؼّااااً فااااٟ  رااااأفو 10

 رااأفوٚاٌّٛافماابد ثؼاإّٙب  داٌمااواها

 ئعاااواءاٌؼّاااً فاااٟ ِٕٙااالً طااابؽت 

اٌفؾٛطاابد اٌلاىِااخ ٚاٌّظاابكلخ ػٍااٝ 

 اٌقوائؾ ٚإٌّبمط اٌزٟ ٠ملِٙب اٌّمبٚي

 100 اٌمواهاد ٚاٌّٛافمبد ِٓ لجً طبؽت اٌؼًّ ئطلاهفٟ  الإٍواع

 100 اٌزقط١ؾ  اٌَّجك ٌز١ٍَُ اٌّٛلغ اٌٝ اٌّمبٚي طبؽت اٌؼًّ فٟ ر١ٍَُ اٌّٛلغ رأفو 11

 ١ٌابدا٢طبؽت اٌؼًّ فٟ رٛف١و  رأفو 12

اٌزااٟ  ا١ٌ٢اابدٚاٌّؼاالاد ثَااجت رؼطااً 

رٛف١و٘ااب ػ١ٍااٗ ثّٛعاات  َِااإ١ٌٚخرمااغ 

 ئٌاٝٔمٍٙب  أٚ ا١ٌ٢بداٌؼمل ثَجت رؼطً 

 أفوِشوٚع 

اٌّاٛاهك ٌزؾل٠ال الاؽز١بعابد ٌٕاٛع اٌّاٛاك ٚاٌّؼاالاد  لإكاهحٚػاغ فطاخ ع١الح 

اٌّطٍٛثخ ِٓ لجً طبؽت اٌؼًّ ٚاٌزٛل١ذ اٌٛاعت رٛافو٘ب فٟ اٌّٛلغ ٚاٌى١ّخ 

 ٛثخاٌّطٍ

 

100 

طاااابؽت اٌؼّااااً فااااٟ رغ١ٙاااايٖ  رااااأفو 13

اٌّقططااابد ٚاٌقاااوائؾ ٚاٌّؼٍِٛااابد 

اٌلاىِاااخ ٚرفبطااا١ً اٌؼّاااً اٌّطٍٛثاااخ 

 لاٍزّواهٖ

رىااْٛ اٌٛصاابئك اٌّزؼٍمااخ ثاابٌقوائؾ اٌزظاا١ّ١ّخ ٚاٌّٛاطاافبد ٚعاالاٚي  ئ٠ْغاات 

 ئلارزُ اٌّجبشوح ثبٌؼًّ  اٌى١ّبد ٚاف١خ ٚٚاػؾخ ِٚلهٍٚخ ثشىً وبًِ ٚاْ لا

ع١ّغ اٌّقططبد ٚاٌّٛاطفبد ٚعالاٚي اٌى١ّابد لال ٍاٍّذ  ئِْٓ  اٌزأولثؼل 

 ٌٍّمبٚي

100 

  فااو٠ٓ ِمااب١ٌٚٓ أػّاابياٌزؼاابهع ِااغ  14

 ٠َزقلُِٙ طبؽت اٌؼًّ

اٌّماب١ٌٚٓ اٌان٠ٓ ٠َازقلُِٙ طابؽت اٌؼّاً ِٕٚاغ رؼابهع  أػّابياٌز١َٕك ث١ٓ 

 ِٓ فلاي رٕظ١ُ اٌجواِظ اٌي١ِٕخ الأػّبي

100 

 ئٌاٝٛك رؼا لأٍاجبةؽلٚس رٛلف ٚلزٟ  15

عٙاااخ ِقٌٛاااخ  لأٞ أٚطااابؽت اٌؼّاااً 

 لبٔٛٔب"

 100 ٚػغ فطخ ٌٍطٛاهب

ِب١ٌااخ ع١االح ٌٍّشااوٚع ٌّوالجااخ اؽز١بعاابد اٌّشااوٚع ِاآ اٌَاا١ٌٛخ  ئكاهح ئػاالاك طوف َِزؾمبد اٌّمبٚي رأفو 16

اٌّب١ٌخ ػٍٝ ؽٛي ِلح اٌّشوٚع ٠ٚشًّ ؽغُ ٚرٛل١ذ ٘نٖ الاؽز١بعبد ٚاٌزٕجاإ 

 اٌَّزمجٍٟ ٌٙب

100 

اٌّااٛاك  ٚأٍااؼبهاٌٛلااٛك  أٍااؼبهى٠اابكح   17

 ٚاٌؼوائت ٚاٌوٍَٛ الإٔشبئ١خ

رااٛف١و ِجاابٌغ اؽز١اابؽ وبف١ااخ ٌىااً ِشااوٚع ٌزغط١ااخ إٌفماابد إٌبرغااخ ِاآ رغ١ااو 

 الأٍؼبه ٚاهرفبػٙب

100 

ل١ااابَ طااابؽت اٌؼّاااً ثؾاااجٌ فطااابة  18

 اٌزأ١ِٕبد أٚاٌؼّبْ 

فاٟ فطبة اٌؼاّبْ ٚاٌزأ١ِٕابد  ٚئؽلاقإٌّغيح  الأػّبيفٟ اٍزلاَ  الإٍواع

 ؽبٌخ ػلَ ٚعٛك ِجوه ٠ّٕغ ؽظٛي مٌه

100 

اٌزقّااااا١ٓ ٌى١ّااااابد عااااالٚي  أفطااااابء 19

 ئػااابف١خ أػّااابي٠َاااجت  اٌى١ّااابد ِّاااب

 %20ِٓ ٚأوضو ػّٓ 

رىاااْٛ اٌٛصااابئك اٌّزؼٍماااخ ثااابٌقوائؾ اٌزظااا١ّ١ّخ ٚاٌّٛاطااافبد  ئ٠ْغااات  .1

راازُ  ٚعاالاٚي اٌى١ّاابد ٚاف١ااخ ٚٚاػااؾخ ِٚلهٍٚااخ ثشااىً وبِااً ٚاْ لا

ع١ّااغ اٌّقططاابد ٚاٌّٛاطاافبد  ئِْاآ  اٌزأواال ثؼاال ئلااٌّجبشااوح ثبٌؼّااً 

 ٚعلاٚي اٌى١ّبد لل ٍٍّذ ٌٍّمبٚي

34.69 

اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه  .2

ِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ لا١ٍ٘ااخ رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

34.96 

 30.35 ِزقظظخ ٌّواعؼخ ٚرلل١ك علاٚي اٌى١ّبد رشى١ً ٌغبْ .3

ِاآ ٍاالاِخ ِٚلائّااخ اٌزظاا١ُّ ٌٍّشااوٚع  ٌٍزأواالِؾبواابح ٌٍّشااوٚع  ئعااواء .1 اٌزغ١واد فٟ اٌزظب١ُِ 20

رؼال٠ٍٙب لجاً روٍا١خ  ئٌاٝٚوشف اٌّشىلاد اٌزٟ ٠ؼب١ٔٙاب اٌزظا١ُّ ١ٌظابه 

 اٌؼمل

15.03 
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ظااُّ ٌىااً اٌلهاٍااخ اٌّزأ١ٔااخ ِاآ ؽااوف طاابؽت اٌؼّااً ٚالاٍزشاابهٞ اٌّ .2

ِؼظاُ هغجابد ِٚزطٍجابد طابؽت  اٌزظ١ُّ لاٍاز١فبءِوؽٍخ ِٓ ِواؽً 

 اٌؼًّ

14.92 

اٌزؼبلل ِغ ِىبرت اٍزشبه٠خ ِزقظظخ ٚكل١ماخ ٚماد فجاوح ؽ٠ٍٛاخ ٚمٌاه  .3

رٍااه اٌّىبراات ٌزؾل٠اال ِلائّاازُٙ  لأ١ٍ٘ااخِاآ فاالاي اٌم١اابَ ثلهاٍااخ ِفظااٍخ 

 إٌّبٍت الأكاءٚللهارُٙ ػٍٝ رمل٠ُ 

14.68 

ٌغٙخ اٌّظّّخ ٟ٘ ٔفَٙب اٌّشاوفخ ػٍاٝ رٕف١ان اٌّشاوٚع ٚمٌاه رىْٛ ا ئْ .4

 اٌجٕبء -ثبلاٍزؼبٔخ ثؼمٛك اٌزظ١ُّ 

14.32 

 14.44 ئعواء ِواعؼخ اٍزشبه٠خ لاٍزؼواع ِواؽً رطٛه اٌزظ١ُّ .5

 14.80 ػمل اعزّبػبد كٚه٠خ ٚاٌزٛاطً ثشفبف١خ ِغ فو٠ك اٌزظ١ُّ .6

ِؼا١ٓ ِمبثاً رؾّاً وبفاخ  الارفبق ث١ٓ اٌّمابٚي ٚطابؽت اٌؼّاً ػٍاٝ ِجٍاغ .7

 اٌّطبٌجبد اٌزٟ رٕزظ ثَجت ِقبؽو اٌزغ١واد فٟ اٌزظب١ُِ

11.81 

اٌزغ١ااو فااٟ ِٛاطاافبد ٚٔٛػ١ااخ اٌّااٛاك  21

 اٌَّزؼٍّخ ٚاٌّضجزخ فٟ ٚصبئك اٌؼمل

 ثبلإػابفخالاثزؼبك ػٓ اٍزقلاَ ِاٛاك ِٚؼالاد ٌاُ ٠ازُ اٍازقلاِٙب ِآ لجاً  .1

 الأٍٛاقٚٚعٛك٘ب فٟ  ِٓ ِطبثمزٙب ٌٍّٛاطفبد اٌم١ب١ٍخ اٌزأول ئٌٝ

47.57 

ِآ اٌّٛاطافبد  ٚأفان٘بالاثزؼبك ػٓ افن اٌّٛاطفبد ِٓ ِشابه٠غ ٍابثمخ  .2

٠ؾظاً ِآ رؾال٠ضبد  ( ِغ ػوٚهح ِزبثؼخ ِبالأطًاٌم١ب١ٍخ اٌّوعؼ١خ )

 ٌٙنٖ اٌّٛاطفبد

52.50 

ػلَ اٌَّبػ ٌظبؽت اٌؼًّ ثاعواء رغ١١اواد أٚ أْ رىاْٛ رٍاه اٌزغ١١اواد  .3

 هحِؾلٚكح ٚػٕل اٌؼوٚ

51.58 

 48.35 ٚػغ فطخ ٌٍطٛاهب .4

 30.041 رطج١ك ػمل ٠زؼّٓ ٍؼو ئعّبٌٟ صبثذ .1 اٌَّزؾلصخ اٌغل٠لح اٌؼوٚه٠خ داٌفموا 22

ػلَ اٌَّبػ ٌظبؽت اٌؼًّ ثاعواء رغ١١اواد أٚ أْ رىاْٛ رٍاه اٌزغ١١اواد  .2

 36.130 ِؾلٚكح ٚػٕل اٌؼوٚهح

 33.829 ٚػغ فطخ ٌٍطٛاهب .3

ت هغجاااااخ اٌَّااااازؾلصخ ثَاااااج داٌفمااااوا 23

اٌزؾا٠ٛواد  ئعاواءطبؽت اٌؼّاً فاٟ 

 الأػّبيفٟ 

اٌلهاٍااخ اٌّزأ١ٔااخ ِاآ ؽااوف طاابؽت اٌؼّااً ٚالاٍزشاابهٞ اٌّظااُّ ٌىااً  .1

ِؼظاُ هغجابد ِٚزطٍجابد طابؽت  اٌزظ١ُّ لاٍاز١فبءِوؽٍخ ِٓ ِواؽً 

 اٌؼًّ

38.62 

ػلَ اٌَّبػ ٌظبؽت اٌؼًّ ثاعواء رغ١١اواد أٚ أْ رىاْٛ رٍاه اٌزغ١١اواد  .2

 ٚهحِؾلٚكح ٚػٕل اٌؼو

30.50 

 30.83 ٚػغ فطخ ٌٍطٛاهب .3

 ئعااااواءإٌّٙاااالً فااااٟ  أٚاِااااورٕف١اااان  24

٠زؼاإّٙب اٌؼماال  لا ئػاابف١خفؾٛطاابد 

 ػٍٝ اٌّمبٚي ئعوائٙب َِإ١ٌٚخرمغ  ٚلا

 الإػبف١خرؼ١ّٓ اٌؼمل فموح فبطخ ثبٌفؾٛطبد 

 

100 

ِاآ لجااً طاابؽت  ٚئٔٙاابؤٖفَااـ اٌؼماال  25

 فبطخ لأٍجبةاٌؼًّ 

 ٚػغ فطخ ٌٍطٛاهب

 

100 

ؽاااااٛي رَااااا٠ٛخ ؽَااااابة  دالافزلافاااااب 26

 اٌّمبٌٚخ ثؼل ٍؾت اٌؼًّ

رشى١ً ٌغبْ ِشازووخ ثا١ٓ طابؽت اٌؼّاً ٚاٌّمابٚي ٌلارفابق ػٍاٝ الافزلافابد 

ٚاٌّجبٌغ إٌّّٛؽخ ٚر٠َٛخ اٌؾَبة ثؼال  ٚالاٍزمطبػبد ٚاٌّلكثَجت اٌّمب٠َخ 

 ٍؾت اٌؼًّ

100 

الافاااااازلاف ؽااااااٛي اٌّاااااالك ٚاٌّجاااااابٌغ  27

 إٌّّٛؽخ

وخ ثا١ٓ طابؽت اٌؼّاً ٚاٌّمابٚي ٌلارفابق ػٍاٝ الافزلافابد رشى١ً ٌغبْ ِشازو

ٚاٌّجبٌغ إٌّّٛؽخ ٚر٠َٛخ اٌؾَبة ثؼال  ٚالاٍزمطبػبد ٚاٌّلكثَجت اٌّمب٠َخ 

 ٍؾت اٌؼًّ

100 

رشى١ً ٌغبْ ِشازووخ ثا١ٓ طابؽت اٌؼّاً ٚاٌّمابٚي ٌلارفابق ػٍاٝ الافزلافابد  الافزلاف ؽٛي الاٍزمطبػبد 28

ٚاٌّجبٌغ إٌّّٛؽخ ٚر٠َٛخ اٌؾَبة ثؼال  اٌّلكٚالاٍزمطبػبد ٚثَجت اٌّمب٠َخ 

 ٍؾت اٌؼًّ

100 

 53.76 الاٌزياَ ثبٌجواِظ اٌي١ِٕخ اٌّزفك ػ١ٍٙب ث١ٓ طبؽت اٌؼًّ ٚاٌّمبٚي .1 اٌؼًّ غرَو٠ 29

 46.24 رؼ١ّٓ اٌؼمل اٌؾك ٌٍّبٌه فٟ ئطلاه رؼ١ٍّبد ثزَو٠غ اٌؼًّ .2
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 مقٍاش انخطر نمخاطرج مؼٍىح

P * I  حرمالالا )مؼامم انخطر( = درجح انخطر 

0.72 0.36 0.18 0.09 0.05 0.9 

0.56 0.28 0.14 0.07 0.04 0.7 

0.40 0.20 0.10 0.05 0.03 0.5 

0.24 0.12 0.06 0.03 0.02 0.3 

0.08 0.04 0.02 0.01 0.01 0.1 

0.80 0.40 0.20 0.10 0.05  

  الأثر ػهى أحذ الأهذاف )مثم انكهفح، زمه الإوجاز( 

ِظفٛفخ ِؼبًِ اٌقطو   (1) شكم
(Project Management Institute  ,2111 )  , ,(2114)انمؼهذ الأمرٌكً نهمقاٌٍص انقىمٍح 
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