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الإظبفت فب ،ػهى اعذد انطشص انًؼًبسٌتانًبُى  ا  يغ كم ٔعبئم انشاعت،ٔ قذ صًى ْزشخص
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The main idea of this project is to prepare all structural design and executive 

details for The Typical School In Abu-Romman , in  Hebron city. 

This building consists of three Stores and it contains all activities required for 

any person. 

 

This building is a reinforced concrete structure, and it was designed 

according to the ACI-318-08. 

 

The project contains the structural analysis for vertical and horizontal loads 

and the structural design and details for each member in the project. 
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 المقدمة 1.1

 

ٔتخفٛف انعغػ انُفسٙ انًتٕنذ يٍ انظشٔف   الإَسبٌ ثطجٛؼتّ ٚحتبج ئنٗ انتؼهى فٙ خًٛغ يشاحم حٛبتّ ٔانتشفّٛ ػٍ َفسّ

انًحٛطخ نذٖ انفشد انفهسطُٛٙ ،ٔئَطلاقبً يٍ ْزِ الأًْٛخ ، خبءد فكشح ْزا انًششٔع انهز٘ ٚؼُٙ ثذساسخ يجُٗ نًذسسخ ًَٕرخٛخ 

 .يغ ثؼط انؼُبصش انتشفٛٓٛخ ٔانًذسسخ كًششٔع ًٚكٍ تصًًٛٓب ٔتطجٛقٓب يؼًبسٚبً ٔئَشبئٛبً 

 سٕاء يٍ انُبحٛخ انًؼًبسٚخ انتٙ تؼُٗ ثبنًظٓش انؼبو ئَشبؤِتتطهت ػًهٛخ انتصًٛى ػبيخ الأخز ثدًٛغ انُٕاحٙ نهًجُٗ انًشاد 

نهًجُٗ ٔكٛفٛخ تٕصٚغ انفشاغبد ٔانًسبحبد داخهّ ٔسثػ الأقسبو انًختهفخ ثجؼعٓب انجؼط، أٔ يٍ انُبحٛخ الإَشبئٛخ انتٙ تؼُٗ 

ثتٕفٛش انُظبو الإَشبئٙ انقبدس ػهٗ انتحًم اٜيٍ نلأحًبل انًإثشح ػهٗ انًجُٗ يغ يشاػبح انُبحٛخ الاقتصبدٚخ الأدَٗ انًًكُخ نٓزا 

 انُٕاحٙ انًتؼهقخ ثبنتًذٚذاد  الأخز ثبلاػتجبسكزنك لا ثذ يٍ .انُظبو الإَشبئٙ ثًب لا ٚتؼبسض يغ انتصًٛى انًؼًبس٘ انًختبس

.   يغ غجٛؼخ انًششٔع انًُشأ ٔػُبصشِ انًٛكبَٛكٛخ كأَظًخ انتذفئخ ٔانتجشٚذ ٔانصشف انصحٙٚتلاءوانكٓشثبئٛخ ثًب 

يٍ حٛث تٕصٚغ انؼُبصش  غٕاثق  ْٕٔ يششٔع اػتٛبد٘ 3يذسسخ  تتكٌٕ يٍ ٚتعًٍ انًششٔع تصًٛى انُظبو الإَشبئٙ نًجُٗ 

 ٔاَتٓبء انؼقذاد يغ انًخططبد انًؼًبسٚخ ٔيٍ ثى تصًٛى ْزِ انؼُبصش اثتذاء يٍ ٚتلاءوالإَشبئٛخ كبلأػًذح ٔاندسٕس ثًب 

 . ٔيٍ ثى تدٓٛض انًخططبد الإَشبئٛخ انتُفٛزٚخ ٔرنك يٍ أخم انخشٔج ثًششٔع يتكبيم ٔقبثم نهتُفٛزثبنقٕاػذ ٔ الأسبسبد

 

 

 المشروعأهداف  2.1 

:  ئنٗ الأْذاف انتبنٛخقبدسٍٚ نهٕصٕلَأيم يٍ ْزا انجحث ثؼذ ئكًبنّ أٌ َكٌٕ 

انقذسح ػهٗ اختٛبس انُظبو الإَشبئٙ انًُبست نهًشبسٚغ انًختهفخ ٔتٕصٚغ ػُبصشِ الإَشبئٛخ ػهٗ اكتسبة انًٓبسح فٙ  .1

 .انًخططبد، ثًب ٚتُبست يغ انتخطٛػ انًؼًبس٘ نّ

 .انًختهفخانقذسح ػهٗ تصًٛى انؼُبصش الإَشبئٛخ  .2

 .تطجٛق ٔسثػ انًؼهٕيبد انتٙ تى دساستٓب فٙ انًسبقبد انًختهفخ .3

 . استخذاو ثشايح انتصًٛى الإَشبئٙئتقبٌ .4
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 المشروعمشكلة  3.1

 ، حٛث ٚتعًٍ انتصًٛى الإَشبئٙ يختهف انؼُبصش يذسسخ يتؼذد انطٕاثقٚذٔس انجحث حٕل تصًٛى انؼُبصش الإَشبئٛخ نًجُٗ 

 يغ انتٕصٚغ الإَشبئٙ نٓزِ انؼُبصش ٔيب لا ٚتؼبسض يغ انتصًٛى ٚتلاءو ٔ الأسبسبد ثًب حيٍ انجلاغبد ٔ اندسٕس ٔالأػًذ

 .انًؼًبس٘

 

  المشروعحدود مشكلة  4.1

انذساسٛخ  يٍ انسُخ ٔالأٔل  انثبَٙ، حٛث سٛتى انؼًم خلال انفصهٍٛ  ٚقتصش انؼًم نٓزا انًششٔع ػهٗ انُبحٛخ الإَشبئٛخ فقػ

. يقذيخ يششٔع انتخشج فٙ انفصم انثبَٙ ٔ يششٔع انتخشج فٙ انفصم الأٔل انتبنٙ يٍ خلال  2013-2014

 

مسلمات   ال5.1

 .ٔالأحًبل يٍ انكٕد الأسدَٙ (ACI-318-08)اػتًبد انكٕد الأيشٚكٙ فٙ انتصبيٛى الإَشبئٛخ انًختهفخ  .1

  (Safe, Atir)استخذاو ثشايح انتحهٛم ٔانتصًٛى الإَشبئٙ يثم  .2

 

  فصول المشروع6.1

 :ٚحتٕ٘ ْزا انًششٔع ػهٗ ستخ فصٕل ْٔٙ

 .ٚشًم انًقذيخ انؼبيخ ٔيشكهخ انجحث ٔ أْذافّ: انفصم الأٔل -1

 .ٚشًم انٕصف انًؼًبس٘ نهًششٔع: انفصم انثبَٙ -2

 .ٚشًم ٔصف انؼُبصش الإَشبئٛخ نهًجُٗ: انفصم انثبنث -3

 .انتحهٛم ٔانتصًٛى الإَشبئٙ نهؼُبصش الإَشبئٛخ: انفصم انشاثغ -4
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 المشروعإجراءات  7.1

 ٔ ئختٛبس انُظبو انًششٔع   يٍ انُٕاحٙ انًؼًبسٚخ ٔتٕافقٓب يغ أْذافنفًٓٓب انًخططبد انًؼًبسٚخ ٔرنك دساسخ (1

 .الإَشبئٙ انًلائى

ٔالأػصبة ثشكم  لأَست نتٕصٚغ ْزِ انؼُبصش  كبلأػًذح ٔاندسٕسنٛخ ا ٔاٜنهًجُٗدساسخ انؼُبصش الإَشبئٛخ انًكَٕخ   (2

  .لا ٚصطذو يغ انتصًٛى انًؼًبس٘ انًٕظٕع ٔٚحقق اندبَت الاقتصبد٘ ٔ ػبيم الأيبٌ

 . ٔتحهٛم انؼُبصش الإَشبئٛخ ػهٗ ْزِ الأحًبل تحذٚذ الأحًبل انًإثشح ػهٗ انًجُٗ (3

  .ػهٗ َتبئح انتحهٛمء تصًٛى انؼُبصش الإَشبئٛخ ثُب  (4

  انُٓبئٙ انًتكبيمِئَدبص انًخططبد انتُفٛزٚخ نهؼُبصش الإَشبئٛخ انتٙ تى تصًًٛٓب نٛخشج انًششٔع ثشكم (5

.     ٔانقبثم نهتُفٛز

 .ٔاندذٔل انتبنٙ ٕٚظح تسهسم أػًبل انًششٔع ٔانضيٍ انلاصو نكم َشبغ

 

 (2014 - )(2013)الجدول الزمني للمشروع خلال السنة الدراسية  (1-1)جدول 
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 قدمةالم 2.1 

للمساعده فً فهم وتحلٌل كافة الوظائؾ والفعالٌات والحركات داخل المبنى ، و  إن الوصؾ المعماري هو حاجة وضرورة 

 فً تصمٌها ، هو توفٌر الراحه للطلاب المدارسذلك طبقا لاستخداماته والحاجه التً دفعت لانشائه ، ومن اهم ما ٌمٌز 

 .والمستخدمٌن لهذا المنشأ 

 .ولا بد ان ٌتوفر فً المدارس على اختلاؾ مستوٌاتها ،  ملاعب رٌاضٌة ومدرجات  

إن بناء المدرسة  هو مثل اي عملٌة بناء لا بد ان تمر بعدة مراحل ، وهً مشابهة لمراحل البناء المعهودة ، مع مراعاة لبعض 

الخصوصٌة التً تتطلبها المنشأة ، فعادة ما نبدأ بالتصمٌم المعماري ، الذي ٌهتم بالمبنى من الناحٌة الجمالٌة و توزٌعات 

الوظائؾ ، واستخدمات الكتل المعمارٌة والابعاد المناسبة للكتل وفقا للوظٌفة المعمارٌة المطلوبة ، ولا بد ان ٌراعى فً 

 .الانارة الجٌدة ، ووسائل تهوٌة صحٌة والحركة : التصمٌم مواضٌع اخرى ذات اهمٌة مثل 

بعد الانتهاء من عملٌة التصمٌم المعماري ، نبدأ بالمرحلة الثانٌة وهً مرحلة التصمٌم الانشائً ، وخلال هذه المرحله تحدٌد 

العناصر الانشائٌة وابعادها وخصائصها ، وذلك اعتمادا على احمال المبنى و طبٌعة استخدامه مراعٌا نقل الاحمال عبر 

 . العناصر الانشائٌة الى الاساسات الحاملة والتربة 

 

  لمحة عن المشروع2.2

المشروع هو عبارة عن مدرسة  ٌقع فً مدٌنة الخلٌل فً منطقة جبل أبو رمان ، وصممت هذه المدرسة لتكون شامله 

للمتطلبات الوظٌفٌة المعمارٌة المذكورة آنفا ، وقد تم الحصول على هذه المخططات من قبل دائرة الهندسة المدنٌة والمعمارٌة 

فً جامعة بولتكنٌك فلسطٌن ، لٌتسنى لنا عمل التصمٌم الانشائً وإعداد المخططات التنفٌذٌة لجمٌع العناصر الانشائٌه التً 

 .ٌشملها المبنى 

 متر مربع ، ومساحة بناء 7000ٌتكون المبنى من ثلاث طوابق ، بالاضافة الى طابقه أرضً، على مساحة قطعة أرض 

 . متر مربع 7283.8

 

  مىقع المشروع2.3

لتصمٌم أي مشروع فانه ٌنبؽً دراسة الموقع المراد الانشاء فٌه بعناٌة فائقه ، مراعٌا بذلك الموقع الجؽرافً وتاثٌر الظروؾ 

 .المناخٌة السائده فً المنطقة بحٌث تصان العناصر القائمة وتتألؾ وتتناؼم مع التصمٌم المقترح 

فلذلك ٌجب اعطاء فكره عامه عن عناصر الموقع من توضٌح لمقاسات الارض المقترحه للبناء ، وعلاقة الموقع بالشوارع 

 .والخدمات المحٌطة ، ارتفاع المبانً المحٌطة ، واتجاه الرٌاح السائدة و مسار الشمس 

 متر مربع ، تقع فً منطقة جبل أبو رمان ، بالقرب من مبنى 7000قطعة الارض ؼٌر منتظمة الشكل ، تبلػ مساحتها تقرٌبا 

جامعة بولٌتكنك فلسطٌن ، وقد تماشى شكل المشروع المنوي انشاءه مع قطعة الارض ذات الشكل المستطٌل مراعٌا التصمٌم 

 .واخذا بعٌن الاعتبار الحاجه الى وجود موقؾ خاص للسٌارات ، وحركة السٌر القوٌة على الشارع المجاور 



  الوصف المعماري          الفصل الثاني 

 

7 
 

 

 

 .صورة تبٌن الموقع العام لقطعة الارض  : (2.1)صورة 

 

  اهمية المىقع وحركة الشمس والرياح 2.4

 

  اهمية المىقع2.4.1

، وٌحٌط بالشارع  (أبو رمان  )قطعة الارض تقع على جانب دوار الرحمة  ، فً المنطقة القرٌبة من جامعة بولٌتكنك فلسطٌن 

 .ابنٌة سكنٌة ومحال تجارٌة ، الابنٌة المجاورة تتكون فً الؽالب من طابق الى ثلاثة طوابق 

 :وقد تم مراعاة ما ٌلً فً اختٌار الموقع 

  ان تكون المدرسة  فً مكان وسطً قرٌب من مركز المنطقة. 

  مساحة قطعة الارض كافٌة لانشاء المشروع وما ٌلزمه من متطلبات. 

  توفر وسائل النقل والمواصلات. 

  (كهرباء ، ماء ، هاتؾ ، صرؾ صحً  ): توفر ما ٌلزم من خدمات مثل.  

 

 

  حركة الشمس والرياح 2.4.2

تعتبر حركة الشمس والرٌاح من العوامل المهمه فً تحلٌل المبنى ، فٌجب مراعاة تاثٌر الشمس والرٌاح على المبنى لٌتسنى 

 .تقسٌمه الى فراؼات تتناسب و توجٌهه المناخً بحٌث ٌلبً شروط التصمٌم المتعلقة بالتهوٌة والاضاء الطبٌعٌة 
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 .صورة تبٌن قطعة الارض وموقع الشمس واتجاه الرٌح  : (2.2)صورة 

 

   العناصر المعمارية 2.4.3

مدٌنة الخلٌل تقع الى الجنوب من الضفة الؽربٌة محاطه بقمم الجبال العالٌة ، وهذا ما اكسبها مقومات معٌنة جعلها تتحكم 

بالبوابه الطبٌعٌة من النقب جنوبا الى مرتفعات القدس شمالا ، وشهدت مدٌنة الخلٌل فً العقود الاخٌرة تزاٌدا فً عدد السكان 

، وفً عدد الابٌنة و المنشات ، وهذا بالاضافة الى طبٌعة نشاطها الاقتصادي الذي هو فً معظمه تجاري وصناعً ، مما 

 .اكسب طرازها المعماري طرازا فرٌدا ٌتماشى مع طبٌعتها 
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  وصف المساقط الافقية  2.5

المبنى فً تركٌبته الهندسٌة ٌعتمد على الشكل المستطٌل  وهذا محكوم بطبٌعة قطعة الارض و موقعها فً مركز المدٌنة وتبلػ 

 : متر مربع وهً موزعة على طابق ارضً وثلاث طوابق كالتالً 7283.8مساحة البناء 

  الطابق الأرضي 2.5.1

 . متر مربع 2519.34مساحة هذه الطابق هً 

 

 :استعمالات الطابق 

  عدد من الصفوؾ المدرسٌه للطلاب. 

  عدد من الؽرؾ للموظفٌن. 

  ؼرؾ ملابس. 

 قاعه كبٌرة. 

   مكتبة. 

  بركه سباحة. 

   ملعب. 

 :طرٌقة الوصول 

  ًمن خلال المدخل الرئٌس. 

  من خلال الادراج الداخلٌه. 

 من خلال مدخل خاص لبركه السباحه. 
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 .مسقط  الطابق الارضً  : (2.3)صورة 

 

 

 

  الطابق الأول2.5.2

 . متر مربع 2107.19مساحة هذا الطابق 

 :استعمالات الطابق 

  عدد من الؽرؾ الدراسٌة. 

  عدد من الؽرؾ للموظفٌن. 

    مختبرات مختلفة. 

  قاعة اجتماعات. 

 :طرٌقة الوصول 

 من خلال الادراج. 
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 .مسقط الطابق الاول  : (2.4)صورة 

 

  الطابق الثاني2.5.3

 . متر مربع 1806مساحة هذا الطابق 

 :استعمالات الطابق 

     مصلى. 

  عدد من الؽرؾ الصفٌة. 

   استراحة. 

  مخزن. 

 :طرٌقة الوصول 

  من خلال الادراج. 
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 .مسقط الطابق الثانً  : (2.5)صورة 

 

  الطابق الثالث2.5.4

 . متر مربع 851.28مساحة  هذا الطابق 

 :استعمالات الطابق 

  عدد من الؽرؾ الصفٌة. 

 طرٌقة الوصول

  الادراج. 
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 مسقط الطابق الثالث : (2.6)صورة 

 

  وصف الىاجهات  2.6

لا شك فً ان الواجهات المنبثقة من اي تصمٌم تعطً الانطباع الاول عن المبنى ، ومدى علاقته مع البٌئة المحٌطه بل 

وانها تظهر اختلافات الوظٌفه التً تؤدٌها الفراؼات والتً تعكسها الواجهه ، وهذا ٌتتأتى من خلال نظام الفتحات التً 

 .تظهر فً الواجهه والتً لا بد ان تتناسب مع وظٌفة هذا الفراغ او من خلال المناسٌب وتفاوتها 
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  الىاجهة الشمالية 1. 2.6

وفٌها ٌظهر المدخل الدخل الخلفً للمبنى ، ونرى فٌها تعدد انظمة الفتحات المستخدمة ، وهذا بدوره ٌعكس اختلاؾ الوظٌفة 

وفً هذا المشروع ٌظهر من خلال التصمٌم المعماري للواجهات وجود التداخل فً الكتل . التً تحتوٌها فراؼات المبنى 

الحجارة والخرسانة و الزجاج ، وذلك لكسر الملل الذي قد : الافقٌة والراسٌة ، كما نلاحظ استخدام متعدد لمواد البناء مثل 

ٌتولد لدى الناظر ، هذا بالاضافة الى ان استخدام الزجاج اضفى نوع من الحداثه من جهة ومن جهة اخرى اضفى جانب 

 . جمالً ، بالاضافة الى مساهمته فً توفٌر جزء من الاضاءة الطبٌعٌة وكذلك التهوٌة  

 

 .الواجهة الشمالٌة  : (2.7)صورة 
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  الىاجهة الجنىبية  2. 2.6

وهً عبارة عن الواجهة الرئٌسة للمبنى والتً ٌظهر فٌها المدخل الرئٌسً للمبنى ، تعددت فً هذه الواجهة اٌضا انظمة 

الفتحات التً جاءت على شكل أقواس مستمدة من نظام العمارة الإسلامٌة ، حٌث تكسو هذه الواجهة عدد من القبابإحداها 

للمصلى والأخرى كمنظر جمالً  ، هذا بالإضافة الى اختلاؾ المناسٌب ، والبروزات المعمرٌة التً أضفت رونق جمالً 

للواجهة على اعتبارها الواجهة الرئٌسة للمبنى ، وتعدد استعمالات الزجاج ، التً ساهم اٌضا فً كسر الملل لدى الناظر 

 .للواجهة ، وكذلك المساعدة فً عملٌة الإضاءة الطبٌعٌة والتهوٌة 

 

 .الواجهة الجنوبٌة  : (2.8)صورة 
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  الىاجهة الشرقية3. 2.6

استعمل فً هذه الواجهة الحجارة والزجاج ، وحاول استخدام اشكال متعددة من الفتحات ، كما وٌظهر فً الواجهة القباب آنفة 

الذكر والبروزات والتكتلات المعمارٌة التً من شأنها إعطاء رونق جمالً للواجهة من جهة ، وكسر الملل البصري لدى 

 الناظر من جهة أخرى

 

 الواجهة الشرقٌه : (2.9)صورة 
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  الىاجهة الغربية 4. 2.6

ٌظهر فً هذه الواجهة نظام العمارة الإسلامٌة متمثلا فً نظام الأقواس والقباب والمشربٌات ، وكذلك استخدام مواد البناء 

المختلفة من خرسانة وحجارة ، بالإضافة إلى استخدام الزجاج الذي ٌساهم فً الإضاءة والتهوٌة الطبٌعٌتٌن ، مما اسهم فً 

 .كسر الملل البصري لدى الناظر 

 

 الواجهة الؽربٌة  : (2.10)صورة 

 

 

  وصف الحركة2.7

تاخذ الحركة اشكالا عدة ، سواء من الخارج او من الداخل ، فالحركة من الخارج الى الداخل تتم بشكل سلس نظرا لعدم وجود 

  .(طابق الارضً)فرق كبٌر فً المنسوب الخارجً للمبنى ومنسوبه الداخلً 



  الوصف المعماري          الفصل الثاني 

 

18 
 

الدرج ، والمدخل الرئٌسً والمداخل الفرعٌه الاخرى، وهذا بدوره ٌتٌح حرٌة : وٌمكننا الوصول للمبنى من عدة اماكن مثل 

الدخول والخروج من وإلى المبنى ، اما بالنسبة للحركة داخل المبنى فتقسم الى حركة افقٌة داخل الطابق الواحد ، وحركة 

 .رأسٌة ما بٌن الطواٌق المختلفة

فالحركه فً الطابق الارضً تاخذ شكل خطً فً الممرات ، بالاضافه الى الحركة الرأسٌة بٌن الطوابق فانها تتم من خلال 

 .الادراج المتوفرة فً اماكن متعددة فً المبنى وهذا بدوره ٌسهل الحركة الافقٌة داخل الطوابق والحركة الرأسٌة بٌنهما 

 

 .، ٌبٌن بعض انواع الحركة  B-B مقطع  : (2.11)صورة  
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 انفصم انثبنث

 

                                           انوصف الإَشبئً

 

 

 .انًقذيت   1.3

 

 .هذف انتصًٍى الإَشبئً    2.3

 

 .انذراسبث انُظرٌت نهعُبصر الإَشبئٍت فً انًبُى   3.3

 

 .انعُبصر الإَشبئٍت     4.3

 

 
 

 

 

 

 

3 
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  يقذيت  1.3

 

يٍ خلال انٕفف انًؼًبس٘ انكبيم نهًجُٗ لا ثذ يٍ رطجٛك الأفكبس ٔ انًمزشدبد انًٕجٕدح فٙ انزذهٛم انًؼًبس٘ 

 انزقًٛى الإَؾبئٙ انز٘ ٚزًبؽٗ يغ انًزطهجبد انًؼًبسٚخ ٔانمٕاٍَٛ انُٓذعٛخ إر ٚؼزًذ انزقًٛى الإَؾبئٙ ثؾكم فٙ

 ثذٛش رمبٔو  كبفخ الأدًبل انزٙ رؤصش ػهٛٓب  ٔ ثبنزبنٙ ٚجت ٔفف كبفخ الإَؾبئٛخأعبعٙ ػهٗ رقًٛى كبفّ انؼُبفش 

ْزِ انؼُبفش ٔففبً دلٛمبً ٚهجٙ يزطهجبد انذغبثبد انُٓذعٛخ نٓزا انًؾشٔع ثبلإضبفخ نهذفبظ ػهٗ انزقًٛى انًؼًبس٘ 

. ٔػذو رغٛٛشِ 

 

 

هذف انتصًٍى الإَشبئً   2.3

 

 ٔيزضٌ يٍ جًٛغ انُٕادٙ انُٓذعٛخ الإَؾبئٛخ ٔيمبٔو يزٍٛ إَزبط يُؾؤ إنٗٚٓذف انزقًٛى الإَؾبئٙ ثؾكم أعبعٙ 

ٔثبنزبنٙ . صهٕطال  ٔٚبحانش  ٔصلاصلأدًبل يٛزخ ٔدٛخ ٔأٚضب أدًبل ثٛئٛخ يٍ رؤصٛش النجًٛغ انًؤصشاد انخبسجٛخ يٍ 

: ٚزى رذذٚذ انؼُبفش الإَؾبئٛخ ثُبء ػهٗ

 

  ٌالأيبSafety ) ) : ٚزى رذمٛمّ ػجش اخزٛبس يمبطغ نهؼُبفش الإَؾبئٛخ  لبدسح ػهٗ رذًم انمٕٖ ٔ الإجٓبداد

 .انُبرجخ ػُٓب

  انزكهفخCost)) : ٍٚزى رذمٛمٓب ػٍ طشٚك يٕاد انجُبء ٔيمبطغ يُبعجخ انزكهفخ ٔ كبفٛخ نهغشك انز٘ عزغزخذو ي

 .أجهّ

 دذٔد فلادٛخ انًجُٗ نهزؾغٛم(Serviceability)  يٍ دٛش رجُت أ٘ ْجٕط صائذ  Deflection) ( رجُت ٔ  

 . انزٙ رؤصش عهجبً ػهٗ انًُظش انًؼًبس٘ انًطهٕة(Cracks)انزؾممبد 

 انؾكم ٔ انُٕادٙ انجًبنٛخ نهًُؾؤ  .
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  فً انًبُى نهعُبصر الإَشبئٍت  انذراسبث انُظرٌت 3.3

 

 دٛش أَّ يٍ ٔانزقًٛىرؼزجش انذساعخ انُظشٚخ جضء سئٛغٙ ٔيٓى ٚجت انمٛبو ثّ لإرًبو ػًهٛخ انزذهٛم 

 نزنك ٚجت دساعخ انؼُبفش الإَؾبئٛخ ثؾكم جٛذ انزذهٛمخلانٓب ًٚكٍ انٕفٕل إنٗ أفضم يب ٚكٌٕ يٍ ػًهٛبد 

. ٔرذذٚذ الأدًبل انٕالؼخ ػهٗ كم ػُقش نهٕفٕل إنٗ انزقًٛى انًزٍٛ ٔاٜيٍ ٔطشٚمخ انؼًم انًُبعجخ

 

الأدًبل  1.3.3

 آَٛبس  لاثذ نهؼُبفش الإَؾبئٛخ انزٙ ٚزى رقًًٛٓب أٌ ركٌٕ لبدسح ػهٗ رذًم الأدًبل انٕالؼخ ػهٛٓب دٌٔ دذٔس 

.  الأدًبل انًٛزخ، الأدًبل انذٛخ، ٔالأدًبل انجٛئٛخ :نهًُؾبح ٔيٍ ْزِ الأدًبل

 

الأدًبل انًٍتت     2.3.3

   ْٙ أدًبل رُجى ػٍ ٔصٌ انًجُٗ انزارٙ انز٘ ٚزكٌٕ يٍ أٔصاٌ يٕاد انجُبء انًغزخذيخ دٛش رزضًٍ جًٛغ 

. ٔالارجبِانؼُبفش الإَؾبئٛخ ٔ انزجٓٛضاد انضبثزخ فٓٙ أدًبل رلاصو انًجُٗ ثؾكم دائى، صبثزخ انًمذاس 

: ٔفًٛب ٚزؼهك ثبنكضبفخ انُٕػٛخ نهًٕاد انًغزخذيخ فٓٙ كبنزبنٙ

 

انرقى 

 انًتسهسم
 انًبدة انًستخذيت

انكثبفت انًستخذيت          

(KN/m³) 

 23انجلاط  1

 22 انًَٕخ 2

 25انخشعبَخ  3

 9 انطٕة 4

 22 انمقبسح 5

 16انشيم  6

انكثبفت انُوعٍت نهًواد انًستخذيت   (1-3)جذول ال
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   الأدًبل انذٍت  3.3.3

,  اعزؼًبلاد جضء يُٓب أٔ,           ْٔٙ الأدًبل انزٙ رزؼشك نٓب الأثُٛخ ٔالإَؾبءاد ثذكى اعزؼًبلارٓب انًخزهفخ 

: ْٔٙ رؾًم , ثًب فٙ رنك الأدًبل انًٕصػخ ٔانًشكضح

 .ح الأؽخبؿ يغزؼًهٙ انًُؾؤأٔصاٌ .1

 . ح ػُٓب اْزضاصاد رؤصش ػهٗ انًُؾؤأكبلأجٓضح انزٙ ُٚؼ, الأدًبل انذُٚبيٛكٛخ .2

ٔالأجٓضح ٔاٜلاد الاعزبرٛكٛخ , كؤصبس انجٕٛد , ٔانزٙ ًٚكٍ رغٛٛش أيبكُٓب يٍ ٔلذ ٜخش, الأدًبل انغبكُخ .3

ٚجٍٛ لًٛخ الأدًبل انذٛخ  (2-3)انجذٔل  الأصبس ٔالأجٓضح ٔانًؼذاد، ٔ ٔٔانًٕاد انًخضَخ, غٛش انًضجزخ

 .اػزًبدا ػهٗ َٕػٛخ اعزخذاو انًجُٗ دغت انكٕد الأسدَٙ

 

انرقى 

 انًتسهسم
طبٍعت الاستخذاو 

انذًم انذً          

(KN/m²) 

 5.0 يٕالف انغٛبساد 1

 5.0 انًخبصٌ 2

 4.0 الأدساط 3

 5.0  ٔفبلاد انًطبػى 4

 2.5 انًجبَٙ انغكُٛخ 5

 7.5 يُقبد انًغشح  6

 2 لبػبد انًؼذاد 7

 2.5 يكبرت الإعزؼلاو 8

 

الأدًبل انذٍت  (2-3)جذول ال
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  الأدًبل انبٍئٍت 4.3.3

: أخزْب ثؼٍٛ الاػزجبس ػُذ انزقًٛى، ْٔزِ الأدًبل رزًضم فٌٙصبنش يٍ الأدًبل انزٙ ٚجت الَٕع الْٙ 

 

 انرٌبح  .1

ْٔٙ انمٕٖ انزٙ رؤصش ثٓب انشٚبح نًشرفؼخ  رؤصش ػهٗ انًجُٗ ٔٚظٓش رؤصٛشْب فٙ انًجبَٙ اأفمٛخ       ػجبسح ػٍ لٕٖ 

 ٔركٌٕ يٕججخ إرا كبَذ َبرجخ ػٍ ضغظ ٔعبنجخ إرا كبَذ َبرجخ ػٍ ؽذ، ٔرمبط أجضاءْبػهٗ الأثُٛخ أٔ انًُؾآد أٔ 

KN/m) نكم يزش يشثغثبنكٛهٕ َٕٛرٍ
2

،  ٔرذذد أدًبل انشٚبح اػزًبداً ػهٗ اسرفبع انًجُٗ ػٍ عطخ الأسك. (

.  ٔانًٕلغ يٍ دٛش الإدبطخ يٍ يجبَٙ عٕاء كبَذ يشرفؼخ أٔ يُخفضخ

 

انثهوج  .2

ْٙ الأدًبل انزٙ ًٚكٍ أٌ ٚزؼشك نٓب انًُؾؤ ثفؼم رشاكى انضهٕط، ًٔٚكٍ رمٛٛى أدًبل انضهٕط اػزًبداً ػهٗ 

 :الأعظ انزبنٛخ

 ػٍ عطخ انجذشحاسرفبع انًُؾؤ . 

 يٛلاٌ انغطخ انًؼشك نزغبلظ انضهٕط. 

 .ٔ انجذٔل انزبنٙ ٚجٍٛ لًٛخ أدًبل انضهٕط دغت الاسرفبع ػٍ عطخ انجذش دغت انكٕد الأسدَٙ

 .قًٍت أدًبل انثهوج دسب الارتفبع عٍ سطخ انبذر:  (3-3)انجذول 

 (H)عهو انًُشأ عٍ سطخ الأرض 

 (ببنًتر )

أدًبل انثهوج 

(KN /M²) 

h < 250 0 

500 > h > 250 1000  /(h-250) 

1500 > h > 500 (h-400) / 400 

2500 > h > 1500 (h – 812.5)/ 250 

 



 

  انوصف الإَشبئً          انفصم انثبنث 

 

24 

 

 انسلازل  .3

 ٚزٕنذ ػُٓب ػضٔو يُٓب ػضو  ٔ سأعٛخ   يٍ أْى الأدًبل انجٛئٛخ انزٙ رؤصش ػهٗ انًجُٗ ٔ ْٙ ػجبسح ػٍ لٕٖ أفمٛخ

ًٔٚكٍ يمبٔيزٓب ثبعزخذاو جذساٌ انمـ انًقًًخ ثغًبكبد ٔ رغهٛخ كبفٙ ٚضًٍ علايخ , الاَملاة ٔػضو الانزٕاء

 ٚجت يشاػبرٓب فٙ ػًهٛخ انزقًٛى نزمهٛم انخطٕسح ٔانًذبفظخ ػهٗ أداء انزٙانًجُٗ ػُذ رؼشضّ نًضم ْزِ الأدًبل 

انًجُٗ نٕظٛفزّ أصُبء انضلاصل، ٔٚزى رذذٚذ أدًبل انضلاصل ٔلٕٖ انمـ اػزًبداً ٔسجٕػب إنٗ انكٕد 

. (UBC97)انًغزخذو
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انعُبصر الإَشبئٍت  4.3

رزكٌٕ جًٛغ انًجبَٙ ػبدح يٍ يجًٕػخ يٍ انؼُبفش الإَؾبئٛخ انزٙ رزكبرف نكٙ رذبفع ػهٗ اعزًشاسٚخ ٔجٕد انًجُٗ 

ٔفلادٛزّ نلاعزخذاو انجؾش٘، ٔيٍ أْى ْزِ انؼُبفش، انؼمذاد ٔانجغٕس ٔالأػًذح ٔانجذساٌ انذبيهخ ٔالأعبعبد 

. ٔغٛشْب

 

  انعقذاث  1.4.3

ْٙ ػجبسح ػٍ انؼُبفش الإَؾبئٛخ انمبدسح ػهٗ َمم انمٕٖ انشأعٛخ ثغجت الأدًبل انًؤصشح ػهٛٓب إنٗ انؼُبفش 

. الإَؾبئٛخ انذبيهخ فٙ انًجُٗ يضم انجغٕس ٔانجذساٌ ٔالأػًذح، دٌٔ رؼشضٓب إنٗ رؾْٕبد

:  انخشعبَٛخ انًغهذخ ، يُٓب يب ٚهٙ انؼمذادرٕجذ إَٔاع يخزهفخ ٔػذٚذح ؽبئؼخ الاعزؼًبل يٍ 

 . ٔيُٓب يب ْٕ ثبرجبِ ٔادذ ٔأخشٖ ثبرجبٍْٛ  (Solid Slabs)انجلاطبد انًقًزخ  .1

 

 : ٔرمغى إنٗ (Ribbed Slabs)انجلاطبد انًفشغخ  .2

   ػمذاد انؼقت راد الارجبِ انٕادذ(.                   (One way ribbed slab 

  ٍْٛػمذاد انؼقت راد الارجب(           (Two way ribbed slab   . 
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: One way ribbed slab))عقذاث انعصب راث الاتجبِ انوادذ   2.1.4.3

. خفخ ٔصَٓب ٔ فؼبنٛزٓبة          رزًٛض

 

. عقذاث انعصب راث الاتجبِ انوادذ: (1-3)انشكم 

 :Two way ribbed slab)) عقذاث انعصب راث الاتجبهٍٍ  3.1.4.3

ٔ ْزا انُٕع نى ٚزى اعزخذايّ فٙ ػمذاد انًجُٗ انًخزهفخ ، ٔ انؾكم انزبنٙ ٚجٍٛ انؼمذاد راد الإرجبٍْٛ ٔ 

. ركُٕٚٓب الاَؾبئٙ

. عقذاث انعصب راث الاتجبهٍٍ: (2-3)انشكم 
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 :انجسور 2.4.3

 

جغٕس , ْٔٙ ػُبفش إَؾبئٛخ أعبعٛخ فٙ َمم الأدًبل يٍ الأػقبة داخم انؼمذح إنٗ الأػًذح ،ْٔٙ َٕػٍٛ

ْٔٙ انزٙ رجشص ػٍ انؼمذح يٍ الأعفم، " Dropped Beams "انًذلاح ٔانجغٕس ( يخفٛخ داخم انؼمذاد)يغذٕسح 

ٔفٙ انًؾشٔع عُمٕو ثبعزخذاو انجغٕس انًغذٕسح ٔانجغٕس انًذلاح دغت الادًبل انٕالؼخ ػهٗ انجغش ٔكزنك 

 .دغت انفضبءاد ٔثؼذ كم جغش

 

 

 . و انًسذورةانًذلاةأشكبل انجسور  (3-3)انشكم 
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: الأعًذة  3.4.3

رؼزجش الأػًذح انؼضٕ انشئٛظ فٙ َمم الأدًبل يٍ انؼمذاد ٔانجغٕس إنٗ الأعبعبد، ٔثزنك فٓٙ ػُقش إَؾبئٙ 

نزنك ٚجت رقًًٛٓب ثذٛش ركٌٕ لبدسح ػهٗ دًم ٔرٕصٚغ الأدًبل انٕالؼخ . ضشٔس٘ نُمم الأدًبل ٔصجبد انًجُٗ

 .انًمطغ ٔطشٚمخ انؼًم يزُٕػخ يٍ دٛش ٔ ْٙػهٛٓب ،

 

. أدذ أشكبل الأعًذة: (4-3)انشكم 
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: (جذراٌ انقص)انجذراٌ انذبيهت  4.4.3

 

ْٔٙ ػُبفش إَؾبئٛخ دبيهخ رمبٔو انمٕٖ انؼًٕدٚخ ٔالأفمٛخ انٕالؼخ ػهٛٓب ٔرغزخذو ثؾكم أعبعٙ نًمبٔيخ 

ْٔزِ انجذساٌ رغهخ ثطجمزٍٛ  (shear wall)الأدًبل الأفمٛخ يضم لٕٖ انشٚبح ٔانضلاصل ٔرغًٗ جذساٌ انمـ 

ٔلذ رى رذذٚذ انجذساٌ انذبيهخ فٙ انًجُٗ ٔرٕصٚؼٓب . يٍ انذذٚذ دزٗ رضٚذ يٍ كفبءرٓب ػهٗ يمبٔيخ انمٕٖ الأفمٛخ

انًجُٗ ، ٔرزًضم انجذساٌ انذبيهخ ثجذساٌ ثٛذ انذسط، ٔجذساٌ انًقبػذ، ٔانجذساٌ الأخشٖ انزٙ رجذأ يٍ 

أعبعبد انًجُٗ، ٔرؼًم ػهٗ رذًم الأٔصاٌ انشأعٛخ انًُمٕنخ إنٛٓب كًب رؼًم كجذساٌ لـ رمبٔو انمٕٖ الأفمٛخ 

انزٙ ٚزؼشك نٓب انًُؾؤ، ٔٚجت رٕفشْب فٙ الارجبٍْٛ يغ يشاػبح أٌ ركٌٕ انًغبفخ ثٍٛ يشكض انًمبٔيخ انز٘ 

ٔاٌ ركٌٕ ْزِ انجذساٌ كبفٛخ نًُغ أٔ رمهٛم .رؾكهّ جذساٌ انمـ فٙ كم ارجبِ ٔيشكض انضمم نهًجُٗ ألم يب ًٚكٍ 

. رٕنذ ػضٔو انهٙ ٔآصبسِ ػهٗ جذساٌ انًجُٗ انًمبٔيخ نهمٕٖ الأفمٛخ 

 

 

 . جذار انقص:  (5-3)انشكم 
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: الأسبسبث 5.4.3

ثبنشغى يٍ أٌ الأعبعبد ْٙ أٔل يب ٚجذأ ثزُفٛزْب ػُذ ثُبء انًُؾؤ، إلا أٌ رقًًٛٓب ٚزى ثؼذ الإَزٓبء يٍ 

. رقًٛى كبفخ انؼُبفش الإَؾبئٛخ فٙ انًجُٗ

 

الأسبش انًُفرد  :  ( 6-3 )انشكم 

 

ٔنًؼشفخ الأٔصاٌ ٔالأدًبل انٕالؼخ ػهٛٓب، فئٌ الأدًبل انٕالؼخ ػهٗ انؼمذح رُزمم إنٗ انجغٕس صى إنٗ الأػًذح 

ٔأخٛشا إنٗ الأعبعبد ،ٔركٌٕ ْزِ الأدًبل ْٙ الأدًبل انزقًًٛٛخ نلأعبعبد، ٔ ثُبءا ػهٗ الأدًبل انٕالؼخ 

ػهٛٓب ٔطجٛؼخ انًٕلغ ٚزى رذذٚذ َٕع الأعبعبد انًغزخذيخ ،ٔيٍ انًزٕلغ اعزخذاو أعبعبد يٍ إَٔاع يخزهفخ 

ٔرنك رجؼب نمٕح رذًم انزشثخ ٔالأدًبل انٕالؼخ ػهٗ كم أعبط ٔ َظشا نًب ٚزخزِ ْٛكم انًُؾؤ يٍ ؽكم يزذسط 

. نٛزلاءو ٔطجٕغشافٛخ الأسك
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 : الأدراج 6.4.3

ٔرى اعزخذايٓب فٙ ، ػجبسح ػٍ ػُبفش يؼًبسٚخ رغزخذو نلاَزمبل انشأعٙ ثٍٛ انًغزٕٚبد انًخزهفخ انًُبعٛت

. يمطغ ػبو نهذسطٚجٍٛ  (7-3)ٔانؾكم ٔاضخ يؾشٔػُب ثؾكم 

 

 

 

 

 

 

 

 

 

 

 

 

 .انذرج : (7-3)انشكم 
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 :انجذراٌ الاستُبدٌت 7.4.3

ثغجت الاخزلاف انٕاضخ فٙ يُبعٛت لطؼخ أسك انًؾشٔع، كبٌ لا ثذ يٍ اعزخذاو جذساٌ اعزُبدٚخ نزذًٙ 

. ٔ رُفز انجذساٌ الإعزُبدٚخ يٍ انخشعبَخ انًغهذخ . انزشثخ يٍ الآَٛبس أٔ الاَضلاق

 

 

 

. جذار استُبدي (8-3)انشكم 
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 :Expansions Joints)) فواصم انتًذد 8.4.3
  

  :ًٚكٍ رذذٚذ انًغبفخ انمقٕٖ ثٍٛ فٕافم انزًذد نهًُؾبد انؼبدٚخ كًب ٚهٙ

 

  ٍو فٙ انًُبطك انًؼزذنخ كًب ْٕ انذبل فٙ فهغطٍٛ 45 إل 40ي . 

  ٍو فٙ انًُبطك انذبسح 35 إل 30ي . 

  ًٚكٍ صٚبدح ْزِ انًغبفبد ثؾشط الأخز ثؼٍٛ الاػزجبس رؤصٛش ػٕايم الاَكًبػ ٔ انزًذد ٔ

 .ٔ انضدف 

  فٙ دبنخ أػًبل انخشعبَخ انكزهٛخ كبنذٕائظ الأعزُبدٚخ ٔ الأعٕاس ٚجت رمهٛم انًغبفبد ٔ

 .ثٍٛ انفٕافم ٔ اخز الادزٛبطبد انلاصيخ نًُغ رغشة انًٛبِ يٍ خلال فٕافم انزًذد 

 

 .ٔرى اعزخذاو فبفهٙ رًذد   فٙ ْزا انًؾشٔع 

 

 

 .فواصم انتًذد ببنًبُى  ( 9-3)انشكم 
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Chapter 4 

 

 

Structural Analysis & Design 

 

 

4 -1 Introduction. 

4 -2 Factored Loads. 

4 -3 Slabs Thickness calculation. 

4 -4 Load Calculation. 

4 -5 Design of Topping. 

4 -6 Design of Rib ( R3 ).  

4 -7  Design of Beam ( Beam 59-60-61-62-63 ). 

4 -8  Design of Two Way Ribbed Slab ( R2 ) 

 4.8.1 : Check Slab Thickness . 

 4.8.2 : Resultant Moments On Slab . 

 4.8.3 : Flexure Design . 

 4.8.4 : Shear Design . 

4 -9  Design of Stair case ( SC4 ) 

 4.9.1 : Minimum Slab Thickness for deflection . 

 4.9.2 : Flight Dead load Calculations . 

 4.9.3 : Landing Dead load Calculations . 

 4.9.4 : Design of Slab S1  . 

4 
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 4.9.5 : Design of Slab S2  . 

4 -10  Design of Column  ( C7 ) in Ground Floor . 

4 -11  Design of Isolated Footing  ( F8 ) . 

4 -12  Design of Strip Footing  ( SF1 ) . 

 4.12.1 : Area of footing calculations . 

 4.12.2 : Depth of footing and Shear design . 

4 -13  Design of Combined Footing  ( FC4 ) . 

4 -14  Design of Basement Wall ( BW1 ) . 

 4.14.1 : Design Of Shear . 

 4.14.2 : Design for Flexure  . 

4 -15  Design of Shear Wall  . 

 4.15.1 : Design of shear . 

 4.15.2 : Design of the Horizontal reinforcement . 

 4.15.3 : Design for Vertical reinforcement . 

 4.15.4 : Design of bending moment . 
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4 -1 Introduction:- 
 

Concrete is the only major building material that can be delivered to the job site in a plastic 

state. This unique quality makes concrete desirable as a building material because it can be molded to 

virtually any form or shape. 

 

Concrete used in most construction work is reinforced with steel. When concrete structure 

members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in 

the concrete in the form of a mesh, or roughened or twisted bars. A bond forms between the steel and the 

concrete, and stresses can be transferred between both components. 

 

In this project, all of design calculation for all structural members would be made upon the 

structural system which was chosen in the previous chapter. 

 

So, in this project, there are three types of slabs: one way ribbed slab, two way ribbed slab, and 

two way flat slab. They would be analyzed and designed by using finite element method of design, with 

aid of a computer program called "ATIR- Software " to find the internal forces, deflections and moments 

for ribbed slabs and by using the previous program and "STAAD PRO 2007", Etabs, and Safe programs 

to find the internal forces, deflections and moments for One way solid slab, and then handle calculation 

would be made to find the required steel for all members. 

 

 

The design strength provided by a member, it is connections to other members, and its cross – 

sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in 

accordance with the requirements and assumptions of ACI- code.   

 

 

NOTE: 

 *B300…. )(/30' 2 MPammNfc   For circular section 

but for rectangular section ( MPafc 248.0*30'  ) . 

 The specified yield strength of the reinforcement {fy = 412 N/mm² (MPa) , fy = 420 N/mm² 

(MPa) } 
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4 -2 Factored Loads:- 

qu = 1.2DL + 1.6L      ACI – 318 - 08 (9.2.1) 

 

4 -3  Slabs Thickness calculation:- 

The overall depth must satisfy ACI Table (9.5.a):            

For rib (R3), as shown in fig. 

 

G e o m e t r y      Units:meter,mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. (4-1) : Spans Length of Rib (R3). 

 

 From ACI-318-08 table (9.5a) 

Min h  ≥: 

m
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For  Rib (R3), will use thickness of slab 35 cm 

4 -4 Load Calculation:- 

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated 

as follows: 

 4.4.1 Calculations of Dead load :- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Table (4-1) Calculation of the total load for (R3) 

 

 

Tile        =   23*0.03*0.52= 0.358  KN/m 

Mortar   =   22*0.02*0.52= 0.229 KN/m 

Sand      =   16*0.07*0.52= 0.582 KN/m 

Topping =   25*0.08*0.52=  1.04   KN/m 

Block     =   10*0.27*0.4= 1.08   KN/m 

Rib         =   25*0.27*0.12= 0.810 KN/m 

Plaster    =  22*0.03*0.52= 0.343 KN/m 

Partition =  2*0.52= 1.04 KN/m 

 

 

 Total dead load = 5.467 KN/m/rib 

 

 

 

Material 
Unit weight 

(KN/m³) 

Thickness 

(cm) 

Tile 23 3 

Mortar 22 2 

Sand 16 7 

Topping slab 25 8 

Hollow block 10 27 

Rib 25 27 

Plastering 22 3 

partition 2KN/m
2
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 4.4.2 Calculations of Live load:- 

 

From Jordanian live loads Table live load for the schools  is 5 KN/m² . 

 

 Total live load = 5*0.52 = 2.6 KN/m/rib 

 

 

 

4 -5 Design of Topping :- 

 

 4.5.1 Calculation of Dead load  

Tile       =   22*0.03*1=0.66 KN/m 

Mortar   = 22*0.02*1=0.44KN/m 

Sand      = 16*0.07*1=1.12 KN/m 

Topping = 25*0.08*1=2 KN/m 

Partition= 2*1=2 KN/m 

 

D.L total = 6.22 KN/m 

 

  4.5.2  Calculation of live load     
         L.Ltotal = 5KN/m 

 

 Wu = 1.2D.L + 1.6L.L = 1.2*6.22 + 1.6*5 = 15.464 KN/m 

 

     Check ΦMn > Mu 

mkN
lw

Mu u .206.0
12

4.0*646.15

12

* 22



 sfcMn *'42.0
 

 s=  
6

2bh
 

6
*'42.0

2bh
fcMn   

               = 0.42 24 * mkN.19.210*
6

08.0*1 3
2

  

          Ø=0.55 for plain concrete  

..206.02.1*

..2.119.2*55.0*

mKNMuMn

mkNMn








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 Shrinkage and temperature reinforcement must be provided. 

For the shrinkage and temperature reinforcement: 

0018.0           ACI-318-08 (7.12.2) 

.1/14480*1000*0018.0** 2 mmmhbAs  
 

As (ɸ 8) =50.27mm2 

So number of bars =144/50.27 = 2.86 

Spacing= 1000/ (number of bars) =1000/2.86=349 mm 

Check for max. Spacing 

S=3h=3*80=240mm……… (Control) 

S=450mm 

S=380(280/fs)-2.5Cc =380(280/.667*412)-2.5*20=337mm 

S=300(280/fs) =300(280/0.667*412) =305.67mm 

 

Then use Ф 8 @ 20cm for practical purposes in both directions. 

 

4 -6 Design of Rib ( R3 ):-  
 

 Materials :-  

       Concrete    B300,       Fc' = 0.8*30 = 24 N/mm
2 

=24Mpa 

    Reinforcement Steel, fy = 412 N/mm
2
 = 412 MPa 

 

 Design constant :- 

- Eb For T- section is the smallest of the following: 

  Eb = Ln/4 = 5.6/4 = 1.4 m  

  Eb  = bw + 16 tf = 12 + 16 (8) = 1.4 m 

   Eb  =  c/c spacing between beams =0. 52 m      

  Control ………. 52 cm = 520 mm 

- Requirements For Slab Floor According to      ACI- (318-08) . 

bw ≥ 10cm……………………………………………ACI(8.13.2) 

Select bw=12cm   

 h ≤ 3.5*bw  ……………………………….…….. ACI(8.13.2) 

Select h=32cm<3.5*12=42cm    

tf  ≥ Ln/12 ≥50mm ………………………………….ACI(8.13.6.1)   

Select tf = 8cm = 80 mm 
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 System :- 

One -way ribbed slab :- 

G e o m e t r y      Units:meter,mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Loading :- 

By using ATIR ( BEAMD )  Software  we get the envelope moment and shear diagram as following:- 

D.L total = 1.2*5.467  = 6.56 KN/m/rib        L.L total = 1.6*2.6=4.16 KN/m/rib 

 

L o a d i n g 
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load group no. 1 
Dead load - Service  Units:kN,meter 

5.46 

6. 3. 6. 6. 

5.46 

6. 3. 6. 6. 

5.46 

6. 3. 6. 6. 

5.46 

6. 3. 6. 6. 

Live load - Service  Load factors: 1.20,1.20/1.60,0.00 

2.60 

6. 3. 6. 6. 

2.60 

6. 3. 6. 6. 

2.60 

6. 3. 6. 6. 

2.60 
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig.(4-2) Rib ( R3)  Envelope  

Moments:   spans  1 to  4 
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Flexural Design : - 

 Design for positive Moment for Rib (R3):- 

 

Use Mu max. Positive for span Mu= 33.7 KN.m . 

Determine whether the rib will act as rectangular or T-section: 

assume       a = tf = 8 cm = 80 mm 

d = h – cover–dia. of stirrups – db/2 = 350 – 20 –10 – 14/2 = 313 mm. 

Φ.Mnf = 0.9*0.85 
cf  * tf * Eb *(d- tf/2) 

                = 0.9* 0.85 (24) (80) (520)(313- 80/2)*10
-6

 

 Φ.Mnf   = 208.5 KN.m 

ΦMnf =208.5 KN.m > Mu = kN.m 

 Rectangular section  

 

Design as a rectangular with Eb = 52cm 

As = ρ.bE .d 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)313.0(*52.0

9.0/10*7.33 

= 0.735 MPa 

 

381710.1
412

735.0*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 381710.1  )* (520)* (313) = 295.79 2mm . 

 

Then use 2Ф 14 , As=307.8 mm
2
 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 265.111)313)(120(

)412(4

24
mm  
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A s  min = ))((
)(

4.1
dbw

fy
     = 263.127)313)(120(

412

4.1
mm        (control)    

For 2Φ14 , As=307.8 mm
2
 > 127.63   ,  OK 

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

06.14
85.0

954.11

954.11

*520*24*85.0412*8.307

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00637.0

0637.0003.0
06.14

06.14313
003.0/)(








s

s ccd




 

 

 Design for Positive Moment Mu = + 22.4 KN.m : 

 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)313.0(*52.0

9.0/10*4.22 

= 0.488 MPa 

 

310*1989.1
412

488.0*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*198.1  )* (520)* (313) = 195.146 2mm . 

 

Then use 2Ф 12 , As=226.2 mm
2
 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 265.111)313)(120(

)412(4

24
mm  
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A s  min = ))((
)(

4.1
dbw

fy
     = 263.127)313)(120(

412

4.1
mm        (control)    

For 2Φ12 , As=226.2 mm
2
 > 127.63   ,  OK 

 

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

..10
85.0

785.8

785.8

*520*24*85.0412*2.226

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.0088.0

088.0003.0
33.10

33.10313
003.0/)(








s

s ccd




 

 

 Design for Positive Moment Mu = + 31.5 KN.m : 

 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)313.0(*52.0

9.0/10*5.31 

= 0.687 MPa 

 

310*697.1
412

687.0*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*697.1  )* (520)* (313) = 276.14 2mm . 

 

Then use 2Ф 14 , As=307.8 mm
2
 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 265.111)313)(120(

)412(4

24
mm  
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A s  min = ))((
)(

4.1
dbw

fy
     = 263.127)313)(120(

412

4.1
mm        (control)    

For 2Φ14 , As=307.8 mm
2
 > 127.63   ,  OK 

 

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

..10
85.0

06.14

95.11

*520*24*85.0412*8.307

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00637.0

0637.0003.0
06.14

06.14313
003.0/)(








s

s ccd




 

 

 

 Design for Negative Moment Mu =  -26.4 KN.m : 

 Design as a rectangular with b = 12 cm =  120 mm  

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)313.0(*12.0

9.0/10*4.26 

= 2.49 MPa 

 

310*48.6
412

495.2*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*48.6  )* (120)* (313) = 243.39 2mm . 

 

Then use 2Ф 14 , As=307.8 mm2 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 
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A s min= ))((
)(4

dbw
fy

cf 
   = 265.111)313)(120(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 263.127)313)(120(

412

4.1
mm        (control)    

For 2Φ14 , As=307.8 mm2 > 127.63   ,  OK 

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

94.60
85.0

8.51

8.51

*120*24*85.0412*8.307

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00124.0

0124.0003.0
94.60

94.60313
003.0/)(








s

s ccd




 

 

 

 Design for Negative Moment Mu =  -16.3 KN.m : 

 Design as a rectangular with b = 12 cm =  120 mm  

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)313.0(*12.0

9.0/10*3.16 

= 1.54 MPa 

 

310*892.3
412

54.1*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*892.3  )* (120)* (313) = 146.19 2mm . 

 

Then use 2Ф 10 , As=157 mm2 
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 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 265.111)313)(120(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 263.127)313)(120(

412

4.1
mm        (control)    

For 2Φ10 , As=157 mm2 > 127.63   ,  OK 

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

086.31
85.0

42.26

42.26

*120*24*85.0412*157

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00272.0

0272.0003.0
086.31

086.31313
003.0/)(








s

s ccd




 

 

 Design for Negative Moment Mu =  -30.6 KN.m : 

 Design as a rectangular with b = 12 cm =  120 mm  

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)313.0(*12.0

9.0/10*6.30 

= 2.892 MPa 

 

310*603.7
412

892.2*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*603.8  )* (120)* (313) = 146.19 2mm . 

 

Then use 2Ф 14 , As=307.8 mm2 
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 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 265.111)313)(120(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 263.127)313)(120(

412

4.1
mm        (control)    

For 2Φ14 , As=307.8 mm2 > 127.63   ,  OK 

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

944.60
85.0

8.51

8.51

*120*24*85.0412*8.307

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00124.0

0124.0003.0
944.60

944.60313
003.0/)(








s

s ccd




 

 

 Design Rib ( R3 ) For Shear :- 

 

Vu ( at Face of support )  =35.3 KN                 (From Shear Envelope) 

Factored shear forces at d=0.313 m = 313 mm  from face of  support  

Vu = 35.3 - .313*10.72 = 31.94 KN 

Determine shear strength provided by concrete (ɸ Vc). 

1.1 Vc =  1.1* 
6

'fc   bw * d 

            = 1.1* 
6

24  0.12 * 0.313*10
3
 = 33.73 KN 

ΦVc = 0.75*33.73= 25.3 KN  

Vs min = Max of   : 1) 
3

1   bw * d = 0.333 * 120 * 313* 
310
 = 12.52 KN  - Control 

                                 2) 
16

'fc   bw * d = 
16

24
* 120 * 313 * 

310
 = 11.5 KN  

Case III is Valid : 
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 Φ ( Vc + Vsmin ) > Vu >  Φ Vc  

0.75 ( 33.73 + 12.52 ) = 34.68  KN > Vu = 31.94 KN  > 0.75*33.73  = 25.3 KN 

 

- minimum shear reinforcement is required 

Assume Stirrups  2-leg Ø8  

S =   
Vs

dfytAv **

 

S = (100.48 * 412 *313)/(12.52*1000) = 1034.944 mm  

Check For Smax  

1) Smax ≤ 
2

d
 = 313/2 = 156.5 mm - Control 

2) Smax ≤ 600 mm  

S= 1034.94 mm > Smax = 156.5 mm  

So , Use 2-leg Ø8 @150 mm  

 

4-7 Design of Beam (Beam 59-60-61-62-63):- 
 

 Material :- 

 concrete    B300                Fc' = 24 N/mm
2
 

 Reinforcement Steel         fy = 412 N/mm
2
 

 Loading  :- 

 Reaction  from Simply Supported Rib  :  

D.L =16.4/0.52 = 31.538 KN/m  

L.L =7.8/0.52  = 15 KN/m 

 

 Reaction  from Rib  :  

D.L =38.98/0.52 = 74.968 KN/m  

L.L =18.678/0.52  = 36.09 KN/m 

 

 Reaction  from two way ribbed Slab ( S1)  :  

D.L =10.62*7.1 = 75.402 KN/m  

L.L =5*7.1  = 35.5 KN/m 

 

 Reaction  from two way ribbed Slab ( S2)  :  
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D.L =11.83*7.57= 89.553 KN/m  

            L.L =5*7.57  = 37.85 KN/m  

 Beam Self weight = 25*0.8 = 20 KN/m  

 Beam Materials :  

Tile        =   22*0.03*0.8=0.528 KN/m 

Mortar   =   22*0.02*0.8=0.352 KN/m 

Sand   = 16*0.07*0.8=0.896  KN/m 

Plastering = 22*0.02*0.8 =0.352 KN/m 

Partition =2*0.8=1.6 KN/m 

=3.728 KN/m∑ 

 

 

 Total Dead load 

Self weight + Materials = 20 + 3.728 = 23.728 KN/m 

Assumed that h = 1000 mm to analyze the beam using ( Beam  D ) Software to get Shear & Moment Envelope : 

 

G e o m e t r y      Units:meter,mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

A 

1 
1 

A 

A 

2 
2 

A 

A 

3 
3 

A 

A 

4 
4 

A 

A 

5 6 
5 

0.3 7.35 0.3 0.3 7.7 0.3 0.3 7.7 0.3 0.3 7.7 0.3 0.3 7.7 0.3 

7.65 8. 8. 8. 8. 

800 

700 

A A 

load group no. 1 
Dead load - Service  Units:kN,meter 

23.7 

74.9 

7.65 7.1 0.9 0.9 7.1 8. 8. 
23.7 
31.5 

75.4 75.4 

7.65 7.1 0.9 0.9 7.1 8. 8. 
23.7 

75.4 75.4 

7.65 7.1 0.9 0.9 7.1 8. 8. 
23.7 

89.6 

7.65 7.1 0.9 0.9 7.1 8. 8. 
23.7 

89.6 

7.65 7.1 0.9 0.9 7.1 8. 8. 

Live load - Service  Load factors: 1.20,1.20/1.60,0.00 

4.00 
36.0 
7.65 7.1 0.9 0.9 7.1 8. 8. 4.00 15.0 

35.5 35.5 

7.65 7.1 0.9 0.9 7.1 8. 8. 4.00 
35.5 35.5 

7.65 7.1 0.9 0.9 7.1 8. 8. 4.00 
37.8 

7.65 7.1 0.9 0.9 7.1 8. 8. 4.00 
37.8 

7.65 7.1 0.9 0.9 7.1 8. 8. 
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure ( 4-3) : Beam ( 59 - 60 -61-62 -63 ) Envelope 

Moments:   spans  1 to  5 

83.9 

-1189.9 
-1090.3 -1063.9 -921.2 

-826.3 -800.3 
-581. 

-529.1 -527.5 

-906. 
-803.1 -809.9 

40.3 

899.3 
612.3 

417.8 385.6 
588.4 

2.1 2.94 
1.8 

2.8 
2.44 

2.52 
2.71 

2.05 

1.38 1.76 
1.1 

1.29 
1.33 

1.34 
1.54 

1.34 

3.06 4.59 4.4 3.6 3.6 4.4 4. 4. 4.4 3.6 

Shear  

429. 
588.3 502.2 

315. 
547.1 

-709.7 
-631.3 

-325.6 
-502.1 

-237.4 

573.2 

-853.9 

671.2 

-824. 

646.1 

-359.7 

349.2 

-655.8 

700.8 

-271.6 

Reactions 

Factored 

DeadR 
LiveR 
MaxR 
MinR 

354.94 
218.29 
573.23 
329.26 

Service  
DeadR 

LiveR 
MaxR 
MinR 

295.78 
136.43 
432.21 
279.73 

978.13 
546.97 
1525.09 
1175.75 

815.11 
341.85 
1156.96 
938.62 

913.23 
556.86 
1470.09 
1059.24 

761.02 
348.04 
1109.06 
852.28 

446.61 
262.25 
708.86 
494.11 

372.17 
163.91 
536.08 
401.86 

910.27 
446.38 
1356.64 
1089.35 

758.55 
278.99 
1037.54 
870.48 

181.76 
89.81 

271.57 
164.12 

151.47 
56.13 
207.6 

140.44 
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determination of  Beam dimensions : 

 m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 
1 = 0.85 , Since fc′ < 28 𝑀𝑃𝑎 

 ρb =
0.85∗𝑓𝑐 ′  ∗ 1

𝑓𝑦  
∗

600

600+𝑓𝑦  
 = 0.02495 

ρ = 0.4 * ρb = 0.4*0.02495 = 9.981*10
-3 

 

Rn = ρ*fy ( 1- 
ρ∗m

2 
 ) = 3.697 Mpa 

             Rn = 
2*

/

db

Mu 

    

             d= 640.003 mm 

assume Φ 20  

 h = 640 + 20/2 + 10 + 40 = 700 mm 

Take h = 70 cm = 700 mm 

 

 

 Design Beam For Flexure  :- 

b = 800 mm , h = 700 mm 

 

 Design for Positive Moment Mu =  +899.3  KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*3.899 

= 3.049 MPa 

 

310*0558.8
412

049.3*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*0558.8  )* (800)* (640) = 4124.57 2mm . 

 

Then use 14Ф 20 , As=4396  mm2 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 
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A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 14Φ20 , As=4396 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
13

20*1410*240*2800 
= 32.3 mm  

S > 25 mm  

S > db  

- OK  

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

561.130
85.0

977.110

977.110

*120*24*85.0412*4396

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00117.0

0117.0003.0
561.130

561.130313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   

 

 Design for Positive Moment Mu =  +612.3  KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*3.612 

= 2.076 MPa 
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310*325.5
412

076.2*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*325.5  )* (800)* (640) = 2726.79 2mm . 

 

Then use 9Ф 20 , As=2826  mm
2
 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 9Φ20 , As=2826 mm
2
 > 1793 mm

2
   ,  OK 

 

 

 Check for Spacing :  

S = 
8

20*910*240*2800 
= 65 mm  

S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

93.83
85.0

34.71

34.71

*120*24*85.0412*2826

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00198.0

0198.0003.0
34.71

34.71313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   
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 Design for Positive Moment Mu =  +417.8  Kn.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*8.417 

= 1.4167 Mpa 

 

310*567.3
412

4167.1*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*567.3  )* (800)* (640) = 1826.336 2mm . 

 

Then use 6Ф 20 , As=1884  mm
2
 

 

 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 6Φ20 , As=1884 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
5

20*610*240*2800 
= 116 mm  

S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 
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mm
a

c

mma

a

95.55
85.0

56.47

56.47

*120*24*85.0412*1884

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00313.0

0313.0003.0
95.55

95.55313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section  

 

  

 Design for Positive Moment Mu =  +385.6  KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*6.385 

= 1.307 MPa 

 

310*282.3
412

307.1*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*282.3  )* (800)* (640) = 1680.56 2mm < As min 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

1680.56 2mm < As min , So use Asmin = 1793.8 mm
2
 

 

Use 6Φ20 , As=1884 mm
2
 > As req = 1793.8  mm

2
   ,  OK 

 Check for Spacing :  

S = 
5

20*610*240*2800 
= 116 mm  
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S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

95.55
85.0

56.47

56.47

*120*24*85.0412*1884

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00313.0

0313.0003.0
95.55

95.55313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   

 

 

 

 Design for Positive Moment Mu =  +588.4  KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*4.588 

= 1.995 MPa 

 

310*106.5
412

995.1*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*106.5  )* (800)* (640) = 2614.22 2mm . 

 

Then use 9Ф 20 , As=2826  mm
2
 

 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 



Chapter 4                Structural Analysis & Design 

 

 

 

59 

 

 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 9Φ20 , As=2826 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
8

20*910*240*2800 
= 65 mm  

S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

93.83
85.0

34.71

34.71

*120*24*85.0412*2826

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00198.0

0198.0003.0
93.83

93.83313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   

 

 Design for Negative Moment Mu =  -1090.3  KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*3.1090 

= 3.39 MPa 

 

310*056.9
412

39.3*196.20*2
11

196.20

12
11

1 






























fy

mRn

m

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A s  = ρ.be .d = ( 310*056.9  )* (800)* (640) = 4636.86 2mm . 

 

Then use 15Ф 20 , As=4710  mm
2
 

 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 15Φ20 , As=4710 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
14

20*1510*240*2800 
= 28.57 mm  

S > 25 mm  

S > db  

- OK  

 

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

887.139
85.0

9.118

9.118

*120*24*85.0412*4710

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00107.0

0107.0003.0
887.139

887.139313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   
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 Design for Negative Moment Mu =  - 826.3  KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*3.826 

= 2.86 MPa 

 

310*345.7
412

86.2*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*345.7  )* (800)* (640) = 3760.87 2mm . 

 

Then use 12Ф 20 , As=3768  mm
2
 

 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 12Φ20 , As=3768 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
11

20*1210*240*2800 
= 41.82 mm  

S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 
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mm
a

c

mma

a

91.111
85.0

12.95

12.95

*120*24*85.0412*3768

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00141.0

0141.0003.0
91.111

91.111313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section 

   

 Design for Negative  Moment Mu = -529.1   KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*1.529 

= 1.794 MPa 

 

310*565.4
412

794.1*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*565.4  )* (800)* (640) = 2337.298 2mm . 

 

Then use 8Ф 20 , As=2512  mm
2
 

 

 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  

A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 8Φ20 , As=2512 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
7

20*810*240*2800 
= 77.14 mm  
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S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

606.74
85.0

415.63

415.63

*120*24*85.0412*2512

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00227.0

0227.0003.0
606.74

606.74313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   

 

 Design for Negative  Moment Mu = -809.9   KN.m : 

m  = 
'*85.0 fc

fy
 = 

24*85.0

412
= 20.196 

 

Rn = 
2*

/

db

Mu 
= 

2

3

)640.0(*8.0

9.0/10*9.809 

= 2.746 MPa 

 

310*187.7
412

746.2*196.20*2
11

196.20

12
11

1 






























fy

mRn

m


 

A s  = ρ.be .d = ( 310*187.7  )* (800)* (640) = 3679.88 2mm . 

 

Then use 12Ф 20 , As=2512  mm
2
 

 

 

 Check Minimum Reinforcement    A s min...(ACI- 318M-08 – (10.5.1) ) 

A s min= ))((
)(4

dbw
fy

cf 
   = 201.1522)640)(800(

)412(4

24
mm  
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A s  min = ))((
)(

4.1
dbw

fy
     = 28.1793)640)(800(

412

4.1
mm        (control)    

For 12Φ20 , As=3768 mm
2
 > 1793 mm

2
   ,  OK 

 Check for Spacing :  

S = 
11

20*1210*240*2800 
= 41.82 mm  

S > 25 mm  

S > db  

- OK  

 Check for Tension steel yielding:- 

Tension = compression 

As * fy = 0.85 *
cf * b * a 

mm
a

c

mma

a

91.111
85.0

12.95

12.95

*120*24*85.0412*3768

1









 

β=0.85….. 
cf <28MPa ……. ACI-318M-08(10.2.7.3) 

005.00141.0

0141.0003.0
91.111

91.111313
003.0/)(








s

s ccd




  

OK : Tension Controlled Section   

 

 

Design Beam for shear: 
Vu at face of support = 826.5 KN 
 

Vc =  
6

'fc
* bw  * d = 418.046 KN 

Vsmin = Max of      1) 
16

'fc
*bw*d = 156.77 KN 

                               2) 
3

1
*bw*d = 170.67 KN  - Control 

Vs' = 
3

'fc
*bw*d = 836.09 KN 
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Vs = 


Vu
 - Vc = 

75.0

5.826
 - 418.046 = 683.96 KN 

Case 4 is Valid  

Ф ( Vsmin + Vc ) < Vu < Ф ( Vc + Vs' ) 

0.75 ( 170.67 + 418.046 ) < Vu = 826.5  < 0.75 ( 418.046 + 836.09 ) 

441 KN < 826.5 KN < 940.567 KN                     - Ok 

Use Stirrups  Ф10 4-Leg , Av = 314 mm
2 

S =  
Vs

dfytAv **
 = 

1000*96.683

640*412*314
  = 121.05 mm 

S < Smax = 1) d/2 = 320 mm - Control  

                  2) 600 mm  

Take S = 100 mm  
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4 -8 Two Way Ribbed Slab ( R2 ):- 

 

 

Figure (4-4) : Plan and Section in Two Way Ribbed Slab ( R2 ) 

 

4.8.1 : Check Slab Thickness : 

α1 = 
I beam

I slab 1
 

Irib = 128504.24 cm
4 

 

Yc =
40∗8∗36+40∗14∗20

40∗8 +  40∗14
  = 25.818 cm 

Slab section for exterior beams  

short direction L = 14.2 m 

Is = Irib * (L/2 + bw / bf ) = 1879969.437 cm
4
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short direction L = 15.2 m 

Is = Irib * (L/2 + bw / bf ) = 1998954.844 cm
4
  

Ib = 
𝑏ℎ3

12
   =  

80∗703

12
  = 2286666.667  cm

4 

α1 = 
I beam

I slab 1
 

α1 = α3 = 1.14393 

α2 = α4 = 1.21633 

αfm = αfm = 
2∗∝1+2∝2

4
 = 1.1803 <2 

So the minimum slab thickness will be :  

B = 15.2/14.2 = 1.0704 

h= 
𝐿𝑛 (0.8+ 𝑓𝑦

1400
 )

36+5∗𝐵∗(α fm−0.2)
 = 

15200  (0.8+ 
420

1400
 )

36+5∗1.0704∗(1.18−0.2)
 = 405.37 mm 

Take h = 400 mm = 40 cm    

 

4.8.2 : Resultant Moments On Slab : 

The panel is free edges ( Simply Supported )  

Service Live Load = 5 KN / m
2
 

Service Dead Load =10.567  KN / m
2
 

Wd = 1.2*10.567 = 12.68 KN / m
2
 

WL = 1.6*5 = 8 KN / m
2
 

Wu = 1.2D+1.6L = 20.68 KN / m
2
 

La/Lb = 14.2/15.2 = 0.93 

There is no any negative moment since all edges are free 

Positive moment from dead and live load : 

Ca pos/dl=0.042                Cb pos/dl=0.0314 

Ca pos/ll=0.042                  Cb pos/ll=0.0314 
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Ma+ve DL = 0.042*12.68*14.2
2
*0.54 = 58 KN.m/m  

Mb+ve DL = 0.0314*12.68*15.2
2
*0.54 = 49.7 KN.m/m  

 

Ma+ve LL = 0.042*8*14.2
2
*0.54 = 36.6KN.m/m  

Mb+ve LL = 0.0314*8*15.2
2
*0.54 = 31.3 KN.m/m 

 

Ma = 36.6 + 58 = 94.6  KN.m/m 

Mb = 31.34 + 49.7 = 81.04 KN.m/m 

 

4.8.3 : Flexure Design : 

Short direction  : 

Postive Moment = 94.6 KN.m 

Assume Φ20  

d = 400 - 20 - 10 -20/2 = 360 mm 

m  = 
'*85.0 fc

fy
 = 

24*85.0

420
= 20.6 

Rn = 
2* db

Mn
= 

2

6

)360(*540

10*)9.0/6.94(
= 1.502 MPa 

ρ = 
m

1
(1 - 

fy

mRn2
1 ) 

ρ = 
6.20

1
(1 - 

420

)6.20)(502.1(2
1 ) = 0.00379  

As = 0.00379*540*360 = 736.9 2mm 

 

          = 149.8 mm
2
 

 
  dbw

fy

cf
As

4
min



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  dbw
fy

As
4.1

min   

            = 171.26 mm
2 

As min = 171.26  -Control 

As > As min  

Use 2 Φ22 with As = 759.88 > As req  

Check Strain 

Tension = Compression  

abffyA cs  '85.0  

mma

a

419.28

5202485.042088.759




 

mmc 4.33
85.0

419.28
  

oks ...005.0029.0003.0
4.33

4.33360





 

Negative Reinforcement As = ( 1/3) *As pos  = (1/3)*736.9 = 245.63 mm
2
 

As = 245.63 mm
2
 > As min 

 

Use 2 Φ14 with As = 307.72 mm
2
 > As req  

 

Check Strain 

Tension = Compression  
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abffyA cs  '85.0  

mma 39.44  

mmc 22.52
85.0

39.44
  

oks ...005.001768.0003.0
22.52

22.52360





 

Long direction  : 

Positive Moment = 81.04 KN.m 

Assume Φ20  

d = 400 - 20 - 10 -20/2 = 360 mm 

m  = 
'*85.0 fc

fy
 = 

24*85.0

420
= 20.6 

Rn = 
2* db

Mn
= 

2

6

)360(*540

10*)9.0/04.81(
= 1.2866 MPa 

ρ = 
m

1
(1 - 

fy

mRn2
1 ) 

ρ = 
6.20

1
(1 - 

420

)6.20)(2866.1(2
1 ) = 0.003228  

As = 0.003228*540*360 = 627.552 2mm 

 

          = 149.8 mm
2
 

  dbw
fy

As
4.1

min   

            = 171.26 mm
2 

 
  dbw

fy

cf
As

4
min



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As min = 171.26  -Control 

As > As min  

Use 2 Φ20 with As = 628 mm
2
 > As req  

Check Strain 

Tension = Compression  

abffyA cs  '85.0  

mma

a

487.23

5402485.0420628




 

mmc 63.27
85.0

487.23
  

oks ...005.0036.0003.0
63.27

63.27360





 

Negative Reinforcement As = ( 1/3) *As pos  = (1/3)*627.552 = 209.184  mm
2
 

As = 209.184  mm
2
 > As min 

Use 2 Φ12 with As = 226.08 mm
2
 > As req  

Check Strain 

Tension = Compression  

abffyA cs  '85.0  

mma 6.32  

mmc 37.38
85.0

6.32
  
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oks ...005.0025.0003.0
37.38

37.38360





 

 

 

4.8.4 : Shear Design : 

Wa = 0.57 

Wb = 0.43 

Total Load on the panel = 15.2*14.2*20.68 = 4463.57 KN 

Load on long beam = [ ( 4463.57*0.57*0.54 )/(2*15.2) ] = 45.19 KN   - Control  

Load on long beam = [ ( 4463.57*0.43*0.54 )/(2*14.2) ] = 36.49 KN 

Vu @ d = 45.19 - ( 0.36*20.68*.54) = 41.17 KN 

  Vc =   
6

'fc
* bw  * d = 33.95 KN 

Vsmin = Max of      1) 
16

'fc
*bw*d = 15.43  KN 

                               2) 
3

1
*bw*d = 16.8 KN  - Control 

 Vc = 33.95 < Vu = 41.17 <  (Vc+ Vs min ) = 46.55 KN 

Case III 

Use Stirrups  Ф10 2-Leg , Av = 157 mm
2 

S =  
Vs

dfytAv **
 = 

1000*8.16

360*412*157
  = 1386.08 mm 

S < Smax = 1) d/2 = 360/2 = 180 mm - Control  

                  2) 600 mm  

Use Stirrups  Ф10 2-Leg @ 175 mm 
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4 -9 Design Of Staircase ( SC 4 ) :- 

 

Figure (4-5) : Plan of Staircase ( SC4 ) 

 

4.9.1 : Minimum Slab Thickness for deflection : 

for simply supported one way solid slab : 

hmin = 6.15/20 = 0.3075 m = 30.75 cm  

for both end continues  one way solid slab : 

hmin = 6.15/28= 0.2196 m = 21.96 cm  

Take h = 25 cm  

 

4.9.2 : Flight Dead load Calculations : 

The stair slope by θ = tan−1  
170

300
 = 29.54  

For Flight : 
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Dead Load for flight:  

𝑇𝑖𝑙𝑒𝑠 = 27  
0.17 + 0.30

0.3
 ∗ 0.03 ∗ 1 = 1.269𝐾𝑁/𝑚 

𝑀𝑜𝑟𝑡𝑎𝑟 = 22  
0.17 + 0.3

0.3
 ∗ 0.03 ∗ 1 = 0.689 𝐾𝑁/𝑚 

𝑠𝑡𝑎𝑖𝑟 𝑠𝑡𝑖𝑝𝑠 =
25

0.3
 

0.17 ∗ 0.3

2
 ∗ 1 = 2.125 𝐾𝑁/𝑚 

𝑠𝑙𝑎𝑏 =  
25 ∗ 0.25 ∗ 1

cos 29.54
 = 7.18𝐾𝑁/𝑚 

𝑃𝑙𝑎𝑠𝑡𝑒𝑟 = 22  
0.03 ∗ 1

cos 29.54
 = 0.758𝐾𝑁/𝑚 

 

Total Dead load =12.013 𝐾𝑁/𝑚 

Live load for flight: 

Live load for stairs =5 KN/ m
2 

 

4.9.3 : Landing Dead load Calculations : 

Dead Load for landing : 

Tiles = 22*0.03*1=0.66 KN/m 

Mortar = 22*0.02*1=0.44KN/m 

Slab = 25*0.25*1=6.25KN/m 

Plaster = 22*0.03*1=0.66KN/m 

Total dead load=   8.01KN/m.  

Live load : 

Live load for stairs =5 KN/ m
2 

4.9.4 : Design of Slab S1  : 
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Figure (4-6) : Geometry and Envelope diagrams of  Slab S1 in ( SC4 ) 

Check for Shear Strength  : 

 Assume Ø 14 for main reinforcement:- 

So, d = 250-20-7 = 223 mm.. 

 Take d= 223 mm 

 Vu = 55.8  KN . 

 
6

**' dbf
Vc

wc
   

 KNVc 6.136
6

10*223*1000*24*75.0 3




  

 KNVc 3.686.136*)2/1(*)2/1(   

 Vu = 46.88  KN >   Ø.Vc = 136.6KN . 
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So, the thickness is adequate enough. 

 

Design of Flexure  : 

Mu = 99.5 Kn.m 

Mn = 99.5/0.9 = 110.555 Kn.m 

 

d = 223 mm. 

2db

Mn
Rn


  

.223.2
223*1000

10*55.110
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 005617.0

420

223.2*588.20*2
11

588.20

1















  

As req = 0.005617*1000*223= 1252.65 mm
2 

/m ……..control 

Asmin=0.0018*250*1000=450mm
2
 

n= 1252.65/153.9 = 8.1415 bar 

S=1000/8.1415= 122.827 mm Take it S=120 mm  

Check for spacing  

3h=3*250=750mm 

S=450 

𝑠 = 380  
280

0.667 ∗ 420
 − 2.5 ∗ 20 = 330𝑚𝑚 

𝑠 = 300  
280

0.667 ∗ 420
 = 300𝑚𝑚 

Use Φ 14@ 12 cm 

Temperature and Shrinkage Reinforcement  

As = 0.0018*1000*250 = 450 mm
2
 / m 
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n = 450 / 153.9 = 2.924  

Step = 1000 / 2.924 = 342 > Smax = 300  

So ,  Use Φ 14@ 30 cm 

 

4.9.5 : Design of Slab S2  : 
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Figure (4-7) : Geometry and Envelope diagrams of  Slab S2 in ( SC4 ) 

 

 

 

 

 

Check for Shear Strength  : 

 

 Assume Ø 14 for main reinforcement:- 

So, d = 250-20-7 = 223 mm.. 

 Take d= 223 mm 

 Vu = 27.21  KN . 

 
6

**' dbf
Vc

wc
   
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 KNVc 6.136
6

10*223*1000*24*75.0 3




  

 KNVc 3.686.136*)2/1(*)2/1(   

 Vu = 27.2  KN >   Ø.Vc = 136.6KN . 

So, the thickness is adequate enough. 

 

Design of Flexure  : 

Mu = 16.5 Kn.m 

Mn = 16.5/0.9 = 18.333 Kn.m 

 

d = 223 mm. 

2db

Mn
Rn


  

.368.0
223*1000

10*33.18
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 008858.0

420

368.0*588.20*2
11

588.20

1















  

As req = 0.008858*1000*223= 197.54 mm
2 

/m  

Asmin=0.0018*250*1000=450mm
2 

..... control 

Use Φ 14@ 30 cm 

 

Check for spacing  

3h=3*250=750mm 

S=450 
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𝑠 = 380  
280

0.667 ∗ 420
 − 2.5 ∗ 20 = 330𝑚𝑚 

𝑠 = 300  
280

0.667 ∗ 420
 = 300𝑚𝑚 

Temperature and Shrinkage Reinforcement  

As = 0.0018*1000*250 = 450 mm
2
 / m 

n = 450 / 153.9 = 2.924  

Step = 1000 / 2.924 = 342 > Smax = 300  

So ,  Use Φ 14@ 30 cm 

 

Figure (4-8) : Reinforcement Of  ( SC4 ) 

4 -10 Design Of Column ( C 7 ) in Ground Floor :- 
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         Figure (4-9) : Geometry Of Column ( C7 ) 

 

Check for Slenderness  : 

Assume : b= 600 mm , h = 600 mm 

 

Lu: Actual unsupported (unbraced) length.  

K: effective length factor (K= 1 for braced frame). 

R: radius of gyration =  ≈0.3 h ……………….For rectangular section  

rx  = rx = 0.3*0.6 = 0.18 

Lu = 3.1    m 

M1/M2 =1 

K=1 , According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be 

taken as 1.0. 

 

2222.17
18.0

1.31

)2.12.10(...............
2

1
1234




 ACI
M

M

r

klu

 

So , Short Column in both direction 

 

Total Factored Load on Column C7 :  

Pu = 4235 Kn  

 Pn = Pu 

 Pn = 0.65*0.8 [ 0.85*fc'(Ag-As) + As*fy ] 

 Pn = 0.65*0.8 [ 0.85*24(600
2
-As) + As*420 ] 

( 4235/1000 ) = 0.65*0.8 [ 0.85*24(600
2
-As) + As*420 ] 

As = 2002.579 mm
2 

001.00057.0
600*600

579.2002


Ac

As
  

)2.12.10(...............
2

1
1234  ACI

M

M

r

klu

I

A
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So , Take  = 0.001  

As = 0.001 * 600 = 3600 mm
2
  

Use Φ 16 , with As = 201.0 mm
2
 

n = 3600/201 = 17.9 bars ,  

Use 18 Φ 16 

As prov = 18*201 = 3617.28 > As  

 

 

Design For Ties : 

 Use  Φ 10 

Spacing : 1) 48*ds = 48*10 = 480 mm 

                2) 16*db = 256 mm - Control 

                3) Least Dimension of Column = 600 mm 

So , Use  Φ 10  @ 20 cm 

 

Check For Code Requirements : 

1) Clear Spacing between longitudinal bars  

 spacing = ( 600 - 2*40 - 2*10 - 6*16 ) / 5 = 80.8 mm > 40mm  

                                                                                       > 1.5*db = 24 mm  - OK 

2) Number of bars : 18 > 4   

3) Minimum ds :   Φ 10  for Φ 16 Bars - OK 

4) Spacing Of Ties : S=200 mm - OK 
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       Figure (4-10) : Details Of Column ( C7 ) 

 

4 -11 Design Of Isolated Footing ( F8 ) :- 

 

       Figure (4-11) : Plan of Footing ( F8) 

 

qallow = 400 Kn / m
3 

 

Soil Density = 18 KN / m
3 

Max Factored Load ( Pu ) = 3732.45 KN 

Max Service Load ( P ) =  2800.5 KN 

Weight of footing calculations : 

Soil and surcharge floor load : 

weight of footing ( Assume hf = 50 cm ) 

Wfooting = 0.5*25 = 12.5 KN / m
2  

Wsoil = 1*18 = 18 KN/m
2
  

Wsurch = 5 KN/m
2 

qa net = 400 - 5 -18-12.5 = 364.5 KN/m
2 

q=P/A , A = P/q 

A = 2800.5 / 364.5 = 7.683 m
2
 

af = ( 7.683 )
0.5 

= 2.7718 m 

Assume Square footing , where is b=a= 2.7718 m 

Take b = a = 2.8 m 
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Depth of footing and Shear Design :  

One Way Shear  

Pu = 3732.45 KN  

qu = Pu/A = 3732.45 / 2.8*2.8 = 476.08 KN/m
2 

 

       Figure (4-12) : Tributary Area of one way shear  

 

Vu at distance d from the face of support :  

 

6

10**8.2*24*75.0

2

6.0

2

8.2
8.208.476

3











d
dVu  

d = 0.4811 m  

Assume cover = 75 mm and db=14 mm 

h = 481.1 +75 + 14 = 570.1 mm 

Take h = 650 mm  

new d = 650 - 75 - 14 = 561 mm 

 

Two Way Shear  

Vcd
al

bqVu ult 









22
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       Figure (4-13) : Tributary Area of two way shear  

 

Let Vu =  Vc   , where   = 0.75  

Vu = 476.08*( 2.8*2.8 - ( 0.6 + .561 )
2 

 = 3090.734 KN 

 According to ACI , Vc shall be the smallest of : 

dbfV oc

c

c















2
1

6

1
= dbf oc


5.0  

dbf
db

V oc

o

s
c












 2

/12

1 
= dbf oc


585.0  

dbfV occ




3

1
 …..Control 

Where: 

c = a / b = 600 / 600 = 1 

ob  = Perimeter of critical section taken at (d/2) from the loaded area 

      = 4 (0.6+0.561) = 4.644 m 

s  = 40             for interior column 

KNVc 6.3187561.0644.42433.075.0   

𝜑𝑉𝑐 = 3187.6 𝐾𝑁 <   𝑉𝑢 = 3090.734 𝐾𝑁 

The Thickness is adequate enough 
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Design For Flexure First Direction : 

Mu = wl
2 

/2  = 476.08*1.1
2
 *2.8/2 = 806.477 KN.m 

Mn = 806.447/0.9 = 896.085 KN.m 

d= 650-75-14/2 = 568 mm 

2db

Mn
Rn


  

.99196.0
568*1000

10*085.896
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 002422.0

420

9919.0*588.20*2
11

588.20

1















  

 

As = 0.002422*2800*568 = 3852.28 mm
2
  

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm
2
  

As  > As min - OK 

n = 3852.28/153.86 =25.03 bar  

take 26 Φ 14 

 

Step  S= (2800-75*2-26*14)/25 = 91.44 mm  

Smax = 450 mm or 3*h = 3*650 = 1950 mm 

S max = 450 is control  

S = 91.44 < Smax  - OK  

Design For Flexure Second Direction : 

Mu = wl
2 

/2  = 476.08*1.1
2
 *2.8/2 = 806.477 KN.m 

Mn = 806.447/0.9 = 896.085 KN.m 

d= 650-75--14-14/2 = 554 mm 
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2db

Mn
Rn


  

.042.1
554*1000

10*085.896
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 002549.0

420

042.1*588.20*2
11

588.20

1















  

 

As = 0.002549*2800*554 = 3954.95 mm
2
  

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm
2
  

As  > As min - OK 

n = 3954.95/153.86 =25.7 bar  

take 26 Φ 14 

 

Step  S= (2800-75*2-26*14)/25 = 91.44 mm  

Smax = 450 mm or 3*h = 3*650 = 1950 mm 

S max = 450 is control  

S = 91.44 < Smax  - OK  
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       Figure (4-14) : Reinforcement Detail Of Footing ( F8 )  

 

4 -12 Design Of Strip Footing ( SF1 ) :- 

 

       Figure (4-15) : Geometry Of Footing  ( SF1 ) 

 

fc' = 24 MPa 

fy = 420 MPa 
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Service LL = 150 KN /m  

Service DL = 322 KN /m  

qallow = 400 Kn / m
3 

 

Soil Density = 18 KN / m
3 

4.12.1 : Area of footing calculations : 

qallow,net = 400 - 0.4*25 - 0.4*18 = 382.8 KN / m
3 

A = ( Pn / qallow,net ) = (150+322)/382.8 = 1.233 m
2
 

A = b*L , Assume L = 1 m  

So b=1.233 , Take b = 1.3 m  

 

4.12.2 : Depth of footing and Shear design : 

Pu = 1.2 * 322 + 1.6 *150 = 581 KN / m  

qu = ( 581 / 1.3*1 ) = 447 KN / m
2 

One Way Shear  

Vu = qu*1 ( d
ab


22
)  

6

10***24*65.0 3


db

Vc  

6

10**1000*24*65.0 3


d

Vc  

Vc  = Vu 

447*1 ( d
2

3.

2

3.1
) =

6

10**1000*24*65.0 3d
  

d = 0.228 

Assume cover = 75 mm and db=20 mm 

h = 228 +75 + 20/2  

h = 313 mm , Take h=350 mm 

 

 

 



Chapter 4                Structural Analysis & Design 

 

 

 

90 

 

 

 

4.12.3 : Design For Flexure : 

 

Mu = 447*1* ( 0.5 ) (0.5/2) = 55.85 KN.m 

Mn = 447/0.9 = 496.66 KN.m 

2db

Mn
Rn


  

.19.1
228*1000

10*66.496
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 00292.0

420

19.1*588.20*2
11

588.20

1















  

 

As = 0.00292*1000*228 = 666 mm
2
 / m 

As min = 0.0018*b*h = 0.0018*1000*350 = 630 mm
2
/m  

As > As min - OK 

for Φ 16  

n = 666/154 = 4.32 Bar / m , Take 5 Φ 16 /m 

S = 1000/5 = 200 mm 

 

Use Φ16/20 cm  

 

Check For Spacing : 

Smax =  450 mm   - Control 

and  3*h = 3*350= 1050 mm 

S = 200 mm < Smax =  450 mm  - OK 
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Temperature and Shrinkage  

As = 0.0018 * 1000 * 350 = 630 mm
2
/m 

n = 630/154 = 4 Bars / m  

S = 1000 / 4 = 250 mm 

S = 250 mm < Smax = 450 mm  

So , Use Φ16/25 cm  

 

       Figure (4-16) : Reinforcement Detail Of Footing  ( SF1 ) 

 

 

 

 

 

 

 



Chapter 4                Structural Analysis & Design 

 

 

 

92 

 

 

 

 

4 -13 Design Of Combined Footing ( FC4 ) :- 

 

       Figure (4-17) : Plan of Combined Footing  ( FC4 ) 

 

The service load on column C44 = 4617.404 KN and Factored load = 6155 KN 

The service load on column C46 = 4702.175 KN and Factored load = 6368 KN 

 

qallow = 400 KN/m
2
  

Soil Density = 18 KN / m
3 

 

Wsoil = 18*1 = 18 KN / m
2
 

Wfooting = 25 * 0.7 = 17.5 KN / m
2  

Wsurcharg = 5 KN / m
2
 

 

qallow,net = 400-5-18-17.5 = 359.5 KN / m
2 

 

Because the loads in columns are similar the resultant of soil pressure is at the center of the 

footing base . 
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A = P / qallow,net  , where  P= 4702.175 + 4617.404 = 9319.579 KN  

A = 9319.579 / 369.5 = 25.222 m
2 

  

Assume b= 4 m , so L= 25.222/4 = 6.31 m  

Take b = 4m and L =  7.10 m , depth = 0.80 m ( For Safety Conditions )  

Depth of Footing and Shear Design ( One way & Two way ) :     

 

 
       Figure (4-18) : Combined Footing Punching Factor  

 
Using  CSI SAFE Software , the punching factor is less than 1 , so the footing depth is adequate 

enough of one way and two shear . 
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Design Of Flexure : 

The resultant moment diagram in both short and long direction as following :  

 
       Figure (4-19) : Combined Footing Moment Diagram  

 

For Long Direction ( 7.10 m )  

For Mu = 1396 KN.m  

Use 27Φ16 TOP BARS 

ΦMn ( 27 Φ16 ) = As*fy(d-a/2 ) = 1406 KN.m  

ΦMn = 1406 KN.m > Mu = 1396 KN.m - OK 
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For Mu = 2502.7 KN.m  

Use 20Φ25 BOTTOM BARS 

ΦMn ( 20 Φ25) = As*fy(d-a/2 ) = 2504.2 KN.m  

ΦMn = 2504.2 KN.m > Mu = 2502.7 KN.m - OK 

For Short Direction ( 4.00 m )  

For Mu = 4500.86 KN.m  

Use 36Φ25 BOTOM BARS 

ΦMn ( 36 Φ25 ) = As*fy(d-a/2 ) = 4502.5 KN.m  

ΦMn = 4502.5 KN.m > Mu = 4500.86 KN.m - OK 

and for TOP BARS in short direction use reinforcement of  48Φ16 . 

 

 

 

      Figure (4-20) : Combined Footing Reinforcement Details  
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4 -14 Design Basement Wall ( BW1 ) :- 

 

       Figure (4-21) : Geometry Of Basement Wall  ( BW1 ) 

 

Fc’=24 MPa, Fy=420 MPa , ϒs=18KN/m
3
, qall=400 KN/m

2
, φ=35 , surcharge = 7 KN/m

2
 

Consider at rest pressure  

𝐶𝑎 = 1 − sin 𝜙 = 1 − sin 35 = 0.4264 

𝑊𝑠 = 𝐶𝑎 ∗ ℎ ∗ 𝛾 = 0.4264 ∗ 3.9 ∗ 18 = 29.933 𝐾𝑁/𝑚2 

𝑊𝑠𝑢 = 𝐶𝑎 ∗ 𝑃 = 0.4264 ∗ 7 = 2.985 𝐾𝑁/𝑚2 
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Figure (4-22) : Loading and Envelope of Basement Wall  ( BW1 ) 
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4.14.1 : Design Of Shear :   

Check for wall thickness  

d = 350-75-20/2 = 265 mm 

𝜙𝑉𝑐 =
𝜙

6
 𝑓𝑐 ′ ∗ 𝑏 ∗ 𝑑 =

0.75

6
 24 ∗ 1000 ∗ 265 ∗ 10−3 = 162.278 𝐾𝑁 

Vu (At face of support ) = 112 KN 

ϕVc  > Vu at face of support , So ϕVc  will be greater than Vud  - OK 

The thickness of Wall is Adequate Enough 

 

4.14.2 : Design for Flexure  :   

Mu = -157.7 KN.m 

note : the thickness of the wall is greater than 250 mm , so we must place the reinforcement bars into 

two layers  

Mn = 175.222 

2db

Mn
Rn


  

.4952.2
265*1000

10*22.175
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 006357.0

420

495.2*588.20*2
11

588.20

1















  

As req = 0.006357*1000*265= 1684.61 mm
2
/m ………..control 

As min ( for bars < 16 = 0.0012*1000*350 = 420 mm2/m 

A s min= ))((
)(4

dbw
fy

cf 
   = mmm /76.772)265)(1000(

)420(4

24 2  
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A s  min = ))((
)(

4.1
dbw

fy
     = mmm /33.883)265)(1000(

420

4.1 2        (control)    

As = 1684.61 mm
2
/m > As min 

Use Φ16/12 cm  

 

Temperature and Shrinkage : 

As min ( Horizontal ) : 0.002 *b*h ( for db <= Φ16 )  

As min = 0.002*1000*350 = 700 mm
2
/m ( for both sides ) 

As for each side = 0.5*700 = 350 mm
2
/m 

 

Use Φ12/25cm  

Check for step 

Smax = 450 mm , 3*h = 3*350 = 1050 mm 

note : all steps are less than Smax , So its OK 

 

 



Chapter 4                Structural Analysis & Design 

 

 

 

100 

 

 

Figure (4-23) : Reinforcement Detail of Basement Wall  ( BW1 ) 

 

 

 

4 -15 : Design of shear wall :- 

To design shear walls we use  ( CSI  ETABS)  Software , and this is a manual example of shear 

wall  design : 

 

Figure (4-24) Shear and Moment Diagrams of Shearwall   

 

Fc = 24MPa 

Fy = 420 MPa 

 t=25 cm .shear wall thickness 

Lw = 5.4 m .shear wall width 

Hw for one wall = 4 m story height 

 

4 .15.1:  Design of shear 

  KNVuFx 08.737
 

 

4.15.2:  Design of the Horizontal reinforcement: 

The critical Section is the smaller of: 
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mlwd

mtstoryheigh

m
hw

controlm
lw

32.44.58.08.0

4

5
2

16

2

7.2
2

4..5

2







 

 

 

∅𝑉𝑛𝑚𝑎𝑥 = ∅
5

6
 𝑓𝑐 ′ℎ𝑑 

               = 0.75 ∗ 0.83 ∗  24 ∗ 250 ∗ 4320 = 3306.8𝐾𝑁 > 𝑉𝑢  
 

𝑉𝑐 =
1

6
 𝑓𝑐 ′ℎ𝑑 =

1

6
 27 ∗ 250 ∗ 4320 ∗ 10−3 = 881.8𝐾𝑁… . 𝑐𝑜𝑛𝑡 

𝑉𝑐 = 0.27 𝑓𝑐 ′ℎ𝑑 +
𝑁𝑢𝑑

4𝑙𝑤
= 0.27 24 ∗ 250 ∗ 4320 + 0 = 1428.5𝐾𝑁 

3991 − 2309.6

4
=

𝑀𝑢 − 2309.6

4 − 2.7
⟹ 𝑀𝑢 = 2856.1𝐾𝑁. 𝑚 

𝑀𝑢

𝑉𝑢
−

𝑙𝑤
2

=
2856.1

737.08
−

5.4

2
= 1.17 

𝑉𝑐 =  0.05 𝑓𝑐 +
𝑙𝑤  0.1 𝑓𝑐 ′ + 0.2

𝑁𝑢

𝑙𝑤ℎ
 

𝑀𝑢

𝑉𝑢
−

𝑙𝑤

2

 ℎ𝑑     =  0.05 24 +
5.4 0.1 24 + 0 

1.17
 250 ∗ 4320

= 2706.5𝐾𝑁 

KN

VcVnVs

9.1008.881)75.0/08.737( 


 

𝐴𝑠

𝑆
=

𝑉𝑠
𝑓𝑦𝑑

=
100.9 ∗ 103

420 ∗ 4320
= 0.0556𝑚𝑚2/𝑚𝑚 

𝜌 =
𝐴𝑠

𝑠 ∗ ℎ
=

0.0556

250
= 0.00022 < 0.0025 

Use ϕ10 As=78.5 mm
2
 

𝜌 =
2 ∗ 78.5

𝑆 ∗ 250
= 0.0025 ⟹ 𝑆 = 251𝑚𝑚 

Max. Spacing 

𝑙𝑤
5

=
5.42

5
= 1.085 𝑚  

3ℎ = 3 ∗ 250 = 0.75𝑚 
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450 mm……………cont.  

Use ϕ10@250mm in tow layer  

 

 

4.15.3 :  Design for Vertical reinforcement :-  

9.2
4.5

16


w

w

L

h
 

𝜌𝑣𝑚𝑖𝑛 > 0.0025 + 0.5  2.5 −
ℎ𝑤

𝑙
  𝜌𝑡 − 0.0025 > 0.0025 

 

Select Ф 10 @250mm.  In tow layer   

 

4.15.4 :   Design of bending moment : 

𝐴𝑠𝑡 =  
5400

250
 ∗ 2 ∗ 78.5 = 3391.2𝑚𝑚2 

 𝑤 =  
𝐴𝑠𝑡

𝐿𝑤ℎ
 
𝑓𝑦

𝑓𝑐 ′
=  

3391.2

5400 ∗ 250
 

420

24
= 0.044 

𝛼 =
𝑃𝑢

𝑙𝑤ℎ𝑓𝑐 ′
= 0 

𝐶

𝑙𝑤
=

𝑤 + 𝛼

2𝑤 + 0.85𝛽1
=

0.044 + 0

2 ∗ 0.044 + 0.85 ∗ 0.85
= 0.054 

∅𝑀𝑛 = ∅  0.5𝐴𝑠𝑡𝑓𝑦 𝑙𝑤(1 +
𝑃𝑢

𝐴𝑠𝑡𝑓𝑦
)(1 −

𝑐

𝑙𝑤
  

           = 0.9 0.5 ∗ 3391.2 ∗ 420 ∗ 5400(1 + 0)(1 − 0.054) = 3274.2𝐾𝑁. 𝑚 < 𝑀𝑢  
Try ϕ12@250 mm 

 

𝐴𝑠𝑡 =  
5400

250
 ∗ 2 ∗ 113.1 = 4885.9𝑚𝑚2 

 𝑤 =  
𝐴𝑠𝑡

𝐿𝑤ℎ
 
𝑓𝑦

𝑓𝑐 ′
=  

4885.9

5400 ∗ 250
 

420

24
= 0.063 

𝛼 =
𝑃𝑢

𝑙𝑤ℎ𝑓𝑐 ′
= 0 

𝐶

𝑙𝑤
=

𝑤 + 𝛼

2𝑤 + 0.85𝛽1
=

0.063 + 0

2 ∗ 0.063 + 0.85 ∗ 0.85
= 0.074 
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∅𝑀𝑛 = ∅  0.5𝐴𝑠𝑡𝑓𝑦 𝑙𝑤(1 +
𝑃𝑢

𝐴𝑠𝑡𝑓𝑦
)(1 −

𝑐

𝑙𝑤
  

           = 0.9 0.5 ∗ 4885.9 ∗ 420 ∗ 5400(1 + 0)(1 − 0.074) = 4617.5𝐾𝑁. 𝑚 > 𝑀𝑢  
 

→ use ϕ12@250 mm for vertical reinforcement 
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4 -8 Two Way Ribbed Slab ( R2 ):- 

 

 

Figure (4-4) : Plan and Section in Two Way Ribbed Slab ( R2 ) 

 

4.8.1 : Check Slab Thickness : 

α1 = 
I beam

I slab 1
 

Irib = 128504.24 cm
4 

 

Yc =
40∗8∗36+40∗14∗20

40∗8 +  40∗14
  = 25.818 cm 

Slab section for exterior beams  

short direction L = 14.2 m 

Is = Irib * (L/2 + bw / bf ) = 1879969.437 cm
4
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short direction L = 15.2 m 

Is = Irib * (L/2 + bw / bf ) = 1998954.844 cm
4
  

Ib = 
𝑏ℎ3

12
   =  

80∗703

12
  = 2286666.667  cm

4 

α1 = 
I beam

I slab 1
 

α1 = α3 = 1.14393 

α2 = α4 = 1.21633 

αfm = αfm = 
2∗∝1+2∝2

4
 = 1.1803 <2 

So the minimum slab thickness will be :  

B = 15.2/14.2 = 1.0704 

h= 
𝐿𝑛 (0.8+ 𝑓𝑦

1400
 )

36+5∗𝐵∗(α fm−0.2)
 = 

15200  (0.8+ 
420

1400
 )

36+5∗1.0704∗(1.18−0.2)
 = 405.37 mm 

Take h = 400 mm = 40 cm    

 

4.8.2 : Resultant Moments On Slab : 

The panel is free edges ( Simply Supported )  

Service Live Load = 5 KN / m
2
 

Service Dead Load =10.567  KN / m
2
 

Wd = 1.2*10.567 = 12.68 KN / m
2
 

WL = 1.6*5 = 8 KN / m
2
 

Wu = 1.2D+1.6L = 20.68 KN / m
2
 

La/Lb = 14.2/15.2 = 0.93 

There is no any negative moment since all edges are free 

Positive moment from dead and live load : 

Ca pos/dl=0.042                Cb pos/dl=0.0314 

Ca pos/ll=0.042                  Cb pos/ll=0.0314 
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Ma+ve DL = 0.042*12.68*14.2
2
*0.54 = 58 KN.m/m  

Mb+ve DL = 0.0314*12.68*15.2
2
*0.54 = 49.7 KN.m/m  

 

Ma+ve LL = 0.042*8*14.2
2
*0.54 = 36.6KN.m/m  

Mb+ve LL = 0.0314*8*15.2
2
*0.54 = 31.3 KN.m/m 

 

Ma = 36.6 + 58 = 94.6  KN.m/m 

Mb = 31.34 + 49.7 = 81.04 KN.m/m 

 

4.8.3 : Flexure Design : 

Short direction  : 

Postive Moment = 94.6 KN.m 

Assume Φ20  

d = 400 - 20 - 10 -20/2 = 360 mm 

m  = 
'*85.0 fc

fy
 = 

24*85.0

420
= 20.6 

Rn = 
2* db

Mn
= 

2

6

)360(*540

10*)9.0/6.94(
= 1.502 MPa 

ρ = 
m

1
(1 - 

fy

mRn2
1 ) 

ρ = 
6.20

1
(1 - 

420

)6.20)(502.1(2
1 ) = 0.00379  

As = 0.00379*540*360 = 736.9 2mm 

 

          = 149.8 mm
2
 

 
  dbw

fy

cf
As

4
min



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  dbw
fy

As
4.1

min   

            = 171.26 mm
2 

As min = 171.26  -Control 

As > As min  

Use 2 Φ22 with As = 759.88 > As req  

Check Strain 

Tension = Compression  

abffyA cs  '85.0  

mma

a

419.28

5202485.042088.759




 

mmc 4.33
85.0

419.28
  

oks ...005.0029.0003.0
4.33

4.33360





 

Negative Reinforcement As = ( 1/3) *As pos  = (1/3)*736.9 = 245.63 mm
2
 

As = 245.63 mm
2
 > As min 

 

Use 2 Φ14 with As = 307.72 mm
2
 > As req  

 

Check Strain 

Tension = Compression  
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abffyA cs  '85.0  

mma 39.44  

mmc 22.52
85.0

39.44
  

oks ...005.001768.0003.0
22.52

22.52360





 

Long direction  : 

Positive Moment = 81.04 KN.m 

Assume Φ20  

d = 400 - 20 - 10 -20/2 = 360 mm 

m  = 
'*85.0 fc

fy
 = 

24*85.0

420
= 20.6 

Rn = 
2* db

Mn
= 

2

6

)360(*540

10*)9.0/04.81(
= 1.2866 MPa 

ρ = 
m

1
(1 - 

fy

mRn2
1 ) 

ρ = 
6.20

1
(1 - 

420

)6.20)(2866.1(2
1 ) = 0.003228  

As = 0.003228*540*360 = 627.552 2mm 

 

          = 149.8 mm
2
 

  dbw
fy

As
4.1

min   

            = 171.26 mm
2 

 
  dbw

fy

cf
As

4
min



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As min = 171.26  -Control 

As > As min  

Use 2 Φ20 with As = 628 mm
2
 > As req  

Check Strain 

Tension = Compression  

abffyA cs  '85.0  

mma

a

487.23

5402485.0420628




 

mmc 63.27
85.0

487.23
  

oks ...005.0036.0003.0
63.27

63.27360





 

Negative Reinforcement As = ( 1/3) *As pos  = (1/3)*627.552 = 209.184  mm
2
 

As = 209.184  mm
2
 > As min 

Use 2 Φ12 with As = 226.08 mm
2
 > As req  

Check Strain 

Tension = Compression  

abffyA cs  '85.0  

mma 6.32  

mmc 37.38
85.0

6.32
  
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oks ...005.0025.0003.0
37.38

37.38360





 

 

 

4.8.4 : Shear Design : 

Wa = 0.57 

Wb = 0.43 

Total Load on the panel = 15.2*14.2*20.68 = 4463.57 KN 

Load on long beam = [ ( 4463.57*0.57*0.54 )/(2*15.2) ] = 45.19 KN   - Control  

Load on long beam = [ ( 4463.57*0.43*0.54 )/(2*14.2) ] = 36.49 KN 

Vu @ d = 45.19 - ( 0.36*20.68*.54) = 41.17 KN 

  Vc =   
6

'fc
* bw  * d = 33.95 KN 

Vsmin = Max of      1) 
16

'fc
*bw*d = 15.43  KN 

                               2) 
3

1
*bw*d = 16.8 KN  - Control 

 Vc = 33.95 < Vu = 41.17 <  (Vc+ Vs min ) = 46.55 KN 

Case III 

Use Stirrups  Ф10 2-Leg , Av = 157 mm
2 

S =  
Vs

dfytAv **
 = 

1000*8.16

360*412*157
  = 1386.08 mm 

S < Smax = 1) d/2 = 360/2 = 180 mm - Control  

                  2) 600 mm  

Use Stirrups  Ф10 2-Leg @ 175 mm 
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4 -9 Design Of Staircase ( SC 4 ) :- 

 

Figure (4-5) : Plan of Staircase ( SC4 ) 

 

4.9.1 : Minimum Slab Thickness for deflection : 

for simply supported one way solid slab : 

hmin = 6.15/20 = 0.3075 m = 30.75 cm  

for both end continues  one way solid slab : 

hmin = 6.15/28= 0.2196 m = 21.96 cm  

Take h = 25 cm  

 

4.9.2 : Flight Dead load Calculations : 

The stair slope by θ = tan−1  
170

300
 = 29.54  

For Flight : 

Dead Load for flight:  

𝑇𝑖𝑙𝑒𝑠 = 27  
0.17 + 0.30

0.3
 ∗ 0.03 ∗ 1 = 1.269𝐾𝑁/𝑚 
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𝑀𝑜𝑟𝑡𝑎𝑟 = 22  
0.17 + 0.3

0.3
 ∗ 0.03 ∗ 1 = 0.689 𝐾𝑁/𝑚 

𝑠𝑡𝑎𝑖𝑟 𝑠𝑡𝑖𝑝𝑠 =
25

0.3
 

0.17 ∗ 0.3

2
 ∗ 1 = 2.125 𝐾𝑁/𝑚 

𝑠𝑙𝑎𝑏 =  
25 ∗ 0.25 ∗ 1

cos 29.54
 = 7.18𝐾𝑁/𝑚 

𝑃𝑙𝑎𝑠𝑡𝑒𝑟 = 22  
0.03 ∗ 1

cos 29.54
 = 0.758𝐾𝑁/𝑚 

 

Total Dead load =12.013 𝐾𝑁/𝑚 

Live load for flight: 

Live load for stairs =5 KN/ m
2 

 

4.9.3 : Landing Dead load Calculations : 

Dead Load for landing : 

Tiles = 22*0.03*1=0.66 KN/m 

Mortar = 22*0.02*1=0.44KN/m 

Slab = 25*0.25*1=6.25KN/m 

Plaster = 22*0.03*1=0.66KN/m 

Total dead load=   8.01KN/m.  

Live load : 

Live load for stairs =5 KN/ m
2 

 

4.9.4 : Design of Slab S1  : 
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Chapter 4                Structural Analysis & Design 

 

 

 

75 

 

 

 

Figure (4-6) : Geometry and Envelope diagrams of  Slab S1 in ( SC4 ) 

Check for Shear Strength  : 

 Assume Ø 14 for main reinforcement:- 

So, d = 250-20-7 = 223 mm.. 

 Take d= 223 mm 

 Vu = 55.8  KN . 

 
6

**' dbf
Vc

wc
   

 KNVc 6.136
6

10*223*1000*24*75.0 3




  

 KNVc 3.686.136*)2/1(*)2/1(   

 Vu = 46.88  KN >   Ø.Vc = 136.6KN . 
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So, the thickness is adequate enough. 

 

Design of Flexure  : 

Mu = 99.5 Kn.m 

Mn = 99.5/0.9 = 110.555 Kn.m 

 

d = 223 mm. 

2db

Mn
Rn


  

.223.2
223*1000

10*55.110
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 005617.0

420

223.2*588.20*2
11

588.20

1















  

As req = 0.005617*1000*223= 1252.65 mm
2 

/m ……..control 

Asmin=0.0018*250*1000=450mm
2
 

n= 1252.65/153.9 = 8.1415 bar 

S=1000/8.1415= 122.827 mm Take it S=120 mm  

Check for spacing  

3h=3*250=750mm 

S=450 

𝑠 = 380  
280

0.667 ∗ 420
 − 2.5 ∗ 20 = 330𝑚𝑚 

𝑠 = 300  
280

0.667 ∗ 420
 = 300𝑚𝑚 

Use Φ 14@ 12 cm 

Temperature and Shrinkage Reinforcement  

As = 0.0018*1000*250 = 450 mm
2
 / m 



Chapter 4                Structural Analysis & Design 

 

 

 

77 

 

 

n = 450 / 153.9 = 2.924  

Step = 1000 / 2.924 = 342 > Smax = 300  

So ,  Use Φ 14@ 30 cm 

 

4.9.5 : Design of Slab S2  : 
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Figure (4-7) : Geometry and Envelope diagrams of  Slab S2 in ( SC4 ) 

 

 

Check for Shear Strength  : 

 

 Assume Ø 14 for main reinforcement:- 

So, d = 250-20-7 = 223 mm.. 

 Take d= 223 mm 

 Vu = 27.21  KN . 

 
6

**' dbf
Vc

wc
   

 KNVc 6.136
6

10*223*1000*24*75.0 3




  

 KNVc 3.686.136*)2/1(*)2/1(   
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 Vu = 27.2  KN >   Ø.Vc = 136.6KN . 

So, the thickness is adequate enough. 

 

Design of Flexure  : 

Mu = 16.5 Kn.m 

Mn = 16.5/0.9 = 18.333 Kn.m 

 

d = 223 mm. 

2db

Mn
Rn


  

.368.0
223*1000

10*33.18
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 008858.0

420

368.0*588.20*2
11

588.20

1















  

As req = 0.008858*1000*223= 197.54 mm
2 

/m  

Asmin=0.0018*250*1000=450mm
2 

..... control 

Use Φ 14@ 30 cm 

 

Check for spacing  

3h=3*250=750mm 

S=450 

𝑠 = 380  
280

0.667 ∗ 420
 − 2.5 ∗ 20 = 330𝑚𝑚 

𝑠 = 300  
280

0.667 ∗ 420
 = 300𝑚𝑚 

Temperature and Shrinkage Reinforcement  
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As = 0.0018*1000*250 = 450 mm
2
 / m 

n = 450 / 153.9 = 2.924  

Step = 1000 / 2.924 = 342 > Smax = 300  

So ,  Use Φ 14@ 30 cm 

 

Figure (4-8) : Reinforcement Of  ( SC4 ) 

4 -10 Design Of Column ( C 7 ) in Ground Floor :- 

 

         Figure (4-9) : Geometry Of Column ( C7 ) 

 

Check for Slenderness  : 

Assume : b= 600 mm , h = 600 mm 
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Lu: Actual unsupported (unbraced) length.  

K: effective length factor (K= 1 for braced frame). 

R: radius of gyration =  ≈0.3 h ……………….For rectangular section  

rx  = rx = 0.3*0.6 = 0.18 

Lu = 3.1    m 

M1/M2 =1 

K=1 , According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be 

taken as 1.0. 

 

2222.17
18.0

1.31

)2.12.10(...............
2

1
1234




 ACI
M

M

r

klu

 

So , Short Column in both direction 

 

Total Factored Load on Column C7 :  

Pu = 4235 Kn  

 Pn = Pu 

 Pn = 0.65*0.8 [ 0.85*fc'(Ag-As) + As*fy ] 

 Pn = 0.65*0.8 [ 0.85*24(600
2
-As) + As*420 ] 

( 4235/1000 ) = 0.65*0.8 [ 0.85*24(600
2
-As) + As*420 ] 

As = 2002.579 mm
2 

001.00057.0
600*600

579.2002


Ac

As
  

So , Take  = 0.001  

As = 0.001 * 600 = 3600 mm
2
  

Use Φ 16 , with As = 201.0 mm
2
 

n = 3600/201 = 17.9 bars ,  

)2.12.10(...............
2

1
1234  ACI

M

M

r

klu

I

A
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Use 18 Φ 16 

As prov = 18*201 = 3617.28 > As  

 

 

Design For Ties : 

 Use  Φ 10 

Spacing : 1) 48*ds = 48*10 = 480 mm 

                2) 16*db = 256 mm - Control 

                3) Least Dimension of Column = 600 mm 

So , Use  Φ 10  @ 20 cm 

 

Check For Code Requirements : 

1) Clear Spacing between longitudinal bars  

 spacing = ( 600 - 2*40 - 2*10 - 6*16 ) / 5 = 80.8 mm > 40mm  

                                                                                       > 1.5*db = 24 mm  - OK 

2) Number of bars : 18 > 4   

3) Minimum ds :   Φ 10  for Φ 16 Bars - OK 

4) Spacing Of Ties : S=200 mm - OK 

 

       Figure (4-10) : Details Of Column ( C7 ) 
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4 -11 Design Of Isolated Footing ( F8 ) :- 

 

       Figure (4-11) : Plan of Footing ( F8) 

 

qallow = 400 Kn / m
3 

 

Soil Density = 18 KN / m
3 

Max Factored Load ( Pu ) = 3732.45 KN 

Max Service Load ( P ) =  2800.5 KN 

Weight of footing calculations : 

Soil and surcharge floor load : 

weight of footing ( Assume hf = 50 cm ) 

Wfooting = 0.5*25 = 12.5 KN / m
2  

Wsoil = 1*18 = 18 KN/m
2
  

Wsurch = 5 KN/m
2 

qa net = 400 - 5 -18-12.5 = 364.5 KN/m
2 

q=P/A , A = P/q 

A = 2800.5 / 364.5 = 7.683 m
2
 

af = ( 7.683 )
0.5 

= 2.7718 m 

Assume Square footing , where is b=a= 2.7718 m 

Take b = a = 2.8 m 
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Depth of footing and Shear Design :  

One Way Shear  

Pu = 3732.45 KN  

qu = Pu/A = 3732.45 / 2.8*2.8 = 476.08 KN/m
2 

 

       Figure (4-12) : Tributary Area of one way shear  

 

Vu at distance d from the face of support :  

 

6

10**8.2*24*75.0

2

6.0

2

8.2
8.208.476

3











d
dVu  

d = 0.4811 m  

Assume cover = 75 mm and db=14 mm 

h = 481.1 +75 + 14 = 570.1 mm 

Take h = 650 mm  

new d = 650 - 75 - 14 = 561 mm 

 

 

 

Vcd
al

bqVu ult 









22
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Two Way Shear  

 

       Figure (4-13) : Tributary Area of two way shear  

 

Let Vu =  Vc   , where   = 0.75  

Vu = 476.08*( 2.8*2.8 - ( 0.6 + .561 )
2 

 = 3090.734 KN 

 According to ACI , Vc shall be the smallest of : 

dbfV oc

c

c















2
1

6

1
= dbf oc


5.0  

dbf
db

V oc

o

s
c












 2

/12

1 
= dbf oc


585.0  

dbfV occ




3

1
 …..Control 

Where: 

c = a / b = 600 / 600 = 1 

ob  = Perimeter of critical section taken at (d/2) from the loaded area 

      = 4 (0.6+0.561) = 4.644 m 

s  = 40             for interior column 

KNVc 6.3187561.0644.42433.075.0   

𝜑𝑉𝑐 = 3187.6 𝐾𝑁 <   𝑉𝑢 = 3090.734 𝐾𝑁 

The Thickness is adequate enough 
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Design For Flexure First Direction : 

Mu = wl
2 

/2  = 476.08*1.1
2
 *2.8/2 = 806.477 KN.m 

Mn = 806.447/0.9 = 896.085 KN.m 

d= 650-75-14/2 = 568 mm 

2db

Mn
Rn


  

.99196.0
568*1000

10*085.896
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 002422.0

420

9919.0*588.20*2
11

588.20

1















  

 

As = 0.002422*2800*568 = 3852.28 mm
2
  

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm
2
  

As  > As min - OK 

n = 3852.28/153.86 =25.03 bar  

take 26 Φ 14 

 

Step  S= (2800-75*2-26*14)/25 = 91.44 mm  

Smax = 450 mm or 3*h = 3*650 = 1950 mm 

S max = 450 is control  

S = 91.44 < Smax  - OK  

Design For Flexure Second Direction : 

Mu = wl
2 

/2  = 476.08*1.1
2
 *2.8/2 = 806.477 KN.m 

Mn = 806.447/0.9 = 896.085 KN.m 

d= 650-75--14-14/2 = 554 mm 
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2db

Mn
Rn


  

.042.1
554*1000

10*085.896
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 002549.0

420

042.1*588.20*2
11

588.20

1















  

 

As = 0.002549*2800*554 = 3954.95 mm
2
  

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm
2
  

As  > As min - OK 

n = 3954.95/153.86 =25.7 bar  

take 26 Φ 14 

 

Step  S= (2800-75*2-26*14)/25 = 91.44 mm  

Smax = 450 mm or 3*h = 3*650 = 1950 mm 

S max = 450 is control  

S = 91.44 < Smax  - OK  
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       Figure (4-14) : Reinforcement Detail Of Footing ( F8 )  

 

4 -12 Design Of Strip Footing ( SF1 ) :- 

 

       Figure (4-15) : Geometry Of Footing  ( SF1 ) 

 

fc' = 24 MPa 

fy = 420 MPa 
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Service LL = 150 KN /m  

Service DL = 322 KN /m  

qallow = 400 Kn / m
3 

 

Soil Density = 18 KN / m
3 

4.12.1 : Area of footing calculations : 

qallow,net = 400 - 0.4*25 - 0.4*18 = 382.8 KN / m
3 

A = ( Pn / qallow,net ) = (150+322)/382.8 = 1.233 m
2
 

A = b*L , Assume L = 1 m  

So b=1.233 , Take b = 1.3 m  

 

4.12.2 : Depth of footing and Shear design : 

Pu = 1.2 * 322 + 1.6 *150 = 581 KN / m  

qu = ( 581 / 1.3*1 ) = 447 KN / m
2 

One Way Shear  

Vu = qu*1 ( d
ab


22
)  

6

10***24*65.0 3


db

Vc  

6

10**1000*24*65.0 3


d

Vc  

Vc  = Vu 

447*1 ( d
2

3.

2

3.1
) =

6

10**1000*24*65.0 3d
  

d = 0.228 

Assume cover = 75 mm and db=20 mm 

h = 228 +75 + 20/2  

h = 313 mm , Take h=350 mm 
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4.12.3 : Design For Flexure : 

 

Mu = 447*1* ( 0.5 ) (0.5/2) = 55.85 KN.m 

Mn = 447/0.9 = 496.66 KN.m 

2db

Mn
Rn


  

.19.1
228*1000

10*66.496
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 00292.0

420

19.1*588.20*2
11

588.20

1















  

 

As = 0.00292*1000*228 = 666 mm
2
 / m 

As min = 0.0018*b*h = 0.0018*1000*350 = 630 mm
2
/m  

As > As min - OK 

for Φ 16  

n = 666/154 = 4.32 Bar / m , Take 5 Φ 16 /m 

S = 1000/5 = 200 mm 

 

Use Φ16/20 cm  

 

Check For Spacing : 

Smax =  450 mm   - Control 

and  3*h = 3*350= 1050 mm 

S = 200 mm < Smax =  450 mm  - OK 
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Temperature and Shrinkage  

As = 0.0018 * 1000 * 350 = 630 mm
2
/m 

n = 630/154 = 4 Bars / m  

S = 1000 / 4 = 250 mm 

S = 250 mm < Smax = 450 mm  

So , Use Φ16/25 cm  

 

       Figure (4-16) : Reinforcement Detail Of Footing  ( SF1 ) 

 

 

 

 

 

 

 



Chapter 4                Structural Analysis & Design 

 

 

 

92 

 

 

 

4 -13 Design Of Combined Footing ( FC4 ) :- 

 

       Figure (4-17) : Plan of Combined Footing  ( FC4 ) 

 

The service load on column C44 = 4617.404 KN and Factored load = 6155 KN 

The service load on column C46 = 4702.175 KN and Factored load = 6368 KN 

 

qallow = 400 KN/m
2
  

Soil Density = 18 KN / m
3 

 

Wsoil = 18*1 = 18 KN / m
2
 

Wfooting = 25 * 0.7 = 17.5 KN / m
2  

Wsurcharg = 5 KN / m
2
 

 

qallow,net = 400-5-18-17.5 = 359.5 KN / m
2 

 

Because the loads in columns are similar the resultant of soil pressure is at the center of the 

footing base . 

A = P / qallow,net  , where  P= 4702.175 + 4617.404 = 9319.579 KN  

A = 9319.579 / 369.5 = 25.222 m
2 
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Assume b= 4 m , so L= 25.222/4 = 6.31 m  

Take b = 4m and L =  7.10 m , depth = 0.80 m ( For Safety Conditions )  

Depth of Footing and Shear Design ( One way & Two way ) :     

 

 
       Figure (4-18) : Combined Footing Punching Factor  

 
Using  CSI SAFE Software , the punching factor is less than 1 , so the footing depth is adequate 

enough of one way and two shear . 
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Design Of Flexure : 

The resultant moment diagram in both short and long direction as following :  

 
       Figure (4-19) : Combined Footing Moment Diagram  

 

For Long Direction ( 7.10 m )  

For Mu = 1396 KN.m  

Use 27Φ16 TOP BARS 

ΦMn ( 27 Φ16 ) = As*fy(d-a/2 ) = 1406 KN.m  

ΦMn = 1406 KN.m > Mu = 1396 KN.m - OK 

 

For Mu = 2502.7 KN.m  

Use 20Φ25 BOTTOM BARS 

ΦMn ( 20 Φ25) = As*fy(d-a/2 ) = 2504.2 KN.m  
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ΦMn = 2504.2 KN.m > Mu = 2502.7 KN.m - OK 

For Short Direction ( 4.00 m )  

For Mu = 4500.86 KN.m  

Use 36Φ25 BOTOM BARS 

ΦMn ( 36 Φ25 ) = As*fy(d-a/2 ) = 4502.5 KN.m  

ΦMn = 4502.5 KN.m > Mu = 4500.86 KN.m - OK 

and for TOP BARS in short direction use reinforcement of  48Φ16 . 

 

 

 

      Figure (4-20) : Combined Footing Reinforcement Details  
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4 -14 Design Basement Wall ( BW1 ) :- 

 

       Figure (4-21) : Geometry Of Basement Wall  ( BW1 ) 

 

Fc’=24 MPa, Fy=420 MPa , ϒs=18KN/m
3
, qall=400 KN/m

2
, φ=35 , surcharge = 7 KN/m

2
 

Consider at rest pressure  

𝐶𝑎 = 1 − sin 𝜙 = 1 − sin 35 = 0.4264 

𝑊𝑠 = 𝐶𝑎 ∗ ℎ ∗ 𝛾 = 0.4264 ∗ 3.9 ∗ 18 = 29.933 𝐾𝑁/𝑚2 

𝑊𝑠𝑢 = 𝐶𝑎 ∗ 𝑃 = 0.4264 ∗ 7 = 2.985 𝐾𝑁/𝑚2 
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Figure (4-22) : Loading and Envelope of Basement Wall  ( BW1 ) 
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4.14.1 : Design Of Shear :   

Check for wall thickness  

d = 350-75-20/2 = 265 mm 

𝜙𝑉𝑐 =
𝜙

6
 𝑓𝑐 ′ ∗ 𝑏 ∗ 𝑑 =

0.75

6
 24 ∗ 1000 ∗ 265 ∗ 10−3 = 162.278 𝐾𝑁 

Vu (At face of support ) = 112 KN 

ϕVc  > Vu at face of support , So ϕVc  will be greater than Vud  - OK 

The thickness of Wall is Adequate Enough 

 

4.14.2 : Design for Flexure  :   

Mu = -157.7 KN.m 

note : the thickness of the wall is greater than 250 mm , so we must place the reinforcement bars into 

two layers  

Mn = 175.222 

2db

Mn
Rn


  

.4952.2
265*1000

10*22.175
2

6

MPaRn   

'85.0 fc

fy
m


  

588.20
2485.0

420



m  
















y

n

f

mR

m

2
11

1
 006357.0

420

495.2*588.20*2
11

588.20

1















  

As req = 0.006357*1000*265= 1684.61 mm
2
/m ………..control 

As min ( for bars < 16 = 0.0012*1000*350 = 420 mm2/m 

A s min= ))((
)(4

dbw
fy

cf 
   = mmm /76.772)265)(1000(

)420(4

24 2  

A s  min = ))((
)(

4.1
dbw

fy
     = mmm /33.883)265)(1000(

420

4.1 2        (control)    
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As = 1684.61 mm
2
/m > As min 

Use Φ16/12 cm  

 

Temperature and Shrinkage : 

As min ( Horizontal ) : 0.002 *b*h ( for db <= Φ16 )  

As min = 0.002*1000*350 = 700 mm
2
/m ( for both sides ) 

As for each side = 0.5*700 = 350 mm
2
/m 

 

Use Φ12/25cm  

Check for step 

Smax = 450 mm , 3*h = 3*350 = 1050 mm 

note : all steps are less than Smax , So its OK 

 

 

Figure (4-23) : Reinforcement Detail of Basement Wall  ( BW1 ) 
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4 -15 : Design of shear wall :- 

To design shear walls we use  ( CSI  ETABS)  Software , and this is a manual example of shear 

wall  design : 

 

Figure (4-24) Shear and Moment Diagrams of Shearwall   

 

Fc = 24MPa 

Fy = 420 MPa 

 t=25 cm .shear wall thickness 

Lw = 5.4 m .shear wall width 

Hw for one wall = 4 m story height 

 

4 .15.1:  Design of shear 

  KNVuFx 08.737
 

 

4.15.2:  Design of the Horizontal reinforcement: 

The critical Section is the smaller of: 
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mlwd

mtstoryheigh

m
hw

controlm
lw

32.44.58.08.0

4

5
2

16

2

7.2
2

4..5

2







 

 

 

∅𝑉𝑛𝑚𝑎𝑥 = ∅
5

6
 𝑓𝑐 ′ℎ𝑑 

               = 0.75 ∗ 0.83 ∗  24 ∗ 250 ∗ 4320 = 3306.8𝐾𝑁 > 𝑉𝑢  
 

𝑉𝑐 =
1

6
 𝑓𝑐 ′ℎ𝑑 =

1

6
 27 ∗ 250 ∗ 4320 ∗ 10−3 = 881.8𝐾𝑁… . 𝑐𝑜𝑛𝑡 

𝑉𝑐 = 0.27 𝑓𝑐 ′ℎ𝑑 +
𝑁𝑢𝑑

4𝑙𝑤
= 0.27 24 ∗ 250 ∗ 4320 + 0 = 1428.5𝐾𝑁 

3991 − 2309.6

4
=

𝑀𝑢 − 2309.6

4 − 2.7
⟹ 𝑀𝑢 = 2856.1𝐾𝑁. 𝑚 

𝑀𝑢

𝑉𝑢
−

𝑙𝑤
2

=
2856.1

737.08
−

5.4

2
= 1.17 

𝑉𝑐 =  0.05 𝑓𝑐 +
𝑙𝑤  0.1 𝑓𝑐 ′ + 0.2

𝑁𝑢

𝑙𝑤ℎ
 

𝑀𝑢

𝑉𝑢
−

𝑙𝑤

2

 ℎ𝑑     =  0.05 24 +
5.4 0.1 24 + 0 

1.17
 250 ∗ 4320

= 2706.5𝐾𝑁 

KN

VcVnVs

9.1008.881)75.0/08.737( 


 

𝐴𝑠

𝑆
=

𝑉𝑠
𝑓𝑦𝑑

=
100.9 ∗ 103

420 ∗ 4320
= 0.0556𝑚𝑚2/𝑚𝑚 

𝜌 =
𝐴𝑠

𝑠 ∗ ℎ
=

0.0556

250
= 0.00022 < 0.0025 

Use ϕ10 As=78.5 mm
2
 

𝜌 =
2 ∗ 78.5

𝑆 ∗ 250
= 0.0025 ⟹ 𝑆 = 251𝑚𝑚 

Max. Spacing 

𝑙𝑤
5

=
5.42

5
= 1.085 𝑚  

3ℎ = 3 ∗ 250 = 0.75𝑚 
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450 mm……………cont.  

Use ϕ10@250mm in tow layer  

 

 

4.15.3 :  Design for Vertical reinforcement :-  

9.2
4.5

16


w

w

L

h
 

𝜌𝑣𝑚𝑖𝑛 > 0.0025 + 0.5  2.5 −
ℎ𝑤

𝑙
  𝜌𝑡 − 0.0025 > 0.0025 

 

Select Ф 10 @250mm.  In tow layer   

 

4.15.4 :   Design of bending moment : 

𝐴𝑠𝑡 =  
5400

250
 ∗ 2 ∗ 78.5 = 3391.2𝑚𝑚2 

 𝑤 =  
𝐴𝑠𝑡

𝐿𝑤ℎ
 
𝑓𝑦

𝑓𝑐 ′
=  

3391.2

5400 ∗ 250
 

420

24
= 0.044 

𝛼 =
𝑃𝑢

𝑙𝑤ℎ𝑓𝑐 ′
= 0 

𝐶

𝑙𝑤
=

𝑤 + 𝛼

2𝑤 + 0.85𝛽1
=

0.044 + 0

2 ∗ 0.044 + 0.85 ∗ 0.85
= 0.054 

∅𝑀𝑛 = ∅  0.5𝐴𝑠𝑡𝑓𝑦 𝑙𝑤(1 +
𝑃𝑢

𝐴𝑠𝑡𝑓𝑦
)(1 −

𝑐

𝑙𝑤
  

           = 0.9 0.5 ∗ 3391.2 ∗ 420 ∗ 5400(1 + 0)(1 − 0.054) = 3274.2𝐾𝑁. 𝑚 < 𝑀𝑢  
Try ϕ12@250 mm 

 

𝐴𝑠𝑡 =  
5400

250
 ∗ 2 ∗ 113.1 = 4885.9𝑚𝑚2 

 𝑤 =  
𝐴𝑠𝑡

𝐿𝑤ℎ
 
𝑓𝑦

𝑓𝑐 ′
=  

4885.9

5400 ∗ 250
 

420

24
= 0.063 

𝛼 =
𝑃𝑢

𝑙𝑤ℎ𝑓𝑐 ′
= 0 

𝐶

𝑙𝑤
=

𝑤 + 𝛼

2𝑤 + 0.85𝛽1
=

0.063 + 0

2 ∗ 0.063 + 0.85 ∗ 0.85
= 0.074 
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∅𝑀𝑛 = ∅  0.5𝐴𝑠𝑡𝑓𝑦 𝑙𝑤(1 +
𝑃𝑢

𝐴𝑠𝑡𝑓𝑦
)(1 −

𝑐

𝑙𝑤
  

           = 0.9 0.5 ∗ 4885.9 ∗ 420 ∗ 5400(1 + 0)(1 − 0.074) = 4617.5𝐾𝑁. 𝑚 > 𝑀𝑢  
 

→ use ϕ12@250 mm for vertical reinforcement 
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5.1 Appendix A : Architectural Drawings 
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5.2 Appendix B : Structural Drawings 
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5.3 Appendix C :  
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Table ) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR 

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED 
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(1)جدول   

  وفقا للكود الأردنيالأحمال الحية للأرضيات و العقدات

 

  ٔــٛع اٌّثــٕٝ

(الاشغاي)الاعرؼّاي   

اٌسّـً 

 اٌّٛصع

اٌسًّ اٌّشوض 

 اٌثذ٠ً

2َ/وٓ خــاص ػــاَ  وـٓ 

 

 

 اٌّثأٟ

 اٌغى١ٕح

 ٚاٌخاصح

 إٌّــاصي ٚاٌث١ــٛخ 

 ٚاٌشــمك اٌغى١ٕـح 

 ٚالأت١ٕح راخ اٌطــاتك 

.اٌٛازــذ  

خ١ّغ اٌغشف تّا فٟ رٌه 

غشف إٌَٛ ٚاٌّطاتــخ 

ٚغشف اٌغغ١ً ِٚا شاتٗ 

 رٌه

 

2.000 

 

1.400 

 اٌفٕــادق ٚاٌّٛذ١ـلاخ 

 ٚاٌّغرشف١اخ

 1.800 2.000 غـشف إٌـَٛ

 ِٕـاصي اٌطٍثـح ِٚـا

  شاتٙٙــا

 1.800 2.000 غشف ٚلاػاخ إٌَٛ

 

 

 

 اٌّثأٟ

 اٌؼاِح

 

اٌماػاخ اٌؼاِح ٚلاػاخ اٌردّغ  

ٚاٌّغاخذ ٚاٌىٕائظ ٚلاػاخ 

اٌرذس٠ظ ٚاٌّغاسذ ٚدٚس اٌغ١ّٕا 

ٚلاػاخ اٌردّغ فٟ اٌّذاسط  

ٚاٌى١ٍاخ ٚإٌٛادٞ ٚاٌّذسخاخ 

اٌّغمٛفح ٚاٌماػاخ اٌش٠اض١ح 

 اٌّغٍمح

 

 

 ِماػذ ثاترح

 

 

 

4.000 

 

 

 

- 

 

 ِماػذ غ١ش ثاترح

 

 

5.000 

 

 

3.600 

 - 5.000 - ٔادٞ س٠اضٟ

 غشف اٌّطاٌؼح فٟ اٌّىرثاخ
 ِٓ دْٚ ِغرٛدع ورة

 ِغ ِغرٛدع ورة

2.500 

4.000 

4.500 

4.500 



  الملاحق          الفصل الخامس

 

109 
 

 

 : النتائج  : 5.4

٠دة ػٍٝ وً طاٌة أٚ ِصُّ إٔشائٟ أْ ٠ىْٛ لادساً ػٍٝ اٌرص١ُّ تشىً ٠ذٚٞ زرٝ ٠غرط١غ اِرلان اٌخثشج ٚاٌّؼشفح . 1

 .فٟ اعرخذاَ اٌثشاِح اٌرص١ّ١ّح اٌّسٛعثح

ِٓ اٌؼٛاًِ اٌرٟ ٠دة أخز٘ا تؼ١ٓ الاػرثاس، اٌؼٛاًِ اٌطث١ؼ١ح اٌّس١طح تاٌّثٕٝ ٚطث١ؼح اٌّٛلغ ٚذأث١ش اٌمٜٛ اٌطث١ؼ١ح . 2

. ػٍٝ اٌّٛلغ

ِٓ أُ٘ خطٛاخ اٌرص١ُّ الإٔشائٟ، و١ف١ح اٌشتط ت١ٓ اٌؼٕاصش الإٔشائ١ح اٌّخرٍفح ِٓ خلاي إٌظشج اٌش١ٌّٛح ٌٍّثٕٝ، ِٚٓ . 3

. ثُ ذدضئح ٘زٖ اٌؼٕاصش ٌرص١ّّٙا تشىً ِٕفشد ِٚؼشفح و١ف١ح اٌرص١ُّ، ِغ أخز اٌظشٚف اٌّس١طح تاٌّثٕٝ تؼ١ٓ الاػرثاس

KN/m 400اٌم١ّح اٌخاصح تمٛج ذسًّ اٌرشتح ٟ٘  . 4
2
 .  

وّا ذُ  . فٟ خ١ّغ اٌؼمذاخ ٔظشاً ٌطث١ؼح ٚشىً إٌّشأ(Two-Way Ribbed Slab)ٌمذ ذُ اعرخذاَ ٔظاَ ػمذاخ . 5

.  فٟ اخضاء ِؼ١ٕح ِٓ اٌطٛاتك  (Two-Way Ribbed Slab) اعرخذاَ ٔظاَ ػمذاخ

 :   تشاِح اٌساعٛب اٌّغرخذِح.      6

 :ٕ٘ان ػذج تشاِح زاعٛب ذُ اعرخذِٙا فٟ ٘زا اٌّششٚع ٟٚ٘

a) AUTOCAD 2013/2007 :رٌه ٌؼًّ اٌشعِٛاخ اٌّفصٍح ٌٍؼٕاصش الإٔشائ١ح ٚ. 

b) ETABS :ٌٍرص١ُّ ٚاٌرس١ًٍ الإٔشائٟ ٌٍؼٕاصش الإٔشائ١ح. 

c) STAAD PRO :ٚرٌه لإخشاء اٌرسا١ًٌ الإٔشائ١ح ٌثؼض اٌؼٕاصش الإٔشائ١ح .

d) ATIR :ٌٍرص١ُّ ٚاٌرس١ًٍ الإٔشائٟ ٌٍؼٕاصش الإٔشائ١ح. 

e) SAFE :ٌرص١ُّ تؼض اٌؼٕاصش الإٔشائ١ح. 

f) (Office XP) :ذُ اعرخذاِٗ فٟ أخضاء ِخرٍفح ِٓ اٌّششٚع ِثً اٌىراتح إٌصٛص ٚاٌرٕغ١ك ٚإخشاج اٌّششٚع. 

. الأزّاي اٌس١ح اٌّغرخذِح فٟ ٘زا اٌّششٚع وأد ِٓ وٛد الأزّاي الأسدٟٔ. 7

ِٓ اٌصفاخ اٌرٟ ٠دة أْ ٠رصف تٙا اٌّصُّ، صفح اٌسظ إٌٙذعٟ اٌرٟ ٠مَٛ ِٓ خلاٌٙا ترداٚص أ٠ح ِشىٍح ِّىٓ أْ . 8

 .ذؼرشضٗ فٟ اٌّششٚع ٚتشىً ِمٕغ ِٚذسٚط
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: التوصيات  : 5.5  

    ٌمذ واْ ٌٙزا اٌّششٚع دٚس وث١ش فٟ ذٛع١غ ٚذؼ١ّك فّٕٙا ٌطث١ؼح اٌّشاس٠غ الإٔشائ١ح تىً ِا ف١ٙا ِٓ ذفاص١ً ٚذسا١ًٌ 

ز١ث ٔٛد ٕ٘ا ـ ِٓ خلاي ٘زٖ اٌردشتح ـ أْ ٔمذَ ِدّٛػح ِٓ اٌرٛص١اخ، ٔأًِ تأْ ذؼٛد تاٌفائذج ٚإٌصر ٌّٓ ٠خطط . ٚذصا١ُِ

. ٔشائٟإلاخر١اس ِشاس٠غ راخ طاتغ 

   ففٟ اٌثذا٠ح، ٠دة أْ ٠رُ ذٕغ١ك ٚذد١ٙض وافح اٌّخططاخ اٌّؼّاس٠ح، تس١ث ٠رُ إخر١اس ِٛاد اٌثٕاء ِغ ذسذ٠ذ إٌظاَ الإٔشائٟ 

ٚلاتذ فٟ ٘زٖ اٌّشزٍح ِٓ ذٛفش ِؼٍِٛاخ شاٍِح ػٓ اٌّٛلغ ٚذشترٗ ٚلٛج ذسًّ ذشتح اٌّٛلغ، ِٓ خلاي ذمش٠ش خ١ٛذمٕٟ . ٌٍّثٕٝ

. خاص ترٍه إٌّطمح، تؼذ رٌه ٠رُ ذسذ٠ذ ِٛالغ اٌدذساْ اٌساٍِح ٚالأػّذج تاٌرٛافك ٚاٌرٕغ١ك اٌراَ ِغ اٌفش٠ك إٌٙذعٟ اٌّؼّاسٞ

٠ٚساٚي إٌّٙذط الإٔشائٟ فٟ ٘زٖ اٌّشزٍح اٌسصٛي ػٍٝ أوثش لذس ِّىٓ ِٓ اٌدذساْ اٌخشعا١ٔح اٌّغٍسح، تس١ث ذىْٛ 

ِٛصػح تشىً ِٕرظُ أٚ شثٗ ِٕرظُ فٟ وافح أٔساء اٌّثٕٝ؛ ١ٌرُ اعرخذاِٙا ف١ّا تؼذ فٟ ِماِٚح أزّاي اٌضلاصي ٚغ١ش٘ا ِٓ اٌمٜٛ 

 .الأفم١ح

 

 :  المصادر والمراجع  : 5.6

1. American Concrete Institute (A.C.I), Building Code Requirement For Structural 

Concrete (ACI-318M-08). 

 .2006َ، ِدٍظ اٌثٕاء اٌٛطٕٟ الأسدٟٔ، ػّاْ، الأسدْ، وٛد الأزّاي ٚاٌمٜٛوٛداخ اٌثٕاء اٌٛطٕٟ الأسدٟٔ،  .2

 ، ِششٚع "اٌرص١ُّ الإٔشائٟ ٌّؼٙذ اٌذساعاخ اٌّا١ٌح ٚ اٌّصشف١ح" , ٔٛذ ص٠ذاخ - ػّش أتٛ ػشاَ– إتشا١ُ٘ ػاتذ  .3

 .2012َذخشج اعرىّالاً ٌّرطٍثاخ دسخح اٌثىاٌٛس٠ٛط ، خاِؼح ت١ٌٛرىٕه فٍغط١ٓ ، اٌخ١ًٍ ، فٍغط١ٓ ، 
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