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Abstract

The Structural Design of Commercial Building.

Work Team

Tassneem Najajrah Ibtisam Shatreet

Palestine Polytechnic University – 2006

Supervisor:

Dr. Haitham  Ayyad

The purpose of this project is the structural design of commercial

building .The structural design of the building will be carried out

according to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the

structural members and all of the plans needed to complete the

construction.
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الفصل الأول

المقدمة

:نظرة عامة١.١

لحیاة واحتیاجاتھم مع التطور العمراني والانشائي المستمر في بلادنا،  ومواكبة متطلبات ا

ونقص الاراضي وغلائھا،  وزیادة ظاھرة التوسع الراسي اصبحت المباني والمنشات 

ضروریة لمواكبة ھذا التطور وتحقیق تلك ) المتعددة الطوابق( الخرسانیة الضخمة والعالیة

ات الاھداف وانجاز العدید من الاعمال،  حیث تشمل ھذه المنشات العدید من المساحات والفعالی

. التي تسھل وتساعد الناس في حیاتھم الیومیة 

اعداد ھذه المنشات ازداد بشكل كبیر في المدن الفلسطینیة لذلك فان العامل الاقتصادي 

،  لما یلزم ھذه المشاریع من المتعلق بمثل ھذه المنشات یعتبر على قدر كبیر من الاھمیة

.اء وكمیات التسلیح میزانیات عالیة ،  خاصة فیما یتعلق بمواد الانش

لذلك فان المعرفة المسبقة والالمام الجید عن انواع الانظمة الانشائیة والعناصر الانشائیة 

المناسبة والتي سیتم استخدامھا في المنشا، وقدرة ھذه الانظمة بما تحتویھ على عناصر انشائیة 

سلیم یحقق إنشائيمیم الواقعة علیھا، یضمن تحقیق تصوالأحمالعلى مقاومة القوى 



٣

المواصفات والمعاییر الھندسیة المطلوبة مع مراعاة العامل الاقتصادي المناسب والمطلوب 

. لتنفیذ ھذا التصمیم 

:الھدف من المشروع١.٢

:التالیة الأھدافتحقیق إلىیكمن ھدف المشروع 

تحدید الأحمال التي یتعرض لھا المبنى.

استخدام الكود المناسب لذلكلكافة العناصر والإنشائيالتصمیم التحلیل و.

مفصلةوالتنفیذیة كاملة والانشائیةالمخططاتإعداد.

تطبیق المعلومات التي تمت دراستھا في المساقات المختلفةوربط.

:خطوات المشروع١.٣

.دراسة المخططات المعماریة المتوفرة للمبنى.  ١

ة .   ٢ ة تحلیلی د  دراس من تحدی أ تتض ذا المنش ائیة لھ ائي  إنش ام الإنش د النظ ال وتحدی الأحم

.الذي سیتم اختیاره بكل ما یحتوي من عناصر إنشائیةوالأفضل 

.التصمیم الإنشائي الكامل لھذه العناصر.   ٣

.بشكل قابل للتنفیذوالتنفیذیة الإنشائیة بشكل كامل عمل المخططات.   ٤

:المشروعأسباب اختیار 

الحاجة الماسة لمثل المشروع.

التنفیذي لمشروع حقیقيوالإنشائيمعرفة كیفیة عمل التصمیم اكتساب المھارة و.



٤

:وصف عام للمشروع

 مقدمة: الفصل الأول.

 وصف معماري: الفصل الثاني.

 الإنشائيالوصف : الفصل الثالث.

 أالتصمیم الخرساني للمنشوالتحلیل: الفصل الرابع.

 الاستنتاجات و التوصیات: الفصل الخامس.
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الفصل الثاني

:الوصف المعماري-٢

.المقدمة٢.١

.الانجازات السابقة في المشروع٢.٢

.المشروع المقترح٢.٣

.التعدیلات المعماریة٢.٤

.وصف موقع البناء٢.٥

.وصف الواجھات٢.٦

.تحقیق الفعالیات المختلفة٢.٧

.موقف السیارات٢.٨
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لفصل الثانيا

الوصف المعماري

:المقدمة٢.١

اختیار المخططات النھائیة التي سیتم تنفیذ المشروع تعتبر عملیة التصمیم المعماري و

وحیث یتم فیھا تحدید شكل المنشأ،راحل التي تمر بھا كافة المشاریعالمأولبناء علیھا من 

الأوليحیث یجري التوزیع ،المتطلبات المختلفةف ویأخذ بعین الاعتبار تحقیق الوظائأبعاده و

الإنشائیةالمطلوبة وتحدید مواقع العناصرالأبعادفق المبنى بھدف تحقیق الفراغات ولمرا

والعزل والتھویة الإنارةتتم في ھذه العملیة أیضا دراسة و، المحاوروالجسور وكالأعمدة

.تي یتطلب تحقیقھا في المبنىغیرھا من المتطلبات الوظیفیة الالحركة والتنقل وو

الانجازات السابقة في المشروع٢.٢

مل التصامیم فقد تم ع،من قبل طلبة التصمیم المعماريقبل عامینھذا المشروع صمم 

.عشر طوابقیتكون ھذا المنشأ من و،المعماریة للمساقط والواجھات والقطاعات
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:المشروع المقترح٢.٣

إنشائیة تفصیلیة لجمیع العناصر الإنشائیة التي تكوّن الھیكل یتضمن المشروع دراسة

فقد تم الحصول على المخططات المعماریة النھائیة من قبل دائرة الھندسة ،الإنشائي للمبنى

.المدنیة والمعماریة

عشر مكون من تجاريویظھر من خلال المخططات أن المبنى المقترح إنشاؤه ھو مجمع

ویعلوھا ،)مربعمتر ١٢٠٠(المجمع التجاري وموقف السیاراتاحة حیث تبلغ مس،طوابق

ومدخل رئیسي ،لموقف السیاراتحیث یوجد مدخل رئیسي،ولھا نفس المساحةالمكاتب

.مع التجاري ومدخل خاص بالمكاتبللمج

محلات تجاریة بمساحات ستةفیتكون من الأرضيالطابق تجاري في مع الأما المج

الطابق إلىدرج یؤدي بالاضافة الى یوجد درج كھربائي متحرك یاه  كما وودورتي م،مختلفة

و كل مكتب ،مكاتب عدةفیتكون من حتى الثامنلنسبة للمكاتب في الدور الثاني وباأما، الأول

. اللازمةبالخدماتمزود 

:التعدیلات المعماریة٢.٤

عدیلات المناسبة ومن ھذه التإجراءدراستھا ومن ثم تم المخططات منذ استلام

:التعدیلات 

.معماریةرسم ثلاث واجھات *

.تصحیح القطاعات وتدقیقھا*

.والأبعادووضع المحاور الأعمدةتوزیع *
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كنیة        * قق س ى ش وي عل ت تحت ث كان ة حی ات المعماری ى   تم اعادة النظر في المخطط اء عل وبن

.كون مجمع تجاري فقطالعدید من وجھات النظر تم تعدیل المشروع بحیث ی

:وصف موقع البناء ٢.٥

وقد تم مراعاة التالي في اختیار موقع ،رئیسي وفرعي بین شارعینالمبنى یقع  

:المبنى 

.سھولة الوصول إلیھ من الشارع الرئیسي.١

.الخدمات العامة من كھرباء وماء وشبكة صرف صحي متوفرة.٢

وفی     ابقة ت روط الس ق الش م       تم من خلال تحقی ا یلائ روع بم ذ المش ب لتنفی ان المناس ر المك

.المخططات المعماریة المقترحة للمشروع

:وصف الواجھات ٢.٦

لحفاظ اإلىبالإضافة،للمبنىطبیعیةمما وفر إضاءة ،تتمیز واجھات المبنى بالإطلالة

- ل الزجاجیةوتتمیز بكثرة استخدام الكت،وإبراز عنصر الجمال المعماري،على عنصر التھویة

.  وإبراز عنصر الجمال المعماري،جمیع الطوابقالممتدة في -جوالزجاالألمنیومالمكونة من 
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:تحقیق الفعالیات المختلفة٢.٧

حیث یربط بینھا ، البعض بالسھولة والیسریبعضھاتتسم علاقة المحلات التجاریة 

الأرضيویربط بین الطابق ، حلات التجاریةشف جمیع واجھات المممرات تسھل الحركة وتك

كما وتتوفر السھولة والیسر في ،ربائيكھبالاضافة الى درج من المجمع التجاري درج والأول

.بقیة الطوابقالمكاتب في 

ما ،ببعضھا البعض بالسھولة والیسرغرف المكاتبتتسم علاقة حیث ، المكاتبوفي 

حیث أخذ بعین الاعتبار ،ھا وعدم تشابك الفعالیاتالغرف عن بعضھذه عمل على استقلالیة 

.طبیعة حركة الإنسان وحاجاتھ

:موقف السیارات٢.٨

حیث، سیاراتلیستوعب أكبر عدد ممكن من ال،تم تصمیم موقف السیارات في التسویة

١٠٠٠وتبلغ مساحة الموقف حوالي ،متر مربع١٢.٥أن المساحة المخصصة لكل سیارة ھي 

.حیث تم مراعاة سھولة الدخول والخروج لكل سیارة، سیارة٢١لحوالي فھو یتسع متر مربع
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الفصل الثالث

وصف العناصر الإنشائیة

:المقدمة ٣.١

.ھدف التصمیم الإنشائي ٣.٢

.الأحمال٣.٣

.الأحمال المیتة٣.٣.١

.الحیةالأحمال ٣.٣.٢

.الأحمال البیئیة٣.٣.٣

.الزلازلأحمل٣.٣.٣.١

.العقدات٣.٤

.الجسور٣.٥

.الأعمدة٣.٦

.جدران القص٣.٧

.الأدراج٣.٨

.الأساسات٣.٩

.برامج الحاسوب المستخدمة٣.١٠
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الفصل الثالث

وصف العناصر الإنشائیة

:المقدمة٣.١

،التي سیتم التعامل معھاالإنشائیةمبنى یتطلب وصف للعناصر لأيالإنشائيالتصمیم 

بحیث التعریف بھاتصنیف والإلىتحتاج وھذه العناصر متعددة ومختلفة في تركیبتھا ومواقعھا و

و ،للمبنىإنشائيتصمیم أفضلإلىمن اجل الوصول ،في التصمیمالإتقانوالأمانتوفر الدقة و

).ACI-Code(في التصمیم الأمریكيبناء على ذلك تم اعتماد الكود 

:ھدف التصمیم الإنشائي ٣.٢

للعناصر الحاملة یةالإنشائتصمیم المقاطع الھدف من عملیة التصمیم الإنشائي ھو 

ذلك و،الناتجة عنھاالاجھاداتو،الواقعة علیھاالأحمالوالأوزانبحیث تكون قادرة على تحمل 

:ثلباستخدام مجموعة من البرامج م
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)CSI-CSICOL.. ،prokon،atir،autocad2002،staad pro-2004 (

للمشروع بحیث متكاملة عمل مخططات تنفیذیةو،بشكل متكامل ومترابطالمشروع لإتمام

.یصبح جاھزا للتنفیذ

:الأحمال٣.٣

تكون قادرة على أنیجب و،تتعرض العناصر الإنشائیة للمبنى لمجموعة من الأحمال

كل ف،ل الواقعة علیھا بشكل دقیق وصحیحیجب تحدید الأحماف،تلك الأحمال الواقعة علیھانقل

:ھيومنشأ یتعرض لأنواع عدیدة من الأحمال 

:الأحمال المیتة ٣.٢.١

ى     ر المبن لال عم ر خ ،وھي الأحمال التي تكون ثابتة من حیث المقدار والموقع ولا تتغی

ي و  طیب    العزنوھذه الأحمال تتمثل ف ر التش ائیة وعناص ر الإنش ة  و،ناص ة و عملی اب  معرف حس

نیع      من خلال معرفة أبعاد وكثافات تتمھذه الأحمال ة  تص ي عملی تخدمة ف واد المس ر  الم العناص

وتتمثل في أغلب الأحیان في الخرسانة وحدید التسلیح والقصارة والطوب ،الإنشائیة وھي عدیدة

ة   ي تغطی تخدمة ف ارة المس طیب والحج واد التش بلاط وم ارجوال ن الخ ى م ى ب،المبن افة إل الإض

ل المیوض) ١-٣(والجدول رقم ،سقف المعلقة والدیكورات الخاصة بالمبنىالأ ات لك واد ح الكثاف

.مةالمستخد
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لمستخدمةاالكثافة لمواد البناء ) ٣-١(جدول رقم 

Density

(KN/m³)
MaterialNO.

22Tiles1

١٦Sand2

25Reinforced concrete3

٢٢Mortar٤

9Block٥

22Plaster٦

1.0 (KN/m2)Partition6

:الأحمال الحیة ٣.٣.٢

تزول أوتتواجد أنالتي یمكن قع والمومن حیث القیمة والتي تتغیر الأحمالھي و

:الأحمالمن ھذه وتشغیلیة متوقعة خلال عمر المبنىأحمالأقصىھي حسب الحاجة و

.الأشخاص.١

.الأثاث.٢

.الأجھزة والمعدات.٣

.المواد المخزنة.٤
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:وقد تم اعتماد احمال الكود الاردني وھي كما یلي 

.حیةجدول الاحمال ال) ٣-٢(جدول رقم 

(kg/m2)الاحمال الحیةنوع العقدةالرقم

٤٠٠العقدات التجاریة١

٢٥٠المكاتب٢

٥٠٠الدرج٣

:الأحمال البیئیة ٣.٣.٣

وھذه الأحمال ،الھزات الأرضیة وأحمال التربةوأحمالوتشمل أحمال الثلوج والریاح 

الحیة والتي یكون مقدارھا الأحمال تعتبر متغیرة من ناحیة المقدار والاتجاه وتشبھ بشكل كبیر 

.متغیر

:أحمال الزلازل٣.٣.٣.١

" أن یكون المبنى مصممالذلك یجب ،أحمال أفقیة تؤثر على المنشأوھي عبارة عن

.وذلك عن طریق استخدام جدران القص" لمقاومة ھذه الأحمال وجعلھ ثابتا
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: العقدات٣.٤

إلىمن المستوى العمودي الأحمالي یقوم بنقل الذالإنشائيھي عبارة عن العنصر و

روع نوع واحد استخدم في تصمیم العقدات في المشو،الأعمدةالعناصر الحاملة مثل الجدران و

تم اختیار سمك العقدة طبقا و) one way rib slab(ھو عصب باتجاه واحد من العقدات و

.للكود الامریكي

بعقدة الأعصایبین شكل ) ٣-١(شكل 

:الجسور ٣.٥

وھي الأعمدةإلىداخل العقدة الأعصابمن الأحمالتقوم بنقل إنشائیةھي عناصر و

والجسور المدلاة وھي التي تبرز عن - أي مخفیة داخل العقدات -جسور مسحورة ،نوعین

فالمسافات التي تقل عن الستة ،في ھذا المشروعالأعمدةنظرا لتفاوت المسافات بین و.العقدة

لھا فقد استخدمأمتارالمسافات التي تزید عن الستة و،الجسور المسحورةلھا ماستخدأمتار

.الجسور المدلیة
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المسحوریبین شكل الجسر) ٣-٢(شكل 

:الأعمدة٣.٦

الجسور من العقدات والالأحمتأخذالحاملة التي الإنشائیةھي عبارة عن العناصر و

.الأساساتإلىمن الطوابق الأحمالتنقل و

.العمودعرضي فيیبین قطاع)٣-٣(شكل 

:جدران القص٣.٧

تستخدم بشكل الواقعة علیھا والأفقیةحاملة تقاوم القوى العمودیة وإنشائیةھي عناصر و

Shear( تسمى جدران القص ومثل قوى الریاح والزلازل الأفقیةالأحماللمقاومة أساسي
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Wall (الأفقیةعلى مقاومة القوى كفاءتھاھذه الجدران تسلح بطبقتین من الحدید حتى تزید و.

.جدران بیت الدرجفيلثمتھي في المشروع تو

:الأدراج ٣.٨

.تستخدم للتنقل بین الطوابق في المستوى العموديإنشائیةھي عبارة عن عناصر 

.بین تفصیلة الدرجی)٣-٤(كل ش
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:الأساسات ٣.٩

والقوى من الأحمالالتي یتم من خلالھا نقل جمیع الإنشائیةھي عبارة عن العناصر 

الأساساتالسطحیة والأساساتمنھا ،أنواععدة الأساساتو،الأرضإلىأعمدةجدران و

.العمیقة

:على عدة عوامل منھا الأساسیعتمد نوع و

.نوع التربة* 

.الأرضإلىدار القوى المنقولة مق* 

.وجدتأنالجوفیة المیاه* 

.التي سنتطرق لھا لاحقاللأسبابذلك ؛مستمرة ومنفردةأساساتسیتم استخدامو

.یبین مقطع بالأساسات) ٣-٥(شكل 
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:المستخدمةبرامج الحاسوب ٣.١٠

:في ھذا المشروع سوف یتم استخدام عدة برامج منھا

AutoCAD(برنامج .١ صیل الإنشائیة استخدم لرسم التفا،وھو برنامج للرسم2002

.المخططات المعماریةللعناصر المصممة و

٢.)STAAD PRO (   ي تخدم ف میم  وھو برنامج اس ل والتص ذلك ؛التحلی تخدامھ   ل م اس ت

.وتصمیم الاساساتفي التحلیل الإنشائي لبعض عناصر المبنى

٣.)Office XP (لفة من المشروع مثل الكتابة والتنسیق وإخراج تم استخدامھ لأجزاء مخت

.المشروع

٤.(Atir) وھو برنامج استخدم لتصمیم الجسور والاعصاب والاساسات.

٥.(prokon) وھو برنامج استخدم لتصمیم الاعمدة.

٦.(CSI-CSICOL..) وھو برنامج استخدم لتصمیم جدران القص.
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Chapter Four

Structural Analysis and Design

4.1 Structural Key Plans.

4.2 Determination of loads.

4.3 Design of topping.

4.4 Design of rib (R1).

4.4.1  Design of negative moment.

4.4.2  Design of positive moment.

4.5 Design of beam.

4.5.1 Design of beam 7-office floor.

4.5.2 Design of beam 2-office floor .

4.6 Design of columns.

4.6.1Design of column C5.

4.6.2 Design of column C4.

4.7 Footing Design :

4.7.1 Design of squre footing F٧

4.7.2 Design of strip footing.

4.7.3 Design of  mat foundation.

4.8 Design of Stairs:

4.8.1 Design of stair (B) .

4.8.2 Design of stair (B) .

4.8.3 Stair Roof Design .

4.9 Shear wall design

4.9.1General Definition.
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4.9.2 Calculation of shear forces on shear walls:

4.9.3 Center of rigidity calculation.

4.9.4 Ratio Calculation For Each Wall .

4.9.5Torsional Design.

4.10 Basement Wall

4.10.1 wall design :

4.11 Reinforcement of Ground Beam :
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Chapter Four

Structural Analysis and Design

4.1 Structural Key Plans:

The distribution of ribs of the slabs are shown in the structural key plans , the

key plans are composed of  beams.

In this chapter will explain of the structural element for this project , the dead

load is calculated based on type of used materials  , which the live load is chosen

based on the values that are used in chapter three table (3-2).

4.2 Determination of loads:

The main loads acting on the structure are dead & live loads. Dead Load is

calculated based on the density for each material used in the slab:

The overall depth must satisfy ACI- code.

5.18min

L
h  For one end continuous span.

5.18

547
min h =٢٩.٥٦cm.

21min

L
h  For interior span.
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21

567
min h = ٢٧ cm.

Use an overall depth of ٣٢ cm     ( 24 cm blocks).

Dead load:

Coarse Sand Fill and Tile = 0.10*0.55*2000 =110 kg/m of rib.

Concrete Rib = 0.24*0.15*2500  = 90 kg/m of rib.

Block = 0.24*0.40*900    = 86.4 kg/m of rib.

Topping = 0.08*0.55*2500 =110 kg/m.

Plaster = 0.03*0.55*2200 = 36.3 Kg/m of rib.

Partitions = (100)(0.55) = 55 Kg/m of rib.

Nominal Total Dead Load  = 110+90+86.4+36.3+110+55 = 487.7 Kg/m of rib.

Factored Total Dead Load  = 1.4*487.7 = 682.78kg/m .

For office live load = 250 kg / cm 2

Factored live load =250*1.7*0.55=233.75 kg/m

4.3 Design of topping:

Live load = 250 Kg/m 2 = 0.25 ton/m 2 ……table ( 3-2 ).

Dead load = 487.7/0.55 – (90/0.55) =723Kg/ m 2

uW = 1.4 (723) + 1.7 (250) = 1437.3 Kg/ m 2

= 1.437 ton/ m 2

Assume slab is fixed at support point (ribs)








 


12

2LWu
Mu
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Mu =1.437*(0.4)*(0.4) /12= 0.0192 ton.m, for 1 m wide strip

According to ACI (9.5.2.3)

  sfMn

cmKgMPaMPaff

r

cr



 )/(3.38)(83.3307.0)(7.0 2

3
22

7.1066
6

8100

6
cm

bh
s 


 …….. for a rectangular X-section

ΦMn = 0.65 (38.3)(1066.7) = 26555.5 Kg.cm , Φ = 0.65   for plain concrete

= 0.266 ton.m

ΦMn = 0.266 ton.m > Mu = 0.0192 ton.m

Reinforcement is not required for structural reasons.

Provide Shrinkage & Temperature Reinforcement:

For fy = 400 Mpa,

ρ = 0.0018

)8)(100(0018.0sA = 1.44 cm 2 /1m

Use Φ 8 @ 20 cm on center both ways

Provided : 100/20 = 5 bars.

Provided sA = 5*.502 = 2.5 cm 2 /1m

4.4 Design of rib (R6):

To get the envelope of internal forces atir - software is used.

Fig (4-1) rib moment envelope  for office floor (ton.m)
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4.4.1  Design of positive moment:

Effective Flange width  ( Eb ) according to ACI code 8.10.2:

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

Eb = L / 4  = 500 / 4 = 125 cm

Eb = wb + 16 t = 15 + 16 (8) = 143 cm

Eb = C/C = 55 cm………………..    Control

Use Mu max for all spans = 2.2 ton.m

Mn = 2.2/0.9 = 2.44 ton.m

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

For   a = t = 8 cm

C = 0.85 fc t Eb = 0.85 (0.3) (8) (55) =112.2 ton

d= h-Ct-d/2 = 32-2-1.2/2 = 29.4 cm

Mn = T or C (d – 0.5 a)  = 112.2 (29.4 – 0.5 (8)) / 100   = 28.5 ton.m

Mn available  = 28.5 ton.m   > Mn required  =2.44 ton.m

Design as a rectangular with Eb = 55cm

A s .max =  b d

A s .max =0.0244 (55) (29.4) = 39.45 cm 2

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI-10.5.1)

A s min = )4.29)(15(
400

4.1
)4.29)(15(

)400(4

30


A s min = 1.5 1.54

A s min = 1.54 cm 2

'85.0 fc

fy
m  7.15

)30(85.0

400


Rn= 2.44*105 /(55*29.4 2 ) = 5.13 kg / cm 2
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00129.0
4000

13.5*7.15*2
11

7.15

12
11

1



















fy

mRn

m


A s = 0.00129(52) (29.4) = 1.98 cm 2 > A s min OK

Use 2 Φ 12 mm , A s = 2.26 cm 2

4.4.2  Design of negative moment:

Using atir software the following moment values result: -

The maximum negative moment from spans with support is

Mu = 2.1 ton.m

Design of T-section of negative moment as a rectangular section with (b=bw)

The minimum reinforcement is determined according to ACI (10-5.2) as follows:

Mn = 2.1 / 0.9 = 2.33ton.m

m= 15.7
Rn = Mn / bw . d² = 2.33*105 / 15*(29.4) 2 = 17.97 kg / cm 2

0047.0
4000

97.17*7.15*2
11

7.15

12
11

1



















fy

mRn

m


A s = 0.0047 (15) (29.4) = 2.07 cm 2

A s min = ))((
4.1

))((
4

))((
)(2

dbf
fy

dbf
fy

cf
dbw

fy

cf






…….. (ACI-10.5.2)

A s min = )4.29)(55(
400

4.1
)400*4/()4.29)(55(30)4.29)(15(

)400(2

30


A s min = 3.01 < 5.54 < 5.65

A s min = 3.01 cm 2

Use 2Φ 14 mm           A s = 3.06 cm 2

4.4.3 Design of shear:
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Figure (4-2): Shear envelope for rib 1

Determine the concrete shear reinforcement Vu according to ACI, the

maximum shear force Vu is

Vu = 2.6 ton

cV =0.85 bd
cf









 
6

=0.85 


















1000

10
)4.29)(15(

6

30
= 3.42 ton

tonVcVu 42.236.2  

Shear reinforcement is not required .

Use 8 @ 50 cm
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Table (4.4.1)  All Floor Rib.

Rib
No.

Span
length
(m)

Steel Reinforcement
Stirrups

Positive
Negative
Exterior
Support

Negative
Interior
Support


(mm)

Spacing
(cm)

R1
6.1 214 212 214 8 50
6.4 214 212 - 8 50

R 2

1.6 212 212 - 8 50
5.2 212 - 214 8 50
5.6 212 - 214 8 50
5.3 212 - 214 8 50
6.6 214 212 - 8 50

R 3

6.1 214 212 - 8 50
6.4 212 - 214 8 50
5.2 212 - 214 8 50
5.2 212 - 214 8 50
5.6 212 - 214 8 50
5.3 212 - 214 8 50
6.6 214 212 - 8 50

R 4

6.1 214 212 - 8 50
6.4 212 - 214 8 50
5.2 212 - 214 8 50
5.2 212 - 214 8 50
5.6 212 - 214 8 50
5.3 212 212 - 8 50

R 5
6.1 214 212 214 8 50
3 212 214 - 8 50

R 6
5.2 212 212 214 8 50
5.2 212 212 - 8 50

R 7
2.2 214 214 214 8 50
5.3 214 212 - 8 50

R 8
6.1 214 212 214 8 50
6.4 214 212 - 8 50

R 9
5.6 214 212 214 8 50
5.3 212 - 214 8 50
6.6 214 212 - 8 50

R 10
2.2 214 214 214 8 50
5.3 214 - 214 8 50
6.6 214 214 - 8 50
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4.5 Design of beams:

Assume that:

 1L is the rib length from one side

 2L is the rib length from the other side

Factored Total Dead Load = DL
LL






 

2
21

Factored live load = LL
LL






 

2
21

Self weight of beam = 4.15.2 HB

4.5.1 Design of beam7-office floor :

Figure (4-3):Moment  Envelope for Beam 7 (ton.m)

To calculate the width of beam :

Mu =24.6 ton.m …….at support 5.

Mn = 24.6 / 0.9 = 27.3 ton.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7
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ρmax = 0.0244 0.5 ρmax = 0.0122

Rn = ρ Fy (1-0.5ρ m)

Rn = 0.0122*400*(1-0.5*0.0122*15.68) = 4.41 Mpa.

Rn = 44.1kg / cm 2

d =32-4-1-1 = 26 cm.

Rn =Mn / bd 2 = 27.3*10
5
/ b (26) 2 = 44.1kg/cm 2

B = 91.68 cm          use b = 100 cm

Recalculate ρ :

Rn =Mn / bd 2 = 27.3*10
5
/ 100 (26) 2 = 40.38 kg/m 2

Ρrequired = 0.0110

A s req. =0.0110 *100 *26 = 28.74 cm 2

Use 10 Φ 20 mm                     A s = 31.4 cm 2

1. Design of neqative moment:

Support 2:

Mu =20.4 ton.m

Mn = 20.4 / 0.9 = 22.67 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b = 100 cm           d = 26 cm         m = 15.7

Rn =Mn / bd 2 = 22.67*10
5
/ 100 (26) 2 = 33.53 kg / cm 2

ρ = 1/15.68 (1- (1- 2*15.7*33.53/4000)
1/2

) = 0.00902

ρmin =
4004

30


≥

400

4.1

0.0034 ≥ 0.0035 0.0244> 0.00964 > 0.0035    OK.

A s req. =0.00964 *100 *26 = 25.1 cm 2

Use 8 Φ 20 mm                     A s = 25.12 cm 2
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Support 3:

Mu = 19.8 ton.m

Mn = 19.8 / 0.9 = 22 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b = 100 cm           d = 26 cm         m = 15.7

Rn =Mn / bd 2 = 22*10
5
/ 100 (26) 2 = 32.54 kg / cm 2

ρ = 1/15.68 (1- (1- 2*15.7*32.54/4000)
1/2

) = 0.0087

A s req. =0.0087 *100 *26 = 22.71 cm 2

Use 8 Φ 20 mm                     A s = 25.12 cm 2

Support 4:

Mu = 16 ton.m

Mn = 16 / 0.9 = 17.77 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b = 100 cm           d = 26 cm         m = 15.7

Rn =Mn / bd 2 = 17.77*10
5
/ 100 (26) 2 = 26.3 kg / cm 2

ρ = 1/15.68 (1- (1- 2*15.7*26.3/4000)
1/2

) = 0.00695

A s req. =0.00695 *100 *26 = 18.08 cm 2

Use 6 Φ 20 mm                     A s = 18.84 cm 2

Support 5 : calculated recently .

2.Design of positive moment:

Span 1:

Mu = 17.9 ton.m
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Mn = 17.9/ 0.9 = 19.88 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b = 100 cm           d = 26 cm         m = 15.7

Rn =Mn / bd 2 = 19.88*10
5
/ 100 (26) 2 = 29.42 kg / cm 2

ρ = 1/15.68 (1- (1- 2*15.7*29.42 /4000)
1/2

) = 0.0078

A s req. =0.0078 *100 *26 = 20.37 cm 2

Use 7 Φ 20 mm                     A s = 21.98 cm 2

Span 2&3 :

Mu = 15.6 ton.m

Mn = 15.6 / 0.9 = 17.33 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Rn =Mn / bd 2 17.33*10
5
/ 100 (26) 2 = 25.64 kg / cm 2

ρ = 1/15.68 (1- (1- 2*15.7*25.64 /4000)
1/2

) = 0.00677

A s req. =0.00677 *100 *26 = 17.6 cm 2

Use 6 Φ 20 mm                     A s = 18.84 cm 2

Span 4:

Mu =10.9 ton.m

Mn = 10.9 / 0.9 = 12.1 t.m

Rn =Mn / bd 2 = 12.1*10
5
/ 100 (26) 2 = 17.9 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*17.9 /4000)
1/2

) = 0.0046

A s req. =0.0046 *100 *26 = 12.08 cm 2

Use 4 Φ 20 mm A s = 12.56 cm 2

Span 5:

Mu =26.3 ton.m
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Mn = 26.3 / 0.9 = 29.2 t.m

Rn =Mn / bd 2 = 29.2*10
5
/ 100 (26) 2 = 43.23 kg / cm 2

ρ = 1/15.68 (1- (1- 2*15.7*43.23 /4000)
1/2

) = 0.0119

A s req. =0.0119 *100 *26 = 30.99 cm 2

Use 10 Φ 20 mm                     A s = 31.4 cm 2

2- Design of Shear

Figure (4-4):Shear Envelope for Beam 7 (ton)

cV = 0.85 bd
cf









 

6

=0.85
1000

10
26100

6

30









= 20.17 t

0.5 cV = 0.5*0.85 bd
cf









 

6
= 10.1 t

ФVs min = 1/3 Mpa *100*26*10/1000 = 8.7 t

cV +ФVs min. =20.17 +8.7 = 28.87 t.

cV < uV cV +ФVs min. …….. Category (3).
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Srequired= ( 0.85*6*0.79*4*226) / 8.7 = 16.1 cm

≤ d/2 = 26 /2 = 13 cm……       control.

≤ 60 cm.

Complies with category (3)

Use 3 Φ 10 mm stirrups @ 12 cm.

4.5.2 Design of beam 2-office floor :

Figure (4-5):Moment  Envelope for Beam 2 (ton.m)

Using the limitation of deflection's equations :

Min h = Ln / 21                         for interior span

Min h =790 / 21 = 37.6 cm>32 cm

Assume the beam T – section with ;

H= 60cm          bweb=30cm           bflang=80cm.

Calculation of Mn to determine if it behaves as T or rectangular–section:

Mu = 47.3 t.m  at the face of support.

Mnreq = 47.3 /0.9 = 52.55 t.m.

Mn = 0.85*0.3*80*32*(54 – 32/2) / 100 = 248.06 t.m

Mn > Mnreq ;section will behave as rectangular beam with b = bE .
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1.Design of neqative moment:

Support 2:

Mu  =45.8 ton.m

Mn = 45.8 / 0.9 = 50.88 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b =30 cm           d = 54 cm         m = 15.7

Rn =Mn / bd 2 = 50.88*10
5
/30 (54) 2 = 58.17 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*58.17/4000)
1/2

) = 0.0167

ρmin =
4002

30


≤

400

30

0.0068 ≥ 0.0034 0.0244> 0.0152 > 0.0034 OK.

A s req. =0.0167 *30 *54 = 27.12 cm 2

Use 6 Φ 25 mm                     A s = 29.46 cm 2

Support 3:

Mu = 43.3 ton.m

Mn = 43.3 / 0.9 = 48.1 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b = 30 cm           d =54 cm         m = 15.7

Rn =Mn / bd 2 = 48.1*10
5
/ 30 (54) 2 = 54.99 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*54.99 /4000)
1/2

) = 0.0156

A s req. =0.0156 *30 *54 = 25.4 cm 2

Use 6 Φ 25 mm                     A s = 29.46 cm 2

Support 4:

Mu  =47.3 ton.m

Mn = 47.3 / 0.9 = 52.5 t.m
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c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b =30 cm           d = 54 cm         m = 15.7

Rn =Mn / bd 2 = 52.5*10
5
/30 (54) 2 = 60.1 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*60.1/4000)
1/2

) = 0.0174

ρmin =
4002

30


≤

400

30

0.0068 ≥ 0.0034 0.0244> 0.0157 > 0.0034 OK.

A s req. =0.0174 *30 *54 = 28.179 cm 2

Use 6 Φ 25 mm A s = 29.46 cm 2

1.Design of positive moment:

Span 1:

Mu = 39.9 ton.m

Mn = 39.9/ 0.9 = 44.3 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

b = 80 cm           d =54 cm m = 15.7

Rn =Mn / bd 2 = 44.3*10
5
/ 80 (54) 2 = 18.99 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*18.99 /4000)
1/2

) = 0.0048

ρmin =
4004

30


≥

400

4.1

0.0034 ≥ 0.0035 0.0244> 0.0048 > 0.0035    OK.

A s req. =0.0048 *80 *54 = 21.34 cm 2

Use 6 Φ 20 mm                     A s = 21.4 cm 2

Span 2 :

Mu = 19.4 ton.m
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Mn =19.4 / 0.9 = 21.55 t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Rn =Mn / bd 2 = 21.55*10
5
/ 80 (54) 2 = 9.24 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*9.24 /4000)
1/2

) = 0.0023 < ρmin

use ρmin = 0.0035

A s req. =0.0035 *80 *54 = 15.12 cm 2

Use 5 Φ 20 mm                     A s = 15.7 cm 2

Span 3 :

Mu =33.8 ton.m

Mn = 33.8 / 0.9 = 37.55 t.m

Rn =Mn / bd 2 = 37.55*10
5
/ 80 (54) 2 = 16.1 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*16.1 /4000)
1/2

) = 0.0041

A s req. =0.0041 *80 *54 = 17.97 cm 2

Use 6 Φ 20 mm                     A s = 18.84 cm 2

Span 4 :

Mu =25.8 ton.m

Mn = 25.8 / 0.9 = 28.67 t.m

Rn =Mn / bd 2 = 28.67 *10
5
/ 80 (54) 2 = 12.28 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*12.28 /4000)
1/2

) = 0.00315

A s req. =0.00315 *80 *54 = 13.6 cm 2

Use 5 Φ 20 mm                     A s = 15.7 cm 2

2- Design of Shear
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Figure (4-6):Shear Envelope for Beam 2 (ton)

cV = 0.85 bd
cf









 

6

=0.85
1000

10
5430

6

30









= 12.57 t

0.5 cV = 0.5*0.85 bd
cf









 

6
= 6.3 t

ФVs min = 1/3 Mpa *30*54*10/1000 =4.59 t

cV +ФVs min. =12.57 +4.59 = 17.16 t.

3 cV = 37.71 t.

cV +ФVs min. < uV 3 cV …….. Category (4).

ФVs req = Vu – ФVc = 34.4 – 12.57 = 21.83 t

Srequired= ( 0.85*2*0.79*4*54) / 21.83 = 13.3 cm ………. Control.

≤ d/2 = 54 /2 = 27 cm     .

≤ 60 cm.

Complies with category (4)

Use 1 Φ 10 mm stirrups @ 1٠ cm.
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Table (4.5.1): Basement & Ground Floor’s Beam

StirrupsSteel Reinforcement

Span

length

(m)

beam

No.

Spacing

(cm)



(mm)

Negative

Interior

Support

Negative

Exterior

Support

Positive

25١٠11204126207.2

B2
25١٠1120-5207.15

25101120-7208.2

25١٠-4126206.15

10١٠112061210205.8

B3
10١٠820-6205.6

1010-6126204.8

10١٠122041210205.7

B5
10١٠620-6205.6

10١٠1220-3204.5

10١٠-41212206.2

251010204125207.1

B6

25١٠1020-7209.8

25١٠520-2205.6

25١٠-4124206.1

10١٠9206123205.1

B7
10١٠920-3206

10101220-7205.7

10١٠1020-9206.3
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10١٠-6128205.3

Table (4.5.2): Basement Floor’s Beam

StirrupsSteel Reinforcement

Span

length

(m)

beam

No.

Spacing

(cm)



(mm)

Negative

Interior

Support

Negative

Exterior

Support

Positive

50١٠3162103167.1

B1
50١٠316-3167.1

5010316-3168.2

50١٠-2103166.2

25١٠4204122204.55

B4
2510820-3206.3

25١٠720-6208.7

25١٠720-2204.5

25١٠-4124206.1

50103162103165.1

B8

50١٠316-3166

50١٠316-3165.7

50١٠316-3166.3

50١٠-2103165.3
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Table (4.5.3): Ground Floor’s Beam

StirrupsSteel Reinforcement

Span

length

(m)

beam

No.

Spacing

(cm)



(mm)

Negative

Interior

Support

Negative

Exterior

Support

Positive

20١٠4203124207.1

B1
15١٠420-3207.1

1510420-4208.2

20١٠-3123206.2

101012204124203.8

B16 10١٠-41211206.3

101012204125204.5

B4 10١٠41210206.1

10١٠5202125205.1

B8
10١٠520-4206

10١٠520-4205.7

10١٠620-5206.3

10١٠-2127205.3
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Table (4.5.4) Basement- Eighth Floor’s Beam

StirrupsSteel Reinforcement

Span

length

(m)

beam

No.

Spacing

(cm)



(mm)

Negative

Interior

Support

Negative

Exterior

Support

Positive

50١٠3162103166.1

B9

50١٠316-3166.4

5010316-3165.2

50١٠316-3165.2

50١٠316-3165.6

5010316-3165.3

5010-2103166.6

25١٠412412102010.4B11

50١٠3162103166.1

B12
50١٠-2103163

1010-2125203.6B15

50103162163162.2

B10

5010316-3165.3

5010-2103166.9

501021021031610B13

50102102103165.2B14
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Table (4.5.5): First-Eighth Floor’s Beam

StirrupsSteel Reinforcement

Span

length

(m)

beam

No.

Spacing

(cm)



(mm)

Negative

Interior

Support

Negative

Exterior

Support

Positive

20104203124207.2

B1

15١٠420-4207.15

1510420-4208.2

20١٠-3124206.15

10١٠6254126207.2

B2
1010625-5207.15

10١٠625-6208.2

10١٠-4125206.15

10١٠6254126255.8

B3
1010625-4205.6

10١٠625-6204.8

10١٠-4125206.15

25١٠3204123204.55

B4
25١٠920-2206.3

25١٠720-6208.7

2510420-5204.5

25١٠-4125206.1

10١٠10204127205.7

10١٠520-5205.6
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10١٠1120-3204.5B5

1010-41211206.2

StirrupsSteel Reinforcement

Span

length

(m)

beam

No.

Spacing

(cm)



(mm)

Negative

Interior

Support

Negative

Exterior

Support

Positive

10١٠8254125207.1

B6
10١٠725-5209.8

2010420-3205.6

20١٠-4126206.1

12108204127205.1

B7

12١٠820-6206

12١٠620-6205.7

12١٠1020-4206.3

1210-41210205.3

10١٠4202124205.1

B8

10١٠420-3206

10١٠420-3205.7

10١٠620-3206.3

10١٠-2127205.3

١٠١٠920412520٣.٨٥B16

١٠١٠-412920٦.٣٥
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١٠١٠1020412520٤.٥٥B4

١٠١٠-412820٦.١٥

١٠١٠-12٢520٣.٦B15

4.6 Design of columns.

4.6.1Design of column C5 :

This column in the basement floor and is an internal column .

Total load on column takes from staad = 628.6 ton.

1. Design of the longitudinal reinforcement:

Pu =628.6 ton.
Type of column: "tied column".

Assume ρg=0.02.

Required Pn = Pu/Ø = 628.6/0.7 =898 ton.

Pn (max) =0.80Ag[ 0.85(fc’) +ρg (fy-0.85*fc’)]

898 ton =0.80Ag [0.85(0.30) +0.02 (4-0.85*0.30)]

Required Ag = 3402.5 cm2.

Use 60 cm * 60cm.

Ag= 3600 cm2

Determination of required ρg:

Pn (max) =0.80Ag[ 0.85(fc’) +ρg (fy-0.85*fc’)]

898 ton =0.80* (3600 [0.85(0.30) + ρg (4-0.85*0.30)]

ρg= 0.015
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Required As = ρg * Ag= 0.015* 3600= 54 cm2.

Use 12 Ø 25 – Ast = 4.91*12= 58.92 cm2.

2. Design of the tie reinforcement:

Use Ø 10 ties.

Spacing ≤ 16*db (Longitudinal bar diameter) = 16 * 2.5= 40cm ……control.

48*dt (ties bar diameter) = 48* 1.0 = 48.0cm.

Least dimension = 60 cm

Use "3 Ø 10" ties @ 40 cm spacing.

Use 60cm*60cm with 12 Ø 25 bars. with Ø 10 ties @ 40 cm spacing.

4.6.2 Design of column C4 :

1. Design of the longitudinal reinforcement

This column in the ground floor and is an exterior column .

Factored axial total load =224.7 ton.

Moment=6.67 ton .meter

Pn req = 224.7/0.7 = 321 ton.

Use  =  g = 1 %

Pn = 0.8 Ag {0.85 cf  +  g (fy – 0.85( cf  ))}

321 = 0.8 Ag {0.85(0.3) + 0.01(4 -(0.85)(0.3))

122   = 0.8 Ag { ( 0.255) + (0.03745))

Ag = 1372 cm².

Use 60cm x 30cm = 1800 cm²    & Use  g = 01.0min 

Ast req = (.01)(1800) = 18cm²

Use 6Φ20 = 18.84 cm²

Check slenderness effect:

1234(( 







r

Klu








2

1

M

M
) short column.
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1234(( 
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Klu
 1234(( 








r

Klu








2

1

M

M
) long column & Slenderness effect must be considered.
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Klu








2

1

M

M
) 40 ACI 10-12-2

uL : Actual unsupported (unbraced) length.

R : radius of gyration = 0.3 h =
A

I

 : Effective length factor.

1M : the smaller of end moment on the member.

2M :  the larger of end moment on the member .










2

1

M

M
: Positive for single curvature.










2

1

M

M
:  Negative for double curvature.










2

1

M

M
=1 for single curvature.

 =1 for braced frame  according to ACI -10.12.1.









r

Klu
= 










3.03.0

75.41
= 52.78 > 1234(( 








r

Klu








2

1

M

M
) = 22

 Slenderness effect must be considered

 PuhM 03.015min 

  7.22430003.015min M

=5.4 ton .m

ns 










)75.0/(1 PcPu

Cm
 1.0

Cm =1.0         single curvature , braced frame .
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c
LK

EI
P

EI = larger of:
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= 










)1(

2.0

Bd

EsIseEcIg

= 







 )1(

4.0

Bd

EcIg

Where:

Ig: Gross moment of inertia ignoring steel.

Ise: Moment of inertia of reinforcement.

βd: (Factored axial dead load)/(Factored axial total load).

CE = 15000 300 = 259.8 ton/cm²

Ise = 2(3x3.14)(9) ² = 1560.14 4cm

gI  






 
12

3hb

gI = 






 
12

3060 3

 135000 4cm .












LL

L
d LD

D

7.14.1

4.1














7.224

4.167
d = 0.74

EI =
   












74.01

14.156020001350008.2592.0

EI  =5824643.6 ton.cm².

or

EI = 









74.01

1350008.2594.0
= 8062758.6 ton.cm².

EI = 8062758.6 ton.cm²          ………….. Control.
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2

u

c
LK

EI
P
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2

2

4751

6.806275814.3
cP =352.7 ton.

ns 










)75.0/(1 PcPu

Cm

ns 










)7.35275.0/7.224(1

1

ns = 6.25

The value of ns is large so we use 60*40 section of column.

Use 60cm x 40cm = 2400cm²    & Use  g = 01.0min 

Ast req = (.01)(2400) = 24cm²

Use 8Φ20 = 25.12 cm²

Fig(4.6.1)Cross section in C4.
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4.03.0

75.41
= 39.6 > 1234(( 
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M
) = 22

 Slenderness effect must be considered

 PuhM 03.015min 

  7.22440003.015min M

=6.10 ton .m

ns 










)75.0/(1 PcPu

Cm
 1.0
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Cm =1.0 single curvature , braced frame .
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2

u

c
LK

EI
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EI = larger of:

= 










)1(

2.0

Bd

EsIseEcIg

= 







 )1(

4.0

Bd

EcIg

gI  
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3hb

gI = 
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 320000 4cm .
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L
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4.1














7.224

4.167
d = 0.74

EI =
   












74.01

52.492320003200008.2592.0

EI =15215080 ton.cm².

or

EI = 









74.01

3200008.2594.0
= 19111724.14 ton.cm².

EI = 19111724.14 ton.cm²          ………….. Control.
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14.1911172414.3
cP =836.01 ton.
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ns 










)75.0/(1 PcPu

Cm

ns 










)01.83675.0/7.224(1

1

ns = 1.56

mine = 15 + 0.03h

requirede = 1.56(15 + 0.03 (400)) = 42.4 mm.

requirede = 4.24 cm.

requiredPn = 224.7 ton

reqMn = 224.7 x 4.24 = 9.52 ton.cm.

reqMn = 9.52 ton.m.

Use chart for steel reinforcement

1- 







h

e
106.0

40

24.4








2-(d-d’)/h=75cm

3-  g=0.02

By using chart

cf =30 Mpa =4.35Ksi use 4 Ksi

Fy = 400Mpa =58 Ksi use 60 Ksi

Use E -4-60.75

From chart : 







Ag

Pn
=2Ksi =13.78 Mpa

requiredAg 







Ag

Pn
= 










100000078.13

10002247

= 0.1630

Use 60*40

2400Ag cm²

d’=4+1+1=6cm

d=40-6 =34cm
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h

e
106.0

40

24.4








 





 

h

dd '
7.0

40

'634






 









Ag

Pn
= 






 

2400

102247
=9.36Mpa

= 1.36 Ksi











h

e

Ag

Pn
=1.36*0.106=0.144 Ksi

Use E-4-6-0.75

From chart  g< min

 = min = 0.01

As =0.01*60*40=24 cm²

Use 820 bars ,with As=25.13 cm²

Check design:

P = )()(85.0 AstfyAstAgcf 

P = 0.85 X 0.3 X (2400 – 25.12) + ( 4 X 25.12 )

P = 706.07 ton.

Pn max = 0.8 P

= 0.8(706.07) = 564.8 ton.

564.8 ton > 224.7 ton

Design is OK

2. Design of the tie reinforcement:

Use Ø 10 ties.

Spacing ≤ 16*db (Longitudinal bar diameter) = 16 * 2= 32cm ….Control.

48*dt (ties bar diameter) = 48* 1.0 = 48.0cm.

Least dimension = 40 cm

Use "2 Ø 10" ties @ ٣٠ cm spacing.

Use 40cm*60cm with 8 Ø 20 bars. with Ø 10 ties @ ٣٠cm spacing .
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Fig(4.6.2)interaction diagram for C4.
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Table (4.6.1): Columns Tables

TiesVertical

Reinforcement

Column

Dimensio

n

(cm)

Floor

No.

Colu

mn

No.

Spacing

(cm)

Size

(mm)

No. Of

Ties

Size

(mm)

No. Of

Bars

٣٠١٠1٢٠٤40* 2٥Basement

C 1
٣٠١٠1٢٠٤40 *2٥Ground

2510116430 *2٥First

25١٠116430* 2٥Second-Fourth

2٠١٠114430 * 2٥Fifth-Seventh

2٠١٠1144٢٥ * ٢٥Eighth

30١٠٢2٥٦60 *30Basement

C 2
30١٠٢2٥660 *30Ground

2510220660 *25First

25١٠220650 * 25Second-Fourth

2٥١٠11٦4٤0 *2٥Fifth-Seventh

2٠١٠1144٢٥ *2٥Eighth

30١٠225860 *30Basement

C 3
30١٠٢2٥٨60 *30Ground

2510220860 *25First

25١٠220850 *25Second-Fourth

25١٠116440* 2٥Fifth-Seventh

2٠١٠1144٢٥* 2٥Eighth
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30١٠٢20860 *40Basement

C 4
30١٠٢20860 *40Ground

3010220660 *٣٠First

25١٠218660 *25Second-Fourth

25١٠216450 * 25Fifth-Seventh

2٠١٠1144٢٥* 2٥Eighth

TiesVertical

Reinforcement

Column

Dimensio

n

(cm)

Floor

No.

Colu

mn

No.

Spacing

(cm)

Size

(mm)

No. Of

Ties

Size

(mm)

No. Of

Bars

40103٢51260* 60Basement

C 5
40103٢51260* 60Ground

40103251060* 50First

40102251060* 40Second-Fourth

3010125840 * 30Fifth-Seventh

20101١٤٤٢٥ * ٢٥Eighth

40103251270* 60Basement

C 6

40103251270* 60Ground

40103251260* 50First

40103251060* 50Second-Fourth

3010225850* 30Fifth-Seventh

20101١٤٤٢٥ * ٢٥Eighth

40103251270* 60Basement

C7

40103251270* 60Ground

40103251060*50First



-٥٧ -

40103251060*40Second-Fourth

3010125640* 30Fifth-Seventh

2010114425* 25Eighth

2510220660 * 25Basement

C 8

2510220660 * 25Ground

2510220660 * 25First

2510216650 *25Second-Fourth

2510116440* 25Fifth-Seventh

2010114425* 25Eighth

TiesVertical

Reinforcement

Column

Dimensio

n

(cm)

Floor

No.

Colu

mn

No.

Spacing

(cm)

Size

(mm)

No. Of

Bars

Size

(mm)

No. Of

Bars

2510218660 * 25Basement

C9

2510218660 * 25Ground

2510218660 * 25First

2510216650 * 25Second-Fourth

2510116440 * 25Fifth-Seventh

2010114425* 25Eighth

40102٢51060 * 4٠Basement

C 10
40102٢51060 * 4٠Ground

30102٢5860 * 30First

3010225850 * 30Second-Fourth

3010125430 * 30Fifth-Seventh

2010114425* 25Eighth

4010225660 * 40Basement

4010225660 * 40Ground
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3010225660 * 30FirstC 11

3010220650 * 30Second-Fourth

3010120440 * 30Fifth-Seventh

2010114425* 25Eighth

40103251460 * 40Basement

C 12

40103251460 * 40Ground

30103251260 * 30First

3010225860 * 30Second-Fourth

3010120440 * 30Fifth-Seventh

2010114425 * 25Eighth

TiesVertical

Reinforcement

Column

Dimensio

n

(cm)

Floor

No.

Colu

mn

No.

Spacing

(cm)

Size

(mm)

No. Of

Bars

Size

(mm)

No. Of

Bars

3010125450 * 30Basement

C 13

3010125450 * 30Ground

2510120440 * 25First

2510120440 * 25Second-Fourth

2510116430 * 25Fifth-Seventh

2010114425 * 25Eighth

40103251260 * 50Basement

C 14

40103251260 * 50Ground

40102251060 * 40First

4010225660 * 40Second-Fourth

3010125440 * 30Fifth-Seventh

2010114425 * 25Eighth

4010325860 * 60Basement

4010325860 * 60Ground
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4010225660 * 50FirstC 15

4010225660 * 40Second-Fourth

3010125640 * 30Fifth-Seventh

٢010١١٤٤25* 25Eighth

4010225660 * 50Basement

C 16

4010225660 * 50Ground

4010225660 * 40First

3010225660 * 30Second-Fourth

3010120440 * 30Fifth-Seventh

2010114425* 25Eighth

TiesVertical

Reinforcement

Column

Dimensio

n

(cm)

Floor

No.

Colu

mn

No.

Spacing

(cm)

Size

(mm)

No. Of

Bars

Size

(mm)

No. Of

Bars

2510220660 * 25Basement

C 17

2510220660 * 25Ground

2510120450 * 25First

2510120450 * 25Second-Fourth

2510116430 * 25Fifth-Seventh

2010114425* 25Eighth
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4.7 Footing Design :

4.7.1 Design of squre footing F٧

From Column (C23):

Service load = 272.9 ton …….from STAAD.Pro – analysis.

Factored load = 398.5 ton

Allowable soil pressure = 4.0 kg/cm²

Column= 60 cm x 40 cm

Footing Area:

Estimate footing to be about 70 cm thick, in addition to about 10 cm of blinding

concrete.

Footing Weight = 0.8 × 2.4 = 1.92 ton/m 2 .

Load :

Coarse Sand Fill and Tile = 0.10 * 2 = 0.2 ton/m 2 .

Concrete = 0.10*2.5 = 0.25 ton/m 2 .

Overberden = 0.40*1.6 = 0.64 ton/m 2 .

Load = 1.09 t / m2
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Total load = 1.09 + 1.92 = 3.01 t / m2

P net = 40 – 3.01 =36.99 ton/m².

Area (A) = Total Weight / Soil Pressure

38.7
99.36

9.272
A 272.9 / 36.99 2m .

Use

L = 2.8 m, W = 2.8 m,

A = 2.8 × 2.8 =7.84 m 2

Determine depth based on shear strength

dbfV wcc


6

1
= dd 63.217210)()280(30

6

1
85.0 

Area

P
P u

net  = 82.50
84.7

5.398
 ton / m 2 .

Vu = (Pnet)(one way shear area)

Vu =  (5.082)(280)(
2

40280 
- d)

uc VV 

2172.63 d = (5.082)(280)(
2

40280 
- d)

d = 47.5 cm .

 Use d = 50 cm

Total depth of footing = 50 + 8 + 2

= 60cm.

Check this depth for two way shear action (punching):

 ))(()()( dbdaLWPV netu 

=5.082[(280)(280) – (40+50)(60+50)]/1000 = 347.98 ton.

The punching shear strength is the smallest of:
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dbfV oc
c

c













2

1
6

1
= dbf oc

38.0

dbf
db

V oc
o

s
c










 2

/12

1 
= dbf oc

583.0

dbfV occ


3

1
= dbf oc

33.0 …………..Control

Where:

c = a / b = 60 /40 = 1.5

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

= 2{(50+40)+(50+60)} = 400 cm.

s = 40              For interior column

.49.361
1000

10
)50)(400(3033.0 tonVc 








uc VV  0.85×361.49 ton <347.98 ton

307.26 ton < 347.98 ton

NOT    OK

Re-Calculate required d to satisfy punching shear

Let d=60cm in addition to about 10 cm of blinding concrete.

 ))(()()( dbdaLWPV netu 

=5.082[(280)(280) – (40+60)(60+60)]/1000 = 337.4 ton.

The punching shear strength is the smallest of:

dbfV oc
c

c













2

1
6

1
= dbf oc

38.0

dbf
db

V oc
o

s
c










 2

/12

1 
= dbf oc

621.0

dbfV occ


3

1
= dbf oc

33.0 …………..Control

Where:
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c = a / b = 60 /40 = 1.5

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

= 2{(60+40)+(60+60)} = 440 cm.

s = 40              For interior column

.79.433
1000

10
)60)(400(3033.0 tonVc 








uc VV  0.85×433.79 ton >337.4 ton

368.72 ton> 337.4 ton

 OK

Fig. (4.7.1): Two way shear area.

Check transfer of load at base of column:

)85.0( AgcfPn 

tonPn 4.428)6040)(3.0)(85.0(7.0  > 398.5 ton.

Since Pn >Pu ,the area of dowels is controlled by minimum reinforcement .

Min dowels = Agmin =0.005*60*40
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=12 cm²

Use 616

Development Length ( dL )

Ldb= bd
304

400
=18.25 bd =29.21 cm

But not less than:

Ldb = 0.044(400) bd =28.16 cm

Available Ld =60-8-(2*2+1.6//2)=47.2cm

47.2>29.21 OK

Design for Bending Moment:

parallel to short side of the column.

Mu = 





 














 

22
5.0

22

bWbW
LPnet

= 4.102
2

4.0

2

8.2
5.0

2

4.0

2

80.2
80.282.50 






 














  ton.m

Mn = 78.113
9.0

4.102



Mu

ton

Rn =
2

5

2 60280

1078.113





bd

Mn
= 11.28 2/ cmKg .

 =












 


yf

Rnm

m

2
11

1

 = 








 


4000

28.117.152
11

7.15

1

 = 0.00288 > 002.0min 

Req. sA = 0.00288 (280) (60) = 48.38cm 2

Use 16 Φ20

sA = 50.24 cm 2 .

Development Length ( dL ):

Category A item 2
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Ld= 









 db

fc

fy


'2

Ld= 






  2111
302

400
=٧٣.٠٣ cm

Available Ld =110-8=102cm

102>٧٣.٠٣

OK.

4.7.2 Design of strip footing:

Weight of wall=height * thickness of wall *1m wide *concrete

= 36.37*0.30*2.40*1

=26.18 ton/m

Total uniform load from column=29.3 ton /m

Total load=26.18+29.3=55.48 ton/m

Determine the footing width:

Assume the footing depth to be 60cm .

Allowable net soil pressure =40-(2.4*0.60).

=38.56ton/m²

Footing width =55.48/38.56=1.438 m

So select 1.5 m width strip footing.

Total load factored =79.52 ton/m.

P net =
area

Pu
=

15.1

52.79


=53 ton /m².

With no shear reinforcement;

uc VV 

)()100(30
6

1
85.0 d =(53)(

2

30.05.1 
- d)

77.6 d = 31.8-53d
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d=0.24m

h=24+2+8=34

so select 40cm depth of footing.

Determine reinforcement for moment strength :

Mu =   





 






 

22
ne

bwwbww
tP

Mu =   mmton /.54.9
2

60.0

2

30.05.1
153 













 



Mn = 60.10
9.0

54.9



Mu

ton.m/m

Rn =
22 30100

60.10




bd

Mn
= 11.78 2/ cmKg .

 =












 


yf

Rnm

m

2
11

1

 = 








 


4000

78.117.152
11

7.15

1

 = 0.003> 002.0min 

Req. sA = 0.003 (100) (40) = 9.05 cm 2 /m

No of bar = mbar /9.5
53.1

05.9


Spacing of bars =100/5.9 =16.9 cm

Use  14 @ 15 cm .

Development Length ( dL ):

Category A item 2

Ld= 









 db

fc

fy


'2

Ld= 






  4.1111
302

400
=51.12cm
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Available Ld = 528
2

30150




52>51.12

Design of dowels bars:

Asmin req = 0.0015 *100*30=4.5 cm²

No of  10=4.5/.79=5.69 bar/m

Use 110@17 cm .

Development Length ( dL )

Ldb= bd
304

400
=18.25 bd =18.25 cm

But not less than:

Ldb = 0.044(400) bd =17.6 cm

Available Ld =60-8-(1.4+1.4/2)=29.9cm

29.9>18.25

OK

4.7.3 Design of mat foundation :

Design of  mat foundation MF2 :

Total Service Load = 1272.25 ton. …….from STAAD.Pro – analysis.

Areq = 1272.25 / 40 = 31.8 m2.

Wu (factored) = 884.6 + 699.51 = 1584.11 ton.

qnet = Wu / Aprovided ; Aprovided = (3.5 + 1.2) (7.95 + 1.2) = 43 m2

qnet = (884.6 + 699.51) / 43 = 36.83 ton / m2

For 1-m wide strip

qnet = 36.83*1 = 36.83 ton / m.
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Figure (4.7.2): shear wall base (MF2).

Figure (4.7.3): moment envelope in (MF2).

Figure (4.7.4): shear  envelope in (MF2).

Vu = 38.9 ton.

Vu = ФVc

dbfV wcc


6

1

1000

10
10030

6

1
85.  dVc
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77.6 *d = 38.9

d = 50.1 cm.

Use d = 50 cm.

Design of positive moment :

Mu = 49.8 ton.m

Mn = 49.8 / 0.9 = 55.33t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Rn =Mn / bd 2 = 55.33 *10
5
/100 (60) 2 = 19.92 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*19.92 /4000)
1/2

) = 0.0051

ρmin = 0.0035 < 0.0051 < ρmax = 0.0244.

A s req. =0.0051 *100 *50 = 25.9 cm 2

Use Φ 18 mm @ 10 cm.

Design of  neqative moment :

Mu = 4.2 ton.m

Mn = 4.2 / 0.9 = 4.67t.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Rn =Mn / bd 2 = 4.67 *10
5
/100 (50) 2 = 1.86 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*1.86 /4000)
1/2

) = 0.00046.

ρ = 0.00046 < ρmin = 0.0018       …..use minimum reinforcement.

A s req. =0.0018 *100 *50 = 9 cm 2

Use Φ 12 mm @ 12.5 cm.

So , in other direction provide shrinkage & temperature reinforcement.
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The mat foundations that have L – shape are designed using STAAD-Pro.

Table (4 .7.1): Squre Footings

Footing

No.

Total

load

(Ton)

Dimensions

(cm)

Reinforcement

Length(L)

(cm)

Width(B)

(cm)

Height(H)

(cm)

L

Direction

B

Direction

F 1 ٦٢٨.٦ ٣٥٠ ٣٥٠ ٨٠ ٢٥٢٠ ٢٥٢٠

F2 ٦٧٢.٧ ٣٥٠ ٣٥٠ ٨٠ ٢٧٢٠ ٢٧٢٠

F3 ٤٣٥.٤ ٣٢٠ ٣٢٠ ٧٠ ٢٠٢٠ ٢٠٢٠

F4 ٥٢٠.٨ ٣٥٠ ٣٥٠ ٨٠ ٢٣٢٠ ٢٣٢٠

F5 ٤٧٤.٤ ٣٥٠ ٣٥٠ ٨٠ ٢١٢٠ ٢١٢٠

F6 ١٩٣.١ ٢٠٠ ٢٠٠ ٦٠ ٧٢٠ ٧٢٠

F7 ٣٩٨.٥ ٢٨٠ ٢٨٠ ٧٠ ١٦٢٠ ١٦٢٠

F8 ٥٥١.١ ٣٨٠ ٣٨٠ ٨٠ ٢٦٢٠ ٢٦٢٠

F9 ٤٩٧.٨ ٣٠٠ ٣٠٠ ٧٠ ٢٠٢٠ ٢٠٢٠
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4.9 Design of Stairs:

4.8.1 Design of stair (A) :

1. Limitation Of Deflection

Min h = L / 24 for one end continuos .

Min h =343 / 24 = 14.29 cm

Take h = 15 cm

 = tan-1 ( 2 / 3. 5 ) = 30.

Fig ( 4.8.1 ) Cross section of stair.
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2.Dead load:

Plaster mton
mmtonm

/076.0
30cos

)1)(/2.2)(03.0( 3



Concrete mton
mmtonm

/43.0
30cos

)1)(/5.2)(15.0( 3



Mortar   mtonmmtonm
m

mm
/07.01/2.202.0

3.0

18.03.0 3 





 


Tiles   mtonmmtonm
m

mm
/159.01/303.0

3.0

18.035.0 3 





 


Stair = 0.18 *0.5*2.5 =0.225 ton/m

Total dead load = 0.964 ton/m

Factored dead load = 1.4 (0.964) = 1.35 ton/m

Live load = 0.5 ton/m².

Factored live load = 1.7(0.5) =0.85 ton/m

qu = 1.35 + 0.85 = 2.2 ton/m

Fig ( 4.8.2 ) stair part A.
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Fig ( 4.8.3 ) : Moment  Envelope for Stair A .

3. Analysis :

Support reaction :

Ay = Cy = 4.4 t

By = 11.6 t

Mnmax = 4.8 t.m

Design of negative moment:

Mu = 4.8 ton.m

Mn = 4.8 / 0.9 = 5.33 ton.m

m = 15.7

Select Φ12 :

d = 15-2-0.6 = 12.4 cm.

Rn =Mn / bd 2 = 5.33*10
5
/100 (12.4) 2 = 34.7 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*34.7 /4000)
1/2

) = 0.00935

.min = 0.0035 < ρreq = 0.00935 < . .max = 0.0244

A s req. =0.00935 *100 *12.4 = 11.6 cm 2

Use1 Φ16 mm @ 15 cm A s = 13.4 cm 2
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Design of positive moment :

Mu = 2.9 ton.m

Mn = 2.9 / 0.9 = 3.22 ton.m

m = 15.7.

Rn =Mn / bd 2 = 3.22*10
5
/100 (12.4) 2 = 20.94 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*20.94 /4000)
1/2

) = 0.0055

.min = 0.0035 < ρreq = 0.0055 < . .max = 0.0244

A s req. =0.0055 *100 *12.4 = 6.78 cm 2

Use1 Φ12 mm @ 15 cm A s = 10.26 cm 2

Design of Shear

Fig ( 4.8.4 ) : shear Envelope for Stair A.

cV = 0.85 bd
cf









 

6
= 0.85*((30)

1/2
/6)*100*12.4*10/1000 = 9.62 t

cV > Vu = 5.2 at critical section .

Shear reinforcement is not required.
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4.8.2 Design of stair (B) :

Fig ( 4.8.5 ) stair part B

Analysis :

Fig ( 4.8.6 ) : Moment  Envelope for Stair B .

Support reaction :

Ay = 8.3 ton.

By = 19.7 ton.

Cy = 5.1 ton.

Mnmax = 6.8 t.m
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Design of negative moment:

Mu = 6.8 ton.m

Mn = 6.8 / 0.9 = 7.55 ton.m

m = 15.7

Select Φ12 :

d = 15-2-0.6 = 12.4 cm.

Rn =Mn / bd 2 = 7.55*10
5
/100 (12.4) 2 = 49.14 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*49.14 /4000)
1/2

) = 0.0137

.min = 0.0035 < ρreq = 0.0137 < . .max = 0.0244

A s req. =0.0137 *100 *12.4 = 17.1 cm 2

Use1 Φ18 mm @ 12.5 cm A s = 20.32 cm 2

Design of positive moment :

Mu = 4.8 ton.m

Mn = 4.8 / 0.9 = 5.33 ton.m

m = 15.7

Rn =Mn / bd 2 = 5.33*10
5
/100 (12.4) 2 = 34.7 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*34.7 /4000)
1/2

) = 0.00935

.min = 0.0035 < ρreq = 0.00935 < . .max = 0.0244

A s req. =0.00935 *100 *12.4 = 11.6 cm 2

Use1 Φ18 mm @ 20 cm A s = 12.7 cm 2

Design of  shrinkage reinforcement for stair A , B :

.min = 0.0018                 ……. for Fy (300 – 400 ) Mpa

A s req. =0.0018 *100 *15 = 2.4 cm 2

Use Φ10 mm
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A s provided. = (100 / 25) *0.79 = 3.16 cm 2

Use1 Φ10 mm @ 25  cm

Design of Shear

Fig ( 4.8.7 ) : shear Envelope for Stair B

cV = 0.85 bd
cf









 

6
= 0.85*((30)

1/2
/6)*100*12.4*10/1000 = 9.62 t

cV > Vu = 9.4 at critical section .

Shear reinforcement is not required.

4.8.3 Stair Roof Design :

Minimum Thickness :

Modification factor = 1

hmin = (L / 20) * Modification factor ……for simply supported.

hmin = (325 / 20) * 1= 16.25 cm

use h = 15 cm

D.L = (15 / 100) * 2400 = 360 Kg / cm2
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WD = 1.4 *360 = 504 Kg / cm2

WL = 1.7 * 500 = 850  Kg / cm2

For 1m – wide strip:- Wu = 504 + 850 =1354 Kg / m

Fig ( 4.8.8 ) : Moment  Envelope for Stair Roof .

Mu =2.5 t.m

For ρ = 0.5 ρMax = 0.0122

Rn = ρ * Fy ( 1 – 0.5 ρ m )

Rn = 0.0122 * 400 ( 1 – 0.5 * 0.0122 * 15.7 ) = 4.41 Mpa.

Rn =Mn / bd 2 = 2.44*10
5
/100 (d ) 2 = 44.1 kg / cm 2

dreq. = 7.45 cm

use Ф16 mm , cover = 2 cm

hreq. = 7.45 + 2 + 0.8 = 10.25 cm

we use h = 15 cm   …….. O.K

Design of Shear

Fig ( 4.8.9 ) : shear Envelope for Stair Roof .
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Vu = 3 t { for 1m-wide strip }

d = 15 – 2 – 0.8 = 12.2 cm

cV = 0.85 bd
cf









 

6
= 0.85*((30)

1/2
/6)*100*12.2*10/1000 = 9.5 t

cV > Vu           So ,shear reinforcement is not required .

Design Of Reinforcement :

Mu = 2.5 ton.m

Mn = 2.5 / 0.9 = 2.77ton.m

m = 15.7

Rn =Mn / bd 2 = 2.77*10
5
/100 (12.2) 2 = 18.66 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*18.66 /4000)
1/2

) = 0.00485

.min = 0.0035 < ρreq = 0.00485  < . .max = 0.0244

A s req. =0.00485 *100 *12.2 = 5.92 cm 2

Use1 Φ12 mm @ 15 cm A s = 7.53 cm 2

Fig ( 4.8.10 ) : Cross Section for Stair Roof .

Design of shrinkage reinforcement :

.min = 0.0018         …… for Fy (300 – 400 ) Mpa
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A s req. =0.0018 *100 *15 = 2.4 cm 2

Use Φ10 mm

A s provided. = (100 / 25) *0.79 = 3.16 cm 2

Use1 Φ10 mm @ 25 cm.
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4.9 Shear wall design

4.9.1General Definition :

The horizontal force on shear wall is given by:

W
ZIC

V
Rw



Where:

V=The design base shear.

W= Total dead load of the building, including partitions, and portions of other loads.

According to ACI 11.10.9.3

Rw
=Numerical coefficient depends on the structural system. Values of Rw

for

concrete structure range from 4 to12 .Take Rw
=8.

Z=Seismic zone factor=0.2for zone 2B.

I=Importance fact=1.0 depending upon occupancy category.

C=Coefficient based on site coefficient (S), and period of structure (T).

C 75.2
25.1

3/2


T
S

Where S depends on the soil profile type and equals 1.0 for rock-like or stiff soil.

The period T calculated according to:

  4/3

hC nt
T 

Where: hn
=Height of the structure above the base level.

C t
=0.02 for all reinforced concrete buildings.

The total design base shear V is distributed over the height of the structure according

to equation:

V= 



n

i
it FF

1

Where: F t
=The concentrated force applied at the tope of the structure.
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F t
=0.07TV.

The remaining portion of the base shear is distributed over the height of the structure

including the top level, n, according to the expression:













HiWi

hxWxFtV
Fx

)(

Where ,wx wi
=Portion of W at x , i level.

hh ix
, =Height to x , i level.

The design shear at any story, V x
, equals the sum of the forces , F t

and F x

above that story.

Horizontal shear reinforcement spacing shall not exceed:

Vs

dFyAv
S




Where VcVnVs 









5

Lw
S

hS 3

mmS 45018// 

Note: S minimum value controls

0025.0(min) h ACI 11.10.9.2

Vertical shear reinforcement spacing shall not exceed:









3

Lw
S

hS 3

mmS 45018// 

Note: S minimum value controls

n of vertical shear reinforcement shall not be less than:
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AVn
= h

hLw

hw
SS

AVh *)]0025.0
*

)(5.2(5.00025.0[
1

2

 ).

0025.0(min) h ACI 11.10.9.4

Center of rigidity for wall is given by:

Et

lhP

Et

lhP )/(3)/(4 3



E=Modulus of elasticity

T=Wall thickness.

P=1 KN.

The relative wall rigidity is given by:

R=

1

4.9.2 Calculation of shear forces on shear walls:

Thickness of shear wall = 25 cm

Lengh of shear wall = 7.95 m

Hieght of building = 36.73 m
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Table (4 .9.1):Design Seismic Forces.

Floor Hieght  (m)
Story weight (Wx)

ton

Wx * Hx

t.m

10 36.67 1242.45 45560.6

9 33.3 1310.28 43632.32

8 29.93 1306.53 39104.4

7 26.56 1305.5 34674.1

6 23.19 1299.5 30135.4

5 19.72 1310.2 25837.14

4 16.35 1306.5 21361.27

3 12.98 1336.4 17346.5

2 7.91 1430.99 11319.13

1 2.84 1426.4 4050.9

Σ - 13274.75 273021.76

V = ZICW/ Rw

Z = 0.2 (I = 1)

C 75.2
25.1

3/2


T
S

(S = 1)

  4/3

hC nt
T 

T = 0.02 (36.73 ft / 0.3048) 3/4 = 0.73 sec.

C = 1.25 (1) / 0.732/3 = 1.54 < 2.75

V = 0.2 (1) (1.54) (13274.75) / 8 = 511.1 ton.

F t
=0.07TV.

Ft = 0.07 (0.73) (511.1)

Ft = 26.12 ton.













HiWi

hxWxFtV
Fx

)(
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tonF 195.7
76.273021

9.4050)12.261.511(
1 






 


.11.20
76.273021

13.11319)12.261.511(
2 tonF 






 


.81.30
76.273021

5.17346)12.261.511(
3 tonF 






 


.94.37
76.273021

72.21361)12.261.511(
4 tonF 






 


.9.45
76.273021

14.25837)12.261.511(
5 tonF 






 


.52.53
76.273021

4.30135)12.261.511(
6 tonF 






 


.58.61
76.273021

1.34674)12.261.511(
7 tonF 






 


.45.69
76.273021

4.39104)12.261.511(
8 tonF 






 


.5.77
76.273021

32.43632)12.261.511(
9 tonF 






 


.92.80
76.273021

6.45560)12.261.511(
10 tonF 






 


F10 = 80.92 + Ft

F10 = 80.92 +26.12 = 107.03 ton
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Figure (4 .9.1): Vertical Detail For Shear Wall
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4.9.3 Center of rigidity calculation:

Figure (4 .9.2): Stair Shear Wall

For walls A,B, C, D    (0.25 m * 7.95 m)

Rx = 1 / Δ

Et

lhP

Et

lhP )/(3)/(4 3



P = 1           h : height of building.

EtEt

)95.7/3(13)95.7/3(14 3

1







Δ 1 = 1.347 / Et

R1 = 1 / Δ = 1 / (1.347 / Et) = 0.742 Et

EtEt

)95.7/07.5(13)95.7/07.5(14 3

32







Δ2,3 = 2.94 / Et
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R2,3 = 1 / Δ = 1 / (2.94 / Et) = 0.34 Et

EtEt

)95.7/27.3(13)95.7/27.3(14 3

4







Δ 4 = 2.87 / Et = Δ 5,6,7,8,9 10

R4 = 1 / Δ = 1 / (2.87 / Et) = 0.35 Et

For wall L

EtEt

)5.1/3(13)5.1/3(14 3

1







Δ 1 = 38 / Et

R1 = 1 / Δ = 1 / (38 / Et) = 0.03 Et

EtEt

)5.1/07.5(13)5.1/07.5(14 3

32







Δ 2,3 = 164.64 / Et

R2,3 = 1 / Δ = 1 / (164.64 / Et) = 0.0061 Et

Δ 4-10 = 4*1 (3.27 / 1.5 )3 / Et + 3*1 (3.27 / 1.5 ) / Et

Δ 4-10 = 47.98 / Et

R4-10= 1 / Δ = 1 / (47.98 / Et) = 0.02 Et.

For wall M

EtEt

)1/3(13)1/3(14 3

1







Δ 1 = 117 / Et

R1 = 1 / Δ = 1 / (38 / Et) = 0.00854 Et

EtEt

)1/07.5(13)1/07.5(14 3

32







Δ 2,3 = 536.51/ Et

R2,3 = 1 / Δ = 1 / (536.51 / Et) = 0.0019 Et

EtEt

)1/27.3(13)1/27.3(14 3

104





 

Δ 4-10 = 149.7 / Et
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R4-10= 1 / Δ = 1 / (149.7 / Et) = 0.0067 Et

For wall O

EtEt

)2/3(13)2/3(14 3

1







Δ 1 = 18 / Et

R1 = 1 / Δ = 1 / (18 / Et) = 0.056 Et

EtEtو
)2/07.5(13)2/07.5(14 3

32







Δ 2,3 = 4*1 (5.07 / 2 )3 / Et + 3*1 (5.07 / 2 ) / Et

Δ 2,3 = 72.39/ Et

R2,3 = 1 / Δ = 1 / (72.39 / Et) = 0.0137 Et

EtEt

)2/27.3(13)2/27.3(14 3

104





 

Δ 4-10 = 22.39 / Et

R4-10= 1 / Δ = 1 / (22.39 / Et) = 0.045 Et

For wall E ,F

EtEt

)56.6/3(13)56.6/3(14 3

1







Δ 1 = 1.75 / Et

R1 = 1 / Δ = 1 / (1.75 / Et) = 0.57 Et

EtEt

)56.6/07.5(13)56.6/07.5(14 3

3,2







Δ 2,3 = 4.16 / Et

R2,3 = 1 / Δ = 1 / (4.16 / Et) = 0.24 Et

For wall K

EtEt

)6.3/3(13)6.3/3(14 3

1







Δ 1 = 4.81 / Et

R1 = 1 / Δ = 1 / (4.81 / Et) = 0.207 Et

EtEt

)6.3/07.5(13)6.3/07.5(14 3

3,2
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Δ 2,3 = 15.395 / Et

R2,3 = 1 / Δ = 1 / (15.395 / Et) = 0.065 Et.

For wall g , h , I , j

EtEt

)5.3/3(13)5.3/3(14 3

1







Δ 1 = 4.81 / Et

R1 = 1 / Δ = 1 / (4.81 / Et) = 0.207 Et

EtEt

)5.3/07.5(13)5.3/07.5(14 3

3,2







Δ 2,3 = 16.5 / Et

R2,3 = 1 / Δ = 1 / (16.5 / Et) = 0.06 Et

EtEt

)5.3/27.3(13)5.3/27.3(14 3

104





 

Δ 4-10 = 6.06 / Et

R4-10= 1 / Δ = 1 / (6.06 / Et) = 0.164 Et

4.9.4 Ratio Calculation For Each Wall :

For Basement Floor :

WA = RA / ΣR = RA / (RA + RB + RC + RD + RE + RF + RL + RN )

WA = 0.742 Et / 4.168 Et = 0.178 = WB = WC = WD

WE = WF = 0.57 Et / 4.168 Et = 0.1367

WN = WL = 0.03 Et / 4.168 Et = 0.0072

Σ(Rx / ΣRx) = 1    …… = (0.178*4) + (0.1367*2) = 1    …Ok.

In other direction :

Wg = Rg / ΣR = Rg / (Rg + Rh + Ri + Rj + Rk + Rm + Ro )

Wg = 0.196 Et / 1.05554 Et = 0.186 = Wh = Wi = Wj

Wk = 0.207 Et / 1.05554 Et = 0.1961

Wm = 0.00854 Et / 1.05554 Et = 0.0081
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Wo = 0.056 Et / 1.05554 Et = 0.053

For Ground & First Floor :

WA = RA / ΣR = RA / (RA + RB + RC + RD + RE + RF + RL + RN )

WA = 0.34 Et / 1.8522 Et = 0.1835 = WB = WC = WD

WE = WF = 0.24 Et / 1.8522Et = 0.1295

WN = WL = 0.0061 Et / 1.8522 Et = 0.0033

Σ(Rx / ΣRx) = 1    …… = (0.1835*4) + (0.1295*2) = 1    …O.k.

In other direction :

Wg = Rg / ΣR = Rg / (Rg + Rh + Ri + Rj + Rk + Rm + Ro )

Wg = 0.06 Et / 0.3856 Et = 0.1556 = Wh = Wi = Wj

Wk = 0.065 Et / 0.3856 Et = 0.168

Wm = 0.0019 Et / 0.3856 Et = 0.00493

Wo = 0.0137 Et / 0.3856 Et = 0.036

For Floor From (4 – 10 ):

WA = RA / ΣR = RA / (RA + RB + RC + RD + RE + RF + RL + RN )

WA = 0.35 Et / 1.44 Et = 0.243 = WB = WC = WD

WN = WL = 0.02 Et / 1.44 Et = 0.014

Σ(Rx / ΣRx) = 1 …O.k.

Wg = 0.164 Et / 0.7077 Et = 0.232 = Wh = Wi = Wj

Wm = 0.0067 Et / 0.7077 Et = 0.0095

Wo = 0.045 Et / 0.7077 Et = 0.0635
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4.9.5Torsional Design:

Design For Ground Floor :

Figure (4 .9.3): Center of rigidity for Shear Wall
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Table (4 .9.2):Torsional Eccentricity  Calculation

Wall

#
Dir.

X

(m)

Ry

(Et/Δ)
XRy

Wall

#
Dir.

Y

(m)

Rx

(Et/Δ)
YRx

1 Y 12.7 0.24 3.048 A X 28.85 0.065 1.875

2 Y 16 0.24 3.84 C X 28.85 0.0137 0.4

3 Y 9.4 0.34 3.196 D X 28.85 0.0019 0.55

4 Y 12.7 0.34 4.318 E X 7.825 0.06 0.5

5 Y 23.1 0.34 7.854 F X 0.15 0.06 0.009

6 Y 26.4 0.34 8.976 G X 7.825 0.06 0.5

7 Y 0.15 0.0061 9.15e-4 H X 0.15 0.06 0.009

8 Y 40.74 0.0061 0.25 - X - - -

Σ Y - 1.8522 31.5Et - - - 0.325 3.843

Center of building :

X = 20.445 m                 Y = 14.5 m

Center of Rigidity :

Xr = Σ(XRy) / ΣRy = 31.5 / 1.852 = 17 m.

Yr = Σ(YRx) / ΣRx = 3.843 / 0.325 = 11.82 m.

Torsional eccentricity :

ex = Xr - X = 17 – 20.445 = - 3.445 m

ey =Yr - Y = 11.82 – 14.5 = - 2.68 m

Minimum eccentricity :

e min = 0.05*40.89 = 2.0445 m <ex =3.445 m

use   ex = - 3.445 m

Torsional Moment :

Ty = Vy*ex = 201.1* - 3.445 = - 692.8 KN.m

Tx = Vx*ey = 201.1* - 2.68 = - 538.95 KN.m

Ftx = Tx *Rdx / ΣR(dx)
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Table (4 .9.3): Torsional  Moment  Calculation.

Ftx = Tx *Rdx / ΣR(dx)
2

Ftx = - 538.95*-2.7 / 166.675 = +8.731

Fty = Ty *Rdx / ΣR(dx)
2

Fty = - 692.8*-2.7 / 166.675 = + 11.22

Fvx =Vx * Rx / ΣRx

Fvx =5039.4 * 0.1835 = 924.7 KN

Rx / ΣRx = WA = WB = WC = WD for walls 3,4,5,6 = 0.1835

WE = WF = 0.1295  for walls 1,2

Fvx =5039.4 * 0.1295 = 652.6 KN

WN = WL = 0.0033  for walls 7 , 8

Fvx =5039.4 * 0.0033 = 16.6 KN

Fvy =Vy * Ry / ΣRy

Ry / ΣRy = Wg = Wh = Wi = Wj for walls E,F,G,H = 0.1556

Fvy =5039.4 * 0.1556  = 784.13 KN

WK = 0.168  for walls A

Fvy =5039.4 * 0.168 = 846.6 KN

Wo = 0.036  for walls C

Wall

#
Dir. dx

Ry

(Et/Δ)
Rdx R(dx)

2
Wall

#
Dir. dy

Rx

(Et/Δ)
Rdy R(dy)

2

1 Y -11.2 0.24 -2.7 30.1 A X +11.5 0.065 0.75 8.6

2 Y -7.9 0.24 -1.9 15 C X +11.5 0.0137 0.16 1.81

3 Y -14.5 0.34 -4.93 71.5 D X +11.5 0.0019 0.022 0.25

4 Y -11.2 0.34 -3.81 42.65 E X -10.3 0.06 0.618 6.4

5 Y -0.7 0.34 -0.24 0.17 F X -18 0.06 1.08 19.44

6 Y +2.5 0.34 +0.85 2.125 G X -10.3 0.06 0.618 6.4

7 Y -23.7 0.0061 -0.145 3.43 H X -18 0.06 1.08 19.44

8 Y +16.7 0.0061 +0.1 1.7 - X - - - -

Σ Y - - - 166.67 - - - 0.325 - 62.34
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Fvy =5039.4 * 0.036 = 181.4 KN

WM = 0.00493  for walls D

Fvy =5039.4 * 0.00493 = 24.8 KN

Table (4 .9.4): Wall Shear For Seismic Force In N-S Direction :

Wall #
Ftx

KN

Fv

KN

Ftotal

KN
Wall #

Ftx

KN

Fv

KN

Ftotal

KN

1 +8.7 652.6 661.3 A -8.33 0 8.33

2 +6.1 652.6 661.3 C -1.8 0 1.8

3 +15.9 924.7 940.6 D -0.24 0 0.24

4 +12.3 924.7 940.6 E -6.9 0 6.9

5 +0.78 924.7 940.6 F +12 0 ١٢
6 -2.75 924.7 924.7 G +6.9 0 6.9

7 +0.47 16.6 17.07 H +12 0 ١٢
8 -0.32 16.6 16.6 - - 0 -
Σ - - - - 0 -

Table (4 .9.5): Wall Shear For Seismic Force In E-W Direction :

Wall #
Fty

KN

Fv

KN

Ftotal

KN
Wall #

Ftx

KN

Fv

KN

Ftotal

KN

1 +11.2 0 11.2 A -6.5 846.6 846.6

2 +7.9 0 7.9 C -1.4 181.4 181.4

3 +20.5 0 20.5 D -0.19 24.8 24.8

4 +15.8 0 15.8 E +5.34 784.13 789.47

5 +0.99 0 0.99 F +9.34 784.13 793.47

6 -3.53 0 3.53 G +5.34 784.13 789.47

7 +0.6 0 0.6 H +9.34 784.13 793.47

8 -0.42 0 0.42 - - - -

Σ - 0 - - - - -
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Design of shear for first & ground floor :

For  Lw = 7.95m ….walls 3,4,5,6

d = 0.8Lw = 0.8*7.95 = 6.36m

1- Vc = bd
cf









 

6

1- Vc = KN5.145136.625.0
6

30









……Control.

2- Vc =
Lw

Nuddhfc

44

'




٢ - Vc =
Lw4

0

4

36.625.030



= 2178.9 KN

sV = cn VV 

Vn =


uV
for wall 5 , Vu =940.6 KN           in N-S direction.

Vn = KN65.1106
85.0

65.940


Vn < Vc minimum shear reinforcement is required.

Vn =


uV
for wall A , Vu =846.6 KN           in E-W direction.

Vn = 846.6 / 0.85 = 996 KN.

Vn < Vc minimum shear reinforcement is required.

So for all walls in two directions the shear reinforcement will be :

s
hAvh

2


=

dfy
V S

*

s
hAv

2


=0.0025*h=0.0025*25cm=0.000625 m

S 2
=Lw/5=7.95m/5=1590mm.

S 2
=3*h=3*25cm=750 mm.
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S 2
=450 mm controls.

Use 2 Φ12

S 2
=226*10-6*103/0.000625=36.16cm.

Use2 Φ12 @30cm C/C.

Vertical reinforcement:

AVn
= h

hLw

hw
SS

AVh *)]0025.0
*

)(5.2(5.00025.0[
1

2

 ).

Av = 0.0025 *h *S2

226 =0.0025 * 250 * S2

S2 = 36.16 cm

Use2 Φ12 @30cm C/C.

For walls 1 ٢، wall thickness = 20cm.

s
hAv

2


=0.0025*h=0.0025*20cm=0.0005m.

Use 2 Φ10

S 2
=158*10-6*103/0.0005=31.6 cm.

Use2 Φ10 @ 30 cm C/C.

Vertical reinforcement:

AVn
= h

hLw

hw
SS

AVh *)]0025.0
*

)(5.2(5.00025.0[
1

2



Av = 0.0025 *h *S2

158 =0.0025 * 200 * S2

S2 = 31.6 cm.

Use2 Φ10 @ 30 cm C/C.

For walls 7، 8، A،D ،C .

s
hAv

2


=0.0025*h=0.0025*25 cm=0.000625m.

Use 2 Φ12
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S 2
=226*10-6*103/0.000625 = 36.1 cm.

Use2 Φ12 @ 30 cm C/C.

Vertical reinforcement:

AVn
= h

hLw

hw
SS

AVh *)]0025.0
*

)(5.2(5.00025.0[
1

2

 ).

Av = 0.0025 *h *S2

226 =0.0025 * 250 * S2

S2 = 36.1 cm.

Use2 Φ12 @30cm C/C.

Design of moment:

For walls A،B،C،D in all floors .

5989
3.0

113295.7

2

2








S

As
LwAst mm2 = 0.05989 m2

Lw

Z
=

fyAs

hLwf
C

*

***85.0
2

1

/1




Lw

Z
=

22

2

/400*05989.0

25.0*95.7*/30*85.0*85.0
2

1

mmNm

mmmmN


=0.26

Mu= Φ(0.5*As*fy*Lw(1-
Lw

Z
))

Mu=0.9*0.5*0.05989 m2*400N/mm2*7.95m(1-0.26)= 63.4199 MN.m.

M (at wall A،B،C…)=0.18*134008 KN.m = 24121.44 KN.m.

Mu=63.4199 > 24.12 MN.m

Reinforcement is not required , provided minimum reinforcement.

Ast = min *b*h

Ast = 0.01*40*25 = 10 cm2

Use 8 Φ14          Asprov = 12.32 cm2
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Design of moment:

For walls E،F  in basement floor.

93.6734
3.0

79256.6

2

2








S

As
LwAst mm2 = 0.0673493 m2

Lw

Z
=

fyAs

hLwf
C

*

***85.0
2

1

/1




Lw

Z
=

22

2

/400*0673493.0

20.0*56.6*/30*85.0*85.0
2

1

mmNm

mmmmN


=0.33

Mu= Φ(0.5*As*fy*Lw(1-
Lw

Z
))

Mu=0.9*0.5*0.0673493 m2*400N/mm2*6.56m(1-0.33)= 53.28 MN.m.

M (at wall E،F)=0.142*134008 KN.m=19029.13 KN.m.

Mu=53.28 > 19.029 MN.m

Reinforcement is not required , provided minimum reinforcement.

Ast = min *b*h

Ast = 0.01*40*20 = 8 cm2

Use 8 Φ12 Asprov = 9.04 cm2
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Figure (4 .9.4): Interaction diagram for Shear Wall
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4.10 Basement Wall

4.10.1 wall design :

soil = 1.6 ton / m3 (unit weight of soil ).

 = 30 (For granulated fill )

H = 2.2m.   (Height of basement wall)

Thichness of wall = 30cm




sin1

sin1




aK

333.0
30sin1

30sin1





aK

Pa=*h*Ka

=1.6 *2.2 *0.333=1.172 ton/m²

1. Design basement wall as simply supported beam :

Figure (4 .10.1): simply supported Basement Wall

Design of moment:
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Figure (4 .10.2): simply supported Basement Wall's envelope.

Mu = 0.5 ton.m

Mn = 0.5 / 0.9 =0.55 ton.m.

d=23cm

Rn =Mn / bd 2 = 0.55*10
5
/100 (23) 2 = 1.05 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*1.05 /4000)
1/2

) = 0.00026

.min = 0.0012> ρreq = 0.00026

Minimum reinforcement is required.

Design of shear :

Figure (4 .10.3): simply supported Basement Wall's envelope.

cV = 0.85 bd
cf









 

6
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=0.85
1000

10
23100

6

30









= 17.85 t

Vc > Vu      …….. shear reinforcement is not required.

1. Design basement wall as cantilever beam :

Figure (4 .10.4):Cantilever Basement Wall

M @A =0

Ma= mton.95.0
3

2.2
2.2172.1

2

1


Multimate= 1.7 *0.95=1.6 ton.m

d=23cm

Rn =Mn / bd 2 = 1.6*10
5
/100 (23) 2 = 3.02 kg / cm 2

ρ = 1/15.7 (1- (1- 2*15.7*3.02 /4000)
1/2

) = 0.00076

.min = 0.0012> ρreq = 0.00076

Minimum reinforcement is required.

Designed for simply supported :

As=0.0012*23*100=2.76 cm²

# of bars =2.76/0.79=3.49
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S=100/3.49=28.6

Use 10@25 cm in two ways.

4.10 Reinforcement of Ground Beam :

Pu = 628.6 ton.

h = 40cm b = 30cm.

Reinforcement = 10% Pu

Reinforcement = 10*628.6 / 100 = 62.86 ton

As = 62.86 / 4 = 15.72 cm2

Use 16

No. of bars = 15.72 / 2 = 7.85

Use 8 16
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الاستنتجات والتوصیات

:الاستنتجات

تعد احدى اھم خطوات التصمیم الانشائي ھي كیفیة الربط بین العناصر الانشائیة -١
المختلفة من خلال النظرة الشمولیة للمبنى ومن ثم تجزئة ھذه العناصر للتصمیم

.منفرد بشكل  
یجب على أي مصمم  انشائي تصمیم العناصر بشكل یدوي حتى یستطیع امتلاك -٢

.الخبرة والقدرة على استخدم البرامج التصمیمیة المحوسبة
ھي العوامل الطبیعیة المحیطة بالمبنى من العوامل التي یجب اخذھا بعین الاعتبار - ٣

.وطبیعة الموقع وتاثیر القوى الطبیعیة علیھا

:التوصیات

.یوصى بتنفیذ المشروع حسب المخططات المرفقة بالمشروع بأقل تغییرات ممكنة-١
ات     -٢ زم بالمخطط ذ وأن یلت ى التنفی راف عل رف للإش دس مش ود مھن ح بوج ینص

.والشروط لضمان التنفیذ الأفضل للمشروع
ق -٣ ر طواب ع لعش ذا المجم میم ھ م تص ات  ،ت ابق للاحتیاج افة أي ط ن اض ذلك لا یمك ل

. المستقبلیة
ائیا-٤ ع إنش ذا المجم میم ھ م تص ا" ت میمھ كھربائی ب تص ن یج ا" ولك ى " ومیكانیكی حت

".ن متكاملایكو
4(إذا اختلفت قوة تحمل التربة عن -٥ kg/cm2 (   ات حسب یجب إعادة تصمیم الأساس

.القیمة الجدیدة الناتجة عن الفحوصات المخبریة
اھزا      -٦ ر ج روع یعتب ذا المش إن ھ ة ف ذ  " بعد المراجعة الشاملة للمخططات التنفیذی للتنفی

".ومعماریا" إنشائیا



List of Abbrseviation:

 As = area of nonprestressed tension reinforcement.

 Ag = gross area of section.

 Av = area of shear reinforcement within a distance (S).

 At = area of one leg of a closed stirrup resisting tension within a (S).

 b = width of compression face of member.

 bw = web width.

 DL = dead loads.

 d = distance from extreme compression fiber to centroid of tension

reinforcement.

 Ec = modulus of elasticity of concrete.

 Fy = specified yield strength of non-prestressed reinforcement.

 h = overall thickness of member.

 I = moment of inertia of section resisting externally applied factored loads.

 Ln = length of clear span in long direction of two- way construction, measured

face-to-face of supports in slabs without beams and face to face of beam or other

supports in other cases.

 LL = live loads.

 Ld = development length.

 M = bending moment.

 Mu = factored moment at section.

 Mn = nominal moment.

 Pn = nominal axial load.

 S = Spacing of shear or in direction parallel to longitudinal reinforcement.

 Vc = nominal shear strength provided by concrete.



 Vn = nominal shear stress.

 Vs = nominal shear strength provided by shear reinforcement.

 Vu = factored shear force at section.

 Wu = factored load per unit area.

 Φ = strength reduction factor.

 Ф = steel bar diameter.

 @ = distance.



الملحقات



The structure building in three dimensions using staad-pro.
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