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.الإنشائیةوغیرھا من العناصر وأساساتوأعمدةجسور 

ى   فقدإلیھ،تم اختیار ھذا المشروع نظرا للحاجة الماسة  ھ عل اس تم التخطیط ل تیعاب عدد   أس اس
ن  ر م لاب،كبی ذا المالط ي ھ ث یغط ىبحی تیعاب  بن ي اس ائم ف ز الق داد العج لاأع دمین بالط المتق

. الأبحاث العلمیة بشكل خاص ولبقیة الطلاب بشكل عام لوعمللدراسات العلیاللجامعة

ى أرض     أبنیة لھا نفس التصمیم المعماري لثلاثیتكون المشروع من  ة عل ات مختلف ن بتوجیھ ك
ون  الموقع وتلتف ھذه الأبنیة حول المبنى الرئیسي وترتبط معھ عبر ممرات زجاجیة ،وكل مبنى مك

.المختلفة من الفعالیات على العدیدیحتوي كل طابق من ثلاثة طوابق و
ال لتحدید الأردنياستخدام الكود تممن الجدیر بالذكر انھ  ة  الأحم تخدام و،الحی ) UBC-97(اس

اطع  یتم فالإنشائيبالنسبة للتحلیل أماالزلازل ،أحماللتحدید  تخدام تصمیم المق ود  باس ي الك الأمریك
(ACI_2005)، ن د م ارةولا ب ىالإش اد علإل یتم الاعتم ھ س ل ىان وبیة مث رامج الحاس ض الب بع

Autocade2006 , Atir , Microsoft Office 2007 , Staad-Proوغیرھا.

ع نھا ةم روعی عالمش میم    أیتوق دیم التص ى تق ادرین عل ون ق ائين نك ر  الإنش ع العناص لجمی
.للمبنى كاملاالإنشائیة

واالله الموفق

Abstract

The Structural Design for Scientific Research Center
In Palestine Polytechnic University

Project Team
Basam Nashwia Mohammed Amreya

Waed AL-Adra

Palestine Polytechnic University

Supervisor
Dr. Naser Aboshy

The aim of this project is to perform the structural design for all
structural elements such as ribs, beams, columns, and foundations and all
other structural elements.
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This project has been selected because of the necessity for such project
In Palestine Polytechnic University, it was designed with a capacity that
will cover the shortage in capacity for the pre-built building in Scientific
Research.

The project consists of three buildings with the same architectural design
guidance, but different on the ground and bypass the buildings around the
main building and connected with him through the corridors of glass, each
a three-storey building and each floor contains many of the different actors.

For structural design of this project, Jordanian Construction Code was
used for determining live loads, UBC-97 was used for seismic loads
determination, where ACI-05 code is to be used for structural analysis and
design for all structural elements, and some of computer software will be
used, such as Autocad2006, Staad-Pro, Atir, and Office2007….etc.

By the end of this project, the structural design for structural elements in
this building will be done.
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الفصل الأول

المقدمة

:نظرة عامة1-1)(
ھدھا  ي یش ریعة الت ورات الس ل التط ي ظ ى   ف ا عل را ملح بح أم رة أص ة الأخی ي الآون رنا ف عص

ل     ي ك ة ف اني متخصص ود مب روري وج ن الض الي م ة ، وبالت ورات العلمی ذه التط ة ھ ان بمواكب الإنس

ة       امیم المعماری ار التص ان بابتك دأ الإنس ذلك ب ة ، ل ادیة والاجتماعی ة والاقتص اة التعلیمی الات الحی مج

. مع لتحقیق الوظیفة المطلوبة والإنشائیة التي تخدم الإنسان والمجت

رامج     ن ب ھ م ا تطرح زا فیم تمرا وتمی ورا مس طین تط ك فلس ة بولیتكن ھدت جامع ھا ش ذ تأسیس من

ودة و    ى ج ز عل ع التركی طیني م ع الفلس ي المجتم ور ف ة و التط ات التنمی ة متطلب م بمواكب ة تتس أكادیمی

ة   ة و المیدانی ب العلمی ھ بالجوان دم وربط یم المق ة التعل كل  نوعی س بش ا وانعك ز خریجیھ ذي می ر ال الأم

ل  نوات   . ملموس على قدرتھم التنافسیة وحصولھم على معدلات توظیف قیاسیة في سوق العم ي الس و ف

ة           توى الجامع ع مس ي رف م ف ھ دور مھ ا ل ي لم ث العلم الأخیرة بدأت الجامعة تولي اھتماما متزایدا بالبح

.محلیا و إقلیمیا

، هي
.ة

ن      ارة ع و عب روعنا وھ ار مش ى اختی ا إل ق ارتأین ذا المنطل ن ھ ة   وم ابع لجامع ة ت اث علمی ع أبح مجم

و    طین ھ ك فلس ذا    بولیتكن ي ھ ة ف ور الدراس ن م    مح ارة ع و عب روع ، وھ ى المش رح  بن تم مقت وف ی س

ول ه في مدینة ؤإنشا ا  حلح ن        بم ون م و مك اد، وھ ة  والاقتص ة والمتان ق المنفع ة ت  یحق لاث أبنی ف  ث لت

ة    رات زجاجی ر مم ھ عب رتبط مع ي وت ى الرئیس ول المبن دس  ح میمھ المھن ام بتص روع ق ذا المش ، وھ

.والمھندسة رھام عابدینأنس أبو شرارالمعماري 



الفصل الأول
ةمالمقد

-٢-

:المشروع مشكلة (2-1)

لمجمع أبحاث علمیة تابع لجامعة بولیتكنك تتلخص مشكلة المشروع في إعداد تصمیم إنشائي متكامل 

ویتلخص التصمیم ، راعي ھذا التصمیم الأھداف المعماریة والعناصر الجمالیة بحیث یفلسطین 

وتصمیم ھذه العناصر ، الإنشائي في توزیع العناصر الإنشائیة بما یتفق والمخططات المعماریة 

المتمثلة في الأساسات والجدران و الأعمدة و العقدات بحیث یتم إعداد مخططات تنفیذیة تمكن من 

.رض الواقع أع على تنفیذ المشرو

:المشروعسباب اختیار أ(3-1)

مثل بشتى أشكالھالتعلیمیة نسان وجب علینا الاھتمام ببناء المراكز االعلم والتعلم للإانطلاقاً من أھمیة 

لطلابلعدد كبیر من االوقت والجھد حیث إن مثل ھذه المشاریع توفر مجمعات الأبحاث العلمیة 

تمام تجاربھم العملیة والحصول على النتائج التي إالعلیا إذ یتمكنون من طلبة الدراسات " خصوصا

.في الوقت المحددیرغبون بھا 

مجمع أبحاث علمیة تابع ومن ھذا المنطلق وتحقیقاً لھذا الھدف وقع اختیار فریق العمل على مشروع 

.لجامعة بولیتكنك فلسطین

كما أن العمل على ھذا المشروع وتصمیمھ من الناحیة الإنشائیة یكسب فریق العمل المھارات اللازمة 

وما یحتویھ من جمعللمالإنشائيوربط النواحي النظریة بالعملیة من خلال التحلیل ، للتصمیم الإنشائي 

ر عاملي الاقتصاد بالاعتباوالأخذعلیھا الواقعةالأحمالوتصمیمھا بحیث تحمل ةنشائیإعناصر 

.والمتانة 

:الھدف من إجراء المشروع(4-1)

بق    في المشروع إجراءمن ھدف الیكمن .١ ذي س ى ال عمل التصمیم الإنشائي الكامل للمبن

.وبناءً علیھ سیتم تجھیز المخططات التنفیذیة الكاملة للمشروع، ذكره

.مبنى المذكورالقیام بإعداد المخططات الإنشائیة التنفیذیة الكاملة لل.٢
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:خطوات المشروع(5-1)

:بالخطوات التالیةالمشروعالعمل في یتلخص

ى .١ وفرة للمبن ة المت ات المعماری ة المخطط ة   ،دراس دیلات المعماری ة التع راء كاف ع إج م

.وجدإنالنقص الموجود فیھاوإكمال،علیھا

ع   دراس.٢ ث الموق ا وملاءمتة مخطط الأرض من حی احات ال  ھ روع والمس ا   للمش ي توفرھ ت

.والمستویات والقوانین التنظیمیة التي تحكم المنطقة ، قطعة الأرض 

ة   .٣ ة المختلف دراسة الآلیة الأنسب لتوزیع الأعمدة مع عدم تعارضھا مع العناصر المعماری

.وتجنب التأثیر علیھا قدر الإمكان 

ذلك تحد .٤ ائیة ، وك ر الإنش واع العناص د أن دف تحدی ائیا بھ ى إنش ة المبن ال دراس د الأحم ی

.وتحدید النظام الإنشائي الأنسب بناءا على أسس علمیة 

.الإنشائي للعناصرعمل التحلیل.٥

.التصمیم الإنشائي لھذه العناصر بما تحویھ من إنشاءات خرسانیة .٦

.وبرامج التصمیم، وذلك عن طریق الأمثلة الیدویة، التأكد من صحة التصمیم.٧

.إعداد المخططات التنفیذیة للمشروع.٨

.كتابة المشروع وإخراجھ بصورة نھائیة .٩
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:حددت بمدة زمنیة مبینة في المخطط الزمني التالي ،وكل خطوة من ھذه الخطوات

المخطط الزمني للمشروع)5-1(الشكل
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:محتویات المشروع(6-1)

ن         بعد القیام بأي دراسة، أو أي  ة م داف المطلوب ق الأھ ددة لتحقی وات مح اك خط ون ھن مشروع تك

داف                ق الأھ ة لتحقی قة ومرتب وات منس كل خط ى ش روع عل ذا المش ب ھ م ترتی د ت ذلك فق ة، ل ھذه الدراس

:المطلوبة من إجراء ھذه الدراسة، حیث یحتوي المشروع على خمسة فصول، وھي

.همقدمة عامة عن المشروع ومراحل تطور: الفصل الأول.١

.متطلبات التصمیم المعماریة للمشروعوإیضاحالوصف المعماري للمشروع : الفصل الثاني.٢

روع بم: الفصل الثالث.٣ ائیة للمش ھ الدراسة الإنش ن ا یحتوی تقراریة    م ال واس ائیة وأحم ر إنش عناص

.للمبنى

دة    : الفصل الرابع.٤ دات وأعم ن عق اب  التحلیل والتصمیم الإنشائي لكافة العناصر الإنشائیة م وأعص

.وأساسات وجدران قص وغیرھا

.: الفصل الخامس.٥



الفصل الثاني

الوصف المعماري للمشروع

المقدمة) 2-1(

.موقع المشروع(2-2)

.أسباب وأھمیة اختیار الموقع) 3-2(

.وصف الطوابق) 2-4(

.الواجھاتوصف ) 2-5(

.وصف موقف السیارات)2-6(
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الفصل الثاني

الوصف المعماري للمشروع

:مقدمةال) 1- 2(

الإنسانمنھ واحتیاجات المرجوةتتم حتى تلبي الوظیفة أنیجب مھمةمل المعماري الناجح شروط للعإن

والجمال والاقتصاد ومن المھم في ھذه الشروط ، الوظیفیةفي العصر الحالي وتتمثل ھذه الشروط في الدیمومة 

وبالتالي نحصل على عملیة مثلالأتتفاعل بین بعضھا وتتناغم بحیث تحقق لدینا الرؤیا الواضحة للتصمیم أن

الإبداعيالحد إلىوھذا یتحقق بفھم الخطوات العملیة للتصمیم وصولا ، وناجحةتصمیمیة متكاملة وشاملة 

.وعلاقتھا الموضوعیةالمرجوةوذلك بمراعاة الوقت والجھد المبذول وبالتالي نحقق النتائج ، المطلوب

إعداد الدراسات الإنشائیة للمشروع الھندسي ھي دراسة والضروریة التي تسبق المھمةومن الخطوات 

المخططات المعماریة دراسة متعمقة وموضوعیة بحیث یسھل التعامل معھا وفھم الفعالیات المختلفة التي 

وطبیعة الحركة واستخدام ھذه الأجزاء ، یحتویھا المبنى والعلاقات التي تربط بینھا ووظیفة كل جزء وعددھا

أھمیة التي تعطي الصورة الواضحة للمشروع وبالتالي یكون بالإمكان تحدید أماكن الأعمدة وأمور أخرى ذات 

.والعناصر الإنشائیة الأخرى بحیث تتفاعل بشكل مناسب مع الشكل المعماري

:موقع المشروع) 2- 2(

في منطقة ،ول تابعة لجامعة بولیتكنك فلسطین في مدینة حلحلقد تم اختیار موقع المشروع في قطعة ارض 

حیث تم اقتطاع مساحة كافیة لبناء المشروع وتبلغ مساحة ،شھیرة للنساءبالقرب من مستشفى ، تل بعبز

.دونم ٧.٦قطعة الأرض حوالي 

المھندس حیث تم الحصول علیھ من ، بالنسبة لمدینة الخلیل ومخطط دلیل الموقع یبین لنا موقع المشروع 

:المساحة للمشروع نضال ابورجب المسؤل عن أعمال 
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حلحولبالنسبة لمدینة موقع المشروع )٢-١(الشكل
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:أسباب وأھمیة اختیار الموقع ) 3- 2(

حلحولفي منطقة حیویة في مدینة الأرضوقوع قطعة .١

.ھناك موقف سیارات خارجي تابع للمبنى وأیضاتوفر مساحة كافیة لعمل المشروع .٢

.توفر الخدمات والبنیة التحتیة .٣

??????????????

?? ?? ????

??? ??? ????

???? ????

??? ? ?????

????? ??

??????? ?????

????? ??

?? ?? ????

???????????

الموقع العام للمشروع)٢-٢(الشكل
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:وصف الطوابق)4- 2(

مجمع أبحاث علمیة تابع لجامعة بولیتكنك فلسطین، وتكمن فكرة المشروع في المشروع عبارة عن

ن تصمیم المبنى على شكل وحدات مستقلة عن بعضھا ومتكاملة في آن واحد،إذ یتكون المجمع م

ثلاثة أبنیة لھا نفس التصمیم المعماري لكنھا تختلف في توجیھھا على أرض الموقع وھذه الأبنیة 

تلتف حول المبنى الرئیسي وترتبط معھ بواسطة ممرات زجاجیة تسھل الحركة والتنقل بین جمیع 

.المباني والطوابق 

عة من تنفیذ أي جزء والھدف من تصمیم المبنى على شكل وحدات مستقلة ھو حتى تتمكن الجام

دون التأثیر على المباني الأخرى أو تعطیل عملھا أثناء ترغب في بنائھ على حسب میزانیتھا 

.البناء

"المبنى الرئیسي" الوحدة الأساسیة *
ویتكون من ثلاثة طوابق " یعتبر ھذا المبنى حركة الوصل ما بین المباني الأخرى وھو یتوسطھا جمیعا

:الأرضيلطابق ا)١-2-4(

.یتم الوصول إلى ھذا الطابق عن طریق درج ومصعد كھربائي قریب من المدخل الرئیسي

ابق  ذا الط احة ھ غ مس ین   ٢م٤٦٠.٠٠تبل ة ب ن الملائم لاً ع ة فض ھ المختلف ین فراغات ة ب ھولة الحرك از بس ویمت

ھولة الحر      من س كل یض ة بش ابق والموزع ي      وظائف الفراغات الموجودة في ھذا الط ات والت ذه الفراغ ین ھ ة ب ك

:تشمل الآتي

 المدخل الرئیسي للمشروع.

قاعة المدخل والاستقبال.

قاعة متعددة الأغراض.

 وحدات صحیة ( خدمات(.

بیت الدرج والمصعد .

ممرات تربط بین الوحدات المختلفة.
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:والشكل التالي یوضح 

للمبنى الرئیسيالأرضيمسقط الطابق )١-4-2(الشكل

:الأولالطابق )٢-2-4(

:تتوزع كالآتيفیھالفراغات 

استقبال

عامة إدارة

أرشیف.

 سكرتاریة
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 عمادة الكترونیات صناعیة

 عمادة حیویة طبیة

 عمادة طاقة شمسیة

 عمادة بحث علمي

 غرف اجتماعات

بیت الدرج والمصعد

الأولمسقط الطابق )٢-4-2(الشكل
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:ثانيالالطابق )٣-2-4(

ویتكون من

 استقبال

مكتبة صغیرة للمجمع

الثانيمسقط الطابق )٣-4-2(الشكل 

المبنى الشمالي * 
ین فقط وھو الوحدة الحیویة الزراعیة ویتكون من طابق

:الأرضيالطابق )٤-2-4(

 غرف مشرفین وباحثین.

 ساحة حیویة وزراعیة.

 مخزن أدوات.

وحدة زراعة الأنسجة النباتیة.

 غرفة تحضیر الوسط الغذائي.

 حاضنة.
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 نقل غرفة.

 مختبرات بحثیة.

 وحدات صحیة.

بیت الدرج والمصعد.

الأرضي مسقط الطابق )٤-4-2(الشكل 

:الأولالطابق )٥-2-4(

  عمادة الوحدة الحیویة الزراعیة.

ساحة حیویة وزراعیة.

 سكرتاریة.

أرشیف.

 غرفة مظلمة.
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 غرفة اجتماعات.

 غرفة مواد كیماویة.

مختبر بحثي.

 غرف مشرفین.

الأولمسقط الطابق)٥-4-2(ل الشك

المبنى الجنوبي * 
:الأرضيالطابق )٦-2-4(

  وحدة المعدات المشتركة.

 قاعة تدریس.

 غرف مدرسین.

 وحدات صحیة.

 بیت الدرج والمصعد.
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الأولمسقط الطابق)٥-4-2(الشكل 
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:الأولالطابق )٧-2-4(

وحدة زراعة الخلایا البشریة.

 غرف مشرفین وباحثین.

 وحدات صحیة.

الطابق الاول)٧-4-2(الشكل 

:الثانيالطابق )٨-2-4(

وھو وحدة حیویة طبیة ویتكون من

 غرفة خدمات

 مختبرات بحثیة

 غرفة تعقیم

ویة وحدة مواد كیما

 غرف مشرفین وباحثین
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الثانيالطابق )٨-4-2(الشكل 

: المبنى الشرقي * 
وھو مبنى الطاقة الشمسیة 

:الأرضيالطابق )٩-2-4(

 غرف الأنظمة الشمسیة.

 غرفة كفاءة طاقة.

 غرفة فحص میاه.

 غرف باحثین ومشرفین.

ة الشمسیة ساحة تابعة للطاق.

 وحدات صحیة.
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الأرضيالطابق )٩-4-2(الشكل 

:االأول الطابق )١٠-2-4(

وھوللالكترونیات الصناعیة 

 ١(مختبر الكترونیات صناعیة(.

 غرف باحثین ومشرفین.

 قاعة تدریس.

  غرفة خدمات.
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االأول الطابق )١٠-4-2(الشكل 

:الثانيالطابق )١٠-2-4(

 ٢(مختبر الكترونیات صناعیة(.

  ٣(مختبر الكترونیات صناعیة(.

غرف باحثین ومشرفین.

الثانيالطابق )١٠-4-2(الشكل 
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:الواجھاتوصف)5- 2(

والمواد الرئیسة التي تم ، أولمشروع قد استخدم فیھا حجر صور معین نخب واجھات الإن

الحجر أیضاوالخرسانة العادیة وقد استخدم ، استخدامھا في عملیة البناء ھي الخرسانة المسلحة 

.لتوفیر عنصر الجمال للمبنى ، والأبوابفوق  الشبابیك ھالملطش في الواجھات وحجر المطب

:الغربیةة الواجھ) 2-5-1(

بھالشبابیك من حجر مطوأعتابوتتكون من حجر ملطش ، الرئیسیة للمبنى الواجھةوتعتبر 

تحتوي على كتل زجاجیة واضحة تعطي منظرا جمیلا للمبنى و، سم عن الواجھة ٥ببروز

.على المدخل الرئیسي للمبنىوتحتوي أیضا 

محیطة بالمبنى الرئیسي وذلك بسبب طبیعة الفرق في المنسوب بین المباني الویظھر في الواجھة 

علاقة مباشرة بین المدخل الرئیسي للمبنى والشارع الرئیسي وھذا یظھر أیضاویوجد ، الأرض  

.واضحا في الموقع العام للمبنى

الواجھة الغربیة) 1-5-2(الشكل
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:الشرقیةالواجھة )2-5-2(

:وتتكون منسوب كما ذكرنا سابقا الاختلاف في المنالواجھةھذهحیث یظھر في 

ویظھر الممر الزجاجي الذي ، الواجھات ھو الحال في جمیع الشبابیك كما وأعتابالحجر الملطش 

یربط بین المباني المكونة للمشروع 

:والشكل التالي یوضح 

الواجھة الشرقیة)2-5-2(الشكل
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:الشمالیة الواجھة ) 2-5-3(

كما یوجد في الواجھة ، مساحات خضراء تابعة للوحدة الحیویة الزراعیة واجھة علىوتطل ھذه ال

وكما ھو الحال في جمیع ، مدخل المبنى الشرقي الذي یحتوي على وحدة الطاقة الشمسیة

وتظھر ، الشبابیك لتعطي تناسق في شكل المبنى وأعتابالواجھات تم استخدام  الحجر الملطش 

.المناسیب أیضا 

الواجھة الشمالیة)4-5-2(الشكل

:الجنوبیةالواجھة )2-5-4(

وطریقة الربط ، وطابق التسویة الأرضيفرق المنسوب بین الطابق الواجھة ھذهحیث یظھر في 

.الأخرىنفس شكل الشبابیك في الواجھات ىإلبالإضافة، بین المباني

.ة لعمل الأبحاث والتجاربساحة تابعة لوحدة الطاقة الشمسیوتطل الواجھة على 
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-٢٤ -

الجنوبیةالواجھة )4-5-2(الشكل 

:وصف موقف السیارات )2-6(

حیث یوجد موقف للسیارات خاص بكل مبنى من مباني المجمع وكل موقف یتسع الى عشرة 

.المبنى كما كان واضحا في الموقع العم للمبنى أماموھو موقف خارجي موجود ، سیارات

.ضح أیضا سھولة دخول السیارات إلى موقف السیارات الخاص بالمباني وكما ھو وا



.مقدمة) ١-٣(

.ھدف التصمیم الإنشائي) ٢-٣(

.الأحمال) 3-(3

.العناصر الإنشائیة المكونة للمبنى) 4-٣(

.البرامج المستخدمة) ٥-٣(
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الفصل الثالث

الوصف الإنشائي

:مقدمة)١-٣(

نقوم في ھذا الفصل بدراسة العناصر الإنشائیة سوف ، من دراسة المخططات المعماریة بعد الانتھاء 

التي یحتویھا المشروع من أعمدة وجسور وعقدات وغیرھا ، وكذلك الأحمال الواقعة على المبنى وذلك باستخدام 

.المعاییر والكودات والمواصفات القیاسیة 

المنشآت الخرسانیة المسلحة لأن معرفة العناصر الإنشائیة المكونة لأي مشروع من الأمور الأساسیة في تصمیمو

.، وذلك مقارنة بین الأنواع المختلفة لھذه العناصر للحصول على النظام الإنشائي الأكثر أمنا والأوفر اقتصادیا 

:ھدف التصمیم الإنشائي)٢-٣(

ال    العناصر الإنشائیةالھدف من التصمیم الإنشائي ھو تصمیم  أثیر الأحم ت ت ؤثرة  تح ا علیالم ى   ،ھ ث یراع حی

تم  والاقتصاد الأمانيفي ھذا التصمیم عنصر داد كما ی روع   إع ة للمش ات التنفیذی اھزا    ، المخطط بح ج ث یص بحی

.للتنفیذ على ارض الواقع 

:وبالتالي یتم تحدید العناصر الإنشائیة بناءا على ما یلي 

عامل الأمان(factor of safety) :ر الإنشائیة  قادرة على ویتم تحقیقھ عبر اختیار مقاطع للعناص

.الناتجة عنھاوالإجھادالمؤثرة تحمل القوى

التكلفة الاقتصادیة(Economy) : ویتم تحقیقھا عن طریق اختیار مواد البناء المناسبة ومقاطع

. منخفضة التكلفة

غیل ى للتش لاحیة المبن د : (serviceability)ص وط الزائ ب الھب ث تجن ن حی (deflection)م

.المثیرة لإزعاج المستخدمین (cracks)ققات والتش

الانسجام بین التصمیم الإنشائي والمعماري للمبنى .
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:الأحمال) ٣- ٣(

ھي مجموعة القوى التي تؤثر على المبنى ویتم تصمیمھ بناء على والأحمالتتعرض المباني إلى أنواع عده من 

.غیرھا میتة وحیھ وبیئیة وأحمالوتكون على شكل تأثیرھا 

:ھيوالأحمالحتى یتم التصمیم بناء علیھا الأحمالویجب معرفة نوع 

الأحمال المیتة .

الأحمال الحیة.

الأحمال البیئیة .

أحمال الانكماش والتمدد.

:الأحمال المیتة) ١-٣- ٣(

ائیة وأوزان   .١ ر الإنش ن وزن العناص ة م ال الناتج ي الأحم ر ھ تخدمةالعناص ال المس ي أعم ف

طیب تنادیة   التش دران الإس ة للج ع الأترب وى دف ة كق وى الجانبی ي لاوالق ع  الت ا م ر قیمتھ تتغی

، الأسقفطوب ، العادیة والمسلحة وھي عدیدة ومتنوعة ومن أمثلتھا وزن الخرسانة،الزمن 

اء ارة البن ارة ، ،وزن حج بص  ، وزن القص وب أو الج ع الط ل ،وزن قواط الرم

.الخ..تخدم أسفل البلاط المس

.أبعاد وكثافات المواد المستخدمة في العناصر الإنشائیة باستخدام ویتم معرفة ھذه الأحمال
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:یوضح الكثافات النوعیة للمواد المستخدمة) ١-٣(والجدول رقم 

لمواد المستخدمة في العناصر الإنشائیةالنوعیة لكثافة ال) ١- ٣(جدول 

Specific Weight

KN/m3
MaterialNo.

2٢(Tile 1( البلاط 

١٦(Sand 2( الرمل 

25
(Reinforced Concrete)

الخرسانة المسلحة 
3

٩(Hollow Block 4( طوب البناء المفرغ 

22(Plaster 5(القصارة 

22(Mortar 6( المونة الإسمنتیة 

:الأحمال الحیة)٢-٣- ٣(

وتشمل وزن كل من ، متوقعھأحمالأقصىوتمثل لموقع والاستخدام احیثوھي الأحمال التي تتغیر من 
:التالي

.وتختلف باختلاف نوع المبنى حسب الاستعمال: الأشخاص -أ

.استاتیكیھ أحمالوھي :الأثاث - ب

.التنفیذ أثناءالتي تستخدم : الأجھزة والمعدات- ت

. المواد المخزنة- ث

د تحدی ال بع ذه الأحم دار ھ ى مق ول عل داول        ویمكن الحص ن الج أ م ى أو المنش تخدام المبن ة اس وع وطبیع د ن

.   والتي تم الحصول علیھا من الكود الأردني المعدة لھذا الغرض 

:قیم الأحمال الحیة بناء على استخدام المنشأ) ٢-٣(ویبین الجدول
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الحیة في المباني المختلفةالأحمالجدول ) ٢- ٣(جدول 

)m2/KN(الأحمال الحیة   نوع المنشأالرقم

المستشفیات١
غرف المرضى
الممرات
غرف العملیات
غرف الأشعة

٢
٤
٥-٣
٨-٥

المباني الإداریة٢
المكاتب
السلالم
غرف التخزین

٣
٤

١٠ـ٥
المدارس٣

الفصول الدراسیة
السلالم
المكتبات

٣
٤
٦

مباني سكنیة٤
٢الغرف السكنیة

القاعات والصالات٥
ت المقاعد الثابتةالقاعات ذا
القاعات بدون مقاعد ثابتة

٤
٥

المحلات التجاري٦
المحلات الصغیرة
المحلات الكبیرة

أو أكثر٤
أو أكثر١٠

المكتبات٧
غرف الاطلاع
غرف حفظ الكتب

٢.٥
٤

KN/m2بالإضافة إلى القواطع = ( Partitions)١٢٥

:یةئالأحمال البی)٣-٣- ٣(

وھي متغیرة ،والثلوج والریاحةرضیالھزات الأالأحمال الناتجة عن العوامل البیئیة وتتضمن أحمال وھي
:وفیما یلي بیان كل حمل على حدةالمقدار والموقع 

:أحمال الریاح )١-٣-٣-٣(

ع وتعد أحمال الریاح من الأحمال المرتبطة بارتفاع المبنى عن سطح الأرض وسرعة الریاح والموق

ى    أفقیھقوى وھي عبارة عن،من حیث الإحاطة بمباني مرتفعة أو موقع مرتفع  ى المبن ؤثر عل تم  ،ت وی
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د   الأحمالحیث سوف یتم حساب ھذه الأردنيمعادلات الكود بحسابھ بالاستعانة ة عن في الفصول القادم

.الجانبیة الأحمالالتصمیم على 

:أحمال الثلوج)٢- ٣-٣- ٣(
، م٧٩٣حم عن سطح البحر ومقداره بھا بالاعتماد على ارتفاع المبنى الموجود في منطقة بیت لحیث تم حسا
:كالأتيالأردنيمن الكود تبعا للبند الثالثحیث تم حسابھا  

SL = (h-400) / 400

– 400)/ 400٧٩٣      (

=      .90 kN /m²

فقد تم استبدال حمل الثلوج ھذا بالأحمال الحیة وبما أن أحمال الثلوج اصغر من الأحمال الحیة للمبنى 

.وذلك بھدف توحید التصمیم الإنشائي لعقدات الأسقف والسطح 

:أحمال الزلازل)٣- ٣-٣- ٣(

اوم اللّي ،عزممثل ، وتؤدي إلى تولد عزوم ،بقوى أفقیة وھي عبارة عن أحمال تؤثر على المنشأ وتق

.لحساب القوى الناتجة عن الزلازلUBC)(ال بجدران القص الموجودة في المنشأ ،وسیتم استخدام

:أحمال الانكماش والتمدد )٤- ٣-٣- ٣(

لال              رارة خ ات الح ي درج این ف بب التب ى بس انیة للمبن ر الخرس دد للعناص اش والتم ة الانكم وتكون نتیج

باستخدام شبكة حدید حیث یتم تلافیھا ومنع ظھورھا، ات في المبنى تشققإلىتتولد اجھادات تؤدي ، فصول السنة 

٨Фباستخدام فواصل التمددوأیضا.

:المكونة للمبنىالعناصر الإنشائیة)٤- ٣(

الأحمال ومقاومة لنقلخرالآتعتمد كل منھا على تتكون جمیع المباني من مجموعة من العناصر الإنشائیة التي 

.تحقق الأھداف التي من أجلھا أنشئ المبنىؤثرة على المباني بحیث الرأسیة والأفقیة الم

:ومن ھذه العناصر

:العقدات )١-٤- ٣(

ة       ر الحامل ى العناص ودي إل توى العم وھو عبارة عن العنصر الإنشائي الذي یقوم بنقل الأحمال من المس

تخدام  ائعة الاس دة وش ة وعدی واع مختلف د أن دة ، وتوج دران والأعم ل الج لحة ، مث انیة المس ات الخرس ن البلاط م

:وسوف یتم استخدام أنواع العقدات التالیة في المشروع
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 عقدات العصب ذات الاتجاه الواحد)One way ribbed slab.(

 العقدات المصمتة ذات الاتجاه الواحد)One way solid slab.(

One way ribbed(عقدات العصب ذات الاتجاه الواحد )١-١-٤-٣( slab:(

ا  ٧إلى ٥تستخدم في البحور التي تتراوح ما بین  متر ویتم استخدام طوب إسمنتي أو أي مادة مالئة أخرى م

ب  ، وھي إما باتجاه واحد أو باتجاھین، بین الأعصاب لیح   ، وتتكون من صف من الطوب یلیھ العص ون التس ویك

).١-٣(باتجاه واحد كما ھو مبین في الشكل 

.لعقدة ذات العصب باتجاه واحدا): ١-٣(الشكل

One way solid slab)(العقدات المصمتة ذات الاتجاه الواحد ) ٢- ١-٤- ٣(

ماكة      را للس زاز نظ دوث اھت اً لح ك تجنب ة، وذل ال الحی را للأحم رض كثی ي لا تتع اطق الت ي المن تخدم ف تس

.المصمتة ذات الاتجاه الواحد یوضح العقدات ) ٢-٣(في عقدات بیت الدرج، والشكل وتستخدم عادة، المنخفضة
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٣٢

.العقدة المصمتة ذات الاتجاه الواحد): ٢-٣(الشكل

:الجسور)٢-٤- ٣(

ولھا أشكال مختلفة مثل مستطیلة أو وھي عناصر إنشائیة تقوم بنقل الأحمال من العقدات إلى الأعمدة

المدلاة وھي التي تبرز عن ر والجسو، )أي مخفیة داخل العقدات ( جسور مسحورة : وھي نوعینTعلى شكل 

،، ویكون التسلیح  بقضبان الحدید الأفقیة لمقاومة العزم الواقع على الجسر وبالكانات لمقاومة قوى القصالعقدة

لا تتجاوز الستة أمتار  فضلا عن الأحمال غیر العالیة نسبیا  والتيونظرا للمسافات القریبة بین الأعمدة نسبیا 

.مسحورةتخدم في العقدة  ستكون جسور فأن الجسور التي ستس

:وتستخدم في المباني للأغراض التالیة،

 توضع الجسور تحت الحوائط لتحمیل الحائط علیھا تجنبا لتحمیلھ مباشر على البلاطة الخرسانیة

.الضعیفة

تقلیل طول الانبعاج للأعمدة.

زء منھا بمساحة یمكن تصمیمھا تقسیم البلاطات الخرسانیة ذات المساحات الواسعة إلى أجزاء كل ج

.لتصبح بسمك وتسلیح اقتصادي

تربیط الأعمدة مع بعضھا وذلك لعمل مفعول الإطارات)(Frames
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مسحور جسر)٢-٤-٣(الشكل 

:الأعمدة)٣-٤-٣(

حمال من وھي عبارة عن العناصر الإنشائیة الحاملة  التي تأخذ الأحمال من العقدات والجسور وتنقل الأ

.دائریةأومضلعة أشكالوللأعمدةالطوابق إلى الأساسات 



-كانون الثاني٢٠٠٨- كانون الثاني

الفصل الثالث
الوصف الإنشائي للمبنى

٣٤

أنواع الأعمدة: )٣-٤-٣(الشكل 

:جدران القص)٤-٤- ٣(

ي           كل أساس تخدم بش ا وتس ة علیھ ة الواقع ة والأفقی وى العمودی اوم الق وھي عناصر إنشائیة حاملة تق

ص        لمقاومة الأحمال الأفقیة دران الق مى ج زلازل وتس اح وال وى الری ل ق ذه  ) shear wall(مث وھ

ة  ،         وى الأفقی ة الق ى مقاوم ا عل ن كفاءتھ د م ى تزی ب أن  الجدران تسلح بطبقتین من الحدید حت ویج

ل     ى أق ل للمبن تكون المسافة بین مركز المقاومة الذي تشكلھ جدران القص في كل اتجاه ومركز الثق

.ما یمكن 

.ه الجدران كافیة لمنع أو تقلیل تولد العزوم وان تكون ھذ
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جدار قص)٤-٤-٣(الشكل

:الأساسات)٥-٤- ٣(

دران و              ن ج وى م ال والق ع الأحم ل جمی ا نق ن خلالھ تم م ي ی ائیة الت ر الإنش ھي عبارة عن العناص

طحیة        ات الس ا الأساس ة منھ واع  مختلف دة أن ات ع ى الأرض ، و الأساس دة  إل shallow(أعم

foundation ( ة ات العمیق ) deep foundation(و الأساس

.ویعتمد نوع الأساس على عوامل مختلفة و أھمھا    خطوة في عملیة التصمیم 

.نوع التربة من حیث قوة تحملھا-أ

.مقدار القوى المنقولة إلى الأرض - ب

.المیاه الجوفیة أن وجدت - ت

طحیة     ات س تخدم أساس ي    ) shallow foundation(وھنا سنس باب الت ك للأس ذل

.سنتطرق لھا لاحقا
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أساس منفرد)٥-٤-٣(الشكل 

:الأدراج)٦-٤- ٣(

، ویتم التعامل معھا في الاتجاه العموديالدرج ھو عنصر إنشائي یستخدم للانتقال من مستوى إلى مستوى آخر
.في عملیة التصمیم كبلاطة مصمتة

سانيرخدرج )٦-٤-٣(الشكل 
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:الجدران الإستنادیة )٧-٤- ٣(

تبنى ھذه الحوائط لتسند التراب والماء الذي خلفھا وما ینتج عن ھذا التراب من ضغوط تحاول أن تقلب أو تحرك 
ضغوط التربة الأفقیة وقوى الرفع من المیاه وھذا الجدار ، وتصمم الجدران الإستنادیة لمقاومة وزن التربة 

:أنواع من الجدران الإستنادیة منھا الجوفیة وھناك عدة 

  جدران الجاذبیةgravity walls) ( التي تعتمد على وزنھا.
 الجدران الكابولیةcantilever walls)(
 جدران مدعمة(braced walls)

جدار استنادي)٧-٤-٣(الشكل 
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:برامج الحاسوب التي سیتم استخدامھا) 3٥-(

١.AutoCAD (2007) for Structural and Architectural Drawings.

٢.For Text Edition)Microsoft Office (2007.

٣.Atir Software for Structural Calculations.
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Chapter Four

Structural Analysis And Design

4.1 Introduction:

Concrete is reinforced to give it extra tensile strength; without reinforcement, many

concrete buildings would not have been possible.

In this project there are several structural elements that will be designed

according to the ACI code, and by using many computer software such as "ATIR"

and "Prokon" .

To find the internal forces, deflections and moments in order to design the elements.

4.2 Determination of thickness of ribbed slabs ( T section ) :-

will be determinate according to the limitation of deflection

According to table value in ACI-Code-318-05,

*Min h for one-end continuous = L/18.5

*Min h for both-end continuous = L/21

*Min h for simply support = L/16

The Lmax for one-end continuous= 5m

The Lmax for both -end continuous=4.97m

Min h for one-end continuous = L/18.5

= 500/18.5 = 27 cm

Min h for both-end continuous = L/21

= 497/21 = 23.66 cm

Take h = 32cm. (24cm block+8 cm topping)
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(4.2.1) Calculation of dead load and live load for Topping:

1. Tiles and mortar = 2 kN/m²

2. Topping = (0.08)  (25) = 2 kN/m²

3. Block = (0.24) (9) = 2.16 kN/m²

4. Plaster =  (0.02) (22) = 0.44Kn/m²

5. Partion = (1.25) kN/m²

Total dead load for one way rib = 7.85 kN/m².

for one meter strip dead = 7.85 kN/m.

Total live load for one way rib = 5 kN/ m

(4.2.2) Design of topping:-

uq = 1.2 (DL) + 1.6 (LL)

= 1.2(7.85) + 1.6 (5)

= 17.42 kN/m²

UM =
2

uq *L
12

UM =
12

4.0*42.17 2

= 0.24 KN.m

S =
6

* 2hb
=

6

)8.0(*1 2

= 1.066*10-3 m³

Mn = 0.42 'fc *
6

* 2hb

Fig. 4-1: Section of topping
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Mn = 0.42 30 *
21000*(80)

6
= 2.45 KN.m

 Mn = 0.55 * Mn

 Mn = 0.55* (2.45) = 1.347 kN.m > 0.24 kN.m

No reinforcement is required.

Minimum reinforcement of Shrinkage&tempreture is required according to ACI cod:

minAs = 0.0018 * b * d

= 0.0018 * 100 * 8 = 1.44 cm²

Select Ф 8/25cm .provAs = π* (0.8²/4)*100/25=2  cm²/m>1.44 cm²/m

.directionsbothin

(4.2.3) limitation of spacing between bars:-

Smax =5*t =5*8=40cm

Or S= 45 cm

25cm<45   OK

(4.2.4) shear design:-

 Vc>Vu

d= 8 - 2- 0.4 = 5.6 cm for topping.

(0.75)(1/6)(1000)(56) 30

=38.34 kN>3.5 kN=Vu
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(4.3) calculation of width of rib

be= L/4= 5/4=1.25m

be= bw+16t= .12+16*.08=1.4 m

be=bw+.5Lc1+0.5Lc2=.12+0.5*.4+.5*.4=0.52 cm

take be = 0.52  which smaller one.

(4.3.1) Calculation of dead load and live load for Topping:

1. Tiles = (0.52) (2) = 1.04 kN/m

2. Topping = (0.52) (0.08)  (25) = 1.04 kN/m

3. Block = (0.4) (0.24) (9) = 0.864 kN/m

4. Plaster = (0.52) (0.02) (22) = .228Kn/m

5. Partion = (1.25)(0.52 ) =0.65 kN/m

6. Rib =  =0.12*0.24*25     = 0.72 kN/m

Total dead load for one way rib = 4.54 kN/m

Total live load for one way rib = (5)*(0.52)= 2.6 kN/ m

Fig. 4-2 Section of one-way ribbed slab
Elevation
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(4.4)Design of ribs (R1)

Load on rib

Total dead load for one way rib = 4.54 kN/m

Total live load for one way rib = (5)*(0.52)= 2.6 kN/ m

4.4.1) Design of negative moment(

-:BSupport

Mu = - 23.4 KN.m

Mn = Mu/Ø=
9.

4.23 = 26 KN.m

Rn=
².bd

Mn = 26/120(290) ² = 2.57 Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


0067.0)
412

)5.2)(2.20(2
11(

2.20

1


ρreq= 0.0067

√
As req. = ρ * b * d
As req. = 0.0067* 120 * 290 = 232.8 mm2

As min =(0.25/fy)

As min =(0.25/fy)√24 120 290
As min =103.4 mm2

Moments: spans 1 to 2

6.3

-30.6
-23.4-23.2

4.5

20.3 19.3

1.72 1.78

0.99 0.99

2.04 3.06 3. 2.

Fig. 4-3: moment  in one-way ribbed slab
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Not less than1.4*b*d/fy =1.4*120*290/412=118.25 mm2

 Asmin. = 118.25 mm2

 As req. = 232.8 mm2

 Select 2Φ 14 With As = 307.7 mm2

Check for Yielding:

T=C
 As * fy = 0.85 * fc' *a * b
(232.8) * 412 = 0.85 * 24 * 120 * a
a=37.5 mm
X=a/.85= 37.5/.85 = 44.2
S= (d/x *.003)-.003 = ((290/44.2) *.003)-.003 =0.02ξ

0.02 > 0.005
Ok
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4.4.2) Design of Positive Moment:(

This design for 4.95 m , 4.96 m spans are as follows:-

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

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

Eb = L / 4 = 4.05 / 4 = 101cm

Eb = wb + 16 t = 12 + 16 (8) = 140 cm

Eb = wb + .5L C1+.5LC2 = 52 cm……………….. Control

Span (1):
Mu = 19.1 KN.m

Mn = Mu/Ø=
9.

1.19 = 21.2 KN.m

Check if a<t:
Assume a = t
C = 0.85* fc' * t * bE

C = 0.85 * 24 * 80 * 520 = 849 KN.m
tMn = C * d -
2

 
 
 

Mn=849*(29-8/2)= 212 KN
23.11<212
t < a
 Design of rectangular section with b = be:

Rn = Mn/bd2 =19.1/520*2902

Rn = 0.44 MPa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


001.0)
412

)44)(.2.20(2
11(

2.20

1

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As req. = ρ * b * d
As req. = 0.001 * 520 * 290 = 161.6 mm2

FyAs min =0.25 /
As min =(0.25/412)√24 120 290
As min =103 mm2

Not less than1.4*b*d/fy =1.4*120*290/412 =121.8 mm2

 Select 2Φ 12With As = 226 mm2

For all positive moment.

(4.4.3)Design of shear:

KN

dbwfcVc

KNVu

7.1029012024
6
1

75.05.0

6
1

75.05.05.0

3.25max

'







Ø*Vc= 0.75* 24
6

1
*120*290=21.3KN

minØ*Vs =0.75*bw*d/3 =0.75*120*290/3 = 8.7 KN

Min Shear reinforcement is required*

Shear

13.6

25.

-25.3

-14.1

19.8

-30.5

30.1

-19.3

Fig. 4-4: Design of shear:
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Select Ø8 with 2 legs

Av = π*
2

4

D
*No of legs

Av = 3.14*
28

4
*2

Av = 100 mm2

Ø*Vs= 0.75*Av*d*fy/s
S =.75*100*412*290/8700
S = 1 m

29
( ) 14.5

2 2
( ) 60

d
S cm

S cm

  



We  assume s =12.5 cm.
11.5.6From ACI cod

Avmin =(1/16fy)bw*s*
Avmin = (1/3)bw*s/fy.

2=12.5mm√30125*)*120**412Avmin = (1/16
212 mmAvmin =(1/3)*120*125/412  =

SO use the smallest of the three limitations

(s)=14.5 cm

Use 1Ø8 @100 mm
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4.5) Design of Beam (1):(

Calculation of thickness and dimension:

Determination of beam width:

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

= = 0.002εy

. .
Xb = 15.5 cm.

a b = β *Xb =0.85*15.5 = 13.1 cm
T=C 0.85x fc' * b * a b = ρb * b * d * fy

b b0.85  fc' b  a 0.85  fc' aρ = =
b  d  fy  d  fy

b
    
  

=
. . 0.03

but ρ max. = 0.63 * ρb

 ρ max. = 0.63 x 0.03 = 0.0196

 ρ = 0.5 ρ max = 0.375 ρb

 ρ = 0.375*0.03 = 0.011

A

A

1
1

A

A

2 3
2

0.5 4.6 0.50.5 4.6 0.5

5.1 5.1

Fig. 4-5: Design of Beam (1):
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Fig. 4-6: Design of moment of Beam (1):

Max Dead reation = 19.5KN=19.5/0.52 = 37.5 KN/m.+21 KN/m from the wall
this forces are factored.KN/m17/0.52 =9=KN9Max Live reation =

Mu max. = 171 KN.m …….. from the fig (4.6 )

Mn = Mu/Ø=
9.

171 = 190 KN.m

Rn= ρ*fy(1-0.5 ρm)
Rn = 0.011*400(1-(0.5*0.011*20.2)) = 3.9 Mpa
Rn = Mn/bd²
3.9= 171*10^6/b(260²)
b = 64.8 cm
take b= 65 cm.

(4.5.1) Design of Positive Moment:-

A s min=
fc 1.4

(bw)(d) (bw)(d)
4(fy) fy




A s min=(650)(260)(0.25)√24/412≥1.4*560*260/412 not less than.

A s min = 5.2cm2

Moments: spans 1 to 2

13.4

-225.
-171.-171.

13.4

137.4 137.4

1.49 1.49

1.12 1.12

2.04 3.06 3.06 2.04
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Span (1):

Mu = 137.4 KN.m ………from fig (4.6 )

Mn = Mu/Ø=
9.

4.137 = 152.6 KN.m

Rn=
².bd

Mn = 152.6^6/650(260) ² = 3.47Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 3.5/412
ρReq=0.009

As req. = ρ * b * d
As req. = 0.009* 65 * 26 = 15.2 cm2> As min. = 5.2 cm2

 As req.= 15.2 cm2

 Select 4Φ 25 With As = 19.62 cm2

Check of Strain:

Tension = Compression

 As  Fy = 0.85  fc'  b  a

1962  420 = 0.85  24 650 a

 a=62 mm

X=a/.85= 62/.85 = 73
S= (d/x *.003)-.003  = ((290/73) *.003)-.003 =0.009ξ

0.009 > 0.005 ok

(4.5.2) Design of negative moment

Mu = - 171 KN.m

Mn = Mu/Ø=
9.

171 = 190 KN.m

Rn=
².bd

Mn = 190^6/650(260) ² = 4.3 Mpa



Chapter Four

Structural Analysis And Design

___________________________________________________________________

44

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 4.3/412
ρReq=0.01

As req. = ρ * b * d
As req. = 0.01* 65 * 26 = 16.9cm2>As min. = 5.2cm2.
 As req.= 16.9 cm2

 Select 4Φ 25 With As = 19.62 cm2

Check As req< As max

T=C

0.85*24*a*650=1690*412

a=52.5 mm

X=a/B = 52.5/0.85  = 62 mm.


.. = 6.2/26εs 0.009 0.005 OK.



Chapter Four

Structural Analysis And Design

___________________________________________________________________

45

Fig. 4-7: Design of shear of Beam (1):

(4.5.3) Design of shear

uV =183 KN………………..As shown in Fig. (4.9)

cV = 0.75
fc bd
6

 
  
 



cV = 0.75*650*260*√24/6=103 KN.

1
0.75 bd

3
 
 
 

=min Vs min.

min.  Vs min = 0.75*65*26/3 =42 KN

( cV +  Vs min) = 103+42 = 145 KN

 bw d/3 = 0.75*√24*650*260/3=206 KN

Vu max.  ( cV +  *b*d* /3)

183  103+206=309 KN

:)4( SatisfyCategory

Vs = Vu max - cV .

 Vs = 183 – 103 = 80 KN

Select Av 10 stirrups with 2Legs

Av = 157 mm2

 * Vs =
Φ*Av*Fy*d

Sreq
Sreq =0.75*157*412*260/80^3=157 mm

But S  130 & S 60 cm

 Select Φ 10 @ 14 cm.

Shear

111.

183.2

-183.2

-111.

137.9

-220.5

220.5

-137.9



Chapter Four

Structural Analysis And Design

___________________________________________________________________

46

(4.6) Design of column (C15)

(4.6.1) Design of Cross Sectional Area:

The Max reaction = 483.4 KN.

own weight=14.4 KN.

qu = 483.4+14.4= 498.8

= 498.8*3 = 1496 KN

Pu = 1496 KN

Pn req = 1496/0.65= 2302 KN

Use  =  g =1.5 %

2302103 = 0.8 Ag {0.85 cf  +  g (fy – 0.85( cf  ))}

Pn = 0.8 * Ag {0.85(24)+0.015(412-(0.85)(24))}

Ag = 1180 cm²

Try 40cm x 30cm => Ag = 1200cm² > Agreq. = 1180 cm²

Lu= 3.6m

M1 = M2 = 1

K=1

r = 0.3h = 0.30.3 = 0.09

Chick for Slenderness:

1

2

KLu M< (34-12)
r M

 
 
 

Lu: Actual unsupported (unbraced) length.

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

r: radius of gyration = 0.3 h =
A

I

M1: the smaller of end moment on the member.

M2:  the larger of end moment on the member .

Klu

r
   
 

= 1x3.5

0.3x0.30
 
 
 

= 38.88 > 22

Long Column & Slenderness effect must be considered.
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(4-6-2) Design of reinforcement

EI =
c g

d

0.4E I

(1+ )β
 
 
 

Where:

Ig: Gross moment of inertia ignoring steel.

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

Ec= 4750 ` 4750 √24 =23227.5Mpa

L
d

L L

1.2 Dβ =
1.2D +1.6L

Bd = 329/483 = .68

gI 
3 3

-3 4b×h 0.50×(0.30)= =1.35 10  m
12 12



EI=0.4*23227.5*1.35103 /(1+.68)  =7.46 MN.m2.

 
2

Critical 2

u

π ×EIP =
K×L

= 5.6 MN

1

2

M Cm = 0.6 + 0.4 =1.0
M
 
 
 

Critical

Cm
= 1

1- ( Pu/0.75P )
δns  

 
 

1 =1.58 >1
1 (1632/ 0.75 193.4)

δns  
  
  

mine =15+ (0.03×h)

min
15 + (0.03×300)

=  = 0 .024 m
1000

e

req. ns =e = e×δ 0.024×1.58 = 0.038 m
e 0.038

= = 0.127
h 0.3
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From Interaction Diagram(Fig. 4-8):

2302 1030.5 0.3 1451000 2
fc 'َ =30 Mpa = 4.35Ksi use 4 Ksi

Fy = 412Mpa =60.9 Ksi use 60 Ksi

d ' = 4+1+1= 6cm

d = 30 - 6 = 24cm

30

d -d' 24-6γ = =  = 0.6
h

   
   

  

From chart  g < min

 = 0.01g

2302103 = 0.8 120000 {0.85 cf  + g (fy – 0.85( cf  ))}

Pn = 0.8 * 120000 {0.85(24)+ g (412-(0.85)(24))}

 g = 0.01

Fig. 4-8 Interaction Diagram.
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gAs = ×b×h

As = .01*40*30=12 cm2.

2Use 16 with As = 2.01 cm
NO  of bar = (12/2.01) = 5.97 cm2.

n u>Check P P
2

providedAs for 8 16 =16.08 cm

 n g st stP =0.65 0.8 0.85fc' A -A + fy A    

   n 150000 1608P =0.65 0.8 0.85fc' - + 420 1608    Pn 2318.8 KN 2302 KN
OK.

4-6-3) Design Of The Tie Reinforcement:

Use  10 ties.

Spacing ≤ 16  db (Longitudinal bar diameter)

=16  1.6=25.6 cm.

≤ 48  dt (ties  bar diameter) = 48  1.0=48cm.

≤ Least dimension=30cm.

Use "  10" ties @ 25 cm spacing.

Use 50cm30cm with 8  16  bars. with Ø 10 ties @ ٣٠cm spacing .

Fig. 4-9 Reinforcement of Column.
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4-7  Design of Stairs:
(4-7-1) Design of the First Stair:

4-7-1-1 Determination of Loads on Stair:

L 290h = = =14.5 cm
20 20

h =150/20   =7.5cm

h = 300/20 =15cm

Select h = 15 cm

8.28)
30

16
(tan 1  

(DL) Plaster 2
3

/753.0
8.28cos

)/22)(03.0(
mkN

mkNm


(DL)  H – plate = 0.04 * 22*
30.0

33.0
= 0.968 kN/m2.

(DL) V – plate = 0.03 * 22*
30.0

16.0
= 0.363 kN/m2.

(DL) Plate cover 2
3

/28.4
8.28cos

)/25)(15.0(
mkN

mkNm


(DL) Stair          = 23 /06.2/25*)
2

16.0
( mkNmkN

m


Fig. 4-11 Design of Stair.
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(DL) H – mortar = 0.03 * 22 = 0.66 KN/m2

(DL) V – mortar = 0.03 * (0.165/0.3) * 22 = 0.363 KN/m2

Total dead load = 12.6 2kN/m

Total live load = 5 2kN/m

Wu = Factored dead load + Factored live load

Wu = (1.2×12.6) + (1.6×5)

Wu = 23.12 kN/m2.

for 1m of the stair slab

Wu = 23.12 kN/m.

4-7-1-2 Determination of Loads on landing:

Dead Loads Of Landing:

(DL) Concrete Plat = 0.15× 25 = 3.75 KN/m2

(DL) mortar = 0.02× 22 = 0.44 KN/m2

(DL) Tiles = 0.03× 22 = 0.66 KN/m2

(DL) Plaster = 0.02× 22 = 0.44 KN/m2

Total Dead Loads of Landing = 5.3 KN/m2

Wu = Factored dead load + Factored live load

Wu = (1.2×5.3) + (1.6×5)

Wu = 14.3 kN/m2.

for 1m of the stair slab

Wu = 14.3 kN/m.
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Fig. 4-12 Moment & Shear diagram of the First Stair.

4-7-2 Design of positive moment:

From

Moment Diagram(Fig4-12)

Mu = 34.7 KN.m

using Φ 12bars

d = 15-2-0.6 = 12.4 cm.

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

7.34 = 38.4 KN.m

Rn=
².bd

Mn = 38.4^6/1000(124) ² = 2.66 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 2.66/412
ρReq=0.0069

As req. = ρ * b * d
As req. = 0.0069* 100 * 12.4 = 8.36 cm2/m

Check for minimum reinforcement:

A s min=(1000)(123)(0.25)√24/412≥1.4*1000*123/412 not less than.
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A s min = 4.2cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

 Select Φ 14/15cm

With As =π*
. 2

*100/15= 10.25 cm2 >8.36 cm2/m.

4-7-2-1 Check of Strain:
Check As req< As max

T=C

0.85*24*a*1000=836*412

a=16.88 mm

X=a/B   = 16.88/0.85  = 19.86 mm.


.. = 19.86/124εs 0.015 0.005 OK.

4-7-2-2 Development Length of  Bars:

b
c

d =
fyL α β γ d

2 f 
  

For Φ14 bars:
Ld= √ *1*1*1*1.4=58cm or Ld= 40 =56cm

Use Ld = 60 cm.

4-7-2-3 Lateral Reinforcement:

As = 0.0018×b×h = 0.0018×100×15 = 2.7 cm2/m

0.2×As = 0.2×8.68=1.7 cm2/m

 As = 2.7 cm2/m.

 Select Φ 8 with As = 0.5 cm2.

S=
.. *100= 18

Select S=15 cm

As=
.

*100 = 3.3
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Fig. 4-13 Moment & Shear diagram of the second Stair.

4-7-3 Design of the Second Stair:

Total un Factored dead Loads of Landing = 5.3+19.3 = 24.6 kN/m.

Total un Factored live Loads of Landing = 5+8.7 = 13.7 kN/m.

Un Factored Loads of Stairs as Shown in the First Stairs (For 1m Strip)

=12.6 kN/m.

Mu = 109 KN.m

using Φ 20bars

d = 15-2-1 = 12 cm.

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

109 = 121 KN.m

Rn=
².bd

Mn = 121 ^6/1000(120) ² = 8.4 Mpa
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ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 8.4/412
ρReq=0.028

As req. = ρ * b * d
As req. = 0.028* 100 * 12 = 34.67 cm2

Check for minimum reinforcement:

A s min=(1000)(120)(0.25)√24/412≥1.4*1000*120/412 not less than.

A s min = 4.2cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

 Select Φ 28/15cm

With As =π*
. 2

*100/15= 41 cm2 /m.

4-7-3-1 Check of Strain:
Check As req< As max

T=C

0.85*24*a*1000=3467*412

a=70 mm

X=a/B   = 70/0.85  = 82.37 mm.


.. = 82.37/120εs 0.001 0.005 Not OK.

4-7-3-1-1 Recalculate for stair:
Take h= 20 cmd= 20-2-1= 17 cm.

Mn= 121 KNRn= 4.18  ρ= 0.01

As= 0.01*100*17= 19.54 cm2 /m.

4-7-3-1-2 Check for minimum reinforcement:

A s min = 7 cm2&A s for shrinkage = 3.5 cm2

 Select Φ 20/15cm

With As =π*
. 2

*100/15= 20.9 cm2 /m> 19.54 cm2 /m.      OK

4-7-3-1-3 Recalculate of Strain:
 εs 0.008 0.005 OK.
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4-7-3-2 Development Length of  Bars:

b
c

d =
fyL α β γ d

2 f 
  

For Φ20 bars:
Ld= √ *1*1*1*1.2=83 cm or Ld= 40 =80cm

Use Ld = 80 cm.

4-7-3-3 Lateral Reinforcement:

As = 0.0018×b×h = 0.0018×100×20 = 3.5 cm2/m

0.2×As = 0.2×19.54=3.9 cm2/m

 As = 3.9 cm2/m.

 Select Φ 10 with As = 0.785 cm2.

S=
. . *100= 29

Select S=15 cm

As=
.

*100 = 5.2 cm2.
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4-7-4 Design of the third Stair:

Mu = 78.2 KN.m

using Φ 20bars

d = 15-2-1 = 12cm.

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

2.78 = 86.85 KN.m

Rn=
².bd

Mn = 86.85^6/1000(124) ² = 6 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 6/412
ρReq=0.017

As req. = ρ * b * d
As req. = 0.017* 100 * 12.4 = 21.4 cm2

Fig. 4-27 Moment & Shear diagram of the Second Stair.
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Check for minimum reinforcement:

A s min=(1000)(120)(0.25)√24/412≥1.4*1000*120/412 not less than.

A s min = 4.2cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

 Select As req =21.4 cm2

 Select Φ 28/15cm

With As =π*
2

*100/15= 41cm2 /m >33.48 cm2/m

4-7-4-1 Check of Strain:
Check As req< As max

T=C

0.85*24*a*1000=2140*412

a=43.2 mm

X=a/B   = 43.2/0.85  = 50.8 mm.


.. = 50.8/120εs 0.004 0.005 NOT OK.

4-7-4-1-1 Recalculate for stair:
Take h= 20 cmd= 20-2-1= 17 cm.

Mn= 86.85 KNRn= 3  ρ= 0.007

As req= 0.007*100*17= 13.4 cm2 /m.

4-7-4-1-2 Check for minimum reinforcement:

A s min = 7 cm2&A s for shrinkage = 3.5 cm2

 Select Φ 16/15cm

With As =π*
. 2

*100/15= 13.4 cm2 /m= As req. OK

4-7-4-1-3 Recalculate of Strain:
 εs 0.012 0.005 OK.
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4-7-4-3 Development Length of  Bars:

b
c

d =
fyL α β γ d

2 f 
  

For Φ16 bars:
Ld= √ *1*1*1*1.6=67 cm or Ld= 40 =64cm

Use Ld = 70 cm.

4-7-4-4 Lateral Reinforcement:

As = 0.0018×b×h = 0.0018×100×17 = 3.5 cm2/m

0.2×As = 0.2×13.4=2.68 cm2/m

 As = 3.5 cm2/m.

 Select Φ 8 with As = 0.5 cm2.

S=
.. *100= 18

Select S=15 cm

As=
.

*100 = 3.3 cm2/m
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4-8 Design of Mat Foundation:

4-8-1  Load calculation :

Dead Loads of  Wall (1) per meter = H × (W) × γc

= 16.5× 0.2 × 25 =82.5 KN / m.

qU from solid elevator slap on each wall = 21 KN/ m.

factored Load of  wall = 99 KN/ m.

Load of  wall (3) from beam &ribs = 112 KN/ m.

Total Factored Loads of wall (1) = 21+99 = 120 KN/ m.

Total Factored Loads of wall (2) = 21+99 = 120 KN/ m.

Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.

P total on shere wall = ((120×2.40×2)+(120×1.8)+(232×1.8)) = 1209.6 KN.

Req. =
Total Factored Load

A
1.4×Allowable Bearing Pressure

Areq=
.. = 1.8 m2

Use A = 2.6 × 2.4 m,

A = 2.6×2.4 = 6.24 m2 > AReq.=1.8 m2

\

Fig. 4-28 Geometry of Mat Foundation.
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4-8-2 Determination of Footing Depth:

(121*2|2.6*1) = 93 KN/ m2

Fig. 4-29 Required Sections for Design.

Fig. 4-30 Shear &Moment Envelope of Mat Footing Section A-A.
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Vu =93 KN…( From Fig. 4-24)

c c w

1 'Φ V = Φ f b d
6

   =
10.75× 30×1000×d = 684.65d
6

Let Vu = Φ Vc.

93×1000 = 684.65 d

 d = 14 cm

Assume Φ10 for main reinforcement.

h Req = 14+1+ 6 + 1 = 22 cm.
take h= 30 cm & d= 22 cm.

4-8-3 Design in X- Direction.

Bearing capacity for  Section A-A.
(121*2|2.6*1) = 93 KN/ m2

 σ1 = 167.7 KN/ m2 < 1.4×B.C = 700 KN/ m2

OK.

Section A-A:
By using atir software we found that the shear and the moment envelope

of this section is as in figure(4-30).

4-8-3-1 Design of positive moment:

Bottom reinforcement ( in X direction).

Mu = 4 KN.m /  meter strip, (At the Face of Support).

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

4 = 4.4 KN.m

Rn=
².bd

Mn = 4.4^6/1000(220) ² = 0.1 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 0.1/412
ρReq=0.00024

As req. = ρ * b * d
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As req. = 0.0024* 100 * 22 = 0.53 cm2

Check for minimum reinforcement:
A s min=(1000)(٢20)(0.25)√24/412≥1.4*1000*٢20/412 not less than.

A s min = 7.5 cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

1.3As req. = 1.30.53 = 0.7 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 5.4 cm2

 Select Ø 12 with As = 1.13 cm2 ''For Bottom Reinforcement''

1.13S= ×100 = 20.9 cm
5.4

Select S=20 cm

 req
2 21.13As = ×100 = 5.65 cm > As = 5.4 cm

20
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4-8-3-2 Design of negative moment :-

Top reinforcement ( in X direction).

Mu = 42 KN.m per meter strip "At the Face of Support "

Mn = Mu/Ø=
9.

42 = 46.6 KN.m

Rn=
².bd

Mn = 46.6^6/1000(220) ² = 0.96 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 0.96/412
ρReq=0.0024

As req. = ρ * b * d
As req. = 0.0024* 100 * 22 = 5.3 cm2< A s min = 7.5 cm2

1.3As req. = 1.35.3 = 6.9 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 6.9 cm2

 Select Ø 12 with As = 1.13 cm2 '' For Top Reinforcement ''

1.13S= ×100 =15.4 cm
7.33

Select S=15 cm

 req
2 21.13As = ×100 = 7.53 cm > As = 7.33 cm

15
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4-8-4 Design in Y- Direction
4-8-4-1 Load calculation :
Dead Loads of Wall (1) per meter = H × (W) × γc

= 16.5× 0.2 × 25 =82.5 KN / m.

qU from solid elevator slap on each wall = 21 KN/ m.

factored Load of  wall = 99 KN/ m.

Load of  wall (3) from beam &ribs = 112 KN/ m.

Total Factored Loads of wall (2) = 21+99 = 120 KN/ m.

Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.

4-8-4-2  Eccentricity Calculations:

∑My=0

My= 121*1.1 + 232*1.1 = 388.3KN.

Pu= 1209 KN as calculated before.

ey = =
.

=0.32m < =
.

= 0.43m    OK.

4-8-4-3 Bearing Pressure for Section B-B:

 σ1 =( Pu/ A) + *X.

but  Iy = .

=( 2.6*2.43 /12)  = 2.99.

 σmax =( 1209/ 2.6*2.4) +
.. *1.2 = 349.5 KN.

 σmin =( 1209/ 2.6*2.4) -
.. *1.2 = 38 KN.

 σmax = 349.5 KN<1.4*500 = 700 KN/ m2 OK.
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From atir software we found that the shear and the moment
envelope as in the following Figure(4-25).

Use the same values of d and h as in section B-B;
(d=22 cm & h=30 cm).

4-8-4-3 Design of positive moment:

Bottom reinforcement ( in Y direction).

Mu = 13.3 KN.m per meter strip "At the Face of Support "

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

3.13 = 14.7 KN.m

Rn=
².bd

Mn = 14.7^6/1000(220) ² = 0.3 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 0.3/412
ρReq=0.0007

Fig. 4-31 Shear &Moment Envelope of Mat Footing Section B-B.
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As req. = ρ * b * d
As req. = 0.0007* 100 * 22 = 1.6 cm2

Check for minimum reinforcement:
As req. = ρ * b * d
As req. = 1.6 cm2< A s min = 7.5 cm2

1.3As req. = 1.31.6 = 2.13 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 5.4 cm2

 Select Ø 12 with As = 1.13 cm2 ''For Bottom Reinforcement''

1.13S= ×100 = 20.9 cm
5.4

Select S=20 cm

 req
2 21.13As = ×100 = 5.65 cm > As = 5.4 cm

20

4-8-4-4 Design of negative moment :-

Top reinforcement ( in Y direction).

Mu = 68.9 KN.m per meter strip "At the Face of Support "

Mn = Mu/Ø=
9.

9.68 = 76.5 KN.m

Rn=
².bd

Mn = 76.5^6/1000(220) ² = 1.6 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 1.6/412
ρReq=0.004

As req. = ρ * b * d
As req. = 0.004* 100 * 22 = 8.8 cm2> A s min = 7.5 cm2

1.3As req. = 1.38.8 = 11.44 cm2

As For shrinkage and Temperature:
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As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 8.8 cm2

 Select Ø 14 with As = 1.13 cm2 '' For Top Reinforcement ''

1.13S= ×100 =15.4 cm
7.33

Select S=15 cm

 As =(1.53/15)*100  = 10.2 cm2 >8.8 cm2 OK.
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4-9 Design of Combined Footing (F5):

4-9-1 Loads Calculation:

Column  C 1 ( 50 cm * 30 cm )

Factored Load = 1000 KN

Column  C 1 ( 50 cm * 30 cm )

Factored Load = 1000 KN

Total Factored Load 1000+1000 = 2000 KN.

Soil weighting = 18 KN/m³

Allowable soil pressure = 500 KN/m²

Assume footing to be about 50 cm thick, in addition to about

15 cm of blinding concrete.

Footing weight = 1.2×25×0.5 = 15 kN/m2

Back Fill weight above the footing = 1.6 × (1.5-0.5) ×18 = 28.8 kN/m2

Blinding concrete weight = 1.2× 0.15× 25 = 4.5 kN/m2

Pnet  = 15+28.8+4.5 = 48.3 kN/m2.

4-9-2 Determination the dimension of the combined footing :

req.

net+ P
Pu 1.4×Allowable Bearing Pressure

As


+48.3 1.4 500
A req = . = 3 m2.

Use  L = 2.5 m, B = 1.5 m,

A = 2.5×1.5 = 3.75 m2 > Asreq.= 3 m2
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4-9-3 Determine the bearing pressure under Combined Footing

б bu = (Pu/A) +Pnet / /
= (2000/3)+48.3+0 = 715 KN/ m2<1.4 *500=718 KN/ m2

Fig. 4-32 Geometry of Combined Footing.

Fig. 4-33 bearing under Combined Footing.
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4-9-3 Determine the Required depth of the Combined Footing :

Assume H= 50cm
d = 50 – 7.5 –1–1 = 40.5 cm
The punching shear strength is the smallest of:

c c o
c

1 2 'V = 1+ f b d
6 β
 
 
 

s
c c o

o

α1 'V = + 2 f b d
12 b /d

 
 
 

c c o

1 'V = f b d
3

………………….. Control

Where:

c = a / b = 50 / 30 = 1.6

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

= 2{(500+405) + (300+405)} =3220 mm

s = 40             for interior column

 Vc=0.75* √24*3220*405 = 1597.2 KN.

Vu critical= 715 *1.5*(1-.4) – 48.3*1.5*(1-.4) = 600

Check Φ.Vc Vu (Critical)

1597.2>600  ok.

 OK. d" to satisfy punching shear

Fig. 4-34 Required Sections For Design.
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4-9-4 Design in X Direction:

MRx =  Mx +
M at CS1      +
= 718*0.38*0.19*1.5 – 48*0.38*0.19*1.5
MCS1 = 127 KN.m

4.9.4-1 Design of Bottom reinforcement

Mu =127 KN.m

Mn = Mu/Ø=
9.

127 = 141 KN.m

Rn=
².bd

Mn = 141^6/1500(405) ² = 0.9 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 0.9/412
ρReq=0.002

As req. = ρ * b * d
As req. = 0.002* 150 * 40.5 = 13 cm2

Check for minimum reinforcement:

As min =(0.25/fy)
As min =(0.25/fy)√24 1500 405
As min =18 cm2

As min = 1.4*b*d/fy
.= 20 cm2

1.3As req. = 1.313 = 17 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 200  40.5 = 14.5 cm2

 Asreq. = 17 cm2.

 Select 20Φ 12 with As = 22 cm2.> Asreq. = 17 cm2.
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Check of Strain:

Tension = Compression

s cA ×fy = 0.85×f '×b×a

1700*412= .85*24*1500*a

a=23mm.

x=27 mm.εs .004 0.005ok

4-9-4-2 Development Length of main Reinforcement:

b
c

d =
fyL α β γ d

2 f 
  

For Φ12 bars:
Ld = 40 Φ = 48cm

Available Ld = 100 - 7.5 = 92.5 cm .

Ld= 48>92.5

Ok.

4.9.5 Design of Bending Moment about S3

M at CS2 +
= (715*1.25*0.625)*1.5- (48*1.25*0.625)*1.5- (1000*0.55)) =

MCS2 = -350 KN.m +
no top reinforcement .

Design of shrinkage and temperature reinforcement:

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 150  40.5 = 10.5 cm2

 Select 15Φ 12 with As = 17 cm2.> Asreq. = 14.5 cm2.
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4.9.6 Design of Bottom Reinforcement at S3

Mu =350 KN.m

Mn = Mu/Ø=
9.

350 = 388 KN.m

Rn=
².bd

Mn = 388^6/1500(405) ² = 1.1 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 1.1/412
ρReq=0.003

As req. = ρ * b * d
As req. = 0.003* 150 * 40.5 = 24 cm2

Check for minimum reinforcement:

As min =(0.25/fy)
As min =(0.25/fy)√24 1500 405
As min =18 cm2

As min = 1.4*b*d/fy
.= 20 cm2

1.3As req. = 1.324 = 31 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 150  40.5 = 10.5 cm2

 Asreq. = 31 cm2.

 Select 16Φ 16 with As = 32 cm2.> Asreq. = 31 cm2.
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4.9. 7 Design in y- Direction

MRy =  My +
MRy = (7150.62*.31)*2 - (48.30.62*.31)*2 = 256 KN.m

4.٩.7-1 Design of Bottom Reinforcement

Mu =256 KN.m

Mn = Mu/Ø=
9.

256 = 284 KN.m

Rn=
².bd

Mn = 284^6/1500(405) ² = .8 Mpa

ρReq= 1/m (1- 1 2 /
ρReq= 1/20.2 (1- 1 2 20.2 .8/412
ρReq=0.002

As req. = ρ * b * d
As req. = 0.002* 200 * 40.5 = 16.2 cm2

Check for minimum reinforcement:

As min =(0.25/fy)
As min =(0.25/fy)√24 2000 405
As min =20 cm2

As min = 1.4*b*d/fy
.= 23 cm2

1.3As req. = 1.316.2 = 21 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 200  40.5 = 14.5 cm2

 Asreq. = 21 cm2.

 Select 12Φ 16 with As = 24 cm2.> Asreq. = 21 cm2.
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Check of Strain:

Tension = Compression

s cA ×fy = 0.85×f '×b×a

2100*412= .85*24*2000*a

a=22mm.

x=25 mm.εs .004 0.005ok

4.9.7.2 Development length of main Reinforcement:

Ld = 40*1.6 = 64 cm

4.9.8 Design Of Top Reinforcement

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 200  40.5 = 14.5 cm2

 Select 15Φ 12 with As = 17 cm2.> Asreq. = 14.5 cm2.
4.12.8.1 Check Transfer of Load at Base of Column (Design of Dowels)

ΦPn = Φ(0.85fc Ag)

3ΦPn = 0.65(0.85)(30)(600×300) 10

ΦPn =2983.5 KN > 2850 KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As  = minρ ×Ag

As = 0.005 (50 × 30) = 7.5 cm2
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Use 6 Φ 14 dowels with sA = 9.24 cm 2

4-9-8-2 Development Length ( dL ) of Dowels:

Ld for Φ 14:

d b
FyL = ×d

4 30

420Ld = ×1.4 = 26.84 cm
4 30

But Not Less Than b0.044 ×Fy×d 25.87 cm

Available embedment = 50–7.5–2–2 = 54.5 cm > 26.84 cm

 Ok.

Fig. 4-35 Details of Combined Footing(F5).
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4-10  Design of Strip Footing (Under the Shear Wall):

4-10-1  Load Calculations

Weight of wall (D.L.) = height  thickness of wall 1m wide  γc

Weight of wall (D.L.) = 16.5× 0.2 × 25 =82.5 KN / m.

Total Dead Load = 38 KN/m.

Total Live Load = 22 KN/m.

Weight of concrete footing = 0.5×25×1×bx =12.5 bx KN

Weight of soil above footing  =18×1×1×bx =18 bx KN

4-10-2   Determination of Footing Depth:

Assume footing thickness = 50 cm > hmin = 25cm.

4-10-3   Determination of Footing Width:

Allowable soil pressure = 500 KN/m²б allowable
((38*1)+(22*1)  + (12.5 bx + 18bx )/1*bx ) 500
60 + 30.5 bx = 500bx

bx = 12.7 cm

select  bx = 60 cm

4-10-4  Check of Shear

Pu total = (1.2*38*0.6) + (1.6*22*0.6) +(1.2*0.5*25*0.6)

+(1.6*18*1*0.6)

 Pu total = 75 KN.

Pu/Area = 75/ 1*.6   =125 KN/m

125<1.4*500= 700 KN/m
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Pu per 1m strip = (1.6*18*1)+ (1.2*0.5*25*1) = 43.8KN/m

Vu = (125*.2) – (43.8*.2) = 16.3 KN.

1Vc = 0.75 fc' b d
6

   

d = 50 – 7.5 - 1- 1 = 40.5 cm

1
Vc=0.75 30 1000 405 = 277.3 KN

6
   

 The Depth of Footing is Satisfied.

4-10-5  Design of Bending Moment

Mu = (125*0.2*.2/2)- (43.8*.2*.2/2)

= 2 KN.m

Mn = 2/.9 = 2.2 KN.m

Rn = Mn/bd2 =2/1000*4052

Rn = 0.01MPa

2.20
24*85.0

412

*85.0 '


fc

fy
m

Fig. 4-36 Geometry of Strip Footing.
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ρreq= )
2

11(
1

fy

mRn

m


00003.0)
412

)01)(.2.20(2
11(

2.20
1



As req. = ρ * b * d
As req. = 0.00003 * 100 * 40.5 = .13 mm2

FyAs min =0.25 /
As min =(0.25/412)√24 405 1000
As min =12 mm2

Not less than1.4*b*d/fy =1.4*405*1000/412 =13.8 mm2

A s min = 13.5 cm2

1.3As req. = 1.30.75 = 0.98 cm2 < A s min = 13.5 cm2/m.

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100 50 = 9 cm2/m

 As req. = 9 cm2

 Select 9Φ 12 With As = 10.17 cm2 > As req. = 9 cm2.

req

req

1.13S = ×100 =11cm
10.17

Use S =10cm

So Select Φ12@10 cm.

4-10-6   Development Length of main Reinforcement:

fy
Ld = × α × Β × γ × db

2 fc

420
Ld = ×1×1×1×1.2 = 46 cm.

2 30



Or 40*1.2 = 48
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Available Ld = 20 – 7.5 = 12.5 cm
Available Ld =12.5 <Ld req =46 cm
Available Ld =12.5
Using Hook 16  =16 1.2 =19.2 cm  

Hook Length = 20 cm > 19.2 cm.

So Ld Total = 20+22.5 = 42.5 cm

4-10-7  Design of Secondary Bottom Reinforcement

As min For Shrinkage and Temperature is required
As = 0.0018  b  h

As = 0.0018 100 50 = 9 cm2/m

 As req. = 9 cm2

 Select 9Φ 12 With As = 10.17 cm2 > As req. = 9 cm2

req

req

1.13S = ×100 =11cm
10.17

Use S =10cm

So Select Φ12@10 cm.

4-10-8 Design of Secondary Top & Bottom Reinforcement For The

Top Layer:

As min For Shrinkage and Temperature is required
As = 0.0018  b  h

As = 0.0018 100 50 = 9 cm2/m

 As req. = 9 cm2

 Select 9Φ 12 With As = 10.17 cm2 > As req. = 9 cm2

req

req

1.13S = ×100 =11cm
10.17

Use S =10 cm

So Select Φ12@10 cm.
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4-10-9  Check Transfer of Load at Base of Column (Design of

Dowels):

reqΦPn = Φ×(0.85×fc × Ag + As ×fy) Pu 

Pu = (1.2*25*16.5*.2*1) = 99 KN.

0.65*((.85*24*1000*2OO) + (As req *412)) = 99000

As req =

3
req0.65×[(0.85×30×1000×300) + (As × 420)] = 251.03×10

As req. = -62 cm2

So As min. is required

As min = .0012*Ag

= .0012*100*20 =2.4 cm 2 /m

Use 4 Φ 12 dowels with As = 4.52 cm 2

4-10-10  Development Length of Dowels:

(1)req .
fy 420Ld = db = ×2 = 38.34 cm

4 304 fc

req(2)Ld = 0.044×fy×db = 0.044×420×2 = 36.96 cm.

reqLd = 38.34 cm.

req reqh = Ld + 7.5 +1.2 +1.2

 = 38.34 + 7.5 +1.2 +1.2 = 48.24 cm.

 Select hreq. = 50 cm

Available Ld = 50 - 7.5 -1.2 -1.2 = 40.1 cm.

(1)reqAvailable Ld = 40.1 cm > Ld = 38.34 cm.

 Ok.80
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Fig. 4-37 Details of Strip Footing.
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4-11 (Design of solid slap):

4-11-1:( calculation)

Area of solid slap 2.4*2.2

Lx/Ly = 2.4/ 2.2 = 1.1 < 2  2way solid slap.

h req = L/20 = 11cm take h= 15 cm.

4-11-2:( calculation of load)

Dead load = 0.15*25= 3.75 KN/ m 2

Live load = 10 KN/ m 2 .

qu = 1.2D+1.6L= 20.5 KN/ m 2

4-11-3 (internal forces & moment for 1m strip in x& y  direction by using

table 6.6.

Kfx: moment paremeter in x direction.

Kfy: moment paremeter in y direction

KAx: support reaction in x direction.

Kay: support reaction in y direction.

by using Lx/Ly = 1.1

Kfx= 22.4    &Kfy = 27.9  & KAx= Kay= 2.09.

Mfx= qu*lx 2 /Kfx = 4.43 KN.m/m

Mfy = qu*lx 2 /Kfy = 3.56 KN.m/m

Ay = Ax = qu*lx/KAx = 21.6 KN /m.

By using table 6.9  dx= 1.34  & dy= 1.34.

to prevent the rotation of edge we increased filed moment Mfx &

Mfy.
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Mfy become = dy*Mfx = 6 KN.m/m

Mfx become = dx*Mfx = 4.6 KN.m/m

4-11-4 ( Designe of shere)

D =15-2-1= 12 cm

u

u

u

VKN

dbwfcVc

VVc

KNV








5.73120100024
6
1

75.0

6
1

75.0

6.21max

'

OK no shear is required.

4-11-5(desgne of  x direction)

Mu = 6 KN.m/m

Mn = Mu/Ø=
9.

6 = 6.7 KN.m/m

Rn=
².bd

Mn = 6.7/120(290) ² =.57 Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


0012.0)
412

)5)(.2.20(2
11(

2.20

1


ρreq= 0.0012

√
As req. = ρ * b * d
As req. = 0.0012* 100 * 120 = 1.44cm 2 /m

As min =(0.25/fy)
As min =(0.25/fy)√24 100 120

= 3.56 cm 2 /m
/mNot less than1.4*b*d/fy =1.4*120*290/412=4 cm2

1.3 *As req = 1.87 cm 2 /m
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As for shrinkage&temp = .0018**12*100 = 2.16 cm 2 /m.
As req = 2.16 cm 2 /m

 Select Φ 8/15cm With As = 3.34 cm 2 /m

4-11-6( designe in y direction)

Mu =4.8 KN.m/m

Mn = Mu/Ø= 5.3 KN.m/m

Rn=
².bd

Mn = 5.3/120(290) ² =.36 Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


0012.0)
412

)36)(.2.20(2
11(

2.20

1


ρreq= 0.0012

√
As req. = ρ * b * d
As req. = 0.001* 100 * 120 = 1.2cm 2 /m

As min =(0.25/fy)
As min =(0.25/fy)√24 100 120

= 3.56 cm 2 /m
/mNot less than1.4*b*d/fy =1.4*120*290/412=4 cm2

1.3 *As req = 1.88 cm 2 /m
As for shrinkage&temp = .0018**12*100 = 2.16 cm 2 /m.
As req = 2.16 cm 2 /m

 Select Φ 8/15cm With As = 3.34 cm 2 /m

Ok.

 Select Φ 8/15cm in both direction with

Top  reinforcement take as shrinkage & tempreture c
Φ 8/15cm With As = 3.34 cm 2 /m

(4.12) Design of Isolated footing  (F5):

(4.12.1) Determination of Loads & Area of footing:
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Total factored load for column C5= 2500 KN

Allowable soil pressure = 500 KN/m²

Determination of required area of footing:

allow

loadtotal

4.1
=A req.

275.3
5004.1

2500
= m



mba 89.175.3 

.
2803.395.1.951 reqAmselect 

(4.12.2) depth Determination by check of punching:

KN2500=Pumax

Fig. 4-38 Details of isolated Footing.
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46cm=1-1-7-55=d

arealoaded thefrom(d/2)

atkensection tacriticalofPerimeterbo 

364cm=bo

ensionscolumnofproportionBc dim

25.1
40

50
Bc

columns interior.........40

The punching shear strength is the smallest of:

controlsKN
db

fV o
cc .....7.20501000

3

46.064.3
2475.0

3
75.0 




KN
db

fV o
c

c
c 26661000

6

46.064.3
24

25.1

2
175.0

6

2
175.0 ' 









 












KN

db
f

db
V o

c
o

s
c

36171000
12

46.064.3
242

64.3

46.040
75.0

12
2

/
75.0










 
















Where:

criticaluc VV 

2/4.657
95.195.1

2500
mKN

A

Pu 




)( criticalu AAV
critical

 

Fig. 4-39 Details of isolated Footing.
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KNV
criticalu 3.1957))46.04.0()46.05.0()95.195.1((4.657 

OKisdepthselectedtheKNVKNVc
criticalu 3.19577.2050 

(4.12.3)Determination of bearing pressure :

-:axis- xaroundmomentResultant

0M
XR 

0M
YR 

2/4.657
95.195.1

2500
mKN

A

Pu 




2/4.657 mKN <1.3*1.4*500=900

(4.١2.4)Design of Bending:

 design in plain concrete:

mKNM SC .33795.1
2

725.0
725.0657).( 

mKNMuMn

mKN

bh
Mn

Mpafc

T

T

CTT

.33761

.6110
6

55.095.1
06.255.0

6
55.0

06.22442.0'42.0

9
3

3






















 not satisfied …………. Design in reinforced concrete



 Design in reinforced Concrete

337kN.m=Mu

1.20
2485.0

412

85.0 '








fc

fy
m
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2
22

/907.0
)46.0(95.1

9.0337.09.0
mN

db

Mn
Rn 










)
2

11(
1

fy

mRn

m


002.0)
412

)907.0)(1.20(2
11(

1.20

1


As = (0.002) (1950) (460) =1794 mm2

According to ACI-code (10.5.1):

       4601950
412

4.1
4601950

412

24
25.0min As

22
min 4.3008.26 cmcmAs 

controlscmAsreq ............3.2394.173.13.1 2

2
min 3.23 cmAs 

2
minmin 3.23 cmAsAsAsAs reqreq 

Select 14 Ф 14/15 cm in both directions.

(4.12.5) Design of Dowels:

21000400500005.0

2500265210004.05.02485.065.0

)'85.0(

mmAs

KNPu

puAgfcPn




 

Select7 Φ 16

4-13 Design of shear wall :
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By analysis and calculation the magnitude of earthquake force is

greater than wind force , so that the design  used is to be resist earthquake

force.

4-13-1 Determination of location of shear centroid (So):

x
x

X

3X I
X =

I

b×hI =
12

,


y
y

y

3X I
Y =

I

b×hI =
12

,


IY×YYIYIX × XXIXWall

Fig. 4-40 Shear Walls.
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0.14716.30.00911.6007.251.61
84.03118.154.62980.13110.250.01282
0.14716.30.00921.20013.251.63
0.06715.250.00441.5999.350.1714
5.61028.050.20.0255.520.00455
5.61028.050.20.0429.380.00456
0.8272.550.32440.0061.170.00537
0.8272.550.32440.0285.320.00538
0.5992.550.23480.0449.350.00479
0.0081.350.00616.51913.250.49210
0.37110.350.03582899.13728.85100.4911

99.8126.07552969.712106.165∑

x

x

I ×XX =
I




2969.712X = = 27.973 m
106.165

y

y

I ×YY =
I




99.812Y = =16.428 m
6.0755

ex = 13.473 m.

ey = 2.328 m.

 1. Part of Translation to FRx & Fry:

Yi

Y

xi
FRx I

Q  =
I




Y

Yi
xi

x

FR I
Q  =

I





1.2 Part of rotation:

due to MXm qx
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*

xi =Q
Mx ×I ×Ym mY-

Iω
*

m mXYi =
Mx × I × X

Q
Iω

Due to MYm qy

QXi =
*

m Y mxi =
My ×I ×Y

Q -
Iω
*

m X mYi =
My ×I ×X

Q
Iω

Iω = ∑ IX × X*2
m +∑IY × Y*2

m

IY×Y*2mIY×Y*mY*mIYIX×X*2mIX× X*mX*mIxWall

0.000-0.001-0.130.009686.909-33.152-20.721.61

13.6977.963+1.724.62984.019-0.227-17.720.01282

0.006-0.005-1.180.004459.286-3.184-18.620.1713

0.000-0.001-0.130.009187.316-17.312-10.821.64

27.0052.324+11.620.22.268-0.101-22.450.00455

27.0052.324+11.620.21.557-0.084-18.60.00456

62.497-4.503-13.880.32443.807-0.142-26.80.00537

62.497-4.503-13.880.32442.724-0.120-22.670.00538

45.235-3.259-13.880.23481.630-0.088-18.620.00479

1.387-0.092-15.080.0061106.606-7.242-14.720.49210

1.323-0.218-6.080.035877.81988.431+0.88100.4911

240.6716.07551530.072106.165∑

Iω = ∑ IX × X*2
m +∑IY × Y*2

m

Iω = 1530.072 + 240.671 = 1770.743 m6

Torques due to qx :

Mxm = FRx × ey

= 1 ×(-2.328) = -2.328 KN.m

MYm = FRY × eX

= 1 × (-13.473) = -13.473 KN.m
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4-13-2  Part of  Load of Each Shear wall:

4-13-2-1  Loads in X- direction :

FRx = 1 KN , Mxm = 1.989  KN.m

Part of translation = Yi

y

FRy×I

I

Wall IY FRx × IY (FRx× IY)/∑IY

1 0.009 0.009 0.001
2 4.6298 4.6298 0.762
3 0.0044 0.0044 0.001
4 0.009 0.009 0.001
5 0.2 0.2 0.033
6 0.2 0.2 0.033
7 0.3244 0.3244 0.053
8 0.3244 0.3244 0.053
9 0.2348 0.2348 0.039
10 0.0061 0.0061 0.001
11 0.0358 0.0358 0.006
∑ 6.0755 1.000
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Part of  rotation : QX due to Mxt:

Wall IY Y*m -(MX/ Iω) × IY× Y*m

1 0.009 -0.13 0.000
2 4.6298 +1.72 0.010
3 0.0044 -1.18 0.000
4 0.0044 -1.18 0.000
5 0.009 -0.13 0.000
6 0.2 +11.62 0.003
7 0.3244 -13.88 -0.006
8 0.3244 -13.88 -0.006
9 0.2348 -13.88 -0.004
10 0.0061 -15.08 0.000
11 0.0358 -6.08 0.000

∑ 6.0755 0.000

Part of rotation QY due to Mxt :

Wall Ix X*
m (MX/ Iω) × IX×X*

m

1 1.6 -20.72 -0.044
2 0.0128 -17.72 0.000
3 0.171 -18.62 -0.004
4 1.6 -10.82 -0.023
5 0.0045 -22.45 0.000
6 0.0045 -18.6 0.000
7 0.0053 -26.8 0.000
8 0.0053 -22.67 0.000
9 0.0047 -18.62 0.000
10 0.492 -14.72 -0.010
11 100.49 +0.88 0.116

∑ 106.165 0.000

Part at Each Wall Due to qx :
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Qxt = Part of Translation + Part of Rotation

For wall No. 1 QX1 = +0.001 +0.000 -0.044 = -0.043
For wall No. 2 QX2 = +0.762 +0.010 +0.000 = 0.772
For wall No. 3 QX3 = +0.001 +0.000 -0.031 = -0.030
For wall No. 4 QX4 = +0.001 +0.000 -0.004 = -0.003
For wall No. 5 QX5 = +0.014 +0.000 +0.000 = 0.014
For wall No. 6 QX6 = +0.033 +0.003 +0.000 = 0.036
For wall No. 7 QX7 = +0.033 +0.003 +0.000 = 0.036
For wall No. 8 QX8 = +0.053 -0.006 +0.000 = 0.047
For wall No. 9 QX9 = +0.053 -0.006 +0.000 = 0.047
For wall No. 10 QX10 = +0.039 -0.004 +0.000 = 0.035
For wall No. 11 QX14 = +0.006 +0.000 +0.116 = 0.122

∑ Qx = 1 KN.OK.

4-13-2-2  Loads in Y-direction :

qy FRY = 1 KN.

Wall IX FRY × IX (FRY × IX)/∑IX

1 1.6 1.6 0.015
2 0.0128 0.0128 0.000
3 0.171 0.171 0.002
4 1.6 1.6 0.015
5 0.0045 0.0045 0.000
6 0.0045 0.0045 0.000
7 0.0053 0.0053 0.000
8 0.0053 0.0053 0.000
9 0.0047 0.0047 0.000
10 0.492 0.492 0.005
11 100.49 100.49 0.947

∑ 106.165 1.000

Part of  rotation : QX due to Myt:
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Wall IY Y*m -(My/ Iω) × IY× Y*m

1 0.009 -0.13 0.000
2 4.6298 +1.72 0.061
3 0.0044 -1.18 0.000
4 0.009 -0.13 0.000
5 0.2 +11.62 0.018
6 0.2 +11.62 0.018
7 0.3244 -13.88 -0.034
8 0.3244 -13.88 -0.034
9 0.2348 -13.88 -0.025
10 0.0061 -15.08 -0.001
11 0.0358 -6.08 -0.002

∑ 6.0755 0.000

Part of rotation QY due to Myt:

Wall IX X*m (My/ Iω) × IX× X*m

1 1.6 -20.72 -0.252
2 0.0128 -17.72 -0.002
3 0.171 -18.62 -0.024
4 1.6 -10.82 -0.132
5 0.0045 -22.45 -0.001
6 0.0045 -18.6 -0.001
7 0.0053 -26.8 -0.001
8 0.0053 -22.67 -0.001
9 0.0047 -18.62 -0.001
10 0.492 -14.72 -0.055
11 100.49 +0.88 0.673

∑ 106.165 0.001

For wall No. 1 QY1 = +0.015 +0.000 -0.252 = -0.237
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For wall No. 2 QY2 = +0.000 +0.061 -0.002 = 0.059
For wall No. 3 QY3 = +0.015 +0.000 -0.179 = -0.164
For wall No. 4 QY4 = +0.002 +0.000 -0.024 = -0.022
For wall No. 5 QY5 = +0.000 +0.000 +0.000 = 0.000
For wall No. 6 QY6 = +0.002 +0.000 -0.022 = -0.020
For wall No. 7 QY7 = +0.000 +0.018 -0.001 = 0.017
For wall No. 8 QY8 = +0.000 -0.034 -0.001 = -0.035
For wall No. 9 QY9 = +0.000 -0.034 -0.001 = -0.035
For wall No. 10 QY10 = +0.000 -0.025 -0.001 = -0.026
For wall No. 11 QY11 = +0.947 -0.002 +0.673 = 1.618

∑ QY = 1.001 KN.
OK.

4-13-3 Calculation of Floors Weight:-

Total Weight of the Ground Floor = 10574 KN.
Total Weight of the First Floor =10574 KN .
Total Weight of the Second Floor = 10141 KN .

Total Weight of All Floors = 31289 KN

4-13-4  Calculation of Shear Force on Shear Walls:

From Uniform Building Code 1997 (UBC):

Z = 0.3    zone"3"
R = 5.5
I = 1
Ca = 0.24
Cv = 0.24
hn = 15.75 m
Ct = 0.0488

Where:
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Z : seismic zone factor as given in Table 16-I.
R: numerical coefficient representative of the inherent over strength and
global       ductility capacity of lateral force  resisting systems, as set forth
in Table 16-N or
16-P.
I : importance factor given in Table 16-K.
Ca : seismic coefficient, as set forth in Table 16-Q.
Ct : numerical coefficient given in Section 1630.2.2.
Cv : seismic coefficient, as set forth in Table 16-R.
hi, hn, hx : height in feet (m) above the base to Level i, n or x,
respectively.

 3/4T = 0.0488 15.75 = 0.386

1 =
Cv.I 0.24×1V W = W = 0.113W
R.T 5.5×0.386

2.5Ca.I 2.5×0.24×1V = W = W = 0.109 W control1 R 5.5

1V = 0.11Ca.I.W = 0.11×0.24×1×W = 0.026W

V = 0.109 W = 0.109×31289 = 3410.5 control

Ft = 0.07×T×V = 0.07×0.386×3410.5 = 92.15 KN

Floor W (KN) V(KN) H (m) Ft (KN) (V-Ft) (W×h) Fx

Second Floor(1) 10141 3410.5 11.4 92.15 3318.35 115607.4 1628.87

First Floor(2) 10574 3410.5 7.58 92.15 3318.35 80150.92 2758.17

Ground Floor(3) 10574 3410.5 3.76 92.15 3318.35 39758.24 3318.35

∑ 31289 235516.6

 t xx
nxi

iii=1

V-
= wF hF

w h
 

xi
=

3318.35 115607.4
1628.87

235516.6F




4-13-5 Load Calculation of Wall (W1).

 3/4

nt
= .................(UBC)T C h
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Part of load for wall (W1), due to(qy) = 0.237

Load of Wall (W1):-

Floor Fx (KN) Vu (KN) Mu (KN.m)
Second Floor(1) 1628.87 386.04 1474.68
First Floor(2) 2758.16 653.68 3971.75
Ground Floor(3) 3318.35 786.45 6928.80

Vu=Fx×0.237

Vu=1628.87×0.237 = 386.042 KN

Mu =Vu×h

Mu =386.042×3.82 = 1474.68 KN.m.

4-13-5-1 Design of Reinforcement:-

Fig. 4-41 Mu,Vu, & Fx Diagram.
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Internal Forces And Moments:

Vu = 786.45 KN

Mu = 3971.75 KN.m

Pu = 1.211.40.3425 = 410.4 KN

4-13-5-2 Design in plain Concrete:-

Vn Vu 

Vn = 0.55×0.11 fc ×b×h

Where b = LW

(LW: - is the length of shear wall in the direction of action).

Vn = 0.55×0.11 30×4000×300 = 397.65 KN < Vu = 786.45  KN

 Reinforcement must be provided.

4-13-5-3 Design of Reinforced Concrete:-

4-13-5-3-1 Design of the Horizontal reinforcement:
Vu = 786.45 KN.

d = 0.8Lw = 0.84000 = 3200 mm = 3.2 m

Vc
1= 0.75 30 300 3200 = 657.27 KN.
6
  

10.75 b d
3
 
 
 

=ΦVs min

ΦVs min 1= 0.75 300 3200 = 240 KN.
3
 
 
 



cΦV + Vs min = 657.27 + 240 = 897.27 KN

ΦVs minΦVc= 657.27 KN V = 786.45 KN ΦVc + 897.27 KNu  

 Category (3) Satisfy

scΦV +ΦV   Vu

ReqΦ Vs = Vu - ΦVc .

Req Φ Vs = 786.45 – 657.27 = 129.18 KN
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V req.
req.

A  Vs
=

S 0.75 Fy×d

 
   

V
3

req.
req.

A 129.18 10
= = 0.128 mm

S 0.75 420×3200

 
   

V min.
req.

A

S
0.0025×h 

 
 



V min.
req.

A

S
= 0.0025×300 = 0.75mm 

 
 

V Vmin. req.
req. req.

A A

S S
      
   

V min.
req.

A

S
 = 0.75 mm = 0.075 cm............ Controlled 

 
 

Select 2 Φ12 As =
2 2π2× 1.2 = 2.26 cm

4
  

Av = 0.075cm
S

Av 2.26 S = = = 30.13 cm
0.075 0.075



But

Select S= 30 cm

used  (ACI-318-11.10.9.3).
LwS  <                              ..........
5

40030 cm < = 80 cm .......... Ok
5





used  (ACI-318-11.10.9.3).S < 3 h ..........
30 cm < 3 30 = 90 cm .......... Ok


 


used  (ACI-318-11.10.9.3).S < 45 cm ..........
30 cm < 45 cm .......... Ok



v
S

2.26A = = 0.075 cm
30

So

V min. =
req.

A

S
Av = 0.0753 cm > 0.075 cm
S

   
   

  

Use 2Φ12 @ 30cm C/C for the reinforcement in two layer.
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4-13-5-3-2 Design of Vertical Reinforcement.

"Minimum Vertical Reinforcement"

w v
vn 1

w 2

h A .h
A = 0.0025 + [0.5(2.5 - ) [( ) - 0.0025].S h

L S .h

 
  

 

w

w
=

h 11.4 = 2.85 > 2.5
L 4.0

 1vnA = 0.0025×S ×h

w
1

L 400S = = =133.33 cm
3 3

1S = 3×h = 3×30 = 90 cm

Select 2 Φ12 As =
2 2π2× 1.2 = 2.26 cm

4
  

Av 2.26 S = = = 30.13 cm
0.0025 h 0.0025 30


 

But Av = 0.0025S1h

Av 2.26 S = = = 30.13 cm
0.0025 h 0.0025 30


 

Select S= 30 cm < 1 1S = 90 cm < S =133.33 cm

Use 2Φ12 @ 30cm C/C for the reinforcement in two layer.

4-13-5-3-2 Design of Moment:-

Design of light Loaded shear wall:

( Uniform Distributed vertical reinforcement will be neglected)

d=0.8Lw = 0.84.0 = 3.2 m = 3200 mm

Mu = 3971.75 KN.m

Mu 3971.75Mn = = = 4413.06 KN.m
Φ 0.9

 

6

22
MPa

bd 3200

Mn 4413.06 10Rn = = =1.44
300


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Fy 420
m = = = 16.47

0.85fc' 0.85 30

req.

req.

2  m  Rn1
ρ = 1- 1-

Fym

1 2 16.47 1.44
ρ = 1- 1- =0.0035

16.47 420

  
 
 
  
 
 

As req. = ρ  b  d

As req. = 0.003530320 = 33.6 cm2

Cw = h = 30 cm
Area of Boundary = Cw  h = 3030 = 900 cm2

req.As 33.6= = 0.037
Area of Boundary 900

req.As
8%

Area of Boundary
But

req.As
= 0.037 0.08

Area of Boundary
 Safe





So Design as light Loaded shear wall:

Select 14Φ18

As(14Φ18) = 35.56 cm2 > As req. = 33.6 cm2
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Fig. 4-43 Details of Shear Wall (1).
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Chapter Four

Structural Analysis And Design

4.1 Introduction:

Concrete is reinforced to give it extra tensile strength; without reinforcement, many

concrete buildings would not have been possible.

In this project there are several structural elements that will be designed

according to the ACI code, and by using many computer software such as "ATIR"

and "Prokon" .

To find the internal forces, deflections and moments in order to design the elements.

4.2 Determination of thickness of ribbed slabs ( T section ) :-

will be determinate according to the limitation of deflection

According to table value in ACI-Code-318-05,

*Min h for one-end continuous = L/18.5

*Min h for both-end continuous = L/21

*Min h for simply support = L/16

The Lmax for one-end continuous= 5m

The Lmax for both -end continuous=4.97m

Min h for one-end continuous = L/18.5

= 500/18.5 = 27 cm

Min h for both-end continuous = L/21

= 497/21 = 23.66 cm

Take h = 32cm. (24cm block+8 cm topping)
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(4.2.1) Calculation of dead load and live load for Topping:

1. Tiles and mortar = 2 kN/m²

2. Topping = (0.08)  (25) = 2 kN/m²

3. Block = (0.24) (9) = 2.16 kN/m²

4. Plaster =  (0.02) (22) = .44Kn/m²

5. Partion = (1.25) kN/m²

Total dead load for one way rib = 7.85 kN/m².

-for one meter strip dead = 7.85 kN/m.

Total live load for one way rib = 5 kN/ m

(4.2.2) Design of topping:-

uq = 1.2 (DL) + 1.6 (LL)

= 1.2(7.85) + 1.6 (5)

= 17.42 kN/m²

UM =
2

uq *L
12

UM =
12

4.0*42.17 2

= 0.24 KN.m

S =
6

* 2hb
=

6

)8.0(*1 2

= 1.066*10-3 m³

Mn = 0.42 'fc *
6

* 2hb

Fig. 4-1: Section of topping



Chapter Four

Structural Analysis And Design

___________________________________________________________________

34

Mn = 0.42 30 *
21000*(80)

6
= 2.45 KN.m

 Mn = 0.55 * Mn

 Mn = 0.55* (2.45) = 1.347 kN.m > 0.24 kN.m

No reinforcement is required.

Minimum reinforcement of Shrinkage&tempreture is required according to ACI cod:

minAs = 0.0018 * b * d

= 0.0018 * 100 * 8 = 1.44 cm²

Select Ф 8/25cm .provAs = π* (0.8²/4)*100/25=2  cm²/m>1.44 cm²/m

.directionsbothin

(4.2.3) limitation of spacing between bars:-

Smax =5*t =5*8=40cm

Or S= 45 cm

25cm<45   OK

(4.2.4) shear design:-

 Vc>Vu

d= 8 - 2- 0.4 = 5.6 cm for topping.

(0.75)(1/6)(1000)(56) 30

=38.34 kN>3.5 kN=Vu
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(4.3) calculation of width of rib

be= L/4= 5/4=1.25m

be= bw+16t= .12+16*.08=1.4 m

be=bw+.5Lc1+0.5Lc2=.12+0.5*.4+.5*.4=0.52 cm

take be = 0.52  which smaller one.

(4.3.1) Calculation of dead load and live load for Topping:

1. Tiles = (0.52) (2) = 1.04 kN/m

2. Topping = (0.52) (0.08)  (25) = 1.04 kN/m

3. Block = (0.4) (0.24) (9) = 0.864 kN/m

4. Plaster = (0.52) (0.02) (22) = .228Kn/m

5. Partion = (1.25)(0.52 ) =0.65 kN/m

6. Rib =  =0.12*0.24*25     = 0.72 kN/m

Total dead load for one way rib = 4.54 kN/m

Total live load for one way rib = (5)*(0.52)= 2.6 kN/ m

Fig. 4-2 Section of one-way ribbed slab
Elevation
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(4.4)Design of ribs (R1)

Load on rib

Total dead load for one way rib = 4.54 kN/m

Total live load for one way rib = (5)*(0.52)= 2.6 kN/ m

4.4.1) Design of negative moment(

-:BSupport

Mu = - 23.4 KN.m

Mn = Mu/Ø=
9.

4.23 = 26 KN.m

Rn=
².bd

Mn = 26/120(290) ² = 2.57 Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


0067.0)
412

)5.2)(2.20(2
11(

2.20

1


ρreq= 0.0067
As req. = ρ * b * d
As req. = 0.0067* 120 * 290 = 232.8 mm2

As min =(0.25/fy)

As min =(0.25/fy)
As min =103.4 mm2

Moments: spans 1 to 2

6.3

-30.6
-23.4-23.2

4.5

20.3 19.3

1.72 1.78

0.99 0.99

2.04 3.06 3. 2.

Fig. 4-3: moment  in one-way ribbed slab
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Not less than1.4*b*d/fy =1.4*120*290/412=118.25 mm2

 Asmin. = 118.25 mm2

 As req. = 232.8 mm2

 Select 2Φ 14 With As = 307.7 mm2

Check for Yielding:

T=C
 As * fy = 0.85 * fc' *a * b
(232.8) * 412 = 0.85 * 24 * 120 * a
a=37.5 mm
X=a/.85= 37.5/.85 = 44.2
S= (d/x *.003)-.003 = ((290/44.2) *.003)-.003 =0.02ξ

0.02 > 0.005
Ok
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4.4.2) Design of Positive Moment:(

This design for 4.95 m , 4.96 m spans are as follows:-

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

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

Eb = L / 4 = 4.05 / 4 = 101cm

Eb = wb + 16 t = 12 + 16 (8) = 140 cm

Eb = wb + .5L C1+.5LC2 = 52 cm……………….. Control

Span (1):
Mu = 19.1 KN.m

Mn = Mu/Ø=
9.

1.19 = 21.2 KN.m

Check if a<t:
Assume a = t
C = 0.85* fc' * t * bE

C = 0.85 * 24 * 80 * 520 = 849 KN.m
tMn = C * d -
2

 
 
 

Mn=849*(29-8/2)= 212 KN
23.11<212
t < a
 Design of rectangular section with b = be:

Rn = Mn/bd2 =19.1/520*2902

Rn = 0.44 MPa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


001.0)
412

)44)(.2.20(2
11(

2.20

1

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As req. = ρ * b * d
As req. = 0.001 * 520 * 290 = 161.6 mm2

FyAs min =0.25

As min =(0.25/412)
As min =103 mm2

Not less than1.4*b*d/fy =1.4*120*290/412 =121.8 mm2

 Select 2Φ 12With As = 226 mm2

For all positive moment.

(4.4.3)Design of shear:

KN

dbwfcVc

KNVu

7.1029012024
6
1

75.05.0

6
1

75.05.05.0

3.25max

'







Ø*Vc= 0.75* 24
6

1
*120*290=21.3KN

minØ*Vs =0.75*bw*d/3 =0.75*120*290/3 = 8.7 KN

Min Shear reinforcement is required*

Shear

13.6

25.

-25.3

-14.1

19.8

-30.5

30.1

-19.3

Fig. 4-4: Design of shear:
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Select Ø8 with 2 legs

Av = π*
2

4

D
*No of legs

Av = 3.14*
28

4
*2

Av = 100 mm2

Ø*Vs= 0.75*Av*d*fy/s
S =.75*100*412*290/8700
S = 1 m

29
( ) 14.5

2 2
( ) 60

d
S cm

S cm

  



We  assume s =12.5 cm.
From ACI cod 11.5.6
Avmin =(1/16fy)bw*s*
Avmin = (1/3)bw*s/fy.

2=12.5mm125*)*120**412Avmin = (1/16
212 mmAvmin =(1/3)*120*125/412  =

SO use the smallest of the three limitations

(s)=14.5 cm

Use 1Ø8 @100 mm
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4.5) Design of Beam (1):(

Calculation of thickness and dimension:

Determination of beam width:

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

= =εy

Xb = 15.5 cm.

a b = β *Xb =0.85*15.5 = 13.1 cm
T=C 0.85x fc' * b * a b = ρb * b * d * fy

b b0.85  fc' b  a 0.85  fc' aρ = =
b  d  fy  d  fy

b
    
  

=

but ρ max. = 0.63 * ρb

 ρ max. = 0.63 x 0.03 = 0.0196

 ρ = 0.5 ρ max = 0.375 ρb

 ρ = 0.375*0.03 = 0.011

A

A

1
1

A

A

2 3
2

0.5 4.6 0.50.5 4.6 0.5

5.1 5.1

Fig. 4-5: Design of Beam (1):
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Fig. 4-6: Design of moment of Beam (1):

Max Dead reation = 19.5KN=19.5/0.52 = 37.5 KN/m.+21 KN/m from the wall
this forces are factored.KN/m17/0.52 =9=KN9Max Live reation =

Mu max. = 171 KN.m …….. from the fig (4.6 )

Mn = Mu/Ø=
9.

171 = 190 KN.m

Rn= ρ*fy(1-0.5 ρm)
Rn = 0.011*400(1-(0.5*0.011*20.2)) = 3.9 Mpa
Rn = Mn/bd²
3.9= 171*10^6/b(260²)
b = 64.8 cm
take b= 65 cm.

(4.5.1) Design of Positive Moment:-

A s min=
fc 1.4

(bw)(d) (bw)(d)
4(fy) fy




A s min=(650)(260)(0.25) /412≥1.4*560*260/412 not less than.

A s min = 5.2cm2

Moments: spans 1 to 2

13.4

-225.
-171.-171.

13.4

137.4 137.4

1.49 1.49

1.12 1.12

2.04 3.06 3.06 2.04
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Span (1):

Mu = 137.4 KN.m ………from fig (4.6 )

Mn = Mu/Ø=
9.

4.137 = 152.6 KN.m

Rn=
².bd

Mn = 152.6^6/650(260) ² = 3.47Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.009

As req. = ρ * b * d
As req. = 0.009* 65 * 26 = 15.2 cm2> As min. = 5.2 cm2

 As req.= 15.2 cm2

 Select 4Φ 25 With As = 19.62 cm2

Check of Strain:

Tension = Compression

 As  Fy = 0.85  fc'  b  a

1962  420 = 0.85  24 650 a

 a=62 mm

X=a/.85= 62/.85 = 73
S= (d/x *.003)-.003  = ((290/73) *.003)-.003 =0.009ξ

0.009 > 0.005 ok

(4.5.2) Design of negative moment

Mu = - 171 KN.m

Mn = Mu/Ø=
9.

171 = 190 KN.m

Rn=
².bd

Mn = 190^6/650(260) ² = 4.3 Mpa
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2.20
24*85.0

412

*85.0 '


fc

fy
m

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.01

As req. = ρ * b * d
As req. = 0.01* 65 * 26 = 16.9cm2>As min. = 5.2cm2.
 As req.= 16.9 cm2

 Select 4Φ 25 With As = 19.62 cm2

Check As req< As max

T=C

0.85*24*a*650=1690*412

a=52.5 mm

X=a/B = 52.5/0.85  = 62 mm.

 = 6.2/26 OK.
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Fig. 4-7: Design of shear of Beam (1):

(4.5.3) Design of shear

uV =183 KN………………..As shown in Fig. (4.9)

cV = 0.75
fc bd
6

 
  
 



cV = 0.75*650*260* /6=103 KN.

1
0.75 bd

3
 
 
 

=min Vs min.

min.  Vs min = 0.75*65*26/3 =42 KN

( cV +  Vs min) = 103+42 = 145 KN

 bw d/3 = 0.75* *650*260/3=206 KN

Vu max.  ( cV +  *b*d* /3)

183  103+206=309 KN

:)4( SatisfyCategory

Vs = Vu max - cV .

 Vs = 183 – 103 = 80 KN

Select Av 10 stirrups with 2Legs

Av = 157 mm2

 * Vs =
Φ*Av*Fy*d

Sreq
Sreq =0.75*157*412*260/80^3=157 mm

But S  & S 60 cm

 Select 2Φ 10 @ 14 cm.

Shear

111.

183.2

-183.2

-111.

137.9

-220.5

220.5

-137.9
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(4.6) Design of column (C15)

(4.6.1) Design of Cross Sectional Area:

The Max reaction = 483.4 KN.

own weight=14.4 KN.

qu = 483.4+14.4= 498.8

= 498.8*3 = 1496 KN

Pu = 1496 KN

Pn req = 1496/0.65= 2302 KN

Use  =  g =1.5 %

2302103 = 0.8 Ag {0.85 cf  +  g (fy – 0.85( cf  ))}

Pn = 0.8 * Ag {0.85(24)+0.015(412-(0.85)(24))}

Ag = 1180 cm²

Try 40cm x 30cm => Ag = 1200cm² > Agreq. = 1180 cm²

Lu= 3.6m

M1 = M2 = 1

K=1

r = 0.3h = 0.30.3 = 0.09

Chick for Slenderness:

1

2

KLu M< (34-12)
r M

 
 
 

Lu: Actual unsupported (unbraced) length.

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

r: radius of gyration = 0.3 h =
A

I

M1: the smaller of end moment on the member.

M2:  the larger of end moment on the member .

Klu

r
   
 

= 1x3.5

0.3x0.30
 
 
 

= 38.88 > 22

Long Column & Slenderness effect must be considered.
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(4-6-2) Design of reinforcement

EI =
c g

d

0.4E I

(1+ )β
 
 
 

Where:

Ig: Gross moment of inertia ignoring steel.

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

Ec= 4750 =23227.5Mpa

L
d

L L

1.2 Dβ =
1.2D +1.6L

Bd = 329/483 = .68

gI 
3 3

-3 4b×h 0.50×(0.30)= =1.35 10  m
12 12



EI=0.4*23227.5*1.35103 /(1+.68) =7.46 MN.m2.

 
2

Critical 2

u

π ×EIP =
K×L

= 5.6 MN

1

2

M Cm = 0.6 + 0.4 =1.0
M
 
 
 

Critical

Cm
= 1

1- ( Pu/0.75P )
δns  

 
 

1 =1.58 >1
1 (1632/ 0.75 193.4)

δns  
  
  

mine =15+ (0.03×h)

min
15 + (0.03×300)

=  = 0 .024 m
1000

e

req. ns =e = e×δ 0.024×1.58 = 0.038 m
e 0.038

= = 0.127
h 0.3
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From Interaction Diagram(Fig. 4-8):

fc 'َ =30 Mpa = 4.35Ksi use 4 Ksi

Fy = 412Mpa =60.9 Ksi use 60 Ksi

d ' = 4+1+1= 6cm

d = 30 - 6 = 24cm

30

d -d' 24-6γ = =  = 0.6
h

   
   

  

From chart  g < min

 = 0.01g

2302103 = 0.8 120000 {0.85 cf  + g (fy – 0.85( cf  ))}

Pn = 0.8 * 120000 {0.85(24)+ g (412-(0.85)(24))}

 g = 0.01

Fig. 4-8 Interaction Diagram.
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gAs = ×b×h

As = .01*40*30=12 cm2.

2Use 16 with As = 2.01 cm
NO  of bar = (12/2.01) = 5.97 cm2.

n u>Check P P
2

providedAs for 8 16 =16.08 cm

 n g st stP =0.65 0.8 0.85fc' A -A + fy A    

   n 150000 1608P =0.65 0.8 0.85fc' - + 420 1608    Pn 2318.8 KN 2302 KN
OK.

4-6-3) Design Of The Tie Reinforcement:

Use  10 ties.

Spacing ≤ 16  db (Longitudinal bar diameter)

=16  1.6=25.6 cm.

≤ 48  dt (ties  bar diameter) = 48  1.0=48cm.

≤ Least dimension=30cm.

Use "  10" ties @ 25 cm spacing.

Use 50cm30cm with 8  16  bars. with Ø 10 ties @ ٣٠cm spacing .

Fig. 4-9 Reinforcement of Column.
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4-7  Design of Stairs:
(4-7-1) Design of the First Stair:

4-7-1-1 Determination of Loads on Stair:

L 290h = = =14.5 cm
20 20

h =150/20   =7.5cm

h = 300/20 =15cm

Select h = 15 cm

8.28)
30

16
(tan 1  

(DL) Plaster 2
3

/753.0
8.28cos

)/22)(03.0(
mkN

mkNm


(DL)  H – plate = 0.04 * 22*
30.0

33.0
= 0.968 kN/m2.

(DL) V – plate = 0.03 * 22*
30.0

16.0
= 0.363 kN/m2.

(DL) Plate cover 2
3

/28.4
8.28cos

)/25)(15.0(
mkN

mkNm


(DL) Stair          = 23 /06.2/25*)
2

16.0
( mkNmkN

m


Fig. 4-11 Design of Stair.
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(DL) H – mortar = 0.03 * 22 = 0.66 KN/m2

(DL) V – mortar = 0.03 * (0.165/0.3) * 22 = 0.363 KN/m2

Total dead load = 12.6 2kN/m

Total live load = 5 2kN/m

Wu = Factored dead load + Factored live load

Wu = (1.2×12.6) + (1.6×5)

Wu = 23.12 kN/m2.

for 1m of the stair slab

Wu = 23.12 kN/m.

4-7-1-2 Determination of Loads on landing:

Dead Loads Of Landing:

(DL) Concrete Plat = 0.15× 25 = 3.75 KN/m2

(DL) mortar = 0.02× 22 = 0.44 KN/m2

(DL) Tiles = 0.03× 22 = 0.66 KN/m2

(DL) Plaster = 0.02× 22 = 0.44 KN/m2

Total Dead Loads of Landing = 5.3 KN/m2

Wu = Factored dead load + Factored live load

Wu = (1.2×5.3) + (1.6×5)

Wu = 14.3 kN/m2.

for 1m of the stair slab

Wu = 14.3 kN/m.
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Fig. 4-12 Moment & Shear diagram of the First Stair.

4-7-2 Design of positive moment:

From

Moment Diagram(Fig4-12)

Mu = 34.7 KN.m

using Φ 12bars

d = 15-2-0.6 = 12.4 cm.

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

7.34 = 38.4 KN.m

Rn=
².bd

Mn = 38.4^6/1000(124) ² = 2.66 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.0069

As req. = ρ * b * d
As req. = 0.0069* 100 * 12.4 = 8.36 cm2/m

Check for minimum reinforcement:

A s min=(1000)(123)(0.25) /412≥1.4*1000*123/412 not less than.
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A s min = 4.2cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

 Select Φ 14/15cm

With As =π* *100/15= 10.25 cm2 >8.36 cm2/m.

4-7-2-1 Check of Strain:
Check As req< As max

T=C

0.85*24*a*1000=836*412

a=16.88 mm

X=a/B   = 16.88/0.85  = 19.86 mm.

 = 19.86/124 OK.

4-7-2-2 Development Length of  Bars:

b
c

d =
fyL α β γ d

2 f 
  

For Φ14 bars:
Ld= *1*1*1*1.4=58cm or Ld= 40 =56cm

Use Ld = 60 cm.

4-7-2-3 Lateral Reinforcement:

As = 0.0018×b×h = 0.0018×100×15 = 2.7 cm2/m

0.2×As = 0.2×8.68=1.7 cm2/m

 As = 2.7 cm2/m.

 Select Φ 8 with As = 0.5 cm2.

S= *100= 18

Select S=15 cm

As= *100 = 3.3
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Fig. 4-13 Moment & Shear diagram of the second Stair.

4-7-3 Design of the Second Stair:

Total un Factored dead Loads of Landing = 5.3+19.3 = 24.6 kN/m.

Total un Factored live Loads of Landing = 5+8.7 = 13.7 kN/m.

Un Factored Loads of Stairs as Shown in the First Stairs (For 1m Strip)

=12.6 kN/m.

Mu = 109 KN.m

using Φ 20bars

d = 15-2-1 = 12 cm.

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

109 = 121 KN.m

Rn=
².bd

Mn = 121 ^6/1000(120) ² = 8.4 Mpa
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ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.028

As req. = ρ * b * d
As req. = 0.028* 100 * 12 = 34.67 cm2

Check for minimum reinforcement:

A s min=(1000)(120)(0.25) /412≥1.4*1000*120/412 not less than.

A s min = 4.2cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

 Select Φ 28/15cm

With As =π* *100/15= 41 cm2 /m.

4-7-3-1 Check of Strain:
Check As req< As max

T=C

0.85*24*a*1000=3467*412

a=70 mm

X=a/B   = 70/0.85  = 82.37 mm.

 = 82.37/120 Not OK.

4-7-3-1-1 Recalculate for stair:
Take h= 20 cmd= 20-2-1= 17 cm.

Mn= 121 KNRn= 4.18  ρ= 0.01

As= 0.01*100*17= 19.54 cm2 /m.

4-7-3-1-2 Check for minimum reinforcement:

A s min = 7 cm2&A s for shrinkage = 3.5 cm2

 Select Φ 20/15cm

With As =π* *100/15= 20.9 cm2 /m> 19.54 cm2 /m.      OK

4-7-3-1-3 Recalculate of Strain:
 OK.
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4-7-3-2 Development Length of  Bars:

b
c

d =
fyL α β γ d

2 f 
  

For Φ20 bars:
Ld= *1*1*1*1.2=83 cm or Ld= 40 =80cm

Use Ld = 80 cm.

4-7-3-3 Lateral Reinforcement:

As = 0.0018×b×h = 0.0018×100×20 = 3.5 cm2/m

0.2×As = 0.2×19.54=3.9 cm2/m

 As = 3.9 cm2/m.

 Select Φ 10 with As = 0.785 cm2.

S= *100= 29

Select S=15 cm

As= *100 = 5.2 cm2.
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4-7-4 Design of the third Stair:

Mu = 78.2 KN.m

using Φ 20bars

d = 15-2-1 = 12cm.

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

2.78 = 86.85 KN.m

Rn=
².bd

Mn = 86.85^6/1000(124) ² = 6 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.017

As req. = ρ * b * d
As req. = 0.017* 100 * 12.4 = 21.4 cm2

Fig. 4-27 Moment & Shear diagram of the Second Stair.
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Check for minimum reinforcement:

A s min=(1000)(120)(0.25) /412≥1.4*1000*120/412 not less than.

A s min = 4.2cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

 Select As req =21.4 cm2

 Select Φ 28/15cm

With As =π* *100/15= 41cm2 /m >33.48 cm2/m

4-7-4-1 Check of Strain:
Check As req< As max

T=C

0.85*24*a*1000=2140*412

a=43.2 mm

X=a/B   = 43.2/0.85  = 50.8 mm.

 = 50.8/120 NOT OK.

4-7-4-1-1 Recalculate for stair:
Take h= 20 cmd= 20-2-1= 17 cm.

Mn= 86.85 KNRn= 3  ρ= 0.007

As req= 0.007*100*17= 13.4 cm2 /m.

4-7-4-1-2 Check for minimum reinforcement:

A s min = 7 cm2&A s for shrinkage = 3.5 cm2

 Select Φ 16/15cm

With As =π* *100/15= 13.4 cm2 /m= As req. OK

4-7-4-1-3 Recalculate of Strain:
 OK.
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4-7-4-3 Development Length of  Bars:

b
c

d =
fyL α β γ d

2 f 
  

For Φ16 bars:
Ld= *1*1*1*1.6=67 cm or Ld= 40 =64cm

Use Ld = 70 cm.

4-7-4-4 Lateral Reinforcement:

As = 0.0018×b×h = 0.0018×100×17 = 3.5 cm2/m

0.2×As = 0.2×13.4=2.68 cm2/m

 As = 3.5 cm2/m.

 Select Φ 8 with As = 0.5 cm2.

S= *100= 18

Select S=15 cm

As= *100 = 3.3 cm2/m
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4-8 Design of Mat Foundation:

4-8-1  Load calculation :

Dead Loads of  Wall (1) per meter = H × (W) × γc

= 16.5× 0.2 × 25 =82.5 KN / m.

qU from solid elevator slap on each wall = 21 KN/ m.

factored Load of  wall = 99 KN/ m.

Load of  wall (3) from beam &ribs = 112 KN/ m.

Total Factored Loads of wall (1) = 21+99 = 120 KN/ m.

Total Factored Loads of wall (2) = 21+99 = 120 KN/ m.

Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.

P total on shere wall = ((120×2.40×2)+(120×1.8)+(232×1.8)) = 1209.6 KN.

Req. =
Total Factored Load

A
1.4×Allowable Bearing Pressure

Areq= = 1.8 m2

Use A = 2.6 × 2.4 m,

A = 2.6×2.4 = 6.24 m2 > AReq.=1.8 m2

Fig. 4-28 Geometry of Mat Foundation.
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4-8-2 Determination of Footing Depth:

(121*2|2.6*1) = 93 KN/ m2

Fig. 4-29 Required Sections for Design.

Fig. 4-30 Shear &Moment Envelope of Mat Footing Section A-A.
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Vu =93 KN…( From Fig. 4-24)

c c w

1 'Φ V = Φ f b d
6

   =
10.75× 30×1000×d = 684.65d
6

Let Vu = Φ Vc.

93×1000 = 684.65 d

 d = 14 cm

Assume Φ10 for main reinforcement.

h Req = 14+1+ 6 + 1 = 22 cm.
take h= 30 cm & d= 22 cm.

4-8-3 Design in X- Direction.

Bearing capacity for  Section A-A.
(121*2|2.6*1) = 93 KN/ m2

 σ1 = 167.7 KN/ m2 < 1.4×B.C = 700 KN/ m2

OK.

Section A-A:
By using atir software we found that the shear and the moment envelope

of this section is as in figure(4-24).

4-8-3-1 Design of positive moment:

Bottom reinforcement ( in X direction).

Mu = 4 KN.m /  meter strip, (At the Face of Support).

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

4 = 4.4 KN.m

Rn=
².bd

Mn = 4.4^6/1000(220) ² = 0.1 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.00024
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As req. = ρ * b * d
As req. = 0.0024* 100 * 22 = 0.53 cm2

Check for minimum reinforcement:
A s min=(1000)(٢20)(0.25) /412≥1.4*1000*٢20/412 not less than.

A s min = 7.5 cm2

For Shrinkage &Temperature :

As = 0.0018×b×h

As = 0.0018×100×15 = 2.7 cm2/m

1.3As req. = 1.30.53 = 0.7 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 5.4 cm2

 Select Ø 12 with As = 1.13 cm2 ''For Bottom Reinforcement''

1.13S= ×100 = 20.9 cm
5.4

Select S=20 cm

 req
2 21.13As = ×100 = 5.65 cm > As = 5.4 cm

20

4-8-3-2 Design of negative moment :-
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Top reinforcement ( in X direction).

Mu = 42 KN.m per meter strip "At the Face of Support "

Mn = Mu/Ø=
9.

42 = 46.6 KN.m

Rn=
².bd

Mn = 46.6^6/1000(220) ² = 0.96 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.0024

As req. = ρ * b * d
As req. = 0.0024* 100 * 22 = 5.3 cm2< A s min = 7.5 cm2

1.3As req. = 1.35.3 = 6.9 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 6.9 cm2

 Select Ø 12 with As = 1.13 cm2 '' For Top Reinforcement ''

1.13S= ×100 =15.4 cm
7.33

Select S=15 cm

 req
2 21.13As = ×100 = 7.53 cm > As = 7.33 cm

15

4-8-4 Design in Y- Direction
4-8-4-1 Load calculation :
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Dead Loads of  Wall (1) per meter = H × (W) × γc

= 16.5× 0.2 × 25 =82.5 KN / m.

qU from solid elevator slap on each wall = 21 KN/ m.

factored Load of  wall = 99 KN/ m.

Load of  wall (3) from beam &ribs = 112 KN/ m.

Total Factored Loads of wall (2) = 21+99 = 120 KN/ m.

Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.

4-8-4-2  Eccentricity Calculations:

∑My=0

My= 121*1.1 + 232*1.1 = 388.3KN.

Pu= 1209 KN as calculated before.

ey = = =0.32m < = = 0.43m    OK.

4-8-4-3 Bearing Pressure for Section B-B:

 σ1 =( Pu/ A) + *X.

but  Iy = .

=( 2.6*2.43 /12)  = 2.99.

 σmax =( 1209/ 2.6*2.4) + *1.2 = 349.5 KN.

 σmin =( 1209/ 2.6*2.4) - *1.2 = 38 KN.

 σmax = 349.5 KN<1.4*500 = 700 KN/ m2 OK.

From atir software we found that the shear and the moment
envelope as in the following Figure(4-25).
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Us
e
the same values of d and h as in section B-B;
(d=22 cm & h=30 cm).

4-8-4-3 Design of positive moment:

Bottom reinforcement ( in Y direction).

Mu = 13.3 KN.m per meter strip "At the Face of Support "

m =
y

c

f
0.85×f 

= 20.2

Mn = Mu/Ø=
9.

3.13 = 14.7 KN.m

Rn=
².bd

Mn = 14.7^6/1000(220) ² = 0.3 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.0007

Fig. 4-31 Shear &Moment Envelope of Mat Footing Section B-B.
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As req. = ρ * b * d
As req. = 0.0007* 100 * 22 = 1.6 cm2

Check for minimum reinforcement:
As req. = ρ * b * d
As req. = 1.6 cm2< A s min = 7.5 cm2

1.3As req. = 1.31.6 = 2.13 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 5.4 cm2

 Select Ø 12 with As = 1.13 cm2 ''For Bottom Reinforcement''

1.13S= ×100 = 20.9 cm
5.4

Select S=20 cm

 req
2 21.13As = ×100 = 5.65 cm > As = 5.4 cm

20

4-8-4-4 Design of negative moment :-

Top reinforcement ( in Y direction).

Mu = 68.9 KN.m per meter strip "At the Face of Support "

Mn = Mu/Ø=
9.

9.68 = 76.5 KN.m

Rn=
².bd

Mn = 76.5^6/1000(220) ² = 1.6 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.004

As req. = ρ * b * d
As req. = 0.004* 100 * 22 = 8.8 cm2> A s min = 7.5 cm2

1.3As req. = 1.38.8 = 11.44 cm2

As For shrinkage and Temperature:
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As = 0.0018  b  h

As = 0.0018 100  30 = 5.4 cm2

 As = 8.8 cm2

 Select Ø 14 with As = 1.13 cm2 '' For Top Reinforcement ''

1.13S= ×100 =15.4 cm
7.33

Select S=15 cm

 As =(1.53/15)*100  = 10.2 cm2 >8.8 cm2 OK.
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4-9 Design of Combined Footing (F5):

4-9-1 Loads Calculation:

Column  C 1 ( 50 cm * 30 cm )

Factored Load = 1000 KN

Column  C 1 ( 50 cm * 30 cm )

Factored Load = 1000 KN

Total Factored Load 1000+1000 = 2000 KN.

Soil weighting = 18 KN/m³

Allowable soil pressure = 500 KN/m²

Assume footing to be about 50 cm thick, in addition to about

15 cm of blinding concrete.

Footing weight = 1.2×25×0.5 = 15 kN/m2

Back Fill weight above the footing = 1.6 × (1.5-0.5) ×18 = 28.8 kN/m2

Blinding concrete weight = 1.2× 0.15× 25 = 4.5 kN/m2

Pnet  = 15+28.8+4.5 = 48.3 kN/m2.

4-9-2 Determination the  dimension of the combined footing :

req.

net+ P
Pu 1.4×Allowable Bearing Pressure

As


+48.3

As req = = 3 m2.

Use  L = 2.5 m, B = 1.5 m,

A = 2.5×1.5 = 3.75 m2 > Asreq.= 3 m2
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4-9-3 Determine the bearing pressure under Combined Footing

б bu = (Pu/A) +Pnet

= (2000/3)+48.3+0 = 715 KN/ m2<1.4 *500=718 KN/ m2

Fig. 4-32 Geometry of Combined Footing.

Fig. 4-33 bearing under Combined Footing.
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4-9-3 Determine the Required depth of the Combined Footing :

Assume H= 50cm
d = 50 – 7.5 –1–1 = 40.5 cm
The punching shear strength is the smallest of:

c c o
c

1 2 'V = 1+ f b d
6 β
 
 
 

s
c c o

o

α1 'V = + 2 f b d
12 b /d

 
 
 

c c o

1 'V = f b d
3

………………….. Control

Where:

c = a / b = 50 / 30 = 1.6

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

= 2{(500+405) + (300+405)} =3220 mm

s = 40             for interior column

 Vc=0.75* *3220*405 = 1597.2 KN.

Vu critical= 715 *1.5*(1-.4) – 48.3*1.5*(1-.4) = 600

Check Φ.Vc Vu (Critical)

1597.2>600  ok.

 OK. d" to satisfy punching shear

Fig. 4-34 Required Sections For Design.
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4-9-4 Design in X Direction:

MRx =  Mx +
M at CS1 +
= 718*0.38*0.19*1.5 – 48*0.38*0.19*1.5
MCS1 = 127 KN.m

4.9.4-1 Design of Bottom reinforcement

Mu =127 KN.m

Mn = Mu/Ø=
9.

127 = 141 KN.m

Rn=
².bd

Mn = 141^6/1500(405) ² = 0.9 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.002

As req. = ρ * b * d
As req. = 0.002* 150 * 40.5 = 13 cm2

Check for minimum reinforcement:

As min =(0.25/fy)

As min =(0.25/fy)
As min =18 cm2

As min = 1.4*b*d/fy
.= 20 cm2

1.3As req. = 1.313 = 17 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 200  40.5 = 14.5 cm2

 Asreq. = 17 cm2.

 Select 20Φ 12 with As = 22 cm2.> Asreq. = 17 cm2.
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Check of Strain:

Tension = Compression

s cA ×fy = 0.85×f '×b×a

1700*412= .85*24*1500*a

a=23mm.

x=27 mm.

ok

4-9-4-2 Development Length of main Reinforcement:

b
c

d =
fyL α β γ d

2 f 
  

For Φ12 bars:
Ld = 40 Φ = 48cm

Available Ld = 100 - 7.5 = 92.5 cm .

Ld= 48>92.5

Ok.

4.9.5 Design of Bending Moment about S3

M at CS2 +
= (715*1.25*0.625)*1.5- (48*1.25*0.625)*1.5- (1000*0.55)) =

MCS2 = -350 KN.m +
no top reinforcement .

Design of shrinkage and temperature reinforcement:

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 150  40.5 = 10.5 cm2

 Select 15Φ 12 with As = 17 cm2.> Asreq. = 14.5 cm2.
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4.9.6 Design of Bottom Reinforcement at S3

Mu =350 KN.m

Mn = Mu/Ø=
9.

350 = 388 KN.m

Rn=
².bd

Mn = 388^6/1500(405) ² = 1.1 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.003

As req. = ρ * b * d
As req. = 0.003* 150 * 40.5 = 24 cm2

Check for minimum reinforcement:

As min =(0.25/fy)

As min =(0.25/fy)
As min =18 cm2

As min = 1.4*b*d/fy
.= 20 cm2

1.3As req. = 1.324 = 31 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 150  40.5 = 10.5 cm2

 Asreq. = 31 cm2.

 Select 16Φ 16 with As = 32 cm2.> Asreq. = 31 cm2.

4.9. 7 Design in y- Direction
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MRy =  My +
MRy = (7150.62*.31)*2 - (48.30.62*.31)*2 = 256 KN.m

4.٩.7-1 Design of Bottom Reinforcement

Mu =256 KN.m

Mn = Mu/Ø=
9.

256 = 284 KN.m

Rn=
².bd

Mn = 284^6/1500(405) ² = .8 Mpa

ρReq= 1/m (1-

ρReq= 1/20.2 (1-
ρReq=0.002

As req. = ρ * b * d
As req. = 0.002* 200 * 40.5 = 16.2 cm2

Check for minimum reinforcement:

As min =(0.25/fy)

As min =(0.25/fy)
As min =20 cm2

As min = 1.4*b*d/fy
.= 23 cm2

1.3As req. = 1.316.2 = 21 cm2

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 200  40.5 = 14.5 cm2

 Asreq. = 21 cm2.

 Select 12Φ 16 with As = 24 cm2.> Asreq. = 21 cm2.
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Check of Strain:

Tension = Compression

s cA ×fy = 0.85×f '×b×a

2100*412= .85*24*2000*a

a=22mm.

x=25 mm.

ok

4.9.7.2 Development length of main Reinforcement:

Ld = 40*1.6 = 64 cm

4.9.8 Design Of Top Reinforcement

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 200  40.5 = 14.5 cm2

 Select 15Φ 12 with As = 17 cm2.> Asreq. = 14.5 cm2.
4.12.8.1 Check Transfer of Load at Base of Column (Design of Dowels)

ΦPn = Φ(0.85fc Ag)

3ΦPn = 0.65(0.85)(30)(600×300) 10

ΦPn =2983.5 KN > 2850 KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As  = minρ ×Ag

As = 0.005 (50 × 30) = 7.5 cm2
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Use 6 Φ 14 dowels with sA = 9.24 cm 2

4-9-8-2 Development Length ( dL ) of Dowels:

Ld for Φ 14:

d b
FyL = ×d

4 30

420Ld = ×1.4 = 26.84 cm
4 30

But Not Less Than b0.044 ×Fy×d 25.87 cm

Available embedment = 50–7.5–2–2 = 54.5 cm > 26.84 cm

 Ok.

Fig. 4-35 Details of Combined Footing(F5).
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4-10  Design of Strip Footing (Under the Shear Wall):

4-10-1  Load Calculations

Weight of wall (D.L.) = height  thickness of wall 1m wide  γc

Weight of wall (D.L.) = 16.5× 0.2 × 25 =82.5 KN / m.

Total Dead Load = 38 KN/m.

Total Live Load = 22 KN/m.

Weight of concrete footing = 0.5×25×1×bx =12.5 bx KN

Weight of soil above footing  =18×1×1×bx =18 bx KN

4-10-2   Determination of Footing Depth:

Assume footing thickness = 50 cm > hmin = 25cm.

4-10-3   Determination of Footing Width:

Allowable soil pressure = 500 KN/m²allowable
((38*1)+(22*1)  + (12.5 bx + 18bx )/1*bx )

60 + 30.5 bx = 500bx

bx = 12.7 cm

select  bx = 60 cm

4-10-4  Check of Shear

Pu total = (1.2*38*0.6) + (1.6*22*0.6) +(1.2*0.5*25*0.6)

+(1.6*18*1*0.6)

 Pu total = 75 KN.

Pu/Area = 75/ 1*.6   =125 KN/m

125<1.4*500= 700 KN/m
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Pu per 1m strip = (1.6*18*1)+ (1.2*0.5*25*1) = 43.8KN/m

Vu = (125*.2) – (43.8*.2) = 16.3 KN.

1Vc = 0.75 fc' b d
6

   

d = 50 – 7.5 - 1- 1 = 40.5 cm

1
Vc=0.75 30 1000 405 = 277.3 KN

6
   

 The Depth of Footing is Satisfied.

4-10-5  Design of Bending Moment

Mu = (125*0.2*.2/2)- (43.8*.2*.2/2)

= 2 KN.m

Mn = 2/.9 = 2.2 KN.m

Rn = Mn/bd2 =2/1000*4052

Rn = 0.01MPa

2.20
24*85.0

412

*85.0 '


fc

fy
m

Fig. 4-36 Geometry of Strip Footing.
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ρreq= )
2

11(
1

fy

mRn

m


00003.0)
412

)01)(.2.20(2
11(

2.20
1



As req. = ρ * b * d
As req. = 0.00003 * 100 * 40.5 = .13 mm2

FyAs min =0.25

As min =(0.25/412)
As min =12 mm2

Not less than1.4*b*d/fy =1.4*405*1000/412 =13.8 mm2

A s min = 13.5 cm2

1.3As req. = 1.30.75 = 0.98 cm2 < A s min = 13.5 cm2/m.

As For shrinkage and Temperature:

As = 0.0018  b  h

As = 0.0018 100 50 = 9 cm2/m

 As req. = 9 cm2

 Select 9Φ 12 With As = 10.17 cm2 > As req. = 9 cm2.

req

req

1.13S = ×100 =11cm
10.17

Use S =10cm

So Select Φ12@10 cm.

4-10-6   Development Length of main Reinforcement:

fy
Ld = × α × Β × γ × db

2 fc

420
Ld = ×1×1×1×1.2 = 46 cm.

2 30



Or 40*1.2 = 48
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Available Ld = 20 – 7.5 = 12.5 cm
Available Ld =12.5 <Ld req =46 cm
Available Ld =12.5
Using Hook 16  =16 1.2 =19.2 cm  

Hook Length = 20 cm > 19.2 cm.

So Ld Total = 20+22.5 = 42.5 cm

4-10-7  Design of Secondary Bottom Reinforcement

As min For Shrinkage and Temperature is required
As = 0.0018  b  h

As = 0.0018 100 50 = 9 cm2/m

 As req. = 9 cm2

 Select 9Φ 12 With As = 10.17 cm2 > As req. = 9 cm2

req

req

1.13S = ×100 =11cm
10.17

Use S =10cm

So Select Φ12@10 cm.

4-10-8 Design of Secondary Top & Bottom Reinforcement For The

Top Layer:

As min For Shrinkage and Temperature is required
As = 0.0018  b  h

As = 0.0018 100 50 = 9 cm2/m

 As req. = 9 cm2

 Select 9Φ 12 With As = 10.17 cm2 > As req. = 9 cm2

req

req

1.13S = ×100 =11cm
10.17

Use S =10 cm

So Select Φ12@10 cm.
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4-10-9  Check Transfer of Load at Base of Column (Design of

Dowels):

reqΦPn = Φ×(0.85×fc × Ag + As ×fy) Pu 

Pu = (1.2*25*16.5*.2*1) = 99 KN.

0.65*((.85*24*1000*2OO) + (As req *412)) = 99000

As req =

3
req0.65×[(0.85×30×1000×300) + (As × 420)] = 251.03×10

As req. = -62 cm2

So As min. is required

As min = .0012*Ag

= .0012*100*20 =2.4 cm 2 /m

Use 4 Φ 12 dowels with As = 4.52 cm 2

4-10-10  Development Length of Dowels:

(1)req .
fy 420Ld = db = ×2 = 38.34 cm

4 304 fc

req(2)Ld = 0.044×fy×db = 0.044×420×2 = 36.96 cm.

reqLd = 38.34 cm.

req reqh = Ld + 7.5 +1.2 +1.2

 = 38.34 + 7.5 +1.2 +1.2 = 48.24 cm.

 Select hreq. = 50 cm

Available Ld = 50 - 7.5 -1.2 -1.2 = 40.1 cm.

(1)reqAvailable Ld = 40.1 cm > Ld = 38.34 cm.

 Ok.80
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Fig. 4-37 Details of Strip Footing.
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4-11 (Design of solid slap):

4-11-1:( calculation)

Area of solid slap 2.4*2.2

Lx/Ly = 2.4/ 2.2 = 1.1 < 2  2way solid slap.

h req = L/20 = 11cm take h= 15 cm.

4-11-2:( calculation of load)

Dead load = 0.15*25= 3.75 KN/ m 2

Live load = 10 KN/ m 2 .

qu = 1.2D+1.6L= 20.5 KN/ m 2

4-11-3 (internal forces & moment for 1m strip in x& y  direction by using

table 6.6.

Kfx: moment paremeter in x direction.

Kfy: moment paremeter in y direction

KAx: support reaction in x direction.

Kay: support reaction in y direction.

by using Lx/Ly = 1.1

Kfx= 22.4    &Kfy = 27.9  & KAx= Kay= 2.09.

Mfx= qu*lx 2 /Kfx = 4.43 KN.m/m

Mfy = qu*lx 2 /Kfy = 3.56 KN.m/m

Ay = Ax = qu*lx/KAx = 21.6 KN /m.

By using table 6.9  dx= 1.34  & dy= 1.34.
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to prevent the rotation of edge we increased filed moment Mfx &

Mfy.

Mfy become = dy*Mfx = 6 KN.m/m

Mfx become = dx*Mfx = 4.6 KN.m/m

4-11-4 ( Designe of shere)

D =15-2-1= 12 cm

u

u

u

VKN

dbwfcVc

VVc

KNV








5.73120100024
6
1

75.0

6
1

75.0

6.21max

'

OK no shear is required.

4-11-5(desgne of  x direction)

Mu = 6 KN.m/m

Mn = Mu/Ø=
9.

6 = 6.7 KN.m/m

Rn=
².bd

Mn = 6.7/120(290) ² =.57 Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


0012.0)
412

)5)(.2.20(2
11(

2.20

1


ρreq= 0.0012
As req. = ρ * b * d
As req. = 0.0012* 100 * 120 = 1.44cm 2 /m

As min =(0.25/fy)

As min =(0.25/fy)
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= 3.56 cm 2 /m
/mNot less than1.4*b*d/fy =1.4*120*290/412=4 cm2

1.3 *As req = 1.87 cm 2 /m
As for shrinkage&temp = .0018**12*100 = 2.16 cm 2 /m.
As req = 2.16 cm 2 /m

 Select Φ 8/15cm With As = 3.34 cm 2 /m

4-11-6( designe in y direction)

Mu =4.8 KN.m/m

Mn = Mu/Ø= 5.3 KN.m/m

Rn=
².bd

Mn = 5.3/120(290) ² =.36 Mpa

2.20
24*85.0

412

*85.0 '


fc

fy
m

ρreq= )
2

11(
1

fy

mRn

m


0012.0)
412

)36)(.2.20(2
11(

2.20

1


ρreq= 0.0012
As req. = ρ * b * d
As req. = 0.001* 100 * 120 = 1.2cm 2 /m

As min =(0.25/fy)

As min =(0.25/fy)
= 3.56 cm 2 /m

/mNot less than1.4*b*d/fy =1.4*120*290/412=4 cm2

1.3 *As req = 1.88 cm 2 /m
As for shrinkage&temp = .0018**12*100 = 2.16 cm 2 /m.
As req = 2.16 cm 2 /m

 Select Φ 8/15cm With As = 3.34 cm 2 /m

Ok.

 Select Φ 8/15cm in both direction with

Top  reinforcement take as shrinkage & tempreture c
Φ 8/15cm With As = 3.34 cm 2 /m
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(4.12) Design of Isolated footing  (F5):

(4.12.1) Determination of Loads & Area of footing:

Total factored load for column C5= 2500 KN

Allowable soil pressure = 500 KN/m²

Determination of required area of footing:

allow

loadtotal

4.1
=A req.

275.3
5004.1

2500
= m



mba 89.175.3 

.
2803.395.1.951 reqAmselect 

Fig. 4-38 Details of isolated Footing.
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(4.12.2) depth Determination by check of punching:

KN2500=Pumax

46cm=1-1-7-55=d

arealoaded thefrom(d/2)

atkensection tacriticalofPerimeterbo 

364cm=bo

ensionscolumnofproportionBc dim

25.1
40

50
Bc

columns interior.........40

The punching shear strength is the smallest of:

controlsKN
db

fV o
cc .....7.20501000

3

46.064.3
2475.0

3
75.0 




KN
db

fV o
c

c
c 26661000

6

46.064.3
24

25.1

2
175.0

6

2
175.0 ' 









 












KN

db
f

db
V o

c
o

s
c

36171000
12

46.064.3
242

64.3

46.040
75.0

12
2

/
75.0










 
















Where:

criticaluc VV 

2/4.657
95.195.1

2500
mKN

A

Pu 




Fig. 4-39 Details of isolated Footing.
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)( criticalu AAV
critical

 

KNV
criticalu 3.1957))46.04.0()46.05.0()95.195.1((4.657 

OKisdepthselectedtheKNVKNVc
criticalu 3.19577.2050 

(4.12.3)Determination of bearing pressure :

-:axis- xaroundmomentResultant

0M
XR 

0M
YR 

2/4.657
95.195.1

2500
mKN

A

Pu 




2/4.657 mKN <1.3*1.4*500=900

(4.١2.4)Design of Bending:

 design in plain concrete:

mKNM SC .33795.1
2

725.0
725.0657).( 

mKNMuMn

mKN

bh
Mn

Mpafc

T

T

CTT

.33761

.6110
6

55.095.1
06.255.0

6
55.0

06.22442.0'42.0

9
3

3






















 not satisfied …………. Design in reinforced concrete

 Design in reinforced Concrete

337kN.m=Mu
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1.20
2485.0

412

85.0 '








fc

fy
m

2
22

/907.0
)46.0(95.1

9.0337.09.0
mN

db

Mn
Rn 










)
2

11(
1

fy

mRn

m


002.0)
412

)907.0)(1.20(2
11(

1.20

1


As = (0.002) (1950) (460) =1794 mm2

According to ACI-code (10.5.1):

       4601950
412

4.1
4601950

412

24
25.0min As

22
min 4.3008.26 cmcmAs 

controlscmAsreq ............3.2394.173.13.1 2

2
min 3.23 cmAs 

2
minmin 3.23 cmAsAsAsAs reqreq 

Select 14 Ф 14/15 cm in both directions.

(4.12.5) Design of Dowels:

21000400500005.0

2500265210004.05.02485.065.0

)'85.0(

mmAs

KNPu

puAgfcPn




 

Select7 Φ 16
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4-13 Design of shear wall :

By analysis and calculation the magnitude of earthquake force is

greater than wind force , so that the design  used is to be resist earthquake

force.

4-13-1  Determination of location of shear centroid (So):

x
x

X

3X I
X =

I

b×hI =
12

,


y
y

y

3X I
Y =

I

b×hI =
12

,


Fig. 4-40 Shear Walls.
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IY×YYIYIX × XXIXWall
0.14716.30.00911.6007.251.61
84.03118.154.62980.13110.250.01282
0.14716.30.00921.20013.251.63
0.06715.250.00441.5999.350.1714
5.61028.050.20.0255.520.00455
5.61028.050.20.0429.380.00456
0.8272.550.32440.0061.170.00537
0.8272.550.32440.0285.320.00538
0.5992.550.23480.0449.350.00479
0.0081.350.00616.51913.250.49210
0.37110.350.03582899.13728.85100.4911

99.8126.07552969.712106.165∑

x

x

I ×XX =
I




2969.712X = = 27.973 m
106.165

y

y

I ×YY =
I




99.812Y = =16.428 m
6.0755

ex = 13.473 m.

ey = 2.328 m.

 1. Part of Translation to FRx & Fry:

Yi

Y

xi
FRx I

Q  =
I




Y

Yi
xi

x

FR I
Q  =

I





1.2 Part of rotation:
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due to MXm qx

*

xi =Q
Mx ×I ×Ym mY-

Iω
*

m mXYi =
Mx × I × X

Q
Iω

Due to MYm qy

QXi =
*

m Y mxi =
My ×I ×Y

Q -
Iω
*

m X mYi =
My ×I ×X

Q
Iω

Iω = ∑ IX × X*2
m +∑IY × Y*2

m

IY×Y*2mIY×Y*mY*mIYIX×X*2mIX× X*mX*mIxWall

0.000-0.001-0.130.009686.909-33.152-20.721.61

13.6977.963+1.724.62984.019-0.227-17.720.01282

0.006-0.005-1.180.004459.286-3.184-18.620.1713

0.000-0.001-0.130.009187.316-17.312-10.821.64

27.0052.324+11.620.22.268-0.101-22.450.00455

27.0052.324+11.620.21.557-0.084-18.60.00456

62.497-4.503-13.880.32443.807-0.142-26.80.00537

62.497-4.503-13.880.32442.724-0.120-22.670.00538

45.235-3.259-13.880.23481.630-0.088-18.620.00479

1.387-0.092-15.080.0061106.606-7.242-14.720.49210

1.323-0.218-6.080.035877.81988.431+0.88100.4911

240.6716.07551530.072106.165∑

Iω = ∑ IX × X*2
m +∑IY × Y*2

m

Iω = 1530.072 + 240.671 = 1770.743 m6

Torques due to qx :

Mxm = FRx × ey

= 1 ×(-2.328) = -2.328 KN.m

MYm = FRY × eX



Chapter Four

Structural Analysis And Design

___________________________________________________________________

94

= 1 × (-13.473) = -13.473 KN.m

4-13-2  Part of  Load of Each Shear wall:

4-13-2-1  Loads in X- direction :

FRx = 1 KN , Mxm = 1.989  KN.m

Part of translation = Yi

y

FRy×I

I

Wall IY FRx × IY (FRx× IY)/∑IY

1 0.009 0.009 0.001
2 4.6298 4.6298 0.762
3 0.0044 0.0044 0.001
4 0.009 0.009 0.001
5 0.2 0.2 0.033
6 0.2 0.2 0.033
7 0.3244 0.3244 0.053
8 0.3244 0.3244 0.053
9 0.2348 0.2348 0.039
10 0.0061 0.0061 0.001
11 0.0358 0.0358 0.006
∑ 6.0755 1.000
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Part of  rotation : QX due to Mxt:

Wall IY Y*m -(MX/ Iω) × IY× Y*m

1 0.009 -0.13 0.000
2 4.6298 +1.72 0.010
3 0.0044 -1.18 0.000
4 0.0044 -1.18 0.000
5 0.009 -0.13 0.000
6 0.2 +11.62 0.003
7 0.3244 -13.88 -0.006
8 0.3244 -13.88 -0.006
9 0.2348 -13.88 -0.004
10 0.0061 -15.08 0.000
11 0.0358 -6.08 0.000

∑ 6.0755 0.000

Part of rotation QY due to Mxt :

Wall Ix X*
m (MX/ Iω) × IX×X*

m

1 1.6 -20.72 -0.044
2 0.0128 -17.72 0.000
3 0.171 -18.62 -0.004
4 1.6 -10.82 -0.023
5 0.0045 -22.45 0.000
6 0.0045 -18.6 0.000
7 0.0053 -26.8 0.000
8 0.0053 -22.67 0.000
9 0.0047 -18.62 0.000
10 0.492 -14.72 -0.010
11 100.49 +0.88 0.116

∑ 106.165 0.000
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Part at Each Wall Due to qx :

Qxt = Part of Translation + Part of Rotation

For wall No. 1 QX1 = +0.001 +0.000 -0.044 = -0.043
For wall No. 2 QX2 = +0.762 +0.010 +0.000 = 0.772
For wall No. 3 QX3 = +0.001 +0.000 -0.031 = -0.030
For wall No. 4 QX4 = +0.001 +0.000 -0.004 = -0.003
For wall No. 5 QX5 = +0.014 +0.000 +0.000 = 0.014
For wall No. 6 QX6 = +0.033 +0.003 +0.000 = 0.036
For wall No. 7 QX7 = +0.033 +0.003 +0.000 = 0.036
For wall No. 8 QX8 = +0.053 -0.006 +0.000 = 0.047
For wall No. 9 QX9 = +0.053 -0.006 +0.000 = 0.047
For wall No. 10 QX10 = +0.039 -0.004 +0.000 = 0.035
For wall No. 11 QX14 = +0.006 +0.000 +0.116 = 0.122

∑ Qx = 1 KN.OK.

4-13-2-2  Loads in Y-direction :

qy FRY = 1 KN.

Wall IX FRY × IX (FRY × IX)/∑IX

1 1.6 1.6 0.015
2 0.0128 0.0128 0.000
3 0.171 0.171 0.002
4 1.6 1.6 0.015
5 0.0045 0.0045 0.000
6 0.0045 0.0045 0.000
7 0.0053 0.0053 0.000
8 0.0053 0.0053 0.000
9 0.0047 0.0047 0.000
10 0.492 0.492 0.005
11 100.49 100.49 0.947

∑ 106.165 1.000
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Part of  rotation : QX due to Myt:

Wall IY Y*m -(My/ Iω) × IY× Y*m

1 0.009 -0.13 0.000
2 4.6298 +1.72 0.061
3 0.0044 -1.18 0.000
4 0.009 -0.13 0.000
5 0.2 +11.62 0.018
6 0.2 +11.62 0.018
7 0.3244 -13.88 -0.034
8 0.3244 -13.88 -0.034
9 0.2348 -13.88 -0.025
10 0.0061 -15.08 -0.001
11 0.0358 -6.08 -0.002

∑ 6.0755 0.000

Part of rotation QY due to Myt:

Wall IX X*m (My/ Iω) × IX× X*m

1 1.6 -20.72 -0.252
2 0.0128 -17.72 -0.002
3 0.171 -18.62 -0.024
4 1.6 -10.82 -0.132
5 0.0045 -22.45 -0.001
6 0.0045 -18.6 -0.001
7 0.0053 -26.8 -0.001
8 0.0053 -22.67 -0.001
9 0.0047 -18.62 -0.001
10 0.492 -14.72 -0.055
11 100.49 +0.88 0.673

∑ 106.165 0.001
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For wall No. 1 QY1 = +0.015 +0.000 -0.252 = -0.237
For wall No. 2 QY2 = +0.000 +0.061 -0.002 = 0.059
For wall No. 3 QY3 = +0.015 +0.000 -0.179 = -0.164
For wall No. 4 QY4 = +0.002 +0.000 -0.024 = -0.022
For wall No. 5 QY5 = +0.000 +0.000 +0.000 = 0.000
For wall No. 6 QY6 = +0.002 +0.000 -0.022 = -0.020
For wall No. 7 QY7 = +0.000 +0.018 -0.001 = 0.017
For wall No. 8 QY8 = +0.000 -0.034 -0.001 = -0.035
For wall No. 9 QY9 = +0.000 -0.034 -0.001 = -0.035
For wall No. 10 QY10 = +0.000 -0.025 -0.001 = -0.026
For wall No. 11 QY11 = +0.947 -0.002 +0.673 = 1.618

∑ QY = 1.001 KN.
OK.

4-13-3 Calculation of Floors Weight:-

Total Weight of the Ground Floor = 10574 KN.
Total Weight of the First Floor =10574 KN .
Total Weight of the Second Floor = 10141 KN .

Total Weight of All Floors = 31289 KN

4-13-4  Calculation of Shear Force on Shear Walls:

From Uniform Building Code 1997 (UBC):

Z = 0.3    zone"3"
R = 5.5
I = 1
Ca = 0.24
Cv = 0.24
hn = 15.75 m
Ct = 0.0488
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Where:

Z : seismic zone factor as given in Table 16-I.
R: numerical coefficient representative of the inherent over strength and
global       ductility capacity of lateral force  resisting systems, as set forth
in Table 16-N or
16-P.
I : importance factor given in Table 16-K.
Ca : seismic coefficient, as set forth in Table 16-Q.
Ct : numerical coefficient given in Section 1630.2.2.
Cv : seismic coefficient, as set forth in Table 16-R.
hi, hn, hx : height in feet (m) above the base to Level i, n or x,
respectively.

 3/4T = 0.0488 15.75 = 0.386

1 =
Cv.I 0.24×1V W = W = 0.113W
R.T 5.5×0.386

2.5Ca.I 2.5×0.24×1V = W = W = 0.109 W control1 R 5.5

1V = 0.11Ca.I.W = 0.11×0.24×1×W = 0.026W

V = 0.109 W = 0.109×31289 = 3410.5 control

Ft = 0.07×T×V = 0.07×0.386×3410.5 = 92.15 KN

Floor W (KN) V(KN) H (m) Ft (KN) (V-Ft) (W×h) Fx

Second Floor(1) 10141 3410.5 11.4 92.15 3318.35 115607.4 1628.87

First Floor(2) 10574 3410.5 7.58 92.15 3318.35 80150.92 2758.17

Ground Floor(3) 10574 3410.5 3.76 92.15 3318.35 39758.24 3318.35

∑ 31289 235516.6

 t xx
nxi

iii=1

V-
= wF hF

w h
 

xi
=

3318.35 115607.4
1628.87

235516.6F




 3/4

nt
= .................(UBC)T C h
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4-13-5 Load Calculation of Wall (W1).

Part of load for wall (W1), due to(qy) = 0.237

Load of Wall (W1):-

Floor Fx (KN) Vu (KN) Mu (KN.m)
Second Floor(1) 1628.87 386.04 1474.68
First Floor(2) 2758.16 653.68 3971.75
Ground Floor(3) 3318.35 786.45 6928.80

Vu=Fx×0.237

Vu=1628.87×0.237 = 386.042 KN

Mu =Vu×h

Mu =386.042×3.82 = 1474.68 KN.m.

Fig. 4-41 Mu,Vu, & Fx Diagram.
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4-13-5-1 Design of Reinforcement:-

Internal Forces And Moments:

Vu = 786.45 KN

Mu = 3971.75 KN.m

Pu = 1.211.40.3425 = 410.4 KN

4-13-5-2 Design in plain Concrete:-

Vn Vu 

Vn = 0.55×0.11 fc ×b×h

Where b = LW

(LW: - is the length of shear wall in the direction of action).

Vn = 0.55×0.11 30×4000×300 = 397.65 KN < Vu = 786.45  KN

 Reinforcement must be provided.

4-13-5-3 Design of Reinforced Concrete:-

4-13-5-3-1 Design of the Horizontal reinforcement:
Vu = 786.45 KN.

d = 0.8Lw = 0.84000 = 3200 mm = 3.2 m

Vc
1= 0.75 30 300 3200 = 657.27 KN.
6
  

10.75 b d
3
 
 
 

=ΦVs min

ΦVs min 1= 0.75 300 3200 = 240 KN.
3
 
 
 



cΦV + Vs min = 657.27 + 240 = 897.27 KN

ΦVs minΦVc= 657.27 KN V = 786.45 KN ΦVc + 897.27 KNu  

 Category (3) Satisfy

scΦV +ΦV   Vu

ReqΦ Vs = Vu - ΦVc .
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Req Φ Vs = 786.45 – 657.27 = 129.18 KN

V req.
req.

A  Vs
=

S 0.75 Fy×d

 
   

V
3

req.
req.

A 129.18 10
= = 0.128 mm

S 0.75 420×3200

 
   

V min.
req.

A

S
0.0025×h 

 
 



V min.
req.

A

S
= 0.0025×300 = 0.75mm 

 
 

V Vmin. req.
req. req.

A A

S S
      
   

V min.
req.

A

S
 = 0.75 mm = 0.075 cm............ Controlled 

 
 

Select 2 Φ12 As =
2 2π2× 1.2 = 2.26 cm

4
  

Av = 0.075cm
S

Av 2.26 S = = = 30.13 cm
0.075 0.075



But

Select S= 30 cm

used  (ACI-318-11.10.9.3).
LwS  <                              ..........
5

40030 cm < = 80 cm .......... Ok
5





used  (ACI-318-11.10.9.3).S < 3 h ..........
30 cm < 3 30 = 90 cm .......... Ok


 


used  (ACI-318-11.10.9.3).S < 45 cm ..........
30 cm < 45 cm .......... Ok



v
S

2.26A = = 0.075 cm
30

So

V min. =
req.

A

S
Av = 0.0753 cm > 0.075 cm
S

   
   

  
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Use 2Φ12 @ 30cm C/C for the reinforcement in two layer.

4-13-5-3-2 Design of Vertical Reinforcement.

"Minimum Vertical Reinforcement"

w v
vn 1

w 2

h A .h
A = 0.0025 + [0.5(2.5 - ) [( ) - 0.0025].S h

L S .h

 
  

 

w

w
=

h 11.4 = 2.85 > 2.5
L 4.0

 1vnA = 0.0025×S ×h

w
1

L 400S = = =133.33 cm
3 3

1S = 3×h = 3×30 = 90 cm

Select 2 Φ12 As =
2 2π2× 1.2 = 2.26 cm

4
  

Av 2.26 S = = = 30.13 cm
0.0025 h 0.0025 30


 

But Av = 0.0025S1h

Av 2.26 S = = = 30.13 cm
0.0025 h 0.0025 30


 

Select S= 30 cm < 1 1S = 90 cm < S =133.33 cm

Use 2Φ12 @ 30cm C/C for the reinforcement in two layer.

4-13-5-3-2 Design of Moment:-

Design of light Loaded shear wall:

( Uniform Distributed vertical reinforcement will be neglected)

d=0.8Lw = 0.84.0 = 3.2 m = 3200 mm

Mu = 3971.75 KN.m

Mu 3971.75Mn = = = 4413.06 KN.m
Φ 0.9
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 

6

22
MPa

bd 3200

Mn 4413.06 10Rn = = =1.44
300



Fy 420
m = = = 16.47

0.85fc' 0.85 30

req.

req.

2  m  Rn1
ρ = 1- 1-

Fym

1 2 16.47 1.44
ρ = 1- 1- =0.0035

16.47 420

  
 
 
  
 
 

As req. = ρ  b  d

As req. = 0.003530320 = 33.6 cm2

Cw = h = 30 cm
Area of Boundary = Cw  h = 3030 = 900 cm2

req.As 33.6= = 0.037
Area of Boundary 900

req.As
8%

Area of Boundary
But

req.As
= 0.037 0.08

Area of Boundary
 Safe





So Design as light Loaded shear wall:

Select 14Φ18

As(14Φ18) = 35.56 cm2 > As req. = 33.6 cm2
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Fig. 4-43 Details of Shear Wall (1).
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