
م سم الله الرحمن الرح  
 

 

 

 

 

 

 
 جامعة بوليتكنك فلسط 
ا ة الهندسة التكنولوج ل  

ة والمعمارة  دائرة الهندسة المدن
 
 

عنوان ج  وع التخ : م  
شا  م الإ ة ومرافقها والمعماري التصم ز خدمات لمرا  

 
 

ق العمل:   ف
 

م  -                                أحمد أبو زنة - ةس ر  -                           الجع    محمد ال
مع زاهدة -                         محمود الشعراوي -     

 
 

اف:   إ  
د أحمد  د. محمـد طه السّ

  
ل  فلسط  -الخل  

2017/2018 
 
 



2  
 

م سم الله الرحمن الرح  
 

 

 

 

 

 

 
 جامعة بوليتكنك فلسط 
ا ة الهندسة التكنولوج ل  

ة والمعمارةدائرة ال هندسة المدن  
 
 

عنوان ج  وع التخ : م  
شا  م الإ ة ومرافقها والمعماري التصم ز خدمات لمرا  

 
 

ق العمل:   ف
 

ة                            -                                أحمد أبو زنة - م الجع ر   -س محمد ال  
مع زاهدة -      محمود الشعراوي                    -     

 
 

اف:   إ  
د أحمد  د. محمـد طه السّ

  
ل  فلسط  -الخل  

2017/2018



i  
 

 

 جامعة بوليتكنك فلسط 
ل  فلسط  -الخل  

ا ة الهندسة والتكنولوج ل  
ة والمعمارة  دائرة الهندسة المدن

 
 

عنوان ج  وع التخ : م  
شا  م الإ ة ومرافقها والمعماري التصم ز خدمات لمرا  

 
 

ق العمل:   ف
 

ة                            -                                أحمد أبو زنة - م الجع ر   -س محمد ال  
مع زاهدة -محمود الشعراوي                          -     

 
ة نظام ع بناءً  ا الهندسة ل اف والتكنولوج عة و ف ومتا ا  الم  وموافقة وعالم  ع الم

م تم الممتحنة اللجنة أعضاء وع هذا تقد ة الهندسة دائرة إ الم  للوفاء وذلك والمعمارة المدن
ات الوروس درجة متطل ا  هندسة تخصص الهندسة   ال   م

 
 

ف  توقيع الم
................................................ 

 
 توقيع اللجنة الممتحنة

...................................        ..................................         ............................. 
 
 
 
 
 
 



ii  
 

 الاهداء: 
 

ه علما  لتمس  قا  ه وسلم) الذي قال: " من سلك ط ب المصط (ص الله عل ا روح الحب
قا ا الجنة".  ه ط  سهّل الله له 

ل ع  ش  ا من 
َ
ُ الألماس، ا من أف وقتَهُ وجهدهُ وقدّم لنا ثمرة

ِ اةِ وغلفتها لآ نهِ مع الح جب
م"  فؤادهِ وجهدهِ "والدي ال

ش سقمَ الروح  مَ مقدسةٍ  ءُ السماواتِ والأرض، وتران ل نورا  ان دعاؤها  جوف الل ا من 
زة" ّ " أ الع ةِ القلبِ الن ، ا صاح

ْ
. الهشة  

 ." عد يومْ "اخو ّ قوّتنا وقدوتنا يوما   ا 
نا وغمروها  ائهم قل حَ والحزنَ ا من أضاءَ ض لة، ا من شاركونا الف اما ط شناهم أ ا من عا

ل "الأصدقاء" ل الحبْ، ا   
انا البواسلْ".  اللحم أطنانا من أجل كرامتنا "أ ضحون  ُ  ا من 

كونوا  كنفهِ ورعايته "شهدائنا الأبرار". ا من اصطفاهمُ اللهُ    ل
 

ادين  ة  ش الم ج ثلة متم ّ خ ، الذي ما زال  اد  جامعة بوليتكنك فلسط ادر الا ا ال
ة.  ة والعمل م اد  الأ

 
عا ...  م جم  ال

 
 

ق العمل   ف
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 الشكر: 
 

حانه .  ه س عد شكر الله والثناء عل  
ة ل ماء الاجتهاد  ا  ذرة الأمل واسقيناها  ، ال فيها زرعنا  الهندسة  جامعة بوليتكنك فلسط

 وها نحن نحصد ثمرتها اليوم. 
سها  "  ة والمعمارة ممثلة برئ د م. ا دائرة الهندسة المدن دا ب ان معنا  انه" الذي  ف ش

 لتحقيقِ الهدف. 
ف "الدكتور القدير محمـد طه  لّ معا الحبّ والود، ا الم د أحمد"، شكرٌ خالصٌ معطرٌ  ّ الس

 ّ هِ الن ة الأب والصديق، ا قل مثا ان  حر علمه، وأف معنا وقته وجهده، و الذي أفاض علينا من 
ام ل الحبْ  . والإح  

ك والدكتور ن عبو ا الدكتور الفاضل  ان ال حة والمشورة   ا قدّم ن، الذيسف  لنا النص
ة والمخططاتالنوا  شائ . الإ  

ان لهم الدور الأ  وصلنا ا ما نحن  ا اللذين  ادر التعل  تخصص هندسة الم ا ال
ه.   عل

 
 

ق العمل  ف
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وع   ملخص الم

ة، ال ت               شاء مجموعة من العنا الخدمات وع  إ ة احتتتلخص فكرة الم اجات هدف ا تلب

، المواطن ة، وخزان ماء أر ادة الطب ، والمسجد، ومب الع ارة عن مب المركز الثقا ، وهذه العنا ع

لها.  افة تفاص ة  ه، وتم إعداد المخططات المعمار ارتفاع ثلاثة أمتار مع مظلة موصولة  وتم  الإضافة إ سور 

ل  وادي الزرزر  مها لتكون  مدينة الخل لغ مساحتها تصم ــع 12,000ع أرض ت   . م م

  

قاعاته الواسعة          متاز  وع المركز الثقا الذي  ، إضافة وال تخلو من الأعمدة  وسطها  ومن عنا الم

ة الجما ب ال تع مظهرا  غا ة ذات القطر ال مها المم و الق ة ال تمتاز بتصم ب ل  إ قاعة الاحتفالات ال

حوا  جمال  5,800وتقدر مساحته  متاز  ضا المسجد الذي  ــع ، ومن العنا أ مه و مأذنته ال م م تصم

قت تقدر مساحته ب  32تصل ارتفاعها إ  تكون من ط ادة 1,000م ، و ضا مب الع وجد أ ــع ، و  م م

مساحة ال قات  ة ال تتكون من ثلاث ط ــع وال  750طب ساعد م م  تحتوي ع غرف للمر ومصعد وما 

سع ل  م  8,000ع خدمة المواطن ، والسور ذو المظلة الموصولة معه ، وآخر عن لدينا هو الخزان الذي ي

  كعب من الماء . 

ود  الإضافة إ الإصدار الأحدث من ال م العنا بواسطة كود الأحمال الأرد  الذكر أنه تم تصم ومن الجدير 

ة الموحد لعام  م وكود الأب  1997الأم للتصم

(ACI 318M-14, UBC 1997)  
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Abstract 

       This project aims at creating four service entities that are designed to meet the needs of the citizens. 

These service entities are designed to be located in Hebron City in " the Zerzir Valley. The total land 

area is 12,000 square meters. These service utilities are cultural center, mosque, medical clinic, 

underground water reservoir, three-meter wall, and wall mounted pergola. The architectural plans were 

drawn in details. 

     The cultural center is characterized by its large halls. The halls don't have columns in the middle. In 

addition, it has a large celebration hall which is characterized by its distinctive design and by its dome.  

The dome, which is characterize by its large diameter, is very beautiful. The land area of the cultural 

center is about 5,800 square meters. Moreover, the mosque is characterized by the beauty of its design. 

Its minaret is 32 meters in height. The mosque consists of two floors. The land area of the mosque is 

about 1,000 square meters. Furthermore, the medical clinic consists of three floors. Its land area is 750 

square meters. It includes patient rooms, elevator, and wall mounted pergola. Finally, the underground 

water reservoir has a total storage capacity of 8,000 cubic meters.  

     It is worth mentioning that the utilities were designed by the Jordanian building code, the latest 

version of the American design code, and the unified building code ,1997, (ACI 318M-14, UBC 1997). 

     In the introduction, the architectural plans for the utilities were drawn. In addition, the constructive 

designs for the medical clinic and the wall mounted pergola were prepared.  After the completion of the 

project, the secure, economical, and detailed constructive designs for the other utilities will be prepared.  

May Allah grant us success.  
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List of Abbreviations 

 𝐴𝑐 =  𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑠ℎ𝑒𝑎𝑟 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟. 

 𝐴𝑠 =  𝐴𝑟𝑒𝑎 𝑜𝑓 𝑛𝑜𝑛 − 𝑝𝑟𝑒𝑠𝑡𝑟𝑒𝑠𝑠𝑒𝑑 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. 

 𝐴𝑠′ =  𝐴𝑟𝑒𝑎 𝑜𝑓 𝑛𝑜𝑛 − 𝑝𝑟𝑒𝑠𝑡𝑟𝑒𝑠𝑠𝑒𝑑 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. 

 𝐴𝑔 =  𝐺𝑟𝑜𝑠𝑠 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛. 

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

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

 𝑏 =  𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑚𝑒𝑚𝑏𝑒𝑟. 

 𝑏𝑤 =  𝑤𝑒𝑏 𝑤𝑖𝑑𝑡ℎ, 𝑜𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛. 

 𝐶𝑐 =  𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛. 

 𝐶𝑠 =  𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑜𝑓 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑒𝑒𝑙. 

 𝐷𝐿 =  𝑑𝑒𝑎𝑑 𝑙𝑜𝑎𝑑𝑠. 

 𝑑 =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑒𝑥𝑡𝑟𝑒𝑚𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑓𝑖𝑏𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑜𝑓 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. 

 𝐸𝑐 =  𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒. 

 cf  =  𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒.   

 fy  =  𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑒𝑑 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑛𝑜𝑛 − 𝑝𝑟𝑒𝑠𝑡𝑟𝑒𝑠𝑠𝑒𝑑 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. 

 ℎ =  𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑚𝑒𝑚𝑏𝑒𝑟. 

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

𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑎𝑐𝑒 − 𝑡𝑜 − 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠 𝑖𝑛 𝑠𝑙𝑎𝑏𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑏𝑒𝑎𝑚𝑠 𝑎𝑛𝑑 𝑓𝑎𝑐𝑒 𝑡𝑜 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑏𝑒𝑎𝑚 

                    𝑜𝑟 𝑜𝑡ℎ𝑒𝑟 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠 𝑖𝑛 𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒𝑠. 

 𝐿 =  𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑙𝑒𝑎𝑟 𝑠𝑝𝑎𝑛 𝑖𝑛 𝑙𝑜𝑛𝑔 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑤𝑜 −  𝑤𝑎𝑦 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛, 

 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑐𝑒𝑛𝑡𝑒𝑟 − 𝑡𝑜 − 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠 𝑖𝑛 𝑠𝑙𝑎𝑏𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑏𝑒𝑎𝑚𝑠 𝑎𝑛𝑑 𝑐𝑒𝑛𝑡𝑒𝑟 𝑡𝑜 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑏𝑒𝑎𝑚  

     𝑜𝑟 𝑜𝑡ℎ𝑒𝑟 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑠 𝑖𝑛 𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒𝑠. 

     𝐿𝐿 =  𝑙𝑖𝑣𝑒 𝑙𝑜𝑎𝑑𝑠. 

     𝐿𝑤 =  𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑎𝑙𝑙. 

     𝑀 =  𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑚𝑜𝑚𝑒𝑛𝑡. 

     𝑀𝑢 =  𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑡 𝑠𝑒𝑐𝑡𝑖𝑜𝑛. 

     𝑀𝑛 =  𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡. 

     𝑃𝑛 =  𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑎𝑥𝑖𝑎𝑙 𝑙𝑜𝑎𝑑. 

     𝑃𝑢 =  𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑎𝑥𝑖𝑎𝑙 𝑙𝑜𝑎𝑑 

     S  =  𝑆𝑝𝑎𝑐𝑖𝑛𝑔 𝑜𝑓 𝑠ℎ𝑒𝑎𝑟 𝑜𝑟 𝑖𝑛 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑡𝑜 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. 
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     𝑉𝑐 =  𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑏𝑦 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒. 

     𝑉𝑛 =  𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠. 

     𝑉𝑠 =  𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑏𝑦 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡. 

     𝑉𝑢 =  𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑠ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒 𝑎𝑡 𝑠𝑒𝑐𝑡𝑖𝑜𝑛. 

     𝑊𝑐 =  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒. (𝐾𝑔/𝑚³). 

     𝑊 =  𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑏𝑒𝑎𝑚 𝑜𝑟 𝑟𝑖𝑏. 

     𝑊𝑢 =  𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑙𝑜𝑎𝑑 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎. 

     ф =  𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟. 

    𝜀𝑐 =  𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑟𝑎𝑖𝑛 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 

    𝜀_𝑠 =  𝑠𝑡𝑟𝑎𝑖𝑛 𝑜𝑓 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑠𝑡𝑒𝑒𝑙. 

    έ𝑠 =  𝑠𝑡𝑟𝑎𝑖𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑒𝑒𝑙. 

    𝜌  =  𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑠𝑡𝑒𝑒𝑙 𝑎𝑟𝑒𝑎 . 
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ــــــــــــــــــــــــــــــــصــــفــال   ل الأولــــ

حث وأهدافه لة ال   المقدمة العامة ومش

  

  

  

  

  

  

  

  

 1.1  مقدمة

وع ار الم اب اخت  2.1 أس

وع  3.1 أهداف الم

وع لة الم  4.1 مش

وع  5.1 نطاق وحدود الم

  المسلمات 

وع ات الم   محت

وع   اجراءات الم

6.1  

7.1  

8.1 

و  الم   9.1  عالمخطط الزم لمراحل العمل 
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   لمقدمةا )1.1

ة، ال ت               شاء مجموعة من العنا الخدمات وع  إ اجات تتلخص فكرة الم ة احت هدف ا تلب

ارة عن مب المواطن ،  ، وهذه العنا ع ة، وخزان ماء أر ادة الطب ، والمسجد، ومب الع المركز الثقا

لها.  افة تفاص ة  ه، وتم إعداد المخططات المعمار ارتفاع ثلاثة أمتار مع مظلة موصولة  وتم  الإضافة إ سور 

لغ مساحتها  ر ع أرض ت ل  وادي الزرز مها لتكون  مدينة الخل ــع 12,000تصم   . م م

  

قاعاته الواسعة          متاز  وع المركز الثقا الذي  ، إضافة وال تخلو من الأعمدة  وسطها  ومن عنا الم

ة الجمال   ب ال تع مظهرا  غا ة ذات القطر ال مها المم و الق ة ال تمتاز بتصم ب إ قاعة الاحتفالات ال

حوا  ــع ، و  5,800وتقدر مساحته  جمال م م متاز  ضا المسجد الذي  مه و مأذنته ال من العنا أ تصم

قت تقدر مساحته ب  32تصل ارتفاعها إ  تكون من ط ادة 1,000م ، و ضا مب الع وجد أ ــع ، و  م م

مساحة ال قات  ة ال تتكون من ثلاث ط ساعد  750طب ــع وال تحتوي ع غرف للمر ومصعد وما  م م

سع ل ع م  8,000 خدمة المواطن ، والسور ذو المظلة الموصولة معه ، وآخر عن لدينا هو الخزان الذي ي

  كعب من الماء . 

ود  الإضافة إ الإصدار الأحدث من ال م العنا بواسطة كود الأحمال الأرد  الذكر أنه تم تصم ومن الجدير 

ة الموحد لعام م وكود الأب  1997 الأم للتصم

(ACI 318M-14, UBC 1997)  
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وع 2.1 ار الم اب اخت   : ) أس
  

ة مختلفة لم يتم دراستها من ضمن مساقات الجامعة  شائ م عنا ا وع للتمكن من تصم ار هذا الم و تم اخت

حث عن المراجع المختلفة .  ادة القدرة  ال مها وز كون تحدي  تصم   ل

ة وتأ  ار أهم وعال هذا اخت د م ورة ا  التحد ساب الملحة ال ة لا ة والمهارة الخ م لعمل  للعنا التصم

ة شائ وع كونه المختلفة الإ عب يتم  م ة العنا ن شائ ل وكذلك الإ ة المشا شائ وع عرضها ال  الإ  الم

ساب   ساهم مما ات ا ما ومهارات خ ل من لها نتعرض لم ل ة طوال ق  للاصطدام فرصة و  لدراسةا ف

عض المتمثل العم  الواقع ل من ل   .الله شاء ا إنبه الالتحاق حال العمل سوق   تواجهنا سوف ال  المشا

  
وع: ) 3.1   أهداف الم

 
ة:            حثنا أن نكون قد حقننا أهدافنا التال عد الانتهاء من إعداد    نأمل 

ط المعلومات ال تمت . 1 ل عم ع أرض  القدرة ع ر ش قها  دراستها  المساقات المختلفة وتطب

 الواقع. 

ة مختلفة.  . 2 ة المختلفة، والتعامل مع حالات هندس شائ م العنا الإ  القدرة ع تصم

، والحفاظ ع الطابع  . 3 حقق سلامة وأمان المب ث  ح شا المناسب،  ار النظام الإ القدرة ع اخت

لفة ممكنة. المعماري، مع الحرص ع أع جودة وأقل ت ذ    التنف

4 .  . دة ع أنظمة البناء الموجودة  فلسط  إدخال أنظمة جد

دوي.  . 5 ، ومقارنتها مع الحل ال شا م الإ  إتقان استخدام برامج التصم

حور واسعة)، دون الحاجة إ أعمدة.  . 6 ة (ذات  م مساحات كب  القدرة ع تصم

م عدة أنواع  . 7 ة أو القدرة ع تصم اح أو ال جة ال ة ن ت، سواء ال تتعرض إ ضغوط جان ش من الم

أنواعها.  اه   الم
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و ) 4.1 لة الم  ع: مش
 

ا، وذلك       شائ مها ا تم تصم ا المختلفة ال س قها للم د الأنظمة المراد تطب وع  تحد لة الم تتمثل مش

د الأحمال الواقعة عليها،  عادها وتحدعد تحد قة د أ د ط شأ، ليتم تحد ار عامل الأمان للم ع الاعت ، مع الأخذ 

د المناسب لها، ومن ثم تجه المخططات  م الحد ة وتصم ات المطل ة، إضافة إ حساب السما م المناس التصم

ة ال تم  شائ ة للعنا الإ ذ مها،التنف اح إ  تصم وع من ح الاق ذ. ح لإخراج هذا الم   التنف

  

وع 5.1   : ) نطاق وحدود الم
  
ة المخططات عدادإ ع الدراسة تقت سوف شائ ة الإ ة الهندس ة العنا لمختلف المطل شائ  الموجودة الإ

ل المب    م يوائم ش   ة. الموجود المعمارة التصام

 
 

 المسلمات: ) 6.1
 

 ة المخ شائ م الإ ود الأم  التصام  )  ACI 318M-14تلفة (اعتماد ال

  م ل والتصم ،استخدام برامج التحل شا ها .   )  Etabs ، Atir , Stad proمثل ( الإ  وغ

 

ات  )7.1        : المشورع محت
  

 : وع ع خمسة فصول و حتوي هذا الم  

حث وأهدافه الأول: الفصل  . 1 لة ال   المقدمة العامة ومش

: الفصل  . 2 وع الثا   الوصف المعماري للم

ة للمب  الثالث: الفصل  . 3 شائ   وصف العنا الإ

ة الرابع: الفصل  . 4 شائ شا للعنا الإ م الإ ل والتصم  التحل

ات . 5   الفصل الخامس: النتائج والتوص
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وع8.1  : ) اجراءات الم
  

وع . 1 ة وتوافقها مع أهداف الم د من صحتها من النوا المعمار  دراسة المخططات المعمارة وذلك للتأ

الأعمدة والجسور دراسة  . 2 ــــع هذه العنا  سب لتوز ة الأ ة المكونة للمب والآل شا العنا الإ

حقق الجانب الاقتصادي وعامل الأمان .  ع و م المعماري الموض صطدم مع التصم ل لا  ش  والأعصاب 

د الأحمال المؤثرة عليها  . 3 ة وتحد شائ ار العنا الإ  اخت

ة بناء  . 4 شائ م العنا الإ ل تصم  ع نتائج التحل

م المختلفة  . 5 ق برامج التصم م عن ط  التصم

امل  . 6 له النها والمت ش وع  ج الم خ مها ل ة ال تم تصم شائ ة للعنا الإ ذ إنجاز المخططات التنف

ذ.  ل للتنف  والقا

  

وع العمل لمراحل الزم  المخطط )9.1   :الم
وع العمل لمراحل م الز  المخطط) 1-1( رقم الملحق الجدول يب  حة الخطوات وفق الم  الفصل خلال المق

  لثا ا الدرا 
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ــــــــــــــــــــــــــــــــصــــفــال   الثا ل ــــ

وع   الوصف المعماري للم

  

  

  

  

  

 

 1.2  مقدمة

وع  2.2 لمحة عن الم

وع  3.2 موقع الم

وع ة الم  4.2 أهم

 5.2  عنا الحركة  المب 

اح   6.2 حركة الشمس وال

  والواجهات مب المركز الط وصف المساقط 

  وصف المساقط والواجهات المسجد

  وصف المساقط والواجهات مب المركز الثقا 

 

7.2  

8.2  

9.2 
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: المقدمة )1.2  

 

سان منذ حاجته لبنا       مة ال عرفها الإ ة القد عرف فنء مأوى له، عت فن العمارة أحد الفنون الهندس  و

ل  ة، ال تعتمد ع رسم اله م الهندس أنه الفن الذي يهتم بتطبيق مجموعة من التصام ضا  العمارة أ

مدينة ما،  ان أو  م ة الخاصة  ، والمعالم الحضار ا عة  وعادة ما التخط لبناء الم عكس طب يهتم فن العمارة 

اث السائد الثقافة العامة  منطقة.  ال وال  

 

ا واسعا  ا معمار ة فحسب،  ومتنوعا لا تمتلك فلسط أسل خ ات التار ساطة وفقا للف فه ب نما مكن تص و

عود ذلك  حسب  ، ة  فلسط عت الحجر الطب مادة البناء الأساس ث  ضا، ح عة المواد المستخدمة أ طب

دة هناك،  دةوأنوا  ووجود أصنافلتوفره  مناطق عد ما  ع عد ا  وأن هذهمنه.  موروثها من الم ة  العمارة غن

ة لاد والمفردات المعمار مت ال د من الدول ال ح الإضافة إ دور العد ج الطابع المح واحتلتها ،  ث ام ، ح

 .  مع الأجن

 

ل إن المب ع الرغم من  ساطة العمل المعماري،  ً ع  ست دل ساطة المب ل خ لنا ب إن  ساطته قد 

ة الأخرى، فالمب مهما  ث من الأب جعله يتفوق ع ال ة ما  اه من الجمال والفن المعماري  أجزائه الداخل ثنا

ج ب الجمال الحق  واجهات  م ة تماما عندما  وط المعمار كون قد حقق ال فته  ل المب انت وظ  وش

فة ال سيؤديها  كونووالوظ ا، لأن  ذلك  ما  المفهومقد نجح معمار ل فحسب  قت ع الش المعماري لا 

عض،  حققظن ال نما  ضا.  و فة أ الوظ  

 

ة       عمل عدة مراحل ح يتم إنجازه ع أتم وجه، ابتداءً  د أن تمر  وع هند لا  أي م دء  ة ال إن عمل

ث يتم  هذه المرحلة  م المعماري ح شأ، وفقا للوظائف التصم ل الم د ش ات المرجو تحد قها،  والمتطل تحق

ــــع أو لمرافق المب بهدف تحقيق الفراغات  قوم المعماري بتوز ةثم  عاد المطل د مواقع والأ الأعمدة  وتحد

ة والمحاور  ها من، إضافة إ دراسة الته فة.  والحركة والتنقل وغ ات الوظ متطل  
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ة  قد انتهت وهنا تكون م المعمار ة،  وتحض المخططاتمرحلة التصم ة الأول دأ المعمار ة  وعندها ت عمل

ث يتم تقدير الأحمال المختلفة الواقعة ع المب  ، ح شا م الإ عاد التصم د أ ة  وتحد شائ العنا الإ

التا إعداد  ة الآمنة  وخصائصها و شائ ةجميع المخططات الإ . والأ اقتصاد  

     

، و قد تم   نا الحا حتاجها المجتمع  ع ة ال  شاء مجموعة من العنا الخدمات وعنا  إ تتلخص فكرة م

لغ مساحتها  ل، و ال ت مها ع قطعة أرض  وادي الزرزر  منطقة ع  مدينة الخل ا  12,000تصم م

شمل مب المركز الثقا ذو القاعات الخاصة  عا، و  ة و مدرجات واسعة لإقامة م اب شطة الش  الاحتفالات الأ

، و تقدر مساحته  ً د المب جما ة ل ة كب ق ة و ال صممت لتخلو من الأعمدة من وسطها، و تم تغطيتها  ب ال

مساحة تصل إ  5,800حوا  قات  ة الذي يتكون من ثلاثة ط ادة الطب عا، و مب الع ا م ا  750م عا،  م م

صل ارتفاعها إ  حد تلك العنا فتم  40الإضافة إ المسجد المجاور ذو المئذنة المرتفعة ال  ا. أما ما  م

ه،  م سور مع مظلة موصولة  ا خزانتصم سع  وأخ ا والذي ي ا من  0008,ل الماء التابع لتلك الم ا مكع م

 الماء. 

وع: لمحة عن  )2.2   الم

 

ل ت      ة  الخل شاء مجموعة من العنا الخدمات وع  إ ادة  -تلخص فكرة الم ، ومب الع مب المركز الثقا

ة،  عهم من ب للماء، ومب المسجد الطب ه  وسور ذو ، وما ي ل معماري  -مظلة متصلة  ش مها  وقد تم تصم

ل  شأت  ع تلاءمها  ومراعاة المحافظةجم جلها. لأ مع الفكرة ال أ  

ة  ــــع هندس ار لمشار عض الأف دنا ب و ث قام ب د أحمد، ح اف الدكتور محمد طه س م ذلك تحت إ تم تصم

 ، ار هذه المجموعة من العنا ل  وعملنا عمتعددة، وتم اخت ش ة  ة الأول افة المخططات المعمار تجه 

ل وحدة  ط يتلاءم مع الوظائف المرجوة ل لها.  والمساحة المقررةس  
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وع: موقع  )3.2  الم

 

عد من أهم العوامل ال قد تحدد نجاحه،       ُ ا،  ا، أو خدم ا، أو تجار ان صناع وع سواء  ار موقع أي م إن اخت

ة لتلك المنطقة،  س الشوارع الرئ اطها  حة للبناء وارت عة الأرض المق جب دراسة عنا الموقع من طب لذا فإنه 

ة ع أخر  ومن ناح جب الأخذ  ار ى  ة لحركة الشمس  الاعت س ال احوضع المب  عة ال  واتجاهها  وطب
ً
، إضافة

الموقع  طة  ا المح عة الم . ومدى ارتفاعها إ طب  

وع   ة من طرق  منطقة عقع هذا الم ة التحت د من أن الب ل وتم التأ اء واتصالات تصل الخل  وكه

ر حتاج   ما وتلإ ذلك الموقع،  عض التط ه مع الحاجة إ  ل رقمإل يوضح الموقع  23.  22.  21. . ش

وع.   العام للم

 

ل رقم( وع )21.ش : موقع المدينة المقام فيها الم  
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ل رقم (                                        ل رقم (                ) : الموقع العام للمركز الثقا           22.ش   ) : الموقع العام للمسجد والمركز الط23.ش

 

ة  )4.2  وعأهم  : الم

 

وع  منطقة  والنقاش مععد التحدث       د أحمد، تم اعتماد قطعة الأرض للم ف الدكتور محمد طه س الم

ل،  ر  ع  مدينة الخل اب:  وذلك لعدةوادي الزرز أس  

ل لوجود مركز  . 1 ة. تفتقر مدينة الخل ب ة من الجماه  الحفلات ال سع لأعداد كب ، ي  ثقا كب

ل  . 2 تعد عنأن منطقة ع تقع ع الحد الشما لمدينة الخل ة  وت ان تظاظات الس وسط المدينة وعن الا

 . والمرورة

وع.  . 3 ة للم ل مكن العمل ع التوسعة المستق ث   توفر قطع أراض  المنطقة، ح

دات ا . 4 ها منلماء توفر تمد اء وغ ه  . اللازمةالخدمات  وال

دون قيود.  . 5 وع  ص اللازمة للم اخ ة الحصول ع ال ان   إم
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وع: عنا الحركة   )5.2  الم

 

ة  التنقل ب المساحات  ة كب ة، لما لها من أهم تعت عنا الحركة  المب أحد أهم العنا المعمار
 ، ا :  د برز وقالمختلفة  الم وع مجموعة من تلك العنا تتلخص  لدينا  هذا الم  

 الأدراج:  . 1

ة للتنقل ب الطوابق الثالث، وكذلك   ادة الطب ل من مب الع تم استخدام الأدراج كعن أسا للحركة  
ط لمراعاة الاختلاف  مب المسجد،  س ل  ش نما تم استخدامها  مب المركز الثقا  ب حسب ما ب المناس

 هو مطلوب. 

ة:  . 2 ائ ه  المصاعد ال

لها،  عة الحركة ب الأقسام  ة فقط، لما توفره من  ادة الطب ا  مب الع ه تم استخدام المصعد ال
ف العبء ار السنالمر  وسهولة وصولالمل ع الأدراج،  وتخف هم من وك الفئات العاجزة إ مختلف  وغ

 الأقسام. 

 رات: المم . 3

ل المب ومساحته   ، مع مراعاة ش ة والمسجد والمركز الثقا ادة الطب ا الع لٍ من م تم استخدام الممرات  
ً إ الأدراج  ة  المب وصو ل منها، وعدد الأشخاص المحتمل تواجدهم  أوقات مختلفة، لتوفر الحركة الأفق

. والمصاعد  

 

اح: حركة الشمس  )6.2  وال

 

ا تع الموقع والعمرانت الشمس من أهم العوامل المؤثرة ع الم جب دراسة حركة الشمس  د ، لذلك  وتحد
ة  ومعرفة الاتجاه، وشدتهالإشعاع الشم  مدة الحادة،  وتجنب الأشعةالمطلوب للحصول ع الإضاءة المناس

ل كب ع حركة الشمس طوال العام، ل ش عتمد  م المعماري  ة فالتصم ع  وتقلل منما توفره من إضاءة طب
لفة  ةالت ة.  الاقتصاد ة المستهل ائ ه ل الطاقة ال للمب  تقل  
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ل إ  يوم،  8.3صل معدل الإشعاع السنوي  مدينة الخل ختلف هذا ساعة نما يزداد معدل  و من شهر لآخر، فب
صل إ  يوم، فإنه و  11.8الإشعاع الشم  شهر تموز ل ضا إ معدل ساعة يوم  شهر  4.7صل أ ساعة

 ، ). 2010انون الأول، وهو أد معدل وصلت له. (جهاز الإحصاء الفلسطي  

 

 : ما  اح، فتهب ع الموقع أنواع عدة منها تتلخص ف ة ال  أما من ناح

  الشتاء:  فصل  

ة ال تجلب المطر.  ة الغ اح الجن  ال

ة، و راح  ق اح ال اردة. ال ة ال ق جافة لقدومها من المناطق ال  

  :ف    فصل الص

ة  ةراح غ ة غ ف. وشمال ث تلطف حرارة شهور الص ، ح  

ة  ق ةراح  ق ة  ا. وشمال س ، و جافة حارة   

ار.  الغ ة وتكون حارة جافة محملة  ة، ال تهب من المناطق الجن ن اح الخماس  ال

 

 بيمبنى المركز الط )7.2

 (2-7-1) وصف المساقط

ما و تم استغلال       سهولة،  يح للمواطن الوصول إ جميع المرافق  ط ي س ل  ش ة  م المساقط الأفق تم تصم
ل  لغ مساحة  ل، وت ان، و قد احتوى مب المركز الص ع ثلاث طوابق متماثلة الش جميع الفراغات قدر الإم

عا، و اعت250منها ( ا م ل من ) م م  ا والدرج؛ و قد تم تقس ه ل من المصعد ال نهما  مدنا عن الحركة ب
 : ل التا الش  الطوابق الثلاثة 

 (2-7-1-1)الطابق الأر 

حتوي  ال وغرف المر للحالات الطارئة، و غرفة الأشعة، و قسم الخدمات الذي  حتوي ع منطقة الاستق و 
ل رقم ( ت. ع المص و المطبخ و الحماما . 4-2ش ) يوضح المسقط الأف للطابق الأر للمركز الط  
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ل رقم ( ) : المسقط الأف للطابق الأر للمركز الط 4-2ش  

 

 (2-7-1-2) الطابق الأول : 

م، حتوي ع نك الدم، و غرفة التطع ، و ، و المخت الط ، و غرف المر ل المر سج منطقة   

ل رقم ( . و المخزن و الحمامات . 5-2ش ) يوضح المسقط الأف للطابق الأول للمركز الط  

 

ل رقم ( ) : المسقط الأف للطابق الأول للمركز الط 5-2ش  

 

 (2-7-1-3) الطابق الثا : 

 ، اء، و غرفة الممرض ، و غرفة الاجتماعات، وغرفة الأط ، و غرف المر ل المر سج حتوي ع منطقة 
ل والحمامات.  . 6-2رقم ( ش ) يوضح المسقط الأف للطابق الثا للمركز الط  
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ل رقم ( ) : المسقط الأف للطابق الثا للمركز الط 6-2ش  

 

 (2-7-2) وصف الواجهات : 

عة  ة مثل الأ ل ، و استخدام عدة عنا تجم ة للمب ف ة الوظ ناسب مع الناح ل ي ش صممت الواجهات 
ا ل ل واجهة عن الأخرى، وتم وضع المدخل لتع مظهرا حي ل  ع و الاختلاف  ش الإضافة إ التن لواجهات، 

ــــح و متناسق  ل م ش ل ذلك  ان  ان، و قد  ا و يرا سهولة حركة المواطن و وصوله إ الم كون رح ث  ح
 . حقق الهدوء لع الناظر للمب  

 

ة: الواجهة  الشمال  (1-2-7-2) 

ال  تطل هذه الواجهة أش عة  ة مثل الزجاج والأ ل ما وتحتوي الواجهة ع العنا التجم ع الشارع الرئ 
ة  ة.  مختلفة،هندس ل رقم ( وتظهر فيها المدخل ذات الإطلالة المم ة للمركز 7-2ش ) يوضح الواجهة الشمال

 .  الط

 

ل رقم ( ة) : 7-2ش للمركز الط  الواجهة الشمال  
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ة: الجنالواجهة   (2-2-7-2) 

ة مثل  ل ما وتحتوي الواجهة ع العنا التجم ة  قة الخارج وتظهر فيها  الزجاج،تطل هذه الواجهة ع الحد
ة ذات الإطلالة  ة. الجلسات الخارج ل رقم ( المم . 8-2ش ة للمركز الط ) يوضح الواجهة الجن  

 

 

ل رقم ( ة) : 8-2ش للمركز الط  الواجهة الجن  

 

ة: اجهة الو  ق ال  (3-2-7-2) 

قة  ة،و الواجهة ال تطل عليها الشمس والمطلة ع الحد ما وتحتوي الواجهة ع العنا   الخارج
ة.  ة ذات الإطلالة المم عة، وتظهر فيها الجلسات الخارج ة مثل الزجاج والأ ل ل رقم ( التجم ) يوضح 9-2ش

 . ة للمركز الط ق  الواجهة ال

 

ل رق ة) : 9-2م (ش ق للمركز الط  الواجهة ال  
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ة: الواجهة   (4-2-7-2)     الغ

اء.  ة من زجاج وساحات خ ما وتظهر فيها العنا الجمال ل رقم     تطل هذه الواجهة ع المسجد المجاور  ش
)2-10 . ة للمركز الط   ) يوضح الواجهة الغ

  

 

ل رقم ( ة: ) 10-2ش    للمركز الط الواجهة الغ

المسجد) 8.2  

 (2-8-1) وصف المساقط

ما و تم وضع قسم للمرافق       ة ع النمط الاسلا ،  م المساقط الأفق   –المتوضأ والحمامات  -تم تصم
ل منها ( لغ مساحة  ل، وت ق متماثلة الش ة من المسقط، و قد احتوى المسجد ع طا ا 500الجهة الجن ) م

عا، و تم وضع ا نهما و قد تم تقم ق  لدرج كعن للحركة ب ل من الطا م  ل رقم (س ظهر  ش -2+11-2ما 
12 .(  

 

ل رقم ( للمسجد المسقط الأف للطابق الأر ) : 11-2ش  
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ل رقم ( للمسجد المسقط الأف للطابق الأول: ) 12-2ش  

 

  (2-8-2) وصف الواجهات : 

سق الإسلا الشا اب والمئذنة المرتفعة صممت الواجهات حسب ال ة مثل الق ل ئع، و استخدام عدة عنا تجم
ك والأبواب, و الناظر  اب ل من الش ا للواجهات، إضافة إ الأقواس ال استخدمت   ا و حي لتع مظهرا دي

ل واجهة عن الأخرى.  ل  ع و الاختلاف  ش   يرى التن

  

ة: الواجهة (1-2-8-2)   الشمال

، وتظهر تطل هذه الو  ما وتحتوي الواجهة ع المئذنة المرتفعة ذات الطراز الإسلا اجهة ع الشارع الرئ 
يتان. فيها القبتان  ل رقم ( الجان ة للمسجد . 13-2ش   ) يوضح الواجهة الشمال

  
ل رقم ( ة للمسجد: ) 13-2ش    الواجهة الشمال
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ة: الواجهة (2-2-8-2)   الجن

ة مثل تطل هذه الواجهة ع الح ل ما وتحتوي الواجهة ع العنا التجم ة  قة الخارج وتظهر فيها  الزجاج،د
ة ذات الإطلالة  ة. الجلسات الخارج ل رقم ( المم ة للمسجد . 14-2ش   ) يوضح الواجهة الجن

  
ل رقم ( ة) 14-2ش    للمسجد : الواجهة الجن

  

ة: الواجهة (3-2-8-2) ق   ال

ة و الواجهة ال تطل ع قة الخارج ضا ليها الشمس والمطلة ع الحد ما  وتطل أ  ، ع مب المركز الص
ك ذات الأقواس، وتظهر فيها المئذنة  اب ة مثل الش ل ةوتحتوي الواجهة ع العنا التجم ب ة ال  والق

ح.  ل رقم ( بوض ة للمسجد . 15-2ش ق   ) يوضح الواجهة ال
  

 
ل رقم ( ة : الواجهة ا) 15-2ش ق   للمسجدل
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ة: الواجهة (4-2-8-2)   الغ

ما وتظهر فيها العنا المختلفة مثل المئذنة  اب ولوحاتتطل هذه الواجهة ع الشارع الرئ  الزخارف  والق
ة والأعمدة ذات الطراز  . الاسلام ل رقم ( الإسلا ة للمسجد . 16-2ش   ) يوضح الواجهة الغ

  

  
ل رقم ( ة : الواجهة ) 16-2ش   للمسجدالغ

  

  مب المركز الثقا ) 9.2 

 (2-9-1) وصف المساقط

ل مساحة       لة الش حتوي ع خمسة قاعات للاحتفالات مستط يتكون المركز الثقا من طابق واحد فقط و
م، إضافة إ  45ل منها  ف و غرفة التح ل منها ع غرفة الاجتماعات وغرفة الأرش عا، تحتوي  ا م قاعة م

ار الممرات كعن للحركة  ة، وقد تم اخت ة كب خلو وسطها من الأعمدة و تعلوها ق ة ال  الاحتفالات الدائ
نهما.  ل رقم ( ب ة للمركز الثقا . 18-2+17-2ش   ) يوضح المساقط الأفق

  
ل رقم ( عاد  المسقط الأف  :  )71-2ش للمركز الثقا  والأ  
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ل رقم ( للمركز الثقا  والأثاث الأف المسقط  :  )18-2ش  

 

 

  (2-9-2) وصف الواجهات : 

ة  ة مثل الق ل ، و تم استخدام عدة عنا تجم ث تجمع ب الطراز الما والحا ح صممت الواجهات 
اب ل من الش ة، إضافة إ الأقواس ال استخدمت   ع والاختلاف الوسط ك والأبواب، والناظر للمب يرى التن

ل واجهة عن الأخرى.  ش ل   

 

:الواجهة الشمالية   (1-2-9-2) 

اجهة على        ا وت ال ي  ئ ارع ال اجهة على ال ه ال ل ه ي ت ة ال ل الق اغ مع ش اس ل ل الأق ي تأخ ش عة ال الأش
ها،  ى.و تعل ي لل ئ خل ال ها ال ل رقم ( ه ف ة للمر 19-2ش . ) يوضح الواجهة الشمال كز الثقا  

 

ل رقم ( ة للمركز الثقا ) 91-2ش : الواجهة الشمال  
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 (2-9-2-2) الواجهة الجنوبية :

اجهة              ا وت ال ة  ارج قة ال اجهة على ال ه ال ل ه عةت ل الأش ة م ل اص ال ات على الع ل ها ال ه ف , وت

ة لالة ال ة ذات الإ ارج ل رقم  .ال . 20-2(ش ة للمركز الثقا ) يوضح الواجهة الجن  

 

ل رقم ( ة للمركز الثقا ) 20-2ش : الواجهة الجن  

 

 (2-9-2-3) الواجهة الشرقية :

لة ع             ها ال وال ل عل ي ت اجهة ال ة، وهي ال ارج قة ال اجهة على ال ل ا وت ال ة م ل اص ال لى الع

اب ذا اس.ال ل رقم ( ت الأق . 21-2ش ة للمركز الثقا ق ) يوضح الواجهة ال  

 

ل رقم ( ة للمركز الثقا ) 21-2ش ق : الواجهة ال  
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 (2-9-2-4) الواجهة الغربية :

ل لع       ل وغ م ان إلى ح معق ى م ت ه ال ا  ة، ل ق اجهة ال اجهة مع ال ه ال ه في ه ا ، وت ه ال ا  ال

اس  عة والأق ام الأش اً اس ل رقم ( .أ . 22-2ش ة للمركز الثقا ) يوضح الواجهة الغ  

 

ل رقم ( ة للمركز الثقا ) 22-2ش : الواجهة الغ  
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ــــــــــــــــــــــــــــــــصــــفــال   الثالثل ــــ

وع شا للم   الوصف الإ

  

  

  

  

  

 
 
 
 
 
 
 

 1.3  مقدمة

شا ال م الإ  2.3 هدف من التصم

قة العمل  ل وط ة والتحل  3.3 الدراسات النظ

ة ارات العمل  4.3 الإخت

 5.3 الأحمال  

ة  شائ   العنا الإ
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  ) المقدمة1.3

 

ة،  الانتهاءعد       وع  لوعمل من تجه جميع المخططات المعمارة الأول قة لإقامة الم ات السا المتطل
وع،  ذ أي م .  و مرحلةنصل إ مرحلة من أهم المراحل ال تمر خلال تنف شا م الإ   التصم

ة وصف لا تقت ع جانب مع من  ه،إن أي عمل كون جوان نما  له  والتعمق  الوصف  و جميع تفاص
عد  ة ال تعت جزء لا يتجزأ منه. ف وع،التجوال الموجز  الجانب المعماري  الداخل  والتعرف ع للم

اته  ة،مقتض ه   الجمال ه الدراسة للتعرف ع جان د من توج ،ان لا شا ه مع مراعاة  الإ شغل ان  الإم صبح  ل
ث  ح ة  شائ افة العنا الإ م  ل أسا ع تصم ش شا  م الإ عتمد التصم افةتقاو السلامة والأمان. إذ   م 

جبالأحمال ال تؤثر  التا  ة  عليها و ات الهندس ات الحسا ل متطل قا  افة هذه العنا وصفا دق وصف 
ه.  م المعماري وعدم تغي الإضافة للحفاظ ع التصم وع    لهذا الم

 
 

م ) 2.3 شا الهدف من التصم    الإ

  

ل أسا إ إنتاج        ش شا  م الإ ة يهدف التصم شائ ة والإ ن من جميع النوا الهندس شأ متقن وم م
ج.  اح والثل ة من تأث الزلازل وال ئ ضا أحمال ب ة وأ ة من أحمال ميتة وح ومقاوم لجميع المؤثرات الخارج

ة بناء شائ د العنا الإ التا يتم تحد :  و   ع

  الأمان(safety): 

ار مقاطع للعنا  قه ع اخت ة قادرةالإ يتم تحق  عنها.  والإجهادات الناتجةع تحمل القوى  شائ

  لفة  ): (costالت

لفة  ة الت ق مواد البناء ومقاطع مناس قها عن ط ة للغرضيتم تحق اف ستخدم من أجله.  و   الذي س

 ل شغ ة المب لل ث تجنب أي هبوط زائد من (Serviceability)حدود صلاح وتجنب  (Deflection)ح
شققات ا ع المنظر المعماري المطلوب.  (Cracks) ال  ال تؤثر سل

 

قة العمل )3.3 ل وط ة والتحل   :الدراسات النظ
 

ل      ة التحل ه لإتمام عمل ام  جب الق ة جزء رئ ومهم  م،تعت الدراسة النظ ث أنه من والتصم  ح
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ات  كون من عمل مكن الوصول إ أفضل ما  ل،خلالها  دلذلك  التحل ل ج ش ة  شائ  جب دراسة العنا الإ
ة قة العمل المناس م المطلوب والآمن وط ل عن للوصول إ التصم د الأحمال الواقعة ع    .وتحد

  

ة) 4.3 ارات العمل   :الاخت
 

ة     شا هو إجراء فحوصات لل وع إ م أي م ام بتصم ل الق ة اللازمة ق ارات العمل ة قوة لمعرف من أهم الاخت
ة لوضع ة المناس س قة التأس ة وعمق الط اه الجوف سوب الم الأساسات,  تحملها ومواصفاتها ونوعها, ومعرفة م

أعداد وأعماق مدروسة, وأخذ العينات المستخرجة من ة  عمل ثقوب استكشاف  ال تم ذلك  أرض الموقع  و
ة اللازمة عليها  .لعمل فحوصات ال

ارات ومن أهم النتائج ال  ة للأعمال الواقعة عليها من المب  نحتاجها من هذه الاخت   مقدار قوة تحمل ال

 

 :لالأحما )5.3 

 
شأ  تم تصمم الم شأ و أنواع من  إن أي مب يتعرض لعدة ليتحملها،الأحمال  مجموعة القوى ال تؤثر ع الم

ة حساب ة لان أي خطأ  عمل دقة عال جب حسابها  م الأحمال  ا ع التصم شا  الأحمال ينعكس سل الإ
ة  شائ ل حمل من هذه الأحمال ع حدة المختلفة،للعنا الإ ه  و هذا الفصل سوف نتطرق إ  لنب تأث

ة التعامل معه ف شأ وك   .ع الم

 
التا  شأ  ف الأحمال المؤثرة ع أي م مكن تص  :و

ة. 1 س  الاحمال الرئ
ةالاحمال الث. 2   ان

 

ة لالأحما ) 1.5.3  س  :ومنها (Main Loads) ,الرئ
  (Dead Loads –DL) الميتةالأحمال . 1 
ة. 2  ا وحملها (Live Load –LL) الأحمال الح عة الاستخدام لهذه الم ان  و الأحمال الناتجة من طب الس

ع  .والأثاث المتن
ة. 3 ئ  .الأحمال الب
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  -:  ) الأحمال الميتة 1.1.5.3

 
الأوزان ع مختلف أنواعها     ة),  ة (عن الجاذب شائ سواء الأوزان   الأحمال الناتجة دائما عن وزن العنا الإ

شأ, أو أوزان العنا الثابتة فوقها, وتعت هذه الأحمال ذات تأث دائم ع المب  ة للم ة  ,الذات أو القوى الجان
ة كقوة دفع تم معرفة هذه الأحمال الناتجة عن قوى خارج , و ً ة مث ناد ة للجدران الإس عاد  ال من خلال أ

ة شائ  .وكثافات المواد المستخدمة  العنا الإ
شأ  ة للم ف الأوزان الذات دخل ضمن هذا التع سليح و الجدران الخرسانة المستخدمة و    و د ال ة, و  حد الخارج

ات, ومواد العزل, و الحج ة المب من الخارج, و القصارةأعمال الأرض دات  ارة المستخدمة  تغط و التمد
ة ة والصح ائ ه ة المحمولة. والجدول رقم ال ل المواد يوضح ( 1.3) و الأت ة ل ثافات النوع المستخدمة  ال

  .حسب كود الأحمال والقوى الأرد 

  
ة للمواد المستخدمة  العنا 1.3(جدول  ثافة النوع ة) يب ال شائ   . الإ



29  
 

ة) 2.1.5.3    :الأحمال الح
 

ما م استعمالاتها المختلفة, أو استعمالات أي جزء منها,  ح شاءات  ة و الإ    الأحمال ال تتعرض لها الأب
 .ذلك الأحمال الموزعة و المركزة, وأحمال القصور الذا 

التا  فها  مكن تص   : و
ة: مثل الأجهز 1-  ك شأأحمال الدينام ازات تؤثر ع الم شأ عنها اه  .ة ال ي
أثاث البيوت, والقواطع, والأجهزة2-  نها من وقت إ آخر,  مكن تغي أما نة: وال  ة,  الأحمال السا ائ ه ال

تة, و المواد المخزنة ة غ المث ك  .والآلات الاستات
ع3-  ؤخذ  اختلاف استخدام المب و ار العامل الدينام  حالةأحمال الأشخاص: وتختلف  وجودة,   الاعت

 .مثلا  الملاعب والصالات والقاعات العامة
شأ مثل 4-  ذ الم ذ: و الأحمال ال تكون موجودة  مرحلة تنف ة تالمشداأحمال التنف   .والرافعات الخش

 

ة :  3.1.5.3 ئ   ) الأحمال الب
 

شمالبو الأحمال الناتجة عن العوامل       ة, و ة لئ ة وأحمال ال ج وأحمال الهزات الأرض وهذه  ,أحمال الثل
ة   اح تكون متغ ة المقدار و الموقع. وأحمال ال ة من ناح  وتعتمد الاتجاه،الأحمال تعت أحمالا متغ

اح القصوى.  تواجهها،ع وحدة المساحة ال  عة ال د  ة بتحد ث تقوم دوائر الأرصاد الج  ال والعنا ح
د هذه الأحمال   عة،عتمد عليها  تحد ،والارتفاع  ال طة  للمب ة المح ة للأب س ال  ةه، وأهموموقعه 

ع الموض الإضافة إ عوامل أخرى لها علاقة    .هذا المب 

 
ة ) )2.5.3 ا ة ( غ الم   :  (Secondary Loads ) الأحمال الثان

 
ماش شتمل ع الان ة  الناتج عن الجفاف للخرسانة و التمدد الناتج عن التأث الحراري و الزحف و و الهبوط ل

ار  ع الاعت   .  الأساس وقد تم أخذهن 

جأحمال  . 1  :الثل
حر و ب ج من خلال معرفة الارتفاع عن سطح ال (  )3.2ستخدام الجدول رقم (مكن حساب أحمال الثل

   : )حسب كود الأحمال والقوى الأرد 
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حر 2.3جدول( ج حسب الإرتفاع عن سطح ال م أحمال الثل   ) ق
  

اح: أحمال  . 2  ال

 
اح القصوى عة ال اح تم الاعتماد ع  د أحمال ال , ولتحد ة ع المب قوى أفق اح تؤثر  ال  أحمال ال

ا مرتفعة أو و  م ث إحاطته  حر وموقعه من ح شأ عن سطح ال شأ نفسهتتغ بتغ ارتفاع الم   جود الم
ات الأخرى.  د من المتغ  موقع مرتفع أو منخفض و العد

ل ( ل () 2.3والش مة الضغط الواقع  المب والش اح ع ق عة ال ) يوضح تأث اتجاه 3.3يوضح تأث 
مة الضغط الواقع ع المب  اح ع ق   ال

د هذه الأحمال سوف يتم استخدام   :وفق هذه المعادلة وذلك U.B.C-97)( ولتحد

 
𝑃 =  𝐶𝑒 ∗  𝐶𝑞 ∗  𝑞𝑠 ∗  𝐼𝑤 
𝐶𝑒: 𝑐𝑜𝑚𝑏𝑖𝑛𝑒 ℎ𝑒𝑖𝑔ℎ𝑡. 

𝐶𝑞: 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒. 

𝐼𝑤: 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝑓𝑎𝑐𝑡𝑜𝑟. 

  

ل ( مة الضغط الواقع ع  عة) تأث 2.3ش اح ع ق  المب ال
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ل ( مة الضغط الواقع ع المب  إتجاه) تأث 3.3ش اح ع ق   ال

  

  :أحمال الزلازل . 3
 

شأ مثل العزوم     شأ, وتؤدي إ تولد عزوم ع الم ة تؤثر ع الم ة وأفق ارة عن أحمال رأس  و ع
قا

ُ
ة و قوى القص ف ت , وأما القوى الأفق عزم الانقلاب وعزم ال جدران القص الموجودة معروفة  وُم 

شطة    ل, ذلك أن هذه المنطقة تعرف أنها  ار  منطقة الخل ع الاعت شأ , وتؤخذ هذه الأحمال  م
ا   .زلزال

 

ة العنا  )6.3 شائ   :الإ
 

  Slabs  العقدات . 1
 Beams  الجسور . 2
 Columnsالاعمدة  . 3
 Shear Wallsجدران القص  . 4
 Foundationsالاساسات  . 5
 Stairsالادراج  . 6

ل (  ة4.3والش شائ   ) يوضح العنا الإ
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لاطاتالعقدات  ) 1.6.3   :) (ال
 

ب الأحمال المؤثرة عليها إ س ة  س ة القادرة ع نقل القوى الرئ شائ ارة عن العنا الإ العنا  العقدات ع
شوهات ة الحاملة  المب مثل الجسور والجدران والأعمدة, دون تعرضها إ  شائ د من  .الإ ونظرا لوجود العد

ات  هذا  وع،الفعال ار نوع من الم ة تم اخت ات المعمار ع المتطل ل حسب ما هو ملائم  وتن العقدات 
عة  ة  الفصول  والذي الاستخدام،لطب شائ م الإ ان لهذه الأنواع ،اللاحقةسيوضح  التصام ما  ب  :وف

  

  :  Solid Slabs  العقدات المصمتة  )1.1.6.3
 

ع إ قسم وهما نقسم هذا الن   :و
   One Way Solid Slabs العقدات المصمتة  اتجاه واحد )1.1.1.6.3
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   Two-Way Solid Slabs .اتجاه العقدات المصمتة    )2.1.1.6.3
 

 

  

  -): Ribbed Slabs(المفرغة  العقدات) 2.1.6.3

  -: هما أما العقدات المفرغة فتقسم إ قسم 

  )  .  One Way Ribbed Slabs(عقدات عصب  اتجاه واحد 

  ) .  Two Way Ribbed Slabsعقدات عصب  اتجاه ( 

  

  -): One Way Ribbed Slabs(أ عقدات العصب ذات الاتجاه الواحد  )1.2.1.6.3

دون جسور  ة مساحات  حور  ساقطة،ستخدم هذه العقدات عندما يراد تغط ستخدم ل لة،و تم  ط و

لاطات  جميع طوابق هذا  وع،استخدام هذه ال   وفعاليتها. وذلك لخفة وزنها  الم
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ل    . الواحدعقدات العصب ذات الاتجاه  )7.3(الش

  

  -): Two Way Ribbed Slabs(عقدات العصب ذات الاتجاه  )2.2.1.6.3

ا   س ة  ب ستخدم  حالة المساحات ال خاصة عندما تكون مسافات عقدات العصب ذات الاتجاه 

حور للعقدة متقارة     م   5أ من  وتكون المسافاتال

  

ل  . عقدات العصب ذات ) 8.3(الش   الاتجاه
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  :الجسور )2.6.3

 
ة  نقل الأحمال من الأعصاب والعقدات  ة أساس شائ ة  نوعان،و  المصمتة،و عنا إ ةخرسان  ،ومعدن

ة ف   :اما الخرسان
  

ساوي ارتفاع العقدة. 1-  كون ارتفاعها  ث  ح ة داخل العقدة  ارة عن الجسور المخف   الجسور المسحورة: ع

   (Dropped Beam) الجسور الساقطة2- 

 
كون ارتفاعها       ارة عن تلك الجسور ال  تم إبراز الجزء الزائد من الج   أ ع  أحد من ارتفاع العقدة و

س هذه الجسور  (Up stand Beam) أو العلوي (Down Stand Beam) الاتجاه السف  ث    ح
. L –section, T-section  

د للقوى المؤثرة ع السطح ومن ثم ع الأعمدة  ــــع الج فقد تم استخدام الجسور  والجسور،ونظرا للتوز
  (Limitation of Deflection) الساقطة مع مراعاة عامل التقوس(الانحناء)

  

  

  

ةستخد ا للأغراض التال  :م الجسور  الم

 
ة1-  لاطة الخرسان ا ع ال له م ا لتحم ل الحائط عليها تجن فة توضع الجسور تحت الحوائط لتحم  .الضع
ول ح 2-  اف لل كون عمق الج  ب عليها و هذه الحالة  سوب  توضع الجسور أع الحوائط للتعت م

مكن أن تكون مساو  .ة أو ا من سمك الحائطالأعتاب و
عاج للأعمدة3-  ل طول الان  .تقل
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مها4-  مكن تصم مساحة  ل جزء منها  ة ذات المساحات الواسعة إ أجزاء  لاطات الخرسان م ال لتصبح  تقس
سليح اقتصادي  .سمك و

عضها وذلك لعمل مفعول الإطارات5-  ط الأعمدة مع  ع أفضل  ولب الجسور والأعمدة للحص(Frame) ت
ــــع لعزوم الانحناء  الجسور  .توز

 

 :الأعمدة )3.6.3

 
ذلك ف عن  ،الأساساتتعت الأعمدة العن الرئ  نقل الأحمال من العقدات والجسور ونقلها إ  و

ات  وري  نقل الأحمال وث شا  . إ   المب

ــــع الأح ث تكون قادرة ع نقل وتوز ح مها  جب تصم   مال الواقعة عليهالذلك 
 

ة إ أنواع الأعمدة ف ع نوع  س   :ال
 

ة والأعمدة  لة. الأعمدة القص ال  الط دة،ولمقاطع الأعمدة أش ل  عد ــع منها المستط والدائري والمضلع والم
ة والمركب ة والمعدن عة المادة المستخدمة فمنها الخرسان ث طب ف آخر للأعمدة من ح . وهناك تص

ةوالخ   .ش
 

ث  ة إ الأعمدة المستخدمة  هذا المب ف متنوعة من ح س ال لة،فهناك الأعمدة  الطول،وأما   الط
ة،الإضافة إ الأعمدة  ث  القص عتها،ومن ح لة  طب ل فمنها ما هو دائري وأخرى مستط ث الش ومن ح

ل، ل   الش ب الش   و

 عدد من مقاطع الأعمدة .  (10.3)
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  :  Shear Wall  القص جدران )4.6.3

  
ل أسا لمقاومة الأحمال  ش ستخدم  ة الواقعة عليها و ة والأفق ة حاملة تقاوم القوى العمود شائ و عنا إ

س جدران  اح والزلازل و ة مثل قوى ال د  (shear wall)القص الأفق قت من الحد ط سلح  وهذه الجدران 
د من كفاءتها ع مق ةح ت   .اومة القوى الأفق

  
ة ال يتعرض لها  ما تعمل ع مقاومة القوى الأفق ة المنقولة إليها  وتعمل هذه الجدران ع تحمل الأوزان الرأس

شأ، له جدران القص   الم ش جب توفرها  الاتجاه مع مراعاة أن تكون المسافة ب مركز المقاومة الذي  و
مكنل اتجاه ومركز الثقل للمب    . أقل ما 

  
ل تولد العزوم وآثارها ع جدران المب المقاومة للقوى  ة لمنع أو تقل اف ةوان تكون هذه الجدران  وقد  ،الأفق

مها  الفصول  امل المب وذلك لنتمكن من تصم ل مدروس   ش د جدران القص  المب وتوزعها  تم تحد
ت جدران  الجدران،وتتمثل هذه  القادمة، دأ من أساسات  المصاعد،وجدران  الدرج،ب والجدران الأخرى ال ت

  .المب 

 

  :تالأساسا )5.6.3

 
عد الانتهاء من مها يتم  شأ, إلا أن تصم ذها عند بناء الم نف دأ ب الرغم من أن الأساسات  أول ما ن م  و تصم

. تعت الأساسات حلقة الوصل  ة  المب شائ ة  المب افة العنا الإ شائ والأرض, ولمعرفة  ب العنا الإ
تقل إ الجسور ثم إ ا إ  الأوزان والأحمال الواقعة عليها ,فإن الأحمال الواقعة ع العقدة ت الأعمدة وأخ

ضا كون الأساس مسؤول عن تحمل الأحمال الميتة للمب وأ ة و ة الناتجة الأساسات إ ال ك  الأحمال الدينام
ج والزلازل اح والثل ة داخل المب وتكون هذه الأحمال عن ال ضا الأحمال الح ة  وأ م  الأحمال التصم
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ع الأساسات د ن عة الموقع يتم تحد ناء ع الأحمال الواقعة عليها وطب المستخدمة, ومن المتوقع  للأساسات, و
عا لقوة تحمل ال  ل أساس. والأساس قد  ة والأحمال الواقعة عاستخدام أساسات من أنواع مختلفة وذلك ت

الأساس السط  س  ا من سطح الأرض و عدة صور  ا وهذ (Shallow Foundation) كون ق كون  ع  الن
كون اساسات لقواعد  ة،أن  شة منفصلة،أو اساسات لقواعد  ط ة أو اساسات ل  .او حص

ة لنقل أحمال ال قا داخل ال كون عم قة وقد  ة العم قات ال شأ إ ط قات الأقوى،م  أو توزعها ع الط
الأساس  ع  س هذا الن ة و قة تدرج ث يتم اللجوء اليها عندما يتعذر (Deep Foundation) العميقط  ح

ة ا اعماق الحصول ع اق ال القرب من سطح الأرض لذلك يتم اللجوء ا اخ س  قة صالحة للتأس ة كب  ط
ة س مثل الأوتاد الخرسان  .للحصول ع السطح الصالح للتأس

 

 

ل ( ق 14-3( )،13-3 الش ة نقل الأحمال من المب إ الأساس عن ط ف وتوضيح  العمود،) يتم توضيح ك
ة  ة مقاومة ال سليح   للأحمالعمل د ال ــــع حد ة توز ضا توضح عمل  . الأساسالواقعة عليها من المب وأ
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 :جالأدرا  )6.6.3

ارة عن العن المعماري  شا المسؤولالأدراج ع قات  المب  والإ ث يتم  عن الانتقال الرا ب الط ح
ة تمثل ارتفاع الدرجة  م ارتفاع الطابق إ ارتفاعات صغ   الواحدة. تقس

ا شائ م الدرج إ تم تصم اره عقدة مصمتة  اتجاه  و ل واضح موزعة وتم استخ واحد،اعت ش وعنا  دامها  م
وعع أرجاء  ا  ،الم ه شا الأحمال الناتجة عن وزن المصعد ال م الإ ار  التصم  .وكذلك اخذ  ع الاعت

 

 

ة المستخدمة) 7.3 امج الحاس  :ال

1. AutoCAD 2007 for doing the detailing for structure element 
2. Atir ( Beamd and Strap ) for structure Design 
3. Etabs 
4. Safe 
5. AutoDesk Robot analysis Structure  
6. Staad pro V8i 
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Chapter 4 
Structural Analysis & Design  

 

 

4.1. Introduction. 

4.2. Factored load. 

4.3. Slabs thickness calculation.             

4.4. Design of Topping. 

4.5. Load Calculation. 

4.6. Design of Rib (1).  

4.7. Design of Rib (2).  

4.8. Design of Rib (3).  

4.9. Design of beam (B4). 

4.10. Design of column (C4). 

4.11. Design of isolated Footing (F4). 

4.12. Design of Strip Footing. 

4.13. Design of staircase. 

4.14. Design of Cantilever 

4.15. Design of Ground Water Tank 

4.16. Analysis and Design of Dome  

4.17. Analysis and Design of Ring Beam  

4.18. Design the ring beam for Torsion 

4.19. Analysis and Design of Post-Tension Beam 

4.20. Analysis and Design of Mosque (Frames) 

4.21. Check the thickness of two-way slab in the Mosque 

4.22. Design of minaret 
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 4.1 Introduction. 

 

         Concrete is the only major building material that can be delivered to the job site in a plastic state. 
This unique quality makes concrete desirable as a building material because it can be molded to virtually 
any form or shape. 

 

         Concrete used in most construction work is reinforced with steel. When concrete structure 
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in 
the concrete in the form of a mesh or roughened or twisted bars. A bond forms between the steel and the 
concrete, and stresses can be transferred between both components. 

 

          In this project, all of design calculation for all structural members would be made upon the 
structural system which was chosen in the previous chapter. 

 

           So, in this project, there are two types of slabs (one-way ribbed slab & solid slab). They would be 
analyzed and designed by using finite element method of design, with aid of a computer program called 
"ATIR- Software " to find the internal forces, deflections and moments for beams, and then handle 
calculation would be made to find the required steel for all members. 

 

The design strength provided by a member, its connections to other members, and its cross – sections in 
terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in accordance 
with the requirements and assumptions of ACI-318-14 code. 

Note:  

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑓 = 24 𝑀𝑝𝑎  

        𝑌𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑡𝑒𝑒𝑙 𝑓 = 420 𝑀𝑝𝑎  

 

 4.2 Factored Loads. 

The factored loads on which the structural analysis and design is based for our project members, is 
determined as follows:  

LLLDqu .6.1.2.1   
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4.3 Slab Thickness Calculation. 

For Health Clinic Center  

 Minimum thickness (Deflection requirements) 

 

 
The maximum span length for Simply supported (for rib) 𝑙 = 4.20 𝑚 

ℎ =
𝑙

16
=

4200

16
= 262.5 𝑚𝑚 

The maximum span length for-one-end-continuous (for rib & beam) 𝑙 = 4.98 𝑚 

ℎ =
𝑙

18.5
=

4980

18.5
= 268.8 𝑚𝑚 

The maximum span length for both-end-continuous (for rib & beam) 𝑙 = 5.80𝑚 

ℎ =
𝑙

21
=

5800

21
= 276.2 𝑚𝑚 

The maximum span length for Simply supported (for beam) 𝑙 = 4.68 𝑚 

ℎ =
𝑙

16
=

4680

16
= 292.5 𝑚𝑚 



43  
 

The minimum ribbed slab thickness will be ℎ = 292.5 mm 

Take slab thickness  ℎ = 320 𝑚𝑚 >  ℎ = 292.5 mm  
                                 ℎ = 32 𝑐𝑚    (24 cm Hollow block + 8 cm Topping) 

 

 4.4 Topping Design. 

 

Dead load calculation:  
Dead load from Δ x ɣ x 1 KN/m2 
Tiles 25 x 0.03 0.75 
mortar 22 x 0.03 0.66 
Coarse Sand 17 x 0.07 1.19 
Topping 25 x 0.08 2 
Interior Partition 2.3 2.3 
∑ =  6.9 

 

𝐿𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ∶  2 𝑥 1 =  2 𝐾𝑁/𝑚  

𝑇𝑜𝑡𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑙𝑜𝑎𝑑𝑠 = 1.2 𝑥 6.9 +  1.6 𝑥 2 

=  11.48 𝐾𝑁/𝑚  . 

𝑀  =  
𝑊𝑙

12
=

11.48 𝑥 0.4

12
=  0.1531 𝐾𝑁 ∙ 𝑚/𝑚 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝 𝑤𝑖𝑑𝑡ℎ  . 

∅𝑀  ≥ 𝑀 − strength condition , where Ø = 0.55 for plain concrete .   

𝑀 = 0.42 𝜆 𝑓𝑐′ 𝑆𝑚  ,    𝑆 = =
    

= 1066666.667 𝑚𝑚  

𝑤ℎ𝑒𝑟𝑒 𝑆  𝑓𝑜𝑟 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑙𝑎𝑏 

𝑀 = 0.42 𝑥 1 𝑥 √24 x 1066666.667 x 10 = 2.19 KN ∙ m 

𝜙𝑀 =  2.19 𝑥 0.55 = 1.20 𝐾𝑁 ∙ 𝑚 >> 𝑀𝑢 = 0.1531 𝐾𝑁 ∙ 𝑚   

No Reinforcement is required by analysis, but in the ACI code 2014 provide 𝐴𝑠   for slabs as 
shrinkage and temperature reinforcement. 

 𝐴   =  𝜌𝑏𝑡 = 0.0018 𝑥 1000 𝑥 80 = 144 𝑚𝑚 /𝑚  𝑠𝑡𝑟𝑖𝑝  

Use Ø8 with As =  50.27 𝑚𝑚  , 𝑛 (𝑏𝑎𝑟 𝑛𝑢𝑚𝑏𝑒𝑟 ) =  
Ø

=
.

= 2.87 𝑏𝑎𝑟  

Take 3Ø8 As =  150.8 𝑚𝑚 / m strip or 8 Ø 300 mm in both directions 
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Step (s) is the smallest of: 

1. 3h = 3 x 80 = 240mm        -control  
2. 450 mm  

3. 𝑆 =  380  - 2.5 Cc = 380
  

− 2.5 x 20 =  349 mm 

 But 𝑆 ≤ 300  = 300
  

 =  315 mm 

Take Ø8 @ 200 mm in both direction S =  200 <  𝑆 = 240 mm (𝑂𝑘)  

From geometry of T section:                               

 𝑏 = 120 𝑚𝑚               ℎ = 320 𝑚𝑚               𝑡 =  ℎ = 80 𝑚𝑚                

 The Effective Flange width (be) According to ACI code 2014 
𝑏  is the smallest of:  
L is taken here as the smallest clear span of the rib, L=4200-600=3600 mm 

1. 𝑏 ≤ = = 900 𝑚𝑚 

2. 𝑏 ≤ 𝑏  +  16ℎ = 120 + 16 x 80 = 1400 mm 

3. 𝑏 ≤ center to center spacing between adjacent beam = 400 + 120 = 520 mm  

take here be = 520 mm  
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 4.5 Load Calculation. 

                                                                             Dead Load calculation: 

Live load calculation: 

LL=2 x 0.52 = 1.04 KN/m 

 

 

 

Dead Load / rib: DL = 5.85 KN/m 

Live Load / rib: DL = 1.04 KN/m 

 

 

 4.6 Design of Rib (1). 

4.6.1 Design of Rib 1 for positive moment. 

Assume bar diameter Ø12 for main positive reinforcement  

d =  h –  cover – 𝑑  –  = 320 –  20 –  10 –  =  284 mm ∙ 

𝑊  =  1.2 x 5.85 +  1.6 x 1.04 =  8.684 KN/m  

𝑀 = =
.   .

=  19.15 KN ∙ m   

 

 

 

 

 

 

 

 

 

 

Dead Load from δ×ɣ×b KN/m 

Tiles 0.03 × 25 × 0.52 0.39 
mortar 0.03 × 22 × 0.52 0.34 
Coarse Sand 0.07 × 17 × 0.52 0.62 
Topping 0.08 × 25 × 0.52 1.04 
RC Rib 0.24 × 25 × 0.12 0.72 
Hollow block 0.24 × 12.5 × 0.4 1.20 
plaster 0.03 × 22 × 0.52 0.34 
Interior Partition 2.3 × 0.52 1.20 
∑ = 5.85 
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Moment & Shear Diagram 

 

The maximum positive moment in all spans of Rib 1   𝑀 = +19.15 𝐾𝑁. 𝑚 

Check if  𝑎 > ℎ  

 𝑀 = 0.85 𝑓 𝑏ℎ 𝑑 − = 0.85𝑥24𝑥520𝑥80 284 − 𝑥10 =  207.06 𝐾𝑁. 𝑚 

𝑀  =  207.06 𝐾𝑁. 𝑚 >>  
∅

=
.

.
= 21.278 𝐾𝑁. 𝑚      →   𝑎 < ℎ  

The section will be designed as rectangular section with b = 520 mm 

𝑅 =  =
.  × 

  
= 0.507 Mpa                           𝑚 =

.   
= 20.59                              

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.507 𝑥 20.59

420
= 0.001225 

𝐴   =  𝜌𝑏𝑑 =  0.001225 𝑥 520 x 284 =  180.908 𝑚𝑚  

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 
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𝐴𝑠, =  0.25 𝑏 𝑑 =   0.25 𝑥 
√

 𝑥 120 x 284 = 99.38 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 120 𝑥 284 = 113.6 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 =  180.908 𝑚𝑚   >  𝐴 ,  = 113.6  𝑚𝑚  

U𝑠𝑒 2∅12 𝑤𝑖𝑡ℎ 𝐴 = 226 𝑚𝑚 > 𝐴𝑠, = 180.908 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

  

.     
= 8.95 𝑚𝑚  ,  c = =  

.

.
= 10.53 𝑚𝑚 →  where: β1 =0.85 

 Ԑs =
. ( )

 =  
.   (  – . )

.
= 0.0776 > 0.005 (ok) 

 

4.6.2 Design of Rib 1 for shear. 

The maximum shear in the rib at distance d from the face of support Vu = 13.2 KN  

𝑉 = 1.1
1

6
𝑓 `𝑏 𝑑 = 1.1

1

6
√24 ∙ 120 ∙ 284 = 30.61 KN  

∅𝑉 = 0.75𝑋30.61 = 22.96 𝐾𝑁       ,  ∅𝑉 <  𝑉 < ∅𝑉  →   11.48 <  13.2 <  22.96 

Minimum shear reinforcement is required except for concrete joist construction. So, no shear 
reinforcement is provided, but use @8/20cm for execution
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 4.7 Design of Rib (2). 

4.7.1 Design of Rib 2 for positive moment. 

Moment & Shear Diagram 

 

The maximum positive moment in all spans of Rib 2   𝑀 = +17.7 𝐾𝑁. 𝑚 

Assume bar diameter Ø12 for main positive reinforcement  

d =  h –  cover – 𝑑  –  
𝑑𝑏

2
= 320 –  20 –  10 – 

12

2
 =  284 mm 

Check if  𝑎 > ℎ  

 𝑀 = 0.85 𝑓 𝑏ℎ 𝑑 − = 0.85𝑥24𝑥520𝑥80 284 − 𝑥10 =  207.06 𝐾𝑁. 𝑚 

𝑀  =  207.06 𝐾𝑁. 𝑚 >>  
∅

=
.

.
= 19.67 𝐾𝑁. 𝑚      →   𝑎 < ℎ  

The section will be designed as rectangular section with b = 520 mm 

𝑅 =  =
.  × 

  
= 0.469 Mpa                           𝑚 =

.   
= 20.59                              

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.469 𝑥 20.59

420
= 0.00123 

𝐴   =  𝜌𝑏𝑑 =  0.00123 𝑥 520 x 284 =  181.65 𝑚𝑚  

Check for 𝐴𝑠,  
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𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏 𝑑 =   0.25 𝑥 
√

 𝑥 120 x 284 = 99.38 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 120 𝑥 284 = 113.6 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 =  181.65 𝑚𝑚   >  𝐴 ,  = 113.6  𝑚𝑚  

U𝑠𝑒 2∅12 𝑤𝑖𝑡ℎ 𝐴 = 226 𝑚𝑚 > 𝐴𝑠, = 181.65 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

  

.     
= 8.95 𝑚𝑚  ,  c = =  

.

.
= 10.53 𝑚𝑚 →  where: β1 =0.85 

 Ԑs =
. ( )

 =  
.   (  – . )

.
= 0.0776 > 0.005 (ok) 

 

4.7.2 Design of Rib 2 for negative moment. 

Assume bar diameter Ø12 for main negative moment 

d =  h –  cover – 𝑑  –  = 320 –  20 –  10 –  =  284 mm  

The maximum negative moment in all spans of Rib 2   𝑀 = −14.4 𝐾𝑁. 𝑚 

According to ACI code 2014 — for beams built integrally with supports, design on the basis of moments 
at faces of support shall be permitted. 

𝑅 =  =
.  × 

  
= 1.488 Mpa                           𝑚 =

.   
= 20.59                              

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 1.488 𝑥 20.59

420
= 0.003682 

𝐴   =  𝜌𝑏𝑑 =  0.003682 𝑥 120 x 284 =  125.483 𝑚𝑚  

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏 𝑑 =   0.25 𝑥 
√

 𝑥 120 x 284 = 99.38 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 120 𝑥 284 = 113.6 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              
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𝐴 =  125.483 𝑚𝑚   >  𝐴 ,  = 113.6  𝑚𝑚  

U𝑠𝑒 2∅10 𝑤𝑖𝑡ℎ 𝐴 = 157.01 𝑚𝑚 > 𝐴𝑠, = 125.483 𝑚𝑚      − 𝑜𝑘       

Check for strain:  

a =
 

.  
=  

.   

.     
= 26.95 𝑚𝑚 , c = =  

.

.
= 31.71 𝑚𝑚 →  where: β1 =0.85 

 Ԑs =
. ( )

 =  
.   (  – . )

.
= 0.02396 > 0.005 (ok) 

 

4.7.3 Design of Rib 2 for Shear. 

The maximum shear in the rib at distance d from the face of support Vu = 20.3 KN  

Shear strength 𝑉   , provided by concrete for the ribs may be taken greater than 10% that for beams. This 
is mainly due to the interaction between the slab and the closely spaced ribs (ACI Code 2014) 

𝑉 = 1.1
1

6
𝑓 `𝑏 𝑑 = 1.1

1

6
√24 ∙ 120 ∙ 284 = 30.61 KN  

∅𝑉 = 0.75𝑋30.61 = 22.96 𝐾𝑁       ,  ∅𝑉 <  𝑉 < ∅𝑉  →   11.48 <  20.3 <  22.96 

 

Minimum shear reinforcement is required except for concrete joist construction. So, no shear 
reinforcement is provided, but use @8/15cm for execution. 
 
 
By atir Program: -  
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 4.8 Design of Rib (3). 

4.8.1 Design of Rib 3 for positive moment. 

Moment & Shear Diagram 

 

 

Assume bar diameter Ø12 for main positive reinforcement  

d =  h –  cover – 𝑑  –  = 320 –  20 –  10 –  =  284 mm  

The maximum positive moment in all spans of Rib 3   𝑀 = +15.4 𝐾𝑁. 𝑚 

Check if  𝑎 > ℎ  

 𝑀 = 0.85 𝑓 𝑏ℎ 𝑑 − = 0.85𝑥24𝑥520𝑥80 284 − 𝑥10 =  207.06 𝐾𝑁. 𝑚 

𝑀  =  207.06 𝐾𝑁. 𝑚 >>  
∅

=
.

.
= 17.11 𝐾𝑁. 𝑚      →   𝑎 < ℎ  

The section will be designed as rectangular section with b = 520 mm 

Rn = =
.  ×

  
= 0.408 MPa                          𝑚 =

.   
= 20.59                              
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ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.408 𝑥 20.59

420
= 0.00098 

𝐴   =  𝜌𝑏𝑑 =  0.00098 𝑥 520 x 284 =  131.44 𝑚𝑚  

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏 𝑑 =   0.25 𝑥 
√

 𝑥 120 x 284 = 99.38 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 120 𝑥 284 = 113.6 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 =  131.44 𝑚𝑚  <  𝐴 ,  = 113.6  𝑚𝑚  

U𝑠𝑒 2∅10 𝑤𝑖𝑡ℎ 𝐴 = 158 𝑚𝑚 > 𝐴𝑠, = 113.6 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

  

.     
= 6.26 𝑚𝑚  ,  c = =  

.

.
= 7.36 𝑚𝑚 →  where: β1 =0.85 

 Ԑs =
. ( )

 =  
.   (  – . )

.
= 0.114 > 0.005 (ok) 

 

4.8.2 Design of Rib 3 for negative moment. 

Assume bar diameter Ø12 for main negative moment 

d =  h –  cover – 𝑑  –  = 320 –  20 –  10 –  =  284 mm  

The maximum negative moment in all spans of Rib 2   𝑀 = −14.6 𝐾𝑁. 𝑚 

According to ACI code 2014 — for beams built integrally with supports, design on the basis of moments 
at faces of support shall be permitted. 

 

𝑅 =  =
.  × 

  
= 1.508 Mpa                           𝑚 =

.   
= 20.59                              

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 1.508 𝑥 20.59

420
= 0.003734 

𝐴   =  𝜌𝑏𝑑 =  0.003734 𝑥 120 x 284 =  127.255 𝑚𝑚  



53  
 

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏 𝑑 =   0.25 𝑥 
√

 𝑥 120 x 284 = 99.38 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 120 𝑥 284 = 113.6 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 =   127.255 𝑚𝑚   >  𝐴 ,  = 113.6  𝑚𝑚  

U𝑠𝑒 2∅10 𝑤𝑖𝑡ℎ 𝐴 = 157.01 𝑚𝑚 > 𝐴𝑠, =  127.255 𝑚𝑚      − 𝑜𝑘       

Check for strain:  

a =
 

.  
=  

.   

.     
= 26.95 𝑚𝑚 , c = =  

.

.
= 31.71 𝑚𝑚 →  where: β1 =0.85 

 Ԑs =
. ( )

 =  
.   (  – . )

.
= 0.02396 > 0.005 (ok) 

 

4.8.3 Design of Rib 3 for Shear. 

The maximum shear in the rib at distance d from the face of support Vu=19.8 KN  

𝑉 = 1.1
1

6
𝑓 `𝑏 𝑑 = 1.1

1

6
√24 ∙ 120 ∙ 284 = 30.61 KN  

∅𝑉 = 0.75𝑋30.61 = 22.96 𝐾𝑁       ,  ∅𝑉 <  𝑉 < ∅𝑉  →   11.48 <  19.8 <  22.96 

Minimum shear reinforcement is required except for concrete joist construction. So, no shear 
reinforcement is provided, but use @8/15cm for execution. 
Rib 3 in Detailing will show you in structural drawing  
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 4.9 Design of Beam (B4). 

 

4.9.1 Load Calculation. 

The distributed Dead and Live loads acting upon the 
Beam 4 can be defined from the support reactions of 
the rib 1 and rib 2. 
 
 
 
Reaction from Rib 2  
 

 
 
Reaction from Rib 3 
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Dead Load calculations:  
 
The maximum support reaction (Service) from Dead Loads and live loads on the beam 4:  
 
 

𝑊      =   
.

.
= 63.00 𝐾𝑁/𝑚      , 𝑊      =   

.

.
=

11.94 𝐾𝑁/𝑚 

𝑊      =   
.

.
= 53.77 𝐾𝑁/𝑚      , 𝑊      =   

.

.
=

11.56 𝐾𝑁/𝑚 
 
Assume the width of the beam b = 1 m, then the own weight of the beam can be calculated: 
Note 
 
Total factored Dead load from rib 2 = 1.2(63.00+8) = 85.2 KN/m 
Total factored Live load from rib 2   = 1.6  (11.94)    = 19.104 KN/m 
Total factored Dead load from rib 3 = 1.2(53.77+8) = 74.124 KN/m 
Total factored Live load from rib 3   = 1.6  (11.56)    = 18.496 KN/m 
 
Using the structural analysis and design programs, we obtain the Envelope Moment diagram for 
Beam 4 
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4.9.2 Check of the section as doubly. 

Assume bar diameter ∅20 for main positive reinforcement.  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑  −
𝑑

2
=  320 − 40 − 10 −

20

2
= 260 𝑚𝑚 

The width of the Beam 4 can be defined from the maximum factored moment. 

The maximum factored moment in Beam 4 𝑀 = 204.1 𝐾𝑁. 𝑚  

Note that according to ACI code 2014 — for beams built integrally with supports, design on the basis of 
moments at faces of support shall be permitted. 

Take ∅ = 0.9 for flexure as tension – controlled section. 

Assume  𝜌 = 0.4 𝜌   ,   Take 𝛽 = 0.85 ( 𝑓 = 24 𝑀𝑝𝑎 ) 

𝜌 = 0.85 
𝑓

𝑓
 𝛽  

600

600 +  𝑓  
= 0.85 𝑥

24

420
 𝑥 0.85 

600

600 +  420 
= 0.0243  

𝜌 = 0.4 𝜌 = 0.4 𝑥 0.0243 = 0.009714    

𝑅 = 𝜌 𝑓   1 −
𝜌 𝑚

2 
= 0.009714 𝑥 420 𝑥 1 −

0.009714 𝑥 20.59

2 
= 3.67 𝑀𝑝𝑎 

𝑏𝑑 =
∅ 

=  
.

.   .
= 𝑏 𝑥 260    →      𝑏 =

.   

.   .   
=  914.09 mm 
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Usually in construction the maximum width of the beams is 120 cm. Here, take b = 80 cm and no need 
to recalculate the loads acting on the beam.  

Check whether the section will be act as singly or doubly reinforced section:  

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
∙ 260 = 111.43 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 111.43 x 0.85  = 94.71 𝑚𝑚             

𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 94.71 𝑥 800 𝑥 260 −

94.71

2
= 328.68 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  204.1 < 𝜙𝑀 , = 328.68 𝑥 0.82 = 269.52 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.  ×

.     
= 4.19 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 4.19 𝑥 20.59

420
= 0.01129 

𝐴   =  𝜌𝑏𝑑 = 0.01129 𝑥 800 𝑥 260 = 2348.32 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 800 x 260 = 606.54 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 800 𝑥 260 = 693.33 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 2348.32 𝑚𝑚 >  𝐴𝑠, =  693.33 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 8∅20 𝑤𝑖𝑡ℎ 𝐴 = 2513.27 𝑚𝑚 > 𝐴𝑠, = 2348.32 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 64.38 𝑚𝑚  ,  c = =  

.

.
= 75.74 𝑚𝑚 → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.0072984 > 0.005 𝑜𝑘 
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Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) −  𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

800 − 2𝑥40 − 2(10) − 8(20)

7
= 77.14 > 25 > 20 𝑜𝑘 

 

4.9.3 Design the maximum positive moment. 

Maximum positive moment 𝑀 = 165 𝐾𝑁. 𝑚 =  

 𝑅 =  
∅

=
 ×

.     
= 3.39 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 3.39 𝑥 20.59

420
= 0.00878 

𝐴   =  𝜌𝑏𝑑 = 0.00878 𝑥 800 𝑥 260 = 1826.24 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 800 x 260 = 606.54 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 800 𝑥 260 = 693.33 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 1826.24 𝑚𝑚 >  𝐴𝑠, =  693.33 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 6∅20 𝑤𝑖𝑡ℎ 𝐴 = 1884 𝑚𝑚 > 𝐴𝑠, = 1826.24 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

  

.     
= 48.49 𝑚𝑚  ,  c = =  

.

.
= 57.05 𝑚𝑚 → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.01067 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) −  𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

800 − 2𝑥40 − 2(10) − 6(20)

5
= 116 > 25 > 20 𝑜𝑘 
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4.9.5 Design of Beam for Shear. 

Critical section at distance d=260 mm from the face from support. 𝑉 , = 243.7 KN 

𝑉 =  
1

6
𝑓 `𝑏 𝑑 =

1

6
√24 𝑥 800 𝑥 260 = 169.83 𝐾𝑁  

Check the section dimensions:  

𝑉 =
𝑉

𝜙
− 𝑉 =

244.2

0.75
− 169.83 = 155.77 𝐾𝑁 

 𝑉 , = 𝑓𝑐 𝑏 𝑑 = √24 𝑥 800 𝑥 260 = 679.33 𝐾𝑁         

𝑉 , = 679.33 > 𝑉𝑠 = 155.77 𝐾𝑁 − the section is large enough   

Cases: - 

Case (I): 𝑉 ≤  𝜙𝑉   →   𝑁𝑜 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑟𝑖𝑒𝑑 . 

Case (II):  𝜙𝑉 < 𝑉 ≤ 𝜙𝑉   → 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 ( 𝐴 ,  ) except (in 

ACI). 

Case (III):   𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , ) - 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 ( 𝐴 ,  ) 

𝑉 , = ,  
 → 𝑡ℎ𝑒𝑛 𝑉 ,  𝑖𝑠 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑓  𝑉 , , = 𝑓𝑐 𝑏 𝑑 𝑎𝑛𝑑 𝑉 , = 𝑏 𝑑.   

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
  

 

 

Case (IV):   𝜙(𝑉 + 𝑉 , ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉  ) −  𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑   

𝑉 , ≤ 𝑉 ≤ 𝑉  →  𝑉 =
𝑉

𝜙
− 𝑉  →  𝑉 =

1

3
𝑓𝑐 𝑏 𝑑  &  𝑉 =

𝐴  𝑑 𝑓

𝑆
  

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
 

Case (V):   𝜙(𝑉 + 𝑉  ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉 ,  ) −  𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑉 ≤ 𝑉 ≤ 𝑉 ,  →  𝑉 = − 𝑉  →  𝑉 = 𝑓𝑐 𝑏 𝑑  & 𝑉 , = 𝑓𝑐 𝑏 𝑑 & 𝑉 =
  

   

Then      𝑆  ≤ 300𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

4
 

𝑉 , , =
1

16
𝑓𝑐 𝑏 𝑑 =

1

16
√24 𝑥 800 𝑥 260 = 63.69 𝐾𝑁 
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𝑉 , =
1

3
𝑏 𝑑 =

1

3
 𝑥 800 𝑥 260

= 69.33 𝐾𝑁           − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝑉 =
1

3
𝑓𝑐 𝑏 𝑑 =

1

3
√24 𝑥 800 𝑥 260 = 339.66 𝐾𝑁 

𝑉 , =
2

3
𝑓𝑐 𝑏 𝑑 =

2

3
√24 𝑥 800 𝑥 260

= 679.33 𝐾𝑁         

Find the maximum stirrups spacing for 243.7 KN:  

𝑉 ≤  
1

2
𝜙𝑉 → 243.7 ≤ 63.69 Not ok 

𝜙𝑉 < 𝑉 ≤ 𝜙𝑉  → 63.69 < 243.7 ≤ 127.37 𝑛𝑜𝑡 𝑜𝑘 

𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , )  →  127.37 <  243.7 ≤ 179.37 𝑛𝑜𝑡 𝑜𝑘 

𝜙(𝑉 + 𝑉 , ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉  )  →  197.37 <  243.7 ≤ 382.118  𝑜𝑘  𝑢𝑠𝑒 𝑐𝑎𝑠𝑒 𝐼𝑉 

𝑆  ≤ 600𝑚𝑚                 𝑜𝑟             𝑆 ≤
𝑑

2
=

260

2
= 130 𝑚𝑚 −  𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

Use stirrups  ∅8 𝑤𝑖𝑡ℎ 4 𝑙𝑒𝑎𝑔 𝐴𝑣 = 4 ∙ 50.27 = 201.08 𝑚𝑚  

𝑠 =
𝐴 𝑑𝑓𝑦

𝑉
=

201.08 𝑥 260 𝑥 420

155.1
=  141.57 𝑚𝑚 

Compute the stirrups spacing required to resist the shear forces: 

Take 2U-shape 4 leg stirrups ∅ 8 𝑎𝑡 𝑠 = 100 𝑚𝑚 < 𝑠 = 130 𝑚𝑚  

For 100 cm and then use 2∅ 8 

 

support Vu Vs case s AV s take 
suport1 133.4 8.037 case III 130 2Ø8 125 

suport2 left 233.1 140.97 case IV 142 4Ø8 100 
suport2 right 244.2 155.77 case IV 142 4Ø8 100 

suport3 139.4 16.04 case III 130 2Ø8 125 
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 4.10 Design of Column (C4). 

 

The length in the both direction is L = 3.83 m 

1. Check for Slenderness: 

≤ 34 − 12 ≤ 40      

= 1.0 𝐵𝑟𝑎𝑐𝑒𝑑 𝑓𝑟𝑎𝑚𝑒 𝑤𝑖𝑡ℎ 𝑀   

 𝑘 = 1.0 − 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑖𝑛 𝑛𝑜𝑛𝑠𝑤𝑎𝑦 𝑓𝑟𝑎𝑚𝑒𝑠 . 

𝑘𝑙

𝑟
≤ 34 − 12(1.0) = 22 ≤ 40 

𝑘𝑙

𝑟
=  

1.0 𝑥 3.83

0.3 𝑥 0.50
= 25.53 >  22 , 𝐿𝑜𝑛𝑔 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑎𝑏𝑜𝑢𝑡 𝑥 − 𝑎𝑥𝑖𝑠 

𝑘𝑙

𝑟
=  

1.0 𝑥 3.83

0.3 𝑥 0.45
= 28.37 >  22 , 𝐿𝑜𝑛𝑔 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑎𝑏𝑜𝑢𝑡 𝑦 − 𝑎𝑥𝑖𝑠 

2. Calculate the minimum eccentricity 𝑒  and the minimum moment 𝑀  : 

𝑒 , . = (15 + 0.03ℎ) = 15 + 0.03𝑥450 = 28.5 𝑚𝑚 

𝑒 , . = (15 + 0.03ℎ) = 15 + 0.03𝑥500 = 30  𝑚𝑚 

𝑃 = 1.2𝑑𝑙 + 1.6𝑙𝑙 = 1.2𝑥1240 + 1.6𝑥208 = 1820.8 𝐾𝑁 

𝑀 , = 𝑒 , . 𝑥𝑃 = 1820.8 𝑥 0.0285 = 51.893 𝐾𝑁. 𝑚 

𝑀 , = 𝑒 , . 𝑥𝑃 = 1820.8 𝑥 0.03 = 54.624  𝐾𝑁. 𝑚 

In the Y -axis 
3. Compute 𝐸𝐼 ∶ 

𝐸𝐼 =  
 

 , 𝐸 = 4700 𝑓 = 4700𝑥√28 = 24870 Mpa , 𝐼 = =  
  

= 3.797 𝑥 10  𝑚𝑚   

𝛽 =  
.   (  )

.  .  
=

.

. .
= 0.817, 𝐸𝐼 =  

 
=

  .  

.
= 51971.05 𝐾𝑁. 𝑚  

4. Determine the Euler buckling load, 𝑃  : 

𝑃 =  
( )

=
  .

( . )
 = 34967.43 KN 

5. Calculate the moment magnifier factor 𝛿  : 



62  
 

𝐶 = 0.6 + 0.4
𝑀

𝑀
= 0.6 + 0.4𝑥1 = 1.0 

𝛿 =
𝐶

1 −
𝑃

0.75𝑃

=  
1.0

1 −
1820.8

0.75 𝑥 34967.43

= 1.075 > 1.0 

Normally, if 𝛿  exceeds 1.4, a larger cross section should be selected. 

The magnified eccentricity and moment:  

𝑒 = 𝑒 𝑥𝛿  = 28.5x1.075=30.64 mm 

𝑀 = 𝛿 𝑀 = 1.075𝑥51.893 = 55.78 𝐾𝑁. 𝑚 

The magnified moments are less than 1.4 times the first-order moments, as required by ACI Code 2014 

 Compute the ratio 𝑒/ℎ : 

𝑒/ℎ =  30.64/450 = 0.068  

To construct  the line, take value 0.068 on 
∅ 

 axis and value 1.0 on 
∅ 

  axis. 

 Compute the ratio 𝛾: 

𝛾  - the ratio of the distance between the centers of the outside layers of bars to the overall depth of the 
column. Assume ∅25 for bars. 

𝛾 =
𝑑 − 𝑑′

ℎ
=

450 − 2𝑥40 − 2𝑥10 − 25

450
= 0.72 

Using the interaction diagram trying 𝜌 = 0.01 ∶ 

Diagram A-9b ( for 𝛾 = 0.75 ) → = 2.08 

Diagram A-9a ( for 𝛾 = 0.6 ) → = 2.03 

User interpolation to compute the value for 𝛾 = 0.72 

𝑃 .

𝐴
= 2.07 → 𝑃 . =  

2.07 𝑥 500 𝑥 450 

1000 𝑥 0.145
=  3212.07 𝐾𝑁 
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In the X -axis 

3.. Compute 𝐸𝐼 ∶ 

𝐸𝐼 =  
 

 , 𝐸 = 4700 𝑓 = 4700𝑥√28 = 24870 Mpa , 𝐼 = =  
  

=

4.6875 𝑥 10  𝑚𝑚   

𝛽 =  
.   (  )

.  .  
=

.

. .
= 0.817, 𝐸𝐼 =  

 
=

  .  

.
= 64159.67 𝐾𝑁. 𝑚  

4.. Determine the Euler buckling load, 𝑃  : 

𝑃 =  
( )

=
  .

( . )
 = 43168.24 KN 

5.. Calculate the moment magnifier factor 𝛿  : 

𝐶 = 0.6 + 0.4
𝑀

𝑀
= 0.6 + 0.4𝑥1 = 1.0 

𝛿 =
𝐶

1 −
𝑃

0.75𝑃

=  
1.0

1 −
1820.8

0.75 𝑥 43168.24

= 1.06 > 1.0 

Normally, if 𝛿  exceeds 1.4, a larger cross section should be selected. 

The magnified eccentricity and moment:  

𝑒 = 𝑒 𝑥𝛿  = 30.0x1.06=31.8 mm 

𝑀 = 𝛿 𝑀 = 1.06𝑥54.624 = 57.901 𝐾𝑁. 𝑚 

The magnified moments are less than 1.4 times the first-order moments, as required by ACI Code 2014 

 Compute the ratio 𝑒/ℎ : 

𝑒/ℎ =  31.8/500 = 0.0636  

To construct  the line, take value 0.0636 on 
∅ 

 axis and value 1.0 on 
∅ 

  axis. 

 Compute the ratio 𝛾: 

𝛾  - the ratio of the distance between the centers of the outside layers of bars to the overall depth of the 
column. Assume ∅25 for bars. 

𝛾 =
𝑑 − 𝑑′

ℎ
=

500 − 2𝑥40 − 2𝑥10 − 25

500
= 0.75 

Using the interaction diagram trying 𝜌 = 0.01 ∶ 

𝑃 .

𝐴
= 2.08 → 𝑃 . =  

2.08 𝑥 500 𝑥 450 

1000 𝑥 0.145
=  3227.06 𝐾𝑁 
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Determine 𝑃 .  for the selected dimensions: h = 500 mm, b = 450 mm and 𝜌 = 0.01 

𝑃 .  = ∅𝐴 0.85 𝑓 1 − 𝜌 + 𝜌 𝑓 = 

0.65𝑥500𝑥450[0.85𝑥28(1 − 0.01) + 0.01𝑥414] 𝑥10 = 4051.4175 𝐾𝑁 

 

Substituting 𝑃 .  , 𝑃 .  , 𝑃 .   𝑖𝑛 𝐵𝑟𝑒𝑠𝑙𝑒𝑟 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 ∶  

1

∅𝑃
=

1

𝑃 .  
+

1

𝑃 .
−

1

𝑃 .  
=

1

3227.06
+

1

3212.07
−

1

4051.4175
= 

2671.096 𝐾𝑁 > 𝑃𝑢 = 1820.8 𝐾𝑁         𝑜𝑘 

 Select the reinforcement: 

𝐴 = 𝜌  𝑥 𝐴 = 0.010𝑥500𝑥450=2250 𝑚𝑚  

𝑈𝑠𝑒 12@16 𝑤𝑖𝑡ℎ 2412.74 > 2250 𝑜𝑘  

Use interaction diagrams  
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 4.11 Design of Isolated footing. 

This report includes the results of the laboratory tests results and recommendations to choose the type 

and depth of foundations. 

“For shallow foundation, the bearing capacity calculations from shear test results using conservative 

values are 3.2 and 2.9 kg/cm2 for isolated and strip footings respectively at a minimum depth of -2.0 

meters from current ground level. “allowable bearing capacity of the soil for isolated footing is 314 

KN/𝑚  for minimum depth of 2 meter below the ground level. 

4.11.1 Determine the base area and overall thickness. 

Determine the base area and overall thickness for a square spread footing with the following design 
conditions: 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝐷𝐿 =  1230.3 𝐾𝑁 𝑎𝑛𝑑 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 𝐿𝐿 =  210.6 𝐾𝑁. 

Assume Service surcharge 5 KN/𝑚  ,  , 𝑃𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 (𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒)𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑞 = 314 KN/𝑚  

𝑆𝑜𝑖𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝛾 = 16 KN/𝑚   

Calculating the weight of footing, soil, and the surcharge floor load:  
 
Assume ℎ = 60 𝑐𝑚, 𝑊  = 0.6𝑥25 = 15  KN/𝑚  ,𝑊 = 1𝑥16 = 16  KN/𝑚  

𝑁𝑒𝑡 𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑞 .  = 314 − 15 − 16 − 5 = 278  KN/𝑚  
 
4.11.2 Required sizes of footing. 

𝐴 =
  

 .  
=

. .
= 5.18 𝑚  , 𝐴 = 𝐿  → 𝐿 = √𝐴 = √5.15 = 2.28 𝑚  , take L = 2.3 m 

 
4.11.3 Depth of footing and shear design. 

𝑃 = 1.2𝑑𝑙 + 1.6𝑙𝑙 = 1.2𝑥1230.3 + 1.6𝑥210.6 = 1813.32 𝐾𝑁 

𝑞 =
1813.32

2.3
= 342.78 KN/𝑚  

4.11.3.1 One-way shear (Beam Shear). 

𝑉 = 𝑞 𝑏 − − 𝑑 = 342.78𝑥2.3
.

−
.

− 𝑑  , 𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

𝑉 =  
1

6
𝑓 `𝑏 𝑑 =

1

6
√24 𝑥 2300 𝑥 𝑑 
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342.78𝑥2.3

0.75

2.3

2
−

0.45

2
− 𝑑 =

1

6
√24 𝑥 2300 𝑥 𝑑    → 𝑑 = 0.332 𝑚 

 

Assume cover 75 mm, and steel bars of ∅20 
Generally, the thickness of spread footing is governed by two-way shear. The shear will be checked on 
the critical perimeter at 𝑑/2 from the face of the column and, if necessary, the thickness will be 
increased or decreased. Because there is reinforcement in both directions, the average 𝑑 will be used: 

ℎ = 332 + 75 + 20 = 427 𝑚𝑚  

𝑡𝑎𝑘𝑒 ℎ = 500 𝑚𝑚 , 𝑡ℎ𝑒𝑛       𝑑 = 500 − 75 − 20 = 405 𝑚𝑚  

4.11.3.2 Two-way shear (Punching Shear). 

𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

𝑉 = 𝑞𝑢 𝑏𝑙 − (ℎ. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑)(𝑏. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) = 

𝑉 = 342.78 2.3𝑥2.3 − (0.45 + 0.405)(0.5 + 0.405) = 1548.07 𝐾𝑁 

𝛽 =
500

450
= 1.11            , 𝛽 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑙𝑜𝑛𝑔 𝑠𝑖𝑑𝑒 𝑡𝑜 𝑠ℎ𝑜𝑟𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑐𝑜𝑙𝑢𝑚𝑛  

𝑏  𝑖𝑠 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑎𝑘𝑒𝑛 𝑎𝑡
𝑑

2
 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑𝑒𝑑 𝑎𝑟𝑒𝑎 . 

𝑏 = 2(ℎ. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) + 2(𝑏. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) = 2(0.45 + 0.405) + 2(0.5 + 0.405) = 3.52 𝑚 

𝛼  𝑖𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡𝑜 𝑏𝑒 ∶  

 𝛼 = 40 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  
 𝛼 = 30 𝑓𝑜𝑟 𝑒𝑑𝑔𝑒 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 
 𝛼 = 20 𝑓𝑜𝑟 𝑐𝑜𝑟𝑛𝑒𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 

𝑡ℎ𝑒 𝐴𝐶𝐼 𝑐𝑜𝑑𝑒 , 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 − 𝑎𝑙𝑙𝑜𝑤𝑠 𝑎 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ , 𝑉  𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 

𝑓𝑜𝑟 𝑡𝑤𝑜 𝑤𝑎𝑦 𝑠ℎ𝑒𝑎𝑟 𝑎𝑐𝑡𝑖𝑜𝑛 , 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑜𝑓  

  𝑉 = 1 +  𝜕 𝑓 𝑏 𝑑      →  𝑉 = 1 +
.

 𝜕 𝑓 𝑏 𝑑 =

0.467  𝜕 𝑓 𝑏 𝑑 𝐾𝑁                                          

  𝑉 = + 2  𝜕 𝑓 𝑏 𝑑 →  𝑉 =
.

.
+ 2  𝜕 𝑓 𝑏 𝑑 = 0.5502  𝜕 𝑓 𝑏 𝑑 𝐾𝑁 

  𝑉 = 𝜕 𝑓 𝑏 𝑑                       →  𝑉 = 𝜕 𝑓 𝑏 𝑑 = 0.333 𝜕 𝑓 𝑏 𝑑        𝐶𝑜𝑛𝑡𝑟𝑜𝑙  

𝑉 =
1

3
𝜕 𝑓 𝑏 𝑑 =

1

3
 𝑥1.0𝑥√24 𝑥3520 𝑥405 = 2327.995 𝐾𝑁  

∅𝑉 = 0.75𝑋2327.995 = 1745.996 >  𝑉 = 1548.07 𝐾𝑁   𝑖𝑡𝑠 𝑂𝐾  
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The thickness of 50 cm is adequate enough  

Check again for One-way shear and the result is ∅𝑉 = 570.42 𝐾𝑁 >  𝑉 = 409.96 𝐾𝑁   𝑖𝑡 𝑂𝐾   

 

4.11.4 Depth for flexure in long direction. 

Take steel bar of ∅20 

b =  2.3 m , h = 500 mm , d = 500 − 75 −
20

2
= 415 𝑚𝑚 

 𝑓 = 24 𝑀𝑝𝑎, 𝑓 = 420 𝑀𝑝𝑎  

𝑀 =  
𝑤𝑙

2
= 342.78 𝑥 2.3 𝑥 0.925 𝑥

0.925

2
= 337.285 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.   

.
= 0.946 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 20.59 𝑥 0.946

420
= 0.002307 

𝐴  =  𝜌𝑏𝑑 = 0.002307 𝑥 2300 𝑥 415 = 2202.205 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 2300 𝑥 500 = 2070  𝑚𝑚   

𝐴 = 2202.205 𝑚𝑚 >  𝐴𝑠, = 2070  𝑚𝑚       − 𝑜𝑘 

U𝑠𝑒 12∅16 𝑤𝑖𝑡ℎ 𝐴 = 2412 𝑚𝑚 > 𝐴𝑠, = 2202.205 𝑚𝑚      − 𝑜𝑘   

Using bars of  ∅16 instead of ∅20 as assumed before makes the effective depth 𝑑 larger. So, no need to 
check for 𝑀 :  

𝑆 =
2300 − 75𝑥2 − 12𝑥16

11
= 178 𝑚𝑚 

Step (s) is the smallest of: 

1. 3ℎ = 3𝑥 500 = 1500 𝑚𝑚 
2. 450 𝑚𝑚                

3. 𝑠 = 380 − 2.5𝐶 = 380 − 2.5 ∙ 75 = 192.5 𝑚𝑚         𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 178 𝑚𝑚 < 𝑆 = 192.5 𝑚𝑚 𝑜𝑘 
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4.11.5 Depth for flexure in Short direction. 

 

Take steel bar of ∅16 

h = 500 mm , d = 500 − 75 − 16 − 16/2 = 401 𝑚𝑚 

 𝑓 = 24 𝑀𝑝𝑎, 𝑓 = 420 𝑀𝑝𝑎  

𝑀 =  
𝑤𝑙

2
= 342.78 𝑥 2.3 𝑥 0.9 𝑥

0.90

2
= 319.3 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.   

.
= 0.959 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 20.59 𝑥 0.959

420
= 0.0023397 

𝐴  =  𝜌𝑏𝑑 = 0.0023397 𝑥 2300 𝑥 401 = 2157.91 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 2300 𝑥 500 = 2070  𝑚𝑚   

𝐴 = 2157.91 𝑚𝑚 >  𝐴𝑠, = 2070  𝑚𝑚       − 𝑜𝑘 

U𝑠𝑒 12∅16 𝑤𝑖𝑡ℎ 𝐴 = 2412 𝑚𝑚 > 𝐴𝑠, = 2157.91 𝑚𝑚      − 𝑜𝑘   

Using bars of  ∅16 instead of ∅20 as assumed before makes the effective depth 𝑑 larger. So, no need to 
check for 𝑀 :  

𝑆 =
2300 − 75𝑥2 − 12𝑥16

11
= 178 𝑚𝑚 

Step (s) is the smallest of: 

1. 3ℎ = 3𝑥 500 = 1500 𝑚𝑚 
2. 450 𝑚𝑚               

3. 𝑠 = 380 − 2.5𝐶 = 380 − 2.5 ∙ 75 = 192.5 𝑚𝑚         𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 178 𝑚𝑚 < 𝑆 = 192.5 𝑚𝑚 − 𝑜𝑘 

 

 

 



70  
 

 4.12 Design of Strip footing:  
 

Estimate the size of the footing by consider 1 m strip of footing and wall, allowable soil pressure is 
2.9 𝐾𝑔/𝑐𝑚  = 285 𝐾𝑁/𝑚  , 𝑆𝑜𝑖𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝛾 = 16 KN/𝑚  . 

Because the thickness of the footing is not known at these stages, it is necessary to guess the 
thickness for first trial, S try a 30 cm thick footing.  

 

4.12.1 Loads on strip footing. 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝐷𝐿 𝑓𝑟𝑜𝑚 𝑅𝑖𝑏 1 = 12.28𝑥3/0.52 = 35.28 𝐾𝑁/𝑚 

 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 𝐿𝐿 𝑓𝑜𝑟𝑚 𝑅𝑖𝑏 1 = 2.18𝑥3/0.52 = 12.58 𝐾𝑁/𝑚 

𝑆𝑒𝑙𝑓 − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑙𝑙 =  3 𝑥 3.83 𝑥 0.2 𝑥 25 =  57.45 𝐾𝑁/𝑚 

𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑎𝑑 𝐿𝑜𝑎𝑑 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 =  35.28 +  57.45 =  92.73 𝐾𝑁/𝑚 

𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑣𝑒 𝐿𝑜𝑎𝑑 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 =  12.58 𝐾𝑁/𝑚 

Calculating the weight of footing, soil, and the surcharge floor load:  
 
Assume ℎ = 30 𝑐𝑚, 𝑊  = 0.3𝑥25 = 7.5 KN/𝑚  ,𝑊 = 0.7𝑥16 = 11.2 KN/𝑚  

𝑁𝑒𝑡 𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑞 .  = 285 − 7.5 − 11.2 = 266.3  KN/𝑚  
 
4.12.2 Required sizes of footing. 

𝐴 =
  

 .  
=

. .

.
= 0.3955 𝑚  , 𝐴 = 1 𝑥 𝑏 →   𝑏 = 39.55 𝑐𝑚 𝑆𝑜 𝑡𝑎𝑘𝑒 𝑏 = 100 𝑐𝑚    

 
4.12.3 Depth of footing and Shear Design. 
 

𝑃 = 1.2𝑑𝑙 + 1.6𝑙𝑙 = 1.2𝑥92.73 + 1.6𝑥12.58 = 131.5 𝐾𝑁 

𝑞 =
131.5

1 𝑥 1
= 131.5 KN/𝑚  

One-way shear (Beam shear). 
 
Shear usually governs the thickness of footings. only one-way shear is significant in a wall footing . 𝑉  at 
a distance d from the face of column (wall). 

𝑉 = 𝑞 𝑏 − − 𝑑 = 131.5 𝑥 1 𝑥 −
.

− 𝑑  , 𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 
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𝑉 =  
1

6
𝑓 `𝑏 𝑑 =

1

6
√24 𝑥 1000 𝑥 𝑑 

131.5 𝑥 1 𝑥
1

2
−

0.2

2
− 𝑑 = 0.75𝑥

1

6
𝑥 √24 𝑥 1000 𝑥 𝑑    → 𝑑 = 0.0707 𝑚 

Assume cover 75 mm, and steel bars of ∅20 
ℎ = 70.7 + 75 + 20 = 165.7 𝑚𝑚  

𝑡𝑎𝑘𝑒 ℎ = 250 𝑚𝑚 , 𝑡ℎ𝑒𝑛       𝑑 = 250 − 75 − 20/2 = 165 𝑚𝑚  

4.12.4 Design for flexure. 

𝑑 = 250 − 75 − 20/2 = 165 𝑚𝑚 , 𝑓 = 24 𝑀𝑝𝑎, 𝑓 = 420 𝑀𝑝𝑎  

𝑀 =  
𝑤𝑙

2
= 131.5 𝑥 1 𝑥 0.4 𝑥

0.4

2
= 10.52 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.   

.
= 0.429 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.429 𝑥 20.59

420
= 0.001032 

𝐴  =  𝜌𝑏𝑑 = 0.001032 𝑥 1000 𝑥 165 = 170.58 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 250 = 450  𝑚𝑚   

𝐴 = 170.58 𝑚𝑚 >  𝐴𝑠, = 450  𝑚𝑚       − 𝑁𝑜𝑡 𝑜𝑘 

𝑇𝑎𝑘𝑒 𝐴𝑠, = 450 𝑚𝑚   

U𝑠𝑒 6∅ 𝑜𝑟 ∅10/15 𝑐𝑚 𝑤𝑖𝑡ℎ 𝐴 = 474 𝑚𝑚 > 𝐴𝑠, = 450 𝑚𝑚      − 𝑜𝑘   

Using bars of  ∅10 instead of ∅20 as assumed before makes the effective depth 𝑑 larger. So, no need to 
check for 𝑀 :  

𝑆 =
1000

6
= 166.67  𝑚𝑚 

Step (s) is the smallest of: 

1. 3ℎ = 3𝑥 250 = 750 𝑚𝑚 
2. 450 𝑚𝑚                

3. 𝑠 = 380 − 2.5𝐶 = 380 − 2.5 ∙ 75 = 192.5 𝑚𝑚         𝑐𝑜𝑛𝑡𝑟𝑜𝑙 
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𝑆 = 150 𝑚𝑚 < 𝑆 = 192.5 𝑚𝑚 − 𝑜𝑘 

4.12.6 Temperature reinforcement. 

Select the minimum (temperature) reinforcement By ACI code, we require the following 
reinforcement along the length of the footing.  

 𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 250 = 450  𝑚𝑚   

U𝑠𝑒 6∅10 𝑤𝑖𝑡ℎ 𝐴 = 474 𝑚𝑚 > 𝐴𝑠, = 450 𝑚𝑚      − 𝑜𝑘 , 𝑓𝑜𝑟 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡.   

 

 4.13 Design of Staircase: 
  

4.13.1 Minimum slab thickness. 

Minimum slab thickness for deflection is (for simply supported 
one-way solid slab):  

ℎ = =
.

= 23.9 𝑐𝑚  

Minimum slab thickness for deflection is (for the slab end are cast 
with supporting beam): 

ℎ =
𝐿

24
=

4.78

24
= 19.92 𝑐𝑚 

Take the Thickness equal 25 cm   

 

4.13.2 Load Calculation. 

 

Load: the applied live loads are based on the plan area (horizontal) projection, while the dead load is 
based on the sloped length to transfer the dead load into horizontal projection  

𝜃 = tan
𝑟𝑖𝑠𝑒𝑟

𝑟𝑢𝑛
= tan

0.17

0.3
= 29.54 
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Flight Dead load computation:  

Material 
Quality Density 

KN/m3 
W  KN/m 

Tiles 25 25𝑥[(0.17 + 0.35)/0.3)]𝑥0.03𝑥1 = 1.3 

Mortar 22 22𝑥[(0.17 + 0.30)/0.3)]𝑥0.03𝑥1 = 1.034 

Stair steps 25 25𝑥[(0.17𝑥0.30)/(2𝑥0.3)]𝑥1 = 2.125 

RC solid slab 25 (25𝑥0.25𝑥1)/ cos ( 29.54)  = 7.184 

plaster 22 (22𝑥0.03𝑥1)/ cos ( 29.54)  = 0.7586 

Total dead load 12.4 KN/m 

 

Landing dead load computation  

Material Quality Density KN/m3 𝛾∙h∙1 
Tiles 25 25 × 0.03 × 1=0.75 

Mortar 22 22 × 0.03 × 1 = 0.66 
Reinforcement concrete 25 25 × 0.25 × 1=6.25 

Plaster 22 22 × 0.03 × 1 = 0.66 
Total dead load 8.32 

Assume Live load LL= 5 KN/m2 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑙𝑜𝑎𝑑 𝑤 = 1.2𝐷𝑙 + 1.6𝑙𝑙 

𝐹𝑜𝑟 𝑓𝑙𝑖𝑔ℎ𝑡 𝑊 = 1.2𝑥12.4 + 1.6𝑥5

= 22.88 𝐾𝑁/𝑚 

𝐹𝑜𝑟 𝑙𝑎𝑛𝑑𝑖𝑛𝑔 𝑊 = 1.2𝑥8.32 = 1.6𝑥5 = 17.984 

Because the load on landing is carried into two 
directions, 17.982/2 = 8.991 KN/m on the landing  

 

 

 

 

𝑀 = 0  →  +22.88𝑥3.30𝑥
3.3

2
+ 1.33 + 8.991𝑥1.33

1.33

2
− 𝑅 (0.15 + 3.3 + 1.33) = 0 

𝑅 = 48.735 𝐾𝑁 , 𝑅 = 75.504 + 11.958 − 48.735 = 38.727 𝐾𝑁 

3.30 m 1.33 m 

22.88 KN/m 
8.991 KN/m 

Ra=48.735 KN 

Rb=38.727KN 
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−𝑉 − 22.88𝑥(𝑋 − 1.33) − 11.958 + 38.727 = 0 → 𝑋 =

2.5 𝑚 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑡 2.5  𝑓𝑟𝑜𝑚 𝑅    

−𝑀 + 38.727(2.5) − 11.958
1.33

2
+ 1.17 − 26.7696

1.17

2
= 0 → 𝑀 = 59.214 𝐾𝑁. 𝑚 

 

4.13.3 Check for shear strength. 

Assume initial bar diameter ∅14 𝑓𝑜𝑟 𝑚𝑎𝑖𝑛 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑐𝑚𝑒𝑛𝑡   , ∅ = 0.75 𝑓𝑜𝑟 𝑠ℎ𝑒𝑎𝑟  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 −
𝑑

2
= 250 − 20 −

14

2
= 223 𝑚𝑚 

∅𝑉 =
1

6
𝑓 𝑏 𝑑 = 0.75 𝑥

1

6
𝑥 √24𝑥1000𝑥223𝑥10 = 136.56 𝐾𝑁/𝑚 𝑠𝑡𝑟𝑖𝑝  

𝑉 = 38.727 − 8.991(0.125 + 0.223) = 35.598 𝐾𝑁 

∅𝑉 > 𝑉          So, the thickness of the slab is adequate enough. 

 

4.13.4 Design steel reinforcement for the flight. 

Assume ∅14  𝑓𝑜𝑟 𝑚𝑎𝑖𝑛 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑐𝑚𝑒𝑛𝑡 

𝑅 =  
∅

=
.   

.
= 1.323 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 20.59 𝑥 1.323

420
= 0.00326 

𝐴  =  𝜌𝑏𝑑 = 0.00326 𝑥 1000 𝑥 223 = 726.84 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 250 = 450  𝑚𝑚   

𝐴 = 726.84 𝑚𝑚 >  𝐴𝑠, = 450  𝑚𝑚       − 𝑜𝑘 

𝑛 =
𝐴𝑠

𝐴 ∅
=

726.84

153.9
= 4.7197 = 5 𝑏𝑎𝑟𝑠                    𝑠 =

1

𝑛
=

1

5
= 0.2 𝑚 

𝑡𝑎𝑘𝑒 ∅14 𝐴𝑡 200 𝑚𝑚 , or 5∅14/𝑚   , 200 < 300 𝑚𝑚    𝑜𝑘 

Steps is smallest of: - 

1. 3ℎ = 3 𝑥 250 = 750𝑚𝑚 
2. 450 𝑚𝑚 
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3. 𝑠 = 300 = 330 𝑚𝑚 

𝑠 = 380
280

𝑓
− 2.5𝐶 = 380

280

2
3

420
− 2.5 𝑥 20 = 300 𝑚𝑚        𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

 

4.13.5 Design steel reinforcement for the Landing. 

Assume ∅14  𝑓𝑜𝑟 𝑚𝑎𝑖𝑛 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑐𝑚𝑒𝑛𝑡 

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 −
𝑑

2
= 250 − 20 − 14 −

14

2
= 209 𝑚𝑚 

𝑀 =  
 

=
.   .

=  8.193 KN. m         

𝑅 =  
∅

=
.   

.
= 0.208 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 20.59 𝑥 0.208

420
= 0.000498 

𝐴  =  𝜌𝑏𝑑 = 0.000498 𝑥 1000 𝑥 209 = 104.04 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 250 = 450  𝑚𝑚   

𝐴 = 104.04 𝑚𝑚 <  𝐴𝑠, = 450  𝑚𝑚       − 𝑡𝑎𝑘𝑒 𝐴 𝑚𝑖𝑛 

𝑛 =
𝐴𝑠

𝐴 ∅
=

450

153.9
= 2.922 = 3 𝑏𝑎𝑟𝑠                    𝑠 =

1

𝑛
=

1

3
= 0.333 𝑚 < 0.3 𝑚      𝑡𝑎𝑘𝑒 𝑠 = 300 𝑚𝑚 

𝑡𝑎𝑘𝑒 ∅14 𝐴𝑡 300 𝑚𝑚 , or 3∅14/𝑚    

Steps is smallest of: - 

1. 3ℎ = 3 𝑥 250 = 750𝑚𝑚 
2. 450 𝑚𝑚 

3. 𝑠 = 300 = 330 𝑚𝑚 

𝑠 = 380
280

𝑓
− 2.5𝐶 = 380

280

2
3

420
− 2.5 𝑥 20

= 300 𝑚𝑚        𝐶𝑜𝑛𝑡𝑟𝑜𝑙 
 

2.70 m 

8.991 KN/m 

Ra=12.14 KN Rb=12.14 KN
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4.13.6 Design Temperature and shrinkage reinforcement. 

 

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 250 = 450  𝑚𝑚   

𝑛 =
𝐴𝑠

𝐴 ∅
=

450

153.9
= 2.922 = 3 𝑏𝑎𝑟𝑠                    𝑠 =

1

𝑛
=

1

3
= 0.333 𝑚 < 0.3 𝑚      𝑡𝑎𝑘𝑒 𝑠 = 300 𝑚𝑚 

𝑡𝑎𝑘𝑒 ∅14 𝐴𝑡 300 𝑚𝑚 , or 3∅14/𝑚    

Steps is smallest of: - 

1. 5ℎ = 3 𝑥 250 = 1250 𝑚𝑚 
2. 450 𝑚𝑚   Control  
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4.14 Structural Design for Cantilever: 

 

Plan and 3D shape: 
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Design slab as one way: - 

Thickness of slab  

The minimum thickness of slab as 7.3.1 ACI code: -  

ℎ =
𝑙

24
 𝑓𝑜𝑟 𝑜𝑛𝑒 𝑒𝑛𝑑 continuous =

5000

24
= 208.33 𝑚𝑚 

ℎ =
𝑙

28
 𝑓𝑜𝑟 𝑏𝑜𝑡ℎ 𝑒𝑛𝑑 continuous =

5000

28
= 178.57 𝑚𝑚 

Take ℎ = 210 𝑚𝑚 > 208.33 𝑚𝑚 

 

Load Calculation  

𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 = 𝑆𝑒𝑙𝑓 𝑤𝑒𝑖𝑔ℎ𝑡 +  𝑝𝑙𝑎𝑠𝑡𝑒𝑟 =  0.21𝑥25𝑥1 + 0.02𝑥23𝑥1 = 5.71𝐾𝑁/𝑚 

The calculation of Snow load depending on Jordanian load code: - 

For h= 900 m over sea level           →            𝑆 =  , 𝑤ℎ𝑒𝑛  1500 >  ℎ >  500  

𝑆 =
900 − 400

350
= 1.42𝐾𝑁/𝑚   

 

 

 

 

 

 

                                                       Service load on slab 

 

The possible Load Combination that can be used: - 

1. 𝑈 = 1.4𝐷 = 1.4 𝑥 5.71 = 8 𝐾𝑁/𝑚 
2. 𝑈 = 1.2𝐷 + 0.5𝑆 = 1.2 𝑥 5.71 + 0.5 𝑥 1.42 = 7.562  𝐾𝑁/𝑚 
3. 𝑈 = 1.2𝐷 + 1.6𝑆 = 1.2 𝑥 5.71 + 1.6 𝑥 1.42 = 9.124 𝐾𝑁/𝑚 

So, the ultimate load combination is  𝑊 = 9.124 𝐾𝑁/𝑚 

 

5 .0 0 5 .0 0

S = 1 .4 2

D = 5 .7 1
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Structural Analysis  

We are use Simplified method for non-prestressed continuous beams and one-way slab as ACI code 
2014  

And we check for condition for this method 6.5.1 ACI code: - 

a. Members are prismatic. 
b. Load are uniformly. 
c. L≤ 3D.  
d. There are at least two spans. 
e. The longer of two adjacent spans does not exceed the shorter by more than 20 percent. 

 

The moment equation is  𝑀 = 𝐶 (𝑊 𝑙 ) 

The shear equation is  𝑉 = 𝐶
𝑊 𝑙

2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Check if the thickness is adequate for shear: - 

Assume ∅10  , 𝑑 = 210 − 20 − = 185 𝑚𝑚  

𝑉 , = 1.15 × = 1.15 ×
.   .

= 23.61 𝐾𝑁/𝑚  

Cm

Cv
-1/24 -1/9 or -1/10 -1/11 -1/11 -1/111/11 1/11
1.0 1.15 1.0 1.0 1.0

-7.8KN.m

16.8KN.m

-18.5KN.m -16.8KN.m

16.8KN.m

-16.8KN.m-16.8KN.m



80  
 

𝜙𝑉 = 0.75
1

6
𝑓 𝑏𝑑 = 0.75 𝑥 

1

6
√24 𝑥 1000 𝑥 185 = 113.288 𝐾𝑁/𝑚  

𝑉 <
1

2
𝑉𝑐 → 23.61 𝐾𝑁/𝑚 < 66.64  𝐾𝑁/𝑚               𝑆𝑂, 𝑡ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑖𝑠 𝑎𝑑𝑒𝑞𝑢𝑎𝑡𝑒 𝑒𝑛𝑜𝑢𝑔ℎ 

 

Design Slab for negative moment: - 

Rn = =
. ×

.     
= 0.601 MPa                          , 𝑚 =

.   
= 20.59                              

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.601 𝑥 20.59

420
= 0.001453 

As =  ρ b d =  0.001453 𝑥 1000 𝑥 185 = 268.81 𝑚𝑚  

Check for 𝑨𝒔,𝒎𝒊𝒏 

𝐴 , = 𝜌  ∙ 𝑏ℎ = 0.0018 𝑥 210 𝑥 1000 = 378 𝑚𝑚   

𝐴 , = 378𝑚𝑚 > 𝐴 , = 268.81 𝑚𝑚     −  𝑜𝑘  

𝑈𝑠𝑒 𝜙10 @ 20 𝑐𝑚 , 𝐴 = 392𝑚𝑚 /𝑚  > 378 𝑚𝑚 /𝑚 

 

Steps is smallest of: - 

1. 3ℎ = 3 𝑥 210 = 630 𝑚𝑚 
2. 450 𝑚𝑚 

3. 𝑠 = 300 = 300 𝑚𝑚          𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

𝑠 = 380
280

𝑓
− 2.5𝐶 = 380

280

2
3

420
− 2.5 𝑥 20 = 330 𝑚𝑚        

 

Check for strain:  

a =
 

.  
=  

  

.     
= 8.07 𝑚𝑚  ,  c = =  

.

.
= 9.49 𝑚𝑚 →  where: β1 =0.85 

 Ԑs =
. ( )

 =  
.   (  – . )

.
= 0.0538 > 0.005  − 𝑜𝑘 
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Shrinkage and temperature: 

𝐴 , = 𝜌  𝑥 𝑏ℎ = 0.0018 𝑥 210 𝑥 1000 = 378 𝑚𝑚   , 

𝑈𝑠𝑒 𝜙10 @ 20 𝑐𝑚 , 𝐴 = 392𝑚𝑚 /𝑚  > 378 𝑚𝑚 /𝑚 

 

B
ea

m
1

1 24 10 /20 2 24  10 /20

Bottom reinforcement

33 24  10 /2024  10 /20

 

B
ea

m
1

Top reinforcement

4 24 10 /20

3 18  10 /20

5 24 10 /20

3 10  10 /20

4 24 10 /20

3 18  10 /20

  

 

 

 

 

5 24 10 /20 4 24 10 /20

1 24 10 /20 2 24  10 /20
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Calculation the Reaction on beam: 

 𝑆ℎ𝑒𝑎𝑟 𝑓𝑟𝑜𝑚 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 (𝐷𝐿)  →   𝑉 = 1 ×
𝑊 𝑙

2
= 1𝑥

5.71 𝑥 4.5

2
= 12.85 𝐾𝑁/𝑚 

𝑉 = 1.15 ×
𝑊 𝑙

2
= 1.15 𝑥 

5.71𝑥 4.5

2
= 14.77 𝐾𝑁/𝑚 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑:     𝑉 = 1.2 × (12.85 + 14.77) = 33.14 𝐾𝑁/𝑚 

1 2 .8 4

1 4 .7 7

1 2 .8 4

1 2 .8 4

 
 

𝑆ℎ𝑒𝑎𝑟 𝑓𝑟𝑜𝑚 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑆𝑛𝑜𝑤 𝑙𝑜𝑎𝑑 ∶  𝑉 = 1 ×
𝑊 𝑙

2
= 1 𝑥 

1.41 𝑥 4.5

2
= 3.2 𝐾𝑁/𝑚 

𝑉 = 1.15 ×
𝑊 𝑙

2
= 1.15 𝑥

1.41 𝑥 4.5

2
= 3.6 𝐾𝑁/𝑚 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑛𝑜𝑤 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 ∶ 𝑉 = 1.6 × (3.2 + 3.6) = 10.88  𝐾𝑁/𝑚 
 
 
 
 
 
 
 
 
Thickness of beam: 
The minimum thickness of beam as 9.3.1 ACI code: 

ℎ =
𝑙

8
 𝑓𝑜𝑟 𝐶𝑎𝑛𝑡𝑖𝑙𝑒𝑣𝑒𝑟 =

4.3

8
= 537.5𝑚𝑚 

Take ℎ = 600 𝑚𝑚 > 537.5 𝑚𝑚 
 
The loads on the beam as shown on the figure: - 
 
 
 
 
 

 
 

3.2

3.6

3.2

3.2

D=33.14

S=10.88

D=6

408.2 KN.M

206.1 KN

200.16

4.0000
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Check whether the section will be act as singly or doubly reinforced section:  

Assume bar diameter ∅25 .  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑  −
𝑑

2
=  600 − 40 − 10 −

25

2
= 537.5 𝑚𝑚 

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
x 537.5 = 230.36 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 230.36 x 0.85  = 195.81 𝑚𝑚             

𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 195.81 𝑥 500 𝑥 537.5 −

195.81

2
= 877.97 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  408.2 < 𝜙𝑀 , = 877.97 𝑥 0.82 = 719.94 𝐾𝑁. 𝑚 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑛 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 =  − 408.2 𝐾𝑁 ∙ 𝑚 
 

  𝑅 =  
∅

=
.  ×

.     .
= 3.14 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 3.14 𝑥 20.59

420
= 0.00816 

𝐴   =  𝜌𝑏𝑑 = 0.00816 𝑥 500 𝑥 537.5 = 2193 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 500 x 537.5 = 783.69 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 500 𝑥 537.50 = 895.833 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 2193 𝑚𝑚 >  𝐴𝑠, =  895.833 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 8∅20  𝑖𝑛 𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟 𝑤𝑖𝑡ℎ 𝐴 = 2513.3 𝑚𝑚 > 𝐴𝑠, = 2193 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 103.49 𝑚𝑚  ,  c = =  

.

.
= 121.75 𝑚𝑚 → where: β1 =0.85 
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 𝜀 =
. ( )

 =  
.   ( .  – . )

.
= 0.010 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) −  𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

500 − 2𝑥40 − 2(10) − 4(20)

3
= 107 > 25 > 18 𝑜𝑘 

 
 
 

 

 

 

 

 

 

 

Design of Beam for Shear. 

Critical section at distance 𝑑 = 537.5 𝑚𝑚 from the face from support. 𝑉 , = 178.4 KN 

𝑉 =  
1

6
𝑓 `𝑏 𝑑 =

1

6
√24 𝑥 500 𝑥 537.5 = 219.43 𝐾𝑁  

Check the section dimensions:  

𝑉 =
𝑉

𝜙
− 𝑉 =

178.4

0.75
− 219.43 = 18.43 𝐾𝑁 

 𝑉 , = 𝑓𝑐 𝑏 𝑑 = √24 𝑥 500 𝑥 537.5 = 877.73 𝐾𝑁         

𝑉 , = 877.73 > 𝑉𝑠 = 18.43 𝐾𝑁 − the section is large enough   

Cases: - 

Case (I): 𝑉 ≤  𝜙𝑉   →   𝑁𝑜 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑟𝑖𝑒𝑑 . 

Case (II):  𝜙𝑉 < 𝑉 ≤ 𝜙𝑉   → 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 ( 𝐴 ,  ) except (in 

ACI). 

Case (III):   𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , ) - 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 ( 𝐴 ,  ) 

𝑉 , = ,  
 → 𝑡ℎ𝑒𝑛 𝑉 ,  𝑖𝑠 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑓  𝑉 , , = 𝑓𝑐 𝑏 𝑑 𝑎𝑛𝑑 𝑉 , = 𝑏 𝑑.   

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
  

50

60

8 20

110 mm
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Case (IV):   𝜙(𝑉 + 𝑉 , ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉  ) −  𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑   

𝑉 , ≤ 𝑉 ≤ 𝑉  →  𝑉 =
𝑉

𝜙
− 𝑉  →  𝑉 =

1

3
𝑓𝑐 𝑏 𝑑  &  𝑉 =

𝐴  𝑑 𝑓

𝑆
  

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
 

Case (V):   𝜙(𝑉 + 𝑉  ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉 ,  ) −  𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑉 ≤ 𝑉 ≤ 𝑉 ,  →  𝑉 = − 𝑉  →  𝑉 = 𝑓𝑐 𝑏 𝑑  & 𝑉 , = 𝑓𝑐 𝑏 𝑑 & 𝑉 =
  

   

Then      𝑆  ≤ 300𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

4
 

 

𝑉 , , =
1

16
𝑓𝑐 𝑏 𝑑 =

1

16
√24 𝑥 500 𝑥 537.5 = 82.29 𝐾𝑁 

𝑉 , =
1

3
𝑏 𝑑 =

1

3
 𝑥 500 𝑥 537.5 = 89.58 𝐾𝑁           − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝑉 =
1

3
𝑓𝑐 𝑏 𝑑 =

1

3
√24 𝑥 500 𝑥 537.5 = 438.87 𝐾𝑁 

 

 

Find the maximum stirrups spacing for 178.4 KN:  

𝑉 ≤  
1

2
𝜙𝑉 → 178.4 ≤ 82.29  Not ok 

𝜙𝑉 < 𝑉 ≤ 𝜙𝑉  → 82.29 < 178.4 ≤ 164.58 𝑛𝑜𝑡 𝑜𝑘 

𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , )  →  164.58 <  178.4 ≤ 231.76     𝑜𝑘             Case 3  

𝑆  ≤ 600𝑚𝑚                 𝑜𝑟             𝑆 ≤
𝑑

2
=

537.5

2
= 268.75 𝑚𝑚 −  𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

Use stirrups  ∅8 𝑤𝑖𝑡ℎ 2 𝑙𝑒𝑎𝑔 𝐴𝑣 = 2 𝑥 50.27 = 100.54 𝑚𝑚  

𝑠 =
𝐴 𝑑𝑓𝑦

𝑉 ,
=

 100.54 𝑥 537.5 𝑥 420

89.58
=  253.37 𝑚𝑚 

Compute the stirrups spacing required to resist the shear forces: 

Take U-shape 2 leg stirrups ∅ 8 𝑎𝑡 𝑠 = 250 𝑚𝑚 < 253.37 𝑚𝑚 < 𝑠 = 268.75 𝑚𝑚  
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Wind calculation: 

As Jordanian code the velocity of wind =126 𝐾𝑚/ℎ in location that haven’t Data about wind 
velocity =126 Km/h.  

As UBC 97 the Hebron is exposure B 

𝑃 = 𝐶 𝐶 𝑞 𝐼  

The pressure 

𝑞 = 0.00256𝑉  

𝑞 = 0.00256 𝑥 
126

1.61
= 15.67𝑃𝑠𝑓 = 0.751 𝐾𝑁/𝑚  

𝐶 = 0.62   𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐵                   , 𝐶 = 1.3                   , 𝐼 = 1 

𝑝 = 0.751 𝑥 0.62 𝑥 1.3 𝑥 1 = 0.61 𝐾𝑁/𝑚   

As one Way Slab the Wind Will transfer  

The shear equation is       𝑉 = 𝐶
𝑊 𝑙

2
 

𝑉  𝑓𝑜𝑟 𝐹𝑟𝑎𝑚𝑒 = 1.15 𝑥 
0.61 𝑥 4.5

2
= 1.6 KN/m 

𝑉 = 1 𝑥 
.   .

= 1.4 KN/m  

𝑇ℎ𝑒 𝑙𝑜𝑎𝑑𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑟𝑎𝑚𝑒 = 1.6 + 1.4 + 0.61 𝑥 0.5 = 3.3 𝐾𝑁/𝑚 

The loads on the frame from the wall 

D = 6

4 .0 00 0

D = 9

D = 3 3 .1 4

S = 1 0 .8 8

4 .0 00 0

4 7 2

-4 7 2

R e a l

W
=

3.
3

-4 8 5  
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Design of the column: 
 

1.  0.1 𝑓𝑐 𝐴 =0.1𝑥 24 𝑥 (600 𝑥 500) = 720 𝐾𝑁 > 𝑃 = 222 𝐾𝑁   Section design as beam. 

2.  By using STAAD Pro software, 𝑀  𝑑𝑢𝑒 𝑡𝑜 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑 𝑎𝑛𝑑 𝑤𝑖𝑛𝑑 𝑙𝑜𝑎𝑑 𝑒𝑞𝑢𝑎𝑙 =

 485 KN. m   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Check whether the section will be act as singly or doubly reinforced section:  

Assume bar diameter ∅25 .  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑  −
𝑑

2
=  600 − 40 − 10 −

25

2
= 537.5 𝑚𝑚 

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
x 537.5 = 230.36 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 230.36 x 0.85  = 195.81 𝑚𝑚             

𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 195.81 𝑥 500 𝑥 537.5 −

195.81

2
= 877.97 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  408.2 < 𝜙𝑀 , = 877.97 𝑥 0.82 = 719.94 𝐾𝑁. 𝑚 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 =  − 485 𝐾𝑁 ∙ 𝑚 
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  𝑅 =  
∅

=
 ×

.     .
= 3.73 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 3.73 𝑥 20.59

420
= 0.01 

𝐴   =  𝜌𝑏𝑑 = 0.01 𝑥 500 𝑥 537.5 = 2687.5 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 500 x 537.5 = 783.69 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 500 𝑥 537.50 = 895.833 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 2687.5 𝑚𝑚 >  𝐴𝑠, =  895.833 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 8∅22 𝑤𝑖𝑡ℎ 𝐴 = 3041.1 𝑚𝑚 > 𝐴𝑠, = 2687.5 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 125.22 𝑚𝑚  ,  c = =  

.

.
= 147.3 𝑚𝑚 → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   ( .  – . )

.
= 0.00790 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) −  𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

500 − 2𝑥40 − 2(10) − 4(22)

3
= 104 > 25 > 22 𝑜𝑘 

 

Ground Beam Design 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑊𝑎𝑙𝑙 =  25 𝑥 0.25 𝑥 3.3 = 20.625 𝐾𝑁/𝑚 

𝑆𝑒𝑙𝑓 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑒𝑎𝑚 = 0.3 𝑥 0.25 𝑥 25 = 1.875  𝐾𝑁/𝑚 

𝑊 = 1.4 𝑥 22.5 = 31.5 𝐾𝑁/𝑚 
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Cm

Cv
-1/24 -1/9 or -1/10 -1/11 -1/11 -1/111/11 1/11
1.0 1.15 1.0 1.0 1.0

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 =  𝑥 (31.5) 𝑥 4.5 = 58 𝐾𝑁. 𝑚 

𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 = −
1

10
 𝑥 (31.5) 𝑥 4.5 = 63.7 𝐾𝑁. 𝑚 

 

-26.5KN.m

58KN.m

-63.7KN.m -58KN.m

58KN.m

-63.7KN.m -58KN.m

 

Shear Value 

𝑉 = 1 𝑥 31.5 𝑥
4.5

2
= 70.875 𝐾𝑁 

𝑉 = 1.15 𝑥 31.5 𝑥 
4.5

2
= 81.5 𝐾𝑁 

 

7 0 .8 7 5

8 1 .5

7 0 .8 7 5

7 0 .8 7 5
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Check whether the section will be act as singly or doubly reinforced section:  

Assume bar diameter ∅25 .  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑  −
𝑑

2
=  300 − 40 − 10 −

16

2
= 242 𝑚𝑚 

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
x 242 = 103.7 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 103.7 x 0.85  = 88.16 𝑚𝑚             

𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 250 𝑥 242 𝑥 242 −

88.16

2
= 244.27 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  63.7 < 𝜙𝑀 , = 244.27 𝑥 0.82 = 200.3 𝐾𝑁. 𝑚            -Design as singly  

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒐𝒏 𝒕𝒉𝒆 𝒔𝒖𝒑𝒑𝒐𝒓𝒕 =  − 𝟔𝟑. 𝟕 𝑲𝑵 ∙ 𝒎 
 

  𝑅 =  
∅

=
.  ×

.     
= 4.83 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 4.83 𝑥 20.59

420
= 0.01338 

𝐴   =  𝜌𝑏𝑑 = 0.01338 𝑥 250 𝑥 242 = 809.485 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 250 x 242 = 176.4 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 250 𝑥 242 = 201.67 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 809.485 𝑚𝑚 >  𝐴𝑠, =  201.667 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 8∅12 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝐴 = 904.7 𝑚𝑚 > 𝐴𝑠, = 809.485 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 74.51 𝑚𝑚  ,  c = =  

.

.
= 87.65 𝑚𝑚 → where: β1 =0.85 
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 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.0053 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) − 𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

250 − 2𝑥40 − 2(10) − 4(12)

3
= 34 > 25 > 12 𝑜𝑘 

 𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒐𝒏 𝒕𝒉𝒆 𝒔𝒖𝒑𝒑𝒐𝒓𝒕 =  𝟓𝟖 𝑲𝑵 ∙ 𝒎 

 

𝑅 =  
∅

=
 ×

.     
= 4.4 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 4.4 𝑥 20.59

420
= 0.012 

𝐴   =  𝜌𝑏𝑑 = 0.012 𝑥 250 𝑥 242 = 722.98 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 250 x 242 = 176.4 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 250 𝑥 242 = 201.67 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 722.98 𝑚𝑚 >  𝐴𝑠, =  201.667 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 7∅12 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝐴 = 791.68 𝑚𝑚 > 𝐴𝑠, = 722.98 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 65.19 𝑚𝑚  ,  c = =  

.

.
= 76.7 𝑚𝑚 → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.006543 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) − 𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

250 − 2𝑥40 − 2(10) − 4(12)

3
= 34 > 25 > 12 𝑜𝑘 

 

Shear Design: - 

Critical section at distance d = 244 mm from the face from support. 𝑉 , = 81.5 KN 
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𝑉 =  
1

6
𝑓 `𝑏 𝑑 =

1

6
√24 𝑥 250 𝑥 244 = 49.80 𝐾𝑁  

Check the section dimensions:  

𝑉 =
𝑉

𝜙
− 𝑉 =

81.5

0.75
− 49.80 = 58.860 𝐾𝑁 

 𝑉 , = 𝑓𝑐 𝑏 𝑑 = √24 𝑥 250 𝑥 244 = 199.22 𝐾𝑁         

𝑉 , = 199.22 > 𝑉𝑠 = 58.860 𝐾𝑁 − the section is large enough   

𝑉 , , =
1

16
𝑓𝑐 𝑏 𝑑 =

1

16
√24 𝑥 250𝑥 244 = 18.67 𝐾𝑁 

𝑉 , =
1

3
𝑏 𝑑 =

1

3
 𝑥 250 𝑥 244 = 20.166 𝐾𝑁           − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝑉 =
1

3
𝑓𝑐 𝑏 𝑑 =

1

3
√24 𝑥 250 𝑥 244 = 99.6125 𝐾𝑁 

Find the maximum stirrups spacing for 81.5 KN:  

𝑉 ≤  
1

2
𝜙𝑉 → 81.5 ≤ 18.69  Not ok 

𝜙𝑉 < 𝑉 ≤ 𝜙𝑉  → 18.69 < 81.5 ≤ 37.36   𝑛𝑜𝑡 𝑜𝑘 

𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , )  →  37.36 <  81.5 ≤ 52.47     𝑛𝑜𝑡 𝑜𝑘          

𝜙(𝑉 + 𝑉 , ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉  )  →  52.47 <  81.5 ≤ 112.06  𝑜𝑘  𝑢𝑠𝑒 𝑐𝑎𝑠𝑒 𝐼𝑉 

𝑆  ≤ 600𝑚𝑚                 𝑜𝑟             𝑆 ≤
𝑑

2
=

244

2
= 122 𝑚𝑚 −  𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

Use stirrups  ∅10 𝑤𝑖𝑡ℎ 2 𝑙𝑒𝑎𝑔 𝐴𝑣 = 2 𝑥 79 = 157.08 𝑚𝑚  

𝑠 =
𝐴 𝑑𝑓𝑦

𝑉
=

157.08 𝑥 244 𝑥 420

58.86
=  273.49 𝑚𝑚 

Compute the stirrups spacing required to resist the shear forces: 

Take U-shape 2 leg stirrups ∅ 10 𝑎𝑡 𝑠 = 120 𝑚𝑚 < 𝑠 = 122 𝑚𝑚  

support Vu Vs case s AV s take 
suport1 70.87 44.68704 case Iv 357.0941222 2Ø10 120 

suport2 left 81.5 58.86038 case Iv 271.1073441 2Ø10 120 
suport2 right 70.875 44.69371 case Iv 357.0408568 2Ø10 120 
suport3 right 70.875 44.69371 case Iv 357.0408568 2Ø10 120 
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The Reaction from ground beam: - 

The reaction on foundation =81.5 + 70.875 = 152.375 KN/m    factored 

=157.375/1.4 =112.41 KN/m services 

The values on the figure are service loads 

Analysis and design foundation 

P D = 1 7 1 .8 5
P s = 29 .2 4 0

M D = 3 09 .1 29
M s= 6 2 .8 9 4
M w = 1 5 .5 8 7

1 .50 0 0

2 .5 0 00
2 .50 0 00 .60 0 0

P w = 1 0 .2 3

P D = 1 1 2 .4 1

0 .86 0 6
1 .03 5 6

0 .3 3 3 8
 

The soil capacity calculation service load 

𝑃𝑢 = 171.85 + 29.240 + 112.41 = 313.49 𝐾𝑁 

𝑀 = 309.1 + 63 + 15.6 + 10.23 𝑥 0.33 − 112.4 𝑥 1 − 171.85𝑥0.86 − 29.24 𝑥 0.86

= 106.13 𝐾𝑁 ∙ 𝑚  

𝑒 =
106.13

313.49
= 0.338𝑚 <

𝐵

6
=

2.5

6
= 0.416 

𝑄 =
𝑃

𝐵𝑙
±

6𝑀

𝐵𝑙
=

313.49

2.5 𝑥 1.5
±

6 𝑥 106.13

2.5  𝑥 1.5
 

𝑄𝑚𝑎𝑥 = 151.52𝐾𝑁/𝑚                  ,𝑄𝑚𝑖𝑛 = 15.67𝐾𝑁/𝑚          ,𝑄𝑚𝑎𝑥 < 𝑄𝑎𝑙𝑙 = 313.92 

 

151.4915.68
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Analysis and Design  

𝑃 = 1.2 𝑥 (171.85) + 29.240 𝑥 1.6 = 253 𝐾𝑁 

𝑃 = 1.2 𝑥 112.41 = 134.892 𝐾𝑁 

𝑀 = 1.2 𝑥 309.2 + 1.6 𝑥 62.9 + 0.8 𝑥 15.587 = 485 𝐾𝑁. 𝑚 

The value of moment At the Center  

𝑀 = 485 − 253 𝑥 0.86 − 134.892 𝑥 1 + 0.8 𝑥 10.23 𝑥 0.33 = 135.23 𝐾𝑁. 𝑚 

𝑒 =
𝑀

𝑃
=

135.23

387.89
= 0.35 <

𝐵

6
=

2.5

6
= 0.417 

Q =
P

𝐵𝐿
±

6𝑀

𝐵𝑙
=

387.89

2.5 𝑥 1.5
±

6 𝑥 135.23

2.5  𝑥 1.5
 

𝑄𝑚𝑎𝑥 =  189.98
𝐾𝑁

𝑚
                                         𝑄𝑚𝑖𝑛 = 16.8901 𝐾𝑁/𝑚 

𝑀 = 58.458 𝑥
1.9

2
𝑥 1.5 +

1

2
 𝑥 (190 − 58.458) 𝑥 1.9 𝑥 

2

3
 𝑥 1.9 𝑥 1.5 = 395.7 𝐾𝑁. 𝑚 

 

19016.89

58.458  

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑛 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 =  58 𝐾𝑁 ∙ 𝑚 

𝑑 = 500 − 75 −
16

2
= 417 𝑚𝑚 

Rn =
.

=
. ×

.     
= 1.68 𝑀𝑝𝑎                                  , 𝑚 =

.   
= 20.59 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 1.68 𝑥 20.59

420
= 0.00419 

𝐴𝑠 =  𝜌𝑏𝑑 =  0.00419 𝑥 525𝑥 1500 = 2623.659 𝑚𝑚  

Check for 𝐴𝑠, 𝑚𝑖𝑛 :       

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 500 𝑥 1500 = 1350  𝑚𝑚   
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𝐴 = 2623.66 𝑚𝑚 >  𝐴𝑠, = 1350  𝑚𝑚       − 𝑜𝑘 

𝑡𝑎𝑘𝑒 14∅16 𝑓𝑜𝑟 𝑜𝑛𝑒 𝑙𝑎𝑦𝑒𝑟   , 𝑆 =
    

= 86.61 𝑚𝑚 

Steps is smallest of: - 

1. 3ℎ = 3 𝑥 500 = 1500 𝑚𝑚 
2. 450 𝑚𝑚 Control  

 

Check for one-way shear: - 

The critical section for checking one-way shear strength is shown, to simplify this Check, it is 
conservative to assume that the maximum factored soil pressure of 189.98 KN/𝑚  acts on the entire 
shaded region.  

𝐷 = 600 − 75 − 20 = 505 𝑚𝑚 

the factored shear force to resisted at the critical section is: 

𝑉  𝑎𝑡 𝑎 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ( 𝑑 ) 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 .  

𝑉 = 𝑞 𝑏(𝑙 − 𝑎 − 𝑑) = 189.98 𝑥 1.5 𝑥 (2.5 − 0.6 − 0.505) = 397.53 𝐾𝑁 

 𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) , 

    ∅ 𝑉 =  𝑓 `𝑏 𝑑 = 0.75𝑥 𝑥 √24 𝑥 1500 𝑥 505 𝑥 10 = 463.87 𝐾𝑁 

  ∅𝑉 > 𝑉    SO, the footing is ok for one-way shear  

Check footing thickness for Two-way shear (Punching shear): 

The critical shear perimeter is located d/2 away from each column face, as Shown. Assume the average 
effective depth for the footings is                𝐷 = 600 − 75 − 20 = 505 𝑚𝑚 

By using the average factored shear stress inside the critical perimeter 

𝑞 =
. .

= 103.435 KN/𝑚  

𝑉 = 𝑞𝑢 𝑏𝑙 − (ℎ. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑)(𝑏. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) = 

𝑉 = 103.435 1.5𝑥2.5 − (0.6 + 0.505/2)(0.5 + 0.505) = 325.12 𝐾𝑁 
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𝛽 =
600

500
= 1.2          , 𝛽 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑙𝑜𝑛𝑔 𝑠𝑖𝑑𝑒 𝑡𝑜 𝑠ℎ𝑜𝑟𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑐𝑜𝑙𝑢𝑚𝑛  

𝑏  𝑖𝑠 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑎𝑘𝑒𝑛 𝑎𝑡
𝑑

2
 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑𝑒𝑑 𝑎𝑟𝑒𝑎 . 

𝑏 = (ℎ. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) + 2(𝑏. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) = 2(0.6 + 0.505/2) + (0.5 + 0.505) = 2.71  𝑚 

𝛼  𝑖𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡𝑜 𝑏𝑒 ∶  

 𝛼 = 40 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 
 𝛼 = 30 𝑓𝑜𝑟 𝑒𝑑𝑔𝑒 𝑐𝑜𝑙𝑢𝑚𝑛𝑠        − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  
 𝛼 = 20 𝑓𝑜𝑟 𝑐𝑜𝑟𝑛𝑒𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 

𝑡ℎ𝑒 𝐴𝐶𝐼 𝑐𝑜𝑑𝑒 , 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 − 𝑎𝑙𝑙𝑜𝑤𝑠 𝑎 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ , 𝑉  𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 

𝑓𝑜𝑟 𝑡𝑤𝑜 𝑤𝑎𝑦 𝑠ℎ𝑒𝑎𝑟 𝑎𝑐𝑡𝑖𝑜𝑛 , 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑜𝑓  

  𝑉 = 1 +  𝜕 𝑓 𝑏 𝑑      →  𝑉 = 1 +
.

 𝜕 𝑓 𝑏 𝑑 =

0.444  𝜕 𝑓 𝑏 𝑑 𝐾𝑁                                          

  𝑉 = + 2  𝜕 𝑓 𝑏 𝑑 →  𝑉 =
.

.
+ 2  𝜕 𝑓 𝑏 𝑑 = 0.6325  𝜕 𝑓 𝑏 𝑑 𝐾𝑁 

  𝑉 = 𝜕 𝑓 𝑏 𝑑                       →  𝑉 = 𝜕 𝑓 𝑏 𝑑 = 0.333 𝜕 𝑓 𝑏 𝑑        𝐶𝑜𝑛𝑡𝑟𝑜𝑙  

 

𝑉 =
1

3
𝜕 𝑓 𝑏 𝑑 =

1

3
 𝑥1.0𝑥√24 𝑥2710 𝑥505𝑥 10 = 2234.8 𝐾𝑁  

𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

∅𝑉 = 0.75𝑋2234.8 = 1676.12 >  𝑉 = 325.12 𝐾𝑁   𝑖𝑡𝑠 𝑂𝐾  

The thickness of 60 cm is adequate enough  

Check for factor of safety for Sliding:  

𝑇ℎ𝑒 𝑓𝑜𝑟𝑐𝑒 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑠𝑙𝑖𝑑𝑖𝑛𝑔, 𝐹 =  𝜇𝑅 

𝐹 =
1

2
(15.68 + 151.49) = 1187.68 

𝜇 = 0.5 𝑏𝑒𝑡𝑤𝑒𝑛 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑎𝑛𝑑 𝑠𝑜𝑖𝑙  

𝐹 = 1187.68 𝑥 0.5 = 593.84𝐾𝑁 

𝑇ℎ𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 𝑎𝑔𝑎𝑖𝑛𝑠𝑡 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 𝑖𝑠
𝐹

𝐻𝑎
          , 𝐹. 𝑠 =

593.84

10.23
= 58.04 > 4 𝑜𝑘 
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Design as two-way solid slab: - 

Take the thickness of slab cheek take the thickness is =15 cm     

B
e

am
1

B
e

am
1

Beam2 Beam2

B
ea

m
1

4.2500

5.00

 

Take the edge plat for the check of thinness  

Exterior Beam  

ℎ = 35 𝑐𝑚 < 4ℎ = 6 × 15 = 60 

𝑦 =
15 ∙ (50 + 35) ∙ 35 +

15
2

+ 50 ∙ 35 ∙
35
2

15 ∙ (35 + 50) + 35 ∙ 50
= 28.03𝑐𝑚 

𝐼 =
(50 + 35) ∙ (15 + 6.97)

3
−

35 ∙ 6.97

3
+ 

50 ∙ 28.03

3
= 313474.18 𝑐𝑚  

Interior Beam: 

𝑏 + 2ℎ = 50 + 2 ∙ 35 = 120 

𝑏 + 8ℎ = 50 + 8 ∙ 16 = 178 

𝑏 + 2ℎ = 120 < 178 𝑜𝑘 

𝑦 =
15 ∙ (35 + 50 + 35)  ∙ 35 +

15
2

+ 50 ∙ 35 ∙
35
2

15 ∙ (50 + 35 + 35) + 50 ∙ 35
= 30.17 𝑐𝑚 

𝐼 =
(50 + 35 ∙ 2)(15 + 4.83)

3
−

2 ∙ 35 ∙ 4.83

3
+

50 ∙ 30.17

3
= 766973.42 𝑐𝑚  

 

50.00 35.00

1
5.

0
0

3
5.

0
0

2
8.

0
3

6
.9

7

35.00 50.00 35.00

3
5.

0
0

15
.0

0

30
.1

7
4

.8
3
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Slab section whit exterior beam  

5 0 .0 0 l/2

15
.0

0
35

.0
0

2
8.

0
3

6
.9

7

Long direction 𝑙 = 4 .5 𝑚 

𝐼 =

450
2

+ 50 ∙ 15

12
= 77343.75 𝑐𝑚  

 Short direction 𝑙 = 4 

𝐼 =

400
2

+ 50 ∙ 15

12
= 70312.5𝑐𝑚  

Slab section for interior beam  

 
 

 

 

Long direction 𝑙 = 4.5 

𝐼 =
(450 + 50) ∙ 15

12
= 140625 

𝛼 =
𝐼

𝐼
=

0

𝐼
= 0 

𝛼 =
𝐼

𝐼
=

313474.18 

70312.5
= 4.45 

𝛼 =
𝐼

𝐼
=

313474.18 

77343.75
= 4.05 

𝛼 =
𝐼

𝐼
=

766973.42

140625
= 5.45 

𝛼 =
∑ 𝛼

4
=

0 + 4.45 + 4.05 + 5.45

4
 

50.00 l/2l/2

B
e

a
m

1

Beam2

B
e

a
m

1

4.2500

5.000

4.500

4.0000
f3

f1

f4

f2
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𝛼 = 3.49 > 2 𝑇ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑙𝑎𝑝 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑤𝑖𝑙𝑙 𝑏𝑒 

ℎ =
.

=
. .

∗
. = 10.7𝑐𝑚 < 15 𝑐𝑚           , 

The thickness is adequate  

𝐂𝐚𝐥𝐜𝐮𝐥𝐚𝐭𝐞 𝐭𝐡𝐞 𝐦𝐨𝐦𝐞𝐧𝐭 𝐨𝐧 𝐭𝐡𝐞 𝐬𝐥𝐚𝐛 

Total load on slab 

D = 0.15 x 25 = 3.75 KN/m2 

Snow load = 1.43 KN/m2 

𝑊 = 1.2D + 1.6S = 1.2 x 3.75 + 1.6 x 1.43 = 6.8 KN/𝑚  

 

My end 
0.1b 0.2b 0.3b 0.4b 0.5 
0.9b 0.8b 0.7b 0.6b 

top -13.395 -7.087 -0.609 3.938 6.615 7.482 
0.9a -15.145 -6.615 -0.472 3.741 6.281 7.147 
0.8a -14.355 -6.357 -0.411 3.741 6.083 6.890 
0.7a -13.779 -6.100 -0.274 3.604 5.886 6.632 
0.6a -13.264 -5.705 -0.214 3.483 5.628 6.374 
0.5a -12.474 -5.173 -0.077 3.286 5.233 5.842 
0.4a -11.349 -4.580 0.121 3.088 4.778 5.249 
0.3a -9.753 -3.576 0.258 2.693 3.971 4.383 
0.2a -7.487 -2.573 0.335 2.024 2.968 3.242 
0.1a -4.322 -1.218 0.335 1.218 1.629 1.827 
bot 0.000 0.000 0.000 0.000 0.000 0.000 

 

-15.145

-6.615

-0.472

3.741
6.281 7.147 6.281

3.741

-0.472

-6.615

-15.145

-20.000

-15.000

-10.000

-5.000

0.000

5.000

10.000

0 0.2 0.4 0.6 0.8 1 1.2

MY
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Check the shear   

𝑉𝑢 = 𝐶𝑠 𝑥 𝑞 𝑥 𝑎 

𝑉𝑢 = 0.668 𝑥 6.8 𝑥 5 = 23 𝐾𝑁/𝑚 

𝑑 = 150 − 20 −
10

2
= 125 𝑚𝑚 

𝜙𝑉 = 𝜙
1

6
𝑓 `𝑏 𝑑 = 0.75

1

6
√24 𝑥 1000 𝑥 125 × 10 = 76.54 𝐾𝑁 

 

 

 

 

 

 

 

 

 

 

 

𝑉𝑢 <
1

2
𝜙𝑉   𝑇ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑖𝑠 𝑎𝑑𝑒𝑞𝑢𝑎𝑡𝑒 𝑒𝑛𝑜𝑢𝑔ℎ 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑜𝑓 𝑌 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑀 = −15.145 𝐾𝑁 ∙ 𝑚 

𝑅𝑛 =  
𝑀𝑢

𝜙𝑏𝑑
=

15.145 × 10

0.9 ∙ 1000 ∙ 125
= 1.1 𝑀𝑃𝑎                          𝑚 =

420

0.85 ∙ 24
= 20.59 

𝜌 =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.89
1 − 1 −

2 ∙ 1.1 ∙ 20.59

420
= 0.00277 

𝐴𝑠 =  𝜌 𝑏 𝑑 =  0.00277 𝑥 1000 𝑥 125 = 346.59 𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛 

𝐴 , = 𝜌  ∙ 𝑏ℎ = 0.0018 𝑥 1000 𝑥 150 = 270 𝑚𝑚  

𝐴 , = 346.6 𝑚𝑚 < 𝐴 , = 270 𝑚𝑚  

Mx  end 0.1b 0.2b 0.3b 0.4b 0.5 

   0.9b 0.8b 0.7b 0.6b  
top  -2.737 0.000 0.000 0.000 0.000 0.000 
0.9a  -3.072 -1.141 -0.137 0.395 0.730 0.806 
0.8a  -2.874 -1.338 0.077 0.730 1.201 1.399 
0.7a  -2.737 -1.201 0.060 1.064 1.596 1.794 
0.6a  -2.677 -1.081 0.258 1.322 1.991 2.189 
0.5a  -2.479 -0.883 0.592 1.657 2.326 2.523 
0.4a  -2.282 -0.609 0.790 1.931 2.600 2.798 
0.3a  -1.947 -0.411 1.004 2.068 2.677 2.874 
0.2a  -1.552 -0.137 1.064 1.947 2.479 2.616 
0.1a  -0.883 0.137 0.943 1.415 1.750 1.827 
bot  0 0 0 0 0 0 
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𝑇𝑎𝑘𝑒 𝜙10 @ 20 𝑐𝑚 𝐴 = 392 𝑚𝑚 /𝑚  > 346.6 𝑚𝑚 /𝑚 

𝐶ℎ𝑒𝑒𝑘 𝑜𝑓 𝑠𝑡𝑒𝑒𝑝: 𝑆𝑡𝑒𝑝 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑜𝑓 

1. 3ℎ = 3 𝑥 150 = 450 𝑚𝑚 

2. 450 𝑚𝑚 

3. 𝑆 = 380 − 2.5𝐶𝑐 = 380
 ( )

− 2.5 𝑥 20 = 330 𝑚𝑚 

𝐵𝑢𝑡 𝑠 ≤ 300
280

𝑓𝑠
= 300

280

2
3

420
= 300 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 200 𝑚𝑚 <  300 𝑚𝑚 

𝑪𝒉𝒆𝒄𝒌 𝑺𝒕𝒓𝒂𝒊𝒏 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

392 ∙ 420

0.85 ∙ 24 ∙ 1000
= 8.07𝑚𝑚                                     𝛽1 = 0.85 

𝑐 =  
𝑎

𝛽
=  

8.07

0.85
= 9.49𝑚𝑚 

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(180 − 9.96)

9.96
= 0.036 > 0.005  − 𝑜𝑘 

 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑜𝑓 𝑌 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑀 = 7.482𝐾𝑁 ∙ 𝑚 

𝑅𝑛 =  
𝑀𝑢

𝜙𝑏𝑑
=

7.482 × 10

0.9 ∙ 1000 ∙ 125
= 0.53 𝑀𝑃𝑎                          𝑚 =

420

0.85 ∙ 24
= 20.59 

𝜌 =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.89
1 − 1 −

2 ∙ 0.53 ∙ 20.59

420
= 0.0013 

𝐴𝑠 =  𝜌𝑏𝑑 =  0.0013 𝑥 1000 𝑥 125 = 168.6 𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛 

𝐴 , = 𝜌  ∙ 𝑏ℎ = 0.0018 ∙ 1000 ∙ 150 = 270 𝑚𝑚  

𝐴 , = 270 𝑚𝑚 > 𝐴 , = 168.6 𝑚𝑚  

𝑇𝑎𝑘𝑒 𝜙10 @ 20 𝑐𝑚 𝐴 = 392 𝑚𝑚 /𝑚  > 270 𝑚𝑚 /𝑚 

𝐶ℎ𝑒𝑒𝑘 𝑜𝑓 𝑠𝑡𝑒𝑒𝑝: 𝑆𝑡𝑒𝑝 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑜𝑓 

1. 3ℎ = 3 ∗ 150 = 450𝑚𝑚 

2. 450 𝑚𝑚 
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3. 𝑆 = 380 − 2.5𝐶𝑐 = 380 − 2.5.20 = 330𝑚𝑚 

𝐵𝑢𝑡 𝑠 ≤ 300
280

𝑓𝑠
= 300

280

2
3

4200
= 300 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 200 𝑚𝑚 <  300𝑚𝑚 

 

𝑪𝒉𝒆𝒄𝒌 𝑺𝒕𝒂𝒊𝒏 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

392 𝑥 420

0.85 𝑥 24 𝑥 1000
= 8.07 𝑚𝑚                                     𝛽1 = 0.85  

𝑐 =  
𝑎

𝛽
=  

8.07

0.85
= 9.49 𝑚𝑚  

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(180 − 9.96)

9.96
= 0.036 > 0.005  − 𝑜𝑘 

 

 

 

 

 

 

 

 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝑓𝑟𝑜𝑚 𝑠𝑙𝑎𝑏 = 3.75 𝑥 2.25 = 8.43 𝐾𝑁/𝑚 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑠𝑛𝑜𝑤 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑙𝑎𝑏 = 1.43 𝑥 2.25 = 3.21 𝐾𝑁/𝑚 

𝑇ℎ𝑒 𝑙𝑜𝑎𝑑 𝑜𝑛 𝑏𝑒𝑎𝑚 2  

𝑊𝑢 = 1.2 𝑥 8.43 + 0.6 𝑥 3.21 = 15.252  𝐾𝑁/𝑚  

𝐷𝑒𝑠𝑖𝑔𝑛 𝐵𝑒𝑎𝑚 2: 

𝑇ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑎𝑠 𝐴𝐶𝐼 9.3.1.1 =
𝐿

18.5
=

5000

18.5
= 270 𝑚𝑚 

 

 

B
e

am
1

B
e

am
1

Beam2 Beam2

B
e

am
1

2.2500
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𝑫𝒆𝒔𝒊𝒈𝒏 𝒃𝒆𝒂𝒎 𝒐𝒏 𝒕𝒉𝒆 𝒎𝒂𝒙𝒊𝒎𝒖𝒎 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝑴𝒖 = 𝟐𝟗. 𝟒 𝑲𝑵 ∙ 𝒎 

𝑑 = 270 − 40 − 10 −
16

2
= 212 𝑚𝑚 

𝑅𝑛 =
𝑀𝑢

𝑏𝑑
=

29 × 10

0.9 𝑥 500 𝑥 212
= 1.434 𝑀𝑝𝑎 

𝜌 =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.89
1 − 1 −

2 ∙ 4.75 ∙ 20.89

420
= 0.00354 

𝐴𝑠 =  𝜌𝑏𝑑 = 0.00355 ∙ 500 ∙ 212 = 375.8𝑚𝑚2 

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛 

𝐴𝑠, 𝑚𝑖𝑛 = 0.25
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, 𝑚𝑖𝑛 = 0.25
√24

420
500 ∙ 212 = 309.1𝑚𝑚2   

𝐴𝑠, 𝑚𝑖𝑛 =
1.4

400
500 ∙ 212 = 353.3𝑚𝑚2                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝐴𝑠 = 375.8𝑚𝑚2 >  𝐴𝑠, 𝑚𝑖𝑛 = 353.3 𝑚𝑚2               − 𝑂𝐾 

𝑇𝑎𝑘𝑒 4∅12  𝑖𝑛 𝑜𝑛𝑒 𝑙𝑎𝑦𝑒𝑟 𝐴𝑠 = 452.4𝑚𝑚2 > 𝐴𝑠𝑟𝑒𝑞 = 375.8 

𝑑 = 270 − 40 − 10 −
12

2
= 214 𝑚𝑚  

Check Strain 

a = 
.  

=  
. ∙

. ∙ ∙
= 18.62 mm                                     β1 =0.85  

c = =  
.

.
= 21.913𝑚𝑚  

Ԑ=
. ( )

 =  
. ( . )

.
= 0.026 > 0.005  − 𝑜𝑘 

𝑠 =
∙ ∙ ∙

= 117.33 𝑚𝑚 > 𝑑 = 12 𝑚𝑚 > 25 𝑚𝑚                          -OK 

So, take 4𝜙12 𝑖𝑛 𝑎𝑙𝑙 𝑠𝑝𝑎𝑛𝑠  
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D = 5

D = 1 6 . 8 6

4 . 0 0 0 0

D = 7 . 5

L = 6 . 4 2

4 . 0 0 0 0

- 3 4 6 . 5 - 2 7 4 . 3
3 1 0

V u = 1 1 6
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 4.14 Ground Water Tank Design: 

The dimension of Ground Water Tank: 

 

 

 

 

 

 

 

 

 

 

 

The Load Cases:  

𝐹𝑖𝑟𝑠𝑡 𝑐𝑎𝑠𝑒 𝑜𝑓 𝑙𝑜𝑎𝑑 𝑡ℎ𝑒 𝑡𝑎𝑛𝑘 𝑖𝑠 𝑒𝑚𝑝𝑡𝑦 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑖𝑠 𝑐𝑜𝑚𝑒 𝑗𝑢𝑠𝑡 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒: 

𝑇ℎ𝑒 𝜙 𝑜𝑓 𝑠𝑜𝑖𝑙 = 34 𝑎𝑛𝑑 𝑐 = 0 𝑎𝑛𝑑 𝑡ℎ𝑒 𝛾 = 18𝐾𝑁/𝑚  

𝑇ℎ𝑒 𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝐾 =
1 − 𝑠𝑖𝑛 𝜙

1 + 𝑠𝑖𝑛 𝜙
=

1 − 𝑠𝑖𝑛 34

1 + 𝑠𝑖𝑛 34 
= 0.28 

𝑇ℎ𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑠𝑜𝑖𝑙 𝑖𝑠 𝑒𝑞𝑢𝑎𝑙 = 𝐾 ℎ𝛾 = 0.28 𝑥 10 𝑥 18 = 50.4 𝐾𝑁/𝑚  
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We use the program to analysis the water tank and we use the robot structural analysis to 
make all analysis and we will use the manual calculation to determine the good section  

 

 
Firstly, we assume that the thickness of wall outer is equal = 600 at top and 1000 mm 

The increment of thickness come from Haunch 400 mm x 400 mm    
 

Panel 1  
Check for Shear 
 

 

Y shear                                                      X shear 
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                 𝑑 = 1000 − 75 −
16

2
= 917 𝑚𝑚 

𝜙𝑉 =
1

6
𝑓𝑐  𝑏𝑑 = 0.75 𝑥 

1

6
√24 𝑥 1000 𝑥 917 = 561.54 𝐾𝑁 

𝑉 < 𝜙𝑉𝑐 but we must but the minimum share reinforcement  

The thinness is adequate enough for all panel in this case 

 

Design of panel: 

    

                                     Y direction                                         X direction      

In y direction 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑖𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛  =  504.24 𝐾𝑁. 𝑚 

𝑑 = 600 − 75 − 16 −
16

2
= 501 𝑚𝑚 

Rn =
.

=
. ×

.     
= 2.23 𝑀𝑝𝑎                              ,     𝑚 =

.   
= 20.59 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 2.23 𝑥 20.59

420
= 0.00564 

 𝐴𝑠 =  𝜌𝑏𝑑 =  0.0064 𝑥 1000 𝑥 501 = 2826.8 𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛 ∶    

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥   

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
√24

420
 1000 𝑥 501 =  1460.9 𝑚𝑚    
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𝐴𝑠, 𝑚𝑖𝑛 =
1.4

420
1000 𝑥 501 = 1670 𝑚𝑚                    − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝐴𝑠 = 2826.8 𝑚𝑚 /𝑚 > 𝐴𝑠, 𝑚𝑖𝑛 = 1670 𝑚𝑚 /𝑚               𝑜𝑘  

𝑇𝑎𝑘𝑒 𝜙20 @ 11𝑐𝑚  𝐴𝑠 = 2856 𝑚𝑚 /𝑚 

𝑆 = 380
280

𝑓𝑠
− 2.5𝐶𝑐 = 380

280

2
3

420
− 2.5 𝑥 75 = 192.5𝑚𝑚       𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

 𝐵𝑢𝑡 𝑠 ≤ 300
280

𝑓𝑠
= 300

280

2
3

(420)
= 300  

𝐶ℎ𝑒𝑐𝑘 𝑠𝑡𝑟𝑎𝑖𝑛 ∶ 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

2826.8 𝑥 420

0.85 𝑥 24 𝑥 1000
=  58.2 𝑚𝑚                                     𝛽1 = 0.85  

𝑐 =  
𝑎

𝛽
=  

58.2

0.85
= 68.5 𝑚𝑚  

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(499 − 68.5 )

68.5
= 0.01886 > 0.005  − 𝑜𝑘 

 
 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑖𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 =  219.4 𝐾𝑁. 𝑚 

𝑑 = 600 − 20 −
16

2
= 572 𝑚𝑚 

 

Rn =
.

=
. ×

.     
= 0.745 𝑀𝑝𝑎                                 , 𝑚 =

. ∙
= 20.59 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 0.745 ∙ 20.59

420
= 0.00180 

  

𝐴𝑠 =  𝜌𝑏𝑑 =  0.00180 𝑥 1000 𝑥 572 = 1033.69  𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛 ∶    

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥   

1.4

𝑓
𝑏 𝑑 
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𝐴𝑠, 𝑚𝑖𝑛 =  0.25
√24

420
 1000 𝑥 572 =  1668 𝑚𝑚    

𝐴𝑠, 𝑚𝑖𝑛 =
1.4

420
1000 𝑥 572 = 1906.7  𝑚𝑚                    − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝐴𝑠 = 1033.69
 𝑚𝑚

𝑚
<  𝐴𝑠, 𝑚𝑖𝑛 = 1906.7 

 𝑚𝑚

𝑚
  𝑛𝑜𝑡 𝑜𝑘    ,   𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚  

𝑇𝑎𝑘𝑒 𝜙16 @ 10𝑐𝑚  𝐴𝑠 = 2010.61 𝑚𝑚 /𝑚 

𝑆 = 380
280

𝑓𝑠
− 2.5𝐶𝑐 = 380

280

2
3

420
− 2.5.20 = 330 𝑚𝑚 

                               𝐵𝑢𝑡 𝑠 ≤ 300
280

𝑓𝑠
= 300

280

2
3

420
= 300 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

𝐶ℎ𝑒𝑐𝑘 𝑠𝑡𝑟𝑎𝑖𝑛 ∶ 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

2010.61 𝑥 420

0.85 𝑥 24 𝑥 1000
=  41.4 𝑚𝑚                                     𝛽1 = 0.85  

𝑐 =  
𝑎

𝛽
=  

41.4

0.85
= 48.39 𝑚𝑚  

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(572 − 48.39 )

48.39 
= 0.3032 > 0.005  − 𝑜𝑘 

 

In x direction 

𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑖𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛  =  202.34 𝐾𝑁. 𝑚 

𝑑 = 600 − 75 −
16

2
= 517 𝑚𝑚  

 

Rn =
.

=
. ×

.     
= 0.841 𝑀𝑝𝑎                                   𝑚 =

. ∙
= 20.59 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 0.841 ∙ 20.59

420
= 0.00204 

𝐴𝑠 =  𝜌 𝑏 𝑑 =  0.00204 𝑥 1000 𝑥 517 = 1057.652 𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛: 
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𝐴𝑠, 𝑚𝑖𝑛 =  0.25
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥   

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
√24

420
 1000 ∙ 517 =  1507.6  𝑚𝑚  

𝐴𝑠, 𝑚𝑖𝑛 =
1.4

420
1000 ∙ 517 = 1723.3  𝑚𝑚              − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝐴𝑠 = 1057.652  𝑚𝑚 /𝑚 <  𝐴𝑠, 𝑚𝑖𝑛 = 1723.33  𝑚𝑚 /𝑚               𝑡𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 

𝑇𝑎𝑘𝑒 𝜙16 @ 12.5 𝑐𝑚  𝐴𝑠 = 1748.36 𝑚𝑚 /𝑚 

𝑪𝒉𝒆𝒄𝒌 𝒔𝒕𝒓𝒂𝒊𝒏 ∶ 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

1608.5 ∙ 420

0.85 ∙ 24 ∙ 1000
=  36 𝑚𝑚                                     𝛽1 = 0.85 

𝑐 =  
𝑎

𝛽
=  

36

0.85
= 42.4 𝑚𝑚 

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(517 − 42.4)

42.4
= 0.033 > 0.005  − 𝑜𝑘 

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒊𝒏 𝑿 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏  =  𝟕𝟑. 𝟏𝑲𝑵. 𝒎 

𝑑 = 600 − 20 − 16 −
16

2
= 556 𝑚𝑚 

𝑅𝑛 =
𝑀𝑢

0.9𝑏𝑑
=

202.34 × 10

0.9 ∙ 1000 ∙ 556
= 0.262 𝑀𝑝𝑎                                   𝑚 =

420

0.85 ∙ 24
= 20.59 

𝜌 =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 0.262 ∙ 20.59

420
= 0.00063 

𝐴𝑠 =  𝜌𝑏𝑑 =  0.00063 𝑥 1000 𝑥 526 = 350.08 𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛: 

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥   

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
√24

420
 1000 𝑥 526 =  1621.4  𝑚𝑚  

𝐴𝑠, 𝑚𝑖𝑛 =
1.4

420
1000 𝑥 556 = 1853.3 𝑚𝑚                 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝐴𝑠 = 350.08
 𝑚𝑚

𝑚
<  𝐴𝑠, 𝑚𝑖𝑛 = 1853.3

 𝑚𝑚

𝑚
        𝑛𝑜𝑡 𝑜𝑘 ,      𝑡𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 
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𝑇𝑎𝑘𝑒 𝜙16 @ 10.5 𝑐𝑚  𝐴𝑠 = 1914.875 𝑚𝑚 /𝑚 

𝐶ℎ𝑒𝑐𝑘 𝑠𝑡𝑟𝑎𝑖𝑛 ∶ 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

1914.875 𝑥 420

0.85 𝑥 24 𝑥 1000
=  39.42 𝑚𝑚                                     𝛽1 = 0.85 

𝑐 =  
𝑎

𝛽
=  

36

0.85
= 46.4 𝑚𝑚 

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(526 − 46.4)

46.4
= 0.033 > 0.005  − 𝑜𝑘 

 

𝑃𝑎𝑛𝑒𝑙 2: 

𝑀𝑜𝑚𝑒𝑛𝑡: 

 

 

𝑌 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛                                                            𝑋 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

In Y direction 

1. Mu = 31.13 KN. m , need the minimum  Take ϕ16 @ 12.5cm  As = 1748.36 mm /m 

2. Mu = 11.08 KN. m , need the minimum  Take ϕ16 @ 10cm  As = 2010.61 mm /m 

In x direction 

3. Mu = 194.07 KN. m , need the minimum  Take ϕ16 @ 12.5cm  As = 1748.36 mm /m 

4. Mu = 32.81 KN. m , need the minimum  Take ϕ16 @ 10.5m  As = 1914.875 mm /m 
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Panel 3: 

 

In y direction  

1. Mu = 98.69 KN. m , need the minimum Take ϕ16 @ 12.5cm  As = 1748.36 mm /m 

2. Mu = 29.47 KN. m , need the minimum Take ϕ16 @ 10cm  As = 2010.61 mm /m 

In x direction  

3. Mu = 95.55 KN. m , need the minimum Take ϕ16 @ 12.5cm  As = 1748.36 mm /m 

4. Mu = 45.16 KN. m , need the Take ϕ16 @ 10.5m  As =
.  

 

 

Case 2 the tank is will be fill 

 

 

 

 

 

 

 

 

 

 

 

B - B

1 0 0 K N /m

1 0 0 K N /m1 0 0 K N /m
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𝑇ℎ𝑒 𝑙𝑜𝑎𝑑 𝑖𝑠 𝑐𝑜𝑚𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑊𝑎𝑡𝑒𝑟 𝑖𝑠 ∶  

𝑃 = 𝛾ℎ = 10 𝑥 10 = 100 𝐾𝑁/𝑚  

Check of the shear: 

 

 

𝑑 = 1000 − 75 −
16

2
= 917 𝑚𝑚 

𝜙𝑉 =
1

6
𝑓𝑐  𝑏𝑑 = 0.75 𝑥 

1

6
√24 𝑥 1000 𝑥 917 = 561.54 𝐾𝑁 

𝑉 < 𝜙𝑉𝑐 but we must but the minimum share reinforcement case 2 

𝐴 , =
1

16
𝑓  

𝑏 𝑠

𝑓
≥

1

3

𝑏 𝑠

𝑓
 

𝑡𝑎𝑘𝑒 4 𝑙𝑒𝑔𝑠 𝜙 10 = 314.15 𝑚𝑚    , 𝑆 = 430 𝑚𝑚  𝑜𝑟 𝑠 = 395.829 𝑚𝑚 

𝑇𝑎𝑘𝑒 4 𝑙𝑒𝑔𝑠 𝑜𝑛 30 𝑐𝑚 𝑠𝑜 𝑡ℎ𝑒 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑓𝑜𝑟 𝑡𝑎𝑛𝑘 = 1047.166 𝑚𝑚 /𝑚      
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Moment design  

Panel 1 

  

 

In y direction  

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒊𝒏 𝒚 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏  =  − 𝟗𝟖𝟏. 𝟒𝟕 𝑲𝑵. 𝒎 
 
Check if the section as doubly  

Assume initial bar ∅25 

𝑑 = 600 − 20 −
25

2
= 567.5 𝑚𝑚  

Maxima nominal moment a strength from strain condition  ε = 0.004 

C= 𝑑 = ∙ 567.5 = 243.21 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 243.21 ∙ 0.85  = 206.73 𝑚𝑚             

𝑀 = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 ∙ 24 x 206.73 x 1000 x 567.5 −

206.73

2
= 1957.39𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82      , 𝑀 =  257 > 𝜙𝑀 = 1957.39 x 0.82      = 1605.06 𝐾𝑁 

 The section design as singly 

Rn =
.

=
. ×

.     .
= 3.4 𝑀𝑝𝑎                                   𝑚 =

. ∙
= 20.59 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 3.4 ∙ 20.59

420
= 0.00887  
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𝐴𝑠 =  𝜌𝑏𝑑 =  0.00887 𝑥 1000 𝑥 567.5 = 5035 𝑚𝑚  

𝐶ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝐴𝑠, 𝑚𝑖𝑛 ∶    

𝐴𝑠, 𝑚𝑖𝑛 𝑜𝑖 =  0.25
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥   

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, 𝑚𝑖𝑛 =  0.25
√24

420
 1000 𝑥 565.5 =  1654 𝑚𝑚   

𝐴𝑠, 𝑚𝑖𝑛 =
1.4

420
1000 𝑥 567.5 = 1891.6 𝑚𝑚              − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝐴𝑠 = 5035 𝑚𝑚 /𝑚 >  𝐴𝑠, 𝑚𝑖𝑛 = 1891.6  𝑚𝑚 /𝑚              𝑜𝑘 

𝑁𝑒𝑒𝑑 𝜙28 @ 12𝑐𝑚  𝐴𝑠 = 5131.26 𝑚𝑚 /𝑚 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

1608.5 𝑥 420

0.85 𝑥 24 𝑥 1000
=  105.64 𝑚𝑚                                     𝛽1 = 0.85  

𝑐 =  
𝑎

𝛽
=  

36

0.85
= 124.286 𝑚𝑚  

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(566 − 124.286)

124.286
= 0.0106 > 0.005  − 𝑜𝑘 

 

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒊𝒏 𝒚 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏  =  −𝟒𝟐𝟕. 𝟎𝟒 𝑲𝑵. 𝒎 

𝑑 = 600 − 75 − 16 −
16

2
= 501 𝑚𝑚 

Rn =
.

=
×

.     
= 1.9𝑀𝑝𝑎                                   𝑚 =

. ∙
= 20.59 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 1.9 ∙ 20.59

420
= 0.0047 

As =  ρ b d =  0.0047 𝑥 1000 x 501 = 2370.4 𝑚𝑚  

Check for As, min ∶    

As, min =  0.25
√fc′

fy
b d ≥   

1.4

f
b d 

As, min =  0.25
√24

420
 1000 x 501 =  1460.94 𝑚𝑚    

As, min =
1.4

420
1000 x 501 = 1670 𝑚𝑚                    − control  
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As = 2289.51 𝑚𝑚 /m > As, min = 1670 𝑚𝑚 /m               ok  

Take ϕ20 @ 13cm  As = 2416.6 𝑚𝑚 /m 

 

a =  
f As

0.85f  b
=  

2416.6 x 420

0.85 x 24 x 1000
=  49.753 mm                                     β1 = 0.85  

c =  
a

β
=  

49.75

0.85
= 58.53 mm  

Ԑ =
0.003(d − c)

c
 =  

0.003(501 − 58.53)

58.53
= 0.022 > 0.005  − ok 

In X direction  

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒊𝒏 𝒙 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏  =  𝟑𝟗𝟐. 𝟖𝟔 𝑲𝑵. 𝒎 
 

d = 600 − 20 − 16 −
16

2
= 556 mm 

Rn =
Mu

0.9bd
=

392.86 × 10

0.9 x 1000 x 556
= 1.41 Mpa                                   m =

420

0.85 ∙ 24
= 20.59 

ρ =
1

m
1 − 1 −

2R m

f
=

1

20.59
1 − 1 −

2 ∙ 1.41 ∙ 20.59

420
= 0.00348 

As =  ρbd =  0.0032 x 1000 x 556 = 1938.9 𝑚𝑚  

Check for As, min ∶    

As, min oi =  0.25
√fc′

fy
b d ≥   

1.4

f
b d 

As, min =  0.25
√24

420
 1000 x 556 =  1621.4 𝑚𝑚    

As, min =
1.4

420
1000 x 556 = 1853.33 𝑚𝑚                   − control  

As = 1938.9
𝑚𝑚

m
> As, min = 1853.33 

𝑚𝑚

m
   not ok ,     Take the minimum  

Need ϕ16 @ 10cm  As = 2010.61 𝑚𝑚 /m 

a =  
f As

0.85f  b
=  

2010.61 x 420

0.85 x 24 x 1000
=  41.4 mm                                     β1 = 0.85  
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c =  
a

β
=  

41.4

0.85
= 48.7 mm  

Ԑ =
0.003(d − c)

c
 =  

0.003(556 − 48.7)

48.7
= 0.0106 > 0.005  − ok 

 

𝐃𝐞𝐬𝐢𝐠𝐧 𝐭𝐡𝐞 𝐩𝐨𝐬𝐢𝐭𝐢𝐯𝐞 𝐦𝐨𝐦𝐞𝐧𝐭 𝐢𝐧 𝐲 𝐝𝐢𝐫𝐞𝐜𝐭𝐢𝐨𝐧  =  𝟏𝟒𝟏 𝐊𝐍. 𝐦 

d = 600 − 75 − 16 −
16

2
= 501 mm 

Rn =
Mu

0.9bd
=

141 × 10

0.9 ∙ 1000 ∙ 517
= 0.62 Mpa                                   m =

420

0.85 ∙ 24
= 20.59 

ρ =
1

m
1 − 1 −

2R m

f
=

1

20.59
1 − 1 −

2 ∙ 0.62 ∙ 20.59

420
= 0.00151 

As =  ρ b d =  0.00151 x 1000 x 501 = 756.29 𝑚𝑚  

 

 

Check for As, min ∶    

As, min =  0.25
√fc′

fy
b d ≥   

1.4

f
b d 

As, min =  0.25
√24

420
 1000 x 501 =  1460.9 𝑚𝑚    

As, min =
1.4

420
1000 x 472 = 1670 𝑚𝑚                   − control  

As = 756.29 𝑚𝑚 /m < As, min = 1670 𝑚𝑚 /m               ok  

 

a =  
f As

0.85f  b
=  

2416.6 x 420

0.85 x 24 x 1000
=  49.753 mm                                     β1 = 0.85  

c =  
a

β
=  

49.75

0.85
= 58.53 mm  

Ԑ =
0.003(d − c)

c
 =  

0.003(515 − 58.53)

58.53
= 0.026 > 0.005  − ok 

 

 



120  
 

Panel2 

 

𝐼𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

1. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 21.56 𝐾𝑁. 𝑚 , 𝐴𝑠 = 1891.6  𝑚𝑚 /𝑚   

2. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 60.59 𝐾𝑁. 𝑚 , 𝐴𝑠 = 1670  𝑚𝑚 /𝑚 

𝐼𝑛 𝑥 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

1. 𝑇𝑎𝑘𝑒 𝐴𝑠 = 1898.7 𝑚𝑚  𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 385.16 𝐾𝑁. 𝑚 , 

2. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 63.42 𝐾𝑁. 𝑚 , 𝐴𝑠 = 1670 𝑚𝑚 /𝑚 

 

Panel 3: 

 

𝐼𝑛 𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

3. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 32.08 𝐾𝑁. 𝑚 , 𝐴𝑠 = 1891.6   𝑚𝑚 /𝑚 

4. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 97.50 𝐾𝑁. 𝑚 , 𝐴𝑠 = 1670  𝑚𝑚 /𝑚 

𝐼𝑛 𝑥 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

3. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 127.17 𝐾𝑁. 𝑚 , 

4. 𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑢 = 63.42 𝐾𝑁. 𝑚 , 𝐴𝑠 = 1670  𝑚𝑚 /𝑚 
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Slab Design 

 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A

A

1 
1 

A

A

2 
2 

A 

A 

3 
3 

A 

A 

4 
4 

A

A

5 6 
5 

0.3 4.7 0.3 0.3 4.7 0.3 0.3 4.7 0.3 0.3 4.7 0.3 0.3 4.7 0.3 

5. 5. 5. 5. 5. 

A 

A 

6 
6 

A

A

7 
7 

A

A

8 9 
8 

0.3 4.7 0.3 0.3 4.7 0.3 0.3 4.7 0.3 

5. 5. 5. 

100. 

21. 

A A 

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

5.25 

5. 5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 5. 

5.25 

5. 5. 5. 

5.25 

5. 5. 5. 

5.25 

5. 5. 5. 
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

5.00 

5. 5. 5. 5. 5. 

5.00 

5. 5. 5. 5. 5. 

5.00 

5. 5. 5. 5. 5. 

5.00 

5. 5. 5. 5. 5. 

5.00 

5. 5. 5. 5. 5. 

5.00 

5. 5. 5. 

5.00 

5. 5. 5. 

5.00 

5. 5. 5. 

Moments:   spans  1 to  8 

-40.4 
-34. -36.1 -35.2 -36.1 -34. 

-40.4 

32. 

21.1 23.8 23.1 23.1 23.8 21.1 

32. 

1.73 1.73 

0.76 0.86 
0.66 

0.59 
0.69

0.69 
0.67

0.67 
0.69

0.69 
0.59 

0.66 
0.86

0.76 

2. 3. 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 3. 2. 

Shear  

26. 
36.1 34.4 35. 34.7 35.4 33.5 

39.5 

-39.5
-33.5 -35.4 -34.7 -35. -34.4 -36.1

-26. 

30.3 

-43.8 

40.4 

-37.8 

38.7 

-39.7 

39.3 

-39. 

39. 

-39.3 

39.7 

-38.7 

37.8 

-40.4 

43.8 

-30.3
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𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝑒𝑠: 

𝑂𝑛𝑒 𝑒𝑛𝑑 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 =
𝑙

24
=

5000

24
= 208.33 𝑚𝑚 

𝐵𝑜𝑡ℎ 𝑒𝑛𝑑 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 =
𝑙

28
=

5000

28
= 178.57 𝑚𝑚 

𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝑒𝑠   =  21 𝑐𝑚  

 

Check of shear: 

𝑑 = 210 − 20 −
12

2
= 184 𝑚𝑚 

𝜙𝑉 = 0.75  𝑓 𝑏𝑑            , 0.75 𝑥 √24 𝑥 1000 𝑥 184 = 112.67 𝐾𝑁 

𝑉 < 𝜙𝑉  

Thickness is adequate enough 

 

The flexures design for moment: 

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒊𝒏 𝒚 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏  =  𝟐𝟑. . 𝟖 𝑲𝑵. 𝒎 

𝑑 = 210 − 20 −
12

2
= 184 𝑚𝑚 

𝑅𝑛 =
𝑀𝑢

0.9𝑏𝑑
=

23.8 × 10

0.9 𝑥 1000 𝑥 184
= 0.781 𝑀𝑝𝑎                                   𝑚 =

420

0.85 ∙ 24
= 20.59 

𝜌 =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 0.781 ∙ 20.59

420
= 0.001897 

𝐴𝑠 =  𝜌𝑏𝑑 =  0.00189 𝑥 1000 𝑥  184 = 349.1 𝑚𝑚2 

𝐴 , . . ∙ ∙    

𝑇𝑎𝑘𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚   

𝑇𝑎𝑘𝑒 𝜙10 @ 20 𝐴𝑠 = 395 𝑚𝑚2 

𝑆 = 380
280

𝑓𝑠
− 2.5𝐶𝑐 = 380

280

2
3

420
− 2.5.20 = 330 𝑚𝑚 



124  
 

      𝐵𝑢𝑡 𝑠 ≤ 300
280

𝑓𝑠
= 300

280

2
3

420
= 300 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

395 𝑥 420

0.85 𝑥 24 𝑥 1000
=  8.13 𝑚𝑚                                     𝛽1 = 0.85  

𝑐 =  
𝑎

𝛽
=  

8.13

0.85
= 9.6 𝑚𝑚  

Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(185 − 9.6)

9.6
= 0.055 > 0.005  − 𝑜𝑘 

 

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒊𝒏 𝒚 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏 =  𝟒𝟎. 𝟔 𝑲𝑵. 𝒎 

𝑑 = 210 − 20 −
12

2
= 184 𝑚𝑚 

𝑅𝑛 =
𝑀𝑢

0.9𝑏𝑑
=

40.6 × 10

0.9 ∙ 1000 ∙ 184
= 1.33 𝑀𝑝𝑎                                   𝑚 =

420

0.85 ∙ 24
= 20.59 

𝜌 =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 ∙ 1.33 ∙ 20.59

420
= 0.0034 

𝐴𝑠 =  𝜌𝑏𝑑 =  0.0034 𝑥 1000 𝑥 184 = 604.32 𝑚𝑚2 

𝐴 , . .        

𝑇𝑎𝑘𝑒 𝜙10 @ 12 𝐴𝑠 = 395  𝑚𝑚2 

𝑆 = 380
280

𝑓𝑠
− 2.5𝐶𝑐 = 380

280

2
3

420
− 2.5.20 = 330 𝑚𝑚 

      𝐵𝑢𝑡 𝑠 ≤ 300
280

𝑓𝑠
= 300

280

2
3

420
= 300 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 

 

𝑎 =  
𝑓 𝐴𝑠

0.85𝑓  𝑏
=  

658.3 𝑥 420

0.85 𝑥 24 𝑥 1000
=  13.55 𝑚𝑚                                     𝛽1 = 0.85  

𝑐 =  
𝑎

𝛽
=  

13.55

0.85
= 15.9 𝑚𝑚  
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Ԑ =
0.003(𝑑 − 𝑐)

𝑐
 =  

0.003(185 − 15.9)

15.9
= 0.031 > 0.005  − 𝑜𝑘 

 

𝐁𝐞𝐚𝐫𝐢𝐧𝐠 𝐖𝐚𝐥𝐥 (𝐢𝐧𝐭𝐞𝐫𝐧𝐚𝐥 𝐖𝐚𝐥𝐥) 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑜𝑎𝑑 𝑜𝑛 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝐷 = 29.8𝐾𝑁/𝑚  𝑎𝑛𝑑   𝐿 = 30.28𝐾𝑁/𝑚       𝑠𝑒𝑟𝑣𝑖𝑐𝑒  

𝑊𝑒 𝑤𝑖𝑙𝑙 𝑡𝑎𝑘𝑒 𝑡ℎ𝑒 𝑆𝑙𝑖𝑐𝑒𝑠 1000 𝑚𝑚 𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑤𝑎𝑙𝑙 𝑤𝑖𝑑𝑡ℎ 

𝑃 = 29.8 ∙ 1 = 29.8𝐾𝑁             𝑃 = 30.28 ∙ 1 = 30.28𝐾𝑁 

𝑃 = 1.2 ∙ 29.8 + 30.28 ∙ 1.6 = 84.208𝐾𝑁 

𝐴𝑓𝑡𝑒𝑟 𝑢𝑠𝑖𝑛𝑔 𝑆𝑝 𝑐𝑜𝑙𝑢𝑚𝑛 𝑡𝑜 𝑑𝑒𝑠𝑖𝑔𝑛 𝑏𝑎𝑟𝑖𝑛𝑔 𝑤𝑎𝑙𝑙  

𝐴𝑆  =  3216 𝑚𝑚  

𝐴𝑠 = 0.0012 ∙ 1000 ∙  300 = 360 𝑚𝑚  

𝑇𝑎𝑘𝑒 𝜙16  𝐴𝑡 10 𝑐𝑚 𝑖𝑛 𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟  

 

𝐌𝐚𝐭 𝐅𝐨𝐮𝐧𝐝𝐚𝐭𝐢𝐨𝐧: 

𝑀𝑎𝑡 𝑓𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛 𝑤𝑒 𝑢𝑠𝑒 𝑆𝑡𝑎𝑑 𝑝𝑟𝑜 𝑝𝑟𝑜𝑔𝑟𝑎𝑚  

𝑇ℎ𝑒 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑠 

        𝐹𝑌:   422 𝑀𝑃𝐴 𝐹𝐶:    24.000 𝑀𝑝𝑎 𝐶𝑂𝑉𝐸𝑅:    19.050 𝑀𝑀 𝑇𝐻:   600.000 𝑀𝑀 

𝑇𝑂𝑃: 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 −  𝑂𝑛𝑙𝑦 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑡𝑒𝑒𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑. 

𝐵𝑂𝑇𝑇: 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 −  𝑂𝑛𝑙𝑦 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑡𝑒𝑒𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑. 

𝑇𝑂𝑃:     1.064        77.60 /    4       2.180        444.59 /    4 

𝐵𝑂𝑇𝑇:     1.064        96.97 /   10       2.699        544.97 /   10 

𝑇𝑎𝑘𝑒 𝜙 16 @ 10 𝑐𝑚 𝑡𝑜𝑝 𝑎𝑛𝑑 𝑏𝑜𝑡𝑜𝑚 𝑏𝑎𝑟 
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Axial force effect on the join of Wall: 

Shear at join in x Axis 

 

      

                                               Left                                                    right 

 

The axial for on join = 192.55 + 192.55 = 385.1 KN 

As for tension =
p

0.9fy
=

385.1 x 10

0.9 x 420
= 1018.8 mm          

we develop ϕ16 @ 10 cm which is greater than require                                𝑂𝐾 
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4.16 Analysis and Design of Dome: - 

# Geometry and structural system  

 

The Dome is 40 m diameter and the height of the dome is 8 m depending on the equation 𝐷 5 𝑡𝑜 8 

where the D is the diameter of the dome, So 𝐷 5 = 40
5 = 8 𝑚 . 

We used the Membrane Theory of Shells of Revolution to analysis the Dome roof, the membrane 
theory assumes that equilibrium in the shell is achieved by having the in-plane membrane forces resist 
all applied loads without any bending moments. The theory gives accurate results as long as the 
applied loads are distributed over a large area of the shell such as pressure and wind loads. The 
membrane forces by themselves cannot resist local concentrated loads. Bending moments are needed 
to resist loads,  

 The basic assumptions made in deriving the membrane theory (Gibson 1965) are 

1. The shell is homogeneous and isotropic 
2. The thickness of the shell is small compared to its radius of curvature 
3. The bending strains are negligible and only strains in the middle surface are considered 
4. The deflection of the shell due to applied loads is small 
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The hoop stresses in the upper portion of a dome are compressive, but in the lower portion of the 
dome they become tensile, where they are sometimes called peripheral thrust.  The reason why can be 
seen by examining the deformation of the dome under loading. 

 

 

# Material Properties:  

Use B300 ( 𝐹𝑐’ =  24 𝑀𝑝𝑎 )  for concrete and 420 Mpa for Steel reinforcement.  

 

# Thickness of the Dome: 

The thickness of a thin shell shall be propertied for the required strength, concrete cover over 
reinforcement, durability and serviceability. 

The Minimum shell thickness shall be 10 cm according to ACI 350-06 
code. 

 Take the thickness equal to 12 cm, Take the cover equal to 2 cm  

 

# Calculation of Loads:  

The loads subjected to a dome will be in Force per unit area (KN/m2)  

Self-weight (SW) = Thickness of shell x unit weight of concrete = 0.12 m x 25 KN/m3 = 3 KN/m2   

Assume the weight of cladding = 0.5 KN/m2. 

Snow Load (SL) By Jordanians Code for Loads and forces. 

SL depending on the height from the sea level (H) and equal to 900 m  

1500 > H > 500 S0 = (H – 400) / 320 
H = 900 m = 1.5625 KN/m2 

Thickness (cm) 12 
Cover (cm) 2 
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Reduction factor µ = 0.8 for spherical shape, SL = 1.5625 KN/m2 x 0.8 = 1.25 KN/m2   

The Load combination is ULS               1.4DL = 1.4(3+0.5) = 4.9 KN/m2   

                                                                   1.2DL + 1.6LL = 1.2(3+0.5) + 1.6(1.25) = 6.2 KN/m2  (Control)  

 

# The analysis of the Dome: - 

𝑎 = (𝑎 − 8) + 20  

𝑎 = 𝑎 + 64 + 16𝑎 + 400 

16 𝑎 = 464    →       𝑎 = 29 𝑚 

The angle is ∅ =  sin = 43.60 ° 

 

 

-𝑁∅ ( 𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 ) = −𝑊 𝑎 𝑐𝑜𝑠(∅) + 
 

(∅)
 

-𝑁  ( 𝑚𝑒𝑟𝑖𝑑𝑖𝑜𝑛𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 ) = − 
 

(∅)
 

(-) sign refer to Compression  

∅ 𝑁∅  𝑁   
0 -89.9 -89.9 

15 -82.22 -91.46 
25 -68.64 -94.32 

43.6 -25.92 -104.28 
 

The meridional force is Compressive along the meridian of the dome, increasing from the apex to the 
to the bottom of the dome, the circumferential compressive force near the crown, decreases gradually 
with the increase of  ∅ and changes sign, because ∅ < 51.82°  the circumferential force is compressive 
while the ring beam is tensile (T) for all. 

# The diagram of the internal forces is: -  
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# Calculation the Bending moment:  

   X =  0.6 √𝑎 𝑡 = 0.6  √29 𝑥 0.12 = 1.12 m 

  𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑀𝑜𝑚𝑒𝑛𝑡 →  𝑀 =  
 

=
.   .

= 3.89 𝐾𝑁. 𝑚 

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑀𝑜𝑚𝑒𝑛𝑡 →  𝑀 =
𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑀

7.5
=

3.89

7.5
= 0.52 𝐾𝑁. 𝑚 

 

By Robot Structural Analysis: -  

 

 

 

 

 

 

 

 

# Design the reinforcement for Dome.  

In the direction of meridional. 

𝑑 = 120 − 20 − 10/2 = 95 𝑚𝑚 , 𝑓 = 24 𝑀𝑝𝑎, 𝑓 = 420 𝑀𝑝𝑎  

  𝑅 =  
∅

=
.   

.
= 0.479 Mpa        , 𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.479 𝑥 20.59

420
= 1.154 x 10  

𝐴  =  𝜌𝑏𝑑 = 1.154 x 10  𝑥 1000 𝑥 95 = 109.65 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 120 = 216  𝑚𝑚   

𝐴 = 109.65 𝑚𝑚 >  𝐴𝑠, = 216  𝑚𝑚       − 𝑁𝑜𝑡 𝑜𝑘 

𝑇𝑎𝑘𝑒 𝐴𝑠, = 216 𝑚𝑚   

U𝑠𝑒 3∅ 10 /𝑚  𝑜𝑟 ∅10/30 𝑐𝑚 𝑤𝑖𝑡ℎ 𝐴 = 235.62 𝑚𝑚 > 𝐴𝑠, = 216 𝑚𝑚      − 𝑜𝑘   
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Step (s) is the smallest of: 

1. 3ℎ = 3𝑥 120 = 360 𝑚𝑚 
2. 450 𝑚𝑚                

3. 𝑠 = 380 − 2.5𝐶 = 380 − 2.5 ∙ 20 = 330 𝑚𝑚 

4. 𝑠 = 300 = 300 = 300 mm      𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 300 𝑚𝑚 ≤ 𝑆 = 300 𝑚𝑚 − 𝑜𝑘 

In the direction of circumferential (minimum)  

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1000 𝑥 120 = 216  𝑚𝑚   

U𝑠𝑒 3∅ 10 /𝑚  𝑜𝑟 ∅10/30 𝑐𝑚 

 

4.17 Analysis and design of ring beam. 

 

# Transfer loads on ring beam  

Horizontal Force on ring beam → 𝑊 = 𝑁  𝐶𝑜𝑠(∅) = 104.29 𝑥 𝐶𝑜𝑠(43.6) = 75.52 𝐾𝑁/𝑚 

𝑇 = 𝑊 𝑟 = 75.52 𝑥 20 = 1510.5 𝐾𝑁 

𝐴 =  
.  

=  
.   

.   
= 3996 𝑚𝑚    , use 16∅18 with 𝐴 = 4071.5 0𝑚𝑚 > 𝐴𝑠, = 3996 𝑚𝑚   

With beam 100 x 25 cm  

Vertical Force on ring beam → 𝑊 = 𝑁  𝑆𝑖𝑛(∅) = 104.29 𝑥 𝑆𝑖𝑛(43.6) = 71.92 𝐾𝑁/𝑚 

Another Method to find vertical load 𝑃 = 2 𝜋 𝑎 𝐻 𝑊𝑢 = 2 𝑥 𝜋 𝑥 29 𝑥 8 𝑥 6.2 = 9038 𝐾𝑁 

Load per unit meter on ring beam = 𝑃/ 2 𝜋 𝑟 =
    

= 71.92 𝐾 𝑁/𝑚  

Another method to find horizontal load = Vertical load per unit area / tan ∅ = .

( . )
= 75.52  𝐾𝑁/𝑚 
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Analysis ring beam by manual method  

 

 

Number of supports = 12 supports 

Assume the dimension of ring beam 

 L-Section 1x0.25+0.55x0.5=0.525 m2   

The self-weight of ring beam is 0.525x25 =13.125 KN/m 

The factored self-weight = 13.125x1.2 =15.75 KN/m 

Wu = 15.75+71.92 = 87.67 KN/m 

 

Negative Moment at any support = 𝐾 𝑊 𝑟 = 0.024 𝑥 87.67 𝑥 20 =  841.632 𝐾𝑁. 𝑚   

Positive Moment at midspan = 𝐾 𝑊 𝑟 = 0.012 𝑥 87.67 𝑥 20 =  420.816 𝐾𝑁. 𝑚   

Maximum torsional Moment = 𝐾 𝑊 𝑟 = 0.0012 𝑥 87.67 𝑥 20 =  42.0816 𝐾𝑁. 𝑚   

.𝑃 (𝐿𝑜𝑎𝑑𝑠 𝑜𝑛 𝑒𝑎𝑐ℎ 𝐶𝑜𝑙𝑢𝑚𝑛 ) = 𝑊 𝑟 = 87.67 𝑥 20 𝑥 =  918.078 𝐾𝑁 

.𝑉 (𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒 ) = =
.

= 459.039 𝐾𝑁 
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# Analysis Ring beam by Robot Structural Analysis. 

Moment (-Ve 812.55, +Ve 390.06  KN.m)                                   Shear (458.46 KN) 

 

                                               Torsion (44.61 kN.m) 
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# Analysis Ring beam by Atir Beamd.  

L span = 
(   )

=   
     

= 10.47 𝑚   

 

 

 Used the values by manual analysis  
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# Check if the depth of the compression block within the thickness of the flange. 

Let a = ℎ , then compute  𝑀   the total moment capacity of the flange. 

𝑀 =  0.85 𝑓 𝑏ℎ  𝑑 −  = 0.85 𝑥 24 𝑥 1000 𝑥 250 740 −  = 3136.5 𝐾𝑁. 𝑚 

𝑀  =  3136.5 𝐾𝑁. 𝑚 >>  
∅

=
.

.
= 935.16 𝐾𝑁. 𝑚      →   𝑎 < ℎ  

The section will be designed as rectangular section with b = 1000 mm 

 

# Check of the section as doubly. 

Assume bar diameter ∅20 for main positive reinforcement.  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑  −
𝑑

2
=  800 − 40 − 10 −

20

2
= 740 𝑚𝑚 

The width of the ring Beam can be defined from the maximum factored moment. 

The maximum factored moment in ring beam 𝑀 = 841.632 𝐾𝑁. 𝑚  

Take ∅ = 0.9 for flexure as tension – controlled section. 

Assume  𝜌 = 0.4 𝜌   ,   Take 𝛽 = 0.85 ( 𝑓 = 24 𝑀𝑝𝑎 ) 

𝜌 = 0.85 
𝑓

𝑓
 𝛽  

600

600 +  𝑓  
= 0.85 𝑥

24

420
 𝑥 0.85 

600

600 +  420 
= 0.0243  

𝜌 = 0.4 𝜌 = 0.4 𝑥 0.0243 = 0.009714    

𝑅 = 𝜌 𝑓   1 −
𝜌 𝑚

2 
= 0.009714 𝑥 420 𝑥 1 −

0.009714 𝑥 20.59

2 
= 3.67 𝑀𝑝𝑎 

𝑏𝑑 =
∅ 

=  
.  

.   .
= 𝑏 𝑥 740    →      𝑏 =

.    

.   .   
=  465.32 mm 

Usually in construction the maximum width of the beams is 120 cm. Here, take b = 50 cm and no need 
to recalculate the loads acting on the beam.  

# Check whether the section will be act as singly or doubly reinforced section:  

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
 x 740 = 317.14 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 317.14 x 0.85  = 269.57 𝑚𝑚             
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𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 269.57 𝑥 500 𝑥 740 −

269.57

2
= 1664.11 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  841.632 𝐾𝑁. 𝑚 < 𝜙𝑀 , = 1664.11 𝑥 0.82 = 1364.568 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.   ×

.     
= 3.42 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 3.42 𝑥 20.59

420
= 0.00897 

𝐴   =  𝜌𝑏𝑑 = 0.00897 𝑥 500 𝑥 740 = 3651.9 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 500 x 740 = 1078.94 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 500 𝑥 740 = 1233.33 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 3651.9 𝑚𝑚 >  𝐴𝑠, =  1233.33 𝑚𝑚                   − 𝑜𝑘          

Use 15∅18 with A = 3817.04 mm > As, = 3651.9 mm      − ok                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 157.17 mm  ,  c = =  

.

.
= 184.91 mm → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.009 > 0.005 𝑜𝑘 

 

Design the maximum positive moment. 

Maximum positive moment 𝑀 = 420.816 𝐾𝑁. 𝑚 =  

 𝑅 =  
∅

=
.   ×

.     
= 1.71 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 1.71 𝑥 20.59

420
= 0.00426 

𝐴   =  𝜌𝑏𝑑 = 0.00426 𝑥 500 𝑥 740 = 1575.5 𝑚𝑚   
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Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 500 x 740 = 1078.94 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 500 𝑥 740 = 1233.33 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 1575.5 𝑚𝑚 >  𝐴𝑠, =  1233.33 𝑚𝑚                   − 𝑜𝑘          

Use 8∅16 with A = 1608.5 mm > As, = 1511.89 mm      − ok                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 66.23 𝑚𝑚  ,  c = =  

.

.
= 77.92 𝑚𝑚 → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.0255 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) −  𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

500 − 2𝑥40 − 2(10) − 8(16)

7
= 38.86 > 25 > 16 𝑜𝑘 

 

# Design of Beam for Shear. 

The maximum torsional moment is 𝑇 = 42.0816 𝐾𝑁. 𝑚 and it occurs at an angle 𝛼 = 6.25° from the 
support, Shear at the point of Maximum torsional moment is equal to the shear at the support minus 
𝑊  𝑟𝛼 and the Maximum shear at the Support is 459.039 KN  

𝑉  =  459.039  –  87.67 𝑥 20
6.25

180
𝜋 = 267.77  𝐾𝑁  

𝜙𝑉 =  𝜙 𝑓 `𝑏 𝑑 = 0.75 √24 𝑥 500 𝑥 740 = 226.58 𝐾𝑁    , 𝜙 𝑉 = 113.3 𝐾𝑁 

𝜙𝑉 < 𝜙𝑉  ≤ 𝑉  → 𝑆ℎ𝑒𝑎𝑟 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑚𝑖𝑛𝑖𝑚𝑢𝑚  

Check the section dimensions:  

𝑉 =
𝑉

𝜙
− 𝑉 =

267.77

0.75
− 302.11 = 54.92 𝐾𝑁 

 𝑉 , = 𝑓𝑐 𝑏 𝑑 = √24 𝑥 500 𝑥 740 = 1208.4 𝐾𝑁         

𝑉 , = 1208.4 > 𝑉𝑠 = 54.92 𝐾𝑁 − the section is large enough   
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Cases for shear: - 

Case (I): 𝑉 ≤  𝜙𝑉   →   𝑁𝑜 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑟𝑖𝑒𝑑 . 

Case (II):  𝜙𝑉 < 𝑉 ≤ 𝜙𝑉   → 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 ( 𝐴 ,  ) except (in 

ACI). 

Case (III):   𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , ) - 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 ( 𝐴 ,  ) 

𝑉 , = ,  
 → 𝑡ℎ𝑒𝑛 𝑉 ,  𝑖𝑠 𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑓  𝑉 , , = 𝑓𝑐 𝑏 𝑑 𝑎𝑛𝑑 𝑉 , = 𝑏 𝑑.   

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
  

Case (IV):   𝜙(𝑉 + 𝑉 , ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉  ) −  𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑   

𝑉 , ≤ 𝑉 ≤ 𝑉  →  𝑉 =
𝑉

𝜙
− 𝑉  →  𝑉 =

1

3
𝑓𝑐 𝑏 𝑑  &  𝑉 =

𝐴  𝑑 𝑓

𝑆
  

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
 

Case (V):   𝜙(𝑉 + 𝑉  ) < 𝑉  ≤ 𝜙(𝑉 + 𝑉 ,  ) −  𝑠𝑡𝑖𝑟𝑟𝑢𝑝𝑠 𝑎𝑟𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 

𝑉 ≤ 𝑉 ≤ 𝑉 ,  →  𝑉 = − 𝑉  →  𝑉 = 𝑓𝑐 𝑏 𝑑  & 𝑉 , = 𝑓𝑐 𝑏 𝑑 & 𝑉 =
  

   

Then      𝑆  ≤ 300𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

4
 

 

𝑉 , , =
1

16
𝑓𝑐 𝑏 𝑑 =

1

16
√24 𝑥 500 𝑥 740 = 113.29 𝐾𝑁 

𝑉 , =
1

3
𝑏 𝑑 =

1

3
 𝑥 500 𝑥 740 = 123.33 𝐾𝑁           − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

𝑉 =
1

3
𝑓𝑐 𝑏 𝑑 =

1

3
√24 𝑥 500 𝑥 740 = 604.21 𝐾𝑁 

𝑉 , =
2

3
𝑓𝑐 𝑏 𝑑 =

2

3
√24 𝑥 500 𝑥 740 = 1208.41 𝐾𝑁         

 

Find the maximum stirrups spacing for 257.84 KN:  

𝑉 ≤  
1

2
𝜙𝑉 → 267.77   ≤ 113.3 Not ok 
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𝜙𝑉 < 𝑉 ≤ 𝜙𝑉  → 113.3 < 267.77   ≤ 226.58 𝑛𝑜𝑡 𝑜𝑘 

𝜙𝑉 <  𝑉  ≤  𝜙(𝑉 + 𝑉 , )  →  226.58 < 267.77  ≤ 319.08 𝑜𝑘 𝑢𝑠𝑒 𝑐𝑎𝑠𝑒 III , Minimum shear 
reinforcement is required. 

Compute the stirrups spacing required to resist the shear forces: 

 Use stirrups  ∅8 𝑤𝑖𝑡ℎ 4 𝑙𝑒𝑎𝑔 𝐴𝑣 = 4 ∙ 50.27 = 201.08 𝑚𝑚  

𝑉 , =
𝐴 , 𝑑 𝑓

𝑆
 → 𝑆 =

𝐴 , 𝑑 𝑓

𝑉 ,
=  

201.08 𝑥 740 𝑥 420

123.33 𝑥 1000
= 506.74 𝑚𝑚   

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
=

740

2
= 370 𝑚𝑚 𝑐𝑜𝑛𝑡𝑟𝑜𝑙   

Take 2U-shape 4 leg stirrups ∅ 8 𝑎𝑡 𝑠 = 300 𝑚𝑚 < 𝑠 = 370 𝑚𝑚  

For one stirrup every S =  ,

 
=

.

  
= 0.1676 𝑚𝑚 /𝑚𝑚   

 

4.18 Design the Ring Beam for torsion: - 

# Torsional reinforcement is required when: - 

The procedure for calculate of the shear and torsional moment for 𝑇 = 42.0816 𝐾𝑁. 𝑚 𝑎𝑛𝑑  𝑉  =

267.77   𝐾𝑁 is  

𝑇 >  𝑇 = 0.083 𝜙 𝑓𝑐   
𝐴

𝑃
  

It shall be permitted to neglect torsion effects when the factored torsional moment is less than 𝑇   

Where 𝐴  = Area enclosed by out side perimeter of concrete cross section (mm2)  
              𝑃  = Out side perimeter of the concrete cross section (mm) 

𝑇𝑎𝑘𝑒 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑤𝑖𝑑𝑡ℎ 𝑓𝑜𝑟 𝑓𝑙𝑎𝑛𝑔𝑒 𝐻𝑤 =<  4ℎ𝑓        , 4ℎ𝑓 = 0.55 𝑚 

𝐴  for L – section = Web area (Bwh) + area of effective flange = (0.5x0.8 + 0.55x0.25) x10  = 537500 
mm2 

𝑃 = (2𝑥0.5 + 0.8 + 3𝑥0.55 + 0.25)𝑥1000 = 3700 𝑚𝑚 

𝑇 >  𝑇 = 0.083 𝑥0.75 √24  𝑥10 =  23.81 𝐾𝑁. 𝑚  → 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑡𝑜𝑟𝑠𝑖𝑜𝑛     
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# Design for a torsion: - 

# Check the adequacy of the size of the section. 

the cross-section dimensions shall be for solid section equal to. 

[(
𝑉

𝑏 𝑑
) + (

𝑇 𝑃

1.7𝐴
) ] .  ≤  𝜙( 

𝑉

𝑏 𝑑
= 0.66 𝑓𝑐  )   

Choose 4 stirrups and concrete cover 4 cm. 

Calculate  𝐴  , 𝑃  

𝐴  = (500 – 80 – 8) x (800 – 80 – 8) = 412 x 712 = 293344 mm2 

𝑃 = 412𝑥2 + 712𝑥2 = 2248 𝑚𝑚 

𝐴  > area of closed by centerline of the outer most closed transverse torsional reinforcement 

𝑃 > Perimeter of centerline of outer most closed transverse torsional reinforcement. 

Where   shall be determined by analysis except that it shall be permitted to take 𝐴  equal to 0.85𝐴  

And it shall be to take ∅ equal to 45 for non-prestressed. 

[(
𝑉

𝑏 𝑑
) +

𝑇 𝑃

1.7𝐴
] . = [(

267.77 𝑥 1000

500 𝑥 740
) +

42.0816 𝑥1000 𝑥 2248

1.7(293344)
] . =  0.7237 

 𝜙  
𝑉

𝑏 𝑑
+ 0.66 𝑓𝑐  = 0.75   

302.11 𝑥 1000

500 𝑥 740
+ 0.66√24 = 3.037 

The Right side is larger than the left side, so the dimension is adequate  

 

# Determine the required closed stirrups due to 𝑻𝒖 . 

𝑇 =  
2 𝐴  𝐴  𝑓  

𝑆
cot(∅). 

Where 𝐴  > area of one leg of a closed stirrups resisting torsion within a distance S (mm2) 

            𝑓  > yield strength of closed stirrups (Mpa) 

𝐴 = 0.85𝐴 = 0.85 𝑥 293344 = 249342.4 mm2 

    
=  

  

   (∅)
=

.

.

    . ( )
= 0.2679  mm2 /mm 
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the combined area of stirrup reinforcement for shear and torsion  

=(𝐴 + 2𝐴 ) = (0.1676 + 2𝑥0.2679) = 0.7034 𝑚𝑚 /𝑚𝑚   

Where torsional moment reinforcement is required, the minimum area of transverse closed stirrups 

shall be computed by (𝐴 + 2𝐴 ) ≤ 0.062 𝑓𝑐  ≤
.  

Where 𝐴 →   area of shear reinforcement within a distance S or area of shear reinforcement 
perpendicular to flexural torsion reinforcement within a distance S for deep flexural member (𝑚𝑚 ) 

             𝐴 →    area of one leg of a closed stirrups resisting torsion within a distance S (𝑚𝑚 ) 

 ≤ 0.062√24
500

420
= 0.362 𝑚𝑚 /𝑚𝑚 ≤

0.35𝑥500

420
= 0.417 𝑚𝑚 /𝑚𝑚  

0.7034 𝑚𝑚 /𝑚𝑚 > 0.417 𝑚𝑚 /𝑚𝑚       ok 

 For No. 4 of stirrups 4 𝜙8 = 201.06 𝑚𝑚2 

The spacing of closed spacing is 𝑆 =  201.06/0.7034 =  285.84 𝑚𝑚  

The spacing of transverse spacing of stirrups not exceed the smallest of   = 281 or 300 mm  

Use 4𝜙8/25 𝑐𝑚  

 

# The additional longitudinal reinforcement bars required for torsion not less than  

𝐴 = 𝑃 ( )cot∅   

  take from shear reinforcement in torsion = 0.2679  mm2 /mm for one leg 

𝐴 = 𝑃 cot∅ = 0.2679𝑥2248𝑥 𝑥𝐶𝑜𝑡(45) = 602.2392 mm2 

Minimum Torsional reinforcement 

A minimum area of torsion reinforcement shall be provided in all regions where the factored torsional 

moment 𝑇  exceed the values specified  𝑇 = 0.083 𝜙 𝑓𝑐    

When the torsional reinforcement is required, the minimum total area of longitudinal torsional 
reinforcement shall be computed as 

𝐴 , =
.   

− 𝑃  Where ≤
.  

0.2679 𝑚𝑚 /𝑚𝑚 ≤
0.175𝑥500

420
= 0.208 𝑚𝑚 /𝑚𝑚 
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𝐴 , =
0.42 √24 537500 

420
− (0.2679)𝑥2248𝑥

420

420
= 2030.96 𝑚𝑚  

The minimum longitudinal reinforcement is not less than the value of 602.2392 𝑚𝑚  

Use 𝐴 , = 2030.96 𝑚𝑚 with one-third at the top, one-third at middle, and one-third at the 
bottom 

at the top = 2030.96/3 + 3651.9 =4328.89 𝑚𝑚  

at the bottom = 2030.96/3 +1575.5 = 2252.5 𝑚𝑚  

at middle = 2030.96/3 =676.99 𝑚𝑚  

 

 

 

 

 

Notes: 

 the longitudinal reinforcement required for torsion shall be distributed around the perimeter of the 
closed stirrups with a maximum spacing of 300 mm. 

 there shall be at least one longitudinal bar in each corner of the stirrups. 
 bars shall have a diameter at least 1/24 of the stirrup spacing, but not less than ∅10 

 

 

 

 

 

 

 

 

 

 

Locations Area of steel (𝑚𝑚 ) Steel Required area  (𝑚𝑚 ) 
Top 4328.89 - In Detailing 

Middle 676.99  In Detailing 
Bottom 2252.5  In Detailing 
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# Analysis and design of ring beam at the middle of column. 

Analysis ring beam by manual method  

 

 

Number of supports = 12 supports 

Assume the dimension of ring beam, Section 0.5x0.5=0.25 m2   

The self-weight of ring beam is 0.25x25 =6.25 KN/m 

The factored self-weight = 6.25x1.4 =8.75 KN/m 

Wu =8.75 KN/m 

 

Negative Moment at any support = 𝐾 𝑊 𝑟 = 0.024 𝑥 8.75 𝑥 20 =  84 𝐾𝑁. 𝑚   

Positive Moment at midspan = 𝐾 𝑊 𝑟 = 0.012 𝑥 8.75 𝑥 20 =  42 𝐾𝑁. 𝑚   

Maximum torsional Moment = 𝐾 𝑊 𝑟 = 0.0012 𝑥 8.75 𝑥 20 =  4.2 𝐾𝑁. 𝑚   

.𝑃 (𝐿𝑜𝑎𝑑𝑠 𝑜𝑛 𝑒𝑎𝑐ℎ 𝐶𝑜𝑙𝑢𝑚𝑛 ) = 𝑊 𝑟 = 8.75 𝑥 20 𝑥 =  91.63 𝐾𝑁 

.𝑉 (𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆ℎ𝑒𝑎𝑟 𝑓𝑜𝑟𝑐𝑒 ) = =
.

= 45.815 𝐾𝑁 
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# Analysis Ring beam by Robot Structural Analysis. 

Moment (-Ve 81.10, +Ve 38.93  KN.m)                                   Shear (45.76 KN) 

 

                                               Torsion (4.45 kN.m) 
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# Analysis Ring beam by Atir Beamd.  

L span = 
(   )

=   
     

= 10.47 𝑚   

 

 

 Used the values by manual analysis  

 

 



146  
 

# Check of the section as doubly. 

Assume bar diameter ∅20 for main positive reinforcement.  

𝑑 = ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝑑  −
𝑑

2
=  500 − 40 − 10 −

20

2
= 440 𝑚𝑚 

The width of the ring Beam can be defined from the maximum factored moment. 

The maximum factored moment in ring beam 𝑀 = 84 𝐾𝑁. 𝑚  

Take ∅ = 0.9 for flexure as tension – controlled section. 

Assume  𝜌 = 0.4 𝜌   ,   Take 𝛽 = 0.85 ( 𝑓 = 24 𝑀𝑝𝑎 ) 

𝜌 = 0.85 
𝑓

𝑓
 𝛽  

600

600 +  𝑓  
= 0.85 𝑥

24

420
 𝑥 0.85 

600

600 +  420 
= 0.0243  

𝜌 = 0.4 𝜌 = 0.4 𝑥 0.0243 = 0.009714    

𝑅 = 𝜌 𝑓   1 −
𝜌 𝑚

2 
= 0.009714 𝑥 420 𝑥 1 −

0.009714 𝑥 20.59

2 
= 3.67 𝑀𝑝𝑎 

𝑏𝑑 =
∅ 

=  
 

.   .
= 𝑏 𝑥 440    →      𝑏 =

   

.   .   
=  131.86 mm 

Usually in construction the maximum width of the beams is 120 cm. Here, take b = 50 cm and no need 
to recalculate the loads acting on the beam.  

# Check whether the section will be act as singly or doubly reinforced section:  

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
 x 440 = 188.57 𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 188.57 x 0.85  = 160.29 𝑚𝑚             

𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 160.29 𝑥 500 𝑥 440 −

160.29

2
= 588.35 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  84 𝐾𝑁. 𝑚 < 𝜙𝑀 , = 588.35 𝑥 0.82 = 482.45 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
  ×

.     
= 0.964 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 0.964 𝑥 20.59

420
= 0.00235 
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𝐴   =  𝜌𝑏𝑑 = 0.00235 𝑥 500 𝑥 440 = 517.5 𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 500 x 440 = 641.53 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 500 𝑥 440 = 733.3 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 517.5 𝑚𝑚 >  𝐴𝑠, =  733.3 𝑚𝑚                   − 𝑛𝑜𝑡 𝑜𝑘          

Take 𝐴𝑠, =  733.3 𝑚𝑚  

Use 10∅12 with A = 1130.97 mm > As, = 733.3 mm      − ok                 

Check for strain:  

a =
 

.  
=  

.   

.     
= 46.57 mm  ,  c = =  

.

.
= 54.8 mm → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – . )

.
= 0.0211 > 0.005 𝑜𝑘 

Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) − 𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

500 − 2𝑥40 − 2(10) − 10(12)

9
= 31.11 > 25

> 12 𝑜𝑘 

 

Design the maximum positive moment. 

Maximum positive moment 𝑀 = 42 𝐾𝑁. 𝑚  

the 𝐴𝑠, =  733.3 𝑚𝑚  is the control 

Use 10∅12 with A = 1130.97 mm > As, = 733.3 mm      − ok 

 

# Design of Beam for Shear. 

The maximum torsional moment is 𝑇 = 4.2 𝐾𝑁. 𝑚 and it occurs at an angle 𝛼 = 6.25° from the 
support, Shear at the point of Maximum torsional moment is equal to the shear at the support minus 
𝑊  𝑟𝛼 and the Maximum shear at the Support is 45.815 KN  
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𝑉  =  45.815  –  8.75 𝑥 20
6.25

180
𝜋 = 26.73  𝐾𝑁  

𝜙𝑉 =  𝜙 𝑓 `𝑏 𝑑 = 0.75 √24 𝑥 500 𝑥 440 = 134.72 𝐾𝑁    , 𝜙 𝑉 = 67.36 𝐾𝑁 

𝜙𝑉 > 𝜙 𝑉 > 𝑉  → 𝑛𝑜 𝑆ℎ𝑒𝑎𝑟 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑖𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 , 𝑢𝑠𝑒 𝑡ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚  

 

𝑉 , , =
1

16
𝑓𝑐 𝑏 𝑑 =

1

16
√24 𝑥 500 𝑥 440 = 67.36 𝐾𝑁 

𝑉 , =
1

3
𝑏 𝑑 =

1

3
 𝑥 500 𝑥 440 = 73.33 𝐾𝑁           − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

Compute the stirrups spacing required to resist the shear forces: 

 Use stirrups  ∅8 𝑤𝑖𝑡ℎ 4 𝑙𝑒𝑎𝑔 𝐴𝑣 = 2 ∙ 50.27 = 100.54 𝑚𝑚  

𝑉 , =
𝐴 , 𝑑 𝑓

𝑆
 → 𝑆 =

𝐴 , 𝑑 𝑓

𝑉 ,
=  

100.54 𝑥 440 𝑥 420

73.33𝑥 1000
= 253.37 𝑚𝑚   

Then      𝑆  ≤ 600𝑚𝑚       𝑜𝑟     𝑆 ≤
𝑑

2
=

440

2
= 220 𝑚𝑚 𝑐𝑜𝑛𝑡𝑟𝑜𝑙   

Take closed stirrups -shape 2 leg stirrups ∅ 8 𝑎𝑡 𝑠 = 200 𝑚𝑚 < 𝑠 = 220 𝑚𝑚  

For one stirrup every S =  ,

 
=

.

  
= 0.25135 𝑚𝑚 /𝑚𝑚   

 

# Torsional reinforcement is required when: - 

The procedure for calculate of the shear and torsional moment for 𝑇 = 4.2 𝐾𝑁. 𝑚 𝑎𝑛𝑑  𝑉  =

45.815   𝐾𝑁 is  

𝑇 >  𝑇 = 0.083 𝜙 𝑓𝑐   
𝐴

𝑃
  

It shall be permitted to neglect torsion effects when the factored torsional moment is less than 𝑇   

𝐴  for L – section = 0.5x0.5x10  = 250000 mm2 

𝑃 = (4𝑥0.5)𝑥1000 = 2000 𝑚𝑚 

𝑇 >  𝑇 = 0.083 𝑥0.75 √24  𝑥10 =  9.53 𝐾𝑁. 𝑚  → 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑡𝑜𝑟𝑠𝑖𝑜𝑛     
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# Design for a torsion: - 

# Check the adequacy of the size of the section. 

the cross-section dimensions shall be for solid section equal to. 

[(
𝑉

𝑏 𝑑
) + (

𝑇 𝑃

1.7𝐴
) ] .  ≤  𝜙( 

𝑉

𝑏 𝑑
= 0.66 𝑓𝑐  )   

Choose 4 stirrups and concrete cover 4 cm. 

Calculate  𝐴  , 𝑃  

𝐴  = (500 – 80 – 8) x (500 – 80 – 8) = 412 x 412 = 169744 mm2 

𝑃 = 412𝑥4 = 1648 𝑚𝑚 

Where   shall be determined by analysis except that it shall be permitted to take 𝐴  equal to 0.85𝐴  

And it shall be to take ∅ equal to 45 for non-prestressed. 

[(
𝑉

𝑏 𝑑
) +

𝑇 𝑃

1.7𝐴
] . = [(

26.73 𝑥 1000

500 𝑥 440
) +

4.2 𝑥1000 𝑥 1648

1.7(169744)
] . =  0.1215 

 𝜙  
𝑉

𝑏 𝑑
+ 0.66 𝑓𝑐  = 0.75   

179.630 𝑥 1000

500 𝑥 440
+ 0.66√24 = 4.05 

The Right side is larger than the left side, so the dimension is adequate  

 

# Determine the required closed stirrups due to 𝑻𝒖 . 

𝑇 =  
2 𝐴  𝐴  𝑓  

𝑆
cot(∅). 

𝐴 = 0.85𝐴 = 0.85 𝑥 169744 = 144282.4 mm2 

    
=  

  

   (∅)
=

.

.

    . ( )
= 0.0462  mm2 /mm 

the combined area of stirrup reinforcement for shear and torsion  

=(𝐴 + 2𝐴 ) = (0.25125 + 2𝑥0.0462) = 0.34365 𝑚𝑚 /𝑚𝑚   

 

Where torsional moment reinforcement is required, the minimum area of transverse closed stirrups 

shall be computed by (𝐴 + 2𝐴 ) ≤ 0.062 𝑓𝑐  ≤
.  
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≤ 0.062√24
500

420
= 0.362 𝑚𝑚 /𝑚𝑚 ≤

0.35𝑥500

420
= 0.417 𝑚𝑚 /𝑚𝑚  

0.34365 𝑚𝑚 /𝑚𝑚 < 0.417 𝑚𝑚 /𝑚𝑚      not ok 

 For No. 2 of stirrups 2 𝜙8 = 100.53 𝑚𝑚2 

The spacing of closed spacing is 𝑆 =  100.53/0.417 =  241.079 𝑚𝑚  

The spacing of transverse spacing of stirrups not exceed the smallest of   = 206 or 300 mm  

Use 2𝜙8/20 𝑐𝑚  

 

# The additional longitudinal reinforcement bars required for torsion not less than  

𝐴 = 𝑃 ( )cot∅   

  take from shear reinforcement in torsion = 0.0462  mm2 /mm for one leg 

𝐴 = 𝑃 cot∅ = 0.0462𝑥1648𝑥 𝑥𝐶𝑜𝑡(45) = 76.1376 mm2 

Minimum Torsional reinforcement 

the minimum total area of longitudinal torsional reinforcement shall be computed as 

𝐴 , =
.   

− 𝑃  Where ≤
.  

0.0462 𝑚𝑚 /𝑚𝑚 ≤
0.175𝑥500

420
= 0.208 𝑚𝑚 /𝑚𝑚 

𝐴 , =
0.42 √24 250000 

420
− (0.0462)𝑥1648𝑥

420

420
= 1148.62 𝑚𝑚  

The minimum longitudinal reinforcement is not less than the value of 76.1376 𝑚𝑚  

Use 𝐴 , = 1148.62 𝑚𝑚 with one-third at the top, one-third at middle, and one-third at the 
bottom 

at the top = 1148.62/3 + 733.3 =1116.17 𝑚𝑚  

at the bottom = 1148.62/3 +733.3 = 1116.17 𝑚𝑚  

at middle = 1148.62/3 =382.87 𝑚𝑚  
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Design of Column 

The length in the X direction is L = 4.65 m, And the length in Y direction is L= 2.48 m 

The factored Load from L-section Ring Beam is 919 KN and the Factored load form Square ring beam is 
92 KN, and the Factored self-weight of Column is 

 𝜋𝑟 𝑥𝐻𝑒𝑖𝑔ℎ𝑡 𝑥 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  𝜋 𝑥 0.25 𝑥 0.25 𝑥 4.65 𝑥 25 𝑥 1.2 =  28 𝐾𝑁 

Total Factored Load = 919 + 92 + 28 = 1039 KN 

6. Check for Slenderness: 

≤ 34 − 12 ≤ 40      

= 1.0 𝐵𝑟𝑎𝑐𝑒𝑑 𝑓𝑟𝑎𝑚𝑒 𝑤𝑖𝑡ℎ 𝑀   

 𝑘 = 1.0 − 𝑓𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 𝑖𝑛 𝑛𝑜𝑛𝑠𝑤𝑎𝑦 𝑓𝑟𝑎𝑚𝑒𝑠 . 

𝑘𝑙

𝑟
≤ 34 − 12(1.0) = 22 ≤ 40 

𝑘𝑙

𝑟
=  

1.0 𝑥 5.65

0.25 𝑥 0.50
= 45.2 >  22 , 𝐿𝑜𝑛𝑔 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑎𝑏𝑜𝑢𝑡 𝑥 − 𝑎𝑥𝑖𝑠 

𝑘𝑙

𝑟
=  

1.0 𝑥 2.48

0.25 𝑥 0.50
= 19.84 >  22 , 𝑆ℎ𝑜𝑟𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑜𝑟 𝑏𝑒𝑛𝑑𝑖𝑛𝑔 𝑎𝑏𝑜𝑢𝑡 𝑦 − 𝑎𝑥𝑖𝑠 

7. Calculate the minimum eccentricity 𝑒  and the minimum moment 𝑀  : 

𝑒 . = (15 + 0.03ℎ) = 15 + 0.03𝑥500 = 30  𝑚𝑚 

𝑃 = 1.2𝑑𝑙 + 1.6𝑙𝑙 = 1.2𝑥649.375 + 1.6𝑥162.344 = 1039 𝐾𝑁 

𝑀 , = 𝑒 , 𝑥𝑃 = 1039 𝑥 0.03 = 31.17  𝐾𝑁. 𝑚 

3.. Compute 𝐸𝐼 ∶ 

𝐸𝐼 =  
 

 , 𝐸 = 4700 𝑓 = 4700𝑥√28 = 24870 Mpa , 𝐼 = =  
  

= 3.068 𝑥 10  𝑚𝑚   

Locations Area of steel (𝑚𝑚 ) Steel Required area  (𝑚𝑚 ) 
Top 1116.17 10∅12 1130.97 

Middle 382.87 4∅12 452.39 
Bottom 1116.17 10∅12 1130.97 
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𝛽 =  
.   (  )

.  .  
=

. .

. . . .
= 0.75, 𝐸𝐼 =  

 
=

  .  

.
=

43600.67 𝐾𝑁. 𝑚  

4.. Determine the Euler buckling load, 𝑃  : 

𝑃 =  
( )

=
  .

( . )
 = 13480.19 KN 

5.. Calculate the moment magnifier factor 𝛿  : 

𝐶 = 0.6 + 0.4
𝑀

𝑀
= 0.6 + 0.4𝑥1 = 1.0 

𝛿 =
𝐶

1 −
𝑃

0.75𝑃

=  
1.0

1 −
1039

0.75 𝑥 13480.19

= 1.115 > 1.0 

Normally, if 𝛿  exceeds 1.4, a larger cross section should be selected. 

The magnified eccentricity and moment:  

𝑒 = 𝑒 𝑥𝛿  = 30.0x1.115=33.45 mm 

𝑀 = 𝛿 𝑀 = 1.115𝑥31.17 = 34.74 𝐾𝑁. 𝑚 

The magnified moments are less than 1.4 times the first-order moments, as required by ACI Code 2014 

 Compute the ratio 𝑒/ℎ : 

𝑒/ℎ =  33.45/500 = 0.0669  

To construct  the line, take value 0.0669 on ∅  axis and value 1.0 on ∅   axis. 

 Compute the ratio 𝛾: 

𝛾  - the ratio of the distance between the centers of the outside layers of bars to the overall depth of 
the column. Assume ∅25 for bars. 

𝛾 =
𝑑 − 𝑑′

ℎ
=

500 − 2𝑥40 − 2𝑥10 − 25

500
= 0.75 

Using the interaction diagram trying 𝜌 = 0.023 ∶ 

𝑃 .

𝐴
= 0.89 → 𝑃 . =  

0.89 𝑥 𝜋 𝑥 250 𝑥 250 

1000 𝑥 0.145
=  1205.2 𝐾𝑁 

dimensions: D = 500 mm, and 𝜌 = 0.023 
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Use interaction diagrams 

 

 Select the reinforcement: 

𝐴 = 𝜌  𝑥 𝐴 = 0.023 𝑥 𝜋 𝑥 250 𝑥 250=4516 𝑚𝑚  

𝑈𝑠𝑒 15@20 𝑤𝑖𝑡ℎ 4712.4 > 4516 𝑜𝑘  

Design of spiral reinforcement: - 

Use Spiral ∅10 With 𝑎 = 78.54 𝑚𝑚 . 

𝐷 = 𝐷 − 2𝐶𝑜𝑣𝑒𝑟 = 500 − 2𝑥50 = 400 𝑚𝑚 

𝐴 =
𝜋𝐷

4
=

𝜋 𝑥 500

4
= 196349.5408 𝑚𝑚   
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𝐴 =
𝜋𝐷

4
=

𝜋 𝑥 400

4
= 125663.7061 𝑚𝑚   

𝜌 = 0.45
𝐴

𝐴
− 1

𝑓

𝑓
= 0.45

196349.5408

125663.7061
− 1

28

420
= 0.016875 

𝜌 =
4𝑎 (𝐷 − 𝑑 )

𝑆𝐷
=

4𝑥78.54(400 − 10)

𝑆(400)
= 0.016875 → 𝑆 = 45.379 𝑚𝑚 

Take 𝑆 = 50 𝑚𝑚  

Check for code requirements  

1. Clear Spacing between longitudinal bars. 

𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑎𝑙 𝑐𝑖𝑟𝑐𝑙𝑒 𝑜𝑓 𝑏𝑎𝑟𝑠 = 500 − 2𝑥50 − 2𝑥10 − 20 =  360 𝑚𝑚 

Clear spacing =
  

= 55.4 𝑚𝑚 > 40𝑚𝑚 > 1.5𝑑 = 1.5𝑥20 = 30𝑚𝑚    𝑜𝑘  

2. Gross Reinforcement ratio 

0.01 <  𝜌 = 0.023 <  0.08        𝑜𝑘 

3. Number of Bars  

15 > 6 𝑓𝑜𝑟 𝑐𝑖𝑟𝑐𝑙𝑒 𝑚𝑒𝑚𝑏𝑒𝑟𝑠 𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 𝑏𝑦 𝑠𝑝𝑖𝑟𝑎𝑙𝑠     𝑜𝑘 

4. Minimum Spiral diameter ∅10 𝑜𝑘 
5. Clear Spacing for one loop 𝐶𝑙𝑒𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 = 𝑆 − 𝑑 = 50 − 10 = 40 𝑚𝑚 

25 𝑚𝑚 < 40 𝑚𝑚 < 75 𝑚𝑚          𝑜𝑘 

 

Design of Isolated footing. 

This report includes the results of the laboratory tests results and recommendations to choose the 
type and depth of foundations. 

“For shallow foundation, the bearing capacity calculations from shear test results using conservative 

values are 3.2 and 2.9 kg/cm2 for isolated and strip footings respectively at a minimum depth of -2.0 

meters from current ground level. “allowable bearing capacity of the soil for isolated footing is 314 

KN/𝑚  for minimum depth of 2 meter below the ground level. 
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Determine the base area and overall thickness. 

Determine the base area and overall thickness for a square spread footing with the following design 
conditions: 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝐷𝐿 = 649.375 𝐾𝑁 𝑎𝑛𝑑 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 𝐿𝐿 = 162.344 𝐾𝑁. 

Assume Service surcharge 5 KN/𝑚  ,  , 𝑃𝑒𝑟𝑚𝑖𝑠𝑠𝑖𝑏𝑙𝑒 (𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒)𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑞 = 314 KN/𝑚  

𝑆𝑜𝑖𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝛾 = 16 KN/𝑚   

Calculating the weight of footing, soil, and the surcharge floor load:  
 
Assume ℎ = 60 𝑐𝑚, 𝑊  = 0.6𝑥25 = 15  KN/𝑚  ,𝑊 = 1𝑥16 = 16  KN/𝑚  

𝑁𝑒𝑡 𝑠𝑜𝑖𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑞 .  = 314 − 15 − 16 − 5 = 278  KN/𝑚  
 
Required sizes of footing. 

𝐴 =
  

 .  
=

. .
= 2.92 𝑚  , 𝐴 = 𝐿  → 𝐿 = √𝐴 = √2.92 = 1.708 𝑚  , take L = 1.8 m 

 

Depth of footing and shear design. 

𝑃 = 1.2𝑑𝑙 + 1.6𝑙𝑙 = 1.2𝑥649.375 + 1.6𝑥162.344 = 1039 𝐾𝑁 

𝑞 =
1039

1.8
= 320.68 KN/𝑚  

One-way shear (Beam Shear). 

𝑉 = 𝑞 𝑏 − − 𝑑 = 320.68𝑥1.8
.

−
.

− 𝑑  , 𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

𝑉 =  
1

6
𝑓 `𝑏 𝑑 =

1

6
√24 𝑥 1800 𝑥 𝑑 

320.68𝑥1.8

0.75

1.8

2
−

0.5

2
− 𝑑 =

1

6
√24 𝑥 1800 𝑥 𝑑    → 𝑑 = 0.223 𝑚 

Assume cover 75 mm, and steel bars of ∅20 

Generally, the thickness of spread footing is governed by two-way shear. The shear will be checked on 
the critical perimeter at 𝑑/2 from the face of the column and, if necessary, the thickness will be 
increased or decreased. Because there is reinforcement in both directions, the average 𝑑 will be used: 

ℎ = 223 + 75 + 20 = 318 𝑚𝑚  
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𝑡𝑎𝑘𝑒 ℎ = 350 𝑚𝑚 , 𝑡ℎ𝑒𝑛       𝑑 = 350 − 75 − 20 = 255 𝑚𝑚  

 

Two-way shear (Punching Shear). 

𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

𝑉 = 𝑞𝑢 𝑏𝑙 − (ℎ. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑)(𝑏. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) = 

𝑉 = 320.68 1.8𝑥1.8 − (0.5 + 0.255)(0.5 + 0.255) = 856.2 𝐾𝑁 

𝛽 =
500

500
= 1.0            , 𝛽 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑙𝑜𝑛𝑔 𝑠𝑖𝑑𝑒 𝑡𝑜 𝑠ℎ𝑜𝑟𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑐𝑜𝑙𝑢𝑚𝑛  

𝑏  𝑖𝑠 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑎𝑘𝑒𝑛 𝑎𝑡
𝑑

2
 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑𝑒𝑑 𝑎𝑟𝑒𝑎 . 

𝑏 = 2(ℎ. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) + 2(𝑏. 𝑐𝑜𝑙𝑢𝑚𝑛 + 𝑑) = 2(0.5 + 0.255) + 2(0.5 + 0.255) = 3.02 𝑚 

𝛼  𝑖𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡𝑜 𝑏𝑒 ∶  

 𝛼 = 40 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  
 𝛼 = 30 𝑓𝑜𝑟 𝑒𝑑𝑔𝑒 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 
 𝛼 = 20 𝑓𝑜𝑟 𝑐𝑜𝑟𝑛𝑒𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 

𝑡ℎ𝑒 𝐴𝐶𝐼 𝑐𝑜𝑑𝑒 , 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 − 𝑎𝑙𝑙𝑜𝑤𝑠 𝑎 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ , 𝑉  𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 

𝑓𝑜𝑟 𝑡𝑤𝑜 𝑤𝑎𝑦 𝑠ℎ𝑒𝑎𝑟 𝑎𝑐𝑡𝑖𝑜𝑛 , 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑜𝑓  

  𝑉 = 1 +  𝜕 𝑓 𝑏 𝑑      →  𝑉 = 1 +  𝜕 𝑓 𝑏 𝑑 = 0.5  𝜕 𝑓 𝑏 𝑑 𝐾𝑁                                          

  𝑉 = + 2  𝜕 𝑓 𝑏 𝑑 →  𝑉 =
.

.
+ 2  𝜕 𝑓 𝑏 𝑑 = 0.448  𝜕 𝑓 𝑏 𝑑 𝐾𝑁 

  𝑉 = 𝜕 𝑓 𝑏 𝑑                       →  𝑉 = 𝜕 𝑓 𝑏 𝑑 = 0.333 𝜕 𝑓 𝑏 𝑑        𝐶𝑜𝑛𝑡𝑟𝑜𝑙  

 

𝑉 =
1

3
𝜕 𝑓 𝑏 𝑑 =

1

3
 𝑥1.0𝑥√24 𝑥3020 𝑥255 = 1257.56 𝐾𝑁  

∅𝑉 = 0.75𝑋1257.56 = 943.18 >  𝑉 = 856.2 𝐾𝑁   𝑖𝑡𝑠  𝑂𝐾  

The thickness of 35 cm is adequate 
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Depth for flexure in long direction. 

 

Take steel bar of ∅20 

b =  1.8 m , h = 350 mm , d = 350 − 75 −
20

2
= 265 𝑚𝑚 

 𝑓 = 24 𝑀𝑝𝑎, 𝑓 = 420 𝑀𝑝𝑎  

𝑀 =  
𝑤𝑙

2
= 320.68 𝑥 1.8 𝑥 0.65 𝑥

0.65

2
= 121.94 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.   

.
= 1.072 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 20.59 𝑥 1.072

420
= 0.00262 

𝐴  =  𝜌𝑏𝑑 = 0.00262 𝑥 1800 𝑥 265 = 1249.74 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1800 𝑥 350 = 1134  𝑚𝑚   

𝐴 = 1249.74 𝑚𝑚 >  𝐴𝑠, = 1134  𝑚𝑚       − 𝑜𝑘 

U𝑠𝑒 12∅12 𝑤𝑖𝑡ℎ 𝐴 = 1357.18 𝑚𝑚 > 𝐴𝑠, = 1249.74 𝑚𝑚      − 𝑜𝑘   

Using bars of  ∅12 instead of ∅20 as assumed before makes the effective depth 𝑑 larger. So, no need 
to check for 𝑀 :  

𝑆 =
1800 − 75𝑥2 − 12𝑥12

11
= 136.91 𝑚𝑚 

Step (s) is the smallest of: 

4. 3ℎ = 3𝑥 350 = 1050 𝑚𝑚 
5. 450 𝑚𝑚                

6. 𝑠 = 380 − 2.5𝐶 = 380 − 2.5 ∙ 75 = 192.5 𝑚𝑚         𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 136.91 𝑚𝑚 < 𝑆 = 192.5 𝑚𝑚 𝑜𝑘 
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Depth for flexure in Short direction. 

 

Take steel bar of ∅12 

h = 400 mm , d = 350 − 75 − 12 − 12/2 = 257 𝑚𝑚 

 𝑓 = 24 𝑀𝑝𝑎, 𝑓 = 420 𝑀𝑝𝑎  

𝑀 =  
𝑤𝑙

2
= 320.68 𝑥 1.8 𝑥 0.65 𝑥

0.65

2
= 121.94 𝐾𝑁. 𝑚 

  𝑅 =  
∅

=
.   

.
= 1.14 Mpa         

  𝑚 =  
.  

=  
.   

= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 20.59 𝑥 1.14

420
= 0.002795 

𝐴  =  𝜌𝑏𝑑 = 0.002795 𝑥 1800 𝑥 257 = 1292.82 𝑚𝑚   

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 1800 𝑥 350 = 1134  𝑚𝑚   

𝐴 = 1292.82 𝑚𝑚 >  𝐴𝑠, = 1134  𝑚𝑚       − 𝑜𝑘 

U𝑠𝑒 12∅12 𝑤𝑖𝑡ℎ 𝐴 = 1357.18 𝑚𝑚 > 𝐴𝑠, = 1292.82 𝑚𝑚      − 𝑜𝑘   

Using bars of  ∅12 instead of ∅20 as assumed before makes the effective depth 𝑑 larger. So, no need 
to check for 𝑀 :  

𝑆 =
1800 − 75𝑥2 − 12𝑥12

11
= 136.91 𝑚𝑚 

Step (s) is the smallest of: 

1. 3ℎ = 3𝑥 350 = 1050 𝑚𝑚 
2. 450 𝑚𝑚                

3. 𝑠 = 380 − 2.5𝐶 = 380 − 2.5 ∙ 75 = 192.5 𝑚𝑚         𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑆 = 136.91 𝑚𝑚 < 𝑆 = 192.5 𝑚𝑚 𝑜𝑘 

 

 

 



159  
 

4.19 Analysis and Design of Post-Tension Beam: - 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Slab design  

To design the Solid slab, we need to follow these steps: - 

1. Check the thickness of the slab 

The one end continues span is 5 m ℎ   = = = 208 𝑚𝑚 

Both end continuous span also isℎ   = = = 178 𝑚𝑚 

We take the  ℎ = 210 𝑚𝑚    

B
ea

m
 1

B
ea

m
 1

B
ea

m
 1

B
ea

m
 1

B
ea

m
 1

B
ea

m
 1
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2. Load on slab  

DL=  25 × 0.21 × 1 =
.   

Live load=1.5 KN/m  

Snow load =1.42𝐾𝑁/𝑚  

Take the live and dead 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A

A

1 
1 

A

A

2 
2 

A

A

3 
3 

A 

A 

4 5 
4 

0.8 4.2 0.8 0.8 4.2 0.8 0.8 4.2 0.8 0.8 4.2 0.8 

5. 5. 5. 5. 

A

A

5 
5 

A

A

6 
6 

A

A

7 8 
7 

0.8 4.2 0.8 0.8 4.2 0.8 0.8 4.2 0.8 

5. 5. 5. 

1000 

210

A A 
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L o a d i n g 

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

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

5.25 

5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 

5.25 

5. 5. 5. 5. 

5.25 

5. 5. 5. 

5.25 

5. 5. 5. 

5.25 

5. 5. 5. 

Live load - Service  Load factors: 1.40,1.40/1.70,0.00

1.50 

5. 5. 5. 5. 

1.50 

5. 5. 5. 5. 

1.50 

5. 5. 5. 5. 

1.50 

5. 5. 5. 5. 

Moments:   spans  1 to  7 

7.3 

-27. 

-17. -15.7
-21.2 

-11.8 -12.1

-22.7 

-13.2 -13.1

-22.7 

-13.1 -13.2

-21.2 

-12.1 -11.8

-27. 

-15.7 -17.

7.3

20.6 

11.2 13.5 12.7 13.5 11.2 

20.6 

1.24 1.72 
1.39

1.23 
1.32

1.37 
1.37 

1.32 
1.23 

1.39 
1.72 

1.24 

0.92 1.12 
0.87

0.8 
0.88

0.9 
0.9 

0.88 
0.8 

0.87 
1.12 

0.92 

2. 3. 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 3. 2. 

She 
 

14.5 
21.2 19.8 20.1 20.5 18.9 

24.4 

-24.4
-18.9 -20.5 -20.1 -19.8 -21.2

-14.5

20.2 

-30.1 

27. 

-24.7 

25.5 

-26.2 

25.8 

-25.8 

26.2 

-25.5 

24.7 

-27. 

30.1 

-20.2
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Design of post tension beam:  

 

We chose the property of material 

𝑓  = 35 𝑀𝑃𝑎 𝑎𝑛𝑑 𝑓 = 2800  𝛾 = 25 𝐾𝑁     𝐹𝑦 = 420          

Dead load from Slab =35.72KN/m 

Live load=48.45 KN/m 

Section profile of beam   :-  

The beam flange width is determining as ACI 318-14 section 9.2.4.4  

 

 

 

 

 

  

 

Reactions 

Factored 

DeadR 
LiveR 
MaxR 
MinR 

14.49 
5.7 

20.19 
13.82 

Service  
DeadR 
LiveR 
MaxR 
MinR 

10.35 
3.35 

13.71 
9.96 

41.67 
15.44 
57.11 
47.55 

29.76 
9.08 

38.85 
33.22 

35.46 
14.73 
50.18 
40.16 

25.33 
8.66 

33.99 
28.09 

37.01 
15.03 
52.04 
42.32 

26.43 
8.84 

35.27 
29.56 

37.01 
15.03 
52.04 
42.32 

26.43 
8.84 

35.27 
29.56 

35.46 
14.73 
50.18 
40.16 

25.33 
8.66 

33.99 
28.09 

41.67 
15.44 
57.11 
47.55 

29.76 
9.08 

38.85 
33.22 

14.49 
5.7 

20.19 
13.82 

10.35 
3.35 

13.71 
9.96 
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Interior Beam 

𝑏 = 800𝑚𝑚                      ℎ = 800  

𝑏 + 2𝑐𝑒𝑎𝑙𝑟 = 800 + 2 ×
5000

2
= 5800𝑚𝑚 

b + 8h = 800 + 8 × 210 = 2480 

𝑙

4
=

20000

4
= 5000𝑚𝑚 

We take be=2450 mm 

T section property  

𝐴 = 11545  cm  

𝐼 = 1.1 × 10 𝑚𝑚  

𝑦 = 384.95 mm                                          y =625.05mm                              

Flexure Design External moment and stress  

Load Type Load (KN/m) 𝑊𝑙 /8 Top stress(mpa) Bottom stress 
Dead load slab 29.77KN/m 1488.5 -5.209 8.2 
Live load Slab 9.09KN/m 454.5 -1.59 2.58 
Weight of beam 28.86 KN/m 1443 -5.04 8.2 
Total  3386 11.839 18.98 

   

 The value of excentrecte  

𝑒 = 𝑦𝑏 − 𝑐𝑜𝑣𝑒𝑟 = 625.05 − 40 = 585.05 

Design beam as class U design as uncrack section  

𝑓 = 0.62 𝑓 = 0.62√35 = 3.667 

𝑓 = −
𝑃

𝐴
−

𝑃 ∙ 𝐸  𝑦

𝐼
+

𝑀  𝑦

𝐼
 

3.667 × 10 = −
𝑃

11545 × 10  
−

𝑃 ∙ 585.05 ∙   625.05 × 10

1.1 × 10 × 10
+

3386 × 625.05 × 10

1.1 × 10 × 10
 

𝑃 = 3716𝐾𝑁 

The number of tendon   

2
10

.0
0

8
0

0.
0

0

800.00

2450.00

3
84

.9
5

6
25

.0
5
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𝐹 = 1860 𝑀𝑃𝑎      𝐷𝑡 = 12 𝑚𝑚  𝐴𝑡 = 113.09   𝑚𝑚        

 

Assume initial effective force =1860 × .8 = 1488 Mpa 

Assume the losses in pre-stress will be 5% Fe=1488-75=1413Mpa 

𝐴 =
𝑃

𝐹
=

3716

1413 × 10
= 2.63 × 10 𝑚 = 2630 𝑚𝑚  

𝑁 =
2630

113.09
= 23.25 ≈ 24 𝑡𝑒𝑛𝑑𝑜 

Check allowable mid span stresses at critical load stage  

Prestress internal stress at initial 

𝑓𝑡 = −
𝐴 ∗ 𝑓

𝐴
+

𝐴 ∙ 𝑓 ∙ 𝑒 ∙ 𝑦

𝐼

= −
24 × 113.09 × 1488

11545 × 10
+

24 × 113.09 × 1488 × 585.05 × 384.95 

1.1 × 10 × 10
= 4.77𝑀𝑃𝐴 

𝑓𝑏 = −
𝐴 ∗ 𝑓

𝐴
−

𝐴 ∙ 𝑓 ∙ 𝑒 ∙ 𝑦

𝐼

= −
24 × 113.09 × 1488

11545 × 10
+

24 × 113.09 × 1488 × 625.05 × 585.05

1.1 × 10 × 10
= −16.92𝑀𝑃𝐴 

Initial load 

Load   Top stress (Mpa) bottom stress(Mpa) 
Dead load -5.209 8.2 
Beam weight  -5.04 8.2 
Prestress load 4.77 -16.92 
Total -5.479 -0.52 
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Under permanent load 

The losses will take 

𝑓𝑡 = −
𝐴 ∗ 𝑓

𝐴
+

𝐴 ∙ 𝑓 ∙ 𝑒 ∙ 𝑦

𝐼

= −
24 × 113.09 × 1413

11545 × 10
+

24 × 113.09 × 1413 × 585.05 × 384.95 

1.1 × 10 × 10
= 4.53𝑀𝑃𝐴 

𝑓𝑏 = −
𝐴 ∗ 𝑓

𝐴
−

𝐴 ∙ 𝑓 ∙ 𝑒 ∙ 𝑦

𝐼

= −
24 × 113.09 × 1413

11545 × 10
+

24 × 113.09 × 1488 × 625.05 × 585.05

1.1 × 10 × 10
= −16.07𝑀𝑃𝐴 

 

Load   Top stress (Mpa) Bottom stress(Mpa) 
Dead load -5.209 8.2 
Beam weight  -5.04 8.2 
Prestress load 4.53 -16.07 
total -5.479 0.33 

 

Under Permanent loads 

load Top stress (Mpa) Bottom stress(Mpa) 
Total from previse  -5.479 0.33 
Live load -1.59 2.58 
total -7.1 2.91 

 

𝑓 = 0.62 𝑓 = 0.62√35 = 3.667 > 2.91   𝑂𝐾 

 

Cheek Flexural strength 

Factor moment  

𝑀 = 1.2𝑀 + 1.6𝑀 = 1.2 × (1488.5 + 1443) + 1.6 × 454.5 = 4245 𝐾𝑁. 𝑚 

Compute nominal moment, 𝜙𝑀 , assuming rectangular 

Section behavior. In order to compute𝜙 𝑀0, the stress in the bonded posttensioning tendons al 
nominal strength, fps,  
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𝑓 = 𝑓 1 −
𝛾

𝛽
𝜌

𝑓

𝑓
+

𝑑

𝑑
(𝜔 − 𝜔  

𝐴 = 𝐴𝑠 = 0 

𝜔 = 𝜔 =
𝜌𝑓

𝑓
= 0 

 

𝑓

𝑓
= 0.9 𝛾 = .028 

𝛽 = 0.85 − 0.007(𝑓 − 28) = 0.85 − .007(35 − 28) = 0.801 

𝜌 =
𝐴𝑠

𝑏𝑑
=

24 × 113.09

2450 ∗ 960
= 0.0012 

𝑓 = 1860(1 −
0.28

0.8
0.0012 ×

1860

35
= 1818.48𝑀𝑃𝑎 

𝑎 =
2714.16 × 1818.48

0.85 × 35 × 2450
= 67.69𝑚𝑚 

𝜙𝑀 = 0.9 × 2714.16 ∗ 1818.48 ∗ 960 −
207.38

2
= 4571 < 4245  𝐾𝑁 ∙ 𝑚  

Check reinforcement limits 

Check Strain 

𝐶 =
𝑎

𝛽
=

207.38

0.8
= 259.225 

𝜀 =
0.003(960 − 259.2250)

259.225
= 0.008 > 0.005 

Minimum reinforcement  
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Check minimum reinforcing:  

In order for the amount of prestressed and non-prestressed reinforcement to be adequate. 1he 
section must develop a foc1ored load of al leas! 1.2 M,,; 

𝑀 = 𝐹 𝑒 +
𝐼

𝑦 𝐴
+

𝑓𝑟𝐼

𝑦
 

𝑓 = 0.62 𝑓𝑐 = 0.62√35 = 3.667 

𝐴 = 11545  cm  

𝐼 = 1.1 × 10 𝑚𝑚  

     y =625.05       

 

𝑀 = 24 × 113.09 × 1488 585.05 +
1.1 × 10

625.05 ∗× 1154500
+ 3.667 ∗

1154500

625.05

= 3623.797𝐾𝑀 ∙ 𝑚 

1.2𝑀𝑐𝑟 = 4348.55 < 4571𝐾𝑁 ∙ 𝑚 𝑂𝐾 

Shear Design  

𝑊 = 1.2(29.8 + 29.9) + 1.6 × 9.1 = 85 

𝑉 = 85
20

2
− .92 = 771.8 

 

𝑉 ≤ 0.05 𝑓 + 4.8 𝑏 𝑑 = 3913.55 𝐾𝑁 

𝑉 = 0.05 𝑓 + 4.8
𝑉 𝑑

𝑀
𝑏 𝑑    

𝑉 𝑑

𝑀
=

𝑑(𝐿 − 2𝑋)

𝑋(𝐿 − 𝑛)
≤ 1 =

960(20000 − 2 ∗ 960)

960(20000 − 960)
= 0.94 

𝑉 = 0.05 √35 + 4.8 ∗ 0.94 800 × 960 = 3692.3 𝐾𝑁 

𝑉  = 0.42 𝑓 𝑏 𝑑 = 0.42√35 800 ∗ 960 = 1908.29𝐾𝑁     𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

 < 771.8𝐾𝑁  𝑂𝐾  

𝜙𝑉

2
= 0.75 ∗

1908.29

2
= 715.608 < 771.8 
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We must but the minimum shear reinforcement  

𝑇𝑎𝑘𝑒 2𝜙8 𝐴𝑠 = 100𝑚𝑚  

𝐴

𝑠
=

0.062 𝑓 𝑏

𝑓𝑦
=

0.062 × √35 × 800

420 ∗ 100
=

1

𝑠
= 𝑠 = 143.13 𝑚𝑚 
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4.20 Analysis and Design of Mosque (Frame):- 

 

This figure illustrates the structure system that was used 

strip 1

strip 3strip 3
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m
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F
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m
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Beam 1

Beam 1

 

 

3 .10  m 3.00  m 3.00  m 4.50  m 5.80  m
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4.50  m 5.80  m
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Check the Slab thicknesses: 

𝑆𝑖𝑚𝑝𝑙𝑦 𝑠𝑢𝑝𝑝𝑜𝑟𝑡𝑒𝑑 =
𝑙

20
=

3100

20
= 155 𝑚𝑚 

𝑜𝑛𝑒 𝑒𝑛𝑑 𝑐𝑜𝑛𝑡𝑖𝑜𝑛𝑜𝑖𝑠 =
𝑙

24
=

5800

24
= 241.66 𝑚𝑚         𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

𝑏𝑜𝑡ℎ 𝑒𝑛𝑑 𝑐𝑜𝑛𝑡𝑖𝑛𝑜𝑢𝑠 =
𝑙

28
=

4500

28
= 160 𝑚𝑚 

We will take the thickness equal to 16 cm and check the deflection requirement as ACI-318-14 
code 7.3.2 

 

4.21 Check the thickness of Two-Way solid slab in the mosque: - 

 
Minimum thickness (deflection requirements) 

For the Slab of this type the first trial thickness is often taken equal to  

ℎ =
 

=  
( . ) ( . )

=
.

= 0.14 𝑚 → ℎ = 16 𝑐𝑚 
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Check for the minimum thickness of the Slab: 

Exterior beam:  

ℎ = 34 𝑐𝑚 < 4ℎ = 4 × 16 = 64      𝑜𝑘    

𝑦 =
  (    )            

  (  )   
= 28.04 𝑐𝑚   

𝐼 =
(    )  (   .  )

−
  .

+   .
=

297649.83 𝑐𝑚  

Slab section with the exterior beam: 

Long direction 𝑙 = 6.7 𝑚 → 𝐼 =
    

=

131413.33 𝑐𝑚  

Short direction 𝑙 = 5.93 𝑚 → 𝐼 =
  

= 118272 𝑐𝑚  

𝛼 = 𝛼 =
𝐼

𝐼
=

297649.83

131413.33
= 2.265 

𝛼 = 𝛼 =
𝐼

𝐼
=

297649.83 

118272
= 2.517 

𝛼 =
∑ 𝛼

4
=

2(2.265) + 2(2.517)

4
= 2.391 

𝛼 = 2.391 > 2 𝑇ℎ𝑒 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑙𝑎𝑝 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑤𝑖𝑙𝑙 𝑏𝑒 

ℎ =
.

=
  .

    
.

.

= 15.96 < 16 𝑐𝑚           ,The thickness is adequate  

Take the Slab Thickness equal to ℎ = 16 𝑐𝑚 

Load Calculation: 

Dead load from Δ*ɣ*1 𝐾𝑁/𝑚  
Tiles 23 x 0.03 x 1 0.69 

mortar 22 x 0.03 x1  0.66 
Coarse Sand 17 x 0.07 x 1 1.19 

slab 25 x 0.16 x 1 4 
Plaster  25 x 0.03 x 1  0.75 

∑ =7.3 𝐾𝑁/𝑚  

And the Live load from Jordanian code = 3 𝐾𝑁/𝑚
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G e o m e t r y      Units:meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 

 
 

L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

A 

1 
A

A

2 
A 

A 

3 
A

A

4 
A

A

5 

0.5 2.6 0.5 0.5 2.5 0.5 0.5 2.5 0.5 0.5 4. 0.5 0.5 5.3 0.5 

3.1 3. 3. 4.5 5.8 

1. 

0.16 

A A 

Moments:   spans  1 to  5 

4.4 

-16. 
-10. -9.2 

-12.9 
-7. -7.5

-17.7 
-10.6 -11.5 

-50.8 

-38. -40.4

8.612.6 
7.2 9.1 13.1 

43.4 

0.82 1.31 
1.11

0.9 
1.41 

0.74 
2.32

1.28 

0.54 0.65 
0.41

0.41 
0.33 

0.49 
1.27

1.04 

1.24 1.86 1.65 1.35 1.5 1.5 2.03 2.47 3.48 2.32 

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

7.30 

3.1 3. 3. 4.5 5.8 

7.30 

3.1 3. 3. 4.5 5.8 

7.30 

3.1 3. 3. 4.5 5.8 

7.30 

3.1 3. 3. 4.5 5.8 

7.30 

3.1 3. 3. 4.5 5.8 

Live load - Service  Load factors: 1.40,1.40/1.70,0.00

3.00 

3.1 3. 3. 4.5 5.8 

3.00 

3.1 3. 3. 4.5 5.8 

3.00 

3.1 3. 3. 4.5 5.8 

3.00 

3.1 3. 3. 4.5 5.8 

3.00 

3.1 3. 3. 4.5 5.8 
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
R e i n f o r c e m e n t   (mm 2) 

Concrete: b300 Main reinforcement fy = 420 
Moment redistribution: No  
   Support moment at: Face 

 
 
 
 
 
 
 
 
 
 
 
 
 

D e f l e c t i o n s   (mm)    (Standard) 

(ai+at),t2-t1   L/ 2769   L/ 7333   L/ 4844  -L/ 2911 
 
 

Shear  

15.8 
21.9 21.4 26.3 

49.4 

-25.1 
-19.6 -22.8

-39.5
-32.6

19.7 

-28.9 

25.8 

-23.4 

25.3 

-26.7 

30.1 

-43.3 

53.2 

-36.5

Reactions 

Factored 

DeadR 

LiveR 

MaxR 

MinR 

12.54 

7.12 

19.66 

11.68 

Service  

DeadR 

LiveR 

MaxR 

MinR 

8.96 

4.19 

13.15 

8.45 

35.62 

19.04 

54.66 

42.11 

25.45 

11.2 

36.64 

29.26 

28.87 

19.82 

48.69 

32.37 

20.62 

11.66 

32.28 

22.68 

33.43 

23.34 

56.77 

34.72 

23.88 

13.73 

37.61 

24.64 

63.96 

32.51 

96.47 

74.9 

45.69 

19.12 

64.81 

52.12 

23.84 

12.63 

36.48 

23.11 

17.03 

7.43 

24.46 

16.6 

Top Cover

Bot Cover

*=minimum

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

As top = 

As bot = 

275* 205* 317* 885 

349* 104 197* 251* 362* 955 286 

 a/d   0%   3%   2%   4%  14%   0%   4%   2%   3%   4%  15% 
 As/bd 0.00% 0.27% 0.21% 0.15% 0.16% 0.19% 0.24% 0.28% 0.68% 0.73% 0.00% 
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G e o m e t r y      Units:meter 

 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

A 

A 

1 
A 

A 

2 

0.5 4. 0.5 0.5 5.3 0.5 

4.5 5.8 

1. 

0.16

A A 

Moments:   spans 1 to  2 

5.2 

-49.2 

-37.2 -38.9

7.9
18.1 

38.9 

1.86 1.32 

1.31 1.11 

1.58 2.92 3.48 2.32 

Shear  

19.1 

46. 

-39.3
-29.7

22.6 

-42.8 

49.5 

-33.2

 

Factored 

DeadR 
LiveR 
MaxR 
MinR 

13.01 
9.62 

22.63 
14.44 

Service  
DeadR 
LiveR 
MaxR 
MinR 

11.53 
6.01 
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Selecting reinforcement in the structural Drawing (Frame 1 analysis) 

Wind calculation: 

As Jordanian code the velocity of wind =126 𝐾𝑚/ℎ in location that haven’t Data about wind 
velocity =126 Km/h.  

As UBC 97 the Hebron is exposure B 

𝑃 = 𝐶 𝐶 𝑞 𝐼  

The pressure                                                 𝑞 = 0.00256𝑉  

𝑞 = 0.00256 𝑥 
126

1.61
= 15.67 𝑃𝑠𝑓 = 0.751 𝐾𝑁/𝑚  

𝐶 = 0.76  𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐵                   , 𝐶 = 1.3                   , 𝐼 = 1 

𝑝 = 0.751 𝑥 0.76 𝑥 1.3 𝑥 1 = 0.74 𝐾𝑁/𝑚   

As one Way Slab the Wind Will transfer  

The shear equation is       𝑉 = 𝐶
𝑊 𝑙

2
 

𝑉  𝑓𝑜𝑟 𝐹𝑟𝑎𝑚𝑒 = 1.15 𝑥 
0.75 𝑥 4.5

2
= 1.6 KN/m 

𝑉 = 1 𝑥 
.   .

= 1.7 KN/m  

𝑇ℎ𝑒 𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑎𝑑𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑟𝑎𝑚𝑒 = 1.6 + 1.7 + 0.61 𝑥 0.5 = 3.7 𝐾𝑁/𝑚 

 



  
  
 Beam 2 analysis  Code: ACI318(Ap.C) 
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G e o m e t r y      Units:meter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
L o a d i n g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 

A 

A 

1 2 
1 

0.5 5.5 0.5 

6. 

0.5 

0.6 

A A 

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

7.20 

197. 

3. 3. 

Live load - Service  Load factors: 1.20,1.40/1.60,0.00

65.5 

3. 3. 

Moments:   spans  1 to  1 

48.9 48.9

550.5 3. 3. 
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R e i n f o r c e m e n t   (mm 2) 

Concrete: 5000 Main reinforcement fy = 420 
Moment redistribution: No 
Support moment at: Face 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Shear  

189.2 

-189.2

196.5 

-196.5

170.6

-170.6 

Reactions 

Factored 

DeadR 

LiveR 

MaxR 

MinR 

144.12 

52.4 

196.52 

168.14 

Service  

DeadR 

LiveR 

MaxR 

MinR 

120.1 

32.75 

152.85 

120.1 

144.12 

52.4 

196.52 

168.14 

120.1 

32.75 

152.85 

120.1 

Top Cover

Bot Cover

*=minimum

6 

6 

As top = 

As bot = 2617 785 785 

 a/d   0%   0%  13% 
 As/bd 0.00% 0.88% 0.00% 
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Analysis and design of Frame 2: 
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Design the upper beam on flexure    

Design positive moment 𝑀 = 1950 KN ∙ m 

Assume bar diameter ∅28 .  

𝑑 = 1000 − 40 − 10 −
28

2
= 936 𝑚𝑚 

Maximum nominal moment strength from strain condition 𝜀 = 0.004 

C =  
3

7
𝑑 =

3

7
x 936 = 401𝑚𝑚                                           𝛽 = 0.85 

𝑎 = 𝐶𝛽  = 401.12 x 0.85  = 341 𝑚𝑚             

𝑀 , = 0.85𝑓𝑐’𝑎𝑏 𝑑 −
𝑎

2
= 0.85 𝑥 24 𝑥 341 𝑥 600 𝑥 936 −

341

2
= 3194 𝐾𝑁 ∙ 𝑚 

𝜙 = 0.82 

𝑀 =  1995 < 𝜙𝑀 , = 3194𝑥 0.82 = 2619 𝐾𝑁. 𝑚            -Design as singly on positive design 
doubly on negative    

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒐𝒏 𝒕𝒉𝒆 𝒔𝒖𝒑𝒑𝒐𝒓𝒕 =  − 𝟏𝟗𝟓𝟎 𝑲𝑵 ∙ 𝒎 
 

  𝑅 =  
∅

=
 ×

.     
= 4.12 Mpa               𝑚 =  

.  
=  

.   
= 20.59   

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

20.59
1 − 1 −

2 𝑥 4.12 𝑥 20.59

420
= 0.011071 

𝐴   =  𝜌𝑏𝑑 = 0.011071𝑥 600 𝑥 936 = 6220𝑚𝑚   

Check for 𝐴𝑠,  

𝐴𝑠, =  0.25 
𝑓𝑐′

𝑓𝑦
𝑏 𝑑 ≥

1.4

𝑓
𝑏 𝑑 

𝐴𝑠, =  0.25 𝑏𝑑 =   0.25 𝑥 
√

 𝑥 600 x 936 = 1637. 𝑚𝑚   

𝐴𝑠, =
.

𝑏 𝑑 =  
.

 𝑥 936 𝑥600 = 1872 𝑚𝑚                   − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙              

𝐴 = 6620 𝑚𝑚 >  𝐴𝑠, =  1872 𝑚𝑚                   − 𝑜𝑘          

U𝑠𝑒 8∅32 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑙𝑎𝑦𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝐴 = 6433.9 𝑚𝑚 > 𝐴𝑠, = 809.485 𝑚𝑚      − 𝑜𝑘                 

Check for strain:  

a =
 

.  
=  

 

.     
= 220 𝑚𝑚  ,  c = =  

.
= 260 𝑚𝑚 → where: β1 =0.85 

 𝜀 =
. ( )

 =  
.   (  – )

= 0.00778 > 0.005 𝑜𝑘 
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Check for bar placement: 

𝑑 =
𝑏 − 2(𝑐𝑜𝑣𝑒𝑟) − 𝑑 − 𝑁𝑜. (∅) 

𝑁𝑜. −1
 =  

600 − 2𝑥40 − 2(10) − 8(32)

7
= 34 > 25 > 32 𝑜𝑘 

𝑫𝒆𝒔𝒊𝒈𝒏 𝒕𝒉𝒆 𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝒎𝒐𝒎𝒆𝒏𝒕 𝒐𝒏 𝒕𝒉𝒆 𝒔𝒖𝒑𝒑𝒐𝒓𝒕 =  − 𝟐𝟔𝟖𝟎 𝑲𝑵 ∙ 𝒎 

𝑀 =
𝑀

𝜙
− 𝑀 =

2680

0.82
− 3194 = 74.29 𝐾𝑁 ∙ 𝑚  

𝑑 = 40 + 10 + 32 = 82 
𝑀 = 𝐶𝑠(𝑑 − 𝑑 ) = 𝐴𝑠 (𝑓𝑠 − 0.85𝑓 )(𝑑 − 𝑑 )                                  𝐴 =

. ( )
 

𝑓 = 600
𝑐 − 𝑑′

𝑐
= 600

260 − 82

260
= 410.77 𝑀𝑝𝑎 < 𝑓 = 420 𝑀𝑝𝑎  

Compression steel does not yield. 

 𝐴 =
( . )( )

=
.   

( . . )( )
= 222.84 𝑚𝑚  

 
𝑇 = 𝐶 +  𝐶 = 0.85𝑓 𝑎𝑏 + 𝐴 (𝑓 − 0.85𝑓 ) = 

[ 0.85 𝑥 24 𝑥 220 𝑥 600 + 222.84 (410.77 − 0.85𝑥24)] 𝑥 10 = 2779.8 𝐾𝑁 
 

𝐴 = =
.   

= 6618.55 𝑚𝑚        

Design column in frame: 

Maximum lateral Deformation equal =20 mm 

1. The frame is unbraced against sides way the stability index  

𝑄 =
∑ 𝑃 ∆

𝑉 𝑙  
≤ 0.05 

𝑄 =
1651 ∗ .020

210
= 0.15 > 0.05 

The frame is unbraced as given 
2. Cheek slenderness column  

𝑘𝑙

𝑟
≤ 22 

𝑟 = 0.3ℎ = 0.3 × 1 = 0.3                   𝑙𝑢 = 3.75 

𝜓 =
∑ 𝐸 𝐼 /𝑙

∑𝐸 𝐼 /𝑙
 

 

Because is the same for Column and beam   𝐸 = 𝐸   

𝐼 = 0.7𝐼 = 0.7
𝑏ℎ

12
= 0.7

0.6 × 1

12
= 0.035 𝑚  

The beam  moment of inertia  
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𝐼 = 0.35𝐼 = 0.35 
𝑏ℎ

12
= 0.35

. 6 × 1

12
= 0.0175 

𝜓 =

0.035
3.75

× 2 

0.0175
20

= 21.32 

At bottom =𝜓 = ∞ 

K=7.1 

𝑘𝑙

𝑟
= 88.75 ≥ 22 

The column is long and the slenderness must be considered 

Compute 𝐸𝐼 =
.

 
 

𝛽 = 0 𝑠𝑖𝑛𝑠𝑒 𝑤𝑖𝑛𝑑 𝑙𝑜𝑎𝑑 𝑎𝑐𝑡  𝑠ℎ𝑜𝑟𝑡 𝑡𝑖𝑚𝑒   

𝐸 = 4700 𝑓 = 4700√24 = 23025.2 𝑀𝑃𝐴 

𝐼 =
𝑏ℎ

12
=

600 × 1000

12
= 50 × 10 𝑚𝑚 

𝐸𝐼 = 0.4 ×  23025 × 50 = 460500 𝐾𝑁 ∙ 𝑚  

3. Determine Euler buckling  

𝑃 =
𝜋 𝐸𝐼

(𝐾𝑙 )
=

𝜋 × 460500

(7.1 × 3.75)
= 6411.4 

𝑀 = 780.403 𝐾𝑁 ∙ 𝑚    end top moment due to gravity loads only (no sway condition). 

𝑀 = 63.758 𝐾𝑁 ∙ 𝑚       End top moment due to lateral wind loads only (sway condition). 

       𝛿 = ∑  
. ∑

=
. ∗ .

= 1.45 

𝑡ℎ𝑒 𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑒𝑑 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑡 𝑡𝑜𝑝  

𝑀 = 𝑀 𝑛𝑠 + 𝛿 𝑀  = 780.403 + 63.758 ∗ 1.45 = 872.29 

𝑀 < 𝑀 ,  

𝑒 𝑚𝑖𝑛 = 15 + 0.03 × 1000 = 45 𝑚𝑚 

𝑀 , = 1506 × 0.045 = 67.77 𝐾𝑁 ∙ 𝑚  

 8. Check to verify that the maximum moment does not occur between ends of column: 

𝑙

𝑟
>

35

𝑝
𝑓 𝐴
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𝑙

𝑟
=

3.75

0.3 × 1000
= 10.33 <

35

1506 × 10
24 × 1000 ∗ 600

= 108.22 

then, maximum moment envelops at top of column. 

Design column  𝑀 = 𝑀 = 872.29 and Pu = 1505 KN 

𝑒 =
𝑀

𝑃
=

872.29

1505
= 0.58 𝑚 

 Compute the ratio 𝑒/ℎ : 

𝑒

ℎ
=

580

1000
= 0.58  

To construct  the line, take value 0.58 on 
∅ 

 axis and value 1.0 on 
∅ 

  axis. 

 Compute the ratio 𝛾: 

𝛾  - the ratio of the distance between the centers of the outside layers of bars to the overall depth of 
the column. Assume ∅25 for bars. 

𝛾 =
𝑑 − 𝑑′

ℎ
=

1000 − 2𝑥40 − 2𝑥10 − 25

1000
= 0.875 

Using the interaction diagram trying 𝜌 = 0.0104 ∶ 

Diagram A-9b (for 𝛾 = 0.75) → = 0.76 

Diagram A-9a (for 𝛾 = 0.9) → = 0.85 

User interpolation to compute the value for 𝛾 = 0.875 

𝑃 .

𝐴
= 0.835 → 𝑃 . =  

0.835 𝑥 1000 𝑥 600 

1000 𝑥 0.145
=  3455.17 𝐾𝑁 

 

 Select the reinforcement: 

𝐴 = 𝜌  𝑥 𝐴 = 0.0104𝑥1000𝑥600= 0246  𝑚𝑚  

𝑈𝑠𝑒 20@20 𝑤𝑖𝑡ℎ 6286 > 6240  𝑜𝑘  

Use interaction diagrams  
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4.22 Design of minaret: 

Geometry: 

The figure below shows the longitudinal section in the minaret and the cross section will be shown 
when start calculate the self-weight of each section. 

3
1.

8

4.00

Section 3

 

                                                  Longitudinal section in minaret 
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Analysis and Design: 

We should calculate the base shear from the wind and the earthquake load respectively And decide 
about the load combination which will be used in analysis and design procedure. 

 

Calculation of the base shear from the wind load: 

1- Calculate design wind pressure According to UBC97 Code. As following: 
 
 

As Jordanian code the velocity of wind =126 Km/h in location that haven’t Data about wind velocity 
=126 Km/h.  

As UBC 97 the Hebron is exposure B 

P = C C q I  

           The pressure: 

q = 0.00256V  

q = 0.00256 x 
126

1.61
= 15.67Psf = 0.751 KN/m  

→ For chimneys and solid towers: Cq = 0.8 for any direction    ,       exposure B      ,         I = 1 
 

Height above average level 
of adjoining ground(m) Ce for EXPOSURE B P (KN/m2) 

0.0 0.62 0.372 
1.0 0.62 0.372 
2.0 0.62 0.372 
3.0 0.62 0.372 
4.0 0.62 0.372 

4.57 0.62 0.372 
6.09 0.67 0.403 
7.62 0.72 0.433 
9.14 0.76 0.457 

12.19 0.84 0.505 
18.29 0.95 0.571 
24.38 1.04 0.625 
30.48 1.13 0.679 
36.58 1.2 0.721 

 
                         Design wind pressure for exposure B 
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2- Distribute the wind pressure for range of height as following: 
 

Height 
Range(m) 

Outer 
Diameter(m) 

Pressure 
(KN/m2) 

Distribution force 
(KN/m') 

0 - 2.1 3.3 0.372 1.23 
2.1 – 12.8 2.9 0.571 1.66 

12.8 –19.4 2.3 0.625 1.44 
19.4 – 26.9 1.8 0.679 1.22 
26.9- 28.4 1.3 0.679 0.88 

 
                   Design wind pressure distribution over the range of height 

3- Calculation of the Base shear: 
 

V= 1.23 x (2.1 - 0) + 1.66 x (12.8 - 2.1) + 1.44 x (19.4 – 12.8) + 1.22 x (26.9 – 19.4) 
+ 0.88 x (28.4 – 26.9)  

= 40.32 KN 
 

After calculating the earthquake base we should decide about the load combination which will be 
used in analysis and design procedure, because according to UBC97 criteria, we should use the 
greatest of wind or earthquake load. 

 

Calculation of the base shear from earthquake load: 

1- Calculate the weight of the structure: 
 

The minaret will be will be divided to more than one section according to the varying in the section 
area at each elevation as follow: 

Assume the footing is at elevation -2 below the ground level. 

Section No.1 
Elevation from -2m to 2.1m 
From the architectural drawing thickness of the stone facing = 5 cm. 
 
W1 = Wconcrete + Wstone = × 𝐷  − 𝐷  concrete × 𝛾 + × 𝐷  − 𝐷  stone × 𝛾   
 

                                        = × [3.2 − 2.8 ] × 25 + × [3.3 − 3.2 ] × 23 

                                                = 58.84 KN/m 

 

I = 
 

× (𝐷  − 𝐷  )=  
×(3.24

 – 2.84 ) = 2.13 m4 
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Section No.2 
Elevation from 2.1m to 12.8m 
From the architectural drawing thickness of the stone facing = 5 cm. 
 
W1 = Wconcrete + Wstone = × 𝐷  − 𝐷  concrete × 𝛾 + × 𝐷  − 𝐷  stone × 𝛾   
 

                                        = × [2.8 − 2.4 ] × 25 + × [2.9 − 2.8 ] × 23 

                                                = 51.1 KN/m 

I = 
 

× (𝐷  − 𝐷  )=  
×(2.84 – 2.44 ) = 1.39 m4 

 

 

 

 

 

 

 

 

 
 

 
 
 
Section No.3 
Elevation from 12.8 m to 19.4 m 
From the architectural drawing thickness of the stone facing = 5 cm. 
 
W1 = Wconcrete + Wstone = × 𝐷  − 𝐷  concrete × 𝛾 + × 𝐷  − 𝐷  stone × 𝛾   
 

3.20

2.80

Section 1

2.80

2.40

Section 2
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                                    = × [2.2 − 1.8 ] × 25 + × [2.3 − 2.2 ] × 23 = 39.52 KN/m 

I = 
 

× (𝐷  − 𝐷  )=  
×(2.24 – 1.84 ) =  0.63  m4 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
 
 
Section No.4 
 
Elevation from 19.4 m to 26.9 m 
From the architectural drawing thickness of the stone facing = 5 cm. 
 
W1 = Wconcrete + Wstone = × 𝐷  − 𝐷  concrete × 𝛾 + × 𝐷  − 𝐷  stone × 𝛾   
 

                                        = × [1.7 − 1.4] × 25 + × [1.8 − 1.7 ] × 23 

                                                = 24.57  KN/m 

 

I = 
 

× (𝐷  − 𝐷  )=  
×(1.74 – 1.44 ) =  0.22  m4 

 

 

 

 

 

 

 
 

 

2.20

1.80

Section 3

1.40

1.70

Section 4
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Section No.5 
Elevation from 26.9 m to 31.8 m 
From the architectural drawing thickness of the stone facing = 5 cm. 
 
W1 = Wconcrete + Wstone = × 𝐷  − 𝐷  concrete × 𝛾 + × 𝐷  − 𝐷  stone × 𝛾   
 

                                        = × [1.2 − 0.96 ] × 25 + × [1.3 − 1.2 ] × 23 

                                                = 14.69  KN/m 

 

I = 
 

× (𝐷  − 𝐷  )=  
×(1.24

 – 0.964 ) =  0.06  m4 

 

 

 

 

 

 

 

 

 

 

Total gravity loads: 
 

Wgravity  58.84  2.1   2  51.1  12.8  2.1  39.52 19.4 12.8

 24.57  26.9 19.4  14.69  31.8 26.9 


 1305.1 KN  

 

2- Quake force parameters: 

a) From Palestine seismic map, Hebron is on the 3 zone and for this zone get Seismic zone   
factor Z = 0.3 . 

b) There is no enough information about the soil, so use SA soil profile type . 

c) The important factor I = 1 . 

d) Response modification factor R: for Building frame system shear wall concrete continuous 
to the foundations R = 5.5 . 
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e) Seismic coefficient Ca and Cv: based on the soil profile type and the seismic zone factor Ca = 
0.24 and Cv = 0.24 . 

f) Fundamental period T: for the non-building structure (self-supporting structure) like 
chimney, silo, minaret, we should use method 1 as an initial fundamental period.         The 
initial fundamental period:   
 

                        T = Ct (hn)3/4 = 0.0488 × (31.8) / = 0.653 𝑠𝑒𝑐      

 

 

3- Quake force initial base shear: 
 

Based on the initial fundamental period T = 0.75second 
 

𝑉 =
𝐶 I

𝑅T
× 𝑊 =

0.24 × 1

5.5 × 0.653
 × 1305.1 = 87.21 𝐾𝑁 

𝑉 = (0.11𝐶 𝐼) × 𝑊 = (0.11 × 0.24 × 1) × 1305.1 = 34.45 𝐾𝑁 

 𝑉 =
2.5𝐶 I

𝑅
× 𝑊 =

2.5 × 0.24 × 1

5.5
× 1305.1 = 142.34 𝐾𝑁 

 The Extra load  𝐹  at the top may be considered as zero where 𝑇 ≤ 0.7 𝑠𝑒𝑐. 

This base initial base shear (V) will be initially distributed over the height as shown in figure below : 

 

according to the following equation: 

 

                                                          Lateral force distributed            
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Mass 
No. 

Weight 
(KN/m') 

Wi(KN) Accumulativ
e 

Wi(KN) 

I(m4) Elevation 
(m) 

Hi (m) Wi*Hi Fx (KN) Accumulati
ve 

Fx (KN) 

Mome
nt 

(KN.m) 

Accumulativ
e 

Moment 
(KN.m) 

0 0.0 0.0 1246.79 2.13 -2 0.0 0.00 0 87.3 0 1697.02 
1 58.84 117.68 1246.79 2.13 0 2.0 235.36 1.2 87.3 2.4 1694.62 
2 58.84 117.68 1129.11 2.13 2 4.0 470.72 2.4 86.1 9.6 1685.02 
3 51.1 102.2 1011.43 1.39 4 6.0 613.2 3.1 83.7 18.6 1666.42 
4 51.1 102.2 909.23 1.39 6 8.0 817.6 4.12 80.6 32.96 1633.46 
5 51.1 102.2 807.03 1.39 8 10.0 1022 5.15 76.5 51.5 1581.96 
6 51.1 102.2 704.83 1.39 10 12.0 1226.4 6.18 71.31 74.16 1507.8 
7 51.1 51.1 602.63 1.39 11 13.0 664.3 3.35 65.13 43.55 1464.25 
8 39.52 39.52 551.53 0.63 12 14.0 553.28 2.8 61.78 39.2 1425.05 
9 39.52 79.04 512.01 0.63 14 16.0 1264.64 6.37 59 101.92 1323.13 

10 39.52 79.04 432.97 0.63 16 18.0 1422.72 7.17 52.61 129.06 1194.07 
11 39.52 79.04 353.93 0.63 18 20.0 1580.8 8 45.44 160 1034.07 
12 24.57 49.14 274.89 0.22 20 22.0 1081.08 5.44 37.44 119.68 914.39 
13 24.57 49.14 225.75 0.22 22 24.0 1179.36 5.94 32 142.56 771.83 
14 24.57 49.14 176.61 0.22 24 26.0 1277.64 6.43 26.06 167.18 604.65 
15 24.57 24.57 127.47 0.22 25 27.0 663.39 3.34 19.63 90.18 514.47 
16 14.7 14.7 102.9 0.06 26 28.0 411.6 2.07 16.3 57.96 456.51 
17 14.7 29.4 88.2 0.06 28 30.0 882 4.44 14.22 133.2 323.31 
18 14.7 29.4 58.8 0.06 30 32.0 940.8 4.74 9.78 151.68 171.63 
19 14.7 29.4 29.4 0.06 32 34.0 999.6 5.04 5.04 171.63 0 

      Sum   17306.5  
 

From the table in previous page the accumulative Fx = 87.3 KN  
Compare to the wind load base shear = 40.32 KN the quake force will be used in analysis and design 
procedure. 
 
 
Compute the safety factor against overturning: 
 
⁕Over turning moment =1697.02 KN.m 
 
→Restoring moment = restoring force x half the base width 
 
⁕Self-weight of the minaret (total gravity load) = 1305.1 KN 
 
►Assume footing dimension = 5 m x 5m x 0.5m 
 
Weight of the soil surround by the minaret: 
 
              𝑊 = × [𝐷  − 𝐷  ] × 16 × 2 = × [3.2 − 2.8 ] × 16 × 2 = 60.3 𝐾𝑁 
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Self-Weight of column = (0.32 x π) / 4 x 25 x 28.67 = 50.64 KN 
 
Total restoring weight =1305.1+ 5 x 5 x 0.5 x 25 + 60.3 + 50.64 = 1728.54 KN  
 
Restoring moment = 1728.54 x 2.5 = 4321.35 KN.m 
 
Factor of safety against overturning =    

 
=

.

.
=  2.5 > 1.5  𝑜𝑘 

 

►Design of minaret sections: 

From the table we got the moment at each elevation and we will check the stresses and 

calculate the reinforcement required for each section as follow: 

Note: 
Allowable tensile strength of concrete = 0.5 𝑓𝑐 = 0.5√28 = 2.64 𝑀𝑃𝑎  

Allowable compressive strength of concrete = 0.45 x𝑓𝑐 = 0.5 x 28 = 14 𝑀𝑃𝑎  

Allowable shear strength of concrete (V) 0.09 𝑓𝑐 = 0.09√28 = 0.48 𝑀𝑃𝑎 

 

Elevation from -2m to 2.1m: 

Vertical reinforcement: 

Maximum Moment (M) = 1697.02 KN.m. at elevation -2 below the ground.  

Weight above elevation -2 (W) = 11305. KN. 

Eccentricity (e) = M / W =1697.02 / 1305.1 = 1.3 m 

𝜎 =
𝑊

𝐴
∓

𝑀 x c

𝐼
=

1305.1

1.88
∓

1697.02x1.6

2.13
=  694.2 ∓  1274.76                                 

𝜎 =   1968.96 = 1.97 𝑀𝑃𝑎 < 14𝑀𝑃𝑎 → 𝑜𝑘 
 

𝜎 =  −580.56 = −0.580  𝑀𝑃𝑎  "𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑠𝑡𝑟𝑒𝑠𝑠"  

There is a Tension stress and it is less than the allowable tensile strength of concrete So minimum 
reinforcement will be provided. 
 

𝐴 = 0.0015𝐴 = 0.0015x(1000x250) = 375 𝑚𝑚   
 
The steel will be arranged into one layer. 
 
 𝐴  for one layer = 375   𝑚𝑚   …….  Choose Ø14 
 
Spacing =  x1000 = 410 𝑚𝑚                                   ► Take Ø14@ 250mm 
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Horizontal reinforcement: 
 
Applied shear stress = =

.

.
=  46.44 = 0.05  𝑀𝑃𝑎 

 
This is smaller than the shear strength of concrete, so minimum horizontal reinforcement will be 
provided: 
 

𝐴 = 0.002𝐴 = 0.002x(1000x250) = 500 𝑚𝑚   
𝐴  will be arranged into one layer. 
 
𝐴  for one layer = 500 𝑚𝑚   ……..  Choose Ø14 
 
Spacing =  x1000 = 308 mm                                     ►Take Ø14@ 200mm 
 

►Elevation from 2.1m to 12.8 m: 

Vertical reinforcement: 

Maximum Moment (M) = 1685.02 KN.m. at elevation -2 below the ground.  

Weight above elevation -2 (W) =1129.11 KN. 

Eccentricity (e) = M / W =1685.02 / 1129.11 = 1.5 m 

𝜎 =
𝑊

𝐴
∓

𝑀 x c

𝐼
=

1129.11

1.63
∓

1685.02x1.4

1.39
=  692.7 ∓  1697.14                                 

 

𝜎 =   2389.84 = 2.4 𝑀𝑃𝑎 < 14𝑀𝑃𝑎 → 𝑜𝑘 
 

𝜎 =  −1004.44 = −1  𝑀𝑃𝑎  "𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑠𝑡𝑟𝑒𝑠𝑠"  

There is a Tension stress and it is less than the allowable tensile strength of concrete So minimum 
reinforcement will be provided. 
 

𝐴 = 0.0015𝐴 = 0.0015x(1000x250) = 375 𝑚𝑚   
 
The steel will be arranged into one layer. 
 
 𝐴  for one layer = 375   𝑚𝑚   …….  Choose Ø14 
 
Spacing =  x1000 = 410 𝑚𝑚                                   ► Take Ø14@ 250mm 
 
Horizontal reinforcement: 
 
Applied shear stress = =

.

.
=  52.8 = 0.053 𝑀𝑃𝑎 
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This is smaller than the shear strength of concrete, so minimum horizontal reinforcement will be 
provided: 
 

𝐴 = 0.002𝐴 = 0.002x(1000x250) = 500 𝑚𝑚   
𝐴  will be arranged into one layer. 
 
𝐴  for one layer = 500 𝑚𝑚   ……..  Choose Ø14 
 
Spacing =  x1000 = 308 mm                                     ►Take Ø14@ 200mm 
 

►Elevation from 12.8 m to 19.4m: 

Vertical reinforcement: 

Maximum Moment (M) = 1464.25 KN.m. at elevation -2 below the ground.  

Weight above elevation -2 (W) =602.63 KN. 

Eccentricity (e) = M / W =1464.25/ 602.63 = 2.43 m 

𝜎 =
𝑊

𝐴
∓

𝑀 x c

𝐼
=

602.63

1.3
∓

1464.25x1.1

0.63
=  463.56 ∓  2556.6                                 

𝜎 =   3020.16 = 3.02 𝑀𝑃𝑎 < 14𝑀𝑃𝑎 → 𝑜𝑘 
 

𝜎 =  −2093.04 = −2.1  𝑀𝑃𝑎  "𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑠𝑡𝑟𝑒𝑠𝑠"  

There is a Tension stress and it is less than the allowable tensile strength of concrete So minimum 
reinforcement will be provided. 
 

𝐴 = 0.0015𝐴 = 0.0015x(1000x250) = 375 𝑚𝑚   
 
The steel will be arranged into one layer. 
 
 𝐴  for one layer = 375   𝑚𝑚   ……..  Choose Ø12 
 
Spacing = .

 x1000 = 302𝑚𝑚                                   ►Take Ø12@ 250mm 
 
Horizontal reinforcement: 
 
Applied shear stress = =

.

.
=  50.1 = 0.05 𝑀𝑃𝑎 

 
This is smaller than the shear strength of concrete, so minimum horizontal reinforcement will be 
provided: 
 

𝐴 = 0.002𝐴 = 0.002x(1000x250) = 500 𝑚𝑚   
𝐴  will be arranged into one layer. 
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𝐴  for one layer = 500 𝑚𝑚   ……..  Choose Ø12 
 
Spacing = .

 x1000 = 226 mm                                     ►Take Ø12@ 200mm 
Note: 

Use these horizontal Reinforcements for all other sections. 

 

►Elevation from 19.4 m to 26.9 m : 

Vertical reinforcement: 

Maximum Moment (M) = 914.39 KN.m. at elevation -2 below the ground.  

Weight above elevation -2 (W) =274.89 KN. 

Eccentricity (e) = M / W =914.39/ 274.89 = 3.33m 

𝜎 =
𝑊

𝐴
∓

𝑀 x c

𝐼
=

274.89

0.73
∓

914.39x0.85

0.22
=  376.56 ∓ 3532.87                                  

𝜎 =   3909.43 = 3.91 𝑀𝑃𝑎 < 14𝑀𝑃𝑎 → 𝑜𝑘 
 

𝜎 =  −3156.31 = −3.1  𝑀𝑃𝑎  "𝑇𝑒𝑛𝑠𝑖𝑜𝑛 𝑠𝑡𝑟𝑒𝑠𝑠"  

The tensile stress is slightly greater than the allowable tensile strength of concrete And the 
minimum reinforcement will be ok. 
 

= 0.0015𝐴 = 0.0015x(1000x200) = 300 𝑚𝑚   
 
The steel will be arranged into one layer. 
 
 𝐴  for one layer = 300  𝑚𝑚   ……..  Choose Ø12 
 
Spacing = .

 x1000 = 370 𝑚𝑚                                   ► Take Ø12@ 250mm 
 

Reinforcement Details: 

 
 
 

Section 
No. 

Dimension 
Vertical Reinforcement Horizontal 

Reinforcement Outer 
Diameter (m) 

inner 
Diameter (m) 

1 3.2 2.8 1layer Ø14@250mm 1layer Ø14@200mm 
2 2.8 2.4 1layer Ø14@250mm 1layer Ø14@200mm 
3 2.2 1.8 1layer Ø12@250mm 1layer Ø12@200mm 
4 1.7 1.4 1layer Ø12@250mm 1layer Ø12@200mm 
5 1.2 0.96 1layer Ø12@250mm 1layer Ø12@200mm 
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sample of the Reinforcement of the section (section No.2) : 
 

5 cm stone

Ø14 @ 25cm

Ø14 @ 20cm

concrete column R 0.15m

2.90

2.40

Section No.2
 

 
                                       Reinforcement of section No.2 
 

Design of footing for minaret: 
 
The footing maybe subjected to moment from all direction, so the footing will be designed to 
resist this moment by choosing square footing. 
 
►We assumed the footing dimension to be 5m x 5m x 0.5m 
 
Loads: 
 
𝑃 = 1728.54 KN                                     𝑃 =1.4 x 1728.54 = 2420 KN                                      
𝑀 = 1697.02 KN. m                                    𝑀 = 1 x 
1697.02 = 1697.02 KN. m 
Check Stress:-  

𝑒 =
𝑀

𝑃
=

1697.02

2420
= 0.7 𝑚 

𝐿

6
=

5

6
= 0.83 𝑚  

Because e < L/6 , So no tension stress will be 
occurred 
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𝜎 =
𝑃

𝐴
∓

𝑀𝐶

𝐼
=

2420

25
∓

1697.2𝑥2.5

52.08
= 96.8 ∓ 81.47  

𝜎 = 178.3 𝐾𝑁/𝑚  

𝜎 = 15.33 𝐾𝑁/𝑚  

𝜎 <  𝜎  = 314
𝐾𝑁

𝑚
 

 

►𝐷𝑒𝑠𝑖𝑔𝑛 𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡 𝑎𝑡 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑞 = 150.6 𝐾𝑁/𝑚2:- 
 

 𝑀 = 150.6 𝑥0.85𝑥5𝑥
0.85

2
+

1

2
 𝑥 (178.3 − 150.6) 𝑥 0.85 𝑥 

2

3
 𝑥 0.85 𝑥 5 = 305.6 𝐾𝑁. 𝑚 

𝑑 = 500 − 75 −
16

2
= 417 𝑚𝑚 

Rn =
.

=
. ×

.     
= 0.4 𝑀𝑝𝑎                                                           , 𝑚 =

.   
= 17.64 

ρ =
1

𝑚
1 − 1 −

2𝑅 𝑚

𝑓
=

1

17.64
1 − 1 −

2 𝑥 0.4 𝑥 17.64

420
= 0.001 

 

𝐴𝑠 =  𝜌𝑏𝑑 =  0.001 𝑥 5000𝑥 417 = 2085 𝑚𝑚  

Check for 𝐴𝑠, 𝑚𝑖𝑛 :       

𝐴 ,  = 0.0018𝑏ℎ = 0.0018 𝑥 500 𝑥 5000 = 4500  𝑚𝑚   

𝐴 = 2085 𝑚𝑚 <  𝐴𝑠, = 4500  𝑚𝑚       → 𝑡𝑎𝑘𝑒 𝐴𝑠,   

𝑆 =
    

= 203.7 𝑚𝑚 …𝑇𝑎𝑘𝑒∅16/20 all direction  

Steps is smallest of: - 

1. 3ℎ = 3 𝑥 500 = 1500 𝑚𝑚 
2. 450 𝑚𝑚 …… Control  

Note: By SAFE program (analysis footing) …. At the top Take ∅12/10 all direction. 
 

  Check for one-way shear: - 

The critical section for checking one-way shear strength is shown, to simplify this Check, it is 
conservative to assume that the maximum factored soil pressure of 178.3 KN/𝑚  acts on the entire 
shaded region.               𝐷 = 500 − 75 − 20 = 405 𝑚𝑚 

the factored shear force to resisted at the critical section is: 
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𝑉  𝑎𝑡 𝑎 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ( 𝑑 ) 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑓𝑎𝑐𝑒 𝑜𝑓 𝑠𝑢𝑝𝑝𝑜𝑟𝑡 .  

𝑉 = 𝑞 𝑏(𝑙 − 𝑎 − 𝑑) = 178.3 𝑥 5 𝑥 
5

2
−

3.3

2
− 0.405 = 396.71 𝐾𝑁 

 𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

    ∅ 𝑉 =  𝑓 `𝑏 𝑑 = 0.75𝑥 𝑥 √28 𝑥 5000 𝑥 405 𝑥 10 = 1339.4 𝐾𝑁 

  ∅𝑉 > 𝑉    SO, the footing is ok for one-way shear  

 

 

 

 

 

 

 

Check footing thickness for Two-way shear (Punching shear): 

The critical shear perimeter is located d/2 away from each column face, as Shown. Assume the 
average effective depth for the footings is  𝐷 = 500 − 75 − 20 = 405 𝑚𝑚 

By using the average factored shear stress inside the critical perimeter 

𝑞 =
. .

= 96.8 KN/𝑚  

𝑉 = 𝑞𝑢 𝑏𝑙 −
𝜋

4
(𝐷 + 𝑑) = 

𝑉 = 96.8 5𝑥5 −
𝜋

4
(3.3 + 0.405) = 1377 𝐾𝑁 

𝛽 =
3300

3300
= 1.0          , 𝛽 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑙𝑜𝑛𝑔 𝑠𝑖𝑑𝑒 𝑡𝑜 𝑠ℎ𝑜𝑟𝑡 𝑠𝑖𝑑𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑐𝑜𝑙𝑢𝑚𝑛  

𝑏  𝑖𝑠 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑎𝑘𝑒𝑛 𝑎𝑡
𝑑

2
 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑𝑒𝑑 𝑎𝑟𝑒𝑎 . 

𝑏 = 𝜋(𝐷 + 𝑑) = 𝜋(3.3 + 0.405) = 11.6  𝑚 
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𝛼  𝑖𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝑡𝑜 𝑏𝑒 ∶  

 𝛼 = 40 𝑓𝑜𝑟 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠      − 𝑐𝑜𝑛𝑡𝑟𝑜𝑙   
 𝛼 = 30 𝑓𝑜𝑟 𝑒𝑑𝑔𝑒 𝑐𝑜𝑙𝑢𝑚𝑛𝑠        
 𝛼 = 20 𝑓𝑜𝑟 𝑐𝑜𝑟𝑛𝑒𝑟 𝑐𝑜𝑙𝑢𝑚𝑛𝑠 

𝑡ℎ𝑒 𝐴𝐶𝐼 𝑐𝑜𝑑𝑒 , 𝑠𝑒𝑐𝑡𝑖𝑜𝑛

− 𝑎𝑙𝑙𝑜𝑤𝑠 𝑎 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ , 𝑉  𝑖𝑛 𝑓𝑜𝑜𝑡𝑖𝑛𝑔𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 

𝑓𝑜𝑟 𝑡𝑤𝑜 𝑤𝑎𝑦 𝑠ℎ𝑒𝑎𝑟 𝑎𝑐𝑡𝑖𝑜𝑛 , 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑜𝑓  

► 𝑉 = 1 +  𝜕 𝑓 𝑏 𝑑       →  𝑉 = 1 +  𝜕 𝑓 𝑏 𝑑 = 0.5 𝜕 𝑓 𝑏 𝑑 𝐾𝑁              

► 𝑉 = + 2  𝜕 𝑓 𝑏 𝑑 →  𝑉 =
.

.
+ 2  𝜕 𝑓 𝑏 𝑑 = 0.28 𝜕 𝑓 𝑏 𝑑 𝐾𝑁 … … 𝑪𝒐𝒏𝒕𝒓𝒐𝒍 

► 𝑉 = 𝜕 𝑓 𝑏 𝑑                  →  𝑉 = 𝜕 𝑓 𝑏 𝑑 = 0.333 𝜕 𝑓 𝑏 𝑑         

 

𝑉 =
1

12

𝛼 𝑑

𝑏
+ 2  𝜕 𝑓 𝑏 𝑑 = 0.28𝑥1.0𝑥√28 𝑥11633.7 𝑥405𝑥 10 = 6980.87 𝐾𝑁  

𝐿𝑒𝑡 𝑉 = ∅𝑉   (∅ = 0.75) 

∅𝑉 = 0.75𝑋6980.87 = 5235.65 >  𝑉 = 1377 𝐾𝑁   𝑖𝑡𝑠 𝑂𝐾  

The thickness of 50 cm is adequate enough. 

 

 

5.00

5
.0

0 3.30

0.203d/2=
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Check for factor of safety for Sliding:  

𝑇ℎ𝑒 𝑓𝑜𝑟𝑐𝑒 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑛𝑔 𝑠𝑙𝑖𝑑𝑖𝑛𝑔, 𝐹 =  𝜇𝑅 

𝜇 = 0.5 𝑏𝑒𝑡𝑤𝑒𝑛 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑎𝑛𝑑 𝑠𝑜𝑖𝑙 
𝐹 = 0.5 𝑥(1728.54) = 864.27𝐾𝑁                                                                                                                 

𝑇ℎ𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦 𝑎𝑔𝑎𝑖𝑛𝑠𝑡 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 𝑖𝑠
𝐹

𝐻𝑎
               

𝐹. 𝑠 =
864.27

87.21
≈ 10 > 4 … … 𝑜𝑘 
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  نتائج ) ال1.5

  

حث من  خلاصة هذا ال ه، تم الخروج  اته و جوان حث، و التعرف ع معط من خلال هذا التجوال  هذا ال
ما  :    خلال نتائج تتمثل ف

ع الاستخدام   .1 ة الملائمة لن شائ جاد الحلول الإ إن فهم المخططات المعمارة له دور كب  إ
 .  المب

دوي .2 قة  إن القدرة ع الحل ال ة وفهم ط امج المحس د ع حل ال شا للتأ ورة للمصمم الإ
 عملها. 

ما   .3 مها تصم ة عملها، وذلك ليتم تصم ة التعامل معها، ومع آل ف ة ، وك شائ التعرف ع العنا الإ
ة .  شائ حقق الأمان و القوة الإ دا   ج

 

ات5.2   ) التوص

  

سيق ب المصمم  .1 كون هنالك ت تج مب جب أن  م ح ي ة التصم شا خلال عمل المعماري والإ
ا ومعمارا.  شائ ً إ ام   مت

ات ممكنة.  .2 أقل تغي وع  الم وع حسب المخططات المرفقة  ذ الم نف   يو ب
ذ  .3 وط لضمان التنف المخططات وال م  ل ذ وأن  اف ع التنف ف للإ ينصح بوجود مهندس م

وع.   الأفضل للم
لات جب ا .4 ذ لإدخال أي تعد ة  التنف ا ل الم وع ق ان للم ا و الم ه م ال مال التصم ست

ة.  شائ ة الإ ه من الناح   محتملة عل
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