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  Abstract   

  

Structural Design and Details of a Multi story Building 
 

  Project Team 

Bilal Moh. Abu-Rajab.                                       Khaled S. Al-Amleh.                                                          

 

Palestine Polytechnic University-200٧ 
 

Supervisor 

Dr. Hitham Aiad. 

 

The main idea of this project is to prepare all structural design and 

executive details for a multi story building in Hebron city. 

This building consists of nine floors and it contains unlimited activities. 

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

according to the ACI-code-02. 

The project contains the structural analysis for vertical and horizontal 

loads and the structural design and details for each member in the 

project. 
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• h = overall thickness of member. 

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

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

measured face-to-face of supports in slabs without beams and face to face of 

beam or other supports in other cases. 

•     LL = live loads. 

•     Ld = development length. 

•     M = bending moment. 

•     Mu = factored moment at section. 
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•     Mn = nominal moment. 

•     Pn = nominal axial load. 

•     Pu = factored axial load 

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

•     Vc = nominal shear strength provided by concrete. 

•     Vn = nominal shear stress.  

•     Vs = nominal shear strength provided by shear reinforcement. 

•     Vu = factored shear force at section. 

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

•     W = width of beam or rib. 

•     Wu = factored load per unit area. 

•     Φ = strength reduction factor. 
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��	 ا�������    ��
��دا ازد����دا����� ������ ���� ا�و���	 ا������ة ���� ���
�ت ا�����"	 ا�! ����ة  ����
 ���� ا� 
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��	 >'�ف �G 3 ا�"�%6 �� 

��	 ا��6��ح �� 

 �� 	��� ه*( ا��
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3 �K- )�Mأ� �!Kآ�) ١-٢ ا� 	��
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8 ;^	 ا��hب  ٤٠ Y36$�ي أر< ،�ً'3�
 �$
 

� ا�"g6ت 
8 ;^	 ا��Kق �$6$�ي -�, S�د -���     
ا���9S )� F()   ��M	  و	-�, S�د -���	، وأ

  �!Kق     ،)٤ - ٢ا��� d (3 `ا�رض  وذ� d�S�

        	�!K�
 ,��- d��h$ا� b�< 	�����، ��5 3^*( ا�


����Sق ا�",
  .d �� ه*ا ا�" 

  

    

     

  

 �!K٤ – ٢(ا�(:�!K'�ض ا��رات ��ع �"� �� ا�"g6ت ا�$%�ر�	 وآ�اج ا�)��F .  



 ١٥

 : ا	(�#" ا	+�*%٣-٤-٢


8 ا�" 
, ���X، ���5 أن               �3�hا�%/ء ا� �� Y�< 	�ر�
g6ت >% 	���"J ,�- 6$�ي� T3��ه*ا ا�


8 ه*( ا�"g6ت -�,      �6
��	 آ� (
٤٠5�� ،Y3�
 �$
 uأ�   ��� Y���     ا��)�د 	�F�Kا�� 	ا�%^� 

��S T3ف >!�ن 
���ة 
8 3�ا�	       )٥ -٢أ��M ا�K!�   ( ا�'���	 ��"g6ت   �، ��5 أن -��ة ه*ا ا�

              T�3�4ا 	��ا� � T����� �"^�� ا��"
 ،u$��^� ,$� ,
 ا}ر>�9�ع   ا�"�)$�ى و    
����ة ���    
$!��رة ا�" 

�!Kوا�. 

 �!K8 ا�" : )٥ – ٢( ا�
��اT3 ا�و�, ��
, و-��ات ه*( ا���اT3 �'�ض ا�"��Y ا�*ي �"� 3  

 : ا	(�#" ا	�!,�ر٤-٤-٢

    T3���>u -�, -!: آ� ا���اT3       �$"�/ ه*ا ا���$(

)�u3 و
�ت  r3   �S ��$ا� � u$،   5 أن ه�*ا��� 

،u��< �$ا� T3ا��
^� ا����T �$!�ار( �� ا� �
�S `�*�T3"�و ا��3��"$!�ر، ه*ا ا�  b$�S 5�� 

���	 و3>!�ار( �� ه*ا ا�"%"Y ا�$%�ري �")	 
�ات، "J ,
^*ا ا�
� �w x -�د 4 ��ت ه*ا ا�" 

4 ��ت.   

  d��<�!
�T3 أ���u �6$���ي -���, -���Kة ���9$�و>��	 ���� ا�"��)��	 وا��S'	و
��8 ا�"����g ���� ه��*ا ا�
 و

 �!Kوا���) �!Kا��� ���M٦ -٢ا�(  	�F�Kا��� 	����
، و>
���)b ه��*( ا�"!�>��d ا�'���Kة إ���, �"��)	 ���� ا�"

	�3�hا� �� 	و�").  



 ١٦

 	
�� ������ ا���
�ر : )٦ – ٢( ا����  "'��� ا��
�&%" #"�ض ا��
	 ا�� �� ا

و/�*. /*Fة -*�ف     "  Reception"و:; :9ا#� ه*67 ا��
�&*% أ34*� &�2*1ي /�*. -*�ف ا+*��(�ل        

     ،%�
 /��*َ� �*Sن   ه*67 ا��
�&*% /�*. :�*(�LO*P Q ودورة :6�L،      &�2*1ي آ�*�   :
�(HIJ % J KL ا��

  %**&�
�3**7ا ا�:**� #"�**�  ، :�**� :��**X ١٠٠ :�**� :��**X إ�**.  ٥٠&�**�اوح �**�J� **:  ;Lت ه**67 ا�� 

%+�Y��ا %�
 .ا�� �F/ ;#�[Sة �LZرات �� ا�L�Zر ا��

  

٥-٢��  : ا	��ا/% ا	�.��ر

 

     
��"**F**3#  Kف ا��**^�HL ا��"�**�ري �**�
	 /**�م إ�**. ا�P1**1ل إ�**. ا�**�� %**+�Y��ا��"�**�ري ا 	

               K*�
1ن :�(�L�Ja� �ًL]*�ت ا`KL4� *4 ا��_��# cL2� و ،d�1J ا��(��4 ا��1]1دة X: HI Y��رض، وا�. ا

�*F*� a :*; ا�P1*1ل إ�*.                 �3�ZاF*&و KL�L�^*��ا K*L��"�ة /�*. ه*67 ا�ef*��ا 	د ا�"1ا:*F*"& ;: H-��و��

ه67 ا�:1ر 4(�زه� �� ه7ا ا�� H آ�*� ه*1   و ا��
	 ا��"��ري ا���Y+%، ا�7ي #fدي ا�K#�O :; إ4��ء6،     

KL�����2ت اi^�ا ��  .:"�وض 
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4

3

2

1

5

4
3

2

1



 ١٧

١-٥-٢��  : ا	.���� ا	�.��ر

 


	 1lس :
1ن :; KL4��e '1ا��m .�/ KLY2Y: K#�Y� ;/ وع ه1 /(�رة��ح �73ا ا����� ،إن ا�(�Yء ا��


**1نL�ري�**I��ا X**�I��ه**7ا ا   �**� K�**+�Y�: �ً�LJ�**o نp1**
& �**Y): ��**/ F**J� aً**�
:  �**3q��وا 	
ا�**�

�*� ا��Y* 1ب :*;     #_��cLJ ،t أن ه7ا ا��(�m .�/ F��# .Yرع رLs �          )١-٢ا�q4 ا��
	   (وا���Iل   

�Fا#�**d ا��(Y**. إ�**. c**LJ ، K**#�34 #�2**1ي ه**7ا ا��(a**2: .**�/ .**Yت &�Iر#**K و:
�&**% وأدراج :�**�ات  

��# ��L� �3�L^i&  H�L+ ���ا K#ا��"��ر �P�Y"�ا ;: �Lw
 .وا�

�ر�	ا�"g6ت ا�$% - أ: 

&�1Yع �� ه7ا ا��X�I ا���Iري ا��a2ت ا���Iر#*KJ� *�� �ً*")& K ا��2*	 و:c*LJ ،d*"l1 &�*1زع ه*67                 

ا���2ل �� ا����� ا�ر�o /�. ا���رع ا��Ls � و�� ا����� ا��4�w &�1زع /�*. :�*� #�*	 /�*.        

  ). ٧-٢ا�q4 ا��
	 ( :��،٤ :�� و�"�ض #��رب ١١:ZF	 ا��(y�)# cLJ ،.Y '1ل ه67 ا���2ل �ـ 

 	
�� ���a2ت ا���Iر#K ): ٧ – ٢( ا���� #"�ض ا��
	 ا�� �� ا

�*��ة أ:*�م   9L�## �� �*�: F[1 ه67 ا��a2ت ا���Iر#K ا��1اب ا�1ا+"K ا��� &�	 /�. ا���رع ا�"�م و         

             ;s�*ز� �*�"# �*:��t ا��(�L- .Y ا���� ا��1]1د �� ا���رع، وه7ا ا+ z2& K#ر�I��ه67 ا���2ل ا

             K*آ�J ;*/ ًاF*L"وأ:*�ن و� K*Jا�� K*#ر�I��ت اa*2��ا �*� Xs�{*)�ة اFه��*: �� KJت ا��اa2��ه67 ا

 .ا����ة �� ا���رع ا�"�م



 ١٨

�KL  ه67 ا��a2ت ا���Iر#K :9ودة � Fد /�K#1 و+L�iأنو��� �
�73ا ا�:� #"�� ا��a2ت ا�� �KJ ا� K


	 +3	 و:�#{    �� Xs�{)�9#; ا_�� .  K�3��1ر ا:� أن ه*67 ا��a*2ت �*H    ا��� #I% ذآ�ه*� ه*�  و:; ا

�� :KY#F ا�_�L	 w:	 a*2:ت ا���a*�             ا+�_Fا:�&F2&�3د   K�اوF���ل ا��/�، إ� أ�34 &^�{ �
�Lw :; ا

�K إ�. ا� ��1 �o`�� 1ه�اتI��واzل...:�رآ��/� .ا�Q :; ا

 :ا�"!�>d  -ب

��ت      )' K �Z ري�I��ا X�I��ه7ا ا �� F[1# رة�*
�*1ق ا��a*2ت ا���Iر#*K #2*1ي آ*	 '*���        :� X*�& 

%**&�
 وأا�"L**�دات ا��(K**L  وأ#�
**; ا+**�_Fا:d آ�
�&**% ���f+** �ت وا�**��آ�ت و ،:3Y**� /�**. /**��ة :

  %�
�* H      ا�Q...ا�KL+FY3ا��Y& %&�
�*� ا�*�
	        :; ا�/��ل، cLJ أن ه67 ا�� t*��_& أ4*1اع X*إ�*. أر� 

 KJ� ��وا ) 	
��٦ -٢أ�q4 ا��  K� ). ا�^�2iت ا� ��

   K*L)�
�� ه67 ا��
�&% أ�34 &1�2ي /�. -�ف ا+��(�ل و/�. /Fة -*�ف : �Ja��ة :*;   و:; اF*Jوا ،


1ن ��3L ا��
�% ا��Ls � و-��K        آ(�Lة و     ه67 ا��Oف # K"+�3 -�ف   ا�]���/�توا� �l�)�وأ:� ا ،

)�
:6�L: و دورة �LOP Q)�: .�/ 1�2ي& %&�
  .KL /�د#K، و:; ا���Ja أ#}ً� أن ه67 ا��

��3 &��اوح �*L; ا�_�* L; :�*�اً :��"*ً� إ�*.              %&�
 :�*� :��*X وه*7ا ا�:*�     ا���K*s أ:� : ��Jت ه67 ا��

%+�Y��ا %�
 .#"�� ا�� �S]�#; ا�_�Lر �� ا+���Iر أو �mاء ا��

  :ا�دراج - ت

 	ZF��ا FY/ .Y)��ا t^�Y: �� X��F زود :(Y. ا��X�I ا���Iري �L/1Y; :; ا�دراج، ا�1Yع ا�ول #�

      �s���3آ F"^: d)4�I� X��*�     ، أ:� ا�1Yع ا��4�w    )٨ – ٢ا�q4 ا��
	   ( ا��Ls � و# X�L� :; ا�دراج 

Ll��**�ا K**3I�ا F**Y/ .**Y)��ا �**��'d  .**Y)��رج ا�**Z .**�/ K**�a'`�� 1ع**Y�9 ه**7ا ا**L��# c**LJ ،K**L��O�وا 

       .�J K#1 ��ا KLoأر ;: d)L+�Y: �+�Yو��       H*� دراج��� ا��(S� �ً��/ ،.Yن ه7ا ا�1Yع :*; ا ���' �Z�

�s���3آ F"^�� 9ود#.  

 	
�   : )٨ – ٢( ا�*****�*****� �*****���دراج  #"*****�ض ا��***** �� ا

 X�I��ا .Y): �� K:F_� ��ا 

  



 ١٩

  :ا�""�ات - ث

�� ا��
	 و'�#�*K ا��1ز#*X، و#�L*9 ه*67 ا���*�ات              d������ا����ات ا ;: �Lw
1�#�� �l ه7ا ا��(Y. ا�

�K إ�. و+"�3 وإ'ZF: .�/ �3��a	 ا���رع ا�"�م �� :��ات ا��a2ت              �o`�� ،�3L�1ل إP1�ا K�13+

K#ر�I��ا KLJ�{��3 /�. ا��a'وإ  K#1�"�ات ا��1ا�� ا��: ��.  

 

 : ا	��آ�٢-٥-٢

              K*L����� داZ	 Y):. ا��X�I ا��I*�ري إ�*. L/1*4; :*; ا��2آ*K وه*� ا��2آ*K ا Kا��2آ H �&"  	*Zدا

FJا����� ا�1ا"، KL+ا��أ Kوا��2آ )K#ا�"�1د " (�Zو� ���' ;L�". 

�� ا����� ا�رo*� /*; '�#*� :*1زع #�*�         H��� .Y)��ا 	Zدا KL��� :*; أ:*�م ا��a*2ت    أ:� ا��2آK ا

       KJا��ا ��"# �:��	 ا�:�نا���Iر#K ا����K /�. ا���رع ا��Ls �، وه7ا اY��ا �� .Y)��9وار ه7ا ا� 

   �Z� .�ن إ�
: ;: .         H�*& K*ن ا��2آ�*� K*#ر�I& تa*2: K*L4��e .�/ ول وا�7ي #1�2ي�أ:� �� ا����� ا

�� ا����� ا�ر�o +1ا أن ا���� ا�7ي #     Kا��2آ d���# 	
�� dL� })Pري أ�I��ت اa2��أ:�م ا �L 

� Ls��رع ا��ا� .�/ 	�# })Pرض وأ��1ق ا���� ا �ً��":. 

       T�3ا�� ا��6آ�	  أ���Sب  وا�$�� >6$��ي -��, -��ة أ���اع 
�8 ا�"!�>�d        ا�"$!��رة و
8 ا�"���g ��� ا�

�8��3 ا�ر�1 وا�ول �Sا أن ا�"      ا���� u3�K" �"ا�"��زع  (ات� ( E6 �Bأ     ،,�
 ��� ا�%^�	 ا�����9	 ��" 

��'��              d�<�
8 ا���ا��، وآ�*�` �$�w x ا�"! 	������	   ا�$%�ر��	  ه*ا ا�""� إ�g4	 ;"��	 -�, ا��
 

�رع ا�'�م    Kا� �� 	ا��6آ ,�-،         �^(��"K< لg�� 8�
 وآ*�` أu�;�< w B ه*( ا�"!�>K�3 d!� أ���� 

�رعK-�, ا� 	�ا��� �^$�g4وإ. 

�T3 ا�    �
g� 8ل ا�$b�"x ا�"'"�ري أن �� �^��	 آ� 
�زع �� ا� �^M�ا��رج ا��*ي "$!�ر و;�د و 

�    T3ا�� آ�اج ��)��رات، ��5 >'"� ه*( ا�دراج -�, >�a�9 ا��Xh -�8   ا�'���	 وإ�, �x إ�, ا�


8 آ�  d<� .ا}>%�ه�تا�"��� ا��[�)� وآ*�` >)^� ا���Bل إ�, ا�"!



 ٢٠

     	�Sا��أ 	^� ا��6آ� 	8 ا��6آ
 ���rا� b(ا�� �
Y وه� ��آ	 رواد وز�3�[8 ه�*ا ا�"%"�   ) ا�'"�د�	(أ

 T3ا��
g� 8ل ا�"x'� ا�!^�3�[� و ا�دراجا�"$'�دة8�3 ا�  .��� :و�$b ه*ا ا�
� -�, ا�
�6 ا�$

             	�JgJ 8�

!��ن  Y�S6$�ي -�, درج وا�(أ;�/اء ا�"��� ا��[�)� وا�*ي   u� �F (    ���'� ��
وه�*ا ا�


���Mاً  
�ر���ً� ا�"����� ا��[���)� "'
     �x��$� ا������ل، ����5 أن ه��*ا ا����رج ���� 	��^��Sو �ً�����";��!3 �

   ).٩ – ٢ا��M ا�K!� (ا�"�ز-�ت �� ا���اT3 ا�'���	 

  

 	
 #"******�ض ا�******�
	 ا���******�ع :)٩ -٢( ا�******�

� Ls��رج اF�ا ��   ا�4�I(� ا�7ي #�� 

  

  

� أ����ً� -���, و�6$���ي ا�"����� ا��[���) 

       T�3ا��
�� 8�3 آ� ا�$� �]�
x'� آ^�3

������)^� ه����*ا ا�
����� و�����Bل ا�����/وار    

   T����3ا��وا������واد �^����*ا ا�" 
����, إ�����, ا�

w��
 �!K3 و 	3)�- 	�ا�'��. 

          Y��"; Y�

8 ا�دراج �^� 
�;�د -�, ���4 ا�" 
, �x�$< 5�63 ه�*( ا�دراج  ���rا�%/ء ا� �
وأ

       �g4> 	��ر�� -�ا ا�"g�6ت ا�$%
 T3ا���رع ا�'��م، ���5 أن ه�*( ا�دراج >��x 8��3               ا�Kا�� ,��- ��^

 وآ�*�` >'"��    ��4ارئ ا���اT3 ا�'���	 وآ�اج ا�)��رات 5�63 >'"� ه�*( ا�دراج -��, \�!� درج               

 .-�, >�a�9 ا��Xh -8 ا�"��� ا��[�)�



 ٢١

 : ا	�ا�34ت٦-٢


��g��� 8ل ا�$��b�"x ا�"'"���ري ���ا;^���ت و;���د      ���^M�     ���� 	وا������ 	���Sا�$���ا�� ���� ا�!$��� ا��أ 

              	��3�
�رع ا�'�م، �� 5�M^�� ذ��` ;���ً� ��� ا��ا;^�	 ا�%Kا� ,�- 	��ا��ا;^�	  (ا��ا;^�ت ا�grث ا�"

	�
�
��5 >�6ي ه*( ا��ا;^	 ا�"��� ا��[��)� ��" 
�,، ���5 أن ه�*ا         )  ١٠ -٢ا��M ا�K!�   (،  )ا�

     Y]ا��ا ����� ا�" 
� ا�"
�M ا�%"'� �

���;� ا�6��5 ��" ���� ا�'��x�	،      اM^� ا�%��d    و� ،ا�!$�

�م ;"��ل         �- �!K�3 ,�
و� �ز ه*ا ا�
� �� اS$��ام ا�!$� ا�"!��	 
8 ا�/;�ج وا��"
��م ��'�� ا�" 

�ر�ً� ����اً"'

�Mاً 
  .و

 	
 "ا�1ا]K3 ا�KL�1YI" #"�ض ا��
	 ا�1ا]K3 ا�:�:١٠( : .Y)��� KL – ٢( ا��

� ا�$�رج ا���� ا��ا�1   

��	    وأ�

��ى       ) ا�%
���3	 w) ��� ا��ا;^�	 ا� ��^M� /��"
�ري �"'
 ��� ��^�

 Y��
 ,��
�رعا���$gف>!���a ا�" Kا�رض وا��� d���S�

   . ,��
و
��8 ا�
���ر ا�""���/ ��ا;^���ت ه��*ا ا�" 


M^��اً                    ,�
��� ا�" '$� ��Sآ ���( و3$��رج رأ 	ا�����Sا 	ام آ$����$�Sا 	��
�
� ا��ا;^	 ا�ًB�xو�


8 ا�%^�ت  �ً�S�
$
 ��ر�ً"'
6
� -�, \!� �Fسا�grث

 ,
� أن ه*ا ا�" ًB�xو� . 

         �^M"وا� �!K���ن 3$^3�K$
 �"^� 	�3�hوا� 	�F�Kإ�, ا��ا;^$�8 ا� 	 (
��3 �
) ١١ -٢أ��M ا��K!�    (أ

��ا��	                    �Sا 	6$��ي -��, آ$��< ��ت ا�"
�)�ب -"�د��ً�، آ"�� أ�^�� J Y�
 �� >�ا�� ا�!$� أ����ً"^�� �^M�و

     9� ,�- ���6$� XSا�� �� 	ام              ;"����$�Sا �
��	، و����g أ���ً�
�Y3 ا�")$��م �� ا��ا;^�	 ا��: ا�

̀ (ه*ا ا���Sب ��)", �3ـ       وا�دراج ا�"9$��	 -�, ا� �G	 ا���ر;�	       ��
وا��*ي ���X3 ا�" 
�,      ) ا� ���را

3��"X�6 ا���ر;�. 



 ٢٢

  

 	
   #"�ض ا�1ا]��3ن ا���KLl وا�KL��O: )١١ – ٢( ا��

  	4�(3 �rأآ E��!� 	���"Kا� 	ا��ا;^ �� �

8 ا��ا;^�ت ا����ى  أ )   �!Kا�� ��Mوذ��`  )  ١٢ – ٢ا�

              ���'� ��
� -�, دا�� ا������	 ا��)!
�	 وه�*ا ا�^$�g4> ع�� � 3'!�:  ، -��, ا�^��وء وا��ا��	      ا}�

�� -�, ا��6آ	 وا�)�-	ا�$�ا��ا;^�ت ا���ى <  . ��g"8 ا�
أ��ً� �� ه*( ا��ا;^�ت اS$��ام و

�، آ"� �)$��م �� ه*( ا��ا;^	 ا�6%� ا����م ا���3 ً�Sورأ ��ت ا�!$� أ���ً Jا�* و�

8 ا� ���
��ع 

  .آ"� �� ا��ا;^�ت ا���ى

 	
  #"�ض ا��
	 ا�1ا]K3 ا�����KL ا����K 124 ا�}�KLJ ): ١٢ – ٢( ا��



 ٢٣



 ٢٤

�������� 
����
� ���  

  

��� �����:  

��      ����� 	�
�� �� �
��� ��������        �
�
��� ������� ����� ���� ���� �� ��� �  !� 

	�"���#� 
���$�� %���&� '
� ��$() 
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NO. Type of Area Live Loads(kg/m2) 
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3. Roof 150 
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h < 250                        0 
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  �-
 ����)TJ\ (
&(�� C?1 �� 3�8�
#� >1& `�
*�� ���&) 	��- ��(�. [2]   

  

* � %H+H
� %��>D:  

       	�9 )� 	�1)
 ���&) �� A
�(� /�� 
� 
*W�'   V����� �  ��W��'��   ���� ���� 

   � �*� V����� '
�  /d
�� ���� >,9�#� ��$( 	 �
$��� ���$�  	�9 2� D�9�� ��)���  /0�

 B9�� D�-/� ���9� V����� /  A������� B9�� ��
��(  .  

  

  

��0  
����
���������:   

�"���4� 
���$�� �� 	����� �� A��� /��(��� !��� ��+��	 '
� ; �&� /+� E��+�� /��� 

 @��&,�� '�(��� ���� 	�
�
��1�,����5�1��
�(��  ���$�� 67� ��) ���
 ���9$�� �

� A���2�� 
�1������ ��
����� 	
��&2�:�7 
�M� ��1�1.  



 ٤٠

�-
 �+���)TJG :( 
���$�� �$(	�"���4�/��(�
� 	��+��� .  

  

  

��0�� *����
� :  

4� 
���$�� �� A
�(� /� D�9�� �9� '
� A
��9�� 	�"���	�1)
��2� >(1(  A
*W��� ���&

� ���
��4� 
���$�� '�*� '�(��� /  	
��&�� 	�"���
�1���  � ��� �A���2�� ��
����

 ���
$�'��������  .E,�5#�� 	$?- /  >�1����� 2 �7�� �3�
���� ���
� ��9��� �


 '��-�'�� '��� !����� ����� /  �
��$��� 3����� � >�1��� K��&�������� /  	�"���.  



 ٤١

� 	8
�5� 3���) ����� 	&
1��� 	���1
5�� ��?,(�� �� ���$�1#� 	$"�� A���� ����  

 /
� �� :  

  

F.                 	������ ��?,(�� )    Solid Slabs.(  

U.                 	M
8��� ��?,(��  )   Ribbed Slabs.( 

 

       3�
���� �7� /  �����$8�� �� ���$�� ����� �
;�� �3����   	�
��$��� ��(
?���� 

  ���5� *,* 
��	 3���)             �70���� ���5�1#� 	$�(?� �",� �� �� >1& �+ ���9$�� �� 

 ���( /
� ��� � �	9&,�� ���8�� /  	�"���4� �������� /  C���1 67��3���2�:   

F( �� 	������ ���9$)Solid Slabs.( 

U( ���9�>�$��  �&���� 6���#� ��7 ). (One way ribbed slab 
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Chapter Four� �

 

 

Structural Analysis and Design   

   

 

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 

structural 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 calculations for all structural members would be 

made upon the structural system which was chosen in the previous chapter. 

So, In This Project, there are Three types of slabs: solid slabs, one-way ribbed 

and two-way ribbed slabs . They would be analyzed and designed by using finite 

element method of design, with aid of a computer Program called " ATIR- Software" 

to find the internal forces, deflections and moments for ribbed slabs and by using the 

previous program and "STAADPRO 2004" programs to find the internal forces, 

deflections and moments for one & two way-solid slabs, 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-code. 
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4.2 Factored Loads: 

The factored loads on which the structural analysis and design is based for our 

project members, is determined as follows: 

 

                                     qu = 1.2DL + 1.6L                          ACI – 318 - 02 (9.2.1) 

4.3 Determination of thickness: 

4.3.1 Determination of thickness for one way rib slab:- 

The structure may be exposed to different loads such as dead and 

live loads. The value of the load depends on the structure type and the 

intended use. 

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

For rib (R 06) in the fifth floor, as shown in fig (4.1). 

 

Fig. ( 4-1) Rib (06) in the fifth floor  

Spans from left to right for one way slab: 
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4.3.2 Determination of thickness for two way rib slab:- 
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10*04.125.0*8.0*
12

1

12

1

−

−

=

===

b

b

I

bhI

 

4.3
1036.22

101.76

0465.0
1036.22

1004.1

4

4

1
2

4

4

1
1

=
×

×
==

=
×

×
==

−

−

−

−

s

b

s

b

I

I

I

I

α

α

 

272.12.0

72.1
2

4.304.0

2
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=
+

=
+

=

m

m

α
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 According to ACI-code:                                   Fig. (4-2) two way rib slab 

 

)2.0(536

)1500/8.0(

−+

+
=

m

yn

m

fl
h

αβ
                                                        ACI-318-02 ( Eq: 9-12) 

 

24.1
6.4

7.5
===

b

a

L

L
β  

cmmhm 4.13134.0
)2.072.1(24.1536

)1500/4008.0(7.5
==

−×+

+
=  

 

 We select from one & two way rib slab, The Thickness Rib Slab = 25 cm  

B(02)

B(01)

B(01)

B(01)
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4.4 Load Calculation: 

�First: One - way ribbed slab. 
For the one-way ribbed slabs, the total dead load to be used in the 

analysis and design is calculated as follows: 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4-3) one way rib slab 

 

 Calculation of the total dead load for one way rib slab is shown in 

the following table: 

Unit Result Calculation  Parts of Rib No. 

KN/m  Linear 0.4998 0.2*0.17*1*24.5  Rib 1 

KN/m  Linear  1.0192 0.08*0.52*1*24.5  Top Slab 2 

KN/m  Linear  0.3422  0.03*0.52*1*22 Plaster  3 

KN/m  Linear  0. 68 0.17*0.4*1*10 Block 4 

KN/m  Linear  1.2792 0.15*0. 52*1*16.4 Sand Fill 5  

KN/m  Linear  0. 624 0.05*0. 52*1*24 Tile & Mortar 6  

KN/m  Linear  0. 52 1*0. 52 Partitions 7 

KN/m  Linear  4.965  

 

Table ( 4 – 1) Calculation of the total dead load for one way rib slab.  
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Nominal Total Dead Load : 

 D.L. total  = 0.4998 + 1.0192 + 0.3422 + 0.68 + 1.2792 + 0.624 + 0.52       

                = 4.965  KN/m of rib 

Live load = 2.5 * 0.52 = 1.3 KN/m  

Factored dead Load  = 1.2* 4.965 = 5.958  kN/m. 

Factored live Load   = 1.6 * 1.3 = 2.08 KN/m 

                                                             

�Second: Two-way ribbed slab.  
For the one-way ribbed slabs, the total dead load to be used in the 

analysis and design is calculated as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4-4) Two way rib slab 

 

 Calculation of the total dead load for one way rib slab is shown in 

the following table: 

(0.52*0.52)units 
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Unit Result Calculation Parts of Rib No. 

KN/unit 0.84 0.15*0.17*(0.55+0.4)*24.5  Rib 1 

KN/unit  0.59 0.08*0.55*0.55*24.5  Top Slab 2 

KN/unit  0.20  0.03*0.55*0.55*22 Plaster  3 

KN/unit  0.272 0.17*0.4*0.4*10 Block 4 

KN/unit  0.74 0.15*0. 55*0.55*16.4 Sand Fill 5  

KN/unit  0.36 0.05*0. 55*0.55*24  Tile & Mortar 6  

KN/unit  0. 30 1*0. 55*0.55 Partitions 7 

KN/unit  3.302 

 

Table ( 4 – 2) Calculation of the total dead load for two way rib slab.  

Nominal Total Dead Load : 

 D.L. total  = 0.84 + 0.59 + 0.20 + 0.272 + 0.74 + 0.36 + 0.30                       

= 3.302  KN/unit 

Dead load total  = 3.302/(0.55*0.55) = 10.916 KN/ m2. 

Live load = 2.5 KN/m2 . 

Factored dead Load  = 1.2* 10.916 = 13.1  KN/m2. 

Factored live Load   = 1.6 * 2.5 =   4          KN/m2. 
Wu = 13.1 + 4  

       = 17.1 KN/m2 
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4.5 Design of Topping: 

4.5.1 Design of Topping for One-Way Rib Slab: 

 

Dead load = total dead load – dead load of one rib 
 

2/587.8
52.0

4998.0

52.0

965.4
mKNDL =




−




=  

 

Wu =  (1.2 * 8.587 ) + (1.6 * 2.5) 
       = 14.3 KN/m2 
 

 � For a one meter strip Wu = 14.3 KN/m2    
 

Assume slab fixed at supported points (ribs): 

12

* 2lWu
Mu =  

12

4.0*3.14 2

Mu =  

      = 0.191KN.m     

 

 
2430*8.0' ==cf  [8] 

)(42.0 MPacffr ′×=         ACI-318-02   (22-5.1)          Fig (4-5) Toping of slab 

263 /2060101006.2

06.2)(2442.0

mKN

MPaMPafr

=××=

=×=
−

                

 Mn = ƒr * s 

S =
( ) 33

22

1006.1
6

08.000.1

6
m

bh −×=
×

=   

Mn = 2060* 31006.1 −× = 2.184 KN.m     

Φ Mn = 0.55 * 2.184= 1.201 KN.m                                

 

Φ Mn = 1.201 KN.m > Mu = 0.191 KN.m   

 

No structural reinforcement is needed. Therefore, shrinkage and 

temperature reinforcement must be provided. 

For the shrinkage and temperature reinforcement: 

   ρ =0.0018                                                             ACI-318-02   (7.12.2) 

As = ρ * b * h = 0.0018 * 100 * 8 = 1.44 cm2 /1m  
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Use 1Φ 8 / 25 cm (4Φ8 / 1m), with Asprovided
 = 2.00 m2/1m   both directions.  

  

4.5.2 Design of Topping Two-Way Rib Slab: 

 

    It is apparent that the topping slab in two-way action is even stronger 

than that for one-way ribbed slabs. Therefore, only shrinkage and 

temperature reinforcement needs to be provided, with the same design as 

before. 

Use 1Φ 8 / 25 cm (4Φ8 / 1m), with Asprovided
 = 2.00 m2/1m   both directions.  

 

 

4.6 Design of rib ( 06 ):  

Fig.(4-6) Rib location  

By using ATIR program we get the envelope moment diagram as the 

following values:- 

 

Fig. ( 4 - 7 ) Spans length of rib ( 06 ). 

 

 

 

C66

C65

C64

C63

C62
C61C60

C59

C58

C57

C56

C55

C48

C47

C46

C45

C44C43

C42

C41

C40

C39

C35C34

C33

C30

C29

C28

C27

C26

C25C24

C23

C22

C21

C20

C19

C14

C13

C12

C11

C9C8

C7

C6

C5

C4

C3

C10

C54

C53

C38

C37

C18

C17

C2

C1

C36

C67

C50

C49

C68

C51

C31

C32

C15

C16

C52



 ٦٠

 

Fig. ( 4 - 8 ) Moment diagram for rib ( 06 )-(KN.m). 

 

Fig. ( 4 - 9 ) Shear diagram for rib ( 06 )-(KN). 

 

4.6.1 Design for positive moment for Rib ( 06 ): 

 

This design for 4.76 m spans, 

Effective Flange width ( Eb )                                  ACI-318-02   (8.10.2) 

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

Eb  = L / 4 = 4.76 / 4 = 119 cm 

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

Eb  = C/C = 52 cm………………..    Control 

» Use Mu max positive for all spans = 15.2 kN.m 

Mn = 15.2/0.9 = 16.88 kN.m  = 1.688 ton.m 

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

For   a = t = 8 cm 
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C = 0.85 fc t Eb = 0.85 (0.24) (8) (52) =79.87 ton 

d = h – cover - d/2 = 25 – 2 – 1.2/2  = 22.4 cm 

Mn = T or C (d – 0.5 a) = 79.87 (22.4 – 0.5 (8)) / 100   = 17.84 ton.m 

Mn available = 17.84 ton.m   > Mn required = 1.688 ton.m  

Design as a rectangular with Eb = 52 cm 

A s min = ))((
4.1

))((
)(4

db
f

dbw
fy

cf
w

y

≥
′

                                     ACI-318  (10.5.1) 

A s min = )4.22)(12(
400

4.1
)4.22)(12(

)400(4

24
≥  

A s min = 0.823 cm2 ≥  0.941 cm2                         

A s min = 0.941 cm
2
 

'85.0 fc

fy
m =  6.19

)24(85.0

400
==  

2

2

5

2
/47.6

)4.22)(52(

)10(*688.1
cmKg

bd

Mn
Rn ===  

002.0
4000

47.6*6.19*2
11

6.19

12
11

1
=










−−=










−−=

fy

mRn

m
ρ   

A s  = 0.002(52)(22.4) = 2.33 cm
2
  > A s min  = 0.823 cm

2
  

# of bas = As / As bar = 2.33/1.54 = 1.5                  * Note  AΦ14 = 1.54 cm
2 

 Select bottom bars   2Φ14 mm     
 

Total As (provide) =3.08 mm 
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* Check for yielding: 

Tension = Compression 

abffyA cs ×××=× '85.0    

mma

a

61.11

52.02485.040010)1542( 6

=

×××=××× −

 

mm
a

X 66.13
85.0

61.11

85.0
===  

005.0046.0

046.0003.0
66.13

66.13224

>=

=×
−

=

s

s

ε

ε
 

  Ok. 

  

4.6.2 Design for Negative Moment for Rib ( 06 ): 

The maximum negative moment from spans with support is  

Mu = 19 kN.m  

Mn  = 19/ 0.9 = 21.1 kN.m   = 2.11 ton.m 

Design of T-section for negative moment as rectangular section with 

 ( b = bw ) 

A s min = ))((
4.1

))((
)(4

db
f

dbw
fy

cf
w

y

≥
′

                                     ACI-318  (10.5.1) 

A s min = )4.22)(12(
400

4.1
)4.22)(12(

)400(4

24
≥  

A s min = 0.823 cm2 ≥  0.941 cm2                         

A s min = 0.941 cm
2
 

 
m = 19.6  

Rn = Mn / bw. d² =
 

cmKg /04.35
4.2212

1011.2
2

5

=
×

×
 

0097.0
4000

04.35*6.19*2
11

6.19

12
11

1
=










−−=










−−=

fy

mRn

m
ρ                      
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A s  = 0.0097 (12) (22.4) = 2.61 cm 2  

2.61 cm2   > As (min) = 0.823cm
2  

# of bas = As / As bar = 2.61/1.54 = 1.69 = 2 bars        * Note  AΦ14 = 1.45 cm
2 

Select bar  2 Φ 14 mm  

Total As (provide) =3.83 cm 

 

* Check for yielding: 

Tension = Compression 

abffyA cs ×××=× '85.0    

mma

a

3.50

12.02485.040010)1542( 6

=

×××=××× −

 

17.59
85.0

==
a

X  

005.00084.0

003.0
17.59

17.59224

>=

×
−

=

s

s

ε

ε
 

  Ok……. 
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4.6.3 Design  shear for Rib (06): 

 

Ф Vc =   Ф * 
6

'fc
  bw * d 

         = (0.75 * 
6

24
  12* 22.4)*100/1000 

         = 16.5 KN   

Ф Vsmin =( Ф 
3

1
 * bw * d)* =(0.75

3

1
*12*22.4)*100/1000 = 6.72 KN. 

��  Ф Vsmin =6.72 KN . 

Vu = 19.9 kN                            (From Shear Envelop) 

Ф Vc < Vu ≤ (ФVc + ФVsmin) 

7.54 < 19.9 ≤ (16.5+6.72) 

:)3( SatisfyCategory∴  

Minimum shear reinforcement required, so; 

cmmm

Vs

dfyAv
S

1001000
1072.6

224400)502(75.0
3

==
×

××××
=

Φ
×××Φ

=
 

S = d/2 = 22.4/2 = 11.2 cm 

S ≤ 60 cm  

Use S = 10 cm 

S

dFyAv
Vs

***φ
φ =   

KNVs 56
12

4.224)5.02(75.0
=

××××
=Φ  

Then use φ 8 @ 10cm    
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4.7 Design of Beam(B04): 
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Fig (4 – 10 ) Beam location( B04) 

 

Fig (4 – 11 ) Span Length  

 

Fig (4 – 12) Beam moment values without self weight load(KN.m) 

  

Fig (4 – 13 ) Beam shear Values(KN) 
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4.7.1 Design for positive moment:  

bw = 40 cm ,                   

bf =80 cm   

d = 55-(4+1+1+2.5/2) = 47.75cm "If Ф 20 

are used " Two Layer 

Mu =289.1 KN. m  

 

A s min =                                                                   ACI-318 (10 - 5.1) 

 

A s min = 

 

A s min = 5.97 cm2 ≥  6.825 cm2                         

A s min = 6.825cm
2
 

 

Isolated T-section 

t≥ wb
2

1
   �  25≥ 40

2

1
    �    25cm ≥20 cm 

2- bE ≤  4 bw �  80≤ 404× �   80cm ≤160cm     

 

To Determine T-section Or Rectangular  

If the entire flanges bE are under compression force; 

�for a=t =25 cm. 

 C =0.85*0.24*80*25= 408ton. 

Mn = C * (d -
2

a
) = [408*(48.75 -

2

25
)/100] = 148.02ton. m 

Mn req. =  
9.0

1.289
= 321.22 KN.m = 32.12 ton.m 

Mn = 148.02 ton.m > Mn req.  = 32.12 ton.m 

 

 

))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf
≥

′

)75.48)(40(
400

4.1
)75.48)(40(

)400(4

24
≥
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�   a < hf, 

m  = 
'*85.0 fc

fy
 = 

24*85.0

400
= 19.6 

Rn = 
2** db

Mu

φ
= 

2

5

)75.48(*80

10*12.32
= 16.89 Kg/ cm

2
 

ρ  = 
m

1
(1 - 

fy

mRn2
1−  ) 

ρ  = 
6.19

1
(1 - 

4000

)89.16)(6.19(2
1 − ) = 0.00441 

A s (req) = 0.0041 * 80*48.75 = 17.199 cm
2
 

Number of bars = 17.199/2.54 = 6.77 = 7 bars 

Select 10 Ф 18 in Bottom with AS prov. = 25.45cm².    

And   10 Ф 16 in Top  with AS prov. = 7.85 cm².     

    Because of control deflection {To meet the deflection limit 
480

L
}. 

 

* Check for yielding in bottom: 

Tension = Compression 

abffyA cs ×××=× '85.0    

mma

a

56.61

8.02485.040010)3148( 6

=

×××=××× −

 

42.72
85.0

==
a

X  

005.00172.0

003.0
42.72

42.725.487

>=

×
−

=

s

s

ε

ε
 

 ……. Ok 
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4.7.2 Design for negative moment: 

bw = 40 cm ,                   

bf =80 cm   

d = 55-(6+1+1) = 47cm        d' = 6cm 

 

Mu = 362.2 KN.m  

                                                              ACI-318  (10 - 5.1) 

A s min =                                                                     

 

A s min = 

 

A s min = 11.51 cm2 ≥  6.825 cm2                         

A s min = 13.16 cm
2
 

 

Mn (req)   = 362.2 / 0.9 = 402.44 kN.m   = 40.24 ton.m 

m= 19.6  

Rn = Mn / (bw . d²) = 2

2

5

/54.45
47*40

10*24.40
cmKg=   

0114.0
4000

54.40*6.19*2
11

6.19

12
11

1
=










−−=










−−=

fy

mRn

m
ρ                      

A s (req)  = 0.0114 (40) (47) = 21.432 cm
2
 

# of bars = 21.432/2.01 = 10.66 =11bars 

 

Select 11 Ф 16 with AS prov. = 22.11 cm².       . 

 

)47)(40(
400

4.1
)47)(40(

)400(4

24
≥

))((
4.1

))((
)(4

dbf
fy

dbw
fy

cf
≥

′
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* Check for yielding: 

Tension = Compression 

abffyA cs ×××=× '85.0    

mma

a

7.107

4.02485.040010)3147( 6

=

×××=××× −

 

7.126
85.0

==
a

X  

005.0008.0

003.0
7.126

7.126470

>=

×
−

=

s

s

ε

ε
 

  Ok……. 

 

4.7.3 Design shear of Beam: 

 

Ф Vc =   Ф * 
6

'fc
* bw * d 

         = (0.75 * 
6

24
* 40* 48.75)*10/1000 

         = 11.94 ton.   

Ф Vsmin =( Ф 
3

1
 * bw * d) =(0.75

3

1
*40*48.75)*10/1000 = 4.875 ton. 

�  Ф Vsmin =4.875 KN . 

 

Vu = 293.8 kN =29.38 ton            (From Shear Envelope) 

tonVctonVtonVsVc u 82.35338.2982.16min =Φ≤=≤=Φ+Φ

So  :)4( SatisfyCategory∴  

tonVsq

Vsq

VcVuVsq

44.17.Re

94.1138.29.Re

.Re

=

−=

−=

φ
φ

φφ

 

S

dFyAv
Vs

×××
=
φ

φ  
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ControlcmS

S

...25.13

75.0*75.48*4*79.0*2
44.17

=

=
 

cm. 10  S Use

60)(

37.24
2

75.48

2
)(

=

≤

==≤

cmS

cm
d

S

 

Then use φ 10 @ 10cm    
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Fig (4 – 14 ) Beam Detail( B04) 
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4.8 Design of One Way Solid Slab: 
4.8.1  Determination if thickness: 

h cmitTakecm
L

2526
20

614

20
≈===  

 

4.8.2 Design for positive moment: 

d = 25-2-1.2 = 21.8 cm. 

Mu = 59.6 KN.m 

Mn = 59.6/0.9 = 66.22 kN.m  

MPa 39.1
)(1000)(218

1066.22

bd

Mn
Rn

2

6

2
=

×
==  

c

y

f

f

′×
=

85.0
  m = 

2485.0

400

×
 

61.19=m  












−−=

y

n

f

Rm

m

2
11

1
ρ  








 ××
−−=

400

39.161.192
11

61.19

1
ρ  

00324.0=ρ  

dbAs ..ρ=  

As = 0.00324 X (100) X (21.8) = 7.06 cm 2  

 2

smin

cm4.5251000.0018

hb.00180  A

=××=

××=
                    ACI-318-02   (7.12.2) 

2

min 5.406.7 cmAsAsrequired =>=  

Φ12@ 12.5 cm.      AS provided. = 9.05 cm
2  > Asmin =4.5 cm

2 

 

Use Φ12 @ 10 cm.      AS provided. = 9.08 cm
2 

 



 ٧٣

4.8.3 Check for yielding: 

Tension = Compression 

61072.4040018.10

'85.0

−×=×=×

×××=×

fyA

abffyA

s

cs

   

cmmma

a

2996.1

00.12485.010)72.40( 6

≈=

×××=× −

 

353.2
85.0

2

85.0
===

a
X  

005.0024.0

003.0
353.2

353.28.21

>=

×
−

=

s

s

ε

ε
 

  Ok…. 

 

4.8.4 Development length of the bars: 

b

c

y
d

f

f
Ld ...

2
γβα

′

=  

For Φ12 bars:  

cmLd

Use

cmLd

Ld

50

:

99.48

2.1111
242

400

=

=

×××
×

=

 

 

4.8.5 Shrinkage &Temperature Reinforcement 

As = 0.0018(100) (25) = 4.5  cm 2  

Use Φ12 @ 25 cm.      AS provided. = 4.5 cm
2 
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4.9 Design of Column: 

4.9.1 Design of Short Column(C29/A):   

4.9.1.1 Design Of longitudinal Reinforcement: 

Select column (C29)  for design Basement floor [floor A]. 

Pu =4589 KN  

Pn Req = 4589 /(0.65) = 7060 ton 

Use ρ  = ρ g = 1.5 % 

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

7060 *10-3 = 0.8 Ag [0.85*24(1-0.015)+0.015*400] 

Ag = 0.338 m² 

Use 60cm x60 cm     =>    Ag = 3600 cm² 

7060 *10-3  = 0.8(0.36) [(0.85)*24(1- ρ g)+ ρ g *400] 

ρ g = 0.0109 > 01.0min =ρ  

Ast req = (0.0109)(3600) = 39.24 cm² 

 

Use 14Φ20 A s provide = 43.96 cm² 
 

 

1234(( −≤







r

Klu








2

1

M

M
) 

           40≤            ……………..      ACI 10-12-2 

Lu: Actual unsupported (unbraced) length.  

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

R: radius of gyration = 0.3 h = 
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4.9.1.2 Design Of The Tie Reinforcement: 

Spacing ≤ 16*db (Longitudinal bar diameter)=16*2.0=32cm 

   ≤ 48*dt (tie bar diameter) = 48*1.0=48cm. 

   ≤ Least dimension=60cm 

Use Ø 10 ties @ 30cm spacing. 
 

The design column is shown in Fig.(4-١٥). 

                                                                       

 

 

 

         

Fig.(4-15). 

Detail column  
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4.9.2 Design of Long Column (C29/D) 

4.9.2.1 Design Of longitudinal Reinforcement: 

Select column (C29) for design [floor D]. 

Pu = 3456 KN  

Pn= Pu /(0.65) = 3456/(0.65)= 5316.9 

Use ρg = 1.5 % 

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

5316.9 *10-3 = 0.8* Ag [0.85*24(1-0.015)+0.015*400] 

Ag = 0.25468 m² 

Try 60cm*60cm.= 3600 cm2 

1&

5.5

21 =

=

MM

mlu
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Use 16Ø 18 As provided =40.64cm2 

 

4.9.2.2 Design Of The Tie Reinforcement: 

 

Spacing ≤ 16 X db (Longitudinal bar diameter)=16 X 1.8=28.8cm 

      ≤ 48 X dt (tie bar diameter) = 48 X 1.0=48cm. 

      ≤ Least dimension=60cm 

Use Ø 10 ties @ 25cm spacing. 
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The design column is shown in Fig.(4-16). 

                                                                                   

 

 

 

 

 

 

 

                Fig.(4-16) 

           .Detail column  
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4.10 Design of Stairs: 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (4-17): Stair Detail 

 

4.10.1  Dead load: 

h cmasitTakecm
L

2525.23
20

465

20
≈===  

o54.29)
30

17
(tan 1 == −θ  

 (DL)  Concret plat mton
mmtonm

/719.0
59.29cos

)1)(/5.2)(25.0( 3

==   

(DL)  Steps = mtonmmtonmm /064.0)1(*)/5.2(*)17.0*3.0(*
2

1 3 =  

(DL)  Mortar = mmmtonm
mm

/078.01*/5.2*2.0*)
3.0

17.03.0
( 3 =

+
 = 0.44 KN/m 

 (DL)  Sand = 0.1* 1.64*1=0.164 ton/m2 

 (DL)  Plaster mton
mmkNm

/086.0
54.29cos

)1)(/25)(03.0( 3

==  

Total dead load = 1.11 ton/m 

 

Factored dead load = 1.2(11.1) = 1.332 ton/m 

Live load =0.5 ton/m. 
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Factored live load = 1.6(5) = 0.8 ton/m. 

Wu = Factored dead load + Factored live load .for 1 m of the stair slab 

Wu = 1.332 + 0.8 

Wu = 2.132 ton/m. 

 

4.10.2 Design for positive moment: 

 Calculate the magnitude of support reaction in stair: 

using Φ 12 bars 

 

 

Fig. (4-18): Distribution Load of Stair . 

 

 

 

 

 

 

Fig. (4-19): moment diagram of Stair . 

Moments Diagram:   

54.4 

2.33 2.33 



 ٨١

  

 

Fig. (4-20):Shear diagram of Stair  

 

d = 25-2-1.2 = 21.8 cm. 

Calculate the magnitude of the max. Moment by using the shear diagram: 

Mu = 54.4 KN.m 

Mn = 54.4/0.9 = 60.44 kN.m  

MPa 572.1
)(1000)(218

10*60.44

bd

Mn
Rn

2

6

2
===  

m = 
c

y

f

f

′*85.0
= 

24*85.0

400
 

61.19=m  












−−=

y

n

f

Rm

m

2
11

1
ρ  









−−=

400

572.1*61.19*2
11

61.19

1
ρ  

00409.0=ρ  

dbAs ..ρ=  

As = 0.00409*(100)*(21.8) = 8.916 cm 2  

Use Φ12 @  10 cm.      AS provided. = 9.04 cm
2 

41.1 

-42.1 

42.6 

-43.5 

Shear Diagram:  
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Asmin = 0.0018*(100)*(21.8) = 3.924 cm
2  

Φ12  @ 10 cm.      AS provided. = 10.18 cm
2  > Asmin  =7.14 cm

2 

 

4.10.3 Check for yielding: 

Tension = Compression 

610*72.40400*18.10

'85.0

−==×

×××=×

fyA

abffyA

s
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cmmma

a

2996.1

00.12485.040010)72.40( 6

≈=

×××=×× −

 

353.2
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2

85.0
===

a
X  

005.0023.0

003.0
353.2

353.24.20

>=

×
−

=

s

s

ε

ε
 

  Ok…. 

 

4.10.4 Development length of the bars: 

b

c

y
d

f

f
Ld ...

2
γβα

′

=  

For Φ12 bars:  

cmLd

Use

cmLd

Ld

50

:

99.48

2.1111
24*2

400

=

=

×××=
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4.10.5 Shrinkage &Temperature Reinforcement 

As = 0.0018(100) (25) = 4.5 cm 2  

Use Φ12 @ 20 cm.      AS provided. = 3.95 cm
2 

 

 

4.10.6 Detail of Stair: 

 

Fig. (4.-21):Detail of Stair  
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4.11 Design of Shear wall: 

 

4.11.1 Calculation of loads :  

[ ]

[ ]

[ ]

[ ]

[ ]

KNW

KNW

KNW

KNW

KNW

KNW

W

AreaLlAreaDlW

total

floorB

floorB

floorC

floorD

flooronetofifthfor

flooronetofifthfor

floorfor

75.59001

62855190425.0*415*5.2415*
52.0

97.4

6851210025.0*450*5.2450*
52.0

97.4

4.234163025.0*1.162*5.21.162*
52.0

97.4

85.6744190425.0*4.475*5.24.475*
52.0

97.4

.81.7355

190425.0*5.535*5.25.535*
52.0

97.4

25.0***

=

=++




=

=++




=

=++




=

=++




=

=

++




=

+=

 

4.11.2 Calculation of shear force on "shear walls" :  

From Uniform Building Code 1997(UBC): 

Z=0.3    zone"3"      

R=5.5         

I=1 

Ca=0.3 

Cv=0.3 

hn=27.6 

Ct=0.02 

Where: 

Z = seismic zone factor as given in Table 16-I.   

R = numerical coefficient representative of the inherent overstrength and global 
ductility capacity of lateralforce  resisting systems, as set forth in Table 16-N or 
16-P. 

I = importance factor given in Table 16-K. 

Ca = seismic coefficient, as set forth in Table 16-Q. 
Ct = numerical coefficient given in Section 1630.2.2. 
Cv = seismic coefficient, as set forth in Table 16-R. 
hi, hn, hx = height in feet (m) above the base to Level i, n or x, respectively. 
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          Eq…30-8   (UBC)( ) 4/3

hC nt
T = 

( ) 587.06.270488.0
4/3 ==T  

controlWWW
TR

ICv
V 0929.0.0

05875,5

13.0

.

.
1 =

×
×

==  

WWW
R

ICa
V 136.0

5.5

13.05.2.5.2
1 =

××
==  

WWWICaV 033.013.011.0..11.01 =×××==  

 
�� controlWV 26.548175.590010929.00929.0 =×==  

 
2.22526.5481587.007.007.0 =××=××= VTFt  

 
 
floor 

W  (KN) V   

(KN) 

H  (m) Ft  

(KN) 

(V-Ft) (W*h) Fx 

Floor(5) 7355.81 5481.26 27.6 225.2 5256.1 203020.4 1119.5+Ft 

Floor(4) 7355.81 5481.26 24.5 225.2 5256.1 180217.3 933.8 

Floor(3) 7355.81 5481.26 21.35 225.2 5256.1 157046.5 866 

Floor(2) 7355.81 5481.26 18.25 225.2 5256.1 134243.5 740.3 

Floor(1) 7355.81 5481.26 15.15 225.2 5256.1 111440.5 614.5 

Floor(D) 6744.8 5481.26 12 225.2 5256.1 80937.6 446.31 

Floor(C) 2341.4 5481.26 9.5 225.2 5256.1 22243.3 122.66 

Floor(B) 6851 5481.26 6.5 225.2 5256.1 44531.5 245.6 

Floor(A) 6285.5 5481.26 3.1 225.2 5256.1 19485.1 107.45 

 59001.75     953165.2  

Table ( 4 – 3) Calculation of the total Fx.  

( ) hwhwFF i

n

i ixxtx
V ∑ =
−=

1
/ 

( )
5.1119

2.953165/]6.2781.73551.5256[

=

××=F x 

 

 

 

 

 

 

 
Fig. (4-22):Fx-Diagram 
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By using the software (Staad pro.) to Analysis the shear wall it was 

get result as the following : 
"it was effect 100 KN to building from the front side" 

NO.plate Sxy    KN/m2 dimension 

1444 10.5 0.31*0.25 

1443 7.9 0.60*0.25 

1442 6.3 0.61*0.25 

1441 6.4 0.66*0.25 

1440 8.7 0.56*0.25 

1439 8.5 0.45*0.25 

1438 10 0.52*0.25 

1437 11 0.52*0.25 

1436 11.6 0.53*0.25 

1435 14 0.88*0.25 

1434 15 0.58*0.25 

1433 16.56 0.51*0.25 

1432 19.42 0.53*0.25 

1431 35 1.08 *0.25 

Table ( 4 – 4) Calculation "Sxy" from STADD Program.  

∑ =× %30dim)( Sxy  

Vu=Fx*30% 
Vu5=1344.73*30%=403.40 
Vu4=2278.53*30%=683.60 
Vu3=3144.53*30%=943.40 
Vu2=3884.83*30%=1165.50 
Vu1=4499.33*30%=1349.80 
VuD=4945.64*30%=1483.70 
VuC=5068.30*30%=1520.50 
VuB=5313.90*30%=1594.17 
VuA=5421.85*30%=1626.40 
 

Fig. (4-23):Moment & Shear-Diagram 
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3.1

3.1

3.1

3.1

3.1
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4

3
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1
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A

00

403.4

280.2

259.8

222.1

184.3

133.9

36.8
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32.23

1250.54

Mu

3369.7

6294.24

9907.30

14091.68

17800.93

22362.43

27782.61

32824.45
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4.11.3 design of shear wall:  

Fc =24 MPa  

fyFy =400 MPa.  

h=20 cm. Shear wall thickness. 

Lw=8.8 m. shear wall width 

hw=27.6 m. Story height. 

4.11.3 .1 Design of the Horizontal reinforcement: 
Vu=1520.5  KN 
Vn=1520.5  /0.75=2027.33KN 

d=0.8*Lw=0.8*8.8=7.04 m. 

dh
cf

V C
××

′
=

61
 

kNmmmmV C
63.11497040200

6

24
1

=××= 

Vs =Vn – Vc1 

     =2027.33-1149.63=877.7 kN.      

s
AVh

2

=
dfy

V S

*
=

mmmmN

kN

7040*/400

7.877
2

=0.00031 m.=0.031 cm. 

s
AVh

2

=0.0025*h=0.0025*20cm=0.0005 m  =0.05 cm. 

S 2
=Lw/5=8.8m/5=1760 mm. 

S 2
=3*h=3*20cm=600 mm. 

S 2
=500 mm controls. 

Use 2 Φ10= 1.57 cm2.  

S 2
=1.57/0.05=31.4 < 50 cm 

Use S 2
=30 cm 

s
AVh

2

= 0523.0
30.0

1057.1 2

=
× −

 

0.0523 > 0.05 
 

Use 2Φ10   @ 30cm C/C for the reinforcement in two layer. 
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4.11.3.2 Design of the Vertical reinforcement: 

AVn
= h

hLw

hw
S

S
AVh *)]0025.0
*

)(5.2(5.00025.0[
1

2

−−+  

5.214.3
8.8

6.27
>==

w

w

L

h
 

>>AVn
=0.0025 S1 h. 

S1
= 8.8 m /3=2933.3 mm. 

S1
=3*0.20 m=600 mm. 

S1
=450 mm. controls 

>>
s
AVh

1

= 0.0025*0.20                      >>
s1

610792 −××
= 0.0025*0.20 

S1= 0.316 cm 

Use 2Φ10   @ 30cm C/C for the reinforcement in two layer. 

4.11.3.3 Design of moment:  

At Mu=22362.43 KN.m  

As=( LW /S1)*2*113 

As=(8.8m/0.4m)*2*113=0.0049725m2. 

Lw

Z
= 

fyAs

hLwf
C

*

***85.0
2

1

/1
β

+

 

=

22

2

/400*004972.0

20.0*8.8*/24*85.0*85.0
2

1

mmNm

mmmmN
+

=0.0576 

Mn= Φ(0.5*As*fy*Lw(1-
Lw

Z
)) 

Mn=0.9*0.5*0.004972 m2*400N/mm2*8.8m(1-0.0576)=7.419 N.m. 

Mu=22362.43-7419=14943.43 kN.m.  

Ast= 
)(

/

CwLwfy

Mu

−
Φ

= 
)6.08.8(/400

9.0/943.14
2 mmmmN −

=50.61cm2. 

Use 12Φ25. 

 

   

At Mu=14091.68KN.m 
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Mu=14091.68-7419=6672.68 kN.m 

Ast= 
)(

/

CwLwfy

Mu

−
Φ

= 
)6.08.8(/400

9.0/673.6
2 mmmmN −

=22.6. 

Use 6Φ25.  
  

 

 

Fig. (4-24):Detail of shear wall 
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4.12 Design of Basement wall: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (4-25): Basment wall-Diagram 

4.12.1 load Calculation:  

e ο =γ* h *Kο 

θ = 30ο 

33.0
30sin1

30sin1

sin1

sin1
=

+
−

=
+
−

=
θ
θ

K  

e ο = 17*3.65*0.33=20.5 

ep=P*Kο  

   = 5*0.33 = 1.65 

0.... =∑ AatM  

(37.4 *1.22)-(6.0231 * 1.825)=56.62 

Mu = 1.6 * 56.62 = 90.6 

4.12.2 Thickness Calculation:  

Assume ρ = 0.01  

6.023KN

37.4KN

5 KN
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g

cmHSelect

H

mmd

ddb

Mu
Rn

Rn

mfyRn

fc

fy
m

30....

98.256207098.166

98.166

10009.0

106.90
61.3

9.0

61.3)01.06.195.01(40001.0

)5.01(

6.19
2485.0

400

'85.0

2

6

2

=

=++=

=
××

×
=⇒

××
=

=××−×=

−×=

=
×

=
×

=

ρρ

 

 

4.12.3 Wall Design:  

Mu=90.6 KN.m 

73.12211001006.6

1006.6
400

28.26.192
11

6.19

12
11

1

28.2
21010009.0

106.90

9.0

3

3

2

6

2

=×××=

×=








 ××
−−=









 ××
−−=

=
××

×
=

××
=

−

−

As

fy

mRn

m

db

Mu
Rn

ρ  

Select  Φ16@14cm 

 

As min = 0.0018 * b * d 

            = 0.0018 * 100 * 21 

            = 3.78 cm2  

As =12.73>As min=3.78 cm
2
 

4.12.4 Check for Shear:  

   

 

 

 

 

( )

.7.219.192

1000

1530100100
6

24

85.0

.7.21

KNVuKNVc

Vc

KNVu

=>=


















−−×××

=

=

φ

φ
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4.13 Design of Strip Footing: 

4.13.1 load Calculation 

Weight of wall (D.L.) =(height) Thickness * 1m wide * γc 

                                    = 28.6 * 0.3 * 24.5 =210.21 KN/m 

From beam D = 27.8+3 =30.8 

                   L = 26.6+21=47.6 

Wu=1.2(241)+1.6(47.6)=365.4 KN/m 

 

4.13.2 Determine the footing width :  

Allowable soil pressure = 500 KN/m² 

Assume footing thickness is 0.3 m. 

Net soil presser = 500 KN/m² -6.25 KN/m² = 493.75 KN/m². 

3/333
5.1

500
mKNPnet ==  

m
LLDL

widthFooting
netall

87.0
333

6.478.3021.210)(

.

=
++

=
+

=
γ

 

So select 100 cm width of strip footing. 

Determined of the contact pressure: 

Area

P
P u
net =  = 2/4.365

11

4.365
mkN=

×
 

dbfVV wccn ′==
6

1
 

uc VV =Φ     








 −
−

=××× dd
2

3.01

1

4.365
)100(

100

10
)100(24

6

1
75.0  

cmthicnessTotal

cmd

md

6.226.1813

13)(

13.0)(

=++=

=

=

 

So select strip thickness as 30 cm. 
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4.13.3 Determine reinforcement for moment strength : 

Mu = (Pnet) (
2

widthwallwidthfooting −
)* (

4

widthwallwidthfooting −
) 

        = 354.4 * 0.35 * (0.175)  

. KN/m 22.36  =Mu  

2

6

**

10*
 Rn  Required

db

M u

Φ
=  

6.0
20410009.0

1036.22
 Rn  Required

2

6

=
××

×
=  

m  = 
'*85.0 fc

fy
 = 

24*85.0

400
= 19.6 

ρ  = 
m

1
(1 - 

fy

mRn2
1− )   

ρ  = 
6.19

1
(1 - 

400

)6.0)(6.19(2
1− ) = 0.00153 ≤  ρmin = 0.0018 . 

 Areq = ρ X b X d = 0.0018 X 100 X 20.4 = 4.03 cm²        

Use Φ12 @ 25 cmAprov.= 4.52 cm
2 

 

4.13.4 Development length of main reinforcement: 

b

c

y
d

f

f
Ld ...

2
γβα

′

=  

For Φ12 bars:  

cmLdquieredcmLdAvailble

cmcmLd

cmLd

99.48Re30

3099.48

302.1111
242

400

=≤=

≥=

≥×××
×

=

 

So a standard hook of (20 cm) must be used to provide Ld 
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4.13.5 design of dowels bars: 

As minreq = 0.0012 * 100 * 20.4 = 2.448 cm 2. 

Use Φ 10 @ 52 cm….….. Aprov. = 3.14 cm2
 

Ld =  









××× db

cf

fy
γβα

'4
 = 








×××× 1111

244

400
= 20.4.cm. 

Ld available = 30 -8 -1.2 =20.8 cm > 20.4 cm …..ok. 

 

4.13.6 design of Secondary  Reinforcement: 

As minreq = 0.0018 * 100 * 30 = 5.4 cm 2. 

Use 4 Φ 12 
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4.14 Design of Isolated Footing: 

    Once the ultimate column or load is determined, the proper footing can 

be designed.  The following subsections describe the analysis and design 

of footing (F29). 

 

4.14.1 Load Calculation: 

Factored load =4622 KN 

Soil weight = 17 KN/m2 

Column geometry 60 * 60 cm 

Pu = 4622 KN 

Service load =2870.12 + 736.16 

                     = 3606.28    

The allowable soil pressure = Pu / F.S. = 500 / 1.5 = 333 KN/m2  

1. The footing will carry about 0.3m of overburden soil weighting about 

17 KN/m3. 

2. Estimate footing to be about 60cm.thick in addition to about 10cm of 

blinding concrete. 

   0.7*24.5=17.15ton/m2. 

   (0.3)*17=6ton/m2. 

 

4.14.2 Design of footing: 

1. Pnet= 333 -17.15 - 6=309.8 KN/m
2. 

    Required(Area) = 264.11
8.309

28.3606
m

Pnet

LLDL
==

+
 

  Try  3.5 X 3.5   Area = 12.25 m2. 

Select Foot Geometry 3.5    **** 3.5 

For the design of the reinforced concrete member factored load must be 

used: 

Pu = 4622 KN. 
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Pnet(factored)= Pu / Area = 4622/12.25=377.31 KN/m
2. 

4.14.3  Determine depth based on shear strength. 

Using critical section for one-way shear action and letting Vn=Vc 

cmhlet

cmdepthTotal

cmd

dd

VcVu

dVu

dVu

areashearwayonePVu

ddb
fc

VcVu

net

65..

652855..

55

3.214355.13208.1914

55.13208.1913

)45.1(5.31.377

)......)((

35010
6

30
75.0

6
75.0

'

=

=++=

=

=−

=

−=

−××=

=

××××=×××==

φ

φ

 

Select Height of foot = 65 cm 

Check this depth for two way shear action (punching), using critical 

section with d = 55cm. 

Vu=Pnet*[(B*L)-(a+d)(b+d)] 

Vu =3.7731[(350*350)-115*115]/1000=4123.1 KN. 

b=115*4=460 

The Punching shear strength is the smallest of: 

dbfV oc

c

c

′








+=
β
2

1
6

1
         = dbf oc

′
5.0  

dbf
db

V oc

o

s

c

′








+= 2

/12

1 α
   = dbf oc

′
57.0  

dbfV occ

′=
3

1
                       = dbf oc

′
33.0 …………..Control 

Where: 

cβ = a / b =60 / 60 = 1 

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

sα  = 40             for interior column 

KNVc 15.4090)550)(4600(2433.0 ==  

KNVc 61.306715.409075.0 =×=Φ  
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uc VV <Φ             3067.61 < 4123.1       its not  OK 

��Re-calculate Requird (d)  to satisfy punching shear : 

  Let h=75            

d = 75 – 7 – 16 = 66.4 

OKitsVuV

KNV

KN

V

b

KN

V

c

c

c

o

u

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

57.40704.542775.0

4.5427

66450562433.0

6.505

22.4019

]264.15.3[31.377 22

>

=×=

=

××=

=

=

−×=

φ

φ

 

 

4.14.4 Check transfer of load at base of column: 

)85.0( AgcfPn ′Φ=Φ  

46226.4773)6060)(24)(85.0(65.0 >=×=Φ KNPn  

∴Dowels are not required for load transfer. 

But use the minimum reinforcement of dowels: 

As = 0.005 *(60 x 60) = 18 cm2 

Use 6 Φ 20     dowels with  sA  = 18.85 cm 2  

 

4.14.5  Development Length ( dL ): 

 Ld for Φ 20: 

dL  = bd
fc

fy
×
'4

 

 dL  = bd×
244

400
   =  0.2

244

400
×   = 40.82 cm ≥ 0.044 (db) (fy) = 35.2 

Available embedment = 65 – 8 – 2 = 55 cm > 40.82 cm   

                             ∴  OK. 
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4.14.6 Design for Bending Moment: 

 

Mu = 






 −×














 −××
22

5.0
22

aLaL
WPnet  

       = KN26.1388100000/
2

6.0

2

5.3
5.0

2

6.0

2

5.3
5.331.377 =







 −×














 −××   

Mn = KN
Mu

5.1542
9.0

26.1388
==

Φ
  

Rn = 
2

6

2 65003500

105.1542

×

×
=

bd

Mn
     = 0.01021*102 2/ cmKg  

ρ  = 
m

1
(1 - )

2
1

fy

mRn
−  

ρ  = 
6.14

1
(1 - )

400

04.16.214
1

×
−  

ρ  = 0.00267 >   002.0min =ρ  

Req. sA  = 0.00267 (350) (65) =60.74 cm 2  

Use 31Φ 16      sA  = 78.5 cm 2   (In each way) 

 

4.14.7 Development Length ( dL ): 

Category (A), item 2 applies, 

 Ld for Φ 16: 

 dL  = 2111
242

400

'2
××××=×××× bd

fc

fy
λβα  = 40.82 cm 

Available embedment = ((350-60)/2) – 8 = 137cm > 40.82 cm   

                             ∴  OK. 

4.14.8 Shrinkage and Temperature Reinforcement: 

As = 0.0018 * 350 *65 

     = 40.45 cm2 � 20 Φ 16       
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4.14.9 Check for yielding: 

Tension = Compression 

abffyA cs ×××=× '85.0    

mma

a

9.34

5.32485.040010)20131( 6

=

×××=××× −

 

12.40
85.0

==
a

X  

005.0045.0

003.0
12.40

12.40664

>=

×
−

=

s

s

ε

ε
 

  Ok……. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (4-25): Footing (29) Detail. 
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4.15 Design of Combined Footing 

The allowable soil pressure = Pu / F.S. = 500 / 1.5 = 333 KN/m2  

Column  C 26 ( 80 cm * 80 cm ) 

D.L = 4568.4 KN  

L.L =823.09 KN  

Total Load = 6799  KN   (factored) 

 

Column  C 27 ( 70 cm * 70 cm ) 

D.L = 3273.27 KN  

L.L =822.55 KN  

Total Load = 5244  KN   (factored) 

 

 4.15.1 Determine dimension ( length & width ) of combined footing : 

Fig (4-26): combined Footing Dimension. 

   
Distance between the two column = 3.62 m 
 

m
LLDL

FootingArea
netall

49.28
333

64.164567.7841)(

.

=
+

=
+

=
γ

 

Select  L=7   ,   W = 4  ,�Area = 28 m2 

Moment at the center Col.26= 

(5391.49+4095.82)*d – 4095.82 * 3.62 = 0 

d = 1.563 m 

3.5 - 1.563 - 0.4 = 1.55 m 

3.5 – 2.06 – 0.35 =1.1 m 

2/430
28

52446799)(
mKN

Area

LLDL
q

factored

u =
+

=
+

= 

 

mKNq u /17203430 =×=  

4.15.2  Determine the Required depth for one way shear : 
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cmd

d
d

64.0

424
6

75.0
103354

95.1

)55.1( 3

=

××=××
+ −

 

 
 
Assume H= 75cm 
d = 750 – 75 -20 = 655 mm 
 

.

2.4622

10655.04)655.08.0(2433.0(75.0

)33.0(75.0

.6.5888

)655.08.0(4306799

3

2

OKnotItsVuVc

dbcfVc

KN

Vu

o

<

×××+××

××′×=

=

−×−=

φ

φ
 

 

Assume H= 85cm 
d = 850 – 75 -20 = 755 mm 
 

.

5694

10755.04)755.08.0(2433.0(75.0

)33.0(75.0

.3.5759

)755.08.0(4306799

3

2

OKnotItsVuVc

KN

dbcfVc

KN

Vu

o

<

=

×××+××=

′×=

=

−×−=

φ

φ
 

 
Assume H= 90cm 
d = 900 – 75 -20 = 805 mm 
 

.

3.6266

10805.04)805.08.0(2433.0(75.0

)33.0(75.0

.3.5691

)805.08.0(4306799

3

2

OKItsVuVc

KN

dbcfVc

KN

Vu

o

>

=

×××+××=

′×=

=

−×−=

φ

φ
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Fig (4-27): combined Footing Geometry. 

 

Fig (4-28): Moment Diagram to combined Footing 

 

Fig (4-29):Shear Diagram to combined Footing 

 

4.15.3  Design of Main longitudinal reinforcement at middle of span 

 ( Top  Reinforcement) : 
 

mKNM u .7.1598=  

c

y

f

f
m

′
=

85.0
   = 

24*85.0

400
    = 19.6 

68.0
80540009.0

1067.1598
22
=

××

×
==

bd

M
R u

n φ
      














−−=

y

n

f

mR

m

2
11

1
ρ  

   ρ = 00173.0
400

68.06.192
11

6.19

1
=









 ××
−−  

ρrequird= 0.00173 < ρ min = 0.0018 

Asmin = 0.0018 * 400 * 90 =64.8 cm
2  

No . of Φ20 bars = 21 bars 
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4.15.4  Main longitudinal reinforcement at face of column 26.  

 

mKNM u .1.2061=  

c

y

f

f
m

′
=

85.0
   = 

24*85.0

400
    = 19.6 

89.0
80540009.0

101.2066
2

6

2
=

××

×
==

bd

M
R u

n φ
      














−−=

y

n

f

mR

m

2
11

1
ρ  

ρ = 00227.0
400

89.06.192
11

6.19

1
=









 ××
−−  

ρrequird= 0.00227 > ρ min = 0.0018 

Asreq = 0.00227 * 400 * 80.5 = 73.1 cm
2  

No . of Φ20 bars= 23.28 bars =24 bars 
 

4.15.5  Main longitudinal reinforcement at face of column 26.  

 

mKNM u .6.1040=  

c

y

f

f
m

′
=

85.0
   = 

24*85.0

400
    = 19.6 

45.0
80540009.0

106.1040
2

6

2
=

××

×
==

bd

M
R u

n φ
      














−−=

y

n

f

mR

m

2
11

1
ρ  

   ρ = 00114.0
400

45.06.192
11

6.19

1
=









 ××
−−  

ρrequird= 0.00114 < ρ min = 0.0018 

Asmin = 0.0018 * 400 * 90 =64.8 cm
2  

No . of Φ20 bars = 21 bars 
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4.15.6  Check for yielding: 

Tension = Compression 

abffyA cs ×××=× '85.0    

mma

a

37

42485.040010)31424( 6

=

×××=××× −

 

52.43
85.0

==
a

X  

005.0052.0

003.0
53.43

53.43805

>=

×
−

=

s

s

ε

ε
 

  Ok……. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (4-30): combined Footing Detail. 
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  :ا����در وا���ا��

 

� ا������ ������ ا������ت ا��������      واآ�، ���� إ��اه��،   .١������ ا������� ������     �ا��، دار ا�

 .م٢٠٠١، '�&#ر!� %$� ا������،وا��#ز! 

،��9/ن   ، آ�#دة ا,��6/ل وا��4#ى   آ�"د ا��!��ء ا��"�!� ا رد���         %1�2 ا���0/ء ا��#-�* ا,رد+�*،       .٢

 .م١٩٩٠،ا,ردن، 

٣. � %��&' "���� (���)*������ %���2  ا�#ا- - ���6�A��! ا��4/-����- ا�@�����-<���=>�; ،�������رات ا�+!

 ).٤ط(

ا������� ا�������    ، 01!���ت وأ.���ل ا��������،        ا��GH=� ا��/%� �������� ا���F* وا����ر!� ا��&��*          .٤

 .ا�=�#د!�

٥.    J#%     ،�!ا�=�#د ����ا�� ��
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