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The main idea of this project is to prepare all structural designs and details for 

teacher’s neighborhood buildings in Hebron city. 

 

This project consists of 4 models of “villas”   that represents 86 villas located on a 

two corresponding mountains, in addition to another buildings in a public area like a 

mosque, kinder garten and sport club… 

 

All the buildings are designed to satisfy the ACI code 2002. 

 

The project contains the structural analysis for vertical and horizontal loads and the 

structural design and details for each member in the project for each building. 
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List of Abbreviations 

 

• Ac = area of concrete section resisting shear transfer. 

• As = area of non-prestressed tension reinforcement. 

• Ag = gross area of section. 

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

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

• b = width of compression face of member. 

• bw = web width, or diameter of circular section. 

• DL = dead loads. 

• d = distance from extreme compression fiber to centroid of tension 

reinforcement. 

• Ec = modulus of elasticity of concrete. 

• Fy = specified yield strength of non-prestressed reinforcement. 

• h = overall thickness of member. 

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

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

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

beam or other supports in other cases. 

•     LL = live loads. 

•     Ld = development length. 

•     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. 

•     Φ = strength reduction factor. 
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�$� ��)�  N�$)���  ���	 ��#�)��� $ ��(��   �� ���
8� �C��'���     !�� ��    :*3��� �
�$�

               $* ��(�� �*��	 ��� *�� �*���� 4�&	� ������� ��#�)��� $ ��(�� N���� ������ ����8�

            �*���	�� ��&�C���� ����'��� >��,�� " ������ ������ Q3 ��$�,� ��
�
� �� ��#�)��� 

��(��
 �$)�
���.  

  

1 – 3 �� &�' �
 %���
��:  

  

     ������� ��)���� ��
�#$�� %��58� $ � �	��          ��*���� �� ��� �� N�$)��� �&5 ��' �� 

�5�: 

1.    ��� ��� $�����#�)���         ����*0 �� ���,���� ���
���� $ ��(�� %��'�� ���	���� 

��	
9           ���� -��$� ���
� �5 ���
��� <&5 ���	 /��
 ����(���   ���*
� ��   "���	*
 

       ����'��� %��'� >��,�
 ������ ��� !��
��#�)���   :��,� N����  ��(��   $��#�)��� 

����0�� ��.  

2.         �5��

�	� ���� �����(��� ���	 %�1�� ��� ��(��/��+�       ��*' �*� ��
�$��� ������ 

 �� ��� �,� �� �C��'��� ��3�
�����9���	�� N�$)�  .  

3.      -$�� O&��� ��� %$(�����#�)�9          �*�C�	 �*�$(�� ���
�$� ��' ��

�	� �� ����, 

�,���� A
� ��(� ���(���. 



 6

   4�&
 �  �	����  � �(�   N�$)���
�+�
          %*��'�� ��� *���� ������� ��,� �� ���	�� :,$� 

 $ ��(����#�)��� �� .���� ��� ���
��� �� ��+������0���� <&5 ��� ����
��� .  

 

1 – 4 %���
�� ����(� )���*: 

  

1.  �$����� A�
�	�  �$���� �    ������
 4�& �   ��� �
         "D�$*B8� �*����� � ��*��� ���
�

  ����0���	
9            �
 "��� ���	
 ���
� ��)� E ���(��� � ��
$��� �C1�� ����   7��� �0�� 

 �0�$ � ���0� � ��$�,� ���� � ��,
���C����0��$ ��� � ... 

2. � ��#�)��� �� �C��� ���	 ��$(� ���
����� ��	���� �������. 

3.     �� A���� ����>�  ����
���'8�    �
3 �� �$       �C1�� ��(�, ���� � ������E� � ���(�,��

               H��
� �0�� $���� � �5��$�� ���� 4�& � ���	
�� ����0�� /��
 ��� ���(��� � ��
$���

��� �)�(�. 
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1 – 5  +�,$ %���
��)%���
�� ���!:(  

  

  
�$��� $ ��� %�
�      ��� N�$)��� �&5 �� ����9   ����'��� ��#�)���  � ��
�����   �*
�����

   $ ��(�� %��'����#�)���           :*� ���� *��� <&*5 ���	��� "������ ��� ���,���� ���
��� �� 

��

� ��(��� ��$��(��� ���� ���.  

  

1 – 6  %���
�� -��!
)	������ �!��
:(  

  

  �	�����,9  �
�$� ���$�   �� N�$)���   ������� ����'��        �	)*�� �� ���
��� � )1M2 (  �*�

������� ��C ��:  

1. �         ����0 �� ���,���� ��$��(��� ����'��� %��'�� ���3��� �
�$����	
9    �*	 ����(��� 

<���� ����.  

2.      H� ��� �,���� ���� ����9 /�$,9 7�       ��$��(��� ����'��� �
�$� �(
 7$��(� ���(� 

               ��$*� ���*(� 7� �� .�$��)� � ����0�� 7$��(��� �� ��� �(,�$� ����� ��� %�


  ���'��� ��� .��'��            ����
 ��$��(� ����'� 7� �� Q�� ��,� ��� �� �0�� � "�

���
$
.  
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3.              $ ��(�� ������ ����0�� �� ���,���� ���
��� O&��� �� O&��� �	 �
�$� ��� ��(��

��#�)���O&��� �	 ������� ���� .  

4.  ���	 �����N���� ����8� �� "��� ��� ��
� �	� ����� ���� �� ����� �� ��� ����� 

 "�#�
 !����
� �	)
 ���(� ����8� <&5 ��3 #�)�9 ��$��� ��
��� N�� ��� �
�..  

5.  ������� ����(
 �������#�)��� $ ��(�� �� $ �� �	� ��#�)�����
� �	 �� ���,���� .  

6.     ��� ��� ����(
 �������#�)���    $ ��(�� %��'�� ��#�)���       ��*
������
 �*����� ��� !��
 

�� ��
����� � ����(����,��� �&5 . 

7.  � ���� �� ���� ��� ��� ���� ������� ��  �� �	6��� ����(
 ����������9.  

8.  ����'��� >��,�
 ��������#�)��������� ��� ���
��� :��,� . 

 

 �����)1 �2:(%���
��� �
��� �!��
 � #��,( 
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1�7  %���
�� #����!
 :  

  

���� �����:  

N�$)��� �� ���� �����.  

�.�� ������$:  

N�$)��� 7$��(��� % ���.  

/��.�� �����:  

�$���
        ������ ��#�)�9 $ ��� �� .����� ��
 N�$)��� ��#�)��� �     <&�� �C�1��� % ��� � "

$ ��(��.  

0����� �����:  

              ��*
�
�� A� *��� ��*���� ���*�� �� ��#�)��� $ ��(�� �#�)��� ��� ���� �������

 �5$�B� Q3 ��$�,�.  

1
�(�� �����: 

 S#�������� �����.  

1����� �����:  

-��� ����'���  � ��$��(�������#�)�.  
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1-8  ,,(
���$
2��%���
��� �
��� �!��
� : 

 

 �3$ ���,�� ��
�)1M1 ( ��$����� ����'�� -�� N�$)���
 ��(�� ���$�� ���>�� ��'���

��(��.  

  

 ���3��)1�1 :(%���
��� �
��� �!��
� �$
2�� ,,(
��  

 

2006 2007 

 ��� ا����وع�� ا
�ا

11 12 1 2 3 4 5 

������درا�� ا������ت ا�����ر���  

 
       

 ��������ت ا�إ)'اء أ�� $�#�"ت !زم� 
  ب��2ورة ا��/.#س ا�����ري ا��++*

       

 م���� ا�;�ح5� $9#�# ا��.�ص' ا56�2�7� �4
  ب2>�/� ا�./��6

        

  56� �4 ا������ا�<9�5= ا�6�2�7 ���.�ص' ا�2�7
  

       

ا�<+�5* ا�6�2�7 ���<�@ ا��.�ص' ا56�2�7� و4? 
 ا��<����ت ا����5� و ا�/.5�#�

        

 ب2>�/� ا�./�A5/B$ C5�B� �6 ا������ت ا56�2�7�
�/�اD.$ ��� ������  

        

  آ<�ب� �<�F6 و $Dص�5ت ا��2'وع
  

       

'�'H>ا� �ا�./��6آ<�ب   
  

       

  



 

  

  

� ��������  

  

  

	



��
���	



��
���  

  

1�1	��
�   

1�2 ������� 	����   

1�3������� �� �����   

1�4������� ������ �����   

1�5�� !  ���" � �������  

1�6  ������� #��"�)	������ �"���(  

1�7 ������� &����"�  

1�8� ��'�� �"���� (!�)��   ��� 
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������ �	
��  

  

��
���� �
������ �	���  

  

2�1 ��
���� �� ���� ���� :  

  

      ���� ��� 	
��
�� ���� �
����  ��
��    ����� ����
� ��������� !�     
 �"������ �#$

 

   %��&�� �$���
 �� ���'���             �"()( �"�� *
��� �+� ���,� ���-
 ���(
� ������� ./0 -'� 1

     �+�'� !� �����
 %&�-
  %�
���    ��
( 
 ����! ���
 ���� �   /&�� �'���  
'
 2/�
� �  �"��

  �#��&
 �+�'� !�1         �"�& */�� -3�
��� �
�� !��
 ������� 4�
�� 
     5"'� 6"�� 7

8�93:�  !����� �
-&�     ;�& )(
�          �&< 893 
 ���4 �-��'� 6�
 893   ���"
� ;�&

            �"�'
3 ��(

 
 8���: ��
� ;�& �&< 893 
 8����� !��"�       ��"� 
 1!�#$
"
�� 

������      ���� ���� 
 %�#4=� ��
� ���� �   1�
�� �������� ��       �"��� �"
�'�� ��4�
�� 

        8���& 7���� 
 �
�� >��-� 
 ����� ���� *
��.   
@!        %&�-"
 �"()( ��
�   �����"


�������   A��� �����
     %+��� %
�
�� ��  *� ��4�
  �+��  . -�� 
   7

�   �����"�� 7�-�
��

             !�"��3 !
 ��
�
�� ����
�� 5�:� �����B
�4 �����
 C
 �3��4��� ��$��� ��� !����"��
 

             !�� %����� ��
+� 
 ������ ��
+�� 9�
�� ��
���� ./0 
 -�
 �+4�
���.8�93�#��&
��  . -D 
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9E��                  *-�
"�� �"� C"�� 8���"& ��4�
 �0 
 �+�� �
�'�� ��4�
�� ��� ������� 


�


             %+��� %
�
�� ���� !��� *: A��� �/0 4�
�
�� �+'D

 
 !���3�� 4�
�
�� �"+��    �"
� 

 %�� A��� �/+� ��#&�
 �+�
� !��������
 6'D

 !
 �+�-0��
 ������� �� .  

  

2�2 �
���� �
����� �:  

  
   F���
�� 	
��
�� ����- 
0  
 �������    ��
�
��  ����'�� �����"���    �"�     ���"�
�� C"�
3

    ����� �� �-
3

��!���     ���'��� 
 ������� �#$

 .   �����     !
 ����
'
�� 7�44&
�� ���

 !��'�� G��
%��&�� ���-
 �� ��-�+��. 
  G��
�� 
0 */��7����  �"�'
3�� 6"���  8�"4�  

 � ��
��������1   ����

�� 7
� -D
      ���- %�D !
 	
��
�� ��� �    ����
'
��
 ���-
�� ��-�+�� 

!�4��� H�����
� �'
�3 ��.  

  

�   ������  ����- 	
��
�� !
��� �����#�   -�-�� !
   %���� 
      %�"
�:�
 �������� ����'�� 

�#��&
�� �'D
�
��       
 ����'�� ������� ��
���� �( !

    #���� 7�44&
�� -�-�    �"�/�  C"�
3�

@
�� ���� �������� ����'�� !���+�������� %���
�� ���.  
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2�3��
���� ���� :  

  

   �'4D C��5�:�           �
"+�� I�� ��4�
 �� �+��� 	
��
�� 8��� ��� J
� ���� /  9"�9� -�
 L 

��4�
�� .
 5�:�  � ����   ���8���      �+��� ������� ������� ��  9�
�'��4�+�   ��'�"�� ����3�� 

  M�����+    �-�"��
 �#��� 7��
� /&� G�4�� �

 -�
 �
+��� %�#� !������
 !��-��
 ��� C�� 

   	
��
�� ����
0N�            �9)�� �-��� �� .�#� ��� �
 %),��� ��� ��� H�/
 �-3 ���&  . O���


  ����
5�:�    ���� ���� 8���   G���� �
 �+��� 	
��
��   !
�"� 
 ���    �"+$� 
 1�"
�
-

 %����)2L1 (	
��
�� �+��� ����� ���� ����:� !
 893.  

 

 

�� ���)2 �1 :(��
���� �"#�� $��#% ���� �&�
'� �� ()*  
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2�3�1  ������ �#�+,:  

  

�   -�'����:���             ��'� R �/0 
 1���-
�� 9��
 !� �+����
 
 ������� ����
� ���&
�� �

      
� 8��
� 
 9��
 !� �0-�'��� 4��   ���-
�� 	���
�        $�$��� �-� 
 ��
+� ���� ��'� 

 ���

�� 	��
����+��  %
�
�� ���� ��'� �/0 
 �+��  
 !  ��� 7��� J�4���-
�� . 

�        8��� %'3 ���-
�� !� CD

�� -'�����:�       �
��
�� ��'
3�� ��(

� ������� ��+� ���
� 

         !
 �(�� !
 �+�'� C
 ���)�
�� ����:� C4D 8��� !
      
 18����� �+���&� 
 H��
 

       �/0 %'3 ���� -�'� CD

�� !
�����:�          �"��4� ���"���� �'��� �� �����
 
 �
�)
 

      7����
 F��� 6�� 
 1!�#$

���      ��0��� ������� 
 !���� ����(�� /       ���
"� !"
 !�@
� 

 !
� 7�09��
�� 
 �
�'�� >��-��������	
��
�� .  

  

2� 4�#)�� ��
���� 
	��� :  

  

� F���
�� 	
��
�� !
��������� ����'�� !
:  

2-4-1 �#��%�� ���-���: 

  

�
�� 7

� ������� ����0--� O����� 86 ���
 �'��N�  %��������
'
�#��&
 (A, B, C, D ) 

     �'4D �+�
 %� ��)�5�:�       %�� �-�� ���� 
 �+��� C�� ����  %��  ���
��  140 L 160 � ² .
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    %� !
��� 
   
� %��   !
 2/

�    
 ��
�� >��4        
� >��"4 
 %
� >��4 
 ���� >��4J. 

  2/

���A   
0 �(��   M�� ������ 2/�
���    %���  6���� �
 69%   ������ 2/�
��� !
  /    ��"��� 

59 ��
  . �
�   2/

��� B %��
��   ���
� 21% !
      ����� ������ 2/�
��� 18 ��
   1   %��"� 


  2/

���C    ���
�� 
7   7��
   ���
�8%  2/�
��� !
    
 1   %��� ���&�  2/

���D   ��"�
��

 !���
 4�� ���
�2%������ 2/�
��� !
 .  

  

./0   2/�
���      *��
'
�� �+
�
�� J)�&� ���       ��"�:� 7���4�
 C�
3� ���
��
 78�3  !"


            U��� !
 %����R� 
 ������ ��
+�
 �+'D�

 
 J�,�� --� M����       >��4 !
 
 �&<  �"�  

�&< .8�3
7  � �����
  R� �-�-� 5�=          /�"&�� �-��� 
� �#��� ���
� G�3�� �� M�� 1��-��

               8�"���� ���
� �� �
4�� %,���
 8����� �#��� !
 %��� *��
'
�� ��
���� ���
� �� 7�8��3 

               8
"3�� $"�)� H"�/ 
 1J������� G���
 ��'�:� %DN� ��
�4
�� 7�#��

�� ��  %
�
��

       -�3 %�� ��
���� >��4 ��  �
�
�� *��
'
�� �-�+
��       G�"���
�� J)�&� ����
� %(
� 


  >��4�� �/0 %),���
  ��� ���
��  8�
��        G��� ��-)� �� ��
0:� O��� A�     �"0��
� �-�
 .��
�� 


 ���- %���E�
 6�� ��<�
 ���� �������� .  
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2�4�1�1�#��%�� �#�-.� �#�/'� 0��%��� :  

  

 ������� ����:� �� ���&�-�� 7�B��#�� C�9
� 
 �����2/�
��� C�
3 �#� 1�+����
 !
�� -��� 

 !
 ��
���� >��4 !@
�� 2��� 
 8�
 ����������.

��� �� �� 
 3/ !�A 
 C 
�� !)�� 

�(��!
  77%����:� !
 
� ���:� >��4��� ��
���� >��4 4�� ������ ���&�- 2�- �4� 

 /#���� ���
�� �� 2�-�� C�4
  %
&-�� !�
� ���� C�4��� */�� � 6�2��&�� !
  1�
� 

 !�3/

���B 
 D %
&-�� ���� �
+��  /#�� �3��& 2�- !
 �� 2�-�� C�4
 .  >��4��

 ���:� 2/�
��� C�
3 �� �����
 *-V� 2�-�� C�4
 !
 -��
 %&-
 6���  
0 ���� U��� 

 ���
�� �'��
 �-��� ��� ���'
�� ���B %4� 1W�4
� ����
 ��'4 
 ���'
 ���B !� �����

��1�
9)�� �8�� 
 +�
� ���
�� C
 ����
�
 
 �����
 �+'D

 8�3 !
����� ���B� ����
 %��� 

��&�+� �+��#� �+�
 %9�
�� �� 7�B��#�� �D�� !� �+� ���& .��
 ��
- � >��4�� *
��� 1

�+4�
�� -��
 ��
� C
 �
� J�B �()( ��� ���� . �
�
� %(�

 
+� %
:� >��4�� ������� 


 >��4���:�6� 4���
 
 �����
��� ;�&�� 2�-�� C�4
 %)& !
  . 
 ��&:� >��4�� �
�


 ��'4 ���B 
 ���'
 ���B !
 !
���� J
��� >��4 
0  ����4�� �#�� �-��� 
 W�4


��
�
  �
� ���B ��  ������� �0��/ >�����1  !�3/

��� �� 
A 
 C ������� J�,�� C��� 


/ �&< 
 ����
�� ��,� ���� !�
� ����� �'��
 ����
 6��
'����  1%9�
�� A4� ���(
 


 ��!�3/

��� B 
 DC��
 4�� -��
 ���� ��
�� ����
�� %9�
�� A4�� .  
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2�4�1�2�#��%�� �#�-'� 1�"*�� :  

  

 ��-D ��'� ������� 
 �3��&�� ���
�� %�
3 ��'� ���� �

:� �0� !
 �0 ����
�� 7�+3�


+�
 1*��
'
�� �-�+
�� �+����
 7�+3�
 %)& !
 �+����-� 
 �+����+
 9���X� !
�-�+
�� ��

�0��B !� �09�
�
 �+��
3 �+$� ��
��
 4�
��
 G����� M�-����
. ���
��� 7�9�
 !

 

 5'��� �+�'� C
 ������
 
 �+����
 �+����
 7�+3�
 !� �������– ��(�
�
 ������ 
 L 

��
3 ����
'
 ��
� �+��4� 
 �09��
���
$��
 
 �.  

  

 7�+3�
 ����� �� �#��&
�� 6����N� �3��� ��-&��� �� -��������� �� ������� ����
�� 1

 $�)�
2/�
��� C�
3� 
  ��$��� �-�
 Z��
�� �4�� */�� 7�-����� �� *���-�� %���� 	��� 

 �

 %���� ������:� ��� %�
3�� !
 Z�-�9
 �#���-�� ���3��� �-
�:� 7
-&���
 1 �� ����

� 7�-������ �
�)
 ����4 %���� �� !��
 
0 �
� 1���
�� ��'�� %���)2L2 ( ��#��� ��

 ������� !��� */����
�
:� �+3�
�� 2/

��� A . !
 J��&��  /��
��� %���� 	
�� $�)� �
�

�� /��
��� 
 ��
���� >��4 �� ��
D:� 7�/ ���
4�� /��
��� [��� �&� ��  !��
 ���
4

�����:� >��4�� ��  ���4��
���'�� /��
���
 %
:� >��4�� �� %���� ���4��
 � /��
���
 

��&:� >��4�� �� ��
D:� 7�/ ����'�� – J
��� >��4 L ��4  ��-&��� [��
 )9�
�� (

 �3��� !
 J��&
 %�� ��-&���
  ��
4 %��� �+�'� >
� C�� ���� /��
��� H���
 -��
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�3��� �D�� !� 9�
�� �� �3� !�9���- ��-&��� $�)� �
� 1 Z�9�
�

 Z)�
3 Z��$�
 �4'�� 

 %��� �-����� >
� -�
���� ��-&��� ��  ������� 1 �+3�
�� C
 �8)�� %��� J
��� ���
��

��3��&�� G�
�:� �
� 1�-����� *���-�� %���� C
 �8)�� *���- ���4��
 ��-�-� G�
�� �+� 

%���� .� �$�)
 !�
� 
 %���� �� ���� ��/�� ����� ����
'
�� 7�����)2L3( ��#� 18 

 �+3�
�� �+$� */����
�
:� 2/

��� B.  

  

 �����)2 �2 :( �"*�����#���'� 23����� A 
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 �����)2 �3 :( 23����� �#���'� �"*����B 

  

 

  

2-4-2 ��4*%�: 

 

 -3�
�� C���              �"� ����'�� 9��4�� ������� %���� 
/ ������� !
 �
�'�� ��4�
�� �� CD�
�� 

             6����� 
 6������ !�
�� 
 6��/�
 
 6��D �� ��0�$ �-� �/0 
 16
�
��     %���� !��� �
� )2L

4( .    !����4 !
 !
�
 -3�
�� �/0 :         �
+�
 %�� 6����4 ����
� ���� >��4 
 1��
�� >��4

-�� ���
�� �420�². 
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                 ./"0 
 1�"��

 ���B 
 G��4 ���B ��� ���4 �-��� *
�� 
+� ��
���� >��4� �������

                 ;�"&
 !�"�
 ��"�� >��"4�� *
�� 
 1�+� �4��
�� ��4�
�� �� �-��
�� ���'� �-��'��

             !"
 ���:� U��#�� %��� 
 1���'��� 
 ������� �#$

 !���  ��'
3 8���� 
 ��(

 	�
�3R

� �/0 % C��� 8����� �)�� ;�&
 !��
 >��4�100-�� .  

  

     ���:� >��4�� ������� �
�L   ���(�� L          �� C��� 
 1G���
�� 
 %�3��� ���
 *
��� 200 

          ���
� �4,�� �
� -D -3�
�� !
�� H�/� 
 1;&�100        �"��� �E4B 6�� *� ����� �-�
 

������� ����
.  

 

  

 �����)2 �4 :(4*%��� �#������ �"*���� 
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2-4-3 �#&�#
�� ���	�� � �&�
��: 

 

                5'�"� ���� ��� %
:� 6���4 �� 
 1%�#4=� ��
� ���:� 6���4 �� ���
�� �/0 ���

�������� G�'�:�.  

  

2�4�3�1�&�
�� :  

 

     !� *�
���� !
 7�� ��
� ��� ����� ����� %� *
���%�#4� H�/
   �"�B� 
 %��#��

���0:�    ���� !N� �+�����   
 �+��#4� �
 G����� �+ . !X� H�/� 
   %"(
 �"� ����
'
�� 7���4�
��

   � J��&� ����
�� ./0�+�    ����
�� �� [�&:�          M"�� !"
 8�
"� ���� �#��&
 7�3����R�� 1

     7�4����� J��&
� �
9)�� 7����
��
�  ��� �'��4  
 1�+      *��
'
�� �
�
�� ��� N� !�  /"&

C�
3 ./0 �

:�!�'� �����R� .  

  

)�
  $�!� ��
���      4��
� 7

� ��0 ����   ��
� G��B    H"�/ �"� G���� -
'�
 �
 �"�  

       �0
�'� */�� >��4�� �� �������� G�'�:� ���� ��
�� . �/0 
   ��
����    */�� ���-��� 6����

  6���   %���� ��)&     ���
�� %&�- ������ �� ��
+� ��
. ���
      ���-�� ���B !� 4��
�� !
 A 

��N�     ��)
 CD

 �� G��D 
          ��'4��
 W�4
�� ���B !
 %� �0��
3�
 %&-
�� CD

�  �"
:� 

   !
�� */��J���    �D�4�� ��*��-     7����'#�� J��&
 ��� %�#4=�  1  
    J�",�� ./"0 ����    
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L    ���-�� J�B L   ��N�    !������
 *-�+
��� J��� !
 %� %���
. *
��� �
� ��
���  �"�� 

4�
�� ���&�- G�'�� ����������� 	9

� %
'� M��� 8�����   G�'�� ���� �+�
� ��.  

  

2�4�3�2�#&�#
�� ���	�� :  

 

 >
� %
:� >��4�� �� �������� ������ C��
 %�#4:� ��
�  �#�� 7

� �4��:� 5'��

 2���� R ���� 
 !����� 5'� �+� �
�� ���� ���������� �'��
 7����
  �+����

 ��� 
 

1���&�- 7������������� -�'�:�� 7��
D �
 �/  ������ �3� �,� $�)� H�/�  �-
+'
�� 
 

������� 7R���. %���� !
 !
��� */��
 ���:� 4��
�� %�
3�� *��
'
�� %���� $�)� 
 

 %���� ���& �+�

3
 �� 6��� ����-������ ����/ �
� !� !���#�
 !��&-
 ������
 1

�
+�'� :
 �3��& %
:� - �&\� ��&� ���
 12�-�� C�4
  !
 �������� ������ !
���

 ���B
 ��-
 ���B G�'�:��������
 � ��
�.  

  

+3�
�� ������� �
�7� ZR���� ��-&���
 ���3��� 7�+3�
��� ��9��R�
 %�
3�� %���� $�)�� 

 �3��� !
 �--'�
 �B� %�� -��
 ��4  C
 ��
4�� %���� 
0
 /��
��� -�

 %��� -�����

� %�
3 !
 �-�9 !�/��� -�
����
 �����-�� ���3��� �-
�:� ��  ������� !���
�3�
 !��/��

 J���� ��
D:� 7�/ G�
�:� ��-&���
 1��� %��� ��
���
 ������ ������� %&-
�� ����

%���:� �� 	
���� !
.  
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2-4-4 �#
�*��� 15����: 

 

      ������ ���
��� �� ����3��� 7)�
�� ���
� A���      ,��� �]�
� !-
�� 9���
 !� �-�'��� � �� � 

   ��� 1��
0:�  !
�� -��� 6��          ����� *: *��
'
�� ��
���� ���
� 4
�� !
 Z������ Z�4�� 

�����.              �"3�� G�� ����3� 7)�
 
� ����3� 9���
 ��
��� !����
'
�� ��
�0� -�9 H�/� 

        ��
 7�#��

 �+� A��N� 1�+�� !����� --�
 ������� �������  8)��� �--�
 4
    �"��,�� C
 �

   ̂�+�3� !
 7���� ����         ������� %9��
�� !� -�'�
 C��
 !��
 �� !
�� !N�   4�
�
 
 �  ���� 

 +'D

 ���         
 1�+�
 G����� 7����� JD

 -
3
 ��
�� ��  ������� 1 �     !
 ����D !
�� !

8����� ���
� %�+��� %
�
�� %+�
 A��
 !��
 ��
 	�����.  

  

 ��
�� �� 4 �
         ����� �#� ��� �#��&
 7����
� ��
�3�
 ����3� 7)��  7�"��4�
  ���"�����

  !����    8����� ����
 1�������     "� �-�� 7)�
�� ./+�215 � ² 
    ����"
 6"����4 333 � ² 1

         ���� >��4
 ��
�� >��4 !
 %�
 %� !
���
 � -
9
 
 1�-�     ��� ����3��� 7)�
�� %4�

     7����� JD

 !
 G�����
 ��&�- 	���  
 1��,�     �"�4�
�� !� -�'� %�#�
 !��
 �� C��

%
�
�� %+� G���
 CD

 ��
 �������.  
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              1���3�
 *��
'
 %�� ����� 1�3��� !
 !��
� ��-&��� �� -�� 7�+3�
�� ��  ������� �
�

               1�"3��� ���,"� �"'��
�� H�����"��
 �+3�
�� 9���� *���-�� %���� ��-&��� $�)� �
�

 ������� G�
�:�
����3��� 7)�
�� �� %�
'��R� �'����� ��-������.  

 

 

2-4-5 1�-�
��� 
%*: 

  

 �'��4 C
 %
�'��� %�� 	
��
�� �/0 �� ��3�� �-&���5�:���-��
��  M�� !� ����
�� 

������� 7
�D�  !��-��
 ���!������
 %�
��� *�
���� !
 !��� ��  !�/0 4��� ����4 

!��-��
��5'��� �
+�'�� .
   -3
!� %��� ./+� %
���� ����
��
0  ��3 %
'� ������ 

 ��� 9����-
���5'��� �
+�'�� !��-��
�� ����3 4��� ��3�� �/0 �
�� M��� .  

  

            M��
 ������� ./+� )�
3 ��$�
 �4'� M��� ��3�� �/0 �
� -D
!�   ./0  ��"�#��   �"�B 

          � %��� !�� ��3�� C
3 -�� �������
 1%��&�� ���-
 �� �'���      9��"4�� !�"�
 ����
'
 6���


 R�
3 �#��� �

 -�-3�� *��
'
������� �� �9�

 
 �����.  

  

 ��3�� %
4 O���
40�  .��-�
 5�'� 12 5�R� !� C#��� 
 �9���
� . 



  

  

� �������	
�  

  

  

��
���� �
	����� �������
���� �
	����� �����  

  

  

2�1 ��
���� �� ��	� ����  

2�2 �
����� ��
����   

2�3 ��
���� ����  

2�4 ��
���� 
�	�� ����� 
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������ ��	��  

  

 
������ 
����������  

  

3�1 �����:  

  

  ��� ����	 
�     �
�� �� ���
��� ����    ����� ��� ������� ����	 �� ��������    
�  �!��"� #$�%

          &'��� ��(�)�� �% *#+�+��� �������+ ����$�� ����$��� ,�+�� ��(��-��   �.��# ��(�� 

  ����$������
���    �� ,��/� �% *#+�+���       ��0��� #�#(� &�� 
� ��������
��� &1���   &2�� 

        ��(�)�� 34� �% *#+�+��� ������� 
� -���,#!�     ����$�� ������ ���'�� ����
���  �5��/��� 

-��� &��.  

  

    &�5�� 34� �%  ����  �.��#�  ����$�����
���    
� �5��/���  *#2�	7    �+.2�+  8�2.�.7+ 

    ����$�� 
� �����+����
���    ���. ��� �7  �)�   ��� #�#(�&��(��      ��2�	 &� -�	 �5��/��� 

    ����$�� 34� 
�     &��(�� 34� 9+� +  
�&��(7   ���� 7+ &��(7   ��( 7+ &��(7   �����   :�2/7
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  ���
��� ���$�� ;.(�.    <�4 &�    8���=���� �'%+     ��2.��'�� 8�5��+��� + >���'��� +   �2��� 

�'(" ����4�..  

  

3�2  ������� ������� 
��:  

  

 
� ,#!�� ���	     ����/� +� ���
��� ������� �    ���
�� ��0� &�����   
�2�� + + #�2�   -2�	 �

   �?��	 �$��+�� :+'�� &�(�     �
���� ���� @�(���   
��#/�.��� 8���� + 8���=�   ��2� �������+ 

�� #�#(� ����$�� ����
��	  ���-:  

  

•  
���� &��	Safety factor )( :� ����$�� C=�'� ����/� ��	 ?'�'(� ���  *�#��  ����
��

+ :+'�� &�(� -�	 �!�	 ������� 8�#�!���. 

•  ��#����"� �5����� Economy)(:  !'�'(� ���   �        C=�2'�+  �2���� #�+� D��= 
	  ��2.���

�5�����?��7 
� �#/�.�. ���� E�F�� ��%�� + . 

•  -����� ��(G� #+#( &�F
���(Servic1eability) :;��� @�( 
�  � �7 =+� #2���  

Deflection ) ( + ;��� 8�''
���  (Cracks)� 
��#/�.��� H�	�� *��1��. 

• �
���� �������� �(�+��� + &�
�� . 
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3�3������ :  

  

  ��+�  �	+��   ���� :+'��  C)/�  �
�����!�.         &�2�(�� 
� 9�+�7 *#$� E�$�� -��� �7 
� �

 34� +     � ����	 ��#� �!��.( ;��     ��.( ����	 �% �=/ �7 
�!  I���. >�$��      ����2��� -2�	 

���
���   ����$�� ����
��� �5��/��� � +   &��(�� ,���� 
���    �
�� �7 -�	 *�1J���   &��(��

����. ��� *�
��� ��� ��+��1 &��(7 + *�
��� ��.���.  

  

3-3-1 �����
�� ������ 
��!���  (Main loads) �"�� �[8]  :  

 

7 K   ������ &��(��(Dead loads – D.L.). 

; K  ��(�� &��(��(Live Loads – L.L.):   
2� �2������ &��(�� �� +   �2$��=

��#/�."�� ������� 34!+  �!��(��� @�1�� + 
��.��� 9+��. 

8 K   &��(������� + H+�1�� + &�"��� + L����� &��(7 &1� �������. 

  

G/ ����	"�� ��4/7 ��� �'��.�� &��(�� ��� �()+� �� + -����� ���
��� ������� ����	 &

�.&5.�� �% ���. 
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3-3-1-1 ������ ������:  

  

 �� ��+      ��)��� ���4���� :+� 
� �������+ ����#�� :+' + ��          + ��#2'��� @2�( 
2� ����1 

    ��F�� "+ C�+���*#����   + �-����� ��	      ����
��� ����$�� 
�+� ����� ��   �5��/���+  
��+7

  ��	 *������� ����$���!  ���#�.� *�+��    ��+(�� + C=�+'��� =�     �!� ,�)� +   �.� �7 
�+

���# &�
� -����� D�G�.  

  

   ��#'�+ ;�.(  &��(��   ��� ������   #�$�7 �%�$� &G/ 
�   ����$�� ����
��� + ��  �2�	+��� �%�1� 

�#�+��    $���� ����	 �% ��#/�.��� M�! +  ��   &�
�   �%7  ;��
��(�� 	�-: ���.�/��   ���#�$�� 

  �(�.��� ���.�/�� +� + ���'��*� + ;+=��  �+ =G���� +     8���=
2��� #�+2�� +   *��2�(��

     H��/�� 
� -����� ��=F� �% ��#/�.���� +  I�)�7 <���        -2�� �%�2)��� 8�#2�#���� ;����7 

 �� ,'.��   -������ ���/�� 8��+��#��+ �'�$�.    &+#��� 
��� )3K1 (  � ��	+��� 8�%�1���  ��2�

���#/�.��� #�+�� ����� ����	 �% .  

 ���#)3�1( �&��'�� ���(����� ����)� ��*���� +��!�� �&[2]  

 

Quality density (Kg/ m
3
) Material No. 

2200  Tile 1 

  1640  Sand 2 

2500 Reinforced concrete 3 

1000  Block 4 

2200  Plaster 5 

125 Kg/m²  Partition 6 
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3-3-1-2  �����������:  

 

       F�� ���'�� *��F�� &��(�� <�� ��(�� &��(�� &�
�       + �-����� ��#/�.� + C�+� ��   342!� 
���

&��(��   +7 #��+�� 
7  " �   ;.( �
���� �$��=� +    34� �+(�&��(��    
� &�  O�/2
��  �+ 

@�1��� + *�!���� + 8�#$���� +  ���/��� #�+��� +  ������ +       -2�	 &+�2(�� 
����� 
�

-����� ��#/�.� 9+� #�#(� #$� &��(�� 34� ��#'��� &+�#��� 
� �*#$E�F�� �4!� .  

  

              #+2� 
� �!��	 &+�(�� ���. 9+�
��� �4� �% 8�#'$�� + 8��)�P� ��(�� &��(�� ��� 8�

    ��#��� ��=+��  �����–      :+'�� + &��(�� *#+� K ��.� 1990 �#����       �2���� >2��� 
	 

 ��#��� ��=+��     &+#��� 
��� + �)3K2(   ������� �(5��� �%          �2�(�� &�2�(�� ��2� E2$� 

�P�-����� ��#/�.� ;.(� 8�#'$�� + 8��).  

  

3-3-1-3 ������ ����!��:  

    

    &��(�� 34� �)�           342�+ ��2����� &��(7+ ��)��� 8��!�� &��(7+ L�����+ H+�1�� &��(7

       C�+���+ ��#'��� ��(�� 
� *��F�� "��(7 ���$� &��(��� +         �2% �2!��	 #��$� ���� ����$��

    �	�.�� �� &��(�� 34� #�#(�  �+ 9�5��� -�����   �+ ���7  ?� -�� �%�)���    �!� :�/7 &��+	 

9+)+���� ��G	.  
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���#)3 �2 ( ������,�!��� 
����� �����[2]  

��� ,�!��� -�� 
���� ����� 

(KN/m²) 

1 
 .���� � /��!�� � �0�����

 ���'��� 
2.0 

2 
 /�*�1 � ������ /�*����

 2�#��� 
4.0 

3  3��� /�*�1 � �#����� 5.0 

4 �� 4��
��	5  4.0 

5 
 /�!�'��� �& ����5��� 

6

7�' -����� 2� 
4.0 

6 ��)(���� �8��
�� /9�� 5.0 

7 ���* ��!5 /����* 2.0 

8 
 � :�'�'��� � 
#�����

��
�#��� 4
����� 
4.0 

  

 

7 K  ;��
�� ����<:  

�-����� -�	 ��'%7 :+'� �1J� L����� &��(7 + #(�� L����� &��(7 # #��$�-�	 	�. ���� �!�

���+��� #����� *���# &�� 
� &�. . -�	 #��$� + 3���"� �% *��F�� 
+�� &��(�� 34� +

-����� �% �!!��+� ���� �(�.��� .� �� +��F�*  ��F��9�5����
���� E��� R=. 
	  

�=�(� @�( 
� ?$�+�+? + E5/�� +7 C5��� C�+� �% ?.5� �
���� #+�+ +7 �$5��� ������ 

:�/7 8���F��� + �. ��#��� #+��� #���	� ����'%�� L����� :+� ��� -�	 &+�(��.  
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; K           =�)��� ����<:   

&��(7   H+�1�� � ��.( 
���!    -��� ��
� /   9�5��"� �%�$� &G    -����� �'=���    R=2. 
2	

�(���� +    �1 
� �#/�.�� 8"#�$�    9�5��"� �4� -�	 #��$�  .       
2� ��42/7 �� 8"#�$��� 34�

#��� #+��� �()+� �� + �� &+#��� �%)3K3( 3��#7.  

  

 ���#��)3�3(:
�!�� >5� :* -�	�
9� 7�� =�)��� ����<  [2]  

 


�!�� >5� :* -�	�
9�) h(  

(m) 

=�)��� ����<  

)kN /m²(  

h < 250  0  

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

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

1500 < h < 2500  (h – 812.5)/ 250 

    

+ I�#���.� -���&+#��� �% 8"#�$��� +  �(��� R=. 
	 �'=���� 9�5��� 
7 E���%�� �+�.� 

)980 � (� ;�.( ����S�� T�1�� &�(:  

SL = (h – 400) / 400 

      = (980 – 400) / 400 

      = 1.45 KN / m² 
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/  �  090�� ����<�:  

   &�"��� &��(7&��(7 ��.7�  +   ��'%7 �	 �1J�- �
���� � + #J�  �-��      �
2���� -�	 �+�	 #�+� 

  �%+�$��� �+�$�� &1�   �	+ ;G'�"� ��$�  U��� ��� +  �� ��7  :+'��  ��'%+  O'�� :+� ��  �2!% 

     �
���� �% *#+�+��� O'�� 
��#�� V�W+�'X�� +   ���.        :+2'�� ;�.2(� �2�#��� #+��� ��#/�.�

 &�"��� 
	 �������.  

  

3�3�2������ ��������  �  
��!��� 
�6 � (Secondary Loads) [8]:    

  

+    -�	 &��
�  &��(7  ���.�/�� ,�5��� Y������ +   ����(�� ��1�����       =+2�!�� + ,2(��� + 

 >�.�� ������       &��(�� 34� 4/7 
��� +     ��#+�+ &�( �%   ����	"� 
�$�   ##�� &��+% ��%+��

-����� �%.  

 

3�4  
��������������:  

  

 
+��� &���� ������� ����.�/�� �5��/� ����
��  �)	7 �	+��� 
�)Different Structural 

Elements ( ���� + =����-����� -�	 �	+)+��� &��(�� �+�'�� �!)$� C� .  G1�% : �%

 &�
��)3K1: (  
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 �'�)3 �1 (�����
(�� /?���)� �*������ �������� 
������[8]  

  

• � ,'. 
	 *���	 R)+��� -����� &+�� D��=�� ��)�7 8��)Solid Slab(  �+.2�+ 

)Beams( ,'.�� �+(� 
7 @�( )Slab Spans( &'�� ���+#� �+'� ����+ �+.���� #(�� 

    *#�	�� -�� &��(��)Columns( .     8�2.�.�� -�� *#�	�� &��(7 &'��� �������+)  �2%+

���5�� #	�+� 
	 *���	 8�.�.�� &�1��� �4� )Spread footings((. 

 

• 7  �1�� D��=�� ��)� -����� ��      ,'2. 
	 *���	  ���2.�/     ;��2	7 +4 )Joist-Slab( �

                -2�	 &�2$%7 #+#� �2=$�� ;��	�� + ,'.�� &G/ 
� &'��� ?��	 *�1J��� &��(��

� &��(�� 34� &'�� *��/�� �+'� @�( �+.���8�.�.�� -�� �1 
�+ *#�	�� -�.  
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=�� �4� &1� �% +
��5�0+� ,'.�� �=G� �+'� D��:  

-�+��:�7  ;��	�� -�� �!��	 *�1J��� &��(�� &'�� �!)Joists(.   

  ����1�� :     �!Z5[
V��� ���$�� &�$�.� �!�7)Flange(         �.�� ���(�� 34� �% &�$� ���� + ;��	P�

 ,�( &�
 -�	 �+��1)T( ;��	�� C� *#��$���� �+.��� -�� &�(�� &'�� ���� + .  

  

      �(�� C��+�� 8�.�.�� �+'� ���!��� �% +           �7 #2�+� " -�( ������ 
� ��%�� �(�.� -�	 &�

������ <�� -�	 #��� &��(�.  

  

  �� &�1��� 
�.�          ����
���  �)	�� 
� �.��� �	+��� 
� 
+��� ������� 
7 R)�� D��   34� +

��S� �% �!��/�� 
���  �)	��:  

  

3�4�1 /������ :  

  

8�#'$�� �	 �  ������
�� �    &��(�� &'�� �+' -�� ��#+�$��  �*#�	��+ 
��#���      9�+2�7 #2�+�

 
� &��$�."� �$��
 *#�#	+ �5��/� 8�#'$��– 8�=G��� K ��(�.��� ����.�/�� ��� �� �!��:  

1. ������� 8�=G��� )Solid Slabs(&��(��� �% 
��1� +7 #(�+ 3���� 8�4 ��� �� + �.  

2. ���5��� 8�=G��� )Ribbed Slabs.( �+ 3���� 8�4 ��� �������� �� +&��(��� �% 
��1� +7 #(. 
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3. ;��	�� 8�4 ������� 8�=G���) Waffle Slabs  .( 

4. U=.��� 8�=G����( )Flat Slabs.( 

5.  ��!���� �'��. 8�=G���)Pre-cast Slabs.( 

 

+   ��0�9+��� �    �����$��� 8���=���         �2��$�� ������ +7 ����.�� ������  �+. ��(�)�� ����7 �% 

    /�.� 
7 R
���� 
� ?�\%           3#�� �� ;.( <�4 + 8�#'$�� 
� ������� 9�+��� �# �21�7   �2��G� 

 �������� &�	 #�	����
���.  

  

1. ��������� 8�#'$ 
�����"� 8�4 + #(�+�� 3���"� 8�4 ( One  way and two way solid 

slabs) 

2. 8�#'	;�$�� (�+�� 3���"� 8�4  
�����"� 8�4 + #( One  way and two way ribbed 

slabs) 

 

3�4�1�1��  ������� /����)Solid Slabs( [8]:  

  

      8�=G��� 
� 9+��� �4� �.'��    �'��. ��4 ���  ���+ 
��.� -�� :     3�2��� 8�4 ����� 8�=G�

�#(�+     
������ 8�4 ����� 8�=G� + .+    8���� 
�  ������� 8�=G���   
��   -�	7 * �5� �!�

 8�=G��� 
�   ���5���     �$�� ���� 8�#'$�� ���( �%   :+'� E*����  �+  �!� <�4�   -�	7 *�#'� 

=+�!�� ��+�'� -�	.  
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   &�
�� R)+�)3K2 (   C��+� �'��=��          9�+2�� @2�( #(�+ 3���� 8�4 ����� *#'$� &��(

 ��
� ��� &��(���!���&�
�� �% �!.�� .   

  

  

 �'�)3 �2(:���� @�#�� /�A ����� �53!   

  

  

3�4�1�2  7���� /���*)(Ribbed slabs:  

  

#/�.�         ��=��. �+.� 
+#� �(�.� ��=F� #��� ��#�	 8�#'$�� 34� � + �      
�2� �+2(�� �#/�.

  *#�	��    
�� L+���� �!��+=75 ����7   -�� 7 ����7 .         
�	+2�� �)2�7 �'��2. ��4 ��� �� + :


������ 8�4 ;�	 8�#'	 + �#(�+ 3���� 8�4 ;�	 8�#'	.  
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3-4-2 
��#��:  

  

 	 �+.��� ����
�� ����    �% ��.�.7  ��(�� &'�       *#2�	�� -�� *#'$�� &/�# ;��	�� 
� &� + 

 
�	+� ��:    *�+(.� �+.� K      8�#'$�� &/�# ��5/� �7 – +     2�� �+.2����=��.)  ]U�#2���*� (

(Dropped beams) + *#'$�� 
	 ���� ���� �� &5.�� -��.  &�
2�� 
��� )3K3 (  C2='�

�.� �% ��+=.  

  

 �'�)3 �3( :25�����5 
�# �&   

  

3-4-3  ��*��:  

  
  

���$� 	�� *#� +)$��        �+.���+ 8�#'$�� 
� &��(�� &'� �% >�����  �.�.�� -��8� +  <�4�

 ��+�) ���
�� ���	 �!% &'�� &��(�� +-����� 8��1+     
+2�� @2�(� �!����2� ;�� 

     C��+�+ &�( -�	 *�#��&��(��  �!��	 �$��+��  .+ ��7 .����   ��-��      �2% ��#/�.2��� *#�	�� 

   ��(�)�� �����   ( 
� �	+��� �!% &+=�� @�  C='��� &�
 + M ���+=�� *#�	�� <��!%  �2����# 

C='���        �!�� #(�+�� &+= &�� #� ����5.5 �     �% ��� *#�	7 #�.��� �    *#�	�� -�� �%�)���
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*���'��   �$��� +7      �% ��� C='��� ���=�.� *#�	7  ����.�� �������  .+    
�2��   &�
2��)3K4( 

*#�	P� �5��/� C=�'� &��
7.  

  

  

 �'�)3 �4(  ��*�� 25���  

  

  

3-4-4  �)����� :�
�#��)B��� :�
�#:(  

  

             �.�.7 &�
� �#/�.�+ �!��	 �$��+�� ��'%��+ ��#+�$�� :+'�� �+�'� ����( ����
�� ����	 ��

     &�"��� :+� &1� ��'%�� &��(�� ��+�'��. +           -2�( #2�#(�� 
� 
��'�=� R�.� 
��#��� 34�

�5� 
� #�����'%�� :+'�� ��+�'� -�	 �!� . + H�#�� 8�� 
��#�� ����(�� 
��#��� &1����+  

      -����� 8�.�.7 
� 7#�� ���� :�/�� 
��#���  �       �2�+'���� ��.7��� 
��+�� &�(� -�	 &�$�+

            �
���� �!� E�$�� ���� ��'%�� :+'�� �+�'� O� 
��#�� �!�0$� &�$� ��� �!���   :+'�� &1� 

   &�"��� 
	 ��
���� ��'%�� + �   �% ���%+� ;��         
�2� �%�.��� 
+�� 
7 *�	��� C� 
�����"� 

              
2��� �� &�7 -����� &'1�� ����+ 3���� &� �% O'�� 
��#� ?��
� �4�� ��+�'��� ����. + 
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7    ��%�� 
��#��� 34� 
+��                -2����� 
��#2� -2�	 3��21^+ ���� �+�	 #�+� &��'� +7 C��� 

��'%�� :+'�� ��+�'���.  

  

3-4-5 /������: 

  

   �.�� 
7 
� �������.8        �
����  ��� #�	 ��4�5��� 7#�� �� &+7 �� � "�       #2$� ��� �!����� 
7

-����� �% ����
��� ����$�� �%�� ����� 
�  �!��"�.  

  

+     �!��	 �$��+�� &��(��+ 
��+�� �%�$���   
\%          -2�� &2'��� *#2'$�� -2�	 �$��+�� &��(��

      8�.�.�� -�� ���/7+ *#�	�� -�� �1 �+.���� +  34� 
+��     ��������� &��(�� �� &��(�� 

  �� + �8�.�.P�     + �!��	 �$��+�� &��(�� -�	 � �   C�+��� �$��=�     8�.�.�� 9+� #�#(� �� ����

�#/�.�..  

  

 
� +    ��#/�.� C�+���� 8�.�.7    + �5��/� 9�+�7 
�        + �2����� &�(� *+'� �$�� <�4  &�2�(��

    + >�.7 &� -�	 �$��+��   ��0�   �)�7 -����� 9+��  ��= +      ?�% &��(�� &'� �' -2��  >�2.��. 

 &�
��)3K5 ( R)+� >�.7&�
�� C���.   
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���'�)3�5(: C��<2!
� �'���   

  

  

3-4-6 �� :�
�#���������:  

  

         ��+.� D��= -�	 �+�(� ��(�)�� �% ����.�� ������� 
+�� �$��   
\%    ��#/�2.� E�5� <�4

� 
��#� -�	 ��#���.(�. ���� ����$��� �'%+ �!���#� E$�# #�'(".  

  

3�5 �
! 7������ D� ���(�����:  
 

  

+ 9+�
��� �4� �% �!�#/�.� ���. ;+.�( T���� *#	 <��� ��: 

1.  AUTOCAD 2006 :� <�4 + 8�==/��� �.�������� �% ����
��� ����$��.  

2. ATIR: � ����$�� ����� + &��(�����
���. 

3. Microsoft office 2003 :9+�
��� ���'� ����� . 

  



 

  

  

 ��������	��  

  

  


���
��� ������� ���
���
��� ������� ���  

  

3�1
����   

3�2 ���
��� ������� ���  

3�3 ������  

3�4 
���
��� �������  

3�5 
��������  ������ !���"  
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Chapter Four   

 

Structural Analysis and Design 

 

4.1 Introduction 

 

In This Project, all of the design calculations for all structural members would be 

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

 

So, In This Project, there are two types of slabs: one-way ribbed slabs and one way 

solid slab and other type that may be using through the final project. They would be 

analyzed and designed by using finite element method of design, with the aid of al -

“ATIR- Software" to find the internal forces, deflections and moments for one way 

solid slabs. 

 

The design procedure started from the top to the bottom of structure, so, numbers 

were being given to each member to simplifying and classifying these members. 

The key plans for each level which show the keys for each member can be shown in 

the Figures in appendix "C", and then the calculation started step by step from the 

roof to the foundation. 

 

 

 

4.2 Design of Rib (Rib R2 in Model B) 

 

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

calculated based on the density for each material used in the slab: 
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The overall depth must satisfy ACI Table 9.5.a: 

Span (1): 

h min = L / 18.5                     for exterior span 

h min = 330 / 18.5  = 17.84 cm 

Span (2): 

h min = L / 21                         for interior span 

h min = 165 / 21  = 7.86 cm 

Span (3): 

h min = L / 18.5                         for exterior span 

h min = 340 / 18.5  = 18.38cm 

∴Use an overall depth of   25 cm     (with 17cm blocks). 

 

1. Rib Design: 

 

 

Fig. (4-1): Spans Lengths of (R2) 

 

 

• Live load: 

Service Live load = 2 KN/m
2

 

Service Live load per meter rib = 2(0.52) =1.04 KN/m 
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• Dead load of the slab:  

Coarse Sand Fill = (0.05)(0.52)(16.4) = 0.43 KN/m of the rib. 

Tile = (0.03)(0.52)(22) = 0.34 KN/m of the rib. 

Concrete Rib =(0.17) (0.12) (25) = 0.51  KN/m of the rib. 

Block =  (0.17)(0.40)(10) = 0.68 KN/m of the rib. 

Topping = (0.08) (0.52)(25) = 1.04 KN/m of the rib. 

Plaster = (0.02)(0.52)(22) = 0.23 KN/m of the rib. 

Partitions = (1.25) (0.52) = 0.65 KN/m of the rib. 

• Total service Dead Load = 0.43 + 0.34 + 0.51 + 0.68 + 1.04 + 0.23 + 0.65 

=3.88KN/m 

• Total Factored load = 1.2(3.88) + 1.6(1.04) = 6.32 KN/m 

 

2. Topping Design: 

 

• Live load = 2.0 KN/m 2   

• Dead load = 3.88/0.52  – (0.60/0.52) = 6.31 KN/m 2  

uW  = 1.2 (6.31) + 1.6 (2.0) =10.77 KN/m 2  

                                              

Assume the slab is fixed at support points (ribs): 

2Wu×L
Mu=

12

 
 
 

   

210.77×0.4
Mu= =0.144 KN.m

12

 
 
 

 for 1 m wide strip 

According to ACI (9.5.2.3) 

( )( )

r c

2

r

f = 0.7 f

= 0.7 25.5

=3.535 MPa = 3535 KN/m

Mn= f s

′
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s for a rectangular cross-section = 

2 2
31.0 (0.08)

0.00107
6 6

bh
s m

×
= = =

         

ΦMn = 0.65 (3535)(0.00107) = 2.46  KN.m  

Φ = 0.65   for plain concrete. 

ΦMn = 2.46 KN.m > Mu = 0.144 KN.m  

So reinforcement is not required. 

∴Provide Shrinkage & Temperature Reinforcement: 

 

For fy = 420 Mpa, ρ = (0.0018)  

According to ACI (7.12.2.1): 

 

2

sA =0.0018(100)(8)=1.44 cm /m   

• Use Φ 8 @ 30 cm on center both ways. 

2

sA    Provided = 1.67 cm  /m  

 

3. Design for Positive Moment: 

 

 

Fig (4-2) moment envelope of (R2) 
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Effective Flange width ( Eb ) according to ACI 8.10.2: 

Eb  For T- section is the smallest of :   

L / 4 = 240 / 4 = 60 cm 

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

C/C spacing = 52 cm  

Eb = 52 cm∴ = 52 cm. 

 

Use  Mu max for all spans = 8.8 KN.m  

Mn = Mu/ Φ = 8.8/ 0.9 = 9.78 KN.m 

 

• Check of section behavior: If the section behaves as a rectangular or T – section 

(if (a) is less or greater than thickness of flange). 

For   a = t = 8 cm 

c EC = 0.85×f ×b ×t

   = 0.85×25.5×0.52×0.08×1000

   = 907.68 KN

′

  

 

d = h - Cover - d/2 = 25 – 2 – 12/2 = 22.4 cm 

 

Mn available = T or C (d – 0.5 a) 

           = 901.68 (22.4 – (8/2)) / 100 

         = 195.18 KN.m 

Mn available = 195.18 KN.m   > Mn required = 9.78 KN.m  

EDesign the section as  a rectangular section with  b = 52 cm.∴  
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• Determination of As max: 

420
0.0021

200000

22.4

0.003 0.0051

fy
y

Es

Xb

∈ = = =

=
 

b

1 bb

X =13.18cm

a =β ×X = 0.85×13.18=11.2cm
 

b1 c E b

b2 c E b

C = 0.85×f ×b ×a

= 0.85×25.5×0.12×0.112×1000= 291.3 KN

C = 0.85×f ×b ×a

= 0.85×25.5×(0.52-0.12)×0.08×1000= 693.6 KN

 

Tb = 291.3 + 693.6 = 984.9 KN 

• Asb = 984.9/420000 = 23.45 cm². 

So, Asmax = 0.75(23.45) = 17.59 cm². 

min

1.4
( )( ) ( )( )

4( )

fc
As bw d bw d

fy fy

′
= ≥ ……….. (ACI-10.5.1) 

          
25.5 1.4

12 22.4 12 22.4
4 420 420

= × × ≥ × ×
×

 

A smin = 0.808 ≥  0.887 

• A smin = 0.887 cm
2

 

 

Span (1): 

Mu = 8.8 KN.m 

'85.0 fc

fy
m =  

420
19.38

0.85 25.5
= =

×
 

-3

2 2

M n 8.8×10
Rn = = = 0.375 M pa

φbd 0.9×0.52×(0.224)
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1 2 m R n
ρ  = 1 -  1 - 

m fy

1 2 × 1 9 .3 8 × 0 .3 7 5
   = 1 -  1 - = 0 .0 0 0 9 0 1

1 9 .3 8 4 2 0

 
  
 

 
  
 

 

   

A s  = 0.000901 (52) (22.40) = 1.06 cm² > A smin = 0.887 cm²  

• Use 2 Φ10. 

 

Span(2): 

 

There is no positive moment, so minimum reinforcement is required. 

As min = 0.887 cm² 

• Use 2 Φ10. 

 

Span (3): 

 

Mu = 8.8 KN.m 

'85.0 fc

fy
m =  

420
19.38

0.85 25.5
= =

×
 

-3

2 2

M n 8.8×10
R n= = =0.375 M pa

φbd 0.9×0.52×(0.224)
 

1 2 m R n
ρ= 1 -  1 - 

m fy

1 2 × 1 9 .3 8 × 0 .3 7 5
  = 1 -  1 - = 0 .0 0 0 9 0 1

1 9 .3 8 4 2 0

 
  
 

 
  
 

 

   

A s  = 0.000901 (52) (22.40) = 1.06 cm² > Asmin = 0.887 cm²  

• Use  2 Φ10. 
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4. Design for Negative Moment: 

 

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

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

 

b= bw =12 cm.    

min ( )( ) ( )( )
2( ) 4

fc fc
As bw d bf d

fy fy

′ ′
= ≤ …….. (ACI-10.5.2) 

min

25.5 25.5
(12)(22.4) (52)(22.4)

2(420) 4 420
As = ≤

×
 

As min= 1.62 3.5≤  

• As min= 1.62 cm
2

 

As max: 

420
0.0021

200000

22.4

0.003 0.0051

y
y

s

b

f

E

X

∈ = = =

=
 

1

13.18

0.85 13.18 11.2

b

b b

X cm

a X cmβ

=

= × = × =  

0.85

0.85 25.5 11.2
0.026

22.4 420

0.75 0.75 0.026 0.0195

c b b y

b

max b

f b a As f

ρ

ρ ρ

× × = ×

× ×
= =

×

= = × =

 

maxmax
w

As b dρ= × ×  

• 20.0195 12 22.4 5.24maxAs cm= × × = . 

 

Support (2): 

Mu = 5.7 KN.m 

M = 19.38 
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-3

2 2

M n 5.7×10
R n= = =1.052 M pa

φbd 0.9×0.12×(0.224)
 

1 2mRn
ρ= 1-  1 - 

m fy

1 2×19.38×1.052
  = 1-  1 - = 0.00257

19.38 420

 
  
 

 
  
 

    

As = (0.00257)(12)(22.4) = 0.69 cm² < As min =1.62 cm². 

• Use 2Φ12 

 

Support (3): 

Mu = 5.8 KN.m 

m = 19.38 

 

-3

2 2

M n 5.8×10
R n= = =1.07 M pa

φbd 0.9×0.12×(0.224)
 

1 2mRn
ρ = 1-  1 -  

m fy

1 2×19.38×1.07
  = 1- 1- =0.00261

19.38 420

 
  
 

 
  
 

    

 

As = (0.00261)(12)(22.4) = 0.70 cm² < As min =1.62 cm² 

• Use 2Φ12 

  

5. Design of Shear : 

 

u max V =12.4 KN at face of interior support (3)    

cVΦ  = 0.75 bd
cf













 ′

6
  = 

25.5
0.75 (0.12)(0.224)(1000) 17

6
KN

 
=  

 
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Fig. (4-3): Shear envelope for rib2 (R2) 

 

Category (2): 

17 12.4 0.5 8.5c u cV KN V KN V KNφ φ= ≥ = ≥ =  

∴No shear reinforced is required according to Category 2 for floor joist 

construction. 

 

6. Length of bars: (according to ACI detailing of reinforcement) 

 

• Top bars (Negative moment): 

At support (1): 

Length of bars = (0.25)(Ln) + width of support – (5 cm) 

= 0.25(3.3) + 0.45 = 1.30m 

At Support (2): 

Length of bars = (0.3 Ln) (2) + width of support 

    = (0.3)(3.3)(2) + 0.8 = 2.80 m 

At support (3): 

Length of bars = (0.3 Ln)(2) + width of support 

    = (0.3)(3.4)(2) + 0.7 = 2.75 m 

 

At support (4): 

Length of bars = (0.3 Ln)(2) + width of support – (5cm) 

    = (0.25)(3.4) + 0.35 = 1.20 m 
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• Bottom bars (Positive moment): 

Total Length of positive bars in all spans is 10.65 m.  

 

 

 

4.3 Design of a Beam (Beam B4 in Model B) 

 

1. Calculation of thickness and dimensions: 

 

• Determination of beam thickness: 

 

Span (1): 

h min = L / 18.5                     for exterior span 

h min = 370 / 18.5  = 20 cm. 

 

Span (2): 

h min = L / 21                         for interior span 

h min = 480 / 21  = 22.86 cm. 

 

Span (3): 

h min = L / 18.5                       for exterior span 

h min = 400 / 18.5  = 21.62 cm. 

 

∴Use an overall depth of 25 cm. 

d  = h - Cover - d/2 = 25 – 4 – 1– 2/2 = 19 cm 
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Fig (4-4) Geometry of beam 4 

 

 

• Determination of beam width: 

 

Assume 0.5 maxρ ρ=  

420
0.0021

200000

19

0.003 0.0051

y
y

s

b

f

E

X

∈ = = =

=
 

b 

1 bb

X = 11.18cm

a = β ×X = 0.85×11.18 = 9.50 cm
 

c yb

 

max  

selected 

0.85f ×b×a = ×b×d×f

0.85×25.5×9.5
= = 0.0258

19×420

= 0.75 = 0.75×0.0258 = 0.01935

= 0.5×0.01935 = 0.00968

b

b

b

ρ

ρ

ρ ρ

ρ

 

 

M max = 120.6 KN.m 
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y

c

n

-3
Mn 120.6×10

Rn =  = 3.68 = 
2 2

bd 0.9×b×0.19

b=1.0 m.

f 420
m 19.38

0.85f 0.85 25.5

R (1 0.5 )

0.00968 420(1 0.5 0.00968 19.38)

=3.68 Mpa

y mfρ ρ

= = =
′ ×

= −

= × − × ×
 

 

∴ Use b = 1m 

 

2.  Design for positive moment: 

 

 

Fig(4-5): Moment envelope for beam 4 

 

A s min =
1.4

( )( ) ( )( )
4

fc
b d b d

fy fy

′
≥ …….. (ACI-10.5.2) 

A s min =
25.5 1.4

(100)(19) (100)(19)
4(420) 420

≥  
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A s min = 2 25.71 6.33cm cm≥  

∴ A s min = 6.33 cm 2  

As max = 0.01935 x 100 x 19 = 36.77cm 2 . 

 

Span (1): 

 

Mu = 46.6 KN.m 

3

2 2

46.6 10
1.43

0.9 1.0 0.19

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

     

21
1 1

1 2 19.38 1.43
1 1 0.00352

19.38 420

n

y

mR

m f
ρ

ρ

 
= − − 

 
 

 × ×
= − − =  

 

 

As = 0.00352 x 100 x 19 = 6.69cm². 

• Use  4Φ16  

 

Span (2): 

 

Mu = 55.5 KN.m 

3

2 2

55.5 10
1.71

0.9 1.0 0.19

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ =0.00425 

As = 0.00425x100x19 = 8.1 cm² 

• Use 5 Φ 16 
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Span (3): 

 

Mu = 88.2  KN.m 

3

2 2

88.2 10
2.71

0.9 1.0 0.19

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.00692 

As = 0.00692 x 100 x 19 = 13.15 cm². 

• Use 5 Φ 20 

The deflection is greater than its limit in the ACI, so the positive reinforcement will 

be increased: 

• Use 10 Φ 20 

 

 

3. Design for Negative moment: 

 

Support (2): 

 

Mu = 72.5 KN.m 

3

2 2

72.5 10
2.23

0.9 1.0 0.19

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.00562 

As = 0.00562 x 100 x 19 = 10.67 cm². 

• Use 5 Φ 18. 

 

Support (3): 
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Mu = 96.9 KN.m 

    

  

3

2 2

96.9 10
2.98

0.9 1.0 0.19

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.00766 

As = 0.00766 x 100 x 19 = 14.55 cm². 

• Use 5 Φ 20 

 

 

4. Design of Shear: 

 

Fig. (4-6): Shear envelope for beam 4 

 

 

maxuV = 105.7 KN at distance d from the face of support. 

cVΦ  = 0.75 bd
cf













 ′

6
  = 0.75

25.5
(1.0)(0.19)(1000) 120

6
KN

 
=  

 
   

Category (2): 

0.5 Vc Vu Vcφ φ< ≤  

60 KN < 105.7 KN ≤ 120 KN 
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min
1

0.75 (Mpa)
3

1
0.75 (Mpa) 1.0 0.19 1000

3

            47.5KN

s
V b dΦ = × × × ×

= × × × × ×

=

  

S =
Vs

dfA yv

Φ

Φ
  = 

0.75 4 0.79 42 19

47.5

× × × ×
   = 39.8 cm. 

S / 2d≤ = 9.5 cm    …. Control 

S 60≤  cm 

• Use 2 Φ 10 stirrups @ 9.5 cm. 

min = n s cV V VΦ Φ + Φ  

 

 = 160 + 53.83 = 213.83 KNnVΦ  

 

5. Length of bars: (according to ACI detailing of reinforcement): 

  

• Top bars (Negative moment): 

 

At support (1): 

Length of bars = (0.25) (Ln) + width of support – (5 cm) 

= 0.25(3.7) + 0.15 = 1.10 m 

At Support (2): 

Length of bars = (0.3 Ln) (2) + width of support 

    = (0.3) (4.8) (2) + 0.8 = 3.20 m 

At support (3): 

Length of bars = (0.3 Ln) (2) + width of support 

    = (0.3) (4.8) (2) + 0.4 = 3.30 m 

At support (4): 

Length of bars = (0.25 Ln) + width of support – (5 cm) 
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    = (0.25) (4.4) + 0.35 = 1.45 m 

 

• Bottom bars (Positive moment): 

 

Span (1): 

Length of bars = Ln + (Width of first exterior support–5cm) + (15cm) min 

  = 3.70 + 0.20 – 0.05 + 0.15 = 4.00 m (Minimum) 

Use L = 4.30 m 

 

Span (2): 

Length of bars = Ln + (15cm) + (15cm) 

  = 4.80 + 0.30 = 5.10 m (Minimum) 

Use L= 5.50 m 

Span (3): 

Length of bars = Ln + (Width of second exterior support – 5cm) + (15cm) min 

  = 4.00 + 0.40 – 0.05 + 0.15 = 4.50 m (Minimum) 

Use L = 5.00 m 

 

 

4.4 Design of One Way Solid Slab (Slab S1 in Model B) 

 

The slab would be analyzed and designed with the aid of "ATIR" software to find 

the internal forces, deflections and moments, and then manual calculation will be 

made to find the required steel for all members 

 

1. Determination of thickness of one way solid slab : 

The minimum thickness of nonprestressed beams or one way solid slabs (unless 

deflections are computed) is given in table (9.5-a) in the ACI code. 
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For slab (S1 of the well) which have span length 4m 

 

 

Fig. (4.7): Geometry of slab1 in model B 

 

Minimum thickness h = 

 
cmm

L
5.22225.0

16

6.3

16
===

  

 

According to above value, the 25cm thickness of slab is adequate. 

 

2. Load Calculations: 

 

• Dead load: 

The thickness of slab = 25 cm 

Nominal Total Dead Load = 0.25 x 25 = 6.25  KN/m². 

Factored Total Dead Load = 1.2 x 6.25 = 7.5  KN/m². 
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• Live load: 

Nominal Total Live Load  = 2 KN/m². 

Factored live load   = 1.6x2 = 3.4 KN/m². 

 

3. Design of Shear: 

Thickness of slab (h) must be chosen to satisfy shear requirements based on  cVΦ  

working alone. 

 

Fig. (4.8): shear diagram of slab1 in model B 

 

• Max Vu at the support: 

 Vu = 19.3 KN (At distance (d = 21 cm) from the face of support). 

25.5 10
0.75 (100)(21)

6 100

Vc 0.75 bd
6

        = 

        = 132.6 KN.

fc ′
Φ =   

 

   
   

  
  

Vu = 7.4 KN < VcΦ  = 132.6 KN 

 

Thickness of slab is sufficient to satisfy shear requirements. 
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4. Design for Moment: 

 

 

 

Fig. (4.9): Moment diagram of slab1 in model B 

 

 

Mu = 21.4 KN.m  

Mn = 21.4/0.9 = 23.78 KN.m  

 

Determination of A maxs : 

d = 25 - 4 - 0.6 = 20.4cm   (If bar with  = 12cmφ  will be used) 

maxA maxs b dρ= × ×  

 = 0.01935 x 100 x 20.4 = 39.474 cm². 

 

Determination of As min: 

min

1.4
( )( ) ( )( )

4( )

fc
As bw d bw d

fy fy

′
= ≥ ……….. (ACI 10.5.1) 

          
25.5 1.4

(100)(20.4) (100)(20.4)
4(420) 420

= ≥  

As min = 6.13 ≥  6.8 

∴As min = 6.8 cm². 
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'
m

0.85*

420
   

0.85 25.5

    = 19.4

fy

fc
=

=
×

 

   
2 2

34.67 100

* * 100 (20.4)

Mu
Rn

b dφ

×
= =

×
=  0.083 KN/ cm². 

  
1 2mRn

 = (1- 1- )
m fy

ρ  

      = 
1 2(19.4)(0.083 )

(1 1 )
19.38 42

− −   

      = 0.00202 

 

As req. = 0.00202 x 100 x 20.4 

 = 4.12 cm². 

As req. = 4.12 cm²   < As min = 6.8 cm². 

 

∴Use As min = 6.8 cm².   

• Use Ф 14 @ 20 cm with As prov. = 7.77 cm². 

 

 

4.5 Design of Column (Column C2 in Model B) 

 

1. Design of cross sectional area: 

 

Designing the cross sectional area of the column will give small dimensions which 

are not practically executed, so a (30cm x 40cm) cross sectional area column is 

suitable for this interior column! 

DL = 419.13 KN 



 66

LL = 114.26 KN 

Pu = 1.2 DL + 1.6 LL 

     = 1.2(419.13) + 1.6(114.26) 

     = 685.772 KN 

Pn req = Pu/ Ф  (where Ф = 0.65 -------- ACI 9.3.2.2) 

           = 685.772/0.65 = 1055.03 KN 

Use gρ ρ=  = 1 %  and Ag = 1200 cm². 

 

Pn = 0.8 {0.85 fc′ (Ag – Ast) + fy Ast}------- ACI  Code 10.3.6.2  

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

      = 0.8 (1200) {0.85 (2.55) + 0.01 (42.0 – 0.85(2.55))} 

 

 Pn available = 2463.2 KN  >  Pn req = 1055.03 KN 

∴ The dimension of the column is sufficient for carrying the loads (as assumed 

previously). 

 

2. Design of reinforcement: 

 

Using ρmin=0.01 

Ast req = (0.01) (1200) = 12 cm² 

• Use 8Φ14      with As = 12.32 cm² 

 

 

3. Slenderness effect: 

• Check of slenderness ratio ,
Klu

r
 

Klu M1
(  ) ( 34 - 12 )(  )             ....      ACI 10.12.2

r M2

40

≤

≤
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Where: 

Lu: Actual unsupported length.  

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

r: radius of gyration  
I

A
=  

I = bh³/12 = 40(30)³/12 = 90000 4cm  

A = 1200 4cm  

r = 
90000

1200
 = 8.66 cm². 

Klu 1 3 m
=

r 0.0866

×
 = 34.6 > 22 

 

∴ Slenderness effect must be considered 

1
)75./(1

1 >








−
=

PcPu

Cm
σ

 

     
1

1
1 (685.772 / .75 )Pc

 
= > 

− 
 

 

Determination of Pc: 

2
EI

Pc
k lu

π ×
=  

215000 255
Ec 2395.3 KN/cm

100
= =  

Est =20000 KN/cm² 

3
330 40

I 160000 cm
12

gross

×
= =   

Is = 2(8(1.54) (14.6)2) = 5252.26 4cm  
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Fig. (4.10): strain and stress of column C2 in model B 

 

 

EI larger of:  

0.2(Ec Ig) + Es Is = 0.2(2395.3)(160000) + (20000)(5252.26) =181854800 KN.cm² 

0.4 Ec Ig = 0.4(2395.3)(160000) = 153299200 KN.cm² 

2

2

181854800
19942.6KN

300
Pc

π ×
= =  

502.96
0.733

685.772
Bd = =  

05.1
)6.19942(75./772.685(1

1
1 =









−
=σ

 

e min = 15 - 0.03(h) =15 – 0.03(250) = 22.5 mm 

e used for the design = 22.5(1.05)=23.625 mm = 2.36 cm 

 

The capacity (Pn) of the column  
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Cs = As (fy – 0.85×fc) = 3×1.54(42.0 – 0.85×2.55) 

      = 184 KN 

Cc = 0.85×fc×b×a 

      = 0.85×2.55×30×a 

      = 0.85×2.55×30×0.85X = 55.27X 

Єs = 







−

X
X

003.0
)32(  

      = 20000
003.0

)32( ×







−

X
X  

 Fs = 20000
003.0

)32( ×







−

X
X  

       = 






 −

X

X32
60                                                                      

 

T = As × Fs = 






 −×

X

X )32(60
)54.1(3                

 

                     = 






 −

X

X2.2774.8870
 

 

M∑ (+ clockwise) = 0 

0.057.1318464.17
2

85.0
27.5529.17

2.2774.8870
=×−








−+







 −
−

X
X

X

X

 

By trial and error the value of X = 42.8 cm 

Then: 

Cs = 184 KN 

Cc = 55.27(42.8) = 2365.56 KN 

8870.4 277.2 42.8
70KN

42.8
T

− × 
= = − 
 
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∴The tension force is in the opposite direction 

Pn = Cs + Cs + T = 184 + 2365.56 + 70 = 2619.56 KN 

Pn = 2619.56 KN > Pn =1055.03 KN  

∴The column is sufficient for the applied load. 

 

4. Lateral Ties Selection: 

For Φ 10 mm ties:         according        ACI  7.10.5.2 

b

t

S 16 d = (16×1.4) = 22.5cm                     ...use

48d = (48×1.0) = 48cm

smaller dimension of the column = 30cm

≤

≤

≤

 

 

• UseΦ10 tie @ 25 cm.  

 

 

4.6 Design of Isolated Footing (Footing F3 in Model B) 

 

• Total factored load = 710.0 KN. 

• Soil weighting = 17 KN/m³. 

• Allowable soil pressure = 500 KN/m² 

• Column dimensions = 40 cm x 30 cm. 

 

1. Bearing pressure design: 

 

Estimate footing to be about 40 cm thick in addition to about 10 cm of blinding 

concrete and let the base elevation to be 80 cm.      

 

• Footing Weight = 0.5 m (25 KN/m³) = 12.5 KN/m². 

• Overburden Weight = 0.3 m (17 KN/m³) = 5.1 KN/m². 
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P net = 500 – 12.5 – 5.1 = 482.4 KN/m³. 

 

Required area (A) = Total Weight / Net Soil Pressure 

                = 710 KN / 1.4 (482.4) KN/m²                                 

                = 1.05 m
2

 

Use   ……    L = 1.10 m, B = 1.10 m,    A = 1.21 m². 

 

2. Thickness of the footing design:  

 

Pu = 710.0 KN. 

P net (factored) = 710 KN / 1.21 m² = 586.78 KN/m². 

 

 

 

• One way shear: 

/

c c w u

1
(ΦV  = Φ f  b d )  V  

6
≥

 

1
0.75( )( 25.5 10)(110)(d)  5.87(110)(40 - d) 

6
× ≥

 

694.3 d = 25828 - 645.7 d  

 d = 19.3 cm∴  

 

Total depth h =19.3 cm + 8 cm (cover) + 2 cm ( Φ of reinforcing bars) = 29.3 cm 

Minimum h (practically executed) = 40.0 cm. 

 d = 40.0 - 8 - 2 =30.0 cm∴  

 

• Two way shear: 

[ ]u netV =P × (B)×(A) - (a+d)(b+d)  



 72

[ ]uV  = 5.87 (110×110) - (70×60) 10/1000  

uV  = 463.73 

 

The punching shear strength is the smallest of: 

dbfV oc

c

c

′








+=

β

2
1

6

1

 

dbf
db

V oc

o

s

c

′








+= 2

/12

1 α

 

dbfV occ

′
=

3

1

 

Where: 

longside of the column

short side of the column
cβ =

  

     = 40/30 = 1.33 

 

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

[ ]= 2 (40+30) + (30+30)
 

= 260.0 cm. 

sα  = 40 (for interior column) 

 

dbfV oc

c

c

′








+=

β

2
1

6

1

         = 
0.417 c of b d′

 

dbf
db

V oc

o

s

c

′








+= 2

/12

1 α

   = 
0.551 c of b d′

 

dbfV occ

′
=

3

1

                       =
dbf oc

′
33.0

 ...  use∴  
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cV = 0.33( 25.5)(2600)(300)/1000 =1299.8 KN  

cΦV = 0.75 1299.8 = 974.85 KN×
 

c uΦV  = 974.85 > V = 463.73
 

 

∴ Use 40 cm as a total depth in addition to 10 cm as a blinding concrete  

 

     

3. Dowels design: 

 

ΦPn=Φ(0.85fc )Ag > Pu′  

25.5
ΦPn=0.65(0.85× )(40×30) = 1690.65 KN

10
> 710 KN 

Dowels are not required for load transfer. 

∴  Use the minimum dowels area,  

As min = 0.005 x (40 x 30) = 6.0 cm2 

Use 4 Φ 14    dowels with  sA  = 6.16 cm
2

 

The Φ 14 dowels must be developed above and below the base of the column (to 

face of footing), as below: 

 

• Development Length ( dL ): 

 

 Ld for Φ 14: 

 dL
 = b

420
×d

4 25.5
   =  

420
×1.4

4 25.5
  = 29.11 cm ≥ 0.044 (db) (fy) = 25.87 cm 

∴
dL  = 29.1cm ≈ 30 cm 

Available embedment = 80 – 8(cover) – 2(1.4) (footing bars) = 29.2 cm ≈ 30 cm 

          ∴   OK 
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4. Design of Bending Moment: 

 

The critical section for moment is at the face of the column, the design of the 

bending moment will depend on the larger value of 40 cm (since the column is not 

square, the other value is less; 35 cm). 

 

Mu = net

L a L a
P ×W× - ×0.5 -

2 2 2 2

    
    
    

 

       =
110 30 110 30

5.87 110 0.5 /10000
2 2 2 2

    
× × − × −    

    
 

       = ( ){ 5.87×110×40 ×0.5(40)} /10000  

       = 51.66 KN.m  

  

Mn = 
Mu 51.66

= =57.4
Φ 0.9

 KN.m  

Required Rn = 
4

2 2

Mn 57.4×10
=

bd 110×30
     = 5.80 2Kg/cm  

y

c

f
m =  

0.85f ′
 

420
   =   = 19.38

0.85(25.5)  

y

1 2mRn
Required  =  1  -     1- 

m f
ρ

 
 
 
   

1 2(19.38)(5.80)
                   =  1  -     1- 

19.38 4200

 
  
   

                   = 0.0014  

 

SRequired A  = 0.0014 110 40

                     = 6.16 cm²

× ×
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S1.3 (Required A ) = 1.3(6.16)

                              = 8.01 cm²  

 

c

S w w

y y

f 1.4
Minimum A  =  b d   b d

4f f

′
≥

 

S

25.5 1.4
Minimum A  =  (110)(30)   (110)(30)

4(420) 420
≥

 

SMinimum A  = 9.92 cm²  11.0cm²≥
 

S minimum A  = 11.0cm²∴
 

S S1.3 (Required A ) = 8.01cm² < minimum A  = 11.0cm²
 

S for shrinkage and temperatureA   = 0.002(110)(40)

                                 = 8.80 cm²  

S A  = 8.80cm²∴
 

• Use 6Φ 14                 sA  = 9.20 cm
2

  (In each way) 

 

Development Length ( dL ): 

Category (A), item 2 applies, 

 Ld for Φ 14: 

 c = b

420 420
α β λ d = ×1×1×1×1.4 = 58.22cm  30cm

2 25.5 2 25.5
≥   

dL∴  = 58.22 cm. 

Available embedment = 40 – 8 = 32 cm < 58.22cm 

extend the bar using a 90° standard hook∴  

 

Required length of the hook = 58.22 – 32 = 26.22 cm ≈ 30 cm. 
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b

c

hb

100 d 100
L  =  = (1.4) = 27.72 cm

f 25.5′
 

dh hbL  = L  modification factor×
 

Modification factor: 

• Concrete cover = 0.7 

dh

b

L  = 27.72  0.7 = 19.40 cm

        8 d  8(1.4) = 11.2 cm

        15 cm

×

≥ =

≥  

dhL  = 19.40 cm
 

dhL  = 30.0 cm∴
 

Available length = 40 – 6 – 2(1.4) ≈ 28 cm. 

 

    

 

4.7 Design of Strip Footing (wall footing) 

 

1. Calculation of load: 

• Dead load: 

Service Dead load = 97.5 KN/m 

• Live load: 

Service Live load = 7.8 KN/m 

 

Total Service load = 97.5 + 7.8 =105.3 KN/m 

Total Factored load = 1.2(97.5) + 1.6(7.8) =129.5 KN/m 

 

2. Design of footing width: 

A

Pn
allb =δ     
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For 1- meter width of footing. 

ball

ball

ball

Pn
δ  = 

b×1

Pn
δ  = 

b

Pn
b = 

δ

105.3
b =  = 0.21 m

500

  

The required width is  small, select a width of 40.0cm. 

w = 40 cm 

So, the bearing pressure is: 

bul

2

Pu
δ =

A

129.5
= =323.75KN/m

0.40×1  
 

and it is uniformly distributed beneath the footing, since there is no eccentricity. 

 

3. Design of footing thickness: 

 

By assuming the thickness of the footing = 30.0 cm. 

h = 30 cm 

For Φ 12 bars 

d = 30 – 7.5 – 1.2 = 21.3cm 

 

• one way shear 

The shear strength of concrete, 

dbcfVc ××′××=
6

1
75.0φ
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KN

Vc

45.134

21310005.25
6

1
75.0

=

××××=φ

 

 Vcφ  must be greater than the actual ultimate shear of footing at distance d from 

the face of wall.  

Since the distance between the face of wall and the edge of footing is smaller than 

the required d, the value of shear will be taken from face of wall.  

Vu(at the face) = 0.05(323.75)(1) 

                         = 16.2 KN 

ΦVc>Vu ..... ∴O.K 

 

4. Design of  Bending: 

• Design in plain concrete: 

 

Mu = (323.75)(0.05)(0.05/2) 

       = 0.4 KN.m 

Tall

T

T

all T m

m

2
-3 3

m

-3 9

6

δ  = 0.42× f c

= 0.42× 25.5

= 2.12

m×c
δ =

I

δ × I
m = =δ ×S

c

I
where,  = S

c

0.4×0.3
S =  = 6×10 m

6

Mn =  0.55×2.12×6×10 ×10

= 7×10  N.mm = 7.0 KN.m  >  Mu = 0.4KN.m

′

Φ

 

 

• So, the plain concrete is adequate and no reinforcement is required. 
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5. Design of dowels: 

ΦPn = Φ(0.85×f c×Ag)

= 0.7×0.85×25.5×1000×250

= 3570KN

ΦPn = 3570KN Pu = 129.5KN

′

≥

 

Dowels are not required for load transfer. 

∴  Use the minimum dowels area,  

26.3301000012.0

0012.0

cm

AgAs

=××=

×=
 

 

• Use Φ12 @ 25 cm......... Asprov. = 4.52 cm² /m 

 

 

 

4.8 Design of Basement Wall 

 

Case A: design against Earth load 

 

soilγ  =18 KN/m³  (Unit weight of the soil) 

θ = 30°    (Assumption)  

H = 3 m   (Height of retaining wall)  

οK 0.5=
 

 

1. Calculation of loads: 

• Deal load calculation 

ο οe = γ × H × K
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      = 5.0318 ××  = 27 KN/m2  

ο οE  = 0.5 × H × e  

= 0.5 × 3 × 27 = 27 KN/m 

• Live load calculation 

οp οe = p × K   

        = 2×0.5  = 1.0 KN/m2  

οp οpE  =  H × e  

  = 3 × 1= 3.0 KN/m (for 1m strip)              

                                               

2. Thickness of the retaining wall:  

 

Mb (positive clockwise)∑                                                   

Ax × 3 - 40.5 × 1 + 3 × 1.5 = 0.0            

Ax = 15.0 KN

Bx = 28.5 KN
 

 

Determination of zero shear point: 

 

 

 

 

 

 

 

 

 

 

WallBasement
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xZ
x

Z
9

3

27
=⇒=

 

xxx +××= 95.015  

xx += 25.415  

0.0155.4 2 =−+ xx  

A

CABB
x

×

××−±−
=

2

42

 

mx 71.1
5.42

155.4411 2

=
×

−××−±−
=

 

Z = 9 × 1.71 = 15.39∴  KN/m² 

 

 

Mx (positive clockwise)∑  

1
15 × 1.71 - 0.5 × 15.39 × 1.71 × 1.71 ×  - 1 × 1.71 × 1.71 × 0.5 = 16.89

3
KN.m 

Mu = 1.6 × Mx = 1.6 × 16.89 = 27.02 KN.m 

Use, 

ρ = 0.5(ρmax)  

ρ = 0.01935 

ρ = ρmax = 0.0097                                                            

Use ρ ≈ 0.01 

m = 19.38 

Mu = 27.02 KN.m 

Mn = 30.02 KN.m 

yRn = ρ (f (1- 0.5 ρ m) = 3.79 MPa 

6

req

Mn 30.02 10
d  = 89 mm

Rn×b 3.79 1000

×
= =

×
 

 

If Φ20 bars are used: 
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h = (89+20+70) = 179 mm                                          

∴Use h = 250 mm. 

 

3. Wall Reinforcement: 

• Main reinforcement 

 
d = 250- (20 +70) = 160 mm 

2

2

6

2
/17.1

160*1000

1002.30

*
mmN

db

Mn
Rn =

×
==

 











−−=

Fy

mRn

m

2
11

1
ρ

 

00287.0
420

17.138.192
11

38.19

1
=








 ××
−−=ρ

 

2

s reqA = 0.00287×100×16=4.6cm /m  

c'

y y

2 2

f ×b×d 1.4×b×d
As min  = 

4×f f

25.5×1000×160 1.4×1000×160
            = 

4×420 420

            = 481.0mm 5.33mm

≥

≥

≥

 

 

2 As min = 5.33cm /m∴  

 

mcmAsmcmreqAs /33.5min/6.43.1 22 =≥×=  

mcmselectedAs /33.5 2=
 

Check shrinkage and temperature reinforcement, 

As shrinkage = 0.0018 x 100 x 25 = 4.5 cm² /m 

mcmshrinkageAsmcmreqAs /5.4/33.5 22 =≥=  

2Asselected = 5.33 cm /m  
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• Use Φ12 @ 20 cm......... As prov. = 5.65 cm² /m 

 

 

 

• Secondary Reinforcement 
 

The required secondary reinforcement is equal to shrinkage and temperature 

reinforcement. 

Asshrinkage  = 0.0018 x 100 x 25  = 4.5 cm² /m. 

Use Φ12 @ 25 cm......... As prov. = 4.52 cm² /m   

 

 

 

 

 

 

 

 

 

Case B: design against Water load: 

 

waterγ  =10 KN/m³ (Unit weight of water) 

H = 3 m   (Height of retaining wall)  

 

1. Calculation of loads: 

 

• Deal load calculation 
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w = γ × H  

    10 3= ×   

      = 30 KN/m2  

W = 0.5 × H × w  

3035.0 ××=  

        = 45 KN/m                                               

 

 

2. Thickness of the retaining wall:  

 

Mb (positive clockwise)∑  

                                                  

0.015.403 =×−×Ax   

Ax = 15.0 KN

Bx = 28.5 KN
          

 

Determination of zero shear point: 

xZ
x

Z
10

3

30
=⇒=

 

xx 105.015 ××=  

2515 x=  

mx 73.1=  

Z = 10 × 1.73 = 17.3 KN/m²∴   

Mx (positive clockwise)∑  

 

1
15 1.73 0.5 17.3 1.73 1.73 17.32KN.m

3
× − × × × × =  

Mu = 1.6 × Mx = 1.6 × 17.32 = 27.68 KN.m  
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Use, 

ρ = 0.5(ρmax)  

ρ = 0.01935 

ρ = ρmax = 0.0097                                                            

Use ρ = 0.01 

m= 19.38 

Mu = 27.68 KN.m 

Mn = 30.76 KN.m 

( (1 0.5 )  3.79 MPaR n fy mρ ρ= − =  

6Mn 30.76×10
d req =  =  = 90 mm

Rn×b 3.79×1000
 

If Φ20 bars are used: 

h = (89 + 20 +70) = 179 mm                                          

∴Use h =250 mm. 

 

3. Wall Reinforcement: 

• Main reinforcement 

D = 250 - ( 20 + 70) = 160 mm 

6
2

2 2

Mn 30.76×10
Rn= = =1.2 N/mm

b×d 1000×160
 











−−=

Fy

mRn

m

2
11

1
ρ

 

00294.0
420

2.138.192
11

38.19

1
=








 ××
−−=ρ

 

2As req = 0.00294 100 16 4.7 /cm m× × =  
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c

y y

2 2

2

f ×b×d 1.4×b×d
As min = 

4×f f

25.5 1000 160 1.4 1000 160

4 420 420

481.0 5.33

 As min = 5.33cm /m

mm mm

′
≥

× × × ×
= ≥

×

= ≥

∴

 

mcmAsmcmreqAs /33.5min/7.43.1 22 =≥×=  

mcmselectedAs /33.5 2=
 

 

Check shrinkage and temperature reinforcement 

Asshrinkage = 0.0018 x 100 x 25 = 4.5 cm² /m 

mcmshrinkageAsmcmreqAs /5.4/33.5 22 =≥=  

2Asselected = 5.33 cm /m  

• Use Φ12 @ 20 cm......... As prov. = 5.65 cm² /m   

 

• Secondary 

Reinforcement  

The required secondary 

reinforcement is equal to 

shrinkage and temperature 

reinforcement. 

• UseΦ12@ 25 cm 
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4.9 Design of Stairs 

 

Fig. (4.14): Section in stair 

 

1. calculation of load: 

 

• Dead load: 

L 380
h= = =19cm » use 15cm.

20 20
 

-1 o16
θ= tan ( ) = 28.8

30
 

(DL)  H – plate = 0.03 x 22 x 
0.33

0.30
 = 0.726 KN/m2. 
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(DL)  V – plate = 0.03 x 22 x 
0.16

0.30
 = 0.352 KN/m2. 

(DL)  Concret plat
3

2(0.15m)(25kN/m )
= =4.565kN/m

cos28.8
  

(DL)  Steps = 3 20.16m
( ) x 25kN/m =2.0 kN/m

2
 

(DL)  H – mortar = 0.02 x 22 = 0.44 KN/m2 

(DL)  V – mortar = 0.02 x (0.16/0.3) x 22 = 0.235 KN/m2 

(DL)  Sand = 0.06x 16.4 = 0.984KN/m2 

 (DL)  Plaster 
3

2(0.02m)(22kN/m )
= =0.502kN/m

cos28.8
 

 

Total dead load = 9.8 KN/m² 

Factored dead load = 1.4(9.8) = 11.76 KN/m². 

 

• Live load: 

Live load = 2 KN/m². 

Factored live load = 1.6(2) = 3.2 KN/m2. 

 

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

Wu = 11.76 + 3.2 

Wu = 14.96 KN/m. 

 

 

2. Design for positive moment: 

 

• Main reinforcement: 

Support reaction in stair: 

Ay = Wu x SL

2
= 14.96 x 3

2
 = 22.44 KN. 
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Using Φ 14 bars 

d = 15-2-0.7 = 12.3 cm. 

 

Max. Moment by using the shear diagram: 

Mu = 22.44 0.4 + 0.5 1.5 22.44 =25.8 KN.m× × ×  

Mn = 25.8/0.9 = 28.67  KN.m  

6

2 2

M n 28.67 10
R n 1 .87  M pa

bd (1000)(123)

×
= = =  

m = 
y

c

f 420

0.85 f 0.85 25.5′

=
× ×

  

38.19=m  














−−=

y

n

f

Rm

m

2
11

1
ρ

 

1 2 19.38 1.87
1 1

19.38 420
ρ

 × ×
= − − 

 
 

0047.0=ρ  

dbAs ..ρ=
 

ρ min = 
fc 1.4

4(fy) fy

′
≥  = 0033.0003.0 ≥  

ρ min = 0.0033 

0.0033  ≤   0.0065  ≤   0.0306 

As = 0.0047(100)(12.3) = 5.7 cm
2

 

• Use Φ12 @  20 cm 

 

• Secondary reinforcement: 

As = 0.0018(15)(100) = 2.7 cm
2

 

• Use Φ8 @ 15 cm.       
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3. Design of shear: 

 

cf 1
0.75 bd = 0.75 × 25.5×1000×123

6 6
c

V
′

Φ =  =  

cΦV = 77.6 KN >Vu = 22.44 KN (o.k.) 

The depth is satisfied for shear requirements. 

 

 

4. Development length of the bars: 

 

y

b

c

f
Ld= α.β.γ.d

2 f ′

 

For Φ12 bars:  

420
Ld = 1 × 1 × 1 × 1.2

2× 25.5

Ld = 50 cm

 

 

5. Landing Design: 

 

(DL)  mortar = 0.02x 22 = 0.44 KN/m² 

(DL)  Plate = 0.03x 22 = 0.66 KN/m². 

(DL)  Concrete plat 3 2=(0.22m)(25KN/m )=5.50KN/m   

(DL) Plaster 3 2=(0.02m)(22KN/m )=0.44 KN/m  

 

Total dead load per 1- m = 7.04 KN/m 
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Live load = 2 KN/m. 

 

Factored dead load = 1.2(7.1) = 8.52 KN/m 

Factored live load = 1.6(2) = 3.2 KN/m². 

 

Reaction of the step's slab = 22.44 KN/m 

 

Wu = Factored dead load + Factored live load+ Reaction of the step's slab (for 1-m 

of the stair slab) 

Wu = 8.52 + 3.2 + 22.44 

Wu = 34.16 KN/m. 

Mu =

2

uW ×L

8
 

Mu =
234.16×(2.2)

=20.7 KN.m
8

 

Mn = 20.7/0.9 = 22.96 KN.m  

6

2 2

M n 22.96  ×  10
R n =   =  = 1 .52  kg /cm ²

bd (1000)(123)
 

38.19=m  








 ××
−−=

420

52.138.192
11

38.19

1
ρ

 

00376.0=ρ  

dbAs ..ρ=
 

ρ min = 
fc 1.4

4(fy) fy

′
≥  = 0033.0003.0 ≥  

 0.0033 ≤   0.00376 ≤   0.0309 

As = 0.00376(100) (12.3) = 4.62 cm
2
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• Use Φ12@ 20 cm.       

 

6. Shrinkage and Temperature Reinforcement: 

 

As = 0.0018 (100) (15) = 2.7 cm
2

 

• Use Φ8 @ 15 cm 

 

 

Fig. (4.15): Reinforcement of the stair 
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4.10 Shear wall Design: 

 

1. General definitions:  

 

The base shear force:  

v

a

a

C ×I
V= ×W-----------(30-4)

R×T

The total design base shear need not exceed the following:

2.5×C ×I
V= ×W--------(30-5)

R

The total design base shear shall not be less the following:

V=0.11×C ×I×W--------(30-6)

 

Where: 

V = the total design lateral force or shear at the base. 

W = Total seismic dead load of the building, including the weight of all permanent 

structural and nonstructural components, such as walls, floors, roofs. 

R = Numerical coefficient depends on the structural system = 5.5. 

Z = Seismic zone factor = 0.3 for zone 3. 

Cv = seismic coefficient = 0.3. 

R = Numerical coefficient = 5.5. 

I = Importance coefficients = 1.0. 

Ca = seismic coefficient = 0.3. 

T = elastic fundamental period of vibration, in seconds , of the structure in the 

direction under the consideration . 

 
3

4
t nT = C (h ) . 

Ct = Numerical coefficient = 0.0488. 

nh = Height of the structure above the base level. 
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The total design base shear V is distributed over the height of the structure 

according to equation: 

n

it
i=1

+V=F F∑  

Where:  

tF = The concentrated force applied at the top of the structure. 

tF = 0.07TV 0.25V≤ . 

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

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

( )
n

tx x ix ii=1
= V- F /w wF h h∑  

Where 
x
 ,w iw = Portion of W at x , i level. 

           
x i
, h h = Height to x , i level. 

The design shear at any story, 
xV , equals the sum of the forces , 

tF and 
xF  

above that story. 

Horizontal shear reinforcement spacing shall not exceed: 

Vs

dFyAv
S

××
=

 

Where:  VcVnVs −=  









≤

5

Lw
S

 

hS 3≤  

mmS 45018// =≤  

Note: S minimum value controls 

0025.0(min) =hρ         

Vertical shear reinforcement spacing shall not exceed: 









≤

3

Lw
S
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hS 3≤  

mmS 50018 // =≤  

Note: S minimum value controls 

ρn of vertical shear reinforcement shall not be less than: 

( )0025.05.25.00025.0(min) −







−+= h

lw

hw
n ρρ

  

  0025.0(min) =hρ    

 

 

2.  Calculation of loads: 

  

• Basement Floor: 

 

Weight of the Slab = 353KN. 

Weight of Columns = 65 KN. 

Weight of walls = 868 KN. 

 

Total weight of the Basement Floor = 1286 KN. 

Total factored weight of the Basement Floor = 1.2x1286 

       = 1543 KN 

 

• Ground Floor: 

 

Weight of the Slab = 1170 KN. 

Weight of Columns =106 KN. 

Weight of walls = 2736 KN. 

  

Total weight of the Ground Floor = 4012 KN. 
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Total factored weight of the Ground Floor = 1.2x4012  

                 = 4814 KN 

 

• First Floor: 

 

Weight of the Slab = 1170 KN. 

Weight of Columns =106 KN. 

Weight of walls = 2736 KN. 

 

Total weight of the First Floor = 4012 KN. 

Total factored weight of the First Floor = 1.2x4012  

         = 4814 KN 

 

• Roof Floor: 

 

Weight of the Slab = 750 KN. 

Weight of Columns = 54 KN. 

Weight of walls = 1024 KN. 

 

Total weight of the Roof Floor = 1828 KN. 

Total factored weight of the Roof Floor = 1.2x1828  

     = 2194 KN 

 

Total factored weight of the Building Floors = 13565 KN. 
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3. Calculation of shear force on shear walls: 

 

( )
3/ 4

0.0488 13 0.33 secT ond= × =
. 

The base shear force: 

0.3×1
V= ×13565 = 2242KN 

5.5×0.33

The total design base shear need not exceed the following:

2.5×0.3×1
V= ×13565= 1850KN

5.5

The total design base shear shall not be less the following:

V=0.11×0.3×1×13565= 447.6KN

 

Select V=1850 KN 

 

( ) hwhwFF i

n

i ixxtx
V ∑ =

−=
1

/
 

 F t = 0.07TV. 

F t = 0.07 x 0.14 x 1850 = 18.13 KN < 0.25V= 463 KN 

n

iii=1w h∑ = 3.25 x 1543 + 6.5 x 4814 + 9.75 x 4814 + 13 x 5800.3   

       =111764.25KN. 

F x1 = [(1850 -18.13) x 4814 x 3.25] / 111764.25 = 256.4 KN Shear force at 

basement floor. 

 

 F x2 = [(1850-18.13) x 4814x6.5]/ 1111764.25  = 512 KN Shear force at ground 

floor. 
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3xF = [(1850-18.13)x 4814x9.75]/ 1111764.25  = 769.3 KN Shear force at first 

floor. 

 

4xF = [(1850-18.13)x 2194x9.75]/ 111764.25  = 351 KN Shear force at roof floor. 

 

Ratio calculation for wall No.No.1 in x direction: 

F x1 = 256.4x0.2 = 51.28 KN at basement floor. 

F x2 = 512x0.2 = 102.4 KN at ground floor. 

F x3 = 769.3x0.2 = 153.8 KN at the first floor. 

4xF = 351x0.2 = 70.2 KN at the roof floor. 

 

 

 

Fig. (4.16) Moment and Shear Diagram of the Shear Wall 
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4. Design of shear: 

Vu = 377.68 KN. 

d = 0.8xLw = 0.8x4.5 = 3.6 m. 

1
Vc=0.75× × 25.5×3600×200=454.5KN.

6
φ  

0.5x Vcφ = 227 KN> Vu = 377.68 KN > Vc=454.5KNφ  

∴Minimum shear reinforcement is required. 

 Vs min = 
1 1

×b×d= ×3600×200=237.6KN
3 3

 

Assume Φ 10 for shear Reinforcement. 

 

S req = 
3

Av fy d 2 0.79 420 3600
= = 100 cm

Vsreq 237.6 10

Φ × × × × × ×

Φ ×
. 

 

The required spacing is the smaller of the following: 

450
75

6 6

, 3 75

45

45

Lw
S cm

or S h cm

or S cm

select S cm

= = =

= × =

=

=
 

Av Av
req ( min = 0.0025×h).....................(ACI 11.8.4)

s s
≥  

2 0.79
0.0025 25 0.035 0.06 ............... . .

45
cm cm O K

×
≥ × ⇒ ≤  

 

• So, use Φ10@25cm. 

 

2 0.79
 0.0025*25 0.063cm 0.063cm.......................O.K.

25

×
≥ ⇒ ≥  
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5. Design of Vertical Reinforcement: 

 

Minimum Vertical Reinforcement: 

min

hw
ρ =0.0025+0.5(2.5- )(ρh-0.0025)

Lw
…...….. (ACI 11.10.9.4). 

ρh= Horizontal reinforcement ratio. 

3

100
(2 (0.79) )

25 2.5 10
100 25

hρ −

× ×
= = ×

×
 

3

min

25
0.0025 0.5(2.5 )(2.5 10 0.0025) 0.0025

450
ρ −= + − × − = . 

As req = 0.0025 x 3600 x 25 = 225 cm² (For Both Faces). 

• Use Φ12@35     As provided = 226 cm2 > As req …………..OK. 

Av Av
req ( min=0.0025 h)...................(ACI 11.8.4)

s s
≥ ×  

OK.....................0063.0065.0250025.0
35

13.12
≥⇒×≥

×

 

 

 

6. Design of Moment: 

 

• Design as light loaded shear wall. 

So the Vertical reinforcement of (Φ12@35), will not be considered. 

Mu = 2892.9 KN.m 

6

2 2

2892.9 10
1.0

0.9 250 3600

Mn
Rn Mpa

b d

×
= = =

× × ×
 











−−=

Fy

mRn

m

2
11

1
ρ
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1 2 19.38 1.0
1 1 0.0024

19.38 420
ρ

 × ×
= − − =  

   

2As req = 0.0024×25×360 = 21.9 cm  

c

y y

2 2

2

f ×b×d 1.4×b×d
As min  = 

4×f f

25.5 250 3600 1.4 250 3600
             = 

4 420 420

             = 27.1 30

As min = 30cm

cm cm

′
≥

× × × ×
≥

×

≥

∴

 

 

2 2

2

1.3 21.9 min 30

28.5

As req cm As cm

As req cm

= × ≥ =

=  

228.5As selected cm=  

• Use 6Φ25 , As provided = 29.5 cm². 

 

 

 

Fig. (4.17) Reinforcement of the Shear Wall 
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4.11 Design of the Dome (Related to the mosque in the 

Public area) 

 

By using the membrane theory of shell revolution:   

Assume the height of dome = 3m 

Distance from center to center = 8 + 0.1 + 0.1 = 8.2 m 

2 2 2

2 2 2

2 2

(4.1) ( 3)

(4.1) ( 3)

(4.1) 6 9

16.8 6 9

6 25.8

4.3

3 4.3 3
cos 0.3

4.3

72.4 51.8

The shell is subjected to tensile hoop stress.

R R

R R

R R R

R

R

R m

R

R
φ

φ

+ − =

= − −

= − + −

= −

=

=

− −
= = =

= ° > °

∴

 

 

1. Calculation of load: 

 

Dead load: 

Assume the thickness of the dome to be h = 15cm 

Self weight = (0.15).(25) = 3.75 KN/m²  

 

Live load: 

Service Live load = 2.6 KN/m² 

 

Total Service load = 3.75 + 2.6 = 6.35 KN/m² 

Total Factored load = 1.2(3.75) + 1.6(2.6) = 8.7 KN/m² 
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2. Stresses calculation: 

 

The total vertical load for part of the dome making α with the vertical 

= 2W × 2π × R  × (1 - cosα)  

28.7 2 4.3 (1 cos )π α= × × × −  

 

The meridian force: 

)cos1(

41.37

)cos1(

3.47.8

)cos1(

sin2

)cos1(2
2

2

ααα

απ

απ
φ

+

−
=

+

×−
=

+

×−
=

××

−×××−
=

RW

R

RW
N

 

 

The hoop force: 

1
Nθ=W ×R×( - cos α)

1+cosα

1
=37.41×( - cos α)

1+cosα

 

 

Determining the meridian and hoop stresses when α = 0 and α = 72.4 

 

When α = 0: 

KNN

KNN

71.18)0cos
0cos1

1
(41.37

71.18
)0cos1(

41.37

−=−
+

×=

−=
+

−
=

θ

φ

 

 

When α = 72.4: 
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KNN

KNN

4.17)4.72cos
4.72cos1

1
(41.37

72.28
)4.72cos1(

41.37

=−
+

×=

−=
+

−
=

θ

φ

 

 

The maximum value of meridian force NΦ = -28.72 KN (compression force occurs 

at the base). 

The maximum value of hoop force Nθ= 17.4 KN (tension force occurs at the base). 

The maximum compressive hoop force Nθ = -18.71 KN 

 

 

3. Design of reinforcement: 

 

The maximum compressive stress due to meridian force NΦ : 

MpacMpa 1035.0
)1000150(

100041.37
=<−=

×

×−
δ

 

The maximum compressive stress due to hoop force Nθ : 

MpacMpa 10125.0
)1000150(

100071.18
=<−=

×

×−
δ

 

The maximum tensile stress due to hoop force Nθ: 

MpatMpa 512.0
)1000150(

10004.17
=<=

×

×
δ

 

The maximum compressive stress and the maximum tensile stress are less than the 

compressive and tensile strength of concrete, so no reinforcement is required but 

minimum reinforcement will be applied.  
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Minimum reinforcement: 

2 2

2

min

1.4

4

3.77 3.85

3.85

12@25 cm  (for hoop and meridian)

f c
b d b d

fy fy

cm cm

As cm

φ

′
× × ≥ × ×

×

≥

=

 

 

 

4. Design of the ring beam: 

 

The maximum compressive force is due to meridian stress: 

 NΦ = -28.72 KN 

The force transfer from dome to the ring beam 

F= 28.72 x cos 72.4 =8.7 KN/m of ring beam from the dome 

The total load on the beam equals the load of dome in addition to the load slab 

 

 

Fig. (4.18) Geometry of the Ring Beam 
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(4.a) Calculation of thickness: 

 

Span (1): 

h min = L / 18.5                     for exterior span 

h min = 630 / 18.5  = 34 cm 

Span (2): 

h min = L / 21                         for interior span 

h min = 630 / 21  = 30 cm 

∴Use an overall depth of   35 cm 

d= h - Cover - d/2 = 35 – 4 – 1– 2/2 = 29 cm. 
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Fig.(4.19) moment envelope for the Beam 

 

 

(4.b) Beam width: 

 

0.5 maxAssume ρ ρ=  

420
0.0021

200000

29

0.003 0.0051

y
y

s

b

f

E

X

∈ = = =

=
 

1

17.1

0.85 17.1 14.5

b

b b

X cm

a X cmβ

=

= × = × =  

0.85

0.85 25.5 14.5
0.0258

29 420

0.75 0.75 0.0258 0.01935

0.5 0.01935 0.00968

c b b y

b

max b

selected

f b a b d fρ

ρ

ρ ρ

ρ

× × = × × ×

× ×
= =

×

= = × =

= × =  

 

Max. Moment = 259.8 KN.m 
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420
19.38

0.85 0.85 25.5

. (1 0.5 )

0.00968 420(1 0.5 0.00968 19.38)

3.68Mpa

y

c

n y m

f
m

f

R fρ ρ

= = =
×

= −

= × − × ×

=

 

-3

2 2

M n 259.8×10
R n=  =  3 .68 =  

bd 0.9×b×0.29

b=  0 .93m

 

 

Use b = 1.4 m . 

 

 (4.c) Design for positive moment: 

 

2 2

2

fc 1.4
As min = (b)(d) (b)(d)

4fy fy

25.5 1.4
            = (140)(29) (140)(29)

4(420) 420

            = 12.2cm 13.5cm

As min = 13.5cm

′
≥

≥

≥

∴

 

As max = 0.01935 x 140 x 29 = 78.6 cm
2

 

 

 

Span (1): 

Mu = 134.7 KN.m 

3

2 2

134.7 10
1.27

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=
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21
1 1

1 2 19.38 1.27
1 1 0.0031

19.38 420

n

y

mR

m f
ρ

ρ

 
= − − 

 
 

 × ×
= − − =  

 

 

As = 0.0031x140x29 = 12.59 cm² 

A s min = 13.5 cm 2  

• Use  7Φ16 

 

Span (2): 

There is no positive moment, 

So minimum reinforcement is required. 

A s min = 13.5 cm 2  

• Use 7 Φ16 

 

Span (3): 

Mu = 161.5KN.m 

3

2 2

161.5 10
1.52

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.0038 

As = 0.0038x140x29 = 15.43 cm² 

• Use 7 Φ 16 

 

Span(4): 

Mu = 26.3KN.m 

3

2 2

26.3 10
0.25

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    



 110














−−=

y

n

f

mR

m

2
11

1
ρ = 0.0006 

So minimum reinforcement is required, 

A s min = 13.5 cm 2  

• Use 7 Φ16 

 

 

(4.d) Design for Negative moment: 

 

Support (1): 

Mu = 259.8 KN.m 

19.38m =     

  

3

2 2

259.8 10
2.45

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.0062 

As = 0.0062x140x29 = 25.2 cm² 

• Use 9 Φ 20 

 

Support (2): 

Mu = 120.1 KN.m 

19.38m =     

  

3

2 2

120.1 10
1.13

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.0028 

As = 0.0028x140x29 = 11.4 cm² 
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A s min = 13.5 cm 2  

• Use 7 Φ16 

 

Support(3): 

Mu = 148.4 KN.m 

19.38m =     

  

3

2 2

148.4 10
1.4

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.0035 

As = 0.0035x140x29 = 14.2 cm² 

• Use 7 Φ16 

 

Support (4): 

Mu = 171.1 KN.m 

19.38m =     

  

3

2 2

171.1 10
1.6

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.004 

As = 0.004x140x29 = 16.2 cm² 

• Use 6 Φ20 

 

Support (5): 

Mu = 44.3 KN.m 

19.38m =     
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3

2 2

44.3 10
0.42

0.9 1.4 0.29

19.38

M n
R n M pa

bd

m

−×
= = =

× ×

=

    














−−=

y

n

f

mR

m

2
11

1
ρ = 0.001 

As = 0.001x140x29 = 4.1 cm² 

A s min = 13.5 cm 2  

• Use 7 Φ16. 

 

 

(4.e) Design of Shear of edge beam: 

 

 

 

 

 

 

 

 

 

Fig. (4.20): Shear envelope for Beam B2 

 

u maxV = 222.4 KN at d from face of support 

25.5
0.75 ( ) 0.75 (1.4)(0.29)(1000) 256.3KN

6 6

c

c

f
V b d

′  
Φ = × = × =  

 
   

Category (2): 

0.5 Vc Vu Vcφ φ< ≤  

128.15 KN < 222.4 KN ≤ 256.3 KN 

 

68.4 

185.9 

89.4 

-167.3 

-76. 

-194.1 

222.4 

-176.7 

71.7 

-79.3 

195.3 

-203.5 

92.7 

-55.8
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mins

1
ΦV =0.75× ×(Mpa)×b×d

3

1
=0.75× ×(Mpa)×1.4×0.29×1000=101.5KN

3

  

  S = Vs

dfA yv

Φ

Φ

  = 

0.75 4 0.79 42 29

101.5

× × × ×

   = 28.44 cm 

S d/2≤ = 9.5 cm    …………………. Control 

S 60≤  cm 

• Use 2 Φ 10 stirrups @ 9.5 cm 

nVφ = cΦV + minsΦV  

nVφ = 256.3 + 101.5 = 357.8 KN..............O.K. 

 



 113

4.12 Pool Design 

 

1. Design of Retaining Wall: 

 

soilγ  =18 KN/m³ (Unit weight of the soil) 

θ = 30°    (Assumption for granular soil)  

H = 2.5 m   (Height of the retaining wall)  

33.3

33.

=

=

Kp

Ka
 

 

Case A: Static System against earth pressure: 

 

Fig. (4.21): Static System against earth pressure  

 

E.L. calculation 

KaHea ××= γ  

      = 33.5.218 ××  = 14.85 KN/m
2
  

eaHEa ××= 5.0  

85.145.25.0 ××= = 18.56 KN/m 
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L.L. calculation 

Kapeap ×=   

        = 33.03×  = 1 KN/m
2
  

eapHEap ×=  

  15.2 ×= = 2.5 KN/m 

Ma (positive clockwise)

-18.56×0.83-1.25×2.5= -18.53KN.m

∑  

 

Case B: Static System against water pressure: 

 

 

Fig. (4.22): Static System against water pressure  

 

Hw ×= γ   

        = 5.210 ×  = 25 KN/m
2
  

wHW ××= 5.0  

  255.25.0 ××= = 31.25 KN/m 
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Ma (positive clockwise)

31.25×0.83=25.94 KN.m

∑
 

(for 1m strip)              

                 

             

(1.a)Determination of thickness of the retaining wall:  

 

For wall thickness determination we use the water pressure because its pressure is 

more than earth pressure, so that the design moment is M= 25.94 KN.m. 

Use, 

ρ = 0.5(ρmax)  

ρ=0.01935 

ρ = ρmax =0.0097                                                            

Use ρ ≈ 0.01 

m= 19.38 

M = 25.94 KN.m 

Mu = 41.5 KN.m 

Mn = 46.11 KN.m 

)5.01(( mFyRn ρρ −=  

)38.1901.05.01(420(01.0 ××−=Rn  

      = 3.79 MPa 

d req = 
bRn

Mn

×
=

646.11×10

3.79×1000
= 110.3 mm 

If Φ20 bars are used: 

h = (110.3+20+70) = 200.3 mm                                          

∴Use h=250 mm. 
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(1.b)Wall Reinforcement: 

 

A: design against earth pressure: 

 

M = 18.53 KN.m 

Mu = 29.65 KN.m 

6
2

2 2

Mn 29.65×10
Rn=  =  = 1.37 N/mm

0.9×b×d 0.9×1000×155
 











−−=

Fy

mRn

m

2
11

1
ρ  

0034.0
420

37.138.192
11

38.19

1
=









 ××
−−=ρ  

A s req = mcm /27.55.151000034.0 2=××  

A s min = 

yy

c

f

db

f

dbf ××
≥

×

×× 4.1

4

'  

A s min = 
420

15510004.1

4204

15510005.25 ××
≥

×

××
 

A s min = 22 16.5465 mmmm ≥  

A s min = mcm /16.5 2  

mcmAsmcmreqAs /16.5min/27.5 22 =≥=  

mcmselectedAs /27.5 2=  

Check shrinkage and temperature reinforcement 

A s shrinkage = 0.0018 x 100x 25 = 4.5 cm
2
 /m 

mcmshrinkageAsmcmreqAs /5.4/27.5 22 =≥=  

25.27 /As required cm m=  

• Use Φ12 @ 20 cm......... Asprov. = 5.65 cm² /m 
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Secondary Reinforcement 

The required secondary reinforcement is equal to shrinkage and temperature 

reinforcement  

A s shrinkage = 0.0018 x 100x 25 = 4.5 cm
2
 /m 

• Use Φ12 @ 25 cm......... Asprov. = 4.52 cm² /m   

 

 

B: design against water pressure: 

M = 25.94 KN.m 

Mu = 41.5 KN.m 

6
2

2 2

Mn 41.5×10
Rn= = =1.92 N/mm

0.9×b×d 0.9×1000×155
 











−−=

Fy

mRn

m

2
11

1
ρ  

0048.0
420

92.138.192
11

38.19

1
=









 ××
−−=ρ  

A s req = mcm /44.75.151000048.0 2=××  

A s min = 

yy

c

f

db

f

dbf ××
≥

×

×× 4.1

4

'  

A s min = 
420

15510004.1

4204

15510005.25 ××
≥

×

××
 

A s min = 22 16.5465 mmmm ≥  

A s min = mcm /16.5 2  

mcmAsmcmreqAs /16.5min/44.7 22 =≥=  

mcmselectedAs /44.7 2=  

Check shrinkage and temperature reinforcement 

A s shrinkage= 0.0018 x 100x 25 = 4.5 cm
2
 /m 



 118

mcmshrinkageAsmcmreqAs /5.4/44.7 22 =≥=  

2As required=7.44 cm /m  

• Use Φ14 @ 20 cm......... Asprov. = 7.7 cm² /m          

 

Secondary Reinforcement 

The required secondary reinforcement is equal to shrinkage and temperature 

reinforcement  

A s shrinkage= 0.0018 x 100x 25 = 4.5 cm
2
 /m 

• Use Φ12 @ 25 cm......... Asprov. = 4.52 cm² /m   

 

 

2. Design of the Base of the Pool 

 

Taking a one meter strip in the short direction to design this strip, then use the steel 

result for all the slab in both direction. 

 

Load calculation: 

Take the strip for maximum height of the pool: 

 

Case A: Earth pressure and wall weight: 

 

Load due to wall weight: 

P = 0.25x2.5x25 = 15.625 KN 

Pu = 1.2x15.625 = 18.75 KN 

 

Load due to earth weight: 

E.L. calculation 

KaHea ××= γ  

      = 33.5.218 ××  = 14.85 KN/m
2
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eaHEa ××= 5.0  

85.145.25.0 ××= = 18.56 KN/m 

L.L. calculation 

Kapeap ×=   

        = 33.03×  = 1 KN/m
2
  

eapHEap ×=  

  15.2 ×= = 2.5 KN/m 

Ma (positive clockwise)

18.56 0.83 1.25 2.5 18.53 .KN m− × − × = −

∑
 

Mu =1.6×18.53

=29.65KN.m

∑
 

 

Fig. (4.23): Static System against water pressure  
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Moment design take at the face of wall (Mu= 27.73 KN.m), So that the bottom 

reinforcement are required , 

6
2

2 2

Mn 27.73×10
Rn= = =0.7 N/mm

0.9×b×d 0.9×1000×210
 











−−=

Fy

mRn

m

2
11

1
ρ  

0017.0
420

7.038.192
11

38.19

1
=









 ××
−−=ρ  

A s req = mcm /57.3211000017.0 2=××  

A s min = 

yy

c

f

db

f

dbf ××
≥

×

×× 4.1

4

'  

A s min = 
420

21010004.1

4204

21010005.25 ××
≥

×

××
 

A s min = 22 700631 mmmm ≥  

A s min = mcm /7 2  

mcmAsmcmreqAs /7min/19.8 22 =≥=  

mcmselectedAs /7 2=  

Check shrinkage and temperature reinforcement 

A s shrinkage = 0.0018 x 100x 30 = 5.4 cm
2
 /m 

mcmshrinkageAsmcmreqAs /4.5/7 22 =≥=  

mcmAequired /7 2=  

• Use Φ14 @ 20 cm......... Asprov. = 7.7 cm² /m   
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Secondary Reinforcement 

 

The required secondary reinforcement is equal to shrinkage and temperature 

reinforcement  

A s shrinkage = 0.0018 x 100x 30 = 5.4 cm
2
 /m 

• Use Φ12 @ 20 cm......... Asprov. = 5.65 cm² /m   

 

 

Case B: Water pressure and Wall aweight: 

 

Load due to wall weight: 

P = 0.25x2.5x25 = 15.625 KN 

Pu = 1.2x15.625 = 18.75 KN 

 

Load due to Water weight: 

Hw ×= γ   

        = 5.210 ×  = 25 KN/m² 

wHW ××= 5.0  

  255.25.0 ××= = 31.25 KN/m 

Ma (positive clockwise)

31.25×0.83=25.94 KN.m

∑
 

Mu =1.6×25.94

=41.5KN.m

∑
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Fig. (4.24): Static System against water pressure 

 

Moment design take at the face of wall (Mu= -38.87 KN.m) , So that the top 

reinforcement required  

2

2

6

2
/98.0

210*1000*9.0

1087.38

**9.0
mmN

db

Mn
Rn =

×
==  











−−=

Fy

mRn

m

2
11

1
ρ  
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0039.0
420

98.038.192
11

38.19

1
=









 ××
−−=ρ  

A s req = mcm /19.8211000039.0 2=××  

A s min = 

yy

c

f

db

f

dbf ××
≥

×

×× 4.1

4

'  

A s min = 
420

21010004.1

4204

21010005.25 ××
≥

×

××
 

A s min = 22 700631 mmmm ≥  

A s min = mcm /7 2  

mcmAsmcmreqAs /7min/19.8 22 =≥=  

mcmselectedAs /19.8 2=  

Check shrinkage and temperature reinforcement 

A s shrinkage= 0.0018 x 100x 30 = 5.4 cm
2
 /m 

mcmshrinkageAsmcmreqAs /1.5/19.8 22 =≥=  

mcmAequired /19.8 2=  

Use Φ16 @ 20 cm......... Asprov. = 10.05 cm² /m   

        

 Secondary Reinforcement 

The required secondary reinforcement is equal to shrinkage and temperature 

reinforcement  

A s shrinkage= 0.0018 x 100x 30 = 5.4 cm
2
 /m 

• Use Φ12 @ 20 cm......... Asprov. = 5.65 cm² /m  

 

 Design of dowels: 

KNPuKNPn

KN

AgcfPn

75.183570

3570

25010005.2585.07.0

)85.0(

=≥=∴

=

××××=

×′×=

φ

φφ
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No dowels required, use minimum reinforcement dowels:  

26.3301000012.0

0012.0

cm

AgAs

=××=

×=
 

 

• Use Φ12 @ 25 cm......... As prov. = 4.52 cm² /m 

 

 

Check for one way shear 

Vu = 17.05 KN (at face) 

cVΦ  = 0.75 bd
cf













 ′

6
  = 2101000

6

5.25
75.0 ××










 

         = 132556 N = 132.556 KN 

132.556 17.0 ...... . .c uV KN V KN O K∴Φ = ≥ =  

 

Fig. (4.25): Reinforcement of the Pool 



 

 

Chapter Four   

  

Structural Analysis and Design   

 

 

4-1 Introduction 

4-2 Design of Rib 

4-3 Design of Beam 

4-4 Design of One Way Solid Slab 

4-5 Design of Column 

4-6 Design of Isolated Footing  

4-7 Design of a Strip Footing 

4-8 Design of a Basement Wall 

4-9 Design of Stair 

4-10 Design of Shear wall 

4-11 Design of Dome 

4-12 Design of Pool 
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Appendix (A) 

 

 

Architectural Drawings 

 

 
This appendix is an attachment with this project 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Appendix (B) 

 

 

Structural Drawings 

 

 
This appendix is an attachment with this project 

 

 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix (C) 

 

 

 

 

 

 

 
 

 

 



 

 

 

 
 

Table (4-1) Minimum thickness for two way slab without interior beams 

 

 

 

 

 
 

Table (4-2) Minimum thickness of one slab  

 



 
 

Table (A2) maximum reinforcement ratio 
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