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hVp   Velocity head ��������	
��
�������� 
hVc   Velocity head ��������	
��
���
�� 
�hV   ����������� Velocity head �����������������	
������� 
g   ����� ��� �!
����ก#��$���%������$
ก �&� ���ก�' 9.81  ���/�����	/�����	 
n   ������-�����.�/������������� Manning 
R Hydraulic radius  

��0�	����$������#����� 
D  ���1���02��3ก
�������� 

ζ   ���-�����.�/�����24 �	���กก����ก����� 
HLA   Head Loss �	
ก����������#''�
�� 
HL   Head Loss ����������������	
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1.  ���ก��  ��$�����%1���ก	��")	.�",�;ก��.�,���)��"	;�	�'��.�'�ก�.��	�*    ������$ 3 

������	��� ��ก.128-2528     ���")��-��<��1+ก��* 0.50   0.60   0.80   1.00   1.20  
�(  1.50 �.  

�����*���
�%"��1%
�()�*
�%  �����*����	*
�(���,�ก*� 
2.  Transition ��$���*����",�������
�(���1���� "'6�
��  Broken Back Transition     "#�$�

"��$�����ก�����*������ก	��    Inlet Transition ���&�-.%���� 27.5
o     
�(  Outlet Transition  ���&�

-.%���� 22.5
o
  

3.  #��� �* Transition  �����*
��"��1*
�(
���	* 
4.  	�'
�� �*  Transition  ��$0��ก��,��0%�         ���
,��%��)�:")�1#��**����$"ก.���ก 

Transition  ����ก37("'6�  Broken Back Transition Loss  



 2 

5.  ����	���	������0��0��	��ก�	��ก
��
,����&7)����."#�$�ก�	������   ,	��)��1
#��**��)�%�"ก.� 

 

���ก�����ก�
���	�� 
 

1.  '	.��7����)�*)&���$
��0����� 5.00 �.
3 
/ %.���� 

2.  ����	0��	��ก�	��ก
��0%�
��ก�����*������ก	��      ��$�����-.%����	(,%��* 
1:2,000  �!* 1:8,000   9�1�����	�)�%� b:d '	(��7 1 

3.  �%�����* �*	(�����������",�������ก�����1���� �*����	   �(���*0��"ก.� 0.30 �.     


�(0���%	���1ก%�� 0.15 �. 

4 . 	(���#������*�(���*0���$��ก%��	(���#����	* Cutoff   �*  Transition      �%��
��� �*#���	(,%��*���*)�*���
,��*         ���� Inlet �(���*0�����ก%�� 1:4  
�( 1:6  )��,	������ 
Outlet 
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1.  "���ก
������	* 
2.  "���ก ���������'	.��7������$0,�-�������	 

3.  "���ก	�'
�� Transition       9�1"	.$���กก�	"���ก
��#���"��1*ก���       ก��,��
,�
	(�������)�*)&��1����$�&�,�ก �*ก��
#*���*��$ Cutoff   �* Transition                  �	%�)��%��	(���#��� 

Transition ��$ Cutoff )�*ก%��	(���ก�����*,	��0��     ���#�%��)�*ก%���(���*0'"���ก
��
��#����	*      
,�ก"��$�
��
��#����	*
��%1�*#�%��	(���#��� Transition )�*ก%��	(���ก�����*       �(
ก�'>:,�0��
9�1"���ก�����$�� ���
,:�ก%��"�.�        ���
ก�0 ��%1%.8����
��%1�*0��0��-��(���*��ก
������	 !��
9�1"5#�( 

4.  ก��,��	(1(
�(	(���         
,�",��()�ก��)?�#?��.'	("�<
�(�&7)����. �*
���*��$"ก�$1% ��* 

5.  ����%7,� Head Loss  �*����	��*��� 
"��$�        D =  ���")��-��<��1+ก��*���  �. 

 L = �%��1�%���  �. 

 VP = �%��"	;% �*����
����  �. / %.����  

 VC = �%��"	;% �*����
����*  �. / %.���� 
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 hVp = VP
 2 

/ ( 2 * g ) = VP
 2 

/ ( 2 * 9.81 )  �. 

 hVc = VC
2 
/ ( 2 * g ) = VC

2 
/ ( 2 * 9.81 )  �. 

�hV = hVp - hVc  �.    

    Inlet Transition Loss =  0.4 * �hV   �. 

Outlet Transition Loss =  0.7 * �hV   �. 

       Pipe Friction Loss = (VP * n / R
2/3

 )
2
 * L 

   = (VP * 0.016 / ( D/4 )
2/3

 )
2
 * L                     

 

)��,	������	
������	* 
Head Loss = Inlet Transition Loss + Pipe Friction Loss + Outlet Transition Loss 
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�
��
���*         ,�ก#�%�� Head Loss ��$"ก.���ก����	��กก%��   �(���*0'"���ก
����� �����$
,:� !��   

"#�$�
,��%��"	;% �*����
�������*     @!$*�(���
,� Head Loss  �*����	���*��%1 

7.  �	%�)��%���.���$���,��*������%��)�*��$",��()�,	��0�����"*�$��0 %��      ,�ก
����1��
��������"��1*
�0	���    �%��)�* �*�.���$���,��*����(���*0�����1ก%�� 0.60 �.   
��������
�1��
�����)�8�	7(    �%��)�* �*�.���$���,��*����(���*0�����1ก%�� 0.90 �.          ,�ก#�%��
�%��)�* �*�.���$���,��*���0��#�     �(��%.8�ก�	
ก�0 0�� 2 %.8� ��� 

ก.  "#.$��%��)�* �*�.���$���,��*���
,�)�* !��     
��%���"'6�����*)�����"�.� 

 .  "���ก
�����
��,�ก*�     @!$*���
,������%*ก��*��	(����*0�������$���*ก�	 

%.8�ก�	���* 2 �����* ����
�( ��")�1  ���   ���%.8� ก �(0�������$"'6�����	*     ���
,�'>:,�
"ก�$1%ก��ก�	�ก�(ก��
�������1ก%�����%.8�                
�����
��%.8�   �(��-�
,�	(���#������"	�1�     
0����)�%���$�(���*1ก
,�)�*"#�$�"#.$�	(����.�       -����ก
���(���*#.��	7�%��)��%	�(
��%.8�
� 

,�ก�("���ก
�����
��,�ก*�   �(���*���"�.�ก�	���0'��*������ 

8.  ก��,��
,�����1���!ก��0���%��)�* �*�.����,��*�����$���*ก�	      ก�	,�ก*� �*
����(���*0�����
,����)�%���$"��1*�������$���ก%�� 1:2 

9.  ���"�.�ก�	���  �� 3 �!*  �� 6 @�����ก�	��*      @!$*"��$�"���ก
�����
��,�ก*����   �(��
)�%���$"ก.� Head Loss "#.$� !��  ���  )�%���$�����ก�	,�ก*��(�� Bend Loss "ก.� !��     @!$*�(,��%��
)�:")�10����ก)�ก�	 

  Bend Loss =  ζ * hVp  
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"��$�    Hind6s ζ  = 0.25 * (� / 90)
1/2 

          � "'6��&���$,�ก*�"'6��*<�         
 

,	�����,����   ζ  0����ก	�'��� 

           

           
����� 1 ก
� �!�	�"�!���
�!��#�$�%��!�&'!�(��กก�
��ก	��"� 
 

 

 

��*����  )��,	������	
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       Head Loss = Inlet Transition Loss + Pipe Friction Loss + Outlet Transition Loss + Bend Loss 

 

"��$�*��ก-����ก
��ก��,���%��)�* �*�.����,��*���"�*  �!*0�����"'6����*
�	%�)���%��)�* �*�.����,��*�����ก 
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�

���
0�����('�� �004-01-009 
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����� 9 �"���ก	� 1 �*%  Transition �
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����� 10 �"���ก	� 1 �*%  Transition '��(	 ���� φ 1.00-1.50 
�

���
0�����('�� �004-01-013 
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����� 11 �"���ก	� 2 �*%  Transition �
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�

���
0�����('�� �004-01-015 
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��%�("�	ก�
��ก�

�"����*�� 
ก�
��ก�

�"����*�� 1 �*% 
��%�1��*��$ 1 

 ��������* 
                            ����",�������          �������1���� 

'	.��7����  (�.
3
/%.����)                              1.127           0.941 

�%��"	;%  (�./%.����)                              0.420           0.402 

�����.$*                                        1:1.5           1:1.5 

�%��ก%��*ก�����*  (�.)                            1.40            1.25 

�%���!ก  (�.)                       0.95            0.90 

Freeboard  ��������ก	��  (�.)              0.15            0.15 

Freeboard ������*  (�.)                   0.50            0.50 

�%��ก%��*,��*���a>b*@��1  (�.)          2.00            2.00 

�%��ก%��*,��*���a>b* %�  (�.)          3.00            3.00 

	(����.�"�.�  (�.)                                    +56.800+            +56.800+ 

	(���,��*���a>b*@��1  (�.)                       +57.550              +57.400 

	(���,��*���a>b* %�  (�.)                       +57.550              +57.400 

	(�������)�*)&�  (�.)                                +57.050              +56.900 

	(���ก�����*  (�.)                                +56.100          +56.000 

 

 ����� �*���)�8�	7( 

                   

	(���,��*��� +58.100       �%��ก%��*��� 10.00 "��	       ������� ��*��� 1:2 

	(����.�"�.� +56.800+         ���*
�(������ก��"'6��&�5�ก  	�'��� %�*���
)�*0%�
�	�'��$ 12 


����� 12 
������%�	*����	��%�("�	��� 1 
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%.8���� 
1.  '	.��7���� = 0.941  �.

3
 / %.���� 

 

2.  �%�����* �*	(�����������",�������ก���������1���� = 57.050 - 56.900  �. 

          = 0.15  �. 

3.  "���ก  
����$ 4  
�( "���ก Transition 
��"��1*     ���
�������������.�  

ก1�2�2   ,��1"�   ��04�01�005 

 

ก��,��
,�	(�������)�*)&����*����",�������
�(���1�����1����$	(���"��1%ก��	(�����$"'��$1����
��ก 1:1.5 0'"'6�
�%���*5�ก �* Cutoff     ���* Inlet Transition 
�( Outlet Transition 

 

EL.1 = U/S F.S.L. � (Y1 � 0.30) = 57.050 - (1.30 - 0.30 ) 

 = 56.050 

EL.2 = U/S F.S.L. + Freeboard  ��������ก	�� = 57.050 + 0.15 

 = 57.200 

EL.3 = D/S F.S.L. � (Y2 � 0.30) = 56.900 - (1.30 - 0.30 ) 

= 55.900 

EL.4 = D/S F.S.L. + Freeboard  ��������ก	�� = 56.900 + 0.15 

 = 57.050 

 

EL.0 )�*ก%�� EL.1 = 56.100 - 56.050 = 0.05  �.  ������*���� Inlet Transition   0�����ก%�� 1: 4 

EL.8 )�*ก%�� EL.3 =56.000 � 55.900 = 0.10  �.  ������*���� Outlet Transition  0�����ก%�� 1: 6 

 

��*����ก�	"���ก
������	
�������ก���*
��%   
 

"��$�
�� Transition "��1* 
 

EL.5 = EL.1 - 0.15 = 55.900 

EL.6 = EL.3 - 0.10 = 55.800 
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	(���,��* Headwall  �* Inlet Transition = EL.5 + a1 

= 55.900 + 1.55 

= 57.450 

	(����.���$�.�ก�� Headwall  �* Inlet Transition = 57.450 - 0.10 = 57.350 

 

	(1(��ก<��1+ก��*����!*��1������ 

= 10.00 / 2 + ( 58.000 - 57.350 ) * 2  �.  

= 6.30  �. 

 


,�	(1(	��,��* Headwall '	(��7 1 �. 

                         L1 = 6.30 + 1.00 = 7.30  �. 

 

	(���,��* Headwall  �* Outlet Transition = EL.6 + a2 

= 55.800 + 1.50 

= 57.300 

 

	(����.���$�.�ก�� Headwall  �* Outlet Transition = 57.300 - 0.10 = 57.200 
 

	(1(��ก<��1+ก��*����!*��1������ 

= 10.00 / 2 + ( 58.000 - 57.200 ) * 2  �. 

= 6.60  �. 

 


,�	(1(	��,��* Headwall '	(��7 1 �. 

                         L2 = 6.60 + 1.00 = 7.60  �. 

                              

   �%��1�%���*,�� �*��� = L1 + L2 

= 7.30 + 7.60  �.   

= 14.90  �. 

 

 ก�	��ก
���%	
,�"'6�����%�"�;�	%�ก����ก  0.20 �.  "#�$�
,�
�����0��9�10�����*���
�
"%��ก��)	��*    �!*"���ก
���%��1�% L1 
�( L2 	%�ก�� 15.20 �.   
�("#�$�
,�	(1(	��,��* 
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Headwall  �*���* Inlet Transition 
�( Outlet Transition 
ก��"��1*ก��  �!*����%��1�%��$"#.$� !����
"5��$1
,�"���ก�����*)�* ��*  
 

�%��1�%
���(������$"#.$� !��  =  ( 15.20 � 14.90 ) / 2  =  0.15  �.  
��������$0����'	��'	&*�%��1�%���0��"'6� 

L1 = 7.45  �.  

L2 = 7.75  �. 

 

4.  ����%7,� Head Loss  �*����	 

 

�%��"	;%����
���� ( VP ) = 0.941 / ( π * 1.00 * 1.00 / 4 )  �. / %.���� 

        VP = 1.198  �. / %.���� 

        hVp = ( 1.198 )
2
 / ( 2 * 9.81 )  �.   

        hVp = 0.073  �.  

 

����",������� 
 

�%��"	;%����
����* ( VC ) = 0.420  �. / %.���� 

             hVc = ( 0.420 )
2
 / ( 2 * 9.81 )  �. 

      = 0.00899  �. 

   
��      hVc= 0.009  �. 

 

�������1���� 
 

�%��"	;%����
����* (VC ) = 0.402  �. / %.���� 

             hVc  = ( 0.402 )
2
 / ( 2 * 9.81 )  �. 

    = 0.00824  �. 

       
��  hVc = 0.008  �. 
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                    Inlet Transition Loss  = 0.4 * (hVp - hVc ) 

                              = 0.4 * ( 0.073 - 0.009 )  �. 

                     = 0.026  �. 

  

                 Outlet Transition Loss  = 0.7 * (hVp - hVc ) 

                 = 0.7 * ( 0.073 - 0.008 )  �. 

                 = 0.046  �. 

 

        Pipe Friction Loss    = (VP * n / ( R )
2/3

 )
2
 * L 

               = (VP * n / ( D / 4 )
2/3

 )
2
 * L              ( )��,	�����ก�� R = D / 4 ) 

                = ( 1.198 * 0.016 / ( 1 / 4 )
2/3

 )
2
 * 15.20  �. 

                = ( 1.198 * 0.016  / ( 0.25 )
2/3

 )
2
 * 15.20  �. 

                = 0.035  �. 

 

                           Head Loss 	%�  = 0.026 + 0.035 + 0.046  �.    

                = 0.107  �. < 0.15  �. 

 

  ��*���� Head Loss ��$"ก.���ก����	���1ก%����$ก��,��0%�)��,	�����*"�;ก���1 ก�	
"���ก����	
����� ",��()�
��% 

  

5.  �	%�)���%��)�*�.����,��*��� 

 

 	(���'�ก�����$ Headwall  �* Inlet Transition = 55.900         ���,�� 0.11  �. 

 

	(���)�*)&� �*����(�1����$  = 55.900 + 1.00 + 0.11   = 57.010 

    

�.���$���,��*������%��)�*  = 58.000 - 57.010  �. = 0.99  �. > 0.90  �.  

��*����  ก�	��ก
������	���",��()�
��% 

 

"��$����-� �*	(���
�(�.�.���* / ��$����%70��     0'
)��*
���	�*"#�$�
��'	(ก��
ก��
��"#�$�ก�	ก��)	��*    �(0��-���*��	�*���0'��� 
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ก�.����	 ���* ��.� ����	
����$ Q ����&� α z 	(����.�"�.� 
    (�.3/%.����)    

* * ก1-2-2 4 0.941 90o 
1.5 +56.800+ 

 

 

 

 

      	(���       

U/S 

F.S.L. 

D/S 

F.S.L. 

EL.0 EL.1 EL.2 EL.3 EL.4 EL.5 EL.6 EL.7 EL.8 EL.9 EL.10 

+57.050 +56.900 +56.100 +56.050 +57.200 +55.900 +57.050 +55.900 +55.800 +58.100 +56.000   

 

 

 

 

      �.�.        

L1 L2 L3 L4 bu du bd dd W TR TL BR BL WC 

7.45 7.75   1.40 0.95 1.25 0.90 10.00 3.00 2.00 * * * 

 

,��1",�&  *   ��� �������$�(��	�1�("��1��1��
�
�����*��$"ก�$1% ��*ก������	��$��ก
��
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��%�1��*��$ 2 

 

 ��������* 
           ����",�������         �������1���� 

 

'	.��7����  (�.
3
/%.����)                              1.127           0.941 

�%��"	;%  (�./%.����)                              0.420           0.402 

�����.$*                                        1:1.5           1:1.5 

�%��ก%��*ก�����*  (�.)                            1.40            1.25 

�%���!ก  (�.)                       0.95            0.90 

Freeboard  ��������ก	��  (�.)              0.15            0.15 

Freeboard ������*  (�.)                   0.50            0.50 

�%��ก%��*,��*���a>b*@��1  (�.)          2.00            2.00 

�%��ก%��*,��*���a>b* %�  (�.)          3.00            3.00 

	(����.�"�.�  (�.)                                    +56.800+            +56.800+ 

	(���,��*���a>b*@��1  (�.)                       +57.550              +57.400 

	(���,��*���a>b* %�  (�.)                       +57.550              +57.400 

	(�������)�*)&�  (�.)                                +57.050              +56.900 

	(���ก�����*  (�.)                                +56.100          +56.000 

 

 

 ����� �*���)�8�	7( 

 

	(���,��*��� +57.800          �%��ก%��*��� 10.00 "��	         ������� ��*��� 1:2 

	(����.�"�.� +56.800+            ���*
�(������ก��"'6��&�5�ก                
 


����� 13 
������%�	*��!�#�
8���	��%�("�	��� 2 
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%.8���� 
1. '	.��7���� = 0.941  �.

3
 / %.���� 

 

2.  �%�����* �*	(�����������",�������ก���������1���� = 57.050 � 56.900  �. 

          = 0.15  �. 

 

3.  "���ก  
����$ 4  
�( "���ก Transition 
��"��1*       ���
�������������.�  

ก1�2�2   ,��1"�   ��04�01�005 

 

ก��,��
,�	(�������)�*)&����*����",�������
�(���1�����1����$	(���"��1%ก��	(�����$"'��$1����
��ก 1:1.5  0'"'6�
�%���*5�ก �* Cutoff    ���* Inlet Transition 
�( Outlet Transition 

 

 EL.1 = U/S F.S.L. � (Y1 � 0.30) = 57.050 � ( 1.30 � 0.30 ) 

         = 56.050 

EL.2 = U/S F.S.L. + Freeboard  ��������ก	�� = 57.050 + 0.15 

 = 57.200 

 EL.3 = D/S F.S.L. � (Y2 � 0.30) = 56.900 � ( 1.30 � 0.30 ) 

          = 55.900 

 EL.4 = D/S F.S.L. + Freeboard  ��������ก	�� = 56.900 + 0.15 

 = 57.050 

 

EL.0 )�*ก%�� EL.1 = 56.100 � 56.050 = 0.05  �.  ������*���� Inlet Transition   0�����ก%�� 1: 4 

EL.8 )�*ก%�� EL.3 =56.000 � 55.900 = 0.10  �.  ������*���� Outlet Transition  0�����ก%�� 1: 6 

 

��*����ก�	"���ก
������	
�������ก���*
��% 

 

"��$�
�� Transition "��1* 
  

EL.5 = EL.1 � 0.15 = 55.900  

EL.6 = EL.3 � 0.10 = 55.800 
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	(���,��* Headwall  �* Inlet Transition = EL.5 + a1 

 = 55.900 + 1.55 

 = 57.450 

 

	(����.���$�.�ก�� Headwall  �* Inlet Transition = 57.450 � 0.10 = 57.350 

 

	(1(��ก<��1+ก��*����!*��1������ 

    = 10.00 / 2  + ( 57.700 � 57.350 ) * 2  �.  

   = 5.70  �. 

 


,�	(1(	��,��* Headwall '	(��7 1 �. 

   L1 = 5.70 + 1.00 = 6.70 �. 

   

	(���,��* Headwall  �* Outlet Transition = EL.6 + a2 

 = 55.800 + 1.50 

 = 57.300 

 

	(����.���$�.�ก�� Headwall  �* Outlet Transition = 57.300 � 0.10 = 57.200 

 

	(1(��ก<��1+ก��*����!*��1������ 

  = 10.00 / 2 + ( 57.700 � 57.200 ) * 2  �.  

  = 6.00  �. 

 


,�	(1(	��,��* Headwall '	(��7 1 �. 

 L2 = 6.00 + 1.00 = 7.00  �. 

  

�%��1�%���*,�� �*���    = L1 + L2 

  = 6.70 + 7.00  �. 

  = 13.70  �. 
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 ก�	��ก
���%	
,�"'6�����%�"�;�	%�ก����ก  0.20 �.  "#�$�
,�
�����0��9�10�����*���
�
"%��ก��)	��*    �!*"���ก
���%��1�% L1 
�( L2 	%�ก�� 14.20 �.   
�("#�$�
,�	(1(	��,��* 
Headwall  �*���* Inlet Transition 
�( Outlet Transition 
ก��"��1*ก��  �!*����%��1�%��$"#.$� !����
"5��$1
,�"���ก�����*)�* ��*  

�%��1�%
���(������$"#.$� !��  =  ( 14.20 � 13.70 ) / 2  =  0.25  �.  
��������$0����'	��'	&*�%��1�%���0��"'6� 

L1 = 6.95  �.   
�(   

L2 = 7.25  �. 

 

4. ����%7,� Head Loss  �*����	 

 

�%��"	;%����
���� ( VP ) = 0.941 / (π * 1.00 * 1.00 / 4 )  �. / %.���� 

   VP = 1.198  �. / %.���� 

 hVp = ( 1.198 )
2
 / ( 2 * 9.81 )  �.   

 HVp = 0.073  �.  

 

����",������� 
  

               �%��"	;%����
����* (VC ) = 0.420  �. / %.���� 

   hVc   = ( 0.420 )
2
 / ( 2 * 9.81 )  �. 

     = 0.00899  �. 

           
��     hVc     = 0.009  �. 

 

�������1���� 
  

               �%��"	;%����
����* (VC ) = 0.402  �. / %.���� 

   hVc   = ( 0.402 )
2
 / ( 2 * 9.81 )  �. 

     = 0.00824  �. 

           
��     hVc     = 0.008  �. 
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Inlet Transition Loss = 0.4 * (hVp  - hVc  ) 

   = 0.4 * ( 0.073 � 0.009 )  �. 

   = 0.026  �. 

  

                 Outlet Transition Loss  = 0.7 * (hVp � hVc ) 

                 = 0.7 * ( 0.073 � 0.008 )  �. 

                 = 0.046  �. 

 

        Pipe Friction Loss    = (VP * n / ( R )
2/3

 )
2
 * L 

               = (VP * n / ( D / 4 )
2/3

 )
2
 * L              ( )��,	�����ก�� R = D / 4 ) 

                = ( 1.198 * 0.016 / ( 1 / 4 )
2/3

 )
2
 * 14.20  �. 

                = ( 1.198 * 0.016  / ( 0.25 )
2/3

 )
2
 * 14.20  �. 

                = 0.033  �. 

   

                           Head Loss 	%�  = 0.026 + 0.033 + 0.046   �.    

                = 0.105  �. < 0.15  �. 

 

��*���� Head Loss ��$"ก.���ก����	���1ก%����$ก��,��0%�)��,	�����*"�;ก���1     ก�	"���ก
����	
�����",��()�
��% 

  

5. �	%�)���%��)�*�.����,��*��� 

 

	(���'�ก�����$ Headwall  �* Inlet Transition = 55.900         ���,�� 0.11 �. 

 

	(���)�*)&� �*����(�1����$ = 55.900 + 1.00 + 0.11 

      = 57.010 

 

�.���$���,��*������%��)�* = 57.700 � 57.010 = 0.69  �. < 0.90  �.   

 

��*����  ก�	��ก
������	���0��",��()�     �!*���*"���ก
������	
����$� 
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"���ก
����$ 4  ���
�������������.� �1-1-2  ,��1"�  ��04-01-011   

 

              ก�	ก��,���%��1�% �*���)�%���$�1��
����� (	(,%��* EL.9 ก�� EL.10)     "��$�*��ก���
ก%��*  10.00  "��	   
�(ก�	���ก��	(,%��*���ก������	�1��
�
�%���*5�ก        	(1(	(,%��* EL.9 

ก�� EL.10 �%	ก��,��"'6� 12  "��	 (
,�,��*��ก
�%<��1+ก��* ��*�( 6 "��	)   

	(��� EL.9 �(�1��0��)�*)&���$	(��� 57.700 � 0.90 � 0.11 � 1.00 

             = 55.690 
�� 55.650 

ก��,��
,���� �*���0�����1ก%�� 0.005 

��*���� 	(��� EL.10 �(���*�$��ก%�� 	(��� EL.9 0�����1ก%�� 12x.005 = 0.06 �.  
�� 0.10 �. 
EL.10 = 55.65 � 0.10  

           = 55.550 

EL.1 = U/S F.S.L. � (Y1 � 0.30) = 57.050 � ( 1.45 � 0.30 )  

         = 55.900 

EL.2 = U/S F.S.L. + Freeboard  ��������ก	�� = 57.050 + 0.15 

 = 57.200 

EL.3 = D/S F.S.L. � (Y2 � 0.30) = 56.900 � ( 1.40 � 0.30 )   

         = 55.800 

EL.4 = D/S F.S.L. + Freeboard  ��������ก	�� = 56.900 + 0.15 

 = 57.050 

EL.0 )�*ก%�� EL.1 = 56.100 � 55.900 = 0.20  �.   ������*���� Inlet Transition   0�����ก%�� 1: 4 

EL.8 )�*ก%�� EL.3 = 56.000 � 55.800 = 0.20  �.  ������*���� Outlet Transition  0�����ก%�� 1: 6 

 

��*����ก�	"���ก
������	
�������ก���*
��% 

 

	(���,��* Headwall  �* Inlet Transition = EL.1 + a1 = 55.900 + 1.55 = 57.450 

 

	(����.���$�.�ก�� Headwall  �* Inlet Transition = 57.350 

 

	(1(��ก<��1+ก��*����!*��1������  = 10.00 / 2  + ( 57.700 � 57.350 ) * 2   �. 

 = 5.70  �. 

 

	(���,��* Headwall  �* Outlet Transition = EL.3 + a2 = 55.800 + 1.50 = 57.300 
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	(����.���$�.�ก�� Headwall  �* Outlet Transition = 57.200 

 

	(1(��ก<��1+ก��*����!*��1������ = 10.00 / 2 + ( 57.700 � 57.200 ) * 2   �. 

              = 6.00  �. 

 

�	%�)��ก���%��1�%�����$ก��,��0%� �(#�%�� �%��1�%���	(,%��* EL.9 ก�� EL.10 0��
)���ก%����1���������*)�*'��1    ก�	ก��,������!*",��()�
��% 

 

EL.1 � EL.9   = 55.900 � 55.650 = 0.25  �. 

EL.3 � EL.10 = 55.800 � 55.550 = 0.25  �. 

 

��� �*����(���ก%�� 1:2 0��0�� 
 

��*���� �%��1�% L3 �(���*0�����1ก%�� 0.25 * 2 

                        = 0.50  �. 

 


�(�%��1�% L4 �(���*0�����1ก%��     0.25 * 2 

                    = 0.50  �. 

 

9�1��$���"'6����"��1*    �!*�(���*
������	.*1�%ก%���%��1�% L3 
�( L4 ��$����%70��    
	%����*1�*���*��ก�	�&���ก��*)�%�"#�$�"��$�����ก�������%*	�� 9�1��$�%�����* �*	(���
�(�%��
1�% �*������*)�*'��1"���ก��    �!*�%	ก��,��
,� 

 

 L3  = 1.80  �. 

 

 L4  = 1.80  �.. 
 

  �&�"��1* �*��� = tan
-1
 ( 0.25 / 1.80 ) 

              = 7.91
o 

 

 



 25 

����%7,� Head Loss  �*����	 

 

 "��$�*��ก'	.��7����  ������ 
�(	�'
�� �* Transition ",����ก��
���%�1��* 
��$ 1 ��*���� 

             Inlet Transition Loss    = 0.026 �. 

 Outlet Transition Loss = 0.046 �. 

 Bend Loss 2 
,�*         = 2 * 0.25 * ( ∆ / 90 )
1/ 2

  * hVp             

    = 2 * 0.25 * ( 7.91 /90 )
1/ 2

 * 0.073    

                   = 0.148 * 0.073  �.  

  = 0.011  �. 

  

�%��1�%���"��1* ���* 2 ���� = 2 * 1.80 / Cos 7.91
o   �. 

        = 2 * 1.817  �. 

        = 3.634  �. 

 �%��1�%�����%*ก��*          = 12.00  �. 

 �%��1�%������*,��     = 12.00 + 3.634  �. 

        = 15.634  �. 

 

          Pipe Friction Loss    = (VP * n / ( R )
2/3

 )
2
 * L 

   = (VP * n / ( D / 4 )
2/3

 )
2
 * L                     

   = ( 1.198 * 0.016 / ( 1 / 4 )
2/3

 )
2
 * 15.634  �. 

   = ( 1.198 * 0.016 / ( 0.25 )
2/3

 )
2
 * 15.634  �. 

   = 0.036  �. 

  

 Head Loss 	%�     = 0.026 + 0.036 + 0.046 + 0.011   �.   

                = 0.119  �. < 0.15  �. 

 

��*���� Head Loss ��$"ก.���ก����	���1ก%����$ก��,��0%�)��,	�����*"�;ก���1  ก�	
"���ก����	
����� ",��()�
��% 

"��$����-� �*	(���
�(�.�.���* / ��$����%70��         0'
)��*
���	�*"#�$�
��'	(ก��
ก��
��"#�$�ก�	ก��)	��*    �(0��-���*��	�*���0'��� 
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ก�.����	 ���* ��.� ����	
����$ Q ����&� α z 	(����.�"�.� 
    (�.3/%.����)    

* * �1-1-2 4 0.941 90o
 1.5 +56.800+ 

 

 

 

 

      	(���       

U/S 

F.S.L. 

D/S 

F.S.L. 

EL.0 EL.1 EL.2 EL.3 EL.4 EL.5 EL.6 EL.7 EL.8 EL.9 EL.10 

+57.050 +56.900 +56.100 +55.900 +57.200 +55.800 +57.050   +57.700 +56.000 +55.650 +55.550 

 

 

 

 

      �.�.        

L1 L2 L3 L4 bu du bd dd W TR TL BR BL WC 

6.70 7.00 1.80 1.80 1.40 0.95 1.25 0.90 10.00 3.00 2.00 * * * 

 

,��1",�&  *   ��� �������$�(��	�1�("��1��1��
�
�����*��$"ก�$1% ��*ก������	��$��ก
�� 
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ก�
��ก�

�"����*�� 2 �*% 
 

�����%�1��*���* 2  ��$-�����   "'6���%�1��* �*ก�	
����� 1 
�%  ,�ก'	.��7������$0,�-���
����	��ก  ���"'6��(���*
����� 2 
�%  %.8�ก�	��ก
��ก;0��
�ก���*ก����ก  ).$*��$-����ก
��
�(���*" ��
����,��กก�	 �*ก�	����%7,� Head Loss  �*����	 

"��$�'	.��7������ก
��*��ก"'6� 2 )�%�"��� / ก��    
���()�%�0,�-������ 2 ���      ��$��ก%�*
 ���ก��   �%��"	;% �*���� ��$ Headwall  �*���* Inlet 
�( Outlet  Transition  ก;"���ก���%��"	;% �*
����
����"��1%    Transition Loss "ก.���ก�%��
�ก���* �*�%��"	;%������$ Headwall  �* Transition 
ก���%��"	;% �*����
����*       ��*���� Transition Loss    �*����	�!*����%70����ก�%�����* �*
�%��"	;%����
���� 1 ��� ก��
����* 


������*"��1%ก��  "��$���� 2 ��� ��ก%�* ���ก��     Friction Loss ��$"ก.� !��ก��������* 2 ก;
1���"���ก��
�("���ก�� Friction Loss  �*��� 1 ��� ��$�"�* 

)	&'0��%��%.8���ก
������	��$
����� 2 
�%�(0��
�ก���*��ก��$
����� 1 
�%��ก��ก   
"#�1*
��-����ก
���(���*
��*'	.��7������ก"'6� 2 )�%�"���ก��
,�0,�
�
���(���    
���%��"	;%
 �*������$0,�
����"#�1*���"��1%������%7,�  Transition Loss          Friction Loss ��$"ก.� !��"���ก��
 �*��� 1 ��� 
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��%�1��*��$ 3 

 

 ��������* 
                            ����",�������          �������1���� 

 

'	.��7����  (�.
3
/%.����)                              2.244           1.915 

�%��"	;%  (�./%.����)                              0.538           0.517 

�����.$*                                        1:1.5           1:1.5 

�%��ก%��*ก�����*  (�.)                            2.40            2.20 

�%���!ก  (�.)                       1.05            1.00 

Freeboard  ��������ก	��  (�.)              0.20            0.20 

Freeboard ������*  (�.)                   0.60            0.60 

�%��ก%��*,��*���a>b*@��1  (�.)          2.00            2.00 

�%��ก%��*,��*���a>b* %�  (�.)          3.00            3.00 

	(����.�"�.�  (�.)                                    +56.800+            +56.800+ 

	(���,��*���a>b*@��1  (�.)                       +57.550              +57.400 

	(���,��*���a>b* %�  (�.)                       +57.550              +57.400 

	(�������)�*)&�  (�.)                                +56.950              +56.800 

	(���ก�����*  (�.)                                +55.900          +55.800 

 

 ����� �*���)�8�	7( 

                   

	(���,��*��� +58.100       �%��ก%��*��� 10.00 "��	       ������� ��*��� 1:2 

	(����.�"�.� +56.800+         ���*
�(������ก��"'6��&�5�ก 

 


����� 14  
������%�	*��!�#�
8���	��%�("�	��� 3 
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%.8���� 
1.  '	.��7���� = 1.915  �.

3
 / %.���� 

 

2.  �%�����* �*	(�����������",�������ก���������1���� = 56.950 � 56.800  �. 

          = 0.15  �. 

 

3. )��,	��'	.��7���� 1.915 �.
3
 / %.����  �(����*"���ก����	0�� 2  ���  ��� ����	
����$


����� ���")��-��<��1+ก��* 1.50 �. 1 
�%  ,	��  1.00 �. 2 
�%   
���%�1��*����("���ก
����� ��� 
1.00 �. 2 
�%��*�����!*"���ก  
����$ 4  
�( "���ก Transition 
���	*     ���
�����������
��.�  ก2�1�2   ,��1"�   ��04�01�007 

 

ก��,��
,�	(�������)�*)&����*����",�������
�(���1�����1����$	(���"��1%ก��	(�����$"'��$1����
��ก 1:1.5 0'"'6�
�%���*5�ก �* Cutoff     ���* Inlet Transition 
�( Outlet Transition 

 

EL.1 = U/S F.S.L. � (Y1 � 0.30) = 56.950 - (1.50 - 0.30 ) 

 = 55.750 

EL.2 = U/S F.S.L. + Freeboard  ��������ก	�� = 56.950 + 0.20 

 = 57.150 

 EL.3 = D/S F.S.L. � (Y2 � 0.30) = 56.800 - ( 1.45 - 0.30 ) 

          = 55.650 

 EL.4 = D/S F.S.L. + Freeboard  ��������ก	�� = 56.800 + 0.20 

 = 57.000 

 

EL.0 )�*ก%�� EL.1 = 55.900 � 55.750 = 0.15  �.   ������*���� Inlet Transition  0�����ก%�� 1: 4 

EL.8 )�*ก%�� EL.3 = 55.800 � 55.650 = 0.15  �.  ������*���� Outlet Transition 0�����ก%�� 1: 6 

 

��*����ก�	"���ก
������	
�������ก���*
��% 

 

	(���,��* Headwall  �* Inlet Transition = EL.1 + a1 

= 55.750 + 1.60 

= 57.350 
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	(����.���$�.�ก�� Headwall  �* Inlet Transition = 57.350 - 0.10 = 57.250 

 

	(1(��ก<��1+ก��*����!*��1������ 

= 10.00 / 2 + ( 58.000 - 57.250 ) * 2  �.  

= 6.50  �. 

 


,�	(1(	��,��* Headwall '	(��7 1 �. 

                         L1 = 6.50 + 1.00 = 7.50  �. 

 

	(���,��* Headwall  �* Outlet Transition = EL.3 + a2 

= 55.650 + 1.55 

= 57.200 

 

	(����.���$�.�ก�� Headwall  �* Outlet Transition = 57.200 - 0.10 = 57.100 

 

	(1(��ก<��1+ก��*����!*��1������ 

= 10.00 / 2 + ( 58.000 - 57.100 ) * 2  �. 

= 6.80  �. 

 


,�	(1(	��,��* Headwall '	(��7 1 �. 

                         L2 = 6.80 + 1.00 = 7.80  �. 

                              

   �%��1�%���*,�� �*��� = L1 + L2 

= 7.50 + 7.80  �.   

= 15.30  �. 

 

ก�	��ก
���%	
,�"'6�����%�"�;�	%�ก����ก  0.20 �.  "#�$�
,�
�����0��9�10�����*���
�
"%��ก��)	��*    �!*"���ก
���%��1�% L1 
�( L2 	%�ก�� 16.20 �.   
�("#�$�
,�	(1(	��,��* 
Headwall  �*���* Inlet Transition 
�( Outlet Transition 
ก��"��1*ก��  �!*����%��1�%��$"#.$� !����
"5��$1
,�"���ก�����*)�* ��*  

 

�%��1�%
���(������$"#.$� !��  =  ( 16.20 � 15.30 ) / 2  =  0.45  �.  
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��������$0����'	��'	&*�%��1�%���0��"'6� 
L1 = 7.95  �. 

L2 = 8.25  �. 

 

4.  ����%7,� Head Loss  �*����	 

 

����'	.��7 1.915  �.
3
 / %.����  ��ก
��*
,�0,�
����ก�� ���")��-��<��1+ก��* 1.00 "��	 

2 ���  ��*����'	.��7������$0,�
�
���(����("���ก��  0.9575  �.
3
 / %.����   

 

�%��"	;%����
���� ( VP ) = 0.9575  / ( π * 1.00 * 1.00 / 4 )  �. / %.���� 

        VP = 1.219  �. / %.���� 

        hVp = ( 1.219 )
2
 / ( 2 * 9.81 )  �.   

        hVp = 0.076  �.  

 

����",������� 

�%��"	;%����
����* (VC ) = 0.538  �. / %.���� 

             hVc= ( 0.538 )
2
 / ( 2 * 9.81 )  �. 

      = 0.0147  �. 

   
��      hVc= 0.015  �. 

 

�������1���� 

�%��"	;%����
����* (VC ) = 0.517  �. / %.���� 

             hVc = ( 0.517 )
2
 / ( 2 * 9.81 )  �. 

    = 0.0136  �. 

       
��  hVc= 0.014  �. 

  

                    Inlet Transition Loss  = 0.4 * (hVp - hVc ) 

                              = 0.4 * ( 0.076 - 0.015 )  �. 

                     = 0.024  �. 



 32 

  

                 Outlet Transition Loss  = 0.7  * (hVp - hVc) 

                 = 0.7 * ( 0.076 - 0.014 )  �. 

                 = 0.043  �. 

 

        

                     Pipe Friction Loss   = (VP * n / ( R )
2/3

 )
2
 * L 

               = (VP * n / ( D / 4 )
2/3

 )
2
 * L              ( )��,	�����ก�� R = D / 4 ) 

                = ( 1.219 * 0.016 / ( 1 / 4 )
2/3

 )
2
 * 16.20  �. 

                = ( 1.219 * 0.016  / ( 0.25 )
2/3

 )
2
 * 16.20  �. 

                = 0.039  �. 

   

                           Head Loss 	%�  = 0.024 + 0.039 + 0.043   �.    

                = 0.106  �. < 0.15  �. 

 

  ��*���� Head Loss ��$"ก.���ก����	���1ก%����$ก��,��0%�)��,	�����*"�;ก���1 ก�	
"���ก����	
����� ",��()�
��% 

 

 5.  �	%�)���%��)�*�.����,��*��� 

 

 	(���'�ก�����$ Headwall  �* Inlet Transition = 55.750         ���,�� 0.11  �. 

 

	(���)�*)&� �*����(�1����$  = 55.750 + 1.00 + 0.11 

       = 56.860 

 

�.���$���,��*������%��)�*  = 58.000 � 56.860  �. = 1.14  �. > 0.90  �.  

 

��*����  ก�	��ก
������	���",��()�
��% 

 

"��$����-� �*	(���
�(�.�.���* / ��$����%70��     0'
)��*
���	�*"#�$�
��'	(ก��
ก��
��"#�$�ก�	ก��)	��*    �(0��-���*��	�*���0'��� 
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ก�.����	 ���* ��.� ����	
����$ Q ����&� α z 	(����.�"�.� 
    (�.3/%.����)    

* * ก2-1-2 4 1.915 90o
 1.5 +56.800+ 

 

 

 

 

      	(���       

U/S 

F.S.L. 

D/S 

F.S.L. 

EL.0 EL.1 EL.2 EL.3 EL.4 EL.5 EL.6 EL.7 EL.8 EL.9 EL.10 

+56.950 +56.800 +55.900 +55.750 +57.150 +55.650 +57.000   +58.100 +55.800   

 

 

 

 

      �.�.        

L1 L2 L3 L4 bu du bd dd W TR TL BR BL WC 

7.95 8.25   2.40 1.05 2.20 1.00 10.00 3.00 2.00 * * * 

 

,��1",�&  *   ��� �������$�(��	�1�("��1��1��
�
�����*��$"ก�$1% ��*ก������	��$��ก
�� 
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