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Abstract 
Nonlinear weirs are among the hydraulic structures that, despite their great importance and application, so far, no general method for estimating their 
discharge capacity has been accomplished. Laboratory or numerical modeling is commonly used to achieve nonlinear weir discharge capacity. It 
should be noted that employing the design equation from one geometric family of nonlinear weirs to another is impractical. The utilization of 
numerical or laboratory models in the preliminary stages of the design of these structures is a time and cost-consuming process, which is highlighted 
by the variety of nonlinear weir geometry. In this research, a general method for estimating the nonlinear weirs discharge capacity is presented. The 
proposed method analyzes nonlinear weir discharge capacity using energy and discharge equations for discretized solution fields. Furthermore, the 
local submergence in nonlinear weirs, which has a tangible effect on their discharge capacity, has been corrected. Results of laboratory models 
performed on the oblique weir, arced labyrinth weir, and Isabella dam weir have been used to evaluate the efficiency of the proposed method. The 
proposed method with high correlation and accuracy has estimated the discharge capacity of these weirs. The maximum error observed was 12 percent 
for the oblique weir,15 percent for the arced labyrinth weir, and 15 percent for the Isabella Dam weir. 
 
Keywords: EDA method, Elementary analysis, Local submergence, Nonlinear weirs. 
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Figure 1. Geometric and hydraulic characteristics of Oblique weirs: a) Plan, b) Profile 
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Figure 2. Results of the EDA for oblique weirs in H0=5 cm: a) ϕ = 60.9°, b) ϕ = 26.3° 

 

 
Figure 3. Q vs. H0/P for EDA method and oblique weirs laboratory results 

  

  

  

  

  

  

  

  

  

  

0 0.2 0.4 0.6 0.8 1 1.2

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Test :1

x (m)

y
 (

m
)

Flow

Wall

Weir

Trajectory Vector

Disturbed Zone



(�!)* +�	�"� ,-.)/ �01�2� �-34��5� �-1&6 �" 3'7� 

  

 ����12 �  ���	
1 �  ����1401 

39

  

Christensen (2012) �$�#�O L�M���� $ ��  w�I+� $

 �%�/0%( '��+ ��
���� ��0	" �� ��X�  .&�� �$�$ 5�W��

�
'�4 ��% �%� ���#���F� �� R�#-�
���� ��0	" �� 

��X� � $��M+ �	�����@! ���,  ��
� �"��� � � ,u�X
�� 

$
��� ��� �	"�  .&�� �#��$�F) @!; $4 ����#���F (

��0	" ����
�� ���	�) � �� $   ���X ��1 (

��� ���	� L�]-4� ���% ���04
���( ���  $ ��;

) &�� ��; �1�� G� HF .
�Christensen, 2012 .( 

  

  
Figure 4. General Geometric Characteristic of Arched 

labyrinth weirs (Christensen, 2012) 

  
Table 1. Specifications of laboratory models reviewed 

by Christensen (Christensen, 2012) 
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(d) (c) 

 
 

(f) (e) 

Figure 5. Laboratory model and results of EDA method for H0= 5 cm: a) Model 1 Experimental, b) Model 1 EDA, c) 

Model 2 Experimental, d) Model 2 EDA, e) Model 3 Experimental, f) Model 3 EDA 
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Figure 6. Q vs. H0 /P for EDA method and laboratory results: a) Model 1, b) Model 2, c) Model 3 
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Figure 7. Laboratory model of Isabella Dam 

emergency spillway (Thompson et al., 2016) 
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Figure 8. EDA method Results for Isabella dam spillway: a) H0=1 m, b) H0=3 m  
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Figure 9. Isabella dam spillway Rating curve in 

laboratory model, numerical model and EDA method 
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