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  X*=1.3055∙ ൬ x
Hd

+0.2818൰ Equation 3 

  Z*=2.7050∙ ൬ z
Hd

+0.1360൰ Equation 4 

2.4 VC-Ogee Relationship 
 
The VC-Ogee relationship was developed by considering the variation of the lower nappe for flow over a sharp-
crested weir as a result of 3-dimensional flow that was present from the upstream approach channel.  This 
relationship applies a uniform, smooth sloped numerical function for determining the Ogee profile of the spillway, 
which may be expressed in Macaulay notation.  (van Vuuren & Coetzee, 2016).   
 
The VC-Ogee relationship in the Macaulay notation is reflected in Equation 5: 
 

VC-Ogee= ۔ۖەۖ
z=-He∙Bۓ ൭൬ x

He∙A
+

1
e൰ ∙ ln ൬ x

He∙A +
1
e൰ +

1
e൱                    for the upstream quadrant

z=
xC

D∙He
ሺC-1ሻ                                                             for the downstream quadrant

  

Equation 5 
From Equation 5, the log-normal-term (ln-term) ቀ x

He∙A
+ 1

e
ቁ  > 0 defines the vertical asymptote.  Depending on the 

slope of the upstream wall, this term can be used to determine a tangent point on the upstream side of the Ogee 
profile ensuring a smoother transfer of the curvature from the upstream wall to the Ogee profile (van Vuuren & 
Coetzee, 2016). 
 
The downstream quadrant of the Ogee profile was defined by using a modified version of the WES power function 
(Equation 6).  This corresponds to the approach followed by the USBR (1987) and USACE (1970).  The upstream 
and downstream quadrants intercepts at dz

dx
 = 0.  This allows for a smooth uniform transfer of the curvature without 

any discontinuities.  

 z=
xC

D∙He
ሺC-1ሻ Equation 6 

 
The four parameters A, B, C and D which denotes the horizontal translation (A), vertical elongation (B), curvature 
(bulging effect) (C) and magnitude (D) were incorporated to alter (increased and/or decreased) the Ogee profile.  
With these alterations 3-dimensional flow conditions may be incorporated, alleviating sub-atmospheric pressures 
(See Table 1).  The numerical values of these parameters were given by van Vuuren and Coetzee (2016).   
 

Table 1. Exaggerated illustration of the influence of the different parameters (van Vuuren & Coetzee, 2016) 
Parameter A:  
Horizontal translation of 
the upstream quadrant 

Parameter B: 
Vertical displacement of 
the upstream quadrant 

Parameter C: 
Bulging of the 
downstream quadrant 

Parameter D: 
Increase the extent of the 
downstream quadrant 

 Existing Ogee profile considering 2-dimensional flow 
 Influence of VC-Ogee parameters to incorporate the effect of 3-dimensional flow 
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4. Conclusion 
 
The VC-Ogee relationship has a smooth uniform Ogee profile that incorporates the effect of 3-dimensional flow.  It 
has no abrupt changes in curvature or slope, thereby reducing the possibility of breakaway or cavitation damage that 
may develop.   
 
Furthermore, the VC-Ogee relationship has proved to reduce the negative pressure distribution on the crest of the 
spillway with heads above the design head (Hd).  In order to improve dam safety and to limit spillway damage 
during extreme floods, the VC-Ogee relationship should be considered when designing Ogee spillways. 
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