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 +0.74 in front of the basin blocks, measured from the floor of the stilling basin 

(note that the maximum possible coefficient with tailwater removed, 
would be +1.00, corresponding to stagnation pressure); 

 

 +0.12 behind the basin blocks, measured from the floor of the basin. 
 

 The means by which the floor blocks are able to reduce the tailwater depth needed 
to produce a hydraulic jump can be shown by application of the momentum equation, 
including the drag forces due to the presence of the blocks.  The drag force F

B
 is given by 

the drag equation 
 

[35] F୆ = 	CୢAୠρvଵ		ଶ/2  
 

in which A
b
 is the projected area of the blocks perpendicular to the direction of flow, and 

for each row of blocks is equivalent to d1/2	mଶ per metre of basin width.  The coefficient 
of drag is much larger for the basin blocks than the chute blocks because of the high 
pressure which occurs on the vertical upstream face of the basin blocks.  The coefficient 
is about 0.3 for the chute blocks and close to 1.3 for the basin blocks.  However, while 
the reference velocity V in [35] is equal to vଵ for the chute blocks, it is only about 3/4 of vଵ	for the basin blocks because of the head loss at the chute blocks and the expansion of 
the jet before it reaches the basin blocks.  The combined effect of the two rows of blocks 
is to produce a total drag of 
 

[36] F୆ = 	ρdଵvଵ		ଶ/4  
 

The momentum equation for the jump, including this force, is 
 

[37] γdଵଶ 2⁄ + qρvଵ = γdଶ		ଶ 2⁄ 	+	qρvଶ + ρdଵv	ଵ		ଶ/4 
 
If [37] is solved for	dଶ, it will be found that this depth is substantially less than given by 
[33] or [34], and is typically about 0.85dଶ	with the toe of the jump at the downstream 
face of the chute blocks.  With the tailwater at 0.8dଶ the toe of the jump will move 
downstream and the block drag force will increase.  At a depth less than 0.8dଶ the blocks 
will not be submerged and the portion of the jet striking the face of the blocks will be 
deflected vertically upward, reaching an elevation above the height of the sidewalls. 
 
29. Uplift Pressure 
 
 The possible existence of uplift pressure under a stilling basin while operating 
with a hydraulic jump in the basin has frequently been overlooked by inexperienced 
designers.  Tailwater surrounds the basin at the end and two sides, and may be considered 
as a head of water standing over the downstream and side cutoff.  The potential uplift 
pressure head under the stilling basin slab is equal to the depth of the tailwater above the 
bottom of the slab.  When the spillway is operating with a hydraulic jump in the basin, 
the downward force is equal to the weight of the jump and the weight of the floor slab. 
Since the toe of the jump is depressed well below the tailwater level, the downward force 
may not balance the uplift force.  Neglect of this fact may lead to an uplift failure of the 
stilling basin floor slab. There are several cases on record of a failure of this type.  The 
result of such a failure is shown in Figure 20. 
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[17] h = Η − D  

[18] V୨ = 0.98	ඥ2gh  

[19] d୨	 = 	 q V୨⁄  

[20] γDଶ 2⁄ + 	qρV୨ = 	γDଶ		ଶ/2 + ρqVଶ	 
 
 Equation [20] is the momentum equation written from the position of the 
contracted jet d

j 
downstream from the gate, to the end of the structure.  The equation 

applies only to the case of a basin without floor baffles.  If floor baffles are used, the 
added drag force must be added to the right hand side of the equation.  The reference 
velocity for the drag equation will be about 0.9Vj for this situation, and in combination 
with a drag coefficient greater than unity and a block height, width, and spacing of dj, the 
drag may be represented by d୨V୨ଶ 4⁄ , and [20] would become 
 
[21] γDଶ 2⁄ + 	qρV୨ = γDଶ		ଶ/2 + ρqVଶ +	ρd୨V୨ଶ 4⁄                         
  
 Given q and D

1
, the corresponding values of V

1
, D

2
 and V

2
 may be calculated and 

[16] to [20] may be reduced to one equation with D as the unknown.  Once D is 
determined d

j 
can be evaluated for use in [14]. 

 
 Example 2: 
 The gates of a radial gate check are set to maintain an upstream depth of 1.81 m 
when the unit discharge is 0.88 m3/s/m.  The depth D immediately downstream from the 
gate is 0.9 m.  If the canal discharge increases 20% during the operators absence, by what 
percentage will the upstream depth increase?  What would be the corresponding change if 
a stoplog check was used? 
 When the discharge increases the canal depth downstream and the depth in the 
structure downstream from the gate will also increase. In the absence of a more precise 
analysis it may be assumed that these depths increase in proportion to the square root of 
the discharge.  Hence, the new depth downstream from the gate will become 0.9 1.2  = 
0.986 m.  Since the gate opening remains unchanged, the head h across the gate will also 
increase from 1.81 - 0.9 = 0.91 m to a value of 0.91 x 1.22 = 1.310 m, and therefore D

1
 = 

0.986 + 1.310 = 2.296 m. This is an increase of 27%. 
 In the case of the stoplog check, the head would be (0.88/1.837)2/3 = 0.613 m, for 
which approximately 1.81 - 0.61 = 1.20 m of stoplogs would be in place.  This exceeds 
the downstream depth so the structure would operate as a free flow vertical weir without 
submergence.  When the discharge increases 20% the head would increase to 0.613 
(1.2)2/3 = 0.692 m, and the upstream depth would become 0.69 + 1.20 = 1.89 m.  This is 
an increase of 4.4%. 
 
20. Breastwall Check 
 
 If a small drop in the canal is needed in the vicinity of a check it is possible to 
combine the check and drop in a single structure and thereby save duplication of 
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Many CSP culverts are laid with the opening flush with the shoulder of the road, 
as in Figure 3(c).  In effect, the projecting part of the culvert is eliminated.  Initially, it 
was believed that this would increase the discharge capacity because of the larger 
entrance area.  In fact, the tapered inlet conditions are even worse than the plain 
projecting inlet.  In addition, the tapered inlet is structurally weaker than the projecting 
inlet due to loss of ring strength.  In some cases, the loss of strength has resulted in 
inward collapse of the sides of the inlet.  The stepped taper, shown in Figure 3(d) 
represents a compromise between the projecting and tapered inlet.  The tapered portion of 
the pipe ends abruptly at a position 1.2 to 1.5 diameters downstream from the inlet edge 
at the invert.  The stepped taper is somewhat stronger than the full taper, but the 
hydraulics is basically unchanged. 
 

 Figure 3(e) shows the Armetc inlet.  This inlet is a commercially available culvert 
end section which can be used at either end of the culvert.  For pipe sizes up to 1000 mm 
in diameter, the Armtec end section has a length of 1.75 D and a width at the mouth, or 
inlet, of 2.14 D.  Larger sizes are somewhat shorter and narrower.  This inlet is advertised 
as improving the hydraulics at the inlet and reducing scour at the outlet.  For part full 
flow with the inlet unsubmerged, the streamlining effect of the inlet gives some increase 
in hydraulic efficiency, but much of this benefit is lost when the pipe becomes submerged 
because the end section does not extend around the crown of the pipe.  Use of the end 
section at the outlet does not produce a reduction in channel scour. 
 

 Figure 3(f) shows the cylinder inlet, developed by Smith for Saskatchewan 
Highways and Transportation.  The cylinder inlet consists of a short length of larger 
diameter pipe which projects upstream from the normal projecting inlet.  A common 
invert is used for the culvert and the cylinder.  The cylinder diameter is approximately 
1.25 D in diameter, and extends upstream 0.2 D in front of the normal inlet.  A crescent 
shaped steel plate can be welded in place to seal the space between the cylinder and the 
pipe, or the cylinder can be telescoped a short distance over the pipe and the annulus 
sealed with concrete, asphalt or other mastic sealant.  Unlike the Armtec inlet, the 
cylinder gives minimal benefit for shallow flows, but produces a marked increase in 
discharge when it becomes submerged. 
 

 Figures 4 and 5 show examples of the Armtec inlet and cylinder inlet. 
 
5. Basic Equation 
 

 When the upstream water level submerges the pipe at the inlet orifice type flow 
will develop.  The contraction of flow at the inlet will become fully developed when H/D 
≥ 1.5, in which H is the head above the invert at the culvert inlet and D is the pipe 
diameter.  In this case, the classical orifice equation applies 
 

[3] Q = CAඥ2gh 
 

in which Q is the discharge (m3/s), C is the coefficient of discharge, A is the pipe area 
(m2), h is the effective head on the opening at the inlet (m) and g is the acceleration due 
to gravity (9.81 m/s2).  For a true orifice which discharges into atmosphere, the effective 
head is the vertical height from the upstream energy level (usually the water surface) to 
the center of the opening, from which 
 

[4] h = H - D/2 

10-7 

Many CSP culverts are laid with the opening flush with the shoulder of the road, 
as in Figure 3(c).  In effect, the projecting part of the culvert is eliminated.  Initially, it 
was believed that this would increase the discharge capacity because of the larger 
entrance area.  In fact, the tapered inlet conditions are even worse than the plain 
projecting inlet.  In addition, the tapered inlet is structurally weaker than the projecting 
inlet due to loss of ring strength.  In some cases, the loss of strength has resulted in 
inward collapse of the sides of the inlet.  The stepped taper, shown in Figure 3(d) 
represents a compromise between the projecting and tapered inlet.  The tapered portion of 
the pipe ends abruptly at a position 1.2 to 1.5 diameters downstream from the inlet edge 
at the invert.  The stepped taper is somewhat stronger than the full taper, but the 
hydraulics is basically unchanged. 
 

 Figure 3(e) shows the Armetc inlet.  This inlet is a commercially available culvert 
end section which can be used at either end of the culvert.  For pipe sizes up to 1000 mm 
in diameter, the Armtec end section has a length of 1.75 D and a width at the mouth, or 
inlet, of 2.14 D.  Larger sizes are somewhat shorter and narrower.  This inlet is advertised 
as improving the hydraulics at the inlet and reducing scour at the outlet.  For part full 
flow with the inlet unsubmerged, the streamlining effect of the inlet gives some increase 
in hydraulic efficiency, but much of this benefit is lost when the pipe becomes submerged 
because the end section does not extend around the crown of the pipe.  Use of the end 
section at the outlet does not produce a reduction in channel scour. 
 

 Figure 3(f) shows the cylinder inlet, developed by Smith for Saskatchewan 
Highways and Transportation.  The cylinder inlet consists of a short length of larger 
diameter pipe which projects upstream from the normal projecting inlet.  A common 
invert is used for the culvert and the cylinder.  The cylinder diameter is approximately 
1.25 D in diameter, and extends upstream 0.2 D in front of the normal inlet.  A crescent 
shaped steel plate can be welded in place to seal the space between the cylinder and the 
pipe, or the cylinder can be telescoped a short distance over the pipe and the annulus 
sealed with concrete, asphalt or other mastic sealant.  Unlike the Armtec inlet, the 
cylinder gives minimal benefit for shallow flows, but produces a marked increase in 
discharge when it becomes submerged. 
 

 Figures 4 and 5 show examples of the Armtec inlet and cylinder inlet. 
 
5. Basic Equation 
 

 When the upstream water level submerges the pipe at the inlet orifice type flow 
will develop.  The contraction of flow at the inlet will become fully developed when H/D 
≥ 1.5, in which H is the head above the invert at the culvert inlet and D is the pipe 
diameter.  In this case, the classical orifice equation applies 
 

[3] Q = CAඥ2gh 
 

in which Q is the discharge (m3/s), C is the coefficient of discharge, A is the pipe area 
(m2), h is the effective head on the opening at the inlet (m) and g is the acceleration due 
to gravity (9.81 m/s2).  For a true orifice which discharges into atmosphere, the effective 
head is the vertical height from the upstream energy level (usually the water surface) to 
the center of the opening, from which 
 

[4] h = H - D/2 

10-7 

Many CSP culverts are laid with the opening flush with the shoulder of the road, 
as in Figure 3(c).  In effect, the projecting part of the culvert is eliminated.  Initially, it 
was believed that this would increase the discharge capacity because of the larger 
entrance area.  In fact, the tapered inlet conditions are even worse than the plain 
projecting inlet.  In addition, the tapered inlet is structurally weaker than the projecting 
inlet due to loss of ring strength.  In some cases, the loss of strength has resulted in 
inward collapse of the sides of the inlet.  The stepped taper, shown in Figure 3(d) 
represents a compromise between the projecting and tapered inlet.  The tapered portion of 
the pipe ends abruptly at a position 1.2 to 1.5 diameters downstream from the inlet edge 
at the invert.  The stepped taper is somewhat stronger than the full taper, but the 
hydraulics is basically unchanged. 
 

 Figure 3(e) shows the Armetc inlet.  This inlet is a commercially available culvert 
end section which can be used at either end of the culvert.  For pipe sizes up to 1000 mm 
in diameter, the Armtec end section has a length of 1.75 D and a width at the mouth, or 
inlet, of 2.14 D.  Larger sizes are somewhat shorter and narrower.  This inlet is advertised 
as improving the hydraulics at the inlet and reducing scour at the outlet.  For part full 
flow with the inlet unsubmerged, the streamlining effect of the inlet gives some increase 
in hydraulic efficiency, but much of this benefit is lost when the pipe becomes submerged 
because the end section does not extend around the crown of the pipe.  Use of the end 
section at the outlet does not produce a reduction in channel scour. 
 

 Figure 3(f) shows the cylinder inlet, developed by Smith for Saskatchewan 
Highways and Transportation.  The cylinder inlet consists of a short length of larger 
diameter pipe which projects upstream from the normal projecting inlet.  A common 
invert is used for the culvert and the cylinder.  The cylinder diameter is approximately 
1.25 D in diameter, and extends upstream 0.2 D in front of the normal inlet.  A crescent 
shaped steel plate can be welded in place to seal the space between the cylinder and the 
pipe, or the cylinder can be telescoped a short distance over the pipe and the annulus 
sealed with concrete, asphalt or other mastic sealant.  Unlike the Armtec inlet, the 
cylinder gives minimal benefit for shallow flows, but produces a marked increase in 
discharge when it becomes submerged. 
 

 Figures 4 and 5 show examples of the Armtec inlet and cylinder inlet. 
 
5. Basic Equation 
 

 When the upstream water level submerges the pipe at the inlet orifice type flow 
will develop.  The contraction of flow at the inlet will become fully developed when H/D 
≥ 1.5, in which H is the head above the invert at the culvert inlet and D is the pipe 
diameter.  In this case, the classical orifice equation applies 
 

[3] Q = CAඥ2gh 
 

in which Q is the discharge (m3/s), C is the coefficient of discharge, A is the pipe area 
(m2), h is the effective head on the opening at the inlet (m) and g is the acceleration due 
to gravity (9.81 m/s2).  For a true orifice which discharges into atmosphere, the effective 
head is the vertical height from the upstream energy level (usually the water surface) to 
the center of the opening, from which 
 

[4] h = H - D/2 

10-7 

Many CSP culverts are laid with the opening flush with the shoulder of the road, 
as in Figure 3(c).  In effect, the projecting part of the culvert is eliminated.  Initially, it 
was believed that this would increase the discharge capacity because of the larger 
entrance area.  In fact, the tapered inlet conditions are even worse than the plain 
projecting inlet.  In addition, the tapered inlet is structurally weaker than the projecting 
inlet due to loss of ring strength.  In some cases, the loss of strength has resulted in 
inward collapse of the sides of the inlet.  The stepped taper, shown in Figure 3(d) 
represents a compromise between the projecting and tapered inlet.  The tapered portion of 
the pipe ends abruptly at a position 1.2 to 1.5 diameters downstream from the inlet edge 
at the invert.  The stepped taper is somewhat stronger than the full taper, but the 
hydraulics is basically unchanged. 
 

 Figure 3(e) shows the Armetc inlet.  This inlet is a commercially available culvert 
end section which can be used at either end of the culvert.  For pipe sizes up to 1000 mm 
in diameter, the Armtec end section has a length of 1.75 D and a width at the mouth, or 
inlet, of 2.14 D.  Larger sizes are somewhat shorter and narrower.  This inlet is advertised 
as improving the hydraulics at the inlet and reducing scour at the outlet.  For part full 
flow with the inlet unsubmerged, the streamlining effect of the inlet gives some increase 
in hydraulic efficiency, but much of this benefit is lost when the pipe becomes submerged 
because the end section does not extend around the crown of the pipe.  Use of the end 
section at the outlet does not produce a reduction in channel scour. 
 

 Figure 3(f) shows the cylinder inlet, developed by Smith for Saskatchewan 
Highways and Transportation.  The cylinder inlet consists of a short length of larger 
diameter pipe which projects upstream from the normal projecting inlet.  A common 
invert is used for the culvert and the cylinder.  The cylinder diameter is approximately 
1.25 D in diameter, and extends upstream 0.2 D in front of the normal inlet.  A crescent 
shaped steel plate can be welded in place to seal the space between the cylinder and the 
pipe, or the cylinder can be telescoped a short distance over the pipe and the annulus 
sealed with concrete, asphalt or other mastic sealant.  Unlike the Armtec inlet, the 
cylinder gives minimal benefit for shallow flows, but produces a marked increase in 
discharge when it becomes submerged. 
 

 Figures 4 and 5 show examples of the Armtec inlet and cylinder inlet. 
 
5. Basic Equation 
 

 When the upstream water level submerges the pipe at the inlet orifice type flow 
will develop.  The contraction of flow at the inlet will become fully developed when H/D 
≥ 1.5, in which H is the head above the invert at the culvert inlet and D is the pipe 
diameter.  In this case, the classical orifice equation applies 
 

[3] Q = CAඥ2gh 
 

in which Q is the discharge (m3/s), C is the coefficient of discharge, A is the pipe area 
(m2), h is the effective head on the opening at the inlet (m) and g is the acceleration due 
to gravity (9.81 m/s2).  For a true orifice which discharges into atmosphere, the effective 
head is the vertical height from the upstream energy level (usually the water surface) to 
the center of the opening, from which 
 

[4] h = H - D/2 



































































































































































































 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: no
     Margins: left 0.00, top 0.00, right 0.00, bottom 0.00 points
     Horizontal spacing (points): 18 
     Vertical spacing (points): 18 
     Crop style 1, width 0.30, length 20.00, distance 10.00 (points)
     Add frames around each page: no
     Sheet size: 18.000 x 12.000 inches / 457.2 x 304.8 mm
     Sheet orientation: wide
     Layout: rows 0 down, columns 0 across
     Align: centre
      

        
     0.0000
     10.0000
     20.0000
     1
     Corners
     0.3000
     ToFit
     0
     0
     0
     0
     0.7000
     0
     18 
     1
     0.0000
     0
            
       D:20160831154337
       864.0000
       18 x 12
       Blank
       1296.0000
          

     Wide
     957
     399
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     1
     0
     18 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: no
     Margins: left 0.00, top 0.00, right 0.00, bottom 0.00 points
     Horizontal spacing (points): 0 
     Vertical spacing (points): 0 
     Add frames around each page: no
     Sheet size: 11.000 x 17.000 inches / 279.4 x 431.8 mm
     Sheet orientation: wide
     Layout: rows 0 down, columns 0 across
     Align: centre
      

        
     D:20181001095123
      

        
     0.0000
     10.0008
     20.0016
     0
     Corners
     0.3024
     Fixed
     0
     0
     0
     0
     1.0200
     0
     0 
     1
     0.0000
     0
            
       D:20181001095119
       1224.0000
       Eleven by seventeen
       Blank
       792.0000
          

     Wide
     895
     1084
    
    
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     1
     0
     0 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0d
     Quite Imposing Plus 4
     1
      

   1
  

 HistoryList_V1
 qi2base





