Design of Culverts

Typical cross-sections: Circular, arched, rectangular and oval

Flow Regimes:
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(c) Entrance Control, Normal Depth < Barrel Height (Type 3)




Free-entrance conditions
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Submerged entrance : 
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For Type 1
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Total head loss = Head loss at entrance+ Friction loss + Head loss at exit

Neglecting the velocity head at 1 and 3
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Hence the velocity can be computed as
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and
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This equation for velocity given above is valid for both Type 1 and Type 2 flows, which are sometimes called as the flows under outlet control.

In Type 3 the flow is similar to an orifice flow and hence
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 for square-edged entrance
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In this situation (Type 3) the flow is under inlet control

In submerged entrance culverts the flow is more as compared to the unsubmerged entrance. But when it is not advisable to have submergence, we need to design unsubmerged entrance culvert.

For Type 4 culvert
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As may be seen the velocity of headwater is not neglected, because 
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Hence,
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area at the critical flow section

For Type 5
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For Type 6
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area at exit of the culvert

Determination of Flow Type in a culvert

Given: H, D, Tail water depth ye, Length of the culvert L, n and the type of entrance.

Submerged entrance: 

1. If 
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, Type 1 flow, i.e. 
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2. If 
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, assume Type 2 flow and calculate Q by the respective equation and 
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3. Calculate 
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in the culvert. If 
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, Type 2 flow is verified.

4. If 
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, calculate Q from the equation for Type 3 and calculate 
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from it.

5. If 
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again, Type 3 is confirmed.

6. If neither Type 2 nor Type 3 is verified, use the minimum of the two discharges as the capacity of the culvert.

Unsubmerged entrance:

1. Assume Type 4 and Calculate 
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, Type 4 verified.

2. Assume Type 5 and Calculate 
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, Type 5 verified.

3. Assume Type 6 and Calculate 
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, Type 6 verified.

Design Considerations

Geometry of the culvert entrance is important. Four standard inlet types are:

1. Flush setting in a vertical wall

2. Wingwall entrance

3. Projecting entrance

4. Mitered entrance set flush with a sloping embankment.

Selection of the inlet configuration is based on:

(a) Structural stability

(b) Aesthetics

(c) Erosion control.

[image: image35.jpg]Culvert type and entrance conditions ke
Pipe, concrete:
Projecting from fill, socket end (groove end) 0.2
Projecting from fill, square-cut end 0.5
Headwall or headwall and wingwalls
Socket end of pipe (groove end) 0.2
Square edge 0.5
Rounded (radius = 1/12 D) 0.2
Mitered to conform to fill slope 0.7
End section conforming to fill slope 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or slope-tapered inlet 0.2
Pipe, or pipe arched, corrugated metal:
Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls square edge 0.5
Mitered to conform to fill slope, paved or unpaved slope 0.7
End section conforming to fill slope 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or slope-tapered inlet 0.2
Box, reinforced concrete:
Headwall parallel to embankment (no wingwalls)
Square edged on 3 edges 0.5
Rounded on 3 edges 0.2
Wingwalls at 30° to 75° to barrel
Square edged at crown 0.4
Crown edge rounded 0.2
Wingwalls at 10° to 25° to barrel
Square edged at crown 0.5
Wingwalls parallel
Square edged at crown 0.7
Side or slope-tapered inlet 0.2

Source: USFHWA (1984a).





USFHWA: US Federal HighWay Administration

Minimum Culvert size is specified by the local authorities (usually in the range of 30 to 60 cm).

Minimum Allowable Velocity: 0.6 to 0.9 m/s

Maximum Allowable Velocity: 3 to 4 m/s

Outlet protection should be provided for higher exit velocities.

Most common material used is concrete.

[image: image36.jpg]Type of conduit Wall and joint description n
Concrete pipe good joints, smooth walls 0.011-0.013
good joints, rough walls 0.014-0.016
poor joints, rough walls 0.016-0.017
badly spalled 0.015-0.020
Concrete box good joints, smooth finished walls 0.014-0.018
poor joints, rough, unfinished walls 0.014-0.018
Corrugated metal pipes 2% X % inch corrugations 0.022-0.027
and boxes, annular 6 x 1 inch corrugations 0.022-0.025
corrugations 5 x 1 inch corrugations 0.025-0.026
3 x linch corrugations 0.027-0.028
6 x 2 inch structural plate 0.033-0.035
9 x 2% inch structural plate 0.033-0.037

Source: USFHWA (1984a).




 

Example: What is the capacity of a 1.22m by 1.22m concrete box culvert (n=0.013) with a rounded entrance (ke=0.05, Cd=0.95) if the culvert slope is 0.5%, the length is 36.6m, and the headwater level is 1.83m above the culvert invert? Consider the following cases:

(a) Free-outlet conditions, and

(b) Tailwater elevation 0.304m above the top of the box at the outlet. What must the headwater elevation be in case (b) for the culvert to pass the flow that exists in case (a)?

� EMBED Equation.3  ���
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