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Introduction:

Culvert design is an important design tool of hydraulic engineering. It is used to transport runoff from one side of the road to the other side. The structure itself can be a round pipe, rectangular box, arch, ellipse,
bottomless, or any other shape. It can be made out of materials such as concrete, steel, types of metal, polyethylene, plastic, fiberglass, and many more. There are two types of flow control: inlet control and
outlet control. Headwater, area, shape, inlet configuration, and barrel slope are the only factors that influence inlet control. The headwater is measured from the inlet control to the surface. Inlet area is cross-
sectional area. It is usually the same as barrel area. Inlet configuration is the type of entrance that’s being used. The inlet shape can also range from circular, elliptical, square edges, etc. The barrel slope is what
influences how well the inlet control would perform, but it doesn’t impact the inlet control that much. In outlet control, headwater, area, shape, inlet configuration, barrel roughness, length, slope, and tailwater
heavily impact how the outcome of flowrate would be. This particular study would relate the expected outcome versus the actual outcome when tested in the lab. Through various trials, it had showed the
accuracy of the typical submerged and unsubmerged equations used.

Figure 1 Concepts of Culvert Design (Hydraulic Design of Highway Culverts)

Figure 2A Unsubmerged inlet (Hydraulic Design of Highway Culverts)

Figure 3 Submerged inlet (Hydraulic Design of Highway Culverts)

Objective:
The purpose was to create a laboratory experiment for CE332L in order to foster the importance of designing for a culvert. In addition, students will be able to fully grasp the understanding of how a culvert
works. Students will later be able to see the comparison between the actual flowrate of the water in comparison with the headwater and the calculations from the equations.

Equations:
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Equation 1. Vis the average velocity, g is gravitational acceleration, Dy is the hydraulic depth, which

is the represeniative depth for drcularshapes :(\|A/2 ), for other shapes it would be flow area

divide by the width. If Fr>=1.0, flow would be considered supercritical Fr<'1.0 would be considered
subcritical and Fr=1.0 would be considered critical.

Results:

The below figure shows the end result that compared and contracted between the submerged,
unsubmerged, and the dat athat was collected. This graph clearly shows that there is a linear
relationship between the unsubmerged data and the data that was collected in the labs.

By using Froude number, it can be interpreted the appropriate flow categorization. The partly full flow
can be subcritical, critical, or supercritical.
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Equation 6. Cyis the discharge coefiicient. D is the diameter, g is gravity, HW is the headwater, v is

velocity calculated using Q=VA, d. is the critical depth, and fi; is the headloss calculated from the
earlier equation.

Q = 4 D*\[2g(HW —D/2)

The submerged inlet control, orifice flow equation is used. Orifice is submerged on the upstream and

Equation 6. C; is the orifice discharge coefiicient, b is the culvert design, HW-b/2 is the average
head over the culvert

Process:

Calculations were used based on varying depths of headwater and analyzed using excel. In addition, the
flow rate of the water was also measured. The data collected was then graphed accordingly with the

expected results from the equations used.
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Figure 4 Submerged Data Calculations
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Figure 5 Unsubmerged Data Calculations
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Figure 6 Lab Data Collection

Figure 7 Unsubmerged simulation
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Future Work:

In the near future, it would be beneficial for the flowrate of the pump to go over the capacity of
300 gpm. In addition, other types of materials should also be analyzed in the discussion of the
culvert. By analyzing the material, it could change the headloss and speed




