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Culverts

Learning Objectives

By the end of this section, you will be able to:

1. Define the basic function of a culvert and explain its importance in roadway drainage, erosion
control, and water quality protection.

2. Differentiate between stream-crossing culverts and runoff management culverts.
Explain why culvert alignment, grade, outlet elevation, cover depth, and outlet protection are
critical to culvert performance.

4. Apply practical layout criteria for stream crossings, cross-drains, driveway culverts, and road
ditch drainage.

5. Recognize common causes of culvert failure, including undersizing, poor alignment, inadequate
cover, poor compaction, scour, blockage, piping, settlement, and corrosion.

6. Identify design and maintenance practices that reduce impacts to fish and other aquatic
organisms.

7. Describe appropriate construction sequencing for culvert installation and replacement in
flowing and non-flowing conditions.

8. Explain the role of headwalls, wingwalls, bedding, geotextile filter fabric, erosion controls, and
backfill compaction.

9. Develop a practical culvert inspection and maintenance program using an inventory-based
approach.

Executive Summary: Culverts are often small compared with bridges, channels, and
stormwater ponds, but they are critical drainage structures. A properly selected, aligned,
installed, and maintained culvert protects the roadway embankment, reduces ditch
erosion, maintains drainage continuity, and can reduce sediment delivery to streams. A
poorly installed or neglected culvert can become a point of concentrated erosion, roadway
flooding, embankment instability, aquatic habitat fragmentation, or complete roadway
failure. For a Professional Engineer, culvert design is not simply a matter of selecting a pipe
diameter. It requires hydraulic, geotechnical, environmental, construction, and
maintenance judgment.

1 Description and Function of Culverts

A culvert is a closed conduit used to convey water from one area to another. In roadway applications,
the culvert commonly conveys water from one side of a road embankment to the other. Culverts may

Copyright 2026 Page 1



\./
||| |i|

Culvert Characteristics
carry perennial stream flow, intermittent stream flow, roadside ditch flow, field drainage, driveway
drainage, or runoff collected from an upland watershed.

The basic function is simple: move water safely through or under an obstruction. The engineering design
challenge is more complex. The culvert must pass the expected flow without causing unacceptable
upstream flooding, excessive outlet velocity, downstream scour, stream instability, roadway
embankment failure, or adverse aquatic habitat impacts.

Culverts are part of a drainage system. They interact with:

Roadway ditches.

Roadway subbase and embankment fill.
Stream channels.

Driveways and intersecting roads.
Outlet protection.

Riparian vegetation.

Upstream watershed runoff.
Downstream receiving channels.
Sediment transport processes.

Aquatic organism passage.

A culvert that performs adequately during normal flow may still fail during a large storm if it is
undersized, blocked with debris, poorly aligned, inadequately protected at the outlet, or installed at a
slope that creates excessive velocity.

2 Importance to Maintenance and Water Quality

Culverts help preserve roadbeds, ditches, banks, and adjacent drainage features by moving water away
from vulnerable locations. Roadway drainage failures often begin when concentrated flow remains in a
ditch too long, builds velocity, erodes the ditch bottom or side slopes, and transports sediment to the
nearest stream or wetland.

Strategically placed culverts and ditch turn-outs help maintain:

Stable ditch velocities.

Adequate ditch flow capacity.

Dry road subbase conditions.

Reduced roadway flooding.

Reduced erosion and sediment transport.
Reduced maintenance burden.

Better distribution of runoff across vegetated filter areas.
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A culvert is therefore both a drainage structure and a water quality protection measure. When roadside

runoff is transported along a ditch without relief, the ditch may become a channelized sediment source.

Cross-drains interrupt that pattern by moving runoff to stable outlets or vegetated disposal areas before
flow volume and velocity become erosive.

Culverts also help protect the road base. A saturated subbase loses strength, increases frost
susceptibility in cold regions, accelerates pavement distress, and can contribute to rutting, potholes,
shoulder failure, and embankment instability. The cost of maintaining a drainage system is often much
lower than the cost of repairing a failed road section.

Design Tip: A culvert should be evaluated as part of the full drainage path, not just the crossing
point. The engineer should trace where the water comes from, how it reaches the culvert, how it exits
the culvert, and whether the outlet can safely receive the discharge.

3 Functional Types of Culverts

Culverts can be divided into two functional categories:

1. Stream crossing culverts
2. Runoff management culverts

This distinction is important because the design objectives are different.

A stream crossing culvert carries flow where a roadway crosses a stream channel. The objective is to
maintain hydraulic continuity, channel stability, aquatic passage where applicable, and roadway safety.

A runoff management culvert is placed to manage roadway drainage. These culverts are commonly
called cross-drains. They move runoff from one ditch, drainage path, or upland area to another outlet
location. They are often used to move upland runoff from the high side of a road to the low side for
disposal.

Table 1. Functional Types of Culverts

Culvert type Primary function Typical setting Primary engineering concerns
Stream crossing Convey stream flow Perennial, Bankfull conveyance, channel
culvert under a road intermittent, or alignment, grade, outlet

ephemeral stream elevation, aquatic passage, scour,
crossing debris, flood capacity
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Runoff
management
culvert

Driveway culvert

Major cross-drain

Intermittent
cross-drain

Miscellaneous
cross-drain

Move roadway
runoff under or
away from a road

Maintain ditch flow
under a driveway
entrance

Convey runoff from
a larger drainage
area

Transfer runoff
from one side of
roadway to the
other

Reconnect ditches
or provide localized
drainage

Road ditches, cross-
drains, driveways,
intersecting roads

Roadside ditch crossed
by private or public
access

Network of ditches,
field drains, or upland
drainage

Upland ditch to lower-
side ditch or discharge
point

Intersecting roads,
driveways, minor
drainage interruptions

Culvert Characteristics

Ditch velocity, erosion control,
outlet stability, spacing, roadbed
drainage, maintenance access

Ditch continuity, inlet blockage,
outlet erosion, adequate cover,
traffic loads

Hydraulic capacity, outlet
protection, receiving channel
stability

Spacing, ditch capacity, erosion
prevention

Flow continuity, sediment
control, maintenance visibility

4 Planning Culvert Work Around Flow Conditions

Culvert installation, modification, and replacement should be performed when stream flow and the

probability of rainfall are low. The ideal construction window allows the entire installation process to be

completed before the next storm event.

This timing matters because culvert installation often exposes soil, removes vegetation, disturbs channel

banks, and temporarily changes the flow path. If rainfall occurs before stabilization is complete, the

work area can become a significant sediment source.

During construction, existing flow and reasonably anticipated flow should be diverted around the

installation area when practical. Flow diversion helps reduce sedimentation below the work site and

allows better control of excavation, bedding, alignment, and backfill.

A typical planning sequence should include:

1. Check the weather forecast and stream conditions.

2. Confirm permits and environmental restrictions.
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3. Stage pipe, bedding, geotextile, stone, erosion control materials, and equipment before
excavation.

Install upstream and downstream erosion and sediment controls.

Divert or bypass flow.

Excavate and prepare the trench.

Install bedding and the culvert.

Stabilize the inlet, outlet, and embankment.

© N s

Restore flow through the culvert.
10. Mulch, seed, and stabilize disturbed areas before demobilization.

1. Construction Constraint: Culvert installation should not begin if the contractor cannot reasonably
complete the work and stabilize disturbed areas before expected rainfall or stream flow increases.

5 Culverts for Stream Crossings

A stream crossing culvert must preserve the hydraulic and geomorphic function of the existing stream
channel as much as practical. The design should maintain the original and natural full-bank capacity of
the channel. In practical terms, the culvert opening should not unnecessarily constrict the stream at the
crossing.

Constriction at stream crossings is a common cause of culvert failure. If the culvert opening is too small,
debris accumulates, upstream headwater increases, embankment overtopping becomes more likely,
outlet velocity increases, and downstream scour accelerates. In severe cases, the embankment can fail
suddenly, producing a culvert “blow-out” and releasing a large volume of sediment directly into the
downstream channel.

5.1 Maintain Natural Channel Capacity

For stream crossings, the culvert should maintain the natural cross-sectional capacity of the channel as
closely as possible. This does not mean the culvert must always match the exact channel shape, but the
design should avoid artificial constrictions that change the stream’s ability to pass flow, sediment, and
debris.

Important design considerations include:

Bankfull width and depth.
Floodplain connection.
Debris loading.

Channel slope.

Bed material.

Stream alignment.

Expected headwater depth.
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