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Started working on HEC-RAS models in 2001

Completed hundreds of culvert analyses over the years

Provide technical assistance for 
HEC-RAS modeling worldwide

Speaker – Matthew Zeve
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Culvert Terminology

HEC-RAS Hydraulic Reference Manual
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Headwater

 Energy is required to force 
water through a culvert

 Energy takes the form of 
increased water surface at 
the upstream end of the 
culvert

 Headwater depth is 
measured from the invert 
of the culvert to the energy 
grade line
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Culvert Terminology

HEC-RAS Hydraulic Reference Manual
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Tailwater

 Depth of water 
downstream of the culvert 
as measured from the 
invert

 Can be caused by 
obstruction in the 
downstream channel or 
hydraulic resistance in the 
channel

 Backwater
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Culvert Hydraulic Calculations 
in HEC-RAS

Uses FHWA HDS-5 Methodology
 Inlet Control 

Chart

Scale

Outlet Control

Exit Loss Coefficient (Default: 1.0)

Culvert Roughness, Slope, Length

Entrance Loss Coefficient
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Inlet Control

 Occurs when culvert 
barrel is capable of 
conveying more flow 
than inlet will accept

 Flow control section 
located just inside 
entrance 

 Hydraulic characteristics 
downstream do not 
affect culvert capacity
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Typical Inlet Control

Hydraulic Design of Highway Culverts

Note submerged inlet
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Inlet Control

Figure A:
Neither inlet nor the outlet is submerged.  Critical depth just 

D/S of entrance and flow is supercritical.

Hydraulic Design of Highway Culverts

Hydraulic jump
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Inlet Control

Source: http://www.hydrocad.net/culvert1.htm

Inlet Side Outlet Side
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Inlet Control

Figure B:
Submergence of outlet and hydraulic jump in barrel

Hydraulic Design of Highway Culverts

Hydraulic jump
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Inlet Control

Figure C:
Inlet submerged and open outfall.  Supercritical flow in 

barrel and flow approaches normal depth at end of culvert

Hydraulic Design of Highway Culverts
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Inlet Control

Figure D:
Inlet and outlet submerged.  Vented culvert allows 

hydraulic jump to form

Hydraulic Design of Highway Culverts
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Commonly Used Inlet Configurations

Hydraulic Design of Highway Culverts
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Improved Inlet Concept

Hydraulic Design of Highway Culverts
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Improved Inlet Concept

Hydraulic Design of Highway Culverts
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Improved Inlet Concept

Hydraulic Design of Highway Culverts
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Inlet Control

 Two basic conditions 
of inlet control:

 Inlet end of culvert 
submerged by 
upstream headwater

 Inlet end of culvert not 
submerged by 
upstream headwater
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Inlet Control

Submerged inlet = Orifice flow condition

Unsubmerged inlet = Weir flow condition
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Inlet Control

Hydraulic Design of Highway Culverts
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Chart and Scale Numbers
for Inlet Control Calcs
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Chart and Scale Numbers
for Inlet Control Calcs
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Hydraulics of Inlet Control

Hydraulic Design of 
Highway Culverts

Unsubmerged (Weir) Flow

Submerged (Orifice) Flow

Transition Zone
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Outlet Control

 Occurs when barrel is 
able to convey the flow 
the inlet will accept

 Flow control section 
located at barrel exit or 
downstream

 Downstream conditions 
do affect culvert 
capacity (high tailwater)
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Typical Outlet Control

Hydraulic Design of Highway Culverts
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Outlet Control

Figure A: 
Classic full flow condition with inlet and outlet 

submerged

Hydraulic Design of Highway Culverts
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Outlet Control

Figure B: 
Outlet submerged and inlet unsubmerged.  Shallow 

headwater allows flow to contract

Hydraulic Design of Highway Culverts
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Outlet Control

Figure C:
Inlet submerged to a degree to allow full flow through culvert.  

Outlet unsubmerged

Hydraulic Design of Highway Culverts
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Outlet Control

Figure D: 
Inlet submerged and outlet unsubmerged. 

Critical depth near culvert outlet

Hydraulic Design of Highway Culverts
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Outlet Control

Figure E: 
Neither inlet nor outlet submerged.  

Partial flow through entire barrel

Hydraulic Design of Highway Culverts
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Full Flow in a Culvert

Hydraulic Design of Highway Culverts
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Outlet Control Headwater Calcs

HEC-RAS Hydraulic Reference Manual
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Outlet Control Headwater Calcs
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Factors for Outlet Control Calcs
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HEC-RAS Outlet Control 
Computations
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Factors Influencing 
Culvert Performance

Hydraulic Design of Highway Culverts
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Culvert Performance Curve

HEC-RAS Hydraulic Reference Manual
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HEC-RAS Basic Culvert Analysis

 Culvert Cross-Section 
Layout

 Culvert Hydraulics

 Culvert Data Entry

 Culvert Analysis Results

 HEC-RAS Limitations

 Constant Shape

 Constant Slope

 Constant Flowrate
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Cross Section Layout

 Four Cross Section 
Minimum:

1: Downstream beyond 
expansion

2: 5-10 ft downstream face 
of culvert; valley section

3: 5-10 ft upstream face of  
culvert; valley section

4: Upstream before 
contraction begins

HEC-RAS Hydraulic Reference Manual
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Culvert Hydraulics

HEC-RAS Hydraulic Reference Manual
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Culvert Hydraulics

Concrete Pipe 
n-value 0.013

Concrete Box 
Culvert 

n-value 0.015

Corrugated 
Metal Pipe 

n-value 0.024

Manufacturer’s 
Specifications
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Entering/Editing Culvert Data

 Similar to Bridge

 Click on 
Bridge/Culvert Icon 
from Geometry Data 
Editor
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Entering/Editing
Roadway Deck Data

 Click on the 
Roadway/Deck Icon
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Entering/Editing Culvert Data

 Click on the Culvert 
Icon from the 
Bridge/Culvert Screen 
from the Geometry 
Data Editor
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Viewing Culvert Output

Four Cross Section Culvert Table

Culvert Only Table
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Four Cross Section Culvert Table

50

Culvert Only Table
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Culvert Detailed Output Table
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Hand Calculations (HDS 5)

Show example problems in HDS 5 

(Chapter 3, page 56)
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Hand Calculations (HDS 5)

54

Hand Calculations (HDS 5)
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Nomographs – Chart 1B and 3B
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Nomographs – Charts 4B and 5B
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Head for Standard CM Pipe 
Culverts Flowing Full
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HEC-RAS Input
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HEC-RAS Schematic

60

HEC-RAS Profile
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Input Data for Trial 1 – 72” Ø CMP

62

Entrance Loss Coefficient Selection
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Trial 1 Profile Output
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Trial 1 Tabular Output
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Input Data for Trial 2 – 60” Ø CMP

66

Trial 2 Profile Output
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Trial 2 Tabular Output
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Input Data for Trial 3 – 60” Ø RCP
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Trial 3 Profile Output
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Trial 3 Tabular Output
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Input Data for Trial 4 – 54” Ø RCP

72
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Meets 108 ft HW 
requirement
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Trial 4 Tabular Output
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Questions?

Houston, TX
mattzeve@gmail.com


