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OBJECTIVES

- Review culvert shapes, end
sections, and materials

. Types of culvert flow conditions

ans to determine culvert size




A —

onditions
ull flow (flow under pressure)
artially full (free surface)

ombination
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Flow Is dependent upon:

- Inlet geometry - Length

- Roughness - Headwater (approach)

. Slope | orta_l\llwater conditions
I I e \‘\l l — ‘—r‘ S

- Pipe Diameter = 3. 0 .




CULVERT SHAPES
AND MATERIALS




CONCREITE

<[

Concrete Arch

Triple Concrete Circular f{\‘“\«



PLASITIC &
VIETAL

.

- . i ;'.ﬁ",

High-Density
Polyethylene (HDPE)

Corrugated Metal Circular



ROUGHNESS COEFFICIENTS

Type of Conduit Wall Description
Concrete Pipe Smooth Interior 0.012
Concrete Box Smooth Walls 0.012- 0.015

2.75in. x 0.5 in Corrugations 0.024
6 in. x 1 in. corrugations 0.022-0.025
Corrugated Metal Pipe or Arch, 5in. x 1 in. corrugations 0.025-0.026
Annular or Helical Pipe 3in. x 1 in. corrugations 0.027-0.028

6 in. x 2 in. structural plate 0.033-0.035
9.25 in. x 2.5 in. structural plate 0.033-0.037

Spiral Rib Metal Pipe Semi-Smooth Interior
Thermoplastic/HDPE Pipe Smooth Interior
Cured in Place Liner (CIPP Smooth Interior




END SECTIONS

PRECAST END SECTION END MITERED TO THE SLOPE




ENTRANCE LOSS
COEFFICIENTS

End Treatment Type

Grated Box End Section, Concrete Pipe, headwall 05
Type 1 with square edge -
Grated Box End Section, Concrete Pipe, headwall 05
Type 2 with square edge

Multiple-Pipes Concrete Concrete Pipe, projecting 0.3
Anchor from fill, square cut end

Multiple-Pipes Concrete Cormugated Metal Pipe,
Anchor Projecting from fill

Cormugated Metal Pipe,
Metal Pipe End Section end section conforming

to fill slope
Precast-Concrete End Concrete Pipe, end section
Section conforming to fill slope

Cormugated Metal Pipe,
Safety Metal End Sechion  |mitered to conform

to fill slope

Safety Metal End Section
Safety Metal End Section

Safety Metal End Section

Single-Pipe Concrete
Anchor

Anchor
Anchor

Multiple-Pipe Concrete
Anchor

ENTRANCE-LOSS COEFFICIENT, K;.
FOR STANDARD INDOT CULVERT

Cormugated Metal Pipe,
end section conforming
to fill slope

Cormugated Metal Pipe,
mitered to conform

to fill slope

Cormigated Metal Pipe,

end section conforming

to fill slope

Concrete Pipe, projecting

from fill, square cut end

Cormgated Metal Pipe-Arch,

projecting from fill

Concrete Pipe-Arch projecting
are cut end

Cormugated Metal Pipe-Arch,

projecting from fill

0.5

0.5
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4 D, Min.
or to R/W

Energy Dissipator




CULVERT RAYDRAULICS

Flow conditions vary from culvert to culvert
Flow conditions vary over time

May flow full or partially full

Flow control types




HEADWATER AND TAILWATER

Tailwater




INLET CONITROL

- Culvert inlet controls (or limits) the flow

- More difficult for flow to get through the
entrance of the culvert than it is to flow
through the remainder of the culvert




INLET CONTROL - A

OUTLET UNSUBMERGED
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INLET CONTROL - B

OUTLET SUBMERGED

- INLET UNSUBMERGED
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INLET CONTROL - C

INLET SUBMERGED
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ODUITLET CONTROL

- Culvert barrel capacity or outlet controls
(or limits) the flow

- More difficult for flow to negotiate length
of culvert than it is to get through the inlet




OUTLET CONTROL - A

WATE
SURFACE




OUTLET CONTROL - B




OUTLET CONTROL - C




OUTLET CONTROL - D




CULVERT PERFORMANCE
FACTORS

Inlet Control Outlet Control

Headwater Elevation X X
Inlet Area X

Inlet Edge X X
Configuration

Inlet Shape X

Pipe Roughness
Pipe Area

Pipe Length

X
X
X
Pipe Shape X
X
Pipe Slope X

X

Tailwater Elevation



P

LULVERIT DESIGN STEPS

1. Summarize known data: Flowrate (Q) in cfs, target upstream water
surface elevation

2. Choose the culvert dimensions (diameter, length)
3. Assume inlet control

4. Use chart to calculate the upstream total head (HW) for the design
flowrate using design table

3 until the upstream head (HW) satisfies design

inlet to outlet




EXAMPLE CALCULATION
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INLET CONTROL RESULTS
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DISCHARGE {2) IN GFS
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EXAMPLE CALCULATION
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INLE1T CONTROL VS.
OUTLET CONTROL RES!
Culvert Diameter , D = 42" (3.5 feet)

Q=120 cfs
L = 50 feet

W = 4.3 feet




MY-0
Federal Highway Administration culvert analysis program
Yields headwater rating curve (elevation, Q relationship)

Parameters:

Enter design Q

About HY-3 e

- Culvert length

HY-8 7.50
Build Date: Jul 28 2016

T
hrmrai

HY-8

Federal Highway Administration
hittp:fAnnanae frowa. dot gow

- Culvert shape and roughness

Developed in cooperation with:

ok,




MY-0 EXANMPLE PROBLEIV 7

Use HY-8 to determine the size of a culvert required for
a proposed road crossing. The local ordinance specifies
that culverts be sized to pass the 100-year peak
flowrate and also provide two feet of freeboard.

The design information for this site is summarized by the following:

ed on WIinTR-20 Hydrologic




MY-0 EXANPLE PROBLEIVI #1
(CONTINUED)

» WATERWAY DATA

» Input existing channel information to model tailwater
conditions acting on the culvert.




HY-0 EXANVMIPLE PROBLEIVI #~
(CONTINUED)

1 Proposed Roadway

e

Tributary Area = 56 Acres

CN = 81

| Tc =41 min ;
Q;qp = 65 cfs (from W|n TR- 20) ’




HY-8: CREATING A
NEW PROJECT

Welcome to HY-8
Skarting Oplions
% Create a new project
[ Use map feature to locate culvert crossings
v add a culbvert crossing

" Open an existing file

: For old HY-3 input file {,IMP)

Continue
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HY-8: INPUT OF
ROADWAY/CULVERT DATA

= HY-8 - [Error] LEx

11.5. Cuztomary Units Outlet Contral: Profiles
i |
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B Crossing Data - Crossing 1

Crossing Properties

Mame: | Roadway|

Parameter Value | Units
(&) DISCHARGE DATA

Discharge Method Minimum, Design, and Maximum ;I
Minimum Flow cfs
Design Flow 0.000 cfs
Maximum Flaw 0,000

(@) TAILWATER DATA

Channel Type Rectangular Channel ;I
Bottom Width 0.000 ft
Channel Slope 0.0000 ft/ft
Manning's n {channel) 0,000

Channel Invert Elevation 0,000 ft
Rating Curve View... I

() ROADWAY DATA

Roadway Profile Shape Constant Roadway Elevation ;I
First Roadway Station 0,000 ft
Crest Length 0.000 ft
Crest Elevation 0,000 ft
Roadway Surface Paved ;I

Top Width 0.000 ft

Help Click on any@ icon for help on a spedific topic | Low Flow

Culvert Properties

Culvert 1

Add Culvert

Duplicate Culvert

Delete Culvert
Parameter Value | Lnits
(§)) CULVERT DATA
Name
Shape Circular ;I
@ Material Concrete j
Diameter 0.000 ft
&) Embedment Depth 0.000 in
Manning's n 0.012
@) Culvert Type Straight |
@ Inlet Configuration Square Edge with Headwall j
/) Inlet Depression? No |
() SITE DATA
Site Data Input Option Culvert Invert Data j
Inlet Station 0.000 ft
Inlet Elevation 0.000 ft
Cutlet Station 0.000 ft
Outlet Elevation 0.000 ft

Energy Dissipation

Analyze Crossing
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NPUT OF DISCHARGE DATA

B Crossing Data - Crossing 1 — O x

Crossing Properties Culvert Properties

Culvert 1

Mame: | Roadway Add Culvert

Minimurm Flow

Design Flow

Maximum Flow
(@) TAILWATER DATA

Parameter Value | Units |
(&) DISCHARGE DATA
Discharge Method Minimum, Design, and Maximum ;I

0.000

cfs
o0
cfs

125.000

Help Click on any@ icon for help on a spedfic topic

Channel Type Rectangular Channel ;I
Bottom Width 0.000 ft
Channel Slope 0.0000 ftfft
Manning's n {channel) 0,000

Channel Invert Elevation 0.000 ft
Rating Curve View... I
() ROADWAY DATA

Roadway Profile Shape Constant Roadway Elevation ;I
First Roadway Station 0,000 ft
Crest Length 0,000 ft
Crest Elevation 0.000 ft
Roadway Surface Paved ;I
Top Width 0.000 ft

Low Flow

Duplicate Culvert

Delete Culvert

Parameter Value |Ur1its | A
() CULVERT DATA

Name
Shape Circular ;I
@ Material Concrete j
Diameter 0.000 ft
@) Embedment Depth | 0,000 in
Manning's n 0,012

@) Culvert Type Straight Rd
@ Inlet Configuration Square Edge with Headwall ﬂ
@) Inlet Depression? No |
(&) SITE DATA

Site Data Input Option Culvert Invert Data j
Inlet Station 0.000 ft
Inlet Elevation 0.000 ft
Cutlet Station 0.000 ft
COutlet Elevation 0.000 ft

Energy Dissipation

Analyze Crossing Cancel
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Crossing Data - Crossing 1

Crassing Properties

Mame; | Roadway

Parameter

Value

(i) DISCHARGE DATA

Discharge Method

Minimurn, Design, and Maximum

Minirnum Flow

Design Flow

65.000

Maimum Flow

125.000

() TAILWATER DATA

=]
cfs

Channel Type

Rectangular Channel

Bottom Width

Rectangular Channel

Channel Slope

Trapezoidal Channel

Manning's n {channel)

Channel Invert Elevation

Enter Rating Curve

Rating Curve

Trianiular Channel

Enter Constant Tailwater Elevation
W i

(@) ROADWAY DATA

Roadway Profile Shape

Constant Roadway Elevation

First Roadway Station

0.000

Crest Length

0.000

Crest Elevation

0.000

Roadway Surface

Paved

Top Width

Click on any@ icon for help on a spedfic topic

Help

0.000

Low Flow

ACP

Culvert Properties

Culvert 1

Add Culvert
Duplicate Culvert

Delete Culvert

Parameter

Value

() CULVERT DATA

Mame

Shape

@ Material

Diameter

) Embedment Depth

Manning's n

@ Culvert Type

@ Inlet Configuration

@) Inlet Depression?

() SITE DATA

Site Data Input Option

Inlet Station

Irlet Elevation

Cutlet Station

Outlet Elevation

Energy Dissipation

Circular

Concrete

0.000

0.000

0.012

Straight

Square Edge with Headwall
Mo

Culvert Invert Data
0.000
0.000
0.000
0.000

Analyze Crossing




HY-8: INPUT Of

B ' Crossing Data - Crossing 1

Crassing Properties

Mame; | Roadway

Parameter Value | Unit:

(i) DISCHARGE DATA

Discharge Method Minimurn, Design, and Maximum ;I

Minimm Flow cfe

Design Flow 65,000 cfs

Maximum Flow 125.000 cfs

() TAILWATER DATA

Channel Type Rectangular Channel w

Bottom Width Rectangular Channel ft

Grore oo iy o

Manning's n {channel)

Channel Invert Elevation Enter Rating Curve £
Enter Constant Tailwater Elevation

(@) ROADWAY DATA

Roadway Profile Shape Constant Roadway Elevation ;I

First Roadway Station 0.000 ft

Crest Length 0.000 ft

Crest Elevation 0.000 ft

Roadway Surface Paved ;I

Top Width 0.000 ft

WATER DATA

[rregular Tailwater Channel >

Tailwater File
Browse for existing .TW file | Impart. .. |
Tailwater Channel
Slope of tailwater channel: ftfft
Mumber of cross-sec points:
Irregular Channel Cross-Section

Ma. Station (ft) | Elevation (ft) |Manr1ing n

1 0,000 oeg, 000 0.0500

2 4,000 564,000 0.0500

3 9,000 561,000 0.0500

4 12,000 659,000 0.0350 .

3 16,000 559,000 0.0350

= 13,000 561,000 0.0500

7 25.000 564,000 0.0500

8 30,000 a5, 000

e e

Click on any@ icon for help on a spedfic topic | Low Flow

Help

O

pod

| Units

.

wall

ERENEN
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HY-8:

Crossing Properties

B ' Crossing Data - Crossing 1

\NPILI"

Mame: | Roadway

Help Click on any@ icon for help on a spedfic topic

Parameter Value | Lnits |
(&) DISCHARGE DATA

Discharge Method Minimum, Design, and Maximum ﬂ
Minimum Flow 0.000 cfs
Design Flow 55.000 cfs
Maximum Flow 125.000 cfs
(@) TAILWATER DATA

Channel Type Irregular Channel ﬂ
Irregular Channel Define...

Rating Curve View...

() ROADWAY DATA

Roadway Profile Shape Constant Roadway Elevation ;I
First Roadway Station 0.000 ft
Crest Length 40,000 ft
Crest Elevation 567,000 ft
Roadway Surface EE - |
Top Width 30,000 ft

Low Flow

Culvert Properties

Culvert 1

Add Culvert

Duplicate Culvert

Delete Culvert

OF ROADWAY DATA

Inlet Elevation

Outlet Station

COutlet Elevation

Energy Dissipation

0.000
0.000
0.000

Analyze Crossing

/

’

/

Parameter Value | Lnits
(i) CULVERT DATA

Name
Shape Circular ;I
@ Material Concrete ﬂ
Diameter 0.000 ft
{)) Embedment Depth  |0.000 in
Manning's n 0,012

@) Culvert Type Straight |
@ Inlet Configuration Square Edge with Headwall j
@) Inlet Depression? No |
() SITE DATA

Site Data Input Option Culvert Invert Data ﬂ
Inlet Station 0.000

i




HY-8: INPUT OF ROADWAY DATA

Water Surface

Roadway Profile

7



Crossing Properties

Mame: | Roadway

HY-8: INPUT OF CL

B Crossing Data - Crossing 1

Parameter Value | Lnits
(&) DISCHARGE DATA

Discharge Method Minimurm, Design, and Maximum ﬂ
Minimurm Flow 0.000 cfs
Design Flow 55.000 cfs
Maximum Flow 125.000 cfs
(@) TAILWATER DATA

Channel Type Irregular Channel ﬂ
Irregular Channel Define...

Rating Curve View...

() ROADWAY DATA

Roadway Profile Shape Constant Roadway Elevation ;I
First Roadway Station 0.000 ft
Crest Length 40,000 ft
Crest Elevation 667,000 ft
Roadwiay Surface EE - |
Top Width 80.000 fit

Culvert Properties

VERT DATA

Parameter

(i) CULVERT DATA

Mame

Shape

) Material

Diameter

/) Embedment Depth

Manning's n

@ Culvert Type

) Inlet Configuration

@) Inlet Depression?

() SITE DATA

Site Data Input Option

- O =
[ adcuvert |

' Duplicate Culvert |

| Delete Culvert |
Value |Units | ~
Culvert 1
Circular ;I
Concrete ﬂ
fi
0,000 in
0,013
Straight
Square Edge with Headwall ’

Inlet Station

Inlet Elevation

Outlet Station

COutlet Elevation

Mo

KN ENER

Lo

Culvert Invert Data
0.000
0.000
0.000
0.000

T

Help Click on any@imn for help on a spedfic topic | Low Flow | | ACP | | Energy Dissipation | | Analyze Crossing | | QK

|| Cancel

/



HY-8: INPUT OF SITE DATA

" Crossing Data - Crossing 1

Crossing Properties

Mame: | Roadway

Parameter

Value

(€)) DISCHARGE DATA

Discharge Method

Minimum Flow

Design Flow

Mandimum Flow

(€) TAILWATER DATA

Channel Type

Irregular Channel

Minimum, Design, and Maximum
0,000

125.000

Irregular Channel

Define...

Rating Curve

View...

(€) ROADWAY DATA

Constant Roadway Elevation
0.000

40,000

567,000

Paved

30,000

Culvert Properties

| AddCubert |

' Duplicate Culvert |

| Delete Culvert |

Parameter

Value

Marme
Shape

@) Material

Diameter

) Embedment Depth

) Culvert Type

Culvert 1

Circular

Concrete

3.000

0.000

0.013

Straight

Square Edge with Headwall
Mo

Culvert Invert Data
0.000

120,000
659.000
1

Help Click on an?@imn for help on a spedfic topic | Low Flow | | ADP | | Energy Dissipation | | Analyze Crossing | |

Input of Site Data — Culvert length, inverts, and numtg of barrels.




HY-8: RUNNING THE
CULVERT ANALYSIS

= HY-B - [Error]

Run Analysis

=1

Frant wiew of crozging will not be dizplayed
until lateral cubvert stations are defined.

Right-click in thiz window to define stations.




HY-8: VIEWING THE OUTPUT,

B Summary of Flows at Crossing - Roadway

Headwater Total Culvert 1 Roadway Iterations
Elevation Discharge Discharge Discharge
(ft) (cfs) (cfs) (cfs)

1
1
1
1
1
1
1
5]
3
=&
4

Owertopping

Geometry Plot

(®) Crossing Summary Table Inlet Elewvation: 661.15 ft Crossing Rating Curve

() Culvert Summary Table | Culvert 1 655.00 ft
120.02 R Culvert Performance Curve

() water Surface Profiles )
0.0179 Selected Water Profile

() Tapered Inlet Table 0.00 ft

() Customized Table . R S Water Surface Profile Data

Qutlet Contral; Profiles

cotiputoa.. || Enroy Dsspon.
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HY-8: V

B ' Crossing Data - Roadway

Crossing Properties

A

G THE OUTPUT

Mame: | Roadway

Parameter Value | Units
(i) DISCHARGE DATA

Discharge Method Minimum, Design, and Maximum

Minimum Flow 0,000 cfs
Design Flow 55,000 cfs
Maxdimum Flow 125.000 cfs
(i) TAILWATER DATA

Channel Type Irreqular Channel ;I
Irregular Channel Define...

Rating Curve View...

(&) ROADWAY DATA

Roadway Profile Shape Constant Roadway Elevation ﬂ
First Roadway Station 0.000 ft
Crest Length 40,000 ft
Crest Elevation 667,000 ft
Roadway Surface Paved ;I
Top Width 80,000 ft

Help Click on any@ icon for help on a spedific topic

Low Flow

Culvert Properties

— O

Add Culvert

Energy Dissipation

Duplicate Culvert
Delete Culvert

Parameter Value | Linits
() CULVERT DATA
Mame Culvert 1
Shape Circular ﬂ
@ Material Concrete ;I
Diameter fi
(/) Embedment Depth 0.000 in
Manning's n 0.013
@) Culvert Type Straight |
@ Inlet Configuration Square Edge with Headwall ;I
g)) Inlet Depression? No |
() SITE DATA
Site Data Input Option Culvert Invert Data ;I
Inlet Station 0.000
Inlet Elevation 561.150
Outlet Station 120.000
Dutlet Elevation ©559.000

Analyze Crossing




HY-8: VIEWING THE OUTPUT,

B Summary of Flows at Crossing - Roadway

Headwater Total Culvert 1
Elevation Discharge Discharge
(ft) (cfs) (cfs)

Display

(®) Crossing Summary Table

i) Culvert Summary Table Culvert 1
() Water Surface Profiles

(") Tapered Inlet Table

(") Customized Table

Roadway
Discharge
(cfs)

Iterations

Geometry
Inlet Ele

Inlet Throat:

Outlet Contral;

661,15 ft
659.00 ft
120,02 ft
0.0179
0,00 ft
0.00 ft

Profiles

cotiputoa... || Enroy Despain..

Flot
Culvert Performance Curve
Selected Water Profile

Water Surface Profile Data




HY-8: CREATING A REPORT

B HY-8 - L Documents\HY8 Midts hy8 - [Culvert Stations] - X

le Display Culvert Window Help _8 x
(% o 4 (€ (=)l New Culvert Crossing

et Contiok Profies [z || Exit Loss: Standard Method =

i}l Culvert Crossing Data

-4 Project - £ 9| Analyze Crossing Crossing - Roadway, Design Discharge - 65.0 cfs
i - Energy Dissipation Culvert - Culvert 1, Culvert Discharge - 65.0 cfs
5 L@‘;nscslr;g —— vert - Cuiv uvert Discharg £
@ Cuhve
-G Roacay BB AQP: Streem Simulation
i@ Culve Low Flow Hydraulics
@ Culv y

Notes

5 Create Report

666

Report Generator,

Choose crossing(s) ko include Farmat

Repart Type: |Standard Report

File Farmat: |RTF

File name: | H¥&Report

Elevation {ft)

Report Content

Choose fields ko include. Mave Fields up or down,

Available Fields: Included Fields:

Project Motes Crossing Summary Table

Froject Units Crossing Rating Curve Plok

Project Qutlet Control Option Culvert Summary Tables

Crossing Mokes Culvert Performance Plat

Crossing Summary Table Water Surface Profile Plot

Crossing Rating Curve Plat Sike Data

Crossing Front Views Plok Culvert Data

— Culvert Motes Tailwater Data

Staggﬂ ® Culvert Summary Tables Roadway Data

g B Culvert Performance Plok

SR s - ‘Water Surface Profile Plot
w & e - ¢ N i Site Data

Culvert Data

Tailwater Data

Tailwater Rating Curve Plot

Roadway Data << Remove Al

Include All ==




Headwater Elevation (ft)

:

4

HY-8: VIEWING THE REPORT

Rating Curve Plot for Crossing: Roadway

Total Rating Curve

Crossing: Roadway

60

80

Total Discharge (cfs)

Crossing - Roadway, Design Discharge - 65.0 cfs

Culvert - Culvert 1, Culvert Discharge - 65.0 cfs

50
Station (ft)

Headwater Elevation

(ft)

Total Discharge (cfs)

Culvert 1 Discharge
(cfs)

Roadway Discharge
(cfs)

lterations

661.15

0.00

0.00

662.54

12.50

0.00

663.17

25.00

0.00

663.77

37.50

0.00

664.28

50.00

0.00

664.75

62.50

0.00

664.84

65.00

0.00

665.75

87.50

0.00

666.32

100.00

0.00

666.97

112.50

0.00

667.18

116.22

8.66

7

667.00

113.11

0.00

Overtopping




Allowable f Allowable
Backwater "elocity

Two-Lane Facili t_',-
AADT = 3000
3000 = AADT = 1000
AADT = 1000

DESIGN-STORM FREQUENCY, CULVERT
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CULVERT SHAPE

SELECTION

Structure
Application

Mainline or Public-Road
Approach (2 lanes)

Mainline or Public-Road
Approach (= 3 Lanes)

MINIMUM PIPE-CULVERT 5IZE
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CULVERT NMATERIAL
SELECITION

- General criteria:

- Loading / cover over the pipe

-  Minimum cover is typically 2 feet; however, check
applicable regulations

f requires 3 feet for culverts




INSTALLATION

- Plan and specifications sighed by a Licensed PE
- Permits
- Best Management Practices (BMPSs)

ot protection




- LTAP Stormwater Drainage Manual

INDOT Design Manual
- HY-8 Users Manual (FHWA)
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