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ASCE|F{2NRE | Speaker — Matthew Zeve

m Started working on HEC-RAS models in 2001

= Completed hundreds of culvert analyses over the years

m Provide technical assistance for
HEC-RAS modeling worldwide swi
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ASCE |'iENiNe  Introduction

= Agenda
Culvert terminology
Inlet and outlet control
Chart and scale numbers
Solution technique in HEC-RAS

Examples in the software




KNOWLEDGE

5 IEARNNG | Culvert Terminology
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Figure 6-7 Full flowing culvert with energy and hydraulic grade lines
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ASCE|sEkNNe | Headwater

= Energy is required to force
water through a culvert

= Energy takes the form of E
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




KNOWLEDGE

& LIEARNING | CUlvert Terminology
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Figure 6-7 Full flowing culvert with energy and hydraulic grade lines
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ASCE|3EkNke | Tailwater

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

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

= Backwater




ASCEl"""““E“GE Culvert Hydraulic Calculations

*EEARNIRG 1 in HEC-RAS

mUses FHWA HDS-5 Methodology
Inlet Control
m Chart
= Scale

Outlet Control

m Exit Loss Coefficient (Default: 1.0)
» Culvert Roughness, Slope, Length
= Entrance Loss Coefficient

ASCE |5ieNike  Inlet Control

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

m Flow control section
located just inside
entrance

= Hydraulic characteristics
downstream do not
affect culvert capacity
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ASCE | Shorence | Tynical Inlet Control

HW - Headwater
TW - Tailwater
W.S. - Water Surface
d¢ - Critical Depth

Figure I1-13--Typical Inlet Control Flow Section

Note submerged inlet
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ASCE |2'iEsnike  Inlet Control

Hydraulic jump
A

OUTLET UNSUBMERGED

Hydraulic Design of Highway Culverts
Figure A:

Neither inlet nor the outlet is submerged. Critical depth just
D/S of entrance and flow is supercritical.

12




ASCE | S8 | Inlet Control

Inlet Side Outlet Side
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ASCE |2'iEniNe | Inlet Control
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OUTLET SUBMERGED \_ = =z
INLET UNSUBMERGED

Hydraulic jump

Figure B:
Submergence of outlet and hydraulic jump in barrel
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ASCE | SoMKReE | Inlet Control

INLET SUBMERGED

Hydraulic Design of Highway Culverts

Figure C:

Inlet submerged and open outfall. Supercritical flow in
barrel and flow approaches normal depth at end of culvert
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ASCE |2'iEniNe | Inlet Control

WATER SURFACE
OUTLET SUBMERGED

Hydraulic Design of Highway Culverts

Figure D:
Inlet and outlet submerged. Vented culvert allows
hydraulic jump to form
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ASCE | SioNkeE | Commonly Used Inlet Configurations

PRECAST END SECTION ND MIT I

Figure I-7--Four 3tandard [nlet Typas (schematic)
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ASCE | S\SWEncE | |mproved Inlet Concept

Contraction of Flow Reduces

JEffecﬁve Barrel Size Minimum Flow Contraction

SQUARE EDGE " CURVED EDGE
ENTRANCE / 5l ENTRANCE

i
]
i

Figure 1-8—Entrance Contraction (schematic)
Hydraulic Design of Highway Culverts
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ASCE | ieWseE | Improved Inlet Concept

o Face Section

- Bevel

Thr?ai Section

Elevaticn

Wingwallz

Figure |-9-Side-tapered inlet

Face Sectioh
/

Bevel
|

Elereation

Wingwalls A

Flan

Figure 1-10--Slope-tapered inlet

Hydraulic Design of Highway Culverts
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ASCE | SR Improved Inlet Concept

Hydraulic Design of Highway Culverts
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ASCE |325NRe | Inlet Control

= Two basic conditions i
of inlet control:

Inlet end of culvert
submerged by
upstream headwater

Inlet end of culvert not
submerged by
upstream headwater

ASCE |SiEnike  Inlet Control

\

Unsubmerged inlet =\

Suk}‘q;e‘rged inlet = O¥ |

pir flow condition
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m | & iEARRiNg | Inlet Control

UNSUBMERGED'
HW,  H K.a
Form(1) — =S+ K —4 -0.582 26
orm(1) 5] o [AD“S} (26)
Form(y T _ [ K. T (27)
D ADOS |
SUBMERGED?
AW _ . [XQ 2+Y—0533 (28)
D [AD® '
Definitions
HWi Headwater depth above inlet control section invert, m (ft)
D Interior height of culvert barrel, m (ft)
He Specific head at critical depth (d. + V.2/2g), m (ft)
Q Discharge, m*/s (ft’/s) )
A Full cross sectional area of culvert barrel, m? (ft%)
S Culvert barrel slope, m/m (ft/ft)

K,|N| cY Constants from Table 9 |
K

1.811 SI (1.0 English)

Hydraulic Design of Highway Culverts
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ASCE | ovuence Chart and Scale Numbers

& LEARNING | for Inlet Control Calcs

Table 9--Constants for Inlet Control Design Equations.

Unsubmer, Submer,
Chart ape Nomograph Inlet Edge Equation
No. and Material Scale Description Form ||-( M \ c | Y |
1 Circular Concrete 1 Square edge wiheadwall 1 0098 20 0398 67 56/57
2 Groove end w/headwall 0018 20 0292 74
3 Groove end projecting 0045 20 0317 69
2 Circular CMP 1 Headwall 1 0078 20 0379 69  56/57)
2 Mitered to siope 0210 1.33 0463 75
3 Projecting 0340 1.50 0553 54
3 Cireular A Beveled ring, 45° bevels 1 0018 250 0300 74 57
B Beveled ring, 33.7° bevels* 0018 250 0243 B3
8 Rectangular Box 1 30° to 75° wingwall Nlares 1 026 10 0347 B1 56
Y 90° and 15° wingwall flares 061 75 0400 B0 56
3 0° wingwall flares 061 75 0423 B2 8
9 Rectangular Box 1 45° wingwall flare d = 043D 2 510 667 0309 BO 8
2 18° to 33.7° wingwall flare d = 083D 486 667 0249 B3
10 Rectanguiar Box 1 90° headwall wid/4" chamfers 2 515 667 0375 79 8
2 90° headwall w/45° bevels 495 667 0314 82
3 90° headwall w/33.7° bevels 486 667 0252 B65
" Rectanguiar Box 1 3/4" chamfers, 45° skewed headwall 2 545 667 04505 73 8
2 3/4" chamfers; 30° skewed headwall 533 667 0425 705
3 3/4" chamfers; 15° skewed headwall 522 667 0402 68
4 45° bevels; 10°-45° skewed headwall 498 667 0327 75
12 Rectangular Box 1 45° non-offset wingwall flares 2 497 667 0339 B03 8
3/4" chamfers 2 18.4° non-offset wingwall Nares 493 667 0361 806
3 18.4° non-offset wingwall Nares 495 667 0386 ral
30° skewed barrel
13 Rectangular Box 1 45° wingwall flares - offset 2 497 667 0302 835 @
Top Bevels 2 33,7* wingwall flares - offset 495 667 .0252 881
3 18.4° wingwall flares - offset 493 667 0227 887
16-19 €M Boxes 2 90° headwall 1 0083 20 0379 69 &7
3 Thick wall projecting 0145 175 0419 64
5 Thin wall projecting 0340 1.5 0496 57

24
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ASCE wnoweenge | Chart and Scale Numbers

SIEARNING | for Inlet Control Calcs

Culvert Data Editor

| o | (caverio R - |
Solution Criteria: - ﬂ ﬂ
Shape: | Circular - Span: Diiarn

Chart #: |1 - Concrete Pipe Culvert -
Scale #: |1 - Square edge entrance with headwall j

Distance to Upstm #45: Upstream Invert Eley:

Culvert Length: Downstrean Invert Eley:

Entrance Loss Coeff: @ # identical bamels

Esit Loss Coeff: [

Manning's n for Top: ’—@ Upstream | Downstream | «

tanning's n for Bottarm: —12

Drepth ta use Baottom o Bl

Depth Blocked: 4 j
ak | Cancel | Help |

Select culvert to edit
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ASCE | £iSWsReE | Hydraulics of Inlet Control

Hydraulic Design of
Highway Culverts

4 Submerged (Orifice) Flow

Submerged (Orifice) Flow

HEADWATER

Transition Zone ’a

Transition Zone

Unsubmerged (Weir) Flow

Unsubmerged (Weir) Flow

[
>
FLOW
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ASCE|™NeWEeE | Oytiet Control

m 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)

27

ASCE | S\oWiEnce | Typical Outlet Control

WATER

SURFACE
—_———— -
HW " W.S.
i CONTROL
1 l ey TW —o SECTION
‘QW DOWNSTREAM

A. SUBMERGED

i i
HW ! ————————————— — _;'__ _ws
Ny
B. UNSUBMERGED HW - HEADWATER ¢ (CONTROL SECTION)

TW-TAILWATER
WS.- WATERSURFACE
H - LOSSES THROUGH CULVERT

Figure 1-14--Typical Outlet Control Flow Conditions

Hydraulic Design of Highway Culverts 28
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ASCE |SiENike  Outlet Control

Figure A:
Classic full flow condition with inlet and outlet
submerged
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ASCE | £ \ENNe  Outlet Control

B
‘H
E_HI* *‘T__.- | W.S.
I i — e i
Figure B:

Outlet submerged and inlet unsubmerged. Shallow
headwater allows flow to contract
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ASCE | S\ENke Outlet Control

Figure C:
Inlet submerged to a degree to allow full flow through culvert.
Outlet unsubmerged
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ASCE | eMesE | Outlet Control

Figure D:
Inlet submerged and outlet unsubmerged.
Critical depth near culvert outlet
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ASCE | FEENRE | Outlet Control

N

i
HW ““"‘“———"“““—“-—w---m—--n.j S ws

Figure E:
Neither inlet nor outlet submerged.
Partial flow through entire barrel
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ASCE | NSRERsE  Fyll Flow in a Culvert

Figure I-11--Culvert Flowmg Full
(No tailwater at outlet end)

Hydraulic Design of Highway Culverts
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KNOWLEDGE

8 lEarniNGg | Outlet Control Headwater Calcs

z,+1,+ 80 7 iy 2 gy (6~
2g 2g
Where: Z; = Upstream invert elevation of the culvert
Y; = The depth of water above the upstream culvert inlet
Vs = The average velocity upstream of the culvert
03 = The velocity weighting coefficient upstream of the culvert
z = The acceleration of gravity
Zs = Downstream invert elevation of the culvert
Y3 = The depth of water above the downstream culvert inlet
Va = The average velocity downstream of the culvert
o = The velocity weighting coefficient downstream of the
culvert

Hp = Total energy loss through the culvert (from section 2 to 3)

HEC-RAS Hydraulic Reference Manual
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ASCE

N EaRRme: | Outlet Control Headwater Calcs

Hy=hy+he+h, (6=5)
Where: i = entrance loss (feet or meters)
Ty = friction loss (feet or meters)
Brey = exif loss (feet or meters)

The friction loss in the culvert is computed wsing Manning’s formula, which is
expressed as follows:

| on

h, =1 —=2 (66
T Tase A (6-6)

Where: Jig friction loss (feet)
L = culvert length {feet)
o flow rate in the culvert (cfs)
" = Manning's ronghness coefficient
A area of flow (square feet)
R = hydraulic radius (feet)

36
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ASCE

N Oriana  Factors for Outlet Control Calcs

Culvert Data Editor.

| ‘ | Culvert 1D ’ﬁ‘
Solution Criteria: '—L| ﬂ ﬂ

Shape: |Circu\ar j Span: | Diiamn |
Chart #: |1 - Concrete Pipe Culvert j
Scale #: |1 - Square edge entrance with headwall j

Upstream |nvert Elew:

Distance to Upstim x5:

Culvert Length

Downstream |nvert Elev:
# identical barrels :

Entrance Lozs Coeff:

Exit Logs Coeff:

]

Manning's n for Top: Upstream | Downstream | -

Manning's n for Battar: —12

Depth to use Bottam r: K

Depth Blocked: 4 j
K | Cancel | Help |

Select culvert to edit
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ASCE

wnowienge  HEC-RAS Outlet Control
& LEARNING ' omputations
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Figure 69 Flow Chart for Outlet Control Computations

38

19



_* s CE I KNOWILEDGE Factors |nﬂuenCing

& LEARNING  ~ ,|vert Performance

Inlet Qutlet

Factor Control Control
Headwater Elevation X X
Inlet Area X X
Inlet Edge Configuration X X
Inlet Shape X X
Barrel Roughness X
Barrel Area X
Barrel Shape X
Barrel Length X
Barrel Slope * X
Tailwater Elevation X
“Barrel slope affects inlet control performance to a small
degree, but may be neglected.

Hydraulic Design of Highway Culverts
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ASCE | ShedkneE | Culvert Performance Curve
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HEC-RAS Hydraulic Reference Manual
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ASCE | ie¥4ieE  HEC-RAS Basic Culvert Analysis

m Culvert Cross-Section
Layout

m Culvert Hydraulics
= Culvert Data Entry
= Culvert Analysis Results

m HEC-RAS Limitations
Constant Shape
Constant Slope
Constant Flowrate
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ASCE | hofkneE | Cross Section Layout

m 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

___________________________________ —-q
G : I
L, Contraction Reach L
[ e CR’,/
i "f\‘ l ,/’__.--"
palpsst
e ‘_“_‘_. __________ ? Eandar RS |13
O "
- ——— - : ey B Wi | o= 2
TR B Syl D
Typicsl flow transition -+~ /
2 iy
> f AN
i \
5 \
b o : e N,
Iy v Expansion Reacl N
7 A
{4 \ ]
7 Mdeslized fow transit jon At
/ patiem for |-dmemsonal ER| %y A
/ Ty N N
Pt i
s | I
9 Lt
it NG
3 g
e ! 1

42

21



ASCE | ©iSWiEReE | Cylvert Hydraulics

T e e

Pipe Arch Elliptical Low Profile Arch Arch

e

Circular Box High Profile Arch ~ Semi-Circle Con/Span

HEC-RAS Hydraulic Reference Manual
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AGCE | hNowEneE | cylvert Hydraulics

Corrugated
Metal Pip
n-value

ufactur

ificati
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ASCE | NSWiERSE | Entering/Editing Culvert Data

Brids Cotrert Dese - Msitgle Pige Casmatsy

= Similar to Bridge

= Click on
Bridge/Culvert Icon
from Geometry Data
Editor

Tre T T

Brdg,/Culw
= -
- e - 1000 108 10 "
Shaton (1) i
|
St B weer b Bratn St E g il
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ASCE | o Entering/Editing

& IEARNING ' Roadway Deck Data

DeckfRoadway Data Editor

= Click on the Del Row
Roadway/Deck Icon e Ron |

1] 856 361 856 361
DE"CI{.-" _ 2917 34.8 917. 34.8
HDEE'U-E'J _ 3|972 3349 972 339
_ 4]933 338 993 338
__ 51007 338 1007, 338
_ | 1027 337 1027, 337
7| 1095, /7 1095, A7
—al11An r 11RMN 72 j
U.5 Embankment 55 [2 D.5Embankment55 2
“wieir Data
Max Submergence: 0.95 Min weir Flow EL 337

‘wieir Crest Shape
(® Broad Crested
() Ogee

oK Cancel Clear Copy US to DS

Enter distance between upstream cross section and deck/roadway. [ft]

46
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ASCE | SieXeeE | Entering/Editing Culvert Data

Culvert Data Editor

= Click on the Culvert

Add | Copy | Delete ... | Culvert I Culvert # 1 -
Icon from the Solution Criteria: Highest U5, EG hd Fename ... ﬂﬂ
Brldge/CU|Vert Screen Shape: |Eircular j Span: | Dviam B
from the Geometry
Data Ed Itor Chart #: |1 - Concrete Pipe Culvert j
Scale #: |1 - Square edge entrance with headwall j
Distance to Upstm %5: |5 Upstrearn lmvert Elesy: 251
Coduart Culvert Length: 50 Downstream Invert Elev: |25

Entrance Lozs Coeff: 'F@ # identical barrels : '2—
v Exit Loss Coeff: 1 Ce 5

Manning's n for Top: 0.013 @ Upstreamn | owhstieam |~

Manning's n for Battorn:  |0.013 _1{336. 336.
2|1004. 1004.
Depth to use Bottorn ;|0 =
Depth Blocked: a 4 j
QK | Cancel | Help |

Select culvert to edit
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ASCE | FiEkine  Viewing Culvert Output

mFour Cross Section Culvert Table

= Culvert Only Table

48




KNOWLEDGE
& LEARNING

ASCE

Profile Output Table - Four XS Culwvert

File ©Options 5Std. Tables User Tables

Locations  Help

Four Cross Section Culvert Table

Rieach River Sta [Profile | E.G. Elev[.5. Elev[ Vel Head | Frotn Loss| C & E Loss| O Left [Q Channel|_Q Right [ Top ‘width
T T I T I =5 = I =

Culvit Reach| 20.251 Sur a0.59 30.57 0.0z 0.m n0.0o 250.00 5316
Culvit Fieach| 20261 | 25w 3434 3432 00z 0.m 000 332 52923 3444 JI3EE
Culvrt Reach| 20,238 Sur 057 30.51 0.0e 250.00 52.90
Culvit Fieach| 20238 | 25w 3434 3432 00z 3623 B4z 3435 zo2aa
Culvrt Reach| 200237 Culvert

Culvit Fieach| 20227 |Bw 3008 29.93 01z 0.0z 0.08 250,00 50.21
Culvrt Reach| 200227 25 yr 3219 3213 0.06 0.03 0.00 419 59243 338 127.60
Culvit Fisach| 20.208° |G w 2997 2995 00z 0.02 0.00 260,00 50.35
Culvrt Reach| 200208 | 25 yr 3216 3210 0.06 0.03 0.00 3.90 59298 313 12591

49

ASCE

KNOWLEDGE
& LEARNING

Culvert Only Table

Profile Output Table - Culvert Only.
File Options 5td, Tables Locations Help
Reach River Sta Profile | E.G. US. [W.5. US.| E.G.IC | E.G. OC [MinEl'Wei Flow|Q Culv Group| @'Weir |Delta'wS | Culy Vel US| Culy Vel DS
N AT A N T = = T IV I

Culvit Reach| 20,237 Box Gy 027 3025 2993 2029 371 7473 0.29 394 2.81
Culvit Aeach| 20237 Circular |5 yr 027 025 28E5 027 3371 175.27 0.29 356 351
Culvit Reach| 20,237 Box 10y .83 e84 0B N8 171 145.82 0.48 186 4,85
Culvit Reach| 20,237 Circular [ 10w 388 3184 2955 3187 37 25418 0.48 449 4,49
Culvit Aeach| 20237 Box T 3323 3322 P19 3329 3371 216,12 1.11 7.20 7.20
Culvit Reach| 20,237 Circular |25 ur 3323 3322] 3085 3329 3371 381.88 1.11 £.79 £.79)

50
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ASCE | S\SXiReE | Culvert Detailed Output Table

Ele Iype ©ptions Help

River: |Example 1 | Profile: w| | Cuby Group: Culvert #1 <
Reach [Stream ~]Rs: [ao =] ¥ ] Pan [Ex1Triale -

[ Culv Group [ofs) 200,00 | Cube Full Len [f)
H Banels 1 |_Culy Vel US [ftAs) 1258
[ Barrel [ofs] 200,00 | Cube Vel DS [ft7s) 14.85
E.G.US. [ 107.93 | Cub Inv El Up 1) 100.00
WS US. i) 107.92 | Cubv Inv EI Dn (1) 95.00
E.G.0S () 101.78 | Cubv Frotn Ls (i 246
WS DS [f] 101.68 | Cubv Exit Loss [1] 3.20
DeltaEG (] £.14 | Cubv Entr Loss (1Y) 0.49
Delta WS [it] 24 | 0Weir [ofs)
E.G.IC[f] 107.93 | Weir Sta Lkt [ft)
E.G.OCf) 107.33 | Weir Sta Rat [ft]
Culvert Control Inlet | ‘Weir Submerg
Culv WS Inlet [ft) 10450 | ‘Weir Max Depth [ft]
Culv WS Outlet 1) 101,55 | Weir &vg Depth [ft]
Cuily Nl Depth [ft] 376 | Weir Flow Area (30 ft]
Culv Crt Depth [ft] 4.04 | Min El'weir Flow [ft] 110.01
MNate: Diuring the supercritical caleulations a kydraulic jump occurred at the outlet of (leaving) the
culvert,
‘Warning:  During the supercritical analysic, the program could not converge on a supercritical answer in
the downstream cross section. The pragram used the solution with the least erar,
Nate: The flow in the culvert iz entirely supercritical.
Select Profile
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ASCE | ShefkneE | Hand Calculations (HDS 5)

= Show example problems in HDS 5

(Chapter 3, page 56)

52




ASCE | §ieWkiees | Hand Calculations (HDS 5)

Example Problem #1 (English Units)

A culvert at a new roadway crossing must be designed to pass the 25-year flood. Hydrologic
analysis indicates a peak flow rate of 200 ft*/s. Use the following site information:

Elevation at Culvert Face: 100 ft

Natural Stream Bed Slope: 1 percent = 0.01 ft/ft
Tailwater for 25-Year Flood: 3.5 ft

Approximate Culvert Length: 200 ft

Shoulder Elevation: 110 ft

Design a circular pipe culvert for this site. Consider the use of a corrugated metal pipe with
standard 2-2/3 by 1/2 in corrugations and beveled edges and concrete pipe with a groove end.
Base the design headwater on the shoulder elevation with a two ft freeboard (elevation 108.0 ft).
Set the inlet invert at the natural streambed elevation (no FALL).

Note: Design charts used in this example are reproduced on the following pages.

53

ASCE | ez | Hand Calculations (HDS 5)

rroscer: EXAuPLy Presism Neo | avavion ;__| + 82 CULVEAT ODESIGN FORM
CHAPTER [T Hos 0. & i | oEsioMEnsoate _WJdW ;1716 |
- e, ANFET——OF ——ss REVIEWER / DATE :_J.&!_,‘:Z&
MYORCLOGICAL OATS oy [0BD wo moADwAY cLEvaTion NGO on
g O wemeo ~RATIONAL
= DO omunser onea MISAC O srmean more 106
20 cumneimare:_TRAPRZOIDAL
¥ D sourne _ WA 0 oren .
0, 100.2  om
a1 iveans) FLOwiEn) Twn) Sm3,- Pl Lo 18.2.m
- .
158 = _fe0 _35 :_. 700 ¢
SULYERY DESCAIPTION ot |l HEAOAMN CAOALTONY AN
MATERIAL - SHAPE-3ITE - ENTRANCE wo_ cowea | ouTLET fi: E; COMMENTS.
RN Ol 7 G0N 0l P O Y R P T L H
CMP- CIRE T2, - DIV Bt 200 | 200] 4 | 8 | — |68 6|38 44| d4]at | 24 |ws5|is.6] 40| v oo ome
"t -gowm- ¥ 4s'| 1 ]| ds]ris]| — hore Lildo|do 6.3 |108.4108.]11.9 |TRY 60"Conic.
onc. " -Gom.- GEERE T | liselae] - IEM 4oldo 1.9 |i105.610¢.8{15.6 | TR 54"Cone.
Y T t | ¢ frarfrar] - Iiu.o 4843 4.1 Joroioofis 3] ok
JECHNICAL FOOTHMOTES: 141 Blys HWs EL{{NVERT OF Bl by s TW e [dg e 00/2  WHICHEVER 15 SRLATIN |
111 UIE QKD FOR GOX CULVERTS WLET CONTROL SETIOR) m nl{‘ + kg + (K7 LR "]v‘.rt. WHERE Ks = 19,63 (29 IN ENGLISH UNITS)
2] MWy B WA D OR WD FROM DESISN CHARTS 151 TW BASED ON DOWN STREAM W By By s Mo by
m ‘IL:_C W, — (6L g By} FALL 15 RO . O LU BCFTHN
FOR CAVERTS OF GRADE —
_RSCRPT DEFINITIONE. SRUMENTE [ HOCUBSION L
1 v eeT vase WIGH OUTLET VELOCITY = OUTLET size: .
N PROTECTION OR LARGER CoNDUIT A, —
L By v marent rase MAY BE NECESSARY awrmsnce. GROOVE END
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ASCE |3 i2kine  Nomographs — Chart 1B and 3B

CHART 1B
CHART 3B
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ASCE | iSWiReE | Nomographs — Charts 4B and 5B

: CHART 4B CHART 5B
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ASCE | 325NRE

CHART 6B
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ASCE | giEne | HEC-RAS Input

Example Problem #1 (English Units)

A culvert at a new roadway crossing must be designed to pass the 25-year flood. Hydrologic
analysis indicates a peak flow rate of 200 ft*/s. Use the following site information:

Elevation at Culvert Face: 100 ft

Natural Stream Bed Slope: 1 percent = 0.01 ft/ft
Tailwater for 25-Year Flood: 3.5 ft

Approximate Culvert Length: 200 ft

Shoulder Elevation: 110 ft

Design a circular pipe culvert for this site. Consider the use of a corrugated metal pipe with
standard 2-2/3 by 1/2 in corrugations and beveled edges and concrete pipe with a groove end.
Base the design headwater on the shoulder elevation with a two ft freeboard (elevation 108.0 ft).
Set the inlet invert at the natural streambed elevation (no FALL).

Note: Design charts used in this example are reproduced on the following pages.
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ASCE | iEGike HEC-RAS Schematic
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ASCE | NoMEE | |EC RAS Profile

Elevation (ft)

Advanced Culvert Analysis Plan: Example 1 - Trial 1 5/2/2008

Ly

108

106

104

102

100

Example 1 Stream
Legend
—
Ground

Shoulder at 110 ft

Upstream invert at 100 ft

/e

1% slope
98
200 ft
T 200 0 w0 p oo Too
Main Channel Distance (ft) 60
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ASCE | SNeXREE | Input Data for Trial 1 — 72” @ CMP

Bridge Culvert Data - Example 1 - Trial 1

Culvert Data Editor,
Fle Yiew Options Help

Add Copy Delete ... | Culvert D [Cuver
River. | Example 1 - +i J A g et H L R
Reach: ‘Stlaam j River Sta |4DD ﬂ ﬂﬂ Salution Criteria: Highest U.5. EG - ename JJ

Descrption [Fist Trl Shape: [Ciclar —— v|  Gpen | Diam 6
BoundingXS's 500 280 | Distance betwsen: 220 f)
T ; RS=400_Upstream (Culvert) -
8 Cegend Chart # |2 - Conugated Metal Pipe Cubverl |
= —
E
P | T 16 around Seale t: |1 -Headwal =l
2 1M Bank St
E 102 Distance to Upstm 5 |10 Upstream Irvert Elew: 100
oo 100 Culvert Langth 200 Downsiream Invert Eley: [96
h *a 10 0 a0 a0 0 &0 w0 Entrance Loss Cosff: |02 2) | # identical banels 1
e ot Loss Coolf ]
5 o RS=400 Downstream (Culvert) Manring's nfor Tom: 0024 2] Upstream _| Downstream| =
Cubert 1 Manhing's n for Bottor: |0.024 %
b= —
‘g 108 Drepth ta use Bottom n: ,U— 3
Multipl = 104 . | =
D:;ﬁfg ?; o Depth Blocked: [ 4 |~
Anabae | & 0 0k | Cancel | Help |
HTah =
pa;m ] 10 0 a0 40 50 60 70 Select culvert to edit
Station (1t)
Bricge |J
Design L
—
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ASCE | SheXheE | Entrance Loss Coefficient Selection

lvert Entrance loss Coefficients Information Table

Type of Structure and Design of Entrance Coefficient (k_
Pipe Culverts
Concrete Pipe Projecting from Fill (no headwall):
Socket end of pipe 02
Square cut end of pipe 0.5
Concrete Pipe with Headwall or Headwall and Wingwalls:
Socket end of pipe (grooved end) 02
Square cut end of pipe 05
Rounded entrance. with rounding radius = 1/12 of diameter 02

Concrete Pipe: 4

IMitered to conform to fill slope 07
End section cenformed to fill slope 0.5
Beveled edges. 33.7 or 45 degree bevels 02
Side slope tapered inlet 0.2
Corrugated Metal Pipe or Pipe-Arch:

Projected from fill (no headwall) 09
Headwall or headwall and wingwalls square edge 05
Mitered to conform to fill slope 0.7
IEnd section conformed to fill slope 05
Beveled edges. 33.7 or 45 degree bevels 0.2 I
Side slope tapered inlet 0.2

[IE3
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KNOWISREE | Trial 1 Profile Output

Advanced Culvert Analysis  Plan: Example 1- Trial 1 1/14/2009
Example 1 Stream

o Tegend

106 -

A ~ -
£ _ - 0 g
§ - | -
H - .
d ~ \ -
102 s -
b
|
1
100 !
Lo
Lo
"
o
98- =
0 200 o & s o 7o

Main Channel Distance (1)
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ASCE | NeNKReE | Trial 1 Tabular Output

River:  |Example 1 | Profile: = |CU|V Group: Culvert #1 j
Reach [Stream ~|mrs: [am =] ¥ ] Plar [Ext Trian -
i nple 1 n oup:
0 Culy Group [cfs) 200.00 | Culy Full Len [ft]
# Banelz 1 | Culv Vel US [ft/s] 915
20000 | Culv Vel DS [ft/s) 10.39
E.G. US. [ft] 105.90 | Culv Inv El Up [ft) 100.00
WS, LS, [ft) 105.88 | Culv Inv EI Dn [ft) 98.00
E.G. DS (ft) 101.78 | Culv Fretn Ls (1) 209
W5, DS (i) 101.68 | Culv Exit Loss [ft] 1.76
Delta EG [ft] 412 | Culv Entr Loss [ft) 0.27
Delta 'ws [f) 420 | O Weir [cfs]
E.G ICIH 105.90 | weir Sta Lit [ft)
E.G. OCI) 105.89 | 'weir Sta Rt [ft)
| | ‘weir Submerg
Culy W5 Inlet [ft] 104.33 | weir Max Depth [ft]
Cuilv "5 Outlet (i) 101.86 | Weir Awg Depth [f)
Culy Mml Depth [ft] 4.33 | Weir Flow Area [3q ft]
Culy Crt Depth [ft) 3.86 | Min El'Weir Flow [ft) 110.01
"CULYERT DEscRIPTION Toua | o HEADWATUR CALGULATIONS s -
WATGRIAL - SWAPL-BHE - e - e ouTLEY cowrn, 81358 | commenrs
ot .I’I._l [wwy frane [tia [|Te | g !A"_" l.a.l. o l:‘n. EEHE M
CME- CIRC.-T N~ Seea th 1 200 (10| a6 [ 58 | - [wsef35]2e]ia]4a]ar [ 26 wsslios.e] 4.0 [myser cue |
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N Oiane | Input Data for Trial 2 — 60” @ CMP

Bridge Culvert Data - Example 1 - Trial 2 Culvert Data Editor
File Yiew Options Help
Add | Copy | Delete.. | CulvertID ©

Fiver, - |EETTETN - +u
Solution Criteria Highest U5 EG  +| Rename.. | 31|
Reach: [Stieam | River Sta: [400 ~] 3|1 : ;
: 5
Description~[First Tral shepe: [Crcula =l sen B
BoundingXS's: 500 280 Distance between: 220 [ft)
oe RS=400__Lipsiream (Culvert)
— o Legend Chart #: |2 - Cormugated Metal Pipe Culvert Ea
. 108 P —
=" o orcina Scake # [ - Haadwal =l
g
l :;: ::E; Benk Sta Distance to Upstm<S: |10 Upstream Irvert Elesy: 100
Slopinal W oo Culvert Length: 200 Downstream Invert Elev; [38
hY E Entrance Loss Cosft. [02 L2)| #identical baneks i
Ll 10 20 30 40 0 &0 70 .
i Esit Loss Cosff 1
ocei
e s G - Mannings nfor Top: (0024 L2) Upstieam | Downstieam| »
e - Marring’s n for Bottany [0.024 %35- £
€ 4 Depth to use Bottom |0 E
£ 3
Mutple | S 104 Depth Blacked: 0 4 L~|
o] [F L 0K | Camcel | Hep |
nabsis | &0 p
HTab E Select culver ta edit
Param 0 10 w3 40 50 ]
Station ()
Briddge rl
Design L

_l‘

Select the river for Bridae/Culvert Editing
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e | Trial 2 Profile Output

‘Advanced Cuvert Analysis  Plan: Example 1- Trial 2 1/14/2008
Example 1 Steam

Elevation (1)

100 20 %0 %0 ES) 00 700

Main Channel Disiance (1)
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ASCE | i iSaneE | Trial 2 Tabular Output

River: |Example 1 * | Profile: hd |Eulv Group: Culvert #1 j
Reach [Stream ~| R [am =] 8| | P [Ex1 Trial2 -
0 Culy Group [cfs] 200.00 | Culy Full Len (i) 147.28
# Barrels 1 | Cubke Vel US [ft/s) 1019
[ Barrel [cfs] 200.00 | Culy Vel DS [ft4s] 11.78
E.G. US. [fit] 108.42 | Culy Inv EIUp [ft) 100.00
WS LS. [ft] 108.41 | Culy Inv EIDn [ft) 98.00
E.G. D5 [ft) 101.78 | Culy Fretn Ls [f) g
WS, D5 (i) 101.68 | Culv Exit Loss [ft] 241
Delta EG [ft] E.64 | Culv Entr Loss [ft] 032
Dielta ‘WS [ft] E.74 | O ‘weir [cfs)
E.G.IC[f) 107.36 | ‘weir Sta LIt [ft)
E.G. OC [ft) 108.42 | ‘wieir Sta Rigt [f)
Culvert Control Outlet | ‘Weir Submerg
Culyv WS Inlet [ft] 105,00 | Weir Max Depth (i)
Culy WS Dutlet [ft) 102,04 | Weir Advg Depth (i)
Culyv Ml Depth [ft] B.00 | ‘weir Flow Area [zq i)
Culv Crt Depth [ft] 4.04 | Min El'Weir Flow [ft] 110.01
v " Tora, | 0w NEADWATER CALCUATONS 1
MATERIAL - SHAPE-SI7E - ENTRANCE bl o INLEY  COMTRQL OUTLET COMTROL i i3s3 COMMENTS
o]t wwy [ravefeem [ re b feeof s, fu, l n S | 83% |58

L v gom- * 45°] | [\ Ddslnis] = lone] | 41 ]éel46] | |63 |iosa]iaalln g [rey aoconc.]
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ASCE | ez | Input Data for Trial 3 — 60" @ RCP

Bridge Culvert Data - Example 1 - Trial 3 Culvert Data Editor

Fle Wew Options Help
add | Copy | Delete .| Cuvertin
+m b e
. Solution Criteria: Highest U.S. EG - Rename ... ﬂﬂ
Fieach: |Stream =] River sta.: [400 =4t | ‘
2 3 5
Description [Fist Tra Shape: |E||cu|a| ﬂ Span: Diamn
Bounding®5's 500 280 Distance betwesr: 220 (1]
o 1o RS=400__Upstream (Culvert) _
Legend Chart # [1 - Concrete Pipe Culvert B2
o —
Pier | T 106 Ground Seale #: |2 - Groove end entrance with headwal |
5
& 104 .
g 1oz O Bank Sta Distance to Upstm %5: |10 Upstream Invert Elev: 100
Slepinal Wy Culvert Length 200 Dawrestream |nvert Elev, |98
k2 Entrance Loss Coeff:  |0.2 ﬂ H# identical bansl 1
1) 10 20 30 40 50 B0 ki . -
MB'fgIE Exit Loss Cosff: 1 Cent:
ordeling i 5
il RS=400__Downatrsam (Culvert) Manning's n for Top 0.013 g 1 35Upslream \gsownstream -
R o Manning's n for Bottom: {0013 =i - -
£ Depth to use Battomr: |0 =
c =
e | S 104 Depth Blacked: 0 4 R4
Cpening | & 1oz
Arbss | & 12 0k | Cancel | Heh |
HTak E Select culvert to edit
Param 0 10 2 30 20 50 80 0
Station (ft)
Briclge |J
pesin [
—
Select the river for Bridge/Culvert Editing
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KNOWIEDSE | Trial 3 Profile Output

‘Advanced Cuvert Analysis  Plan: Example 1- Trial 3 1/14/2008
Example 1 Steam

Ground

102

Main Channel Disiance (1)
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ASCE | SNONKReE | Trial 3 Tabular Output

River:  |Example 1 w | Profile: A |Eulv Group: Culvert #1 ﬂ
Reach [Stream =] Rs: [ao0 =] 8| 2| Plan [Ex1 Tral 3 -
Plan: Ex 1 Tri 2 G t
0 Culv Group [cfs) 200.00 | Culy Full Len [ft]
# Barrelz 1 | CubkeWel U5 [ft/s] 11.78
[ Barrel [cfz) 200,00 | CukvVel DS [ft/s] 14.22
E.G. US. [f) 106.70 | Culy Inw EI Up [ft]) 100.00
WS LS. () 106.69 | Culy Inv EI Dn [ft] 98.00
E.G. D5 [f) 101.78 | Culy Frtn Ls [f) 1.68
WS, DS (i) 101.68 | Culv Exit Loss [f) 273
Delta EG [ft] 4.92 | Culv Entr Lozz [ft] 051
Delta 'w'S [ft] 501 | 3 Weir [cfs)
E.G.IC[f) 106.70 | Weir Sta Lt [ft)
E.G. OC [ft) 106.62 | ‘weir Sta Rt [ft)
Culvert Cantral Inlet | "weir Submerg
Culy WS Inlet [ft] 104.04 | ‘Weir bMax Depth [ft]
Culy WS Outlet [ft] 101,37 | Weir Awg Depth [ft]
Culy Ml Depth [ft] 3.28 | Weir Flow Area [zq ft])
Culv Crt Depth [ft) 4.04 | Min El'Weir Flow [ft) 110.01
SULVEAT oescrieTon; roaTnes WEADWATER CALCULAT oS T
MATERIAL - SHAPL-SHE - ENTRANCE e comtRoL |E150558 | comments
R ""'__ CCH r-n._ It: ' = g | ng m e !;E E;
Conc. " -GOIN.- OROSE 136[68] - [loag] | || Jeolée] | [2.9 iesslioc.e]isc [ner st'conc]
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ASCE KNOWLEDGE
i & LEARNING

Input Data for Trial 4 — 54” @ RCP

Bridge Culvert Data - Example 1 - Trial 4

Select culvert to edit

Culvert Data Editor,

Add | Copy | Delete .| Culvert ID
Solution Critera Highest U.5.E6  +|  Renams 11

Shape: |E||:u|a| ﬂ Span: | Diamn \4 5]
Chart #: [1- Concrete Pipe Culvert |
Seale #: |2 - Groovs end entrance with headwall -

Distance ta Lpstrm 35: |10 Upstrear Inwvert Elev: — [100
Culvert Length: 200 Downstream Invert Elev: |38
Entrance Loss Cosff 0.2 ﬂ Hidentical barrels 1

1

Exit Loss Cosff:

Marnings nfor Top:  [0.013 12| Upstream | Downstraam | «

Mannings n for Bottom: [0.013 _1235 .

DepthtouseBattomme [0 |51

Depth Blocked R L~
ok | Cancel | Hep |

File Yew Options Help
River: |EEIRTRMN - +u
Fieach: [Stream ] RiverSta.: [400 =] 4|1
Desciiption ~ |First Trial
Bounding %' 500 280 | Distance betuweer: 220 1)
Rosaay RS=400_Upstream (Culvert) -
o Leger
o 10 —
z
e | = 108 Graund
S Bk st
= & 1m
i
Abimert 100
E
o 10 20 30 40 50 =1 70
Bridge
Madaling
pproack — D
o ES=400 (Culvert)
Culusn 108
z
5 o
Muliple | = 104
Cpering | § 102
Anal I
o | W O
HTah E
Param, R R R
Station (1t
Bridge ’4'
Do [
I

Select the river for Bridge/Culvert Ediing
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N e | Trial 4 Profile Output

‘Advanced Culvert Analysis

Plan: Example 1- Trial 4

111412009

108-

Example 1 Steam

Meets 108 ft HW

requirement
% =1 -
! L
102 - V-
et %
I
I
I
//‘
98: -

72

36



ASCE|

KEARfing | Trial 4 Tabular Output

River:

Example 1 ¥ | Profile: A |Eulv Group: Culvert #1 ﬂ
=] #| | Plan [Ex1 Trial4 -

Reach | Stream

~|Rs: 400

0 Culy Group [cfs) Culy Full Len [ft]
# Barels 1 | Culv el US [ft/s) 1258
[ Barrel [cfz] 200,00 | Culy Vel DS [ft/g] 14.85
E.G. US. [f) 107.93 | Culv Inv El Up () 100.00
WS, LS. (ft) 107.92 | Culv Inv EI Dn [ft) 98.00
E.G. D5 [f) 10178 | Culy Fretn Ls () 246
w5, D5 (i) 101.68 | Culv Exit Loss [ft] 3.20
Delta EG [ft] E.14 | Culv Entr Loss [ft] 049
Dielta 'S [f) E.24 | G 'Weir [cfs)
E.G.IC[ft) 107.93 | Weir Sta LEt [ft)
E.G. OC [ft]) 107.33 | Weir Sta Rt [ft)
Culvert Contral Inlet | ‘weir Submerg
Culv WS Inlet [ft] 104.50 | ‘Weir Max Depth [ft]
Culv WS Outlet (i) 101.55 | Weir Avg Depth (i)
Culv Ml Depth (i) 376 | Weir Flow Area [sq ft]
Culv Crt Depth [ft) 4.04 | Min El'weir Flow (ft] 110.01

n o, [ row WEADWATER CALCULATIONS TN

MATERIAL - SHAPE-SIZE - ENTRAREE b ey ouTLaT ¢ gii H COMMENTS:
W T wwy [ravcffera fre ] oo [l | v _‘: i EEH H
[T T ' 171[141] - [ [RTAE) 4.7 liorolioso]s.s]  ox
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KNOWLEDGE
& LEARNING

Questions?

Houston, TX
mattzeve@gmail.com
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