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Figure 1.1. The hydrologic cycle
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Legend

for traial size
compute
de, d

Variables

d=depth

&d = incremental depth of flow
v =average velocily

A =area of flow

D = conduit rise

H = deepth to HGL

HW = headwater
Q =descharge per barrel

TW = tailwater

Subscripts
¢ = critical
= at inlet

ic = inlet control

o = at outlet

oc = outlet control

s = sequent

u = uniform (normal)
D = based on rise

TW = based on tailwater

Compute Ho
Per Eq. 9

Go to Full Flow at Exit
Flowchart

B

y

Ho=D,do=D Compute Hoc
From Type (B)
» FULL Few in

Vo= Q1A Conduit

Ao Ap Culvert Flowing Full

Subcritical Flow

Compute Ho
Per Eqg. 9

Do=Ho, Ao= Ao
Vo= Q/Aso

if Ho> du:8d=- Ve

if He< du:8d=+ Ve

Sellect New
Size Go To
Start

HW
acceptable?

Compute Hoc
From Type (BA)
FULL Few at
Outlet and Free
Surface Flow at
Inlet

dd=+ Ve

(A Llaseall) Syl paenas Slst ] (V1) S

A\



agpedl G a1 el (S 94 anad

Ol gmonai

CONTINUE
FROM
FLOECHART
A

Compute Ao Per
Eq.9

o= Ho, A= A

Improved infer may

HW= Hie
bd=- Ve

be considered

A

Vo= Qs
bd=- Ve

COMPUTE
BACKWATER FROM

SLUG FEW CASE

r

dr < d?

ar fnfer

HW= HWic

Tmproved infet may
be considered

h

Vi= i

Compute SWde from the
flow of TYPE (A)

firee surface flow

A
HW=Max ( HWic, HWoc)

T

)

'

Compuse water surface profile from

inlet to outlet (supercritical)

biginning at the lower of D and de to get

deand Ao, o= QA4

Ahydraulic jump is likely either withen the culvert or beyond the outlet.
Compute water surface profiles from inlet to outlet (supescritical) beginning
at d = doand Sd ==,

Compute sequent depth (ds) at the outlet.

Superctitical fow
1 Culvert
e = (P o

Hydraulic jump o
Culvert
¥ = Qi

Sellect New Size o To
Start in flowchan {A)

STOP

A) o) Blasall (oS (B) Jalasealt 1(Y V) S
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A= 0.45% (Eq.2
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0.000251 | -0.00662| 0.0667 | -0.2533 | 0.706578| 0.087483| Sduare edge
w/headwall
0.000243 | -0.00616| 0.059772| -0.2336 | 0.653562| 0.114099| Croove end
w/headwall RCI?
a-u .
0.000205 | -0.00558| 0.057959| -0.2338 | 0.662381| 0.108786| Crooveend| ‘=
projecting Hhe A
dalia
0.000417 | -0.00984| 0.08767 | -0.316097 | 0.766512| 0.063343| Beveled ring
10.00003 | -0.0003 | 0.0042 | -0.0414 | 03927 | 0.2115 | JmProved
(flared) inlet
0.000116 | -0.00344| 0.039154| -0.14937 | 0.53859 | 0.167433| Headwall
0.000767 | -0.01606| 0.123393| -0.3615 | 0.757789| 0.107137| Mitered jﬂi‘
0.00009 | -0.00344| 0.044505| -0.15654 | 0.567719| 0.187321| Projecting ";‘f;,
g
10.00003 | -0.0005 | 00011 | -0.0252 | 0.3471 | 02252 | JmProved
(flared) inlet
0.000038 | -0.00149| 0.02217 | -0.11747 | 0.507087| 0.072493| 30:/%° flared
wingwall
0.0000346| -0.00137| 0.020781| -0.10856 | 0.505435| 0.122117| , Parallel to
15° wingwall
0.000036 | -0.00136| 0.020003| -0.09215 | 0.461363| 0.144138| Straight
wingwall
"
0.000015 | -0.00064| 0.011201| -0.06404 | 0.398935| 0.156609| 42 Wingwall
wi/top bevel Box
Parallel A8 0ua
0.000015 | -0.00064| 0.011201| -0.06404 | 0.398935| 0.156609| headwall w/
bevel
30° skew
0.000034 | -0.00137| 0.020781| -0.10856 | 0.505435| 0.122117| wichamfer
edges
10-45° skew
0.000018 | -0.00076| 0.012732| -0.07435 | 0.441247| 0.089963|  wi/bevel
edges
0.00011 | -0.0034 | 0.03967 | -0.1578 | 0.55951 | 0.13432 | Sduare edge
w/headwall
Oval
Groove end | B>D
0.00005 | -0.00189| 0.02566 | -0.12068 | 0.50311 | 0.15067 | »~ % " o0
0.00027 | -0.00729| 0.0755 | -0.32139 | 0.84684 | -0.03817| Crooveend
projecting
0.00011 | -0.0034 | 0.03967 | -0.1578 | 0.55951 | 0.13432 | Sduare edge
w/headwall
Oval
Groove end | D>B
0.00005 | -0.00189| 0.02566 | -0.12068 | 0.50311 | 0.15067 | - it Wbl 0,
0.00027 | -0.00729| 0.0755 | -0.32139 | 0.84684 | -0.03817| S'ooveend
projecting

rv
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0.000169 | -0.00481| 0.051289| -0.194937| 0.610579| 0.111261| Headwall Pipe
arch

0.001411| -0.02491| 0.163774| -0.43408 | 0.795145| 0.083301| Mitered s ;
(5

0.000293 | -0.00798| 0.792502| -0.27092 | 0.712545| 0.089053| Projecting O;’tj

d

Projecting— | Struct

0.000293 | -0.00798| 0.792502| -0.27092 | 0.712545| 0.089053| CSOrMer plate | plate
(17.7in. or Pipe

450 mm) arch

Projecting— o

-0.00117 | 0.01454 | -0.04287 | -0.00002 | 0.4825 | 0.12263 | COMMErplate | oe s
(30.7 in. or clia

780 mm) Al

CM arch

0.000169 | -0.00481| 0.051289| -0.1949 | 0.610579| 0.111281| Faallel (flat
headwall bottom)

Yy

0.001411 | -0.02491| 0.163774| -0.43408 | 0.795145| 0.083301| Mitered .f;:h

Rz
0.000293 | -0.00798| 0.792502| -0.27092 | 0.712545| 0.080053| Ihinwall | sl
projecting da st
: HVV";/D > 30‘}}? B
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Concrete Pipe Ce
Projecting from fill, socket end (groove end) 0.2
Projecting from fill, square cut end 0.5
Headwall or headwall and wingwalls:
* Socket end of pipe (groove end) 0.2
e Square-edge 0.5
* Rounded (radius 1/12 D) 0.2
Mitered to conform to fill slope 0.7
End section conforming to fill slope 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or slope-tapered inlet 0.2
Corrugated Metal Pipe or Pipe Arch
Projecting from fill (ho headwall) 0.9
Headwall or headwall and wingwalls square-edge 0.
Mitered to conform to fill slope, paved or unpastope 0.7
End section conforming to fill slope 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or slope-tapered inlet 0.2
Reinforced Concrete Box
Headwall parallel to embankment (no wingwalls):
e Square-edged on 3 edges 0.5
* Rounded on.3 edges to radius of 1/12 barrel dimensir beveleg 0.2
edges on 3 sides
Wingwalls at 30° to 75° to barrel:
» Square-edged at crown 0.4
* Crown edge rounded to radius of 1/12 barrel dim@nsr beveled to 0.2
edge
Wingwall at 10° to 25° to barrel: square-edgedaivo 0.5
Wingwalls parallel (extension of sides): squareestigt crown 0.7
Side- or slope-tapered inlet 0.2
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Roughness or

Type of Culvert Corrugation Manning's n
Concrete Pipe Smooth 0.010-0.011
Concrete Boxes Smooth 0.012-0.015
Spiral Rib Metal Pipe Smooth 0.012-0.013
Corrugated Metal Pipe, Pipe- | 68 by 13 mm 2-2/3 by 0.022-0.027
Arch and Box (Annular and 1/2 in Annular
Helical corrugations -- see
Figure B-3, Manning's n varies| 68 by 13 mm 2-2/3 by 0.011-0.023
with barrel size) 1/2 in Helical

150 by 25 mm 6 by 1 in 0.022-0.025
Helical

125by 25 mm5hby1lin 0.025-0.026
75 by 25 mm 3 by 1 in 0.027-0.028
150 by 50 mm 6 by 2 in 0.033-0.035

Structural Plate

230 by 64 mm 9 by 2-1/p 0.033-0.037
in Structural Plate

Corrugated Polyethylene Smooth 0.009-0.015
Corrugated Polyethylene Corrugated 0.018-0.025
Polyvinyl chloride (PVC) Smooth 0.009-0.011
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Ml Crossing Data - EXAMPLE

Crossing Properkies Culvert Properties
Name: | [ Add Cubvert
Parameter Walue | Units | Duplicate Culvert
Ig}) DISCHARGE DATA
Mo Flows Y < R
Dresign Flow 4.00 oms
Engn = I : Parameter Yalus | Uniks »
Maximum Flo 4,00 -
R L (@) CULVERT DATA
(i) TAILWATER. DATA
haringl T T idal Charinel Ll L
g ann.e w:-;e el - Shape Concrete Box Ll
Botkarn Width 305 i T -
e Slope (HY) o 4 |2 Material Concrete _VJ
ilhe 'D[I-:e| : - e Span 1500.00 m
: an'_je IS DD.EH ] 91500 o Rise 1200,00 i
Blaielat 0 icheApa) SOLEEY |@ Embedment Diepth 0.00 i
Charinel Invert Elevation 12,16 m r—— e ————————————
— > J Manning's n 0.01z0
Bfflng S sl I@) Inlet Type Conventional :J
% . ; - |QJ Inlet Edge Condition 1:1 Bevel Headwall j
R:oa : \:\fa‘y Profile: Si .apa Constant Roadway El gvathn Ll ECDE o Mo LI
Firsk tR:adu::y Station 0.00 'K_)) <ITE DATA
Ll § 30,45 i e
il i Site Data Input Option Culvert Invert Data LJ
Crest Elevation 36,58 i 5 =
e Fp __._J Inlet Station 0.00 m =
R : e b
e W?h Sl Trlet Elevation 30.48 m
Top Widk 15.24
i & Outlet Station 121,92 m =

Click on anyl@ icon for help on a specific topic [Energy Dissipation ] [ Analyze Crossing ] [ O ] [ Cancel ]
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B Energy Dissipation

Estirnate Scour Hole Geometry

Sl i

Farameter

Yalle

Select Culvert and Flow

EXAMPLE

Culvert

EXAMPLEL

4.00 ¢

Culvert Daka

Culvert Width (including multiple barrels)

15

Culvert Height

1.2

‘Outlet Depth

0,25 m

| Oublet velogity

10.64

Froute Nueer

6,79

Tailwater Depth

0,25 m

Tailwater Velocity

+.57

01502

@ Scour Data

Time to Peak.

I\t .-.:ﬁ.-"

if Time to Peak is unknown, enter 30 min

Tine to P‘erak

30,00

Moncohesive

D16 Yalue

0,00

D4 Yalue

0,00

Talwater Flow Depth after Culvert Outist

ND;’I‘:'|a| Depth

Enter all required input before computati. ..

| Edit Input Data... |

[ Export Report J |.':'.I:||:||:-e PDF (*.pdf)
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B Summary of Flows at Crossing - EXA

Headwater Takal ExXAMPLEL Roadiway Ikerations
Elewation Discharge Discharge Discharge
() {cms) (cms] {cms)

o4 | 000 000 000 1

[ O\feri:appihg
Display GEOmELry Plot
(3) Crossing Summary Table Inlet Eleyation 30.42m [ oesing Bt Bt ]

(O Cubvert summary Table  S2anie] ubiet Elevatior, -
Culverk Performance Curve

culvert Length:
) Water Surface Profiles g X
) Culiert Slope: 81502 Seletted Water Prafile
() Improved Tnlet Table: et trest 0.6 : .
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B Culvert Summary Table - EXAMPLE1 9{i=1(E3]
Tatal Culvert  |Headwater Inlet Cutlet | Flow | MNormal Critical Cutlet Tailwater Cutlet Tailwater
Discharge | Discharge | Elewation Control Control Type Depth Depth Cepth Depth \elocity Welociby
{cms) fcms) {m) Depth(m} | Depthim) {m) m) {m} {mfs] {mfs)
0.00 048 | 000 | 0.0F 000 | ooo0 | 000 ooo | 000

i o
30,90 0.42 0.0%

Display Geometry Plak
O Crossing Summary Table LRt sy oo S (Crossing Rating Curve
ulvert : |E><AMPLE1 v_.l OL:It-|Et Eleration: .12.16.rn
i Culvert Length 122.29m [ Culvert Performance Curve ]
) Water Surface Profiles
Culvert Slope: 0.1502 Salecked Water Profils
O Impraved Inlet Table IrletCrest; 00,00 rry
O_Cuitc_-mize_d Table Gpkions., Tl e 000 m ‘eater Surface Profile Data
* theoretical depth is impractical, Depth reported is corrected. Qutlet Contral: Profiles

Help Flow Twpes. ., Edit Input Data. ., Eneray Dissipation. .. Export Report Adobe POF (*.pdf) V Close
J e

Ad



Sl e fd

Shball S gyl ol 8 Jlie 1(Y) Goeked)

(7 c’a..» 93 @Al Ly gl 59 Byl J515 slad) ch.a Sl ghas

Ml Water Surface Profile Table - EXAMPLE1

B=1Ed

Tatal Culvert | Headwater Inlet Qutlet Flows Lenath Lenagth Last Mean Firsk Last
Discharge | Discharge | Elewvation Control Control Type Full Free Step Slope Depth Depth
(ems) {ms) {m) Depthim) | Depthim} () fm) {m) (%) {m) {m)
0,00 0,00 30,48 0,00 0.00 0.00 0.00 0,00 0,00
0.40 0.40 30.74 0.26 0.0 0-52n 0.00 123.29 119,31 59.56 0.19" 004
0.50 0,80 30.90 0.42 0.0% 0-52n 0.00 123.29 115.54 158.17 0,31 0,09
1.20 1.20° 31,03 0.55 o0% kS 0.00 12329 i3nad 1598 4 ot
1.60 1.60 31.15 0.67 0.0% 0-52n 0.0o 123.29 133.16 15.57 0.49 0.14
.00 o0 .27 0.79 0.0%*  0-Sn 0.00 1z3za ioezs I57E {57 016
2.40 2.40 31.39 091 0.0* 0-52n 0.00 123.29 102,79 15.60 0.64 0.15
2.80 2,80 31,50 1.02 0.0* oS 000 12329 1598 1561 0,71 019
3.20 2,20 31,61 1.13 0.0% 052 000 123,29 161,59 15,00 078 0.21
360 3.60 31.72 1.24 0.0 1-52n 0.00 123.29 110,40 15.04 0.84 24
4.00 4,00 31.84 1.36 0.0% 1-52n 0.00 123,29 143,11 15,19 0.50 0.25
Display GEomeky Plot
() Crassing Summary Table Inlet Elevation: 30.48 m
() Cubvert Summary Table %EXAMPLEI w Outlet Elevation:  12.16m .
z Culvert Length! 123.29m -UiVE
Culvert Slope: 0.1502 Selected Water Profile
() Impraved Inlek Table Sy ’ ]
() Custornized Table ’ waker Surface Profils Data ]
* theoretical depth is impractical. Depth reported is corrected. Cutlet Control: Profiles
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HY-8 Culvert Analysis Report

Table 1 - Summary of Culvert Flows at Crossing: BXALE

lterations Roadway Discharge _EXAMPLEl Total Discharge | Headwater Elevation
(cms) Discharge (cms) (cms) (m)
1 0.00 0.00 0.00 30.48
1 0.00 0.40 0.40 30.74
1 0.00 0.80 0.80 30.90
1 0.00 1.20 1.20 31.03
1 0.00 1.60 1.60 31.15
1 0.00 2.00 2.00 31.27
1 0.00 2.40 2.40 31.39
1 0.00 2.80 2.80 31.50
1 0.00 3.20 3.20 31.61
1 0.00 3.60 3.60 31.72
1 0.00 4.00 4.00 31.84
Overtopping 0.00 12.51 12.51 36.58
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Rating Curve Plot for Crossing: EXAMPLE
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Total Discharge (cms)
Table 2 - Culvert Summary Table: EXAMPLE1
Tailwa_ter Outlgt Tailwater Outlet Critical Normal Flow Outlet Inlet Headwgter Culvert ) Total
Velocity Velocity Depth (m) | Depth (m) | Depth (m) | Depth (m) | Type Control Control Elevation | Discharge | Discharge
(m/s) (m/s) Depth (m) | Depth (m) (m) (cms) (cms)
0.000 0.000 0.000 0.000 0.000 0.000 0-NF 0.0* 0.000 30.48 0.00 0.00
1.988 6.932 0.063 0.038 0.194 0.037 1-S2n 0.0* 0.264 30.74 0.40 0.40
2.577 5.834 0.096 0.091 0.308 0.075 1-S2n 0.0* 0.421 30.90 0.80 0.80
2.995 7.048 0.122 0.114 0.403 0.112 1-S2n 0.0* 0.551 31.03 1.20 1.20
3.319 7.740 0.144 0.138 0.489 0.135 1-S2n 0.0* 0.675 31.15 1.60 1.60
3.599 8.572 0.165 0.156 0.567 0.155 1-S2n 0.0* 0.793 31.27 2.00 2.00
3.834 8.886 0.183 0.180 0.640 0.175 1-S2n 0.0* 0.906 31.39 2.40 2.40
4.043 9.598 0.201 0.194 0.710 0.194 1-S2n 0.0* 1.018 31.50 2.80 2.80
4.237 9.930 0.217 0.215 0.776 0.214 1-S2n 0.0* 1.128 31.61 3.20 3.20
4.407 10.203 0.233 0.235 0.839 0.233 5-S2n 0.0* 1.241 31.72 3.60 3.60
4.568 10.643 0.247 0.251 0.900 0.250 5-S2n 0.0* 1.357 31.84 4.00 4.00
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Headwater Elevation (m)
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.theoretical depth is impractical. Depth reporeddrrected
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Inlet Elevation (invert): 30.48 m, Outlet Elenat (invert): 12.16 m
Culvert Length: 123.29 m, Culvert Slope: 0.1502
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Culvert Performance Curve Plot: EXAMPLE1
Pt‘ﬁl‘fC}l‘lIlﬂlICEﬁ Curve
Cubvert: EXAMPLE1L
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Water Surface Profile Plot for Culvert: EXAMPLEL1
Crossmg - EXAMPLE, Design Discharge - 4.00 cms
Culvert - EXAMPLEL, Cubvert Discharge - 4.00 cms
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Table 3 - Downstream Channel Rating Curve (Cros&XeAMPLE)

Froude Number | Shear (Pa) | Velocity (m/s) Depth (m) Waéelévséjr:?ce Flow (cms)
0.00 0.00 0.00 0.00 12.16 0.00
2.57 93.18 1.99 0.06 12.22 0.40
2.74 140.88 2.58 0.10 12.26 0.80
2.84 178.96 3.00 0.12 12.28 1.20
291 212.44 3.32 0.14 12.31 1.60
2.97 241.98 3.60 0.16 12.33 2.00
3.01 269.55 3.83 0.18 12.34 2.40
3.04 295.21 4.04 0.20 12.36 2.80
3.08 318.91 4.24 0.22 12.38 3.20
3.10 341.90 4.41 0.23 12.39 3.60
3.13 363.46 4.57 0.25 12.41 4.00

Tailwater Channel Data - EXAMPLE
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 3.05 m
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.1500
Channel Manning's n: 0.0300
Channel Invert Elevation: 12.16 m

Roadway Data for Crossing: EXAMPLE
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 30.48 m
Crest Elevation: 36.58 m

Roadway Surface: Paved
Roadway Top Width: 15.24 m

40
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