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Introduction

This document compares the results for 2 examples for a trapezoidal channel with a critical state for the
FHWA Hydraulic Toolbox Version 4.4, Dr. Xing Fang’s open channel flow calculator, and Irucka Embry’s
iemisc [https://CRAN.R-project.org/package=iemisc] Manningtrap_ critical function.

Replicate the R code without the images

Note: If you wish to replicate the R code below, then you will need to copy and paste the following commands
in R first (to make sure you have all the of the required packages):

install.packages(c("install.load", "iemisc", "pander", "data.table"))
# install the packages and their dependencies

# load the required package
install.load::load_package("iemisc", "pander", "data.table")

Critical State Description

“When F (Froude number) is equal to unity, ... the flow is said to be in a critical state. If F is
less than unity, ... the flow is subcritical. If F is greater than unity, ... the flow is supercritical.

“.. the critical state of flow through a channel section is characterized by several important
conditions. Recapitulating, they are (1) the specific energy is a minimum for a given discharge;
(2) the discharge is a maximum for a given specific energy; (3) the specific force is a minimum
for a given discharge; (4) the velocity head is equal to half the hydraulic depth in a channel of
small slope; (5) the Froude number is equal to unity; and (6) the velocity of flow in a channel of
small slope with uniform velocity distribution is equal to the celerity of small gravity waves in
shallow water caused by local disturbances.

“Discussions on critical state of flow have referred mainly to a particular section of a channel,
known as the critical section. If the critical state of exists throughout the entire length of the
channel or over a reach of the channel, the flow in the channel is a critical flow.”

—Ven Te Chow, Ph.D.; Open-Channel Hydraulics, McGraw-Hill Classic Textbook Reissue, New York City,
New York: McGraw-Hill Book Company, 1988, pages 13, 63.

Example 1

Given a trapezoidal channel with 3 ft symmetric side slopes, a channel width of 4 ft, a longitudinal slope of
0.02 ft /ft, Manning’s roughness coefficient of 0.0550, and a depth of 1.454 ft, calculate the missing parameters
for a critical state.


https://CRAN.R-project.org/package=iemisc

FHWA Hydraulic Toolbox Example 1 (Image)

Channel Analysis

Type: |Trapezoidal

LI Define . |

Sidesiope 1(21): [80  H:1v
Sidesiope2(z2): [80  H:lv
Channelwidth (B): [40 (1)
Fipe diameter (D) IOO* [ft)
Longitudinal slope: IW (L)

[ override default

Manning's roughness: W

[~ Uselining

Lining type: IWoven Paper Net LI
" Enter flow: |44.001 (cfs)
® Enter depth: W (ft)

Calculate

Flot...

Compute Curves. .

X
Parameter Walle Lnit
Flamwy 44.001 cfs
Depth 1.454 ft
Ared of Flow 12.161 s ft
Wetted Perimeter 13197 ft
Hydraulic Radius | 0921 ft
Ayerage Velocity 3618 fps
Top Width (T) 12,726 ft
Froude Number 0662
Critical Depth 1.163 ft
Critical Welocity b0bz fps
Critical Slope 0.04979 ftift
Critical Top Width 1 10.978 ft
Max Shear Stress | 1.815 Ibft™2
Avg Shear Stress | 1.160 Ibift™2

oK

Cancel




FHWA Hydraulic Toolbox Example 1 (Text Table)

fhwa_exl <- data.table(Parameter = c("Flow", "Depth", "Area of Flow", "Wetted Perimeter",
"Hydraulic Radius", "Average Velocity", "Top Width (T)", "Side slope 1 (Z1)",
"Side slope 2 (Z2)", "Channel width (B)", "Longitudinal slope", "Manning's roughness",
"Froude Number", "Critical Depth", "Critical Velocity", "Critical Slope", "Critical Top Width",
"Max Shear Stress", "Avg. Shear Stress"), Value = c(44.001, 1.454, 12.161, 13.197,
0.921, 3.618, 12.725, 3, 3, 4, 0.02, 0.055, 0.652, 1.163, 5.052, 0.04979, 10.978,
1.815’ 1'15), Ul’llt = C("CfS", llftll’ llsq ftll’ llftll, llftll’ Ilfpsll’ llftll’ l|l|’ llll’
Ilftll’ llft/ftll’ IIII’ Illl’ Ilftll’ Ilfpsll’ llft/ftll, llftll, lllb/ft"Qll’ Illb/ft“2ll))

pander (fhwa_ex1, missing = "")
Parameter Value Unit
Flow 44 cfs
Depth 1.454 ft
Area of Flow 12.16 sq ft
Wetted Perimeter 13.2 ft
Hydraulic Radius 0.921 ft
Average Velocity 3.618 fps
Top Width (T) 12.72 ft
Side slope 1 (Z1) 3
Side slope 2 (Z2) 3
Channel width (B) 4 ft
Longitudinal slope 0.02 ft/ft
Manning’s roughness 0.055
Froude Number 0.652
Critical Depth 1.163 ft
Critical Velocity 5.052 fps
Critical Slope 0.04979 tt/ft
Critical Top Width 10.98 ft
Max Shear Stress 1.815 Ib/ft™2
Avg. Shear Stress 1.15 Ib/ft™2




Dr. Xing Fang’s Open Channel Flow Calculator’s Solution of Ex-
ample 1 (Image)

== o il e
Select Channel Type: \EpezT\ ti‘ I Wﬁ \:@( [y |
e el == e
Hbtimon Trapezoid Triangle
‘ | velocity(vyaDischarge(Q) v| Select unit system: | Feetty v |
|Channel slope: |0.02 futt ‘Water depth(y): |1.454 ft Bottom width(b) 4.0 it
|Flcw velocity|2.6170 [fs ‘LeﬁSIope (Z1):[3.0 [to1 (v RightSlope (22): 2.0 lto1 (H:v)
|Flaw discharge|43.0882 [fenzss ‘Enpul n value|0.0550 | or select r|
| catcutater | Status? calculation finished | Reset |
|Wetled perimeter|13.2 it Flow area|12.16 [ferz [Top width(T) 12.72 3
|S;=eciﬁc energy|1.66 Ife ‘Froude number|o.65 |FEow status|subcritical flow
|Criti::al deplhg 1.7 ift ‘Critical slopefuu«mz lftﬂ‘t |Ve|0::ity head!o‘z lf’t_

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.



Dr. Xing Fang’s Open Channel Flow Calculator’s Solution of Ex-
ample 1 (Text Table)

fang_exl <- data.table(Parameter = c("Flow", "Depth", "Area of Flow", "Wetted Perimeter",
"Hydraulic Radius", "Average Velocity", "Top Width (T)", "Side slope 1 (Z1)",
"Side slope 2 (Z2)", "Channel width (B)", "Longitudinal slope", "Manning's roughness",
"Froude Number", "Critical Depth", "Critical Velocity", "Critical Slope", "Critical Top Width",
"Max Shear Stress", "Avg. Shear Stress"), Value = c(43.9882, 1.454, 12.16, 13.2,
e 3.6179, 12.72, 3, 3, 4, 0.02, 0.055, 0.65, 1.17, "", 0.0492, ", ", nny
Unit = c("cfs", llftll, "Sq ft", ”ft", "ft", "fpS", ”ft", nn, ||n, "ft", "ft/ft",
llll’ "ll’ llftll’ llfpsll’ llft/ftll’ llft", lllb/ft“Qll’ lllb/ft“Qll))

pander (fang_exl, missing = "")
Parameter Value Unit
Flow 43.9882 cfs
Depth 1.454 ft
Area of Flow 12.16 sq ft
Wetted Perimeter 13.2 ft
Hydraulic Radius ft
Average Velocity 3.6179 fps
Top Width (T) 12.72 ft,
Side slope 1 (Z1) 3
Side slope 2 (Z2) 3
Channel width (B) 4 ft
Longitudinal slope 0.02 ft/ft
Manning’s roughness 0.055
Froude Number 0.65
Critical Depth 1.17 ft
Critical Velocity fps
Critical Slope 0.0492 ft/ft
Critical Top Width ft
Max Shear Stress Ib/ft™2
Avg. Shear Stress Ib/ft™2

iemisc’s Manningtrap Solution of Example 1

uucl <- Manningtrap_critical(y = 1.454, b = 4, m = 3, Sf = 0.02, n = 0.055, units = "Eng",
type = "symmetrical", critical = "accurate", output = "data.table")

##

## Flow IS in the rough turbulent zone so the Gauckler-Manning-Strickler equation
## 1is acceptable to use.

##

##

## This is subcritical flow.



pander (uucl, missing = "")

Parameters

Normal Value

Critical Value

Flow depth (y)
Flow area (A)
Wetted Perimeters (P)
Top Width (B)
Bottom width (b)
Hydraulic Radius (R)
Hydraulic Depth (D)
Flow Mean Velocity (V)
Flow Discharge (Q)
Manning’s roughness coefficient (n)
Slope (Sf)
Temperature
Absolute Temperature
Saturated Liquid Density
Absolute or Dynamic Viscosity
Kinematic Viscosity
Froude number (Fr)
Reynolds number (Re)
symmetric side slope (m)
non-symmetric side slope (ml)
non-symmetric side slope (m2)
Wetted Length (w)
Wetted Length for a non-symmetric
trapezoid (wl)
Wetted Length for a non-symmetric
trapezoid (w2)
Section Factor (Z)
conveyance (K)
Specific Energy (E)
Velocity Head (Vel Head)
Maximum Shear Stress (taud)
Average Shear Stress (tau0)

1.454
12.158
13.196
12.724

4

0.921

0.956

3.618
43.986

0.055

0.02
68
293.15
1.937
2.092885e-05
1.080619e-05

0.652

308461
3

4.598

11.512
311.026
1.657
0.203
1.812
1.148

1.551
13.417
13.808
13.304

0.972

1.008

7.064
67.414

0.015

11.885

1.718

Units

ft
ft™2
ft
ft
ft
ft
ft

ft/sec (fps)

ft73/sec (cfs)

dimensionless

ft/ft

degrees Fahrenheit

Kelvin
slug/ft™3



Units

slug/ft*s
ft72/s
dimensionless
dimensionless
ft/ft
ft/ft
ft /1t
ft
ft
ft
ft
ft73/sec (cfs)
ft
ft
Ib/ft™2
Ib/ft™2

uucla <- Manningtrap_critical(y = 1.454, b =4, m = 3, Sf = 0.02, n = 0.055, units = "Eng",
type = "symmetrical", critical = "accurate", output = "list")

#it

## Flow IS in the rough turbulent zone so the Gauckler-Manning-Strickler equation
## 1is acceptable to use.

#i#

#i#t

## This is subcritical flow.

uuclb <- Manningtrap_critical(y = 1.454, b = 4, m = 3, Sf = 0.02, n = 0.055, units = "Eng",
type = "symmetrical", critical = "approximate", output = "list")

##

## Flow IS in the rough turbulent zone so the Gauckler-Manning-Strickler equation
## 1is acceptable to use.

##

#H#

## This is subcritical flow.

Comparing All 3 Solutions for Example 1

compare_exl <- data.table(Parameter = c("Flow", "Depth", "Area of Flow", "Wetted Perimeter",

"Hydraulic Radius", "Average Velocity", "Top Width (T)", "Side slope 1 (Z1)",

"Side slope 2 (Z2)", "Channel width (B)", "Longitudinal slope", "Manning's roughness",

"Normal Froude Number", "Critical Froude Number", "Critical Depth", "Critical Velocity",

"Critical Slope", "Critical Top Width", "Max Shear Stress", "Avg. Shear Stress"),

“FHWA Value™ = c(44.001, 1.454, 12.161, 13.197, 0.921, 3.618, 12.725, 3, 3, 4,
0.02, 0.055, 0.652, "", 1.163, 5.052, 0.04979, 10.978, 1.815, 1.15), “Wang Value™ = c(43.9882,
1.454, 12.16, 13.2, "", 3.6179, 12.72, 3, 3, 4, 0.02, 0.055, 0.65, "", 1.17,
nn0.0492, ", onnoomny 0 “jemisc Value (Accurate Critical Froude)™ = c(uucla$Q,



uucla$y, uucla$A, uucla$P, uucla$R, uucla$V, uucla$B, uucla$m, uucla$m, uucla$b,
uucla$sSf, uucla$n, uucla$Fr, uucla$Frc, uucla$yc, uucla$Vc, uucla$sSfc, uucla$Bc,
uucla$taud, uucla$taul0), “iemisc Value (Approximate Critical Froude) ™ = c(uuclb$q,
uuclb$y, uuclb$A, uuclb$P, uuclb$R, uuclb$V, uucib$B, uucib$m, uuclb$m, uuclb$b,
uuclb$Sf, uuclb$n, uuclb$Fr, uuclb$Frc, uuclb$yc, uuclb$Vc, uuclb$Sfc, uuclb$Bc,
uuclb$taud, uucib$taul), Unit = c("cfs", "ft", "sq ft", "ft", "ft", "fps",

Ilftll’ n II, Illl, Ilftll’ Ilft/ftll’ n II, n Il’ n Il, ”ft", "fpS”’ "ft/ft”’ "ft"’ ||lb/ft"2||,
"1b/ft"2"))
pander (compare_ex1, missing = "")

iemisc Value (Accurate

Parameter FHWA Value Wang Value Critical Froude)
Flow 44.001 43.9882 43.99
Depth 1.454 1.454 1.454
Area of Flow 12.161 12.16 12.16
Wetted Perimeter 13.197 13.2 13.2
Hydraulic Radius 0.921 0.921
Average Velocity 3.618 3.6179 3.618
Top Width (T) 12.725 12.72 12.72
Side slope 1 (Z1) 3 3 3
Side slope 2 (Z2) 3 3 3
Channel width (B) 4 4 4
Longitudinal slope 0.02 0.02 0.02
Manning’s roughness 0.055 0.055 0.055
Normal Froude Number 0.652 0.65 0.652
Critical Froude Number 1
Critical Depth 1.163 1.17 1.551
Critical Velocity 5.052 7.064
Critical Slope 0.04979 0.0492 0.0153
Critical Top Width 10.978 13.3
Max Shear Stress 1.815 1.812
Avg. Shear Stress 1.15 1.148

iemisc Value (Approximate Critical

Froude) Unit
43.99 cfs
1.454 ft
12.16 sq ft

13.2 ft
0.921 ft
3.618 fps
12.72 ft

3
3
4 ft

0.02 ft /£t
0.055
0.652
0.826



iemisc Value (Approximate Critical

Froude) Unit
1.163 ft
5.052 fps

0.04981 ft/ft
10.98 ft
1.812 Ih/ft™2
1.148 Ib/ft™2

Example 2

Given a trapezoidal channel with 2 ft and 1.5 ft non-symmetric side slopes, a channel width of 8 ft, a
longitudinal slope of 0.01 ft/ft, Manning’s roughness coefficient of 0.0150, and a flow of 745 cfs, calculate
the missing parameters for a critical state.

10



FHWA Hydraulic Toolbox Example 2

Channel Analysis X
Type: |Trapezoidal LI Define. . | Parameter Value QUDIT
Florw 745000 cfs
Side slope 1 (Z1): |20 H:1v Depth 3508 ft
SMesbpe2(Zﬂ:|15 H: 1y Area of Flow 45419 sq ft
Channel width (B): |8.0 (1) Wetted Perimeter | 21.320 t
Hydraulic Radius 2130 t
PmemammeHDLIOO [t 4 :
Average Welocity 16.403 fps
Longﬁumnalaope:|001 (ftAt) .
Top Width (T) 19643 ft
[ Override default Froude Mumber 1.896
Manning's roughness: [0.0150 Critical Depth 4639 ft
[ Use lining Critical Velocity 9965 fps
Lining T}/pe: IWoven Paper Met Ll Critical Slope 0.00257 ﬁj'lﬁ
Critical Top Width 24235 ft
Max Shear Stress  2.058 Ibfft™2
Awg Shear Stress
® Enter flow, |745.000 (cfs)
" Enter depth: |8.298 (ft)
Calculate |
Plot... | Compute Curves. . | Ok Cancel

FHWA Hydraulic Toolbox Example 2 (Text Table)

fhwa_ex2 <- data.table(Parameter = c("Flow", "Depth", "Area of Flow", "Wetted Perimeter",
"Hydraulic Radius", "Average Velocity", "Top Width (T)", "Side slope 1 (Z1)",
"Side slope 2 (Z2)", "Channel width (B)", "Longitudinal slope", "Manning's roughness",
"Froude Number", "Critical Depth", "Critical Velocity", "Critical Slope", "Critical Top Width",
"Max Shear Stress", "Avg. Shear Stress"), Value = c(745, 3.298, 45.419, 21.32,
2.13, 16.408, 19.543, 2, 1.5, 8, 0.01, 0.015, 1.896, 4.639, 9.965, 0.0257, 24.235,
2.058, 1‘329)’ Unit = C("CfS", llftll’ "Sq ftll, llftll’ llftll, "fpS", llftll’ llll, llll’
|lftl|, |Ift/ftll, IllI’ Illl’ llftll, Ilfpsll’ llft/ftll’ llftll’ lllb/ft"Qll’ Illb/ft"Qll))

pander (fhwa_ex2, missing = "")

Parameter Value Unit

Flow 745 cfs

11



Parameter Value Unit
Depth 3.298 ft
Area of Flow 45.42 sq ft
Wetted Perimeter 21.32 ft
Hydraulic Radius 2.13 ft
Average Velocity 16.41 fps
Top Width (T) 19.54 ft
Side slope 1 (Z1) 2
Side slope 2 (Z2) 1.5
Channel width (B) 8 ft
Longitudinal slope 0.01 ft/ft
Manning’s roughness 0.015
Froude Number 1.896
Critical Depth 4.639 ft
Critical Velocity 9.965 fps
Critical Slope 0.0257 ft/ft
Critical Top Width 24.23 ft
Max Shear Stress 2.058 Ib/ft™2
Avg. Shear Stress 1.329 Ib/ft™2

12



Dr. Xing Fang’s Open Channel Flow Calculator’s Solution of Ex-
ample 2

= =
Select Channel Type: | Trapezoid v | — i T z; L
Rectanglo) Trapezoid
| Depth from Q v Select unit system: | Feettfy v |
|Channel slope: [0.01 [futt ‘Waler depth(y):|2.3 it | Bottom width(o) |s.0 it
|Fluw velac‘rtyf1_5,371 }ﬂm = ‘LehSIopE (Z1):!2Au !t‘c‘ﬂ Hv) 3 |RJghlSiope (Z2): |1‘5 [to 1 (H:v)
|Flow discharge| 745 Iferars ‘input n value|0.0150 | or select r|
|| Calculate! | ‘Sfalus:icalcu\auon finished ||@|
|Wetled perimeter|21.34 it ‘Flow areal4s.51 [fer2 |Top width(T) 1.56 3
|S;::e:iﬁc Energy}?.zus Eft = ‘Froude numberima = 3 |Ftow stalusESupercmical flow
|Critical depth|4.54 jfe ‘Critical slope|0.0026 [fute |Velocity head|4.16 3

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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Dr. Xing Fang’s Open Channel Flow Calculator’s Solution of Ex-
ample 2 (Text Table)

fang_ex2 <- data.table(Parameter = c("Flow", "Depth", "Area of Flow", "Wetted Perimeter",
"Hydraulic Radius", "Average Velocity", "Top Width (T)", "Side slope 1 (Z1)",
"Side slope 2 (Z2)", "Channel width (B)", "Longitudinal slope", "Manning's roughness",
"Froude Number", "Critical Depth", "Critical Velocity", "Critical Slope", "Critical Top Width",
"Max Shear Stress", "Avg. Shear Stress"), Value = c(745, 3.3, 45.51, 21.34, "",
16.371, 19.56, 2, 1.5, 8, 0.01, 0.015, 1.89, 4.64, "", 0.0026, "", "" "") Unit = c("cfs",
"ft", "Sq ft", Ilftll, ”ft", "fpS”, "ft", ||n, ||||, "ft", "ft/ft”, ||||’ Illl, nu, "ft",
llfpsll, llft/ftll, llftll’ lllb/ft“Qll, lllb/ft“Qll))

pander (fang_exl, missing = "")
Parameter Value Unit
Flow 43.9882 cfs
Depth 1.454 ft
Area of Flow 12.16 sq ft
Wetted Perimeter 13.2 ft
Hydraulic Radius ft
Average Velocity 3.6179 fps
Top Width (T) 12.72 ft,
Side slope 1 (Z1) 3
Side slope 2 (Z2) 3
Channel width (B) 4 ft
Longitudinal slope 0.02 ft/ft
Manning’s roughness 0.055
Froude Number 0.65
Critical Depth 1.17 ft
Critical Velocity fps
Critical Slope 0.0492 ft/ft
Critical Top Width ft
Max Shear Stress Ib/ft™2
Avg. Shear Stress Ib/ft™2

iemisc’s Manningtrap Solution of Example 2

uuc2 <- Manningtrap_critical(Q = 745, b =8, ml = 2, m2 = 1.5, Sf = 0.01, n = 0.015,
units = "Eng", type = "non-symmetrical", critical = "accurate", output = "data.table")

#i#

## Flow IS in the rough turbulent zone so the Gauckler-Manning-Strickler equation
## 1is acceptable to use.

#i#

#i#

## This is supercritical flow.

14



pander (uuc2, missing = "")

Parameters

Normal Value

Critical Value

15

Flow depth (y) 3.298 6.442
Flow area (A) 45.423 74.086
Wetted Perimeters (P) 21.321 34.019
Top Width (B) 19.544 30.548
Bottom width (b) 8
Hydraulic Radius (R) 2.13 2.178
Hydraulic Depth (D) 2.324 2.425
Flow Mean Velocity (V) 16.401 14.397
Flow Discharge (Q) 745 392.789
Manning’s roughness coefficient (n) 0.015
Slope (Sf) 0.01 0.004
Temperature 68
Absolute Temperature 293.15
Saturated Liquid Density 1.937
Absolute or Dynamic Viscosity 2.092885e-05
Kinematic Viscosity 1.080619e-05
Froude number (Fr) 1.897 1
Reynolds number (Re) 3233520
symmetric side slope (m)
non-symmetric side slope (ml) 2
non-symmetric side slope (m2) 1.5
Wetted Length (w)
Wetted Length for a non-symmetric 7.375
trapezoid (wl)
Wetted Length for a non-symmetric 5.946
trapezoid (w2)
Section Factor (Z) 58.585 69.248
conveyance (K) 7449.995
Specific Energy (E) 7.479 8.014
Velocity Head (Vel Head) 4.181
Maximum Shear Stress (taud) 2.055
Average Shear Stress (tau0) 1.328
Units
ft
ft72
ft
ft
ft
ft
ft
ft/sec (fps)
ft73/sec (cfs)
dimensionless
ft/ft
degrees Fahrenheit
Kelvin
slug/ft™3



Units

slug/ft*s
ft72/s
dimensionless
dimensionless
ft/ft
ft/ft
ft /1t
ft
ft
ft
ft
ft73/sec (cfs)
ft
ft
Ib/ft™2
Ib/ft™2

uuc2a <- Manningtrap_critical(Q = 745, b = 8, ml = 2, m2 = 1.5, Sf = 0.01, n = 0.015,
units = "Eng", type = "non-symmetrical", critical = "accurate", output = "list")

##

## Flow IS in the rough turbulent zone so the Gauckler-Manning-Strickler equation
## 1is acceptable to use.

##

##

## This is supercritical flow.

uuc2b <- Manningtrap_critical(Q = 745, b = 8, ml = 2, m2 = 1.5, Sf = 0.01, n = 0.015,
units = "Eng", type = "non-symmetrical", critical = "approximate", output = "list")

##

## Flow IS in the rough turbulent zone so the Gauckler-Manning-Strickler equation
## 1is acceptable to use.

##

##

## This is supercritical flow.

Comparing All 3 Solutions for Example 2

compare_ex2 <- data.table(Parameter = c("Flow", "Depth", "Area of Flow", "Wetted Perimeter",
"Hydraulic Radius", "Average Velocity", "Top Width (T)", "Side slope 1 (Z1)",
"Side slope 2 (Z2)", "Channel width (B)", "Longitudinal slope", "Manning's roughness",
"Normal Froude Number", "Critical Froude Number", "Critical Depth", "Critical Velocity",
"Critical Slope", "Critical Top Width", "Max Shear Stress", "Avg. Shear Stress"),
“FHWA Value™ = c(745, 3.298, 45.419, 21.32, 2.13, 16.408, 19.543, 2, 1.5, 8,
0.01, 0.015, 1.896, "", 4.639, 9.965, 0.0257, 24.235, 2.058, 1.329), “Wang Value™ = c(745,
3.3, 45.51, 21.34, ", 16.371, 19.56, 2, 1.5, 8, 0.01, 0.015, 1.89, "", 4.64,
"0.0026, ", wnoomwny 0 “jemisc Value (Accurate Critical Froude)™ = c(uuc2a$Q,

16



uuc2a$y, uuc2a$A, uuc2a$P, uuc2a$R, uuc2a$V, uuc2a$B, uuca$ml, uuca$m2,

uuc2a$b, uuc2a$sSf, uuc2a$n, uuc2a$Fr, uuc2a$Frc, uuca$yc, uuc2a$Vc, uuc2a$sSfc,

uuc2a$Bc, uuc2a$taud, uuc2a$taul), “iemisc Value (Approximate Critical Froude) ™ = c(uuc2b$Qq,
uuc2b$y, uuc2b$A, uuc2b$P, uuc2b$R, uuc2b$V, uuc2b$B, uuc2b$ml, uuc2b$m?2,

uuc2b$b, uuc2b$Sf, uuc2b$n, uuc2b$Fr, uuc2b$Frc, uuc2b$yc, uuc2b$Vc, uuc2b$sfc,

uuc2b$Bc, uuc2b$taud, uvuc2b$taul), Unit = c("cfs", "ft", "sq ft", "ft", "ft",

MEps", MEEM, "M, MU, MEEN, MEL/EEN, MU, NN, M0 NEEN | NEpgn  WER/EEN nggh

"1b/ft"2", "1b/ft"2"))

pander (compare_ex2, missing = "")
iemisc Value (Accurate
Parameter FHWA Value Wang Value Critical Froude)
Flow 745 745 745
Depth 3.298 3.3 3.298
Area of Flow 45.419 45.51 45.42
Wetted Perimeter 21.32 21.34 21.32
Hydraulic Radius 2.13 2.13
Average Velocity 16.408 16.371 16.4
Top Width (T) 19.543 19.56 19.54
Side slope 1 (Z1) 2 2 2
Side slope 2 (Z2) 1.5 1.5 1.5
Channel width (B) 8 8 8
Longitudinal slope 0.01 0.01 0.01
Manning’s roughness 0.015 0.015 0.015
Normal Froude Number 1.896 1.89 1.897
Critical Froude Number 1
Critical Depth 4.639 4.64 6.442
Critical Velocity 9.965 14.4
Critical Slope 0.0257 0.0026 0.00366
Critical Top Width 24.235 30.55
Max Shear Stress 2.058 2.055
Avg. Shear Stress 1.329 1.328

iemisc Value (Approximate Critical

Froude) Unit
745 cfs
3.298 ft
45.42 sq ft
21.32 ft
2.13 ft
16.4 fps
19.54 ft
2
1.5
8 ft
0.01 ft/ft
0.015
1.897
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iemisc Value (Approximate Critical

Froude) Unit
0.588
7.229 ft
8.962 fps

0.00281 ft /1t
33.3 ft
2.055 Ib/ft"2
1.328 Ib/ft™2

Works Cited

FHWA Hydraulic Toolbox Version 4.4.  https://www.thwa.dot.gov/engineering/hydraulics/software/
toolbox404.cfm

The open channel flow calculator. Dr. Xing Fang, Department of Civil Engineering, Lamar University, 2000.
https://eng.auburn.edu/~xzf0001/Handbook/Channels.html

EcoC2S Links

EcoC2S Home — https://www.ecoccs.com/

About EcoC?S — https://www.ecoccs.com/about__ecoc2s.html

Services — https://www.ecoccs.com/services.html

1 Stop Shop — https://www.ecoccs.com/other__biz.html

Products — https://www.questionuniverse.com /products.html

Media — https://www.ecoccs.com/media.html

Resources — https://www.ecoccs.com/resources.html

R Trainings and Resources provided by EcoC?S (Irucka Embry, E.I.T.) — https://www.ecoccs.com /rtraining.
html

Copyright and License

All R code written by Irucka Embry is distributed under the GPL-3 (or later) license, see the GNU General
Public License {GPL} page.

All written content originally created by Irucka Embry is copyrighted under the Creative Commons
Attribution-ShareAlike 4.0 International License. All other written content retains the copyright of the
original author(s).

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.
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