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1.0 PROBLEM STATEMENT

A pressure flow scour depth under the bridge inundation conditions is computed using
equation developed by FHWA (2012). Based on the transport of bed material, there are
two conditions for pressure flow scour: live-bed condition and clear-water condition. A
typical bridge inundation flow is shown below.

Figure 1: Vertical contraction under the bridge (FHWA, 2012)

2.0 PRESSURE FLOW SCOUR FOR LIVE-BED CONDITION

To estimate the pressure flow scour using HEC-18 procedure use the following given
conditions:

<& The Cross Section “BRIDGE_SEC”

> Parameters for Hydraulics and Geometry:
® Design Flow Rate (cfs): 600
e Dominant Flow Rates (cfs): 800
e Channel Slope for Design Flow (ft/ft): 0.005
® Channel Slope for Dominant Flow (ft/ft): 0.005
e Channel Manning’s n for Design Flow: 0.035
® LOB Manning’s n for Design Flow: 0.035
e ROB Manning’s n for Design Flow: 0.035
® Channel Manning’s n for Dominant Flow: 0.035
® LOB Manning’s n for Dominant Flow: 0.035
e ROB Manning’s n for Dominant Flow: 0.035
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® The geometric data (station and elevation) of the cross section:

Station (X) Elevation (Y) Notes
0 30
5 23 Left Bank Station
10 12
15 11
18 14
22 22 Right Bank Station
25 30
X The Cross Section “UPSTREAM_SEC”
> Parameters for Hydraulics and Geometry:
® Design Flow Rate (cfs): 900
e Channel Slope for Design Flow (ft/ft): 0.012
e Channel Manning’s n for Design Flow: 0.040
® LOB Manning’s n for Design Flow: 0.040
e ROB Manning’s n for Design Flow: 0.040
e The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes
0 25
6 18 Left Bank Station
8 16
14 13
22 14
28 18 Right Bank Station
35 19
41 25
X Parameters for live-bed condition and non-overtopping case calculation:
® Particle size Dso (ft): 20.00
e Bottom width of upstream channel, W1 (ft): 210.00
® Bottom width of contraction less piers, W (ft): 40.00
e Vertical size of the bridge opening, hy, (ft): 3.00
® Height of the obstruction, T (ft): 0.50
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2.1 Step-by-Step Procedures

Step 1: Establish a New River Mechanics Project and Defaults Set-up

Step 2: Prepare cross section hydraulics data
Step 3: Calculate Pressure Flow Scour

Step 4: Report and Document the results

2.1.1 Step1-

Establish a New Project and Defaults Set-up

(a) Click the DDMSW icon on the Desktop or Program menu to launch the DDMSW.
Click the OK button to accept the software disclaimer as shown in the following

figure.

Drainage
Design
Management
System

This program has been written to 3id in the management of drainage design. it is provided s
2 public service 1o aid in implementation of the technical information data and procedures
presented in the Drainage Design Manuale. The uter of this infermation releases, indemnifies
and holds free the Fload Control District of Maricopa County and KVL Consultants, Inc. from
arvy and il abliivies, damages, Lawsuits and causes of action that result 25 2 contequence of
their rellance on and use of the DOMSW computer program and the data supplied with it. The
use of this program and the results developed are the responsibility of the user

Many of the default values provided are generic and serve to guide users in thelr modeling.

Users must exercise judgement to avaluste and modify defoult values based on the specific
watershed. An approval for default table values for 3 specific watershed must be obtained

from the appropriate agency

Continuing signifies your scceptance of this disclaimer

KVL Cotmmttante. b ¢ o |
ettt In g h | .

After the DDMSW is launched, the SELECT PROJECT window is automatically opened
as shown in the following figure.
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(b)

(c)

(d)

(e)
(f)
(8)
(h)
(i)
()
(k)
(1)

Select Project

List Dejuts
Look for
Referance Date 0

BANKPROTECTIONFCD 1010172012 [00042 bachanica Example - Bank Protaction
BRIDGEFIERFCD inl"(‘! 112 (00011 Rivar Machanics Exampls - Bnages P
F'-.-'A_I.F\ .=1 1010 1{.‘-.’"0 305‘)1 Clark \_‘.vs»:-n Amrpt Smr;lt 6 Hour
EXANPLER [U 1017200 |00002 S-Graph, Groen-Ampt. Sigle, 24 Hour
EXAMPLES IUN}I,’IJ?U 00003 S-Graph, Green-Amet Nutiple, § Hout
EXAMPLES 1010122010 (00004 Clark, Init and Uniform, Singte. 6 Hour
KVLEXAMPLEY 00005 Example 1 HEC-1 tutoral project

KVLEXAMPLE 1D
KVLEXAMPLE 11
KVLEXAMPLE 12
KVLEXAMPLE2

00025 HEC-1 Tutonal - Import HKEC-1 File

)’J(.‘:v‘.il FCOMC Hydraulics Manual Dezign Exampie 4 6
00030 Streel Drainage Example

opo21 Example 2 using Shape Has and NOAA 14
00024 Exampie 3 Rakonal Method htorial project

KVLEXAMPLE3
KVLEXAMPLES 00017 HEC-1 Tutonal - Ciark Unit Hydrograph

KVLEANMPLES {010122011 [00018 HEC-1 Tutonal - S-Gragh Unit Hyarograph

KVLEXAMPLEY 101012011 00012 Rational Method Tuloral

KVLEXAMPLES 1010122011 00020 Strael Drsnags Examplas -
’ " ’
Moddcaton Date 01012012 ) Do | Pone Delets #04 QK

Click the Add button on the SELECT PROJECT window to start a new project (Or File
=» New Project = Add).

Select River Mechanics checkbox and click the OK button on the NEW PROJECT OPTIONS
form.

Type “PRESSURE_SCOUR” into the Reference textbox. This is the name of this
newly created project. Users can choose any name for the Reference textbox as
long as it does not exist in the current DDMSW project database.

Type into the Title textbox a brief descriptive title for this project. (Optional)
Type into the Location textbox the location of this project. (Optional)

Type into the Agency textbox the agency or company name. (Optional)
Check River Mechanics Only checkbox for this project.

Type a detailed description of this project into the comment area under the
Project Reference frame. (Optional)

Set the Modification Date using today’s date by clicking on the Calendar icon.
Click the Save button to save the entered data.

Click the OK button on the SELEcT PRoOJECT window, and click the OK button on the
pop-up message box. The following figure shows what the window looks like.
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Select Project

List Details
 Project Reference  Project Defaults
Project ID | 00060 Reference
Title | Pressure Flow Scour using HEC-18 Procedure Soils | FCDMC
Location | Maricopa County, Arizona Land Use | FCDMC

Agency | Flood Control District of Maricopa County

[¥] River Mechanics Only

This is a tutorial project about the guide bank scour using HEC-18 -
pracedure.
Modificaion Date | 05/15/2018 | [5] | @info || Print. | Delete || Add || ok |

Note: the Project ID “00060” in the above figure is the unique database record identifier
for the project, which is automatically generated by the program when a new project is
created. When users create a new project, the Project ID of the new project will not be
the same as the Project ID shown in the above figure.

2.1.2 Step 2- Prepare cross section hydraulics Data

From the menu bar of main application window, click River Mechanics = Cross Section
Hydraulics, to open RIVER MECHANICS — CROSS SECTION HYDRAULICS form.

leb Flood Control District of Maricopa County Version: 5.6.0 - PRESSURE_SCOUR

File Edit | River Mechanics | Help

J ) Scour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield 4
Cross Section Hydraulics

Cross Section Geometry
Import Cross Sections from Another Project
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2.1.2.1 Entering Data for “BRIDGE_SEC” cross section

(a)
(b)

(c)
(d)
(e)
(f)
(8)
(h)
(i)
(i)
(k)
(1)

(m)

(n)

(o)

(p)

(a)

Type “BRIDGE_SEC” into the blue textbox inside Section ID frame.

Check both Design and Dominant check boxes.

Enter %b into the Flow Rate (cfs) textbox under Design check box column.
Enter ”@” into the Flow Rate (cfs) textbox under Dominant check box column.
Enter “0.005” into the Slope (ft/ft) textbox under Design check box column.
Enter “0.005” into the Slope (ft/ft) textbox under Dominant check box column.

Enter “0.035” into Manning’s n Channel textbox under Design check box column.

Enter “0.035” into Manning’s n LOB textbox under Design check box column.

Enter “0.035” into Manning’s n ROB textbox under Design check box column.

Enter “0.035” into Manning’s n Channel textbox under Dominant check box column.
Enter “0.035” into Manning’s n LOB textbox under Dominant check box column.

Enter “0.035” into Manning’s n ROB textbox under Dominant check box column.

Click the Save button to save the entered data.

Click on “X Section” button at the bottom to enter x and y ordinates for
channel cross section.

Enter first X and Y values (X: 0 and Y: 25) from the following table in X (ft) and Y (ft) text
box of “Natural Cross Sections — Edit” window. After entering the data click on “Save &
Add Record” button. Now enter all values of X and Y from following table.

Station (X) Elevation (Y) Notes
0 30
5 23 Left Bank Station
10 12
15 11
18 14
22 22 Right Bank Station
25 30

After entering all X and Y values set left and right over bank by selecting the row with X

value of “5” on X and Y table on the left and then clicking a “Selection” button next
to left text box in “Natural Cross Sections” window to set left over bank and by selecting

the row with X value of “22” and then clicking a “Selection” button next to right
text box in “Natural Cross Sections” window to set right over bank

Once all X and Y values are entered along with LOB and ROB station, the “Natural Cross
Sections” window should look like following:
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ThiesJ
Note
Needs to be changed to 2400 to match with screenshot

ThiesJ
Note
Needs to be changed to 2600 to match with screenshot.


1‘@ Matural Cross Sections o |[&= | =]
X L4 = | rOverbank
0.00 30.00 . -
5.00 2300 - _ 33.00 @ &
10.00 12.00 Right el 2000 9 2
15.00 11.00 27'00
18.00 14.00 :
22.00 22.00 24.00
21.00
18.00
15.00
12.00
5.00
"] Graph current record £.00
£ -3 0 3 6 9 12 15 18 21 24 27 30 33
Adjustments Cross Section
Elevation Adjustment (ft) ID| BRIDGE_SEC
X (f)
T
Overbank | @m0 | Prnt. | Delete || Add | ok |
(r) Click on “OK” button to close the “Natural Cross Sections” window.

(s) Click on “Update” button to update the hydraulics for the “BRIDGE_SEC”.

(1) After the update is complete, the “River Mechanics — Cross Section Hydraulics” window
should look like the following:

1‘&' River Mechanics - Cross Section Hydraulics |E||E||E|
Section ID Entire Cross Section
BRIDGE SEC Source | Calculate Data El Design Dominant
Total Scour [7] Flow Rate (cfs) 2400 2600
Cross Section ID -

Slope (ftft) 0.005000 0.005000

Manning's n Channel 0.035 0.035

Manning's n LOB 0.035 0.035

Manning's n ROB 0.035 0.035

£ Flow Area (sq ft) 227.00 24017
Wetted Perimeter (ft) 44.50 4522

Average Width (ft) 1372 14.02

Top Width () 2233 22 96

Hydraulic Depth (ft) 10.17 10.46

Mormal or Max Depth (ft) 16.55 17.13

4 Velocity (ftisec) 10.57 10.83

-

| @info || Pont.. || copy | Delete | Add || Graph | Section| Detail ||
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2.1.2.2 Entering Data for “UPSTREAM_SEC” cross section

(a)
(b)
(c)

(d)
(e)
(f)
(8)
(h)
(i)
()

(k)

(1)

(m)

Now click on “Add” button in “River Mechanics — Cross Section Hydraulics” window to
add data for “UPSTREAM_SEC”.

Type “UPSTREAM _SEC” into the blue textbox inside Section ID frame.
Check both Design check box only.

Enter L%_} into the Flow Rate (cfs) textbox under Design check box column.
Enter “0.012” into the Slope (ft/ft) textbox under Design check box column.
Enter “0.040” into Manning’s n Channel textbox under Design check box column.
Enter “0.040” into Manning’s n LOB textbox under Design check box column.

Enter “0.040” into Manning’s n ROB textbox under Design check box column.

Click the Save button to save the entered data.

Click on “X Section” button at the bottom to enter x and y ordinates for
channel cross section.

Enter first X and Y values (X: 0 and Y: 25) from the following table in X (ft) and Y (ft) text
box of “Natural Cross Sections — Edit” window. After entering the data click on “Save &
Add Record” button. Now enter all values of X and Y from following table.

Station (X) Elevation (Y) Notes
0 25
6 18 Left Bank Station
8 16
14 13
22 14
28 18 Right Bank Station
35 19
41 25

After entering all X and Y values set left and right over bank by selecting the row with X

value of “6” on X and Y table on the left and then clicking a “Selection” button next
to left text box in “Natural Cross Sections” window to set left over bank and by selecting

the row with X value of “28” and then clicking a “Selection” button next to right
text box in “Natural Cross Sections” window to set right over bank

Once all X and Y values are entered along with LOB and ROB station, the “Natural Cross
Sections” window should look like following:
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ThiesJ
Note
Change this value to 3800 to match screenshot.




l@ Matural Cross Sections EI@
X ¥ + | r Overbank
0.00 25.00 Left B
6.00 18.00 ) 28.00 m m
8.00 16.00 Right 28200 2500 g 2
14.00 13.00 2600
22.00 14.00 2200
28.00 18.00 :
35.00 19.00 gt
18.00
15.00
L 14.00
12.00
10.00
["] Graph current record 5.00
-10 0 10 20 30 40 50
Adjustments Cross Section
Elevation Adjustment (ft ID| UPSTREAM_SEC
o
Yo 2o
Overbarik | @info || Print.. | Delete | add | ok |
(n) Click on “OK” button to close the “Natural Cross Sections” window.

(o) Click on “Update” button to update the hydraulics for the “BRIDGE_SEC”.

(p) After the update is complete, the “River Mechanics — Cross Section Hydraulics” window
should look like the following:
1@ River Mechanics - Cross Section Hydraulics El@
Section ID Entire Cross Section
UPSTREAM SEC Source | Calculate Data El [¥|Design  [C] Dominant
Total Scour [ Flow Rate (cfs) 3800
Cross Section ID - Slope () 0.012000
SRIDGE_SEC Manning's n Channel 0.040
Manning's n LOB 0.040
Manning's n ROB 0.040
Flow Area (sq ft) 26246
Wetted Perimeter (ft) 46.37
Average Width (ft) 2425
E Top Width (ft) 388
Hydraulic Depth (ft) 6.76
Mormal or Max Depth (ft) 10.82
. ) L Velocity (fsec) 14.48
| @nfo || Prnt. || copy || Delete || Add || Graph |[xSection|| Detail |[Update || ok |
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2.1.3 Step 3 - Calculate the Pressure Flow Scour

(a) From the menu bar of main application window, click River Mechanics = Scour, to
open the TOTAL SCOUR form.

! Flood Control District of Maricopa County Version: 5.6.0 - ABUTMENT_MCHRP
Fie i Help
'

Riprap
Launchable Riprap

Lateral Erosion
Sediment Yield 3

Cross Section Hydraulics

Cross Section Geometry

Import Cross Sections from Another Project

Total Scour - MB: 01 - ID:
] Cross Section Long Term General Local Bedform Bend LowFlow Total =
ID Scour Scour Scour Scour Scour Scour  Scour
Fl (1 F
Help Info Print... Delete Add MB Update oK

(b) Click the Add button to activate the necessary data entry fields.
(c) Type “PRESS01” into the ID textbox.
(d) Check the General Checkbox only.

(e) Click the browse button in the Method column across General check box to
launch local scour method select menu.
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Select Methed

Lacey
Meill and HEC-18

Blench

[ QK ” Qancel|

Select the “Neill and HEC-18 With Pressure Flow” from the SELECT METHOD
window, and click OK to close the SELECT METHOD window

(f) Click the Save button to save the entered data. The TOTAL SCOUR — MB: 01 - ID
window shows up like following figure.

Total Scour - MB: 01 - ID: -- Edit
List Total l Long Term ‘ General ‘ Local ‘ Bedform l Low Flow ‘ Pier Influence
1D
Major Basin ID | 01 =
ID PRESS01
Scour Depth
include Calc FS Value g:li“”F“S Wethod
Long Term T
General [V 0.00 0.00 Meill and HEC-18 With Pressure Flow Ig/
Local
Bedform
Low Flow
Headcut
Tailcut n
Total (ft}
Pier Influence
Save Cancel Print... Delete Add MB Update oK
(g) Click the General tab
(h) Select “BRIDGE_SEC” for “Bridge Section ID” inside “Sections” frame.
(i) Select “UPSTREAM_SEC” for “Upstream Section ID” inside “Sections” frame.
(i) Under “Neill Parameters (use Bridge Section)” frame, select “Sand” for Exponent

m textbox and select “Straight Reach” for Bend Factor Z textbox.

(k) Enter “20” into the D50 (mm) textbox.
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()] Enter “210” into the Bottom width of upstream channel, W1 (ft) textbox.
(m) Enter “40” into the Bottom width of contraction less piers, W2 (ft) textbox.
(n) Enter %}into the Vertical size of the bridge opening, hb (ft) textbox.

(o) Enter "]_V%]’ into the Height of the obstruction, T (ft) textbox.

(p) Click the Save button to save the entered data.

(a) Click the Update button to update the data.

(r) Select “This Record” from the SELECTION OPTION window, and click Yes from the
confirmation message to proceed.

Select Option

- r
Option i Calculate Local Scour ' . —

;I:HS Major Basin f 0 ) This will calculate the Local Scour for the current record.
"~ Ffyouwant to calculate the Total Scour, Click 'Update' on the Total Tab.

Do you want to continue?

|| Cancel Yes I [ No ]

(s) After the update the window looks like what is shown in the following figure

Tetal Scour - ME: 0L - I PRESSOL

st Total Generai | | }
Sections HEC 18 Prassute Flow Upstrenm Paramaters
Bridge Sechen © BRIDGE_SEC v Manual nput Paramaters Hrorausic Dephn (1) L%
Upshasn Secton D UPSTREAM_SEC o) Ouweriopeing g Veicaly (275 1838
D%0 ¢mm) 20,000 Caneal Velooty (s} 619 Lwe Bec
Naill Parametars (use Bridge Section) No Ovartopping - Live Bed
PLES R Flow i upsream channel, 01 (dfs) 324900 Vertical size of he bridge opening, hb (1)
Desiin Flow Rate (<ts) 0 T Flow in the confracsad channed Q2 (s 240000 Upatream channet Sow depth, b (1)
Hrxawic Dept () L i BoTom widh of ups¥eam chasnsl, W1 (M 21000 | Distsnce hom water to lower face of girdsrs. it M)
Mecsge Wich () e ne Bottom waath of conraction 1ess phers W2 (M) 000 Helght of 1 obstnucson, T (M)
Shoos (M) 0005000 | 0 005000 Water Temo (C) 20 [0 et ow hehspd, b (1
EXISn 057 e E2ponent, K3 064 Madmum hickness of the fow separation, § (1}
BandFadatZ dead s Assrage deph in upstraam channed, ¥1 () 576 Scour gepm, vs (M)
Soour Depi Indudag Beog) (M) 503 Assesge depm in ConSCcion Y2 () =07
Scour Depth (W)
Final Gansral Scour (M ]
@l | Do | P Qs [ 400 T} Upaate

650
67s
028
300
0.0
158

10235

2.1.4 Step 4 - Report and Document the Results

In this section, the instruction will be given on how to view, print, and export the
calculation results of the guide bank scour.
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ThiesJ
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Change to 6.5 to match screenshot
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change to 3 to match screenshot


To view the results on the screen, click the Print ... button on the Local Tab of
TOTAL SCOUR — MB: 01 — ID: PRESS01 window, a report will be generated as is

shown in the following figure.

(a)

fgmmmmmmmmmm
X 4 4 1ot e 88a 0 .| [ Teet  too 11

Piood Carts! Dast o4 M arcoss Teanty
Dinvase Depgr Vacapemens Siytew
BEAZRAL STOUN - WELL WITH FRESSURE PLOW - M0 DW SATIP MRT . LINE 82T
Project Reterosce PRT LSURE_SCOUN

Ix PRESSM
Bndge Section DT BRIDGE_SEC
Upstream Saction ID:  UPSTREAM_SEC

Resign
14

wr

Caage Pww Mk (ch.
wpese Daphs (%
Awrbge Wit (8 un
Tavartm aey

fevt P 2 1%

Scour Dapts lincluding Send) (%) 503

Flow Ho O 0
Mpradk Deptr (%
Aeg Veuciy (e
Cteal Vekcty (A%
D% (P
Vermaal sge of Pa trtge spesing ™ (Y

Farw » Ussvuem Craveei O jo8)
Upsrwam anvel e Jepm e 10

Flow » Carrzusd Craveel G2 (ca

Darmes Witss of Uzsseam Transel W (% Cumnse Saw water 1 lwwe’ Soe 24 gesan a1 1%

Batem Wiw of Canmtanen Loas Pare, 3 m e QALAT NG s wasien T M
W Sow Aaighe. e (2

Sapocent K1
Vawvam ihzese o Me Soe separaten. 1Y

Awrsge Oupmt = Upsssan Crasse VY (%
S mrage Coptt Iy Cxevamsen. Y2 (Y 1 Scour Depth, ys 1)

Final General Scour (ft)

(b) To print out the results on a printer, click the printer symbol (& ).

To export the results in PDF format or other formats, click the export symbol ( %)

(c)

This concludes tutorial for Pressure Flow Scour.
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