2D Bridge Hydraulics

Gary Brunner, P.E., D. WRE,
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Objectives

= | earn the details of how Bridge Hydraulics works in 2D Flow
Areas.

» | earn how to enter all of the necessary data to model a
bridge in a 2D Flow Area.

= |earn the differences between 1D bridge modeling and 2D.

= Review the available output for 2D Bridges
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Bi® Bridge Hydraulics inside of a 2D Flow Area

« Utilizing existing HEC-RAS 1D Bridge Hydraulics
methods inside of a 2D Flow Area.

» Model complete range of Bridge Hydraulic flow regimes:
= Low flow
= Pressure flow
» Pressure flow and weir flow (road over topping)
* Low flow and weir flow
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Why is it Important?
* Previous versions of HEC-RAS had no method for handling bridges inside of a 2D Flow Areas

= Modelers were forced to do 1D channels with 2D Floodplains where bridges are important.
= 1D to 2D connections can be complicated
= Time consuming
= May cause instabilities
= Less accurate for channel to floodplain flow transfers
= More computation time to develop models and possible run times.

* The new 2D Bridge Capability has the following benefits:
= Less need for combined 1D/2D modeling
Able to develop more detailed 2D models
Greater Modeling flexibility
More Stable numerical solutions
More accurate flow transfers from channel to floodplain
Possibly faster computationally (model specific)
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Approach

Use HEC-RAS 1D Bridge Geometry and Cross Section Layout (automated
layout) inside of 2D Flow Area

Develop a family of Headwater-Tailwater-Flow curves from RAS 1D bridge
hydraulic calculations during geometry pre-processing

Uses a special momentum equation that gets applied only at the 2D bridge
centerline faces:

Friction loss, pressure differential, and convective acceleration forces are equated from the
water surface difference in the bridge curves.

« The forces are distributed across multiple faces though the bridge based on conveyance.
Local acceleration is calculated on the fly, as it is not a force in curves

Bridge faces are then solved in 2D just like all other faces.
Extremely efficient — almost no increase in computations.
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The basic steps for adding a 2D Bridge

Draw a centerline for the bridge opening/embankment using the SA/2D Area Conn tool.
« Use the Geometry editor or use the editing tools in RAS Mapper.
« The bridge centerline must be drawn from left to right looking downstream.

Develop an appropriate mesh (cell size and orientation) for the bridge

= Use the structure mesh controls (cell size and enforcement). Some hand editing may be required depending on the
bridge and what else is near the bridge (i.e. levee, another bridge, railroad tracks, road, etc...)

Enter the bridge data

= Deck/roadway; distance from upstream bridge deck to outside cross section piers; abutments; bridge modeling
approach; Manning’s n values for the 1D bridge cross sections; and hydraulic tables controls (HTAB) into the SA/2D
Area Conn editor.

Pre-process the geometry in order to create the bridge curves.
= Review the bridge family of rating curves for hydraulic accuracy.

Run the model and review the results.
= Make any necessary changes to the data in order to improve the results.
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Select the SA/2D Area
Conn tool and Draw the
centerline of the bridge
from left to right looking
downstream

Left click on the bridge
centerline and select Edit
Internal Connection Cell
Spacing. Enter Desired
Cell Spacing for across the
bridge

Left click on the centerline
and select Enforce Internal
Connection as a Break
Line.

Draw the Bridge Centerline and Fix Mesh

¢ Geometric Data - Single 2D Area with Bridges and Breaklin - O X
aTs GlSTools  Help
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pi Enter the bridge Data

= Connection Data Editor - Single 2D Area with Bridges and Breaklin — O *
[ . . File View Options Help
. Left CIICk On the brldge Ce nterllne and Connection: |Highway 120 jﬂﬂ Apply Data
Description | J Breach (plan data) ... |

Choose Edit ConneCtion, Or SeIeCt the Ff;r:TEEﬁDnS |20 Flow Area: BaldEagleCr SetSA/ID ... |7nfa
To: [2D Flow Area: BaldEagleCr SetSA/2D ... | | centerline Length: m

SA/2D Area Conn editor button 2 =

Bjuilan =R R% -l Bridge (Internal to 2D Flow Area - |
Plot: |US Bounding X5 ~| 4| t|| ciip weir Profile to 2D Cel... |
RSy E

= Change the Structure Type to a =
Bridge &

MNo Data for Plot

= The first step is to enter the Bridge
Deck/Roadway data

& B
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< Enter the Deck and Roadway Data

Deck/Roadway Data Editor

= Enter the Distance (this is the distance

: . | Dsence |  width | WerCoef |
from the upstream side of the bridge deck | 55, 26
to the cross section upstream outside of the | cexr | oelrow | insrow | Copy US to DS
. . Lpstream Downstream
brldge’ as We”S as downStream OUtSIde) Station | nigh chord | low chord | Station |nigh chord |low chord
» Enter the Width of the bridge deck in the dlswa ss  JErlsea s |se2
direction of flow. :
5 5
= Weir Coefficient for flow going over the 5
roadway : =
LI.5 Embankment 55 |III 0.5 Embankment 55 |III

= Station (distance from left to right along the | werose
bridge deck/roadway), High Chord, and Max Submergence:  [0.95 | Min Weir Flow El [

Weir Crest Shape

Low Chord elevations for the upstream @ Broad Crested

{" QOgee

and downstream side of the bridge deck ok | cancel |

Enter station, high chord and low chord for dedk/roadway.
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Automated 1D Cross Sections

HEC-RAS will automatically create the four
needed cross sections for pre-processing the
bridge hydraulics into a family of curves.

These four locations are:

1. Upstream just outside the bridge deck, normally at
the toe of the upstream embankment. This cross
section is automatically generated upstream of the
bridge deck based on the user entered Distance field.

2. Upstream just inside the bridge deck/roadway.
3. Downstream just inside the bridge deck/roadway.

4. Downstream outside of the bridge deck/roadway,
normally at the toe of the downstream embankment.
This cross section is automatically generated
downstream of the bridge deck a distance equal to what
the user entered for the upstream Distance field.

“ Geometric Data - Single 2D Area with Bridges and Breaklin - O ®
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Conn ECLines | Peint

=]

055
Section |

Hfrr?r.
——

ttttttttt

tttttttt

L

(R

222222

o

| 2055317.30, 34945378

10

BUILDING STRONG,,

®



i Enter any Piers and Abutment Data

A Centerline Station is required for both the
upstream and downstream side of the bridge
pier.

The pier is formed by entering pairs of
elevations vs widths, starting below the

ground and going up past the low chord of
the bridge deck.

This must be done for both the upstream
side and downstream side of the bridge,

If they are the same, then just fill in the
upstream side, then use the Copy Up to
Down button to copy the data downstream.

Pier Data Editor

Add | Copy | Delete|

Fier # | 1 -
Del Row | Centerline Station Upstream
Ins Row | Centerline Station Downstream

Floating Pier Debris
All On ... | All Off ... | | Apply floating debris to this pier
Set Wd/Ht for all ... | Dpebris Width: |

—

Downstream

Pier Width | Elevation | Pier Width | Elevation [ «
4 230 4 230

4 875 4 275

b[x

|11EI
|11EI

Debris Height:

Lipstream

-

[en] o Je o] e

oK | Cancel | Help | Copy Up to Down

Enter to move to previous Pier

" \—‘—‘ﬂ—ﬁ) )
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Final Bridge Geometry

For the two cross sections inside the bridge, they follow the
edges of the deck/roadway.

The outside cross section locations are automated by simply
creating cross sections that are parallel to the inside cross
sections, and the distance upstream and downstream from the
bridge deck is based on what the user entered for the Distance
field in the Deck/Roadway editor.

Note: If the user changes the Deck/roadway data (Bridge width
or distance field), then the location of the 1D cross sections will
change.

The user can view each of the four cross sections, as well as the
centerline from the plot by selecting the location to view.

If the bridge data is changes, the user will see that the terrain
under the current 1D cross section line is different than what they
currently have entered. The user can recut any of the 1D cross
sections by simply pressing the Cut profile from terrain button
while viewing a specific cross section.

w Connection Data Editor - Single 2D Area with Bridges and Breaklin — O *
Eile View Opticns Help
Connection: |Highway 120 j ﬂﬁ
T | J Breach (plan data) ... |

Connections

|2D Flow Area: BaldEagleCr

SetSASID ... Weir Length:

From:

To: |2D Flow Area: BaldEagleCr Set SAJ2D ... Centerline Length:

r = Centerline GIS Coords... |
Structure Type: |Bridge (Internal to 20 Flow Area) j Cut profile from terrain ... ||
Plot: |Us Inside Bridge ~| 8] t| _clip Weir Profil to 20 Cells.... |

Declk/ .

Roadway Highway 120 J
US Ingide Bridge
Pier

—L Legend
=] loping [
Abutment Ground

*
Bank Sta

Eridge T

Modeling Current Terrain

Approach

Elevation (ft)

HTah
Fararn.

0 100 200 300 400 300 600

Station (ft)
1

HEC 12
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Enter the Manning’'s n Data for the XS's

= To enter Manning’s n values for the 1D cross sections, go to the Options menu

and select External and Internal Bridge Cross Sections...

Bridge Cross Sections

Upstream QOutside

Main Channel Bank Stations

Upstream Inside

Main Channel Bank Stations

Downstream Inside

Main Channel Bank Stations

Downstream Outside

Main Channel Bank Stations

| LeftBank Sta | Right Bank Sta | LeftBankSta | RightBank Sta | LeftBankSta | RightBank Sta | LeftBank Sta | Right Bank Sta
@ |505.73 o |505.73 o |505.73 [ |505.73
Cross Section X-Y Coordinates
Station | Elevation | Mannn Station | Elevation | Mannn Station | Elevation | Mannn Station | Elevation | Mannn
1 0 552,73 0.04 1 0 575.039 0.04 1 0 573.08 0.04 1 0 547,16 0.04
2 2.08 552.43 2 1.13 575.03 2 0.87 573.13 2 2.18 547.32
3 3.49 552.07 3 3.25 574.95 3 3.32 573.38 3 2.75 547,29
4 5.51 551.45 4 3.74 574.9 4 511 573.66 4 4,87 547,29
5 6.34 551.22 5 5.37 574.65 5 6.91 574.04 5 7.59 547.45
& 9.11 550.12 & 7.02 574.32 & 7.55 574.11 & 9,12 547.51
7 9,85 549,97 7 7.49 574.17 7 9,35 574.17 7 11.85 547.68
8 11.97 549,62 a8 7.96 573.91 a8 11.13 574.33 8 13.35 547.73
g 13.33 549,41 9 9.51 572.74 g 13.6 574.28 9 14,85 547.84
10 16.22 549,21 10 11.23 570.37 10 15.44 574.34 10 17.6 547.93
11 17.55 549,039 11 11.74 570.25 11 15.99 574.33 11 19.07 543
12 21.77 543,50 1z 13.86 567.6 iz 17.84 574.18 12 19,72 543.02 -
CIK | Cancel | Help |
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Eridge
Modeling
Approach

= This editor is very similar to the bridge
modeling approach editor for 1D bridges.

= The user can select one or more low flow
bridge hydraulic methods:
= Energy
= Momentum
= Yarnell.

* The high flow methods are:
= Energy
= Pressure/Weir flow

Enter the Bridge Modeling Approach

Connection Bridge Modeling Approach Editor

Low Flow Methods
Use Compute
(" |+ Energy (Standard Step)

" [ Momentum
O 1 Yarnell (Class A only)

Coef Drag Cd
Pier Shape K

==

{*  Highest Energy Answer

High Flow Methods
(" Energy Only {Standard Step)

Sul:nmerged Inlet Cu:l (Blank for table)
Submerged Inlet + Outlet Cd 0.3
Max Low Chord (Blank for default)

Ok Cancel | Help

IUse pressure and/or weir method for high flow

HEC 14
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| Define the Hydraulic Table Parameters

* Number of points on free flow curve Connection Hydraulic Property Table Parameters
(maximum is 100)
Murmber of points on free flow curve: 100
* Number of submerged curves (maximum |, o oo bmerged curves: 60

is 60)

Mumber of points on each submerged curves; &0

= Number of points on each submerged

! : Apply number of points to all Connections
curve (maximum is 60)

Head water maximum elevation: 595

= Head water maximum elevation. _ . . .
Tail water maximum elevation (Optional):

= The Tail water maximum elevation is Maxirmum Flow (Recommended):
optional, as is the Maximum Flow.

QK ‘ Cancel
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Pre-processing — Family of Bridge Curves

. Geometric Data - Single 2D Area with Bridges and Breaklin

- d >

Connection:

Section

File Edit Options View Tables Tools GISTools Help
Tools  River Description : Plot WS extents for Profile:
Feach
| I |fnone -|
Editors . . . ) . .
Junct w Connection Data Editor - Single 20 Area with Bridges and Breaklin - O x
unct.
[ ] File View Options Help
Cross

[RERERRENN | 4| t| coooa |

Description I

Breach (plan data) ... |

=

Set SA2D ... I Weir Length: I

Connections
From: IZD Flow Area: BaldEagleCr
To: IZD Flow Area: BaldEagleCr

SetSA/ZD ... |

Centerline Length: I

Crverflow Computation Method

" Mormal 20 Equation Domain

% se Weir Equation | Centerline GIS Coords... |

Storage

Structure Type: IElrid-ge {Internal to 20 Flow Area)

Cut profile from terrain ... |

=

Area

Head Water Elevation (ft)

Internal Boundary

Plot:

|US Inside Bridge

;I ﬂﬂ Clip Weir Profile to 2D Cells... |

RDegk,-"
Highway 120 B2 05 wayl
Legend
Tailwater Curves
e
Free Flow Curve

Bridge
Modeling

Elevation (ft)

Highway 120 Bl
US Inside Bridge

Legend
- —
Ground
*

Bank Sta

‘Current Temain

L] 100

300
Station {ft)

400

!Eelect connection to Edit

—
50000

——
100000

——
150000

—r — —— —
200000 250000 300000 350000

ZUSSGra. U8, 3900155

Flow(cfs)
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Results
1D vs 2D Model Comparison

| N - Mesh — m| *
File Edit Options View Tables Tools GISTools Help
| “Tools River 34020 Area| SA/20Frea] Referonce 20Fnea Description : Plot WS extents for Profile:
Reach 2l 'q- ﬂ“ 2 Mannn J I( )
- -’ Fiegions v [NONE,
Editors . >

Junct.

® ~w" Connection Data Editor - Mesh Test - O X

File View Options Help

Connection: IBridge Apply Data |
Description I J Breach (plan data) ... |

Connections

From: |20 Flow Area: 2DBridgefrea 5et 5A/20 ... | Weir Length: I
To: IZD Flow Area: 2DBridgeArea SetSAf2D ... | Centerline Length: I

Crverflow Computation Method
€ Normal 2D Equation Comain = Use Weir Equation |

Centerline GIS Coords... |

Storage ||
Area

Structure Type: IBridge (Internal to 20 Flow Area) LI Cut profile from terrain ... |

= i i Clip Weir Profile to 2D Cells...
A0Flow Plot: IUS Inside Bridge Llﬂﬂ ip Weir Profile ells | J
Deck/ . -
Road
Internal Boundary = u‘”l USIB:;ngem
Bridge B2 nsice Bricge
i Legend
egen .
Lt 4'515' Legend
Tailwater Curves ' i) 46107 i Ground
_ .
Free Flow Curve ‘_ 46051 \‘ Ban; Sta
= 4500+ MEgtTeglieng E' 48007 Current Terrain
E Approach '1% 4555
— =
?) 45951 o 4580
IE 4585
B 450907 45807
g s
= = 4575 T T T T T T ]
& i3 0 50 100 150 200 250 300 350
I 45854 )
i Station (ft) -
h N | 3
4580 I\‘Iove to previous connection
4575 T T T T | o
0 20000 40000 §0000 0000 100000 [ ;H

Flow(cfs) 2309301.11, 14738709.86
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1D Model of Same Area

Junet.
®

Cross

Sitructure 88

Structure |

Storage
Firea

Head Water Elevation ()

Internal Boundary
River 1 Reach 1 787

“ Geometric Data - 10 Model of Bridge — O *
File Edit Options Wiew Tables Tools GISTools Help

Tools River
Reach
Editors ™. =

Storage | 20Flew | saseDpArea|
Area Area |

SAl20Area| Roferonce | 2DArea 2DArea Description : Plot WS extents for Profile:
Conn 5 Pointz |Breaklines  pdafnn

m'.ﬂ m m’ Fegions CP 4 _.;”{none} __v_!

BR

Legend

Tailwater Curves

R
Free Flow Curve

20000

40000 60000

Flowicfs)

0000 100000

o N

2309728.90, 1473905517
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1D and 2D Comparison Animation
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Captured with Snagit 2019.0.1.2448  

Webcam - Logitech Webcam C930e  

Microphone - Microphone (Logitech Webcam C930e)






Velocity Tracers
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Captured with Snagit 2019.0.1.2448  






Questions?
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