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Approaches for Bridge Modeling

Simplified 2D Bridge Modeling (1D
Famlly of Rating Curves)

Enforces precomputed 1D bridge curves from a nested 1D
bridge model

* Can handle any flow regime

e Cannot simulate detailed flow

e Terrain Modifications not necessary

Detailed 2D Bridge Modeling

* Handles pressure and overtopping
e Detailed Computational Mesh and Terrain Modifications

* Detailed flow through and over bridge
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Simplified 2D Bridge Hydraulics mie

» Utilizing existing HEC-RAS 1D Bridge Hydraulics methods
(Family of Rating Curves) 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



1D Bridge Hydraulics Layout

| * XS2 - D/S away from embankment
USe * BD — D/S face of bridge

. BU- U/S face of bridge
* XS3 — U/S away from embankment

¥ * Develop a HW/TW relationship for
a given flow from XS2 to XS3 -
“Family of Rating Curves”
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Presenter Notes
Presentation Notes
Bridge curves will be used to compute Headwater given a Tailwater and Flow…. Which we will talk about more later


=

2D Bridge Layout

* Bridge is specified as a SA/2D
Connection

* Choose Bridge structure type

* Only model bridge opening
(if weir flow in overbanks add
structure for that — or use 2D
equations for non-weir flow)

= Editing Connection Structure

From: 2D Flow Area: White River
To: 2D Flow Area: \Wwhite River

(From and To can be changed from connection editor)
MName: |MLI( Bridge

d Width (f): [40
Structure Type:

Description:



Presenter Notes
Presentation Notes
So… how do we layout the Geometry.
Start by adding a 2D Connection (hydraulic structure) to your 2D mesh.
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2D Bridge Layout

* Note that the mesh faces snap
to bridge line

» Specify Breakline Near Repeats

* Enforce as Breakline
* Bridge by bridge -or -
* Regenerate Mesh with Breaklines

D B2 @ zoomTo selected i Fe

Connection Name ‘ Near Spacing
» 1 MLK Bridge

Enforce 1 Cell

Near Repeats | Far Spacing Protection Radius

le [+



Presenter Notes
Presentation Notes
The mesh will snap to the bridge faces… But we need to enforce the face.
Good practice is have multiple cells go perpendicular to the bridge so choose the Near Repeats option


ZD Bridge (1D Family of RCs) e )

Cear | DelRow | InsRow | CopyUStoDS |

.El - Upstream Downstream

° O p i G i D Ed i Station | high chord | low chord | Station |high chord | low chord
en in Geometric Data Editor NIEEEN [ e e e
2|47 850 939 47 950 939
3|50 850 941.175 50 a50 941.175
w Connection Data Editor - MLK Bridge 4|53 950 942.45 53 950 942.45
| File View Options Help 5|56 950 943.2 56 950 943.2
o . 6|59 950 943.8 59 850 943.8
* Structure Type: Bridge = = = Sif] e e
|Descripion | [ | reseiifhndi) -
’las asn 944.55 A5 asn 944,55
Connections 1
| From: I S U.S EmbankmentSS [0 D.5 Embarkmentss [0
|| To: 2D Flow Area: White River SetSAf2D ... | | Centerline Length: I_ Weir Data
e o ' ;” o | Centeriine GIS Coord | Max Submergence: 0.95 Min Weir Flow El:
* Add Deck/Roadway | | 9 '
| Structure Type: v| __Cutprofie from terrai | Weir Crest Shape
| Plot: Ius Trade Bridac = 4 1] : i Broad Crested
| ekt US Bounding XS ML Ogee
US Inside Brid
| e usH ok | cance |
H | Pl DS Bounding XS Enter distance between upsiream cross section and deck/roadway. (ft)
* XS3 =US Bounding XS 1| -« - - e e
| Sloping R E—
O . W[ 950 F-_".II-'! » .'."h Gmound
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n S I e rI ge | Magﬁiig Current Terrain
Approach 945
1 1 o | S
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| o
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2D Bridge Layout

* RAS automatically computes a set of cross sections (XS2, BD, BU, XS3)

 Width — BD and BU are at the bridge face
* Distance - XS2 and XS3 are outside of bridge face
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Piers and Abutments

* Enter Piers and Abutments to be
included in Hydraulic Tables

* This information is NOT included
in the mesh cell property tables.

* Therefore, computed velocities
will not be accurate.

* Good practice to include piers
and abutments in bridge and
terrain.

Pier Data Editor

Add | Copy | Delete | Pier # [ -I ﬂ 1]
Del Row Centerline Station Upstream [11[3
e Ro Centerline Station Downstream 110
Floating Pier Debris

AllOn ... ] AlOff... | ™ Apply floating debris to this pier

Set Wd/Ht for all ... ] Debris Width:
Debris Height:

Pier Width | Elevation | Pier Width | Elevation
6 925 6 925
B 945 6 945

ML

-

oK | Cancel Help Copy Up to Down

Select the Pier to Edit

10



Presenter Notes
Presentation Notes
If you don’t include piers and abutments in terrain, then you expect the form drag will be higher.


Manning’s n Data for the XS's

e Options | External and Internal Bridge Cross Sections...

Bridge Cross Sections ‘

Upstream Inside Downstream Inside Downstream QOutside
Main Channel Bank Stations Main Channel Bank Stations

Upstream COutside

Main Channel Bank Stations

Main Channel Bank Stations

LeftBank Sta | RightBank Sta Left Bank Sta Right Bank Sta | Left Bank Sta I Right Bank Sta Left Bank Sta | Right Bank Sta
D 348.96 o |348.96 0 |348.96 0 |348.96
Cross Section X-Y Coordinates Cross Section X-Y Coordinates Cross Section X-Y Coordinates Cross Section X-Y Coordinates
Station | Elevation | Mann n Station | Elevation | Mann n Station | Elevation | Mann n Station | Elevation | Mann n
1 0 948.51 0.035 1 0 948.61 0.035 1 0 947.96 0.035 1 0 947.78 0.035
2 7.3 949.17 2 3.37 948.91 2 0.63 948 2 3.85 948
3 8.8 949.27 3 10.53 949.31 3 6.58 948.66 3 9.8 948.66
4 12.42 949.33 4 11.34 949.33 4 12.52 948.97 4 15.75 948.97
5 16.03 949.55 5 12.59 949.42 5 18.47 949.31 5 21.7 949.31
6 19.65 949.64 6 16.48 949.62 6 24.42 949.62 ] 27.65 0949.62
7 23.27 949.91 7 18.57 949.69 7 30.37 949.97 7 33.6 949.97
8 25.15 949.97 8 22.19 949.96 8 31.64 950 8 39.55 950.28
9 29.57 950.2 g 25.81 950.04 g 33.61 950.14 g 45.5 950.62
10 30.5 950.27 10 29.42 950.25 10 36.32 950.28 10 50.75 935.55
11 34.12 950.37 11 33.04 950.32 11 338.88 950.35 11 56.7 934.53
12 37.05 950.56 12 36.66 950.56 12 42.499 950.62 12 59.64 934.17
13 38.15 947.99 13 40.28 950.62 13 43.22 950.62 13 62.65 933.86
14 42.3 935.27 14 45.53 934.82 14 50.63 943.99 14 68.6 933.29
15 44.91 934.73 - 15 45.498 934.14 - 15 53.47 934.89 - 15 72.32 932.95 -

oK Cancel | Hep |




Number of points on free flow curve
(maximum is 100)

Number of submerged curves
(maximum is 60)

Number of points on each submerged
curve (maximum is 60)

Head water maximum elevation.

Tail water maximum elevation is
optional, as is the Maximum Flow.

12

Hydraulic Table Parameters J

Connection Hydraulic Property Table Parameters

Mumber of points on free flow curve:
Mumber of submerged curves:

Mumber of points on each submerged curves:

100

=W

=W

Apply number of points to all Connections

Head water maximum elevation:
Tail water maximum elevation (Optional):

Maximum Flow (Recommended):

QK

595

Cancel
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Presenter Notes
Presentation Notes
Bridge curves will be used to compute Headwater given a Tailwater and Flow…. Which we will talk about more later


= —
Computational Procedure ———
* Headloss from XS2 to XS3 by increasing

bottom friction using a drag factor on
faces under the bridge

Head Water Elevation (ft)

* Adjust bridge drag factor to match
bridge curves (iterates if error is large)

* Drag factor is constant across all faces
though the bridge


Presenter Notes
Presentation Notes
Version 6.4.1 and earlier only centerline faces used losses

PID controller evaluates WSE estimates and adjust drag force evenly across all faces


Version 6.5 Computational Improvement

6.4.1 and Earlier

* Flow computed from Headwater and Tailwater

* Friction loss terms are adjusted so that compute 2D flows match
expected 1D Flow just on centerline cell faces

6.5 and Later

 Headwater computed from Tailwater and Flow
* Drag loss is applied to all cell faces under the bridge deck

15


Presenter Notes
Presentation Notes
6.4.1 was not super stable because the HW/TW was used to compute flow.  Then manning’s n was adjusted to get that specified flow.  2D solver was sensitive to flow.
Headwater and tailwater very sensitive to flow.


Version 6.7 Computational Improvement

* Added Momentum (General) method implemented computes the losses using
the general 1D momentum approach and works on both natural and prismatic

channels.

* The Prismatic (Legacy) method overly sensitive to cross-section shape and bed

slope.
Prismatic Method (Legacy) General Method (Recommended)
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Presenter Notes
Presentation Notes
The Momentum (Prismatic) method is the legacy approach and may give incorrect results if the bounding cross-sections are significantly different (this method is sensitive to bed slope).  The hydraulic properties should be verified for consistency for the low flow portion of the hydraulic property curves.  In the figure below, an example shows an erroneous head loss for all of the low flow curves starting with the first computed flow and shift subsequent points on the curve upward. This will happen if the flow areas are significantly different for the headwater and tailwater for the bridge.
The Momentum (General) method was implemented in HEC-RAS 6.7 and is recommended. This method computes the losses in a steady-state implementation of the general 1D momentum approach and works on both natural and prismatic channels.  The Prismatic (Legacy) method steps though a structure and solves by a force/momentum balance (traditional approach for modeling hydraulic jumps) and can be overly sensitive to cross-section shape and bed slope. Both the Momentum (General) and Prismatic (Legacy) methods account for pier impact losses.  A comparison of bridge curves for the two methods is shown in the figure below.



Bridge Output

* Blue line represents actual
flows and stages during
simulation

* Animation time step shows
solution with red circle

r | HEC
| B 130CT2021 06:40:00 — O X
File Type Options
‘ Time Series  Maximum  Time at Max Volume ac-ft
Conn: |MLK Bridge ~| 4| #¢|||stage Hw 940.11 130ct2021 1300
Stage TW 939.76 130ct2021 1300
IV Plot Stage |v Plot Flow [v Obs Stage W Obs Flow | Use Ref Stac || Flow 14988.49 120ct2021 1300 2286342
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H RASMapper Plot - O

SA2D Conn: MLK Bridge (Simple Bridge) Profile

= 'MLK Bridge Terrain’ m

— HW WSE
— TW WSE

Bridge Output

|'RAS Mapper

950 ’/—“

File Project Tools Help

Selected Layer: Simple Bridge

&[] Plan
- ] Depth (Max)
i [] Velocity (130CT2021 1
i i-[W]WSE (130CT2021 13:1
E- [ Simple Bridge
i -- [] Event Conditions
- [v] Geometry
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&[] Geometry
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Results

Selected Features (1 of 1) r
Find... Ctrl+F
Plot Property Table

R b hE

SA2D Conn: MLK Bridge (Simple Bridge)
|v Plot SA2D Conn Data (All Enabled Results) »
[H Results >

& Mapping Results »
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Bridge Animation

20



Captured with Snagit 2024.1.4.2756  

Webcam - \\?\usb#vid_1bcf&pid_28c4&mi_00#6&1da11eb4&0&0000#{65e8773d-8f56-11d0-a3b9-00a0c9223196}\global  

Microphone - Microphone Array (Realtek(R) Audio)  

app: RASMapper x64 Interop  

appVersion: 1.0.0.0  

appC

RASMapper Plot




‘ \ Stage and Flow Hydrograph - O X
m ° File Type Options
B rl d e O ut ut ﬂ Time Series  Maximum  Time at Max  Volume ac-ft
g P o i B
IV Plot Stage ™ Plot Flow ¥ Obs Stage ¥ Obs Flow | Use Ref Stage Flow 49642.61 12Jan1996 2400 50993-19L|
Time Series Rating Curve | Internal Boundary Curves
° . Plan: Bridge Fine ELM  Conn: Jarrett Bridge
Head loss through bridge o A = |
h N — = 555 40000 _ Legend
— _ = 2 -
B R ZS,H ZS,T é 550 o § IV Stage HW M
% 20000 Fo-
w545 10000 v Stage TW i
* Drag factor S
n] B |
. . 2
e Limited to 1 g h,(t)
* Constant under bridge 3 v e
I 05
Y 0
Error ; TSI
_ . J— :; 20 Legend
e(t) o ZS,H ZS,H £ 15
B v Drag Factor
8\ 10
* Usually small but can be increase S s
0
if controller has trouble especially | e . e(?) h] B |
. o, ® s Legend
during flow transitions T 00000 ;
IE -0.0010 v Error HW
12Jan1996 1600 12Jan1996 2400 13Jan1996 0800
Time and Date



Presenter Notes
Presentation Notes
Drag factor is used to multiple to Shear Stress distribute head loss among cell faces
Error can help identify problem.  Want the error (difference in predicted (target) vs computed headwater elevation) to be small.


* Detailed velocities will not be
correct. Appropriate solution
for computing WSE.

* Bridge geometry is included in
HTab Curves but not Cell
Property Tables

* Velocity traces through the
abutments and piers, if not
included in the terrain
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Detailed Bridge Modeling

e Regular 2D Approach (2D)
* Low flow conditions only (water below deck)

* Pressure/Overtopping (2Dx2)
* Version 6.7 Betas (Official Release at end of FY) -
* Two-layer (2Dx2) mesh for bridges o
* Additional mesh above each bridge
* Requires bridge deck geometry
* All flow conditions
* Minor Losses

Ca

* Simplified 1D/2D and Pressure/Overtopping
can be used at different bridges within the
same project

23



 Cells and faces under deck
cloned/copied above the deck

* Effectively a 2-layer mesh

» Shallow-water equations solved
on each layer

* Layers only connected at the deck
boundaries

1t layer under deck can pressurize

2" |ayer above deck but mesh is
created at runtime

Introduction to 2Dx2 Approach

2D Modeling
Domain
2D Bridge
| I 11
L1 11
g N
‘Bridge cells




2Dx2 Flow Theory

* Continuity

dt

oh,
—+ V- (V) =S5

* Momentum

v,

ot

Hydraulic Head

+ (Vl . V)Vl — —gVHl —

Kip
2W

Vo[V, + -

Z.: Water surface
elevation

V: Velocity

h: Depth

K; : Minor loss
coefficient

g: Gravity

H: Hydraulic head

P: Pressure

p: Water density

W Bridge width

[: layer [1,2]

25



Plunging Flow

* Energy Balance

VU Vf

Zg+ZSU—Zg+be+hf

Water depth at edge of bridge

2

Energy head above deck
Vi

Er = — + —
f = ZsuU — Zpf 24

* Plunging occurs when
Zsp < Zp 5, hy >0

26



il | I
Minor Losses

* For Pressure/Overtopping
* Minor Head Loss

V2
H, = K; —
L Lo 24
* Apportioning Minor Losses
KLTZg = K biw Zgw + K1 abv Zagv

* Note: Velocities area-averaged
over bridge centerline

70

60

50

N
o

Elevation (ft)
w
o

20

10

Bridge Overtopping

/Maximum Loss

\ Top of Bridge

Opening

Minor Loss Coefficient



Connection - 2D Bridge Parameters
Minor Losses ssomsmeesm

Bridge Opening Loss Coeffident: |0-08 KL,O KL,T i s
Bridge Qvertopping Max Loss Elevation: 955. ZL,max Max?mum Loszp g
Bridge Overtopping Max Loss Coeffident: |D. 25 K L,max ZL,maX
Deck/Roadway Surface Manning's n: |0.016 g 30 ZL blw
§ KL,max
04 i - | ZL,O
Represents Total —&— =900 mm, v=2m/s " \
B L Coefficient —&— T=1200mm, v=2m/s K, o I;?P of Bridge
| Loss Coefficien s e 0 , pening
| - - ® = T=900mm,v=3m/s %% CinorLoss Costicient
E 0.25 - & — T=1200 mm, v=3m/s =
-5 - ® — T=1500 mm,v=3m/s = I s
£ 02
o
Q
g 015 * Based on average water surface
- and velocities
0o0s | ** * Minor Loss coefficient applied
O Collecuttetal. (2022) | yniformly over and under bridge
0 1 2 3 4 5 6

TW/T [-] .



Model Setup: Terrain

 Terrain MUST include
* Piers
* Embankments

* Only the deck is not
included in the terrain
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Model Setup: Computational Mesh

* User’s responsibility to line up bridge
deck with faces

 Careful adding refinement at piers
* Cells get cloned above deck
* Small timesteps and instabilities

e XS’s 2 and 3 only used for output
* Not important for actual calculations

* Center XS used to compute average sie
velocities and bridge output variables

30




Model Setup: Computational Mesh

Performing Unsteady Flow Simulation HEC-RAS 6.7 Beta3 April 2025
Removing below bridge deck cell 3135 from computations because of small volume

* TI m eSte p IS Tre I ate d tO ce I I VOI ume Removing below bridge deck cell 3136 from computations because of small volume

Removing below bridge deck cell 3137 from computations because of small volume

e Bri dge d ec k can cause sma | | Cel IS wit h Removing below bridge deck cell 3138 from computations because of small volume

Removing below bridge deck cell 3139 from computations because of small volume

I I 1 Removing below bridge deck cell 3140 from computations because of small volume

t | ny VO l umes w h IC h Cause ISSuUes Removing below bridge deck cell 3768 from computations because of zero volume

f | h I f Removing below bridge deck cell 3769 from computations because of zero volume

° Removing below bridge deck cell 3770 from computations because of zero volume
B € Caretul wnere yO u p dace Taces Removing below bridge deck cell 3771 from computations because of zero volume

HEC-RAS automatically removed cells | |
. |
with zero or “small” volumes '

: S 7 (Y < .

31



Model Setup: Computational Mesh

= Start coarse and refine as needed

" Grid convergence

= Use breaklines and refinement regions
=" Minimum cell size will drive time step

" Too fine resolution will lead to small
timesteps and potentially instabilities

= Nest smaller mesh within larger model
to reduce domain size if possible

r
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Model Setup: Equation Set

» Diffusion Wave Equation
* Not supported by 2Dx2 approach

» Preliminary runs and/or
initialization

= Shallow Water Equations

= Production runs
= |nclude turbulence
= SWE-EM recommended

HEC-RAS Unsteady Computation Options and Tolerances

General 2D Flow Options I 1D/2D Options | Advanced Time Step Control | 1D Mixed Flow Options

[~ Use Coriolis Effects (not used with Diffusion Wave equation)

Parameter

(Default)

[ Perimeter 1

Theta (0.5-1.0)

Theta Warmup (0.5-1.0)
Water Surface Tolerance [max=0.2](ft)
Volume Tolerance (ft)

Maximum Iterations

Equation Set

Initial Conditions Time (hrs)

Initial Conditions Ramp Up Fraction (0-1)
Number of Time Slices (Integer Value)

10| Turbulence Model

11|Longitudinal Mixing Coefficent

12| Transverse Mixing Coefficient

13| Smagorinsky Coefficient

14| Boundary Condition Volume Check

15| Latitude for Coriolis (-90 to 90)

16| Solver Cores

17| Matrix Solver

18| Convergence Tolerance

19| Minimum Iterations

20| Maximum Iterations
21|Restart Iteration
22|Relaxation Factor

SOR Preconditioner Iterations

D OO SO fun | Jds |l | hD =

1

1
0.01
0.01
20

Diffusion Wave |SWE-ELM (original/faster)

Diffusion Wave
SWE-ELM (original/faster
SWE-EM (stricter momentum)

0.1
1}

None
0.5
0.1

n ne
v.uo

All Available
PARDISO (Direct)

4 Cores
PARDISO (Direct)

Cancel

Defaults ...

33




Model Setup: Turbulence

* Important for high-resolution
production runs

e Use Conservative method!

e Eddy Viscosity Model
* Use Parabolic-Smagorisnky
* Calibrate if possible

* In lieu of calibration, perform
sensitivity analysis

_|Turbulence [ |
1| Turbulence Method Conservative
2| Longitudinal Mixing Coefficient 0.3
3| Transverse Mixing Coeffident 0.1
4| Smagorinsky Coefficent 0.05 »




Boundary Conditions

* Tempting to place them
very close to the bridge
but don’t

* Perform sensitivity on
boundary placement and
boundary values (such as
friction slope)

* Place boundaries in areas
with 1D flow (i.e. no
recirculation, or sharp
contracts and expansions)

35



Mapping Output

Selected: 'Un4 max DS ND T4 - Above Bridge Velocity' | 04APR2025 09:20:00

* Default WSE ‘
* Corresponds to max of the 15t and 2"? |layers ami
unless the flow is not pressurized REREEEF Bl iRASSaaaaaamsssssssssEEssEEuass
* Additional default Mapping layers HF smsmssmEsmsmssmsmssmsmEsa
* Above Bridge WSE M EiEEEE SR EESEEEEEMEaNCEESEC IR EECE
* Above Bridge Velocity idugas: EaRARaREMREREmERmmanass
 27d J[ayer output overrides 15t layer SEmEEEE i s
. . nd | ' = 10
(not possible to view 2" layer) E -Unwam aae :
= I:IE ent C | .
[v] Geome .
I:IF‘Ian o '

----- - [[] Depth (Max)

----- |:|‘ lelocity (Max)

I:I WSE (05APR2025 00:00:00)

----- [:I Above Bridge WSE (04APR2025 05:00:00)

----- . [¥] Above Bridge Velocity (04APR2025 09:20:00) [l -



Profile Plots

Velocity against Terrain (colors) on ‘Channel Centerline near Bridge'

Value [ft]
=)
1

= 'Terrain'Profile
o Bridge

= Un4 max DS ND NP '04APR2025 09:30:00'

Channel Centerline near Bridge

—r | r vt 1. vt ¢ v [ Tt tr Tt Tt [ T T T T

50 100 150

Station [feet]

u Mapping Results >

ik
o
) 2

SHP
SHP

Rename

Delete

Import Polylines from Shapefile
Export All Profile Lines to Shapefile
Export Selected Profile Lines to Shapefile

T r r 1 17T

200 250

A, TimeSeries »

% Profile »

T 1 T ] r Tt T | 7T

300

Detailed

350

Terrain
WSE
WSE (Without Terrain)

Above Bridge Velocity

Value [ft)
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o

Velocity against Terrain
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Time Series Plots
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Limitations and 6.7 Release

e 2D Depth-averaged flow
* Hydrostatic Pressure

* Low and high chords approximated
with a constant elevation

e Cannot view or interact with cloned
bridge mesh

e Supported in 6.7 Release

* Precip, evap, infiltration, wind, -
atmospheric pressure, and waves 2

https://www.northescambia:éom/;/vp; ‘

¢ NOt Support |n 6.7 Release content/uploads/2025/04/Flood-4004.jpg
* Bridge openings such as culverts

» 2D sediment, secondary flow, debris
flow, and others
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When to Use What?

* Simplified 1D/2D Bridges
* Head loss through the bridge
* No detailed hydraulics
* Coarse meshes

* Pressure/Overtopping
* Detailed bridge hydraulics
* Pressurized and high flow
e Requires fine resolution mesh
* Most physics-based
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Questions?
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