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Introduction

* Two Approaches for Bridge Modeling
 Simplified 1D/2D Bridge Modeling
* Enforces precomputed 1D bridge curves from a nested 1D bridge model
* Can handle any flow regime
* Cannot simulate detailed flow
* Terrain Modifications not necessary

* Full 2D Modeling

* Detailed mesh and terrain modifications used to simulate detailed flow
through bridge

e Currently, cannot handle pressured flow or overtopping
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Simplified 1D/2D Bridge Hydraulics e

= 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



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 faces though the bridge.
* 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



Structure Layout

* 1D Bridge loses computed
between “XS” downstream of
deck through the bridge to “XS”
upstream of bridge deck.

* Enforced as Breakline

e Set cells sizes (or cell US/DS
length) so that the cell centers
match the domain covered by
1D Bridge loses

* Model Bridge opening (not
overbanks)




Example Layout

e Structure is Enforced as a Breakline

e Cell Size Considerations

* Bridge Deck width = 40 ft and US Distance =5 feet
e Half deck width = 40/2 = 20 ft
* Distance from centerline to first cell center =20+ 5 ft
* Row of cells needs to be 50 ft o= 50)feet
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Steps for Adding a 2D Bridge

1) Draw a centerline for the bridge opening/embankment using the SA/2D
Area Connection tool
* Bridge centerline is drawn left to right looking downstream.

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

e 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...)

3) 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 Connection editor.

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

5) Run the model and review the results.
* Make any necessary changes to the data in order to improve the results.



Bridge Centerline and Mesh Adjustments

* Select the SA/2D Area
Connection layer tool
and Draw the centerline
of the bridge from left
to right looking
downstream

* Choose Bridge Type

‘ =) [¥] MLK Bridge
=[] 2D Flow Areas
[V] Perimeters
[¥] Computation Points
[V Breaklines
- [[] Refinement Regions
SAJ2D Connections
Boundary Condition Lines
(14 Empty Layers)
#-["] Event Conditions
#-[] Results
#-[[]Map Layers
=) [v]¥ermains
MLK Bridge Terrain

(Geometry ‘MLK Bridge' saved

‘ Editing Connection Structure

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

(From and To can be changed from connection editor) £

Name: |MLK Bridge|

Width (ff): [40
Structure Type: | Bridge (Intemal to 2D Flow «
’”
’”




Bridge Centerline and Mesh Adjustments

e Edit 2D Connection Breakline
Properties
* Cell Spacing
* Near Repeats

* Cell Spacing = deck width + u/s
distance

 Enforce 2D Connection as
Breakline

SA2D Conn: MLK Bridge (MLK Bridge)
Plot SAZD Conn Data

Edit SA2D Conn
Update SA/2D Connections (1 of 1) »

Edit 2D Connection Breakline Properties [ |

7 Enforce 2D Connection as Breakline

Delete Selected Feature Del, D
Move Selected Feature
Copy Selected Feature Ctrl+C



Bridge Data

~w Connection Data Editor - MLK Bridge

SA/2D ¢ Edit 2 File View Options Help
Conn File Edit Connection: IMLKBrdgc EI ﬂﬂ Apply Data | | |
.E- Tut Desﬂ"lptlm I J oreach ,._|'.I'| 18C8) 444 |
J r~ Connections
° . . . - . Wimir | mru iy
Y Open N Geometrlc Data mect — 2D Flow Area: White River Set SA/D ... | Weir Length: | n/a
. .' To- IzDFlowArea: White River 5et5A;20...| Centerline Length: | 343.96
Edltor mputation Me
(" Normal 2D Equation Domain =ir Equation Centerline GIS Coords... |
N : Cut profile from terrain ...
e Structure Type: Bridge |
Clip Weir Profile to 20 Cells... |
MLK Bridge j
US Bounding XS
8557 Legend
vaﬂi _'....'.1 T_""“-.. Ground
| Ban; Sta
& 9451 | r
=4 || Current Terrain
£ gyp] | |
E | |
o 835 “..1 ,"J
9301 '-“1"‘-'"——-"""""'!-. P ...--—0—-'—""‘"'Hrr‘.
%25
- 0 50 100 150 200 250 300 50
Station (1) —,j
;[ b
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Deck and Roadway

Deck/
e Deck/Roadway Data Editor ‘
* j
* Distance (this is the distance from the F b zZ
upstream side of the bridge deck to Cear | DelRow | nsRow | Copy US to DS |
the cross section upstream outside of
the bridge, as wells as downstream B S S S —
OUtSIde) 2|47 950 939 47 950 939
* Width of the bridge deck in the e e e
direction of flow 5] 56 950 9432 |56 950 943.2
. .. . 6|59 950 943.8 59 950 943,8
* Weir Coefficient for flow going over 762 950 (94425 62 950 94425
RIAS asn 944 55 A5 asn Q44 55 ok

the roadway
* Station (distance from left to ri§ht R E

along the brldge deCk/roadway ’ High ax mergence: 0.95 in Weir Flow El:
Chord, and Low Chord elevations for o vinwer Fowel: [

- Weir Crest Shape
the upstream and downstream side of & Broad Crested
the bridge deck " Ogee

oK | cancel |

Enter distance between upstream cross section and deck/froadway. (ft)
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Automated Cross-Sections

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

family of curves.

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.
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Piers and Abutments

Pier Data Editor ‘

* A Centerline Station for both the i Wi
u/s and d/s for bridge pier. I
* The pier is formed by entering v -
pairs of elevations vs widths, 200 Qﬂtgjf { Soiopy 1
starting below the ground and et ——
going up past the low chord of
the bridge deck. |t | o oot
2|6 945 6 945
* This must be done for both the -
u/s and d/s side of bridge - -
ok | Cancel Help Copy Up to Down

* Copy Up to Down, if appropriate et e
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Bridge Geometry

» For the two cross-sections inside the bridge, they " Connection Data Edfior - MLK Bridge -oBx
follow the edges of the deck/roadway. ile View Options Help
Connection: [MLKBridge LI ﬂﬂ
* The outside cross-section locations are automated ..o | N |
by simply creating cross sections that are parallel to | comecsons
the inside cross sections, and the distance upstream | som: [2D Fiow Area: White River SetSA/D ... — e
and downstream from the bridge deck is based on To: [2D Flow Area: White River SetSA/2D... | | CenterineLength: | 346.96
what the user entered for the Distance field in the
Deck/Roadway editor. c ¢ Centerine G Coords... |

Structure Type: |E|ridge (Internal to 2D Flow Area) LI Cut profile from terrain ... |

* Note: If the user changes the Deck/roadway data

(Bridge width or distance field), then the location of |™* s tnside e ~1[#] %] _cowerprofe o D ods... |
the 1D cross sections will change. % 1S nside Bge s
* The user can view each of the four cross sections, as | fe . —
well as the centerline from the plot by selectingthe | 1 | . —
location to view. Hezn . ank St
E, Current Terrain
* If the bridge data is changes, the user will see that 5 =¢ *
the terrain under the current 1D cross section line is | Moding| & =2

fApproach

different than what they currently have entered. e L
The user can recut any of the 1D cross sections by | o2 s e & A
simply pressing the Cut profile from terrain button '  Staton 1 ' ' ) E
while viewing a specific cross section. | |
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Manning’s n Data for the XS's

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

Bridge Cross Sections ‘

Upstream Outside Downstream Inside
Main Channel Bank Stations
Left Bank Sta | Right Bank Sta I Left Bank Sta I Right Bank S5ta 1 Left Bank Sta I Right Bank Sta Left Bank Sta I @_;ht Bank Sta
0 |348.96 0 |348.96 o |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 0 048.61 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 5 217 949.31
6 19.65 949.649 [ 16.48 949.62 6 24.42 949.62 [ 27.65 949.62
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
g 29.57 950.2 9 25.81 950.04 9 33.61 950.14 g 45.5 950.62
10 30.5 950.27 10 29.492 950.25 10 36.32 950.28 10 50.75 935.55
11 34.12 950.37 11 33.04 950.32 i1 38.88 950.35 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 38.15 947.49 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 45.48 934.14 = 15 53.47 934.89 = 15 72.32 932.95 =

ok | cancel | Hep |




Approach

1D Bridge Modeling Approach & >

[ ) LOW fl OW m et h Od S . Connection Bridge Modeling Approach Editor
Low Flow Methods
* Energy Use Compute
(" |v Energy (Standard Step)
° Momentum " ™ Momentum CoefDragCd |2. gl
(" | Yamnell (Class Aonly)  Pier Shape K gl
°
Ya rne l l {*  Highest Energy Answer
() I . High Flow Methods
High flow methods: gl
¢ Pressure andlor Weir]
* Energy e et o (Blank for table) [
H Submerged Inlet + Outlet Cd 0.8
°
P ressu re/We Ir ﬂ ow Max Low Chord (Blank for default)
oK | Cancel | Hep |
Lse pressure and/or weir method for high flow
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Hydraulic Table Parameters |

* Number of points on free flow curve
(100 max)

 Number of submerged curves (60 max)

* Number of points on each submerged
curve (60 max)

* Headwater maximum elevation

 Tailwater maximum elevation is
optional, as is the Maximum Flow.

Connection Hydraulic Property Table Parameters

MNumber of points on free flow curve:
Number of submerged curves:

Number of points on each submerged curves:

50
50

20

Apply number of points to all Connections

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

Maximum Flow (Recommended):

ok |

933

Cancel
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Hydraulic Table Parameters ;|

* Number of pOintS on free flow Connection Hydraulic Property Table Parameters
curve (maximum is 100)
Mumber of points on free flow curve: 100
* Number of submerged curves
Mumber of submerged curves: =11

(maximum is 60)

. Mumber of points on each submerged curves: |50
* Number of points on each

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

e Head water maximum elevation. Head water maximum elevation: 035

e Tail water maximum elevation is Tail water maximum elevation (Optional):

optional, as is the Maximum Flow  |Maximum Flow (Recommended):

0K Cancel
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HTab — Family ot Bridge Curves

Value [ft)

SA2D Conn: MLK Bridge (MLK Bridge) (Upstream)

U/S User-Defined Wt

150
Station [feet]

Head Water Elevation (ft)

8501

945 - Z
=
940
935- =
r..

14

i}

P
9304

0 20000 40000 60000

Flow(cfs)
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Bridge Skew

* New in 6.5

* Skew angle used to
reduce the effective
length of the bridge
opening by projecting
the internal and external
bridge cross-sections

* Multiplies the stationing
by the cosine of the skew
angle

Elevation (1)

6007
5907
5801
5707
5601
5501

2401

530

SA Connection Bridge Skew

Enter skew angle [-45 to 45) for bridge data [Enter 30 to
rotate a bridge centerline 30 degrees counter
= clockwise]. The skew will be applied to this connections
~ | data right before a compute. This is different from skew
on bridges on 1D river systems where the skew is
applied immediately.

r - 145

Legend

Ground
Ban: Sta
Ground Skewed 45 degrees
Bank Sta Skewed 45 degrees

Current Terrain

0 . . . . 2I:.iI] . . . . 460 I I 600 I
Station (ft)

800



EY 1D vs 2D Model Comparison

N Geometric Data - Mesh Test

File Edit Options View Tables

Tools  FRiver Storage | 20Flow
tY G &
Editors ™ e

Junct.
A=

Cross
Section

Brdgy/Cul

Inlire
Structure

Lateral
Structure

Storage
Are3

2DFlow
Area

£A/2D0 Area
Conn

Do
Pumg
Station

HTah |
Faram.

iew .
Picture e
L<]

Head Wyater Elevation (ft)

G5 Teels  Help

$AZDAreal SA/ZDArea) Reference| 20Area 20Areal | Pump
ECLincz | Points |Breaklines  Masnn | Station

D ame R E| Ao | o

BridgeArea)

o

Internal Boundary
Bridge B2

Description @

— O x

Plot WS extents for Profile:

w Connection Data Editor - Mesh Test

File View Options Help

Connection: IBridgE ;I ﬂ Apply Data |

Description I J
Connections

From: IZD Flow Area: 2DBridgeérea SetSAf2D ... I

To: IZD Flow Area: 2DBridgeArea SetSA[2D ... I

Oyetflow Computation Method

" Normal 20 Equation Dormain % Use weir Equation

Structure Type: IBndge (Internal to 20 Flow Ares)

J I(nona) ;I

- ] X

Breach (plan data) ...

Weir Length:
Centerline Length:

| Centerline GIS Coords. ..
LI Cut profile from terrain ...

—————————

SAMDAR SAIZDA  Rforence

20000

40000 60000 80000

Flow(cfs)

2ofreEy | Pump
Mannn | Station

RS
Fiegions | (P 1259
164

15

12711

Flot: IUS Inside Bridge ;I ﬂﬂ Clip Weir Profile to 2D Cells. ..
k, .
Rozchay Bridge
US Inside Bridge 5
= each 1
iier
_L 4’515; Legend s
Sloping J — =
Abutﬁ"nent 4810 Ground
] .
b 4605 \‘ / Bank Sta
ME:ti:IdegI;g E' 48007 Current Terrain
Approach| 2 45951 :
=
”
Hsb | o 45901 7
Pararn. e
4580
4575
o 50 100 150 200 250 300 350
Station (ft)
Legend | v
Tailwater Curves | Previous connection
- 8
Free Flow Curve -
13

2309301.11, 14738709.86

Head WWater Elevation ()

4580 §

- O X

Plot WS extents for Profile:

_I I(ﬂone) j

Internal Boundary
River 1 Reach 1 787 BR

Legend

Tailwater Curves

- s
Free Flow Curve

[ r———

4575
o

20000

40000 s0000 80000 100000

Flow (cfs)



1D and 2D Comparison Animation




Captured with Snagit 2019.0.1.2448  

Webcam - Logitech Webcam C930e  

Microphone - Microphone (Logitech Webcam C930e)






Flow Tracers




Captured with Snagit 2019.0.1.2448  






Computation Procedure

Selacted: 'Lopkﬁa\}enAngmin-anridg;e wih o
1. Estimate total bridge flow - s 4N
and tailwater elevation as | N

Q. : XS cell volume

.
—

[ : XS length in cell = | 208 L
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Computation Procedure

950 7 p—————

2. Compute target headwater elevation ——————
from bridge curves ous ————————
| ——————
______.__,__,————’__'__'____,__———-
c
A =
s — -J-f"""?--*
ZS,H — f(QB9ZS,T) % 935+ == :
I
=
{"I‘
025 . - - - . - - - . r - - - . r -
0 10000 20000 30000
Flow(cfs)
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Computation Procedure

* Bridge energy losses simulated by

increasing bottom shear stresses by a

bridge drag factor under bridge faces

t, =2,pC, VIV

A,(t) =1

3. Proportional-Integral-Derivative

Controller used to adjust bridge drag
factor to impose headwater elevation

2
d, (1) _ K e(t)+ K de(?) |, K d%e(t)
dt Pode dr?

ZQiliZs,l
~ __ ieH

e(t) = Zow —Zyn

Selected: 'Lockl-lavenAreaTenain-ZDBridge with Breaklines'

2008 L
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Family of Rating Curves - 2D Flow Areas

e Curves are used differently from 1D solution
 Compute US XS and DS XS are used to compute expected 1D Flow

* Friction lose terms are adjusted so that compute 2D flows match
expected 1D Flow (one adjustment factor for all the bridge faces)



Bridge — Output

* Head loss through bridge
hB = Es z

* Drag factor
* Limitedto 1

* Constant under bridge

* Error

* Usually small but can be increase
if controller has trouble especially
during flow transitions

e(t)y=z

H 4T

s, H o

Z

s, H

Stage and Flow Hydrograph

File Type Options

>

Maximum  Time at Max Volume ac-ft

Time Series
Conn: |Jarrett Bridge j 3| 1| |Stage HW
Stage TW
IV Plot Stage [V Plot Flow ¥ Obs Stage [V Obs Flow | Use Ref Stage Flow

Time Series | Rating Curve

560

[l
[l

Elevation (ft)
[92] w
3

wi
5
[

wul
5
o

%]

Head loss (ft)
N 9 9 - - n
wu w

Drag Factor (-)
v - 8

o

Error HW (ft)

Ay (1)

12Jan1996 1600

560.98 12Jan1996 2400
558.78 12Jan1996 2400
49642.61 12)Jan1996 2400 50993.19

%

Internal Boundary Curves

Plan: Bridge Fine ELM  Conn: Jarrett Bridge

hy (1)

0.0010
0.0000 e ( t )
-0.0010

12Jan1996 2400 13Jan1996 0800

Time and Date

50000 KN | B |

40000 Legend
—~
i R
30000 G =
3 v Stage HW
20000 3
[ —
10000 v Stage TW
0 v

[ ] 8 |

Legend

v Head loss

[(n | & |

Legend

v Drag Factor

NN

Legend

v Error HW




Bridge — Output

Stage and Flow Hydrograph . [} X
File Type Options
ﬂ Time Series  Maximum  Time at Max  Volume ac-ft
Conn: |Jarrett Bridge j ﬂﬁ Stage HW 560.98 12Jan1996 2400 %
IV Plot Stage ™ Plot Flow [V Obs Stage ¥ Obs Flow I Use Ref Stage ::\?veTW 4922523:;?13::1222 iigg 50993.19 v |
. ime Series I ating Curve nternal Boundary Curves
* Blue line represents actual flows e e
. . . N
a n d Sta ges d U rl ng Sl m U Iat | O n — = — / = Legend
* If PID Controller has trouble, the * | ——
blue line can go outside of the == = ~
rating curve data |
:§’ E 7
"'E: 560
550
540
0 50000 100000 150000 200000
Flow (CFS)




Bridge Output

. RAS Mapper

File Project Tools Help

Selected Layer: MLK Bridge

e
An

Lo @K

8- H ] Features
. [] Profile Lines
E! .Geomehe:
&[] MLK Bridge
- [] Cross Sections
- [¥] 2D Flow Areas

] (13 Empty Layers)
&[] Event Conditions
= [v] Results
| B[] MLK Bridge
&[] Event Conditions
- [ Geometry
7] Depth (Max)

{ .- [¥] WSE (Max)
-] Map Layers
= [v] Terrains

- [¥] MLK Bridge Terrain

i [4] SA2D Connections =
- [] Boundary Condition Linegs———

&[] Velocity {130CT2021 00:00:00)

%  Plot Profile

RA

8]

¥ Plot Tick Marks

Messages | Views Profile Lines| Act

(408872.08, 1802723.14 1 pixel = 1.451

L Plot Time Series

[ Rename
)  Delete

NS N

Value [feet]

935

o5 RASMapper Plot

Water Surface Elevation on ‘MLK Longer Profile’

e — |
= WSE 'Max’ !
=~ 'MLK Bridge Terrain' Profile

300
Station [ft]

Terrain

WSE (Without Terrain)
Depth

Valarih: smsinct Tarrsin

200 |




Considerations

 Spacing/cell sizes through a bridge modeled as 1D are generally larger
than users would like

* Necessary to use these cell sizes so that we do not duplicate
contraction and expansion losses (however small they may be) in 2D
domain and in 1D curves

e Cannot tune PID controller parameters for specific applications



Detailed Bridge Modeling

* Simulating all energy loses with a
high-resolution 2D model

* Requirements high-resolution
terrain and mesh

* Pros
e Physics-based
* High-resolution results

* Cons
* Depth-averaged assumption

* No pressurized flow or overtopping in
Versions 6.3 and earlier

e Computationally Expensive
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Terrain for Detailed Bridge Modeling

* Requirements
* High-resolution
* High-quality
* Terrain Modifications
* Piers
* Embankments
e Bathymetry Modifications

33



Equation Set

= Diffusion Wave Equation
= For preliminary runs and/or
initialization
= Cannot simulate contraction
and expansions

= Cannot simulate mixed flow

= Shallow Water Equations
= Production runs

= Necessary to include
Turbulence

= SWE-EM has better
momentum conservation

HEC-RAS Unsteady Computation Options and Tolerances

General 2D Flow Options | 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 Coefficient

12| Transverse Mixing Coeffident

13| Smagorinsky Coefficient

14|Boundary Condition Volume Check

15| Latitude for Coriolis (-30 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

A A N S L

1

1
0.01
0.01
20

Diffusion Wave JSWE-ELM (original /faster)

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

0.1

1-

None
0.5
0.1

P
U.0o

All Available
PARDISO (Direct)

4 Cores
PARDISO (Direct)

Cancel

Defaults ...
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Computational Mesh

" Preliminary runs with simple
coarse mesh

= Breaklines and refinement
regions for high-resolution
meshes

" Minimum cell size will drive
time step

" Perform grid convergence
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Momentum Diffusion

* Diffusion Term f
* Use Conservative Formulation! = = .

 Eddy Viscosity Model B~ i
* Use Parabolic-Smagorisnky S na g
* Calibrate if possible o

* In lieu of calibration, perform e
sensitivity analysis SRR
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Bottom Roughness

e Use spatially variable i
Manning’s n B

* Different flows may require =
different bottom roughness =~
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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)
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Advanced Computational Parameters and Options

* Time Step H e
 Variable time step algorithm i B :
e Hand calculations of Courant £ ;f | “’
* Model stability o
* Implicit Weighting Factor
* 1.0 for preliminary runs ::Iwﬁ
* 0.5-0.6 for production e
unsteady flow runs -
* Not important for steady flow L ' e
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Limitations

* Flow must be below bridge deck
* No pressured flow
* No flow overtopping

e 2D Flow Assumption
* Breaks down when cell resolution
is much finer than depth
* Hydrostatic Pressure Assumption

* Cannot simulate
* Bridge openings such as culverts
e Debris (can be done in 1D)
* |ce (can be done in 1D)
* Waves

105

100

]

95

907

851

80

100

200

300

400

500

600

700

Legend

EGPF 1
WS PF 1

Ground
Ineff
L]
Bank Sta

|
Pier Debris

800
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Detailed Bridge Modeling

® Equation set = SWE-ELM

= Eddie Viscosity Coefficient
=Conservative D, and D; = 0.5

= Grid Size = 2x2 ft up to 8x8 ft

= Time step = 0.2 seconds

= No. Cells = 45,000

= Event Duration = 20 min. Steady Flow

= Run Time = 3min 39s
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Detailed Bridge Modeling




Detailed Bridge Modeling




Detailed Bridge Animation
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Resources

Publication No. FHWA-HIF-12-018
' April 2012

U.S. Department Hydraulic Design Series Number 7

of Transportation

Federal Highway
Administration

“\: epariment of sporiat
'.r Federal Highway Adminisfration

Publication No. FHWA-HIF-19-061
October 2019

Hydraulic Design of Safe Bridges

Two-Dimensional Hydraulic Modeling for

Highways in the River Environment
Reference Document

US. Department of Transportation
Federal Highway Administration
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US Army Corps
of Engineers «

Questions?
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