Modeling Bridges with Unsteady Flow

Solution
Enter Bridge Information

Add a new Bridge at Station 5.4.

T Bridge Culvert Data - Beaver Creek - Initial Bridge HEC-RAS

File Vi Opti Hel

e ew ptions <P Enter a new river station for the
River: |Beav Add a Bridge and/or Culvert ... new bridge or culvert in reach

. ) o h "Kentwood”

Reach: IKent Copy Bridge/Culvert ...
Dexcriplion Rename River Station ...
Bounding XS's Delete Bridge/Culvert ...
Rgggﬁ';, Internal Bridge Cross Sections...

Use the Bridge Design Editor to enter the deck and pier data.

¢ Road embankment is at a constant e
elevation of 216.93ft. : Bdg
Deck/Ro
e The bridge low chord is at elevation of Ele\,af,..,;xo,d (TopofRoad):  |[216.93
215.7 ft. Elev of Low Coord: |215.?
e The bridge opening has vertical walls at v Add Vertical Wals in Deck
cross section stationing 450 ft and 647 ft. riﬁ”sm:’bﬁ::;:'cm“) =
° Side Slope I H:1V
e The bridge has 9 piers. The piers are 1.25 Make Deck/Roadway |
ft wide each and have a square nose. The Piers _ P
piers are spaced 20 ft. apart on center, Ie——— _ _ [?_
starting with the first pier at station 470 ft. x‘“:’"“::‘:is“;:‘ [;2_
wnstream rang on:
Pier Centerline Spacing: 20
Pier Width: |1.25
Make Piers |
Close
° The bridge deck is 40 ft Deck/Roadway Data Editor ‘

wide, and the upstream

side of the bridge deck is I Ditance | wdt T Wek Coct
30 ft from cross section
immediately upstream of Cear | DelRow | InsRow | CopyUStoDS |
the bridge (section 5.41).
Station |high chord | low chord | Station |high chord | low d'nrdE
_10 216,93 202.7 1] 216,93 202.7
—2|4%0 216,93 2027 450 216,93 | 202.7
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IX Bridge Culvert Data - Beaver Creek - Initial Bridge - O x
File View Options Help
River: IBeaver Creek 3 Apply Data |+.|
Reach: IKentwond 3 River Sta.: [5.4 - HJ
Description I J
Bounding X5's: 5.41 5.39 Distance between: 100 (ft)
iy RS=5.4 Upstream (Bridge) -
225 Legend
—
Pier | . 220 T Ground
€ *
g 215 Bank Sta
- ]
Sl
chea| 2 20
205
Bridge
A 200
Hodslng 0 =00 1000 1500 2000
Approach
Culvert
RS=5.4 Downstream (Bridge)
225
Mubiple 290
Elpenir!g = o
Analysis T s
-]
Hsb | & 5y
Param. | 2
205
HTab 200
ELE) 0 500 1000 1500 2000
| Station (ft) j
Design ;| « |
[

Bridge Modeling Approach Editor ‘

Select a Bridge Modeling Approach for ] copy | elete | Bridge = |1 - 41
both low and high flow. Low Flow Methods

Use Compute
Multiple methods can be used initially; [ Energy (Standard Step)

el
however, a single method should be " T Momentum coeforagcd | 12|
selected prior to unsteady flow C T Yamel CassAonly) Pershapek | L2)|

modeling. Based on previous modeling € T WSPROMethod (Class Aonly) _ WSPRO Variables |
with this data, the shown combination G Highest Energy Answer

is the best choice for this bridge.

High Flow Methods
" Energy Only (Standard Step)
{* Pressure and/or Weir

Submerged Inlet Cd (Blank for table) |
Submerged Inlet + Outlet Cd |0.8
Max Low Chord (Blank for default) |
oK | Cancel | Help |

Enter to add another bridge coefficent set.

2/10 WS - Bridge Modeling



Enter the Ineffective Flow Area data for the bounding bridge cross sections

Ineffective Flow Areas

Select Ineffective Mode

The initial model applied the
Normal Ineffective Flow option,

laterally offset from the abutment & Normal  Multiple Blocks
locations based on a rapid Left Right
contraction and expansion of flow _
Statio 420, 677.
in the vicinity of the bridge. The i | |
Elevation 216.5 [216.5

elevation for the ineffective areas
was set to just below the top of
weir elevation.

[~ Permanent [ Permanent

oK I Cannell Defaull:l Clear I

Compute Steady Flow Profiles

The Bridge Comparison table shows that for the 1974 flood event the pressure/weir

flow solution was used.

E Profile Output Table - Bridge Comparison - O X
File Options Std. Tables Locations Help
HEC-RAS Plan: Steady River: Beaver Creek Reach: Kentwood Reload Data
Reach River Sta | Profile E.G. US. | W.S. US. | BR Sel Method | Energy EG |Momen. EG | Yarnell EG| WSPRO EG| Prs O EG |Prs/Wr EG | Energy/W
(ft) () (ft) () (ft) () () () )
Kentwood | 5.4 PF 1 213,62 213,37 Energy only 213.62
Kentwood | 5.4 PF 2 216,79 216.36 Press Only 215,81 216.79
Kentwood | 5.4 1974 flood 217.31 217.17 Press/Weir 216.94 217.60 217.31
o] | 2l
Upstream energy grade elevation at bridge or culvert (spedfic to that opening, not necessarily the weighted average).
The bridge only table shows weir flow for the third profile.
E Profile Output Table - Bridge Only — O X
File Options 5td. Tables Locations Help
HEC-RAS Plan: Steady River: Beaver Creek Reach: Kentwood Reload Data
Reach River Sta |Profile E.G. US. | Min El Prs |BR. Open Area|Prs OWS| Q Total |Min El Weir Flow| Q Weir | Delta EG |BR Sluice Coef
(ft) () (sa ft) (ft) (cfs) () (cfs) ()
Kentwood | 5.4 PF1 213.62: 215.70 1600.38 5000.00 216.94 0.21
Kentwood | 5.4 PF 2 216,79  215.70 1600.38| 216.36 10000.00 216.94 1.42 0.34
Kentwood | 5.4 1974 flood 217.31 215.70 1600.33 14000.00 216.94 1112.25 1.31
r_lpstrea'n energy grade elevation at bridge or culvert (spedific to that opening, not necessarily the weighted average).

Check the cross sections around the bridge. The Six XS Bridge table shows that
there was a bit more overbank flow in the upstream of the bridge than downstream.
This may be a result of the ineffective flow options being off upstream and turn on
downstream. Also, the overbank flow is much greater than weir flow.
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E Profile Output Table - Six XS Bridge - O X

File Options 5td. Tables Locations Help

HEC-RAS Plan: Steady River: Beaver Creek Reach: Kentwood Profile: 1974 flood Reload Data I

Reach |RiverSta |Profle  |E.G. Elev |W.S. Elev|Crit W.S. | Frctn Loss| € & E Loss|Top Width| QLeft [Q Channel| QRight | vel Chnl
(ft) (ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft/s)

Kentwood | 5.44 1974 flood}  217.52i 217.41 0.20 0.01 1843.97 3719.94 4383.23 5896.83 4.18
Kentwood| 5.41 1974 flood| 217,31 217.17 212,25 1844.77 2102.79| 76512.42| 4284.79 3.81
Kentwood|5.4 BRU|[1974flood| 217.30 217.17 212.52 1844.77  266.11| 13004.25 694.10 7.89
Kentwood|5.4 BRD|1974flood| 217.30 217.17 212.52 1824.00 266.11 13004.24 694.10 7.89
Kentwood| 5.39 1974 flood| 216,00 21574 212.28 0.23 0.06) 1714.13 1874.00 8688.69 3437.32 5.06

Kentwood| 5.3450* |1974flood| 215.71 215.58 0.23 0.00 1678.22 3130.06 4655.09 6214.85 4,36

Energy gradeline for given WSEL.

The ineffective area controlling elevation was set to 214.5" at the downstream
section to allow overbank flow for the 1974 flood profile. Also, the overbank n
values were doubled at the bounding sections to reduce overbank conveyance.

Looking at the bridge tables we find that there is still a lot of flow in the overbanks
compared with the computed weir flow.

E Profile Output Table - Six XS Bridge - O hed

File Options 5td. Tables Locations Help

HEC-RAS Plan: Final Steady River: Beaver Creek Reach: Kentwood Profile: 1974 flood Reload Data I

Reach River Sta |Profile E.G. Elev | W.S. Elev | Crit W.S5. | Frctn Loss|C &E Loss|Top Width| QLeft |Q Channel| QRight | Vel Chnl
(ft) (ft) () (f) (f) f (cfs) (cfs) (cfs) {ftjs)

Kentwood | 5.44 1974 flood 217.64: 217.50 0.25 0.00 1844.35 2137.27 4582.01 6880.72 4.71
Kentwood|5.41 1974 flood| 217,38 217.23 212.25 1845.24 1140.96 B180.95 4678.09 4.07
Kentwood|5.4 BR U|1974 flood 217.38 217.23  212.52 1845.24  358.73 12705.14 936.13 7.66
Kentwood|5.4 BR D|1974 flood 217,38 217.23 212.52 1824.00 358.73 12705.14 936.13 7.66
Kentwood|5.39 1974 flood| 216,18 21589 212.26 0.27 0.07 1726,95 1025.42 9195.37 3779.21 5.27
Kentwood | 5.3450* 1974 flood 215.85 215.69 0.31 0.00 1687.19 1759.68 5159.75 7080.58 4.77

Fnergy gradeline for given WSEL.

In order to reduce conveyance, we must dramatically increase the Manning’s n
values in the overbanks. An n value of 0.6 was used. This may be justified given the
extremely thick trees in the overbank. Weir flow is much closer to the overbank
flow.

E Profile Output Table - Bridge Only - O X
File Options 5td, Tables Locations Help
HEC-RAS Plan: Final Steady River: Beaver Creek Reach: Kentwood Profile: 1974 flood Reload Data I
Reach River Sta |Profile E.G. US. |Min El Prs |BR Open Area|Prs OWS | Q Total |Min El Weir Flow| Q Weir | Delta EG |BR Sluice Coef
(ft) (ft) (sq ft) (ft) (cfs) (ft) (cfs) (ft)
Kentwood| 5.4 1974 flood} 217.3%: 215.70 1600.36  217.23 14000.00 216.94| 149269 1.07 0.40

erstream energy grade elevation at bridge or culvert (spedfic to that opening, not necessarily the weighted average).

4/10 WS - Bridge Modeling



ﬁ Profile Output Table - Six XS Bridge - O X
File Options 5td, Tables Locations Help
Reach River Sta  |Profile E.G. Elev |W.S. Elev | Crit W.S. |Frctn Loss |C &E Loss| Top Width| Q Left [Q Channel| QRight | Vel Chnl
(ft) (f) (ft) (ft) (ft) (f) (cfs) (cfs) (cfs) (ftfs)
Kentwood | 5.44 1974 fiood 217.82, 217.73 0.26 0.16| 1845.42 3677.66 4162.94 6159.41 3.86
Kentwood | 5.41 1974 fiood 217.39 216.79 212.24 1841.40 509.72| 12649.62 840.66 6.59
Kentwood|5.4 BRU|1974flood| 217.39 216.79 212,52 370.19| 12669.36 966.07 7.92
Kentwood|5.4 BR D| 1974 fiood 217.39 216.79 212.52 370.19| 12669.36  966.07 7.92
Kentwood | 5.39 1974 fiood 216.32 215.51) 212,25 0.36 0.33| 1693.56 429.04| 12680.61 890.35 7.60
Kentwood | 5.3450* 1974 flood| 215.63 215.48 0.23 0.02| 1670.79 3276.42| 4754.07 5969.52 4.60
Fnergy gradeline for given WSEL,

The model was rerun and checked against the observed data.

s Profile Plot
File Options Help

- o

x

Reaches . | 4| #] Profies .|| @] I™ Piotinival Condtons Reload Deta |
~ P 7 B
e
B Main Channel Distance (mi) 75, nw.sil;j
Unsteady Flow Simulation
HTAB parameters were set up for the K Parameters for Hydraulic Property Tables pe
flows the bridge.
Number of points on free flow curve: IED
The range of elevations for the . |50—
processing of bridge data should Number of submerged curves:
exceed the expected range of flow and |nNumber of points on each submerged curves: |20
elevations. The tailwater and - -
headwater elevations could be set one- Apply number of points to all bridges and auverts _ |
foot higher than the values for the e e |220
1974 flood. Also, the maximum flow ) ) )
could be set to the maximum expected Tail water maximum elevation (Optional): |213.
in future applications. Maxcimum Flow (Recommended): 30000.
oKk | cancel |
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The unsteady flow simulation [ Unsteady Flow Analysis P |

was set up for the May 1974 Eile QOptions  Help
flood. A 1min time step was Plan: [peaver Creek - Unsteady ShortID: [Unsteady
use d Geometry File: IEIea ver Creek - Final Bridge LI
Unsteady Flow File: IMay 1974 flood ;I
Programs to Run Plan Description
lv Geometry Preprocessor
¥ Unsteady Flow Simulation
I~ Sediment
W Bo
I™ Floodplain Mapping
Simulation Time Window
Starting Date: 2MAr1974 | 0| Starting Time: 2400
Ending Date: 2vavieza | L Ending Time: 2400
Computation Settings

Computation Interval: 1 Minute - _.I Hydrograph Qutput Interval: |1 Hour -

Mapping Output Interval: 1Hour - Detailed Output Interval: 1 Hour X
‘Pro)cct DSS Filename: LI [C: \Temp\_2022 Unsteady Class\Bridges and Culverts\Bridge g

Compute

Review Unsteady Flow Results

The Hydraulic Properties Plot for the bridge is shown below. The family of curves
looks reasonable, except for the zone around elevation 216, where it looks like we
could have trouble. The low-chord elevation is 215.70, where pressure flow using
the gate equation will begin. The sharp breaks for several curves reflect the
upstream water surface elevation based on the gate equation, which is independent
of tailwater. Solutions in that range may have difficulty.

8 Stoge o P iydrograph — o0 x

Plot Types.

boe | [ PopwyTiie || s L

Time e
Stage AW

i Volume scht
200 -
| stage W

1200
Flow 1356230 22Mey1874 1200 1439708 7]

e Intemal Boundary Curves

Elevation (1)
|

Flow {cfz}

The stage and flow hydrograph plot, for the bridge solution, is shown below.
Generally, the hydrographs appear reasonable up to the low-chord elevation. Then
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there is a break in the hydrographs as they hit the low chord and top of road for the
bridge.

ﬁ Stage and Flow Hydrograph - [m] X
File Type Options Help
— m > Time Series  Maximum  Time at Max  Volume ac-ft Reload Data
Reach: | Kentwood | River Sta.: 5.4 B8R =] ﬂﬂ Stage HW 21678 22May1974 1200 -
Stage TW 215.51/22May1974 1200
[ Plot Stage I Plot Flow ¥ Obs Stage | Obs Flow I Use Ref Stage Flow 13950.83 22May1974 1200 1439478 +
Time Series | Rating Curve | Internal Boundary Curves |
Plan: Beaver Creek - Unsteady  River: Beaver Creek  Reach: Kentwood  RS: 5.4
217
o =
Legend
216
I~ 12000 v Stage HW
—h—
v
215 2 Stage TW
- 10000 o
v Flow
z P
4 24 |-s000 £
k) L
=
g &
- “feooo =
212 I |- 4000
21 T {2000
210 ] 0
T
21May1974 2400 22May1974 0400 22May1974 0800 22May1974 1200 22May1974 1600 22May1974 2000 22May1974 2400
Time and Date

The ineffective flow areas around the bridge are turning off in unison.

The profile plot comparing the Max profile from the unsteady run is very close to the
steady flow run for the 1974 event. The downstream stage is not in agreement with
the steady flow solution. The unsteady run uses a rating curve with an elevation of
212.68'. The observed water surface elevation was 211.8' per the USGS data.

. Profile Plot - Waming Geometry is newer than output.
Eile QOptions Help
Reaches ... | #| 1] Prafiles .. I’Iﬂ

- a X

™ Plot Initial Conditions  Reload Data

Beaver Creek Kentwood N ﬂ

_.G_‘—-""J Legend

WS Max WS - Unste:
WS 1974 flood - Final Steady
WS PF 1 - Final Steady
WS 22MAY1574 0100 - Unsteady
Ground
OWS 1974 flood - Final Steady

Elevation (1)

06 08 10 12
Main Channel Distance (mi)
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Questions

How do your steady-flow results compare to the observed data? What
methods did you use?

The final steady flow results looked good after significantly adjusting the
Manning’s n values very high to significantly reduce conveyance. This may
well be appropriate given the large obstruction due to heavy trees and the
bridge. The computed WSE is still low compared with the observed values.
However, the observation could very well have been at the energy grade line
- which would make sense near a bridge that the observation was not in the
main channel but at the edge of the water.

What settings did you use for HTAB on bridge model processing?

The HTAB settings limited the tailwater and headwater to values above the
1974 flood. Also, the maximum flow was set to 30,000 - twice the 1974
peak. The number of curves were the default setting.

What changes did you make to the unsteady flow model, after you were
satisfied with the steady flow solution?

The headwater stage hydrograph is a little ragged around the bridge deck.
This can be expected when pressure and weir flow is present; however, it
might be improved with a few adjustments. You can plot the solution track
through the bridge rating, as shown in the Internal Boundary Curve below.
The ragged zone is through the bridge when flow goes from using the energy
solution to pressure flow with the gate equation.

[
e ops

Node Type.

et Tpes
= | prfie | [ Propey Tols >

¥ Plot Stage ¥ Plot Flow [V ObsStage ¥ Obs Flow I~ Use Ref Stage

<[ Rwer =] Reach =|| River Station
[ BeaverCrek Kentuood 54

(")

Flow (cfs)
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If we were not satisfied with the internal boundary curves at the transition
from the energy solution to the pressure solution, we could adjust the
pressure coefficient to smooth out the flow transition. If a value of 0.40 was
used a lower headwater would result from the same tailwater (at a given
flow). A comparison of the results showed no significant improvement in the
solution and was not used.

The Bridge Only table is shown below for profiles around the peak flow.

E Profile Output Table - Bridge Only - O X

File Options 5td. Tables Locations Help

HEC-RAS Plan: Unsteady River: Beaver Creek Reach: Kentwood Reload Data

Reach _[River Sta [Profile E.G. US. | Min El Prs [BR Open Area|Prs 0 WS | Q Total [Min £l weir Flow| Q weir | Delta EG [BR Sluice Coef| « |

@ | 0 | G [ 6 | ) | () | tf) | ' |
Kentwood 5.4 22MAY19740900| 217.01 21570 1600.35 216,48 10848.59 216.94 7212 1.63 0.35
Kentwood 5.4 22MAY1574 1000 217.24| 21570 1600.35  216.91 12904.36 216.94  814.03 1.23 0.39
Kentwood 5.4 22MAY1574 1100| 217.34 215, 70 160035 217,12 13635, 41 216. 94 1278 59 1 12
Kentwood|5.4  |22MAY1574 1200 217.35; _J
Kentwood 5.4 2MAY1974 00| 217.37 215, 70 1600.3  217.16 13810. 53 216, 94 1380. 15 103
Kentwood 5.4 22MAY1574 1400| 217.28) 215.70 1600.35  217.00 1321670 216.94 1018.25 115 0.39
Kentwood 5.4 22MAY1974 1500| 217.17| 21570 1600.36  216.73 12106.32 216.94  400.88 129 0.38
Kentwood|5.4 22MAY1974 1600| 217.03) 21570 1600.35 216,52 1098131 216.94 1.45 0.3
Kentwood | 5.4 22MAY1574 1700| 216.04| 215.70 1600.35  216.39 10233.06 216.94 1.66 0.34] 7]

r.lpstreem energy grade elevation at bridge or culvert (spedfic to that opening, not necessarily the weighted average).

The weir flow values from post-processing can be compared to the flow
transitions upstream and down from the bridge. The Six XS Bridge Table
shows those results for the weir profiles, as shown below. Flow is conserved
in the overbanks and overbank flow is comparable to the computed weir flow.

] Profile Output Table - Six XS Bridge - O X

File Options 5td. Tables Locatiens Help
HEC-RAS Plan: Unsteady River: Beaver Creek Reach: Kentwood Reload Data
Reach _|River Sta_|Profile E.G. Elev [W.S. Elev| Crit W.5. |Frctn Loss|C &E Loss| Top Width| QLeft |Q Channel| QRight | Vel Chnl
[ @ | @ | ® | ® [ @& | & | & | ® | @

Kentwood | 5.44 22MAY1974 1100] 217,55 217.46 0.36 1844.17 3625.03 4246.37| 5793.33 4,03
Kentwood | 5.44 22MAY1974 1200| 217.58| 217.50 0.37 1844.36 3699.17 4310.68 5955.13 4,08
Kentwood | 5.44 22MAY1974 1300| 217.57| 217.48 0.36 1844.27 3659.42 4274.78| 5871.12 4,05
Kentwood | 5.41 22MAY1974 1100| 217.34| 216.76 212,13 1841.20 494.88 12340.12] 813.41 6.44
Kentwood | 5.41 22MAY1974 1200| 217.33| 216.78) 212.23 1841.37 507.89 12614.81| 837.14 6.57
Kentwood | 5.41 22MAY1974 1300| 217.37| 216.77, 212,18 1841.29 50172 12483.15| 825.96 6.51
Kentwood|5.4 BRU|22MAY1974 1100] 217.3¢ 216,76 212.41 312.06| 12506.43 814.17 7.81
Kentwood|5.4 BRU|22MAY1974 1200] 217.39 216.78| 212.52 364.83| 12651.75 952.08 7.91
Kentwood|5.4 BRU|22MAY1574 1300| 217.37 216.77 212.46 339.53| 12579.31, 885.95 7.86
Kentwood|5.4 BRD|22MAY1974 1100| 217.34 216,76 212.41 312.06| 12506.43 814.17 7.81
Kentwood|5.4 BRD|22MAY1974 1200 217.3% 216,78 212.50 364.83| 12651.75 952.08 7.91
Kentwood|5.4 BRD|22MAY1974 1300 217.37 216.77 212.46 339.53| 12579.31| 885.95 7.86
Kentwood | 5.39 22MAY1974 1100| 216.23 215.44 0.43 1687.19 411.47| 12386.77 850.17 7.49
Kentwood | 5.39 22MAY1974 1200 216.32) 215,51 0.43 1693.75 428.01| 12643.48 888,35 7.57
Kentwood | 5.39 22MAY1974 1300 216.29 21549 0.43 169190 421.45 1251575 873.63 7.52
Kentwood | 5.3450* |22MAY1974 1100 215.47| 215.32 0.24 1657.84 3194.46| 4734.61 5703.96 4,67
Kentwood | 5.3450* |22MAY1974 1200 215.54| 215.39 0.24 1663.89 3268.01 4795.25 5891.56 4.69
Kentwood|5.3450% |22MAY1974 1300 215.52  215.37 0.24 1662.25 3235.94 4761.00 5818.78 4,66
Fnagy gradeline for given WSEL,
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How did the unsteady-flow simulation compare to the steady-flow profile with
14,000 cfs?

A comparison plot is shown below for the Unsteady flow Max WSE and the
14,000 cfs steady flow. The profiles compare well, but in general, the
unsteady flow profile is lower. We can expect the unsteady flow profile
answer to be slightly lower because the unsteady flow solution does not use
the contraction/expansion coefficients for computing energy losses. At the
downstream boundary, it is evident that the unsteady solution started at a
higher water surface elevation than the steady flow solution due to the use of
a rating curve. (The lower two profiles are the third profile unsteady-flow
profile from post processing and the first profile steady flow because the first
and third profiles were selected for the two plans.)

“w Profile Plot - Wamning Geometry is newer than output. - m) X
File Qptions Help
Reaches | 8|t Profies || @] ™ PlotInital Conditons Reload Data
Beaver Creek Kentwood | E|
N Py WS Max WS - Unsteady
D e WS 1974 flood - Final Steady
215 WS PF 1 - Final Steady
- e
_ I WS 22MAY 1974 0100 - Unsteady
——— Ground
OWS 1974 fiood - Final Steady

_ 2
H
g
]
£

205

.
znc-f
195
00 02 04 08 08 10 12
Main Channel Distance (mi) 7
1 1 I
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