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Outline  

•  Background 
•  Phase I: Hybrid Modeling Approach 
•  Phase II: Full Scale 3D CFD Modeling 
•  Preliminary Results 

Feather River Bridge Pier Scour Study 
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Background 

Feather River Bridge Pier Scour Study 

Feather River Bridge No 18-0009 
Sacramento, California (2012) 

Presenter
Presentation Notes
Considered Scour Critical since 2001.
It started with and Study of the ongoing Bank Erosion along the east bank. 
If you compare the two areal images on the right from 1986 to 2009. 
This bank erosion changed the Flow Angle of Attack in the main channel towards Pier 22.
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Damage from March 2011 Flows 

Background 

Scour Hole around Pier 22 
19 feet of piles exposed 

Results from a bathymetric Survey 
Upstream Cross- Section Comparison 

2007 and March 2011 

Roughly a 5-year Flood Event 

Presenter
Presentation Notes
In March 2011 a 5-Year Flood Event with a peak discharge to be about 44,500 cfs 

produced a massive 30 foot deep scour hole around pier 22
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Long-term Pier Retrofit Design 

Background 

Original Pilecap with 90 
square H-piles was retrofitted with  

10 4-foot diameter  x 180-foot long CISS 
Piles tied into a new enlarged Pilecap 

Original 
 Pier 

Retrofit 
Pier  

 

 
 

Presenter
Presentation Notes
In order to restore the capacity and stability  to Pier 22, A retrofit design was conducted 
The retrofit design was to surround the existing pile cap with 10 4-feet diameter Cylindrical Piles
Those piles are tied into the existing pile cap with a much larger and thicker pile cap.
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Phase I: Hybrid Modeling Approach 
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Physical Modeling 

Phase I: Hybrid Modeling 

• 2 Pier Models:  
 Original and Retrofit Pier 
• 2 Flow Conditions: 
 March 2011 and Q100 

Presenter
Presentation Notes
Our job in the lab was to implement a scour analysis combining : 
Small Scale Experiments in the flume
3-Dimension Numerical modeling
And Bathymetric surveys (scour hole from March 2011)
Decay of the Hydraulic forces with the development of the scour hole.
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 Phase II: Full Scale CFD Modeling 
Using River Bed Bathymetric Surveys 

Flow 

Phase II: Full Scale 3D CFD Modeling 

Pier 22 

• Bathymetry surveys from 2007 and 2011 (Scour Hole around Pier 22), DEM 
• March 2011 flood event and Q100  
• Goals: Change of hydraulic loading and identify new potential scouring spots 

Presenter
Presentation Notes
Phase II: The Goal is perform for the first time A Full Scale 3D Model (CFD) using the river bed multibeam sonar bathymetric data from March 2011.
Use the 2007 bathymetry as baseline (No scour) and compare the change of the hydraulic loading using the bathymetry with the scour hole.
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Physical Modeling in the TFHRC Flume 

Downstream Cross section 

Upstream Cross section 

Downstream  
View 

Upstream  
View 

Flow 

Flow 

Sonar  
Bathymetry Survey 
K. Flora, Caltrans 

Hydraulic Skew 
45 Degrees 

Phase I: Hybrid Modeling 

East 

East 

Presenter
Presentation Notes
For the experiments in the Flume 
Kevin Flora from Caltrans provided information on upstream velocities and angle of attack based on a 2-D hydraulic model.
An Interesting observation worth to mention is that the lower flow rate from March compared to 100-year flood event produced higher flow velocities
Both in the vicinity of the piers 22 and 23. 
How a 5-year event might cause damage comparable to a 100-year flood event.

An we were reptty close to the real event. 
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Physical Modeling in the TFHRC Flume 

Upstream  
View 

Downstream  
Cross section 

Flow 

Flow Downstream  
View 

Scour 
Bathymetry 
underneath 
the Pile Cap 
 

Hydraulic Skew 45 Degrees 
based on 2D Modeling 

Phase I: Hybrid Modeling 

Presenter
Presentation Notes
We perforated the pile cap so we could peak some elevation point with the
Laser distance sensor.
Below is an image showing the bathymetry underneath the pile cap and between the piles.
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Time-rate of Scour – Bathymetry Results 

Retrofit Pier March Flow Bathymetry Results 

Time= 0 

Presenter
Presentation Notes
The idea of time rate of scour is to the get 3 stages of scour shape 
In-Between no scour and Maximum Equilibrium Scour. So we can export.
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∼ 25 % 

Time-rate of Scour – Bathymetry Results 

Time= 12 [min] 
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∼ 50 % 

Time-rate of Scour – Bathymetry Results 

Time= 35 [min] 



TURNER-FAIRBANK HIGHWAY RESEARCH CENTER 

∼ 75 % 

Time-rate of Scour – Bathymetry Results 

Time= 2 [hours] 
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Maximum Equilibrium Scour ∼100% 

Time-rate of Scour – Bathymetry Results 

Time= 24 [hours] 
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Retrofit Pier March Flow Bathymetry Results 

Time-rate of Scour – Bathymetry Results 

Time= 0 
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∼ 25 % 

Time-rate of Scour – Bathymetry Results 

Time= 12 [min] 
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∼ 50 % 

Time-rate of Scour – Bathymetry Results 

Time= 35 [min] 
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∼ 75 % 

Time-rate of Scour – Bathymetry Results 

Time= 2 [hours] 
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Time-rate of Scour – Bathymetry Results 

Maximum Equilibrium Scour ∼ 100 % 

Time= 24 [hours] 
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CFD Wall Shear Stress – March Flow 
Unscoured Bed 

Time-rate of Scour vs. Shear Stress Decay 
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∼ 25 % 

Time-rate of Scour vs. Shear Stress Decay 
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∼ 50 % 

Time-rate of Scour vs. Shear Stress Decay 
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∼ 75 % 

Time-rate of Scour vs. Shear Stress Decay 
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Maximum Equilibrium Scour  ∼100% 

Time-rate of Scour vs. Shear Stress Decay 
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CFD Wall Shear Stress – March Flow Results 
Unscoured Bed 

Time-rate of Scour vs. Shear Stress Decay 
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∼ 25 % 

Time-rate of Scour vs. Shear Stress Decay 
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∼ 50 % 

Time-rate of Scour vs. Shear Stress Decay 
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∼ 75 % 

Time-rate of Scour vs. Shear Stress Decay 
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Maximum Equilibrium Scour  ∼100% 

Time-rate of Scour vs. Shear Stress Decay 
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Decay Function 

Decay Function 

Shear Stress Amplification vs. Time-rate of Scour 

Original 

Retrofit 
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Time-rate of Scour:  
Decay Function of Shear Stress 

Decay Function 
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Full Scale 3D Surface Generation 

Phase II: Full Scale 3D CFD Modeling 

• Sonar Bathymetry Survey from Flood Event occurred in March 2011 
• 3D Surface Generation from XYZ Point Cloud Data 
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Full Scale 3D CFD Preliminary Results 

Phase II: Full Scale 3D CFD Modeling 

• Shear Stress Preliminary Results (Bathymetry 2007) 
• Shear Stress Preliminary Results (Bathymetry 2011- March Flood) 
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Caltrans 2-D Modeling 

March 2011 Flood: 44,500 [cfs] 
Q100 Flood: 160,800 [cfs] 
 
45 Degree Hydraulic Skew 
 
Higher Velocities during the 
lower discharge Event 

Change in Modeled Velocities 
V(Q100 – 2011 Flood) ft/s 

Phase I: Hybrid Modeling 

Presenter
Presentation Notes
 the initial goal of performing scour experiments in the flume is to acchieve a similar scour hole shape as the one surveyed in the field after the March 2011 Flood Event. Scour shape obtained in the Flume very similar as the one observed in the Field.
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