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Project Description:

The Federal Highway Administration established an Inter-Agency Agreement (IAA) with the Department of Energy’s (DOE) Argonne National Laboratory (ANL) Transportation Analysis Research Computing Center (TRACC) to get access and support for High Performance Computational Fluid Dynamics (CFD) modeling for highway hydraulics research conducted at the Turner-Fairbank Highway Research Center (TFHRC) Hydraulics Laboratory. TRACC was established in October 2006 to serve as a high-performance computing center for use by U.S. Department of Transportation (USDOT) research teams, including those from Argonne and their university partners. The objective of this cooperative project is to:

· Provide research and analysis for a variety of highway hydraulics projects managed or coordinated by State DOTs.
· Provide and maintain a high performance Computational Fluid Dynamics (CFD) computing environment for application to highway hydraulics infrastructure and related projects
· Support and seek to broaden the use of CFD among State Department of Transportation employees.

The work includes:

· Computational Mechanics Research on a Variety of Projects: The TRACC scientific staff in the computational mechanics focus area will perform research, analysis, and parametric computations as required for projects managed or coordinated by State DOTs.
· Computational Mechanics Research Support: The TRACC support team consisting of highly qualified engineers in the CFD focus areas will provide guidance to users of CFD software on an as needed or periodic basis determined by the State DOTs.
· Computing Support: The TRACC team will use the TRACC clusters for work done on projects; The TRACC system administrator will maintain the clusters and work closely with the Argonne system administrator’s community; The TRACC system administrator will also install the latest versions of the STAR-CCM+ CFD software and other software that may be required for accomplishing projects.


	

	

	









	
Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

1: Computational Mechanics Research on a Variety of Projects
1.1: CFD-DEM Onset of Motion Analysis for Application to Bed Scour Risk Assessment
This study was done as a part of the FHWA’s effort to improve scour design procedures. The Computational Fluid Dynamics-Discrete Element Method (CFD-DEM) model was used to model separate sediment grains and spherical particles laying on the bed with the aim to analyze their movement due to flow conditions. Critical shear stress causing the incipient movement of the sediment around a cylindrical pier was determined from advanced DEM simulations and compared to the available experimental data. Various depths of the scoured bed and flow conditions were taken into account to gain a better understanding of the erosion forces existing around bridge foundations. The decay of these forces with increasing scour depth was quantified with a ‘decay function’, which shows that particles become increasingly less likely to be set in motion by flow forces as a scour hole increases in depth. 
	(a) [image: ]

	(b) [image: ]


Figure 1. Particles of different densities were placed on a rough bed at chosen locations around a circular pier. The particles were monitored to see which of them would move due to the flow forces and which would stay in the start position. Figure 1(a) shows the positions at the beginning of a simulation, Figure 1(b) shows the locations after 0.184 sec of simulation time. Limit values of densities were established for a set of scour hole depths. 

	
	


Figure 2. Onset of motion particle density vs. relative depth of a scour hole around a cylindrical pier for computational bed contour. The plots are a graphical representation of a ‘decay function’ obtained from the computations for a scoured bed geometry and a flat bed, at different depths. The particles become increasingly less likely to be set in motion by flow forces as a scour hole increases in depth.

1.2: Influence of Extreme Weather Events on Stream Stability
The Maple River in western Iowa is a laterally active channel flowing through agricultural land that has migrated several hundred feet in recent decades and is currently within approximately 100 feet of the Highway 175. The study focuses on the use of advanced 2D and 3D CFD techniques to enhance the assessment of increased risks to stream stability of a section of the river.
	(a)
[image: ]
	(b)
[image: ]


Figure 3. The aerial view of a section of Maple River (a) and the triangularized surface used in the computations (b).

The 3D simulations are used to assess the flow velocity and bed shear stress for a series of flow rates, from a normal stream flow up to flood conditions, which cause water to spread into the surrounding area, forming vast flood plains. 
	(a)[image: ]
	(b)[image: ]


Figure 4. Surface velocity magnitude distribution for two of the computational models at an inlet flow of (a) 1000 cfs, and (b) 15000 cfs.

2: Computational Mechanics Research Support

Argonne Transportation Research and Analysis Computing Center (TRACC) computational mechanics staff ran nationwide videoconferences every other Thursday that were open to state Department of Transportation staff and university researchers supported by the Federal Highway Administration or  state DOTs. The videoconferences provide a venue to discuss approaches and issues related to hydraulics modeling projects. Topics during this reporting period included, but were not limited to:
· Computational Fluid Dynamics (CFD) modeling study on rockery design for river and coastal environments
· CFD modeling of extreme weather events on stream stability based on the example of Maple River, near Danbury, Iowa
· computational approach to analyze water film thickness on various road geometries during rain events for assessing hydroplaning risk

3: Computing Support

[bookmark: _GoBack]Routine cluster maintenance including software and hardware upgrades, security patching against cyber threats, and development of custom tools to increase users' productivity. Currently working on upgrading existing TRACC cluster to support the latest scientific and engineering software utilizing industry's best practice guidelines in Open Source software and virtualization. 

	
Anticipated work next quarter:

 1: Computational Mechanics Research on a Variety of Projects

· hydroplaning risk assessment for different road geometries
· continued work on the ‘Influence of Extreme Weather Events on Stream Stability’ study, to establish stream power relation to stream migration risk
· CFD modeling of rockeries in river environment
2: Computational Mechanics Research Support

This work will continue.

Task 3: Computing Support

This work will continue.



	



	
Significant Results:

· a CFD-DEM analysis of the onset of motion of particles of varied density resulted in a graphical representation of the decay of erosion forces with increasing scour hole depth 
· CFD models of a section of Maple River were developed and used to simulate flood conditions and determine shear stresses on the banks





	
Circumstance affecting project or budget.  (Please describe any challenges encountered or anticipated that 
might affect the completion of the project within the time, scope and fiscal constraints set forth in the 
agreement, along with recommended solutions to those problems).

None.























	
Potential Implementation:  The DEM onset of particle motion study is being used to develop better methods to assess scour risk. The stream stability study is focused on developing a better method to predict stream migration risk and rates from rainfall rates over long periods of time.
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