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Motivation

Sizing of the riprap is based mostly on
limited field observations and scaled
laboratory tests under ideal, controlled
conditions.
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The size of riprap required for many
field applications is too large for testing %21
in the laboratory. :
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There is significant uncertainty in the 010
formulas for sizing riprap. :
0.05 | .~

Recent advances in computational fluid 000 L=
dynamics (CFD) and computational 0.20
structural mechanics (CSM) make it

possible to do fluid structure

interaction (FSI) simulations to =  Kornel Kerenyi, J. Sterling Jones, and Stuart
compute water force distribution and Stein, Bottomless Culvert Scour Study: Phase II
consequent motion of individual rocks. Laboratory Report, FHWA-HRT-07-026, 2007
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Presentation Notes
Sizing of the riprap is based on the work done by in Isbash and Shields in the 1930’s. 

Different design criteria for riprap can give differing results for protecting the same installation.

Various construction practices are employed for installing riprap; many of them are not effective and projects requiring the use of riprap historically have suffered from poor construction practices and poor quality control.
Construction practices of dumping and bulldozing often are not satisfactory and careful inspection must be performed.
Riprap is not considered a permanent structure and future inspection and maintenance must be considered, as well.
Erosion is a natural process resulting from water attacking stream and river banks. The erosion dislodges and removes material from one area; water transports the material and deposits it at some area downstream. 
Because riprap is a natural material composed of stone or boulders and is readily available in many areas, it has been used extensively in erosion protection works. In some areas, riprap is produced by quarrying hard, durable rock. In other areas, riprap is collected from talus or by excavating large river cobbles from alluvial deposits. Riprap...
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What is Fluid Structure Interaction (FSI)?

Pure CFD
=  Fluid structure interaction (FSI) | | Sl HHWI
problems involve solving for the fluid T
flow force load on a solid surface and ::iﬁ::i:i:
the response of the solid to the load. FHHT Egj
Subsequently updating the fluid flow EEE::E;
due to deformations in the structure. i:::iii:;%%
%ﬁ%ﬁi : SW

= Inrecent years a number of CFD and Fluid Structure Interaction
CSM software vendors have been S,
developing the capabilities needed to " E
solve FSI problems, but these are not
sufficiently robust.
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= Although advancements are
noticeable, there is no single
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Coupling between CFD and CSM software for rock
motion - a concept

TRACC has licenses for STAR-CCM+
(CFD) and LS-DYNA (CSM) software.

The two separate codes can handle
two different aspects of the rock
motion:

— STAR-CCM+ (CFD) computes the
pressure distribution on the surface

— LS-DYNA (CSM) computes the contact
forces and displacements of the
rocks from contact + fluid forces

Surface mesh

Pressures

. Run
Star-CCM+

| Export pressures
to LS-DYNA

)
Run |
LS-DYNA LOOP

Extract positions
and displacements

I

Import displacements to
STAR-CCM+

i

Displacements




One more Issue: mesh motion

Three motions in the FSI problem are
considered:

— Fluid motion
— Structure motion
— Fluid grid motion

The mesh morpher yields a high
quality mesh in the whole
computational domain based on the
initial mesh and the displacement of
the boundaries.

Once the contact between the rocks
occurs or the motion (mesh distortion)
is too large, a full domain remesh is
required.
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Presentation Notes
While there has been an interest in solving FSI problems for decades, large computer clusters capable of solving them for full scale systems have only become widely available in the past decade.  
In addition, moving and morphing mesh capabilities in CFD software needed to solve FSI problems have only recently matured to the point where they can be reliably used. 
This maturity was necessary before the coupling of CFD and CSM software could be expected to be successful. 



Geometry of the CFD models

(a) water

A
0.35m (1 '/ ft) 3 mis (9.8 ftls)

= Asingle rock was laser scanned
to obtain a cloud of points on the
surface.

3.00m (10 ft)

®
= After triangulation, the surface
was modified to create several 120m )
additional representative rock
shapes.
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(©) abutment  0.35m (+ 1% 1)

=  Multiple geometrical layouts
with different complexity levels
have been studied to test the
procedure.
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= Two of them have been used as a
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Layout 1 - Case with 3.0 m/s flow

LS-DYNA keyword deck by LS-PrePost
Time=  0.505, #nodes=377790, #elem=1264260




Layout 2 - with abutment - Case with 2.5 m/s flow

Abutment

Pressure (Pd)
-4.21e+03 -2.82e+03 -1.42e+03
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Layout 2 - with abutment - Case with 3.0 m/s flow

Abutment

Pressure (Pad
-4.75e+03 -3.17e+03 =1.59¢ +03




Behavior of rocks in the case study

Layout 1 —-3.0 m/s Layout 2 —3.0 m/s
Q—’* abutmenticorner i
o rock 1| | =
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Velocity: Magnitude (m/s)
0.000 0.859 1.72 2.58 3.44 4.30

inlet velocity layout 1 layout 2
no motion no motion
local motion of rock 3 local motion of rock 3

motion of rock 3 and local motion of rock 2 motion of rock 1 and 3
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Application to real river bed case

= The Middle Fork Feather River Bridge Feather river, CA
located on State Route 89 in Plumas
County, Ca.

=  When the bridge was built in 1955,
the Middle Fork Feather River was
realigned.

= During the winter of 1988, high flows
in the realigned portion of the
channel overtopped its banks and
returned to its original flow path.

= This has caused the Pier 3 pile cap to
be undermined and the steel H-piles
to be exposed.

= In 2012 riprap consisting of 1 T rocks
was installed but was designed based
on lower discharge than current
estimates.
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sSurveys

2011 survey GPS and survey points

= |n 2011 a field survey was conducted
(GPS and boat survey).

= A follow-up survey was performed
after the installation of the riprap.

= SonarMite by Seafloor Systems
depthfiner was used in both cases.

= The bathymetry was used to build
CAD and CFD models.

=  Matlab and MeshLab were used to
create meshes from point clouds.
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3D CFD models

Separate regions with varying mesh

= STAR-CCM+ software allows for fine
gradation of the computational mesh
in 3D.

= The mesh is generated automatically
with locally defined refinements (3.8
M cells).

= lLarge areas can be covered within 3D
models with a coarser mesh away
from area of interest.

=  Smaller areas of interest are used for
coupling procedures (purple).

= CFD time step: 0.1 sec (for 700 sec).

= Time step for subsequent coupling
0.025 sec
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Analysis results

= 2D analysis performed in TUFLOW.

= 100-year discharge of 30,100 cfs
used.

= 2D analysis predicted overtopping of
the bridge (3D did not).

= Design velocity required adjustment
for that.

= HEC23 was used to assess stability of
riprap.

= 1T rocks were determined sufficient
for Q50.

= However, the 1 Ton rock is
undersized both adjacent to and
away from the pier for the Q100.

0.00000
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Velocity under the bridge

Velocity: Magnitude (ft/s)
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Initial riprap layout

For the initial models the design
drawings were used.

Over 2,500 rocks were included in
the CFD model.

At first they all are considered as
non-movable.

Subsequently movable rocks are
placed in the areas where high forces
are expected.

The first coupled simulations used

0.4 ton rocks that will move to verify
the onset of motion computation

RSP FABRIC

MEASURED ALONG THE CENTERLINI
TYPICAL SECTION SECTION B - B
Yo' = 1°-0" 1" = 20’
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Movable rocks in Star-CCM+ model

Rocks with largest Z force

=  Movable rocks were distributed
randomly.

= Currently up to about 100 movable
rocks can be modeled.

= A lot of information can come from
pure CFD analysis.

Rocks with largest X force




Animation from coupled CFD+CSM simulation
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Animation from coupled CFD+CSM simulation

LS-DYNA keyword deck by LS-PrePost
Time = o, 8025, 1916345
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Riprap geometry update

= Three different technologies were
performing scanning of the bed.

= High resolution data have been
collected.

= The data together with the pictures
have been used to update the extent
of the riprap in the numerical
models.

RSP_Blue View Survey
river Bed Boundary
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Current implementation of coupled workflow

run CSM analysis
for initial geometry )

1

=  Both LS-DYNA and STAR-CCM+ [buﬂd CED model based )
models need to be initialized on CSMresults )
separa-tely until psgudo steady E —
conditions are achieved. Y (_execution )
run STAR-CCM+ ) execution by
) - | with internal Java macro | Java macro
= A Python program o i . J—
import displacement execution b
subsequently executes the | wectors for rocks | Python progrgm
loop for loose coupling. S (i tomap)
STgog_zrcerchff;lcOi% o | from CSM to CFD mesh
- J !
A - ™
|
A Java macro controls  ————oreem ngﬁ%iﬁpﬁfﬁs@%ﬁf
operation of _to extract displacements | ~ 7 g
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the internal components run LS-DYNA for m ) is the mesh valid? NO [ remesh the domain J
of the STAR-CCM+ | HEESEEm O ) g
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software.
(Cmenduste, | (ranSTARCOVEfr
| onetimestep Oty
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(use data mappers to map\
| from CFD to CSM mesh |

1

extract pressure on
the rocks




Case with a pier and 8 movable rocks
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