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(2000) Melbourne
2002 College Station
2004  Singapore
2006 Amsterdam

2008 Tokyo
2010 San Francisco
2012 Paris

In addition, synthesised knowledge
In manuals, for example:

* Melville & Coleman
* Hoffmans & Verheij
* Whitehouse

* Sumer & Fredsoe

* Annandale

* HEC
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RESULT:

an overwhelming number of papers and:
- new formulas

- new monitoring methods

- results of field tests and lab experiments

Newton (1687)
Schoklitsch (1932)
Veronese (1937)
Jaeger (1939)
Eggenberger (1944)
Hartung (1957)
Franke (1960)
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: 2000
simple structure complex structure
\ \
simple conditions complex conditions

Do we make sufficient progress ? 2020
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More than 10 vears ICSE conferences
I -

examples of recent
developments

Case 2. Streamlines near
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examples of recent
developments
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More than 10 vears ICSE conferences
I -

So, major steps have been taken.
Now a new milestone:

Influence of turbulence on soil erosion
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Stone stability
- Granular filters
- Erodiblility grass

- Jet scour

- Sill, bridge and abutment scour

ICSE-6 Paris 2012 Deltares



Modern load parameters
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Strength and load parameters:
Strength is f(relative density, stone diameter, grading)
Load is f(velocity, RMS-value of velocity and frequency)

A/vonice at micro 9

vortice at

macro scale
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Measuring signal
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Definition of turbulence energy

K(2) = % (Uhus (2)+ Vaws (2)+ Ways (2))

Depth-averaged value

Depth-averaged relative
turbulence intensity

SECPLS =1.2§

Us Us

Stability of Stones under Uniform Flow, J. of Hydr. Engrg,
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Indicative values of the depth-averaged relative turbulence intensity

ro Turbulence intensity Type of flow Remarks Hydraulic
conditions
0 no turbulence laminar flow
>0 turbulent flow
<0.08 minor turbulence uniform flow smooth
0.08-0.15 | normal turbulence uniform flow channel/river flow rough
0.15-0.20 | high turbulence uniform flow channel/river flow !
0.20-0.30 | very high turbulence uniform flow steep channel with limited flow depth
0.30-0.60 | extreme high turbulence | uniform flow | very steep channel with limited flow
depth

0.15-0.20 | high turbulence non-uniform downstream of hydraulic structures (sills,

flow bridge piers, abutments)
0.20-0.30 | very high turbulence non-uniform below hydraulic jumps, sharp outer

flow bends, mixing layers (propeller)

ICSE-6 Paris 2012
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Stone stabilit
I -

Uniform flow
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Stone stabilit
I -

Non-uniform flow conditions

v fermvs] NIRRT |
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Two-dimensional mathematical modelling of local scour holes, J. of Hydr. Res. 31(5), 615-634.
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Jet scour

Scour parameters
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CLASSICAL OVERFALL OUTFLOW UNDER PRESSURE

Small throw
distance

N
TR S ST/ S
e.g. Sainte-Croix, Cabora-Bassa

Newton’s second law
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e.g. Bort, Aigle
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http://upload.wikimedia.org/wikipedia/commons/b/b2/Isaac_Newton.jpeg
http://upload.wikimedia.org/wikipedia/commons/b/b2/Isaac_Newton.jpeg

In the equilibrium phase of the scour process the sum of forces on

the fluid element equals zero

U,siné/ 2
s oo toad _JaUisin0lg o @ i
| strength (Coy ) ¥ _ADZ,

control For dgy < 0.0125m c,, = 20/(Dgy.)”* similar to Schoklitsch (1932)

section
volume

For dgy >0.0125m c,, is 2.9 similar to Veronese (1937)

Closure problem to jet scour (2009) and Reply by Author (2011)
Journal of Hydraulic Research, 47(1) 100-109
Journal of Hydraulic Research, 49(2) 276—-282
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Jet scour
N SN AN

2D-H Zme = Con (q(Ul _UZ)/ g)}/2 with Cont = 20(Dyg) 2

3D-H Zne = Csy (Q (U1 —U2 )/ g )}/3 with Gy = 7(Dgo*)_}/3

2011, Jet scour, Maritime Engineering, Vol. 164 Issue MA4, 185-193
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- Rajaratnam and Macdougall (1983)  + Abdel Ghafar et al. (1995) x Doehring and Abt (1994)
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Road to 2020 s T
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road to 2020

Goal:

» theoretically based formulas / approach for scour and erosion
prediction

* numerical modelling —— software available
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Roadmap
2014 ICSE conference: state-of-the-art report
2015 — 2020 Joint Effort
2020 ISCE conference: presentation results

Coordination: TC 213
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road to 2020

Let us keep in mind:

Nature is simple, however we make complicated formulas because
we do not understand it.

1767 Brahms: Weight = Velocity®

Einstein: E = m c?

2012 milestone: roughness = f (turbulence)
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Thank you for your attention

More information

Email: Henk.Verheij@deltares.nl

Or

Gijs.Hoffmans@deltares.nl
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