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Abstract: The flood disasters of the past years were far more destructive than they should have been. The river dikes affected were often too low, or in too poor condition to resist water height, water pressure, or the duration of the flood period. This problematic situation has various reasons. German river dikes are often more than 100 years old and their maintenance has been neglected. Most of them have not been adapted to changing climate or hydraulic conditions within the last decades. In the course of the next years the majority of the dikes existing has to be redeveloped to avoid further catastrophes. 


Overflow in the course of extreme floods poses the most serious threat to dikes. Then, the overflowing water erodes the top and the landside. In general, the construction collapses shortly thereafter. With a common dike there is only little time to react and take measures after the overflow starts.

The research project at the Technische Universität Darmstadt investigates the suitability of geosynthetics for remediation measures. The investigation is conducted at a full size research dike. It is exposed to the water pressure of a long term flood, percolation and shear stress during the overflow.

Our aim is to exalt the resistance of dikes against erosion in order to gain time to raise the dike crest temporarily after the overflow has started. Additionally we will investigate ways to decrease the costs of reconstruction measures while increasing the protection of the people.
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1. Experiment set-up
The experimental area is located at Biebesheim am Rhein, Germany. The dike section was built with a core made of recycled material in a preliminary project. At that time we analyzed the pollutant discharge of recycled material during a long-term flood (AZ: 18063, 2005).
With its length of about 60 m, its width of 17.5 m, a height of 3 m and an inclination of slope of 1:2.5 our dike`s dimensions are that of an average dike along the Rhine. Thus, our experiment is a realistic in situ test of the dike properties during overflow.
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Figure 1: Profile of the experimental dike

The closed sheeting and a sealing foil avoid the loss of water during the filling and the experiment. This foil is fixed at the top of the sheeting and proceeds under the dike base. At the landside of the dike there is a backwash of 5.0 m width. It leads to a propeller pump which delivers 4.7 m³/s on a height up to 5 m and grants a closed water cycle within the experimental set-up. The water needed is gained from a well nearby. It takes about 3 days to pump the water needed to fill the ponding area for the experiment.
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Figure 2: elevation
The dike is partitioned into two exploration areas of 20 m width each. These areas are protected by geosynthetics, laid-out from the dike crest over the backwash to the landside sheeting. The protection is extended by 1 m on both sides (to 22 m) and is anchored by numerous pegs.

A vegetated sector divides these two areas from each other and from the sheeting. This avoids fringe effects like scours at the walls. If there is only one area overflowed at a time and if the top is constricted by sandbags, weir heads of 0.25 m to 1.0 m may be reached (Figure 2).
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Figure 3: Overflow depending on the width of the overflow 
The recirculation of the water is effected by a tube with an inner diameter of 1.4 m (DN 1400). The flow velocity is about 3.4 m/s. A concrete surface (5 m x 2 m) on the dike avoids a scour at the outlet. During the experiments, the flow parallel to the dike will have a velocity of 0.4 m/s. Thus, we additionally protect the adjacent zone with geosynthetics.

In the backwash area a water level of 0.5 m has to be ensured constantly to minimize the risk of cavitation.
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Figure 4: Layout of the experimental area

The two experimental areas allow us to test different revetments or to build one area while the other one is tested. Apart from that we have the option to run a long-term and some short term experiments at the same time.   

2. Hydraulic calculation and dimensioning of the bank revetment

Based on a slope of 1:2.5 and a Strickler-coefficient of kst=50 m1/3/s (CIRIA 1987), Figure 5 shows the flow depth h and the average flow velocity v against the specific flow q (m³/s/m) (Steuernagel 2008).
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Figure 5: Diagram showing flow depth and velocity 
The decisive factor for the erosion of the surface is the resulting bed shear stress t0, caused by the overflow. 
The bed shear stress depends on the slope and the flow depth:
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ρ:
density of water [t/m³]


g:
gravity [m/s²]


h:
flow depth [m]


IE:
slope of hydraulic gradient [-]

According to Schneider (2006), the maximum resistance of an unprotected patch of grass is about 18 N/m² or 30 N/m² if the strain is just temporary.

The estimated shear stresses on the dike surface exceed these maximum values by far (see Table 1). Because of the slope of a dike, the active shear stress already exceeds the critical bed stress even if there are only slight weir heads.
Table 1: Bed shear stress, weir heads and the specific flow
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0,10 0,067 0,025 2,66 5,37 98,10

0,20 0,188 0,048 3,92 5,71 188,35

0,30 0,346 0,070 4,94 5,96 274,68

0,40 0,532 0,092 5,79 6,09 361,01

0,50 0,744 0,114 6,53 6,17 447,34

0,60 0,978 0,137 7,14 6,16 537,59

0,70 1,232 0,159 7,75 6,21 623,92

0,80 1,505 0,182 8,27 6,19 714,17

0,90 1,796 0,205 8,76 6,18 804,42

1,00 2,104 0,229 9,19 6,13 898,60
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This table is based partly on literature and partly on assumptions. The actual data will be recorded by various water gauges and speed indicators (acoustic Doppler velocimeter (ADV), screw current meter). We will detect the deformation of the dike with area scanners and ground penetrating radar. We will verify whether strain gauges can be attached to the geosynthetics. The perfusion (percolation from the ponding area and infiltration from the surface) will be determined by pressure gauges. The perfusion increases the danger of slope failure and slipping of the top soil. 
3. Analysis of different bank revetments

In order to decrease the danger of erosion and breaches it is important to improve the general resistance against the overflow of dikes. Otherwise the dike has to be raised.

An extensive application of protection against erosion requires an effective and low priced solution. Apart from the costs for the material, the building costs are important. The protection should not only be applicable for a new dike but also for remediation measures. Therefore the erosion control should be embedded near the surface of the landside and/or at the dike crest. Intervention in the core or the sealing should be an exception.

Most experiments carried out on revetments so far have dealt with revetments on regular overfalls for detention basins or polders.  Therefore these revetments are mostly not applicable for reconstruction measures on river dikes.
During the overflow the following requirements have to be complied by the revetments.

· No breakup or erosion of single components has to take place.

· The revetment must not peel off the supporting structure.
· No slipping in a flat sliding joint.

The first experiments will be carried out with a combination of three different geosynthetics (Figure 6).
[image: image8.jpg]Erosion control mat
— T —
— -
O
S

o Geogrid

~—__ Non woven Geotextile




Figure 6: Architecture of the combination of geosynthetics

Each of the geosynthetics has a different function.

· Erosion control mat of UV-stabilized labyrinthine extruded monofilament polymer core. This material keeps the rooted topsoil together and avoids surface erosion. Usually these mats were applied to protect escarpments against erosion by wind and precipitation.
· Geogrid. Primarily used to armor escapements.
· In between two layers of geogrid a non woven geotextile functions as a filter layer. This filter has high water permeability and avoids erosion and scouring by dividing different layers of soil or the soil from overflowing water.
For our tests, we take the geogrids and the geotextile as a composite.

The bracing of the geogrids diverts the water caused stress to the ground. Therefore the grids are fixed on the dike crest and attached extensively by pegs. Erosion control mats are linked to the geogrids and keep the rooted topsoil together. The more root penetration there is between the erosion control mats, composite and ground beneath, the better the resistance against erosion will be. Roots will function as an additional armoring. We do not regard the vegetated soil as a sacrificial layer but as a part of the erosion control. It should resist overflow but is not considered in our calculations.

If the top soil is already eroded, the non-woven geotextile is supposed to avoid the erosion of the supporting structure. Our investigations will comprise a covered rooted erosion control mat and, as worst case scenario, an uncovered one. Thus, the overflow after the top soil and the sward have already been eroded will be simulated as well.
4. Current Position

The start of the full size experiment was initially planned for autumn 2007 but had to be delayed due to various problems during the preparations (March 2008). Thus, the construction of the experimental area and the set-up of the pump took longer than expected.

By the end of April the pump will be assembled and the installation of the experimental set-up should be completed. The first test is planned to be carried out in Mai 2008. 
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Deichüberströmen

		

				Lastfall Deichüberströmung berechnet als parallel angeströmter Überfall (Streichwehr):

																												kSt =		20

																												I =		0.400

										ms =		0.7125

				Überfallänge		L= 1.00 m		L= 2.00 m		L= 3.00 m		L= 4.00 m		L= 5.00 m		L= 6.00 m		L= 7.00 m		L= 8.00 m		L= 9.00 m		L= 10.00 m				Abfluß über Deichkrone pro lfd. m				Fließtiefe über dem Deichrücken (iteriert)		Fließquer- schnitt über  Deichrücken		benetzter Umfang		Kontrollwert zur Iteration		mittlere Überström- geschwindig-keit						Sohlschub- spannung

				mittlere Überfallhöhe		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone				Abfluß über Deichkrone		Strickler zur Iteration der Fließtiefe

				hm [m]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]				q [m³/s/m]		Q [m³/s]		h [m]		A [m]		U [m]		DQ [m³/s]		vm [m/s]		Fr²		Fr		maxt0 [N/m²]

				0.10		0.067		0.133		0.200		0.266		0.333		0.399		0.466		0.532		0.599		0.665				0.067		0.067		0.04		0.04		1.09		0.0005581823		1.49		5.08		2.25		175.13

				0.20		0.188		0.376		0.565		0.753		0.941		1.129		1.317		1.505		1.694		1.882				0.188		0.188		0.09		0.09		1.17		0.0000284081		2.21		5.82		2.41		334.69

				0.30		0.346		0.691		1.037		1.383		1.729		2.074		2.420		2.766		3.111		3.457				0.346		0.346		0.13		0.13		1.25		0.0006496741		2.74		6.04		2.46		495.86

				0.40		0.532		1.065		1.597		2.129		2.661		3.194		3.726		4.258		4.790		5.323				0.532		0.533		0.17		0.17		1.34		0.0002402769		3.17		6.11		2.47		658.51

				0.50		0.744		1.488		2.232		2.975		3.719		4.463		5.207		5.951		6.695		7.439				0.744		0.745		0.21		0.21		1.42		0.0007917089		3.54		6.06		2.46		825.41

				0.60		0.978		1.956		2.934		3.911		4.889		5.867		6.845		7.823		8.801		9.778				0.978		0.979		0.25		0.25		1.51		0.0009752913		3.85		5.96		2.44		995.93

				0.70		1.232		2.464		3.697		4.929		6.161		7.393		8.626		9.858		11.090		12.322				1.232		1.233		0.30		0.30		1.60		0.0007078718		4.13		5.83		2.42		1170.38

				0.80		1.505		3.011		4.516		6.022		7.527		9.033		10.538		12.044		13.549		15.055				1.505		1.505		0.34		0.34		1.69		-0.0004824666		4.38		5.69		2.39		1348.66

				0.90		1.796		3.593		5.389		7.186		8.982		10.778		12.575		14.371		16.168		17.964				1.796		1.796		0.39		0.39		1.78		-0.0004075026		4.60		5.52		2.35		1532.29

				1.00		2.104		4.208		6.312		8.416		10.520		12.624		14.728		16.832		18.936		21.040				2.104		2.103		0.44		0.44		1.88		-0.0005510695		4.80		5.35		2.31		1720.37

				Abfluß		Q= 4.87 m³/s		Abfluß über Deichkrone pro lfd. m

				mittlere Überfallhöhe		Überström- länge		Abfluß über Deichkrone

				hm [m]		L [m]		Q [m³/s]

				0.10		73.15		0.067

				0.20		25.86		0.188

				0.30		14.08		0.346

				0.40		9.14		0.532

				0.50		6.54		0.744

				0.60		4.98		0.978

				0.70		3.95		1.232

				0.80		3.23		1.505

				0.90		2.71		1.796

				1.00		2.31		2.104





Deichüberströmen

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0



L= 1.00 m

L= 2.00 m

L= 3.00 m

L= 4.00 m

L= 5.00 m

L= 6.00 m

L= 7.00 m

L= 8.00 m

L= 9.00 m

L= 10.00 m

Q [m³/s]

hm [m]

Deichüberstömung

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Tabelle3

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



v

h

q [m³/s/m]

h [m]

vm [m/s]

Flow depth and velocity against the specific discharge

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Excess head

Lenght [m]

Excess head [m]

Overflow of 4.68 m³/s

0

0

0

0

0

0

0

0

0

0



		



L

h

q [m³/s/m]

maxt0 [N/m²]

Sohlschubspannung in Abhängigkeit vom Abfluß

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



3



2



2



A



g



B



Q



Fr



×



×



=






3


2


2


A g


B Q


Fr













A



I



R



k



Q



R



E



hy



St



m



×



×



×



=



2



1



,



3



2






A I R k Q


R E hy St m


   


2


1


,


3


2




75



,



0



95



,



0



2



3



2



2



3



»



»



×



×



×



=



m



m



m



m



s



m



s



h



g



L



Q






75 , 0


95 , 0


2


3


2


2


3








   





 





s


m s


h g L Q




h



g



v



Fr



×



=






h g


v


Fr










MBD00013F17.unknown



MBD000DCA52.unknown



MBD00126E41.unknown



MBD000AA6BF.unknown




_1267897102.xls
Diagramm2

		0.0665339199		0.0665339199

		0.1881863438		0.1881863438

		0.3457203892		0.3457203892

		0.5322713594		0.5322713594

		0.7438718388		0.7438718388

		0.9778449264		0.9778449264

		1.232225441		1.232225441

		1.5054907506		1.5054907506

		1.7964158379		1.7964158379

		2.1039872861		2.1039872861



v

h

q [m³/s/m]

h [m]

vm [m/s]

Flow depth and velocity against the specific discharge

1.4908154853

0.0446292117

2.206329222

0.0852938636

2.7358570463

0.1263663939

3.1717327703

0.1678172147

3.5363668031

0.2103491748

3.8527287447

0.2538058065

4.1313523007

0.2982620099

4.380306526

0.3436952966

4.6003795794

0.3904929597

4.7989928377

0.4384226769



Deichüberströmen

		

				Lastfall Deichüberströmung berechnet als parallel angeströmter Überfall (Streichwehr):

																												kSt =		20

																												I =		0.400

										ms =		0.7125

				Überfallänge		L= 1.00 m		L= 2.00 m		L= 3.00 m		L= 4.00 m		L= 5.00 m		L= 6.00 m		L= 7.00 m		L= 8.00 m		L= 9.00 m		L= 10.00 m				Abfluß über Deichkrone pro lfd. m				Fließtiefe über dem Deichrücken (iteriert)		Fließquer- schnitt über  Deichrücken		benetzter Umfang		Kontrollwert zur Iteration		mittlere Überström- geschwindig-keit						Sohlschub- spannung

				mittlere Überfallhöhe		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone		Abfluß über Deichkrone				Abfluß über Deichkrone		Strickler zur Iteration der Fließtiefe

				hm [m]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]		Q [m³/s]				q [m³/s/m]		Q [m³/s]		h [m]		A [m]		U [m]		DQ [m³/s]		vm [m/s]		Fr²		Fr		maxt0 [N/m²]

				0.10		0.067		0.133		0.200		0.266		0.333		0.399		0.466		0.532		0.599		0.665				0.067		0.067		0.04		0.04		1.09		0.0005581823		1.49		5.08		2.25		175.13

				0.20		0.188		0.376		0.565		0.753		0.941		1.129		1.317		1.505		1.694		1.882				0.188		0.188		0.09		0.09		1.17		0.0000284081		2.21		5.82		2.41		334.69

				0.30		0.346		0.691		1.037		1.383		1.729		2.074		2.420		2.766		3.111		3.457				0.346		0.346		0.13		0.13		1.25		0.0006496741		2.74		6.04		2.46		495.86

				0.40		0.532		1.065		1.597		2.129		2.661		3.194		3.726		4.258		4.790		5.323				0.532		0.533		0.17		0.17		1.34		0.0002402769		3.17		6.11		2.47		658.51

				0.50		0.744		1.488		2.232		2.975		3.719		4.463		5.207		5.951		6.695		7.439				0.744		0.745		0.21		0.21		1.42		0.0007917089		3.54		6.06		2.46		825.41

				0.60		0.978		1.956		2.934		3.911		4.889		5.867		6.845		7.823		8.801		9.778				0.978		0.979		0.25		0.25		1.51		0.0009752913		3.85		5.96		2.44		995.93

				0.70		1.232		2.464		3.697		4.929		6.161		7.393		8.626		9.858		11.090		12.322				1.232		1.233		0.30		0.30		1.60		0.0007078718		4.13		5.83		2.42		1170.38

				0.80		1.505		3.011		4.516		6.022		7.527		9.033		10.538		12.044		13.549		15.055				1.505		1.505		0.34		0.34		1.69		-0.0004824666		4.38		5.69		2.39		1348.66

				0.90		1.796		3.593		5.389		7.186		8.982		10.778		12.575		14.371		16.168		17.964				1.796		1.796		0.39		0.39		1.78		-0.0004075026		4.60		5.52		2.35		1532.29

				1.00		2.104		4.208		6.312		8.416		10.520		12.624		14.728		16.832		18.936		21.040				2.104		2.103		0.44		0.44		1.88		-0.0005510695		4.80		5.35		2.31		1720.37

				Abfluß		Q= 4.87 m³/s		Abfluß über Deichkrone pro lfd. m

				mittlere Überfallhöhe		Überström- länge		Abfluß über Deichkrone

				hm [m]		L [m]		Q [m³/s]

				0.10		73.15		0.067

				0.20		25.86		0.188

				0.30		14.08		0.346

				0.40		9.14		0.532

				0.50		6.54		0.744

				0.60		4.98		0.978

				0.70		3.95		1.232

				0.80		3.23		1.505

				0.90		2.71		1.796

				1.00		2.31		2.104
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Flow depth and velocity against the specific discharge
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Excess head

Lenght [m]

Excess head [m]

Overflow of 4.68 m³/s
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Sohlschubspannung in Abhängigkeit vom Abfluß
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