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Technical-biological bank protection 
on waterways with high traffic frequency –
first experience gained from a test stretch 

on the river Rhine 
with regard to bank stability

Maastricht (NL) & Liege (BE), 23-27 September 2013

“SMART RIVERS 2013”

Inland navigable waterways
in Germany: ~ 6,600 km

41% impounded rivers

35% free-flowing rivers

24% artificial waterways (canals)
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Bank stability!

55 m

First priority:

Ensure 

safe navigation!

Today: Technical bank protection

rip raprip rap

geotextile or

granular filter 60-80 cm

4 m
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European Water Framework Directive (WFD) - 2000

Goal: Conservation and 

enhancement of habitats 

for animals and plants

New requirements for bank protection measures!

„Green“, technical-biological
bank protections

Bank stability and ecology!
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Technical-biological bank protection measures

Plants

Reed

Plant mats

Willow brush 

mattresses
“SMART RIVERS 2013” - 5 -

Plants and technical
components

Reed gabions

Riprap with 

willow branch 

cuttings
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Technical bank protection:

- Experience

- Regulations

- Dimension standards

Technical bank protection:

- Experience

- Regulations

- Dimension standards

??
Special challenge: 

Living building material

Special challenge: 

Living building material

Specific loads
on waterways!
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Hydraulic loads

- Return flow

- Stern wave

- Slope supply flow

- (Natural flow)

Surface erosion

Calculated size of single stones

- 7 -

geotextile or

granular filter 60-80 cm

4 m

“SMART RIVERS 2013”

Hydraulic loads

Sliding

Hydrodynamic
soil displacement

Water level 

drawdown

(Excess pore 

water pressure

in the soil)

geotextile or

granular filter 60-80 cm

4 m
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Calculated weight per unit area
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MW

Surface erosion/ Sliding/ Hydrodynamic soil displacement

Bank protection with plants?

- plants above the mean water level (MW)

- as a rule, underwater areas are technically secured 

HSWHNWL

Shoots (cover the slope) >> protect against erosion
Roots (improve the soil properties) 

>> protect against sliding, soil displacement

Soil cohesion
Soil nailingRoots
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Initial phase?

Many influences!
Living plants continuously changing!
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Literature research WSV-survey

In-depth analyses of

selected test stretches

Literature/ Existing experiences

Joint research project of BAW and BfG
(Federal Waterways Engineering and Research Institute and Federal Institute of Hydrology)

Hydraulic load-bearing capacity and ecological effectiveness
of technical-biological bank protection measures

Model tests

Theoretical 

considerations

Theory/ Tests

New test stretches

Installation/

Monitoring

Applied for 

WSV-contracts

Application

“SMART RIVERS 2013”Goal : Dimension Standards for waterways
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Test stretch:
Rhine-km 440.6 to km 441.6

right bank

(BAW, BfG, WSA Mannheim)(BAW, BfG, WSA Mannheim)

Test stretch:

Nine different technical-

biological bank

protection measures

Test stretch:

Nine different technical-

biological bank

protection measures
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Worms
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Rhein-km 441.250, rechtes Ufer

(Einmaß 2009)

80

82

84

86

88

90

92

290 295 300 305 310 315 320 325 330 335

Rechtswert [m]

H
ö

h
e
 [

m
N

N
]

ELWL

MLI/ HNWLI

MLII/ HNWLII

more than 6 m

- Loads due to flooding periods

- High impacts due to navigation

(120 cargo vessels per day)

Boundary conditions

- Large fluctuations of water level
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(Measurement 2009)

Rhine-km 441.250, right bank

Rip rap (60 … 90 cm) “SMART RIVERS 2013” - 12 -
Layer thickness: ~ 80 cm

MW
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Rhein-km 441.250, rechtes Ufer

(Einmaß 2009)
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Armour stones were

remained below MW

Alternative bank protection
with plants
above mean water level (MW)

9 different bank protection measures

5 sections: Riprap was removed, new measures with plants were installed

4 sections: Existing riprap was improved with plants or structural elements

Rhine-km 441.250, right bank

(Measurement 2009)
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MW

Seite 14

Rip rap was removed, new measures Rip rap was improved (remained)

5 Sections: 4 Sections:

“SMART RIVERS 2013” - 14 -

1.) Willow brush mattresses

2.) Pre-cultivated reed gabions

3.) Pre-cultivated plant mats
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1. September 2011 - 31. Oktober 2012
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Marke II = HSW

Marke I

AZW 2002

GlW

GlW

AZW

Marke I

Marke II = HSW

Bauzeit: 1.9. - 14.12.2011

Water level - Rhine

Installing

(4 month)

Top level of the slope

Mean water level
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High water periods

01.09.2011 31.10.2012

Sections 2 and 3: Removal of rip rap 1.) Willow brush mattresses

Installing of willow branches (11/2011)

(without gaps to avoid erosion of soil)

Toe support (embedded toe)

Installed transversally (Section 3)

(diagonally in Section 2)

“SMART RIVERS 2013” - 16 -
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Willow branches were fixed to the

soil with stakes, cross-bars and

bracing wire, covered with soil

Soil contact – essential 
condition for root growth

December 2011

During first flooding periods
some stakes were pulled out and
had to be renewed; also cover
layer had to be renewed

“SMART RIVERS 2013” - 17 -
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April 2012

First green plant shoots 

along the cross bars 

Length of the willow

branches: more than 2 m

After the first year:

Successful development!

Bank protection can be ensured!
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First excavation of willow 
roots in November 2012
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Length of roots: ~ 60 cm (after 1 year)Length of roots: ~ 60 cm (after 1 year)

Good growth of roots

determined!

Increase of soil

shear strength!

Section 5: Removal of rip rap 2.) Pre-cultivated reed gabions

Installed on granular filter

1:2.5

“SMART RIVERS 2013” - 20 -

Filled with stones, soil and reed plants, 

coated with woven coir fabric and wire netting

Dimensions:

2 m x 1 m x 0,3 m
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Reed gabions

after installation

October 2011

More stability due to

weight per unit area!

Adventage:

No fixing required!
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Inundated reed gabions

were damaged
Reed gabions before

flooding period

Reed plants - sensitive to
flooding for a long time  
(without interruption)

“SMART RIVERS 2013” - 22 -

Flooding (~ 6 weeks)

July 2012

1 2

Plants were able to recover, bank protection can be ensured! 
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Section 7: Removal of rip rap 3.) Plant mat with different kind
of filter mats underneath

Filter mat

Plant mat

Fixed to the soil with stakes, 
cross-bars and bracing wire

Soil contact – essential condition for 
root growth – here difficult to ensure

“SMART RIVERS 2013” - 23 -

After installationAfter installation

Delivered stateDelivered state

May 2012 State after high water level

- without interruption
about 6 weeks

Stabilisation of the affected areas

with rip rap (summer 2012)

Stabilisation of the affected areas

with rip rap (summer 2012)

- Stakes and cross-bars 
were pulled out

- Inundated mats and plants
were locally destroyed

- Filter mat (sheep wool) 
was decomposed

“SMART RIVERS 2013” - 24 -

Bank protection in this lower
part could not be ensured!

Reconstruction necessary!
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MONITORING

- Bank stability/ Condition of bank protection measures

- Hydraulic loads on the banks

- Water level fluctuation

- Weather

- ….. 

- Fauna/ vegetation/ ecology Presentation Katja Schilling

Initially until 2016

Recommendations for further applications on waterways 
Development of design rules

Results of modell tests and other investigations

“SMART RIVERS 2013” - 25 -
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Conclusions

Practical experience very important to understand features and
behavior and to find out permissible loads. 

Initial state most critical state.

Experience and results so far available:

Profound assessment only after several vegetation periods.

http://ufersicherung.baw.de/de/index.htmlhttp://ufersicherung.baw.de/de/index.html

Measures with a significant weight per unit area have got more
stability from the beginning.

Bank protection with plants on waterways applicable.

Buoyant forces, waves and currents – high impacts for the
young plants (Fixings!).



14

Test stretch – Flooding June 2013

Thank you very much for your attention!

Thanks to
Katja Schilling (BfG)
Dr. Meike Kleinwächter (BfG)
Hubert Liebenstein (BfG)
Dr. Andreas Sundermeier (BfG)
Marc Hannig (WSA)
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