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Large scale model tests have been performed to investigate the failure of the grass cover layer 
of a dike due to wave loading. The design layout of the prototype dike represented a typical 
sea dike along the North Sea, except for the relatively steep seaward slope. The dike model 
was covered with a natural grass cover composed of grass sods that were excavated from an 
existing sea dike in Denmark and installed on the prototype dike. 

 
1. INTRODUCTION 

A large part of the dikes in the North Sea and Baltic Sea Region are covered with grass that is exposed 
to hydraulic loading from waves and currents during storm surges. During many former storm surges, 
these grass cover layers were not damaged and showed large strength. Due to this, grass cover layers 
have attracted more interest since the mid-eighties as one type of revetment for flood defence 
structures. In recent years, this grass cover revetment is being considered as a constructional 
component (EAK , 2002) that has to be designed and managed. 

The primary function of the grass cover is to protect the dike body against erosion caused by 
loading from waves and currents during storm surges. Besides this primary function, a number of 
other functions such as agricultural, ecological and recreational can be met. In this way, a grass cover 
revetment can fulfil several functions simultaneously: combining erosion protection with nature and 
recreation. 

The physical understanding of the failure of grass cover layers due to different forms of wave 
loading is therefore indispensable today, especially against the background of an increasing focus on 
safety aspects for flood defences, today and in future taking potential consequences of climate change 
into account. Young (2005) indicated the loads that cause erosion of the grass cover layer at sea dikes 
during storm surges, namely: 

• Overflow (still water level exceeds the crest level) 
• Wave impact due to wave breaking on the seaward slope 
• Wave run-up and run-down flow on the seaward slope 
• Flow on the shoreward slope due to wave overtopping 

The main objectives of this research project was therefore to perform large scale model tests in 
order to investigate the failure of the grass cover layer of a sea dike due to (i) wave impact, (ii) wave 
run-up and run-down flow and (iii) wave overtopping. The loading by overflow was not considered. 

The large scale model tests were performed in the Large Wave Flume of the Coastal Research 
Centre (FZK) – a joint centre of the University of Hannover and the Technical University of 
Braunschweig, Germany. The Large Wave Flume is 5m wide, 7m deep and 324m long. The maximum 
water depth in the flume is 5.0m. Regular waves can be generated with heights up to 2.0m and 
irregular waves with significant heights up to 1.3m. 

 
2. DIKE MODEL 

Besides changes concerning the dike height and seaward slope, the prototype of the selected dike 
model represented a typical sea dike of the German Bight coast with a dike cross section as commonly 
built in The Netherlands, Germany and Denmark. The slope of the seaward side was chosen to 1:4. 
This relatively steep slope was preferred instead of 1:6 in order to investigate impact loads due to 
wave breaking on the seaward slope without the damping effect of the previous wave down rush. The 
landward slope was 1:3. The height of the dike model was 5.8 m and the crest was 2.2 m wide (Fig. 1). 
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No berms were constructed on both slopes. The length of the dike model was 5m like the width of the 
flume. 

 
Figure 1: Cross-section of the dike model 

 
The dike model consisted of a sand dike core, a clay layer and a grass cover. On both slopes and 

on the dike crest a clay layer of 0.6m was installed. On top of the clay layer, 0.2m thick grass sods 
were placed to complete the dike model with the grass cover layer. Through this, the entire clay layer 
was about 0.8m thick. 

In front of the dike model a sloping foreshore was installed to ensure proper conditions for the 
development of waves (shoaling) in front of the dike model. The slope of the foreshore was 1:40 and 
the height at the dike toe was 1.0m above the flume bottom. The foreshore length was 40m. 

The crest of the dike model was located at a distance of about 190m from the wave generator 
(approx. at 2/3 of the flume length) in order to have the seaward slope positioned at one of the 
observation windows that are installed in the flume walls and to have a reservoir behind the dike 
model for collecting overtopping water. 

In order to meet the objectives of the research project, the dike model had to be covered with a 
natural grass layer. The challenge was hereby to get the natural grass into the flume. For this, grass 
sods were excavated from an existing sea dike in Denmark and transported to the Coastal Research 
Centre for installation on the dike model. 

The grass sods were excavated with the underlying clay to maintain the interaction between the 
grass sward (top soil) and the underlying clay layer (Figure 2). The excavated grass sods were about 
20cm thick and measured 2.35m in length and 1.25m in width. The weight of one grass sod was 
determined to approximately 1,100 kg. In total, about 200m2 of grass sods were excavated. 

 

 
 

Figure 2: Cross section of 20cm thick grass sod 
 
The grass sods were excavated by pulling an attachment composed of one horizontal and two 

vertical blades underneath the grass sods (Figure 4). The cutting width measured 1.25m. While pulling 
the attachment, a wooden plate connected to the attachment with two chains was pulled underneath the 
grass sod for later handling and transportation (Figure 5). 
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Figure 4: Attachment with blades  

to cut the grass sods 

 
Figure 5: Lifting the grass sod on the 

 wooden plate with a fork lifter 
 
In order to avoid longitudinal joints running all way up both slopes, it was decided to install the 

grass sods in displaced order (Figure 6). For this, the grass sods were installed transverse to the flume 
and in row by using three different lengths. After positioning of each grass sod on the dike model, the 
wooden plate was removed underneath the grass sod (Figure 7). 

The installation of the grass sods was started at the toe of the seaward slope and was continued up 
to the dike crest. Afterwards the grass sods on the landward slope were installed, again starting at the 
dike toe. Finally, grass sods were installed at the dike crest and the grass layer was closed. After 
installation of the grass sods all gaps and joints between the grass sods and the concrete flume walls 
were closed with clay. 

 

 
Figure 6: Displaced order of grass 

 sods on seaward dike slope 

 
Figure 7: Pulling the wooden  
plate underneath the grass sod 

 
The grass cover was illuminated during the recovery period, a 4-week long period between 

construction and testing, and during the test period, where the grass cover was illuminated between the 
test runs.  

 
3. TEST PROGAMME AND MEASURING TECHNIQUES 

The test programme was divided into two phases. In the first phase the initiation of grass erosion on 
the seaward slope due to wave impact and wave run-up and run-down flow was studied. In the second 
phase the initiation of grass erosion on the landward slope due to wave overtopping was investigated. 

The applied wave spectra in both test phases based on a TMA spectrum. During test phase 1, the 
significant wave height Hs was varied between 0.5 and 0.9m and the peak period Tp was selected 
between 4.0 and 6.0s. In test phase 2 significant wave heights were selected between 0.75 and 1.0m, 
and the peak period Tp varied between 5.0 and 6.5s. The water level in the flume was kept constant 
during test phase 1 and test phase 2. 

The measuring techniques during the performed tests comprised measuring and observation 
devices, such as wave gauges, pressure transducers, an overtopping container and digital video 
cameras. Data were collected describing the wave conditions in front of the dike model, the impact 
pressure due to wave breaking on the seaward slope and the wave overtopping volume per wave. 
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Continuous video recording of each test run allowed for observations regarding damage and 
degradation of the grass cover. For a detailed description of the test programme and the applied 
measuring and observation devices, the reader is referred to Piontkowitz et al. (2009). 

 
4. RESULTS AND CONCLUSIONS 

The test runs in phase 1 showed different kinds of damage and stages of damage of the grass cover 
layer on the seaward dike slope. One major damage of the grass cover occurred by a single wave 
impact in an area in front of the observation window in the flume wall. Furthermore, degradation of 
the grass cover, especially in the breaker zone, was observed over the entire test duration of test phase 
1. Soil material in the grass sward was washed out and round clay balls of different sizes were shaped.  

The grass cover in the lower part of the seaward slope remained longer green and alive than the 
grass within the breaker zone. The grass cover that was permanently inundated was much less 
degraded than the grass cover in the breaker zone. 

During test phase 2, no major damage on the landward grass cover due to time-averaged 
overtopping rates of up to 30 l/s/m were observed. However, the degradation of the grass cover in the 
breaker zone on the seaward slope continued and, finally, resulted in a bumpy and rough clay surface 
that was only covered with stuck residual root pieces. 

Based on the test results, it is concluded, that  
• A well-established and intact grass cover generally performs a high resistance against wave 

loading; 
• single wave loading events do not usually implicate major damage of the grass cover, 

preconditioned an intact grass cover; 
• non-initiation of major damage on the landward grass cover due to wave overtopping rates of up to 

30 l/s/m is consistent with results of similar grass erosion tests within the ComCoast project 
(http://www.comcoast.org); 

• reiterating wave loading events in short chronology will cause a continuous degradation of the 
grass cover. 
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