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Summary  
In this report temporary flood barriers are inves�gated. Temporary flood barriers are barriers that are 
installed during a flood event and are removed a�er the flood event. With the increasing climate 
change effects, flood events are becoming more frequent. During floods, sandbags are o�en used as 
temporary flood barriers. Filling and placing sandbags is �me-consuming and requires a lot of 
manpower. That is why in this report other forms of temporary flood barriers are inves�gated, 
namely the Mobile Dike, Boxwall and Geodesign Barrier. The research ques�on that is answered in 
this report is: 
 
How can video analysis be used as a new monitoring tool for the behaviour of temporary flood 
barriers? 
 
This ques�on is answered by inves�ga�ng the failure mechanisms of the temporary flood barriers 
and by tes�ng the temporary flood barriers on a test site in Roermond, The Netherlands. Five 
cameras were installed to observe the water levels. Furthermore, the water levels were measured by 
divers that measure the hydrosta�c pressure, from which the water level can be derived.  
 
All the temporary flood barriers remained stable during the tests. This was not predicted in the failure 
mechanism calcula�ons, which indicated that the Boxwall and the Geodesign Barrier were not stable 
when no water was present. In the calcula�ons the wind force for the design of structures was used. 
During the tests there was a much smaller wind force, which explains why the flood barriers 
remained stable.  
 
The water level was detected in two ways: with cameras aimed at water level scales and with divers. 
Graphs were made of the water level ploted against the �me. The graphs from the water level scale 
data resemble the graphs from the diver data, but the graphs from the diver data are much more 
precise.   
 
Video analysis can be effec�vely used as a new monitoring tool for the behaviour of temporary flood 
barriers. In this report is focused on water level monitoring, but for further research, video analysis 
can also be used to detect deforma�on, displacement or damage of the temporary flood barriers. 
Another possibility for further research is the use of video processing techniques in Python to 
improve the accuracy of the water level detec�on in the video analysis. Video analysis can also be 
used to detect the water level before the temporary flood barriers are installed. If the water level 
exceeds a certain value, a signal can be given indica�ng a flood and the need to install the temporary 
flood barriers. 
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1. Introduc�on 
With the increasing climate change effects, the chances of floods increases as well. An example of 
these floods is the flood in Limburg, The Netherlands in July 2021 (Rijkswaterstaat, 2022). This flood 
was caused by heavy rains and the rivers could not handle all this water. Tradi�onally, flood 
protec�on is organised with permanent flood barriers (Ogunyoye & van Heereveld, 2002). Temporary 
flood barriers can also be used, for example in the form of sandbags. Sandbags have many 
disadvantages, as it takes a long �me to fill the bags with sand and to place the sandbags. Also, it 
requires a lot of manpower (Damen, 2022). However, there can be many other forms of temporary 
flood barriers. These temporary flood barriers are more flexible than permanent flood barriers. They 
can be really helpful where permanent flood barriers offer insufficient protec�on. That is the reason 
why in this report temporary flood barriers are inves�gated.  
 
1.1 Problem analysis 
Temporary flood barriers are barriers that are installed during a flood event and are removed a�er 
the flood event. The results of failure and unsuitability of flood barriers can be disastrous, therefore 
there has to be done more research about these temporary flood barriers before they can be used 
more widely. The difference between temporary and permanent flood barriers is that temporary 
flood barriers only fulfil their func�on when the barrier is closed in �me, which means before the 
lowest allowable water level has been reached. When using temporary flood barriers, not only the 
design of the flood barriers itself is important, but also the mobilisa�on, installa�on and closure of 
the flood barriers (Ogunyoye & van Heereveld, 2002). In this report, the tradi�onal method of 
temporary flood barriers, sandbags, is considered first. A�er that three types of other temporary 
flood barriers are inves�gated: Mobile Dike, Boxwall and Geodesign Barrier. These three types are 
tested on a test site in Roermond on the 10th and 11th of May 2023. These three types are selected 
based on an administra�ve and technical selec�on. The companies from the barriers must have 
submited a complete and correct applica�on. The barriers also need to have a minimum score of 
‘good’. This score is based on 14 evalua�on criteria, such as the �me needed for se�ng up the barrier 
and the displacement of the barrier. All the evalua�on criteria can be found in Appendix B.  

1.2 Objec�ve 
The objec�ve of this report is to evaluate the performance of the Mobile Dike, Boxwall and 
Geodesign Barrier. This is done by tests on the 10th and 11th of May 2023. The tests will be explained 
in more detail in Chapter 2. The water levels in the tests are measured in two ways. This report will 
compare these two results and draw a conclusion from these results. This report will answer the 
following research ques�on:  

How can video analysis be used as a new monitoring tool for the behaviour of temporary flood 
barriers? 

To answer the research ques�on, the following sub-ques�ons are formed: 

- What are the failure mechanisms of the temporary flood barriers? 
- How can 5G monitoring system be used to assess the stability of temporary flood barriers?  

1.3 Methodology 
The tests take place in Roermond, The Netherlands. The objec�ve of these tests is to assess the three 
types of temporary flood barriers. There are five cameras installed to monitor the displacements of 
the flood barriers and observe the water levels and amount of leakage. The cameras are aimed at 
four different water level scales so that the water levels can be observed during the tests. 
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Furthermore, the water levels are measured at two places by divers that measure the hydrosta�c 
pressure, from which the water level can be derived. In this report the two different ways of 
measuring the water levels will be compared.  

1.4  Outline final report 
The outline of this report is as follows. In the second chapter, there is a detailed descrip�on of the 
tests in Roermond. In the third chapter, a literature study is done about the three types of temporary 
flood barriers that are inves�gated. In the fourth chapter, the failure mechanisms of the temporary 
flood barriers are calculated. In the fi�h chapter, de data from the cameras and from the divers are 
analysed and a comparison is made between the two different ways of measuring the water level. 
The report ends with a conclusion and gives recommenda�ons regarding further research.   
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2. Descrip�on of the tests in Roermond 
In this chapter the tests in Roermond are explained in detail. The purpose of the tests is explained 
and informa�on is given about the organisa�ons that made the tests possible.  

The first day of the tests the Geodesign Barrier will be tested, the second day Mobile Dike and 
Boxwall. The Geodesign Barrier will be tested on two lanes: on asphalt and on grass. The Mobile Dike 
will only be tested on grass and the Boxwall only on asphalt. A water pump is installed at the top of 
the asphalt lane. A map of the test site with the two lanes and the loca�on of the five cameras can be 
seen in Appendix C.  

The first part of the asphalt lane is on a slope, the purpose of this part of the test is to see if the 
barrier is able to transfer the water. The second part of the asphalt lane is on a horizontal surface. The 
purpose of this part of the test is to see if the barrier can withstand rising water and prevent it from 
passing through.  

The tests are organised by Waterboard Limburg (‘Waterschap Limburg’). The test is only conducted 
with the temporary flood barrier companies that have submited a complete and accurate 
applica�on. The Geodesign Barrier, Mobile Dike and Boxwall are selected based on the previous 
requirement and on the 14 evalua�on criteria that can be found in Appendix B. During the tests, 
Waterboard Limburg evaluates the three temporary flood barriers and selects the flood barrier they 
will purchase and use in future floods. The temporary flood barrier companies have already tested 
their own barriers mul�ple �mes, but Waterboard Limburg will purchase one of these temporary 
flood barriers and therefore wants to see for themselves which flood barrier works best. What is 
unique about these tests is that the temporary flood barriers are tested on two different surfaces, 
namely grass and asphalt.  

The test is completely monitored by five cameras that are installed at the test site. The cameras are 
connected to laptops and this way the test is recorded. Also, a diver is placed on the grass lane and 
on the asphalt lane. These divers measure the hydrosta�c pressure, from which the water level can 
be derived. This is done by the company AccessHub B.V., a Dutch scaleup that is specialised in 
monitoring and processing data.   
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3. Literature study 
In this chapter sandbags and the three types of temporary flood barriers that are used at the test 
field loca�on are inves�gated.  
 
3.1 Sandbags  
For a long �me, sandbags have been used as temporary flood barriers. Advantages of using sandbags 
are that it is cheap and familiar to many people. Disadvantages are that filling the bags with sand and 
placing the sandbags takes a long a �me and requires a lot of manpower (Damen, 2022).  
 
Sandbags are made of jute or plas�c. The bags are not completely filled with sand, but only for two-
thirds full. This is because a sandbag that is completely filled cannot provide a good seal with other 
sandbags. When the bags are filled with sand, the bags are �ed �ghtly or sewn shut. Water enters the 
sandbags and causes satura�on of the sand, which is the op�mal point for the temporary flood 
barrier. Filled sandbags have dimensions of 30 x 60 x 6 cm. The weight of a sandbag should not be 
larger than 15 kg, because otherwise people who are building the barrier will become �red too 
quickly (WIKI-noodmaatregelen, n.d.).  
 
Placing the sandbags must be done very thoroughly. The sandbags need to be placed parallel to the 
waterflow. The minimum height of the barrier should be 15 cm (WIKI-noodmaatregelen, n.d.). To 
build a barrier of 19 m length and 60 cm height, approximately 600 sandbags are needed. It is 
es�mated that building this barrier with 3 people takes approximately 3 hours (Damen, 2022).  
 

3.2 Mobile Dike 
3.2.1 General informa�on 
The Mobile Dike is a temporary flood barrier that consists of PVC tubes that are filled with water 
(Haase, 2021). The Mobile Dike is self-suppor�ng and can stand on any solid ground. Moreover, the 
dike can easily be set up by untrained man (ProQuest, 2014).  
 
The Mobile Dike consists of three components, as can be seen in Figure 1.  

• Component 1 is the dike body. Two or three dike bodies are part of the Mobile Dike. The dike 
bodies are filled with water and are responsible for the self-weight of the dike.  

• Component 2 is the net cover. The net cover ensures the stability of the dike by holding the 
dike bodies together. All the forces that the dike experiences are absorbed by the net cover 
(Mobiele Dijken Nederland BV, 2016).  

• Component 3 is the sealing membrane. The sealing membrane prevents the water from going 
underneath the dike. Without a sealing membrane the dike fails at 60-80% water level 
(Mobiele Dijken Nederland BV, n.d.).  

With these three components, the mobile dike can turn 100% of its own height (Mobiele Dijken 
Nederland BV, 2016).  
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Figure 1: Components of a mobile dike  
(Mobiele Dijken Nederland BV, 2016) 

In Figure 2 the forces on the Mobile Dike can be seen. The weight of the two dike bodies filled with 
water creates two gravita�onal forces (FG) that act at the centre of mass. The water causes a force 
that acts perpendicular on the Mobile Dike (FW). The water force is opposed by the resistance force 
(FR).   
 
3.2.2 Limita�ons and strengths 
The limita�ons and strengths of the Mobile Dike can be seen in Table 1.  
 
Table 1: Limitations and strengths of the Mobile Dike  

Limita�ons Strengths 
A water pump is needed to fill the barrier  People can walk over de barrier 
Membrane needs to be cleaned a�er using  Quick and easy to set up  

 
3.2.3 Dimensions of the Mobile Dike used during the tests 
The Mobile Dike model that is used during the tests is the MD60-2. This barrier has a height of 60 cm 
and consists of two dike bodies (D. Bon, personal communica�on, May 26, 2023). Two barriers are 
coupled to each other, the first barrier has a length of 36 m and the second barrier a length of 22 m. 
Both barriers have a width of 4.4 m.  
 
3.3 Boxwall 
3.3.1 General informa�on 
The NOAQ Boxwall is a thin barrier that is able to stand on its own (Gu�errez et al., n.d.). The Boxwall 
creates a barrier to hold back water of a height of 50 cm or 100 cm (Waterschot, n.d.-a). The Boxwall 
is very light and can be quickly set up. In less than 24 minutes a Boxwall of 100 metres can be built up 
by only two men (NOAQ Flood Protec�on AB, n.d.). Despite the low weight of the Boxwall, the 
Boxwall remains stable because of the weight of the flood water that flows above it (NOAQ Flood 
Protec�on AB, n.d.). The Boxwall consists of many boxes that can be coupled to each other with a 
coupling mechanism and a locking mechanism, see Figure 3.   

Figure 2: Forces on the Mobile Dike (Mobiele Dijken Nederland 
BV, n.d.) 
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Figure 3: Coupling of the boxes (Waterschot, n.d.-a) 

The Boxwall can protect roads, ci�es, industrial estates, etc. The Boxwall is able to avoid various 
obstacles, because there exist not only rectangular shapes of the Boxwall, but also round shapes 
(Waterschot, n.d.-a). This can be seen in Figure 4.  
 

 
Figure 4: Round shape of the Boxwall  Figure 5: The three parts of a Boxwall (Waterschot, n.d.-a) 
(Waterschot, n.d.-a)  

The Boxwall consists of three parts: the sealing part, the anchoring part and the damming part, see 
Figure 5.   

• Under the front of the Boxwall is a cellular rubber sealing strip. The sealing part prevents 
leakage of the water.  

• The Boxwall is anchored by the weight of the flood water. At the botom of the barrier rubber 
is placed that has a high fric�on coefficient that provides sufficient grip.  

• The main func�on of the damming part is forming the barrier against the water. The water 
pressure against the damming part is absorbed by the bumps that can be seen in Figure 3 
(Waterschot, n.d.-a).  

 
The Boxwall can be used on streets, concrete floors or grass (Waterschot, n.d.-a). However, Massolle 
et al (2018) showed that when using the Boxwall on grass, there will be a lot of seepage through the 
boxes. A Boxwall placed on grass has approximately the same seepage rates as when using sandbags 
as a flood barrier.  

3.3.2 Limita�ons and strengths 
The limita�ons and strengths of the Boxwall can be seen in Table 2.  
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Table 2: Limitations and strengths of the Boxwall  

Limita�ons Strengths 
Coupling of the boxes to each other can only be 
done from one side 

Quick and easy to set up  

Not stable when there is a lot of wind and no 
water yet 

No tools needed to set up  

 
3.3.3 Dimensions of the Boxwall used during the tests  
During the tests, the Boxwall with a height of 50 cm is used. The length of the Boxwall is 98 cm and 
the width is 68 cm (Waterschot, n.d.-b).  
 
3.4 Geodesign barrier 
3.4.1 General informa�on  
Geodesign Barriers are flood barriers made of steel, see Figure 6. The weight of the water that flows 
above the barriers causes the anchorage of the barriers to the ground. As the water level rises, the 
barriers become more stable (Geodesign Barriers Ltd, n.d.). The barriers are placed at a 45-degree 
angle. Aluminium panels are placed on the steel structure and covered with a plas�c membrane that 
is waterproof. Chains are placed on the membrane to ensure the anchorage of the barriers to the 
ground un�l the water arrives (Hydro Response, n.d.).  

There are three types of Geodesign Barriers, namely ‘Economy’, ‘Premium’ and ‘Classic’. The Economy 
Geodesign Barrier can be seen in Figure 7. This barrier is very simple and non-extendable.  
 

 
Figure 6: Example of a Geodesign Barrier    Figure 7: Economy Geodesign Barrier (Ge 

(Geodesign Barriers Ltd, n.d.)      \ 

The Premium Geodesign Barrier can be seen in Figure 8. This barrier can be more easily set up than 
the Economy Geodesign Barrier and the forces to the ground have increased. Like the Economy 
Geodesign Barrier, the Premium Geodesign Barrier is non-extendable.  
 
The Classic Geodesign Barrier can be seen in Figure 9. This barrier is used most frequently and is 
extendable. This way the height of the barrier can be increased when the water level rises more than 
expected (Hydro Response, n.d.).  
 

Figure 7: Economy Geodesign Barrier  
 (Geodesign Barriers Ltd, n.d.) 
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Figure 8: Premium Geodesign Barrier (Geodesign Barriers Ltd, n.d.) 

 
3.4.2 Limita�ons and strengths 
The limita�ons and strengths of the Geodesign Barrier can be seen in Table 3.  
 
Table 3: Limitations and strengths of the Geodesign Barrier  

Limita�ons Strengths 
Takes a bit more �me to set up than the Boxwall  No tools needed to set up  
Membrane needs to be cleaned a�er using  Quick and easy to set up  

 
3.4.3 Dimensions of the Geodesign Barrier used during the tests 
The Geodesign Barrier model that is used during the tests is the E20|51 Elemental barrier. This 
barrier has a height of 50 cm, a width of 85 cm and a length of 100 cm (D. Bon, personal 
communica�on, May 26, 2023).  
 
  

 
Figure 9: Classic Geodesign Barrier (Geodesign 
Barriers Ltd, n.d.)  
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4. Failure mechanisms of the temporary flood barriers 
This chapter gives the possible failure mechanisms than can occur for the three different types of 
temporary flood barriers.  

4.1 Mobile Dike 
The failure mechanism that needs to be taken into account for the Mobile Dike is horizontal stability. 
The situa�on where the water is present and the situa�on where the water is not present will be 
discussed. For a detailed calcula�on, see Appendix D.  
 
The horizontal stability can be calculated with the following equa�on (Voorendt, 2023):   

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
 where:  

∑𝐻𝐻 [kN]  = the total horizontal forces 
 𝑓𝑓  [-]  = the dimensionless fric�on coefficient 
 ∑𝑉𝑉 [kN]  = the total ver�cal forces  
 
In Figure 10 a sketch of the two situa�ons can be seen.  
 

 
Figure 10: Sketch of the Mobile Dike with no water present (left) and with water present (right) 

Water is not present: 
Water is not present, so the only horizontal force is the wind force. The wind load equa�on that is 
used is (Voorendt, 2023): 
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 [kN/m2] 

where:  
𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 [kN/m2] = wind load as a result of wind pressure, suc�on, fric�on and  

over- or underpressure 
𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 [-]  = factor for the dimensions of the structure  
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  [-]  = wind type factor  
𝑝𝑝𝑤𝑤 [kN/m2] = peak velocity pressure, depending on the height and loca�on  

of the structure  
The result is prep = 307 N/m.  
The only ver�cal force that needs to be taken into account is the self-weight of the Mobile Dike. The 
self-weight is equal to 5723 N/m (D. Bon, personal communica�on, May 26, 2023).  
The fric�on coefficient that is used is f = 0.64 (Smeijers, 2023).  
307 𝑁𝑁/𝑚𝑚 < 0.64 ∗ 5723 = 3663 𝑁𝑁/𝑚𝑚 therefore there is horizontal stability.  
 
Water is present: 
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force can be calculated with the 
following equa�on:  
 𝐹𝐹 = 1

2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 

 where: 
 𝐹𝐹 [N/m]  = hydrosta�c force  
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𝜌𝜌𝑤𝑤 [kg/m3]  = density of water (ρw = 1000) 
𝑔𝑔 [m/s2]  = accelera�on due to gravity = 9.81 m/s2 

 ℎ [m]  = water level  
The result is F = 1766 N/m.  
The ver�cal force stays the same and is equal to 5723 N/m.  
The fric�on coefficient that is used is f = 0.64 (Smeijers, 2023).  
1766 𝑁𝑁/𝑚𝑚 < 0.64 ∗ 5723 = 3663 𝑁𝑁/𝑚𝑚 therefore there is horizontal stability.  
 
4.2 Boxwall 
There are two possible failure mechanisms that need to be taken into account for the Boxwall: 
horizontal stability and rota�onal stability. For a detailed calcula�on, see Appendix E.  
 
Horizontal stability: 
For the horizontal stability, the situa�on where water is present and the situa�on where water is not 
present will be discussed.  
 
The horizontal stability can be calculated with the following equa�on:   

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉  
 
In Figure 11 a sketch of the two situa�ons can be seen.  
 

 
Figure 11: Sketch of the Boxwall with no water present (left) and with water present (right) 

Water is not present: 
Water is not present, so the only horizontal force is the wind force. The wind load equa�on that is 
used is:  
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 [kN/m2] 
The result is prep = 256 N/m.  
The only ver�cal force that needs to be taken into account is the self-weight of the Boxwall. The self-
weight is equal to 62.1 N/m.  
The fric�on coefficient that is used is f = 0.76 (Smeijers, 2023).  
256 𝑁𝑁/𝑚𝑚 > 0.76 ∗ 62.1 = 47.2 𝑁𝑁/𝑚𝑚 therefore there is no horizontal stability when there is a wind 
force of prep = 256 N/m. This wind force is used for the design of structures, therefore this is a very 
large wind force that does not happen very o�en. On the day the Boxwall was tested, a wind speed of 
4.0 m/s has been measured at weather sta�on Ell, which is located 15 km away from Roermond 
(KNMI, n.d.). This corresponds to a wind force of 9.8 N/m, which is a much smaller force than prep = 
256 N/m. This explains why the flood barrier was horizontally stable during the tests, unlike what is 
predicted by the horizontal stability calcula�on. To ensure horizontal stability when there is a wind 
force of 256 N/m, the weight of the Boxwall will need to be significantly increased. However, a great 
advantage of the Boxwall is that it is very easy and quick to set up, and this is due to its lightweight 
construc�on. Another op�on to ensure horizontal stability when there are higher wind forces, is to 
increase the fric�on coefficient. This can be done by placing more rubber at the botom of the 
Boxwall.  
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Water is present: 
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force can be calculated with the 
following equa�on:  
 𝐹𝐹 = 1

2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2  

The result is F = 1226 N/m.  
In addi�on to the self-weight of the Boxwall, there is also the weight of the water. The total ver�cal 
forces can be calculated by adding the weight of the water to the self-weight of the Boxwall. The 
result is 2843 N/m.  
The fric�on coefficient that is used is f = 0.76 (Smeijers, 2023).  
1226 𝑁𝑁/𝑚𝑚 < 0.76 ∗ 2843 = 2161 𝑁𝑁/𝑚𝑚 therefore there is horizontal stability.   
 
Rota�onal stability:  
For the rota�onal stability two criteria must be met. First, the sum of the stabilising moments should 
be higher than the sum of the de-stabilising moments. Second, there have to be zero tensional 
stresses at the botom of the Boxwall.  
 
The first criterium can be checked with the following equa�on:  

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
 where: 
 |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠|   [Nm]  = the absolute value of the sum of the stabilising  

moments about the rota�onal point P 
 |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| [Nm]  = the absolute value of the sum of the de-stabilising  

moments about the rota�onal point P 
The situa�on where water is present and the situa�on where water is not present will be discussed. 
 
In Figure 12 a sketch of the two situa�ons can be seen.  
 

 
Figure 12: Sketch of the Boxwall for checking the stabilising and de-stabilising moments with no water present (left) and with 
water present (right) 

Water is not present: 
The only stabilising force is the self-weight of the Boxwall. The self-weight is equal to 62.1 N/m and 
the moment due to the stabilising forces is equal to |Mstabilising| = 1.2 Nm/m.  
The only de-stabilising force is the wind force. The wind force is equal to prep = 256 N/m and the 
moment due to the de-stabilising forces is equal to |Mde-stabilising| = 64.0 Nm/m.  
1.2 Nm/m < 64.0 Nm/m, therefore the de-stabilising moments are larger than the stabilising 
moments and the first criterium for rota�onal stability is not met. As a result, the Boxwall will �p over 
when there is a wind force of prep = 256 N/m.  
 
Water is present:  
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In addi�on to the self-weight of the Boxwall, there is also the weight of the water. The moment due 
to the stabilising forces is equal to |Mstabilising| = 1058 Nm/m.  
The only de-stabilising force is the hydrosta�c force. The hydrosta�c force is equal to F = 1226 N/m 
and the moment due to the de-stabilising forces is equal to |Mde-stabilising| = 208 Nm/m.  
1058 Nm/m > 208 Nm/m, therefore the stabilising moments are larger than the de-stabilising 
moments and the first criterium for rota�onal stability is met.  
 
The second criterium can be calculated with the following equa�on (Voorendt, 2023):  
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

 where: 
 𝑒𝑒𝑅𝑅 [m]  = distance from the middle of the structure (K) to the  

applica�on point  of the resul�ng force and the botom line of 
the structure 

 ∑𝑉𝑉 [N]  = total ver�cal forces  
 ∑𝑀𝑀 [Nm]  = total of the ac�ng moments around point K,  

halfway the width 
 b [m]  = width of the structure   
The situa�on where water is present and the situa�on where water is not present will be discussed. 
 
In Figure 13 a sketch of the two situa�ons can be seen. 
 

 
Figure 13: Sketch of the Boxwall for checking the tensional stresses at the bottom with no water present (left) and with water 
present (right) 

Water is not present:  
Water is not present, so the only horizontal force is the wind force. The wind force is equal to prep = 
256 N/m and the moment due to the horizontal forces is equal to Mwind = 64.0 Nm/m (clockwise is 
considered posi�ve). 
The only ver�cal force that needs to be taken into account is the self-weight of the Boxwall. The self-
weight is equal to 62.1 N/m and the moment due to the ver�cal forces is equal to Mself-weight = 19.9 
Nm/m.  
The total of the ac�ng moments around point K is equal to ∑M = 83.9 Nm/m and the total ver�cal 
forces are equal to ∑V = 62.1 N/m. ∑𝑀𝑀

∑𝑉𝑉
= 1.4 and 1

6
𝑏𝑏 = 0.11, therefore there are tensional stresses at 

the botom of the Boxwall and the second criterium for rota�onal stability is not met. Tensional 
stresses are a problem when concrete is used in the structure, because concrete has a very weak 
tensile strength. The Boxwall is made from polypropylene (Waterschot, n.d.-b), and polypropylene 
has a high tensile strength (Omnexus, n.d.), therefore the tensional stresses at the botom of the 
Boxwall do not have a significant effect on the rota�onal stability.  
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Water is present: 
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force is equal to F = 1226 N/m 
and the moment due to the horizontal forces is equal to Mhydrostatic = 208 Nm/m (clockwise is 
considered posi�ve).  
In addi�on to the self-weight of the Boxwall, there is also the weight of the water. The weight of the 
water is equal to 2781 N/m and the self-weight stays the same. The moment due to the ver�cal 
forces is equal to -91.3 Nm/m (clockwise is considered posi�ve).  
The total of the ac�ng moments around point K is equal to ∑M = 117 Nm/m and the total ver�cal 
forces are equal to ∑V = 2843 N/m. ∑𝑀𝑀

∑𝑉𝑉
= 0.04 and 1

6
𝑏𝑏 = 0.11, therefore there are no tensional 

stresses at the botom of the Boxwall and the second criterium for rota�onal stability is met.  
 
In conclusion, the first and second criterium are not met for the situa�on where water is not present, 
therefore there is no rota�onal stability in this situa�on. The first and second criterium are met for 
the situa�on where water is present, therefore there is rota�onal stability in this situa�on. In the 
calcula�ons where the water is not present, a wind force of 256 N/m is used, while during the tests 
there was a wind force of 9.8 N/m. This explains why the flood barrier was rota�onally stable during 
the tests, unlike what is predicted by the first and second criterium for rota�onal stability.  
 
4.3 Geodesign Barrier 
There are two possible failure mechanisms that need to be taken into account for the Geodesign 
Barrier: horizontal stability and rota�onal stability. The horizontal and rota�onal stability are 
calculated the same way as for the Boxwall, therefore only the results from these calcula�ons are 
given in this sec�on. For a detailed calcula�on, see Appendix F.  
 
Horizontal stability: 
In Figure 14 a sketch of the two situa�ons for the horizontal stability can be seen.  
 

 
Figure 14: Sketch of the Geodesign Barrier with no water present (left) and with water present (right) 

Water is not present: 
The result of the horizontal stability equa�on is 256 𝑁𝑁/𝑚𝑚 > 0.64 ∗ 147 = 94.2 𝑁𝑁/𝑚𝑚. Therefore 
there is no horizontal stability when there is a wind force of prep = 256 N/m. This wind force is used for 
the design of structures, therefore this is a very large wind force that does not happen very o�en. On 
the day the Geodesign Barrier was tested, a wind speed of 6.0 m/s has been measured at weather 
sta�on Ell, which is located 15 km away from Roermond (KNMI, n.d.). This corresponds to a wind 
force of 22 N/m, which is a much smaller force than prep = 256 N/m. This explains why the flood 
barrier was horizontally stable during the tests, unlike what is predicted by this calcula�on. To ensure 
horizontal stability when there is a wind force of 256 N/m, the weight of the Geodesign Barrier will 
need to be significantly increased. A disadvantage of this is that it becomes more difficult to set up 
the flood barrier. Another op�on to ensure horizontal stability when there are higher wind forces, is 
to increase the fric�on coefficient. This can be done by placing more rubber at the botom of the 
Geodesign Barrier.  
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Water is present: 
The result of the horizontal stability equa�on is 1226 𝑁𝑁/𝑚𝑚 < 0.64 ∗ 2060 = 1318 𝑁𝑁/𝑚𝑚, therefore 
there is horizontal stability.  
 
Rota�onal stability:  
In Figure 15 a sketch of the two situa�ons for checking the stabilising and de-stabilising moments can 
be seen.  
 

 
Figure 15: Sketch of the Geodesign Barrier for checking the stabilising and de-stabilising moments with no water present 
(left) and with water present (right) 

Water is not present: 
The result of the stabilising and the de-stabilising equa�on is 29.4 Nm/m < 64.0 Nm/m. Therefore the 
de-stabilising moments are larger than the stabilising moments and the first criterium for rota�onal 
stability is not met. As a result, the Geodesign Barrier will �p over when there is a wind force of prep = 
256 N/m.  
 
Water is present:  
The result of the stabilising and the de-stabilising equa�on is 1234 Nm/m > 208 Nm/m. Therefore the 
stabilising moments are larger than the de-stabilising moments and the first criterium for rota�onal 
stability is met.  
 
In Figure 16 a sketch of the two situa�ons for checking the tensional stresses at the botom can be  
seen.  
 

 
Figure 16: Sketch of the Geodesign Barrier for checking the tensional stresses at the bottom with no water present (left) and 
with water present (right) 

Water is not present: 
The result of the tensional stresses equa�on is 0.67 m > 0.14 m. Therefore there are tensional 
stresses at the botom of the Geodesign Barrier and the second criterium for rota�onal stability is not 
met. Tensional stresses are a problem when concrete is used in the structure, because concrete has a 
very weak tensile strength. The Geodesign Barrier is made from steel (Hydro Response, n.d.), and 
steel has a high tensile strength (The Engineering ToolBox, n.d.), therefore the tensional stresses at 
the botom of the Geodesign Barrier do not have a significant effect on the rota�onal stability.  
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Water is present: 
The result of the tensional stresses equa�on is -0.07 m < 0.14 m. Therefore there are no tensional 
stresses at the botom of the Geodesign Barrier and the second criterium for rota�onal stability is 
met.  
 
In conclusion, the first and second criterium are not met for the situa�on where water is not present, 
therefore there is no rota�onal stability in this situa�on. The first and second criterium are met for 
the situa�on where water is present, therefore there is rota�onal stability in this situa�on. In the 
calcula�ons where the water is not present, a wind force of 256 N/m is used, while during the tests 
there was a wind force of 22 N/m. This explains why the Geodesign Barrier was rota�onally stable 
during the tests, unlike what is predicted by the first and second criterium for rota�onal stability.  
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5. Water level data analysis 
In this chapter the water level data measured by the cameras is compared to the water level data 
measured by the divers. The data from camera 2 and camera 4 is compared to the data from the 
diver on the grass lane (see Appendix C for the posi�on of the five cameras).  

5.1 Water level data analysis from the divers 
In Figure 17 two graphs of the water level varia�on during the tests on the 10th and 11th of May can 
be seen.  
 

 
Figure 17: Water level vs time monitored by the diver on the grass lane during the tests on the 10th and 11th of May 2023 

Day 1 of the tests:  
In the first graph of Figure 17 it can be observed that the water level rises to approximately 0.45 
meters and a�er a while decreases. There are severable notable observa�ons in the graph that can 
be explained by looking at the video footage from camera 2 and camera 4.  

- At 11:48 the pump is turned on, you can see an immediate rise of the water level to 
approximately 0.05 m. This is the result of leakage from the Geodesign Barrier to the grass 
lane. At 11:57 the asphalt lane is completely filled with water and overtopping starts. From 
that moment on, the grass lane starts to fill with water. You can see that a�er the start of the 
overtopping, the water level starts to rise very quickly.  

- Around 12:06 you can see a small decrease in the water level. In the video it can be seen that 
at 12:04 a culvert is opened. There are two culverts on the test site, culvert 1 regulates the 
water flow from the asphalt lane to the grass lane and the culvert 2 regulates the water flow 
from the grass lane to outside the test area. At 12:04 culvert 2 is opened, which explains the 
small decrease of the water level.  

- At 12:13 culvert 2 is opened again. This explains the small decrease in de water level around 
12:15.  

- At 12:30 culvert 2 is opened again. This explains the decrease from approximately 12:30 un�l 
13:01.  

- At 13:01 the pump is turned off. In the graph you can see an immediate large decrease of the 
water level.  

- At 13:06 culvert 1 is opened, which results in an increase of the water flow from the asphalt 
lane to the grass lane. This explains the small increase in the water level around 13:06. 
Around 13:09 this increase reaches its peak, a�er which the water level starts to decrease 
further. The water level does not return to 0 m because the not all the water flows away a�er 
the pump is turned off.  

 
Day 2 of the tests:  
In the second graph of Figure 17 it can be observed that the water level first rises to approximately 
0.40 meters, then to approximately 0.62 meters, and then decreases again. There are severable 
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notable observa�ons in the graph that can be explained by looking at the video footage from camera 
2 and camera 4.  

- At 11:30 the pump is turned on, you can see an immediate rise of the water level to 
approximately 0.05 m. This is the result of leakage from the Boxwall to the grass lane. At 
11:39 the asphalt lane is completely filled with water and overtopping starts. From that 
moment on, the grass lane starts to fill with water. You can see that a�er the start of the 
overtopping, the water level starts to rise very quickly.  

- At 11:45 culvert 2 is opened, which is why the water level stops rising and stays constant for 
some �me.  

- At 11:54 culvert 2 is opened again, this explains why the water level does not con�nue to rise 
but remains rela�vely constant.  

- At 12:27 the water level in the grass lane is so high that the Boxwall crashes. As a result, the 
water level immediately increases.  

- At 12:30 culvert 2 is opened, which causes a small stop of the rising of the water level. A�er 
this moment the water level starts to increase again.  

- At 12:43 the pump is turned off, in the graph you can see an immediate decrease of the water 
level. At 12:49 culvert 2 is opened, which causes a larger decrease of the water level. The 
water level does not return to 0 m because the not all the water flows away a�er the pump is 
turned off.  

 

5.2 Water level data analysis from the cameras 
The videos from camera 2 and camera 4 are analysed. Both cameras are aimed at a water level scale 
so that the water level can be observed any�me during the test. The water level scales are situated 
on the grass lane, the water level scale from camera 2 is situated closer to the pump than the water 
level scale from camera 4. For the exact posi�on of the cameras and the water level scales, see 
Appendix C. In order to make a graph of the water level ploted against the �me, the water level is 
observed every five minutes and this informa�on is put in a table. From this table a graph can be 
made. In Figure 18 two graphs of the water level varia�on monitored by camera 2 can be seen. 
 

 
Figure 18: Water level vs time monitored by camera 2 during the tests on the 10th and 11th of May 2023 

In Figure 19 two graphs of the water level varia�on monitored by camera 4 can be seen.  
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Figure 19: Water level vs time monitored by camera 4 during the tests on the 10th and 11th of May 2023 

5.3 Comparison between the two different ways of measuring the water level  
The graphs made by analysing the data from camera 2 and camera 4 resemble the graphs made by 
analysing the data from the diver. The diver measures the water level every second, while the graphs 
from the cameras only have informa�on about the water level every five minutes. As a result, the 
diver's graphs are much more precise than the graphs from the cameras and the small varia�ons in 
Figure 17 are not visible in Figure 18 and 19.  

Another difference between the graphs is the maximum water level. The diver measures a maximum 
water level of approximately 0.45 m for day 1 and 0.62 m for day 2. Camera 2 measures a maximum 
water level of 0.20 m for day 1 and 0.40 m for day 2, camera 4 measures a maximum water level of 
0.30 m for day 1 and 0.50 m for day 2. The reason for this difference is that the grass lane has a 
varia�on in eleva�on and the two water level scales and diver are situated on different loca�ons on 
the grass lane. In Figure 20 the loca�on of the water level scales and the diver can be seen. The water 
level scale from camera 4 is situated closer to the diver than the water level scale from camera 2. This 
is why the maximum water level in the graph from camera 4 resembles more with the graph from the 
diver.  
 

 
Figure 20: Location of the water level scales and the diver 

Measuring the water level using divers and water level scales has different advantages and 
disadvantages. The advantage of the diver is that the measurements are very precise. The 
disadvantage is that you have to wait un�l the end of the test before you get the data. The advantage 
of the water level scales is that you can measure the water level any�me during the test. 
Disadvantages are that the measurements are not very precise and measurement errors are easily 
made.  
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6. Conclusion and recommenda�ons 
In this report three different temporary flood barriers are inves�gated: Mobile Dike, Boxwall and 
Geodesign Barrier. These three types were tested on a test site in Roermond on the 10th and 11th of 
May 2023. This report answered the research ques�on of how video analysis can be used as a new 
monitoring tool for the behaviour of temporary flood barriers.  
 
The first sub-ques�on was about the inves�ga�on of the failure mechanisms of the three temporary 
flood barriers. Two situa�ons had to be analysed, the situa�on with and without water present. The 
Mobile Dike is stable in both situa�ons, this was also the case during the tests in Roermond. For the 
Boxwall and Geodesign Barrier, the two situa�ons resulted in different outcomes. The Boxwall and 
Geodesign Barrier are not stable when water is not present, the flood barriers are stable when water 
is present. This was not what happened during the tests in Roermond, there the Boxwall and 
Geodesign Barrier remained stable with and without water present. In the stability calcula�ons the 
wind force for the design of structures is used, this is a very large wind force that does not happen 
very o�en. During the tests there was a much smaller wind force, which explains why the flood 
barriers remained stable.  
 
The second sub-ques�on was about how a 5G monitoring system can be used to assess the stability 
of the temporary flood barriers. In this report is focused on detec�ng the water level during the tests 
in Roermond, because the water level affects the stability of the temporary flood barriers. During the 
tests, the water level is detected in two ways: with water level scales and with divers. Graphs are 
made of the water level ploted against the �me. The graphs from the water level scale data resemble 
the graphs from the diver data, but the graphs from the diver data are much more precise. These 
graphs contain small varia�ons in the water level that cannot be seen in the graphs from the water 
level scale data. A disadvantage of using the diver is that you have to wait un�l the end of the test 
before you get the data. The use of water level scales allows you to read the water level any�me 
during the test.  
 
Video analysis can be effec�vely used as a new monitoring tool for the behaviour of temporary flood 
barriers. In this report is focused on water level monitoring, but video analysis can also be used to 
detect deforma�on, displacement or damage of the temporary flood barriers. In this report, it has 
been found that the use of divers provides more precise water level detec�on compared to video 
analysis of the water level scales. For further research, video processing techniques in Python can be 
used to improve the accuracy of the water level detec�on in the video analysis. By measuring the 
water level in each frame of the video, a more precise graph of the water level over �me can be 
obtained. Another possibility for further research is to use video analysis for the inves�ga�on of 
deforma�ons, displacements and damages of the temporary flood barriers. Video analysis can also be 
used to detect the water level before the temporary flood barriers are installed. If the water level 
exceeds a certain value, a signal can be given indica�ng a flood and the need to install the temporary 
flood barriers.  
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Appendix A: Planning 
Table 4 Planning 

Week Ac�vi�es Deadlines 
1 (24 April – 
28 April) 

Write work plan, literature study 
Mobile Dike, Boxwall and 
Geodesign Barrier 

 

2 (1 May – 5 
May) 

Prepara�ons for the measurements Monday 1 May – Literacy 2 assignment  
Monday 1 May – submi�ng work plan 

3 (8 May – 
12 May) 

Measurements on the test field 
loca�on 

 

4 (15 May – 
19 May)  

Analysis of the data, forming 
objec�ve – wri�ng interim report 
and preparing interim presenta�on 

 

5 (22 May – 
26 May)  

Studying measurements from the 
test field loca�on 

Monday 22 May – submi�ng interim report 
Wednesday 24 May – interim presenta�ons 
and peer review 

6 (29 May – 
2 June) 

Studying measurements from the 
test field loca�on and answering 
the research ques�ons 
Write ethics essay  

Friday 2 June – upload ethics essay  

7 (5 June – 9 
June) 

Studying measurements from the 
test field loca�on and answering 
the research ques�ons 

 

8 (12 June – 
16 June)  

Wri�ng conclusions and 
recommenda�ons 
Preparing elevator pitch ethics 
essay  

Wednesday 14 June – elevator pitch ethics 
essay  

9 (19 June – 
23 June) 

Finalizing final report and preparing 
final presenta�on 

Friday 23 June – submi�ng final report  

10 (26 June – 
30 June)  

Preparing final presenta�on  Tuesday 27 June – final presenta�ons  
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Appendix B: Evalua�on Criteria  

 

Figure 21: Evaluation Criteria  
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Appendix C: Roermond test site monitoring plan  

 

Figure 22: Roermond test site monitoring plan  

  



  24 

Appendix D: Calcula�ons of the failure mechanisms for the Mobile 
Dike 
The failure mechanism that needs to be taken into account for the Mobile Dike is horizontal stability. 
The situa�on where the water is present and the situa�on where the water is not present will be 
discussed.  
 
The horizontal stability can be calculated with the following equa�on (Voorendt, 2023):   

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
 where:  

∑𝐻𝐻 [kN]  = the total horizontal forces 
 𝑓𝑓  [-]  = the dimensionless fric�on coefficient 
 ∑𝑉𝑉 [kN]  = the total ver�cal forces  
 
In Figure 23 a sketch of the two situa�ons can be seen.  

 
Figure 23: Sketch of the Mobile Dike with no water present (left) and with water present (right) 

Water is not present: 
Horizontal forces:  
Water is not present, so the only horizontal force is the wind force. The Mobile Dike has dimensions 
of h < 50 m and h/b < 5, therefore the wind load equa�on simplifies to (Voorendt, 2023): 
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 [kN/m2] 

where:  
𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 [kN/m2] = wind load as a result of wind pressure, suc�on, fric�on and  

over- or underpressure 
𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 [-]  = factor for the dimensions of the structure  
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  [-]  = wind type factor  
𝑝𝑝𝑤𝑤 [kN/m2] = peak velocity pressure, depending on the height and loca�on  

of the structure  
Cdim can be obtained from Table 2-4 from the Manual Hydraulic Structures (Voorendt, 2023). For h = 
0.60 m and b = 4.4 m we get Cdim = 1.00.  
Cindex = 0.8 (Voorendt, 2023) 
pw can be obtained from Table 2-3 from the Manual Hydraulic Structures (Voorendt, 2023). For h ≤ 2 
m we get pw = 0.64.  
prep can be calculated as follows:  
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 = 1.00 ∗ 0.8 ∗ 0.64 = 0.512 𝑘𝑘𝑘𝑘/𝑚𝑚2  
Mul�ply with the height of the Mobile Dike: 

𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 0.512 ∗ 0.60 = 0.307 𝑘𝑘𝑘𝑘/𝑚𝑚 = 307 𝑁𝑁/𝑚𝑚 
 
Ver�cal forces:  
The only ver�cal force that needs to be taken into account is the self-weight of the Mobile Dike. The 
self-weight when the Mobile Dike is filled with water is 17500 kg/30 m (D. Bon, personal 
communica�on, May 26, 2023). This is equal to: 
 17500

30
= 583 𝑘𝑘𝑘𝑘/𝑚𝑚 = 583 ∗ 9.81 = 5723 𝑁𝑁/𝑚𝑚 
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Fric�on coefficient:  
The fric�on coefficient depends on the soil type on which the water barrier is situated. Smeijers 
(2023) determined the fric�on coefficients of temporary flood barriers on different ground surfaces. 
The fric�on coefficient for temporary flood barriers on asphalt is f = 0.76 and on grass is f = 0.64. The 
Mobile Dike is situated on grass, therefore the value for the fric�on coefficient is f = 0.64.    
 
Now the horizontal stability can be calculated:  

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
𝑓𝑓 ∗ ∑𝑉𝑉 = 0.64 ∗ 5723 = 3663 𝑁𝑁/𝑚𝑚 
∑𝐻𝐻 = 307 𝑁𝑁/𝑚𝑚 

 307 N/m < 3663 N/m, therefore there is horizontal stability.  
 
Water is present: 
Horizontal forces:  
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force can be calculated with the 
following equa�on:  
 𝐹𝐹 = 1

2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 

 where: 
 𝐹𝐹 [N/m]  = hydrosta�c force  

𝜌𝜌𝑤𝑤 [kg/m3]  = density of water (ρw = 1000) 
𝑔𝑔 [m/s2]  = accelera�on due to gravity = 9.81 m/s2 

 ℎ [m]  = water level  
 𝐹𝐹 = 1

2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 = 1

2
∗ 1000 ∗ 9.81 ∗ 0.602 = 1766 𝑁𝑁/𝑚𝑚 

 
Ver�cal forces: 
The ver�cal force is the same as in the situa�on where there is no water present. The self-weight of 
the Mobile Dike is equal to 5723 N/m.  
 
Now the horizontal stability can be calculated:  

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
𝑓𝑓 ∗ ∑𝑉𝑉 = 0.64 ∗ 5723 = 3663 𝑁𝑁/𝑚𝑚 
∑𝐻𝐻 = 1766 𝑁𝑁/𝑚𝑚 

 1766 N/m < 3654 N/m, therefore there is horizontal stability.  
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Appendix E: Calcula�ons of the failure mechanisms for the Boxwall  
There are two possible failure mechanisms that need to be taken into account for the Boxwall: 
horizontal stability and rota�onal stability.  
 
Horizontal stability: 
For the horizontal stability, the situa�on where water is present and the situa�on where water is not 
present will be discussed.  
 
The horizontal stability can be calculated with the following equa�on:   

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
 

In Figure 24 a sketch of the two situa�ons can be seen.  
 

 
Figure 24: Sketch of the Boxwall with no water present (left) and with water present (right) 

Water is not present: 
Horizontal forces: 
Water is not present, so the only horizontal force is the wind force. The Boxwall has dimensions of h < 
50 m and h/b < 5, therefore the wind load equa�on simplifies to:  
 𝑝𝑝𝑟𝑟𝑒𝑒𝑝𝑝 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 [kN/m2] 
Cdim can be obtained from Table 2-4 from the Manual Hydraulic Structures (Voorendt, 2023). For h = 
0.50 m and b = 0.68 m we get Cdim = 1.00.  
Cindex = 0.8 (Voorendt, 2023) 
pw can be obtained from Table 2-3 from the Manual Hydraulic Structures (Voorendt, 2023). For h ≤ 2 
m we get pw = 0.64.  
prep can be calculated as follows:  
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 = 1.00 ∗ 0.8 ∗ 0.64 = 0.512 𝑘𝑘𝑘𝑘/𝑚𝑚2  
Mul�ply with the height of the Boxwall: 

𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 0.512 ∗ 0.50 = 0.256 𝑘𝑘𝑘𝑘/𝑚𝑚 = 256 𝑁𝑁/𝑚𝑚 
 
Ver�cal forces:  
The only ver�cal force that needs to be taken into account is the self-weight of the Boxwall. The self-
weight is 6.2 kg per box (Waterschot, n.d.-b). The length of one box is 0.98 m, therefore the self-
weight is equal to: 
 6.2

0.98
= 6.33 𝑘𝑘𝑘𝑘/𝑚𝑚 = 6.33 ∗ 9.81 = 62.1 𝑁𝑁/𝑚𝑚 

 
Fric�on coefficient:  
The fric�on coefficient depends on the soil type on which the water barrier is situated. Smeijers 
(2023) determined the fric�on coefficients of temporary flood barriers on different ground surfaces. 
The fric�on coefficient for temporary flood barriers on asphalt is f = 0.76 and on grass is f = 0.64. The 
Boxwall is situated on asphalt, therefore the value for the fric�on coefficient is f = 0.76.     
 
Now the horizontal stability can be calculated:  



  27 

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
𝑓𝑓 ∗ ∑𝑉𝑉 = 0.76 ∗ 62.1 = 47.2 𝑁𝑁/𝑚𝑚 
∑𝐻𝐻 = 256 𝑁𝑁/𝑚𝑚 

 256 N/m > 47.2 N/m, therefore there is no horizontal stability when there is a wind force of 
prep = 256 N/m. This wind force is used for the design of structures, therefore this is a very large wind 
force that does not happen very o�en. On the day the Boxwall was tested, a wind speed of 4.0 m/s 
has been measured at weather sta�on Ell, which is located 15 km away from Roermond (KNMI, n.d.). 
The wind speed in m/s can be converted to N/m using the following formula: 
 𝐹𝐹 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ∗ 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 ∗ (𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)2 
 where: 
 𝐹𝐹  [N]  = wind force 
 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  [m2]  = surface area on which the wind force acts 
 𝐹𝐹 = 0.50 ∗ 1229 ∗ 4.02 ∗ 10−3 = 9.8 𝑁𝑁/𝑚𝑚  
A wind force of 9.8 N/m is a much smaller force than prep = 256 N/m. This explains why the flood 
barrier was horizontally stable during the tests, unlike what is predicted by the horizontal stability 
calcula�on. To ensure horizontal stability when there is a wind force of 256 N/m, the weight of the 
Boxwall will need to be significantly increased. However, a great advantage of the Boxwall is that it is 
very easy and quick to set up, and this is due to its lightweight construc�on. Another op�on to ensure 
horizontal stability when there are higher wind forces, is to increase the fric�on coefficient. This can 
be done by placing more rubber at the botom of the Boxwall.  
  
Water is present: 
Horizontal forces:  
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force can be calculated with the 
following equa�on:  
 𝐹𝐹 = 1

2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 

 𝐹𝐹 = 1
2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 = 1

2
∗ 1000 ∗ 9.81 ∗ 0.52 = 1226 𝑁𝑁/𝑚𝑚 

 
Ver�cal forces:  
In addi�on to the self-weight of the Boxwall, there is also the weight of the water. The weight of the 
water can be calculated with the following equa�on: 

𝑊𝑊 = 𝜌𝜌𝑤𝑤 ∗ 𝑉𝑉 ∗ 𝑔𝑔 
 where: 
 𝑊𝑊 [N/m]  = weight of the water 
 𝜌𝜌𝑤𝑤 [kg/m3]  = density of water (ρw = 1000) 
 𝑉𝑉 [m3]  = volume of the water 
 𝑔𝑔 [m/s2]  = accelera�on due to gravity = 9.81 m/s2 
The thickness of the Boxwall is approximately 5 cm, therefore the volume of the water above the 
Boxwall has dimensions of b ≈ 0.63 m and h ≈ 0.45 m. The weight of the water can be calculated as 
follows:  

𝑊𝑊 = 𝜌𝜌𝑤𝑤 ∗ 𝑉𝑉 ∗ 𝑔𝑔 = 1000 ∗ 0.63 ∗ 0.45 ∗ 9.81 = 2781 𝑁𝑁/𝑚𝑚 
The self-weight of the Boxwall stays the same: 
 𝑊𝑊 = 62.1 𝑁𝑁/𝑚𝑚 
The total ver�cal forces can be calculated: 
 ∑𝑉𝑉 = 2781 + 62.1 = 2843 𝑁𝑁/𝑚𝑚 
 
Now the horizontal stability can be calculated:  

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
𝑓𝑓 ∗ ∑𝑉𝑉 = 0.76 ∗ 2843 = 2161 𝑁𝑁/𝑚𝑚 
∑𝐻𝐻 = 1226 𝑁𝑁/𝑚𝑚 

 1226 N/m < 2161 N/m, therefore there is horizontal stability.  
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Rota�onal stability:  
For the rota�onal stability two criteria must be met. First, the sum of the stabilising moments should 
be higher than the sum of the de-stabilising moments. Second, there have to be zero tensional 
stresses at the botom of the Boxwall.  
 
The first criterium can be checked with the following equa�on:  

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
 where: 
 |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠|   [Nm]  = the absolute value of the sum of the stabilising  

moments about the rota�onal point P 
 |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| [Nm]  = the absolute value of the sum of the de-stabilising  

moments about the rota�onal point P 
The situa�on where water is present and the situa�on where water is not present will be discussed. 
 
In Figure 25 a sketch of the two situa�ons can be seen.  
 

 
Figure 25: Sketch of the Boxwall for checking the stabilising and de-stabilising moments with no water present (left) and with 
water present (right) 

Water is not present: 
Stabilising forces:  
The only stabilising force is the self-weight of the Boxwall. The self-weight is equal to 62.1 N/m. The 
moment due to the stabilising forces can be calculated as follows (clockwise is considered posi�ve): 
 |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| = |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡| = | − 62.1 ∗ 0.02| = 1.2 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
De-stabilising forces: 
The only de-stabilising force is the wind force. The wind force is equal to prep = 256 N/m.  
The moment due to the de-stabilising forces can be calculated as follows (clockwise is considered 
posi�ve): 
 |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠} = |𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤| = |256 ∗ 0.25| = 64.0 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Now the first criterium can be checked: 

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
 1.2 𝑁𝑁𝑁𝑁/𝑚𝑚 < 64.0 𝑁𝑁𝑁𝑁/𝑚𝑚 therefore the de-stabilising moments are larger than the 
stabilising moments and the first criterium for rota�onal stability is not met. As a result, the Boxwall 
will �p over when there is a wind force of prep = 256 N/m.  
 
Water is present:  
Stabilising forces: 
In addi�on to the self-weight of the Boxwall, there is also the weight of the water. The weight of the 
water is equal to W = 2781 N/m. The moment due to the self-weight stays the same and is equal to 
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Mself-weight = -1.2 Nm/m. The moment due to the weight of the water can be calculated as follows 
(clockwise is considered posi�ve):  
 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = −2781 ∗ 0.38 = −1057 𝑁𝑁𝑁𝑁/𝑚𝑚 
The sum of the stabilising moments can be calculated: 
 |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�= |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 +𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤� = |−1.2− 1057| = 1058 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
De-stabilising forces: 
The only de-stabilising force is the hydrosta�c force. The hydrosta�c force is equal to F = 1226 N/m.  
The moment due to the de-stabilising forces can be calculated as follows (clockwise is considered 
posi�ve): 
 |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| = |𝑀𝑀ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦| = |1226 ∗ 0.17| = 208 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Now the first criterium can be checked: 

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
 1058 𝑁𝑁𝑁𝑁/𝑚𝑚 > 208 𝑁𝑁𝑁𝑁/𝑚𝑚 therefore the stabilising moments are larger than the de-
stabilising moments and the first criterium for rota�onal stability is met.  
 
The second criterium can be calculated with the following equa�on (Voorendt, 2023):   
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

 where: 
 𝑒𝑒𝑅𝑅 [m]  = distance from the middle of the structure (K) to the  

applica�on point  of the resul�ng force and the botom line of 
the structure 

 ∑𝑉𝑉 [N]  = total ver�cal forces  
 ∑𝑀𝑀 [Nm]  = total of the ac�ng moments around point K,  

halfway the width 
 b [m]  = width of the structure 
The situa�on where water is present and the situa�on where water is not present will be discussed. 
 
In Figure 26 a sketch of the two situa�ons can be seen.  
 

 
Figure 26: Sketch of the Boxwall for checking the tensional stresses at the bottom with no water present (left) and with water 
present (right) 

Water is not present:  
Horizontal forces: 
Water is not present, so the only horizontal force is the wind force. The wind force is equal to prep = 
256 N/m.  
The moment due to the horizontal forces can be calculated as follows (clockwise is considered 
posi�ve): 
 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 256 ∗ 0.25 = 64.0 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Ver�cal forces: 
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The only ver�cal force that needs to be taken into account is the self-weight of the Boxwall. The self-
weight is equal to 62.1 N/m.  
The moment due to the ver�cal forces can be calculated as follows (clockwise is considered posi�ve): 
 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 62.1 ∗ 0.32 = 19.9 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
The total of the ac�ng moments can be calculated as follows: 
 ∑𝑀𝑀 = 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 64.0 + 19.9 = 83.9 𝑁𝑁𝑁𝑁/𝑚𝑚 
The total ver�cal forces are equal to:  
 ∑𝑉𝑉 = 62.1 𝑁𝑁/𝑚𝑚 
 
Now the second criterium can be checked: 
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

 ∑𝑀𝑀
∑𝑉𝑉

= 83.9
62.1

= 1.4 𝑚𝑚 

 1
6
𝑏𝑏 = 1

6
∗ 0.68 = 0.11 𝑚𝑚 

 1.4 𝑚𝑚 > 0.11 𝑚𝑚 therefore there are tensional stresses at the botom of the Boxwall and the 
second criterium for rota�onal stability is not met. Tensional stresses are a problem when concrete is 
used in the structure, because concrete has a very weak tensile strength. The Boxwall is made from 
polypropylene (Waterschot, n.d.-b), and polypropylene has a high tensile strength (Omnexus, n.d.), 
therefore the tensional stresses at the botom of the Boxwall do not have a significant effect on the 
rota�onal stability.  
 
Water is present: 
Horizontal forces: 
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force is equal to F = 1226 N/m. 
The moment due to the horizontal forces can be calculated as follows (clockwise is considered 
posi�ve): 
 𝑀𝑀ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 = 1226 ∗ 0.17 = 208 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Ver�cal forces: 
In addi�on to the self-weight of the Boxwall, there is also the weight of the water. The weight of the 
water is equal to W = 2781 N/m. The self-weight of the Boxwall stays the same and is equal to W = 
62.1 N/m. The moment due to the ver�cal forces can be calculated as follows (clockwise is 
considered posi�ve): 

𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 +𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 62.1 ∗ 0.32− 2781 ∗ 0.04 = −91.3 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
The total of the ac�ng moments can be calculated as follows: 

∑𝑀𝑀 = 𝑀𝑀ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 208− 91.3 = 117 𝑁𝑁𝑁𝑁/𝑚𝑚 
The total ver�cal forces are equal to: 
 ∑𝑉𝑉 = 62.1 + 2781 = 2843 𝑁𝑁/𝑚𝑚 
 
Now the second criterium can be checked: 
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

 ∑𝑀𝑀
∑𝑉𝑉

= 117
2843

= 0.04 𝑚𝑚 

 1
6
𝑏𝑏 = 1

6
∗ 0.68 = 0.11 𝑚𝑚 

 0.04 𝑚𝑚 < 0.11 𝑚𝑚 therefore there are no tensional stresses at the botom of the Boxwall and 
the second criterium for rota�onal stability is met.  
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In conclusion, the first and second criterium are not met for the situa�on where water is not present, 
therefore there is no rota�onal stability in this situa�on. The first and second criterium are met for 
the situa�on where water is present, therefore there is rota�onal stability in this situa�on. In the 
calcula�ons where the water is not present, a wind force of 256 N/m is used, while during the tests 
there was a wind force of 9.8 N/m. This explains why the flood barrier was rota�onally stable during 
the tests, unlike what is predicted by the first and second criterium for rota�onal stability.  
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Appendix F: Calcula�ons of the failure mechanisms for the Geodesign 
Barrier 
There are two possible failure mechanisms that need to be taken into account for the Geodesign 
Barrier: horizontal stability and rota�onal stability.  
 
Horizontal stability: 
For the horizontal stability, the situa�on where water is present and the situa�on where water is not 
present will be discussed.  
 
The horizontal stability can be calculated with the following equa�on:   

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
 
In Figure 27 a sketch of the two situa�ons can be seen.  
 

 
Figure 27: Sketch of the Geodesign Barrier with no water present (left) and with water present (right) 

Water is not present: 
Horizontal forces:  
Water is not present, so the only horizontal force is the wind force. The Geodesign Barrier has 
dimensions of h < 50 m and h/b < 5, therefore the wind load equa�on simplifies to: 
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 [kN/m2] 
Cdim can be obtained from Table 2-4 from the Manual Hydraulic Structures (Voorendt, 2023). For h = 
0.50 m and b = 0.85 m we get Cdim = 1.00.  
Cindex = 0.8 (Voorendt, 2023) 
pw can be obtained from Table 2-3 from the Manual Hydraulic Structures (Voorendt, 2023). For h ≤ 2 
m we get pw = 0.64.  
prep can be calculated as follows:  
 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑 ∗ 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝑝𝑝𝑤𝑤 = 1.00 ∗ 0.8 ∗ 0.64 = 0.512 𝑘𝑘𝑘𝑘/𝑚𝑚2  
Mul�ply with the height of the Geodesign Barrier: 

𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟 = 0.512 ∗ 0.50 = 0.256 𝑘𝑘𝑘𝑘/𝑚𝑚 = 256 𝑁𝑁/𝑚𝑚 
 
Ver�cal forces:  
The only ver�cal force that needs to be taken into account is the self-weight of the Geodesign Barrier. 
The self-weight is 15 kg/m (D. Bon, personal communica�on, May 26, 2023) and this is equal to: 
 15 ∗ 9.81 = 147 𝑁𝑁/𝑚𝑚 
 
Fric�on coefficient:  
The fric�on coefficient depends on the soil type on which the water barrier is situated. Smeijers 
(2023) determined the fric�on coefficients of temporary flood barriers on different ground surfaces. 
The fric�on coefficient for temporary flood barriers on asphalt is f = 0.76 and on grass is f = 0.64. The 
Geodesign Barrier is situated on both asphalt and grass. The barrier has to be stable in both 
situa�ons, so the most unfavourable situa�on will be analysed, therefore f = 0.64 is used. 



  33 

 
Now the horizontal stability can be calculated:  

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
𝑓𝑓 ∗ ∑𝑉𝑉 = 0.64 ∗ 147 = 94.2 𝑁𝑁/𝑚𝑚 
∑𝐻𝐻 = 256 𝑁𝑁/𝑚𝑚 

 256 N/m > 94.2 N/m, therefore there is no horizontal stability when there is a wind force of 
prep = 256 N/m. This wind force is used for the design of structures, therefore this is a very large wind 
force that does not happen very o�en. On the day the Geodesign Barrier was tested, a wind speed of 
6.0 m/s has been measured at weather sta�on Ell, which is located 15 km away from Roermond 
(KNMI, n.d.). The wind speed in m/s can be converted to N/m using the following formula: 
 𝐹𝐹 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ∗ 𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 ∗ (𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)2 

𝐹𝐹 = 0.50 ∗ 1229 ∗ 6.02 ∗ 10−3 = 22 𝑁𝑁/𝑚𝑚  
A wind force of 22 N/m is a much smaller force than prep = 256 N/m. This explains why the flood 
barrier was horizontally stable during the tests, unlike what is predicted by the horizontal stability 
calcula�on. To ensure horizontal stability when there is a wind force of 256 N/m, the weight of the 
Geodesign Barrier will need to be significantly increased. A disadvantage of this is that it becomes 
more difficult to set up the flood barrier. Another op�on to ensure horizontal stability when there are 
higher wind forces, is to increase the fric�on coefficient. This can be done by placing more rubber at 
the botom of the Geodesign Barrier.  
 
Water is present: 
Horizontal forces:  
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force can be calculated with the 
following equa�on:  
 𝐹𝐹 = 1

2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 

 𝐹𝐹 = 1
2
∗ 𝜌𝜌𝑤𝑤 ∗ 𝑔𝑔 ∗ ℎ2 = 1

2
∗ 1000 ∗ 9.81 ∗ 0.502 = 1226 𝑁𝑁/𝑚𝑚 

 
Ver�cal forces:  
In addi�on to the self-weight of the Geodesign Barrier, there is also the weight of the water. The 
weight of the water can be calculated with the following equa�on: 

𝑊𝑊 = 𝜌𝜌𝑤𝑤 ∗ 𝑉𝑉 ∗ 𝑔𝑔 
The volume of the water above the Geodesign Barrier is a square minus a triangle, see the sketch in 
Figure 28.   
 

 
Figure 28: Sketch of the weight of the water above the Geodesign Barrier 

The volume can be calculated as follows: 
 0.55 ∗ 0.50 − 1

2
∗ 0.40 ∗ 0.40 = 0.195 𝑚𝑚3/𝑚𝑚 

The weight of the water can be calculated as follows:  
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𝑊𝑊 = 𝜌𝜌𝑤𝑤 ∗ 𝑉𝑉 ∗ 𝑔𝑔 = 1000 ∗ 0.195 ∗ 9.81 = 1913 𝑁𝑁/𝑚𝑚 
The self-weight of the Geodesign Barrier stays the same: 
 𝑊𝑊 = 147 𝑁𝑁/𝑚𝑚 
The total ver�cal forces can be calculated: 
 ∑𝑉𝑉 = 1913 + 147 = 2060 𝑁𝑁/𝑚𝑚 
 
Now the horizontal stability can be calculated:  

∑𝐻𝐻 < 𝑓𝑓 ∗ ∑𝑉𝑉 
𝑓𝑓 ∗ ∑𝑉𝑉 = 0.64 ∗ 2060 = 1318 𝑁𝑁/𝑚𝑚 
∑𝐻𝐻 = 1226 𝑁𝑁/𝑚𝑚 

 1226 N/m < 1318 N/m, therefore there is horizontal stability.  
 
Rota�onal stability:  
For the rota�onal stability two criteria must be met. First, the sum of the stabilising moments should 
be higher than the sum of the de-stabilising moments. Second, there have to be zero tensional 
stresses at the botom of the Boxwall.  
 
The first criterium can be checked with the following equa�on:  

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
The situa�on where water is present and the situa�on where water is not present will be discussed. 
 
In Figure 29 a sketch of the two situa�ons can be seen.  
 

 
Figure 29: Sketch of the Geodesign Barrier for checking the stabilising and de-stabilising moments with no water present 
(left) and with water present (right) 

Water is not present: 
Stabilising forces:  
The only stabilising force is the self-weight of the Geodesign Barrier. The self-weight is equal to 147 
N/m. The moment due to the stabilising forces can be calculated as follows (clockwise is considered 
posi�ve): 
 |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| = |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡| = | − 147 ∗ 0.20| = 29.4 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
De-stabilising forces: 
The only de-stabilising force is the wind force. The wind force is equal to prep = 256 N/m.  
The moment due to the de-stabilising forces can be calculated as follows (clockwise is considered 
posi�ve): 
 |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠} = |𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤| = |256 ∗ 0.25| = 64.0 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Now the first criterium can be checked: 

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
 29.4 𝑁𝑁𝑁𝑁/𝑚𝑚 < 64.0 𝑁𝑁𝑁𝑁/𝑚𝑚 therefore the de-stabilising moments are larger than the 
stabilising moments and the first criterium for rota�onal stability is not met. As a result, the 
Geodesign Barrier will �p over when there is a wind force of prep = 256 N/m.  
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Water is present:  
Stabilising forces: 
In addi�on to the self-weight of the Geodesign Barrier, there is also the weight of the water. The 
weight of the water is equal to W = 1913 N/m. The moment due to the self-weight stays the same 
and is equal to Mself-weight = -29.4 Nm/m. The moment due to the weight of the water can be 
calculated as follows (clockwise is considered posi�ve):  
 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = −1913 ∗ 0.63 = −1205 𝑁𝑁𝑁𝑁/𝑚𝑚 
The sum of the stabilising moments can be calculated: 
 |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�= |𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 +𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤� = |−29.4 − 1205| = 1234 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
De-stabilising forces: 
The only de-stabilising force is the hydrosta�c force. The hydrosta�c force is equal to F = 1226 N/m.  
The moment due to the de-stabilising forces can be calculated as follows (clockwise is considered 
posi�ve): 
 |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| = |𝑀𝑀ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦| = |1226 ∗ 0.17| = 208 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Now the first criterium can be checked: 

|𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| > |𝑀𝑀𝑑𝑑𝑑𝑑−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠| 
 1234 𝑁𝑁𝑁𝑁/𝑚𝑚 > 208 𝑁𝑁𝑁𝑁/𝑚𝑚 therefore the stabilising moments are larger than the de-
stabilising moments and the first criterium for rota�onal stability is met.  
 
The second criterium can be calculated with the following equa�on: 
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

The situa�on where water is present and the situa�on where water is not present will be discussed. 
 
In Figure 30 a sketch of the two situa�ons can be seen.  
  

 
Figure 30: Sketch of the Geodesign Barrier for checking the tensional stresses at the bottom with no water present (left) and 
with water present (right) 

Water is not present: 
Horizontal forces:  
Water is not present, so the only horizontal force is the wind force. The wind force is equal to prep = 
256 N/m.  
The moment due to the horizontal forces can be calculated as follows (clockwise is considered 
posi�ve): 
 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 256 ∗ 0.25 = 64.0 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Ver�cal forces: 
The only ver�cal force that needs to be taken into account is the self-weight of the Geodesign Barrier. 
The self-weight is equal to 147 N/m.  
The moment due to the ver�cal forces can be calculated as follows (clockwise is considered posi�ve): 
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 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑓𝑓−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 147 ∗ 0.23 = 33.8 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
The total of the ac�ng moments can be calculated as follows: 
 ∑𝑀𝑀 = 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 64.0 + 33.8 = 97.8 𝑁𝑁𝑁𝑁/𝑚𝑚 
The total ver�cal forces are equal to:  
 ∑𝑉𝑉 = 147 𝑁𝑁/𝑚𝑚 
 
Now the first criterium can be checked: 
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

 ∑𝑀𝑀
∑𝑉𝑉

= 97.8
147

= 0.67 𝑚𝑚 

 1
6
𝑏𝑏 = 1

6
∗ 0.85 = 0.14 𝑚𝑚 

 0.67 𝑚𝑚 > 0.14 𝑚𝑚, therefore there are tensional stresses at the botom of the Geodesign 
Barrier and the first criterium for rota�onal stability is not met. Tensional stresses are a problem 
when concrete is used in the structure, because concrete has a very weak tensile strength. The 
Geodesign Barrier is made from steel (Hydro Response, n.d.), and steel has a high tensile strength 
(The Engineering ToolBox, n.d.), therefore the tensional stresses at the botom of the Geodesign 
Barrier do not have a significant effect on the rota�onal stability.  
 
Water is present: 
Horizontal forces: 
Instead of the wind force, there is a hydrosta�c force. The hydrosta�c force is equal to F = 1226 N/m. 
The moment due to the horizontal forces can be calculated as follows (clockwise is considered 
posi�ve): 
 𝑀𝑀ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 = 1226 ∗ 0.17 = 208 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
Ver�cal forces:  
In addi�on to the self-weight of the Geodesign Barrier, there is also the weight of the water. The 
weight of the water is equal to W = 1913 N/m. The self-weight of the Geodesign Barrier stays the 
same and is equal to W = 147 N/m. The moment due to the ver�cal forces can be calculated as 
follows (clockwise is considered posi�ve): 

𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 + 𝑀𝑀𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 147 ∗ 0.23− 1913 ∗ 0.20 = −349 𝑁𝑁𝑁𝑁/𝑚𝑚 
 
The total of the ac�ng moments can be calculated as follows: 

∑𝑀𝑀 = 𝑀𝑀ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑀𝑀ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 208− 349 = −141 𝑁𝑁𝑁𝑁/𝑚𝑚 
The total ver�cal forces are equal to: 
 ∑𝑉𝑉 = 147 + 1913 = 2060 𝑁𝑁/𝑚𝑚 
 
Now the first criterium can be checked: 
 𝑒𝑒𝑅𝑅 = ∑𝑀𝑀

∑𝑉𝑉
≤ 1

6
𝑏𝑏 

 ∑𝑀𝑀
∑𝑉𝑉

= −141
2060

= −0.07 𝑚𝑚 

 1
6
𝑏𝑏 = 1

6
∗ 0.85 = 0.14 𝑚𝑚 

 −0.07 𝑚𝑚 < 0.14 𝑚𝑚 therefore there are no tensional stresses at the botom of the Geodesign 
Barrier and the second criterium for rota�onal stability is met.  
 
In conclusion, the first and second criterium are not met for the situa�on where water is not present, 
therefore there is no rota�onal stability in this situa�on. The first and second criterium are met for 
the situa�on where water is present, therefore there is rota�onal stability in this situa�on. In the 
calcula�ons where the water is not present, a wind force of 256 N/m is used, while during the tests 
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there was a wind force of 22 N/m. This explains why the Geodesign Barrier was rota�onally stable 
during the tests, unlike what is predicted by the first and second criterium for rota�onal stability.   
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