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Abstract

:

Punta Langosteira port, located in A Coruña (Spain), was monitored during the winters of 2017 and 2018, measuring wave pressure in the crown wall structure. Furthermore, the metocean variables were measured on a buoy located very close to the breakwater. This paper presents the real pressures measured at the crown wall of the breakwater during different storm events. These values are compared with the results of the application of state-of-the-art equations for the calculation of pressures on crown walls. The results obtained show the behaviour of the pressures with a crown wall fully protected by the armour, as is the case of Langosteira breakwater. Finally, several conclusions are made on the methodology for measuring the pressures using physical models and the relevance of the armour roughness.
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1. Introduction


Port breakwaters are key infrastructures for maritime transport as their presence shelters ships from waves so that ships can safely carry out their operations safely in the port [1,2]. One of the most common types of breakwaters are rubble mound ones, which are an accumulation of material in an orderly way consisting of different components: armour, filters, core, berm, and crown wall. Breakwaters with crown walls require less material, and thus less occupation of the seabed and consequently a lower impact, to achieve the same overtopping rate as those without crown walls [3,4,5]. In fact, nowadays, it is most common to find and design seawalls with crown walls.



There are different types of crown walls, whether we consider the type of material they are made of or their shape, although they all have the same function. Crown wall design methods are not as widespread as those for other parts of rubble mound breakwaters such as the armour, filter, and so on. As the crown wall is a critical part of the breakwater, a reliable design equation is critical [6,7].



Calculating the forces on the crown walls is a complex task that is critical for an adequate design of the breakwater. There have been several failures in breakwater crown walls, so it is evident that their design must be based on experience. Moreover, the existing equations to design crown walls are based on physical models and the limitations of their use are based on the conditions in the tests used to develop them at the laboratory. So, the first step in the design of crown walls is to select the equation or equations to be used given the geometrical condition of the specific breakwater to be designed and the wave conditions of the zone.



There are several existing equations for crown wall design including Iribarren and Nogales (1964) [8], Jensen (1984) [9] and Bradbury et al. (1998) [10], Günback and Gökçe (1984) [11], Martin et al. (1999) [12], Berenguer and Baonza (2006) [3,5], Pedersen (1996) [13,14], and Nørgaard et al. (2013) [15]. Most of these equations have been obtained as laboratory test results, each of them covering boundary conditions outside of which the equations are not reliable [16,17,18,19,20].



Nowadays, these formulas are starting to be applied for a great variety of wave conditions and sea levels [21], some of them out of the limit of the application of equations, which is most important considering the phenomenon of climate change [22,23,24,25,26].



Although the ideal is to have field trials at a 1:1 scale to verify formulas, this is not always feasible given the cost of implementation, the time it takes to analyse them to contemplate different storms, and so on. In addition, instrumentation in nature in such an aggressive environment is not always easy to install, maintain, and operate.



This leads to uncertainty when it comes to obtaining the actions to calculate the stability of the crown wall. Validating the most suitable equations with a 1:1 scale test is a must that would help to take an important step in the state-of-the-art of crown wall design. Therefore, the motivation of this research and this article is to analyse with real instrumentation results the reliability of the equation results, as well as to identify the lessons learned from laboratory tests that lead to most of this type of equation, as well as from field measurements at a 1:1 scale crown wall. The real case presented here is the Port of Langosteira, Spain, where one section of the breakwater was instrumented with eight pressure sensors, with five of them located on the front wall of the crown wall and the other three placed on top of the crown wall.




2. Methods


This manuscript aims to analyse field data obtained during eight storm events on the front face of one cross section of the crown wall at the Punta Langosteira Outer Port. Specifically, eight pressure sensors were deployed in one cross section of the main breakwater, five of which allow one to study the pressure on the crown wall front face, exposed to the waves, while the other three are to study the overtopping events on this cross section. In addition, the port has a directional wave buoy in the vicinity of the port, enabling to have simultaneous information of metocean variables.



The data presented here were obtained from the field campaign developed during the winter of 2017/2018. Eight storm events led to no null horizontal pressure registered on the eight pressure sensors. In these events, pressures in the mentioned cross section were recorded.



The methodology applied in this work has two main objectives. The first one is the analysis of the pressure data measured by the pressure sensors located in the front face of the crown wall. This information makes it possible to explain the water behaviour at the crown wall and the causes of the maximum pressure peaks. The second goal is to compare the measured pressure values with the ones resulting from the application of the different existing equations for the design of crown walls, enabling us to analyse their applicability in crown walls with similar characteristics.



Wave conditions and water levels, as well as cross-sectional characteristics, enable the estimation of maximum horizontal pressure using formulas available in the literature. Not all formulas presented in the literature estimate pressures and are valid for crown walls fully protected by the armour layer. Here, the formulas used to estimate the pressure of the front wall are as follows: (1) Günback and Gökçe (1984) [11]; (2) Martin et al. (1999) [12]; and (3) Nørgaard et al. (2013) [15]. Formulas that directly calculate forces, such as Berenguer and Baonza (2006) [3,5] or Jensen (1984) [9] and Bradbury et al. (1988) [10], were not considered.



The following chapters show the results obtained in the two methodological stages described before, as well as the conclusions obtained in the analysis of the breakwater crown wall fully protected by pieces of the protection armour.




3. Description of the Case Study


The cross section of the Punta Langosteira rubble mound breakwater monitored is described. The pressures measured in the front face of the crown wall during the winter of 2017/2018 storm events are presented and analysed here.



3.1. Rubble Mound Breakwater Description


The outer port of Punta Langosteira (Figure 1) is protected by a 3360 m main breakwater, developed in three alignments with a toe at a maximum depth of 45 m. In addition, the port is also protected by a secondary breakwater, the western breakwater, composed of Cubipod® (SATO, Madrid, Spain) [27].



The main breakwater has a 2:1 slope, protected by a double layer of cubic blocks of 150 tons in the trunk. The crowning height of the crown wall is +25 m, and it has a zone of 20 m wide partially protected by a perimeter gallery. The upper berm of the armour layer is as high as the crest elevation of the crown wall. In other words, the crown wall is fully protected by the blocks of the armour layer. The crown wall crest level means that the overtopping occurs only for the larger wave heights.



Within the Cormoran project, the engineering firm Eptisa—Ingeniería, Instrumentación y Control (IIC) installed eight pressure sensors in one cross section of the main breakwater called Section PK 2 + 883. There, the structure is composed of a protective armour formed by two layers of cubic blocks of 150 ton placed randomly. Below this layer is a first filter formed by cubic blocks of 15 ton, which in turn rests on a 1-ton rock layer. Both the cross section and the sensors’ location are shown in Figure 2. As can be seen in Figure 2, the underlayer consists of a 5-ton rock above the mean sea level and a 1-ton rock beneath it.



Pressure sensors were regularly distributed along the front face of the crown wall, starting from the base (PS1) to the top of the crown wall (PS5). There is a cube placed just in front of pressure sensors PS1 and PS2. PS1 is in front of the rubble mound foundation of the cube. Pressure sensor 2 is in front of the first filter and pressure sensors PS3 to PS5 are in front of the main armour layer. All of them are more than 9.55 m above the chart datum (CD). PS6 to PS8 sensors are placed in the crown of the perimeter gallery and have helped to identify if the overtopping phenomenon occurs when the pressure was measured. These sensors give information about overtopping occurrence.



Figure 3 shows the main parameters of the monitored cross section, and Table 1 presents their values. The outer main armour layer has a 1:2 slope. The distance from the crown of the superstructure in relation to the sea level (Rc) and the distance from the superstructure foundation in relation to the sea level (Fc) depends on the water level considered.



Finally, an important element is the crown wall configuration in the area where the sensors are located. Figure 4 shows an aerial view of the analysis area, where it can be seen how the sensors are placed just behind a block of the armour layer, which will be relevant when analysing the results and drawing conclusions.




3.2. Storm Events Analyzed


During the winters of 2017 and 2018, eight events occurred with measurements at pressure sensors. For these eight events, three-hourly values of significant wave height (Hs), maximum wave height (Hmax), peak period (Tp), and wave directions (Dir) were also available. These wave characteristics were measured at a buoy located 2300 m from the breakwater, at a depth of 60 m. The tidal level was obtained using the tide gauge located on the spur breakwater and the range measure of this variable was from −0.5 m to +4.57 m in that location.



Table 2 summarizes the main characteristics of the wave and tidal level during the eight events. As can be seen in Table 2, Hs is higher than 7 m and Hmax is higher than 9 m. Peak periods, Tp, vary from 14.3 s to large values of 20 s. The incident wave direction differs very little between the events, coming from the northwest and attacking the breakwater with an angle less than 20°. The sea level varies from almost high tide during storm events c and d, to almost low tide during storm events e to h.




3.3. Presure Measured on the Crown Wall Front Wall


During the eight storm events presented in Table 2, time series of pressure at the pressure sensors with a frequency of 6 Hz were obtained. Figure 5 presents the time series of pressure measured (one hour in total) on the sensors during one of those storm events, storm h, and during the maximum pressure event registered.



It can be seen how the pressure recorded by the sensors varies depending on their position, with two different behaviours being detected for different sensors: PS1 and PS2, located in the lower area of the crown wall; and PS3, PS4, and PS5 sensors, located in the higher part of the front wall of the structure. PS1 records the highest-pressure values and for a significantly longer duration than the other sensors. As can be seen in Figure 2, all sensors are always above the sea level. Therefore, the recorded pressure data are due to the runup after wave breaking over the outer armour layer of the breakwater or due to overtopping. In addition, this cross section has several peculiarities, as can be seen in Figure 2. One of them is the presence of a cube with its rubble mound foundation on the base of the crown wall, added during construction, and placed just in front of the pressure sensors PS1 and PS2, which acts as a barrier to the flow in this area, as referred to above. The water accumulated in that area causes large pressure values at PS1, which gradually decrease over the time, depending on the permeability of the core and filter layers. This accumulation of water registered in PS1 is also registered at PS2 sensor, located above the block core level, but with a smaller effect. PS3, PS4, and PS5 sensors have always registered lower pressures than at PS1 and PS2, being more related to water reaching the crown wall, from the armour layer or from the top of the structure owing to overtopping the crown wall.



To illustrate the results obtained, Table 3 presents the maximum pressure measured by each pressure sensor and the concomitant values of the rest of the sensors during the storm of 28 October 2017 in the 19:00 sea state (storm h in Table 2).



As can be seen, each sensor reaches its own maximum pressure first at PS5 and at least at PS1. This seems to be caused by waves that overtopped the structure (and approach this section from the top to the bottom of the crown wall) crown wall and not by the impact of the wave impinging the structure. Moreover, as referred before, the crown wall is fully protected by the berm of the outer armour of the breakwater, so waves do not have direct impact to the crown wall. In fact, the same behaviour was found in all storm events analysed.



Table 4 summarizes the maximum pressure measured by the pressure sensors in each of the storm events divided by the Hmax obtained from the buoy; see Table 2.



As can be seen, in general, pressures are much higher in PS1 and PS2, as explained above. However, at PS3 to PS5, the pressures presented the same order of magnitude, all with values less than 0.58 kN/m3. The only exception is storm h, with the highest values of P/Hmax obtained in all sensors. Storm d presents high values at SP1, reducing at PS2 and PS3 and having the same order of magnitude of the other storms at PS4 and PS5.



Figure 6 graphically shows the maximum pressures of each sensor in the eight storms analysed. Storms a, b, c, d, and h have, in general, the highest recorded P/Hmax values. This is because they are the events with the most demanding wave conditions. However, at PS1, the storms with the highest Hmax, storms a and c, present lower values than in other storms with lower values of Hmax. The difference in results could also be because the measurements have been taken in just one cross section in a breakwater of more than 3000 m in length, where the maximum pressure values could occur in another zone, especially if it depends on overtopping. It is important to note that these eight storms analysed here have coincided with overtopping events on the instrumented section verified by no null pressure at the sensors placed at the crown of the gallery of the breakwater.



Finally, in view of the analysis carried out on the measurements of the pressure sensors, as well as the conditioning factors owing to the section under analysis, it has been decided to select PS3, PS4, and PS5 sensors for the comparison of the maximum pressure measured with the resulting pressures estimated by state-of-the-art equations. In fact, the existing equations do not contemplate the effect of the placement of blocks that exist here in the core in front of the crown wall, which certainly affects the measurements on PS1 and PS2 sensors. As this structure has been found to have no influence on the measurements of the other three sensors, PS3 to PS5, the following study was proposed using only the three upper sensors.





4. Results


Pressure on the vertical face of the crown wall, calculated using formulas for the different storm events presented in Section 3.2, are presented here and compared with the pressure data obtained during the main field campaign at the main Punta Langosteira breakwater. Maximum pressures were obtained with formulas and compared with those measured for those pressure sensors selected on the vertical face of the crown wall during the field campaign.



4.1. Equation Application


The pressures on the superstructures of the rubble mound breakwaters fully protected by the armour layer are essentially due to the interaction between waves, filtered by the armour layer, and the superstructure, or due to overtopped waves reaching the superstructure.




4.2. Comparison of Pressure Data Measured and Estimated by Formulas


Günback and Gökçe (1984) [11] and Martin et al. (1999) [12] give null dynamic pressures for all storm events tested. In fact, run-up calculated by the formulas leads to non-overtopping conditions, contrary to that occurring in the field, where, for all storm events, overtopping had occurred. As the formula relates the different pressures with the run-up, Ru, and to the height of the armour berm, Ac, it leads to null dynamic pressure in the protected zone.



Martín et al. (1999) [12] is valid if the wave breaks before the superstructure of the bottom breaks (ξ0p > 3), which occurs for all events tested when the range of ξ0p,max varies from 3.3 to 4.4. However, the data exceed the limits of expressions for calculating the λ parameter, representative of the decrease in dynamic pressure in the protected zone owing to the constituent materials of the main outer armour, because H/Lp is less than 0.03. So, the formula was applied outside its range of validity. Günback and Gökçe (1984) [11] do not impose validity limits on the equation. However, as referred to in Pereira et al. (2021) [21], the geometry considered in all of the formulas has the armour berm below the crest of the crown wall, and here, the crown wall is completely protected by the outer armour composed of cubes, which can lead to more overtopping conditions than with other blocks, which leads to larger wave dissipation.



Nørgaard et al.’s (2013) [15] formula was the only one that gives no null pressures for some of the storm events analysed here and, consequently, is the only one presented here. Sande et al. (2019) [27] used this formula to compare pressures measured with a physical model for this same port for the western breakwater (secondary breakwater), even with a slightly different cross section than the constructed one. They concluded that the formula represents the same behaviour of the wave forces on the crown wall, overestimating the pressures by not considering the effect of obliquity.



In 2013, Nørgaard, Lykke-Andersen, and Burcharth [15] proposed a modification to the formulation of Pedersen (1996) [13] with the aim of validating it for small depths, as it was originally limited to large and intermediate depths. The proposed modifications were based on the results of 162 tests on small-scale models and irregular wave action, considering agitation conditions at large and small depths and using the same experimental equipment used by Pedersen (1996) [13].



The first modification to the original formulation of Pedersen (1996) was made with respect to the runup only exceeded by 0.1% of the waves of the sea state considered, Ru,0.1% level. According to Nørgaard et al. (2013) [15], the value of Ru,0.1% would now be given by the following:


   R  u , 0.1 %   =       0.603    H  0.1 %      ξ  0 m        if     ξ  0 m   ≤ 1.5       0.722    H  0.1 %      ξ  0 m   0.55        if     ξ m  > 1.5        



(1)




where H0.1% is the maximum wave height only exceeded by 0.1% of the waves of the sea states considered, given by Equation (2) according to Rayleigh’s distribution:


   H  0.1 %   =    H s    0.538    



(2)







Knowing the value of Ru,0.1%, and ignoring energy losses by friction, the ascending velocity of the water mass when run-up, v0, is given by the following:


   v 0  =   2   g      R  u , 0.1 %   −  A c       



(3)







The dynamic pressure in the protected area of the crown wall exceeded by only 0.1% of the waves of the sea states considered, Pd(p),0.1%, is obtained by the following equation:


   P  d    p  , 0.1 %   = 0.5    ρ w  g    v 0 2    2 g   =  ρ w  g    R  u , 0.1 %   −  A c     



(4)







The formula is valid for Rc/Hs < 2, which occurs in three (storms a, c, and d) of the eight storm events analysed, although storm b has a close value, as shown in Figure 7.



Table 5 summarizes the results obtained by the formula and compared with the maximum pressure obtained in pressure sensors PS3 to PS5, as the number of pressure events is very limited, meaning    P  0.1 %     cannot be calculated.



Figure 7 presents the results obtained by the formula and the maximum pressure measured at pressure sensors PS3 to PS5 as a function of Rc/Hs.



The storm events presented different behaviours. For storms a to d, pressures estimated by the formula of Nørgaard et al. (2013) [15] are much higher than those measured at PS3 to PS5. For storms e to g, Nørgaard et al. (2013) [15], similar to Günback and Gökçe (1984) [11] and Martin et al. (1999) [12], give null pressures, contrary to the pressure sensors, which measured pressures up to 1.62 kN/m2, with higher values being obtained at PS5. For storm h, th formula gives a maximum pressure similar to that measured at PS4 and PS5.



Storms a to d are almost within the application range of the formula for Rc/Hs, but as seen in Section 3.3, the maximum pressures occur first in PS5 and then in the lower ones, because the protection of the armour layer prevents the waves from directly impacting the sensor. Consequently, it seems that the registered pressures are mainly due to overtopping, leading to water penetrating between the blocks and the crown wall. This would explain why pressures are lower than those estimated by the equations and are higher in the pressure sensor located at a higher position and, in general, progressively reducing their values on the sensors located lower in the crown wall front face.



On the other hand, in storm events e to g, outside the validation limits of the equation, the pressures estimated by the formula are zero, corresponding to the low pressures recorded by the pressure sensors and to the less energetic weather conditions analysed for the breakwater under study.



The explanation that the authors have found for this different behaviour of the formula is the overtopping differences and three-dimensional effects due to the obliquity with which the waves arrive at the breakwater. To illustrate the referred effect of incident wave obliquity on the overtopping and measurements obtained from the sensors, Figure 8 shows overtopping events during storms c and d, both with high values of Hs and Tp and the same incident wave direction (see Table 2). In this figure, a red line has been marked at the monitored section. The image on the left shows the overtopping during storm event c, which occurs only at the monitored section. However, in storm d, overtopping occurs in several sections along the breakwater with different intensity. This explains why the pressure measured at only one monitored section could not reflect the overtopping that occurs over the levee. Consequently, it does not reflect either the pressure affected by overtopping at a crown wall or in a three-dimensional environment as in the field.





5. Conclusions


This study shows the field results of pressures on the crown wall front face fully protected by the armour layer. The existing equations were obtained through two-dimensional physical model tests, where the sensor is usually left directly exposed to the incidence of waves to measure the pressures on the crown wall. Moreover, when a crown wall of these characteristics is designed, it is assumed that pressure is constant along the whole structure. These facts become relevant when proposing crown wall designs with this type of breakwater typology.



The results obtained raise the importance of the correct location of the sensors in both laboratory and field campaigns. In laboratory tests, it is usual that different alignments of sensors are placed to analyse the pressure generated in the whole crown wall. However, it would be interesting to analyse the influence of their placement on crown walls protected by an armour layer with different porosities. Moreover, when planning field campaigns such as the current ones, it is important to locate the sensors in such a way that they allow the maximum possible information to be obtained.



An important aspect detected in the research is that, when the aerial view of the monitored section was analysed, it was noted that the sensors are placed behind a block of the armour layer. This is critical when an instrumentation is installed in a real section.



Moreover, this case study has peculiar characteristics that affect the measurements: there is a cubic block in front of the lowest level sensor position that generates a barrier to the flow, leading the accumulation of water in that area. This sensor is where the highest-pressure values were recorded and for a significantly longer duration than the other sensors. The accumulation of water registered in this sensor is not enough to significantly affect the measurement of the other sensors located above, located at the core level, and does not seem to affect other sensors, being more related to wave action crown wall. The maximum pressure occurs firstly in the sensor located at the highest level and is progressing to the bottom; it can be due to overtopping crown wall.



Pressures measured during eight storm events were compared to the state-of-the-art equations. In all storm events, pressures are no null and overtopping occurs. The equations of Günback and Gökçe (1984) [11] and Martin et al. (1999) [12] give null pressure results in all cases tested here. Nørgaard et al.’s (2013) [15] formulas were the only ones that give no null pressures, and thus were the ones used in this research. The cases with low pressures recorded by the pressure sensors and corresponding to less energetic weather conditions were outside the range of validity of the formulas. For those cases, the formula gives null pressures. For cases where higher pressures were measured, the formula of Nørgaard et al. (2013) [15] is valid and gives higher maximum pressures than the measured ones. This behaviour is possible because the crown wall is totally protected by the armour layer, and the pressure is measured at only one monitored section, not reflecting the overtopping that occurs over the whole breakwater. The results raise the importance of the correct location of the sensors in both the laboratory and field campaigns in such a way that they allow the maximum possible information to be obtained.
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Figure 1. Punta Langosteira Outer Port and the western breakwater. Location of the cross section monitored [28]. 
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Figure 2. Schematic view of the cross section and the instrumentation. 
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Figure 3. Main parameters of the cross section. 
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Figure 4. Aerial view of the monitored section. 
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Figure 5. Time series of pressure measured at pressure sensors on 28 October 2017. 
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Figure 6. Maximum pressure measured on the storm events in each sensor. 
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Figure 7. Horizontal pressure calculated by Nørgaard et al. (2013) [15] and measured at sensors PS3 to PS5. 
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Figure 8. Aspect of overtopping event during (a) storm c and (b) storm d (monitoring section represented by a red line). 
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Table 1. Values of the main parameters of the cross section.
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	Parameter
	Value





	Be
	24.05 m (CD)



	h
	45.8 m



	hw
	6.0 m



	B
	10.0 m



	Wc
	24.0 m (CD)



	Wf
	9.05 m
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Table 2. Wave and sea level characteristics during the eight storm events.






Table 2. Wave and sea level characteristics during the eight storm events.





	Storm Event
	Hs (m)
	Hmax (m)
	Tp (s)
	Dir (oN)
	Tidal Level (m)





	a
	10.78
	14.80
	19.20
	329.00
	2.66



	b
	9.69
	13.81
	20.00
	327.00
	3.16



	c
	10.65
	14.86
	18.90
	327.00
	3.40



	d
	10.78
	13.98
	19.70
	327.00
	3.33



	e
	8.45
	12.49
	15.40
	334.00
	1.46



	f
	7.21
	10.58
	14.30
	332.00
	1.41



	g
	7.09
	9.87
	14.30
	330.00
	1.94



	h
	9.40
	14.10
	20.00
	319.00
	1.06
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Table 3. Maximum pressure measured at the front face of the crown wall during the storm event that occurred on 28 October 2017 at the 19:00 sea state.
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	Time (h:min:s)
	PS1 (kN/m2)
	PS2 (kN/m2)
	PS3 (kN/m2)
	PS4 (kN/m2)
	PS5 (kN/m2)





	19:22:12
	35.38
	39.89
	12.67
	7.49
	19.80



	19:22:14
	58.87
	36.04
	20.98
	18.86
	15.75



	19:22:17
	70.40
	53.75
	29.00
	10.71
	−1.57



	19:22:13
	52.66
	61.64
	15.71
	12.47
	16.84



	19:22:37
	82.59
	57.12
	25.98
	6.61
	−1.76
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Table 4. Maximum pressure measured at the sensors in each storm event.






Table 4. Maximum pressure measured at the sensors in each storm event.





	
Storm Event

	
P/Hmax (kN/m3) at




	
PS1

	
PS2

	
PS3

	
PS4

	
PS5






	
a

	
1.28

	
0.20

	
0.12

	
0.04

	
0.14




	
b

	
2.12

	
0.11

	
0.06

	
0.04

	
0.40




	
c

	
1.13

	
0.15

	
0.12

	
0.09

	
0.29




	
d

	
4.09

	
2.50

	
0.58

	
0.08

	
0.10




	
e

	
2.17

	
0.28

	
0.06

	
0.04

	
0.10




	
f

	
0.20

	
0.05

	
0.05

	
0.07

	
0.15




	
g

	
0.72

	
0.08

	
0.04

	
0.05

	
0.10




	
h

	
5.86

	
4.37

	
2.06

	
1.34

	
1.40
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Table 5. Maximum pressure calculated by Nørgaard et al. (2013) [15] and measured in the sensors.
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Storm Event

	
Rc/Hs (m)

	
PNorgaard et al. (kN/m2)

	
Maximum Pressure (kN/m2) at




	
PS3

	
PS4

	
PS5






	
a

	
1.98

	
38.51

	
1.83

	
0.59

	
1.99




	
b

	
2.15

	
33.53

	
0.78

	
0.57

	
5.58




	
c

	
1.93

	
39.80

	
1.82

	
1.26

	
4.31




	
d

	
1.92

	
43.88

	
8.06

	
1.18

	
1.44




	
e

	
2.67

	
0.00

	
0.69

	
0.49

	
1.24




	
f

	
3.13

	
0.00

	
0.48

	
0.69

	
1.62




	
g

	
3.11

	
0.00

	
0.40

	
0.48

	
0.97




	
h

	
2.44

	
20.08

	
29.00

	
18.85

	
19.80
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