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Hazard type and reason 
Mean discharge 

q (l/s per m) 

Max volume 

Vmax (l per m) 

Rubble mound breakwaters; Hm0 > 5 m; no damage 1 2,000-3,000 

Rubble mound breakwaters; Hm0 > 5 m; rear side designed for 
wave overtopping 

5-10 10,000-20,000 

Grass covered crest and landward slope; closed grass cover;  
Hm0 = 1-3 m 

5 2,000-3,000 

Grass covered crest and landward slope; maintained grass cover;  
Hm0 = 1-3 m 

1 1,000-2,000 

Grass covered crest and landward slope; not maintained grass 
cover, open spots, moss, vegetable garden; Hm0 = 0.5-3 m 

0.1 500 

Grass covered crest and landward slope; Hm0 < 1 m 5-10 500 

Grass covered crest and landward slope; Hm0 < 0.3 m No limit No limit 

 

Hazard type and reason 
Mean discharge 

q (l/s per m) 

Max volume 

Vmax (l per m) 

Significant damage or sinking of larger yachts; Hm0 > 5 m >10 >5,000 – 30,000 

Significant damage or sinking of larger yachts; Hm0 = 3-5 m >20
)
 >5,000 – 30,000 

Sinking small boats set 5-10 m from wall; Hm0 = 3-5 m 
Damage to larger yachts 

>5 >3,000-5,000 

Safe for larger yachts; Hm0 > 5 m <5 <5,000 

Safe for smaller boats set 5-10 m from wall; Hm0 = 3-5 m <1 <2,000 

Building structure elements; Hm0 = 1-3 m ≤1 <1,000 

Damage to equipment set back 5-10m ≤1 <1,000 
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Hazard type and reason 
Mean discharge 

q (l/s per m) 

Max volume 

Vmax (l per m) 

People at structures with possible violent 
overtopping, mostly vertical structures 

No acces for any predicted 
overtopping 

No acces for any predicted 
overtopping 

People at rubble mound breakwater crest 
and at dike crest. Clear view on the sea. 

Hm0 = 3 m 

Hm0 = 2 m 

Hm0 = 1 m 

Hm0 < 0.5 m 

 

 

0.3 

1 

10-20 

No limit 

 

 

400 – 600 

400 – 600 

400 – 600 

No limit 

Cars on crest of a dike for dike 
inspection. 

Hm0 = 3 m 

Hm0 = 2 m 

Hm0 = 1 m 

 

<5 

10-20 

<75 

 

1000-2000 

1000-2000 

1000-2000 

Highways and roads, fast traffic 
Close before debris in spray 

becomes dangerous 
Close before debris in spray 

becomes dangerous 

Railway tracks, slowly moving train See cars on crest of a dike See cars on crest of a dike 
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Narrow grading Wide grading Very wide grading 

D85/D15 < 1.5 1.5 < D85/D15 < 2.5 D85/D15 > 2.5 

Class D85/D15 Class D85/D15 Class D85/D15 

      

15 – 20 t 1.10 1 – 9  t 2.00 50- 1000 kg 2.71 

10 – 15 t 1.14 1 – 6 t 1.82 20 -1000 kg 3.68 

5 – 10 t 1.26 100 – 1000 kg 2.15 10 – 1000 kg 4.64 

3 – 7 t 1.33 100 – 500kg 1.71 10 – 500 kg 3.68 

1 – 3 t 1.44 10 – 80 kg 2.00 10 – 300 kg 3.10 

300–1000 kg 1.49 10 – 60 kg 1.82 20 – 300 kg 2.46 
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INTRODUCTION 

 

This report is part of an exercise given during short course programme on coastal and port 

structures at UNESCO-IHE institute held on March, 2017. 

The exercise is to design the trunk-section of the eastern breakwater for IHE-Port, suggest scale 

and test programme and to give a presentation on the classroom. 

IHE-Port shall be constructed about 3 km offshore on a more or less north-south situated 

coast and is open for waves from easterly directions. An entrance channel leads to the port. The 

breakwater connected to the shore by a pile founded bridge. The eastern part of the 

breakwater is located at a depth of -14 m CD. 

Berths are foreseen behind the breakwater for export of minerals as well as a small 

container area directly behind the eastern breakwater. The port consists of two breakwaters, a 

1300 m long eastern breakwater and a 900 m long southern breakwater. The most important 

function of the breakwaters is to provide a sufficient level of tranquility in the offshore port 

basin. The first 5 m of soil underneath the breakwater is soft silty material. Beyond that level, 

there is good quality sand present. 

Based on given conditions and selected type of breakwater to be designed, the report 

content as follows. 

1. Description of boundary conditions. 

2. Design of cross-section of the trunk. 

3. Physical model testing. 

 

The group of participants on this short course and involved on this exercise have selected the 

berm breakwater MA type to design the cross-section. The berm breakwater is chosen because 
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of the availability of the rock in nearby query. Moreover, the berm breakwater is easy for 

construction as it doesn’t require big equipment.   

 1. Description of boundary conditions: 1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1. DeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDescscscscscscscscscscscscscscscscscscscscscscscscscscscscscscscscscscscririririririririririririririririririririririririririptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptptioioioioioioioioioioioioioioioioioioioioioioioioioioioioioion n n n n n n n n n n n n n n n n n n n n n n n ofofofofofofofofofofofofofofofofofofofofofofofofofofofofof b b b b b b b b b b b b b b b b b b b b b b b b b b bououououououououououououououououououououououououououndndndndndndndndndndndndndndndndndndndndndndndndndndndndndndararararararararararararararararararararararararararararararary y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y y cocococococococococococococococococococococococococococondndndndndndndndndndndndndndndndndndndndndndndndndndndndndnditititititititititititititititititititititititititititititititioioioioioioioioioioioioioioioioioioioioioioioioioioioioioionsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsns:::::::::::::::::::::::::::::

The main boundary conditions are illustrated in the following chart. 
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(for 100-years return 
period, Figure 1.) 

Peak period 

 TP=12 s 

Overload 
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Figure 1. Wave return period curve for 500 years return period. 

 

 

Figure 2. Wave height VS wave period. 

Since the highest waves come with wave periods around 12 s (Figure 2.), Tp is determined as 

12 s for the first design, then 10 s and 14 s are also considered for comparison.  

Considering that there is no surge, the design water level could be just a little above the 

maximum tide, the design water level of 2.1 m CD is determined in this design.  For 

construction work safety, there would be a Δw above MHWS.  The Δw =0.5 m is chosen for this 

design because the overtopping is not greater than 1 l/s per m at this level. 

The rock classes that selected for this design are class I (1-5 tone) and class II (5-10 tone). The 

reason of this selection is the availability of these rock classes in the nearby quarry.  

The slope of the structure is designed to be 1:1.5 

 

Table 1. Summary of design conditions: 

Parameter Value 

DWL +2.1 m CD 

Allowable overtopping q for HSD (100 years) 1 l/s per m 

Allowable overtopping q for overload (500 years) 10 l/s per m 

Wanted resiliency 35 % 

cotα 1.5 

Δw 0.5 m 

Rock class I 5-10 t 

Rock class II 1-5 t 
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 2. Design of cross-section of the trunk: 2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2. DeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDeDesisisisisisisisisisisisisisisisisisisisisisisisisisisisisigngngngngngngngngngngngngngngngngngngngngngngngngngngngngn o o o o o o o o o o o o o o o o o o o o o of f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f crcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrcrososososososososososososososososososososososososososososossssssssssssssssssssssssssss---------------sesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesectctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctctioioioioioioioioioioioioioioioioioioioioioioioioioioioioioioioioion n n n n n n n n n n n n n n n n n n n n n n n ofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofofof t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t thehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehehe t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t trururururururururururururururururururururururururururururunknknknknknknknknknknknknknknknknknknknknknknknknknknknknknknknknk:::::::::::::::::::::::::::::

To see how the wave period affects the design result, we use the design spreadsheet to To see how the wave period affects the design result, we use the design spreadsheet to 

calculate the crest level with conditions determined in Section 1., but in 3 different wave calculate the crest level with conditions determined in Section 1., but in 3 different wave 

HsDperiods.  From the results (shown in Table 2.), the crest level is dominated by , the wave HsDperiods.  From the results (shown in Table 2.), the crest level is dominated by , the wave 

period is relatively influenced the crest level as illustrated below. The conceptual design will be period is relatively influenced the crest level as illustrated below. The conceptual design will be 

continued with an average wave period which is 12s.  continued with an average wave period which is 12s. 

Table 2. Crest level calculations. Table 2. Crest level calculations.

Method used Crest level (m) 

Determined by Rc/HsD=1.2
*

  8.6 

Determined by wave overtopping formulae
**

 with Tp=10 s 1.04 

Determined by wave overtopping formulae
**

 with Tp=12 s 2.22 

Determined by wave overtopping formulae
**

 with Tp=14 s 2.93 

*: Equation 5.6 in Design and Construction of Berm Breakwaters, by Van der Meer and Sigurdarson. 

**: Equation 4.13 in Design and Construction of Berm Breakwaters, by Van der Meer and Sigurdarson. 

 

Since the general design conditions are all determined, we can input them into the design 

spreadsheet, then the design parameters are calculated.  According to these calculated 

parameters, we make some design choices.  The input and outcome of the design spreadsheet 

are shown as Figure 3., Figure 4., Figure 5. and Figure 6. 
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Figure 3. Input of the design spreadsheet. 
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Figure 4. Outcome of the design spreadsheet. 

 

 

Figure 5. Summary of design choices. 
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Figure 6. Cross-section from design spreadsheet. 
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Finally, concluding with design conditions, calculated parameters and made design choices, 

the berm breakwater cross-section for this design was drawn as Figure 7. 

 

Figure 7. Final cross-section of the structure for the designed berm breakwater. 

Concerning the bearing capacity of the seabed underneath the structure, the pressure of the 

structure on the seabed soil is estimated to be 400 kPa, it is far greater than the bearing 

capacity of the existing soil (soft silty material).  In this case, soil improvement is required.  One 

could directly put rocks onto the soft soil and let rocks settle down, but this would cost more 

rocks.  Besides, one could dredge the soft soil, then directly put rocks to fill (also cost more 

rocks) or fill by sands.  Since the construction site is near the harbor, assume the dredger is 

available.  In this condition, dredging the soft soil and filling by sands could be an economical 

solution.  
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 3. Physical model testing: 3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3. PhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhPhysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysysicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalalal m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m modododododododododododododododododododododododododododododelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelelel t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t tesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesestitititititititititititititititititititititititititititititititititititititingngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngngng::::::::::::::::::::::::

Prototype: 

Hs overload= 6.2m 

Hs design= 5.4m 

M (class I)= 5-10 tone 

M (class II)= 1-5 tone 

Tp= 12s 

 

Model: 

Scaling factor Hs for the overload design / Hs that the model can generate 

6.2/0.25 = 24.8,  (Hs of the model is the limiting factor) 

Then the scaling factor that will be used is 25 

Hs overload= 6.2/25= 0.248m 

Hs design= 5.4/25= 0.216m 

M (class I)= 0.032 – 0.64 kg 

M (class II)= 0.064 – 0.032 kg 

Tp= 2.4s 

 

 Prototype Model 

Hs overload 6.2m 0.248m 

Hs design 5.4m 0.216m 

M (class I) 5-10 tone 0.032 – 0.64 kg 

M (class II) 1-5 tone 0.064 – 0.032 kg 

Tp 12 2.4s 

 

The overtopping will be measured by putting a box behind the model and weight the 

overtopped water.  
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Cross-section of Model Testing:  

 

 

Testing Program 

The suggested testing program will be as following: 

• Model with significant Hs=5.4m for Tp=10s, 12s, 14s 

• Model with overload Hs=6.2m for Tp=10s, 12s, 14s 

Conclusion 

In this report, a design for berm breakwater has been made. The design has been made based 

on the boundary conditions of the significant wave height recorded and period. A cross-section 

for the breakwater has been made. In addition, improvement techniques have been suggested 

to treat the soft soil in the location. In order to verify the design, a model test has been made to 
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be conducted in a flume. The test will give more confident on the design of this berm 

breakwater.  

 




