Lecture 9

Coastal Structures

Part I

Wave action on coastal structures can be classified by the type of wave and the type of structure as shown below. This classification is useful for selecting the best formulae for estimating the forces on various structural elements.
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Figure 9-1. Wave Interaction with Structures 

Breakwater Design:
The most common type of breakwater is the rubble mound. This structure consists of a pile of individual units of rock or concrete generally placed with the smaller units at the core and the heavier units in the wave impact zone as shown in the typical section in Figure 7-116   SPM. These heavy units on the surface layer are referred to as Armour Units. 

The W in Figure 7-116 SPM represents the rock size need to resist the design wave, i.e. Hs, H10 or H1 depending on the margin of safety required. The Hudson formula is generally accepted as the most reasonable one for rubble mound design:

W = Ss H3/ {KD ( Sr   -1  )3 cot} 





9.1

where KD = stability or damage coefficient as given by flume tests (see Table 7-8 SPM). Sr = specific gravity based on ambient fluid. Ss = specific gravity based on freshwater. Ss H = dry specific weight of the armour unit = r . As indicated by Table 7-8 SPM the damage coefficient depends on the unit shape, number of layers, method of placement, location along the breakwater and the slope.

Once the armour layer W is determined, the unit sizes for the internal zones of the breakwater are defined as a fraction of W. This fraction is set so as to ensure good energy dissipation, and to prevent loss of the internal units through the pore spaces in the armour layer. Figure 9-2 shows a typical breakwater cross-section. 

A design for a segmented breakwater is shown in Figure 9-3. An installation has been constructed near the Rockefeller Wildlife Refuge (Figure 9-4).
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Figure 9-2: Typical Rubble Mound Breakwater Cross-sections (SPM)

Table 9-1: KD Values (Revised 1984)
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Figure 9-3:  Segmented Breakwater
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Figure 9-4:  Segmented Breakwater east of Rockefeller Wildlife Refuge, LA

Crest Level:-

There are three types of breakwaters: non-overtopped (infrequently overtopped), low crested (frequently overtopped) and submerged (also called reef breakwaters and are normally under water). We will concentrate on the non-overtopped type. 

The following equation summarizes the factors that must be considered in setting the crest elevation:

CREST ELEV = 
Mean Water Level +

Seasonal Amplitude  +

 


Long term deviation from MWL +

Amplitude of High Tide  + 

Storm Surge  + Barometric Setup +

Wind Shear Setup +




Seiche + 

Wave Setup  + 

Wave Runup +

Allowance for Settling and/or Subsidence


9.2

SWL = Still Water Level = Water Level Before Runup or Rushdown is added.

[image: image6.emf]LWL


Rush down


MWL


Long term deviation 


d


Seasonal amplitude 


d


a


Spring Tide Amplitude 


D


Storm Surge (incl Barometric) S


z


Zsu = Wind Setup


Wave Setup 


d


w


Ru = Runup


Allowance for Settlement/subsidence 


CREST EL.




LWL

Rush down

MWL

Long term deviation 



Seasonal amplitude 



a

Spring Tide Amplitude 



Storm Surge (incl Barometric) S

z

Zsu = Wind Setup

Wave Setup 



w

Ru = Runup

Allowance for Settlement/subsidence 

CREST EL.


Figure 9-5: Factors Affecting the Crest Elevation of a Seawall or Breakwater.

Tides:- 

Astronomical tides are generated by gravitational fields of the moon and the sun on the sea and earth and centrifugal forces of the rotating system. The moon and earth form a rotating system with the axis of rotation within the earth. Tide generally have a two maximum ranges (High tide) and two minimum ranges in each lunar month (28 days). The tidal period theoretical should be about 12 hours (11.7 hours)  with one higher range and one lower range during the 24 hour day ; however, in some locations, the lower range is negligible and effectively the tidal period is close to 24 hours (23.4 hours). The tide in Lake Borgne has a period of about 23.4 hours.
http://csep10.phys.utk.edu/astr161/lect/time/tides.html
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  Figure 9-5 Astronomical Tides [image: image8.png]54 / THE SEA

Figure 5—3 Semidiurnal type of tide.

Figure 5—4 Diurnal type of tide.




Figure 9-6: Types of Tides
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Figure 5—5 Mixed types of tide.





Figure 9-7: Mixed Tides

The alignment of the Sun, Moon and Earth produces a high tidal range referred to as a Spring Tide. A low tidal range occurs when the Sun, Earth and Moon form a right angle as shown in Figure 9-5.  
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Figure 9-8: Lunar Cycles

The tidal range is the vertical range between the trough of the tide and the crest of the tide. The tidal amplitude is ½ of the tidal range. For design purposes the maximum tidal range or spring (see Figure 9-8) tide is usually assumed. 
Runup and Rush Down:- 

The wave runup is the vertical rise of the wave impact water level above SWL as illustrated in Figue 9-9. For rubble mound this is approximately one wave height (see Figure 7-13 Saville et al in Water Resources Engg -  Lindsley and Franzini). The runup on a smooth impervious slope can be approximately twice the wave height.  Figure 9-10 gives the Runup as a function of seawall slope, wave steepness and type of surface.
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` Figure 9-9: Wave Runup on a Seawall
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Figure 9-10: Non-dimensional Runup (Ru/Hi). Note: zw/= Hi/L

The retreating wave on a slope results in what is called a wave rush down as illustrated in Figure 9-11.  Failure of breakwaters can occur on the down rushing wave when surface units are displaced due to the uplift from unbalanced internal pore pressure and the drag of the outflowing and down rushing water.
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Figure 9-11. Wave Rush Down

Wave Setup:- Wave setup is due to the momentum of the solitary wave at the time of breaking.
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Example: Given Hb  = 1.2 m and T = 5 s. Estimate Wave Setup.

Storm Surge:

Storm surge may be due to tropical storms or extra-tropical systems including barometric gradients.  A rough approximation for a storm surge is given by:
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Wind Setup:

Wind setup can be estimated from equations such as,
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Long-term and Seasonal Water Levels:

Large water bodies like the Gulf of Mexico or the Great Lakes are subject to seasonal water level fluctuations. Figure 9-12 illustrates the seasonal changes in the water level in the Northern Gulf of Mexico. In addition, there can be a long-term Relative Sea Level Rise (RSLR) of about 1 cm/year. In the Great Lakes there is a 10-20 year cyclical amplitude of about 1 m.
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Figure 9-12 Typical Northern Gulf of Mexico Water Levels

Assignment  Problem 9.1: 
Name:__________________________________ Due April 5, 2011

Design a rubble mound breakwater for the significant wave and setup near the south shore of Lake Pontchartrain for a 1 hour wind out of the north over the Lake. 

Given: 

1. a 25 mile fetch

2. an average depth of 3.8 m before the storm surge, 

3. a storm surge of  2.2  m,

4. a local depth of 2.8 m at the breakwater without the storm surge or setup,

5. a water temperature of 80oF and air temperature of 70oF. 

6. an over-water velocity is 80 mph. 

7. spring tidal range 0.16 m.

8. Gulf seasonal amplitude 0.1 m (positive for hurricane season).

Design Period 50 years. 

Design the crest elevation for no overtopping at the design Hs.

Assume:  Ss =2 .63; 

slope 1:2; 

individually placed rough angular rock armour stone; 

the mean SWL in Lake Pontchartrain is 0.2 m MSL; 

the minimum SWL is -0.3 m; 

RSLR including subsidence rate 0.9 cm/year; 

settlement = 0.3 m.

Use the Standard Section shown below.
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