Lecture 10

Coastal Structures

Part II

Seawalls 
Seawall are used to protect coastal property from wave and storm surge damage. These can be classified as vertical walls or slope revetments as follows:
· Sloped

· Stepped concrete

· Articulated mats

· Rubble Mound (quarry stone or concrete units)
· Grouted riprap

· Gabions
· Natural (vegetative mats)
· Vertical  

· Sheetpile

· Gabion

· Wooden crib type

· Caisson

· Concrete or masonry

Some of the issues related to seawalls are:

· Stability 
· Overtopping

· Forces

· Runup

· Rush down

· Toe scour

· Loss of subgrade

· Scour behind the wall
· Denial of littoral materials to the littoral zone

· Reflection of wave energy.
Rubble Mound: Rubble mound seawalls are design by similar procedures to rubble mound breakwaters. Avoidance of flooding due to overtopping may require a higher design wave for the crest than for a breakwater, e.g. H1 or H10 instead of Hs. Since seawalls are often in shallower water than breakwaters, they may be subject to more frequent breaking waves. As Table 7-8 indicates the damage coefficient for breaking waves is generally lower than for non-breaking waves. This is especially the case for random placement, where the damage coefficient is about half of the non-breaking value. As illustrated below geotextile filters are often used to prevent entrainment of the subgrade soils through the pores of the armour rock. Figure 7-13 (Lecture 9) can be used to estimate the runup on a rubble mound seawall. Figure 10.2 (SPM 7-20) provides additional information on runup on pervious and impervious sloping seawalls. 

[image: image20.wmf]q

k

gH

H

ave

ave

i

i

»

0

012

.


Figure 10.1 Rubble Seawall
The W is found from the Hudson formula shown in Figure 10.1. The KD values can be found in SPM (1984) Lecture 9.
Seawalls - Impervious

Impervious seawalls can be vertical walls, inclined walls and stepped walls. As Figure 10.2a (SPM 1984) and Figure 10.2b (Saville Figure 7-13 )  show the runup on sloped impervious seawalls is more than double the runup for rubble mound walls. As we found earlier in the lab the reflection coefficient for imperious walls can be more than double that for a porous wall. In addition imperious walls are more prone to undermining due to wave rush down; toe protection may be required to prevent this erosion.     
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Figure 10.2a Runup on Sloping Seawalls (SPM 1984)
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Figure 10.2b Runup on Sloping Seawalls (Saville)

Vertical seawalls:-The crest elevation of a vertical impervious seawall (e.g. a sheetpile wall) is determined by the same factors as in Eq. 9.2. The runup is approximately 2xH; however, it can be much higher if the wave breaks on the wall. In addition, the wave splash height can be many time the wave height. Since the wind is generally onshore during a severe wave attack, the wind will increase the overflow due to wave overtopping and splashing. This overflow may erode the backshore and cause flooding.  Figure 10.3 shows a profile at a vertical seawall.
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Figure 10-3 Vertical Seawall – Impervious

The SPM provides charts for estimating the quantity of overflow due to wave overtopping. 

Forces on Vertical Walls

There are three types of wave forces on a vertical wall:

a) Unbroken wave forces,

b) Breaking waves,

c) Broken wave forces.

Non-Breaking Waves

If the water depth in front of the structure is ds > 1.5 Hmax the waves should not break. Figure 11.29 (Wiegel) and SPM Figure shows an idealized non-breaking wave. The ho is a shift in the (symmetry( line for the reflected wave at the wall and is given by,

                               ho/Hi = function{ Hi/d, Hi/(gT2)}
10.1

This function is can be found in Figure 10.4. The hatched line shows when breaking waves are likely to occur. The theory is not applicable above this line.
The maximum and minimum water levels with respect to SWL are

Max WL = ho + H

10.2

Min WL =  ho - H

for 100% reflection. For = 1 we have 

Maximum depth = yc  = ho +ds+ ( (1 + ) Hi 

10.3

Minimum depth = yt =  ho +ds - ( (1 + ) Hi 
Problem: Find the maximum and minimum water depths at a vertical wall. 

· Given: ds = 20 ft; Hi=8 ft; T= 7sec
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Figure 10.4 Non-breaking wave on vertical wall (SPM 1984)
. 
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Figure 10.5 Shift ho due to non-breaking wave on vertical wall (SPM 1984)
Figure 10.4 (SPM 7.89) shows the approximate pressure distribution minus the hydrostatic pressure at the crest and at the trough of the wave on the seaward. On the landward side of a wall it is often assumed that the water level is at the SWL for the storm under consideration; if the wall is porous the inside water level could be higher than the SWL. The wall will experience net landward force on the wave runup and seaward force on the wave down rush. The area under these curves in Figure gives the force. For sheetpiling the bending moment may also be important. This can be found by integrating { y p dy } from the point of interest to the top of the pressure distribution, where p is the net pressure. 
Figure 10.6 and 10.7 (SPM Figures 7-91 and 7.92) respectively are available to estimate the net force (i.e. after subtracting the hydrostatic part) and net moment for 100%  reflection, respectively, at a vertical wall. In Figure 10.6, the forces are non-dimensional in the form F/(d2) and in Figure 10.7, the moments are made non-dimensional by M/(d3) where d is the depth from the bed to the SWL. The curves should not be used beyond the breaker limit. The non-breaking forces are based on theories developed by Sainflou for low steepness and Miche-Rundgren for intermediate and high steepness. The wave forces and moments have the form:

                               F/(d2) = function{ Hi/d, Hi/(gT2)}   ……………………10.4

                               M/(d3) = function{ Hi/d, Hi/(gT2)}   ……………………10.5
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Figure 10.6 Added force due to non-breaking waves on a vertical wall (SPM 1984). Note: the positive values are for landward force and the negative values are for seaward force.
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Figure 10.7 Added moment due to non-breaking waves on a vertical wall (SPM 1984). Note: the positive values are for landward moment and the negative values are for seaward moment.

If the wall is overtopped as shown in Figure 7-96 SPM, the force will be reduced. Figure 7-97 provides reduction factors of the forces and moments for overtopping. The wave force on the wall is reduced by overtopping.
Example: 
Find landward and seaward wave forces and moments on a Seawall.
· Given: ds = 20 ft; Hi=8 ft; T= 7sec

To obtain the total force and moment we have to include the hydrostatic load as follows:

    -------------------------------------------------(Eqs 10.6 & 10.7
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Figure 10.8  Total Non-Breaking Forces and Moments
Runup on Vertical Seawall: Figure 10-9 (Fig 7-14 SPM 1984) shows the runup at a vertical slope. 
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:-Figure 10.9 Runup at a Vertical Wall.
Overtopped Seawall

When non-breaking waves overtop a seawall, the wave force is reduced and there is a net flow of water over the seawall. Figure 10.10 shows an overtopped seawall. Figure 10.11 gives a force reduction factor for a vertical seawall. The definition of b is given in Figure 10.10.
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Figure 10.10 Overtopped Seawall
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Figure 10.11 Force and Moment Reduction Factors for an Overtopped Vertical Wall

Overtopping Flow
Silverster gives the graph in Figure 10.12 to compute the average overflow. Figure 10.13 shows an overflow chart for a sloped seawall. The overflow has the general form:
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10.9 

[image: image15.emf]Overtopping Flow


Figure 10.12 Seawall Overflow (Silvester 1974)
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Figure 10.13 Seawall Overflow on a Wall with a 3H:1V Face (Silvester 1974)
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