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Abstract

Photogrammetry has been utilised for a significant amount of time, originally being use by
the military as renaissance surveys to capture information in the field. This technology has
science has now progressed and is now used within the field of surveying for spatial
solutions, such as Digital Surface Models (DSM) and monitoring surveys. With the
introduction of small, cheap, Unmanned Aerial Systems (UAS) in more recent years, and
the technology in GPS equipment and satellites available becoming ever more reliable, it
makes the surveyor question, what kind of accuracy can we achieve with UAS and is it
comparable to that of the GPS?

This paper focuses on a comparison of accuracy between conventional Cors RTK GPS
System and the commercial based UAS photogrammetry data from a DJI Phantom 4 Drone.
These systems are becoming more and more common within the work area and have become
significantly more advanced but also significantly cheaper. The UAS platform (DJI Phantom
4) has all the capabilities to perform a photogrammetric survey, tethered with in-house
mission planning programs such as litchi, this gives the drone and user full autonomous
capabilities and to create a flight path with the ample amount of overlap required to create an
accurate 3D model of the project area.

This paper will compare the data sets collected between the GPS survey and the UAS survey
completed to analyse the accuracies between the two and whether this method of surveying
can accurate monitor a sea wall and the movements that may occur. The accuracy can be
illustrated between the two types of survey through the use of a statistical analyse of the data
creating a confidence interval expressed in the form of RMSEx, RMSEy and RMSEXxy. This
method will also be used to check the accuracy between the two types in relation to
elevation, thus ensure all three dimensions of error are checked, with hopefully similar
results being obtained between the two.

Photogrammetry, more so UAS, will change the survey industry. As technology continues to
advance so will the methods in which data can be captured and the cameras used, this will
enable the user a much more accurate result, creating better solutions and more project
opportunities into the future. However with the standard of UAS or drones currently
available in the market and within the price range of a DJI Phantom 4, it would of best
practice to limit the range of data that is captured and the accuracies in which are required.
Currently the accuracy of the UAS or drone is limited by many factors, but it would be best
practice to assume the drone is accurate to +/- 30mm in distance and +/- 50mm in elevation.

Although the results of this project satisfied the aim of this project, it is recognized that these
results can be improved by alternative methods mentioned in the discussion section of the
report and as well as number of recommendations for future research to better understand
the limitations of these systems in providing spatial data.
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1. Introduction

Seawalls have been utilised throughout the coastal regions of Australia for many decades
now, for both protection and land mitigation reasons. Seawalls can consist of many different

materials and can be built using many different methods.

In the past, seawalls used to be built from concrete, rocks old car bodies, building rubble,
tyres, sandbags and any other items deemed suitable at the time to try and prevent the
erosion of the shoreline. As illustrated in figure 1 below, old vehicles were used in the

Erosion Management of 1967.

As time has progressed on, it has become necessary to ensure the seawalls are built correctly
and will not fail during the first or 100th natural event. Therefore, it has become necessary to
build seawalls according to the shape required and the materials most suited for the
structure. Such materials are; Reinforced Concrete, Geotextile containers, gabion baskets,

mass concrete or sheet piles.

Even with seawalls being built to a higher standard, it is still a requirement to monitor the
seawalls for any damage or movement over time. Previously only a visual survey could be
taken of the seawalls, giving only a minor check on the whole structure, this may also
include minor boreholes. However with advancements in technology it is now possible to
get a more thorough screening of the seawalls by using other methods such as, but not
limited to; conventional survey methods, Aerial Photogrammetry, Ground Penetrating Radar

& infrared thermography.

This aim of this report is to illustrate two selected methods of surveying both used for
capturing and monitoring data of a nominated seawall. The report will go onto further cover
information on the previous methods and materials used the current materials and methods
used, and the monitoring methods previously and currently being adopted to ensure the

seawalls built are maintained and monitored.

The report will further discuss the ideal method of capturing this data and the accuracies
achieved between the use of commercial based drone photography and conventional GPS
Surveying. This will be illustrated during the report with a comparison of the point cloud

data and RTK GPS Data captured during the practical phase.

This project is designed to provide information on the use of a commercial based Drone as a
survey tool, to monitor the movement and degradation of seawalls. It will help to give

guidance in to the accuracies of the data and the timeframe to complete the task.



The expected outcomes of the project include:
= |dentification of the most practical survey method, either RTK GPS or Drone
= Demonstration of UAV flight path and Data capturing
= Analyse survey methods and illustrate most suitable and accurate method
= Demonstrate the productivity of Pix4D and whether the program is suitable for the
task and if it is effective and accurate.
= A final comparison between the original each monitoring DTM from the 3D point
clouds.
The above information will help to promote more effective ways of surveying coastal
seawalls whilst still maintaining high levels of accuracy.

Figure 1, Erosion Management 1967

(Engineering, 2017)

1.2  Aim and Objectives

1.21 Aim

This report aims to give a clear and concise understanding of the previous and current
methods used with capturing and monitoring the seawalls installed on the Gold Coast, whilst
producing an accuracy report between two survey methods used; RTK GPS and Commercial

Based Drone Photogrammetry.



1.2.2 Objectives
Below is a list of the objectives required to complete the Project? This is only a brief outline
of the works involved to be able to complete the works. A more detailed list of tasks and

methods required has been outlined in section 3.3 Methodology.
The Objectives of this report are;

e Review previous information on how seawalls are built and the materials used

¢ Review and analyse the current materials and methods used for seawall development

e To establish a project site with an open seawall to enable a monitoring survey to be
conducted.

e Review and analyse the designs of UAV/Drones available to establish the drone
most suitable for the task

e Evaluate and adopt or enhance the current methods used to monitor seawalls

o Establish the most suitable flight path, height, angle and speed depending on the
drone/camera used

o Establish site control/datum to give accurate results during the flight phase

e Monitor Seawall using chosen methods

¢ Review most suitable methods to capture data using a drone for photogrammetry
purposes

e Create 3D point cloud using photogrammetry survey.

¢ Evaluate and compare the two survey methods and the data captured for accuracy
standards & comparison

¢ Evaluate and conclude the quickest, most reliable and most accurate method of the
two

1.3 Justification

North Group has constantly been striving for excellence within the surveying industry, but
also within innovation in relation to drones and even remote scanners. As they strive for
quicker and more accurate ways of producing survey data for the client, conventional

methods of surveying will not suffice.

With the introduction of UAS and the recent relaxation of rules and regulations associated
with flying drones(CASA 2017), it helped sparked an interest into what would be a more
productive way of surveying within our industry, and what better way than to compare data

based on an already established area of surveying.



1.4  Scope of Research

The scope of research will help to provide a clear understanding of the Seawall Structures,
their use and flaws, the methods in which were previously used to monitor the seawalls and

the advancements in technology today.

A literature review was undertaken to further develop the idea towards the research project
and to assist the reader with further knowledge on the topics covered. The purpose of the
review was to gather all relevant information about the following:

e The General Characteristics of a Rotary Wing Drone and RTK GPS
e CASR Standards

e Design Criteria of Seawalls

e Flight Altitude & Control Points

e Monitoring & Maintenance of Seawalls

o Data Processing and DTM Generation

The above sections summarise the salient points and the literature review is provided as

Section 2.

1.5 Conclusion

Surveying as whole an industry has grown significantly over time, especially with
advancements in technology. With this, the surveyor isn’t just required to understand land
cadastral systems, but also the ca programs and other innovations too such as UAVs, UAS
and scanners. Surveyors are now required to find new and innovative ways to perform daily
tasks to cut costs and improve profits. Spatial scientists are faced daily with complex tasks,
which would question whether the conventional means of surveying is the most efficient or
effective. It is common practice for surveyors to conventional methods, including GPS to
monitor survey walls; however it has not been assessed to see whether UAS would be
capable for the task. UAS are lightweight, cheap and take good quality photos which can be
used for photogrammetric purposes. The following paper looks at the achievable accuracy of
the middle range UAS and compares those accuracies against that of the conventional GPS

Surveying methods.



2 Literature Review

2.1 Introduction

The following literature review and analysis is necessary to gain a broader understanding of
the research topic, fulfilling the research objectives and identifies the current gap of
knowledge surrounding RTK GPS and Drone Surveying for the use of Seawall Monitoring.

The focus of the literature assessment includes;

o Defining the key characteristics of a rotary wing drone and the RTK GPS Unit.

e ldentifying the key elements and failure modes for small coastal seawalls.

e Survey methods and examples that may also be useful for determining the structure
of an existing seawall, including flight heights and pixel quality.

e Local government asset management plan in reference to small seawalls, including
monitoring & maintenance.

¢ Identifying the key elements of a small coastal seawall and the materials in which
they are constructed.

o The CASR standards of local and private flight of UAVs and small commercial

drones, in reference to public areas and occupied flight space.

2.2 Design Criteria of Seawalls

Seawalls can also be referred as a revetments, are usually considered to be sloping and

flexible, whilst a seawall may be either vertical or sloping, and either rigid of flexible.

The following definitions are presented from standard coastal engineering references.

Seawall

Seawalls are onshore structures with the principal function of preventing or alleviating
overtopping and flooding of the land and the structures behind due to storm surges and
waves. Seawalls are built parallel to the shoreline as a reinforcement of a part of the coastal
profile. (USACE, 2003, p VI-2-1)

A structure separating land and water areas, primarily designed to prevent erosion and other
damage due to wave action (SPM, 1984, p A-30).

Revetment
Revetments are onshore structures with the principal function of protecting the shoreline
from erosion. Revetment structures typically consist of a cladding of stone, concrete, or

asphalt to armour sloping natural shoreline profiles. (USACE, 2003, p VI-2-1)



A facing of stone, concrete etc., built to protect a scarp, embankment, or shore structure
against erosion by wave action or currents (SPM, 1984, p A-28).

Protective structure normally placed on an embankment or profiled fill material, normally to
form a seawall (CIRIA, 2007, p 9.)

The following document was used to provide guidance on the design of coastal structures
which are considered in the industry to provide current best practice methods and advice:
e Withycombe, G., Lord, D., Tomlinson, P. and Armstrong, D. (2013). Assessment
and Decision Frameworks for Seawall Structures. 1st ed. [eBook] Manly Vale,
NSW: Water Research Laboratory. Available at:

http://www.sydneycoastalcouncils.com.au [Accessed 5 May 2017].

There are numerous Australian Standards which cover materials involved in coastal
structures, but there are none which specifically address the design of coastal structures.
AS4997 (2005) Guidelines for the design of marine structures excludes rubble coastal
engineering structures but contains valuable information on probability and the choice of a
design event. (Withycombe et al., 2013).

However due to the expense of the AS4997 Standard, this document cannot be accessed for

the purpose of this report.

2.2.1 Main Types of Seawalls
Seawalls or revetments are typically located parallel to the shore line and can be either
classes as a sloping-front structure or a vertical-front structure. Further descriptions of each

type of seawall/ revetment are outlined below;

o Sloping Front Structure
o Flexible rubber mound structure — self adjusting toe and crest

o Fixed form position
Typically built from;

= Randomly placed amour (Rock and or concrete units)
= Pattern-placed concrete amour units
= Reinforced concrete
= Geotextile containers
= Gabion baskets
e Vertical Front Structure
o Tiedin

o Gravity



o Cantilever

o Typically act as retaining wall

Typically built from;
= Composed of Stone or Concrete Blocks
* Reinforced Concrete
= Mass concrete

= Steel sheet piles (Withycombe et al., 2013).

Figure 2, Sloping Front Seawall Structures

ROCK RUBBLF- MOUND syt
ARMOR

GEOTEXTILE

DESIGN BEACH ——’,3// ROCK UNDERLAYER

EMBEDDED TOE

(a) Rock armour

ol donalon for
RANDOM PLACED CONCRETE IIXE e
ARIMOR UNITS AN D

ROCKTOE .05

DES‘G“ E‘ el N Y, )
-_— YL

ROCK UNCERLAYER

(b) Random placed concrete armour units
WAVE RETURN WALL

CONORETE SLARS b i e
WTEALOCKING OR )
NOT INTERLOCKING X

SMOOTH
CEOTEXTILE

AOCK LNDERLAYER
(c) Concrete slabs or pattern placed concrete armour units

pROMENADE/RCAD
e ————

p—
pr———

(d) solid concrete



Figure 3, Vertical Concrete Gravity Sea Wall
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Figure 4, Vertical Stone Gravity Wall

Withycombe et al., (2013).

2.2.2 Failed Seawalls and Causes
Seawalls, if not built correctly may have adverse effects and cause more damages than

before. It is crucial to ensure the seawall is built correctly and is maintained.
The US Corps of Engineers (USACE, 2003), defines the failure of a coastal structure as;

Damage that result in the structure performance and functionality below the minimum

anticipated by design.



As each seawall has been built from different materials or serves a different purpose, the

failed seawall may have different reasons failing. Some of the most common reasons are

outlined below, as per (Withycombe et al., 2013).

Failure occurs when the structure, including its foundation or the individual
structural components cannot withstand the current load conditions within the
design criteria.

Failure due to exceeded load. Result of underestimated design conditions.

Failure due to build and or materials. Result of poor building materials and
unsatisfactory building techniques.

Failure due to deterioration. Result of structure deterioration over a period of time

and lack of site monitoring and maintenance.

Some of the most common failure causes in rigid seawall structures as detailed by
(Withycombe et al., 2013) are;

loss of structural integrity, due to wave impact

sliding, in which the wall moves away from the retained profile

undermining, in which the sand or rubble toe level drops below the footing of the
wall, causing the wall to subside and collapse in the hole

slip circle failure, in which the entire embankment fails

erosion of the backfill, caused by wave overtopping, high water table levels, or
leaching through the seawall

overturning, in which the wall topples over

(Withycombe et al., 2013)

Below are some examples of failed seawalls noted from various countries. This is to help

give an understanding and the impacts caused from poor materials, underestimating and

design may have.



Figure 5, Sink Hole at St Clair Sea Wall

(What if? Dunedin..., 2017)

This was caused due to an underestimation of the impacts caused from the wave impacts
against the seawall causing an ‘Undermining’ of the sand underneath the seawall.

Below is an image of a broken and un-maintained seawall. Here you can see degradation
caused from prolonged wear and tear from the natural surroundings. However it is obvious
that this was neither monitored nor maintained to prevent further damages.

Figure 6, Broken and un-maintained sea-wall

(Limited, 2010)
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2.2.3 Coastal hazards
The above mentioned common failures within Seawall, both vertical and sloped are usually

caused by three types of coastal Hazards;

e Erosion of sand. Usually caused from storm events and noted at the front of the
seawall.

e Wave overtopping. Usually caused from elevated sea levels and storm wave
conditions.

o Wave Impact. Usually caused by elevated water levels and large waves, more

likely during storms (Withycombe et al., 2013).
A further description of each hazard and the destruction caused is briefly outlined below.

2.2.3.1 Wave Impact & Wave Overtopping

Wave overtopping and wave impact are generally caused from an inundation of direct wave
impacts on the seawall structure. During an event of a storm these wave impacts can
increase significantly, causing significant and costly damage to the structure, including the
parapets and concrete caps and the surrounding area. Overtopping may also cause saturation
of the soil profile, increasing pore water pressure and increase chance of land sliding. See
figure 7 & 8 below, illustrating the overtopping caused back in 1960 on the Gold Coast.
(Withycombe et al., 2013).

Figure 7, 1960 Kirra Surf Pavilion

(Goldcoast.qld.gov.au, 2017)
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Figure 8, 1960 Palm Beach Original Sea Wall

(Goldcoast.qld.gov.au, 2017)

2.2.3.2 Erosion

Erosion can have devastating effects on the coastal lines, most notably after storms. Erosion
of the sand during and after storm events can cause the reduction of beach levels fronting the
seawall and consequently undermine the foundations of the seawall (See Images 9 & 10). As
the sand is washed away and the erosion worsens, this can be potentially devastating,
causing the seawall to fail by exposing the toe of the structure to direct wave impact, or by
reducing foundation support. There are several factors directly related to the undermining of
seawalls outlined by (Withycombe et al., 2013).

o seawall toe design and toe levels as determined by previous geotechnical
investigations or from design drawings (when available)

e average and minimum levels against the seawall, as determined through analysis of
historical profile variations (photogrammetry analysis)

e storm demand or estimated volume of sand eroded (above mean sea level) during
the design extreme erosion event

e typical pre-storm volume of sand above mean sea level as determined through
analysis of historical profile variations (photogrammetry analysis)

e Wave conditions and exposure.

12



Figure 9, Gold Coast Beach Erosion

(Moore, 2015)

Figure 10, Erosion caused by Severe Storm, NSW

(Keen, 2016)

Other contributing factors such as the location of the seawall will contribute to extent of
environmental influences and hazards such as waves and erosion the seawall will come in
contact with. Seawalls located high up on the beach will have little daily interaction with
environmental hazards and influences, but may however be final defence line for the coastal
region, such as the A-Line on the Gold Coast.

13



If however the seawall is short or doesn’t have adequate end protection, this may leave the
seawall vulnerable to erosion and recession of the beach adjacent to the structure resulting in
outflanking and failure during storms. (Withycombe et al., 2013)

Figure 11, Gold Coast A-Line

(Goldcoast.qld.gov.au, 2017)

Seawalls just like any other structure must have certain classification and design parameters
that it must meet. This can be illustrated below in figure 12 and table 1 using the Weggel

(1988) Classification system.

Figure 12, Weqgel Sea Wall Classification
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Table 1, Weggel Sea Wall Classification

Type Location of Seawall
1 Landward of maximum level of runup during storms. The wall does not affect either hydraulic or
sedimentation processes under any wave or water level conditions, although may affect asolian
processes

2 Above still water level of maximum storm surge and below the level of maximum runup. Exposed
only to the runup of waves during storm events

3 Above normal high water and below the still water level of storm surge. Base will be submerged
during storms and during exceptionally high astronomical tides but will normally be above water

4 Within the normal tide range; base is submerged at high water

Seaward of mean low water; base is always submerged; subjected to breaking and broken waves

6 So far seaward that incident waves do not break on or seaward (of the wall)

(Weggel 1988)
2.3 Monitoring, Maintenance and Rehabilitation of Seawalls

2.3.1 Introduction

Seawalls are a man-made structure placed into an environment that is unpredictable and
sometimes harsh. The materials that seawalls are made from are not permanent and are
susceptible to damage and deterioration over periods of time. Depending on the nature of the
event, seawalls may be damages by storms and is cause over a short period of time or may
deteriorate gradually over time from environmental features such as wind, waves and sand.
Generally, as a seawall gradually deteriorates, the damages often go undetected because the
seawall continues to function as originally intended. However if left uncorrected, this could

lead to partial or complete failure. (Withycombe et al., 2013)

It has been noted that in Withycombe et al (2013) outlines the need for an adequate
maintenance program and that it is critical in order to ensure that a seawall continues to

operate during its designed life.
Seawall maintenance consists of the following essential elements:

e The monitoring and inspection of seawalls for both environmental conditions and
structure response.

¢ Evaluation of the inspection and monitoring data relative to the design specifications

o Evaluate an appropriate response based on the assessment of the seawall. Either take

no action, rehabilitation or repair all or parts of the seawall.
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(Withycombe et al., 2013).

2.3.2 Monitoring of Seawalls

Monitoring of seawalls is not an easy task and it is difficult to understand what parameters
of the seawall to monitor, how to evaluate the monitoring data and consequently what
preventive or corrective action needs to be undertaken.

Withycombe et al (2013) goes onto further discuss the guidance on monitoring and

maintaining of coastal structures based on literature review on the following documents.

o CIRIA (2007), The Rock Manual: the use of rock in hydraulic engineering, 2nd
edition, CIRIA C683, London.

e Coastal Engineering Manual (USACE, 2003), Chapter 8 Monitoring, Maintenance
and Repair of Coastal Projects, EM 1110-2-1100 (Part V1) 1 June 2006, US Army
Corps of Engineers.

e Bray, R N, Tatham, P F B (1992). Old Waterfront walls: Management, maintenance,
and rehabilitation. E. & F.N. Spon (Imprint of Chapman and Hall), London, 1992,
ISBN 0-419-17640-3, 267 pp.

At closer inspection of the documents outlined above, it is clear that seawall monitoring can

be divided into two categories: Conditions Monitoring and Performance Monitoring.
Condition monitoring

Is where a successful preventative maintenance program is implemented, with visual and

physical inspection required, which may include;

e Principal Inspections: These may include a detailed examination of all aspects of the
seawall, including any areas underwater or with difficult access.
o Implemented between every two and ten years. This can vary depending on
the age of the structure and are carried out by qualified engineers
e General Inspections: This inspection should be carried out by trained technical staff,
as it is a more formal and detailed.
o Implemented approximately every two years
o Special Inspections: These investigations are carried out following specific events
such as extreme events, floods, storms or when any other inspection indicates a
cause for major concern.
o Superficial Inspections: These inspections report any defects changes or unusual
features of the seawall

o Implemented multiple times a year
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Performance Monitoring
This function of monitoring requires a trained personnel to visually inspected the seawall
during events of either flooding, large swells or after a large event to assess the structures

behind the seawall. This will be used to assess the performance of the nominated seawall.

2.3.3 Current and Previous Techniques of Seawall Monitoring

There are several monitoring techniques available to asses a seawall and each technique only
provides a specific amount of detail. A summary of the reviewed monitoring techniques and
range of applications is illustrated below in table 2 (Withycombe et al (2013).

Aerial Photography — This method of monitoring seawalls can primarily be used to capture
the sand level at the toe of the seawall/bedrock. It can also be used to monitoring the rock
locations and seawall crest levels. These features will make the primary base line of this

report, allowing easy access for the assessment.

RTK GPS — This method of monitoring seawalls can primarily be used to capture the
seawall crest levels and the stability of the seawall. This method will also be adopted and

used in conjunction with aerial photogrammetry against the baseline control installed.

Section 2.4 of this report goes into further depth and discussion of the characteristics of what
a UAV is and what RTK-GPS Surveying is and how they can be used. Section 2.7 of this
report outlines what Aerial Photogrammetry is and the way it is performed and also

illustrates the accuracies that can be achieved.

The below figure illustrates the location of the points that captured and monitored during the

project.
Figure 13, Sea Wall Monitoring Points, (TPPCP, 2013)
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Table 2, Monitoring Techniques and Parameters

0
Q
al IE
2 i
o [=
T s) S
al, 1z |5 |3 3
= 3 |¥ 3
Z |la |2 |5 |5 |PF =3
= |= - | |& =]
|12 |5 FEER R 3
P~ I 3 |E |a g_
5 |F ﬁ w |8 [ ]2 Py
sle |2l 7|2 |2 a
@ |8 |7 s |= a |2 3
: [z |22 |z([® 3
w |@ a = g
— ~ 1T |le -
m|F =™ L]
i —+
= |3
s w
= i
5
x| K K| |K|X%
S Aerial Photogrammetry
X|x|®X|xK|x%
e Boreholes
»x x ®x|x
B i CCTV cameras
1 K|K|K|&K|X
R Fibre optic deformations sensors
» AR AR AR
NS RTK-GPS
5= ®
N N NS Ground Penetrating Radar §
x| x|x|x|x % 3
N Infrared thermography g'
3
]
IR L B B e R Jet Probe -
o
2]
R|IRK|® w
b e Parallel seismic ;:r
)
X|®x|% x|% L
e N Prassure sensors o
R L L e Side scan sonar
x x|x|x|s|x]x%
Step wave gauges
x|x|x|<|x|x]|x% x & o
Tail-scour manitoring
K| K| KX | XX
. Ultraseismic
K| x| x|Xx XK
N Volumetric tanks

(Withycombe et al (2013).

18



2.3.4 Current and Previous Methods of Seawall Maintenance and
Rehabilitation

There are several situations in where a seawall may fail. This may be due to severe weather

conditions, over time wear, poor management and poor building and materials. If however

the seawall has been completed compromised, it may be necessary to replace the seawall.

This is only when the existing seawall is beyond repair.
However there are known methods to both modifying and repairing an existing seawall.

2.3.4.1 Modifying the Seawall
Modifying the seawall can assist with how the weather and other features; such as tides and

public use may impede on the structure.

If a seawall has been overloaded or is at risk of exposure to severe weather conditions which
may be exceeding the design load, it may be possible to alter the surrounding environmental

conditions. Some methods are;

¢ Reduce the depth of water in front of the seawall — This creates less chance of was
out under the toe of the wall.
e Modification of wave conditions — this can be done through the use of dredging

which can help to break a well prior to the seawall.

Other factors such as water pore pressure or earth pressure from behind (earth side) may be
contributing to the safety and stability of the structure, causing it to become unsafe, with
higher potential for overturning or sliding. It may be necessary to perform other

modifications to the rear of the wall, such as;

e Grouting up the backfill — This will reduce the active pressure on the wall
e Improving drainage of backfill material — this will help prevent the pooling and

liquidising of the earth behind the wall, potentially compromising the wall.

Other modifications that can significantly help the longevity of the sea wall would be to
increase the stability. The below methods can help to assist with preventing slide or overturn

and can increase the bearing strength of the wall.

e Rocks placed at front of wall — works as a counterweight
e Ground and rock anchors — increase the resistance of seawalls to slide or overturn

e Piling — improves the strength of the wall.

(Withycombe et al (2013).
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2.3.4.2 Rehabilitation and Repair of the Seawall
Seawalls without proper care and monitoring may end up getting damaged and require
rehabilitation and repair. Some repairs however, such as the seawall toe, are typically carried

out under water. Some methods of seawall toe repair are;

¢ Injected grout aggregate

e Grout-filled bags

e Cut off sheet piles — sheet piles that are driven/vibrated to a specific depth then cut
off at the height of the toe.

Some protection methods for seawalls are;

o Installation of rubble toe protection
e Dredging — changes wave movements

e Concrete mattresses

If however all modifications and rehabilitation methods have failed and the wall has become
either, damaged, exposed, over loaded, or just need general repairs , below is a list of some

methods/practices used to repair he sea wall.

e patching of the wall structure above or below water
e grouting of wall structure
e crack and joint sealers
e masonry bonding, stitching, dowelling and wedging
e replacement of stone
e Sprayed concrete.

(Withycombe et al (2013).
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