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1 Introduction

Bronte Surf Life Saving Club (SLSC) in Sydney (NSW) is proposed for redevelopment. As part of this
redevelopment, coastal protection structures will be constructed to protect the SLSC over its design life.
The Water Research Laboratory (WRL) of the School of Civil and Environmental Engineering at UNSW
Sydney was engaged by Haskoning Australia (RHDHV) to undertake two-dimensional (2D) physical
modelling of two seawall cross-section designs proposed for sections of the foreshore fronting Bronte
SLSC.

An aerial photo of the project site is provided in Figure 1.1 and an overview of the seawalls to be
modelled and tested is shown in Figure 1.2
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Figure
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2  Study objectives

WRL and RHDHYV developed a physical modelling program to assess wave overtopping and design
wave loading behaviour for the site, previously described using desktop methods and reported in
RHDHV'’s Concept Design and Coastal Engineering Assessment Report (RHDHV, 2024a).

The adopted physical modelling approach focused on wave overtopping flow impacts on the SLSC
precinct and, while ultimately not required during the program, this approach allowed potential
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3 Model setup and operation

3.1 Testing facility

The physical modelling program was carried out in WRL's 0.9 m wide wave flume. The flume’s
dimensions are 36 m (length) by 0.9 m (width) by 1.6 m (height). The flume walls are primarily
constructed of rendered and painted blockwork, with the exception of a glass panelled section through
which visual observations can be made. The permanent floor of the flume is constructed of concrete. A
false floor constructed from plywood was used to represent the model bathymetry (see Section 3.3.1).
A figure of the complete flume setup with dimensions is provided in Appendix A.

The flume has a piston type wave generator powered by an electric wave making system. This system
is capable of generating
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To test the sensitivity of wave overtopping to the state of the beach at the peak of a storm, a
representative accreted profile was also constructed seaward of the structures (as a modification of the
base, eroded profile; green line in Figure 3.2 and Figure 3.3). This comprised a 1V:10H ramp profile
extending from the eroded profile at -0.7 m AHD until intersecting with the structure at 4.2 m AHD for
the Vertical Seawall with Wave Deflector and at 4.4 m AHD for the Stepped Seawall.

A 3 m long dissipative beach made out of reticulated foam was fitted across the back wall (landward
end) of the flume to minimise reflections during wave climate calibration and testing.

Figure 3.2 Modelled bathymetries: eroded and 1V:10H ramp (waves travelling in a direction
from right to left)
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Figure 3.3 Modelled bathymetries: eroded and 1V:10H ramp (detailed view at structure)
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3.3.2 Model structures
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Figure 3.6 Vertical Seawall with Wave Deflector (accreted profile)
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Figure 3.9 Arrangement for measurement of overtopping

If the volume of overtopping approached the capacity of the catch tray, the water in the catch tray was
pumped out, volumetrically measured and tallied to give a cumulative overtopping volume for the test
duration. This setup allowed the measurement of mean overtopping discharge, q (L/s per m of crest
length). q was calculated by dividing the total volume of water that overtopped the structure, by the
duration of the test and normalised by the tested length of crest (16.2 m).

Individual overtopping events were also estimated by measuring the volume of water to overtop the
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Figure 3.10 Cumulative overtopping timeseries and the largest overtopping volume (Vmax)
extracted from the filtered overtopping timeseries (top) for Test 1 — Vertical Seawall with Wave
Deflector, 20 year ARI waves and 2093 planning period

The measured overtopping rates do not allow for the effects of wind due to the complexities that this
would introduce into the model setup, however, wind has been shown to have an impact on actual
overtopping rates that occur. Adjustments for wind effects can be undertaken using techniques from
USACE (2006).

3.4.3 Wave loads

Wave load testing was conducted on the wave deflector and a 1.2 m high section of the SLSC building
wall for the Vertical Seawall with Wave Deflector structure. The wave deflector and SLSC building wall
load test sections were both 8.1 m wide and were offset in the alongshore direction, to minimise any
influence from the presence of the three-dimensional (3D) load cell (attached to the wave deflector) on
direct overtopping impacting the SLSC building wall. To prevent overtopping water from remaining
pooled between the deflector and the SLSC building wall (as it is expected to drain laterally in the real-
world), the model SLSC building wall did not occupy the full flume width to allow drainage pathways
either side of it, as indicated in Figure 3.12.
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Figure 3.12 Landward view of flume arrangement for wave load testing
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Figure 3.13 Side view of flume arrangement for wave load testing

A dynamic in-situ “push test” was completed using a separate uni-directional load cell, to quantify
mechanical losses in the load-sensing section of the structure, and to verify that all forces were being
correctly distributed through the instrument rig. The extent of instrumentation noise relative to typical
loads measured in the wave flume was also assessed during the “push test”.

On the basis of these sensor-setup verification tests, a 10% uncertainty factor was applied to all provided
load measurements in this report to allow for accuracy limitations in the model setup (i.e. all measured
forces have been multiplied by 1.1).
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3.4.4 Media and data files sharing

Recorded data, including overtopping timeseries, wave load time series and videos for all conducted
flume tests were provided to RHDHYV in a secured OneDirive folder.

Individual media folders were created for each test and typically included:
f Two side view (close and far) videos of the full test duration

f 10 second videos of the three largest overtopping or wave load events
f  Overtopping or wave load timeseries
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4 \Wave climate calibration

4.1
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At the adopted scale of 1:27, the largest offshore Hus that could be produced in the physical model at
the wave maker was approximately 6.0 m. As this maximum achievable offshore Hs condition was less
than the target offshore design conditions for the proposed 20, 100 and 500 year ARI events, WRL
raised the test still water level to account for the reduced nearshore wave setup generated in the wave
flume. This was necessary due to the fact that nearshore wave conditions (i.e. close to the proposed
seawall toe) were depth limited and, as such, the wave height at the seawall was strongly dependent
on the total water depth including wave setup.
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=39% x(94 —-58 )=014 (4.3)
= 148 +(39% x94 )= 185 (4.4)
Following this approach, WRL matched the TWL at 0 m AHD to within 0.02 m of the target TWL for the

20, 100 and 500 year ARI conditions. Wave climate statistics at the Offshore, Nearshore and Structure
locations are presented in Table 4.2.

Table 4.2 Measured wave climate conditions at the Offshore, Nearshore and Structure locations
and total water level at the Structure

Target WRL Measured
WRL Offshore Offshore Nearshore Structure TWL at Structure
desian (23 m AHD) (-23 m AHD) (-5 m AHD) (0 m AHD) (0 m AHD)
# Hus Tp Hus Te1* Hus Te1* Hus Tz** Target Measured
(m) (s) (m) (s) (m) (s) (m) (s) (mAHD)  (m AHD)
1 5.8 13.4 5.8 13.3 3.1 13.3 0.6
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5 Results

5.1 Overtopping results
5.1.1
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Table 5.2 Overtopping volumes for individual overtopping events

RHDHV
test ref. Structure Bathymetry
#
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Figure 5.3 Comparison of overtopping timeseries for the Vertical Seawall with Wave Deflector
and Stepped Seawall structures

Figure 5.4 Comparison of overtopping timeseries for the Vertical Seawall with Wave Deflector
structure with a fully eroded profile and an accreted (1V:10H ramp) profile
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Figure 5.5 Image sequence comparison of Vmax event (18,700 L/m) for the Stepped Seawall (left)
[Test 9] and the Vmax event (10,000 L/m) for the Vertical Seawall with Wave Deflector (right)
[Test 4] subject to Design Condition 1
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Figure 5.6 Image sequence comparison of Vmax event (13,000 L/m) for the accreted profile (left)
[Test 2] and the Vmax event (20,300 L/m) for the eroded profile (right) [Test 1] with the Vertical
Seawall with Wave Deflector structure subject to Design Condition 3

5.2 Wave loading results

A single load test (Test 10) was conducted on 8.1 m wide sections of the wave deflector and the SLSC
building wall for the Vertical Seawall with Wave Deflector Structure, subject to Design Condition 6 - 500
year ARI waves and 2093 planning period. A summary of load test results including the largest force
measured (Fmax) on both the wave deflector and the 1.2 m high section of SLSC building wall, is provided
in Table 5.3.

The total force time series (combined horizontal and vertical) for the wave deflector is provided in Figure
5.7. Atimeseries excerpt and an image sequence of the wave deflector Fmax event are provided in Figure
5.8 and Figure 5.9, respectively. The horizontal force values are positive in the landward (i.e. incident
wave) direction. The horizontal force time series for the SLSC building wall is provided in Figure 5.10.
A timeseries excerpt and an image sequence of the SLSC building wall Fmax event are provided in Figure
5.11 and Figure 5.12, respectively.

Following RHDHV'’s request, WRL conducted a complimentary repeat of Test 10 with the SLSC building
wall extended to the wave flume glass wall (i.e., no drainage pathway) to provide a clearer view of the
overtopping dynamics against the SLSC building wall during the largest wave loading events. Image
sequences provided in Figure 5.9 and Figure 5.12 were captured during this repeat test.
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Figure 5.8 Fmax event (195 kN/m) for the wave deflector

Figure 5.9 Image sequence of the Fmax event (195 kN/m) at 3,087 s on the wave deflector
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Figure 5.10 Total force timeseries for the 1.2 m high section of SLSC building wall
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Figure 5.11 Fmax event (53 kN/m) for the 1.2 m high section of SLSC building wall
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Figure 5.12 Image sequence of the Fmax event (53 kN/m) at 2,590 s on the SLSC building wall
for the repeat test
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6 Summary

6.1 Overview

WRL completed physical modelling for two seawall cross-sections fronting the proposed redevelopment
of the Bronte SLSC, including:

1 Vertical Seawall with Wave Deflector — A vertical seawall with a wave deflector (deflector crest
level 5.8 m AHD) and a 3.6 m wide access ramp
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Mansard, EPD & Funke, ER 1980, ‘The Measurement of Incident and Reflected Spectra Using a Least
Squares Method’, Proceedings of the 17" International Conference on Coastal Engineering,
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Appendix A Flume setup — Testing
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Appendix B Flume setup — Wave climate calibration
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Figure C-2 Stepped Seawall (all dimensions in metres unless otherwise stated)
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Appendix D Wave climate calibration

Design Condition 1 - 1 year ARI waves, present day planning level

Wave period (s) Wave height (m) Wave
reflections
Name To1 Tm 10 T, Hiss Hmo Havg Hio Hso, Haoe Hwax removed
X1 13.2 14.2 10.6 5.98 5.99 3.71 7.76 8.72 10.44 12.28
Offshore
X2 13.2 14.3 10.8 5.93 5.94 3.71 7.66 8.54 10.16 12.20
Offshore
X3 13.3 18.2 10.9 5.93 5.92 3.72 7.66 8.62 10.59 12.73
Offshore
3PA 13.3 11.9 10.4 5.80 5.89 3.61 7.40 8.16 9.80 11.74 X
Offshore
X1 13.5 20.0 10.1 3.95 3.82 2.79 4.55 4.82 5.39 5.98
Nearshore
X2 13.5 21.1 10.1 3.74 3.64 2.64 4.26 4.50 4.97 5.64
Nearshore
X3 13.6 22.6 10.4 3.61 3.50 2.60 411 4.36 4.80 5.48
Nearshore
3PA 13.3 11.2 8.0 3.08 3.32 2.04 3.53 3.74 4.16 4.68 X
Nearshore
X1 - - 14.4 0.93 1.17 0.61 1.21 1.39 1.74 2.08
Structure
X2 - - 13.7 0.95 1.22 0.62 1.22 1.37 1.70 1.98
Structure
X3 - - 14.1 0.83 1.06 0.51 1.12 1.28 1.59 1.72
Structure
3PAstructure - - 7.2 0.60 0.69 0.34 0.78 0.88 1.06 1.44 X

* Tpy and Tm.10 at the structure (0 m AHD) not included as a significant portion of broken waves resulted in long wave generation.
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* Tpy and Tm.10 at the structure (0 m AHD) not included as a significant portion of broken waves resulted in long wave generation.
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