A SPECTRAL APPROACH TO THE
TRANSIENT ANALYSIS OF
WAVE-FORMED SEDIMENT RIPPLES

by Joseph P. Davis

Submitted in fulfilment of the requirements for the degree of
DOCTOR OF PHILOSOPHY

JUNE 2005

FACULTY OF ENGINEERING, COMPUTER AND MATHEMATICAL SCIENCES

School of Civil and Environmental Engineering %2d) THE UNIVERSITY
L8 OF ADELAIDE

AUSTRALIA




A SPECTRAL APPROACH TO THE TRANSIENT ANALYSIS OF
WAVE-FORMED SEDIMENT RIPPLES

By: Joseph P. DavidB.E. Environ. (Hons)

JUNE 2005

Thesis submitted in fulfilment of the requirements for the degree of

Doctor of Philosophy

School of Civil and Environmental Engineering
Faculty of Engineering, Computer and Mathematical Sciences
The University of Adelaide SA 5005 Australia

Telephone: +61 8 8303 3744

Facsimile: +61 8 8303 4359

Web: www.civeng.adelaide.edu.au
Email: enquiries@civeng.adelaide.edu.au

Electronic File Created: June 11, 2005, 12:37pm



Table of Contents

Table of Contents

List of Figures

List of Tables

List of Plates

Abstract

Statement of Originality

Acknowledgements

List of Symbols

1 Introduction

1.1 ResearchBackground . .. ... ... ..........
1.2 ResearchObjectives. . . .. ... ... .........

1.3 Layoutand Contentsof Thesis . . . .. .. .......

2 Literature Review: Wave-Formed Rippled Beds

2.1 Traditional Ripple Prediction Methods . . . . . . .. ..
2.1.1 Stable Ripple Prediction Methods . . . . . . ..

2.1.2 Limitations of the Traditional Methods

2.2 Rippled Bed GrowthModels . . . . ... .. ... ....

Vil

Xi

Xiii

XV

XVii

XiX

XXi



Table of Contents

2.2.1 Moveable Bed RoughnessModels . . . . .. ... ...... 26
2.2.2 Ripple DevelopmentModels . . . ... ... ... ....... 28
2.3 Spectral Analysis Techniques . . . . . . . .. ... ... ....... 32
2.3.1 Historical Development . . .. ... ... .. ... ...... 33
2.3.2 Theoretical Spectral Forms of RippledBeds . . . . . .. ... 36
24 SummaryandDiscussion . . . . . ... oo 38
25 TheResearchGap. . . . . . . . . . . i it 40
Experimental Procedure 41
3.1 Laboratory Equipment . . . .. .. ... .. ... ... 42
3.1.1 Wave Generation and Measurement Systems . . . . ... .. 43 .
3.1.2 SandBedParameters . . . . . ... ... ... ... ..., 45
3.1.3 Ripple MeasurementSystem . . . ... ... .........47
3.2 Experimental MethodandTests . . . ... ... ........... 51
321 GrowthTests . . . ... ... . ... 51
3.22 EquilibriumTests . . . . . .. ... ... 55
3.23 TransitionTests . . . . . . . . . . ... 58
3.3 Spectral Definitions and Spectral Stability . . . . .. ... ... .... 59
3.3.1 Spectral Definitions . . . . . .. ... ... .. . L. 61
3.3.2 Stability of the Water Surface Spectrum . . . . . .. ... ... 61
3.4 SummaryandDiscussion . . . . .. .. ... o 63
Rippled Bed Parameterisation 65
4.1 Traditional Parameterisation . . . . ... .. .. ... ... ... ... 66
4.1.1 TheRipple Histogram . . .. ... ... ............ 67
4.1.2 \Variability of Ripple Parameters . . . . . . ... ... ..... 70
4.2 Spectral Parameterisation . . . . . . .. ... oL 77
4.2.1 Bottom Elevation Spectrum . . . ... ... ... ... 78
4.2.2 SpectralFiltering . . . . . .. ... ... .. oL 82
4.2.3 TheRipple Spectrum . . . . .. ... ... ... ... ... 83



Table of Contents

4.2.4 Spectral Parameters. . . . .. .. .. ...

4.3 Summary and Discussion . . . . ... ... .....

5 Rippled Bed Prediction

5.1 The Wave-Ripple Spectral Relationship . . . . ..

5.1.1 Conversion of the Water Wave Spectrum

5.1.2 Spectral Comparisons . . . ... ... ...

5.2 Prediction of the Ripple Spectrum . . . . ... ...

5.2.1 The Non-Dimensional Ripple Spectrum

5.2.2 The Non-Dimensional Spectral Form . . . .
5.3 Performance of the Spectral Method . . . . . . ..

5.4 Summary and Discussion . . . . .. ... ... ...

6 Ripple Bed Transients

6.1 RippledBedGrowth . .. ... ...........
6.1.1 Ripple Spectra Growth . . . . ... .. ...
6.1.2 Ripple Parameter Growth. . . . . .. .. ..

6.2 Rippled Bed Transition . . . . ... ... ......
6.2.1 Ripple Spectra Transition. . . . . ... ...
6.2.2 Ripple Parameter Transition . . .. .. ...

6.3 Rippled Bed Evolution Model . . . ... ... ...

6.4 Summary and Discussion . . . . .. ... ......

7 Conclusions and Recommendations

7.1 Conclusions . . ... ... ... ... ... .. ...
7.1.1 Rippled Bed Parameterisation . . ... ...
7.1.2 Rippled Bed Prediction . . . . ... .. ...
7.1.3 RippleBed Transients . .. .. ... ....

7.2 Recommendations for Future Work . . . . . . . . ..

References



Table of Contents

Appendices 167
Appendix A Conference Papers 169
Appendix B Published Journal Paper 171
Appendix C Wave Reflection Tests 189
C.1 Introduction . . . . . . . . . . 189
C.2 Experimental Procedure. . . . . . ... .. .. .. ... .. ..... 191
C.3 ResultsandDiscussion . . . . .. ... ... ... ... .. ..., 194
C.4 SummaryandConclusion. . . .. ... ... ... ... ....... 196
Appendix D Wave Measurement Probes 199
D.1 Wave Probe Calibration Procedure . . . . . .. ... ... ...... 200
D.2 Wave Probe Accuracy Tests . . . . . . . . . . . . 201
D.2.1 ProbeTest#1 .. ... .. ... . .. ... ... .. ..., 202
D.2.2 ProbeTest#2 . . . .. .. ... . .. .. .. ... ... 202
D.2.3 ProbeTest#3 . . . .. .. .. . . .. .. ... 204
D.3 Summaryand Conclusion. . . .. .. .. ... ... ......... 209
Appendix E Ripple Measurement System 213
E.1 ThePositional Table . ... ... ... ... ... ... . ...... 214

Vi



List of Figures

1.1 \ortex sheadinginthe lee of ripplecrests . . ... ... ... .. ... 2
1.2 Location of Gulf St Vincent and the metropolitan coastline . . . . . .. 5
2.1 Comparison between ripple prediction methods . . . . .. ... ... 20.
2.2 Rippled growthhysteresis. . . . . .. .. .. .. .. ... ....... 22
2.3 A comparison between various ripple development methods . . . . . 31.
3.1 Plan and elevation views of the original wave flume setup . . . . . . . 43
3.2 Plan and elevation views of the alternate wave flume setup . . . . . . 46 .
3.3 Sieve analysis of the three sands used in the experiments . . . . . . 47 .
3.4 Calibration curves for the laser measurementhead . . . . . ... ... 50.
3.5 Example plot showing typical ripple growth withtime . . . . . . . . .. 53
3.6 Example plot showing an equilibrium rippledbed . . . . . .. ... .. 56
3.7 Example plot showing typical ripple transition . . . . . . .. ... ... 59
3.8 Stability of the surface wave spectra . . . . . ... ... ... ..., 62

4.1 The zero up-crossing method used to calculate rippled bed parameter§8. .

4.2 Example histograms of ripple parameters . . . . ... .. ... ... 69
4.3 Thevariation of ripple height . . . . . ... ... ... ... ...... 75
4.4 Thevariationofripplelength . . . . . . ... ... ... ... ... 76

4.5 The one-dimensional spectrum calculated from the example ripple surfdre
4.6 The filtered form of the rippled bed shown in Figure 3.6 . . . . . . .. 83
4.7 The one-dimensional spectrum calculated from the filtered ripple surfadé .

4.8 The ripple spectra grouped by surface wave frequency . . . . . . . .. 84.

Vil



List of Figures

4.9 The spectral width factor plotted against six non-dimensional numbers387 .

4.10 The peakedness parameter plotted against six non-dimensional numbges .

5.1 Conversion of the water surface spectrum . . . ... ... ... ... 926.
5.2 The spatial frequency water surface and ripple spectra . . . . . . . .. 97 .
5.3 Comparison between the peak values of the water and ripple spectra 98. .
5.4 Comparison between the shape parameters of the water and ripple sp66tra
5.5 Comparison between the energy of the water and ripple spectra . . .101 .
5.6 The effectiveness of the non-dimensional spectral form . . . . . . . 104.
5.7 The non-dimensional ripple spectra grouped by surface wave frequeri®5s .
5.8 Fitted functional forms of the non-dimensional ripple spectra . . . . . 108

5.9 Relationship between the ripple spectrum and the ripple parameters 111 .

5.10 Laboratory scale comparison of the spectral method . . . . . . . .. 114.
5.11 Field scale comparison of the spectral method . . . . . .. ... .. 115.
6.1 Example plot showing typical ripple spectrum growth with time . . . 123
6.2 Change of the coefficient of variation for a growing ripple bed . . . .125
6.3 Change of the spectral parameters for a growing ripple bed . . . . . 126.
6.4 Change of the traditional parameters for a growing ripple bed . . . . 127.
6.5 Example plots showing ripple spectra transition . . . . . ... .. .. 131
6.6 Change of the coefficient of variation for an evolving ripple bed . . .133
6.7 Change of the spectral parameters for an evolving ripple bed . . . .134.
6.8 Change of the traditional parameters for an evolving ripple bed . . . 135.
6.9 The growth of non-dimensional spectral energy with time. . . . . . . 139
6.10 Linear-linear relationships for the evolutionrate . . . . . ... .. .. 142
6.11 Log-log relationships for the evolutionrate . . . . . ... ... ... 144

6.12 Relationship between the evolution rate and the Shields parameter 145 .

C.1 Two-dimensional surface wave spectrum . . . . . . .. ... .. ... 193
C.2 Results of the wave reflectiontestsRO1 . . . . . ... ... ... .. 195
C.3 Results of the wave reflectiontestsR02 . . . . . ... ... .. ... 195

viii



List of Figures

C.4 Results of the wave reflectiontestsRO3 . . . . . .. ... ... ... 195
C.5 Results of the wave reflectiontests RO4 . . . . . ... ... ... .. 197
C.6 Results of the wave reflectiontestsRO5 . . . . . ... ... ... .. 197
C.7 Results of the wave reflectiontestsR06 . . . . . . . ... ... ... 197
D.1 Atypical result for the calibration of the wave measurement probes . 2Q1.
D.2 Schematic showing the wave probe setup for probe test#1 . . . . . 203.
D.3 Spectra measured from probe output for probe test#1 . . . . . . . . 203.
D.4 Schematic showing the wave probe setup for probe test#2 . . . . . 205.
D.5 Spectra measured from probe output for probe test#2 . . . . . . .. 205.
D.6 Schematic showing the wave probe setup for probe tests #3a and #3206. .
D.7 Spectra measured from probe output for probe test#3a . . . . . .. 206 .
D.8 Schematic showing the wave probe setup for probe test #3b and #3d208 .
D.9 Spectra measured from probe output for probe testthreeB . . . . . 208.
D.10 Spectra measured from probe output for probe testthreeC . . . . . 209 .
D.11 Spectra measured from probe output for probe testthreeD . . . . . 210.
E.1 The plan view of the ripple measurementsystem. . . . . .. .. .. 215
E.2 The front view of the ripple measurementsystem . . .. .. .. ... 216
E.3 The secondary carriage of the ripple measurement system . . . . . . 217 .
E.4 The primary carriage of the ripple measurement system . . . . . . . 218.



List of Figures




List of Tables

2.1

3.1
3.2
3.3
3.4

4.1
4.2
4.3

5.1

6.1
6.2

Cl

Form drag proportionality coefficients . . . . . . ... ... ... ... 27
Sediment parameters of the three sands used in experiments . . . . . 46
Summary of the ripple growth tests undertaken . . . . .. ... ... 55
Summary of the equilibrium tests undertaken . . . . . .. ... ... 57
Summary of the ripple transition tests undertaken . . . . . ... ... 60.
Variation of traditional ripple parameters . . . . . .. . ... ... ... 71
Irregular flow parameters used Wflliams et al.[2004] . . . . . . . . .. 72
Ripple parameters measuredWifliams et al.[2004] . . . . . ... . .. 73
Fitting parameters of equation5.9 . . . . .. ... ... .. ..... 109
Summary of values obtain from fitting equation 6.3 to the data sets. . 141.

Fits achieved for the functional dependence of the evolution rate . . 143.

The wave reflectiontests . . . . . . . . . . . . . . . ... ... ... 194

Xi



List of Tables

Xii



List of Plates

3.1
3.2
C1l
C.2
C.3
c4
E.1l
E.2
E.3
E.4
E.5
E.6

The X-Y positional table of the ripple measurement system . . . . . . 41.

The laser head of the ripple measurement system shown underwater 49. .

Wave dissipation beach fromthefront . . . . ... ... ... .... 190
Wave dissipation beach fromtheside. . . . . ... ... ... .... 190
Wave dissipation beach fromtheback . .. ... ... ........ 191
The setup of the directional array for the wave reflection tests . . . . 192.
The X-Y positional table of the ripple measurement system . . . . . 213
The primary carriage of the ripple measurement system . . . . . .. 219.
The secondary carriage of the ripple measurement system . . . . . . 220 .
The top view of the ripple measurement system . . . .. .. .. .. 221
The top view of the ripple measurement system . . . .. .. .. .. 222
The primary carriage of the ripple measurement system . . . . . .. 223.

Xiii



List of Plates

Xiv



Abstract

Wave-formed rippled sediment beds are extremely important to the processes that act
on or across the sediment-water interface. Ripples increase the exchange of materials
between the sediment and the water column, enhance sediment transport rates, and act to
increase the dissipation of waves by increasing the hydraulic roughness of the seafloor.
Previous research has, however, failed to take into account the substantial spatial and
temporal variation rippled beds display when formed under real sea conditions. Based
on a set of laboratory experiments a spectral method to predict and model rippled beds
has been developed. Through the use of the rippled surface’s spectral density function
the spatial and temporal variability of the rippled surface can be taken into account with

greater efficiency.

A prediction method for the equilibrium ripple spectrum was developed based on a non-
dimensional spectral form, which utilised the peak orbital excursion diameter and the 50th
percentile grain size diameter of the sediment bed. The method provided an effective
technique to predict ripple parameters with the same degree of accuracy achievable at

small scale as more accepted ripple prediction methods.

A new method was derived to model the changes a rippled bed undergoes as it actively
evolves between two given equilibrium states due to a change in surface wave conditions.
The evolution of a rippled bed can be described mathematically in exactly the same way
as a rippled bed growing from a flat bed condition. The method allows any bed to be

modelled through time if the flow conditions and sediment properties are known.

There is little advantage in using the spectral method to predict rippled beds when they

XV



Abstract

are in equilibrium with the flow conditions. The main benefit of the spectral method
comes when attempting to model rippled beds evolving under changed flow conditions.
In the same way as the parameterisation of surface waves in terms of their spectral density
function has increased the ability to model wind generated wave fields, studies of rippled

beds would benefit from the increased detail and ease the spectral method brings.
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