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ABSTRACT

Maximum bottom velocities caused by waves were calculated using di-
gital computers. Four wave theories, Airy, Stokes third order, Cnoidal
and Solitary,were applied in the computation.

Results of the study were tabulated and presented graphically to
highlight the importance of various parameters affecting the maximum

bottom velocity.



PREFACE

The study described in this report was conducted as part of continu-
ing research within the Ocean Engineering Program at Texas A&M University.
The Texas Engineering Experiment Station provided funds to defray

part of the computer costs.
The manuscript was edited by Dr. Gisela Mahoney and typed for publi-

cation by Joyce McCabe.
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ESTIMATION AND ANALYSIS OF HORIZONTAL

BOTTOM VELOCITIES DUE TO WAVES

I. INTRODUCTION

A storm or a hurricane generated in the sea produces waves which
move towards the shoreline. Water particles under such waves move in
orbits. When the wave is in deep water the orbital velocity of the
particles along the seabed is negligibly small and as such creates no
problems. However, when the wave approaches the shallow water it under-
goes considerable change. The height of the wave (H) increases, the
Tength (L) decreases and thus the wave becomes more and more steep. A
dimensionless parameter commonly used is the wave steepness. The orbital
velocity of the particle also undergoes change. The wave finally breaks
in the surf zone. The bottom velocity generated by waves is a function
of the wave height, the wave period (T) and the water depth (h). Con-
siderable bottom velocities have been observed particularly when a hurri-
cane passes a certain area of the sea. These bhottom velocities cause
sediment movement of immense magnitude. At times the bottom velocities
were found to be so high as to cause considerable damage to marine struc-
tures and offshore pipelines. Considerable research was therefore done
in this field to improve the understanding of wave phenomena. Many
scientists and engineers have developed theories to describe the various
parameters of waves in the best possible manner. Notable among these
are Airy, Stokes, Keulegan, Le Méhaute; Dean, and others. Attempts were
also made to compare the theories with the actual waves generated in
nature. In the present report one important aspect of the waves, i.e.,

the horizontal bottom velocity is examined in view of its importance



in the sediment movement along the seabed and also its possible effect

on the structures and pipelines placed on the seabed.



IT1. PRESENT STUDY

Four wave theories, i.e., Airy, Stokes III, Cnoidal and Solitary
Wave have been examined in the present studies. The important para-
meters considered are the wave height, wave period and water depth. The
following ranges of values are selected for these parameters in order to
cover a wide range of possibilities.

i. Wave Heights 2 feet to 24 feet {significant)

3.56 feet to 42.72 feet (H__.)

max
ii. Wave Periods 2.9 seconds to 15 seconds
iii. Water Depths 8 feet to 150 feet
Computations for the bottom velocities were made on the digital computer.
Bottom horizontal velocities (maximum) under wave crest and wave trough
were computed for different wave theories indicated above. The validi-
ties of the various wave theories were taken into account while preparing
the computer programs. The data obtained from the computer were tabulated

(Tables 1 to 18) and plotted to show the effects of the various parameters

on the bottom velocities (Figures 1 to 14).



1TI1. DATA ANALYSIS

The results obtained were found to be quite interesting and empha-
sized the importance of various parameters being considered.

Figures 1 to 9 present plots of maximum bottom horizontal velocities
under wave crest as a function of the water depth for different signifi-
cant and corresponding maximum wave heights for two different periods.
The results indicated the following:

1. Some variation in the maximum horizontal bottom velocities was:
noticed for different wave theories as expected. The variation was mar-
ginal for low wave heights but increased considerably for higher wave
heights.

2. The bottom velocities increase with increase in wave height
and wave period and decrease with increase in water depths.

3. The bottom velocity was quite large for a significant wave of
24 feet (HS) and 42.72 feet (Hmax) even in a depth of 150 feet of water.
The magnitude of bottom velocity for a 15-second wave period was of the
order of 4 feet per second and 7.5 feet per second, respectively. A
velocity of this magnitude is expected to cause considerable sediment
movement along the bed.

4. The maximum bottom velocity for any wave occurs at the breaking
region where the sediment movement would be maximum.

5. The bottom velocity drops rapidly initially from the breaker
zone towards the sea up to some depth and then drops gradually till it
becomes zero in the deep sea.

In order to assess the effects of wave heights and wave periods on

the maximum bottom velocities, plots were made of maximum bottom velocities



versus the wave heights. These are presented in Figures 10 to 12. These
plots indicated a Tinear relationship between maximum bottom velocities
and wave heights. The velocities also showed increase with increase

in wave period as would be evident from the figures. A notable feature
noticed was the scatter of data for depth of water of 80 feet for 156~
second waves. Two lines have been drawn to indicate the upper and lower
Timits of velocities for this period. The scatter however reduces when
the depth increases and for a 150 foot depth of water there is negligible
scatter of data (see Figure 12).

There was very little difference between the maximum horizontal
bottom velocities under a wave crest and that under a wave trough for
most of the wave theories except the Stokes III. This wave theory in-
dicated considerable variation in the bottom velocities for crest and
trough. In order to examine the exact nature of the variation, plots
were made for maximum bottom velocities versus wave height for two typi-
cal depths of water, i.e. 40 feet and 80 feet. The variations were very
high for 40-foot depths compared to that for 80-foot depths of water.

The difference in the velocities increased with wave heights and wave
periods and decreased with depth. The results are presented in Figures

13 and 14.



IV. CONCLUDING REMARKS

Maximum bottom velocity under a wave is one of the important aspects
of wave phenomena that needs thorough study since it causes sediment move-
ment of immense magnitude along the bed. This affects the pipelines laid
along the seabed and the scour around objects placed along the bottom.
Bottom velocities were determined with the aid of a digital computer on
the basis of four wave theories. Plots have been made to highiight the
importance of various parameters affecting the maximum bottom velocity.

It is suggested that maximum bottom velocities under a wave crest be con-
sidered while estimating the sediment movement and designing offshore pipe-

lines, platforms, and underwater objects.
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