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SYNOPSIS

The mtenuon of this investigation is to investigate the various forms of
water wave reflection to a high degree of accuracy. Close range
;hotogramtzv1sthebechn1queﬂmt1susedtomasm~eﬂlemtermface _
profile, as it produces an accurate and comprehensive analysis of the water

surface profiles.

Conventional photogrammetry techniques (photography) were used in preference
to near real time photogrammetry (digital). Although near real time
photogrammetry has the advantage of a far higher rate of data aoduisitim,
itdoesnotachievetheaamedesreeofaocuracyascanbeachievedby
conventional photogrammetry, the technique f:l.mlly used for this

invest 1gat1on .

For the generation of the desired wave patterns, certain equipment was
developed and modified. To test the various angles of incidence a movesble
reflecting wall was built. Due to the small size of the wave basin, an
-efficient wave absorber was required to absorb the reflected wave generated
when oblique wave reflection was investigated. It was observed that a very
poor quality wave was being generated by the wave generator, as a result of
its flexibility. Consequently the wave generator was stiffemed considerably
which improved the wave generated. |

Interesting information was obtained from the analysis of the standing smave.
A coefficient of reflection of 1,6 at the reflecting wall was obtained, this
places new emphasis on the relationship between the standing wave and
overtopping. The oblique wave reflection results corresponded well with
theoretical predictions, while no well defined trends were established for
the mach wave. The data for the mach wave did however suggest that
previously established trends for the mach wave may not be correct.

Close range photogrammetry produced accurate results, and is an excellent
method for water surface profile measurement. The results obtained showed
that the wave generator was not generating a pure wave, wluoh lead to

. unknown errors in the results of spot heights. Conventional photograsmetry
is a slow process, so not enough data was acquired to adequately analyse the



’ reflect:.on trends 'l'h1s suggesta that in order for t.he trenth to be well
estabhahed, near real t:une ;hotogramnetry should be med once these systam
have developed sufflc1ent accuracy. o ‘ '
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1.1

INTRODUCTION

In this investigation close range photogrammetry is used to
investigate three cases of water wave reflection,

i) ~ standing wave reflection.

ii) clapotis gaufre or oblique reflection.

iii) Mach wave reflection.

Close range photogrammetry is used to investigate the wvater wave
patterns as it is an ideal technique for measuring water surface

" profiles. Close range photogrammetry offers important advantages

over conventional wave profile measurements, forthe following

reasons:- |

i) an almost infinite amount of accurate information is
available. | |

ii) it does not disturb nor interfere with the water surface in

iii) a permanent record of the water surface is available, should
any feature warrant further inveatigation, without further
testing.

Before any experimental work was performed, it was neoessary to
establish whether conventional close range photogrammetry
(photography) or near real time photogrammetry (digital) should be

‘used. The use of near real time photogrammetry would have resulted
~ in far more data being acquired than could be obtained using

conventional photogrammetry. It was finally established that it
would not be possible to implement near real time photogrammetry with
sufficient accuracy, so conventional photogrammetry was used for this

investigation.

Close range photogrammetry has the potential to describe a water
surface far more comprehensively than any other measuring technique.
As a result various reflection scenarios were investigated with the

- aim of verifying present knowledge of wave reflection, and pogsibly

to identifjr new phenomena. Mach wave reflection has not been
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extensively investigated, and it is possible that an accurate,
comprehensive description of the various Mach wave scenarios will

reveal presently unknown phenomena.

To establish images of the desired wave reflection pattern it was
necessary to identify and accommodate the physical limitations of the
equipment used. The major limitation in this investigation was the
small size of the wave basin. Consequently the reflected wvaves were |
soon reflected from the sides of the waves basin and this disturbed
the desired wave pattern. ‘ Special modifications to the experimental
procedure and equipment were required, amongst these was the design

of a suitably efficient wave absorber.

Great care was taken with both the wave reflection generating
equipment and the photogrammetry requirements, to optimise all »
factors affecting the accuracy of the results. It is hoped that this

investigation will lead to a valuable contribution to the existing

knowledge of water wave reflection.
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2.1

PHOTOGRAMMETRICAL TECHNIQUE

Theo v o 0 _
Remote sensing is the science of identifying or measuring an object, |

- potentially very accurately, without physically touching that object.

The two applicable branches of remote sensing that can be identified

are:-

i) metric photogrammetry, which involves the precise measurement

and calculation of points which then describe a particular
object.

ii) | photograplnc interpretation, which involves analysis of

- remotely sensed objects, and is used for the recognition and

identification of features.

In this investigation, metric ﬂloﬁogramtl'y is of particular

interest, with special consideration given to close range

photogrammetry. Close range photogrammetry is generally considered

to be the measurement of an object in the range of 300 m dowm to

fractions of a _millimetre (Atkinson, 1980). Any object can be

nxeasui‘ed using close range photogrammetry, as long as it is possible
to obtain images of the area of interest.

Close range photogrammetry derives the object space three dimensional
coordinates of a body from the images of the body. The image
coordinates of the object are measured from two or more negatives
using a comparator. The three dimensional coordinates of the object
are then calculated from the image coordinates using photogrammetric
algorithms.

Close range photogrammetry has distinct advantages over conventional

measurement techniques (Atkinson, 1980):-

i) the object is not touched during measurement.

ii) - data capture (acquisition) is rapid.

iii) the photographs store both semantic and metric data ‘with very:
high density.
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iv) the photographs are documents related to the time when they
_ were taken and they can be used as legal evidence.

v) not only rigid and_ fixed objects but also deformation and
movement can be measures. '

iv) time dependent parameters such as velocity, acceleration and

. frequency can be determine.

vii) evaluation of the metric photographs can be done at any time
in the office and repetition and amendment are always
possible.

viii) photography and evaluation are flexible and can easily be
optimised to the project requirements as, for example, in
accuracy.

ix) the invisible part of the spectrum can be used for creating

. images.
k) complicated shapes and movements are easily measured.

o oxi) stereoscopy is the basis for continuous contouring of

irregular objects.
xii) analytical methods provide a means of integration with
succeeding calculations and data handling.

Bosi . !
The use of photography in photogrammetry entails the projection of a
three dimensional body onto a plane. It is required that the lens
must not significantly distort the rays (i.e. there must be straight
lines from the object points through the perspective centre to the
corresponding pointes on the plane). As the image is recorded on -
photographic emilsion, the amlsiqn must lie in a plane.

To simulate these conditions, the interior orientations of the camera
to be used must be evaluated. The interior orientations of a camera
are the relative position of the principal point (x,y coordinates)
and the size of the principal distance (see Section 2.1.2.1).

Factors affecting the interior orientations of the camera are :-

i) lens distortion.
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ii) film flatness.

iii) film stretch. |

To account for for these factors mathematical models are used to
correct the image ooond:mat,es distorted by these phenomona.

Two types of cameras are availavle, non-metric cameras and metric
cameras. Non-metric cameras have unknown and unstable interior
orientations, the film is not well supported, and their lenses lead
to significant distortion. Metric cameras are superior to non-metric
- cameras as they have fixed and constant interior orientations, and
their lenses produce little distortion. A far higher degree of
accuracy is obtainable from metric cameras than from non-metric ]
camerbs. For this investigation two metric cameras were be used for
the close range photogrammetry.

Aateteooomparator isusedtomeasmﬂie image coordinates of the
object on two stereoscopic negatives, which are then used in the
calculation for the projective transformations, or similar
mathematical model. The caloulation of the object space coordinates
assumes that the object points, the principal point and the
corresponding image points are collinear. Knowing the camera
poéitions the coordinates of the object points can then be

- calculated.

Two possible possible situations can exist for the cameras to obtain

a stereo pair:- ' , '

i) firstly where t_.he positions and attitudesv of the cameras are
knownm to a high degree of accuracy.

ii) secondly where the positions of the cameras are not available,
for which a number of points of known position must be known
in object space such that the relative positions of the
cameras can be determined. For this purpose a network of
control points (points of known position) is normally used.
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It is the second situation that is used in this investigation, so an
accurately known control point network was established for this
purpose. ' '

(16 INOLHES S [X1O CORI NP L. | LA
The Normal case in photogrametry is simple but would very seldom be
used. However it serves to explain the basic concept of
photogrammetry. ’

2.1.2.1 The image

Fig '2.'1 The image created on a negative

In fig 2.1 the following can be defined

i) "3" the perspective centre of the camera, the point through
which all rays pass.

ii) "P" the principal point is the point where the optical axis of
the lens intersects the plane of the negative.

iii) "f" the focal length ( in photogrammetry known as the
principal distance ) is the distance from the perspective
centre to the principal point. '
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Fig 2.2 The stereopair

at = -~ a2

2/ A 22/ 4 y2

Fig. 2.2 shows the two images orientated in real space. " Bach image
has a perspectivé centre 81 and 82 respectively separated by a
horizontal base width B. Each image has its own coordinate system
(xl, ¥y zl) and (xz, Yo zz)_ with their origins at 81 and 82
respectively. For this ideal case, the Normal case, the two images
are considered to be coplanar, and the x axes oollinear. Relative to
point A, the origins of the two images ( S1 ’ 82 ) have the
coordmates (XAI’ YAI’ ZAI) and (ZA2’ A2’ ZAZ) reapectively. The
images points (al) and (az) have the coordinates (xal’ Va1’ zal) and
(xaz, Yoo! 'zaz) respectively. As the x axes are collinear the xz
plane can be viewed independently as in fig.2.3. '



Fig. 2.3 Parallax of a pair of negatives
Xa1 ng' 82
—7— ey
t/ f
) S2 ]r

z
|
. S S |

The two plates are coplanar so

‘ZA1=ZA2=Z
Zgg Z Zag = f

Construct a line parallel to the line (82; (xa2’ f)) from S

{(x ., f). By similar triangles

| (% = Xp)/f = (X, - X,5) / (Z-h)
But (X,, -X,,) = B

So = Bf/(Z - h).

(xal - 82) .

'lheterm(xal-xaz) is known as the linear parallax (P)

thuse P = Bf(H - h)"

1

2.8

to

Thus by the use of the difference in linear parallax the height of

A is
h = H - Bf/P
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This height "h" is called a crude height, as it is only an
approximation. The above parallax equations are based on the

assumption that
i) the cameras are truly vertical and have no tilt.
ii) the x axes are collinear and the planes are situated at the

. same level. _
iii) all rays 'pass through the perspective centre.
This is a very special case, which seldom occurs in practice.

2.1.3 The general solution
| The general solution requires
i) a knowledge of the interior orientation elements of the
photographic negatives. '
ii)  a mathematical model of any lens distortiom.
iii)  precise knowledge of the orientations and positions of the
' cameraé, or control pointa on or surrounding the object.

The images are analysed on a stereo comparator to obtain the image
coordinates. This information may be used to accurately obtain the
z coordinates of points on the object using one of the four basic

. general solutions:-

i) relative/absolute orientation.

ii) direct linear transformation (DLT).
iii) bundle solution

iv) 11 parameter solution

The solution used for all the calculations in this dooument is the
modified 11 parameter solution (Adams 1978). '

2.2  Near real time photogrammetry
" Due to the relatively recent advancements made in computer and sensor
technology, and the related decline in costs, a photogrammetric
system based totally on electronic devices is now posgible. These
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new systems have the capability to capture images and automatically
measure_the image coordinates, creating what is called Near Real Time
P!_notogramnetry (NRTP) . '

Conventional rhotoa'auetry is an extremely powerful t.ool. but it
does have the following drawbacks:- _
1) the results of the ;ixoton'aﬂly are not immediately available,
as time is needed for development (of negatives) and analysis.
2) specialised and expensive equipment is required, as well as
' the trained personnel to operate the equipment. '
3) if any errors occur during photography and development they
will not be immediately idemntified. )
The use of NRTP would solve these problems very successfully while
simultaneously creating further advantages. Using conventional
‘photogrammetry it could easily take 24 hours before the finished
product of a contour map is obtained of the object photographed. It
took Thinking Machines Corporation, Massachusetts with its 16 000 to
64 000 processors working in parallel just two seconds to tramsform-
the stereoscopic images from two television cameras into a detailed
contour map (Gruen, 1989). Such equipment is obviously not ’
affordable by research institutions but demonstrates the future -

potential of real time photogrammetry (RTP) for rapidly prooesainc
vast quantities of detailed informatiom.

The equipment req\dred for conventional photogrammetry is extremely
expensive and specialised. This can be compared to the NRTP systea

developed by Prof Ruther (Ruther & Parkyn, 1988) at the University of
Cape Town. This system uses equipment which is easily available
 (even in South Africa) and costs 5 to 10% of conventional
photogrammetry equipment. This equipment is easily operated by a
person unskilled in the techniques of photogrammetry.

In conventional photogrammetry mmerous errors ca'n'ooour in the
phot.omplucprooess These errors-yonlybediaoovemedhmm
later with valuable information being permnently lost. With a NRTP
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system it would be possible to tell within 15 minutes the quality of
data. The speed of the system would also significantly increase the
speed of data acquisition; with a similar saving in manpower.

It appears that if NRTP could be implemented in an experimental
situation it would be far superior to conventional photogrammetry.
Consequently NRTP was investigated to see whether it was viable to
use NRTP instead of the conventional photographic techniques. .

PHORNICS :

Phoenics is the Near Real Time Photogrammetry (NRTP) system that has
been developed by Prof Ruther at the University of Cape Tosn.

Initial NRTP systems have operated using expensive, powerful |
dcniputers, either mainframes or minis. Phoenics has been designed as
a low cost system; the hardware used has been specially selected to
ensurethattheqtnlityoraoouracyofthesystalmldnotbe
significantly impaired when compared with more expemsive systems.

The hardware Phoenics presently operatee on is :-

i) a personal computer (IBM Personal system/2 Model 30).

ii) a parallel processor. _

iii) two video frame grabbers (MATROX PIP 512/PIP 1024 boards).
iv) two OCD cameras (Siesmens-ok 211).

v) two a:ternal monitors (Phillips RGB monitors CM 8833).

The two stereosoopicimgesareobtainedfmthe(mm'(anrxe
Coupled Device). These images, which are in amalogue form, are sent

- to the video frame grabbers, which have an analogue to digital

converter. The analogue signal is then processed into digital form
and stored in the video frame grabbers buffer (either on t.he PIP512

- or PIP1024 card).
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When the frame grabber digitises the analogue signal it reoeives from
the CCD camera, it gives each pixel a grey value between .0 to 255,

0 being black and 255 being white (or vice versa). When the image
is thresholded for a particular grey value of say 100, a binary image
is formed. In this binary image all pixels with grey values less
than 100 become black and all other pixels become white. The object
of thresholding is to ensure that the only black images left are
those of the points whose positions you wish to determine.

Phoenics software :
Software has been written for Phoenics for the identification of
points occurring in both images, and obtaining their respective xy
coordinates in both images. The identification of ‘points in the

Almgescanbedmremmoneoftwoamlablenethods, namely

i) point mode (Ruther, Parkyn 1988).

ii) Grid mode (Ruther 89).

Before either of these methods can be used the images need to be
thresholded. Point mode requires user interaction for the
determination of corresponding points while grid mode is essentially
automatic. The accuracy of the system is good. Control points
imaged at 1,7 m from the cameras produced standard deviations of
+0,4 mm in x and y and +0,8 mm in z.

The mlmtat:tm of NRTP to obtain acpenaental data on wave
reflection requires special consideration. The experimental
application varies considerably from the applications Phoenics has

been considered for up to now. New conditions now exist
i) it is now required that images of a dynamic surface be
obtained.
ii) although Phoenics is a portable system it is not practical to
move such sensitive equipment between the experimental site
- and the photogrameetry lab on a regular basis. Hence
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- alternatives are required that allow Phoenics to be used some -
" - distance from the experimental site.

Two alternative implementations of Phoenics have been identified:-
i) a system be arranged that allows the signal to pass from the
cameras to Phoenix, separated by a couple of hundred metres,
' instantaneously. :
ii) © a method be used where the images of the waves be stored at
the experimental site, then transported and downloaded onto
Phoenic_a. '

In both these implementations certain criteria must be met:-
i) the two stereoscopic images must be obtained simultaneously so
_ synchronised cameras are required. ‘
ii) a sequence of images is required so that extreme events, which
only occur for a short period of time, cam be recorded.

'iii) the facility must then exist to select from the recorded

images which are to be analysed.

iv) in order for meaningful wave information to be obtained
accurate results are required, so the resolution of the system
must be optimised. '

v) the dynamic event being recorded should not move significantly
during the time it takes a CCD camera to obtain an image.

Alternative Solutions |
Within the criteria that have been established three poesible
solutions can be identified (fig 2.4)

i) the comnection of synchronised cameras to Phoenics over a
distance of 200m by coaxial cable with an amplifier to
increase the signal.

ii) images from two synchronised cameras are joined by a mixer to
form one image (i.e. the right half of the left image and the
left half of the right image are added). The mixed image is
then recorded on a video recorder. The video tape is then

- played with the video recorder commected to the frame buffer.
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 The signal from the video recorder is the same as that from a

iii') the images from the two synchronised cameras are recorded on
separate video recorders. The video recorders are then

played as input for Phoenics, but the input of images must in

some wvay be synchronised so that matching stereoscopic images

are obtained.
~ 2.3.5.1 Transportation of the signal over a distance

Option (i) requires the mgestobetmsporbedoveralmumstm
(200 m) by coaxial cable. Due to the distance an amplifier is
requiredtobqostthesianl, The signal from the CCD camera is
analogue, 80 distortions are likely to occur during amplification.

It is also anticipated that the images will pick up further
distortions as the cable passes other electrical circuits, even _
though co-axial cable is being used. The standard deviation of the Z
coordinate ismtacpectedtobebetterthan+5toﬁl-.

- 2.3.5.2 e ugse of a m and

For option (11) three mppi.ngs of the original imege obtained from

the CCD camera occur before Phoenics obtains the image. As a result

two major problems are envisaged:-

i) distortions of the signal.

ii)  a loss in accuracy, as a result of a loss in the effective
number of pixels.

iii) a reduction in image size.

The CCD cameras cbserve with 500 x 468 pixels (500 across and 468
down), but after mixing the single half image of the total image is
represented by 250 x 468 pixels. A VHS video recorder only records
240 x 280 pixels. So 500 x 468 pixels are mapped to 240 x 280
pixels, halving the acouracy to which the image coordinates can be
determined. A further loss in resolution oocurs from the video

. recorder to the frame grabber. 'meimgeorfra-ea_:a'videotape
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is stored in two files, each file containing alternate lines of the
frame. VWhen viewing the video tape in slow motion, or viewing a
still image only one of the two files can be sent to the frame
grabber. Resolution now decreases further to 240 x 140 pixels
mapped to 516 x 516 pixels on the frame grabber. This process again
halves the accuracy of the image coordinate in the vertical plane,
reducing the accuracy to a quarter of what it was.

It is unknown how these mappings actually occur electromnically, as
this information is not freely available. This could lead to
unquantifiable distortions which may be critical. Further
distortions could also occur if the video tape stretches which would
affect the analogue signal the frame buffers receive. This process,
apart from radically reducing the aocuracy, also halves the single
image, reducing the effective size of the object that can be
analysed. It is estimated that the standard deviation of the system
could be approximately 10 to 15 mm for the Z ocoordinate.

Option (111) would have the same resolution as option (ii). Each
video recorder would record an image of 248 x 280 pixels, one file
would then contain 240 x 140 pixels which would then be mapped to 510
x 510 pixels on the frame grabbers buffer.  There would be further
problems in trying to synchronise the replay of the two video
recorders. Although it is possible to do so, it would be very
expensive. The advantage of option (iii) over option (ii) is that a
larger object could be investigated because the single image ia twice
the horizontal coordinate. A standard deviation of + 10 mm ocould be
expected for this system. |

An experiment was performed to check the maximm veloorhy a moving
body could travel before its shape would become deformed within the
imaging period of a CCD camera. The experiment consisted of a |
pendulum oscillating in a control field. The period of the system
was determined by the length of cord of the pendulum, while the
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velocity of the pendulum was determined as the pendulum passed its

- vertical axis. Various periods and amplitudes were then recorded on

v1deo Vtape. These sequences were then observed in slow motion to
determine under which conditions the pendulum blurred as it passed
its vertical axis. From this experiment it was determined that the

. maximum velocity of a body that a CCD camera can observe, without
‘blurring is 0,45 m/s. _ The celerity of _the waves to be investigated

is 1 to 2 m/s. This experiment shows that th present CCD cameras
can not be used, without some modification to this system.' However
there do exist cameras with a much faster imaging rate (1/2000
second), but these cameras are still in their development stage.

Conclusiona

Conventional photogrammetric techniques which can give an accuracy of
+ 1 mm over the distance of the cameras will be utilised for this
investigation. This is superior to the accuracy available from the
present NRTP systems. Equipment, such as high resolution cameras,
does exist which could increase the accuracy of NRTP systems to
approximate that of conventional techniques but it is very expensive.
The problem of the CCD camera viewing for too long oould be solved
either by using a flash system or by using a camera with a faster
imaging rate. Presently Phoenics does not possess the accuracy
required for accurate experimental work, but with the rate of
increase in technology such a system could be viable in the near
future. However for the purpose of experimental work in this thesis
conventional photogrammetric techniques will be used.
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Stereo photomtry was initially applied to the measurement of

- prototype waveheights and wave patterns. The waves were

photographed at oblique angles either from bridges of ships or sea
cliffs (Maresca, Seibel 1976); (Adams 1978). Later developments )
were to use stereo photogrammetry from aeroplanes flying in pairs to
obtain wave information. This technique has been used to investigate
two dimensional wave energy spectra (Marks, Ronne 1955).

Subsequently it was realised that stereo photogrammetry could have

~ great potential in hydraulic research. When complex wave phencmena

are to be investigated, stereo photogrammetry has obvious advantages
over traditional wave measurement techniques, for example.

i) | there can be no doubt, if sufficient care is taken, that the
results obtained are in fact a true interpretation of the

waves photographed. For complex wave patterns 100 poinfs/nz
can easily be obtained using stereo photogrammetry, which
should adequately describe most water surfaces. |

ii) it is quite possible that the initial analysis would identify
a special feature that requires further investigation. This
information is easily accessible, without needing to retest,
a8 the stereo pairs provide a permanent record.

iii) it is seldom that more than a few waves can be generated
before random wave reflections disturb the desired wave
profiles. Using stereo photogrammmetry, information may be
obtained in a short period before random reflections disturb
the surface. This is in contrast with the use of wave probes
on a moveable platform, where it is required that waves be

 generated continuously for a long period of time (% hr) to
obtain the relevant data (Berger, Kohlhase 1976).
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Photographing a defined water surface v

A liquid surface can not reflect light, and this has been a major

limitation in using stereo photogrammetry. In the process of trying

to overcome this problem, researchers have experimented with meny

methods. There are two basic approaches:-

i) to spread particles on the surface to form random obeervation
points. ' | ' v

ii)  to colour the water such that the surface can be identified on
the stereographic imgeé. '

Many types of particles can be floated on the water surface to define

'it, an example is TPM computer punch card confetti (Sorensen 1968).

This method has the disadvantage that the confetti clusters together,

~and has the tendency to drift out of the area being photographed.

This requires that the area being photographed be seeded before each
test. Good results have been achieved by spraying the water eurface
with aluminium powder just before testing (Szozechowski and Mucha
1980). However this method is not popular as it is a very tedious
task to clean the basin after each test. |

The use of dyes has not been successful, even though it does reduce
light penetration. The dyed water creates a monotonous image which
is almost impossible to view stereosocopically. . Ballistic Research
Laboratories, Aberdeen (Faig 1972) are reported to have used cutting
oil added to the water to create a white opaque surface on to which a
point pattern was projected. Such a surface is relatively easy to
analyse stereoscopically. At the University of Cape Town (Adams,
Pos 1981) cutting oil was also used, with a random letraset pattern

" projected onto the surface. Very good results were obtained using

this method. Fluorescein, a fluorescent chemical mixed into the
water (Faig 1972) in very low concentrations has also been used to
identify the water surface. When fluorescein is illuminated with
ultra violet radiation it emits a green fluorescent light. The
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ultra violet illumination is passed through a grid so that a
monotonous image is not created, but the resulting mage is st111
very difficult to analme

The celerity of the waves used in hydraulic research is normally in
the order of 1 to 2 m/s. Consequently it is important to ensure that
the exposure time of the negatives is short enough to ensure there is

“no gignificant movement of the wave front. It is also very important .
. to ensure that the two cameras are synchronised so that the same wave

state is photographed.

In order for the two motograﬂ:s to accurately correlate the wave
pattern, Individual waves must not be allowed to move more than 1 to
2 mn from when the shutter of the faster camera opens to when the
shutter of the slower camera closes. At a celerity of 1to2 »/8
the minimum time is 1/1000 to 1/2000 of a second. Methods that have
been used to synchronise the cameras are,as follows:-

i)  to connect the camera shutter assemblies with pneumatic air
releases, joined by equal lengths of air hose to a cosmon air
bulb. A single squeeze of the bulb would then ideally
produce synchronised exposures (Sorensen 1986). However the
camera speed will often not be fast enough to reduce movement
to within the 1 to 2 mm limit.

ii) to synchronise the shutters by building in electronic delays
so that both shutters operate almost simultaneously. Usir
this method it is difficult to synchronise the cameras to a
difference better than 5 ms (Marks, Romne 1956). This
difference is too large for the accuracy desired.

iii) to use a flash, a method which has produced very successful

results. The advantages of this approach is tha.t no attempt
need be made to synchronise the shutters of the two cameras.
The flashes used generally produce a pulse of light which
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" lasts 1/2000 of a second, freezing the water surface to within
1 to 2 mm limit. Generally the flashes are used at night
(Szozechowski, Mucha 1980), with the camers shutters held open

until after the flash. This is also the approach used at the
University of Cape Town (Adams, Pos 1981).

Anticipated accurs . ] ot ‘ .
In previous experimental work (Szczechowski and Mucha 1980) Carl
Zeiss UMK 10/1318 photogrammetric cameras were used 10 to 12 m above
the water surface to investigate wave patterns around coastal
structures. The stereo pairs were taken at night, using flash
illumination. A standard deviation in the Z coordinate (height)
obtained was + 4 mm, which from ten metres height is good. This is
equivalent to the accuracy that has been obtained at the University
of Cape Town using similar cameras, where a standard deviation of

+ 2 mm was obtained in the Z coordinate when the wave surface was
photographed from a height of five metres. It is anticipated that
the standard deviations in the z coordinate for experiments to be
performed in this investigation will be + 2 mm. |

y of stereo pho ORIFAEC
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WAVE THFEORY AS APPLIED TO_WAVE REFLECTION
Progressive wave theory

A progreesive wave is the term used to descibe a wave in which shape
visibly moves forward with elapsed time, by contrast with a standing
(stationary) wave, where there is no sense of movement in a

particular direction. Wave theories are developed to describe such

. motion by expanding the velocity potential about the still water

’ level to obtain a nonlinear surfgoe oonditidh consisting of an

infinite series of partial derivatives.

The most common wave theory is attributed to Stokes. If the first
term in the series is used and the rest of the terms ignored then
linear wave theory results. Most engineering problems can be
calculated to sufficient accuracy using linear wave theory. In deep

~ water it has been shown experimentally and for certain thearetical

4.1.1

criteria that the other common higher order theo_riea, 2nd, 3rd and
5th order Stokes theories are less accurate than linear wave theory.

sive : ,
Linear Stokes wave theory was developed by Airy, and iaaléooalled
emall amplitude wave theory as the theory is only valid whem vertical

_ displacements are relatively small. This boundary condition implies

that the H/d and H/L parameters are small, so the higher order terms
in these terms may be considered to have a negligible effect _anl can

. be ignored. The resulting free surface displacement as proposed by

linear wave theory is sinusoidal and can be expressed_as

- _ R _. _
Y8 = w&in {(kx - ot)
where k = 2n/LL, and o = 2%/T

The wavelength for linear theory is
L = t]‘z /2% tanh kd



4.2

4.1.2 Progressive finite amplitude waves

As the wave amplitude becomes "large", the small smplitude
assumptions are no longer valid. It is then necessary to include
the higher order terms to obtain a more accurate indication of the
wave characteristics. Typically, as the waves enter shallower water
steepening occurs of the wave crest, and the mve shape, from being
sinusoidal tends to become peakier at the crests and flatter. in the

* troughs as predicted by higher order theory. V

4.1.3 Stokes 2nd ondef wave theory »
| Stokes 2nd order wave theory contains the first and second terms of
- the Stokes theory expansion. The first term is sinusoidal and the

second term represents an elevation (ah) of mean water level (MWL)
above stationary water level (SWL). This theory describes a wave
that has steeper crests and flatter troughs than first order wave
theory. The free surface displacement is expressed by

H o

2 sinh

) cothkd cos 2(kx - ot)

' The equation for the wavelength is the same as that for linear wave
theory

£T%/2n tanhkd

From the second term a mmber of effects can be identified

i) Thgreisgnimreaseinthemwater level (ah) of
ﬂﬂz
Ah-n‘—(ld--—-z—) coth kd
2 8inh

ii) There is an increase in the crest mht\det.oabavethe
linear wave aqxlituie of '
a
c

= 1+ ) coth kd
H ZIL_ 2smhz
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iii) There is a decrease in the trough wave amplitude to less than
the linear wave amplitude
at 1 =aH 3
= - (1+ --——2——) coth kd
L3 Z L 2 sinh™ kd
The effects of the second order Stolwa.wave equation are to describe
a wave for which

1) the crest is shorter and more peaked than the trough. -

ii) the mean water level is above stationary water level.
iii) the crest amplitude is greater than the trough amplitude.
iv) ac/H is much greater in shallow water than in deep water.

The Standing Wave

Clapotis is the term used to describe the standing wave where the
crests of the waves are parallel to the reflecting wall. Clapotis
exists in effect when two progressive waves are travelling in
opposite directions, and the characteristics of the two systems are
sinmltaheous_ly super-imposed. The surface pattern that results has
alternating crests and troughs half a wavelength apart. A zone that

' is a crest one instant becomes a trough half a period later and then

a crest again after a further half a period.

For a true standing wave to exist the two opposing progressive waves
should be equal in height and period. If these conditions do not
exist a partial standing wave results. The standing wave is formed
with the incident wave travelling towards a solid vertical barrier,

. {the wave orthogoiml being normal to the barrier) with the reflected
‘wave train travelling away from the vertical wall, having its source

at the vertical wall. The réflect.ed wave appears to bs a mirror
image of the continuation of the incident wave (fig. 4.1). The
period of the two waves are the same, and for perfect reflection the
wave heights of the two wave trains are also the same.
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Fig. 4.1 The formation of a standing wave (Linear theory)

Incident & Reftected Waves : Resulting Standing Wave
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The water surface (for linear wave theory) has the a;pea.mnoe of
oscillating vertically with maximm deflections of 2 H/2 at points
called antinodes, with points of zero deflections called nodes.
Antinodes are formed by the superposition of two crests or two
troughs, while at nodes the interference of a crest and trough causes

+
5L/4
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zero surface displacement. For higher order wave theory fig. 4.1 is
not correct as ac is greater than a,, 80 stationary nodes do not
exist.

4.2.1 Partial clapotig
For partial clapotis two progressive waves must be travelling in
opposite directions with the same wavelength and period, but with
different waveheights. This ia what occurs when a wave is
reflected, with same loss in wave energy at the reflecting surfaoce,
and the reflected wave height is less than the incident wave height.
This might also be accompanied by a slight change in period
(Silvester 1974). ‘There are no longer stationary nodes or
antinodes. Generally an extreme envelope can be identified w!uch is
stationary. It is formed with extreme differences H and H
{(see fig. 4.2) where

. Hy + H_ so Hi = (Hmnt + //mm%

max i
Hm.in‘ = Hi -'Hr | = CH/)‘ML -Hm;'ﬂ%'

Fig. 4.2 Extreme amplitude envelope

The degree of reflection is measured by the coefficient of reflection
(K ) and is the ratio of the reflected wave height to the incident
wave height. K is obtained from the standing wave height, less the
incident wave helght

thus K = H, _ B, -H _ H

i

e
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4.2.2 Standing wave, linear wave theory
The refleoting wall 13 considered to be situated at x = L/4, with the
approaching wave normal to it. The equation expressing the imident wave
is ’
“i o
YBi = z—sin (kx - ot)
The staml_iru wave is defined by (Y31+Ysr) where
v, B o Hy H
Ys_= Ysi+Y =(—2.+2-)smkxooeot-(—2---z)coakxsinot
For partial clapotisorKr<l, Hi >.Hr '
For perfect reflection or Kr =1, Hi = llr 80
Y8 = “i 8in kx cos ot

The pos1t1on of nodes, pointa of zero displacuent for all t, will
form where
sin kx = 0
S x=nL/2, wheren = 1,2,3,...0¢
Antinodes, positions of maximm displaoenent, ocour vhere
‘sinkx = + 1
80 x = (2n + 1) L/4, where n = 0,1,2,3,....
An antinode will form at time t when '
cos ot = +1
so t = nT/2, vhere n = 0,1,2,3,...

4.2.3

Stokeewavetheorymonlyvahdfordepﬂmappzvxintelygreater
than d/L = 0,1. Msvalmchameeasshallowmoommmdﬂn
wave gets steeper. The waves that will be investigated have d/L
values ranging from 0,2 - 0,027, creating a band about d/L = 0,1.
This suggests that for extreme events (d/L > 0,01) cnoidal theory
should be used in calculations of the theoretical standing wave
conditions. However wave theories other than Stokes first or second
order are not amenable to standing waves (Silvester 1974).
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The second order Stokes equation describing the water surface profile
is v .
= H/2 8in kx sin ot

-"—lgzcothkdoosm [sinzot 300320t.+tanhzhd
4sinh“kd

This assumes H,. = H = H
i r

The first term of the expression is the same as the linear derivation
(but in a different form). The second term represents an
incremental increase (ah) in water level above SWL, which only ocours
under the crests L/2 apart. This increase in water level is unlike
that of the progressive wave as it is not a global increase in water
level. This increase (ah) under the crests is caused by the cosZkx
term. The magnitude of ah is

Amorammlyinthewavetheoryhasbeenoheermdacperinantalyby
Wiegel (1964a). It can be seen in fig. 4.3 that the standing wave
wave length appears shorter than the wave length predioted by first
or second order Stokes theory. This is contrary to experimental
results obtained at the University of Cape Town (Petzer 1987), (Jamie
1988). This is an area that requires further investigation.

Another anomaly that has been shovn by Wiegel (1964b) is that the

" height of the reflected wave at the reflecting wall is 20% greater
' than twice the incident wave height. This is also something that is

requires verification.

Clapotis

Clapotis gaufre or oblique wave reflection is the stamding wave that
results when two waves meet with an angular intersection. Clapotis
gaufre occurs when the incident wave orthogonal is not normal to the
reflecting wall, but approaches the wall at an angle (fig. 4.3).
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Fig. 4.3 Comparison of measured and theoretical standing wave lengths
 Wiegel (19648) | |
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In fig 4.4 the x-axis is assumed parallel to the vertical reflecting
‘wall. The angle of approach for the incident wave orthogonal is

{(w - Oo), measured from the positive x axis. The angle of }
reflection for the reflected wave orthoganal is "or" where or = oo.

The wave profile for the incident wave perpendicular to the x axis
can be described by (linear theory). '

Y =g-sin (ot - kx cose_ + ky sing )

The wave profile for the reflected wave assuming Hi = Hr is

Ysr = gsip (ot - kxoosoo - kysinoo)

The resulting water surface profile is
Ys = H 8in (ot - kx coaoo) oo8 (ky sinoo)

The nodal lines, which are the lines along which no displacement
occurs, occur for
cos (ky sinoo) =0

mem Yy = ( —m) L n = 0, l' 2' 3 sos00e
o . .

The antinodal lines are lines along which both maxima and minima
oocur simultaneously. Antinodal lines occur whem
cos (ky ai.noo) = +1

whemy:—zs—gﬁ-la n = 0,1,2,3....c
° .

These quasiantinodal lines move in the positive x direction at a
velocity = L/(T oos‘o) with wavelength = L/cosé .

The resulting surface will appear to be a grid of altermating high
and low displacements spaced L/oosdo apart parallel to the x axis,
anil./sinooapartalm)gﬂ:eyaxis. These maxina and minima occur
in a stationary pattern separated by a stationary pattern of no

' displacement, the nodal lines.
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4.4 wave refl _
The Mach wave phenomena is of particular interest to the coastal
engineer for two reasons. _ _
i) It appears possible for the Mach wave to attain a wave height
of more than twice the incident wave height, so traditional
overtopping concepts may be superseded. .
T ii) Once the Mach stem has formed it will continue to follow the
- wall, even through changes in direction of the wall of up to

90° (Wiegel 1964b). This could introduce a wave in a coastal
structure of more than twice the incident wave height, which
conventional diffraction and refraction techniques would not
predict. '

There exist certain oconditions for which the convemtional laws of

oblique reflection do not apply. When @_ is less than 35° to 456°
(the angle between the incident wave orthogonal and the reflecting
wall) the reflected wave does not leave the wall but forme a wave
stem perpendicular to the reflecting wall (fig 4.5a). It has been
suggested (Berger, Eohlhase, 1976) that the atem height (fig. 4.5b)
which increases progressively along the wall can reach a height of
‘more than twice the incident wave height.

Fig 4.5 Mach wave reflection
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PREVIOUS EXPERIMENTAL AND THEORETICAL EXAMINATIONS OF THE MACH-REFLECTION AT STRAIGHT VERTICAL WALLS

author MACH-stem-parameter remarks concerning remarks
the experiments on theory
NIELSEN stem—height stem-width stem—-angle - behaviour of the
. reflecting wave
increase of the stem- decrease of the the stem-angle NIELSEN shows that NIELSEN mentions that there is no
dimensions of height with increasing | stem—width with decreases with there 1s a reflecting | the stem—width at the theoretical
the test basin angle of incidence Oo increasing angle eo an increasing wave with an angle end of the wall can explanation

--a= 609,6 cm
b= 111.7 cm
h = 12,7 ¢cm
monochromatic
waves
H L H 98
(em) (cm) T [ 7]

1.07 45.72 0.22 §

the stem height . is

independent of the
wave length

Remarks:

The second MACH-stem
effect is not observed
in shoaling water

In deep water the 2.

increase of the
stem-width with
increasing wave-
height

independent of the
wave-height

decrease of the stem-
width with increasing

angle eo

e°<20° as opposed
to PERROUD

be wrong because the
model is too small

the first part of the
reflecting wall
touches the wall of
the test basin

the experiments of
the 2.MACH-stem

(96T “95eyyoy “19baag)

1 "% 378Vl

10 | MACH-stem increases water level have only been done
0.49 14.65 0.07 15 | with an increasing qualitatively
’ 20 | angle of incidence e, supposition: the
stem-width increases
Vinearly progressively
along the length of
the wall
PERROUD the stem-height is a the stem—width the stem—angle no reflecting wave PERROUD describes
| function of the angle increases linearly decreases for an angle of the MACH-stem-
of incidence and has along the length of incidence eo < 20° effect for a
The same basin two maxima the wall the wave height of solitary-wave
as NIELSEN 8, = 22,8° the stem width of the reflecting wave with simple
solitary wave eo = 45,0° the solitary wave is is smaller than that geometric
smaller than that of of the incoming wave connection
H L H 98 the periodic waves ’
(em) (cm) @ [ )
1.52 0.38 5
' 22,5
45
HAGER the stem—height is the dependance of HAGER computes

Eckernforde harbour
wind wave

H L H °8
(em) (em) d [ 7]

1656 3800 0.05 5.30
10.35
15.45
20.50

a function of the
angle of incidence
and increases pro-
gressively along the
length of the wall

the stem height of
the incoming wave on
angle of incidence
changes

the stem-height
along the
reflecting wall.
The equation
system is similar
to PERROUD’s

19 O 4
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standing wave - crest at the wall T

APPENDIX A
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A2
CONTOUR PLOT

Stereopair 12, eo = 900, standing wave - Trough at the wall T = 1,5, Hi = 37,0mm
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= 34,0mm

1

1,01, H,

= 90°, standing wave - Trough at the wall T
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CONTOUR PLOT-

Stereopair 16, 90 = 900, standing wave - Crest at the wall T = 1,01,Hi = 34,0mm
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CONTOUR PLOT
Stereopair 17, eo = 690, oblique wave reflection, T = 1,01, H.1 = 34,0mm
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CONTOUR PLOT

Stereopair 18, 90

= 690, oblique wave reflection, T = 0.765, Hi = 38,4mm
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A7

= 47°, Mach wave reflection, T = 0,765, H, = 38,4m
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CONTOUR PLOT A9

Stereopair 21, 8 = 34°, Mach wave reflection, T = 0,765, H, = 24,8m.
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Al0

Stereopair 22, 90 = 340, Mach wave reflection, T = 1,01, Hi = 32,7mm
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All
CONTOUR PLOT

Stereopair 23, 90 = 340, Mach wave reflection, T = 1,01, Hi = 34,0mm
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CONTOUR PLOT Al2

Stereopair 24, 6_ = 34°, Mach wave reflection, T = 1,01, H, = 39,9m
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Al3

CONTOUR PLOT

24, 8mm

1_

= 250, Mach wave reflection, T = 0,765, H,
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CONTOUR PLOT

Stereopair 26, 90 = 200, Mach wave reflection, T = 0,765, Hi = 24,8mm 8=20
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CONTOUR PLOT Al5

Stereopair 27, 00 = 110, Mach wave reflection, T = 0,765, Hi = 24,8mm 80211' ‘ilﬁ
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CONTOUR PLOT

Stereopair 28,

Incident wave, T = 0,765, Hi = 24,8mm
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CONTOUR PLOT

Stereopair 29, Incident wave, T = 0,765, Hi = 38,4mm
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CONTOUR PLOT AlS8

Stereopair 30, Incident wave, T = 1,01, Hi"-' 32, 7mm
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CONTOUR PLOT

Sﬁereopair 31, Incident wave, T = 1,01, Hi = 34,0mm
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- CONTOUR PLOT )

Stereopair 32, Incident wave, T = 1,01, Hi. = 39,S9mm
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APPENDIX B
' COEFFICIENT OF REFLECTION CONTOUR PLOT

Bl

Stereopair 18, Oo = 690, oblique wave reflection, T = 0.765, Hi = 38,4mm




COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 19, 8 = 47°, Mach wave reflection, T = 0,765, H, = 38,4mn
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7.11

Fig 7.5 Wave diffraction diagram - 75° wave angle (From Coastal
Engineering Research Centre, 1984). ’

K'={1.00

. [ Ses e . N 0°
o s 8 7 6 5 4 3 2 V2 AT semi Infinite rigid impermeoble bieokwoler
: Rodius/wovelength

N (after Wiegat, 1962)
-kWove cresls

Direction of wave approach ——————0

7.3.2 Degree of reflection

It would be realistic to assume that diffract"im does oocur for the
edge of the reflected wave, s0 as both the diffraction diagramss
suggest similar values along the wave orthogonal it would appear that

. the coefficient of reflection is » 1, The Kr contour plot shows that

for where diffraction effects do not occur, Kr » 1. The negative
contour values in the K contour plot are attributed to the variation

 in the incident wave heights.

7.4

Mach wave reflection |

Mach wave reflection was investigated for two wave periods T = 0,765
and T = 1,01. The majority of tests were done using T = 0,765 where
the effect of change in incidence was investigated. Tests were
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Fig 7.6 Contour plot of Mach wave reflection
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performed for T = 1,01 with 00 = 340, to investgate the effect of the
incident wave height on Mach reflection.

Ttiebhohatanwidthappears to grow linearly from the start of the
wall (see Fig. 7.6), which is consistent with the observations of
previous investigators. The angle the Mach stem grows at is «. The
Mach stem width is made dimensionless by dividing by the incident
wave length. On this basis comparisons could be made between
different wave 'periodé.

From the data available it appears that the starting angle for

identifiable Mach wave reflection is ¢ _ = 47° (Stereopair 19). In
Fig 7.6 it can be seen that the effect of the Mach wave is that the
normal oblique reflection patt.em starts a finite distance away from
the wall. This distance, as defined in Section 7.4.1, is the width
of the Mach stem (B). For the section of linear growth of the Mach
wave, the incident wave is reflected as if an imaginary reflecting

wall was positioned at (9 + a)®. Once the Mach stem has achieved
maturity the incident wave reflects from an imaginary wall, parallel
to the actual wall, but positioned B away from the actual wall. The
incident and reflected wavelengths are similar, and the Mach waves
have a wavelength of L1/°°°°o' The angles of incidemce and
reflection are similar, about the corresponding imaginary walls.

Definition of the N

The Mach stem width (B) has been previously defined by Berger and
Kohlhase (1976) as the distance from the reflecting wall to the
trough adjacent to the Mach wave (see Section 4.4). From the contour
plots of the Mach waves (see fig 7.6) obtained, it was realised that
the Mach stem width needed to be redefined. In fig 7.6 the incident
and reflected waves have been identified with best fit lines placed
through the relevant antinodes. The initial intersection of the
incident and reflected lines occurs either at a crest or a trough,
and would normally represent the antinode adjacent to the reflecting
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wall, intersecting on the boundary of the wall for conventional
oblique reflection. It is proposed that the Mach stem width be
defined as the distance from the wall to the intersection
representing the final antinode before the wall. It is according to -
this definitibn-that the Mach stem width will be compared in this
investigation. ' ‘

Relationships investigated for Maoh wave reflection

. There appear to be three factors which affect the resulting Mach
wave. The factors identified are

i) angle of incidence
ii) = period of the incident wave, or its wavelength

iii) incident wave height. .

Effect of angle of incidence
To investigate the effects of the angle of incidence, only one set of

data is available, stereopairs 21, 25, 26, 27. For these stereopairs
the wave period was constant (T = 0,765) and the incident wave height
was also kept constant (Hi = 24,8 mm). The data for these '

- stereopairs is presented in table 7.5.

Table 7.5 Data for T = 0,765; Hi = 24,8m

Stereopair eo Tan 90 a B Maximum “s/Hi
|21 34° 0,675 3° 0,13L, | 2,581

25 25° 0,466 6° 0,308 L, 2,419

26 .20° 0,364 8,5° 0,422 Ly 1,774

27 10° 0,176 9,5° 0,649 L, 1,472

The only trend that definitely appeared to exist for the data is the
linear relationship between the angle of incidence and the Mach stea
width. This relationship is described in fig. 7.7, and the line
fitted to the data by linear regression obtained a correlation



Mach Stem Width (B/L)
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coefficient of -0,999. This function is empirical as the effects
occurring due to the incident waveheight and period are unknown. The
possibility of the angle of incidence being a tan relationship was
investigated, but it does not fit the available data better than the
linear relstionship. It is possible however that a tan 6
relationship could be applicable.

Fig 7.7 Mach stem width

Mach Stem Width

5 Mach Stem Width / Angle of incidence
0. ,

0.6 -

0.5 —

0.4 -

0.3

0.2 4

0.1 T T T T T T T T T T T 1
10 14 18 : 22 26 30 34

Angle of incidence (I_Degree's)
o Hi = 248 mm ; T = 0,765

The Mach stem grows linearly from the start of the reflecting wall
with angle a. The relationship between ooandaeanbesemin

fig 7.8. It appears that a linear relationship could exist for this
data, as the line fitted through the data produced a correlation
coefficient of -0,961. The stem angle was also plotted against
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tan Oo and a similar coefficient of reflection was obtained as tan is
almost linear in this range. More data is required before a decision
can be made as to what the exact relationship is.

Fig 7.8 Growth of Mach stem

"Growth of Mach Stem

10 Angle ‘-of Stem / Angle of Incidence

3 T T T T T T T Y T T T §
10 14 18 22 26 30 . 34

Angle of Incidence (Degree's)
O Hi =248 mm ;T = 0,765

Wiegel (1964b) presents data for the /e _ relationship for solitary
waves for an average of wave heights Hi/d = 0,05 to 0,43. Wieue_].
obtained a linear relationship for a/oo with a gradient that was
almost identical to the gradient obtained in this investigation,

aweptthattheainteroeptwaszobelowtheainteroept for this
investigation. Wiegel used solitary waves for his investigation and
it would appear that Wiegel used the same definition for the edge of

~ the Mach wave as is used in this investigation. The discrepancy in

the size of « could be due to the solitary waves, as Wiege]. did
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observe that solitary waves produce a smaller stem width than
periodic waves.

There is a relationship between the maximm Hmmi ratio that occurs
and its respective angle of incidence. Fig 7.9 shows the increase in
Hms/“i for increasing o, Although the coefficients of reflection

for oo = 10°, 20° may not have reached their maximmm values as the
length of the reflecting wall may have been too short for the waves
to reach maturity. The relationship for this data is not well
defined. A linear relationship, which although it fitas the available
data well, does not predict the probable decrease in the Hm/“i ratio
for increasing angles of incidence as shown by data for different
incident waveheighta. Pérx’;’” Moy fopilr O 26

v | oA %osf © V70° od g
' Fig. 7.9 Relative height of Mach stem. ’(O-u-t' pocor 0"»‘5; SHosnr -

'Relative Height of Mach Stem

26 Hms/ Hi / Angle of Incidence
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1.8 -
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164
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1.4 S T T | T T T T
10 14 18 22 26 30 - 34

Angle of incidence (Degree’s)
‘8 H = 248 mm T = 0,765
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7.4.2.2 Effect of varing incident wave height and changes in period

The Mach stem width is affected by the incident wave height, as for
as increasing incident wave height the Mach stem becomes wider. An
attempt was made to try to establish the relationship between the
Mach atem width and the incident wave height for T = 0,765 and

T = 1,01 for constant angle of incidence, ao = 340. The data is
sumnarised in Table 7.6

Table 7.6 Data for o_ = 34°

Sterecpair| T H, | H./L | H_/H, B | Comment

p 3 1 8 1
20 0,766 | 38,2 | 0,050 2,044 | 0,325L, | Mach wave breaking
21 0,765 | 24,8 | 0,032 2,581 | 0,130L, -
22 1,01 32,7 | 0,029 2,339 | 0,156L,
23 1,01 34,0 | 0,030 2,882 | 0,178L, | Mach wave on verge
| . | of breaking |
24 1,01 39,9 | 0,038 2,105 | 0,183L,| Mach wave bresking

The above data is plotted in fig. 7.10, and there does not appear to
be any definite relationship. It would appear that the amount of
energy available from the incident wave determines the Mach stem -
width. The effect of the Mach wave breaking on the Mach stem width
does not appear to be related for different periods. When the wave
starts to break for T = 1,01 there is not a significant increase in
the Mach stem width for increase in incident wave height. The
opposite relationship exists for T = 0,765. A lot more data is
required to define this effect. However for both cases of the Mach
stem breasking the incident wave heights are similar (» 39 mm) and the
H_/H, values are similar. This suggests that the wave heights are
unstable because of the shallow water relationship. For T = 1,01 the
Mach stem would break for a smaller Hi/L ratio than for T = 0,766.

If the growth of the Mach stem width is dependent on the incident
energy, then when the wave starts to break, any increase in inocident
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energy is dissipated in breaking, so the Mach stem grows very little
once breaking starts.  In this way the size of the Mach stem for

T = 0,765 could have grown somewhat bigger before breaking started
than for T = 1,01 before it started to break. This is a possible
explanation for the discrepancy in the Mach stem width data.

Fig. 7.10 Mach stem width

Mach Stem Width

Mach St Width. i
0.33 . em Width / (Hi/L)

- 0.32 4 .
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0.2
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0.18 4
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0.15 4
0.14 S
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Hi/L
o T = 0.765 o+ T = 1.01

11

Mach Stem Width (B/1)

7.4.2.3 ici
To investigate any noticeable effecta in the reflected wave,
coefficient of reflection (Kr) plots were generat.ed (See Appendix B).
In the Kr plots the relative height of the Mach wave is also .
described by Kr values rather than Hm/!-li, so the wave heights can be
compared, and contours plotted for the data.
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For stereopairs 19,21 where T = 0,765, o, =47, 34° and H, = 34 m;
24,8 mm respectively, the Mach stem reaches a peak and then drops off
toatrmuhmthanmcreasemthex values next to the trough in
the Mach stem. Thepeakmthe}hdxstelheightscorreapa:dsmboth
scenarios to the Mach stem reaching its maximm width (B).

7.4.3 Trends in Mach wave development
7.4.3.1 Limiting angle for the mach wave
Previous investigations (Berger, Kohlhase, 1976) suggest that Mach

reflection occurs for Ooless than 45°. In stereopair 19, where

T = 0,765 and H, = 38,4sm, the Mach wave first oocurs for ¢ _ = 47°
which is outside the previously established limit. The
identification of the Mach wave was only made poesible by the
technique described in section 7.3, as this wave pattern ocould very
easily be considered to be ordinary oblique reflection by casual

inspection. The occurrence of the Mach wave forvoo = 47° suggests
that there does not exist a finite point where the Mach wave does not

acist,b\rhthatasootendshowotheuachwavemmzem.

There appears to be a definite relat1onslup between the amount of
energy input and the height, the width and the rate of growth of the
Mach wave. This incident energy input is affected by the incident
waveheight, the incident wave wavelength, and the angle of incidence.
From the data presented it is possible that the Mach wave exists for
all reflection situations, and could be defined by a relationship
which tends to zero for the Mach stem width and angle of growth of

the Mach stem, and which tends to 2 for H_/H, as ¢_ tends to 90°.
This relationship could tend to infinity for the Mach stem width and

angleofgrowthandtolforl-lm/}liaaeotaﬂswoo.
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7.4.3.3 Second Mach stem
Berger and Kohlhase (1976) suggest that a second Mach stem exists

adjacent to the main Mach wave for eo < 30°. Plate 7.2 shows the

phenomenon that was observed during this investigation for Oo = 20°.

This plate, together with the contour plot (Appendix A;

stereopair 26) appear to show that this second Mach wave is actually
the resulting reflecting pattern. The angle between the wall and
reflected wave orthogonal is small, so the reflected wave which is
also small is diffracted and attenuated such that within the limits
of the wave basin only one set of defined antinodes is developed next
to the Mach stem. Beyond this the reflected wave is so small that it
cannot be distinguished from the other imperfections in the incident

wave.

Plate 7.2 Mach wave, 8 = 20°
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CONCLUSIONS AND RECOMMENDATIONS

Accuracy of analysis

Photogrammetry is an extremely accurate tool, with a standard
deviation for the analysed data of .+ 2 mm. The standard deviation
for the average heights of the incident waves generated by the wave
generator were +' 1 to 3 mm. The standard deviations calculated for
the average height of the standing waves were 1 to 5§ mm.
Unfortunately the error for the oblique wave reflection antinodes is
unquantifiable, but could be as large as 15 mm.

It would have been desirable to photograph each wave scenario at
least twice, so some idea of the actual magnitude of the deviation of
the generated wave could be established. Due to the long period of
time required to obtain and analyse a stereopair, it would have been
very difficult for any more stereopairs to be taken than were
actually taken. The solution to this problem could be to use near
real time photogranmetry, once adequately developed, to obtain many
sets of data for each wave scenario.

Standing wave data

The investigation of the standing wave revealed interesting
information. The extreme coefficients of reflection (Kr = 1,6) at
the reflecting wall was unexpected. Previous investigators had
suggested that a Kr = 1,4 could occur at the reflecting wall, but the
extreugval\xeofKr= 1,6placesnewaqimaismtheilportaxnepf
the standing wave and the effect it would have for overtopping.

The reduction in the standing wave length compared to the incident
wave length for the shallower wave tested was surprising, although it
had been suggested by previous investigators. A likely explanation
is that there is energy interference between the opposing wave
tralns, ag it would not appear likely that there is a reduction m
the wave periods of the two wave trains.
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8.4

8.5

8.2

Oblique wave reflection
The oblique wave reflection scenarios behaved as predicted by the

wave theory. The angles of incidence and reflection were equal and a
reflection coefficient of » 1 was obtained. It was interesting to
note that the diffraction pattern occuring for the edge of the
reflected wave was similar to that predicted by previously

established diffraction diagrams.

Mach wave reflection ‘ _

The Mach wave is a complicated relationship, and a lot more data will
be required before an adequate knowledge of its characteristics can
be established. Two proposed concepts for possible relationships
existing for Mach waves are proposed :

i) The Mach vave may exist for all ¢_, but be of negligible stem

width for o_ > 50°.

ii) The development of the Mach wave is a function of the incident
wave energy which depends on the wave height and the period of
the incident wave. It is felt that the Mach wave is not a
diffraction problem, but an energy problem developing as a

function of the non linear properties of the wave.

Future investigation
This investigation has shown that close range photogrammetry is an

excellent technique for investigating water wave surfaces to a high
degree of accuracy, and obtaining accurate, comprehensive
representations of the water surface. Unfortumately it does not

~ appear possible to use conventional photogrammetrical techniques to

perform a comprehensive investigation into wave reflection as an

enormous mmber of man hours would be required.

The author is of the opinion that when near real time photograsmetry
systems have developed to sufficient accuracy, the potential exists

to complete this wave reflection investigation. It is felt that a

large wave basin equipped with a good quality wave generator should
be adapted for permanent photogrammetric use. The area of the basin
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could be covered with pairs of digital cameras synchronised from a
single host computer. In this way not only wave reflection, but
alternative harbour designs and other wave phenomenon could Abe
investigated to a degree of accuracy and comprehensiveness never
before realised. Such a aysteln; although expensive, with adequate
software, could revolutionise hydraulic model investigations.
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University of Cape Town.



COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 20, 90 = 340, Mach wave reflection, T = 0,765, Hi = 38,4mm

Scale 1 : 25
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COEFFICIENT OF REFLECTION CONTOUR PLOT

. . ’ o . ¢ .
Stereopair 21, ao = 34", Mach wave reflection, T = 0,765, Hi = 24,8mm

Ay
. &
4l :
e &




COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 22, eo = 340. Mach wave reflectibn, T=1,01, H. = 32,7mm
i
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COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 23, 6_ = 34°, Mach wave reflection, T = 1,01, H, = 34,0m

Scale 1 : 25



COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 24, 90 = 34°_, Mach wave reflection, T
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COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 25, 6_ = 25°, Mach wave reflection, T = 0,765, H, = 24,8mm
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COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 26, ’9 = 200, Mach wave refléction, T = 0,765, Hi = 24,8ﬁm
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COEFFICIENT OF REFLECTION CONTOUR PLOT

Stereopair 27, o = 11°, Mach wave reflection, T = 0,765, H, = 24,8m
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APPENDIX C
Stereopair 28
T] c] T]cl Tl cl Tl clT]clrt]cl| Tl c
a.; 12,8 12,6 11,8 13,2 13,6 12,3 12,6
a 10,8 10,2 11,9 12,3 13,1 12,4 13,1
Standard 2,7} 2,6 1,6 1,2| 1,8 1,9{ 1,6/ 2,5 1,0} 1,5] 1,8 2,0| 1,3| 1,5
deviation
H, 23,6 23,0 22,6 24,5 23,7 24,1 25,5 26,3 26,7 26,0 24,7 25,4 25,7
Stereopair 29
clrt]|lcliTtlciT|lc|l Tl clTl clT!| C
a_; 23,54  [22,1 20,1 19,6 19,7 18,8 18,6
8, 18,94 17,9 19,4 19,1 17,2 18,3
Standard 2,811,6|2,4]| 1,9 1,4] 2,2] 2,7| 2,1| 3,0} 1,2| 3,3| 1,7} 2,2
deviation :
'Hi 40,0 38,0 39,5 39,0 38,7 38,8 36,9 36,0 37,1 36,9
Stereopair 30 _
trlcl]Tt|l c|] Tl c|l T| Cc| T| C
a_; 117, 4% 19,6 21,8 21,7 23,2
a 11,3 12,5 12,9 11,4 10,4
Standard 2,1| 3,3 12,1} 2,2| 1,4] 2,1| 1,6| 2,4} 2,1| 1,7
| deviation
Hi 32,1 32,5 34,7 33,2 33,1 32,1 33,6




Stereopair. 31 .

1

Tic|lTlcl|lT]lclT|]cl] Tl C
a_; 23,14 20,4 |20,9 20,8 21,6
8. (14,64 15,64 12,6 13,3 13,3
Standard | .
deviation 1,3{3,4|1,4|2,8} 0,5/ 2,3| 1,3} 1,3] 2,1} 2,0
H, 33,0 33,5 34,2 34,1 34,1 34,9
Stereopair 32

T c T c T| ¢ T c T c
a_; 25, 8% 24,1 24,1 23,4 25,8
8, 12,94 18,8’1 17,3 15,3 14,6
Standard
deviation 0,5|2,9]|2,5|2,1{ 1,7] 1,8} 1,6 1,3} 1,6] 2,2
H, 41,4 41,4 39,4 38,7 38,0 40,4
Stereopair 33

c T c T c T
a . 22,3 16, 8% 24,1
Cl
8 12,7 14,1 13,6
Standé,rd
deviation 2,3 0,5 1,1 1,3 1,5 1,6
H. 35,0 38,2 37,7
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Course Number ' Result Credit Rating

CIV516F Coestal Hydraulics ' 1 5
CIV592F Project Management in Civil Engineering 3 3
SRA200F Physical Oceanography 24 4
CIV5258 Contract Law - 2- 3
CIV5368 Coastal Engineering Practioe 1 5

' CIV593S Engineering Software Designs 24 4
CIV500Z "A study of water wave reflection 20

using Close Range Photogrammetry" -

' 44

Credit requirements for Degree ' 40
N
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ALL question may be attempted.

(OPEN BOOK EXAMINATION)

Constants

1025 kg/m°
10 kN/m°

Sea water density

Sea water weight

TIME:

[ 4 PAGES ]

4 hours +



"CIV 516 : UNIVERSITY EXAMINATION : JULY 1988 ‘ | 2°

QUESTION 1
The standard alignment chart is attached and va new blank line has been

inserted at the bottom of the page. This line is to be used for determining

" values of U-ax y the maximum horizontal orbital velocity at the water

U
surface, according to the Airy theory. 1f Upax ° Ea;z' is to be the
T

dimensionless form of the variable on this line, mark off the correct

positions of the 6lax values given in the following list.

*

Ulax = 1,01 2 6
1,10 3
1,40 4

Note that H is the local wave height throughout. Suggest a small change in
the line label which would permit the scale to be used for maximum horizontal
surface acceleration values. Use the new line to solve the following
problem. :

A swell of 10 second period with a deep water wave height Ho:= 1,59 m

approaches a beach with the wave crests parallel to the shore. Plot the
value of U ax at the water surface for the following selected water depths.

65 m 3 34,4 0 ; 15,9 o ; 6,8 m ; 2,86 m .

Use these calculations to estimate the water depth when the Ulax value first

reaches 1,5 m/s and check that the wave has not broken.

QUESTION 2

A sea platform consists of a square concrete slab positioned horizontally on
four cylindrical vertical piles, each placed at a corner, the slab side being
parallel to the local wave crest. The pile diameter is 1 m, the total pile .
height above sea bed is 6,4 m, and the slab dimensions are sides of § m with
a thickness of 200 mm. The local wave characteristics are height 2 m, length
100 m, and period 12 s, the local water depth being 8 m.

(a) Considering the central 1 m high slice of any pile, calculate
the horizontal forces per metre due to velocity and
acceleration and by plotting these throughout one wave period
or otherwise, identify the maximum force and the timing of its
occurrence. Check that the velocity and acceleration
distributions over the height of the pile are reasonably
constant and thus estimate the total force on one pile.

‘Take CD =1,2 and CM = 2,0 .



CIV 516 : UNIVERSITY EXAMINATION : JULY 1988 3

QUESTION 2 (continued)

(b) Estimate the maximum vertical force on the slab due to wave
action. _ ' '
Take CD = 1,0 anq CM = 1,8 .

QUESTION 3

In a study of wave penetration into a bay, the 10 m, 9 m and 8 m sea bed
contours are approximated by three straight lines with contained angles of 12
degrees as shown on the attached page. An incoming wave orthogonal, 10
second period, impinges on the 10 B contour at an angle of 50 degrees as
shown. With the usual approximations obtain by trial the angle at whch the

emerging orthogonal cuts the 8 m contour. Take the step lines on the 9,5 m
and 8,5 m lines. .

[ 1 diagram attached ]

QUESTION 4

- A train of waves is approaching a shore line, of regular bed slope 1 in 80,
the wave crests being essentially parallel to the shore. Two aerial still
photographs are taken 8 seconds apart. On the first photograph, .two
successive crests are identified as being 247 m apart. A comparison between -
the two photographs indicates that the trough between the two crests has
advanced forward a distance of 153 m. Further, stereo photographs taken at
the same time as the first exposure indicate that the wave height in the
vicinity of the trough is close to 3. m. Retrace the history of this wave as
it came in from deep water, and further trace the progress of the wave as it
moves towards the beach, including the following calculations:

(i) the wave length and celer;ty in. deep water ;

(ii) the wave length, celerity and height for water depths at 20 m
intervals from deep to the 10 m depth, and at 1 m intervals
inshore from this to a depth of 3 m ;

(iii) the depth of water in which the wave breaks, the type of

breaker, and the wave height at breaking. Set up and down may
be ignored ;

(iv) the energy flow in W/m in two water depths outside the
breakers, and one depth in the breaker gone (depths at your
choice) and compare.
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 QUESTION 3

(a)

(b)

(c)

(d)

(e)

(f)

'A storm at sea generates waves with a period range of 6 to 12 seconds.

The resulting swell travels towards a harbour 400 km away. Estimate
the time interval between the arrival of the shortest ‘and longest
waves, assuming deep water throughout.

A refraction diagram is constructed for a bay, and the spacing between
a particular pair of adjacent orthogonals doubles in travelling from
deep water to the 10 m depth zone, the wave period being 7 seconds.
Estimate the percentage change in wave height occurring between these

two zones on the assumption that no breaking waves are present in-
between.

In a gzero damage design calculation for the armour protection of a
rubble mound breakwater, 3 tonne and 5 tonne dolosse are specified for
the trunk and head respectively, the slope of the breakwater face

- being cot a = 2. Estimate the block masses and block heights if

tetrapods had been used in the same design. 1f the design wave height
was 3 m, and a storm causes damage of the order 20 - 30 per cent to
the tetrapod scheme, estimate the storm wave height (concrete density

2245 kg/m°).

An incoming swell has crests parallel to a straight beach with a deep
water wave height of 2 m. Estimate the horizontal force (per metre
along the beach) acting on the beach inside the refraction zone, due
to the dynamic action of the waves.

In an area where the sea bed is horizontal, and the water depth is
3 m, a wave has a period of 7 s, a wave length of 38 m, and a wave
height of 1,5 =m. Estimate the drift velocity at bed level, and
indicate the direction. Compare this velocity with the maximum
orbital velocity at the same level, and indicate the influence on bed
drift of a strong onshore wind.

A coastal model is to be constructed to explore wave action in a sea
area 1 ko offshore by 2 km along shore. The laboratory area available
is 20 m wide and of considerable length. Suggest a linear scale
guitable for this and calculate the wave period of the model paddles
to duplicate a 12 second wave in nature. Discuss which of the
following characteristics are accurately modelled in the laboratory:

(i) wave refraction pattern ;
(ii) wave heights before breaking ;
(iii) wave heights after breaking ;
{iv) settlement of fine sands.

* ¥ %X %% %X X% %
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UNIVERSITY OF CAPE TOWN
. DEPARTHENT OF CIVIL ENGINEERING
'CIV 582F POSTGRADUATE EXAMINATION

PROJECT MANAGEMENT IN CIVIL ENGINEERING

UNE 1988 _ _ TOTAL. MARK 100
. The examination 1s three (3). hours

Attempt all questions

All writing to be in ink or ballpoint pen

Refér to Annexure A . Complete and hand in with the answer
book. :

Discuss the functions of a Project Manager. (201

Describe the different types of information required by a
Project Manager to plan a project. [20]

Discuss -the problems which may arise when a Project Manager
underestimates the cost of a Contract in hls motivation to the
Client for acceptance. | , [10]

Indicate , with comment , the cost items which may be affected
in a contractor’'s claim as also the reasons for a claim . [10]

Page 1
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ATTEMPT ALL THE FOLLOWING QUESTIONS WITH SHORT PRECISE ANSHERS'

a)

b)

c)

d)

e)

d)

TOTAL MARK 40
What is the purpose of organising. _ ¢ (11

-------------------------------------------------------------

'Name two reasons why a Client WOuld be motivated to undertake

a project. 7 (1]

Time and cost is interrelated but can be in conflict ,is this
true or false ? - [1]

True / false (circle the correct reply )

Indicate which of the following are procedural constraints

. , {31
availability of local funding ves/no
tendering . yes/no
detail design ves/no
conditions of contract ves/no
contractural incentives ves/no
arbitration yes/no

Page 2



Civ S92F  PROJECT MANAGEMENT Annexure A

e)

£)

g)

Give ten benefits of good planning :
{81

Indicate which of the following can assist with project
control . _ (3]

personal commitment yvyes/no
programme coordination yes/no
review meetings ‘ yes/no
project reports yes/no
management support ' yes/no
communication ' . yes/no

List six project management monitoring actions which should
be excercised during construction. {31

Page 3



Civ S592F o PROJECT MANAGEMENT Annexure A

h)

i)

3D

k)

Indicate four normal reactions to which a person ‘may resort if
faced with a risk situation . (2]

Give three types of critical path charts for programming a
project . . [3]

Give eight reasons for prov1d1ng a client with an estimate for
a project . , (4]

What should be considered when <compiling a Schedule of
Quantities for a project . : : (3]

Page 4



Civ 592F ' 'PROJECT MANAGEMENT ~ Annexure A
1) Is the cummnlative monthly payments made to a contractor a
straight line , if not what shape is it ? ] (2]

--------------------------------------------------------------

---------------------------------------------------------------

n) On which cost elements in a contract are the inflation index
values applied. ' [2]

" 0) What is the normal maximum percentage variation of a payment
' item that can be accepted before a Contractor may request
a revision of the pay item rate , and for what reason. [2]

--------------------------------------------------------------

p) What are statutory increases. £13

---------------------------------------------------------------

Page 5
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QCEANOGRAPHY SEA 200F -

TIME: 3 HOURS N _ TOTAL MARKS: 150
- Answer ALL questions in SECTION A :
Answer ONE question from SECTION B and THREE questions from SECTION C
SECTION A

Answer ALL questions in this section

1. Sketch the oxygen distribution in the deep ocean (4 km deep), at mid-
latitude. = : : (2)

2. What variables does the seawater density depend on? (2)

3. Define the "potential temperature". When should this be used in place

of the "in situ" temperature? (2)

4, Is the ocean well stratified in the vertical? (2)

5. Give a labelled t,s diagram for the Atlantic ocean at 35° S (2)

6. Define "sigma-t" and the "standard ocean". (2)

7. Explain how a CTD works and what it measures. (2)

8. What is the "solar constant"? (2)

9. What is Group velocity and how is it related to the phase ve10c1ty of

"deep water" waves? 2)

10. What is a "tsunami"? (2)

11. Define the terms "geopotential™ and "dynamic metre". (2)

12. When does the diurnal inequality of the tide vanish? (2)

13. Sketch and describe the main elements of a Kelvin wave. (2)

14, Describe the terms "amphidromic point", "co-range lines". (2)

15. Give a simple definition of Salinity. - (2)

' TOTAL (30)
SECTION 3

Answer EITHER OF the following questions:

(a) Describe with the aid of suitable diagrams, the characteristics of the
major ocean current systems and the major bathymetricifeatures around
southern Africa. Include details of current speeds and surface
temperatures. (30)

OR
(b) Write an essay on the phenomenon of E1 Nlno - Southern Osc11 lation
_(ENSQ) in the Pacific Ocean. (30)



SECTION C

"ANSWER ANY THREE FULL QUESTIONS

(A)

(8)

(C)

(D)

Discuss the main elements of the heat budget in the atmosphere and
ocean, and give an indication of the relative importance of the terms
in the heat budget equation. '

Using the concept that a windstress in the y direction causes an Ekman
flux or transport in the upper ocean in the x direction, describe how
it is possible to set up an anticyclonic gyre in the South Atlantic
ocean. (Hint: let y be positive north, and x positive west) (30)

Discuss the method of dyhamic sections to obtain the baroclinic,

geostrophic velocity structure in the vertical in the Aguiﬁas current,
How can these relative velocities be converted into absolute currents? ~

If the surface slope on the current is 1 m in 100 km, up away from the
coast, calculate the barotropic current speed and direction at 300 s,
(Use g=10 m s™¢, f=2Qsin(@), £ =7.29 107 s-1) (30)

The dispersion of surface wind waves in the ocean is given by

o’ = gk tanh(kd),

2xf = 2%/T is the radian frequencyvand
2¢/lL  is the wave number, g = 10 ms'z, d is depth.

where o
k

Discuss the terms "deep water" and "shallow water" waves, and derive
the phase velocities 1in these cases. What is the "deep water"

wavelength of waves with a period of 15 s? What is the phase speed of
these waves in 5u deep water?

Given that the approximate average power of the waves off the Cape
coast is 40 Kw per metre of wave crest, calculate how many kilometres
of wave crest must be harnessed by a wave absorbing device which is
50% efficient at extracting energy from the waves, to equal the power
from-a Power station producing 2 000 Meya watts. (30)

Write short notes on:
The Phillips-Miles theories of wind wave generation,
South African tides,
Waves entering shoaling water,
Different types of breaking waves,
Fronts and convergences. (30)



UNIVERSITY OF CAPE TOWN

DEPARTMENT OF CIVIL ENGINEERING

UNIVERSITY EXAMINATION - NOVEMBER 1988

_COURSE CIV 5255 - CONTRACT LAW

"~ OPEN BOOK EXAMINATION

Time : 150 Minutes

PLEASE ANSWER ALL QUESTIONS, BEARING IN MIND THE NUMBER OF
QUESTIONS, IT IS SUGGESTED THAT YOUR ANSWERS BE KEPT AS

BRIEF AS POSSIBLE.

TOTAL NUMBER OF MARKS | i 100 MARKS

106 01 01




-1 -
QUESTION 1

"It must be conceded that the phraseoiogy of Clause 54 (of
the Standard Engineering Contract) is capable of bearing the
construction placed upon it by the Court a quo. But in my
opinion it 1s also open to a different interpretation".

(Per Van Heerden JA in Melmoth Town Board v Marius Mostert
(Pty) Limited 1984 (3) 718 at 728 F).

Comment on the above statement'and deal with the powers of
the engineer in terms of_the said Clause 54.

10 Marks




QUESTION 2 |
You are a director of a construction company.

The construction compahy applies to an insurance company for
the issue of a performance - bond and the insurance company
requires you to sign a suretyship for the obligations of the
construction company in respect of that contract. However,
in terms of the suretyship you bind yourself "as suréty and -
co-principal debtor in solidum for the due and faithful
performance by the construction company to the insurance
company of all and whatsoever obligations undertaken by it
on behalf of the construction company in connection with any
matter whatsoever".

Shortly afterwards ydu resign from the construction
company, and a year later you receive a letter from the
insurance company advising you that in %pnhection with
another project carried out by the construction company
after you had left its employ, the construction company was
indebted to the insurance company, who are now looking to
you for payment in terms of the suretyship signed by you.

You are very alarmed because you had not envisaged that you
would be liable for obligations which were incurred after
you had left the employ of the construction company. You
decide to take legal advice.

What are you Iikely to be told?

10 Marks

106 03 02



-3 -

QUESTION 3
You are a director of a construction company.

In terms of the construction contract, certain work was to
be sub-contracted to a sub-contractor nominated by the
architect. '

The architect obtained a ténder for this work from the
sub-contractor and instructed your firm to accept the work.
You sent an ordef on yobr standard printed form which |
contained on its reverse side printed conditions which
included a clause reading as follows :-

"Payment of'the'amoUnt due in terms of this order will only
be effected after we (the main contractor) have received

payment from the employer".

The sub-contractor wrote back to you thanking you for the .
order and the work was carried out.

The employer became insolvent before haVing paid for all the
work. '

The sub-contractor'calls on you to obtain payment for all
the work done by him.

“What would you reply?

_10 Marks

amns AT N7



QUESTION 4
You are a director of a construction firm.

You contract with a development company (X Developers

(Pty) Limited) to build houses on separate erven which are
owned separately by individual owners who are clients of the
development company, and with whom the the development
company had entered into agreements for the building of
these houses.

As the work progressed from time to time, each of the owners
paid X Developers (Pty) Limited the amount required from
them. ‘

Unfortunately, X Developers (Pty) Limited find fault with
your work and'advise that they are not prepared to pay you
any further sums until you have completed what they regard
as the remedial work.

You dispute that in fact any remedial work i1s necessary, but
you are not prepared to continue work until the amount due
to you in terms of your contract with X Developers

(Pty) Limited has been paid.

The individual owners need their accommodation urgently and
decide to contract with another firm to build for them and
finish off the work.

You do not want to give up possession of the building sites
and the work thereon until you have been paid in full, and
the individual owners institute action against your firm for
an order claiming possession of the various sites. Your
Board asks you for an outline of what your rights are in
this matter.

Draw a short memorandum setting out your rights.

10 Marks

106 03 04



QUESTION 5 |
You are a director of a construction company.

It appears that your firm has failed to comply fully with
performance of work undertaken in terms of the contract, but
you wish to claim for the work which you have done.

Yoh decide to take legal advice on your rights, and the
attorney whom you consult says "Ah, this is a B K tooling
case", and proceeds to give you certain advice.

On the basis that he knows what he is talking about, write a
short memorandum for your managing director setting out what

your rights are.

10 Marks



QUESTION 6
You are a director of a construction company.

Your firm has entered into a contract to build certain
road'works, and the contract is in terms of the General

Conditions of Contract of 1982 as issued by the South
African Institution of Civil Engineers.

~ Times are difficult - interest rates are rising - and your
managing director advises you that it looks like it may be
necessary to enter into an arrangement with the company's
creditors.

He asks you to prepare a short memorandum for the Board
setting out the rights of the employer under your cqntract,
should your company decide to follow this course.

Prepare the memorandum.

10 Marks

BA TR o B- SN o I g



-7 -

QUESTION 7 ‘
You are a directpr of a construction company.

In terms of the contract your cdmpany has undertaken to bay
your employer R10 000,00 a day for every day by which
delivery of the completed works is delayed.

Due to internal disputes in the construction company,
delivery of the completed works is delayed for a period of 3
months and your cdmpany‘s accountants.make provision for the
sum of R90 000,00 as being due by your company to the |
employer.

The managing director asks you to write a short memorandum
for the Board setting out whether this is a liability,
whether it can be reduced, and whether there would be any
defence to a claim. ' '

Write it.

10 Marks

106 032 07



QUESTION 8 _ | |
In what circumstances may an _extensidn of time be granted in
terms of the General Conditions of Contract 1982.

10 Marks

106 03 08



QUESTION 9 _ : v
You are & director of a construction company.

1t is clear that & dispute is arising between the employer
‘and your company, and the Board intends discussing whether
the matter should go to arbitration or litigation.

You are asked to prepare a short memorandum discussing the
relative merits of these methods of dispute settlement.

10 Marks

106 03 09
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QUESTION 10 A
You are in practise as a consultant engineer.

You are appointed as the engineer in regard to a particular
contract entered into in accordance with the General
Conditions of Contract 1982.

One of the nominated sub-contractors complains bitterly to
you that the main contractor has not paid him for work
already done by such sub-contractor, for which you know the
employer has already paid the contractor, and the nominated
sub-contractor advises you that he is still working under
the sub-contract and he would like you to protect him
insofar as regards payment in the future.

What could you do?

Would your answer be any different if the sub-contractor was
not a nominated sub-contractor?

10 Marks

106 03 10
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Answer ALL Questions

There 1s a poténtia) of 158 marks

SECTION 1 1is to be handed in at the end of the first hour - CLOSED BOOK

SECTION 2 1is "OPEN BOOK"
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QUESTION 1

Briefly explain, in words and by means of annotated sketches : ,
the following terms: » the mean1ng of

1.1 Cope level " ' [ 2]
1.2 Pendant fender . ‘ [ é ]
1.3 Tidal prism [ 21

1.4  Seiche | | | ' [2]
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1.5 | Clinometer [ 2]

1.6 Show on a sketch plah of Hout Bay where you would expect to observe

the effects of wave diffraction and refraction. Clearly indicate the

physical cause of each effect and the form of the wave orthogonals and
crests.

[ 2]

1.7

Explain, by means of a sketch, the basic physical elements of airborne
(single channel) linescan apparatus that could be used for remote
sensing of the ground. ]
(2]
1.8

Explain by means of a sketch how a dredger may be positioned using
sextant resection. [ 2]
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- NOVEMBER EXAMINATION : OCTOBER 1988. .

1.9

_residuals?

Explain the principle of subtense rang1ng using a sextant Indicate
the practical distance limit. : 2]

Explain by means of a sketch the principle of echovsounding for seabed

profiling. ' _ | (2]

G1ve a sketch of the components and the arrangement that is used for
tide record1ng at Granger Bay.

(2]

Explain the term "tidal residual”. What is the cause of tidal
(2)
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1.13 Explain the principle of the "Wave rider" accelerometer buoy. [ 2]

1.14 Show by means of simple sketches how field measurements of the
following may be graphically presented in reports : ‘

wind speed and direction | - 121
Radioactive tracers : ' {21
- Beach profiles . _ _ {21

1.15(a) Give a typical section of a rubble mound breakwater (annotate). [ 2 ]
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1.15(b) Show the sequence of how this would be constfucted in an exposed

1.16

situation.

Comment very briefly (gi;h a simple §ketgn) on the
inadequacy of the following :

position of the slipway'at,Grangqr Bay

boat “access” situation at harbour entrance in Hout Bay

. boat "access” situation at Kalk Bay harbour entrance

a boat ramp at 1:6

[2]

adequacy' or

(2]

(2]

(2]

(21
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a boat ramp at 1:15 o | [ 2]

1.17 Explain what you would look for in an aerial photograph 6f the coast
to d1sce_rn'the direction of 1ittoral drift. [ 2]

Total for SECTION 1 = 48 marks.
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2.1

(a)

(b)

(c)

(d)

(e)

SECTION 2 - OPEN BOOK

Assuming that you are a Consulting Engineer specialising in coastal
matters, reporting to the local authority responsible for the coast,
write advisory notes to the responsible Committee on the following :

It is September and the beach has steepened and eroded sufficiently

for an adjacent parking area to appear to be in danger of being
totally eroded.

Outline your proposed method of investigation, your preliminary advice
as to what the Council should instruct you or Contractors to do, what
alternatives measures are likely to be appropriate after completing
the investigation. Give a staged breakdown of <costs with
time/construction expense justification. Assume the total beach Yength
is 1 km and that the situation is as occurs at Fish Hoek.

[ 15]

It is proposed that the harbour at Granger Bay be improved. Write a
memorandum to the responsible Committee outlining the problems that
occur at present and the approach you would take to improve the
situation. Provide an approximate cost for the investigation and the
development of a new construction plan. Give a breakdown of the work
required. (Give sketch plans as needed).

{ 15 ]
Describe thé present situation and outline the approach you would take
to investigate the cause of the tilt on the breakwater at Hermanus..

Indicate two possible alternative causes, and how you would remedy the
situation for each case. (In a sketch show the type of construction).

{10]

Briefly explain how you would determine the directions of nett

1ittoral drift and how you would estimate the littoral drift quantity
at Hout Bay beach.

{ 101

Hout Bay harbour is to be extended to provide for an additional 500
floating berths for small craft. Present a breakwater and mooring
layout, and show in plan details of boat ramps, harbour control and
other infrastructure requirements that should be considered at a
preliminary stage. State all assumptions.

{ 60 ]

Total for SECTION 2 = 110 marks
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1. Software Design

| ,(‘) Discuss the five phases of the software develdpmeht cycle, with sﬁeciﬁc ref-

‘ erence to the inputs and outputs of each phase. (10)
~ (b) Describe the following concepts as they relate to the quality of software de-
- sign: '
i. Coupling

~ ii. Cohesiveness

‘iii. Parsimony

iv. Predictability : |
v. Scope of effect and Scope of control

; N (10)
- [20]

2. Structured vProgramm.ing

(a) Rewrite the following section of code to be more explicit and readable:

parameter (n=3)
real a(n,n)
dol1i=1,n
dol j=1,n"
1 a(i,j) = (i/3)*(3/i)

| ®)
- (b) Eliminate the GOTO-statements from the following fragment of code:

if (x.1t.y) goto 30
if (y.1t.z) then
goto 50
else
‘small = 2
goto 70
endif
30 if (x.1t.z) then
goto 60
else '
small = z
goto TO
endif
50 small =y
goto 70
60 small = x
70 continue



(7)

(c) Code a lexical function for comparing any two cha.racter strings ci md c2 for
., equality. The function LEQ(c1,c2) returns the value TRUE if the strings are
identical, otherwise it returns the value FALSE. Assume the integer function
LENSTR(c) exists which returns the runtime length of a character string. (8)

[20]
3. Human Factors Guidelines '

(a) Discuss how the eoxicept of multilevel design can be applied to screen layouts
and error diagnostics in order to improve the terminal interface for users. (6)

(b) Software systems may employ any one of a wide variety of default entry
strategies for data entry. Describe the possible asternnatives, as well as their

merits and demerits. l Q)

(c) Describe some of the gmdelm& for system message design proposed by Ben
Schnexderma.n . A (M

| [20]

4. Modularity and Information ﬁidihg

An interactive finite element prepi‘ooessor need to store the information about
all nodal points in the finite element mesh of a model. Assume the following
information need to be stored for each nodal point:

node id, X-coordinate, Y-coordinate

| ) .
The node id for each node is a positive integer value and must be unique, but need
not be in sequence. Thus the first three nodes in a mesh could have identifiers 10,
21, and 47. The X,Y-coordinates are real values associated with the node.

Also assume that the total numbet of nodes is small enough so that they may all
be stored in a table in memory rather than on a disk file. The following operatnons

that need to be performed on this table
(a) Store new nodal point values in the table.
-(b) Modify the coordinates of an existing node.
(c) Check whether a node exist of not. '
(d) Retrieve the coodinates of a ngen node.

It is important that the table be organized in such & way to facilitate the fast

retrieval of coordinates for a given' node, as this operation need to be performed
many times over.

Design a module which mplements the conoeptual model of the nodal point table

described above, and its assocxated operatlons Discuss the following aspects of
this module



(8) The data structure for storing the nodal points in and the way it is organized.
(b) The algorithms for storing and retrieving nodal point coordinates.

(¢) Error conditions that may occur for each operatlon and how they may be
handled.

(d) The names of the routines that implement these operations and their respec-
tive interfaces (arguments). : -
' |

[25]
5. Computer Graphics

(a) Describe the components of a CRT of a colour video monitor and how an
image is displayed on it using ‘the shadow-masking technique. (8)

(b) A graphics applications progrkm allows the user the facility to zoom in on
the image currently being displayed, by selecting a rectangular area of inter-
est which is then displayed on'the screen instead. Write the segment of code
which can perform the necessary operations of setting up the required trans-
formations, using the GKS package. Assume the routine GCBPNT (key,xw, yv)

 is available for selecting any point on the image displayed (in world space)
by using the cursor keys to move a graphic crosshmr on the screen and then
pressing any alpha key. )

(c) An application program needs to display several polygons, each of which has
a varying number of points. Assume that all the points of the polygons are
all stored as recordsin a sequentml file. Each record has the following format:

Polygon id, Point i;fd, X-coordinate, Y-coordinate

The polygon id and point id are integers and the coordinates are real values.
All the points that define a pMiMu polygon are grouped together in the
file and have the save polygon id. Write a segment of code that can read
this file and display each polygon using the GKS package. Make provision
for the fact that a polygon may have a large number of points defining it,
which cannot buffered in memory all at the same time. ' (10)

[25)

Total = [110]
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