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CHAPTER 137

STUDY OF WAVE FORCES OF BREAKWATER
IN DEEP WATER AREA

Ho~-Shong Hou, Ph. D., P.E.

ABSTRACT

The design of breakwater in deep water requires a reliable assesment of the forces, it will
be subjected to and full understanding of the behaviour of the structure. Wave farces on a
vertical wall caisson of composite breakwater vary with the configuration of the rubble mound
foundation as well as the condition of incident waves, If the conditions are very unfavorable,
powerful lmpact-breaking-wave forces may act on the vertical wall caisson. It is an important
subject to clarify the generation conditions of impact breaking wave forces, so that the
breakwater under design would not be exposed to a very strong breaking wave force.

The present study points out on the basis of the experimental results for the typical example
of slided caisson that careful attention should be paid to the p-osslbiliﬁy of the generation of
impact breaking wave forces in the désign of composite breakwater. The generation conditions
are investigated by the two-dimensional experments on the varitation of wave forces due to the
configuration of rubble mound and the three-dimensional experiments on the effect incident wave
angle to the breakwater. The impact breaking wave forces are acting -to be produced on the
verticalwall caisson, where the mound is telatively high and has an appropriately broad crest,width.

In the study, problems are highiighted with respect to wave clmite range that will induce
breaking wave pressure, model test is conducted to measure the wave pressure and the sliding

" effect, Then current formula for calculated wave pressure is discussed The factor of experiment
considered in the test flume is depth of composite breakwater height, width and siope of rubble

mound, etc,

1.INTRODUCTION

For dealing with the construction problems of the deep water breakwater, as for the
caisson-composite type breakwater, the foundation work is the problem as the breakwater goes
to deeper. Due to the limit of operation of diver in the deep water, the placeme_nt=_of mattress,
the léveling of the mound, etc. will cause much problem. Since the body of caisson work will
be more difficult than those of shallower water part. For flow chert of deep breakwater
construction, planning and design of the structure need to be further considered.

For planning aspect, the huge deep breakwater that need to be made sure it is necessary.

* Director, Transportation Engineering Dept,, Institute of Transportation, Taipei, R.0.C. Taipei,
Taiwan, Rep. of China
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Since (1) invest benefit: due to 'expensive of éngineering fee of deep breakwater, if after
construction, the benefit is not larger than the invest cost, then it Is unneéessary. {2) aiternative
plan: due to the elonga‘tion of existiﬁg'breakwater to the d-eepgﬁr jmsition, the construction fee
is expected much cost; ‘ther'efore, to find out the alternative plan such as, to construct one
shallow breakwater could be also obtained the same harbor function; or if the breakwater was
not prolonged, to enlarge and repair some wharf could be also reached the same effect, etc, (3)
calm wave sheltering area: due to high cost of breakwater, it is naturally to cut down the
elongation of breakwater, however, the harbor basin need to ‘be calm. Therefore it is necessary
to study the relationship between the elongation of breakwater and the calm wave sheltering area

of basin, The criteria uf the calm basin is necessitated to determine.

2.TEST RESULTS AND ANALYSES OF DEEP BREAKWATER OF
CAISSON-COMPOSITE TYPE

Around the Taiwan coast, especially the International trade port, breakwater of the caisson-
composite type is commonly used. Deep outer breakwaters of the 2nd entrance of Keelung Harbor
are tested for impact pressure analyses. The typical design section of 35M deep is shown in Fig..
I; while the wave pressure pattern-is shown in Fig.2, The strong impact pressure {Fig.Z2c} is about
triple of the normal wave pressure, its period is about 1/7 to 1/20 sec. In addition to the
breakwater of 2nd entrance of Keelung Harbor, the varying mound shape, mound height of caisson-
composite breakwaters are tested and analyzed for further new information, ‘

Fig.3 and Fig.d are many cases of test results, the results show that, the higher mound of
caisson-composite breakwater {d/h=3), wave pressure increéses as the wave height becomes large;
therefore the mound height has obvicus effect on the wave pressure. The varying transverse width
of the mound aiso shows that wave pressure has the different degree for increasing. Since the
test results indicate that the wave 'pressure is larger as the transverse width of mound is wider,
the wave pressure is bigger as the mound height'is higher,

Fig.5 shows that the impact wave pressure occurring range of deep water breakwater has
the same tendency as that of shallower depth. That is as d/h smaller (or higher mound), the
occurrence of the impact pressure is very often. The case of no wave overtopping is easier to
occur than that of wave overtopping. The impact pressure occurring range is indicated by the
dot line of the Fig.5

3.RESULTS AND DISCUSSION

For calsson-composite breakwater, it is designed thar the armour concrete block such as
dolos, hollowtriped, etc. to prevent wave action directly toward the caisson from forming shock
pressure [(one form of impact pressure). By using porosity of armour concrete block.to increase
turbulence for dissipating wave energy; therefore wave pressure should be minmized. Based on the
previous test results, it is considered that in front of composite type, the covering layer of
armour unit on the mound could reduce the wave pressure about 60% in the shallower water area.
However, reducing of wave pressure depends on water depth wave condition, mound hmght,
mound slope and mound shape, ‘etc. For the present test results (test section of -35M deep or
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more) show _that_ the portion of caisson (yertical wa_]l) is subjected to standing wave or part of
blfeakiﬁg pattern, the cover layer of armour unit is easily happened that the wave acting on the
_slope forms the breaking wave and produces shock pressure (strong impatct pressure) in a short
time, the impact pressure is qu;te huge, Therefore, the placement of armour concrete unit is
_mefflc1ent to the wave action and will be a negative effect; therefore, it is sugested the design

_section changed to the section as shown In Fllg.ﬁ

4.FAILURE OF DEEPWATER BREAKWATERS

Failures to deep water breakwaters have occurred over the past decade due to the following
{main) reasons:
Rubble Mound Type: the increase of depth and related increase of design wave heights led to

designs with very steep slopes and protected by concrete armour units of weights and sizes far
in excess of previous experience. The strength of these concrete blocks appeared in many cases
to be insufficient due to the high peak forces, which occur on the blocks during a storm. The
blocks broke and were subsequently easily removed from the slope. The great steepness of the
slopes majr also have contributed to failure, since the geotechnical stability of the mound becomes
critical under wave loading. .

Vertical Wall Type failures to this t)rpe of breakwater occurred mainly due to hlgh impact forces

of breaklng waves at the vemcal front, leading to horizontal displacements of the caissons and
in some cases to geotechnical instability of the foundation and tilting. ‘

The author has been invited in many cases of breakwater fallure to investigate the failure
and make a design for repalr, e.g. Su-Ao Harbor Breakwater and Hualian Harbor Breakwaters in
the east coast of Taiwan, R.Q.C. The solution to the problems mentioned above lies primarily in
following the proper design procedures, as applied by Hou {'78'80} throughout its breakwater
projects. The main features of this procedure are systematic flailure analysis of each design and
an integra! approach, inciuding hydraullc, geotechnical-and concrete strength aspects in a balanced

Way.

5.CONCLUSION

I. For the deep water breskwater construction, the field measurement of deep water wave,
geological oceanographic data, foundatlon and. earthquake problem, ete, need to be f{further
studied. 7

2. For the caisson-composite deep breakwater, the higher mound is easily occurring the impact
.pressure, the lower mound has little such phenomena.

3. The Widér of the transverse width of the caisson-composite breakwater, of which pressure
is higher, some impact pressure may OCCuI. However, for the vertical caisson breakwater (no
moun.d outside the .harbor) only, may not occur impact pressure,

4. _For the deep water breakwater design, if the width of caisson is limited by the bearing

. capacity of foundation, then the body of caisson w:ll be huge, the width may be 100 to 200M,
therefore the design criteria of 50t/m beating capacity, has to be further considered for
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increasing,
As the enlargement of caisson breakwater In the deep water, its problem of design and

construction need to be solved. Some special cases of hydraulic experiment need to be
conducted after design and before construction of the deep caisson-composite breakwater.

For the Deep water Port at the Western Coast of Taiwan breakwaters will be founded in
maximum waterdepths varying. from 15-50m, depending on the lay-out of the type of
breakwater in less deep water (I5m) a rubble mound type is preferable, while in very deep
water a composite type breakwater will be more. feasible, For the wharves, vertical walls are

envisaged, provided that the tranquility level inside the port can be achieved,
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{c) Strong Impact Pressure Record

Fig.2 Wave Pressure Pattern
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Fig.3 Mound Shape Affects

the Wave Force Diagram
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BREAKWATER IN DEEP WATER

0 Pressure Measurements
{with overtopping).

a Pressure Measurements
(without overtopping)

4 Sliding tests
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Fig.5 Possible range of the occurrence of

impulsive breaking wave preasure
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MONDAY 2 JULY 1990

09.30-
10.45 OPENING SESSION
TIME SESSION SUBJECT CHAIRMAN PAPERS FIRST AUTHORS
11.30- 1A Wave J.T. Kirby 1-3 Grassa, Herbers, Tanaka
13.00 propagation
iB Wave W.R. Dally 4-6 Gotschenberg, Harkins,
generation . Klopman
1C Tides H.D. Niemeyer 7-9 Jensen, Ochi, Sucsy
1D Beach H. Hanson 10-12 Boczar-Karakiewicz,
morphology Nishi, Stockberger
1E Strength of H.W. Partenscky 13-15 Anglin, van Damme,
armour units’ Altink
14.00- 24 Surf beats P.D. Komar 16-18 Hino, Schaeffer,
15.30 van Leeuwen
2B Wave L. Cavaleri 19-21 Ahn, den Adel, Weesaku!l
hindcasting
2C Environmen- R.L. Wiegel 22-24 Fournier, Herbich, Steen
tal problems Moiler
2D Case studies H.J. Verhagen 25-27 Manoha, Martinez,
of beach Schoonees
erosion
2E Slope K.W. Pilarczyk 28-30 Gadd, Leldersdorf,
protection Seijffert
16.00- 3A Breaking I.A. Svendsen 31-34 Nishimura, Synolakis,
18.00 waves Toumazis, Teles da Silva
3B Wave forces R.T. Hudspeth 35-38 Hou, Klatter, Madrigal,
Nakaza
ic Coheslve C.1, Moutzouris 39-42 Sheng, Shibayama,
sediments Tsuruya, Zude
D Dune and B. Manoha 43-45 Katoh, Kriebel, Overton
berm erosion
3E Ship motions 0O.J. Jensen 46-49 Brorsen, Headland,
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TUESDAY 3 JULY 1990

TIME SESSION SUBJECT CHATRMAN PAPERS FIRST AUTHORS
09.00- 4A Surf zone J. Fredsoe 50-52 Okayasu, Nairn,
10,30 hydrodynamics : Yamashita
' 4B Wave forces H.-S. Hou 53-55 Ohyama, Tsai, Skourup
4C The Dutch O.T.'Magoon 56-58 Louisse, Zitman,
coast Hoozemans
4D Effects of J.K. vrijling 59-61 Basco, Toe, Hotta
seawalls on
beach evolution _
4E Armour N. Kobayashi 62-64 Bradbury, Holtzhausen,
stability Medina
11.00- BA Wave run-up P. Nielsen 65-67 Grilll, Klein Breteler,
13.00 Hallermeier
5B Wave spectra K.-F. Daemrich 69-72 Maheswaran, Mansard,
Hirakuchi, [sobe
5C The Dutch H.H. Dette 73-76 van Vessem, Roelviok,
coast Steetzel, Dijkman
5D Field C. Galvin 77-80 Kawata, Vogelzang,
measurements van de Graaff, Niemeyer
5E Case studies E. Loewy 81-84 Kuo, Murray, Relief,
of breakwaters Sorensen
14.00- 6A Wave M. Battori 85-8B7 Elwany, Wei, Yamaguchi
15.30 . propagation _
6B Wave forces D.H. Peregrine 88-90 Hudspeth, Tokikawa,
on cylinders Wilde
6C’ The Dutch R.G. Dean 91-93 Eysink, Stive, Roelse
coast
6D Scouring and Y. Eisenberg 94-96 Bandeira, Saito, Staub
selfburial
6E Breakwater JW. van der 97-99 Allsop, Cumeraci,
permeability Meer Sollitt
and reflectivity
16.06- 7A Wave A. Watanabe 100-102 Hwung, Giancarlo, Swart
17.30 propagation .
7B Wave M.K. Ochi 103-105 Goda, Sohey, Dally
statistics
7C "The Dutch C.A. Fleming 106-108 van Alphen, Pluijm,
coast Terwindt
D Effects of C. Teisson 109-111 Hanson, Sawaragi, Weggel
detached
breakwaters
7E Wave run-up J.P. Ahrens 112-114 Ozhan, Ryu, Sparboom

and overtopping
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