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Theoretical analysis and ecperimental research

of breakwater in deep waler area

Ho-Shong Hou
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Ching-Piao Tsai
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ABSTRACT

Deep Water Port Development and Construction play an important role of Harbor Planning
development in Taiwan District even breakwater i decp walcr arca however, the wave foree of
deep water breakwater in theorctical and cxperimental analysis is rare lobe studicd so flar. Proba-
blv duc to unproperly use of thc dcsign theory or somc major property of wave force 18 not con-
sidered, therefore, the rcal example of the [failure of decp waler breakwaters occured.

For such case, it is nccessary to analyze and to discuss the propertly ol wave force 1n deep
water breakwater and then makes some different characteristics [rom design theory of breakwater
in the fnite water depth.

The research project mainly deals with wave force produced by rcgular wave lo the action ol
deep water breakwater. By emphasizing the important character changing thcory and using mathe-
matical method to analyze the property of the high-order standing wave pressure and non-lincar
dcep water wave pressure duration curve, in order lo compare the important property ol fronl
wall and the back wall wave pressurcs of the decp waler breakwaler,

For the cxperimental aspects, it is matched with the thcoretical analysis, by using all kinds of
the reation depth vs different incident wave stecpness, and then to measuring thc wave pressure
characteristics of deepwater breakwater and discussits important finings.

Among the expcriments, they involve wavc pressure duration curve and wave pressurce  distribu-
lion of the vertical breakwater scction. Especially the characteristics of the microscisms occurred
from the bottom of decp water breakwater duc lo standing wave action. Here a detal discussion
is described. In addition, the impact breaking wave pressurc properly is investigated o this re-
scarch. The irregular wave pressurc characteristics of decp water breakwater will be [urther studied
in the next phase. The research results will propose suitably some suggestion icms (o breakwalcr.

1. INTRODUCTION

For dcaling with the construction problems ol the decp water breakwalcr, as for the catsson-
composite lype breakwater, the foundation work is the problem as the breakwater gocs o deeper.
Duc to the limit of operation of diver in the deep water, the placcment of matlress, the leveting
of the mound, ete, will cause much problem. Since the body of caisson work will be morce difficult
than those of shallower water part, the flow charl of deep breakwater construction, plannig and
design of the structure nced to be further considered.

Foro planning aspects, the huge decp breakwaler that need to be made surc il 1t 1s necessary
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with the following consideration: (1) invest benefit: duc to the cxpensive enginecring fee of deep
breakwater, il after construction, thc benefit is not larger than the invest cost, then it is unneccs-
sarv. (2) alternative plan: duc (o the clongation of existing brcakwater to the deeper position, the

" construction of shallow breakwater could be also obtained the same harbor function; or il the

brecakwater was not prolonged, to cnlarge and repair some wharl could be also reached the same
clfeet, cte. (3) Calm wave sheltering area: it is naturally to cut the length of breakwater, however,
the harbor basin need to be calm. The criteria of the calm basin is necessary to be determuned.

2. FORMULATIONS

The coordinate sysiem used in this paper is as that reported by Hsu et ai (1979). Set k=2 7

'".‘ /L, L is the wavelenath of thr: incident wave, and the following drmensmnless _t;.luantltles are Intro

duccd: X=pkx =01, ¥ = gky, 7 = ks d=-kdn =k n,dé =Ko /@’ and w =0
/(gk)/? '

. Omit the carets then the governing equations are transformed in terms of dimensionless form as
fuullnwingS'

PPy tq By + qb“ =() (1)

-cutb +n +(P +q¢ly +df> /2=Q at z=n (2}
W 05,,,.;+¢) Ew(P‘ch tbu+q¢' cb + @, O,,)

| +2(P‘q‘¢> % t;i),{Jr +P'*d> b 0, 49 ¢> O, Dy, )

+HP" by, e:bx +q d)“ qbv + ¢, O, y=0, at z=n (3)
¢, =0 al z=-d (4)
b, =0 at y=0 (5)

.....in which p=sin, q=cos, and is the angle between the incident orthogonal and the normal to the

wall, Q is the dimensionless constant. A truncated double Fourier series which satistied both
Laplace equation (1) and the bottom and the wall boundary equations (4) (5) can be obtained

M-1 2N
’ . —d h Z+ '

b=3 5 BN Cma(27d) o cos ny (6)
m=1 n=0 cQs dmn d

where cfnn =p2m3+q2n2. As (m+n) is odd, Bmn =is equal 1o zero from the symmery of the

. wave problem. Substituting (6) into the free surface boundary equations (2) & (3), two nonlinear

cquations with the implicit function of surface clevation n (xyt) are performed.
For the purposes of numerical computation, the mesh points (xy) are chosen by the even
svmmelric propertics given by
x1 = i7x /M, got 1 = (,1,2,. M (7)
vi =17 /2ZM, got 1 = (,1,2,.N
Substituting (6) into (2) at the mesh points (xi, yj), it obtain (M+1) (N+1) algebraic equa-
tions. the equation is automatically satisfied at the points (XM/2, Yn), (X0,Yj) and (XmYj)

- The values at the points (Xm-2, Yn) are equal to that of (Xi, Yn) (for i=12,.,M/2-1} f[rom

trigonometric aymmetry. Then satis-fied (3) at the rcmaining points leads to (M-1) N+M/2-2
cquations. Besides, the wave hcight condition can be established by

nrcr-nma-H=[] (8)
where nij represents n{xivi). It is the waveheight of the short-creast wave. The mean water lev-
el of free surface is chosen at the coordinate origin, using simple trapezoidal rule then
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Consequently, there are 2MN+3M/2+2 nonlinear algebraic equations for the ZMN+3M/2+72
unknowns

Bmn , nijj , w,Q.
This system is solved by Newton’s iterations. It is noted that M is chosen in an even number.

3. TEST RESULTS AND ANALYSES OF DEEP BREAKWATER OF CAIS-
SON-COMPQSITE 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 1n Fig.
1; while the wave pressure pattern is shown in Fig. 2. The strong impact pressure (Fig. 2¢) 1s
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 Fig4 are many cases of test results, the results show that, the higher mound of
caisson-composite breakwater (d/h=3), wave pressure increase as the wave height becomes large;
therefore the mound height has obvious effect on the wave pressure. The varying transverse width
of the mound also show that wavepressure 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 occuring range of deep water breakwater has the
same tenency as that of shallower depth. That is as d/h smaller (or higher mound), the occur-
rence 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.

4. RESULTS AND DISCUSSION

For caisson-composite break-water, it is designed that thc armour concrete block such as do-
los, hollowtripod, etc. to prevent wave action directly toward the caisson from forming shock pres-
sure (one form of impact pressure). By using property of armour concrete block to Increase turbu-
lence for dissipating wave energy; therefore wave pressure should be mimimized. Based on the pre-
vious fest 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 wafer area. How-
ever, reducing of wave pressure depends on water depth, wave condition, mound height, mound
stope and mound shape, etc. For the present test results (test section of -35M deep or morc)
show that the portion of caisson (vertical wall) is subject to standing wave or part of breaking
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 impact pressure) in a short time the im-
pact pressure is quite huge, therefore, the placement of armour concrete unit is inefficient to the
wave action and will be a negative effect; therefore, it is suggested the design section changed to
the section as shown in Fig.6. |
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5. NUMERICAL RESULTS

The forces exerted on the wall by the short-crested waves can be calculated by inlegrating the
pressure over depth per unit width of the wall

Fe j:i P(x,0,2,1)dz (10)

Here, the Bernoulli equation 1s used for the pressure P(x,y,zt). While the dynamic forces [F]
due to the waves arc introduced, the hydrostatic contribution of the undisturbed water must be
dcducted.

In the following results, the calculated term M=2N=8 is taken. Because the wave elevation 1s
preserved in an implicit function form, the accuracy can be under control even though the waves
are stéep. Fig.7 and Fig.8 show that the accuracy arise from comparisons the residual surface
pressures of the stecp waves in the shallow water depth. The following results can also be drawn:
(i) The greatest onshore forces do not always occur under wave crest (sce Fig9) which is analo-
gous Lo Genton (1985). (ii) Thc maximum force in water greater than intermediate depth is
causcd by obligulely-incident waves rather than slanding waves (see Fig.10, 11, 12). This behavior
is opposite in very shallow water (see Fig. 13). (i) When water depth is greater than intermed:-
ate, the greatest nct force exerted on vertical walls occurs in off-shore direction under the wave
troughs (see Fig. 10, 11). (iv) Compared against experimental data results from this resecarch show
better agreement than former studies (see Fig.14).

6. FAILURE OF DEEPWATER BREAKWATER

Failuresw to deep water break-waters have occurred over the past decade due to the following
(main) reasons:

Rubble Mound Type: the increase of depth and relaled increase of design wave heights led to de-
signs with very stcep 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
insulficient 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
may also have contributed to [alure, since the geotechnical stability of the mound becomes critical
under wave loading. o

Vertical Wall Type: failures to this type of breakwater occured mainly due to high impact forces
of breaking waves at the vetical front, leading to horizontal displacements of the caissons and in
some cases to geotechnical instability of the foundation and tiliting.

The author has been invited inmany cases of breakwater failure to investigate the reason and
make a design for repair, e.g. Su-Ao Harbor Breakwater and Hualian Harbor Breakwaters in the
cast coast of Taiwan, R.O.C. The solution to the problems mentioned above lies primanly in fol-
lowing the proper design procedures, as applied by Hou (*78'80) Throughout its breakwater pro-
jectls. The main features of this procedure are systematic failure analysis of each design and an in-
tcgral approach, including hydraulic, geotcchnical and concrete strength aspects in a balanced way.

7. CONCLUSION

. For the deep watcr breakwater construction, the field measurement of deep water wave, geolog-
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ical oceanographic data, foundation and earthquake problem, et. need to be further studied.

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

3 The wider of the transverse width of the caisson-composite brcakwater, of which pressure 1S
higher, some impact pressuré may occur, However, for the vertical caisson breakwatcr (n0
mound outside the harbor) only, may not occur impact pressurc.

4. For the deep water breakwater design, 1if the width of caisson is limited by the bearing
capacity, has to be further considered for increasing,

5. As the enlargement of caisson breakwater in the deep water, its problem of design and con-
<truction need to be solved. Some special cases of hydraulic experiment need to be conducted
after design and before construction of the deep.

6. For the Deep Water Port at the Western Coast of Taiwan Breakwaters will be founded in
maximum water depths varying from 15-50m, depending on the layout of the type of breakwater
in less deep water (15m) a rubble mound type is preferable, while in very deep water a com-
posite type breakwater will be more feasible. For the wharves, vertical walls are envisaged, pro-
vided that the tranquility level inside the port can be achieved.
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(a) Standing Wave Pressure Record

{c) Strong Impact Pressure Record

Fig.2 Wave Pressure Pattern
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