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I
I o. SUMMARY

I 0.1 Introduction

I
At the Cao Jing district in Shanghai, China, a landreclamation
project is planned. The object of this project is to stimulate
the natural process of sedimentation. This report comprises the
results of a study concerning the optimum lay-out of dikes in the
rec1amation-area (see Fig. 0.1 and 0.2). In this report
particu1ar1y the inf1uence of the waves (wind-waves and swel1) is
discussed. In the foregoing report "LAY-OUT part I" the inf1uence
of the tida1 motion has been discussed.

I
I In this ana1ysis the wave-climate at the Cao Jing district has

been ca1cu1ated on the basis of measurements at cape Nan Hui,
concerning the waves and wind-speeds.
Next, the optimum dimension of the opening-size is determined,
based on wave-diffraction.
The optimum dimensions of the field (length and distance) are
determined by the admissable fetch-1ength (for wind-generated
waves) •
Fina11y the height of the longitudina1 dike is optimized, based
on wave-transmission.

I
I
I

0.2 The water-level at the Cao Jing district
I

I

The water-level a10ng the coasta1 zone of Cao Jing is determined
by a tida1 motion, by the discharge of the Yangtze river and by
the prevai1ing wind-direction. A "f1ood season" and a "non-f1ood
season" can be distinguished, in which the "f1ood" indicates a
large discharge of the Yangtze river. Tab1e 0.1 shows the
circumstances during f100d season and non-f1ood season.

I

I
The tida1 mot ion at Cao Jing consists of a semi-diurna1 movement
with an average period of 44,700 s (700 tides per year).
The M2-component forms the farmost important part of the tida1
motion.

I
I
I
I
I
I
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I

Non-flood seson Flood season

- ave rage dis charge Yangtze
(m3/s) 12,000 40,000

- months (number) Oe tober-April (7) May-September (5 )

- prevailing wind-direction N-NE. S-SE

- mean sea-level (m) +1.90 +2.20

- tidal difference (m) 3.90 4.20
LW (average) (m) -0.20 +0.10
HW (average) (m) +3.70 +4.30

I

I
I
I Table 0.1: average circumstances during the year at the

Cao Jing district

I Extreme high water_'levels occur mainly during the flood season,
extreme low water-levels during the non-flood season.
For the design of the construction of the dike, the extreme high
water-level is interesting; the distribution is given in Fig. 0.3.I

I
In extreme conditions, the significant wave-height at shallow
water is directly dependent on the waterdepth:

Hs = 0.5 d . .......... (8)

I Hs = significant wave-height [m]
d = waterdepth [mlo

I The maximum wave-height is also dependent on the waterdepth,
determined by the breaking-criterion (see Fig. 0.3):

I
Hmax = 0.78 d : ·..········.(6)

Hmax = maximum wave-height [mlo

I During severe storms (typhoons) this maximum wave-height will
almast certainly occur, therefore it should be considered a
design-criterion for the construction.

I
I
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I
I 0.3 The wave-climate at the Cao Jing district

I

Measurements of waves and wind-speeds are available at
Cape Nan Hui Zui (300 5' N 1220 3' E).
These data have been used to calculate the wave-heights and
wave-periods at Cao Jing (taking into account shoaling,
refraction and the generation of waves by wind).
Th,e results are shown in Fig. 0.4, for a waterdepth of more than
l)/m.- If the waterdepth is less, the distribution is broken cf f ,

--'since the maximum wave-height is limited by the breaking-criterion
(see eq , (6».

I

I
I

Fig. 0.4 concerns the long-term distribution of wave-heights
(during "normal" conditions). In case of an extreme storm the
distribution of the wave-heights can't be found from Fig. 0.4,
since then the waves follow a Rayleigh-distribution, with a
significant wave-height determined by the waterdepth, as shown in
par. 0.3.I

I 0.4 Lay-out design

I
Arelation between the size of the opening and the wave-action
inside the reclamation has been determined, calculated according
to the diffraction theory (see Fig. 0.5).
Also arelation between the dimensions of the fields and the
wave-action caused by wind-generation.
This results in a maximum allowable fetch-length of the fields
(see Fig. 0.5).
The height of the dike is also influencing the wave-action inside
the fields, an optimum height can be determined by a calculation
of the wave-transmission (see Fig. 0.5).

I
I
I
I
I
I
I
I
I
I
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I
I

Summarizing the optimum lay-out design ean be described (see
Fig. 0.6):

I
- QP~ning-~i~t~ of the fields about 300 m, with a small threshold

in the opening. The height of the threshold should increase
with the rising bottom-le~el of the basins;

I ~i~t~n~e_b~t~e~n_the eross-clams about 1,~OQ~, in order to
create a basin of whieh the length-distanee ratio is about 1:1;

I

- legg!h_qf !h~ fi~l~s_at a maximum of ~,QOQ~.the longitudinal
dike should not be construeted at a deeper level than the
1+ bottom-level, unless the project is carried out in more
stages (the first longitudinal dike at +2 m, the seeond at +0 m
or -1 m);

I

I
-·the ~eig!!t_of !h~ ilQngi!li~iga!)_dik~ about 1_.2.0_m.1.so that the

top of the dike is situated at +4.50 m (Wusong-level);

I
I

- the ~xEe~t~d_s~dim~n!a!iQn_will be in the order of the "storage
quantity" (see LAY-OUT part 1 (lit (12».
A rise of the bot tom-level of l.~~ during the first year.

I
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INTRODUCTION
'Pr"hlom
...... VIJ ....\,UI

In the delta of the Yangtze river and the Hangzhou-bay a
reclamation project is being prepared concerning particu1ar1y the
Cao Jing district (see Fig. 1.1).

In a foregoing study "study about 1andrec1amation" (lit. (l7) it
was suggested tot app1y a system of· cross-dams and 10ngitudina1
dams in order to stimu1ate the natura1 accretion. These dams
cou1d consist of geotexti1e membranes fi11ed with soi1 (see
Fig. 1.2).

The next phase in this project is to perform a feasibi1ity study
resu1ting in a pre1iminary design of the 1andrec1amation system.
This study comprises the fo110wing items:

A. LAY-OUT : the 10cation of the dams in re1ation to the
expected sedimentation. Re1ations might be
found between the rate of si1tation and the
tota1 1ength of dams.

B. CONSTRUCTION DESIGN the dimensions of the soi1 filled tubes,
the kind of geotexti1e required to resist
10adings caused by waves, wind, currents
and tida1 action.
Arelation might be found between the tota1
costs per m' cross-section and the chance
of failure.

C. CONSTRUCTION METHOD ways to fi11 and handle the tubes that they
can be used as construction e1ements. An
optimization might be possib1e concerning
the tota1 costs of the project re1ated to
the way of construction.

This report focusses on the first item: to determine arelation
between the configuration of the dams and the rate of si1tation.
In the report "lay-out part I, tida1 motion" (lit. (12», the
optimum lay-out with respect to the tida1 influence has been
discussed. Here the inf1uence of the wave-c1imate is determined,
a1so the requirements on the dam lay-out, i.e. the width of the
openings and the height of the dams.
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I
I 1.2 Approach

I

This report forms a complementary study on the subject of the
relation between the lay-out of the reclamation-system and the
accretion of sediments inside the system. In the report "Lay-out
part I" it has been discussed the optimum lay-out in case only
the storage inside the fields by the tidal mot ion and the
long-shore current along the area is taken into account (the two
mechanisms are suspected to form the major instruments of
transportation of sediments into the reclamation-area). In this
analysis, the wave-climate is calculated at the projected
construction-trace and the effect of waves on an optimum solution
for the lay-out of cross-dams and longitudinal dams is discussed.

I

I
I The main conclusions from the foregoing study are:

I
- opening-size at the seaward end as large as possible;
- length of the fields as short as possible (in the order of

500 m);
- distance between the cross-dams as large as possible (in the

order of 1,000 m).I
I

It is expected that the influence of the waves gives rise to the
following requirements:

I
- opening-size at the seaward end as small as possible;
- leng th of the fields and distance between the cross-dams

dependent on the maximum allowable fetch-length which causes
the maximum admissable waves inside the reclamation fields;

- height of the (longitudinal) dams dependent on the maximum
admissable transmission of waves inside the reclamation-fields.

I
I

In this report, first the wave-climate at the Cao Jing district
is calculated, based on the refraction-shoaling calculation of
measurements at Cape Nan Hui (chapters 2 and 3).

I
Next the admissable wave-action inside the reclamation fields is
calculated. The opening-size of the fields is related to
wave-diffraction; the dimensions of the fields are related to the
growth of waves and wind; the height of the dams is related to
the transmission of waves into the fields. Considering the
admissable wave-action this results in requirements on
opening-size, dimensions and dike-height (chapter 4).I

I Chapter 5 describes the criteria which will result in a chosen
lay-out design plus the consequences for the construction:
design-level and design-wave.

I
I
I
•
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THE WATER-LEVEL AT THE CAO JING DISTRICT
General
In order to determine the wave-climate at the Cao Jing district,
especially the extreme waves, it is important also to know the
distribution of the water-level.

The landreclamation-area is situated along the coast of the
Yangtze-estuary and the Qiantang estuary (see Fig. 1.1). During
the year it exists a considerable difference between the average
water-level in the "dry season" (October-April) and the
"flood-season" (May-September). During the flood-season the
discharge of the Yangtze river is much increased, also the
prevailing wind-direction along the coast of East-China is
south-south-east (see Fig. 2.1). These two effects cause an
increased tidal amplitude, an increase of the ave rage
water-level, and an increased wave-action along the coast (see
lito (7), lito (8), lito (23».

Since the circumstances during the non-flood season and flood
season are so much different, it is wise to make a distinction
between the distribution of the occurence of high levels and
waves during flood season and non-flood season.
Table 2.1 shows the condition during flood season and non-flood
season (data originating from lito (2), (3), (4), (5».

Non-flood season flood season

- months October-April May-September
number 7 5

- prevailing wind- N-NE S-SE
direction

- tidal difference 3.90 m 4.20 m
LW (average) -0.20 m +0.10 m
HW (average) +3.70 m +4.30 m

- mean sea level +1. 90 m +2.20 m

(Wusong level)

Table 2.1: average circums tances during the year at t-he
Cao Jing district
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Distribution of the water-level
The tidal motion at the Cao Jing district consists of a
semi-diurnal movement with an average period of 44,700 s
(700 tides per year).
Schwiderski (lit. (19), (20), (21)) and others (lit. (23), (2),
(3), (4), (5) found that the Mz-component is the far most
important component which dertermines the tidal motion.
In table 2.2 a comparision is given of the amplitudes of the
important tidal components.

Nan Hui Mz Sz Ol Kl M4 MS4 Mz + Sz M4
Ol + Kl M2

Amplitude 1.58 0.63 0.19 0.28 0.12 0.9 5 0.07
(m)

Table 2.2: amplitudes of tidal components at Nan Hui

Thus the tidal motion can be described as a wave with a period of
44,700 s (the second extreme during the day is only slightly
lower than the first extreme) and an amplitude dependent on the
season (see table 2.1).

The extreme water-levels at the Cao Jing district are supposed to
follow an exponentia1 distribution. The high levels occur twice a
day (700 times per year), fo11owing data (tab1e 2.3) can be found
in li t. (2), (3), (4) and (5).

Wusong level year non-f1ood flood season
season

!!i.&h=w~t~r
- average +3.90 +3.70 +4.20
- 31-8-1981 +5.31 (Cao)
- in ten years

(20-8-1974) +5.93 (Jin Shan) ;
- ever recorded +5.98 (Jin Shan)
- return period

10 years +5.54 (Cao)
- return period

5 years +5.37 (Cao)

Low-water- - - - -- average -0.10 -0.20 +0.10
- 31-8-1981 -0.61 (Cao)
- in ten years

(5-4-1969) -1. 78 (Jin Shan)
- ever recorded -1. 78 (Jin Shan)

Tab1e 2.3: some data about the occurrence of extreme water-levels
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I
I Also a graph is given in 1it. (2) of the cummulative frequency of

high-water-1evels during 1978.

I
All these data can be used to approximate the long-term
distribution of the water-level at Cao Jing district.
The distribution is expected to be an exponential distribution:

I - h - a
p (h > !!) = exp .................... .....(1)

b

I The values of a and b can be ca1ibrated by a graphica1
interpretation of the data. If the long-term distribution is in
fact the exponential distribution, the data should show a
straight 1ine if they are presented on a semi-10garithmic sca1e
(i.e.: a 1inear scale for the water-level!! and a logarithrnic
sca1e for the chance of occurrence).I

I The interpretation of the data (see Fig. 2.2)

I
- ~v~r~g~ yalu~s: since p (h l !!) = 0.5

this chance can be directly transferred to the graph (see
Fig. 2.2).

I - yalu~s_31-§-19§1: this date be10ngs to the f100d season, and it
is supposed that it is the highest recorded level in the past
5 years. It exists 700 tides per year, of which 271 belong to
the flood season. So the total number of events during 5 years:
N = 1,355.
Since this event took p1ace only once; we can suppose the
chance of occurrence:

I
I P (h > 5.31) = 1/1,355 = 7.4.10-4 (flood season).

I
If we recalculate this chance for the total year, the tota1
number N = 3,500, thus the chance would be:

p (h > 5.31) = 1/3,500 = 2.86.10-4 (total year).

I - yalu~s_ig 10_y~aEs: the value of 20-8-1974 also be10ngs to the
flood season. The period of recording this level took 10 years
and we can counter this level the highest measured in 10 years.
For the f100d season, this means N = 2,710:I
p (h l 5.93) = 1/2,710 = 3.69.10-4 (f1ood season).

I For the total year: N = 7,000:

I
P (h l 5.93) 1/7,000 = 1.43.10 -4 (tota1 year).

I
I
I
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yalu~ ~i!h_a_r~t~r~ EeEiQd_of 10_y~aEs: the maximum levels can
be expected to occur during the flood season (minimum levels
during the non-flood season). Since the expected distribution
is an exponential distribution, following expression is valid
for the value with a return period of 10 years:

N
1 - (1 - P (h! hlo)) = 0.63 (2)

I
I

in which N is the number of events. The return period appoints
the level of which the probability of occurring once during the
return period is maximal (see lito (10)). For the flood season
curve the number of events N = 2,710, thus the chance of
occurrence (using eq. (2)): I
P (h ! 5.54) = 3.67.10-4 (flood season). IFor the total year, N = 7,000 and the chance:

P (h ! 5.54) = 1.42.10-4 (total year). I
yalu~ ~i!h_a_r~t~r~ EeEiQd_of ~ ye~r~: again this level can be
expected to occur during the flood season. Now following
expression is valid (taking into account an exponential
dis tribution ):

N
1 - (l - P (h ) hs)) = 0.63 (3)

I
I

For the flood season the number of events during 5 years is
N = 1,355; using eq. 3: I
P (h ! 5.37) = 7.33.10 -4 (flood season).

For the total year N = 3,500 and I
P (h ! 5.37) = 2.84.10-4 (total year). IFor the non-flood season only the average value is known, with

respect to the probability of exceedance curve. Since we are
interested to find the design wave and the design-level, only the
maximum tidal levels are important (during low-water the
construction is situated in the dry - no waves are present).
The data of 1978 are also presented in Fig. 2.2, they seem
largely in agreement with the data so faro

I
I

The interpretation of the distribution (see Fig. 2.3)
"

According to Fig. 2.2 there is not one explicit line which can be
drawn through all of the data-points. Apart from that there is a
considerable uncertainty in the assumed "return period" of the
data (or the number of events). I

I
I
I
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I

I

Also Fig. 2.2 shows that it makes a considerable difference if
one refers the data to the flood season only, or the total year.
In fact it would be right to refer to the flood season, since the
extreme levels only occur during the flood season. (In Fig. 2.2
the probability of exceedance which belongs to a certain return
period is different for the flood season and for the total year.
This is due to the difference in number of events during a return
period.)
However, usually one refers to a return period with respect to
the total year. Therefore we can consider the "total year"-line
in Fig. 2.2 a lower limit of arealistic distribution and the
"flood season"-line as an upper limit.

I
I

I

Because of a lack of data, the upper limit is chosen to be used
for the most probable distribution of the water-level. This
distribution is supposed to be an exponential distribution;
calibration of the constants a, b (eq. 1) to Fig. 2.3 results in
the following expression for the chance of occurrence:

I
P (h L g) = e -4.1 <h - 3.75) . (4)

I The average values of the water-level during the year:

I
high-water
low-water

+4.0 m;
-0.0 m.

I
The water-levels follow a tidal motion with a period of 44,700 s,
700 tides per year. Table 2.4 shows the time during which the
water-level remains between certain levels (average tidal mot ion)
during the day:

I
I

water-level non-flood flood

< 1.5 m (1) 8.2 hours 9.8 hours
1.5 - 2.5 m (2) 4.3 hóurs 3.3 hours
2.5 - 3.5 m (3) 5.2 hours 4.4 hours
3.5 - 4.5 m (4) 6.3 hours 4.0 hours
4.5 - 5.5 m (5) extreme 2.5 hours
5.5 - 6.5 m (6) extreme extremeI

I Table 2.4: average duration of water-level intervals during
the day,

I
I
I
I
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I
I

CONCLUSION

With respect to the water-level at the Cao Jing district, a
distinction can be made between:

I - f12o~ ~e~s2n: the discharge of Yangtze Kiang is large. the
prevailing wind direction is south.
Wave-action is more pronounced than during the non-flood
season. tidal levels are higher.
During: MAY, JUNE. JULY. AUGUST. SEPTEMBER.I

I - ~og-f12o~ ~e~s2n: moderate dis charge of Yangtze Kiang. the
prevailing wind direction is north.
Wave-action is moderate (wind from landside). tidal action is
also moderate.
During: OCTOBER, NOVEMBER. DECEMBER. JANUARY, FEBRUA1Y. MARCH,
APRIL.

For the tidal motion during the year following is valid:

I
I

water-level non-nood season flood season
-

< 1.5 m (+1 ) 8.2 hours 9.8 hours
1.5 - 2.5 m (+2) 4.3 hours 3.3 hours
2.5 - 3.5 m (+3) 5.2 hours 4.4 hours '
3.5 - 4.5 m (+4) 6.3 hours 4.0 hours
4.5 - 5.5 m (+5) extreme 2.5 hours
5.5 - 6.5 m (+6 ) extreme extremeI

t Table 2.4: average duration of water-level intervals during the
day

I The extreme high water-levels occur during the flood season, due
to extreme strong wind (typhoon-conditions).
Referred to the year the long-term water-level follows an
exponential distribution (see Fig. 2.3)I P (h ~ g) = e -4.1 <h - 3.75) (4)

I,
I
I
I
I
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THE WAVE CLIMATE AT THE CAO JING DISTRICT
General
The waves at the Cao Jing district are caused either by the wind
directly at the area (wind-waves) or by the windfields in areas
further away, transported through the water towards the coast of
the Cao Jing district (swell). Fig. 3.1 shows some typical
spectra of the waves at the coast of Cao Jing.

So, in order to determine the wave c1imate at the Cao Jing
district, it is necessary to know fo110wing data:

- the water-level distribution at the coast;
- the bottom-topography at the coastal zone;
- the wind-distribution at the coasta1 zone;
- the wave-height and wave-period data at a point not too far

away.

By a refraction and shoa1ing ca1cu1ation, the wave-height can be
reca1culated to fit the Cao Jing coast (on-shore wind-direction)
or the wave height can be ca1cu1ated by the expected wind-growth
(off-shore wind-direction), when taking into account the
bottom-topography and the waterdepth.

From the K.N.M.I. (lit. (7), (8» measurements at Cape Nan Hui
Zui (310 N, 1220 E) of waveheights, wave-periods and wind-speed
plus direction are avai1ab1e.
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The wave elimate at Cape Nan Hui Zui
From measurements (lit. (8», see Appendix A, data in each month
of the year are avai1able. These data concern:

- wind-speed from eight directions divided in classes of 5 mis;
wave-height during the above mentioned wind divided in classes
of half a meter;

- wave-period against wave-height per month.

The missing information concerns the wave-period representative
for each class of wind-speed and wave-height. This representative
wave-period can be found from Groen en Dorrestein (lit. (14»,
see Fig. 3.2.
The graph shows the relation between the wave-height, the
wind-speed and the wave-periode For examp1e, if the wind-speed is
U = 5-10 mis and the wave-height is H = 0.25-0.75 m, the
wave-period wi11 be T = 2-3 s.
This wave-period can be checked by an equation given in the
shore-protection manua1 (lit. (6», which is valid for waves in
wind-fields at open sea:

T = 3.94 Hso 376 (5)

in which
Hs = significant wave-height (m), in this case the height of
the

wave-class-T = representative wave-period (s).

The fo11owing pages show the rearanged data from Appendix A,
concerning the measuring-point (Cape Nan Hui Zui), and for the
flood-season (May-September) and the non-f1ood season
(October-April) table 3.1a to 3.1p). In this tabie, the
directions concern the wave-direction (which is supposed to be
comparable to the wind-direction).

The point of measurements, Cape Nan Hui Zui (30.50 N and 122.30 E)
is about 100 km away from the coast of Cao Jing, in eastward
direction. The waterdepth at this point is 15-20 m (dependent on
the tidal level).
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wind-speed (mis)
N < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

--
wave- (wave-period(s»
height (m)

<0.25 1.47 1.91 * 3.39
(2) (2)

0.25-0.75 0.14 4.39 1.93 * 6.45
(2.8) (2.8) (2) (2)

0.75-1.25 * 3.04 7.81 0.14 10.99
(4) (4) (3.5) (3.0)

1.25-1.75 0.41 4.85 1.56 0.06 6.84
(5) (5) (4) (9)

1.75-2.25 2.46 1.83 0.17 0.41 4.98
(6) (5) (5) (9)

0.12
(11 )

2.25-2.75 0.43 1.42 0.29 2.13
(6) (5) (11 )

2.75-3.25 0.32 0.47 0.12 1.03
(7) (6) (11 )

0.12
(13)

3.25-3.75 0.35 0.35
(6) ,

3.75-4.75 0.35 0.35
(7)

4.75-5.75 0.20 0.20
. (11)

TOTAL 1.61 9.75 17.8 4.95 0.87 1.31 36.71

I
I
I

NON-FLOOD SEASON

'I
I
I
I
I
I
I

,I
I
I
I

Table 3.1.a: wave-height and wave-period against wind-speed, in I
percentages of occurrence during the non-flood season

I
I
I
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NON-FLOOD SEASON

I
I
I'
I
I

wind-speed (mis)
NE < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.38 1.10 0.16 2.05
(2) (2) (2)

0.25-0.75 0.20 2.67 1.02 3.89
(2.8) (2.8) (2)

0.75-1. 25 1.76 4.70 0.16 6.63
(4) (3.5) (0)

1.25-1.75 0.90 3.52 0.26 3.86
(5) (5) (4)

1.75-2.25 1.27 1.42 0.25 3.01
(6) (5) (9)

0.07
(11 )

2.25-2.75 0.98 0.17 1.32
(5.5) (11)

2.75-3.25 0.48 0.48
(6)

3.25-3.75 0.21 0.21
(7)

3.75-4.75 0.21 0.21
(8)

4.75-5.75

TOTAL 0.58 6.43 10.9 3.51 0.49 21.90

I
I
I, Tab1e 3.1.b: wave-height and wave-period against wind-speed, in

percentages of occurrence during the non-flood season

I
I
I
I
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I
NON-FLOOD SEASON

I
I
I
I
:1
I
I

Tab1e 3.1.c: wave-height and wave-period against wind-speed, in
percentages of occurrence during the non-f1ood season ti

wind-speed (mis)
E < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.17 0.70 0.13 0.97
(2) (2) (2)

0.25-0.75 1.39 0.36 0.08 1.84
(2.8) (2) (2)

0.75-1. 25 1.07 1.52 0.55 3.13
(4) (3.5) (3.0)

1.25-1.75 0.55 0.78 0.60 1.93
(5) (5) (4)

1.75-2.25 0.52 0.75 0.12 1.39
(6) (5) (9)

2.25-2.75 0.52 0.52
(5)

2.75-3.25 0.23 0.23 0.46
(6) (11)

3.25-3.75

3.75-4.75

4.75-5.75

TOTAL 0.17 4.23 2.79 2.73 0.35 10.21

I
I
I
I
I
I

I
I
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I NON-FLOOD SEASON

I
I
I
I
'I
I
I
I

wind-speed (mis)
SE < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.21 0.32 0.53
(2) (2)

0.25-0.75 0.68 0.33 1.00
(2.8) (2)

0.75-1. 25 0.21 1.02 0.49 1.71
(4) (4) (3.5)

1.25-1. 75 0.15 0.91 1.06
(5) (5)

1.75-2.25 0.70 0.06 0.76
(6) (9)

2.25-2.75 0.29 0.29
(6)

2.75-3.25 0.12 0.12
(6)

3.25-3.75

3.75-4.75

4.75-5.75

TOTAL 0.42 2.87 2.02 0.12 0.06 5.43

I
I
I
I
I:
I
I

Tab1e 3.1.d: wave-height and wave-period against wind-speed, in
percentages of occurrence during the non-flood season

I
I
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Tab1e 3.1.e: wave-height and wave-period against wind-speed, in
percentages of occurance during the non-f1ood season ti

I

wind-speed (mis)
S < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.28 0.16 0.44
(2) (2)

0.25-0.75 0.63 0.19 0.83
(2.8) (2)

0.75-1. 25 0.54 0.88 1.42
(4) (3.5)

1.25-1.75 0.87 0.87
(5)

1.75-2.25 0.60 0.04 0.64
(6) (9)

2.25-2.75 0.24 0.24
(6)

2.75-3.25

3.25-3.75

3.75-4.75

4.75-5.75

TOTAL 1.45 2.94 0.04 4.44

I
I
I
I
I
I
I

NON-FLOOD SEASON

I
I
I

I
I
I
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I
.1
I
I
'I
I
I.

NON-FLOOD SEASON

.1

wind-speed (mis)
SW < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s) )
height (m)

<0.25 0.25 0.25
(2)

0.25-0.75 0.07 0.34 0.07 0.48
(2.8) (2.8) (2)

0.75-1.25 0.39 0.42 0.81
(4) (3.5)

1.25-1.75 0.50 0.50
(5)

1.75-2.25 0.33 0.02 0.35
(6) (11)

2.25-2.75 0.14 0.14
(6)

2.75-3.25

3.25-3.75

3.75-4.75

4.75-5.75

TOTAL 0.07 0.98 1.46 0.02 2.53

I
I
I
I
I
I,
I

Tab1e 3.1.f: wave-height and wave-period against wind-speed, in
percentages of occurance during the non-f1ood season

I
I
I
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NON-FLOOD SEASON

'I
I

W 11-17 17-25 > 25 TOTAL

I
I
I
I

wind-speed (mis)
< 2 2-5 5-11 SWELL

wave- (wave-period(s»

height (m)

<0.25 0.199 0.20
(2)

0.25-0.75 0.21 0.18 0.39
(2.8) (2)

0.75-1. 25 0.17 0.48 0.65
(4) (3.5)

1.25-1.75 0.40 0.40
(5)

1.75-2.25 0.08 0.21 0.29
(6 ) (6 )

2.25-2.75 0.13 0.13
(6)

2.75-3.25

3.25-3.75

3.75-4.75

4.75-5.75

TOTAL 1.10 1.00 2.14

I'
I
I
I

Tab1e 3.1.g: wave-height and wave-period against wind-speed, in
percentages of occurance during the non-f1ood season

I
I
I
I



I
- 29 -,I

I
I
I
I
I
I
I

NON-FLOOD SEASON

I,
I

wind-speed (mis)
NW < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height Cm)

<0.25 0.21 0.92 0.21 1.33
(2) (2) (2)

0.25-0.75 1.40 1.14 2.53
(2.8) (2)

0.75-1.25 0.87 3.51 0.25 4.32
(4) (4) (3)

1.25-1.75 1.75 0.93 2.66
(5) (4)

1.75-2.25 0.23 0.87 0.45 0.21 0.16 1.91
(6) (6 ) (5) (4.5) (9)

2.25-2.75 0.49 0.23 0.11 0.83
(6) (5) (11)

2.75-3.25 0.31 0.31
(6)

3.25-3.75 0.14 0.14
(7)

3.75-4.75 0.14 0.14
(8)

4.75-5.75

TOTAL 0.21 3.42 7.97 2.45 0.21 0.28 14.63

'I
I
I
I
I
I

Table 3.1.h: wave-height and wave-period against wind-speed, in
percentages of occurance during the non-flood season

I
I
I
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IFLOOD SEASON

wind-speed (mis)
N < 2 2-5 5-11 11-17 17-25 ) 25 SWELL TOTAL

wave- (wave-period(s))
height (m)

<0.25 0.70 0.24 0.94
(2) (2)

0.25-0.75 0.22 1.78 1.24 3.27
(2.8) (2.8) (2)

0.75-1.25 0.31 3.30 0.33 3.94
(4) (3.5) (3)

1.25-1.75 0.20 2.09 0.53 0.16 2.98
(5) (5) (4) (11)

1.75-2.25 0.64 0.81 0.05 1.50
(6) (5) (11)

2.25-2.75 0.16 0.37 0.08 0.61
(6) (5) (11 )

2.75-3.25 0.24 0.07 0.31
(6) (11)

3.25-3.75 0.14 0.07 0.21
(6) (12)

3.75-4.75 0.08 0.08
(6)

4.75-5.75 0.04 0.04
(6)

TOTAL 0.92 2.53 7.43 2.28 0.14 0.12 0.43 13.92

I
I
I
I
I
I
I
I
I
I
I

Tab1e 3.1.i: wave-height and wave-period versus wind-speed, in
percentages of occurance during the f100d season

I
I
I
I
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FLOOD SEASON

I
I
I
I
I
I

wind-speed (mis)
NE < 2 2-5 5-11 11-17 17-25 ) 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.03 0.66 0.69
(2) (2)

0.25-0.75 0.05 1.50 0.89 2.42
(2.8) (2.8) (2)

0.75-1. 25 1.46 1.46 2.91
(4) (3.5)

1.25-1.75 1.23 0.81 0.12 2.20
(5) (4) (11)

1.75-2.25 0.92 0.15 0.03 1.10
(6) (5) (11)

2.25-2.75 0.21 0.17 0.06 0.45
(6) (5.5) (11)

2.75-3.25 0.18 0.05 0.23
(6) (12)

3.25-3.75 0.10 0.05 0.15
(7) (12)

3.75-4.75 0.06 0.02 0.08
(7.5) (13 )

4.75-5.75 0.03 0.02 0.05
(7.5) (13)

TOTAL 0.08 3.62 4.71 1.41 0.09 0.35 10.28
I
I
I

Tab1e 3.1.j: wave-height and wave-period versus wind-speed, in
percentages of occurance during the f100d season

I
I
I
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wind-speed (mis)
E < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.11 0.52 0.09 0.73
(2) (2) (2)

0.25-0.75 0.12 1.93 0.52 2.5_6
(2.8) (2.8) (2)

0.75-1. 25 1.68 1.37 3.08
(4) (3.5)

1.25-1.75 2.20 0.12 2.32
(5) (11) ;

1.75-2.25 1.13 0.04 1.17
(6) (11)

2.25-2.75 0.42 0.06 0.48
(6) (11 )

2.75-3.25 0.19 0.06 0.25
(7) (12)

3.25-3.75 0.11 0.06 0.17
(7) (12)

3.75-4.75 0.06 0.02 0.08 '
(7) (13)

4.75-5.75 0.03 0.02 0.05
(7) (>13)

TOTAL 0.23 4.13 6.03 0.09 0.38 10.88

I
I
I

FLOOD SEASON

I
I
I
I
I
I
I
I
I

Table 3.1.k: wave-height and wave-period versus wind-speed, in
percentages of occurance during the flood season

I
I
I
I
I
I
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FLOOD SEASON

I
I
I
I

wind-speed (mis)
SE < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height Cm)

<0.25 0.35 0.58 0.04 0.97
(2) (2) (2)

0.25-0.75 0.16 2.78 0.44 3.38
(2.8) (2.8) (2)

0.75-1. 25 2.11 1.98 4.07
(4) (3.5)

1.25-1.75 0.18 2.64 0.16 3.07
(5) (5) (11 )

1.75-2.25 0.28 1.21 0.05 1.54
(6) (5) (11)

2.25-2.75 0.29 0.26 0.08 0.63
(6) (5) (11)

2.75-3.25 0.25 0.07 0.32
(7) (12)

3.25-3.75 0.14 0.07 0.21
(7) (12)

3.75-4.75 0.08 0.03 0.11
(7) (13 )

4.75-5.75 0.05 0.03 0.08
(7) (> 13)

TOTAL 0.51 5.65 5.92 1.69 0.05 0.49 14.37
.

Tab1e 3.1.1: wave-height and wave-period versus wind-speed, in
percentages of occurance during the flood season

I
I
I
•
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I
FLOOD SEASON

wind-speed (mis)
S < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 1.59 0.30 1.89
(2) (2)

0.25-0.75 4.94 1.70 6.58
(2.8) (2)

0.75-1. 25 2.60 5.16 0.17 7.93
(4) (3.5) (3)

1.25-1.75 0.40 4.82 0.47 0.31 5.98
(5) (5) (4) (11)

1.75-2.25 2.9l 0.10 3.01
(6) (11)

2.25-2.75 1.07 0.16 1.23
(6) (11 )

2.75-3.25 0.48 0.15 0.63
(7) (12)

3.25-3.75 0.27 0.15 0.42
(7) (12)

3.75-4.75 0.16 0.05 0.21
(7) (13)

4.75-5.75 0.09 0.05 0.14
(8) (>13)

TOTAL 9.53 15.63 0.89 0.97 27.98

I
I
I
I
I,
I
I
I
I

Tab1e 3.1.m: wave-height and wave-period versus wind-speed, in
percentages of occurance during the f100d season

I
I,
I
I
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FLOOD SEASON

I,
,I
I
I
I
1\

wind-speed (mis)
SW < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s))
height (m)

<0.25 0.81 0.81
(2)

0.25-0.75 1.75 1.09 2.82
(2.8) (2)

0.75-1. 25 1.98 2.26 0.09 3.39
(4) (3.5) (3)

1.25-1.75 0.35 2.08 0.13 2.56
(5) (5) (11)

1.75-2.25 0.46 0.78 0.04 1.28
(6) (5) (11)

2.25-2.75 0.46 0.07 0.53
(6) (11)

2.75-3.25 0.21 0.06 0.27
(7) (12)

3.25-3.75 0.12 0.06 0.18
(7) (12)

3.75-4.75 0.07 0.02 0.09
(8 ) (13)

4.75-5.75 0.03 0.02 0.05
(9) (>13)

TOTAL 3.89 6.68 0.97 0.33 11.98

Tab1e 3.1.n: wave-height and wave-period versus wind-speed, in
percentages of occurance during the f100d season

I
I
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FLOOD SEASON

wind-speed (mis)
W < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.07 0.15 0.22
(2) (2)

0.25-0.75 0.39 0.39 0.77
(2.8) (2)

0.75-1. 25 0.26 0.67 0.93
(4) (3.5)

1.25-1.75 0.66 0.66
(5)

1.75-2.25 0.34 0.34
(6)

2.25-2.75 0.13 0.13
(6)

2.75-3.25 0.06 0.06
(6)

3.25-3.75

3.75-4.75

4.75-5.75

TOTAL 0.07 0.80 2.06 0.13 0.06 3.28

I
I
'I
I
I
I
·1
I
I
I
I
I
I

Table 3.1.0: wave-height and wave-period versus wind-speed, in
percentages of occurance during the flood season I

I
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I FLOOD SEASON

I
I

wind-speed (mis)
N < 2 2-5 5-11 11-17 17-25 > 25 SWELL TOTAL

wave- (wave-period(s»
height (m)

<0.25 0.31 0.31
(2)

0.25-0.75 0.55 0.45 0.05 1.07
(2.8) (2) (2)

0.75-1. 25 0.27 0.74 0.27 1.29
(4) (3.5) (3)

1.25-1.75 0.33 0.55 0.92
(5) (4)

1.75-2.25 0.14 0.33 0.47
(6) (5)

2.25-2.75 0.18 0.18
(5.5)

2.75-3.25 0.02 0.08 0.08
(6) (5)

3.25-3.75 0.04 0.04
(6)

3.75-4.75

4.75-5.75

TOTAL 0.31 0.82 1.66 1.40 0.12 4.56

I
I
I

I
I
I
I
I
I
I
I
I

Table 3.1.p: wave-height and wave-period versus wind-speed, in
percentages of occurance during the flood season
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I Refraction and shoaling
Now the wave-climate at Nan Hui Zui is known, the data have to be
transfered to the Cao Jing district. At the coast of Cao Jing the
waterdepth is much less than at Cape Nan Hui (0-5 m instead of
15-20 m), thus refraction and shoaling play an important part in
recalculating the wave-data (see Fig. 3.3).

I
I
I

Dependent on the wind-direction (or wave-direction), the data of
Nan Hui influence the data of Cao Jing. If we distinguish
8 different directions, following assurnptions have been made:

the waves from this direction originate from
the direction of Cape Nan Hui. Since we
consider the wind climate at Cao Jing the
same as at Nan Hui, also the waves are
considered the same, apart from refraction
and shoaling.

Data to be used : wave-data Nan Hui Zui.
Fetch-length 00 km.
Refraction and shoaling should be taken into account.

the same as for the East-direction; the same
wave climate is assurned to be valid, apart
from shoaling and refraction.

Data to be used : wave-data Nan Hui Zui.
Fetch-length 00 km.
Refraction and shoaling should be taken into account.

since the same wind-distribution is assurned
valid for Nan Hui and Cao Jing, also the
wave-distribution of Nan Hui is valid at Cao
Jing, apart fram shoaling and refraction and
cansidering a limited fetch-length of 500 km.

Data to be used : wave-data Nan Hui Zui.
Fetch-length 500 km.
Refractian and shoaling should be taken into account.

- direction: N

I
I

Data ta be used
Fetch-length

- Direction: NE

I
I Data ta be used

Fetch-length

- Direction: E

I
I
I

- Direction: SE

I
I

Direction: S

I
I
I
I
I

the waves at the coastal zone of Cao Jing
consist of short windwaves, generated in the
short stretch between the coastline and the
planned dike-trace.
wind-data Nan Hui Zui.
maximum 3 km (dependent on tidal level).

again the waves are purely generated by the
wind, considering a fetch-length equal to the
distance between coastline and the planned
dike-tracé.
wind-data Nan Hui Zui.
maximum 3 km (dependent on tidal level).
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I
Direction: SW the waves at Cao Jing originate from the same

winds as the waves as Nan Hui, only the
fetch-length is limited to 700 km.

Data to be used : wave-data Nan Hui Zui.
Fetch-length 700 km.
Refraction and shoaling should be taken into account.

I
I

Direction: W the wind blows offshore, creating waves in
the stretch between the coastline and the
planned dike-trace.
wind-data Nan Hui Zui.
maximum 3 km (dependent on tidal level).

I
Data to be used
Fetch-length I
Data to be used
Fetch-length

the waves are generated by the wind, growing
over the length which is available between
coastline and planned dike-trace.
wind-data Nan Hui Zui.
maximum 3 km (dependent on tidal level).

I
Direction: NW

Thus for the directions N, NE, NW and W the wind as given in
table 3.l.a to 3.l.p generates waves, for the directions SW, S,
SW and W the waves of Nan Hui Zui are refracted by the bottom-
topography causing a change in the angle of approach of the waves
and a change in the wave-height.

I
I
I
I
I
I
I
I
I
I
I
I
I
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Wind-generated waves at shallow water with a short fetch-length

In case of the direction N, NE, Wand NW the waves are caused by
a certain windfield, acting over a certain fetch-length.

Also the waterdepth is important, since it limits the growth of
the larger waves. Fig. 3.4 shows the relation between wave-height,
wave-period and wind-speed (according to Groen and Dorrestein,
lito (14» dependent on the waterdepth.

In par. 2.2 the tidal level showed to fluctuate between -1 and
+6 m (Wusong level). Since the planned dike is to be built at a
bottom level of +1 m the waterdepth will vary between 0 and 5 m
(see table 2.4). In this analysis the fluctuating water-level is
divided into 5 discrete intervals (see table 3.2):

waterdepth 1 (m) 2 (m) 3 (m) 4 (m) 5 (m)

- tidal interval 1.5-2.5 2.5-3.5 3.5-4.5 4.5-5.5 5.5-6.5- - - - - - - (m) (m)(m) (m) (m)

- duration- - - -non-f1ood 4.3 5.2 6.3 extreme extreme
food 3.3 4.4 4.0 2.5 extreme

(hours) (hours) (hours) (hours) *
- fe!c!!-!.e!!g!h 750 1,500 2,250 3,000 3,000

(m) (m) (m) (m) (m)

Table 3.2: applied intervals of waterdepth in case of offshore
winds.

With the information given in table 3.1.a to 3.1.p and Fig. 3.4,
the wave-climate at the Cao Jing district can be calculated.
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if we want to know the distribution of the waves at Cao
Jing. during f1ood-season. considering a waterdepth of
1 mand a wind-direction N (see table 3.1.i).

d = waterdepth = 1 m
F = fetch-1ength = 750 m
U = wind-speed = < 2 mis 0.92%

2 - 5 mis 2.53%
5 11 mis 7.43%
11 17 mis 2.28%
17 - 25 mis 0.14%

> 25 mis 0.00%
(percentages of occurrence during the season)

From Fig. 3.4 we learn that the significant wave-height
never exceeds 0.5 m; only in case the wind-speed is
over 15 mis the significant wave-height exceeds 0.25 m
(F/d = 750).

If we reca1cu1ate these data to fit the distribution at
Cao Jing. we find:

wave direction = N
H = waveheight = < 0.25 m

0.25 m - 0.75 m
: 13.78%

0.14%
(percentages of occurrence during the season).

The same has been performed for each of the waterdepths
and wind-directions given in table 3.1.a to 3.1.p. The
resu1ts are given in table 3.4.a to 3.4.p.
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Refraction and shoaling I
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I 3.3.2 Refraction and shoaling of waves (large fetch-length)

I
In case of on-shore winds, the waves are in equilibrium with the
windforces and the wave-growth has stopped (provided that the
fetch-length is long enough). So, if the windfield at Cao Jing is
the same as at Nan Hui, it is assumed that also the deep-water
characteristics are the same.

I
I

Again the waterdepth is important, since the waves will be slowed
down by the bottom-influence, dependent on the waterdepth. The
same discrete intervals are used as given in tab1e 3.2.
A1so the wave-1ength is important to determine the refraction and
shoa1ing coefficients. The wave-length is dependent of the wave-
period, which is in the range of 2 s to 14 s at Nan Hui Zui (see
par. 3.1).I

I
Fig. 3.5 shows the wave-height coefficient and the angle of
approach af ter refraction and shoaling (see: shore protection
manual, 1it (6», in which:

I
d = waterdepth (m)
g = acceleration of gravity (m/s2)
T = wave-period (s)
0.0 = ang1e of approach at deep water (0°)
Lo = wave-length at deep water = 1.56 T2 (s)
a. = ang1e of approach after shoaling, refraction (0°)
KrKs = wave-height coefficient (-)I

I App1ied on the suggested intervals it follows (see table 3.3)

I T(s) 1 (m) 2 (m) 3 (m) 4 (m) 5 (m)

d/g T" 0.025 0.050 0.075 0.100 0.125
2

direction 0.0 KrKs a. KrKs a. KrKs a. KrKs a. KrKs a.

E 60° 0.77 45° 0.91 57° 0.98 59° 1.0 60° 1.0 60°

SE 15 ° 0.91 13° 0.95 15° 0.99 15° 1.0 15° 1.0 15°

S -30° 0.89 -25° 0.97 -29° 0.99 -30° 1.0 -30° 1.0 -300

SW -75° 0.61 -55° 0.75 -700 0.95 _740 1.0 -75° 1.0 -750

I
I
I
I Table 3.3: wave-height coefficients and angle of approach af ter refraction

and shoaling

I
I
I
•
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I
IT(s) 1 (m) 2 Cm) 3 Cm) 4 Cm) 5 (m)

d/g T<' 0.011 0.022 0.033 0.044 0.056
3

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 60° 0.75 32° 0.77 43° 0.82 50° 0.88 55° 0.93 58°
SE 15° 0.96 9° 0.91 12° 0.92 13° 0.94 14° 0.97 15°

S -30° 0.93 -180 0.89 -230 0.90 -26° 0.94 -280 0.96 -290

SW -750 0.60 -350 0.60 -500 0.73 -580 0.82 -630 0.85 -700

dl g r ' 0.006 0.013 0.019 0.025 0.0313
4

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 600 0.80 240 0.74 350 0.75 410 0.77 46° 0.81 50°
SE 15° 1.05 7.50 0.94 10° 0.91 12° 0.91 13° 0.27 14°

S -30° 1.02 -140 0.91 -190 0.88 -23° 0.88 -250 0.90 -270

SW -750 0.60 -32° 0.60 -4P 0.60 -470 0.60 -560 0.70 -620

I
I
I
I
I
I
I

Table 3.3 (continued) I
From hereon the depth at the measurements (about 15 m) starts to
influence the coefficients as weIl. This means that the measured
wave is subjected to a reduction coefficient already. due the the
limited depth. The given coefficients in tab1e 3.3 (continued)
take into account a correction.

I
I

T(s) 1 Cm) 2 Cm) 3 (m) 4 (m) 5 (m)

d/g T<' 0.004 0.008 0.012 0.016 0.020
5

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 600 0.87 180 0.75 280 0.75 33° 0.75 360 0.75 420

SE 15° 1.15 6° i .o 8° 0.95 10° 0.93 lP 0.91 12°

S -300 1.12 -11 0 0.97 -150 0.92 -180 0.90 -20° 0.89 -230

SW -75° 0.62 -210 0.60 -310 0.60 -380 0.55 -4P 0.60 -520

I
I
I
I

Table 3.3 (continued) I
I
I
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T(s) 1 (m) 2 (m) 3 (m) 4 (m) 5 (m)
d/g T" 0.003 0.006 0.008 0.011 0.014

6
direction «0 KrKs « KrKs « KrKs « KrKs « KrKs «

E 60° 0.90 16° 0.81 22° 0.77 28° 0.75 32° 0.74 35°
SE 15° 1.30 5° 1.08 7° 1.00 8° 0.95 9° 0.93 10°
S -30° 1.15 _10° 1.00 -14° 0.96 -15° 0.92 -18° 0.91 -20°
SW -75° 0.65 -19° 0.60 -27° 0.58 -30° 0.55 -35° 0.55 -40°

d/g T4 0.002 0.004 0.006 0.008 0.010
7

direction «0 KrKs « KrKs « KrKs « KrKs « KrKs «

E 60° 0.97 14° 0.85 20° 0.80 24° 0.77 27° 0.75 30°
SE 15° 1.35 4° 1.16 6° 1.08 7° 1.00 8° 0.97 9°
S -30° 1.25 _8° 1.10 -i i - 1.02 _14° 0.96 -15° 0.94 -17°
SW -75° 0.70 -15° 0.62 -220 ,0.60 -27° 0.57 -3P 0.55 -34°

d/g T" 0.0016 0.0031 0.0047 0.0063 0.0078
8

direction «0 KrKs « KrKs « KrKs « KrKs « KrKs «

E 60° 1.02 13° 0.90 17° 0.83 2P 0.80 240 0.77 27°
SE 15° 1.40 30 1.20 50 1.13 6° 1.03 8° 1.00 8°
S -300 1.33 _70 1.17 -100 1.07 -120 1.00 -140 0.97 -150

SW -750 0.75 -140 0.65 -190 0.60 -250 0.50 -290 0.55 _32°

d/g T" 0.0012 0.0024 0.0037 0.0049 0.0062
9

direction «0 KrKs « KrKs « KrKs « KrKs « KrKs «.
E 600 1.10 100 0.94 150 0.87 180 0.82 220 0.80 25°
SE 150 1.50 3° 1.30 4° 1.18 6° 1.10 7° 1.07 7°
S -30° 1.41 _7° 1.23 _8° 1.12 -11° 1.05 _13° 1.10 -14°
SW -75° 0.80 -12° 0.68 -17° 0.63 _4° 0.60 -24° 0.60 -27°

Tab1e 3.3 (continued)
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T(s) 1 (m) 2 (m) 3 (m) 4 (m) 5 (m)

d/g T' 0.001 0.002 0.003 0.004 0.005
10

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 60° 1.12 10° 0.98 l30 0.90 17° 0.85 19° 0.82 22°

SE 150 1.58 3° 1.34 4° 1.20 5° 1.15 6° 1.10 7°

S -30° 1.50 _6° 1.27 _8° 1.15 -10° 1.10 -llo 1.05 -13°

SW -75° 0.83 _llo 0.70 -15° 0.65 -19° 0.61 -22° 0.60 -25 °

d/g TZ 0.0008 0.0017 0.0025 0.0033 0.0041
II

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 60° 1.20 9° 1.02 12° 0.92 15° 0.88 18° 0.84 20°

SE 15° 1.66 3° 1.39 4° 1.28 5° 1.18 5° 1.15 6°

S -30° 1.57 _5° 1.32 _8° 1.20 _9° 1.14 -10° 1.07 -lP

SW -75° 0.85 -10° 0.72 _14° 0.67 _170 0.65 -20° 0.61 -23°

d/g T' 0.0007 0.0014 0.0021 0.0028 0.0035
12

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 60° 1.24 8° 1.06 12° 0.96 14° 0.90 16° 0.87 18°

SE 15° 1.78 2° 1.43 3° 1.33 4° 1.24 5° 1.18 6°

S -30° 1.60 _5° 1.39 _7° 1.25 _8° 1.18 _90 1.02 -11°

SW -75° 0.90 _9° 0.75 _l30 0.70 -15° 0.66 -18° 0.62 -2P

d/g TZ 0.0006 0.0012 0.0018 0.0024 0.003
13

direction 0:.0 KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:. KrKs 0:.

E 60° 1.29 8° 1.10 10° 1.0 l30 0.92 15° 0.90 17°

SE 15° 1.78 2° 1.50 3° 1.42 4° 1.30 5° 1.22 5°

S -30° 1.68 _4° 1.46 _60 1.32 _8° 1.22 _9° 1.17 -10°

SW -75° 0.90 _9° 0.78 -120 0.75 -150 0.60 _17° 0.65 -19°

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Tab1e 3.3 (continued): wave-height coefficients and ang1e of approach
after refraction and shoa1ing I

I
I
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I Using tab1e 3.3 the wave-data of Nan Hui Zui can be transformed
to the Cao Jing district.

I
EXAMPLE : if we want to know the distribution of the waves at Cao

Jing, during f100d-season considering a waterdepth of
1 mand a (wind-)direction S (see tab1e 3.1.m).

I d = waterdepth = 1 m
F = fetch-1ength = 500 km.

I
From Fig. 3.2 it can be found that such a fetch-1ength
does not (except in extreme situations) limit the
growth of the waves; refraction and shoaling do.

I This examp1e is now focussed on the ca1cu1ation of one
specific wave-c1ass (see tab1e 3.1.m).

I
NAN HUI H = wave-height = 1.25-1.75 m : 4.82%

ao = -300 (S-direction).

I
According to tab1e 3.3, considering T = 5 s.

I
KrKs = 1.12 = wave-height coefficient at d = 1 m.
a = _110 = new ang1e of approach at d = 1 m.

CAO JING: H = wave-height = 1.40-1. 96 m : 4.82%
a = -i i- (S-SE-direction).

I Since the distribution at Cao Jing shou1d be expressed
in the same wave-height intervals and direction-
intervals as at Nan Hui, this information must be
re-arranged, using lineair interpo1ation.I CAO JING: H = wave-height = 1.25-1.75 m

= 1.75-2. 25 m
a = -300 (S-direction)
plus:
H = wave-height = 1.25-1.75 m

= 1.75-2.25 m
a = 150 (SE-direction)

1.82%
1.14%

I
I

1.08%
0.78%

4.82%

I For each wave-c1ass this ca1cu1ation can be made, the resu1ts are
given in tab1e 3.4.a to 3.4.p (percentages of occurence during
the season).

I
I
I
I
I
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I 3.4 Distribution of waves at the Cao Jing district

I

Except for the wind-generation of waves at shallow water in case
of short fetch-Iengths and refraction plus shoaling of waves at
shallow water in case of long fetch-lengths, also another
phenomenon is important at Cao Jing:
the Qr~a~igg_c!i!e!i2n~

I

I

Since the slope of the bottom is very flat (1:150, see Fig. 3.3)
the maximum wave-height will eventually be limited by the
breaking-criteria, when the wave approaches the coast of Cao Jing.
In Fig. 3.6, originating from lito (6), the breaking criteria is
given. The ultimate breaking-rule, referring to the waterdepth is:

I
Hmax = 0.78 d " (6)

I Thus, dependent on the waterdepth, following maximum wave-heights
are possible:

I
I

d = 1 m Hmax = 0.78 m
d = 2 m Hmax = 1.56 m
d = 3 m Hmax = 2.34 m
d = 4 m Hmax = 3.13 m
d = 5 m Hma x = 3.90 m

So in the upper part of the wave-distribution
waves are projected to the class in which the
tab les 3.4.a to •p) .

the very extreme
waves break (see

I

I
The refraction and shoaling-calculations and the wind-generated
waves have been summarized, resulting in the tables 3.4.a to .p.

I
The distribution of the wave-periods remains the same as for
Nan Hui, for the directions S, SE, E and SW.
In case of off-shore winds most of the time the wave-period will
be in the order of 2 s (see Fig. 3.4).

I
I
I
I
I
I
I
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N d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1,500 2,250 3_.1_000 3,000 ex>

wave-height (m)

<0.25 35.85 30.89 22.89 18.67 13.09 3.39

0.25-0.75 0.87 5.82 l3.82 18.04 22.75 6.45

0.75-1.25 0.87 10.99
1.25-1.75 6.84
1.75-2.25 4.98
2.25-2.75 2.13

2.75-3.25 1.03
3.25-3.75 0.35
3.75-4.75 0.35
TOTAL 36.71 36.71 36.71 36.71 36.71 36.71

I
I

NON-FLOOD SEASON

I
I
I
I
I
I

Tab1e 3.4.a: wave-height against waterdepth in percentages of
occurrence during the non-flood season

NE d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1 500 2 250 3,000 3,000 ex>

wave-height (m)

<0.25 21.90 18.39 13.39 10.85 7.49 2.05

0.25-0.75 3.51 8.51 11.05 14.41 3.89

0.75-1. 25 6.63

1.25-1.75 3.86

1.75-2.25 3.01

2.25-2.75 1.32

2.75-3.25 0.48

3.25-3.75 0.21
3.75-4.75 0.21
TOTAL 121.90 21.90 21.90 21.90 21.90 21.90

____ ____...1.....,_ -

I
I
I
I
I

I
Table 3.4.a: wave-h~ight versus waterdepth in percentages of

occurr~nce during the non-f1ood season I
I
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NON-FLOOD SEASON

I
I
I

E d (m) 1 2 3 4 5 Nan Hui
F (m) co co co co co

wave-height (m)

<0.25 0.79 1.05 1.06 1.04 1.01 0.97
0.25-0.75 1.92 1.96 2.30 2.44 2.43 1.84
0.75-1.25 1.33 1.91 2.33 2.94 3.33
1.25-1.75 1.03 0.61 0.81 1.06 1.93
1.75-2.25 0.19 0.23 0.27 1.39
2.25-2.75 0.08 0.06 0.08 0.52
2.75-3.25 - - 0.46
3.25-3.75

3.75-4.75

TOTAL 2.71 5.73 6.15 6.91 7.79 10.21
- -

I
I

I
I
I

Tab1e 3.4.c: wave-height versus waterdepth in percentages of
occurrence during the non-flood season

I
SE d (m) 1 2 3 4 5 Nan Hui

F (m)
wave-height (m)

<0.25 1.07 0.69 0.60 0.56 0.54 0.53
0.25-0.75 12.48 2.37 1.96 1.67 1.32 1.00
0.75-1. 25 3.39 3.04 2.77 2.54 1.71

1.25-1.75 4.26 2.07 2.00 1.72 1.06

1.75-2.25 .1.13 1.08 1.13 0.76

2.25-2.75 0.96 0.37 0.47 0.29
_2.75-3.25 0.13 0.05 0.12

3.25-3.75 0.05

3.75-4.75

TOTAL 13.55 10.76 9.76 8.79 7.85 5.43

I
I
I
I
I
I
I Tab1e 3.4.d: wave-height versus waterdepth in percentages of

occurrence during the non-flood season

I
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NON-FLOOD SEASON

S d (m) 1 2 3 4 5 Nan Hui
F (m) 5.105 5.105 5.105 5.105 5.105 CD

wave-height (m)

<0.25 0.66 0.57 0.49 0.46 0.45 0.44

0.25-0.75 5.07 1.67 1.51 1.39 1.12 0.83
0.75-1.25 1.72 1.84 1.89 1.90 1.42
1.25-1.75 1.81 0.97 0.86 0.79 0.87
1.75-2.25 0.43 0.59 0.55 0.64

2.25-2.75 0.28 0.22 0.23 0.24

2.75-3.25 0.03 0.01

3.25-3.75 0.01

3.75-4.75

TOTAL 5.76 5.77 5.52 5.44 5.06 4.44

Tab1e 3.4.e: wave-height versus waterdepth in percentages of
occurrence during the non-f1ood season

SW d (m) 1 2 3 4 5 Nan Hui
F (m) 7.105 7.105 7.105 7.105 7.105 CD

wave-height (m)

<0.25 0.18 0.28 0.28 0.28 0.28 0.25

0.25-0.75 0.14 0.42 0.62 0.78 0.73 0.48

0.75-1. 25 0.01 0.15 0.25 0.66 0.81

1.25-1.75 - - 0.03 0.07 0.50
1.75-2.25 - - - 0.35
2.25-2.75 - - - 0.14

2.75-3.25 - -
3.25-3.75 -
3.75-4.75

TOTAL 0.32 0.71 1.05 1.34 1.74 2.53
I

Table 3.4.f: wave-helght versus waterdepth ln percentages of
occurrence during the non-f1ood season

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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NON-FLOOD SEASON

I

I
I

W d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1,500 2,250 3,000 3,000 IX>

wave-height (m)

<0.25 2.14 2.14 1.64 1.39 1.14 0.20

0.25-0.75 0.50 0.75 1.00 0.39

0.75-1. 25 0.65

1.25-1.75 0.40

1.75-2.25 0.29

2.25-2.75 0.l3

2.75-3.25

3.25-3.75

3.75-4.75

TOTAL 2.14 2.14 2.14 2.14 2.16 2.14

I
I
I
I
I

Table 3.4.g: wave-height versus waterdepth in percentages of
occurrence during the non-f1ood season

I
I

NW d (m) 1 2 3 4 5 Nan Hui
F Cm) 750 1 500 2.250 3.000 3.000 IX>

wave-height Cm)

<0.25 14.42 11.97 7.97 5.98 4.00 1.33

0.25-0.75 0.21 2.66 6.66 8.55 10.42 2.53

0.75-1. 25 0.10 0.21 4.32

1.25-1. 75 2.66

1.75-2.25 1.91

2.25-2.75 0.03

2.75-3.25 0.31

3.25-3.75 0.14

3.75-4.75 0.14

TOTAL 14.63 14.63 14.63 14.63 14.63 14.63

I
I
I
I
I
I Tab1e 3.4.h: wave-height versus waterdepth in percentages of

occurrence during the non-f1ood season

I
I
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FLOOD SEASON

N d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1,500 2.250 3.000 3,000 co

wave-height (m)

<0.25 13.66 11.38 7.54 4.38 3.93 0.94

0.25-0.75 0.26 2.54 6.26 9.35 9.71 3.27

0.75-1. 25 0.12 0.19 0.26 3.94

1.25-1. 75 2.98

1.75-2.25 1.50

2.25-2.75 0.61

2.75-3.25 0.31

3.25-3.75 0.21

3.75-4.75 0.08

TOTAL 13.92 13.92 13.92 13.92 13.92 13.92

Tab1e 3.4.i: wave-height versus waterdepth in percentages of
occurrence during the flood season

NE d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1,500 2,250 3 000 3.000 co

wave-height (m)

<0.25 10.19 8.78 6.48 4.87 4.07 0.69

0.25-0.75 0.09 1.50 3.80 5.41 6.12 2.42

0.75-1. 25 0.09 2.91

1.25-1. 75 2.20

1.75-2.25 1.10

2.25-2.75 0.45

2.75-3.25 0.23

3.25-3.75 0.15

3.75-4.75 0.08

TOTAL 110.28 10.28 10.28 10.28 10.28 10.28
! _ _L. __I- --- _. -

Table 3.4.j: wave-height versus waterdepth in percentages of
occurrence during the flood season

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I
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FLOOD SEASON

I

I

E d (m) 1 2 3 4 5 Nan Hui
F (m) co co co co 00 00

wave-height (m)

<0.25 0.66 0.91 0.89 0.84 0.81 0.73
0.25-0.75 1.74 2.33 2.75 3.05 3.25 2.56
0.75-1. 25 1.20 1.74 2.29 2.79 3.08
1.25-1. 75 0.44 0.33 0.54 0.78 2.32
1.75-2.25 0.23 0.23 0.26 1.17
2.25-2.75 0.07 0.05 0.08 0.48
2.75-3.25 0.05 0.04 0.25
3.25-3.75 0.01 0.17

-3.75-4.75 0.02 0.08
TOTAL 2.40 4.20 6.02 7.05 8.04 10.88

I
I
I
I

I
I
I
I

Tab1e 3.4.k: wave-height versus waterdepth in percentages of
occurrence during the f100d season

I

SE d (m) 1 2 3 4 5 Nan Hui
F (m) 00 00 co co co co

wave-height (m)

<0.25 1.73 2.55 1.16 1.08 1.03 0.97
0.25-0.75 28.99 6.00 5.06 3.91 4.07 3.38
0.75-1. 25 6.51 5.98 5.98 5.63 4.07
1.25-1. 75 11.73 4.64 4.47 4.18 3.07
1.75-2. 25 2.85 2.51 2.35 1.54
2.25-2.75 2.98 0.90 0.82 0.63
2.75-3.25 1.52 0.65 0.32
3.25-3.75 0.41 0.21
3.75-4.75 0.48. 0.19
TOTAL 30.72 26.07 22.70 20.92 19.63 14.37

___L_ I

I
I
I
I
I
I Tab1e 3.4.1: wave-height versus waterdepth in percentages of

occurrence during the f100d season

I
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FLOOD SEASON

S d Cm) 1 2 3 4 5 Nan Hui
F Cm) 5.105 5.105 5.105 5.105 5.105 00

wave-height Cm)

<0.25 2.96 2.43 2.26 2.06 2.00 1.89

0.25-0.75 27.49 9.92 9.30 9.02 7.93 6.58

0.75-1. 25 8.64 9.95 9.99 9.95 7.93

1.25-1.75 10.00 4.91 4.63 5.01 5.98

1.75-2.25 2.28 2.68 2;71 3.01

2.25-2.75 2.47 1.03 0.90 1.23

2.75-3.25 1.23 0.48 0.63

3.25-3.75 0.36 0.42

3.75-4.75 0.35 0.21

TOTAL 30.45 31.00 31.20 30.64 29.69 27.98

Tab1e 3.4.m: wave-height versus waterdepth in percentages of
occurrence during the f100d season

SW d Cm) 1 2 3 4 5 Nan Hui
F Cm) 7.105 7.105 7.105 7.105 7.105 00

wave-height Cm)
<0.25 0.77 1.17 0.98 0.94 0.91 0.01

0.25-0.75 0.88 2.53 3.30 3.90 3.81 2.82

0.75-1. 25 0.07 0.85 1.32 2.81 3.39

1.25-1. 75 0.01 0.07 0.09 0.31 2.56

1.75-2.25 0.02 1.28

2.25-2.75 0.53

2.75-3.25 0.27

3.25-3.75 0.18

3.75-4.75 0.09

TOTAL 1.65 3.78 5.21 6.24 7.86 111.98
, : I
Tab1e 3.4.n: wave-helght versus waterdepth ln percentages of

occurrence during the f100d season

I
I
I
I
I
I
I
I
I
I
I
I
I
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FLOOD SEASON

I

W d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1 500 2.250 3.000 3.000 ee

wave-height (m)

<0.25 3.22 3.09 2.06 1.54 1.03 0.22
0.25-0.75 0.06 0.19 1.22 1.74 2.69 0.77
0.75-1.25 0.06 0.93
1.25-1.75 0.66
1.75-2.25 0.34
2.25-2.75 0.13
2.75-3.25 0.06
3.25-3.75

3.75-4.75
TOTAL 3.28 3.28 3.28 3.28 3.28 3.28

I
I

I
I
I
I
I
I

Tab1e 3.4.0: wave-height versus waterdepth in percentages of
occurrence during the f100d season

I

NW d (m) 1 2 3 4 5 Nan Hui
F (m) 750 1.500 2.250 3.000 3,000 <Xl

wave-height (m)

<0.25 4.44 3.02 2.24 1.84 1.38 0.31
0.25-0.75 0.12 1.52 2.32 2.66 3.06 1.07
0.75-1. 25 0.06 0.12 1.29
1.25-1.75 0.92
1.75-2.25 0.47
2.25-2.75 0.18
2.75-3.25 0.08
3.25-3.75 0.04
3.75-4.75

TOTAL 4.56 4.56 4.56 4.56 4.56 4.56

I
I
I

I
I
I Tab1e 3.4.p: wave-height versus waterdepth in percentages of

occurrence during the flood season

I
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NON-FLOOD d (m) 1 2 3 4 5 Nan Hui

wave-height (m)

<0.25 77.1 65.98 48.32 39.23 28.00 9.16
0.25-0.75 20.69 18.41 35.88 44.47 54.18 17.02

0.75-1. 25 6.45 6.94 7.34 9.12 29.66
1.25-1. 75 7.10 3.65 3.70 3.64 18.12
1.75-2.25 1.75 1.90 1.95 13.33
2.25-2.75 1.34 0.65 0.78 5.60

2,75-3,25 0.14 0.06 2.40

3.25-3.75 0.06 0.70

3.75-4.75 0.70
AVERAGE 0.20 0.35 0.43 0.46 0.51 1.20

Tab1e 3.5.a: distribution of wave-heights during non-f1ood season,
percentages of occurrence

FLOOD d (m) 1 2 3 4 5 Nan Hui

wave-height (m)

<0.25 37.63 33.03 23.61 17.55 15.16 6.66

0.25-0.75 59.63 26.53 34.21 39.04 40.14 22.87

0.75-1. 25 16.42 18.64 19.83 21.71 27.54

1.25-1. 75 22.18 9.95 9.73 10.28 20.69

1.75-2.25 5.56 5.42 5.34 10.41

2.25-2.75 5.52 1.98 1.80 4.24

2.75-3.25 2.80 1.17 2.15

3.25-3.75 0.78 1.38
3.75-4.75 0.85 0.73
AVERAGE 0.35 0.67 0.78 0.80 0.84 1.15

Tab1e 3.5.b: distribution of wave-heights during f100d season,
percentages of occurrence

I
,I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I From tables 3.5 a, b the distribution of waves during the season

can be found (see Fig. 3.7).
From the foregoing, it shows that the longer waves (especially
swell) cause the larger wave-heights at the Cao Jing district. It
is also obvious. that during the flood season, when the main
wind-direction is south, the wave-action is much stronger than
during the non-f1ood season.

I The long-term wave distribution is expected to follow an
exponential distribution:

I - H - a
p (H > !!) = exp (7)

b

I
I

The percentages of occurrence found from tables 3.4 a to pand
3.5 a, b, coincide with this assumption. Fig. 3.7 shows a
graphical interpretation of the calcul~ted wave-climate.

I
In the extreme regions the wave-height is limited by the
breaking-criterion:

Hmax = 0.78 d . .................... (6)

I Then the water-level distribution (see Fig. 2.2 and 2.3)
determines the wave-height distribution.
The physical interpretation of this phenomenon is as follows: the
extreme wave-height occurs during an extreme storm (typhoon-
conditions), which causes an extreme water-level. The significant
wave-height which coincides with this water-level is dependent on
the water-level:

I
I Hs = 0.5 d ...................•.................................. (8)

I
During the storm the wave-heights follow a Rayleigh-distribution,
which is determined by the significant wave-height (not by the
long-term wave distribution), thus the waterdepth.

I
I
I
I
I
I
I
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Distribution of wave-heights at Cao Jing
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Thus. at a bottom-level of +1,00 m (Wusong-level) (see Fig. 3.8)
the long-term water-levels follow an exponential distribution

P (h > h) = e -4.1 <h - 3,75)
, , , , .. (4)

The long-term significant wave-heights under extreme conditions
also follow an exponental distribution (d = h - 1):

P (Hs l Hs) - 3. 2 ...(9)- 1.40)= e

and the long-term maximum wave-heights under extreme conditions
also follow an exponential distribution:

p (Hmax l Hmax) = e -5.3 <~ -2.15) ............. ,,....(10)

The distribution of "normal" wave-heights is given in Fig. 3.7.

The chance that the maximum wave occurs once during the storm is:

Ponce = 1 - [1 - P (H l Hmax)JN = 0.99
Thus the maximum wave-height is occuring almost certainly during
the storm.

The chance that the maximum wave-height occurs. during a storm
with a certain significant wave-height. can be found by assuming
a Rayleigh-distribution of the waves during the storm:

P (H l !!) = e - 2 <1i/HS) 2 ..•••..•. , .....•....• . ( 11)

Since Hs = 0.5 d, and Hmax = 0.78d, during the storm:

P (H l Hmax) = 0.0077

During this storm the high level stays about one hour,
cons idering a wave-period of 6 sec. (eq. (5» a number of
600 waves occurs during the storm (N = 600).
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I
I CONCLUSION

I
The distribution of the wave-heights at the Cao Jing district can
be found by transforming a measured wave-spectrum at Nan Hui to
the Cao Jing district, taking into account the wind-direction and
refraction plus shoaling.

I The results of this calculation are shown in tables 3.4.a to p
and in Fig. 3.7.

I
The distribution of the extreme wave-heights is directly
dependent on the water-level and can be found by the
breaking-criterion: H : 0.78 d.

I
I

The results of this calculation are shown in Fig. 3.8.

There exists a considerable difference between the wave-act ion
during flood season and non-flood season. This is mainly due to
the prevailing wind-direction. For the wave-action during the
year following is valid:

I water-level waterdepth NON-FLOOD season FLOOD season
Cm) Cm) average average

wave-height duration wave-height duration

<1.5 0 0.00 m 8.2 hours 0.00 m 9.8 hours
1.5-2.5 1 0.20 m 4.3 hours 0.35 m 3.3 hours
2.5-3.5 2 0.35 m 5.2 hours 0.67 m 4.4 hours
3.5-4.5 3 0.43 m 6.3 hours 0.78 m 4.0 hours
4.5-5.5 4 * extreme 0.80 m 2.5 hours
5.5-6.5 5 * extreme * extreme

I
I
I
I Table 3.6: ave rage wave-climate and duration at Cao Jing

I
I
I
I
I
I
I
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I
I 4. RELATIONS BETWEEN WAVE-CLlMATE AND LAY-OUT

I
I

4.1 Admissab1e wave-action inside the fie1ds

I

The object of the reclamation-fields is to create a calm area, in
which the sediments, carried by the tidal motion, can settle. In
the foregoing study, lay-out part I (lit. (12», it has been
found that the total number of incoming sediments is mainly
determined by the storage-mechanism (eddy-development increases
the number of incoming sediments, dependent on the size of the
opening at the seaward end).
The concentration of sediments which leave the reclamation fields
when the tide is descending, is dependent on the wave-action and
current-velocity inside the fields.

I

I
I

The best results will be achieved if the outgoing sediment
concentration is zero and thus the wave-action and current
velocity are also zero. This however would require uneconomic
dimensions of the reclamation fields and an uneconomical height
of the dikes.

I
The sediment-concentration, or more specific the entrainment of
sediments, is dependent on the shear-stress at the bottom. This
shear-stress is caused by the water-velocity and by the waves.
Bijker (lit. (13» gives for the combined shear-stress:

I 't = 't e + Y, :tw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 11 )

in which:

I

I

't = combined shear-stress (N/m2)
'te = shear-stress caused by currents (N/m2)

= p (u*) u*
U* = shear-stress velocity at the bottom = Jg u/C (m/s)
Ü = depth-averaged velocity (m/s)
g = acceleration of gravity (m/s2)
C = Chézy roughness value (Jm/s)

= 18 log (12 h/r)
~w = maximum shear-stress caused by waves (N/m2)

v f - 2= h wPUb
P = density of water (kg/m3)

I

I
I
I
I
I
I
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I
fw = friction parameter with respect to waves (-)

= exp , [-5. 977 + 5.213 (a b Ir) - ° . 1 9 .; ]

Ub = maximum orbita1 ve10city at the bottom (mis)
= wH/2 sinh kh

ab = maximum disp1acement of the wave (m)
= WUb

W = wave-frequency = 2~/T (radis)
T = wave-period (s)
r = roughness of the bottom (m)
h = waterdepth (m)
H = wave-height (m)
k = wave number = 2~/L (radim)
L = wave-length (m)

I
I
I
I

According to Shields there exists a critical shear-stress. When
this critical shear-stress is exceeded the particles of the
bottom wi11 go into suspension. For materials at the Cao Jing
district (Dso = 50 ~) this critical shear-stress is (see the
report LAY-OUT part I):

I
I

'ter = 0.156 N/m2

(u. ,er = 1.25.10-2 mis) I
However this criterion would resu1t in an admissab1e wave-height
(not taking into account any currents) of H = 0.04 m, which is an
unrea1istic low value. Since the object of the reclamation-basins
is to reduce the transport of sediments in this analysis it is
assumed a certain admissab1e transport, which wi11 resu1t in an
admissable shear-stress and an admissab1e wave-height. The
transport-rate of the sediments can be found by the formu1a of
Van Rijn (see report LAY-OUT part I, 1it (12»:

I
I
I

S = Fuhca + Sb (12)

in which: I
S = transport of sediments (m2ls)
Sb = bed-load transport (m21s)

= 0.053 T2.1 D:O.3 D1.8 !:lIg50

T = transport-stage parameter (-)
= ('t ' - 'ter)/'ter

't' = shear-stress at bottom with respect to grains (N/m2)
= 't I e + % '-tw I

I
I

I
I



I
I

- 69 -

I
I
I
I
I
I
I
I
I
I

~'C = shear-stress at bottom due to currents (relative to grain)
= p (ü ./g IC') Z

C' = Chézy-value related to grains (./m/s)
= 18 log (12 h/3 D90)

D. = particle diameter parameter (-) = 1.27
= Dso [l1gh,z] 1/3

11 = density-parameter = 1.65 (-)
v = kinematic viscosity = 1.10-6 (m2/s)
Ca = reference-concentration at bottom (-)

= 0.015 D50 + 1.5 D.-O.3 a-I
a = reference-1evel = 0.01 h (m)
F = suspension-parameter (-)

= (O.Olz· - 0.011,z)/0.99z· (1.2 - Z,)
Z' = Z + ~ = suspension-number (-)
Z = W si KU. ( - )

Ws = fal1 velocity grains (mis)
~ = mOdification-parameter (-)

= 2.5 (Ws/U.)O.8 (ca/O.65)o.4

The admissab1e transport is dependent on a somewhat subjective
judgement, it is assumed in this analysis that a transport of
1.10- 5 mis is a1most negligib1e compared to the "normal " tidal
transport (in the order of 10-3 m2/s) and therefore this
transport is allowable in the reclamation fields.
From report LAY-OUT part I (lit. (12» follows also the
representative current-velocity inside the fields, which is in
the order of U = 0.4 mis.

For the a1lowable wave-height it now can be found:

I waterdepth (m) 1 2 3 4

admissable transport 1.10- 5 1.10-5 1.10-5 1.10-5

S (m2/s)
admissable shear-stress 0.28 0.28 0.28 0.28

~ (N/m2)
shear-stress current 0.19 0.19 0.19 0.19

~c I (N/m2)
shear-stress wave 0.18 0.18 0.18 0.18-- (N/m2)~w

admissab1e wave-height 0.08 m 0.15 m o . 28 m O. 17 m 0.25 m
(period) : « 2 s) « 2 s) «2 s) (3 s) (<3 s)

I
I

I
I

Table 4.1: admissable wave-height inside the rec1amation fields,
dependent on the water-depth

I
I
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Opening-width and wave-diffraction
The width of the opening is dependent on the wave-action which is
assumed admissable inside the fields.
From par. 4.1 it follows, that the undisturbed wave-climate (see
table 3.5.a and b) is much to heavy to ensure the settiement of
sediments in the reclamation-basins. Thus a longitudinal dam at
the seaward end of the fields will be necessary. The width of the
openings, which are necessary in order to allow the tidal motion
to enter the fields, is determined by the diffracted wave-pattern
of the waves, which come from the SE, E, SW and S-direction (in
case of offshore winds, the longitudinal dam has hardly any
influence on the wave-pattern inside, apart from some reflection
against the dam).

From table 3.4.1 to p it shows that the heavy wave-action mainly
originates from E, SE, S and SW-direction (long fetch-lengths).

The diffracted wave-pattern is dependent on the size of the
opening, relative to the wave-length of the waves, which is
determined by the wave-period.
The opening-size must at least be 150 m, in order to avoid too
large velocities inside the opening (due to the tidal motion).

In table 3.1. a to p it shows that the largest part of the waves
(90°) has a period of less than 6 s, which coincides with a
wave-length of about 40 m. Considering a gapwidth of 150 m or
more, this is equal to a gapwidth of 41 or more. From the shore
protection manual (lit. (6» the diffracted wave-pattern can be
found (see Fig. 4.1). It shows that the geometrie shadowline
forms the border between the area with undisturbed waves
(K' = 1.0) and hardly any waves (K' < 0.20); since the size of
the basin is rather large compared with the wave-length.

In case the waves approach the basins from a direction which is
not perpendicular, the relative opening is smaller (according to
geometrie, the relative opening for a 45°-approach is
B4S = ~ 12.Bo).
However, again the shadow lines border the area with the
undisturbed waves, between the calm areas (see Fig. 4.2).
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Rough1y approximated, the size of the opening is direct1y
proportiona1 to the area with the origina1 wave-c1imate (the same
as the area "outside" the rec1amation-fie1ds), due to the short
periods of the 1arger part of the waves.

THEORY

I

If the efficiency of the 10ngitudina1 dike with openings is
compared with the natura1 situation (no dikes), the resu1t is
shown in Fig. 4.3. The natura1 situation is assumed to have an
efficiency of 0%, a 10ngitudina1 dike without openings is assumed
to have an effect of 100%.
In practice the 1argest effect which cou1d be rea1ized is in the
order of 80%, since the m~n~mum opening-size is 150 m
(considering a distance between the cross-dams of 1,000 m).I

I
PRACTICE

I
In the region of the smal1 opening-sizes, the advantageous
inf1uence of the sma11 opening on the wave-c1imate is reduced by
the disadvantageous inf1uence of the sma11 opening on the stream
pattern and thus the sedimention-pattern. This inf1uence is a1so
shown in Fig. 4.3, if the dike would contain no opening at all,
its effectivity wou1d a1so be 0%, since no water (sediments) can
enter the basin. In LAY-OUT part I it has been shown that the
eddy-deve10pment also has an advantageous inf1uence on the
effectivity of the basins, so the effect of an opening of 100% is
in practice not 0%, but around 12% (measurements done bij
S.B.W.C. conform these findings: the sedimentation of a test-area
with cross-dams on1y (opening 100%) was found to be about 12% of
the tota1 storage-quantity, a test-area with cross-dams and a
longitudina1 dam with an opening of about 25% was found to resu1t
in a sedimentation of 70% of the storage-quantity).

I
I
I

I

It must be stressed that Fig. 4.3 is main1y based on rough
estimations, some measurements or tests in situ shou1d be
conducted in order to corifirm these findings.
Fig. 4.3 on1y shows the tendency of the inf1uence of the
opening-width.

I

I
I
I
I
I.
•
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Dimensions of the fields and fetch-length
In the report LAY-OUT part I (lit. (12» it was found that with
respect to the tidal motion. a reclamation field should be as
wide as possible (distance between the cross-dams as large as
possible) and as short as possible (length of the cross-dams in
the order of 500 m). The wave-action from outside the
reclamation-area (SE. E. S. SW-direction) is sufficiently reduced
by a planned longitudinal dike. From the point of costs, it would
be economical to create an inner area as large as possible; i.e.
a large distance between coast-line and longitudinal dam (not 500
m, but in the order of 2.000 m).

However, considering the admissable wave-action inside the
fields, these distances are limited by the allowable fetch-length
for wind-waves; since the wind wi11 cause wave-action inside the
fie1ds.

Tab1e 4.2. a and b show the distribution of wind-speed at the Cao
Jing district (see a1so tab1e 3.1. a to p).
From this tab1e it fo1lows:

non-f10od season flood season

- average wind-speed 7.16 6.72
U (mis)

- 10%-wind-speed 12.5 11
Uo. 10 (mis)

- l't-wind-speed 18.5 16.5
Uo .01 (mis)

Table 4.3: typica1 wind-speed at Cao Jing district

For each wind-direction, the distribution of the wind-speed is
more or 1ess the same, so for the dimension of the fie1ds, there
is not any specific direction in which the fields shou1d be
shorter or longer, with respect to the wind-generated wave-action.
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NON FLOOD wind-speed (mis)
season < 2 2-5 5-11 11-17 17-25 > 25 TOTAL

direction:

N 2.92 9.75 17.8 4.95 0.87 * 36.71

NE 1.07 6.43 10.9 3.51 * j, 21.90

E 0.52 4.23 2.79 2.73 * ,'c 10.21

SE 0.48 2.87 2.02 0.12 * ,'c 5.43

S 0.04 1.45 2.94 'I, * ,'c 4.44

SW 0.09 0.98 1.46 j, * * 2.53

W * 1.10 1.00 * ,.. ,'c 2.14

NW 0.49 3.42 7.97 2.45 0.21 * 14.63

TOTAL 5.61 30.23 46.88 13.76 1.08 * 98.0

I
I
I
I
I
I
I
I

IFLOOD wind-speed (mis)
season < 2 2-5 5-11 ll-17 17-25 > 25 TOTAL

direction:

N 1.35 2.53 7.43 2.28 0.14 0.12 13.92

NE 0.43 3.62 4.71 1.41 0.09 * 10.28

E 0.61 4.13. 6.03 0.09 * * 10.88

SE 1.00 5.65 5.92 1.69 0.05 * 14.37

S 0.97 9.53 15.63 0.89 * * 27.98

SW 0.33 3.89 6.68 0.97 * * 11.98

\.J 0.07 0.80 2.06 0.13 0.06 * 3.28

NW 0.31 0.82 1.66 1.40 0.12 * 4.56

TOTAL 5.07 30.97 50.12 8.86 0.46 0.12 97.3

I
I

Tab1e 4.2.1: distribution of wind-speed during non-f1ood season,
percentages of occurrence

I
I

I
I

Tab1e 4.2.1: distribution of wind-speed during f100d season,
percentages of occurrence

I
I
I
I
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I
I In Fig. 3.4 a graph is shown which gives the relation between the

wind-generated wave-height, wave-period and the wind-speed,
dependent on the fetch-length. In can be found for shallow water
(see table 4.3.a):

I
I
I

waterdepth 1 m 2 m 3 m 4 m 5 m
fetch-length wave-height (m)

-- 500 m U = U 0.15 m 0.18 m 0.19 m 0.20 m 0.20 m
U = Uo. 10 0.25 m 0.30 m 0.38 m 0.40 m 0.42 m
U = Uo . 0 1 0.34 m 0.45 m 0.48 m 0.50 m 0.52 m

-- 1,QOQ !!! U = U 0.18 m 0.20 m 0.22 m 0.24 m 0.24 m
U = Uo. lO 0.27 m 0.34 m 0.44 m 0.48 m 0.50 m
U = Uo . 0 I 0.36 m 0.48 m 0.52 m 0.60 m 0.66 m

-- 1,2_OQ !!! U = U 0.21 m 0.24 m 0.25 m 0.26 m 0.26 m
U = Uo. 10 0.30 m 0.38 m 0.48 m 0.50 m 0.52 m
U = Uo .01 0.37 m 0.53 m 0.56 m 0.68 m 0.74 .m

-- ~,QOQ m U = U 0.23 m 0.26 m 0.27 m 0.28 m 0.28 'm
U = Uo. 10 0.33 m 0.40 m 0.50 m 0.52 m 0.53 m
U = Uo .01 0.38 m 0.56 m 0.62 m 0.76 m 0.80 m

-- ~,2_OQ !!! U = U 0.25 m 0.28 m 0.29 m 0.29 m 0.30 m
U = Uo. 10 0.33 m 0.43 m 0.52 m 0.59 m 0.55 m
U = Uo.oI 0.39 m 0.58 m 0.68 m 0.78 m 0.85 m

-- ~,QOQ !!! U = U 0.26 m 0.28 m 0.30 m 0.30 m 0.30 m
U = us . 10 0.33 m 0.46 m 0.54 m 0.64 m 0.65 m
U = Uo.OI 0.40 m 0.60 m 0.75 m 0.80 m 0.90 :m

I
I
I
I
I
I
I Table 4.3.a: significant wave-height generated by wind, dependent on the

waterdepth and wind-speed
SHALLOW WATER-theory

I
I
.1

The same can be done for "deep water" (in order to determine the
maximum wave which will develop at a certain fetch-length, see
table 4.3.b) see Fig. 3.2.

I

fetch-length 500 m 1,000 m 1,500 m 2,000 m 2,500 m 3,000 .m

wave-height (m)
-

U = U 0.18 m 0.20 m 0.25 m 0.28 m 0.32 m 0.35 m
U = us 10 0.28 m 0.37 m 0.45 m 0.50 m 0.55 m 0.60 m
U = Uo.OI 0.40 m 0.54 m 0.65 m 0.75 m 0.90 m 1.00 m

I Iable 4.3.b: significant wave-height generated by wind, dependent on
the waterdepth and wind-speed;
DEEP WATER-theoryI
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In Fig. 4.4 a graphical interpretation of table 4.3.a and b is
given. It is obvious that the wave-action increases with
increasing dimension of the fields.

From par. 4.1 it can be concluded that a wave-height higher that
0.25 m is not admissable inside the reclamation-fields (see also
Fig. 4.4). This limitation of the wave-height is rather strict,
since the transport caused by a wave of the double wave-height is
considerably higher (the concentratiön inside the field then is
about half the tidal concentration, so the transport will be
about 50% of the tidal transport too) the effectivity of the
project would be considerably reduced by allowing a wave-height
of 0.50 m (by the average wind).

The maximum admissable fetch-length is chosen in such a way, that
the average wind-speed may not cause waves inside the basins,
higher than 0.25 m. Fig. 4.4 shows the resulting fetch-length:
a maximum of 1,500 m.---------------------
The distance between the cross-dams should therefore be smaller
than 1,500 m.
The length of the fields differs with the upcoming tide;
table 4.3.a shows that the leng th should in any case not exceed
2,000 m (when the tidal level causes a waterdepth of 1 m, the C

fetch-1ength is about 500 m, at 2 m waterdepth the fetch-1ength
is about 1,000 m, at 3 m 1,500 mand at 4 m 2,000 m).
Thus the p1anned location of the longitudinal dike, at a
bottom-1evel of +1.0 m (Wusong), see Fig. 3.3 is acceptable with
respect to the admissab1e fetch-length.

If the average wind-speed causes waves of 0.25 m high, (these
waves give rise to a transport-rate of about 1% of the tidal
transport).
The 10% wind-speed causes waves of 0.50 m high (these waves give
rise to a transport-rate of about 50% of the tidal transport).
So the accepted "loss" of sedimented material (caused by waves)
is in the order of 10% of the tota1 storage-quantity.



~""LL.lN<q S< 0 s

fè..-(-)
H

I
I
I
I
I
I
I
I
I
I
I
'I
I
I

4.5
Wave-runup
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Height of the dikes and wave-transrnission
In the foregoing, it has been assumed that the longitudina1 dike
reduced the wave-height of the incoming waves (especially from
SE, E, S and SW-direction) sufficiently. From the economie point
of view however, it would be advisable to choose a dike-height as
low as possible, whieh still reduces the wave-heights effeetively.
This reduetion of the wave-height is dependent on the
transmission of waves over the longitudinal dam.

Transmission of waves is only important in case of on-shore
wave-direetions (E, SE, S and SW), since we are interested to
know the resulting wave-aetion inside the reclamation-fields.

The transmission-eoeffieient KT (which gives the ratio
transmitted wave-ineoming wave) is only dependent on the origina1
wave-height, the relative height of the obstaele, the width of
the obstacle and the wave-steepness. In ease of inpermeable
break-waters (longitudinal dike) the formulae of Seelig
(lit. (16), (22» can be used:

Ht F
KT = = e (l - -) if F > 0 ..........................(l3a)

H1 R

Ht F F
KT = = e (l - -) - (l - ze i - if F < o ........... (13b)

H1 R R

in whieh

transmission eoefficient (-)
Ht = transmitted wave-height (m)
H1 = ineoming wave-height (m)
e = transmission-parameter (-)= 0.523 - 0.031 B (l/{R-F»

= width of dike (m)
= Bo/cos!3

Bo = width of dike perpendicular to eoast-1ine Cm)
!3 = angle of wave-approach with perpendicular axis (0)
R = wave-runup Cm) = Rocos!3
F = freeboard: the distanee between dike-top and stillwater-

level (m)

B
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The wave-runup can be found from Ahrens (lit. (1», the shore
protection manual (lit. (6», and Battjes (Lit . (9».
The wave-runup shows to be dependent on the breaker-index of the
waves which reach the dike, for regular waves:

Ro = 0.692 ~/(l + 0.504 0 R (14)

in which

Ro = wave-runup (m) (from perpendicular waves)
~ = breaker-index (-)

= tan e/v'HJL:')e = slope of dike-side (degr.)
H = incoming wave-height (m)
Lo = deep-water wave-length (m) (=1.56 T2)

According to eq. (14), the wave-runup at the dike will vary
between 1.0 and 1.2 (very long waves).
Battjes (lit. (9» and Tanis (lit. (22» advise to use R = H in
such cases (see also Fig. 4.5).
As such the transmission-coefficients are only dependent on the
incoming wave-height Rand the relative freeboard (F) of the dike.

Following assurnptions have been made:

the width of the dike is yet unknown, for this analyses the width
at the top is assumed to be about 1 m;

- the effect of wave-setup (increase of the water-level in front of
the longitudinal dike due to wave-stress) is neglected; according
to Tanis (lit. (22» this wave-setup will be in the order of
0.1 m in case of "normal" wave-action (Rs = 1 m) and in the
order of 0.25 m in case of extreme conditions (Rs = 2.5 m).
In the scope of this analysis such elevations are too small
compared with the discrete steps in the tidal level (1 m);

- the wave-runup for each wave-class is taken the average
wave-height of each wave-class, otherwise the calculation would
become too time-consurning (see table 4.4. a to d).

The transmission-coefficients have been calculated for the four
main directions, see table 4.4.

I
I
I
I
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I
I

E (B = 60°) 4 3.5 3 2.5 2 1.5 1 0.5 0 -0.5 -1 -1.5 -2
H (m) (R) transmission-coefficients (- )

<0.25 - - - - - - - - 0.05 1.0 1.0 1.0 1.0
(0.13)

0.25-0.75 - - - - - - - - 0.28 1.0 1.0 1.0 1.0
(0.25)

0.75-1.25 - - - - - - - - 0.40 1.0 1.0 1.0 1.0
(0.50 )

1.25-1.75 - - - - - - - 0.09 0.44 0.82 1.0 1.0 1.0
(0.75)

1.75-2.25 - - - - - - - 0.20 0.46 0.76 1.0 1.0 1.0
(1.00)

2.25-2.75 - - - - - - 0.06 0.26 0.47 0.69 0.88 1.0 1.0
(1.25)

2.75-3.25 - - - - - - 0.13 0.31 0.48 0.66 0.83 1.0 1.0
(1.50)

3.25-3.75 - - - - - 0.04 0.19 0.34 0.49 0.64 0.79 0.94 1.0
(1.75)

3.75-4.75 - - - - - 0.13 0.25 0.37 0.49 0.61 0.74 0.86 0.98
(2.13)

I
I

Table 4.4.a: transmission-coefficients versus relative freeboard, in case of waves
approaching from the East-direction

I SE (B = 15°) 4 3.5 3 2.5 2 1.5 1 0.5 0 -0.5 -1 -1.5 -2
H (m) (R) transmission-coefficients (-)

<0.25 - - - - - - - - 0.40 1.0 1.0 1.0 1.0
(0.24)

0.25-0.75 - - - - - - - - 0.46 1.0 1.0 1.0 1.0
(0.49)

0.75-1.25 - - - - - - - 0.22 0.49 0.76 1.0 1.0 1.0
(0.97)

1.25-1.75 - - - - - - 0.17 0.32 0.50 0.68 0.86 1.0 1.0
(1.46)

1.75-2.25 - - - - - 0.10 0.24 0.37 0.51 0.64 0.78 0.91 1.0
(1.94)

2.25-2.75 - - - - 0.08.0.19 0.29 0.40 0.51 0.62 0.73 0.83 0.94
(2.42)

2.75-3.25 - - - 0.07 0.16 0.25 0.33 0.42 0.51 0.60 0.69 0.78 0.87
(2.95)

3.25-3.75 - - 0.05 0.13 0.21 0.28 0.36 0.44 0.51 0.59 0.67 0.74 0.82
(3.40)

3.75-4.75 0.01 0.07 0.13 0.20 0.26 0.32 0.39 0.45 0.52 0.58 0.64 0.71 0.77
(4.12)

I
I
I
I
I
I
I

Table 4.4.b: transmission-coefficients versus re1ative freeboard, in case of waves
approaching from the South-East-direction

I
I
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s (~ = -30°) 4 3.5 3 2.5 2 1.5 1 0.5 0 -0.5 -1 -1.5 -2

H (m) (R) transmission-coefficients (-)

<0.25 - - - - - - - - 0.36 1.0 1.0 1.0 1.0
(0.22)

0.25-0.75 - - - - - - - - 0.44 1.0 1.0 1.0 1.0
(0.44)

0.75-1. 25 - - - - - - - 0.17 0.48 0.79 1.0 1.0 1.0
(0.87)

1.25-1.75 - - - - - - 0.10 0.30 0.50 0.74 0.89 1.0 1.0
(1.31)

1.75-2.25 - - - - - 0.05 0.20 0.35 0.50 0.65 0.80 0.95 1.0
(1.74) ,

2.25-2.75 - - - - 0.03 0.15 0.27 0.39 0.51 0.63 0.75 0.87 0.g9
(2.18)

2.75-3.25 - - - 0.01 0.11 0.21 0.31 0.41 0.51 0.61 0.71 0.81 0.91
(2.61)

3.25-3.75 - - 0.01 0.08 0.17 0.25 0.34 0.43 0.51 0.60 0.68 0.77 0.,85
(3.05)

3.75-4.75 - 0.02 0.09 0.16 0.23 0.30 0.37 0.44 0.51 0.58 0.65 0.73 0.:80
(3.68)

I
I
I

Tab1e 4.4.c: transmission-coefficients versus relative freeboard, in case of waves"
approaching from the Southern-direction

SW W = -75°)1 4 3.5 3 2.5 2 1.5 1 0.5 0 -0.5 -1 -1.5 ..,2

H (m) (R) transmission-coefficients (-)

<0.25 - - - - - - - - - 1.0 1.0 1.0 1.0
(0.07)

0.25-0.75 - - - - - - - - - 1.0 1.0 1.0 1.0
(0.13)

0.75-1. 25 - - - - - - - - 0.06 1.0 1.0 1.0 1.0
(0.26)

1.25-1. 75 - - - - - - - - 0.21 1.0 1.0 1.0 1.0
(0.39)

1.75-2.25 - - - - - - - - 0.29 0.98 1.0 1.0 1.=0
(0.52)

2.25-2.75 - - - - - - - - 0.34 0.87 1.0 1.0 1.0
(0.65)

2.75-3.25 - - - - - - - 0.07 0.37 0.79 1.0 1.0 1.0
(0.78)

3.25-3.75 - - - - - - - 0.10 0.39 0.75 1.0 1.0 1.0
(0.91)

3.75-4.75 - - - - - - 0.05 0.18 0.42 0.70 0.95 1.0 1.,0
(1.11)

I
I
I
I
I
I
I

Table 4.4.d: transmission-coefficients versus re1ative freeboard, in case of waves I'
approaching from the South-West-direction

I
I
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Now the transmission-coefficients are known. the transmitted
wave-heights can be calculated for several possible dike-heights.
It has been chosen to calculate the wave-pattern for
(bottom-level dike: +1.00 m (Wusong-level):

, dike-height 2.0 m. top at: +3.00 m (Wusong)
dike-height 2.5 m. top at: +3.50 m (Wusong)
dike-height 3.0 m. top at: +4.00 m (Wusong)
dike-height 3.5 m. top at: +4.50 m (Wusong)
dike-height 4.0 m. top at: +5.00 m (Wusong)
dike-height 4.5 m. top at: +5.50 m (Wusong)

I
In order to determine arelation between the dike-height and the
effectivity of this (longitudinal) dike. the transmitted
wave-pattern is important. in case of on-shore winds. The wind-
generated waves inside the reclamation-basins are not influenced
by the height of the longitudinal dike.

I The transmitted waves are shown in table 4.5. a to h. for the six
different dike-heights.
A distinction should be made between the flood season and the
non-flood season. since the wave-distribution (especially from
the SE. E. SW and S-direction) is considerable different during
each season.I

I Also a distinction should be made between the several (tidal)
still water-levels outside. since the transmission is dependent
on the relative freeboard.
For this reason. the tidal motion is schematized in 6 discrete
(tidal) levels; the waterdepth at the planned dike-trace is
therefore schematized in 5 discrete depths.

I

I
I
I
I
I
I
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NON-FLOOD SEASON

I
I
I
I

Tab1e 4.5.a: w(ave-patter~'daf)terrefraction'fshOa1ing anddtr~nsmihssion 11
on-shore W1n s , percentages 0 occurrence ur1ng t e

non-f1ood season

E dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 2.71 2.71 2.71 2.71 2.71 2.71

0.25-0.75
0.75-1. 25
1.25-1. 75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height (m)
<0.25 3.01 5.73 5.73 5.73 5.73 5.73

0.25-0.75 2.36
0.75-1.25
1.25-1. 75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height (m)
<0.25 1.06 1.06 3.36 5.88 '6.15 6.15

0.25-0.75 2.30 2.30 2.46 0.27
0.75-1. 25 1.91 2.25 0.32
1.25-1. 75 0.61 0.51 0.01
1.75-2.25 0.27 0.03

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 * * * * * *0.25-0.75

0.75-1. 25 (Hs = 2.0) extreme situation KT =
1.25-1. 75 1 1 1 0.76 0.46 0.20
1.75-2.25

I
I
I
I
I
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NON-FLOOD SEASON
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SE dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 13.35 13.35 13.35 13.35 13.35 13.35

0.25-0.75
0.75-1. 25
1.25-1. 75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height (m)
<0.25 2.08 5.69 8.38 10.76 10.76 10.76

0.25-0.75 6.50 5.05 2.38
0.75-1.25 2.13
1.25-1.75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height (m)
<0.25 0.60 0.60 1.75 4.91 6.51 7.80

0.25-0.75 1.96 3.40 4.88 3.39 2.39 0.96
0.75-1. 25 3.90 4.13 2.56 1.46 0.31
1.25-1.75 2.62 1.63 0.56
1.75-2.25 0.67

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 * * * * * *0.25-0.75

0.75-1. 25 extreme condition (Rs = 2 m); KT =
1.25-1.75 1.0 0.91 0.78 0.64 0.51 0.37
1.75-2.25

I
I
I
I
I Tab1e 4.5.b: wave-pattern, after refraction, shoaling and transmission

(on-shore winds), percentages of occurrence during the
non-flood season
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Table 4.5.c: wave-pattern, after refraction, shoaling and transmission 11
(on-shore winds), percentages of occurrence during the
non-flood season

S dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 5.76 5.76 5.76 5.76 5.76 5.76

0.25-0.75
0.75-1. 25
1.25-1. 75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height (m)
<0.25 1.64 3.96 5.77 5.77 5.77 5.77

0.25-0.75 3.23 1.81
0.75-1. 25 0.91
1.25-1. 75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave~height (m)
<0.25 0.46 0.46 1.45 3.84 5.52 5.52

0.25-0.75 1.39 2.20 4.88 1.31
0.75-1.25 2.31 3.01 1.03 0.37
1.25-1. 75 0.83 0.82 0.17
1.75-2.25 0.33

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 * * * * * *0.25-0.75 extreme condition (Hs :::: 2,0)

0.75-1.25 KT
1.25-1. 75 0.99 0.95 0.80 0.65 0.50 0.35
1.75-2.25

I

I
I
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SW dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 0.32 0.32 0.32 0.32 0.32 0.32

0.25-0.75
0.75-1. 25
1.25-1. 75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height Cm)
<0.25 0.71 0.71 0.71 0.71 0.71 0.71

0.25-0.75
0.75-1. 25
1.25-1. 75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height (m)
<0.25 0.28 0.28 1.05 1.05 1.05 1.05

0.25-0.75 0.62 0.62
0.75-1. 25 0.15 0.15
1.25-1. 75
1.75-2.25

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 * * ,'( * * *0.25-0.75 extreme condition (Rs ::: 2.0)

0.75-1. 25 KT
1.25-1. 75 1.0 1.0 1.0 0.98 0.29
1.75-2.25

I
I
I
I,
I
I Tab1e 4.5.d: wave-pattern, after refraction, shoa1ing and transmission

(on-shore winds), percentages of occurrence during the
non-f1ood season
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Tab1e 4.5.e: wave-pattern, after refraction, shoa1ing and transmission I
(on-shore winds), percentages of occurrence during the '
f100d season

E dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 2.40 2.40 2.40 2.40 2.40 2.40

0.25-0.75
0.75-1.25
1.25-1.75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height (m)
<0.25 3.24 4.20 4.20 4.20 4.20 4.20

0.25-0.75 1.64
0.75-1.25
1.25-1.75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height Cm)
<0.25 0.89 0.89 3.64 5.71 6.02 6.02

0.25-0.75 2.75 2.75 2.04 0.30
0.75-1. 25 1.74 1.92 0.32
1.25-1.75 0.33 0.42 0.01
1.75-2.25 0.30 0.03

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 0.84 0.84 0.84 0.84 3.89 6.72

0.25-0.75 3.05 3.05 3.05 3.05 2.78 0.28
0.75-1. 25 2.29 2.29 2.29 2.59 0.32 0.05
1.25-1.75 0.54 0.54 0.54 0.50 0.06
1.75-2.25 0.26 0.26 0.33 0.07

I
I
I
I

I

I
I
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FLOOD SEASON

I

SE dike-height 2.0 2.5 3.0 3.5 4.0 4.5
Cm)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height Cm)
<0.25 30.72 30.72 30.72 30.72 30.72 30.72

0.25-0.75
0.75-1. 25
1.25-1.75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height Cm)
<0.25 6.08 13.58 26.07 26.07 26.07 26.07

0.25-0.75 14.85 13.21
0.75-1.25 5.87
1.25-1.75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height (m)
<0.25 1.16 1.16 3.89 12.20 14.25 19.72

0.25-0.75 5.06 7.89 10.39 6.24 7.44 2.98
0.75-1. 25 7.92 8.95 6.36 4.25 0.98
1.25-1.75 6.43 4.67 1.79
1.75-2.25 2.10

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height Cm)
<0.25 1.08 1.08 1.08 1.08 3.38 10.97

0.25-0.75 3.91 3.91 3.91 6.74 9.83 5.86
0.75-1. 25 5.98 5.98 8.49 8.64 5.11 3.44
1.25-1.75 4.47 5.34 4.76 2.90 2.06 0.83
1.75-2.25 4.93 4.06 2.12 1.01

1
I
I
I
I Table 4.5.f: wave-pattern, after refraction, shoaling and transmission

(on-shore winds), percentages of occurrence during the
flood season
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Tab1e 4.5.g: wave-pattern, after refraction, shoa1ing and transmission 11

(on-shore winds), percentages of occurrence during the .
f100d season

S dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 30.45 30.45 30.45 30.45 30.45 30.45

0.25-0.75
0.75-1.25
1.25-1.75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height (m)
<0.25 8.74 21.0 31.0 31.0 31.0 31.0

0.25-0.75 17.24 10.0
0.75-1.25 5.02
1.25-1.75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height (m)
<0.25 2.26 2.26 8.18 21.31 26.42 28.73

0.25-0.75 9.30 13.27 15.78 6.70 4.75 2.47
0.75-1. 25 11.47 11.08 5.73 2.96
1.25-1.75 5.80 4.56 1.48
1.75-2.25 2.35

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 2.06 2.06 2.06 2.06 5.34 21.07

0.25-0.75 9.02 9.02 9.02 9.02 18.04 6.74
0.75-1.25 9.99 9.99 11.42 11.00 5.40 2.33
1.25-1.75 4.63 5.12 5.55 3.66 1.85 0.50
1.75-2.25 4.94 4.35 2.59 0.93

I
I
I

I
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SW dike-height 2.0 2.5 3.0 3.5 4.0 4.5
(m)

waterdepth: 1 m
F: 1.0 1.5 2.0 2.5 3.0 3.5

wave-height (m)
<0.25 1.65 1.65 1.65 1.65 1.65 1.65

0.25-0.75
0.75-1. 25
1.25-1.75
1.75-2.25

waterdepth: 2 m
F: 0.0 0.5 1.0 1.5 2.0 2.5

wave-height Cm)
<0.25 3.77 3.78 3.78 3.78 3.78 3.78

0.25-0.75 0.01
0.75-1. 25
1.25-1.75
1.75-2.25

waterdepth: 3 m
F: -1.0 -0.5 0.0 0.5 1.0 1.5

wave-height (m)
<0.25 0.98 0.98 5.14 5.21 5.21 5.21

0.25-0.75 3.30 3.30 0.07
0.75-1. 25 0.85 0.85
1.25-1.75 0.07 0.07
1.75-2.25

waterdepth: 4 m
F: -2.0 -2.5 -1.0 -0.5 0.0 0.5

wave-height (m)
<0.25 0.94 0.94 0.94 0.94 6.15 6.24

0.25-0.75 3.90 3.90 3.90 3.90 0.09
0.75-1. 25 1.32 1.32 1.32 1.32
1.25-1.75 0.09 0.09 0.09 0.09
1.75-2.25

I
I
I
I

Tab1e 4.5.h: wave-pattern, after refraction, shoa1ing and transmission
(on-shore winds), percentages of occurrence during the
f100d season
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In order to compare the effectivity of each of the dike-heights,
the duration of each of the tidal levels must also be taken into
account.
All wave-heights above 0.25 are considered inadmissable, they
will cause losses of sedimented material.
A comparison of the total percentages of inadmissable
wave-heights, including the duration of the coinciding
water-level is given in tables 4.6.a and b (duration in hours per
day (average tidal motion).

NON-FLOOD 0.0 2.0 2.5 3.0 3.5 4.0 4.5
dike-height (m)

water-level: 1 m percentages of occurrence (inadmissable waves)
duration: 4.3 h

E 1.92 0.0 0.0 0.0 0.0 0.0 0.0
17.9% SE 12.48 0.0 0.0 0.0 0.0 0.0 0.0

S 5.07 0.0 0.0 0.0 0.0 0.0 0.0
SW 0.14 0.0 0.0 0.0 0.0 0.0 0.0

water-level: 2 m percentages of occurrence (inadmissable waves)
duration: 5.2 h

E 4.32 2.36 0.0 0.0 0.0 0.0 0.0
21.7% SE 10.09 8.63 5.05 2.38 0.0 0.0 0.0

S 5.20 4.14 1.81 0.0 0.0 0.0 0.0
SW 0.43 0.0 0.0 0.0 0.0 0.0 0.0

water-level: 3 m percentages of occurrence (inadmissable waves)
duration: 6.3 h

E 5.09 5.09 5.09 2.79 0.27 0.0 0.0
26.3% SE 9.16 9.15 9.16 8.00 4.85 3.24 0.96

S 5.03 4.86 5.03 6.08 1.68 0.0 0.0
SW 0.77 0.77 0.77 0.0 0.0 0.0 0.0

TOTAL % 13.13 8.51 6.76 4.95 1.79 0.85 0.25

Table 4.6.a: total percentage of inadmissab1e waves during the
non-f1ood season versus the height of the dike
(the dike is in-the-dry during 8.2 hours: 34.1%)

I
I
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FLOOD 0.0 2.0 2.5 3.0 3.5 4.0 4.5
dike-height (m)

water-level: 1 m percentages of occurrence (inadmissable waves)
duration: 3.2 h

E 1.74 0.0 0.0 0.0 0.0 0.0 0.0
13.3~ SE 28.99 0.0 0.0 0.0 0.0 0.0 0.0

S 27.49 0.0 0.0 0.0 0.0 0.0 0.0
SW 0.88 0.0 0.0 0.0 0.0 0.0 0.0

water-level: 2 m percentages of occurrence (inadmissab1e waves)
duration: 4.4 h

E 3.31 1.64 0.0 0.0 0.0 0.0 0.0
18.3~ SE 23.52 20.72 13.21 0.0 0.0 0.0 0.0

S 28.57 22.26 10.0 0.0 0.0 0.0 0.0
SW 2.61 0.01 0.0 0.0 0.0 0.0 0.0

water-level: 3 m percentages of occurrence (inadmissab1e waves)
duration: 3.9 h

5.12 2.37 0.30 0.0 0.0
E 5.13 5.12 5.12 2.37 0.30 0.0 0.0

16.3~ SE 21.54 21.51 21.51 18.54 10.49 8.42 2.98
S 28.94 28.92 28.91 22.99 9.66 4.75 2.47
SW 4.23 4.22 4.22 0.07 0.0 0.0 0.0

water-level: 4 m percentages of occurrence (inadmissable waves)
duration: 2.5 h

E 6.19 6.14 6.14 6.23 6.23 3.16 0.33
10.4~ SE 19.84 19.29 19.29 19.28 19.29 17.00 9.33

S 28.58 28.48 28.48 28.48 24.61 25.29 9.57
SW 5.30 5.31 5.31 5.31 5.31 0.09 0.0

TOTAL 1 34.53 24.1 18.6 13.3 9.1 6.9 2.9

I
I

Table 4.6.b: total percentage of inadmissab1e waves versus the height
of the dike, during flood season
(the dike is 41.7~ of 10 hours in-the-dry)
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Fig. 4.6 shows a graphica1 interpretation of the resu1ts of the
transmission-calcu1ations. It shows that above a dike-height of
3 m, the increase of the effectivity decreases. A1so the effect
of a dike of 4 m is more or 1ess the same as the effect of a dike
of 6 m.

The same tendency is shown by the graph of the percentage of
inadmissab1e wave-heights, the decrease of this percentage
decreases when the height of the dike exceeds 3 m.

I

The optimum dike-height is thus to be found in the interval
between 3 and 4 m. In this ana1ysis it is chosen a criterion for
the admissab1e percentage of "inadmissab1e" waves; this criterion
is a maximum percentage of 10% (see Fig. 4.6).

The dike-height, which satisfies the 10%-criterion and 1ays in
the range of the optimum dike-height is 3.5 m.

I
I
I,,
I
I
I

I
I,

I



I

~--~~~~~+-----+------~ __~~--~I+-~~~~~--~---+----~--~I
~~~~--~--~~--~I

I

40 I
I
I,

~-~!:lL~~t:::---~ I,
~-±~~~91~~~~~~I

80

~ecn"

2..

5.1 Relations between lay-out and wave-c1imate inside the fields
I
I



I
I
I
I 5.

I 5.1

I
I
I
I
I
I
I
I
I
I
I N.B.

I
I
I
I
I

- 99 -

LAY-OUT DESIGN
Optimum lay-out design
From calculations with respect to the tidal motion (see LAY-OUT
part I (lit. (12» following conclusions could be drawn
(wave-action not taken into account):

- opening-width as large as possible. the best lay-out would
consist of cross-dams. with small longitudinal dams;

- length of the fields as short as possible: in the order of
500 m (the penetration of the sediment-concentration is in this
order);

distance between the cross-dams as large as possible: in the
order of 1,000 m - 2.000 m.

From calculations with respect to the wave-action following
conclusions can be drawn (see Fig. 5.1):

- opening-width as small as possible, the best lay-out would
consist of a longitudinal dike with openings of about 10 à 20%
of the total stretch;

- distance between the cross-dams not larger than 1.500 m;
leng th of the fields in the order of 2.000 m (penetration of
sediments is ensured by the wave-action);

- height of the dike about 3.50 m.

In Fig. 5.2 the salut ion with respect to the tidal motion is
shown (A). also the solution with respect to the wave-climate (B).
A combination forms the optimum solution for a lay-out design (C).
taking into account the requirements found by the calculations.

In the report LAY-OUT part I (lit. (12» was found that the
longshore current causes the bigger part of water-exchange
(DUCHESS) and sedimentation (MORPHOR). In case the opening at the
seaward end is large the sedimentation by the current can become
twice the storage-quantity.
By the wave-calculations in the analysis it shows that by the
disturbing influence of the waves. in fact only 10% of the
storage-quantity of sedimentation remains. in case of a large
opening. So the tendency to create a small opening (to block the
waves) is much stronger than the tendency to create a large
opening (to allow the longshore current to enter). For this
reason the optimum size of the opening is in the range of the
small openings (10% to 30%).
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5.2 I
Optimum lay-out design I
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With respect to the final design, following remarks can be made:

- !h~ 2P~ning-~i~t~ will be about 300 m, considering a distance
between the cross-dams of 1,500 m (20%);

I

- the le~g!h_a! !h~ fi~l~s may cover a maximum of 2,000 m, the
trace of the 10ngitudina1 dike, which is p1anned at a
bottom-1evel of +1 m, shou1d not be constructed any further
away from the coast.
From the point of admissab1e waves, it would be better to
construct the dike at a higher bottom-1eve1 (1+);

I
I
I

- !h~ ~eig~t_of !h~ ~i!e~ is 3.50 m (at a bottom-1evel of +1 m),
the top of the dikes should be situated at a level of +4.50 m
(Wusong) ;

- !h~ ~xEeft~d_s~dim~n!a!i2n inside the fie1ds is in the order of
70 à 80% of the total storage-quantity, thus a rise of the
bottom-1evel of 1.5 m during the first year (see LAY-OUT
part I, 1it. (12».

Some additiona1 remarks:

I
a

- in order to improve the streampattern through the opening, it
would be advisab1e to construct a threshold in the opening, of
which the height is increased during the 1ifetime of the
construction, together with the rise of the bottom-level of the
basins;

I
I

- construction of the dikes should start with the cross-dams at
the higher parts of the beach; the longitudinal dike however is
vital to construct effective reclamation-basins. The
construction of the longitudinal dike should therefore follow
as soon as possible on the construction of the cross-dams.

I
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5.2 Design-criteria for construction

'I
I

Now the lay-out of the dikes is known (see Fig. 5.3) and the
height of the dike, the design-criteria (i.e. the design-wave,
the design-current etc.) can be determined.

For the construction a distinction can be made between "normal"
conditions, during which the system should be effective and the
forces on the construction are low, and the extreme conditions
which determine the necessary stability of the construction
against loadings.

The extreme conditions give rise to a number of design-criteria:

- DESIGN-LEVEL the maximum water-level which the construction
should be able to resist;

8-,
- DESIGN-WAVE the maximum wave which the construction should

be able to resist;

- DESIGN-CURRENT the maximum current which the construction
should be able to resist.

I
,I

These design-circumstances can occur at the same time, so the
worst combination is determining the necessary stability (i.e.
weight and size) of the construction.

DESIGN-LEVEL (see Fig. 5.4)

I
In par. 2.2 the distribution of extreme water-levels has been
calculated; the estimated lifetime of the construction is 5 years;

Treturn = 5 years --> h = 5.70 m
Treturn = 10 years --> h = 5.90 m

The criterion for the construction is chosen in such a way that
it has to survive the once-in-ten-years-storm;

I h = 5.90 m.

I
I
I
I
I
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I
I DESIGN-WAVE

I
I

In par. 3.4 the wave-climate at Cao Jing district has been
calculated. The significant wave-height and the maximum
wave-height are directly proportional to the waterdepth in
extreme cases.
Extreme conditions will occur during extreme strong wind
(typhoon-conditions), on such the maximum wave will occur in
combination with an extreme water-level.

Treturn = 5 years -> Hs = 0.5 d = 2.35 m
Treturn = 10 years -> Hs = 0.5 d = 2.45 m

Treturn = 5 years -> Hmax = 0.78 d = 3.65 m
Treturn = 10 years -> Hmax = 0.78 d = 3.82 m

I
I

Since the criterion for the the construction is a required
lifetime of 5 years and it has to survive the once-in-ten-years-
storm;

Hs = 2.45 m
Hmax = 3.82 m

DESIGN-CURRENT

I
I
I.

The current-velocity along the planned dike-location is dependent
on the tidal motion. During the extreme circumstances, the
water-level is high, thus the current velocities will be moderate
(maximum current velocities occur a tidal level around the mean
wa ter-level) •
Therefore, as a design-current is chosen:

Umax = 1.0 mis.

I
I

I
I
~

I
I
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I
I Notations

I
B = 1. opening-width

2. width of dike-top perpendicular to wave-crests

Bo = width of dike-top (cross-section)

I C = 1. Chézy roughness parameter
2. transmission parameter

I C' = Chézy value with respect to grains

D = diameter

I Dso = average grain diameter

I
D90 = 90%-grain diameter

D* = partic1e-size parameter

I E = from East direction

I
F = 1. fetch-length

2. suspension-parameter
3. re1ative freeboard

I
H = wave-height

Hi = incoming wave-height

I Hmax = maximum wave-height

Hs = significant wave-height

I Ht = transmitted wave-height

HW = high-water-1evel

I H = ave rage wave-height

I
= 10%-exceedance wave-height

Hso = 50%-exceedance wave-height

I = refraction wave-height coefficient

= shoaling wave-height coefficient

I = transmission wave-height coefficient

K' = diffraction wave-height coefficient

I = tida1 component (once a day)

I
I

(m)
(m)

(m)

Um/ s)
(-)

Um/ s)

(m)

(m)

(m)

(-)

(-)
(m)
(-)
Cm)
(m)

(m)

(m)

Cm)

Cm)

Cm)
(m)

Cm)

Cm)
(-)

(-)

(-)

(-)

(-)
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N

NE
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= 1. wave-1ength
2. 1ength of the fie1ds

= deep-water wave-1ength

= low-water-1eve1

= tida1 component (moon: twice a day)

= tida1 component (moon: four times a day)

= tida1 component (moon: plus sun, four times a day)

= 1. number of events
2. from North-direction

= from North-East-direction

= from North-West-direction

= tida1 component (once a day)

02 = tida1 component (once a day)

R = wave-runup, perpendicu1ar to wave-crests

= wave-runup from waves perpendicu1ar to construction

S = 1. transport-rate
2. from South-direction

SE = from South-East-direction

SW = from South-West-direction

= bed10ad transport-rate

T = 1. wave-period
2. transport-stage parameter

= deep-water wave-period

T = representative wave-period

u = wind-speed

= l%-exceedance wind-speed

= 10%-exceedance wind-speed
-
U = ave rage wind-speed

I
I
I

(m)
(m) I
(m)

I(m)

(-) I
(-)

(-) I
(-)
(-) I
(-)

(-) I
(-)

I(-)
(m) I
(m)

(m2/s)
(-) I
(-) I
(-)

(m2/s) I
(s)
(-) I
(s)

(s) I
(mi s)

I(mi s)

(mi s) I
(mis)

I
I
I
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W = from West-direction (-)

(-)

(-)

Z = suspension number

= modified suspension numberZ'
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a = 1. constant
2. reference level (concentration)

= maximum displacement wave

b = 1. constant
2. width of channel of stream

c = 1. constant
2. concentration
3. transmission parameter

= reference concentration at the bottom

d = water-depth

= friction coefficient with respect to the waves

g = acceleration of gravity

h = water-level

hlO = lO%-exceedance water-level

hmax = maximum water-level

k = wave-number = 2 ~/L

p = chance of occurrence

r = roughness

u = horizontal current velocity

u = average current velocity

= maximum orbital wave-velocity at the bottom

= shear-stress velocity (at the battom)

= partiele fail velocity

x = horizontal co-ardinate

y = vertical ca-ordinate

z = vertical co-ordinate

I
I
I

(-)
(m) I
(m)

I(-)
Cm)

(-)
(-)
C-)

I
(-) I
Cm) I
(-)

I
(m)

I(m)

(m) I(radim)

(-) I
(m)

(mis) I
(mis)

I(mis)

(mis) I
(mis)

(-) I
(-)

I(-)

I
I
I
I
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= re1ative density = (ps-p)/p

= slope of construction-side

= ang1e between wave-crest and coast-1ine

= ang1e at deep-water between wave-crest and
coast-1ine

= 1. ang1e between wave-crest and construction-axis
2. diffusion parameter sediment-water mixture

= kinematic viscosity of water

= constant of Von Karman = 0.4
= breaker-index

= density of water

= density of sediments

= shear-stress

= shear-stress due to currents

= modified shear-stress due to currents

= shear-stress due to waves

= maximum shear-stress due to waves

= modification parameter suspension number

= wave-frequency = 2 ~/T

(-)

(rad)

(rad)

(rad)

(rad)
(-)

(m2/s)

(-)

(-)

(kg/m3)

(kg/m3)

(N/m2)

(N/m2)

(N/m2)

(N/m2)

(N/m2)

(-)

(rad/s)
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