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Wave Characterizations
Using Wavelet and Spectral Coherences

Yueon-Ron Lee*

Abstract

Based on an optimum wavelet function basis as explored in several previous stud-
ies (Lee and Wu 19964, b, 1997), the wavelet coherence is shown to yield far much
better results than does the spectral coherence. Moreover, the wavelet approach is
also shown to be much more economic in the amount of data needed for process-
ing. Through the studies of either wave-current or current-current coherences for
both wind waves and Stokes waves, we illuminate many interesting physics related
to water waves of wave tank experiments. Specifically, the topics covered here are:
theoretical backgrounds and their inherent implications for both approaches; effects
of analyzing data length; the identification of micro features related to the natu-
ral frequency of a wave tank; the stage of wind wave development; innate physics
and features of instability of Stokes waves; the shift non-invariant property of ba-
sis functions; coherence features for non-concurrent or displaced measurements: the
different uses of complex and real wavelet coherences.
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1 Introduction

1.1 An optimum wavelet function basis

Lee and Wu (1996a), using various entropy statistics of transform coefficients, tested among a
relatively complete set of discrete Riesz wavelet function bases, as well as Fourier basis, and found
the best basis for water wave simulations to be the cardinal B-spline semi-orthogonal wavelet as
given by Chui (1992a, b, ). |

In a subsequent paper (Lee and Wu 1996b) they linked the identified discrete Riesz basis to its
continuous wavelet transform counterpart related to the modulated Gaussian wavelet and further
elaborated on the adaptation of time-frequency windows for better physical implications.

Here it is noted that the present study, together with the previous two, on one hand, should
justify more than adequately the finding of the optimum bases; on the other hand, should vindicate

to an ample extent the various characterizations to be presented subsequently.

1.2 Scopes and objectives

Based on the identified optimum function basis, here we calculate the wavelet wave-current or
current-current coherences under various wind and Stokes wave conditions in an experimental
water tank, and their results are compared with those of spectral coherences. Due to independent

nature of individual subject matters, the contents are arranged in the following separate units:

1. The theoretical backgrounds for both wavelet and spectral coherences — the intimacy be-
tween the application formulae and their analytic forms will be stated, and individual ad-

vantages or shortcomings will be outlined;

2. Effects of data length on the analyses of coherence and the physical significance thus estab-
lished;

3. The identification of the natural frequency of an oval tank — the extraction of a micro

feature in an overwhelmingly macro energy field;
4. Levels of coherence and the stages of wind wave development;
5. Better innate physics — the Stokes wave views and water wave instability;
6. Phase effects — better shift non-invariant property;
7. Non-concurrent or displaced measurements for both wind and Stokes wave-current fields;
8. Coherences based on complex or real function basis and their different uses;

9. Concluding remarks — summary of factors that lead to the different performances of the

two approaches.
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2 Theoretical Backgrounds

2.1 Introduction

Coherence stands for mutual relation; it manifests an intimacy ranging from a complete clone to
a total stranger. For a multi-scale, multi-factor coupling system the levels of coherence among
different target quantities represent the degrees of mutual interaction. By studying variations of
coherences under different experimental setups or different input parameters it is possible to iden-
tify the evolutions of different scales and to isolate key influencing factors as well as the effects
thus associated.

We note first that, compared with Fourier coherence approach, wavelet coherences are able
to provide far much better information that is not only unambiguous in outcome descriptions
but also economical in data amount needed. Various topics to be shown later will illustrate all of
these. Moreover, in two additional studies by the author, effects of non-stationary or local transient
variations were stressed and uncertainties arising from Fourier spectra were further elaborated
through Hilbert transform’s viewpoint (Greenberg 1988; Cohen 1995; Lee 1997; Lee and Wu
2000). Herein, additional evidences of the drawbacks imposing upon the Fourier basis functions
due to these effects will show up when comparing performances of spectral coherences with those

of wavelet coherences.

2.2 Spectral coherence

The cross correlation function of two functions g(r) and k() is the following inner product ¢(t)
c(t) = (gt + 1), h(1)), (D

where t is a dummy variable. The correlation coefficient function of c(t) is r (1),

c(t)
¢ )= — - 2
O = OO @
For real g(r) and h(t), its Fourier transform is
) GwH@) )

heOMMADON |G )IIH @

The artifacts to be introduced in the spectral coherence are associated with the form of expected

values and the introduction of a normalization as given by

|E[G(w)H (w)}}?
(E[lG(w)]Z]E[lH(w)lz])

Rl(w) = 1/2° @)

where the symbol E stands for taking expected value. Since expected values take no action without

introducing one more dimension, this equation is identically unity for all frequencies if each data
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sequence is not segmented and arranged in an array with one additional dimension. The process
of this segmentation is completely similar to that commonly implemented in calculating the power
spectrum; its purpose is to reduce the uncertainty or standard deviation of the spectrum. There is
no doubt that inherent properties of the discrete Fourier analysis impose similar limitations to the

conclusiveness of spectral coherences.

2.3 Wavelet coherence

As to the wavelet coherence, the derivation is even more direct and simpler, along with fewer
artifacts.
The wavelet resolution of identity of two functions is

1 (1 (% —_
(8. h) = —/ —2_/ (8 Yap)(h, Yap)dbda, %)
Cy Jo a -0

in which ¢y, is a constant and ¥, 5 is 2 wavelet with scale a and translation step b. For a fixed scale

a

11 © -
(gorhad = =5 [ (8 Var T Vsl ©
Cya —060

Here the integration with respect to the translation parameter b is physically, as well as intuitively,
similar to the operation of taking an expected value by summing up the elements in the population
space. It is therefore quite straightforward to define the wavelet coherence as the natural extension

of the normalized equation of resolution of identity:

IEs[(g. Vap)(h, Yap)IP

R%(a) = ,
(El1(8. Vas) PIESLI(R, Yar)12])'

(D

where the subscript b in E,, stands for taking average with respect to the translation parameter.

It is clear that the wavelet coherence has a more direct linkage to its analytical counterpart
than does the spectral coherence.

Unlike the spectral coherence, there is no need to segment the data. The expected values can
be obtained in a sense of summing up the results of a simple convolution through a proper imaging
and a sign change of the functions and variables involved. Therefore, the population size of the
sample space of wavelet coefficients is generally two or three orders of magnitude larger than
that for spectral coherence. That is to say, for almost any practical data acquisition scheme and
any specific scale, the amount of available coefficients is generally not a concern for the wavelet
scheme.

It is also noted here that there are quite fundamental differences between the present approach
based on Equation 7 and the one adopted in Liu’s (1994) paper in which there is no concern for
the expected values (and, therefore, it should suffer from the various symptoms related to non-
stationary effects).

Again, we note that the basis functions and the associated analyzing scheme used are based
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on the identified optimum basis.

3 Experiments

The experiments were carried out in an oval tank equipped with wind blowing facilities and a
mountable mechanical wave generator. Figure | shows the layout. The main configurations in-

volve:
e Rain was modeled by a two-meter long artificial rain simulator.

e A differential pressure transducer was connected to two bottom holes of the tank locating
at the upstream and downstream wave gauges that are situated ahead and behind the raining

section.

e Aqueous flows at several depths in two cross sections along the tank (cf. Figure 1) were

measured with a laser Doppler velocimeter (LDV).

e Both wind waves and Stokes waves are adopted. Major wind speeds are 6.0 and 5.1 m
sec™!. Stokes waves with wave steepness values of both a relatively small magnitude of

0.06 and a relatively high magnitude of 0.30 were mechanically generated.

o In anticipating the difficulties in distinguishing differences incurred by the change of exper-
imental conditions as well as by the short raining section, a highly automated and specially
optimized PC-based real time system for both experiménts and data analysis was developed
using the Asyst programming language. All calibrations, environmental and instrumen-
tal noise detections, real-time monitoring, experimental runs, on-site near real-time data
analyses, and all major post processing were done with such a system to ensure maximum

controls.

4 Data Length Reqliirements for the Two Approaches

4.1 Coherences using different analyzing data lengthes

Both wind-wave (relatively non-stationary from the spectral viewpoint, but stationary from the
zero-up-crossing statistics viewpoint) and Stokes wave (stationary) cases will be used to study the
coherent features in the coupling systems.

The wavelet wave-current coherences using three different analyzing data lengthes of 1024,
2048, and 4096 points are shown in figure 2. It is seen that various corresponding curves are in
extremely good proximities.

It is quite remarkable that the wavelet coherence curves for the non-stationary (either from the
Fourier spectrum or the zero-crossing statistics viewpoint) wind-wave cases of 1024-point data

length are in quite consistent shapes with those using longer data lengths.
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Figure 1: Schematic layout of experiment

The corresponding spectral coherences using three different analyzing data lengthes of 1024,
2048, and 4096-point are shown in figure 3. It is seen that little or no proximity exists among
various corresponding curves; there are always sharp rises and falls here and there, and detail
trends can hardly ever be told.

It is also interesting to note that the spectral coherence curves are seen to approximate the
wavelet coherence ones when an extremely long data length is used. Figure 4 shows the spectral
coherences using a data length of 9126-point under two spectral segmentation lengthes of 256-
and 1024-point. Although extremely lengthy data may possibly render somewhat compatible’ ten-
dencies with those of wavelet, the prices are certainly too costly. And in some cases, a few aspects

can barely be derived as will be given subsequently.

4.2 Informative implications

Additionally, we have the following significant implications from the previous figures:

1. Life span of waves — Life spans of component waves are shorter than any analyzing data

length used. That is to say, the support lengthes of basis functions are long enough.

2. Stationarity — From the standpoint of the identified wavelet basis, the wave and current

fields are reasonably stationary for all data lengthes employed.
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Figure 2: The wavelet coherences using
three different data lengthes: 1024 (top),
2048 (middle), and 4096-point (bot -
tom) . Here the coherence is between wave
and aqueous flow at each individual depth as
labeled in the figures. It is seen that various
corresponding curves are in extremely good
. proximities.

Figure 3: The spectral coherences using
three different data lengthes: 1024 (top),
2048 (middle), and 4096-point (bot-—
tom) . The coherence is between wave and
aqueous flow at each individual depth as la-
beled in the figures. It is seen that little or no
proximity exists among various correspond-
ing curves.

3. Usefulness of redundancy — The information content of redundancy quickly saturates, i.e.,
not much further information can be obtained when lengthening the data length.

4. Length requirements — Combining the three above statements, we see that there is really
no need, at least for the present purposes, to acquire lengthy data when the wavelet approach

is adopted; this is certainly not the case for spectral approach.

5. Water wave regularity — Judging from the fact that the function bases of wavelet and
Fourier coherences are different, but they yield somewhat similar coherence curves, we
regard that our water waves are still relatively quite “regular” when compared with other
wavelet basis functions (Daubechies 1988, 1992; Mallat 1989, 1992, 1998: Coifman et al.
1992a, b, c; Meyer 1992, Press et al. 1992; Massopust 1994).
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6. Transient effects and phase ambiguity — The poor performance of spectral coherences is
reflected by the rapid variation of the coherent curves as well as the extremely low improve-

ment when the data length is increased.
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Figure 4: The spectral coherences using a data length of 9126-point with different spectral seg-
mentation lengthes. Here the segmentation lengthes of 256 (left) and 1024 (right) points
are used, and the coherence is between wave and aqueous flow at each individual depth as labeled
in the figures. It is seen that spectral results using extremely lengthy data may possibly match that
of wavelet, but the tactics might be too costly.

5 The Natural Frequency of the Wind Wave Tank

In this section we will see that wavelet coherence approach is able to identify a micro feature
of tiny energy content that is otherwise invisible. This is illustrated through the extraction of the
natural frequency of the wind wave tank using a single measuring pair from the wave-current field.

Figure 5 shows the wave-current coherences for currents measured at two individual depthes,
and the frequency range is from almost zero to 2.0 Hz. The existence of the somewhat regularly
repeated bumps at the lower end of the coherence curve has its own physical significance associ-
ated with the natural frequency of the tank. We note that the irregularity for the left-most bump
is caused by the long life span of the natural frequency, such that the support lengthes of wavelet
basis functions are unable to cover the whole span. And therefore edge effects are introduced.

The remarkable truth here is: Not only the wavelet coherence is able to extract a component
signal of relatively tiny energy content (less than 1/10, 000 of that of the primary wave), but also
it is able to identify the harmonic feature of the embedded micro signal.

Figure 6 show the raw wave signal used to derive the above natural frequency. It is quite
certain that the natural frequency as well as its features can hardly ever be perceived with any

other numerical tool.
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Figure 5: The feature of the somewhat regu- Figure 6: The raw wind wave signal that is
larly repeated bumps at the lower end of the used to derive the natural frequency — the
coherence curve has its own physical signif- micro feature can hardly ever be told.

icance associated with the natural frequency
of the tank. It is quite remarkable that
wavelet coherence is able to extract compo-
nent (or embedded) signal of energy content
of less than 1/10, 000 of that of the primary
wave and even to tell its harmonic feature.

6 Coherences and the Stage of Wind Wave Development

Coherence is a normalized value, within a coherence curve, higher coherences are associated with
components of relatively higher energy content. Here we will see that wavelet coherence is able
to differentiate small features and also show that the wavelet coherence levels are able to indicate
the relative maturity of interaction among different coherent curves. In this regard, the spectral
coherence is generally only capable of showing mediocre tendency for a single coherent curve.
Figure 7 shows wave-current coherences for current measurement depthes at 2 and 5 cm and wind
speeds of 6.1, 5.1 and 4.0 m s~!. It can be seen that the levels of coherence show the individual

stages of wind wave developments.
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Figure 7: Higher coherence is associated with relatively higher energy content - the wavelet co-
herence is able to indicate the maturity of wind waves. Here wave-current coherences at depthes
2cm (left) and Scm (right) for three different wind speeds as labeled in the figures show
the individual stages of wind wave development.

7 Coherence and the Instability of Water Wave

In this section we study the coherence features of Stokes waves with different wave steepness
and show that wavelet coherence features are able to indicate phenomena related to water wave
instability.

The wavelet wave-current coherences for two Stokes waves of wave steepness of 0.06 and
0.30 are shown in figure 8, and the corresponding spectral coherences are shown in figure 9.

For the low wave slope of 0.06 the coherence levels for the fundamental harmonic bands are
close to unity for all depthes and the curves are also near to each other; for the second peak (second
harmonic), due to shorter wave length and higher local wave slope, the peak values are lower and
the curves are not as close as what the first peak shows. Nevertheless, both peaks generally indicate
features of low instability.

For the high wave slope of 0.30 the coherence levels for individual curves are seen to departed
substantially from each other; moreover, it is seen that their coherence levels are reduced when
compared with those of small wave steepness and that the deeper the depth the lower the coher-
ence. Here the reasonable explanation is the downward expansion as well as the localized effects

of low frequency band

8 Phase Effect on Wavelet Coherence

Up until now all the coherences deal with surface waves and current flows in the gravitational
direction. And the wave and current are measured at almost the same location. The basic water
wave kinematics tells that there is a 7 difference between the phases of surface displacement and
water particle velocity in the gravitational direction, i.e., if the surface displacement n ~ cos®,

then the current speed w ~ sin@ ~ cos(6 — 5). Therefore it warrants for us to check whether there
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Figure 8: The wavelet wave-current coher- Figure 9: The spectral wave-current coher-
ences for Stokes waves with wave steepness ences for Stokes waves with wave steepness
values of 0.06 (top) and 0.30 (bottom) values of 0.06 (top) and 0.30 (bottom)
— The wavelet coherences are seen to indi- — It is hard to infer any instability related
cate the different instability features of dif- features.

ferent wave slopes, either from the level of
coherence or from the variation of coher-
ences with different depthes.

is improvement in the wavelet wave-current coherence by further fine tune one of the inner product
projections. To make such an adjustment both the carrier and the modulator of the Gaussian type
wavelet need to be shifted; For all scales the phase of the carrier can easily be shifted to the left
by simply making the % adjustment, but the shift of the modulator must be calculated based on
individual scale (a, or carrier frequency).

Figure 10 shows wavelet wave-current coherences with and without such a phase adjustment
for the current speed. Obviously, the curves with or without the adjustment are almost identical,
and this further indicates that the present wavelet coherence suffers from phase effects in a lesser
degree than spectral coherence does. That is to say, adverse effects due to shift-non-invariant
property are reduced for the used wavelet.

9 Non-Concurrent or Displaced Measurements

In the last section the topic is about phase; in this section what will be studied is also about
phase. But here we concern the effects of uncontrollable phase shifts that are associated with
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Figure 10: The wavelet wave-current coherences with (left) and without (right) the %

phase adjustment between surface wave and the vertical component of water flow — The two
figures are almost identical. The indication is that the wavelet coherence suffers from phase ef-
fects in a much lesser degree than does the spectral coherence, i.e., the used wavelet approach has
a better shift-non-invariant property.

measurements done either non-concurrently or at two somewhat distantly spaced locations.
Figure 11 shows both the wavelet and spectral coherences for non-concurrent measurements
for a Stokes wave with a low wave slope of 0.06. The top and bottom sub-figures are respectively
without and with the input of rain. From the wavelet coherence curves, it is clearly seen that
this external input of rain has lowered the current-current coherence. And this is reasonable since
for this low wave steepness the original current fields should be relatively regular; therefore, an

external disturbance reduces the coherences.
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Figure 11: The wavelet (right) and spectral (left) coherences between current and current
measured at different depthes as labeled in the figures for cases of non-concurrent measurements
for a Stokes wave with a small wave steepness of 0.06 — Here a Stokes wave of a low wave slope
of 0.06 and without (top) and with (bottom) the influence of rain are shown.
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Figure 12 shows both the wavelet and spectral coherences for non-concurrent measurements
for a Stokes wave with a high wave slope of 0.30. The top and bottom sub-figures also show
respectively cases without and with the input of rain. Here the interesting point for the wavelet
coherence curves is the significant rises of the coherence curves around the carrier frequency of 3
Hz. Without rain, due to the high instability of wave steepness of 0.30, the coherences are seen
to be extremely low (below 0.2). But, when there is the action of rain, the impacts of rain drops
neutralize the non-linearity and cause the reduction of randomness; henceforth the significant rises
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Figure 12: The wavelet (right) and spectral (left) coherences between current and current
measured at different depthes as labeled in the figures for cases of non-concurrent measurements
for a Stokes wave with a large wave steepness of 0.30 — The sub-figures are without (top) and
with (bottom) the influence of rain. Here the effects of the external input factor (i.e., the rain),
as identified by the wavelet coherences, on the instability manifests the interaction mechanism of
a wind, wave and rain coupling system.

10 Complex and Real Coherences

The continuous wavelet adopted here is a complex wavelet, and which is a natural extension of
the identified optimum discrete wavelet, i.e., the semi-orthogonal cardinal spline wavelet. As
we also know the optimum discrete Riesz wavelet is real, it therefore warrants for us to have
a look at the coherences by using a function which is the real part of the complex modulated
Gaussian wavelet and which, incidentally, is almost identical to the identified semi-orthogonal
cardinal spline wavelet. The point of the statement is: even though the equation of resolution of
identity (equation 5) requires that the function ¥ be a wavelet, the use of such a real part function,
though analytically being not a strict wavelet, should still satisfy its uses.
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Figure 13: The complex (top) and real
(bottom) wavelet wave-current coher-
ences for aqueous flows measured at indi-
vidual depthes for the Stokes wave cases of
a small wave steepness value of 0.06.

Figure 14: The complex (top) and real
(bottom) wavelet wave-current coher-
ences at individual depthes for wind wave
cases. It is seen that the real part wavelet
coherences are significantly lower than the

complex wavelet coherences.

Figure |3 shows the complex and real wavelet wave-current coherences at individual depthes
for the Stokes wave cases of 0.06 wave steepness. Figure 14 shows the complex and real wavelet
wave-current coherences at individual depthes for the wind wave cases under 6.0 m s~! wind.

Overall, we conclude that the real wavelet coherence may also provide informative features for
those conditions that are somewhat less transient or relatively more stationary. In other words, the
real wavelet coherences may sometimes serve as an index of instability or indicator of unstable
effects or the degree of randomness. Again, these functions cannot be facilitated by spectral

coherences.

11 Summary

We first outlined the main contents of two previous studies that laid the foundation for the success-
ful applications of the present wavelet coherences. We then illustrated theoretical backgrounds.for
both spectral and wavelet coherences and discussed the different intimacy between their applica-
tion formulae and the exact analytic forms. Finally, all the rightfulness was vindicated by various

informative topics. Results clearly show that the present wavelet coherence approach is far su-

8-14




%%%ﬁfﬁ‘ﬁ% PORAREARAXE RHS8 %12 A8
Proc. Of Basic Research in Institute of Harbor & Marine Technology , Dec. 2000

perior than that of the spectral coherence — either in extracting various features associated with
multi-scale phenomena or in manifesting various water wave physics.

Finally, let us summarize the properties that are inherent in the two methodologies and that
cause the much differentiable performances between the two.

e Spectral coherence — Forever-live waves do not tune to intimate physics; Limited num-
ber of coefficients (orthonormal); Poor scale resolution (matching problem); No control
of frequency range (wasteful); Serious ambiguity and phase noise; No adaption for better
physics; More numerical noise; More artificial inputs;

e Wavelet coherence — A more natural description using life-expectancy waves; Much more
abundant coefficients (residual); Unlimited scale resolution; Focusing on scale range of in-
terest (efficient); Time-scale window adaptations for better physics; Fewer numerical noise;
Associated with an optimal function basis; Both real and complex wavelets can be used;
... Additional properties in contrast to those of spectral coherences, such as, having a for-
mulation that is more closely related to background theory, no need of raw data segmenta-
tion, etc.
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EARBANS BFY> BRI BATATAY o B R ER A 48
Aoz A ARBAT 100 R HAKIESAESRER G AL A THRA
2T EA 0 QAR A THREN L > LA REES~6F o

10-4




BRHAART CEAARRAAREXE RESIFI12A

Proc. Of Basic Research in Institute of Harbor & Marine Technology , Dec. 2000

%31 HISHMNERAPSERFE

i 2 "]

¥ %

i3]

*

Rethuke

R~

1.—fx Mg
D&
QRA
B)y®mAkM
455K
G)Féah

O O = = W

W W W W O

K- 2 X

() ESX Y 4
QPR E
€)). 90 % 4 ki3
@
5)#& 3

(5 XY 4
MNFR®AE
BV A% AE
)ik T &
(10) &3 7

DN

[ NG T G Y S R W N e Y

N W W W W WD W Ww w

3kAME
DHEGFEAE

AL Aok &
G)BEREA
(4)rELE L8 BRI

~w O O O

W W W w

4.% A HH
VAT H
Q)L it T
LI 22 ¥R 2
(4)E 5t RAE T M 3

W W W

[

B ()IRAE - B2 B2 @M E 8 F

QFEAHA 3BEEX 2-ABE 1 SAFEF 0-AABE

2T ko

10 -




HEBHEARPCEALARRRRXE REASF12A
Proc. Of Basic Research in Institute of Harbor & Marine Technology , Dec. 2000

BARIFEAZLEN S EPASIUTEF » LARBETEFZRAH 1
KoRAZIREBARALELREBEPET) R A% HPP) » BAREGHE
BRSO WBERT > RHRIFHR G > AT EFRHAPETAXF ©

—fmE  BRAEZHIEHSY 52554 CNS11228 FisTR e b B A »
HREBIAZRA L F K & EREE CNS 11228 R EEZ A o0 ©

U LB AESARAER IR RA

4.1 36 T Bt 2 o fe L4 4
FHRTEMEALGRERI A THRAFRELEBFARES IR EZ

AR o LB Z e > RET R T 7 &M

- 1% j8 (Filtration)

- 3k 7k (Drainage)

- % Fa(Separation)

- /m&h(Reinforcement)

- i $&4% #|(Erosion control)

1. BE

BESEGAUIEY RIS ARGLEHERART > AFKAEGE
BT - AHEAT WIS EARBELERREALILRAME LM
E 3 %(Clogging) » 3 B R B H HEMAF G ARSI R MELEBHBRR
(Blinding) ° ‘

2.3EK

HEARDGEBEKRTARIENZ EBRTFRRRS EE T E BRI
MATHBE AR I B ERAS LERLE IR ATTIRA LA
AABEZiEAKM o

3.4

NIRRT H A TR B FE AR 28R - TR R A
ZHBHEAHEFTE S BRBE

4./m%)
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heShh e R A T B EAA LR > B mSh LIBEH > HimEE %
Ko LBt LB w2 MFH = !

(1) % B¥ Ao ¥h(Membrance reinforcement) : + B AFHFET » £fE—F 0D A
AZRES > AREBRFBZIIEYRLAKEL

(2)3 /1 hu&h(Shear reinforcement) : s T ¥4 8 L3RR 2 M5 H B BB N1

(3)%4 & /v % (Anchorage reinforcement) © 3 T &k 4% $1 + 38 Fakr ] 2 B 4448 T

5.9 £h4F H1

HARIE R REARAF R T BN MR A LR LR R G KABS R W R i AR
LRAK > FIBF B XIEATLRE AR L AR LR KR BAE TIEE » RiBIB
R RA o '

2B ABRRERITRZRR
BN ITEMWARAAS I AR IRZBRARY €k 41 THMATFIRA!
DL &HERABEHR T REER
I BMAELRRA> R/ SRz LIRARAER S &L
FTERAKEBEA
tHRE .
HENAEXBHA - WMERFIEFREDELH IS ZMAELER R
RAF G B EEH > AL EEI LB % o
Bl h
MBEABRR -BRFIARLZIRE »aAMoHRERLIE  AKRESE
REBRZZAES » BERRBHEATERRILA R o
WeRiEH
RAMAZAABRERLAZ s A LS AR LTI BRI B R LB Z A0
9‘( o
Qb B HRE
T8 5 AR EA > LA HHR K S 448 CNS 11228 A2183 £ ALz
FBMZREFE S IR ITZILTARRRZRAB L L+ EHL
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Typell ~MXIVRMEHEHH Z o HFH T ZHAERBIHFRIARZ o ZAME
ZKEAM CNS1128 F3T? AR 9 » R T HRAKEATELET—F - 2F 5%
BB BERERBKREFHRHIT o

Q)b T d kst iz E

BANMIEHZ EAMARTE SRR THER S 1EbIEMZ
ERAURBHEERESEGOY > SEMERSLITELERIFEHEZE
AZRBER - FFTL SIS HAETRERAR  HtLR
Bzh X BA Rt EAw > MEERTEESEFEL -

A~ HIEBHZRRER

5.1 %3 ik

WLk TAZ R A Z & F kR = L (1)3h A% E (Design by function ) &
(Q)# %% 3t E (Design by specification ) o Zh g3 3HiA FRFEH L TE X TH2IR
B AU TEEHELE SN AT HIAEARAMEZIRIEMZ AN
Ko BB AR SR NN T LT &Y TR L2 EMART TG o
REEFNEFERBEIAEIAFTEABERNITRARTAT BB I AN AT
AmH Rz TAZBA R > Ak L T &) E R EHERE

I EBARES IR RA L TIRIEFASRER £~ BT HER
HELREREAEHRET MDA RA AR LESZ AT RRAT
AZRHZFEMEHRBEARTER > FERPHR BT o 2ESHIRTHLE
HARLEMEREST FTHHREG AR EARZ L IHH — A TRGHLH
HHERASHMEESFEETTE R T B B3 HERN 5 A5 R
AZHIEMIAABRARESE » FRPRERT

AR AZ R T&S TARRAMRIE S AEHK CNS11228 % (K 33) 4
FoWEAKEARIEY (FEHF ) HAMERE AT RZBM R
BT R o £B AASHTO M288-96 R it % T LEMW TR R AR T
BT I AW IRZRARE 555K

52 RAK
A Bp ;A AASHTO M288-96 454 B 4 - 44 CNS 11228 e » RALT
B ERABRESEE TARRMZERRK &85!
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(DT @ BR/HAKERRKE (&R S51)  RBEEERA -
Qe b eI/ E RRE (& 5.2) R\ AH o Sh LI ERITH] -
L RZBBEMERT 0 T RIHORAA :

MEBEREHRINEEL%E FHAREREEBE =R RABERMREBE
1575 M CNS 11228 R X AR £ -

Q)k At g3 HRILIE—IE  EG K KRR CNS11228 L4z i& k1k3t -
B)At e shsg b5 A CNS 11228 #.46 -
2578 (R8H ) BE/MHAKERRE (BHRME)

FELAEMKME
%1 Bia ik Rietigtmts & F
<15% 15~50% >50%
ASTM D4632
FiRs Y kef 80 (CNS 11228 Type I1)
CNS 13843
ASTM D4633
MOBAE kgf 72
CNS 8150
ASTM D4533
P kT kgf 35 (CNS 11228 Type 1)
CNS 13299
ASTM D4833
FHRER kgf 35
CNS 14263
ASTM D3786
WHEER kgf/cm® 18
CNS 5613
ASTM D4491
EfifKkE sec’! 0.5 0.2 0.1
CNS 13298
ASTM D4751
RilE mm 0i4r3|ax ) Oizrflax ) Oiznzxax )
CNS 14262
e SR CNS 9024 XX LRI FR Y, & T
£2Z 9%
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200 JBF

EEOE T8 3 X

RS2 (FREH) FaIEH/mSHE LR (GERME)

F K & K&
HA ¥4 X F ik FERTE R RPN
<15% 15~50% >50%
ASTM D4632 .
FIEEY: Y 4 kgf 120 (CNS 11228 Type I )
CNS 13843
ASTM D4633
HOBA kef 108
CNS 8150
ASTM D4533
Eis XY 4 kef 45 ( CNS 11228 TypeIl)
CNS 13299
ASTM D4833
FHREA kgf 45
CNS 14263
ASTM D3786
HEBA kgf/cm® 23
CNS 5613
ASTM D4491
EfifkE sec’! 0.7 0.2 0.1
CNS 13298
ASTM D4751 0.43 0.25 0.22
RILE mm
CNS 14262 ( max ) ( max ) ( max)
CNS 9024
ShER AL > iR R RIFRAAR
RES G FARAREEE RS 2 > 00
200 /] 0¥

16-10




BBHMARTCEAATARBXE RHFI2A
Proc. Of Basic Research in Institute of Harbor & Marine Technology , Dec. 2000

SR+ 1 X ]

L3 T i LA B ~ ek~ @~ S RastibariE s St LA R AERE
BT R BN I8 EARASARNBR IR LRAMBAY £
MERIERN LM RATHE > TEmBARRERER

CEAAEZI R IEYASITEF AT BRI TEHRH S AREEE > I
BH S S CNS 11228 R ABER KOS HZASTTARARIATE
£ o

3HIEMEABALIEAR IRZRAAGLERAAR S RENSAEE 1
RAEBREIEHRASKABR - WERFIAFHREELHADESZ R4S
BB ARG EALEF > AL E R BB K, RARARR - BRFT
HZRE > DRAMCHBEFRIIE s AR EBKRIIBEZ XA BHiERE
BHEE T ERAIL AR o FERIFEN ARG BEERA ©

4.4 4 AASHTO M288-96 #4582 CNS 11228 245 » #rikib L&MW A B K AN
IARFTFREBASGRZMHRE (i S51—%(52) REEWIEHENZR
] o

5% SRR
[1] A% 8 ( RE 88 &) & AASHTO M288-96 ek b Tk = ZIH LR A > b
THH BT H 1328 F o

2] RAK (RE 79 ) ML BREAEZ LS E > e T 8> 5328
% 41-55 ] o

[3] A BERIZE (1999) &HFRIBEKRBRE o
[4] ASTM (1998 ) Annual Book of ASTM Standards » vol.04.09.

[5] Koerner » RM. (1998 ) » Design with Geosynthetics » 4th ed. » Prentice Hall »
New Jersey.

[6] Ingold > T.S. & Miller » K.S. (1988 ) » Geotexiles Handbook s> Thomas Telford,
London.

[7] Gerard P.T.M. Van Santvoort ( 1994 ) > Geotextiles and Geomembranes in Civil
Engineering > A.A. Balkema » Rotterdam » Netherlands.
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% 3M~6M-~10M~15M~20M-30M % 6 % > 30 EIZAFLEE A 10M -~ 20M ~ 100M -
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—REERINBAEUNBSH LG T AR T ST LEE R ASEEALAERARIEY
BB 2-2 23 A7 0 AR A4 T
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(2)EAKRME T
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FERERERLATE R 916 Cable B 28R 5 - A B &0k H X BT
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22 ERFZE oM

AR T B B B A3k 300M SHE R B A Tk 4o B 2-4 AR © A£IEE 300 2R Z
TRKEN RBEME AT BH520BRE » 55 it T :

LR ETRE mep(SM) * 5 Hhifeik TR 0~7.5m » SPT-N{E 4 9~15 2/ » %+ B H
1.5m 2 & B & ms) B LR R SN BT -

2EREHEML) : pHENET 7.5m~110m ENEB2 B#i5LE -

3R ETRE mE(SM) © 4 AERNHEAT 11.0m~50.0m * N{& & 7~26 2/ » #
16.0m~16.8m F &V E#t >  ANEH4-

4451 (CL) : ik T 50.0m~56.1m » B# 6 AR ZHLE -
5.4+ %50 £ B (CL+SM) : 5 ## & T 56.1m~78.0m -

6.5 X & (SM) : ik T 78.0m~87.6m -

7452 B (CL) : Hhr bk T 87.6m~96.9m & * B 9 AR ZILE -
8.50 £ & (SM) : ik T 96.9m~105.0m -

9.4 £ & (CL) : 4 #» & T 105.0m~118.5m -

108 £ &4 £ (SM+CL) : 2 # i & F 118.5m~141.0m -
114 £ & (CL) : H## ik TF 141.0m~159.0m -

128 £ & (SM) : 5 # & F 159.0m~177.0m -

13.45 £ % & £ B (CL+SM) : S #hi# bk TF 177.0m~189.0m -
1450 £ & (SM) : 4 # & T 189.0m~206.1m -

15.% . %% £ & (CL+SM) : 45 ##»ih& F 206.1m~211.5m -
16.4 £ & (SM) : - ###b& T 211.5m~274.5m -

17.8) £ & (SM) : /;}ﬁ%hb%? 274.5m~276.3m -

18.45 £ B (SM) : »## ik T 276.3m~292.5m -
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19.5) £ & (SM) : H## ik T 292.5m~294.0m

2085 £ & (SM) © 444 & F 294.0m~300.0m o -
Z 01 WMES T 1-4A BIEZ A& T B SN

921 RIWEL PHE 4000 $ 2EF, 4 1 2AARBEAT NHRSIEBAHRE
A EEE AMENS 05 E 1T AR > BEASFEEREXREAERE - H8 - U
FREAR S CHRNAEEZIEHBEMAAT  HEMEA EERBEHEBT L
REHBEEMCLRNR - HER T KETRPBEE  BEABRK N1 24ARS
BHEARDEEE > BHEEH AT RN ERGZRHAMMETHAAL 0 BT
RACAEEHE RAEBATHE S, FEH KB REERTHA, RRZHE FHEHIARS
B Uis e 5% -

LV 1 ZAABBHBEEBNBEN XN BEHE whH -1 EXBBBE N FEH
WA GHEIBRS  FEIEIIBRHRLBRARGEKES » X FELBHF LR
NEeEERICZRRS > ERBEBEENE W ARBE  REFHU 21 & FH 13 3%
A58 K RAL ~ AL~ BRARACZFLBE By AR R M A AR 0 oA R0 & 3-1
AT

\VA
KheW
#KE T
—L—p
FHKRE A KBS

LN
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£3-1 921 6+ B 1-3KEFIFTEHZIAE LTS
k&1t 2R AL o kie (k
T 2.8~14m &
1)
M. E 1 1% 3 K 0.163 0.163 0.163
EREBAP L z Z3 z 5 z
WAEE N (t/n) 269. 41 269.41 | 430 |269.41 |348.44
R3] 124.87 |124.87199.85 | 124.87 |161.67
% GKEAH 23. 48 23.48 | 23.48 | 23.48 | 23.48
BRERLESN
+ 112. 06 3.13 | 3.13 | 49.24 |49.24
MR € KB A
R & KR A 21.10 21.10 | 21.10 | 21.10 |21.10
BACZ S HBER N 0 51.14 | 51.14 | 23.42 | 23.42
KAt 2 ABFRILIE K 0 217.14 | 217.14 [ 119.17 |119.17
R 5
KBS HK 0. 96 0.61 0.83 | 0.75 | 0.87
(8 Ak 1999
FHE)
1. 03
(RIEE)

XGHRLEBRAAXPATCARMGKEANE FH?
W ERREy

1L HEFAEINRZIAGIMERBET X+ AZRZILERA
B B RAMEMNERABRAZABEE A5 AN()ESHE
Z R 3A4%BE QMBEARZ 8- IRBHR G)REHHFBEZ 20
21 £ A5 3E -

2AMBBED LB IEIR -BEABRE AXHENG R EHEEY
AFABEHEN FRALEINBGELRARHGEKRR N ZFHE LR
BARIL FTEAARCZIMES  ERABEHBEYWENLRLE,; &
NIEFHIB3RBEBRTH B LR SHBAT, HBHAGERB$H0.5
E1L72RZER, RTHEINRTHEZEEAN, THRAEFHALING
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ZRALABBAFLE KB S BRI T 2 8 R BB AN ik o RACABZRAILTR
KBGOGB ARILESH LR HZ1.74% -

%3 SURK
[(1].%EE (199) » tRRCZAERIH 6 HRELRAH LR -

2] &8 E (1999 & FHI~4ABHNBLERCLL AN T AER
%o BMHE PO EF172%5 -

(3.6 MAF % & .0(1999) > BBHEBE FTRERMNAR(L) ZFHHET
fEp BTN ERARIHAR -

[4]. 8746 A(1999) 4 M+ AL EHERE JBHFFRALR
B ,CWB-9-1999-002-9 -

[5].Idriss, I. M. (1990). Response of Soft Soil Sites during Earthquakes,
Proceedings, H Bolton Seed Memorial Symposium, J. Michael Duncan
(ed.) Vol.2, pp. 273-289. [25].Ishihara, K., Shimizu., and Yamada,Y.,
Pore Water Pressure Measured in Sand Deposits During an
Earthquake, Soils and Foundations » Vol. 21, No.4 (1981).

[6].Ishihara, K., Anazawa,Y ., and Kuwano, J., Pore Water Pressure and
Ground Motions Monitored During the 1985 Chiba-Ibaragi
Earthquake, Soils and Foundations, Vol. 27, No.3 (1987).

[7].Ishihara, K., Measurement of Insitu Pore Water Pressure During
Earthquake, Proc. Intl. Conf. On Recent Advances in Earthquake
Engineering and Soil Dynamics @ Missouri, Vol. No.1 (1981).
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