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Local Wave Directional Spreading Function Model

Yi-Yu Kuo, Hsien-Kuo Chang and Samuel Sun
Department of Civil Engineering, National Chiao-Tung University,
Hsinchu, Taiwan, R.O.C

ABSTRACT

Based on the wind waves during winter moonson, wave directional spectra were
caculated by EMEP (Hasimoto 1994) at Taisei nearshore. The wind waves were mea-
sured simultaneously from four wave gauges. The results of directional spectra were
verified by simple phase angle caculation. An empirical directional spreading function
was derived by these field data, and was compared with other pervious studies. This

results can be used in coastal engineering research, plan and design.
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Pierson (1955) HI BB X KK BRTAOT ¢
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(2)

(2) = o P(f,6) B )5 75 [ #83% (directional spectrum) » T 7 (EE R » #1877 A 5E
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ABSTRACT

A typical model of wave and structure interaction problem is used to illustrate
solution schemes for solving coupled problems. An analytic solution to the problem is
presented without decoupling the problem into a scattering problem and a radiation
one. The solution is then used to interpret the principle of the decoupling method.
Similarly, a boundary element model is developed to solve the coupled problem. With
the use of the structure boundary condition and the structure equation, the structure
unknown is eliminated, and the fluid matrix equations can be readily solved. The present
solution scheme is comparatively more efficient than the decoupling solution scheme.
The comparisons of the analytic and the numerical solutions show the accuracy of the
present method . The analytical solution is then used to study the structure damping

effects on the dynamics of the wave - structure coupled system.

1. INTRODUCTION

In the calculations of hydrodynamic wave forces acting on ocean structures, the
phenomena of wave and structure interactions occur in most of the engineering problems.
Ocean structures such considered in the prblem including structures having flexible
effects, floating structures, and compliant structures. So far, in the linear analysis the
coupled problems have been solved by dividing the problem into a scattering problem and
a radiation problem, and the problems are solved together with the use of the structure
equation of motion (Sarpkaya and Isaacson, 1981; Mei, 1983; Chakrabarti, 1987; Clauss,
Lehmann and Ostergaard, 1992). The advantage of using this approach is that the
complicated coupled problem can be decoupled into simple scattering problem and its
counterpart the radiation problem. The linear decoupling procedures are clear, and have
been used extensively. The wave scattering and radiation problems have been studied
by Black, Mei and Bray (1971) among others, and a state-of-art review of using various
methods to solve the problem has been given by Mei(1978). Huang(1982) followed the
decoupling approach studied the wave interference effects between large structures by
using the finite element method. Similarly, Lee(1987) and Lee and Lou(1989) used
a coupled boundary and finite element to calculate three dimensional fluid-structure

interaction problems, and studied the hydroelastic effects of the ocean structures.

Although the wave and structure interaction problem can be solved by other ap-
proaches, for example, the source potential method used by Ursell(1964), and by Maskell
and Ursell(1970) in studying the transient motion of a floating body; the partitioned
solution scheme used by Lee and Leonard(1988) in studying the transient response of
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the floating structure using the finite element mothod, these alternatives inevitablely
utilize extensively the boundary conditions at the fluid and structure interface to obtain

the linear decoupled solutions.

In this study, a typical model of wave and structure interaction problem is designed
to illustrate the theoretical background of the decoupling principle. And an equivalent
to the existing decoupling method but computationally more efficient boundary element
methed is presented. The analytic solution and the numerical results are then compared
to show the accuracy of the solution scheme. The analytic solution is then used to study

the structure damping effects on the fluid-structure coupled system.

2. THEORETICAL SOLUTION

The model problem studied here is described in figure 1. A rigid plate having a
mass M is attached to a spring resistance and a damper, the spring constant is A and
the damping coefficient i . The water depth in front of the plate is h. An inertial
Cartesian coordinate system is adopted such that the origin is located at the still water
surface, and the positive x pointed to the right, and the positive z pointed upwardly.
The structure is subjected to the action of incident waves, and correspondingly reflected
waves generated travelling to the positive x direction. In the following, linear potential
wave theory will be used, and periodic, steady state solutions will be persued. The

incident wave potential can be written as

n— - < 7
= P
N \,_//H\ = N7 —> X
%J\/\/\/_
M h
l
ul PPl

figure 1 Definition sketch of a model problem of wave and structure interaction.
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®(z, 2,t) = ¢(x, 2) - exp[—iwt] (1)

where 1 = /-1, g is gravity constant, and A is incident wave amplitude; w = 27/T ,
T is the incident wave period; K is the wave number which can be calculated from the
dispersion equation (Dean and Dalrymple, 1984). The reflected wave potential and the

structural response can be expressed as

b(z, 2,t) = ¢(z, 2) - exp[—iwt] 3)

£(t) = s - exp[—iwi] 4)

Note that ¢(z, 2) and s are complex variables.

The boundary value problem solving for the reflected wave potential can be written

V24 =0 (5)

XLy =0 (©)

% =0, z=-h (7
%=zws—g¢, =0 (8)

¢ outgoing; finite wvalue,x — oo (9)

The equation of motion of the plate can be writhen as

NI

R+ X =F() (10)
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where the wave force term in the right hand side can be expressed as

F(t) = f - exp[—iwi] (11)

0
= / (@4 Dlacods (12)

Equations (5)-(9) and (10) form a set of coupled equations solving for the fluid potential
and the structural response. The couplings of the flow and structural motion occur at
the structure boundary, x=0, through the kinematic condition, Eq.(8), and the dynamic
condition, Eq.(10).

The solutions to the linear coupled problem described above can be rather straight-
forward if one follows the right way. For the reflected waves, the solution satisfying
Egs.(5), (6), (7), (9) can be expressed as (Dean and Dalrymple, 1984)

o= i Cy, cos[kn(z + h)] - exp[—knz] (13)

n=0

where the wave number &, can be solved from the dispersion equation
w? = —gk, tanlk,h], n=0,1,2,3...... (14)
where kg = —iK is defined. The coefficients shown in Eq.(13) can be solved by the use

of Eq.(8) together with the orthogonal function cos[k, (z+ k)] in the interval ~h < 2 <0
, and can be expressed in terms of the structural response as

_ gA w sinh[Kh]

Co = w cosh[K h] K2 Ny s (15)
iw sin [k, k)
"= TS 2
C KZN, s, n>1 (16)
where
2Kh + sinh[2Kh

Ny = +21;1 [2Kh] (17)
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2k, h + sin[2k, k]

>1 18
ik, . (18)

Nn

With substitutions of Eqgs.(1), (13), (15), (16) into the structure equation, Eq.(10), one

can solve for the structure motion as

—2ipg A sinh[Kh]/K cosh[Kh] (19)
T —w?(M + M,) — iw(i + mu,) + A
where the added massM, and the radiation dampingu, can be expressed as
%] .92
psin® [k, h]
= il LIEL 2
Ma n=1 kgjvn ( 0)
‘12
pw sinh*[Kh]
=— 21
/“LT K3 N] ( )

The solution of Eq.(19) can be substituted into Egs.(15) and (16), and the wave
potential is completely determined, and ths the coupled problem is fully solved. The
structure response as given by Eq.(19) is in complex form. A further mathematical

manipulation gives

s=R+il (22)
where
_ _2pgA t?nh Kh - wi? (23)
k(A — w?M)? + w?j?]
2 - N
. R pgA ta_x'nh Kh (% — W) (24)
K[(A — w?M)? + w?j?]
and
M=M+M, (25)
A=p+ pr (26)

Eqations. (23) and (24) show that the denominators are possible to have zero values,
which give the resonant condition. It can also be observed that due to the added mass
and radiation damping of the wave actions, the resonant frequency is modified to be
different from the original structural natural frequency. The equation deduced from the

denominator gives
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M2t + (@ - 2XM)w? + X2 =0 (27)

Equation (27) is basically complicated to solve for the frequency as the added mass and
radiation coefficients are involved which are nonlinear from the dispersion relationship.
However; it is simple to check if a perticular frequency falls within the vicinity of the

resonant frequency by using such as the graphical method.

In the above solution, the coupled problem is solved without decoupling the problem
into a scattering problem and a radiation one. However, the solution can be used to
show the theoretical background of the decoupling method. In the problem, the total
wave field consisting of incident waves and reflected waves can be reformulated using
Eqgs.(2), (13), (15), (16) as

ST =¢+¢=¢"+s ¢ (28)
where
2gA
¢ = _m cosh[K(z + h)] exp[iK z] (29)
of = — ; w—i?ﬁ:“—h] cos[kn (z + h)] - exp[—k, 7] (30)

Equations (29) and (30) represent, respecticvely, the total reflecting waves, and the
radiation wave potential generated by structural motion of unit amplitude. Similarly,

the total wave force in Eq.(11) can be rewritten as

= +sfF (31)
where
p _ _ 2ipgAsinh[Kh]
U K cosh[K h] (32)
2 sin [th] 2

where f” and f® represent the scattering wave force and the radiation wave force,

respectively. It can be seen that in the above decoupling expressions, once the decoupled
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scattering and the radiation wave potentials were solved, then with the substitutions of
Eqgs.(31)-(33) into the structure equation of motion, the structure motion can then be
readily solved using Eq.(19). The total expression Eq.(31) is implicit function of the
structure response , The total expression Eq.(31) is implicit function of the structure
response , which can be substituted by using Eq.(22). Equation (31) therefore can be
reformulated as

2pAtanh Kh

fT = (w*RM, — wlp,) + i[(wRu, +w?IM,) — 7

J (34)
Equation (34) is in complex form, and it is interesting to examine if at a certain frequency
the wave force can be minimal. Related discussions will be given in the section of results

and discussion.

The above description shows that the analytic solution presented in this study is
equivalent to the decoupling method. Moreover, one can realize that in the linear analy-
sis, it is not necessary to adopt the decoupling solution procedures, and the solution can
still be obtained by skillfully using the fluid and structure interface boundary conditions.
In the above analytic solution of the coupled problem, the wave problem is solved first,
to obtain the fluid potential function expressed in terms of the structure response, then
the structure equation is solved for the unknown structure motion. At this point, it is
instructive to ask in solving the coupled problem if the solution can still be obtained, if

the structure equation is solved first and then the wave problem is solved afterwards.

3. BOUNDARY ELEMENT SOLUTION

The numerical methods can be used to solve the coupled problems for structures
with more general types. In the linear analysis, the decoupling procedures have also
been used in the numerical solution (Sarpkaya and Isaacson, 1981; Huang, 1982; Lee,
1987; Lee and Luo, 1989). In this section, in contrast te the decoupling method, a
boundary element model utilizing directly the structure interface boundary conditions
is presented. In the following only the frame work of the numerical modelling will be
stated, for the details one can refer to standard texts, e.g., Brebbia (1987), Brebbia and

Domingnez (1989) among others.

For the problem depicted in figure 1, the free surface boundary, the structure surface,
the bottom, and the radiation boundary are designated as B1,B2,B3,Bs , respectively.

The boundary element equation for the problem can be written as
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& a
lf)g Q2
[H1 Hz H3 H.;] P oy [Gl GZ GS G4] (35)
by 43
t}"J.t d4

where the subscript indicates the corresponding boundary, and g; represents the normal
derivative of the wave potential at the jth boundary. The expressions of the matrix coef-
ficients H; and G; can be found in Brebbia (1987). Before substitutions of the boundary
conditions into Eq.(35), one may notice that in the structure boundary condition, the
structure motion is still not known. Therefore, in general, additional structure equation
is needed to solve the problem. This structure equation and the fluid equation form
a set of two coupled equations solving for the coupled problem. Solving the coupled
equation system, one can use the solution schemes such as the staggered scheme or the
partitioned method (Park, Felippa and Deruntz, 1977; Lee and Leonard, 1988). For
the model problem in this study, the structure motion is only one degree of freedom,
therefore, an analytic expression of the structure motion can be derived in terms of fluid
potential, which is then substituted into the fluid equation to eliminate the structure

unknown, and the fluid equation can be solved.

Using the boundary element convention, the total wave force shown in the structure

equation, Eq.(11), can be written as

ff=i+s (36)
where pg A sinh[K ]
;__ipgAsin
f= K cosh[Kh] (37
0 Ny
= ipu.)-/JT Plo=0dz = ipw Zd’%gj =)
L =

in which ¢; is the length of the jth element on the structural boundary, and N is the
number of elements. From Eqs.(36)-(38), the total wave force is expressed in terms of

the discrete wave potentials.

With substitutions of Eqs.(36)-(38), the structure motion can be derived via Eq.(10)
as

ipgA sinh[K h] . N,
- + 1pw Ej:l b2 t;

K cosh[K ]
—w2M —iwfi + A

s =
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Using Eq.(39), the normal derivative of the wave potential on the structure boundary

can be written as

N,
2=q0+ Zé2j¢2j (40)
i=1
where
_ iKgAcosh[K(z +h)] pgAw sinh[Kh] (42)
ol w cosh[K h] K cosh[Kh])(—w? M —iwfi + X)
2
. pw=L;
Go; = = 43
P72 M - iwi+ A (43)
Substitutions of Eqs.(40)-(42) into Eq.(35) yield
¢
— ﬁ . N2 o N/ — ¢2 - G - 4
[ - Hp—£[2Got; Hy Hy—iKG,] 8 (= (Gel{z2} (44)
P4

Equation (43) now contains only fluid variable, and can be readily solved for boundary
potentials. Once the fluid problem is solved, the free surface elevation, the structure

response, and the wave force acting on the structure can be calculated subsequently.

In the above boundary element solution scheme, the boundary conditions at the
structure boundary have been used directly to reduce one problem unknown in the
coupled problem, therefore, the numerical matrix equation is solved for the fluid problem
only one time. It is more efficient than the decoupling solution method wherein a
scattering and a radiation problems should be solved separatively, thus two times matrix
calculations. It is also interesting to note that in the numerical solution, the structure
equation is solved in the first place to obtain the structure motion in terms of the wave
potential, then the fluid system equations are solved to obtain the solutions for the fluid
problem. It is in a reverse procedure compared to the analytic solution presented in
previous section. To fully understand the decoupled solution scheme, it is suggested

that the reader derive the theoretical counterpart of the numerical solution method.
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4. RESULTS AND DISCUSSION

In this section, the analytic solutions of the model problem will be compared with
the boundary element numerical results to show the accuracy of the numerical method.
The analytic solution will then be used to calculate the damping effects of the structure

damper on the fluid and structure coupled system.

Consider a rigid plate with a mass of 5000 kg, attached by a resistant spring with a
spring constant 10000 Newton/meter, and with no structure damping, and is subjected
to the action of incident waves. The water depth is 3.0 meter. The comparisons of
analytic solutions and boundary element numerical results for dimensionless structure
response,s/A , reflected wave amplitude, A4, /A , and total wave force acting on the struc-
ture, |f7|/pgA? , versus relative water depth, Kh, are shown in figures 2-4, respectively.
The comparisons show that the theory and numerical results match with each other very
well, which indicates that the numerical scheme used in the boundary element model
is correct. From figure 2, it can be seen that the structure response increases with the
increasing wave period. This is true as longer waves act larger wave forces. It is in-
teresting to check if resonant frequencies occur. Using a graphical method Eq.(27) is
plotted, and it is found that within the wave frequcncies shown in figure 2, there occurs

no resonance.

4.0 — ——— analytic solution
- $  BEM
3.0 —
Is| o
4 20 —
1.0 —

5 B L
0.0 4.0 8.0 12.0 16.0
Kh

Figure 2 Comparison of analytic and boundary element solutions for dimensionless

structure motion.
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1.1 —
analytic solution
O BEM
A
= 10— S
- & 0
% o
0.9 T [ T | T | T |
0.0 4.0 8.0 12.0 16.0

Kh

Figure 3 Comparisons of analytic and boundary element solutions for the reflected

wave coeflicient.

In figure 3, the analytic solution of the ratio of the reflected wave amplitude to
the incident wave is shown to be one, which means that in front of the rigid plate,
total reflected waves occur disregarding the motion of the structure. This is correct,
since in this case the wave-structure system has no energy loss, and incident waves are
totally reflected. Since in the boundary element calculation a fixed size element mesh
is used, therefore, it can be seen that errors in the numerical solutions increase up to
about 5%. This numerical errors can be reduced by using a finer element mesh for
shorter wave cases. As for the total wave force acting on the structure shown in figure
4. It is interesting to note that the total wave force is zero at the structural natural
frequency, in this case v/2r. However, from the discussion for figure 2, it is understood
that at this inherent natural frequency of the structure, there occurs no resonance.
From further check of equation (34) one can see that the added mass and radiation
damping can be balanced by incident waves. In this problem it occurrs at the natural
frequency of the structure. Figures 2-4 further show that in spite of errors of the reflection
coefficient shown in figure 3, the results of the structure response and the wave force
are still in applausible comparisons. This indicates that the reflection coefficient is more

sensitive than the resolution of the element mesh in the numerical analysis. Therefore,

— 34 -



- EREEEY LM REEEST  FR5 -

the reflection coefficient can be used to identify whether the numerical results are good

enough to represent the physical problems.

To see the structural damping effects, the damper coefficient 7 of 5000, and 10000
Newton/(meter/sec) are added in the problem considered above. Analytic results of the
structural response, s/A , the reflected wave coefficient, A, /A4 , and the total wave force
coefficient, /l,g—;l; , are shown in figures 5, 6, and 7, respectively. Figure 5 shows that
with the added structural damping the structure response is reduced, and this added
structural damping is effective for Kh < 4.0 , and shows little effect for short waves. It
is understood that in the case of short waves, the structure mass is already large enough,
therefore, the added structure damping shows little effect on the structure motion. As
to the reflected wave coefficient, figure 6 shows that with the added structural damping,
the reflected waves can be reduced by a large amount, and it tends to be minimal at
structure natural frequency. The structural damping effect on the total wave force as
shown in figure 7 indicates that with the added structural damping, the total wave
force is reduced in the general trend. The drastic variation near the structural natural
frequency is also lessened, and the langer the structural damping the less the variation

of the total wave force.

4.0 —
- analytic solution
3.0 — & BEM
5 R
120 {3
& iR
<L
1.0 4 ¢
00 — 1 ' T ' T T 1
0.0 4.0 8.0 12.0 16.0

Kh

Figure 4 Comarisons of analytic and boundary element solutions for dimensionless

total wave force.
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CE T 1\ T = l
0.0 40 8.0 12.0 16.0
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Figure 5 Structure damping effects on dimensionless structure motion.

p=0
—&— §=5000 N sec/m
—>&— =8000 N sec/m

02 —7 1 & T ' 1
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Figure 6 Structure damping effects on the reflected wave coefficient.
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n=0
1=5000 N sec/m
p=8000 N sec/m

12.0 16.0

Figure 7 Structure damping effects on dimensionless total wave force.

5. CONCLUSIONS

A solution scheme solving the coupled problem of wave and structure interaction
without decoupling the problem into a scattering problem and a radiation one is pre-
sented. In the analytical approach, the solution is also used to interpret the principle of
the decoupling method. In the boundary element numerical solution, it is shown that
the solution scheme is more efficient than the decoupling method, as the fluid matrix
equation needs to be solved only once. The comparisons of the analytic and numerical
solutions show that the present solution scheme is correct. The present solutions show
that without the structure damping, the wave field in front of the structure is total
reflected waves, the total wave force is zero at the structure natural frequency, and the
structure response increases with the increased wave period. With the added structure
damping, the structure response is reduced, the variation of the total wave force near
the structure natural frequency is reduced, and the reflected waves tend to be minimum

at the structural nature frequency.
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ABSTRACT

Selective lumping finite element method was used to solve the problem of storm
surge in a finite domain. Numerical algorithm was programmed in two-step explicit
form with a selective lumping parameter, A, whose value is suggested to be 0.92 for a
storm surge problem. The maximum value of a storm surge in Kuo-Hsiung Harbour was
reduced about 12% than that at offshore and had lag time of 45 minutes. That higher
storm surge at the right semicircle of a propagating storm in a open domain than that
at the left one could be verified by this method. However, the storm surge in a finite
domain does not keep that conslusion as in a open domain. Both shape and size of a

finite domain have strong effect on storm surge.
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The Processing of Echo-Sounding Data Based
on the Concept of Finite Beam-Width

Yet-Chung Chang, Jing-Ting Wen and Hwung-Hweng Hwung

ABSTRACT

The traditional data processing of the echo-sounding data are based on an assump-
tion that the ray path of sound is vertically going down and reflected back to the sonar
along the same path. The above assumption makes each datum be an event of totally

independent with the others. However, it is not true because the sonar is actually have

LB RR IR Bk TR BRATBIE R R &
> BN KBk TH BB E
‘BB ARBKTRERR
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a finite beam-width and the false assumption does induce some data distortion. In
this paper, all the echo-sounding data are re-interpreted as sonar beams with certain
beam-width. The benefits of this processing include (1) the data distortion on the slope
can be corrected reasonably to some extent; (2) most of the abnormal data caused by
suspended bodies and ship rolling (or pitching) can be recognized. The main difference
between the new assumption and the single ray approach we used before is that the new
one can extract the information from the overlapped sonar beams, which is basically

impossible for the old assumption.
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The Research of the Capacities of PC Piles and
Open-End Steel Piles with PDA Method

Chui-Chen Chiu

ABSTRACT

The primary purpose of this paper is to introduce using PDA to check the stress,
bearing capacities, and the integrity of piles while under driving. There were 2 PC piles
and 5 open-end piles were used for the research. Except using PDA, we also used static
loading test to check the accuracy of PDA. For the loading test method, we used both
cyclic-loading method and quick-loading method to check the difference of the result of
these two methods.
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EELERESX  TEREARERABESRN  -EBCRE  HEEBECHEE K
BCERERBEEBCEE  THECABREERERTECEBFOALTEES - &
BERNPCBRBEEHTHEKEXEHES  EBIRE - FEAESAITHIER
FTEEREAESL  EBCEERUEEENHEBMEEHALE - HAOMEERF
BARBRRUT  EEATEEEER KHEDr. GobleEQTAEHZBERMURB
T AREERERMALEE EMACBREHAERE  BIFASIZEREDBR
IEHE - Kt Dr. Goble ¥ AL AMBEMECHE > KRNBFELH—EES  FHBEEEH
B2 DLF@ 2 51 (strain gauge) Fo & & 5T (accelerometer) Bl » B X AT 5 BT B &
BEROREBCEARNEEN HAPDAREBCHEERBEEE (RKEE) 7
EEREH LB IHE R TTEH CAPWAP ST ARG R E M EE  Eh
HE-Ed  UEBEELFIETERNER  EEENEBERBRACHFERBREESN
## (piles driving analysis) fif§ PDA - PDAE# AR THREERZEGITESHE
FEL ERIEEHEITIERRIERRNUR  EFBTELNEET » SiRE—
BEIEE » EALH - BiEESFEAR ) AEEEMRRARY —EXHKL
BEESAEE  FEI—WMEXEF -HBHEHRHHPDANTIEEAR E4 AKE
EFTEMNEBEEPDANMHERESR ) AEHEAERRRH —EECHWEBERS
& R EMAUHEFENS L R —EBREEBHENHLE -

PDART AIEREBZ RIS ERANEER S5 HT B & & g
NERBRCEBRS > AR AIREBRNORFEMBCEEERNIRBREERS -
R ERSE - MAREHREOME B A - aTH B EETREME PR
Z TR EHBEREE S (end-bearing) Z L -

RELDLESHENMAERZR ST RERFREREREREME _XE (PCH
) P3PS PDARBEHENR  XRETHAE= - HEURBEEL S @ EE3X
e E3THE (BOMERE) k2XW EiITHE (BAOMERE) #TPDAREE - TRHEH
ERIXE LITHERELTBETSRENBEUBILES N - RUEETREES
AN > FAREHEEDZHNIEEZ IRERENTRE - S EE&RI7MmAT
ERZEE - BRPDAFERALUETHET  HEEBAWIRANER LB

-72 —



—DUTHENOTENEBERT HRE2 -
LG EEFE AN M REIFE 4 EEEE - K I EE N b B8
ERBERRELHDHES2E » FEEBIMES T > EPDARAKFKHHE
NIERMBERA > AR TRACE  FRHEMULE  BEERFHEE -
= BENAREH
EEHNE AR EL B AR (engineering news formula) HAH B ¢

R= 6321“’1%
A -
R, : EEEREED -
e RBEYR -
w: RBEEER -
h @ RlEHEEZE -

s P REBRRTEVIIHEER -
C: REERR (RAKEMRBLHE(2)EE) -
i EEEAKIRENEER (wh) NEM24E -

i
' RETER

(1a)

FHARAASSEEABEHNNZE2RAR  B—EBEERATHAA » MEHXEN
BRAZEAFHELOAFEMELZ S - BRIEMMRTREELEERNE LK
FRBRESEHILAERE > BEELSEERR0ENS NAAERLY - 8F

% EH ¥R (Hiley) 230 (1b) ~ (1c) F

R
ef W, h W, + ezW,,

b= GG X W T W,

. 12¢; E,, Wt e2W,
C T s+ 1/2(CL+Ca+C) T W+ W,

(1b) » (lc) HH
R, : EEHREART -
er P RIBHEIE -
W, : RhiBEEE -

- 73 —
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(Lc)



—EBRN H+H=%(RETFE) -
E, ' {BEREE -
h @ RBEEE -
s REBRRTEFGULEE -
G REBEHEEE CEEERRE -
Cy - BB ERHE -
Cs « LR EBERH -
e JREMRE -
W,  EiFEE -

BHAXCKEE - B R ERETBRETHRBITEREERETIIAZRE -
ERFELAE —KT » BEHRE - HECFEARBEER - BEGCEEHREBE
HEEREVORFBET WHERESR+9EE - CE#HKFHHAXNBIE
AR EOABESIERNEER - BIMRAFHAR - HERUDITR 2T
HARTT  MARBUETRHZITREGTEHA R ZERITURAEREBITRERA
BEEMEREBA T EERM  LEEBERTERNE R - FH pile foundationt! —
EBRBNLAATEARMEE L HHERE24/NEAERRTIKERIAR 25%
B> AINERFAB AR - BIMLHE E 6 AE A X BT EIT (Restrike)(Robert,
1961) -

=~ KREFHFEAKPDAHL

31 REHREANEBLRER

i B 7552 2 % Smith FE 1 (1960) #2 1 » EEEMES T © BARE —BWE (1) -
BERRBA  BERMRE  BEh, - HEOSEE-ERRERY NENESD
T

%u o, 0%u

XA
u ' EEEIRFRAREsZME  u(z, i)
¢t -
ERBAFTAMNEEH FRER
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—ITBB IS TREEEER SN HE2 -

O
Nb# e A (HEED
dx | I

—

dz PN

1 EEZNDERBE

FHE1ESFAB A
it = F;—Z (3)

AP RhBENREZERE  AREBEHRER - FRERAN

;'- =7 (4a)
R c R =
aHTFREZEE dv. »
dv = % (4b)
Rt e %
F=awZ4 5)
c
Soh 24 7 # 2 L7 (impedance) -
FRIRTR
F =ma (6)
AFmEBCER o RINERE -
m = dz(A)p (7
HIGIES] 5
2 _ -
A (8)



—HMERE STZB(RESTE) -

E : EBEMREERE -
p BEEMHEE -

HQ)ZBERERS -
U=g(z+ct)+ f(z —ct) (9)

Al

e

_lllﬁ

B2 ®EEEEE

]

3 7 B R I ] o BRI B

IIRREFBEMCMUBATREI MBS/ RN - EBERIER  HRANEE
—BIR A c PR TER - E2 - Eil#t = L/c (LAER) <RE% KB
WEEER  WRZB TR ENEE— (BI) KEBE » FEMER2L/cREEE
R BREELEBR HO=08F M LMEENENIELRDEK - AiRES G52
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—ITEHNATRNERER T BEB-

= (wave equation) #57 [1 J7 (force) R 3 B (velocity) I B i & £ 401 (3) 0B AT R 22 2
iz - HigiE - BRI R MEES > ME4) - TTI » WEAPSEKEXEAR
RESLTEABRSAE  RAUBELIHIEABRUMARRE  ERAZBRERE
- QIR RERIFREEERE - ERESHEAXDRELMS -

SR i1 4 (B) R LIS

(A) FK o8 Eg
—_—

— %%3

— o ‘

|L~_—{| | B ——
2= g ——

TEER

R, DYNAMIC
'\

<

B4 WEAEACHBER

3.2 PDA

HREEHRAERE A L MAERKZE - K Dr. GobleZ: 87 A Hfi fE 145 2
R RRBE—BETERZBEB (strain gauge) B /1% BE 3t (accelerometer) &

_ =



—EMEE SH=%(RESTE) -

BEY - UHWAIEBIARN c ERERHR 0 RELACHEBREZJ RE
i > WA CAPWAP SR RHSE G EEE J E - SR EEE RIEER I RE
58 (transducer) 285 REE ST 2D M BES - REARHHEABHZAIR -

R=1/2[F (1) + F(ta)] + Mc/(L)[V (1) - V (t2)] (10)
MEER 1
BEE 1
IEERT 2
FEEF 2
- #3.5/8 $ 27,
L PEED L ammye  sESs/S ZRESR
(KER)
As A
1‘5!!
) ‘r:/ “;
N B 1 R g
- = 1.5 el
Do thys
2.5
=

B5 EBRESIAMERT
(BERRFEZ2ERTRT)

A
FRVAHRENRC I REE
MEHEBCER
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—LABH AR EBERRSN HED -

=% %
t1 B BRI T B TR Z B Kl (sec)

to =11 +2L/C

R=S+D (11)

Kb REBEEARS - SHEERN - DRERS - RIIKERINEEZIBERT

« BiEEE D

41 PCHsZ%EEN

LB EREE (¢ =80cm » [ = 45mZp.ciE) P3#E 53l
PDA RS ERBINDLULE » F5RMBIT B/ N ATRE -

4.1.1 DEAARFEPCE
AR EEBERERS PCESERARBHEREREX WAL E

=4
o

4.1.2 LI PDAIREIPCHEXE D

P3#5 S PDA 315 » HAE SRR (1) - HARKES63.4 - HEHEE S 767.8ton
. #A T FHF795.7ton » BERME SRS  FE K¢ =80cm » L =45mZE (B LITHE
Y ETEEDBERMELTENEAR  REAABRBEHRRT - TTHES
2 M 1.95 o FEIERE BRI B 04555 (2) - EMARBEMEEETER (SRHEE30% ~
50%BIEE) -

P8 #57 W Z& &, /7 741.6ton » EEHZ }] 640ton - #4[E J7101.6ton » FITHEFTZ
H{E 2.2 » HohEE RN LR E 2.05 » TIHERK40 -

413 HBHEABRYE

CEBRERBHE - 2B IERMBIE (cyclic-loading method) K £ 1 8
(quick-loading method) & Z 7K » LALLEMEMEE: » FTSZBRIUEREG) « BREN
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—EBET BH=H(RESTE) -

x1 FEEEIRBLEP3 . P8 CAPWAP Z AR
B ok | B R | TREAME | BREE | HLEH A Ty
M) BLOW/M (TON) (TON) (TON)
P3WHT) | 43.0 195 389.9 52.9 442.8
P3(EFT) | 430 7200 767.8 95.7 863.4 1.95
P8GEIET) | 43.0 126 311.6 25.4 337.1
P8(EFT) | 43.0 7200 767.8 95.4 863.4 1.95
FECHCIE Y ET MERRTR -
F®2 HIREMBIEPI. PRiAtEZEEIALL
FoE R ®m Ol R =2 B OE HE = otk
BPM EMX(T-M) PE(T-M) EMX/PE
#37.9 8.28 23.68 0.35
#37.9 8.28 23.68 0.35
#38.5 10.52 22.88 0.46
#39.7 8.06 21.52 0.37

RECHCHTHD O *EE O WERNET X -

®3 FRERGEPIBHERR

5 F B . _BRABETW
EERIEE | R

CHIN FAILURE 1103 1294
DAVISSON FAILURE 992 1002
FULLER HOY FAILURE 1009 1166
BUTLER HOY FAILURE 945 1078
VANDER FAILURE 1098 1288
HANSEN FAILURE(90%) 885 778

TERZAGHI FAILURE 979 1077
B~ g 1001 1098

FEAT AR BB A L0% - (B EME % REHE B OB BERINREZ1/20
> I BOEIEETE S T E < L 3 (silt-sand) TS » PR K RTREZRBE - (
ARRERRERFHZRERE—EB LS SR ERERREREEZ L&
) - BREABIBRAMERENE ()  £RBERES  ReEgrECBsa
AEFHLE > ZHALRE  BEFELESKERNELRE  SRIEER
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LOAD (TONI

—ITBE AN EBER T HED -

o BERESAARNES - RERSHERERBN 2 FRZEEBRT
EFETER > BREYEEIREREESERNER - B(7) RE @) 2ERNHK
R REMREEEM TR AHIE » S-S EFHERMBE 1001 ton BRI

#5:1098 ton - WREFABHILARA (1) -

aso-L

7.08 D

Ee6 MBREMERABERAEEULE

1400 F CHINS 11037
L Al ) 9797
_ vanoERS 10987 TERZAGH 1 (10%} 97
lli.‘
1200
avisson 9227
iy DAVIS FULLER AND HOY'S

1000

1009T
BUTLER AND HOY'S 45T
| _—HansEn (90718837 S
o
-
800 | 7Pl /
-
= @ ———— Ii ToN
X0 Smmi P 005 IN*1.27mm
600 | r |,"
/ / /r.
400 -//f- q}‘;&,‘/ ,,’
; // /
200 /
/ /
0 , |/ A n i L A ! 1 i 1 1 i i i i 1 s L
o 10 20 30 40 S0 60 70 80 90 100 1o 120 130 140

MOVEMENT (MM}

7 PI@BREABEBRMBESTE
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LOAD {TON)

— R B8 (RESTE) —

1400 /—-cnms 12947

1200

VANDERS 12667 = DavISSON 10027

TERZAGHINI0%) 1077T
/ FULLER AND HOY'S ||667—\

BUTLER AND HOY'S 10757—\,

1600

400

200

s

—J't ToN

003 IN=1.27mm

[+ io 20 30 <0 30

60 70 1] 90 100

B8 PIFEERBREIMERESITE

A (1)

42 ROMEBZAEN

HBRERPIFHEABER

o

120 130

150

= FEIUSHEE TREAITR1300 M > B LITIB1167 » 5 CITHE
23237 - FEME TR R IB R R ITH#E 357 (E1-2,G6-2N3-7) B Y8 F#T# 2 3% (B2-7,C2-2) fit
PDAGE - WAERE LT NS-T RE LITHBZ C33 T BRERE - HERmb

TE/NEFTAL
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—BUTHB AR EERRT BED -
4.2.1 DIFHAKFGE

B EOREEIRNEEC ARSI NART EERREREE - LB
KBS B EFL  ERRRERL -

4.2.2 DIPDA ZREBA I8 B R

PDARBHRRAFR(4) ~ G2 2 EITHAFT 2 LER1.93 - HREEE T INER
ARERL08  MHEREDESTELTAREMEXR > LER384 - E12 ZEHITHY)
Flzb{ER148 - HPERIRENGE/D > EfTRCERNERVIIRFZ1.02 £ -
MERENHR2.7448 - B EWM B SABE REREITR AT R TN &
BHOKRSEKBEERAS  ARVREBEER > HE3THERMAIIT -

EBETRENNERG)  ULsXEcBERBRIERC2- 2R 1BLERRESN - &
BATE38% ~ 53.3% MIER (IEEE/MHR30% ~50% ) - C2-2 2 iR b {7 X
MIRE - REHE T HBEDRERE -

BEEMRLINE (6) - BRAREIER C2-22£270kg/em® » F/INERNS-THO -
FREAC2-2 . L EFE SR E - T N3-7 RUBER L HEE IR ARFTE - Dl Es X EEFE
FIBAAE £ N3-7 5 2890k g/ cm?® W TE S & #6245 7 BE B ] 3160kg/cm?® Z B -

B eBEHEHECHANR(Ta) > B BBEMER(T) -

&4 T=. AEPUSREETIE CAPWAP ZMAHER (—)

HERRE | REZHEA A2 IRl WARES | MRS
W 5t ALTRE | A%ER JE 5 [E e P

(TON) (TON) (TON) (TON) (TON)
G6-2(T14T) | 9.85 254.8 154.8 100.0 443 144.3
G6-2 (E$T 9.85 3242 212.8 108.4 170.2 278.6
E1-2(7£T) 9.85 279.1 154.4 124.7 45.5 170.2
E1-2(Z4T) 9.85 381.3 253.5 127.8 124.8 252.6
C2-2 9.85 175.7 99.3 76.4 49.6 126.0
B2-7 9.85 163.9 59.4 104.5 49.5 154.0
N3-7 9.85 364.0 — 364.0 2157 579.7

4.2.3 DIFRERBEYE PDA it &g

b2 CFTH#NS-TER M PDA By BN - NS RERE - MEMHLREN13% -
FE7NPDA B ET# 8% - N3-7.2 PDA S5 #5 £ 5 579.7ton » ( BEH#E 715 364ton »
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—~EEEN BF=%(RESTE) -

£5 F=. FaPUERIETZ CAPWAP Z2HTHER (=)

- P BAIRIES BRKEES
(KG/CM?) (KGlem?)
G6-2(#1141) -80 1930
G6-2(F3T) 0 2500
E1-2(447) .90 2470
E1-2(&47) 410 2490
c2-2 270 1570
B2-7 90 1470
N3-7 0 2890

%6 F=. FPILEISEETIEEE 2 iinLL

OB | SoETRY| SR HEREE gLt
BMP EMX(T-M) | PE(T-M) | EMX/PE(0)

C2-2 45.1 2.19 12.36 18.0

B2-7 445 4.88 12.71 38.0

G6-2 38.7 12.07 22.64 533

E1-2 40.2 8.76 20.96 41.8

M3-7 36.1 3.27 8.07 40.5

RTa BHEEBTEMZRR

JeR I EETEME
1.0 ot
08~ 1.0 i f
0.6 ~ 0.8 sgi

0.6 e

(5f) BEREHI SRR -

WA H J1B215.7ton) - A BEFTZ G6-2 K E1-2 ( G6-2 F E1-2 2 A - EEEHN3-7
HESR28m » HEREHEMN) REERE A NTABENI-7ER%L - PDAHBE
B G6-2 Z #E&E J75278.6ton ( EEHE /7108.4ton » LR /7B 170.2ton ) - E1-2 5
252.6ton ( EEHEZ f7127.8ton » #EH[H 75 124.8ton ) - » HAELEJIN3-7 & G6-2
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— DB NS IRNEE AR BED -

£Tb HZ5EHE

T B % 2 =T B K

G6-2 90.84 1El

El-2 1.0 Pt

B2-7 1 Et-d

C2-2 0.6 (B » {BAEFELL TNO Myiflis REESE R 1 ELIT
W3-7 1 T

(5t ASESH A TR C2-2 HRyE 88t - PRIAIRESHENE
R BARG T - RILHETT -

212642 BE1-2.21.73{Z » BEE JN3-7TEG6-2 2733 - BE1-227285{% » N3-7
CEEN  EHEALRERTBREMEANCG-2REL2SHES » HERRBER
FINS-THBETEFIER @ = 0em v EE R FIIHR N7 » LEERBR BB REEM
LW BEEATREENZRIALEEER > ERAGIIREERFITERS
VERTEZBERERESTECEE NS TZEABR D REEM  BEEEILTE
MITEEER FMmBEEAZA (5F5K8) » KRAGEHEIRER » FEHFEEES 4m &
EATEEREEE - BREARDTEH  IAXB T RIZHEEHEKG-2KEL-2K
MAEEAR D (BR)BEABHAXFECHEZERE (REBREL) HEEE M
G6-2 R E1-2 2R AE ] AILEBNIAXFEFRFSCBERE/NMES - EH 2 EFHHAL
HeROMEBMRERIBEEA LT  EBLEAEITEEZIELECHERE
B NS-THRMAIEECHRMEREAE TKREEMN > MEEAENESENRR
- BENS-THERNPDARBREERFHRESDBEERBEE > HG6-2REL- 2WMZHBL
A IEMEN > JEHPDACERM ARG » WEB LA=ZEB AR - FELU
G6-2 REI-2V BERBBAEYE - H L ERERRDENE - ERALITEER
WEBHREERITA BB ESEEEBITEREMEEEMAR T > TEIEHK
ZHEWRER - B2-7T ) C2-2 (%4 LI - B2-7 2 #2&E 175 154ton( EE#E 7 104.5ton
» BEALPH )78 49.5t0n) > C2-2 )5 126ton( EEHE 17 )% 76.4ton » $E4RFH J7 5 49.6ton) - FF
RU2XEETBCEARNBG-2REL-2 2 FFTHEEREES (B LITEBECC22K
B2-THALTHRELERE LI THBINS-T - G2-6 KEI2E=BCEEBALEEMER - ®
RlE B XBEFEERSE IR  CHARZTOCER IR > BEBLK
BOMECRECHAZRELE ZHEAERE (8m) ) » H[REK kA # & i 5 5 2= 4
AATREMRAMREOMRESE  BERUNENY - HEEBFTMEZECTHF
RE > BRUZEBLREN  HELIEE  EBEEFRLERE (ETEZEE28m
' B RLTSm ) o HIEBTECEBH D EMEE L THERE FITBEEE (ET
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—HEBEM B+=Z%(RESTE) -

EEZHHRIST  WIT105) » MEBREERRE LITESE - A REEM
CAPWAP 5347 C2-2 R B2-7 i T Al Z FEIE MR EUR S FT 2 - FH L W 18 PDA iR W] 53 A
BHEENRERE  WEARHAHAEBERR N CHEREREETLER -

&8 TE=. FaPUSRAEEE N3-T 4% PDA A EH

Final CAPWAP Capacity: Ru 579.7 Skin 364.0 Toe 215.7 Ton

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

Soil Depth Depth Ru Sum of Ru Unit Resist. Smith Quake
Sgmnt Below Balow Up Down w. Respect to Damping
No. Gages Grade Depth Area
m m Ton Ton Ton Ton /m Ton /m2 s/m mm
579.7
1 19.4 1.9 133.4 446.3 133.4 65.49 34.20 .342 2.540
2 21.4 3.9 113.5 332.8 246.9 55.71 29.09 .342 2.540
3 23.4 5.9 78.2 254.6  325.0 38.37 20.04 .342  2.540
4 25.5 8.0 35.6 219.0 360.7 17.49 9.13 .342 2,540
5 27.5 10.0 3.3 215.7 364.0 1.63 .85 .342  2.432
Average Skin Values 72.8 36.40 18.66 .342  2.539
Toe 215.7 9572.27 -428 5.583
Soil Model Parameters/Extensions Skin Toe
Case Damping 1.341 .994
Unloading Level (¥ of Ru) [o]
Soil Plug Weight (Ton ) .49

HREABGRNS-THBHEEE - FHERENRE - LNEREREM=E(10) k& (11)
o EL#E B ffk Vanders Failure Load 43 %7 @ Fr18 & {8 B 509ton - K B2-7 § C2-2 (5
PDAFBMERRE » B C2EEMERNABLCERRBEMEAMERZC3-3 (7
AEA) BUSRERE  HERWE(9) - &ZE 7K 256ton - AJREER KRB+
ELEEENRERKNER B ERPDARBERE SREXABNEREIAEN
KigHgm - B LITHEERvNRF(2)

B (2) BE=FEIRBERC-3ELITHERE
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1l

— TS ITRNEERR S HED -

NO.3—3 LOAD ( TONS )
0 50 100 150 200 250 300
0.0 T T T T T T T T i T T
) \ ERARAIEE:
! T~ 256 TON
I-_':J 10.0 -
m
I"ZT 15.0
- o
~~ 20.0
% L.
25.0 \
30.0 + J
35.0

9 oA 3R B R K L ) # fy (Davisson ¥4 )

h#E W

- AhEEBRERERERC PIEB I PDAFHRERABER KT R 863ton > FF

HEABER R 1001ton » WEHEZRER16% (HREEIFRGRRT) -

- APEE - BERBEIENSTEBSHMPDARBHERE  AIEMFIEZ

£ R J1 R 579.Tton » % % 509ton » FIEAEBIRE 13% -

- S - PHIBEAEE TAZMRATI L N3-7 #5h 3 SURBAKHE (G6- 2 - BL1-2 - B2

R C2-2) BEBMERE - HEREARIG6-2 REI2RANSTZ—¥F » HRK
AN TR BABTELINT ¢ = 0em cEEUEREERBEZHUDHE -
HRITEEMER L RBHHEE - FRENEN > BEEHREIBZFRERE
HPDA Y RER13% » MERERBRPFBPDARBRENFERRE®
EZRER16% o W PDAERLUERE - XB2-7TR C-2MXBERAR N RENER
RERE LITB BT EEC T EBREME - B TEAEAREZPDAS
R AT ARBUR S TS - XREFEFEC-3 FUFRERABERREAL K
s hn -

- BLITEBHBRESRE 5258 (REWUMGE) CEEBTENRRLIER

RE+BSZHYEEMELERRIBKBEOHASLERABELERRE » WERT
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MR BESR(RESTE) -

RTEBRENBELDAMESYRZEBZEBE  FURIERIAER » RELE
BNMBEAREREFER -

» PDAHRASRIREIEENRBRENZEAER N - WHRERBILAKEES

EEE-

EARRRF » Nar BEFTBRTLEITRG =9%0cm » L =14mzEE (EH¢ =
60cm » L =28.5m ) - FEREFEERmUA T 4m GE N EE I KNEEN > #
REEHNITKNEEMN  ERRR T CBREBNEFHARGE (REBLE
D) KBREBNERER > MKRITEEZGe-2 K E1_2 KEBEREB I AIG &
N7 /NHFH -

X~ BEXR

. Robert D. Chellis 1961, ”"PILE FOUNDATION’ the McGraw-Hill Book Com-

pany,Inc.

. Goble, G. G., Likins, G. E., and Rausche, F., 1975, ” Bearing Capacity of piles

from Dynamic Measurements” Final Report, Department of Civil Engineering, Case

Western Reserve University, Cleveland, Ohio, March .

. Smith E. A. L., 1951, ” Pile Driving Impact ”, Proceedings, Industrial Computation

seminar, September 1950, International Business Machines Corp., New York, N.Y.
P.44.

. Smith E. A. L., 1960 "Pile Driving Analysis by the Wave Equation ” Proc. ASCE,

August.

. Goble, G. G. Kovacs, W. D., and Rausche, F., 1972 ”Final Demonstration : Re-

sponse of Instrumented Piles to Driving and Lood Testing ”, Proceeding of the
Specialty Conference on Performance of Earth and Earth- Supported Structures,

Volum I, Purde University Lafayette, Indiana, June .

. Frank Rausche 1981, " A short introduction to continuous and discrete wave mech-

”

nics ” — the second seminar on the dynamics of pile driving. Boulder, Colorado.

March 24 - 25 .

CFRT AR GER - SR TSE HBINMTECZEREE RS

RRTIEEXEHEHR -

- FET BE HBNSEERER  BRABIEN > ERIRBE%ER

B e
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—ITHRB NS ENLERR S HEB-

0. MK - MERSE  TETH» "BHBEBZENRAERIMR 484
RBREETERER -

10. BREY - 854E11 H » DB E S48 (PDA) B 51 PC#8 R B O & i Al 11 9
PE O BTLtEBRIEWHNG -

1. BBEY - 86F 117 » "R EETBETRREBER]" -

ANXH B RBEATI BB RWP L > FREARANEARTFLREE -
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