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ABSTRACT

A frequency domain (harmonic) finite element model is developed
for the numerical prediction of depth average circulation within small
embayments. Such embayments are often characterized by irregular
boundaries and bottom topography and large gradients in velocity.
Previously developed finite element based time domain models require
high eddy viscosity coefficients and small time steps to insure numerical
stability, making application to small bays infeasible. Application of the
harmonic method in conjunction with finite elements overcomes these-
problems. The model TEA, for Tidal Embayment Analysis, solves the
linearized problem and is the core of a fully nonlinear code presently under
development.

This report discusses in detail both the theory behind TEA and
program usage. Furthermore the versatility of TEA is demonstrated in

several prototype examples.
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1. INTRODUCTION

1n the past few decades there has been considerable advancement in
the predictive capabilities for tidally induced circulation in
waterbodies. Many of the more recent numerical models have applied the
finite element method [11,12]. The principal advantage of finite element
methods over the more traditional finite difference methods is the greater
versatility allowed in grid discretization, both in terms of fitting the
often highly irregular coastal geometry and in terms of refining the grid
in critical areas. Most of these models have been time based, the time
dependence being resolved either by using some type of numerical
integration scheme or by applying a combined space-time finite element
scheme. However, these time domain models have been plagued with
requirements for small time steps necessary to insure numerical
stability. The maximum allowable time step decreases along with
decreasing element size, making application to small bays infeasible
because of the extreme costs involved. Furthermore, these models have
been criticized for their dependence on high eddy viscosity coefficients,
required for numerical damping of small wave length noise, to achieve
reasonable and smooth solutions [3]. Finally, these time domain codes
have the additiomal shortcoming of requiring start up periods in order to
allow initial transients to be damped out.

To overcome these inherent difficulties aséociated with time domain
discretizations, investigators have lately applied the harmonic method in
conjunction with finite elements [7,8,10]. Because of the periodic nature
of the tidal phenomenon, the harmonic method is an intrinsically more
natural solution procedure and was one of the traditional methods for

analysis before the advent of finite difference and finite element
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methods [2]. There are no time stepping limitations as with this
procedure a set of quasi-steady (or time independent) equations are
generated. Furthermore, there is no more need for artificially high eddy
viscosity coefficients. One difficulty which arises, however, when
implementing this frequency domain method, is that non linear terms can
not be included as a part of the solution but must be generated by
iterative superpositioning of several frequencies.

Present research is aimed at advancing the capacities of this
harmonic method by developing a code specifically geared towards small
scale geometries, where the most formidable problems occur with the time
domain codes now available.

This report discusses a highly efficient linear code which shall be
used as the core of a full non linear iterative program presently under
development. This linear code has been specifically tailored to fulfill
the characteristics which are desirable when applying this frequency
domain method to small bays where the non liﬁearities are often quite
substantial. However, for many applications this linearized finite
element frequency domain model may be quite sufficient and very useful.
In the following two chapters we shall briefly discuss the theory and
numerical techniques involved in the development of this linear model,
such that the user will have a clearer and more comprehensive
understanding of the potentials, limitations and requirements of the

computer code TEA (Tidal Embayment Analysis) developed.



2. GOVERNING EQUATIONS

The equations to be solved are the depth averaged forms of the
continuity and Navier-Stokes equations. With the assumptions of constant
density fluid, hydrostatic pressure distribution, negligible horizontal
momentum dispersion (or eddy viscosity) and constant pressure at the

air-water interface, these equations are:

nyt luth+ )]+ [v(h+m)] o=0 (2.1)
1 ,h s b

u,t + uu,x + vu’y = -g " + fv +-EH (ﬁ) (rx - rx) (2.2a)
1 ,h ] b

Ve + uw + VW= TBN T fu + 5 Cﬁ) (Ty - ty) (2.2b)

where u,v are the depth averaged velocities in the x and y coordinate
directions, respectively, n is surface elevation above mean water level, h
is mean water depth, t is time, H=h + n is total depth, g is accelera-
tioﬁ due to gravity, o is the density of water, f is the Coriolis
parameter, Ti and r; are surface stresses in the x and y directions, and
finally r: and r; are the bottom stresses in the x and y directioms.

These equations are readily linearized by neglecting the finite amplitude
components of flux in the continuity equation (i.e., the un and vn terms),
by neglecting the convective acceleration terms in the momentum equatioms,

by approximatinglg = Eg; = 1, and by linearizing bottom friction to yield

the following set of equations:

n,t + (uh)’x + (vh)’y = 0 (2.3)



1 s b,1in
BetEN B g T = 0 (2.42)
1 s b,1lin
v + + fu - — - ’ = .
t 8ﬂ’y u - (ry Ty ) 0 . (2.4b)

Bottom friction has been linearized as:

b,1lin b,1lin
T T

X =2 and b = Av (2.5)
e o

where

A= ch = linearized friction coefficient

1
Tf Darcy-Weisbach
8 DW
ce = friction factor = EE Chezy
c
nzg
: Manning
h173
U = representative velocity of flow

For the tidal case, when the linearization is done on an equivalent work

over a tidal cycle basis, A has the following form

-8
A= Umax . I . <:f (2.6)
where
U = representative maximum veloéity during a tidal cycle

max

Hence, this fully linear set of equations describe tidal wave propagation
with coriolis, surface wind stress and bottom friction effects. Their

validity are subject to the relative magnitude of the non-linearities



being small, which implies that both the long wave and small ampl{itude

assumptions are satisfied, hence;

1 and LB 1

:l‘“n

where

(Y]
]

wave amplitude

L = Ygh T = wave length for shallow water waves

T = Z% = tidal wave period

The linearity of this set of partial differential equations permits
superpositioning of solutiomns, hence allowing different frequency tides
(eg., M2,...) in addition to any steady state components to be solved
for seperately and then to have the results superimposed.

The boundary conditions associated with our linearized governing
equations are the elevation prescribed and normal flux prescribed

conditions which are respectively expressed as,

n(x,y,t) = n*(x,y,t) om T (2.7a)

and

%*
Qn(x.y,t) = Qn(x,y,t) on TQ (2.7b)
where

I‘n = elevation prescribed boundary

PQ = flux prescribed boundary



Normal flux is expressed as:

Qn = anxQx + anyQy (2.8)
where

Qx’ Qy are flux components in the x and y direction

@, a__ are the direction cosines on the boundary
nx’ ny

In order to be comsistent with our previous linearization we must define

the flux components as,

Q = uh (2.9a)

Q = vh (2.9b)

A further modification of our equations which is applied in order to
increase the accuracy of computation, specifically in order to reduce
round off error, is the splitting of elevation into a base component ng,
thch is representative of tidal elevation amplitude of the entire bay, and
a local value n), which describes the amplitude deviatiom from the base

value. Hence the actual elevation, n, is now expressed as:

n(x,Y9t) = ﬂo(t) + ﬂl(xsy,t) (2.10)

Substituting into our linearized governing equations we have,

+ = .
ﬂo,t + nl,t . (Uh),x + (Vh),y 0 (2.11)



1 s b,1lin
u’t + gnl’x - fv - -5 (rx - rx’ ) = 0 (2.12a)
1 s b,1lin
Vetemy ot fu - — (ry T ) 0 (2.12b)
The boundary conditions become:
*
nl(x,y,t) =n; (xy,t) = n(x,y,t) - n (t) on T (2.13a)
and
*
Qn(x,y,t) =Q (x,y,t) on Ty (2.13b)

Our equations now have the primary variables n], u and v, and an
additional loading term n,.

The known loading may be 'thought of as a pumping mode which forces the
entire basin surface up and down with the base elevation ny,. From this
point on we shall refer to ny as the base or pumping mode and the
additional local response, n], as elevation. Hence as shown in Eq. 2.10
the actual total response equals the base loading, no, plus the computed
elevation, nj. The program determines the value of the base loading by
averaging the prescribed total elevation boundary loadings (Eq. 2.7a). Ve
note that in order to be effective in improving computational accuracy, the
difference between n, and n] must be at least several orders of
magnitude. This is indeed the case for small scale embayments where the
difference is typically quite large (e.g., 2 or 3 orders of magnitude).

We shall now eliminate the time dependence from our equations by
reducing them to the frequency domain. The basic assumption in this
reduction is that both forcings on the system and responses of the system

in elevation and velocity are of the same periodicity, w. The assumed



periodic response in velocity and total elevation are expressed as:

- i

u(x,y,t) = u(x,y) e we (2.14a)
° iwt

vix,y,t) = v(x,y) e (2.14b)
* iwt

n(x’Y9t) = “(X9Y) e (2.14(:)

It follows that our base loading and elevation are:
_ o it
no(t) = n, e (2.15a)
- iwt
n (x,y,8) = m(x,y) e (2.15b)

It is noted that all quantities with * superscripts are complex spatially
varying amplitudes which include both a magnitude and a phase shift. 1In
order for these assumed responses to be valid both boundary and surface

forcings must be periodic with frequency, w. For the flux and elevation

boundary forcings this 1is expressed as:

/

wt

* ~de i
Q, (x,3,8) | = Q (xy) | e (2.16a)
n n T
Q Q
* o iwt
n (%3t g n (xy) | e (2.16b)
n n
Similarly wind forcings are assumed periodic such that:
ts - Ts eimt (2.17a)
X X
s “s iwt
T, = T_ e

(2.17b)



We note that it is the wind forcing and not the wind velocity that is
assumed periodic. The associated wind stress amplitude factors are then

expressed as:

As ~ ~

T = Pair IUIOI Uio ©os8, (2.182)

As ~ -~

% = 0y O ‘UIO, U, sind, (2.18b)
where

U is maximum wind speed amplitude

o) is density of air
C is a wind drag coefficient

) is the wind approach angle

Finally the periodicity of the linearized bottom friction concurs with the

form of the velocity response and hence 1is expressed as:

b,lin

T -

xp = Au eiwt (2.19a)
b,1lin
T A

Yp - A v elet (2.19b)

As previously mentioned these assumed response amplitudes include both a
magnitude and a phase shift which allows reference times to be handled.
This may be somewhat more easily seen by expanding out these periodic

responses/functions as follows:



Re [A(x,y) e ®f

A(XQY9 t)

Re ';(x’y)‘ei(mt+®)

';(x,y)‘ cos(wt + ¢) (2.20)

We note that the real part of our complex responses is always implied.

Furthermore, an amplitude;

R(x,y) = lg(x,y)' el? (2.21)
contains both information about the magnitude 'R(x,y)‘ and about the time
phase shift, 4.

It is readily seen that the steady state case is represented by
specifying the frequency, w, as zero. Furthermore, we note that for this
case phase shifts are not applicable and must always be specified as ¢ = 0.
Finally, we note that for w = 0, our wind forcing equations (Eq. 2.18)
reduce to their customary form.

Substituting in the assumed forcings and responses into our governing
partial differential equations and boundary conditions, t;king appropriate
time derivatives and noting that elwt terms drop from all equations, the

following set of quasi-steady equatioms is generated:

iwnl + iwno + (Uh),x + (vh)’y = 0 (2.22)
“s

oo+ am e -L(IX05) = 0 (2.23a)

w gnl,x h »p '
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LY

s
N T

fwv + gnl’y + fu -% (—% -av)l = 0 (2.23b)
with boundary conditiomns:
- ~de
Qn(x,y)|P = Q(x,y) (2.24a)
Q
.3 A*
nl(x,y)h,n = n,(x,3) (2.24b)

We note that these equations are time independent and hence we have
eliminated any time stepping restrictions in solving the equatioms.

We now wish to develop some numerical technique to solve these partial
differential equations for an arbitrary geometry. We shall use the finite
element method to do this and shall solve for the spatial variation of the
amplitudeshnl(x,y),Au(x,y) andAv(x,y). The magnitudes and phase shifts
having been solved for using the finite element method program developed,
we can readily generate the entire time history using Eqs. 2.14. Moreover,
if we choose to linearly superimpose solutions we superimpose the time

histories generated to resolve the total time history.
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3. WEIGHTED RESIDUAL AND FINITE ELEMENT METHOD FORMULATIONS

In order to apply the finite element method we must first develop a
welighted residual formulation. The basic idea behind the weighted residual
method is to establish a set of equations which minimize the weighted error
which is incurred between the exact solution and our approximation to the
solution. Before proceeding with the weighted residual method we multiply
through the momentum equations by h in order to induce a certain symmetry
between the continuity and momentum equations and hence allow for similar
matrices (for the derivative terms of both equations) to be generated,

thereby reducing storage requirements. Hence we have:

iwno + iwnl + (uh)’x + (vh),y = 0 (3.1)
8
iwhu + ghn, = fhv - (-—5 -xu) = 0 (3.2a)
]
s
A ~ ~ T ~
iwhv + ghn) o+ fhu - (-% -aw) = 0 (3.2b)
9

In order to avoid a singular formulation, we shall in later
manipulations substitute the momentum equations into the continuity
equation. This dictates that the continuity equation be used to establish
the symmetrical weak weighted residual form. Formulating the fundamental
weak form in this fashion leads to elevation amplitude prescribed boundary
conditions being essential and the normal flux amplitude prescribed
boundary conditions being natural. We note that it is therefore mandatory
to prescribe elevation on at least one point of the boundary. This is

required in order to ensure uniqueness of the solution, that is a reference

depth must be specified.

-12-



Specifically applying Galerkin's method to establish the fundamental
weak form the error in the continuity equation is weighted by the variationm
in elevation, 5;1, and is integrated over the interior domain. In
addition, the natural boundary error must be accounted for by weighting it
with 5;1, and integrating over the natural boundary. It is required
that the combined integrated and properly weighted interior and natural

boundary errors vanish and the following expression results:

~ ~ A~ A ~ A A* ~
gjlf{iml + dum + (uh)’x + (vh),ylsnldg + H-Qn + thsnldl‘ = 0 (3.3)

Tq

Applying Gauss' theorem in order to eliminate derivatives on the flux terms

and combining with boundary relationships leads to the desired symmetrical

weighted residual weak form:

A ~ A~ A~ ~ ~ ~ ~ A* ~
éf{iumlﬁnl + 1m°§n1 - uh(énl)’x - vh(&nl)’y}dg + 'Ir.QnénldP =0 (3.4)
Q
The weighted residual forms for the momentum equations are obtained by
weighting ‘the associated errors with residual velocities and integrating

over the interior domain, resulting in:

“s
A ~ ~ T ~ A
[[{iwhu + ghn) _ = fhv - (—%‘- - au)lsud = 0 (3.5a)
Q ?
;s
[[{iwhv + ghn) o + fhu - (—%~- wllsvde = 0 (3.5b)
Q ]

-]13-



The functional continuity requirements imposed upon variables are that

n and 5n1 be continuous over the domain, requiring at least a linear

finite element expansion, and that ;, ;, 6; and 6; be finite over the
domain, requiring only constant expansions. For the full non linear form
of the equations, however, G, ;, 6& and 5; also require linear expansions.
Before proceeding with our numerical scheme we rearrange the weighted
residual equations somewhat such that all non variable load terms such as

the pumping mode, boundary flux and wind stress loadings appear on the

right hand side. With these modifications our equations now appear as:

~ -~ ~ A A~ ~ ~ ~ * -~
J'f{iwnlénl - up(anl)’x - vh(&nl)’y}dsz = _ffiwnoénldQ - anEm ar  (3.6)

Q o FQ 1
18
é”mh; + Au - fhv + gh;yl,x}éadﬁ - (f)f—;‘ 5ud (3.7a)
~ ~ - - - Ts S
éf{iwhv + Av + fhi + ghnl’y}éde = éj-% svdQ (3.7b)

To generate a system of algebraic equations from the previous
integral equations the finite element method is applied. This involves
dividing the global domain, Q, into element sub-domains, Qg, and
representing - the variables within each element by a polynominal expansion.
Contributions from all elements are summed and inter-element functional
continuity requirements are taken into account in order to generate a
global system of equations. In our particular case we select triangular
elements and the lowest possible order polynomial mandated for the full

A A -~

non linear form of the equatioms. All variables, Nys U Y, Snl, &u, and

5v, are therefore represented by linear expansion over each element,

~14=



yielding variables which are defined at the nodes. Furthermore, linear
element expansions are used for mean water level depths h. In this manner
elevations, velocities and depths are defined at nodes such that
inter-element fluxes are both continuous and clearly defined. It may be
easily shown that the application of the finite element method to the final
weighted residual equations yields the following set of global algebraic

matrix equations:

~ ~ ~ Alin
iwgﬂﬂl _Ey_ = EP EQ (3.8)
(1, + M +M)U +gDm, = P (3.9)
=T ZF =c’27820 v .
where
n is the global elevation vector (1 elevation per node)
U is the global velocity vector (2 velocities per node)
gm’ gﬂ are global mass matrices
EF is the global linearized bottom friction matrix’
gc is the coriolis matrix
D 1is the derivative matrix
EP - 1ann° is the base elevation vector

~

EQ is the prescribed boundary flux loading vector

A

EW is the wind loading vector

We note that all matrices are efficiently banded, the bandwidth depending
on the nodal numbering scheme used. In order to reduce computational
effort and storage requirements we use lumped mass, bottom friction and

Coriolis matrices. The lumping for the symmetric mass and friction

-15-



matrices involves combining all terms on a row onto the diagonal and for
the skew symmetric Coriolis matrix combining rows into off-diagonal terms.
The lumping procedure is in effect a slight redistribution between the
nodes of mass and certain forcings. We have found that results are quite
insensitive to these lumpings.

Combining the matrices commonly multiplying the velocity vector in the

momentum equation as:

~

M = iQEU +

I +

(3.10)

ujx

Zr

yields a tri-diagonal matrix which can be very economically inverted when

solving for U. Hence solving for U using the momentum equation we have

-1

la>
']

~ TA .
Py - gD ) (3.11)

-~

Substituting for U into the continuity equation and rearranging somewhat

yields:

=1
Clagty + 82 B D

D My M By (3.12)

The left hand side matrix, which is non-symmetrically banded and complex is
then decomposed using an LU decomposition. The right hand side is combined
into a single loading vector and we solve for i}. Then using Eq. 3.11

we directly solve for‘é. Finally in order to obtain the total elevation

A

n we simply add back in our base component, ng.

-16~



4. PROGRAM USAGE

In this chapter we shall briefly comment on usage of program

TEA. The exact required input information is shown in Appendix 1.2.

4, 1. Grid Layout

The layout and degree of refinement used for the grid depends on the
amount of detail desired and also on the expected flow pattern. Generally
a finer grid is used in areas of rapidly varying flow, near sharp
boundaries and near regions where the boundary type changes (i.e., from
elevation prescribed to normal flux prescribed). For tidal forcing cases

grid size should be small enough such that;

|
7\
&l

where AL = representative element length scale

L = tidal wavelength = /gh T

This requirement stems from the nature of our linear element expansion and
the form of a wave. Regarding grid shapes an attempt should be made to
keep the interior angles of triangular grid cells larger tham 30°.

Once the grid layout has been completed, nodes should be numbered
sequentially. Node numbering should be done such that the arithmetic
difference between node numbers of connecting nodes is minimized. This
should be done since the matrix bandwidth and hence the efficiency of the
code is determined by the maximum nodal point difference. Program RENUMB,

a bandwidth optimization code (Appendix 2), is available to renumber the

=17~



nodes in input files of program TEA. Node connectivity for each element
must be entered counterclockwise. We note that the sequential element
numbering doesn't effect program efficiency.

Friction factors estimated according to Eq. 2.6 are entered as
constant for each element. For zero frequency cases, it is necessary that

either friction or Coriolis be specified as non-zero in order to avoid a

singular formulation.

4.2 Units

The gravitational constant should be consistent with other units
used. Hence if lengths are entered in meters, frequency in sec~l, then
g must be entered as 9.81 m/sec? and output will be meters for elevation
and m/sec for velocity.
The foreing frequency is w = 2n/T where T is the tidal period. For
steady cases T = » and hence w = 0.
The Coriolis parameter is entered in the same time units as frequency
and is calculated as:
f = 2we sindg
where we = phase velécity of Earth's rotation (in rad/time)
6y = degrees latitude.
Wind velocity should be entered in the same units as water velocity is
being calculated. The wind friction factor, Cp, may be calculated
according to standard formulae (e.g. see Ref. 14) and typically has a value

around 0.001.

-18-



4.3 Specified Phase Shifts

Phase shifts must be applied in order to specify time lags in boundary
conditions and other forcings. Phase shifts should be carefully and
consistently specified in order to avoid a meaningless solution. They are
specified in rad/sec and are calculated as:

¢ =wt
p

vhere t, is the phase shift time (in seconds if w in sec™l).

4.4 Boundary Conditions

The Boundary is segmented into two boundary types, the elevation
prescribed boundary, Ty, and the normal flux prescribed boundary, TQ.
The elevation prescribed boundary is the essential boundary condition and
must be specified at at least one point on the boundary in order to
establish a reference elevation. The entire boundary may be specifiéd as
being elevation prescribed. At each node on T, we must specify an
elevation amplitude and the associated phase shift. Typically elevation
prescribed boundaries are ocean boundaries where tidal forcing exists.
Also elevation prescribed boundaries are used for a constant surface lake
boundary which is connected to a river or estuary where we would specify
zero elevation. Essential boundaries are exactly satisfied and hence
elevation at these nodes will coincide exactly with our input boundary
conditions.

The normal flux prescribed boundary is the natural boundary

condition. Any part of the boundary not specified as essential is

automatically taken to be natural. Unless otherwise specified, program

TEA will assume that the normal flux boundary has zero normal flux across

it, that is {t assumes a land boundary. When a non-zero normal flux exists

=19~



across a natural boundary segment, for either the case of a known tidal
flux or a river discharge, both the segments across which the flow occurs
and the value of the flow at the nodes involved must be specified. The
segment end node numbers must be specified in clockwise order for shoreline
boundaries and in counterclockwise fashion for islands. The x and y
components of flux per unit length (i.e., velocity x depth) is then
specified at each of the nodes on the non-zero flux boundaries. The user
can either specify the x and y components of the normal flux vector or the
x and y components of the actual flux vector and TEA will find the required
normal components. Because specified flux is a natural boundary condition
the computed flux omn Tq will be satisfied exactly only in the limit (as

grid refinement is increased).

4,5 Output

Program TEA outputs information onto both tape 6 and tape 8. Tape 6
output is a formated descriptive listing of both inputs and results. Tape
8 outputs plotting (grids and results) and/or time hi;tory generating
information. For details on outputs see Appendix 1.4.

When dealing with a set of tidal and steady state components, program
TEA must be run separately for each different forcing frequency. The
results for each frequency are then superimposed for each node to generate

time history information as follows:
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A t) = |A
node( ) I node,wll 1 node,m1 M |Anode,w2| node,w2

where
t is time at which result is desired

Anode ,w] is amplitude (for elevation or velocity) at node at

frequency wj

bnode ,w} is corresponding phase shift
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5. APPLICATION

Program TEA has been verified by comparing computed results with
exact analytical solutions for both the case of a straight channel with
linear friction [5] and the case of a rectangular basin with a slot [1].
In this chapter, however, we shall focus on the application of program TEA
to case studies of several bays and coastal inlets. Comparisons to the
full non linear time domain finite element code CAFE [12] shall be shown

and some of the differences shall be discussed.

5.1 Massachusetts Bay

The first example is the calculation of the circulation pattern of
Massachusetts Bay. The grid used (Fig. 5.1) is identical to one applied
with CAFE [12]. The_circulation is driven both by a tidal fluctuation and
a steady coastal current. The tidal forcing is simply specified by giving
tidal elevation values at ocean nodes and driving the system at a
frequency corresponding to a period of T = 12 hours. Tidal elevations
vary linearly between Cape Ann and Cape Cod and no phase shifts are
applied. The steady coastal current is simulated by imposing a linear
elevation gradient along the ocean boundary and driving the system at zero
frequency. Since there are no fluxes from any land boundary segment, no
natural boundary condition need be specified in either case. The
particular boundary values used were selected to be identical to the
boundary forcing values used for CAFE. Program TEA input for both the
tidal forcing component and the steady current component are shown in
Appendices 3.1 and 3.2 and program TEA outputs are shown in Appendices 3.3
and 3.4.

In order to find the resulting currents, velocity results for both

the tidal and the steady state components are superimposed at any desired
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time. The resulting circulation patterns at several stages of the tide
are shown in Figs. 5.2, 5.3 and 5.4. Predictions from the non-linear CAFE
at T/6 after low tide {12] are shown in Figs 5.5 and can be compared with
corresponding output from TEA (Fig. 5.4). Note that large values of eddy
viscosity were needed in CAFE for numerical damping and are most likely
unrealistically high. Non-linearities are probably not very important due
to the large depth of Massachusetts Bay in most areas. We note thﬁt at
some points along the shoreline TEA allows a certain amount of leakage
onto land. This is due to the fact that TEA treats flux boundary
conditions as natural and hence allows some error. Due to the solution
methodology of CAFE, flux boundary conditions are essential and hence the
no flux boundary conditions are strictly enforced. However, if it is

important in a particular application to conserve total mass, this

boundary leakage problem of TEA may be readily resolved by doing some grid .

refinement in these boundary areas, especially near sharp cormers and high

gradient regilons.
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Fig. 5.5 Tidal Circulation Computed by CAFE at T/6 after Low Tide
(from Ref. 12)
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5.2 Niantic Bay

The second case study involves computing the tidally induced
circulation in Niantic Bay, in the eastern part of Long Island Sound
(Fig. 5.6). Specifically we desire to resolve the circulation around the
Millstoune point, the site of the Millstone Nuclear Power Station, and
therefore the grid used (Fig. 5.7) shows a great deal of resolution in
that vicinity. Tidal forcing boundary conditions were simulated by
specifying a constant tidal elevation at ocean boundary nodes with a phase
lag which increases along the boundary as shown in Fig. 5.7. It is
stressed that the user must be very cautious in applying correct boundary
condition values and phase lags. TEA is quite sensitive to incorrect
boundary conditions and unrealistic solutions and/or boundary problems may
develop due to incorrect boundary specifications. These types of problems
will appear much more dramatically for TEA than for CAFE since TEA has no
eddy viscosity to dampen unrealistic velocity gradients and furthermore
does not allow boundary fluxes to be forced to zero in the manner that
CAFE does.

The resulting circulation computed by TEA at two tidal stages are
shown in Figs. 5.8 and 5.9. Results from CAFE [9] corresponding to Fig.
5.9 are shown in Fig. 5.10. Details for the flow around Millstonme Point
at maximum flood are shown in Figs. 5.11 and 5.12. Comparisomns of velocity
amplitudes and directions to ﬁoth CAFE and measurements made at seven
sites shown in Fig. 5.13 are presented in Fig. 5.14.

We note that, in general, velocity amplitude results from TEA compare
better to measured results than those of CAFE, which substantially

underpredicts flows at all points. We note especially the dramatic
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Fig. 5.9 Computed Circulation by TEA at Maximum Ebb
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improvement of currents around Millstone Point which is shown in the
comparison at point 5. Even though velocities predicted by TEA at the
measurement point itself are not quite high enough, velocities do tend to
increase close to Millstone Point, a behavior not exhibited by CAFE.
Again results for Niantic Bay are justified because, for the most part the
bay is quite deep (8 - 15 meters) and hence the linear solution is
applicable. Furthermore velocity amplitudes tend to be higher than those
calculated by CAFE since there is no need for artificially high eddy
viscosity values which tend to dampen and smooth out velocities.

Finally there is a dramatic difference in run times between CAFE and
TEA. For this grid, a run with CAFE required approximately 20 hours of
CPU times on a Honeywell level 68/DPS computer. This excessive amount of
CPU time resulted from the maximum time step for numerical stability of 2
seconds required due to the small grid sizes. For the same grid, program
TEA required only 2.5 minutes of CPU time running om a VAX 11/780, which

is of comparable speed as the Honeywell.
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5.3 Brayton Point

Our final example deals with predicting the combined circulation due
to both tides and a power plant discharge at Brayton Point in Mount Hope
Bay, Somerset, Massachusetts (Fig. 5.15). Again the main region of
interest 1is around the power plant and hence the finite element grid
discretization reflects this with a large amount of refinement in this
region as shown in Figs. 5.16 and 5.17. The particular case run with
program TEA examines the upper layer circulation pattern produced by tides
and a three unit power plant operation and is analogous to a case study
previously done with CAFE [6].

To simulate upper layer circulation, the depths used were the
estimated upper layer depths which ranged between 1.5 and 3.5 meters.
Again the tide and the steady state ‘discharge must be handled by two
separate runs of TEA. In the first rum, the tidal componeni of
circulation is calculated by prescribing tidal amplitude at the ocean
boundary, as shown in Fig. 5.16, and forcing the system at a frequency
corresponding to T = 12.4 hours. The second run simulates steady state
power operation and natural river inflow. We attempt to simulate a jet by
prescribing flow conditions at the near field - far field jet interface.
Hence we prescribed large normal fluxes representing the outgoing jet and
the in-going re—-entrainment fluxes surrounding the jet as shown in Fig.
5.17. We note the very refined region necessary near the jet due to the
large gradient and rapid turning expected in this region. Power plant
intake flow is simulated by specifying a normal flux along the east side
of the discharge peninsula. Additional withdrawals representing
downwelling to the lower layer are simulated by specifying normal fluxes

through elements along the southeastern edge of the domain. Taunton River
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flow is specified as a normal flux into the domain through elements in the
northeast corner. All normal flux information is provided to TEA by
specifying the end nodes, with a correct orientation (seé Chapter 4.4), of
each segment through which normal flow occurs and by specifying the x and
y components of the normal flux at the nodes included in these flux
segments. Finally, zero elevation amplitude is prescribed at the ocean
boundary nodes and the system is drivem at zero frequency. |
Superimposed flow circulation patterns at two stages of the tide are
shown in Figs. 5.18 and 5.19. Details of the flow around Brayton Point,
including the discharge and intake locations, are shown in Figs. 5.20,
5.21 and 5.22. A result from CAFE corresponding to Fig 5.22 {s shown in
Fig. 5.23. When comparing results from TEA and CAFE we note that the jet
is not as well simulated‘by TEA. This is due mainly to the fact that TEA
does not include the non-linear momentum terms needed to simulate jet
physics. TEA drives the discharge only by elevation gradients which
accounts for the rapid spreading of the jet, best exhibited in Fig. 5.22.
Hence we may conclude that a code which includes non-linearities is
superior for simulating the circulation close to jet discharges. However
program TEA will simulate discharges quite adequately if ome is not
interested in the region near the discharge where the momentum effects are
important. Furthermore, a full non-~linear version of TEA is presently

under development.
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Fig. 5.18 Circulation Computed by TEA at Maximum Flood
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Fig. 5.19 Circulation Computed by TEA at Maximum Ebb
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Fig. 5.22 Detail of Circulation
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Fig. 5.23 Detail of Circulation at Brayton Point Computed by CAFE
at High Slack (from Ref. 6)
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Input for TEA is free formated and information should be read as follows:

card 1: 10 character alphanumeric geometry identification
card 2: 10 character alphanumeric run number identification
card 3: number of elements; number of nodes

card group 4: node number; x-coord; y=-coord; and nodal depth

card group 5: element number; element node connectivity given by 3
element node numbers (counterclockwise); element linear
friction factor

card 6: gravitational constant in consistent units

card 7: forcing frequency

card 8: Coriolis factor

card 9: amplitude of wind speed; wind phase shift (in radians);

wind direction (in degrees); wind drag coefficient

Prescribed normal flux section:

card 10: number of boundary segments which have non-zero normal
flux prescribed (if this is zero skip inputs 10a, 10b,
10c to card 11 input)

card 10a: end nodes of boundary segments with non-zero normal flux
prescribed with correct orientation (clockwise for land
boundary and counterclockwise for islands)

card group 10b: total number of different nodes inluded in non-zero normal
flux load segments

card group 10c: node number; modulus of x-direction flux at node; phase

shift for x-direction (in radians); modulus of y-direction
flux; phase shift for y-direction (in radians)

Prescribed elevation section:
card 11: number of nodes where elevation is prescribed

card group lla: node number; modulus of prescribed elevation at node;
phase shift at node (in radians)
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As discussed in Section 4.5 program TEA outputs information onto TAPE
6 and TAPE 8. TAPE 6 information is a formated descriptive output and

consists of three main sections:

(1) Print statements which ask for required input in the order needed by
TEA. This allows the program to be run in an interactive fashionm.
Furthermore these prints may also aid the user in checking to make
sure that the input is in proper order. Finally error messages

concerning dimensioning of matrices may appear here.

(2) A labeled echo print of all input informationm.

(3) Results of calculations consisting of elevation amplitude and phase
shifts at nodes and velocities in the x and y direction with

corresponding phase shifts at nodes.

Example outputs are shown in Appendices 3.3 and 3.4.

TAPE 8 output consists of information required for plotting of the
grid and results and/or generation of time histories. TAPE 8 output is
free-formated and consists of the following information groups:

e 10 character alphanumeric geometry identificaton

* 10 character boundary condition identification

* number of elements, number of nodes

* node number, x-coordinate, y-coordinate

* element number, three corresponding node numbers
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¢ frequency
* node number, elevation amplitude, elevation phase shift

* node number, x-velocity, x-phase shift, y-velocity, y-phase shift
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Here we discuss the boundary condition input requirements for program
TEA with a case which shows a variety of features. The grid used is very
coarse and is used only for illustrative purposes.

We consider a tidal inlet with an island and several steady state
discharges. The geometry and the coarse grid used are shown in Fig. Al.
The grid is shown again in Fig. A2 with element and node numbers
included. The bay is subject to a 12.4 hour tidal forcing of unit
amplitude and zero phase shift along the ocean boundary. Furthermore we
note the steady state discharge on the land boundary and the steady intake
on the island. |

To simulate this case with TEA we perform two runs with two sets of
boundary conditions. The first run calculates the tidal circulation
component. The required boundary condition information. consists only of
the specification of ocean boundary node numbers and their corresponding
tidal elevation amplitude and phase shift. TEA input for this rum is
shown in Appendix 1.3.2.

The second run calculates the steady state circulation compomnent
(hence zero frequency) and we must input the end nodes of the boundary
segments through which flow occurs (in clockwise order for the land
segments and in counterclockwise order for island segments) and the x and
y components of the normal flow at the nodes involved. We note that phase
shifts do not apply to the zero frequency case and must be specified as
zero. Finally we provide information about the open ocean boundary by
specifying zero amplitude at these nodes, allowing the total flow to
balance. In this case since there is a net inflow into the bay, there

will be an outflow into the ocean. TEA input for this run is shown in
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Appendix 1.3.3. We note that for a totally enclosed waterbody we would
only specify one elevation at one boundary node. In that case then there
would only be flows through specified flux (natural) boundary segments.
Furthermore we would have to specify fluxes such that the total flow in
and out of the boundary balanced in order to satisfy continuity.

Outputs for the two sample calculations are shown in Appendices 1.3.4
and 1.3.5. Since we have solved two linear problems we may now

superimpose the results as discussed in Sectiom 4.5.
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0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100



27 30
28 30
29 24
30 31
il 31
32 23
33 15
34 24
35 27
36 27
37 16
38 15
39 10
40 25
41 25
42 16
43 16
44 10

9.81

0.00000000

0.00010000

0.00, 0.00, 0.00, 0.00

3

33, 34

34, 28

15, 23

5

33, -0.93,

34' -1021'

28' ‘1.53'

23' -0.69'

15, -0069'

4

1, 0.00, 0.00

2, 0.00, 0.00

3, 0.00, 0.00

4, 0.00, 0.00

24
31
27
27
34
15
16
16
28
25
25
10
11
26
17
17
11

0.00,
0.00'
0.00,
6.00,
0.o0,
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31
33
31
34
33
24
24
27
34
28
27
16
16
28
26

17
11

-1080'
-l.60,
-1.27,
-0.74,
-0.74,

0.00100
0.00100
0.00100
¢.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
g.c0l00
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100

0.00
0.00
0.00
0.00
0.00
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}

PRCGRAN TEA

DEPT OF CIVIL ENGIMEERING, . 1. T.

2-D LINEAR FINITE ELEMENT FPEJUENCY DC™AIN ANALYSIS OF TIDAL MAVES FOR SMALL SCALE GEOMETRY.
ENTER 19 DIGIT F.E. GRID GEONETRY [DENTIFICATION

ENTER 10 DISIT I.D. COCE FOR B.C. VERSION

INPUT NUMBER OF ELEMENTS AN NUMBER OF NODE POINTS

INPUT THE NODE NO.,X-COCRT.,(-COOPD., AND NODAL M.S.L. DEPTH, OME NODE/LINE

INPUT ELEMENT NUMBER, THRES ¥JDZ NUMBERS FOR THE ELEMENTAND THE ELEMENT LIMEAR FRICTION FACTOR

MAX. NODAL POINT DIFFEFENCE = 1)

INPUT FREQUENCY IN RADISNS €T,

INPUT CORIDLIS PARRMETER

INPUT AMPLITUDE OF MIND SPEZD, WIND PHASE SHIFT, ANGLE OF WIND DIRECTIOM (IN DEGREES) AND WIND DRAS COEFFICIENT
INPUT HOM MANY BOUMDARY SEGMENTS HAVE NON-IERQ NORMAL FLUI PRESCRIBED

INPUT MO, OF NODES WHERE ELEVATION IS PRESCRIBED

INPUT THE NODE NUMBER AND VALUES FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE

INPUT THE NODE WUNBER AND VALUES FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE

INPUT THE NODE NUMBER AND VALUES FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE
INPUT THE MODE MUMBER AND VALUES FOR THE MODULUS AMD PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE

PROGRAN TEA
OEPT OF CIVIL ENGIMEERING, M. I. T.
2-0 LINEAR FINITE ELEMENT FREQUENCY DONAIN ANALYSIS OF TIDAL MAVES FOR SMALL SCALE SEOMETRY.

F.E. GRID GEOMETRY IDENTIFICATION : EIBAYL
BOUMDARY CONDITION IDENTIFICATION : BC-0)

FREQUENCY = 0.00014073
CORIOLIS PARANETER = 9.00010000

WIND SPEED AT 10 METERS ABOVE SURFACE =  0.0000
WIND PHASE SHIFT = 0,00000 RADIANS

WIND DIRECTION =  0.00000 DEGREES

¥IND DRAG COEFFICIENT =  0.00000000
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N0, OF NODE POINTS = 34
NG, OF ELEMENTS = 44

MAL. NODAL POINT DIFFERENCE = {1

HHHHHIHH U H N HIN NODAL COORDINATES AND DEPTHS THHHHHHHEHHANH Y

NODE 1-COORD. Y-COORD, DEPTH
| 7500.00 800,00 25.00
2 9300.00 1500.00 23.00
3 11500.00 2300.00 25,00
L] 13000. 00 3000, 00 25.00
H 7500.00 2500.00 23,00
[ 9800, 00 3800.00 25.00
17 12000,00 4300.00 235.00
8 5000. 00 3000.00 25.00
9 7500. 00 4000, 00 25,00
10 10500, 00 7500.00 25.00
1 13500, 00 8000.00 25.00
12 1000, 00 4000.00 25,00
13 4000.00 7000, 00 25.00
14 6300, 00 9000.00 3.0
13 8800.00 10000.00 2.0
18 11500.00 10000. 00 25.00
17 14000,00 10000. 00 3.0
18 0.00 4500.00 25,00
19 0.00 10000. 00 25.00
20 3000. 00 10500.00 25.00
2t 2500.00 13000.00 25.00
2 $000, 00 12000.00 2.0
P 7800.00 11000.00 25.00
X% 10000.00 11400.00 25.00
3 12600,00 11300.00 25.00
2% 14000, 00 11600.00 25.00
ry 11800,00 12300.00 25.00
Y. ] 13500.00 13000. 00 25.00
Ys 5000.00 14500.00 25,00
30 8500.00 13500. 00 25.00
3 10500, 00 13300,00 25.00
n 9000, 00 15500.00 23.00
I 11000, 00 15000, 00 25.00
34 12500.00 14000.00 25.00

HIHHHHHUHHRH U ELEMENT ARRAY HE I HH B HH R
ELENENT I b} X ELENENT FRICTION FACTOR
{ 1.2 3 0.0010000
2 2 ] 3 0.90010000

3 2 3 3 0.0010000
[} 3 7 [ 0.9010000
$ 3 ] 1 0.0010009)
1 8 H 9 0.0010000
7 H) [} 9 0.0010000
8 & 10 ] 0.90910000
L] 4 T 0091008,
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19 8 13 12 0.0010000

1 8 sy 0.0010000
12 13 ! U 0.0010000
13 9 10 W 0.0010000
14 12 13 18 0.0010000
18 w13 9 0.0010000
16 19 13 2 0.001000)
17 13 1 20 0.0010000
18 20 W 2 0.0010000
19 19 2 2 0.0010000
20 20 2 u 0.0010000
2 2 2 B 0,0010000
2. % 2 0 0,001 0000
' 3 n? W N 0.0010000
rl} N ¥ N 0.0010000
3 2 B W 0.0010000
2 3 W 0.0010000
u 3 24 3 0.0010000
28 B T § . 4 0.0019000
¥ a1 0,0010000
30 N 2 u 2.3010000
3 H N 0.0010000
2 T 15 N 0, 3010000
I 15 16 A 0,00100v3
p ) A % N 0.00100¢
] 27 8 NN 0.00160¢
3% . B B ¢.0010000
pJ 1 2. 2 0. 0010000
] 159 10 16 0. 0010000
3 10 11 W 0.0010000
L] 53 % 28 0.0010000
4 3 11T » 0.0010000
2 6 17 B 0.0010000
[M 16 1t 17 0.0010000
L] 19 T 90.0010000
HIEHHHHHRHHHHHH BOUNDARY CONDITIONS MM H I HH I

NG, OF BOUMBARY SEBNENTS VHMICH HAVE NOM-TERO NORMAL FLUI PRESCRIDED = 0

NO. OF NODES WHERE ELEVATION IS PRESCRIBED = 4

RORE PRESCRIBED ELEVATION PHASE
1 1.0000 0.00000
2 1.0000 0,00000
3 1.0000 0.00000
] 1.0000 0.00000
SHEE L E LSRR RSN RESULTS OF CONPUTATIONS [ T
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000~ oA N

NODAL ELEVATIONS

0. 00000
0.00000

0,00000

0. 00000
-0.00380
=0.00142

0.0009
~0.00752
-0.00327
<0.00264
=0.00109
-0. 00434
-0.00488
-0.00262
-0.00493
-0.00294
=0.00247
=0.00381
=0.00474
=0.00480
~0.00446
=0.00400
=0.00333
=0.00331
=0.00249
-0.00212
-0.00314
~0.00297
=0.00415
=0.00372
~0.00331
-0, 00343
=0.00330
~0.00274

Y-DIRECTION

RODULUS

0.2398773%
0.17803156
0.16451041
0. 17433353
0.14247863
0.10328989
0,11304919
0.028353620

0.04258625 .

0.07364032
0.05858621
0.02081320
0.00478832
$.03211332
0.04109138
0.04024705
0.03553314
0.0169963%

NODE NODULLS
1 1.00000000
2 1.00000000
3 1.00000000
4 1.00000000
3 100100239
) 1.00395713
7 1.00278606
(] 1,00874233
9 1.00641567
10 1.00663572
i 1.01004528
12 1.00906940
13 1.00869093
1 1.00748832
13 1.0112375%
16 1.00958349
V) 100940425
18 1,00925325
19 1.01037390
20 1.01013314
2 1,01006339°
n 1.01083832
b 1.01085458
% 101030048
e 1.01040524
2 1.01058498
n 1,01058154
® 1.01057978
2 1.01116998
3 1.01110617
3t 101307183
pod 101132440
b 1.01111392
3 1.01081104
NODAL VELOCITIES
3-DIRECTION
HODULUS PHASE
0.16149733 -0.894%7
0.077897%3 -0.51438
0. 08442079 -0.11300
0.11026193 0.59346
0.082338%4 -1.14076
0. 03004363 -0.84828
0.02408071 -0.29799
0.06$98340 -1.37087
0. 05060869 -1.61183
0.01192018 0.28291
0.049007%2 1.755%7
0.0227929% 0.52544
0.02453820 -1, 91804
0.03264711 -1.58872
0.03512620 -1.54573
0. 00825685 ~2,06721
0.01892373 -0.91485
0.01753154 -1,42605
£.80708747 £.27077

£.02401¢17

-7

0.70683
1,20267
1.77311
2.29148
1.28004
1.47924
1.55365
1.658106
1.45694
1.54913
1.63318
2.75747
2.96110
1.4012¢
1.60012
1.32265
0.968633
10870
T



FORTRAN STOP

0.01454212
0.02232117
0.00326947
0.01037866
0.01230223
0.00317881
0.00385064
0.00470081
0.01344376
0.013577%9
0.00343193
0.00795269
0.01304114
0.01332919
0.02024773

-1,28389
2.99118
2,169

=1.9947%

-1.81353¢
2.50631
24049

-1.39448

-1.57270
2.69347

-1.66314

-1.88447

-3.04923

=2, 40697

-2, 243%0

0.027T33434
0.01486409
0.02221997
0.00320050
0.00870381
0.02615408
0,02338402
0.0223798¢
0.02340191
0.00352244
0.01173477
0.01323586
0.00435744
0.003156643
0.00385084

-75=

1. 591
=2.19821
1,37473
-1.69148
2.007
1.64628
1.39382
1.46138
0.571933
=2.44893
1.21782
1.4035¢
-2.47842
-0.63023
0.39141
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PROGRAN TEA
DEPT OF CIVIL ENGINEERING, M. I. T.
2-D LINEAR FINITE ELENENT FREQUENCY DOMAIN ANALYSIS OF TIDAL WAVES FOR SNALL SCALE GEOMETRY.

ENTER 10 D16IT F.E. GRID GEQNETRY IDENTIFICATION

ENTER 10 DI61T [.D. CODE FOR B.C. VERSION

INPUT NURSER OF ELEMENTS AND NUNBER OF MODE POINTS

INPUT THE NODE WO.,X-COORD.,Y-COORD., AND NODAL M.S.L. DEPTH, ONE NODE/LINE

INPUT ELEMENT MUMBER, THREE NODE NUMBERS FOR THE ELEMENTAND THE ELENENT LINEAR FRICTION FACTOR

MAI. NODAL POINT DIFFEREMCE = {1

INPYT FREQUENCY IN RADIANS/SEC.
INPUT CORIOLIS PARAMETER

INPUT AMPLITUDE OF WIND SPEED, WIND PHASE SNIFT, ANGLE OF WIND DIRECTION (IN DEGREES) AND WIND DRAG COEFFICIENT

INPUT HOM NANY BOUNDARY SEGNENTS HAVE WON-1ERQ NORMAL FLUL PRESCRIDED

INPUT END WODES OF BOUNDARY SEGMENT 1 MITH CORRECT ORIEWTATION

INPUT END NODES OF BOUNDARY SEGMENT 2 WITH CORRECT ORIENTATION

INPUT END NODES OF BOUNDARY SEGNENT 3 WITH CORRECT ORIENTATION

INPUT TOTAL MO, OF DIFFERENT NODES INCLUDED IN NON-1ERQ NORMAL FLUY SEGMENTS
INPUT MODE NO.,MODURUS AND PHASE SHIFT (IN RAD) FOR I AND Y DIRECTIONS

INPUT NODE WO, MODULUS AND PHASE SHIFT (IN RAD) FOR X AND Y DIRECTIONS

INPUT NODE NO. NODULUS AMD PHASE SHIFT (IN RAD) FOR 1 ANO Y DIRECTIONS

INPUT NODE XO. MODULUS AND PHASE SHIFT (IN RAD) FOR X ARD Y DIRECTIONS

INPUT NODE NO.,MODULUS AMD PHASE SHIFT (IN RAD) FOR X ANO Y DIRECTIONS

IMPYT NO. OF NODES WHERE ELEVATION IS PRESCRIBED

INPUT THE NODE NUNBER AND VALUES FOR THE MODIAUS AMD PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE
INPUT THE NODE NUNBER AND VALUES FOR THE MODULUS AND PRASE (IM RAD) OF THE PRESCRIBED ELEVATIOM AT NODE
INPUT THE NODE MUMBER AND VALUES FOR THE MODULUS AND PHASE (IM RAD) OF THE PRESCRIBED ELEVATION AT WOSE
INPUT THE NODE MUMBER AND VALUES FOR THE NODULUS AND PHASE (IN RAD) OF THE PRESCRIDED ELEVATION AT NGBE

PROGRAN TEA
DEPT OF CIVIL ENGINEERING, M. I. T,
2-D LINEAR FINITE ELEMENT FREQUENCY DOMAIN ANALYSIS OF TIDAL WAVES FOR SHALL SCALE GEOMETRY,

F.E. GRID GEDNETRY [DENTIFICATION : EXBAY2

BOUNDARY COMDITION [DEMTIFICATION : BC-0t

FREQUENCY = 0, 00000000

-77=



CORIOLIS PARAMETER = 0.00010000

WIND SPEED AT 10 METERS ABOVE SURFACE = 0.0000
WIND PHASE SHIFT =  0.00000 RADIANS

WIND DIRECTION = 0,00000 DEGREES

WIND DRAG COEFFICIENT =  0.00000000

¥0. OF NODE POINTS = 34
N0, OF ELEMENTS = 44

MAI. NODAL POINT DIFFERENCE = [

IR NODAL COORDINATES AND DEPTHS N NN
NODE 1-COORD. Y-COORD, P
t 7500.00 800.00 25.00
2 9500.00 1300,00 25,00
3 11500.00 2300.00 25.00
) 13000, 00 3000,00 25.00
H 7500. 00 2500.00 25,00
[ 9800.00 3800.00 23.00
1 12000,00 4500.00 25.00
8 $000.00 3000.00 25.00
9 7500.00 6000,00 25.00
10 10500. 00 7500.00 25.00
11 13500.00 8000.00 23.00
12 1000,00 4000.00 8.0
13 4000,00 7000.00 25.00
14 $500,00 4000.00 25,00
15 8800, 00 10000, 00 25.00 -
16 11500.00 10000, 00 23,00
17 14000.00 10000. 00 25.00
18 0,00 §500.00 5.0
19 0.00 10000. 00 25.00
2 3000,00 10300.00 25.00
A 2500.00 13000.00 25.00
7] 5000.00 12000, 00 23.00
3 7800.00 1100000 5.0
(] 10000. 00 11400.00 25,00
-] 12600, 00 11300.00 25.00
% 14000. 00 11600.00 25.00
n 11800.00 12300.00 25,00
2 133500.00 13000. 00 25,00
bs 4000, 00 14500.00 285.00
30 8500, 40 13500, 00 20,00
b} 10500.00 13300.00 25,00
2 9000.00 15500.00 28,00
I 11000,00 135000, 00 25.00
3 12500, 00 14000.00 25,00
HUHH I HHH HH R M ELEMENT ARRAY HEH M L R O
ELENENT [ ) X ELEMENT FRICTION FACTOR
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1 1 2 ) 0.0010000

2 2 [ 3 0.0010000

3 2 3 [ 0.0010000

4 3 ? 'y 0.0010000

3 3 L) ? 0.0010000

) 8 3 9 0.0010000

7 H] b 9 0.0010000

[ ] b 10 ] 0.0010000

? [ 7 10 0.0010000
10 8 13 12 0.0010000
i1 2 9 13 0.0010000
12 13 T U 0.0010000
13 9 10 u 0.0010000
14 12 13 18 0.0010000
IH w 13 B9 0.0010000
16 9 3 0 0.0010000
17 13 4 2 0.0010000
18 20 1 2 '0.0010000
19 19 20 2 0.0010000
20 0 2 A 0.0010000
2l n 2 2 0.0010600
2 n 2 0.9010009
3 2 N N 0,0010000
24 30 3 n (,301000
bel 2 3 %N 0,0010000
% I N 0.0010000
ri o O 3 0,0010000
2 n U N 0.3010000
Vs 2 271 U 0.0010000
30 I 2 N 0.0010000
3 I u N 0.0010000
b 7] 3 13 A 0.0010000
3 15 1% N 0.0010000
ki) A W 0.0010000
33 7 n W 0.0010000
% n 8 22 0.0010000
n w 23 2 0,0010000
38 15 10 1 0.0010000
3 10 1 16 0.0010000
40 8 % B 0.9010000
L} 3 17 B 0.9010660
2 14 17 b 0.0010003
43 16 1 17 0.0010000
1] 10 T ou 0.0010000

HHHH NN BOUNDARY CONDITIONS . FHMHH I HE R R LR RE

¥0. OF BOUNDARY SEGMENTS WHICH HAVE NOM-IERO NORMAL FLUY PRESCRIBED = 3

SEGMENTS WITH NON-IERO NDRMAL FLUX PRESCRIBED ARE:
SEGMENT NO. BEGINING NODE NO. END NODE NO.

1 3 3
2 3 . ]
3 13 23

PRESCRIBED FLOW VALUES FOR NORES ON SEGNENTS MC:
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NODE NO. 1-DIRECTION

u
3 -0.9300
M -1.2100
28 -1.3300
3 =0.6900
13 -0.6900

PHASE

0.00000
0.00000
0.00000
0.00000
0.00000

Y-DIRECTION
fut PHASE
-1.8000  0.00000
-1.6000  0.00000
-1.2700  0.00000
-0.7400  0.00000
=0.7400  0.00000

N0. OF NODES WHERE ELEVATION IS PRESCRIDED = ¢

F Wi CIreN

HEHHIHHR NG

B~ O AP -

PRESCRIBED ELEVATION

1.0000
1.0000
1.0000
1.0000

RESULTS OF COMPUTATIONS

NODAL ELEVATIONS
RODRLUS

1.00000000
100000000
1. 00000000
100000000
1.00277521
1.00020943
0.99933257
1.00179901
1.00135058
1.00212289
1.001143%8
1.00223419
1.00220921
0.99977813
1.00182846
1.00128143
1.00082184
1.00197919
1.00254823
1,00191389
1.00239274
1.00246658
1.00199375
1.00250933
1.00193067
1.00123397
1.00164488
1.00106324
1.00332668
1. 00267349
1,00267472
1, 00348543

e

PHASE

0.00000
0.00000
0.00000
0.00000

THHHHHHHHH
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0.00000
0.0003¢
0.00000
0.,00000
0.0000(¢
0.000.C
0.0002¢
0.00000
0.00000
0.00000
0. 00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.0000¢



DD O A D e

A 1,00421317 0. 00000
b} 1.00317041 0.00000
RODAL VELOCITIES
I-DIRECTION Y-DIRECTION
NODULUS PHASE NODULUS PHASE

0.11872876 314190 0.10354233 314159
0. 02610023 314439 0.07462922 31439
0.00984074 0.00000 0.0043938¢9 310159
0.01434801 0. 00000 0.01742001 0.00000
0.01702290 0.00000 0.04220178 314130
0.00041079 3.14159 0.04507911 314139
0.02033213 314139 0.04340251 31459
0.00574442 0.00000 0.00234294 314139
0.01998268 0.00000 0.00337163 3.14139
0.010219%1 3.14159 0.01700479 314139
0.00509376 3.14139 0.03441213 31039
0.00007838 3. 14150 0.00274338 344139
0.0149709¢ 0.00000 0.0143292¢ 34413
0.01887863 0.00000 0.01a10249 344159
0.00627862 314139 0.01509733 314159
0.00237303 0.00000 0.02035481 314159
0.0082877 31439 0. 02908004 314139
0.00633017 31413 0.00232933 0, 00000
0.00133094 S.113 0.01043585 314159
0.001%0716 3145 0.02849783 344195
0.01979781 .43 0.00837344 b LI
003540434 314139 0.0191436¢4 3.14139
0.02567931 3. 14130 0.00300588 3.14159
0.01943137 3.1413¢ 0.02237412 34415
0.00369103 3. 14130 0.0188144¢ 314159
0. 01701885 0.00000 0.04196153 34059
0.02199353 31413 0.04287280 3. 14139
0.00146200 3. 14139 0.04930750 3.1415¢
0.03063664 3.1413Y 0.01331787 314039
0,031128%4 31413 000823302 3. 14139
0.04612814 .43 0.02989844 314130
0.03513336 3. 14130 0.00071217 ALt
0.06219012 3.141%9 0.00729332 314159
0.07614301 314430 0.05998277 314130
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Cx**xx:*:*z:**:ttx*txt***#**n#*xxxmxztt*x*:**x*xxx:x:xz:xxxxxz:xxxxt***xxx:x:x:

QOO0 a00000

ieivle & &

6010

wiviw

7010
6030

7701

115

PRCGRAM TzZA

LINZAR FREQUENCY DOMAIN FINITE ELEMENT MODEL FOR TIDAL CIRCULATION

COPYRIGHT :
DZPARTMEINT OF CIVIL ENGINZERING
MASSACHUSZTTS INSTITUTE CF TECHNOLOGY

FORMULATION @ ELEVATION/VELCCITY

=FFzCTS ¢ TIDAL MOTICN, WIND STRESS, LINZARIZZD BOTTIM FRICTICN,

AND CGRIOLIS
SOLUTION . COMPACT DIRECT
SOURCZ CTDE : BAYUUF3VY

3034 3¢ 2 30 3 3 3 3 2 3 A 3R 3 3 3 0K 3K 36 3K 30 K 3K 3K 3K 3 3K 3 38 3 K0 3K 3K 4 K 3k 3K K 3K K 3K K 3K K 3K K 3K K 3K 3K 3K 3030 K 3K 3 3 3K 3K K K KK KK K K K KK KK

COMMON /SQLi/ SYSM2C,P,ELEV

DIMZNSICN ICON(60Q0,3),M(600) ,NN(450),IFLSEG(600,2),ISVHT{450)
REAL*8 XORD(450), YORD(450).H(450).ELFRIC(SOO),SVHT(450,2),
SYSNULC(450) ,SYSDC (450, 150) ,A(3) ,B(3) ,HS(3),SVFLP(450,4),
ISVFLP(450)

COMPLEX*16 PW(900) ,ELEVPR(450),FLOW(2) ,PN(450),SYSM1C(450,150),
SYSM2C (450, 150) ,PT(900) ,SYSKLE(S00,3) . P(450) :L"V(450) U{900)

CO¥PLEX=*16 QX.QY.TEMWINXEL, TEMWINYEL,T3,T8,EL

TEMWIN, L’MVINX,TEMWINY.TEMPIC.TEM?ZC,ZERCCM,UNICOM

REAL*8 AREA,DEPTH,DX1,DX2,DX3,
DY1,DY2,DY3,ELIMAG,ELMOD,ELREAL ,G,OMEGA, PHASE,PI,

TEMP, TXORD, TYORD, X1 ,X2,X3, XIMAG,XMOD, XREAL ,Y1,Y2,

Y3, HIPR,LEN, XDIF, YDIF,NX,NY,QXR.QXI,QYR,QYI, ZZ30, UNITY,
DEP,WIND10,WINPHAS,WINDI R,WINDRAG,Ti,T2.T4,T5,T6.T7,CORFAC

CHARACTER*10 ALPHID,BCV

MXANPD=25

MXEL=600

MXNP=450

WRITE(6,6010)

FORMAT(/,' PROGRAM TEA './,

* DEPT OF CIVIL ENGINEZRING, M. T.'./.

* 2-D LINEAR FINITE ELEMENT F?’QUENCY DOMAIN ANALYSIS °,

*OF TIDAL WAVES FOR SMALL SCALE GEZQMETRY.',/)

PI1=3.14159266

ZERO=0.0

UNITY=1

ZERCOM—DCMPLX(ZERO ZERQ)

UNICOM=DCMPLX (ZERQ,UNITY)

READ THE INPUT NARIABLES

WRITE(S, 8020)

FORMAT(* ENTER 10 DIGIT F.E. GRID GEOMETRY IDENTIFICATION’,/)
READ(S,57) ALPHID

FORMAT (A10)

WRITE(§, 5030)

FORMAT (* ‘Lsa 10 DIGIT I.D. CCDE FOR B.C. VERSION',/)
READ(S,S7) B

WRITE(S, 7010) ALFHID, BCV

FORMAT (1X,A10)

WRITE(6,6040)

FORMAT(' INPUT NUMBER OF ELEMENTS AND NUMBER OF NCDE PGINTS’,/)
READ(5,*) NMEL,NMNP

WRITE(8,7701) NMSL,NMNP

FORMAT(iX,I3,1H,,I3)

IF(NMEL.GT MXELS 'GOTO 115

IF (NMNP .GT.MXNP) GOTO 117

GOTO 119
WRITE(6,6050) MIEL
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8050 FORMAT(/.' NQ oF E;§2 'TS SP‘CIFT_D EXCEZEDS ARRAY DIMENSIONS °,
2 ‘WHICH ALLOWS FOR ChLY ° | ELIMENTS,/,' PROGRAM EXECUTION °
4 éé?oSTOPEED MODIFY PROGRAM DIMENSICNING')
117 URIT'CG 8055) MXNP
6055 FORMAT(/,' NO. OF NUD.S S’-CIFIED EXCZZDS ARRAY DIMENSIONING®,
& ' WHICH ALLCWS FOR ONLY *,I5,°' NODES°®./.' PROGRAM EDECUTION *
& 'IS STOPPED; MODIFY PROGRAM DIMENSIONING®)
GJTO 1285
119 CONTINUE
WRITE(8,6060)
6350  FORMAT(’ IR’U“ THE NODE NO.,X-CGGRD. Y‘CuORD AND NGDAL',
& ' M.S. L D TH, ONE NODZ/LINE'./)
DO 130 I=1, NMNP
EIAD(SI*) NN(I),TXORD,TYORD,DEP
XORD(L1)=TXORD
YORD(L1)=TYORD

H(L1)=DEP
wazrz(a 7702) L1, TXORD, TYORD
712% ‘ roanArcxx 14,1H, .F10.2.1H, ,F10.2)
8070 waﬁgiia 6070) UT ELEMENT NUMBER, THREE NODE NUMBERS FOR rns ELEME
z ELEM_NT LINEAR FRIETION FACTOR',/)

oo} 145 I=1 NMEL

READ(S,*) N, (ICON(N,J),J=1 3) ELFRIC(N)
WRITE(8,7703) N, (ICON(N,J).J=1,3)

7703  FQ §§A§(1x ,3(14,1H,Y,14) <
146 conrzuus
C...... CHECK FOR EXCESSIVE BANDWIDTH

IFLAG=0

MANPD=0

DO 160 N=1,NMEL

DO 180 I=1.2

12=1+1

DO 185 J=I2.3

MM=TABS (ICON (N J)-ICON{N 93]

IF (MM.GT.MXNPD) MXNPD=

N:kC:SD*HXN?D—MXANPD

IF (MM.GT.MXANPD) WRITE(S,6080) NPD, NEX.CEED, N.

6080  FORMAT(' MAX. ALLOWABLE NODAL POI ni %< oF °,I3,' IS °,
I3 BY',I4, " AT ELEMENT °, 14 ARR&Y DIMENSIANING',

CEEDED
& 'MUST BE MODIFIED : PROGRAM EX:CUTION IS TERMINATED')
IF(MM.GT.MXANPD) IFLAG=1 °
1656 CONTINUE

CONTINUE

URITE(S 6090) MXNPD

6090 FCRMAT(® MAX. NCDAL POINT DIFFERENCE =* IO 1N
IF(IFLAG.EQ.1) GO TO 1295

Cov'v..n. IBW=BANDWIDTH OF FULL MATRIX WITH SINGLE DEGRZE OF Fas.nou PER NODE
18W=2+MXNPD+1
18W2=2+1BW .
180 g:xgért )INPU‘ GRAVITATIONAL CONSTANT IN CONSISTENT UNITS'./)

¢ ‘“‘JT FREQ u;NCY IN RADIANS/SEC.'./)
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§110

6120

[

6130
2

......

......

198

6145
2

6148
z

200

FCRMAT (' INPUT CORICLIS PARAMZTER',/)

RZAD(5,=*) CIJRFAC

WRITE(8,6120)

FCRMAT (' INPUT AMPLITUDE OF WIND SPEZD, WIND PHASE SHIFT, °,
*ANGLE OF WIND DIRZCTION (IN DEGRZES) ',
' AND WIND DRAG COEZFFICIENT',/)

BZAD(5,*) WIND1O, &IN’{AS WINDIR, WINDRAG

WINDIR=(PI/180.0) *WINDIR

TEMVIN:0.0012*WINDRAG*WIND10**2*(CUS\WINPHAS)+UNICOM*
SIN(WINPHAS))

TEMWINY=TEMWIN*SIN(WINDIR

TIMWINK=TEMWIN=CCS (WINDZIR)

WRIT=(6,6130)

FORMAT (' INPUT HOW MANY 30UNDARY SZGMENTS HAVE NON-ZZR0 NCRMAL',
* FLUX PRESCRIB=D') -

READ(S,=*) NBSF

INITIALIZE THE LOAD VECTCR FOR THE CONTINUITY EQUATICN

DO 192 I=1,NMNP
PN(I)=ZERCOM

LOAD VECTOR LOADING SZCTION FOR NON-ZERO PRESCRIBED NIRMAL FLUXES
IF(NBSF.EQ.0) GOTO 226
READ IN REQUIRED INFO FOR SEGMENTS WITH NON-ZERO NORMAL FLUX PRISCRIBED

D0 196 I=1,NBSF
WRITE(5,6140) I
FORMAT (' INPUT END NODES COF BOUNDARY SEGMENT',IS5,' WITH °,
*CORRECT QRIENTATION')
READ(5,*) IFLSEG(I,1),IFLSEG(I,2)
CONTINUE
WRITE(8,6145)
FORMAT (' INPUT TOTAL NO. -OF DIFFERENT NODES INCLUDED IN NON-"
*ZER0 NORMAL® FLUX SEGMENTS')
READ(S5,*) NBNF
DO 200 I=1,NBNF
WRITE(S, 6148)
FORMAT (' INPUT NODE NO.,MODULUS AND PHASE SHIFT (IN RAD) °,
'FOR X AND Y DIRECTIONS °)
READ(5,*) NODE, (SVFLP(NJDE, J),J=1,4)
ISVFLP(I)‘NODE
CONTINUE
DO 225 I=1,NBSF ,
m-m.sz-:c(x 1) ;
MZ-IFLSEG%I ,2)
XDIF=X0ORD (M2)~-XORD (M1)
YDIF=YORD(M2)-YORD(M1)
LEN=(XDIF**2+YDIF**2) *x0 .5
=-YDIF/LEN
NY= XDIF/LEN
DO 210 K=1,2
NODE=IFLSEG(I,K)
QXR=SVFLP (NCDE, 1) *COS (SVFLP(NODE, 2
LXI=SVFLP(NCCE, 1)*S*N(>VFL?(NODE.2
QYR=SVrLP (NODE, 3) *COS (SVFLP (NODE, 4
QYI=SVFLP(NGDE, 3) *SIN(SVFLP(NODE, 4
QX=DCMPLX (QXR , AXI)
QY=DCMPLX (QYR,QYI) ]
FLOU(K)‘QX*NX+QY*NY
CONTINVE

3
;

Nt et NS

....LOAD THE NON-ZERO FLUX SEGM.NI CCNTRIBUTICNS INTO GLOBAL LOAD VECTCR
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6210
'S

6320
6322
6330

Re B0 P9

6340

6350
&

TEMP=LEN/6.0
PN(M1)=PN (ML) +TP= (2%FLOW(1) +FLOW(2))
N (M2) =PN(M2) +TSP= (FLOW (1) +2%FLOW(2))
CONTINUE
CONTINUE

READ IN ELEVATION LOADING INFORMATION

ELEVC=ZERCOM

WRITE(6,6200)

FORMAT(//,' INPUT NJ. OF NODES WHZRZ ELEZVATICN IS PRESCRISZD')

RIAD(5,*) NBL

IF(N3L.EQ.0) GOTO 2490

DO 230 I=1,N3L

WRITE(S,€6210)

FORMAT(} TNPUT THE NODE NUMBER AND VALUES FCR THE MODULUS AND’,
' PHASE (IN RAD) COF THE PRESCRIBZD ELEVATION AT NODE')

READ(5,*) NODE,HTPR,PHASE

ISVHT(I)=NODE

SVHT(I,1)=HTPR

SVHT (I, 2)=PHASE

XRZAL=HTPR*COS (PHASE)

XIMAG=HTPR*SIN(PHASE)

ELEVPR (I)=DCMPLX (XRZAL, XIMAG)

ELEVC=ELEVO+ELEVPR(I)

CONTINUE

ELEVO=ELEVO/NBL

CONTINUE

DO 250 I=1,NBL

ELEVPR (I)=ELEVPR (I)-ELEVO

PRINT INPUT VALUES

WRITE(6,6300)

FORMAT(//,130('~")./)

WRITE(6,6010)

WRITE(6,6310) ALPHID,BCV ,

FORMAT(//,1X,'F.E. GRID GEOMETRY IDENTIFICATION : " ,LA10,
/.1X, 'BOUNDARY CONDITION IDENTIFICATION : ',A10,//)

WRITE(6,6320) OMEGA ]

FORMAT(1X, 'FREQUENCY = *,F10.8)

WRITE(6,6322) CORFAC

FORMAT(1X, "CORIOLIS PARAMETER = ' ,F10.8,//)

WRITE(6,6330) WIND10,WINPHAS,WINDIR,WINDRAG

FCRMAT(//,' WIND SPEED AT 10 METERS ABOVE SURFACE = ',F10.4,
/.' WIND PHASE SHIFT = ',F10.5,' RADIANS', i
/.' WIND DIRECTION = ', Fi0.5,’ DEGREES', [
/.* WIND DRAG COEFFICIENT = ',F12.8,//)

WRITE(S,6340) NMNP,NMEL

FORMAT(' NO. OF NODE POINTS =',13,/,' NO. OF ELEMENTS =',I13,/)

WRITE(6,6090) MXNPD

WRITE(S,6350)

Fg=?ar(§)1x ,37('*"), 10X, 'NODAL CCORDINATES AND DE?T?S',iOX,
I+

WRITE(6,€35

2)
_FORMAT(/,38X, 'NODE®,§X, 'X-COCRD. *,8X, 'Y-COC2D. " ,9X, 'DIPTH', /)

DO 270 I=1,NVNP

L1=NN(I)

WVRITZ(6,6355) L1,XOR D(Li) YORD(L1),

FORMAT (36X, 15,6X,F10.2,6X,F10.2,6X,

CONTINUE

w2ITE(6,6350)

FCAMAT(6(/),1X,37( *") 10X, 'ELIMINT ARRAY', 10X, 40(’*"),
/735X, "ELEMENT',8X, 1°,3X, 5" ,5X, "K', 12X, "ELEMENT
" FRICTICON FACTOR',/)

CJ 257 N=1,NMEL

H(L1)
F10.2)

’
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€365
287

6400
5410
&

6436
316
321

6440

6442

328
326
327
328

- I=M(N)

w2ITE(5,6355) I,(ICON{I,J),Jt=1,3).ZLFRIC(D)
FORMAT(37X.IS,8X.13,3X,13,3x,13,1 3X,F13.7)
CONTINVE

WRITE(6,6400)

Fgggézéséﬁioixnggé'* ), 1CX, 'BOUNDARY CONDITIONS',10X,30('%'))
e Nnoo
FCEMAT(///,1X, 'NO. OF SOUNDARY SEGMENTS WHICH HAVE NON-ZZRO ',
"NORMAL FLUX PRISCRIEED =',:-4)
IF(N3SF.E]. 0) GOTO 321
WRITEZ(5, 641
"=var<// {X, 'SEGMENTS WIT TH_NON-ZZ20 NCRMAL FLUX =°-sc 132D °
:*,/,4X; "SEGMENT NO.°,5X, 'BEGINING NODE NO.
'=3D MEDE NO. T, 7)
DO 305 I=1,NEBSF
WRITE (5, 5420) I, (IFLSEG(I,J),J=1,2)
FORMAT (7X, I3,2(16X,I4))
WRITE(S, 6430)
FORMAT (//, 1X, 'PRESCRIBED FLOW VALUES FOR NODES ON’,
" SEGMENTS ARE: ')
WRITE(6, 6435)
FORMAT(//.6X, 'NGDE NO.',9X, 'X-DIRECTION', 19X, 'Y-DIRECTION®, 15X,
/.20X,2(% FLUX',6X, 'PHASE',14X), 'DEPTH'./)
DO’ 316 I=1,N3NF
NODE=ISVFLP(I)
WRITE(6,6436) NODE, (SVFLP(NGDE,J) , J=1,4)
FORMAT(6X,I4,5X,2(F11.4,2X,F9.5.8%)
CONTINUE
CONTINUE
WRITE(6,6440) NB
FORMAT(5(/), " NO OF NODES WHERE ELEVATION IS PRESCRIBED =',I3)
IF (NBL. sn 0§ GoTO 2741
WRITE (6, 6442)
FORMAT (' 8} 2sx *NODE*, 10X, *PRESCRIBED ELEVATION'®, 10X,
"PHASE', /)
DO 2740 I=1,NBL
WRITE(S, 6445) ISVHT(I) SVHT(I, 1),
FORMAT(26X,I3,8X,F16.4.11X,F13.5)
CONTINUE
CONTINUE

FORM THE ELEMENT MATRICES IN GLOBAL COORDINATE SYSTEM

SVHT(I,2)

NT2=NMNP*2

ILCB=(IBW-1)/2.0

ICB=ILCB+1

DO 3256 I NT2

DO 325 J'

SYSKLC(I, J) Z’QCUH

DQ 326 I-i,NMN?

SYSNULC(I)=0.0

DQ 327 I=1,NMNP

DQ 327 J=1,IEW2

SYSDC(I,J)=0.0

DO 328 I=1i,NT2

PW(I)=ZERCOM

DO 500 N=1,NMEL
N31=ICON(N,1§
NR2=ICON(N,2
NR3=ICON(N,3)
X1=XOHD(NRI§
X2=X0RD (NR2
X3=XO0RD \Nﬁsg

1=YORD§NR1

Y2=YORD (NR2)
Y3=YORD (NR3)
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ann

B(3)=71-Y2
AREA=0.5*(2(1)*A(2)=8(2)=A(1))
IF(ARZA.LE.0.0) WRITE(6,8500) N
6500 FOEMAT(® AREA OF ELEMENT',I2,' IS LESS THAN ZERO,'
2 ' PRCGRAM EXECUTION IS TERMINATED')
IF(ARZA.LE.O. O) STO?
ES(1)=2*H(NRL) +H({’2‘+4( 23)
£S{2)= H(NR1)+2*4(N? Y +E(N23)
HS(S)=H(NRI)+H(NRZ)+2=H(N33)

...... LOAD EZLIMINT CONTRIBUTION INTO GLCBAL MATRIX SYSNULC (IN LUMPED-

....... COMPACT STORAGE MODE)

Ti=AREA/3.0

SYSNULC(NR1)=SYSNULC(NR1) +T1
SYSNULC(NR2)=SYSNULC (NR2) +T1
SYSNULC(NR3)=SYSNULC (NR3) +T1

...... GENERATE GLOBAL LUMPED-COMPACT STIFFNESS MATRIX FOR MOMENTUM EQ
....... INCLUDZS COMBINEZD MASS,FRICTION AND CORIOLIS MATRICES

T2=AREA/12.0
DO 460 I=1,3
IR-ICON(N n
IR2=2*IR
IR1=IR2-1
T3=T2*DCMPLX (4*ELFRIC(N) ,OMEGA*HS(I))
T4=T2*CORFAC*HS (I)
SYSKLC(IR1,2)=SYSKLC(IR1,2)+T3
SYSKLC(IR1,3)=SYSKLC(IR1,3)-T4
SYSKLC(IR2, 13 =SYSKLC(IR2,1)+T4
SYSKLC(IR2,2)=SYSKLC(IR2.2)+T3
460 CONTINUE

...... LOAD ELEMENT CONTRIBUTIONS INTO GLCBAL MATRIX SYSD (IN COMPACT
....... NON-SYMMETRIC STORAGE MODE)

76=1.0/24.0
D0 450 I=1,3
IR=ICON(N,I)
DO 440 J=1,3
JNCCMP=ICON(N, J)
JCOMP=JNCOMP+1CB-1IR
T7=T6*HS (1)
SYSDC(IR,2*JCOMP-1)=SYSDC(IR,2*JCOMP-1) +B(I)*T7
SYSDC(IR,2*JCOMP)=SYSDC(IR,2*«JCOMP) +A(I)*T7 -
440 CONTINUE
430 CONTINVE

...... ADD ELEVO COMPONENT TO PN LOADING VECTCR
T8=T1*UNICOM*0OMZGA*ELEVO
DO 465 I=i,
IR=ICON(N,I)

4€5 PN(IR)=PN(IR)+T8

...... LOAD PW 70 CONTAIN WIND STREISS LCADINGS
$:"fwa.u :_L: -AX*Ti

DO 470 I 1 3
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[ 4
924
925
§30

IZ=ICON(N, T) -
In2=2=IR
IR1=IR2-1
PW(IR1)=PW(
PWw (TR2)=PW(

CONTINUZ

CONTINVE

INVERT THE MATRIX SYSKLC

D0 910 IR=!, NMNP
I“Z‘Q*'R
IR1=IR2~
TZMPLC= S&\(LC(I’I 2) *SYSKLC(IR2,2) -SYSKLC(IR2, 1)
*SYSKLC(IR1,3)
TEMP2C=SYSKLE(IR1,2)
SYSKLC(IR1,2)=SYSKLC(IR2,2)/T=MPIC
SYSKLC(IR2,2)=TEMP2C/TEMP1C
SYSKLC(IR2,1)=-SYSKLC(IR2,1)/TEMP1IC
SYSKLC(IR1,3)=-SYSKLC(IRL,3)/TeMP1C
CONTINUE

FCRM THE PRCDUCT PT=SYSKLC*rW

DO 915 IR=1,NT2
TZMP1C=ZERCOM
" DO 912 K=1,3
KSUM=IR-2+K
IF((KSUM.LE.0) .OR. (KSUM.GT.NT2)) GOTO 912
J— II§SéC-IEHP1C+SYSKLC(IR ,K) *PW (KSUM)
IF(IR.GT.1) PT(IR-1)=TEMP2C
TEMP2C=TEMP1C
CONTINUE
PT(NT2)=TEP2C

FORM THE PRODUCT P=SYSDC*PT-PN

DO 920 IR=1,NMNP
JSHIFT=2*(IR-1CB)
TEMP1C=ZERCOM
DO 918 JCOCL=1,IBW2
JNCOCL=JCOCL+JSHIFT
IF((JNCOCL.LE.O).OR.(JNCOCL.GT.NT2)) GOTO 918
T 1C-TEMP1C*SYSDC(IR.JCOCL)*PT(JNCOCL)

CONT
P(IR)-TEMPIC PN(IR)
CONTIN

FORM PRODUCT SYSM1C=SYSKLC*SYSDC(TRANSPOSED) :SYSMIC IS STORED SIDEWAYS

DO 930 IR=1, NMNP
JSHIFT=2*(IR-ICB)
DO 925 JCOCL=1,IBW2
JNCOCL=JCOCL+JSHIFT
SYSM1C(IR, JCOCL)=ZERCCM
IF ((JNCOCL.LE.0) .OR. (JNCOCL.GT.NT2)) GOTO 925
KSUM=JCOCL-2
DO 924 KADD=1,3
KSUM=KSUM+1
IF((KSUM.LE.O) .OR. (KSUM.GT.IBW2)) GOTO 924
SYSMIC(IR, JCOCL)=SYSM1C(IR, JCOCL) +SYSKLC(JNCOCL,KADD) *
SYSDC(IR,KSUM)
CONTINUE
CONTINUE
CONTINUE

IR
In

Y+ TMWINXEL
) -...\fll-Nvuu

4
ES
A
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943

......

-------

------

------

------

------

FGRM THE PRODUCT SYS..2C=1*QMZGA*SYSNULC+G*SYSDC*SYSMIC

IBw3=IBwW2-1
ILCB3=IBw-1
ICB2=ILCB3+1
L0 935 IR=1,IBW
DO 935 JCOM —1 IBw-IR
SYSV2”(7R JCOM)=ZERCOM
D0 §37 IR=NMNP+2- IBW, NMNP
DC €37 qu ‘NVV°‘2+I:W I3wW3
svs¥eC (I3, JCC¥)=ZZRCCM
bC €30 IRI=1 NINP
"'a'—" T”l-TBW*I
IF(IRBEG.LE.0) IRBEG=1
IREND ’RI*I“%
"(TR.ND GT. NWNP) IREND=NMNP
DO 945 IR2=IRBZG,IREND
KSHIFT=2=(IR1-1IR2)
KBEG=1
IF (KSKIFT.LT.0) KBEG=1-KSHIFT
KEND=2*IBW-KSHIFT
IF(KSEIFT.LT.0) KEND=IBW2
TEMP1C=ZERCOM
DO 943 Ki1=KEZG,KEND
K2=K1+KSHIFT
TEMP1C=TEMP1C+SYSDC(IR1,K1) *SYSMIC(IR2,K2)
CONTINUE
JCCMP=IR2-IR{+IBVW
SYSM2C(IRL, JCOM?;=G*TEMP1C ‘
IF(JCCMP.NE.ICB3) GOTQ
SYSY?C(IRl JCOHP)‘SYS¥2C(I81 JCUH?)*UNICUH*DHEGA
*SYSNULC(IR1)
CONTINUE
CONTINUE

INCLUDE PRESCRIBED ELEVATIONS IN FINAL SYSTEM OF EQUATIONS FOR
CALCULATING ELEVATIONS, SYSM2CsELEV=p

IF(NBL.EQ.0) GOTO §90
DO 680 I=1 NBL . '
NODE=ISVHT(I)

ZERO OUT THE ROW FOR THE PREZSCRIBED NGDE

DD 960 JCOM=1,IBW3
SYSH2C (NODE, JCOM) =ZERCOM

SET DIAGONAL EQUAL TO 1

SYSM2C (NODE, ICB3) sDCMPLX (UNITY, ZERO)
SUBSTITUTE PRESCRIBED ELEVATION INTO P

P (NODE) =ELEVPR(I)

CONTINVE

SOLVE THE SYSTEM OF EQUATIONS SYSM2C+ELEV=P
CALL EFICSSL(NMNP,IBW3)

CALCULATE NODAL VELOCITIES VECTOR U FROM ELEIV

DO 1070 I=1,NT2
U(I)-Z.RuOM
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------

1280

‘rOPHAT(//// 1X.,3

£Q 11C0 ZIRCTM=L,W\N0NP
4SEIFT=2=(Z3C0M-1)-2=ILC

DO 1080 JCOM=1,I5W2
L?WC.X‘JC"'*KS%TF’

F((IRNCCM.LZ.0) .CR. (IRNCCM.GT. N’”)) G“’O 1080

U(IQW”OH)’U('QauQH)*G*=Y831C(IAC91
CONTINUE
CINTINVE
DO 1102 IR=1 ,N°2
(*R\—PTf';);U( ZR)

'IDTT?:‘S

FORMAT(////.1X.3C( =), 10X, 'RESULTS OF COMPUT
SE FCR ELEVATION

CALCULATE AND PRINT MCDULUS AND PHA
WRITZ(5,56:C)

-r\

//.28X," NCD ,14X, "MODULUS *,18X,'P
ADD BACK IN ELZVC TO TOTAL ZLZVATION

DO 1246 I=i, NMNP

ELEV(I)=ELZV(]) +ELEVO

DO 125C I=1i,NMNP
ELBEAL=DR£AL(ELEV§I);
ELIMAG=DIMAG (SLEV I;
ELMOD= CDABS(ELEV(I)

cOf) +ELE

“""P"\\
. -lwit

EV(IRCIM)

$',10X,30({"'*"))

*-'),8X, 'NGDAL EL:VATIONSé 7X/§1( =",

IF((ZLREAL.EQ.0.0) .AND. (ELIMAG.EQ.0.0)) GOTO 1235

PHASE=ATAN2 (ELIMAG,ELRZAL)
GOTO 1240
PHASE=0.0
CONTINUE
WRITE(6,8620) I, ELMOD, PHASE -
Foauarcsox 13,14X.F132.8,14X,F9.5) ..
WRITE(8,7708) I, D,PRASE’
FORMAT (iX,I4,1H,,F20.10, 1H, ,F15.10)
CONTINUE

CALCULATE AND PRINT THE MODULUS AND PHASE FOR VELCCITY

WRITE(S,6820)

FGRMAT(////.1X,30(*="),10X, 'NODAL VELOCITIES®,10X,30('-"),

//.31X, *X-DIRECTION' 28X, ’Y-DIR’CTIUN' /.

8X; *NODE®, 12X, "MODULUS® 11X, ‘PHASE', 16X,
'xanm.us',z}z“x. *PHASE’, /}

L1=NN(I)*2-1

DX1=CDABS (U(L1

DX2=DIMAG(U(L1

DX3=DREAL U L1

IF(DX2.EQ.0.0.AND .DX3.2Q.0.0) GO TO 1278
EXﬁ:ATAN2(DX2 .DX3)

DY1=CDABS (U (L1

DY2=DIMAG(U(L1

DY3=DREAL (U(L1
IF(DY2.EQ.0.0.AND.DY3.5Q.0.0) GO TO 1278
DY2’ATAN2(DY2 DY3)

GO TO 1282

DX2=0.0

GO TO 1260

DY2=0.0
VR;TE(G 6650) NN{I),DXi,6DX2,DY1,DY2

FORMAT (8X,I3,10X,F12.8,8X,79.5,12X,F12.8,7X,F9.5)

WRITE(8,7709) NN{(I),DXi,DX2,DYi,DY2

FORMAT (iX,I4,1H,,F20.10, 1M, .F15.10,1H, ,F20.10,1H, ,F15. 10)
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CONTINUE ‘ -
STCP

rapa
LN

no

SUBRCUTINE' "’”SUL’NDM;IB?)
. COMMON /SOLL/ 2
CCHPLEX*16 3(‘a0 150) £(450) ,X(450)
COMPLIX*18 T=V32Li, TEMSIL2
ZAL*8 ZEZRD,UNITY
ZZRS=0.
UNITY=1.
LLCB-(IBU~1)/2

ZRCB=ILCB+2

C...... PERFORM GAUSS ELIMINATION ON CCMPACT MATRIX AND LCAD VECTCR

CO 100 IRW=1,NDM
TEsOL1=B(IRV, ICB)
€ (IRW) =C (I2W) /TEMSO
au?g gcs,-ocru(m\xrv ,ZERO)
'S 4Ve 0a ‘6
B(IRW, JNMR)=B(IRW, JNMR) /TEMSOL1L
10 CONTINUE
IRWB=IRW+1
IRwE=IRW+ILCB
DO 0 IRWZ=IAWB, IRWE
IRMVE=ICB- (IRWZ-IRW)
TEMSOL2=B (IRWZ, IRMVE)
B(IRWZ, IRMVE) =DCMPLX (ZERO, ZERO)
IROCH=IRMVE~1
DO 40 JCOZ=IROCH, IBW
B(IRVZ, Jcoz)-é(fawz JCOZ) ~TEMSOL2#*(
z s(mu JCOZ+ (IRWZ-IRV)))

C(IR”Z)‘C(IRUZ)-TEH°0L2*C(IRV)
80 CONTINVE
i00 CONTINUE

...... SOLVE FOR UNKNDWNS USING BACK-SU2STITUTION

ISV=NDNM
200 CCNTINUE
X (ISV)=C(ISV)
DO 300 2Sv=1,ILCB
=ISV+JSV
IF(KSV.GT.NDM) GOTO
X(§S§)‘X(ISV)-B(ISV ICB+JSV)*X( SV)

300 CONTI
301 CONTINUE
IsSV=1sv
IF(ISV. GE 1) GOTO 200 -
RETURN
END
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Appendix 2:

Program RENUMB

2.1. inputs/outputs

2.2 listing
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Program RENUMB renumbers grid node numbers in an efficient manner in
order to optimize the maximum nodal point difference between connecting
nodes, allowing program TEA to be run more efficiently. RENUMB should be
run after a grid has been set up or after some grid modification has been
domne.

Input requirements‘for RENUMB are exactly the same as for program
TEA. Hence a complete input file set up for TEA can be run with RENUMB.
The un-renumbered grid input file is read in on TAPE 5. The renumbered
output file will be output onto TAPE 6. We note that only node numbers
change when running RENUMB and that element numbers remain the same.
Finally RENUMB outputs renumbgring information on TAPE 8. The example

shown in Appendix 1.3.3 has been run with RENUMB and is listed here.
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EX3AY2

3C-01

14, 34
1,
2,
3,
4,
5,
6,
7y
8,
9,
10,
11,
12,
13,
14,
15,
1s,
17,
18,
19,
20,
21,
22,
23,
24,
25,
26,
27,
28,
29,
30,
31,
32,
33,

11000.00,
8500.00,
9000.00,

10500.00,

1250C.00,
6000.00,
6000.00,
780¢.00,

10000.00,

11800.00,

13500.00,
2500.00,
3000.00,
6300.00,
8800.00,

11500.00,

12600.00,

1400¢.00,

.00,
4000.00,
7500.00,

10500.00,

13500.00,

14000.00,

0.00,
500C.00,
1000.00,
7500.00,
9800.00,

12000.00,
7500.00,
9500.00,

11500.00,

13000.00,

31,
32,
32,
33,
33,
26,
28,
29,
29,
26,
26,
20,
21,
27,
25,
19,
20,
13,
19,
13,
12,

6,

32,
29,
33,
30,
34,
28,
29,
22,
30,
20,
21,
21,
22,
20,
20,
20,
14,
14,

1500¢.00, 23,0000
13500.00, 25.0000
13500.00, 25.0000
1330C.00, 25.0000
14000.00, 25.0000
1450C.00, 25.0000
12000.00, 25.0000
1100C.00, 25.0000
1140C0.00, 25.0000
1230¢.00, 25.0000
1300C.00, 25.0000
1300C.00, 25,0000
1030¢.00, 25.0000
9000.00, 25.0000
10000.00, 25,0000
12000.00, 23.0000
1130¢0.00, 25.0000
11600.00, 25.0000
10000.00, 25.0000
7000.00, 25.0000
6000.00, 25.0000
7500.00, 25.0000
800C.00, 25.0000
10000.00, 25.0000
6£500.00, 25.0000
3000.00, 25.0000
4000.00, 25.0000
2500.00, 25.0000
3800.00, 25.0000
450C.00, . 23.0000
80C.00, 25.0000
1500.00, 25.0000
2300.00, 25.0000
3000.00, 25.0000
28, 0.00100000
28, 0.00100000
29, (€.00100000
29, 0.00100000
30, 0.00100000
21, 0.00100000
21, ©€.00103C00
21, ©€.00103000
22, 0.00100000
27, 0.00100000
20, 0.001C3000
l4, 0.00100000
14, 0.00100000
25, 0.00100000
19, 0.00100000
13, 0.00100000
13, ¢©.00100000
7, 0.00100000
12, 0.00100000
12, 0.00100000
6, €.C01C0000
2, 0.00133000
3, 0.001i03000
3, 0.00102000

€.00120000
¢.co1cl000



27, 2, 9,
28, 2, 4,

29, 9, 10,
30, 4, 19,
31, 4, s,
32, 8, 15,
33, 15, 18,
34, 9, 18,
35, 10, 11,
3§, 0, 17,
37, 14, 17,
38, 15, 22,
39, 22, 23,
i0, 17, 18,
41, 17, 24,
42, 14, 24,
43, 15, 23,
44, 22, 130,
9.81000

0.0000000000

0.0001000000
0.0000000000,

4, 0.00100000
1, 0.00100000
4, 0.00100000
5, 0.00100000
1, ©£.00100000
9, 0.00103000
9, 0.00100000
0.00100000
5, 0.00100000
€.00100000
0.00100000
0.00100000
0.00100000
0.00100000
0.00100000
0.00100000
0.00100000

23, 0.00100000

¢.0000000000,

0.0900000000,

€.0000000000

3
1' 5
S, 11
15, 8
5
1, -0.9300000072, 0.0000000000, -1.7999999523, 0.0000000000
S, =1.2100000381, 0.0000000000, =-1.6000000238, 0.0000000000
11, -1.5299999714, 0.0000000000, -1.2699999809, 0.0000000000
8, =-0.6899999976, 0.0000000000, -0.7400000095, 0.0000000000
15, -0.6899999976, 0.0000000000, =-0.7400000095, 0.0000000000
4
31, 0.0900000000, 0.0000000000
32, 0.0000000000, 0.0000000000
33, 0.0000000000, 0.0000000000
- 34, 0.0000000000, 0.0000000000

-97-



Appendix 2.2

-98-



cgeeeeececee
As

iizensicn nexs (600, xcrdfo 0) ,yord(802) ,dep(800),1icon{8C0,3), ]

1C00

1001

2001

10

cc

e
W -

12
3001
4001

5001

5C03

50056

5006

~
-
-

AN
-

gecoeeceeceeecceecceceeses

regran fer a::c**:;c reaumtering

Y will give the following input variables
or program tea :@:  alpaid,bcv

amel amnd

”

e

2ode x-ccord R i coord
it icont 1co 2 icon3 depth

ggeeeceecceeeececes

znz(soo ,1in%(500), fric(5C0)
charac e**‘o al,“-‘,bcv
read (5,1000) alph:d
read(s 1f00) bev
=(a0)

forz

;r:ue(s,b001) alphid
;rvte(s 1001} bev
format{ix,at0)
read (5, *) nmel,nmng
write (6,2001) nmel,nanp
format (1
do 10 i=
read (s, *) nex‘(i) xerd (1) ,yord(1),dep (1)
n*nu(neXu(l))‘

conti
read(s *) (n,(icon(an,]),j=1,3),fric(n) ,n=1,nmel)

call renum(nmnp,nmel,icon, jnt,idiff, ndif?t)

maxbwh=ndiff+1
do 13 1i=1,nmnp
do 11 i=1,nmnp

nt (1)

1: (11.0e.1) go to 11

wTite(6,3001) next(ii),xord(1), yord(i) dep (i)
continue
conzinue
do 12 i=
i1=icon({, 1%
12=icon(i,2
i3=1con(4,3
1={nt (i1}

|

3=jnt
write
coatinue
format(ix,14,1h,,£10.2,110,,210.2,1h,210.4)
‘ormat(lx 4(i4,1n)), 212.8)

read %
;Tite(s 500 )
format(ix,10.
read (5, *)
wTite(8,5003) omega
format(1x,£15.10)

read(5,*) corfac

write(8,5003) corfac .
*) winil,win2,win3,wind

2= nt%

read (S,
wTite(8,5005)
format(ix,3(f15.10,°,").£15.10)
read (5,=) ntst?
write (6,5006) nbsf
format(ix,110)
1f(nbsf. eq 0) goto 5100
do 5040 |
read(5,*) ni,n2

]

Jd

ni
12

:

nv
nc

i

2)

i3)
6.4001) 1,11,]2.13.fric(L)

%

ni
n2

13

{,nmel

one

1h,,i3)

)

ga

.1n1,~in2,:1n3,win4

=1,nbst

3
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write(6,35C30) 131,*n2
5230 formas ('x 110,7,',110)
5040 continue

read(s,*) nont

write(6,5006) nbaf

do 5C7¢ i=1,nbnft

read (5,*) node,svl,sv2,sv3,sv4

)ncde-¢n:(“ode)

write(5,5083) inode, sv sv2,sv3,sv4
5085 formaz(ix,i10,4(’,’,£15.10))
5570 conTinte
5100 read{s,=) ad

» wd

write(8,5006) nbdl

if(nbl.ec.0) goto 9999
do 5300 i=t,zdl
reac{3,*) node htpr,phase
jrode=int(node)
~ write(5,5250) jnode,ntpr,phase
5250 format(ix,iio, (r,'., 115, 1o))
5300 continue

ce
9999 stop
end

subroutine renum(nodes,lments,icon,jnt,idif?, ndifs)
cceee
dimension icon(600,3),1n1(600), g t(24C0) ,memi % (4800)
jv2(3),3t318),jt4(5)

dimension jmem(600),1x(5),jt1(5
dimension 1x(5),jntx(3)

write (8,18)

do 100 i=}1,lments

i1=1

12=1+600

13= 1+600%2

14=1+600%*3

je(i2)=icon(i,2

jt(il)=icon(1.1§
1t (13)=icon(i,3

je(id)=0
100 continue
19 format(ihO, 'inmput data'/iho0,’'ne.’',3x,'1.",3x,°2.°,3x,'3."/100)
1x=1ments/&+1
do 150 i=t,1x
lp=
do 160 1i=1,4
ix(ii)=iel .
JeLiy)= §1+1 p) |
jt2(iys= 1+1p+8600)
je3(iy= t(1+lp+1200)
1t4(ii) Ji(1+1p+1800)
p=1lp+ x .
160 continy

crite (8.2) (1x(11), Je1(L1),982(41),583(41),Je4(11),11=1,4)
150 continue
2 format(ih,4(515,3x))

call setup(nodes,lments, jt,mexait, jmem, {nt, 141!
Tite(8,20) 1d1iff
20 ‘orrav(lho * maximum difference idiZf=",15)
call %guﬂ.w(noﬂes lments, jt,menit, jmem, Jn»,.diff ndiff
wrile
29 format(ih),’ results od nodes alter renunbe *-'g )
write (8, QO)
30 formas(iR0,9x,°y,2x,'Jns(j) ")
nx=rodes/5+1
¢o 200 j=1,nx

ccce

re

,ndifs)
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210 continue

write(8,31) (jx(jj).jatx(jj).j}=1.3)
200 continue
31 format(id,5(5x,2i5))

write (8,32)

do 300 ;=1{,1x

lp= 0

Q)
O
(A)

P)
lo+600)
1p+1200)

A _aA_
ct ¢t (0
IIOHOH
Ut_nL.‘A_ol__‘ e
B A aa s O
PR LT
+ + -0-

t
(
(
1

® M Il Il‘ <At

310 contim:
;gi%e §8 ,33) (x(33).Jne(ite(ied)) ., joedis2(iid), jnt(jts(jj))
300 continue
32 format(ih0,9x,'{'.3x,'11’,3x,'12",3x,'13'/1h0)
33 format(ih, 4(Sx 15))
retura
end
ccce
subroutine setup(nodes,lments,jt,menjt,jmenm,jnt,1dif? ndif?)

dimension jt(2400),memjt(4800), jmem(600), jnt(600)
iditf-o
do 10 ,nodes
10 jmem(jl=
o 60 1 1 lmants
do 50 i=
1nt1 jt(600*(1 1)+{
(jnti.eq o 60
sub=( nti 1)*8
o 40
if(ii.eg.i § to
1 t=1t(800=(I1- 1)+j)

0
meml %mem%jnti?
if (memi. e o to 30
do 20 iii= mem
11¢( memjn(jsub+111) eq.jit) go to 40
20 continue
30 ]mem( nti)= imem(jnti)+1

ccce

memjt{jsub+jmem(inti) ‘1;
1£(1abs(jnti-jje) .gt.1di2f) 1diff=iabs(jnti-jjt)
40 continue
50 continue
60 continue
return
end
cceee
’ subroutine optnum{nodes,lments,jt,meajt, zem,jn%,1diff ndi?

dimension 3t(2400), memjt(4800) jmem(600), Jnt (600)
dimension newjt(600),]01n%(600)
njts=nodes
m nmax=idiff
do 60 ik=1,nodes
do 20 j-i nodes
joint(
20 newit(] -o

ccecce
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40
45
50
3

100

©ax=0

i=1

newjt(1)=ik
oint(ik)=1

=1

k4=imenm(nevit (L))
1£(k4.29.0) g0 to 45
jsub=(nevjt(i)-1)=8

dc 490 lj=;.ké
kozmen]L(isto+i})
if(j?inz(KS).Su.G) €0 to 40
k=X

newjo(k)=k

ioiav(k3)=k
ndiff=iabs(i-X)

12(ndiff ge.minmax) go to 60
if(ndiff.gt.max) max=ndiff
ccntinue

if(k.eq.njts) go to 50
i=i+}
go v 30
ninmax=max

do 55 j=1,ncdes
jns(§)=jeint(j)

continue
nmdifi=ndiff+1
write(8,100) ndiff, nmdif?f

format(ih0, 'maximum difference after renumbering ndiff’,i5, 'new m3
&xbwh’,15)

retura
end
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Appendix 3: Massachusetts Bay Example
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3.1
3.2
3.3
3.4

input for Massbay tidal case
input for Massbay steady current case
output for Massbay tidal case

output for Massbay steady current case
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224,

W+ OWM JONULE WM

L Y

Ay s papan s

15,

.0CCo,
9920
.CC220,
.0C00,
.0000,
1.0000,
.00C0,
.000Q0,
.C330,
5.C0C0,
.00C9,
.C200,
.CCOQ0,
.CQ00,
.0C09,
.0000,
.00C0,
.CC00,

oca,

.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.000C0,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.00CO,
.0000,
.00Q0,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.0000,
.00C0,
.0000,
.0000,
.0000,
.€JC90,
.0000,
.0000,
.00¢C0,
.coco,
.CCCO,
.00,
.0000,
.0000,

£8040.
70549.
54543.
.0CQ0,
5.0000,
63325.
61736.

75581
7121

59531

67247.
610585.

€300,
00cCo,
0000,

€0C0,
0C00,

nAAN

PRV AVAY)
£0233.
£30%24.
80677.
74517.
€56834.
£62548.
59055.
57817.
53023.
55817.
82804 .
75184.
£8338.
62167.
60738.
59055.
56198.
§3721.
51438.
49371.
86265.
80137.
73660.
£8898.
62421.
55817.
57245.
57023.
56293.
52737.
48419.
90287.

0209,
SCo0,
€000,
0000,
0030,
0000,
0000,
00090,
0000,
0000,
0000,
0000,

0000,
0000,

36.0000,
-0000,
10200,
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. e 8 % e .

OV WN

- v .

Fha bs b o b s b b b s
[ X S e S e S e

(3]
[v]

0480.0000, 51245.00C0, 30.0000

26226 .0000, 44037.00C0O, 5C.08C0
18352.000C, 40577.C000, 62.0000
12446.0000, 36195.C200, 50.00C0
049.0000, 31530.0000, 25.0000
3239.00090, 25654 .0000, 10.0000
34544 .0000, £4323.0000, 22.00C0
30798.0200, 370£2.C000C, 21.00C0
24882.0000, 36638.0C00, 50.0300
20257.0000, 33837.00C0, 58.CCJ0
142240000, 2574 .0C00, 47 00CO
£€303.C822¢C, -24733.80C0, 32.0CC0
£207.0200, 19653.0000, 5.C20
- 37433.0000, 39455.00C00, 32.0000
33718.0000, 31052.0000, 60.0000
2749€.0200, 28337.0000, 60.0300
20066.0000, 26288.0000, 55.0000
14732.0000, 22479.0000, 40.C000
100€5.0000, 18225.0000, 30.0000
6096.0000, 16764.0000, 10.0000
1475.0000, 16462.0000, 5.0000
40789.0000, 33814.0000, 55.0000
35735.0000, 27484 .0000, 30.0000
33941.0000, 25527.0C00, 55.0000
26¢88.0000, 23463.0000, 53.0000
21146.0000, 20574.0000, 48.C000
16129.0000, 16732.0000, 40.0000
11970.0000, 13367.0000, 30.0000
8255.0000, 14542.0000, 15.0000
3250.0000, 13012.0000, 5.0000
5969.0000, 13430.0000, 10.0000
40545.0000, 28067.0000, 30.0000
44577.0000, 27464 .0000, 30.C000
33150.0000, 18431 .0000, 46.0000
36576.0000, 22416.0000, 40.0000
27877.0000, 16510.0000, 45.0000
23146.0000, 14288.0000, 43.0000
17812.0000, 12508.0000, 37.0000
14542.0000, 9€81.0000, 25.0000
10287.0000, 10097.0000, 5.0000
7938.0000, 12033.0000, 5.0000
39053.0000, 195580000, 38.0000
35433.0000, 13875.0000, 35.0000
29655.0000, 10573.0000, 35.0000
25718.0C00, 6287.0000, 32.0000
20003.0000, 7366.0000, 33.0000
18399.0000, 3239.0000, 22.0000
11857.0000, 4953.0000, 5.0000
44037.0000, 23844.0000, 20.00C0
45942.0000, 19050.0000, 15.0000
41815.0000, 14034.0C00, 27.0000
36703.0000, 8954.0000, 31.CC00
31845 .0000, 4589.0C00, 29.0000
26321.00C0, 381.0000, 20.0000
20013.000C0, 794.0000, 25.00C00
14478.0000, -1048.0020, 15.0000
10795.0000, 657.00800, 5.0C00
48000.0000, 12954.0000, 5.0300
42736.0000 8192.0000, 18.0000
38132.0CC 3520.0000, 22.C000
32925.0000, -1C16.0000, 22.CCC0
27178.03200, -£699.C000, 21.C3C
20472 .CC0, -8017.0C000, 20.CCC
16764.0500, =35¢3.0000, £7.6C0
13365.CCC =5280.C2C0, 5.0200
11239.0¢00, -2853.02073, 5.00C0

-106-



892:.02C0,
21585.020C,
-2032.00C00,
-5429.0000,

-10160.0C00,

-3338.C0CC,
-6985.030C3,

=7€2.0000,
£525.CCCJ,
-8446.0000,

-1C8£8.0000,

-107-
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.C25CC0
.QC2CC
002000
.C05000
.0050%0
.0C5000
.0G3020
.C05CC0
.005300
.0C5C00
.005CC0O
.GC58L00
.0C8CCO
.00EC00
.0C5CC0
.C05CC0
.005C00
.005C090
.0080C0
.0050C9
.005000
.005000
.005000
.005000
.005000
.0030C0
.005000
.005000
.005C00
.0035000
.005000
.0CS000
.00S50C0
.0050C0
.C05000
.Q03G600
.0C5000
.008GC0
.005000
.C05000
.003000
.€050¢0
.0C5000
.CC3000
.005000
.0050C0
.005000
.005C00
.005000
.C05000
.005¢CC0
.005000
.005000
.C05000°
.008¢CC0O

.C0C¢C

AAAA

BECRRVAY)

.CCCO
.0CCO
.0CC0
.0CC

.CCCO
.CT20

AAN

B A A

.CC20
.CCCO
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.C05000

05000

.0C582820
.CC5000
.005000
.0C5C00
.005000
.005000
.0050090
.005000
.003000
.C05000
.025200
.00500C

.035000
.005000
.005000
.005000
.005000
.0050C0
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.0050C0
.005000
.005000
.005000
.003300
.008000
.0050C0
.005000
.005000
.005000
.008C000
.003000
.CC5000
.005000
.0C5000
.C05000
.CC3000
.005000
.008000
.005000
.005000
.035C00
.003009

.CC5022

0283230

.0C3000
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0000000000000V 00000000000D00000CV0A0000000C0000O00O0O0O0NOCO0O0OCAVOTOOO

.CCE300
.CC38C0
.008000
.0C5C00
.0C5CCO
.CC5CC0
.008C00
.CC50C0
.CC35C00
.0C5C00

AAZAA
.CC85CC0

f\"\"‘f\co

- YwOwv

.0C5C00
.C05C873

.0C58C0
.0C30C00
.0050¢C0
.005000
.005000
.005000
.C05000
.005000
.005000
.005000
.0C5000
.0C5000
.005000
.005000
.005000
.005000
.005000
.0050G0
.005000
.005000
.0056000
.005000
.005000
.005000
.005000
.005000
.005000
.C05000
.005000
.005000
.0C5000
.005000
.005000
.005000
.005000
.0050C0
.005000
.005000
.005000
.005000
.0C30C0
.005C000
.CC5000
.0C5C00
.C05000
.005000
.005000
.005000
.0C5000
.005000
.005000
.0C5CC0



g2, 104, 91, 0.005000
121, 122, 130, 0.003000
122, 131, 18390, 0.008000
122, 123, 131, 0.005C00
115, 123, 122, 0.0C5000
115, 118, 123, 0.005000
116, 124, 123, 0.005000
116, 117, 124, 0.005300
117, 125, 124, 0.0C5C00
117, 128, 125, 0.0033800
.18, 128, 117, 0.0G33200
118, 127, 125, 0.0C38CT
118, 119, 127, €.0C3000
1.0, 119, 118, 0.0C30C0
110, 120, 119, 0.008000
(i1, 120, tio, 0.0C5000
130, 131, 137, 0.0C5C00
131, 138, 137, 0.003CC0
131, 132, 138, 0.0050C0
123, 132, 131, 0.005C00
123, 124, 132, 0.008000
124, 133, 132, 0.005000
124, 125, 133, 0.005C20
125, 134, 133, 0.06C5000
125, 135, 134, €.0C5C0C0
125, 126, 135, 0.0C5C00
126, 136, 135, 0.005C00
127, 136, 126, 0.0C5000
127, 128, 138, 0.005000
119, 128, 127, 0.005000
119, 129, 128, 0.005000
119, 120, 129, 0.005000
132, 139, 138, 0.005000
133, 140, 139, 0.005000
133, 134, 140, 0.005000
132, 133, 139, 0.005000
101, 102, 109, 0.005000

9.81000000

0.00013963

0.00010000

0.0000000, 0.0000000, 0.00000C0, 0.000C8C00

1.25000, 0.00000
1.24460, 0.000C0
1.23830, 0.00000
1.23460, 0.0000C0
1.22980, 0.00000
1.22520, 0.00020
1.22080, 0.00000
1.21770, 0.00000
1.21410, 0.00C00
1.21000, 0.00000
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MASEXAC

B~-C2:F3ViQ0
224, 140
1, -21854.
2, -17685.
3, -19558.
4, -13462.
5, ~107€3.
6, -14224.
7, -1400¢.
8, -186385.
9, -244.6.
L0, -24829.
11, -3C685.
12, -5588.
13, -7420.
4, -10160.
15, -11462.
16, -14288.
i7, -17621.
i8, -23876.
19, -1365.
20, 10186.
21, -1334.
22, -1718.
23, -6255.
24, -8604.
25, -11239.
26, -13335.
27, -23304.
28, -14446.
29, 3905.
30, 55586.
31, 10085.
32, 6334.
33, 2983
34, 1588
38, -3016
36, -5874
37, -8541
38, -G366
39, -9806
40, 8033
41, 13018
£2, 1782
43, 13335
44, 89810
45, 6255
48, 1683
47, -2604
48, -5884
49, -6223
50, -5191
51, 21971
£2, 1€655
53, 12822
54, 7874
55, 2477
56, -1869
57, -3302
g8, 2£384
59, 228°
60, 18575
61, G338
62, 41¢1
63, -254

63040.
70549.
64643.

76581

539831

53721
49371

73660
62421

61055

0000,
0000,
0000,

.0009,
71215,
£€6326.
61786.

0000,
00C0,
0009,

.OOOO,
60833.
65024
80877.
743517.
56834.
62548 .
59055.
57817.
53023.
55817.
82804.
75184.
£68358.
62167.
50738.
59055.
56198.

0020,

CoT0,
0000,
00Co0,
0030,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

.0000,
51435.

0000,

.0000,
86265.
80137.
.0000,
68898.

0000,
0000,

0000,

.0000,
55817.
§7245.
57023.
56293.
52737.
48416,
90287.
81820.
T3724.
67247 .
.OOCO
55372.
50102.
52292.
52959.
48768 .
4£4006.
€6104.
59436.
53435.
£7625.
£2228.
4£5228.
38088.
'68452.
5:562.

4580C.
41535.
3£852.
32226.

0000,
0000,
0000,
0000,
0000,
0000,
0000,
0000,

v,

Co00,

0000,

0000,

0000,
00C0,
0000,
0000,
0000,
0800,
0000,
Cc2Co,

0090,
OOVO
0
O
OOCC.

AAA
v,

0CCO,
03089,
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.C020
Nelejele]
.0000
.C000
.C0C0
.00C0

0C0

Releiere

CCao

.C000
.00C0
.CC2

.0000
.0000
5.0C00
.0C00
.0CCO
.0000
.0000
.0000
.0C00
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.00C0
.0000
.0000
.0000
.0000
.0C%

.C000
.0CC0
.0000
.C000
.0000
.0C00
.CC00
.0000
.CC00
.0000
.0000
.C000
.CC00
.CC00
.0CCO
.0000
.CC00
.CC00
.C0C0
.0020
.C000
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30480.
25225.
18332.
12446,

7049.

3239.
34544.
3C798.
24892.
20257.¢C
14224.C

§333.C

5207.
37433.0
33719.
27496.
20066.
14732.
1006S.

6096.

1475.
40799.
36735.
33641.
26988.
211486.
16129.
11970.

8255.

3250.

5969.
40545.
44577.
33150.
36576.
27877.
23146.
17812.
14542.
10287.

7938.
35053.
35433.
29655.
25718,
20003.
16399.
11557.
44037.
45942.
41818,
35703.
318485.
26321.
20013.
14478,
10795.
48000.
42736,
38132.
32925.
27178.
20479.
16764.
13399.
1123¢9.

0030,

51245.C¢C
£4037.
4C577.
36195.
31560.
25654.
44323.
37C52.
36539.
33587.
28749,
24733.
168E3.
39465.
31082.
29337.
26289.
22479.
18225,
16764
16462.
33814.
27464 .
25527.
23463.
20574.
16732.
13367.
14542,
13012.
13430.
28067.
27464 .
19431.
22416.
18510.
. 14288.
12509.
9081 .
10097.
12033.
19558.
13875.
10573.
6287.
7366.
3239.
4953.
23844.
19050.
14034.
8954.
4699.

381.

794.
-1048.

667.
12954,
8182.
3620.
-10186.
-4699.
-5017.
-3588.
-5080.

00,
cC00.,
0000,
0000,
€000,
0000,
€000,
0000,
€030,
0000,
ccoo,
c0Co,
cCo0,
000,
0000,
¢ceo,
0000,
0000,
0000,
0000,

0000,

-28383.0¢
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44154 .0000,
38582.0000,
33809.0C00,
27432.0000,
21939.0000,
159839.0000,
£9879.0000,
44826.0000,
395656.0000,
33560.0000
<0, 23,
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2 ' 19:
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2, 1,
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20, 32,
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20, 12,
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12, 5,
5, 6,
6, 14,
6, 7.
3, 7.
3, 8,
3, 9,
3, 10,
42, 43,
31, 43,
31, 32,
22, 44,
32, 33,
32, 21,
21, 22,
21, 13,
13, 23,
13, 14,
14, 24,
14, 15,
14, 7,
7. 16,
7, 8,
8, 17,
8, 18,
8, 9,
18. 275
51, 43,
43, 44,
44, B3,
44, 45,
&4, 33,
33, 34,
22, 34,
22, 35,
22, 23,

6821.0000,
218§.¢CCO,
-2032.0000,
-5429.CC00,
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-8835.0000,
-6585.0C00,
-762.0CC0,
-5525.00090,
~-8446.0000

-10658.0000 .

=114~

000000000000V 0000000000000000000000000D00VO0000O0V0O0O0ODOO0O0O0O

[y

ogvornnoitomoio oo

[y

.005001
.00350C0
.CC5C00
.005000
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.005000
003000
.005000
.005000
005000
.€05000
.085000
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.005000
.0C5000
-005000
.0C5000
.005000
.005000
005000
.005000
005000
.005C00
-005000
.005000
.005000
005000
005200
.005000
.005000
.005000
0035000
.003000
.C05000
.€03000
.0C5000
.005000
.005000
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.€05C00
.€C5060
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.005020
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.055000
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.005000
.005000
-003900
.005000
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.005000
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.005C00
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.005C00
.008000
.0C5000
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.005000
.008000
.00S000
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.005000
.005000
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.005000
.0£5000
.005000
.C05000
.005000
£5000
.0C5000
.005000
1025200
.C03000
.0C3000
.005000
.003000
.005000
.005000
.005200
.005000
.005000
.005C50
.0052C0
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.005000
.003000
.005000
.£25000
.005000
-005000
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.0050C0
.005000
.025000
.003000
.005000
.005000
.005000
.005000
.0050¢0
.0C5000
.083000
.035200
.0035000
.005000
.095000
.005300
.005000
.203200
.005000
.0053C0
.005050
.005000
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183, $2, iC4, 9L, €.0C230CO .
<33, 121, 122, 137, C.2C320C%
€0, 122, 131, 130, €.805C09
¢t, 122, 123, 131, 0.0C3000
€2, 115, 123, 1iz2, 0.805000
Le3 <15, li6, 1283, 0.8050C0
ts4, 118, 124, 123, 0.0C35C00
185, 1i6, ii7, 124, 0.3235CC0
.55, LT, 1235, 124, 0.£C3200
LgT, 117, 128, 125, 0.CT5300
L¢3, 118, 123, 117, 0.003300
.29, 118, 27, 128, 0.CC3300
200, Li8, ii9, 127, 0.005200
201, Ll0, li9, 118, €.CC5300
202, l0, 120, 119, 0.0C5C00
203, 1ii, 120, 110, 0.005000
204, 130, 131, 137, 0.0C5000
203, 131, .38, 137, 0.0050090
208, 31, 132, 138, 0.00350C0
207, 123, 132, 131, 0.005000
208, 123, 124, 132, 0.005000
209, 124, 1:33, 132, 0.0050C)
2.0, 124, 125, 133, 0.0C5C00
211, 125, 134, 13838, 0.C£C5000
212, 125, 135, 134, 0.005000
213, 125, 125, 135, 0.0C5000
214, 126, 138, 135, 0.005000
215, 127, 136, 128, 0.005000
216, 127, 128, 138, 0.005000
217, 119, 128, 127, 0.005000
218, 119, 129, 128, 0.005000
219, 1i9, 120, 129, 0.005000
220, 132, 1389, 138, 0.005CCO
221, 133, 140, 139, 0.005000
222, 133, 134, 140, 0.005000
223, 132, 133, 139, 0.005000
224, 101, 102, 109, 0.008000
9.81000000
0.00000000
0.C0010000
0.000Q00¢C0, 0.0000000, 0.0000000, 0.0000000
X
40, 0.04000, 0.0C000
41, 0.03460, 0.0CC0o0
42, 0.02980, 0.00000
51, 0.02480, 0.00CC0
58, 0.01980, 0.00000
64, 0.01520, 0.00000
70, 0.01080, 0.00C00
77, 0.00770, 0.000300
85, 0.00410, 0.C0000
g6, 0.00000, 0.00000
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) T
223%050 1T0er opmevsmmvue
oZFT OF CIVIL ENGINITRING

- -
-3 LINTAR FINITE ZLIMINT FRISQUENGY DOMAIN ANALYSIS OF TIDAL WAVES FCR SMALL STALE GZDMETRY.
= e

on nen mma cmpreme ey -
oo 10 21317 FLZ. GRID GIZOMETTRY IDENTIFICATION

R

-

TNTER 10 DIGIT I.D. CCDZ FIR 3.C. VERSION ]
INPUT NOMEZR OF ELIMENTS AXD NUMEBER OF NIDT PIINTS

INPUT THE NIZZ NC.,X-C2C2D.,Y-CSCRD.. AND NCTAL M.S.L. TIPTH, ONE NITE/LINT

-—ble, wo vl et
INPUT ILIVEWT NUMBER, TERIT NOUZ NUMEZIRS FOR THE ILIDMENTAND THT ILIMENT LINZAR FRISTICN FalTiR
¥AX. NCDAL PCINT DIFFERINCE = 13

INPUT FREQUENCY IN RADIANS/SEC.

SNPUT CORICLIS PASAMETER

INPUT AMPLITUSE OF WIND SPEE), WIND PHAST SHIFT, ANGLE CF WIND DIREZTTION (IN CZSRETS) AND WIND TRAG CSZFFISIaNT
INPUT HOW MANY BCUNDARY SESMENTS HAVE NON-ZEZRC NORMAL FLUX PRISSAIZDD

INPUT NO. CF NCDES WHIRE E_EVATION IS _PRESCRIam

INPUT THE N22E KUMBER AND VALUES FCR THE MCSULUS AND PHASE (IN RADY OF THE PRISCRIBED SLIVATION AT XN2OE
INPUT TT§§ NCOE NUMBER AND VAL R FHE MIDL.U8 AND PHASE (IN SAD) &F IiE SSAIBED Z.SVATICH AU NOOE
INPUT THE NCDE NUM3IR AND VALY THE M !1‘5 AND PEASE (N RAD) OF T#E PAISCAIZED TLIVATICN AT NJJE
N TRE NOOE NUVBER AND % R THE MCIULUS AND BHASE (IN SAD) CF SHT P3TSCRIRTD T EVATISN AT NIDE
INPUT THE NCDE NUMBER AND VALU R THE MODULUS AND EASE (IN AAD} CF SuE SCAIBED SLIVATION AT NIOZ
INPUT FOR TEE ULyS AND P’iAS% =N 2AD) OF THI PASSCAIRED ELEVATION. AT NSOE
INPUT THE NCOY NUMBER AND VALUES FCR THE MCQULUR AND PEASE (IN RAQ) CF GH SBED ELIVATISN AT NODE
INPUT THE NRGER AND V, FCR THE M SIS AND PHASE (IN 2WD) OF THE I3ED ELSVATICON AT NJOE
INPUT THE NJOE NUM3ER AND VALUXS FOR THE MIGULUS AND PHASE éIN PAD) 3F TEE RIBED ELSVATICN AT NOOE
INPUT T NAMBER AND V. FOR THE MODULUS AND PHASE (IN 2AD) OF THE PREISCRIBED EILEZVATION AT NOJE

2]
DEZPT QF CIVIL ENGINEERING, M. I. T.
Z:ID LINEAR FINITE ELEMENT FRISUENCY DOMAIN ANALY3IS OF TICAL WAVES FOR SMALL SCALE GECYMETRY.
]

7. E. GRID GITVETRY IDENTIFICATION : MASENAC
BIUNDARY CTHOITION IDENTIFICATION : B-01:F3V2

FRESUINCY = 0.00013963 .
CCRICLIS PARAMZITIR 3 0.00010500

VIND SPEED AT 10 METERS ABOVE SURFACE = 0.0000

PHASE SHIFT = 0.00000_RADIAKS '
IND DIRECTICN = 0.00000 DECREZS
WIND DRAG CCEPFICIENT =  0.00000000

NG. OF NCDZ POINTS =140
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3. OF ELIMINTS =224

MAX. NCDAL PCINT DIFFZRINCE = 3

AR EN AR A SRR TN AN LESEEEEREREE NCZAL COCRTINATES AND DZPTES NSNS SERERISELEASEERSATE:
Nz X-CCCRI Y-C228D. oZPTH
: -z £2242 00 3 C2
pd -7 72345 CO s S0
3 -1§Z35 £4833 22 HeRele]
4 ~13432 C0 i 202
3 -:8783 C0 3 34.0
6 -14224 CC H 34 0C
° 7 -14C0: C H 37 30
8 -186385 €O . PE-Tiote]
9 -2441€ CO 3 3 80
e} ~24829 CO 4 5.0
S -8085 C0 7. 12 €O
2 -3588 00 7 45.C0
.3 -7425.C . 4. 40.¢
14 -10:6C 00 3 32 00
15 -114582 00 g 23 00
:6 -142S8 ¢ i7. 25.00
17 ~1762:.090 3. 5 00
i8 -233876.00 7 15.00
19 -.385.00 . <5.00
20 10318 00 62.00
21 -1334.00 §0.00
22 -17:6 00 .09
23 -6255.00 40.00
24 -8604 00 3 25.00
25 -11233.00 5€:58.00 32.00
28 -:3335.00 83721.00 t£.00
27 -23304.00 51435 00 10.00
28 =14446.00 45371.00 10.00
29 3905.00 85255.00 20.00
30 5556.00 82137.00 §5.00
31 10065..00 73££C.00 €5.00
32 5334.00 68838.00 75.00
33 2953.00 £2421.00 7€.00
34 1588.00 85817.C0 §0.00
35 -3016.C0 57245.00 45 09
36 -8674.00 $7023.00 35.00
37 -834:.0C0 £§£253.00 23.00
38 -93£€ .00 52737.C 25.00
39 -5306 €O 484:9.00 15.00
40 8C33 €0 §0257.¢C 15.00
41 130:8 00 BI1EZ0 00 75.00
42 17621.00 73724.00 8c 00
43 23335 ©0 €7247 00 25 00
44 $610.C0 €i035.00 83.00
45 6235.00 83372.C0 7:.00
48 1683 00 €0122 €0 42 €0
&7 -2604 GO $2252.C0 32.00
48 -5834 CO 2335 00 34 00
43 -£223.C0 457£3.¢C ]
50 -€19:.00 442086 00 190 €0
51 2167 O 6£124.C0 50.C0
52 16955 €O €3435 CO 8C.00
) 12522.00 §3435 €9 76.00
24 7874.00 47828 Q0O $2.00
85 2477 CO 42273 € 23 00
56 1963 00 4€225 €0 25 Cco
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s 22132 00 3220 C 22.0
124 32525 20 -1C18 30 22 00
25 27.78 00 -4589 00 2. 00
.25 22275.00 -5317 ¢ joliele]
127 15754 00 -3385.00 17.C0
128 12355.00 -5033.C0 5 Cd
1239 L1233 00 -2533 ¢ 5 00
3 43508E €O €321 ¢ 5 00.
31 44164 C2 ZlE% €2 s 00
132 3:382 ¢ =232 ¢C pRelele}
3 32305 ¢C z 20 23 00
234 27332 C0 <l 2 C2
L33 S1833 ¢ 5 Q0 1230
2335 L3735 ¢ F ERele]
W37 435739 00 2 L g 2C
i3 453528 €0 ERRel] 5 30
<) 3:338 2 g ¢ 3 20
140 23560 €0 3 s 3200
RSB r R RS EEAAENFETINEEEE XS EESINITES SLIVINT ASRAY IS IE NSNS IS FEAESEEEESSNSAENNNSTS
SLEVENT I J K Z_IMENT FRICTION FACTCR
e 40 29 41 0 005822
2 29 30 41 0.0858000
3 29 i 30 0.£9230000
4 19 20 30 0.0238C00
5 19 b 20 0.C050000
[ 9 11 12 0.0C58300
7 11 4 12 €.C2350000
8 4 5 2 €.0232800
9 4 2 5 0 CJ58C00
10 2 6 ] 0.0C52000
11 2 3 [ 0.0058C20
2 2 1 3 0.6020C8
i3 41 31 42 0.0850200
14 41 30 31 0 CI32C00
18 30 20 31 €.CC32CA
16 20 32 31 G €08CCC
17 20 21 32 0.CCECCO0
. 8 20 12 21 0.0850C2
[ 19 12 13 21 0.CC5¢C00
20 i S <} 0.085823C0 .
21 S -] 3 0.0853200
22 -] 14 13 0.085C200
pa 6 7 4 0.0835C30
24 3 7 8 0.025CC30
25 3 8 7 0.£25C22
28 3 9 8 €.CC3CC02
< 3 10 9 6.C25CCT
28 42 43 51 0.€238¢C20
29 31 43 42 C.CC8222
30 31 32 43 0 0032220
31 32 44 43 € €253220
32 32 33 44 C.C28222
33 32 2 33 ¢ Cl837T2
34 be 22 33 0.03522%
35 21 i 2 0 CC3CI8
35 e 23 22 ¢ £25CC00
37 13 14 < €.CC53C20
38 14 24 2 G €I33C
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103 1.32:5759% =0.12:2:
24 ..37832:668 . =D.12%34
295 $.3383:201 -0.:2333
.08 1.330447328 -C.1:1879
107 $.33757830 -0.1:1274
:c8 :.34947532 -C.12037
109 31.34300144 -0.3¢531
210 $.38280597 -0..2338
il 1.41832277 -0 €238
bR} s 38333374 -£.31E307
3 §‘35£25555 -C 185350
114 {.85223:50 «C.18383
15 1.24585.78 =3.14i26
.5 1.38388217 =-0.:3573
37 L. 87303247 -0 14354
i:8 1.g§433:38 -C.22530
19 1.384015353 -0 14357
120 1.4254:929 ~0..7584
221 1.4:1483080 -£.2140:
122 1.57045339 -0.15018
123 .. 38333310 ~0..4530
124 2.§74§:7¢0 -0.15833
125 1.375883:2 =0 1371
128 $137774230 -3 14862
27 1.38358551 -0.14738
.28 $.43%:13:33 -0.:8722
.29 1.44C25834 -2..8821
230 2.448383527 -C.247§7
31 $.44822139 -C.258080
132 1.41737558 =-.2C239
: $.39515710 -0.17884
234 1.445433:3 -0.20732
138 {.41181389 -0..7288
38 1.438877C -0.18228
: 1.44335549 =-0.2725%8
138 1.48217:39 -C.25637
139 1.45704040 «0.233%9
140 1,48083534 -0.23308

NOCAL VELCCITIES

X-DIRECTION Y-DIRZITION

K3I2E YIOULUS PHASE MU . PEASE
1 0.00892298 0.82£47 0.04942572 -1.252397
2 0.064457:9 -1.40:389 0.€335:562 ~1 $7762
3a 0.07306741 ~1.84850 2.24152339 -1.82492
4 ©.050386778 -1.42768 €.i29¢5835583 -1..E317
6 C.0£801¢C92 -1.58387 0.83%24183 =1.47E34
[} C.C7421€81 -L. 88579 C.LS7L3289 -1.£65328
7 0.074#4570 -1.70394 0 83733714 ~1 80144
8 C.08235728 -1.71214 0.52953027 -1.83485
9 9.0557:792 -1 €3588 0.03852C31 =i.47248

10 0.08251321 -1.585337 0.0iesas10 1.65534
11 0.0694£28¢ -1.27546 C C2133548 =1.37412
12 0.C7375C7 -:.58:58 ¢.¢S137830 -1.:3258
3 ¢.0972:868 -1.85749 0 C2£85721 -1.38:74
4 €.098738410 -1.628302 ¢ CCoi9358 -1.23238
15 ©.07923C37 -2 6£210 0.31670:135 -2 5£3%

18 €.082:3530 -1.635880 C.Lo058348 -1.82374
7 0 C7324738 -t £8£:3 € $3272830 -, 74402
i8 €.2333:8186 i 20432 S.eiiCTIRY -2.33337
.5 ¢ osTatas ~1.45859 S CL347H38 -1 vl
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4:77 -1.€3:30 0.2:48:331
27 .57 -1 93370 0.42£23435
05753 -0.65272 C.24765:72
37134 -2.67833 ¢ 'z5c8482d
2251 -2.41277 ¢. 8652409
13344 1.56578 0.:2€22528

233734 -3.2C787 ¢.CEC2E258
05251492 -1.8:784 g.gcs3%s:ce
920328 -3.72359 ¢'¢2837:20
$355 -2.13276 0.:1223827
42552 -2.44£23 013462574
c8134 1.32531 §.24622783
53529 741243 C.2441::80
51371 2.13875 €233775:8
22141 1714208 ¢.18232:8
£5a09 1.91223 0.i73e53z8
£3:: 1.85:19 0.158C7¢23
91238 2.4:39 C.12917¢43
€4412494 237390 £.64432553

1486858 1.33501 0.05032338

5477833 1.413 0.578323

6239100 3.3874 0.1€613328
0:238 173228 0.170E723

$395323 165353 0.18273£22
23348 -2.23239 0.13708234
E3ES0 -1 93324 ¢ 18347788
92890 1.33392 0.i159€961
£3588 204857 ¢ 0485:253
706538 1.80126 0.10127C37
05058544 1.87049 0.13388€33
89155 1.3447¢ C.:25938:2
04433249 1.2:497 0.11045538
630257 1.7842 £.:2097254
38528 -2.05847 0 (8438533
C:676499 -1.68593 0.0817:537
ci891482 1.18446 . 0.09167173
782:77 1.24:32 0.:1523992

7198302 :.23184 0.12353987

04533830 131004 0.11048:

0456253 1.2792 0.57483442

01704239 :.62248 0.C7€55848

701074 2.1737 0.0882:280
1287425 3.22387 0.C2865304
09¢798 12477 0.039535%
0499€831 1.42319 0.11399253
0812470 1.27737 0.16745324

09885524 i.21€23 0.07851182
£5509 1.21691 9.05529108

08653379 1.39186 004671829

5C1E5 1.45780 0.0:820587

02492288 §-35331 001573833
407€%8 ‘91704 0.¢290¢23

31t 1.67543 0.0:7€3277

6334 1.16127 0.53:76738

35456 1.35418 0.0:859831
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;:;'?%C‘I: Z‘:I-\Al!'s. NGINEZRING, T.

2-D LINZAR FINITE ELZMENT FRE ..!\CY DCMAIN ANALYSIS OF TIDAL WAVES FOR SMALL SCALE GEDMETRY.
ZIER 10 DIGIT F.E. GRID GZOMETRY IDINTIFICATION

ENTER 10 DIGIT I.D. CODE FOR B.C. VERSION

INPUT NUMBER OF ELEMINTS AND NUM2IR OF KODE POINTS

INPUT THZ NCIZ NO.,X-COJRD.,Y-CC2RD., AND NODAL M.S.L. DEPTH, ONT NIDE/LINE

INPUT ELIMENT NUMBIR, THREZZ NODE NUMBERS FOR THE ELIMENTAND THZ ZLIMENT LINZAR FRICTION FACTOR
MAX. NCDAL POINT DIFFZREKCE = i3

INPUT FREQUENCY IN RADIANS/SEC.

INPUT CORIOLIS PARAMETER

IN>UT AMPLITUDE OF WIND SPEED, WIND PHASE SEIFT, ANGLE OF WIND DIRESCTION (IN DSGREZS) AND WIND DRAG COZFFICI
INPUT HOV MANY BOUNDARY SECMENTS HAVE NON-ZERO NORMAL FLUX PRESCRIEED

INPUT NO. OF NODES WHERE E.EVAT’ ON 1S PRESCRIZID

[NPUT THE NODS NUMBER AND VALUES FOR THE MODULUS AND PHASE (IN Wg OF THE PRESCRIBED ELSVATION AT NCDE
[5PUT THE NQDZ NUMBER AND VALUES FOR THE MODULUS AND PBAS§ IN RAD) OF THE SCRIBED ELEVATION AT NODE
INPUT THE NODE NUMBER AND Vl UZS FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NIDE
IN THE NODE NUMBER AND VALUES FOR THE MODULUS AND PHASZ (IN W; OF THZ PRESCRI ELEVATION AT NJJE
N T!'E NODE NUMBER AND VALUZS FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE
N iE NODE NUMBER AND VALUES FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEZVATION AT NJDE
IN mNODENU"SQANDVA!.UES FOR THE MODULUS AND PHASE (IN RAD) OF THE PRISCR ELEVATION AT NCDE
N T‘dE NODE NUMBZR AND VALUES FOR THE MODULUS AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NCOE
[NPUT THE NODE NUM3ER AND VALUES FOR TEE MOSULUS AND PEASE (IN RAD) OF THE PRESCRIBZID ELEVATION AT NODE
INPUT THE NODE NUMBER AND VALUES FOR THE HODU‘..US AND PHASE (IN RAD) OF THE PRESCRIBED ELEVATION AT NODE

OGPM m
DEPT CF _CIVIL ENGINEZRING., N. T.
2-D ..IMAR FINITE ELEMENT FBE".‘L'ENC'! DOMAIN ANALYSIS OF TIDAL WAVES FOR SMALL SCALE GEOMETRY.

!

F.E. GRID GEOMETRY IDENTIFICATION : MASEXAC
BCUNDARY CONDITION IDENTIFICATION : B-02:F3Vi

FREQUENCY = 0. oocaovoo
CCRIOLIS PARAMETER = 0.0001C000

WIND SPEED AT 10 METERS ABOVE SURFACE = 0.0000
UIP\D PHUASE SHIFT = 0.00000 PADIANS

WIND DIRECTION = 0.00000 DEGREE
WIND CAAG CCEFFICIENT = 0.00000000

NO. OF NODE POINTS =140
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NO. CF ZLEMENTS =224

NCDAL PZINT DIFFERINCE = 13
A EIEEERSEEEEEXREE AR ERRERRRRE NCOAL CQC3DINATES AND CZPTHS BRSNS E S AN EERERENR T EEL
NODE X-CCJRD. Y-CCORD. DZ*TH
1 -21€54.00 €2040 ©O 5 00
2 -17£85.C 78345.00 3 00
3 -16858.00 648643.C 12.00
4 ~.3452.00 75381.C 3 00
s -10763 00 71215.00 34.00
8 -14224.00 ££326.C 34.00
7 =-14301.00 £:735.00 33.00
8 -189585.00 $§531.09 15.00
9 -24416.00 62833.00 3 00
10 -24329.00 65C24.00 5.00
11 -8055.00 82677.00 10 00
12 -5588.00 74517.00 46.00
i3 -7420 00 66234.C0 42 00
14 -10160.00 62548.00 33.00
1§ -11482.00 59085.00 25.00
16 ~14238.00 57817.00 25.00
17 -17821.00 53223.00 £.00
18 -23876.00 55817.00 15.00
19 -1385.00 £2804.00 15.00
20 1016.00 75184.00 . 62.00
. 21 -1334.00 68358.00 50.00
22 ~-1715.00 €2167.00 60.00
23 ~6255.00 65738.00 <.00
24 -8604.00 55055.00 25.00
25 -11239.00 56198.00 32.00
26 -13335.00 53721.00 15.00
27 ~23304.00 51435.00 - 10.00
28 =144468 .00 49371.00 10 00
29 3905.00 86265.00 28.00
30 §556.00 80:37.00 55.00
31 10065.00 73660.00 65.00
32 6334.00 68858.00 75.00
33 2953.00 62421.00 76.00
34 1688.00 55817.00 €0.00
35 ~3018.00 §7245.00 45.00
38 -5874.00 N 657023.00 35.00
. 37 -8541.00 1 56233.00 23.00
-9366.00 62737.00 20.00
39 -93036.00 48419.00 15.00
40 8033.C0 §0297.C0 15.00
41 130i8.00 81820.00 75.00
42 17621.00 73724.00 80.00
43 13335.00 67247.00 65.00
44 9612.00 61055.00 85.00
45 6255.00 §5372.00 71.00
48 1683.00 60102.00 42.00
47 -2604.00 52292.C0 .00
48 ~5884.00 62959.00 34.00
49 =-6223.00 487€8.00 25.00
50 -6:91.00 44006.00 10.00
3 21971.00 661C4.00 53.00
52 16355.00 664356.00 83 00
53 22922.C0 £3435.00 72 00
b4 76875.C0 47625.00 €2.00
65 2477 00 42228 €O £ 00
S8 -:969.¢C 4€228.00 25 00
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T e e el el

RINI P 02 50 -2 =2 1t 30 1o =4 b8 30 O
N OVRNONAWN»OO

-3302.09 38088,
25384.00 $2432.
22506.00 51382
15873 CO 4£200.
§535.C0 41523,
4:9:.00 333352,
-254.00 32225.
32480.00 51245,
2€22€.C0 44237
18332 00 &L377.
12446.00 38155
7045.00 3.380.
2239.00 23£34.
34844.00 44323.
30758.C0 37332.
248$2.00 3£339.
20257.00 32837
14224.00 25749
6303.00 24733.
5207.00 19£53.
37433.00 39465.
2337:9.00 3:052
27495.00 23337
20056.00 258289
14732.00 22473
1CC65.00 18225
6C96.00 16764
1475.00 16462
40799.00 33314
36735.00 27454
33641.00 25527
269€8.00 23483
21146.00 20574
16129.00 16732
11970.00 13357
8255.00 14542
3250.00 13212
6969.00 13430
40545.00 28067
44577.00 27454
33150.00 19431
35576.00 22416
27877.00 16510
23:146.00 14288
17812.00 2809
14542.00 92814
1£2867.00 1CC97
7638.00 12833
39953.00 16588
33433.00 138675
29655.00 1¢573
25718.00 €287
200C3 00 73€8
$5399.00 3239
11557.00 458
44037.00 23344
45942.00 19050
418:5 00 14034
35703.00 8954
31845.00 4€39
2€321 00 331
20013.00 734
14478.00 -1C048
10795.00 657
43000.00 12534
42736.00 8iS2
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23 33132.00 3520.00 22.C0

124 325825.00 -1016.C0 22.00
125 27.78.00 -4£39.00 2:..00
128 29479.00 -5017.00 20.00
127 16764.00 -3588 CO 17.€0
128 13399 00 -5089.00 5.00
29 11233.00 -2§83 00 5.00
30 45035.00 £321.C0 5 00
131 44164.00 2:59.C0 3.C0
132 23392.00 -2C32.00 10.C0
133 33909.00 -5425 CO 5.0
234 27432.00 -i0160.00 3.00
138 21539.00 -9335.00 10.C
36 +593%.00 -£985.C0 5.00
37 45879.00 -762.00 5 00
.38 44525.C0 -£525.00 5 20
39 355656.00 -8446.00 S§.C0
140 33360.00 -10668.00 5.00
REEBEX » SEsEEN SLEVENT ARRAY PERAEEEEERBESREFE AR EE AR EEEXTEEE TR ERS
ELIMENT I J K ELEMINT FRICTION FACTOR
1 40 29 41 0.005€000
2 29 30 41 0.0050C00
3 29 19 30 0.0050300
4 19 20 30 0 0050600
5 19 12 20 0.0C50000
8 19 11 12 0.0C5C000
7 11 4 12 0.0C50800
8 4 ] i2 0.0050300
9 4 2 5 0.0050C000
10 2 8 5 0.005C3%0
11 2 3 [} 0.0050090
12 2 1 3 0.0050000
3 41 31 42 0.0050000
14 41 30 31 0.0050000
16 30 20 31 0.0050090
18 20 32 31 0.0052000
17 20 21 32 0.0050000
18 20 12 21 . 0.0050CS
19 12 13 21 ] €.0CSC000
20 12 6 13 ¢ 005009
21 5 -] 13 0.0C52000
22 (] 14 13 0.03500C0
23 8 7 14 G.CC3CT00
24 3 7 8 0 €052¢CC0
25 3 8 7 €.C030C20
268 3 9 8 0.0058000
27 3 10 9 €.CS5C000
28 42 43 51 0.0C58C00
29 31 43 42 0.0050000
30 3 32 43 0.0C350000
31 32 44 43 0 005002
32 32 33 44 0.0050000
33 32 21 33 0 CO58CCO
34 21 2 33 0 CC50000
3s 21 13 22 ¢ €£52000
38 13 23 22 ¢ CS3C300
37 13 14 23 0 CC3CCSO
38 H 24 23 ¢ CJ5C3d0
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14 15
14 7
7 16
7 8
8 7
8 18
8 9
18 27
51 43
43 44
44 53
44 45
44 33
33 34
22 34
22 35
22 23
23 36
23 24
24 37
24 25
24 15
15 16
1 26
16 17
51 52
52 59
52 53
53 45
45 46
34 48
34 47
356 47
35 48
36 48
37 48
37 38
25 38
25 28
28 28
26 17
68 59
59 €5
59 60
60 68
53 60
53 54
60 61
60 54
54 1)
48 &5
48 56
47 58
47 49
48 49
48 38
38 39
38 28
64 68
66 7
70 71
65 72
65 66
66 73
68 67
61 67
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.C2E3C00
.Ce33220
.CCE2200
LCSESI0
.63C020
.€C3E2°C00
.€282000

1t2¢

20
(&)
o

.CT32C29

.00822C0
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. 171 94 104 92 0.CC52200

72 113 114 21 C 0TS2200

173 114 122 21 0 .CCE2C00

174 114 115 122 0.C25C000

175 106 115 114 0.8058000

178 .06 107 115 0.CC50800

177 07 116 115 0.C332000

i78 107 08 116 0.CCT32200

179 108 117 16 0.C258C000

180 108 .18 117 €.Cos2C00

81 109 .i8 ic8 €.0C32200

, 182 239 .10 .8 C.C0L52000
| 1€3 102 .10 09 0.8C3830
184 02 it 110 €.CC58300

l 185 i3 i1 102 ¢.8252500
] .88 91 03 102 C.CC32000
! .87 104 103 91 0.CC5C300
) 188 92 04 91 €.C252000
{ 189 121 122 130 ¢ CC52300
190 22 31 130 0.6252000

191 122 123 3t 0.035280%0

192 11§ 123 122 C.0852300

193 115 il 123 0.C352200

194 116 124 123 0.CCS2200

195 118 117 124 0.CC23CC00

198 117 125 .24 €.0C520C0

197 117 126 125 0.02385200

198 118 126 . 117 0.CJ5C000

199 1.8 27 1 0.0C5C200

200 118 119 27 0.0822000

201 110 119 118 €.025C000

. 202 110 120 119 0.0032%00
203 114 120 110 0.0350800

204 130 131 37 0.0953000

X 205 131 138 137 0.055C000
208 131 132 138 0.085C200

207 123 132 13t C.0C58200

208 123 124 132 €.CL50000

209 124 133 132 0.0C52000

210 124 125 133 0.0350200

211 126 134 33 0.CC3C300

212 125 135 134 0.0053220

213 126 128 135 0.C3ECI00

214 128 .38 135 0.00E8C300

216 127 138 128 0.00523200

218 127 128 138 0.0685C200

217 119 128 127 C 003200

218 119 129 28 0.0053C00

219 119 .20 129 0.0C3CC00

220 132 39 :38 0.C352200

221 133 140 139 ¢ C0SI820

222 133 134 .40 0 CC35C%00

223 132 133 139 0.€C5C200

224 101 102 109 0.C03CC00

FEETRSTRTRCETTNEESEEABETZERINS BOUNDARY CONDITIONS SEETTUIERTLIIEEIREAFSUTETREX LS

NC CF BCUNTARY SEGMENTS WHICH HAVE NON-ZERQ NORMAL FLUX PRISCRISED = 0
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F NCDIS WHIRZ ELEVATION IS PRESCRIBED = 10

N2DE PRESCRIBED ELEVATION PHASE
40 0.0400 0.00000
41 0.0348 €.00C00
42 0.02985 C:CoC20
51 0.C246 C.0C0300
s8 0.0:68 0.02000
¢4 0.0152 0.C0820
70 0.0108 €.00000
7 0.0% ¢.0C0000
85 0.004: €.SCC00
98 0.0830 0.00C30

FITEFFESSBALTENGESSABEEETIRSES RESULTS CF COMPUTATICNS SISEETEAEBEALEEREERTAET LB

NCDAL ELEVATIONS

NODE MODULUS PHASE
1 0.04239742 0.00000
2 0.04146851 0.0C000
3 0.03871187 0.00000
4 0.04140598 ©.00000
6 0.03409668 0.00000
(-] 0.033587290 0.008C00
7 0.03430751 0.00C00
8 0.C35693301 0.00000
9 0.04199020 0.0C0C0

10 0.04231058 0.00200
11 0.04012124 0.0C200
12 0.03313332 0.00C00
13 0.03328799 0.00000
14 0.03411883 0.C0C20 .
16 0.03449610 0.00000
16 0.03425399 0.00000
17 0.04144649 0.09¢00
by 0.03567599 0.0C000
19 0.63895312 0.0C000
20 0.03296935 0.0C290
21 0.03205407 0.00000
22 0.03066650 0.00C00
23 0.03254232 0.C0C00
24 0.03283435 0.03C00
25 0.034C3C15 0.00C5C0
28 0.03629130 0.0C000
27 0.03893867 0.0¢200
28 0.03818117 0.00000
29 0.0383802 Q.0CC00
30 0.0337C254 0.0C000
31 0.03071956 0.000C0
32 0.02575798 0.00000
33 0.€2913253 0.00000
34 0.02996507 0.08800
35 0.03114561 0.0C000
35 0.03291788 0.0C200
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.C3425435
€3437238
.€3530912
.04C00300
€345C000
02350000
.C2774CBO

3:53354
.CZ4530C00
.C22238879
.CL5585¢€46
027874247
.C32704C6
.£3:353535
.C3351690
.01682000
.€2017C39
.C2418333
.02834127
.C27384290
03247233
.01520000
02052242
.C2:643507
.02522183
.02555268
.02774690
.01080C00
.01113598
.C187169%
.02252881
.02284822
.02432332
.02581C08
.C2770000
.01250209
.01576150
.021235672
.02301749
02367440
02541543
.02579C09
.0641C000
.01834E57
G2160755
.019:3685
.C2242700
.02213530
02325523
.02436830
.C2620263
.2535208
.0C877538
.0CCI0C00
.02124819
C22396447
02228786
2144485
£2334156

£2287282

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO()OOOO()OOOOOOOO
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.CCC00

€C300

.02200
.00830

ww

.00CCO
.000C
Nelolofslel



AW OOUDNONL WO

BIRIRIPINI P2 a0 poospaiapesspar

aespapegrnepar e anapiporsranay

NODE

.02524583
.02567438
.0210C3811
.02174535
.C2:E6833
.02253281
.02243432
.C2323339
.02807854
.C2244358
.C22272:5
.£2234231
.£22:4914

.6224--.

102438530
.02331891
.02308339
.02444:04
.023735'7

.02428318
.024516%0
.02454542

NCDAL VELOCITIES

X-DIRECTION
PH

NISULUS {ASE
0.£2175250 0.00000
0.00033554 3.14159
0.0007€E48 3.14159
0.02245184 3.:14159
0.£0:182325 3.14159
0.0C057348 3.14159
0.CJC04E35 3.14159
0.£3C33354 3.14:59
0.652:3537 3.14159
0.091153912 3.14159
0.0213443S 3.141589
0.£2512335 3.14159
0.€30:7548 3.14159
0.£0034312 3.14159
0 €J2137:569 0.6C20C0
0.000£2¢58 [ OOUOO
0.CO178:35 C CCCcoo
€ €JC97270 3 14159
C CJ654348 3 14159
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DONDNDOO000O0000000000

- 0.00CC0

¢ 00000

0.000C0

€.00C00

0 0028

0.6CC00

¢ 02000

€.C0030

c.L2C800

€.C3230

0.00000

0.0CC8

€.C0200

0.CCo00

0.02000

0.CC230

0.C30C0

0.00220

0.0C200

¢.CC2C000

0.00C000

0.£35200

0.002¢

0.80230

0.C2200

“0.00200

€.00C00

0.C0000

0.00200

0.00000

0.00000

0.00000

0.00000

0.00000

0.0C000

0.C2000

0.00000

¢.00000

Y-DIRECTION
MIDULUS B $4
.cci91228 0.00S00
00152622 3.14:59
.063C3530 3.14:i59
.CC233581 3.14189
.CC383779 3.14:59
.C0324C3%4 3.14:589
0023£2759 3.14:59
.00:122889 3.14159
.00062505 3.14159
.00C855€68 3.14:139
.C0C72311 3.14159
.00‘57581 3 14:59
0CE£33301 3 14:59
00237554 3.14:59
00484394 3 14159
60245’34 3.14:59
€0C:5308 3.:4189
CJ123313 3 14158
CSEL4703 3 14159
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