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ABSTRACT

The case of wave propagation in a thick-walled elastic

I ~cylindrical shell subject to dynamically applied internal pressure

is examined for various shell geometries and modes of application

of the internal loading. Shells of both Infinite as well as semi-

1 infinite length are treated. In both cases the loading is

considered to be axisymmetric. The investigation culminates in

1. the determination of dynamic behavior of the thick shell subject

to a band of constant intensity pressure moving at constant velocity

I. along the inner surface of the shell. Displacement and strain

components at any point in the shell may be evaluated In terms of

dimensionless variables from the computer program presented.
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Transient notion in solids has been of interest principally in

mechanical, mining, and geophysical enginoering. Zn recent years,

however, stress wave propagation problems are becoming increasingly

important in aeronautical and nuclear engineering in problems

associated with structures under impulsive loading. Zn the current

study a thick cylindrical shell sibected to impulsive loads a"LieA

at the interior is considered by the application of the method of

characteristics.

It is. Itnown that when an elastic body in disturbed by a load

which is abruptly or gradually applied on a portion of it, elastic

waves propagate through the body with two different velocities which

depend upon elastic properties. waves involving dilatation (or

voluminal change) are usually called dilatation or longitudinal waves

and those involving rotation (or no voluminal change) are called

transverse or shear waves.

In such a boundary value problem as considered in this study

nonpianar elastic waves, like spherically and cylindrically mped

|. waves, are propagating through the medium. These nonpianar waves. in

Contrast to plane wves, change the shape of the wave frot as

propagate, thus varying the distribution of stresses and veloitlee

of the disturbed particle in the elatic body.

I1i
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Various kinds of wave propagation problems which can be

represented in terms of a set of partial differential equations have L
been studied previously using different approaches such as the

integral transform method, the finite element method, and the method

of characteristics which is relevant to this study. When the theory

of characteristics is applied to elastic wave propagation problems it

involves the solution of a system of first-order partial differential

equations which governs the deformation in the dynamic field. It is

more advantageous to apply the method of characteristics rather than

the integral transform method to solve complex boundary value

problems, since those first-order partial differential equations L
involve stresses and particles as dependent variables. [

In solving a problem expressed in terms of a system of partial

differential equations which involves more than two independent

variables certain integral or solution surfaces may exist in the

solution space. The integral surfaces consist of what are called the

characteristics (or the characteristic curves or waves), and the [1

relations governing the dependent variables along these

characteristics wilU be called characteristic equations. H
If only discontinuities in the first partial derivatives of

continuous dependent variables on the wave fronts are asumed, the

characteristic equations can be derived by the employment *of Ii
Eadamard's kinematical discontinuity relations( 1949)( so called 9eakO

discontinuity relations). Zn their work on cylindrical and s erical

wave propagation by the method of characteristics(s]0 Chou and- oenig[

, . , . - " , , ,. , ,.- ... ,, , .



3

determined the distribution of stresses behind the wave fronts of the

one-dimensional case where the load is abruptly applied. theJx

computational procedure is that they first derive the characteristic

equations compatible along the leading wave front by the employment

of the weak discontinuity relations and then evaluate the solution

domain behind the wave front by numerical stepwise integration of the

characteristic equations. Their mothod, however, is restricted to

one dimensional problems.

Hadamard's work was successfully eotended by T.Y. Thomas C2 to

kinematical discontinuity relations across, a wave front where the

dependent variables themselves are discontinuous (so called "strong"

discontinuity relations). Subsquently these strong discontinuity

relations provided the capability for solving impulsive loading

problems of two-dimensional cases by the method of characteristics.

Pecently in a series of his workso3[(4]C5]C6], M. Ziv successfully

aplied the theory of characteristics to two-dimensional wave

propagation problem where the load is applied abruptly to the

boundary. In this case the discontinuity of the dependent variables

will occur on the wave front. A computational method with a computer

code was presented in his work[6] for the transient motion of a

half-space subject to an impulsive load appled radially and

uniformly at the boundary of a cylindrical cavity, and his work is

extended in the present study to the case of stress propagation in a

thick cylindrical shell due to internal auLsymetric impulsive

loading.

-A3 7-_- 7-



4L

Te comutational procedure for solving an impulsiLve loading

problem of the two-dimensional case by the method of caracteristics L
can be roughly divided into three stage. s 42follow.

1.char~actrsic froMMation

Combining Newton's laws of motion with the elastic relations

obtained from XoOke's law gives us a system of first-order

partial differential equations involving the variables Of

stre"sse and particle velocities, and after certain

mathematical procedures involving the application of weak

discontinuity relations we obtain a system of characteristic

equations along the characteristics.

2. ApnDicntion air Strong Qix2ontinuitv relatIon

Strong discontinuity relations are superimposed on the

characteristic equations obtained in the previous stage.

Then, we can compute the decay of the stresses along theI

wave front.

3.

Te solution domain behind the wave front is divided into a

grid system by the characteristics along which the

characteristic equations empressed in finite difference form

will be integrated in a stopvise manner. [
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an incident longitudinal wave generated by an abruptly eepled

load will emanate from the inner surface of the tube throu the

medium and after sm time elapses it strikes the outer free Surface.

Thus we must consider a reflection of waves from the outer free

surface as well as from the free top surface (of all four ase to be

considered only in CABM 1 does a free top surface exists). Slim all

action is linear elastic we can apply the principle of superposition

to the interacted region of incident and reflected waves.

If an incident longitudinal wave strikes a free surface

normally, it is totally reflected with a 10 change in phase, namely

a compression wave will be reflected as a tensile wave and vice

versa. It should be noted here that near a free surface wbere an

incident compression wave was reflected and transformed into a

tensile wave spectacular fracture caused by so called

"spalling"[7](p203) may occur. Spalling occurs when a high intensity

compressive wave reflects at a free surface and will play a main role

in fracture of structures such as thick cylindrical concrete shel.s

under impulsive loading. Purthermore it is a fact that after

reflection at the outer free surface incident spherical and

cylindrical waves change the nature of divergent waves into that of

convergent waves, namely the intensity of the reflected tensile we

will increase as it propagates towards the inner surface. Therefore

it is likely that spalling might occur not only near the outer free

surface but a&so in the region far from the reflected surface.

• ... ,i:.
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3eforo presenting the characteristic formulation the boundazy

value problem to be considered are discussod here in dotaL. Two

basic structures are shown in Figure i and Figure 2 wile we consider

four cases of loading and geometry as follows,

i. CAM [I
* semi-infinitely long thick cylindrical shell subjected to

a uniformly and radially applied iulspive load on the

entire inner surface of the shell.

2. CZ2

an infinitely long thick cylindrical shell subjected to a I
uniformly and radially &pplied lim"uive load along the H
semi-infinite length of the interior (from z-0 to s-lOo).

1]
3. CAMZ3

The Sam Shell as CM 2 subjected to a uniformly and H
radially applied impulsive load along the finite length of

the interior (from z-a to a-+a).

4. CA4

he am shell with the am intial. conditions " AM 3,

however, the load of finite length is travelling with a

constant apeed in the direction of the Z-a3is. Ir

Pro NI0



Loading in CA IZL ? an A sa Urca ngvnJ

terme of a stop radial-stress input which Is an abruptly applied

peranet onsantlod. e asowil cosier hecase of a

retnua nu hihi qiaettoacs novn a loading

adunloading process. Th~e rectangular input case which is essential

tocalculate the travelling-load case (CASE 4) can be evaluated by

ma*of the superposition of two step-input cases.

a ___4
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ft* basic dynmoc fie3A equationa governing the deforutios ft

the wold stem from omining the equationa of motion with the

equation. of the atres-strain relatlnahlge. M~e equations of

moti9 for linear *lautio, Iotoi. boingemou oneZWa In

oylinftioal coordinates are written ant

air w~ au

-- an r atD

and the equations of the iteeemi zelatlamiue after

differentiation with respeot to time are given age

t -A+2p)--+(iat a

at

at I

i'beue 2700bl a&M defined In the .OMeMalatuweO for the geeMotaY mW

in Figure I and Figure 2.
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Ihe derivation of the tharacteristio equations from the above

dynamic field equations was presented in detail by Siv In j
referencemISC C5]. 1he general orthogonal sche.. for the

characteristic fozmuLatiLon E 6 1 however, is repeated haze forL

convenience.

%bon stress waves propagate in the r,z, t space, they form comme

as shown in Figure 3 and the cones consist of, or are dieractWisedL

by, the infinite number of the characteristics whose origin Is the

apex of the cone. in our schem, however, we consider only four I
characteristic curves which are formin by the intersection of the

surface of the cone with two planes passing through the t-axis.

ftese planes intersect orthogonally with each other at the t-azim and

each plane has two intersection Linea with the cone to form two

characteristic curves (or lines). We define these orthogonal I
characteristic curves as bicharacteristic curves or the

bicharacteristics.

The dharacter~.stic equations governing the variation of stressesU

and particle velocities along the bicharacteristic curves are-redmcedH

by the orthogonal scheme, in which the bicharacteriatic curves are

separated by g00 from each other. ftese characteristic equationsH

along the integration paths shown in Figure 4 are written as SoLlows

according to reference~s], I

17D
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for the bicharateistic Curve (uVij-. s.0)S Om0 &long IM Ia,
w1 U a.s .-O~z

for the bicharaateriatic curve (r- 1 I5 -& &mo long dtLI IVa

dorOd UaS70r( !+2))dt

for the bicharacteristic curve (neml, n5 -O) I-&~ along -0La

au a. cr

for the bicharacteristic curve (iml. n,-0) 0-m* along dr.% dso

au, U W. a

for the bicharateriatic curve (n 1",ne.l) G-W~ along ftm*. as.

au1 U awe

La~d airsr
for the bicharacterietic curve (n -o,%a-]1) *-go along Liq? LaO

.i as

for the bicharacteristic curve (a -C,nl G-a aln at-0. 'X'-

wra+posdr(i+GS( --- )dt

for the bichezacteziatic curve (%1 0, %a,. @=W long Li-O La

doiea ))a
d@5m(&*62p ~j+A-j+~as4

VU U u



drsnam(ar a

ui aujau ,~
Ga w z r

W- 8a~ COrr

du - L( aaj, a-ss L)d
The last siz equations are for the static line dr-Ga-a * These

equations apparently form a system, of fourteen simultaneous equations

with the fourteen unknowns W~ as a*0 aa s.
VaU. aU. all Or uea 7 s'

as , Wro Uzi, -5 -j. -, and -

For convenience, dimensionless variables are now introduced an

follow:

U rr

Ua
GL 6e8- eerp

G~,t - as
a 7S

Cis

also, let a-- an m m(ir*

Sewiting the fourteen characteristic equations in terns of the

dimensionless variables after the bars have been remove
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aus -)- 8 - Twrt (1)w

auu wq ~m

Goour

along G--t,

00 Oar

along 4z-oMt,

r + '

along ftdam-Mr

along du-4'tl

a U So.q -
do (34)3 1



&lowg &-tO

d =( +a(-.+ ))d (12)

along d-da-. [.
• q So. @8 -@O

is 0 li) (13)ar as

along dr-dz- ,

al ((14)L

along dr-da-O.

in order to investigate the behavior of the sholl at a .
point(r,.,) by the finite difference technique these caracterist c

equations are eressed in the finite difference form. Letting f be [
any variable of the equation, df can be written as df-f-f 1 where

denots the known varible at the point i and f denotes the unknown

variable at the poit(r,z, ). If we take the first cheraoterist@

equation along dr-dt we obtain two equations as follovs

au u 8V Cremc
_+ r i • X1 +

a U W- a - Cr:=-0 -U + :-:--+N----+ "- r,-,)

After adding these two equations, dividing by 2 * end gathering the

unknown ters on the left hand sife we finally come up with

Ii
3Q B aw.



14

Where
OB vs00 B

rr r156ax

Likewise the ohlaractoristic equations (2) throgh (14) are

transformed sam written in accordance With reference(e 3
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At this stage the applicability of the above characteristic

equations is confined to the case where the dependent variables :r r

0 ' O r U,* and Vz are continuous while their first paxtial

derivatives may be discontinuous across the wave front. Zn the

present boundary value problems, however, the load is abruptly

applied at the boundary. Therefore discontinuities in the dependent

variables themselves exist across the bicharacteristic curves.

Furthermore the discontinuities may occur not only due to the

impulsive load but also due to the reflections from the boundaries."I

This means that strong discontinuities must be considered for the

reflected region even if the load is applied gradually. in the next -

section the strong discontinuity relations will be applied to the P
characteristic equations to be compatible with the strong motion of

the present boundary value problems. I

strong Mmlantinuitv LonL

Ii
If strong discontinuities which mean the discontinuities in the

dependent variables themselves exist along the bicharacteristic

curves, strong discontinuity relations must be imposed on the

characteristic equations along the discontinuities. Observing the 1
characteristic equations (1) through (14) it is seen that every

equation apparently involves partial derivatives of the dependent

variables which axe not differentiable along the bioharacteristic U
curves carrying discontinuities.

____ __ _ ____ ij
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Now we assue that an characteristic equations except the

static equations (9) through (14) would be along the bicharacteristic

curves which are carrying discontinuities. Accordingly in order to

superimpose strong discontinuity relations the characteristic

equations (1) (1) should be first re itten using the well known

bracket notation as follows a

CU I + Ve- I rd(Orr]-dCU-r(e( sU I+ -- )-[M 3+ + )d (la)

along dr-dv,

d[ uJ COe]- JCO dd~orr ]+d[Ur]-(a( ([ ; z]+ - )+((rr; ]- tlf rd (a&)

along dr--dr,

(0r I
d[=rz]-'[dCsJ]=(O[urs 3--z;]- - )d (3a)

along dr-IMd,

d1'jz -+Pd(U3 3-(0 cu +( 3+ )d (4a)
along dr-Odz,

d[o.%]sd(I-d 5 (a(([Ur;r]+ ---.-)-[ ;r]- a- )d (5a)

along da-dr ,

d[% s]+d[.U ]-(o( [u, r l) (qz,r] T )d T
(Urrzlr r

along ds--d?,

I a'G,] -Corr.] C 
(7a)

along dz-Ode,

4Eca3+P[U3rm( (Uz 3+(c' Crr_;r]  r(

along ds-Odz,

....-. . , " • i... ... , .- , - .
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where

(f]-f The value of f - f The value of f
at the rear of at the front of

Ithe wave front the wave front

* Partial differentiation.

The strong discontinuity relations to the relevant case are

derived by Ziv by means of the kinematical compatibility relations

given in reference[2] by Thoms. Those strong discontinuity

relations are presented in reference[6] as follows:

~1

[U( -[4 U - 16)

Z.2 z1Z 2 r ]

IT I lzzl
rz; z ]la ['rz;z ]2a. r (16)

f~ z~a(Uz z (17) I
1z; z ]3 ,zz; Z 14a= r

[UI[Ur _]_- a (li) H]
Cu;r]5 +z

[(r~. '[j Z ' r(20)

rur r ]  az 6 0(1

CUzrI 7 m***r (22)

C a I L(a= ; r ]T- 7a ( aa

U zr] .am(* 6 so, (24) .[ _ ]- (0

I
I!

[ i r _ ,g 7.
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where the subscripts refer to the corresporAg chz-celsi

equations.

substituting these relations (15) (24) into the Corrsprx n

equations (Ia) (Sa) gives us

r

d~cr dr(2b)

Erz]PdEUh]-P( SCU3 +3[ao )F (3b)

rz

I UriUJu~a-L )- E.. az -I O-r lrs )dv (5b)

dCGzs]+dCUz](a(Ur]+Orr Dt4 (6b)r

CUrl 21a 3 (Cre ,I

dE* +dU~-(C 1-a + )dT (7b)

(rr] 60G8 r

or in the finite difference form

r r2r ee r zz r r i1

(1-)Co 1-- (20

B 3 U~]C 2

2r : ~ C 31

(i-30!)(o +( (2r 2r 4

3~ 3 .
-2I-Ca 3(+ )a3(+.. C 5 +(j]C 5 (



36cgicu-7 ) (UGo)

B 8 B , (0

where

B B COazzI+Coo00 B

3+B O: O(U]B~0

4 2 ]+Pu+O3 (a rr 4

aL I* j
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cnpNzRt III

CcWu'TafONmL IUTED FOR CURi I

Characteristic aainmaln Strona piscontinuitv

The discussion in reference(G] on the behavior of waves and

their discontinuities must hold for CAB! I. as long as the incident

wave front does not reach the outer free surface of the shell, since

the initial and boundary conditions in the present case are exactly

same an those in [6]. Therefore the characteristic equations

(3b),(2b),(3b),(5b), and (6b) should be employed for the two

dimensional region in which every grid point of integration mesh has

strong nature of discontinuity in dependent variables due to the

impulsive load and th. reflected waves from thes top free surface. In

other words those five bicharacteristic curves which construct the

orthogonal integration mesh in the two dimensional region carry

strong discontinuities so that we should employ the characteristic

equations (lb),(2b).(3b),(5b). and (fib) instead of (1),(2),(3)'(S)'

and (6). The characteristic equations (1c) (6c) and static equations -

(9),*(10), and (12) are rewritten in matrix form as follows after theA

* bracket notation has been removed:
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r~ 1 -1e--

_! 1.2qI!2 0 010 A21

( 0 c 0 !2-3 c - o c ( o,

'33 B OB
! 1 [Ar

________ _* .iB5 - c 2,,, tA9,

____________ - - I i - I

XR*o) o(~) 2r -2 o -. . ,

1 . f i 0 A10  LU62r 2' l i 2' Us ]j

cH 0 0 !-9- -Ku-- A
2r2 2 10

2r 1 2

r(.1 rir
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Zt is vorthhie to note here that the bracketed value of the

dependent variables in (Ib ),( 2b ),(3b ),( 5b), and (Sib) represent

-,umps- across the corresponding bicharac-teristic cu~rves carrying

strong discontinuitis so that the :jumps are equivalent to the values

of the dependent variables which are discontinuous acrose thbe

bicharaterstics. However there are no jumpe of the dependent

variables in the static equation (9). (lO), and (12) since the

dependent variables are continuous across the bicharacteristic

dr-dz-O. It can be note4 that the static equations (9) through (12)

are merely a restatement of the constitutive equations :in th basicL

field equations.

It is known that in reflections of spherical longitudinal waves

at the boundary both longitudinal and shear waves are generated as

reflected vavee[SJ(115e). Therefore in CMEZ 1 after the reflecio

at the outer free surface we must consider not only refleced

longitudinal waves but also reflected shear waves which emanate from

the outer surface into the two-dimentional region. !'hese reflete

shear waves are characterised by the bicharaeceristo curve dr--Ot.

Accordingly we should employ the charateritic£ equation (4c) and

I;
lI
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superimpose it on Matrix 2. The characteristic equation (4c) is

superimposed on (3c) to obtain

(2+ ! 30 3)[ e~3+5)~3[~ (3c )

where

Ulmian ef Influane. anA Yvnial Utmceurr~na Point.i

A region in the solution domain where all points are under the

som type of motion is defined here as a region of influence. Zn

other words all points of each region of influence are affected by

the sam boundary and initial conditions which induce the some type

of particle notion in the region. all points in each region of

influence are categorized into three groups which are defined as

follows t

Points that are located on a leading wave front and do not

comply with the orthogonal scheme. J

2. Interlmdiarv Points

Points that have an imediate contact with one or more ij
loading points via their bicharacteristic curves and require

a special orthogonal mesh configulation.

i[1

.7 .. A. " "



3. Regular Points

Points that comply with the perfeot syetric mmd*

configulation.

Four regions of influence and twenty four recurring points in

the entire solution domain are shown in Figure S. Before the leading

wave reflects at the outer surf&(e the solution domain is divided

into two regions of influence in accordance with the case of

reference([]. Ois is a one-dimensional region r,,, influenced by the

loaded boundary and the other is a two-dimensional region r,a,z,

influenced by the fVee top surface an well as by the loaded boundary.

After the reflection of the leading wave from the outer surface,

however, the entire domain is divided into four regions of influence.

in addition to the two p:evious regions of influence we must add two

reflected regions which are influenced by the outer boundary. One is

a reflected one-diensional region rz, influenced not only by the

loaded boundary but also by the outer boundary. The other is a

reflected two-dimensional region r,z,i, influenced by the outer

boundary as well as the loaded boundary and the top surface.

Accordingly all points in each region of influence are

categorized into three groups previously defined with respect to

their computational schemes. Therefore twenty four recurring points

a through p in the solution domain can be defined as shown in Figure

S. All recurring points are categorized into the three groupe in the

following ways Points a, a'. b. c, c', d e e', f. n and p belong to

IiL
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regular points. points g. g'. L. 1', k, k, aad mbelm tothe

leading pounts and points h.h f be, sand o belong to the intermediary I
points.

1.
in th, next section the boun#ar7 and initial conditions will Ax

prescribed and the computational sche of integration f r ea-h

recurring point will be discussed in addition to the derivation

the decays of the leading waves in terms of the closed-foiL

solutions. I"

C ,-tt4irnrI Scedma For flad+h Uaemur,,in leint

The recurring points were defined with respect to the region of Jj
influence, the group of points, and the boundary conditions.

Subsquently we must detect twenty four recurring points to determine 11
the dependent variables in the entire solution domain. Once the

neighborhood of the leading wave which implies the Intermediary

points as well an the leading points is determined, we can apply the U
perfect symmetric scheme to the rest of the solution domain, since

all points remaining are regular points which comply with the perfect 1

symetric mesh.

The following dimensionless values of the boundary conditions

are prescribed when both the intensity of orr-input and the inner II
radius of the shell are considered to be unity.

The boundary conditions for the loaded boundary (r.8sO,%) are

JII
II

+. +: - , ; - -+ . . . . . . . .. . ...
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given as or -1 and ae -00. 111e initial oonditions Lor the loaded

boundary ame given as VXFiml due to CU ]-(a I the dynamical

conditions of discontinuities across a wave front()(140).

U 3 3 5 .- ,j Qe due to static equations (9),(20),(12). and

au/rno .5 due to the known decay expression, for a one-dixensional

cylindrical lending wave.

The boundary conditions for point (R, 0,z) are given as G= and

0 S -0-. The initial conditions for the cormer point are given as

Ox ft.@ e e~'x &g5/a2iO and au 1 /ar-O.5.

The boundary conditions for points (RrtRo,0,V) on the free top

surface are given as 780r00

The boundary conditions for points (Ro,z,,) an the outer free

surface are given as C-r, m17,S-O.-

Jll particles in the shell except for those on the loaded

boundary are considered to be at rest at r -0.

Stresses and particle velocities at the typical recurr~ing points

a through p are evaluated in the following way:

a. Uglvnv~,f~nn4n1Pi~

These points comply with the perfect syetric mash

configulation referring to Matrix 2.
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a J fIMfe~g *ua ne MA DJN22miaiaa 1eints a, I r. a~t

After rePlAcing (30) in Matrix 2 with (3c, ) &wa to refleCted

shearWves from the outer surface, maktrix 2 becomes

1_2 '2 0 1 0 0 0 ole (A 

0 + A) r(3-.4) 0 0 (* A
Yr3 23 -1 -4

o 0 0 ( A
I 2r

i0 L0~ [0a 1 -u. [IJ A

C0 010
__ _ _ _ _ r 2 10's

___ 2r_ 2 2 ~1 A

MatriX 3 1
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b. Re.la oaded oundary 2vo-Diamnsional Points b(, K. zO,, )

n ordor to met the boundary conditions ar-1 and rrs-0

Matrix 2 becoms

a 12 1 ~0 i r 1  -j ,

- 0 0 0 A2 '-c--

o 1 . , "° -. iL. . 0 0
X's CR a)

i . 1 - o -6 1 0 0 (A IA6
2r Ur

C "- 0 -u sr 2 2
0 1 -,. o -w -A 10

2r 2 " 10

2 !q . au A1 2

matrix 4

-. -,A
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C. 3au~rPmYoU~d~YPaints cI Rgr4RIO.T I

After anlying the boundary conditions s - -= .0 atrix 2

become

3 B 2
1_2 - 0~ 0 (A I~

r 2I-2

o 0o -016 1 0 0 1 A6JI

1 0 -a .2 0 B-9 B-9 Ag
2r, 2 29

0 0,-~ CI-a , A1' 2 2 F

2 as

Matrix 5L
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c. Reflected Regular free Top Boundary Points C'(RcrRo,O,t)

We apply the same boundary conditions as the points c to

atrix 3 to obtain

o2 o ,B6=  a o o 0 eo CA.= 2JB, ,

0 B-a 0 0 I A

. '2 - ! _ 2 ' 0

2tl 61

JI

o 0~..' .- 9 ,.9 A
2 10

-- 7 -

0 1 Ar..... U

Matrix 6
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d. Uapular Innir ae Point d(R.O.?T

When arr-1, ass" ' -0, Ktrix 2 becomes

rr 2 r

0 .01 0 0 Ur [A I-Cl--

-o ', -a U A9-
0 2r 2 2, Us

0-aS Q ..a..!....

2r 2 2 l ~ 10

2- AUa! -!

Matrix 7
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e. Regular Inner One-Dimensional Points e( r,, )

Since these points are located in the region of weak

one-dimensional motion, the matrix for these points is obtained from

Matrix 1 as follows:

FBi Bif 1
0 A -r

latj 0 0 r A

BDIB
I 1 oo -0-9 :=i A

2, LZ 7.l 9

o 1 01 a . ' . A1

Matrix 6
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f, aua .,,n/[Lo a4d~ BounlAIPxi Oft-imnmiiinrl paints Ill.? )

To be compatible with the boundary conditions Cy -1, Or 0

Matrix a becomes

B2 B2

i - ..9 A ..

B Ba

1:0 -2 I 11

atrix 9

g. Leading inner One-Dimensional Points G(R+',-tj

The geometric decay of the incident leading wave in the medliu m

can be obtained in a closed-form solution. It is a cylindrical

longitudinal wave front carrying strong discontinuities. The wave

front appears as a line in the r-z plane, this implies that the decay

is a function of the independent variable r only. Therefore the

characteristic equation(la) along dr-dT is reduced to

dt

From the equations (2a) as dr-O or from the dynamical conditions for

discontinuities across a wave surface([](p141) we obtain

and also the static equations (9), (10), and (12) give us the

I
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following expressions

Eoel-Es3-0(0 3.
Substituting those relations into the forwnr equation gives us (with

dr-dr) the well-known expression

Car I
-rr dor (a 3K

When the initial condition ar -1 is applied K becomes unity. rinally

we can sumarize the quantities of leading one-dimensional points

g(R+r,z ) as follows;

*r T Z -07 , a -0,

Ue-O, r-or-0.5r and 35- 0.

g'. Raeected Loading Tnnp fafima~1Pi~ 'U3.~'

This is a cylindrical longitudinal tensile wave which propagates

via the bicharacteristic curve dr--di. Thereforei we employ the

characteristic equation (2a). Since the stresses are irrespective of

the z-coordinate the equation (2a) becomses

d r] d Ur]m( IUr I(aJ I+( aQ]M

as dt-0 in (Ia) we obtain

(a 3-10 3
rr r

and from the static equations (9), (10). and (12)

Using these relations (with de-dr) we finally com up with the

reverse decay expression as follows

d~a I
--or Co, ]-Kr

E Zri 2r
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This expression is same as that of the incident wave, but we should

notice that the value of r docreaces as the reflected wave propagates 1.
towards the inner surface. Theis implies that after the reflection

at the outer surface the incident divergent wave turns to the

reflected convergent wave.

h. and h' nto mueiarv Ona-Dimnsional Points
h.ftaRt--Att and hftR -A?. !

Although Matrix I is valid for points h and h', a2  should be

replaced by £t/2 for h and 3 should be replaced by AT/2 for h'. 1.
for both hand h' is replaced by At. 1.

i. Lgaing Tree Soo Surface Points iIR+ .O.T

These leading points are sheared by the incident wave and all

longitudinal spherical waves reflected from the free top surface.

Those waves on the points i are characterized by the bicharacteristic

curve dr-di. Therefore we use the characteristic equation (lb) and

by equations (2b), (9), and (12) as dt-0, we have (Urjm-[ax,] and

(o ]-ao[r, and (1b) becomes 2d(o' ],,((2+a)l(crrr-of. .]). r But

the boundary condition is [a Z]-O, thus the decay is given by

d~a I -l.!)I"
rr --(I+ or (arr]-r 2

and in summary

r-Cj (1+ 2),
C r , aq a 0,0 rr-0, rm- 5.-er

au 2)-(2*i)
-I a and 5-0.

The articles at points i are subject to the campressive stress ii
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component %, which refers to the inner leading one-dimsnsional

points g. Since (a33]-[ ] (from (Sb) am dr-O), Us at points i is

equal to E- ar .

i. Rflected Leading Free Top Surface Points i'(RotR+?,At)

The reflected leading wave front is propagating towards the

inner surface via the bicharacteristic curve dr--d. We substitute

[Ur]-[rr] and [Wg9]-a-orr] that co" from (ib), (9). and (12) as

dt-O into the characteristic equation (2b) to obtain

24[orr]-((2+e)[arr]-[ zz])-. But the free suface condition leads us

to (with d -- dr)

or [ ]-r ,
ZT rr

and in summary

a -r a M0  a. -0, U=o U-or *

- l+)r (2 , 3 Us .a s

The particles at points i are subjected to the tensile stresm

component "s which refers to the reflected inner leading

one-dimensional points g'. Since (a ]-- (from (6b) as dt-0),

U at points becomes 7 .- a g.-or-

j1, Taadinp q l'w--flmnnina1 Lt~.n4d Ukunn~arV P,'inta I4tR.t . '

We can refer to Reference[6] for the calculation of these

points. The dependent variables are integrated by the following

mtrix .

ii..
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0!1+ 01 0 w IA

2.......A. . A ) R r

0- Z 3. 1 0 0 (, cA6 J4 UrJ

o oo --s. 9 , A9 -a arT ur 9

1 1 A1 +"

Matrix 10 2

k. Ladina Inner Two-Dimnsional Points k(r.z-t+-r. T)

These points are not compatible with the orthogonal scheme for

the characteristic equations. Points k, howver, lie on the

reflected spherical wave which passes through two known points so

that we can apply a linear interpolation between these two points

which are known from previous calculations. one of the known points I
is a point i and the other is possibly a point . f the latter

point does not coincide with a point I and appears between two

points, another interpolation between the two I points is

necessary. All calculations of these interpolations are carried out

in the same manner as in reference[G]. F
ke. RaflecteaA Lsadina Inner IoDmninllik
k'( rzu, ir-21t+r? - It
According to Fiure 6 we can apply a similar interpolation scheme

F'
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to evaluate stresses and particle velocities at these points W. Two

known points from which a point k' is calculated by interpolation

exist in the r-constant plane. One is a point i' and the other is

possibly a point f'. If the latter point does not coincide with a

point I, which is a known grid point of integration, it is calculated

by another interpolation that can refer to (6].

I. ?1g*VuESV_ P,,-limlThnal pint t-r.*?

These points are located on the reflected logitudinal cones and

directly on the integration grid points. But these points do not

comply with the orthogonal mesh configulation, since the

bicharacteristic curves drawn from one of these points must terminate

on the preceding reflected longitudinal cone (r-AtO0r-R+Av). It

should be noted that every reflected longitudinal wave generated by

the incident wave on its free top surface carries new strong

discontinuities. Accordingly the integration paths must be drawn

from the preceding reflected cone other than ordinary grid points.

The quantities at points are evaluated by Matrix 2. The details of

the calculations for 31 and [Ail are presented in reference[6].

e'. naflae4 Tt~ (nmoa Pi

I, r -Vt-2t -r. "t I

Although the similar calculation scheme for B i and (AJ can be

applied to these reflected points, the governing matrix is Matrix 3

due to the reflected shear wave.

7'.
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a. and o. Outer bound&=V Tk-DWDimflional Ponts
miR .zfR+tnP. o(R R+r-Ro.r I

After applying the boundary conditions 0 " -= -0 matrix 2 .rr
becomes

o 0

0 55 I53

0 2 2. 9

0 0 !9 -! 9 A

2r2 2 A10
312

r - 2 2,1 iAo

Matrix 11

The evaluations of B and [A 1) at those points a and o can be

done by the same methods as those for the points k and [

respectively.

n. legular Outer Corner Point nRoO, )

When a - crza-O Matrix 2 becomes
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0 0 o

0 1 0 r (A 6j A

0 -. 9 0 -0. !9 AZr2 2 1- 01

1 -2 0 29 aL i LA1
2r 2 L

Matrix 12

p. Uilaular Onia-flianinnA1 putev uzfaet Iointa nI(Rn. t

When ar a -0 Matrix 8 becomes
rr 1

----'; ......

- 0 -1-o01 o r, _ r-,]

2r ¢ss I A91
00

0 o -a -.! A
B B

i 2

matrix 13

ii:
I
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CHAPTLPRI V

COIOTATrONAL IUEWODS FOR CASE 2, CASK 3 AND C0=Z4

Roundes7 and Initil Conditions in can 2

The geometry and the loading for CASE 2 are shown in Figure 1 and

discussed in detail in Chapter 1. The shell considered here is

infinitely long and then it is obvious that the shell does not have a

free top surface at z-0 which in CASE 1 generates reflected

two-dimensional longitudiial waves. However all discussion in CAS I on

the characteristic formuration and the computational method scept on

the application of the boundary conditions must hold for CSE 2. In

other words we can assume that spherical longitudinal waves reflect from

the plane z-O accordingly the characteristic forsuration and all

computational procedures in CASE i are valid for CASE 2 with the

exception of the application of the following conditions at the plane

s0o.

The following boundary conditions are prescribed when both the

intensity of or -input and the inner radius of the shell are consideredrr

to be unity.

The boundary conditions for point (R,O,t) are given as a -l and

rrars-0. The initial conditions for point (R,0,0) are given asg Urm-1,

--a So , and ;U /az-- Wr/ar-l as will be shown later.

GIss rr £ 2
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The boundary conditions for points (R,z<O,z) are a-arr -O. The

initial conditions for those points are G6f0-.sm-Ur-Og-O.

The boundary and initial conditions for loaded boundary points

(R.zO) and outer surface points (Ro,-Oo zc+oo) are the same as those in

cASi 1.

2acutring Pgints in CASK 2

i.
Figure 6 shows the four regions of influence and twenty five

recurring points in the r-z plane. The quantities at all recurring

points except points c, d, i, il, n, and q can be evaluated by the same

procedure as in CSZ 1. The quantities at the recurring points where we

can not apply the same computational method as in CAM 1 are computed in

the following ways

C. 3*ulap -inniona1 Outer surfa p Pointa I
€lt +Rac 2J +T-Re. y .

When a-a -O Matrix 2 becomes

[1

1I

Ii
[

,,4 ,,
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B,~i 1@ 0 0 0 170 1All

0 i,..!L. -a 3 J i-- 0 0 a,, CA5

jr **~tx 2- 0( 0') SS

I 0 6 0 9 0 S EA I
2r 226

0 1 !0 ' .. 9- A902r22 US

0 a o -a.3a!9 A1
2r2 2

0 -a~ -a9

Matrix 14

When OQ-l ar-o Matrix 2 becoms
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I B2 .. .2- o o2 "2-- " _

2 1 2 "°2 0 0 0 Or. (A 1-C1

2(r e) 2(RZ) 2C3.z)

2--  0 0 U _ _ _ 51

o1 o - AI

I 6
o 101 - 0 2 1_! 2 a. A"0 0" zl 9"

Matrix 15

i. Lmading Two-Dimensional Incident Points i(R4+.0.,t

The leading wave front at points i carries strong discontinuities

via the bichararteristic curve dr-dt. Therefore we employ the

characteristic equation (ib)

daarr, ].d[U]-(2 2a[auz .+[Oee+[aZZ ] )o,

substituting the dynamical condition for wave surface [a ]-[U (or

from (2b) as dr-0) to obtain

and from the static equations (9), (10), and (12), [a e-[ .]-a[ .
5. rr

We finally come up with (as dr-dr)

droZT ] dr

- -l-- ror [af -Kr

[
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Since rr -1 at (R,0,0) K is taken to be unity. This is the well-known

expression for the geometric decay of the spherical incident leading

wave. All quantities for points i are obtained as the following

closed-form solution:

a. -; -1, ~ *g a
00 Oe re O22 *rr,

7 zm' Ure-r°r" uz--a * u--2* and '.Z.O.

il. Raflected Leading Two--Dlimenzional PRints i*(nRrO.E

The reflected leading wave propagates along the bicharacteristic

curve dr--dt. Therefore we take the characteristic eTuation (2b) to

determine the decay of the reflected spherical wave,

d~o' I+dEU ]-(20[U ]+2[r Te ad orr . [Ur. r CC [u,] ] [ -CC1 [Oee]_ [azz ] )d

From (lb) as dZ-0 we have [ rr]-[Ur] and from the static equations

ee-azzaarr. we substitute these relations into (2b) to obtain (as

dz--dr)

d( (r ] dr
-r (a or ]-Kr

This reverse decay expression implies the convergent spherical wave. In

sumary the closed-form solutions are as follows.

Car-r, '7ee-o=7=, crz-°cr,
ur~r-, -0

azmO -0 U ~ o U...2 and 5-O
arz"° i-=1r Uz'%z'l as

n. Reaular Xnner Surface Points n1O.-rzO.z

When r " orz° Matrix 2 becomes
rr
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"2 1 0 0 0 1 A3
Sr r Cr.2
o + - -a .l-1 4 I CA53

2(R.) 2r 3--s. O I u

0 1 -0 6  1 0 0 (A6 I

00
0. 0 -: -.. Us  A9Zr 2 2,.. ,... _ ..

o 1 -o 0 -a!- !9 1 r A
2r 2 2 f 10

1 o - o 09-31 A
2r 21 2j ~ 2

Matrix 16

q. Leadina Inner- Surface Points t R.-

If the boundary conditions for points j are set to the same value

an those for points q, the closed-form solution of zz foz points j is

equal to that for points q. It follows that in order to calculate the

decay of %, at points q we can employ the characteristic equation (5b)

along the bicharacteristic curve dz-d which characterizes the leading

spherical wave front at points j under the boundary conditions

a -(mr0. The characteristic equation (5b) with (Y -Q0-O is written

as

df% ]-d(U J-(aU ]_[,., i_

From the dynamical condition or (6b) as dt-O we have (a ]--[U], then i

the equation becomes

2d(a j-( +a)[ t F

£3 £5 3.
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as dr-dz we obtain

1+a d +a

T " -- 2 + or [ ]Z-K(R+z) 2

Since 7ZZ-G at (R,0.) and if R-l, K becomes a. It follow that

1+a

2

Finally the quantities for points q are obtained as the following

closed-form solution:

1+a

S-0, Z-a(1+,z, ) 2 ,- "=o
rr auG zz Me

4 00 .. 1f -, and Z. 0+a) 2
*rz-o, Ur-o, z-zz a -- 2

nun~rpon~-sinn of Shif~d LOAAR for C

Our aim here is to obtain the transient stress distribution in an

infinitely long thick cylindrical shell subject to an impulsive constant

load of finite length. It is obtained by applying the principle of

superposition since all action is linear elastic.

We now consider two cases of loading that can be readily obtaind

from the previous calculation for CASE 2. One of those loading cases

is, as shown in Figure 6, that its semi-infinite load along the inner

surface shifts upwards(in the negative direction of a) by a half of the

load width. The other is that the semi-infinite load shifts downwards

also by a half of the load width and the load is applied in the zeerse

direction, namely the input stress is changed to tensile stress while

the stress intensity remains unity (orr-1). After the superposition we

obtain the stress distribution for a case of a finite-width load whose
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center line lies on the r-axis. In the practical computation, however,

we have to shift the load of the latter case one grid point lower than a

half of the load width as shown in Figure 6.

Consecutive superposition Scheme for CASE 4

Up to here we considered only stop constant input shown in

Figure 8(a) for CASE 1, CASE 2, and CASE 3. However, in order to obtain

a stress distribution of the travelling load case(CASE 4) rectangular

inputs which have various duration of loading time must be considered.

A rectangular 0, input can be obtained by superimposing a negative unit

stop input whose strikinr time is shifted to r on a unit stop input as

shown in Figure S. Once a stress distribution of case 3 due to a

rectangular input load which has certain duration of loading is

obtained, we can compute the stress distribution of the travelling load

case by mans of the consecutive superposition of the previous result.

The speed of the travelling load can be controlled by the duration of

loading time in CASE 3.

in view of Figure 9 it is seen that a load of finite length is

applied at i -0 as shown in (a) and then at ,-ea the load is removed,

however at the same time another load which is shifted downwards by one

grid point distance is applied and again at mT-b the load is removed

when another shifted load is applied. This process is repeated until

the incident wave due to the first loading reaches the inner surface

after reflecting at the outer surface. The stress distribution at r-ra

i"
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is obtained by superimposing the stresses due to tho first loading at

a on the stresses due to the second load applied at -t. Thus what

we obtained by superposition is an accumulated stress distribution due

to many rectangular input loads that account for a travelling load of

finite length.

III

[.

L



CH&P!ER V

5MULMPT MOTION IN TRICK no=

The transient motion in a thick shell was obtained with aid of

CDC CzR computer. Five separate programs are utilized to obtain

the stress distribution of the present boundary value probl. The

first and second programs, IZSX and T=52 are an extension of the

coputer code CR2DZ developed by M. Ziv(63. Next three program,

RICTINP, TF33, and TMS4 Were developed during the couse of this

work to culminate the computation of the transient notion in a thick

shell subject to an impulsive travelling load of finite length on the

interior. Also another program PXOTALL is utilized to plot the time

history of the stresses and the particle velocities which are

computed by the above five programs. These programs are written in

FORTRRN IV language.

The program TRZS1 determines the stress distribution of CU I

in which the load is applied as a step input, so the duration of

loading is permanent. The output of T Sl stored on TMl can be

plotted on the CALCOIW plotting machine by using the program IOULL.

The second program TRU2 is used to determine the stress

distribution of CASK 2 in which the duration of loading is permanent.

The output is stored on TAPES which will be retrieved separately by

the programs, NICTXNP, T53, and PZUL for their computation and

Ii
ii

. ... . .. 2? : i
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a.

plotting purposes. C'Tni is a program to compute various cases of

a rectangular input load for cAM 2. Thi program retrieves ! 1.

and stores its output on Tifs.

1.
The program TUS3 carry out the ca culation of the superposition

scheme for CAM 3. This program retrieves ftM obtained by T=2 or

FZCTIP. Since the program RECTIMP stores its output on 21fl,

before attempting to run TRES3 of a rectangular input loading case

TAPE6 should be renamed as TJkES which is compatible with the format

in TRE33.

The last program TRB4 determines the stress distribution of a.

travelling load case (CASE 4). TJLP10 obtained by TRS3 is retrieved L
by T9234 which will store the output on T2! 15.

All program listings are presented in Appendiz A-F.

Ii

Nine groups of plots were obtaind as shown in Figures 10-63

which represent the time history of the stresses and particle

velocities for all cases. The following data common to all cases are |F

prescribed during the computation: inner radius of the shall 1l.00,

outer radius Ro-i.30, Poisson's ratio U -0.15, intensity of input

Orr-1.0, step $sie of integration At -0.02, and number of time steps

is 30. [1
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2hs first group of plots shows the tim history of the stresses

and the particle velocities of Can 1 at six detected points.

Observing Figure 14 one can see that three JuMps occur during the

entire time of record. Those Jumps are due to the arrivals of the

incident longitudinal wave, the first refrected longitudinal wave

from (1.0,0,0), and the refrected wave from the outer surface in the

order of arrival time.

The next three groups of plots Figure 16 through 33 show the

time history of the stresses and the particle velocities of CUMZ 2.

Three cases of the duration of loading are computed for CAM 2, that

are 0.04. 0.08, and permanent cases. It should be noticed that in

Figure 23 or 29 of the rectangular input cases a high tensile stress

wave which is due to the reflected logitudinal wave from the outer

free surface passes through the points located around the half way of

width of the shell. If the duration of loading LA permanent a

reflected tensile stress wave will be cancelled by a compression wave

issued from the loaded boundary.

The next three groups ;f plots are recorded for CA=K 3 and the

last two groups of plots are obtained for CAS 4 in which spoods of

the travelling load are 0.5 and 1.0. Observing Figure 52 through 63

one can see that in those plots many jumps in the stresses and the

particle velocities occur during the entire time of record. VMS is

because that many discontinuous wave fronts due to the loading and

unloading process exist in the solution domain. For emple in

[ Figure 63 the first jump occurs at r-0.00 and after that a I= is

i [I,
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observed step by stop until the last tim step, since, in thi ao,

the sp d of the travelling load is 1.0 which implies that tb

travelling load is moving stop by step.

Thus, displacement and strain components at any point in the

shell may be evaluated in terms of dimensionless valuables from tbo

computer program presented.

[ .

I.
F-

_________ _________



[1] Chou, P.C. and Koenig, N.A.

"A Unified Aproach to Cylindrical and Spherical Elastlc Wa s

by the Mthod of characteristic@, Journal of Aplied

Mechanics, An Transactions, Vol. 33 30 1 p159-p6, 164

(2] "we", T.Y.

"The General Theory of Compatiblity Conditions", Znternational

Journal of Engineering Science, Vol. 4 p207-p233, 266

[3] Ziv, H.

"Two Spatial Dimensional Elastic Wave Propagation by the Theory

of Characteristics", International journal of Solids and

StraCturoe, Vol. 5 p1135-p1151, 1969

[4] Ziv, H.

"The Decay of Leading Elastic Waves by the Theory of

Chazacteristics", International Journal of Engieering Science,

Vol. U p493-p497, 1970

(5] Ziv, N.

"Multi-Dimnsional Wve Propagation in Solid due to Impact

Loading by the method of Characteristics", T.A.w ROport N0 173,

Technion - Israel Institute of Technology, 1975

[

4'.!



57

(6] Ziv, K.

"General Transient Solution Method for the Entire Suddenj

Deformation Domain of Two-Dimnsional Solids", IkE.Z Deport

NO 204, Technion - Israel Institute of Technology, 1974

"Transient Response of an Elastic Ralf Space to an Enbedded

Cylindrical Load by a Two-Spatial Characteristic Coputer

Code-, T.&.E. Report IS0 250, Technion - Israel institute of

Technology, 1975

"Stress Transients in Solids", ByperDynanics, 1975

(3] Achenbach, J.D. i
"Wave Propagation in Elastic Solids", North-Eolland, 1973



58

APPENDIX A

FIGURES IN CHAPTERS I-IV



R 3

Figure 1. Geometry, loading, and coordinate system for CASE 1.

R

Figure 2. Geometry, loading, ar:1 coordinato system for CASI 2.
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Bicharactristics

jectories or gene-
rators of the cones

Shear wave surface
vs(r. z. t) = 0 1i dr r G LSfrdt

dz = G GL,S nzdt

or

Longitudiinal wave surface dr~ = GL,Scosedt

(r~z,t) = 0oe dz = GL eL.l =nat

(rzt)= const -0 ( r.t,) - const

*(r., ,t) = conat I Ir~~

PiVgure 3. Longitiuiina1 and shear wave cones and the bicharacteristic

curves,
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Top free surface outer free surface

PI

Reflected two-dimensional
region of influence

First reflected two-dimensional wave from d(O.O .0)

Reflected one-dimensional regi~n of influence

Reflected leading wave fr ,a outer free surface

ImaginaLry incident leadiing wave

Figure .5Influence regions and twenty four recurring points in CASE 1.
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Inne suraceQuter surface

Two-dimensional1
region of influence

It

Reflected two-dimensional
region of influence

Imaginary incident wave

71igwg 6. Influence regions and twenty five recurring points in CA39 2.



iL
64 -

Inner wall of shell Grid point

0 0

00 0 * 0

0 + 0 * m0

00
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0

Shifted semi-infinite Shifted semli-inlfinite Combined load ofL
load load finite width

II

Figure 7. Superposition scheme of shifted loads for CASS 3.
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reversed step Input input
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%.(a) ?"-

A Duration time of loading 0
/

D 
0

-T-K-P..

0

aa

.JL"O - 0

*A 0

T& r

(c) T-7b

4 0, o_.Z

I T 0

'rb 7'a' E4
Speed of travelling load =-A

Figure 9. Consecutive superposition scheme for CASK 4.
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APPENDIX B

PROGRAM LIS3TING OF TRES1



67

PROGRAM TRESI( OUTPJTTAPE1,TAPEZ2) 00010
C
C CASE 2 1 TRANSIENT RESPONSE OF A SZmU-INFTNITELY LONG TUBE 00030
C SUBJECTED TO LOAD APPLIED FROM TE INTERIOR AND ALONG 00040
C THE LENGT OF THE TUBE 00050
C 00060
C 00070
C CO-ORDINATE SYSTEM FOR THE ARRAYS USED IN THE PROGRAMs 00060
C 00090
C J - COORDINATE FOR Z-AXIS. J-1 AT Z-O.0. 00100
C K - COORDINATE FOR R-AXIS. K-I AT R-DRO. 00110
C L - COORDINATE FOR VARIABLES. 1 - SITT 5 - UZ 00120
C 2 -UR 6 - DZDZ 00130
C 3 - DURDR 7 - SIRR 00140
C 4 - SIZZ S -SIRZ 00150
C NT - TnME COORDINATE. 1 - TOW, 2 - TOW-DT, 3 - TOW-2*DT 00160
C 00170
C 0010
C 0019o
C INPUT DATA 00200
C 00210
C N - NUMBER OF DIVISIONS ACROSS THICRUNSS OF CYLINDER 00220
C INDEX - TOTAL NUMBER OF INTEGRJITION(MUST NE 2*uI)(MUME 30) 00230
C DRO - INTERNAL RADIUS 00240
C DR1 - Ef'ERNUAL RADIUS 002S0
C RNE - POISSON'S RATIO 00260
C F? - DIRSNSIONLE3S LOADING INTENSITY 00270
C 00230
C THE FORM OF OUTPUT IS SELECTED BY SPECIFYING IPRINT AND INPUT 00290
C THE INFORWKTION REQUIRED FOR THE OUTPUT 00300
C 00310
C IPRINT FORM OF OUTPUT 00320
C 00330
C 1 PRINT FOR A SPECIFIED TIME 00340
C 2 PRINT FOR A SPECIFIED POINT 00350
C 3 PRINT FOR BOTH SPECIFIED TIME AND POINTS 00360
C 00370
C 00300
C IFROM - STARTING TIM FOR PRINTING 00390
C ITILL - TIME FOR TERMINATION OF PRINTING 00400
C IWRITE - TIM INTERVAL OF PRINTING 00410
C XPRINT -- NUMBER OF POINTS SPECIFIED (NXIDMU 9) 00420
C JIRINT - J - COORDINATE OF SPECIFIED POINTS 00430
C KPRINT - K - COORDINATE OF SPECIFIED PINxTS 00440
C 00450

C 00470
COMMOO/FO/FF, F"BFR 00460
COMMO/ALL/, TOW, R, Z, K, J, DTS,ALFA, BETAETA2 ,G2, BG, C3A, CA, PIES, 3O0490
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COW/RE/IFlOM, ITILL, rMTE, ,IJ1, IPRINT, XPWKXM 00500
COMfhOPRZNT/JPR.INT( 9) ,J0?RINT( 9) 00510
DIMENSION T3(31,6),TT(34,S) 00520

DIMENSION Q3(31,S),QJ(2,31,8) 00520
DIMISION ZA( 41) 00540
C0iU/T3/T(34, 31,S8), T1(34,31,8), T2(34, 31,S8), TOI'IL(34, 31, 8) 00550
COWM/gN/Q( 34,31,S),Q1(34,31,9),Q2(34,31,S) 00560

C 00570
C INPUT TO T=E PROGRAM 00560
C 00590

DFAX IND1CN,DRO,DRI,RNZ,7P/3O,15,1. ,1.30, .15,1./ 00400

DATA(JPRIM(N),M-1, 2)/2,2/ 00410
DAT'A(PRNT(K),M-1,2 )/1,2/ 00420
DAWR IPRINT, IFRN, ITILL. IrTE,NPRINT/1, 1,30,1,2/ 00630
31-3+1 00640
130X-I3DEX+1 00650
1=D4-10=D+4 00660
CALL QLMUNE, ,DRO, INDEX, InD1 ,INDX4, T3, TT 00670

+DRI, Q3, QJ, 2a,X1) 00660

STOP 00690
END 00700

C 00710

C 00720
SUBROUTINE GALIN( RUE, DRO, INEX NDXI,In=*4,T3,TT1, 00730

*DR1,Q3,QJ,ZA,N1) 00740

C 00750
C*#*,***ww*,#**********,w*********ff*t~w***00760

C PURPOSE TO FIX THE SCMDM Or INTEGRATION 00770
~ 00760

C 00790
CONNON/ALWI. TON, R, Z, K, J, DTS, ALFA, BZ~h, BZTA2, G2,30,. CBA, CAM, P=5,N00
COIOION/PRXNT/JPR.INT( 9), KPRINT( 9) 00610
COIOIO/PZ/IFROK, ITILL, IrITE, J1, IPRZNT,NPRINT 00620
COUUO/FO/FF, M3 FR 00630
COIOON/AA/1,2,3,BS,B6,B9 00640
DIMENSION 23(N1) .00650

COHMNO/TN/T(34,31,),T(34,31,),T2(34,31,S), 00660
+TOTAL(34,31,S) 00670

COuuM/g3I/Q(34,31,6),Ql(34,31,S),Q2(34,31,S) 00660
DIMENSION T3(InDX,),T4(3,S),TI'(INDX4,9) 00690
D13N5103 Q3( INDX,8),Q4( 3,9),QJ(2,nDX,U) 00900

C 00910
C CALCULATOt OF THE CONSTANTS 00920
C 00930 I

PRi-FF 00940
FRZ-0. 00950
DT-( DU-DRO )/7LOhT( N) 00960
DTSDVT/2 .0 00970
ALFA'UN/(1. 0-RUE) 00930
BETA-( 1.0-AlFA)/2.O 00990
BETA-SQNT( DETA2) 01000
02-DT/(1.+BETA) 01010

Nowi



30-2. 0*3 M wG2 01020
CB&-( 1.0-BETh )/( 1.04Dm%) 01030
CAB&-2 .o*ZTA( 1.04DmT) 01040
B1-DTS 01050
B2-DT5 01060
33-G2 01070
B5-VT5 01060
B6-DT5 01090
89-DT 01100

P1E5-2.OWAThkN(1.0) 01120
C 01130
C SET ALL ARRAYS EQUAL TO ZERO 01.140
C 01150

DO 50 Lin1,8 01160
DO 49 NT-1,3 01170
T4(NT,L)-0.0 01190
Q4(MT,L)-0.O010

49 CONTINUE 01200
Do s0 x-l,INDX 01210
T3(X,L)=0.O 01220
Q3(K,L)-0.0 0.1230
QJ(1,XL)-0.0 01240
QJ(2,X,L)-O.O 01250
DO 50 J-1,INM(4 01260
T(J,K,L)-0.0 01270
T1(J,X,L)-0.0 0230
T2(J.K,L)-0.O 01290
TOTAL( 3,1, L)-0.O 01300
Q(JX,L)-0.O 01310
Q(J.1.L)-O.0 01320
Q2(J,K,L)-0.0 01330

50 CONTINUE 01340
C 01350
C INITIAL CONDITIONS 01360
C 01370

T1(1,1,7)T/DRO**(1.O+ALrA/2.0) 01360
T1(1,1,1)ALFA*T1(1,1.7) 01390
TI(1,1,2)-Tl(1,1,7) 01400
TIC 1.1,3 )-7'( 1.0+ALfl/2.O)/DRO**( 2.0+ALflA/2.0) 01410
TX(1,1,5 )-ALPA'FF/SQRT(DRO) 01420
DO 55 J-2,INDX4 01430
T1(J,1,7 )-FF/SQET(DRO) 01440
T1(J,1,1)-ALPA*T(J 1,7) 01450
T1(J.1,4)-Tl(J.1,1) 01440
T1(J,1,2)-T1(J,1,7) 01470
T1(J,1,3)-O.5*FF/DRO--1.5 01460

55 CONTINUE 01490
DO 60 L&-1,8 01500
T4( 1,L )-T1( 1,1,L) 01510
Do 60 j-1, xNDX4 01520
TI(J,L)-TI(J.1,L) 01530
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s0 CONTINUE 01940
C 01550
C THE MR=I 0F INTEGRATION 01560
C 01570

DO 2000 1-1,XNDEX 01560
SIGN-1.0 .01590
TOW-I *D 01600
IA-I+l 01610
I~l-IA 01620
1B-1+2 01630
IC-I+3 01640
11-3 01650
DO 1000 JM-2,IC 01660
11-5-11 01670
3-1+4-3M 01660
Z-FLO&T( 3) *oT-D 01690
17(JM .GT. 3) GO TO 200 01700
17(K .EQ. 3) GO TO 300 01710

C 01720
100 X-1 01730

R-DRO 01740

CALL LOADD( DRO, INDX4. INDX1.DT,T,T1,T2, SIQI,DRX) 01750
17(1 .EQ. 1) GO TO 105 01760
DO 110 K-2,1 01770
R-FLO'( K) 'DT-DT+DRO 01730
CALL GENEt(RO, INDX4,InDX1,DT,T,T1,T2,31GN,DRI) 01790

110 CONTINUE 01600
105 1-1+1 01310

R-FLO&T( I) 'DT+DRO 01620
CALL 1UVE( DRO, IND4, INDXIT,SIGN, 77 01630
DO 115 X-1,IA 0164
DO 115 JJ-IC,INDX4 01650
DO 115 L-1,8 01660
T(JJ,K,L)-T( lXL) 01670

115 CONTINUE 01660
DO 120 JJ-2,IA 01610
DO 120 L-1l,8 01100
T(JJ, IA. L)-T( 13,IZAL) 01110

120 CONTINUE 01120
0O TO 1000 011307

C 01140 1
300 X-1 01150

R""DRO 01160
CAML LDDO,InD4,INDX,DT,TlT,T2,1=QU) 01170
DO 305 L-1,8 01160
T3(1,L)-T(J,1,L) 01990
T4( 3, L)-'T4( 2, L) 02000
T4(2,L)-T4(1.L) 02010305 CONTINUE 02020
T4( 1,7 )-7F/( DR+TOW)-*( 1.0+0.5*AL7A) 02030
T4(l,l)-ALIPA 4(1,7) 02040

T4(1,2)-T4( 1,7) 02050
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T4(1,3 )-Pw(l.O+0.5*ALF&)/(DRO>+TOW)t*(2.O+0.5whAf) 02060
T4( 1,5 )-rFALFPA/SQRT( DR+TOW) 02070

T4(1,4)-0.0 02060

T4(1,6 )-0.0 02090
T4( 1,8)-C. 0 02100
IF(I .LR. 2) GO TO 1000 02110
DO 310 X-3,1,2 02120
DO 310 L-1,9 02130
T(J,K,L)-T( IB,X,X) 02140

310 CONTINUE 02150
320 GO TO 1000 02160

C 02170
200 I7(J.EQ. 1) GO TO 500 02190

C 02190
400 IF(XK .EQ. 2) GO TO 405 02200

X-1 022.10

R-DRO 02220

CALL WOAD(DO, INDX4, XNDX,DT,T,T1,T2,SI(G,DR,flZ) 02230
405 DO 445 X-1KI,2 02240

R-FL~OAT( K) *D? DT+DRO 02250
LII-J-1)'(-1)I~I+K--)'(-1)02260

IF(LK .GT. 0) GO TO 430 02270
ML-X+-I-202290

IF(3UL) 410,415,425 02290
410 CALL GIER(DRO, INX4. INDXDT,T,T1,T2, SIGN,DRI) 02300

GO TO 445 02310

415 CALL DIAG(DRO,InD4,INDX,D)T,T,T1,T2,T4,SIGN,DR1) 02320
DO 420 L-1,8 02330

T3(KL)-T(J,X,L) 02340

420 CONTINUE 02350
G0 TO 445 02360

425 CALL GINTER(DRO,INDX4,INDX1,DT,T3,T4,T,SIQI,DR1,N1) 02370

GO TO 445 02330

430 DO 440 L-1,8 02390

T(J,X,L)-T( IB,X,L) 02400
440 CONTINUE 02410

445 CONTINUE 02420

GO TO 1000 02430
C 02440

500 IF(XK .EQ. 2) GO TO 505 02450
KX'1 02440

R-DRO02470
CALL DOAXI(DR,INDX4,IIDX,DT,T,T1,T2,SIQI,DR1) 02460

505 IFP(I .1Z. 2) GO TO 515 02490
IAMI-102500

00 510 K-KK,IAM,2 02510
Rt-FLOAT( K) 'DT-DT+DRO 02520
CALL r ( DR, INDX4, NDX1, DT, T, l, T2, SIGN, DIU) 02530

510 CONTINUE 0254M
515 1-I+1 02550

DO 520 L-1,6 02560
T(J,X,L)-T4(1,L) 02570
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520 CONTINUE 02560
1000 CONTINUE 02590

SIGNI1-1. 0 02500
IF( 1-N)1985,599,6 04 02610

C INITIAL WECTZD CONDITIONS 02520
599 Ql(1,Nl,7)-7U/DR1"-(X.0+ALFA/2.0) 02630

Q(1,Nl,2)i-SIGMQlQ(1.31,7) 02650
g1( 1,Nl,3)mSION-FR(1.0+ALFA/2.0)/DRI**(2.0+ALFA/2.0) 02660
Q1(1 ,Ni, 5)-ALFA*'R/SQRT( DRI) 02670
DO 600 J-2,INDX4 02630
Q1( 3,N1,7 )-F/SQM'( DRX) 02690
QXC J.Nl 1)-ALfl'Q1( 3,N1,7) 02700
Q1(J,N1,4)ALAWQ(J,N1,7) 02710
Q1(J,N1,X1inSIGN*Ql(J,N1, 7 ) 02720
Q1(J,N1, 3)-0.5'SION'FU/DR-"1.5 02730

600 CONTINUE 02740
DO 602 L-1.6 02750
Q4( 1,L)-Q1( 1,N1,L) 02760
DO 602 3-1,N1 02770
QJ(1,N,L)-Q4( 1,1) 02730

602 CONTINUE 02790
DO 603 J-1,INDX4 02800
DO 603 X-1,INDXM 02610

DO 603 L-1,9 02320
603 Q(JX,L)-Q1(J,X,L) 02330

GO TO 4000 02340
604 IR-1-N 02350

RWNl-IR 02660
DO0606 L-1,8 02670
Q4( 3,L)-Q4( 2,L) 02330
Q4( 2, L )Q4( 1, L) 02090

606 CONTINUE 02900
R-FLOAT( 2 N-I) 'DT+DRO 02910
Q4(1,7 )-7U/R-(1.+ALFA-O.5) 02920
Q4(l,l)-ALFA*Q4(1,7) 02930
94( 1,2 )mSIGN-g4( 1,7) 02940
Q4( 1,3 )-FR-SIGN'( 1.O+ALfl'0.5 )/R-( 2.0+0. 5-A12A) 02950
Q4(1,5 )-FR*ALFA/R"0O.S 02960
Q4(1,4)-0. 02970
Q4(1,6)-0. 02930
Q4( 1,6 )-0. 02990
DO 3000 3N-2,IC 03000
J-1+4-JN 03010
IN-NOD( 3+N,2 )+2 03020
Z-YLOAT( 3-1 )'DT 03030
J1-1-3+1 03040
J2-2+SQRT(?LORT( 1*1-N*X)) 03050
IF(J-J1 )640,630,610 03060

610 iP(J.LT.J2)G0 TO 620 03070
X-Ni 03000
1-DRI 03090

I 1k-
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FB--T( J, Ni,7) 03100
CALL LOADED( DRO, INDX4, NDX1.IDT,Q,Q,Q2,SICl,OJi) 03110
IP(IR.EQ.i)GO TO 614 03120
DO 612 KR2,IR 03130
K-N-KR+2 03140
R-FLOM'( K ) DT-DT+DRO 03150
CALL GENER(DROP INDX4, INMCI,DT,Q,Ql,Q2,SIGN,DRI) 03160

612 CONTINUE 03170
614 K-KW 03130

R-FLOAT(K-i )'DT+DRO 03190
CALL WAVE( DRO, INDX4, INDX,Q,SIGN,FR) 03200
DO 616 K-KV,Ni 03210
DO 616 JJ-J2,INDX4 03220
DO 616 L-1,8 03230
Q(JJ,K,L).Q( IU,K,L) 03240

616 CONTINUE 03250
DO 619 L-1,8 03260
DO 617 Nin1,Ni 03270

617 QJ(2,M,L)-QJ(i,N,L) 03230
QJ( 1,*1, L)-g( J2, Ni,L) 03290

613 CONTINUE 03300
DO 619 JJ-2,J2 03310
DO 619 LL-1,8 03320

619 Q(JJKWLL)-Q( IB,KW,LL) 03330
CALL RBOONDDRO,INDX4,INDXIDT,Q,Q,2,Q4,QJ,JiSINT,za,zliDRI) 03340
GO TO 3000 03350

620 IF(IM.EQ.2)GO TO 622 03360
K-Ni 03370
R-DRI 033300
AJ-.+7OTIINN(-)(-)/T~ !*(1-9)) 03390
N-AJM 03400
DO 624 L-1,8 03410

624 Q(J,K,L)-(AJ-FOAT(M) )-QJ(IH+i2.,4if(FLOAT(M+1)-A7X)*Q7(I,M.L) 03420
622 DO 629 KR-IM,IR,2 03430

X-M-KR+203440
R-FLOAT( K-i )-DT+DRO 03450
LM-( J-i )"2-I*I+( 2-N-K+i )*2 03460
IF(LM.GT.0)GO TO 626 03470
CALL RINTER(Q,QJ,Q4,INDX4,IN=x,ZA,Nl) 03480
GO TO 629 03490

626 DO 625 I.-1,8 03500
Q( J,X,L)-Q( IB,2,L) 03510

625 CONTINUE 03520
629 CONTINUE 03530

GO TO 3000 03540
630 K-ill 03550

R-DRI 03560
DO 633 L-1,8 03570
Q(J,K,L)-QJ(1,Ni,L) 03580
Q3(Ni,L)-Q(J.KL) 03590

633 CONTINUE 03600
Ir(I.R.LE.2)GO TO 3000 03610
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DO 636 KR-3,IR,2 03620
K-N-KR+2 03630
LN-( J-i ),*2-II+( ZtN-K+i )*t2 03640
IF(LK.GT.0)GO TO 634 03650
CALL RINTER( Q, QJ, Q4, INDX4, INDX1,ZA, Ni) 03660
GO TO 636 03670

634 DO 635 L-1,8 03660
Q(J,K,L)-Q( IB,K,L) 03690

635 CONTINUE 03700
636 CONTINUE 03710

GO TO 3000 03720
640 IP(J.EQ.I)GO TO 700 03730

IF(IM.EQ.2)GO TO 641 03740
K-Ni 03750
R-DRI 03760
FU--T(J,Ni,7) 03770
FRtZ--T( J, Ni, 8) 03780
CALL WADi( DRW,INDX4, INDX1,DT,QQ1,Q2,SIGN,DRI,FRZ) 03790
IF(IR.LE.2)GO TO 3000 03800

641 DO 649 KR-IN. IR,2 03810
K-N-XR+2 103820
R-PL40AT( K-i ) DT+DRO 03830
LN-( J-i )**2-II+( 2-N-K+i )**2 03840
Lh-(J-1)*w2-( I-N)**2+(N-K+i)**2 03850
ML-J+2 *N..K.I 03860
IF(LM.GT.0)GO TO 647 03870
IF(L&.GT.0)GO TO 646 03880
IF(3U.)642,643,645 03890

642 CALL GENER1(DRO,INDX4,INDXi,DT,Q,Qi,QZ,SIGN,DRI) 03900
GO TO 649 03910

643 CALL DIAG(DRO,INDX4,INDXI,DT,Q,Qi,Q2,Q4,SIGN,DRI) 03920
DO 644 I.-1,8 03930
Q3(K,L)-Q(J,X,L) 03940

644 CONTINUE 03950
GO TO 649 03960

645 CALL1 GINT'ER(DRW,INDX4,INDMi,DT,Q3,Q4,Q,SON,DRi,Ni) 03970
GO TO 649 03980

646 CALL RINTER(Q,QJ,Q4,INDX4,INDXI,ZI,Ni) 03990
GO TO 649 04000

647 DO 648 Z.-1,8 04010
Q(JK,L)-Q( IB,K.L) 04020

648 CONTINUE 04030
649 CONTINUE 04040

GO TO 3000 04050
700 IF(IN.EQ.2)GO TO 705 04060

K-Ni 04070
R-DR1 04000
FB-TI( J, Ni,7) 04090
CALL UOAX1( DRO, INDX4, INDXi, DT,Q,Ql,Q2,SIGN,DRI) 04100

705 lr(IR.LE.2)GO TO 715 04110
DO 7i0 XR-IN,IR,2 04120
K-N-KRt+2 04130
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R-FLOAT( K-i) "DT+DRO 04140

CALL FREE (DRO,INDX4,INDX1, DT,Q,Q1,Q2,SICGN, DIR) 04150

710 CONTINUE 04160

715 K-KW 04170

DO 720 L-1,8 04130

Q(J,X,L)-Q4(1,L) 04190

720 CONTINUE 04200

3000 CONTINUE 04210

4000 CONTINUE 04220

1985 CONTINUE 04230

DO 1975 J-1,INDX4 04240

DO 1975 L-1,8 04250
DO 1970 K-1,IAl 04260

1970 TOTAL(J,KL)-Q(JKL)+T(J,K,L) 04270

IF(I.NE.2'N)GO TO 1975 04290

TOTAL(J,1,L)-TOTAL( J,1,L)+TT(J,L) 04290

1975 CONTINUE 04300

CALL RESULT(RNE,DRO,DRI,DT,I,FF,INDX4,INDXI,TOTAL,TI,IJN) 04310

DO 1980 J-1,INDX4 04320

DO 1980 L-1,8 04330

DO 198C K-1,IA1 04340

T2( J,K.,L)-T1( J,K,L) 04350

Tl(J,K,L)-T(J,K,L) 04360

Q2(J,K,L),-Q1(J,K,L) 04370

QI(J,K,L)-Q(J,K,L) 04360

1980 CONTINUE 04390

2000 CONTINUE 04400

RETURN 04410

END 04420

C 04430

C 04440
SUBROUTINE AMAT( DRO, INDX4, INDXI,DT,T,T1,T2,A,SIGNq,LR1) 04450

C 04460

C PURPOSE: TO CALCULATE THE MATRIX AND VECTOR BASED ON MATRIX 2 *04480

C '04490

C COLUMNS 1 TO 8 OF A(II,JJ) REPRESENT THE MATRIX WHILE A(11,9) IS *04500

C THE COLUMN VECTOR SUCH THAT: *04510

C A(I,9)- (A2] A(5,9)- (A6] '04520

C A(2,9)-, 19 A(6,9)- (Al '04530

C A(3,9)- 110 A(7,9)- [A53 *04540

C A(4,9N- 12 1(8,9)- [A31 '04550

C 04560

COIOEN/ALL/I,TOW,R, Z,K,J,DTS,ALFA,BETA,BETA2,G2,BG,CBA,CAB&,PIES,N045?0
COM4ON/A.A/BI,B2,B3,B5,86,B9 04580

COOMON/O/Fl, FB, FR 04590

DIMENSION T(INDX4,INDXl,8),TI(INDX4,IMDX1,8),T2(IND4.,INDlS) 04600

DIMENSION A(8,9) 04610

F-Fl 04620

IF(SIQG.EQ.-i.0)F-FR 04630

DO 600 111,8 04440

DO 600 JJ1,9 04650
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A( IIJJ)-0.O 04660
600 CONTINUE 04G70

C 04660

C CALCULATING T21 MAT'RIX 04690
C 04700

A( 1,1)-52/R 04710
A(1,2 )-l.-2. *ALFA-32/R 04720
A(1,4)-32/R 04730
A(1,7)-1.-2.*B2/R 04740

C 04750
1LPA9-B9 *ALFA 04760
ALFA9R-ALPA9/R 04770
A( 2.2)-ALFA9R 04780
A( 2,3)-B9 04790

A( 2,7)-i. 04610

A3,2 )--ALFA9R040
A3,3)-LA 4

A(3,6)--B9040
C 04670

144,)-i.04300
A( 4,2 )--BS/R 04690
A( 4,3 )--ALFA9 04900
A(4,6)-ALrA9 04910

C 04920
A( 5,2 )--ALrA*B6/R 04930
A( 5,4)-l.0 04940
A(5,5)-l.0 04950
A( 5,6 )--36/R 049G0

C 04970
A( 6,1 )--B1/R 04930
A(6,2)--.-.*ALFA*Bl/R 04990 ±
A( 6,4 )--Bl/R 05000

C 05020
A( 7,2 )-ALFA*BS/R 05030

A( 7,4)-i. OBS/( Z+DRO) 05040 ; f
A( 7,5 )-- .0-ALFA'U5/( Z+DRO) 05050
A(7,7)-B/(Z+DRO) 05060
A( 7,8)-US/K 05070

A( 3,5 )--SIG*BETA+BETA2*B3/R 05090
A( 6,6)-i. 0+3. O*SIQ(*BETA-B3/R 05100

C 051,10
C CALCULATING THE VECTOR 05120
C 05130

ZIR-Z*Z-TOVWTOW+( R-DRO ) ( R-DRO) 05140

Il?(SIGN.EQ.-1.0 )ZIR-Z*Z-TOW*TOW+( 2.0-DRI-DR0-R)--2 05150
KNEG-K-105160
XPOS-K~l05170
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C 05200
IP(30MG .ZQ. 0) GO TO 620 05210

A(G, 9)i(T(JJ=IG 1)+A-IT(J,KNEG, 2)-T(J,=G,7)) 05220

*.31/(R-DT)+Tl( JXNG, 7)-Tl(J,iIEG, 2) 05230

A(6,9e,9 ) )SUZ* ( 0-. XSQE,4)+LB3/(J-BG +Z* 3IIDT1DTA* 0530

+T(J-DG 7)R/(- 0520
C 05330

620 CONTINUE 05340

+*32/R+D-T)T( J,J, )+AT( J,KPOS,) 0530

I(R .T.0.) 0 O 05370
C 05330

640 CONTINUE 05340

I7(ZIR GT.E. 0.) GO TO 60 05420
A(1,-(1,T1(JEG42-)T(JN,KI0,)+LALFA*T1(JNE,K,2) 05390
+Tl5(T1(3E0,4)/(+T1(E,,)AF*1JNGK5)()Z 05440

C 05400
650 CONTINUE 05470

A(5,9)-T1(JNOS.K,4)+T1(JNES,K,5)+B6*WAAT1(JNOS,K,2)/R 05460

++36*Tl( JPOS,K,B8)/R 05490

C 05500
IF(SIGW .EQ. -1 AIND. K .EQ. 2-N-1+2) GO TO 670 05510
IP(K .EQ. I AIND. SIGN .EQ. 1) 00 TO 660 05520
AL(2,9)-T2(J,X,7)+B9-T2(JK,3)+ALFA9-T2(J,X,2)/Rt+ALFA9*T2(J,K,6) 05530
A(3,9)-T2(J,K,4)+B9-T2(J,K,6)+WALF*T2(J,X,2)/R.ALA9T2(J,K,3) 05540

A(4,9)-T2(J,,1)+B9-T2(J,X,2)/R+ALFA9-T2(J,K,3)+ALFA9*TZ(JK,6) 05550
RETURN 05560

C 05570
660 B-32 05300

GO TO 680 05590

670 3-31 05600
690 CON-?/R--l.5 05610

R2-R+SIGN*DT/2 .0 05620
AXE-5IQI*F*D*( 1.0-2 .0*ALFA)/R2**1.5 05630
A( 2,9)-CrM*R+SIQI*0.5*B9*CON-SIGN*ALFA*39*CON 05640
A( 3,9)-AACON*V ).5*SIGN4*B*ALF7*CON 05650
A( 4,9)-ALPA*CON*Ri00.5*SIGN*39*ALFA*CON-CON*3IQI*39 05660
IF(SIGN .EQ. 1) A(1,9)-AXE 05670
riF(sII .EQ. -i) A(6,9)-AxE 05630
TURN 05690

NN
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END 09700
C 05710

C SUBROUTINES RINT AND CINT ARE USED TO ADJUST MATRZ 2 FOR EACH 05730
C CATEGORY OF POINTS 05740

C 05760
SUBROUTINE RINT(.N,N.IA,LB) 05770

C 05700
C INTERCHANGE ROWS LA AND LB 05790
C 05600

DIMENSION A(N,N) 05310
DO 10 11-1,m 05320
SAVE-A( LA, II 05330

A(Lh,II)-A(LB,1I) 0534
10 A(LB,II)-SAVE 05050

RETURN 05860
END 05370

C 05830
SUBROUTINE CINT(A,N,N, LA,LB) 05390

C 05300
C INTERCHANGE COLJUMNS LA AND LB 05110
C D I N05920

DO 10 11-1,N 0594
SALVE-&( II,L&) 05950
A(1I,Lh)-A(1I,LB) 05960

10 A(II,LB)-SAVE 05970
RETURN 05930
END 05990

C 06000
C 06010

SUBROUTINE WAVE( DR0, INDX4,INWX1,T, SIGN,F) 06020
C 06030

C INCIDENT LEADING WAVE POINTS - G-- 06050

C 06070
CODOMN/ALL/1,*TOW, R,Z, K,J, DT5 ,ALFA, BETA,DETA2, G2,.50,CHAD CABA.ZES, 300
commyO/Fo/7?, FE, R 06090
DIMENSION T( INDX4, INDX1, 8) 06100
T( J,K,7 )mF/R**0.S 06110
T(J,K,1)-ALFA-T(J,X,7) 06120 -

T( J,K,2 )i-SIGN*T(J,K, 7) 06130
T( J,K, 3 )-FSIGN*O.5/R**1.5 06140
T(J,K,4)-ALFA*T(J,K,7) 06150 -

RETURN 06160
DND 06170

C 06100
C 06190

SUBROUTINE BOAX1(DRO, INDX4, NDI,DT,T,T1,T2 ,SIGI,DRI) 06200
C 06210
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C REGULAR CORNER POINT - D -06230

C 06260
COION/ALL/I, TOW, R, Z, X, J, DT5, ALM BETM, BETlZ,G02, DG, CB&, CAM, PZZS.306260
COIOON/lPO/FF, MR FR 06270
COIW)N/AA/B1,B2,3.5,86,B9 06290
DIMENSION T( XNDX4, INU~i, ),T1( IIDX4, IX,BI),T2(131=4,IMDX,U) 06290
DIMENSION AI6,9),AB(5,5),COE(5) 60

DO15p 11, 06360
DO 10 JJ1,5-~r-r 06320

510 L AB(J)-(ZROIJJ) N ,TT,1T2ASGND 06330
15 L COEI)-(II,946 06390
T(JK,7 .I.)CL )-FA,,,16 0640

T(J,K,7)0.O 06400
T(J,X,4)-O.O 06420

COE(1)-COEC)-(1.O0-2.0WB2/R)*T(J,X,7) 064630
IF(SIGN.EQ.-I.O)COE(1)-A(1, 9)-(1.O+2.0*Bl/R)*T(J,R,7) 0644
COZ(2)-COE(2)-1'(J,X,7) 06450
CALL NAM'NV(AB,COE,5, 5,1,DET,KS) 06460
IF(KS .EQ. 1) GO TO 20 06470
T(J,K,1)COE(l) 06480
T(J.X.2 )COE( 2) 06490
T(J,X,3)COE(3) 06500
T(J,K,5)-COE(5) 06510
T(J,K,6)-COE(4) 06520
RETURN 06530

20 WRITE (1,25) 06540
25 FORMAT( *SINGULAR AT! REGULAR CORNER POINT -D ~~)06550

STOP 06560
END 06570

C 06530
C 06590

SUBROUTINE FRZE(DRO, INDX4, INUM ,PT, T, Ti,T2,SIGN,DA1) 06600
C 06610

C REGULAR FRESURFACE POINT - C -06630

C .06650
CO3UONALL/I, TOW, R, Z,X, Jo DTALFPA, BMT,BETA2, G2,BG,CMA,CABA,11=5,N0666O
COIOON/AA/l, 2, B3,B5,DB6, B9 06670
DIMENSION T(InD4,INDX1,B),T1(INDX4,INDX1.S),T2(INDX4,XlI S1,) 06630
DIMENSION A(U,9),AB(6,6),COE(6) 06690

10 CALL ANRT(DRO, INDX4, INDI,DTT,T1,T2,A,S105,DR1) 06700
CALL CINT(A,8,9,4,7) 06710
0O 7 11-1,6 06720
DO 6 JJ-1,6 06730
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7 CO(IIW'A(rI,9) 06750
T( 7,K,4)nO .0 06760
T(J,K,6 )-O.0 06770
CALL IaTINV(AB COE, 6, 6,1, DET,KS) 06760
IF(KS.EQ.1) 00 TO 4 06790
T(J,X,1)-COE(l) 06600
T(J,X,2)COE(2) 06610
T(J,X,3)'COE(3) 06020

T(J,X,7)-COE(4) 06630
T(J,K,5)-COE(5) 06140
T(J,X,6)-COE(G) 06650
RETURN 06660

4 WRITE (1,5) 06870
5 PORN&T( *SINGULhR AT RtEGULAR FREE SURFICE POINT -C - )06600

STOP 06690
END 06900

C 06910

C 06920
SUBROUTINE LEAD( DRO, INDX4, INDX1, UT, T, Ti, T2, SI, DRI) 06930

C 06940

C LEADING LOADED BOUNDARY POINT (TW DIMENSIONAL) - J 06960

C 0G360
CODOEN/ALL/,TOW,R,Z,,J,DT,ALFA,BDT,BET2,2,3,CBU,CAD,1115.309

0

CONNON/&A/B1,B2,B3,D5,B6,B9 07000
CON OR/FO/FF, FB, FR 07010
DIMENSION T(INDX4,INDX1,8),Tl(INDX4,INDZ1,S),T2(InD4,IN=f,U) 07020

DIMENSION &(8,9),AB(5,5),COE(5) 07030

IF(1.EQ.I) 39-DTS 07040

CALL ANAT(DRO,INDX4,INDX1,DT,T,T1,T2,A,SIPI,DRI) 07050

CALL CINT(A,8,9,2,6) 87060

CALL RINT(A,0,9,7,1) 07070

DO 7 11-1,5 0700

DO 6 33-1,5 07030

6 AB(11,33)-&(II,JJ) 07100

7 COE(II)-A(1I,9) 07110

"#J,X,2)-T(1+2,1,2) 07120
',X,7)-T1+2,1,7) 07130

T J',1,)-0.0 07140

CoE(1)-COE(l)+B5*T(J,1,7)/(Z+DRO)+BS*ALF&WT(3,K,2)/R 07150

COE( 2)-COE( 2)-T( 3,1,7 )+39*MAW( 3,1,2 )/R 07160

COE( 3)-COE( 3)+B9*ALFA*T( 3,1,2 )/R 071110
COE( 4)-COZ( 4)+Bg'T(J,K,2 )/R 07100
COE( 5)-CO( 5)+36*ALFK*?( 3,1,2 )/R 07190
CALL IBTINV(ADCOEs55,1DgT,1S) 07200
ir(xs.EQ.i) 00 TO 3 07210
T(J,1,1)-COE(1) 07220
T(J,X.3)-CE( 3) 07230
T(J,X,4)-=O(4) 07240

T(J,X,5)-COE(S) 07250
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T(JK.6 )-CO(2) 07260
39-DT 07270
UIVURX 07230

3 WRITE (1,5) 07290
5 FPONBT( 'SINGULAR AT! LEADING WOADED BOUNDARY 2-D POINT -.7- ') 07300

STOP 07310
END 07320

C 07330
C 07340

SUBROUTINE LOADED( DRO, INDX4, INDX1,DT,T,T1,T2, SIGI,D31) 07350
C 07360

C 31EGULAR LOADED BOUNDARY POINT (ONE DIMENSIONAL) - P 07300

C 07400
COIOIN/ALL/,' TOW, R, Z,K, 3, TS ,ALFPA, BETA. ETA2.*G2, DO.CD&.CAD.PIE5 307410
CC M N/AA/B,32,B3,BS,BG,39 07420
COMUUN/FO/F'?., F R 07430
DIMENSION T(INMX4,ZNDX1,8 ),T1( ND4, INDX1, S),T2( INDX4,ZnMfl.8) 07440
DIMEN31ON K(S.9),33(4,4),COE(4) 07450
7in77 07440
xP(sxGN.zQ.-i.o)r-ra 07470
IF(K.EQ.1 .AND. SIGN .EQ. 1) GO TO 2 07400
IP(SIGN .EQ. -1 .AND. K .EQ. 2*N-I+2) GO TO 8 07490
GO TO 5 07500

2 32-31/2. 07510
39in31 07520
00 TO 5 07530

a 39-31 07540
31-31/2 .0 07550

5 CALL A12!(D1ROXNDX4,INDX1,DT,TT1,T2,A,3IUN,DRI) 07560
IP(SIGN.EQ.-1.O)CALL RXNT(A,8,9,1,6) 07570
DO 7 11-1,4 0730
DO 6 J3-1,4 07590

6 ABC II,JJ)-A( 11,33) 07600
7 COE(II)-A(IZ.,9) 07610

T(J,X,5 )-0 07620
T(J,X,6)-0.0 07630
T(J,K,7)-F 07640
T(J,X,S)-O.O 07650
ABC 1,2)-AB(1,2)+ALrA*D2/R 07660
AB( 1,4 )-O. 07670
COZ(1 )-COZ(l)-(1.0-2.0-B2/R)-T(J,K,7) 07680
IF(SXGN.EQ.-1.0)COE( 1)-A( 1,9)-(1.O+2.O*B1/R)'T(J,K,7) 07690
COE( 2)-COZ(2)-T(J,K,7) 07700
CALL IMTZNV(ALB,COE,4,4,1,DErT,KS) 07710
IP(KS.EQ.1) G0 TO 3. 07720
DO 9 L-1,4 07730

9 T(J.K.L)-COE(L) 07740
31-DT5 07750
32-31 07760
39in2.*31 07770

LA
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RETURN 07780-
3 MRITE (1. 4) 07790
4 FORHAV( SINGULAR AT' REGULAR LOADED BOUNDARY 1-U POINT -F -) 07300

STOP 07310
END 07320

C 07330
C 0734

SUBROUTINE LOADl( DRO, INDX4, INDX1, DT, TT1DT2, SIGN, DRI,FR) 0730
C 07340

C REGULAR LOADED BOUNDA~R POINT (TWO DIMESIONAL) - B -07330

C 07900
CONmN/ALW1, TOW, R, Z,K, J,DT5, ALFA, BETA, BETA2, G2 *3G.CUR, CUkBA.PIS, 307910
COImoHO/AA/BX,32,B3.35,B6,39 07920
COIUn/Fo/FF.FB, FR 07930
DIMENSION T( INDX4, INOXI.8), T1(INMX4, nO~i * ), TiC 134, INUM, ) 0734
DI)ZN3ION A(9,9),hB(6,6),COE(6) 07950
F-F? 07960

IF(SIGN.EQ.-1.O)FFUB 07970
CALL ANT(DRO,INDX4,INDX,DTT,T1,T2,A,3IGNDR1I) 073900
Ir(31GN.ZQ.1.0)CALL RINT(AS,9,6,7) 07990

IF(SIGII.EQ.-1.O)CALL RXNT(A,39,1,7) 03000
DO 7 11-1i,6 06010
DO 6 JJ31, 6 06020

6 AB(I,JJ)-A(II,JJ) 03030
7 COE(I)-A(1I.9) 06040

T(J,K,7)-F 03050
T(J.KS6)-O.5*( 1.O-SIGN)*'RZ 03060
COE(l1)-COE(l1)-( 1.0-2.O*32/R) 'T( J,X,7) 03070
IF(SIUN.Eg.-1.O)COE(l)-A(1,9)+B5/(ORO+Z)T(J,X,7) 0000

+ -35/R'1'(J,X,8) 06010
CO(2)-CO(2)-i'(J, X,7) 03100
COE( 6 )COE( 6)+B5-T( J,K 7 )/( Z+DRO) 06110
IF(SIGN.EQ.-1.O)COE(6)uA(6,9)-(1.0+2.O'Bl)'T(J,K,7) 03120
IF( SIGi .EQ.-1 * 0)COE( 5)-COE( 5)+B6/R-T( JIC 8) 03130
CALL IaTInV(AB,COE,6,6,1,DETKS) 03140
IF(KS.EQ.1) GO TO 3 03150
DO 9 L-1,6 06160

9 T(J,X,L)-COE(L) 06170
RETURN 03130

3 WRITE (1,4) 03190
4 FORHAT( 'SINGULAR AT REGULAR LOADED BOUNDART 2-0 POINT - -' 08200

amp 06210
END 0620a

C 03230
C 03240

SUBROUTINE GENER( DRO. INDX4. IN~DX UT.T, Ti,T2,31SIU, DRI) 0930
C 03260

C RXGULAR INNER ONE DIMENSIONAL POINTS - E - 0623
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C 03300

COMUM/A'LL * TOW, R, Z*X, J. DT5 ,ALFA, SETA, BETA2, 02, 3G, CH&. CAMPIZ5 306310
COlAM/AA/31, 32, 33, 35, 86,399 06320
DIS310 T(InZ4,NDX1,3),TlInD4,IN~f,3),T2(NDX4,InDQ,g) 08330
DIS3ON A(0,9),AZ(5,5)COE(5) 01340
IP(SIGN.EQ.1.0.AND.X.EQ.I)GO TO 2 06350
IP(SIQI.EQ.-l..AD.JK.EQ.2'N-+2)GO TO 3 06360
GO TO 5 03370

2 32-31/2.0 0360
39-31 06390
0O TO 5 06400

3 39-31 06410
31-31/2 .0 '4420

5 CALM ANAT(DRtO,INDX4,IND,DT,T,T1,T2,A,SIGN,DRI) 06430
CALL CXMT(A,8,9,5,7) 06440
CALL RIN(A,8, 9, 5, 6 03450
DO 7 11-1,5 06460
DO 6 JJ-1,5 03470

6 AD(II,JJ)-A(II,JJ) 06400
7 COz(UI)-A(II,9) 06490

AB( 1,2 )-A3 1,2 )+3Lrk*32/R 0300
AB(1,4)0O. 06510
33(1,5 )-Aa( 1,5 )+32/R 06520
AIC 5,2)-AB( 5,2 )+ALrAD1l/R 0330
AB(5,4)nO. 03540

IB(5,5)a'AB(5,5)-31/R 06550
CALL 3W1'nm(IB,COE,5,3,1,DZT,KS) 03560
rF(KS.ZQ.1) GO TO 3 0837o
DO 9 Linl,4 06530

9 T(J,K,L)-COE(L) 06590
T(J,K,5)-0.0 06600
T(J,K,6)-0.O 06610

31-DT5 06640
32-B1 03650
DS-2.0*B1 06660
RETMR 03670

3 WRITE (1,4) 0630
4 FORMAT( 'SINGULAR AT REGULAR INNER ONE DIMNSIONAL POIN4T - 3 - 0690

STOP 03700
END 06710

C 03720
C 06730

SU3tOUTINE GENER1( DRQ, INDX4, INDX1, DT,T,T1,T2,SZGN.DR1) 06740
C 06750

C IMGULAR INNER TWO DIMENSIONAL POINTS - A - 06770
C SOLVE MRTRIX 2 WITHOUT! ALTZRATION 06700

C 06600
COIUON/ALL/I ,TOW, R, Z,K, J, DT , ALrA, BE, ETI2 ,G2, 30.CIA, CAD,PIES, 303310



34

CW6IO/AA/B1, 32,33,35,36,39 06620
DIMENSION T(IND4,IND2,),T(NDX4,IiWM ,)T2(IW4,..6) 06630
DIMENSION A(3,q),AB(8.6)COE(6) 06340
CALL A(D O, INDX, ID1,DT, T, T,T2,, SIGN,D=I) 001250
DO 7 11-1, 06660
D0 6 JJinl,8 06670

6 aB(II,JJ)-A(1I,JJ) 0sse0
7 COE(II)-&(II,9) 06690

CALL MUTINV(A, CO, 8 18, 1,DETKS) 00900
IF(KS.EQ.1) GO TO 3 06910
DO 9 Lu11,6 06920

9 T(J,X,L)-COE(L) 06930
RETURN 06940

3 WRITE (1, 4) 06950
4 FORJRT( *SINGULRR AT REGULAR INNER TWO~ DIMENSIONAL POINT -A 0)060

STOP 06970
END 06900

C 03990
C 09000

SUBROUTINE GINTER( DRO, INDX4,InDX,DT,T3,T4,T,3IGN,DI1,N1L) 09010
C 09020

C LEADING INNER TWO DIMENSIONAL POINT - X 09040
C CALCULATED BY INTERPOLAITION ALONG THE REFLECTED LONGITUDINA l~vE 09050

C 09070
COIWN/ALI,TOW,R,Z,,J,DT5,ALA,ETA,BET2,2,0,CACA&,PE5,W09060
DIMEN310N T(ZNDX4,INDX1, 8),T3( INDX1,6),T4(3,6) 09090
Y-TO-( R-DRO) 09100

IF( SIQ .EQ. -1.0 )Y-ITOV-2 O*DRI+DRtO+R 09110
X-( Z*Z/Y+Y )/2. 09120
RK-( X-Y )/Z 09130

TETA1-ATAN( RE)/PIE5 09140
TET7I11. -TETAl 09150
IM-( TOW-I )/DT+1. 09160
IF( SIGN.XQ.-1.0 )RK-2-N-1I+1+X/DT 09170
KA-IFIX( RE) 091600
]3-KA+1 09190
C2-RE-FLOAT( IA) 09200
C1-1.-C2 09310
DO 154 L1,U 09220

134 T(J,I,L)-TETA*(Cl1T3(KA,L)+C2*T3(XB,L))+TETI-T4(1,L) 09230
RETURN 09240
END 09190

C 09260
c 09270

SUBROUTINE DIAG( DRO, INDX4, INDXI,D'P,T,T1,T2,T4, SI(3I,DRI) 09260
C 09290

C INTERMEDIARY Two DIMESIONAL POINT- L- 09310

C 09330



CON/ALWI, TOW, R, Z, K, 3,TS, ALI, DETA,3r1, 02,30, CR3, CAA,PIE5 309340
CO~MlN/AWU1l,B2,33,B5,B6,39 09350
DIMENSION T(TND4,ND1,8),T(INDX4,IND1,),T2(D4,um=,U) 09360
DIMENSION 9),AB(8S),COE(S),Z(6),T4(3,S) 09370
DimOT5 09360
B2-Z*DT/(2.*(Z+2.*DT)) 09390
rP(31GN.ZQ.1.0)GO TO 5 09400
BT-Bl 09410
31in32 09420
B238T 09430

5 B3(+l-EA*TSI(D-EA*ZD)*2(.BIA)Z*) 09440
+/(2.t (l.-ETA2)) 09450
B5-DT5 09460
B6-Z*DT/(2.*(2.Z+DT)) 09470
B9-( Z+DT-SQRT( Z*Z+DT-DT) )/2. 09430
CALL ANaT(DRO,INDX4,INDX1,DT,T,T1,T2,,SIDI,DR1) 09490
DO 7 11-1,0 09500
DO 6 JJ-1,S 09510

6 AB(II,JJ)-A(II,JJ) 09520
7 COE(II)-A(II,9) 09530

R2-R42.0*B2 09540
CALL ENV(INDX4,INDXI,DT,Z,R2,E,T,T1,T4,32) 09550
COE(l1)-E( 7)'( 1. +2/R2 )+E( 2) *( .+ALFA*B2/R2 )-B2*E( 1)/R2 09560
++32-( ALFA-E( 2)+E( 7)-E( 4) )/R2 09570
Z6-Z+2.'36 09560
CALL ENV(INDX4,INDX1,DT,Z6,R,E,T,T1,T4,B6) 09590
COE( 5)-E( 4)+E( 5)+B6 *ALFA*E( 2)/R+B6 *E( 8)/U 09600
CALL ENV(INDX4,INDX1,DT,Z,R,E,T,T1,T4,B9) 09610
COE( 2)-E( 7)+B9*( E(3 )+ALrA1 (E( 2)/R+E( 6))) 09620
COE( 3)-E( 4)+B9*(E( 6)+ALF'(E( 2 )/R+E( 3))) 09630
COE( 4)-E( 1)+B9-( E( 2)/R+ALFA*(E( 3)+E( 6))) 09640
R3-R-2 .0'B33BETA 09450
CALL DIV(INDX4,INDX.1,DT,Z,R3,E,T,T1,T4,B3) 09660
COE( U)-E(8)*( 1 .0-SIGN-3 .0*BETA*B3/R3)-E( 5)*( SIGN-BETA+33*1T2/R3)09670
CALL M;LTINV(AB,COE,8,8,1,DErT,KS) 096600
I7(KS EQ. 1) 0O TO 3 09490
DO 209 L-1,8 09700

209 T(J,KL)-COE(L) 09710
B1-DT5 09720
B2-DT5 09730
36-015 09740
83-G2 09750
B9-DT 09760
RETURN 09770

3 WRITE (1,4) 09760
4 PFOR&T( * SINGULAR AT INTERMEDIARY TWO DIMANSIONAL POINT IsL-* 09790
STOP 09000
END 09610

C 09620
C 09830

SUBROUTINE ENV( INDX4,INDXI,DT,ZLRL,E,T,T1,T4,DL) 09640
C 09650



86

C VIL .S Or VARIABLES L PARE CALCULATED AT THE INTESECTION OF TM 09670
C DICOARACTERISTIC CURVES FROM A POINT ON THE DIAGONAL AND TZ 09660

C 09900
COIOION/ALL/I.TOW,R, ZX,J,DT5,ALFA,DIA,BETA2,G2,BG,C3A,CA&,PIE5Df0991O
DIMNSION T(INDX4,INDX,8),T1(INDX4,INDX,)T4(3,9),E(U) 09920
CI-2. 0*SL/DT 09930
C2-1.0-Cl 09940
TKETA-ATA( ZL/( ABS( RL-R )+DT) )/PIES 09950
TTU-1.0-THETA 09900
DO 10 L-1,9 09970
E(L)-Cit(TUTA*Tl(J,X-1,L)+TEETAI*T4(2,L))+ 09930

+C2-(THET*T(J+1,K-1,L)+T!ETAl*T4( 1,L)) 09990
10 CONTINUE 10000

END 10020
C 10030

SUBROUTINE RBOUND( DRO, INDX4, INDX1,DT,Q,Q1,Q2,QI.QJ,J1D SIQ,T,ZL, 10040
+ NX,DR1) 10050

C INTERMEDIATE TWO-DIMENSIONAL POINTS - L- 10060
COIIONALL/I. TOW, R, Z, K,J, DT, AFA, BETA, BETA2, G2,BG CD. CAM, PIE5,N10070
COMON/A/l,2,33,B5,36,D9 10030
COMMVN/FO/77, 73, PR 10090
DIMENSION ZA(N1) 10100
DIMENSION T( INDX4, INDX1, 8), QJ( 2, INDX1, 9) 10110
DIMENSION Q(INDX4,INX,S),Q(IND4,IND2Q.),Q2(ID4,INDM,S) 10120

DIMENSION A(S.9),AB(6,6),CO(6),E(S),Q4(3,8) 10130

ZN-SgRT( FLOAT( (I+N-2*N+2)*(I-N) ))10160
Z-ZN*DT 10170
ZA(K)-ZN 10100
Nz-DI 10190
ir(N.EQ.1)Go To 200 10200
QJ( 1,K,7).-( (ZN-FLOAT(NZ))*T(NZ+2,Nl,7) 10210

++(PLOAT(NZ+)ZN)*T(NZ+,N1,7) ) 10220
Q(1,X,I)m-((ZN-FLOAT(NZ))*T(NZ+2,Nl,e) 10230

+ +(FLOAT(NZ+1)-ZN)'T(NZ+1,N1,8) ) 10240
Bl02*TWRDR-*2(O -20(-)D-R ) 10250
U9-0. 5-(TOW-( K-2 )*DT-SQRT( Z**2+( R-(M-2 )-DT-.DRO )"2) )10260 -

BS02*TWZ(-)D+R(-)D-R)*/ZTW(-)D) 10270
17(B5 .GT. DTS) 35.-r5 10260
36-0.25(TOW-Z-(N-2 )-DT-( R-(4-2 )tDT-DRO)**2/(TOW+Z-(K-2 )*T)) 10290
CALL AJKT( DRO, INDX4, IX,DT,Q,Q1,Q2,A,SIQIDDRI) 10300
CALL RINT(A,.9,1,7) 10310
DO 7 11-1,8 10320
DO 6 JJ-1,S 10330 -

6 AB(I,JJ)-A(II,JJ) 10340
7 CO(I)-A(II,9) io so

RA'TOW-(N-2 )'DT 10360
UB-TOW-( K- )*DT 10370



87

TA-ASIN( DT-SQ~R(FLOAT1( (I+N-2*(M-2) )*(I-N) ) )/A ) 103S0
IF(I.EQ.N1)GO TO a 10390
TB-ASIN( DT-SQRT(FLOAT( (1-1+N-2'(H-2 ) )*( I--N) ) )/RD 10400

8 CONTINUE 1043.0
R1-R+2 .0*31 10420
T2-ATAN(Z/(R1 - (M-2)*DT - DRO) )10430
CALL ENV1(RlZ,T2,TA,TB,81,E,QJ,Q4,DT,M,InDX,N1) 10440
COE( 6)-E( 7)'( 1. -D/R1.)-E( 2)*(1. -ALFA*B1/R1 )+B1*E( 1)/F.1 10450

+ +B1*(ALFA*E(2) - E(7) + E(4) )/R1 10460
COE(6)-COE(G)-( 1.+2.'B1/R)-QJ(1,N,7) 10470
ZS-Z+2 .0*36 10400
T6-32'AN( Z6/( R-(M1-2) tDT-DRO) )10490
CALL ENV(R,Z6,T6,TA,TB,B6,E,QJ,Q4,DT,zI,INDX1,Nl) 10500
COE( 5)-E( 4)+E( 5)+B6WALFA*E( 2)/R+86*E( 8)/R 10510
COE( 5)-COE( 5)+B6/R*QJ( 1)1,8) 10520
T9-ATAN(Z/(R-(M-2)*DT-DRO ) )10530
CALL DIV1(R,Z,T9,TA,TB,39,E,QJ,Q4,DT,M,INDX1,N1) 10540
COE(2)-E(7)+B9*( E(3)+ALFA*(E(2)/R+E(6) ) )10550
COE(2)-COE(2)-QJ( 1,14,7) 10560
COE(3)E(4)+B9-( E(6)+ALFA*(E(2)/R+E(3) ) )10570
COE( 4)-E( 1)+D9'( ( Z 2)/R+ALFA*( E( 3)+E( 6))) 10560
IF(B5.EQ.DT5)GO TO 9 10590
Z5-Z-2 .O'5 10600
T5-ATI( Z5/( R-(M-2 )*m.DD) ) 1061
CALL ENV1(R,Z5,T5,TA,TB,D5,E,QJ,Q,DT,M,z1X1,N1) 10620
GO TO 11 10630

9 *DO 10L-1,8 10640
10 E( L)-( ZN-FLOAT(NZ) )*Q1(NZ+1,N1,L)+( FLOAT(NZ+1)-N*Q1(NZ,N1,L) 10650
11 CONTINUE 10660

COE(l1)-E( 4)-E( S)+B5 *A*E( 2)/R-B5 tE( 8)/N 10670
COE(l1)-COE( 1)+D5/( Z+DRO )*QJ( 1,11.7) 10680

+ -B5/R-QJ(1,M,B) 10690
IF(M.EQ.Nl )COE(l)-A(l,9)+D5/(Z+DRO)*gJ(1,1c,7) 10700

+ -B5/R*QJ(1,M,S) 10710
CALL MATINV(AB,COE,6,6,1,DET,KS) 10720
DO 209 L-1,6 .10730
QJ( 1,M,L)-COE(L) 10740

209 CONTINUE 10750
200 CONTINUE 10760

31-OT5 10770
35-OTS 10780
36-DTS 10790
B9-DT 10800
RETURN 10810
END 10820

C 10830
C 10840

SUBROTrINE ENV1(RL,ZL,TETATA,TB,BL,E,QJ,Q4,DTK,INDXQ,N1) 10850

C CALCULATION OF QUANTITIES AT TERMINAL POINTS DICEARhCTERISTIC 10070
C CURVES OF POINTS M 1-- 10880



CONON/I/ ,TOW, R, ZX, J, DT5, ILFA, BETA, BETA2, G2, BG, C31A, C3A. 11115,X10900
DIMWISION QJ(2,INDX1.8,Q4(3,9),E(S) 10910

:10 ITAT fZP,)1020

TTRI-.0-I1030

CON-TNEA 1050

9 TThN0 10670
9 ECNIU 1000

C220-LC 11000
C l1OC 11090

DO 10EJ~IT TLDICESIsA 11120

+ CNKON/A*LI,OW,,Z,,JT5*Q,L) BTEA,2BGCACB.I5 11040
10CONIN AN1 11050
RIESN 11160

EiN~*~+ 11070

C -- LA(IN 1110
C JX*~* 11090

ASBOUINE R.NEJAJ,4n4,NX,),l 1110

C ITER-ASI( TO -DIESOA POINT - N1120

TIAJENSIN A/X) 11240

YETATJX/TAJ 11250

AX-JI4 I-N 11260

C.1-( ZA -J A( IN)-zJA 14+1) ( ) *IN)+ 11220
DO 10 1.IS~WTJ1/ 11230

TURASN(JX 1130
EDTX/A 11310

C -J 1120

DINENSION A(1),B(1)-AMI 1123
DOO 10 -' 11250

RET-R 11300

3J- 11370

DO 5 J1, 11360

JY-J+1 11390
JJJJi+N+1 11600

Ba&-.0111
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Z!-J.-~7 1420
IDO 30 I-J,5 11410

20 I&I)14
na~z 1470:I7(AS(IGR)-TOL)35, 35,40 1140

40 12-J4E*( J-2) 11580

00 soX-J's11560

11-11+4 nf

A(12)-SILVE 11t0
s0 1(11 )-A Il )/II 114001. Savs-B( flX) 116"0

BC E)-Uz(u ) 168

J IF("-)55,70,55 11640
s IQS-( .- 1) 11550

DO 65 11.37.3 us6"
flxaZQs+ZX 11670

DO G0 31.37.3 210
1131-( .3-1)+Ix 11700

60 A(~Z)-A(X3)((XX7)*AL(.7Z)) 11720

65 3(X-(X-3()AW)1730
70 lIT-N-I 11740

IY-N'3 11750
DO 60 J-1,.U 11y 760,
IA-I-? 11770

IC-P 11790
DO 60 "IliJ 1900

3(13 )-3( ID)-A( A)*3( IC) 1161
IA-IA-N s

s0 ICt-I- U48130

RED 1150

COUO/33/IPSOK. ITML, nWRIU, 1.71, 113111 MU En, 15

11(13 .3g. 2) G0 TO to 11960
Z~linl 1180



90 I
I1(Z13ZW 23. 1) 00 TO 75 =9.

75 CZiL 00T1(M D0.DD, I,", ZUDC41 XOMI..f) U9

90 IF(1 . OT. IT=L) 1330w

go M100.2001300) 113111Si
100 IT(1 .m. tlitm ) IJmb0 Um u

C3LL OU!11(DE.DTZIUWC4. U1m .!,3) 12010

200 CAM0is

300 11(1 W1. lIEUK) 00 TO 310 IRMO
ll-FEU4WIaTE 12060"

CAM 0U'W(D DE. , D14, IN=., T, N) 1i0m
310 CAML OT2(Do,MT,i,InD4,Z=,Y,TI) 06

jam=3 12030

C SUNDM TIME OlflY( N,DEt,DR ,DT, Ill, n4,D = TI) 12a0mI

C 12140

c PRINTS TE-V= OFwz o U n1Wv coWsTaA D myWz *M 1ism

DIMZON T1( 1=W4, IN=~O, U) 1230

1131(1,9) IV= In" 01.
wamT (1,10) in,DE.I,F,DI',l UN 240

9 POMl(A1L2/- TRANSIMFA 335501= 0F =-WMEVZ RUlE ism5
+* To= SUBMZT To AsWPTLY Aflapum WAM(CA 1)*//126
* DURLTZOU TIM 0F LOAD - 1Z30OInNT/* IZM OF WOAD' 1*270 I

10 I0NMT(' TIM U3W COESTANS '/21(13- 'IPO 180'S ROW~ 1*290
+I5.3,/WZUM RADIUS -,74.2/OT13 RADIUS 3434./UU~ *00
+ fln fSIM 3m-,42'T 122 POX ZW~inToUm 3'M4 2310

+NW 0r TXlE VM~S -*,13/* 1W INTMA OOMhTIO 1*330

%RUT (1,20) (111LT(2,)z'a)14340 *I
20 Y0Na1'('lOZuT - A-1.0 Z-0.0'.27Z'POUT - 3-1.0 ZbO.00/ ism6
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*32X)/7Z( 1N-)/) *0

- I-uniio
C *2
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c sumS VAZms3 Or VAmazas L AT aMUcM TMu raM 9 O= (JM) 1247

c F R J , = U 4 A D12500

30 TrOWIM( I)'D 12M3
WIhI'Z (1,40) Tow 12530

40 rOma'(/ i'31 TMU Ti*,r7 .4/19(3- )//X, *Z-, SX, -2', 71, 'SIB', 51, 12540
*IhT!, 51, '5122', 51, *SZ'*, 61. *OR*, 7Z, 'UZ*/72( 1-)) 12550
ZYMN1+1 125e0
ZC-I+3 12570
UC-I 12800
IF(NO(1, 2) .1g. 0) U'-2 2590

DO 603-1I 1260

5-M'rIwa( 3-1) 13a2
NamT (1.50) 230

50 rOFmT(' ') 1364
DO s0 itwU,31.2 12650

IUZM (1,70) IM.(.,)T3K1,TJK4,(.,) 270
+ T(J,.K,2),T(J,X,5) 13600

60 COMIUX 12690
70 rOYM1!(S(21.r7.4)) 22700

W=T (1160) 1270
00 rONml(72(2B-)) 12720

DUD 12740
C 12750

SU3ROZNZ OUTJPZ(D,DT. I. 1304. IIMT,T1) la76

C m AUZorVRA=L m mi OMO M, 12770

* c 210
H ~CM InUM/h/7r , 'NLxmL, h mh, 131, INRiuT,1iU 12M2

coU /RNT/3RM(,) ,UI9mf(s) lam2
Dfl51w T( IIz4, IUDnU) , T%( 4,=M1,I) law

DZ of I (s)'Z(I)TOW(5l),VwR'sls,) 1265
zrczai m. 1) 00 To 100 Us"
1471-2 129m
IDO 10 ii-1 mMMN 2350

10 coTZnm lam2
DO 20 Ii-1I Um51

DO 20 UL-1,NVIM' 1252
K1o.DjflW( U.) in"5

vm U.Le)-22( 101mO.l ) lam3

gal
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20 cui owm Jj 2

100 Z((I,2) .2.1) 1U 3

D0 120 Mko1,U3N 13020

K10wUP3ZU!'( J) 13040
DO 110 Ifni, I30sm

mwcorn )T~~~xoL 13060

300 ZV(Z LT.. IT=L) U13090 [
DO 340 JJm,3Z1I 13100
Wmz= (2,310) J.7.3(JJ7),Z(JT) 13110

C 310 WOSZ///5X.12,52C' 302W: R -',1P7.4,2Z3Z .'vP*7.4/Z,45(1E-) 1312
C + //7IXfUI*,6X'SZU*, 6X'SZIY' ,61ZZ, SSU', 71'U'.@ WC/ 1330
C +72(15-)) 13140

310 101'L(X2,2r7.*) W
IDO 330 x~oiz1 13160
MR=ZI (2,320) S0lI( ),VRt( .J., K7 ),U2( JJ,.1#)UZ(t7.7,,4), 13170

+U3R(iiJU,3 ),Yh(J,U,2).VM(3,,K5) 132*0
320 VOI@ (7(31.17.4)) 13190
330 CU!ZnUZ 130[0

C MR=ZI (2,335) 13210
335 70UI( 72(I9- )/) 1322
340 CONITU323

-A2 13240

7, a 150
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C 00230
C N - U OF DMVIIOMS ACM8I 1IZCII3 Or' CLII.1 00240

Zk=- OU OF IIwwmcU~mwS = avw)( 30) 0025
C I - IIIF1IL PADS= 00260
C I=2 - MUM WWI= 00270
C I=K. - P01330W'3 T=O 0020
C sw o-zaj DflIUZE3 505013 orgny 002

*C 00300

C I= ZUFOUWZIS YJQMY41 MR TU 01 00320

t c mmp ram arlpi'i004
V.C - 00350

C 1pv voWi a0 AUcvI m 00360
C 2a 12M1 ao A 1=27FI 1013 00370'
C 3 11 M amU as CFrn =11 TM MIf 00300

c 00400
C 1150 SUM NA I'm 71W iouIIWI 0043,
C rIem - TMN FmU IUU 0? I or u 00410
c 13173 - 7115 131V32 or 1311113 0045

*c IW~t - a or sozuu'a I wuu ( 1 ) saw4
C 31311 - .7 - C00033 OrF 530 M M m 0060Ge
C nm - - coOIUI or Gemm ONU*1
c ON"1

Ge



-~~U . IiM9)X ~ t

D ~3,31,0,0(34,1.),0(4 si$U"

- to -f iumi LI9
C0*000 L

am (X3Zi( N) awl,. 2)/12/ 00680

XN=4rn4 adsio
CALL GLlU M,. mo I Ei1 IXMnD4. !3 ,Y, 00W

W" 00700
=D 00710

c NO
C 0720

3OUWZIU GaLI , 3.fI. ut81 00140
4DE1.3.93U.U1 00"

C 00600o

CCMm/M/A 13W N(9 R feU (9 SIi S m 0960 =02 0 m e 's s w o
@mmo~zpAS U= Zia=, IWil U1." 11Ni ~ 0030 1

~WU?0FFFR1N W"w

4f0Z~(4.81S)0090

4202WU 4, . ).3(,. 8)Y 00K46090

D inZa Q3( 1Ew.6).gM53 l).g(321U131.3*) 09960

c @"
c 3- -LCSO Or

uuu-12.0-a&/.

AzbmK*3 . --M

no



Uh8gM( MUL2) 0120
02/( 1.04Dm) 0108
Do3-2 *0=I'2 01640

*C231m2I. 0' )( 1.04Dm) aim~

314M 01.070
32-M! 01060

36-D!5 0111

1IZSu.2.0'3AM(1.0) 01140

C UT! ALL 2231Y3 ZUm. TO U3m 0116
C 01170

DO so L-1,S 01130
D( L )-O. 01130

IDO 49 HINDI,3 0120
!4(UN.L)-0. 0 0120
Q4(W1.L)-0.O 01220

49 -M TV ME 01280
DO s0 X-11 IN=~ 01240
TS(X.L)-0.0 02Ms
Q3( K.L )-O. 0 12
Q(1,,L)-0.0 01270
QT(2,X,L)mO.O 0128
DO so .7-1. I =4 0123
!(.7.K.L)-O.O 0180
!1(JX.L)-0.0 01810
!2(3.K.L)MO.0 0o8=
TOUUX.(,L)-0.0 0188
Q(J.K.L)-0.0 01840
QL(t7,K.L)mO.O 0185
92(JX.L)-0.O

C 0130
VC II!U COUDITIOKS 01390

C 01.400
11-AMl 0141.0
12-1.*0 01420

!1( .1. )--'i(1,1.) 04601. !( 213 )-2'?/DU~r(121.)01460
f1( .1. )-1'T1 1..7)01470

!1(l.,5, )-=N(I, IL,4) 0140

am
D0 551 7-2.mDXK4 0151

!10,1,1) V'1J1, 7)010



* U7

55 0 CWIIUUZ 01570

!(,L)m71(J,1.L) 0210

c ~01450 L

Do-I 01700 1- .1 =On
31G-1.0 070

U.S 01750
00i00*31-2a Z 01.70

M-1+2 01750
X-1+31 0[V2

IDO 1 0. 3) 00TO 20 01-740

C K5K 0130

10 -I~wj)mD 01770

CSLLM LOf.Z D3. 014 O ~ 2007,T,72 101 0170
11(JU .2Q. 1) 00 TO0 10 090

00o X11K-, 01950

CAMFzOaw()'DT+DMMD,,T,2SXIU 0IF30

CR1 . 1 g TOZ3 03,3140110,T i 7, 01 03.040 I
11DOUNK 1101-, r0l

34-1IOM'( I)'DDT+Dw 10

Cam. amV( MC 13=1 TNXi,D,201,?) 01*10 [1l
1D0 115 '1,I 01920

05 11, 01940

!(J7,KLVRn(mw 13,) 01550 TSGN1F)u

DO 120 X11, 0120

00(21T.I)( 31 ,) 012#0

300 K-ir~ 01900

300 02 00000

C=~t inlK 11, on*, 304, IUDOO, , FV) 02000



99

DO 305 L1 1 02060
13(1.L )a( 7,,1)02070

14(3,L)a14( 2M1 26
142*L)-"14 1. L)@20

305 CONIU 010

3.05+10W02120

14(11 )-luI14( ,7)021)0
14(2.2)-14(1.7) 02140

14(l1 3 )m12 *ff/l"(12+1. 0215
14(2,4)-P1'14(1,7) 0215o
T4(1,5 )-14( 1 4) 02170

"4(1, 6)-14(l 12)/R 0210
14( 1, a )-0. 021190
ZI7(l .1. 2) 00 TO 1000 02200
DO 310 X-3,1,2 02210.

DO 310 L-1,3 02220

310 COMMZU 02240
320 00 TO 1000 02250

c 0220
200 I7(J.ZQ. 1) 00 10 500 02270

400 Z7(UK .Q. 2) 00 T0 405 02290
X-1 02300
3.050o 02310

noorp02320
CILL WADI( 05. M=~4, IN=DT. ,DI, , SIM, UU, FM) 02330

405 DO 445 K-VZ.I,2 02340

I.11051() *DT-Vf+D30 02350

Z1(111 .O1. 0) 00 TO 430 02)i70
U-K'..-1-Z 02)1

17(NL) 410,415,425 02310

410 CAML GE2t1( 05, 1104, INWO, 01,1,T1,12,.11, 0) 02400
0010O445 02410

415 CALL DIWM 00.114,' r 12,01,T1,* 2,14,11W, 031) 02420
DO 420 L-2, 1 024)0

13(K,)-1(JKL)02440
420 CCN1IU 02450

0010445 02460

425 CILMaGI~00 ~,IDg.11 41 Z,3,1 02470
00 TO446 0240

430 D0 440 La-1,3 02460

440 Coi=I0 21

00 To1000 mao ji
C 02540

500 x1(= .. 2) 00 To 505 0550

3.05002570



00 so L-11

S ol(XL).b!(1+2, 1, L)-!1(2, 1, L) cal

CALL W&AUD0, ZK4. Z=*.M,W,Y2,2m.DW,= ,?) 02080
505 IW(! LR. 2) 00 10 U1s 02680

IAW-X-l 0264w
DO 510 K-=,I3M,2 0296
a-VLMT( K)'M-DT403 02660i
DO 506 L-l.I 02670

uD( 5 )ina 5) 02690
CALL 3100 U~,1. ! ,1!,I U)0210

510 CONZIU 027W*
515 1.1+1 02720

IDO 520 toI1,I0 02730
!(JKL)-!4 iL)0240

520 M VT DO 020S0
1000 COMMMU 02160

aIGIM-i.0 0277
ZF( Z-N)1165, $9, 604 02190L

C INITIAL L3AC COITION0S 02790
596 COME=U 02300

91<1.1,7 )?3/DR'*1202810 [
QiCl 1,12 )-SImGN-1(l, N., 7) 0280
91Cl, 92, 3)-UGH2n2'7V031(P2.. 02340

Q1 ,U14)X'9(1 *17) 02400U
91(1, 1 Q(1 K1, 4 02060

Q11316-1(,12)/M32 02070
91(1,3,S)-.O02900

DO 600 J-2, n=~4 02!20
Q1( J.Ml, 7 )-Fl3QRT(qDl) 02100
Q120,.3,)ALfl'g1(J,N%, 7) 02110
Q10,111, 4)-ALPa'Ql(J,N1, 7) 02a0na

Q1J ,2 )-sIW'Q1( J,Nl, 7) 02930
Q1(jM1 3 )-0.SIGK'V/U/DR1. 5 024"

600 cou'kzMu 021560
DO 602 L-1,8 02960
Q4(1, L)-Q1( 1,31 *L) 02i7O
DO 602 3.1,31 0""0

602 WNUZ03000

00 $03 J-1,Z3=4 03010
DO 603 K-i, 10=f 0800W[
no 602 L1,S 05080

Q(TKL)-Q(JKL)0@040
"32 COUTINU 0830[

00 To 4000 0060 1
604 1t-Z-H 0807

VWOIn3-ZR 0830
DO $06 Linl6 003

LmI



Q4(3 ,L )-Q4( 2,L) 03100

Q4(2, L)-Q4(1 ,L) 03110

606 CONTZRWZ 03120

itrmFwA( 2'E-Z)'D!+mo 03130

Q4(1,7 )-FW/VP2 03146

04(1.1 )-aZfl'04( 1,7) 03150

Q4(1,2).-51=604(1,7) 03160

04(1,3 )mIQ-12nflR-( 12+1 * ) 03170

04(1,4 )-11'04( 1,7) 03120

04(1,5 )a-M I,(14) 03190

Q4( 1,6)-Q4(l1,2)/Kt 03200

04(1,6 )-O. 03210

DO 3000 .JJ-2,XC 03220

3-1+4-3MU 03230

IMID 1*4, 2 )+2 03240

S-FWART( -1) -DT 03250

11-1-5+1 03260

72-2+3QM'(FLAI *1-X*N)) 03270

IF(J-31)640,630,610 03260

610 IF(J.LT.J2)0O TO 620 03290
"1 03300

X-DRX 03310

rB-T( 3,31,7) 03320

CAML LOAD(DftO, IND4, n~D ,Q,Q1,Q2,SZ=I,DI) 03330

IF(IK.EQ.1)G0O TO 614 03340

00 612 XR-.,I 03350

Kin-R+2 03360

m-FLO3T( K)*vT-DT+Do 03370

CAML =KIZRD, nD4, NCfl, D', ,01,02, 3I(Z, DU) 03360

612 CONT" My 03390

£14 XKKW 03400

R.'FLOT( -1) *DI'+DW 03410

CALM IVZ(DRO,NDX4, INDX,Q, SZ=,PR) 03430

D0 616 K-KV,n1 03430

00 S16 33-J2, nDX4 03440

DO 616 L-In1s 03450

Q(J7.KL).Q( 3,KL) 03460

616 CONTIMiU 03470

D0 616 L-1,U 03460

DO 617 N-1,N1 03490
03(2NL)03(1,L)03500

617 CONTIMU 03510

07(1,1, L)-W( 2.31, L) 03520

616 cOrnmIU 03530

DO 619 37-2,J2 03540

DO 619 ml-1, 03550

G1s g(33l, WLL)-Q( Ia,Kw,LL) 03540

CAM. R300 onD(D, 1304, ZN D , 0,01,* 2.04,07,,31 a Tm,!, l1 ) 03570
00OTO 3000 03500

620 XP(IM.ZQ.2)00 TO 622 03510

K-NI 036W0

A-031 03610

Ldi.



101

0O 624 L.-l4 0840

624 COUTINUM86

Q(JK.U7)-(Jo.7) 0670 L

622 DO 629 UXmZK, ,2 05690
R.6-XkR+2 m
A-FtW( K-I )*M+DR 08710
Z*J-I - 2-1'Z+( 2-U-K+l )"2 03720
ZF(7JI.0)0O TO £26 08730
CUAL RZUNflQ.QJ.Q4. ZNX41 hmm.,31~x) 03740L
GO TO 629 03750

626 DO 625 Iam1,0 03760
Q( J,K.L)-Q( Z3.KL) 03770

625 COWZNUK 03730 I
629 couTIUUz 08790

GO TO 3000 0300
630 K-El 05610

R- 0820
DO 633 L-1.S 03830
Q( JKL)-QJ( 1fl2,L) 0564
Q3(Nl.L)-Q(J.KL) 08050 [

633 COINZUX 0360
IF(ZLLKZ.2)00 TO 3000 03B70
D0 636 ]Ut3,ZR,2 0830
K-E-UM+Z 0890[
LNw( 3-1 )'2-1-Z+( 2'-K-+1 )*2 03900
ZF(LN.GT.0)00 TO 634 '81

CAML KXETKN(QQ7. g,4. 31, N=,UD 31) 08920 IGO TO 636 0380
634 DO 635 o-1,U1 08940

Q(JX,L)-g( I3.XL) 03960
635 COWI'NUX 03960 I
63£ CONTINUM 03970

G0 TO 3000 0;90
640 IP(J.ZQ.1)00 TO 700 0399 [

ZP(IK.EQ.2)0O TO 641 04000
K-El 04910
A-=3 04020
pan-?( 3,3,7) 04030
FNZ-T(j, *1, ) 04040
CALL LOAIDiC D, 134, nDX,DT,Q,Q,2,SM,=,ham) 04050
IF(I~t.LE.2)00 TO 3000 04060 I

641 DO 649 KR-IN, 13,2 04070
X-N-KR+2 0460
'3t-1L T( K-i )'DT4DRO 04d90 I
LH-( 3-1 )"2-1'I+( 2'3-X+1 )'2 04100 I

lWoJ+2 'N-K-I 043*o

ZIP(LU.GT.0)00 TO 647 04130I

77 -7I



102

IF(la.01'.0)GO TO 646 041.40
ZF(M.)642,643,645 42

642 CAML mimiC vM, ZnDZ, czNl, WI,9,9, 92ZWDa 04160
00 To 649 043.70

6403 MALL DZAG( 080 ,1.IUNC, WIQQQ,2,94. SI,0m) 0410
Do 644 zo1, a 04190

Q3(K,)-9(JX.L)04M0
644 CONTI=U 0421

00 TO 649 04320
645 CA=L GIUMU DM,11, X=4 , DT, 93,Q4,Q,SX=O, M1oN2) @4230

00 10 649 04240
646 CLLL RIUTMlQ,gJ,Q4,I3DZ4,IMD2,Z&,31)025

00 TO 649046
647 D0 648 L-1,U 04270

Q(J,X,L)4lQ( ID,K,L) 0420
649 COPTXNUE 04290
649 COTZE 04M0

00 T0 3000 04M1
700 IP(IX.ZQ.2)0O 10 705 04320

1-151 04330
R-DRI 04340
?5--T(J,31,7) 04350
DO 701 L-2,U8 @456

701 3D(L)-91(I+2,1,L)-Q1(2,X1,L) 04370
S5)-BD( 5) 0430

CALL LOADIC 080, InD4, IRun, DT,9,Q1,Q2, SimI, DR,m) 04890
705 X(IR.IE.2)00 TO 715 04400

DO 710 JM-IM,XR,2 04410
Xi-*XR+204420

R-?W!( 1-1 )'DT+DSto 04430
00 706 Lm1,S 04440

706 NDDL)-01(I+2,X,L)-91(2,KL) 04460
S5)-3D( 5) 04460

CALM G 1CDRO,IND4,XNMf,DT,Q,Q,92,3X1w,Dm) 04470
710 CONTINU 04400
7 15 X-KW 04490

DO 720 L-1,9 04500
9C,,~m41L) 04510

720 CONTINUE 04620
3000 CONTINUE 04680
4000 CONTINUE 04540
I965 CONTINUE 04550

DO 1975 J-1,13014 04640
DO 1975 L-1,0 04670
DO 1970 X-1,IA1 04560
TOTAL(J,X, L)-9(J,X, L)4(J, K, L) @4690

1970 COWTINUE 04600
ICI.M1.2*N)GO 10 1975 04061.0
1TILCJ,1,L)-0TALJ,,L).'T(J,L) 04620

1975 COIITINUE 04630
CAML RESUL'( RU, 08, WI,,? I=4, 1320,T10hL,T21, I , 04640

4T1,DIU,N) 04630

IL



IDO 3960 J-1 11=Z4 046600O 1930 led's 044Y@ [
00 1930 X-1,211 0466

g1(JK.L)Q(J.,L)04720
1930 COWTIMCZ 04780

c r ofm
C 0470

C 0473

C Tu CO~LSU VZC7OR SUCH zwo '04601
C 1(1. 9)- E(L1 1(1.1)- (NJI 00466
C 1(2. 9)- 19 1k(6,9)- (All WON"7
C 1(3,39)- 110 A(709)- (12] '@463 [
C AM4.9)- 112 A(@. 9)- CA33 *Own9

C COMMO/Awl,/ TOW A01, Z. K. J, D75 .IZF&, ZA m 331,3120 .0 a.@3&.1orsimD96 [
COIUM/MA/3i, 2,33,38 *38,59 0*30

coUO/o/",ftv Dom31K044

DD310U a($'9) 04970
1-17 066

DO 600 11-I,3 ft."p
DO 600 77-1, 9 56i
1(iZ,J.7)-O.O 06020..

C 600C560U

1(1,1)-za/I 0670D
(, 2 )-1 .- 2. 'h111'*32/R 0560

1(1,4 )-32/X @4690-
A(1,7)-i .- Z.*52/R Ist

C 06110
AM719-891.V 0Mi
IWWR'4W19/R MOO0
1L(2,2 )-WM9R 06140
1L(2,3 )-39 o

1(2.7)i 05) 0"I



A()3. 2 )-MiV35 06190
1(233)-IW13A 05200
A( 3 0 4)-i. 06210
1(3,6)-59 a""2

C 05230
1(4,)-i.06240

1L(4,2)-39/R 06250

05260

C 05290
A(5 . 2 )-ILAM36/R 05290

1(5,4-i. 005300
1(5.5-i. 005310O

1(5,3 )-D6/R 06320
C 05330

1(6,1 -Di/R05340
1(6, )-. -2* 'iV1*i/R05350

1(6 * 4 )-BDi/ 05260

1(6,7)-I.+2.-BI/R050

1k(7,2 )-a~rA'1'/x 05390
1L(7,4)-.0+35/(1405) 05400
1(7,5 )- .0-Axin'5/( Z+D50) 05410
A(7,7 )-35/(Z+WW) 05420
1(738)-S/K 06430

A3)-IQI'IZT+STI2'33/R 0545
h(3aI3)-1 .0+3 -0*5I=UY1'33/K 05460

C 06470
C CLCUXATZNG TM VICTOR 0549
c 05490

ZZR-Z'Z-TOV!ON+( R-DW)*( R-D50)050
Z?( hUE .1g.-I * 0)ZzRt-I'Z-TW"N0e( 2. O=hiDW-)*2 06510
xmoa--i 0552
]MOB-X+i 05530

C PB-~ 05540

11(3m .3o. 0) 00 To 620 05570
+'3i/ 3)-(1TI( 'LIE".O )-nTicJ 3,3 2)-T(, 7)os

1012)05590
11(333 -=1. 0.0) 00 TO0610 05600

C 05430

5~&'i(3,303)+C35"12( 7.K, 3) .0590
O3-cAm!i( 3,35,5 )4Cza'2( , K, 5) 0554

+( K-9O)) 06650

~ .9



3mI

620 COMINUM

wcsza S. 0) 00 TO 640 f?
Acii)w( 9 432( i(? A0, ) a1 mi(Smo0 , 2) & Gem

.0T 30) caTm066

6 435 ( Tic iOK)-TiC DBSUSK, 4)R1WA'!i(76X ) )( 6050 060

C +IX5)Ti(WASM-sN U0,K6 ) 06005

650 CaprINUZ060

31(8306 X39. -1 .MID. X .SQ. 2'3-142) GO TO 670 06000
1(1 .39. I .1w. Slaw .39. 1) Go TO 660 Gem0.

660 own 60

GO*SQKV/. TO 60 06

660 canmv/a*i~Osseo

31(1306 S2Q. 1) A1,9)-= 06960 [
31(1306 .3. -2) A6.9)4= 0697
-rm 0 0900

C SCIUT311RU AlNlD CIw an TO to ADM MUZ 2 ]RI MAN*
C CAS200f or 103k 038

C 6c

C SUMMAXITIM RZIF(&A.3~,M3A&) OM
C 30 oUTalW a068

c 06365
DMMIGIR Ac3M) Gm
0O 30 liso 0623

IL~5 i



U0S

gav3.'(za,ZI) 06m2
A(Lha z)-m in, ZZ) 0623

to 20 A(TaU)-6& 06240

* - 06066
c 06270

iinwum chnm( 3.m. a, L3) 0620
c 0620
c zimi.czw COLOm Li AnD Lo 0630
c 06310

DDp O 1 (,3 06320
DO 10 ZZ-1,3 0330
B&VZ-MA( U, I) 0340
A(zz,wea)-(mus) 06350

2.0 £(UZIa)-6aVZ 06360
-4v 06310

ZND 06360
C 06390
C 06400

svAaa'xmu laW(MDO, 13014, n=U, T, SXM. P) 0662

C INCDT LflDMNL UW anT - 0- 06440

C 06460
Cr UI0 RWL/Z I TOW. R- Z. K. J. VTS ,SAf,U,13, .02,30, CDL. C&h.SS.3070
CWIO/70/FFS 13,F7 0640
DnMIZO T( 11504, ZD3C, U) 0640.

T(J,K,1)-AZJA'T(JK.7) 06510
T( .1,2 )-SXZI'T(J.,X.7) 06520

T(JZK 4)-IA'&T(J,K,7) 0654
rim= 06530

zo 0656
C 06570
C 06560
C. 0630

5U3D0TX1 LZPaDK 11. DRO, 1304,3IN=, T, F) 06600
C 06610

C LKIDXEO ZIER-SUU'A SOWN- - 06430

C 06650
coSD/Ml/ .TW.K. Z. M i. D7"1 .AwA. NI A I=~ I02 S30.CAN&DLII35.6660
DIISO T(==1041011 06670
T(7.K.7)-0. 0660
T(.7.K.S)-0. 0660
f(JX,3)-0. 06700
DCT-( 1.+ALWl)/2.O 06710
T(7,Kt,4)-12.'w/u5(Z*W0)*DCD 06720

T(7.,5)mN(J..4)06730



107

T(J.1.1)w-f(7.K,4)Go

T(%7,K,L)-1(122,1,L)-Y(J,KL) oil" [
JIM 061.0

c 06"o

C 74CULR W3Dm wnnm 1011 (OR aDm3zaL) - Vp - OS

c @7

Can=/M3 522 * 3.55, 6.39 ofms

OX MXIOM A(l#9)*A(44).O3(4) 06360
p-pp 069"
z1( 5~ZQ3.-i.O)V'mfl Get" I
11P(X.39.X A=3. SIGN .3. 1) GO TO 2 0690
17(SX1W .39. -i AND. 1 .20. 2*0-I+2) @0 TO 8 06,6
00 TO 5 Of" [

2 32-U3/2. 0G36
3i932. 06000
Go TO 5 01000

I 3o-31 0153.
32641/2.0a

5 OiL OWNO.104 3~ Y! i*1.3 lW l 78
ZP(UZO.Q.-i.O)CNZL 3U(.516)00
DO 7 I1-,4 0*40
00 6 jiI1.4070

6 15(I!.7'Ma(U..73) 071070 j
7 CCB(XX)-(11,9) @7110

!(j.Z.G)mO.0 70

1(3.1.7)-P 0731.

W5(1,2 )-1, 12)+&LPA'32R 07280 f

33(1 * 4 )-O. fti40

CDB2)M(2)-1(JX,7) 0on"
casL Wd-xxV(As.C03.4.41,1.18~x) 07~80 Hi
11(18.39.1) 00 TO 3 071)0
0039 O-2, 4 0710

9 !(j.lxl)-=3L)0Y1

.07M3

39-2 *= 31
-T

_____ _____ ___X"



30

3 W=1 (5,4) 0716
4 MN(S 'mSina Aff MMUAR I"=m DUoain &-o aoi F. 07170

C 0731

c 0730

c WAPLA &OAJD 3OWWIW POINT (MW DflII ) - a 07330

C 07370
CVMW/AWXZ,TW,RD Z,X,.?, MS,AIVA. 3m , 2*Ga,3S,@LK, M.1,D0*730

~E~U/Z25/3( U)07410

DZR3W 1U.3)A3(,6),(6)07430
Form 07440

I1(sBow.X9.-l.0)in13 07460
cam 1(M owe n=U4,110 n , V!1. 72 1,31Sim, M) 07460
1(313.U..0)UAz RtW1(A,l,9,6,7) 07470
I(SIW.UQ.-1.0)CAZ 3M(A.9,2,7) 07430
00 7 11-1,0 07490
D0 6 tji-l.5 7Mm

6 a~I.JJ-a~zJJ)0713.

+ -3S3'?(.,KS)07170

CkLL, W.UQ.-1.0)m, 6. )-,z MT z)+3/'(,, 07610

Wl(KS.SO. 1) 0O 20 3 .07630
00 9 L-21 6 07440

3 !(?.L)-Ca(L)07650
mU 076"

3 UP (5, 4) 07470
4 VOUW( *SINULiAR AM wanrnA uoina 2-0W POINT 2 - ') 079M

STO 07690

C 07710
c 07720

IUMWNTZ GRE MW, ZU0M, 1Zi0.W1,,. 973.660.3) 07720
C 07740

C dMLR 6 KI an DZI3ZWL P0INT3 - I3 07760



OfI~M3 2,53,WW,36.9 [NW
an ~nl) tCl I II(W4. zmna. GS !( Z~MK4 none$) O113

0D10 9(.).1W(5,5) oco(s) soma

2 3261W2.0@70

GO 10 3 65
8 3,-mi 07990

31-31/2.0 04Fg
5 CM& am"l I, .3.fa..,112&SmDX 7

am C="UA,(9,9,5,57) @0,
CM& 3IW(A. 6, 55.6) 07930

00 7 11-1.5 @7640

Do(14Malls 07 960

13(1, 2 )-&W( 1,5 )+3Z2/R 0660

13(5. 4)-a. - [m
AW 5, 4)-a3.5)3/ 5

ZIP(JU.ZQ.1) GO TO 3 Ge
G0 9 zol1,4 sow6

9 (J,.X,L)-=E(L) 650M0
Y(%Tj.I.)-O.0 66

!(7.K.6)-0.O 066um

32381 Got30
29-2.0'51 @640

.3 IIU (5,.4) elm6
4 V0mwp(*'IGuLAR iff ]M Ion m DInSSICML M@t 3~ 670

Gem 6519

c w1I13 Z " DZUZOUL lOflW - a - "on6 1rc SO N&TX awilm AIAMO!

00 ! W
CAEWUI.wa ... ,W .UcU36.S~~3U66

Cal@ AZWZISMI, SI, .I



110

comip/M/1. 3,33.5.36390@300
~mu~u/Lfm/3D 6)06310

021.3510. A(I.3)AWSPIL)CORMu @680
CM& A1B!(D. 1C4, ZNMDTD,!1. !2,&. 81W,DU) 04*40
0O 7 11-1,8 0o3m
1DO £ i7-1.68 06860

0A3l(ZZ.J1 )-&(U..7.) 06370
7 COZ(11)-&(II,9) 06360

CALLU IVh5K661.3.S 06390
U?(KS.3Q.1) 0O TO 3 @3400
IDO 9 L-1, 1 08410

9 !(J,X,L)-CM(L) 0842
-CT 06430

3 WI!' (5, 4) 06440
4 PONW( *IZNIZR AT ULhR In= TWO DIIsIOMS DOWN A I o)0460

STOP 00460
um 03470

c 00460

5033001133 ftw GI R , . n=X41 IN,Dr,. T T3 I T41 T. Sim, 031m3) @9500
C 0930

C NmIT INMR TWO DDZUSIGNML 10111 - K - 06530
C CAICWATZ By Im ptaOLMIof &TAM3 "M W1MZCM TAI gZyminz.m J&W 0354

CC mj'LWI, TIM R, 3,,J, On, AM11, EM, Dfl .02,220. C~,CU&.PZZS .303570
Dn=UKSON T( 1304. IWO.. ) .!2( I1=,l) .143,) Osseo
T-Y0U-( 3-DR) 00590

Xn( z*u/Y+Y)/2. 00010
Um( X-T )/Z 00620
UunwAnN( U )/1ZZ 0630

U~'m1 -~100040

Um( OW- )/D41.06640

L. U-IlX(U)06670

C--P10MI( ) 069011 Cl-I.*-C 06700
DO 154 L,.6 0671.0

154 ( K. a! (C11(,L C2!(D ))3 4(1L)06720
urn 00730

=ID 06740
C 06750

C 06760

C WIDIA I"S oI SIinic POX" - La - 00000



C 00320

OOUJU/M/1. 2.3335.3.390"40

32-Z-'M/c2. -(Z+2. -DT)) 09
IF(51Zg.l.O)0O TO 5 03690

31-B2 0693
32-BT 090

5 33-( Z+( 1. -3TA)-DT-SQST( (D-'N- ( Z+DT) )"2+( 1.-UZ)'Z"*2)) 0090
+/(2.(1.-EI'A2)) 0694
35-DTS095
36-2-'M/( 2. *( 2. -Z+DT)) 06960
39-( Z*M-3QT( Z'Z+DT'T) )/2. 09970
CALL uiin(W ' FO nD4, ZMM1,VT'T1 T2A.8. S 'M.D1) 00900
DO 7 11-1, 0 oem
DO 6 ~j-1. I090

6 AD(U.,T7)-A(11,J7) 0901o 1
7 COE(IZ)-34U,9) oZ

3Z2-342* 01030
0"L WrV(INX4.DIDX1,MZ.2,Z2.E T,.) @9M4
CO( 1)-C 7)*( 1.432/32 )+Z( 2 )'(.+XMa32/32 )-32'3( )/32 09050 [

4432-( AL1PAZ( 2)+Z( 7)-E( 4) )/R2 0906
26-2+2.*S3 09070
CALL IUV(XNUD4,INDXX.MZ6RZ,,1,T4,36) 09"M
COEC 5)-C4)41(5 )+3'ALFrA-Z( 2)/3436*Z( 3)/A 011"6 1
CALL UIV(n=m4, fl,.M.ZRZ!.Y1,I4,B9) 091"
COR(2)m3(7)+39'(l( 3)+MA'(Z(2)/U+Z(G))) 09110
CO(3)-Z(4)+39'(Z(G)4IL!FA*(3(2)/+Z( 3))) 0910 '
COZ(4)ui(1)4.9-(Z(2)/Uq.3Jnfl@(13)+Z(6))). 0ib30
33-3-2.* 33'U'P 0140
CALL IWV( IUZ4, X1,D'?,Z,R3,Z,.!.!1.4,33) 092n5

COS @)-Z( $)*(I 1.-5102'). .O'33M33/3)-I(S 5 )(31NM=U+B33'2/33 )0916
CALL MIW(A,COZ..S.1OITK3) 09X7?0
I1'CKS ZQ. 1) 00 TO 3 09X90
DO 209 L-,I 09190

209 Y(J, XL)-COZ(L) 09imm
31-MS09ki0

32-M! 09220
36-MT 09230
33-02 09k40
29-M 09150 [

-C~ 09GO H
3 WRITE (5, 4) 09070
Is FOTW(* SIN3ULMAT 3! mxm I I3 TM D123101L 30111! L -)0929

ujm 09290

C 09310
C 09$20 1

IinRUTI ZEYC D 4.,13020.. '?. 3.. 3. ,,!1.!6.M) @933



c CLICzAgZOK Or gmawnmmz wi MM L lowuu or om
c 3Z Z8 C CUMVS o OF M L0381 09870

c 0930

Dm2X( 0 3dD9410

d2m1.*0-Cl 03480
!!&wUmm(z3/(M8(Um-i)+M) )/1135 09440
!UYMI-l .0-U 09460
00 10 L-l, 1 09460

10 CONTzaM 0346

+ 1D1 03640

C IHWZmDZ M3-DZISZOIL POTM -p m - 03670

CON6=/ILWI., TOM, R, 3.1. .,015 .AK. 33T&. 3MMTU .63,. C, &. 11333O030
COUIIO/AW/31,32,33,35,96,39 0960
COIIO/Fo/F, Ps, FR.F 03610
D1313109 ZR(N1) 03620
DI3W3IOK T(n , nU4M 811), * 9(2, n* = 831 ) 0930

DI.SION 1(S.9),ID(6,6),COZ(6),Z(S),Q4(3,U) 0368
It-VWM( N)*DT+D1WO 0368.
DO 2OO N-1,N1 03670
ZuIsQm( FrAl'( (I+39-2*3642)*(X-) ) 03630
ZmZN*DT 03690
aC K )inZ 097001. 3-33 09710
DO 12 L-l, 0 09720

12 97(1,NL)-O.O 09730
IF(N.19.1)00 TO 200 09740Ii 9(1,..7)-((-PLOah(NZ))'?(INZ+2,w1,7) 09750

44( FLOM'( 3+1)-Ul)'?( 32+1.31.7) )09760
93(13.1 m-((I-FM!(2))"(3z2.N1 U)03770

31-0. 25'( I-R+D3-Z-2/( TOIW--2 . 0*( -2 )M-030)) 09790

35i-0. 25'( '105+3-C -2) 'M4( f-C -2 )'DM )-*2/( Z-TOW4( 3-2 )'M)) 03610
IF(35 .Of. DYS) 35-OT 03020

CALL A8L(3, INDX4IN= xlDTQ,9.Q2,,92.aaW,031) 09940jca JLL R (A,0.9,1,7) 0On5



113

00 7 11-..6 0960
00 6 jiJL, 09670

6 15(U,j7)A(ZZ,JJ) 09960
7 COZ(11)-&(11,9) 09690
Mi-TOW-C 3-2 )-DT 09,00

m-YOW( 3-1)'DT09910
TA-ABZ3( DT'SQW(rF401'( (143-2'(N-2))'(Z-M) ) )R1 09920
ZF(X.20.y1)ao TO a 09930
T3-ASZN( DT*SQlt( FLOM'( (Z15.* - (IiI)))/M3 0994

a CONI=U 09950
R1-1-2.* 0'l 09960
!1-aAUN(Z/(34z.-Sl - (M-2)-DT - DR) ) 09970
CALL Dl(1,ZT.TA,TD,31,ZgJ4,DTxZuwg,w1) 09960

COZ()mI()*(.~31R1)1(2)(1.~LFA31/R)+3*R(1/3109990 1
+ +31*(ALFA*X(2) - 1(7) +. Z(4) )/l 10000
COI(6)-CO(G)-( 1.+2.-3h/R)-Q(,R,7) 10010
ZGinZ+2 .0O'3 10020V
Y6-ANAW( Z6/( 3-C 3-2 )*DT-D~l) 10030a
CALL DW1( 3,26S, GTA,T 1S, ,Q7, Q4, DTFJI, 7JD=, 31) 10040
COI( 5)-iC4)41(5 )436*ALFI*12 )/Rk+56*Z( U)/R 20050
COEC 5)-COZ 5 )+36/R*QJC 1,6,) 10060
T9-AM( 2/C U-C-2 )*DT-DR ) ) 10070
CALL ZNI(iCR,ZT9,TATD,39 1 1.Qi7,Q4,.DT,. uW=,31) 10060 7
C01(2)inE(7)+39*( E(3)4ALI'A(Z(Z)/*+Z(s) lam109
COW(2 )-COZ( 2)-W7(1,M, 7 ) 10100
COZC 3)- 4 )439'( 1(6 )+ALF&( 1(2 )/U+1(3) ) )10.1
COE 4 )-1( 1)439*( 1(2 )/RIALrA'( 3(3)41(G))) 10120
Z7C35.1g.M'5)0O TO 9 1.0130
25-2 * 0'35 10140
1'5-A1'M( 25/(R-( N-2)-DT-D) ) 10150V

MISL DW1(RZ5,T5,TA,T35,Z,QJ7,Q4,DT,X, I3=,31) 10160
00 TO 3. 103:70

9 v0 10 Z-119 10160

COI( 1)-1( 4)-E( 5)435 'ALFA*Z( 2)/R-35 '1(6)/R 10210
COZ( 1)-cl )435/CZ+DO)*QJ( 1,3,7) 10220
" -35/R'Q7(1,3,S) 10230 1

ZP(M.ZQ.N1 )COE(l)-A(1,9)+3/(Z+RnO)Q(1,x,7) 10240
" -35/U'Q7(1,X,S) 10250

CALL DB1'nVAB,CO,6,6,1,DIT,Kg) 10260
D0 209 L-1,6 10270
QJ(1,X,L)-CO(L) 10210

209 CONTZZ 10290
200 CONTIUUZ 10300 I

a1DTS 10310

U~inMS10320

36-M! 10340
3910 10350

Tem10360
3I0 10370



C 10360
C 10390

8U3RIUN ZNV1( L, ELTETA. TAT3,UL. E. 0JQ4, DTm,~m *XI) 10400
C 10410

C CBLCULTIOII OF QUTITIES AT TMUAL POINTS OF 10430
C DICHRRACTERXSTIC CURVES Or POINTS N 10440

C 10460
COWAO/ALL/I. TOW, R, Z, K, J, DT5, IILFA BETA, BZTK2, G2, 30, CZL. CDA, PI5 .310470
DflnO1 QJ(2,TNDX1.)Q4(3,3),E(U) 10460
TTA-'IETA/TA 10090
11'A1-1 .0--TPA 10500
IP(I.ZQ.N1)0O TO U 10510

odwnTTA/T 10520
GO TO 9 10530

3 TI'3-0.O 1054
9 CONTINUE 10550

TTS1.0 -TTS 10560
C2-2 .0*'D 10570
C1-1. O-C2 10560
DO 10 L-1.8 10590
E(L).Cl*(TTB*QJ(2,N-1,L)+T mB1*Q4(2,L) )10600

+ +C2-(T1'A*QJ(1.N-1,L)4iTAI*Q4(1,L) )10610
10 CONTINUE 10520

RETURN 10630
END 10640

C 10650
C 10660

SUBR0UTME RINTER( Q, gJ, Q4, INDX4, IND~Q, Z1. Ni-) 10670

C INTER3DIATE T1iO-DflWISIONAL POINTS - N -10690

C 10710
COOM/ALW/I, TOW, R.Z,X, 3, TS ,ALWA, BETA,BEnh 02.30, CDL, CDA ,PIES 31720
Dn3I0O 21(K1) 10730
DIMENSION Q.(2,IND~,6),Q4( 3,S),Q( nDX4,IMDX,U) 10740
Y-1-2 'N-1+R 10750
X-0. 5Y+0. 5FLOAT( (J-1)*(3-1))/Y 10760
AasX-FLOAT( I-M) 10770
AJAX.X*X-A*A 10730
AJ-SQM( LJhX) 10790
LJM-(rLOAT( I*I-N*N)-AJ-AJ)/pwOAT( 2*( I-N) )+1.O 10600
T3KmAsix(nFohT( 3-1)/X ) 10910
TAY-ASIN( AJ/2C) 10620
TEll-T31/TL7 10630
31.51K 10640
Cl-(ZR(N)-AJ)/(1()-Z(H.) la1065
Do 10 L-1,6 10360s

10~ OU 1(,,)T -C*JIMIL+I-C)Q(,,)+I-M)" )0360

END 10690

V.,'



C 10900
Su390GTZMI ~U(1 ,33,3UDDT 3 10910
Di3Wiou A(1),B(1) 10920
TOL'.0. 0 1.0930

33-H 10950
DO 65 J-1 K 10960
JT-J+l 10970
33-33+3+1 10930
3103-0.0 10990

IT-33-J 11000 .
DO 30 I-JN 11010

IF(I3S(UIG&L)-ADS(3( 1)))20,30,30 11030

20 S103-A(XJ) 11040
DSX-I 11050

30 CONINUZ 11060
IF(IS(810)-TOL)35,35,40 11070

35 X3-1 11090
mmU3 11090

40 11-3+N-(J-2) 1100
IT-INAX-3 11110 -

DO 50 1-4,3 11120 r

Ilin1i+1 11130 i
BAVE-L( Ii) 11150
A(I1)-'&(12) 11160
A( 12 )-SAVE 11170

50 A(11 )iA(11i)/BXIk 2190
SAVE-B( 13X) 11190
3< I3X )-3( J) 11200 1
B(J3)n&VZ/BIG3 ul
11(3-N3570,55 11220

55 IQS'iNU(J-1) 11230
DO 65 IX-3,J, 11240 H
ix.JIQS+IX 11250
IT-3-IX 11260
DO 60 32C-JT.3 11270
IX3X..3*( 3-1 )+IX 31200
JJxuIZrjx+IT 11290

60 A(I=3)-A(flCJX)-(&(IXJ)*A(33X)) 11300
65 3(X23fC-BJ*(X) 1310
70 WY-Nl 11320

IT-lNt l 11330
DO so %7-1,NY 11340
IA-IT-3 11350
is-s-3 11260
IC-V 1170
DO s0 X-1,3 11330

IA-IA-I 1400
s0 IC-IC-i 14610



ZVI% 11420
J31D11430

C 11450
SOW4MINZ RZSULT( RUE, D. T. I * PP IN4 NDX, !,!1, U. 31, no*6

PZN, DR1, 3) 11470

C 146
CWUml/REIPRO, ITILL, ITE, 1.71. IPIXNT, NIRIXT 1100
COUIOU/RNT/JPRINT( 9).* PRINT(9) 1150

DIINSIOK T( IZDX4, ZNX1D ) ,Tl( nD4, INl 3) 11510
DIMENS ION IYC1=4, 3) 11520
11(13 .EQ. 2) 00 TO 90 11530
131-i 11540
I?(IPXNT .EQ. 1) GO TO 75 11550

75 CALL OUflP(UE. DM. DT, 1,F", n=24, Ila=1,TT, DRIN) 1560
13-2 11570

90 11(1 .GT. ITILL) RZTURK 11530

00 TO(100,200,300) IPRIIT 11590
100 11(1 ME. 1174K ) RtETURN 1160

IZFM RW'I fIVRXTE 11610
I1(voD(I.2).EQ.0) a"L OmTP(DMDTI,1504,IUZ=,T,1) 11020
RETUR4 11630

200 CALM 00TP2(DRO, DT,1, INDX4, INDX1, T, T) U#64
RETURK 11650

300 I7(1 ME. I17MM) 00 TO 310 1166
!?NIROH~ +ImRTE 11670
Ir(iNOD(1,2) .EQ.O) CALL OUTP1(DR0,DT, I, INDX4D IUzfTNl) 11630

310 CALL OUTP2(DM,T,IINDX4,INDI1,T,Tl) 11690
RETURN 11700
END 11710

C 11720

C 11730
SUBROUTINE OUTP( 1HZ O,DM~, m I?.Bx=4, NDl, Y, Dli, ) 11740

C 11'150

C PRINTS THE VALUES OF THE INPUT CONSTANTS AND THE INIT2AL * 1770
C CONDITIONS * 11760

~ 11790
C 1130

COIUON/LN.D( 3) 11310
D1103103 TT(WIDX4, S),TK( 3),TB( 3),DDI( 6) 11320

INDEX-rZN=l 11630
CALL DA=~( UDATE) 11640
VRXTZ(5,7) NOATE 11650
WRCTZ( 5,3) 11360

7 FPORMT(A12/* TRANSIENT RESPONSE 07 INFINITELY LOfG T=*E U9670
+w SUBJECT TO ABRUPTLY APPLIED LWAD( CAE 2) */) 11660

9 ?ORNAT( * DURATION TIM OF LOAD - PENBNUT/- MM OF* 11390
4' LOAD - SENI-INFINXTE'/) 11900
VRXTE( 5,10) RNE,MDRIDF7,DT,I'rvX 11310

10 7OIMAT( * TIM INPUT CONSTANTS */21( lE- )//'10IS0 RATIO -'.15 *3 11920

+/'INNER RADIUS -*,74.2/*OUTER RADIUS -*,4.2/'NON-DIIUIISOL U91130



U17

*31ZR -*,F4.2/*3n SZE FOR INTEGRATION C'1./U U OP U i"
+*TIME STEPS -*,13//* !ME I3X!Z COUDM!OfI (TIM T'-0.*0)' 11,6

*/38( 1B-)/) Ji29 I
DO is L-1, 113U70

15 3D(L)-0. 11W0
WRZTZ(5, 20) (39L.TiLT2L.-.) Us"9

20 FpoNa(*'ponmT- R-1.0,Zt0.O*,6X. *POXNT - Dm1 .0.Z'.'.O*.6Z, 12000
+*ionm~- 3t-i.o,zo.o'/ 12010
+3(19(1B-),GX)//3(* SITI' -*,77.4,12X)/3(* DR -'7412) 2020
+3('DUUDR -*,FP7.4,121)/3(* SXZZ -m'.7.4,12X)/3(* UK '1.411 12030
+/3('DU=D -',77.4,12X)/3(* 573 -'17.4,12Z)/3(* SIM -*.17.4, 12040
+12X)/72( 13-)/) 12050
RZ!mm 12060
ZDUD 12070

C 12060
C 12090

C PRINTS VILOES 0F VARINBU L AT SPECIFIED TIME FOR PONT (J,X) 12130
C FOR J-1, !UM+4 AND K-i, ZIIDEC4 12140 I
C 12160

DIM31019 T( nDX4,flID=.),Q( U) 12170
TO-FL4MT( I) 'DI 12160

MUITE (5.40) TOW 12190
40 FPOP3(//* AT TIME Tm 7./91-)/Z ZU R,7.'73,5.12200[

+'8Z'T', 5X, 'SZZ', 5X, '1732', 1 'R' 71, 'UZ*/72( 13-)) 12210
13-1+1 12220
73-7w+2 32330
ICin!+3 12240

XK212250
DO 45 .7.-1,13 12260
KCK-3-XK 12270

iI-i 12230j
Z-DT'FWM'T( .- 1) 12290
WRITZ(5. 50) 12300
DO 45 K-51., ,2 12310
R-FwA)?( K-i )*DT+DW 12320(1
DO 42 L-2,U8 12330

42 Q(L)-T(1+2, K, L)-T(J, KL) 12340
WRITZ(5,70)Z,R,Q(7),Q(1),Q(4),Q(U),Q(2),Q(5) 12350

45 CONTINUE 12460
JOK-1270

IP(NOD(1,2).ZQ.0) JOK-2 12330
DO 60 7TI1,!C 12390 I

XK-3-KK12400
Z-DT'FWMAT( .- 1) 12410
WIRITE (5150) 12420

50 omm!1(' *) 12430
DO 60 K=,31,2 12440
mVLO&T( K-i )'D+Dk 12450



MR1U (5,70) Z.A(..)!JL)YJX4.12470

60 COMUR 12490
70 FOST(W6(ZX.77.4)) 1359

WfhU (5.100) 1251
90 P0NW(72( 13-)) 12S20

MD 2540
C 12550
C 12540

SU3RUTIfZ 00T2(VDR.D'N K. ZUD4.ZMD1..YT1) 12570
C 1L2560

C PRIM"S VAL=Z P WRZA5MLES FOR SIZCZFZZD Pon=T (mJ=WDZU) 12600

C 12620
caom/pZ/znw. mTLL. immU iii, * pRumT.WRmW 12630
COIUO/PRX/PRIIT(9),* P3M(9) 12640
DINION (ZD4 N2. ).1 31,ZS.U 12650
OIISION R(3),Z(9),T0W(5l).V53(951.U) 12660
ZF(Ijl .mz. 1) g0 TO 100 12670

M-X2 1.2680
DO 10 iJ-l.N1RIT 1L2690
t( JJ )-1LYaW( KRnzWrJJ)) 'DT-DT+DRO 12700

Z( 7.7)-FL0aT( 3131M( .. )) DT-DT 12710O
ZF(3PRNT(J). LT.)Z(JJ)-Z(JJ)+2. *DI 12720

10 CONTINUE 12730
DO 20 L-m1,8 12740
DO 20 LLo-1,NPRINT 12750
TDWPJPRI( LL) 12760
710-3S( TEMP) 12770
K10-KP3ZM( LL) 12780
TOW(1)-C. 0 12790
TF(JIRINT(LL).LT.0)00 TO 15 12600
VW (LL, 1,L)-TI1 +1, KIDL)-TI(JIO.KID, L) 12310
00 TO 20 12320

is VRR(LL,1, L)mV"4 J10, KIO,L) 12330
20 CONTIUE 1234
100 ZF(NOD(1,2) .EQ. 1) RETOW las50

IP-1/2+1 1260
TOV( Il)-PFLOT(XI) 'OT 12070
DO 120 JJ-,NPRuxT 12360
YDW-3132M( .7.) 12630

.71033( ~W)12300
K10o3m ( .7.) 12910
DO 110 L-1 S 12920
ZF(313M(7J).LT.0)00 TO 105 12930
Vii, JIP, L)-T(JI0, KI, L) 12940
00 TO 110 12550

105 VAR.J.I11,L)-T(1.2,110.L)-T(.710.K10,L) 12960
110 CONTINU 1L2570



WaRM (6,310) ,7,(J),S(J) II1
C 310 VO~mM(///UXZ2,SZMM POZWt 1 in@.7.#,2Z' ISM4in4(5- 36

c + y/7xw'w, sxm' XWSzW *, Usz='. uuz' .*7zom'. Wtew/ um,
C 472(15-)) Law6

310 I'0US7(Z2, V7.4) low5
D0 330 U=mI1Z 3.806

119' (6,320) !IIW(U),VUR( .J,U, 7 ),VM TL,1 ),V83( J,U.,4), 13070
+Va5JJ.. U ).VA(7.UK,2 ),VIZJ,uK.5) 13000

320 loina!'(7(31.17.4)) 1803
330 COUTM 181i"

C MMU (6. 33) 1813.
335 V0NS3(72(15l-)/) 13150
340 CONIM 1818

-E 1810
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APISUDIX D

PROGRAM LISTING Of TRE3



P30OMM !13( 001W. AM1O,2TM) 00020

C .

C CAR33 2A MSZWI' US3P=ES OF WN ZIWEZIU6LOW TM MB3D 00040
C To A WoAD 0w rmNIT liZOE r 2w INTUMOR. Tm == OF 00060
c CANm 13 TRINVZD PAuM 2Mz POXR ua 12mou. o00o

C ARRAYS, 202WL( , ) - I21MU=E ITrM - 00mX22OU 0000
C 2U( 3.K) - DA! VROK 2alE XT ULC 2m 5m 00030
C LOAD 1S 3IT ULT UIM CF WAM 00100
C DumI. 00110
C 2u( J, K) - DATA FROM TAPE FOR fLCR Th 001L20
C LOd= XS SEN~hD DO~UIW( UOICTCN )00130
C 00140

DDEM1S01 TOTWL 600,3 9)TU(600U 8),TL(600, @),YAM(20).L(l) 00160
C 00270
C IMUT DAWA 00160
C WIDTH STAND FOR LW WIDTH 00130
C 3ET NZLOD-1 IF DUMT5= OF 01OAD 1S PZMUWWIT 00200
C NLOAD-2 IN' DURLIOU OF WAD XS FINITE 00310
C 00220

DA2A WIDT,NLOAD/0.04. 1/ 00230
C 00240

+ sim, EM) 00260
DO 1000 1-3,1=.2 00270
DO 10 31-1.68 00280
UaM 5, 10)(YAW(J), J-1, 20) 00290

10 IIUT(10 100)(Xm(j), J-1. 20) 00300
100 FPONT( 2024) 00310

W-( INDX/23-t03)/2 00320
vWIIW+1 00330

W2'.IW2 00340

X1(303.3g9. 2 )LCI( 3114312 )S( 2'( 1-1)4)/2+312 00360
LC-ZCE-( 2'( -1)45) 00370
EJI-2'IW+303-1 00330
CAML UD(E.LCELC,.ZIW.311.JOE.,EE.LKTO.TL) 00390

=-2 00400
C-2 '(I-I )+S4UWIDM DU

31-0o 00420
DO 12 J-1, HC 00430
311--NIC+1)/2 oDW
Z-DIFzWAW( 3) 00460

JM-3-XK00460
DO 12 K-=, ENM,2 00470
KT"'ETM41 00460

20MUZ~ XT!, 2 )-FLAT( K-i) )DT+3I 0000
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00 12 Mm3. I062.0 I

!'ZF(K.)( KU)-L( KT.E) @66) 0030

r( 5.zo. w.A.M.ZMo. I)YOMW(KY.3 )-TIOTIL(ET. ) 0604

1ouvw 10. 200) a""4

wr(4VB.Zg.1) 00 TO 13009
iJom mm110(NWa) 00600
jxm3A-kvmOD32) 0062.0

13 DO 14 J1-JSJZ 00620
WRZT(10.202) (TOW fl1.) Aull$) 00630
Z(j1.UQfl) 0O To 14 00640

14 COWNZ300U
I7(.EQ2C-) VZ(0202) 00670

2oo pOlow() 0060
201 POmmt0( 39.4)060
202 F0NAW(72(12-)) 00700

1000 cowilm 00710

C 00740
3U3MOIWX ND(WW!E. Of, MLAD. IWIDTH.NW ,702.D WIN ~ D. 10.RI. 00750

+ 81U.,IM) 00760
c -- 0770

C PUP306Z TO RED AND SlMT INITIAL CONDITION 00790

DZRMNSO W(20),CI(S,@) 00600
UxIXD 5 0061.0
zF(NL'oAD.EQ.1) UZAD( 5.10) UI,RW.IU.M,RD2CND 00420
Z1'(ULOAD.ZQ.2) lum 5.101) DTL,2Z.R.BSl=.DT.IU= 00930

100 70NU'( //////////14XC, 7.2/141,74.2/22X,74.2/27X,76.4/222.33) 00640
101 FOYMT(///24XF5 .2///////14ZP4.2/14X.74z2/22X,74.Z/271.16 .4/222. 00350

+13) 0010

IwZDmu-wvmU/DT 00670
ZF( NOD( NUTT,2.E. lIIZ 0*19 00600

1I9 ?CUM~(* WICTS OF TAM 13 UUIT2BL ' 00390
p~-wDf/ 06000 I

W07112 .09DT'UW 00910
U.4FZDT/2 .0 0o920
VVewm-MOIMDT 009 ao0
CALL DMO AT( Win)II
WRMlEC10,200) IIDMZ oduso
ir(NWSD.lQ.1) VRiTZ(1a20) WIDT 00960
IF(NLOA.2.2) WXZ( 10.202) DTL.WIDTH 0O30TO

200 PONWSI'(12/' TUESIEFI MM1CUS 0F ZWFINIM LONG so096
*'TUZ 3UBflCT TO AMMTLY AIILX loOWAD( li 3 )'/) 00990

201 ?OUST( * DURATION TIME OF I0aD - fl fmhN/ 42000

WIV~f OFLOAD-*,r.a) 3.01



202 10mlum *31O coomm WI OF' WSD -'5. 2/ 01030
+w wvmD o LOA D -2174.2) @108
inSZIv 5 @104

D(c a 1 102) 0106
102 pllamf( I/f)016

00 10 71- 1.14 01010
D5, 203)(JI(J) J-1,20) @106

10 VUT(0203)(Fl(J).7-1.20) 02090
203 V03(O 2aGM) 0110

UEZTE(10,204) NZU.Z.I3,U.I3ZI3,U 11
204 rm(a'1..Z-,.2X.a'f..--..2Z 01120

+12(l*-).5SX,12(1H-)/) 01150
FD( 5, 103) 01160

103 FOUDT(//) 01270
aD(5.104)( (CZCJX),J-1,3),K-1,3) 01160

104 F0UW( 3(7X.77.4,12X)) oil"0
RICA 5. 105) 01200

105 1POUA( ) 01210
DO 11 K-1,a 01220
CIC 4,X)UC!( 2K) 01230

1C!(5.K)-CI(1,K) 02540
CI(4,3)--CI(4,5) 0.5
CZ(4,6)--C!(4,G) 01260
CZ(4, U)--CI(4, 8) 01270
IIRXTE(10, 205)( (CI(J,X), J-1, 5),K-l, 0) 0120

205'FORIM(S(* EXT -*.77.4,3X)/5(* UR -*,F7.4.3X)/ 01290
+ 5(*DUDR i*77.4,3X)/5(* 31= int.F7.4,3X)/ 01300
+ 5C' UI -'.T7.4,3X)/S(*DOUzZ -* P7.4.3X)/ 01310
+ S(* SEERt -'.17.4,3X)/5(* S5hZ -*,17.43Z)/l2(MN-)) 03.320
ZMT-DTVD? 01330
hN=~-ZMUK/2+1 01340
INDin D1-1 01350
xr(IwD(ZD2).ZQ.0) JOE-2 01360
IF(NOD(InD.2).Zg.l) JOE-i 01370
Rfl'UN 030
DID 01390

C 01400
30BROMINE RI( I *LCI I LC.IC& 111.3111.~ JOE* NE* ZJITU#!L) 01410

C 601420
c 1031083 TO RZKD IM VARIAMME FROM TAPlS AIM 3TORZ MW 01430
C IN TM ARRAY T(JK) 01440

D 3109 TD(600,38).TL(GOO0.),!T(U) 01460
WMUI&WU2 01470
I?( JOE .EQ.1 )LC.-L+2U11flIE 01400
IF( . .Q.2 )LCALC+( NNE'4UM ) *2+NDD( . 2) 01410
JQW'U*W4 01500
KiIw' 01510

10 AD(5.100o)(TN(J).J-1.3) 01520
100 POMNM(I311 4) 01S30



ZW(IT(2).U.0.O) JU-94-1 01AN
I1'(2Y(2).ig.0.O) 00 210 11 01580
00 12 1-0146 @13
YL( 11.1 )UMY a)im37

12 zV(Ki.Q.LC-a'u ) !U(KL)mIY(L) 01390
ii KI-Ki+1 0aim

W=InWII-i 01610
17(LOCI.oT.O) GO To 10 MGM2
WIM 01480

01640
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APPENDIX Z

PROGRAM LISTING OF TPJ54
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c CASE 4 : TRANSIENT RtESPOWSE OF AN INFINITEY LONG TO UJCE 00040
cTO A HOWNG LODO IIEWDH H AAOF CAS 2 00050

c 00070
C

COMCI(5,G),T(600,6,5) 00090
C 00100
C INPUT DATA 00110
C SPUED - SPUED OF TRAVELLING LAD 00120
C SPEED Is GIVEN BY SPEED-2*DT/DTL 00130
C (WHERE DT IS STEP SIZE OF INTEGRATION, DTL IS DURALTION OF LOAD) 00140
C 00150
C IN CASE 4 SPEED OF TRAVELLING LD IS GIVEN BY SPUZD-i/NI 00160
C 00170

DATA SPUZD/O. 5/ 00160
C 00190

CALL READ( SPUEDDTLWIDTH, RI, 10, T, INDXC) 00200
IN=,-XND/2+1 00210
NSP1-2.*005/SPUD-i 00220
IND-INDX-i 00230
IF(HOD(IND,I).EQ.0) JOE-2 00240
IF(NOD(IND,2).EQ.i) JOE-i 00250
NP-( INDX/2+ 3-JOE )/2 00260D
NPI-NP+i 00270
CALL BUPO( NP,NSP1,JOE,WIDTH,RI,DT, INUX) 00230
STOP 00290
END 00300

C 00310
SUBROUTINE READ( SPEED,DTL,WIDTH, RI, RO,DT, INUX) 00320

C PURPOSE, TO READ THE INITIA CONDITIONS FROM TAPZlO AND PRINT 00340
C TE ON TJLPE15 00350

COMMN CI(5,6) 00370
DIMENSION ROW( 20) 00360
RIEID 10 00390
REIID i5 00400
READ( 10,100) UTLWIDTHFRI,Ro,DT,InD 00410

100 FOUMT(///24X,F5 .2/i6X,F4. 2//////4XF4.2/4X,F4. 2// 00420
+27XF6.4/22X, 13) 00430

READiO~~i)CI( ,2),I-.5)(CI(I,5,I-,5)(CI(,S)I-i5), 00440
+ (C(I,),IiS.(CI I~),Ii.5,(CIZ,4,I-.5)00450

101 FOnT(//////7X,7.4,4(OX77.4)/7X,F7.4,4(IOX,F7.4)// 00460
+7X,F7.4,4(IOX,F7.4)/7X,F7.4,4(1OX,F7.4)//7X,.F7.4,4(IOXF7.4)/ 00470
+7XF7.4,4(1OX,F7.4)) 00490

DF-SPEUD-2. 0-DT/DTL 00490
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I7(DF.GT.1.OE-5) VRIT(15,500) 00500
500 FON74T( I," DATA IN TAFZIO I3 NOT SUITABLE To TUBS PTCDWIK ) 00510

CALL DM'E( NDTE) 0052cd

200 FONLT( A12/ * TRANSIENT RSPONSE OF INFINITELY LONG TUDE 5U533C 00540

+- TO IIWULSIV TRALVELLING LOAD (CASE 4 )-// 00550
4' SPEED OF TRAVELLING LOAD -*,F4.2/* WIDTH OF LOAD -nt,F4.2) 00560

REWIND 10 00570
UAD(1O.103) 00560

103 FOIMT(////) 00590
DO 1 1-1,26 00600
READ(10,104)(ROV(J),J-1,2O) 00610

1 WRXTE(15,104)(NOW(J),J-1,20) 00620
104 PONMT(20A4) 00630

RETURN 00640
ZND 00450

C 00660
SUBRO7TIME SU"(CNP ,NSPl, JOE,WXDTH,R,DT,INDX) 00670

C PURWSZ; TO FIX THE SCE3 OF SUPERPOSITION 00690

COMluON CI(5,6),T(600,8,5) 00710
DX14MSXON ROW( 20) 00720
NSP.NSPX-1 00730
511-211+1 00740
2112-MP+2 00750
MWIDTR-#fIDTB/DT 00760
DO 1000 X13INDX,2 00770
NT-C FWAT( I)-. .999 )/FLOAT( 215) 007 30
NI-( I-NSP*NT)/2 00790
NMN-( NSP1+1 )/2 00600
DO 10 L-1,s 00610
READ(10,100)(ROW(J),J-1,20) 00320 -

10 WRITE(15,100)(ROW(J),J-1,20) 00ouo
100 FORKA(20A4) 0034

NWH-NWIDTH2 00650
IF( JOE .LE *1 )LCI-NP1*( 2'( I-i)+3+tNWIDTH) 00660
IFP(JOE.EQ.2 )LCI-(N211+212 )-( 2'( -1)+2+NWIDTH)/2+NP2 00370 i
LC-LCI-( 2-(I-i )+3+NWIDTH) 00630
CALL RZD(I,NILCILC,N511,NSN) 00390
IF(I.LT.NSP1) 0O TO 1000 00900
IF(I.GT.NSP1) GO TO 14 00910
CALL INT( RI, DT, 211, N511, LC, WIDTH) 00920
GO TO 1000 00930

14 IF( JOR.*LE * 1)LCB-LC-2'NP*NSP 00940 I
IF( JOE.EQ. 2)LCD-LC-( NP+Np1 )*NSP 00950
DO 23 J1-1,LCB 00960

23 T(J1,1,Xl)-T(J1,l,NI)42.0-DT -00970

DO 24 JA-1,LC 00960
DO 24 33-In,LCE 00990
IF(T(33,1,NI ).NE.T(JA,1,NSN).OR.T(J,2,E).N.T(JA231)) 01000 [

400 TO 24 01010 1
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25 DO 25 L3.6 -TJR,L,NSX)+T( JD,LNI) 01030
2CONTINUE 01040

vXTZ( 15,200) 010B0
DO 26 JD-1,14 01060
DO 27 I.-1,0 01070

27 T(JD,L.NI)-T(JD,L,NSM*) 01060
WRXTZ(15,101)(T(JD,N,NI ),M-1,8) 01090

101 FOR3MT( SF9.4) 01100
IF(JD.ZQ.LC) GO TO 26 01110
I?(T(JD,1,NSX).NE.T(JD+1,1,NSN)) WRITE(15,200) 01120

200 FONAT( 01130
26 CONTINUE 01140

lr(I.EQ.INDX-1) WRITE(15,201) 01150
201 FORN&T( 72( iN-)) 01160

1000 CONTINUE 01170
RET1URN 0130
END 01190

C 01200
SUBROUTINE RED( 1,111,LCI,LC,NSP1,NSM) 01210

C -- 01220
C PURPOSE 3 TO READ DATA FROM TAPE10 01230
C- 01240

COMMION CI(5,G),T(600,S,5) 01250
DIMENSION TWO8) 01260
K1-1 01270

13 RAD(10,101)(TI(J),J-1,S) 01230
101 FORMAT( SF9.4) 01290

IP(TT(2).EQ.0.0) Ri-Ri-i 01300
iF(T(2).EQ.0.0) GO TO 11 01310
DO 12 L-1,8 01320
IF(I.LE.NSPI) T(RI,L,NI)-TT(L) 01330

12 1IF(I.GT.NSP1) T(R1,L,KSX),TT(L) 01340
11 RK1K+1 01350

LCI-LCI-1 01360
IF(I.LT.NSP1.AND.TT( 2).NE.O.O) WRITE(15,i0l)(T'(J),J-1,S) 01370
IF(I.LT.NSP1.AND.TT(2).ZQ.O.O) WRITE(15,ZO0) 01360

200 FOR3AT() 01390
IF(LCI.GT.0) GO TO 13 01400
FtETURN 01410
END 01420

C 01430
SUBROUTINE 114T( RI, DT, NI, NSP1, LC ,WIDTN) 01440

C -01450
C PURPOSE; TO SUPERPOSE TEE INITIAL CONDITIONS 01460
C - 01470

COhMON CI(5,G),T(600,S,5) 01460
WL-W!D'TH/2 .0+2 .0*DT 01490
IiU-VIDT/2 .0+2 . 0*T 01500
DO 10 Jlml,LC 01510
I?(T(J1.2,NI).NE.Rrt) GO TO 10 01520
iP(T(J1.1,N).GE.WU) GO TO 11 01530
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DO 12 L-3,S 03540
12 T(J1.L,NI)-T(.fl,L,NZ)4C1(1,L-2) 01550

00 TO 10 01560
1.1 IF(T(J1.1,N).T.U) 00 TO 13 01570

DO 14 L-3,83 03390
14 T(J1.L,Nl)-P(Jl,L,NI)+CI(2,L-2) 01590

00 TO 10 01ooo
13 XFT(J11l,N!).GE.WL) 00 TO 15 01610

DO 16 L-3,8 01.620
16 T(J1,LN)-T(J1,L,NI)+CI(3,L-2) 01630

00 TO 10 01640
15 IP(T(J1.,I).GT.WL) GO TO 17 01650

DO 18 L-3,8 01660
is T(J1,LNI)-T(J1,L,NI)+CI(4,L-2) 01670

00 TO 10 01660
17 DO 19 L-3,S 01690
19 T(J1,L,Nl)-T(J1,L,NI)+CI(5,L-2) 01700
10 CONTINUE 01710

WRXTE(15,200) 01720
DO 20 J1-lXC 01730
WRITE(15,101)(T(J1.3,NI),J-1,8) 01740

101 ro~m(8Y9.4) 01750
IF(J1.EQ.LC) GO TO 20 01760
IF(T(J1.1,NI ).NE.T(J1+1,1,NI)) WRITZ(15,200) 027*P0

20 CONTINUE 01700
200 FORKAT() 01790

]RETURN 01800 1
END 01310
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APPENDIX F

PROGRA14 LISTING OF RECTINP
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PRGMA RECTINP( OUTPFUTTAPZS *TAPES) 00010

C 00030
C CASE 2 t TRANSIENT RESPONSE OF AN INFINXTELY LO TUBE SUBJEUCTED 00040
C TO A RECTA*IGULAR INPUT LOAD. TE DAMA oF CASE 2 00050
C 13 REMTEVED FROM TAPES FOR SUPERPOSITION. 00050
C 00070

COaMM CI(3,6),T(GOO.8,S) 00090
C 00100
C INPUT DAMA 00110
C MS3 - NWOER OF TIME STEPS MEE THE CONSTANT WOAD I RUEVED 00120
C DURATON OF WOADING 1S GIVEN BY DTLZ'*DT*NTS 00130
C (WHER DT 1S STEP SIE OF nTEGRMfON) 00140
C 00150
C IN CASE 4 SPEED OF TRAVELLING LOAD 1S GIVEN BY SPZ1-/NS 00160
C 00170

DATA NTS/2/ 00130
C 00190

NS-2*NTS-1 00200
CALL READ(NS,RI,RODT,IND) 00210
INDXI-IN W/2+1 00220
NSPI-NS+2 00230
IND-INDX1-l 00240
WN-1ND41 00250
IF(NOD(IN4D,2).EQ.O) JOE-2 00260
ZF(NOD(IND,2).EQ.1) JOE-i 00270
NP-( INDX/2+3-JOE )/2 00260
mp1-mp+1 00290
CALL 3UPO(N,NSP1,JOERX,DT. INDX,WN.NTS) 00300
STOP 00310
END 00320

C 00330
SUBROUINIE IEAD(N,R,O,IDT, INDX) 00340

C -- 0350
C PURPOSE, TO READ THE INITIA CONDITIONS FROM TAPE AMD PRINT 00360
C TI On TAPES 00370
C -6-0380

COMMU CI(3, 6) 00390
DDENSION ROW( 20) 00400
REWIND 3 0041.0
REWIND 6 00420
7EAD( 5, 100)RX, R, DT, uSD1 00430

100 FORUT(//////////14X,F4.2/14X~r4. 2//271F6 .4/221,13) 00440

+ (C( I6),-1,3),(I(I1),Z1.3.(C(I,4,I-,3)00460
101 FOMaT(///////3(7X,F7.4,12X)/3(7X,F7.4.12X)// 00470

+3(7X,F7.4,12X)/3(7XF7.4,12X)//3(7XF7.4,12X)/3(7X,FP7.4,121)) 00460
VTLmDT*C NS+1) 00490



132

CALL DCAMMAMZ 00600
IIRMT(6,200) MDATZDTL 00510

200 FOMW( A12/- TRANSIZET RZUIOKSZ OF INFZKrTZY LONGS TU SU3.1CP 00520
+* TO RZcTAMGOILLR INPUT LoA (CAME 2 )'// 00520
4' DURATION TIM OF LORD -*,?5.2/ 00540
4' WIDTH or WAD - smH-INFIM!TE') 00550
UWIUD 5 00560

READ(5,103) 00570

DO 1 1-1, 26 00590

mm(s,104)(ROW(J) J-1. 20) 00600
1 WITEM 104)CROW(J), J-1, 20) 0051

104 1OMWA(20&4) 00620
RETURP 00630

END 00640
C 00650

SUBROUTICHE SOOPOCNP 11JOE.RI MIZNDILU, ITS) 00660

c PUNPOSE; TO FIX TI SQC OF SUPERIOIT!ON 00660
c -- 6069

COMM0K CI(3,6),T(600,9,5) 00700
DIMENSION ROW( 20 ),TUC 600,6) 00710
KSP-KSP1-1 00720 j
UPI-UP+1 00730
XP2-HP42 00740
DO 1000 1-3,n=.2 00790
NT-CFLOAT( I )-. .999 )/PLO!?( S?) 0070 [
WI-C !-NSP*NT)/2 00770
3236-CNS?1+1 )/2 00700
DO 10 L-1 IS 0070
RELDS, 10)(O(J), J-1,20) 00600

10 WRIT(6, 100)(ROW(),J1. 20) 00610
100 FORIB2(20A4) 00820

ZPJO.L. 1)LCI-NP1*( 2'(1-1)45) 00830
IF( JOE .ZQ. 2)LCI-( NP1+N2)-( 2'(X I)+4 )/2+NP2 00840
LC-LC-( 2'( I-i)+5) 00650

CAML ED( I,NXDLCI,LC,NS?1,3531.LN.DT.IITS) 00360
IF(I.LT.KSP1) 0O TO 1000 00670
IF(I.GT.N511) 00 TO 14 00300
CALL INT(RXDTDIEZ,NSP1,LC,NSM) 00690
GO TO 1000 00

160 1F(JOE * LE. 1 )LCB-LC-2-NP-NSP 00910
ZYC JOE.EQ .2 )LCD-Lc-( 31+311 )-x5 00920

00 23 LlI-I,LC 00930 I
DO 23 L-1,8 0940

23 TEKCLlL)-TCLI,L.KSK) 00950
LCB3LC+T'IJ 00960
DO 24 Jh-1.LC 00970 [1
DO 24 J3-1,LCB 00960

IF(TCJUD1DKI ).NE.TCJ3.1,NSK).OR.T(JB,2.NI).NZ.TCJA.,UUI)) 0090
400 TO 24 01000

DO 25 JC-3S 010.10
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25 T( JR,JC, PK)-1(JA, JC, 14X)-T( J,7JC,NI) 01020
24 CONTINUR 01030

WRMY(6.200) 01040
DO 26 JD-1,1C 01050
DO 27 L-1.S 01060

27 ?(3D,L,UZ )-MKIJD,L) 01070
IF(JD.LltL4C-LlI) 00 TO 23 01060
DO 29 Mm1.U!S 01090
T( .D4+I'Ly, 1,3! )w1'D( D, 1 )+2*M*D? 01100
DO 29 L-2,9 01110

29 T(JD*NWL.N! )-TZ(JD.L) 01120
23as Z611((J,,S)M13 01130

101 FORMT(M794) 01140
!F(JD.ZQ.LC) 00 TO 26 0115
nF(T(JD.1,KSM).IhZ.T(JD+1,1,9IS)) VRZT(6,200) 01150

200 FON~T( ) 01170
26 CONTINUE 01130

IF(I.Q.INDX-1) WRITE(.201) 01190
201 FOUB(72(18-)) 01200

1000 CONTXNUE oia21o
T4ETURN 01120
DIm 01230

C 01240
SUBROUTINE PD( I, N! X~, LI,NSP1, NIX, W,DT, NTS) 01250

C -- 02260
C PURPOSE: TO RPOW DATA FROM TAPE 5 01270
C 6-1280

COMIO CX(3,6),T(600,U,5) 01290
DDXNI0II TI'(3) 01300
Li-I 01310

13 UAD(5,101)(T(J),J-1,U) 01320
101 FONMiT( 319.4) 01330

XP(TT(2).EQ.0.0) LI-LI-I 01340
XP('IY(2).EQ.0.O) 00 TO 11 01350
DO 1.2 L-1,8 01360
IP(IX.ESP1) T(LI,L,NX)-'I(L) 01370

12 IF(S.GT.NSI1) T(Li,L,NSX)-T?(L) 01300
Z(I.LZ.WI-LN) go TO 11 01390
DO 14 NXl,NTS 01400
T( LI4U'TM,1,3! )mT( I)+K-2-DT 01410
DO 14 L-2,8 01420

14 T(K1+M'LN,LDNI )-T?( L) 01430
11 I-Li+1 01440

LCX-LCI-1 01450
XF(r.LT.NSP1.AND.TT( 2).NZ.0.0) WRfl'Z(6,101)(TT(J),7m1,U) 01460
XF(X.LT.NSP1.AND.IY(2).EQ.0.0) NRZTZ(G,200) 01470

200 1PORMT() oi90
15 XIPCLCX.GPT.0) 00 TOD 13 01490

RETURN 01500
END 01510

C 01520
SUBROUTINE imT( RIT, N! 351, IdCNU) 01530

j _-----------------__ ::_
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C -- 1540

c -- aimosims w zzz.~n u 15

CWOM CX(3G),T( 6003.,5) 01510
00 10 JlInl. 01530je
DO 17 L-2,.U O010

17 ?(J1.LESK)in(J1.LNZ) 01600
W(T(j1,2,Ifl).NZ.3Z) GO TO 10 01610

ZPT(1,UI Go.)0 To 11 01620
DO 12 L-3,8 01630

12 (JL. K)(1L3)C(L-)01640
00 TO 10 01.650

11 I1T3,.!.T0)00 TO 13 01660
DO 14 L-3,9 01670

14 T(J1.L,5N)-T(JIL,N)CX(2,L-2) 01600
Go TO 10 01690

13 DO 16 L-3,9 01700
16 T(J1,LIIS)inf(J1.L,NI)-CZ(3,L-2) 01710
10 C0UTZN 01720

UUITZ( 6,200) 01730

DO 20 J1-1, LC 01740

WRX(6, 101)(T(J1, J, N=), J-1, ) 01750
101 POMXT( SF9.4) 01760

Z7(J1.ZQ.LC) 00 2O 20 01770

IPT(1,.5H.K.T7+11,SX)VIZTZ(6,200) 01730

20 CONTINUN 01790

200 1OuMT() 01300
iNTONE 0161.0

im 01830

Emi
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1*G3AN PLOTALL( OUTUT, TAMi TAMZ3 TAPES, TAM,7 TAPMO. Tama, 0002.0
+ TAP~lS * TPZl7,TAPZ2O) 00020

C 00040
C PUIRPOSE a TO PLOT TE VAIABLES AT SELCCTED POINTS ACCORDING TO 00050
C Tna ONf TE CALCOMW PLOIr= AND TO PRITt IM VAIABLES 00060
C XT THOSU POINTS ACCORDING TO T73M Off TAME WTO 00070

C 00030
C TOR DATA OF THIS PROGRAM 1S ETREVE FROM TAPE ETI 00090

C 00130
c gu INU AM 00140

C SET NCASZ-1 IF HUMEER OF CASE IS 1 00150
C NCMSI2 FOR CR512 00160
C NOCASE-3 FOR CA.SZ3 00170
C HCRSE-4 FOR CR514 00100
C 00190
C SET HOPTION1 IF ONLY PLOTTING 1S NEEED 00200
C HOPTIOt4-2 IF ONLY PRINTING is NUDED 00210
C NOPTION-3 IF WOT OF PLOTTING AND PRI)TING ARE NEEDD 00220
C 00230
C 00240
C SIT NLOAD-1 IF DURATION OF LOAD IS PZMWCNT 00250
C NLOAD-2 IF DURAION OF LOAD 1S FINITE 00260
C 00270
C Z( K) STANDS FOR Z-COORDINATE OF TH SELECTED POINTS 00230
C R(K) STANDS FOR R-COORDINATZ OF THE SELC'= P0OINTS 00290
C K; TM IWCIUK NUIUER OF THE POINTS IS 6 00300
C 00310

DATA NC=SE, NOPTION ,NLOID/2, 3,2/ 00320
DATA (2(X),X-1,6)/O.O0,O.0o,O.00,O.O8,O.O8,O.Oe/ 00330
DAft (R(K),X-1,6)/1.02,1.14,i.30,1.02,1.14,1.30/ 00340

C 00350
IF(NCAsz.EQ.1) NTI-1 00360
I1(NCLSE.EQ.1) XT0-3 00370
IF(NCAIZ. 2. 2) 14TI-5 00330
r(mCmS.EQ. a) WTO-7 00390

IF(N4cAS. Q. 3 In10 00400
IF(MCAUSZQ. 3 WTO-12 00410
IF(NCISE. 0. 4) Mn-1S 00420
I7(NCaIE.9Q.4) lITO-17 00430

NXIND WI 00440
IF(CE. M. 4) 00 TO 1 00450
ZEAD( 15,100) DTLWIDTE 0046o

100 FOR3MT( //1271.F4 *2/l61,14.*2) 00470
G0 TO 2 00400

1 17(UCASE.NE.2) 00 TO 3 00490
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IP(MLOAD.ZQ.1) YMAD5,101) 008010
101 F0NMT( ///I) 00610

zF(NIAW.ZQ.2) 7ugaD(5,102) DilL 00520
102 V0NMR(///2$Z,F4.2/) 00630 1

G0 TO 2 00640

3 IF(MCAM.IU.3) 00 To 4 00550
ZF(ULiOAD.ZQ.1) RaD(10,103) WIM 05

103 F0UW( //1/16K F4.2) 00570
I1(ULOaD.Eg.2) aMD(10,104) DTL,IUZDTH 00560

104 PO3~lf(///25,F4.2/16X,F4.2) 0030
4 !F(NCSZ.3Q.1) RMID(1,10) 00600
2 URD(NTI. 105 ) RX, RO, DT, INDX 00610

1.05 FONW(/////14X,F4.2/14X,P4.2//27X,76 .2/22X,13) 00620
fINXMW2+1 00630

InDZ2-Imn~+i 00640
IN4DW r v -1 00650
IF(NDD(IND,2).EQ.0) JOE-2 00660
17(NODIK,2).EQ.1) JOE-i 00670
Ml-T- USD( Di, INDX, InD~, IND, JCZ,WzTRz, Z, R,T,2L, 0060

+. NCASEUTIUTO) 00690-
XF( NOPTIONA.M1) CALL WRXT( M.OAD, DTL,WZDT,l IW'fl, lD, 2,R,T, h, 00700

+F1DTO .MNC2&IL UP( , U TZ, MM~) 00710

END 00750
C 00760

SUDROU7ItE REhD( Di, INDX, IIIDXI IND, JOE, IITDTEf, Z,. R, *X, 00770 [
+ NCRSE,NTIUTO) 00790

C --0790
C PURPOSZ, TO MEAD D&AR FROM TAPRlO 00600
C 06610l

DIIWISON Z(G),R(6),T(G.,I~nD),2I.(ID).TT(6),CX(5,6) 00620
C 00630

C READ INTIA CONDITIONS 00640
C 00650

I7(IIChSE.GT.1) 00 TO 20 0060I READ(,100)(C(,2),K-2,3),(C(,5),K-2,3),(CI(X,3),K-2,3), 00670
+ (CI(K,G),K-2,3),(CZ(1,1),K-2,3),(CZ(K.4).K-2,3) 00300

100 FIOYaT(////////7,?7.4,33X,r7.4/7X,?7.4,39X,77.4//7X, 00630
+ FP7.4,39X,77.4/7X,77.4,39X,F7.4//7X,17.4,39X,17.4/ 00300
+ 7X,r7.4,33X,7P7.4/) 009110
00 TO 21 00120

20 !F(NCUE.GT.2) 00 TO g2 00930

+ (C(K,),K1,3.(C(1,),K-,3)(C11,4.X-,3)00950
101 ?OaT(///////7X,77.4,2(19,x,77.4)/7X,77.4,2(3.3z,17.4)//7x,17.4, 00960

+ 2(13X,7P7.4)/7X,FP7.4,2(12X,FP7.4)//7C,?7.4,2(13ZP7.4)/71, 00970
+ F7.4,2(13X.F7.4)/) 000

00 TO21 00990

22 READWN,102)(CI(X,2),X-1,5),(C(,),X-,S),(C(X,3),KX-,5), 01000
4 (C(K,).R1,5,(C~x.),K1.5,(c(K.)Km,5)0101.0
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102 F0NAW(///////7X,7.4,(10ZtF7.4)/7XF7.4,4(IOX,77.4)// 01020
*71VF7.4,4(IOX.7.4)/72.17.4,4(IOX,V7.4)//7X,17.4,4(IOXZ17.4)/ 01030
+71.F7.4,4(IOX.17.4)/) 0104

21 00 1 X-1,6 0.2050
I1R()UZ100 TO 1 01060

WL-WZDTE/2 .0 01070
UD-4m 01060
CF(KCA5.LZ.2) UUP-0.O 01090
ZP(Z(K).G.WU) 00 TO a 01100
DO 3 L-1,6 01110

3 T(R,L1I)-CZ(1,L) 01120
00 TO 1 02130

2 Wr(Z(X).qZT.W) GO TO 4 01140
DO 5 L-1,6 01150

5 T(XL.1)inCI(2,L) 01160
00 TO 1 01170

4 IF(MCAS.L.2) 00 TO 23 01160J
XF(Z(X).GZ.VL) 00 TO 6 01190

23 DO 7 L-1,6 01200

7 T(XL,1)nCI(3,L) 01210
g0 TO 1 02320

6 ZF(S(K).GTf.WL) GO TO 3 01230
DO 9 L-1,6 02.240

2 T(KL,1)-CI(4,L) 02.250
G0 TO 1 01260

8 DO 10 L-1,6 01270
10 T(X,L,1)-CZ(5.L) 01260

1 COUTZNUZ 01260
M17DN-IDTN/DT 01.300
NI-( ZNRf+2--.OZ)/2 01.310

R1U1N+1 01320
31231W+2 01330
DO 11 1-2,ZNDX 01.340
lF(NCAUSZ.Q) GO TO 40 01350
xP()NOD(1,2).ZQ.O) 0O TO 11 01360

40 IF(SC3SZ.GT.1) 00 TO 24 01370
17(JOZ.Zg.1) LCZ-4I*1( 1+2) 01380
Ut-( 1-2 )'0.*5+2.0 01.390

flU-NI01400
0K-RN-IN01410

I?(DK.Zg.0.O.1.JOZ.ZQ.2) LCXZ(Nh1+1)*lI 01420
ZY( OK.U OT *0A.*JOZ .ZQ.2) LCX-(N111+1112 )*Xf+N12 0.1430
0O TO 25 01440

24 IP(NCAS.GT.2) WO TO 26 01.450
IF(JCZ.ZQ.1) LCX-U11(3+2'I) 01460
IF( JOE .ZQ.2) LCX-(N111+312) (1+1 )+112 01470
Go TO 25 01490

26 IF(NC5ZJIZ.3) 0O TO 27 01460
iP( jOE.EQ.1) LCZ-NP1*( ZC -1 -)+34UflDT) 01500
IF( JOE .20.2) LCI-( N11+M2)-( 2*( I)+2+IpI2DTE)/24W1 01510
G0 TO 25 01520

27 IF( JOE . 1) LCZ-N11'( 3*(Z I)+3+UIIZDT) 01530
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nPYC E.EQ.2) LCI-( 3144W2)*( 2'( I)+24UWZM)/241W1 01540
C 01550
C RlAD 3TU49SS AT' SPECIFIED POWNS 0156
C 01570

25 RZAD(NTI 103) 01560
103 FOT I///)016

12 AMD(T, 04)(T() J-.l 9) 01600
104 FONI'( ors. 4) 01610L

I3-1/2+1 020
D0 13 X-1,6 01630
IF( Z(X) .1Z.T1( 1).OR.R(X).NZ.T?( 2)) 00 TO 13@10

~.( N )-T'( -i)0160
DO 14 L-n3, 01660

14 T(X, L-2, ZH)OTT(L) 01670
13 CONTINUZ 01600

WCI-WI-i 01690
IF(LCX.GT.O) OD TO 12010

1ii COUTIN 01710

C 01760
C PURPOSE I TO PRINT TEE VARIABLE AT TI SPECIFIED POINTS 01770
C A.CCORDING TO TIME 01760
C -01790

REWIND XV 01610
IP(NCASE.CT.1) 00 TO 10 01820
WRITZ(3,200) NCASE 016)0

200 FOM'( SX, -CASE', 12/SX, -DUPAflON TIME 0F LOAD - iWU~l'/5i. 01640
+ *WIDTS OF LOAD - SDU-INFINITZ*) 01650
00 TO 11 01660

10 IF(NCASE.GT.2) 00 TO 12 01670
IF(NSLD .EQ .1) WRITE( 7,200) NCA)! 01360
IF(NLAW.EQ.2) WRITE( 7,201) NCASE.DTL 01690

201 FORATl(5X,'CASZ',2/5X,DRAl'IO TIM OF LOAD - '.7.3/SX, 01900
* WIDTH Or LOAD - BEN-INFINITE') 01910

00 TO 11 01920
12 IF(MCASE.NE.3) GO TO 13 01930

IF(MLOAD.EQ.1) WRITZ(12,202) NCABEDWIDTH 01940
202 FPOUT(5X, CUBE-,12/X,DRAl'I0K TIME OF AD -PENWIZWP'/5X, 01950

+ 'WIDTH OF LOAD -'.76G.3) 01960
IF(MLOAD.ZQ.2) WRIT(12,203) NCABZ,DTL,WIDTN 01970

203 FONMT(X,*CA3E',1/5X,oUmaTIOK TIME OF LOAD -*,.F6.3/51. 01960
+ 'WIDTH OF AD -'.76.3) 01990
00 TO 11 02000

13 WRIT(17,204) MCABE,DTLWIDTA 02010
204 FOXl'(SX,'CA3Z'.12/5X.*'PUD OF TRAVZLLIN0 LOAD -'.76.3/5X, 02020 i

+ 'WIDTHf OF LOAD -'.16.3) 02030
11 DO 1 1-1,6 02040

WITE(NT,205) R(K),Z(X) 02050[
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205 VOUSI(/////* " POINT 3m*I76.3** Zm'.7.3/32(IN-)//X -TM 02050
+, &, *SlUM*, SI. 'SEW', SI.*SU* 'SX' 53= o,12' 61. -M-, 71. 'UZ'/63( 13-)) 02070

IDO 2 1-1, I= 02000
2 f W3I(1206) D()( K..)J,)02090

206 lOYAO M  Mf. 4) 02100

-orn 0210

02130
C 02140

553100'flI svUL aD. TL.wmIDTE *VT.INDl*l rNZ ',Z, A T,XI,IU, 02150
+ ucaSZ,W1'I.UT) 02160

C 02170
C 1UMOSZi TO PLOT TM /RAAS AT TI 3ZCTED POITS 02110
C ACCORDIN TO TIRE 02130
C 02200

DIRSION z(6),R(6),T(6,6,iND),(IEW),Th(ixDX2) 02210
CAML PLOTS( 20) 02220
CALL OPTZOK( 2) 02230
D0 1 X-1, 6 02240
IF(X.ZQ.l) CALL PLOT(0.5,1.5,-3) 02250
I7(K.GT.1) CALL PLOT(15.S.0.0,-3) 02260
CALL flCTR(0.55) 02270
UC 13020.)-2. 0 02230
Y1132C )-O .5 02290
l( IN=3 )-O. 0 02300
m. I==2 )mDTV1LOAT( IwO)/5 .0 02310

C 02320
C 03311 XY-AflS 02330
C 02340

CMLL 1flS(0.,0..9MflU-A2CIS,-9,10.0...2WINDI1),XU(I3X2)) 02350
CULT AX15(0. ... 13HVAUIABL-AXI,13. 1.0. .h(nDX),Th(1301)) 02360
D0 2 1-1,6 02370
00 3 J1I,3D 02380

3 YA(j)-T(K,1,,J) 02390
YI-12-1*0. 5 02400

C 02410
C PLOT STURISZS 02420
C 02430

Z1P(X.1..2) CALL MW (3) 02440
X1(I.GT.2.AUD.l.L.5) CUL 1EWM(4) 02450
I1(I.GR.S) CALL MM (2) 02460
caLL LIn(U.U.IND.,1iiz) 02470
CALL STRUOL(I.73.T1..2j.I.0.,-1) 02400
11(x.zo.1) caLL snm4L(,56.999-...21.5-snm0o..) 02430

r7(1.30.2) CA S=0UOL(13.,999.,.2l,5-SXWI,0.,5) 0350
I1(1 A. 3) CALL fflUOL9fl.,999.,.21,53-SIZ..,5) 02510
11(X.30.4) CALL S!IU991..99,.215R3Su..5) 02520
17(1.30.5) CALL SDUO.(99999...21,3U-UR.0.,3) 02530
11(1.9.6) CAL UO(99.1..1,3U..3 02540

2 CONTIM 02550

CM&L NEWZW( 1) 02570
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CASE 1
DURATION TIME OF LOAD - PERMNENT
WIDTH OF LOAD - SENI-INFINITE

TIM POINT R- 1.000 Z- 0.000

TON SIRR SITT sizz SIRZ UR UZ

0.0000 1.0000 .1765 0.0000 0.0000 -1.0000 .1765
.0400 1.0000 .1391 0.0000 0.0000 -.9707 .1695
.0800 1.0000 .1029 0.0000 0.0000 -.9417 .1634
.1200 1.0000 .0678 0.0000 0.0000 -.9130 .1574
.1600 1.0000 .0337 0.0000 0.0000 -.8847 .1516
.2000 1.0000 .0008 0.0000 0.0000 -.8568 .1460
.2400 1.0000 -.0312 0.0000 0.0000 -.8293 .1405
.2800 1.0000 -.0621 0.0000 0.0000 -.8021 .1353
.3200 1.0000 -.0920 0.0000 0.0000 -.7755 .1302
.3600 1.0000 -.1208 0.0000 0.0000 -.7492 .1252
.4000 1.0000 -.1487 0.0000 0.0000 -.7235 .1205
.4400 1.0000 -.1757 0.0000 0.0000 -.6982 .1159
.4800 1.0000 -.2017 0.0000 0.0000 -.6734 .1115
.5200 1.0000 -.2267 0.0000 0.0000 -.6491 .1072
.5600 1.0000 -.2508 0.0000 0.0000 -.6253 .1031

THE k'OINT R- 1.120 Z- 0.000

TOW SIRR SITT SIZZ SIRZ UR UZ

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1200 .8840 .1560 0.0000 0.0000 -.8840 .1667
.1600 .8798 .1259 0.0000 0.0000 -.8567 .1597
.2000 .8756 .0968 0.0000 0.0000 -.8298 .1534
.2400 .8715 .0685 0.0000 0.0000 -.8032 .1474
.2800 .8674 .0412 0.0000 0.0000 -.7771 .1418
.3200 .8134 .0148 0.0000 0.0000 -.7514 .1364
.3600 .8594 -.0108 0.0000 0.0000 -.7261 .1313
.4000 .6556 -.0355 0.0000 0.0000 -.7012 .1264
.4400 .8517 -.0594 0.0000 0.0000 -.6769 .1218
.4000 -.0360 -.2385 0.0000 0.0000 -1.5369 -.0494
.5200 -.0349 -.2902 0.0000 0.0000 -1.5319 -.0247
.5600 -.0246 -.3402 0.0000 0.0000 -1.5181 -.0665
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THE POINT R- 1.300 Z- .020

TOW SIRR SITT SIZZ SIRZ DR lZ

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.0800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.1200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.1600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.3200 0.0000 -.0299 .0038 0.0000 -1.4927 -.0088

.3600 0.0000 -.0743 -.0038 0.0000 -1.4704 -.0088

.4000 0.0000 -.1179 -.0110 0.0000 -1.4529 -.0236

.4400 0.0000 -.1588 -.0028 0.0000 -1.4373 -.0373

.4800 0.0000 -.2006 -.0040 0.0000 -1.4225 -.0439

.5200 0.0000 -.2419 -.0041 0.0000 -1.4085 -.0518

.5600 0.0000 -.2828 -.0041 0.0000 -1.3951 -.0597

THE POINT R- 1.000 Z- .080

TOW SIRR SITT SIZZ SIRZ DR lZ

0.0000 1.0000 .1765 .1765 0.0000 -1.0000 0.0000
.0400 1.0000 .1382 .1707 0.0000 -.9768 0.0000
.0800 1.0000 .0797 .0261 0.0000 -.9633 .1383
.1200 1.0000 .0442 .0268 0.0000 -.9200 .1316
.1600 1.0000 .0101 .0271 0.0000 -.8800 .1254

.2000 1.0000 -.0225 .0274 0.0000 -.8429 .1194

.2400 1.0000 -.0537 .0277 0.0000 -.8081 .1135

.2800 1.0000 -.0836 .0280 0.0000 -.7751 .1079

.3200 1.0000 -.1124 .0283 0.0000 -.7439 .1024

.4600 1.0000 -.1399 .0287 0.OOOQ -.7141 .0972

.4000 1.0000 -.1664 .0290 0.0000 -.6856 .0921

.4400 1.0000 -.1918 .0293 0.0000 -.6582 .0972

.4800 1.0000 -.2162 .0296 0.0000 -.6319 .0824

.5200 1.0000 -.2396 .0299 0.0000 -.6066 .0779

.5600 1.0000 -.2621 .0302 0.0000 -.5822 .0735

L
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TIM POINT R- 1.120 Z- .080

TOW SIRR SITT SIZZ SIRZ UR uZ

0.0000 0.0000 0.0000 ).0000 0.0000 0.0000 0.0000
.0400 0.0000 % 0000 0.0000 0.0000 0.0000 0.0000
.0600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1200 .9449 .1667 .1667 0.0000 -.9449 C.0000
.1600 .9107 .0909 .0181 -.0096 -.8660 .1408
.2000 .8985 .0623 .0231 -.0208 -.8244 .1299
.2400 .8895 .0338 .0237 -.0208 -.7892 .1235

.2600 .8816 .0065 .0240 -.0192 -.7562 .1177

.3200 .8746 -.0195 .0243 -.0176 -.7250 .1122

.3600 .8682 -.0445 .0245 -.0163 -.6955 .1070

.4000 .8623 -.0684 .0247 -.0153 -.6674 .1020

.4400 .8569 -.0913 .0248 -.0143 -.6406 .0972

.4800 -.0931 -.2800 -.1417 -.0135 -1.5597 .0926

.5200 -.0492 -.3358 -.0050 -.0153 -1.5203 -.0532

.5600 -.0841 -.3709 -.0180 -.0268 -1.5425 -.0482

THE POINT R- 1.300 Z- .060

TOW SIRR SITT sIZZ SIRZ UR UZ

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.3200 0.0000 -.0422 .0105 0.0000 -1.5093 -.0164

.3600 0.0000 -.2978 -.5008 0.0000 -1.5329 .4742

.4000 0.0000 -. 2694 -.0174 0.0000 -1.4902 -.0146

.4400 0.0000 -. 3123 -.0175 0.0000 -1.4547 -.0227

.4300 0.0000 -.3533 -.0107 0.0000 -1.4312 -.0374

.5200 0.0000 -.3949 -.0120 0.0000 -1.4102 -.0442

.5600 0.0000 -.4357 -.0120 0.0000 -1.3921 -.0521

*1
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