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ABSTRACT

The problem of scattering of SH-waves by surface, near surface
or embedded inhomogeneities in a semi-infinite medium is studied in this
thesis. A combined numerical and analytical technique is used to solve
the problem. One of the advantages of the combined technique is that it
is applicable to arbitréry shapes of scatterers and multiple scatterers.
The results compare well with other available analytical and numerical

results.
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CHAPTER 1

INTRODUCTION

In the past ten years, the subject of two-dimensional scattering
of incident SH-waves by inhomogeneities has received considerable atten-
tion of researchers in earthquake engineering. However, most of these
studies have dealt with the case of an infinite medium. Only recently
has the prob]em of scattering in a semi-infinite medium been given
adequate attention. The presence of the free boundary of the half-space
influences the scattered field in a significant manner. Previous works
on the scattering of plane SH-wave in half-space will be summarized in

the next section.

1.1 PREVIOUS WORKS

In the study of the effects of surface structure interaction,
analytical solutions for interaction of a shear wall with the soil for
incident SH-waves have been obtained [1,2]. Luco [1] obtained the
closed-form solution for the dynamic interaction of a shear wall with
an isotropic, homogeneous and elastic half-space for vertically incident
SH-waves. Later, Triffunac [2] generalized Luco's results to arbitrary
incidence of SH-waves. The studies showed that waves scattered from a
rigid foundation contribute significantly to the surface ground motion
near and away from the shear wall.

In the study of the effects of surface topography on ground motion,
analytical solutions for semi-cylindrical [3], and semi-elliptical can-

yons [4] under incident SH waves have been obtained by Triffunac. He
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solved the two problems by the method of separation of variables. The
solutions were in the form of infinite series whose coefficients were
determined directly from the boundary conditions on the surfaces of the
canyons. It is indicated that the nature of ground motion depends on two
principle parameters: (1) the angle of incidence, and (2) the ratio of
the canyons width to the wave length of incident SH-waves. The solutions
of the two problems provide a check on the validity of other analytical
or numerical approaches. Using the method of asymptotic expansions,
expressions for the diffracted field of the surface irregularity of
arbitrary slope have been obtained by Sabin and Willis [Sj. The expressions
are restricted to low frequency. Another approach uses numerical solutions
of integral equations to describe the effect of topography on ground
motion under low frequency incident waves [6]. It assumes periodicity
of surface shape and uses discretized integral equations to describe the
movement 1in the neighbourhood of topographic irregularities with small
slopes. The SH-wave diffraction problem has also been formulated in
terms of Fredholm integral equations of second kind [7], and of first
kind [8,9] to study the topographic effect. Wong and Jennings [7] form-
ulated the problem in terms of singular 1ntegraT equations to solve the
scattering and diffraction of SH-waves by canyons of arbitrarily shaped
cross-section. Sanchez-Sesma et al. [8,9] formulated the same problem
in terms of a system of Fredholm integral equations of the first kind
with the integration paths defined outside the boundary in order to get
regular kernels.

Diffraction of SH-waves by an edge crack in a semi-infinite, homo-

geneous elastic medium has become a subject of considerable interest in



the area of non-destructive testing. Analytical results [10] were ob-
tained when the crack was oriented at an arbitrary angle to the free
surface. The analysis was confined to the case of long wave-lengths. A
nurierical technique, [11], based on an integral equations formulation
has been applied to study the case of normal cracks in a homogeneous
half-space for both long and short wave-lengths.

In recent years, several studies dealing with scattering of plane
SH-waves by embedded cavities in a semi-infinite elastic medium have
appeared in the Titerature [12,13]. Diffraction of SH-waves by an elliptic
elastic cylindrical inclusion has been solved using the method of matched
asymptotic expansions [12]. The near and far field distributions of the
displacement were reported. The solution for a buried circular cavity in

a half space has also been obtained in terms of integral equations [13].

Fach technique mentioned in the review is restricted to solve
only one type of scatterer after formulation, and the elastic material
surrounding the scatterer is limited to isotropic and homogeneous mat-
erials. For multiple scatterer these techniques will be very difficult,
if not impossible, to apply. It is the aim of this thesis to present a
single technique which will investigate scattering of plane SH-waves by

inhomogeneities which are either near the surface or embedded in it.

1.2 PRESENT WORK

Scattering of elastic waves by surface canyons, edge cracks,
embedded cavities or cracks is investigated in this thesis (see Figures
1, 2 and 3). Solutions to these problems are obtained by a combined num-

erical and analytical technique. In this technique, media inhomogene-



ities are enclosed inside a contour. The interior region so defined is
bounded and 1is represented by finite elements. For the exterior region,
two approaches are considered:

1) In the first approach, wave function expansion is used in the
region outside the contour. Continuity conditions for the field and its
derivative are imposed at a finite number of points on the contour.

2) In the second approach, an integral equation is formulated in
the exterior region using half-space Green's function. The field on the
contour may be interpreted as a boundary condition for the interior re-
gion and as an equivalent source distribution for the integral equation.
Thus, the integral equation is taken as a constraint.

This thesis will be separated into two parts. Scattering of SH-
waves by surface or near surface inhomogeneities will be discussed
in Chapter 2, while scattering by embedded inhomogeneities will be inves-
tigated in Chapter 3. The final chapter summarizes and concludes the

thesis.



CHAPTER 2

SCATTERING OF SH-WAVES BY SURFACE OR
NEAR SURFACE DEFECTS

Scattering of horizontally polarized shear (SH) waves by arbitrarily

shaped canyons and cracks, located near the surface, is studied in this
chapter, using a combined finite element and analytical technique.
Attention is focused here in the long to medium wave lengths.

Two approaches of the proposed techniques, namely, the combined
finite element and integral equation, and, the combined finite element
and wave function expansions, are used in solving the scattering problems
of arbitrarily shaped canyons. Surrounding materials are assumed to be
homogeneous and isotropic. To gauge the accuracy and the applicability
of these two methods, numerical results are compared with the analytical
solution [3] for the semi-circular canyon. Then the results for triangu-
lar canyon are presented in comparison with other available numerical
solutions [8]. In order to demonstrate the versatility of the methods, a
problem of multiple scattering is studied. The effect of a near surface
buried circular tunnel on the surface displacements at a triangular can-
yon is studied for different angles of incidence. It is found that the
result obtained by the wave function expansion method has better agree-
ment than the integral equation method with the solutions given in [3,8].

The problem of scattering by an edge crack of length 2 at differ-
ent orientations relative to the free surface of the half-space is studied
next using the wave function expansion mgthod. Owing to the stress sing-

ularity at the crack tip, six-node isoparametric triangular quarter point



elements [14515], (see Figure 4) were used for the region around the
crack tip. Then seven-node isoparametric quadrilateral transitional
elements [16] were used between the crack tip elements and the constant
strain triangular elements, which were used in the rest of the region

R,. A typical finite element mesh is shown in Figure 5. Numerical results
are presented for crack opening displacements and scattered fields on the
surface when the medium is homogeneous, or when the crack is located in
an insert with different material properties. In order to ascertain the
accuracy, comparison has been made between the results of this numerical
technique and the method of matched asymptotic expansions (MAE), which is
valid when the wave-length is Tong compared to the dimensions of the
scatterer.  Application of MAE to solve scattering problems in bounded
and unbounded media has been demonstrated in some published papers

[10,12,13].

2.1 METHOD OF ANALYSIS

2.1.1 Numerical-Analytical Technique

Figures 1 and 2 show a portion of the xy-plane and the r,6-coordin-
ates. A bounded region R, is contained within the boundary B + B;, and the
unbounded exterior region is denoted by R;,. The surface defects and the
non-homogeneity are contained within R,. In the following formulation
region R, is assumed to consist of isotropic material.

i) Interior Region

For the propagation of harmonic polarized SH-waves in region R,,
the displacement in the z-direction, W(?), satisfies the Helmholtz equa-

tion



52w (2) + 32w (2)

+ kzw(z) =0, e 2.1
ox? dy? (2.1)
(2),.2
where k? = EL?E%_" 0(®Yand u(?) are the mass density and shear modulus
u

of the region R, and w the circular frequency.of the materials in the
region R, .

The boundary conditions on w(?) are

(2)
agy "0,y =0
ow(?) _
J&r—-o s reB, B, , L. (2.2)

where n is the outward normal to the contour B, and B, (see Figures 1
and 2), B, has been taken to be the surface of a canyon or a crack.
The variational formulation for the solution w(?) in the region

R, is the minimization of the quadratic functional.

F =f (vw(2)- 7(2) _ y2w(2)§(2))dx dy ,
R

2
where vw(2)-vw(2) = | yw(2)? | The overbar denotes complex conjugate.
R, is sub-divided into finite elements having N; +Ng nodes, where
NI and NB are the numbers of interior nodes and nodes on B, respectively.
The disp1acement field within each element is represented in terms of

shape functions Lj(x,y) and nodal values Wj as

w2 (x,y) = Ly Wy o0 e (2.4)

The subscript j refers'to the node position, some internal (subscripted
I) and some on the boundary B (subscripted B). Then the Equation (2.4) may

be written as

W2 (x,y) = (LT} + (LgITMEY 5 ceeveennnnns (2.5)



where {L}, {W} are column vectors and superscript T represents
transpose.

Defining the matrices S;;, S;g, Sgp and Sgp as

f [{VLM}T{VLN}.-kZ{LM}T{LN}]dx dy » ... (2.6)
Ry

Smy

the functional F of (2.3) can be rewritten as

-n
]

(3 [Spp 1) + L2 [S15]0Hp)

+ Y S TN} + LY [Spp TG« vveeennnnsn (2.7)

Taking the boundary conditions {Wp} as known (Dirichlet boundary
condition), but yet unspecified, and taking the variation %E— =0, it is

found that W; is related to Wy by the equation
[SII]{WI} = - [SIB]{NB} I (2.8)

ii) Exterior Region

In region Rl, the displacement w() 9n the z-direction is composed

of two parts

L N N A (2.9)

(o) (s)

the contribution of
(1)

where w is the free-field displacement and w

the scattered waves. The excitation of the half-space, w'*’, is assumed
to consist of an infinite train of plane SH-waves with frequency w given
by

w(i) = exp[iwt - ik,;sin yx + ik,cos yy] , «+oceeenn (2.10)

where vy is the angle of incidence (shown in Figures 1 and 2), k? = p(1)
w?/u(t), o) and () are the mass density and shear modulus of the mat-

erial occupying R,. R, is assumed homogeneous and Tlinearly elastic. To



satisfy the free boundary conditions at y = 0, a reflected wave must be

given by

W = explint - ikysin yx - ik, cos vyl . coveeevnnn (2.11)
The free-field solution w(®) = w(E) 4 () may be written as
w®) = 2cos(k,cos vy) expliwt- ik;sin yx] . ceeevnnnn (2.12)

The total field w{!) and the scattered field w'® satisfy the

Helmholtz equation in R1’

Bzw(s) . Bzw(s)

2 ., (8)
o 3y2 + kl W 0. @ eveeenneanan (2.]3)

A contour € is introduced as shown in Figure 1. The region of
the plane outside € is called R. and it is stipulated that the region of
overlap between R. and R, be homogeneous and isotropic having material
properties of R;. The overlap region precludes evaluation of the integral
equation at a source point, thus avoiding the Green's function singulari-
ties.

In the region R, the Helmholtz Equation (2.13) holds. The scattered
solution satisfying the stress-free boundary condition at y = 0 can be

written in integral form [8] as

W () = [ W () 2 (p,0) - 6(pa0) BN ()1 ds L (2.14)

C 3 0] ono

where

8(P.0) = 3 THo ) (kyry) + HoD (kyrp)]  cevneeeenn (2.15)
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i = /<1, Ho(?) is Hankel function of the second kind and order zero,

1]

r, [(x-x5)% + (y-—yo)z]1i is the distance point from Q(x,.y,) to P(x,y),

[(x-x5)% + (y-kyo)zj% is the distance from P to the image point of

1

s

Q with coordinate (Xq» —yo), s 1is arc length along c, and n, is the out-
ward normal to the contour c. In equation (2.15) Hankel function represents
cylindrical SH-waves prdpagating outwards to infinity with speed w/k,

and satisfies Sommerfeld's radiation condition.

Equation (2.14) can also be written in terms of the total field as

ong no

W (p) = [ w0 (@ 2 (h,0) - 6(P,0) B (@)l as . (276)

Since w1 = w(2) on ¢, field quantities on c¢ in Equation (2.16)
may be represented by the node functions and displacements given by Equa-

tion (2.5) as

oL
W (p) = [ [ (L) 33- el )dsTu )
C O

Bno

oL
L[ (sl 3oy dsItgh - e (2:17)

C

Evaluating the integrals at all Nz node points on the boundary B,
and collecting terms, the constraint equation can be written in terms of

scattered field in the matrix form as

{Wés)} = [M]{W} > PR RR PR (2.18)

or in terms of total field
ﬂwél)} = [MI{W;} + Wy, (2.19)

where {W{®} is the value of w® at the node points on B. Equations
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(2.8) and (2.19) can be solved to yield
[[550] + [5500MI] 0,3 == [5_ 100
U SN R CR ] i SN UL (2.20)

Substituting Equation (2.20) into Equation (2.19), {Wg} can be evaluated,
and substituting these, in turn in Equation (2.17) displacement at any

exterior point can be evaluated.

It may be mentioned here that matrices Sy and S;p are real while
M is complex. The contocur c¢ can be arbitrary. Here it has been chosen

circular for convenience.

b) Wave Function Expansion Method

The solution of Equation (2.13),satisfy1ng the stress free boundary

condition at y = 0, is written in terms of series [3]

Np
wis)(rg) = Zl[A2n—l Hé?i—l)(kr)cosz(n_])e
n:

(2) iN(2n-1)8] ,  ceveeeriinn.
* Ay Hyply(kr)sin(2n-1)6] (2.21)

where A are constants and Héz) are Hankel functions of the second kind of

order n. It may be noted that only a finite number of terms is kept 1in

Equation (2.21), so that Equation (2.21) represents an approximate solution.
Guided by the expansion Equation (2.21) the interior field can be

represented as
Np

w2 (r,0) = L0 Wonia(rs8) + D w(2(re)], ... (2.22)

where D are constants and w£2)(r,e) are unknown functions. From Equation
(2.21) and wave function expansion [17] of free-field solution w(o)(r,e),

we conclude that
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w(®)(b,8) = SEZ[DZn_l cos2(n-1)6 + D, sin(2n-1)8] , .... (2.23)
where b s the radius of semi-circle B.

In order to find w(2)(r,0), wéz)(r,e) at the interior nodal points are
determined by assuming that the nodal values of Wéz)(b,e) are given by the
values of cos2(n-1)6 and sin(2n-1)6 at the nodes.

Let

cos2(n-1)65 , N =2(n-1) n=1, ... Ng

{v;} = :
B'n sin(2n-1)8g , N = 2n-1 e e (2.24)

Using Equation (2.24) in Equation (2.8), {V1}y are solved. Interior

nodal values of V can thus be constructed as
{VI}N = - [SII]nl[SIB]{VB}N e e eeieeeneean (2.25)

Equation (2.22) can now be written in the matrix form as

N
w2y} = 51,3 D{V}, = [VI{D} , .. .......... (2.26)
where i
Vg , [v,]
{V}, = [v] =
Vsl \[VB]

The next task will be to determine the constants A, and Dy so that
exterior and interior fields can be calculated from Equations (2.21) and
(2.26), respectively.To this end, the radial derivatives of w(2) (r,8) are

first evaluated at the boundary nodes as

fw ()} = [viior (2.27)

Since the matrix [V] is known from Equations (2.24) and (2.25), the matrix

[VE] can be evaluated from Equation (2.5). Next, the continuity conditions
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at the nodes on B are applied

w(l)(b,8) = w(?)(b,6)

dw (1) gy (2) _
e b . e (2.28)
This leads to a system of equations
(o)
[Vg] [H] {D} W)
B = s e (2.29)
vl [H']] (A} W ey
to solve for A and D_.In Equation (2.29) the elements of vector {W‘(O)}
and the diagonal matrices [H] and [H'] are given by
(o)
|(O) _ oW
Wy T or |r=b
Hig = H{2) (kb)
(2)
OH ;
. 1-1
Hi; = ST lp—p * ereeeeeeees (2.30)

The matrices [Vg] and [VL] are real while [H] and [H'] are complex.

2.1.2 Matched-Asymptotic Expansion

It has been shown that if the wave-length is long compared to the
dimensions of the scatterer, the scattered field anywhere in the medium can
be obtained by matched-asymptotics [10,12,13]. In this technique the
scattered field is expanded into two asymptotic series; one valid in an in-
terior region containing the scatterer and the other valid away from the
scatterer. The complete solution is obtained by matching these series 1in
some overlap region. A Tong wave-length analytical solution for the scatt-

ered field has been obtained [10] for the case when the region containing
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the crack has the same property as the surrounding material. The results

of that analysis up to 0(e") are reproduced in Appendix A.

2.2 NUMERICAL RESULTS AND DISCUSSION

2.2.1 Surface Canyons

Sufficiently general computer programs were written for the two
methods. Isoparametric elements, as well as constant strain triangles (CST),
were built in. To gauge the accuracy, range of applicability and versatility
of these methods, three illustrative examples are given. In all cases
considered, regions R, and R, have the same material properties, and there-
fore the wave numberé k, = k, and are designated as k. In all the examples
some typical length of a scatterer is designated as "a", and for comparison

results are normalized as

ka = nm = =—

where X is the incident wave-length.
In the first example a semi-circular canyon is considered, while in
the second one a triangular canyon is considered. In the final example a

triangular canyon with a buried circular cavity is studied.

i) Semi-Circular Canyon

To gauge the accuracy and range of applicability of the methods, a
semi-cylindrical canyon of radius "a" is considered. The analytical results
for this case are presented by Triffunac [3]. For this case of simple
geometry an automatic mesh-generator program was. used. This facilitates
the generation of different sizes of elements.

Several runs were made with different combinations of vy, n and k.
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For illustration purposes values of real and imaginary parts of the dis-
placement at some points on the canyon are presented in Table 1, for
vy=30° and n=0.1, 0.5, 0.75 and 1.5.

Good agreement was found only up to n=1.5. If the maximum Tength
of the element is denoted as £, then good results were obtained when
a/% > 5. The incident angle was not a governing parameter. The above two

conditions were sufficient for rapid convergence of the series (2.21).

ii) Triangular Canyon

Real and imaginary parts of scattered field at the surface of a
triangular canyon for two different depths, incidence angle Y =-45° and
n=0.1/T are shown 1n_Figures 6 and 7. The solution is compared with the
one given in [8]. Both curves show a similar trend. For 45° slope canyon
number of elements and nodes taken were 300 and 150, respectively, while
for 22%° slope they were 400 and 200, respectively.

Figures 8-10 show displacement amplitudes at the surface of a tri-
angular canyon with 45° slope with depth "a" for three incidence angles
(Y=90°, 45°, 0°) and n=0.25. Results are compared with those given in

[8]. It is observed that matching is excellent.

iii) Multiple Scattering

To show the versatility of the method, the problem with two
scatterers is considered. A 45° slope triangular canyon is taken as be-
fore but with a buried circular scatterer as shown in Figure 11. The
origin was taken at the surface. Number of elements and nodes taken were
400 and 250, respectively.

Figures 8-10 and 12 show displacement amplitudes at the surface of

the triangular canyon obtained by wave function expansion method. From
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these figures, it is observed that presence of the circular cavity consid-
erably affects the scattering pattern.

It is seen from Figures 6 and 7 that the results obtained by the
wave function expansion method are in good agreement with’the solution
given in [8]. There is some agreement with the results obtained by the in-
tegral equation technique. These methods predict results in good agreement
with the analytical solution for the circular canyon. Further comparison
of the results obtained by the two methods and those reported in [8] is
shown in Figures 8-10 for the displacement on the ‘triangular canyon. It is
interesting to note that for incidence angles of 45° and 90° both the
methods predict the minimum displacement amplitude at smaller values of x/a
than given in [8]. Further, the displacements on the shadow side of the
canyon wall are predicted somewhat higher than calculated in [8].

Also depicted in Figures 8-10 are the displacements of the canyon
wall in the presence of a nearby circular cavity obtained by the wave func-
tion method. It is seen that for grazing incidence the displacement for
x/a < -0.6 is not affected by the cavity. Beyond this point the displace-
ment of the canyon wall is modified considerably by the presence of the
cavity. Amplitudes are magnified for -0.6 < x/a < 1.0. The minimum occurs
at x/a = 0.75, which is a 1ittle to the left of the point nearest to the
cavity wall. Displacement amplitudes are less magnified as the angle of
incidence decreases. It is observed that for vertical incidence the dis-
placement of the canyon wall near the cavity shows deviation from that in
the absence of the wall. However, the other side is not affected much by the

the cavity. Figure 12 shown the effect of different incidence angles. The
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displacements on the illuminated side are observed to be amplified more if

the wave is incident from the cavity side.

2.2.2 Edge Cracks

Numerical computations were carried out for a range of non-dimen-
sional wave numbers e( = k,%) from 0.0 to 3.0 for the two cases of a normal
edge crack (8=90°) and when the crack was inclined at 45°. Here the in-

cidence angle y is measured from the horizontal as shown in Figure 2.

i) Within Isotropic Region

First the whole region R, and R, was assumed to be homogeneous and
isotropic. In this case the results for small € were compared with those
of Datta [10]. For large € and B=90° the results were compared with those
of Stone et al. [11].

It was found that in the range of 0 < € < 3 good agreement was ob-
tained with 26 terms in the series (2.21).1It may be noted that this choice
Ted to 137 and 141 interior nodes for the inclined and normal cracks, res-
pectively. In both cases the number of nodes on the crack face was 13.
Thus the crack opening displacements were obtained at seven locations in-
cluding the crack tip on the crack face. (See Figure 5).

Figure 13 shows the absolute value of the crack opening displacement
at the mouth of the crack for 8=90° against € for different angles of in-
cidence. It is seen that results compare very well with those of [11].

Figures 14 and 15 show the variation of the absolute va]ue‘of the
crack opening displacement along the crack for different €. Also shown in
these figures are the results obtained by the method of matched asymptotic
expansions (MAE) [10] and the numerical results of [11]. For values of €

up to 0.5 the solution presented here agrees well with those of [10]. It
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is interesting to observe that for large e the MAE predicts smaller crack
opening displacement (COD) for vy > 45° and larger COD for y < 45°, It can
be seen that the agreement with the solution presented in [11] is quite
good.

Figure 16 shows the absolute value of COD for a 45° inclined crack
in comparison with the solution obtained by MAE. It is again seen that the
comparison is quite good up to e=1. It is noted from Figures 13-16 that
COD increases with € reaching a maximum at around €=1 and then drops
rapidly up to about €=3. The comparison of the low frequency MAE solution
with the numerical solution shows that the former is larger than the latter
for cracks with large orientation angles and/or for small angles of

incidence.

ji) Within Anisotropic Material

In order to see the changes that may arise in COD of the crack when
it is embedded in a material different from the surrounding matrix, a case
was considered in which the region R, was occupied by an anisotropic

material. Computer programs were modified to accommodate anisotropy.

P, /P, = 1.01 , uzx/ul = 1.63 , uzy/u1 =1.04 .

The COD's calculated in this case are compared with the predictions for
the isotropic case in Figures 17-20. At long wave-lengths the difference
between the COD's for the isotropic and anisotropic cases are quite large.
At short wave-lengths (2/x=0.5), however, there is very little difference.
It is also noted that for 45° inclined cracks (Figure 20), COD's do not

change appreciably when the incidence angle vy is changed to 180° -vy. This
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observation agrees with that in Reference [10]. Figure 21 depicts the
variation of the scattered wave amplitude for grazing incidence on y=0
with the distance from the crack for a normal crack. At long wave-lengths
the amplitude drops rapidly with the distance from the crack, reaching
almost a steady value at around twice the crack length. At short wave-
Tengths the amplitude oscillates initially and then reaches a steady

value at around thrice the crack length. It is interesting to note that
at short wave-lengths (2/X ~0.3) the amplitudes of the scattered wave for
both isotropic and anisotropic cases reach the same steady value at the
same distance.

Figure 22 shows the comparison of the backscattered amplitude on
the surface y =0 obtained by the finite element method (FEM) with the long
wave-length MAE approximation. It is seen that the long wave-Tength app-
roximation gives good results as long as the crack length to the wave-
Tength ratio is less than 1/2m. Figure 23 shows the comparison for a
45° inclined crack. It is seen from this figure that at long wave-Tengths
the back scattered amplitude is almost the same whether the angle of in-

clination of the crack is B or m-8. The distinction becomes pronounced

if the wave-Tength to crack-Tength ratio is less than 4. It is interesting
to note, however,that the difference becomes smaller again when this
ratio is about 2. It is observed that the amplitude increases more slowly
77777 than in the isotropic homogeneous case.
Finally, Figures 24 and 25 depict the variation of the phase of
the backscattered field for normal and inclined cracks. Most significant

feature of this calculation is that the phase changes linearly with fre-

quency except at very low frequency. It is also seen that the difference
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between the phases for the isotropic and anisotropic cases is very small.
Figure 25 shows that there are measurable differences between the phases

for 45° and 135° inclined cracks, except at very short wave-lengths.
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CHAPTER 3

SCATTERING OF SH-WAVES BY EMBEDDED DEFECTS

In this chapter, scattering of plane SH-waves by sub-surface cir-
cular cavities and cracks in a semi-infinite elastic medium is studied.
The technique of combined finite element and wave function expansion
that is useful in the Tong to intermediate wave-length range is employed
here. The results are checked with those obtained by matched asymptotic
expansion technique. The results show good agreement for Tong wave-

lengths.

3.1 METHOD OF ANALYSIS

Figure 3 shows a portion of the semi-infinite xy-plane occupied by
a homogeneous isotropic elastic material of rigidity modulus p and
density p. A cavity (or crack) bounded by the contour C is located in
this plane at a depth h from the free surface. The cavity will be
assumed to be enclosed by a circle B of radius b(<h). Note that if
h 1is very small, as will be the case when the cavity is very close to or
penetrates the free surface, then B may be taken as a semi-circle. This
was done in Chapter 2. Although the same could be done in the present
case,it would greatly expand the finite-element region, and thus would
be far more expensive. If the inhomogeneity is deep inside, it is more
economical to enclose it by a circle lying fully inside the semi-infinite

region.

3.1.17 Interior Region

The formulation in the interior region for the present case is
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the same as that in Chapter 2. Because of the difference in the nature
of the problems, the formulation of the exterior region for the present

case is described in the following.

3.1.2 Exterior Region

In order now to solve for w at the internal and boundary nodal
points, it is necessary to match the solution in R, with the solution in
the exterior region R,. For this purpose the solution for w satisfying

equation (2.13) and the boundary conditions on y =0, viz,

aw(l) _

% ony =0, Lo (3.1)

will have to be found. This solution can be formally written as
wll) = w(O) 4 y(s) (3.2)

where w(0) s the total incident field near the cavity and w(S) is the
scattered field.

The solution w'S) can be written as

wis) = o_f [A,(H,(kr)cos ne+ H_(kR)cos ne)

where Hn is the Hankel function of the first kind and the coordinates

(r,0) and (R,0) are shown in Figure 3. Since

H, (kR)cos n@ =H_(2kh) + fl{Hn+m(2kh) +(=1)™H___(2kh)} x J_(kr)cos me

m=

Hy(kR)sinne = § {H_, (2kh) - (-1)"H,__ (2kh)} xJ_(kr)sinme , ... (3.4)
m=1

Equation (3.3) can be rewritten as
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wis) = [Fpecosmo+ G sinmé] ,  ............ (3.5)
m=0
where
Fo = [ApHp(kr) + HZO AntHym(2kh) + (-1)"H _(2kh)}d_(kr), m#0
AH(kr) + § AH_(2kh), m=0
n=0
and
Gy = B (kr) + ] By {Hy o (2kh) - (-1 K, (2kh)}3_(kr) .

For the purpose of numerical solution only a finite number of terms
of the series will be kept. Choosing the number of nodes, Ng, on the

boundary B to be even, Equation (3.5) will be written as

Lo 1
2 Ng 5 Ng
ws) = v F cosmd+ G sinme, ............ (3.6)
m=0 m=1
with
Fro = | Aghp(kr) + § A LLH . (2kh) + (-1"H___(2kh)}d (kr), m#0
n=0
1. _
2%
AHo(kr) + §  AH (2kh) , m=0
n=0
1
Pha:
Gy = BpHg(kr) + 7 B{H_, (2kh) - (-1)®H___(2kh)}Jp(kr) .
n=1

Thus there are Np unknown constants A and B .
Guided by the expansion (3.5), we assume that the interior field can

be written in the form
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where D_, E_ are unknown constants and, uéz) and véz) are unknown func-

tions. Continuity conditions require that on r=b,

1= 1
Pha:) ' >N

w) (b,6) = 7 Dcosne + J Esinng . .......... (3.8)
n=0 n=1 -

In order to find w(2)(r,0), ul*) (r,0) and v{?)(r,8) are first
solved at the interior nodal points by assuming that the nodal values of
uf?)(b,8) and v{?)(b,8) are given by the values of cosné and sinne,
respectively, at the boundary nodes.

Let

1
{Ugk, = cosneg , n=0,..., 3N

Vg, = sinnég ., n =1 ,..., 58, . ool (3.9)

Using Equation (3.9) in Equation (2.8) we solve for {Ur}, and {V;} .Then two
NI’“%NB matrices can be constructed with the nodal values of U and V

in the interior, viz.,
-l -1
[Up] = = ISpp] " [Sge] UG 5 [Vo] = - [Sp]7 [S45] Vsl . (3.10)
Equation (3.6) can now be written in matrix form as

Wy = Wl {pY, (3.11)

where {w(?)} is a (Np+Ng) x T column matrix, [W] is a (Np +Ng) x N

matrix and {D} is a Ng x T column matrix. Note that
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W] = » {D} =
Ug V

B B EN

'

The next task is to determine the 2Ny unknown constants A,, B,
Dp, and E;. To this end the normal derivatives of w(?)(r,8) at the bound-

ary nodes are calculated as

{wi (2} = S (3.12)

Since the matrix [W] is known, [Wé] can be obtained from Equation (2.5).

The continuity conditions

(1) (2)
(1) = w(2) ow' "’ A T 3.13
wi(b,e) = wi?)(b,e) , S—(b,8) = S—(b,0) , (3.13)

are now used to obtain a system of 2Ny equations in the 2Ny unknown con-
stants. The interior and boundary nodal values of w(2?) are then found from
Equation (3.11) and the scattered field in the exterior region is given

by Equation (3.3).The results of these computations are discussed in the
next section, along with'those obtained by the method of matched asymp-

totic expansion (MAE) [13].

3.2 NUMERICAL RESULTS AND DISCUSSION

The displacement w at the nodal points within and on B were
computed by the method outlined in the last section. Also, the coefficients
A, and B, in the series expansion (3.3) were found. This enabled the compu-
tation of w at all points outside B. Particular attention was focused
on the distribution of w on the surface y =0 for various angles of inci-
dence v as well as for different orientations of the crack. The wave

number k was varied in the range 0 < k < 7.0. For the embedded crack
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the radius of the circle B was chosen to be 5/3 times the half crack-
Tength (a=2%/2). Total number of nodes on B was 32 and the number of
nodes within B was 144. Near the crack tips six-node isoparametric
triangular quarter point elements [14,15] were chosen to obtain the
correct square root singularity at the tips. These were surrounded by a
layer of seven-node transitional elements [16]. Constant strain triangu-
lar elements were used elsewhere. For the embedded circular cavity the
ratio of the cavity radius to the radius of the circle B was taken as
1.5. The total number of boundary and interior elements were 40 and 160,
respectively. Only constant strain triangular elements were used in this
case. The incidence angle y is measured from the horizontal as shown in
Figure 3.

Scattered displacement fields on the free surface y =0 for grazing
incidence, due to an embedded vertical crack and a circular cavity are
compared in Figure 26. Note that © represents the angle between the
radius from the center of the cavity (or crack) to the observation point
and the vertical line. It is obsérved that the backscattered signal in
the region -40° < 6 < 0° due to a circular cavity is much larger than a
crack. The difference between the backscattered signals of two different
incident waves are also appreciable in this region. For the cracks, how-
ever, large differences are observed in regions somewhat farther away
from the origin. It is aiso of interest to note the marked differences
between the backscattered signals from cracks and cavities.

Figure 27 shows the scattered field on y=0 due to a vertical crack
at two different depfhs. It is seen that the signals are not much different

as long as the cracks are fairly deep.
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The scattered signals from a vertical crack are compared with
those from a 45°-inclined crack in Figufe 28. This figure brings out the
marked differences between the signals received from cracks of different
orientations. The most noticeable distinction is that for a 45°-inclined
crack in which most of the energy is scattered in the forward direction,
whereas for a vertica1‘crack the energy is scattered much more uniformly
in both directions.

Figure 29 depicts the scattered signals from cracks of different
orientations for various incidence angles. As in Figure 28, it is seen
that scattered signals are significantly infiuenced by the orientations
of the crack. As observed in Figure 28, most of the scattered energy,
due to a 45°-inclined crack, is confined in the acute angled region formed
by the crack and the free surface. It is interesting to observe that
the scattered fields, due to 45° and 135° incidences, are nearly the same.

Comparison of the backscattered fields from deeply embedded cracks
and cavities, and edge cracks (from previous Chapter) is made in Figure
30. It is found that the backscattered signals from the circular cavity
increase more rapidly with frequency than those from either the edge
crack or the deep crack. Also, the maximum amplitude is attained at a
lower frequency for a circular cavity than either for an edge crack or
for a deep crack. Figure 31 shows the maximum backscattered ampli-
tudes for an edge crack and a deep crack. It is quite interesting to note
that the backscattered amplitude for a deep crack increases more stowly
with frequency, but reaches almost twice the maximum value for an edge
crack at a frequency, which is also twice that for an edge crack. Note

that & is the length of the crack.
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Figures 32 and 33 depict the scattered displacement fields on y =0
for a deep circular cavity. It is seen from these figures that the field
is strongly dependent on the incidence angle, as well as on the
frequency. The displacement distribution on the cavity wall is shown in
Figure 34. It is noted that the displacement amplitudes are somewhat
higher on the side of the cavity nearer the free surface than that on the
far side. It is also noticed that the distribution of the local maxima
occur on the illumination side of the cavity wall and local minima are on
the shadow side.

Finally, the comparison between the predictions for the scattered
displacement amplitudes on y =0 by MAE and FEM techniques for a buried
circular cavity is included in Table 2. It may be seen that values of
€?W,, which is the scattered field correct to 0(62), agree quite well with

FEM calculations, except when € becomes 0(1).
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CHAPTER 4

SUMMARY AND CONCLUSION

A combined finite element and analytical method has been inves-
tigated in this thesis for studying the diffraction of horizontally
polarized shear (SH) waves by surface or embedded inhomogeneities in
semi-infinite elastic media. Solutions of the study are obtained by
combining finite element techniques, which are valid in the neighborhood
of the inhomogeneities, with analytical solutions, which are valid in the
far field. The results compare well with other available analytical and
numerical results.

In Chapter 2, the problem of scattering of SH-waves by surface
depressions (canyons) and edge cracks was considered. Two combined
numerical and analytical methods of solution have been presented for
studying the scattering of SH-wave by arbitrarily shaped canyons.

Both methods are quite versatile in that they can be used to study
scattering by more than one defect. As an illustrative example, the
problem of scattering by a triangular canyon in the presence of a circu-
lar cavity has been solved. The combined finite element and wave function
expansion method has been used in the same chapter to solve the problem
of diffraction of SH-waves by edge cracks in isotropic, as well as aniso-
tropic elastic media. It is shown that the numerical predictions agree
closely with the numerical technique of matched asymptotic expansion
(MAE) .

The combined numerical and analytical technique is again used in
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Chapter 3 to study scattering of SH-waves by deeply embedded cracks and
circular cavities in a half-space. Comparison has been made between the
prediction of this numerical technique and the method of matched asymp-
totic expansions. The comparison is found to be favorable as long as
the wave-length is long.

The advantage of this combined numerical and analytical technique
investigated here is that it is applicable to arbitrarily shaped
scatterers. It makes very efficient use of computer time in calculating
scattering for various incident waves since most of the computations do
not involve the incident fields. Moreover, the artificial contour B
can be placed anywhere to bound all the inhomogeneities within the in-
terior region, and the interior and exterior regions are solved separa-
tely. However, the Timitation of the technique is that at very short
wave-lengths, it would become quite expensive to implement.

Part of this work has been accepted for publication [18].
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APPENDIX A

RESULTS OF THE ANALYSIS OF MATCHED-ASYMPTOTIC EXPANSIONS
(UP TO 0O(e*))

_434_
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APPENDIX A

For the purpose of completeness the long wave-length solution for
an edge crack is given here. (Refer Figure 2). The solution w® can be ex-
pressed in two different series, one valid near the crack and the other
away from the crack. In the Tatter region we have

S

w> = e*[a, H (er)cos 6, +e(a,,H cos 6, +a,,H,cos 20,)

2 2
+ ¢*lne a, H cos 6, +e*(a,,H,cos 6, +a,,H,cos 26,

+ a,,H,cos 36,)] + 0(e®) (A1)
where
a, =-%B(1-B/ﬁ)cos ve 2% | a,= -%'8(1-B/W)(1-28/W)C05 2ye 2
a,, =-B(1-8/m)(1-28/m)cos ve >% , a,, = 2 8%(1-8/m)2cos ye **
1 L1 el -2z, =2z
a,  =-5B(1-B/m)cos y(A - B(1-B/m)e” e
> + 1—35 B(1-8/7) (2-38/7) (1-38/T)cos 3ye 2%
a‘+2 = %é— B(]-B/TT)(]-ZB/TT)ZCOS 2Y8_4Z
a  =--Lg(1-8/m)(2-38/7) (1-38/m)cos ye 42
43 64
A = %—B(1-B/ﬂ)e-22[%'+ %_(§ -1n2-1/2) + 5%—(2?-—%——22-+ﬂc0t B
4z

+

20(8/m))] - 55 (2-38/m)(1-38/m)(1-4 sin®y)e”
z=E1m By (1-g/mn(1-8/m)
The crack opening displacement [w] has an expansion of the form

w] = e{w, +ew, +e?1n ew, +e?w, +¢e®n ew, +edw .} + 0(e®) . (A2)

where
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K, (1) %sinB e?
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FIGURE 3. Geometry of an Embedded Circular Canyon or Embedded
Crack Showing the Inner and Outer Regions.
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FIGURE 13.

COD at the Base of a Normal Crack
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PROGRAM WEX

INTFCER ITFL/123/,ITNP/&6/ ,TLAMDA/1/ IFLNNL/42/

+ IFLNO2/GY/

INTRCER TVEP(123,3),NPING,NPINR NPONS KPONC,NPOIMM ,NPONE,
ISTAP1,TEND] ,TSTAR2,IFND2 ,TSTAR3 TFND3,

+
+ ISTARG ,TENDG , TSTAPS, IFEDS , TSTARA , TENDG
+

ISNPS,INPS,TSNPC INPC, TSNPM LNPM JTSNPT ,TYPR
PFAL*8& GAMMA/1.047197551/ ,PFLTA/0.1570796/,

+ RS/1.0DN/ PC/1.1DO/ RM/1.2D0/ ,RR/1.3D0/

REAT*2 X(86),Y(86),PEAPAT ,PYAPA2 ,R¥ (86 ,86) ,ANCLFC(8A),

+ SIR(65,21),ATER,TNC

COMPLEX*16 TMGG,MAT(21,65),TOTHF(21),CP(A5),PRODIT(AS),

+ PETDR(65),LSIDE(A5,65) ,VA(AS)

+

COMMNN/PLYT/ TSNPS,LMPS, TSNP, TNPC, TSNP LNPYM TSNPP LYPR

COMMON/PLY2/ ISTARITENDI ISTAP2 [ TTND2  TSTARZ,TFND3,
TSTARL ,TFNDA TSTAPS  TFMNS  TSTARA, TFNDG

COMIOM/RLE3/ RPAPAL

COMMON/BIYVA ] RVAPA?

COMMON/PLES/ THOO

NPINC=22

NPINP=65

NPNNS=22

NPONMC=21

NPONM=22

NPONP=21

TSNPS=]

LNPS=22

TSNPC=23

LYPC=43

TSNPM=44

LNPM=65

ISNPP=6A

LEPR=86

ISTAF1=1

IFMDI=21

TSTAR2=22

IFNN2=41

ISTAR3=42

IFNN3=61

TSTAR4G=62

TEND4=22

ISTAP5=83

IFND5=103

TSTARAR=104

IEND6=123

THCG=(0.0D0,1.0N0)

ATFEP=1.75

INC=0,25

Do 10 J=1,8

REAPAI=ATFP*3,141592654

RVAPA2=ATFR*3,141602654

CALL COCR(X,Y,TTMP,RS,RC,RM,RRE NPONS)



CALL VERCAL(IVER,TTEL)

CALT, CALANG(X,Y,TTNP,ANGLFC)

CALT ZANDK(X,Y,ITNP,TVFR,TTEL,RK,STR,NPTEE NPOIMT)
CALL INCREF(NPINR,X,Y,TOTIF, TTNP ,GAMMA NPONR)

CALL TFRM1(ITNP,TVFP,ITFL,LAMDA,X,Y ,ANGLFC,PC,DFLTA,

+ NPTNR,NPOND, MAT,GP)
CALL TERM2(ITNP,TTFL,TELNO1,TFLNO2,TVFR, ¥,V ,RC,ANCLFC,
+ PRODUT ,MAT , LAMDA , DELTA,XPINR NPONR KPONC)

CALL RIGUT(SIP?,TOTHF,PSIDF,KPTNR,NPONR)
CALL LEFT{RK,SIR,¥AT,NPONR,NPINR,TTVP I.SIDF)
CALL SPLVF(RSIDE,ISTDF,NPTNR,NPNND,VA)

C ATER=ATFRATNC
cl0 CONTINUE
RFTURN
END

SURROUTINE CNOR(X,Y,TTNP ,RS,RC,TH, PP NPAFS)
INTFGFER ITNP,NPOMNS, TSYPS,TLNPS, TSNPC,TNPC, TSNP TNPM,
+ TSNPR,LNPR
PFAL*8 Y(ITNP),Y(ITNP),RS,RC,RM R}, PT DTV RINC,PINCC
COMMON/RLY1/ TSKPS,LNPS,TSNPC,INPC,TSNPH, NP TSNPR T NPT
PI=3,141592654
C DIV CHEANCED UPON THFE PATTFRN OF SEPARTING TUF REATON
NDIV=NPONS-2
C COORDINATES OF S CONTOUR
RINC=PT/DIV
RINCC=0.0D0
INPSMI=1NPS~]
DO 10 J=TS8NPS,1NPS
TF(J FO, TSNPE GR. J FO. LNPSMI)RINC=RING/2.0D0
TF(J .KF. ISNPS _AND, J NF., LIPSHMI)RINC=PT/DIV
X(J)=RS*NCOS(RTINCO)
Y(J)=RS*NSTIN(RINCN)
RINCC=RINCCHRING
PRINT 100,73, ,%(J),V(J)
100 FORMAT(® 7,14,2F10,3,T50, NGDF 0N CONTOUP §7)
10 CONTINUE
C CNOPDIRNATES OF C COMTOUR
RINC=PI/DIV
PTNCC=0,0D0
DN 20 J=ISNPC,LNPC
¥(I)=PC*NCOS(PINCC)
Y(J)=RCHNSIN(PINCC)
RINCC=RINCCHRINC
PRPINT 200,7,%(J),Y(J)
200 FORMAT(’ “,T4,2F10,3,T50, FODFE ON CONTOUR )
20 CONTINUF
C COORDINATRES OF M COMTOUR
RINC=PI/DIV
RINCC=0.0DD
LNPMII=1NPM-1
DO 30 J=I1SNPM,LNPM
TF(J FE0O.ISNPM OR., J EQ. LNPMMI)RINC=PINC/2.0T0
TF(J NE.ISNPM AND. J JNE. LKPMMI)PRINC=PI/DIV
X(J)=RM*DCOS(RINCC)
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300
30
C Con

400
40
C ADD

C CUA

11

100
10

21

20

-79-

Y(J)=PMADSIN(PINCC)
RINCC=RTNCC+RINC
PRINT 300,J,X(J),v(J)

FORMAT(® 7, T4,2F10.,3,T50, NXODF ON CONTODR ')

CONTINUE
PRINATFS NF R CONTOUR

RINC=PI/DNTV

RIXNCC=0,0N0

DO 40 J=TISNPR INPPR

X(J)=RR*NDCOS(RINCC)
Y{J)=RRA*DSTN(RINCC)
RINCC=RINCC+RINC
PRINT 400,J,%(J),Y(J)

FORVAT(® *,14,2F10,3,T50,"NODT ON CONTOUF R7)

CONTINUF

IN NRDPFR TO FIT THE S/F CALAMG

Y(L¥PS)=0.0M0

Y(I1.NPC)=0,.0D0

Y(LNPi)=0,0D0

Y(IVYPR)=0.0D0

RFTURN

FND

SUBROUTINE VFRCAL(IVFR,TTFL)

INTFCER TUEP(TTFL,3),ITFL,TSNPS,LNPS,LNPC, TSNP VPN,
+ ISNPR,INPR,ISTART IFND2 [ TSTAP2 ,TENR2 [ TSTAP3,TFENT,
+ TSTARA ,TENDA [TSTAPS  TFNDS,TSTAT A, TFNT6 ¥ (3)

COMMON/RIKD/ TSNPS,LNPE TSNPC,LNPC TSNP TNP TSNPY  TEPR

COTMON/RLY2/ TISTAPI,TFND] TSTAP2 [TEND2 [ TATARY TFND3,
+ TSTARA [TFNDL [ TSTAPS, TFNPS  TSTAPG  TFMIG
YOED UPON THE PATTERN OF SEPARTING TUE PROTON

¥(1)=1

K(2)=TSNPC

¥(3)=2

DO 10 M=TSTAR],IFMD]

pn 11 N=1,3
TUFP(M ,N) =V (1)
FIN) =1 (N)+]
CONTINUE
PRINT 100, ,(IVFR(1,N),1=1,3)
FOPMAT(’ *,74,318)
CONTINUE

¥(1)=2
E(2)=TSNPC
F(3)=ISNP(+]
DO 20 M=TSTAP2 ,IFND2
DN 21 K=1,3
TUFR(M,V)=K(N)
K(N)=K(})+]
CONTINURL
PRINT 100,M,(IVFR(},N),N=1,3)
CONTINUF

¥{(1)=1ISNPC



31

30

41

40

51

50

61

60

10
20

K(2)=TISNP}++1
K(3)=ISNPC+]
DO 30 M=TSTAR3,IFND3
DO 31 N=1,3
IVER(M,N)=K(N)
KIN)=R(M)+1
CONTINUE
PRINT 100,M,(TVFR(M ,N),¥=1,3)
CONTINIE

¥(1)=ISNPC
K(2)=TSVp
K (3)=ISNPM+]
DO 40 M=TSTARL TENDA
DO 41 N=1,3
TVER(M M) =V (1)
K(M)=F(R)+1
CONTINUE
PRINT 100,V (IVFp(™ N),N=1,3)
CONTINUT

R(1)=TsNpH
K(2)=ISNPR
K(3)=TSEpPM+1
DO 50 M=TSTARS5,IFNDS
DO 51 N=1,3
IVER(M,N)=K(N)
FAN)=K(N)+]
CONTINUF
PRINT 100,% (JVER(M,N),N=1,3)
CONTIMNUF

K(1)=TSNPM+]
K(2)=TISNPP
¥ (3)=ISNPR+]
DO 60 M=TSTAR6,IENDA

DO A1 N=1,3

TVER(M ,N)=K(N)
(M) =V (N)+]

CONTINUF

PRINT 100,M (TVER(M,N),N=],3)
CORTINUT
RFTURN
FEND :
SURROUTINF CALANG(X,Y,TTNP,ANCILEC)
INTECFR ITNP
RFAL#*8 X(ITNP),Y(TTNP) ,ANGLEC(ITNP),PT,CE,ACF ,ATER,AATFR
PT=3.141592654
DO 200 J=T,1TNP

CF=X(J)

ATER=Y(J)

IF(CF)10,20,30

IF(ATER)40,50,60

ANGLEC(J)=PT/2
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GO TO 100
30 TF(ATER)70,80,90
40 GO TC 200
50 ANGLEC(J)=1%PT
GO TO 10N
60 AATFP=TAPS(ATER)
ACF=DARS(CF)
ANGLFC(J)=PI-DATAN2(AATFR, ACF)
GO TO 100
70 GO TO 200
e0 AYCLFC(J)=0.0
GO TG 100
90 ANGLEC(J)=DNATAN2 (ATER,CF )
GO TN 100
100 CONTINUF
PRINT 300,3,%(J),Y(J),ANGLEC(T)
300 FORMAT( 7,14,3C15.3)
200 CONTINUF
PETUPK
FND
SPPROTITINE ZANDY (X, Y, ITNP IVI R, TTIL, NK, S TR NPTHR NPOXTY)
INTECER TVER(TTIL,3),IR,IS,TT,IPOV,TCOL, TTEP,TTFL, NPIYR,

+ NPONT
REAL*E M(TTNP) ,Y(ITNP),A(3),R(3),ARFA,ARFAL O D PFAPAL,
+ 7(3,3) ,PY(ITINP,ITEP),STR(XPTNR NPONE)

COMMON/RIM3/ REAPAL
C TEITTALIZATION
ne 10 T=1,TTNP
no 11 J=1,ITKP
PY(T1,J)=0.010
11 CONTINTF
10 CONTINDTE
€ FLEMFET MATRIC AND ASSFMPLY MATPTY
no 20 J=1,ITFL
TP=TVERP(J,1)
Te=1Vrr(.J,2)
IT=TVFR(J,3)
AC1)=X(IT)=-X(I8)
A(2)=X(TIR)=X(TT)
A(3)=N(TS)=X(IR)
R(1)=v(I18)-Y(IT)
B(2)=Y(IT)=Y(TR)
B(3)Y=Y(IP)=V(IS)
APEA=(A(3)*B(2)-A(2)*R(3))/2.0n0
ARTAL=4*APTA
C=(PKAPAL**2)XAPEA/6.,0DN
no 21 M=1,3
TRPOW=TVFR(J,M)
DO 22 N=1,3
ICOL=TVFR(J,N)
IF(N NFE. ¥)DP=C/2.010
TF(M FO. M)D=C
ZOM M) =(RONDFROD+HA(M)*A(N) )/ ARTAL=D
RK(IROV,TCOL)=R¥(TROW,TCOL)+7(11,N)
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22 CONTTNUF
21 CONTINUE
200 CONTINUT
C PARTITION PV INTO 4 PARTS
C COPY SIB INTO A NEW MATPIX
DO 30 M=1,NPINR
DO 31 N=1,NPONE
I.=F+NPINPR
STR(M,N)=R¥(}M,L)
31 CONTIMUF
PRINT 300,M,(SIRQ!,M),N=]1,NPONR)
300 FORMAT(® 7, T4,°SIP",(10C10.3))
30 CONTINITY
¢ PRINT ST1
C ne 40 M=1 NPINP
) PRINT 400, M, (PR}, N),N=1,KPINF)
C400  FORMAT(" “,T4,°S117,(10C10,3))
C40 CONTINUFE
FETUPN
FND
SUBPOUTINE TINCPEF(MPINR,¥,Y,TOTHF,TTNP ,GAMMA  NPONR)
INTFCER NPTINR,TTNP ,NPOYNR
RFAL*& PRAPAL X(TITHP),V(ITNP),CAMMA
COMPLEX*16 TI'CG,TOTPF(NPONB)  TERM] [ TFR2 ARC] JARC2 CONST
COMMON/RLY.3/ RYAPAI
COMMON/RLKS/ IMCG
CONST=TMGO*PKAPA]
DO 10 J=1,NPONR
JJI=J+NPINE
TEMMI=X(JI)*NCOS(CAMIA)
TFRM2=Y(JI)*DSIN{ CAMMA)
ARC1=CONST* (TFRM1=-TTRM2)
ARG2=CONST*(TFRMI+TFRM2)
TOTUF (J)=CDFXP(ARC] }+CNEXP(ARC?)
PRINT 100,J,TOTHE(J)
100 FOPMAT(® ‘,T4,°TOTHE’,2CG10.3)
10 CONTINUT,

o}

RTTIIRN
ENR
SURROUTINE TFRMI(TTNP,IVER,ITEL,LAMDA,X,Y,ANCLEC,®C,DFLTA,
+ NPINB,NPONR,MAT,(P)
INTEGFR TSNPS,LNPS,ISNPC,LNPC,TSNPM LNPM ISNFE,LNPD,
+ ITNP,IVFR(ITEL,3),LAMDA,NPIND MPONE, TTFL,10(2),
+ IP(2),T0(2),IW,IS,IT
RFAL*8 X(TTNP),Y(ITI'P),RC,ANCLEC(ITNP),PELTA,ANCIFE,
+ COSINE,SINE,A1,A2,AA1,AA2 11 P2 PR1,DR2

9

P1,P2,DR1,DP2,SA2,SA3,SR2 ,SR3 APFA, 771,272,
RVAPAL ,REAPA2

COMPLFY#*16 TMGG,HANL] IIANL2 JFANQ TTAN] ,GP(NFIMR),

+ MAT(XNPONR ,NPINR),TOTAL

COMMON/RLK1/ ISNPS,LWPS,ISNPC,LNPC,TSNPM,LNPN,ISNPP,LNPR

COMMOX/RLE3/ RKAPAI

COMMOY/BLK4A/ RY.APA2

COMMON/RLES/ IMGG

-+
-+
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C INTTTALIZATION
N0 10 M=1,NPONRB

11
10

305
£00

21
20

3n0
3n

DO 11 N=1,FPINR

MAT(M,N)=(0.0D0,0.0n0)

CONTINUE

CONTINUF
NO 20 1=TSNPR,TTNP

nNO 21 J=I8KNPC,LNPC

ANGLE=ANCLEC(J)
COSTMNE=NCOS(ANGLE)

SINF=NSTN(ANGLF)
Al=X(L)**24Y(L)** 24RC** 7-2%X (1) *RC*COSTNE
A2=2%Y(1.)*RC*SINFE

AAl=A1=A2

AA2=AT+A2

P1=2%RC-2*Y(L)*COSTNF

P2=2%Y(1)*STNF

PR1=B1-R2

PR2=RI+E2

P1=DSNRT(AAL)

P2=NSORT(AA2)

PRI=0,5%]1/R1*RR]

NR2=0,5%1/R2%RP2

Z71=PV.APA2*R]

CALY. HANVFL(Z71 ,HANT.1 ,TIANT.2)
HANO=EAMT2%DP ]

772=RVAPA2%PD

CALL BANKFL(ZZ2 ,FANLI [TTANT.2)
HANI=HANL2%DR2
CP{I)=(=TMGN/ 4 L) *PYAPAZ® (VANDHT AMDAXTIANT )
TF(J .GT. ISNPC AND, J .IT. ILMPC)CO TO 305
TOTAL=0,5*PC*DELTA*GP(T)

co TO 400

TOTAL=RCEDELTAXCP(T)

K1=1L-MPIX®

K2=J

MAT(K1,K2)=tAT(V1,K2)+TOTAL

CONTINIE
CONTINUF

DO 30 M=],MNPONT

+

+ o+ o+

+
+

PRINT 300, (MAT(M,M) M=]1 NPTVR)
FORMAT( 7, T4, "MATY ,(10010,3))
CONTINUE
RTTUPN

SURROUTINE TFPHZ(ITNP,ITFL,IFLNOI,TFLVOZ,TVFP,X,Y,PC,ANCLFC,

PRODUT,MAT,T.AMDA , DI'LTA, Y PINE | FPORR ,NPOKC)

INTEGFP 100(3),IPP(3),700(3),TPR,TSS,ITT, W, TS,IT,

ITKP,TSMPS,LNPS,TSNPC,LNPC, TSNP NP, TSNPB,LNPR,
LAMA,IFLYOL TFLNO2 ,TVFR(TTFL,3),TTEL,XPINR ,NPOXR |
NPONC

RFAL*E SA22,SA33,9R22,SR33,ARFTA,ANCLE ,COSTNE, SINF,

A1,A2 ,AA1 ,AA2 ,P1,R2 ,¥(ITNP),Y(TTNP),RC,ANCLFC(ITNP),
RKAPA1,ARG1,ARG2 ,DELTA,ARG ,PRAPA2,C
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ceC
cen

col

-+

COMPLFY#16 HANLI ,WANL2 JFANKO HEANF 1 G,PRONGT(NPTNR),
TOTAL(3) ,ITMCC,“AT(NPONE ,NPINR)
COMMON/PLK1/ TSNPS,LNPS ISNPC,LEPC,TSNPM NP, ISNPP,T.NPT
COMMON/RLY.3/ RRAPAI
COMMON/RLKA/ DKAPA?
COMMON/RIKS5/ IMCG
DO 10 1L=TSNPR,I.XPR
N0 11 J=TELNO1,TFLEC?
TJ¥=J
100(1)=TVFR(TJK,1)
IPP(1)=TVER(IJK,2
I0Q(1)=TVER(1JV,3)
100(2)=IPP(1)
IPP(2)=100(1)
100(2)=T00(1)
I0C(3)=IPP(2)
TPP(3)=T00(2)
I0G{3)=100(2)
DO 12 x=1,3
TRR=TOC(N)
ISS=IPP(N)
ITT=T00(X)
SA22=¥(TPR)-Y(ITT)
SA33=Y(T88)-X(IRR)
SR22=Y(ITT)-Y(IRPR)
SP33=Y(TPRP)-Y(TSS)
ARFA=0,5%(SA33%GN20-QA2248131)
PRINT OO TRP,TES, TTT,ARFA
FORMAT( " “ 7IPR TS TTT,ARFA’,3T4,010.3)
JI=TVFR(TI¥,1)
JIPI=11+]
PPINT ©1,1J3,JJ7]
FOPMAT( 77 JJ,JIP17,274)
De 13 MM=T1T,JJP]
ANGLE=ANCLFC ()
COSTEF=NCOS(ANICTF)
STNE=DETN(ANGITF)
Al=X (1) #5244V (1) #%D+RO**2=2%X (1) *P C*COSTYF
A2=2 0%V (L)*PCHSTHE
AANI=A1-A2
AA2=A1+A?
P1=NSORT(AAL)
P2=DNSORT(AA2)
ARCI=RVAPA2*D]
ARC2=REAFA2%R2
CALL PANKFL(ARGCI ,VANL] ,T'ANL2)
HANKO=]IANT.]
CALL VANKFL(APG2 ,TTANT.] JHANL?)
HANY 1=UANL]
PRINT 92 HAMKO,HANV1 ,COSTNF,SINF
FORMAT(’ " HANYO ,BANK 1’ 4G20.6)
C=(TNGC/ & J0) % (TTANKO+TLAMDART ANV 1)
PRINT 93,6
FORMAT(’ 7,’G’,2G20,6)
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C
C94

13

11
10

200
20

-+

C=(((Y(ISS)=Y(ITT) )*COSTNF )+
((X(ITTY)=X(IS))*SINF))/(2.0%APFA)
PRIFT 94,C
FORMAT(’ *,’C’,2G20.6)
PRODUT (1) =CxC
CONTINUE
TOTAL(N)=0.5*RCADELTA* (PPODUT(JJ)+PRODIT(JIP1))
CONTINUF
L1=L~-NPINP

IU=JJ
I8=JJ+1+NPCONC
IT=JJ+1

MAT(LY., TW)=MAT(LL,TW)=TOTAL(1)
MAT(LL,IS)=MAT(LL,TS)=TOTAL(2)
MAT(LL, TT)=MAT(LL,IT)=TOTAL(3)
CONTINUE
CONTINUF
nO 20 M=1,NPONR
PPINT 200 M (MAT(M M) N=1,NPINR)
FORMAT( 7 T4, "MAT,(10010,3))
CONTINUF
PFTURN
FND
SUPROUTTIE FANFEL(APC [ VANLI ,TANL2)
INTEGFR N,TFP
RFAL*E ARG ¥ OPDER,IN(2),Y¥(2) ,MMRSIO MRST]
COMPLEX*16 TMGG,HANL] HANL2
IMGO=NCMPIY.(0.0D0,1.0D0)
ORDER=0,0D0
N=2
Y=APC
JN(1)=MMREJO(Y,IFP)
JN(2)=1RSII(X,IFT)
CALL MMPSYN(X,ORDER,N VN TFR)
PANLI=JN(1)+IMGG*YN( 1)
HANL2=JN(2)+IMGC*YN(2)
RETURN
FXD
SURROUTINE RIGUT(SID,TOTNF ,RSINF,NPINE,NPOMT)
INTFGER NPTFR, NPONE
PEAL*& STR(NPINR,NPONR)
COMPLFY*16 TOTHE(NPONR),PSIDF(NPINPR)

C CONSTRUCT THF PIGHT DAND STNF MATPTX

11

100
10

DO 10 M=]1,NPINP
RSIPF(})=(0.0N0,0.0N0)
DN 11 N=1,MPONR
RSIDF(M)=RSIPE(M)=STR(M ,F)*TOTIF(N)
CONTINUF
PRINT 100,M PSIDF(M)
FORMAT(® ’,14,’RSIDF’,2020,5)
CONTINUE
RETURN
FND
SURRCUTINE LEFT(RK,SIR,MAT,NPONR,NPINB,ITNP,LSINT)
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TNTEGER NPONR,NPINR,TTNP
RFAL*8 SIR(NPINP ,NPONR),RE(ITNP,TTNP)
COMPLEX*16 MAT(NPONP NPIND),LSTPE(KPINR,NPIND)
C CONSTRUCT SIPR#M MATRIX
DC 10 M=1,NPINP
DO 11 N=1,NPINR
LSIDF(M,M)=(0.0Nn0,0,0D0)
DO 12 1.=1,NPOMR
LSINECM ,N)=LSINF (M, N)+STR (M, 1) *MAT(L M)
12 CONTINDF
1] CONTIXNUF
10 CONTINUF
C CONSTRUCT STTH(STP*M) MATRIY
PO 20 =1 PTNR
DC 21 N=1,NPINR
LSTINF (M, N)=RE(M,N)+LSIDEC,N)
21 CONTIRUR '
PRINT 200, (LSIPR(},N),N=1 ,NPIIT)
200 FORMAT( 7, T4,7LSIDF’,(10C10.,3))
20 CONTINUF
RPETURN
FMD
SUBROUTINF SOLVE(RSIDE,LSINF,NPIND, NPONP VA)
INTFCFR N,TA,M, IR, TJOR,TFR NPINR NPOYR
PEAL*® ARTEMP
COMPLFY*16 T.SIDF(NPINB,NPINR) ,RSTPF(NPINE),UA(NPINE), TENP
M=NPIND
TA=NPIKR
M=
IR=1PINE
T1J0p=0
CALL LFOTIC(LEIDNE N, TA,PSIDF M IR, TJOR, VA, TFP)
NO 10 J=1,MPINP
TFEMP=RSIDT (J)
ABRTFMP=CDARS(TEMP)
PRIMT 100,J,RSIDF(.J),ARPTFMP
100 TOPMAT(” “,T4,°RSIDE’,2020,6,3%X,615.6)
10 CONTINTIF
RETURN
FrD
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//WOXG JOR ‘,,,0=0,1=10,T=30",’CHOW’ ,MSCLEVEL=(1,1)

//
//

EXEC FORTXCLG,0PT=2 ,MAP=NOMAP ,P=D,AD=DRL4,
CSIZE=512K,LSIZF=512V,SIZF=512K,PARM.TKFD='SIZF=(512V,124V)'

//FORT.SYSIN DD *

oReoBeoNoRsNeoNeoNeoNeNe)

sheoNeoNeoNeoNoNoNeoNoNeNoNoNo e

oNoRoRoReEeNoNo e Ne

PROGRAM  SHHALF1(INPUT,OUTPUT,TAPE1,TAPF2)

CONTOUR € MUST RE SEMI-CIRCIE AT Y=0,

KC MUST BE EVEN NUMRER.

NOTATIONS :KI=NODFS TNSIDF C.ITFL=TOTAL NO.

OF ELFMENTS.ISTELC AND IFENFL=STARTING AND FNDINC
ELEMENT N0, ON C FOR INTEGRATION.NVAPPA=NQ, OF

FAPPAS CALLED RKAPPA(I).NGAMA=NO. OF INCIDENCF

ANGLES CALLED CAMMA(I),TELMAT(L)=MATFRIAL PROPERTY

OF FACH FLEMENT L.IELND(L)=NFN=NO. OF NQDFS CONNFCTED
TO FACH FLEMENT.IVER(L,IFLND)=NODF NO. FOR FACH FLFMFNT.

AMUL ,AMUZ ,RHO=MATERTAL PROPERTIFS,UN,WI,VC,W0=7-DISPLACEMENTS
TOTAL, INTFRIOR,ON C, AND INCIDFNCE+REFLECTFD.7K AND P¥=

FLEMENT AND GLOBAL STIFFNFSS MATRICES.ZM AND RM=FLEMERKTAI, AND
GLORAL MASS MATRICES.UMAT AND VMAT=WINCIDENCE AND ITS DERIVATIVFE
ON C.IOUTPR=SWITCH FOR PRINTINGC IN OUTEP REGION,IF OUTER=0

KO PRINTING,IF TOUTPR.CT.0 READ NO., OF RP(T),THFTA(I)

WHERE. VALUFS DESIRED.MTERM=FKC+1.,NUMAT=NO. OF MATFRIAT. PROPFRTIFS,

FOR INTERIOR WE ARF SOLVING RFAL ARITHMETIC
PROBLFM WI==((STT)TNVFPSF)*SIC*UC
S=P¥—=(KAPPA**2)*RPM,ON C WE COLLOCATE TO SOLVFE
THKRIT  RIJ™#* ™k~ h="%IMAT %
THFYIT KJJTHRTEATR="%YMAT™* WHICH NFFDS COMPLFX ALCERPA.LC

REAL REAPA(20),CAMMAT(20) ,AMUL(6),AMU2(6) ,RHOS(6),X(167),Y(167),
JANGLEC(26),STT(141,141),SCC(26,26)

«»SIC(141,26) ,WC(26,26),WCTNV(26,26) , WARFA(141),

WT(167,26) ,WDER(26,26) ,F(26),

JRP(24) , THFTAV(24)

INTEGFR IVFR(197,7),IFLMAT(197) ,TELND(197)

INTFGFR IPT1(20),TPT2(20)

LOGICAL SWITCH

NOTES ON READ STATEMENTS:
MATIN READS:KT,XC,ITFL,ISTELC,TFNDFL,TOUTPR ,NUMAT
RKAPA1
NGAMA, (GAMMAI(T),I=1,NGAMA)
COOPD. READS:IFLMAT,IFLND,TVER
MATRYL RFADS:AMU1 ,AMU2 ,RHOS
IF IOUTPR.GT.0O THEN RFAD
OUTPR  :NPRPT,(RP(I),THETAV(T),I=1,NPRPT)

READ(1,*) ¥I,KC,TTEL,ISTELC,TENDFL,TOUTPR ,NUMAT, TSCAT
RFAD(1,%*) RKAPA1,SWITCH,YLENG,ICOPY,VFRANG
READN(1,*) NGAMA,(GAMMAI(I),I=1,NGAMA)
PRINT 400,KI,XC,ITFL,ISTFLC,IFNDEL,TOUTPR ,NIIMAT

400 FORMAT(® 7,2X,"¥I = ‘,T4,2¥,'KC = ‘,T4,2X,°ITFL = ‘14,
2X,"ISTFLC = ‘,T4,2X,"IFNDFL = *,T4,2X,”TOUTPR = *,
T4 22X NUMAT = 7,T4//)




PRINT 401, RKAPAI

401 FORMAT(’ ‘,2¥,°RKAPAl = * Cl4.4//)
PRINT 402, NCAMA,(GAMMAL(T),I=1,NGAMA)
402 FORMAT(’ *,2X,°NGAMA = * T4, 2X,°GAMA"S = :’ 10F9.4//)

PRINT 404 ,1SCAT .
404 FORMAT(® 7 ,2X,"ISCAT = ’,15//)
ITNP=KT+KC
MTFERM=KC+]
CALL.  COORN(X,Y,ITNP)
CALL VFRCAL(IVFR,IFLMAT,TFLND,TTFL)
CALL MATRYL(AMUI ,AMU2 ,RTI0S,NUMAT)
CALL CALANG(X,Y,R,ANCLEC,ITNP,KC)
CALL  KANDM(X,Y,TTNP,ITFL,IVFR,IELMAT,TELND,
. AMUL ,AMU2 ,RHOS ,NUMAT,STT,SIC,SCC,VT,KC,PKAPAL,SHITCH)
CALL WCMAT(WC,ANGLFC,WCTINV,KC,WARFA,SCC,SWITCE)
CALT. WIMAT(SII,SIC,WI,UC,¥T,KC,ITNP,WARFA,SUITCH)
ClC=aM11(1)
G2C=AMU2(1)
CALL WDERCI(WT,KI,KC,VDFR,ANGLFC,TVER,Y,Y,
. ITMP,ITFL,ISTELC,IFNDFEL,GIC,G2C,SWITCH)
WRITE(2,*) KC,TOUTPR,ISCAT
WRTTF(2,*) RKAPA],SWITCH,YL.FNG,ICOPY,VFRANG
WRITE(2,%) NGAMA,(GAMMAI(T),T=1,NCAMA)
WRITE(2,%) TTNP ,MTFRM
WRITE(2,*) (X(I),Y(I),T=1,ITNP)
WRITE(2,*) (ANGLFC(I),R(I),I=1,KC)
WRITE(2,%*) ((WC(1,J),WCINV(I,J),WDER(T,J),TI=1,KC),J=1,KC)
WRTTF(2,%) ((WI(TI,J),T=1,TTNP),J=],KC)
IF (TOUTPR.LEN.O) GO TO 205
READ(1,*) NPRPT,(RP(T),THETAV(I),T=],NPRPT)
PRINT 403,(RP(I),THFTAV(I),T=1,NPRPT)
WRITE(2,%) NPRPT,(RP(I),THETAV(I),T=1,NPRPT)
205 CONTINUE
IF(ISCAT.FQ.0) €O TO 221
READ(1,%*) NSCAT,(IPTI(I),IPT2(T),I=1,NSCAT)
PRINT 405, NSCAT, (IPTI(I),IPT2(I),I=1,NSCAT)
405 TORMAT(’ *,2X, NSCAT = ' ,T4,2X, NODE PAIRS: ’,2014//)
WRITE(2,%) NSCAT, (IPTI(T),IPT2(1),I=1,NSCAT)
221 CONTINUF
403 FORMAT(® “,2X,”$$ RP, THFTA APRRAYS :="/(2¥,10F0,4))
STOP
END
SURROUTINFE  COORD(X,Y,ITNP)

RFADS AND PRINTS ¥, Y, COORDS. OF ALL NODE POINTS.

RFAL X(ITNP),Y(ITNP)
PRINT 200
DO 10 J=1,ITNP
READ(1,*) X(J),Y(J)
PRINT 101, J,X(J),Y(J)
10 CONTINUE
101 FORMAT(’ “,4X,16,2G16.6)
200 FORMAT(’ ’,4X,“NODE NO.’,5X,’X=COORD’,10X,’Y=COORD", /)
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PFTURN
END
SUBROUTINE VERCAL(IVER,IELMAT,IELND,ITEL)

READS AND PRINTS ELEMENT NO. ITS MATFRPIAL TYPE AND
NO. OF NODFS CONNECTFD TO FACH ELFMENT

INTEGER  IVER(TTFL,7),TFLMAT(ITEL),IFLNN(ITFL)
PRINT 200
DO 10 L=1,ITFL
READ(1,%*) TELMAT(L),IDUM,(IVFR(L,J),J=1,TDUM)
IELND(L)=1IDUM
PRINT 201,1,TELMAT(L), TELND(L), (IVFR(L.,J),J=1,IDUM)
10 CONTINUF

201 FORMAT(" 7 ,4X,IR8,8%,I8 Rx ,18,8X,718)

200 FanAT( ,AX, FIF“ NO. Sk,'MAT¥RIAL TYPE’, 5%,
."NODFS PER FLFMFhT ,20%, 'r -0=-D~E-8",/)
RETURN
FND
SUBROUTINFE  MATRYL(AMUI ,AMU2 ,RT'0S,NUMAT)
READS SETS OF MATERIAL PROPERTIES.
REAL AMUI (NUMAT) ,AMU2 (NUMAT) , REQS( NUMAT)
PRINT 200
DO 10 I=1,NUMAT
RFAD(1,%) AMUI(T),AMI'2(1),RROS(T)
PRINT 201,T,AMUI(I),AM'2(I),RHOS(T)

10 CONTINUE

201 FORMAT(’ ’,5%,76,3G16.6)

200 FORMAT(® “,2%, MATERIAL RO.7,5X,"G17,15X,7G27,15¥,"PRO" /)
RETURN '
FND
SUPROUTINF. CALANG(X,Y,R,ANCLFC,TTNP K()

CALCULATES R=SORT(X*%24Y%%*2) ANCLF(C= APPTAN(V/Y)~TPFTA
AT POINTS ON C OKLY.
RFAL X(ITNP),Y(ITNP),ANGLEC(XC),R(¥C)
DATA PI1/3.141592654/
PRINT 299
EI=TTNP=FC
DO 200 I=1,¥C
J=T+KT
CE=X(J)
ATER=Y(J)
IF(X(J).FO.0..AND.Y(J).FO.0.) GO TO 80
R(I)=SOQRT(X(J)**2+Y(J)**2)
IF (CE) 10,20,30
30 IF (ATFR) 40,50,60
60 ANGLEC(I)=ATAN2(CF,ATER)
GO TO 300
50 ANGLEC(I)=PI/2.
GO TO 300
40 AATER=ARS(ATFR)
ANGLEC(I)=PI/2 .+ATAN2(AATFR,CF)
GO TO 300



OO0 DO
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20 IF (ATER) 70,80,90
90 ANGLEC(I)=0,
GO TO 300
80 R(I1)=0.
ANGLEC(T)=0,
GO TO 300
70 ANGLFC(1)=PI
GO TO 300
10 ACE=ARS(CE)
IF (ATER) 100,110,120
120 ANGLFC(I)=~ATAN2(ACE,ATER)
GO TO 300
110 ANGLEC(1)=-PI/2.
GO TO 300
100 AATER=ABS(ATER)
ANGLEC(1)==PT/2.~ATAN2(AATFER ,ACF)
300 CONTINUF
PRINT 201,7,3,X(J),Y(J),R(I),ANCLFC(T)
200 CONTINUF
201 FORMAT(® 7,5%,16,5X,16,4C16.6)
299 FORMAT(’ *,2X,”SFRIAL NN.’ 5X, NODF NO,’ PX, ‘¥=COORD’
«“Y=COORD’ ,12X,"R’, 10X, THFTA’,/)
RETI'RN
FND
SUBROUTINF  KANDM(X,Y,ITNP,ITEL,TVFR,IFLMAT,TFLND,AM'],
- AMUZ JRHCS ,NUMAT,STT,SIC,SCC,KT,KC,PKAPAL ,SWITCH)

CALCULATFS TNDIVINUAL FELEMFNT STIFFNFESS 7F AND MASS 7M MATRICFS
BY CALLING SUBRROUTINES ELMS0O3 AND FLMS,THEN ASSFMRLES THFM INTO
GLOBAL MATRICES AS SK = K = (RKAPAI**2)*M  IFPRE

1 SIC 1
SK.= 1 811 1
1 Sce 1

INTEGER IVER(ITFL,7),TFLMAT(ITFL),IFLND(ITFL)
REAL X(TTNP),Y(TTNP) ,AMUI(NUMAT) ,AMUI2 (NUI'AT) ,RHOS(NITMAT)
REAL 7ZK(7,7),72M(7,7),¥L(7),Y1.(7),SIT(KI,¥I),SIC(KI,KC),
.SCC(KCLYE)
LOGTCAL SWITCH
RKAPA2=RKAPA]*#2
DO 10 I=1,KI
DO 11 J=1,KI
11 STI(1,J)=0.
10 CONTINUFE
DO 15 I=1,KI
DO 16 J=1,KC
16 S1C(1,J)=0.
15 CONTINUF
DO 18 I=1,KC
DO 18 J=1,¥C
18 SCC(1,3)=0.
PO 20 L=1,ITEL
MATYP=TFLMAT(L)
G1=AMUI (MATYP)
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G2=AMU2 (MATYP)
RIO=RIOS(MATYP)

NEN=IFLND(L)

DO 30 I=1,NEN

XL(I)=X(IVER(L,TI))
YL(I)=Y(IVER(L,T))

CONTINUE

CONSTANT STRATN TRIANGLE (CST):3 KODFS ONLY.
IF (NEN.GT.4) CO TO 111

CALL. FLMSO3(XL,Y1,C1,G2 ,RHO 7K, 7M)
GO TO 200

- CALCULATES ZK AND 7ZM FOR 6=NODE TRIANGLF OR 7=NODF QUADRTLATFRI.

CALL FELMS(XL,YL,NFN,G1,G2,RHO,7ZK,7M)

DO 41 M=1,NFEN

IPOV=TVER(L,M)

DO 42 N=1,NEN

ICOL=TVFR(L,N)

TEMP=7K (¥ ,N)~RKAPA2*ZM(M )

IF(IROV.CT.KI) GO TO 300

IF (ICOL.GT.XI) GO TO 121
STI(TROW,TICOL)=STT(TROW,ICOL)+TFMP

GO TO 300 :

TCOLI=TCO1.-K1
SIC(TIROW,ICOL1)=SIC(IROW,ICOL] )+TEMP
CONTINUFE,

CONTINUE

CONTINUF ,
CONTINUF

IF(SWITCH)PRINT 400

FORMAT(® *,2¥,"SSPPINT ST1 FOR CHFCKSS’,//)
TF(SWITCH) PRINT 401,ST7

IF(SVITCH) PRINT 402

FORMAT(® *,2X,”SSPRINT SIC FOR CHECKSS',//)
IF(SWITCH) PRINT 401,S1C

FORMAT(® *,2X,8G16.6)

RETURN

FND

SURROUTINE FLMSO3(XL,VL,G1,G2 ,RHO,ZK  7N)

CALCULATES ELEMFENTAL STIFFNFESS AND MASS MATRICFS,
ZK AND ZM, FOP CST.

REAL XL(7),YL(7),7K(7,7),2M(7,7),D(2)
RFAL RB(2,3),PR(2,3),RTDR(3,3)

D(1)=61

N(2)=G2

Al=XL(3)-X1.(2)

A2=¥L(1)-XL(3)

A3=¥L(2)-XL(1)

Bl=YL(2)-YL(3)

B2=YL(3)-Y1.{(1)

R3=YL(1)-YL(2)
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11
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22
21
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32
31

111
121

AREA=(A3%R2-A2%R3)/2.
R(1,1)=R1
B(1,2)=R2
B(1,3)=R3
B(2,1)=A1
B(2,2)=A2
B(2,3)=A3
CAI CULATFS DR=D*RB
peo10 1=1,2
DO 11 J=1,3
PR(T,I)=D(I)*B(T,J)
CONTINUF,
CALCULATES RTDR=RT#DR
DO 20 I=1,3
Do 21 J=1,3
BTDR(1,J)=0,
PO 22 K=1,2
RTPB(T,J)=RTDR(T,J)+B(¥,T)*DPR(K,J)
CONTINUF
CONTINUE,
C=AREA*RHO/ 6.
DO 31 M=1,3
DO 32 N=1,3
IF (N.NE.M) DTFMP=C/2.
IF (N.FQ.M) DTEMP=C
ZR(M,N)= RTDR(¥,N)/(4 5ARFA)
ZM(M,F)=DTEMP
CONTINUF
RETURN
END
SUBROUTINF FLMS(XT.,YL.,NFN,C1,02 ,RHO,ZV ,7M)

CALCULATES FLEMENTAL STIFFNFSS AND MASS MATRICFS,ZV AND 7M,
FOR 6=NODF TRIANGLF AND 7-NODNF OI'ADPITATFRAL,

RFAL YL(7),Y1.(7),7K(7,7),7M(7,7),SC(9) ,TG(9) ,1"T(9)
REAL SHP(3,7),D(2),DR(2,7),RTDR(7,7)

DO 1 T=1,NFN

DO 1 J=1,NFN

7¥(71,1)=0.

ZM(T,.0)=0,

CALL  PGAUSS(SG,TG,UT)

PERFORMS 9-POINTS GAUSS INTFGRATION,

DO 100 N=1,9

TF (NEN.FO.7) GO TO 111

CALL SHAPF6(SG(N),TG(N),XL,VI.,XSJ,SKP)
GO TO 121

CALL SHAPF7(SG(N),TG(X),¥L,YL,XSJ,SHP)
DV=XSJ*WUT(N)

D(1)=C1*DV

D(2)=G2*nV
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DO 10 T=1,2
DO 11 J=1,NEN

11 DB(I,J)=D(I)*SHP(T,J)

10 CONTINUE
DO 31 I=1,NFN
DO 32 J=1,NEN
BTDR(I,J)=0.
DO 33 K=1,2

33 BTDE(I,J)=RTDB(T,J)+SHP(K,T)*DR(¥,J)

32 CONTINUE

31 CONTINUE
DV=XSJ*WT(N)*R1I0
DO 41 T=1,NFN
DO 42 J=1,NFN

42 7M(1,3)=7M(T,J)+DV*SHP (3, 1)*SHP(3,T)

41 CONTINUE
DO 51 T=1,NEN
DO 52 J=1,NEN

52 7ZK(1,J)=7K(TI,J)+RTDPB(I,J)

51 CONTINUF

100 CONTINUF
RETURN
FND
SUPROUTINF PGATISS(SG,TG,WT)

SG AND TG ARE 9-GAUSS POINTS,UT CORRESPONDING WFIGHTS.

REAL SG(9),TG(9),wT(9)
G=SORT(N.6)

sc(1)= -G
SG(2)= G
SG(3)= G
SG(4)= -G
SG(5)= 0.
SG(6)= G
SG(7)= 0.
SG(8)= -G
SG(9)= 0.
TG(1)= -G
TC(2)= -G
TG(3)= C
TG(4)= G
TG(5)= -G
TG(6)= 0.
TG(7)= G
TG(8)= 0.
TG(9)= 0.

Wl=25,./81.
w2=40,/81,
W3=64,/81,
DO 22 I=1,4
WT(I)=W1
11=1+4
WT(I1)=112
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CONTINUE
WT(9)= W3

RETURN

END

SURROUTINF SHAPF6(S,T,XL,YL,XSJ,SHP)

6=NODE TRIANGLE DEGENERATED FROM &=NODF OUADRTLATERAL

RFAL XL(7),YL(7),SHP(3,7),XS(2,2)
SHP(3,1)= 0,5%5%(S~1,)

SHP(3,2)= 0.25%(1.+S)*(1.-T)*(5-T-1,)
SHP(3,3)= 0.25%(1.48)*(1.4+T)*(S+T-1,)
SHP(3,4)= 0.5%(1,-8%8)*(1.-T)
SEP(3,5)= 0,5%(1.+8)%(1.=T*T)
SHP(3,6)= 0.5%(1,-8%S)*(1 .4+T)
S=DFRIVATIVE

SHP(1,1)= $-0.5

SHP(1,2)= 0.25%(1.-T)*(2.*S=T)
SHP(1,3)= 0.25%(1.4T)*(2.%S+T)
SHP(1,4)= =S*(1.-T)

SHP(1,5)= 0.5%(1,~T*T)

SHP(1,6)= =S*(1.+T)

T=-DERTVATIVFE

SHP(2,1)= 0.

SHP(2,2)= 0.25%(1.+8)%(-S+2 ,%T)
SHP(2,3)= 0.25%(1,+S)*(S+2 .*T)
SPP(2,4)= =0.5%(1,-8%3)

SHP(2,5)= =(1.+S)*T

SHP(2,6)= 0,5%(1.-5%8)

DO 201 J=1,2

XS(1,J)=0.

XS(2,J)=0,

DO 202 K=1,6

XS(1,3)= XS(1,I)+XL(K)*SHP(J,K)
XS(2,3)= %S(2,I)+YT.(¥)*SHP(J,K)
CONTINUE,

X5J= XS(1,1)*XS(2,2)=¥S(1,2)*X5(2,1)
DO 300 1I=1,6 '
TEMP=(XS(2,2)*SHAP(1,1)~XS(2,1)*SPP(2,T))/XSJ
SHP(2,T)= (-XS(1,2)*SHP(1,1)+XS(1,1)*SHP(2,1))/¥SJ
SHP(1,I)= TEMP

RETURN

END

SUBROUTINF SHAPF7(S,T,XL,YIl.,XSJ,SHP)
7- NODF OUADRILATERAL.

REAL XL(7),YL(7),XS(2,2),SHP(3,7)
SHAPE=FUNCTIONS,

SHP(3,1)= =0.25%8%(1.-S8)*(1.-T)
SPP(3,2)= 0.25%(1.4S)*(1.~T)*(S~T-1.)
SHP(3,3)= 0.25%(1.+S)*(1.+T)*(S+T-1.)
SHP(3,4)= =0.25%S*(1.-S)*(1.+T)
SHP(3,5)= 0.5%(1.-5%S)*(1,~T)
SHP(3,6)= 0.5%(1.+S)*(1.=T*T)
SHP(3,7)= 0.5%(1.-S*S)*(1.+T)
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DO O

300

S-DFRIVATIVES.

SEP(1,1)= =0.,25%(1.=T)*(1.=2.%3)

SHP(1,2)= 0,25%(1.-T)*(2,%S=T)

SHP(1,3)= 0.25%(1.+T)*(2.%S+T)

SHP(1,4)= =0.25%(1.+T)*(1,-2.%%)

SHP(1,5)= =§%(1.-T)

SHP(1,6)= 0.5%(1.-T*T)

SHP(1,7)= =S*(1.+T)

T~-DFRIVATIVES.

SHP(2,1)= 0,25%8%(1,=9)

SHP(2,2)= 0.25%(1,4+8)* (=842 .*T)

SHP(2,3)= 0.,25%(].+8)%*(S+2.%*T)

SHP(2,4)= =0.25%S*(],-S)

SHP(2,5)= -0.5%(1.-8*8)

SHP(2,6)= =(1.+8)*T

SHP(2,7)= 0,5%(].,=-S*S)
1 XS(1,1) Xs8(2,1) 1

FORM  JACOBIAN = 1 1

1 XS(1,2) ¥s(2,2) 1

DO 201 J=1,2

XS(1,)= 0.

XS(2,J)= 0,

nO 202 K=1,7

XS(1,J) = XS(1,J)+XL(K)*SHP(J,K)

XS(2,3)=XS(2,I)+YL(¥)*SHP(J,¥)

CONTINUE
XSJ=XS(1,1)*%S(2,2)-XS(1,2)*XS(2,1)

DO 360 1=1,7
TEMP=(XS(2,2)*SUP(1,T)-¥S(2,1)*SHP(2,1))/¥sJ
SHP(2,T)=(=-XS8(1,2)*SHP(1,1)+XS(1,1)*SHP(2,1))/XSJ
SHP(1,T)= TEMP

RETI'RM

FND :

SUBROUTINE  WCMAT(WC,ANGLEC,UCINV,¥C,VARFA,NC2 ,SUTTCRN)

THIS SURROUTINE FORMS ROUNDARY LOAD MATRIX :WC! FOR FACH

COS™:(2N=2)*THFTA™! AND SINT:(2K=1)*THETA™! ,VI'FRF TEFTA 1S AN

ANGLF ON C.IT ALSO FINDS THE INVERSF WCINV,
KC=NUMRER OF NODES ON ¢ MUST BE EVFN NUMRFR,

REAL WC(KC,¥C),ANGLFC(¥C) ,WARFA(KC) ,WCINV(KC,KC) 1102 (KC,KC)
LOGICAL SPTTCH

DO 10 I=1,KC

DO 20 J=1,KC,2
L=J-1

M=J

N=J+1
TERM1=L*ANGLEC(T)
TERM2=M*ANGLFC(1)
WC(I,M)=COS(TERMI)
WC(I,N)=STN(TFRM2)

20 CONTINUF
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CONTINUE
IF(SWITCH) PRINT 200

TF(SWITCH) PRINT 201,WC

FORMAT(® 7 ,2¥,”$SPRINT UC FOR CHFCKRSS’,/)

FORMAT(’ *,2X,8G16.6)

COPY WC INTO WC2. WC2 WILL RE DESTROVED.

DO 90 T=1,KC

PO 91 J=1,KC

WC2(1,J)=WC(1,J)

CONTINUFE

INVFRT WC2=UWC THROUGH TMSL,

KPP=K(C

N=¥V PP

IA=YPP

IDGT=0

CALT, L.INVIF(WC2 ,N,TA,WCINV IDCT,WARFA,TFR)

TF(SWITCHE) PRINT 202

IF(SWITCH) PRINT 201,WCTNV

FORMAT(® “,2X,"8SPRINT WCINV FOR CHFCKSS’, /)

RFTURN

FND

SUBROUTINE WIMAT(STI,SIC,WI,VC,KT,KC, TTNP WARFA, SUTTCH)
THTS SURROUTINF CALCULATES WI(=W AT INTERTOR FODFS) DUF Tn
ROUNDARY LOADS WC FROM FOUATION STI#UI==SIC*WUC TI'POUCH IMSL.
IT ALSO ADPPS UP WI AND WC TO FORM WX OF STZF(ITNP#*KC).

REAL STI(KI,KI),STC(¥I,”C),UT(ITEP,KC),WC(XC,FC)
REAL WAREA(KT)

LOGICAL SWITCH

DO 10 I=1,ITNP

DO 10 J=1,KC

WI(T,J)=0.

DO 15 T=1,KT

N0 15 1=1,KC

DO 15 J=1,KC
WI(I,L)=WI(I,1.)-SIC(I,J)*uc(J,L)

nDO 21 I=1,KI

DO 21 J=1,KC

STC(T,J)=WI(1,J)

IF(SWITCH) PRINT 200

IF(SWITCH) PRINT 201,WT

IF(SWITCH) PRINT 202

FORMAT(’ *,2X,”$$PRINT SIC FOR CHFCK&S’,//)
IF(SWITCH) PRINT 201,S1C

M=FC

N=KT

TA=KI

IDG=0

CATLS IMSL SUBROUTINE

CALL LEOTIF(SIT,M,N,IA,SIC,ING,WAREA,TFR)
SIT IS DFSTROYED.

IF(SWITCH) PRINT 202

IF(SWITCH) PRINT 201,SIC

DO 51 T=1,KI
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DO 52 J=1,KC
52 WI(I,J)=SIC(I,J)
51 CONTINUE
DO 53 I=1,KC
T1=VI+]
PO 54 J=1,KC
54 WI(I1,J)=wC(T,J)
53 CONTINUE
TF(SWITCP)PRINT 200
IF(SWITCH) PRINT 201,WI
200 FORMAT(’ ’,2X,”S$SPRINT WI FOR CHFCKES’ /)
201 FORMAT(’ *,2X,8G16.6)
RFTURN
FXD
SURROUTINF WDERCI(WN,K,VP,WDFR,ANGLEC,IVER,X,Y,ITNP,
.ITEL,ISTFLC,TENDFL,G1C,G2C,SWITCH)

CALCULATES THE MATRIX WDER=RADTAL DERIVATIVF OF WX ON C.
KP=¥(C AND K=¥IT,

INTEGER T00(3),IPP(3),T00(3),TVER(ITEL,7)
RFAL WN(ITNP,KP),UDER(KP,KP),ANGLFC(¥P),C(3),X(TTEP),Y(TTRP)
LOCICAL SWITCH
ISNPC=K+1
LNPC=K+KP
DO 10 I=1,KP
DO 10 J=1,KP
10 WDER(I,J)=0.

FOR EACE COLUMN OF WN=-FIND DFRIVATIVF,

DO 20 I=1,KP

DO 30 L=ISTFLC,IENDFL
I00(1)=1IVFR(L,1)
TPP(1)=IVER(L,2)
100(1)=1IVFR(L,3)
I100(2)=TPP(1)
IPP(2)=T100(1)
100(2)=100(1)
100(3)=1IPP(2)
IPP(3)=1Q0(2)
100(3)=100(2)
MM=IPP(1)

NN=I00(1)

DO 40 M=MM NN
MMK=M~K
ANGLE=ANGLEC(MMK)
COSINE=COS(ANGLE)*G2C
SINF=SIN(ANGLE)*G1C
DO 50 N=1,3
IRR=I00(N)
ISS=1PP(N)
ITT=I00(N)
SA22=X(IRR)~X(ITT)
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400

401

SA33=X(IS8S8)-X(IRR)
SB22=Y(ITT)-Y(TRR)

SB33=Y(IRR)~-Y(ISS)

ARFA2=SA33%SR22-SA22*%5R33

C(R)=(((Y(ISS)=Y(ITT) )*STNE)+((X(ITT)=X(ISS) )*COSINF))/AREA2
CONTINUFE,

N1=T00(1)

N2=TPP(1)

N3=100(1)
TEMP=C(1)*UN(N1,T)+C(2)*UN(N2,T)+C(3)*E(N3,T)
IF(M.NE,ISNPC.OR.M.NE.LNPC) TEMP=TFMP/2.

J=M-¥,

WDFR(J,T)=WDER(J,I)+TFEMP

CONTINUE

CONTINUFE
CONTINUE

IF(SWITCH) PRINT 400

FORMAT(® “,2X,”SSPRINT WDFR FOR CHECKSS’,//)
IF(SWITCH) PRINT 401,WDFR

FORMAT(" ’,2X,8G16.6)

RETURN

FND

//GOLFTO2FN0T DD DSN=CHOW.DAT .NEUDATA,UNTT=SYSDA,

/1
1/

SPACE=(TRK, (10,5)),DCR=(RLKSTZF=6080,LRFCL=80,
RECFM=FR),DISP=(NFW ,KFFP), VOL=SFR=WORK N4

//GO.FTOIFO01 DD *
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//WOKG JOR 7L, ,0=0,1=10,T=30", CHOW’ ,MSGTFVFL=(1,1)

// EXFC FORTXCLG,0PT=2 ,MAP=NOMAP,P=D AD=DIL4,

// CSIZF=512K,LSI7ZF=512K,SIZFE=512F ,PARM ,LKFD="STI7ZF=( 512K ,124¥ )"
//FORT.SYSIN DD *

C PROCRAM  SHPALF2(INPUT,OUTPUT,TAPE2)

C CONTOUR € MUST PF SEMI-CIRCIE AT v=0,

C KC MUST PE FVEN NUMRFR,

C NOTATTONS ;¥ T=NODFS INSIDF C.ITFL=TOTAL NO,

C OF FLFMENTS.ISTELC AND IFNFL=STAPTING AND FNDING

C ELEMFNT NC. ON C FOR INTEGRATION.NKAPPA=NQ, OF

C VAPPAS CALLED RRAPPA(I).NCAMA=NO, COF INCIDFNCE

C ANCLFS CALLED CAMMA(T)  TFIMAT(L)=MATERIAL PROPFRTY

C OF FACH FLEMFKRT L.IELND(L)=NFN=NC., OF NODFS COMNNFCTFED

C TQ FACH FLFMENT.IVER(L,TFLND)=NODF NO. FOP FACH FLFMFNT,

C AMUT] JAMITD RBO=MATFERTAL PROPFRTIES,I™,WI,VC,H0=Z=-DTSPTACEMENTS
C TOTAL ,INTERTIOR JON C, AND TNCIDFNCF+PRFLFCTED.ZK AVD PI=

C FLFMFRT AMD GLOBAL STIFFNFSS MATRICES.ZM AND PM=FLFMTFTAT AMD
C GLOPAL MASRS MATRTCFS,IIMAT AN VMAT=UINCITFNCF AN TTS DFPTVATIVF
C ON C.TOUTPR=SWITCH FOR PRINTINC IN OUTFP PFCTON,TF OUTFR=0

C MO PRINTING,IF TCUTPR.CT.O READ NO. OF RP(T),THFTA(T)

C WHERF VALUFS NFSTIRFD MTFRM=KC+] NUMAT=NO. OF MATFPTAL PFOPERTIFS.
C

C FOR TNTERTIOR WE ARF SOLVING RFAL ARPTTHMETIC

C PROPITM  UT==((STT)INVFRSE)*SIC*UC

C S=RF=(FAPPA®X2) %R} NN C WFE COLLNCATE TO SOLVF

C TEVIT  KIJT*7%(C~H="%k[IMAT™#*

C TERIT WITTETEATE=TEVMATTE LPTCE NEFDS COMPLFX ALCFPPALC
C

LOCTCAL SWITCH
INTEGFR IPTI(20),TPT2(20)
PEAL RKAPA(20),CAMMAT(20) ,AMUT(A) ,AMI'2(6) ,RHOS(6),X(167),Y(167),
LANGLEC(26),
JC(26,26),UCTNV(26,26) ,WARFA(141),
JIT(167,26) ,WDER(26,26),R(26),
RP(24), TPFTAV(24),B3(27),BY(27)
COMPLEX UMAT(26),VMAT(26) ,HANL(27) ,HANLD(27) ,FNTOR(27),
JFINAT.(167),A0UT(26),W0(167) ,LRSIDF(26,26),RSTDF(26),RSTDF2(26),
JIDTOHS(26,2F) JWSNTFF,USCAT(167) ,UTOT(24) ,"SCAT2(24)
READ(2,%) KC,TOUTPR,TSCAT
READ(2,%) RP¥APAL,SWITCH,YLENC,TCOPY ,VFRANG
REAN(2,%) NGAMA, (CAMMAT(T),T=1,NGAMA)
RFAD(2,*) TTNP ,MTERM
PEAD(2,*) (X(1),Y(1),T=1,ITNP)
READ(2,%) (ANGLEC(T),R(T1),T=1,¥XC)
READ(2,*) ((WC(T,J),VCINV(I,J),UNFP(T,J),T=1,rC),J=1,%C)
READ(2,%) ((WI(T,J),I=1,ITNP),J=1,¥C)
IF (TOUTPR,FO,0) GO TO 206
READ(2,%*) NPRPT,(RP(T),THFTAV(T),I=1,NPPPT)
206 CONTINUFE
JF(ISCAT.E0.0) GO TO 221
RFAD(2,%) NSCAT,(IPTI(TI),TPT2(T),T=1,KSCAT)
221 CONTINUFE
RC=R(1)
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CALL  HANYLI(RC,MTFRM ,HANL,HANLD FDTOH,PYAPAL ,BJ,RY,SWTTCH)
DO 200 IGAMA=1 ,NGAMA
GAMMA=GAMMA 1 (IGAMA)

CALL  MATUVI(X,Y,UMAT,VMAT,W0,ANGLFC,¥C,ITNP,

«GAMMA  RKAPAL ,SWITCH)

CALL  SOLVFI(WDFR,VC,HANL FDTOR VMAT  UMAT, UCTNV KC,UT,
«MTEPM, TTMP ,AOUT, FINAL V0 ,VARFA LPSIDI  RSIDF,RSTINF2 ,IDTONS,
<HSCAT, SVITCH)

IF (TOUTPR.LFC.0O) GG TO 210

CALL  OUTER(AOUT,PP , THFTAV ,NPRPT ¥V C PEAPAL JCAMMA R, PY VAPFA,
JHANLD,UTOT, UISCAT2)

210 CONTINUF

INNFR=TTNP-KC
PRINT 100,IKNNFR,¥C,TTNP
nO 500 I=1,T7COPY
CALL PRINT (RFAPAL,CAMMA TTNP,KC,

«FINAL ,USCAT, V0, AQUT ,MPRPT, THF TAV ,RP [WTOT,WSCAT2 ,ISCAT,
NSCAT,IPTI,TPT2 ,YIENG,Y,VFRANC)

500 CONTINUE

100 FORMAT(17,10(/)* 7,50%,”DIFFRACTION OF PLANF SH-VAVFS’//
o YL57X, TN A HALF SPACF’//
o7 TG 5TX, T (METYS METHOD) 7, 15(/)
o1 TLA9X,36(7%7)/ /7 7, 51% " NUMRER OF TNNFR NODFS’ 4%, :°
JI6//7 7,51X, NUMEFR OF ROUNDARY NODES”,1X,”:’,16//
«* 7,51X,"NUMBER OF TOTAL FODFS’ 4N, 7:’ 16//
o7 7LL9Y 36(7%7))

200 CONTINIFE

STOP
END
SURPOUTINE PANKLI(RC,MTFRM ,HANL ,BANLD PDTON P¥APAL [ RJ RV CUTTCP)
FOP SEMI=-CTRCLE OF RADTUS=PC,THIS CALCUIATFS THF HAYVFT,
FUNCTIONS AND ITS DFRTVATIVFES.ARCTMENT=RC*PEAPAL .
COMPLFY C1 ,BANT.(MTFRM) JHANLD(MTERM) JHDTOH(MTFRM)

RFAT RJI(MTEPM), RV (MTFPM)

LOCICAL SWITCH
7=RC*RKAPA]

M=MTTRM
Cl=CMPLX(0.,1.)

CALL  MMRSIN(Z,M,RJ)

CALL MMRSYN(Z,0,M, RY,IFP)

DO 10 N=] M

10 BANL(N)=RJ(N)=Cl#*PY(N)

MM =M-1
DO 20 N=1,MM]

NP1=N+]

HANID(N)==RKAPAI#*PANL(NP1)+(N-1)*HANL(N)/RC

20 HDTOH(N)=I'ANLD(N)/HANL(N)

BANLD(M)=CMPLX(0.,0.)

EDTOR(})=CMPLX(0.,0.)

IF(SWITCH)PRINT 200
IF(SWITCH)PRINT 201 ,HANL
IF(SUITCH)PRINT 202
IF(SWITCH)PRINT 201,HANLD
IF(SWITCH)PRINT 203




oo eNe e

oo N NeNalle!
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IF(SWITCH)PRINT 201 ,PFDTON
200 FORMAT(’ 7 ,2X,"SSPRIMNT HANL TOR CHECKSS’,/)
201 FORMAT(® * 2X,8G16.6)
202 FORMAT(® 7,2X, $SPPINT HANLD FOR CPFFCK$S’,/)
203 FORMAT(" 7 ,2X,”SSPRINT HDTOI' FOR CHFCKSS’,/)
PETURN
END
SUPROUTINFE MATUVI(X,Y,UMAT,VHAT U0 JANGIEC,KC, TTNP ,GAM'A  RKAPATL
. SWITCH)

CALCULATFES UO=(WINC.+WRFFLFCTFED) AT AT]l NODAL POINTS.,
IMAT=(WINC A4VREFLECTED) AT POINTS ON C,
VMAT=RANDIAL. DEPIVATIVE OF UMAT.

COMPLEX UMAT(XC),VMAT(XC),HC(TTEP),C1I
RFEAL ANGLEC(KC),X(ITNP),Y(TTNP)
LOGICAL SUITCH
C1=CMPLY(0,,1.)
KI=TTNP-V(C
DO 10 T=1,TTNP
TERMI=REAPAI*STII(GAMMA)
TERM2=TFPM] *X(T)
TERM3=RVAPAI*COS{CAMMA)
TFPM&=TERM3*Y (1)
VO(T)=2 . %COS(TERMA)YXCFYP(~=CI*TFRM2)
IF (1.1LE.¥I) c0o Te 100
J=1-¥T
THFTA=ANGLEC(.J)
UMAT(3)=0(T)
VMAT(J)==(2 4CI*TFPMI*COS(TRERMA)*STR(THFTA)+2 JATFRMIX QTN (T RMG ) *
LCNS(TIETA) )SCEXP(~-CI1ATFRM2)
100 CONTINIE
10 CONTTNUF
PRINT 200
PRINT 201,10
IF(SETTCH)PRINT 202
TF(SWITCH)PRINT 201 ,UMAT
TF(SWITCH)PPINT 203
IF(SWITCI)PRINT 201 ,VMAT
200 FORMAT(® 7,2X,” SSPRINT WO FOP CHF(KES’ /)
201 FORMAT(’ *,2X,8C16,6)
202 FORMAT( “,2X, SSPRTNT UMAT FOP CHFCKSS&’,/)
203 FORMAT(® 7 ,2X,"SSPPINT VMAT FOR CHFCKSS',/)
RETURN
EXND
SUBROUTINF SOLVFI(¥JI,FIT,FANL,IDTON VMAT JENAT KITINV VP,
JENGMTERM TTRP ,AOUT, FTNAL W0 JWARFA  T.RSTDF ,RSTPF [ RSIDF2 ,NDTOVS,
<WSCAT,SUTTCE)

SOLVFES KIT*C + KTJ*A = UMAT

KJT*C + VJJ*A = VMAT [WEFRT KT1=WC,KJT=WDFP,
C=UFFNOWN COFFF. FOR UN,A ARF. COFFF. FOR NUTFP FXPANSION
=AOUT.PROGRAM SNLVES FOR C ARND TUFN CALCULATES A.TUFN IT
CALCUTATES UTOTAL=FINFAL(I) AND WSCATTERFED=UTOTAL~10,



C
C
C
3
4
2
1
C
12
11
10
C
21
20
C
C
31
30
400
40]
402
C
C
C
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KP=FKC,KIIINV=WCINV,

REAL KJT(KP,KP) ,KTI(¥P,KP) ,KIITINV(KP ,KP) ,WN(ITNP,KP) ,WAREA(KP)
COMPLEX PAYL(MTERM) ,IIDTOH(MTERM) ,VMAT(¥P) ,IMAT(KP) ,LPSIDE(FP,¥P)
COMPLEX RSIDE(KP),RSIDE2(KP),FINAL(ITNP),EDTONS(FP,KP),AOUT(VP)
COMPLEX WSCAT(TTNP),WO(ITNP)

LOCICAL SWITCH

TRANSFER EDTON TO A SOUARE MATRIX HDTCIS,
nO 1 T=1,KP

DO 2 J=1,KP

IF (I.F0.J) GO TO 3

HDTONS(T,J)=CHPIX (0, ,0,)

CO TO 4

EDTORS(I,J)=PDTOR(T)

CONTINUF

CONTINUF

CONTINUF

FORM LRSTIDF=RIT*HNTONS AND BSTIDE2=KTITINVAI'MAT,
DO 10 I=1,KP

RSTNF2(I)=CMPLY (0N, ,0.)

DO 11 L=1,¥P

IRSIDF(T,L)=C¥PLX(0.,0.)

DO 12 J=1,¥P
LRSIDF(T,L)=LRSIDF(T,1)+KIT(T,J)*INTOFS(JT,L)
CONTTINUE
RSIDPE2(T)=RSIDF2(I)+KTTTINV(T,LY*UMAT(L)
CONTTNUFE,

CONTINUF

RSINF=LRSIDF#*PSTNE2

DO 20 T=1,KP

RSIDF(I)=CMPLY(0,,0.)

nNO 21 1=1,¥P
PSIPF(T)=PSTNFE(I)+LRSINF(T,L)*RSINF2(1.)
CONTINUE

CONTINUE

SURTRACT LRSTDF FROM KJI TC FORM L.H.S.
SURTRACT RSIDF FROM VMAT TO FOP¥ P ,1.S.

DO 30 T=1,KP

PN 31 J=1,¥P

LRSIDE(T,J)=FJ1(T1,J)~-1.PSIDF(T,J)

CONTINUE

PSIDE(T)=VMAT(I)-RSIDF(T)

COXTINUE

TF(SUITCH)PRINT 400

IF(SVTTCH)PRINT 401 ,LRSIDE

IF(SWITCP)PRINT 402

IF(SWITCH)PRINT 401,PSIDF

FORMAT(’ “,2X,”$SPRINT LRSIDF FOR CPFCEES’,/)
FORMAT(’” *,2X,8G16.6)

FORMAT(” ’,2X,”$SPRINT RSIDF FOR CHECV.SS’,/)

SOLVES (LS 1FT: 0T = TiR.HLS.TE THROUGH IMSL,

N=KP
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TA=KP
M=1
TR=KP
TJOR=0
CALL LFOTIC(LRSTDF,N,TA,RSINF, M, TR, TJOR WAPFA,TFPR)
IF(SWITCH)PRINT 402
IF(SWITCH)PRINT 401 ,RSIDF
VFCTOR ~:C~! IS RETURNFD IN RSIDE,
c CATCULATF UTOTAL=TVF NOPAL DISPLACFMFNT CALLFD FINAT =UN#C,
DO 50 T=],TTNP
FINAL(T)=CMPLX(0.,0.)
DO 51 J=1,KP
FIRAL(T)=FTNAL(I)+UN(T,J)*PSTDE(J)
51 CONTINUF
50 CONTINUF
c CALCULATES COFFF. A=ACUT FOR OUTER EXPANSTON,
No 200 T=1,KP
AOUT(T)=(RSIDF(T)-RSIDF2(I))/VANL(I)
200 CONTIFUF
C CALCULATF SCATTERED FIFLD
DO 210 I=1,ITNP
WSCAT(1)=FINAL(T)-V"N(T)
210 CONTINUF :
RETURN -
END
SURROUTTNE OUTFR(AOUT,RP , THETAV NPRPT,KC,REAPAL ,CAMNYA BRI,
.RY,VARFA ,FANT, ,WTOT,USCAT2)

@]

IF TOUTPP.CT.0 THEN THIS SURPOUTINE TS ACTIVATED,
READ (RP,THFTA) CNORDS. OF NPRPT PCTNTS VUFRE PFSULTS ART
DFETPED.PROGRAM GIVFS TCTAL AND SCATTFRER FTFLD AT THFSF POINTS

OO OO0

RFAL RP(NPRPT),THETAV(NPRPT) ,VARFA(KC),BI(EC) Y (¥()
COMPLEX AOUT(KC) ,PANL(¥C) ,USCAT,WTOT(NPRPT),C1,'SCAT2 (MPPPT)
Cl1=CMPIX(0.,1.)
DO 10 I=1,NPPPT
ARC=RKAPALI*RP(T)
THFTA=THETAV(T)
CALT  MMRSIN(ARG,KC,RJT)
CALL MMBSYN(ARG,0,¥C,BY,TER)
DO 20 N=1,XC
20 PANT(N)=RJ(N)-C1*RY(X)
no 30 J=1,¥C,2
1.=J-1
M=]
N=J+1
TERM1=L*THFTA
TERM2=M%*THETA
WARFA(M)=COS(TFRM])
30 WARFA(N)=SIN(TERM2)
WSCAT2(I1)=CMPLX(0.,0.)
DO 40 J=1,KC
WSCAT2(T)=WSCAT2(T)+FANL(JI)*WARFA(J)*A0UT(.))
40 ABUSC=CARS(VSCAT)



10

200

10

20

30

TERMI=RVAPAI*SIN(THETA)*STN(GAMVA)
TFRM2=RP(I)*TERM]
TFRM3=RKAPAI*COS(THETA)Y*COS( CAMMA)
TERMA=RP(T)*TERM3

WTOT(I)=2 ,%COS(TFRML)*CEYP(~C1*TFPM2)+WSCAT2 (1)
CONTINUF

RETUPN

FND

SUPROUTINF MMBSIN(7 ,MMM,RJ)

FEAL RJ(MM)

D=1.0D-10

NO 200 N=] MMM

RE=N=]

PI(N)=RESJI(Z,K¥ ,D,IFR)

CONTINUE

RFTURN

END

REAL FUNCTION RESJ*8 (X, N, D, TFP)
IMPLICTT RFAL*&(A-F,0-7)

CFNFRIC

REAL*8 ¥, D

RESJ = 0,

IF (N .GE. 0) GO TO 10

IEP = 1

RETURN

IF (X .GT. 0) €O TO 20

IFR = 2

RFTURN

NTFST = O0+X/2

IF (X .IF. 15) NTFST = ¥*(10-Y/3)4+20
IF (¥ .LT. ¥NTFST) €O TO 30

IER = 4
RETURN

IFR = 0O

N1l = N+}
RPFFV = (0.0DO
MA = X+6

IF (¥ JOF. 5.) MA = 1,4%X+60,/Y
MB = N+INT(X)/4+2

MZFRO = MAXN(MA, MR)

DN 50 M = MZFRO, WTFST, 3
FMI = 1.,0D-28

FM = 0.0D0

ALPHA = 0.0D0

JT = 1

IF (M JFO. M/2%2) JT = -1
M2 = M-2

PO 40 ¥ = 1, M2

ME = M-F

BMK = 2.0DO#MK*FM]/X=FM

FM = FM]

FM1 = BMK

IF (MK=N ,F0O. 1) REQJ = PME
JT = =-JT
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S = 14+JT
40 ALPIIA = ALPHA+BMK*S

BMK = 2.0D0*FM1/¥=F}M

IF (N .T0. 0) BESJ = RMK

ALPHA = ALPHA+RMK

BESJ = BESJ/ALPHA

C IF (ABS(RFESJ=-BPRFV) .1F. ARS(D*BFSJ)) RFTURN

IF (ARS(PBFSJ-RPRFV) ,LF. ARS(D*RESJ)) €0 TO 55
50 RPREV = RESJ
IFP = 3

55 TIF (ARS(RESJ) .LE. 10.0DP=30) BFSJ = 0.NNP0O

RFTURN

R FND

el SURRCUTINE PRINT (RKAPAL ,GAMMA,TTNP,K(,

‘ JFINATL USCAT 10 JAOUT ,NPRPT, THFTAV ,RP [UTOT  WUSCAT? ,TSCAT,

NSCAT,TPTI,TPT2,YILFNG,V,VFPANC)
COMPLEY FINAL(ITNP),WSCAT(TTRP) ,UO(TTNP) , ADUT(¥C),
JTOT(NPRPT) ,WSCAT2(NPRPT),USDIFF
INTFGFR TPTI(NSCAT),TPT2(NSCAT)
RTAL TRFTAV(NPRPT),RP(NPRPT),Y(TTNP)

PRTNT 50, RVAPA1,CAMMA,YLFNGC,VEPANG
PRINT 100
nO 10 I=1,TTNP
ARWUTOT=CARS(FINAL(1))
ARUSC=CARS(WSCAT(L))
ARPVO=CABS(WO(T))
PRINT 110,T,FINAL(I),ARUTOT ,WSCAT(I),APUSC,U0(T),ARD
16 CONTINUFE
PRINT 120
PRINT 130,A00T
PRINT 140
DO 20 I=1,NPRPT
ARUTOT=CAFS(UTOT(1))
ARUSC=CARS(WSCAT2(1))
PRIXT 150, T,RP(I),THETAV(I),UTOT(I),ARUTOT USCAT2(T),ARUSC
200 CONTINUE
IF (ISCAT 0. 0) GO TO 222
PRINT 160
PPINT 170
DO 30 TS=1,NSCAT
T1=TPT1(IS)
12=TPT2(1IS)
WSDIFF=USCAT(T]1)-WSCAT(T2)
ARW=CABS(WSDIFF)
APHI=ARV/ (4 *YLFNGXRKAPAY)
PRINT 180, T11,72,v(I1),USDIFF,ARV,ARV]
30 CONTINUR
222  CONTIMUE
50 FORMAT(’17,2X¥, RKAPAI=",0G10,3,2Y, CAMMA=",010,3,
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-2X,"CRACK:T.ENGTH=",G10,3,2X,”ANGLF FPOM HORIZONTAL AXIS=,C10.3,
S2X, "REMETMS METHOD**')
100 FORMAT( ="/"=",2X,"NODE NO.”,4X,10(’*"),“TOTAL. FIFLD’,
SA(THT) 10X, 8(7 %), "SCATTFRFD FIFLD’ ,7(’*"), 0¥,
L"), "INCIDENCF FIFLD ,7('%*)/
oF TG TAXIRFTFY, 0%, IMTF [ OF¥ [ “ARTF’ 0%, RFSF’ QY * TMSF’ |
AN TARSFY JOX'RFIF’,OX,"IMTF' ,9X, ARIF’//)

110 FORMAT(’ “,4¥,76,9C13.5)

120 FORMAT('=7 42X, 7#*%%%A0UT = COFFFICIFNT OF OUTFP FXPANSTON#*##%%‘/)

130 FOPMAT(’ ’,2X,8G16.6)

140 FORMAT( ="/"=" J4¥,"NODE N0, 32¥ T4( %) [ "TOTAL FIFLN [ 14(7%")
LBYLR(IRT),TSCATTERFD FIELD L 11 %7) /7 * 16Y, "R’ 10X, " THFTA [ 10%,
'RETF’,12¥%,
<TMTF ,12¥ ,"ARTF’ 12X, "RFSF’ 12X, TMSF’ 12X, ARSF’ ,//)

150 FNRMAT(® 7,4¥,14,8C15,5)

160 FOPMAT( =" /"=" 25X, ****¥NTFFERFNCT OF SCATTFRFD FIFLDa&%%4/ /)

170 FORMAT(’ *,"BETUFFEN MODES’,5X, V', &Y, 9( %), DIFFFRFNCE’ O( %),
X,

JSA\DIFFFRENCF\’,5¥,"DIFF RY 4¥1.7//)
180 FOPMAT(" *,2¥,275,2%,F9.5,2%,4C16.6)

RFTURN

FND
//COLFTO2FO0L TN DSN=CHOW.DA1 ,NFUDATA , UNTT=SYSDPA,
// DISP=(OLD,KFEP),VOL=SFR=UORKN4



//WONG JOB 7, ,,T=10,L=2",‘KIN WONG’
// EXEC FORTXCC,SIZE=512K,P=D,PARM.GO=(‘EP=MAIN’, SIZE=256K"),

/

/

MAP=NOMAP

//FORT.SYSIN DD *

C

10

DIV

100
10

INTFCER ITNP/10/,MTERN/20/
REAL*8 GAMMA/0.0/,RS/1.0D0/,

* TRY(8)/0.05,0.1,0.25,0.50,1.,2.,3.,5./
REAL*8 HANX,ANGLES(10),ATER,RKAPA,BJ(20)
COMPLEX*16 IMGG,REF(10),HANL(20),COEFA(19),

4 COEFB(19),SCAT(10)

DO 10 J=1,8
RKAPA=TRY(J)
HANX=RKAPA*RS
INGG=(0.0D0,1.0D0)

CALL COOR(ITNP,AXGLES)

CALL INCREF(IMGG,RKAPA,RS,CAMMA,ANGLES, ITNP ,REF)

CALI, HANKFL(HANX,MTERM,HANL,EJ,INGG)

CALL COFFF(HANL,RJ,ITNP,COEFA,COEFB,MTERM ,BANY , GAMMA, TMGC)

CALL SCATER(COEFA,COFFB,ANGLES,ITNP,SCAT,RRF,NANL,MTER,
RS,RKAPA,GAMMA)

N

CONTINUE
STOP
END
SURROUTINE COOR(ITNP,ANGLES)
INTEGER ITNP
REAL*8 ANCLES(ITNP),PI,DIV,RINC,RINCC
PI=3.141592654
= ITNP -1 IF WORK VITH FMEI
DIV=ITNP-1
DIV=ITNP-2
RINC=PI/DIV
RINCC=0.0D0
DO 10 J=1,ITNP _
FOLLOWING 3 CODE SHOULD BE DELETED IF WORK WITH FNEI
ITNPM1=ITNP-1
IF(J .FO. 1 .OR. J .EQ. ITNPMI)RINC=PINC/2
IF(J .NE. 1 .AND. J .NE. ITNPM1)RINC=PI/DIV
ANGLES(J)=RINCC
RINCC=RINCC4RINC
ANCLFS(J)=PI/2.0D0-ANGLES(J)
PRINT 100,J,ANGIES(J)
FORMAT(’ ‘,I4,’ANGLES’,G10.3)
CONTINUE
RETURN
END
SUBROUTINE INCREF(IMGG,RKAPA,RS,GAMMA,ANGLES,ITNP,REF)
INTEGER ITNP
REAL*8 RKAPA,RS,CGAMMA,ANGLES(ITNP),TERM],TERN2 ,ANGLE
COMPLEX*16 IMGG,REF(ITNP)
DO 10 J=1,ITNP
ANGLE=ANGLES(J)
TERM1=RKAPA*DSIN(GAMMA)*RS*DSIN(ANGLE)
TERM2=RKAPA*DCOS( GAMMA ) *RS*DCOS (ANGLE)
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100
10

10¢
10

10

200
20

REF(J)=2,0D0*CDEXP(~IMGC*TERM1)*DCOS(TERN:2)
PRINT 100,J,REF(J)
FORMAT(’ *,I4,5X,’REF’,2G20.5)
CONTINUE
RETURN
END
SUBROUTINE HANKEL(HANX ,MTERM,FANL,RJ,INGG)
INTEGER MTERM
REAL*8 BJ(MTERM),BY,BESJ,BESY,D,HANX
COMPLEX*16 IMGG,HANL(MTERM)
D=1.0D-7
DO 10 J=1,MTERM
IMl=J~-1
PJ(J)=BESJ(HANX,JM1,D,IER)
RY=RFSY(HANX,JM1,IER)
HANL(J)=BJ(J)-IMGG*DY
PRINT 100,J,BJ(J),HANL(J)
FORMAT(’ “,5X,14,5X,”BJ’,620.10,5X, HANL’,2G20.10)
CONTINUE
RETURN
END

SUEROUTINE COEFF(HANL,BJ,ITNP,COEFA,COEFB,NTFRN,HANX,CAMNA,

4 IMGC)
INTFGER TTNP,MTERM,NM1,N2M1,N2M2,N2M3,HEM], HN2MD HN2MD
4 HN2M3
RFAL*8 RJ(MTERM),HANX,GAMMA
COMPLEX*16 HANL(MTERM),COEFA(ITEP),COEFR(ITNP),INCG
COEFA(1)==2.0D0*BJ(2)/HANL(2)
COEFB(1)=4 .0DO*IMGC*DSIN(GAMMA)* (HANX*1.J(1)-2J(2))/
4 (BANX*HANL(1)=-HANL(2))
DC 10 N=2,ITNP
NMI=N-1
N2M1=2%N-1
N2M2=2%N=2
N2M3=2%N-3
HNMI=NMI4 1
HN2M1=N2M14 1
HN2M2=N2M24 1
HN2M3=N2M34 1
COEFA(N)==4 ,0D0*( (=1)*%*NM1)%*DCOS(N2M2*CAMMA ) *

4 ( (HARX*BJ(BN2M3)-N2M2%BJ(1IN2M2))/
- (HARY*HANL(HN2M3)=N2M2*HANL(HN2M2)))
COEFB(N)=4 ,0DO*IMGC* ((=1)**NMM]1)ADSIN(N2MI*GAMMA)*
4 ((HANX*BJ(HN2M2)=(N2M1)*BJI(FN2M1))/
4 (HANY*PANL(EN2M2)=(N2M1)*HANL(HN2M1)))
CONTINUE

DO 20 N=1,ITKP
PRINT 200,N,COEFA(N),COEFB(N)

FORMAT(’ “,14,5X,’COFFA’,2G10.3,5X, COFFB’,2G10.3)

CONTINUE

RETURN

END

SUBROUTINE SCATER(COEFA,COEFR,ANGLES,ITNP,SCAT,REF,
4 HANL,MTERM,RS,RKAPA, GAMMA)
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INTEGEP ITNP,N2MI,N2M2 HN2MI,HN2M2,MTERM
REAL*8 ANGLES(ITNP),ANGLE,ARTEMP
COMPLEX*16 COFFA(ITNP),COEFB(ITNP),SCAT(ITKP),REF(ITNP),
4 HANL(MTERM) , TEMP, TOTAL
DC 10 M=1,ITNP
ANGLE=ANGLFS(M)
SCAT(¥)=(0.0P0,0.0D0)
DO 11 N=1,I1TNP
N2M1=2%N~1
N2M2=2%N=2
HN2M1=N2M14 1
AN2M2=N2M2+4 ]
SCAT(M)=SCAT(})4 CCEFA(N) *PANL(PN2M2)*NCOS(N2M2#*ANCLE )4
4 COEFB(N)*NANL(EN2MI)*DSIN(N2M1*ANGLE)
11 CONTINUE
c PRINT 105,M,SCAT(M)
105 FORMAT(’ “,I4,5X,"SCAT’,2G20.10)
10 CONTINUF
PRINT 1, RKAPA,CAMMA,RS
1 FORMAT(" 1%, RRKAPA=",G13.5,5X,  GAMMA="(C13.5,5%, RS=",013.5)
PRINT 100
100 FORMAT(’="/’=",2X,”NODE NO.’,4¥,10("*’),’TOTAL FIFLD',
9 *7),10%,8("*"), "SCATTERED FIELD’,7( *’),9X,
<8 *7),"INCIDENCE FIELD’,7('*")/
< ',14¥,°RETF’,9X, " IMTF’,9X, ARTF’,9X, "RESF’, 9%, INSF’,
«9X,"ARSF’,9X, REIF’,9X, IMIF’,9X, ARIF’//)
DO 20 M=1,ITNP
TOTAL=REF(})4 SCAT(})
ABTOT=CDABS(TOTAL)
ARSCAT=CDABS(SCAT(}))
ABREF=CDABS(REF(}M))
PRINT 200,M,TOTAL,ABTOT,SCAT(M),ABSCAT,REF(}),ALREF
200 FORMAT(’ *,4¥%,16,9G13.5)
20 CONTINUF
RETURN
END
REAL FUNCTION BESJ*8 (X, N, D, IER)
IMPLICIT REAL*8(A-H,0-2)
GENERIC
REAL*E X, D
BESJ = 0,
IF (N .CE. Q) GO TO 10
IFER = 1
RETURN
10 IF (X .GT. 0) GO TO 20
IFR = 2
RETUFN
20 NTEST = 904X/2
IF (X .LE. 15) NTEST = X*(10-X/3)420
IF (X .LT. NTEST) GO TO 30

IER = 4
RETURN
30 IER = 0

Nl = N1
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BPREV = 0.0D0

MA = X46

IF (X GE. 5.) MA = 1.4%X460./X
MB = NAINT(X)/442

MZERO = MAXO(MA, MR)

DO 50 M = MZERQ, NTEST, 3

FMI = 1.0D-28

FM = 0.0D0
ALPHA = 0.0DO

JT = 1

IF (M .EQ. M/2%2)-JT = -1
M2 = M-2

DO 40 K = 1, M2

MK = M-K

BMK = 2.0DO*MK*FMI/X-FM
FM = FM1

FMl = BMK

IF (MK-N .EO. 1) BESJ = BMK
JT = =JT

S = 14JT

ALPHA = ALPHA+BMK*S

BEMK = 2.0DO#*FM1/X~FM

IF (N .FQ. 0) BESJ = RMK
ALPFA = ALPHA4BMK

BESJ = BESJ/ALPHA

IF (ABS(BESJ-BPREV) .LF. ABS(D*BESJ)) RETURN

IF (ABS(BESJ-BPREV) .LE. ARS(D*RESJ)) CC TO 55
BPREV = BESJ
IER = 3

IF (ADS(BESJ) .LE. 10.0D-30) BESJ = 0.0D0

RETURN

END

REAL FUNCTION BESY*8 (X, N, IER)
IMPLICIT REAL*8(A~H,0-Z)

GENERIC

REAL*8 X

IF (N .LT. 0) GO TO 100

IER = 0

IF (X .LE. 0) GO TO 110

IF (X .LE. 4.) GO TO 10

Tl = 4.0/X
T2 = T1*Tl
PO = ((((-.0000037043%T24.0000173565)*T2~.0000487613)*T24 .00017343

&)*T2-.001753062)%T24 .3989423

Q0 = ((((.0000032312%T2-.0000142078)*T24 .0000342468)*T2-
&.0000869791)*T24 .0004564324)*T2-.01246694

P1 = ((((.C000042414*T2~-,0000200920)*T24 .0000580759)*T2-.000223203
&)*T24.002921826)*T24 .3989423

01 = ((((-.0000036594*%T24.00001622)%T2-.0000398708)*T24.0001064741

&)*T2=-.0006390400)*T24 ,03740084
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A = 2.0/SORT(X)

B = A*T]
C = X-.7853982
Y0 = A¥PO*SIN(C)4B*Q0*C0S(C)
Y1 = ~A%P1*COS(C)4B*01*SIN(C)
CO TCQ 40

10 XX = X/2,

X2 = XX#X¥X
T = LOG({XX)4.5772157

StM = Q.
TERM = T
YO =T

DO 20 L =1, 15
IF (L .NE. 1) SUM = SUMH1./(L-1)
TERM = (TEFRM*(=X2)/L#%2)%(1.-1./(L*(T-SUM)))
20 YO = YO4TERN
TERM = XX*(T-.5)
SUM = 0.
Y1 = TERM
DO 30 L =2, 16
SUM = SUMA1./(L-1)
FL1 = L-1.
TS = T-SUM
TERM = (TERM*(=X2)/(FL1%*L))*((TS-.5/L)/(TS4.5/FL1))
30 Y1 = Y14 TERM
PI2 = .6366198
Y0 = PI2*Y0
Yl = -PI2/X4PI2%Y1
40 IF (N .GT. 1) GO TC 60
IF (N .EQ. 0) GO TO 50
BESY = VI
RETURN
50 BESY = YO
RETURN
60 YA = YO
YE = YI
K=
70 T = 2%1/X
YC = T*YB-YA
IF (ARS(YC) .LE. 1.0E470) CO TO 80
IER = 3
RETURN
80 K = F41
IF (K .EO. N) GO TO 90
YA = YB
YE = YC
GO TO 70
90 BESY = YC
RETURN
100 IER = 1
RETURN
110 IER = 2
RETURN
END
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//VONG JOB 7, ,,C=0,L=10,T=30", "HONG’ ,MSGT.FVFL=(1,1)

// EXEC FORTXCLG,0PT=2 ,MAP=NOMAP ,P=D,AD=DPL4 ,

/! CSTZF=512K ,LSIZE=5121,ST7F=512K ,PARM,IXFD="ST7F=( 512K, 124V )’
//FORT.SYSIN DD *

PROGRAM  SHPEEP3(INPUT,0OUTPUT,TAPE],TAPE2)

HFREIN CONTOUR C IS A CIRCLELALL THE COMMENTS OF SUPALF
APPLY. KC MUST BF AN FVEN INTEGER.IOUTFER=0 IF OUTIR FYPANSION
IS NOT REQUIRED.ISCAT=0 IF THF DIFFERENCE IN SCATTEPFD FIFLD
IS NOT REQUIRED,IKIND=0 IF AUTOMATIC MFSH CENFRATOR 1ISED,

DTOOOO0 00

REAL CAMMAI(10),AMULI(3),AMUI2(2),RHCS(3)
RFAL X(176),Y(176),YPR(176) ,ANGIFC(32),STT(144,144),
.STC(144,32),10(32,32),
JMARFA(144) ,WI(176,32),R(32),
JPP(17),THETAV(17)
INTFGFR IVER(108,7),ITLMAT(198),IFLNN(]108)
INTECER IPT1(11),IPT2(11)
REAR (1,*) FT,KC,ITFL,TSTELC,TRNDFL, TOUTPR NUMAT, TSCAT,
LIRTIED
PEAD (1,%) RKAPAI,CRACK,ICOPY
REAT (1,%) NCAMA, (CAMMAT(T),T=1,NGAMA)
RFAD (1,%) DFPTH,ALPHA
PRINT 400,KT,¥C,ITEL,ISTFLC,TFNDFL, TOUTPR  NIIMAT
PRINT 401,R¥APA]
PRINT 402 ,NCAVA, (CAMMAI(T),I=1 ,NGCAMA)
PRINT 403, DFPTH,ALPHA
PRINT 404 ,T1SCAT,TKIND
400 FORMAT(® “,2X,°FT = 7, T4,2%,°¥C = *,T4,2X,"TTFL = *, 14,
«2¥%,7ISTFLC = *,T14,2%,"IFNDFL = * T4 ,2Y,’IOUTPR = *,
JTL 2X,INUMAT = 7 ,14//)
401 FOPMAT(® ’,2X, RKAPAL = ’ ,Gl4.4//)
402 FORMAT( 7, 2%, "FGAMA = “ T4, 2Y,"CAMMAS= :’ 10F9.4//)
403 FORMAT(® 7 ,2¥,’DEPTI = ', F15.5,2¥, ALPHA = *,F15.5//)
404 FORMAT(’ 7 ,2X,"ISCAT = ‘,TI5,2X, IKIND = * 15//)
ITNP=KT+KC
KCH=XC/2
MTERM=V (+1
MTFEMI1=¥CH+1
MTFRM2=XCI+2
DO 600 I=1,TTEL
DO 600 J=1,7
600 TVER(T,J)=0
IF (IKINDLEO.O) G0 TO 251
CALL  COCRD3(X,Y,YPH,ITNP,ALPHA,DFPTF)
GO T 252
251 CALL COORDA(X,Y,YPH,ITNP,DFPTH)
252 CAT1. VFRCAL(IVFR,IFLMAT,IFLND,ITFL)
CALL  MATRYL(AMUI JAMU2 ,RHOS,NUMAT)
CALL ANGLE3(X,Y,R,ANGLEC,TTNP,KC)
CALL  KANDMA4(X,Y,TTNP,ITEL,TVER, TFLMAT, TRLND AMI'],
<AMU2 JRIIOS,NUMAT,SII,SIC,FT,KC,REAPAL)
CALL WCOMAT4(VC,ANCLEC,KC)
CALL WIMAT(STII,SIC,WT,VUC,KI,KC,ITNP,UARFA)

il
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WRITF(2,%*) KI,TTFL,ISTELC,IFNDFL
WRITE(2,%*) ((IVFR(T,J),I=1,ITFL),J=1,7)
WRITE(2,*) KC,IOUTPR,ISCAT
WPITE(2,*) RKAPAL,DEPTH CRACK,TCOPY
UPITE(2,%) NGAMA,(GAMMAT(T),T=1,NGAMA)
WRITF(2,%) ITNP,KCH,MTFRM ,MTFPM] MTFPNM2
UPITE(2,%) (X(T),Y(I),YPH(I1),I=1,TTNP)
URITF(2,%) (ANGLFEC(T),R(1),I=1,¥rC)
WPTITF(2,%) ((Vve(T,J),I=1,¥C),J=1,¥C)
WRTTF(2,%) ((WI(TI,J),T=1,1TNP),J=1,¥C)
IF (ICUTPR.FO.0) GO TO 205
REAN(1,*) NPPPT,(RP(I),THTTAV(T),I=1,NPPPT)
PRIET 406,(RP(1),TUETAV(T),T=1,NPRPT)
WRITE(2,%) NPRPT,(RP(I),THETAV(T),I=1,NPPPT)
205 CONTINUE
IF (TSCAT.FN.0) GG TO 221
PFAN(1,%*) NSCAT,(IPTI(I),TPT2(T),I=1,NSCAT)
PRINT 405,NSCAT,(IPTI(I),TPT2(1),I=1,NSCAT)
405 FOPYAT(” 7,2Y,"PSCAT = “,T4,2¥ "FODE PATRO: 7, 2074//)
VRITE(2,*) NSCAT,(IPTI(I),TPT2(T),I=1,MSCAT)
221 CONTINUT
406 FORMAT(" 7,2¥,7SS RP,THFTA ARRAYS:=' 10T0.4//)
STOP
END
SURROUTINE COORD3(X,Y,YPH  TTVP  ALPIAC,N)

PFARS AMD PPINTS X,Y CNORNS OF ALL NODF POTNTS, YPR=V+l1,
ALPEA IS CLOCEWISE RIGTID BODY ROTATION NOF ENTIPF GRID SYSTER.

PEAL. X(ITKP),Y(ITNP) ,YPF(ITNP)
PRINT 200
nO 10 J=1,ITNP
REAN(CL,*) X(J),Y(T)
PRIKT 101,J3,%(J),¥(J)
NTENMP=X(J)*COS(ALPIIAC) =Y (J)Y*STN(AT.PEAC)
YTEMP=Y(J)*SIV(ALPHAC)+Y(J)*COS(ALPFAC)
¥{(J)=XTEI'P
Y(J)=YTFMP
10 YPH(J)=Y(J)+7
PPINT 201
ne 15 J=1,TTNP
15 PRINT 102,J,X(J),Y(J),YPH(J)

101 FORMAT(" *,4X,T6,2C16.6)

102 FORMAT(® ‘,4%,16,3C16.6)

200 FORMAT(® “,4X,FODF NO.’, 5%, X=CCORD’ [ 10¥, Y=COOPD’ / /)

201 FORMAT(’ 7,4%,"NODE MO.’ 5%, ¥Y=COOPD’ 10X, V=COORD’ [ 10¥
o " YHDEPTH=COORD’ / /)
RETURN
END
SUBROUTINE COORDA(X,Y,YPH,TTNP 1)

AUTOMATTICALLY GFNFRATES MFSH FOR CONCENTRIC CIRCLFS,
CALCULATES X,Y AND Y+HS=YPF COOPDINATFS. RANDV=FADIUS OF
TPE CIRCLE,ARGV = INITIAL ARGUMENTS IN DFCRFFS ON TRAT
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C

CIRCLE,NCIRC
WHERF NPOINT

NO.OT POTNTS ON FACH CIRCLF,

DATA PI/3.14159265/
PFAL X(ITEP),Y(TTNP),YPI(ITNP) ,RADV(5) ,ARGV(5)
REAN(1,%) NCIRC,(RANDV(T),ARPCV(T),T=1,NCIRC)
PRINT 4NO NCIRC, (RANV(I),ARGV(T),T=1,NCIRC)
400 FORMAT(’ “,2X,’NCIRC = ‘,T4,2%,"RADTUS AND APCUMENT = /
L10NFC.5//)
NPOINT=ITNP/NCIRC
D7=2 *%PI/NPOIXNT
PRINT 201
no 100 I=1,NCITC
RAD=DPADV(T)
APC=ARCV(TI)*PI/ 120,
NAND=(T-1)*NPOTNT
PO 110 J=1,KPOIFT
J1=J+NADD
X{(J1)=RAD*COS(ARC)
Y(J1)=RAN*SIN(APC)
YPH(JI))=Y(J1)+V
PRINT 202, J1,¥Y(J1),Y(J1),YPR(J1)
110 ARG=APCHDY
100 CONTIMNUT

201 FORMAT(® ‘7, 4Y ,"NODE NO.’ [ 5¥, ¥=CNOPD’ 10X, Y=-Cnoen’ 10V

LA{YHD =CoeRD /)
202 FORMAT( “,4Y,16,3G16A.6)
PFTURN
FND
SUBPOUTINF VFRCAI (TVFP,TFIMAT TFLED, ITFL)

RFADS AND PRIMNTS FLEMFRT NO, ITS MATERTAL TYPF AND
NO, QF MNODFS CONNECTFD TO FACH FLFMFRT

INTFGER  TVFR(ITFL,7),TFLMAT(ITFL),TELEN(TTFL)
PRINT 200
nO 10 1=1,ITTL
PEAN(1,*) TRLMAT(L),TDUM,(TVER(L,J),J=1,1DUM)
TFLID(L)=Tn
PRTNT 201 ,L,TTLMAT(L),IFLND(L), (TVFER(1.,J),J=1,TD1™)
10 CONTTINUF
201 FOPMAT( 7 ,4X,TR,8X,TR,8¥,TR,8Y 718)
200 FOPMAT(’ 74X, FLFM NC.’,5X,"MATFRTAL TYPE’,5Y,
.NODES PER FLFMERT’, 20X, N-0-D-F-S°,/)
RFTURN
Fn
SHRPONTINE  MATRYT (AMU] ,AMU2 JRHOS NIMAT)
RFANS SETS OF MATFRIAL PPOPERTIES.
PEAL AMUT(NUMAT) , AMU2 (NUMAT) ,RUIOS(NUMAT)
PRINT 200
DO 10 I=1,NUMAT
READ(1,%*) AMULI(T),AMI2(T),RIOS(T)
PRINT 201,T,AMILI(I),AM2(T),RENS(T)

N0, OF CIRCLES. TITNP MUST BPF = 4*%NPOTNT

b

b
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10 CONTINUE
201 FORPMAT(’ *,5X,16,3C16.6)
200 FORMAT(’ /,2%,"MATERIAL NO.”,5X,°Cl7,15%,7C2° 15X, RP0’, /)

RETURN
END
SURROUTINE ANGLF3(X,Y,R,ANCLEC,ITNP V()

c

C CALCULATFS R=SORT(X**2+4V%%*2) ANGLEC=ARCTAN(Y/Y)=THFTA

C AT POIETS ON C ONLY.
REAL X(ITNP),Y(ITNP),ANGLEC(KC),P(XC)
DATA PI1/3.141592654/

PRINT 2990
FI=ITNP-}C
ne 200 I=1,¥%C
J=T+1T
CE=Y(.J)
ATEP=Y(.J)
IF(X(J).F0.0. ANDLY(JT).FOL0L) GO TO &0
R(T)=SOPT(X(J)**24Y(J)**2)
IF (CF) 10,20,30
30 IF (ATFR) 40,50,60
60 ANGLFC(T)=ATAN2 (CF,ATFP)
GO TO 300
50 ANGIFC(T)=P1/2.
GO TO 300
40 AATTR=ARS(ATFP)
ANGLFC(T)=PI1/2.+ATAN2(AATER,CF)
GO TO 300
200 TF (ATFR) 70,820,090
a0 AMCLFC(TI)=0.
co TO 300
80 R(I)=0,
ANGIFC(T)=0,
GO TO 300
70 ANCLFC(T1)=PI
co TO 300
10 ACF=APS(CE)
IF (ATER) 100,110,120

120 ANCLFC(T)==ATAN2 (ACF,ATFR)+2.*PT
Co TO 300

110 ANCIFC(T)=3.%PI/2.

GO TO 300

100 AATFR=ARS(ATEP)

ANGLFC(I)=3.%P1/2 ,~ATAN2(AATFR,ACF)

300 CONTINIFE
PRINT 201,T,J,%X(J),Y(J),R(T),ANGLEC(T)

200 CONTINUF

201 FORMAT(® *,5¥,16,5%,16,4C16.6)

299 FOPMAT(® “,2X,”SERTIAL NO.”,5X,’NODE N0, 86X, ¥~COORD’
< Y=COORD’ [ 12¥ "R’ 10X, "THETA’ ,/)
RFTURN
FI'D
SUPROUTINFE  FANDM&4(X,Y,TTNP,ITFL,TVER,IFIMAT,TFLYD, AT,
+AMU2 ,RHOS,NUMAT,STT,STC,¥T,KC,RKAPAL)
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CALCULATFES IKRIVINUAL ELEMENT STIFFMESS 7V AND MASS ZM MATRICFS
RY CALLING SURROUTINFES FLMSO3 AND FILMS,THFN ASSFMPLFS THEM INTO
GLORAL MATRICFES AS SK = ¥ - (REAPAl##2)#M , WHERFE

1 SIC 1
SK =1 SIT 1
1 sce 1l

INTECER IVER(ITFI,7),IFLMAT(ITFL),TFLND(ITFL)
REAL X(ITNP),Y(ITNP),AMUT(NUMAT) ,AMU2 (NUMAT) ,RHOS(FTNAT)
REAL ZR(7,7),72M(7,7),XL(7),YL(7),STT(FT,KI),1C(¥T,KO)
REAPA?=REAPAI**D

DO 10 I=1,KT

DO 11 J=1,KT

S11(7,J)=0,

CONTINTIF

ne 15 1=1,¥7

nO 16 J=1,KC

S1C(T1,J)=0.

CONTINUF

ne 20 1=1,T1TFL

MATYP=TFIMAT(L)

Cl=AMUIT (MATYP)

G2=AMU2 (MATYP)

RHO=PHOS(MATYP)

NEN=TFLAN(L)

NO 30 T=1,NFN

XL{T)=X(IVFR(L,I))

YL(T)=Y(IVER(L,I))

CONTINTF

CONSTANT STRAIN TRIANGLF (CST):3 NODFS ONLY.
IF (NFMN.GT.A) GO TO 111

CALT FLMSO3(XL,YL,G1,C2,RR0,7¢, 7)

GO T 200

CALCULATFS ZK AND 7} FOR 6=NODF TRIANCLF OR 7-NCODF OUAPRITATFRI

CALL  FLMS(XL,YL,NFE,C1,G2,RU0, 7K, 7M)
DO 41 M=1,NFN

TPOW=TVFP(T.,)
DO 42 N=1,NFN

TCOL=TVFR(L,N)
TEMP=7K (M ,N) =RV APA2#7M(M X)
TF(TROV.CT.¥FI) GO TO 300

IF (ICOL.GT.KI) €0 TO 121
SIT(IROW,TCOL)=STT(TROV,ICOL)+TF*P
GO TO 300

1COLI=T1C0T =K1
SIC(TROU,TCOLL)=STC(IROW,TCOL] )+TFMP
CONTINUF

CONTINUF

CONTINUF

COMTINUF

PRINT 400



o

2000

400

402

401

11
10

22
21
20

32
31

FORMAT(’ 7 ,2X¥,”$SPRINT SIT FOR CHEC¥SS’,//)
PPINT 401,871
PRINT 402
FORMAT(” “,2X, $SPRINT SIC FOR CUFCKSS’,//)
PRINT 401,S1IC
FOPMAT(2X,8C16.6)
RETURN
FND
SURROUTINE FLMSO3(XL,VY1,01,G2 ,REQ,7V 7M)

CALCULATES FLEMENTAL STIFFNESS AND MASS MATRIGES,
ZK AND ZM_ FOR CST.

REAL X1.(7),YL(7),7K(7,7),72(7,7) ,n(2)
PEAL. R(2,3),DP(2,3),RTNR(3,3)
N(1)=C1
N(2)=C2
A1=XL(3)~-¥L(2)
A2=XL(1)=-XL(3)
A3=XL(2)-YL(1)
Pl=YL(2)~YL(3)
R2=Y1.(3)=Y1(1)
R3=YL(1)=-YL(2)
ARFA=(A3#R2-A2%13)/2,
R(1,1)=P1

R(1,2)=R2

E(1,3)=R3
R(2,1)=A1

R(2,2)=A2
R(2,3)=A3

CALCUTATFS DR=D*R
Do 10 I=1,2
no 11 J=1,3
PR(T,J)=D(T)*B(1,J)
CONTINUIF

CALCULATFS RTDR=RT*DR
DO 20 I=1,3
Do 21 J=1,3
BTPR(T,1)=0,
DO 22 ¥=1,2 ,
BTDB(I,J)=RTPR(I,J)+R(¥,T)*DP(V¥,J)
CONTINUF

CONTINUF

C=AREA*RIO/6,
DO 31 M=1,3
DO 32 N=1,3

IT (N.NE.M) DTFMP=C/2.

IF (N.FC.M) DTFEMP=(
ZV.(M,N)= RTDR(M,N)/(4.*¥ARFA)
ZM(M N)=DTEMP

CONTINUT
RFTURN
END

SUBROUTINE FELMS(XL,YL,NFN,G1,G2,RPH0,ZK, 7M)
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111
121

11
10

33
32
31

I~ o~

52
51
100

CALCULATES FLEMFNTAL STIFFNFSS AND MAGS MATRICES,ZF AND ZM,

FOR 6-=NODF TRIANGLE AND 7-NCODE OUANRILATERAL.

REAL X1L(7),YL(7),7K(7,7),2M(7,7),SC(9),TC(9),uT(9)
REAL SPP(3,7),N(2),NR(2,7),RTDR(7,7)

nO 1 I=1,NFN

pe 1 J=1,NFM

Z¥(1,1)=0,

M(1,J1)=0,

CALL  PCAU'SS(SG,TC,WT)

PERFORMS 9-POINTS GAU'SS INTFGPRATICN,

PO 100 N=1,9

TF (NFN.FN.7) €O TO 111

CALL SFAPFA(SC(N),TO(X),XL,VL,¥SJ,SHP)
GO TO 121

CALL SEAPT7(SG(M),TG(N),XL,YL,¥8J,81P)
DV=Y¥SJ*UT(N)

D(1)=01#v

D(2)=G2*DV

na 10 1=1,2

Do 11 J=1,NEN

PR(T,J)=D(I)*s1'P(1,J)

CONTINUE

DO 31 I=1,MEN

DO 32 J=1,NFM

BTDBR(I,J)=0.

no 33 K=1,2
RTDR(T,J)=RTDR(T,J)+SEP(¥,I)*DR(¥,J)
CONTINUF

CONTINUF

DV=XSJ*WT(Y¥)*RHO

DO 41 I=1,NEN

DO 42 J=1,NFN
ZM(T,J)=2M(T,J)+DV%SEP(3,T)*SHP(3,])
CONTTIMUE

PO 51 TI=1,NFN

Do 52 J=1,NFN
Z¥(T,J1)=2r(1,J)+RTDR(T,J)

CONTINUF

CONTINUF

RETUPN

FND

SURROUTINE PGAUSS(SC,TC,VT)

SG AND TG ARF 0=GAUSS POINTE,UT CORPESPONDING WFIGHTS.

RFAL SG(92),TG(9),WT(9)
G=SORT(0.6)

SG(1)= -C

SG(2)= G
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SG(3)= G
SG(4)= -G
SG(5)= 0,

SG(6)= G
sa(7)= 0,
SG(R)= -G
sG(9)= 0,
TG(1)= -0
TG(2)= -C
TG(3)= C
TC(4)= G
TC(5)= -G
TGC(6)= 0O,
TG(7)= G
TG(8)= 0.
TC(9)= 0,

Ww1=25,/81.
w2=40./81,
W3=64,/81,
nn 22 1=1,4
WT(T)=W1
T1=1+4
WT(TI1)=12
CONTINUE
UT(9)= w3
RETURN

FND
SURROUTINE SHAPFA(S,T,XI.,Y1,¥%SJ,SHP)

A=NONF TPTANGIF DEGENFRATFTY FROM &-NNDT QUADRITATEPAL.

RFAL XL(7),YL(7),SPP(3,7),¥5(2,2)
SHP(3,1)= 0,5%8%(8=-1,)

SHP(R,2)= 0,25%(] A48)* (] .=-T)*(S=T-1.)
SPP(3,3)= 0.25%(1.4S)*(1 A4T)*(5+T-1.)
SHP(3,4)= N,5%(1.~S*S)*(1.-T)
SHP(3,5)= 0.5%(1.+8)%(] .~T*T)
SHP(3,6)= 0,5%(1,-8*8)* (] ,+T)
S=DERTVATIVE

SEP(1,1)= S-0,5

SHP(1,2)= 0.25%(1.-T)*(2.,%5-T)
SHP(1,3)= 0.25%(1.4T)*(2.%5+T)
STP(1,4)= =S*(1.-T)

SUP(1,5)= 0.5%(1,=T*T)

SHP(1,A)= =S*(1.+T)

T=~DFERIVATIVE

SHP(2,1)= 0,

SHP(2,2)= 0.25%(1.+8)*(=S+2 .,*T)
SIP(2,3)= 0.25%(1.+S)*(S+2,%T)
SIP(2,4)= =0.5%(1.~8%3)

SIP(2,5)= =(1.+8)*T

SHP(2,6)= 0,5%(1,.-5%S)

Do 201 J=1,2

XS(1,3)=0,
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202

201

XS(2,J)=0.
DO 202 ¥=1,6
XS(1,J)= ¥S(1,I)4¥L(¥)*SHP(J V)

02 XS(2,J)= XS(2,J)+YL(R)*SHP(J,K)

CONTINUFE,
XSJ= XS(1,1)*¥S8(2,2)-XS(1,2)*%s(2,1)
DO 300 1=1,6
TFMP=(XS(2,2)#SHP(],T)=-XQ(2,1)%*SHP(2,1))/XSJ
SYP(2,T)= (~=XS(1,2)*SHP(1,T)+XS(1,1)*SPP(2,T))/X8J
SHP(1,7)= TFMP
RFTURN
EXND
SERROUTINE SHAPF7(S,T,XL,YL,X&J,S1P)
7= NODF OUADRTLATFERAL.,
RFAL XL(7),YL(7),X8(2,2),SHP(3,7)
SHAPF=FUNCTIONS.,
SHP(3,1)= =N,25%8%(1,-8)*(1,-T)
SIP(3,2)= 0.25%(1 ,+S)*(1.,-T)*(S=T=-1.)
SHP(3,3)= 0.25%(1.+8)% (1. 4+T)*(S+T-1.)
SHP(3,4)= =0,25%8% (1 ,-8)*(1.+T)
SHP(3,5)= 0,5%(1,=8%2)*(1,-T)
SHP(3,6)= 0,5%(1.+8)*(1,=T*T)
SUP(3,7)= 0.5%(1.,-8%8)%(1.+T)
S=DFRIVATTVES,
SHP(1,1)= =0.25%(1,=T)*(1.,-2.,%%3)
SEP(1,2)= 0,25%(1,~T)*(2,%8-T)
SHP(1,3)= 0.,25%(1 A4T)*(2.%55+T)
SUP(1,4)= =0,25%(1.+T)*(1.,-2.,%<)
SHP(1,5)= =S*(1,-T)
SHP(1,6)= 0,5%(1,~T*T)
SIP(1,7)= =S*(1.+T)
T-DERPTVATIVES,
SHP(2,1)= 0,25%5%(1.-9)
SHP(2,2)= 0,25%(1 ,4C)*(=S+2,*T)
SUP(2,3)= 0,25%(1 . 4S)*(5+2.%T)
SHP(2,4)= =0,25%S%(],-9)
SHP(2,5)= =0.5%(1.,-S*3)
SIHP(2,6)= =(1.4+8)*T
SHP(2,7)= 0.,5%(1.-S*3)
1 ¥e(1,1) Xs(2,1) 1
FORM  JACOBIAN = 1 1
1 ¥S(1,2) ¥s(2,2) 1
no 201 J=1,2
XS(1,I)= 0,
X8(2,7)= 0,
pn 202 ¥=1,7
XS(1,J) = XS(1,J)+XL(R)*SHP(J,K)

XS(2,J)=XS(2,J)+YL(V)*SHP(J,¥)

CONTINUF,
XSJI=XS(1,1)*XS(2,2)=-XS(1,2)*X5(2,1)

DO 300 I=1,7
TEMP=(XS(2,2)*SHP(]1,T)-XS(2,1)*SI'"P(2,7))/YSJ
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300

10

21

202

SHP(2,T)=(=XS(1,2)*SPP(1,T)+XS(1,1)*81P(2,T))/¥8J
SHP(1,T)= TFMP

RETURN

FND

SURPOUTINF WCHMATA (WC,ANGLFC,K()
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THIS SURROUTINF FORMS THF ROUNDARY LOAD MATRIN :UC! FOR FACH

COS(NT(I)) AND STN(NT(T)), WHFRE T(I)= ANCIF ON C. TIT ALSC

FINDS THE INVFRSF OF VC = WCOIWY,

¥C MUST RE AN FVEN NUMAFR, KCH = ¥C/2
RFAL WO(KC,KC) ,ANGLEC(RC)
KCN=Kc/2
DO 10 I=1,¥C
Do 20 J=1,KCH
JM1=J-1
KCPPI=V CH+J
TEPMI=TMI*ARGIFC(T)
TFRM2=J*ANGLFEC(T)
VC(I,J)=COS(TFPMI)
VC(T,KCHPI)=SIN(TFFM2)
CONTIRUF
RETURY
END
SUBROUTTNF VIMAT(STT,STC,UT,UC, KT, ¥C, ITMP  VAREA)
THIS SURPROUTINE CALCULATFS WI(=\! AT TNTFPINR NODES) DUF TO
POUNDARY LOADS UC FPOM FOUATION SIT#WUT==STCAUC THROUGH TMSI.
IT ALSO ADDS TP WT AND WG TO FOPM LN OF STZE(ITNP*EC).

RFAL STI(FI,VT),SIC(¥I,KC),WI(TTNP KC) ,UC(¥C,V0)
RFAL WARTA(KT)
NO 10 1=1,ITKNP
DO 10 J=1,¥C
WI(I,J)=(‘-.
NO 15 I=1,¥KI
Do 15 L=1,K¥C
Do 15 J=1,KC
WI(T,L)=WI(I,L)-SIC(T,J)*uc(J,1.)
DO 21 T=1,KT
DO 21 J=1,¥C
SIC(T,J)=U1(1,J)
PRINT 200
PRINT 201,VT
PRINT 202
FOPMAT(® “,2X,"$SPRTINT SIC FOR CHFCKSS’,//)
PRINT 201,SIC
M=KC
M=K
IA=¥1
INC=0
CALLS IMSL SURROUTINE
CALL LFOTIF(SIT,M,¥,TA,STIC,IDG,VAPFA,TFR)
SIT 1S DFESTROYED.
PRINT 202
PRINT 201,SIC
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DO 51 I=1,V1
DO 52 J=1,¥C
52 WI(I,J)=SIC(T,J)
51 CONTINUE
DO 53 I=1,¥C
11=KI+1
nO 54 J=1,kC
54 WI(T1,J)=UC(1,J)
53 CONTINUF
C PRINT 200
C PRINT 201,WT
200 FOPMAT(® “,2X, SSPRINT WI TOR CHIFECKSS’,/)
201 FORMAT(” 7, 2¥,8G16.6)

RITURN
FND
//CCLFTO2FO0T DD DSN=KCUOYG D] NFUDATA  UINTT=SYSDA,
/] SPACF=(TP¥,(10,5)),DCR=(PLYSIZT=6080,1.RFC1.=80,
// RFCFM=FR) ,DISP=(NFU,FTEP), VOL=SFR=LORK 04

//GOFTOIFO0L DD %
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//VONG JOR ‘[ C=0,L=10,T=30", "UONC’ ,MSCLFVFL=(1,1)
// FXEC FORTXCLG,0PT=2,MAP=KOMAP ,P=D AN=DPL4

// CSIZF=512K,LSI7ZF=512K,STZF=512F ,PARM ,T.FFN="8T17F=(512¥, 124¥)’
//FORT,.SYSIN Dp *
C PROCRAM  SHDEFP4(TNPUT,NUTPUT,TAPF2)

INTFGFR TPTI(11),1IPT2(11)

REATL. GAYMAT(10) ,AMUT(3),AM"2(3),P1I'0S(3)

RPAL X(176),Y(176),YPH(176) ,ANCLEC(32),UCIFV(32,32),
JHWAREA(L144) ,WI(176,32) ,UDFR(32,32),R(32),VC(32,32),002(32,32),
«RJ(33),BY(33),RIDER(33),RP(17),THETAV(17)

COMPLEX UMAT(32),VMAT(32),FINAL(176),A01'T(32),
0(176),¥13(32,32),1JJ(32,32),PKH(33),
JHN(18),INDER(18),STORF1(32),STORF2(32,32),
.LRSIPF(32,32),RSTDR(32),RSINF1(32) ,WSNIFF,AMUILT(32),
JISCAT(176) ,USCATI(32),USCAT2(32)

DIMFNSION IVEP(192,7)

READ(2,%*) VT,ITrL,T1STFLC,TIENDFL
REAN(2,*) ((IVEP(T,J),I=1,TITFL),J=1,7)

RFEAD(2,%) YC,TOUTPR,ISCAT
PEAD(2,%) RVAPAL ,DEPTH,CRACK,TCOPY
READ(2,%) NCAMA, (GAMMAT(T),T=1,NCAMA)

RFAR(2,%) ITNP ,KCI' MTERM MTFPM] MTFRM2
REAN(2,%) (X(I),V(I),YPI(T1),T=1,ITrD)

REAP(2,%*) (ANCLEC(I),R(1),I1=1,¥C)

READ(2,*) ((WC(1,J),T=1,¥C),J=1,¥C)

RFAN(2,%) ((UI(T,J),T=1,TTNP),J=1,%C)

IF (IOUTPR.FO.0) GO TO 206
RFAD(2,%) NPRPT,(PP(I),THFTAV(I),I=] ,NPPPT)

206 CONTINIT

IF (ISCAT.E0.0) €0 TO 221

RFAD(2,%) NSCAT,(IPTI(T),IPT2(1),I=1,I"SCAT)
221 CONTINUF

CAIT VCQINVA(IC, KO VCTNV JWAPFA UC2)

CALL VIDFRC3(UT,VT,¥C,UPFP,ANGLEC,TVER,N,Y,
LTITNP,TTFL,ISTELC,TEXDFEL)

CALL  PAFKL3(PKAPAL MTERM, DFPTH,JRF PJ, RV)

CALL  FOPM3(R,ANCLFC,HPN,KIJ KT KO UTEDM VO, MTFRND |
«RYAPAL BRI, RY,RIDFR,IIN,UNDER,RSIDE, ANMI'LT)

DO 200 TCAMA=1 ,NGAMA
GAMMA=CAMMAT (TGAVA)

CALL  MATUV3(X,YPP,UMAT,VMAT UO,ANCLEC,¥C,
<TTNP ,GAMMA RFAPAT)

CALL  SOLVE2(WDFR,KTIJ,K.JJ,WCINV UNMAT , UMAT, T ADUT,
+FINAL,V0,KC,TTNP,STOPE] ,STORF2 ,1RSIDE,RSINF,

«RSIDE1 ,VARFA,USCAT)

IF (IOUTPE.FO.0) GO TO 210
CALL  OUTFR3(AOUT,PP,TUTTAV ,NPRPT,VC ,FCH,RVAPAT ,CAMMA TIKTT,
JMTFRM,MTEREM2 ,IIN, RSIDF, BRI, 1Y ,DEPTH , ATULT, ,RSIPL] ,DEPTH,
LUSCATI ,VSCAT2)

210 CONTINUFE

PRINT 100,¥I,¥C,ITNP

DO 500 I=1,ICOPY

CALL PRINT(RKAPAI,GAMMA DTPTH,CRACK ,TTNP NPRPT,¥C,
NSCAT,VSCAT ,FTNAL , W0 ,VECAT1 ,'SCAT? ,PSINF1 ,AOI'T, PP,



o N®]

DO O N

DO
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. THETAV,IPT1,IPT2,YPH,TSCAT)
500 CONTINDE
100 FORMAT( 17,10(/)" ’,50%,"DIFFRACTION OF PLANF SH=-WAVES’//
o 7 ,57X,7IN A HALF SPACE’//
o PSR, T(METTS YETIOD) 7, 15(/)
of TLAOX36(7*)/ /7 P 51X, P KUMRER OF INKFP XODES’ ,4%,":7,
JI6//7 7,51%,"NUMPER OF ROUNDARY NODES’,1¥,7:" T6//
o7 7,51X,"NIMRFR OF TOTAL NODES’,4¥,":",16//
o7 LA9X,36(7%7))
200 CONTINUE
STOP
FND
SURROUTINF UCTNV4(VWC,V.C,WCTXV,WAREA,WC2)
PEAL WC(KC,TC) ,WARFA(YC),WCINV(IC,KC) ,UC2(VC,TC)
COPY WC INTO WC2, WC2 WILL BE DESTROVED.
PRINT 200
200 FOPMAT(” 7,2, SS$PRINT WC FOP CHFCKS$S’//)
PRINT 201,UC
201 FORMAT(" 7 ,2¥,8C16.6)
nn 90 I=1,KC
DO 90 J=1,KC
90 ve2(1,J)=WC(T,J)
INVEPT WUC2 = WC USING IMSI, ROUTINE
KpPp=vC
N=V PP
TA=KPP
IDGT=0
CALL LINVIF(WC2,¥,TA,UCINV INGT,WARTA,IFR)
PRINT 202
202 FORMAT(" 7,2X,”S$SPRINT WCINV FOR CHECKSS’//)
PRINT 201 ,WCTINV
PETUPN
FEND
SIRROUTINF WDERC3(1™N, ¥ ,KP,VDFR ANCLEC,IVER,X,Y,TTKP,
<ITFL,ISTFLC,IFNDFL)

CALCULATES TPFF MATRIX WDFR=RADTAL DFRIVATIVE OF WK ON C.
KP=KC AND K=KT,

INTEGFR I00(3),IPP(3),I00(3),IVER(ITIL,7)
REAL WN(ITNP,VP),UDER(KP,¥P) ,ANCIFC(¥P),C(3),X(ITNP),Y(ITNP)
DO 10 I=]1,KP
DO 10 J=1,Kp
10 UDER(1,J)=0.

FOR EACI! COLUMN OF WN-=FIND DEPIVATTVF.

DC 20 T=1,KP
DO 30 L=ISTFLC,IENDFEL
100(1)=IVFR(L,1)
IPP(1)=IVER(L,2)
100(1)=1VFR(L,3)
100(2)=IPP(1)
IPP(2)=100(1)



O

OO0

50

40

30
20

400

401

20 PRA(N)=BJ(N)+CI*BY (M)

T00(2)=T00(1)
T100(3)=TPP(2)
IPP(3)=I00(2)
T00(3)=100(2)

DO 40 MI=1,2
M=IPP(MI)

MHP =M=y,
AVCLF=ANGLEC(MMY)
COSINF=CNS(ANCLE)
SINF=STM(ANCLF)

DO 50 N=1,3
IPP=T00(N)
TSS=IPP(N)
ITT=100(Y)
SA22=X(IRR)=-X(ITT)
SA33=X(188)=-¥(IPT)
SR22=Y(ITT)-Y(IPP)
SR33=Y(IRR)=~Y(ISS)

ARFA2=SA33*%GR22~SA22%SR33
CON=(YISS)=Y(ITT))*SIMT)+( (X(ITT)=y (TSQ) )*COSTINT) )/ APFA?

CONTINUF
N1=T00(1)
N2=TPP(1)
N3=T00( 1)

TFNP=C(1)*UN(F1,I)+C(2)*NF(V?,T)+C(3)*VN(Y3,T)

TFMP=TFMP/2,
J=r-¥

WNFER(J,T)=VDFP(J,T)+TEHP

CONTINUF

CONTINUF
CONTINUE
PRINT 400

FOPMAT(" 7,23, 7SSPRINT UDFR FOR CPFCKSS’, //)

PRINT 401 ,WDIR

FOPMAT(” 7, 2X,8C16.6)

RETUPN
FXD

SUPROUTINFE HANFLI(RFAPAL MTEPM T BRE BT 1Y)

CALCULATFS BANKFL FUNCTION OF ARGUIFNT = 2%RRAPALIH|T,

WHERF I = DFPTH,

RFAL BI(MTERM),BY(MTFERM)
COMPLEY €] ,BKIE(MTERM)

DATA C1/(0.,1.)/
M=MTERIM

7=2 JRVAPAL*II

CALL MMBSIN(Z,M,BJ)

CALL MMBSYN(7Z,0,,BY,IFR)

DO 20 N=1,M

PRINT 400
PRINT 401 ,HKN
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400 FORMAT(’ 7,2X,’SS$PRINT Tl FOR CIFCYRSS’//)
401 FOPMAT(® *,2X,8G16.6)
RETURN
FND
SURFOUTINF FOPM3 (1 ANGLEC, TV, VT KT, KC, MTEPM CH,
JMTTRM2 ,RVAPAL,BJ,PY,BIDFR,IIN [ TINDF P,V  AMULT)

THTS SURROUTINE FORMS :(KTJ!=FUNCTIONS FVALUATED AT XKC
POINTS ON C,AND :KJJ!=RADTAL DERIVATIVE OF :¥IJ! FOP
OUTFPR FXPANSTON.CALTS THE SUBROUTINE AID.

REAL R(¥C),ANGLFC(¥C),BJ(MTERM2)  RY(MTERM2),
+BIDFR(MTFRM2)
COMPLEX CI,HKH(MTERM) ,HN(MTERM2) ,INDER(MTERM2),
JFIJ(KC,KC) ,KIJ(KC,VC) ,V(EC) ,AMULT(RC)
MTFRMI=KCH+]
KM 1=¥CH-1
Cl=CMPLY(0.,1.)
RC=R(1)
7=RC*RKAPAI
CALL MMRSIN(Z ,MTFRM2,RJ)
CALL MMPSYN(7 0 MTER2,RY,TFR)
DO 20 N=] MTFRM2
20 EN(M)=RI(N)+CI*RY (M)
DO 30 N=1,MTFPMI]
NP1=N+1
HENDER () ==PVYAPAL#PN(NPL)+(F=1)*UN(N)/FC
30 BIDFR(M)==RVAPAI*RT(NP1)+(N=1)*RI(}F)/RC
BNDFR(MTFRM2 )=CMPTY (0, ,0,)
RIPFR(MTFRM2)=0,
no 10 I=1,KC
THFTA=ANCIEC(T)
CALL  ATD3(HN,BJI,HEH TUETA,V MTFPM MTERM2 KO, V()
DO 40 J=1,KC
40 ¥IJ(T,3)=vV(J)
CALL  ATD3(HNDER,BIDER, VKR, THFTA,V MTERM WTFRM2 V(1 R()
DO 50 J=1,¥C
50 KJJI(T,3)=v(T)
10 CONTINUR
DO A0 J=1,¥C
60 AMUTT(J)=KIJ(1,J)
no 70 J=1,¥C
DO 75 1I=1,KC
KT1J(T,J)=KIJ(TI,J)/AMULT(J)
75 RINT,I)=FKJJ(I,T)/AMLT(T)
70 CONTINUF
PRINT 399
PRINT 401 ,AMILT
399 FORMAT(’ “,2X,”8S8 PRINT AMULT FOR CHECK $&7,/)
PRINT 400
PRINT 401,K1J
PRINT 402
PRINT 401,KJJ
400 FORMAT(’ 7,2X,”$S PRINT K1J FOPR CHECKSS’,/)



402 FORMAT(’ “,2X,”8$ PRINT KJJ FOR CHECPSS’,/)
401 FOPMAT(’ 7,2X,8G16.6)
RETURN
END
SURROUTINE  ATD3(INI,BJ1,1'KE  THFTA V MTERN MTERN2 KCH L KC)

PERFORMS THE SUMMATION FOR THE INTERTIOR TXPANSICYN,

REAL RJII(MTERM2)
COMPLTX PNI(MTEPM2),V(KQ) FUI(MTFPM) Q1M ]
KemMl=ven=-1
DO 40 J=1,KCH
N=J-1
SIM1=CMPLY (0. ,0.)
DO 50 1=1,¥CHM]
NPMI=Ng+]
N M= N=t
NMMI=NMM]
NMMA=TARS(NMM)
NHMA 1= MY A+]
MT=(=]1)%*NM
M=t
ARC=MATHETA
IF () 60,70,70
70 SIMI=SUMIHMTA (FRH(NPM] )HNTHREH(NMT ) )*RTI (M 1) *COSCARR)
CO TO 50
60 SUMI=SUMIHNTH (DEF(NPM] )+MTH (=1 ) *=310A) %
JEE(MMATD) )*RIT(MD)*COS(APGR)
50 CONTINUFR ;
40 V{I)=((=1)**NY XU (J)XCOS(NFTHITA)FIFI(I)#*RIT(1)+8(1]
DO 140 v=1,FCH
NECH=N+Y CH
NI=N+1
SIMI=CMPLX(0.,0.)
DO 150 M=1,KCH
NPMI=N+4M+1
NMM=N=M
NMMI=NM+]
NMMA=TARS(NMM)
NMMA 1=NMMA+]
MT=(—1)%*%*M
MTI=(-1)*%(M=1)
Ml=M4]
APC=M*TUFTA
IF (NMM) 160,170,170
170 SIMI=SINMIAMT I (VKH(NPMT ) =MTHHRI(NMM] ) )
LPIT(MI)*CIN(APG)
co TO 150
160 SIMI=SUMIHMTIH(URP(NPM] ) =MTH ((=1)FMpeA) *
JHEB(NMMAT))*BIT (M1 )Y*SIN(ARG)
150 CONTINUE
140 V(NECH)=SUMI+((=1)#**(N=1))*TINT (NI )*STH(N*THTFTA)
RFTURN
END
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SURROUTINE MATUV3(X,Y¥,UMAT,VMAT, U0 ,ANGLFC,KC, ITNP ,GAMA ,REAPAT)

C
o CALCULATFS WQ=(WINC 4URFFLECTED) AT ALLL NODAT. POINTS.
C IIMAT=(VTNC .+WREFLFCTFD) AT POINTS ON C.
C VMAT=RANTAL DEPIVATIVE OF UMAT,
C
COMPLEX UMAT(KC),VHMAT(VC),W0(ITNP),C1
RFEAL ANGLEC(XC),X(ITFP),Y(ITNP)
Cl=CMPLY(0.,1.)
KI=TTNP-V(
ne 10 I=1,TTNP
TERM1==-RKAPALISSTN(CAMMA)
TFPM2=TERM1%X(T)
TEPI'3=RKAPAI*COS(CAMMA)
TERM4=TFPM3%Y(T)
VO(TI)=2 *COS(TEPHL)*CRXP(=C1*TFRMD)
IF (I.TE.¥T) GO TO 100
J=T1-KT
THFTA=ANCLTC(T)
UHAT(I)=Ww0(T)
VMAT(J)==(2 % CT*TFRMI*COS(TERMA) X STN{ THETA)+2 JATERMI*STN(TFRMA ) *
LCOS(TRETA) Y*CFXP(=CI*TFRM2)
100 CONTINUE
10 CONTINUE
C PPTNT 200
C PRTNT 201,60
C PRINT 202
C PRINT 201 ,TMAT
C PPINT 203
C PPINT 201 ,VMAT
200 FORMAT(’ 7,2X,”S$SPRINT VO FOR CHFC¥SS’,/)
201 FORMAT(" ’,2X,8G16.6)
202 FORNAT(® 7,2¥,"$SPRINT I™MAT FOR CHFCKSS’,/)
203 FORMAT(® 7 ,2X,"$SPRINT V¥AT FOP CIFCKSS’,/)
RFTIRN
FND
SURROUTINE  SOLVE2(KJT,KTIJ,KJJ,FITINV,VMAT,INAT, IR AQUT
«FINAL, U0 KO, TTNP ,STORT ] ,STORF2 ,L.RSTDF,RRINF,REINF] ,UAPTA,
JUSCAT)
C
¢ SOLVES VIT*C +¥IJ*A = UVAT =-==DISPTACEMENT
C KIT*C 4+KJJ*A = UMAT —=—=NORMAT, DFRIVATIVF,
C WHFPE ¥WIT=UWC,KJT=UDFR,C=UNVNOW COFFF. FOR VN,
C A=AOUT=UNKNOWN COEFF. OF OUTEP EXPANSION,SOILVES FOP ADUT
C FIPST AND THEMN FOR C.CALCULATES UTOT., AND USCATTERED,
C
REAL ¥JT(XC,KC),KITINV(KC,¥C),UN(IT¥P,KC)
RFAL WAPRFA(YX()
COMPLEX ¥FIJ(XC,KC),KIJ(XC,¥C) ,UMAT(KC) ,2VH¥AT(KC) ,V0(TTNP),
FINAL(CITNP) ,AQUT(¥C),STOREI(FC),STORT2(¥C,¥C),
JLRSIDE(FC,¥C) ,PSINE(KC) ,PSINELI(¥C) ,USCAT(ITNP)
C STORFI=VITTINUXIIMAT

C STORF2=KTTTMV#KIJ
no 10 I=1,%C



@}

o

11
10

21
20

31
30

40

51
50

110
100

130
120

210

151
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STORE1(I)=CMPLX(0,,0.)

PO 11 J=1,KC
STOREI(I)=STORFI(I)+FTITNV(T,J)*UMAT(J)
CONTINUP

no 20 I=1,KC

DO 200 J=1,KC

STORF2(1,J)=CMPLY(0,,0.)

ne 21 K=1,kC
STORF2(TI,J)=STORF2(TI,I)+FTTINV(T ,R)*VTI(V,J)
CONTINUF,

LRSINF = V1T - RJIT*PITINUVSET]

DO 30 I=],KC

DO 30 J=1,KC

LPSIDE(T,J)=CHPLX(0N.,0.)

NO 31 K=1,KC
LREIDF(T,J)=LRSINF(T,J)+RIT(I,V)*QTORF2(K,.J)
CONTTNUF

DO 40 T=1,¥0C

no 40 J=1,KC
LPSINF(I,J)=FJJI(T,J)=-LRSIDF(T,J)

RS, CALLFR TRMPORARTLY AOUT=UMAT-KITAKITIFVAUNAT
no 50 TI=1,¥C

RSINF(T)=CHPLY(0.,0.)

DO 51 J=1,¥C
RSIDF(T)=RSINF(I)+VIT(T,J)*STOPF1(J)
ADUT(T)=VMAT(T)=-RSTNF(T)

SOLVES :IRSIDE!*~:AOUT™! = ~:R,1,S,~! THROATIGH TMST.,
N=V(

JA=V¥C

M=]

TR=¥C

T1JOP=0

CALL LFOTIC(LRSIDE,N,IA,ACUT, M, IR, TJOR,'ARFA,TFR)
NFSIPFD SOLUTION RFTHRNS T AOUT=A,THT COFFF,
COFFFS. C APF NOV CALCULATED AS RSINF(T).

DO 100 I=1,KC

RSIPEI(T)=CMPLX(0,,0.)

DO 110 J=1,¥C
RSIDF1(I)=RSINFI(I)+STORE2(T,J)*ACTUT(J)
RSIDE(T)=STOREI(I)-RSINEI(T)

CALCUTATFES UTOTAL=FINAT (T)=UN*(C,

DO 120 I=1,TTNP

FINAL(T)=CMPLX(0,,0.)

nO 130 J=1,¥C
FINAL(T)=FINAL(I)+N(T,J)*RSTDE(J)

CONTINUFR,

CAL.CULATES SCATTERED FIFLD.

Do 210 I=1,TTNP

WSCAT(I)=FIVAL(TI)-W0(T)

CONTIKUF

DO 151 I=1,KC

AOUT(I)==A0UT(T)

RETURN

END
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SURROUTINF  OUTER3(AQUT,RP,THETAV,NPRPT,XC,KCH R¥APAL,
<CAMMA HKH MTERM MTERM2 BN,V BJ,BY B AMILT,RSIDEI ,IDFP,
.WSCATI ,USCAT2)

IF TOUTPP.CT.C,THFN THIS SUPROUTINE IS ACTIVATFD,

COMPLFY AQUT(XC) ,MKH(MTERM) ,IN(MTFRM2) ,V(VC),C1,
JWSCATI (NPRPT) ,,USCAT2(NPRPT) ,RSIDF1 (NPRPT) ,AMULT(YC)
RFAT RI(MTFERM2),PY(MTFRM2) ,RP(NPRPT), THETAV(NPRPT)
Cl=CMPIX(0.,1.)
no 10 I=1,NPRPT
THFTA=THETAV(I)
RAD=UINFP/COS(TIETA)
RP(T)=ARS(RAD)
7=REAPALI*RP(T)
CALL  MMRSJIN(7Z ,MTERM2,RJ)
CALL. MMRSYN(Z,0 ,MTFRM2,RY,TFR)
NG 20 N=1 MTFRM?
20 M(NY=RI(N)+CI*RY(N)
CALT.  ATD3(BHN,RJ,HKH THETA,V ,MTF2M MTERM2 VOH V()
WSCATI(I)=CMPLY(0.,0.)
DO 4N J=1,¥C
40 WSCATI(1)=WSCATI(T)+V{I)*AOUT(.I) /AMULT( D)
DO 140 J=1,rCH
N=J-1
14N V(I)=((=1)%%N) %2 . *PN(J)*COS(N*TIFTA)
DO 150 N=1,%Cr
NKCP=NM+F ol
Nl=N+1
NM1=N-]
150 V(NI =((=1)%RNMI) &2 STIN( M) *QTN(N*TUETA)
WSCAT2(I)=CMPLY(0,,0,)
DO 160 J=1,KC
160 WSCAT2(T)=VSCAT2(T)+V(I)*A0UT(J)/AMILT(.T)
TERM1==RPAPAI*SIN(THETA) *SIN(CAMMA)
TFRM2=PRP(T)*TrRM]
TFRM3=RVAPAI%COS(GAMA)
TERML=TERMI* (RP(T)*COS(THFTA)+IT)
PSIDFILT)=2 *COS(TERML ) *CFXP(~C]1 *TFRM2)
10 CONTINIUE
Do 180 J=1,¥C
180 AQUT(J)=A0UT(J)/AMULT(J)
PRETUPN
END
SURROUTINF MMBSIN(Z MMM, RJT)
PFAL RJI(™M)
D=1.0n-10
DO 200 N=1,M0m
Ki=p-1
RJ(N)=RFSJ(Z KK, TFR)
200  CONTINIF
RETURN
FND
REAL, FUNCTION BFESJ*& (X, N, D, IFR)
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TMPLICTIT REAL*8(A-H,0-7)
CENEPIC
REAL*R& X, D
RFSJ = 0,
TIF (N .CF. 0) GO TO 10
IFR = 1
RFTURN
10 IF (X .GT. 0) ¢o T 20
TIFR = 2
RETURN
20 NTEST = 9M4¥/2
IF (¥ JIF. 15) NTEST = X*(10~Y/3)+20
IF (¥ .LT. NTEST) CO Tr 30
TIEP = 4
PETIIPN
30 IFpP = 0
NI = N+l
RPREV = 0,0D0
”A = }f+(:-
IF (¥ .GF. 5.) MA = 1,4*%+60,/X
MB = N+INT(X)/4+2
MZERO = MAYO(MA, MR)
NO 50 M = MZFRO, NTRST, 3
M1 = 1,0p=28
M = 0.0DO
ALPHA = 0,0R0
JT =1
TF (M RO, M/2%2) JT = =]
M2 = M=)
PO AR = ], M2
MY = M-V
BMY = 2 ,ODOFMPAPM] /X-TM
FM o= FM]
TM] = RMK
IF (MK=N FOQ. 1) BESJ = BMEK
JT = =JT
§ = 14J7T
40 ALPIA = ALPHA+RME*S
BMK = 2,0D0%FM1/¥-FM
IF (¥ .E0. 0) PESJ = BMK
ALPFA = ALPHA+PMK
BFSJ = BFESJ/ALPIA

el

IF (ABS(RESJ=RPRFV) .LE. ARS(D*BFSJ)) RFTURN

IF (ARS(BESJ=PPRFV) .LF. ARS(D*BESJ)) GO TO 55
50 BPPFV = RFSJT
IFP = 3

55 IF (APS(BESJ) .LE. 10.0D=30) RFSJ = G.0ODO
RETURN

FND
SUBROUTINE PRINT(REKAPAI ,GAMMA,DEPTH,CRACK,ITKP,
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NPRPT,KC,NSCAT ,UUSCAT,FINAL U0, VSCATI,
WSCAT2 ,RSIDF1 ,AQUT RP  THFTAV,TPTI ,IPT2,YPH,TSCAT)

COMPIEX FINAL(ITNP),WSCAT(ITNP),UO(TTNP),VSCAT] (NPRPT),

* WSCAT2 (MPRPT),PSINFI(NPPPT) ,AOUT(¥ () ,VSDIFF
RFAL THFTAV(NPRPT),RP(NPRPT),YPH(ITNP)
TINTECTR IPTI(NSCAT),TPT2(}SCAT)
PRINT 100,RFKAPAL ,GAMMA DFPTI, CRACK
PRINT 110
pe 10 T=1,17TRP
APUSC=CARS(VSCAT(T))
ARUTOT=CARS(FINAL(T))
APTIO=CARS(WO(I))
PPINT 120,T,FINAL(I),ARUTOT, VISCAT(T) ,ARNSC,UO(T),ARVO
10 €O NTINUE
PRINT 130
DO 200 1=1,NPRPT
ABUSCI=CARS(NSCATI(T)) IR
ABUS(2=CABS(WSCAT2(T)) SRR
PPINT 140, RP(I),TUFTAV(T) ,USCATI(T1),APMSCL,USCAT2 (1), APHSCD

20 CONTINUFR
PRTFET 150
ne 30 I=1 ,NPRPT
ARUSC=CARS(PSINFI(T))

PRINT 160,T,RP(T),TI'FTAV(T),PSTNFI(T) ,ARVSC

30 CONTINUF
PRINT 170
PRTNT 180,A0UT

TF(ISCAT .FC. 0)CO TO 222

PPINT 100

PRINT 200

DO 4O To=1,7SCAT

T1=TPTI(IS)

I12=1IPT2(1S)

WSNITF=USCAT(T1)=-USCAT(12)
APV=CARS(USDIFF)
ABUI=ABU/ (4 FCRACK*PRAPAL)

PRINT 210, T1,12,YPH(TI1),USDTFF,ARV ARY]

40 CONTINUT

222 CONTINIE

100 FORMAT( 1’/ / /2%, REAPAY=" ,G10,3,2%,CAMIIA=" , (10,3,
L2XL,IDEPTH= [G10.3,25, "CRACY=",C10.,3,
$2V,PFERY MET'"S METHOD-—--DFFP%*% ‘)

110 FORMAT( ="/’ =" 2%, 'FODF NO.  4X,10("*7),"TOTAI, FIFLD’,
LO(7%7),10X,8( %), "SCATTFRFD FIFLD',7( *"),0V,
LL(*%7) P INCIDFNCE FIFLD ,7(%")/

o L VAXIRFTES O, CIMTE L OX, CAPTF 0N, 'RFSF’ QY S TMRP’ |
COX,TARSF’ AX YRREIT 0¥, "TMTF’, 9%, "ARTF"//)

120 FOPMAT(’ ‘,4¥,76,9G13.,5)

130 FORMAT(" ‘///10Y,’KODF NO,’,28%, SCATTFRFDN FIFLD,30¥,
«“SCATTERTD FIFLD',/° 7 16X ,'R’ 10X, "THFTA" 12V,

o PFAL’ 12X, IMACY 12X, ARSL", 12, "PFAL’, 12X,
<IMAGY 12, PARSLY /)

140 FORMAT(’ 7,4%,74,R8G15.5)

150 FORMAT(’ “,10X,” NODF NO.’,28X,” INCIDFXNCF FIFID' /% 7 16X,

%
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< R7L10¥,PTHFTAY [ 12X, “RFAL’ 12X, " TMAGY 12X, “ARSL’,//)

FORMAT(” *,4X,14,5G15.5)

FORMAT(® 7 ,2¥, —————- ACUT=COTFFICIENTS OF CUTFER  EXPANSTON-="//)
FORMAT(’ 7,2¥,8G16.6)

FOPMAT( =" /"=’ 25X, "****XDIFFERENCE OF SCATTFPEDN FIFLDH%*%%%’//)
FOPMAT(’ 7, “RETUFEN NODES’,5X, Y’ ,8Y,9( *’), " DIFFEPENCE’,0( %),
JTX,

J\DIFFFRERCF\ ", 5%, PIFF BY &4RL7//)

FORMAT(” ,2¥,215,2¥%,F9,5,2¥,4C16.6)

RETURN

FND

//COLFTO2FGOT DN DSP=KCENNG. DT NFUDATA,I'NTT=SYSDA,

/7

NISP=(OLN,KFFP), V0T =SEP=UNPF 04



