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1. INTRODUCTION

The program "ANALYZE" was orginally developed for in-house studies
in structural analysis and optimization. It is the basis for a number of
programs such as "0PTSTAT" (1), opTcomp(?) and "panaLYz"(3). manaLvzZE"
has been used by the authors in their consultation work on a number of
Air Force projects. It has also been used as a demonstration program
in structural analysis courses at the University of Dayton and the Air
Force Institute of Technology. This program was distributed earlier
with makeshift input and output instructions. These instructions did
not include details of the theory nor the internal organization of the
program. The purpose of this report is to generate comprehensive docu-
mentation for the "ANALYZE" program.

The program is based on the displacement method of finite element
ana]ysis(4'6). In such an analysis the continuum is replaced by a
discrete model consisting of a finite number of nodes connected by
elements (See Figure 1). This discretization reduces the original
differential equations of the continuum to a set of algebraic equations
which can be solved much more readily on digital computers.

The program has basically four finite elements:

1. Bar (Axial Force Member)

2. Membrane Triangle

3. Membrane Quadrilateral

4. Shear Panel

The four elements and their local coordinate systems are shown in Figure 2.

The bar is a constant strain line element and is equivalent to a rod

ahe
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(a) Continuum
Elements </ 13
(b) Finite Element Model

FIG. 1: Continuum and Finite Element Model
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element in the NASTRAN(7) program. The membrane triangle is a constant
strain plate element similar to TRMEM in NASTRAN. The membrane
quadrilateral is constructed out of four (non-overlapping) constant
strain membrane triangles (element 2) with a fictitious interior node.
This interior node is later removed by static condensation. This element
is similar to QDMEM2 in NASTRAN. The shear panel is also constructed

out of four non-overlapping triangles with a fictitious interior node.
However, only the shear energy is considered in determining the stiffness
of this element. A]thouéh the formulation is somewhat different, this
element gives comparable results to the NASTRAN SHEAR element or the

so called Garvey shear pane](g).

The basis for the derivation of the shear panel is empirical, and it
is primarily intended to eliminate some of the difficulties encountered
in using membrane triangles and quadrilaterals. For example, in beam
problems (rectangular beams, I-beam, Box Beams including multicell wings
and fuselage structures) the high stress gradients in the webs do not
justify the use of constant strain triangles or quadrilaterals derived
from these triangles. In fact, use of such elements for the webs
(spars and ribs in wings) overestimates the stiffness by an order of
magnitude. Aerospace engineers have offset this difficulty to a large
extent by judicious use of membrane elements in conjunction with the
shear panels. In fact the early finite element models of wings and
fuselages consisted primarily of bars and shear panels. However, the
present practice of using membrane triangles and quadrilaterals for the

top and bottom skins, bars for the posts, spar and rib caps, and shear




panels for the spars and ribs eliminates to a large extent the need
for determining the equivalent thicknesses and cross-sectional
areas in the bars and shear panels model. The models consisting of
these elements are most satisfactory for determining the primary load
paths in built-up structures such as wings and fuselages. In addition
the simplicity of these elements makes interpretation of the results
easy and also keeps the analysis costs low because the stiffness
matrices of these elements can be generated in a fraction of a second.
The detailed formulation and additional information on these elements are
given in Section 3.

In finite element analysis, a large proportion of the time is
spent in the solution of the force displacement relations. The program
uses standard Gaussian elimination with modifications to take into account
the symmetry and sparseness characteristics of the stiffness matrix.
The details of the solution scheme and storage of the stiffness matrix
are given in Sections 2 and 5. "ANALYZE" is an incore program whose
core requirements depend on the problem size, primarily measured in terms
of the number of degrees of freedom and the size of the semi-bandwidth.
However, the bandwidth per se is not considered in the program. With

an available core of about 100K, one can solve problems of up to 300

8
to 400 degrees of freedom. With the full core of a machine 1ike the

CDC 6600, it ‘is possible to solve problems of up to 1500 degrees of freedom
and a comparable number of elements. The details of core requirements

are discussed in Appendix A.

The program is written in standard ANSI Fortran IV.




2. ANALYSIS

In the finite element analysis the continuum is replaced by a
discrete model consisting of a finite number of nodes connected by
elements (members). The rationale in such an approximation is that the
response between the nodes (i.e., in the elements) can be expressed as
a function of the response at the nodes. The functional relationship
between the two responses is approximated by various interpolation
functions or shape functions. The type of functions depends on the
complexity of the problem at hand. This discretization reduces the
original differential equations of the continuum to a set of algebraic
equations which can be solved much more readily on digital computers.

The equations of the finite element analysis can be derived
conveniently by considering the strain energy of the deformed system.
For example, if the elastic body is idealized by m finite elements
connecting q nodes (See Figure 1), the strain energy of the ith element

can be written as

R Al
RS 5 0 & dv (1)

;
where 9; and e; are the stress and strain vectors and Vi is the volume of
the element. For a linearly elastic body the relation between stress and
strain can be written as

9; = Ei & (2)

* Superscript t on a matrix represents transpose




where Ei is the symmetric matrix of material elastic constants. For
typical plane stress problems the elastic constants matrix is of dimension
3x3. For an isotropic material in plane stress problems the elements

of E are as follows:

(3)
1-u)

o
o
SIC I

where E and u are the elastic modulus and poisson's ratio of the material

respectively. For an orthotropic material the elastic constants matrix is

given by
1 uw 0 i
£y
e byl B0 (4)
T 1-Bu Gy , 2
0 o0 fgl-eu )

where E] and E2 are the longitudinal and transverse moduli, respectively, in
the directions of the material property axes. B is the ratio of transverse
to longitudinal modulus (EZ/E])' G and y are the shear modulus and
poisson's ratio respectively.

The essence of the finite element approximation is that the internal
displacements of the elements are expressed as functions of the displacements
of the discrete nodes to which they are connected. The local coordinate
systems and the nodal degrees of freedom of the four elements are shown
in Figure 2. The functional relationship between the element internal
displacements and the discrete nodal displacements is given by

T B (5)

~

~

.
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where the matrix W represents the displacements in the element which are
functions of the spatial coordinates (x, y). The shape function ¢, is
a rectangular matrix, and its elements are also functions of the spatial
coordinates. The vector Vs represents the nodal displacements in the
direction of the element degrees of freedom in the local coordinate
system (Figure 2). Now the strain-displacement relations can be
written as

€; = B w; (6)

~ ~ ~1

where B is a differential operator. For a plane stress problem B is

given by
wh -
3x 0
B= b (7)
- S
oy X

Substitution of Equations 2, 5 and 6 in 1 gives the expression for strain

energy in the following form

t
Yi % Yy (8)

nN|—

Ti-

where Ei is the element (member) stiffness matrix with respect to the
discrete coordinates v and is given by
v t gt
Ky * 05 8" E; B oy dv (9)
Yy

An alternate but a convenient method of determining the elements of the

member stiffness matrix is by invoking the principle of virtual work(g)

i y','-nl

= L

T




which gives

t \
¥,
1
(p)

where as is the stress state due to the element displacement configuration

in which vp = 1 while all other v's are zero. Similarly eEQ) is the strain

state due to the unit displacement configuration in the direction of the qth

degree of freedom. These two conditions are shown in Figure 3 for the
degrees of freedom 1 and 2 of the membrane triangle. It should be noted
that besides assuming appropriate shape functions, the integration in
Equations 9 or 10 is one of the difficult tasks in the case of complex
elements in finite element analysis. However, for membrane elements this

integration does not present any difficulties as will be seen in the

next section. For more complex elements the usual practice is to adopt
numerical integration schemes.(]o’]])
From Equation 8 and Castigliano's first theorem, the relation between

the element nodal forces and the displacements may be written as

Bri
5" vy kY (1)

where S; is the element nodal force matrix corresponding to the displacement
matrix vy Similar force-displacement relations for the total structure

can be derived from the strain energy of the structure. The total strain
energy I' of the structure can be written as the sum of the energies of

the individual components.

m
re §oty=g L vikiy (12)
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(a) First Unit Mode (b) Second Unit Mode

FIG. 3: Examples of Unit Displacement Modes

FIG. 4: Quadrilateral or Shear Panel
Divided into Four Triangles
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In general, for most structures, it is convenient to define a local
coordinate system for each element and a global coordinate system for the
total structure. In such a case the element and structure generalized
coordinates can be related by

TR (12}

. is the compatibility matrix. Its elements can be determined

where a;

by kinematic reasoning alone provided the structure is kinematically
determinate. The matrix u is the generalized displacement vector of
the structure in the global coordinate system. It is interesting to
note that Equation 13 not only transforms element displacements from local
to global coordinates but also gives information about how the elements
are connected to the structure. From Equation 13 and the principle of
virtual work it is easy to show that the transformation between the
forces on the structure and the element internal forces is given by

= a5 (18)
where P is the force vector on the structure in the global coordirate system.
The transformation given in Equation 14 is sometimes referred to as a
contragradient transformation.(]z)

Substitution of Equation 13 in 12 gives the expression for the total

strain energy in the form
r=gutKu (15)

where 5, the total stiffness matrix of the structure, is written as the
sum of the component stiffness matrices.
m

k= Lok ey (16)

1




Again using Castigliano's first theorem the relation between the generalized

force matrix E corresponding to the displacement matrix u may be written as

P= [}%}{} =Ku (17)
; k-

In most structural analysis problems the stiffness matrix 5 is
sparsely populated. It is essential to take advantage of this fact
in solving the load deflection equations (Equation 17), particularly in
the case of problems with a large number of degrees of freedom where the
cost of computation can be prohibitive otherwise. The "ANALYZE" program
uses Gaussian elimination with modificétions to take into account the
symmetry and sparseness of the stiffness matrix.
Basically Gaussian elimination involves decomposition of the stiffness
matrix by
K=LDL' (18)
where L is the unit lower triangular matrix and D is a diagonal matrix.
The advantage of this decomposition scheme is that the E matrix retains
some of the sparseness characteristics of K which consequently reduces the
numbers of computations. Also E and g can be assigned the same storage
as K.
The next step is the forward substitution by
LY=? (19)
where the matrix ! is given by
r=oLtu (20)
In Equation 19 the solution of ! can be accomplished by simple forward

substitution. Once ! is obtained, u can be solved by back substitution
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7. Determination of the element displacements in their local
coordinate system (Equation 13).
8. Determination of the stresses in each element (Equations 6, 5, and 2).
9. Output the structure displacements, element stresses and other
information such as element strain energies, etc.
The next section consists of the details of the stiffness matrix

formulations for the four elements in this program.
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where Xy and X, are the coordinates of the two ends in the local coordinate
system. Then the shape function (Equation 5) corresponding to this linear

displacement field can be written as

1 =
g » = (% = %) =(x ~ %} (19)
s lx1 x2$ 2 1
From the strain-displacement relations, the axial strain in the element is
given by
- oW _
e (20)

From the principle of virtual work (Equation 10) the individual elements of
the member stiffness matrix can be written as
3 (£ 308 b ) S9N i+j AE
kij gy 6y dv = (-1) 3 (21)
V
where A is the cross-sectional area, L is the length of the member, and E is

the modulus of elasticity of the material. The member stiffness matrix is

SRR
E”TE] ] (22)

The member force matrix is aiven by

given by

g (23)
The stress in the member is given by
O . * E €y (24)
or
R
N (25)
16




The strain energy in the element is given by

By
R L (26)
or
1
T = 79 B AL (27)

TRIANGULAR MEMBRANE ELEMENT

The membrane triangle is the basic plate element in the program. It
is used to construct the membrane quadrilateral as well as the shear panel
with some modifications. The membrane triangle can be used effectively in
all cases where the primary loading is inplane forces. These include top
and bottom skins of aircraft wings, flanges of I and box beams when they
are subjected to constant normal stresses (tension or compression)
only and skins of sandwich construction. However, they are not suitable
for situations where high stress gradients exist. For example, they are
unsuitable for spars and ribs of wings and other 1ifting surfaces, webs

of I and box beams and flat plates where the primary load is bending.

If used in such cases, they overestimate the stiffness or generate singularity.

Figure 2 shows the triangle elements with the local coordinate system.
The generalized coordinates Vis Vos ===y Vg represent the inplane
displacements of the three nodes in the local coordinate system. The
displacement field in the element is assumed to be linear. This gives
constant strain in the element. For a Tinearly elastic material the

stress in the element will also be constant.

17




The linear displacement field in the element can be represented by

w, =a;x+ b] y+ G

X
(28)
wy =a, X + b2 y+ Coy
where W, and wy are the x-y displacements in the plane of the plate
in the local coordinate system. a], b] etc. are the six undetermined
coefficients. Equation 28 can be written in matrix form as follows:
=
xy1l1000 a,
w =
= 000xyT| |b
< (29)
a2 \
b,
L2
The six unknown coefficients can be uniquely determined by the six
boundary conditions at the nodes.
— — 1 —
K2 X1 ¥ 1 i ¢ w9 'y
]
[}
Vg X3 Y3 1 i 0 0 0 S
R e bccceceancaae === (30)
vy 0 0 0 E X " 1 a,
[}
Vg 0 0 0 5 Xy Yo ] bz
]
where Xps Yy ====s X3 and y3 are the coordinates of the three nodes of

the triangle in the local coordinate system. It should be noted that the

18
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nodal displacements are grouped into x and y directiuns, so that the
nodal coordinate matrix on the right hand side partitions into a diagonal
matrix. The inversion of the partitioned diagonal matrix involves simply

the inversion of the component matrix. Now the shape matrix ¢ is given by

ko)
¢ = xZ (31)

~

where the matrix x is given by
000 xy1l
and the Z matrix is given by

L= [x*ﬂ (33)

2

The coordinate matrix X is given by

XN 1
5 =X Y 1 (34)
X3 Y3 1

It is interesting to note that each column of Z'] represents a unit

h column of the inverse represents a

displacement mode: i.e. the jt
displacement mode in which vj = 1 while all other nodal displacements are
zero (See Figure 3). This fact is used to advantage in determining the
elements of the member stiffness matrix.

From linear strain-displacement relations the strains can be written

as awx
ks bl (35)
ow
£ = ——l = b
g 2

19




oW ow
Ey "3y tx P ta

(37)
From the principle of virtual work (Equation 10) the elements of the
member stiffness matrix can be written as
vt 7 .t .
ks ° 9(1) E(J) av = | (1) E () gy (38)
v v

where 9(1) and E(J) are the stress and strain matrices corresponding to
the unit displacement modes explained under Equation 34. Since the linear
displacement variation implies constant strain, the integral in Equation 38

can be replaced by the volume of the element:

.t 3
- K (i) (3)
kg =7 1% 7 Ec (39)
where |X| is the determinant of the nodal coordinate matrix which represents
twice the area of the element and t is the thickness of the element. Now

the stiffness matrix of the element is given by

e s
t t t
E(1) ; E(1) E(1) E E(2) _______ E(1) E E(6)
t t t
E(2) E E(1) E(2) E E(2) _______ E(2) E 5(6)
k=1 x| t E E E (40)
> = ' (] 1
£:} Bt Lat
E(6) E E(1) 5(6) é 5(2) _______ .(6) ; E(6)
The member force matrix is given by
 Z5 i
The stress matrix in the element is given by
gate (42)

20




The strain energy in the element is given by

A
TS (43)

or

IRE LT (44)

The next important step in the evaluation of the stress state in
an element is the selection of a suitable failure criteria because of the
combined stresses (ox, cy,and cxy) in plate elements. The modified energy of
distortion or Von-Mises criteria is adopted to determine the effective
stress in an element. The effective stress is given by
2 )1/2
Xy

T 2
Taff = (0x : g, -9, 0 + 30

Xy (45)

The margin of safety is evaluated by first determining the effective stress

ratio (ESR) 1/2

o, 2 o, & 0,0 - O -
w lk L ARy Xy
ESR = | () * ) - vy * (g (46)

where XX and YY are “he tension or compression allowable in the x and y
directions, respectively, and ZZ is the shear allowable. Then the margin of

safety (MS) is determined by

_ 1-ESR
S = sk (47)

If the user does not provide the allowable stress values, then default
values of 60,000 psi for tension and compression allowables in both
directions and 36,000 psi for the shear allowable are used.
QUADRILATERAL MEMBRANE ELEMENT

The quadrilateral element is most frequently used to represent membrane

skins unless the corners etc. require the use of the triangular element.

21




Figure 4 shows the local coordinate system and the generalized coordinates
(displacements) i through vg- The element is assumed to be a flat plate,
and all nodes are assumed to lie on a plane connecting the first three
nodes (1, 2, and 3). In effect the warping in the element is ignored.
This approximation results in an overestimation of the stiffness of a
truly warped quadrilateral element. In most cases the effect of the
approximation is small, and it can be further reduced by reducing the mesh
size of the model in the regions of high warping. However, if the warp
is too large, the quadrilateral should be broken up into two or more
triangles.

As mentioned earlier, the stiffness of the quadrilateral element is
determined by breaking it into four component triangies as shown in
Figure 4. A fictitious node in the quadrilateral is located by averaging

the coordinates of the four nodes as given by

WL B B8 : (48)
> 4
Vit Yo t Yoty

The stiffness of the four trianales is then computed by Equation 40 in the
local coordinate system shown in Figure 2c. Addition of the four stiffness
matrices gives a 10 x 10 stiffness matrix with two degrees of freedom
included for the fifth node. This fictitious node is later removed by
static condensation before adding to the total structure. The procedure

for static condensation is outlined next.
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The force displacement relations of the 5 node quadrilateral are

written as
Ra = ¥q Mg (50)
where the subscript refers to the quadrilateral element with 5 nodes.

Equation 50, partitioned to isolate the degrees of freedom of the fifth

node, can be written as

L R TR (51)
Reel i85 wf Kex. .2l Wes
R T I

Equation 51 can be written as two separate equations

Sp ke s Bt B T (52)
St Mg T W tn (53)

Since the fifth node does not actually exist in the original model, no
external forces can be applied to this node. This condition gives

-1

e gl R R (54)
Substitution of Equation 54 in 52 gives
g 7 «)
Re = (keor = Xpoor Xn,or KrrL,p) I (55)

From Equation 55 the stiffness matrix of the original quadrilateral can
be written as

% -1
k= ki - koo koL KoL (56)

The stiffness as obtained by Equation 56 is added to the total structure

after appropriate coordinate transformations to the alobal coordinate system.
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When the structure displacements are determined, the fifth node displacements
can be determined by Equation 54. Now the stresses in each triangle can be
determined as before. The effective stress ratio is determined for each
triangle separately (Equation 46), and then a weighted average is used

in computing the effective stress ratio and the margin of safety. This

weighted average is computed by

s = (ESR)y 4y + (ESR), 8, + (ESR)4 A + (ESR), 4,

(57)
By + By + By + By

where (ESR)] thru (ESR)4 are the effective stress ratios of the four
triangles. A1 thru A4 are the respective planform areas of the triangles.
Now the margin of safety MS is computed as before by Eq. 47.
SHEAR PANEL

As the name indicates, the shear panel is devised for the purpose of
representing shear transmitting elements. For example in wing structures
the top and bottom skins can be represented by membrane (triangle and
quadrilateral) elements. If the same elements are used for spars and ribs,
the resulting finite element model grossly overestimates the stiffness
of the structure. What this means is that the displacements obtained by
this model will be much smaller, or if this model is used for dynamic
analysis, the frequencies of the structure will be much higher and cannot
be matched with the results obtained from ground vibration tests. This
behavior is due to the assumption of constant strain (stress) in the
membrane element formulations. Most web elements in box or I-beams
carry primarily shear and some normal stresses. In other words their
deformation is primarily due to shear and not due to normal stresses.

The normal stresses in webs usually have steep stress gradients, and the
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assumption of constant stress (or strain) is not justified. To offset
this difficulty, and yet preserve the simplicity of the constant strain
elements, a shear panel was formulated (Reference 8) with the assumption
that it carries only shear stresses. The bars and other membrane elements
that surround the shear panel are supposed to carry the normal stresses.
Such a situation does not actually exist in reality, and thus the shear
panel is an empirical element. However, the models built on such an
assumption appear to produce satisfactory results.

Until recently it was a common practice in aircraft companies to model
wings, fuselages, and empennage structures simply by bars and shear panels
to obtain primary load path information. In such idealizations it was
a common practice to assign a third of the cross-sectional area as spar
and rib caps and the remainder for the shear panels. It should be pointed
out that every shear panel must be surrounded on all four sides by normal
stress carrying elements such as bars or membrane or bending elements.

If the natural model does not contain such an element on any side of the
shear panel, a nominal (or fictitious) bar (post) must be provided.
Otherwise the model will have a singularity.

The shear panel in "ANALYZE" is constructed out of four triangles
with the fictitious node inside as in the membrane quadrilateral discussed
earlier. However, the stiffness matrices of the component triangles are

determined by considering only the shear strain energy (Equation 39).

ko= 5 Ixl tell) 6 eg) (58)

ij Xy
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where G is the shear modulus, and ei;) and eig) are the shear strains
due to the unit displacement modes discussed earlier. There is one point
that must be made here. The shear stress (strain) in an element changes
with the orientation of the reference axis. Thus the stiffness matrix
of the element can be sensitive to the referenge axis. For rectangular
elements the shear strain energy would be the same regardless of which
side is selected for the reference axis. However, for quadrilaterals
the stiffness matrix does depend on the reference axis. The errors
produced by such departures are usually not significant, but it is
worthwhile to make note of the assumptions involved. The ANALYZE
program has a provision for specifying any one of the four sides of the
quadrilateral as the reference axis.

As in the quadrilateral element the shear stresses in all four
triangles are determined separately but with respect to the same reference
axis. Of course, the normal stresses in the shear panels have no
meaning. The margin of safety is determined by a weighted average of the
effective stress ratios(ESR) as in the quadrilateral. The strain energy

is determined by considering only the shear stress and strain.

26




4. ORGANIZATION OF THE PROGRAM

The material presented in this section is intended either to help
introduce changes into the program or to expand its scope for the specific
needs of a researcher as the authors have done in the past ten years.

The steps outlined at the end of Section 2 are summarized in the flow-
chart in Figure 5. There are a total of 16 boxes in the flow-chart.
Each of these boxes generally involves one or more subroutines. The
subroutines that belong to each of these boxes are identified first,
then the function of each subroutine will be discussed in the next
section with the help of the equations given in Sections 2 and 3.

Box 1 - Input

Input in the present version of the "ANALYZE" program is not in
subroutine form. However, the input statements are all at the beginning
of the program, and thus they can be grouped into a single subroutine.
Alternatively, one can generate an input routine of his own with
provisions like one card per each element and a card for each node etc.
For example, it is relatively easy to write a subroutine with NASTRAN type
input. The description of the varioﬁs arrays (See input instructipns)
and their dimension requirements given in Appendix A can be qhite helpful
in writing such an input routine.

Box 2 - Map Stiffness Matrix

This step involves a single subroutine called "POP". The purpose of
\ this routine is simply to estimate the storage requirements of the stiffness
l matrix and to map its profile. The stiffness matrix is stored in a single

array called SK. The elements of the matrix are stored columnwise
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starting from the first non-zero element in the column to the diagonal
element. Since the matrix is symmetric, only the upper triangle is
stored.

Box 3 - Element Stiffness

There are four elements in the program. A1l of them require the
subroutine "COORD". In addition all the plate elements require the
routine "ELSTIC". The remaining subroutines are listed separately for
each element.

i. Bar (Rod) Element:

The bar element is shown in Figure 2a with the local coordinate
system and degrees of freedom. This element requires the subroutine
"ELSTIF" which generates the bar stiffness matrix in the local coordinate
system and also transforms it to the global coordinate system.

ii. Triangular Membrane Element:

The element and its local coordinate system are shown in Figure 2b.

The subroutine "PLSTIF" is the only other routine required by this element.

It generates the stiffness matrix of the triangle in the local coerdinate
system.

jii. Quadrilateral Membrane Element and Shear Panel

The elements and their local coordinate system are shown in Figure 2c.

The subroutines "QDRLTL", "PLSTIF", "SUM", "CONDNS", "CHANGE" and "CRAMER"
are the additional routines required by these elements. Together these
subroutines generate the stiffness matrix of either the quadrilateral
membrane or shear panel. The routine "QDRLTL" calls "PLSTIF", "SUM"
and "CONDNS". The routine "PLSTIF" calls "CRAMER". Similarly "CONDNS"
calls "CHANGE".

29
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Box 4 ~ Transform

This step involves a single subroutine called "TRNSFM". It
transforms the stiffness matrices of the triangles, quadri]atera]s,and
shear panels from the local to the global coordinate system.

Box 5 - Assemble

“ASEMBL" is the only subroutine used in this step. Its purpose is
to add the element stiffness matrices to the total stiffness matrix of
the structure. The steps 3 thru 5 form a loop in which all the element
stiffness matrices are computed and assembled into the total stiffness
matrix.

Box 6 - Boundaries

The routine called "BOUND2" eliminates the rows and columns of the
stiffness matrix corresponding to the support degrees of freedom of the
structure. In addition it also condenses the stiffness matrix.

Box 7 - Reduce Force

This step involves a routine called "REDUCE". It eliminates the rows
of the force matrix corresponding to the support degrees of freedom.

Box 8 - Solution of the Force Deflection Equations

The routine "GAUSS" solves the load deflection equations by Gaussian
elimination. A large percentage of the analysis time (80 to 90%) is
spent in this routine, and its efficiency is extremely important in reducing
the costs of the analysis. At the end of this step the displacements of
the structure are available in condensed form (excluding boundary degrees

of freedom) in the global coordinate system.
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Box 9 - Total Energy

The total energy of the structure is computed by

1.t
W=3zR"r

The strain energy of the structure (U) is computed by adding the strain
energies of the elements in step 14 (Box 14). A comparison of W and U
provides an equilibrium check.

Boxes 10 and 11 - Restore Forces and Displacements

These two boxes use the same routine called "RESTOR". The purpose of
this routine is to restore the force and deflection matrices to their
original dimension to include the boundary degrees of freedom. Its
purpose is essentially opposite to that of the routine "REDUCE" in Box 7.

Box 12 - Element Displacements

The routine "COORD" and "ELFORC" facilitate extraction and transformation
of the element displacements from the global to the local coordinate system.

Box 13 - Element Forces

This step is not in all versions of "ANALYZE". Element forces are not
necessary to compute stresses. However, this step can be restored if the
element shear flows and other force information are necessary.

Box 14 - Element Stresses

The details of this step depend on the type of element.
i. Bar (Rod) Element:

The stress in this element is computed in the program itself. No
additional routines are involved. At the same time the element strain

energy is also computed.




Y " —

ii. Triangular Membrane Element:

The subroutines "STRESS" and "CRAMER" are involved in this step. The
routine "STRESS" calls "CRAMER". The purpose of this routine is to calculate
stresses in the triangular element. In addition this routine calculates
strain energy and the effective stress in the element (See Equations
44 and 45).

iii. Quadrilateral Membrane and Shear Panel

This step involves routines "ELSTIC", "QDRLTL", "PLSTIF", "SUM",
"CONDNS", "CRAMER", "QLSTRS" and "STRESS". It should be noted that the
routine "QDRLTL" calls "PLSTIF", "SUM and "CONDNS". "PLSTIF" in turn
calls "CRAMER".

Box 15 - Stress Output

The instructions for the output of the table of stresses are in the
main program. No subroutine is used for the output itself. The steps
12 thru 15 form a loop in which the stress information for all the elements
is computed and printed in a table. This is one of the two main tables
of output of this program. Explanation of this table is given in the
section on output (Section 7).

Box 16 - Displacement Output

This step involves a single subroutine called "PRNTDR". This routine
prints out the second important table of output which contains information
about the nodes. This information includes the coordinates of the nodes,
applied forces and the calculated displacements for each node. The
detailed explanation of this table is given in the section on output
(Section 7).
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In addition to the above 16 steps there are instructions for weight
computations and other details, and their purpose can be identified from
the program. There are very few comment cards in the main body of the
program and this omission is by design in order to avoid continuous
updating. The user can incorporate his own comment cards with the

help of the explanation given in this section.
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5. DESCRIPTION OF THE SUBROUTINES

"ANALYZE" consists of the main program and 21 Subroutines. The main
program has 260 cards. The length of the Subroutines varies from 15 to
62 cards. The total Tength of the program is under 1000 cards. A list
of the Subroutines, the number of Cards in each Subroutine and other
details are given in Table 1. The fiow chart, Fig. 5, and the explanation
in the previous section give details of the main program. The description

of the Subroutines is given in the remainder of this section.

Subroutine "PCP"

The purpose of Subroutine "POP" is to estimate the storage requirements
of the stiffness matrix before actually determining it. This information
can be generated from the element connections with the nodes. For example,
if an element connects 4 nodes, and if each node has 3 degrees of freedom
in the global coordinate system, then the stiffness matrix of the element
would be of dimension 12 x 12. This matrix can be partitjoned four ways,
in both row and column directions as shown in Fig. 6. The location of
these sixteen submatrices in the total stiffness matrix can be determined
by the address of the nodes to which the element is connected. If the
element is connected to the nodes MA, MB, MC,and MD, then the addresses of

the element submatrices in the total stiffness matrix are shown in Fig. 6.

If all the elements are connected to all the nodes, then the stiffness
matrix of the structure will be fully populated. The non-zero elements
in the matrix are considered as population. Since most of the elements
connect only a few nodes, the stiffness matrices are usually sparsely
populated. Determining the profile of the stiffness matrix population
is the essential function of the routine "POP".
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The distribution of the nonzero elements is dependent upon the
way the nodes of the finite element model are numbered. Because of the
symmetry of the stiffness matrix, only the lower or upper triangular
matrix is considered. For the purpose of this discussion definitions of

) of the

the following terms are in order. The gross population (Pgross

stiffness matrix is defined as the total number of elements in the

upper triangle of the matrix. The net population (P__,) is the total

net
number of non-zero elements in the upper triangle. Zeros resulting from

transformations are not excluded from the net population. The apparent

population (P ) is the actual number of elements considered as

apparent
nonzeros by a given solution scheme. From these definitions

2 P <

Pnet apparent pgross

For a given structure P and Pnet are invariant and are given by

gross

and

m
L

P =n (n +1) (number of nodes) +
2 i=1

2
net s [ki(ki'1)] -nZ(NR)

2

where N is the total number of degrees of freedom of the structure, n is
the number of degrees of freedom of each node (all the nodes are assumed
to have the same number of degrees of freedom; when this is not true the
necessary modification is simple), ki is the number of nodes to which the

ith

The quantity NR is given by

p
NR=% (b, = 1)

sy 1
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(60)

(61)

element is connected, and m is the number of elements in the structure.

(62)
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Subroutine "ELSTIC"

This routine generates the 3 x 3 elastic constants matrix for a

given material (see Eq. 3).

Subroutine "COORD"

This routine establishes the local coordinate system for all the
elements and also determines the nodal coordinates in the local system.
It generates the direction cosine matrix which will be used to transform
the element stiffness matrices to the global coordinate system (see

Eqs. 13 and 16).

i. Bar Element
The local coordinate system of the bar element is established by
drawing a line between the two nodes MA and MB (see Fig. 2) connecting

the bar. The direction cosines are determined by

Xcomp = *ma = *mg

Yeomp = Yma = Yms (64)

Zcomp = Zua = Zms

ko (xgomp 4 Y(z:omp i th‘.omp)”2 (65)
X Y z

ot e L o et (66)

i where XMA’ YMA and ZMA are the three coordinates of the node MA in global
coordinate system. The direction cosines z], ml,and " become the first

row of the 3 x 3 matrix 5.
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ii. Triangular Membrane Element

The local coordinate system of the triangular membrane element is
established by assigning the local x-axis to the line joining
nodes MA and MB. The direction cosines of this line are determined as
in the case of the bar element. The plane of the plate is established by
two unit vectors in the directions of the lines joining nodes MA-MB and
MA-MC. If a and b are these two unit vectors, then the normal to the

plane is obtained by

axb=¢ (67)

Since a and b are not orthogonal vectors, ¢ is not a unit vector.
The unit vector in this direction is given by

» z :

G = (68)

N

The Tocal z-axis is in the direction of the unit vector E. Now
the local y-axis is established by

cxa-=4d (69)

The direction cosines of x and y become the first two rows of matrix A.

iii. Quadrilateral Membrane and Shear Panel

The local coordinate system of the quadrilateral membrane and the
shear panel are established by a procedure similar to that of the triangle.
The plane of the triangle connecting the three nodes MA, MB,and MC becomes
the reference plane. Any warping in the quadrilafera]s and shear panels is
ignored. If there is too much warping in the quadrilaterals, it is better
to divide them into two or more triangles or reduce the mesh size. fn the

case of excessively warped shear panels, the size of the grid must be
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reduced. "ANALYZE" does not have a praovision for determining the warp

and the consequent kick forces.

The node MA of the element becomes the origin of the element local
coordinate system and the coordinates of the remaining nodes are determined

by expressions similar to the following:
X3 = (ye = Kyad%y + (Yye = Yyadmy + (Zye - Zypdn
3= (Xye = Xyad%p + (e = Yyadmy + (Zye - Zyp)n,

This subroutine also determines the coordinates of the fictitious node
needed to break the quadrilateral and shear panels into four triangles.
This interior node is established by

8 Ry Ry T Xy
5 3

(70)

—y'l +.y2+y3+y4
Y5 ]

where X1s Xy oeeuXg and Y1» y2 se..Yg are the coordinates of the five nodes
(including the fictitious interior node) of the quadrilaterals and shear

panels in the local coordinate system.

Subroutine "ELSTIF"

This subroutine determines the stiffness matrix of the bar by Eq. 22.
It also transforms the bar stiffness matrix to the global coordinate system

by

t
Boah S N
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Subroutines "PLSTIF" and "CRAMER"

The routine "PLSTIF" determines the element stiffness matrix of the
triangle in the local coordinate system. This is also the basic routine
for determining the stiffness matrices of the four triangles of the

quadrilateral and the shear panel.

"PLSTIF" first calls the routine "CRAMER", which determines the
inverse of the matrix X by Cramer's rule. The matrix X is given by Eq. 34.

The determinant of X represents twice the area of the triangle.

Then the "PLSTIF" subroutine determines the element stiffness matrix

by Eq. 40. In determining the matrices 5(1) (J), it takes advantage

1

and €
of the fact that the columns of Z~ ' (see Eq. 33) represent unit displacement

modes (see explanation under Eq. 34).

In computing the stiffness matrices of the triangles of the shear
panels, "PLSTIF" considers only the shear strain energy. For example, in

such a case, Eq. 40 becomes

Cmm Mm@ ) () |

exyGexy exysexy exyGexy
lt ' (72)

(6) (1) (6) (2)  (6) (6)

exyGExy exyGExy ----- Exyeexy

Subroutine "QDRLTL"

This subroutine simply manages the routines "PLSTIF", "SUM" and
"CONDNS" in computing the stiffness matrix of the quadrilateral membrane
and shear panel. This routine also makes provision for assigning different

sides as reference axis for the shear panels.
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Subroutine "SUM" 1

This subroutine adds the four triangle stiffness matrices computed
by "PLSTIF" to produce a 10 x 10 stiffness matrix (including two degrees

of freedom for the interior node) for the quadrilateral or shear panel.

Subroutine "CONDNS"

This routine condenses the 10 x 10 quadrilateral or shear panel
stiffness matrix to an 8 x 8 matrix. The condensation is done by using

Eq. 56. i

Subroutine "CHANGE" {

This routine interchanges the rows and columns of the quadrilateral
(or shear panel) stiffness matrix so that the element degrees of freedom \+
are in ascending order before addition to the structure stiffness matrix.
This step is necessary because the routine "ASEMBL" assumes that the

element degrees of freedom are in ascending order.

Subroutine "TRNSFM"

This routine transforms the plate element stiffness matrices from the

local to the global coordinate system by (see Eq. 16)

4o
Ki =2y K 3y (73)

th

where Ki is the transformed element stiffness matrix of the i~ element.

Subroutine "ASEMBL" |

This routine adds the element stiffness matrices to the total stiff-
ness matrix.

K=1 K (74)




For an explanation of the rules of this addition see the description of
subroutine "POP". It should be noted that only the upper half of the
stiffness matrix is stored. This storage is columnwise starting with the

first non-zero element above the diagonal.

Subroutine "PRINTK"

The purpose of this routine is to print the stiffness matrix (if
desired) rowwise starting with the first non-zero element and proceeding

to the diagonal.

Subroutine "BOUND2"

This routine eliminates the rows and columns corresponding to the

constrained degrees of freedom and condenses the stiffness matrix.

Subroutine "REDUCE"

This routine eliminates the rows of the applied force matrix
corresponding to the constrained degrees of freedom. It is assumed that

©.ch column of the force matrix represents an independent load condition.

Subroutine "GAUSS"

"GAUSS" solves the load deflection equations (Eq. 17) by Gaussian
elimination. The first step of the solution is the decomposition of the
stiffness matrix by Eq. 18. The next two steps represent forward and back
substitution using Eqs. 19 and 20 respectively. For the solution of
additional load vectors only the steps FBS have to be repeated. If "GAUSS"
is entered with any value other than 0 for the parameter NDCOMP, only the
last two steps will be executed. The matrices E and 9 are stored in place

of the original stiffness matrix.
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Subroutine "RESTOR"

This routine restores the displacement or force matrix to full size

by assigning zero values to boundary degrees of freedom.

Subroutine "ELFORC"

This routine extracts the element displacements from the global

coordinate system and transforms them to the local coordinate system by

Eq. 13.

Subroutine "STRESS"

The purpose of the "STRESS" routine is to compute strains and stresses
in the triangular element. It first calls the routine “CRAMER" which
computes 5'1 (Eq. 34) by Cramer's rule. The strains in the element are then
calculated by Eqs. 30 and 35 thru 37. The stresses in the element are
computed by Eq. 2. Also it computes the strain energy and the effective

stress in the element by Eqs. 1 and 45 respectively.

Subroutine "QLSTRS"

This routine prepares the data for computing stresszs in the four
triangles of the quadrilateral or shear panel elements. First it determines
the interior node displacements from the corner node displacements using
Eq. 54. Then it calls subroutine "STRESS" to compute the stresses in the
four triangles. It adds the strain energy of the four triangles to obtain
the total strain energy. It identifies the triangle with the largest
effective stress and normalizes the effective stress of the three remaining

triangles with respect to this largest value.

Subroutine "PRNTDR"

This subroutine prints out the table of node information. This includes

the node number, its coordinates, applied forces,and the displacements.
45
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NAME NUMBER OF CARDS CALLED FROM

ANALYZE 315 Main Program
POP 62 ANALYZE

ELSTIC 15 ANALYZE

COORD 44 ANALYZE

ELSTIF 21 ANALYZE

PLSTIF 46 ANALYZE, QDRLTL
CRAMER 19 PLSTIF, STRESS
QDRLTL 32 ANALYZE

SUM 23 QDRLTL, QLSTRS
CONDNS 36 QDRLTL, QLSTRS
CHANGE 25 CONDNS

TRNSFM 36 ANALYZE
ASEMBL 41 ANALYZE

PRINTK V 15 ANALYZE

BOUND2 - 35 ANALYZE

REDUCE 18 ANALYZE

GAUSS 57 ANALYZE

RESTOR 28 ANALYZE

ELFORC 22 ANALYZE

STRESS 33 ANALYZE, QLSTRS
QLSTRS 65 ANALYZE

PRNTDR 39 ANALYZE

TOTAL 1027

Table 1: Program Description




6. INPUT INSTRUCTIONS

Input for the programs is divided into a number of card sets.
Each card set will consist of one or more cards. Only three
Formats are used for input. An integer Format (1415), a floating
point Format (6F10.0) and a mixed Format 3(F10.0,2I5). The first
four card sets will each have one card regardless of the size of the
problem. The number of cards required for the remaining card sets
depends on the problem size. The first card set indicates the
number of problems (structures) to be analyzed. If this number is
more than one, the program assumes that the remaining card sets will
be supplied for each problem one after the other. The next card set
is for the title of the problem. Card set three defines the basic
parameters like the number of elements, nodes etc. And set 4 defines
the properties of a reference material. This material can be any one
of the materials used. The remaining card sets define material
properties (5 and 6), type of elements (7), element connections
(8, 9, 10, 11), sizes of, the elements (12), element-material
identification (13), node coordinates (14), boundaries (15) and

loading information (16 and 17).
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CARD SET
FORMAT

1
(1415)

2
(8A10)

3
(1415)

4
(6F10.5)

PARAMETER

NSTR

TITLE

MEMBS
JOINTS
NBNDRY

LOADS

MM

NR

INCHES

KIPS

NMAT

MSSTRS

EEE

PMU

RHO

INPUT INSTRUCTION DETAILS

DESCRIPTION

Number of data sets

An alphanumeric description of the
problem to be sclved.

Number of elements

Number of nodes

Number of restrained degrees
of freedom

Number of loading conditions

MM[:Z Two dimensional problem

3 Three dimensional problem

Variable used only for calculating
the net population of the stiffness
matrix. It has no other role in
the program. See Section 5.

INCHES[;] Coordinate data is in inches

KIPS|

MSSTRS[

48

1 Coordinate data is in feet

=1 Applied forces are in kips
#1 Applied forces are in pounds

Numbef of materials

=0 Margin of safety calculated from
default allowable stresses.

#0 Margin of safety calculated from
input allowable stresses.

YOUNG'S modu'lus/w6 of one of the
elements in psi.

POISSON'S ratio of one of the
elements.

Densitg of one of the elements in
1bs/in?.
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CARD_SET
FORMAT

PARAMETER

IF MSSTRS = 0, skip CARD SET 5.

5 ALSTRS(I)
(6F10.5) I=1,...,3*NMAT

DESCRIPTION

Allowable stresses/lo3 in tension,
compression and shear for the It
material.

IF NMAT # 1, CARD SET 4 parameters can be for any of the materials.
='|’

IF NMAT skip CARD SET 6.

6 YOUNGM(T)
(6F10.5)
POISON(I)
RHO1(I)
I=1,...,NMAT
7 NNODES(I),I=1,...,MEMBS
(1415)
NNODE (1)
8 MA(I),I=1,...,MEMBS
(1415)
9 MB(I),I=1,...,MEMBS
(1415)
10 MC(I),I=1,...,MEMBS
(1415)
11 MD(1),I=1,...,MEMBS
(1415)
NOTE: For bars leave MC(I) and MD(I) blank.

YOUNG'S modulus/10® for the 1th

material in psi.

h

POISSON'S ratio for the IV material.

Density for the Ith material in
1bs/in3.

Element Type

=2 BAR

=3 TRIANGLE

=4 QUADRILATERAL MEMBRANE
=5 SHEAR PANEL

First node number of each element.
Second node number of each element.
Third node number of each element.

Fourth node number of each element.

For triangles leave MD{I) blank.

For ecach element let MA(I) be the lowest node number and MB(I) be the

next lowest.

For Quadrilaterals and Shear Panels, MC(I) and MD(I) are

determined by continuing in the direction defined by MA(I) and MB(I).

12 TH(I),I=1,...,MEMBS
(6F10.5)

IF NMAT =1, skip CARD SET 13.

13 MYOUNG(I), I=1,...,MEMBS
(1415)
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Thickness of each element.
For a bar thickness is cross-sectional
area.

Material number of each element.




CARD SET PARAMETER DESCRIPTION

(FORMAT)
14 X(I) X coordinate of the rth node.
(6F10.5) th
Y(I) Y coordinate of the I~ node.
Z(1) Z coordinate of the pth node.
I=1,...,JOINTS
IF MM=2, only X(I) and Y(I) are input.
15 IBND(I),I=1,...,NBNDRY Degree of freedom numbers of those
(1415) nodes which are restrained. For
node K the degree of freedom numbers
are 3*K-2, 3*K-1, and 3*K for MM=3
and 2*K-1, 2*K for MM=2.
16 NJLODS(I),I=1,...,LOADS Number of load components in the pth
(1415) loading condition.
17 TFR(J) Value of the load.
3(F10.0,215)

IM(J) Direction of the load
=1 x direction
IM(J)F=2 y direction
=3 2z direction

JM(J) Number of the node where the load
J=1,...,NJLODS(I) is applied.
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7. OUTPUT DESCRIPTION

The primary output of the program ANALYZE consists of two
tables (items 6 and 8 of the output description details). The
first table gives element information and the second table gives
information about the nodes. The element information includes
member number, thickness (cross-sectional area of the bars),
planform area (length of a bar), element type, stress information,
strain energy, and margin of safety. The information about the
nodes includes node (joint) number, node coordinates, applied forces,
and the resulting displacements. In addition to these two tables
output 3a (coming from subroutine POP) gives important information
about the population distribution of the stiffness matrix. The
value of the apparent population is crucial in determining the
dimension of the stiffness matrix (SK). This dimension must be at

least as big as or bigger than this value.

Item 7 gives information about the total strain energy (U)
and the work of the external forces (W) for the structure. This

information can be very useful for an equilibrium check.

Item 4 gives the weight of the structure. The remaining

information is not really very important to the user.
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OUTPUT DESCRIPTION DETAILS
Output for Program ANALYZE consists of the following:

1) Untitled echo of all input data except boundaries and applied
loads.

2) Boundary data, i.e. contents of array IBND (CARD SET 15)

3) Output from Subroutine POP concerning the distribution of elements
in the stiffness matrix. This information is generated before the
stiffness matrix of the structure is assembled.

(a) Gross Population - total number of elements in the upper
triangle of the matrix.

Net Population = actual population of possible non-zero elements
in the upper triangle of the stiffness matrix. This number would
be correct only if NR is correct in CARD SET 3.

Apparent Population = actual number of elements considered as
non-zero by a given solution scheme. Thus the apparent
population represents the number of storage Tocations required
for the stiffness matrix.

(b) Starting Row Numbers for each column - the number of the row
where the first non-zero element occurs in each column.

(c) Number of Diagonal Elements in Single Array Stiffness Matrix.
For each Column I the actual number of elements, ID(I), in the
upper triangular matrix up to and including that column, i.e.

I
_I(1+3)
ID(1) —1—2—1- jZ] bj
where bj is the row number given for Column I in (b). Thus

for the last column, ILAST,
ID(ILAST) = Apparent Population

4) Weight of the structure

5) Boundary conditions applied to the stiffness matrix alter the arrays
defined by (b) and (c) above, and thus they are reprinted.

6) OQutput for each element after analysis.
(a) MEMB - Element Number

(b) THICK - Thickness of the element. For a bar thickness is
cross-sectional area.

52




7)

(c)
(d)

(e)
(f)

(9)
(h)

NOTE:

AREA - Area of the element. For a bar area is length.

TYPE - Type is a composite number which describes the element
type and material number. Type is defined as

TYPE = NNODES(I)x10 + MYOUNG(I).
See CARD SETS 7 and 13.
Note: If the number of materials is greater than 10, TYPE is
m?aningless. If the number of materials is 1, MYOUNG(I)=1 for
all I.

MA, MB, MC, MD - defined in CARD SETS 8,9,10,and 11.

SIGMA-X (ox), SIGMA-Y (o), SIGMA-XY (cx 3

Stresses in the x-y locaY coordinates of the element.
EFSTR-1, EFSTR-2, EFSTR-3, EFSTR-4 - Effective stresses
in the element determined by the Von Mises Criterion.

The stress output varies per element type.
(i) BAR SIGMA-X only
(ii)  TRIANGLE SIGMA-X, SIGMA-Y, SIGMA-XY, EFSTR-1
(i11) QUADRILATERAL MEMBRANE

The Quadrilateral membrane element is divided into
4 triangles for analysis. SIGMA-X, SIGMA-Y, SIGMA-XY are
for that triangle with the maximum effective stress. This
maximum effective stress is given as EFSTR-i for some i,
i=1,...,4. Then EFSTR-j, j#i, are defined as the ratio of
the effective stress for triangle j to the maximum effective
stress.

(iv)  SHEAR PANEL

The Shear Panel is also divided into 4 triangles for analysis.
SIGMA-XY (rxy) is for that triangle with the maximum effective

stress. Then EFSTR-i, i=1,...,4 are as defined in (iii).
ENERGY - Total strain energy in the element.
MS - Margin of Safety for the element.

If the number of loading conditions is greater than 1, output (f)
and (h) are given continuously for each load case.

The total strain energy (U) of the structure and the work (W) of the
external forces for each loading condition.
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8) Output for each node after analysis.
(a) JOINT - Node Number
(b) X, Y, Z - x, y, and z coordinate of the node

(c) FORCE-X, FORCE-Y, FORCE-Z - applied forces in the x, y, and
z direction.

(d) DISPL-X, DISPL-Y, DISPL-Z - Displacements in the x, y,and z
direction.

NOTE: If the number of loading conditions is greater than 1, output
(c) and (d) are given continuously for each load case.
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8. SAMPLE PROBLEM

A three spar wing shown in Figure 8 is idealized by membrane
quadrilaterals, shear panels,and bars (axial force members). The top
and bottom skins are represented by membrane quadrilaterals and the
spars and ribs by shear panels. In addition, the top and bottom nodes
are connected by bar elements or posts. The root section of the wing
is assﬁmed to be fixed. The finite element model of the wing box is
shown in Figure 8.

The wing is analyzed for two independent loads. These loading
conditions are generated by simplified pressure distributions representative
of a subsonic, forward-center-of-pressure loading,and a supersonic near-
uniform-pressure loading. The material properties (aluminum) are given
in Figure 9.

The results of the analysis are given in Appendix D. They are given
in two tables. The first table gives element information. This includes
sizes, connections, stresses, energies, and margins of safety. The second
table gives information about nodes. This includes coordinates, applied
loads, and displacements. For a detailed description of the complete output,
see Section 7.

The wing was also analyzed by the NASTRAN program. Table 2 compares
ANALYZE and NASTRAN z-displacements.
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Figure 8. Aerodynamic Planform and Primary Structural Arrangement of Wing

56




Notes:

1 3 5
Even numbered nodes are on bottom
surface

Elements:

1-64 top and bottom skins
(membrane elements)
65-96 shear panels (ribs)

97-119 shear panels (spars)
120-158 posts (bars)

Material - Aluminum
E =10.5 x 10° psi

p=20.3
o = 0.1 1bs/in’

79 / 8i

Figure 9. Finite Element Representation of Wing Box
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APPENDIX A: ESTIMATION OF CORE REQUIREMENTS

The purpose of this appendix is to aid in the approximate

estimation of core requirements for the program. These change with

the problem size. For example with 100k8 (120K bytes or 30K decimal)

it is possible to solve problems of the size 250 to 300 degrees of
freedom assuming that the nodes are numbered with reasonable care for

an optimum stiffness profile (See the discussion under subroutine "POP"
in Section 5). The dimensional requirements of various arrays are explained
by comment cards at the beginning of the program. However, this section
reiterates the importance of adjusting the dimensions of some important
arrays.

The arrays can be grouped into nine types. The number of elements,

degrees of freedom, 1oading conditions, the number of boundaries and
“the number of materials are some of the variables that affect the size
of the arrays. The arrays must be dimensioned at least as big or

bigger than the number of these vafiables in the problem. The arrays
with fixed sizes (not affected by problem size) are dimensioned first.
The total core requirement of these arrays is relatively small. Next,
the arrays that depend on the number of materials are dimensioned.

The third group consists of a single array IBND which is dimensioned
according to the number of boundary conditions. The fourth group varies
with the number of loading conditions. In this case the dimension of

the single arrays is equal to the number of loading conditions. For
rectangular arrays, the first dimension is fixed, and the second dimension
represents the number of loading conditions. The fifth group varies with

the number of elements. The sixth group depends on the number of nodes.
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The number of degrees of freedom determines the dimensions of the seventh
group. The number of degrees of freedom and the loading conditions
determine the size of the eighth group of arrays. The first dimension
of these arrays represents the degrees of freedom, and the second
dimension represents the loading conditions. The SK matrix in the last
group depends on the number of degrees of freedom and the profile of the
total structure stiffness matrix which in turn depends on the ordering
of the node numbers (See the discussion under subroutine "POP" in
Section 5).

The preliminary estimate of the size of the SK array can be based
on the estimation of the semi-bandwidth. This would be an upper bound
for the dimension of SK. The actual dimension of SK can be determined
after passing through the subroutine "POP". This routine gives a
number for the apparent population of the stiffness matrix from the
information of the element connections. SK must be dimensioned at
least as big or bigger then the apparent population in order to solve the
problem. Usually SK is the largest array in the program, and its size
can be reduced by numbering the nodes for the optimum profile of the
stiffness matrix. In absence of an adequate procedure for optimization
of this profile, some sort of bandwidth optimization is acceptable.

It should be noted that the value of the variable MAXSK (defined in the
beginning of the program) should be the same as the dimension of SK.
When the dimension of SK is changed, the value of MAXSK should also be
changed.

The next largest arrays are FR and DR. They represent the applied

force and the computed displacement matrix respectively. The dimension
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of the arrays depends on the number of degrees of freedom and the

independent loading conditions. The first dimension should be at least

as big or bigger than the number of degrees of freedom of the problem.

Similarly the second dimension is determined by the humber of loading

conditions. In addition the first dimens%on(should be the same as the

variable NNMAX defined in the beginning of the program. Whenever the

dimensions of FR and DR are changed, NNMAX must also be changed accordingly.
The arrays ICOL and IDIAG depend on the number of degrees of

freedom of the problem. Together they identify the profile of the

stiffness matrix. For instance, ICOL(I) g.ves the row number of the first

th

non-zero element in the I~ column of the stiffness matrix. IDIAG(I)

Ith column of the

gives the address of the diagonal element of the
stiffness matrix in the single array SK.

The arrays MA, MB, MC and MD are assigned for element connections.
NNODES is for the type of elements. The array TH is for the sizes
(thickness of plate elements and cross-sectional area of bars) of the
elements. The array MYOUNG identifies the material type of the elements.
The remaining arrays are small and have minor influence on the core

requirements.

Frequent Errors Encountered in Using "ANALYZE"

1. The element connections MA, MB, MC and MD must be specified
by starting with the Towest node number for MA and the next lowest, but
adjacent node number, for MB. MC and MD are tl.cn defined by continuing
in the direction established by MA and MB. See the description of card

sets 8, 9, 10, and 11 in the input instructions, Section 6.
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2. The boundary degrees of freedom (IBND) must be in ascending order.
See the description of card set 15 in Section 6, Input Instructions.

3. The first dimension of FR and DR must be the same as the value
of the variable NNMAX (defined at the beginning of the program).

4. The value of MAXSK (defined at the beginning of the program)
must be equal to or greater than the value of the apparent population
given by the routine "POP". The dimension of the array SK must be
equal to the value given for MAXSK.

5. The sides of the shear panels must be attached to one or more

normal stress carrying elements such as posts (bars), membrane

quadrilaterals or triangles.
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APPENDIX B: LISTING OF THE PROGRAM

— e

{ PPOGRAM ANALYZE TW/T4 OPT=1 FTN 4e6+LUb 08/21/78 10,12.39 PAGE 1
1 PROGRAM ANALYZE(INPUT,0UTPUT,TAPES=INPUT,TAPE6=0UTPUT) ANALYZE 2 |
c ANALYZE 3
c THE FOLLOWING DIM ARE FOR INTERNAL USE ANALYZE L]
DIMENSION AA(3,3),EK(12,12)4B(12912)3C012412) XI(5)+ETA(S)4EE(343) ANALYZE $
s ! s MAA (L) yMBB (&) s MCC (&) 4EKK(12,12), TRANG (&), TFR(10), ANALYZE 6
2 IM(10),J4C10) 4ALS(3),TITLE(B) ANALYZE 7
c THE FOLLOWING DIM PERTAIN TO THE NUMBER OF MATERIALS ANALYZE 8
DIMENSION YOUNGM(20),POISON(20),RHOL(20) ANALYZE 3
c THE FOLLOWING DIM ARE THREE TIMES THE NUMBER OF MATERIALS ANALYZE 10
10 DIMENSION ALSTRS(60) ANALYZE 11
c THF FOLLOWING DIM PERTAIN TO THE NUMBER OF BOUND COND (NBNDRY) ANALYZE 12
DIMENSION IBND(50) ; ANALYZE 13
c THE FOLLOWING DIM PERTAIN TO THE NUMBER OF LOADING CONDITIONS (L) ANALYZE 16
DIMENSION EODR(1255) 9 SSX (495),SSY(445),SSXY(4y5),SXY(5),KTR(5), ANALYZE 15
15 1 EFSTRSU5),EFFSTRIL,5),EDR(1245)ySX(5),SY(5),NJLOBS(S), ANALYZE 16 ;
2 ELEENG (5) yENGTOT(5) yENGSTR(S5) yESR(5) 4 SFTH(5) j ANALYZE 17 4
c IF THE NUMBER OF LOADING CONDITIONS EXCEED 10, THEN CHANGE THE ANALYZE 18
c DIMENSION OF EX, EYy, EXY IN SUBROUTINE STRESS, ENGG IN SUBROUTINE ANALYZE 13
Cc OGLSTRS AND TORi, TDR2 IN SUBROUTINE RESTOR ‘ANALYZE 20 !
20 c THE FOLLOWING DIM PERTAIN TO THE NUMBER OF ELEMENTS ANALYZE 21 !
OIMENSION MA(160),MB(160),MC(160)sMDL160),TH(160) ,NNODES(160), ANALYZE 22 |
1 MYOUNG(160) ANALYZE 23 ¢
c THF FOLLOWING OIM PERTAIN TO THE NUMBER OF JOINTS ANALYZE 24
DIMENSION X (30),Y(90),2(90) ANALYZE 25
25 c THE FOLLING NIM PERTAIN TO THE NUMBER OF DEG OF FREEDOM (NN) ANALYZE 26 |
OIMENSION INIAG(270),ICOL(270) ANALYZE 27 “
c THE FOLLOWING OIM PERTAIN TGO THE NUMBER OF OEG OF FREEDOM (NN) ANALYZE 28
c AND THE NUMBER OF LOADING CONDITIONS (L) ANALYZE 29
DIMENSION OR(270,45)4FR(270,5) ANALYZE 30
30 c THE FOLLOWING DIM PEPTAINS TO THE TOTAL STIFFNESS MATRIX (SK) ANALYZE 31
DIMENSION SK(9110) ANALYZE 32
c ANALYZE 33
L R T TR PR Ry Y e Y P Y R P AT R R R YR RN R Ry R R RS ANALYZE 3%
c ANALYZE 35
35 c THIS PROGRAM WAS DEVELOPED ANALYZE 3%
[ ANALYZE 3r
c DRs VIPPERLA Bo VENKAYYA ANALYZE 38
c AIR FORCE FLIGHT DYNAMICS LABORATORY (AFFOL/FBR) ANALYZE 33
c WRIGHT=PATTERSON AIR FORCE BASE,DAYTON.OHIO ANALYZE 40
40 Cc ANALYZE b1
L TR T R T Y Y Y Y R Y PR Ty Py Y Y Y VYN T Y YR Yy SR Y YA AP Y YRR Yy 2 ANALYZE 42
c ANALYZE 43
INTEGEP TYPE ANALYZE L
c NNMAX MUST A THF DIMENSION OF FR,DR, IDIAG,ICOL ANALYZE 45
45 NNMAX = 270 ANALYZE L1
c MAXSK MUST BE EQUAL OR GREATER THAN THE DIM OF SK ANALYZE o7
MAXSK = 9110 ANALYZE L1}
READ(5,2) NSTR ANALYZE 49
1 READ(5476) (TITLE(I)y I = 1,8) ANALYZE 50
&0 76 FOFMAT(BALD) ANALYZE 51
WRITE(6,77) (TITLE(I)y I = 1,8) ANALYZE 52
T7 FORMAT(SX,8A10) ANALYZE 53
KSTR=1 ANALYZE 56
PEAD(S,42) MEMBS,JOINTS,NBNDRY,LOADS,MMyNR,INCHES 4KIPS ,NMAT,MSSTRS ANALYZE 55
€5 WRITE(6y2) MEMBS yJOINTS,NBNORY,LOADSy MMyNRy INCHESyKIPS yNMAT ¢ MSSTRS ANALYZE 56
READ(S,3)FEE,PHU,RHO ANALYZE 57

IF (RHO «LTe 400001) RHO=0,1 ANALYZE 58
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PPCGRAM ANALYZF T4/ CPT=1 FTIN 4eEt4lb 11701778 13e4T7424 PAGE 2

DO 7783 I = 1,MMAT ANALYZE 59

KX = 3%(I=1) + 1 ANALYZE 60

ALSTRS(KX) = €070, ANALYZE 61

ALSTRS(KX+1) = A0000, ANALYZE 62

77RT ALSTRS(KYX+Z) = 36000, ANAL YZE 63

IF (MSSTRS «E£0, 0) GC YO 7782 AMNALYZE (3

KX = 3¥N™AT ANALYZE 63

REAC(5,3) (ALSTRS(I), I = 1,KX) ANALYZE 66

DO 7781 I = 1,KX ANALYZE 67

7781 ALSTRS(I) = 100N, *ALSTRS(I) ANALYZ2E 68

7782 CONTINUL 2 ANALYZE 63

ALS (1) = ALSTRS(1) ANALYZE 70

ALS(2) = ALSTFS(2) ANALYZE 71

BLS(3) = ALSTRS(D) ANALYZE 72

WRYTF(6,232) EFFFMU,RFC,ALS(1),ALS(2),ALS(D) . ANALYZE 73

333 FOFMAT(6F1E43) ANALYZE 76

TF (NMAT 4LEe 1) GO TO 7777 ANALYZE 75

REAN(F,3) (YCUNGM(I),FCISCN(I) ,FHC1(I)y I = 1,NMAT) AMNALYZE 76

D0 7784 I = 1,AMAT ANALYZE 144

KX = 3%(T=1) 4 1 ANALYZE 78

WRTTF(&,327) YCUNGM(T) 4PCISON(T),RHOL(I) ,ALSTRS(KX), ANALYZE 73

1ALSTRPS(KX+1) 4 ALSTFS (KX 42) ANALYZE 80

77AL CCNTINUF ANAL YZE 81

7777 REAC(5,2) (ANCCFS(I),1=1,MEMBS) ANALYZE 82

PEAD(S,2) (MA(T),1I=1,MFMBS) ANALYZE 83

REAN(S,2)(M(T),I=1,VMEMBS) ANALYZE 8%

REAN(E42)(*C(I)41=1,¥F¥8S) ANALYZE 85

PEAD(S,2) (MD3(1),1=1,MENMES) ANALYZE 86

PEAN(E,3) (TH(T),I=1,MEMBS) AMALYZE 87

IF (NMAT ,LEe 1) GO TO 7778 ANALYZE 88
PEAD(E,2) (MYCLNG(I)y, I = 1,MEM3S) ANALYZE 83 \

777¢ DO 54kt 1=1,MEMRS ANALYZE 90

IF (NMAT LERe 1) MYOUMC(I) = 1} ANALYZE 91

WRITF(Fy333)T4NNCCES(TI) yMYCUNG(T) 4MA(TI) 4MA(IN 4 FCAI),MO(I)oTH(I) ANALYZE 92

SuEly CONTINUF ANALYZE 93

33 FORMAT(715,4F10,5) ANALYZE 96

2 FOFMAT (L4TF) ANALYZE 95

FEF = CCE¥ (10,0%%6) ANALYZE 96

E = FFC ANALYZE 97

Fi=1,0 ANALYZE 98

IF (MM (LY. 3) GC TO & ANALYZE 93

READ(S43) (X(I)yY(I)47(1),yI=1,JCINTS) ANALYZE 100

G0 TO & ANALYZE 101

4 REAC (5,3) (X(I),Y(1),1=1,J0INTS) ANALYZE 102

DO 11 I=1,J0TINTS ANLYZE 103

11 7(X)=0.9 AVALYZE  10%

3 FORMAT (KF106%) ANALYZE 105

6 OCCANTINUE ANALYZE 106

IF(TNCKEZS oFQs 1)GO TO 9 ANALYZE 107

7000 FOPMAY (z0X, 2F1044) ANALYZE 108

00 7 I=1,JCINTS ANALYZE 103

X(T)=X(I)1%12,0 AMALYZE 110

7(T)=7(T)*12,0 ANALYZE 111

7 Y(IN=Y(IN*12.0 ANALYZE 112

9 GCATINUS ANALYZE 113

WRITE(GE,7000) (X(I)4Y(I)4Z(T)y T = 1,JOINTS) ANALYZE 116

MN=MM® JOINTS ANALYZE 115

~
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115 NM=NN=N3NDRY ANALYZE 115
READ(5,2) (IBND(I),I=1,NBNDRY) ANALYZE 117
WRITE (6, 5) ANALYZE 118
S5 FOPMAT(1H1,///2%,10HBOUNDARIES ///) ANALYZE 113
WRITE(6,1009) (IBND(I),I=1,NBNORY) ANALYZE 120
120 DO 10 I=1,NN ANALYZE 121
00 10 J=1,L0ADS ANALYZE 122
OR(I,J)=0 ANALYZE 123
10 FR(I,JI=0 ANALYZE 126
READ(Sy 2) (NJLODS(I),I=1,LOADS) ANALYZE 125
125 00 21 J4=1,L0A0S ANALYZE 126
KH=NJLODS(J) . ANALYZE 127
12 IF(KH=3)13,13,16 ANALYZE 128
13 KX=KH ANALYZE 123
GO TO 15 ANALYZE 130
130 14 KX=3 ANALYZE 131
15 READ(S5,16) (TFR(IDIM(I)JUM(I), I=1,KX) ANALYZE 132
16 FOPMAT (3(F10,0,21I5)) ANALYZE 133
DO 19 I=1,KX ANALYZE 13%
KY=SMM®JM(T) =MM+IM(I) ANALYZE 135
135 19 FR(KY,J)=FR(KY J) +TFR(I) ANALYZE 135
KH=KH=KX ANALYZE 137
IF(KH)21,421,12 ANALYZE 138
21 CONTINUE ANALYZE 133
IF(KIPS «NEs 1)G0 TO 666 ANALYZE 160
160 DO 17 I=1,NN ANALYZE 161
DO 17 J=1,L0ADS ANALYZE 142
17 FR(I,J)=1000,0%FR(I,J) ANALYZE 143
666 CONTINUE ANALYZE 146
CALL POP(MEMAS yJOINTS ¢ MMy MA, MB o MC yMD s NNODES,ICOL, IDIAG ;NONZROyNR) ANALYZE 145
145 IF(NONZRO +GTe. MAXSKIGO TO 1000 ANALYZE 146
00 8 I=1,NONZRO ANALYZE 167
8 SKI(I)=0 ANALYZE 168
CALL ELSTIC(1404PMU,EE) ANALYZE 163
00 120 I=1,6 ANALYZE 150
150 MAA(I)=I ANALYZE 151
MAB(I)=I+1 ANALYZE 152
120 MCC(IN=5 ANALYZE 153
MAA (&) =1 ANALYZE 15%
MBB (&) =4 ANALYZE 155
1% WEIGHT = 0,0 ANALYZE 155
DO 400 L = 1,MEMBS ANALYZE 157
IF (NMAT (LEe. 1) GO TO 20 ANALYZE 158
KX = MYOUNG (L) ANALYZE 153
E = YOUNGM(KX)*10%%p ANBLYZE 160
1€0 PMU = POISON(KX) ANKLYZE 161
E1 = E/EEE ANALYZE 162
CALL ELSTIC(E1,PMULEE) ANALYZE 163
20 CALL COORD (MACL) yMBIL) yMC L) yMD (L) yXoY92ZyAAXIZETA,AL,NNODES(L),0) ANALYZ2E 166
IF(NNODES(L) =3)102,100,12¢ ANALYZE 165
165 124 CALL ODRLTL(EK,EKK,TH(L) yQUAD,MA(L)¢MB(L)¢MC(L)MO(L) ¢MAA,MBByMCCy ANALYZE 165
1x1y, ETA, NNODES(L) yEE+TRANG,0) ANALYZE 167
GO TO 101 ANALYZE 168
100 CONTINUE ANALYZE 163
CALL PLSTIF(EK oTH(L) 4 TRIANG, 1,243 oXIoETA9EE0e40) ANALYZE 170
170 QUAD = TRIANG ANALYZE 71
101 CALL TRNSFM(EK,AA8,CyMM, NNODES(L) ,12) ANALYZE 172
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175

180

185

190

195

200

210

215

225
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102

103
30

405
400

410
35

1009

1501

es
86

GO TO 103

CALL ELSTIF(AA,B4CyTH(L)yMM,AL,EL)

QUAD = AL

CALL ASEMAL(SKCoMA(L) 4MB(L) 4MC(L) MD(L) yMM,IDIAG,NNODPES(L),12)
FOFMAT(/1X 46E15.57)

IF (NMAT .LE. 1) GO TO 405

KX = MYOUNG(L)

KHC = RHO1 (KX)

IF(RHOL(KX) oLFe o00001) RHO=0,1

WEIGHT = WEIGHT + TH(L)*QUAD*RHO

CONTINUE

WRITE(6,410) WEIGHY
FORMAT(1HO, 10X ,25HWFIGHT OF THE STRUCTURE =,E15.5)
CONTINUE

CALL PRINTK(SK,IDIAG,NN)

CALL BOUND2(SK ,IJBNO,NN,NBNDRY,IDIAG,ICOL)
WRITE(6,1009) (ICOL(I)4I=1,NM)
WKITF(6,1009) (IDIAG(I) I=1,NM)
NONZRO=IDIAG(NM)

FORMAT(1X,10I13)

NDCOMP=0

CALL PEDUCE (FRyIBNDyNNyNBNDRYLOADSy NNMAX)
CALL GAUSS(SKyFRyDRyICOLIDIAG+LOADSyNM¢NNMAX,NDCOMP)
IF(NOCOMP.ENe10) GO TO 2000

CALL RESTOR(DR,IBND,NN,NBNDRY, LOADS, NNMAX)
CALL RESTOR(FR,IBNDyNNysNBNORY,LOADSy NNMAX)
D0 112 I=1¢NN

0O 112 J=1,L0ANS

DR(I,J)=DR(I,J)/EEE

DO 180 I = 1,LO0ADS

ENGSTP(I) = 060

00 179 J = 1,NN

ENGSTR(I) = ENGSTR(I) ¢ FR(JL,I)V*DR(J,I)
CONT INUFE

ENGSTP(I) = S5%*ENGSTR(I)

CONTINUE

NPLGE=1

LINES = 1

DO 1501 I=1,LOADS

ENGTOT(I)=0,

DO 300 L=1,MEMAS

IF (NMAT .LE. 1) GO TO 85

KX = MYOUNG (L)

F = YOUNGM(KX)*10%*6

PMU = POISON(KX)

€1 = E/EEE

CALL FLSTIC(E1,PMU,EE)

TYPE = NNODES(L)®*10 + KX

IF (MSSTRS .EQ. 0) GO TO 86

KY = 3%(KX=1) + 1

ALS (1) = ALSTRS(KY)

ALS(2) = ALSTRS(KY+1)

ALS(3) = ALSTRS(KY+2)

GO TO 86

TYPE = NNODES(L)*10 + 1

IF((LINES+LOADS) +LTe 54 (ANDe L «GT. 1)GO TO 84
LINES=1

1> J
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PROGRAM ANALYZE Te/74 oPT=1 FTIN 4o6+446 08/21/78 10412439 PAGE 5 1
A

WRITE (6, 98) NPAGE ANALYZE 230

230 NPAGE=NPAGE +1 ANALYZE 231

WRITE(6,83) ANALYZE 232

84 CONTINUE ANALYZE 233

CALL COORD(MA (L) 4MBIL) yMC (L) yMD(L) 9X3YoZoAA9XIoETAsALy NNODES(L)o0) ANALYZE 234
CALL ELFORC(AA,DRyEDRy MMy MACL) yMB(L) 4y MC(L) yMD(L) , NNODES(L) yLOADS, ANALYZE 235

235 1NNMAX) ANALYZE 236
IF(NNODES(L) «LEe 3)GO TO 110 ANALYZE 237 1
CALL QORLTL(EK JEKK,THIL) yQUAD,MACLY yMBEL) yMCEL) oMD L) » MAA,MBB,MCC, ANALYZE 238
1XI, ETA,NNODES (L) 4EE,TRANG,1) ANALYZE 233
CALL OLSTRS (EDRyEDORyXI,ETAyMAA;MBByMCCySXsSYSXYeEFSTRSE¢PMU, ANALYZE 240
240 1LOADSySSXy SSYySSXY,EFFSTRyKTRyEKK¢ELEENG SFTM9ALSsESRyNNODES(L))  ANALYZE 241
KX=KTP (1) ANALYZE 242 ‘
ELEENG(1)=ELEENG(1)%04 S*THIL) ANALYZE 243
ENGTOT (1) =ENGTOT (1) +ELEENG(1) ANALYZE  24b
IF (NNODES(L) +EQes S) GO TO 220 ANALYZE 245
245 WRITE(6587) LyTH(L) yQUAD, TYPE,MA(L) yMB(L) yMC(L) 4MD(L) ¢SSX(KXe1)y  ANALYZE 245
1SSY(KXs1) 9 SSXY (KX 1)y (EFFSTR(I 1) 9I=144) ELEENG(1) s SFTM(1) ANALYZE 247
222 IF(LOADS +EQ. 1)GO TO 300 ANALYZE 248
D0 211 K=2,LO0ADS ANALYZE 249 i
KX=KTR(K) ANALYZE 250
250 ELEENG(K) =ELEENG(K)*04s S*THIL) ANALYZE 251
ENGTOT(K)=ENGTOT (K) +ELEENG (K) ANALYZE 252
IF (NNODES(L) «EQe 5) GO TO 225 ANALYZE 253 y
WRITE (65 95) SSX (KX K) 5 SSY (KXgK) s SSXY(KX oK) o (EFFSTR (I,K)oI51,4), ANALYZE  25%
1ELFENG(K) » SFTM (K) ANALYZE 255 4
255 GO TO 211 ANALYZE 255 1
225 WRITE(6482) SSXY(KXyK) 9 (EFFSTR(I(K)oI=1,4) 4ELEENG(K) 4 SFTM(K) ANALYZE 257 ‘
211 CONTINUE ANALYZE 258
GO0 To 300 ANALYZE 259
220 WRITE(6,81) Ly THIL) yQUAD,TYPE,MACL)sKBIL) 4MCIL) 4MD(L), ANALYZE 260
260 1SSXY(KXy 1) o (EFFSTR(I1) 4I=1,4),ELEENG (1) 4SFTM (1) ANALYZE 26t
GO TO 222 ANALYZE 262
110 IFINNODES(L) oLT. 3)G0 TO 213 ANALYZE 263
CALL STRESS(EDR,XIoETAs192+39SXsSYeSXY,EFSTRS E,PMU,ALS,ESR, ANALYZE 264
1LOADS,ELEENG, TRIANG, 3) ANALYZE 265
265 CLEENG (1) =ELEENG (1) %0, S*TH(L) ANALYZE 266
ENGTOT(1) =ENGTOT(4) +ELEENG(1) ANALYZE 267
SFTM(1) = (140 = ESR(1))/ESR(1) ANALYZE 263
WRITE (65 688) LoTH(L)yTRIANG,TYPE MACL) ¢M3(L) MCIL) ¢SX (1) 4SY (1), ANALYZE 269
1SXY (1) ,EFSTRS(1) , ELEENG(1),SFTM(1) ANALYZE 270 .
270 IF(LOADS «EQ. 1)GO TO 300 ANALYZE 271
DO 212 K=2,LO0ADS ANALYZE 272
SFTM(K) = (140 = ESR(K))/ESR(K) _ ANALYZE 273
ELEENG(K) =ELEENG (K1 ® 04 S*TH(L ) ANALYZE 27
ENGTOT(K) =ENGTOT (K) +ELEENG (K) ANALYIE 275
275 212 WRITE(6,96) SX(K) ¢SY(K) 9SXY(K)EFSTRS (K)o ELEENG (K) o SFTM (K) ANALYZE 275
G0 TO 300 ANALYZE 277
213 DO 215 K=1,LO0ADS ANALYZE 278
SX(K)=E® (EDR(24K)=EOR(1,K)) /AL ANALYZE 273
ELEENG(K) = (045*SX (K)*32/E ) ®AL®TH(L) ANALYZE 280
280 ESF(K) = SQRT((SX(K) /ALS(1))**2) ANALYZE 28t
SFTM(K) = (140 = ESR(K))/ESR(K) ANALYZE 282
IF (SX(K) «GE, 040) GO TO 215 ANALYZE 283
ESF(K) = SORTI(SX(K)IZALS(2))%*2) ANALYZE 284
SFTM(K) = (140 = ESR(K))/ESR(K) ANALYZE 285
2es 215 ENGTOT(K)=ENGTOT (K) +ELEENG(K) ANALYZE 286
v . s
L
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295

300

305
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214
300

1503

1502 FOFMAT(/// 420X 39HTHE TOTAL ENERGY FOR LOAOING CONOITION ¢I2.4H IS

90

A3 FOFMAT(IX o LHMEMB 32Xy SHTHICK  3X o UMAREA y 2X o 4HTYPEy 1X 9 2HMA 42X, 2HMB,

81
82
a7
88
89
93
94
95
28
2000

1000

e
P

WRITF(6,89) LoTHIL) 4AL,TYPE,MACL) yMB(L)SX(1) 4ELEENG(1)
IF(LOADS «E0e 1)GO TO 300

DO 214 K=2,L0ADS

WEITE (6993) SX(K) s ELEENG(K) , SFTM(K)

LINES=LINES+LOADS +1

DO 1503 KL=1,L0ADS
WEITE(6,1502)KLyENGTOT(KL) 4 ENGSTR (KL)

1 oF1264y2Xy3H(U) 41 0XE1244y3H(W))
LINES=1
CALL PRNTOR(FR,OF ¢y X9 Y9 ZyNNyMMoLOADS, JOINTSs NPAGE ) NNMAX)

12X g 2HMG 3 2% o 2HMD ¢ IX g THSIGMA=X g 4 X ¢ 7THSIGMA=Y o 3Xy BHSIGMA =X Y, 3X,
2THEFSTR=13 IX 7THEFSTR=2, IXy7THEFSTR=3¢ IX s 7THEFSTR=4, 4 X, 6HENERGY,
36Xy 2HMS)

FOFMAT(/T5 3F7e39F942,514 422X 4E1144,5E1044yE10,3)
FORMATIAIX 5116k yS5E10a4yEL0,3)

FOFMAT(/ISy FTe34F9¢2+5T1493F11e4y5E10,4y€E10,3)

FOFMAT(/I5y FTa39F9e2 Il X y3E11e4yE10,4y30X,EL0,49EL0,.3)
FOFMATiZ7IS) F7e39F9e2, 314 y8X,E1144,62X4,E10644,E10,3)

FOFMAT (L 1X 351106 162X,E10044E10,3)

FOPMAT (61X 3F114,F10eby30X,E1066,E10,3)

FOFMAT (41X, 3E11e4,5E10.4,E10,63)

FOCMAT(1H1,120X,SHPAGE ,13/)

IF(KSTR,EQ.NSTR) GO TO 1000

KSTR=KSTR+1

GO T0 1

CONT INUE

STOP

END
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SUPROUTINE POP(MMB,JNyMM, MA,MB,MC,MDyKTYPE,ICyIDyNZyNR)
DIMENSION MA(1),MBU1) ,MC(1),MD(1),IC(1),ID(1) KTYPE(1)
IX(IZ=I%(J=1)¢1

NZ=0

NN=MM*JN

NET=0

DO 10 I=1,NN

IC(I)=NN

DO S50 L=1,MMB

NNODES=2

ITFI=0

KX=IX(MM,MA (L))
KY=IX(MM,M3(L))

IF(ICI(KY) +LTe KX) GO TO 18
DO 19 I=1,MM

IC(KY)=KX

KY=KY#1
IF(KTYPE(L)=3)20,16417
IF(ITFI +EQ, 1)GO TO 20
KY=IX(MM,MC (L))

ITRI=1

NNODES=3

GO TO 15

IFUITRI .EQ, 2)GO TO 20
IF(ITRI <EQ, 1)GO TO 14
KY=IX(MMsMC (L))

ITRI=ITRI+1

NNODES=4

GO TO 15

KY=IX(MM,MD (L))

ITRI=ITRI+1

G0 Y0 15

NET=NET+ (MM*#2) % ( (NNODES* (NNODES=1))/2)
CONTINUE

NET=NET=(MM*#2) *NR

DO 30 I=1,NNyMM

IF(IC(I) +LT, INGO TO 30

KX=1

D0 25 J=1,MN

IC(KX)=I

KX=KXe1

CONTINUE

00 0 I=1,NN
NZ=NZ+(I=IC(I)+1)

ID(I)=NZ

KX=U{NN®*(NN+1)) /2
NET=NET+ (MM® (MM+1) ®JN) 72
WRITE (642)

WRITE (64 3) KXy NET ¢NZ
WRITE(6y4)
WRITE(6.5) (IC(I) 4I=1,NN)
WRITE(646) .
WRITE(6,5) (I0(I) ,I=1,NN)
FORMAT(1H1,/7///20X,16HGROSS POPULATION,4 Xy 14HNET POPULATION,
14X, 19HAPPARENT POPULATION///)
FOPMAT(18X,I14,I18,122/77)
FORMAT (/7/2% ¢36HSTARTING ROW NUMBERS FOR EACH COLUMN///)
FORMAT(5X,101I12)

FORMAT (//2X 461 HNUMBERS OF DIAGONAL ELEMENTS IN SINGLE ARRAYSTIFFNE

1SS MATRIX 77//7)
RETURN
END

THIS PAGE IS BEST QUALITY PRACTICABLE

PAGE

POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
_POP
POP

POP -

POP
PoP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
FoL
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
‘POP
POP

FROE OQPY FURMLSHED 10 DDQ - e




SUBROUTINE ELSTIC

TW/74 0PT=1

FTN 4,6¢446

08/21/78 10612439

Ny

2

1 SUBROUTINE ELSTIC(E,PMU,EE)
DIMENSION EF(3,3)
PMUL = 1,0 = PMU®#+2
EE(1,1) = E/PMUL
5 EE(2,1) = E*PMU/PMUL
FE(3,1) = 060
EE(2,2) = EE(1,1)
EE(3,2) = 0,0
EE(3,3) = E/Z(2.%(1.0 + PMU))
10 DO 18 I = 1,2
IP =1+ 1
DO 18 J = IP,3
18 EE(I,J) = EEWJ,I)
RETURN
15 ENC
;ssﬁ"““’:‘;ﬂo i
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SUBROUTINE COORD T6/76 OPT=1 FTIN 4o 64446 08/21/78 10.12.39 PAGE 1 1
1 SUBROUTINE COOPD(K1,K2,K39Kl9XyYyZyAAyXIoETAyALNND,NO) COORD 2
DIMENSION X(€1)oYU1),Z(3)AA(3,3),AB(3)XI(5),ETA(S) COORD 3
XCOMP=X(K2) =X(K1) COOKD L
YCOMP=Y(K2) =Y (K1) COORD 5
5 ZCOMP=Z(K2) =Z(K1) COORD 6
AL=SQRTI{XCOMP**2+YCOMP**2:72COMP** 2) COORD [ 4
AA(1,1)=XCOMP/AL COORD 8 1
AA(1,2)=YCOMP/AL COORD 9
AA(1,3)=ZCOMP/AL . COOKD 10
10 IF(NND LY, 3)RETURN . COOFD 11
XCOMP=X(K3) =X (K1) COORD 12
YCOMP=Y(K3) =Y(K1) . " COORD 13 L
ZCOMP=Z(K3) =Z (K1) COORD 16
AL=SQART(XCOMP**2+YCOMP*2+Z2C OMP** 2) COORD 15
15 AB(1)=XCOMP/AL COORD 16
AB(2)=YCOMP /AL COORD 17
AB(3)=ZCOMP/AL COORD 18
AL=SNARTI((AA(L,2)%AB(3)=AA(1,3)1%AB(2))*%2+(AA(1,3)%AB(1) COORD 19
1-AA(1,1)%AB(3))%*2+(AA(1,1)%AB(2)=AA(1,2)%AB(1))%*2) COORD 20 i
20 AA(2,11=((AA(L+3)%%2)%A8(1)=AA(L1,1)I%AACL,3)%AB(3)=AA(1,1)" COORD 21
1AA(1,2)%AB(2)¢(AA(1,2)%%2)%AB(1)) /AL COORD 22
AA(242)=((AA(L,1)%%2)%AB(2)=AA(1, 11 *AR(4,2)%AB(1)=AA(1,2)" COORD 23
2AA(1,3)%AB(3)+(AA(1,3)%%2)%AB(2)) /AL A COORD 26 {
AA(2,3)=((AA(L,2)%%2)%A8(3)=-AA(1,2)%AA(1,3)%AB(2)=AA(1,1)% COORD 25
25 3AA(1,3)*AB(1)+(AA(1,1)%%2)%AB(3)) /AL COORD 26 {
IF(NO (EQe 1)RETURN COORD 27
XI(1)=0,0 COORD 28
ETA(1)=0.0 COORD 23
XT(2)=(X(K2)=X(K1))PAA(L1, 1)+ (Y (K2)=Y(KL1))®AA(1,2)¢(Z(K2)=Z(K1))®AA COORD 30
30 1(1,3) COORD 31
ETA(2)=060 COORD 32
XT(3)=(X(KY)=X(KL)IPAA(Lo1) ¢ (Y (KI)=Y(KLII®AA(142)¢(Z(K3)=Z(K1))®*AA COORD 33 !
1(1,3) COORD 3%
ETACI)=(XIKI)=X(KL))I®AA(241) ¢ (YK=Y (KL))®AA(2,2) ¢(Z(K3)=Z(K1))*A COORD 35 |
35 1A(2, 3) COORD 35
IF(NND (LE. 3)RETURN COCRO 37
XI(L)=(X(KG)=XIKL1)I*AA(L,1) ¢ (VIK&)=Y(KL)DPAA(L,2)¢(Z(K&)=2(K1))®*AA COORD 38
1(1,3) COORD 33
ETA(L)=(X(KG)=X(KL1)I®AA(2:1) +(V(KG)=Y(KL))®AA(2,2)+(Z(K4)=Z(KL1))*A COORD &0
40 1A(2,3) COORD . Wt .
XI(S)=(XI(2)¢XI(3)¢XI(L)) /4ol COORD 42
ETA(S)=(ETA(3)+ETA(L) ) /4,0 COQRO 3
RETURN COORD b
END COORD 45
PRACTICABLE
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FROM 0OPY FURMLSHED T0 DDC e
]
r
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SUSROUTINE ELSTIF T/l 0PT=1 FTN 4e64446

SUBROUTINE FELSTIF(A,ByCoAE,MMsAL,E)
DIMENSION A(3,3),8(12,12),C(12.12)
EK=AE®E/ZAL

DO 25 I=1,MM

JEIe¢MM
B(1,I)=EK*A(1,]I)
B(1,J)= =B(1,I)
B(2,1) ==B(1,I)
B(2,J)=B(1,1I)

DO 26 I=1,MM

DO 26 J=1,MM
C(I,J)=A(1,I)%B(1,J)
D0 36 I=1,MM

I1=I ¢MM

DO 356 J=1,MM
Ji=J+MM
ClI,J1)==C(I,J)
ClJU1,I)==C(I,J)
C(I1,J1)=C(I,J)
RETURN

END
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SUBRQLIINE PLSTIF T4/74  OPT=1 FTN 4o64446 08/21/78 10612439 PAGE 1
1 SUBROUTINE PLSTIF(EKKyTHyTRIANGsMAMB MGy XYy EE,SHRyNONORM) PLSTIF 2
DIMENSION EKK(12,12) 9X(1)4Y(1),EE(3,3), PLSTIF 3
1 uie) , A(3,3),E1(3),E2(3),AX(3) PLSTIF .
CALL CRAMEPR (AyTRIANG XyYyMA4MB,MC) PLSTIF 5
5 N0 20 I = 1,6 PLSTIF 6
DO 15 II = 1,6 PLSTIF 7
15 UCII) = 0.0 PLSTIF 8
ULI) = 140 PLSTIF 3
E10(1) = A(1,1)%U(1) + A(1,2)%U(3) + A(1,3)%U(5) PLSTIF 10
10 E1(2) = A(2,1)%U(2) + A(2,2)%U(L) + A(2,3)%U(6) PLSTIF 11
E1(3) = AC1,1)%U(2) + A(1,2)%U(4) + A(1,3)%U(6) + A(2,1)%U(1) + PLSTIF 12
1 A(2,2)%U(3) + A(2,3)%U(5) PLSTIF 13
DO 20 J = I,6 PLSTIF 16
DO 16 II = 1,6 PLSTIF 15
15 16 U(II) = 0.0 PLSTIF 16
UG = 140 PLSTIF 17
E2(1) = AC1,10%U(1) + Al1,2)%U(3) + A(1,3)*U(5) PLSTIF 18
E2(2) = A(2,1)%U(2) + A(2,2)%U(L) + A(2,3)%U(6) PLSTIF 19
E2(3) = A(1,1)%U(2) ¢ A(1,2)%U(L) + A(1,3)%U(6) + A(2,1)%U(1) + PLSTIF 20
20 1 A(2,2)%U(3) + A(2,3)%U(5) PLSTIF 21
EKK(IyJ) = 0.0 PLSTIF 22
IF (NONORM +EQe 0) GO TO 1& PLSTIF 23
AX(1)=SHR®**2 PLSTIF 2%
AX(2)=2,*AX (1) =1, PLSTIF 25
25 AX(1)=2,*SQRT((14=AX(1))*AX(1)) PLSTIF 26
E1(3)=(E1(2)=E1(1))*AX (1) +EL(3)*AX (2) PLSTIF 27
E2(3)=(E2(2)=E2(1) )*AX(1) +E2 (3)*AX(2) PLSTIF 28
E1(1) = 0.0 PLSTIF 23
E1(2) = 0,0 PLSTIF 30
30 E2(1) = 0.0 PLSTIF 3
£2(2) = 0,0 PLSTIF 32
16 00 18 K = 1,3 4 PLSTIF 33
AX(K) = 0,0 : ~ : PLSTIF 36
DO 17 L = 1,3 NN . PLSTIF 35
35 17 AX(K) = AX(K) + EE(K,L)®E2(L) i ' PLSTIF 36
18 CONTINU e S, PLSTIF 37
DO 19 K = 1,3 s 2 PLSTIF 38
19 EKK(I,J) = EKK(I,J) ¢ E1(K)®AX(K) s T PLSTIF 39
> EKK(I,J) = EKK(I,J)®*TH*TRIANG : PLSTIF &0
] 20 CONTINUE PLSTIF (%%
00 30 I = 1,5 ’ PLSTIF w2
IX =1 ¢ 1 PLSTIF .3
DO 30 J = IXy6 PLSTIF 4
30 EKK(J,I) = EKK(I,J) PLSTIF 45
45 ’ RETURN PLSTIF 46
END PLSTIF 7
ATY PRACTICABLE
AGE 1S BBST Q
ISP poDDC
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SUBROUTINE CRAMEF TW/76 OPT=1

10

SUPROUTINE CRAMER(AyTRIANG.X oY oMA,MB,4C)

DIMENSION A(3,3),X(1),Y(1)

TRIANG = X(MA)#(Y(MB) = Y(MC)) =Y(MA)®(X(MB) = X(MC)) ¢
1 (X(MB)®Y(MC) = X(MC)®Y(MB))

A(1,1) = Y(MB) = Y(MC)
A(2,1) = X(MC) = X(MB)
A(341) = X(MB)*Y(MC) = X(MC)®Y(MB)
A(1,2) = Y(MC) = Y(MA)
A(2,2) = X(MA) = X(MC)
A(3,2) = X(MCI*Y(MA) = XU(MA)®Y(MC)
A(143) = Y(MA) = Y(MB)
A(2,3) = X(MB) = X(MA)
A(3,3) = X(MA)*Y(MB) = X(MB)®Y(MA)

00 10 I = 1,3
DO 10 J = 1,3

FTN 4o6¢445 08/21/78 10.12,39

A(I,J) = A(I,J)/TRIANG
TRIANG =(ABS(TRIANG)) /2.0
RETURN
END
- :
yo58 Do v
At e
"; oot ¥
, Pt
74
. g e ey v
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CRA PER
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SUBROUTINE NORLTL 74/74 oPT=1 FTN 4o6444b 08/21/78 10e12,39
1 SUBROUTINE QORLTL(EK,EKK, THy QUADy MAyMBsMC,MDyMAA,MBB yMCCy XI,ETA,
INNODES,EE, TRANG,NO)

DIMENSION EK(12,12),EKK(12,12)3MAA(L1) 4MBB(1)¢MCC(1)4XI(S),ETA(S)
1,EE(3,43) 4 TRANG (1) :

5 DO 125 I=1,12
DO 125 J=1,12

125 EK(ILJ)=0,
NNFM=0
SHF=1.0
10 IF(NNODES oLEe 4)GO TO 108
NNRM=1
IF(NNODES «EQe 5)GO TO 108
IF (NNGOES - 7)104,105,106
104 XCOMP=XI(3)=XI(2)
1% YCOMP=ETA(3)=-ETA(2)
GO TO0 107
105 XCOMP=XI(4)=XI(3)
YCOMP=ETA(4)=ETA(3)
GO TO 107
20 106 YCOMP=XI(4)<=XI(1)

YCOMP=ETA(4)=-ETA(1)

107 ALL=SQRT(XCOMP**2+YCOMP**2)
SHR=XCOMP/ALL

108 0OUAD=0.

25 DO 130 I=1,4

CALL PLSTIF(EKKyaTHoTRIANG 4MAA(I) 4MBB (I 4MCC(I)4XI4ETA,EE,SHRyNNRM)
QUAD=QUAD+TRIANG
TRANG(I) =TRIANG

130 CALL SUM(EK,EKK,MAA(I),MBB(I),MCC(I))

30 CALL CONDNS(EK EKKoMA ,MB,MCsMD,NO)
RETURN
END
vi e . 13 ‘.i‘
“w ‘”’.;'.
ACTICABLE
SH1S PAGE 1S BEST QUALIﬂ PRACT
FROM OQPY FURLSHED TO e —
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SUBROUTINE SUM W/T4 OPT=1 FTN 4e6¢4bb 08/721/78 10.12,.39 PAGE 1 1
1
S 1 SUBROUTINE SUM(EK,EKK ¢MA s M8 MC) SuM 2
DIMENSION EK(12,12),EKK(12,12),NA(3) SUM 3
M=2 SUM 1
NA(1)=2%(MA=1) +1 SUM 5
L NA(2)=2%(MB=1) +1 SUM 6
NA(3)=2% (MC=1) #1 SUM 7
IH=0 . SUM 8
DO 100 I=1,6 SUM 3
JH=0 SUM 10
10 IF(I +LEe IHIGO TO 30 SUM 11
IH=TH+M SUM 12
IHH=TH/M SUM 13
KX=NA (IHH) SUM 16
30 DO 90 J=1,6 SUM 15
15 IF(J «LEs JHIGO TO 68 * SUM 16
JH=JH ¢M SuM 17
IHH=JH/M SUM 18
KY=NA (IHH) SUM 19 1
60 EK(KXoKY)=EK(KX,KY)+EKK(I,J) SUM 20 {
z0 90 KY=KY+1 SUM 21 i
100 KX=KX#+1 SUM 22
RETURN SUM 23
END SUM 26

TMY

&




SUBROUTINE, CONONS T4/74  OPT2Q FTN 4o 64446 08/21/78 10e12.39 PAGE 1
.

1 SUBROUTINE CONDNS (EK4EKKsMA, M8
DIMENSION EK(lZ.lz).EKK(12.;Z)'"c'no'no, o :
T CONDNS 3
Ba'5 Eetf CONDNS .
5 5 EKK(I,J)=04 EONDNS -
DET=EK(9,9) *EK (10 - - —— :
OETwEla .S 2100 =EK(9,10) %52 CONDNS 7
EK(9,9)=EK(10,10) /DET i -
EK(10,10)=AX/DET S -
10 EK(9,10) ==EK(9,10) /DET ' et =
EK(10,9)=FEK(9,10) tierins -
Eke CONDNS 12
DO 10 I=9,10 e =
Us 19 & CONDNS 16
15 DO 10 J=1,8 o -
D0 10 X=9,10 f gg:cug it
10 EKK(KX4J)=EKKI(KX,J) ¢E . e i
Enctiof ek rces K(IoK)*EK (KyJ) CONDNS 18
1€ CONDNS 13
20 00 20 I=9,10 s 5
i CONDNS 21
DO 20 J=1,8 Coas -
EK(T ¢ d=EKK (KX yd) ; : s &
20 EKK(KXeJ)=D ey -
s DO 30 I=1,8 riora B
jacas 1t CONONS 26
DO 30 K=9,10 283”“5 4
30 EKK(I,J)=EKK(I,J) +EK » pin 2
o i EK(I,K)*EK (KyJ) CONDNS 29
30 DO 40 J=1,8 : i dd -+
40 EK(I4J)=EK (L4 )=EKK(T ) 33:3:2 :l
IF(MC +LT,. MB) CALL GHANGE (EK 3, 3
IF{MD JLTe M3)CAQL G nseﬁsm,s.;:::igzig:g: et oy
IF(MD +LT. MC)CALL ‘gxisér.t'ﬂz 1240) CONONS 35
A e ARSE, 547 ¥el2s12y CONODNS 35
END 1ut Yo CONDNS 36
5 CONDNS 37
{7y PRACTICABLE
?MIBIS%EST QUAL
FRolk
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SUBROUTINE

CHANGE

10

15

20

Te/74 oPT=1

FTN &o60446

SUBROUTINE CHANGE (EKoIXoIYoNNDMoLoIR)

OIMENSION EK( M, L)
KX=IX

KY=1Y
M2=2*NND
IF(IP LEQ.
00 10 I=1,2
00 S5 J=1,M2
AX=EK(KXyJ)
EK(KX e J)=EK(KYJ)
EK(KY,J) =AX
KX=KX+1
KY=KY+1
IF(IR «EQ.
KX=KX=2
KY¥=KY=2

DO 20 I=1,2
D0 15 J=1,M2
AX=EK(Jy KX)
EX(JoKX) =EK(JyKY)
EX(J,KY) =AX
KX=KX+1

KY=KY+1

RETURN

ENC

1)M2=L

1)RETURN
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SUBROUTINE TRNSFM

10

15

20

25

3n

35

80

30

180

190

200

Th/T6 " OPT=1 FTIN 4e6¢446 08/21/78 10412439

SUSROUTINE TRNSFM(EX,AAsBsCyMM,NND ;M)
DIMENSION EK(12412) JAA{343)+BC My M) oC( M, M)
M2=2%NND

IF(NND +GT, 4)M2=8

M3=MM®NND

IF(NND o+GTs &)M3I=4*MM

DO 100 I=1,M2

JA=MM

KA=0

1A=0

DO 100 J=1,M3

B8(I 'J’=00 0

1F(J=JA) 90,90,80

JA=JA+MM

KA=KA+2

IA=IA+MM

JAA=J=TA

DO 100 K=1,2

KAA=K+KA
B(I,J)=B(I,J)+EK(I,KAA)*AA(K,JAA)
00 200 J=1,M3

JA=MM

KA=0

IA=0

DO 200 I=1,M3

C(I,J)=0,0

IF(1-JA) 190,190,180

JA= JA+MM

KA=KA+2

IA=TA+MM

JAR=T-IA

D0 200 K=1,2

KAA=K+KA y
C(I,J)=C(I,J)+AA(K JAA)*B(KAA,J)
RETURN . :

END 8-

ALY
.ns]ggyt‘l e —
18 PAGE 'Hl'.lsggup‘!o :
oM 00FY :
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SUBROUTINE ASEMSL Te/74 oPT=1

n &

15

20
25
30

FTN @e6¢kbb 08/21/78 101239

SUBROUTINE ASEMBL (AeBeMA ¢MB9MC MO oMMy 104 NNODES M)
DIMENSION A (1) ,B(MyM)oID(1) o NACL) NAA (3)
IX(I,J)=1%(J=1)e1

NNO=NNODES

IF(NND oGT, &)NND=4

M2= NND*MM

NACL1)=IX (MM,MA)

NA(2)=IX (MM,MB)

IF(NNODES «GEe 3)NA(3)=IX(MM,MC)
IF(NNODES oGEe L)NA(G)=IX(MM,MD)
IF(NNODES +LEs 3)GO TO §

DO & I=1,3

KX=1/3

KY=1/72

IF(NA(KX+2) oLTe NA(KY+3))GO TO &
KH=NA(KX+2)

NA(KX4+2) =NA (KY +3)

NA(KY+3) =KH

CONT INUE

DO 10 I=2,NND
NAA(I=1)=NA(I)=NA(I=1)=MM

KH=MM

TAA=NA(1)

KHH=1

0O 30 J=1,M2

IF(J oLE. KHIGO TO 15

KHH= KHH+ 1

TAA=NA(KHH)

KH=KH+MM 2
JX=ID(IAA) =TAA+NA (1) i

KY=MM

DO 25 I=z1,J

IF(J oLEWKY ¢ORe 1 oLEe KY)GO TO 20
KX=T /MM

IX=JX+NAA (K X)

KY=KY+MM -

ACIX)=A(IX) +3(I,J) St Bty S g
JX=JX 41 g -
TIAA=TAA+1 N K
RETURN

END

PAGE
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SUBROUTINE PRINTK T4/76 0PT=1 FTN &.64446 08/21/78 10.12.39

65

70
8o

SURROUTINE PRINTK (SKyIDIAG,NN) ' .
OIMENSION SK(1),IDIAG(1)
DO 80 I=1,NN

IF(I «GTe 1) GO TO 65
KX=1

KY=1

GO TO 70

KX=IDIAG(I=1)¢1
KY=IDIAG(I)

WRITE(6, I I

WRITE (64 2) (SK(K) o K=KX, KY)
FORMAT(I&)
FORMAT (10X, 10€1244)
RETURN

END

ﬁ'-\./ e -
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SUSROUTINE 30UND2 T4/74 0PT=1

10
20

30

FTN 4o6¢446 08/721/78 1041239

SUBROUTINE BOUND2(A,IByNNByIO0,IC)
DIMENSION A(1),IB(1),ID(1),IC(1)
IH=NB

NH=N

DO 30 JA=1,NB

IA=IB(IH)

IF(IA «GE, NH) GO TO 20

KH=TA+1

IF(IA .GT, 1) GO TO 5

KX=1

JX=1

GO T0 6

JX=ID(IA)-IO0(IA-1)

KX=ID(IA=1) +1

D0 10 I=KH,NH

KY=1

IF(IC(I) LE. IA) GO TO 7
IC(I=-1)=IC(I)=1

I1=1

KY=0

GO TO 8

IC(I=-1)=IC(D)

I1=I-1

K=IC(I)

ID(I=1)=ID(I)=JX=KY

DO 10 J=K,I1

IF(J +EQ,s IA) JX=JXel

KXX=KX+JX vel . -
A(KX)=A(KXX) 4 e
KX=KX+1 o
NH=NH=1

IH=TH=1

i o
£ND ﬂ)ﬁ'ﬂ‘
a1l /
5 Q\!l" .
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SUBROUTINE REDUCE Th/T6 oPT=1 FTN &e6¢b4b 08/21/78 10412439 PAGE 1

1 SUBROUTINE REDUCE (FyIBgNyNB,LyNN) REDUCE 2
{ DIMENSION F(NN,L) 118(1) REDUCE 3
00 5 J=1,L REDUCE LS
IH=NB REDUCE 5
S NH=N REDUCE 6
1 I=IB(IH) REDUCE 7
IF(I=NH) 2,444 REDUCE ]
2 NH1=NH=1 RECUCE 3
00 3 K=I,NH1 REDUCE 10
10 KizKe1 REDUCE 11
3 FiKsJ) =F(K1,2) : REDUCE 12
. IN=IH=1 REDUCE 13
NH=NH=1 REDUCE 16
IF(IH.EQ.0) GO TO 5 REDUCE 15
15 GO To1 . REDUCE 16
5 CONTINUE REDUCE 17
RETURN REDUCE 18
END REOUCE 19
; PRACTICABLE
LS BEST QUALTTY PRAC
TH1S PAGE TODDC ——
FROM 0QFY FURRLSIS \
-d
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SUBROUTINE

GAUSS Te/74 OPT=1

@~

10
15

20

&0

70

80

90

110
6

120

FTN &e60446

08/21/78 10.12,39

SUBROUTINE GAUSS (A¢FsDeICoIDyLoN¢NNoNOCOMP)
DIMENSION A(1),IC(1)y ID(1)oF (NNyL)oD (NNyL)

IF(NDCOMP +EQe 1)GO TO 15
DO 10 I=1,N

I1=I-1

D0 9 J=I,N

IF(IC(J) +GTe IVGO TO 9
IX=I0(J)=J+1

IF(I1 «EQes 0)GO TO 8

DO 7 K=1,I1

IF(IC(J) «GTe K ¢ORe IC(I) oGT,

KX=ID(I)=I+K
KY=ID(J) =5¢K
KZ=I0(K)

A(IX)I=ACIX)=(A(KX)*A(K7)® A(KY))

CONTINUE

IF(I +EQe JIGO TO 9
KZ=I0(I)
IF(A(KZ))5,6,45
A(IX)=ACIX)ZA(KZ)
CONTINUE

CONT INUE

DO 40 K=1,L

DO 30 I=1,N
D(I4K)=F(I,K)
I1=I-1

IF(I1 .EQ. 0) GO YO 30

DO 20 J=1,I1

IF(IC(I) «GTe JIGO TO 20
IX=ID(I) =I+J
D(I4KIZD(I,K)I=ACIX)®*D(JyK)
CONTINUE

CONTINUE

CONTINUE

00 70 I=1,N

KX=ID(I)

DO 70 K=1,L
D(I,K)I=D(I,K)/A(KX)

DO 90 K=1,L

IX=N

DO 90 I=2,N

IX=IX=1

I1=1-1

KX=IX

D0 80 J=1,I1

KX=KX+1

IF(IC(KX) oGTe IX)GO TO 80
KY=ID(KX)=KX+IX
DUIXyK)I=D(IXyKI=A(KY)®*D(KX,K)
CONTINUE v e .

CONT INUE ’

2 R e

RETURN 7 T Nedwivi/® 145 -t

NDCOMP=10
WRITE(6,120)1

FORMAT(///2Xy 46HSTRUCTURE IS UNSTABLE, THE DEGREE OF FREEDOM =,IS)

RETURN
END

+

.
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SUBROUTINE RESTOR 74/76  OPT=1 FTIN 4e6+446 08/21/78 10412,39 PAGE 1 1
L 1 SUBROUTINE RESTOR( DyIByNyNByLyNN) ' RESTOR 2
DIMENSION D(NN,L) 4IB(1),TOR1(10),TDR2(10) RESTOR 3
NH=N=NB RESTOR "
IH=1 ; ; RESTOR 5
5 1 I=IB(IH) : : RESTOR 5
IF(I.GTeNH) GO TO 7 RESTOR 7
00 2 K=1,L RESTOR 8
TORL(K)ZD(I,K) RESTOR 9
2 D(I,K)=0, RESTOR 10
10 3 J=I+1 RESTOR 11
IF(JGT,NH) GO TO § RESTOR 12 |
DO & K=1,L RESTOR 13
“ TORZ (K)=D(JyK) RESTOR 16
5 DO 6 K=1,L RESTOR 15
15 D(JyK) =TCRL(K) : RESTOR 16
6 TOR1 (K)=TDR2(K) RESTOR 17
' IF(I.GE4NH) GO TO 9 RESTOR 18
I=I+1 RESTOR 13
60 TO 3 RESTOR 20 i
20 7 DO 8 K=1,L RESTOR 21
8 D(I,K)=0, RESTOR 22
9 IF(IHJGELNB) GO TO 10 RESTOR 23
IH=IH+1 ; RESTOR 24 1
NH=NH+1 RESTOR 25 J
25 G0 TO 1 RES TOR 26 ]
10 CONT INUE RESTOR 27
RETURN RESTOR 28
£ND RESTOR 29
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SUBROUTINE FLFORC Te/T6 OPT=1

10
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85
86

FTN 4e6¢Lbb6 08/21/78 10012439

SUBROUTINE ELFORC(AA,DRyEDR¢ MMy MA,M3,MCyMD, NNOCES(,LOADS,NN)
OINENSION AA(3,3),0R(NN,LOADS) +EDR(12,LOADS) o NCON (&)
NCON (1)=MM™ (MA =1) ¢4

NCON (2)=MM* (MB =1) ¢4

IF(NNODES «GEe 3)NCON(3) =MM® (MC =1) ¢4
IF(NNODES eGEe 4)NCON (4)=MM® (MD 1)+
NND=NNODES

IF(NND GV« 4LINNC=4

NDSP=1

IFI(NND +GTe 2)NDSP=2

DO 86 K=1,L0ADS

KH=1

DO 86 KK=1,NND

DO 86 I=1,NDSP

KX=NCON (KK)

EDR(KH,K) =0

00 85 J=1,MM

EDF (KHyK)=EDR(KH,K) +AA (T 4 J) *DR (KX yK)
KX=KX+1

KH=KH+1

RETURN

END
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SUBROUTINE STRESS TW/74 0PT=1

20
30

40

FTN &e6¢446 08/21/786 10,12.,39

SUBROUTINE STRESS(UVyXyY MAyMB,MCySXySYsSXY,EFST,EsPsALSIESR,
;) LyENGy TRIANG 4 NND)

DIMENSION UVI(12,L)sX(1) oY (1) 4SX(L1)4SY(1)4SXY(1),EX(210),EY(10),
1EXY(10),A(3,3) sEFST (1) 4ENG(1),ALS(3),ESR(1)
CALL CRAMERU(Ay TRIANGyXyYyMAyMB,MC)

DO 30 K=1,L

EX(K)=0.

EY(K)=0,

EXY(K)=0,

KX=0

00 20 I=1,3

IX=T +4KX

EX(KI=EX(K) +AC1, TI*UVIIX,K)

EY(K)=EY(K) +A(2,I)*UV(IX+1,K)
EXY(K)=EXY(K)4A(2,I)*UVIIX,K)+A(1,I)*UV(IX+1,K)
KX=KX+1

CONT INUE

EMU=E/ (1 ,0-P**2)

G=(0.5%E )/ (1,0+P)

00 40 K=1,L

SX(K)=(EX(K)+P*EY (K))*EMU

SY(K)=(P%EX(K) 4EY (K) ) *EMU

SXY(K)=G¥EXY(K)

00 90 K=1,L

AAX = ALS(1)

AAY = ALS(1)

AAXY = ALS(3)

IF (SX(K) oLTe 0.0) AAX = ALS(2)

IF (SY(K) oLTe 0,0) AAY = ALS(2)

EFSTIK)I=SQRT(SX(K) ¥*24+SY(K)*32=SX(K)*SY(K) +3,2(SXY(K)**2))
ENG(K)=(SX(K)®EX(K)+SY(K) #EY (K) +SXY(K) ®*EXY (K) )*TRIANG
IF(NND «GTe 4)ENG(K)=(SXY(K)®EXY(K))*TRIANG

ESF(K) = SQRT((SX(K)/ZAAX) **2 ¢+ (SY(K)/AAY)*s2
1 = ((SX(K)®*SY(K))/(AAX®AAY)) + (SXY(K)/AAXY)**2)

IF (NND +GT, &) ESRI(K) = ARS(SXY(K))/AAXY

CONTINUE

RETURN

END
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SUBROUTINE QLSTRS TW/74 oPT=1 FTN 4644456 08/21/78 10612.39 PAGE 1
L 1 SUBROUTINE NQLSTRS(EDR,EDDR¢XI,ETA,MAA,M3B,MCCySXySY9SXY,EFSTRS,E, AQLSTRS 2
1PMU,LOADS,SSXySSY s SSXY,EFFSTRyKTR y EKK yENGy SFTM,ALSsESR ¢ NND) QLSTRS 3
NIMENSION EOR(12,LO0ADS)EDDR(12,L0ADS) ¢ XI(1),ETA(1),MAAC(L),MBB(1), QLSTRS L
IMCC (1) 4SXC1)ySY(1)3SXY(1) yEFSTRS(1),SSX(4yLOADS) SSY(4,LOADS), QLSTRS 5
5 2SSXY(L,LOADS) y EFFSTR(GL,LOADS) yKTR (1) 4EKK(12512)4ENG(1) ,ENGG(10) QLSTRS 5
b 3,ESF(1),SFTM(1),ALS(1) QLS TRS 7
DO 115 K=1,LOADS QLSTRS 8
SFTM(K) = 0.0 QLS TRS 3
ENGIK)=0, QLSTRS 10
10 KXx=0 QLSTRS 11
DO 115 I=9,10 QLSTRS 12
KX=KX+1 QLSTRS 13
EDF (I,K) =0, QLSTRS 16
00 114 J=1,8 QLSTRS 15
15 114 EDR(IZK) =EDRI(I K) +EKK(KX o J)*EDR(J,4K) QLSTRS 16
EDR(I4K)==EDR(I,K) QLSTRS 17
115 CONTINUE QLSTRS 18
00 116 K=1,L0ADS QLS TRS 13
EDDR(5,K)=EDR(9,K) QLSTRS 20
20 116 EDOR(6,K)=EDR(10,K) QLSTRS 21
KX=1 QLSTRS 22
KY=3 QLSTRS 23
QUAD = 0,40 QLSTRS 2k
DO 200 I=1,4 QLSTRS 25
25 IF(I «LTe 4IGO TO 117 QLSTRS 26
KXx=1 QLSTRS 27
KY=7 QLSTRS 28
117 00 119 J=1,2 QLS TRS 29
00 118 K=1,L0ADS QLSTRS 30
30 EDDR (J4K)=EDR(KX,K) QLSTRS 31
118 EDODR(J+2,K)=EDR(KY,K) QLSTRS 32
KX=KX+1 QLS TRS 33
119 KY=KY+1 QLS TRS 36
CALL STRESS(EOORyXI,ETA,MAA(I) 4MBB(I) yMCC(I)9SXySYsSXY+EFSTRS, QLSTRS 35
35 1 EyPMUyALS+yESRyLOADS,ENGGy TRIANGyNND) QLSTRS 36
QUAD = NUAD ¢+ TRIANG QLS TRS 37
00 201 J=1,LO0ANS QLSTRS 38
ENG(J)=ENG ( J) +ENGG (J) OLSTRS 33
SSX(IyJ)=SX()) QLSTRS 40
40 SSY(I,J)=SY(J) QLS TRS b1
SSYY(I,J)=SXY(J) QLSTRS 42
EFFSTR(I ,J) =EFSTRS () QLSTRS &3
IFINND (GTe LIEFFSTR(I,J)=ABS(SXY (J)) QLS TRS el
SFTM(J) = SFTM(J) + ESR(J)*TRIANG QLSTRS L5
45 201 CONTINUE QLSTRS L6
200 CONTINUE QLSTRS o7
00 205 J=1,L0ADS QLSTRS L8
SFTM(J) = SFTM(J) /QUAD QLSTRS &3
SFTM(J) = (1.0 = SFTMGUII/SFTMLY) QLSTRS 50
50 AMAX=0, ] y ;. QLSTRS 51
DO 204 I=1,4 k T e QLS TRS 52
IF(AMAX (GTe FFFSTR(ILJIIGO TO 204 QLS TRS 53
AMAX=EFFSTRI(IJ) QLSTRS Sk
KTR(J) =T QLSTRS 55
55 204 CONTINUE QLS TRS 56
205 CONTINUE QLSTRS 57
00 210 J=1,LO0ADS QLS TRS 58
KX=KTR(J) QLS TRS 53
AMAX=EFFSTR (KX 4J) QLSTRS 60
60 00 209 I=1,4 QLS TRS 61
209 CSFFSTR(IZJ)=EFFSTR(I,J)/AMAX QLSTRS 62
EFFSTRIKX, J)=AMAX QLSTRS 63
210 CONTINUE QLS TRS 66
L RETURN QLSTRS 65
65 END QLSTRS 66
lmmﬂ]ﬁﬂﬂw
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SUBROUTINE PFNTOP Te/Ta QPT=1 FTN 4o6¢446 08/21/78 10.12.39 PAGE
SUBROUTINE PRNTOR(A¢B¢XeY sZoeNgMsL o NJo NP4NN) PRNTOR
DIMENSION A(CNNoL) 9 BONNGL) o X(1),Y(1)cZ (1) PRNTDR
NP=NP+1 PRNTOR
LINES=1 PRNTOR
WRITE(6, 1) NP PRNTOR
WRITE(6,2) PRNTOR
DO 10 I=1,NJ PRNTOR
IF (LINES+L=54)4,3,3 PRNTDR
LIMES=1 PRNTOR
WRITE(6, 1) NP PRNTDR
WRITFUH, 2) PRNTDR
NP=NP+1 PRNTOR
KH=M*T PRNTDR
KHH=KH=M+1 PRNTDR
IF(M oLT. 3)GO TO 11 PRNTOR
WRITE(6y 9)IoX(I)oY(I)oZ(I)y( A(J91)yJ=KHH KH) 9 ( B(Jy1),J=KHH,KH) PRNTOR
GO T0 12 PRNTDR
WRITE(6y S)IoX(IDoY(I)y ( A(Jy1)yJ=KHHyKH) 3 ( B(Jy1) 9o J=KHH,KH) PRNTDR
IF(L +€EQs 1) GOTO 8 PRNTDR
Do 7 K=2,L PRNTOR
IF(M «LTe 3)G0 TO 13 PRNTDR .
WRITE (Hhy 6) ( A(JsK) sJ=KHH,KH) 3 ( B(JyK)y J=KHH,KH) PRNTOR
GO 10 7 PRNTOR
WRITE (65 15) ( A(JyK) 4 J=KHHsKH) 3 ( B(JyK)y J=KHH,KH) PRNTDR
CONTINUE PRNTDR
LINES =LINES +L+1 PRNTOR
IFCL «EQs 1)LINES=LINES=-1 PRNTOR
CONT INUE PRNTDR
FORMAT (1H1,120X,5HPAGE 41I3/) PRNTDR
FOFMATE  I1X,SHJOINT 48X s2H=X 48X s2H=YyBXy2H=2Zy8Xy 7THFORCE=X, PRNTDR

17Xy 7HFORCE=Yy7 Xy 7THFORCE=Z 98X y 7THDISPL=X 410Xy 7HDISPL=Y,10X, PRNTDR
27HDISPL=2/7) PRNTDR
FORMAT (/159510034 F1003¢F10e3,F12,3,F14e3,F14e3,1PE1B.8, PRNTDR
11PE17.8,1PE17,8) PRNTOR
FORMAT (/IS5 F1boa39F 100391 0X9F1263sF1be3914Xy1PE1848,1PE17,.8) PRNTDR
FORMAT(39X 4F12433F14e3,F14:3,1PE18,8,1PE17:8,1PE17,.8) PRNTDR
FORMAT(39XyF12+3yF1b4e3414X,1PE18.8,1PE17,8) PRNTOR
PETURN PINTDR
END PRNTOR
ABLE
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APPENDIX C: LISTING OF THE SAMPLE DATA

1
ANALYZE DEMO PROBLEM--INTERMEDIATE COMPLEXITY WING
168 o4 30 e 3 Ln ! U rA
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Z-DISPLACEMENTS
LOAD CASE #1 LOAD CASE #2
NODE NO ANALYZE  NASTRAN ANALYZE  NASTRAN
1% 15.085 15.170 14.483 14.595
3 16.066 16.151 14.752 14.849 )
5 17.065 17.144 15.008 15.086 ‘
7 18.133 18.198 15.285 15.344
9 19.278 19.328 15.560 15.599
1 15.134 15.218 13.960 14.059
13 15.168 15.246 13.420 13.500
15 15.213 15.286 12.893 12.956
17 15.229 15.297 12.322 12.368 i
19 10.842 10.913 10.710 10.810
21 10. 906 10.977 10.280 10.368 *
23 10.914 10.979 9.797 9.866
25 10.920 10.982 9.305 9.359 {
27 10.843 10.902 8.738 8.780
29 7.290 7.354 7.485 7.578
31 7.353 7.414 7.127 7.205 q
33 7.334 7.386 6.693 6.749
35 7.289 7.338 6.244 6.289
37 7.139 7.188 5.703 5.738
39 4.434 4.492 4.785 4.870
a1 4.498 4.547 4.514 4.580
43 4.468 4.504 4.158 4.199
45 4.390 4.425 3.777 3.810
47 4.183 4.222 3.287 3.315 ‘
49 2.324 2.378 2.713 2.792
51 2.376 2.4 2.512 2.566
53 7.333 2.353 2.23] 2.256
55 2.242 2.263 1.939 1.960
57 2.005 2.034 1.531 1.55]
59 -940 -987 1.273 1.343
61 -971 -998 1.128 1.169
63 S -930 .922 .932
: 65 : .833 .839 .729 .737
g 67 1597 611 -429 .439
] 69 2150 175 .327 -368
‘ " .220 -236 .317 .342
§ 73 .259 .259 .272 .276
é 75 281 1283 .249 1252
: 77 187 -195 1125 2130

*Note: Results are given for nodes on the upper surface only.
The displacement pattern is identical on the lower surface.

ﬁ TABLE 2: Results From ANALYZE and NASTRAN !
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