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FOREWORD

This report is prepared as part of an In-house effort

under Project 2401, Task No. 240102, “Des ign and Ana lys is
Methods for Aerospace Vehi cle Struc tures ,” and Work Unit
24010208, “Automated Design of Advanced Aerospace Structures .”

The work was carr ied ou t I n  the Des ign an d Ana lys i s Methods
Group of the Analysis & Optimi zation Branch (FBR), Struc tural
Mechanics Division , Air Force Flight Dynamics Laboratory,

Wright—Patterson AFB, Ohio.

The time period of the effort for this Technical Report

is May 1978 - August 1978.. The manuscr ipt was or i ginally

released as AFFDL-FBR-TM-78-89 in August 1978.
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1 . INTROD UCTION

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 “OPTSTAT”~~~, OPTC OMP~
2
~ and “DANALYZ”~~~. “ANALYZE”

has been used by the authors in their consultation work on a number of

A ir 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 earl ier

wi th 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

anaiysis (4 6) . In such an analysis the continuum is replaced by a

di scre te model cons i s ti ng of a fin ite number of nodes connec ted 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

‘1 1
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FIG. 1: Continuum and Finite Element Model
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element in the NASTRA N~~ 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-overlappin g triangles with a fictitious interior node .

However , only the shear energy is considered in determining the stiffness

of this element. Although the formulation is somewhat different, this

element gives comparable results to the NASTRAN SHEAR element or the

so called Garvey shear pane)

The basis for the derivation of the shear panel is empi rical , 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 mu lticell 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

presen t pract ice of us ing membrane tr ian gl es and quadr i la terals f or  the

top and bottom skins , bars for the posts , spar and r ib ca ps , and shear

4
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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 panel s model . The model s consisting of

these element s are most satisfactory for determin ing the primary load

paths in built —u p 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 wi th modifications to take into account

the symetry 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” i s 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 ava il able core of abou t lOO K8 one can solve problems of up to 300

to 400 degrees of freedom. With the full core of a machine like the

CDC 6600, it Is possible to solve probl ems of up to 1500 degrees of freedom

an d a compara ble number of elements.  The deta i ls  of core requ irements

are discussed in Appendix A.

The program is written In standard ANSI Fortran IV.

5
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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 functiona l relationship

between the two responses is approximated by various i nterpolation

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 1th element

can be written as

1 t’~T .  = a. c. dV (1)
—1 -.1

where a1 and are the stress and strain vectors and V .~ is the volume of

the element. For a linearly elastic body the relation between stress and

strain can be written as

a1 E1 c1 (2)

r * Su perscr ipt t on a matr ix re pres ents trans pose

_ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _



where is the syninetric 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 ar e as fol l ows :

fl 0 1
E . E 1 0 I (3)

1-p 1L° 0

where E and p are the elastic modulus and poisson ’s ra tio of the ma ter ial

res pectively . For an or thotro pi c ma ter ial the elas tic cons tan ts matr ix is
given by

Ti
E I

E =  1
2 I~~B B 0 (4)

— l— Bii I
L° ~~l-8u )

where E 1 an d 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 (E2/E1 ). G and p are the shear modulus and

P oisson ’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

7 

(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 v 1 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

writ ten as

(6)

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

given by

0

~~~~~

= L

~~~~ 
:J 

(7)

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

energy in the following form

~i ~~~~~~ ~i 
(8)

where is the element (member) stiffness matrix with respect to the

discrete coordinates V and is given by

k = q1~ 9~ 
~ ~i 

dV ( 9)
V I

An a lterna te but a conven ient method of de termin ing the elements of the

member stiffness matrix is by invoking the principle of virtual work~
9
~

i ~ ‘~ ~ . ~
•
~~~
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~~~~~~~~~~~~~~~~~~~~



.,

which  g ives

1 kpq = a~’~ e(~~ dV (10)

V i
where a~

P )  is the stress state due to the element displacement configuration

in which v~ = 1 while all other v ’s are zero . Similarly is the strain

state due to the unit displacemen t 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 )W~
1’1 )

From Equation 8 and Castigliano ’s first theorem, the relation between

the element nodal forces and the displacements may be written as

= = !~i ~i 
( 11)

where S
1 ~S the element nodal force matrix corresponding to the displacement

matr ix v1. Similar force-displacement relations for the total structure

can be derived from the strain energy of the structure. The total strain

energy r of the structure can be written as the sum of the energies of

the Individual components .

m m
1’ = 

~ 
= ~ v~ k1 v1 ( 1 2)

J . izi i~ 1 — — —
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(a) First Unit Mode (b) Second Unit Mode

FIG. 3: Examples of Unit Displacement Modes
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In general , f o r  most struc tures , it is convenient to define a local

coor di na te system for eac h elemen t an d a g lo bal coord ina te system for the

total structure. In such a case the element and structure generalized

coordinates can be related by

V
1 

U (13)

where is the compatibility matrix. Its elements can be determined

by kinematic reasoning alone provided the structure is kinematically

determinate. The matrix ti ~s the general ized 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 connec ted to the struc ture . From Equa tion 13 and the pr inc iple  of

virtual work it is easy to show that the transformation between the

forces on the structure and the element interna l forces is given by

(14)

where P is the force vector on the structure in the global coordinate system.

The transformation given in Equation 14 is sometimes referred to as a

contragradient transformation . ( 1 2)

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

strain energy in the form

r = ~~ ut K u  (1 5)

where K, the total stiffness matrix of the structure, is written as the

sum of the component stiffness matrices.

= 

l~l ~~ 
k1 aj (16)

H 11

~~ 
- 

•~~~~7~~~ . .



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

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

[~
k
~1~~~ 

(17)

In most structura l analysis problems the stiffness matrix K 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 modifications to take into account the

symetry and sparseness of the stiffness matrix.

Basically Gaussian elimination involves decomposition of the stiffness

matrix by

K _ L D L t (18)

where L is the unit lower triangular matrix and D is a diagonal matrix.

The advantage of this decomposition scheme is that the L matrix retains

some of the sparseness characteristics of K which consequently reduces the

numbers of computations. Al so L and D can be assigned the same storage

as K.

The next step is the forward substi tution by

(19)

where the matrix is given by

(20)

In Equation 19 the solution of V can be accomplished by simple forward

substitution . Once is obtained, u can be solved by back substitution

12
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I

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 .

14
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P
.

where x 1 and x2 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 -

= (x1 
- x2) 

- x2
), -(x - x1~ 

• 
(19)

From the strain-displacement rela tions , the axial strain in the element is

given by

(20)

From the principle of virtual work (Equation 10) the indi vidual elements of

the member stiffness matrix can be written as

k1~ 
= f a~~ c~~ dV = (-i)~~ ~~ (21)

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

given by

k = ~~~
[
~ .j~ (22)

The member force matrix Is qiven by

s = k v  (23)

The stress in the member Is given by

(24)

or 
~l ~~ (25)
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The strain energy in the element is given by

1~~ t~~ (26)

or

T
1 ~~

- a
~~

c
~~

A L  (27)

TRIANGULAR MEMBRANE ELEMENT

The membrane triangle is the basic plate element in the program. It

i s used to construct the membrane quadril ateral as well as the shear panel

wi th some modifications . The membrane triangle can be used effectively in

all cases where the primary loading is inpiane 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 lifting 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 l ocal coordinate system.

The general ized coordinates v1, v2, --- , v6 represent the lnplane
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 li nearly elastic material the

stress in the element will also be constant.

17
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The linear displacement field in the element can be represented by

w~ = a1 x + b1 y + c1
(28)

W
Y 

= a2 x + b
2 
y + C

2

where ~ and W
Y are the x-y displacements in the plane of the plate

in the local coordinate system. a1, b1 etc. are the six undetermined

coefficients. Equation 28 can be written in matrix form as follows:

[y l 0 0 ~~1 a1w =  I
— 

[~~o 0 x Y ~ J 
b1
c1 (29)

a2
b2
C

2

The six unknown coefficients can be uniquely determined by the six

boundary conditions at the nodes.

x1 y1 l~~~ 0 0 0 a1
v3 X2 y2 1 0  0 0

(30)
v2 0 0 0 x1 y1 1 a2
V
4 ~0 0 0 : x2 ~ 

1 b2
0 0~~~~x 3 y3 1 C

2

where x1, y1, ---- , 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 directi ,ns , 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 4 is given by

(31)
where the matrix x is given by

~~~
= ~~y l  005J (32)- L 2 0 0  xy]J

and the Z matrix is given by

rx : ~z = :+__ (33)
- L° : ~J

The coordinate matrix X is given by

1~l~~l ’1
= x2 ~

‘2 l~ (34)

k3 Y3~~~i

It is interesting to note that each column of Z’ ’
~ represen ts a un it

displacement mode: i.e. the ~th column of the inverse represents a
displacement mode in which v,~ 

= 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
= -~~ -= a1 (35)

= = b2 (36) ~~~~~
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L

eX~~~~~~~
+ -

~~
- b 1 +

~~2 (37)

From the principle of virtual work (Equation 10) the elements of the

member stiffness matrix can be written as

k 1~ = f (1) t (j ) dv = f 6(i)~ E dV (38)

where and are the stress and s t ra in  matr ices corresponding to

the unit displacement modes explained under Equation 34. Since the linear

displacement var iat ion implies constant  stra in , the integra l in  Equat ion 38

can be replaced by the volume of the element:

k1~ 
= 

~ J~I ~ 
(j ) t 

(j )  ( )

where X I 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

- 

(1) t 
~
(l) (1) t E ~

(2) (1)t ~(6)

(2) t ~(l) (2)t E ~(2) (2)t (~~)

k = ~~
- IX l  t (40)

S 

- — 

(5)t ~(1) (6)
t 

£~~~~ 
(6)t ~ ~(6)

The member force matrix is given by

s = k v  (41)

The stress matrix in the element is given by

a = E c  (42 )

20
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The strain energy in the element is given by

or 

T
1 

=~~~~~ S~~~~V (43)

T~ ~~~I X ~ t a r e (44)

The next importa nt step in the evaluation of the stress state in

an element is the selection of a suitable failure criteria because of the

combined stresses (a ,~ cr~~and au,) 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

aeff 
= + a~ - ax ay + 3a~y)~~

2 
(45)

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

ra tio (ESR )

ESR = 

[
~~~ 2 

+ 
~~ 2 

- (~~~~~
) + (~~~)21 (46)

where XX an d YY are the tens ion or compress ion a ll owa ble i n the x and y

d i rec tions, respectively, and ZZ is the shear allowable. Then the margin of

safety (MS) is determined by

— 1-ESRMS — ESR

I-f 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.

QUADRILATERA L MEMBRAN E ELEMENT

The quadrilateral element is most frequently used to represent membrane

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

—~ - - ~~~~~~~~~~~ -



Figure 4 shows the local coord inate system and the general i zed coordin ates
(di splacements) v1 through v8. 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 earl ier , the stiffness of the quadrilateral element is

determined by breaking it into four Component triangles as shown ‘in

FIgure 4. A fictitious node in the quadrilateral is located by averaging

the coordinates of the four nodes as given by
X1~~~X2~~ X3~~ X4 (48)x5 -

y +y +y +y1 2 3 4 (49)
4

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 outl ined next.

-. 
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The force displacement relations of the 5 node quadrilateral are

written as

RQ 
= kQ rQ (50)

where the subscript refers to the quadri lateral element with 5 nodes.

EquatIon 50, partitIoned to isolate the degrees of freedom of the fifth

node, can be wr itten as

= ~j~
li_ L4_~li_ll~ ~~~ (51)

_,II — II , I: —II , II -II

Equation 51 can be wr itten as two separate equations
= 

~I,I ~I 
+ 

~I,II ~II (52)

~II 
= 

~II,I ~I 
+ 

~II,II ~II 
(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

r = — k~~ k r— II 11j1 •~II~I •~I (54)

Subs t i t u tion of Equation 54 in 52 gives

= 

~~~ 
- 

~r, rr ~iLr i  ~~~ rr (55)

From Equation 55 the stiffness matrix of the original quadrilateral can

be wr itten as
= 

~II 
- 

~I,II ~~L11 ~ii ,i (56)

The s t i f fness  as obtained by Equation 56 Is added to the total structure

after appropriate coordinate transformations to the global 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

(ESR) 1 ~i + (E SR ) 2 A + (ESR ) A + (ESR) A

A 1 + A
2 

+ A3 
+ A4

where (ESR) 1 thru (ESR) 4 are the effecti ve s tress ratios of the four

triangles. A 1 thru A4 are the respective planform areas of the triangles .

Now the marg in 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

1 1  
_______________ _________ 
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1

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 pane l 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 comon 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 comon 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 s ides by normal

stres s carryi ng elements suc h as bars or membrane or bending elements

If the natural model does not contain such an element on any side of the

shear pane l , 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

ear li er. However , the stiffness matrices of the component triangles are

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

= 
~ I~I t C~~~~

) G E-
~~~~

) (58)
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where 6 is the shear modulus , and and are the shear stra ins
due to the unit displ acement modes discussed earlier. There is one point

that must be made here . The shear stress (s train) in an element changes
wi th the orientation of the reference axis. Thus the stiffness matrix

of the el ement can be sens iti ve to the reference ax is. For rectangul ar

elements the shear strain energy would be the same regardless of which

side is selected for the reference axis. However, for qua dr i la terals

the stiffness matrix does depend on the reference axis. The errors

produced by such departures are usually not signifi cant, 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

quadri latera l as the reference ax is.

As in the quadrilateral element the shear stresses in all four

triangles are determined separately but wi th respect to the same reference

ax is. Of course , the normal stresses in the shear pane l s have no

meaning. The margin of safety is determined by a weighted average of the

effective stress ratios(ESR) as in the quadrilateral . The strai i energy

is determined by considering only the shear stress and strain.

t -
. 

_ _ _  
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4. ORGANIZATION OF THE PROGRAM

The material presented in this section is intended either to hel p

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 sumarized in the flow-

chart in Figure 5. There are a total of 16 boxes in the flow-chart.

Eac h of these boxes generally involves one or more subroutines . The

subroutines that belong to each of these boxes are identifi ed 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 wi th

prov is ions like one card per each element and a card for eac h node etc.

For examp le , it is relatively easy to write a subroutine with NASTRAN type

input. The description of the various arrays (See input instructipns)

and their dimension requirements given in Appendix A can be quite helpful

in writing such an input routine.

Box 2 - Map Stiffness Matrix

This step Invol ves a single subroutine called “POP” . The purpose of

this routine is simply to estimate the storage requirements of the stiffness

matrix and to map its profile. The stiffness matrix is stored in a singl e

array ca l led SK. The elements of the matrix are stored columnw i se

27
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starting from the first non-zero element in the column to the diagona l

element. Since the matrix is symmetric , only the upper triangle is

stored .

Box 3 - Element  S t i f fne s s

There are four elements in the program. All 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 coordinate

system .

ii i . Quadril ateral Membrane Element and Shear Panel

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

The subroutines “QORLTL” , “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” . Simi larly “CONDNS”

cal l s “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 , quadrilaterals, and

shear panels from the l ocal 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 lo~’o in which all the element

stiffness matrices are computed and assembled into the total stiffness

matr ix.

Box 6 - Boundaries

The routine called “BOUND2” eli minates 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 - Sol ution of the Force Deflection Equations

The rou tine “GAUSS” solves the load defl ection 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.

30
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Box 9 - Total Energy

The total energy of the structure is computed by

W = -~~~ ~~~~

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 calle d “RESTOR” . The purpose of

this routine is to restore the force and deflection matrices to their

original dimension to incl ude 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.
.4
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ii. Triangular Membrane Element:

The subroutines “STRESS” and “CRAMER” are involved in this step. The

rout ine  “STRESS ” c a l l s  “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” ,

“CONONS” , “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 Ou tput

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 i nvolves 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). -

-
- . .



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

hel p 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 length 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 Tabl e 1. The flow 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 “POP”

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 examp le ,

if an element connects 4 nodes , and if each node has 3 degrees of freedom

in the globa l coordinate system , then the stiffness matrix of the element

would be of dimension 12 x 12. This matrix can be partitioned four ways ,

in both row and column directions as shown in Fig. 6 . The location of

these sixteen submatr ices 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 el ements

in .the matrix are considered as population. Since most of the elements

connect only a few nodes , the stiffness matrices are usuall y sparsely

populated . Determining the profile of the stiffness matrix population

is the essential function of the routine “POP” .

L.. -
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S S Sc_) 0z

, I I
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I S I
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+ + + + + + + + + + + +
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I I I
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3MB-2 + + + .4 + ~~~~+ ~4. + ‘ 4 + +
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+ + + + + + + + + + + +

+ + + : + + + + + + + + +
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3MC-2 + + + + + + + + + + + +
a s I
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+ + + : +  + + : +  + + : + + +
I S I

I I

+ + + : + + + + + + : + + +
S I I
I I I

• S I

3MD-2 + + + + + + + + + : + + +
I I I
I I I

+ + + + + + + + .+ : + + +
I I I

+ + + i + + + + + + + + +

Fig. 6 Partitioned Element Stiffness Matrix and Addresses in the
Tota l Sti ffness Matrix
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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

the following terms are in order . The gross population 
~ gross~ 

of the

stiffness matrix is defi ned as the total number of elements in the

upper triangle of the matrix. The net population 
~ net~ 

is the total

number of non—zero el ements in the upper triangle. Zeros resulting from

transformations are not excluded from the net population. The apparent

population 
~ apparent~ 

is the actual number of elements considered as

nonzeros by a given solution scheme . From these definitions

~net ~apparent -
~~~ ~gross 

(59)

For a given structure 
~gross 

and 
~net 

are invariant and are given by

~gross 
= N (N

2
+ 1) (60)

and

~net 
= n (n

2
+ 1) (number of nodes) +

~~~ 

n2[k1 (k1-1)) -r.2~NR) (61 )

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 modifi cation Is simple ), k1 is the number of nodes to which the

1th el ement is connected , and m Is the number of elements in the structure.

The quanti ty NR is given by

NR= ~~ (b — 1 )  (62)
1=1
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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

XC0m = XMA - XMB

Y Comp = 

~MA - ~MB (64)

ZCom p = Z~~ - ZMB

L = (X
~omp 

+ 

~ omp + Z
~omp

)112 (65)

- 
XComp - “Comp - 

2Comp 66l L m1 - L nl
_

L

where ~~~ and ZMA are the three coordinates of the node MA in globa l

coordinate system. The direction cosines L~, m11 and n1 become the first
row of the 3 x 3 matrix A.
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ii . Triangular Membrane El ement

The local coordinate system of the triangular membrane element is

established by assi gning 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—MG. If a and b are these two unit vectors , then the normal to the

plane is obtained by

(67)

Since a and b are not orthogona l vectors , ~ is not a unit vector.

The unit vector in this direction is given by

6 =  ~ 
. 

(68)
Ic I

The local z-axis is in the direction of the unit vector c. Now

the local y-axis is established by

(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 triang le.

The plane of the triang le connecting the three nodes MA , MB,and MC becomes

the reference plane . Any warping in the quadrilaterals and shear panel s 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. In the

case of excess ively war ped shear panel s , the size of the grid must be

40
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reduced . “ANALYZE” does not have a provision 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 foll owing :

x3 = (X MC 
- XMA)2~l + (Y MC — Y MA )ml + 

~ MC - 41A)tll

y3 = (XMC - XMA )9~2 + 

~ MC 
- Y MA )m 2 + -

This subrouti ne also determi nes the coordinates of the fictitious node

needed to break the quadrilatera1 and shear panels into four triangles .

This interior node is established by

— 
xl + x2 + x3 + x4

X
5

(70)

- “l + 
~2 

+ +
y5 - 4

where x1, x2 . . . .x 5 and y1, y2 . .. .y~ 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 subrouti ne determines the stiffness matrix 0-? the bar by Eq. 22.

It also transforms the bar stiffness matrix to the global coordinate system

by

~ = 4 ~i 
a1 (71)

- . 
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Subroutines “PLSTIF” and “CRAMER ”

5. 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 triang les of the

quadrilateral and the shear panel .

“PLSTIF” first calls the routine “CRAMER’1 , 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 triang le.

Then the “PLSTIF” subroutine determines the element stiffness matrix

by Eq. 40. In determining the matrices and ~~~~ it takes advantage

of the fact that the columns of Z~ (see Eq. 33) represent unit disp lacement

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 examp le , i n

such a case , Eq. 40 becomes

(1) (1) (1) (2) (1) (6)
exyGcxy ~xy~~xy 

£xyGCxy
k = ~~( x f t  (72)

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

-

Subrouti ne “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

r sides as reference axis for the shear panels.
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Subroutine “SUM”

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 “CONDN S”

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.

Subroutine “CHANGE ”

This routine interchanges the rows and columns of the quadrilatera l

(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 “TRNSFW’

This routine transforms the plate element stiffness matrices from the

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

a

where I( Is the transformed el ement sti ffness ma trix of the 1th element.

Subroutine “ASEMBL”

This routine adds the el ement stiffness matrices to the total stiff—

ness matrix.
m

K = E  K (74 )

~~
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For an exp lanation of the rules of this addition see the description of

s u b r o u t i n e  “POP ” . It should be noted that onl y the upper half of the

stiffness matrix is stored . This storage is columnw ise 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 el ement and proceeding

to the diagonal .

Subroutine “BOUND2”

This routine eliminates the rows and columns corresponding to the

constrained degrees of freedom and condenses the sti ffness matrix.

S u b r o u t i n e  “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.

SuDrouti ne “GAUSS”

“GAUSS” solves the load defl ection equations (Eq. 17) by Gaussian

elimination. The first step of the solution is the decomposition of the

sti ffness 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 L and D 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 .

S u b r o u t i n e  “ELFORC”

Thi s routine extracts the el ement 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 (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 stress’~s in the four

triangles of the quadrilateral or shear panel el ements . 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 -I dentifies the triangle with the largest

effective stress and normalizes the effective stress of the three remaining

triangles wi th respect to thi s largest value.

Subroutine “PRNTDR”

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

the node number , its coordinates , applied forces, and the displ acements.
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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 AN ALYZE

ASEMBL 41 ANALY ZE
PRINTK 15 AN ALYZE

BO IJND2 - 35 ANALYZE
REDUCE 18 ANALYZE

GAUSS 57 ANALYZE

RESTOR 28 ANALYZE

ELFORC 22 ANALYZE
STRESS 33 ANALYZE , QLSTRS

QLSTRS 65 ANALYZE

PRN TDR 39 ANALYZE

TOTA L 1027

Table 1: Program Descri ption
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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 (6FlO.O) and a mixed Format 3(FlO.O ,215). The first

four card sets will each have one card regardless of the size of the

probl em. The number of cards required for the remaining card sets

depends on the problem size. The first card set indicates the

number of probl ems (structures ) to be analyzed . If this number is

more than one , the program assumes that the remaining card sets will

be supplied for each probl em one after the other . The next card set

is for the title of the probl em . 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

proper t ies  (5 and 6), type of elements (7), element connections

(8, 9, 10, 11), sizes o~f, the elements (12), element—materIal

identification (13), node coordinates (14), boundarIes (15) and

loading Information (16 and 17).
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INPUT INSTRUCTION DETAILS

CARD SET PARAMETER DESCRIPTION
(FORMAT)

1 NSTR Number of data sets
(14 15)

2 TITLE An alphanumeric description of the
(8AlO) problem to be olved .

3 MEMBS Number of elements
(1415) JOINTS Number of nodes

NBNDRY Number of restrained degrees
of freedom

LOADS Number of loading conditions

MM Two dimensional problem
1=3 Three dimensional problem

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

- 

INCHES INCHES~~
l Coordinate data is in inches

L~l Coordinate data is in feet

KIPS KIPS I 1 Applied forces are in kips
L~l Applied forces are in pounds

NMAT Number of materia ls

r ° Margin of safety calculated from
MS~TRS MSSTRS ’ default allowable stresses.

J.
~O Margin of safety calculated frominput allowable stresses.

4 EEE YOUNG’S modulus/106 of one of the
(6FlO.5) elements in psi.

PMU POISSON ’S ratio of one of the
elements.

RHO Density of one of the elements in
l bs/in~.
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CARD SET PARAMETER DESCRIPTION
(FORMAT)

IF MSSTRS 0, skip CARD SET 5.

5 ALSTRS(I) Allowable stresses/103 in tensi9p,
(6F10.5) I=l ,...,3*NMAT compression and shear for the It”

material.

IF NMAT ~ 1, CARD SET 4 parameters can be for any of the materials.
IF NMA T = 1, skip CARD SET 6.

6 YOUNGM(I) YOUNG’S modulus/l06 for the 1th
(6F10.5) material in psi.

POISON(I) POISSON’S ratio for the 1th material.

RHO1(I) Density for the 1th material in
1=1 ,... ,NMAT lbs/ m i.

7 NNODES(I),I=l ,.. . ,MEMBS Element Type
(1415) r=2 BAR

NW’DE~I’~~
3 TRIANGLE

‘F=4 QUADRILATERAL MEMBRANE
‘=5 SHEAR PANEL

8 MA(I),I=l ,...MEMBS First node number of each element.
(1415)

9 MB(I),I=l,...,MEMBS Second node number of eac h element.
(~4I5)

10 MC(I), I=l ,.. . ,MEMBS Third node number of each element.
(1415)

11 MD(I),I=l ,. ..,MEMBS Fourth node number of each element.
(1415)

NOTE: For bars leave MC(I) and MD(I) blank. For triangles leave 1413(1) blank.
For each element let MA(I) be the lowest node number and MB(I) be the
next lowest. For Quadrilaterals and Shear Panels, MC(1) and 1413(1) are
determined by continuing in the direction defined by MA(I) and 148(I).

12 T H ( I ) , I=l ,. . .,MEMBS Thickness of each element.
(6FlO.5) For a bar thickness Is cross—sectional

area.

IF NMAT =1 , skip CARD SET 13.

13 MYOUNG(I) , 1=1 ,... ,MEMBS Material number of each element.
(1415)

-.1 -
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CARD SET PARAMETER DESCRIPTION
(FORMATJ

14 X(I) X coordinate of the 1th node.
(6FlO.5) thY(I ) Y coord inate of the I node .

Z( I) Z coord inate of the 1th node.
1=1 ,... ,JOINTS

IF 1414=2, only X(I) and Y(I) are input.

15 IBND(I) ,I=l ,. ..,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_l , and 3*K for MM=3
and 2*K_l , 2*K for MM=2.

16 NJLODS(I) ,I=1 ,... ,LOADS Number of load components in the
(1415) loading condition .

17 TFR(J) Value of the load .
3(FlO.O,215)

IM(J) Direction of the load
~=1 x directionIM(J)F=2 y direction

- L 3  z direction

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

1
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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 coordi nates , 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 (5K). 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 i nput data except boundaries and appl ied
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 possibl e non—zero el ements
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 locations required
for the stiffness matrix.

(b) Starting Row Numbers for eac h 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.

ID(T ) = 
1(1+3) 

- 
j~ l 

b~

where b . i s the row number given for Column I in (b ). Thus
3

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

4) Weight of the structure

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

6) Output for each element after analysis.

(a) MEMB - Element Number

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

52
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(c) AREA - Area of the element. For a bar area is length.
L

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

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

(e) MA , MB , MC , MD - defined in CARD SETS 8,9,lO,and 11 .

(f) SIGMA-X (
~

), SIGMA-Y (
~ 

), SIGMA-XY ~~~
Stresses in the x-y loca~ coordinates of the element.EFSTR-l , EFSTR-2, EFSTR— 3, EFSTR-4 — Effective stresses
in the element determined by the Von Mises Cri terion.

The stress output varies per element type.
Ci ) BAR SIGMA-X only
(ii) TRIANGLE SIGMA—X , SIGMA-Y , SIGMA-XY , EFSTR-l
(iii ) 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.

( i v )  SHEAR PANEL
The Shear Panel is also divided into 4 triangles for analysis.

SIGMA-XY (Txy
) is for that triangle with the maximum effective

stress. Then EFSTR—i , i=1 ,...,4 are as defined in (iii).

(g) ENERGY - Total strain energy in the element.

(h) MS - Margin of Safety for the element.

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

7) 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

Cc) 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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P.

8. SAMPLE PROBLEM

A three spar wing shown in Figure 8 Is idealized by membrane

quadr i la te ra l s, 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 assumed 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-

un iform-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-d isplacements.
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Figure 8. Aerodynamic Planform and Primary Structural Arrangement of Wlnq
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Notes:
Even numbered nodes are on bottom 

1

sur face

Elements:
1-64 top and bottom skins /(membrane e lements) /
65-96 shear panels (ribs) ~ 4
97-119 shear panels (spars) 

~ /120-158 posts (bars) /
29 /

/ 13

3g /
‘1

/
4 /

/ 
/

53

/ . Ma ter ial - Alum inum
59 / E = lO.5 x lO6 psi

/
/ p = 0.1 lbs/in3

/
69 “ /

71 /73
75

/ 77

79 / 81  83 /85 87

Figure 9 . Finite element Representation of Wing Box
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APPENDIX A: ESTIMATION OF CORE REQU!REMENTS

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 l OOk8 (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 d imensional requirements of various arrays are expl ained

by coment 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, loading conditions, the number of boundaries and

the number of materials are some of the variabl es that affect the size

of the arrays. The arrays must be dimensioned at l east as big or

bigger than the number of these variables 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 sing le arrays is equal to the number of loading conditions. For

rectangul ar arrays, the first dimension Is fixed , and the second dimension

represents the number of loading conditions . The fifth group varies wi th

the number of elements . The sixth group depends on the number of nodes .

59

- r - ~~~~~~~ - - ~~~~~~~~ ‘ ~~ 
_____

- -



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 ” i n

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 o-f 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 l argest 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 l argest arrays are FR and DR. They represent the appl ied

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 .

Similarl y the second dimension is determined by the number of loading

conditions . In addition the first dimension should be the same as the

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

dimensions of FR and DR are changed , NNM A X 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) gives the row number of the first

non-zero element in the 1th column of the stiffness matrix. IDIAG(I)

gives the address of the diagonal el ement of the 1th column of the

stiffness matrix in the single array SK.

The arrays MA , MB , MC and MO are assigned for element connections .

NNODES is for the type of elements . The array TM is for the sizes

(thickness of plate elements and cross-sect iona l 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.

Fre quen t Error s Encoun tered in Us i ng “ANALYZE”

1 . The elemen t connec tions MA. MB , MC and MD mus t be spec i f ied

by starting with the lowest node number for MA and the next lowest, but

adjacent node number, for MB . MC and MD ar~ tI.c~i 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 (defi ned 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 panel s must be attached to one Or more

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

quadrilaterals or triangles .

a
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APPENDIX B :  LISTING OF THE PROGRAM

L PPO C,RA M A N A L Y 7 E  7 l/ 7 l. OPT~~t FTN 4 .6+446 0 6 /2 t / 76  10.12.39 PAGE i

PREGRA I~ A NA L Y Z E I I N P U T , OUTPUT,TA PES.INPUT,TAP(6 .O UTP UT)  A N A L Y Z E  2
C A N A L Y Z E  3
C T HE FOLLOWING OX M ARE FOR INTE RNAL USE ANA LYZE ~

DIMENSION A A(3 ,3) ,EK (t 2,t2) ,8(t2 ,t2),C(12 ,12),XI(5),ETA (5),EE (3, 3) ANALYZE 5
I ,MAA ((.),MBB( ’,),MCC(4 ) ,EKK (12,t ?) ,TRANG(4) ,TFR (jO) , ANALYZ E &
2 IM(1fl). JM( tO) ,ALSI 3),T ITLE(6 ) ANA LYZE F

C TH U FOLL OWING D IM PERTAIN TO THE NUM B ER OF M ATERIALS ANA LYZE 6
DI MENSION YOUN GM (2 01 ,POISON I2O ),RH O I(20 ) ANA LYZE 3

C T HE FOLLOWIN G DjM ARE THREE TIMES THE NUMBER OF MATERIALS ANALYZ E t o
10 DIMENSION ALS TR S (60) ANA LY ZE it

C THF FOLLOWI NG DIN PERTAIN TO TIl E NU MB ER OF BOUND CONO (NONDRY ) ANALYZE 12
DI NUNSION IBND (50) ANALYZ E (3

C THE FOLLO WING DIM PERTAIN TO THE NUM B ER OF LOADING CONDITIONS (I.) ANA LYZE 14
fl !MFN~ IO N EDDR (12,5),SSX (4 ,5) ,SSY (l.,5) ,SSXY (4,5),SXY (5),KTR(5), AN ALYZE 1,

1 5 1 EFSIRS(5),EFFSTR (4,5),EOR (12 ,5),SX (5),Sy (5),NJ I.OOS( 5), ANALYZE 16
2 ELEENG(5 ),ENG TOT (5),ENGSTR (5) ,ESR (5),SFTM(5) A NALYZE 17

C I F THE NUMBER OF LOAD ING COND ITIONS EXCEED 10, THEN CHANGE THE ANA LYZE 16
C D IME NSION OF EX , EY , EXY IN SUBROUTINE STRESS, ENGG IN SUBROUT INE ANALYZE 13
C DL~ TPS AND TORi , TOR2 IN SUBROUTINE RESTOR ANA LYZE 20
C TH~ FOLL OWING DIM PERTAIN TO THE NUMBER OF ELEMENTS ANALYZE 21

D IMENSIO N M A U ~’0) ,MBt160), MCubO),MD(t60) ,TH((60),NNOOE$ (t6O), ANA LYZE 22
M Y O UN&( 160) ANA LYZE 23

C THU FOLLOWI N G DIM PERTAIN TO THE NUMBER OF JOIATS ANALYZE 24
DIMENSION X (90),Y (90).Z(90) ANALYZE 25

C TH U FOLL ING DIM PERTAIN TO THE NUMBER OF DEC OF FREEDOM INN) ANALYZE 26
DIMENSIO N IDIAG(270 ) ,ICOL (270) ANALYZE 27

C THE FOLLOWING DIN PERTAIN TO THE NUMBER OF DEC OF FREEDOM INN) ANALYZE 26
C AND T HE NUMBER OF LOADING CONDITIONS (LI ANALYZE 29

OIMENS I ON 0R1270,5) ,FP(2TO ,5) ANALYZE 30
30 C THU FOLLOWING DIM PEPTA INS TO THE T OT A L  STIFFNESS M A T R I X  (SKI ANALYZ E 31

DIMENSIO N SK (91t01 ANALYZE 32
C ANALYZE 33

ANALYZE 34
C ANALYZE 35

35 C THIS PROGRAM WAS DEVE LOPED ANALYZE 36
C ANALY Z E  37
C OR. V IPPERLA B. VE N KA YYA ANALYZE 35
C AIR FORCE FLIGHT DYNAMICS LABORATORY (AFFDLJ FBR ) ANALYZE 33
C WR IGHT PATT (RSON AIR FORCE BA SE,OAYTON~ OHIO A NALYZE 4B

40 C ANALY TE 41
C.......1. ..e.............. ...... ~~,.a...................... . ANALY ZE 42
C ANALYZE 43

IN TEGE P TYPE ANALYZE 41
C N N M A X  MUST 3C THE DIMENSION OF FR ,DR ,ID IAG, ICOL ANALYZE 45

45 N N M A X • 270 ANA LYZE 46
C M A X S K  MUST BE EQUAL OR GREATER THAN THE DIM OF SK ANALYZE 47

MA Y S K • 9110 ANALYZE 40
READIB ,2) NSTR ANALYZE 49

I REA O (5,761 (TITLEII), I • 1,6) ANA LYZE 50
76 FOR IIATIA A IO) ANA LYZE 51

W RT TE( 6,77) (TITLE(S), I 1,6) ANALYZE 52
Ti F O P M A U I S X ,A A 1 O I  ANALYZE 53

XSTR.1 ANALYZE 5’.
PE AD (~~,2) MEMR S ,JO INT S ,NOND PY ,L0 00S ,MM,NR ,INCHES ,XI PS,NMAT,N SSTR S ANALYZE 55
WR X TE( 6 ,21 M~M flS, JO5NT $ ,N8N ORY ,LOAD S ,MM ,NR,~~NCpf~ S,gIPS,NMA T,M55y~ 5 ANALYZE 56
REAO (5 ,3l~~EE,P’4U ,RNO ANALYZE 57
IF (R HO •LT. .00001) RHO .0 .1 ANALYZE 56

63

. 
~~.. — i~

____ —r-~ — ~~~~~~~~~ 
— ———— —‘ -.-~,- . w

A ,  s -. -.
- 

- —



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~
- IMI ~~~~~~~~~~~~ to UQ

PPCGP AM A N A L Y Z r  14/7 l~ CPT.i FTN 4.6+446 11/01/76 13.47.24 PAGE 2

DO 17°~ I • i,~~M A T A NALYZE 59
‘~~ • 3 ’ (I—I) • 1 AN ALYZE 60

60 £V TPS(K X ) • €~~l i e ,  A N A L Y Z E  61
A L.!TRS(KX+1) 6000)’. ANAL Y ZE 62
A L~~T0S (N~~+2 ) = 36000. AN ALYZE 63
IF (M SSTRS .FO . B) CC TO 7752 ANALYZE 64

• 1 N ~ A T A N A L Y Z E  65
65 PE- IC (5,3) (A L51R S (I) , I 1,KX ) A N A L Y Z E  66

DO 7761 I • j , K Y  ANALYZE 67
1781 AL. STR S (I) 10C’),~~A L5I 5 S(I) ANALYZ E 60
“52 C O P ~T INlJ ANA LYZE 69

A LS(1 ) = A LST RS(1 ) A NA LYZE TO
70 AL ~~(2) = A L S T~~5 I2) A N A L Y Z E  Ti

~V (3) = A L S T c~~(3) ANALYZE 7’
W T r ( 6 ,~~’~~) E U E ,FM U, P I-C, ALS (t ),AL S (2),AL5 (3) ANALYZE 73

3.33 Fi~FMAT( ~,F1~~.3) ANALYZE 7’.
TF (N M A T  •LE . 1) GO TO 7777 A N ALYZ E 75
REA r . (r ,.3 ) (Y CUP ~GP(I ) ,FC IS CNII) ,FHC1(I), I • 1,NN AT) A N A L Y Z E  Tb
DO 116’. 1 = j ,N M A T  ANALYZE 77
N W  = 3’(I— I i 1 A N A L Y Z E  76
W D T 7 r (A ,3~~~) yruhGt’ (!),p oIsoN (I) ,PHOI(II,A LSIPS(NX) , A NALYZ E 79

jA L? TPc( Kx 4 1 ) ,ALSI~ S (gXi2 ) A N A L Y Z E  60
h Al. OCNT TNIJ ~ A N A L Y Z E  81
717? RE~~C (F ,2)(N ~~C CFS(I),I r 1,PEMBS ) A N A L Y Z E  8’

PFJfl( 6,2)U~l (I),I:1,M~ MBS) ANA LYZE 63
PEA C (r ,2)(M l! (T) ,I 1,M FMOS) A N A L Y Z E  6’.

ANAL Y Z E  65
•6 PFAC( ~~,2) (M~~(I) ,I=1, M E M e s )  A N A L Y Z E  66

A N A L Y Z E  67
IF (NMA T .LE. 1) GO TO 717 6 ANALYZE 86
DU~~D ( ,2) (MY C INC (T ), I 1,MCp~ 5) ANALYZ E 69

777’ 00 5464 I 1 , M E b~~S ANALYZE 90
IF (HMAT .FC. 1) M YOU P IC( II 1 ANALYZE 91
W R ITF (~~,33) I, N P-f~~ES (I),M YCUN G( I), I.A(I),Nq( I),~~C (j),).O (I),TN(j) ANA LYZE 9’

646’. CON TINU ’ AN A L Y Z E  93
3 3 F c R M A F ( 7 I 5 , ~~F ir ,s) ANALYZ E 9’.
2 FOUMAT (i47’) ANALY ZE 95

05 rEF • ~~~(10.C ~~’6) ANALYZE 96
= F~~~ ANALYZE 97

ANALYZE 95
IF (MM •LT. 3) CC TO 4 ANALYZE 99
REAOIS ,3) ( X (I),Y (I) ,?II) ,I=1 ,JC !NT S) ANALYZE (00

iro GO TO S ANALYZE 101
4 R E A C  (5 ,3) (X (’) ,Y(I),I.t ,JOINTS) ANALYZ E 102

00 11 I=1 ,JOYN IS ANALYZE 10 3
11 7 (I) 0,3 A !•ALYZE 104

3 F C PW AT (6Fj~~~() ANALYZE (05
100 6 OCN TIN IJ E ANALYZE 106

I F ( T N C)- 5 • F3 .  1)GO TO 9 A N A L Y Z E  107
7000 FOOM A T (20W , ~F1O .4) ANALYZ E 106

00 ‘ I~~(,JC INT5 A N A LYZE 109
ANALYZE 110

110 7(!) 7(!)’12.0 ANALYZE ill
7 Y(i)=Y (I)’lZ .fl ANALY ZE 112
9 CC~ TTN U~ ANALYZE 113

W R IT E ( 6 , T 0 0 0 )  I X( I ) , Y ( T ) , ? ( I i , I = i ,JO!NTS) ANALYZE 11’.
NN=M M ’JOI NTS A N A L Y Z E  115
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PRO GPA M A NA LY7F 74f74 QPT=j FTN 4.6+446 06/21/78 10.12.39 PAGE 3

115 NM~ NN—N0NDR Y ANALYZE 115
R E A O ( 5 , 2 )  I I B NO( I) , != 1, N B NDRY )  A N A L Y Z E  117
W P!TFI6 ,5)  A N A L Y Z E  116

6 FOPM AT( 1H~~,/ ~~/2 X ,10 H0OUNDARIES /1/) ANALYZE 119
WR ITE(6 , 1 009)(IBND (II,Izl ,NBNDRY) ANALYZ E 120

12fl 00 10 1 1 ,NN ANALYZE 121
DO 10 J’l,LOADS ANALYZE 122
DR (I ,J) 0 ANALYZE 121

10 FR (I ,J) 0 ANALYZE 12’.
READ (5, 2) (NJLO0S (X ) ,I ~ 1 ,LOA0S) ANALYZE 125

1 . 5 00 21 J 1,LOAOS ANALYZE 126
KH=N JLOB S (J I ANALYZE 127

12 IF (KH—3 )13,13 ,1’. ANALYZ E 126
1 3 KX KH ANALYZE 129

GO TO 15 ANALYZE 130
1 30 14 K X 3  ANALYZE 131

15 READ(0,16 ) (TFR (I) ,XN (I),JM (I) ,Izj,PC X ) ANALYZE 132
16 FOP IIAT (3(F10 .Q ,215)) ANALYZE 133

00 19 I:1,KN ANA LYZE 131.
K Y MM~ JH (I)—NK +IM (I) ANALYZE 135

135 19 FR (KY,J )zFR(KY,J )+TFR (I) ANALYZE 136
KH KH—N X ANALYZE 137
I F( K HI2 I,21,12  A N A L Y Z E  136

21 CONTINUE ANALYZE 133
IF (KIPS ,NE. 1)GO TO 666 ANALYZE 140

11.0 DO 17 Ir 1 ,NN ANALYZE 141
00 17 J :i ,LOADS ANALYZE 142

17 FR (I,J)~~1000.0’FR (I,J) ANALYZE 143
666 CON TINUE ANALYZE 144

CALL POPIHEMBS ,JOINT S,IlI4 ,MA ,MB,MC ,IlO ,NNODES,ICOL,IDIAG,NONZRO ,NR) ANALYZE 145
11.6 I#1NONZR O •GT.  IIAXS K GO TO 1 0 0 0  A N A L Y Z E  146

00 8 I 1,NON ZRO ANALYZE 147
8 S K I I) 0 A NALYZE 148

C~~LL ELST IC (t.0 ,PMU,EE ) ANALYZE 143
DO 120 I 1 , 4 ANALYZE 150

160 M A A (I ) I ANALYZE 151
ANALYZE 152

t 0  MC CCII’S ANALYZE 153
ANALYZE 15’.

NBD(4 )= I. ANALYZE 155
165 WE IGHT • 0.0 ANALYZE 156

00 400 L = 1,Pq EMBS ANALYZE 15?
IF INMAT .LE , II GO TO 20 ANALYZ E 156
KX = M YO U N G ( L )  A N A L Y Z E  159

• Y O U N G M ( K X ) ’ 1 0~~’6 AMAL Y ZE 160
16)) PHU = PO IS O N( K X )  LNI.LYZ E 161

El • E/EEE ANALYZE 162
CALL ELSTIC (Et ,PMU,EE ) ANALYZE 163

20 CALL COORO(MA(%.),NBI%.),NCIL) ,$O (L) ,X,Y,l,AA ,X1,ETA ,AL ,$N0DES4L) ,01 ANALYZE 16’.
IF (NNO OE S (L) —3)102,100,12’. ANALYZE 165

165 124 CALL ODRLTL (EK,EKK, THIL ),QUA D ,MA (L ) ,MB( L ), NC (L),M0(L),MAA,NBB, NCC, ANALYZE 165
IX!, ETA,NNODES (L ) ,EE,TPANG, 0) ANALYZE 167
CO TO 101 ANALYZE 161

100 CONTINUE ANALYZE 163
CALL PLSTIF(EK , T N( L I ,T R IA N G , 1,2,3 ,XI,ETA.EE,0.,0) ANALYZE 170

170 QUA D = T P IANG ANALYZE 171
t O t  CALL TRNSF N( EK ,*A ,B ,C, 14M,NNOOES(L), 12 )  A N A L Y Z E  172
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~RD CRA M ANALYZE 7’./l.. OPT= 1 FTN 4.6+446 08/21/74 10.12.39 PAGE 4

GO TO 103 ANALYZE 173
102 CALL ELST IF (A A ,B ,C,TH(LI ,MN, AL, E t) A N A L Y Z E  IT’.

QUAD = AL A N A LYZE 175
1/5 t O O  CALL AS EM R L (SK ,C,MA( L ) ,Il6 (L),MC (L ) ,MD(L ) ,MM,IOIA G ,NNOOE S(L),12) ANA L Y Z E  175

30 FOUM AT( /IX ,SE1O.5/) ANA L Y Z E  1??
IF (NMA T .LE, 1) GO TO 1.05 ANALYZE ITS
N W  = MYOUN G ( L )  A N A L Y Z E  173

= R H O I ( K X )  A N A L Y Z E  160
150 IF (RHO1 (KX) ,LF. .00001) RHO=0.l A N A L Y Z E  181

1.05 WEIGHT = WEIGHT + TH (L)~~OUAO~ RHO ANALYZE 162
1.00 CON TINUE A N A L Y Z E  163

W RI TEI 6, 4101 WEIGHT A N A L Y Z E  18’.
410 FOPMAT (IHO ,1OX ,2SHWF IGHT OF THE STRUCTURE z,615.5) ANALYZE 165

165 35 CONTINUE ANALYZE 185
C C A L L  PR IN T N( S K , I O IA G , N N)  A N A L Y Z E  187

CALL ROUN D2( SK ,IBNO,NN ,NBNO PY ,ID IAG ,ICOL ) ANALYZE 185
WRITE (6 ,1009) (ICOL (II,j.l,NM ) ANALYZE 163
WRITF(6 ,t009)(IOIAG (I),I t,NM ) A N A L Y Z E  190

190 NO NZ RO IOIAG ( N M )  . ANALYZE 191
1009 FOP ’IA T (IX, jOIl l) ANALYZE 19?

NDCOMP O A N A L Y Z E  193
CALL P EQUCE ( F R, I13 N0 , NN,N I3NOR Y, LO A DS , NNM A X)  A N A L Y Z E  19’.
CALL G A U S S ( S K , FR ,D R, IC O L , I D IA G,LOADS,NM ,NN MAX ,NQCOPIP) A N A L Y Z E  195

195 I F ( N O C O M P , E D . j O )  GO TO 2000 A N A L Y Z E  196
CALL RE STOR IQR, IBND, NN ,NBN DRY ,LOAO$ , NN NAX ) A N A L Y Z E  197
CALL RESTOR ( F R, IB ND,N N,N B NORY, L0 ADS , NNNA X ) A N A L Y Z E  195
00 112 I=1,NN A N A L Y Z E  199
00 112 J ’ l , L OA I’ S A N A L Y Z E  200

200 112 OR (I,J) :OR (I,J)/EEE ANA L Y Z E  201
00 180 I = 1 ,LOAOS ANALYZE 20!
ENGST P( I)  = 0 .0  A N A L Y Z E  203
00 179 J = 1, NN A N A L Y Z E  201.
FN GSTR ( I)  = ENGSTR ( I)  • FR (J ,I)~~DR (J,!) ANA L Y Z E  205

205 179 CONTINU E . ANALYZE 206
ENGSTP (I) = .5~ ENG STR (I) ANALYZE 207

180 CONTINUE A N A L Y Z E  208
N P G E=1 . A N A L Y Z E  209
LINES = 1 ANALYZE 210

210 00 1501 I i ,LOAOS ANALYZE 211
1501 r N GT O T ( I ) 0.  A N A L Y Z E  212

00 300  L l, MEM’35 A N A L Y Z E  213
IF (NMA T •LE . 1) GO TO 65 ANALYZE 21’.
N W HYDUNG IL )  A N A L Y Z E  215

215 F YO IJNCH (NX )’lO b ANALYZE 216
PMU * POI$ON (KX, AN~ LYZE 217
61 E/UEE I,PIILYZE 216
CALL FLSTIC (C1,PMU,EC) ANALYZE 219
T Y P E  = N N O O E S ( L ) ’ t O  + NW A N A L Y Z E  220

220 IF I M SSTRS •EO. 0) GO 10 86 ANALYZE 221
KY 3 (NX— i) + 1 ANALYZ E 22!
A L S(i ) = ALST PS (KY ) ANALYZE 223
AL S (2) ALSTRS (KY +1) AN ALYZE 22’.
AL S ( 3) ‘ ALSTR S (KY+2) ANALYZE 225

225 GO 10 86 ANA L YZE 226
65 TYP E NNOD ES( L ) ~~ 10 • I ANALYZE 227
66 IF(( L IN(S + L OA D S)  .LT, 5)~ •A NO, I. .6?, 1)60 TO 84 A N A L Y Z E  226

LINES I ANALYZE 229

66

-



PROGRAM ANALYZE 74/7 ’. OPT~~I FTN 4 .6+446 06/21/18 10.12.39 PAGE 5

WR ITE( 6 ,98)NPAG E ANALYZE 230
2 30 N PAGE N PAGE+l ANALYZE 231

WR ITE (6,83) ANALYZE 232
84 CONTINUE ANALY ZE 233

CALL COORO (MA (L ) ,MB (L ) ,MC (L) ,IlQ(L) ,X , Y ,Z,AA ,XI,ETA,AL ,NNODES(L),O) ANALYZE 23’.
CALL ELFOR C (AA ,OR,EDR,MM ,KA (L),MB(L ) ,MC(L) ,MD (L) ,NN0DES (L ) ,LOAD S, ANALYZE 235

235 1N NM AX) ANALYZE 236
I F ( N NO OE S ( L )  .LE. 3)60 TO 110 A N A L Y Z E  23?
CALL QDRLTL (EK ,EKK ,TH(LI, QUAO, HA(L),MB(t.I ,MC (Ii,MO(L) ,MAA ,M%,$CC , ANA LYZE 233

1X I, ETA,NNOOES(L),E (,TRAN G ,t) A NALYZE 239
CALL OLS T RS( EDR, ( DDR, X I , E T A , M A A , M B B , M C C , S X ,SY,SXY ,EFSTRS, E,PMU,  AN ALYZE 24.0

24.0 ILOADS ,SSX , SSY, SSXY ,EFFSTR ,KTR ,EKK,ELEENG,SFTN,ALS ,ESR,NNOOES (L)) ANA LYZE 241
KX KTP (1) ANALY ZE 24.2
ELEENG (t):ELEE NG O t)’O. 5 TH1L 1 ANALYZE 243
EN GTOT (t ) EM GTOT( I) +ELEENGII ) ANALYZE 24.1,
IF ( N NOOES ( L )  • EQ.  5) GO TO 220 ANALYZ E 21.5

21.5 W RIT E(6 , 87 L , T H ( L ) , Q U A D , TYPE , MA ( L ) , N B ( L ) , HC ( L ) , IID( L ) , S S X ( I C K , I ) , A N A L Y Z E  21.5
ISSY (K X ,1),SSXY(KX, I) ,(EFFSTR (I,1).XSI ,4) ,ELEENG(I),SFTM (1) ANALYZ E 24?

222 IFILOADS • EQ. t ) G O  TO 300 A N A L Y Z E  243
00 211 K = 2 ,LOADS A N A L Y Z E  249
K X = K T R ( K )  A N A L Y Z E  250

250 EL EE N G ( K )= E LE ENG ( K )~~O . 5 ’ T H( L )  A N A L Y Z E  251
E N G T O T ( K ) = E N G T O T ( K ) + E L E E N G ( K )  A N A L Y Z E  252
IF ( NNOO ES ( L )  • EQ ,  5) GO TO 225 ANALYZE 253
W R IT E ( 6 , 9 5 ) S S X ( K X , K ) , S S Y ( K X , K ) , S S X Y ( K X , K ) , ( E F F S T R  ( I,K) , I’ t , 4) ,  ANALYZE 254

IEL !ENG (K),SFTM (N) ANALYZE 255
255 GO TO 211 ANALYZE 256

225 W P IT E( 6 ,8 2 )  S S X Y ( K X ,IO, (EFFSTR ( I , K ) , I* 1 , 4 ) , E L E E N G ( K ) , S F T M ( K )  ANALYZE 257
211 CONTINUE A N A L Y Z E  256

GO TO 300 ANALYZE 259
720 W R IT E I S , 3 t )  L ,T H I L ) , Q U A D , T Y P E , MA ( L ) , N 8 ( L ) . M C ( L ) , M O ( L ) ,  AN ALYZE 260

280 tSS XY( KX ,1),(EFFSTR (I,l),I~~1,4) ,ELEENG (I),SFTM (1) ANALYZE 261
GO 10 222 A N A L Y Z E  262

110 I F ( N P 4 0 0 E S ( L )  • LT .  3)60 TO 213 A N A L Y Z E  263
CALL STRESS (EOP ,XI,ETA,t,2 ,3,SX ,SY,SXY,EFSTRS ,E,PHU,ALS,ESR, ANALYZE 264,
tLOAO S ,ELEENG, T~ IANG, 3) ANALYZE 265

265 C L E E N G ( i ) = E L E E N G ( I ) ’ O .S T H ( L )  ANALYZE 266
ENGTOT (t) EMGTOT (1)4ELEENG (t) ANALYZE 267
SFTM (1) = (1.0 — ESR (I))/ESR (1) ANA LYZE 265
WPITE(6,66 ) L,TH (L),TRIANG,TYPF,MA (L) ,N9(L),MC (L),SX(I),SY (1I, ANALYZE 269

ISXY (1),EFSTRS (1),ELEFNG (I),SFTM (t) ANALYZE 270
270 IFILOADS ,EQ. I)GO TO 300 ANALYZE 211

00 212 N=2, LOAD S ANALYZE 272
SFT MI K )  • (1.0 — ESR IK ))/E SRI K I ANALYZE 273
EL EENG( K)~~ELEE NG( K)~~0 .5 1 H ( L )  ANAL’ ZE 274
ENGTOT (K)’ENGTOT (K) +ELEENG (K) AN A L Y L E  215

215 212 W PITE(6 ,94.)SX(K),SY(K) ,SXY (K),EFSTRS(K),ELEENG (K ),SFTM (K ) ANALYZE 276
GO TO TOO ANALYZE 21?

213 DO 215 Ks1 ,LOAD S ANALYZE 273
SX (N)’E’(EOR (2,NI—EORIt ,kI)IAL . ANALYZE 279
ELEENG (K)= (0 .5~ SX(KI ~~’2/E I•AL ’TH (L) ANA LYZE 280

250 ESU(Ki = S Q R T ( ( SX ( K ) / A L S ( t ) )~~’2) ANALYZE 261
SFTM (K ) z (1. 0 — ESR(K))IESR (K) ANALYZ E 262
IF ISX IK ) .GE. 0.0) 60 TO 215 ANALYZE 283
ESF (I C ) • S Q RT I I S X I I C ) / A L S I2 ) )~~’2) A N A L Y Z E  28’.
SFTM(K ) = (1.0 — ESR(K))/ESD (K) ANALYZE 285

285 Z1S FNGTOT (K)zEPIGTOTIK )+ELEENG(N) ANALYZE 266

a

I.
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PR OGRAM A NALYZE Vl,/74 OPTiI FTN 4..6+446 06 /21 /78  10.12.39 PAGE - 6

W R I T F(6 , 8 9 ) L, TH ( L I , A L , T Y P E , NA ( LI ,M B ( L I , S X ( t ) , E L E E N G( 1 )  A NALYZE 28?
IFILOAOS .E Q. 1)GO TO 300 ANA LYZE 266
00 211. K 2 ,LOAOS ANALYZE 289

71’. W R ITE (6 ,93)SX (K),ELEENG (K ) ,SFTN(K) ANALYZE 290
200 300 LINESSLT NE S +LOA OS + 1 ANALYZE 291

DO ISOT KL~~t ,LOAOS ANALYZE 29?
1 503 W PITE (b, 1SO2IKL,EN GTOT(KL ) ,ENG STR (KL ) AN A LYZE 293
ISO? FOFMAT (//I ,’IIX ,39HTHE TOTAL ENERG Y FOR LOAO!NG CONOITION ,I2,4Il iS ANALYZE 294

I ,rI2.4,2X ,T~4 (U),1OX,E12.4 ,3H(W)) ANALYZE 295
2 5  90 LINES’ I A N A L Y Z E  296

CAL L PQNTOP (FR,OP ,X ,Y ,Z,NN,NN ,LOAO$ ,JOINTS ,NPAGE , NNMA X) ANALYZE 297
$3 FO CNA TIIX,4.HMEM8 ,2X ,SHTHICK ,3X ,4HA PEA ,2K,4.IITYPE , IX,2HMA ,2X ,2HMB, ANALYZE 296

12X ,2 HM0 ,?X ,2HND ,3x .THS IGMA—X ,4.X,7H$IGMA— Y ,TX ,6N SIGMA—X Y, 3X , ANALYZE 299
27HFF STR—I , I X ,?HEFSTR—?,3X ,TNEF STR—3.3X ,7NEFSTR—4 ,4X ,bHENERGY , ANALYZE 300

300 36X ,2 HM S) A N A L Y Z E  301
81 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ANALYZE 30!
8? FON IIATIF. 6X , 511.4.SEIO.4,E10. 3) ANALYZE 303
57 FQFMAT (/I5 , F7.3,F9.2,5Il,,3EII.4.,SEIO,4 ,€I Q .3) ANA LYZE 30’.
86 FOTMAT I / IS , F7.3,F9,2,4.jl.,4X , 3E11.4,EIO,4,IOX,E1O.4,EIO.3) ANALYZE 305

305 89 FOI MAT I ,I5 , F7.3,F9.2 ,314.,8W,E11,4.,62X,EtQ,4,E1O .3) ANALYZE 305
93 FORMAT )’ . 1X ,!tj.l,,62X,E1O,4.,EIB ,3) A NALYZE 307
94, F O P M A T (4 j X , 3 € j I . ’ . , E 1 O ,4 . , 3 0 X, E I O . 4, F j O .3 )  A N A L Y Z E  308
95 FO F MA T ( I ,j X , T Ej I . 1 . ,5 6 1 0 .4 , E 1O .3 )  A N A L Y Z E  309
~8 FO FM AT (tH t ,tZO X ,SHPAGE .13/) ANA LYZE 310

310 2000 IFIKSTR.EQ .PISTP) GO TO 1000 AN A L Y Z E  311
KSTR .N STR+1 AN A L Y Z E  31!
GO TO j ANA LYZE 313

100 0 CONTINUE ANALYZE 31’.
STOP ANALYZE 315

315 END ANALYZE 316

68
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SUBROUTIN E POP 14/14 OPT I FTN 4,6+446 08/21/78 10.12.39 PAGE 1

SUP ROUT INE POP (NMB,JN, MN,MA ,M9 ,MC, MD ,KTYPE,IC,XD,NZ,NR) POP 2
DIMENS ION M A II ) ,MBII) ,MC (1),MD (1),IC(1),ID (1I,XT YPE(i) POP 3
IX (I,J):I (J—1) +I POP 4
N Z O  POP 5

S NN rMM’ JN POP 6
NET II POP 7
00 10 I’ l ,NN POP 6

10 IC (I)=NN POP 9
DO 50 L ’I ,MM B POP 10

10 lINGOES’! POP Ii
ITRISO POP 12
KX ’ IX (MM, M A ( L ) )  POP 13
KY IXIMM ,MBI L ) ) POP 14

1-5 IF( IC ( KY ) .LT. NW )  GO TO 18 POP 15
15 DO 19 I 1 , M H POP 16

IC ( K Y ) I( X POP IT
19 KY KY +1  POP 18
18 IF (KTYPE (L)—3) 20,16,t7 POP 13
16 IF(ITF! .EQ, 1)60 TO 20 POP 20

20 KY= I K (MH,M C (L )) POP 21
ITFI=1 POP 22
NNOD FS= 3 POP 23
GO TO IS POP 24,

17 IF IXTR I  •EQ . 2)GO TO 20 POP 25
25 IF (ITRI sEQ. 1)60 TO 14 POP 25

KY = T X ( N M , M C ( L ) )  POP 27
!TRI ITRI +1 POP 28
NNOOES= (. POP 29
GO TO I5 POP 30

30 14 NY IX(MM , M O (L )) POP 31
ITRI ITRI +I POP 32
G0 T0 t5 . POP 33

20 NET~~NET .(HM” 2)~~((NNO DES’ ( NNO O ES—1 ) ) / 2 )  POP 34
50 CONTINUE POP 35

35 NET NET— (NM ’~ 2)~~NR POP 36
00 30 t z 1,NN, M t-( POP 3?
IF (IC (I) .LT. I)GO TO 30 POP 36
NW’ ! POP 33
DO 25 J .I, MM 

. 

- POP 4.0
A)) XC(KX )’I - POP ‘.1

25 N X KX+1 - POP 42
30 CONTINUE POP 43

00 4.0 I t ,NN POP l~4
NZ ’ N Z+ ( I— IC ( j ) + t )  POP 45

45 4.0 ID (I)ZNZ P1W 46
ICX INN ’(NN+I) )/2 POP 4?
NETsNET .(MM ~~(HM+I)~~JN)/2 POP 43
WRI?E (6,2) POP 49
W RITE ( 6 , 3) KX, NET,NZ POP 50

50 W R!T E(6, Z.) POP 51
WRITE(6,5001C (I),Iz1,NN I POP 52
W R I T E ( 5 ,6 )  . POP 53
WRITE(6,5) (!O(II,I~~1,NN) . POP 54

2 FOPI4AT (1H1,//~ /20 %,16HGROSS POPULAT ION ,4.X ,t4.I4NET POPULATION, POP 33
55 14X ,19HAPPAREN T POPULATION//I ) POP 56

3 FOPNAT (taX ,114,116,122/,) POP 3?
S. F0RNAT (/~~2X ,36HSTARTING ROW NUMBERS FOR EACH COLUMN //I) POP 53
5 FORNAT (5X, iO!I2) POP 59
6 FORMA T (//2X ,6IHNUHBERS OF DI AGONAL ELEMENTS IN SINGLE ARRAYST IFENE POP 60

60 ISS MATRIX I/I) POP 61
RETURN POP 62
END - POP 63

~~~ ?&GZ IS TIST QUALITY ?ft4C?ICABII$
taoi ou~’x ~~~ LSi*~ TO ~~Q

-: 
-
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SUBROUTINE ELST IC 74./i’ . OPT=1 FTN 4 ,6+44.6 08/21/76 10.12.39 PAGE 1

1 SUBROUTINE ELSTIC (E ,PHU,EE) £LST IC 2
DIMENSION EF(3 ,3) ELSTIC 3
PMU I = 1.0 — PMU~ ’2 ELSTIC 4.
EE (1 ,1) = E/PHUI ELST !C 5

S EE (2 ,II = E~ PMU /PMU 1 ELSYIC 6
FE(3 ,1) = 0.0 ELSTIC 7
E E(2 , 2 )  EE( 1~~1) ELSTIC 3
EE (-T,2) = 0.0 ELSTIC 9

= E/ (2 ,~~(I.0 + PHU) ) ELST IC 10
10 DO 18 I • 1,2 ELST IC II

IP = I + I ELSTIC 12
DO 16 J IP ,3 ELST IC 13

18 EE( I ,J )  = EE(J , I )  ELST IC 1’.
RETURN ELSTIC 15

15 END ELSTIC 16
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SUBROUTINE 000RD 74./iS. OPT’I 7TH 4.6+4.46 08/21/18 10,12.39 PAGE 1

SUPROUTI I( COOPO (K1 ,K2 ,K3,K4 ,X ,Y ,Z,AA ,xt ,ETA ,AL ,PINO ,wo) COORD 2
DIMENSION W(1 ),Y (I),ZU),AA(3 ,3),AB(3) ,XI(5),ETA(5) COORD 3
XCOMP= X (K?)—X( KI) COORO 4
YCOMP’Y (X2)—Y (Kt) COORO 5

5 ZCOMPZZ (K2)—Z (Kt) COORO 6
AL SORTI XCOM P ’2+YCOMP’ 2+TCOM P Z) coo~o r
AA (1,j)=X COM P /A L COORD 3
AA)t, 2 )=YCOMP/A L COORD 9
AA( 1 ,3)zZCOMP /AL . COORD 10

10 SECH NO • L T .  3)RETURN COOFO 11
X COMP =X (K 3 1—X( K I) COORD 12
YCOMP TY(K3 )—Y (K1) - - COORD 13
ZCOMP .Z (K3)—7(K1) COORD II.
A L=SQPT ( XCOMP~

4 2+YC OMP~~~2#Z CO MP~ ’2) COO RD 15
15 AB (1)’XCOM P/A L COORO 16

A B ( 2 I YCO M P/A L COOR O 17
A B (3) ZCOM P/AL COORO II
AL= 5QRT (IAA (1,2)’AB(3)—AA (1,3)’AB (2I)4~~2 .(AA(j,3I4A8)j) COORD 19

COOR D 20
20 A A ( 2 , 1 ) ( ( A A C t , 3 ) ’2I- * B C t ) — A A ( t , 1 ) ’ A A ( 1 , 3 I~~A 6 1 3 l — A A l i , t ) +  COORD 21

1A A ( 1 , ? )~~A B ( 2 ) + (A A ( 1 , 2 ) ’ ~~2)~~A B ( 1 ) ) / A L  COORO 22
A A ( 2 , 2 ) z ( ( A A ( t , t )

~~~2 I ’ A 8 (2 l — A A ( 1 , t I~~K$( 4 , ? ) eA i B ( t )— *A ( j , 2 ,~ COORD 23
2A A ( 1 , 3 )~~A B ( 3 ) + ( A A ( 1 , 3 ) ” 2 ) ~~A B ( 2 ) ) / A I .  - COORO 24.

COORD 25
25 3AA (I,3) ’AR(t)+(AA (1,II”2)’AB( 3))/AL COORO 26

IF NO .60. 1)RETU RN COORO 27
XI (1) O.0 COORO 23
ETA(1 ) 0.0 COORD 29
XI( 2)= (X (K2 )—X(K t ) )~~AA (1,1 )+ (Y(K2 )—Y (K1 ))~~AA (1,2)4(Z (X2)— Z (Kj))’AA COORD 30

30 1(1 , 3)  C0O~ O 31
ETA (2)zO.0 COORD 32X I ( 3 ) ~~( X ( K ’ ) — X ( K t ) ) ~ A A ( t , 1 ) + ( Y ( K 3 ) — Y ( K t )  ) AA ( t , 2 ) + ( Z ( N 3 I — Z ( K 1 I~A A COORO 33
1 (1 ,3) COORD 34
ETA (3 )’ (X IK3 )— X(KI ))~~AA (2,t)+ (Y(K3 —Y (K t ) )•AA (2.2)+ (Z(K3)—Z (Ntfl’A COOFQ 35

IA (2,1) COORO 36
IF (NN O .LE. 3)QETURN COORO 37
X I ( ’ . ) z ( X ( X4 ) — X ( K t ) ) ~~A A ( t , 1 ) 4 ( Y ( K 4 ) — Y ( K t ) ) + A A ( t , 2 ) . ( 7 ( K 4 ) — 2 ( K j )  )~~AA COORO 33

1(1,3)  COORO 33
E T A ( 4 ) = ( X ( K 4 . ) — X ( K 1 ) )~~A A ( 2 , 1 ) + ( Y ( K 4 ) — Y ( K 1 ) ~~~A A I 2 , 2 ) , (Z ( K 4 )— Z ( K 1 ) ’A COO RO 40

4.0 IA(2 ,3) COORD - 1,1
XI(5)’ (XI (2)+Xj (3)+XI (4)) /4.0 COORD 42
ETA (5)=(ETA (3) +ETAI4H/4.O COORO 4,3
RETURN COORO 4.4
END COORO 4.5

~~1S ?LG~ ~ ~~
ST Q1jAI,I1~Y P?ILCT CJ~~

TO DD,C ~~~~

71 

- _________________

~~~~~~~~~~~~~~~~~~ ~~~~~

_ _ i  
- ~~~~~~~~~~~~ ~~~~~



SU°ROUT INE TLSTIF 74,/74. OPT~~I FTN 4.6+446 08/21/73 10.12.39 PAGE 1

1 SUBROUTINE FLSTIF (A ,B.C .AE ,NM ,AL,F ) ELSTIF 2
DIMENSION A (T,3),8(i2,121,C (12, 12) ELST !F 3
EK=AE’E /AL ELSTIF 4
DO 25 ! ‘t ,MM ELSTIF 5

5 JzI+M1 -) ELSTZ~ 6
B(1,I) ’ EK A ( I , I)  ELSTI F 7
8( 1 ,J )  — 6 ( 1 , ! )  ELST IF 3
0(2 , !)  ‘— B l I , ! )  ELSTIF 9

25 B (2,J).B(1,I) ELSTIF 10
10 DO 26 I’l, NM ELST IF 11

DO 26 J ’ I, MM ELSTI F 12
26 C (X,J)~ A(1,!) B (1,J) ELSTIF (3

00 36 I~~1,MM ELSTIF I’.
11:1,1-01 ELSTIF 35

15 DO 36 Js l, MM ELST IF IS
J1’J +IIM ELSTIF 17
C ( I ,J 1 ) ’ — C ( I ,J )  ELST IF 18
C (J1,I) —C (I,J) ELSTIF 19

36 C( It , J 1) ’ C ( I ,J )  ELST IF 20
20 RETURN . ELSTIF 21

END ELSTIF 22

• •

‘f i
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S U0RC - ~~IP4E DLSTIF 74,/ i ’ . OpT j FTN 4. .b +44.S 08/21/78 10.12.39 PAGE I

SUBROUTINE PLST IF(EK K,TH ,TR IANG , MA, M8, NC, X ,Y ,EE,SHR,NONORM ) PLST IF 2
DIMENSION ENK (12 ,I2),X (1),Y(1),EE(3,3), PLSTIF 3

I U (6), A(3, 3),E1(3),E2 (3),AX I3) PLSTIF
CALL CR* N E P (A , T R IA N G , X , Y , M A , M 8 , M C ) PLSTIF 5

5 00 20 I 1,6 PLSTIF 6
00 15 II ‘ 1,6 PLSTIF 7

15 U(I I)  • 0.0 PLSTIF 8
(J (I) = 1.0 PLSTIF 9
61( 1)  = A (1 ,t)~~U (1) • *(I,2)’U (3) + A ( t , 3 )~~U(5) PLST IF 10

10 61 (2) • A (2,I)’U (2) + A ( 2 , 2 ) U(4 . )  + A (2,3)~~U (6) PLSTIF 11
6 1(3)  = A ( 1, 1) ’U ( 2 )  + A ( 1 , 2) ’U ( 4 . )  + A ( 1 ,3 ) ’ U(6 )  + A(2,1) ’ U( I)  + PLSTIF 12
1 A (2 ,2)’U(T) + A(2 ,3)’U(S) PLSTIF 13
00 20 J : 1,6 PLSTIF 14
00 16 II = 1,6 PLST IF 15

15 16 U(I!)  = 0 .0  PLSTIF 16
U (J) 1.0 PLSTIF I?
E 2( t )  = A (1,1)~~U (1) + A (I,2) U (3) • A (i,3)’U (5) PLSTIF 18
62 ( 2 )  = A (2 , I ) ’ U( 2 )  + A (2,2)’U( l.) + A (2,3)~~U (6) PLSTIF 19
62 (3) = A (1,t)’U (2) + A(1,2)’U (’.) • A (i ,3)’U(b) + A (2 ,1) ’ U( I)  • PLSTIF 20

20 1 A(2 ,2)~~U (3) + A(2 ,3) U (5) PLSTIF 21
EXK( I,J) = 0.0 PLSTIF 2!
IF (NONORM .EO. 0) GO TO 14. PLSTIF 23
AX(1) =S ’4 R~ ’2 PLSTIF 24
AX( 2) 2.’AX (I)—l. PLSTIF 25

25 AX (1 ) 2.’SQRT ((l .—AX (I)) AX(I)) PLSTIF 26
Et (3) (Et (2)—EI ( 1))~~AX (I) +E 1 (31 AX (2) PLSTIF 27
E2 (3)* (E2 (2)—62 (1)) 1XU)+E2(3) AX(2) PLSTIF 23
6 1( 1)  = 0 .0  PISTIF 29
61 (2) = 0.0 PLSTIF 30

30 62 ( 1)  = 0 . 0  PISTIF 31
6 2 ( 2 )  ‘ 0 .0  PLSTIF 3!

14. 00 14 IC = 1,3 ‘- PLSTIF 33
A X ( K )  • 0 .0  PLSTIF 34
DO 17 L • 1,3 - PLST IF 35

35 17 A X ( K )  = AX(K ) + EE( K ,L )~~E2( L )  . . PLSTIF 36
18 CONTINUE - - • PLSTIF 37

00 19 K ‘ 1,3  ,~.. PLSTIF 38
19 EKIC (I,J) • 6KK (X ,J)  • E t ( K ) ’ A X ( K )  ~~ - . - PLSTIF 39

EICK ( I ,J )  • ESCK(I,J)’TH’TRIANG PLSTIF 4.0
‘.0 20 CONTINUE PLSTIF 41

DO 30 I = 1,5 PLSTIF 4.2
IX z 

~ + I PLSTIF 43
DO 30 J = IX,6 PLSTIF 4.4.

30 EKK(J ,I) • EICK (I,J) PLS1IF 45
‘.5 RETURN PLS’IF 4.6

END PLSTIF 47

• _cflc_I._~I.I
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SUB~ 0UTINE CQAMEP 74/71. OPT I FTN 4.6+446 06/21/76 10.12.39 PAGE 1

SUPROUTI NE CRA PER (A,TR IAN G, X ,Y ,MA ,P(B,NCI CRAM ER 2
DIMENSION A ( 3 , 3 ) ,X ( I ) , Y ( t )  CRA ME R 3
TRIANG X (MA )’(Y(MB ) — Y I M C ) )  =Y (NA) ’(* (MB) — X ( MC ) ) + CRA ME R 4.
1 (X (MB) •Y (MC ) — W (MC)’Y (HB )) CRAMER S

5 A 11 ,1) • Y ( M B )  — Y (WC ) CRA MER 6
• A ( 2,1) = X ( M C )  — X(MB ) CRAMER 7

A (3,1) • X (M 0)’Y (MC) — X(MC )~~Y(HB) CRAMER 8
A (j,2) S Y ( M C) — Y(MA) CRAMER 9
5 ( 2 ,2)  • X ( M A )  — X(MC) CRA ME R 10

10 A (3 ,2) X(HC)’Y (NA) — X( MA )~~Y (MC) CRAMER 11
A( 1,3) : Y(MA ) — Y(MB ) CRAMER 12
A(2 ,31 • X IM B )  — X IM A )  CRAMER 15
A ( 3 , 3 )  s X (MA ) ’Y (MB ) — X IMB ) ’Y(MA ) CRAM ER 14
DO 10 I = 1,3 CRA MER 15

15 00 tO J 1,3 CRAME R IS
10 A ( I , J )  = A ( I ,J ) / T R IA N G  CRAMER IT

TRIAN G : (A B S ( T R IA NG ) ) / 2 . 0 C RAMER 13
RETURN CRAMER 19
END CRA MER 20

~~~~~~~ ..fl~~~
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SUB ROU TINE QORLTL 74/7’. OPT i FTN 4.6+4.4.6 06/21/78 10.12.39 PAGE 1

• • I SUBROUTINE QORLTL (EK,EICK ,TN,QUAO, MA, IjB ,MC ,MO ,MAA ,MBB ,flCC ,xI ,ETA , QDRLTL 2
1NNOD ES ,EE ,TRANG,NO ) QDRLTL 3

DIMENSION E I C( 12 , 12 ) , E K K ( 1 2 ,12 ) , M A A ( 1 ) , M B O ( 1 ) , M C C ( 1 ) ,X I ( 5 ) ,ETA (5)  QDRLTL 4
I , E F ( 3 , 3 ) , T RA N G ( 1 )  • QDRL?L 5

5 00 125 1= 1,12 ODRLTL. 5
90 125 J.I,12 QORLTL 7

125 EK(I,J ) O. QDRLTL I
• NNEN O QORLTL 9

SHF I.O QOI~LTL 10
10 IF (NNO OES •I.E. ‘.)GO TO 106 OORLTL 11

NN RM I QORLTL 12
IF (NNOO E S .60. 5)60 TO 106 GORLTL 13
IF (N1-400ES — 7)104,105,106 QDRL TL I’,

104 XCOM P X I (3)—XI (2 ) QDRLTL . 15
15 YCOM P ETA (3)— E TA (2) QDRLT I . 16

GO TO 107 ODRLTL IT
105 XCOMP XI(4.)—XI( 3 ) QORLTL 18

YCOM P EIA (4)—ETA( 3 ) QDRLTL 19
GO TO 107 QDRL TL 20

20 106 XCOMP X I (h )— XI (i) QDRLTL 21
YCOM P ETA( 4)—ETA(i ) QORLTL 22

107 A LL sS QRT( XCOM P ’2+YCOMP”2) QDRLTL 23
SHF XC OM P/A LL QDRLTL 24

108 QUAD O. QORLTL 25
25 DO 130 I 1,4 QOR LTL 25

CALL PLSTIF (EKK, TH ,TR!ANG ,MAA( !),MBB (I) ,MCC (II,XI,ETA,EE,SHR ,KNRM) QORLTL 27
QUA D= QUA O +TRIA 1-G QD RL TL 23
TPANG (I):TPIANG QDRLTL 29

130 CALL SUM IEN ,ENK ,MAA (I) ,M88 (I),MCC(I)) QORLTL 30
30 CALL CONDN S( 6K,FKK ,MA ,MB ,MC,MD .NO ) QDRLTL 31

RETURN ODPLTI. 32
END QDRLTL ~03

•1

“
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SUBROUTIN E SUM 74/74, OPT=I 7Th 4.6.446 00/21/73 10.12.39 PAGE I

SUBROUTINE SUM IEK,EKK, MA ,M9 ,WC ) SUM 2
DIMENSION EK (12 ,12),EKK (12 ,12),NA (3) SUM 3
M 2  SUM 4
NA (I) 2’(MA —I)+l SUM 5

5 NA (2):2’ (MB—I )+i SUM 6
NA (31 .2’(MC I)+t SUM 7
IN=O SUM 3
DO 100 I 1,6 SUM I
J H O  SUM 10

10 17(1 .LE. I’ l)GO TO 30 SUN 11
IH IH+M SUM 12
IHH IH/M SUM 13
KX = NA( IHN I SUM II,

30 00 90 J’I,B SUM 15
15 IFIJ •LE. JH)GO TO 60 SUM IS

JH JH+M SUM IT
IHH :JH/M SUM 16
KY NA (IHH ) SUM 19

SO E K C K X , K Y ) : E K ( K X ,KY ) + E K N ( I ,J )  SUM 20
20 90 KY :KY+t SUM 21

tOO NX KX+i SUM 22
RETURN SUP) 23
END SUM 2’.

• øs_I
~

~~‘ if •l, •- 1~ • -
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SUBROUTI NE. CONONS 74/74 OPT*1 7TH 4 .6+4.46 08/21/78 10.12.39 PAGE 1

1 SUBROUTINE CONON S (EX,EKK, HA ,$8,NC,MO ,NO) CONDNS 2
DIMENSION EK (12,12),EKIC(12 ,I2) CONDNS 3
DO 5 1=1,8 CONONS 4.
00 5 J=j,8 CONDN S 5

5 5 EK K ( I , J )= 0 ,  CONONS 6
DET EK (9,9)’EK(10,10)—EK (9.I0)”2 CONONS 7
A X :EK (9,9) CONONS 3
6K19,9)=EK (iO ,j0)/DET CONDN S 9
E K ( 1 0 , I O ) = A X / O E T  • CONEINS 10

10 EK(9 ,10) =— E I C ( 9 , I 0 ) / O E T  CONONS 11
EK(lO ,9)=FK (9,10) CONONS 12
KX =O CONO NS 13
00 1 0 1=9,10 

• 
CONDNS 14

• KX NX +1 CONO NS 15
15 DO 10 J 1,8 • CONCHS 16

00 10 ‘(=9,10 CONDN S 17
• 10 EKK ( KX ,J )= EK IC ( KX ,J ) , EK I I , K ) S E K ( k , J )  CONONS 16

IF (NO .60. 1)RETURN CONONS 13
KX= 0 CONDNS 20

20 00 20 1=9,10 CONDNS 21
KX=KX4I CONDN S 22
00 20 J = t , 8  • CONONS 23
EK(I ,1)=EXK(KX ,J) CONONS 24

20 EKV (KX ,J )= 0 COP- IONS 25
25 00 30 1*1,8 CONDNS 26

- 00 30 1=1,8 CONONS 27
00 30 ‘ (=9 , 10 CONCNS 23

30 EK K( I ,J ) E K K ( ! ,J )+ E K ( I , K ) ’ E K ( K , J )  CONONS 29
00 40 1=1,6 - CONDNS 30

30 DO ‘.0 J=1,8 CONDN S 31
‘.0 EK (I,J)=EK (Z,4)—EKK (I,J) CONONS 32

IF (NC ,LT.-N~ JCA LL ~H4NGE(6K,3,5,4,t2 ,12,01 CONUNS 33
17(1-40 •LT. M3 )C~rU, £*ANGE (EK-,3,.7,4,12,iZ,0) CONONS 34
IF (M O .LT. NC )CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~ COP-IONS 35

35 RETURN ‘
~~~~~~~ ~~~ , ~ - CONOPI S 35

END 
~~ 
4’
~J. 

CONDNS 37

17
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SUBROUTINE CHANG E 74/ 74 OPT*I 7TH 4.6+4.4.6 06/21/76 10.12.39 PAGE 1

SUBROUTINE CHAN GE (FjC,IX ,IY ,NNO,M ,L ,IR) CHAP’.GE 2
DIMENSION EK ( H, L) CHANGE 3
KX IX CHANGE 4.
‘ (Y= IY CHANGE 5

5 M2=2’NND CHANGE 5
IFUP .60. 1)M2 L CHANG E 7
DO 10 1 1,2 CHAN GE 6
00 5 J t , 112 CHANGE 3
A X=E K ( NX ,J) CHANGE 10

10 E K ( K X ,J) zE K~~CY,J )  CHANGE it
S FK (KY,J ) AX CHANGE 12

KX = KX +1 CHANGE 13
tO NY KY +1 C HANGE 1’.

IF(!R .60. t ) RETURN CHANGE 15
15 KX ICX— 2 CHANGE 16

KY = ’ (Y —2 CHANGE IT
DO 20 I i,2 CHANGE 18
DO 15 .1*1,4(2 CHANGE 13
A X EK (J,KX) CHANGE 20

20 EX (J,KX )zEK(i ,KY) CHAP- .GE 21
15 E’((J,ICY) AX - CHANGE 2’

KX ’KX +i • CHANGE 23
20 KY :NY+I 

- 
CHANGE 24

RETURN CHANGE 25
25 ENC CHANG E 26

•1$~~ 1.%~
0P-

.1

7. 
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SUBROUTINE TRNSFH 74/7’ - - OPT=I 7TH 4.6~ 446 06/21/76 10.12.39 PAGE 1

SUBROUTINE TRIISFN (tK,AA.B,C.MM ,NNO,M) TRN SFM 2
DIMENSION EK (I2,12),A%13,3),B( N, M),C( N , H) TRNS FM 3
H2’2~ NNO TRNSFM 4.
I7(NNO .GT. 4.)M2’6 TRN SFM 5

5 43 MM’NND TRNSFM 6
• IF (NND •GT. 4)M 3=S.’MM TRNSFM T

DO 100 X~~l,H2 TRNSFM S
JA= M M 

• TRN SFM 9
K A O  • 

TRNSFM 10
10 IA=0 TRNSFM II

DO 100 J:t,M3 TRNSFM I?
B (I,J) O ,0 TRNSFM 13
IF (J—JA )90 ,90 ,80 TRNSF M 1’.

80 JA =JA +MM - TRNSFM 15
15 KA KA +2 • TRNSFM 15

IA=XA+M M TRNSF PI 17
90 J A A ’J— IA -- - TRNSFM II

DO 100 ‘(*1,2 TRNSFM 19
KAA K4KA TRNS FM 20

20 100 B (I,J)=BU,J) .EK(!,ICAA )~~AA( ’ (,JAA) TRNSFM 21
00 200 J=t ,M3 • 

TRNSFM 22
JA= MH TRNSFM 23
‘(5:0 TRN SFM 24
IA’S TRN SFM 25

2S 00 200 !‘t, N3 T RNSFN 26
C( I , J )~~0.0 TRNSFN 27
IF4 I—J A )  190,190,180 TRNSF M 20

180 JA JA +MM TRNSFM 29
‘(A:KA .2 TRN SFM 30

30 IA= IA +HM TRNSF N 30.
190 JAA .I—IA TRPIS#H 32

00 200 K 1,2 TRNSFM 33
KAA ZK .KA • 

- TRN SFM 34
200 C ( ! , J ) = C ( I , J ) + A A ( K , J A A ) ~~B ( X A A , J )  TRNS FM 35

35 RET URN • T RNSFM 36

END 
. 

. 
- TRNSF$ 3?

• - .-- ‘ S

79
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SUBROUTINE ASEHBL 74/74 OPT.i FTN 4.6+446 08/21/18 10.12.39 PAGE 1

SUBROUTINE ASEMSL (A ,6,MA ,M9,NC,MO .M$,IO ,NNOOCS,N) ASEM OL 2
DIMENSION A ( 1) ,B(M,M) , !D( i ) ,NA(4 ) ,NAA (3)  ASE NBL 3
IX(I,J).I~~)J—1 )+1 ASEMBL 4
MNO NNODES - AS EM B L 5

5 IF (NND ,GT , 4.)NNDZI. ASEP4B L 6
M2 .NND ’HM ASEM BL 7
NA (I) IX (MH,MA ) A SEM BL 8
NA 4 2 ) II(MM,MB ) A SEM BL I
IF (NNODES .GE. 3)NA (3)*IX (MM,MC) ASEMB L 10

10 IF (NNODES .GE. 4.)NA (4.).IX(MM ,MO ) A SEM BL II
IF(PINOOES •LE. 3)GO TO 5 A SEMBL 12
DO S. I I,3 ASENB L 13
KX=I /3  A S E P B L  14
KY I/2 AS EMBL 15

15 IF (NA( ’CX +2) •LT. NA (ICY+3))f,O TO 4. A SEHBL IS
‘(H NA(XX, 2) ASE MBL IT
NA ( K X +2)’NA(KY+3) ASEM BI IS
N A ( K Y + 3 ) KH ASEM B L II

I. CONTINUE AS EM B L 20
20 ~ 00 10 1z 2,NND ASEMB I. 21

10 NAA (I—1)=NA (I )—NA (!—i)—MM A SEMB L 22
KH :MM AS EM B L 23
IAA .NA( 1) ASE PI BI. 28
KHN I ASE MB L 2

25 DO 30 Jz1,M 2 AS EM BL 26
IF (J .LE. ‘(P4)60 TO 15 A S (MB L 27
KHH KHH +1 ASE MB L 25
IAA NA (ICHH ) ASEI4BL 23
KH=KH +Mh • ASE MB L 30

10 15 JX ID (IAA)—I AA .NA( I) ‘ AS EMBL 31
KY:MM AS(MBL 32
DO 25 I~~t,J A SENB L 33
174.1 .LE.’(Y .OR. I •LE. KY )GO TO 20 AS (NBL 3’.
KX I/MM A SEI1BL 35

35 JX JX +NAA( ’ (X) AS EMB L 36
KY ’KY +MM • ASENBL 37

20 A (JX) A(JX).’3(I,J) .- -
‘ 

•‘ . • AS EN BL 33
25 JX =JX +t ~~•“ • - ASEMBI . 39
30 IAA ’IAA +l • - ASE 1IeI. 4.0

‘.0 RETURN ASEMB I. Al
END ASENBI . 4.2

~ii1E~
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• SUBRO UTINF PRINTI( 74/74. OPTZ1 FTN 4.6+44.6 06/21/76 10.12.39 PAGE 1

SUBROUTINE PRXNTK (SK ,IQIAG,NN )~~~ •~~~~ PRINTIC 2
DIMENSION SKC1 ),IOIAG (t% PRI~IT’( 3
00 SO I~~1,NN PRINT IC 8
IF( I .61 . 1) GO TO 65 PRXNTK 5

5 KX’ t P51)51K 6
- K Y I  PSI PsT K T

GO TO 70 PRINT IC S
65 ‘(XzIOIAG( I—i)+l PRXNTK I

NY ’IDIAG (I) PRINTK ii
10 70 WR IT E(6 , 3) I PRIWTK tt

80 WR ITF (6,2)(SK (K),K .KX ,KY) PRINT IC 12
3 FOPMAT (I4) PRINTK 13
2 FOPMAT (IOX ,tOEt2 .1.) PRINT IC 18

RETURN PRIP.TK IS
15 END PRINTK 16

______ — 
- - 

~~II~~~~~~~
( 

— ‘I~~~~I~’ir



SUBROUT INE 3OUND2 74/74 OPT~~1 FTN 4.6+44.6 0S/~ i/76 10.12.39 PAGE I

SUBROUTINE BOUNO2 (A ,IB ,N ,NB, IO ,IC) BOUP.02 2
DINENSION A(l),IB (i),ID(t),IC (I) BOUNO2 3
IH=NB BOUND2 I.
N N N  BOUND2 5

5 DO 30 J Az1 , ’IB BO UPSD2 S
IA IB (XH ) 80uN02 7
IF (IA .66. NH) GO TO 20 BOUND ! 6
KN :IA+t BOUND ! 3
IFII A .GT. II GO TO 5 BOUPSD2 10

10 K X I  BOU 1-02 II
J X 1  BOUND! 12
GO TO 6 BOUND2 13

5 JX= ID (IAJ — XO (IA —t ) 80UN02 14.
KX ID (IA— j )+1 BOUND2 15

15 6 00 10 I K H ,NH BOUND! 16
‘(V .1 BOUND! IT
IF1IC (I) .LE. IA) GO TO 7 BOUND2 IS
IC (I— 1):IC (I)—l BOUNO 2 19
11:1 BOUND! 20

20 ‘(V .0 • BOUND! 21
GO TO 8 6011)502 22

7 XC (I— 1)’IC (I) BOUND ! 23
11=1—1 BOUNO2 24

6 K’IC (I) 80UN02 25
25 IO(I—I )’ID (I)— JX—K Y BOUND2 26

00 10 J~ K ,I1 BOUND! 27
IF(J  .EQ. IA) JX .JX+1 BOUP-.02 28
KXX KX ,J X - • . • BOUND! 29
A(KX ) A (KX X ) • - - BOU PSO2 30

30 10 KX .KX +1 
• - BOUND! 31

20 NH NH—t BOUND! 32
IH IN—I • BOUND! 33

10 CONTINUE BOUNOZ 34
RETURN BOUPI O2 35

35 END BOUND! 36

82 

•



• SUBROUTINE REDUCE 14/74. OPT.t FT P-I 4.6+445 08/21/76 10.12.39 PAGE 1

SUBROUTINE REDUCE lF,IB,N,N9 ,L,NN) REDUCE 2DIMENSION F(NN,L ,IB(i) 
REDUCE 3DO 5 J~ I ,L  
REDUCE 4IHZ NB 
REDUCE 55 NH=N 
REDUCE 6I IaIBUHI 
REDUCE 717 (1—NH ) 2,4.,’. 
REDUCE 52 NH1SNN—1 
REDUCE 300 3 K~ I,NN1 
REDUCE 1010 K IzK+I 
REDUCE 113 F ( K ,J ) ZF IKI,J) 
REDUCE 12I. IH= Iu~~I REDUCE ISNP4zNH~ t REDUCE 1’.IF I IH .EQ.O)  GO TO 3 
REDUCE 1515 GO 101 
REDUCE 165 CONTINuE 
REDUCE 17RETURN 
REDUCE ISEND 
REDUCE 19

EsT QUALI~~p.~~E ISB
ThU& OI~Ik~I .~~~~ —

---
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• SUBROUTINE GAUSS 74/74. OPTzI 7TH 4 .6+446 06/21/76 10.12.39 PAGE 1

SUBROUTIN E G A U S S (A , F,O,IC, IO,I,N,PIN,NOCOMP) GAUSS 2
DIMENSION A ( t ) , I C ( i ) ,  IDU), F( NN,I j ,D(NN,L )  GAUSS 3
IF (NDCOM P .EQ. 1)GO TO 15 GAUSS
DO ID 1=1, 1-1 GAUSS 5

5 11:1—I GAUSS 6
DO 9 J=I ,N GAUSS 7
IF (IC (J) .61. 1)60 TO 9 GAUSS 5
IX= ID (J )— J +I GAUSS I
17 (11 •EQ. O)G0 TO 8 GAUSS 10

10 00 7 ‘(=1,11 GAUSS 11
IF (IC (J) .61. K •OR. IC (I) .61. K )GO TO 7 GAUSS 12
K X = I D ( I ) — I+ K  GAUSS 13
KV= I0 (J) —J +K GAUSS 14.
KZ= IO(K ) GAUSS 15

15 A (IX ) .A (IX)—(A (KX)’A (K7) A ( K V ) I  • 
GAUSS IS

7 CONTINUE GAU SS I?
8 17(1 .EQ. J ) GO TO 9 G A U S S  15

KZ ID(I) GAUSS 19
IF (A(KZ ))5 ,6,6 GAUSS 20

20 5 A (IX ) A( IX)/A(K7 ) GAUSS 21
9 CONTINUE GAUSS 22

10 CONTINUE GAUSS 23
15 DO 4 . 0  ‘(.1,1 GAUSS 24

DO 30 I t , N  GAUSS 25
75 D (I,K).F(I,K) GAUSS 26

11 1—I GAUSS 27
IF (I1 .60. 0) GO TO 30 GAUSS 23
00 20 .1=1 ,11 GAUSS 23
IF (IC (I) •GT. .1)60 TO 20 GAUSS 30

30 IX IU (X ) — 1 + i  GAUSS 31
D (1,K )=O (I ,K )—A(XX )’D (J,K ) GAUSS 32

20 CONTINUE GAUSS 33
30 CONTINUE GAUSS 38
‘.0 CONTINUE GAUSS 35

35 00 70 I:i,N GAUSS 35
KX ID (I) GAUSS 3?
DO 70 ‘(=1,1 GAUSS 36

70 O(I,K) DII ,K)/A(K X ) GAUSS 39
DO 90 ‘(.1,1 GAUSS 40

4)) IX=N GAUSS 41
DO 90 I:2,N GAUSS ‘.2
IX IX—1 GAUSS 43
II I—1 GAUSS 48
K X = I X  GAUSS 45

‘.5 DO 60 J .1,I1 GAUSS 45
K X = KX + 1  GAUSS ‘7
IF (IC (KX ) .GT, IX )GO TO 80 GAUSS 45

• K Y= ID (KX )— ’ (X+IX GAUSS 4.9
O (IX ,K)zO ( IX ,K)—A (KY)~~O (KX ,K) GAUSS 50

SO 60 CONTINUE - • GAUSS 51
90 CONTINUE . 

• 

• GAUSS 52
110 RETUPN ‘‘ •- - ‘ • —. GAUSS 53

6 NDCOMP.tO GAUSS 54.
WR ITEIS , 120)! GAUSS 55

55 120 FORMAT (///2X ,4SHSTRUCTURE IS UNSTABLE, THE DEGREE OF FREEDOM .,IS) GAUSS 56
RETURN GAUSS 37
END GAUSS 58

~~Is8~STQUA311
T

tell ri -Li Wi , TOD~C -

n~oS 1-~~

54
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SUBROUTINE RESTOB 74/74 OPT I FTN ‘.•6+446 08/21/76 10.12,39 PAGE 1

SUBROUTI NE R€STO R( D,IB, N,NB ,L,NN) - RESTOR 2
DI MENSION D(NN ,L),IB(1) ,TORI (IO),TDR2 (10) RESTOR 3
NN 1-4—NB RESTOR 4.
IH= t • R E S T O R  5

5 1 I=IB(IH) • RESTOR S
IF (I,GT .NH) GO TO 7 RESTDR 7
00 2 K 1,L RESTOR S
TOR 1 1’():DhI,’() RESTOR 9

2 D (I,K) 0. RESTOR 10
10 3 J 1 +1 RESTOR It

IF (J .GT,N H) GO TO 5 RESTOR 12
00 4. K I,L RESTOR 13

I. TDR2(K) :D(J,K) RESTOR 18
5 DO 6 K:1,L RESTOR 15

15 0(J,K) :TER1 (K) • RESTOR 15
6 TDRI (K).TDR2(K) RESTOR IT

IF(I.GE.N H ) GO 10 9 RESTOR 13
1:1+1 RESTOR 13
GO TO 3 RESTOR 20

20 7 00 8 ‘(‘1,). RESTOR 21
S D (I ,K )=0 . RESTDR 2?
9 IF (IH .GE.NB) GO TO tO RESTOR 23

IH ZH+I - RESTOR 24.
NH=NH+1 RESTOR 25

25 GO 10 1 RE S TOR 26
10 CONTINUE 565105 27

RETURN RESTOR 26
END RESTOR 29

te15 PL~E IS ~~ST QUA~aI1’! ~~&Cfl~~~~~
Tw~ o~

P~L ~~~~~~~~ 
TO D1~C —

• 
‘~ ~—‘L ,:~~~~i~~ ~~~~ 

•
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SUBROUTINE !LFORC 74/74 OPT.l FTP-I 4.6+446 06/21/76 10.12.39 PAGE I

I SUBROUTINE ELFORC (AA ,OR ,EOR,MM ,MA ,M3, MC ,ND,NNOCES ,LOADS ,NN) ELFORC 2
DIMENSION AA (3,3),QR(NN,LO5OS ),EQ5(12,L34OS) ,NC OoO (4) EL#ORC 3
NC ON( 1IaM H (NA —1 )41 ~LFORC 4
NCON (2)*P$M 4 (MB —1 )41 ELFORC 5

c IF(NNOOES •GE . 3)HCON (3).NH (MC 1)41 ELFORC S
IFIP4NODES .GE. 4)NCON(4).NM’ (NO —I).1 ELFORC T
NND zNNOOFS ELFORC S
IF(NNO .61. 4.)NND=4. ELFORC 9
NOSP.1 ELFORC 10

10 IF(N ND .GT. 2)psOSP.2 ELFCR C II
DO 66 K .j,LOADS ELFORC 12
‘(1-4:1 ELFORC 13
DO 66 KK .l ,NNO ELFORC 1’.
DO 86 I=I ,NOSP ELFORC 15

IS KX = N C O N  (‘(K )  ELFORC 16
EUk (KH ,K)= Q ELFORC IT
DO ~ 5 J z t , MM ELFORC 13
EDF( K H ,K )=EDR ( K H,K )  + AA ( I , J ) ’ O R ( KX, K )  ELE ORC 13

85 KX= ’ (X+l ELFORC 20
20 86 K P4:KN+1 ELF ORC 21

RETURN ELFORC 2?
END ELFORC 23



SUBROUTINE STRESS 74/7’. OPT=I FTN 4,5+4.46 08/21/76 10.12.39 PAGE I

SUBROUTI NE STRESS (UV,X,Y ,NA,M8, MC,SX,SY ,SXV ,EFST,E ,P,ALS,ESR, STRESS 2
I L,614G.TRIANG,NMD) STRESS 3
DIMENSION UV (12,L),X(t ),Y (j) ,5X (j) ,SY(I),Sxy (j),Ex (jo ),Ey (Io) , STRE SS 8

IVXY (I0),A(3,3) ,EFST(l) ,ENG (i), A 15 (3),65R (j) STRESS 5
5 CALL CRAM ER (A,TR1AN G,X, V ,MA, plB ,MC ) STRESS 6

DO 30 K:1,L STRESS T
EX (K )=O . STRESS 6
EY (K) 0. STRESS 9
EXY (K) 0. STRESS 10

10 K X O  STRESS 11
DO 20 1=1,3 STRESS 12
IX’! •KX STRESS 13
EX (K)=EX (K)4A (1,I)’UV (IX ,’ () STRESS 18
EV( K)= EY( K ) +A (2,I)4UV (XX+ 1 ,K ) STRESS 15

15 EXV (K )= EXY (K) +A( 2,I)4UV (IX ,K)+A( I,I)+UV (XX.l,K) STRESS 15
20 K X = ’ ( X + l  STRES S 17
30 CONTINUE STRESS 18

EMU=E/ (I.O—P’42) STRESS 19
G (0.S’E)/ (l.O +P) STRE SS 20

20 00 1.0 K t,L STRESS 21
SX (K ) (EX (K ) +P’EY (K))’EMU STRESS 22
SV (K ) (D EX( K ) +EY (K ))4EMU STRESS 23

40 SX Y(K) :G EXV(K ) STRESS 24.
00 90 K t ,L  S T R E SS  23

25 A A X = ALS( 1) STRESS 26
AAY = AL S (i) STRESS 27
A A X Y  = ‘ .1543 )  S T R E S S  2!
IF (SX(K ) ,LT. 0.0) AAX z ALS(2 ) STRESS 29
IF ( S V ( K )  .LT, 0 .0 )  AAY = A L S ( 2 )  STRESS 30

30 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ STRESS 31
ENG (K) :(SX (K)’EX (K)+SY (K)~~EY (K )+ SXV(K )~~EXY (K) )~~TRIANG STRESS 3!
IF(NND .GT. S.)ENG (K) (SXY (K)~~EXY (K ))*TR!ANG STRESS 33
657 (K) = SQRT ((SX (K )/AA X )~~ 2 + (SY(K)/AAY )~~~2 STR ESS 34

1 — ((!X (K) ’SY (K))/(AAX ’AAV )) • (SXY (K)/AAXY) ’42) STRESS 35
35 IF ( NND .61, 4 . )  ESRIK)  ‘ A ’ 3S ( S X Y ( K f l I * A X Y  STRESS 36

90 CONTINUE STRESS 37
RETURN STRESS 38
END S T R E S S  39

l~1s PAI~E IS BEST QUALITY P C ~~L~
Q~~Y 1W~~~~~~ Q 1~DO _—

- - • • S

If _ _ 
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SUBROUTIN E DLSTRS 74/74 OPT I FTN 4.6+4.46 06/21/78 10.12.39 PAGE 1

SUBROUTINE QLSTRS (EDR ,EDDP,XI.ETA ,HAA ,M39,MCC ,SX ,SY.SXY ,EFSTRS,E , QLSTRS 2
IPM(J ,LOAD S,SSX ,SSY,SSXY,EFFSIR,KTR ,EKK ,ENG,SFTN ,ALS,ESR,NND) QLSTRS 3
D IME NSION EDR( 12,LOAOS),EDOR (12,LOADS ) ,XI (I) ,ETA (i), MAA( 1),MBB(I), 0LSTRS 4

1M C C (j ) , S X ( I ) , S V ( 1 ) , SX Y ( I ) , E F S T R S ( 1 ) , S S X ( 4 , L O A O S ) ,55V (4. ,L OA DS ) , QLSTRS 5
S 2SSXY (4 ,LOADS) ,EFFSTR (’ .,LOADS), KTR (1),EK ’C (12 .12),ENG(1),ENGG(I0) OLSTRS

3 ,ES P (1),SFTM(i ),ALS(1) QLSTRS 7
0 0 115 K = t , L O A D S  QL STRS 6
S F T M ( K )  = 0 . 0  OLS IRS I
EN G I K ) 0. OL S T RS 10

10 ‘(X’S QLSTRS 11
D O 115 1=9,10 O LSTRS 1!
KX KX +I OLSTRS 13
EOR( I , ’ ( ) : O .  QL STRS 1’.
00 114. J = 1 , 8  O LSTRS 15

15 Ii’. EDR( I,K) =EDR (I ,K ) +EkK (KX ,J)~~EOR IJ ,K) QLSTRS 15
EC F ( I , K ) = — E O R ( I , K )  Q L S T R S  1?

115 CONTINUE OL ST RS 18
00 116 K = 1 , L O A D S  OLS IRS 13
EDDR (5,K )=EOR( 9,K) OLSTR S 20

20 116 EOD P (6 ,K)=FOR( 10 ,K) QLSTRS 21
KX= 1 OLS TRS 22

QL STRS 23
DUAD = 0 . 0  QLST RS 24
DO 2 00 1 =1 ,4  QLST R S 25

25 17(1 •LT. 41G0 TO 117 QLSTRS 26
K X 1  OLSTRS 27
<V= 7 QLSTRS 26

117 DO 119 J I, 2  Q LSTRS 29
00 118 K = 1, L O A PS O LST RS 30

30 EDDR (J ,K) :EDR(KX ,K) 0LSTRS 31
116 EODR (J +2,K )= EDR(KY ,K) OLS IRS 3?

‘(X=KX4I QLSTRS 33
119 KV :KV +1 QLSTRS 34

CALL STR ESS ( EOO R,XI ,ETA, M A A ( I ) , MB B ( I ) , M C C( I ) ,SX ,SV ,SXY,EFST RS,  OLSTRS 35
35 1 E, PM U,AL S,ESR, LOADS,ENGG ,TR IANG ,N ND )  QL S T R S 36

OU~ O = QUA D + TRIANG QLSTRS 37
00 201 J= 1,LOAOS OLS IRS 38
ENG (J )=ENG (J) +ENGG (J) OLSTRS 39
SSX (I,j) SX (J) QLSTRS 4.0

‘.0 55Y( I ,J)=S V(J) OLSTRS 4.1
SSYY (I ,J)=SXV (J) QLSTRS 4.?
EFFSTR (I ,J) €FSTRS (J) QLSTRS 43
IF (HND .61, 4)EFFSTR(I,J) ABS (SXV (J) ) QLSTRS 44
SFTM (J) = 5FTM (J ) + ESR (J)~~TRI ANG OLSTRS 45

45 201 CONTINUE QLSTRS 46
20 0 CONTINUE QL STRS 4?

DO 205 J = I , L O A D S  0LS1RS 48
SF T M (J )  = 5F TM )J )/ O IJ A D OLSIRS 43
SFT M( J ) • (1.0 — SFTM (-JI)/SFTM (J) OL STRS 50

SO A M A X O. - OLS IRS 51
DO 204. 1=1,4 - • - - • • V . - - QL S T RS 5’
IF (AHA X .61. FFFSTR (I ,J))GO TO 204. QLSTRS 53
AMA X= EFR STR(I, J) QLSTRS 5’.
KTR (J).I QLSTRS 55

55 204 CONTINUE OLSTR S 56
205 CONTINUE QLSTRS 57

00 210 J .I ,LOADS QLSTR S 56
KX KTR (J) 0LSTRS 53
AM A X EFF STEc(KX,J ) OLSTRS 60
00 209 1= 1, 4. QLSTRS 61

209 EFFSTR(I ,J)~~EFFSTR (I,J)/AMAX OL STR S 6!
EFFSTP (KX,J ) .AMA X QLSTRS 63

210 CONTINUE QLSTRS 68
RE TURN QLSTRS 65
END OLSTRS 66

— I’ ’
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SUBROUT INE °FNTDP 74/74. OPT *t FIN 4,64446 08 (21/76 10.12.39 PAGE 1

5U-~ROU TINE PRNTDR (A,B,X ,Y ,Z ,N ,M ,L ,NJ,NP ,HN) PRNTOR 2
O IMF NSI ON A (NN,L) ,B (NN ,L), X(1),Y (1)v Z (I) PRNTOR 3
NP N P+ 1 PRNTOR I.
LINES’I PRN TOR 5

5 W R IT E ( 6,I J N P  PRN TOR 6
WRITE (6,2) 

• 
PRN TOR 7

00 10 I:1,NJ PRNTDR S
IF (LXNES +L—5 4)4,3,3 PRN TDR 9

3 LINES’I PRN TDR 10
10 WR ITE (6 , 1) NP PRNTDR 11

W PITFI6, 2) - 
PRN TOR 12

N P=N P+1 PRN TOR 13
4. KH=’4~~I PRNTDR 14

‘(H)-4=K1-l—Ni-1 P R N T D P 15
15 17 (44 •LT. 3)G0 TO 11 PRN TOR IS

WRITE(6, 9)I,X (I),Y(I) ,ZtI) ,( A(J, I),J=’ (’4H ,’(H),( B(J,1I ,J’KNH,KH) PRNTD R 17
GO TO 12 PRN TDR 13

11 W RITE (6, 5)I ,X(I),V (I), ( A(J ,1),J=KHH ,KH) ,( B (J,1I,J .KHH ,KH) PRNTOR 19
12 IF (L •ED. 1) 6010 8 PRNTOR 20

20 00 1 K’2,L PRN TOR 21
17(44 •LT. 3)60 TO 13 PRNTDR 2?
WRITE (6, 6) 1 A(J ,K) ,J KHH ,KH) , ( 8(1,’), J KHH,K14 ) PRN TDR 23
GO 10 7 PRN TOR 24

3 WRITE (6, 15 ) ( A( J, K) ,J KHH,KH ) , ( 94.1,40, J KHH,KH) PRNTDR 25
25 7 CONTINUE PRNTDR 26

8 LINES L INES +L+I PRN TDR 27
IF (L .60, 1)LINES L INES— t PRNTDR 28

10 CON TINUE PRNTOR 29
1 FORMAT (IHI ,120X ,5HPAGE ,13/) PRNTDR 30

30 2 FORMAT I IX ,SHJO IN T ,BX ,2P4—X ,BX. 2H—V, 8X,2N— Z,SX ,YHFORCE—X , PRNTD R 31
17X ,7NFORC E—V ,7X ,7HFORCE—Z ,8X ,71-4DIS PL—X ,10X ,7HDISPL—Y ,1 QX , PRNTDR 32
2THDISPL—Z //) PRNTDR 33

0 F0RMAT(/t 5 ,~~14..3,F1O. 3,F10.3 ,#i2. 3,F14..i ,Ftl..3,IPE1B .S, PRNI OR 34~
IIPFI7 .8, 1PEI7.6) PRNTOR 35

35 5 FQRMAT (/I5,F14.3 ,7I0.3 ,I0X, F12.3,Fl4 ,3,I4X,IPEI8.8,IPE I7,8) PRNTDR 36
6 FORHAT (39X ,F 12.3,Ft4 .3,Ft4.3,IPEI8 ,3,tPEtl .3,IPEil,8) PRNTDR 37

15 FORMAT( 3 9X ,FI2.3,F14. 3,14X,IPEI8.8 ,IPEI7,8) PRNTDR 38
R E T U R N  P~ N TDR 33
END PRNT0R 40

BEST Q1~~~~~T~I3?A~~ ’S ti~~ TO DDC ~~~~~~
—
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mci oun 1~JiILShf~~ TO D~U

APPENDIX C:  LISTING OF THE SAMPLE DATA

I
ANALYZE DEMO PROBLEM--INTERMEDIATE COMPLE~ lTY WING

~8 .50 ? 3 Li) 1 1 7 1

10.5 .3  .1
60.  60 .  35,  50. i~0. 3! ,
10. 6 .3 .1 t o .~ .~

3 3 ‘4 L~ 4 t~ 4 4 4 ‘4 I. ‘4 ‘4
4 ~. I. (. 1+ ~ 1. .. I. l~ 1, 4 , 4
4 ‘4 ‘4 1~ ‘4 ‘4 ‘4 I, ‘4 ‘4 I, ‘4 4
4 ‘4 4 ‘4 6 ‘4 L~ 4 ‘4 I, ‘4 ~ 4
‘4 1. ‘4 6 1~ 6 ‘4 ~ c 5 ~, 

., ~;
5 ~3 5 5 ç ç ~ 5 ~ ~, 

.;
5 5 5 5 5 5 5 ~ 5 5 ¶~ 5 5 5
5 5 5 5 5 5 1; ‘, S ‘; 5 5 5 5
5 5 5 5 5. 9 5 2 7 7 ? 2 ? 2
2 2 2 2 2 2 7 2 7 2 7 2 2 2
2 2 2 2 2 2 2 7 2 2 2 2 2 2
2 2 2 2
1 2 3 I. 5 5 7 ~ I ‘ i i  12 i S  16

15 15 19 20 21 22 2.5 ?~ ?5 ?~ 2~ 30 It 3?
31 35 31 .5) ~ O 4 1 I,? 4 5  ~~~ 

4 r~ ~.f ~~~j  50
61 5’ 53 5’. 55 55 55 (- 0 61 62 ‘I 66 6 )  60

69. 70 71 72 73 7’. 75 7~ t 3 . 7 1 1 1
Ii 16 1’~ 21 23 25 2’~ 3 1  ~3 35 59 4 1 ‘ 4 5  ‘.5
49 51 ‘,3 65 5) 51 53 65 ~9 Ti i~ 7’~ I 19
29 3~ 49 5)  69 3 13 73 33 ‘.3 In 5~ 73 5
17 27 37 47 57 57 77 1 3 5 7 9 It 13
t5 17 15 ~i 23 7I~ 27 2~ st  H s i~ 5 7  ~~ j  41

6 3  ‘~~~ ‘.7 4~ ~ t 53 Y~ 5/ 59 51 63 ~ ‘; 1 / 55
11 73  75 77

.3 6 ‘4 7 P 5 1’) 11 12 13 th  15 16
17 18 71 2? 2. 1 74 2c 2 ’ fl 28 31 3? 3 5  34
35 .56 .37 .3- 41 4? ‘.3  4 ’~ ~.5 ‘+b 4 7 4~ ‘~L 52
53 54 55 55 57 5~ hi ‘4 ? ~ 6. 5C 5~ 

1.7 5.9

11 7’ 13 7” 75 7’  . 7 7.3 2 ‘4 ~ 8 ? 12
14 16 20 2? 2~. 2t~ 30 3~~ 54 35 ‘.‘) 4 2 ‘4’. 46
60 5? 6~- 5t~ (-0 5~ 6~. 65 70 7? 74 71 2 20
30 40 50 50 711 5 ji 71. 34 4t . 9~. 6~. 71. 10
15 79 3( ‘s~~ 5F~ 58 7.3 7 ‘4 1, 6 ii) 1. 16
16 18 20 2? 26 ?6 ?8 .311 32 34 .55 31 60 ‘.2
44 4 (- ‘.~~ 50 52 54 5h 53 60 62 6~. Sb h.’3 7 0
72 7~. 76 7~:11 1? ii ~~. 15 16 17 H 21 2? 23 2” 75 ?~,
27 ‘P 31 32 33 .3’. 3! 35 37 l b  41 42 ‘ 4 5  41,

65 45 67 6~ 51 5? 53 5’. 95 55 ‘ 7  5& ~ t 52
5.3 5t. 55 66 (-7 5P 71 72 73 74 75 7c 71 ?~
81 6? (3 84 (5 •~,5 ~7 8~ 6 6 ~ t O  1? 1.
16 1’~ 22 2’. 26 ?~ 3? 34 36 Sb 62 ‘.4 ‘.~~ 6~
52 5’. 56 6.3 6? 66 66 6P. 7? 1’. 7’~ 78 70 30
‘.0 ‘5 ’) 60 70 F l )  16 26 SL ‘h’, 5’. r ’  7~ (. 18
28 35 4~ ~ 3 78 . (3F~ 1) 0 1) 11 () (3 fl
0 0 0 0 0 0 fl 0 0 . 0 0 0 (1 0
O 0 0 0 0 0 0 0 0 0 U 0 I) 0
0 (1 0 0
0 II it  1:’ 13 1’. t~ ~~ 19 20  21 22 ?S  2’.

25 26 29 JO 31 .3? 13 31. 36 35 V3 40 ‘.1 4?

‘43 4’. 45 ‘.6 49 50 51 5? 63 5l. 55 5€ ’ 6 )  60
61 62 63 54 65 66 S’~ 70 71 72 73 76 75 76
79 P0 ii 1? U S  ‘34 i3~ 8(- 3 9 1 ‘~ II 13
15 17 21 2 3  25 27 31 33 35 37 6 1 6 3  65 67
51 5 55 67 hi 5 %  6’ 67 71 7 %  79 77 ii 79
39 ‘.9 59 69 7)  1 5  7 3  3 3  4 3  5 .3 6~ 7 3 P3 17
27 3 7  47 57 s7 77 87 0 0 ‘1 0 0 11 0

0 I) 0 I) Ii 0 0 0 0 1) ‘1 0 ‘3 11

- A



~~tS fl~~~j~ I~~T QUALITY P1.&CflCA.BIiJ
( . ThQS~~~~ 7% J.S1~LTOD~C

II II 0 0
.0312 ‘

~“3312 .113)? •I)517 . 113 12  •0%1?
.1)1.15 .0 1.16 .11.31? .11312 .iI .fl 2 .0312
.1 361. • I) 5k6 • 0 se.’. • 035 1. , 11 .35’, • o:s 51.
.1)1.54 • l1’.~~P •1)14’5’3 .052’)
. 3 4t6  .3.16 .057’, .06?’, .0526 .0”?’.
.062’. .0524 .0464 •O’.b~ .0676 .0675
.11729 .0728 .OTPO .07’ifl •fl”20 ,0’.20
.07 28 .0178 .0936 .053(- .11)60 .1040
.0529 .0570 .0780 •07’30 .1144 .1t61.
.1196 .tt’~6 .0468 •0’.bP .0684 .0864
.1’6’ .t2 4$ .1’,’)’. .t4 0 ’a •01~) .01’)
.0 1’) .019 .1) 19 .01’) •fl 1’~ .019
.019 .019 .019 .019 .019 .019
.019 .01” .019 .019 .019 .019
.019 .019 .319 .1Jt’~ •022 .021
.1119 .013 .0 25 .02’. .019 .019
.019 .11 38 .042 .048 .0’.7 .039
.051 .026 .0.17 .050 .058
. 0 12  .101 .t? F .019 .03’) .06’,

•I1 I;~5 ,1355 .1179 • I15~2 .10’) .02
.02 sf12 .02 •02 •02 .02
.02 •02 .02 .02 .02 .02
.112 .02 .1) 2 .02 •0? .0?
.02 . 1) 2 . 02  .112 .02 .02
•02 .92 .02 .02 .02 .02
.02 .02 .02 .02 .02 .02
.02 .02

2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 7 2 2 2 2 2 2 2 2
2 ‘ 7 2 2 2 2 2 2 2 2 2 2 2
2 ‘ 2 2 2 2 2 2 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 I. I. 1 1 1 1. 1
I I I I I 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
I I I I I I I 1 1 1 1. 1
I I I I 1 1 1 1 1 1 1 1
1 1 1 1

63 .5 1)00  90.0000 1.1250 ‘3.5900 50.011119 —1 .1250
70.8310 90.0000 1.3130 70.8130 90.0001) —1 ,3130
7,i,1~~7l) ~i0.l)OOl) 1.5001) 71 .1670 jO .001P1 — t ,’ OQO
1)5,5(11)0 9(1.11000 1.313’) 65.~~00fl 90,01100 — [.3(30
92.9130 90.00110 1.1250 9’.333 0 90.0000 —1.1 2Sf)
59.6850 87.4710 1,3490 19.636 0 67.4 7 10 — 1 . 3 . 9 0
15. O’’70 &...e 510 l.5~~6fl 76 ,11970 8h .~~61’1 —1 ,5 60
s2 ,7’ .60  .32 . 1330 1.4?70 52 . 74 6 0  52.1130 — 1. 1,770
3 9 , 6 6 7 0  7’~.5 12G ( , 7b 0 q  0? .6’.70 7 ,  3120 —i. ’s’;o
57.2560 77,6690 1.2790 57.2660 77,~~~,9l) —1. 2790
63.5270 76 ,9200 1,5370 6.3. 9)29 1l, .920’ )  —1 .~~3 2 0

F 70.9620 72.0710 1.7~ 90 70.9620 72.0710 —1 .7390
76.19111 ‘9.1160 1,5170 78 .131 11 ~0.lt6 0 —i. f170
85.6570 t,(’.OSOO 1.1.241) 5~~.6)20 56.0500 —1.626(1
51.0329 55.33911 1.4330 51.1)520 56.3390 —t..3 30
58.2C70 52.5550 1.71511 51~,2470 62.3690 — l.71~~0
bS.P? 0 5~~.211l1 2,0120 65.5260 ‘i’~.2~ t0 —2. 0121)
73.5350 Sf .t000 1.8070 73.4350 65.1000 —1 ,3070
¶1.7380 52.7370 1.5500 81.73e 0 52.7870 —t.~~~0U
‘.4.7990 5J.00~~0 1.5571) ‘.L .799 0 53.001 0 ..j~~r~~7q
5 2 . 6 0 3 0  ‘49,8180 t. 8’~5’) 5?. 68.3’) 9.818’) — 1 . 8  3(0
6 0 . 1 - 3 10  ‘4€ ’ . 512 f l  ‘.2?~~0 50,5110 ‘45.5120 —?.?‘50
51,07111 ‘.3.0(1 30 1.9970 c,q.orj n ‘.1, 0 0 3 0  —1.9170
77.7~ 40 4~’.526fl 1.7’~60 77 .7 .3 1. 0 39.52511 ~ 1.1561)
.33 ,556 (1 ‘f l .57’3O 1.7620 ~~~~~~~~ 69,c - .75 1 1 ,7 6 2 9
46 .90 70  .17.2570 2.08211 .h,91114 fl 37.2670 2.0)?0

92 t
- ~~ 

-I -
~~~~~~ ~ 

~~~ ~~~~“ ~~ ‘-

... -



~~ST Qwx~Ir~
~i~ i OcI?Y ~~~~~~~~~~ ?O DDC

r C ~ 5 i 511 ~~ ~ ~~~ ,~ . 
I,~~ 31 J t;. • ~ ;., q ~.s.7 521 — .~ ,6 5~. u

54 • 9 ‘UI 31) • .3 ~ 7 i )  ‘. 11 71) ,,‘4 , ~3 0 .3’) .O A 7 1) — j ’
. 1: 711

/3 . 1 511’) .f ..~~;’’) 1.92711 73 ,150 ’ ) ; ‘1~~ 7~ . 7r f ~1. ’ !?U
1?, 5.510 21’ • S .70 I • 851,0 3;’ • 3 5 1  0 ‘ F • 5~~7I) — t • 1)
‘,1.? i4l) 7’,,71’,’1 7,7f,6l) l~ j.7t4l) ;‘‘..7I óS — 2 . ? o S O
59,6711 6 7’),9r,30 ?.b~~tl3 

.
~0.(,?fl0 70,’- 3l) —?.1’~~1O

59.~~(-7t) 17.1)5’)’) 7.371)0 - ‘ .Y570 11,050(1 — 2 . 17sf)
59.5?6’J 13.0090 2.9’-d’f .,).1)750 13.01)0’) — ‘.0 80
75. lot’)) 16 .1 730 2.0731) 25. 1550 1... 173’) — 2 . 0 7  .3 ’)
3 5 . r .a 3 ’ )  12.3061) 2.4650 3’;.583n 12.3060 —?.61,50
45 .tFtO 10,4030 2 . 8 2 7 0  ‘.6.1)10 10.61)30 —? .P ’ 7 0
56 .9 5 4 0  )- • L.631) 2.5920 55. 364)1 8.65’) I) 2 . 9 0 2 0
67.938(1 6.50(10 2.1690 ‘.7.1353 0 5.1~OOfl 2.loSO
115. 00(10 0,0009 2.2509 iii • 0 9 0 0  9.0091 ) — 2 , 2 5 0 0
3l) •l) fl fl0 0.0000 2.6250 30,0100 O.ONO — 2.€2~ 0
4 2 . 0 1)0 0  0 .1)00 ( 1  3 , 0 0 0 0  4 7 . 0 1 ) 0 0  0 . 0 00 )  — 3 . 9 0 0 0
54. 1300 ’)  0 . 0 0 0 0  2 ,625 ’)  5 q . 0 9 0 0  0 . 0 0 0 0  — ?. € ‘~ 0
6 6 . 0 0 0 0  0 . 0 0 0 0  2 . 2 5 0 0  6 6 . 0 0 0 0  0 . 0 ) 1 0 0 — 2 . 2 5 0 0

235 2 3 6  237 73 5  239 21.0 241 71+ 2  2 6 5  2 1+1. 24 5  21,h 7 6 ”  248
2.9 “Sf) 251 252 253 25’. 255 256 2’i7 258 25 ,? 760 21- I 262
263 264
142 16?
.?90~~+ fJ? :3 3 ,290E+02 3 1. — .2806 +04 1 ‘5

— ,695 F’04  2 ‘5 .1136.0’ . 3 ‘5 .21501+0 1. 1 t-

..96E+04 2 15 •IIIE+0 6 .3 6 .3095402 3 7

.5096+02 3 8 — ,°87 6 + 0 6  1 9 — , ‘~7 , sj + 0 $ 2 9
,t13~~’-0’. 3 ‘1 ,937E+01+ 1 10 .97~~~+Q ’. 2 10
.11 56 49, 3 10 .2956+03 1 1 — .7336+0 ’. 2 1

.5265+113 3 1 — .2056+03 I 7 .7S~ E4Q ’. 2 2
,97’F493 1 2 .1156401 3 11 .17~~~+03 3 12
.2i’.F +03 3 11 •2 1 6 E+ 0 3  3 14 .2’~35#Q 5 3 15
.25 3r ,O.S 3 15 — . ‘5r,86+06 1 17 • I’E+04 2 17
.1021+04 3 17 .5536+0’. 1 H — .232°40’. 2 16
.1021 .9’. 3 1’ .231 2 +0 1.  1 1) — .9665403 2 19

•1’5 40i 3 15 — .7316404 1 20 •945r+f13 2 70

•“?1~~+ 0 3  3 20 .31’.E+0.3 3 21 ,)1..5 + 0 3  3 22
.3266+13  3 23 .3256+03 3 24 ~~~~~~~~~ 3 25
,335F40 .S 3 25 — .61172+04 1 21 .t66E+0 . 2 27
.51)26+13 3 27 .6075406 1 26 — .1665+01. 2 26
.9025493 .3 25 .17.6+04 1 25 — .711~~~03  2 79
.5465+03 3 2’ — .1746+04 1 30 .71 50 +03 2 30
.64 5 5 + 0 3  3 30 • 3 6 0 E+ 0 3  3 31 .34 0 1+03 3 32
•357t~~93 3 3 •3r,7~~4 Ø ;  3 34 .36 56+03 1 15
.1555493 3 36 .‘425E+04 1 37 .17t.E +04. 2 37
.‘)74E’03 3 .17 .1.256+0.. 1 3~ — .114640’, 2 3(3
. 9 76 5 + 0 3  3 36 .1826404 1 39 — ,74.3~ + 01 2 39
.1)91.5403 3 35 — .1 826+0’. 1 49 .7436+03 2 ‘.0
.694 6 + 9 3  3 ‘0 .3556+03 3 41 .3656+03 3 42
•178E+03 3 43 .3786.03 3 1.4 .3926.03 3 45
.3126+03 3 46 —.1.1.46+0. 1 47 •tj?5+0’. 2 ‘7
.1055+1)9 3 67 .61,46+04 1 68 — ,1’2é.04 2 46
.1051.401.  3 68 .I5’36+0~ 1 ‘.9 — .77 5 5 + 0 3  2 6Q

.“.‘5,03 3 l.9 — .1595~ n~ 1 50 .7735+03 7 50

•762 (+Q3 3 50 .3106+03 .3 51 .1996+01 .3 52
•..11~~~.lJ 3 3 ~3 .41)1.5+03 3 5’. .4206+0 3 3 55
.420 6+03 3 ~6 — .(.‘,‘.~ +9(. 1 57 •)gQ6,fl4 7 57
.11 76+04 3 57 •~~645+f)~. I 5) — .1995+0’. 2 58
.1175.04 3 58 .2755+04 1 59 — .9376+03 2 5”
.4 5.36+0 .3  3 55 — .2296e 11’ i 6)) •93 7e 4 113 2 60
.8936.03 3 61) .‘,t3F:.o3 3 61 .4tS’ +03 3 62
.39 1F4 ’ 1 3 3 6.1 .3316+0 3 .3 61. ,.SSU+03 5 1.5
.3686.03 3 66 —.3035+04 1 67 .12’C$04 2 57
.801.6.03 3 57 .3016+04 1 68 — . t”1.r , 11l. 2 68
.8045+03 .3 68 .3076+01. I 6,3 — .520t+03 2 65
.to’.s.o’. ~ 69 — .SO7F+04 1 70 .“?0~ +0S 2 70
.1045 +0’. 3 70 .6332+03 3 i t  .4335+03 3 72
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• 3 7 9 1  + 9 3  3 •/
~ • .~7f )~~4 I l  3 .3 7’. • 3 ( 1 ’.’ + 0 3  .3 7 .

• 5( 145 + 9 3  3 7f~, — .1S 7~.+f l~e j 77 •,‘r~’- ‘-o ‘ ?
•4 l~5~~+f) 3 .3 77 .17Z+04 1 711 •75?r.f)3 2 7’
,4465 + 9 5  3 7t ~
.2~~5L ~+’li ~ 3 3 • 2 ’39E ~~02 3 6 — .242~~+0 ’. 1 •~

— .,,02~~+0’ , 2 5 .°i ~~64 ’) .5 :4 5 .?L .2 , . O ’.  1
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Z—DISPLACEMENTS

LOAD CASE #1 LOAD CASE #2
NODE NO ANALYZE NASTRAN ANALYZE NASTRA N

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

11 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
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
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
41 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 2.414 2.512 2.566
53 2.333 2.353 2.231 2.256
55 2.242 2.263 1.939 1.960
57 2.005 2.034 1.531 1.551
59 .940 .987 1.273 1.343
61 .971 .998 1.128 1.169
63 . .926 .930 .922 .932
65 .833 .839 .729 .737
67 .597 .611 .429 .439
69 .150 .175 .327 .368
71 . .220 .236 .317 .342
73 .259 .259 .272 .276
75 .281 .283 .249 .252
77 .187 .195 .125 .130

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

TABLE 2: Results From ANALYZE and NASTRAN
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