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ABSTRACT 

A basic dynamic analysis capability has been included in the 

DAISY general purpose structural analysis program. The program now 

solves the structural eigenvalue problem for the lowest free vibra

tion frequencies and mode shapes of arbitrary structures. Several 

techniques are examined and tested which reduce the order of the 

eigenvalue problem so that a solution can be calculated in-core. The 

procedure adopted is a Rayleigh-Ritz approach which uses structural 

displacements as generalized coordinates in the condensation of the 

stiffness and mass matrices. A number of test cases are described 

which demonstrate the accuracy and efficiency of this method. To 

improve the performance of the DAISY dynamics package, it is recom

mended that a more sophisticated eigensolver and mass formulation 

be incorporated in future versions of the program. 

vii 



CHAPTER 1 

INTRODUCTION AND BACKGROUND 

The purpose of the work described herein is to develop and 

implement a dynamic analysis capability in the DAISY general purpose 

structural analysis program. 1 DAISY is capable of handling arbitrary 

complex struc'tures through. use of the finite element displacement 

method. The program has static, incremental, and thermal analysis 

capability, but it was desired to incorporate an eigenvalue solution 

routine to extend the usefulness of the program to dynamic and stabil

ity problems. Working toward this goal, the first step was to draw up 

the basic eigenvalue package and test it for structural natural fre

quency solutions. The results of this effort are described in this 

paper. With the central analysis procedure established, it remains to 

improve upon the dynamics capability and to apply the eigenvalue routine 

to the stability problem. 

The eigenvalue problem in structural dynamics is readily 

derived from Newton's second law. If the structure has been idealized 

using a technique such as the finite element discretization employed in 

DAISY, we may write 

R='Mr 

where M·is the mass matrix of the system and vectors Rand r store 

forces and displacements, respectively. The force-displacement 

1 

(Ll) 



relationship for free vibrations may be expressed as 

R = - K r (restoring force) (1. 2) 

where K is the structural stiffness matrix. Assuming a harmonic solu-

tion for the displacement, 

and 

r = r sin wt 
--o 

2 
r = - w r sin wt 

--o 
(1. 3) 

Substituting Eqs. (1.2) and (1.3) into Eq. (1.1), we obtain the gener-

alized eigenvalue problem 

- K r = - w
2 M r sin wt - --o 

or K r = w2 M r (1.4) 

For systems of order n there will be n eigenvalues, with the eigen-

values giving the natural frequencies of the system and the eigen-

vectors giving the corresponding vibration modes. 

Use of the finite element method is today quite widespread, 

d h h d h b h . hl h. . d 2 ' 3 an t e met o as ecome 1g y sop 1st1cate • Static, elastic 

analyses are routinely carried out involving thousands of degrees of 

freedom by efficient application of linear matrix techniques and the 

use of modern computer systems. In structural dynamic analysis, how-

ever, solution of the eigenvalue problem derived above can involve 

prohibitively large amounts of computer time. 

Determination of all modes of ·a vibrating system is often 

unnecessary, as the engineer is generally interested in only a few of 

the lowest frequency modes. Methods have long been available to 

4 5 obtain the lowest modes of a vibrating system, ' but for large sys-

terns the analyst must still contend with a huge number of degrees of 

2 
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freedom. This situation has led to the development of condensation 

6-11 techniques which reduce the order of the eigenvalue problem without 

an unacceptable decrease in the accuracy of the eigenvalues, especially 

the lower ones. This approach was especially appealing for application 

to DAISY, which uses disk (or drum) backing storage so that core 

requirements are minimized. If the eigenvalue problem could be reduced 

such that the solution could be handled in-core, both data transfers 

and actual computation times would be substantially lowered. While a 

complete treatment of all available solution procedures is of course 

not possible here, several of the methods which were examined for use 

in DAISY will be discussed. 

Ojalvo and Newman9 point out that the first efforts :at system 

reductions centered around lumping the structure's mass at a number of 

selected nodal points. This represents an attempt to account for the 

total mass of the system in the reduced system. 6 Guyan used energy 

techniques to describe how stiffness (K) and mass (M) matrices may be 
- - I 

reduced to K1 = !t !! and ~l = Tt M T, where T represents a coordinate 

transformation matrix and Tt its transpose. All elements of the origi-

nal stiffness matrix contribute to the reduced stiffness, while the 

condensed mass matrix has both stiffness and mass contributions. The 

original eigenvalue problem is transformed into a new problem of lower 

order with essentially the same eigenvalues and eigenvectors for the 

lower modes. Results similar to those reported by Guyan are obtained 

12 
by Kaufman and Hall using virtual work considerations. 
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An extension of the method of lumping parts of the structure 

7 together has been developed by Hurty. In the "component modes" 

method substructures (components) of the structural system are ana-

lyzed. Generalized coordinates based on the lower modes of each sub-

structure are then used in the transformation matrix described above. 

A variation on the component modes method was the first approach 

studied for use in DAISY. This and other preliminary investigations 

were. carried out on a PDP-15 mini-computer, which provides a conver-

sational capability for rapid program assessment and changes, and 

immediate turnaround. Use of the small computer greatly facilitated the 

selection of an analytical technique for implementation in the full 

DAISY program on a CDC 6000 series machine. 

In this initial approach, the stiffness and mass matrices are 

partitioned, and each corresponding set of partitions is treated as a 

separate dynamics problem. Typical stiffness and mass partitions 

might be K and M , respectively, so that the eigenvalue . problem -aa -aa 

for displacements r is -a 

K r -aa -a 

M-1/2 K M-1/2 
-aa -aa -aa 

K * -a a 

.. 

2 w M r -aa -a 

• 

qa 

r -a 
4 

= 

\-- • J 

2 w qa 

(1.5) 

(1.6) 

(1. 7) 

Many techniques are available to solve the eigenvalue problem 

of Eq. (1.7). A complete treatment of the better-known techniques is 

given by Wilkinson, 4 while more recent methods have been introduced by 

Patton13 and Bathe. 14 
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A simple power method (von Mises) iterative scheme was used in 

the DAISY tests to solve for w
2 

and 3a' from which the deflections !g = 
-1/2 M o • The procedure is repeated for all partitions. A limited 

-aa ...::l.a 

number of the deflection shapes r ·for each partition are the.n used as 

generalized coordinates in the formation of the transformation matrix 

T, as shown. 

aa 1 
I 

K= ---1--
1 
1 bb 
I 

M 

I a a I __ ..1 __ 

I 
I bb 
I 

I r a I 
+ T = __..L __ 

I 
J rb 
I 

In this example only the diagonal elements of ! and M are used, as 

would be appropriate for tightly banded stiffness and mass matrices. 

Having obtained !, the condensed stiffness matrix ~ = Tt K ! 
...... t 

and condensed mass matrix M = T M T are formed. The complete struc-

ture eigenvalue problem 

" 2 ...... 
Kr=w Mr (1.8) 

may then be solved. Note that the number of columns in T, and there-

fore hopefully the accuracy of the solution, may be increased by 

including more modes for each substructure. 

Examination of results using this method revealed a rather 

severe drawback. Deflection patterns for the various substructures are 

calculated with no deflection in the remainder of the structure. 

When the local modes are combined to describe the mode shape of the 

entire structure, lack of continuity between the substructures results 

in a "kinked" deflection pattern. This disadvantage was thought 



6 

to be prohibitive for application to DAISY, and the method was dis-

carded. 

To get away from the local modes concept, an attempt was made 

to generate the transformation matrix for the entire structure through 

the use of power series. The elements of the T matrix were generated 

according to 

.j-1 
T. . = ~ (1. 9) 
-~,] 

where the number of columns j is specified by the user. Tests using 

this procedure exhibited poor convergence characteristics in the 

eigenvalue solution, however, and this method was rejected also. 

The technique finally adopted for use in DAISY employs deflec-

tion patterns of the whole structure as generalized coordinates in the 

transformation matrix. Because no substructuring is involved, kinks 

in the deflection pattern are eliminated, as is the need for a series 

of preliminary eigenvalue solutions. 

Freid15 demonstrates that stiffness and mass condensation 

techniques which use generalized coordinates in matrix analysis are 

actually "a combination of the finite element method, the classical 

method of Rayleigh-Ritz and the power method." The application of 

Rayleigh-Ritz analysis to calculation of the lowest eigenvalues and 

eigenvectors of large structural systems is set forth clearly by Bathe 

and W"l 16 
~ son. 

"Let V denote the n-dimensional space in which the opera-n 
tors K and M are defined. The Rayleigh minimum principle 
states that 

= min p(V) (1.10) 



in which the minimum is taken over all vectors X in V 
-n 

and p(~) is the Rayleigh quotient defined as 

p(V) 
vt K v 
----> 0 
vt M v 

"In the Ritz analysis all vectors V in a q-dimensional 
subspace of V are considered. A typical element in the 

-n. 
subspace is given by 

q 
V = 1: 

i=1 

a.x. 
1 1 

in which the x. = the Ritz basis vectors and the a. the 
1 1 

Ritz coordinates. Substituting Eq. (1.12) into Eq. 
(1.11), 

q q 'V 

1: I a. a. k .. 
j=l i=l J 1 1] 

p·(~) 
q q 'V 

1: 1: a. a. m .. 
j=l i=l J 1 1] 

'V 

is obtained with k .. t 
K x. X. 

The necessary 
aa. = 0, i=l, 

~ 

1] 1 - J 
'V 

t 
m •• X. M x. 

1] 1 - J 

condition for a minimum of p(V)is 3p(V)/ 
•.• q. This gives 

'V 'V 

Ka=pMa 

~~ which a = a vector listing the Ritz coordinates; 
'V 'V 

K and M = the generalized stiffness and the generalized 
mass matrix with typical elements given in Eqs. (1.14) 
and (1.15). 

"The solution of Eq. (1.16) yields q values p1 , ... , pq 

and the corresponding vectors v
1

, ... , V, which are - -q 
obtained using Eq. (1.12). The values of p., i=l, ••• , 

1 

q are upper bound approximations to the exact eigen-

~alues of Eq. (1.4), 17 i.e., 

2 2 2 
wl ~ p1; w2 ~ Pz; •.• ; wq < Pq 

The actual error in the solution is, in general, not 

7 

(1.11) 

(1.12) 

(1.13) 

(1.14) 

(1.15) 

(1.16) 

(1.17) 



estimated. It depends on the Ritz basis vectors chosen 
because the approximate eigenvectors !

1
, ••• , ~q are 

elements of subspace. 

"The Ritz analysis has been implemented in various 
18 ways. Ritz basis vectors can be obtained from a static 

analysis in which q load patterns are specified in 

P 19 · then -=-n , 

8 

(1.18) 
and 

'V 
t K = X_ p • 

- .::..::n -=-D' (1.19) 

The obvious difficulty is in selecting good load patterns." 

A solution scheme was devised for DAISY using point loads at 

selected nodes and solving for the static response. These deflections 

are in turn used as generalized coordinates in the matrix condensation. 

The number of load cases and the loading patterns are user-specified. 

Results using this technique were found to be highly dependent upon 

the number of points at which loads were applied and the locations of 

the nodes selected for loading. This finding was in agreement with 

Bathe and Wl.'lson. 16 F 'd15 1' d h' th d h 'b · re1. app 1.e t 1.s me o to t e v1. rat1.ng 

string problem, showing that multiple inverse power iterations were 

required to attain good accuracy. Also, in a general purpose program 

like DAISY it is desirable to use an automatic load generation scheme 

rather than requiring the user to supply an acceptable pattern for each 

structure. 

The "difficulty in selecting good load patterns" was overcome 

using an inertia loading routine which applies loads at all active 

nodes using the nodal mass as a weighting factor in the load 

magnitude. The first method tried used point masses multiplied by 
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elements of power series to obtain load values. However, difficulties 

occurred in obtaining deflection patterns sufficiently diverse to con....: 

tain all the components of the lowest vibration modes. The automatic 

load generator was subsequently modified to multiply the pointmass·by 

trigonometric terms involving the location of the node in the struc-

ture.. Loads are applied at all active nodes in all directions having 

freedom in the structure. This method has been found .to work well, 

.and programming details of· the method are discussed in Chapter 3. An· 

example of load patterns generated for a test case is givep. in Section 

4 .. 1. 

DAISY includes a mass lumping scheme which distributes the 

system mass among all nodes used in the structural elements. The load-

ing pattern therefore excites all masses at.translational degrees of 

freedom, so all masses will contribute to the reduced system. Because 

the system is automatic, no skill in mass lumping is required on the 

part of the user. While the lumped (diagonal) mass matrix has pro-

vided good results~ improved performance may be expected in general 

f k . . . 11 . f. 1 . 16 rom a 1nemat1ca y cons1stent mass ormu at1on. 

The automatically generated loads are applied to the structure, 

and a conventional static analysis solves for th.e corresponding dis-

placements. These displacements of course satisfy all continuity and 

boundary conditions of the structure. The displacements are then use~ 

as generalized coordinates to condense the master stiffness and mass 

matrices to a convenient, predetermined size. Enough loading cases must 

be specified that the new bases contain the desired modes to.sufficient 



accuracy. The lowest modes calculated should therefore be the best 

approximations of the true values, because the bases may not be com

plicated enough to represent higher modes satisfactorily. This is 

especially true of irregular structures. 

10 

Once an acceptable matrix condensation has been performed, it 

remains to solve the resulting reduced eigenvalue probl.em. In that the 

objective of this initial phase of DAISY dynamics development was to 

implement a working method, it was decided to use the power method 

with eigenvector sweeping as the solution routine. Though easily 

implemented, the power method is rather inefficient for computer solu

tions and can suffer from convergence problems in the case of iden

tical roots. Use of this method is therefore considered temporary, 

pending insertion of a more sophisticated procedure. 

The mathematical exposition of the solution procedure used in 

DAISY is ·presented in Chapter 2, with programming aspects of the method 

discussed in Chapter 3. The test cases run in this first phase of 

DAISY dynamics development are discussed in Chapter 4. Complete list

ings of the new routines added to DAISY to provide dynamics capability 

are given in Appendix A. Appendix B provides the driver programs used 

in the test cases. 



CHAPTER 2 

SOLUTION PROCEDURE 

This chapter describes in detail the solution procedure adopted 

for use in DAISY. The technique is given here in equation form, while 

a user's guide and discussion of various programming facets of the pro-

gram are given in Chapter 3. 

After formation of the DAISY finite element model, a set of q 

load vectors R is generated automatically as described in the pre-

vious chapter. A conventional static analysis is performed by solving 

the equation 

K r = R (2.1) 

where K is the master structure stiffness and r is the set of dis-

placements corresponding to R. These displacements are then used as 

Ritz basis vectors fo form the condensed stiffness and mass matrices 

"" K 
t (2.2) = r K r - --

"" M t r M r (2.3) - --
in accordance with Eq. (1.19). From Eq. (1.12) the actual dynamic mode 

shapes may be written 

V = r a (2.4) 

in which a represents the Ritz coordinates. In accordance with Eq. 

(1.16), the condensed eigenvalue problem may be written 

11 
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'V 2'V 
Ka=w Ma (2.5) 

2 if it is kept in mind that w now represents an upperbound approxima-
'V 'V 

tion to the exact eigenvalue. The condensed matrices K and M have 

dimensions (q,q), and Eq. (2.5) may be solved for w
1

2
, ... , 2 and w cor-

q 

responding node shapes v
1

, ... , ~· 

Having formed the condensed matrices, DAISY performs a Cholesky 

decomposition of the condensed stiffness to give 

2 'V 
Tt d T a = w M a (2. 6) 

where T is an upper triangular matrix and d is a diagonal matrix. 
-1 

Defining U = T-l and Ut Tt , and premultiplying both sides 

t of Eq. (2.6) by U : 

'V 
d T a = w2 Ut M (U d-l/2 d1 / 2 .!) a (2.7) 

N h (u d-l/2 dl/ 2 T) I h .d . . ote tat __ _ _ = _, t e 1 ent1ty matr1x. 

Premultiplying both sides of Eq. (2.7) by d-l/2 : 

(2. 8) 

'V 
Now let u = dl/2 T a and M* = d-l/2 Ut M U dl/2 • Equation (2.8) may 

be rewritten 

or 

1 
M* u =-=z- u 

w 

(2.9) 

(2.10) 

Equation (2.10) is the classical eigenvalue problem with eigenvalues 

1 
--2, 
wl 

1 
••• , ---2 and eigenvectors u

1
, ... , u. 

w - ~ 
These quantities are 

q 
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calculated using the power method with eigenvector sweeping. The power 

method calculates the most dominant (highest) eigenvalue of ~* first, 

and the largest value of 1
2 will yield the lowest value of w2

. This is 
w 

desirable, since the analyst is interested in the q lowest eigenvalues. 

Also, the eigenvectors u may be related to the vibration mode shapes by 

a = d-l/2 U u (2.11) 

and 

V = r a . (2.12) 

As a final step the angular frequencies w. are converted to natural 
1. 

frequencies by 

(2 .13) 



CHAPTER 3 

PROGRAMMING ASPECTS 

A typical steering program for DAISY dynamics analysis is 

given below. 

CALL CLEAR (9H J¢B NAME) 

Define points, freedoms, elements, and materials 

CALL LISTS 

CALL MASS 

CALL UNL¢AD 

CALL EL¢AD (NM) 

CALL STIFF 

CALL SAVEK 

CALL DEFL 

CALL M¢DES 

CALL PRIDN 

The structural model is first defined in the usual DAISY 

format, as described in detail in the DAISY documentation. 1 This 

includes clearing storage locations to accommodate the new model, 

assigning point numbers, locations, and freedoms~ and locating ele

ment types and materials. 

Nodal masses are then computed with a call to MASS. MASS in 

turn calls its slave routine XMASS, which performs the mass 

14 
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calculations. This procedure has been adopted so that routines called 

by the user may be kept available in core, while at the same time keep-

ing core requirements at a minimum. DAISY has been divided into a 

. number of disk-resident segments for this purpose, with only the seg-

ment currently in use required to be in core at a given time. In the 

present example, MASS belongs to the core-resident segment ROOT, and 

thus is available to the user at all.times. The call to MASS brings 

into core segment MASS!, which contains XMASS and all its attendant 

subroutines. The system is thus in readiness to perform the mass 

computations when XMAl?S is called. 

DAISY. examines each element in the model, calculating the 

element's mass based on the geometrical and material data which were 

stored during definition of the model. The total mass of the element 

is then divided equally among the constituent nodes. Provision is 

made for directionally acting masses, and MASS places equal values in 

the x-, y~, and z-directions. If the user wishes to apply.direc-. 

tional masses, the following options are available: 

CALL INCSMX (N,V) ·~ Increments the nodal mass in direction x at 

point N by value V 

CALL INCSMY (N,V) ) 
) Similar to INCSMX 

CALL INCSMZ (N,V) ) 

CALL INCSMP (N, V) ,..-. Increments the masses a:t point N by value V 

in all three directions. 

If directional masses are used, MASS must be called first to insure 

proper initialization· of the point mass storage locations. 



\ 1.6 

The user.may verify the assigned mass values with: 

CALL PRISM - Prints the point masses for all three directions 

Calling UNLOAD now prepares the -program to accept the loading 

cases. These cases are generated through the call to EL0AD (NM), 

where NM is the number of modes which will be solved for and output. 

NM is also the number of load cases which will be generated auto-

matically and the order of the condensed stiffness and mass matrices, 

as discussed in Chapter 1. The maximum number of modes permitted in 

the current program version is 25. 

In producing the load cases, EL0AD first generates an array of 

multipliers for x, y, and z. Values for a given direction are pro-

duced only if the structural model has any depth in that direction. NM 

sets of multipliers are generated and printed out iri. the "Key to 

Automatic Generation of Load Cases." Then for each node a cosine term 

is ,calculated for each direction based on the appropriate multiplier 

and the position of· the node in the structure. Typically, 

QX = COS(7r * PX * X/XM.) (3.1) 

where 

PX = x-multiplier for this load case 

X = x-.coordinate of this point 

XM. = maximum x-coordinat:e of all nodes in the structure. 

The load applied in a given direction is then calculated: 

where 

PF0R (IF) ~ PTM (IF) * QX * QY * QZ (3.2) 

PF0R (IF) = point force applied :i,n direction IF (1 = x, 2 = y, 

3 = z) 
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PTM (IF) = point mass in direction IF 

QX, QY, QZ = cosine multipliers as previously defined. 

Loads are inserted at all points in each direction which has at least 

one active degree of freedom. Though this lo~d generation algorithm 

seems complex, it is hoped that the resulting deflection patterns will 

contain the lowest vibration modes to the desired accuracy. 

The user may wish to display the loads generated in EL¢AD; this 

is accomplished with a call to PRILD. Examples of the automatically 

generated load cases a.re given in the following chapter. 

Once the required number of fundamental load vectors has been 

generated, a conventional static solution is performed to obtain the 

corresponding displacements. A call to STIFF calculates the elastic 

stiffness matrix, which is then saved on tape by calling SAVEK. This 

latter step is necessary because the stiffness matrix is required for 

the eigenvalue problem and is destroyed in the deflection solution. 

Deflections are calculated by DEFL, and may be subsequently output by 

calling PRIDN .. 

With the stiffness matrix, mass matrix, and displacements in 

readiness, the program is now prepared to solve for the.eigenvalues 

and eigenvectors of the system as described in the previous chapter. 

This is accomplished with a call to MODES, which in turn activates 

XMODES (the situation is the same as that previously described for 

MASS and XMASS), which performs the actual calculations. First the 

condensed stiffness and mass matrices are formed. Then the con

densed stiffness matrix is decomposed. A straightforward computation 
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yields the matrix M* [see Eq. (2.8)], for which eigenvalues and eigen-

vectors are computed. The eigenvalue solution takes place within sub-

routine EIGEN. The previously described power method solver was incor-

porated on a strictly temporary basis, pending a more sophisticated 

routine, because of its simplicity. 

The angular velocities, w., are determined from the eigen-
1. 

values and converted to frequencies (in hertz). The eigenvectors are 

in condensed form, and must be expanded and related to the actual 

vibration modes as described in the previous chapter. The vibration 

modes are then stored in the deflection arrays, and may be displayed 

by calling PRIDN. The eigenvectors are normalized to 1.0 so that 

maximum deflections may be easily found and for convenience in plotting 

results. 'This normalization must be kept in mind by the user if the 

structure stresses are computed (by calling STRESS) after completion 

of the dynamics solution. 

! : 



CHAPTER 4 

TEST CASES AND RESULTS 

A number of structural test cases were run to demonstrate the 

accuracy of the DAISY dynamics solution routine. The results of these 

tests are reported in this chapter and compared with theoretical pre-

dictions. 

4.1 Axial Vibrations of a 
Cantilevered Rod 

The first and most elementary test case executed was that of 

natural axial vibrations of a uniform cantilevered rod. The element 

used, R0D2, has constant axial force and constant area with no bend-

ing or torsion properties. Figure 4.1 describes the model used in the 

analysis. 

: ._X 

98 in. -------~:wJ 

50 nodes, 49 R0D2 elements 

A = 1.0 in2 

E 

p 

10.6xl06 lb/in2 

lb-sec2 
.101 . 4 

l.n 

Fig. 4.1 Cantilevered Rod Model 
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Three different runs were made using this model, the difference 

between them being in the number of modes for which a solution was per

formed. The controlling parameter is the argument of subroutine EL0AD, 

NM, and cases were run with NM = 10, 5, and 3. The object was to 

demonstrate variation in the accuracy of the results with different 

numbers of displacement vectors used in: the matrix condensations. 

As an example of the load patterns generated automatically in 

EL¢AD, Fig. 4.2 is a plot of the load cases from the NM = 5 run. 

Results for the cantilevered rod cases are compared with exact 

solutions in Table 4.1. In each of the three test runs all frequen"'" 

cies ate within 1% of the exact values except for the last mode 

in each case, where a considerably larger error is present. Also, the 

difference between DAISY and exact values generally increases with 

increasing mode number. These trends are to be expected due to error 

buildup in the matrix deflation technique used for eigenvector extrac-

tion. 

cases •. 

It is significant that no modes were skipped in any,of these 

As pointed out by Bathe and Wilson, 14 the condensation tech-

nique employed in DAISY provides no assurance that all modes will be 

detected. 

Cost values have been included in the results tables for com

parison of the relative costs of the several degreesof matrix con

densation. The values given are for The University of Arizona CDC 

6400 run on standard priority. 

Mode shapes for the NM=5 case are plotted in Fig. 4.3. ·The 

poor accuracy of the fifth mode compared to the others is readtly 

apparent. 
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Fig. 4.2 Cantilevered Rod, Load Cases for NM=5 



Table 4.1 Cantilevered Rod--Comparison of DAISY Results with Theory 

Natural Frequencies (hz) 

Mode Exact f = 2it-ln 
n 41 p DAISY(NM=lO) % Diff. DAISY(NM=5) % Diff. 

1 2.61340176 E+Ol 2. 613289 89 E+Ol -.004 2.61329130 E+01 -.004 

2 7.84020527 E+Ol 7.83719220 E+01 -.038 7.83757846 E+01 -.034 

3 1.30670088 E+02 1. 30531337 E+02 -.106 1.30596310 E+02 -.056 

4 1.82938123 E+02 1.82560893 E+02 -.206 1.83147315 E+02 .114 

5 2.35206158 E+02 2.34416496 E+02 -.336 2.47121305 E+02 5.066 

6 2.87474193 E+02 2.86068630 E+02 -.489 

7 3.39742228 E+02 3.37525629 E+02 -.652 

8 3.92010264 E+02 3.88913504 E+02 -.790 

9 4.44278299 E+02 4.40884489 E+02 -. 764 

10 4.96546334 E+02 5.16571787 E+02 4.033 

Cost to Run $7.49 $6.89 

DAISY (:NM=3) 

2.61331452 E+Ol 

7.84600509 E+01 

1.36258804 E+02 

$6.74 

% Diff. 

-.003 

.074 

4.277 

N 
N 
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Fig. 4.3 Cantilevered Rod, Natural Vibration Modes for NM=5 



4.2 Bending Beam 

After the one-dimensional cantilevered rod, the next problem 

solved using DAISY dynamics was that of two-dimensional transverse 

vibrations of a beam. The problem is from Timoshenko's Vibration 

Problems in Engineering, 20 and was selected so that DAISY results 

24 

could be compared with results from the STARDYNE and NASTRAN pro-

21 grams. The DAISY model used nine node points and eight elements, as 

did the other two programs. The beam element used in DAISY, REBEAM, 

has constant area and moment of inertia and can bend in a plane 

defined by the two endpoints and a non-collinear third point. A 

sketch of the problem is given in Fig. 4.4, and results from the 

three programs are shown in Table 4.2. 

y A 30 in 
2 

= 

t 
3021 in4 

,A; A~ 
X I = 

E 30xl06 lb/in2 

~ J = 360 in. 

w = 100 lb/ft 9 nodes, 8 REBEAM elements 

Fig. 4.4 Bending Beam Model 

DAISY results are seen to be comparable to those for 

STARDYNE and NASTRAN, but the DAISY solution is less costly. Whereas 

DAISY was run on a CDC 6400, the other programs were run on a CDC 6600, 
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which.is faster but more expensive. The cost comparison is therefore 

not a direct one, but it does point up one advantage of the DAISY 

approach. 

As was done with the cantilevered rod model, several addi

tional runs were made with the eight-element beam to indicate the 

effect of increasingly severe matrix condensation. Transverse modes 

for NM = 8,6,4, and 2 are shown in Table 4.3, and the axial modes 

for the same. runs are shown in Table 4.4. In each case equal numbers 

of transverse and axiaLmodes were found, and the lowest frequencies 

for each were located in order with no skipping.· It is interesting 

to note, however, that axial vibration modes were located at fre

quencies higher than some transverse modes which were not found. For 

instance, the NM = 8 case has frequencies of 813 hz. and 1031 hz. for 

axial vibrations without locating the bending modes at 620 hz. and 894 

hz. The user should be aware that in cases such as this one ELOAD 

generates two different types of loads: axial and bending. The axial 

loads will excite only axial vibrations, and the bending loads will 

excite only bending vibrations. Several supplementary cases for this 

model demonstrated that elimination of axial freedoms had no effect 

on the bending frequencies; the converse is presumably true also. 

Including both freedoms in one run is therefor~ equivalent to making 

two runs: one to solve for axial modes and one for bending modes. 

Further, for this model there is no advantage in including axial 

freedoms when interested only in transverse vibrations. 
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The beam test cases were repeated using a forty-element model 

to investigate the effect of the finer mesh on the predicted frequen

cies. Results for NM = 8,4, and 2 are given in Table 4.5. Accuracy 

is generally comparable to the eight-element model except for the 

NM = 8 axial frequencies, where the fine grid shows considerable 

improvement. As expected, the more complex model is also more expen-

sive. 

4.3 Cantilevered Plate 

Like the bending beam problem, the cantilevered plate case was 

selected so that results from DAISY could be compared with those from 

STARDYNE and NASTRAN. 21 The plate used in the comparison is sketched 

in Fig. 4.5. 

7 t = 0.1 in. 

E 30xl06 lb/in = 
1 in. 

v u = 0.3 

lb/in3 

_j 
y = 0.283 

1 .. 2 in. 15 nodes, 16 TRIB3 elements 

Fig. 4.5 Cantilevered Plate Model 

The TRIB3 element used in the DAISY model is a triangular shell 

element with both membrane and bending stiffness properties. 

Results for the cantilevered plate problem using the three 

programs are shown in Table 4.6. DAISY results are seen to be 

2 



Table 4.2 Bending Beam--Comparison of DAISY, STARDYNE, and NASTRAN 
Programs 

Natural Frequencies (hz) 

Mode Exact(l) DAISY( 2) % Diff. STARDYNE % Diff. 

1 24.8 24.8 o. 24.8 0. 

2 99.3 99.3 0. 99.4 +0.1 

3 223.5 223.1 -0.2 223.2 -0.1 

4 397.3 394.4 -0.7 394.7 -0.7 

5 620.8 606.5 -2.3 606.8 -2.3 

6 894.0 837.5 -6.3 837.9 -6.3 

7 1216.8 1034.6 -15.0 1035.1 -14.9 

Cost of Run( 3) $10.80 

2n-l-rr (1) Exact f = -- -
n 4L p 

(2) Using NM = 7 and no axial freedoms 

$12.56 

NASTRAN % Diff. 

24.8 0. 

99.4 +0 .. 1 

223.2 -0.1 

394.6 -0.7 

606.8 -2.3 

837.9 -6.3 

1035.1 -14~9 

$39.36 

(3) DAISY run on CDC 6400, STARDYNE and NASTRAN on faster but more 
expensive CDC 6600 
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Table 4.3 Bending Bea~-8-Element Model (Transverse Modes) 

Natural Frequencies (hz) 

TRANSVERSE MODES 

Mode 2n-1 {! Exact f = -- -
n 41 p 

DAISY (NM=8) % Diff. DAISY (NM=6) % Diff. 

1 2.48333407 E+Ol 2.48329447 E+Ol -.002 2.48329447 E+Ol -.002 

2 9.93333629 E+Ol 9.93041143 E+Ol -.029 9.96390210 E+Ol .308 

3 2.23500067 E+02 2.24467366 E+02 .433 2.24467366 E+02 .433 

4 3.97333452 E+02 3.97123642 E+02 -.053 

Cost to Run $6.76 $7.36 

Mode DAISY (NM=4) % Diff. DAISY (NM=2) % Diff. 

1 2.48467545 E+Ol .054 2.48467545 E+Ol .054 

2 9.96390210 E+Ol .308 

Cost to Run $7.36 $7.34 



Table 4.4 Bending Beam--8-Element Model (Axial MOdes) 

Natural Frequencies (hz) 
AXIAL MODES 

Mode n-ff Exact f = -- -n 2L p 
DAISY (NM=8) % Diff. DAISY (NM=6) % Diff. 

1 2.83578325 E+02 2.81770251 E+02 -.638 2.81770251 E+02 -.638 

2 5.67156651 E+02 5.52749840 E+02 -2.540 5.59575151 E+02 -1.337 

3 8.50734976 E+02 8.13005456 E+02 -4.435 8.13005456 E+02 -4.435 

4 1.13431330 E+03 1.03074207 E+03 -9.131 

Cost to Run $6.76 $7.46 

Mode DAISY (NM=4) % Diff. DAISY (NM=2) % Diff. 

1 2.83241229 E+02 -.119 2.83241229 E+02 -.119 

2 5.59575151 E+02 -1.337 

Cost to Run $7.36 $7.34 



Table 4.5 Bending Beam--40-Element Model 

Natural Frequencies 

DAISY (NM=8) % Diff. DAISY (NM=4) 

aJ 1 2. 48334159 E+Ol .0003 2.48509227 E+Ol 
(/) 
$..I 

2 9.93380364 E+Ol .005 9.98394239 E+Ol aJ 
:> 
(/) 

3 2.26124018 E+02 1.174 ~ co 
$..I 

4 4.04684695 E+02 1.850 H 

1 2. 835 31807 E+02 -.002 2. 85356314 E+02 

2 5.66857287 E+02 -.005 5.77658706 E+02 
r-4 

3 8.74176254 E+02 2.755 (!j 
•M 

~ 4 1.17149496 El-03 3.278 

Cost $10.11 $9.53 

Exact frequencies are equal to those for the 8-element model 

(hz) 

% Diff. DAISY (NM=2) 

.071 2.48509227 

.509 

.627 2.85356314 

1.852 

$9.30 

E+Ol 

E+02 

% Diff. 

.071 

.627 

w 
0 
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significantly better than those for STARDYNE and NASTRAN in all cases 

except one, where NASTRAN is more accurate by 0.8%. Although a 

direct cost comparison is not available, it is safe to say from the 

figures given that DAISY is substantially less expensive to run. 

A second model for the cantilevered plate test case was 

drawn up incorporating 64 elements compared with the previous model's 

16 elements. As shown in Table 4.7, a considerable improvement in 

accuracy was achieved using the finer grid. This fact is enhanced 

by run costs which are still lower than those given for STARDYNE. It 

should be noted that when solving for only four modes; the fourth 

mode as predicted by theory was skipped. The first four frequencies 

are solved for without skipping when an eight-mode solution is used. 

4.4 3-D Tower 

The first three-dimensional problem analyzed using DAISY 

dynamics was a tower structure composed of rod elements. Figure 4.6 

is a sketch of the model. 

y 

88 nodes, 336 ROD2 elements 

A= 0.01 in
2

, E = 10.6 x 106 , p = lb-sec2 
.101 . 4 

1n 

Fig. 4.6 3-D Tower Model 



Table 4.6 Cantilevered Plate— Comparison.of DAISY, STARDYNE, and NASTRAN Programs

Natural Frequencies (hz)
Mode (1)Theory DAISY % Diff. STARDYNE % Diff. NASTRAN % Diff.

1
2
3
4

845.6
3636.0
5263.0 
11864.0

826.9
3282.0
4841.0
10411.0

-2.2
-9.7
-8.0

I "12‘2

817.9
3015.0
4695.0
9304.0

-3.3
-17.1
-10.8
-21.8

• 818.5
3008.0
4882.0
9522.0

-3.2
-17.3
-7.2
-19.7

1

Cost to R u n ^  $8.15 $14.50 $38.92

(1) See Ref. 22
(2) DAISY run on CDC 6400, STARDYNE and NASTRAN on faster but more expensive CDC 6600



Table 4.7 Cantilevered Plate— -64-Element Model

Natural Frequencies (hz)
Mode Theory(1) ' DAISY (NM=8) % Diff. DAISY (NM=4) J % Diff.

1 845.6 841.6 -0.5 841.6 -0.5
2 3636.0 3477.0 -4.4 3500.0 -3.7
3 5263.0 5166.0 -1.8 5395.0 2.5
4 11864.0

,
11891.0 0.2 (2)

Cost to Run $11.72 . $11.17

(1) See Ref. 22
(2) DAISY skipped the fourth mode predicted by theory, locating instead a mode with f = 20,418 hz..' 

From theory, the fifth mode f - 23,014; DAISY?s % difference is - 11.3% for thisnmode.

OJw
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The tower model was run with NM = 5 and translational free

doms in all three directions (for a total of 252 degrees of freedom). 
Results for this model are shown.in Table 4.8.

Table 4.8 3-D Tower

Natural Frequencies (hz) 

Mode DAISY (NM=5)

1 1.60550604 E+00
2 1.60550604 E+00
3 1.02330950 E+01
4 1.02330950 E+01
5 3.31555348 E+01

No exact solution for this problem is available. However, 

a calculation of V K V9 where V represents the set of eigenvectors 

and K is the uncondensed stiffness matrix* does give an indication of 

the accuracy of the eigenvalue solution. Due to orthogonality of 

eigenvectors, off-diagonal terms in V' K V should equal zero. The 

relative magnitudes of these terms can be compared with terms on the 

diagonal; great differences in these values, perhaps ten orders of 

magnitude, show a high-quality solution. This check will be included 

in a future version of the DAISY dynamics package, since exact solu

tions to engineering problems are seldom known.
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Perhaps the most interesting fact concerning solution of the 

3-D tower problem is that multiple roots were solved for success

fully with no convergence problems. One shortcoming inherent in the 

power method eigensolver is trouble finding repeated roots. This 

would be expected to cause trouble in the tower problem, with equal 

bending stiffness in the x-y and x-z planes. The fact that no prob

lems were encountered must be considered fortunate pending more test

ing on multiple-root problems.

4.5 Beam as a Membrane 

This test case was devised to simulate beam vibrations using 

membrane elements. This was done by placing the membranes in the 

x-y plane so that membrane action could represent bending about the 

z-axis. The structure modeled is pictured in Fig. 4.7.

360 in.

h = 34.762048 in. 
t
A = 30.0 in'

0.863010 in. 
2

N. A.
E
P

= 3021 in 

= 30xl06 lb/in2
= 7.19631549 lb-sec-1

in
V = 0.3

165 nodes, 40 QMS elements

Fig. 4.7 Beam Modeled as a Membrane
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The element properties were calculated such that the EA and El stiff

nesses of the membrane model would equal those of the previously 

described bending beam model. The QMS element used in the model is 

an eight-node isoparametric curved quadrilateral membrane. Two rows 

of QMS1s were employed in the y-direction and twenty in the 

x-direction, giving approximately square elements.

Results for this model are shown in Table 4.9. Note that the 

results for the beam modeled as a membrane cannot be compared 

directly with the previously described bending beam model because of 

the difference in end conditions. The membrane model with pinned 

ends gives poor results because of excessive deformations near the 

support points. Hence the results in Table 4.9 are for the beam with 

built-in ends. ^

The model was run with both axial and bending freedoms 

active. Using NM = 8, four axial and four bending modes were 

located9 with considerably greater accuracy shown in the longitudinal 

vibration solutions. As pointed out in the discussion of the bending 

beam model, results for bending are essentially independent of those 

for axial vibrations. With built-in ends, the deflection shapes 

for bending are somewhat more complex than those for the axial modes. 

The difference in accuracy between the two is therefore expected, 

since DAISY will in general give a better solution for simpler deflec

tion patterns.

The lumped mass matrix approach incorporated in the present 

DAISY version may yield significantly poorer results when applied to
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Table 4.9 Beam Simulated as a Membrane

Natural Frequencies (hz)

Exact Solutions

Mode TRANSVERSE fn
an*

i pa LONGITUDINAL fn = ln|i2ttL2

1 5.53551556 E+01 2.83578326 E+02
2 1.55246050 E+02 5.67156651 E+02
3 3.04453356 E+02 8.50734977 E+02
4 5.03228688 E+02 1.13431330 E+03
5 7.50313973 E+02 1.41789163 E+03

DAISY Solution

Mode X+Y FREEDOMS, NM = 8 Type and Number % Diff.

1 5.32728014 E+01 Transverse 1 - 3.762
2 1.37095154 E+02 Transverse 2 " 11.690
3 2.58188174 E+02 Transverse 2 - 15.200
4 2.84032694 E+02 Longitud. 1 + 0.160
5 3.98401238 E+02 Transverse 4 - 20.830
6 5.65845263 E+02 Longitud. 2 - 0.213
7 8.67494028 E+02 Longitud. 3 + 1.970
8 1.15280244 E+03 Longitud. 4 + 1.670

Cost $25.91

* See Ref. 23. a. = 22.0 a? = 61.7 â  = 121.0
a! = 200.0 a. = 298.24 5
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higher order elements such as QMS rather than two-node beams. A con

sistent mass formulation may give noticeable improvement in this 

regard.

4.6 Beam as a Box Section of Plates 

The final and most complex case in the initial testing of the 

DAISY dynamics capability was a three-dimensional representation of a 

beam as a box section of plate elements. Figure 4.8 is a sketch of 

the structure.

z

,x
t

N. A.

168 nodes, 160 QUABV elements h = 24.580007 in. 
t = 0.305126 in. 
A = 30.0 in2

IXT A = 3021 in N.A.

E = 30xl06 lb/in2
p = 7.19631549 
V = 0.3

lb-sec"
in

Fig. 4.8 Beam Modeled as a Box Section of Plates

The element properties were calculated such that the EA and El stiff

ness of the box section model would equal those of the previously 

described bending beam and membrane beam models. The QUABV element 

used in this model is a four-node quadrilateral shell element with
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both membrane and bending stiffness. Two rows of plate elements were 

used on each side of the box* giving a total of 160 elements and in 

excess of 900 degrees of freedom with all freedoms active.

As with the membrane beam model* the box beam was modeled 

with built-in ends to eliminate deflection peculiarities at the sup

ported ends. Results for this model are given in Table 4.10.

With built-in ends * the box-section beam has equal transverse 

bending frequencies in the y- and z-direetions. As pointed out in 

Chapter 1* the power method eigenvalue extractor may have difficulty 

solving for equal roots. This difficulty was apparent in this test 

case* as convergence problems were encountered in locating the 

first three roots of the system. The solution converged very rapidly 

for the fourth and subsequent roots * although only one simple trans

verse and one longitudinal mode were found„ Accuracy of the longi

tudinal mode was quite good* as expected* but the additional degrees 

of freedom in this model contributed to poor agreement of »the bend

ing vibration frequency with theory. The beam cross-section was 

deformed slightly in the transverse mode listed* and major deforma

tions occurred in the complex vibration modes not listed. ,

It was hoped that by including all freedoms in this final test 

case DAISY would locate a torsional vibration mode. Since no tor

sional deflections were found* however * there is a good possibility 

that the automatically generated load cases in DAISY are deficient 

in producing deflections which could represent the torsional mode..

It is also possible that the torsional modes were simply not located
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in the solution in the same manner that higher frequency transverse 

and longitudinal modes were not located.

Table 4.10 Beam Simulated as a Box Section of Plates

Natural Frequencies (hz)

Exact Solutions
a *  /77

Mode TRANSVERSE fn
-  n

27TL 1 pA LONGITUDINAL f = -£- -i n 2L \

1 5.53551556 E+01 2.83578326 E+02

2 1.55246050 E+02 5.67156651 E+02

3 3.04453356 E+02 8.50734977 E+02

DAISY Solution

Mode ALL FREE, NM = 8 Type and Number % Diff.

4 4.91802294 E+01 Transverse 1 - 11.160

6 2.85892403 E+02 Longitud. 1 + 0.816

Cost $55.04

* See Ref. 23 a. = 22.0 a^ = 61.7 â  = 121.0
a: = 200.0 a, = 298.2 4 5



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS 

FOR FUTURE DEVELOPMENT

The first phase of DAISY dynamics development has been com

pleted. A basic solution package for free vibrations has been 

included in the program and a number of test cases have been run to 

demonstrate its effectiveness. Results of the test cases showed 

generally quite acceptable agreement with theoretical predictions. 

Comparison of DAISY results with those from two other large-scale 

finite element codes showed DAISY to be comparable or superior from 

both accuracy and cost standpoints.

More extensive testing of the dynamics package should await 

implementation of several substantial improvements in the routine. 

Foremost among these is replacement of the existing power-method 

eigenvalue solver. As mentioned in Chapter 1, this method is inef

ficient and may have convergence difficulties in the case of 

identical roots. While this shortcoming was not apparent in the case

of the 3-D tower, it was for the beam modeled as a box section of
14plates. The subspace iteration method shows promise for extracting 

limited numbers of eigenvalues for complex structures without conden

sation. For in-core operation on a condensed system, the Jacobi^ 

method provides an attractive alternative.

u  ' ■
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While the lumped mass approach in use in the program has pre

sented no problems thus far, the kinematically consistent mass matrix 

is considered to be a superior approach. Incorporation of this formu

lation into DAISY will provide an interesting comparison of results 

with cases such as the beam modeled as a membrane, where the lumped 

mass distribution was thought to have an adverse effect on the accuracy 

of the answers,

As described in Section 4,4, a check on the accuracy of the 

eigensolution is required to aid the engineer in assessing his results, 

This checkout scheme has been drawn up and will be included in future 

DAISY versions.

Presently, the most time-consuming task in evaluating a 

dynamics test case is the determination of mode shapes from point-by—  

point examination of nodal displacements. Much improvement could be 

achieved in this area through the use of high-speed computer graphics, 

which is presently not available with DAISY on The University of 

Arizona’s CDC 6400, Sophisticated plotting packages are available for 

programs such as DAISY, but both software and hardware are required 

for a useful graphics capability.

The eigenvalue package used by DAISY for dynamics solutions is 

now available for other applications, such as structural stability.

In this way the program can continue to grow and improve, remaining 

an up-to-date and valuable tool in structural analysis.



APPENDIX A 

DAISY DYNAMICS SUBROUTINE LISTINGS

43



SUBROUTINE DEC <A »T , D, M,MS) 
DIMENSION A (MS,MS)  , T ( MS, MS)  , D( MS)  
DO I  1 = 1 , M
DO 2 J = 1 ,  M ____    .

2 T ( I ,  J) =0 .
1 T ( 1 , 1 ) = 1 .

D ( 1 ) = A ( 1 , 1 )
DO 3 1 = 2,  M

3 1 ( 1 , 1 )  = A ( 1 ,  I  ) /  D (1)
DO 7 J = 2 , M  ■_
D C J) =A ( J , J) ..................
J M= J - l  
DO 4 1 = 1 , JM

4 0 ( J ) = 0 ( J ) - D ( I ) * T ( I , J ) * * 2  
I F  ( J oEQ. M) GOTO 7 
JP=J>1 _______

DO 5 I = J P »M 
TJI
T (J, I) =A (J, I)
DO 6 K=l,JM ;

6 T(J,I)=T(J,I)-T(K,J)*0<K>*T(K,I) 
5 T (J, I) =T (J, D / D  (J)
7 CONTINUE------------------ - ....

RETURN
END



o 
ci 
o 
o

SUBROUTINE EIGEN <A ,M »VAL,VEC»U,MS)
COMPUTE EIGENVALUES AND VECTORS OF MATRIX A(M 
USING POWER METHOD
A MUST BE SYMMETRIC AND POSITIVE DEFINITE 
PLACE VALUES IN VAL AND VECTORS IN VEC 
DIMENSION A (MS , MS) » VAL (MS) » VEC ( MS* MS) » U ( MS ) 
MAX=M**2+20*M 
DO 1 N=1,M 

C ASSUME VECTOR AND VALUE
NIT=0

 S=0.       _
DO 2 1=1,M 
V = I

7.... V=SORT(V)»SIN(V/3.) '
S=S+V**2 

2 VEC (I ,N)= V
S=1o/SORT(S ) '
DO 12 1=1,M

12 VEC(I,N)=VEC(I,N)*S _  •
VAL(N) =0 o      “  ■' •
IIT = 0 
ICON=0

C"‘  A*V TO U  T.
5 S = 0 o

DO 3 1=1,M
 u(i)=o.   ‘..'.................. ... ...

DO 4 J = 1,M
4 U(I)=U(I)+A (I,J)¥VEC(J,N>
3 S=S+U(I) **2   -....

C NORMALIZE
S=SQRT(S)
0=0*  “          :...
DO 5 1=1,M 
U(I)=U(I)/S
0=0+A3S( U (I i -VEC (I, N) )..............       '.

5 VEC(I,N)=U(I)
0=0/FLOAT(M)
IF (ABS(S-V AL(N)) ,LE* 1 0E-7*ABS(S) ) IC0N=1 
IF (0 oLT. l.E-7) 11T =1 
VAL(N)=S

......NIT=NIT +1 '    """....... :....  '
IF(NIT * GT o M AXI GO TO 9 
IF (ICON *II'T oEOo 0) GOTO 6 

C EXTRACT ROOT AND VECTOR FROM A
WRITE!6,11)N,NIT 

11 FORMAT(7H ROOT ,13,13H CONVERGES AFTER
,15,11H ITERATIONS)



8 CONTINUE 
DO 7 1=1,M 
DO 7 J=1»M

7 A (I, J) = A (I, J) - V A L ( N) •* V EG < I , N i * VEC (J »N)
GO TO 1
WRITE(6,10)N,NIT 

10 FORMAT(7H ROOT ,I3,23H NO CONVERGENCE AFTER
, 15,11H ITERATIONS)

GO TO 8 
1 CONTINUE 

RETURN 
END
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SUBROUTINE ELOAD tNM)
C CALCULATES POINT FORCES, BELONGS TO LOAD SEGMENT

DIMCOM
DATA PI /3<.l415926/
DIMENSION LTFC3),LPR(4,25),MUL(3)VVOEPCS?,PTM(3»~ 
EQUIVALENCE (XM,VDEP(1)),(YM,VDEP(2 >),CZM,VDEP(3)) 

C SCAN FOR ACTIVE DEGREES OF FREEDOM _ _
DO 1 1=1,3 
MUL(l)=0 
VDEP (I) = 0.

1 LTF(I) =0 ' "     " " ... ...
DO 2 1=1,NG PT
CALL EXPOB (I)
IR=I*1-NFPS '        *
I1=LPFR(1,1R)

_ . I2=LPFR(2,1R) _
""DO 8 J = 1 ,3           —

A BC= ABS (TGPCU,IR>)
IF (ABC eGTo 'VOEP(J)) VDEP(J)=ABC ' '
IF (II , EQ* 0 o AND, 12 ,EQ. 0) GOTO 8      '
IF (ABC ,GT o C,) MUL(J) = 1

8 CONTINUE
CALL PTFRED (I) --- - ....... ...
DO 7 J=1,3
IF (LFP(J) oGT. 0) LTF (J ) = 1 _

7 CONTINUE ................. .......
2 CONTINUE

C GENERATION OF COSINE WAVE COMBINATIONS
NL-0   "
DO 9 1=1,3
IF (LT F( I) , EQ, 0) GOTO 9
NL=NL + 1 ' ; ............  ..
LPR(1,NL)=0 
LPR(2,NL)=0
L PR (3, NL ) = 0  " .........
LPR(A,NL)=1

9 CONTINUE
DO 3 IP3LP= 2 ,MSUB ""......
IPOL=IPOL P-1 

C MULTIPLIER COMBINATIONS TOTAL IPOL
JSKPX=0
DO 4 IXP=1,IPOLP
IF (J.SKD X , GT, u ) GOTO 3
IX=1XP”1



IF ( MU I (1) .EQ. 0) IX"=0 
IF (MUL(l) .EQ. 0) J5 KPX=J S KPX>1
IX IS NUMBER OF WAVES ASSOCIATED WITH X......
JSKPY=0
DO 5 I YP = IvIPOLP 
IF (J5KPY . GT. 0) GOTO 4 
IY=IYP-l
IF (MULC2) .EQ. 0) IY=0
IF (MUL(2) .EQ. 0) JSKPY=JSKPY+i
IY IS NUMBER OF WAVES ASSOCIATED WITH Y
JSKPZ = 0
DO 6 I ZP = i $ IPOLP'
IF (JSKPZ .GT. 0) GOTO 5 
IZ=IZP-1
IF ( MUL C 3) .EQo 0) IZ=0
IF (MUL(3) .EQ. 0) JSKPZ=JSKPZ+i
IZ IS NUMBER OF WAVES ASSOCIATED WITH Z
IF (IX+TY+IZ .NE. I P O D  GOTO 6
DO 14 1=1.3
IF (LTF(I) .EQ. 0) GOTO 14
NL=NL + 1 " ’............
LPR(1» NL)=1X 
LPR(2,NL)=IY
LPR(.3f NL)=IZ.  "
LPR(4,NL)=I 

14 CONTINUE
IF (NL .GE. NM) GOTO 10 

o CONTINUE 
5 CONTINUE
4 CONTINUE ...... : '  V
3 CONTINUE 

10 NLCT=NM
WRITE (6,20) .. .. . ........ ..

20 FORMAT (424 IKE Y TO AUTOMATIC GENERATION OF LOAD

CASES///52H NUMBER
1 OF COSIN- WAVES AND DIRECTION OF APPLICATION//

27H NL X " Y
2 Z DIR) ' ~ ' ......  .
DO 22 N=1,NM
WRITE (6,21) N » LPR(1,N),LPR(2,N) ,LPR(3,N),LPR(4, N)

21 FORMAT (IX,515)
22 CONTINUE

DO 13 NLC=1,NM 
PX=LPR(1,NL C) •
PY=LPR(2, NL C )
PZ=LPR(3,NL C )



IF=LPR(4,NLC)
DO 11 NP=1,NGPT 
CALL EXPOS (NPi 
NR=NPtl-NfPS 
DO 15 K=l»3 
PTM(K)=TGP3 CK+3,NR)

X = X/XH

15 CONTINUE
X=TGPC (IV'IR) 
Y=TGPC(2»NR)
Z=TGPC(3? MR 1 
IF (XH .GT. Q0) 
IF (YM oGT. Do)
IF (ZH oGT. Do) 
QX=1 o
IF (XH oGT. 0.) 
Q Y = 1 .
IF (YH «GT. Do) 
QZ=1«
IF (ZH o GT, Do)

Y=Y/YM __
Z=Z/ZM

QX = COS (PI*PX*X) 

QY= COS(PI*PY*Y) 

QZ=COS(PI*PZ*Z)
PFOR=PTM(IF)*QX*QY*QZ 
CALL IN5LD CNP, PFOR, IF). 

11 CONTINUE 
13 CONTINUE 

CALL TERLD 
RETURN 
. END



SUBROUTINE INVT (T,U,M,MS) 
DIMENSION T CMS,MS),U(MS,MS) 
DO 2 1=1,M
DO 1 J=1,M _ ___

r  U(I,J)=0 o
2 U (1,1)=1,

DO 5 11=2,M 
I=M+2-TI
IM = I -1 

_ DO 4 J = 1 ,IM
"" F = -T (J,I) .. ....... .........

DO 3 K = I ,M
U(J,K)=U(J,K)fF*U(I,K)

3 CONTINUE
4 CONTINUE
5 CONTINUE

RETURN '......... ...
END

SUBROUTINE MODES CM,MAX) 
CALL TIMEl (5HM0DES)
CALL CALSF (6LM00ES1U)
CALL XMODFS
CALL TIME2 (5HM00ES)
RETURN
END



io 
ro
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. SUBROUTINE MASS (N,V)
DIMCOM

CALL TIME1 C4HMASS)
CALL CALSl (5LMASS1 ,1) .................. .
CALL XMASS
CALL TIME2 (4HMASS)
RETURN
ENTRY INCSMX .................  ... .....
K=4

1 CALL EXPOO (N) '
NR=N+1-NFPS
TGPC (K» NR) = TGPC (K» NR) +V 
RETURN
ENTRY INCSMY .............   "  "
K = 5
GOTO 1
ENTRY INCSMZ . '   "•........
K=6
GOTO 1 _■ '
ENTRY INCSMP 
CALL EXPOB (N>
NR-N-H-NFPS 
DO 2 K=4,5
TGPC(K,NR)=TGPC(K,NR)fV

2 CONTINUE 
RETURN 
ENTRY PRISM
WRITE (6,4) 1

4 FORMAT (4X,2HPT,7X,5HMASSX,-1.2X,5HMASSY,12X*5HMASSZ) 
DO 3 NP=1,NGPT 
CALL EXPOB (NP)
NR-NP+1-NFPS ........ ...............
WRITE (6,5) NP, (TGPCd,NR) ,1=4,6) ’
FORMAT (IX,15,3(2X,E15o7))
CONTINUE 
RETURN 
END



.SUBROUTINE SAVEK 
C SAVES K MATRIX FROM DESTRUCTION

DIMCOM
REWIND 5 _ _

 " 00 14 I=i,NGPGT ...      ~
DO 15 J = 1-s N GPGT
CALL DEBIK (I,J,NIT,MI,MJ)

“ ip (NiT „ EQ o O') GO TO 15........
CALL INPBK (I,J,WK1,MSUB)
IF (I ® ME o J) GOTO 16

 DO 17 11 = 2, MI ........ .
IM=II-1
DO 17 JJ=1,IM _ __ __
WK1(II,JJ)=WK1(JJ,II)

17 CONTINUE 
16 CONTINUE

WRITE (5) I , J, MI, M J ........*..... .
WRITE (5) ( (WK1(K»L),K=1,MI) ,L=1,MJ)

15 CONTINUE
14 CONTINUE .......~ ' '

N Z= 0
WRITE (5) NZ,NZ,NZ,NZ
REWIND 5............... ........... ..
RETURN
END



o 
o 
o
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SUBROUTINE XMASS 
DIMGOH

DIMENSION TEP(6,24)»GC(2)»GW(2)
DAT.A SC/-. 5 77350269139626, .57735 0269189626/ 
DATA' NIPtGW/2,1.,1./

COMPUTES CONCENTRATED MASSES AT EACH NODE

INITIALIZE ‘ ..
DO 100. NP = 1 , NGPT 
CALL EXPOBtNP)
NR=NP+1-NFPS 
T GPC(4,NR) = 0.

10 0 CONTINUE
C ......  ELEMENTS..............  ' ""    •

DO 101 NEL=1,NELT 
CALL ELG ( N E D

C   DETERMINE THICKNESS NO. ........    Y .'.... ......
GOTO (1,1,2,1,1,2,1,3,1,1,1,3,2,2,4,1),IETYP

1 NT=1
...... G OT 0 102       • "

2 NT = 0 
GOTO 102

'..... 3 NT= 3          ~""r :... ......... .
GOTO 102 

- 4 NT=5
C ....  DETERMINE L,A O R Y   -.... ...... ........ .

102 GOTO (5,6,7,5,6,8,5,6,9,5,9,5,10,8,5,9),IETYP 
C LINE ELEMENT ’
   5 VAL = 0.          :

DO 10 3 1=1,3
103 VAL=VAL+(TEPCE(2,I)-TEPCE(1,I))**2 

"" VAL = SQRT ( VAL)
NCP= 2 i ''
GOTO 110

C TRIANGLE .................  .......
6 01=0.

02 = 0 o
03=0o " ' ...
DO 104 1=1,3
01 = 014-(TEPCE (2,1) -TEPCE ( 1, I ) ) * * 2  
D2 = 02+(TEPCE<3,I)-TEPGE(2, I))**2

104 0 3 = 034-(TEPCE (,1 ,1) -TEPCE ( 3, I) )**2 
D1=SQRT(01)

...... D2=3QRT (02).................       "
D3=SQRT ( 03)
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H=.5^(01-5-02+03)
VAL=SG!RT (H* CH-til) *( H-D2) *( H-D3) 3 
GOTO 110

C TETRAHEDRON............ .... ............ ....
7 DO 105 1=1,4 

WSKIt 1) =1,
DO 105 J=2,4

105 HSKI, J) -TEPCEC I, J-l) """" ...
CALL DETER ( WSl94»V4L,MSD)
VAL=A3S(VAL)
GOTO 110 

C NO VAL
__  6 VAL=0„

GOTO 110 
C . ■ QUADRILATERAL
 .. 9 DO 106 1 = 1,5

106 DIAGON (I) = 0-*
DO 107 1 = 1, 5 
11 = 1

 IF (I, EQ o 5 ) 11 = 3.....  .. .... ....  .:.
12=1+1

  IF (I® GT o 3) 12=1 . .
S = 0o
DO 108 J=l,3

106 S=3+(TEPCE(12,J)-TEPCE(II,J))++2
107 DIAGON(I)=SQRT(S)

Hi=„5*(DIAGONC1)+DIAG0N(2)+DIAGON(5))
H2 = .5<t<DIAG0N(3) +DIAG0NT4) +DIAGON(5 ) )
Al-SQRT (Hl^ (HI-DIAGON d  ) ) * (Hl-DI AGON (2) ) *

(Hl-DIAGON (51) )
A2=SQRT(H2*(H2-OIAGON(3H*(H2-DIAGON(4d*

(H2-DIA GON (5)))
\f AL=A1 +A 2 ........... ....
GOTO 110 

C 8 CORNER SOLID
10 VAL=0.     _...... .

DO 109 1=1,NIP 
DO 109 J=l,NIP 
DO 109 L=1,NIP
CALL TEPSdC GC(I),GC(J> $GC(L>,TEP,DET)

109 VAL=VAL + GW( II^GNtJ )+GN (L)41 AS S (DE T)
110 CONTINUE

IF (VALoEQoOeoAND.NT.EQo0) GOTO 101 
GOT = lo
IF (NT.GT.0) GDT=TEGDE (NT)



Ill
101

112

S M = V A L * G D T * D E N S / F L O A T < NCR) 
DO  il l  N = l , N C P
N P = L C P ( M ) .......... .....
C A L L  E X P O S  (NP)
N R = N P + 1 - N F P S
T G P C  (4-»NRV= T G P C ( 4 , N R ) ^ S M  
C O N T I N U E

M A S S E S  R E A D Y  O U T P U T  
DO 112 N P = 1 , N G P T
C A L L  E X P O S  CNR) ... .
N R = N P + 1 - N F P S  
P M = J G P C ( 4 , NR)
T G P C (5 » N R ) = PM 
T G P C < 6 » N R ) = P M  
C O N T I N U E
R E T U R N    ""
E N D
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SUBROUTINE X MOOES
FORMS CONDENSED STIFFNESS AND MASS MATRICES,

THEN SOLVES FOR
THE EIGENVALUES AND EIGENVECTORS

DIMCOM
ZEROIZE BIG R MATRIX 
DO i K = i » MS UB

  O O I  L = 1,NLCT _ ____ .
WK3 (K,L) =0»

1 CONTINUE
DO 2 1 = 1 »NSPGT
CALL OUTBR CHK3 »I»MSUB ) .......

2 CONTINUE 
FORM BIG R

6 READ (5) I,J,MI,MJ "... ..... .
IF (I »EQo 0) GOTO 3
READ (5) ( ( WK1 (K » L) »K= 1»MI) »L-=l» MJ)
CALL INPBR CI,WK3,MSUB)
CALL INPSR (J,WK2,MSUB)
DO 7 11=1,MI
00 7 JJ=1,N LCT V ’
S = 0«
DO 4 <=1,MJ
S = S + WK1(II,K)*WK2(K,JJ) ........

4 CONTINUE
WK31II, JJ) = WK3(II, JJ) 1-S

7 CONTINUE
CALL OUTBR (WK3,I,MSUB)

 IF Cl ,EQ. J) GOTO 6
CALL INPBR (J,WK3,MSU9) .... ..
CALL INPSR (Iv WK2,HSUB) ;
DO 8 11=1,M J .
DO 8 J J= 1, N LCT    ""T"
S = 0.
DO 5 K=i,MI
S=S+WK1(K,II)*WK2(K,JJ)

5 CONTINUE
WK3(II,JJ)=WK3(II,JJ)+S

8 CONTINUE    •
CALL OUT BP (WK3,J,MSUBi
GOTO 6

3 CONTINUE   ".........
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FORM CONDENSED STIFFNESS MATRIX
 DO 13 I=i,NLCT ________________ _______________ ___

DO 13 J=1,NLCT 
13 WKKI, J)=W'<4(I, J)=0.

DO 10 1 = 1.-»N G PGT _ _ _______
CALL INPBR (I,HK3,MSUB)
CALL INpSR (I,WK2,MSUB)
CALL EXGRB tl, IR, MI »NF ,NL)  _____ _________
DO 11 11 = 1, NLCT -..........     •“..... .
DO 11 JJ=1,NLCT 
S = 0o
DO 12 K=1,MI   " .........

12 S=S+WK2(K,II)*WK3(K,JJ)
11 HK1CII, JJ) = WK1 ( II, JJ) ̂ -S •______ __

EXTRACT GROUP MASSES "   r
NCF= 0
DO 14 NP=NF,NL _ ___
CALL EXPOS (NP) ..........   '     ' ̂
NR=NP»1-NFPS 
CALL PTFRED (NP)
DO 15 J=l,o
IF (LFP(J) oLE. 0) GOTO 15 
NCF=NCF+1

 DIAGON (N C F ) = 0,
IF (J =LE, 3) DIAGON(NCF)=TGPC(J+3,NR)

15 CONTINUE _ _ _
' 14 CONTINUE  ■.... '........ ...

COMPUTE CONDENSED MASS MATRIX IN WK4 
DO 16 11=1,NLCT
DO 16 JJ=1,NLCT '
S = 0«
DO 17 K=1,MI

17 S=S+WK2(K,II)*DIA50N(K)VWK2(K,JJ) ... :......... .
16 WK4CII, JJ) =WK4(IT,JJHS 
10_ CONTINUE

BEGIN EIGENVALUE PROBLEM FORMATION AND SOLUTION 
CALL DEC <WK1,WK2,DIAGON,NLCT,MSU8)
CALL INVT (WK2,WK3,NLCT,MSUB1 
DO 60 1=1,NLCT
DIAGON (I )=1./SORT (DIAGON (I))

60 CONTINUE
DO 25 1=1, NLCT .
DO 25 J=l,NLCT 
S = 0,
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DO 2 4 IQ=liNLCT 
DO 24 IP=1,NLCT

24 S = S + WK3(IO,I)^WK4(IQ,IP)*WK3(IP?J)
WK2(I»J)=S ...

25 WK2(I,J)=WK2(I,J) I AG ON CI ) ̂ DIAGON ( J)
CALL EIGEN (WK2,NLCI,SKK(1»iI»WK4,SKK(1»2),MSUB)
DO 28 1=1.NLCT 
DO 26 J=lrN LCT 
8=0,
DO 29 'lo = l, NLCT  '..... ' "...........

29 S=S + WK3(I,IP)*WK4(IP,J)*0IAG0N(IP) - '•
WK1(I,J)=S

2 8 CONTINUE '.......... ...... . ....... .
DO 20 J=l» NLCT 
8 = 0,
DO 21 1 = 1,NLCT ".... .................. . " ‘ ........  “

21 S=S+WK1(I,J>**2 
8=1./SQPT(S)

  00 22 1 = 1,NLCT .......... ...
22 WKKI, J> =HK1 
20 CONTINUE

DO. 5 0 1=1,NLCT     '
50 SKKd, 1) = .5 / (PYE^SQRT (SKK( 1 , 1> ) 3 

C OUTPUT EIGENVALUES
WRITE {6,30) (I,SKKd, 1) ,1 = 1,NLCT) ..... .

30 FORMAT (2031FREQUENCIES C ,P ,S,//(3X,15,5X,E20,8/)) 
DO 31 L=1,N GPGT
CALL EXGRD {L,IR,MI,NF,NL)

. CALL INDSR (L,MK2,M SUB)
DO 32 1=1,MI

  DO 32 J= 1, N LCT ............ .........
8 = 0.
DO 33 K=l,NLCT

33 S=S + WK2(I,K)*WKi(K, J)'  "
32 WK3(I,J)=S .
31 CALL 3UTSR (WK3,L,MSUB)

C NORMALIZE EIGENVECTORS    '
DO 34 1=1,NLCT

34 DIAGON (I) = 0,
DO 35 N=1,NGPGT
CALL INPSR (N,WK1,MSUB) .
CALL EXGRB CN,NP,MI,N1,N2)
DO 36 J=l,NLCT 
DO 3 6 1=1,MI
IF (ABStWKlCI,J)) ,GTe DIAGON(J)) DIAGON(J)=

36 CONTINUE A8S(WKi(I,J))
35 CONTINUE



DO 38 I=i,NLCT
38 0IAG0N(I)=1e/DIAGOM(I> "  .

DO 39 N=i,NGPGT
CALL I MRS 9 (N,MKi,MSUB)

" CALL EXGR9 (N, NR, MI f N1 , N2) "" 
DO 4 0 J=1,NLCT 
DO 40 1=1,MI 

40 WK1 -(I, J ) =W< 1 (I, J) ̂ DIAGON C J )
39 CALL OUTSR (WK1,N,MSUB) 

RETURN
  END ..       '™'



. APPENDIX B 

DYNAMICS TEST CASE STEERING PROGRAMS

60



61

CALL CLEAR(10H ROD Te ST ,
x - 6 ®
DO 1 i; = 19 5 0
C&LL GENPT (IfXsOe^OcslsOsOsOsOsO)

1 X=X+2o 
NMsl 6
DO 2 11=1,41?10

2 CALL GENPG(Il,Il+9)
CALL ELAM(101,0 »,0 e,0,,0 o,0 »)
DO. 3 1 = 1 *49

3 CALL R002(I»I+1*1«)
CALL SUppT (i)
CALL LISTS
CALL MASS 
CALL UNLOAD 
CALL ELOAD (NM)
c a l l  PRILD
CALL STIFF 
CALL Sa VEK
c a l l  p r i b k 
c a l l DEFL 
CALL PRION 
CALL MODES 
CALL PRIDN
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CALL CLEAR MOHBEAM 8 EL)
X— 0 e
DO 100 1=1,9
CALL GENPT(I>»X*0.»-0**l,0,itO*i,0>

10 0 X=X+45*
CALL GENPT(10,100,» 0e $5 0 „ ,010 $ 0 » 0 $ 0 , 0)
CALL SUPW(1)
CALL SUPW(9)
CALL SUPUC1)
CALL SUPU(9$
CALL ELAM(1,3.E7,,3,0.,0,,7.196315495-4)
DO 200 1=1,8 
J=I + 1

20 0 CALL RE8EAHtI,J, 10,30,,3021,,0,,4 @,4©,1©,0 o,0 o,0 © 1 
CALL LISTS 
CALL MASS 
CALL PRISM 
CALL UNLOAD 
CALL ELOAO(14$
CALL PRILD 
CALL STIFF 
CALL SAVEK 
CALL DEFL 
CALL PRION 
CALL MODES 
CALL PRION
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CALL CLEAR (I0H8EAM 40 EL)
X = 0o
DO 100 1=1,41 "
CALL GENPT(I,X,0®,0e9l,0,r,0sl9 0)
X — X * 9 o

100 CONTINUE
CALL GENPT(42,100o?0s?50 ©,0,0,0,0,0®0)
CALL SUPW (])
CALL SUPW(41)
CALL SUPU(l)
CALL 5UPU(41)
CALL ELAM(1,3.E7,.3»0© »0.,7.19631549E-4}

‘ DO 200 1=1,40 
Jsl + l

200 CALL REBEAM(I?U,42,30e$ 3 021 ©,o©,4 ©,4 ©,1 © ?6a,0 ©,0 @) 
CALL LISTS 
CALL MASS 
CALL PRISM 
CALL UNLOAD 
CALL ELOAD(14)
CALL PRILD 
CALL STIFF 
CALL SAVEK 
CALL DEFL 
CALL PRIDN 
CALL MODES 
CALL PRIDN
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CALL CLEAR (10HCANT,PLATE)
K=0 
X = 0.
DO 1 1=1,5 
Y=0 o
DO 2 J=i ? 3 
K = K+i
CALL GENPT (K,X,Y?0.0,0,0,1,1,1,C)
Y = Y+ 0 o 5

2 CONTINUE 
X=X+ 0 o 5

1 CONTINUE
CALL SUPPT (11 
CALL SUPPT (21.
CALL SUPPT (31
CALL ELAM <i,30„E6s0«3,0e,0«,7033160622E-4)
DO 3 1=1,10,3
J=I>3
K=I+4

' CALL TRIB3 (I,J,K,0.1)
L = I + 1
CALL TRIB3 CL,K,I,0-1)
M=I + 2
CALL TRIB3 (UK,M, 0.11 
N-I+5
CALL TRIB3 (M,N, K,0 -II

3 CONTINUE 
CALL LISTS 
CALL MASS 
CALL PRISM 
CALL UNLOAD 
CALL ELOAD (8)
CALL PRILD.
CALL STIFF 
CALL SAVEK 
CALL PRIBK 
CALL OEFL 
CALL PRION 
CALL MODES 
CALL PRION .



CALL CLEAR (10HCANT.PLATE)
K=0 
X= 0 o
DO 1 1=1,9 ‘
Y= 0 o
DO 2 J=1,5 
K=K+1
CALL GENPT (K,X,Y,0.0,0,0,1,1,1,0) 
Y=Y+0.25

2 CONTINUE 
X=X+ 0 o 25

1 CONTINUE 
DO 4 1=1,5 
CALL SUPPT(I)

4 CONTINUE
CALL ELAM (1,30 «E6,0.3,0 »,0 .,7,33160622E 
DO 5 11=1,3,2 
■ JJ=II + 35 
DO 3 1*11,JJ,5 
J=I + 5 
K=I + 6
CALL TRIB3 Cl,J,K,0,1)
L=T + 1
CALL TRIB3 (L,K,I,],1)
M=I + 2
CALL TRIB3 ( L, K,M, 0 .1)
N=I + 7
CALL TRIB3 (M,N,K,3oli

3 CONTINUE '
5 CONTINUE 

CALL LISTS 
CALL MASS 
CALL PRISM 
CALL UNLOAD 
CALL ELOAD (8) '
CALL PRILD 
CALL STIFF 
CALL SAVEK 
CALL PRIBK 
CALL OEFL 
CALL PRION 
CALL MODES 
CALL PRIDN
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CALL CLEAR U G H  DJK TOWER)
N=41
A= 0 o 0 i
DO 1 1=1,N,4 
Z=FL 0AT CI)+1.
W=Z+2.
J=I + 2
CALL GEN FT 
CALL GEN FT 
CALL GENPT 
CALL GENPT 
CALL GENPT 
CALL GEN FT 
CALL GENPT 
CALL GENPT 

1 CONTINUE
C ALL- ELAM (101, 0 e , 0 e , 0. , 0
DO 2 1=1,N , 2
CALL ROD 2 {2*1-1,2*1 + 3? A)
CALL R0D2 (2*1 ,2*1+4,A )
CALL R 0D2 (2*1+1,2*1+5,A)
CALL ROD 2 (2*1+2,2*1+6,A )
CALL POD 2 (2*1-1,2*1+4,A)
CALL ROD2 (2*1+3,2*1 ,A)
CALL R0D2 (2*1 ,2*1+5,A)
CALL ROD 2 (2*1+4,2*1+1,A)
CALL ROD 2 (2*1+1,2*1+6,A)
CALL R0D2 (2*1+5,2*1+2,A )
CALL ROD 2 (2*1+2,2*1+3,A)
CALL R0D2 (2*1 + 6,2*1-1,A)
CALL ROD 2 (2*1+3,2*1+4,A)
CALL ROD 2 (2*1+4,2*1+5,A )
CALL ROD2 (2*1+5,2*1+6,A)
CALL ROD 2 (2*1+6,2*1+3,A)
CONTINUE
CALL SUPPT (1)
CALL SUP FT (2)
CALL SUPPT (3)
CALL SUPPT (4 3
CALL LISTS
CALL MASS
CALL . U NL OA 0
CALL ELOAD (5)
CALL STIFF
CALL SAVEK
CALL DEFL
CALL MODES

J 2*1-1,0.0,0.0,Z,1,1,1,0,0,0) 
( 2*1 ,2.0,0.0,Z,1,1,1,0,0,0)
X2*1+1,2.J,2.0,Z, 1,1,1, 0,0,0) 
<2*1+2, 0 .0,2. 0,Z,1,1,1, 0,0,0)" 
X2*J-1,0.0,0.0, W,1,1,1,0,0,0) 
(2^0 ,2.0,0.u,W,l,1,1,0,u,u)
(.2*0 + 1, 2 .0 ,2,0 ,W, 1, 1, 1,0, G, 0 ) 
<2*J+2,0.0,2.0,W,1,1,1,0,0,0)
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CALL CLEAR C10HMEMBEAM/Q8)
NP=0 .........
X “ 0 o
DO 3 1=1,21
Y=0o , .
DO 1 J=1,5
NP=NP*1
CALL GEN PT %NP ,X,Y,0«,1,1,0,0,0,01 
Y=Y+8,690512

1 CONTINUE
IF (I 6 EQo 21) GO TO 4 
X=X + 9».
Y =0 o
DO 2 l<= 1, 3 
NP=NP + 1
CALL G ENPT (NP,X , Y, 0. , 1, 1, 0 , 0 , 0, 0 )
Y=Y+17*381024

2 CONTINUE 
X=X -6-9®

3 CONTINUE
4 CONTINUE 

DO 6 1=1,5 
I P= I +16 0
CALL SUP PT (I)
CALL SUP FT (IP)

6 CONTINUE
CALL ELAM. (1, 3 *E7,0«3,0 *,0o,7 * 19631549E-4)
DO 5 L=i,l53,8
L2=L+1
L3=L>2
L4=L+3
L5=L+4
L6=L+5
L7=L+6
L 8= L + 7
L9=L+8
L 39 = L 4-9
L11=L+10
L12=L4ll
L13=L*12
CALL QM8 ( L ,  L 9 ,  L l i  , L 3,  L 6 ,  L1.0 , L 7 , L2 , G« 863 010 , 0 , )  
CALL QMS ( L 3 , L l l , L 1 3 , L 5 , L 7 , L 1 2 , L 8 , L 4 , 0 * 8 6 3 0 1 0 , 0  o)

5 CONTINUE



C Hi 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL

LISTS
MASS
UNLOAD
ELOAD
STIFF
SAVEK
DEFL
MODES 5
PRIDN



CALL CLEAR (10HB0XBEAM II)
NP=0
X=0.
DO 4 1=1,21 
Z=0.
DO 3 J=l,3 
Y=0.
DO 2 K=l,3
IF (K .EQ. 2 .AND. J . EQ. 2) GOTO 1 
NP=NP+1
CALL GENPT (NP,X,Y,Z,1,1,1,1,1,1)

1 Y=Y+12.2900035
2 CONTINUE 
Z=Z+12.2900035

3 CONTINUE 
X=X+18.

4 CONTINUE 
DO 7 1=1,8
IP=I+160 "
CALL SUPPT (I)
CALL SUPPT (IP)

7 CONTINUE
DO 6 M=2,162,8 
M4=M+2 
M5=M+3 
M7=MP5
CALL SUPRZ (M)
CALL SUPRY (M4)
CALL SUPRY (M5)
CALL SUPRZ (M7)

6 CONTINUE
CALL ELAM (1,3,E7,0.3,0.,0.,7.19631549E-4) 
DO 5 1=1,153,8 
12=1+1 
13=1+2 
14=1+3 
15=1+4 
16=1+5 
17=1+6 
18=1+7 
19=1+8 
110=1+9 
111= 1+10 
112=1+11 
113=1+12 
114=1+13 
115=1+14 
116=1+15
CALL QUABV (1,19,112,14,0.305126,0.)
CALL QUABV (14,112,114,16,0.305126,0.)



CALL QUABV (16,114,115,17,0.305126,0.) 
CALL QUABV (17,115,116,18,0.305126,0.) 
CALL QUABV (1,19,110,12,0.305126.0.) 
CALL QUABV (12,110,111,13,0.305126,0.) 
CALL QUABV (13,111,113,15.0.305126,0.) 
CALL QUABV (15,113,116,18.0.305126,0.) 

5 CONTINUE 
CALL LISTS 
CALL MASS 
CALL UNLCAD 
CALL ELOAD (8)
CALL PRILD 
CALL STIFF 
CALL SAVEK 
CALL DEFL 
CALL MODES 
CALL PRION
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