
NUREG/CR-1938
BNL-NUREG-51341
RD

- - _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -

Reduction of Structural Degrees
of Freedom

Manuscript Completed: December 1980
Date Published: April 1981

Prepared by
C. A. Miller *

Brookhaven National Laboratory
Upton, NY 11973

' Professor, The City University of New York, under contract to BNL

Prepared for
Division of Reactor Safety Research
Offico of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
W:shington, D.C. 20555
NRC FIN A3216

$|0 f/$ 0
.



Abstract

Guyan reduction is used extensively to reduce the d :grees of freedom

of a structural model prior to performing dynamic analysis. A modification

to Guyan reduction is developed which results in the same eigenvalue pro-

blem as Guyan reduction but gives an improved transformation for expanding

the reduced mode shapes. The SAPV computer program is modified to include

both reduction methods.

Four sample problems are then solved using both of the reduction methods

and the results are compared with an exact solution. For each of the pro-

blems the number of degrees of freedom retained for the dynamic analysis is

varied. The errors in frequencies are found to be small while the errors

in member forces can be quite large. The errors resulting from the modified

reduction method are much smaller and more uniform throughout the structure

than those resulting when Guyan reduction is used. Member force errors

are much larger in systems where there are large differences in element

stiffnesses (e.g., piping systems) than in systems where the stiffnesses

is about the same (e.g., frames).
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1.0 INTRODUCTION

The development of discrete models for structural frameworks requires

that compromises be made when deciding on the total number of degrees of

freedom to be retained. A precise description of the structure may require
i

many more degrees of freedom than are acceptable from a computational view-

point. Limitations of the degrees of freedom to be retained arise from both

restrictions embedded in the available sof tware and economic considerations

of the cost of generating the computer solutions.
,

) Such limitations are usually more serious for dynamic problems than for

static problems. nost of the large structural sof tware packages therefore

provide the user with the option of describing the structure with more degrees
.

of freedom than are retained for dynamic response computations. Degrees of

freedom to be retained in the dynamic analysis are specified by the user and

a transformation relating the remaining degrees of freedom to these retained

is used to reduce the order of the system (Guyan Reduction, Ref. 1, is used

most of ten) .

This dynamic reduction is of ten (Refs.1,2,3) performed based upon a

transformation which neglects inertial effects for the degrees of freedom to

be eliminated. The transformation is then used to generate mass and stiffness
8

matricies for the reduced system that approximate the kinetic and potential

energies of the complete system. There are few data available to assess the

extent to which this dynamic reduction introduces errors into various aspects

.

of the problem.

t The errors introduced in three small problems (cantilever beam, gabled

frame, and small piping loop) are discussed in Ref. 4. It is shown that

. Guyan Reduction may result in very significant errors in the member loads
i

, -1-
i
#
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(20-40 percent for models which appear reasonable) while the modal frequencies

appear quite good. A relatively simple modification of Guyan Reduction results

in significantly smaller errors.'

The purpose of the work reported here is to extend the studies reported
i

in Ref. 4 to include larger structural systems and in particular structurali

systems found in nuclear power plants. The specific objectives are twofold.

First, an assessment is made of the errors in large structural systems when

both Guyan and Modified Guyan Reduction are used. Second, the economies

that r.ay be achieved by using these reduction methods as compared with

obtaining complete solutions (i.e. , no reduction) are investigated.
,

f
To achieve these objectives both Guyan Reduction and Modified Guyan

Reduction are added to the SAPV (Ref. 5) computer program. The current

version of SAPV has no reduction capability. SAPV was selected because it

has the capabilities (size and element library) to analyze the structures of

interest and the program is relatively easy to modify (as compared with other

general purpose structural programs).

The analysis upon which the reduction methods are based is described

in Section 2.0. The implementation of these methods into SAPV are discussed
j

i

in Section 3.0 (Appendix A contains a listing of the modification to SAPV'

and Appendix B contains a users guide indicating how this version of SAPV
,

;

may be accessed at Brookhaven National Laboratory). The application to

sample problems is described in Section 4.0 and the work is summarized in

Section 5.0.

1

i
.

-2-
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2.0 ANALYSIS

ThenormalflowofcomputationsintheSAPVprogrm[ involves:,

(1) formation of the mass and stiffness matricies; (ii) calculating

the required eigenvalues and eigenvectors; (iii) performing the response

spectrum analysis; and (iv) evaluating modal displacements and member

loads. When the reduction methods are added, this flow is interrupted

after (1). At this stage: reduced mass and stiffness matricies are de-

veloped; the eigenvalues and eigenvectors for the reduced system are de-

termined; and the eigenvectors are expanded from the reduced degrees of

freedom to all degrees of freeden. The normal flow of SAPV computationa

at (iii) is then reentered and the solution concluded as a normal SAPV

run. The analysis upon which each of these three new computations are

based is outlined.

.

2.1 REDUCTION METHODS

The problems of solving for the eigenvectors and forced response of

a linear structural system described in terms of its mass and stiffness

matricies are considered. In particular it is of interest to consider
;

those problems wherein some reduction in the total number of degrees of

freedom is attempted before any solutions are found.

Consider the eigenvalue problem for a discrete structural system

where it is desired to eliminate secondary degrees of freedom (X ) and
s

retain only primary degrees of freedom (X ) thereby reducing the order

of the equations to be solved. The partitioned equations of motion describing'

free vibration of the system may be written as:

-3-
I
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M 'M
~

[E ' "K lK
'"

X
| PP_ ' Ps p pp ps p
- --+-- < ;- 5 + =0 (1)

i X l K i K Xsp , MM
ss s sp ss

, _
j _

, s,
,

where M = mass matrix

) K = stiffness matrix

5= acceleration

j For each mode of the eigenvalue problem
I /s [ Y

)xR=)E= 2 E (2)-A g,,

X X'

L s s,,

where A = eigenvalue,

Substituting Eq. (2) into (1) gives,

| - 1 - - - (
'

2 PP Ps p pp , ps 'l p
0 (3)-A - - + - - > + -- --

i
-- =

i IM 'M X K K X
sp ss s | sp , ss s !

. . A s . . L s

Elimination of the secondary degrees of freedom may be accomplished from
,

the second of the above equations to give,

X =-T X
i s p

ss)~ (A M -K sp) (4)where, T = (A M -K
ss sp

Substituting Eq. (4) into the first of Eq. (3) yields the eigenvalue

problem in the reduced degrees of freedom (X ),

ps ) X (5)Ps )X = (K
-KA (M -M TT

pp ppPP,

j

Unfortunately the transformation matrix (T) involves the eigenvalue which*

*

is not known.

j

i

I
~

-4-
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Standard methods of solving the eigenvalue problem may be used to

! find the solution of Eq. ' 5 provided a new transformation matrix (T) is
!

] computed each time a new estimate of the eiganvalue (A) is found. Thus
|
; one would begin with the (A=0) solution, determine the eigenvalue, calcu-
; ,

I late a new transformation based upon the updated eigenvalue and repeat the

process until the eigenvalue no longer changes. Several methods of

] carrying out this iterative process have been considered. Fcr some problems <

an almost linear relationship has been found to exist between the eigenvalue

assumed in calculating the transformation matrix and the eigenvalue deter-
2

mined'as the solution of Eq. (5). This would happen if (A M,,) and (A M )

are small as compared with (Kss) and (K ) respectively (see Eq. 4).
i

j This suggests an interesting possibility. If (A M ~Kss) is ex-
ss

panded about (Kss)~ and terms associated with (A ) are neglected as com-'

pared with terms associated with (A ).
'

,

i T=K ~ K + A (-K M +K M K - Ksp) (6)j ss sp ss sp ss ss ss '

:

This definition of (T) has an advantage over (4) in that an inverse need
j

j __ not be recalculated at each step in the iteration on (A) .

l This requirement for an iterative soltulon is eliminated if Eq. (6)
1- 4
j is substituted into the first of (3) and again the (A ) terms neglected

f as compared to the (A ) terms to give,
! '

A (M -M K - K -K - M +K K ~ M K - Ksp) X
,

=
pp ps ss sp .ss sp ps ss ss ss p

-1
(K -K K Fsp) X

'

PP Ps ss p- |

|

1 -I

! -5-
i

t
!
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Eigenvalues can be determined directly from Eq. (7) without a re-

quirement for iteration. Thts is the eigenvalue problem solved using both

Guyan and Modified Guyan Reduction. Since the full mass matrix in SAPV

is diagonal the reduced mass matrix is,
.

~ ~

M* = M +K K M K K (8)
pp ps as ss ss sp -

The reduced stiffness matrix is,

~

K* = K -K K K (9)
PP Ps ss sp

2.2 EIGENVALUE SOLUTION
|
|

The SAPV computer program uses a determinant search algorithm to solve

for the eigenvalues of small problems and a iteration algorithm for large
,

problems (Ref. 6) . An attempt was made to use the subspace iteration

algorithm for the reduced system but difficulties were encountered unless

considerable care was taken in selecting the trial vectors. This difficulty

occured because the reduced mass matrix is full while the full mass matrix

(used in SAPV) is diagonal.

A standard inverse iteration with Gram-Schmidt orthogonalization pro-

cedure (Ref. 6) is used. The inverse iteration method may be described as

follows. The eigenvalue problem is,
,

A M* X = K* X (10)
P P

'.

A trial vector (X ) is selected and the following iteration performed so'

y

that (X ) g es to a mode shape as the iteration index (k) increases,
K

|

i

-6-
,
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K* = M* Xg

2 -T -

/C (11)F* XA g+1 " 41 K+1

-T
k+1 " K+1 / C-

-T -

C = k+1 * k+1

This iteration converges to the mode associated with the smallest eigenvalue.

Modes higher than the first are detemined by requiring all the vectors (X )

be orthogonal to the lower modes already evaluated,.tbereby suppressing

those modes in the iteration. Gram-Schmidt orthogonalization is used for

this purpose and is done as follows when the i mode is being calculated

X=i-f,5fZ M* i (12)

where, x = trial vector

x = trail vector mode orthogonal to all

of the lower modes Z k

2.3 EXPANSION OF REDUCED EIGENVECTORS

The eigenvectors found in (2.2) are of a length equal to the number of

reduced degrees of freedom. If member loads are to be calculated these

eigenvectors must be expanded to include all degrees of freedom.

Guyan Reduction calculates the secondary (eliminated) degrees of

degrees of freedom from,

X = -K ~ K X (13)s ss sp p

-7-



The Modified Guyan Reduction calculates the secondary degrees of freedom from

Eq. (6) or if the original mass matrix is diagonal,

_ _

K' K +A (K M K K
~ ~

sp) X (14)X =-
s , ss sp ss ss ss p

,

3.0 SAPV MODIFICATIONS
,

The changes discussed in Section 2.0 have been incorporated into the

SAPV program at Brookhaven National Laboratory (BNL). The program is

operational on the BNL CDC-7600 computer system. The aain program in SAPV

is modified and thirteen new subroutines are added. All of the SAPV sub-
,

!

routines are unaltered. A listing of the modified main program and the

thirteen new subroutines is contained Ln Appendix A. Detailed instructions

| for using the BNL SAPV program incorporating these changes is given in

Appendix B. In this section of the report the general form of the modifica-

clon, input data requirements, and a description of each of the programs

are given.

3.1 GENERAL FORM OF MODIFICATION

The SAPV Computer Program is modified so that the total static degrees

of freedom may be reduced prior to performing a dynamic analysis. In the

previous section of the report two reduction methods are developed:

(1) Guyan Reduction which is the standard reduction used in most

structural software packages. (Eq. 7) is the eigenvalue pro-

blem and (Eq. 13) is used to expand the modes after solution of

the eigenvalue problem.

-8-
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,

(ii) Modified Guyan Reduction which uses the same (Eq. 7) for
4

solution of the eigenvalue problem. (Eq. 14) is used to ex-
A

: pand the modes rather than (Eq.13) used in the Guyan Reduction.
>

i These two reduction methods are incorporated into
!

SAPV as indicated on Figure 1. As may be seen the modification

is made by interrupting the normal flow of computations in
F

.; SAPV at two locations;

i (1) SAP 5.88*- The type of reduction (or no reduction) is read in

together with the primary degrees of freedom to be retained.<-

4

These data are then used to rearrange the' equation numbers

(defined in the ID matrix) so that the primary degrees of,

i freedom occur first.

(ii) SAP 5.296*- The reduction is performed and the eignevalue
f

i solution obtained for the reduced system. The rodes are
r
'

expanded to the total degrees of freedom and stored in the

| appropriate locations so that the normal SAP response analysis
!

may be performed to complete the solution.

; Each of the subroutines listed in Figure 1 are discussed in Section 3.3.

) 3.2 INPUT DATA REQUIREMENTS
4

| Only one addition is required to be made to the normal SAPV data
j

input requirements as given in Ref. 5. After the "lII Nodal Point Data"
,

and before the "IV Element Data", the following card (s) are inserted:
f

1

T

' * Refers to line numbers in the BNL SAPV Program
.

3
;

j -9-
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SAP V PROGRAM MODIFICATIONS
PRIMARY SERVICE

REDUC 1)INPUT NODAL DATA ; y

ARRANGE EQUATION i

NUMBERS l

INPUT ELEMENT DATA ;
FORM MASS AND STIFFNESS 4

,

: MATRICIES

= SIZR |
t

| STIFF |
e

| MASS |
+

|GAUS }= - | I.OC AT': j
d

|RPliCMb { l'PT,00 , PriT,0 * |
t

PPI.OC , INV ER',| PC'l!MR 'F r , '
CRAMS

t,

! tNPY!n j

l '

COMPLETE SOLUTION

!

Fig. 1 GENERAL FORM OF SAP V MODIFIC ATI0!!

s

-10-
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:

i
,

I No of Cards Format Variables Definition

1 15 NTYP NTYP = 0; No Reduction
I

(Standard SAP run)
|

= 2; Cuyan Reduction-

= 3; Modified Guyan
'

i Reduction
!

1 2 x NRDOF + 1 14I5 NRDOF, NRDOF= Number of Primary
14

j (MASN(I), Degrees of Freedom
:

} MADF(I), MASN = Node Number of

; I=1, Primary Degree of
1
-

NRDOF) Freedom I
i

MADF = Direction (1-6)

a of Primary Degree

of Freedom I

| Also the Card VIII " Mode Shapes and Frequencies" is omitted if NTYP is
4

'

not equal to 0.

! 3.3 DESCRIPTION OF SUBROUTINES .

:
\

! Before describing the subroutines common variables are defined and
t

j storage allocations are discussed.

! 3.3.1 STORAGE ALLOCATION !

!

j Most of the data required in Core is stored in vector (A) in the
4

SAP main program and only put into matrix from within the subroutines so

.}
j that the size of the matricies may be adjusted to the required sizes.
!

;

a-11-
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All data stored in (A) at BNL is put into Large Core Memory (Level 2).

The data in (AT at the call to each of the primary subrnutines is listed

in Table 1. Control parameters are defined in Table 2. Note that the

storage in (A) la rearranged between the subroutines REDUCE and POWER.

Tape storaged is discussed where applicable in the subroutines.

3.3.2 REDUCl

The additional input data described in Section 3.2 is read into the

program through this subroutine. The SAP generated matrix of equation

numbers (ID) is read from Tape 8 and reordered so that the primary degrees

of freedom are-the first numbered equations. The primary and secondary de-
_

gree of freedom equation numbers are kept in the order that they appeared

in the original ID matrix. The new ID matrix is written on Tape 8.

The SAP band width minimizer occurs af ter this location in the program.

It should not be used or it will upset the equation number reordering

that is performed here. (Therefore MINBND should be read in as 0 on

the Master Control Card).

3.3.3 SIZE

The size parameters required for the solution are generated and printed

in this routine. The following parameters, which are defined in Table 2,

are calculated here: NST, NRDOF, NS, NS1, NS2, NS3, NOT, and MBS. In

addition the required size of the vector (A) used in the various phases of

the program is determined and printed.

-12-
,
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a

Table 1

DATA STORACE IN VECTOR A

Subroutine Variable Size Location in e

REDUCI ID = Matrix giving 6*NUMHP 1

equation number *

IDN = Reviced ID 6*HUMNP 1 16 * !!UM?H'

SIZE X = One band of ITEQB5MBAND 1
stiffnesa natri

XL = One band of NEQB 1 + !'"qR * !'D A"n
load matrix

STIFF K see Sect. 2.0 NS1 1pp

K see Sect. 2.0 NS2 H22= 14 !!S ipg

i K see Sect. 2.0 ??SE0 * MBS I?R7=l!R2+NS2-ss4

I!Ri =t!R3+HStD.* ?''3| X = Dummy K NSEQ*MBS iss,
!

XL = Dummy Load HSD) NR5=HRI+!!S * 'USi
i
i

MASS XM = Diagonal Mass NST IIR3
'

GAUS A1 = One block K,3 USEP MBS IIRI;=HR 3 H?ST

I A2 = Second block NSEQ* MBS ER5= HR4+i!SE? ? '*:
B = Dummy load MST :'96=UR5+:'3??,+?:' .i

G = Dummy load NOT ':27=:iUG+IIS"'
*

pp nd KREDUCE K p NS1 !
a

K ,, HS2 I'R2'

Po

XM HST I:R?
, ,

.

M HS1 "Ul:
XSS = Dummy IIS M25=?iRl +:IC 1!

T1 (one ror!) IIRIX)F UR6=MR5+"O
TO (one block) I:T0*NRDOF IIR7=? R6 +iiR"&

-continued-

1

1

1

1

-13-
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Table 1 cont'd

.

P0"lER K ITS1 1

,

M HS1 !!R2= 1 +H01
EV = Ei.genvectors '?RDOF* MODE NR3=:!R2+"S1
XD = Factored K IIRnmeringoy ngz,=1;n3+;rinop> onn
B = Dummy ?!HDOF !!25=l!D!++IIIFCF< "99^ ^ '.

BB = Dunrf NRDOF IIRG=?!R5+HRDOF
EDUM = Eigenvalues "0DE I!n?=:rE6+HRro?

EXP!L?ID EV NRDOF* MODE IIR3
TO !!T0*HRTOF Hr?l;="D3+N RPO"urrm"
T1 ?!D93F I!R5=UI?!>+ii20 2-F2 T7
ESAP = Elock of IT'B' MOD" ??nC=?::25+179're

expanded noden

-14-
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Table 2

DEFIIIITION OF CONTROL PAI?N4RPERS

Variable Definition

ITUMIIP IIumber of nodes

liEQB Number of equations in one bloch of otif fner -
matrix

MBAND Bandwidth of stiffness matri.':

IIS1 Number of elements in upper half of Kpp

HS2 Number of elementa in Kpg

NSEQ Number of equations in bloch of K ,,g

MBS Bandwidth of E gg

UST Number of unrestrained decreen of frec<1on

IJS Number of secondary degrees of freedom

IIRDOF Number of primary degreec of freedo!.a

NTO IIumber of equations in one block of T
O

MODE Number of modes

-15-
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'

i
i

t
! 3.3.4 STIFF
i

j

The stiffness matrix is generated in the normal. SAP routines.and stored'

banded and blocked on Tape 4. This tape is read and (K ) and (K ) are

) formed and kept in Large Core Memory (see Table 1). The secondary degree

of freedom stiffness (K ) is also determined and stored banded and blocked
,

{ on a new Tape 16.
!

3.3.5 MASS
)

The disgonal mass matrix as stored on Tape 9 is read and used to form

the vector of all masse... This vector remains in Large Core Memory.
+

3.3.6 GAUS

L

This subroutine forms (K 1) using elimination as described in Ref. 6.

It operates essentially the same as SESOL in the standard SAPV except that

it generates " load vectors" required to compute one column of (K ) at a

time. The full column of (K ) is stored in Tape 17. The elimination
; s

i operation is set to operate on a banded sy= metric matrix stored in block'
i

form. In this instance the K matrix is read in from Tape 16.
s

The transfer list to this subroutine contains the parameters NT1,
,

i

NT2, NT3, and INDEX. if INDEX = 1 the inverse of the matrix stored on

i Tape NT1 is calculated and stored one colu=n at a time on tape NT3. If

INDEX = 2 the matrix stored on Tape NTl is factored and the result is

storea on Tape NT2. If INDEX = 3 the equation Ax = B is solved. (A) is'

!
' stored on NTl and B is transferred through the list. The solution (x) is

stored in (B). The parameters have the following values in this application.'

$

NT1=16
NT2=18

j NT3=17
i INDEX=1

~

-16-
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; 3.3.7 REDUCE

I

! The transformation matricles and the reduced stiffness and mass matricies

: are determined. The following sequence of calculations are made;,

i

~ '

(1) T =K *K (first term in Eq. 6)...o ss sp

The transformation matrix T is calculated one block at a time
9

~1(NTO rows) and the result stored on Tape 18. K is read

from Tape 17.

(ii) T = K,, * M,, * T,... (second tem h Eq. 6)y

The transformation is calculated one now at a time and stored

on Tape 16. It is written over and destroys Kss'
) (iii) K* = K -K *T

PP Ps o

The reduced stiffness matrix (K*) is calculated and written
'

over K which is no longer needed.

I (v) M* = M +K *T
PP P8

'

The reduced mass matrix (M*) is calculated and the upper half

stored in a new location.
i

3.3.8 POWER
i

!
r

The power method using inverse iteration is used to calculate the

!

| lowest (MODE) modes for the reduced mass and stiffness matricies. The

| iterations are coatinued until the change in eigenvalue (d) is less than
!

O. 01% . The error at each iteration is printed. Af ter all eigenvalues'

have been generated, they are written onto Tape 7 as required for the

remainder of the SAPV program.
,

i
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3.3.9 EXPAND

i

The eigenvectors are expanded to include all unrestrained degrees of

freedom according to either Eq. (13) or (14) depending on whether the'

reduction is Guyan or the Modified Guyan. The full vectors are then stored

on Tape 7 after the eigenvalues..

3.3.10 LOCATE

1

This subroutine locates the (1,j) element in K,, when K,, is stored

in block form.

3.3.11 PPLOC
4

A

This subroutine locates the (1,j) element in K. pp.

j 3.3.12 PSLOC
i.

This subroutine locates the (1,j) element in Kps'

3.3.13 INVERT

This subroutine factors the reduced stiffness matrix (K*) as required

in the POWER subroutine. It operates the same as the GAUS routine except

for the format of the matrix being reduced.
.

3.3.14 GRAMS
;

i
* This subroutine performs Gram-Schmidt orthogonalization as described
i

in Section 2.2. At each iteration in POWER the current eigenvector is made

orthogonal to all eigenvectors previously calculated.
|

)
i

I

j

i
i
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4.0 SAMPLE PROBLEMS

The modified SAPV computer program is used to study four sample pro-

blems: a ten story building; the ten story building with a relatively light

structure attached to the top story; a nuclear power plant piping system;

and a nuclear power plant containment building. For each of the problems

solutions are obtained; with no reduction; with Guyan Reduction; and with

the Modified Guyan Reduction.

4.1 TEN STORY BUILDING

The first problem considered is the ten story by three bay f rame

as shown on Figr:e 2. The node numbers used for the SAP data are shown by

each of the nodes and the element numbers are shown underlined. All of the

columns (elements number 1 through 40) have a cross-sectional area of 60

square inches and a moment of inertia of 1500 inches. The beams

(elements 41 through 70) have a cross-sectional area of 100 square inches

and a moment of inertia of 1000 inches. The material of all members has

a modulus of elasticity of 30,000 ksi and a density of 490 pounds per

cubic foot.

The columns are fixed at the base (nodes 1 through 4)

and the response spectrum shown in Figure 3 (solid) is input in the horizontal

direction. The frame is solved with no reduction and then with both Guyan

and Modified Guyan Reduction. For each reduction method four solutions

are obtained retaining 3, 4, 6 and 10 degrees of freedom for the dynamic

analysis. In all cases the degrees of freedom retained are in the

horizontal direction; with the specific degrees of freedom given as:

-19-
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Number of Dynamic Degrees of Freedom - Horizontal
Degrees of Freedom Displacement at Nodes

3 11, 26, 41

4 12, 23, 34, 41

6 10, 17, 28, 35, 38, 41

10 6, 9, 16, 19, 22, 25, 32, 35, 38, 41

Three modes are included 1.n the solution and the results for frequencies,

lower story columns (1 and'll), upper story columns (10 and 20), lo;er story

beams (41 and '51) and upper story beams (50 and 60) are given in Table 3.

As may be seen the results for frequencies are quite good regardless of the

type of reduction or number of dynamic degrees of f reedom retained in the

model. Of course this would not hold true if any particular mode could not

be reasonably represented in terms of the degrees of freedom retained. This

is the reason for the departure in the mode 3 frequency as calculated with

Guyan Reduction from the exact solution.

So that the errors in member bending moments may be evaluated, the

percentage errors in four of the columns and four of beams are computed

fram the data in Table 3 and given in Table 4. The Modified Guyan Reduction
<

gives excellent results (less than 2% error) for all reductions, even when4

only 3 degrees of freedom are retained. Guyan Reduction gives equally good
L

results for the lower story members (11 and 41) but very poor results for

the upper story members unless 6 or more degrees of freedom are retained.

This variation in accuracy with location in the structure would make it

difficult to review data for a Guyan Reduction run to determine the

reliability of the results. It also appears that the Modified Guyan Reduction
,

gives errors of one sign (i.e., a lower bound) while Guyan Reduction gives,

:

errors which can be positive or negative.

I -22-
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Table 3

Ten Story Frame Frequencies and Member Bending Moments

Type of No. of FREQUENCIES (CPS) COLUMN MOMENTS BEAM MOMENTS
Reduction Dynamic

Degrees -

of MODE 1 MODE 2 MODE 3 1 10 11 20 41 51 50 60
Freedom

Exact 0.86 2.64 4.61 1520. 150. 1738. 315. 1390. 1196. 150.1 193.1

3 0.87 2.85 4.85 1535. 344. 1756. 630.1 1402. 1206. 334. 340.7g
U 4 0.86 2.71 5.07 1521. 198.7 1740. 387.4 1393. 1198. 198.7 225.3

f 6 0.86 2.66 4.72 1514. 151.2 1732. 314.1 1391. 1197. 151.2 192.7

N 10 0.86 2.64 4.61 1520. 149.9 1738. 312.5 1390. 1196. 149.9 192.1
__ _

H.
3 0.87 2.85 4.85 1496. 148.7 1710. 311.0 1367. 1177. 148.7 190.6g

L U 4 0.86 2.71 5.07 1513. 149.6 1730. 313.6 1383. 1190. 149.6 192.6
Y { 6 0.86 2.66 4.72 1319. 149.7 1736. 314.0 1388. 1195. 149.7 192.9

N 10 0.86 2.64 4.61 1521. 149.8 1738. 314.2 1390. 1196. 149.8 193
-



I

l
1

1

Table 4

% Errors in Member Moments

No. of Guyan Reduction Modified Guyan Reduction
Deg. of Member No. Member No.

Freedom
11 41 20 60 11 41 20 60

3 1.0 0.9 100.0 76.4 -1.6 -1.6 -1.3 -1.3

4 0.1 0.2 23.0 16.7 -0.5 -0.5 -0.4 -0.3

6 -0.3 0.1 -0.3 -0.2 -0.1 -0.1 -0.3 -0.1

10 0 0 -0.8 -0.5 0 0 -0.2 0

.
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I
i

The running time for both Guyan and Modified Guyan Reduction solution

I are cbout the same (Modified Guyan is about 0.5% slower). The solution
|

) times on the BNL CDC 7600 computer are 6.95, 7.28, 7.30 and 7.90 seconds
.

| respectively for the 3, 4,6, and 10 degree of freedom problem. The computer
|
'

implications of the reduction schemes are discussed in Section 4.5.

4.2 SMALL STRUCTURE ADDED TO TEN STORY BUILDING [

4 The small structure shown in Figure 4 is added to the central bay of the

top ficor of the ten story building. The dashed lines represent the main
,

structural frame as described on Figure 2 while the solid lines are the

.
added structure. The new structure is attached to nodes 38 and 39 of the

i

main frame. Member numbers in the new frame are underlined and node numbers
:
,

shown next to each node. ;
5

| All members of the added frame have a cross-sectional area of 60

; square inches and a moment of inertia of 3 inches. The relatively large

cross-sectional area is used to simulate added mass to the small structure. ,

|
Material properties of the small structure are the same as the main frame.;

I In a separate computer run the small structure, is found to have frequencico

of 1.78 cps and 5.86 cps when isolated from the main frame. Therefore its

| modes of vibration would be expected to interact with the modes of the ten

story building.

The response spectrum of Figure 3 is again used as input at the base |

! of the ten story frame and solutions obtained with no reduction and with
!

j both Guyan and Modified Guyan Reduction.
I

!

j -25-
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Six dynamic degrees of freedom in the main structure are retained for all

reduction runs since these are shown (Table 4) to give negligible errors,

in the main frame. Four different reductions are used for the degrees of

treedom in the small structure as defined in Table 5.

Table 5

Reduction in Small Structure

Case Degrees of Freedom Retained *

1 50 (horizontal)

2 50 (horizontal), 49 (horizontal)

3 48(horizontal and vertical), 52 (horizontal and vertical)

4 All horizontal and vertical
,

*Tha horizontal degrees of freedom at the following nodes in
the main structure are retained: 10, 17, 28, 35, 38, 41

The results of the computer solution are shown on Tables 6 and 7. Five

modes are considered and the calculated frequencies are shown in Table 6.
,

The results for the first four modes are good for all of the cases while there

is considerable variability is the fifth mode.

The member moments are shown on Table 7 and percentage errors for each

of tha reduction runs is computed and tabulated in Table 8. As may be seen

the Modified Guyan Reduction gives significantly better results than the

Guyan Reduction. It may again be noted that the errors for Guyan Reduction

vary significantly from member to member for the same reduction scheme while

the errors are much closer to the same when the Modified Reduction is used.

-27-
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Table 6

Frequencies in Frame with Small Structure

Case Frequencies (CPS)

(Table 5) Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Exact .81 1.98 2.67 4.58 4.88

1 .82 2.02 2.69 4.71 7.14

2 .82 1.90 2.69 4.71 6.58

3 .82 1.82 2.69 4.71 4.99

4 .82 1.98 2.68 4.70 4.88

9

.
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Table 7

Bending Moments in Small Structure
:

},

>

' Reduction Case 5 Moments in Member No.
(Tables)

! 71 72 73 74 75 76 77 78 79 80 81 82- 83
:

Exact 23.2 9.1 20.7 75.0 21.1 32.2 28.2 52.7 74.4 30.7 11.7 22.8 11.7 i

G 1 19.2 6.5 16.9 60.1 28.1 25.7 22.1 51.1 27.8 42.2 19.9 28.1 19.9

E.
'

2 21.8 10.6 19.4 74.8 20.3 32.7 28.8 51.7 26,1 31.1 12.9 21.6 12.9
.

A 3 20.3 5.3 18.0 60.1 28.7 25.2 21.5 51.8 26.3 41.8 18.8 28.7 18.8 ;

4 23.1 9.0 20.6 74.9 21.1 32.1 28.2 52.6 24.4 30.7 11.6 22.8 11.5
!

h M. 1 22.4 8.7 20.0 72.4 20.6 31.1 27.3 51.1 23.9 30.1 11.6 22.4 11.6
'

{ 2 23.1 9.2 20.6 75.1 21.1 32.3 28.3 52.7 24.6 30.8 11.8 22.8 11.8
,

Y 3 22.5 8.8 20.1 72.4 20.7 31.1 27.3 51.2 23.8 30.1 11.5 22.4 11.5 -

4 23.2 9.0 20.7 75.1 21.1 32.2 28.3 52.8 24.5 30.8 11.7 22.9 11.7

_.

1
i

I
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) Table 8
'

% Errors in Small Structure Moments
.

I $

i

i Guyan Reduction Modified Guyan Reduction
Member No. Member No.

Case

(Tables) 72 76 79 80 83 72 76 79 80 83

1 -28.6 -20.2 +13.9 +37.5 +70.1 -4.4 -3.4 -2.0 -2.0 -0.9

i
8 2 +18.7 +1.6 +7.0 +1.3 +10.3 +1.1 +0.3 +0.8 +0.3 +0.9
i

3 -41.8 -21.7 +7.8 -14.3 +60.7 -3.3 -3.4 -2.5 -2.0 -1.7

4 -1.1 -0.3 0 0 -0.9 -1.1 0 +0.4 +0.3 0
"

i

+

|

,

(

|
!

'N

i

|
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4.3 PIPING SYSTEM

The piping system shown in Figure 5 is considered. The details of this

system are taken trom Reference 7 (Piping Benchmark Problem No. 5). Elements

1 through 19 are 14 inch diameter pipes with a wall thickness of 0.438 inches.

Element 20 through 32 are 12 inch diameter pipes with a wall thickness of

1.312 inches. Weights of 3864 pounds are placed at nodes 19, 22, and 27

to simulate valve weights and to test the effect of lumped masses. The pipe

supports are modeled withboundary elements having stiffnesses of 10 , 10 , 10 ,

450, 800 and 600 pounds per inch for elements between nodes 7-37, 18-38, 18-39,

13-34, 25-35, and 31-36 respectively.

The piping system is subjected to the response spectrum shown on Figure 3

(dashed). The response spectrum is input in the two horizontal directions

(X,Z) and 0.67 of the spectrum is input in the vertical direction (Y). An

exact solution is obtained and solutions are found using 7 sets of reduced

degrees of freedom with both Guyaa and the Modified Guyan Reductions. The

primary degrees of freedom for each of the reduction schemes is shown in

Table 9. Note that there are 186 unrestrained degrees of freedom but only

the 93 translational degrees of freedom have mass attached.

Five modes are included in the calculation with the frequencies shown

in Table 10. The same frequencies are found with Guyan and Modified Guyan

Reduction.

-31-
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Table 9

Reduction Schemes for Piping System

Case No. of Primary
Degrees of Freedom Degrees of Freedom Retained

A 3 9-X;9-Y;9-Z

B 3 9-X;15-Y;22-Z

C 5 9-X;15-Y;18-X;22-X;27-Z
J

D 10 5-Y;9-X;9-Z;13-Z;15-Y;18-X;22-X;22-Y;27-Z;31-2

Y E 15 5-X;5-Y;7-Z;9-X;9-Z;13-Z;15-X;15-Y;18-X;22-X;22-Y;27-X;27-Z;
31-X;31-Z

F 21 5-X;5-Y;7-X;7-Z;9-X;9-Y;9-Z;13-X;13-Zt 5-X;15-Y;15-Z;18-X;1

22-X;22-Y;22-Z;27-X;27-Y;27-Z;31-X;31-Z

G 26 5-X;5-Y;5-Z;7-X;7-Z;9-X;9-Y:9-Z;11-X;11-Y;11-Z;13-X;13-Z;
15-X;15-Y;15-Z;18-X;22-X;22-Y;22-Z;27-X;27-Y;27;Z;31-X;
31-Z;31-Y

_
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Table 10

Piping System Frequencies

_ __.

Reduction
Type Frequencies (CPS)

(Table 9) Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

EXACT 5.71 6.14 12.85 13.32 14.90

A 6.21 7.11 14.70 - -

B 6.30 6.32 16.40 - -

C 6.28 6.32 14.30 20.2 42.1

D 6.18 6.22 13.90 14.20 15.70

E 6.15 6.20 13.70 14.00 15.60

F 5.86 6.14 13.00 13.30 15.00

G 5.75 6.14 12.90 13.30 14.90

The frequency computations for the piping system may be seen to behave quite

differently than for the frame structures. Ten percent errors occur in the

first mode frequency until 21 dynamic degrees of freedom are retained.

The forces in all of the piping members for the cases run are listed

in Table 11. The P column is the maximum thrust force in the pipe element

while the M column is the maximum bending moment in the pipe. There is a

great deal of variability in the results but it may be noted that large

arrors result when Guyan Reduction is used while Modified Guyan Reduction

significantly reduces the errors. To illustrate some of these effects

percentage errors for " typical" elements are shown in Table 12.

-34-
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Table 11

PIPING FORCES I

Model MEMBER NUMBER

1 2 3 4 5 6
'

P M P M P M. P M P M P M
Exact

1558 171500 1560 143600 1847 137800 1847 134300 1016 73300 965 52350

MODEL A 1277 193200 1278 156600 1676 148200 1676 143500 1577 75400 1577 496690

U MODEL B 1505 127800 1506 110800 1667 107400 1667 105900 520 59990 520 58020

MODEL C 1494 126900 1494 110000 1655 106700 1655 105100 516 59550 516 57600A

MODEL D 1069 158400 1070 127900 1381 117000 1381 117000 1346 60940 1346 42610

MODEL E 1966 158300 1967 129900 2251 124000 2251 192560 1005 53260 1005 39060

i MODEL F 1775 171300 1776 141400 2046 138800 2046 136000 960 73040 960 53170U ,

8
MODEL G 1612 174300 1614 145900 1905 139700 1905 136500 857 74070 857 53690

|

MODEL A 1551 171800 1522 143700 1843 137600 1843 134400 1020 73300 970 51940M
0 MODEL B 1487 158000 1488 132900 1747 124700 1746 124700 894 68380 853 50580

i

D.
G MODEL C 1455 154900 1456 130300 1710 124900 1710 122200 877 67050 837 49470
Y MODEL D 1296 140700 1297 117700 1531 112700 1531 L10100 836 60910 793 60910A
N MODEL E 1296 141500 1297 118500 1534 113500 1532 L10800 839 60560 795 60560

.

MODEL F 1574 173500 1575 145200 1867 139100 1866 L35800 1031 74180 980 52820

MODEL G 1577 174100 1579 145700 1871 139500 1871 L36300 1034 74410 983 52930

_ _



. - _ _ __ __.

Table 11 (cont'd)

PIPING FORCES

Model MEMBER NUMBER

7 8 9 10 11 12

P M P M P M P M P M P M

Exact 1302 80730 729 66880 585 17660 501 29440 192 45870 166 52230

MODEL A 1676 96080 1577 80910 324 11760 1071 31220 1071 50290 1071 62820

f MODEL B 1667 75960 520 51830 520 38700 1005 12580 1005 43520 1005 63740
U

MODEL C 1655 75420 516 51480 516 37890 962 11850 962 42580 962 62680
A,

MODEL D 1381 79850 1346 67720 340 16480 527 23030 527 40660 527 53190

MODEL E 1327 77930 1383 66810 309 14460 471 22760 471 39090 471 55290

MODEL F 1095 77740 681 69340 364 18750 449 25060 449 42420 449 55440
i

$
e MODEL G 1076 81030 721 69780 536 18480 671 32590 101 43990 101 53640

i

MODEL A 1294 80800 733 67040 586 14530 475 28280 155 46220 176 52440
M
0 MODEL B 1277 76120 681 62000 576 11710 498 22310 199 43850 188 52470
D.
G MODEL C 1252 74520 669 60680 566 13340 488 23990 197 43110 183 51570
U
Y MODEL D 1090 67280 589 56610 481 15740 439 33520 177 49780 143 49780
A
N MODEL E 1097 67730 588 56280 483 15210 436 33330 171 49520 143 49520

MODEL F 1316 81500 737 67570 591 19160 510 30480 202 46450 176 52890

MODEL G 1319 81730 741 67760 593 19040 510 30590 201 46650 174 53070

_ .__ _
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Table 11 (cont'd)

PIPING FORCES

I
Model MEMBER NUMBER

13 14 15 16 17 18

P M P M P M. P M P M P M

Exact '

395 52230 161 45820 182 19800 204 19690 516 66870 1049 70290

MODEL A 1071 61020 324 47110 324 19090 324 26360 973 71620 1383 72970
G

MODEL B 1005 65290 519 53680 519 26260 519 18010 1144 67610 1110 67680g

MODEL C 962 64470 516 53530 516 30850 516 16510 1137 81590 2608 81670A

MODEL D 527 55730 426 38710 426 38710 426 19110 397 116100 1586 116200

MODEL E 471 55290 528 3R63G 528 38630 528 18590 978 115200 1477 115300

MODEL F 597 55440 309 44780 578 21970 578 10270 819 6753L 1295 71470

l' MODEL G 584 53640 268 45190 392 20640 392 15080 532 67680 1288 71660

MODEL A 416 52440 77 45180 108 14830 134 4638 504 67370 860 70580
M
O MODEL B 408 52470 56 46890 86 22060 120 22650 542 65390 965 68900
D.
G MODEL C 396 51570 65 46170 101 25520 135 26250 538 64760 1037 68050
U
Y MODEL D 334 47450 140 37400 148 34140 160 34090 415 71900 862 74540
A
N MODEL E 338 47270 43 37430 154 34170 168 34070 419 71890 869 74240

MODEL F 404 52890 170 46540 192 19100 213 19070 510 67940 1077 71300

MODEL G 403 53070 172 46660 192 20440 213 20430 518 68210 1079 71590

i
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Table 11 (Cont 'd)

PIPING FORCES

Model MEMBER NUMBER

19 20 21 22 23 24

P M P M P M. P M P M P M-

Exact 1317 78150 1321 81610 1254 81390 72 4047 1430 78040 1443 64550

'
MODEL A 1331 75220 1381 75520 1071 70980 0 0 1071 53590 1071 36210

G
MODEL B 1106 68140 1108 72920 1005 102400 0 0 1005 102400 1005 77020

U

MODEL C 2607 78100 2603 76970 3150 78110 0 0 2584 67600 2584 61190
A

MODEL D 1588 109400 1586 94710 1671 71140 0 0 2004 61000 2004 53600

MODEL E 1480 108400 1479 75280 1424 71030 0 0 1496 60830 1496 53780

MODEL F 1294 79140 1294 82440 1212 82460 0 0 1447 80970 1447 66320

6
i MODEL G 1288 79400 1288 82550 1204 82590 0 0 1445 80760 1445 66080

MODEL A 1066 77460 1069 80100 1147 78910 8 2292 1093 70150 1090 52290
M
0 MODEL B 1095 77150 1098 77380 1130 78630 44 3677 1074 77120 1072 62930
D
G MODEL C 1344 76230 1348 75780 1230 77630 51 3664 1528 77630 1549 67360
U
Y MODEL D 1081 78370 1084 75080 1057 67860 88 5035 1187 65090 1198 53780i

A;

i N MODEL E 1118 77940 1122 74490 1102 68110 93 5002 1288 64790 1302 53400

MODEL F 1336 79170 1341 82310 1250 82260 66 3524 1422 79450 1436 66150

MODEL G 1339 79490 1344 82480 1295 82440 67 3504 1424 79460 1437 66060

s

_ _ _ _ _ _ _ _ . _ _ _
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Ts.ble 11 (Cont 'd)

PIPING FORCES

Model MEMBER NUMBER

25 26 27 28 29 30

P M P M P M. P M P M P M

Exact 1454 57430 1468 51970 68 3718 1781 47670 1800 41430 1815 42340

MODEL A 1071 25480 1071 14930 0 0 1071 19270 1071 29400 1071 33580
G

MODEL B 1005 61450 1005 46270 0 0 1005 22980 1005 26050 1005 30700U
Y

MODEL C 2584 61010 2584 67090 0 0 2584 67090 2584 50790 2584 49820A

MODEL D 2004 50950 2004 52850 0 0 2004 52850 2004 39330 2004 40060

MODEL E 1496 51610 1496 55380 1963 55380 1963 42850 l963 43070

MODEL F 1447 58970 1447 53760 0 0 1827 50850 1827 42180 1827 42980
b
y MODEL G 1445 58690 1445 53420 0 0 1820 50390 1820 42000 1820 42890

MODEL A 1088 41010 1085 29760 5 1079 1030 11740 1027 25390 1024 31660
M
0 MODEL B 1071 54400 1070 46570 13 2552 1082 36280 1084 27530 1086 31200
D.
G MODEL C 1565 62440 1587 59200 21 3615 2042 57700 2069 47240 2090 46530
U
Y MODEL D 1207 47790 1218 43160 56 3776 1454 39410 1470 34370 1482 35340
A
N MODEL E 1313 47670 1327 43410 64 3856 1614 40630 1632 36940 1646 37610

MODEL F 1446 59160 1461 53840 64 3021 1780 49630 1800 42100 1815 42790

MODEL G 1448 59000 1462 53610 63 2983 1780 49330 1799 42030 1814 42800

.

I

!
I
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Tgble 11 (Cont'd)

PIPING FORCES

Model MEMBER NUMBER

31 32 33 34 35 36

P M P M P M. P M P M P M

Exact 1737 44290 1739 50700 121.3 905.3 849.5 81.6

MODEL A 1329 34060 1329 27650 138.8 53.8 509.4 16.6
G

MODEL B 1520 37990 1520 62180 100.6 1539. 1768. 99.7g
Y

MODEL C 7428 46310 2428 80590 116.8 1804, 642.2 116.9A
N

MODEL D 2203 40660 2103 77260 381.8 3997.
~

1069. 156.1

MODEL E 2515 40890 2516 77920 377.4 3209. 1024. 155.4

MODEL F 1743 44850 1743 54060 232.0 1291. 1022. 77.4,

$ -

' MODEL G 1745 44760 1745 55220 102.1 976.7 961.4 84.5

MODEL A 1503 35240 1504 35740 68.1 66.9 505.3 17.3
M
0 MODEL B 1470 40270 1471 64850 114.5 257.2 813.8 109.6
D.

!G MODEL C 1792 45980 1796 77740 130.7 340.3 1001 126.0
U
Y MODEL D 1457 44870 1459 71640 210.2 931.8 768.9 165.7
A
N MODEL E 1543 44710 1546 71260 210.0 J038.G 733.4 164.6

MODEL F 1732 45030 1734 53510 124.1 831.9 927.5 81.9

MODEL G 1737 44980 1739 55020 125.1 834.3 914.7 86.9

_ _ _ _ ______-__



_

M

P

M

P

M
R
E
B
M
U
N
R P
E
B
M) Ed M'

t
n Mo SC E(
1 C
1 R

O
e F
l
b G Pa N
T I

P
I
P

M

8
3

4 6 2 3 3 3 6 6 3 5 2 0 9 5 6
P 3 1 3 4 3 3 3 3 2 3 4 3 2 3 3

.

_

M
.

7
3

4 8 7 1 9 9 8 9 1 8 1 8, 7, 8 9,
P 7 3 7 8 4 4 7 7 6 7 8 3 3 7 7

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

A B C D E F G A B C D E F G
L L L L L L L L L L L L L L
E E E E E E E E E E E E E E
D D D D D D D D D D D D D D

l t O O O O O O O O O O O O O O
e c M M M M M M M M M M M M M M
d a
o x
M E

.

GUYAN MODGUYAN

c i '



_. . .- - . - . - . - . ....-- .. _ . - - _ _ ~ . - . . . _ . . . . . . - -.

:
i

!

4

l

TABLE 12

PERCENTAGE ERRORS IN PIPING ELEMENTS

;

i-

GUYAN REDUCTION4

'

Case
PIPE ELEMENTS PIPE SUPPORTS.

(Table 9<

1

1 5 12 18 7 18-38 13-34
| .

-37+

f |{ P M P M P M P M

\ +31.8
'

A -18. 12.7 +55.2 +2.9 545.2 +20.3 +3.8 +14.4 -94.1 -79.7

B -3.4 -25.5 .-48.8 -18.2 505.4 +22.0 +5.8 -3.7 -17.1 470.0' +22.2

! C -4.1 -26.0 -49.2 -18.8 479.5 +120.0 148.6 -+16.2 -3.7 +99.3!+43.3

| D -31.4 -7.6 +32.5 -16.9 217.5 +1.8 +51.2 +65.3 214.8 242.1 .+91.3
! I

! E +26.2 -7.7 -1.1 -27.3 183.7 +5.5 +40.8 +64.0 211.1 254.5! +90.4

F +13.9 -0.1 -5.5 -0.4 170.5 +6.1 +123.5 +1.7 91.3 +42.6 -5.1

j G +3.5 +1.6 -15.6 +1.1 -39.2 +2.7 +22.8 +1.9 -15.8 7.9 +3.6

|- I ..

!

!

:
i

i

t

i -42-
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TABLE 12 (Cont'd)

PERCENTAGE ERRORS IN PIPING ELEMENTF

MODIFIED GUYANCase

PIPE ELEMENTS PIPE SUPPORTS(Table 9)

1 5 12 18 7-37 18-38 13-34

P M P M P M P M

A .4 +0.2 +.4 0 +6.0 +.4 -18.0 +0.4 -43.9 -92.6 -78.8

-4.6 -7.9 -12.0 -6.7 +13.3 +.5 -8.0 -2.0 -5.6 -71.6 +34.3B

C -6.6 -9.7 -13.7 -8,5 +10.2 -1.3 -1.1 -3.2 +7.7 -61.4 +54.4

D -16.8 -18.C-17.7 -16.9 -13.9 -4.5 -17.8 +6.0 73.3 +2.9 103.1

E -16.8 -17.5 -17.4 -17.4 -13.9 -5.2 -17.2 +5.6 73.1
+14.7|

101.7
1

~

F +1.0 +1.2 +1.5 +1.2 +6.0 +1.3 +2.7 +1.4 2.3 -8.1 -+0.4

G +1.2 +1.5 +1.8 +1.5 +4.8 +1.6 +2.9 +1.8 3.1 -7.8 +6.5

L

5
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The following conclusion may be drawn from the data on Table 12:

(i) When reduction schemes are used the bending moment data appears

to be most reliable with the thrust and pipe support data the

poorest.

(ii) The Modified Guyan Reduction gives significantly better results

than the Guyan Reduction. The maximum error for pipe thrust and

moment for the latter case is 18% no matter which reduction

scheme is used. The maximum error for pipe thrust and moment

is 545% when Guyan Reduction is used. The comparable maximum

errors for pipe support loads are 103% and 254% respectively for

the both reduction methods.

(iii) Reduction schemes F and G yield good results (maximum error 8.1%)

when Modified Guyan Reduction is used while scheme G still yields

rather poor (39% error in pipe 12 thrust) results for Guyan

Reduction.

Ev) The good results are obtained for scheme G hecause degrees of

freedom normal to the restraints provided by the pipe supports

are included as dynamic degrees of freedom. The degree of freedom

active in the direction of the pipe sup1 ort should probably bef

included to achieve good results for th pipe support loads with

Guyan Reduction.
5

i
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4.4 REACTOR CONTAINMENT BUILDING

The reactor containment building shown in Figure 6 is subjected to

the response spectrum of Figure 3 in the X direction. Plate elements 1

through 24 are used to model the exterior containment. The reactor floor

is modeled with plate elements 25 through 32. A wall supporting the plate

is modeled with plate element 33 through 40. All plate elements are taken

as concrete with a thicknesss of 36 inches. Beam elements 41 through 43

are used to model the reactor. Symmetric boundary conditions are specified

at all nodes at (Y = 0). These boundary conditions restrain the following

degrees of freedom: displacement in the Y direction and rotations about

the X and Z axes.

An exact solution is obtained and solutions using both Guyan and

Modified Guyan Reduction for the reduced models shown in Table 13. There

are 102 unrestrained translational degrees of freedom.

Table 13

Reduction Schemes for Containment Building

Case No. of Primary Degrees of Freedom Retained
Degrees of Freedom

A 3 21-X;34-X;50-X

B 6 13-Y;21-X;34-X;40-Z;44-Z;50-X

C 13 11-X;11-Z;15-X;15-Z;21-X;21-Z;34-X;
40-X;40-Z;42-Y;44-X;44-Z;50-X

D 23 11-X;11-Z;1~-X;13-Y;15-X;15-Z;16-X;
16-Z;18-X;18-Y;20-X;20-Z;21-X;21-Z;
33-X;34-X;40-X;40-Z;42-X;42'Y:.44-X;
44-Z;50-X

E 46 11-X ; 11-Z ; 13-X ; 13 -Y ; 15-Y ; 13-Z ; ; 6-X ;
16-Z;16-YY;17-X;17-Y;17 Z;17-YY;
17-ZZ;18-X;18-Y;18-Z;18-XX;18-YY;
18-ZZ;19-X;19-Y;19-Z;19-XX;19-YY;
19-ZZ;20-X;20-E;20-YY;21-X;21-Z;21-YY;
33-X;33-Z:33-YY;34-X;34-Z;34-YY;40-X;

__

40-Z:42-X;42-Y;44-X;44-Z;50-X

-45-
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Ten modes are included in the solution with the resulting frequencies

shown in Table 14.

Table 14

Frequencies for Containment Building

Frequency (CPS) for Mode
Case 1 2 3 4 5 6 7 8 9 10

EXACT 3.84 9.53 9.89 10.2 10.3 10.7 10.9 14.5 14.8 15.8

A 4.09 13.3 113. - - - - - - -

B 4.08 12.6 13.6 20.6 22.2 113. - - - -

C 3.98 9.55 11.2 12.7 13.0 13.6 li. 4 23.7 24.5 29.5.

D 3.89 9.55 10.4 12.5 13.2 13.4 13.6 20.1 22.5 25.4

E 3.89 9,54 10,4 12.5 13.1 13.3 13.5 20.0 22.3 23.3

As with the piping system it appears that several of the modes from the exact

model are missing from the reduced model.

Stresses in typical plate element and the peak bending moment in the

reactor beam model are shown in Table 15.

-47-
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Table 15

Stresses and Moments in Containment Building

Peak
Moment

Case Peak Stress in Plate Element in

Beam1 5 13 25 29 33

EXACT 649 481 186 72 83 138 47,740

G A 345 419 225 65 175 109 2,527,000
U
Y B 548 426 244 63 180 109 2,738,000
A
N C 600 465 222 87 149 122 2,148,000

D 635 475 192 46 104 140 350,900
E 635 475 192 56 89 141 45,640

M. A 569 420 166 60 24 219 103,300
G
U B 570 422 167 60 29 117 56,450
Y

A C 601 444 173 68 82 127 45,170
N

D 632 466 178 71 93 135 46,410
_

The plate stresses for all of the elements appear to be quite good. Modified

Guyan Reduction appears to be a little better than Guyan Reduction but not to

the same degree as for the first three problems considered. The very

significant difference shows up with the peak moment in the beam model of

the reactor. Guyan Reduction yields totally unreliable results while

Modified Guyan gives good results except for Reduction scheme A. As with

the stiff pipe supports the floor provides a very stif f support for the

reactor and undoubtedly leads to these very poor results. Guyan Reduction

gives a reasonable value for this moment only when the rotational degree of

freedom connecting the beam to the plate is included as a primary degree of

freedom. Note that there is no mass attached to this degree of freedom.

-48-
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4.5 COMPUTER REQUIREMENTS

For the four sample problems considered the Modified Guyan and Guyan

Reduction solutions required almost exactly the same computer time. Both

of the reduction methods required solution times about 3 times longer than

would be required using the complete SAPV solution. Undoubte -11y some of

this difference resulted from " patching in" the reduction mouification.

Changes were made in a manner to expedite the code modification rather than

to develop an efficient code. If this facet of the problem were to be in-

vestigated further it would be recommended that the current code be used to

pinpoint the calculations that require the most time. This could then be used

to evaluate the likelihood that the SAPV with reduction would be expected

to run faster than SAPV without reductions.

5.0 CONCLUSIONS AND RECOMMENDATIONS

Based r7on the four sample problems the following conclusions are made:

1. The errors resulting from Guyan Reduction are significantly larger than

those which result from Modified Guyan Reduction. For example the errors

in member bending moments in the ten story structure are always less

than 2% when Modified Guyan Reduction is used even when only 3 degrees

of freedom are retained. The same errors for Guyan Reduction are 100%

when 3 degrees of freedom are retained and only become acceptable when
i

6 or more degrees of freedom are retained.

2. For a given reduction scheme the errors resulting from Modified Guyan

Reduction are much more uniform for all members in the problem than

when Guyan Reduction is used.

-49-
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]

I Again using the ten story frames as an example for the same reduction

scheme (3 degrees of freedom retained) the error in the bending moments

; of members 20 and 41 are 100% and 1% when Guyan Reduction is used. The

corresponding errors with Modified Guyan Reduction are 1.3% and 1.6%.
,

This variation in error which Guyan Redaction exhibits would make it

! very difficult to validate a given set of results. If we looked at the

j forces in member 41, the results for the 3 degrees of freedom model

3 would appear to be quite good.

3. Frequencies calculated with Guyan Reduction appear to be quite good as
!

l long as the degrees of freedom retained can adequately represent the

mode shapes of interest.
!

4. The bending moments in piping systems predicted based upon Guyan

Reduction are more reliable than are the axial pipe loads. For example2

element 12 has errors in the axial pipe load in the range of 200% to

300% (for different degrees of freedom retained) while the same errors'

; in moments are in the range of 5% to 20%. The same errors when Modified

Guyan Reduction is used are 6 to 14% for axial load and 1% to 5% for.

bending moments. This again illustrates the better and more uniform

results obtained using Modified Guyan Reduction.

5. Much larger errors result with the reduction schemes when there are,

i both " stiff" and " soft" elements in the system. This occurs in tie

piping problem (supports relative to pipe) and in the containment

I building problem (floor in plane stiffness to reactor beam model).. In

either case Guyan Reduction gives totally unreliable results unless

,

i

j

-50-
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care is taken to isolate the stiff element by containing it within

degrees of freedom retained. The same effect is also observed with

Modified Guyan Reduction but again the errors are much smaller.

The following recommendations are made:,

1. Computer codes which contain Guyan Reduction should be modified to

incorporate Modified Guyan Reduction.

2. If computer solutions are to be made using Guyan Reduction care

should be taken to identify the stiff elements in the model and to

retain all degrees of freedom around these elements as primary degrees
t

i of freedom.

3. Additional parametric studies should be made with the following model

.

parameters varied: structural geometry and type; relative stiffness of

)

neubers; and relative nass. Based in these studies criteria should be

developed relating errors to the reduction scheme used. This should

'oe done for both Guyan and Modified Guyan Reduction. The results of
i

such a study would serve two purposes. First, they would provide some

insight to the errors which may exist in Guyan Reduction runs made.

Second, such criteria could provide the basis for selecting ?.he

" optimum" set of primary degrees of freedom to be retained.
i

4

1
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P00R ORIGINAL.
_ . _ _ _ _ _

76/78 OPiel FTN 4.5*41% 11/19/00 17. 2% . 0"

i
I PR00 RAM SAPS (INPUT.0UTPUT. TAPE 2. TAPE 3.TAPEw. TAPE 5altruf. TAPES = CORR 2 I

I OUTPUT.TAPC7. TAPES.TAPC9.TAPElc.TAPEll.TAPfl2. CORR 2 2
2 TAPE 13.TAPEl%.TAPfl5.TAPEl6.TAPEl7. TAPE 21.TAPEl.TAPEles CAM I

C " ' ' " ' ' " " ' ' " " " " " " " * SAPS 2 1

5 C SAPS 3
C SAPS SAP 5 4

C A 5TRUCTURAL ANALYSIS PR00 RAM SAPS 5
C FOR STATIC APO DYNAMIC RESPONSE OF LIPEAR SYSTEMS SAPS 6 '

C 5APS 7
10 C K.J. 8 ATE . E.L. WILSON . F.E. PETERSON SAPS S

C UNIVERSITY OF CALIFORNIA . KDKELEY SAP 5 9
C SAP 5 10
C CDC 7600 CONVERSION BY D. GAfDER Colut3 i
C BROOKHAVEN NAT10NAL LASORATORY C0fut3 2

15 C UPTON. N. Y. C W WII 3
C FEBRUARY. 1977 CGIWII %

C 5APS 20 ,

C USC IBM-CALCOMP N00lFICAT10N --- MARCH.1976 SAP 5 El
C SAP 5 22

20 C SAP 5 23
C ' " " " " " " ' " " " " " " " " " * SAP 5 2%
C SAPS 25

LOGICAL ELPRT.ELPCH.0EreRT.0EPPCH.DEFPCH 0EOST SAP 5 27
Corm 0N/ JUPE (/ E Dil81. JUKE 2001 COMSIN I

25 COPMON /ELPAR/ PFARI 1% ) .NUP9F.PSA70.ELTYP.NI .N2.N3.ffe.W5.MTOT.EQ SAP 5 29
COPm0N/EM/ 000t30008 COMSIN 2
COPMON /DYN/ IDU5IIII.POYN.TM)PCH,THSPCM SAP 5 3I
COMMON / TAPES / NQQt6i SAP 5 32
COPm0N / EXTRA / M00EX.NT8.N10SV.NT 10.KE(MI.NUPEL .T t 12) .5 t 12) SAP 5 33

30 C0pm0N /SQL/ PSLOCK .EOS .LL .NF . I DUM . E 10. NAD .NVV . ANORM.WO SAP 5 Po
COPm0N / C TL / OR AV .ELPR T . ELPCH .0CDPR T .0C rPCH .DEFPCH , I W T CO . SAP 5 35

1 MIPSPO.lPLT.PPLOTS.NPLT Colut3 5
COPMON /0COSTF/ OEOST.NELOCO SAP 5 37
COPm0N/ SE I S/ NRSC .K APO .NRS . l T .00 ATE .JL AO .JPe( 8 21 COMSIZE 3

35 COPm0N/ AA/ A t 7500l l CAM 2
COPm0N / CON TL / NRDOF . N T YP . NS T . P9W . NS . NS I . NS2. NS 3. NO T . MBS . M000 . CAM 3

i PC.PSLRED.NSEO.NTO CAM %

| LEVEL 2. A LEWL2 2
' MTOT=75000 CAM 5

| 40 C SAPS 40
C SAP 5 %I

|

I C CDC ROUTINE ERRSET IS CALLED TO ALLOW PROGRAM TO CORR 3 6
C RE AD PAST UP TO 100 DAT A ERRORS. IF AT LEAST OE CORR 3 7'

C IS FOUPO TE RUN IS STOPPED AFTER STATEMENT 900. CORR 3 8
45 C SAP 5 **

CALL ERRSEftkOUNT.1001 CORR 3 9
C SAPS 46

NPLOTS=0 SAPS %7

5 CALL PEOPR T IKDYN I SAPS %9
50 SLA0 0 SAPS 50

WRITE 1139 HED SAPS 51
C SAPS 52
C RE-START FOR MORE PLOTS SAPS 53
C SAPS Sw

55 IF tIPLT .0E. 01 00 TO 1% SAPS 55
00 7 l=1.7 SAPS 56

7 Till=Tril SAPS 57

|
. . _ _ _ _ _ _ _ _ _ _ . _ __ _ ____ _ _ _ __ _ _ . . _
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P00R ORIGINAL
!

!

PROGRAM SAPS 76/76 OPT =1 FTN 4.5+414 Ilr19/90 17.2%.07

C Stil=Stil SAPS 58
READ t3B LL.NF.KDYN.E QS.M Q.NSLOCK SAPS 59

60 CALL SAPL O T I L L . NF . KD YN . DE Qlf . NE Q . NSL OCK 1 SAPS 60
CALL SECOPCtTtSI1 SAPS 61
DO 8 i=9.12 SAPS 62

8 Till=Tlel SAPS 63
C Sill =Stel SAP 5 64

55 00 TO 90 SAPS 95
C SAP 5 66
C IE-START MODE ACTIVATED IF POYN . E O . -2 OR POYN . E O . - 3 SAPS 67
C 5APS 8G

1% IFIPOYN.LT.01 00 TO 20 SAPS 99
70 C SAPS 70

C INPUT J0 INT DATA SAPS 71
C 5AP5 72

N2=N I +6'PGA9F SAP 5 73
N3=N2+WP9F SAP 5 7%

75 See=N3+NLPer SAPS 75
N5=9ee +NUPDF SAP 5 76
PS=N5+WP9F SAP 5 77
CALL ERRORI>SI SAP 5 79

C SAPS 79
30 CALL IDFUTJE AINi l . AtN21. AIN3) . AIPeel . A tN5) .NUP#F.tEQ1 C0fWI2 %

C SAPS A2
C STORE T>E N00AL C00RIDINATES FOR LATER USE SAPS S3
C SAP 5 m

6811TE t13) IA(lI I=N2.N51 SAP 5 55
95 C SAP 5 E6

C F0RM ELEMENT ST IFFNESSES SAP 5 87
C SAP 5 E
C IDPUT PRIMARY DOF APO REORDER ALL DOF SO THAT PRIMARY ARE FIRST CAM 6
C CAM 7

90 CALL REDUC 1i AtNI 3 AIN6I .NTYP.NUMNP. Pet 00ri CAM e
CALL SEC0 polit 2tl SAP 5 SB

C SAP 5 90
PGA80= 0 SAP 5 91
NUPEL = 0 SAPS 92

95 KWI8O I SAP 5 93
EWIDO 2 SAP 5 >

C SAP 5 95
00 900 M=l .PELTYP SAP 5 96
READ 45.1001) NPAR SAP 5 97

100 C+++ DATA PORTHOLE SAVE SAPS SB
IFEM00EX.EO.ll WRITE INT 81 NPAR SAPS 98
NTlal SAP 5 100
IF EMIpebC .0E. l .AfC. MODEX .EO. 05 Nit =4 SAP 5 101
IF IMipS O .0E. 1 .A80. MODEX .EQ. Il NTl=7 SAP 5 102

105 edit TE INTil 8FAR SAPS 103
94JPEL=$4JPEL +fr AR t 2 8 SAP 5 10%

NTYPE**rARIII SAP 5 I05

C SAP 5 106
CALL ELTYPEIMTYPEI SAP 5 107

110 C SAPS los l
900 CONTINLE SAPS I09 I

IFtKOUNT.0E.II STOP CORR 3 10 1

C SAP 5 I10 i

C ADO AN EPO-Or-F ILE FL AG ON F ILE 13 SAPS til

1

i

*
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MIoonAM SAPS 75/75 OPfal FTN 4.S*414 11/19/00 17.2%.0

115 C SAPS 112
99= - I SAPS II3

IF t! PLY .07. On SAPS 11%

lest!TE t 131 h M SAP 5 I15
C 5APS I16

120 C MINIMlZE TE BA80 WIDTH SAP 5 I?7
C SAP 5 IIe

IF (MIIeND .07. 03 CALL SAPMIN SAPS 319
C SAP 5 120
C DETERMINE 8L0CKSIZE SAPS 121

125 C SAPS 122
C ADDSTF SAP 5 123
C 5APS 12%

EM= tMiOT - %*LLl / treA80 + LL + 11/2 SAP 5 125
C 5APS 126

130 C OVER-RIDE TE SYSTEM vtATRIX BLOCKSIZE WITH TE IDFUT (NON-ZEMOD S?*5 127
C VALUE. KE M. SAP 5 120
C THIS OVER-RIDE ENTRY IS TO ALLOW PROGRAM CE CKINO OF MULTI- SAP 5 129
C BLOCK ALOORIT>e95 WITH' 644AT WOULO NORMALLY BE DE ELOCK DATA. SAP 5 I30
C SAP 5 131

135 IFtKE M.LT.E MI E QB = KEQB SAP 5 132
C SAP 5 133

00 10 (690.700.700.700.730.700s. KDYN SAP 5 17e
C SAP 5 135
C STATIC SOLUTION SAP 5 136

140 C SAP 5 IJ7

000 CONTINUE SAP 5 IE
EMl a t MTOT - PSAfel / t 2 * E PSAPO*LL I + 13 SAP 5 135
EM2=IMTOT - PSApe - LL' tPSAPO-23 3 / t 3*LL + PSA70 + 11 SAP 5 140
IF E MM t .LT .KMI EM=EQBI SAP 5 141

le IF IEM2.L T . EM I EM*EM2 SAPS 1%2

98 LOCK = E EQ-I I/EQB +1 SAP 5 1%3

IF TEM.0T .EQ1 EQB=NEQ SAP 5 1%%

IFEIPLT.EO.0300 TO 695 SAP 5 145
NTOT =20 *p4A9F *EM * PGLOCK * LL SAPS 1%6

ISO IrtMTOT.07.NTOT100 TO 790 SAP 5 147
6stl TE t 6.2020 lNTOT SAP 5 1%e

MOCEX= l SAP 5 1%9

695 NTOT=6*NUP9F*EQB'PGLOCK*LL+ 1 SAP 5 150
IfaMTOT.0T.NTOT100 TO 790 SAP 5 ISI

155 6stI TE l6.2030 lNTOT SAP 5 152
M00EX=1 SAP 5 153
00 TO 790 SAPS 15%

C SAP 5 155
C EICENSOLUTION SAP 5 156

160 C SAP 5 157
C 1. OCTERMINANT SEARCH ALGORITHM SAP 5 15e
C SAPS 159

700 IF I NEOS . L T . PEQ I 00 TO 710 SAP 5 160
NIM-3 SAP 5 161

195 NC=E * NIM SAPS 162
#vM*6 SAP 5 163
NC A *9E Q'MA N 0 t PG APO .NC I SAP 5 16%

I NTOT=NCA * %*E Q + 2*NVM*NCQ * 5'NC SAP 5 165
E10=0 SAP 5 166

170 IFINTOT.LE.MTOTI 00 TO 720 SAP 5 167

C SAPS 168

|
_ .. _ _
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P8tOORAM SAPS 76/78 OPT =1 FTN 4.5+414 11/19/90 17.2%.0

C 2. SWSPACE ITERATION ALOORITHM SAPS 169
C SAPS IT0

710 NY=MINot2*E .E +S1 SAP 5 171
175 IF INAD.E .08 NV=NAD SAPS 172

MWi = t MTOT - MAWI / t 2*MSAND + 18 SAPS 173
E m =tMTOT - M AW - 2*NV - NV'sMBANO-23I/I3*av = MBAND + 1: SAPS 17%
E W 3=tM.OT - 3*NV*NV - 3*NV1/I2*NV + 1 SAP 5 175
E(De= t M. OT - 6*NVl / t l + MBAW SAPS 176

ISO IF t E M I.i.i. E M I E M = E M I SAPS 177
IF t EME.L T .EM I E m=E(L2 SAPC 178
IF (EM3.LT.EMI EM=EW3 SAPS 179
IF I EQB3.LT .EM I EQB=EM3 SAPS ISO
IF (E(Wo.LT.EMI EW E(pe SAP 5 ISI

ISS EIO=1 SAP 5 102
C SAP 5 ISI

720 CONTINUE SAP 5 Im
WLOCK = (E Q-il/E QB +1 SAPS IS5
IF (EQS.OE .EQ I E (Ml= E Q SAP 5 15

190 C SAP 5 IS7
C NISTORY OR SPECTRUM ANALYSIS SAP 5 ISS
C SAP 5 ISS

KEN = 1000 SAP 5 190
NTOT = PGILOCK'NEQB*NF + KREM SAP 5 191

195 IrtMTOT.LT.NTOTI SAP 5 192
XWRITE E6.3203 NTOT SAP 5 153

IFtIPLT.EQ.0 LOO TO 725 SAP 5 Im
NTOT=20*NUP9tP+E QB+NBLOCK'NF+2*NF SAPS 195
IFtMTOT.OE.NTOTIGO TO 790 SAP 5 ISE

200 65t|TEt6.2020lNTOT SAP 5 197
MODEX=1 SAP 5 IM

725 N TO T =6 * NUP9F +E QB ' NBLOCK + NF + NF SAP 5 198
IFtMTOT.OE.NTOTIGO TO 790 SAP 5 200
65tl TE a 6.2030 lNTOT SAP 5 2Cl

205 MODEX=1 SAP 5 202
00 TO 790 SAP 5 203

C SAP 5 2t>e
C STEP-BY-STEP DIRECT INTEORATION SAP 5 205
C SAP 5 206

250 730 CONTINUE SAP 5 207
C DISPLACEMENT COPPOENTS FOR DIRECT OUTPUT (*NSO* SAP 5 200

88e = EQ SAPS 209
C DISPLACCENT COPPOENTS REQUIRED FOR RECOVERY OF ALL OF THE SAP 5 210
C REQUESTED ELE E NT STRESS COMPOE NTS (*NSS*1 SAP 5 211

215 98 3 = EQ SAP 5 212
C SAP 5 213
C l. DECOMPOSITION SAPS 21%
C SAP 5 215

NEW I = (MTOT-NN2-NN3-NEQ-4ANDB/s2*MBAND+Il SAP 5 216
220 C SAPS 217

C 2. T 14 INTEORATION PHASE SAP 5 210
C SAPS 219
C SAPS 220

WW2 = I NTOT -PGAND-2 * t NN2 +m31 -5 + NEQ l / I MB AN0+ 1 i SAP 5 221
225 C SAP 5 222

IF NEQBI .L T .4Q3 3 NEOS = NEQBI SAPS 223
I F I E QS2.L T . NEOS I NEOS = NEQB2 SAPS 22%
I F I E QS . o f . NE Q i NE OS - NE Q SAP 5 225

_
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PROGRAM SAPS 76/76 OPT =1 FTN 4.5+41% 11/19/00 17. 2% . 0-

NBLOCK = IEQ-I I /EQS + 1 SAPS 2M
230 C SAF5 227

C 3. INPUT PNA5E SAPS 2M
C SAPS 2M
C M R Or flE FUNCTIONS I NFN*l SAPS 230
C NUPSER OF TIE FUNCTIONS ('NFN'i SAPS 23I

235 9042 = 10 SAPS 232
C MAXIMUM NUPSER OF FUNCTION DEFINI TION PolNTS l'MXLP* I SAPS 233

Pe43 = 40 SAPS 2Pe
C SAPS 295

tece = 6*MJP9dP + 2*NN2*NEQ SAP 5 22
M0 Irueee.07.MTOTI SAP 5 237

Xnet|TE 16.3201 feee SAP 5 2M
Npee = EQ'2+ tNN2+ 11 + NN2'tI+2*)#43i SAP 5 23B
IF t tere.OT .MTOT I SAPS M0

xbellTE (6.3203 Peee SAP 5 81
2%5 C SAPS M2

790 IF EEQB .0E. 23 00 TO 792 SAP 5 B3
IF (PEQ .LT. 31 GO TO 792 SAPS 2%%
bet |TE (6.20101 KOB SAP 5 ?'''i

EM=2 SAP 5 45
250 PSLOCX= t EG-I I / PEQB + 1 SAP 5 297

M00EX=1 SAPS be
792 CONTINUE SAPS MS
C SAP 5 250
C INPUT NODAL L0 ADS SAPS 251

295 C SAP 5 252
NSS=EWI*DeLOCK SAP 5 253
N2=N t +6 *MJMNP SAPS 25%
N3=N2+LL*NSB SAP 5 295
pes =N3'NS8 SAP 5 256

260 CALL ERR'ft i Pee i SAP 5 257
60tlTE E6.20ll NEQ MSAND.EQB.PSLOCK SAPS 250

C SAP 5 299
CALL SECONDITt311 SAPS M0

C SAPS Mt
265 CALL IM. t A t Ni l . AIN2 3 . A IN31 NUMNP.NEQB.NSO.LL .NHLOCK l SAP 5 M2

C SAPS M3
CALL SECONDtit4tl SAPS 26%

C SAPS 265
C CECK FOR UNRESTRAIE D DEGREES OF FREEDOM SAP 5 286

270 C SAPS M7
N3=N2+E Q SAPS 268
CALL CHICKI AINI 1. AIN21.NEO.NUMEL.NELTYP.NUMNPI CORR 2 5

C SAPS 27C
C F0RM T0fAL ST IFFNESS SAPS 271

275 C SAPS 272
M M*2*NEQS SAN 273
Nf =N I * E OS 'MB AND SAPS 27%
N3=Nf*EQS*LL SAPS 275
8pe=N3*%'LL SAPS 276

.M NME*NI +DCM'MS AND SAP 5 277
##13=80ef'pC29 'LL SAPS 279

I Pepe =fe(3 + 4 * L L SAPS 279
I C SAP 5 290

CALL A005TF t A I NI I . A t NN2 I . A t NN 31, A NN% I .NUMEL .PeLOCK .NE 29.L L .MS AN SAPS 291i
x0.ANORM.Nvvi SAPS 282

,

e
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Pn00ftArt SAPS 76/78 OPfal FTN %.5+41% 11/19/00 17.2%.07

C SAP 5 293
C W7 AND C0 CALCULA T IONS SAPS 20%
C SAP 5 295

IF (IWTCO .EQ. 01 00 TO 18 SAP 5 286
MO N2=N t +NUP9F'8 SAP 5 287

N3=N2+NUPDF SAPS 200
Pee =N3 +>4JPee SAPS 299
N5= Pee +P4JP9F SAP 5 290
N6=N5+NS8 SAP 5 291

295 CALL ERRORIN61 SAP 5 292
CALL WTCG t AINI I . A t N2 3. A t N3) . A t N4 3. A t N5I .NUP9@.EQS.EO.PGLOCK.NSS SAP 5 293

x3 SAP 5 29e
IS CONTINUE SAP 5 295

CALL SECOPotTt511 SAP 5 295
300 C CAM 9

C IF NTYP.E.0 00 TO ROUTIES TO FORM EIOENVECTORS CAM 10
C CAM II

IFINTYP.EO.03 00 TO 100 CAM 12
C DETERMINE SIZE REQUIREPS:NYS CAM 13

305 NST=E0 Cart I%
tw=98HO CAM 15
NS=NST-PetDOF CAM 15
NS l = t >WIDOF 'PmDOF +PmDOF I /2 CAM 17
IF I NRD0r . 07. pew I 00 TO 101 CAM IS

310 NS2= t POW-PetDOF 1 ' PROOF + t i PRDOF - 1 I * I Pet 00r-I I + t P#tOOF- I I I / 2 CAM i9
00 TO 102 CAM 20

101 NS2= EPSW'P9W+PWWl/2 CAM 21
102 NOT*NS' Pet 00F CAM N

NADD=0 CAM 23
315 MODE =W CAM 2%

PO-M000 = NADO CAM 25
IF IPC.GT .PetOOF i PO=PetDOF CAM 26
IF 4 MODE .GT . PetDOF 3 MODE =PetDOF CAM 27
|F i NF . OT .PWIDOF l W=NROOF CAM at

320 P8t2= 1 +EOS'PeAPO CAM 29
CALL SIZE I AI I I . A 4 NR2 s .MTOT .NEQB.NBLOCK .PGA70 8 CAM 30
Pet l = 1 CAM 31
Pet 2=*stI +NS I CAM 32
Pet 3=#ft2 +NS2 CAM 33

325 NR4 =88t3+NSEQ'POS CAM P.
8815=88t% +NEQB'MB AND CAM 35
CALL ST IFF AiDeti I AINR21. AINR3I AINR% i . AINR51.NBLOCK.NEOS.NRDOF . CAM 36

i NTYP.NST .MSW.NS.NS I .NS2.NS3.NOT .MBS. MODE .PO.MBLRED.NSEQ.NTO I CAM 37
NEI-NST CAM 3e

330 C ALL MASSI A t t#t3 8.NEOS.PSLOCK.NSZ I CAM 39
C INVERT KSS AND STORE ON TAPE 17 CW %0

Pfl% =98t3 +NS T CAM %I
Pfr5-981% +NSEQ'PWS CAM 42
PWIS=$fl5+NSEQ'M95 CAM %3

3 75 pm7 **WIS * NS T CAM %%

C ALL O AUS I A t NR% I . A t NR5 5 . A I NR6 ) . A I NR71.NSEw NS.MBS .MBLRED. CAM %5
I 16.10.17.11 CAM %6

C FORM Me APO M' CAM 47
Pfl5=NR4+NSI CAM %8

pe0 NRS=NR5+NS CAM %9
NR7=NR6+NROor CAM 50
C ALL RFDUCE I A I NR I I . A t NR2 I . A I NR 3 I . A t NR% i . A t NR5 I . A I N06 I . A t NR'' . CAM St
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MIOGRAM SAP 5 76'78 OPfal FTN 4.S*414 11/19/90 17.2%.07

i P8tD0r . N T Y P . NS T . MBW . NS . N51. NS2. N53 . NO T . 996 . M00E . CAM 52
2 MD.MLRED.NSEQ.NTOI CAM 53

Pe5 C SAVE MASS ON IS FOR NORMALl2Atl0N or CIOENVECTORS CAM 54
HEWIND 15 CAM 55
00 106 !=1.NST CAM 56

10668tl TE l l58 E Alt 8t3*I-i l l CAM 57
NEWIPO 15 CAM Se

350 00 10% !=l.NSI CAM 50
10% A lpet2+ 1 -l l = Al pet % + I - i l CAM 60

98tl = 1 CAM 61
9842=68%I +NSI CAM 62.

NR3=9812+NSI CAM 63
355 884% =*st34800F *lo CAM e4

98tS=m% +18100F'petDOF CAM 95
DetS=##tS+>8tDOF CAM 86
D8t7= W 6+18400F CAM 67
C ALL POERI Alpet i l . A INR2 3 . A t NR3 3 . A f MR% ) . A l pets t . A t tWI6 ) . A t 98t7 3 CAM 80

350 l NSI .88400F.MODEI CAM 90
set % =##t348400F * PC CAM 70
IWl5=*8t% + NT 0 * >8tDOF CAM 71
9886=*8tSoftOOF CAM 72
P8t7=>81648:WB'M00E CAM 73

335 CALL EXPAPO f A f D8t31. A t NR9 3 . A I NR51. A t >#46 5.NROOr .to.M00E .NTO.08:3. CAM 7%
i 981 LOCK.NTYP.NS. A t >8t71.NSi l CAM 75

I00 CONTINUE CAM 76
C SAPS 257
C SOLUT ION PNASE SAPS 2M

370 C SAP 5 298
IF (GEOSil GO TO 30 SAPS 300

20 00 TO 130.%0.50.60.70.801 KDYN SAP 5 301
C SAP 5 302
C STATIC SOLUTION SAP 5 303

375 C SAP 5 30%
30 IF t M00EX.EO.0 3 GO TO 32 SAP 5 305

ft61=TISI SAP 5 306
C St63=SISI SAP 5 307

TI71=TI5I SAP 5 300
380 C 5871-5858 SAP 5 309

IF flPLT .GT. 0.AND..NOT.GEOSil CALL S APL0f t LL .NF .K0YN.te:08.NEO SAP 5 310
X.68R 0CKI SAP 5 311
CALL SECONOtitell SAP 5 312
00 31 !=9.12 SA*5 313

395 31 iiII Tt83 SAP 5 31%=

C Stil=SIBI SAP 5 315
00 TO 90 SAP 5 316

| C SAP 5 317
| 32 IEWIPO 12 SAPS 310

300 CALL SOLEO SAPS 319
CALL SECONOtit6tl SAPS 320
ft78=Tt61 W5 321

C St73=St61 SAPS 322
IF 8 IPL T .0T. 05 CALL S APLO T t L L .Nr .KDYN.NE OS.NEO.NBLOCK I SAPS 323

395 CALL SECON0ti881i SAPS 32%
00 33 !=9.12 SAPS 325

! 33 T 13 Ties SAPS 326=
| C Sill =5181 SAPS 327
| IF t.NOT. GEOSil GO to 90 SAPS 373

s - _ . _ _ - . . . . .---- __ .- . __ _
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PROGRAM SAPS 76r76 OPT =1 FTN %.5+4l% 11/19e80 17.2w.07

400 agt!TE 16.2000 3 NUMEL.NELGEO SAP 5 329
CALL AD00E0 tAtNll.AINN21.NE29.M8ANO.NUMEL.peLOCK.LL.ANORMI SAPS 330
00 TO 20 SAPS 33I

C SAPS 332
C EIDENVALUE EXTRACTION SAPS 333

405 C SAPS 3h
%D YtEl Yt5 SAPS 3 75=

C St6a=SISI SAP 5 336
CALL SOLEIG SAPS 337
CALL SECOWsit7BI SAP 5 338.

410 IF t! PLT .GT. On CALL SAPL OT t LL .Nr .KOYN .EQB .NEO .PeLOCK SAPS 339
CALL SECOPOtTt811 SAP 5 DO
T891 7tBI SAP 5 bl=

TI10l= T88) SAPS N2
Tilll=Tt83 SAP 5 h3

415 Til23=TE85 SAPS M4
St03 SAPS MSC St93 =

C SEI0l= StBI SAPS D6
C Sillie St81 SAP 5 >7
C Sil23= St91 SAF5 he

%20 00 TO 90 SAP 5 M9
C SAP 5 350
C FORCED DYNAMIC RESPONSE ANALYSIS SAP 5 35I
C SAP 5 352

50 7861 7851 SAPS 353=

425 C St61=SISI SAP 5 35%
IF E POYN.L T . 0 3 00 TO *2 SAP 5 355
CALL SOLEIG SAP 5 356
CALL SECONDtit7II SAPS 357
CALL SECOPOITI7II SAP 5 358

430 IF tlPLT .GT. 03 CALL SAPLOftLL.P(.KDYN.E OS.E O.N9LOCKI SAPS 358
CALL SECOPO 7t815 SAP 5 MO
00 TO 54 SAP 5 El

52 DO 53 I=l.7 SAPS M2
53 ft!*ll=Till SAP 5 M3

4 75 C Sil+Il=Stil SAP 5 38%
REWIPO 2 SAP 5 M5
EAD 123 EQ .PGLOCK 408.MB ANO.NI .NF . t 000 t i l . l = I .Nr l SAP 5 ME
EWl>O 7 SAP 5 M7
IMAX=ECW'PF SAPS Me

**O READ 171 iAill.I=l.NFI SAP 5 Me
00 56 L=1.peLOCK SAP 5 370

56 READ 471 4Alli.lat.lMAX SAPS 371
5* CALL HISTRY SAPS 372

CALL SEC0p0tiI9 I SAP 5 373
**5 TI10l= TI9 SAP 5 37%

TIIi1 TI91 SAPS 375
Tt128 TI93 SAPS 376

C 5810l= 589) SAPS 377
C Stilla SI91 SAP 5 379

wSO C Sil21= St98 SAPS 379
00 TO 90 SAP 5 300 1

C SAPS 381 '

C RESPONSE SPECTRUM ANALYSIS SAPS 332
C SAP 5 383 )455 60 ft63 ftSt SAPS 3D=

C S163 = 5 58 SAPS 305

|
:
1
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Pet 00AAM SAP 5 76/76 OPT =1 FTN %.5+414 11/19/00 17.2%.07

IFINTYP.NE.08 00 TO 105 CAM 77
IF I POYN.L T . 01 00 TO 62 5APS 399
CALL SOLE 10 SAPS 30

%40 105 CONTIP4K CAM 79
CALL SECOPO( T t 7 I I SAPS EB
IF t| PLT .07. 01 CALL SAPLOTtLL.NF.K0YN.PCOS.E O.NELOCxt SAP 5 338
CALL SECONDtTt8Ii 5APS 300
ft98=TISI SAP 5 301

%e5 C St99 = St9I SAP 5 382
00 TO 64 SAPS 333

62 00 63 I=l.8 SAP 5 Em
63 781+11=T813 SAP 5 335

C StI*ll=Stil SAP 5 356
%70 REWIPO 2 SAPS 337

READ 123 NEO.NBLOCK.NEQB.MBAPO.NI .NF SAPS 353
REWi>O 7 SAP 5 300
IMAX=E MI'W SAPS 400
READ 175 I At t i . I=l .W 3 SAPS 401

%75 00 66 Lat.PSLOCK EAP5 402
66 READ 173 (Atti.I=l.lMAX) SAPS 40%
6% I F I P#tSC .LE . 0 l NRSC = 1 SAP 5 405

00 69 KAPG=1.PMSC SAP 5 406
69 CALL RESPEC SAP 5 407

%e0 CALL SECOPotTI101i SAPS 400
Tittl=Ttt03 SAP 5 409
TI121=TI101 SAP 5 %I0

C Still= 5 10 SAP 5 *ll
C SE123= St101 SAP 5 482

%e5 GO TO 90 SAPS 413
C SAP 5 %I%
C STEP-BY-STEP IDIRECT INTEORAfl0NI ANALYtl5 SAP 5 415
C SAP 5 %I6

70 00 71 I-6.IO SAP 5 417
490 71 7811 ft51 sap 5 489=

C StII = StSi SAPS 419
CALL STEP SAP 5 90

, CALL SECONOITIIIIa SAP 5 WI
Tt123=Tt101 SAP 5 W2i

| 495 C SI128=5E103 SAPS W3
00 TO 90 SAP 5 42%

C SAP 5 W5
|

C FREQUENCY RESPOP6E ANALYSIS SAP 5 96
[
' C SAP 5 M7
I 500 90 7868=T851 SA75 We
'

C 586t=585 SAPS 99
IF s pOYN .LT Of GO TO 82 SAP 5 % 30
CALL SOLEIO SAP 5 %31
CALL SECOPo t T 4 7 8 SAP 5 %32

505 IF ElPLT .07 Of CALL S APLOf t LL .Nr .KDYN.NE Q8.P(0.NBL OCK SAP 5 %33
CALL SECO*0titell SAP 5 % 3%

ft98=TISI SAPS 4 35
it10l=TtSI SAP 5 4 36
ftIII=TISI SAP 5 4 37

510 C 5893=S:33 SAPS %30
C St10l=St88 SAPS % 39
C Still*SISI SAP 5 *%0

GO TO 88 SAPS %=1
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PROGRAM SAPS 76/76 OPiel FTN 4.5+%l% 11/19/90 17.2%.07

82 00 03 l=1.10 SAPS %%2
SIS 83 Til+ll=Ttli SAPS %%3

C Sil+18=Stil SAPS %%4
REWifo 2 SAPS **S
READ E29 NEQ.NGLOCK.NEOS.MBAND.NI.Nr SAPS 446
REWIPO 7 SAP 5 447

520 IMAX=NEGl'PF SAPS %%S
READ 173 (AtII.l=l.Nrl SAPS 449
00 SS L=1.PSLOCK SAPS WO

86 READ (71 (Atti.1=1.lMAX SAPS el
SS CALL FREQ SAP 5 %2

525 CALL SECONDtit123i SAPS W3
C SAP 5 4S%
C COPPUTE AIO PRINT OVERALL TIME LOG SAPS 495
C SAPS 456

90 YT = 0.0 SAPS %7
S30 C ST = 0.000 SAPS %SS

00 TO 5 Colut2 6
00 95 !=1.11 SAP 5 ee
ills = Ytl+II-Till SAP 5 460
TT = TT + Ttil SAPS %61

5 75 95 CONTINUE SAPS 462
C Stil Sil+13-Sill SAP 5 %63=

C ST = ST + Stil SAP 5 %e4
C SAP 5 485
C WRITE (6.203) titKl.StKl.K=l.Ill.TT.ST SAP 5 486

540 65t| TE 16.203) titKl.K=l.Ill.TT SAP 5 %67
C SAP 5 %88i

' 00 TO 5 SAPS %89
C SAP 5 470

201 FORMAT 138 HIE O U A T ION P A R A N E T E R 5. // SAPS 471
5*S X 3%H TOTAL NUMBER OF EQUATIONS *.15. SAP 5 %72

X /3%H BAPOW10TH =.15. SAP 5 473
X /3%H NUPWER OF EQUAT IONS |N A BLOCK =.15. SAP 5 %7%
X /3%H NUPEER Or ILOCKS =.15) SAPS 475

203 FORMAT tlHl.3tHO V E R A L L T INE L 0 G. // SAP 5 %76
S50 X SX.30&m00AL POINT INPUT =. FB.2 / SAP 5 %77

X SX.30 HELEN NT STirrNESS FORMATION *. F8.2 / SAPS %79
X SX.30*m00AL LOAD INPUT =. F8.2 / SAP 5 %79
X SX.30HTOTAL STIFFNESS FORMATION =, FB.2 / SAPS 480
X SX.30HSTATIC ANALYSIS a. F8.2 / SAP 5 481

SSS X SX.30HE10ENVALUE EXTRACTION . F8.2 / SAPS 482
X SX.30HSTRUCTURE PLOTTING =. F8.2 / SAP 5 %g3
X SX.30HrORCED RESPONSE ANALYSIS a. FB.2 / SAPS 44%
X SX.30HetSPONSE SPECTRUM ANALYSIS =. F8.2 / SAP 5 %55
X SX.30&CTEP-BY-STEP INTEORATION a. FB.2 / SAP = 486

560 X SX.30&W REOUENCY RESPONSE ANALYSIS =. r8.2 // Sa5 47
X SX.30HTOTAL SOLUTION TIME =. FB.2 /t SAPS 488

C SAPS %89
320 FORMAT t// 47H ** WARNING. ESTIMATE Or STORAGE FOR A OYNAMIC. SAPS %90

X 32H ANALYSIS E XCE EDS AV A IL ABLE (c. " . SAPS %91
S6S X /.* REQUIRED MTOT='.Il01 SAPS 492

C SAP'. e93
C SAPS %>

1001 r0RMAT II415) SAP 5 495
2000 roRMAT I * 0 T OT AL NUMBER Or EL E ME N TS ** .15. SAPS 496.

S70 X ? NL,MBE R Or E L C ME N T S W I T H GE OME T ** I C Si l F F NE SS = ' .15 8 SAPS %97

2010 FORMAT i ' 0 * + + W/AN I NG * + + THE AV A I L ASLE SL ANK C0pm0NT EMTOTI IS*. SAPS 498
X* 700 SMALL*./.* COMPUTED NO. OF EQUATIONS PCR BLOCKa'.Il0./. SAPS 499
X* PROCEED IN THE DATA CHECK MODE WITH NE0B=2*) SAPS 500

2020 F0pmAft*0+++ FATAL ERROR + + AVAILABLE CORE IS TOO SMALL* SAPS 603
575 1.* FOR PLOT T ING. REQUIRED MTOT='. Il 0/ SAPS 502

2' CONTINK IN 14 DATA CMCK MODE * ) SAPS 503
2030 FORMAft*0*** FATAL ERROR +++ AVAILASLE CORE IS INADAQUATE' SAPS 50%

l.* REQUIRED MTOT='.ll0/* CONTINUE IN THE DATA C K CK MODE *) CORR 2 7
EPO SAPS 507

|
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'

PDDR BR GINAI.
542ROUTIE E DUCI 76/76 OPT =1 FTN %.5+41% 11/19/90 17.2%.07

1 512ROUTIE REDUCI tid.IDN.NTYP.NUMNP.NRDOFI EDUCi 2
DIENSION MA5Nt 2001.MADF (200 3. IDE NUMNP 61. lDWINUMW.68 CAM 79
LEVEL 2.!D. ION EDUCI 4

C EDUCI 55 C Iwuf PRIMARY DOF ADO EORDER ALL 00F SO THAT PRIMARY D0r AFE FIRS EDUCI 6
C NTYP = 0 NO REDUCTION EDUC I 7
C I EXACT REDUCTION EDUCI S
C 2 OUVAN REDUCTION EDUCI 9
C 3 M00lFIED OUYAN EDUCI to

10 C M * *. e t I l = NODE M R OF I PRIMARY 00r . l=1.PWID0F EDUCI il
C MADFEIl = 00r M R t1 TO 63 EDUC I 12
C DWOOr = pfMR or PRIMARY D0r < 200 CAM 30

KAD15.3003 NTYP KDUCI 1%
300 FORMAftl%I51 EDUCI 15

15 IFINTYP.07.ll 00 70 301 EDUCI 16
65t ! TE t 6. 3028 EDUCI 17

302 FORMATtSX.196480 REDUCTION Or 00ri EDUCI 18
ETIAWd EDUCI 19

301 IFINTYP.EQ.23 WRITEt6.303) EDUCI 2020 IF tNTYP.EQ. 3 8 65t1 TE t 6.30% ) EDUCI 21
303 F0pmATISX.ISHOUYAN REDUCTIONI EDUC1 22
3(Pe FORMAT E5X.2%+9400!F IED OUVAN REDUCTIOND EDUC I 23

K ADt5.3001 PetD0r . ( MASN I I I .MADr I I ) l e t .NRDOF I EDUCI 2%
68t! TE t 6. 3053 EDUCI 2525 305 FORMAft20X llHPRIMARY Dort10X.%HNODE.6X.3FOOri KDUCI 26
bet I TE t 6. 306) (MASN I I I .MADF t I I .1 = 1. Pet 00r a EDUCI 27

306 FORMAft9X.15.4X.I51 EDUCI 28
C EDUCI 29
C READ ID FROM TAPE 8 A>O WRITE NEW ID ON TAPE B EDUCI 30

30 C EDUCI 3i
REWIPO 8 EDUCI 3
READIGI ID REDUCI 33
IP*l EDUCI 3%
1S=NRDor+| REDUC 1 35

35 C+++" REDUCI 36
nat! TE 8 6.3071 REDUCI 37

307 FORMAftSX.13HORIGINAL ID =a REDUCI 38
00 310 i = 1.NUP9dP EDUCI 39
WRITE 86.3til IIDil.JI.J=1.61 REDUCI *0

%0 3 | I F0fMAf t SX .6 8 2X .15 ) : REDUCI %I
DO 312 Jel.6 CAM SI
IFilDil.JI.EO.01 00 TO 312 CAM 82
NODE =MASNIIPI CAM 93
POF =MADr i I P ) CAM 9%

%S Irel.[0.N00E.AND.J.EO.NDrl 00 TO 313 CAM 95
C SECOsOARY dor CAM 86

IDNil.Ji=15 CAM 97
1S=1S*l CAM BS
00 TO 312 i CAM 99

50 C PRIMARY D0r CAM 90
313 IDNil.Ji=lp CAM 91

IPalP+1 CAM 92
312 CONTINUE CAM 93
310 CONTINUE REDUCI 50

55 C 'EDUCI 59
C WRI TE ONTO T APE 8 ANO PR INT e ID RE DUC ' 60
C RE DUC I 61

REDUCI 62EWIPO 8 REDUCI 63
WRITEISI IDH REDUCI Sao

60 letl TE t 6.3201 EDUCl 65
32C FORMAft5X 8HNEW ID al EDUCI 66

DO 321 lat. N EDUC I 676ft | TE t 6. 3111 IIDNil.Ja.Jal.68 ggg gg
D0 321 Jal.6 RE h ! 69

85 I D e l .Ji e l DPi t l .J I REDUCI e 70
321 CONTINUE REDUCI 71

REWIPO 8 EDUC I 72
KTURN EDUC I 73
EPO

A-ll



P00R ORIBEL
SUBROUTIE SIZE 76/76 OPT =1 FTN %.Sewtw 11/19/90 17.2%.07

i SumR0UT IE SIZE t X.XL.MTOT .NEQB.NOLOCK.MBANDI CAM 9*

CDPm0N / CON TL I NRDOF . N T YP . NS T . MOW . NS . NS I . NS2. NS 3. NO T . P95. M00E . SIZE 3

i PC.PSLEO.NSEQ.NTO SIZE *

DIENSION XIEQS.MBANDI .XLIEQS3 CAM 95
5 LEVEL 2.X.XL CAM 96

C FIpe SADOWIDTN Or KSS SIZE 7
PWS=0 SIZE e
EWlpe % SIZE 9
WP=8800F/E QB SIZE 10

10 IROW=0 SIZE il

IFtWP.EO.01 00 TO I SIZE 12
D0 2 !=l.WP SIZE 13
IROW=lROW+EQB SIZE 14

K ADt%I ( t X I IC .JC 3 . l Ca l .EQB l .JCa l .PGA80 3. t XL t !L I . IL= 1.EM I CAM 97
15 2 CONTINUE SIZE 16

I Wap600F-IROW+1 SIZE 17
NEEC=0 SIZE IS

3 K ADt%) t I X t lC .JC I . l Ca l .EQBl .JC= 1.MB APOI . t XL I IL I . lL= 1.EQB I CAM 93
NSEC=NSEC +EM-W e t SIZE 20

20 #4.ST= E M CAM 90
IFINSEC.0T.NSI ft.ST =NEQB- t NSEC-NSI CAM 100
IFINSEC.0T.NSI NSEC=NS SIZE 21
DO % I =W .pa.ST CAM 101
MTST=0 CAM 102

25 00 7 J=1.PSA80 CAM 103
7 IFIX t i .J) .E.0.1 MTST=J CAM Ilpe

IFEMTST.07.PWSI PWS=MTST CAM 105
% CONTINUE Cart 106
W=l SIZE 25

30 IFtNSEC.E.NSI 00 TO 3 SIZE 26
KWIDO % SIZE 27
NS3=NS'P95 SIZE 29
68tI TE t 6.100 ) NST.NRDOF.NS.NSI.NS2.NS3.NOT.MBS SIZE 29

100 F0mAf t //5X.26HSUPMARY OF SIZE PARAETERS/ SIZE 30
35 i SX.34teluPSER OF UNRESTRAINED 00r (NST) =.151 SIZE 31

2 SX.38tMR OF PRIMARY 00r INRDOF I =.15/ SIZE 32
3 SX.306*dUPSER Or SECOPOARY DOF INSI =.15/ SIZE 33
4 SX.19HSIZE OF KPP ENSil =.15/ SIZE 34
5 SX.19HSIZE OF KPS INS 2B =.15i SIZE 35

*0 6 SX.ISHSIZE OF KSS INS 31 =.15/ SIZE 36
7 SX.10HSIZE OF T0 (NOTI =.15/ SIZE 37
8 SX. lDSADOW'OTH OF KSS =.151 SIZE 33

C DETERMIE BA80 SIZE OR KSS SIZE 39
C FOR STIFF S!ZE *0

ae5 NSC0=IMTOT-NSI-NS2-E QB'MBWl/MBS SIZE %I
C FOR KSS-1 SIZE *2

SOL,ma l MTOT-NS I -NS2- 3 * NS T I / ( 2 * PSS I SIZE %3
B r isCUM.L T . NSEQ I NSEQ*NDUM SIZE **

IFINOCO.0C.NS) 00 TO 5 SIZE %5
50 fe.ED=NS / NSEQ + 1 SIZE 46

00 TO 8 SIZE 47
5 NGE0=NS SIZE *e

PS.EDe l SIZE %9
6 NT0=tMTOT-2*NSI-NS2-NS-NST-NRD0rleNRD0r SIZE 50

! 95 IFINTO.0T.NSI NT0=NS SIZE SI
WRITCt6.10ll MSLRED.NSCO.NTO SIZE 52

101 r0RMATsii5X.216*s0 or BLOCKS IN KSs *.lSe SIZE 53

1 SX.2%6*do 0F EQUAfl0NS IN KSS =.15/ SIZE 54
2 SX.23NNO OF EQUATIONS IN TO =.ISI SIZE 55

to NA%=2'NS t +DWIDOF o t fC+NRD0r + I +PO I SIZE 56
bellTEt6.1021 NA% SIZE 57

102 F0pmAT(5X.27HSIZE OF A DURING E10ENSOL =.158 SIZE 58
M Tuped SIZE SS

Es0 5IZE 60

|
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SUBROUTIE STIFr 75/76 OPT =1 FTN 4.S+%l4 11/19/90 17.2%.07

i SUWIOU T I E ST I FF t XKPP . XKFS . XKSS . X . XL .MLOCK . E M .NR00r .N T YP .NE T . CAM 107
i PWW..NS.N51.NS2.NS3.N07.MS.M00E.MD.MLRED.NEEO.NTO) STIFF 3
OlENSION XKPPtNSil .XxPSINS28.XKSStNSEQ.MSI XIEM.PGNI .XLIICMI CAM IOS
LEVEL 2.XKPP.XKPS.XKSS.X.XL CAM 309

5 C STIFF 6
C FORM KPP KPS.KSS FROM TOTAL STIFFICSS ON TAPE 4 l#tlTE KSS ON STIFF 7
C TAPE 16 IN BLOCKS STIFF S
C STIFF 9

REWI M 16 STIFF 10
10 ILPP=0 STIFF ||

ILPS=0 STIFF 12
IRS =0 STIFF 13
195=0 STIFF 1%

IROW=0 STIFF 15
15 00 | IR=l.PSLOCK STIFF 16

EADt%) ( ( X t l C.JC 3 . l C= 1.NEQB l .JC= 1.MN I . E XL I IL I . IL= l .EQB I CAM 110
00 2 ! = 1.EWI STIFF IS
IROWalROW+1 STIFF 19
IFilROW.GT.NSTI GO TO 2 STIFF 20

20 IFilROW.GT.P8t00rl GO TO 3 STIFF El

C STIFF 22
C KPP OR KPS STIFF 23

00 % J= 1.PSW STIFF 2%
IFtJ+1 ROW-l.OT.NROOFI GO TO 5 STIFF 25

3 C KPP STIFF M
ILPPolLPP+1 STIFF 27
XKPPtILPPl=Xt!.Jl STIFr 29
00 70 % STIF6 29

C KPS STIF6 30
30 5 ILPS=lLPS+1 STIFF 31

XKPSIILPSl=XtI.JI STIFF 32
% CONTID4JE STIFF 33

00 TO 2 STIFF p.

C KSS SilFF 35
35 3 IRS = IRS +1 STIFF 36

DO 8 Jal.PSS STIFF 37
6 XKSSilRS.Ji=Xtl.JI SilFF M

Ift|RS.LT.NSEQl GO TO 2 STIFF 39
WRITEll68 XKSS STIFF *0

*O IRS =0 STIFF %I

2 CONTINUE STIFF %2
i CONTINUE STIFF ww
REWlp0 16 STIFF %5
RETURN SilFr 36

*5 EPO STIFF 87

P00R OR G NM

SURROUTIE MASS 76/76 OPT =1 FTN %.5+%1% 11/19/90 17.2%.07

MASS 2
I SUEROUT I NE MASS t XM .E QS .fGLOCK .NSi l MASS 3

DIENSION XMINST MASS %
LEVEL 2.XM

| MASS 5
C MASS 6i

1 5 C LOAD MASS VECTOR MASS 7
C MASS 8

EWi>O g
CAM lli

in0Nel CAM 112 i

DO I !=l.PSLOCK CAM 113
10 JLSTelROW+E OS-l CAM 11%

IFtJLST.GT.NST) JLST=NST CAM 115
EADt91 EXM8JI.JalROW.JLSTI CAM ll6
IR3W.JL ST + 1 CAM 117

i CONTINUE MASS to
IS REWIDO 9 MASS 17

ETURN MASS 18gpg

{
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P00R ORIGINAL-

SURROUTIE GAUS 76/75 OPT =1 FTN %.5*41% ll/19e00 17.2%.07

I S2 ROUT INE GAU$t Al . A2.9.G.NSO.NST.MDS. PGLK. Nil .NT2.Nf 3. INDEXI GAUS 2
O l MNS I ON A l t NES .PW$ t . A2 t NSO .79t l .S t NST I .G I NS T I GAUS 3
LEVEL 2.A1.A2.3.0 GAUS 4

C GAUS 5
5 C INDEX = 1 FIPO INVERSE OF A (ON TAPE NTil STOTE RESULTS ON TAPE Nf3 GAUS 6

C 2 FACTOR A STORE RESULTS ON TAPE NT2 GAUS 7
C 3 SOLVE A X = 8 ENTER WITH 2 FIRST TO FACTOR A GAUS S

IF t IPOEX.EQ.33 GO TO I GAUS 9
C GAUS 10

10 C FACTOR A GAUS II
C GAUS 12

EWIPO NTI GAUS II
EWIPO NT2 GAUS 14
NietWS-1 GAUS IS

15 M2=NSS-teS+1 GAUS 16
IMXNK-l GAUS 17
IFt M K.EQ.ll IBMX=1 GAUS 16
00 to 19=1.18MX GAUS 19
IFIIB.EQ. li READINill Al GAUS 20

20 IF tMK.E. li READINTl l A2 GAUS 21
JSTRT=2 GAUS 22
IFtIB.GT.Il JSTRT=JLST+1 GAUS 23
AS T =2. 'NS8 GAUS 2%
Irtit.GT.it AST =JSTR T +N I + N2- 1 GAUS 25

25 IF t AST .GT .NST ) JLST=NST GAUS 26
00 II J.JSTRT.JLST GAUS 27
MSK=J-PWS GAUS 29
IFIMSK.LT.ll MSK=1 GAUS 29
CALL LOCATEIMSK.J.A.AI.A2.MBS.NSB.IB) .GAUS 30

30 GIMSKl=A GAUS 31
I F =tfSK + 1 GAUS 32
IL*J-l GAUS 33
00 12 !=lr.!L GAUS h
CALL LOCATE E I .J. A Al . A2.P95.NSO. lBI GAUS 35

F5 GIII=A GAUS M
KF=MSK GAUS 37
IF t I-PWS.GT .Kr i KF= I-POS GAUS E
KL=1-I GAUS 35
IrtKr.GT.KLI GO TO 12 GAUS 40

%0 00 13 K-KF.KL GAUS 41
C ALL LOC ATE E K. I . A. Al . A2.P95.NSO.18 : GAUS %2

13 Gril-Gill-A*GtKI GAUS %3
12 CONT!PaK GAUS **

IF =J-POS GAUS %S )*5 IFilr.LT.le IF=1 GAUS %6
IL*J-l GAUS 47
DO 1% i=lr.IL GAUS se
KA=l-t10-Il'NSE GAUS 49
IFtKA.GT.NSea GO TO 15 GAUS 50

50 LA=J-I15-II*NES-KA*l GAUS St
I F I L A . G T . PWS I GO TO 1% CAM 113
AltKA.LAl=GEII/AlEKA.Il GAUS 52
00 TO 14 GAUS 53

15 KA=l-IB+NES GAUS 5% j55 LA=J-Ig*NSS-KA+1 GAUS 55 iirtLA.GT.PSSI GO TO 1% CAM !!9 i

A28KA.LAl= Gall /A2tKA.18 GAUS 56

,
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?DDR ORIGINAL

SURROUTIE GAUS 76/76 OPT =1 FTN %.5+414 1I/19/00 17.2%.07

1% CONTINUE GAUS 57
KF =J-POS GAUS SS

60 IFtKF.LT.Il KF=1 GAUS 90
KL*J-I GAUS 60
KA=J-TIS-Il*NS8 GAUS El
00 16 K=Kr.KL GAUS 62
CALL LOCATEtK.J.A.Al.A2.19S.NSO.IBI GAUS 63

95 IFtKA.GT.NSS) 00 TO 17 GAUS 6%
AlIKA.Il=Al(KA.Il-A*GtKl GAUS 65
00 TO 16 GAUS 66

17 KA=J-18'NS8 G.WS 67
A28KA.ll=A28KA.ll-A*0tKI GAUS 68

70 16 CONTINUE GAUS 89
Il CONTINUE GAUS 70

6ftI TE INT 2) Al GAUS 7I
IFt M K.EQ.ll 00 TO 10 GAUS 72
00 IS Ital.NSS GAUS 73

75 00 lB JT=1.19S GAUS 7%
18 Al t IT.JT l=42417.17 3 GAUS 75
10 CONTlWE GAUS 76

EWIPO NTI GAUS 77
EWIPO NT2 GAUS 79

90 IFil>OEX.EQ.23 RETUfDi GAUS 79
KWi>O NT3 GAUS 30

C SET UP LOAD FOR INYERT STORE RE!,ULTS ON TAPE NT3 GAUS St
D3 20 ICOL=I.NST GAUS 32
DO 21 J=1.NST GAUS 33

95 El BIJI=0. GAUS >
BtICOL1=l. GAUS 95
00 TO I GAUS 86

22 6ft| TE t NT 31 B GAUS 87
20 CONTIPAK GAUS 88 8

90 MWIMO NT3 GAUS 99
ETUfD4 GAUS 90

C GAUS 91
C SOLVE A X = 0 HAVING FACTORED A ON TAPE NT2 RETURN SOLUTION IN 8 GAUS 92
C GAUS 93

95 C REOUCE 9 GAUS 94
i I Gill =8til GAUS 95
! IWtX= M K-1 GAUS 96
| IFI M K.EQ.ll 19PtX = 1 GAUS 97
i 00 30 ID=l.19MX GAUS 90
!100 IFtIB.EO.lt READINT2B Al GAUS 99
| IFI M K.E .ll RE ADINT21 A2 GAUS 100
i JSTRT=2 GAUS 101
l IFilt.GT.li JSTRT=JLST+1 GAUS 102

.LS T =2. * N58 GAUS 103
105 IFilt.GT.Il JLST=JSTRT+NI*N2-1 GAUS 10%

IFtJLST.GT.NSil JLST=NST GAUS 105
* 00 31 !=JSTRT.JLST GAUS 106

Gill =9III GAUS 107
KS = 1 -PG5 GAUS 100

,110 IFtKS.LT.ll K5=1 GAUS 109
I KLel-I GAUS 110

00 32 K-KS.KL GAUS III

CALL LOCATEtK.I.A.Al.A2.MBS.NS8.105 GAUS 112
32 0..s= Gall-A*GtKI GAUS 113

|

A-15

_ _ . _



|

|
|

l

l

SUOROUTI4: GAUS 76/76 OPT =1 FTN 4.5+%14 11/19/00 17.2%.07

115 3I CONTINUE GAUS X14
00 33 IT=l.NSS GAUS I15
00 33 JT=1.4 5 GAUS Il6

33 Altif.JTI=A2tif.JTI GAUS 117
30 CONTINLK GAUS 118

120 C BACKSUBSTITUTE GAUS I19
E WIW NT2 GAUS 820
IROWa0 GAUS 123
00 40 19=l .WLK GAUS 122
MADINT28 Al GAUS 123

125 1MX=NES GAUS I2%
IFilROW+IMX.GT.NST) IMX=NST GAUS 125
IFST=IROW+1 GAUS 126
ILST=IROW*NS8 GAUS 127
D0 41 !=lFST.ILS' GAUS 120

130 %I Gill =GtII/Alti-IROW.Il GAUS 129
IROWa! ROW +ILST-IFST+1 GAUS 130

40 CONTimK GAUS 131
EWIW hT2 GAUS 132
BINSTl=GINST) GAUS 133

135 IB M K-l GAUS I Pe
IFEIB.LT.ll IB=1 GAUS 135

47 10179= I3- 1 GAUS IE
IFt IDLM.LE.03 GO TO 42 GAUS 137
D0 43 I=l.IDUM GAUS 133

140 43 EADINT23 Al GAUS 130
42 E ADINT23 Al GAUS 140

IFt>SLK.EQ.lt GO TO %4 GAUS 1%I
K ADINT28 A2 GAUS I42

44 ISTRT=110-13+NS8+NI*l GAUS 1%3
l*5 ILST = I STR T +N I +2 +M GAUS 1%%

IrelLST.GT.NSTI ILST=NST GAUS 145
IFtIB.EQ.Il ISTRT=2 GAUS 1%6
Ml=ILST-ISTRT+1 GAUS 1%7
00 %S lat.NI GAUS 148

150 IROW=lLST-l*l GAUS 1%9
K5=lROW-P95 GAUS 150
IrtKS.LT.Il K5=1 GAUS ISI
KL=IROW-1 GAUS 152
00 46 K=MS.KL GAUS 153

155 CALL LOCATEtk.IROW.A.AI.A2.MBS.NSB.IBl GAJS 15%
46 OtK5=GtKi-A+3 IROWI GAUS ISS

StIROW-ll=0sIROW-il GAUS 156
4S CONTIMK GAUS 157

19 13-1 GAUS ISS
160 EWIW NT2 GAUS 159

IFE10.0T.01 00 TO 47 GAUS 160
IFlipM X.EO.li 00 TO 22 GAUS 16l
E TusM GAUS I62
EW GAUS 163
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P00R ORIGINAL

i

SUSROUYl4 LOCATE 76/76 OPT =1 FTN 4.5+414 11/19/00 17.2%.07

i SIMIOUTIE LOCATE t 1.J. A. Al . A2.195.NSS ,ISI LOCATE 2
OlENSION Al tNSS.MS) . A2t NSS.P95 3 LOCATE 3LEVEL 2.Al.A2 LOCATE %
ILOW=1IS-lI*NSS LOCATE 55 INON=lG*NSS LOCATE 6
I E X=3 LOCATE 7
IFil.0T.ILOW.A W .I.LE.lH0HI I W X=1 LOCATE S
ISMGatlG+13*NSS LOCATE 9
IFII.GT.IMON.AW .I.LE.IShot I E X=2 LOCATC 1010 00 T0 fl.2.33.IICEX LOCATE 11

i K=l-flS-II*NSS LOCATE 12L=J-TIS-lI'NSS-K*l LOCATE 13
IFIL.OT.P958 00 TO 5 CAN 120A=AltK.L) LOCATE 1%IS ETURN LOCATE 152 K=l-IS*NSS LOCATE 16
L=J-IS*NSS-K*l LOCATE 17
IFIL.OT.WSI 00 TO 5 CAN 12I
A=A2tK.L3 LOCATE IS20 E TLAIN LOCATE 195 A=0. CAN 122
ETURN CAN 1233 letlTEt6.%l I.J.IS LOCATE 20

% F0fDIAf t / /5X.31|>(lut0R IN LOCATE ELLENT NOT IN Al OR A2s LOCATE 2125 I 10X.3HI =.15/10X.3HJ =.15/10X.%HIS =.15 LOCATE 22
STOP LOCATE 23Em LOCATE 2%

SUSROUTIE PPLOC 75/76 OPT =1 FTN 4.5+414 11/19/00 17.2%.07

i SLW40UT IE PPLoc t lR.JC. lLOC ) PPLOC 2
COPMONICONTL / le0r .NT YP.NST .MW .NS .NS I .NS2.NS3.N0T .WS . MODE . PPLOC 3

I le.PSLED.NSEC.NTO PPLOC 4

C LOCATES l.J IN VECTOR STORING KPP PPLOC 5
5 IDR=lR PPLOC 6

n =JC PPLOC 7
IFtIR.LT.JCI 00 TO 3 PPLOC 0
10R.JC PPLOC 9
g .gR PPLOC IO

10 3 CONTINgg PPLOC 11
g.ee0F PPLOC 12
ILOC=0 PPLOC 13
ISalDR-1 PPLOC 14
IrelS.EO.01 00 TO I PPLOC 15

15 00 2 !=l.15 PPLOC 16
I LOC = I L OC +p4. PPLOC 17

2 E =E -l PPLOC IS
I ILOC=lLOC+JDC-IDR+1 PPLCC 19

E TufW PPLOC 20
20 Ele ppt 0C 21
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S4 Alt 0UtleE REDUCE 76/78 OPT =1 FTN 4.S+%I4 11/19/00 17.2%.07

i MIEit0UT I E EDUC[ t XKPP . XK*S . XM . XMR . XSS . T I . T O . IEEDUCE 2
1 0800r . NT YP . NS T . PelW . N$ . NS I . N62. N53. NO T . PWS . MODE . EDUCE 3
2 fC.PWLED.NSEQ.NTO Mmn %

DIENERON XKPPIN5tl.XKPSIN528.XMINST3.X3WIIN513.X55tNG).fiINRDor). EDUCE S
S I 70tNTO.ps00rs EDUCE 6

LEVEL 2.XKPP.XKPS.XM.XPfl.XSS.T I .T0 EDUCE 7
C Fan a
C FORM TO = KSS-1 + KSP OPC BLOCK AT A TIE ADO STORE ON IS Man 9
C Fan 10

10 DS.=$dS/NT0+1 Emn il

ir(NS.EO.NT05 te.= l CAM 12%
EWl@ IS EDUCE '2
EMlpe 17 Fan 13
00 I I D= l .DSL Mmn 14

IS DO 2 l=l.NTO EDUCE IS
D0 2 J=l.P800r Fan 16

2 T0tl.Ji=0. Man 17
DO 3 !=l.NTO Fan le
IMOnktIS-II*NT0+1 Fan 19

M Ir I il40W.GT .NS I GO TO 3 Kmn 20
EADt173 XSS Fan 21
DO S J=1.9800r Fm rr 22
00 S K=l.NS Emn 23
CALL PSLOCt2.K.J.lLOCI Fan 2%

25 IFIILOC.EQ.03 GO TO 5 CAM I25
Tot 1.Ja=T04I.JI+XSStKl*XKPStILOCl CAM IN

S CDMTI M CAM 127
3 CONTIB4K EDUCE i!b
I natITEllSI TO KDUCE 27

30 EMite 17 EDUCE N
EMlle 18 K DUCE M

C EDUCE 30
C Foswi TI = KSS-1 * MSS * TO ONE R0W AT A TIME AND SAVE ON 16 E DUCE 31
C REDUCE 32

M REMlpo 16 REDUCE 33
00 10 i=1.NS EDUCE Pe
EAD117) XSS EDUCE B
00 II IM=I.NS EDUCE M

1I X968IMI=XSSIIMl*XMtIM*NR00Fi CAM IM
,

e1 DO I2 jai 88tDOF EDUCE N'

12 TItJi=0. EDUCE 39
i

00 13 ISal.8GL EDUCE 40
E ADilSi TO E DUCE *l

DO 14 Ja l .881 Dor E DUCE %2
*e5 DO 14 K=l.NTO E DUCE %3

8000te t IS-I I *NT 0 +K REDUCE %%

f r IIGION.0T .NS I 00 TO 14 K DUCE %S
TI Ja=TI(Ja+MS$4KROWB*TOIK.JI R[ DUCE %6

14 CONT ifEK REDUCE 47
.

13 CONT 194K REDLCE 48
'

SC
Idt!TEtISI T| flEDUCE %9
EWite le flEDUCE 50

10 CONTINUE REDUCE St
REw!so 16 N DUCE S2

SS REWisc 17 CAM 129
C RElsVCE S3
C COMPU E K+ = KPP KPS * TO ANO STORE IN KPP REDUCE 5*T
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P00R 011GINAL

SUEROUTIE IEQUCE 75/79 OPT =1 6 TN w.S*w tw 11/19/90 17.2w.07

C EOUCE SS
DO 20 Ital.tGL wmn SS

to MADil01 TO wmn 57
D0 21 K=1.8800r E DUCE SS
DO 28 Jaet.9800r IEDUCE 99
CALL PPLOCtK.J.lLOCI wmn 60
DO N L=l.NTO IEDUCE SI

G5 LROW= t 15- 1 l 'NT 0 +L wmn 82
IrILROM.07.NEl 00 TO N IEDUCE 63
CALL PSL0c t l .K.LROW.180EXI wmn >
IriIpOEX.EO.01 00 TO 22 wmn 95
3etPP t I LOC 1 =XKPP t I LOC 1 -XKPS I I POCX I * T 0 L . J i ymn 36

70 M CONTID4K IEDUCE 67
El CONTiteK IEDUCE es
20 CGeTIptK wmn te

IEWile 13 wmn 70
C wnn 71

75 C CorFUTE M' = PPP + KPS * T l APO STORE IN XPWI wmn 72
C wan 73

DO 30 !=l.NSI wMn 7%

30 3eWitta=0. CAM 130
00 31 ! = 1.D800r wmn 76

30 CALL PPLOCII.l.ILOCI IEDUCE 77
31 300t t iLOC l = XPt t i l wmn 79

DO 32 L=1.NS IEDUCE 79
fE ADi l61 Tl wmn 30
00 33 K=l.pWOOr IEDUCE SI

95 DO 33 J=K.pf00r IEDUCE S2
C ALL PSLOC i I K .L . I POE X I # EDUCE 33
Ir tIPOEX.EO.03 GO TO 33 IEDUCE D
CALL F*LOCtK.J.ILOCI IEDUCE G5
3ect I I LOC I = XPWI I I L OC I + XKPS I I POE X 1 * T I I J B IEDUCE Ms

90 33 CONTIpeK IEDUCE E7
32 CONTINLK fEDUCE SB

fEMI80 16 EDUCE 89
'

#ETURN IEDUCE Ib
EPO E DUCE 135

i
i

:
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SUBROUT l>E PSLOC 78178 OPT =1 FTN 4.S+4i% Ii/19/00 17.2%.C7l

|

t $4500UT IDE PSLOC t I T . I .J. ILOC i PSLOC 2
C0pW90N/CONTLt DOOF .N T YP . NET .MBW .N5.N6 8 . NS2.N53.NCT .995.M00C , PSLOC 3

1 70.MLRED.NEEQ.NTO PSLOC 4

C PSLOC S
S C LOCATE I .J COMPOIENT OF KPS IN A IF IT=1 OR J. I COpWOIENT PELOC 6

C OF KSP Ir IT=2 . . . lLOC 15 LOCATION Or COPPODENT IN A..IF PSLOC 7,

l C ILOC=0 COP 90 DENT IS 0 PELOC e
e PsLOC 9

ILOC=0 PELOC 10
,

10 IFtIT.EQ.23 00 TO I PELOC ii'

IR=I PELOC 12
JC=J PELOC 13
00 TO 2 PELOC I4

I IR*J PELOC IS
IS E=I PELOC 16

2 IFifOOr.GT. POWS 00 70 10 PSLOC 17
IFtJC.0T.fgW-DOOrelR-Il RETURN PELOC IS
I L =794-900F -l PbLOC 19
IFilR.EQ.Il 00 TO % PSLOC 20

20 IN=lR-l PSLOC 21
DO 3 ISal.IN PELOC 22
IL=lL*l PSLOC 23

3 ILOC=lLOC*ll PSLOC 2%
% ILOCalLOC+JC PSLOC 25

25 fETIAIN PSLOC 26
C PSLOC 27

10 IFilR.LT.000F-teW+11 RETURN PSLOC at
IFtJC.07.IR-DOOF+1gNI RETURN PSLOC 29
KM IN=#OOF-PWe+ 1 PSLOC 30

30 IFilR.LE.KMINI 00 70 11 PSLOC 31
IN=lR-l PSLOC E
IL=0 PELOC 33
D0 12 IS=KMIN.IN PSLOC 3%

IL=IL*l PSLOC 35
35 12 ILOC=lLOC*IL PSLOC 35

' 11 ILOCalLOC+JC PSLOC 37'

IE TIJ4N PSLOC E
EPO PSLOC 39

P00R DRMist
SUBROUTitE GRAME 78/78 OPfal FTN %.S+%I% 11/19/00 17.2%.07

i Simt0 utile ORAM 5tXM.EY.9.DUM.lM.N58.800F.M00Cl CM 309
DIPEN510N Ev t >C0F .M00E l .S t >OOF 1.DUMIND0F l . ALPH t 20 8 .XMI NS l 3 CAM 310

CAM EliLEVEL 2.xM.EV.S.DUM '

C CAM 312
S C COMPUTE DEW B ORTH 000NAL TO ALL LOlER MOOCS CAM 313

C Br.W= GOLD - SUM t IEV' 'M + SOLDI * EV i CAM 31%

C CAM IIS
P>lM-1 CAM 315
00 1 I=l.M CAM 317

10 00 2 J=1.900F CAM Ils
2 OlsttJi=0. CAM 389

00 3 J=l .900F CAM 320
00 3 K=l .800F CAM El
CALL PPLOCEJ.K.ILOC3 CAM 322

IS 3 DUMtJi+0UMiJI*XMtILOC3*BtKI CAM E3
ALPHt!I=0. CAM 32%

00 % Jel.900F CAM 325
% ALPH t I l = ALPH I | 3 *EV I J. I I * DUPt t J I CAM 325
I CONTIp4E CAM 327

20 00 S O I.DOOF CAM 323
00 S !=l.M CAM E9

5 5tJIatiJi-ALPHIIl'EVtJ.II CAM 330
fETURN CAM 333
ElO CAM 32
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P00R ORIGINAL '
SUER 0uf tet INVERT 76/75 OPfal FTN %.S+41% Ble19eSO 17.2%.07

i SWBOUT I DE I NVE R T I N .W . A . S . JS . l fCE X I lefvtRT 2
DIPENSION AIN.PGs .MS 1000 3 .0 t 10C0 5.0"t i itsvERT 3
LEVEL 2.A.B lefWERT %

C lofwERT S
S C PROGRAM TO OSTAIN A-1 USING OAUSS ELIMINATION AS OUTLitED IIWWERT 6

C IN SAT 8E-NILSON PAGES 2%S-250....A STORED IN SAMED FORM IWWERT 7
C N EQUATIONS M BAWNIDTN. . . INVERSE ST0 FED SAIGED IN 9 IWWERT S
C lefWERT g
C IMEX= 1 FIDO INVERSE OF A OBE COL IJSI AT A Tipt lefWERT 10

10 C = 2 FACTOR A lifwERT 11
C = 3 F ile 50L A X = B . . ENTER WITN 2 FIRST TO FACTOR A IteWERT 12 i

IFilWEX.EO.31 00 TO 21 lefWERT 13
IF t ss.0T . l . Ate.12EX.EO. I I 00 TO IS ItRERT 1%
IFIN.LE.10001 00 TO 16 IsfWERT IS

15 65tI TE t 6.100 3 N IlfWERT IS
100 F0fmAftt/SX.27m 0 0F EOUATIONS IN INVERT =.lS.2X IlfwERT 17

I .lMEXCEEDS 10001 InfWERT IS
STOP IteWERT IS

IS CONTIDAK INWERT 20
20 C CALC SK al8C FOR ALL COLUpofS lefwERT 21

D0 I J=1.PG lefWERT 22
1 MStJimi INWERT 23

JC=fG+1 ItfWERT 2%
llo 2 J=JC.N lifwERT 25

25 2 MStJa MStJ-II+3 lefWERT 25
C fEDUCE A IsfwERT 27

DO 5 J=2.N IDfWERT 23
AOC=J-MS t J t e l InfWERT 29
GI f95 8 Ji t = A I NS I J I . JLOC l terWERT 30

30 IS MS(JI+1 lefvERT 31
IL=J-l IWWERT 32
IFtIS.GT.ILI GO TO 10 lefWERT 33
00 8 I=IS.lL INVERT Pe
ILOC=J-l+1 InfWERT 35

F5 GEIl=At1.ILOC) 18tWERT E
fm=MStJs INWERT 37
IF t MS t i l .OT .Pell Pe1=MSI i l INVERT E
KL=I-I IWWERT M
IFif98.OT.KL) 00 TO 6 IWWERT %D

00 00 7 KR=fet.KL INWERT %I,

l 7 Gill =Otti-AIKm.I-KR+ll'OIKR) lefvERT 42
' S CONTietut INvtRT %3

10 CONTINUE INVERT %%

C 18tvERT %S
*J l S=995 t J B INVERT %4

IFill.07.!Li 00 70 11 INVERT %7
00 S !=IS.lL INVERT %S
ILOC=J-l+1 INVERT 49

8 Atl.lLOCl=0til/All.it INvtRT SO
S4 C INVERT SI

I| C00sT Ie44 INVER T S2
IFill.0T.lLI 00 TO S INVERT S3
DO 9 KR=IS.lL INVERT 5%

9 AsJ.ll=AIJ ll-AIKR.J-KRell*GtKR3 INVERT 55
SS C INVE R T 56

S CONTINUE INVER' 57
IFtitOEX.EO.25 RETURN INVERT Se

| A-21
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P00RDMlHA

SUEROUT13C INVERT 7si?S OPT =1 FTN w.5.wl% liflg,00 17.6 .07

21 IralleEx.EQ.38 00 TO 2.? g ,,yg m y 9g
C FORM INVERSE 1,8fwERT 60

40 15 CONTINUE g ,yggy 3g

C M g ,,ygg
DO 23 !=1.N g g,yggy ,

23 0tII=0. g o,yggy g
SS etJael* lofwERT G6

N 08II=etiI feewERT 67
! DO % I I=2.N ggyggy gg

Of13=0til g,,yggy gg
K5=MStiI g g,yggy F0

70 ea.=I-I g ,,,g,7 yg
IFtKS.GT.KLI 00 TO %I tesvtRT 72
DO 42 K=eCS.KL leswE,RT 7.pg

3
iLOC=I-K+1 g ,,yg y

42 Otll= Gill-AIK.lLOCl*GtKI g,,yg RT 'P5
75 %I CONTIteK g ,,yg RT 'ps

C SACKSimSTliUTE TO GEE RATE J COL OF A-l FROM N TO I lasWERT 77
DO %9 lat.N leswERT M

%9 Otll= Gill /Atl.II g gyggy .pg
SENI=GINI 188vCRT 00

SO IT=N-l g,,yggy gg
IFEIT.EG.08 00 TO %D INwtRT a2
DO 45 |Nel.lf g ,,yggy g3
!=M+1-IN IWT >
KS*0ES t i l ItswERT m

95 KL=I-I INwERT m
00 46 K=KS.tCL 167 p

%6 GtKI=GtKi-AIK.1-K+18' Bill g o,yggy gg
Ell-II=Gil-ll ggyggy gg

%S CONTINUE llevtRT 90
90 40 CONTINIK ggyggy gg

ETm INVERT 92
E INVERT 93
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P00RBMBlHAl.

SLWIOuYIE EXPApo 76/78 OPfal FTN 4.S+414 11/19/90 17.P'.07

I S42 ROUT IE EXPASCIEv.70.T I .ESAP.NRDOF.PO.M00E.NTO.EM.88 LOCK. CAM 131
1 NTYP.NS.XM.NST) CM 132
COP 9 TON /EVALIEF t 20 3 CAM 133
DIENSION EV E M00F .PO) . T 0 t NT O .PetDor s . T i t M00r t . ESAP t EM.M00E l CAM 13%

S I .XMINST).XMTOTt201 CAM 135
LEVEL 2.EV.TO.TI.ESAP.XM CAM 136

C CAM 137
C EXPAPO MODES APO wtITE ONTO 7 IN PSLOCKS CAM 130
C CAM 138

10 C CAM 140
C STORE TO DE ROW AT A TIE ON 17 CAM 1%l

REWIN 3 18 CAM 142
REWIPO 17 CAM 143
peL=NS/NT0+l CAM 14%

IS IFtNS.EO.NT03 PSL=1 CAM 145
PWION=0 CAM 1%6
00 I I B = 1.PSL CAM 147
K ADtl81 TO CAF 14e
DO 2 !=l.NTO CAtt 1%9

20 I F t >WOOW+ I .OT .NS I GO TO 2 CAM 150
wt| TE l l71 I T0 t l .JI .J= l .PetDOF I CAM 151

2 CONTINUE CAM 152
I PWIOW= Pet 0W+NTO CAM 153

C CAM 15%
25 C EXPADO MODES CAM 155

C CAM IS6
REWi>O 16 CAM 157
REWIPO !7 CAM 158
KWi>O IS CAM 159

30 IWIOW=0 CAM 160
00 10 IB-l .PeLOCK CAM 161
00 12 |RW=1.E WI CAM 162
00 16 IFR=1.M00E Cet 163

16 ESAPtIRW.lFRl=0. CAM I66
35 IFt>WIOW+IRW.GT.NS+NRD0rs 00 70 12 CAM 16''s

IF ifft0W+ 1 RW .0T . NR00F I GO TO 13 CAM 16,5

D0 20 IFR=1.M00E CAM 107
20 ESAPIIRW.IFRl=EVIIRW+NROW.lFR3 CAM ISS

- 00 TO 12 CAM 169
| *0 13 READel7) 70sI.Ja.Jel.NR00rl CAM '. 70

00 14 L=l. Pet 00r CAM 171
00 14 IFR=1.M00E CAM 172

1% ESAPI IRW. IFRI =ESAPI IRW. lFRI-70 t l .L ; ' Evil . IFR i CAM 173
IFINTYP.EO 2 00 70 12 CAM 17%

*S READt16i TI CAM 175
D0 15 L=l.NROOF CAM 176
00 15 IFRal.M00E CAM 177
ElveIEFiIFRI'6.2SI'*2. CAM 178

,

| IS ESAPI Il%4. lFRl =ES API IRW. lFR I-E l v'il ( L i'E v tl . lF R ) CAM 179
S0 12 CONTIPSK CAM ISO

68t|TE t |Si ESAP CAM 181
10 NROWatft0W'NE08 CAM 182

C NORMALIZE YECTORS AND WRITE ON 7 CAM 183
00 30 l=1.NST CAM 18%r

| SS 30 REA0ilSi XMill CAM 185
REWIND IS CAM IB6
REWI PO IS CAM 187
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9gg OWMA
-

- T.-C.A= >.. . . , FIN %,$ ggg II/IS/90 17,2%.07

00 3: 3 1.M00E
33 38tTO7e13 0. CAM '"

no 1800W=0 Cm 190
00 3e gg.l. M OCK g I
M AD8188 C5AP Cm I
00 33 ap,.g, g CAM
00 33 g.l.M W Cm g

e5 88tou. lft0M* I g =NS 8 00 TO 33-

33 gO;;'--.....<,..._,._,_ II7
g !9'

. Cm 388
,, 32 CONTINLK = 2a

EWite is =>
Iltou.0 C.,, M
= ,. .,. . ,.0C , C,n -3

= = i._.Cs.
C ,,

,, DO 25 g= = i. . n00g0,
C 207

E a g *#3' IXMTots p3, 20s
35 m POW

to Iltou.gpeau,ggg 210
MITEt78 ESAP CAM El1

De CON 71Nig C2 212
flETunes CAM 213
DC CAM 21%

|

|

I
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S42200714 PO4R 75/ M OPT =1 rTN 4.S+%I= Iliigie0 17.N .07

i Supt 0UTIE PCE RtXK.XM.Ev.XD.B.SB.EDUM.N51.ND0r.M00Cl CAM 215
C0pm0N/ EVAL /Ert203 CAM 216
D ilOS I ON XK ( N513 . XM I NS I l . E V t 600r . M00C s . S t 800r 1. g3 i e00r i CAM 217

I . MD t100r .900r I .EDUM i MODE I CAM 21S
S LEVEL 2.XX.XM.EV.XD.O.BB.EDUM CAM 219

C Cm 220
C INVERE ITIRATION TO C0ffuTE 'MolX * LOWST MODES. . . . CAM 22 8

C EACH ITERA7 ION STATRS WITH LAlif VECTOR FOLLOED WITH CAM 222
C GRAM SOMIDT ORTH 000NALIZA T10N CAM 223

IO C CAM 22%
6stITEtS,IDOI MODE CAM 225

100 ro mater /SX.22HINVERSE ITERAfl0N FOR .l!.6H MODES // CAM 226
1 2X .46M00C . 2X . 9H I T ER A T 10N . 2X .10410CNV ALtK . 2X . 54MOR I CAM 227

TOL=.0001 CAM 228
IS IMAX=30 CAM 229

C FACTOR K CAM 230
00 I ! = I .peor CAM 231
00 t J=I .800r CAM 232

1 XD!!.JI=0. CAM 233
M DC 2 I=I.h00r CAM 2De

DJ 2 K=l.800r CAM 2B
CALL PPLOCtl.K.lLOCl CAM 2B
KCOL=K-l*l CAM 237

2 XDil.KCOL1=XKt! LOCI CAM 2M
25 CALL I NVERT 4 000r .>Cor .XD .8. JDUM.2 3 CAM EM

00 20 IM=l. MODE CAM 60
C TRIAL YECTOR CAM BI

DO 3 I=l.toor CAM 2%2
3 Stil=1. CAM M3

30 IriIM.GT.II CALL GRAMStXM.rv.B.BB.IM.NSI.tOOr.M00EI CAM &*
ITER =1 CAM MS
EM=0. CAM 2%6

C M+X CAM M7
12 DO % ! = l .Peor CAM Ne

F5 Mill =0. CAM 69
DO 4 Ja I .800r CAM 250
CALL PPLOCII.J.ILOC3 CAM 251

% Mtil e ttl*XMilLOCl*BtJI CAM 252
CALL INVER T ilO0r .NDor .XD.BB . AUM . 3 3 CAM 253

to C X' *M+X CAM 25%

i DO S ! = l . DOOR CAN 295

[ Bill =0. CAM 296
00 S Ja I .800r CAM 257'

C ALL PPLOC I I .J. lLOC l CAM 250
tes S S t i f =G I I 3 * KM t I LOC l * B0 t J I CAM 259

' DUM=0. CAM MO
00 6 i = 1.900r CAM MI

6 DUM*0UM+3III*B5eIi CAM 262
,

C XiAM = X' * X *X e DUM CAM M3'

S- 30 7 I = 1.800r CAM M*
3:13=0. CAM 265
00 0 J-l .@0r CAM M6
C ALL PPlflC E I .J. ILOC s CAM M7

e gall-SIII+XXtlLOCl*BetJi CAM 268
SS 7 CONT INLK CAM 269

OUpec=0. CAM 270
DO 9 |al.NOor CAM 271
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SURROUTilt P0lCR 76/78 OPT =1 rTN %.5*%I% 11/19190 17.2w.07

9 Duret=0utet+9 8 I I *30 t i I CAM 272
NLAf9=0upet/DUM CAM 273

80 DuM=SGRTIDUMa CAM 274
00 10 l a t .900F CAM 275

10 Stilateill/DUM CAM 275
letl TE t t. l 0l l IM.lTER. XLAM. ERR CAM 277

101 FORMAfttX.15.3X.15.2X.El3.3.2X.El3.33 CAM 279
85 IF t IM.07.1 I CALL ORAMS t XM.EV.B.BB. IM.f41.ND0F .M00E 3 CAM 279

ITER =lTER*l CAM 200
IFEITER.07.28 00 TO Il CAM 291
XLAN.=XLAM CAM 2ei!
00 10 12 CAM 283

70 11 IFtITER.07.lMAX3 00 TO 15 CAM am
EfWt=AM tXLAM-XLAPt.1/XLAM CAM 235
IFtEE.LE.TOLI 00 TO 13 CAM 2GB
XL Aft.= XL AM CAM 2W7
00 TO 12 CAM EW

#5 45 letlTE t6.10H CAM 200
10% FO MAftSX.25HN0 0F ITERATIONS EXCEEDEDI CAM 290
13 DO l% I = l .900F CAM 291
1% EVII.IMl=Stil CAM 29i!

EFtiMI=SWITIXLAMI/6.20 CAM 293
30 20 CONTINUE CAM 2D

setI TE t 6.1101 CAM 295
110 romAf t //5X.3tHITERAfl0N CONVEROCD MOOAL DATAtt CAM 255

00 21 IMal. MODE CAM 297
14tITEt6. Ills IM.ErtlMI CAM PSB

95 Ill FOfW9Af tSX.569100E .15.12DC10ENVALUE =.E13.3.%H CPS / CAM 295
1 10X.12tet00C SHAPE =l CAM 300

| latITEt6.ll28tEvtl.lMs.I=1.300FI CAM 30I
112 FORMAft5X.6tEl3.3.2Xia CAM 302

( EDUM t IMI =EF i I M I '6. 29 CAM 303
90 21 CONTINUE CAM 30%i

| REWite 7 CAM 305
letITEt71 EDUM CAM 306
fETURN CAM 307
EBO CAM 300

,

|
:

|

|

|

A-26



i

1

<

.

%

r

i

APPENDIX B

USE OF MODIFIED SAPV AT

BROOKHAVEN NATIONAL LABORATORY
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The following card deck should be used to run the modified SAPV program

on Brookhaven National Laboratories' CDC 7600 computer:

MSAP, STMFZ, T(t) , P2.

t= running time

ACCOUNT (Name, Number)

Name, Number = Valid Account

ATTACH (OLDPL, SAPS, ID=ZZGAJPH)

ATTACH (CORR, GUYAN, ID=ZZCCAM)

ATTACH (LIB 1, FR80 LIB)

ATTACH (LIB 2, CALCOMPLIB)

LIBRARY (LIB 1, LIB 2)

UPDATE (F, M= CORR, L=A12)

FTN (I= COMPILE, L=0) j

MAP (OFF)

\
SEGLOAD.

LD SET (PRESET = ZERO)

LGO.

EOR

* ID CAM

* D PLOTTT.1

* I CORR 2.2

Card CAM.1 (All CAM - cards are listed in Appendix A).

B-1
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* D LEVEL 2.1

* I COMSIZE.3

Cards CAM.2 through CAM 4

* D LEVEL 2.3

* I LEVEL 2.2

Card CAM.5

* I SAP 5.88

Card CAM.6 through CA!!.8

* I SAP 5.296

Card CAM.9 through CAM.76

* I SAP.5 385

Card CAM.77

* I SAP.5 387j

Card CAM.78
g

(
E0R

Segment cards as for normal SAPV run

EOR

Data as specified in SAPV manual Ref. 5 and modified in Section 3.2

EOF

B-2
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