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ABSTRACT
MATRIX MauTHODS IN STRUCTURAL DYNAMICS

Charan Fhimphilai
Master of Scilence

Youngstown State University

The purpose of this thesis 1s to formulate a

usable set of computer programs written in FORTRAN IV
computer language which are assoclated with problems
that arise in the field of matrix operations in
structural dynamics. Each program is accompanied by a
review of the matrix theory, a complete flow chart, a
print out of the actual computer program, and a sample
example to illustrate the results.

This work is divided into two distinct parts.
The first section includes a series of programs which
analyse the determinant problem, the matrix inversion
problem, the characteristic value problem, the
characteristic vector problem, the normalization
problem and the Cholesk§1%;1angularization method.

In the second sectlion a computer program using finite

& number in parenthesis refers to literature cited
in the bibliography

i1
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difference technigues 1s written to determine the
dynamic response of a lumped-mass structural system
subject to external time-varying loaaing conditions.
The advantage of the latter method of analysis
is that it completely eliminates the classical approach
to the solution of the problem which includes both the
necessity of computing the natural frequencies and
modal shapes of the free vibration problem, and the
utilization of a series-type integral solution for the

problem.
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CHAPTER I

INTRODUCTICN

The introduction of the high speed electronic
computer to field of numerical computation haé
revolutionlized the approach to the analytical solution
of many complicated problems. It has become particularly
valuable to the fileld of englineering where speclially
prepared computer programs have been developed to aid
in the solution of problems in structural analysis,
stress analysis, surveying, fluld mechanics, machine
design, vibrations and structural dynamics.

In most of the latter computer programs, the
fundamental mathematical operations present are those
related to matrix operations, including both matrix
algebra and matrix calculus. From an englineering
standpoint, one of the first basic text books related
to the matrix methods 1s that written by Pipes(l)t
This text book covers the basic forms of matrix
operation with applications to elasticity, dynamics,
vibrations, and structural analysis. A second book by
Pipes(z) published in 1969 presents a series of actual
computer programs which may be utilized to efficlently

solve many of the usual problems associated with

* number in parenthesls refers to literature cited
in the bibliography



important matrix operations.

The purpose of this thesis 1s to develop a

series of programs for sultable use on IBM 3€0-T0

which 1s avallable at Youngstown State University which

contain the matrix operation aprlicable to the solution

of a typical engineering problem.

For each program formulated, a flow chart, a

complete computer program in FORTRAN IV, and a sample

of example 1illustrating the problem is presented for

clérity and ease of interpretation.

The following 1list of computer programs are

formulated:
1) Determinant Evaluation of a Matrix
2) Inversion Evaluation of a Matrix
3) Characteristic Equation Evaluation of a Matrix
4) JCharacteristic Value and Characteristic Vector
wvaluation of a Matrix
5) Cholesky Transformation Evaluation for a Matrix.

The first four programs are standard problems in

matrix operations which are essential to all matrix

analysls procedures. The last program 1s a more

recently developed technique in which a matrix is

replaced by the product of an upper triangular and



a lower triangular matrix. This technique is
summarized by Nestlake(3) and 1s specialized for the
case of a symmetric matrix. ’Application of this
technique to real engineering problems has been

(4)

sumrmarized by Farsons in a master thesis at
Youngstown State University.

The second section of this thesis presents a

computer program solution for the analysies of a typical
problem in Structural Dynamics., ihls solution consists
of determining the dynamlc response of a single-bay,
multi-story, planar frame subjected to time varying
forces. The method combines the use of finite
difference techniques as reviewed by Rogers(B)
simultaneously with matrix operations. The problem
includes the modeling of the structural frame 1nto‘
a lumped-mass and spring mechanical system which
generates a set of linear, coupled, total differential
equation. The solution of these equations using
classical scalar manual techniques 1s summarized by
Fertis(6).

The computer solution developed in this work

offers an effliclent and economical means of determining

the response of the structure for a variety of dynamic



loading conditions and at the same time minimizes the

time required to obtain these solutions.



CHAPTER II
GENERAL PROGRAMS

2.1 FORTRAN Frogram for Determinant Evaluation

This Determinant Evaluation program 1s based on
the method of ChiJZ)*. The idea of this method is
to reduce the order of the determinant from higher
order to lower order until a (1 x 1) determinant is
obtained which gives the actual value of the original
determinant. This method 1s illustrated using the

following (4 x 4) determinant.

a-u a'u. a-os a'M
Ay, R Gy Gag
DE Qa Az 43 % (2.1.1)

To reduce the order of the determinant from a (4 x 4)
to a (3 x 3), any element of the determinant, say
element (1,1), is made equal to unity by dividing the

% number in parenthesis refers to literature cited
in the bibliography



first row through by A, ylelding
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multiplying the first row by CLu and subtracting from

the second row,

then multiplying the first row by Q

and subtracting from the third row and, finally

multiplying the

the fourth row, gives
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(2.1.3)



The value of this determinant now becomes

n " a"
i 12 )
] all a.”
" 1+ a’ll 22 29 (2','4)
D= a, (-1
" /] "
3 a!l a’?ﬁ
where (-‘I)“1 is the sign of element (141), and
" - ' " a a'/ " g
Q,* 4y a'ual?_ Qs azs' 211 Griy? “zq’ Ay Lia
" / 7 / ’_ _ /
az.: aai a_.;na'n. a'zf Qg5 a3|a‘|5 o au a"a"“
" / /. / "o /
3= Ay~ O Pz Q35 Qg5 Qg3 Ass° a“"- Dar s

Thus, Equation (2.1.4) is a determinant of order
(3 x 3). By repeating this operation, the determinant
is reduced to a (2 x 2) and finally a (1 x 1) with
the multipliers Clnaﬁ - S , from which the value
of the original (4 x 4) determinant 1s obtained.

The basic flow chart of this program is shown

in Figure 1.



Set up size of matrix
then read and write

(s]

Set up value of XM1
and set up elements

Row multiplication
with elements and
substracting the
result from the next
row

Set up next XM1

Operation contlnue
repeatedly

Final result and write
the result

Figure 1 Flow chart of Determinant program



NAME L F THE

PR OGRAM=

NETFR

TO DETERMINE THE
DIMENSTON S(100,100)

NETERMINANT OF

THE MATRIX

YEZN

READ(S,2)N
FORMAT(T])

DI 90I=14N

READ(S, 10)(S(T4d)yJ=1,4N)

CONTINUE
N 100T=1,N

100
10

WRITE(o, LCYOSOT 4d) »Jd=1,N)
FORMAT(8FLOe%)

L1

“r-——¢|\_

K
L
X l.
X‘ (

S(LyL)

DI 20J=LyN

%(L J)=S(LyJ) /XM

CONTINUE
D 3C0T=KyN

K:g( Iy‘)
D7 30Jd=L4N

STT,J)=5(1,J0=-S(L,sJ) %X

CIMTINUE

L=L+1
K=K+1

KA1 =KM1 XM
IF(L=N)11l,4

0740

XAL=XML*S(N
WRITE(€,50)

pN)
XML

FORMAT(22H
STOP

VALUE

OF

DETERMINANT =

£l10.3)

Fs“ D]




VS LOADER
10
CPTIONS USED - PRINT,MAPLLET,CALL ,NORES,NOTERM,SIZE=102400 ,NAME=%%G)

MAME TYPE ADDR NAME TYPE ADDR NAME TYPE ADDR
MATN SD 150810 IHINECOMH= SD 15A883 IBCOME * LR 15A8E4
JHNCOMHZ2* SD 158848 SEQDASD * -1 R 'I5BCH6 IHNFCVTH* SD 158F60
FCYLOUTP%® LR L15C09A FCVZ0UTP* ‘LR 'L5CLF6 FCVICUTP* LR 15C59E
INT6SWCH* LR 15CAS5C IHNEFIOS*® SO 15CADJ FIGCS# "+ (R 5CA00
THMEFNTH* SD 15E080 ARITH# * LR 15EC80 ADJSWTCH* LR 15E41C
ERRMON * LR 15E930 IHNERRE % LR 15E948 = IHNFCONC* SD 15EF3C
FOQCONI# = LR 15F3D8 IHNUATBL* SD 15F6CO IHNETRCH* SD 15F948
IHNFTEN * SD 15FBFC FTEN# * LR 15FBFQ
TOTAL LENGTH F578

FNTRY ADDRESS 150810

15.0000 1.0000 2.0000 -3.0000

5.0090 6.2000 4.,0000 4.0000

-13.8200 -3.3020 2.0000 1.0000
-5,.,0000 3.00350 4.0C20 C.0

VALUE OF DETERMINANT=-0.182E+C4




VS LD

ADER
11

PTYTONS HSED - Pr INTMAP LI FT,CAIL (JNORES,NUTFRM,STZ7F=1Q02400,NAME=%%G]

NAME  TYPE  ADDR MAME _ TYPE  ADDR NAME TYPE _ADDR
MA TP SD 183819 THNECUMH * SD 18A388 IBCCM# % LR 18A3F4
THINCOMH2%: SN 163848 SEQNASD * R 183C76 IHMECVIH%X SN 18BFAC.
FCVLODUTP= LR 13C09A FCVZTOUTP % LR 138CLlF6 FCVICUTP* LR 18CS9E
TRTOSWCOH= LR 18CA590 THNEFTIOS* 5D 18CADO FINCS# % LR 18CADO
[HMNEENTH® SO 1RFO80 ARTITH# % R 18080 ADJISWICH® 1R 18F41C
FRPMON  #* LR 13E930 IHNERRE * LK 13E943 IHNFCONO* SD 18EF30
FQCONIR » LR 18F3D8 [HMUATBL* SD 138F&6CO IHNETRCH%* SD 18F948
THMETEN *  SD 18FBED ETEN % 1R 18FRFD

TOTAL LENGTH F578

FHMTRY ADDRESS 184810

1.0000 2.000G6 3.0000
3..3C€00 430390 6.:000
2.0C00 1.0030 1..C038

VALUF OF DFTERMINANT= . i00F+(G1
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2.2 Program for the Inverse Matrix Lkvaluation

This matrix inversion program is formulated
using the augmented matrix technique which 1s based

(2)

on the Gauss-Jordan method of solving simultaneous
equations. This method involves the use of a unit
matrix of the same order as the original matrix
attached to the right hand side of the original

matrix producing an (n x 2n) matrix. This new matrix

is the augmented matrix in the form of Equation (2.2.1).
Then, performing the proper matrix row operations, the
original matrix 1s reduced to a unit matrix. The

same row operations when applied to the attached unit

matrix transform it into the inverse matrix

on a a

Oy G Qpyo o o Qom
O‘ﬁ Qa2 a33° 2.5 a"Ml.

& [ ] [ L4 e @ o o
. ® . o e e o L4
Op OQuy Oy * "%mm| O O O+ « - |

(2e2.1)
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The general procedure includes dividing the first
row by the leading coefficient, multiplying the first
row by the leading coefficlient of the second row, and
then subtracting it from the second row. This
procedure repeated for the third row through the

ntt row yields

by b. by. . - bm ]
by B | w o+ = By

kﬁs kﬁz k%a' il byn

: Om  bomg s * bien
1 /
{2.2.8)

- - —— - ———— - ——

The square matrix [B] in the right hand side of the
Bquation (2.2.2) 1s the inverse of the matrix:[A].
The basic flow chart for the inversion matrix program

is shown in Figure 2.



Set up size of the
matrix and set up
zero matrix

read [8] and write (&)

set up and write
augmented matrix

row operation starts
and continue

shifting column starts
and transform to final
form

wirte inverse matrix

F}gure 2 Flow chart of Inversion program

14
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MATRIX INVERSION BY AUGMENTED MATRIX

METHOL

3

DIMENSION S(50,50)
READ(5492)N

E','.F‘.;»l /'\T ( l l)
NX=NFL

NY=2%N

Dr )A 1"1

DU 5d=14,NY
LS 1J)=\)\

DI 10 I=1,N
FEAD(S, LOO)(S(T yJ) yJd=1,4N)

CONTINUF
DY 23 I=1,N

WL ITE(G,1000(SET vJi 9J=1N)
WRITE(6,21)

FIRMAT( ! o
FARMAT(2F1De4)

D1 32I=1,N
NXX=N+1

JEHAX
S(Is.Jd)=1

Dy LIL I=1,N
WRETTE(6E9yLOC)IIS(TI 9J) 9J=1 4NY)

L=1

K=2

XM=S{L,L)
O 4ud=L,NY

40

SCLyJI=STLyJ)/XM
CONTINUE

DT 50T =K yN
X=S(T,L)

DD HS0J=L,yNY
S(Iyl)—S(IoJ)-S(LyJ)*X

50

CONTINUE
L=L+1

K=K+1
IT(I-N)31,3lp51

Ul Ui
™~

Lé L 1

D 60K= L,LZ.
[=lL=K

Y=S(TsL)
DO 60d=LyNY

60

SCTyJ)=S(T,J)=S(L,yJ)*Y
CONTINUE

L=L-1
Ii- (L=1)61 ftl,)c

61

WRTTE(G.200) (U ST yJd) 9 J=NXyNY) ,I=1

WRITE(é6,21)

200

FORMAT(LSH INVERSE MATRIX/Z(3XLP4E2043))

STOP

FND




TPTIONS USED -

VS LG

ADER
16

pRINT;MAp'LET'CALLyNORE SyNOTERi!SI ZF:1024001NAME:**GD

NAME TYPE ADBDR NAME TYPE ADDR NAME TYPE ADDR
MAIN SD 150810 IHNECUMH* SD 15AB90 I8COM# % LR 15ABS8(
THNCOMHZ2* SO 158829 SEQDASD * LR 158F4E [IHNFCVTH* SD 15C23¢
FCVLOUTP* LR 15C372 FCVZBUTP* LR 15C4CE FCVIQUTP* LR 15C87¢
INTOESWCH* LR 150028 IHNEFICS* SD 15CDAS FIOCS# * LR 15CDAS
IHMEFNTH* SO 15E358 ARITHE * LR 15E358 _ADJSWTCH* LR 15E6F4
ERRMON * LR 15ECO08 IHNERRE * LR 15EC20 IHNFCONO* SD 15F20¢
FQCONTI# * LR 15F6B0 IHNUATBL* SD 15F998 IHNETRCH* SD 15FC2?
IHNFTEN * SD 15FECS FTENE * LR 15FECS -

TOTAL LENGTH F850
FMTRY ADDRESS 150810
2.000C 1.0000 1.0000
1.0C00 3.0000 1.0009
1.0000 1.0000 4.0000
20000 1.0000 1.0000 1.00090 0.0 0.0
1.0000 3.0000 1.0000 0.0 1.0000 0.0
1.0000 1.0000 4.0000 g.0 0.0 1.0000
INVERSE MATRIX -
6.471E-01 -1.765E-01 -l.176E-01
-1.765E-C1 4. 118E-01 -5.882E-02
-1.176E-C1 -5.882E-02 2.941E-01




VS LOADER
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OPTIONS USED - PRINT,MAP,LET,CALL +NORES,NOTERM,STZE=102400,NAME=%%G0)

NaME_ TYPE ADDR NAME TYPE ADDR NAME TYPE ADD
MAIN SN 150810 IHNECOMH* SD 15A8B90 IBCOM# * LR 15A8B
THNCOMHZ* S 158820 SEQDASD _* | R 153F4E [HNFCVTH* SD 15C2.
FCVLOUTP=* LR 15C372 FCvZauTP* LR 15C4CE FCVIOUTP* LR 15C8
INT6SWCH® LR 15CD28 IHNEFIQS* SD 15CDAS8 FIOCS® #* LR 15CD|
IHNEFNTH* SO 158358 ARTTH# * LR 15E358 ADJSWTCH* IR 15E6
ERRMON * LR 15ECO8 IHMERRE * LR 15EC20 IHNFCONC* SD 15F2.
FQCONI# * LR 15F680 THNUATBL* SD 15F998 IHNETRCH* SD 15FC.
IHNFTEN % SD 15FECS FTEN# * LR ]15FECS8
TQTAL LENGTH F850
ENTRY ADDRESS 150810
15.0000 1.0000 2+2000 - 3.0009

5.0060 6.0000 4.C00C 4.00C0
-1C.0000 -3.3000 2.0600 1.0000
-5.,0000 3,.0090 4,0000 0.0
15.0030 1.0000 2.0C00 -3.0000 1.0000C 0.0 0.0
5.0000 6.0000 44,0000 4,0000 0.0 1.0000 0.0
-10.0000 -3.0000 2.0000 l.0C0C 0.0 0.0 1.000i
-5.0000 3.0000 4.0000 0.0 C.0 0.0 0.0
INVERSE MATRIX
4.615E-02 3.077E-02 1.538E-02
-8.,7S1E-02 -1.099E-02 -2.198E-01
1.,236E-01 4, 670E-0Q2 1.841E-01
~4.945E-02 1.8l3E-01 1.264E-0C1
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2.5 FORTRAN Program for the Characteristic

kguation Problem

@)
The method of Danilevsky for obtaining the

characteristic equation 1s based on the reduction

of matrix 5
a, an ae ol
Q, Qg Qg v °
3 B
| amt omz a«z' *

Amm

/

(2.3.1)

whose characteristic equation is desired, to matrix -

[(P] of the form

:
PP
! O
2 IEY DO
o )

Ps

@)

T
Prer Pm
o o
o O

(2.3.2)
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The elements P, , P, » Py oo ,1zw_represent the
coefficients of the characteristic equation of

matrix[P] « The process 1s accomplished by a serles

of similarity transformations, Slince the characteristic
equations of similar matrices are ldentical, the
characteristlc equations of matrices [A] and [P]

are the same., Coefficients of the characteristic

polynomial of matrix:[P] is given by the determinant

o o
/Pl’>\ Pz = n
PNV FTEU! R | K AAP L
C') e R (2.3.3)
(o] Q o “)‘
~ /

which expanded in terms of the elements of the first

row, glves
N -
D> NN (g XX L p) = 0
wherejD()Q is the desired characteristic polynomial

of both matrix [A] and[P] and n is the order of the

square matrix [A] .
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The transformation from matrix [A) to matrix[P]

is performed on the following (4 x 4) matrix

-
>
-
"

(

all

Ay

Q,,

Q,,

Q,

aZ'L

A
%y

Q.

a23

q?&

Ry

Qa

14

L4
Ay

a'44

/

(2.3.4)

Matrix (M] is first formed from the elements of the

fourth row of matrix [A] as

[M]

-

- Qlay
Ras

o

Qa2
Qg

o

-1

Qay

Qa4
Qe

o

/

(2.3.5)



The product of [A] and [M] become

.

all al'l. Qiy am (l O O O
(A] [M] = Qo G Ry, A24 o | O O
an A, Q “Qam=, 1 QO
A, QAn Q,; Quy %:!3 242 s o
Qat Q2 A CLAJ O O O | |
» ~
.or
i )
bu bI'L bts bm
[A] [_M] =0 ba b, bz
‘Oan ‘%z baa b34
bm bn L)AS b44
- /
where
b = Oy-QiyQig bn.' alz"al3a4?.
A 3
\Dm = Oy Qg \Ou= - “"au/a.,
bu = O -QpnQ bue azz- al 5!2
0.4, 04}
bﬂ} - azs/au bM: QM—O,ZSO,M_

S
n

21

(2.3.6)



The matrix of Equation (2.3.€) is not yet similar

to matrix [A].

It is made similar to [ A] by

premultiplying Equation (2.3.6) by the inverse of

matrix (M) which 1is obtained from Equation (2.3.5) as

M) =

o

| @,

Qaz Ay
e O

(2.3.7)

Thus, the similarity transformation of [A] takes

the form
FI
) T o
Gy
c] =
LO

Cn Q2 Cn cmw
Caz Cia Cag

Gy G

Cay
Ca

c] = [M]" [A)IM]

CM| am.au aM
Ay By Gy Ry

;ch' Qg Qg

| o

-

Qg Qs Qg gy

(Re3.8 D)
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The process 1s continued in reducing the matrix of

Equation (2.4.8b) to the form

- W [~ 1T _1
L O O of|ey G, Gy Cyu I O 0 o
D] = % Gr O Cu| |Cu Cn Gs Gyl | End, -2 g
0 0 V 911Gy CaCslyl| o o | o
0 o o | i LO o | QJ | oo Fab |
dq\ du. dw dm
dy  dip  dyy dy
I:D] = o I 0] o (20309)
o o ] 0
L E '

The process 1is repeated a step further which reduces

the (4 x 4) matrix of Equation (2.3.4) to the form of
Equation (2.3.2) which simplifies to

P P P B
| (@] o (@)

: @& B (2.3.10)




where the p's represent the coefficlilents of the
characteristic polynomial of Equation (2.3.4).
Then, the characteristic polynomial equation is
written as |

D)= OO X 6 02- ) =0

The flow chart of the computer program for the

characteristic equation is shown in Figure 3.

24



read size of the matrix
and then read [A]

write heading and
write [A]

set up zero matrix [cMm]
then write [cm]

transform zero matrix
to unit matrix

set up zero matrix
[c1] and [P]

form the similarlity
transformation (em]

inversion of matrix
operation starts

write [A] and check
condition of operation
for final result

Figure 3 Flow chart of Characteristic Equation
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THIS PROGRAM USE T0O COMPUTE THE CHARACTERISTIC EQUAT ION

BY USING A. M. A.)!\f\IILéz‘/SKY METHOD
DIMENSION A(10,412) ,CM(10,10)4+CI(10,410),P(10,10)

DIMENSION SS{10,103,S{(10,103,R{10,10)
READ(5 %) N

D) 1QI=14N
READ(6, 100)(A(1I45J),d=1,N)

10 CONTINUF

100 FIRMAT(8F10.51
WRITE(6Y110)

110 FORMAT(1Xs9H MATRIX A)
DD 221 =1,4N
WRITE(GyLOOI(A(TyJ)ed=1,4N)

2 () CUNTINUE
LX=1

. LX=N=-LX

)97 DO 3011=1 4N
)) 39LJd=1yN

301 CM(T,d)=D
WRTITE(OGy310)

310 FIRMAT(LX,15H ZERO MATRIX CM)
DO 3321=1,.N

302 WRITE(GLOO)(CM(T 9d) ¢J=14yN) '
NJ 300 I=1,N
J=1

300 CM{TIydl=1
WRITF(&,320)
D2 303 I=1.N

320 FIORMAT(1Ay19H DIAGONAL MATRIX CM,/)

303 WRITE(O6, 100V (CM(T9Jd) 9J=1,N)
DT 4001I=1,N
D) 400Jd=1 4N

490 Cl{I,J)=0
WRITE(Oy410)

410 FORMAT(LXyl5H ZERDO MATRIX CI)
DD 401 I=ly'\‘

401 WRTITE(E,LOQ)(CI(I4d)yd=1yN)
DO 433 I=1,N
D) 403 J=1,N

403 P(IyJ)=0
WRTTE(E49420)

420 FIRMAT(LXy14H LERO MATRIX P)
DO 402 T=1,N

402 WRTTECE,LOOI(PTT yJ) yJd=14N)
DN 500 J=1,N
IF{J=-0LX}5204530,520

520 CA(LXyJ)==A(LX+1sJ)/7A0LA+]1,LX)
GJ 10 500

530 CALXyd)=1/A(LX+L,LX)

500 CONTINUE
WRITE(69513)

510 FORMAT(LX,I4H NFW MATRIX CM)
DY 6Q0I=1,N

» D

W TTE06, 100 (CNMTT yJ) yJd=1,N)
DY 700 I=1,4N y




DY 719 J=1,N
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110

S(T,d)=CM(I,J)
CONTINUE

700

CONTINUE
WRITF(64540)

540

FURMAT(L1X,13H NEW MATRIX S)
D720 T=1,N

720

W%ITP(CleQ)(SﬂI!J)szlvN)

NX=N+1

MNY=2%N

DJ 5 T=1,4N

DY 5 J =1,N
S(TyJ)=0

DO 32I=14N
DO 32J0=NXeNY .

S( I‘\))‘:U
DA & T=1,N

DU .7 J=1,N
SET 4 Ji=CM(T,J}

CINTINUE
CONTINUE

WRITE(64+540)
DN 30I=1,N

NXK=N+1
J=N XX

30

S(Ted)=1
DO 11 I=1,N

11

WRTTEC(oyLOOI(S(T »di yJd=1,NY)
L=1

31

k=2
XM=S(L L)

03 4CJ=L,NY
S(LyJ)=S(LyJd) /XM

CUNTINUE
DJ 50T=K,N

X=S({T,L)
D0 50Jd=L,yNY

50

SCT9J)=ST4J)=S(LsJd) %X
CONTINUE

L=L+1
K=K+ 1

LE{ L=N)3Es 3Ly 5L
L=N

LL=L=-1
DT 60K=1,L7Z

[=L=-K
¥Y=S{I,L)

DO 6UJ=L,NY
SCT2d)=801,J)=S(L,J)*Y

60

CJIN TINUE
L=L-1

61

IF(L=1)614+61452
WRITC(CG200000STT 9J) 9J=NXHyNY) yTI=1,N)

200

FURMAT(LS5H INVERSE MATRIX/(3X1P4E20.6))
DO 555 T=1,N g
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NI 555J=1,N v
2925 P(Ty4)=0 A
D 666 M=1,N |
N) 70I=1,N
D) 80K=1,yN
(¢10] pl""\yI)=&("“1K)*C"1(K'I)*p(MvI) “
70 CAONTINUE ‘
oobH C INTINUE
WRITE(6,222)
222 FARMAT(15H PRODUCT MATRIX)
DY 901 =1 4N
WRTTE(O, LOLY(P(T9Jd) 9yJd=1yN)
90 CINTINUF
DG %5 Z=l."d
PO: 55 J=1,N . 1
55 AL TyJ)=0
ia) 56 f":lyt\'
DO 57 F=isN
J=2C
DI 53 K=NXyNY
J=J+1 | “‘
58 A(MyT)=S(M,K)%P( J, ) +A(M,T)
57 CONTINUE ' |
56 CONTINUE ]
WRITE(&9222)
DA 59 IzlyN 1‘
59 WRITE(6, 1010 (AT, J)4J=1,N) : 1‘
18L FIRMAT(3XLIP4E20.6) {
LX=LX=-1 i
IF{LX)999,999,994
998 GJ T2 997
599 STOP
END




MATRIX A

-5.50588 1.87009  0.42291  0.00881
0.28786 =11.81170  5.71190  0.05872
0.04910  4.30803 =12.07070  0.22533

0.00623 0.26985 1.39737 -17.59621 ) .

INVERSE MATRIX
1 .000000E+00 ©.0

0.0 0.0
0.0 1.000000E400 0.0 0.0
€.2349665-03 2.698510E-01 1.397370E4+00 -1.7596195-02
0.0 0.0 0.0 1 .0000002+00

FRODUCT MATRIX

-5.51176€E+00 1.788420E+00 3.026456E-01 5.334228E+04
2,623788E-01 =1.291474E+01 4.0376058+00 7.19850€E-04
1.859188E-01 6.046163E400 -2,946194E401 -2.08455%E-05
3.725290E-09 5.960464E-08 9,999999E-01 =-1.5258T79E~05

e
-F

29




INVERSE MATRIX

1.000000E+00 0.0 0.0 0.0

1.850188E-01 €.,046164E+00 -2.946104E401 -2.0825588+02
0.0 0.0 1.000000E400 0.0 _

.0 0.0 0.0 1.000000E+00%

1

FRODUCT MATRIX

=5.566TE0E+00 2.957941E-01 G.017315E400 6.699422E+01
2.952511E400-4,2321€7E2+401 =5.62557€E402 -2.244458E403
5.560464E-08 9.959598E~01 -1.525879E-05 =9.1552735-05
1.892454E~05 9.858258E-09 1.000000E+00 -1,320378E-05

et



INVERSE HBATRIX
2.852511E4+00 =4,232167E+01

0.0 1 .000000E0Q0
0.0 0.0
0.0 0.0

FRODUCT MATRIX

-4.788841E+01 -T7.972781E+402
9.999959E-01 -1.€25E79E-05
2,018738E-08 1.000000E+00
€.409€4258-10 3.698484E-08

-5.625576E+02
0.0

1 .000000E+00
0.0

-2 44140€E-04
-3.,50199%E-06
1 .000000E+00

-2.244458E+03
C.0

0.0

1 .000C00E+00

-2.441406E-04
-4 ,624210E-05
-1.17€E51€E-05

31




32

2.4 Program for Evaluation of Characteristic Values

and Characteristic Vectors

The characteristic-value, characteristic-veé¢tor
problem 1s an extremely important one since the
dynamic behavior of a linear mechanical systems are
directly predictable by its usage.

Consider the vector matrix equation

{%1] = [A]{'X} (2.4.1)
where {%} and {1} are column vectors and [A] is a
square matrix (n x n). This equation may be viewed
as a transformation of the vector {X} into the
vector {%}. The dilitation transformation
maps the vector {%} into a constant times itself; it
follows that

{4} = At {} (2.4.2)

be &[ﬂ— )\[1]] {7‘} = {0} (2.4.3)

where )~1s defined as the characteristic value and
{X} is defined as the assocliated characteristic vector.
The homogeneous Equation (2.4.3) has a solution which

exists if and only if, the following determinant
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equation holds:
det [[_A]-)\[I:[J = O V)

for n = 3.

a,- Qg )
G %A e | =0 (2.4.5)
Az Q32 Qzy- A

This equation of degree 3 (generally of degree n)
for ),is called characteristic equation and takes

the form

5 -
)\ 'I|)\z+]‘.z>\"15 = O (2.4.6)

For each of the roots‘)L, Equation (2.4.3) has a
solution {'X}*O called the characteristic vector
of [A]. The characteristic values and characteristic

vectors solutions are programed by using an iteration

process. The characteristic value and the characteristic

vectors are related as follows:

[[_A]-)\[I]] {Ak = {0} | (2.4.7)
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This matrix equation can be written as

(2.4.8 )

where A 1s the characteristic value, CHJ'S are the

elements of matrix [A], and 4;'s are the elements of

the characteristic vector corresponding to the value

A. The characteristic values and characteristic

vectors can be obtained by method of iteration

process.
r
a'l ] a‘l?_
QA qzz
ana aza
| a’m a?m

Using Equation (2.4.8) form

4,

an ¢
Ays -

O,

. . a'l‘“-
. o azn

Aam

Qo

m

(2.8.9)




b

In the matrix iteration method, an arbitrary set of
"N (1.e. 815 82,'83 oo s,) are used to initlate
the problem. For convenlence in calculations,
Ay 1s taken equal to unity. Equation (2.4.8)
forms a set of homogeneous equations, hence, the
absolute values of 4's can not be determined. However,
the ratios of 4's may be obtained. The initial set
of 44, 1 =1,2,3, +.. n, are substituted into the
left hand side of Equation (2.4.9) performing the
indicated matrix multiplication on the left hand side
of Equation (2.4.9), the vector on the right hand side
is calculated. This vector 1is factored by defining
the new value of 4, as An = A0) . This value A
is factored from each of the remaining vector
components. Thevvalue X is the first approximation
to the characteristic value and the factored vector
is the first approximation to the characteristic
vector. The method proceeds by taking the next
approximation for the vector solution as the previous
solution. It 1s necessary to iterate a number of times
in order to improve accuracy.

Continuing this process, the iteration converges,

resulting in the characteristic value );and the
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corresponding characteristic vector. The rate of
convergence of this iteration process depends on the
nunerical seperation of the characteristic value
of matrix [A]. It can also be shown that the
characteristic value obtained by thlis method is
the largest characteristic value or equivalently
the largest root of the characteristic equation.
For the speclal of a symmetric matrix [A], the
characteristic values are always real, and the
characteristic vectors are always orthogonal..
The basic flow chart for the program of
obtaining characteristic value and characteristic

vector by iteration process is shown in Figure 4.




set up size of the
matrix and read in
(5] and [P]

write matrices [9]

and (P]

set up [2] = (8] [P]
and (p1=(z2]

write number of
iteration and
elgenvalue

compute and write
eigenvector

repeat the process
to the indicated
amount

Figure 4 Flow chart of Characteristic value
and Characteristic vector




PRAGRAM TN EVALUATE EIGENVALUE € EIGENVECTNR

DI AFNSIUN S(L0U.L100) sP(10001 ,Z(100)
READ(S5,2)N

FORMAT(LL)
DO 10 1:176

READ(S5,1001(S(I+d)9J=1,N)

13 CONTINUE
100 FORMAT(8F10.4)
(YA J=14N
KEAD(5,10Q0)0(P(J)) 4
30 CONTINUF
DO 20 T=1,N
20 VRITE(G6,100)(S(14d)9d=1,4N)
N0 40 Jd=1 N
v WRITE(62100)(P(J))
K=0
41 K=K+1
DJ H0T=1,N
Z(1)=0.
DO 50J=1¢N
ZUT)=S{ToJd)%PlJ)+ZI(T)
50 CONTINULE
DU 601=1,4N
P(T)=Z(1)
-0 CONTINUE
WRITE(E,200)K
200 FORMAT(20H IREFTATION NUMBER= 16)
WRITE(E,300)P(N)
300 FORMAT(25H CHARACTERISTIC VALUF= E10<5)
Dy 6ll=1sN
P{I1)=P(1)/P(N)
ol CUNTINUE
WRITECG,400)(PLI)I1=1,3)
400U FCRMAT(23H CHARACTERISTIC VECTCR 7{6XE15.5))
IF{K=-20)41,70,70
1% STOP

END




9 e
-1. 2.
B -1.

]o

-1.

1.

2.0000 -1.0000
-1.6200 2.0000
Def -1.,0000

1.0909¢
-1.0000
1.0000
IRETATION NUMBER=
CHARACTERISTIC VALUE=
CHARACTERISTIC VECTOR
0.150E+01
-0.200E+01
C.100E+01
IRETATION NUMBER=
CHARACTERI STIC VALUE=
CHARACTERI STIC VECTOR
0.167E+401
-0.217E+01
0.100E+01
IRETATION NUMBER=
CHARACTERI STIC VALUE=
CHARACTERISTIC VECTOR
9.174LE+01
-0.221E+01
0.100E+01
IRETATION NUMBER=
CHARACTERISTIC VALUE=
CHARACTERI STIC VECTIR
0.177E+01
-0.223E+C1
0.100E+01
IRETATICN NUMBER=
CHARACTERI STIC VALUc=
CHARACTERI STIC VECTGR
0.179E£+01
-0,22LE+Q1
0.100E+01
iRETATICN NUMBER=
CHARACTERISTIC VALUE=
CHAKACTZRI STiC VECTOR
0.179E+01
-0.224E+01
N.100E+01
IRETATION NUMBER=
CHARACTERISTIC VALUE=
CHARACTERISTIC VECTOR
0.180e+01

A ANAC T"an1

0.
1.

0.0
-I.QQQ{)
1.90000

gL
1

H i
0.300E+C1
0.317E+gi
0.321E491
0.323E+01

D.32LE+21

e 2

-




Yo lOWLTIL
-0.225E+)1
0.1005+01
{RETATION NUMBRER=
CHARACTERISTIC VALUE=
CHARACTERI STIC VECTOR
n.180E+01
-n,225E+01
2,100E+01
IRETATION NUMBER=
CHARACTFRI STIC VALUE=
CHARACTERISTIC VECTOR
0.180E+01
-0.225E+01
0.120E+01
IRETATION NUMBER=
CHAXACTERI STIC VALUE=
CHARACTERISTIC VECTOR
© 0.180E+01
-0.225E+01
0.100E+01
IRETATION NUMBER=
CHARACTERI STIC VALUE=
CHARACTFRISTIC VECTOR
0.180E+01
-0.225E+01
0.100E+01
i RETATION NUMBER=
CHAXACTERI STIC VALUE=
CHARKACTERISTIC VECTOR
3.180E+01
-2.225E+01
0,100E+51
| KETATION NUMBER=
CHARACTERISTIC VALUE=
CHARACTERISTIC VECTOR
0.180E+01
-0.225E+01
G.120E+01
[RETAT!ON NUMBER=
CHARACTERI STIC VALUZ=
CHARACTERI STIC VECTOR
0.180E5+01
-0.225E+01
0.130E+01
i RETATION NUMBER=
CHARACTERI STIC VALUE=
CHARACTERISTIC VECTOR
0.185E+01
-0.225F+01
0.100E+01
{RETATION NUMRER=
CHARACTERISTIC VALUE=
CHARACTERISTIC VECTOR
2,180F+01
-0.225E5+21
2.1205+01
;RETATION NUMBER=
CHARACTER! STIC VALUE=
CHARACTERI STIC VECTIR
n.130F5+01

11

12

13

14

15

16

17

0.325E401

0.325E+01

0.325E+01

0.325E+01

0.325E+01

0.325E+01

0.325E+01

0.325E+01

0.325E+01

0.325E+01

40



ULFAaRALVITAI 11 v duwr o
0.1806E+0]
-0.225E+)1
0.100E+01
[2ETATION NUMBER= 20
CHARACTERI STIC VALUE= £.325E+21
CHARACTERISTIC VECTOR
0.180E+D1
-0.225E+01
0.100E+01



_ 42

2.5 Program for the Method of Cholesky Transformation

The Cholesky process 1s particularly useful in
problems of structural dynamics(A). This scheme for
the solution of a system of linear equations related to
structural analysis 1s very desirable. Theoretically,
Cholesky's method is based on the fact that any square
matrix may be exprescsed as the product of an upper-
triangular matrix and a lower-triangular matrix.

Let [A] be a non symmetric square matrix, [U] an
upper triangular matrix, and [LJ a lower triangular
matrix, such that they are related by the following
general matrix equation(3);

(Al = [t]lu] =B}

If the square matrix [A] is a (4 x 4) matrix, then

- ; i .
Qy Gy Ay Oy I O O O |A, U U, Uy )
Qy An aﬁ azq - Iu | o 0 0 Uz Uzs u?q
Oy Qi Gy A3y ¢ TS ol |0 o U Uy
L(Z.u aAl a‘ﬂ'} a‘MJ 14‘ ,{41 1113 | LO O O Uy
. L J o

(2.5.2)
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The expansion of the above equation yields a set of
sixteen ecuations from which the values of the elements
of matrices [L] and [U] are obtained as functions of
the elements of the matrix [A] . To illustrate the

procedure, conslder the following partial set of

equation:

a,= W,

P T
a, = ’gﬂﬁti /&=%%t E gﬂ
Gy Ak, Lede - g
O‘\zz u'\'2.

a,, = ,(’muml,uu 3 u,,* azz"ezlu‘u




ol

The remaining eight values of the L's and the uU's

are obtained from the additional remaining equations.
Cholesky's method offers additional advantages

for matrices which are symmetric. A symmetric

matrix (A] may be written as the product of two

triangular matrices, one of them being the transpose

of the other in the form

[A] = [u] (U]

( 2. 5 . 38. )
which is expanded to
Gu @ Ry %y ky @ o @ T Wy Up Uy Uy
a14 aM a'bq‘ q44 u'm ul“ uaa uqq O (@) O u'“q
— i) L_ y L J

(2‘503b)

For the (4 x 4) sysmetrix matrix shown, the ten
elements of the matrix (U] are obtained by the

multiplication of the matrices of Equation (2.5.3b)
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and in part become

@, = Uy 3 u,= (au),&
an = u“u_n_; un: a’n.'-l- = a,zl
u“ (a")/z
A= W, U, U= Qe t,A = QAn
H @)%
- ulaul. _ Y AP
au B ul7.+ uzl’ u‘n_' <an_‘ u'n_)z‘-"' [aﬂ - g_ﬂl] %

Ay
(2+543¢)

These operations are generalized for an (n x n)

matrix by the mathematical expression

i\

LLLA - af.a," %‘:‘uhku’ha %OY' q’ U’l (2.5.4)
Wit 1"’4L
Wip = &y ke
¢ u__t_:\ %N = 23 om (2.5.6)
Wy = (a'i.l'.)/z /{56\/ i=1 (\2.507)
(=) ‘/
- _ 2 2 i o
a2 W) itz (2.5.8)

The flow chart of the computer program for Cholesky

triangulation is shown in Figure 5.




read in size of matrix
read [A] and write (A]

set up U= ,la.‘

Uyps Quafu, Jen

write 1,7, w (1,
Lz=l,m 5 F=im

L=1 Vz_

set up w,s (a- hZ "‘}m)

(CL iwu

write w(zT1) C =

u'(I)T) [.::1)...."\4
l =ﬂ)...m.

Figure 5 Flow chart of Cholesky Triangulation
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THIS PROGRAM WILL COMPUTE U & U TRANSPOSE

13

TRANSPOSED-MATRIX FrROM

IHE: GI VEN

DIMENS ITON

MATRI X

R{EO:100,U010510),C(104,10)

i

W Hyx )N

NI 10I=1,N

"""‘-'\‘.)("9 FOO) L AK Y oosd} 7J=LyN)
CONTINUE

WRITF(&L,LQOL)

FORMAT {1 X49H

MATRIX A)

DY 20I=14N

WRITFE(EyLO0) (ALT vd) 9J=1,N)

e

FIRMAT(BFLOW5)
D) 30I=1,1

DY 40 J=1.N

IF(J=-1 )‘":O"»Uy‘%i

UG Ted)=(A(TyJ))®%5
WRLTELG 5.1 03).4 il )

GJ) TO 40
U(TyJ):i\(IvJ)/U(Ivl)

WRITECGyLO3Y(I o doUl] od))
CONTINUE

CONMTINUE

FORMAT(L1(2Xy'U( "912,%','412,')=',F10.5))

NN =N=-1
) 60T =1,NN

=

L

~
—| -
]— =

B

G-

>l n
—

—

4
‘P

x
Ul

—

s

T
I
JX=J+1

70

DI 7O K=1,!
SUM=U(K 4 TX)2%2+ SUM

UCTXydX)=(A(TIX,JX)=SUM)*%,5
WETTECEZLO3 XTI XX U(IXyJX))

JXX=JdX+1
IF(JXX=-N)T71,71,91

71

CONTINUE
D) 75M=J XX, N

S UM= C’

DD 8CL=1,1

SuM=U( L 1JX) =y ( L, "”*‘SUM
UOIRyM)=(A(IXy,M)=SUM) ZU(IX,JX)

WRITE(OLU3) (JIX yMyU(JX 4 M))

CINTINUE

CONTINUE
WRITE(6,104)

FOIRMAT(LXs9H MATRIX U)
D] 90I=1,N

Lx"vI"C((\,lOU)(U( [1\‘)'J=L1N,
STDP

END




VS LCADER
48
UCPTICNS USED - PRINT,MAP,LET,CALL JNORES,NOTERM,ST ZE=102400,NAME=%%(

NAME _TYPE ADDR NAME TYPE _ADDR NAME TYPE AD
MATIN SD 150810 IHNECOMH% SD 151360 IBCOME % LR 151
IHNCOMH2%  SD 1522F0 SEQNASD % LR 15271E IHNLDFIC* SD 152
IHNFRXPR®* SD 153BC8 FRXPRE# * LR 1538C8 IHNFCVTH* SD 153,
FCVLOUTP* LR L153E8A FCVZOUTP%* LR 153FE6 FCVICUTP% LR 154
INT6SWCH% LR 154840 IHNEFIOS* SD 1548C0 FIOCS# * LR 154
IHNEFNTH%* SD L55E70 ARITH# * LR 155E70 ADJSWTCH* LR 156
ERRMON * LR 156720 IHNERRE * LR 156738 IHNUATBL* SD 156!
Al OG % LR _156FCO IHNSEXP * SD 157180 EXP * LR 157
THNFCONT* SD 157708 FQCONI# %= LR 1577D8 IHNETRCH%* SD 157
IHNFTEN * SD 157D68 FTEN# # LR 157D68 -
TOTAL LENGTH 76F0

ENTRY ADDRESS 150810 F

MATRIX A : y
1.00000  2.00000__ 3.0000C  2.0G000  1.00000 |

2.00000 5.C0000 8.C0000 7.00000 6.00000 ‘
3.50000 8.03000 17.00000 14.00000 15.00000 i
2.00000 7,00000 14.00000 23.06002 28.000CQ

1.00000 6.00000 15.00000 28.00000 62.00000

Ut 1, 1)= 1.00200
ik Qi 2)= 2.00000
U{ 1y 3)= 3.00000
Ul "Ly 4)= 2.00000
i Ak~ 5) = 1.00000 .
U( 2y 2)= 1.00000 : ‘
Ud 2% 3)= 2.00002 ;
Hl R 4 )= 3.00000
Ht 2y 5)= 4,00000
Ut 3, 3)= 2:00000
Ul 3, 4)= 1,000C0
Ul 35 5)= 2.00000
Ul 4. 4)= 3.20000
Ul _Bys 5)= 4.,00000
Ul 59 5)= 5.00000
MATRIX U '
1. 00000 2.00000 3.00000 2.00000 1.00000
0.0 1.00000 2.00000 3.00000 4.00000
0.0 0.0 2.00000 1.00000 2.00000
0.0 0.0 0.0 3,00000 4.00000
0.0 0.0 0.0 0.0 5.00000




VS LG

ADER
49

CPTIONS USED - PRINT,MAP,LET,CALL ,NORES,NOTERM,STZE=102400,;NAME=%%G0

TYPE

ADDR

NAMF  TYPF _ ADDR NAME ADDR NAME TYPE
MATN SD 150810  IHNECOMH®* SD 151360  IBCCM# * LR 15138C
THNCOMH2%  SD 1522F0  SEQDASD * R 15271E IHNLUFI1 0% _SD 152A08
IHNFRXPR* SD 153308  FRXPR# % LR 153BC8 THNFCVTH%  SD 153050
FCVLOUTP* LR 153E8A  FCVZOUTP* LR 153FE6  FCVIOUTP¥ LR 15438E
INToSWCH® “LP 15484C  THNEFIOS* SO 1548C0 . FIOCSE * LR 1548C0
[HNEFMTH®  SD 155670  ARITH# % LR 155670  ADJSWICH* LR 15620
FRRACN * LR 156720  IHNERRE * LR 156738 THNUATBL* SD 156D2C
MOG % LR 156FCO____ [HNSEXP % SD 157183  FEXP * LR 15718C
IHNFCONI*  SD 157708 FQCONI# * LR 157708  IHNEFRCH* SD 157ACC
IHMFTEN * SD 157068~  FTENK * LR 157068 '
TOTAL LENGTH 76FG
ENTRY ADDRESS 150810 .
MATRIX A |
1.00000 __2.20000 _ 3.00000 __ 2.06000 __ 3.00000
2.00000  8.00000  8.0C000  8.00000  8.0000C0
.3.00000 8.00C00 14.00000 12.00000 12.00000
2.00000 _ 8.20000 12.00000 21.00000 16.00000 |
3.0000G  8.00000 12.0000C 16.00000 16.000C0 |
Ut 1, Li=  1.00000 : 4
Ul 1, 2)=  2.30000" |
Ul 1s 3)=  3.00000 \ |
Ul 1, 4}=  2.00000 - |
Ul 1, S)=  3.20000 |
u( 2, 2)=  2.C00G0 : ﬂ
Ut 2, 3)=  1.00000 |
U{ 2, &)= 2.00000 -
U( 2, 5)=  1.00000 F |
U( 3, 3)= . 2.00000 A |
U{ 3, 4)=  2,00900 :
U( 3, 5)=  1.00000
Ul 4, 4)=  3.00000
U( 4, 5)= _ 2.00900
Ul 5, 5=  1.00000 >
MATRIX U i {
1.00000 __ 2.00000 _ 3.00000 _ 2.00000 _ 3.00000 - |
0.0 2.00000  1.0C000  2.C0000  1.00000 : |
6.9 0.0 2.00000 2.00000  L.00000 |
0.3 0.0 3.00000 _ 2.00000
0.0 0.0 0.0

1.00000
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CHAPTaR III

FINITE DIFFERLNCE ANALYSIS OF THE RESPONSE
OF PORTAL FRal

3.1 Program for Linear zZguations of Motion

of Multi-degree System

The baslc equation governing the response on a

multi-degree of freedom structure is

MR} + Wiag = (4} (3.1)

where [M] 1s the mass matrix, [K] is the stiffness
matrix,liy} is the acceleration vector at any time t,
{X} i1s the displacement vector at time t and {gCO}
i1s the disturbing force which varies with time.

A vector iteration technique 1s utilized to determine
the response vector‘{kéﬂ} for the dynamic system.
The first step is to rewrite Equation (3.1) in the

new matrix form

{1} - M {fe0} - MI'IKI{] (3.2)

where [M]™' 1s assumed to exist.
Recalling the Taylor serles expamsions of a

function in one variable, it follows that

Loy = £ N (% =%) T /C‘xo) + (x—x,)’{"(x.) PO
ol 1l 2\
(3.3)
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Using a direct analogy the Tallor series expamsion

for a time-varying vector becomes

M+1) M

{”%nlf o {E&!M"'A {".‘N}M‘F %‘ {:ia)}%-‘- !_2.3 72(«.)} Yoeo (3.4)

Differentiating Equation (3.4) with respect to time

gives
o) LN e )W) ves
{x} = {2} “+a ’X?; +£32_2 X}M-r. ie (3.5a)
{5&}““)= {'),(,}M-* . ’XEM Gk (388}
where A= t‘ml)- ™

The number of terms in this expausion may at first
be arbitrarily chosen. The fewer the number of terms
taken, the less accurate the result. The simplest
solution may be found by considering no terms on the
right hand sides of the expaunsions which contain
derivatives higher than the second. Writing these in

reverse order, gives

{'.X.}Mﬂ - {’-(-}M. (5.a)
£ gy (3.6b)

4™ - {x}‘“+A{i}“+g {x}“ (3.6¢)



o

For 2 given value of {XEM , {%*}"™ ana f@m*:
{&kmb is found directly by use of Zquation (3.6a);
{i§m*' is obtained from Eguation (3.6Db); {%}M+‘
is cz2lculated from Equation (3.6c). Noting in
Bquation (3.6a) that the acceleration at the end of
the interval i1s exactly the same as the acceleration
at the beginning of the interval, one defines this
procedure as the "“constant acceleration method" of
iteration (i.e. no derivatives beyond the second
is retained). Permutting the value of n to (n - 1) in

gquation (3.6a), (3.6b) and (3.€c) yields

(" = W a (e {51 i)
Vlft {&}W)"‘A % (3.7D)
oD e . 1 (M-1)
¥y = - &’XEM"} {4 (3.7c)

By substituting {dfgcm'o in Equation (3.7c¢) into

(3.7a) gives

(g (e (g (-2 {7
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or

(1" {1 s (0 (17

z 2

(- s (7 (W )20 G

Fermutting the value of n to (n + 1) Equation (3.8),

or

one obtains
P -a [T 20

Subtracting Equation (3.8) from Equation (3.9) gives

{ }c'vw) 2{2 3 {ng 1) [{'X}(MH)— {X}(M l)]

10
From Equation (3.7b) one obtains (3.10)

{&.}(M-‘L AI‘ [{ﬂm— {f}w_‘)_] (3.11)

Combining Equations (3.10), (3.11) and the permuted

form of Equation (3.6a) yields

{Y}“: ZL; [{,x}cm+u)_2 {,x}'n.+ {,xcm-n)}J e

The convenient form of Equation (3.12) for calculation

purposes 1s written as

P72 2 3 B e f (3.13)

Finally at t = t,, it follows from Equation (3.2) that

{iiew_; -DM] [K]{X [M]4{¥oa} (3.14)



From the above equations, the following steps are

taken in the iteration procedure:
(1) &t t:0, mo, {¥{7=0, {17 D" {{}®
Q) 2 -\ Q)
and by choice xy = oatt [M17'g4
(7= a2 {8
(2) 4t t=t,=at, m=1

{£ELO= —[M]th]{X}O)d-[M14{¥}O)

Q)

{qum: z{'x)% - {ka»fa’cz{éf}m
(3) &t ety = oat  map
{-;)Z*Su) N _ [M]“ (] {74(2)1- CM]—‘ {_‘7‘&(2)

{x}m= 2 {xf % (] % At (X
(4) &t t=ty = (o) , m=i

A = —prwa (a4 + o (43¢

Y 2 {9 (3 a5

Additional steps similar to the latter steps 1is

and

taken up to the value of n.
The Eguation (3.1) may be applied to the solution

for a single-bay multi-story frame shown in Figure 3.1
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Figure 3.1 Multi-Story Portal Frame




The component form of Equation (3.1) is determined

~

¢ o 4
'W\' lo] « v 2 y‘ h""kz —kz .« O ’x‘ F‘ét)
o ,Ml P o .7.2 —-kz kl+k5‘ i o 'Xl Fz (*’)
g d + =
(o o ™, % Lo o " k11 v Fm(t)
/
(3.15)
In the case of two-story frame building, the planar
frame is shown in Figure 3.2 below
Xz
SR ) 60 FA% X ¥ '
. A
10 WF 25 |OWF25 L#12
ZoPoé %
&) a0 P " |
—_—— ——— ] T-
/
20} | | 10 w25 1OW 25 L=18
77IITIITT Fr7i777777 "L
il 40’ =
) l—;"l
e Xz,
‘v—F\é")
] W, MN— ), TR ®

Figure 3.2 Two-Story Portal Frame
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Zquaticn (3.15) reduce to the form

", o {&‘ kik, -k (% x‘({)

] My

'x.l ‘-kz L(;_ ’X‘L 47. (t)
The numerical problem is analysed using the computer
program with the following numerical input:

1) Weight of the upper and lower floors

W, = (a0 %/y2) (o i) (20 4t) + (2) (ao#/gt) Us Y) (2ogh)
= 24,000 lby
- 240 kips.
W, = (6o #/g)(40%) 2olt) + (Do #/y) (6 4)(204)
= 52,800 |bs
= 52.8  kips.

2) Stiffness of the upper and lower columns

R, = 2012) (30 X106 © #/an2) (1332 Am4)
(182 %3) (12* im¥/g3)
d530 lloo/‘;,,
Q.53 lipa /s
2(12) (3oxi0® # [wm?)(133.2 au 4
(2°%3) (2* W3/gt?)
32, loo “aa/ﬁu

~
n

= 3a.l lzu'po//{M,
3) Mass of the upper and lower floors

W,

l
T
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W = 84‘.0 h;m

58

r.l
n

52.8 kips

(3a.2 W,;szw/gf)
o- 217 ,&A'P,_MJ/M

(332 /o) (12 im g

= 0037 kips -4/,

4) The natural frequencies and natural periods

g‘ = (JJ|
\ —

v
= W2
‘F’L 21_1-\'
Hhem
|
T = L
A
T2 = _L
2

5) Dynamic load function
The time variation

is shown in Figure (3.3)

3.0

)
_Rifs

2

o8z Hsz
>.185 Ha
(232 Aee.
0314 Lec.

on the upper and lower floor

of the dynamic force F(t)

t- Aec

Figure 3.3 Time Variation of Dynamic force
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£,=f(t) =10t+3.0

fo=.TE(L) = =Tt+2.7

Equation (3.16) becomes
219 o) 7<| 41.6% -32.| % £ )

© ‘137 :x'z ~32.1 32, | X, 14 (6)

The flow chart of the computer program for the
linear equations of motion of the multi-degree of
freedom system is shown in Figure (3.4) and the
graph of the dynamic responses Xy and x, are shown

2
in Figure (3.5) and figure (3.6)



Read and write
at, 17, [K]

Compute [MI'[K]

Set {f}“)

Compute

{9.(.} (@)= [M]-I{;}(O)

Compute {X}(p)
Set {#®

Compute
{x}é)___ éiz {*g(@)

) 2 -
75 - kG a4
{qga):z{ “}a)_._Atz.{&-g(,)

set {4
Compute

{19 - MITa o (53
{xj Q{,‘}C'Z{yya-htz{ﬂa)

where-1.=12y veey

Write

Time’ F] " x1 ’” F X2

2,

Figure 3.4 Flow chart of linear equations
of motilon..
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AT ; { '3
[FIN XK (1

ve) VAEf2 s (2 ) "y
XXM{LZ2alath1122 ) :

L2221 L22) , XTHL22) , FUL22YyPXDOE(LIZ2)

I ME (l;v\')v\""'
DIMEMNSION PXI I(L’“)yLF(lj) 2)s XP{122)
DIMENSTON PX(122,2) +PDOXI(L22 ¢2) s XX(122,2),PXDD(122,2),PXD(122,2).
DIMENSTON XDD(122,2)
& THIS PROGRAM WILL CCMBINE ALL THE PRUGRAM AND GIVE THE FINAL
@ RESULT ‘OF TH- STRUCTURE
C N=NUMBER OF EQUATIONS
L XM=MASS MATRIX
C XK=STIFFNESS MATRIX
C DT=DELTAY OF  TIME
-‘F',—\L/(),))N
READI5399)D 1T
WRITe(6,99)DT
READ(S,100)C(SUTyJ) 9d=1 4N)yI=1,4N)
ﬂ-si'(ITl;(u,lC'.))((S(IvJ)oJ:lr"‘l)7I=11FJ)
READIS,1COY LUXK({Tyd) yJ=14N) ,I=1,N)
n"'T (63103 ({ARK(T 9J) 9J=14N)yI=1,N)
2 '5'1\7(7/)
160 FORMAT(30Xy2F1064)
59 }7.{'\4'1'( )/\y’lQ 51
PO 110 T=1i%N
DO 111G J=1.N ‘
110 XXM(T+d) =0 ‘
D 1;’.‘1 M=1,N ‘
DY 130 1:1.1“
) 140 K=LyN
140 XXMM T )=S{MyK)¥XKIKy I ) +XXM(M,I)
130 CONTINUE
129 CONTINUF
WRITE(6,200)
200 FORMAT(15H PRODUCT MATRIX)
ABTTF(EYyLO0) (UXXM(T yJ) yd=1eN),,I=1,4N)
3090 FORMAT(F 1L5.5) '
C THIS PART WILL COMPUTE, MATRIX F, AT"O
Tu=C.0
FO{Ll)==10.%T0+3.0
FO(2)=—Te*T0+2.1
C THIS PART WILL COMPUTE X DOUBLE DOT OF MATRIX X AT ZERO ‘
DD 180 I=14N
18C XDOC(T)=C.0
PO 190 I=14yN
| . DN 220K=1,N
220 XODCET)Y=S(1,K)*FO{K)+XDDO(I)
190 CONTINLIE
& THIS PART WILL COMPUTE X MATRIX AT ZERO
| DO 240 T=14N ;
24C AP(1)=0.0 : !
B C THIS PART WILL GCMPUTE MATRIX. X AT T=l

ey ALt

|

OO 200 I=1yN

XL{T)=({DT*%2.,) /2.)%XDDO(1)

THIS PART WILL CCVMPUTE X DOUBLE DOT AT T=1
FOL)==10e%DT+#3.0

Fl2)== T« 0%D T+21

DO 270 M=1,N

= 20T )

PALUDLIM)I=0.0
PDYXDYI1LUMY= 0 U i



1005 Bar &S

= XXM( T yK)®XL(KJI+PXDDL(I)

(TyK)%F(K)+PXD1(])

L=1

e

XOD(Ly I)==PXDDL({T)+PXDL(T)

THIS PART WILL COMPUTE MATRIX

X AT T=2

H..2
[(M)=2¢%DT

N _al) :_L'l\
HV [)=2%X1{

I)
Lel b ={DT%%24)%XDD{LyI)
T)“\(Ly;) PNOX(L,T)

- < x|
-] e

1"

XX{1leLld=X1(1)
XX(1l,2)=X1(2)
FE{Msl)=~10s%T(M}+3.,0

FE{Ms2 J==TexT{M)I+2s10
DN 315 I=14N

o
e
v

PA'W“(L,K)NJ.O
PXD(L,sI1)=0.0

DU 320 I=1,N
DO 330 K=]1,N

PXDO Ly DI==XXM{ T KIXX{M,K)+PXDDIL,1)
PXDULsI)=S(IK)*FF(M,I)+PXD(L,41)

330
320

CONTINUE
CONT INUE

DO 340 I=1yN

XDD{LyI)=PADD(LyI)}+PXD(L,I}

340

CONTINUE

THIS PART WILL CEMPUTIE MATRI X

X FOR ANY TIME

LX=(.3/DT)+1
LY=2=LX

B0 350 1=1,N

J=L+1

Jd=L-1

XXCJpI)=2e%XX{L g1 )=XX(JJyI)+DT%%2

RITECG,1COY XX(JyI)
M=M+ ]

TCAI=M*D T
L=L+1

FORMAT{I3)
IF(L=LX)360,360,370

CONTINUE
L=LX

COUNTINUE
DO- 803 I=1.N

PXDD(Ly13=0010
NGO 800 T=1l,4N

DO BLO K=1,N

PXDD(L 3 1) ==XXM(T 4K)®XX{LyK)+PXDD(L,1I)

CONTINUE
CiIONMTTIINLIF



ASE 240 MATN DATE = TB8005 13/ 297324

DU 820 T=1,N 63
FF{LsI)=0.0 e
=L +1
Jd=1L~-1
KACd s T V=20 %XX( Lo ) =XA(JJ 11 +DT%%2,%PXDD(L,y 1)
820 CONTINUE
L=l
IF(L-LY)RBOLl,801,802
102 CON TIN U J
Y= 0 @
RITHE(645C0)
);;'J ‘J'\‘x( "L"/'\'."H "\lU“‘l;”"n;,‘}Xp‘l)H }I\'\E_'IC)X,JH i"lyd)&v.ﬁ“ X.L,b)(':)H F.:y bx,
L3H X2)
WRITE(OyO02)IMXQeYyFOULL) s XP(L) FO(2)XP{2)
MXD=1 .
Y=DT )
RITEA 6,500 MXO Y4 FCEL g X1 (L) sF(2) 3y X1 2)
600 FORMAT(9X3134y]10XsF1l0e5+45XK94F1045)
DO 700 I=2,LY
Y=1=DT
Il=1
r2=2
700 WRITECHyS00) ] 9 Y3yFF UL T L) o XX U 911) yFFLI9I2)XX{1,12)
STOP
EMD




_/yﬂ!lflyd/bam y /afe U/[”{:l:”w%} COMPUTER CENTER

VS LO
64

ADER

CPTIOMS USED - PRINT,MAP,LET,CALL yNORES,NOTERM,STI7E=102400,NAME=%%G0

NAME TYPE ADOR NAME  TYPE ADDR NAME TYPE ADDR
MATIN SD 120810 IANECOMH* SD 129DD8 IBCOM# * LR 129E04
IHNCCMH2* SD 12AD68 SEQDASD * LR 128196 IHNFRXPR* SD 12B430
ADCONg * LR 1285608 FCVAOUTP* LR 128682 FCVLOUTP* LR 12B742
FCVEOQUTP* LR 12BD38 FCVCOUTP* LR 12BE32 INT6SWCH* LR 12COF38
FI0CSBEP® LR k2L IE IHNFIOS2% SD 12D170 IHNEFNTH* SO 12D728
IHNUOPT * SD 120C70 IMNERRM * SD 12DFD3 ERRMON * LR 12DFDS8
ALOG1O *= LR 12E50D8 AL OG * LR 12E5F0 IHNSEXP * SD L2E780
FOCONGC# * | R 12E960 IHNFCONI* SD 12EECS FOQCONT # * LR 12EF08
IHNTRCH * LR 12F378 ERRTRA * LR 12F389 INNFTEN *~ 5D 12F620
TOTAL LENGTE EFAS8
ENTRY ACLCRESS 12081¢
0.02000
4.6082 0.0
0.0 7.2990
41.6300 -32.1000

-32.1000 32.1000

PRODUCT MATRIX

1918394 -147.9232

-234.2979
0.0232

23442979

0.0258
0.0400
0.04%4

0.0603
0.0671
0.0837

0.0933
0.1095
0.1222

0.1371
0.1532
0.1658

0.1856
0.1950
0.2186

0.2240
0.2513
0.2521

0.2832
0.2788
0.3134

0.3033
0.3411
0.3252

0.3657
0.3437
— 00,3865

0.3583

N 22390



oicn Hlate Universily <o
oen N lale /1(1-'?1‘.1{(/// COMPUTER CENTER

\

NUMBER TIME Fi X1 F2 X2
0 0.0 3.00000 0.0 2.10000 0.0 - 65

L 0.00500 2.95000 0.00017 2.06500 0.000 19

B 2 C.0LGGO 290000 0000069 2.03000 0.00076
3 0.01500 2.85000 0. 00153 199500 0.00170

4 C. 02000 2.80000 0.00270 1.96000 0 .00 300

5 0.C25C0 2.75000 0402420 1.92500 0.00460

6 0.03000 2. 70000 0. 00601 1« 89000 0.00666

7 0.03500 2.65000 0.00812 1.35500 0.00901

- B Ce L4UCO 2. 60000 0.01054% 1.82000 Jed 1169
9 0.04500 2..55300 0.01324 l.78500 0.01470

10 0. 05000 2.50000 0.01623 1.75000 001802

11 Ce 05500 2445000 0.01950 L« 71500 0.02165

12 0. C600C 240000 0.02304 1.63000 N0.02558

13 0.06500 2.35000 0.02684 164500 0.02981
14 007000 2.30000 0. 03089 1.61000 0.03431
L5 0.07500 2.25000 0.03518 1.57500 0.03909

16 0. CB8C00 2.20000 0.03971 1.54000 0.044%1%

L7 0.08500 2.15000 0. 04446 1.50500 004944

18 0.09000 2.10000 0o 04944 1.47000 0.05498

19 009500 2.05000 003462 le4 3500 0.06076

L. 20 0« 10000 2. 00000 De 05999 140000 006677
21 Ce L0500 1.95G00 0. 06556 l.36500 0.07299

22 .0, 11000 1.90000 0.07131 L+33000 0.07942

23 0.11500 1.85000 0.07723 1.29520 0.08604

24 0.1200 1.80000 0.08331 1.26000 009285

E 25 0.12500 1. 75000 0. 08954 122500 0.09983
26 0.13000 l.70000 0.09591 1.19000 010698

27 0.13500 1.65000 Ce10242 1.15500 0.11427

28 14000 1.60000 0.10904 le 12000 0.4217%

29 0.14500 1.55000 0.11578 1.28500 Ne12928

3¢ 0.15000 l.5000C 0.12262 1.05000° 0.13697

R 31 0, 15500 1.4;0Ju 0.12955 1.0150¢ 014476
B 32 0156000 «40000 Oe 13656 0e 98000 0.15265
33 C.165CC 1 35000 0. 14364 094500 016063

24 0.170C0 1.30000 0.15078 091000 0.156868

35 0.17500 L.25000 0.15797 0.87500 0.17679

36 0.18000 1.20000 0.16520 Oe84G00 0.18495

37 0.13500 1.15000 0.17247 0.80500 019314

35 0+19000 1. 10200 0.17975 0. 77000 0.20137

39 0.19500 1.25000 0.18704 D.73500 « 20960

40 0.29000 1.00000 0.19433 0.70000 0.21784

41 Ue 20500 0.95000 0.20161° 0.66500 0.22607

42 0+210C0 0690000 0.20887 0.63000 0.23428

B 43 0.21500 Je 85000 0.21609 059500 024245
44 (G«22000 0.80000 0.22327 0.56000 0.25058

45 0.22500 O« 7500C 0.23041 052500 0625864

B 46 0.2300¢C 0. 70000 0.23748 49000 020664
47 0.2350Q0 0.65000 0.24447 0.45500 0.27456

4R 0.24000 0.6C000 025139 0.42000 0.28239

49 0.24500 D.55000 0.25821 0.38500 029011

50 0.25000 Ue50000 0. 26493 0e 35000 0.25771

51 0.25500 0.45000C C.21154 031500 0.30518
BS52 0o 26000 0.40000 0.27803 028000 0.31252
53 026500 035000 0.28438 0e 24500 Ue31970C

54 Ce27C0C C«30000 029060 021000 Qe32672
o5 D.27500 0.25000 0.29606 0.17500 0.23357
56 Ce2800V Ue 20000 0. 30256 014000 0e34024



'\(/// %) . ] Ues 31000 0.0 033409 Ve 0 De31S5T6
wn cflale //zm-'ewr/y COMBUTERCGENTER 0.0 0.33863 0.0 0.38086
o4 "0, 32000 De C Oe 34295 0.0 0e38571
65 0.32500 0.0 Ue 34706 0.0 039031
56 0.330C0 0.0 0.350%4% 0.0 0 +39466
Y 0.335C0 0.0 035460 0.0 0.39875
654 034000 g 0.0 0. 35803 0.0 Ue#0258
59 0.345C0 0De0 0.35124 0.0 04400616
70 C.350CC 0. O 0326421 0.0 040546
71 0.355C0 0«0 0. 36695 0.0 0.41251
72 - 0.36000 0.0 0.36946 0.0 0.41528
73 De36500 0e O 0.32173 0e0 041779
74 0.37000 0.0 0.37377 0.0 042003
75 0«37500 0.0 Je37550 0.0 0.+42200
76 C«38000 De O 0.37712 0e0 0.42369
78 0.39000 0.0 037950 0.0 042626
79 0.39500 Q. O 0. 38032 0s0 042714
80 040000 0.0 0.38090 Qe 042174
31 C.40500 : 0.0 0.33124 0.0 0.42806
82 0.410CQ B0 0.38133 00 0.42812
3 0.41500 b0 0.38117 0.0 0.42786
84 0.42C00 0.0 0.38077 0.0 042740
35 0.42500 O 0.33013 0.0 042663
~ 86 0.43000 ) 0.37923 eV 042559
37 0.43500 0.0 0.37810 0.0 042427
48 \ 0. 4%40C0 Q.0 037672 0.0 042269
89 0.44500 0.0 0.37509 0.0 Oe42084%
90 C.45000 SO PY 037322 0.0 Ue41872
91 0.45500 0. O 0,37111 040 0.41633
92 Ce456000 0.0 0.36877 0.0 Ce41368
973 0«465C0 00 0.36618 0.0 041076
94 0.,470C0C 4.0 0.36335 040 040759
95 Ce475C0 De 0 0.36029 0.0 040415
96 Ce4B000 Oe0 035700 0.0 0.40046
97 0.43500 0e 0 035347 0e0 039651
IR Ce49000 060 034972 0.0 039231
99 Ce495C0 050 0.34574 060 0.33786
100 Je 500CC 0.0 0.3%153 0.0 De38317
101 0.50500 0.0 0.33711 0.0 0437823
102 C.51000 D0 0e332406 0.0 0.37305
103 0,515CC 0. 0 0.32760 0.0 036763
104 0.520G0 0.0 0.32253 0.0 0.36198
105 0.52500 0.0 0.31725 0.0 035609
106 0.530C¢C 0.0 0.31177 0.0 0,34993
107 0« 53500 0.0 0o 30609 0.0 034365
108 0e54200 00 030020 040 033709
_109 C.54500 : 040 0.29413 N.0 0433032
110 0.55000 0.0 0.28787 0.0 032334
111 Ce5550C 0«0 0.28142 0.0 0e31615
112 0.56U0C 0.0 0.27479 0.0 030875
113 0.56500C 0.0 026798 0.0 0.30116
114 C.570C0 0.0 0.26101 0sd 0.29337 .
Ells 0.575C0 0. 0 0.25386 Q.0 0.28540
lls 0.58000 ' 0.0 0e24656 0.0 027723
117 0.53500 0.0 0.23909 0.0 0.26889
113 0.590¢ 0.0 0.23148 0.0 0426038
119 0.59500 0.0 0e22372 0.0 0e25169
120 0.600C0 Gule o 0.21581 0.0 024284
=121 0.60500 0.0 0207177 0.0 0.233873
122 Ce610C0 Ue0 0.19959 0.0 0.22467




ten S lcele Tl neveritllyy coMPUTER CENTER
UMB ER TIME F1l X1 F2 %2 47
0 0l 3.00000 0.0 2.10000 0.0
] 1 001000 2.90000 0.00069 2030020 000077
2 0.02000 2.80000 000272 l.96020 0.00301
3 0.C3000 270000 0.00603 l.89000 0.00068
4 0. 04000 2. 60000 0.01056 1,82000 G.01172
5 0. 05000 2.50000 0.01627 le 75000 C.01805
6 C. 05000 2.40000 0.02308 1.68000 0.025062
7 0.07000 2.30000 0. 03093 1.61090 003436
8 C. 08000 2.20000 Ge 03976 L.543C0 Oel4419
3 0. C9000 2.10000 0.0%949 1e47000 0.05505
10 010000 2. 00000 006006 1.40030 006684
L1l O«.11CCC 190000 Ce07138 133000 0.07950
12 2000 1.80000 0. 03339 1.26000 0.0929¢4%
13 013000 1.70000 0..09600 1.19020 J.1u707
14 0.14000 1.60000 0. 12914 112000 0.12182
15 15000 1.50000 0e.12272 1. 05000 0.13708
16 Qe 15000 1.40020 0.13666 0.98090 «LB2T7
L7 C.170CO 1.30000 J0.1508¢ 091000 J-Ludﬁl
18 C.18000 1. 20000 0. 16533 0.84000 Ue18508
19 :.19903 1.10030 C.17988 077200 020151
20 €. 2000 1.00000 019446 Qe 70000 0.21759
2 u.glauu 090000 020900 0.63000 23443
22 022000 0. 80000 022342 056000 0.25074
23 C.230C0 Ce 70020 023763 049000 0426681
24 24000 050000 025154 042000 0.28256
25 0.25009 050000 0.26509 0.35000 0.,29789
26 C.260C0 Ce 40000 0.27619 0.280C0 031270
27 0.270C0 0. 30000 0.2907¢ 021000 0.32691
23 0.28000 0.20000 0.30273 014000 0.34043
29 0e29000 0. 10000 Ce31402 007000 035316
30 0«30000C Ue 0 Ue 32455 0.0 * 0.36503
31 0.31009 [0 %) 033426 0.0 0.37596 |
32 Ce320CCO Qe Ce34312 O.0 0 «38590
33 0.330C0 0.0 0e35110 0.0 035484
34 JUe 34000 De0 035819 0.0 0.40276
35 U.35000 0.0 0.36436 00 0409563
36 C.36000 0.0 0«35961 0.0 041544
37 C.37000 0.0 0.37391 00 0.42018
38 C.38C00 Oel Qu37125 0.0 042383
39 0.390C0 0e0 Ue 37962 0.0 042640
B 40 0.40000 s ) 038102 0.V 0.42786
41 O«41000 0.0 038144 0.0 042823
42 Ce42000 0.0 0.38087 0.0 0.42750
B 43 43000 Qe 0.37932 0. 0 0.42558 |
44 Ce 44000 D Ce37679 00 042278
45 0.45000 0.0 Ce37329 040 0.41879
B 46 Qe45000 0.0 0e 35882 0o 0 0.41374 |
47 C.4170CO 0. 0 Ce36340 0«0 040764
48 Ce43000 0.0 0.35703 Ol.u 0.40050
B 49 0« 4900! Del 0e34974 0.0 0.39234% J
5C 0.50000C 0.0 0e34154 0.0 038319 |
51 051000 0.0 Oe 33246 0.0 0.37305
ey 052000 0.0 Da32252 0.0 0e36197
3 Ce530CQC 0.0 Gs31175 Ce0 0e34997
54 Ce5400C .0 030017 0.0 0«33706
55 0.535000 0.0 0. 23782 0.0 0.32330
- 56 ..J)LCC 0.0 0.27474 0.0 030870
ol 3 - el N sm N - o ~ B U e ol e - i B i ik i
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NUMBER TIME El X1 F2 s
o 0.0 3.00000 0.0 2.10000 0.0
1 002000 2.80000 0. 00276 1.96000 0.00307
2 0. 04000 2.60000 0.01L066 1.52000 0e.0l183
3 0.0600¢C 2.40000 0.02323 1.68000 J.02579
4 0. 03000 229000 N.03957 1.54000 0.04442
5 C. 10000 2.C0000 0. 06032 140000 DeCHT13
6 0.12000 1. 80000 0.08370 1.26000 U.09328
7 Ce 14000 1.60000 0. 12950 1.12000 Q.12222
M 016000 l+40000 Oel3708 Je 98000 De15324
9 C.180C0 1.20000 0.16578 0e 34000 J.18560
10 C.20000 102000 De 19496 0. 70000 Ue21856
g 0.22000 Ce 8000C 022395 0656000 0e25135
12 0e 24000 0.60000 Je25210 042000 O 28 320
L3 0.26000 Do 40000 0.27878 0.28000 Q.31337
~ 14 0.23000 0020000 Ce302333 De L4000 Qed4lll
15 0.300CC 0.00000 0.32517 0.00000 036573
15 0.32000 De0 0.34369 0.0 0.38654%
17 0.34000 0«0 0.35871 Oe 0 0.40333
18 0.3600C0C 0.0 037007 0.0 0.41594
19 0.38000 By O 0.37764% 0.0 042426
. 2U 040000 0.0 Ce 33134 0o 042620
21 0.420C0 00 0.33111 0.0 0e42715
22 0.440G0 0.0 De 376% 0. 0 0.42293
23 C.46000 0.0 0.36888 0.0 De41350
24 C.480C0 0.0 0.35699 0.0 0.40046
25 0.50000 0. O0.34141 0.0 0.38305
R 26 0.52000 Gal) 0632229 0.0 0.36173
27 Ce 54000 0e0 029984 0.0 0.33672
28 2.56000 0.0 0.27431 0.0 0.30825
29 C.580C0 0.0 024597 0.0 0627660
30 C.600C0 D0 0.21512 0.0 0« 24208
31 0.62000 0.0 0. 18208 0.0 0.20503
32 0.64000 0ed Oe14721 0.0 0.16583
P
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NUMBER T IME Fl X1 F2 X 2
) 0.0 3,00000 0.0 2.10000 © 0.0
1 0.03000 2.70000  0.00622  1.89000  §-00690
z 0« 06000 2.40000  0.0U2348  L.68000 0.02607
3 0.09000 2.10000 0.05012 1.47000 0.05573
4 0.12000 1.82000  C.08423  1.26000  0.09386
5 C. 15000 1.50000 0.12375 1.05000 0.L3824
6 0.18000 1.20000 0.16654  0.84000 0.18646
7 C. 216CQ 090000  0.21037  0.63000  0.23600
B 3% 240CC 0.60000  0.25304  0.42000 0.28427
9 0.27000 0.30000 0429235 0.21000 0.32872
10 0.30000 0.0 0.32619  0.00000  0.36687
I1 0.330C0 0.0 0.35255 0.0 0.59645
12 0.36000 0.0 0.37083 0.0 041617
13 39000 040 0.38056 0.0 042740
14 C.420C0 040 0.38149 0.0 0.42815
15 0o 45000 0.0 0.37355 0.0 0.41507
16 C.4800C 0.0 0.35691 0.0 C.40038
17 C.51000 0. C 0.33194 0.0 0.37253 |
18 054000 0.0 0.29927 0.0 0.33612 |
19 €.57002 0.0 0.25967 0.0 0.29194 |
20 C.60000 U0 0.21410  @:0 024095 |
21 0.63000 0.0 0.16365 0.0 0.18430 |
22 0.66000 0.0 0.10947. . 0.0 012330

] E—
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M8 TIME F1 X1 F2 X2
0 0.0 3.08000C 0.0 2.1C000 o0

1 0.05000 2452000 0.01728 1.« 75000 Je01916
2 0.10000 2.30000 0.06216 1.40000 006915
3 .15000 1.50000 Ce 12584 1.05000 0.14060
4 0e 23000 1.3G000 Oe 19344 De 70000 022256
5 0e25000 0e 50000 026970 0.35000 0e30U317
6 Ce300C0 0.00000 0w 32948 0.00000 0.37056
7 035000 0. 0 O.36828 el 0e41389
3 J.40000 0o 0 0e33351 Dl 0.43050
9 Ce450C0 Ne0 0.37401 0.0 041959
10 0.500CC 0«0 0e 34031 0.0 0e38198
11 0455000 Je 0 Ve 23465 06 0 0e31997
12 C.600030 0.0 Je21 U8B0 DeC 0«23727
13 0.650C0 a0 0.12360 0% O 013906
14 b 0.02854 0.0 0.03180

Ve 73000 Je
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Figure 3.5 Comparible graph of displacement of X,
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CHAFTER IV

DISCUSSICN AND CONCLUSION

4,1 Discussion

The programs in CHAFTER II are intentionally
written in FORTRAN IV language for the distinct
purpose of 1llustrating the mathematical operations
basic to the matrix formulation of the problem. The
procedure allows the reader to follow step by step
the mathematical logic involved in the problem
solution as well as giving the reader a basic
understanding of the formation and interaction of
the necessary equations which produce the solution.
The matrix calculations for any given program may
be performed by hand in a reasonable time interval
for matrices of order three or less., If the order
of the matrices 1is greater than three, the computer
solutions offer the most efficient processes for
problem solutions.

The FCRTRAN programs developed in CHAPTER II

which include the matirix determinant, matrix

inversion, the characteristic equation determination,

the evaluation of characteristic value and
characteristic vectors, and the method of Cholesky
transformation form a complete package of the usual

matrix operationé common to the field of Structural

3



T4

Dynamics. In most cases, analyses ol structures
subject to dynamic loading usually 1involve a large
number of degree of freedom which are efficiently
processed by matrix techniquea Each of the above
programsls specificly written to accommodate an
arbitary number of degree of freedom and hence the
computer package is useful for the range of problems
encounted.

The program in CHA?TER III is also written in
FORTRAN IV. language. This program illustrates the
usefulness of programming techniques to formulate
the solution of a family of coupled linear differential
equatlons utilizing finite &ifference methods. This
technigue replaces the rather complicated classical
functional type solution with a simple numerical
iterative method which strictly relies on a vast
number of algebric operations for which the computer
is extremely efficient in processing. The degree of
accuracy using this method is bases upon only the

size limitation of computer.
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4,2 GConclusion.

From Figure (4.1) and Figure (4.2), it is
shown that the size of the time interval, At , plays
a fundamental part in producing acceptable accuracy
of the results. As shown in Figure (4.1) and
Figure (4.2), the degree of accuracy increases as
the time interval decreases. A reasonable value for

At

s approximately one tenth the lowest natural

’,..l-

period., For value of at below this range, the
accuracy 1s constrained to within reasonably small
limits. This slight variation is due to the fact
that the true-maximum usually does occur at the
specific time interval. Although a slight’ change
in maximum response occurs as At becomes smaller,
the variation 1s in the fourth significant figure
and is totally within the range of acceptable
engineering standards. The lowest natural period
can be calculated by utilizing the facility of
the Characterlistic Value and Characteristic Vector
program in Chapter II

As respected, the response for X, is greater
than X, for all value of the time interval t . For
the particular inphase dynamic loading conditiouns,
the maximum response of the upper floor and lower

floor occurs at approximately the same time as

° i "
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shown in Figure (4.1) and Figure (4.2) which is an
expected result.

or sample problem chosen, the maximum upper

L[5S j

floor displacement is =0.38144 inch while the
maximum lower floor displacement is«0.42323 inch.
These values are within the acceptable elastic
range of the material since the column lengths are
18 feet and 12 feet respectively and column size is

a 10 WF 25.
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