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ABSTRACT

In this study, behaviour of linear, elastic
building and arch type plane frame struct@res subjected
to lateral dynamic loads are inVestigated. For this pur-
pose, computer programs were developed for the static
analysis of plahe frame structures, frequency/mode shape
computations, time history analysis by the mode super-

position and the direct step-by-step integration methods.

A static analysis program is designed, which enables
the solution of large scale structures with many degrees-
of-freedom by empleying an out—of-core solution algorithm.
»For\reasonable half-band width wvalues, theie is no limit
to the number of equations to be solved, as long as the

pheripheral memory may be assumed "infinitely large."

Effective computer utilaziton in terms of time,
memory and precision is ccnsidered\in developing these
computer programs. These three factors gain significance,
especially, in the case of using low speed, small memory
and low precision microcomputers in the analysis and

design of large structural systems.



Using the computer programs that were developed
_during this study, two types of structures were examined :
high-rise buildings (multi-storey building frames and

towers), and arches.
The following aspects of the problem are studied.

1. The accuracy ofthe results of the static
analysis. For large number of unknowns; error accummulation

due to rounding may be a serious problem.

2. Effect of the slenderness and aspect ratios
of arch type structures to the symmetry or antimetry of
the modeshapes and to the value of the participation

factors.

3. Effectofthechoice of solution time step At, to
the accuracy and stability of the integrations performed

in direct step-by-step integration method.

4, Effect of the number and type of the mode shape
vectors belonging to each of the moaes superposed, to the
accuracy of the resuits. The'detected maximum displacement
values from the modal analysis were compared to those ob-
tained from the direct séep-by—stéﬁ integrétion of the

coupled equations of motion.
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Some of the findings from the case stud;eé/are

summarized below.

1. The algorithm wused in the static analysis
program is very effective to analysevery high multi-storey
structures. The accuracy of the results is significantly
affected by the wordsize of4the computer and the solution

algorithm employed.

2. The dwoice of the solution time step. At, -affects
both the accuracy of the results and the execution time.
As At decréasea the solution ﬁimesincrease and the
weighted percent errorsof the results decrease. However,
very small At values may cause error @gccumulation due

to rounding.

3. For larger At values, the numerical integ-
ration performed in step by step procédures may diverge
Appropriate values for At, which will give a converging
result may not be chosen depending on a previously stated

emphirical formula.

4. Superposing only a few of the higheét modes: of
vibration gives satisfactory results. However, when
the lower modes of vibration are superpdsed, the error
in the results may increase. ‘Thié is due to the COmputaf

tion error made in the lower modes of vibration.
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5. Free vibration characteristics of arches with
symmetric stiffnessand mass distribution depends on the
slenderness and aspect ratios. Their‘participation factors
for symmetric mode shapes are equal to'zero.vThefefore, in
modal‘analysis,~superposing ohly those modes with non-zero
participation factors will further reduce the computation

time.
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0ZET

Bu calismada, bira Ve kemer_tipi dﬁzlem cergeve
sistemlerin‘dinamik yiikler alélndaki davranisi incelenmisg-
tir. Bu amagla; dﬁzlem cergevelerin statik analizi, éer—
best titresim hesaplari, moalarln sﬁperpoZisyonu\ve zaman
artimi y6ntemleri ile zaman tarihgesi analizi konularinda

bilgisayar programlari gelistirilmistir.

Cok serbestlik dereceli biiyik yapilarin statik
yikler altinda ¢Ozlimini yapabilen bir bilgisayar programi
tasarlanmigtar. Bu programda; ana bellek ile birlikte
cevre bellekten de faydalanan bir algoritma kullanilmis-
tir. Cevre bellek kapaSitesinde herhangi birv51n;rlama
‘yokéa, makul vari bant geniglikleri igin, c¢ozlilebilecek

bilinmeyen sayisinda herhangi bir sinirlama yoktur.

Bu programlarin gelistirilmesi sirasinda; c¢&ziim
sliresinin kisaliga, bellek.51nl£lamalar1,§e sonuglar1n‘
dogrulugu konularzi ﬁzerinae durulmﬁgtur.~Bu'ﬁ¢ etkenin,'
.bﬁyﬁk’yapllarln ¢Ozlimlenmesinde ve tasariminda, dﬁéﬁk\
hizli, kiigiik hafizalili ve hassasiyeti az olan mikrobilgi-

sayarlar kullanildiginda Onem kazandigi bilinmektedir.

Bu calisma sirasinda geligstirilen programlari kul-



'1anarak_gok katli yapilar ve onlara gbre davranisi daha

az bilinen kemer tipi yapilar incelenmisgtir.

Yapilan ¢&ziimlemeler sirasinda asadidaki kavram-—

lar tizerinde durulmustur.

1. Cok bilinmeyenli sistemlerin statik analizinde

sonugiarln dogrulugu.

2. Kemer tipi yapilarda, narinlik ve basiklik
oranlarinin mod sekillerinin simetrik veya antimetrik ol-

‘masina ve katilma oranlarinin de§erine etkisi.

3. Zaman artimi yOnteminde secilen. zaman araligi-

nin integrasyonun yakinsakligina ve dogruluguna etkisi.

4. Modal analizde, sliperpoze edilen modlarin sa-

yisi ve tiplerinin sonuglarin dogruluduna etkisi.

Elde edilen éonuglardan ¢ikaralan bulgularin bazi-

lar: sunlardair:

1. Statik analiz programinda kullanilan algoritma
¢ok bilinmeyenli yapilarin heéablnda baéarlll sonug¢ ver-
mistir. Elde edilen sonuclarin do@ggluéu kuilanllan bil-
gisayarain kelimé uzunlugu ve ¢&zilim yéntehi'iie yakindan
ilgilidir.

2. Secilen zaman araligi c¢&ziim sliresini ve sonuc¢-

-----

zim sliresinin uzadigi ve sonuglarin dogrulufunun arttigai
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gdzlenmistir. Bununla birlikte, cok kiiciik zaman aralikla-
r1 sec¢ildiginde, yuvarlatmadan dolaya hata birikimi ola-

bilecedi unutulmamalidair.

3. Zaman artimi yonteminde, daha biiyiikk zaman ara--
1131 deerleri ig¢in, hesaplanan integral iraksak olabi-
lir. Yakinsak sonuglar verecek uygun zaman araligi secgi-

mi i¢in genel bir kural gikartilamamistar.

4. Modal analizde, yanlizca, en kiictk frekansll
bir kag¢ modun katilmasinin yeterli dogrulukta sonuglar
verdigi gbzlenmistir. Biuyilik frekansli modlar sﬁperpoze
edildiginde ise bir miktar hatanin kaldigi goriilmistiir.
Bunun sebebi; blyilik frekansli modlarlh hesaplanmasi si-

rasinda birikmis olan hatalarin varlaigi olabilir.

5. Simetrik rijidlik ve kiitle dagilimi olan kemer
tipi yapailarinserbest titresim &zellikleri narinlik ve basik-
'llk\oranlarlna bagimlidir. Simetrik modlara ait katilma oran-
larinin sifir deferi aldigi go6rilmiistiir. Simetrik modlarin
katklélnln modal analizde g8z O6niine alinmamasi hesaplama sii-

resini daha da kisaltacaktair. .
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I. INTRODUCTION

Methods to predict the response of structural
systems subjected to earthquake forces‘éan be classified
in three groups. The direct step-by—step integration
and the moae superposition methods are consisting the

first group, and are commonly called the dynamic procedures.

‘Inldirect step-by-step iﬁtegration’method, the
response of the structure at a certain step can bé computed
depending on the accelerations, velocities and the displa-
cements of the preéeeding step. This method is generally
used in research studies and for predicting the dynamic
response of important structures‘éuch as high-rise towers,

nuclear power plants, off-shore structures, and the like.

The mode superpoéition metgod‘employs a generalized
coordinate transformatidn which serves to change the set
of coupled . equations of motion into a set of uncoupled
equations. These unéoupled equations are ihtegrated, and
the response of the whole system is the£'¢omputed by a
linear 'superposition of these individual single degree-

of-freedom responses. Although damping forces can be



o

considered, the method is essentially applicable only to

linear elastic structures.

In practice, the procedure so called the response
spectra analysis, which is a'speqial case of the mode
supérpositibn method, is used very frequently. 1In this
method, only the maximum values of the responée for each
uncoupled equation of motion is considered, which reduces
the execution time considerably. The most probablé
values for the structural response can be computed by
"summing" these individual modal responses. For both the
mode superposition method ana the response spectra analysis
prdcedure, the contributions of only a few of the smallest
frequencies are the most significanﬁ, which further reduces

the computation time.

The second group of procedures, called the semi-
dynamic procedurés, are very simple to apply, hence they
are used in many design codeé. In these procedures, the
dynamic problem is reduced to a statictproblem by defining
ficfituous static loads dépending on, generally, the
fundamental mode of vibration, and the resulfs are multip-

lied by correction factors to satiéfy other conditions.

In the third group, static loads are used which
do not depend on the dynamic characteristics of the
structure. This method is not anymore used alone to

predict the response of impo:tant structures.



 In this study, computer programs were developed-
for the static and dynamic analysis of linear, elastic
building and arch type plane frame strubtures. Fdr the
static analysis program, practically, there is no limit
to the size of the problem to be solved. This is achieved

by using an out-of-core solution algorithm.

Several sample problems were sqlved to examine
the free and forced vibration characteristics of building
- and arch type structures. In terms of their dYnémic
properties, these two types of systems were observed

to be behaving in a different manner.

The displacements obtained from step-by-step analysis
and modal superposition were compared. The effect of
solution time step, At, and number and shape of the

modes to be superposed on accuracy were investigated.

The choice of fictitious static loads corresponding
to each mode and a basis to sum the individual responses

due to these static loads are illustrated on one example.



I1. METHODS OF ANALYSIS

In this chapter, fundamental aspects of the static

and dynamic analysis of plane frame structures are given.

The member stiffness matrix for a general straight,
conétant cross—-section plane frame element and the local
and global coordinate systems are defined. Code number
technique is illustrated which may be used for £he assembly

of the equilibrium equations.

The details of the frontal solution technique is
illustrated on a simple continuous beam with three unknowns.
The advantages and disadvantages ofvthiS‘technique is

briefly discussed.

Computation of the frequenci?s and mode shape vectors
of a freely vibrating ﬁndamped system, basic orthogonality
relationshipsand ortho-normalization of the mode shape

vectors are given in detail.

The recurrance equations which will be used to
integrate the equation of motion for a single degree-of-

freedom damped system are derived.



The procedure for modal analysis is given, including;
the generalized coordinate transformation, integration of
the uncoupled equatibns of motion, and the superposition

of the individual modal contributions.

In the derivation of the recurrance equations for
the direct step-by-step integration method, the accelera-
tions were assumed to vary linearly within a time interval
At. |

The response spectra analysis procedure is described

and three summation formulas are given.

Finally, the relationship between the elastic
forces acting on a structure and the inertia forcesis
derived, and a formula to compute equivalent fictitious
static loads is given. These fictitious static loads

may be used to predict dynamic response.

IT.A MATRIX DISPLACEMENT METHOD

In matrix displacement method, a continuous structure is
represented by a set of discrete pointsfin the system. Thé
structural system is discr;tized into smaller elements, and the
properties of the sﬁructure is assumed to be concentrated at
the points (ﬁodes) within the system. The equilibrium equations
belonging to these nodes are solved, and the response ié
found by computing the response of the elements composing
the structure. 1In the following sections fundamental aspects

-of the matrix displacement method are given.



IT.A.1 PRISMATIC PLANE FRAME ELEMENT

The definition of a stiffness coefficient kj4
can be stated as "the force that should be applied in
direction i iniorder to sustain a unit displacement in
direction Jj, while all other pfescribed displacements
are equal to zero." The group of forces that should be
applied in the directions of the prescribed displacements
in order to sustain thé unit displacement in direction j,

forms the j th column of -the stiffness matrix.

For a prismatic plane frame element the prescribed
displacement and force directions, termed as "degrees-of-

freedom," are shown in Fig. II.1l

z ’2
zT 71
4 z i i
| “— ; il__...____‘;
/3/ ¢

X

FIGURE II.l1 Prescribed Degrees of Freedom and the
. o

Local Coordinate System for a Prismatic

Plane Frame Element

The equilibrium equations for a,genefal straight

plane frame element, in matrix notation, is



~ -y - - . _ 1
Py o o ]-s]o o dy £1
P, Ci| 0 [-D |cy d, £,
P 0 | c.|a;fo |-ci|B dq £

{ 3 r - - Y ; T+< 3 > (II.1la)

P, -s |o|o0o]|]s | o0]o d, £,
Pe 0 |-p |-C3| 0 | D |-C4{ | 45 £z
D o |c:|B | o0 |-c:il]a d £

| 6 ] J 31773 _ 6 ) L 6 J

or in compact form

(P} = [k] {a} + {£} | (II.1b)
where
{P} : vector of end forces.
{dy : displacement vector
Tk] : element stiffness matrix
vector of fixed end forces.

-
(]}
ot

For a general straight plane frame element, the stiffness

coefficients are - —
A.+B
S = 8§ EA C, = —m—u
L 1 L
FI -A.+B
A, = ay cy = —L— (IT.1c)
* L J g



Ci+Cs
R 1 | _ 1]
.AJ a5 T, D = ———ET—__
B = bij EI '
L -

For a constant cross-section straight element;s=1,

aj=a4=4, and bj4=2, therefore Egs.(II.lc) become

EA 6EL
S = —/—— C: = C. =
L i J
L2
_ o 4ET
Ay = A3 = —g
D = lZE;
L
B = _ 2EI
‘ L

where

E : modulus of elasticity

A : cross-sectional area

I : moment of inertia

. L : 1length of the element
~

The details of the derivation of element stiffness
matrices for various types of structural members are given
in Refs.(1), (2) and (3)*. The fixed end forces due to
loads acting on the element form the vector if} (see Fig.

I1.2). Fixed end forces for most common types of loadings

* . ,
Paranthetical references placed superior to the line of text refer to
the bibliography.



are given in Refs. (1),(2),(3) and (4).

o

—

—.-{1
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[

FIGURE II.2 Fixed End Forces Due to Element Loads

For a structural sYstem there are two types of
coordinates: the 1ocal (member)‘coordinates, and the
global (structure) coordinates. The local and the global
coordinate systems are denoteéd by subscripts xyz and

XYZ, and are shown in Figures II.1l and II.3, respectively.

y/ 1
FIGURE II.3 The Global Coordinate System for a

Straight Plane Frame Element



Although the forces and displacements can be

defined in local coordinates, for the sake of simplicity,

they shall be transformed to the global coordinate system
in order write the equilibrium equations for the structral

system. Any vector quantity, namely the forces and disp-

lacements, can be

transformed from the global to the local

coordinate system by

XyZ

or

m n 0 0
-n m 0 0
0 0 1 0
0 0 0 m
0 0 0 {—n
0 0 0 0

Vi, = [T] {(Vlgyy

Xy

where

{v} :

> (II.2a)

XYZ

(IT.2Db)

force or displacement vector in either

coordinate system.



11

The transformation matrix [T] caﬁ be used both
to trahsform forces and displacements. .This type of
transformation is called orthogonal transformation. The
columns and the rows of the transformation matrix are
normal and orthogdnal to each other, therefore its inverse

is equal to its transpose.

-1
XYZ _.[T] {V}xyz

{v}

orxr
(11.3)

[T]T {V}_

Xyz

Wgyy

- Omitting the fixed end forces in Eq. (II.lb), and.
writing the force and displacement vectors in the new

notation, one obtains the following set of equations.

{P}xyz = [k]xyz {d}xyZ (II.4a)
(Pl op = [T] {Plyyy (II.4b)
{dlyys = [T] {d}yyyg | (II.4c)

Substituting Egs. (II.4b) and (II.4c) into (II.4a) it

becomes
[T] {(Plyy = [k]xyz [T] {dlyyy

Multiplying both sides of the above equation by [T]—l
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from left leads to

-1 :
{Plyyy [T] [k]xyz [T] {atyyy
or

AT
(Plyyg = [T17 [, [T (dlyy, (I1.5a)

The element stiffness matrix with respect to global

coordinate system is

[k]XYZ = [T]T [k]xyz [T] | (Ii.Sb)

Hence, the equilibrium equation for a single element, in

global coordinates, becomes

{p} (IT.6)

XYZ [k]xyz {dtyyy

The coefficients of [k],,, are given in Table II.l.

This form of the equilibrium equations should be
used in the assembly of the individual element stiffness

matrices to form the structure (system) stiffness matrix.

™~
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Dt + Sm (S-D)mn -C;n -Dn”~ -Sm (D-S)mn —Cjn

Dm2 + Sn2 Cim (D-S)mn —Dm2 - Sn2 ij
Al Cig —ij B
Dn2 + Sm2 (S=-D)mn C.n
{SYMMETRIC) ]
/ o ' | Dm® + Sn’ -C4m
A,
]

TABLE II.1 Stiffness matrix of a General Straight Plane Frame Element (Transformed

to Global Coordinates)

€1
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'II.A.2 ASSEMBLY

Code number technique is used to obtain structure
stiffness matrix and the load vector(s), via assembling
the individual eiement stiffness matrices, element fixed
end forces, and the nodal point ioads. With this tech-
nique; assembly of stiffness coefficients of the structural
members connected to a node is easier and the technique
is very suitable for computer programming. Although the
vmethod4is illustrated on a plane frame system'in £his
section, it is equally applicable in any system consisting

of two or three dimensional finite elements.

In the stiffness method, the unknowns are chosen
to be the nodal displacements, therefore the order of
the structure stiffness matrix is equal to the number of
nodal displacements within the syétem. Every unknown
‘nodal displacement is given an equation number (code
number). Forces and displacements belonging to a node

are associated with the equation numbers of that node.

Equation(code)numbers for a single element are
defined to be the set of equation numbers belonging to

the nodes of the element.

‘The equation numbering scheme is illustrated on
a typical plane frame system in Fig. II.4,‘énd the

equation numbers for the elements of the system are
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given in Table II.2. For those directions which no
displacement is allowed, a zero equation number is given.
The numbers next to the arrows showing-the posiéive
displacement directions, are the equation numbers. The
numbers enclosed in circles, and the numbers next to the

nodes are the element and node numbers, respectively.

HO) 2 o
3(11" c(t*f

o =

FIGURE II.4 Numbering of the Displacements of a Typical

Plane Frame

Element R
No Equation Numbers
1 o o 0 1 2 3
2 o 0o 4 1 2 3
3 1 2 3 5 0 6

.. TABLE II.2 Equation Numbers for the Elements of

the Plane Frame in Figure II.4
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In order to have a unit displacement in direction

1 (X direction at node 1), the force that must be applied

in that direction is

i 2 3
K11 = kgq + kgq + kq

and similarly in the other directions are

-1 -2 3
Ko1 = K5y * kgy *+ Ky,
1 2 3
K31 = keg * Ky + kg
2
K41 = K3y
_ .3
K51 = k41
3
Ke1 = Kg1
where
K : coefficients of the structure (system)
stiffness matrix
. - ) — .
kl stiffness coefficients of member i.

‘It is clear that the participation of element
stiffness coefficients to the structure stiffness are
related to the code numbers of the elements. Any

element participates only to these equations given its
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code numbers. The relationship between the element and

structure stiffness coefficients is,gi&en by the following

formula

k. L =1, ..., NE

where
L .
kij : -the stiffness coefficient at location (i,3])
in the stiffness matrix of element L.
Knm ¢ the structure stiffness coefficient at
location (n,m)
NE : number of elements in the structural system

n and m are given by

n = c(i)

m = c(j)
where ¢ is the vector containing the code numbers of
element L.

. —
The details of the code number technique is given

in Ref.(1).
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II.A.3 THE FRONTAL TECHNIQUE

The frontal solution technique (5),baséd on Gaussian
elimination method is an out-of-core solution technique to
solve large positive definite maﬁrix equations arising in
the finite element method. Although in some applications -
the finite element equations are unsymmetric, in most of
the structural mechanics problems the finite element matrices
are proven to be symmetric and banded.- Practically there |

is no limit to the total number of equations to be solved.

Only a small number of equations may be held in the
main memory simultaneously at a certain instant, which are
the "active" ones. The fully summed eqﬁations are eliminéted
and kept ih auxillary (peripheral) memory, hence the available
memory "freed" this way may be used for further assemly of
the succeeding equations. When finally all equations are
eliminated, the solution is obtained by an out-of-core

backsubstitution technique.

To illustrate the procedure the three—node, two-

element continuous beam shown below will be considered.

~
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: k k
number of unknowns = 21 22

half bandwidth : = 2

number of load vectors

FIGURE II.6  Three-Node, Two-Element Continuous

Beam

After the assembly of the first element equations, the

state of the system stiffness matrix is as follows :

R
I I _ I
Kip | k90 | O dq 1
I I 't \
kop | kR | 0 4d2 ’ <b?_ f
0 0 0 5 o

where the superscript denotes the - contributing element's

number.
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The elimination of equation one can occur at this stage,
because there will be no contribution from the second
element to this equétion. However, elimination of equation
two can occur only when the contribution of the coeffici-
ents frpm element fwo is completed. This point is not reach-
ed before the assembly of element two takes place. Aftef
thevelimination of equation pne,the structure stiffness

matrix becomes

r N r -
I I
I
k11| K2 0 4 bl
I : kI
, I 21 I
2 1l 12 d
il 2 1
0 0 0
Ld3J - 0 J

From the above table it may be observed that although
equation two is altered before it was fully summed, the
terms subtracted involve only that component involving
equation one which was alreédy fullyxgnmmed. For frontal
routines each eqﬁation can be eliminated at an earlier
stage than bané routines—-as soon as it is complete. After
the elimination of equation one, there is no-need to keep
it in the main memory any more, therefore it may be written

on the periphetal memory and that part of the main memory
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"freed" may be used for,storing the succeding equations'
coefficients. Therefore, before continuing with the assembly
process, the "incomplete equations in the main memory must
be shifted above one line to free the very botﬁom line of-
thebmatrix so that it may be used for the assembly of the
next equations.

Assembling the stiffness matrix of element two,the

system stiffness matrix becomes

r r
) h
L : - la bl
kiq Kio 0 1 1 b3
I k IT ' kI T
21 Il x a L I f21 . .7
0 Koo~ . * kv12 12 ﬁ 2 5 jbz = b, ¢
11 k11
1T
* Kk . b{l
» 1T
, IT I a . b
0 : k51 k5 \ 3 | 2 )

Making usé of the symmetry and banding properties of
the system stiffness matrix, a square matrix of (2x3) wbuld
be sufficient to solve this set of linear simultaneous
equations, whereas it would actually need a (3x3) matrix

if a similar but in-core-solution algorithm was used.
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Backsubstitution process may be performed
using a similar way; the equations and the right;hand—side
vectors are read into the main memory in smaller pleces.
Those right-hand-side coefficients which backsubstitution
is complete are written back to the peripheral memory énd
those equations which the backsubstitution is not complete
are shifted below to read new equations into the "freed"
memory. It is extremely important to keep in mind tﬁat
peripheral access is slower than access to main memory.
Therefore, instead of writing the equations to the peri?h—
eral.. memory aé soon as they are complete and eliminated,
a better algorithm would be to éliminate and write the
equations in groups, which will decréase the total access

time significantly.

The frontal solution technique has proved a very
effective means for solving the positive definite matrix
equations arising in the finite element method. Using
the symmetry and banding propeftiesvof the system stiffness
matrix, it is possible to use either a 'band' or a 'frontal’
out-of-core method to analyze systems with very large stiff-
ness matrices. However, ih spite oi\théir slightly greater
complexity, frontal routines may be prefgrred, since they
are in general faster and require less core than band
routines. In addition, it is not necessary to apply a
'stringent' node numbering scheme, becauséathe size of
the front width (equivalent to half bandwidth in band

routines) depends-dn the element numbering scheme.
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~II.B UNDAMPED FREE VIBRATIONS

The coupled equations of motion for a freely vibrating

undamped system is

4] (¥} + [R]{y} = {0} (I1.8)
where
pn] : mass matrix containing the mass influence
coefficients
[K] : reduced stiffness matrix
: relative displacement and acceleration

{y}, iy}

- vectors, respectively.

In this equation, damping effects and externally
applied loads are omitted. Assuming that the free vibration

motion is harmonic, the solution to Eq.(II.S) is

{y} = {Y} sin (pt+8) ‘ (IT.9)

where {Y} represents the time independent shaperof the

svstem, 6 is thé phase angle,.and w is the system frequency.

Differentiating Eq.(IT.9) with respect to time, the

velocity and acceleration vectors are

(9} = w {¥} cos (wt+s) - (II.10a)

and
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. 2
{y} = =w” {¥} sin (wt+e) (II1.10b)
Substituting Egs.(II.%a)and (II.1l0b) intb‘Eq.(II.8)’gives

— M] {¥} sin (wt+e) + [K]{Y} sin (wt+s) = {0}
- (11.11)

Omitting the arbitrary sine terms,Eq. (II.1ll) may be

written

([R] - w® [M] ) {¥} = {0} (1T.12)

For a nontrivial solution to exist, the determinant of

([E] - w2 [M] ) should Vanish; i.e.
det ([XK] - 0’ M) =0 (I1.13)

There exists N roots for the equation obtained by expanding
the determinant for a system having N dynamic degrees of

2 .
freedom. The N roots of this equation (wi;‘ i="1,...,N)

represent the free vibration frequencies of the system.
Another possible formulation of the problem may be

- \ — — . °
derived by premultiplying Eq.(II.12) by [X] 1 and dividing

by v

L -1 % = =1 .
(—— [K] (K] - [K] M]) {y} = {0} - (II.14)
w .

Defining the reduced flexibility matrix to be
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- -1 -
[F] = [K]
and rearranging, Eqg.(II.14) becomes

([F] [M] -

1 v ,

5~ [ID) ¥} = {0} (11.15)
w

where [I] is the identity matrix and the product [F] [M]

is the dynamic matrix.

The mode having the smallest (highest) frequency is
called the first mode, the seccnd highest frequency is

called £he second mode, etc.

By substituting any one of the frequencies into
Eg. (IT.15) a homogenous set of linear equations is obtained.
The shape of the freely vibrating - system - called the modal

shape, can be determined in terms of any one coordinate.

Thus,
[ ] ( 7
Yk Yk
Y Y
2k
{y}k =< 2k > 1
. i Y ﬁ . (
Y 4 Y ~—
Nk . Nk
" J - /
(k=1,...,N), (1L « m < N)

where Y . is the reference component.

The free vibration mode shapes {Y}k have certain

special properties, called the orthogonality relationships,
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which are very useful in structural dynamic analysis.
The basic relationship "mass ortogonality condition" can

be demonstrated applying Betti's reciprocal theorem as

follows:
- Y} e M] (¥} = - {Y}m wo MI{Y} (II.16)

where w2 [M]{Y} are the applied inertia load vectors,
{Y}n and {Y}m 'represent the resulting displacements due
to these two different applied load systems. Takiné into
account. the sfmmetry of [M], and noting that the matrix
products in Eg. (II.16) are scalars, they can be transposed
arbitrarily. Therefore Eq.(Ii.lG) may be written

2

T
(02 = w2) (¥}, (MY} =0 (I1.17a)

which implies that
T =
{y}m [M] {¥} =0 m # n (II.17b) |

For the case m=n a scalar factor maybe defined as

—~

T

2 _ : .
{vy vl N ‘ (‘II.18)

C =
m

which may be used to normalize the mode shape vectos as

follows

{s} = 1 {y} ' (IT.19)
Cm
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where {@}m‘ is the mass-orthonormalized mode shape vector

for mode m.

A consequence of this type of normalization, together
with the modal orthogonality relationships relative to the

mass matrix EEq.(II.l7b)] is that
o] M [] = (2] (II.20)

where [¢] is the complete set of N normalizéd mode" shapes

and [1] is the identity matrix.

- Furthermore, it is clear that replacing {Y} by {¢}

also satisfies‘Eq.(II.lZ), hence
K] {o}, = mi M] (o} (I1.21)

A second orthogonality condition can be derived directly

from this by premultiplying Eq.(II.20b) by {¢}£; thus
‘ . - o .
{¢}m [K]{¢}n = wp {¢}m [M]{¢}n

When the mass orthogonality conditioﬂ\is applied to the

right-hand side it is clear that

{¢}$ iﬁ]{¢}n =0 m#n o (I1.22)

L

For the case m=n
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(o3 K1t} = ? (IT.23a)

Representing this orthogonality condition in compact

form it follows that

MT'[K] [¢] = [lﬂ o | (II.23b)

. 27 ’
where [w:] is the frequency matrix having the free vibration

frequencies of the system on its diagonal.

‘Numerous methods exist to solve the eigenvalue probiem
given in Egs.(II.12) and (II.15). Vianello Stodola (power
iteration) method can conveniently be used for the vibration

analysis of small systems [Refs. (6),(7),(8), and (9)].

In Stodola method, an initial assumption is made of the
vibration mode shape, and it is adjusted iteratively until
an adequate approximation to the true mode shape has been
achieved. In the following paragraphs the Vianello Stodola

method is explained.

Let the eigenvalues and vectors of a given matrix
EA] be Al,....,kn and {e}l,..., {e}n, and let the
eigenvalues satisfy the eigenvalues satisfy the condition

| A RPN TP bt

1l ol

If the first iteration is carried out by a starting vector

{vi = ¢ {e}l +oeeeet Co {e}n
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‘one gets

[a] (v}

¢y [Rlter; +...x ¢ ] Ce)
= Clkl{e}l tooot Cngn{é}n

LA | An
A Cl{e}l + CZ(—E){e}2+"'+Cn(II){e}n

A

- Repeating the iteration p times

P AP
[B]7(v} = ap cjledy +"‘+Cn(T§) le}

Knowing thatvxi/xl<l (i 2, ...,n),

. p P o _ 0
lim [A] {V} = cja,; fe};, since lim (1;/x)P=0.

B Sl Pp—
Practically, if p is large enough, (Ai/xl)p will vanish.
The eigenvalue is the largest coefficient of the last
iteration vector computed, and the veétor obtained by
dividing the last iteration vector by theeigenvalue is
the corresponding eigenvector; The frequency can be

T~

computed by
o, = /T7T;" (II.24)

and the orthonormalized mode shape vector can be computed

by Egs.(II.18) and (II.1l9).
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The Stodola iteration process can also be used to
compute'lower modes as well. Unless the first mode components
are eliminated from thé dynamic matrix [Eq.(II.lS)], any given
trial vector will always converge towards the first mode eigen-
pair. Equation (II.17b) states.that any two distipet™ eigén—
vectors are'orthogonal relative to the mass matrix. Rewriting
EQ.(II.17b) for the first mode shape vector'and any other mode

shape vector j

(vyT M] {Y}. =0 j=2,...,n
1 3
or

Yll ml Ylj +o..+ Y

nl mn Y n3 =.0 (IX.25)

where Y;; are the coefficients of the first mode shape
vector, Yjy are the coefficients of the other mode shape
vectors, and m; are the coefficients of the diagonal mass

matrix.

Solving for Y15 from Eq.(II.25), substituting into
dynamic matrix, and omitting the first equétion, a new
dynamic matrix of order (n-1l)x(n-1) is obtained. This new
matrix does not contain any first moggycbmponents, therefore
any non-zero triél shape will converge to the highest mode
of this new dyﬁamic matrix, which is, in fact, the éecond
mode of the original dynamic matrix. The elimination

process described above is called “sweeping.“

Computing the (n-1l) elements of the new mode shape

vector by Stodola method, and using Eq.(iI.25)
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¥, may be computed.

From the orthogonality condition

T _ . |
{Y}2 [M]{Y}jk- 0 3 =3,...m
or

12 M Y19 * Ypp My You

Ylj may be solved and by substituting its value to (Ii.25)

a new equation of order 1x(n-1l) is obtained:
T Lo
{Y}l [M]{Y}j =0 j=3,...,n (IT.26)

Solving for Y2j' substituting its valué into the dynamic
matrix of order (n-1l)x(n-1), and omitting the second

equation a new dynamic matrix of order (n-2)x(n-2) is obtained.

The procedure can be repeated the same way to compute
the frequencies and mode shapes for the third and lower modes,

except for the last mode.

The order of the dynamic matrix reduces to one for

the last (lowest) mode:

N
o]
=]

(FM) ppy ~

The choice for Y,  is arbitrary and ‘w, can be computed

from
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Using all the previously stated orthogonality conditions,
the highest mode shape vector may be constructed such that

it isorthogonal to all the higher mode shape vectors.

The mode shapes of different building type plane
frames are quite similar, hence it is easier to make a guess
on the starting iteration vectors for the highest few modes
(10) . The mode shapes of arch type plane frames depend ve;j
much oﬁ their slenderness and aépect ratios, therefore a
choice on the starting iteration vectors is very difficult

to make (11.The propertiés of the mode shapes of arches and

building frames will be discussed later in Chapter IV.

II.C. SINGLE DEGREE-OF-FREEDOM VIBRATING SYSTEMS

The equation of motion for a single degree-of-freedom

vibrating system is

my + cy + ky = £(t) | ,; (II.27a)

Where

m

mass
¢ : damping
k : stiffness

£(t) applied load function
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y,y,§ : displacement, velocity and acceleration, of

the moving body, respectively.

The idealized single degree of freedom system and its

free body diagram is shown in Figure II.S5.

,
C
1 v [
k . = £ my —> f£(t)
 Tn— ky «—| <
(o o) | o o)

FIGURE II.5 1Idealized Single Degree-of-Freedom

System

It is more convenient to express Eq.(II.27a) in the following

form
. e . k _ . )
ARk i £(t) /m (II.27b)
or ,
vy o+ 2cw‘§ + u? y = al(t) ' , ' - (Ir.27c)
where
¢ : damping ratio (ratio of damping to critical damping
value),
w ¢ angular frequency of the system,
a(t) : input acceleration function.
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In the case when the applied load represents an
eartquake base excitation, a(t) is a complex function,
therefore the solution to Egs.(II.27) can not be obtained

in closed form. Instead, a numerical integration scheme

(4

has to be employed.

The single step linear acceleration method is used
to integrate the equation of motion for a single degree of
freedom system, which assumes that the acceleration is-

linearly varying within a time interval At.

Taylor series expansion of the displacement function

y(t) is
k
S (£ _. -t )
ylt ) = 2 y ) (t,) n-l n (II.28)
' k=0 k!t
y(t)
Yn-1
At At
»
th-1 th thel
Defining At =‘tn+l -t and knowing that the fourth and

the higher order derivatives of Eq.(II.28) are equal to
Zero
. wn? v ()3

Yoep = ¥ ¥ ¥p At HT3 - T h . (IT.29a)
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Differentiating Eq.(II.29a) with respect to time twicer one
gets
- (ap)?

Ynel T ¥p *¥p A F Y —— (II.29b)

i
L]

Ypep = ¥, * ¥, Ot (II.29c)

Substituting the value of §n from Eq.(II.29¢c) into Egs.(II.29%a)

and (II.29b) the following set of equations is obtained

. _ e 1 = . o

Yne1 = ¥y v 3 (Y4 *Y) AL - (II.30a)
. . . (At)2

Y41 S Yy Y Y, AR r Qv vy ) Y (II.30b)

The Egs. (II.30a) and(11.30b)can be substituted into Eq.(II.27c)
and rearranging these three equationsthe following recurrence

relationships are obtained

= (alt) - 2uB_ + w’ B_) /e

yn+l
. _ , At
Voo = Bn * Fael = (II.31a)
=B + v (A%:)2 ™
Yne1 T Bpn 7 Ypep —2E
6
where
2
2 A
e =1 + 2tw At (At)
2 6
_e oAt (II.31b
A= ¥y * ¥y 2 : )
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(at) 2

B, =y, + 9n At + §n
3

n

Knowing the charactéristics of systemﬁandxthe aCceleration,
velocity and displacements at any time t,r a new set of
y,& and § values‘can be computed at time tn+l’ using
Egs.(II.31) recursively. When the initial conditions ie
and Yo are known,the initial acceleration of the éystem
can be computed by
“ o 2 \ .
Yo = alty) - 2zwyy - o Yo (11.32)
An important observation was that the cost of this
integration analysis (i.e., the number of operations required)
is directly'proportional to the numbér of steps required for
solution. It follows that the selection bf an appropriate
“solution time step must be small enough éo that accuracy,
is obtained in the solution. But on the other hand, the
solution time step must not be smaller than necessary,
because this would mean that the solutibn is more costly
than actually required; Also, very small time step values

may cause error accumulation in low precision computers.

—~

The effect of the selection of solution time. step
on accuracy and ‘'stability of the integration,will be

discussed in Chapter IV.
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IT.D MODE SUPERPOSITION METHOD

The generalizedcoordinafe transformétion, which
serves to change the set of N coupled'equatidns of motion
of_a multi degree-of-freedom system into a set of N un-
coupled equations is the basis of the mode superpositioﬁ
of dynamic analysis. This method can be used to evaluate
thé dynamic response of any linear structure fof which
the displacements have been expressed in terms of a sét
of N discrete coordinates, and where the damping can be
_expressed by modal damping ratios. The procedure consists

of  the following steps.

STEP 1 : The equation of motion for a lihear'multi—degree—

of-freedom system is expressed as

M {y} +[c]iy} + [Kl{y} = - [M]{u} &_ (II.33)
where
[M] : mass matrix
[c] : damping matrix
[i] : reduced stiffness matrix
éx : input ground-acceleratigPiﬁ the horizontal
diréction
{U} : a vector used to couple the mass coefficients
representing the inertia bf the system ip horizontal
. direction with the input base\gcceleratlon
{§},{y},{y} . the acceleration, velocity and displacement

vectors répresenting the motion of dynamic

degrees of freedom.
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STEP 2 : For undamped free vibrations, the matrix equation

(IT.33) can be reduced to the eigenvalue equation

([K] - 2 [M]) {¥}-= 10}

orxr

L [1] )¥d = (0}

W

( [F][M]-

from which the free vibration mode shape vectors and fre-

quencies can be computed.

STEP 3 : The state of the vibration of a multi-degree-of-:
freedom system can be expressed in terms of the

orthonormalized mode shapes by the transformation
{y} = [¢]1y} (II.34a) -

where {§} is the vector»containing the modal amplitudes in
generaiized coordinates, and modal matrix [¢] serves to
transform from the generalized coordinates {y} to the
geometric.coordinates {y}. Differentiating Eq.(II.34a)

twice with respect to time, the velocity and acceleration

vectors are found. : -
ty} = [o]{y} (II.34b)
vy} = [s11¥} - (II.34c) -

Substituting Egs.(II.34) into Eq.(II.33)
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(] (6117} + [CT[e] v} + [K][o](F} = - Cu} &
premultiplying the above equation by [¢]T, it becomes

L1TDA 614 + (] [C1 00165 + (61T [R] [ 43D

= - (617 ] {u? ax (II.35)

With the use of Eq.(II.20) and Eq. (IT.23b),

Eq. (II.35) simplifies to
= T - ’ 2 - T .
tyy+[e] 7 [l [o]dyY + [w]yd= = [o] " [MI{u) @

Practically, the matrix [¢]T[C][¢] is assumed to be diagonal,,
and the diagonal coefficients are represented by a fraction

of the modal critical damping ratios. Matrix [mzj is also

a diagonal matrix having the squares of the free vibration

frequencies of the system as its diagonal elements.

Hence, the coupled set of linear differential equations
given by Eg.(II.33) is reduced to a set of N uncoupled linear

differential equations of order two, which are of the form
= o= 2 = = -
Yy * 2gk B Yy W ¥ T T Ty dx . (I1.36)

where the subscript k denotes the mode number, and Ty is

the participation factor for mode k which is defined to be

r, = {¢}k[M]{u} | ~ . (I1.37)
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STEP 4 The resulting independent single-degree-of-freedom

equations can be integrated by any suitable method

depending on the type of loading.

STEP 5 When response for each mode y, (t) has been deter-
mined, the displacements, expressed in geometric

coordinates are computed by Eq.(II.34a) :
tyre = [oliyd,

This equation may also be written in the‘following
form

lyd, = Lo}y yy(e) + (o}, ¥, (8) * ..., (1I.38)

It should be noted that for most types éf loadings the
.contributions of the various modes generally aie greatest
for the highest frequencies and tend to decrease for the
lower frequencies. Consequently, it usually is not necess-
ary to include all the lowey modes of vibration in the
superposition process given by_Eq.(II.38).‘ The series can
be trﬁncated when the response has been obtained to any
desired degree of accuracy. Moreover, it should be kept in
mind that the mathematical idealization of any complex
structural system also tends to be less réliable in.
predicting the‘higher modes of vibration; for this reason,

too, it is desired to limit the number of mo@es considered

in a dynamic response analysis.
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IT.E DIRECT STEP-BY-STEP INTEGRATION

'Step-by—ste§ integration proéedure is an effective
way of‘integrating the uncoupled equations of motion given
by Eq.(II.33). Although the computation time is longer
than the mode supérposition methdd, in some cases it'may
be advantageous to use this method,sincé it does not require
the evaluation of the vibration mode shapes and frequencies,
which is a very time consuming computational task in systems
with many degrees-of-freedom. In general, dirécﬁ‘step—by—
step integration tends to be most useful in evaluating the
response of large, complex»structures to short duration
‘loads which tend to excite many modés of vibration but which
requires fhét only a shorter response history is to be

evaluated.

One potential difficulty.in the step-by-step integ-
ration is that the damping matrix'must be defined explicitly
father than in terms_bf modal aamping‘ratios. It is very
difficult to estimate the coefficients of é ¢omplete damping
matrix. The most effective means for deriving a suitable
damping matrix ié to assumekappropriife values for modal
damping ratios wﬁich are considered to be impoftant,and
than to compute an orthogonal damping matrix describéd in

the preceeding section.

On the other hand, defining the damping matrix
explicity rather than by modal damping ratios,may be
adventageous because it increases the geﬁerality of the

step-by-step integration method.
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The choice of the damping matrix and modal damping

ratios is discussed in detail in Refs. (2),(12),(13) and (14).

In the following paragraphs the derivation of the
recurrence equations for direct step-by-step integration
procedure is . given. It is assumed that acceleration varies

linearly within the specified time interval At.

The velocity and displacement vectors in the general
equation of motion [Eq.(II.33)],by analogy with the single-
degree-of-freedom expressions @qs4II.3lﬂ, can be expressed

as

£ (§1) _At g

¥ g = v v U9, >

IT1.39
and ( )

2
{y} (at)

ne1 = YR, ¥R At £ 2LF} + {¥) )

Substituting Egs.(II.39) into Eqg. (II.33) and rearranging

oneobtains

(E] ¥}, + [C)emy, + [RIeBY, = = DMJ{u} (k)
or —

(53, = (2170 (- Mlur a (ep,p) - [CleAl,

- [K](B}) (I1.40a)
where
t = (At)2
(] = [ + [c] =5+ RI——
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N IS L’;—

{A}

. . (o) 2
{By, = 1y} + {ylat + vy}, __EEL_
3 .

The velocity and displacement recurrence relationships are:

{A}n + {§}n —Ag— (II.40b)

{i}n+l

{y}

X A
n+1 - B+ vl 28 - (II.400)

6 .
Knowing the mass, damping and stiffness properties of the
system; acceleration, velocity and displacements for the
dynamic degrees-of-freedom of the system can be computed
by Egs.( II.40) for any given base acceleration. The

initial acceleration of the system can be computed by

v, = )70 (-[Mlul d (o) - [C](¥Yy - [KIydy)

(IT.41)

where {&}O and {y}_, are the initial velocity and the

displacement vectors, respectively.

~—~

Appropriate values for the solution time step At
shall be selected considering the cost and accuracy of
the solution. - Some examples are given for building and

arch type plane frames in Chapter IV..
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ITI. F RESPONSE SPECTRA ANALYSIS

Numerical integration of thé uncoupled linear
differential equations of motion for every mode is a
very time consuming operation. In engineering, generally,
the maximum values are of interest. Therefore, for each
mode to be superposed only the maximum values, namely
displacements, forces, stresses, etc., are computed and
superposed dépending on a certain probabilistic approach.
The maximum acceleration value detected duriﬁg the
integration of a single-degree-of-freedom system with a
given frequency, subject to a‘ceftain earthquake motion
is called to be the spectral acceleration value, Sz, at
that fréquenCy. Assuming the motion to be harmonic, the
maximum velocity and maximum displacement can approximately

be computed by

92}
|

= S5/w (II.42a)

197]
[

= sa/m2 (IT.42Db)

For small damping fatios the maximum velocity and
displacement values computed by Egs.(II.42a) and (II.42b)
are very close to the real maximum velocity and displacement

values. For this reason they are called fictitious-spectral

velocity and fictitious-spectral displacement.
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When the spectral values for an earthquake motion
are known, the spectral displacements- belonging to a

certain mode j can be computed by

A 2
{yty = {¢}j Ty Saj/e; | | (II.43a)

' 1. o= . T, . .\
or {y.J {¢}j rJ SVj/wj (II.43Db)
vor {y}j = {¢}j Ty sdj , | \(II.430)

Other response values for the structure can also
be computed using similar formulas to Egs.(II.43) for

each mode.

The response values from each mode could have
been superposed directly, if all terms in each summation
wére to be evaluated at the same iﬁstant in time. The
~ response spectrum is a plot of maximum response for a
spectrum of periods of vibration. The timelat which
this response occurs is not recorded. Tﬁerefore,the
maximum response values defined in Egs.(II.43) probably
will occur at different times for each mode. If the
absolute values of the responses‘for each mode are
summed it is.assumed that all the response spectrﬁm

maximum times are the same, which is probably never the

situation.
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»The structure response values are combined by
using approximate summation formulas. - If the absolute
values of the maximum modal responses are summed, this

result gives an upper bound to the answer. Denoting

any response in the j»Eh mode as P , it follows that

the absolute sum response (peak response) is

P = Ipl| + |P2|‘+ (11.44»)

Another well known formula is called the root sum

square and is given by

| Y
2= [ep? s ep? e en? el ] (11.45)

A third formula that combines Egs.(II.44) and (II.45) in

the same sense'is
P o= |p |+ [(2)° ¢ (% + . 312 (IT.46)

There is no universally accepted formula for summing the

modal responses.

It is customary not to retain all the terms in Egs.
(IL.44) to (II.46), which this additional approximation
reduces the computational effort considerably. This

reduction in the number of terms to be summed is called

modal truncation.
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IT.G EQUIVALENT STATIC LOADS -

Another method tO’predic£ the modal responses is
to define fictitious static loads that would yield the
displaced shape of a given structure. Hence, the
dynamic problem reduces to a sﬁa%ic problem (10).

‘Rearranging Eg.(II.33), it follows that
M)y} + [cley} + M]{u} &, = - [K]@y)

where the term on the left is the earthquake force

vector. Therefore
{F} = - [K]{y}
Using Eq. (II.34a); it follows that
F} = - [RKI[s1(x)
Finaily, using Eq. (II.21)kthe eérthquake force is

{F}

- [w%] [M] [61 {3}

or

o B )
{F} = - [wi[M]{qb}l y + o [M]{cb}z Yo ¥ oees ]

The interpretation of the above formula is as follows:

at any time t, the elastic forces acting on the structure
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is defined as a combination of the elastic forces due

to each mode.

Hence
{F} = {F}:L + {F}2 + ...
where
(F}, = = 42 Ml{e}, ¥
k k k “k

Since the maximum response is investigated, the

maximum modal forces for any mode k can be defined as
= - 2 > ‘
max ({F},) = / mk[M]{d)}k_max(yk) (11.47)
The maximum value of §k is equal to the participation

factor ry times the spectral displacement(15). 1In

other words
max(§k) = r Sq
or iﬁ terms of the spectral acceleration
max (y) = I, Sak/wi | (II.48)

Substituting Eq. (II.48) into Eg.(II.47) the equivalent

maximum elastic force representing mode k becomes

max{F} =-[M]{¢}k r, Sax (I1.49)
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Because the response spectrum does not retain the
sign of the maximum response, all forces in Eq.(II.49)

can be multiplied by a plus or minus sign.

Applying these static'loads to the structural
system, any response value can be .computed using a
static analysis prbgram. Thé response values obtained
for each mode can be superposed using one of the summation

formulas given by Egs.(II.44), (II.45) or (II.46).
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111. DEVELOPED COMPUTER PROGRAMS

In this chapter, information is given on the -
computer programs, which were developed throughout this
study. The computer programs PFRAME5, PFRAME6, EIG3,
SPEC, MODAL and DéSI were developed on CDC Cyber 170/815
system (operating system: NOS 2.2) operating at Computer

Center, Bogazig¢i University, Istanbul

ITT.A STATIC ANALYSIS OF PLANE FRAME STRUCTURES :

PRAMES AND PFRAME6

The cémputer programs PFRAMES and‘PFRAMEG were
deveioped primarily for the static analysis of piane
frame structures subject to nodal and member loads.
In these programs stiffness (displacement) method of
analysis ié used, where the unknowns were chosen to be |
the nodal‘displacements. Fundamentals of the problem
are given in Section II.A. For this progfam, practically,

there is no limit to the size of the problem to be solved.
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The control information, material properties,
element type information and the boundary conditions are
read before starting the frontal splution‘process. The
frontal routine reads the connectivity-énd loading data
for each member, generates the equation (code) numbers
for each node, computes and element stiffness matrices;
assembles the structure (system) stiffness matrix and
forms the right-hand-side (load) vectors. The fully sum-
med equations are eliminated before all the element étiff-
ness matrices are assembled, whenever necessary. After
all the equations are fully summed and eliminated, the
unknown nodal displacements are computed by an out-of-core
backsubstitution process. Finally, the end forces are

computed for each member.

The generated equation numbers and the computed
displacements are saved on disk files. If desired,
these nodal displacements may later be used to construct
the reduced flexibility matrix in frequency/mode shape

computations.

The frontal solution‘algorithm used here has two
basic short cuts: the half bandwidth of the structure
stiffness matrix and the last element containing each node
(last appearence of each equation) are not computed automa-
tically byAthe program. Since, for high-rise framéd_struc—
tures.the half bandwidth depends on the number of bays, for
simplicity, its value is either_supplied by the user,

or it can be computed when the number of bays
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is known. The last appearance of every unknown during

: the‘assembly process depends on the number of bays, and
on the numbering pattern of the eléménts. Simple formulas
are derived for finding the fully summed equations at

any stage of the elimination process.

As it was mentionediin secﬁion IT1.A.2, frontal
’solﬁtion technique is an out-of-~core solution algorithm
which enables the analysis of structures with very iarge
number of nodal.unknowns, where it would be impossible
by using an in-core solution algorithm. In/the case when
micro computers are used, which have limited main memory,
but usually have peripheral memory of reasonable size,
it becomes obligatory to employ out—-of core solution
algorithms, even when medium size problems are encountered.
The program PFRAME5 can easily be inétalled to operate
on micro compﬁters which have about 256 kilo-bytes of

random access memory (256 kBytes RAM).

Practically, there is no limit to the number of
equétions to be solved, as long as a rectangular array
can be declared with number of columns equal to the half
bandwidth, and number of rows greater than or equal to
| the half bandwidth. Clearly for the cases when the number
of equations that can be stored simultaneously in the
'man1memory is larger than the half bandwidth, the total

computation time will considerably be reduced.
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The computer program PFRAME6 is a modified

version of PFRAME5. It was modified to analyse towers

and arch type plane frames, where the half bandwidth

for the problem is supplied by the user. With the

' necessary modifications it became possible to define nodal

concentrated loads, whereas it was not for PFRAMES.

Data input description and a listing of program

PFRAMES are given in Appendix A. The algorithm for

PFRAMES is given below.

1.

2.

Read the control information.

Read the boundary conditions, and store on
file TAPELO.

Read the element cross-sectional properties
and generate element stiffnéss properties for
each type of element which would give a diff-
erent élement stiffness matrix. Write these
element stiffness matrices on file TAPEll.
Read the element connectivity and type data.
Generate the equation’numbers belonging to
the nodes offthe élement.

Read the element stiffness matrix from file
TAPELL.

Assemble the element stiffness matrix into
the system stiffness matrix.

Read element loading data, coméﬁte fixed-end

forces in local coordinates, transform the



10.

11.
12.
13.
14.

15.

16.

17.

18.

19.
20.

21.
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fixed-end forces to global coordinates and substracf

from the right-hand side (load) vectors.

Write fixed-end forces,element type and code numbers
on file TAPE]2. |

If there is sufficient memory left for the further
assembly of the next element's equations go to

Step 4.

"Eliminate the fully summed rows

Write the fully summed rows of the system stiffness
matrix and the right-hand side(load) vectors on
files TAPEL3 and TAPE14, respectively.

Shift all the incomplete equations up, to "free"
space in the main memofy for further assembly.

If there are other elements waiting for assembly,

go to Step 4.

‘Perform the backsubstitution process.

Read the elément equation numbers, type, and
fixed-end forces from file TAPE1l2.

Read the element stiffness matrix‘from file TAPEll.
Read element nodal displacements frdm file TAPE14.
Compute and print the end forces for the element.
If any element is;left, go to Step 16.

Stop.
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ITT.B FREQUENCY/MODE SHAPE COMPUTATION: EIG3

The computer program EIG3 was developed to
compute the frequencies and orthonormalized modeshape
vectors of a_given system with known reduced flexibility -

and diagonal mass matrices.

EIG3 reads the heading of the problem, order of
the free vibration problem and massinformation. It forms
the masSmatrix and constructs the flexibilty matrix by
reading the displacements and rotations from,file TAPE 14
wWhich were- previously written by programs PFRAMES or

PFRAMEG .

Flexibility and mass matrices are multiplied to
get the dynamic matrix given by Eq.(II.15). To compute
the eigenvalues and eigenvectors, subroutine EISRGl of
Cern Computer Céntre Program Library I is used. EISRGL
ié a subroutine which computes all eigenvalues and eigen-
vectors of a given general real matrix by calling routines

in the EISPACK package.

Finally, the frequencies, periods,participatioh
factors are cémputed and‘all the mode shape vectors are
orthonormalized relative to the mass matrix. The‘free
vibration frequencies, participation factors and
orthonormalized mode shape vectors for each mode are
written on file TAPE20 = which may be used later for

time-history analysis by mode superposition method,if desired.
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II11.C .SPECTRAL ACCELERATION COMPUTATION : SPEC

The computer program SPEC was developed to. compute
the response of a single degree-of-freedom system to an
arbitrary loadihg. Linear acceleration method (Section
ITI.C) was used to integrate‘the.equation of motion given

by Eq.(II.27c).

Program SPEC reads the time step, periods and the
corresponding damping ratios, and acceleration function
definition points. The accelerations, velocities and
displacementé are computed at every time step, and finally
the spectral acceleration values, the step and time at
which the maximums were detected are printed for each
of the input period and damping ratio pairs. The computed
acceleration, velocity and displacement values can also

be printed depending on the choice of the user.

Data input description and listing of program

SPEC are given in Appendix B.
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ITI.D RESPONSE-HISTORY ANALYSIS BY MODE SUPERPOSITION:

MODAL

Computer program MODAL evaluates the dynamic
résponse of any linear structure to any given earthquake
accelerogram by mode superposition method. Angular
frequencies, participation féétors‘and orthonormalized
mode shapes for each mode to be superposed must be known

prior to the execution of MODAL.

The program MODAL reads the earthquake accelerogram,
integration steé size, and the‘modal damping ratios.
Previously computed frequencies, participation factors and
mode shape vectors are read from filevTAPEZO ; therefore,
is must be executed after executidn of EIG3. The response
of the uncoupled equations of motion to the input eérthquake
accelerogram is computed by the lihear’acceleration method.
The geometric displacements are computed by the super-
position of any desired number of modes, at every time
step.  The maximum values of the displacements in the
directions of each of the prescribed dynamic degrees-of¥

freedom are detected throughout the integration.

These maximum displacement values-ana the times
at which these maximums have occured are printed at the
end of.the integration. ‘The computed gene;alized acceler-
ations, velocities and displacements, alongwwith the

displacements in geometric coordinates can also be printed
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at every integration step, depending on the choice of

the user. Also the displacements are printed for those

steps required by the user.

The procedure for program MODAL was given in

Section II.D. Data input description and program listing

of MODAL are given in Appendix C.

III.E RESPONSE HISTORY ANALYSIS BY DIRECT STEP-BY-STEP

INTEGRATION : DSSI

The combuter program DSSI was developed to compute

" the response of a structural system to any given earthguake
accelerogram, by linear acceleration méthod. The user |
shall supply the mass information, éarthquake accelerogram,
andthe solution time step. DSSI constructs the diagonal
mass matrix, forms the reduced flexibility matrix which

was preyiously computed and stored on file TAPE1l4, Hence,
PFRAMES, or PFRAME6 must be executed prior to the execution

of DSSI.

It inverts the reduced stiffness matrix, and also
computes the dampiﬁg matrix. Rayleigh damping matrix
formulation is used, where the damping matrix is assumed

to be a combination of the mass and reducedstiffness matrices (6,12).

Rayleigh showed that a damping matrix-of the form

[c] = o [M] +8 [K] | | (III.1)
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where o and g are proportionality factors, wiil
satisfy the orthogonality condition given in Section

IT.D.

The displacemehts, velocities and accelerations
of each mass are computed.by the recurrance relationships
given by Egs.(II.40). The initial velocities and disp-
lacements are assumed to be equal to zero, and initial

accelerations are computed by Eq.(II.41).

The maximum dlsplacements, time and step at
Wthh these maximum values are detected are printed at
the end of the execution. The computed displacements,
velocities and accelerations at every step can also be

printed depending on the choice of the user.

The algorithm of the program DSSI is given below.

1. Read the system parameters and control information.

2. Read the earthquake accelerogram.

3. Read the mass coefficients, conétruct the diagonal
mass matrix [M], form the reduced flexibility matrix
[F], formthe {u} vector.

4. Invert [F] to obtain the reduced stiffness matrix[K].

5. Compute the Rayleigh damping matrix [Eq (ITI. l)] .

+ [K] (AZ)

6. Compute ‘matrix [E] = M] + [c]

and invert [E] to obtain [E]™

.7. Set the initial displacements and velocities equal

to zero, and compute the initial acceleration vector

by Eq.(II.41).
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8. Inc:ease time (tn =,tn-l + At).If the integration
time tnf is greater than maximum integration time

t than goto Step 15.

max’
= e o At
9. Compute {A}n -,{y}n + {y}n —
. (at) >
{Bl, = {y}, + {y}, ot + {y} —

10. Compute base acceleration ax(t ) by interpolation.

n+l

11. Compute the acceieration vector from Eg.(II.40a)..

12, Compﬁte the velocity and displacement vectoré from
EQs.(II.40b) and (II.40c), respectively.

13. Check whether a maximum displacement value has occured.

1l4. Go to step 8;

15. Print the maximum displacement values occured at every
dynamic degree-of-freedom.

16. Print the displacement vectors at times when these

maximum values have occured.

17. 'Stop.

Data input description and program listing for DSSI

are given in Appendix D.
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IV. APPLICATIONS

The case studies in this chapter are given in
two sections. In the first section, cases analysed for
thevverification of the computer programs developed
throughout this study, are presented.In the second'section,
other case studies are given, in which, various aspects
of the dynamic problem are discussed; The problems were
- solved bn the CDC Cybér 170/815 éystem operating at the
_Computer Center, Bogazigi University,kIstanbul. All of
the problems were solved using single/precision arithmetic.

.A single precision word is 60 bits long in this system.

IV.A CASES ANALYSED FOR THE VERIFiCATION OF THE COMPUTER

PROGRAMS

In this section, tﬁree problems are given‘ which
were solved to test the performances of the computer
programs PFRAMES and EIG3. The first two are examples
on high-rise building frames subjected to -lateral fictiti-
_ous static loads. In the third example, the free vibration

periods of an arch type plane frame are cbmputed. The
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results are compared with those obtained from Refs.(11)
and (16). The program was forced to use the out-of-core
frontal method when solving the two high-rise building

frames given in Sections IV.A.l1 and IV.A.2.
IV.A.1 THREE-BAY,20~STOREY BUILDING FRAME

The plane frame system shown in Fig. IV.A.l ié
analysed by the computer program PFRAME5. The static
lateral loads, which represen£ the fictitious earthquaké
forces, were computed based on a triangular displacement
distribution assumption. The modulus of elasticity E
was assumed to be 2000000 t/mz. Thrée displacements (two
translations and one rotation) afe allowed at each node,
except at the supports. The number of unknown displacements
and the half bandwidth are 240 and 15, respectively; The
execution time to solve this pfoblem was 14 5 CP(Ceﬁtral proc-

essing) seconds.

The horizontal dispiacement distribution and their
values are given in Fig.’IV.A.Z. This problem was pre-
viously solved on a Borroughs 3600 system (16). The results
obtained from Ref.(1l6)are also given in.the same figure.

The results were about the same; the slight difference is

due to the different word size of the computers.

Tt is clearly seen from Fig.IV.A.2 that, the higher

storeys are undergoing "shear-type" deformations, whereas

the lower storeys are undergoing "bending-type" deformations.
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FIGURE IV.A.2

Storey No Ref.ilG)
20 0.3887
19 ,/ 0.3744
18 ] 0.3558
17‘ 7] 0.3331
16 0.3065
15 , /\ 0.2855
14 / | 0.2627
13 0.2384
12 0.2126
11 '0.1917
10 0.1703
9 0.1486
8 0.1277
7 O.ilO3
6 0.0931
5 0.0764
4 0.0602"
3 0.0454

2 0.0312
1 0.0177
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0.3329

0.3063

0.2853
0.2626

0.2382

0.2125
0.1916
0.1702
0.1485
0.1277

0.1102

0.0931
0.0763
0.0601
0.0454
0.0312

0.0176

Horizontal Displacement Distribution of

the Problem @iven in gsection VI.A.l
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This is due to the different heam~to-column moment
of ihertia ratios. For the higher storeys; moment of
inertias of the beams are larger than the moment of
inertias of the colums; however, this situation is just
the opposite for the lower stofeys. Nevertheless, the
triangular displacement distribution assumption seems

to be quite reasonable for\this case.
IV.A.2 THREE-BAY, 100-STOREY BUILDING FRAME

The hypothetical plane frame sYstem shown in Fig.
IV.A.3. is derived from the system given in Section IV.A.l
by extending every sforey of that system £o five storeys.
The variation of the cross-sectional properties of the
columns and the beams along the structure is very similar
to the system in the preceeding section. The loading
pattern of the fictitious earthquake forces is also
similar; one at every five storeys. The material proper-
ties and the boundary conditions are similar as well.

The ﬁumber of unknowns and the half bandwidth are 1200

and 15, respectively.

The reéults obtained from Ref.(16) and the solution
of PFRAME5 are given in Table IV.A.l. The doubleipreéision
results from Ref.(1l6) are very close to the results of
'PFRAMES, however, the single precision results are not.
Since the size of a double precision feal variable is

twice the size of a single precision variable, it is
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Ref. (16)
PFRAMES
Storey No.  f(ai1e Double |
Precision (m) [Precision (m) (m)
100 21.21 17.43 17.4888
90 18.37 15.08 15.1335
80 15.48 12.67 12.7190
70 12.67 10.35 10.3923
60 9.93 8.11 8.14181
60 7.43 6.06 6.08652
40 5.16 4.22 4.23270
30 3.27 2.67 2.68399
20 1.76 1.44 1.44836
10 0.71 0.58 0.581719
Execution 80 secs. 134 secs. | 24-140
Time CP secs.

67

TABLE IV.A.l Horizontal Displacements of the System in

Fig.IV.A.3
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Storey No  PFRAMES (m)

100 17.4888
90’ _ 15.1335
80 12.7190 -
70 , 16;3923;
60 3.14181
50 6.08652
40 4.23270
30 2.68399
20 1.44836
10 0.581719

FIGURE IV.A.4 Horizontal Displacement Distribution of~

the Problem Given in Section IV.A.2.
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'clear that the error accumulation due-hafounding'is

extensively large in the single precision case.

The horizontal displacement distribution of the
solution of PFRAMES is given in Fig. IV.A.4. The lower
storeys are undefgoing "bending type" deformations; howevef,
the displacement distribution is almost linear for the higher
stbreys. It is clear that the horizontal displacements are
not increasing linearly along the structure; therefore, the
triangular diéplacement distribution assumption is not valid

for this case.
IV.A.3 ARCH TYPE PLANE FRAME

Thé periods of vibration of the arch type plane
frame given in Fig.IV.A.5 are computed by the computer
program EIG3. The same problem was previously solved
on a Borroughs 3600 system(ll). Two translatipnal dynamic
.degrees—of—freedom are selected at every node, except at
the supports. The massof the system is assumed to be |

concentrated at nodes 1 and 2.

The results obtained from Ref.(ll) and the results
of EIG3 are given in Table IV.A.2. The éxecution;takes
less than a CP second on the CDC Cyber 170/815 computer.
The computed periods of Ref.(ll) and EIG3 are exactly the

same up to four digits after the decimal point.
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| 4m |4m i
) ' [ 1
Element no. 1 and 3 : EI = 22680 tm2, EA = 476280 t.
Element no. 2 : EI = 11340 tm®, EA = 378000 t.

FIGURE 1IV.A.5

m = 0.435 t secz/m

Arch Type Plane Frame of Section IV.A.3

Mode No. Ref. (11) EICB(SeC)
1 0.1565 0.156484
2 0.0414 0.0413567
3 - 0.018428%
4 - 0.0112753

TABLE IV.A.2 Periods of Vibration of the System

Given in Fig.iV.A.S
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IV.B OTHER CASE STUDIES

Various caée studies are given in this section,
which were examined to point out the characteristics of;
single-degree-of-freedom and multi-degree-of-freedom
vibrating systems subjected-to,iateral loads. Two types
of multi-degree-of-freedom systems are invéstigated;

multi-storey and arch type plane frames.

Several aspects of the free and forced vibration
of these systems were Considered, including; effect of
solution time step and number of modes to be superposed
on the accuracy 6f the solution, and for arch type
structures; effect of slenderness and.aspect ratios to
the symmetry or antimetry of the ﬁode'shapes, and to
the value of the participation factors. It is usually
easier to guess roughly the mode shapés of high-rise
buildings; however,’more uncertainties are involved with
éiches. The last two examples are on the response spectra
analysis procedure, and on the ficﬁitious static loads

approach described in Section II.G.

Latino Americana Tower earthquake accelerogram
is used in the forced vibration analyses (17). The
structures ih all examples are assumed to have no damping.

The equations of motion are integrated by linear acceleration

method.



12

IV.B.1l SPECTRAL ACCELERATIONS FOR VARIOUS PERIODS OF

VIBRATION

Undamped spectral acceleratiohs.were computed
for various periodé of vibratién using the computer
program SPEC, Numerical integrations are carried out
for several differen£ solution time steps.‘ The spectral
accelerations for smaller periods of vibration are given
in Table IV.B.l.. Values for larger periods of vibration
are given in Table IV.B.Z.‘ NUmbers encloséd in parantheses
are the times (in seconds) at ﬁhich these maximums are

detected.

It has been.observed from Table IV.B.l that, for
periods less than one second, a solution time step of
about 0.01 second gives results within three per cent
accuracy. However, for a time step value of 0.1 second,
the error in the solution varies from 45 per cent up to
110 per cent. Hence, for this range of free vibration
periods it may be recommended to select time step values

less than or equal to 0.01 second.

For free vibration periods greater than or equal
to two seconds (Table IV.B.2), solution time steps of
0.1 second or.less gives results within 1.2 per cent
accuracy. For fhis range of periods, solution time

sﬁeps less than 0.1 second can safely be selected.
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AE {sec)|| T=10.20 | T=0.40 |{T=0.6 |T=0.8 | execution
(sec) N time
0.10 |(0.812037 | 0.517121 |-.0802375 |-0.583594 | 1.669
(30.8) (32.9) (29.8) (19.4) (CP secs)
0.06 |[-.506043 |-0.443263 | 0.443487 | 1.03866 | 2.127
(58.74) | (31.68) (36.72) | (58.26)
10.01 [{0.397492 | 0.365669 | 0.769837 | -1.53932 | 7.760
(46.63) | (23.98) (58.21) | (52.80)
0.005 [0.370657 | 0.361173 | 0.752674 | -1.54433 | 14.500
(33.755) | (23.970) (58.200) [ (52.795)
0.001 [0.386594 | 0.358933 | 0.746464 | -1.54608 | 68.418
(33.952) | (23.698) (58.195) | (52.791)
0.0005 [[0.387150 | 0.358863 | 0.746268 | -1.54613 [136.975
(33.7515)| (23.9675) |  (58.1955) (52.7910)
0.0001]{0.387335 | 0.358863 | 0.746206 | -1.54614 [682.678
(33.7516)| (23.9676) | (58.1952) (52.7912)

TABLE IV.B.l Spectral Accelerations for Small Periods of

. 2
Vibration (m/sec)

execution
At (seclf T =1.10] T=2.00 | T =2.60 T = 3.10 time
|| (sec) ,
0.10 0.7813370 1.544301 |2.897893 1.429067 1.690
: . 52.5 57.9
(48.9) (52.8) ( ) ( ) (CP secs)
0.05 0.6528428 | 1.560772 ‘ 2.910700 1.427083 - 2.390
(21.95) (52.70) (52.50) (57.90)
0.01 0.6665296 1.562965 2.907498 1.425107 7.855
(21.92) (52.49) (52.49) (57.89)
0.001 0.6670427 1.563021 12.907426 1.425089 68.911
(21.915) (52.662) (52.486) (57.885)

TABLE IV,B.2

2
of Vibration (m/sec)

Spectral Accelerations for Larger Periods
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The execution times are found to be increasing as
the solution time step decreases. . The ratios of the

execution times are about equal to the ratios of the

solution time steps.
IV.B.2 ONE-BAY, FIVE-STOREY BUILDING FRAME

Free and forced vibration analyses of the building
frame (Fig.IV.B.l) are carried out by the computer programs
PFRAME5S, EIG3, MODAL and DSSI (Chapter III). The cross-.
sectional properties of the eléments of this system are

given in Table IV.B.3.

One hérizontal dynamic degree—bf—freedom is selected
at every storey, and the reduced flexibility matrix is
computed by loading each dynamic degree-of-freedom by a
unit force, seperately. The reduced fiexbility, mass and

dynamic matrices are given in Table IV.B.4.

The free vibration parameters, namely, frequencies,
periods, participation factors, and the orthonormalized
mode shapes are given in Table IV.B.5. The mode shapes
of this system are shown in Fig.IV.B2. It can be seen from
Table IV.B.5 that the participation facfors; have non-zero

values, and neglecting their signs, are sorted in decreasing

order.

The step-by-step integration is carried out for

various solution time steps. The maximum displacements
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E = 21x10° tm?
0.5t — T e 2 0.5
(é) (5: : 3 m.
0.5 —» B (@) 4 r0;5 -
CE) (E: 3 m.
> _
0.5 —> 0 ° >0.5 4
© G
3 m.
0.5 —> ! ° —>0.5 -
o ® |
. 3 m,.
0.5 —> 2 @ 10 —>0.5 -
il’ @E; 3 m.
i BET 4
e 6 m. 1
T . T

FIGURE 1IV.B.l1 One-Bay, Five-Storey Building Frame

TYPE || CROSS ARER MOWINERT[ [
MO  lsECTION| ELEMENTS | () | (cnd) @ pino

1 NP32 1,4 77.7 12510 1.0 | 0.0

2 NP34 | 2,3,5,6 86.7 15700 0.0 1.0

3 (N34 |- 7,10 86.7 | 15700 | 1.0 | 0.0

4 NP36 8,9,11,12 97.0 19600 0.0 1.0

5 = || NP36 13 97.0 19600 1.0 0.0

6 NP38 14,15 107.0 24010 0.0 1.0

“TABLE IV.B.3 Cross-Sectional Properties of the

Elements of the Frame Given in Fig.IV.B.1l



M} =

[F] ] =

7.194359 |5.510706 |3.676370 |2.039281 |.6694189
4.939812 [3.538369 |2.003419 |.6630759
3.0856696| 1.901652 | .6476206
(symmetric) 1.532220 | .5951565
.3886265
7.894 0 0 0 0
11.841 0 0 0
11.841 0 0
11.841 0
(symmetric)
11.841
56.79227 £5.25227 |43.53190 4.14713 |7.926589
£8.49231 |41.89783 [23.72248 |7.851481
36.53772 [22.51747 |7.668476
_ 18.14302 |7.047248 |
(symmetric)
4.601726

TABLE IV.B.4
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%10 ~m/t

t—secz/m

*10 “sec

Reduced Flexbility, Mass and Dynamic

Matrices of the Five Storey Building

Frame



Mode No. 1 2 -3 4 5
w (rad/sec) |[2.56427 8.06166 | 15.2719 23.4906 - | 31.6202
T (sec) 2.45028 .779391 .411421 .267477. .198708
r 6.57153 —.2.60756 1.72528 1.22202 | -.896515
.205013 .206484 .169649 | -.109323 | -.0357772
.177536 .0331116 |-.127858 .171675 .0775695
() .133280 -.135303 |-.110326 —.131947 -.137114 -
.0799418 —.i7220 -128967 -.0325827 .175236
.0275478 —.083460 .141821 .168940 | -.167553

TABLE IV.B.5 Free Vibration Parameters of the Five-Storey Building

Frame

LL



mode 2

FIGURE Iv.B.2

mode 3

mode 4

Mode Shapes of theFive-Storey Building Frame

BIS|

mode 5 .

8L
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computed for each of the dynamic degrees-of-freedom, and

the ;imes at which these maximums have occured are given in
Table IV.B.6. The weighted errors are comﬁuted relative to

the results obtained for the smaliest solution time step.

It can be seen from this table that, as the time step decreases
the errors in the solutions also decrease. NeVertheless,

the errors are less than l.5kper cent for time steps less

than or equal to 0.05 second.

Maximum displacement values computed by modal analsis
are given in Table IV.B.7. It is clearly seen that the
accuracy of the results increase rapidly as the number of
dees participating to the modal summation increases.
Summing the responces of the first two modes, the error in
the results decrease to about 0.1 per cent, which.is a quite
high level accuracy, as far as the uncertainties in the
earthquake penomenon are considered. Instead of step-by-step
integration, carrying out a modal analysis including only
the first two modes reduces the execution time more than

50 per cent,

Displacements at a certain time £=58.385 SeCOnds com-
puted by modal analysis and step-by-step integration are given
in Table IV.B.8., The errors in the solution decrease as the
number of modes included in the modal summatigﬁ'increases.

The horizontal displacement distribution along the structure

is shown in Fig., IV.B.3.



time step (sec At = 0.05 At = 0,01 "At = 0.005 At = 0.001
execution time
. 7.842 34.136 67.486 . 333.710
(CP secs.) .
~ Storey {y}max (m) {t (sec) {y}max (m) |t (sec) {Y}max (m) |t (sec) {y}max (m) & (sec)
5 -.341137 58.45 -.337389 58.39 -.336744  |58.385 -.336531 58.386
4 -.289691 58.45 -.286230 58.41 -.286016 [58.410 -.285960 58.411
3 -.214554 58.40 -.210583 59.69 -.211114 59,695 -.211251 59.693
2 .130289 57.10 .128483 59.73 .128947 {59.730 .129138 59.728
1 0460746 |57.10 .0451889 59.75 .0452513 159,735 .0452463 | 59.734
Weighted |
Error (2) 1.351 1.235 0.060 -

TABLE IV.B.6 Maximum Displacements Computed by DSSI for the Five Storey Plane Frame

08



(At = 0.005 sec.)
© Modes
Superposed 1 1+2 1+2+3 1+2+3+4 1+2+3+4+5 DSSI
Execution Time
(CP sec) 26.143 30.862 36.000 41.352 46.103 67.486
storey No. {y}max (m | t(sec)|{ y}max (m) lt (sec) {y}max (m) & (sec){y‘}max (m) lt (sec { Yoy @[t (sec Vhax {m) |t (sec
5 -~.328473 158.415 -,337138 158.385 |-.336714 . |58.385 |-.336732 58.385(-.336744 58.385(~.336744 58.385
4 -.284449 " -.285694 {58.410 |-.286023 58.410 {~.286035 58.410 |~.286016 58.410 }-.286016 58.410
3 -.213541 " .211337 [59.690 ) .211130 59.695} .211075 59,695 ,211114 59.695} .211114 59 . 698
2 -.128083 " .128892 59.730 { .128952 59.725| .128946 59.730| .128947 59.730| .128947 59.730
1 -.0441373 " .0452939 £9.755 j .0452564 {59.740 | .0452607 |59.735} .0452513 |[59.735| .0452513 |59.735
| Weighted ‘
Error (%) 1.41289 0.10283 0.00626 0.00798 0.000 -

TABLE IV.B.7

Maximum Displacements Computed by MODAL for the Five-Storey Plane Frame

18



(At = 0.005 sec.)

Modes o ,
Superposed . ‘ 1 1+2 1+2+43 1+2+3+4 1+2+3+4+5 DSST
5 |-.327374 -.337138 ~-.336714 -.336732  |-.336744 -.336744
4 | -.283498 -.285063 ~.285383 -.285355 |-.285328 -.285328
tyl, 3 |-.212827 ~.206429 -.206705 -.206727 |-.206774 -.206774
(m) 2 |-.127655 -.119511 -.119188 -.119193 [-.119133 -.119133
4 1 |-.0439896 | -.040043 -.0396881 | -,0396602 [—.0397179 |-.0397179
Weighted
Exrror (2) 3.0421 0.1728 0.0242 - 0.0206 . 0.0 -

TABLE IV.B.8 Displacements of the Five Storey Plane Frame at

t = 58.385 secs.

8
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DSST Mode 1

0.005 sec.

58.385 secs.

-

D

FIGURE IV.B.3 Displacement Distribution Along the Five

Storey Plane Frame
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IV.B.3 HIGH-RISE TOWER

Free and forced vibration analfses of the high-
rise tower given in Fig.IV.B.4 is presented iﬁ this
section. The program PFRAME6 is used fbr the computation
of the reduced flexibility matrix. Géometric, cross-
_sectiQnal and material properties, and the mass distri-
bution along the tower are given in Table IV.B.9. Ten
horizontal dynamic degrees-of-freedom are selected, and
the structure was idealized consisting of 10 constant
cross-section plane frame elements. The cross-sectional
properties are chosen such that every element represents

that part of the tower at which it is located.

The free vibration analysis results are given in
TABLE IV.B.10. Mode shapes of the system are shown in
Fig. IV.B.5. Neglecting their signs, the participation
factors are sorted in decreasing order up to the sixth
mode. Participation factors of the seventh and the lower

modes are relatively larger than that of the sixthmode.

The step-by-step integration results are given in
Table IV.B.1l. For sulution time steps greater than
about 0.06 secoﬁd the integration divergés. The T/At
ratios for diverging time steps are given in Table IV.B.12.
It is clear that the integration diverges for TlO/Abvalues
approximately less than 2.0. The error in the converging
solution with the largest solution time step (i.e., the

case At = 0.006) is less than 0.15 per cent. The accuracy



platform 1

platform 3 'L_

platform 2 4+ ——3

10

FIGURE IV.B.4

High-Rise Tower

{oxfom = 4000 ™
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platforms 1,2 : d = 25 m. t =50 cm.
platform 3 : d = 40 m. "t = 50 cm.
live load on the platforms ; 9 = 0.75 t_/m2
g = 9.81 m/sec2
Yy = 2.4 T/m3
E = 2100000t /m?
Outer _ Moment of
Section |Diameter Fhickness Area Inertia Mass
No. (m) (m) (%) () (t-sec? /m)
1 4.0 0.40 | 2.38761 4.32157 2.921
2 4.5 0.42 | 2.83026 | 6.52665 104.498
3 5.0 0.44 | 3.30370 | 9.45552 257.872
4 5.5 0.46 | 3.80792 - |13.24482 106.890
5 6.0 0.48 | 4.34204 {18.04230 10.625
6 6.5 0.50 | 4.90874 |24.00680 12.009
7 7.0 0.52 | 5.50533 31.30824 13.469
8 7.5 0.54 |6.13270 (40.12766 15.004
9 8.0 0.56 | 6.79087 |50.65715 16.614
10 8.5 | 0.58 |[7.47982  [63.09993 © 18.299
11 9.0 0.60 | 8.19956 |77.67030 10.030

o

TABLE IV.B.9 Various Properties of the High-Rise

Towexr



Mode No. 1 2 3 4 5 6 7 8 9 10

6 (rad/sec) || 1.13336 | 9.76900 |27.1876 | 46.7756 |92.5948 | 104676 |176.350 | 282.144 | 397.607 519.660

T (sec) 5.54384 | .643176 | .231105 | .134326 678568 | .0600248| 0356291 .0222694] .01581@% .0120909

r 22.1020 |5.22336 |3.99065 |-2.81374 |2.72025 |-.912170 | 2.14723 |-1.65434 | -1.28864L
1 |.0662972 | .141450 | .134455 | .138993 .200001 | .490105 | 017603 .0053039F,00194123 00035942
2 ||.0556022 | .0615055| .0337698 .b154532 -30097685—u634835224b024461-7n008SQQ — 000350854-000085690
3 |].0449842 }:0110163 |~.0282146.0270026 |-.0030148|-.0135825|.00338478| .0015203 =00063606.00m23522
4 ||.0347805 |-.0568555 | .0082433F 0577872 .0274074-.0173535L 0178798 |-.0103932 .004972431-,0010623

() 5 ||.0255149 |.0723764 |.0736422 | .0476819 [-.100119 |-.0162762| .166442 | ,170804 L.111912 | 0290119

6 ||.175603 [.0673833|.117105 [-.0264987|-.145229 | .0517246| .0525233 |-.107038 | .151403 |-.0553199
7 0110866 |-.0523939 |.122677 |-.0877439 -.0371089 .0247356-.133612 -.0501266}.135680 | .886860
‘8 .00613707} 0335944 .6958811_L.100063 ,09197101-.0259802}-.0479434 | 130859 | 0544548 |- 121471
o |.00268510}-.0164200 |.0536771 |.0683295| .119070 |-.0431404| 114456 |=.0301564! 0500307 | 138100
10 ||.000666804-.00444361].0159658 | 0228554 | .05214391.0203153] .0878691 ~.110611 }.117662 - .130071

TABLE IV.B.1lO

Free Vibration Parameters of the Tower

1.8



mode 1 mode 2 mode 3 mode 4

mode 6 mode 7 mode 8 mode 9

. FIGURE IV.B.5 Mode Shapes of the Tower
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[T SESp
(sec) 0.006 0.005 0.0025 0.001
Execution time oo
(CP secs) 158619 190.001 | 375.969 | 936.425
1 }-.112030 -.112112 |-.112238 | -.112233
N |
§
2 |i-.0918747 -.0919153 |-.0919982 |-.0920229 |
| (3 1-.0761047 | -.0760916 |-.0760841 | -.0760846
4 {-.0612093 !-.0612195 |-.0612111 | -.0612062
i 7 : : S
o ! : Lo :
yl )5 [-.0464689 |[-.0464843 |-.0464873 '-.0464776 |
| | - j
6 -.0320294 |-.0329382 |-.0329658 | -.0329588
Lo ] P ‘
| |7 j-.0213171 |-.0213197 ;-.0213631 -—.0213694
5 8 i|-.0120542 |-.0120584 ;-.0120965 |-.0121125
i b | - i‘ -
! !9 !-.00537091 |-.00537562 ' -.00539574 ; -.00541028
L | L L '
; | 10 {i-.00135444 i-.00135666 |-.00136218 ~-.00136759
Weighted | ; ; ;
 Error (%) || 0.1248 | 0.0923 . 0.0204 | - |

TABLE .IV.B.ll Maximum Displacements Computed by DSSI

for the High Rise Tower

| At (sec) Ty /At T10/At Status
0.0500 111 0.24 Diverged
0.0100 554 1.21 "
0.0075 739 1.61 "
0.0070 791 1.73 "
10.0065 853 1.86 "
0.060 924 2.02 Converged

TABLE IV.B.12 T/At Values for Diverging

Time Steps
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 further improves for smaller values At.

The rusults of the modal anélysié are given in
Table IV.B.13. The error in the resﬁlts.decrease to
about 0.3 per cent for the case»which the first three
modes are superpdsed. Further contribution of the lower
modes slightly decrease the error; however, for the case
whén all the modal responses are summed still an error |
of 0.28 per cent is retained. This is probably due to
the computation error in the lower modes introduced from

. the eigenvalue solution.

The displacements of the system at t = 48.52 seconds
are given for various modal'contributions.in Table IV.B.l4.
The displacement distribution is shown in Fig. IV.B.6. The
per cent error for the case when only first mode is contri-
buting is about 5.7 and decreases to about 0.40 per éent’

when all modes are contributing.

It can be clearly seen from Figures IV.B.3 and IV.B.6

that the first mode is dominating the structural response.



TABLE IV.B.13

(At = 0.0025)
Modes : 1+2+3+4+5 .
| Superposed 1 1+2 1+2+3 (1#243+4 | 14243+445 #6+7+8+9+10 | DSSI
Executlon ’ - o :
time(CP secs)| 63.267 78.415 93.833 108.077 124.078 195.047 375.969
1 || -.110971 | -.111865 |-.112140 -.112167 | -.112170 -.112172 | =.112238__|
2 -.0930688 | -.0919124 |-.0919047 ~.0919057 |-.0919060 | -.0919055 -.0919982
3 -.0752960 - 0758137 - 0757639 -.0757644 | -.0757645 —.075764§ 1:0760841
4 1--0582168 | ~.0609200 |-.0609326 | -.0609343 | -.0609335 |-.0609336 | -.0612111
5 -.0427077 | -.0461573 |-.0462711 -.0462708 | -.0462745__} =.0462747__| =.0464873__
{y}
y.I“aX 6 -.0293930 - 0326223 - 0328092 - 0328105 ,0328156 —.0328;55‘ = 03296?8__
(m) 7 || --0185571 |-.0210584 |-.0212599 | -.0212661 |-.0212674 |-.0212678 |-.0213631
8 | ~-.0102724 | -.0118768 |-.0120376 | -.0120464_ ~:0120437 _|-.0120439 _|~.0120965 .|
9__ || —.00449440 | -.00527877 |-.00537007 | -,00537680}~-.00537399_|~-00537285 | | -.00539574 |
10 ||-.00111613 | -.00132843 -.00135588 | ~.00135832|-.00135725 |-.00135651 -.00136218
i Stk IS Shidenteein ‘ | |
Error (%) 4.17385 | 0.51364 |.0.29425 | 0.28224 | 0.28091 | 0.28078 -

Maximum Displacements Computed by MODAL for the High-Rise Tower

16



TABLE IV.B.14 Displacements of the High-Rise Tower

at. t

(At = 0.0025)
Modes B L+2+3+4+5+6
Superposed 1 1+2 1+2+43 1+2+3+4 1+2+43+4+5 #748+9+10 DSST
1 -.110932 -.104161 |-.104339 —.104349 -.104343 -.104339 -.104705
(2 | -.0930364 | -.0900925 |-.0901372 |-.0901383 [-.0901386 |-.0901383 |-.0904892
3 -.0752698 | -.0757971 |-.0757597 |-.0757579 |-.0757579 |-.0757578 |-.0760841
4 -.0581965 | -.0609179 |-.0609288 |[-.0609327 |-.0609320 |-.0609321 |-.0612111
(v} 5 -.0426928 | ~.0461571 |-.0462547 |-.0462579 - (-.0462607 |-.0462605 | -.0464777
Yiax ) - S E haas
6 || -.0293827 | -.0326223 |-.0327775 _|-.0327757 |-.0327797 |-.0327794 |-.0329338
(m) _ : . R R ERREE
7 -.0185506 | —-.0210584 {-.0212210 |-.0212150 |-.0212161 |-.0212157 |-.0213147
8 -.0102689 | -.0118768 |-.0120039 |-.0119971 |[-.0119945 |=-.119947 -.0120497
9 -.00449284 ?.gg§g2877 -.00534991 |-.00534526 |-.00534196 |-.00534250 | -.00536654
10 || -.00111574 | -.00132843 |-.00134959 |-.00134803 |-.00134659 |~-.00134687 -.00135282
Weighted = STRETEETENC SIS S & - R o - s - etemin koo e ea e o ‘__..'..”.. e v e e e e s
Error (%) 5.6628 0.5961 0.4123 0.4132 0.4145 0.4153 -

= 48 ,52 secs.

6
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mode 1

At = 0.0025 sec.

ot
1}

48 .52 secs.

FIGURE IV.B.6 Displacement Distribution Along the Tower
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IV.B.4 SYMMETRIC ARCHES

In this section, free and forced vibration analysis
results for four arches are given. All of the arches are
symmetric in terms of stiffness and mass distribution. A

typical constant cross-section, circular arch is shown in

Fig. IV.B.7.

The free vibration mode shapes of all arches are
either symmetrie or antimetric. The participation factors
coupling the inertia of the structure to the horizoﬁtal
component of the earthquake motion are found to be equal
to zero for all the symmetric modes. This implies that
only the antimetric modes are contributing to the response
of the arches, when they are subjected to a horizontal base

excitation.

The slenderness and aspect ratios of the arches are

affecting the first mode shape being symmetric or antimetric(1ll).

The free vibration properties (frequencies, periods,
participation factors and mode shape vectors) of Arch No.l
aregiven in TABLE IV.B.l5.The geometric characteristics, and

stiffness of Arch No.l are given below:

£= 20m r = 0.25 m.
L = 100 m S/r = 440

S =110 m £/L = 0.2 \
EI= 23668.642 tm>

EA= 378408.42 t



£ = height of the arch

L = length of the span

S = arch length

EI = flexural stiffness

EA = axial stiffness

r = radius of gyration

f/L= aspect ratio

S/r= slenderness ratio

FIGURE IV.B.7

Typical Arch

(=YEI/ER)
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TABLE IV.B.1l5 Free Vibration Properties

of Arch No.l

Mode No 1 2 3 . . 6 7. 8 9 10
w(rad/sec) | 2.35231 4.46353 | 8.06168 | 11.6869 | 16.5768 | 20.631 | 25.2038° | 26.3614 | 28.4266 | 61.2030
T (Sec) 2.67107 1.40767 | .7793%0 | .537625 | .379036 |.304963 | .248399 | 238348 | .221032  |.102661
r ~1.66896 0.0 -978132 0.0 -673877 0.0 .418524 0.0 0.0 2.014661
3 || .106730 |. 157461 _ |-.255675  |-.272095 |-.344934 Li224530 [ -.279882 | 267014 | .290034 | .242278
5 | .300611  |-.284160  |-.307109 | ~0226490 | .124419 | .446347 .399184 | .308728  |-.138606 |.245412
7 | .291008  |-.0610642 | .182798 | .515578 | .348439 | .0646694 | -.335498 | .0946199 | .414727 |.210560
9 | .275341 | .373024_ | .447601 | .145226° |-.380343 |-.141937 .219209 | .515061  |-.197822 | .117502
| 1L | 0.0 .593748 0.0 ~.345002 0.0 |.544175 0.0  |-.00389329 | .460825 0.0
@Y T 2issar | ama02d |-aareor | uasoze | 360343 o137 |-.2is209 | swsoel  |-.ts7ezz f.iirsor
15 |-.391008  |-.0610642 |-.182798 | .515578  |-.348439 | .0646694 | .335498 | .0946199 | .414727 1.210560
17 |l-.300611  |-.284.160 | .307109  |-.0226490 |-.124419 | .446347 | -.399184 | .308728  |-.138606  |.245412
i 19 |-.106730 _|-.157461 | .255675 _|-.272095 | .344934 _|-.224530 279882 | .267914 | 209034 |.242278
3 |-.844986 | .126169 | .204854 . | .223759 | .282430 | .202194 .235816 |-.164210  |-.219469  |-.00145865
5§ |-.190281 | .205088 | .243312 | .0901558 | .0167486 .178497 | -.166098 |-.150492 | .0653422 |.150798
7 |-237540 | .120407 |-.0503121 |-.127284 |-.0846184 |.0250469 | .126340 |-.0174632 |-.135330 |.279950
o l-.212777 | .o201110 |-.0177060 |-.0468673 | 0865745 | .465285 .00585496 [-.0794349 | .0295394 | .371275
11 |-.192647 0.0 0116297 0.0 0683287 | 0.0 -.0126614 0.0 0.0 .403850
D Paf=ererm ~.0201010 _|-.0177069 | ,0468673 | .0865745 |-.0465285 | .00585496| .0794349 |=.0295396 |.371275
tel 15 |-.237540  |-.120407 | .0503121 | .127284 |-.0846184 | .250469 .126340 | .0174632 |.135330 | .279990
17 |-.209281  |-.205088 | .243312 |-.0901558 | .0167486 | .178497 | -.166098 | .150492 = .0653422 |.150698
19 |-.0844986 |-.126169 | .204954 [-.223759 | .282430 |-.202194 | .235816 | .164210 |.219469  [-.00145865

96
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The arch is represented by 20 elements and the mass is

assumed to be concentrated at nine nodes. Two dynamic
degrees-of-freedom aré selected at esch of these nodes

(in X and Y translational directions) ‘The mass influence
coefficients in each dynamic degree-of-freedom is 1.00489 tsec?/m.
For this arch, the first mode shape is found to be antimetric
(See Fig. IV.B.8). Thestepby-step integraﬁion is carried

out for several time step values, and the maximum displacements
are given in Table IV.B.16. The computed maximum displacements
from modal analysis are given in Table IV.§.17. Displacements

- of Arch No.l at a cersain instaht are given in Table IV.B.18.

The displaced shape at that instant is given in Fig.IV.B.9.

To find the effect of the slendérness ratio on £he
shape of.the first mode shape the é/r is reduced to 25.
This is achieved by choosing an axial stiffness, EA, of 1215.0
tons. For this.arch (Arch No.2), the first mode shapé is
found to be symmetric(TABLEIV.B.l9). Maximum displacements
.computed by computer programs DSSI and MODAL, and the disp-
lacements at t = 24.48 seconds are gi&en in Tables IV.B.20

to IV.B.22, respectively.

The slenderness ratio of the circular arxch is set to
a constant value (S/r = 25), and the aspeét ratio (£/L) is
decreased to 0.05. The geometric and stiffness properties

of this new arch, Arch No.3, are given below :
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mode 1 mode 2 )
mode 3 mode 4
mode 5 mode 6
mode 7 . mode 8
mode 9 | mode 10

FIGURE IV.B.8 Mode Shapes of Arch No.l



Time Step(sec)| At=0.01 At=0.005 [At=0.0025 At=0.001
EFecution Time
(cP secs) 264.823 516.873 1034.620 2586.792
3 -.0947778 |-.0948353 |-.0948015 |-.0947958
5 [-.256027 -.256152 -.256232 -.256257
7 {-.324984 -.324634 -.324575 ~.324569
9 [-.235744 |=.235900 -.235919 -.235924
11 0.0 0.0 0.0 0.0
Y -
' ,
max .
13 | .235744 -.235900 .235919 .235924
15 || .324984 .324634 .324575 .324569
17 || .256027 .256152 .256232 .256257
19 [-.0947778 .6948353 | .0948015 .0947958
3 .0751106 .0751527 .0751270 | .0751174
5 .170768 .170846 1.170888 .170897
] 17 1-.198205  |-.198212 -.198220 -.198224
9 {-.177258 -.177281 -.177284 ~-.177290
{y}(x) 11 {-.160657 -.160705 |-.160716 -.160721
max ’
13 ||-.177258 -.177281 -.177284 -.177290
(m) 15 [|~.198205 -.198212 . |-.198220 —.198224
17 {| .170768 .170846 .170888 .170897
19 || .0751106 .0751527 .0751270 .0751174
WE;ESEed<%> 0.066 0.020 0.004 -

TABLE IV.B.l6

for Arch No.l
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Maximum Displacements Computed by DSSI




(0t = 0.01 sec.)

Moces 1+2+3+4+45+6] 142+3+4+5+6 Dssi
Supercosed 1 ] 1+2 1+2+43 1+2+3+4 1+2+3+4+45 +7 +7+8+9+10
Execuzion
Tire
(CP scs) 22.608 28272 33.743 39.073 44.656 55.264 72.524 264.823
3| .0889197 | .0889197 |[-.0943309 |-.0943309 |-.0946843 |-.0947805 |-.0947782 }.0947778
"5 || .250447 | .250447 L.256281  |-.256281  |-.256156  |-.256035 |[-.256026 |.256027
7 || .325758 | .325758  |-.325139  |-.325139  |-.324892  |-.324981 |-.324984 |-.324984
' 9 .229394 229394 —-.235606 —.235606 -235817 -.235745 -,235744 ‘—.235744'
o 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
max
13 ([ -.229394  |-.229394 .235606 .235606 .235817 .235745 .235744 | .235744
(m) 15| -.325758  |-.325758 .325139 .325139 .324892 .324981 | .324984 | .324984
17 | =.250247  |-.250447 .256281 .256281 .256156 .256035 .256026 | .256027
19 || -.0889197 |-.0889197 | .0943309 | .0943309 | .0946843 | .0947805 | .0947782 | .0947778
3 || -.0703979 |-.0703979 | .0747397. | .0747397 | .0750292 | .0751102 | .0751102 | .0751106
5 || -.166026 |-.166026 | .170798 .170798 .170814 .170764 .170769 | .170768
7 || —.197901 |-.197901  |~.198245 |-.198245 [-.198156 |-.198192 |-.198205 |-.198205
tg}(x) 9 l-1771270  |l=.177270  |~.177158  |-.177158  |-.177243  |-.177245 | -.177257 - F.177258
e | 11|l -.160499  |-.160499  |-.160572  |-.160572  [-.160638 |-.160643 |-.160657 |-.160657
- 13| -.177270  |-.177270 |-.177158  |-.177158  |-.177243 |-.177245 |-.177257 |-.177258
15| -.197901 [~.197901  |-.198245 |-.198245  |-.198156 |-.198192 |-.198205 |-.198205
17{ -.166026 |-.166026 .170798 .170798 .170814 .170764 .170769 | .170768
19| -.0703979 |-.0703979 | .0747397 | .0747397 | .0750292 | .0751102 | .0751102 | .0751106 °
Weighted ' 036 0.0032 0.0002 - '
roor (3) 1.7612 1.7612 0.0978 0.0978 0.

TABLE TV.B.17 Maximum Displacements Computed by MODAL for Arch. No.l
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TABLE IVB.18 Displacements of Arch No.l at t= 58.54

(at =
Modes 1 142 14243 1424344 | Le2e3eqes [D2IIMIS IS | pegy
Superposed .
3 || 0889197 | .088917 | .0905272 | .0905272 |.0908629 | .0909547 | .0909463 | .0909465
5 || .250447 | .250447 | .252377 | .252377 | .252256 | .252125 | .252117 |.252117
0325758 | .325756 | .324609_ | .324609 | .324270 | .324380 | .324373 | .324373
.229394 | .22039: | .226580 | .226580 | .226950 | .226878 | .226874 | .226874
{y}éy) 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 |l-.220394  |-.22939:  |-.226580 | -.226580 |-.226950  |-.226878  |-.226874 |.226874
15 |-.325758  |-.325756  |-.324609 | ~-.324609  |-.324270 _ |-.324380  |-.324373  |-.324373
17 |l-.250447  |-.250447 |-.252377 |-.252377 |-.252256 _ |-.250125  |-.252117 |.252117
19 |l-.0889197 |-.0889157 |-.0905272 |=-.0905272 |[-.0908629 |-.0909547 [-.0909463 |-.0909465
3 |-.0703979 |-.0703979 |-.0716864 |-.0716864 [.0719613 |-.0720387 |-.0720386 [.0720383
5 |~.166026  |-.166026  |-.167556 | -.167556 |-.167572  |-.167518  |-.167523  |.167522
7_|-.197901  |-.197901  |-.198217 |-.198217 |-.198135  |-.198176  |-.198186 |-.198186
9 |-.177270 . |-.177276  |-.177158 |-.177158 |-,177243 |-.377245  |-,177257 |,177258
{y}éX) 11 [-.160499  (-.160499  [-.160572 |-.160572 |-.160638  |-.160643  |-.160657 |-.160657
13 [|-.177270  |-.177270  |-.177158 | -.177158 (-.177243  [-.177245  |-.177257 F.177258
15 ||-.197901  |-.197901  |-.198217 |-.198217 |-.198135  |-.198176  |-.198186 |-.198186
17 |}-.166026  |-.166026  |-.167556 | -.167556 |-.167572 _ |-.167518 _ |-.167523 |-.167522
19 }|-.0703979 |-.0703¢79 |-.0716864 | -.0716864 |-.0719613 |-.0720387 |-.0720386 }-.0720383
Weighted i
Error (%) || 0.6992 0.6992 0.1113 0.1113 0.0380 | 0.0039 0.0002 —
secs.
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0.01 sec

(0
1}

‘58.54 secs

\\

FIGURE IV.B.9 Displaced Shape of Arch No.l at t = 58.54 secs.

0T



| MdeNo {1 2 3 4 5 6" 7 8 9 10
w (rad/sec) ||  1.56200 | 2.23251 | 3.63608 4.86883 | 6.67687 | 8.10044 9.70617 | 11.8586- | 12.6835 14.8275
T (sec) 4.02252 | 2.81440 172801 | 1.20049 .941038 | .775660 .647339 .529843 495384 | .423753
r 0.0 | -2.1611% | -1.81428 0.0 0.0 .597586 .606018 0.0 0.0 .449367
3 || .0620019 | .0785806 | -.133016 | ~-.180152 | .190775 |-.250434 |-.262263 .184492 .398358 | .116840
5 | .184947° | .238258 | -.285005 | -.376179 | .280151 |-.320949 | ~-.245281 .100717 | .152660 |-.0303845
7_Ji_.336534 .315205 | -,349868 -.227541 | 162295 | .120130 .0524175 | -.251959 | -.333546  |-.0552084
9 || .461921 .223100 | -.244370 .166292 |-0,844289 | .378667 .209873 | -.0197454 | -.0690376 |-.176829
@ T | si0m 0.0 0.0 .377461 |-.213372 0.0 0.0 | .310573 | .309213 0.0
13| .461921 | -.223100 .244370 .166292 |-.0844289 |-.378667 | -.209873 | -.0197454 | -.0690376 | .0176829
151 .336534 | -.315205 | .349868 | -,227541 | .162295  |-.120130 | ~-.0524175 | -.251959 | -.333546 | .0552084
70| 184047 | -.238258 285005 | -.376179 | .280151 320049 | _.24528] .100717 | .152660 | .0303845
19| .0620019 | -.0785806 | .133016 | -.180152 | .190775 .250434 .262263 .184492 | .398358 [-.116840
3 || .00603322 | -.986892 | -.0828962 .151864 | .192827 .216632° | -.262176 | -.350445 | .200187 | .418220
5 | -.0177335 | -.231060 | -.141494 | -.290593 | .322545 .285699 | -.328028 | -.252769 | .124859 | .0289632
7 | =.0367233 | ~.207381 | -.215832 235352 | 355587 .0474402_ | -.130848 .224267 | -.137885 |-.447094
-.0296089 | -.301381 | -.296237 .100186 | .242479 | -.152621 .219020 .322932 | -.277615 |-.00450289
(3™ | 1]l ' 0.0 | -.203607 | -.332535 0.0 0.0 |=-.199629 .400995 0.0 0.0 .456007
13) .0296089 | -.301381 | -.296237 | -.100186 |-.242479 | -.152621 .219020 | -.322932 | .277615 |-.00450289
15| .0367233 | -.297381 | -.215832 | -.235352 | -.355587 .0474402 | -.130848 | -.224267 | .137885 |-.447094
17| 0177335 | -.231060 | -.141494 | -.290593 | -.322545 .285699 | -.328028 | .252769 | -.124859 .| ,0289632
19| -.00603322| -.0986892 | -.0828962 | ~-.151864 | -.192827 .216632 | -.262176 .350445 | -.200187 | .418220

TABLE IV.B.1l9

Free Vibration Properties

of Arch No.2
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ime Step
(sec) At=0.1 At=0.05 At=0.01 | At=0.005
. [Execution Time - ,
(CP sec) 30.123 55.808 262.050 521.053
3 || .0627173 | .0624591 | .0625224 | .0624976
5 || .172145 171427 | .171734 .171755
7 || .226700 227127 | .227209 .227194
@ L2 | -161974 163279 | .163284 .163298
{y} ‘ :
max g1 0.0 0.0 0.0 0.0
13| -.161974 | -.163279 |-.163284  |-.163298
(m) 15 I =.226700 | -.227127 |-.227209 |-.227194
17 -.172145 | -.171427 [-.171734  |[-.171755
19 || -.0627173 | -.0624591 |-.0625224 |-.0624976
3 | —.0615298 | -.0622995 |-.0619336 |-.0619013
5 Il —.134905 | -.137509 |-.137591 |-.137591
J(x)
{y} 7 | -.177190. | -.178277 | .178340 .178378
max )
(m) 9 | -.100771 | -.191267 |-.192195 |-.192212
110 -.192578 | -.193340 |-.194359 |-.194386
130 =.190771 | -.191267 |-.192195 [-.192212
151 —.177199 | -.178277. |-.178340 .178378
170 =.134905 | .137509 | .137591 .137591
19| -.0615298 | -.0622995 |-.0619336 |-.0619013
" |Weighted Errar h
() 0.697 0.194 0.015 -

TABLE IV.B.20

Maximum Displacements Computed by DSSI

for Arch No.2



(At = 0.01 sec.)

ﬁﬁssw- 142434445 | 1+243+4+45 [L42+43+245 |
PErpo 142 1+2+3 +6 +6+7 6+7+8-9+10 | DSSI
Execution
Time
(CP sec ) 28.172 33.792 49.948 55.955 72.387 262.050
3 || —.0413275 | .0645780 | .0624971 | .0625140 | .0623437 | .0625224
5 || -.125306 | .174540 171501 171721 171713 | .171734
7 1|l -.165774 | .226023 .227330 .227230 .227213 .227209
9 il —.1317334 | .159391 .163857 .163294 .163288 .163284
m® fn 0.0 0.0 0.0 0.0 0.9 0.0
I max
13 | .117334 |-.159391 | -.163857 | -.163204 | -.163288 | -.163284
15 | .165774 |-.226023 | -.227330 | -.227230 | -.227213 | -.227209
(m) g
17 | .125306 |-.174540 | -.171501 | -.171721 | -.171713 [ -.171734
19 | .0413275 | -.0645780 | -.0624971 | —.0625140 | —-.0623437 | -.0625224
3 0519031 | -.0608325 | .0633572 | .0619327 | -.0612239 | -.0619336
5 .121520 | .135369 |  .139348 .137598 .137578 .137591
(x)
{Y}max 7 .156400 | -.178358 | -.178768 | -.178101 .178344 .178340
L9 .158504 | -.192109 | -.191066 | -.192165 | -.192165 | -.192195
(m) 11 .154415 | -.193635 | -.192446 | -.194442 | -.194:00 | -.194359
13| .158504 | -.192109 | -.191066 | -.192165 | -.192165 | -.192195
15| .156400 | -.178358 | -.178768 | -.178101 .178244 .178340
17| .121520 | .135369 .139348 .137598. | ..137378 .137591
10l 0519031 | -.0608325 | .0633572 | .0619327 | -.0622239 | -.0619336
Weighted /
Freor (%) 78.37 1.05 0.51 0.03 0.01 -

TABLE IV.B.21 Maximum Displacements Computed by MODAL fcr Arch No.2

SOT



(At = 0.01 sec.f

Modes 14243 +4+5  |14243+4+45 | 142+344+3
Superposed 1+2 1+2+3 +6 | +6+7 +6+7+8+2-10 DSSI
3 || .0385540 | .0187230 | .0203086 | .0216254 .0216228 | .0215925
5 | .116897 .0744061 | .0764382 | .0776697 .0776724 | .0777088
7 || .154649 .102488 .101728 .101465 .101465 | .101433
9 |l ,109460 0730273 | .0706297 | .0695760 .0695754 | .0695939
(v) |11 0.0 0.0 0.0 0.0 0.0 0.0
(¥}
t 13 ||-.109460 |-.0730273 |-.0706297 |-.0695760 | -.0695754 |-.0695939
- 15 ||-.154649 {-.102488 |-.101728 |-.101465 ~.101465 |-.101433
17 [|l-.115897  |-.0744061 |-.0764382 |-.0776697 | -.0776724 |-.0777088 |
) 119 ll- 0385540 |-.0187230 __|-.0203086 | -,0216254_| =.216223 |-,0215925 |
3 ||l-.0484199 |-.0607787 |-.0621504 |-.0608340 | ~-.0608433 |-.0608519
5 fl-.113365 |-.134460 |{-.136269 |-.134622 -.134623 [-.134612
7 H-.145004 |-.178082 |-.178383 |-.177726 -.177725 | -.177709
(%) ; A
{¥} 9 ll-.147867 _ |-,192032  |-.191066 _ |-.192165 -.192163 | -.192195
t 11 [|-.144052 |-.193629 |-.192365 |-.194379 -.194383 | -,194348
13 {|-.147867  |{-.192032 [-.191066 |-.192165 . | -.1921£5 |-.192165
{m) 15 l-.145004 |-.178082 |-.178383 |-.177726 -.177725 - | -.177709
17 [[-.113365  |-.134460  |-.136269 |-.134622 -.134632 | -.134612
19 {|-.0484199 |-.0607787 |-.621504 _ {-.0608340 | —-.0608:33 |-,0608519
Weighted
Error (%) 30.4643 1.2629 1.0329 0.0228 0.004 -

TABLE IV.B.22 Displacements of Arxrch No.2 at t = 24.48 secs.
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f=5m r = 4,027 m.
L = 100 m. S/r = 25

S = 100.67 m. £/L = 0.05
EI = 23668.642 tm> |

EA

1459.801 t

The mass at each dynamic degree-of-freedom is 1.00489 tsecz/m.

The free vibration properties of Arch No.3 are given
in Table IV.B.23. The first mode shape is found to be
symmetric for this arch. Maximum displacemént§ computed by
programs DSSI and MODAL arevgiveh>in Tables IV.B.24 and
IV.B.25, respectively. The displacements computed at a

certain instant are given in Table IV.B.26.

Arch No.4 is a parabolic arch with geometric and

stiffness properties;

£f = 50 m. r = 4,647 m.
L = 50 m. S/r = 25

S = 116.17 m. £/L = 1.0
ET = 23668.642 tm° |
EA = 1096.146 t.

The first mode shape vector is antimetric for Arch No.4.
Free vibration properties, maximum displacements computed
by step—by step integration and modal analy51s, and

displacements at t = 58.175 are given in Tables IV.B.27

to IV.B.30.



E= No.. 1 2 3 4 5 6. 7 8 9 10
w (rad/sec) - 1.14138 2.92164 3.80040 5.78209 7.44323 9.52884 10.9263 13.9986. 14.2430 32.2486
T (sec) 5.50492 '2.15057 1.65330 .1;08666 .844147 .659386 .575054 .448842 -441141 .194836
r 0.0 -.862017 | 2.69541 0.0 0.0 .192755 -.855953 | 0.0. 0.0 0.0
.0598015 .135306 .0510247 .237540 -.0584636( -.331356 ~.0820760| -.263763 .326028 .221898
5 .194636 .362016 .115439 .466803 -.0876126( -.406359 ~-.0788671] ~.137825 .152525 —;291582
7 .345099 .453418 .140160 .269471 -.0502849 .132626 .0167684| -.284693 ’-.309745 .353367
9 .459299 .312160° .0961618 | -.195749 .258816 .433109 .0667576 .0407668 -.054285(0 -.391756
11 .501601 0.0 0.0 -.437865 .0650228] 0.0 _ 0.0 _=.311839 -.315016 .404886
13 .459299 -.312160 | -.961618 -.195749 .0258816|-  -.433109 -;0667576 .0407668 —-.0542850 -.311756
(¢}(Y) 15 .345099 -.453418 | -.140160 .269471 .0502849| -.132626 -.0167684 .284693 -.309745 .353367
17 .194636 -.362016 | -.115439 .466803 .087126 .406359 ~.0788671 .137825 .152525 -,291582
19 .0598015| -.135306 | -.0510247 .237540 .0584639 .331356 _.082060 | -.263763 ‘AJ326028 .221898
3 000960743 —,0413323 130837 -.0483789 | _~.256440 0700908 | =.352402 318923 277348 =.032719
g -.00689630 -.0911349 .246636 -0893479 -.415515 .0896496| -.415528 .204921 .166195 .0321727
‘7] -.0115766 ' -.116876 .341977 -.0718432| -.418270 A .0154932| ~-,137051 | -.197468 -.172639 ;.0261428
9 || -.00862434 -.120336 .406733 -.3039394} -.260378 -.475924 .258228 | -.308170 -.291814 ;0145383
(%) 11} 0.0 -.118465 .429923 0.0 0.0 -0634657 .441718 | 0.0 V 0.0 0.0 »
A 1335 .00862434 -.120336 .406733 ..0309394 .260378 -.475924 .258228 .308170 .291814 i—.0145383
15 .0115766 | . -.116876 .341977 .0718432 .418270 .0154932 -.137051 .197468 .172639 .0261428
' 17 .00689630 —.091134§ .246636 .0893479 .415515 .0896496 —.415528 -.204921 .166195 -.G321727
19} -.00960745 -.0413323 .130837 .0483789 .256440 .0700908 -.352402 -;318923 -.277348 -.0327193

TABLE IV.B.23

Free Vibration Properties of Arch No.3

80T
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Time Ste
(coc)” 0.05 0.02 0.01 - 0.005
Execution Tind ' ) : .
(CP sec ) || 55.908 131.462 261.615  517.694
3 [-.0315594 |-.0316035 |-.0317899 |-.0317980
5 [-.0769829 |{-.0773819 | -.0774684 |-.774899
7 |[-.0950240 |-.0955715 | -.0956103 |-.0956182
[ ;
9 |-.0652556 |-.0655848 | -.0655481 |~.655384
(¥) ' -
| hax 11 Jlo.0 0.0 0.0 0.0
- 13 || .652556 0655848 | .655481 | .0655384
15 || .0950240 | .0955715 | .0956103 | .0956182
17 | .0769829 | .0773819 | .0774684 | .0774899
19 || .0315594 | .0316035 | .0317899 | .317980
3 || .0664366 | .0644721 | .0657085 | .0659194
5 | .124802 124157 | .124532 | .124734
7 | .170793 | .173015 172950 | .172953
9 | .200820 .204695 205065 | .205068
g AL 211404 215605 .216084 | .216249
{(Yhax | 13 || 200820 .204695 .205065 | .205068
15 || .170793 173015 | .172950 | .172953
" (m)
17. 1 124802 .124157 .124532 | .124734
19 | .0664366 | .0644721 | .0657085 | .0659194
eighted 1.16 0.34 0.06 -
oY (%)

'TABLE IV.B.24 Maximum Displacements Computed by DSSI
for Arch No.3



0.01 sec.)

110

(At =
Modes o
1+2+3+4+5 1+2+3+4+5
Superposed 142 1+2+3 +6 {4647 DSST
Execution 7 .
Time 27.609 33.073 - 50.600 55.980 261.615
3 -.0177583 | -.0321700 | -.0316614|-.0317810 -.0317899
5 —;0475128 -.0773105 -.0778461|-.0774601 -.0774684
7 -.0595089 | -.0956868 -.09551204{-.0955940 —;0956103
9 —-.0409695| -.0657905 -.0654480] —.0655463 ’ -.0655481
114 0.0 0.0 - Q.0 0.0 0.0
{y}(Y) 13, .0409695 .0657905 .0654480} .0655463 .0655481
Max | 15 .0595089 .0956868 .0955120 .0955940 .0956103
() 17 .0475128 0773105 0778461 .0774601 .0774684
19 .0177583 .0321700 .0316614| .0317810 .0317899
00542464 0659868 .0660044] 0655114 .0657085
5 .0119610 .125263 .125286 .124699 .124532
7 .0153394 .173059 .173063 .172869 .172950
9 .0157935( .204595 .204583 .204963 .205065
] (%) 11 .0155479 .215682 .215666 .216342 .216084
.{y}max 13 .0157935 .204595 .204583 .204963 205065
15 .0153394 .173059 .173063 .172869 .172950
17 .0119610 .125263 .125286 .124699 .124532
(m) ‘ :
19 .00542466 .0659868 .0660044 .0655114 .0657085
Weighted ' o
Error (%) + 76.75 0.28 0.27 0.08 -

TABLE IV.B.25 Maximum Displacements Computed by MODAL for

Arch No.3
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(0t =
Modes 142434445 | 14243444546
Superposed 1+2 1+2+3 +6 +7 DSSI
3 |-.00903063 | .0156229 | .0154875 | .0153509 | .0153609
5 |-.0241617 | .0316150 | 0314489 | 0313176 | .0313026
-.0302621 | ,0374500 | 0375132 | .0375411 | 0375492
-.208342 | .0256282 | .0258052 | .0259163 | .0259198
1% 111 .o 0.0 0.0 0.0 0.0
© s | ozoeza -.0256282  |-.0258052 |-.0259163 |-.0259198
15" | .0302621 |-.0374590 |-.0375132 |-.0375411 |-.0375492
17 || .0241617 |-.0316150 [-.0314489 |-.0313176 |-.0313026
19 || .00903063 |-.0156229 |-.0154875 |-.0153509 |-.0153609
3 || .00275861 | 0650749 | .0660036 | .0654170 | .0654509
5 || .00608251 | .125250 | .125286 | .124595 | .124445
7 || .00780057 | .173034 | 173040 | 172812 | 172950
(y3®) |9 | .00803147 | 204553 | 204553 | .204963 | .205065
€ 111 |l .00790661 | .215632 | .215606 | .216342 | .216078
13 | .00803147 | .204553 | .204553 | .204963 | .205065
115 || .o0780057 | .173034 | .173040 | 172812 | .172950
17 1| .00608251 | .125250 | .125286 | .124595 | .124445
19 || .00275861 | .0659749 | .0660036 | .0654170 | .0654509
Helghted %) | 107.08 0.39 0.34 0.08 -
36.50 secs.

TABLE IV.B.26 Displacements of Arch No.3 at t =




Mode No | 1 2 3 4 5 6 7
w (rad/sec) | 1.38814 | 2.98879 3.70189 3.83912 | 6.56858 8.349156 | 9.76586
T (sec) 4.52633 2.10225 1.69729 1.63662 956652 | .752553 .643382
r 2.59726 0.0 -.180436 0.0 .843310 0.0 ~.119806
3 |l -.00481319| .216218 .278403 | .686071 .100567 .450860 | .478503
5 | -.364666 .365288 .400778 | .0643866 | .211521 .179207 | -.0210890
7|l -.0415781 | ',438287 .335303 | -,546878 .247778 | -.178972 | -.318261
9 |l -.0236320 | .464222 .180004 | -.154749 .141708 | -.346231 | -.229644
_ 11 0.0 .470040 0.0 | -.184754 0.0 ~.389230 0.0
, T 13 || .0236320 | .464222 -.180004 | -.154749 | -.141708 | -.346231 | .229644
15 || .0415781 | .438287 -.335303 | -.0546878 | -.247778 | -.178972 | .318261
17 || .0364666 | .365288 -.400778 | .643866 | -.211521 | -.179207 | .0210890
19 | .00481319| .216218 ~.278403 | .0686071 | -.100567 .450860 | -.478503
3 1.185293 | -.101633 -.167515 | -.399272 | -.461690 | -.0468338 | ~.0873044
5 .383015 | -.397749 -.154005 | -.467068 .159399 178481 | .189039
7 .452995 | -.0339090 ,0803941| -.222289 | -.203184 .234634 | .641503
9 ,456376 | -,0158344 .286711 | -.566159 | -.266118 .123843 | -.219931
(o3 () |11 | 452544 0.0 .360977 0.0 ~.257522 0.0 | -.334951
13 || .456376 .158344 .286711 | .0566159 | -.266118 | =-.123843 { -.219931
15 [ .452995 .0339090 .0803941( .222289 | -.203184 | ~-.234634 | .0641503
17 | 383015 .0397749 | -.154005 | .467068 .159399 | -.178481 | .189039
19 | .185293 0101633 | -.167515 | .399272 .461690 .468338 | -.0873044
T

.27 Free Vibration Properties of Arch No.4

(ANt
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Time Step ) .
(sec) 0.02 0.01 0.005 0.001
Execution ’ o
Time (CP secs] 133.141 [262.047 517.691 | 2541.400
3 | .00741816 |.00742277 | .00742941 | .00743032
5 | .0155891 |.0156155 | .0157045 | .0157332
7 1| .0163129 |.0163650 | .0164123 | .0164276
(g3 |9 | -00921937 |.00922209 | .00923708 .00924224
max | .- \ '
| Ly 0.0 0.0 0.0 0.0
(m) ;
13 [I-.00921937 £.00922209 |-.00923708 |-.00924224
15 |-.0163129 }.0164650 |-.0164123 |-.0164276
17 |-.0155791 |.0156155 |-.0157045 |-.0157332
19 [|7-00741816 | 40742277 |-.00742941 |-.00743032
3 [-.0572873 [.0572615 |-.0572482 —.0572439
5 |I-.108210 |F.108221  }-.108243  |-.108247
(%)
{¥} 7 |-.129612 129563 |-.129509 .129489
max
- g | -133773 .133768 .133661 .133626
11 || .133806 .133792 .133665 .133629
13 || .133773 .133768 133661 .133626
15 || .129612 129563 | 129509 .129489
17 |-.108210 108221 |-.108243  |-.108247
19 |F-0572873 | 5572615 |-.0572482 |-.0572439
Weighted 0 l 0.02 .
FExrror (%) 13 0.08 )

" TABLE IV.B.28

Maximum Displacements Computed by DSSI
for Arch No.4
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(At = 0.005 sec)
Modes
: . 1+2+3+4+5
Superposed 1 1+2+3 1+2+3+445  |+6+7 DSST
Fxecution Timg -
(CP sec ) 42.189 - 64.066 '85.955 107.264 517.691
-.00136159 | -.00675870 | .00691346 .741823 .00742941
-.0103159 .065465 .0157051 . .0157262 .0157045
7 4§ -.0117619 .0168491 | .0161702 ;164263 .0164123
‘ {y}(Y)' 9 || -.00668519 .00940136 | .00904949 .00922806 |.00923708
max ‘
B 11 0.0 0.0 0.0 0.0 0.0
(m) |13 .00668519 | —,00940136 {-.00904949 |-.00922806 -.00923708
15 .0117619 | -.0168491 -.0161702  |-.0164263 {.0164123
17 .0103159 | -.0165465 |-.0157051 .[-.0157262 ~.0157045
19 .00136159 .00675870|-.00691346 |~.00741823 .00742941
3 .0524169 | -.0531308 [-.0573253 - —.0572995 -.0572482
5 ,108350 —.106662 -.108045 -.108158 ~.108243
(x)
{Y} 7 128146 -.129436 | -.129419 129488 .129509
max :
9 .129103 133734 .133924 - .133685 .133661
(m) 11 .128019 .133860 .134071 .133706 .133665
13 .129103 .133734 | .133924 .133685 .133661
15 .128146 .1294§6 .129419 .129488 .129509
17 .108350 -.106662 -.108045 ;;108158 ~.108243
19 '.6524169 -.0531308 | -.0573253 | —-.0572995 |-.0572482
Weighted
Error (%) 5.94 1.48 0.33 0.05 -

TABLE IV.B.29

Maximum Displaéements Computed By MODAL for
Arch No.4
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Modes 1+2+3+4+5
Superposed 1 14243 l+2+3f4+5 6 +7 DSSI
3 || -.00135614| .00330580 | .00310290 | .00362363 | .00362587
~.0102746 |-.00356352 |-.00399028 | -.00401323 | -.00404117
7 || -.0117148 |-.00610011 |-.00660001 |-.00694636 |-.00689517
9 | -.00665844|~.00364423 |-.00383013 | -.00418004 |-.00415134
PR ! 0.0 0.0 0.0 0.0 0.0
{Y}t 13 || .00665844| .06364423 | .00393013 | .00418004 | .00415134
[15 || .0117148 | .00610011 | .00660001 | .00694636 | .00689517 "
17 || .0102746 | .00356352 | .00399028 | .00401323 | .00404117
19 || .00135614|-.00330580 |-.00310290 | -.00362363 | -.00362587 |
3 .0522072 | .0494021 | .0484706 | .0483756 | .0483549
5 .107916 | .105337 .105016 | .105222 | .105246
127633 | 128980 129390 .129459 | .129478
9 128586 | .133387 .133924 .133685 | .133661
1 {11 127506 | .133851 .134071 | .133706 | .133665
- 13 || .128586 | .133387 133924 .133685 | .133661
15 || .127633 | .128980 .129390° | .129459 | .129478
171 .107916 | .105337° | .105016 .105222 | .105246
19 | .0522072 | .0494021 | .0484706 | .0483756 | .0483549
gzﬁi}ed(%) 6.98 0.81 0.40 0.04 -

TABLE IV.B.30 Displacements of Arch No.4 at . t = 58.175 secs.
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Itycan be seen from the tables that, the mode shapes
'er all‘of the arches are either symmetric or antimetric.
The participatioﬁ factors for all symmetric modes are

equal to zero. For step-by-step intégration analysis, as the
solution time step, At, decreases, the accuracy of the
solution increases. For At values below 0.0l the error

in the solution is below O.lwper cent.

Since the participation factors for symmetric modes
are equal to zero, they shall not be included in modal
analysis. This will decrease the executioh time. -

'Contributioncxfasingle mode may‘give very in accurate
results; therefore, the superposition of more than one
mode is generally required in modal analysis. The weighted
errors Of the maximum displacements for arches 1,2,3 and_
4, when a single mode is included in modal summation, are

1.76, 7837, 76.55 and 5.94 per cent respectively.

-IV.B.5 RESPONSE SPECTRA ANALYSIS- OF THE FIVE-STOREY

PLANE FRAME

The five storey plane frame given in Fig. IV.B.l is
analysed by response spectra analysis procedure. The

maximum displacements are computed by peak response

formulation given in Section II.F. The results of the

computétions are summarized in Tables IV.B.31 and IV.B.32.

As the number of modes involved in modal summation incre-

ases, the error increases slightly, however the errors

in the solution does not go beyond 3 per cent.
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W Sa S

mode (rad/sec) (m/sec?) r r ;
[I}]
1 - | 2.5643 1.5891 | 6.5715 | 1.5881
2 8.0617 1.7708 |{-2.6076 | -0.071049

3 15.2719 0.4434 -| 1.7253 0.0032800

4 123.4907 |0.2375 | 1.2220 | 0.00052595

5 31.6202 0.4132 [-0.8965 | -0.00037049

TABLE IV.B.31 Multiplication Factors for 5-
Storey Plane Frame to be Used
in Response Spectra Analysis Procedure

Modes ,
Superposed 1 1+2 1+2+3 1+2+3+4 |{1+2+3+4+5 DSSI
5 | .32558 |.34025 | .34081 |.34086 |.34088 | .33674
4 | .28195 |.28430 | .28472 |.28481 |.28484 | .28602
) |3 | 21166 |.22127 | .22163 | .22170 |.22175 21111
Y rmax ' 5
2 | .12696 |.13920 | .13962 |.13964 |.13970 | .12895
(m) | :
| 1 | .043749 | .049679 | .050143 | .050233 |.050295 | .045251
| Weighted | | .
Error (3) | 1.912 [2.983 ; 3.120 | 3.134 | 3.150 | -

TABLE IV.B.32 Maximum Displacements Computed by Response
Spectra Analysis for 5-Storey Plane Frame
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IV.B.6 RESPONSE OF THE FIVE STOREY BUILDING FRAME TO

 FICTITIOUS STATIC LOADS

The response of the five storey building frame
given in Fig.IV.B.l to the fictitious static loads (Section
I1.G), which depénd on the dynamic characteristics of the
structure and the earthquake>motion, are computed. The
equivalent fictitious 19ads representing the responsesof
the modes of this structure are given in Table IV.B.33}‘
The maximum displacements computed by the step-by-step
~integration method are compared with the peak fesponse of -
the displacements (Table IV.B.34). The errors in the peak
response increase as the number of modes involved in the

modal summation increases.
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Mode 1 2 3 4 5
16.9001 |-7.5263 | 1.0245 |-0.2504 | 0.1046
21.9534 |-1.8104 |{-1.1582 | 0.5899 |-0.3402
{F} !
max 16.4805 | 7.3976 [-0.9994 | -0.4534 | 0.6014 |
(t) 9.8851 | 9.4163 | 1.16826 | -0.1120 {-0.7686
3.4064 | 4.5632 | 1.2847 | 0.5805 ' 0.7349

TABLE IV.B.33 Fictitious Static Loads for 5-Storey

Plane Frame

Modes
Superposed 1 142 14243 | 1+2+3+4 |1+2+3+4+5 DSSI
5 |l.32559 | .34026 | .34082 | .34088 | .34089 | .33674
I s | 28195 | .28430 | .208472| 28481 | .28484 | .28602
Y}l 3 ||.21167 | .22128 | .22164 | .22171 | .22176 | .21111
(|2 ||.1269 | .1392 .13962 | .13964 | .13971 12895
1 |l .04375 | .04968 | .05015 | .05024 | .05030 | .045251
Weighted .
Error (%) [ 1.910 3.057 | 3.123 | 3.136 3.153 -

TABLE IV.B.34 Maximum Displacements Computed by Equivalent

Fictitious Static Loads Approach for 5-Storey

Plane Frame
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V. CONCLUSIONS

The frogtal solution technique, which is used in the
static analysis program, is found to be effectivé in solving
large sets of linear equations arising in structural analysis.
‘The solution accuracy is significantly affectéd by the wofd
size of the computer and the solution algorithm used to solve

- the equilibrium equations.

The selection of the solution time step & fects both
the solution accuracy, and the execution>time; Smaller
values of the time step gives more accurate results;however,
the required solution time also increases. For every small
solution time step values, the number of arithmetic operations
done at a certain entry in the main memorylof the computer
is very large, hence.,closer té the end of the integration
process the response values may be.inaccurate. Therefore,
in low precision computers; selection of very small time

steps shall be avoided.

Linear acceleration method is not an unconditionally
stable method. For some of the cases given in Section

IV.B, the numerical integrations were observed to be diverging
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for relatively large solution time steps. A basis for
selecting appropriate time step values which will always

give converging results can not be stated for this method.

It has been observed that superposing the responses
of a few of the highest modes gives satisfactory results.
For arch type structures, superposing the response of thé
first mode which has’a non—zero‘participation'factor, may
give very inaccurate results. When lerr modes of vibration
are superposed, the errors in the results may increase.

This is due to the computation errors made in the lower

modes of vibration.

Free vibration,characteriétics of arches with
symmetric mass and’stiffness distribution depends on their
slenderness and aspect ratios. The shape of the first
mode-being symmetric or antimetric-is dépending on these
ratios. Participation factors for symmetric mode éhapes
afe equal to zero. Therefore, in modal analysis, super-

A posing only those modes with none-zero participation

factors will further reduce the compﬁtation time.
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APPENDIX A - COMPUTER PROGRAM PFRAMES

DATA INPUT TO PFRAMES

IT.

TITLE CARD - (20A4)

Input List TITLE

Explanation :

TITLE : Character array containing the title

for the problem.

The rest of the cards are free-formatted.
CONTROL CARD

Input List : NNODES, NELTS, NLC, NETYPS

.Explanation:

NNODES : total number of nodal points

.NELTS :‘ total number of plaﬁe frame elements

NLC : nﬁmber ofkstructure loading cases‘

NETYPS : number of different element types Which ;

would yield different element stiffness

matrices. .



III.

Iv.
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STRUCTURE GEOMETRY CARD

Input List
Explanation
NBAY

NSTRY :

NBAY, NSTRY

number of bays

number of storeys

MATERIAL PROPERTY CARDS

Input List

Explanation

E

OPTIONS CARD
Input List :

Explanation

KOPT1

KOPT2 :

modulus of elasticity

KOPT1, KOPT2, KOPT3

execution mode option;
= 0 ; prints both displacements and
end forces

prints end foces only

1]
|
~e

il
N
-~

« prints displacements only

option for printing the details of

the problem solution ;

=0 does not print details

~e

# 0 - prints the element stiffness



VI.

VII.

A
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matrices, fixed end forces in

local coordihates, and details

of the-frbntal solution process

KOPT3: ,A:' option for'comparing the computed
horizontal displacement distribution
to triangular displacement distribution.
= 0 ; do not compare

# 0 ; compare
ELEMENT TYPE CARDS

Input List . HEAD

Explanation :
MTYPE : element type number -
: cross sectional area

XTI : moment of inerﬁia

EM, EM : cosines of the angles between the local
y axis and the Qlobal X and Y axes,
respectively.
(See Figures II.1 and . II.3)

Note : This card must be repeated NETYPS times.

BOUNDARY CONDITIONS CARDS

Input List : NNUM, (NDC(I), I=1,3), ISTOP

Explanation



NNUM

NDC

ISTOP

Note

126

node number at which fixed boundary

conditions are specified

‘Array containing the boundary condition

codes ;

NDC (1) ; X-tfanslation boundary con-
dition code

NDC(2) ; Y-translation bdundary con-
dition code

NDC(3) ; Z-rotation boundary condition
code |
= 0:; free (displacements and

loads allowed)

# 0 ; fixed (no displacements

or loads allowed)
parameter to stop the boundary condition
data input;
= 0 ; a new boundary condition card will
.'follow.

# 0 ; end of boundary ¢ondition cards

This set of cards must be repeated until
ISTOP # 0. Any number of cards can be
given to{describe the fixed boundary'
conditions. The rest of the nodai

boundary conditions are set to be free.




VITII. ELEMENT DATA CARDS
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VIII. A ELEMENT CONNECTIVITY AND TYPE. DATA CARDS

VIII. B

Input List
Explanation
NEL
JNO1

JNO2

MTYP

LDCOD

: NEL, JNO1, JNO2, MTYP, LDCOD

eiement number

node numbér I

node number J (see Fig III.2and
III.3)

element type number

parameter fqr the existanceof
element loads;

= 0 ; no element loads exist

# 0 ; element lpéding cards

will follow this card.

ELEMENT LOADING CARDS

Input List
Explanation

LD-

LDTP

Lp, 1LbTP, Q, X, ¥, ESTOP

structural load case number,
which the element loadvéiven
by this card is acting

element loading\type number ;
=1 ;: uniformiy aistributed

transverse load



ISTOP

Note
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= 2 ; concentrated transverse load

= 3 ; uniformly distributed axial load

=4 ; concéntrated axial load

left margin

right margin

magnitude of the load

parameter to stop the element loadings

for element number NEL;

= 0 ; a new element loading card
acting on element number NEL
will follow this card

# 0 ; end of element loading cards
for this element

Card(s) VIII.B must be skipped if

LDCOD=0.

The eleﬁent loading parameters

must be defined in local coordinates.
Concentrated joint loads can be
defined as concentrated element loads
acting at nodes I or J of the element.
Positive directions of the element

loads are given in Fig. A.l



129

LDTP=2

——
4

LDTP=3 ' LDTP=4

FIGURE A.l Element Load types for PFRAMES.

Note : Cards VIII.A and VIII.B must be repeated

NELTS times

IX. ACTUAL TO TRIANGULAR DISPLACEMENT DiSTRIBUTION COMPARISON CARDS

XI.A
Input List : NND
Explanation: )
NND : number of nodal'point for which the
éomparison;will be performed
IX.B
Input List : NODE(I),Y(I),I=1,NND)
Explanation: ) _
'NODE(TI) : Node number
Y(I) :

Elevation of node number NODE(I) measured
from foundation lével

Note : Node number NODE(I) must be a node located at the

.top-most storey.



PROGRAM PFFRAMES

T4/176 OPT=T,R0UND= A/ 'S/ M/=D,=-DS FTN 5.1+577 85/09/19.

56 OPENCUNIT=2,5TATUS="HEW' JACCESS="DIRECT',FORM="UNFORHATTED®,
57 .1 FILE="TAPE2',RECL=NLC)
58 ¢ -
59 c (TAPE 9 CONTAINS SYSTEA STIFFNESS MATRIX IN ORIGINAL FORM)
T4 c )
61 OPEN(UNIT=9,STATUS="NEW® JACCESS="DIRECT',FORM='UNFORAATTED ",
62 1 FILS="TAPS9',RECL=NBAND)
63 c
84 C (TAPE 1G CONTAINS NODE INFCRHATION)
65 c ;
66 OPENCUNIT=10,STATUS="NEW®' ,ACCESS=*DIRECT ', FORA="UNFORKATTED® ,
67 1 FILE='TAPET1O' JRECL=T+NUN)
68 [
69 - [4 (TAPE 11 CONTAINS ELEMENT TYPE INFORMATION)
70 C .
71 0P£N(UNIT=11ISTATUS='SCRATCH';ACCESS='DIRECT';FORH='UNFORHATTED';
P 1 RECL=3+21)
73 [
74 c (TAPE 12 CONTAINS ELEMENT INFORHATION)
75 c
76 ' OPENCUMIT= 12'STATUS"SCRATCH',ACCESS='DIPECT ;F’Rh“'UNFORhATTLD‘
77 1 RECL=T1+NUE+NUE*NLC)
78 c
79 [ _ CTAPE 13 CONTAINS SYSTE4 STIFFNESS MATRIX IM TRIANGULIZED FORM)
87 c ’
81 OPEN(UNIT=13/STkTUS='SCRATCH';ACCESS='DIRECT';FORM='UNFORMATTED'f
82 1 RECL=NBAND)
32 ¢
84 C (TAPE 14 CONTAIHNS RIGHT HAND SIDE HATRIX)
35 c
86 0PEN(UH1T=14'STATUS='NEH"ACCESS='DIRECT‘;FGFﬂ='UNFORHATTED';
87 1 FILE='TAPE14' ,RECL=NLC)
83 c : .
389 CALL ELTYPECNOES:D) )
9a CALL NOCDAT . ) .
91 CALL SOLVE(*SQ])
92 IF(KOPT1.EGQ., 1) GO TO 10
932 CALL PRTDISP :
94 7 IF(KOPT3I JHELG) CALL CDTRC(NUN,NNODES)
95/ IF(KOPT1.EQ.2) GO TO 52
96 10 CALL LCNDFOR
97 c )
- 98 59 WRITE(6,303)
99 sToP
100 c .
101 C "*it*tt'ttttt'kitt"t**ittﬁt**ttti’ii*ﬁttt*iﬁ'*ttt*tttttit*t***ti
102 c FOPMATS , :
103 [ R R L R L R G R R P R P By U,
104 . ¢ - ‘
105 201 FORMAT(2IA4)
106 3C1 FORMAT(IH1,/1720%,20A4,1)
107 302 FORMAT (20X,*NU“BER OF NODES = ',15,¢/
108 1 20X, "HU“BER OF ELEMENTS = ',15,/
109 2 20X, HUMBER OF LOADING CASES = ',15,/
110 3 2OX, " NUMBER OF ELEMENT TYPES ‘= ',15,/
111 4 20X, MODULUS OF ELASTICITY. = ',612 71/
112 5 2OX,'EXECUTICN "ODE OPTION = 'zIS//

17.33.06
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~=VARIABLE

~NA% E~~~ADDRESS~-BLOCK~~~==PROPERTIE S~

A

13

En

EN
FENL
K0P T1
K02T2
KOP T3
LU3R
MAX BAN
MAXNEH
MAX NES
KES ™
MNLC
NBA ND
NBAY
NoOC
NELTS

PROGRAM PFRAMES

~N o

747176 0OPT=0,0UND= A/ S/ M/~D,=DS

20X,'PRINT OPTION =
COMPARISON OPTs = ',I5,)

20X, TRIANGS

303 FORMAT (1H14//)
304 FORMAT(/20X, "NUMBER OF BAYS

N =

N =2

1

1
END

MAP==(L0=4)

18
68
48
58
2128
Ga
18
5324
68
63
58
78
2043
48
58
‘78
03
13

/"NEMBER/
/HEMEER/
/4EABER/
/ME4EER/
I NEMBER/
/OPTIQN/
/0PTION/

/SYSVAL/
/MAXVALY
IHA XV ALY/
/HAXVALY/
/MEHYBER/
THAAXVALY
/SYSVAL/
1SYSVAL/
/JOINT/
/SYSVAL/ -

==~PRICEDURES==(LC=A)
“NAYEmmmm==TYPLm=mmmam=ARGSmmmm==CLASS=mmm=

CLTR
ELTYPE
ENDFOR

==~STATEMENT LABELS==(LO=A)
=L A3 EL=ADDPRESS====~PROPERTIESm===DEF

10
50
201
361

1676
1718
2238
2258

FORMAT
FORIIAT

2
1
G

20X, *HUKBER OF STORYS
20X, "HALF 8&a
3G5 FORMAT(//10X,"HAXNEA YUST BE

NOWIDTH

120X, (MAXNEM = *,15
/20X," NAXBAN = ',I5,' )*%)
306 FORMAT(//20X,'NBAND 4UST BE
120X, (BAXBAN = ',15," )»*)

307 FORMAT(//20X,'HLC MUST BE +LE. HNLC',

120X, (BRLC

- SUBRCUTINE
SUBROUTIHNE
SUSROUTINE

9%
98
105
106

= ",15,"

REAL
REAL
REAL
REAL
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGEK
INTEGER
INTEGER

TYPEmmmmmmmens 27

215,17

= *,15,/

= ',15,1

= ',15,1)
«GE. NMAXBAN',

’

~lLEd HAXBAN',

¥

—HABE~——ADDORESS~=BLCCK==~=~PRCPERTIES~- TYPE —-——SI2E
NETYPS 28 /SYSVaL/ ) INTEGER
NLC 28 /SYSVAL/ INTEGER
NNE 08  /MAXVAL/ INTEGER
NNODES 08 /SYSVAL/ INTEGER
30 . NOE SH I8 /HMAXVAL/ INTEGER
: 1eSTRY 5318 INTEGER
HUE 25 /HAXVAL/ . INTEGER
NUN 16 /PAXVAL/ INTEGER
NUS 4LE /SYSVAL/ INTEGER
RHS 13563 /SYSTEH/ REAL 250
RHSS 33263 /SYSTEX/ : RESL 250
S GB  /SYSTEH/ REZL 750
6 -7 5 68 /PEHBER/ REAL 126
$S 175C8 /SYSTEN/ REAL 750
TITLE 08 /HZIAD/ REAL en
XI- 28 /MEXBER/ REAL ‘
38 /HE4BER/ REAL

6 XL

[

FTN Sa1+577

85/09/19. 17.33.0G6 PAGE

—HAAE~mmm==TYPE==mmme=c AR GS == =—=we (L A§ S=mmu-m

NODDAT
PRTDISP
SOLVF

“LABEL=ADDRESSm==~~PROPERTIES~===~0LFf

302
303
304

23068 FCRMAT
2758 FORKAT
2728 FCRMAT

107
115
116

SUSROUTINE
SUBROUTIHNE
SUBROUTINE

~L43EL~ADDRESS==~=~PROPERTIES=~=~DEF

305 3653 FORMAT 119
356 317e FOR¥AT 122
307 3278 FORYAT 124

-

A 00 S e, 2 s i et [ = it g s o i

|
|
i.
|
{
i
/
f
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PROGRAM PFRAXES 74/176 OPT=D,ROUND= A/ S/ M/=D,=DS FTN 5,1+577 85/09/19. 17.33.06 PAGE

-

==ENTRY POINTS==(LO=A)
“NAYE==~=ADORESS==ARG S v

PFRAMES 2tB 0

==1/3 UNITS=-(LO=4) .
~NAHE=~= PROPERTIES=mmmmmumcu——-

~KA4E=== PROPERTIESmmmmmmmm——e e “HAME===~ PROPERTIES~=rmm—mrm=m———

TAPE10Q  AuUX TAPEY3  AUX . TAPES FMT/SEQ
TAPETT  AUX TAPE14  AUX TAPE3 AUX
TA2E12  AUX TAPES FMT/SEQ TAPEY AUX

~=STATISTICS==

PRIGRAN=UNIT LENGTH 5338 = 347
SCY LASELLED COHMOM LENGTH 42648 = 2212
SCY4 STORAGE USED 637008 = 26560
COMPILE TIKME 0.322 SECONDS

——

€ET



SUBROUTINE NODDAT 74/176 OPT=9,ROUND= A/ S/ MN/=D,-DS FTN 5.1+577

85/09/19. 17.33.06 PAGE
pC=-LONG/=0T ,ARG==COMNON/~FIXED,CS= USER/=FIXED,DB==TB/=SB/=SL/ .ER/=ID/=PHD/=ST,PL=5000
FTNS »I1=PFR5,8=8,L=LPFRS. .
1 SUBROUTINE HODDAT
2 [ :
3 COMMON /MAXVAL/ NNE,NHUN,NUF,NOESH, MNLC,BAXNEP, FAXBAH MAXNES
4 COMMON /SYSVAL/ HNODES,NELTS,NLC,NETYPS,NUS,NEAND,LUBR,NBAY
5 COMMON /JQINT / NDC(O)
[ c
7 JFLG=D
8 WRITE(6,3C0)
9 c
10 DO 10 I=1,NUN
1 . 19 NDC(TI)=D
12 DO 20 MNUB=1,4NODES
12 21 WRITECIO,RECENNUN) JFLG, (NDCC(I),I=1,4UN)
c
1¢ 40 READ(S5,%) NNUR,CHDCC(I),I=1,HUN),ISTOP
16 DC 30 I=1,NUK
17 IF(NDC(I)aNELL) HUS=NUS-1
138 37 CONTINUEL
19 WRITE(S,301) NHUM,(HDC(I),I=1,NUN)
20 HRITECIC,REC=HAUAI JFLG,(NDCCI) ,I=1,NUN)
21 IF(ISTOP.EU.O) GO TO 40
22 ~ LUBR=NUS-NBAND +1
23 [+
24 WRITE(6,302) NUS,LUBR
25 RETURNA
26 c AA RS A REI L AT EL AL EIELER LRI R ST R 2R REER IR TR IR IR TR TR L E PR PR L BR PRE R TR R
27 ¢ FORMATS )
28 C (2R LA 22 R SRR AE R AL LTSI R R EIESRZRZE SRR RS R SRR R SR LR L R E LR R TR T LI
29 3G FORMAT(/ /20X, CDAL DATA ( FIXED DIRECTIONS ONLY )°,
30 1 o 119%,38C1H=),//5X,"HODE ", 3X,* DEFORMATION CODES ,
31 2 14X 6 (1H=),2X,22C1H=))
32 301 FORMATC(4X,I5,3X,3(16,2X))
33 302 FORMAT(//20X,*HUMBER OF UNKNCWNS FOR THE SYSTEM = ',15, h
34 1 720X, LENGTH JF THE UNIFORNMLY 3ANDED REGION = ',15,/)
35 END .
--VARIABLE YAP==(L0O=4)
-NA1E---ADDRESa--BLOCK—--——PROPERTIES-------TYPE---------SIZE ~NAME===ADORESS==BLOCK=====PROPERTIES~ TYPE
1 2133 INTEGER NELTS 18 /SYSVAL/ INTEGEFR
1sT0P . 2178 . INTEGER NETYPS 38 /SYSVAL/ INTEGER
JFLG 2123 INTEGER NLC 28  /SYSVAL/ INTEGER
LU3R 68 /SYSVAL/ : INTEGER NNE UGB /MAXVAL/ INTEGER
MAXBAN 6B /MAXVAL/ INTEGER NNODES Us /SYSVAL/ INTEGER
BAX NER S8  /HAXVAL/ - - INTEGER HNUH 2158 INTEGER
HAX NES 787 /MAXVAL/Z - INTEGER NCESH 38 /HAXVAL/ INTEGER
MNLC 48 /MAXVAL/ INTEGER HUE 2B JuRXVALY INTELGER
{BAND 58 /SYSVAL/ INTEGEFR NUN 18 /HAXVAL/ INTEGER
HBAY 78 /SYSVAL/ INTEGER ’ NUS 48  /SYSVALY/ INTEGER

NDC 08 /JOINT/ INTEGER 6

SILE

PET

. — —~—— —



SUBROUTINE NODDAT 74/176 OPT=0,R0UND= A/ S/ M/=D,~DS FTN 5,1+577 85/99/19« 17.33.06 PAGE 2

-

~=STATEMENT LABELS==(LO=A) .
~LABEL=ADDRESS===we=PROPERTIES====DEF

~LASEL-ADDRESS=====PROPERTIES~=~=0EF

b ————————

10 INACTIVE  DO=-TERM 11 300 1238 FORMAT 29
20 INACTIVE  DO-TERM 13 301 1418 FORKAT 32
30  INACTIVE DO~TERM 18 302 1448 FORMAT 33 !
40 438 15 ' ‘
==ENTRY POINTS==(LO=A) ,
~NA3E=~=ADDRESS~=ARG §==m |
: i
NOD DAT 4a- | :
‘.
-=I/3 UNITS==(LO=A) . i
~NA%E=== PROPERTIES==~=mc=m—camaa . )
]
TAPEIL  BIN/DIR (
TA®ES  FHT/SEQ !
TAPE6  FHT/SEC i
-=STATISTICS-~ - !
1
PROGRAN=UNIT LENGTH 2213 = 145

SC% LABELLED COMKON LINGTH 26B = 22 '
SCY STORAGE USED 6170C8 = 25336 i
COMPILE TINME 0.364 SECONDS :

SET
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SUBROUTINLC ELTYPE 74/176 OPT=2,R0UND= A/ S/ XN/=D,=DE FTN 5.1+577 85/09/19. 17.33.06
DPC==LONG /=0T ,ARG==COMNON/~FIXED, CS= USER/=FIXED,DB=~TE/~SB/=SL/ SR/=ID/~PHD/~ST,PL=300C
FTN5,1=PFRS5,3=3,L=LPFRS5. ’ )

1. SUBROUTINE ELTYPZ(NOES)

2 c -

3 COMMON /SYSVAL/ NNODES,NELTS,NLC,NETYPS,NUS,NEAND,LUBR,NBAY
4 COHMON /HENBER/ E, A, XI,XL,EN,EN,SK(6,21) JRESM(6) »FELL(6,3)
5 c : ’

6 WRITEC6,3C1)

7 DO 1C AT=1,NETYFS

8 READ(5,%) MTYPE,A,XI/XL,EH,EN

9 WRITE(6,302) MTYPE,A,XI,XL,EM/EN

a IF(ABS(EN) aLTa14JE~11) THEWN

1 ’ CALL STIFFHACT)

2 ELSE IFC(ABS(EM)LT.1.0E~1G) THEN

3 ’ CALL STIFFV(1)

4 ELSE

S CALL STIFF(D)

6 ENDIF '

7 WRITECI1/RECSMTYPE) XL,EMIEN, (ST ,4),d=1,NCES)

3 10 CONTINUE

9 RETURN

Q [ R R R R R R T T T R 2 R 2
1 . c FORMATS

22 [ R R R R R R A R R 2 R 22 R R 2 R A TR L 2
23 301 FORMAT(///12X,'ELERENT TYPE INFORMATICN',

24 1 19X ,26CTH=) »//5%," TYPE ',2X,° AREA 22X,

25 2 ' mOoM, INERT. '.2X,° LENGTH "s2X, )

26 3 B DIRECTION COSIMES CL16X,6CTH=) »3(2X,12C1H=)) »

27 4 2X,23C¢1H=)) )

28 302 FORHATU(SX,14,3(2X,G12.7),2(3X,G13.7))

29 END .

«=VYARIABLE MAP--(LO=A)
=A% E~~=ADDRESS==5L0 CK=====PROPERTIE §m=mm=nm=TYPEwmmamman=s I ZE

A 18 /NEHEER/ - REAL NBAY 78 /SYSVAL/
E 08 /MEMBER/ PEAL NELTS 18 /SYsSvAL/
EN 48 /MENSER/ : REAL NETYPS 38 /SYSVAL/
EN 58 /MHEHBER/ REAL NLC 23 . /SYSVAL/
FEML 2123 /H4EHABER/ REAL 30 NNODES uB  /SYSVAL/
J 2008 INTEGER NOESH 1 DUNNY=ARG
LU3R 68 /SYSVAL/ INTEGEPR NUS 48 /SYSVAL/
KES N . 2048 /HMEMBER/ INTEGER -] Sit 6B /RMEVBER/
MT 1758 INTEGER ) XI 28 /HEHMBER/
hTY PE 1778 . INTEGER XL 38 /MEHBER/
HBAND 58 /SYSVAL/ INTEGER ' .
==PRICEDURES==(LO=A)
=lAY Emmmme=T (P EmemmemecpARGS=~~===(CLASSm=r~==
ABS GENERIC 1 INTRINSIC
STLFF 1 SUSROUTINE
STIFFH 1 SUSROUTINE
STIFFV 1

SUBROUTINF

PAGE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
PEAL

REAL

REAL

\

AN Emm=8DDRESS==BLOCK=====PFOPERTIES==mmcmnTYPE~cam—mna=5]2E

e i e .

9tT



SUBROUTINE ELTYPE 74/176

-=STATEMENT LABELS~=(LO=A)
=L AIEL=ADDRESS~==~=PROPERTIES=~~=DEF

10 IKACTIVE
3101 1028
302 1273

~=ENTRY POINTS~-(LO=

DO=~TERH 18
FORMAT 23
FORMAT 28
A)

~NA% E===ADDRESS~=ARGS~==

ELT YPE 58

~=1/3 UNITS==(LO=1A)

1

—KA4Em== PROPERTIES=~—mn=cmmmm——

TAPETT RIN/DIR
TAIES FUT/SEG
TA2ES FMT/SEQ

STATISTICS~-

PROGRAM~UNIT LENGTH 2548

SC4 LASELLED COMMON LENGTH

SC% STORAGE USED
CO4PILE TINE

0.329

2eCe
617508,
SECONDS

OPT=0,ROUND= A/ S/ N/=D,-DS

132
175
25536

FTN 5414577

«

85/09719.

17.33.C6
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SUBROUTINE SOLVE 747176 OPT=0,ROUND= A/ S/ KM/=D,=DS FTN Sa1+577
DO=~LONG /=0T JARG==COKMON/=-FIXED,CS= USER/=FIXED,DB=-TE/-SB/~SL/ ER/=ID/-PKD/~ST,PL=5300

FTN5 ,I=PFR5,8=3,L=LPFRS. -t

[FErEw)
oo

o Rkl
Vi N2 D0

PR o
0 N

Vi W
CIN - OO

wvi W
w &

c
c
: [
c
C
c
c
c
[

30

20

59

47
c
c

SUBROUTLNE SOLVE (#)

"CCHHON /HAXVAL/ NNE'NUNrNUE,NOESHIVNLC,HAXHEH'"AXBANIHAXNES

COHMMON /SYSVAL/ NHNODES,NELTS,HLC,NETYPS,NUS,NBAND,LUBRSNBAY
CONMON /SYSTEH/ 5(50,15),RHS(50,5),55(50,15) JRH5S(5U,5)
COMMON /HEMBER/ E,A,XI,XL,EM,EN, SH(6,21) ,HESH(E) »FENL(6,5)
COMMON /JOINT / NDC(6)

COHHON /OPTION/ KOPT1,KOPTZ

DIMENSION T(&,6)
LOCNCI ,d)=NUE*I=Ix(I~1)/2~(NUE~J)

WRITE(6,3CT)
DET=1.0

I1POW=D
NCRIT=4AXNEM=NUE
NEW=J

NEQT1=3

NESH=Q

NBEG=1

DO 1N ME=T1,NELTS
COMPUTE CODE MNUMBERS

READ(S5»,2) NEL,JNOT,INO2,KTYP,LDCOD
READCIQ,REC=JNOT) JFLG1,(NDCCI),I=21,HNUN)
READ(10,REC=JNO2) JFLG2,(NDCC(I),I=1+NUN,NUE)
IF(JFLGTLHE, D) GO TO 20
JFLG1=1
D0 30 I=1,HUN
IF(HOCCI)LEQaC) THEN
NEQ=NEQ+1
HDC(I)=HEQ
ELSE
NDC(I)=]
ENDIF
CONTINUE
WRITECIU,REC=4H01) JFLGI1,(NDC(I),I=1,HUN)
IF(JFLGZLNELO) GO TO &40
JFLG2=1
PO 50 I=1+NUN,HUE
IF(NOC(I)L EQ4,0) THEN
MEQ=NEQ+1
~ NDC(I)=NE2
ELSE
NDC(I)=(
ENDLF
CONTINUE
WRITECT1L,REC=4102) JFLG2,(HDCCI),I=T+NUN,NUE)
WRITC(6,302) NEL,INOT,INO2,#TYP,(NDC(I),I=1,NUE),LDCOD

OBTAIN ELEMENT STIFFNESS MATRIX SITHER FROK AAIN MEFORY

85/09/19.

17.33.06

PAGE - 1
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56
57
58
59
60
61
62
63
64
65
66
67
68
69

e}
w

71
72
73
74
75
76
77
78
79
8¢
81
82
33
34
35
36
27
38
89
9
91
92
93

94 /

95

96

97

98

99
130
101
102
103
104
1GS
106
107
138
159
119
111
112

SUBROUTINE SOLVE

OO0

60

91
81

127

74/176 OPT=7,RO0UND= A/ S/ K/=0,=DS FTN

OR READ FROH TAPZ11, COFPUTE THE TRANSPOSE OF THE
TRANSFORMATION MATRIX

DO 60 I=1,MAXNES :
IF(NTYP.EQai*ESACL)) THEN
KS™=1
IF(LOCOD4NELTD) THEN
READ (11, REC=4TYP)IXL,EN,EN
CALL TRANSC(EA,EN,T)
T€1,2)==T(1,2)
T2, 1)==T(2,1)
TC4,5)==T(4,5)
T(5,4)=-T(53,4)
ENOIF
GO Ta 70
ENDIF
COHT INUE
NESM=HNES 1+ 1
IF(NESH, GTHAXKNES) NZSii=1
KSH=NESH
KESH (KSH)=NTYP
READ(11,REC=BTYP) XL,EM,EN,(SH(KSH,I),I=1,NOESY)
IF(LDCOD  MNE. D) THEN

~ . CALL TRANSCEALEN,T)

TC1,2)==7(1,2)
T(2,1)==7T(2,1)
TC4,5)==T(4,53)
T(5,4)==T(5,4)
ENOIF
IF(KOPT2aHELN) WRITE(E,3N05) (SH(KSP,I),1=1,NOESA)

ASSEMBLE THE ELEMENT STIFFNESS MATRIX INTO
THE SYSTZIM STIFFNESS #ATRIX

0 80 I1=1,nNUE
IFCHDC(IYLET.C) GO TO 30
IS=NDC{I)~-NEI1
DO 90 J=1,HUE
IF(NDCCJ)ILE2.D) GO TO S0
IF(NDC () LTLNDC(I)) GO TO 99
JS=NDCCI)=NDC(I) +1
1E=1
JE=J
IFCIJELLTIZ) THEN
1E=)
JE=1
ENDIF
IJE=LOCHC(IE,JE)
" SCIS,S)=SC15,48)+SHC(KSH,IJE)
SS(I5,05)=S5(1S5,3S5)+SK(KSHK,1JE)
CONT THUE
CONTINUE
DC 122 I=1.,Nut
DG 122 J=1,NLC
FEML(IA)=0,0
IF(LDCOD) 100,112,100,

Sa1+577

[N

85/09/19. 17.33.06
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18
119
120
121
122
123
124
125
126
127
1238
129
130
131
132
133
134
135
130
137
138
139
140
141
162
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
164
161
162
163
164
165
166
167
168

40

-t e -2
ounsu

SUBROUTINE SOLVE

[z XaNxl

OO 00

SO0

c

c

100

139

1890

747176 OPT=0,ROUND= A/ S/ K/=D,-DS FTH S5.1+¢577

IF(KOPT2.NE.O) WRITE(6,306) ((T(I/J’:J=1;NUE)/I=1;NUE)

COMPUTE THE FIXED END FORCES IN LOCAL COORDINATES

READ(5,%) LD,LDTP,Q,XsY,ISTOP

WRITE(L,304) LD, LOTP,Q XY
CALL LDTYPS(NEL,LD,LOTP,Q/,X,Y,*500)
IF(ISTOP.EQ.D) GO YO 130

IF(KOPT2.NE.C) THEN
WRITE(6,307)
DO 180 I=1,NUE
WRITEZ(6,30G3) C(FEML(I,J),4=1,NL0)
WRITE(5,309)

" ENDIF

162

157
140

11

10

. aArKSUSSTITUTE

TRANSFOR# THE FIXED ENO FORCES TO GLOBAL COORDINATES
AND SUBTRACT FROI! THE RIGHT HAND SIDF MATRIX

DC 140 J=1,NLC
0 15C 1=1,NUE
IF(NDC(I).5Q.0) GO TO 150
SUN=3,0
DO 16C K=1,NUE
SUM=SUR+T(I,K) *FEMLIK,J)
IS=NDC(I)=NEQT
RHSCIS,JI=RHS(IS,J)=5SU¥
RHSS (IS, J)=RHSS(IS,J)=SUM
CONT INUE
CONTINUE

WRITE(12,REC=NEL) HTYPLHDC, CCFEMLCI,U) »3=1/NLCY, 121, NUT)
IF(KOPTENELD) WRITE(6,21D)

DECIDE WHETHER CONTIHUE TO THE ASSEMBLY OR TO ELIRINATE

IF(NEQ.EQ, NUS) GO TO 1@
IF(NEQ-NEQ1 .LZ. NCRIT) GO TO 10
CALL CLMNTE(HNEL,“E,NEQ,NEQ1,NBEG,DET,IPOU,*5C0)

CONTINUE
HE=NELTS
IF(NEQ1.LTLHUS=1) THEN
CALL ELXNTE(NEL,H4E,NEQ,NEQ1,NBEG,DET,IPOW,*x500)
ENDIF \
DET=DET*S(NEG=NEQ1,1)
1EX=ALOGID(DET)
DET=DET/10,2*+15X
IPOW=IPOW+IEX .
WRITECO,REC=NUS) (SS(NUS=NCQ1,4) »4=1,N3AND)
WRITE(13,REC=HUS) (S(NUS=HEQ1,1),J=1,KBAND)
WRITEC14,REC=HUS) (RHS(NUS=NEQ1,J),J=1,NLC)
WRITE(8,REC=HUS) (RHSS (HUS=NFA1,J),J=1,HKLC)

WRITEC6,311) DET,IPCH

85/09/19.

17.33.06

PAGE
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0PT=2,R0UND= A/ S/ K/-D,-0S

SUBROUTIMNE SOLVE 74/1706 FTN 5.1+577 85/09/19. 17.33.06 PAGE 4
179 ¢ ¢
171 CALL 3ACSUB
172 o ’
173 .RETURN
174 500 RETURN 1 )
175 [ R s R h s E LR L L T R e A R e R R S e AR R AL R
175 [+ FORMATS .
177 (B R R R R R R e R R e R R R s R R 2222 2
178 301 FORMATC(IH1 ./ /10X, SOLUTION',/9X,10(1H=),
179 15%s" ELT. ",2X,"NODE 1 *,2X,°HLODE 2 ',2X,'TYPE',
180 2 2Xs" CODE NUMBERS Y,2X,'LDCODY,
181 3 I15X,6 C1H=),2(2X,7(1H=)) ,2X,4C1H=) ,2X, 36 (1H=)»2X,5(1H~))
132 . 302 FORMAT(SA 1,3, 15,4Xr25,3X024,2K,6(14,2X),2X,135) )
133 34 FOPMATC11X,"LOADING CASE = ‘',13,2X,'TYPE = ',12,2x,"MAGNITUDE = ',
134 1 G 13.7,2X, "L 5AR= ' ,G13.7,2X,'RekARe= *+G13,7)
185 305 FGRMATC(/20X,"ELERENT STIFFNESS MATRIX',/,(8(2X,513.7)))
136 306 FORMAT(/29X,'TRANSPOSE OF TRANSFORMATION MATRIX',
187 1 1,60(502X,G13,.7),/))
1338 307 FORMAT(/23X,*'FIXED END FORCES IN LOCAL COORDINATES®)
189 308 FORMAT(8(2X,G13.7))
19C 3092 FCRMAT(1IX)
191 317 FORAAT(1X,120C1H-))
192 311 FORMAT(/2DX,"DETERAINANT = *,613.7,' PCWER = ',118,/)
193 EHD
==~VARIIABLE MAP-—=(LO0=A)
=NAWE==~ADDRES S==BLOCKmm==ePROPLRTIESwmwmeecTYPlrmee—= ~==S5172 “HANE~==ADDRESS=~BLOCK===~==PROPERTIES===m=w=TYPlLonemenm=a=]]E
A 18 /WE'BER/ REAL HAXBAT 68 /MAXVAL/ INTEGER
DET 15773 REAL HAXNEH 58 /HAXVAL/ INTEGER
E 08 - /HEMBER/ REAL MAXNES 78  /hAXVAL/ INTEGER
EM 43 /MEH4EER/ REAL ME 16C68 INTEGER
EN * 5B /REHBER/ REAL MESH 2048 /MEM¥BEK/ INTEGER [
FEAL 2123 /HEMBER/ RE AL . 30 ‘MHLC : 48 /MAXVAL/ INTEGER
I 15758 : INTEGEPR KTYP 16138 INTEGER
1E 16338 INTEGER NBAND 58 /SYSvVAL/ INTEGER
T1EX 216613 INTEGER NBAY 78 /SYSveL/ INTEGER
142 / 16358 INTEGER NBEG 16058 INTEGER
I1POM 16408 INTEGER NCRIT 16018 INTEGER
IS 16308 INTEGER NDC 08 /JCINT/ INTEGER -]
1sT0P 16478 INTEGER HEL 16108 -INTEGER
J 15768 INTEGER NELTS 18  /SYSVAL/ INTEGER
JE 16343 INTEGER NEQ 16028 INTEGER
JFLG1 16158 INTEGER NEQ1 16038 INTEGER
JFLG2 16168° INTEGER NES4 16048 INTEGER
JNI1 16118 INTEGER NETYPS 38 /SYSVAL/ INTEGER
JNI2 16123 INTEGER NLC 28 /SYSVAL/ INTEGER
JS 16328 INTEGER NHE U8 /MAXVALY INTEGER
K 16558 INTEGER NNODES 0B /SYSVAL/ INTEGER
KO? T1 98 /OPTION/ INTEGER NOE S# 3B /HAXKVEALY INTEGER
KOP T2 18 /JOPTION/ INTEGER NUE 2B /FAXVAL/ INTEGER
K SH 16248 INTEGER NUN 18 /EAXVAL/ INTEGER
LD 16423 INTEGER NUS 48  /SYSVAL/ INTEGER
LDoCOD 16148 INTEGER Q 16448 - RE AL
LOTP 16430 INTEGER RHS 13568 /SYSTFENW/ REAL 250
LU3R 63 /SYSVAL/ INTEGER RHSS 33268 /SYSTEM/ REAL 250

i, o e e e e,

vt



SUBROUTINE SOLVE

747175 OPT=D,ROUND=

A/ S/ ¥/=D,~DS

~NAY E=~=ADDRES S=~8LOCK~==m=mPROPERTIESmmmmmmaTYPLmmmmmmmenSI2E
s 08 /SYSTEM/ REAL ° 750
SH 68 /NEMBER/ REAL - 126
sS 17508 /SYSTEM/ RE AL 752
su% 16548 REAL
T 15313 REAL 36

-~PRICEDYRES~—(LO=A)
“NAY E=mmemnTYPEm—mmmem AR GS === LA §§==mum

SCY STORAGE USED
COMPILE TIME '

“NAMEmmonanTY PE==~e=cm=ARGS

FTN 5.1+577
“NAME~=<ADDRESS~-BLOCK===~=PROPLRTIES

85/09/19.

16458
© 28 /MEMBER/
38 /MEMBER/
16468
CLASS~

SUBROUTINE

‘STAT FUNC

SUBROUTINE

17.33.06 PAGE

-1

TYPE

REAL
REAL
REAL
REAL

_—LABFL—ADDRESS—-—-—PQOPERTIES-—--DEF

304
Ine
36¢
3qaz
3¢
309
31¢
311
Sag

12123
12268
12343
12443
12528
12553
125756
12628
11406

FORMAT
FORYAT
FOR™AT
FORMAT
FORKAT
FORMAT
FIREAT
FORSAT

~NAHE=== PROPERTIES~=mrermen—ne-

ALDG10 REAL 1 INTRINSIC LDTYPS 7
BAL SUB 0 SU3ROUT INE LOCN INTEGER 2
ELYNTE 8 SUBROUTINE TRANS 3
==STATEHENT LABELS~=(LO=A)
“LA3EL~ADDRE§S====—=pPROPERTIES~===DEF ~LABEL~ADDRESS===== PKOPERTIES====DELF
10 7558 DO-TERN 153 111) 7008 144
20 1213 42 125 INACTIVE DO~TERM 110
30 INACTIVE DO~TERN 40 136 5358 117
40 1748 53 140 INACTIVE DO=~TERY 142
50 INACTIVE DO=TERM 51 150 6668 DO=TERN 141
60 INACTIVE DO-TERN S 72 160 INACTIVE DO~TERS 137
70 3168 ~ 85 160 INACTIVE DO~TER“ 1258
3n 4438 DO-TERH 167 3c1 11578 FGREAT 173
90 4368 DO~TERH 1¢6 32 12048 FORFAT 182
160 INACTIVE 113
" ==ENTRY POINTS-=(LO=2)
~HAYE~~=ADDRES S==ARG Sm=m
SOLVE 53 b}
~=1/2 UNITS==(LO=A)
~NAYE~== PROPERTIES~==m=mmm=m—=  =HAME=== PROPERTIES===wm—memrana
TAPE10//BIN/DIR TAPE13 BIN/DIR TAPEG
TAPETT ' EIN/DIR TAPE14  BIN/DIR TAPES
TAPE12 BIN/DIR TAPES FMT/SEQ “ TAPE9
-=STATISTICS=~ .
PRI GRAM=UNIT LENGTH - 16668 = 959
SCM LABELLED COMMON LZHNGTH 42208 = 2192
637008 = 26560
2.091 SECONDS

FMT/SEQ
BIN/DIR
BIN/DIR

183
185
186
188
189
19u
19
192
174

SIZF

4 AN
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SUBROUTINE ELKNTE 744176 OPT=1,ROUND= A/ S/ K/=0,=DS FTN 5.1+577 85/09/19. 17.33.06
DO==LONG /=0T JARG==COHMOMN/~FIXED,CS= USER/~FIXED,DB==T&/=SB/=SL/ ER/=ID/=PXD/~$T,PL=5000
FTN5,1=PFR5,3=3,L=LPFRS, ’ .

SO0

[a X xR el

[a ¥ Xal

oo

(2N a2l

[N Nal

2

39

R *

SUBROUTINE ELSNTE(NEL, AE,NEQ,NEQT1,NBEG,LET,IPOW, *)

COMMON /HAXVAL/ NNE,NUN,NUE,NOESM,¥NLC,MAXNEM, MAXBAN,MAXNES
COMKON /SYSVAL/ NNODES,NELTS,NLC,NETYPS,NUS,NBAND,LUBR,NBAY
COMMON /SYSTEK/ S(5G,15) ,RHE(S5N,5),55(50,15) ,RHSS(50,5)
CONMON /OPTION/ KOPT1,KOPT2

COMPUTE THE NUMBER OF EQUATIONS FULLY SUNMED SO FAR

IGR=2*NBAY +1

NFSZA=ME/IGR*(NSAY+1)*HNUN

NEAS=ME-ME/IGR*IGR

JF(HEASAGT 4HBAY) NFSEA=NFSTQ+(HEAS~NSAY) #NUN

CHECK IF THERE IS ANY EQUATION TO SE ELIFINATED
IF(NFSEQL.LE.NEQT) 50 TO 10
SET THE RANGE OF EUUATICNS TO BE ELIMIHATED (INCLUSIVE)

NEHD=NFSEa~-nEQ1
TF(NENDAGTuMAXNEN=HEAND+1) NENO=MAXNEM=NBAND+1
IF(AELEQLNELTS) NEND=NUS=1~NEQ1

IF(KOPT2.NELD) THEN
WRITE(6,302) NEL,HAE,NEQ,NEQT1JIGRINEAS,NFSEQR,HNBEGHNEND
WRITE(6,303)
D0 20 I=1,MAXNEH
WRITE(6,304) 1,(SC1,d),3=1,1AXBAY)
WRITE(S,3C5) ' :
00 30 I=1,HAXNEY
WRITE(C6,304) I ,(RHSCLI,I) =1, HLE)
ENDIF .

PERFORM THE ELIMINATION FROM NBEG TO NEND ww«
K1=NBEG

K2=MEND ’

IF(K1.GT.LUER-HEQT) GO TO 30
IF(K2aGTLLUBR=-HEQ1) K2=LUBR=HNEQ1

IF(KOPT2MELDY) WRITE(6,309) K1.,K2
bC 50 K=K1,K2

WRITE THE FULLY SUMMED EQUATIONS O TAPEY AND TAPEZ

WRITE(9,REC=K+NEQT) (SSC(K,J),J=1,NBAYD)
JRITECB,REC=K+NEQT) (RHSS(K,J4),J=1,NLC)

COMPUTZ THE DETERMINANT
DET=DET*S(K,1)

IEX=ALOGIJ(DET)
DET=OET/ 100> IEX

PAGE
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56
57
53
59
60
61
62
62
64
65
66
67
68
69
70
71
72
73

75
76
77
78
79
80
81

2
84
85
86
87
83
89
92C
91
92
93
94
95

97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
1z

96 |

SUBROUTINE ELMNTE 74/176 OPT=0,ROUND= A/ S/ M/=~D,=DS  FTN 5.1+577 ' 5/09/19. 17.33.06

-t

PO 60 I=K+1,K+NRAND=1 :
JJ=1~K+1 .
R=S(K,JJI/S5C(K,1)

ELIFINATE THE SYSTEM STIFFNESS MATRIX

O 0

DO 70 J=I,K+NBAND=1
Ja=Jy=1+1
JI1=9=K+1
79 SCI,JI)=SCI,00)=RxS(K,JU1)

ELIMINATE THE RIGHT HAND SIDE KATRIX

a0

DO 60 J=1,NLC
6. . RHSCI,J)=RHS(I,J)=R*RHS(K,J)

WRITE THE FULLY SUNMED AND ELIMINATED EQUATIONS ON TAPES 13 AND 14

[z NNyl

WRITECI3,RECSK+NEQT) (SCK,J),J=1,NBAND)
WRITE(14,REC=K+NEGT1) (RHS(K,Jd),Jd=1,KLC)
53 CONTINUE

IF(K2.EQ.HEND) GO TO 130
K1=K2¢1
KZ2=NEND
IF(KOPT2.NELC) WRITE(C6,3G9) K1,K2
89 D0 90 K=K1.,K2

WRITE THE FULLY SUMMED EQUATIONS ON TAPE 9 AND TAPE 3’

e O

WRITE(9,REC=K+NEQT) (SS(K,J),J=1,NBAND)
WRITE(8,REC=K+NEQ1) (RHSS(K,4),J=1,NLC)

COMPUTE THE DETERMINANT

[z Xz¥2al

DET=0ET*S(K, 1)
IEX=ALOG10(DET)
DET=DET/10.0%*IEX
1POW=IPON+IEX

b0 100 I=K+1,NuUS=NEQ1
Jd=I-K+1
R=S(K,JJII/S(K,1)

ELIMINATE THE SYSTEM STIFFNESS MATRIX

OO

D0 110 J=I,NUS=NEQ1
S dd=iel
JJ1=J=K+1 -
110 S(1,43)=5CI,J3)=R*S(K,J51)

ELININATE THE RIGHT HAMD SIDE

o000

DO 1G0 J=1,KLC
1G3 RHSCI,J)=RHS (1 ,4)~R*RHS(K,J)

-PAGE
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SUBROUTINE ELMNTE 74/176 OPT=T,RCGUND= A/ S/ M/=D,~DS FTH 5214577 . 85/09/19a. 17.33.006 PAGE

-t

WRITE THL FULLY SUXMED AND ELININATED EQUATIONS ON TAPES 12 AND 14

«© O

WRITECH37RECSK+HEQT) (S(Ksd),d=1,NBAND)
WRITE(14,REC=K+HEQT) (RHS(K,J),d=1,MLC)
97 CONTINUE

130 IF(KOPT24ME.D) THEN
WRITE(6,306)
00 120 I=1,4AXNEY
129 WRITE(G6,304) I,(SC1,1),0=1,MAXBAN)
WRITE(6,30G5)
DO 125 I=1,4AXNEH
125 WRITE(G6,304) I,(RHS(I,J),d=1,¥NLC)
. ENDIF

IF(MELEQWNELTS) GC TO 140

[Nz Nsl

SHIFT THE SQUATIONS ABOVE

IDIFR=HEND=NEBEG+1
DO 150 K=MEND+1,NEQ=HEQ1
00 160G J=1,N8BAND
SS(K=IDIFR,JII=SS(K,J)
169 S(K~IDIFR,J)=S(K,J)
<00 150 Js=1,4LC
RHSE(K~IDIFR,JII=RHSS(K,J)
153 . RHS(X=IDIFR,JI=RHS(K,I)

SET THE REST OF THE EQUATIONS EQUAL YO ZERO

o000

DO 170 K=(NEW=-4EQA1)~IDIFR+1,HEQ~NEQT
00 180 J=1,N8AND
SS(K,4)=0.0.
180 S(K,J)=0.0
D0 17C J4=1,HLC
RHSS(K,J4)=2.0
1792 RHS (K, J) =J48

y IF(KOPTZ2NELQ) THEN
/ WRITE(6,307)
DO 190 I=1,KAXNE:A :
191 WRITEC6,304) 1,(SC1,3),4=1,4AXBAN)
WRITE(6,3C5)
i DO 20C I=1,MAXNEM
200 WRITE(S,204) I,(RHSC(I,J) d=1,ENLC)
ENDIF

SET THE PCINTER TO ITS NEW POSITION

(s N el 2]

NEQT=NEND+NEQ]

140 WRITE(6,308)
RETURN

10 WRITE(6,301) HEL,ME,NEI,NEQT
RETURN 1

) C 22222 R L R R R R R P R Y P PR TR T R TR L R PR R TR XL R

SPT



170
171
172
173
174
175
176
177
178
179
180
131
182
183
184
185
186
187
188
189
190
191
192
192
194
195
196

~=VAIIABLE HAP=—(LO=A)
~l A4 E=~= ADORESS=~BLO (Kmmm=mP ROPERTIE§mmmmmmmTYPEmmmm=m—n=SI2F

CET

1
" IDIFR
IEX
IGR
IPIW

J

JJ

JJl

K

K0P T1
K02T2
K1

K2
LU3R
HAXBAN
FAXNEN
MAXNES
KE
KN-C
NBA KD
NBAY

SUBROQUTINE ELMNTE 747176 0PT=N,ROUND= A/ S/ #/=D,=DS " FTN 5.1+¢577 . 85/09/1%.

[}
18268
16678
16428
16228

‘ 7
10308
16448
16478
16368

-t
c FORMATS . * .
[ T R R R T R e s e

301 FORMAT (/2UX,'THERE ARE NO FULLY SUMMED EQUATIONS IN THE HAIN ',

1 "MEMORY .*,/20X,'FURTHER ASSEHBLY CAN NOT PROCEED.'

2 /20X, *(LAST ELEXENT ASSENBLED = ',I16,

3 120X,* ORDER OF THE ASSEMBLAGE = ',I6,

4 /20X," LAST EQUATION NUMBER REFERRED = ',16,

) 120X,* LAST EQUATIGH NUMBER ELIMINATED = ',I6,' )',/)
302 FORMAT(/20X,"LAST ELEMENT ASSEMBLED = ',16,

1 /20X,"ORDER OF ASSEMBLAGE = ',16/

2. /20X, "LAST EQUATICN NUMBER REFERRED = ',16,

3 /20X, *LAST EQUATION NUMBER ELIRINATED = ',16,

4 1/20Xx, *HUHBER OF ELEMENTS AT EVERY 'STORY = ',16,

S F20X, "NEAS. = ',16,

[ /20X, *NUMBER OF FULLY SUMKED EQUATIONS SO FAR = ',16.,

7 120X, "ELIMNINATION BEGINS FROM ROW = ',16,

g 720X, "ELIFINATION ENDS AT ROW = ',16./)

303 FORMAT(/20X,"SYSTEM STIFFNESS MATRIX (BEFORE ELIMINATION)',/)
304 FORMAT(1X,'RON='",13,(3(2X,G13.7)))
305 FORMAT(/20X,"SYSTEN LOAD MATRIX',/)
306 FORMATC(1X,125C1H=) ,/2UX,"SYSTEN STIFFHESS KATRIX (AFTER ',

1 TELIMINATION) ', /)
307 FORMAT(1X,125C1H=),/20X,*SYSTE™ STIFFRESS MATRIX (AFTER ',

1 ‘ SSHIFTING)',/) :
303 FORMAT (/1Xx,120(1H=))
309 FORNMAT(/20X,'K1 = ',14,720X%X,°K2 = *',1441)

END

DUMNY—=ARG ‘ REAL ’ NBEG 5 DUMHMY=4RG
) INTEGER NEAS 16248
INTEGER NEL 1 DUHKPY=~ARG
INTEGER NELTS 18" /SYSVAL/
INTEGER NEND 16258
DUMNY=~ARG INTEGER NEQ 3 DUMHY=ARG
INTEGER NEQ1 4 DUHMY=ARG
INTEGER : NETYPS 3B  /SYSVAL/
INTEGER NFSEQ 16238
INTEGER NLC 28 /SYSVAL/
/0PTION/ INTEGER NHNE ‘ UB  /RAXVILY/
/OPTION/ INTEGER NNODES U8  /SYSVAL/
: : INTEGER HOESH 3B /PAXVAL/
INTEGER NUE 28 /PAXVAL/
/SYSVAL/ INTEGER NUN 18 /MAXVAL/
IMAXVALY INTEGER NUS 43 /SYSVAL/
/HAXVAL/ INTEGER R 16458
ITHAXVAL/ B INTEGER RHS 12568 /SYSTEN/
DUMMY~ARG INTEGER RHSS 33268 /SYSTEN/
1 9AXVALY INTEGER S 08 /SYSTEK/
/SYSVAL/ INTEGER S$S 17508 /SYSTEX/
/SYSVAL/ INTEGER

1723306

PAGE

INTEGER
INTEGER
INTEGEFR
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

-INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
REAL
REAL
REAL
REAL
QEAL

“HAHE---ADDRESS--BLOCK-“-"-PROPEPTIEg------'TYPE--’-~-;—-SIZE

250
250
750
750

9%T



==PRICEDURES~-=(LO=A)

SUBROUTINE CTLRHTE 764/170 OPT=0,R0UND= A/ S/ M/—=D,—0S

=AY EmmmmeeTYP Emmemo e = A R G5 = =m === LA §§ =oommm

ALIGIC

-=STATEHE

COMPILE TIME

REAL 1 INTRINSIC

NT LABELS==(LO=A)

~LABEL~ADDRE §§S=====P ROPERTIES~===DEF
10 13138 167 120 INACTIVE
20 INACTIVE  DO-TER# 29 125 INACTIVE
30 INACTIVE  DO-TERM 32 136 7378
56 INACTIVE  DO-TERE 77 140 13108
60 INACTIVE  DO=TERHM 71 ‘ 150  IMACTIVE
70 INACTIVE  DO-TER® 66 160 INACTIVE
80 4618 . , 83 176 INACTIVE
90 INACTIVE  DO=-TERM 117 180 INACTIVE
100  INACTIVE  DO-TERi 111 19GC INACTIVE
110 INACTIVE  DO-TERH 146 200 INACTIVE
. ==ENTRY POINTS~~(LO=2)
=RA4E=~==ADORES S==ARG S=m=
ELNNT S 63 7.
~=1/3 UNITS—==(LO=1)
«“NAHEmm== PROPERTIESmmmmemm—————-
TAE13 BIN/DIR
TAPE14  BIN/DIR
TAPEG FMT/SEQ .
TAPES  BIN/DIE :
TA®S9  BIN/DIR
==STATISTICS=-
PRIGRAM=UNIT LENGTH 17048 = 964
SC% LABELLED CONMON LENGTH 27428 = 2018
SCY STORAGE USED 637008 = 26567

2.123 SECCHDS

DO~TERM
DO=~TERHM

0C=TERN
DO-TERY
DU~TERK
PO=TERN
PO-~TERM
PO~-TERY

FTN S5e1+577

.

~LABEL-ADDRESS=~==~PROPERTIES~~==DEF

122
125
119
164
139
136
149
146
154
157

85/09/19.

17.33.06

PAGE

-LABEL-ADDRESS----—PROPERTIES-—--bEF

30

32

303
304

305 .

306
307
30
3n9

13278
13658
14508
14578
14638
140678
15608
15108
15133

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORPAT
FORKEAT

FORPAT

FORMAT

17¢
178
187
188
189
19¢
19¢
194
195

T T T T e e —

LyT



==VARIABLE MAP==(LO=A)

DO~V S LE NS

-

P G b
DO OONOV U N

SUBROUTINE STIFFH 74/176 OPT=0,ROUND= A/ S/ M/=D,=DS

DO==LONG/=9T JARG==COMMON/~FIXED,(S= USER/~FIXED,DB==TE/=SB/~SL/ ER/<ID/-PMD/-~ST,PL=5000D
FTNS,I=PFR5,3=8,L=LPFRS,

SUBROUTINE STIFFH(KSM)

COMMON /MEMBFR/ E,A,XI XL, CH/EH, SH(6,21) ,BESH(E) JFENL(6,35)

BExXL=1.0/XL
S=AxE*BXL
Al=4OxE*XTx2XL
BI=0a.5%AT

CI=CAI+EI) *#3XL
0=2.0xCI*#BXL
SH(KSH,1)=S
SH(KS%,2)=3,0
SH(KSK,3)=0.0
SF(KSH,4)==S
SH(KSM,5)=0.C
SH(KEN,6)=3,1
SIH(KSM,7)=D
SH(KSE,8)=CI*EN
SH(KS¥,9)=3.0
SH(KSHK,10)==D
SM(KSi{,11)=5S1#(KS%,3)
SH(KSH,12) =4l
SHIKSH,13)=0.0
SH(KSK,14) =-S5 (KSH,8)
SH(KSK,15)=8]T
SH(KSH4,16) =8
SH(KS4,17)=0.0
SHU(KSK,138)=0.0
SH(KSH,19)=D
SH(KSM,2T)=SH(KSN,14)
SH(KSH,21)=A1

RETURN

END

-NAWE-—‘ADDBESS--BLOCK—*---PROPERTIES-------TYPE---------SIZE

A
L3S
El
B XL
€I
D
E
EM

18
1158
1168
1133
1173
1208
Gs
48

/REABER/ REAL

REAL
REAL
REAL
REAL
REAL

/AENBER/ REAL
INEMSER/ . REAL

~HAME~==ADDRESS==BLOCK=====PROPERTIES™==

EN
FEML
K SH
KESH
N

SH
X1
XL

FTH 541+577

S8
2128
1
2048
1148
68
28
3B

85/09719.

INELEER/
/HEMEERY
DUHMY=~ARG
/I BEMBER/

/MEFBER/
/HEMBER/
/MEMBER/

17.33.06

PAGE

TYPE

REAL
REAL
INTEGER
INTEGER
REAL
REAL
RELL
REAL

=~5I2E

30

126

————

871



SUSROUTINE STIFFH 74/176 QJPT=T,R0UND= A/ 5) H/=0,~DS FTN 541+577 . 85/09/19. 17.33.06 PAGE

-t

==ENTRY POINTS~=(LO=A)
~NAME~==ADDRESS==ARGS=~="

STLFFH .58 1

==STATISTICS-~

FRIGRAMN=UNIT LENGTH 1238 = a2
SCY LABELLED COMMON LINGTH 2508 = 1638
SCY4 STORAGE USED 6170CB = 25536

COYPILE TIRE Na293 SECONDS

6¥1




SUBROUTINE STIFFV 764/176 OPT=0,ROUND= A/ S/ M/=0,-DS FTH 541+577

DO=-~LONG /=0T ,ARG=~COAMON/~FIXED,CS= USER/-FIXED,DB
FTNS,I=PFR5,B8=3,L=LPFRS5.

VO~NOCUVERN=2D0ONOUVSGHND

P G T

NNNAR VNN DN
VWNOUMSWN-=D

W W
-

[V RV
(VN )

SUBROUTINE STIFFV(KSM)

¢
COMMON /HEMBER/ E,A,XI/XL,EM,EN,SH(6,21) JMESH(6) »FERL(6,5)
C .
» BXL=140/ XL
S=A%ExBXL . i
AI=4 D *E*XIxBXL
BI=0.5%Al

CI=(AI+BI)»BXL
D=2.0*CI*BXL
SM(KSK,1)=D
SH(KSK,2)=0.0
SM(KS4,3)=~CI*EN
SH(KSK,4)==D
SH(KS4,5)=2.0
SM(KSH,6)=SM(KSE,3)
SMIKEM,7)=§
SM(KSM,8)=0.0

© SM(KSM,9)=0.0
SH(KSK,10) ==5§
SM(KSE,11)=0.0
SH(KSM,12) =A1
SHIKSH,13) ==SI(KSH,3)
SM{KSH,14)=0.0
SK(KS4,15)=81
SH(KS41,16) =D
SH(KSK,17)=0.0"
SM(KS%,18) =SM(KSN,13)
SH(KSH,19) =5
SH(KSK,203) =040
SH(KSH,21)=A1
RETURN
END

«=VARIABLE HAP~=(LO=A)

~NAYE==~ADDRES S~=8LG CK===~~PROPERTIE SmmmmmmnaTYPEmmmomnan=gI7E

/
A i
Al
BI
BXL
CcI
D
3
EM

18
1158
1168
1138

1178

1208

08

48

/MEHSER/ REAL : EN 58
REAL - FERL 2128
REAL . KSM 1
REAL ~ HESH 2048
REAL s - 1148
REAL ~ sn 68

/ MENBER/ REAL X1 28

/MEMBER/ REAL XL . 38

, 85/09/19. 17.33.06
==T6/=5B/~-5L/ ER/=10/=PKD/=ST,PL=5000

~NAME===ADDRESS=~BLOCK=~====PROPERTIES

/MEMBER/
/MEYBER/
DUMKY=~ARG
/MEMBER/

/MEMBER/
/KEMBER/
/MEMBER/

PAGE 1

TYPE ==SIZE

REAL

REAL k1))
INTEGER

INTEGER 6
REAL

REAL 126
REAL

REAL

0ST



SUBROUTINE STIFFV

~=ENTRY POINTS==(LO=A)
“NA4E~==ADDRES S=—ARGS5~-==

STIFFV . 58 1

==STATISTICS=-

PRIGRAM=UNIT LENGTH

SCY LABELLED COMMON LENGTH
SCY STORAGE USED

CO%PILE TIME

724/176 OPT=0,R0UND= A/ S/ M/=D,=DS

1238

= 83
2508 = 168
617603 = 25536

N.296 SECONDS

FTN 541+577

Ly

85/09/19.

17433206

PAGE

2
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SUBROUTINE STIFF 74/176 OPT=0,R0UND= A; S/ M/=D,~DS
DO==L.ONG /=0T ARG=~COMMON/=FIXED,C5= USER/~FIXEDsDB=

FTIN5,I1=PFR5,8=B,L=LPFR5,

COUNOMBEWRN=20 00N &N

P Y e ]

SUBROUTINE" STIFF (KSH)

c .
"COMMON /HEMBER/ EsA,XI,XL,EH,EN, SH(6,21) JHESHCS) FEML(6,5)
¢ .
BXL=1.0/XL
S=AXExBXL
AI=4,0*ExXI*BXL
BI=0a5*AI

CI=(AI+BI) »BXL
D=2.,0*CI*aXL
SHIKSM,1)=D ENYEN+SAEM*ENM
SM(KSH,2)=(S=D)*EH*EN
SH(KSM,3)==CI*EN
SH{KSM,4)==SH(KSH,1)
SM(KSK,5)==SH(KS™,2)
SH(KSM,6)=SH(KSM,3)
SH(KSM ,7)=DxER*EA+SEN®CN
SHM(KSM,8)=CI~EN
SH(KSM,9)=SH(KSM,5)
SM(KSM,10) ==SH(KSA,7)
SHCKSM,11) =S11(KSi1,8)
SM(KSM,12)=A1I
SM(KSH,13)=-5SH(KSN,3)
SMIKSM,14)=~SH (KSHK,8)
SM(KSM,15) =81
SM(KSM,16)=SK(KS",1)
SHIKSH,17)=5SM(KSH4,2)
SM(KSH,13) =SHM(KSH,13)
SHIKSH,19) =SH(KSN,7)
SM(KSM,20)=5H(KSH,14)
SHIKSM,21)=AL

RETURN

END

~=VARIABLE HAP==(LO0=A) .
“HAME~=-ADDRES S=~BLOCK=====PROPERTIES==m==m=muTYPEoummmmae=s[2F

A
Al
BI
axu
CcI
]

3
EH

18
1238
124D
1218

-1258

1268
08
48

/MEM3ER/ REAL
REAL
REAL
REAL
REAL
: REAL
/MEMBER/ REAL
/MEHBER/ REAL

FTN 541¢577

=NAME===ADDRESS==~BLOCK===~~pPROPERTIES

EN
FEML
KSHK
MESM
S

SH
XI
XL

58
2128
1
2048
1228
68
28
3B

85/09/1%9.

~T7B/~58/~5L/ ER/-ID/~-PMD/~5T,PL=5080

/MEMBER/
/MEMBER/
DUMMY=ARG
{FENBER/

/HEABER/
/HENBER/
/ MEMBER/

1743306

PAGE

TYPE

REAL
REAL
INTEGER
INTEGER
REAL
REAL
RESL
PEAL

SIlE

L e KN

(AR



SUBROUTINE STIFF 74/176 QOPT=9,ROUND= A[“Sl N/=D,=DS

==ENTRY POINTS=-=(LO=A)
~NAYME===ADDRES S~—ARGS==~

STLFF 58 1

~~STATISTICS~~
PRD GRAM=UNIT LENGTH 1318 = 89
SCY LAGELLED COMMON LENGTH 2508 = 153
SC% STORAGE USED 617008 = 25536
COMPILE TIKE 0.347 SECONDS

FTN S5.1¢577 85/09/19. 17.33.06 PAGE 2
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SUBROUTINE TRANS

FTNS,1=PFR5,8=8,

COWVBLHNAD VRNV L

P N Y

==VARIABLE MAP=—~(LO=A)

~HAM E===ADDRES S=~BLOCK=====PROPERTIES=m=snm=TYPE~—mmmmun=§IIE

EH 1
EN 2
T 3

DUMMY =A
DUR Y —A
DUMMY=~A

==ENTRY POINTS==(LO=A)
~NA4E~==ADDRESS~=ARGSm===

TRANS 58 3

~=STATISTICS==

PRI GRAM=UNIT LENGTH
SCH STORAGE USED -
CO4PILE TIKE

74/176 OPT=0,ROUND= A/ S/ M/=D,=0S
00==LONG /=0T /ARG==COMMON/=FIXED,CS= USER/=FIXED,DB=~TB/~SB/~SL/ ER/=1D/=PHD/=ST,PL=50GC

L=LPFRS5.

SUBROUTINE-TRANS(EMN,EN,T)
DIHENSION T(6,06)

TW,1)=EN

- TU,2)=EN

T(2,1)=~EN
T(2,2)=E1
T(3,3)=1.C
TChr4)=EH
T(4,5) =EN
T(5,4)==CN
T(5,5)=€H4

i T(6,8)=1.0

RETURN
END

RG REAL
RG REAL
RG REAL

458 = 37
617C38 =~ 25536
0.116 SECOWDS

36

FTN 5.1+577

85/09/19.

17334006

PAGE
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PN P T G A G G N A e
DO RNV UNS DO RN W=

NN
VNN -

NN
o~

W
390

[V RE RV
W=

VRV RV
o\ VT

SUSROQUTINE LDTYPS 74/176 OPT=1,ROUND= A/ S/ MI=D,=DS FTN 5.1+577

85/09/19. 17433406

DG=-LONG/-0T ,ARG=~COMNON/=FIXED,CS= USER/~FIXED,DB=~TB/=5B/-SL/ ER/~ID/=PMD/=ST,PL=5000
FTNS,1=PFRS,3=3,L=LPFR5. L

OO0

(s Nz N2l

S ULUW
VNN -A00 00~

VIS B o
OV~

Vi,
(2 S

SN
e

(g Xs Nyl

SUBROUTINE LOTYPSCHEL,LD,LOTP,Q,X,Y,*)

"COMHON /MEMBER/ E€,ArXI/XL,EM/EN/SH(6,21),NESH(6) ,F(6,5)

17

29

GO TO0 (10,20,33,40),L0TP
WRITE(G,301)LDTP,NEL,LD
RETURHN 1

UNIFORMLY DISTRIBUTED LCAD

X= LEFT MARGIN
Y= RIGHT MARGIN

T=XL=(X+Y)
IF(ZLLELD.D) THEN
WRITEC6,303) NEL,LD,LOTP,XL,XrY,rZ.
RETURN 1 :
ENDIF
F{1,L0)=30.0
FC4,LD)=0,.0
FOQ3 /D)= (12,0 XL *XL) #CAXL=X) #x 3% (XL+3,Ca X) =Y 22 3x (4, 0xXL=3,0%Y))
FCUO LD)==0/C120*XLaXLI* COXL=Y I nwSw (XL +3,UxY)mXo*3% (4, 0xXL=3,0%X))
FCS,LDI=(Q*2*(X+JaS*Z)=FC(3,LD)~F(6,LD))/XL
F,L0)=Q*2=F(5,LD)
60 TO 50

VERTICAL POINT LOAD

IF(X+Y  NELXL) THEHN
WRITEC6,302) NHEL,LD,LDTP,XL X, Y
RETURY 1 '
ENDIF -
FA1,L0)=0,0 L.

FC4,LD)=0.0

F(3,LD)=QkX*xY*Y/ (XL*XL)
FCS,LD)==QwXnX*Y/(XL¥XL)
F(S,LD)=(G*X=F(3,LD)=F(6,LD))/XL
F(2,LD)=Q=F(5,LD)

GO TO 50

UNIFORMLY DISTRIBUTED AXIAL LOAD

Z=XL=X=Y

IF(Z4LELO,0) THEN
WRITE(G6,303) NELLLO,LDTP,XL,XsY,2

- RETURN 1

ENOIF

F(2,L0)=D.0

FCZ,LD)=0,0

F(5,LD)=0.0

F(6,LD) =00

FCI LD )==QnZ /XL (C S*7aY)

F(4ILD)=F(ﬂILD)’I'Z

GO TO0 50

PAGE
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56
57
58
59
60
61
62
63
64
65
66
67
63
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
© 85
86
87
83
89
90
91
92
93
94
95
96
97

SUSROUTINE LDTYPS 74/176

OPT=0,ROUND= A/ S/ M/=D,=DS

c CONCENTRATED AXIAL FORCE

40 TF(X+Y.NELXL) THEN
. WRITE(S,302) NEL,LD,LDTP,XL,X,Y

RETURN 1
ENDIF
F(2,LD)=0.0
F(3,LD0)=0,0
F{(5,LD)=0,0
FC6,LD)=0.0

FC4rLD)=0.0

F(1,LD)==0
. GO TO 50
ENDIF

IF(X/XLaLE«XL/100,0) THEN

FL4sLDI==2/(140+Y/X)
FCl,LD)==CA+F(4,LD))

50 RETURN
FORKATS

SO0

~~VARIABLE HAP==(LO=A)

=NA4 E===ADDRES S==8LOCK~==~~PROPERTIES~

A

E

EN
EN

F

LD
Lore
MESH

18
08
48
58
2128
2
3
2048

')

FTN 5.1+577

.

*216,/)

85/09/19%9« 17.33.06

Tk Wk *t*‘k*t'k**i*ﬁ'*'ﬁi'k**fiﬁf*'**'k*****itt*i'*t't'*tiif'ﬂ**t**i*i**i*tt‘

LR L L R R L T
DOES NOT EXIST ',
7 IN LOADING CASE

R THE LOADED REGIONR IS NOT VALID.'.,

Y1)

~NAME===ADDRESS==BLOCK=~==~==PROPERTIES

1.
4
68
5
28
3B
6

PAGE

301 FORMAT(/20X,"LOADING TYPE = *,16,°
1 720X, CIN ELEHENT ',I6,°
302 FORMAT(/20X,'LEFT AND RIGHT MARGINS DO NOT ADD UP TO LENGTH, *
1 /20X, ' CELEMENT NOw = ',16,
2 /20X,°* LOADING CASE = *,16,
3 720X," LOADING TYPE = *,I6,
4 720%X," LENGTH = Y,G613.7,
5 /120X,* LEFT MARGIN = *,613.7,
6 120X, RIGHT MARGIN = ',G13.7,'
3G3 FORMAT(/20X,*NEGATIVE VALUE FO
1 /20X, *CELEMENT NOw = *',16/
2 120%,* LOADING CASE = *,16,
3 720X,* LOADING TYPE = *,16,
4 120X,' LENGTH = ',613.7,
5 /2CX,* LEFT MARGIN = ',G613.7,
6 /20X,* RIGHT MARGIN = *,G13.7,
7 120X, LOADED LZENGTH = *,G613.7»
END
TYPE ~==SIZE
/MEHBER/ REAL
/MEMBER/ REAL
/MEHBER/ REAL
/MENBER/ RE AL
/MEMBER/ REAL 30
DUMMY—=ARG INTEGER
DUMMY~ARG INTEGER
/ME4BER/ INTEGER 6

4348

TYPE

DUKMY=ARG " INTEGER
DUMMY=ARG REAL
/HEMBER/ REAL
" DUMHY-ARG REAL
/HMEMBER/ REAL
/REMBER/ REAL
DUNNMY=~ARG REAL
REAL

SIZE

126

1

96T



SUBROQUTINE LODTYPS 741176

==STATEHENT LABELS==(LO=A)
~LABEL~ADORESS~~==~PROPERTIES~===DEF

10 258 ) 14
20 1148 ) 29
30 1568 43
40 2158 58

==ENTRY POINTS==(LO=A)
~NAM E=—==ADDRES S=—ARG S==~

LOTYPS 68 - 6

~=1/3 UNITS==(LO=A)
~NAME=== PROPERTIES=mmm=mr—cana=

" TAPES FMT /S EQ

OPT=0,ROUND= A/ S/ M/=D,=-DS FTN 5414577 ‘ 85/09/194 17433406 PKGE 3

-

-

*LABEL=~ADDRESS=====PROPERTIES~===DEF

50 2648 76
301 2768 FORMAT 80
362 3128 FORMAT 82
3063 3448 FORMAT 89

==STATISTICS-~
PROGRAM=UNIT LENGTH ~ 4378 = 287
SCM LABELLED COMMON LENGTH 2568 = 168
SCM STORAGE USED 617008 = 25536
COMPILE TIRE 0,829 SECONDS

T e e e L e S
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SUBROUTINE BACSUB 764/176 OPT=0,ROUND= A/ S/ M/=D,=DS

FTH 5

DO==LONG/~0T »ARG=~COMNMON/~FIXED,CS= USER/=FIXED,DB==TB/=SB/=SL/ ER/
FTNS,I=PFRS,8=3,L=LPFRS,

P G G N

g NN NN NN
ggﬁombumaoomﬂombuNaocmﬂoméwwa

30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

(2N Ny)

10

35

10
100

SUBROUTINE “BACSUSB

CONMMON

«1+577 85/09/19. 17.33.06
«ID/=PAD/=ST,PL=500C

IHAXVAL/ NNE,HUN,NUE,NOESM,MNLC,MAXNEM, MAXBAN,SAXNES

CONKON /SYSVAL/ NNODES,NELTS,NLC,NETYPS,NUS,NBAND,LUBR,NBAY
COMMON /SYSTEM/ S(50,15) »RHS(50,5),S5(50,15) »RHSS(50,5)

CaMHON

NEQT1=NUS~KAXNEH
NEND=NBAND
KREAD1 =1 .
KREAD2=MAXNEH

/O0PTION/ KOPT1,KOPT2

IF(NEG1.LTa0) KREAD1==NEQ1+1

IF(KOPT2.NE,0) WRITE(6,301) NEQ1,NEND,KREAD1 ,KREAD2

00 30 I=KREAD1,KREAD2

READ (13,REC=NEQT+1) (SCI,J),J=1,NBAND)
READ (14, REC=NEQI+I) (RHS(I,J),J=1,HLC)

IF(KOPT2.ME.0) THEN
WRITE(6,302)
DO 35 I=1,HAXNEM

T WRITEC6,303) 1,(SCI,4),0=1,MAXEAN)
WRITEC6,303) I1,(RHSCI,JI),I=1,HNLC)

ENDIF

K1=NBAND

K2=MAXNEH

IF(NEQ1,LT.1) THEN
K1==NEQ1 +NBAMND
NEND==NEQ1+2

ENDIF

IF(KOPT2.NEL D) WRITE(6,304) K2,K1

BACKSUBSTITUTION

DO 100 K=K2,K1,=1
b0 110 J=1,NLC

RHS (K, J)=RHS (K,J)/S(K,1)
D0 110 I=K-NBAND+1,K-1

JI=K=I+1

RHS(I,J)=RHS(L,3)=RHSC(K,JI*S(I,0J)

WRITE(14,REC=NEQAT+K) (RHS(K,J),J=1,KLC)

IF(NEQT.LT1) THEN
K2=K1=1
K1=NEND

ELSE
G0 TO 180

ENDIF

IF(KOPTZ.NE.0) WRITE(5,304) K2,K1

PAGE

1

B L

R e e

8GT



SUBROUTINE BACSUB 74/176 OPT=0,ROUND= A/ g/ M/=0,=DS FTN 541+577 85/09/19a 17433406 PAGE

-t

56 C )

57 ‘DO 130 K=X2,K1,=1

538 D0 14C J=1,NLC

59 . . RHS(K,J)=RHS(K,J)IS5(K,1)
60 DO 140 I==NEQ1+1,K-1

61 JJ=K=1+1 :

2 143 RHS(I,4)=RHS(I,J)=RHS(K,J)*S(I,J)) .
63 133 WRITE(T4,REC=NEQT1+K) (RHS(K,J) »J=1,NLC)
64 ) [

65 DO 145 J=1,NLC

66 145 RHSCHEND=1,J)=RHS(NEND~1,J)/S(NEND=1,1)
67 WRITEC14,REC=1) (RHS(NEND=1,J),0=1,NLC)
68 C

69 . IF(KOPT2.NE.D) THEN

7C MRITE(6,3C5)

71 .00 19C I=1,MAXNEM

72 WRITE(6,303) 1,(S501,d),J0=1,MAXEAN)
73 ‘ . 199 WRITE(6,303) I,(RHS(I,J),3=1,MNLC)
74 ENDIF

75 [+

76 GO TO 200

77 [

78 [ SHIFT THE EQUATIONS OOUN
79 C
80 1280 IDIF=MAXNEH4=(NSAND~1)

81 DO 150 I=NBAND=1,1,-1
32 DO 16U J=1,N8AND
83 : 1¢0 SCIDIF+1,d4)=S(1,4)

84 DO 150 J=1,nNLC
85 152 RHSCIDIF+I,J)=RHS(I,J)

‘86 c .

87 [ SET THE POINTERS
.83 c .

89 N NEQT=NEGT=MAXNEM+(NBAND~1)

90 KREADZ =HAXNEX= (NBAND=1)

91 C : ’

92 IF(KOPT2.NE. (1) THEHN
93 WRITE(6,305)

94 . D0 21C I=1,44xXNEN :

95 / WRITE(6,303) 1,(S(1,4),5=1,MAXBAN)

96 / 210 WRITE(6,203) 1,(RHS(1,J),J=1,MNLC)

97 ENDIF
98 c
99 A . GO TO 1C
100 - ¢ :

101 200 RETURN

102 W R AR R T eI XL R R R R r R R Ty R R R T 22222 22 n
103 c FORMATS , . .
104 C At A A A AR AN R A N A AN AT A A R AR N R AR RN RN AR AN AR AR AR AR AT AR AN TR AR
105 301 FORAAT (/20X, *NESGT = ',16,

106 1 120X, "NEND = ',16, -

107 2 /26X, "KREADT = ',16

1038 2 120X, 'KREAD2 = ', 16,/

109 302 FORMATC(/20X,"'STIFFNESS- AND LOAD MATRIX (BEFORE BACSUB)',/)

110 303 FOPHAT(1X,*RON=",13,(8(2X,G13.7)))

111 304 FORMAT(/20X,*'BACSUB STARTS FROM ROW 's16

112 1 120X, '3ACSUB ENDS AT ROW = Y,1641)

66T




SUBROUTINE BACSUB

==VAR IABLE

~NA4E=~=ADDRES S==8LD CKmwm=mPROPERT IES==m=semnTY PEmmmmmmmm=g 2

I
IDIF

LU3R
KAXBAN
MAX NEH
MAXNES
MN_C
NBAND

305 FORMAT(/20X,*'STIFFNESS AND LOAD MATRIX (AFTER BACSUB

1
END

HAP--(LO A)

11053

11368

11078

11238

11178
08 /OPTION/
18 /-OPTION/

11033

11063

11153

11168
68 /SYSVAL/
68 /MAXVAL/
58 /MAXVAL/
78  /MAXVAL/
48 /MAXVAL/
58 /SYSVAL/

==STATEMENT LABELS==(LO=A)
-LA3EL-ADDRESS===-—~PROPERTIES-~~~DEF

10
39
35
100
110
130
140

~=ENTRY P
~NAME===
BACSUB
-=1/3 unI
~NAY Emenm
TAPET3

TAPETS
TAPES

168
IKACTIVE DO~-TERK
INACTIVE DO~TERM
INACTIVE DO-~TERM
INACTIVE DO-TERM
INACTIVE DO-TERH
INACTIVE DO=TERM

OINTS==(LO=A)
ADD&ESS--ARGS-—-

48 0

TS==(LO=A) _
PROPE RTIE Smmmmmm—mn—nm—

BIN/D IR
BIN/DIR
FHT/SEQ

74/176

OPT=0i,ROUND= A/ S/ M/=D,~DS

2 *AND SHIFTING)"I)

12
18
24
44
43
63
62

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

~NAME===ADDRESS~=B8LOCK=~~~~PROPERTIES~

NBAY
NELTS
NEND
NEGQ1
NETYPS
NLC
NNE
NNODES
NOE SH
NUE
NUN -
NUS
RHS
RHSS

S

SS

[

FTN 5414577

78

18
11028
11018
3B
‘28
oe

08

 =LABEL~ADDRESS=====PROPERTIES—=~=DEF

145
150
160
180
190
200

INACTIVE
INACTIVE
INACTIVE
6033
INACTIVE
7518

DO=TERM
DO~TERH
00-TERN

DO-TERM

66
85
83
80
73
101

85/709/19. 17.33.06 PAGE

/SYSVAL/
/SYSVAL/

/SYSVAL/
/SYSVAL/
/MAXVALY
/SYSVAL/
/MAXVAL/
IMAXVALY
THEAXVAL/
/SYSVAL/
/SYSTENM/
/SYSTEM/
/SYSTER/
/SYSTEN/

~LABEL=ADDPESS=»=~=PROPERTIES==~==DEF

210
301
3ee
303
304
305

INACTIVE
76M8
7728

100618
10058
10168

TYPE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
"INTEGER
REAL
REAL
REAL
REAL

‘DO=TERM

FORMAT
FORMAT
FORMAT
FORMAT
FORNAT

96
105
109

110G

mm
113

13

‘250

250
750
750




SU3RCUTINE BACSUSB

=~=STATISTICS==—

PRIGRAA=UNIT LENGTH

SCY LABELLED COMMON LENGTH
SCY STORAGE USED

COMPILE TIME

747176 OPT=J,ROUND= A/

-

11isa = 613
37426 = 2018
637008 = 26562

14422 SECONDS

S/ M/=D,=DS FTN 5.1+577

-

85/09/19. 17.33.06 PAGE 4
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SUBROUTINE PRTDISP 74/176 QPT=N,ROUND= A/ S/ MN/=0,-DS FTN 5.1+577 85/09/19. 17.33.06 PAGE 1
DO=-LONG/~0T,ARG=~COMMON/~FIXED,CS= USER/=-FIXED,DB=~TH/~SB/~SL/ ER/ ID/=-PMD/=5T,PL=5000
FTN5,I=PFR5,8=8,L=LPFfRS.

SUBROUTINE PRTDHISP

COMMON /UAXVAL/ HNE,NUN,NUE,NOESH, MNLC,NAXNEM, YAXBAN,HAXNES
COMMON /SYSVAL/ NNODES,NELTS,NLC,NETYPS,NUS,NBAND,LUBR,NBAY
COMMON /SYSTEM/ DISP(3,5),DUMKHY(1985)

COHMON /JOINT / NDC(6)

WRITE(6,301)
BO 18 NNUM=1,NNODES
READ (10, REC=HNUM) JFLG,(NDC(K) ,K=1,NUN)
DO 20 K=1,HUN
IF(NDC(K)AEQLO) THEN
b0 30 J=1,uLC
30. ‘ DISP(K,J)=1,7
GO TO 20
ELSE
READ (T4, REC=HDC(K)) (DISP(K,J)»d=1,NLC)
ENDIF
20 CONTINUE
WRITE(6,302) NNUH, (DISP(K,T) ,K=T1,NUL), (NDC(J),J=1,HUN)
IF(NLC.EQ, 1) GO TD 10
D0 40 3=2,HLC
43 . WRITE(6,303) JI(DISP(KIJ)’K—1IRU“)
10 CONTINUE
[ L L R R s R R R R A I TS
c FORMATS

(i Rl R R R R Rl R 2 i R R A L R R R T T R AT R IR RS TR 2 R 2 2]

301 FORMAT(1H1,//20X,*H0ODAL DISPLACEHENTS',/19X,21(1H=),

P S

WWWWNNRNNNN NN NN =
?NN—‘D’OQ\IOMJ‘MN—“JO NNOVMSURMN2ADOVONOVMS W=

/ 5X,° NODE ',2X,' LOAD ',2X,' DISP-X Ys2Xs
2 ' DISP-Y *72Xs"' ROTATION=Z ',/5X,
3 2C6CTH=~),2X)»3C13C1H=),2X))
. 302 FURMAT(S5X,15,4X," 1 ,3X,3(613.7,2X),3016,2X))
303 FCRMAT(14X,14,3X,3(G13.7,2X)) -
. END -
~=VARIABLE MAP==(LO=A) '
-NA!E---:\DDRESS--BLOCK-----PROPERTI':S'----"-TYPE""‘"“"SIZc ~“NAME===ADDRESS==BLOCK~====pPROPERTIES= TYPE SIZE
DISP 08 /SYSTEM/ REAL 15 NDC 0B /JOINT/ . INTEGER ]
DuU% HY 178 /SYSTEH/ REAL 1985 NELTS 18 /SYSVAL/ INTEGER
J 2658 . INTEGER NETYPS 3B /SYSVAL/ INTEGER
JF.G . . 2628 - L INTEGER hLC 28 /SYSVAL/ INTEGER
K 2638 INTEGER : NNE 08 /HAXVAL/ INTEGER
LU3R 63 /SYSVAL/ INTEGER NNODES 0B /SYSVAL/ INTEGER
KAXBAN . 68 /MAXVAL/ INTEGER NNUH 2608 - . INTEGER
MAX NEN 58 /MAXVAL/ INTEGER HOE SH 36 JMAXVAL/ INTEGER
KAXNES 78 /MAXVAL/ - INTEGER NUE 2B  /FAXVAL/ ’ L INTEGEP
KNL C 4B /MAXVAL/ INTEGER NUN 18 /RAXVAL/ INTEGER
NBA ND 58 /SYSVAL/ INTEGER NUS ’ 48 /SYSVAL/ . INTEGER

NBAY 78 /SYSVAL/ INTEGER

¢9T




SUBRIUTINE PRTDISP T4/176  OPT=TG,RQUND= A/ S/ K/=D,-DS FTN 541+5377 85/09/19« 17433406 PAGE

.

~=STATEMENT LABELS-=(LO=A)

~LA3EL~ADDRESS ====~PROPERTIES====DEF -LABEL-!DDRESS-----PROPERTIES----DEF
10 1548 DO-TERN 24 © 301 1668 FOR¥AT 28
20 1008 pO~TERK - 19 302 21¢8B FORMAT , 32
30 INACTIVE DO=-TERH 14 3C3 2168 FORNAT 33

40 INACTIVE DO-TERH 23

==ENTRY POINTS==(LO=A)
“~NAE===ADDRESS~=ARGS=~~

PRTDISP 48 3

~=1/3 UNITS==(LO=4) ‘ ‘
~NAME=== PROPERTIES-—mmm=mmm————

TAPE10 BIN/DIP
"TA2E14 BIN/DIR
TAPES FAT/SEQ

==STATISTI(S~-

PROGRAN=UNIT LENGTH ' 2718

= 185
SCH LADELLED COMMON LcNGTH 37463 = 2022
SC4 STORAGE USED 617003 = 25536
COMPILE TIHE Cuk67 SECONDS

e ————

€9T
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SUSROUTINE ENDFOR 74/176 OPT=0,20UND= A/ 5/ M/=D,=DS " FTN 5.1+577 . 85/09/19a 17.33.06 PAGE
DC=~LONG /=0T ,ARG==CONMON/~FIXED,CS= USER/=FIXED,0DB==TB/~SB/~SL/ ER/=~ID/~PMD/=5T,PL=50CD
FINS,1=PFR5,B=8,L=LPFR5. .

SUBROUTINE "ENDFOR

COMMON /HMAXVAL/ NNE,NUN,MUE,NOESH, MNLC,RAXNEM, HAXBAN,BAXNES
COMMON /SYSVAL/ NHODES,NELTS,NLC,NETYPS,NUS,NBAND,LUSR,NBAY
COMHON /SYSTEH/ T(6,8),DG(6,5),EFGC6,5),DUNRY(1904)

COMMON /HEKBER/ E, A, XX, XL,EM,EN,SK(6,21) ,HESM(E) ,FERL(6,5)
COMMON /JOINT / NDC(6)

COMMON /OPTION/ KOPT1,XO0PTZ2

LOCN(I »J)=NUE*TI~I*(I=1)/2=(NUE~J)

- NESH=)]
DO 1 I=1,HUE
© DO 1 J=1,KRUE
1 T(I,4)=0.0
DO 2 1I=1,NUE
DO 2 J=1,dNLC
DG (1,4)=0.0
2 EFG(I,J)=0.0

WRITE(6,301) (1,1I=1,4UE)

D010 ME=1,MELTS
READC12,REC=4E) HTYP,NOC,((FEMLC(I,J),d=1,NLC),I=1,NUE)
IF(KOPT2.NE& D) THEN

PRINT»,' ELEMENT = ', ,KE,' MTYP = ',KTYP,' NDC = *',NODC
ENDIF

a Nz N sl

"OBTAIN ELEMENT DISPLACENENTS FROM FILE

. 00 20 I=1,NUE .
IFC(NOC(I).5G.0) THEN
: 00 30 J=1,1LC
10 DG (I,4)=1.0
ELSE ,
; READ (14, REC=NDCCI)IC(DGC(I,d),J=1,HLE)
/ ENODIF :
27 CONTINUE
IF(KOPT2.NE.D) THEN
PRINT*,' ELE¥ENT ODISPLACEMENTS'
. DO 21 I=1,MUE
21 PRINT*,* ?,(DG(I,J4),J=1,NLC)
ENDIF ’ :

OBTAIN ELEHENT STIFFNESS MATRIX EITHER FROM MAIN HMEMORY , .
OR GENERATE USING SUBROUTIMES, GENERATE THE TRANSFORMATION MATRIX.

OO

DO 50 I=1,MAXNES
IF(ETYPLEQ.HESM(I)) THEN
KSii=1
READ (11,REC=4TYP) XL,EM,EN
CALL TRAMNSC(EM,TN,T)
GG TO 60 -
EMNOYE

¥oT1




56
57
58
59
60
61

63
64
65
66
67
68
69
70
71
72
73
74
7%
76
77
78
79
3N
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
10n
101
102
103
104
105
106
107
108
109
1106

SUBROUTINE

[aKx Xzl

[z Xz NaNal

[z X uNal

EMDFOR ?4/176 OPT=0,R0UND= A/ S/ M/-D,-DS . FTN 5.1+577

57 CONT INUE ‘ . ) )
e NESH=NESH+1
IF(NESH. GTMAXNES) NESK=1
KSH=NESH
MESH (KSH)=MTYP
READ (11, REC=MTYP) XL EM,EM, (SMAKSH,1),I=1,NOESH)
CALL TRANSC(EH,EN,T) .

COMPUTE ENb FORCES IY GLOBAL COORDIMATES

69 00 8C I=1,NUE
00 80 J=1,HLC
Sun=90,10
D0 90 K=1,HUE
IE=1
JE=K
IF(JELLT<IE) THEN
IE=x
JE=1
ENDIF
IJE=SLOCH(IE,JE)
99 SUM=SUR+SACKSHM,TJEI*DG(K,J)
87 EFG(I,J)=SuM

_IF(KOPT2NELTD) THZ!
PRINT»*," ELEMENT STIFFNESS MATRIX'
PRINT*,' * ,(S#(KSH,1),I=1,NOESM)
PRINT*,' ELEKENT TRANSFORMATION MATRIX®
DO 81 I=1,NUE
31 PRINT*,' ',(T(I,J4),1=1,NUE)
ENOIF

TRANSFOR!! THE ENDFORCES TO LOCAL COORDINATES AND ADD UP WITH
THE'FIXED~EHDfFORCES

D0 1QC I=1,NUE
00 100 J=1,NLC
SuUd=0,0
00 110 X=1,NUE )
119 SUH=SUR+T(I,K)*EFG(K,J)
109 FEML(L,J)=FEXL(I,J)+SUN
WRITE(6,302) MEL(FEML(J,1),J=1,NUE)
IF(NLC.LTL2) GO TO 10
., DO 130 I=2,NLC )
129 WRITE(S6,303) I1,(FEML(J,I),J=1,HUE)
17 CONTINUE
RETURN
F S Y L2 R T I R L T s T 2 2
FORMATS i
R L R R R S At el adE
301 FORMATCIH1,///5X+"ELEM. ", 2X, " LOADING 2%, 6C6X,11,3X) 4 /5%,
1 6CTH=) 12X ,7(1H=),2X,6C13CTH=) 22X) /) .
302 FORMATCOX,T1Ls5X," 1',3X06(2X,G1347))
353 FORMATC(14X,132,3X,6(2X,612.7))
END

85709719,

17.33.06

PAGE
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SUBROUTINE ENDFOR

==VARIABLE MAP==(LO=A)

74/176 OPT=0,ROUND= A/ S/ H/=D,=DS

“NAWE=~=ADORES $==BLOCK=====PROPERTIES~ TYPE=-=- sI
A 18 /MEMBER/ RE AL
DG 443 /SYSTEM/ RE AL
D UM KY 1408 /SYSTEH/ REAL 19
E 03 /MEABER/ REAL
EF3 1023 /SYSTEN/ REAL
EH 48 /UENBER/ REAL
EN 58 /MEHBER/ REAL
FE4L 2128 /MEMBER/ REAL
1 10463 INTEGER
1E 110308 INTEGER
143 11028 - INTEGER
J 10473 INTEGER
JE 11018 INTEGER
K 10768 INTEGER
KOP T 03 /OPTION/ INTEGER
. K02 T2 18 /OPTION/ INTEGER
KSH 10718 INTEGER
LU3R 63 /SYSVAL/ INTEGER
MAXBAN 68 JHAXVAL/ INTEGER
KAX NEM 58 /HAXVAL/ INTEGER
KAXNES 78 JHAXVAL/ INTEGER
FE 10568 ~ INTEGED
~=PRICEDURES==(LO=A)
=NAW EmmmmeaT (P iemmmemnapA RGSmmmmam( LA SS=m——=
LOCHN INTEGER 2 STAT FUNC
TRANS 3 SUBROUTINE

-

~=STATEMENT LABELS=~(LO=A)
~LA3EL=ADDRESS==~~=PROPERTIE S====DEF

1
2
10
20
21
30

INACTIVE
INACTIVE
6608
IKACTIVE
INACTIVE
INACTIVE

DO=-TERM
DO-TERN
DO=-TERN
00-TERM
DO~TERM
DO~TERM

==ENTRY POINTS==(LO=A)
=NAq === ADDRES S==~ARG Sw==

END FOR

48

9

15 -
19
1014
39
43
35

g
30
G4

30

3N

“HAME===ADDRESS==BLOCK=====PROPERTIES

MESHM
HHNLC
HTYP
NBAND
NBAY
NDC
NELTS
NESH
NETYPS
NLC
MNE
NHRODES
NOE SM
NUE

a

FTN 5.1+¢577

2048
48
1G608
58

78

~LASEL=2DDRESS=====PROPERTIES~===DEF

50
60
80
81
90
100

INACTIVE
3638
INACTIVE
INACTIVE
INACTIVE
INACTIVE

DO=TERH

DO~TERM

"DO~TERK

DO-TERM
DO~TEKM

56
66
78
85
77
96

85/09/19.

/ NEHMBER/
/HAXVAL/

/SYSVAL/
/SYSVAL/
/JOINT/

/SYSVAL/

/SYSVAL/
/SYSVAL/
/F¥AXVAL/
/SYSVAL/
/MAXVALY
/MAXVAL/
IMAXVALY/
/SYSVAL/
/MEMBER/

-/ SYSTEN/

/MEMBER/
/HEMBER/

~LABEL=ADDRESS=====PROPERTIES=~==~DEF

110
130
301
302
303

INACTIVE,

INACTIVE
7128°
7248
7308

17433.06 PAGE

3

TYPE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER.
INTEGER
INTEGER
REAL
REAL
REAL
PEAL
PEAL

DO-TERM
DO-TERM
FORMAT
FORKAT
FORMAT

95

106

106
108
109

SIZE

126

36

i i et e e e e o
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SUBROUTINE ENOFOR T4/176 QPT=9,RQUND= A/ S/ H/(=D,—=DS FTH S5.1+5?7 85/,09/1%. 17.33.06 BAGE 4

==I/2 UNITS==(LO=A)
~NAME=== PROPERTIES=mc=ammmm==—m

TASE11 BIN/DIR
TAPE12 BIN/DIR
TAE14 BIN/DIR
TAPES  FMT/SEQ

=~STATISTICS=~

PROGRAM=UNIT LENGTH 11128 = 586
SCY LABELLED CONMMON LENGTH 42208 = 2192
SCY STORAGE USED 637008 = 26560

COMPILE TINME 1356 SECONDS

- . e e e
o o, i o,
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SUBROUTINE CODTR 74/176 OPT=2,ROUND= A/ S/ M/=D,~DS FTH Sa1¢577 85/09/719.

FTN5,1=PFR5,3=8,L=LPFRS.

f
!

/

/

==VARIAEBLE HAP==(LO=4)

0ISP
DA X
DH

1

J
JF.G
NDC
NHD

- 26243

26208

26258
26118
26163
26158
26058
261uB

) 5a ) 17433406 PAGE
DC=~LONG/=0T,ARG==CONHHON/=FIXED,CS= USER/=-FIXED,DB=~Td/=~SE/~SL/ ER/-ID/~PHD/=ST,PL=500U
SUBROUTIME CDTR(NUH,NNODES)
[
" DIMENSION Y(402),YHNC(4D0) ,HODECLDO) »NDC (D)
c
WRITE(6,3001)
c .
READ(S,%) NNOD
READ(5,%) (NODECI),Y(I),I=1,MNND)
¢
D0 10 I=1,K8ND
17 YHCII=YCI) /Y (1)
DO 20 I=1,NND
READ (10, REC=NODECI)) JFLG,(MDC(I),J=1,NUN)
20-  NODECI)=NDCC(T)
READ(14,REC=NODECT1)) DHAX
sunM=Q0,0
SUMDN=0,9
DO 30 I=1,nND
READ (14,REC=NODE(I)) DISP
DN=DISP/DMAX
SUM=SUM+ABSCCDN=YR (I ) ) *D 1)
SUMD N=SUMDN+ABS(DN)
33 - WRITE(6,3002) I,YCI),DISPLON,YN(CI)
WPFRR=SUM/SUBD N*#100. 2
WRITE(6,3LN3) WPERR
RETURN )
C bA A2 22 AL BRI R ER AL ELIEAR2Rs RS RS RS ELEFETEFETE IR LTEFEIELILEEIR LR IR FL
c FORHATS
C A2 AR 2RISR ISR RZEL L 2SR R SRRl RS R R R 22 Ra2 R 2R aRERE R 2]
3001 FORMATC//20X,' COMPARISON OF TRIANGULAR ODISPLACEZMENT DISTRIBUTION®,
1 /20X%X,' AND REAL DISPALACEXENT DISTRIBUTION (HORIZONTALS ONLY)®
2 /720X, DOF ',2X,' HEIGHT OF THE NODE ',2X,
3 ' REAL DISPLACEMENT *',2X,°' DISPI/DAAX ',2%,
4 YMORMALIZED TRIANG.DISP',/20X,5(1H=),4(2X,22C(1H=))) ¢
3N02 FORMAT(22X,15,4(2X,G22,16))
3003 FORMAT(//25%X,"' MEIGHTED PERCENT ERROR = ',G13,7)
END
~HANE=~~=~ADDRESS~=8 L0 (K=====PROPERT IESmmmwmmaTy PEmemmmmmans] 7E ~NAHRE=—~=ADDRESS~=BLOCK~=~=~PPOPERTIES TYPE
REAL NNODES 2 DUAMY—=ARG UNUSED/wS» INTEGER
REAL NODE 17658 INTEGER
REAL : NUN 1 DUMMY=AEG INTEGER
INTEGER SUM 26218 RERL
INTEGER SUKDN 26228 REAL
#S INTEGER WPERR 26268 REAL
INTEGE? 3 Y 3258 REML
INTCGER YN -~ 11458 REAL

SIZE

4L0

440
400

89T



SUBROUTINE CDOTR 74/176 OPT=T,ROUND= A/ S/ Mf=0,~DS FTN 541+577 85/N9/719. 17.33.06 PAGE 2

-

==PRICEDURES==(LO=A)

~HAY E======T YP [mmm=m=m=ARGS==m==mCLAS§mmmm=m

ABS -GENERIC .1 INTRINSIC

~=STATEMENT LABELS~=(LO=A)
~LA3EL~ADDPRESS~===~PROPERTIES=~=~DEF

10 INACTIVE  DO-TERH 1 3061 20238 FORMAT 30
20 INACTIVE  bDO-TERM 14 3002 2373 FORMAT 35
30 INACTIVE  DO-TERM 22 3003 2438 FORMAT 36
~—ENTRY POINTS=—=(LO=A)
~NAME—===ADDRES S==ARG S===
COT R 53 2
«=1/3 UNITS==(LO=4)
~NAME==~ PROPERTIESmmmmmmam—m————
THPE10 BIN/DIR
TAPE14 BIN/DIR -
TAPES  F4T/SEG
TAPE6  FMT/SEG
-=STATISTICS=~
PRI GRAN=UNIT LENGTH 26315 = 1433
SCY. STORAGE USED 617008 = 25536
COMPILE TIME. 0.455 SECONDS
1752459 UCLP, AA, PUL ’ 1. 927KLNS.

=LABEL=ADDRESS====—=PROPERTIES==~—=0EF

e e e e ————  —— T ——— o, or———
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DATA INPUT TO SPEC

II.

APPENDIX B - COMPUTER PROGRAM SPEC

HEADING CARD

Input List
Explanation

HEAD

CONTROL CARD

Input List
Explanation
NSPEC

H

TMAX

IPRTL

(20A4)

HEAD

character array containing the title for

the problem

: NSPEC, H, TMAX, IPRT1l

number of equations to be integrated

time step, At |

finish tiﬁe

option for printing the computed |
accelerations, velocities and displacemnts
at every integration point;\\\

= 0 ; prints

= 0.; does not print




Iv.

Explanétion

171

Note : integration will be carried out for

t < TMAX.

PERIOD CARD(S)

Input List : (PERIOD (I), I=1, NSPEC)

PERIOD 3 array containing the periods of the
'single degree-of-freedom equations to

be integrated

DAMPING RATIO CARD (S)

Input List : (D(I), I=1, NSPEC)

Explanation:

D : array cdntaining the damping ratios

| of the single degree-of-freedom equations
to be integrated.

Note : D(l)corresponds to. PERIOD(l), etc.

ACCELERATION FUNCTION DEFINITION CARDS
V. A CONTROL CARD

Input List : NFRC, SCATIM, SCACC, IPRT2

Explanation :



NFRC

SCATIM

SCACC

IPRT2

Note

172

number of acceleration function
definition points

time scale ‘

acceleration scale

option‘for printing the input
acceleration function definition
values ;

= 0 ; does not print

# 0 ; prints

The input time and acceleration
values are multiplied by SCATIM

and SCACC, respectively.

TIME v.s. ACCELERATION CARD(S)

Input List

Explanation

T

Note

(T(I), F(I), I=1, NFRC)

array containing the acceleration

values

F(l) corresponds to T(l), etc.
Pairs must be input in the order

of ascending time value. -
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PROGRAM SPEC 74/176  OPT=0,ROUND= A/ S/ H/=D,=DS FTN 5.1+577 . B5/09/19. 17.35.52 PAGE
D0==LONG /=0T JARG==COMMON/~FIXED,CS= USER/-FIXED,DB=-TR/~SB/~SL/ ER/=-I1D/~-PHD/-ST,PL=5000
FTNS ,I=SPEC,B=8B,L=LSPECa -

PROGRAM SPEC(IHPUT'OUfPUT’TAPE5=INPUT;TAP56=OUTPUT)

PARAMETER (N =10)
PARAMETER (NF=1000)

DIMENSION HEAD(20)

DIMENSION FONF),T(NF)

DIMENSION PERIOD (NI, HIN),D(H)

DIMENSION A(N)IB(N),E(H);D“(H)’VO(N)Iﬁn(H)rD1(N)'V1(N);A1(N)
DIMENSION SPECA(N) /KSPEC(N),TSPECIN)

- READ(S,*(20A4) ') HEAD
WRITE(6,3000) HEAD
READ(S,*) NSPEC:H,TN\XIIPRT1
READ(5,*) (PERIOD(I),I=1,NSPEC)
READ(S,*) (D(I),1=1,MSPEC)

READ(S,%) NFRC,SCATIM,S5CACC,IPRT2
READ(S5,*) (T(I),FCI),I=1,0FRC)

WRITE(6,30062) NSPEC,H,THAX,IPRT1

WRITE(6,3C10)

DO 5 I=1,NSPEC
W(I)=C,0#%3.141592654/PERIODCI)
ACI)=2.0*0(I)*ru(I)

B(I)=w(I)*u(I)

CECI) =1 OrACI)*H/2.04BCI) *H*H /6.0

WRITE(6,3015) I:PFPIOO(I):H(I):D(I)
-5 CONTINUE

DO 20 I=1,HNFRC
TCI) =T(I)*SCATIH
20  FCI)=FCI)*SCACC
IFCIPRT2.NEL0) WRITE(6,3001) NFRC,SCATIN,SCACC, (I, TCI},F(1),
1 1=1/KFRC)

WRITE(6,3035)
TT=0.0

. K=0

K1=1

K2=2

DO 15 I=1,NSPEC
SPECA(I)=0.0
KSPEC(I)=0

15 TSPEC(I)=U.0

IF(TT.GTTHAX) GO TG 200
37 IF(K2.GT.HFKC) THEN
ACC=1.0
GO TO 4C
ENDIF
IF(TTLLELT(K2)) THENM
ACCEFIKI) + (F(K2)=F (K1) )/ (T(K2)~ T(K1))"TT'T(K1))

- ——————— e

€LY
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56
57
53
59
6C
&1
62
63
64

66
67
638
69
70
71
72
73
74
75
76
77
78
79
8C
81
82
83
84
85
36
87
88
89
90
91
‘92
93
94
95
96
97

99
100
101
102
103
104
105
106
107
108
109

110

111
112

PROGRAM SPEC

74/176 OPT=0,P0UND= A/ S/ K/=D,=DS FTN-5.1¢577

-

_ELSE

K1=x2
K2=K2+1
GO TO 30

"ENDIF , ;

43
]

1G9

53

70

75

90

229

209

210 _WRITE(S,

D0 45 I=1,NSPEC .
ADCI ) ==ACC=A(I)I*«VE(I)=~BCI)*DACI)

TT=TT+H

K=K+1

IF(TT.GT<THAX) GO TO 200

IF(K2.GT.NFRC) THEN
ACC=0.0 -
GO TO 70

‘ENOIF’

IFCTTLLELT(K2)) THEN
ACC=F(KI) ¢ (FUK2I=F (KNI /I (TIK2I=TLK1I I* (TT-T(K1))
ELSE ’
K1=K2
K2=K2+1
GO TO SO
ERDIF

DO 75 I=1,NSPEC
AA=SVOC(I) +ADCI) *H /2.3
BB=0D(I)+VC(I)*H+AN(I) *H*H /3.0
A1 (1)=(=ACC~ACI)*AA=3(I)*BB) /E(])
VIC(I)=AA+AT(II*H/2.0
01(I)=38B+A1(I)*H*H /6.0

Do 9C I=1,NSPEC
AD(I)=41(1)
VO(I)=vi(1)
po(I)=01 (1)

CONTINUE

IFCIPRT1.ME,0) GO TO 220
WRITE(&,30G2C) X,TT,ACC
WRITE(G,3025)

WRITE(6,3504) C(A1(1),I=1,NSPEC)
WRITE(6,3004) (V1CI),I=1,NSPEC)
WRITE(6,3004) €p1(I),I=1,NSPEC)

00 110 I=1,NSPEC
IF(ABS(AT(I))aSTLASSC(SPECA(LI))) THEN
SPECACI)I=A1(D)
KSPEC(I) =K
TSPEC(D) =TT
ENDIF
CONT INUE

60 70 1G2

WRITE(6,3040)
00 210 1=1,%SPEC
f145)._1,PERIODCI),KSPECCI) ,TSPECCI),SPECACI)

85/09/19.

1735452

PAGE

2
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143
144
145
146
147
148
149

~~VARIABLE MAP=--(L0=A)
~NAYE==='ADDRESS==8L0 (K=====PROPERTIE§mmmmm=n=TYPEmmmmm====SIZE

A
AA
ACT
AQ
A1
B
8B
]
b0
D1

PROGRAM SPEC

51308
53458

-33428

52128
52508
51428
53408
51168
51668
52248

51548,

11528
53218
11268
532458

c

c

c

747976 OPT=0,ROUND= A/ S/ M/=D,=DS FIN 5.1+377

[EY

TWRITE(6,3006)

_sTop

c AR SRS RIS RIRSRL AL RERERiRLRL SRt Rt R RS2 Rl Rl Rl

c

[

FORBATS

C KW KA N i****i"*'k L2 RS2 XL R SRR RSl ELESR2 2R A28 alR st s 2

330 FORMAT(1H1,///25%,2044,7)

30C1 FORMAT(/25X,'HUMBER OF ACCELERATION ORDINATES = ',IS,

1 125X, 'TIPE SCALE = ',613.7,

2 /25X, "ACCZLERATION SCALE = ',G13.7,

2 1125%X,% NO ',2X,° TIME "s2X,*ACCELERATION ',

4 125X, 6CIH=) ,2 QX 13C1H=)) s/ (25X,15,3%X,2(51347,2X)))
3002 FORMAT(//30X,'NSPEC = *',15,

/30X, TIME STEP = ', 613.7,
2 130X/ FINISH TIME = *,G13.7,
3 /30X,"PRINT OPT.1 = ',15,/7)

3004 FORMAT (1X,8(6154,9,1X))

30086 FORMAT (1H1,6(/)) .
© 3010 FORMAT(/30X,'SPEC. INFORMATION',/30X,19(TH=),

1 /30X, NOo's2Xs" PERIOD ',2X,' ANGULAR FFEQ. ',
2 . 2Xs'CRITLDAMPLRATIO,
3. 130X, 4CTH=) »3C2X,15(1H=)))

3015 FORMAT(30X,I3,3X,3(615.9,2X))

c

3025 FORMAT(10X,'COMPUTED ACCes VFLa» DISP. VALUES IN GENERALISED',

1 * COORDINATES, IN INCREASING HODE NO.')
3029 FORMAT(SX,'STEP = ',18," TIME = ',G15.9," BASE ACCa = ',
1 61549) R . :
5 FORMAT (/1X,120(1H~))
Q0 FORMAT(///10%x,' HOW',2X,"' PERIOD Y ,2X," STEP ',2X»

1 ot TIE 'r2%,' ACC. SPECT. '»/10CX,
LCIH=)r2X213C1H=) ,2X,8C1H=) ,2(2X,13(1H=)))

3045 FORMAT(10X,14,2X,613.7,2X%X,18,2(2X,613.7))

END

REAL 1n IPRT1 53238
REAL IPRT2' 53308
REAL K 53368 .
REAL 1n KSPEC 527t8
REAL 10 K1 53379
REAL 10 K2 524048
RE AL NERC 51253
REAL 10 NSPEC 53208
_REAL 12 PERIOD  Su722
REAL 10 SCACC - 53278
REAL 10 SCATIM 53266
REAL 1€09 SFECA 52626
REAL T 31223
REAL 20 TYAX 52223
INTEGER ‘ TSPEC 53068

85/09/19.

~NAHE===ADDRES S~=BLOCK=~===~PROPERTIES

17e35452

PAGE

3

TYPE

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
PEAL
REAL
REAL
PEAL
REAL
REAML
REAL

—3 1

10

n

10
1o0un

10

— ——— e e

e

e e e

SLT



PROGRAM SPEC 747176

~NAYE===ADDRESS==BLO CK=====PROPERT IESm===m=cTYPE=m=m=eam=SIZE

TT 53358
ve 52008

~=SYMBOLIC CONSTANTS-=(LO=A)
~HAYEmmmmTYP Emmmmm o mm mmm e e me e mm = AL UE

N INTEGER .10
NF INTEGER 1004

==PRICEDURES==(LO=A)

“NAY EmmmmmeT YP Ememmmmn=A R GSmmmmm (LA SS mommm

ABS GENERIC 1 INTRINSIC

~=STATEMENT LABELS~~(LO=A)
~LA3EL~ADDRESS===-=PROPERTIES=~==DEF

5 INACTIVE DO-TERHM 30
15 INACTIVE DO~TERM 47
20 INACTIVE DO~TERN 34
30 2448 E11]
40 3008 ~ 62
45  INACTIVE DJ~TERH 63
50 3268 68
70 3628 80
75 INACTIVE DO-TERM 85

~=ENTRY POINTS=-=(LO=A)
~NAYE~~=ADDRESS==ARG S~

SPEC 208 0

~=I/3 UNITS==(L0=A)
=NA4E===. PROPERTIES==mmmmmmnmman

OPT=0,ROUND= A/ S/ W/-D,=DS

FTN 5.1+577

85/99/19. 17.35452 PAGE

~NAME===ADDRESS==BLOCK=====PROPERTIES TYPE s 1
REAL °* vi 52368 REAL 19
REAL - 10 W 51048 REAL 10

~LABEL=ADDRESS=~=—-PROPERTIES~=~=DEF

90 INACTIVE 0C=TERN 91
100 3178 65
110  INACTIVE DO=TERX 106
200 5258 110
210 INACTIVE DO-TERRM 112
220 4758 iae

3300 6008 FORMAT 122
3001 6938 FORMAT 123
3002 6368 FORHAT - 128

TAPES  FNT/SEQ
TA®E6  FHT/SEO
~=STATISTICS--
PRIGRAH=UNLT LENGTH 53528 = 2794
SCY STORAGE USED 637008 = 26363

COMPILE TIMKE
17.43.02.UCLP, AA, PO4 ,

1412 SECGHDS
0. 266KLNS,

~LABEL=ADDRE §S~====~PROPERTIES=~~=DEF

3004 6538 FORMAT 132
3one 6568 FORMAT 133
301C 6608 FORMAT 134
3615 7608 FORHMAT 138
3c2C 7178 FORMAT 141
3025 7C48 FORNAT 139
3035 7268 FOR¥PAT 143
3640 7318 FORFAT 144
3545 7508

FORVPAT 147

e e e e iy . o, e

e e e it e e 2 e e e — = s
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APPENDIX C - COMPUTER PROGRAM MODAL

DATA INPUT TO MODAL

1I.

HEADING CARD

Input List

Explanation

HEAD

The rest of

HEAD

"t character

(20A4)

for the problem

the cards are free-formatted.

ACCELERATION FUNCTION DEFINITION CARDS

IT.

CONTROL CARD

Input List
Explanation

NFRC

 SCATIM

SCACC

NFRC, SCATIM, SCACC

number of acceleration function .

definition points
time scale

acceleration scale

177

array containing the heading

~
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II.B TIME v.s. ACCELERATION CARD(S)

Input List : (T(I), F(I), I=1, NFRC)

Explanation :

T : array containing the time values

F : array’containing the acceleration'
values

Note : F(l) corresponds to T(l), etc.

Pairs must be input in the order

of ascending time value.

III. CONTROL CARD

Input List : NDYN, NMOD, TT, TMAX, H, IPRTI,
I0PT1 |

Explaﬁation :

NDYN | -+ number of dynamic degrees of
freedom |

NMOD : number df modes to be superposed

TT : integration start time

TMAX : integration finish time

H - : intégration time step

IPRTL : optionfor printing the comﬁuted

accelerations, velocities and
displacements in generalized and
geometric coordinates at every

integration point ;




IV.

179

= 0 ; prints
7# 0 ; does not print
IOPT1 : option for printipg the maximum
displacement value occured at evey
dynamic degree-of-freedom;

= 0 ; does not print

# 0 , prints

MODAL DAMPING RATIO CARD(S)

Input List : (D(I), I=1, NMOD)
,Explanation :
D : array containing the modal damping

ratios in the order of ascending

mode number.

DISPLACEMENT OUTPUT REQUEST CARD(S)

Input List : NREQ, (KR(I), I=1, NREQ)
Explanation :
NREQ . : number of integration points where

- . the ‘displacements will be output

KR array containing the step numbers

for which the displacements will

be printed.
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Note : only those displacements in the

direction of dynamic degrees-of-

freedom will be output.

Program MODAL must be executed after program EIG3.




" PROGRAM MODAL 741176 OPT=0,R0UND= AIXSI M/=D,=DS FTN S5.1+577 85/709/194 17436436 PAGE
DO==LONG /=T ,ARG==COMHON/=FIXED,CS= USER/~FIXED,DB==TE/-SB/~-SL/ ER/=-1ID/-PMD/=~ST,PL=500C
FTNS,I=MODAL,8=B,L= LHODAL.

.

PROGRAN MODALCINPUT,OUTPUT,TAPES=INPUT,TAPE6=0QUTPUT)

1

2 o c

3 PARAMETER (N =50)

4 " PARAMETER (NF=1000)

5 ¢ :

[ DINENSION HEAD (2O)

7 DIMENSION F(RFI,TC(HF)
"8 DIMEMSION PHI(NIN)rd(ﬂ)rPF(N);D(N)'D“AX(N)

9 DIKENSION ACNI,BCNIAECHY »DCCN) AVAINI PADCN) ,DT1CN) »VICHILATIN)
10 DIMENSION DR(NILKM(N),TN(N)

11 . DIMENSION KR(N)

12 c

13 READ(S,*(20A4) ") HEAD

14 WRITEC6,3C00C) HEAD

15 c

16 READ(S,x) MFRC,SCATIH,SCACC

}7 READ(S5,%*) (T(I),F(I),I=1,HFRC)

3 c

;3 READ(5,%) NDYN,NY%OD,TT,THAX,H,IPRT1,I0PTT

~ ¢

21 WRITE(6,3002) NOYH,MH400,TT,TMAX,H,IPRT1,I0PT1
22 c "

23 READ(S5,%) (D(I),I=1,NHOD)

24 c .

25 READ(5,*) NREQA,(XR(I),I=1,HREQ)

26 [ : ’
27 0PEN(UHIT=ZU'STATUS='DLD',ACCESS='DIRECT';FORF='UNFDPHATTED"
28 1 FILE="TAPE2O',RECL=2+NDYN)

20 c \ .

3N OPENCUNIT=21,STATUS="SCRATCH' ,ACCESS="DIRECT*,FCRE="UNFORMATTED»
31 1 ’ RECL=2+UHDYN)

32 - c

33 WRITEC6,3010)

34 ‘D0 5 I=1,NHOD

35 READ (20,REC=1) W(L),PFCI),(PHICI,I),J=1,NCYN)
36 ACI)=2.0% (1)*U(I)

37 BCI) =W (I)*W(1)

38. | ECI)=1.0+ACII*H/2.0¢3(1) *H*H /640

39 WRITE(6,3015) I, W(1),DCI),PF(I)

40 5 CONTINUE ’

41 c

42 WRITEC6,3003) (I,1=1,3)

43 00 10 I=1,NDYN

L4 10 WRITE(6,3004) (PHICILJ),J=1,HMOD)

45 c - :

46 DO 20 I=1,NFRC

47 TCI)=T(I)*SCATIN

48 27 FCI)=F(I)*SCACC

49 IF(IPRT1.NE 0) WRITE(5,3001) NFRC;SC\T!?;SCACC:(IzT(I);F(I):
50 1 1=1,HFRC)

51 c

52 DO 15 I=1,HDYN

53 PM(I)=0.0

54 KN(I)=0

53 15 THCII=0.0

o e ——— ey o—
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
30
81
82
83
84
35
86
87
83
89
90
91
92
93
94
95
96
97

99
100
101
102
103
104
105
106
197
108
139
110

PROGRAM MODAL

747176 OPT=D,ROUND= A/ S/ H/=D,=DS FTH 5.1+¢577

-t

¢
'WRITE(6,3035)
K=0 '
K1=1
K2=2
c
38
c
40
45
c
100
50
¢
) 70
75
¢
90
¢
319
309
c

IF(TT.GTTHAX) GO TO 2A7C
IF({K2.GT4NFRC) THEN
ACC=2.0
GO TO 40
ENDIF
IF(TTLLELT(X2)) THEN
ACC=FCKII+(F(KR2I=F(K1) I/ (TCK2I=T(KD)I*(TT=T(K1))
ELSE ‘
K1=K?2
K2=K2+1
GO TO 30
ENDIF

DO 45 I=1,HKOD
AG(I)==PF(I) *ACC—ACI)*vO(I)~3(I)*0T(I)

TT=TT+H
K=K+1
IF(TT.GTLTHAX) GC TC 20C
IF(K2. GT.NFRC) THEN
ACC=0,0
GO TO 70
ENDIF
IFCTTWLLELT(K2)) THEN .
ACC=FUKII+ (F(K2)=F(KTII/(T(RDI=-T(K1I*(TT=T(K1))
ELSE .
K1=K2
K2=K2+1
GO TO 50
ENDIF

DO 75 I=1,NHCD
AA=VOCI) +AOCI) % /240
88=p0CI) +VCCII*H+AGCI) *H*H /3.0
ATCI)=(=PF(I)*ACC~ACII*AA=3(I)*5B) /E(])
VIC(I)=AA+AT(I) *H/2.]
D1 (I)=8B+A1(I) *H*H/6.0

00 90 I=1,NMCD
AD(I)=A1(1)
vo(1)=vi(I)
pO(X)=01(1)

CONTINUE

DO 300 I=1,n0YH
DHAX(1)=0,0
DO 310 4=1,K10D
DMAX(I)=0MAX(I)+PHIC(I,4)*D1(J)
CONTINUE

TFCIOPTYJNELD) THEN

85/09/19a 17436436

PAGE
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- -

b b
W

15

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
143
149
150
151
152
153
154
155
156
157
158
159
160
161
16¢
163
164
165
166
167
16¢
169

PROGRAM

HODAL 74/176  OPT=0,ROUND= A/ S/ M/=D,=DS FTN 5.1+577

- s

DO 110 I=1,NDYH '
IFCABS(DMAX(I))uGTLABS(DH(I))) THEV
DH(I)=DKAX(I)
KM (1)=K
THCI)=TT
ENDIF
12 CONTINUE
WRITE(21,REC=K) K,sTT,(DNAX(I),I=1,NDYN)
GO TO 100
ENDIF

WRITE(6,3020) K,TT,ACC
WRITE(6,3C25)

WRITE(6,3004) (A1CI),I=1,NHOD)
WRITE(6,3004) (VICI),I=1,NMOD)
WRITECG&,3004) (D1CI),I=1,Nii0D)

WRITE(6,3030)
WRITE(6,3004) (DAAXCI),I=1,HDYN)

GO 70 100

200 IFCIOPT1.NEL() THEN
WRITE(6,3040)
D0 21C I=1.,nNDYH
212 WRITE(&,3045) IrKA(I):TH(I);DH(I)
WRITE(6,3053)
D0 220 I=1,NREQ
READ(21,REC=KR(II) K,TT,(DMAXCJI)»d=1,NDYN)

229 WRITE(6,3055) K,oTT,(DNAXCI) d=1,NDYN)
ENDIF
¢ .
WRITE(6,3006)
c
sTOP
c

C AR RA T AN RN R AR AR R AR R AR RN AR A A A AN AR A AN R AN AT AR TR RN AR A RN AT AN AR AN

c FORMATS

W L R R X L R SR S R 2 T B LB R R TR S A N
¢ .

3000 FORMATC1H1,/7/25%X,20A4,1)

3001 FORMAT(/25X,'HUNBER OF ACCELERATION ORDINATES = *,1S5,
1 125X, *TINE SCALE = ',613.7,
2 /25X, "ACCELERATION SCALE = ',613.7,
-3 17125%X,"' NO *,2%," TINE "22X s ACCELERATION ',
4 125X, 6CIH=) , 2 (RX,13C1H=)) ,/ (25X ,15,3X,2(613.7,2X)))
3002 FORHAT(///30X"DYH\HIC DOF = ',15,
1 /730X, *Hi1ODES = ',15,
2 /30X, "START TIHE = ',G13.7,
3 130X, "FINISH TIME = ',G13,.7,
4 /33X, 'TINE STLP = ',613.7,
5 /30X, *PRINAT OPTal1 = ',15,
6 130X, 'EXECs GPTal = ',15,7)
3003 FORMAT(///30X, "NORMALIZED HODE SHAPES',/30X,22C1H=),
1 /11%x,3 (! #00E ',12,° Ys1X),
2 FT1X,8C15CTH=) »1X))

3004 FORMAT(1X,3(G615.9,1X)) -

85709719,

17.

26.36
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PROGRAM MODAL 74/176 OPT=0,R0UND= A/ S/ ¥/=D,=DS FTN 5.1+577 85/09/19. 17.36.36 PAGE

170 3006 FORKAT (1H1,6C/)) . ' -

171 30117 .FORMAT (/30X, "MODAL INFORMATION®,/20X,19C1H-),

172 1 /30X, "MODE',2X, "ANGULAR FREQ, *,2X, CRIT. DAM. RAT.',

173~ 2 2X,'PARTICIP. FACT.',

174 3 136X, 4C1H=) ,3(2X,15C1H=)))

175 3015 FORMAT(30X,13,3X,3(G15.9,2X))

176 3025 FORMAT(10X,*COMPUTED ACCw.s VELa.s DISP. VALUES IN GENERALISED',

177 : 1 t COORDINATES, IN INCREASIMG MODE NO. ') i

178 3020 FORMAT(S5X,'STEP = ',18,' TIHE = *,G15.9,' BASE ACC. = '/

179 1 G15«9) '

180 3030 FORMAT(10X,'SUPERPOSED DISP, VALUES FOR THE DYN, D.O.Fa S '»

181 1 1N INCREASING H0DE NO. FROM LEFT TO RIGHTa')

132 . 3035 FORMAT(/1X,12001H-)) ]

183 INLN FORMAT(//30X,' DIR. ',2X,' STEP ',2 TIHE Y ,2X,

134 1, ) ' KAX, VALUE ',

185 2 130X,6CIH=)»2X 28 CTH=) 202X ,13(1H-)))

186 3045 FORMAT(3DX,I5,3x,18,2(2X,613.7))

187 3050 FORMAT(//20X,"DICPLACEAETS AT THE REQUESTED TIMES',

188 - 1 719%,36(1H~=))

189 055 FGRMAT (/5X,'STEP = ',13,2X,'TINE = *',C12.7,(/1X,9¢613.7,1X)))

90 ¢
191 END
«=VARIABLE H4AP==(LO=A)
~MAWE=m= ADDRES §==BL0 CK=wm==PROPERTIESm=m====TYPEm~~w=====§ 77 —HAHE===ADDRESS==BLOCK=====PROPERTIES TYPE
A 127048 REAL 50 X 141438 _INTEGER
AA, 141518 REAL kH 136708 INTEGER

ACC 141468 - REAL KF 145348 INTEGER
AD 132768 REAL 5N K1 141448 INTEGER
Al 135243 , . REAL : 50 K2 141458 INTEGER
B 127663 - REAL 50 NDYN 141238 INTEGER
8B 141528 REAL NFRC 141168 INTEGER
b 125408 REAL ; 50 NKOD 141248 INTEGER
DH 136068 REAL 50 NREQ 141328 INTEGER
D MA X 126228 ’ ’ ) REAL 50 PF 124568 REAL
b 131328 RE AL 50 PHI 54708 REAL’
D1 133608 REAL - 50 SCACC 141208 REAL
E 130508 REAL 50 SCATIN 141178 REAL
F 15508 REAL 1000 T 35208 REAL -
H 141278 REAL TH 137528 REAL
HEAL D 15248 REAL 20 THAX 141268 REAL
1 141218 . . INTEGER T 141258 REAL
10°T1 141316 INTEGER ve 132143 REAL
1PRTH 141308 INTEGER v1 134428 REAL
J 141348 INTEGER W 123748 REAL

«=SY4BOLIC CONSTANTS=~(LO=A)
~HAY Emmm e TYPEm o mm mme e mm m e e e o AL UE

N INTEGER 50
NF INTEGER 1039

Se=SILE

sn
50

50
2509

1000
50

50
5N
50

i e e, . e Pt et e

78T




PROGRAM MODAL

==PRI CEDURES==(LO=A)

74/176

“NAM E=mmm==T VP Emmm—= == =ARGS=mm=m==(LASS ====m

ABS GENERIC o

~=STATEMENT LABELS==(LO=A)

«L A3 EL~ADDRE §§=====PROPERTIES~~=—~DEF

5 INACTIVE DO~TERM
10 INACTIVE 00~TERH
15 INACTIVE DO=TERMN
20 INACTIVE DO=TER™

30 3478

40 4038

45 INACTIVE DO-TERH
50 4328

70 4668

75 INACTIVE DO~TERH
90 - INACTIVE DO~TERH
100 4238

==ENTRY POINTS==(LO=A)
~NAME~~=ADDRES S==~ARG S~

HO) AL . 208 it}

==1/9 UNITS==(LO=A)

INTRINSIC

“NA{E~== PROPERTIESmmmmmmmmn———=

TAPE20 AUX/BIN/DIR
. TA®PE21 AUX/BIN/DIR

TARES FAT/SEQ

TAPES FMT/SEQ

“=STATISTICS-=
PROGRAM~UNIT LENGTH

SC4 STORAGE USED
COMPILE TIHE

1743 454.UCLP, AA, PDA ’

40 110
44 2090
55 210
48 220
63 300
75 10
76 3000
81 3001
93 3002
98 3003
104 3004
78 i
141618 = 6257
637008 = 26560

1.899 SECOWDS
0 317KLNS.

OPT=0,ROUND= A/ S/

INACTIVE
7043
INACTIVE
INACTIVE
INACTIVE
INACTIVE
10218
10248
10578
11048
11178

M/=D,=DS

DO~TERR

DO~TERMN
DO=TERH
DO~TERN
DO-~TERHK
FORMAT
FORMAT
FORMAT
FORMAT

FORHAT

FTN 5414577

=LABEL=ADDRESS====~PROPERTILS~~=~DEF

119
135
138
142
110
109
153
154

- 159

166
169

85/09/19%.

17436436

-LABEL—ADDRESS-—---PROPERT!ES-;--DEF

3006
3010
3015
3020
3025
3630
3035
3040
2045
3050
1055

11228
11248
11448
11638
11598
11728
12168
12118
12258
12318
12408

FORMAT
FORIAT
FORMAT
FOR¥AT
FORMAT
FORMAT
FORBAT
FORMAT

FORI'AT

FORVAT
FORMAT

170
171
175
178
176
18U
182
183
186
187
189

. P
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APPENDIX D - COMPUTER PROGRAM DSSI

DATA INPUT To DSSI

I. HEADING CARD (20A4)
Input List : HEAD
Explanation :
HEAD . character array containing the problem
description.

The rest of the data cards are free formatted.

II. CONTROL CARD

Inpﬁt List : NDYN, DT, TMAX, IPRT1, IOPT1.
Explanation : |
NDYN : number of dynamic degrees of freedom
DT . : solution time step, At
TMAX . time up to which the integration will
be performed |
IPRT1 . option for printing the reduced flexibility,

. -1
reduced stiffness, damping, [£] and [E]

matrices [See Egs. ( II.40)]




ITI.

Iv.

IOPT1

DAMPING FACTORS CARD

Input List

Explanation

ALFA

BETA

Note

ACCELERATION FUNCTION

IV.A CONTROL CARD

Input List :

Explanation

187

=0 ; do not print
# 0 ;A_print
execution made option fof finding
the maximum displacement occuring
at every dynamic degree of freedom;
=0 P prints only the accelefations,

velocities and displacements

computed at every step

# 0 ; prints only the maximum
displacements
ALFA, BETA

damping factor o

damping’factor ]

ALFA and BETA are factors to
compute the Rayleigh damping

matrix given by Eq. (III.1)

DEFINITION CARDS

N
~

NFRC, SCATIM, SCACC, IPRT2




VI.B

188

NFRC

: number of function definition
points
SCATIM :  time scale
SCACC : acceleration scale
IPRT2 | : option for printing the input

acceleration function definition )
points;
= 0 ; does not print

# 0 ; prints the values

TTME V.S. ACCELERATION CARD(S)

Input List : (T(I), F(I), I=l, NFRC)
Explanation : |

T : array contéining_the time values
F : array containing the acceleration

function values

Note . T(1) corresponds to F(1l), etc.




OVOENOUHFWN-LO O NS WS

PO TU = od b b d b md b b
-

NN NN
NN

[T RV VN LY
E N U VR N e R

SHULWUHW
DV~ oW

[CRG R R E aR R N o
SO0 NS UD

w
n

wvi v
w2 W

PROGRAM DSSI

74/176 OPT=0,R20UND= A/ S/ M/=D,=DS FTN 5.1+577 85/09/19. 17437429

DC==LONG /=0T ,/ARG==COMMON/~FIXED,CS= USER/~FIXED,DB==TE/=SB8/=5SL/ SR/=ID/=PMD/=5T,PL=5000C
FINS,1=DS$SI,8=8,L=LDSS1I, : -t

OO0

2N Nx]

[z K X2l

PROGRAM D5SI CINPUT,QUTPUT,TAPES=INPUT,TAPEG=0UTPUT)

"DIRECT STEP~BY=STEP INTEGRATION 8Y LINEAR

ACCELERATION METHOD
PARAMETER (NF=1000,NK=50)

REAL MASS(NF)

DIMENSION HEAD (20)

DIMENSION T(NF),FUNF)

DIMENSION NDC(3),S8CNY,NM) ,ACNB) ,CCHI,NF),ECNHLHN)
DIMENSION DUNT (NH) L0 (NI o VOCHM) LAGCHR) ACHR) LB CHR)
DIMENSION DT (MM ,VICHR) » AT (NI

DIMENSION DM (N ,KMIHY), TH(NM)

READ AND PRINT SYSTEM™ PARAMETERS

READ(S,'(2DA4) ') HEAD

READ(S5,*) NDYN,DT,THAX,IPRT1,I0PT1
READ(S,*) ALFA,BETA

READ(5,*) NFRC,SCATIM,SCACC,IPRT2

WRITEC6,3005) HEAD
WRITE(6,3006)NDYHN, DT, THAX, IPRT1, ALFA,BETA, NFRC,SCATIN, SCACC, IPRT2,

1 10PT1

READ THE BASF ACCELERATION DATA
READ(S,#») (T(I),F(I),1=1,NFRC)

OPENCUNIT=10,STATUS=*0LD"*,ACCESS="DIRECT',FORN="UNFCRHKATTED",

1 FILE="TAPE1D' ,RECL=1+3) .
OPENC(UNIT=14,STATUS="0LD ', ACCESS="0LRECT*,FORM='UNFORRATTED",
1 FILE='TAPET14' ,RECLSNDYN)

OPEN(UNIT=21,STATUS="SCRATCH'ACCESS="DIRECT"',FORM="UNFORMATTED",
) RECL=NDYN)

READ THE MASS COEFFICIENTS, CONSTRUCT THE REDUCED FLEXIEILITY MATRIX,
FOR® THE 1 VECTOR. '

WRITEC6,3012)
DO 10 I=1,NDYN

READ (5,%) RODE,IDIR,MASS(I)

WRITE(6,3015) NODE,IDIR,MASSC(I)

READ (10, REC=HODE) JFLG,(NOCCJ),J=1,3)

READ (14,REC=NDCCIDIR)) (SBCI,J),J=1,NDYH)

IFCIDIR.EQ:1) QCI)=1.D

10 CONTINUE

DO S5 I=1,NFRC
T =T(I)*SCATIN

5 FCI)=F(I)*SCACC

IFCIPRT2.HEL6) WRITE(S,3010) (I,T(I),F(1),I=1,HNFRC)
IFC(IPRTYNE,T) THEN :
WRITEC(6,3007)
DO 15 I=1,HDYK
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
30
81
82
a3
84
85
86
37
88
39
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

107

108
109
110
111
112

PROGRAM DSSI

[z N aNa)

Iz N ¥zl

o000

oo

oMo

15

16

20
3N

25

50

61

55

74/176 OPT=0,ROUND= A/ S/ M/~D,=DS " FTN 5.1+577 85/09/19.

-a

. WRITE(6,3110) (SB(I,J),J=1,NDYN)
ENDIF

INVERT THE REDa FLEXe MATRIX TO OBTAIN THE REDUCED STIFFNESS MATRIX
CALL INVERT(SB,NDYH,NH)

IFCIPRTTLMELD) THEN
WRITE(6,3008)
DO 16 I=1,MNDYN
HRITEC6,3110) (SB(I,J),J=1,NDYN)
ENDIF

COHPUTE HATRIX C=ALFA*HMASS+BETAwSE

D0 2C I=1,NDYN
DO 20 J=1,NDYN
C(I,J)=8ETA*SB(I,J)
00 30 I=1,HDYN
C(I,I)=C(TI,I)+ALFA*YASS(I)

IFCIPRT1.NELO) THEN
WRITE(6,3009)
DO 25 I=1,NDYN
WRITZ(6,3110) (CCI,d),0=1,NDYH)
ENDIF .

COHPUTE MATRIX E=HASS+C*DT/2+SBx0T*w2/6

p0 50 I=1,NDYN _
D0 50 J4=1,HDYN .
ECL,4)=CCI,d)%DT*0.5+SBCI,J)*DT*DT /6.0
DO 60 I=1,NDYN
ECI,I)=E(I,I)+%ASS(I)

IFCIPRTTINEL.C) THEN
WRITE(6,3011)
DO 55 I=1,NDYN .
WRITE(G,3110) (E(I,3),J=1,NDYN)
ENDIF

INVERT MATRIX E

- CALL INVERTC(E,NDYN,NM)

IFCIPRT1.NE.0) THERN
WRITE(6,3G13)
DO 65.I=1,NDYN
WRITE(S,3110) (EC(I,I),d=1,NDYK)
ENDIF -

COMPUTE THE INITIAL ACCELERATION VECTOR

DO 70 I=1,NDYH
DU (I)==F (1) =Q(I) #4ASS(Y)
C0 80 I=1,NDYH -
sun=id,9

17437.29

PAGE

VU E

06T




PR N QIR (P QU G QY
N o= ab od wd md ad b
DO MmO Ul

ny

b wd md ed
N NN
S~ UIRY =

125
126
127
123
129
13n
131
132
133
134
135
136
137
138
139
14C
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
1648
167

PROGRAM DSSI

93

g9

747176 OPT=N,ROUND= A/ S/ H/=D,=0S FTN Su1+4577

-t

D0 90 J=1,NDYN
SUM=SUK+CC(I,J)=v(iC))
DUHT C(I)2DURT (I)~SUN

00 163 I=1,HDY"

10
100

129

125

C *r=

1003

s Nz Na]

139

OO0

159

Sun=0,9
80 11C 4=1,40YN
SUM=SUR+S3(1,J)*00(J)
DUMT (I)=DUMT (I)-Sun
DC 120 I=1,NDYN
ADCI)=DUMT(1)/MASS(T)

WRITE(6,3020)

WRITE(6,311C) (RI(I),I=1,NDYN)
WRITE(6,3110) C(VACI) ,I=1,NDYN)
WRITECS,3110) (£OC(I),I=1,:DYH)

TT=0.0
K="
K1=1
K2=2

DO 125 I=1,NOYN
DM(I)=2.0
KH(I)=n
TH(I)=2.0

PERFORN THE INTESRATION AT TIME TT =x#wx

TT=TT+DT
K=K+1

COMPUTE A=VO+AG*DT/2.0 AND B=0p)+VO*DT+AG*DT*»2/3,0

DO 130 I=1,NDYN ,
ACD =y I +ANCI) #DT/ 2,
BCII=0NCI) +vOCI) *DT+ADCI) #DT*DT/ 3,9

COMPUTE THE BASE ACCELERATION AT TIME TT BY LINEAR INTERPOLATION,

IF(TT.GT.THAX) GO TO 1500
IF(K2,GTLitFRC) THEN
ACC=d.0
GO TO 160

. ENDIF

IF(TT.LELT(K2)) THEN
ACC= F(KT1I+(FIKZI=F(KT1)II/C(T(K2I=T(K1II*(TT=T(K1))

© ELSE

[Nz XKzl

169
179

K1=x2

K2=r2+1

GO TO 150
ENDIF

CCHPUTE THE ACCELERATION AT TIME TT

B0 170 I=1,NDYN i
DURT (I)==ACC*G(I)*~ASS(I)
D0 180 I=1,NGY

85/09/19. 17.37.29
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170
171
172
173
174
175
176
177
173
179
137
181
182
183
134
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
218
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

PROGRAM DSSI

191
189

210
26N

- 230
2203

Xz Xz Ksl

2470

260

o000

300

257,

15600

279

280

747176 OPT=0,ROUND= A/ S/ M/=D,=DS FTN 5.14577

Y

sun=0,0
00 190 J=1,H0YN
SUMSSUMN+CCI,I) *A (D)
DUN1 (I)=pUNMT (I)-SUN
DO 200 I=1,HDYN
Sun=0.0
DO 210 4=1,NDYHN
SUM=SUM+SB(I,J)=*B(J)
DUMT (I)=DUNT(I)~SUN
DO 220 I=1,NDYN
SUn=0.42
DO 230 J=1,NDYHN
SUM=SUM+ECT, J) *»DURTCJ)
A1 (I)=5uH

COAPUTE THE VELOCITIES AT TIME TT, VISAtA1x0T/2.0C
COXPUTE THE DISPLACEAENTS AT TIFE TT, D1=B+A1#DT**2/6.0

DO 240 I=1,NODYHN .
VI(I)=ACI) +A1(I)»0T/2.0
DY (I)=3(CI)+A1(I)*DT=DT /6.0

IFCIOPT1.NELD) THEN
B0 26C I=1,NDYN
IFCABS(P1(I))aGTWABSC(OMCI))) THEN
OM(I)=p1(1)
KMCI)=K
TH(II=TT
ENDIF
CONT INUE
GO TO 300
ENDIF

PRINT THE COMPUTED ACC. VEL., AND DISP,- VECTORS

WRITE(6,3100) K,TT,ACC

WRITEC6,3110) C(A1C(I),I=1,NOYN)
WRITE(6,3110) (VI(I),I=1,NDYH)
WRITEC6,3110) (C1(I),I1=1,NDYN)

DO 250 I=1,NDYH
AO(L)=A1(1)
v (I)=vi(I)
DO (I)=21(I)

WRITEC21,REC=K) (D1C(I),I1=1,NDYN)

60 TO 1000

IFCIOPTTHNELD) THEN

WRITECS,3040)

DO 270 I=1,N0YN
WRITE(S,3045) I,KNCI),TH(I),ON(I)

"WRITEC6,3123)

D0 280 I=1,NDYH
READ(21,REC=KN(LI)) (D1(I),I=1,NDYN)
WRITECO,3110) (01CJ),d=1,NDYN)

85/09/19.
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PROGRAM DSSI 74/176 0PT=0,ROUND= A/ S/ M/=D,~DS FTN S5.1+577
227 ENDIF
228 c :
229 WRITE(6,3150)
230 STOP
231 C :
232 C *t*t*ﬁ*tttt*ii*tttitt*it*tfﬁt'k*'ﬁ******tt*i*****t**ittt**it‘**i**t#i***l
233 [ FORMATS
234 C AR AR AR AR AR AR RN AR AR R E AR A AR A AN AR AR R AR NE AR AR AR AR AR RN NRN AR AN AT AN AT AN
235 c :
236 3005 FCRAATCIHI,///1,1%X,2044,7)
237 3006 FORMAT(/20X,'DYNANIC DOF = ',15,
238 1 /120X, "TIKE STEP = 46137,
239 ) 2 120X, "HAXe TIHE = ',G813.7,
240 3 120X, "PRINT JPTION 1 = ',15,
241 4 /20X, "ALFA = ', G13.7,
242 5 120X, "8ETA = %,613.7,
243 6 120X, "%0.0F BASE ACC. PTS, = ',I5,
244 7 120X, '"TIHE SCALE = ',G613.7,
245 3 120X, *ACCELCRATION SCALS = *,G13.7,
246 9 20X, *PRINT OPTION 2 = *,15,
247 1 /120X, *EXECUTION ®ODE OPT. = ',15,/7)
243 3007 FORMAT(/20X,*'REDUCED FLEXIBILITY MATRIX',/20X,26(1H~))
249 3008 FORMAT(/20X,"REDUCED STIFFNESS SATRIX',/720X,26(1H=))
259 3009 FGRMAT(/20X,'DAMPING MATRIX®,/20X,14(1H=))
251 3310 FORMAT(//30X,'BASE ACCELERATION DATA',/30Xx,22(1H~),
252 1 120X,' NOa. ',2X,° TIKE $,2X,"ACCELERATION '»
253 2 120Xs5CIH=)»2C2X,13CTH=))»/,(20%X,15,20(2%X,G1347)))
254 3011 FORKAT(/20X, "MATRIX E=MASS+CADT/2+SB*0T#%2/6%,/20X,31(1H-))
255 IM012 FORMAT(/ 30X, "MASS DATA',/30%X,9C1H=),
256 1 120Xs" NODE ',2X,'DIR.',2X,*MASS COEFFICIENT',
257 2 120X, 6CIH=) 2%, 4 C1H=) ,2X, 16 (1H=))
258 I013 FCRMAT(/20X,'INVERSE OF MATRIX E',/20X,19C(1H~=))
259 3015 FORMAT (20X,15,4X,12,4X,G13.7)
261} N 3020 FORMATC(//30X,*INITIAL ACCa, VELL AND DISP VECTORS'.,
261 1 130X,35C1H=)) ]
262 3040 -FORMATC//30X,* DIRa ',2X," STEP ‘r2X,! TIKE Y,2X%s
263 ' MAXws VALUE ',
264 2 730%X,6 C1H=) »2X,8(1H=),2(2X,13(1H=)))
265 3045 FORMAT (30x,15,3%x,18,2(2X,613.7))
266 3100 FORMAT(/20X,'STEP = ',15,2X,°TIHE = *,G13.7,2X,'BASE ACC. = ',
1267 1 G13.7,/30%X,"ACCur VELe AND DISP. VALUES',/30X,27(1H=))
268 3110 FORMAT(B8(1X,G15.9))
2569 3129 FORMAT(//20X,*DISPLACEHENT VECTORS AT THE TIMES WHEN MAX. VALL'»
270 L1 ' ARE DETECTED, IN INCREASING ORDER.',/15X,100C1H~))
271 3153 FORMATCIHL,/171711) :
272 c
273 END
~=VAR TAGLE MAP-=(LO=A) )
=t A% E=mw ADDRES S==B LG CK====~PROPERTIES TYPE =-==SIZE ~NANE===ADDRESS-=BLOCK====~PRUPERTIES
A 254241 REAL 50 2] 255068
ACT 263268 REAL BETA 262526
ALFA 262518 RE AL [ } 123648
Al 253428 REAL 50 DN to26L168
A REL 50 . T 262458

257340

85/09/19. 17.37.29
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REAL
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50
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puUM1 251148
o0 251768
D1 255708
E z02108
F 43433
HEA D 23478
1 262578
IDIR 262638
10°T1 262508
IPRT1 262478
IPRT2 262568
J 262658
JFLG 262648 *Sw
K 263218
KH 2610Ca
K1 263228
K2 263235

-=5Y480LIC CONSTANTS-=(LO=A)

“NA4 Emmm=TYPEmmmmmmmammmmmm e m—m e m ey ALUE
NF INTEGER - 1Cn0
NHM INTEGER » 56

-=PR) CEPURES==(LO=A)

“MAY Emmmmem T YPEmmm=m == =ARG§m=mmm=(LASS ==mm=m
ABS GENERIC 1 INTRINSIC
INVERT 3

PROGRAM DSSI
—H AW Emm=ADDRES S==B L0 CK====~PROPERT IE §==mmem=TY PE=mmmmmm==SI2E

~=STATEHENT LABLLS=~=(LO=A)
~LA3EL~ADDRESS=====PROPERTIES====DEF

5
10
15
16
20
25
30
53
55
60
65
70
30
90
100
110
129
125

INACTIVE
IKACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE

"INACTIVE

INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE
INACTIVE

DO=TERM
DO~TERH
DO~TERHK
DO=TERH
DO=TERH
DO~-TERM
DO-TERM
DO=~TERFK
DO-TERH
DO~TERR

"DO-TERE

DN=TERA
DO=TERH
DO-TERN
0J-TERH
DO=-TERHM

747176

DO~-TERNK . .

00~ TERR

SUSROUTINE

51
47
56
66
73
80
75
87

OPT=1,ROUND= A/ S/ M/=0,=DS

REAL
REAL
REAL
REAL
REAL”
REAL
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGEP
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

50
50
50
2500
1000
20

HASS
NDC
NDYH
NFRC
NODE
Q

sB
SCACC
SCATIN
SUn

T

™
THAX
17
v

v1

FTN 5414577
“NAME==wADDRESS==BLOCK==~==PROPERTIES

22658

63138
262448
262538
262628
132228

63168
262558
262548
263138

23738
261628
262463
263208
252608
256528

«LABEL=ADDRESS=====PROPERTICS ====DEF

130
150
160
176
180
190
200
210
220
230
240
250
260
2790
280
36e
10300°
1500

INACTIVE
10528
11068

INACTIVE

INACTIVE

IHACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE

INACTIVE
13518
10168
14008

90~TERH

DO=TERM
DO-TERM
DO=TERM
DO~TERNM
DO-TERHM
DO~TERM™
DO-TERH
DO=TERN
DO-TERM
DO=TERHN
DO~TERH
DC=TERM

148
153
167
1638
173
172
178
177
183
182
190
213
199
222
226
210
141
219

85/09/19. 17.37.29 PAGE

6
TYPE ~—=SIZE
REAL 50
INTEGER 3
INTEGER
INTEGER
INTEGER
REAL - 50
REAL 25ue
REAL
REAL
REAL ’
REAL 1060
REAL 50
REAL
REAL
REAL 50
FEAL 50

~LABEL~ADDRESS==~=~PROPERTIES~~=~DEF

. 360as
3006
3067
3608
3Ge9
3C16
3011
3012
3C13
3015
3020
3G4C
3045
319¢
3110
3120
3150

"15213
15248 .

15768
16048
16128
16178
16378
16468
16023
16708

16748

17638

17172

17233
17473
17433
17678

FORMAT
FORFAT
FORMAT
FORMAT
FORMAT
FORMAT
FORPAT
FORVAT
FORMAT
FORKAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORYAT

236
237
246
249
25¢
251
254
255
2538
259
260C
262
265
266
268
269
2n




PROGRAM DSSI 74/176 OPT=0,ROUND= A/ S/ M/=D,=DS FTN 5.1+577 85/09/19. 17437429 PAGE

- -

==ENTRY POINTS=—~(LO=A) !
=NAY E===ALDRESS==ARGS=== "

DSSI - 208 0

~=1/3 UNITS==(L0O=A)
“NAYE==n PROPERTIES=—=mmmmmm————

TA2E1D AUX/BIN/DIR
TAPE14  AUX/BIN/DIR
TAPE21 AUX/BIN/DIR
TAPES FUT/SCQ
TA%ES FHT/SEQ

~=STATISTICS~=
PRIGRAH=UNLT LENGTH 263438 = 11491
SCY4 STORAGE USED 657008 = 27584
COYPILE TIME 2.765 SECOMDS
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PNV UWNSLADIOONOCVIWND—

[ G G I S G

SUBROQUTINE INVERT

747176 OPT=2,ROUND= A/ S/ H/=D,=DS

D0==LONG /=37 JARG=~COFHON/~FIXED,CS= USER/-FIXED,DE==TB/~SE/=5SL/ ER/ ID/=PHD/=3T,PL=5000
FINS,1=DSSI,B8=8,L=LDSSI.

~=VARIABLE MAP=-=(LO=A)
-HA1E---ADDRESS--BLSCK--—--PROPERTIEu-------TY"’----—-—--SIZr

A
1
J

1
2168
2208

/

/

DUXMY—~ARG

29

50

SUSROUTINE” INVERT(A, N, HHAX)

DIMENSIOH ACNMAX,NUAX) .

DO 10 K=1,8 .
00 20 I=1,N
D0 20 J=1,M
IF(lEQaKaORJEQ.K) GO TO 20C
CACIAIYSACTI L) ~ACTILKIXA(K,ID /A (K,K)
CONTINUE
A(K,K)==1.0/7ACK,K)
DO 30 I=1,N
- IF(1.EQ.K) GO TG 30
ACI,KI=A (I ,K)*A(K,K)
CONTINUE
DO 40 J=1,N
IFCI.EJ,K) GO TO 40
ALK, J)=A (K2 I*A(K,K)
CONTINUE
CONTINUE

0750 I=1,N
00 50 J=1,N
A(I,3)==AC1, )

RETURN
END

REAL ADJ=ARY
INTEGER

INTEGER

/
~=STATEMENT LABELS==(LO=A)
~LA3EL=ADPRESS====—PROPERTIES~===DEF

10
20
30
40
50

INACTIVE
548
1148
1418

INACTIVE

DO-~TERM 20
DO=TERHK 1C
DO~-TERMN 15
DO=-TERM 19

DO~TERHK 24

==ENTRY POINTS==(LO=A)

“NAWE===ADDRESS=~=~ARGS===

INVERT

58

3

FTH 5.1¢577 85/09/19%. 17.37429 PAGE
~NAME===ADDRESS==5LCCK=====PROPERTIES TYPE~
K . 2148 . INTEGER
N 2 DUAMY=AFRG INTEGER
NUAX 3 DUMHY~ARG INTEGER

1

—=-=51ZE
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SUSBROUTINE INVERT

-=STATISTICS-=

PROGRAM=UNIT LENGTH

SC* STORAGE USED

COMPILE TIHE
17.53.12.UCLP, AR, PU4

’

74/176 OPT=0N,ROUND= A/ S/ H/=D,=DS

2308 152
617008 25536
0.383 SECONDS

0. 479KLNS,

FTH 5.1+577

85/09/19.

17.37,29

PAGE

2

e e s e e o

e ———— it i e e s

e e mpm e -

L6T1



(1)

(2)

(3).

(4)

(5)

(6)

198

BIBLIOGRAPHY

Tezcan, S.S., Cubuk Sistemlerin Elektronik Hesap

Makineleri ile Coziimli, Istanbul Teknik Universitesi

Kitliphanesi, Elektronik Hesap Bilimleri Enstitiisii

Sayi1:12, 1970.

Cakiroglu, A., Ozden, E., ve Ozmen, G., Yapi Sistem-

lerinin Hesabi ig¢in Matris Metodlari ve Elektronik

Hesap Makinasi Programlari, Cilt II, 1Istanbul Teknik

Universitesi Kiitliphanesi Say1:1005, 1974.

Ghali, A. and Néville, A. M., Structural Analysis,

Chapman and Hall, New York, 1978.

Tuma, J.J. and Munshi, R.K., Advanced Structural

Analysis, McGraw-Hill Book Co., New York, 1971

Hbod, P., "Frontal Solution Program for Unsymmetric

Matrices," Int. J. Num. Meth. Engng. Vol. 10, 1976,

pp. 379-399.
o

Clough, R.W. and Penzien, J., Dynamics of Structures

McGraw-Hill Book Co., New York, 1975.



(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

199

Cakiroglu, A., Ozden, E., ve Ozmen, G., Yapi Sistem-

lerinin Hesabi icin Matris Metodlari ve Elektronik

Hesap Makinasi Programlari, Cilt I, istanbul Teknik

Universitesi Kiitliphanesi Say1:813;1970{

Aktas, %Z., Onciil, H., ve Ural, S.,Sayisal Céziimleme,

Cilt I, Orta Dodu Teknik thiversitesi, Ankara, 1981.

Wilkinson, J.H., The Algebraic Eigenvalue Problem,:

Clarendon Press, Oxford, 1965.

Cakiroglu, A. ve Uzmen G., Yapilarin 6zel Périyotla—

rinin Tayini ve Modlarain Siliperpozisyonu ¥Yontemi,

Ulug Kitabevi Yayinlari, No.ll, istanbul, 1977,.

Efil, K., "Kemer Tipi Yapilarin II. Mertebe Teorisi
ile Hesabi," M.M.L.S Diploma Tézi,‘istanbul Teknik

Universitesi Macka insaat Fakiltesi, 1982.

Tezcan, S.S., Yiksek Yapilarda Riizgar ve Deprem

Yiikkleri, Bogazicgi UniverSitesi, Ingaat Miihendisligi

Subesi, Dahili Rapor No:75-13T, istanbul, 1975.

Newmark, N.M. and Rosenblueth, E., Fundamentals of

Earthquake Engineering, Prentice-Hall, Inc., Englewood

Cliffs, New Jersey, 1971.

Biggs, J.M., Introduction to Structural Dynamics,

McGraw-Hill Book Co., New York, 1968.



Yy S - ol S
Sy ,

'lfif};(lS)ifEnglekifk['R:Eﬁ;éndfﬁart;'Gﬂdi Earhquake Design éf”

LIRS Y

- Concrete Masonry Buildings, Vol.l, Prentice—HallL

Inc., Englewood Cliffs, New Jersey, 1982.

(16) Kuscuoglu, M., "Yatay Yik Ta$1y1c1 Diisey Elemanlar,
- Cerceveler," M.M.L.S. Diploma Tezi, iIstanbul Teknik

Universitesi Macka insaat Fakliltesi, 1982.

(17) Xaradogan, H.F, "Ikinci Mertebe Teorisi ile Deprem"
Hesabi Icin Bir Metod," Doktora Tezi, Istanbul Teknik '

iniversitesi Mithendislik~Mimarlik Fakiiltesi, 1974.



	Tez3793001
	Tez3793002
	Tez3793003
	Tez3793004
	Tez3793005
	Tez3793006
	Tez3793007
	Tez3793008
	Tez3793009
	Tez3793010
	Tez3793011
	Tez3793012
	Tez3793013
	Tez3793014
	Tez3793015
	Tez3793016
	Tez3793017
	Tez3793018
	Tez3793019
	Tez3793020
	Tez3793021
	Tez3794001
	Tez3794002
	Tez3794003
	Tez3794004
	Tez3794005
	Tez3794006
	Tez3794007
	Tez3794008
	Tez3794009
	Tez3794010
	Tez3794011
	Tez3794012
	Tez3794013
	Tez3794014
	Tez3794015
	Tez3794016
	Tez3794017
	Tez3794018
	Tez3794019
	Tez3794020
	Tez3794021
	Tez3794022
	Tez3794023
	Tez3794024
	Tez3794025
	Tez3794026
	Tez3794027
	Tez3794028
	Tez3794029
	Tez3794030
	Tez3794031
	Tez3794032
	Tez3794033
	Tez3794034
	Tez3794035
	Tez3794036
	Tez3794037
	Tez3794038
	Tez3794039
	Tez3794040
	Tez3794041
	Tez3794042
	Tez3794043
	Tez3794044
	Tez3794045
	Tez3794046
	Tez3794047
	Tez3794048
	Tez3794049
	Tez3794050
	Tez3794051
	Tez3794052
	Tez3794053
	Tez3794054
	Tez3794055
	Tez3794056
	Tez3794057
	Tez3794058
	Tez3794059
	Tez3794060
	Tez3794061
	Tez3794062
	Tez3794063
	Tez3794064
	Tez3794065
	Tez3794066
	Tez3794067
	Tez3794068
	Tez3794069
	Tez3794070
	Tez3794071
	Tez3794072
	Tez3794073
	Tez3794074
	Tez3794075
	Tez3794076
	Tez3794077
	Tez3794078
	Tez3794079
	Tez3794080
	Tez3794081
	Tez3794082
	Tez3794083
	Tez3794084
	Tez3794085
	Tez3794086
	Tez3794087
	Tez3794088
	Tez3794089
	Tez3794090
	Tez3794091
	Tez3794092
	Tez3794093
	Tez3794094
	Tez3794095
	Tez3794096
	Tez3794097
	Tez3794098
	Tez3794099
	Tez3794100
	Tez3794101
	Tez3794102
	Tez3794103
	Tez3794104
	Tez3794105
	Tez3794106
	Tez3794107
	Tez3794108
	Tez3794109
	Tez3794110
	Tez3794111
	Tez3794112
	Tez3794113
	Tez3794114
	Tez3794115
	Tez3794116
	Tez3794117
	Tez3794118
	Tez3794119
	Tez3794120
	Tez3794121
	Tez3794122
	Tez3794123
	Tez3794124
	Tez3794125
	Tez3794126
	Tez3794127
	Tez3794128
	Tez3794129
	Tez3794131
	Tez3794132
	Tez3794133
	Tez3794134
	Tez3794135
	Tez3794136
	Tez3794137
	Tez3794138
	Tez3794139
	Tez3794140
	Tez3794141
	Tez3794142
	Tez3794143
	Tez3794144
	Tez3794145
	Tez3794146
	Tez3794147
	Tez3794148
	Tez3794149
	Tez3794150
	Tez3794151
	Tez3794152
	Tez3794153
	Tez3794154
	Tez3794155
	Tez3794156
	Tez3794157
	Tez3794158
	Tez3794159
	Tez3794160
	Tez3794161
	Tez3794162
	Tez3794163
	Tez3794164
	Tez3794165
	Tez3794166
	Tez3794167
	Tez3794168
	Tez3794169
	Tez3794170
	Tez3794171
	Tez3794172
	Tez3794173
	Tez3794174
	Tez3794175
	Tez3794176
	Tez3794177
	Tez3794178
	Tez3794179
	Tez3794180
	Tez3794181
	Tez3794182
	Tez3794183
	Tez3794184
	Tez3794185
	Tez3794186
	Tez3794187
	Tez3794188
	Tez3794189
	Tez3794190
	Tez3794191
	Tez3794192
	Tez3794193
	Tez3794194
	Tez3794195
	Tez3794196
	Tez3794197
	Tez3794198
	Tez3794199
	Tez3794200

