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ABSTRACT

A simplified method of analysis is developed for
high-rise tubular structures, rectangular in plan, subjected
to horizontai loading.QKEZﬁgﬁiﬁgjs an extension of the _
continuous medium method proposed earlier by Choudhury for

plane shear walls with multiple bands of openings.

+The proposed method for deflection and stress analysis
of a tubular structure is'EEqﬁﬁ}@Qan jdealisation of the
discrete system ¢f connections formed by spandrel beams as an
equivalent continuous medium with equivalent stiffness proper-
ties. Based on the éimplified method, a computer programme
is written in FORTRAN for determiﬁation of maximum defledtion,
column ax1a1 forces and girder bending moments produced due
to point load at top and lateral load uniformly dlstrlbuted
throughout the height. The shear lag effect on tubular
structures is also studied for buildings with aspect ratios
of 0.5, 0.75; 1.0, 1.5 and 2.0 and stiffness factors of 0.1,
1.0 and 10.0.

A comparative study of the available simplified methods,

for the bending analysis of tubular;structure33Zconsidering

EEEEEEE,EEEEZEEEELiS presented in graphical form. The methods
are -
_2) F.R. Khan method
i) A.H. Khan method
71i) Coull and Bose method




Computer programmes are'writfen on: the basis of the above
methods. A general computer programme for the thréefdimensional
analysis of EEE}\EEE;Qiggg_ysing an equivalent wide-column
space frame has been used for invéstigating the accuracy of

-the different commonly used approximate methods of analysis.

The results obtained from the proposed continuous
medium method agree very well with the 'exact' results obtained

from the three-dimensional space frame analysis. The computer

programme based on the method fequires a very small computer
éforage and can yield acceptable results with very little
computing effort. Therefore, the method may be conveniently
used to rapidly evaluatertheeggglgggigggfgnd stresses for
the tubular high-rise structures during preliminary design

stagee.

'\'\
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NOTATIONS

clear span of connecting beam’)
~depth of connecting beam.
{Boilding height

storey height

" integer variables

'dfstance between'centroidal axes of the two
walls/columns in x-direction
--distance between centroidal axes of the two
walls/éolumns in y-direction
number of walls or,opening
shear force intensity in connecting medium
instensity of applied horizontal loading in
x—direction
intensity of applied horizontal loading in
j—direction | |
vertical distance of any section from top
horizontal deflection in x-direction
horizontal deflection in y-direction
cross-sectional area of ith wall
modulus of elasticity
gshear modulus
moment of inertia of ith wall about x-axis
moment of inertia of ith wall about y-axis

moment of inertia of ith connecting beam

vi
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Ic,i reduced moment of imertia of ith connecting beam
T . integral shear force

iy aT/dx; T = 4°T/dx°

Fi axial force in ith wall

-U,l strain energy due to bending of beam

U2 strain energy due to axial force of wall
U3 strain energy due to bending of walls

U total strain energy of the tube

M_ “bending moment[) in wallf} about x-axis
| I‘Iy -‘bending moment@ in wall@ about y-axis
o,3,Y - parameters defined in derivation

v Poisson's ratio

£ z/H |




CONTENTS

ACKNOWLEDGEMENT
ABSTRACT
NOTATIONS -

Chapter 1  INTRODUCTION
11 General
1.2 Tubular System

1.3 Objective ofthe Present Work

Chapter 2 REVIEW OF AVAILABLE APPROXIMATE METHODS
OF ANALYSIS OF TUBULAR STRUCTURES

2.1 Introduction

Page
iii
iv

vi

10

12

2.2 Research on Shear Lag Analysis of Box-beams 12

2.3 Works on Rigid-tube Structures
2.4 A,H. Khan Method
2.44.,1 Asgumptions
2.4.2 Method of Analysis
2.4,% Computer Programme
2.5 F.R. Khan Method
2+5.1 Assumptions
2.5.2 Method of Analysis
2.6 Coull and Bose lethod
2.6.1 Assumptions
2.6.2 Method of Analysis
2.6.3 Computer Programme
2.7 Three-dimensional Equivalent Frame Method
2.7.1 Introduction
2.7.2 Assumptions and Limitations
2.7.3 Method of Analysis

2.7.4 Computer Programme

13
17
17
18
19
19
19
20
22
22
23
25
25
25
26
27
29




Chapter 3

SIMPLIFIED ANALYSIS OF TUBULAR STRUCTURES

© BY CONTINUOUS MEDIUM METHOD

3.1
. 5'2
3.3
34

Chapter &4
4.1
4,2

4,

4.3

44

Chapter 5

59
5.2
REFERENCES

APPENDIX=A

APPENDIX-B

Introduction
Assumptidns
General Formulation

Computer Programme

RESULTS AND DISCUSSIONS
Introduction

Comparison between.Bifferént Approximate
Methods

4,2.1 Deflection
4,2.2 bDtresses

Comparison between Continuous Medium
Method and 3-D equivalent Frame Method

Discussion on Shear-lag Effect on
Tubular Structures

CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER STUDY :

Conclusions

Recommendation for Further Study

GOVERNING EQUATIONS,DESIGN CURVES OF
DIFFERENT METHODS AND LISTING OF THE
PROGRAMMES

LISTING OF THE PROGRAMME
(Continuous Medium Method)

Page

30
30
31

47

49
49
49

56

58

92
94

9%

98




CHAPTER 1
INTRODUCTION

1.1 General

The modern trend in urbén plaﬁning.is to build high-~ -
rise buildings in developing cities,.particularlwaor office
buildings. Low-rise bui}dings are often replaced by taller
blocks in the more developed areas. The economy, aesthetics,
.efficiency and above all, the prestige associated with tall
buildings - have, in recent years,. increased their rate of

=cons$rnc$innrall.over“the“world:

‘T4 4s only in the last 30 years. that reinforced concrete
has found increasing use in the construction of tall buildings.
In its initial development in the.early parts of the twentieth
'century,[reinforced concrete buildings were limited to only
a. few stories in height. The structural type used was the
traditional beam-column frame system which made the construc-
tion of tsller buildings relatively expensive. In the early
1950's, the introduction of shear walls opened up the possi-
bility of using concrete in apartment and office buildings
as high as 30 stories. Taller buildings still remained econo-
mically unattractive and technically inadequate, because the
shear walls which were mostly used in the core of the building
were relatively small in dimension compared to the height of
such buildings, leading to insufficient stiffness to resist

lateral loads. It was obvious that the overall dimensions of




the interior cores were too small to economically provide
the stability and stiffness for buildings over 30 or 40

stories.

The natural tendency then was to find new systems of
structures that would utilize the perimeter configurations
of such buildings rather than to rely on the core configura- -
tions alone. The development of the special wall-frame, i.e.
perforated wall structure known as a ﬂ£i§29~3299f' was , ‘
thereforé,_a logical outcome-of this challenge. The modifica-
tions of the rigid tube system into a .'.Mjghgl,';gg_n@i
fEPE: and other vériaﬁions are indeed known to offer certain
advantages in planﬁiné, design and construction. |

The 'rigid tube' system usually relies on 'hull-core'
i.e tube-in-tube, type configurations for its basic layout;
this has formed the structural backbone of almost all the
tallest buildings constructed in recent years. The exterior
enclosure tube or 'hull' usually consists of closely spaced
columns connected together with deep)Egggggg;kpgggggggigyg;
floor level to form a multi-storey multi-bay box frame. For
apartment buildings, this hull-tube alone or the hull with
cross-walls provides the necessary stiffness against the
lateral loads. For office buildings, the external hull is
usually coﬁbined with an internal service 'core' through the
floor system. The resulting 'hull-core' system is extremely
efficient in resisting all kinds of horizontal loads, Vviz.

winds, éarthquqkes or blasts.




1.2 Tubular Systems

A recent development in structural design is the concept
of tubular behaviour originally introduced by F.R. Khan(q4).
At present (1984) four of the world's five tallest buildings
use tubular systems. They are the John Hancock Building, the
Sear's Building, the Standard Oil Building in Chicago, and
the World Trade Centre in New York (Figs. 1.1e,h,f,g, respec-
tively). Tubular systems are so efficient that in most cases
the amount of structural material used.pef square fodt of .

floor space is comparable te that used in conventionally framed

buildings half the height.

Tubglar'desigﬁ assumes that the.facade structure responds
to lateral loads as a closed hollow box beam cantilevering : |
‘out of the ground. Since the exterior walls resist all or
most of the wind load, costly interior diagonal bracing or

shear walls are eliminated.

‘The walls of the tube consist of closely spaced columns
around the péfimeter of the building tied together by deep
spandrel beams.rThis facade structure. looks like a perforated
wall. The stiffness of the facade wall may be further increased
by adding diagonal b:aces; causing trusslike action. The
rigidity of the tube is so high that under lateral loading

its behaviour is similar to a hollow cantilever beam.

The tubular structures may be subdivided into the

following types as shown in Table 1.1.




Table 1.1 Classification of tubular structures
(adopted from Ref. 17)

Tubular Structures |
|
H ]

Hollow Tube Interior Braced Tube _ -

|
[ i

Framed Tube Trussed Tube

Tube with | Tube in' Modular
parallel shear|||tube tube
walls. "m

|Modified tube

Column-diagonal| {Lattice trussed
trussed tube tube

Framed tubel |Tube in semitube
with rigid
frames

1.2.1 Hollow JTube
(a) Framed Tube

The framed.tube,the earliest.applicafion of the tubular
concept; was first used by F.R. Khan in 1963 in the 43-story
Dewitt Chestnut Apartment Building in Chicago. In this
Vierendeel tube system, the exterior walls of the buiiding,
consisting of a closely spaced rectangular grid of beams and

columns rigidly connected together, resist lateral loads

through cantilever tube-action without using interior bracing.




The interior columns are assumed to carry gravity loads only
and do not contribute to the exterior tube's stiffness

(Fige 1.2)4

Other examples of hollow framed tube buildings are the
83-storey Standard 0il Building in Chicago and the 110 storey: -
World Trade Centre in New York., Although these buildings have:
interior cores; they act as hollow tubes because the cores

are not designed to resist lateral loads.

The effect of shear lag on the tube action results in
nonlinear stress:distribution along the column envelope; the
columns at the corners of the building are forced to take a
higher (giare7) of the load than the columns in between (Fig.1.5).
Furthermore, the total deflection of the building no longer
resembles a cantilever beam, as shear mode deformation becomes

more significant.

The shear lag problem sevefely affects the efficiency
of tubular systems, and all 1ate:§:]deﬁelopments of tubular
design attempt to minimize it. The framed tube principle
seems to be economical for sfeel buildings upto 80 stories

and for concrete buildings upto 60 stories.

(b) Trussed Tube
The inherent weakness of the framed tube lies in the
flexibility of its spandrel beams. Its rigidity is greatly

improved by adding diagonal members. The shear isthW'primarily
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absorbed by the diagonals, not by the spandrels. The diagonals
carry the lateral forces directly in predominantly axial
action, This reduction of shear iag provides for nearly pure

cantilever behaviour (Fig. 1.3).

- This system uses diagonals within the rectangular grid
of beams and columns. The diagonals together with the spandrel
beams create a wall-like rigidity against lateral loads. Not
only do the diagonals carry the major portion of the wind |
loads, they act as inclined columns supporting gravity loads,

as well,

Normally the compression induced by gravity loads is
not overcome by the tension caused by lateral loads - this
dusl function of the diagonal members makes this system more
efficient for very tall buildings (upto about 100 stories imn
steel): It allows much larger spacing of columns than the

framed tube.

(¢) Lattice Trussed Tube

In this system the tube is made up of closely spaced
diagonals with mo vertical columns (Figs. 1.1j,k). The
diagonals act as inclined columns, carry all gravity loads,
and stiffen the structure against wind. The diagonals may be

tiedggﬁgbther by horizontal beams.
_The'&fagonals are exgremely:efﬁicient in responding to
'-lateraiiioads, but they afé‘less.efftcient than»vgrtiéal*columns:f.jf

in transmitting gravity loads to the ground. Furthermore, the




vulérgeaﬁﬁmber of Jjoints required between'diagonals and the
problems related to window details make the lattice truss
system generally impractical.
1.2,2 Interior (Braced yfube
. The framed exterior tube may be stiffened in plane by
addingwdiaggnals, or it may be stiffened from within the
building by adding shear walls or interior cores. Several. .

approaches to interior bracings are as follows:-

(a) Modular Tube

or bundled tube principle. This system.has been,usedwformthé;;@tﬁ.Jff
Sear's Building in Chicago (Fig. 1.i#4)y.currently the tallest .. ..
building in the world. |

- The exterior framed tube is stiffened by interior cross.. -
diaphragms in both directions (Fig. 1.4) an assemblage of
cell tubes is thus formed. These individual tubés are inde-
pendeﬁtly strong, therefore may be. bundled in any configuration“wm;
and discontinued at any 1eve1.‘A further advantage of this
bundied'tube system lies in the extremely large floor areas

that may be enclosed.
The interior diaphragms act as webs of a huge cantilever
beam in. resisting shear forces, thus minimizing éh@ﬁﬁﬁEgggln

addition, they contribute strength against bending.
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The behavior of this system is shown in the stress
distribution diagram in Fig. 1.4. The diaphragms parallel
to the wind (i.e webs) absorb shear, thereby generating
points of .peak stress at points of intersection with perpen-
dicular walls (i.e. flanges) indicating the individual action

of each tube.

(b) Tube-in~tube

The stiffness of a HolTow tubesystem is very much
improved by using the core not only for gravity 1oéds but to
resist lateral lbads, as well. The floor structure ties the
exterior and interior tubes together, and they respond as a
wnit to lateral forces. -

The reaction of a tube in tube system to wind is
similar to that of a frame and shear wall structure. However,
the framed exterior tube is much stiffer than a rigid frame.
The exterior tube resists most of the wind in the upper
portion of the building, whereas the core carriés most of

the loads in the lower portion .

The tube in tube approach has been used by Khan(qa) in

the 38=storey Brunswick Building in Chicago, and the 52-storey

One Shell Plaza Building in Houston.,

1.3 Objective of the Present Work

The objective of this work is

(i) to develop a simple method for linear elastic analysis

of high-rise tubular structures subjected to lateral

loads.
—




i1

~ (4i) to compare the results obtained from different
commonly used approximate methods of solution with
those obtained from a 3-D analysis of the tubular

structures idealised as a space frame.

(iii?) to study the shear lag effect on tubular structures
< .

with different aspect ratios and different stiffness

factors.




CHAPTER 2
REVIEW OF AVAILABLE APPROXIMATE METHGDS OF
ANALYSIS OF TUBULAR STRUCTURES

2.1 Introduction

The approximate methods of structural analysis were
developed to enable the engineer to reach quick decisions
regarding the dimensions and layout of structural membefs
and to compare different schemes of structural systems.
Although the availability of powerful and sophisticated
computers encourages the engineers to go for exact analysis
of the étructures, the final design is often accomplished by
shuttling between "analysis" and "design"; the starting
(i.e fhe preliminary design) and acceptance of the final
design still require engineering judgement. In both cases,
the ehgineer needs to make short hand calculations either
to prepare "analysis" or to assure himself that the "“computer

results are at least realistic".

2.2 Research on Shear-lagz Analysig of Box Beams

Shear lag phenomenon, resulting in a nonuniform distri
bution of bending stresses across wide flanges'of'a beanm
cross-section,. has long been recognized. The analysis and
design of béx—beams with this special problem have also been
investigated by aeronautical engineers. The pre and post

World War II periods are especially marked for researches on

i
H 1

€
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box~like components of aircraft struéture and so most of
the significant papers on box-beams were published during
this tinme,

-""\-..-; .

e T o
cen o

A;Ha'Khan(qB) has extensively studied the pas;

research on shear—lag;analysis of box beams. Many eariy-works
on shearalag problems are referred to in this paper. He used
energy theorems and calculus of vaiiation to present a general
solution for bending and twisting of thinwalled closed tubular
structure. He assumed the spanwiée displacements of a beam

in the form of finite series incorporating the chordwise
(transverse) displacements as some chosen and simple functions.
A number of simultaneous differential equations are obtained

- which can be solved for stress and displacements.

D.A. Foutch and P.C. Chang(qq)

have reported an interes-
ting phenomenon associated with shear-lag in the flanges of
box girders that is quité contrary to well established ideas
concerning this subject. If a cantilever tube is loaded
laterally under nop-uniform shear, a reversal of thershear

lag distribution may occur at some point in the beam; the

centre-line stress may exceed the edge stress.

2.3 Morks on Rigid-tube Structures

Considering the number of buildings constructed all over
the world using the rigid-tube concept, the published informa-
tions concerning their behaviour under load is contained in a

relatively few papers. The approximate method of analysis for
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their preliminary design suggested by the ACI Committee (-)
is probably among the‘first of the simplified methods of
analysis. In this method, two distinct types of behaviour

- of a framed<tube structure are recognised, viz, the frame
behaviour of two sides parallel to wind direction,‘and the
tube behaviour of the entire structure. For the first action,
the committee suggested the Portal method of analysis of two
parallel frames. For the second, the whole structure.is.
simulated by a vertical cantilevered beam with two discrete
channels.:. To account for shear-lag effect, the 'effective
.flange=width' is taken;as a Eunctienxof;the three external

_dimensions of the tube (Ref. 2). N N L

Coull and Subedi's(g’s) method of analysis for framed-
tube structures is based on a modified‘plane-frame computer
program, By recognising that the major interaction between
the frames .iaarall.,el and perpendicular tc the lateral loads
are vertical shear forces at the corners, the two orthogonal
frames are considered torlie in the same plane énd are connected
in series by fictitious linking members whose gstiffnesses
are chosen to allow only vertical forces to be transmitted
between the frames. By recognizing this dominant mode of
behaviour, it is possible to reduce the analysis to that of
an equivalent plane frame, with a consequent large reduction
in the amount of computation required in a conventional three-

dimensional analysis.
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Coull and Bose(a) method of anélysis for‘framed-tube
structure provides a simple closed form solution by replacing
the discrete structure by an equivalent orthotropic tube, and
making simplifying assumptions regarding the stress distribu-

tions in the structure.

A simplified method is alsoc presented by Ast and
(1) |

Schwaighofer for the analysis of framed-tube structures
when subjected to bending due to lateral loading. The method
consists in replacing the three-=dimensional tube by an equi-
valent two~dimensional system. Several additional simplifi-
cations are assumed and their influence on the accuracy of
the results is demonstrated.

An approximate method is also available from Chan,Tso

and Heidebrecht' 10

to study the interacting effect of normal
frames on uniform shear walls and the $hea¥.lag effect in the
normal frames. Based on the axial deformation distribution
among columns; a reasonable assumption is introduced to
simplify the method. |

Rigorous treatment ¢f thé analysis of a framed-tube
structure have been presented by F.R. EKhan and Amin(qu) and
A H. Khan(qa).

(14) presented a graphical-analytical

F.R. Khan and Amin
solution for framed tubes of any dimension and of any height.
Influence curves are presented for an equivalent 10-storey

tube with various ratios of bending stiffness of columns to
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shearing stiffness of beams, and different aspect ratios of

fhe building. From these curves, the axial forces in the

columns and shear forces in the spandrel beams of a tube

of any height can be obtained using a reduction modelling

technique. A large number of computer runs on a 10-storey

equivalent plane~frame were made to comstruct the influence
o

- curves for various factors. The_effect of shear lag is taken

into account by the nature of the computer analysis.

A H, Khan(qa) suggested a simplified method of analysis
of tube structures, which takes into account the effect of
shear<lag in a tube formed by uniform plates perforated by
a large number of regular openings. The effect of rigid
joints is also considered in constructing the mathematical
model. The range of the method is then extended to include
various tubular structures of different beam-column stiffness
ratios, thickness and material variations in adjacent or
opposite walls. He considers the framed tube as an equivalent
s0lid thin<walled beam. This method is limited to structures
having height to width ratio greater than two and wi%h relati-
vely deep. members. Also the properties of the st;ucture must
be constant across its width and along its height. The accuracy
of the method is lost appreciably when the ratios of beam
depth to storey height and column depth to.bay width are
less than 0.25, (Ref. 16).

A simple method for the_analy8isof large multistorey

mul tibay framework has been presented by Kinh, Paul and Osama(16).
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It is based on replacing the actual structure by an elastically
equivalent orthotropic membrane, which is then analysed by the
finite element technique. The inflection points for the bottom
storey columns are assumed at 2/% of thé storey height from
the bases The refined expressions for the equivalent elastic
properties in combination with the versatility of the finite
element technique make fhis method well adapted to a wide
range of tubular structures. Out of_ééveral approximate
methods, A.H. Kﬁan, F.,R., Khan, Coull and Bése methods are very
popular for preliminary design@(}hrpose. The outline of these
methods are discussed in the following section.

~

2.4, AH, Knen Method‘13’
2.4.1 Assumptions'

i) In plane deformation of the section of the beam is
assumed negligible. This is a reasonable assumption in view

of the diaphragm actions of floor slabs at every storey level.

ii) The properties of the structure are assumed constant

across its width and along its height.

iii) The in-plane stiffness of flanges and webs are
considered; out of plane warping of the section due to torsional

load is also included.

iv) The simple functions describing.the chordwise distri-
bution éf displacements are assumed so that the shear-lag
effect is taken into account.

v) The influence of grid Jjoints are comnsidered in using sti-

ffness properties of the analogous plates of the equivalent tube.
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2.4.2 Method of Analysis
The main features of the method are:

a) The perforated tube is converted into an equivalent
unperforated hollow tube of underformable cross-sections,

with appropriate stiffness properties.

b) The solid-walled tube is analysed by the generalised

énergy principles and variational methods.

¢) The stresses and displacements of the equivalent
tube are then converted to the design stresses of.@ggqrf@ia

tube structures using the'stress factors.,

In this method, to represent the predominant behaviour
of the tube in pure bending, longitudinal and transverse
displacements are assumed in the form a finite series. The
parabolic distribution of axial displacements in the flanges
was assumed on the basis of experience -from past shear-lag
analygses and the cubic distribution in the web was assumed
on the basis of stress distribution predicted by finite

element analysis of similar three-dimensional structures.

-The final_expressions for the displacement functions,
longitudinal stresses, and lateral deflection of the tube
for different loadings are given in Appendix A-1. From the
expressions for stresses and displacemehts of a cantilevered
tube under different loading conditions, it is observed that
the problem of shear-lag has been reduced to a one-~dimensional

problem involving a single quantity, A{orAL). It provides a
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measure of the shear-lag effect at every cross-section
of the structure. A study of the pénameter,£%L was made in
connection with deflection and stresses of tubes with a wide

range of heights. The parameter study is given in Appehdix A-1,

2.4,% Computer Prégram

Based on the method of analysis and parameter study
presented in Appendix A-1, a computer program has been written
in FORTRAN« A listing of the program is given in Appendix @P@}

2.5 F,R, Ehan Method(q4>

2.5.1 Agsumptions
a) For very preliminary analysis

i) For a very preliminary design, the effective
configuration of the tuﬁe is assumed to two equivalenf |
channels and channel flanges normally should not be
more than half the depth of web (Frames parallel to
lateral load), or more than about 10% of the height
of the building.

b) For more accurate analysis

i) The points of contraflexure are at pid-height of

each storey.

ii) The frame-tube has been replaced by an equivalent

pléne frame for the analysis.
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iii) A linearly varying ratio of bending stiffnesses
of columns to‘spandrels was assumed 0.75 at the

roof to 0.5 at ground level.

2.5.2 Method of Analysis

For a very preliminary analysis of framed tube, the
effective configurafion of the tube is reduced to two equiva-
lent channels resisting the total overturning moments. This
overturning moment resisted by the two equivalent channels
ﬁill produce axial forces in the closely spaced columns of
these channels, as well as shearrférces in the connecting
spapdrels. The preliminary estimate ‘6~ the axial forces in
the columns as well as the shears in the connecting spandrel-
can be ased on the classical beam theory and can be expressed

as follows: | .

where,

Pw-= axial force due to wind

= overturning moment

= effective moment of inertiarof the tube

spandrel shear

M
I
.v _
v

= total wind shear
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Q = sum of first moment of column areas about the
neutral axis

C = distance of any column from the neutral axis

h = story height '

A = eross sectional area of column

These approximate rules nave generally given conser-
vative values of shear and moment as compared to the actual
forces in the exterior columns obtained by the exact analysis
performed subsequently by a generalized computer program

such as STRESS, STRUDL, or others.

To achieve a more accurate design than the equivalent
channel method, F.R. Khan has developed influence curves
vwhich can be directly used for a relatively accurate preli-
minary design. These curves have been developed‘on the basis
of a number of computer runs on a 10-story equivalent framed
tube with variable nondimensional paramefers representing
ratios of shear stiffness, Sb’ of the spandrel beam to the
axial stiffness, Sc of the columns, ard a iinearly varying
ratio of bending stiffness of columns to spandrels. The
significant structural properties of the tube structure are

given in Appendix A-2,

Using the non-dimensional parameters, a total of nine
nondimensional preliminary design curves are presented by
F.R. Khan(14)u The design curves are shown in Appendix A-2.

The main purposes of developing the curves was to provide the
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design engineer a tool to determine the tubular characteristics
of any given framed tube and quickly compute the total deflec-
tion and bending moments and shears in the beams caused by

the tubular nature of the entire structure.

The framed tube system always has two components of
its behavior: a) the frame action of the two sides parallel
to the direction of the lateral load, and b) the overturning
action of the entire tube causing only tension and_compression
in the exterior columns. All the influence curves presented by
the author are for the evaluation of the tube action only,
although the use of these curves will allow one to compute
the approximate moments and shears in the spandrels which
will deéfine one boundary of the column moments. The other
boundary of the column moments at any typical storey should
be obtained by assuming the point of contraflexure at mid-
height of each storey. For preliﬁinary design the higher of
the two values should be used. -

To compute the total deflection, ‘the additional deflec-
tion due to frame action must beﬂcaiéﬁrated,separately and

added to the deflection caused by the tube action.

(3)

2.6 Coull andrBose Method
2.6.1 Assumptions

i) Out of plane deformation of the panels are neglected

because of high in-plane &tiffness of the floor slab.
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ii) The spacing of the beams and columns are assumed

uniform throughout the height.

iii) To simplify the expressions in the analysis, it
is assumed that boﬁh beams and columns are of

uniform section throughout the height.

iv) It is assumed thgt the structure possesses two
horizontal axes of symmetry, passing fhrough the
vertical central axes, so that the stress systems
4in the side panels are identical, and those in the

- normal panels are equal and opposite.

v) The cross-elasticity terms,aEyz, Exz etc. 'is assumed

‘negligible.
vi) The stresses are expressed with sufficient accuracy
- ag a power series in the horizontél coordinate,

X or y, the co-efficients of the series being

arbitrary functions of the height coordinate, z;

vii) Parabolic distribution of vertical stresses, 6,, in

the normal panel are assumed.

2.6.2 Methods of Analysis

A simplified procedure has been presented by Coull &
Bose(5) for the analysis of framed-tube structures for tall
buildings subjected to lateral loédihgg making some simplifying

assumptions regarding the stress distributions.
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In the framed-tube structure shown in Fig. 2.1 the,
lateral load is resisted primarily by the following actions:
i) the rigidly jointed frame actions of the shear resisting
panels -parallel to the load (AB and DC); ii) the axial
deformation of the load (AD and BC); and iii) the axial
forces in the discrete corner columns. The interactions
between the normal and side panels consisﬁ mainly of vertical
jnteractive forces along corners A,B,C and D. The equivalent
tube composed of orthotropic plate panels is shown in Fig. 2.1,

in which the stress system on a small element on each face

is given.
¢ A A
-~
o\-lé—— x
} P
o b |
Z 2 T Al
ol 3,(2/1@;
}
'//1/”.”/5:”:"””" L
- ,

Fig. 2.1 Notation for stresses.

The stress components are expressed in the form of

power series in the horizontal coordinate, the coefficients

T

[P

of the series being functions of the height coordinate only. \
It was assumed in the case of bending in the Oxz plane that ' -
the stress ¢, and 6. .could be expressed as simply as possible

as parabolic and cubic ‘series,, respectively, while in the
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case of torsion the shearing stresses 7, and j&z could be
approximated by parabolic forms. Statically correct distri-
butions could then be obtained from the_equilibrium condi-
tions for the remaining stress components. After satisfying
the overall equilibrium conditions and the equations of
equilibrium aﬁd compatibility along the corﬁers, all stress
components could be expressed in terms of a single stress
function, S. For different loading conditions, this stress
function and governing equations for stresses are given in

Appendix A-3,

2.6.3 Computer Program

Based on the method of analysis'presented in Sec.2.6,§}
a computer program has been written in FORTRAN. A listing

of the program is given in AppendixngB.

2.7 Three-dimensional Egui&alent Frame Method

2,7.1 Introduction

In this method, the tubular strﬁcture is replaced by
an equivalent wide-column épace frame. The frame may be
conveniently analfzed by the stiffness method.. The mathematical
formulation and a computer program was presented by

Choudhury(?)i

A special technique was developed by taking advantage

of the sparse nature of the stiffness matrices of the frame.
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To avoid the inversion of large matrices, the system co-
ordinates of the structure are selected in such a way that
the resulting matrix which must be -inverted will be tridia-
gonal band matrix. Using the band matrix, the analysis is
conducted by recursion procedure which requires the inversion

of low order matrices.

2.7.2 Agsumptions and lLimitations
Although the method of analysis is general, it is based
on certain assumptions end limitations which are outlined

below:
(i) Begular rectangular building frame:

The building is laid out in a. rectangular grid pattern.
Storey heights, and column stiffnesses may vary arbitrarily,
as may the bay widths in each direction. Departure .from
regularity resulting from omission of members at arbitrary
1ocationé may be accommodated by assuming zero stiffness

properties for the omitted members.

(ii) Rigid floor diaphragms:

Due to the in-plane rigidity of the floor-slab, the
vertical elements at any floor level undergo the same dis-

placements i{both translation and rotation) in the horizontal

Plane.
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(iii) Bigid Jjoints:

The jointing between the individusl elements is
fundsmental to the integrity of the structure. Due to the
linear variation of vertical deflection in the walls, the
floor slabs are constrained to follow the same linearly

varying deflected shape along the line of connection.

(iv) Axial and shear deformations:

Axial deformation of the columns and walls are consi-
dered in the anélysis, but the girder axial deformations are
neglected (as required by the rigid floor diaphragm). The
shear deformations and the flexural deformations in all

members are also considered in the analysis.

v) Torsional stiffness:

The non=uniform torsion of the walls is neglected.
Uniform torsiomal stiffness of the panel components, beams,

columns, walls etc, are included.

2.7.% Method of Analysis

The approach, wide-column frame method, in which the
wall and be;m élements are replaced by line elements along
their centroidal axis, is used for the analysis of plain
frame. These elements are constrained to follow the same
bending shear and axial deformation as those of the represen-

ting medium. The joints connecting the beam end to the wall
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centre line are assumed to be infinitely rigid so that along
the line of contact the floor plate and the wall have the
same vertical deflection. Thus the above mentioned replace-
ments are implicity made and the equivalent frame is capable
of truly representing the bebaviour of the actual structure.
'Floér slabs flexural stiffnesses are calculated using finite

element technique. The solution comprises six stages:-

1) Computing the stiffness matrix of the whole floor

_ system, comprising beams and plate elements.

ii) Condensation of the stiffness matrix to conform

to the degrees of freédom'of'the equivalent frame.

iii) Computing the stiffness matrices of the wall and

column elements of each storey.

iv) Superposition of the matrices obtained from (ii)
and (iii) to obtain the overall stiffness matrix
of the equivalent frame.

v) Solution of the equilibriquéQuation by recursion
" technique. |

vi) Computing the stress resultants in walls and columns.

The stiffness matrix of floor slab is generated using
finite elemenga techniques. The generalized procedure to use

the technique can be summarized as follows:

a) Idealization of the structure into finite number

of elements.
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b) Calculation of the stiffnesses of each elementf

of the idealized structure.

¢) Assembling the individual stiffness matrices to

form the overall stiffness matrix of the structure.
d) Cealeulation of the nodal force vectors.
e) Imposition of boundary condition, and

£) Solution of the equilibrium equations to obtain

nodal displacements and finally, the stresses.

2.7.4 Computer program

A general program, based on the analysis described
in the sectioﬁ 2.7% is.writteg in FPORTRAN by Choudhury
M.R.ca)@ The analysis was originally introduced by J.R.
Choudhury(7), in his Ph.b. thesis.and‘he developéd a computer
program of this analysis using ALGOL. The programme is modified
slightly by the author for the suitable solution of the framed
tube structure where the total number of walls is equal to

the total number of nodes. The listing of the proéram in

FORTRAN is presented in Appendix43§4,

l




_ CHAPTER 3
SIMPLIFIED ANALYSIS OF TUBULAR STRUCTURE (3
BY CONTINUOUS MEDIUM METHOD

2.1 Introduction

A simpiified method of solution for high-rise tubular
structures is presenfed in this chapter. The method is an
extension of the continuous medium method proposed eaflier
by Choudhury (Ref. 7) for plane shear walls with multiple
bands of opénings. The method consisté in replacing the
spandrel beams by a continuous medium (Fig. 3.1), obtaining
a seriés of ordinary differential equations for the shear
forces in the continuous medium by minimizing the strain
energy, and solving the equations by using a weighted
residual method suggested by Galerkin. The main advantage
of the method is that the solution time is independent of
the number of stories and depends only on the number of
coluﬁnsQ iﬁis makes it possible to obtain approximate solu-

. ]
tions very rapidly using a small computer.

3,2 Agsumptions
i) The connecting beams do not deform axially and hence
the lateral deflection of individual walls is the same at

any level.

i1i) The moment of inertia and cross-secticnal areas
of the walls and the connecting beams are constant throughout
the height, except the connecting beam at the top most storey

Pl
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which has half the moment of inertia and half-the CrossS-

sectional area of the other beams.

iii) The point of contraflexure of the connecting beams

are at their midspan.

iv) Plane section of the wall before bending remains
plane after bending, so that the moment curvature relations
based on the.simple engineers theory of bending (ETB) may

be used.

3.3 General Formulation

The formulation technique has been adopted from Ph.D.
thesis of Choudhury(7). Fig. 3.3 shows. a2 typical floor, plan
of a tubular structure; consisting of closely spaced coiumns
at arbitrary locations and connected by deep spandrel beams
at floor levels. It is assumed that the cross-section of
column is rectangular and doubly symmetrical. The discrete
connecting beams of stiffness EIp are replaced by a continuous
medium connecting the walls for the full height and having
'thelsame bénding s%iffness as the'beams'they replace. The
_structure is released by introducing a cut along the line of
_contraflexure and the integral of distributed shear forces in

the connecting medium,

T = j:qddz . : . (301)

is taken as the redundant function (Fig. 3.2).




ANNANANANANNANY AANANANNIN A\
TR ST

AOMMMNNRW AAVEMAVMARMAAL MM AANY

* AN \\\\\\\\‘\T\\x\\\\\\Y—\XX\\\\\_\\T\\\\\\

Released Structure

TI777/ 77071 R i T T 2T 1 T2 1 i T (T v

7
W/ gy e
o‘ﬂ/_// TS7 7L T STz T T 2 i 17T 7 1 12772447

FIG.3.2

\ \
ALUTUIIURUTEURU R R ARV VYRR,

| ~ \
I /
W///W///f////////f//////////////////////j///z/ |

WWJ//J///////////////////////[/////////////////

Continuous Medium

(b) Beams Replaced by

I

Fig, 3.1 Tube Structure

A N W
T\ T\

St\
77 [T [ //j\?
77— — —=%
. J(\:Z\

{a) Tube with Operings

IEEEERESESEIIEREEERAREALERAEE
3 o




w Junit ht.
x

wv/unit height

Wi
i

1
777777777
i [

Fig. 3.3 Typical floor plan of e tubular gtructure.
. \ .




24

The governing equation for the fumction T will be derived
from energy considerations (as originally suggested by Rosman) .
Neglecting the effect of axial forces;,. the strain energy due

to bending of the continuous medium of height dz is

573 '2'

o 2 h
du, = 2 a.x)% dx ®1 1.2 ¢f. h, ax
T [ (21‘1 — + ) (& (3.2)
o Pyl Pyl
E

Substituting the value of G = HCTDN

2.3 _ '
q. b: h. da. ,
: JU,] - T [’1 . 2.4 ()2 (1 + ﬁ)sz
Tp,Li 1
2 ,b? hi
= (T') 24 E 1 'd.Z . ‘ (3.3)
c,i -
I,
= ——rad (3.4)

where Ic,i 3, 5
1+ 2.4 +Y)
: . i

. Strain energy due to axial deformation in ith wall

(P, - T, )° -
] & ——d 3= a

Strain energy of ith wall due to bending deformation

| d 2 2
a2 ) |
I, “J%‘é%‘%;i « =% 'Yai}dz (3.6)
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The bending moment Mx i and M - for any height z. measurlng
* ’

from top of the tube, are expressed by -

o

:.EI_ZE En:( ok )
- + T C + T, s e
Mo ™ —E= izid izl 34" 3 L (3.7
I .
a":j x,a
2
w « Z
2( 748 al 1) ' ‘
-——-gL =1 3 1 3‘1 I . -
My,l = ﬂ? 7.1 (3.8)
>1I
7-1 Tsd

- For the tubular structures; due to continuity of beams

T,= T, and al = a) | (3.9)

n o |
. . ~ 7 ‘ '
I ;g}Tjaj + Tj-1aj-4) = (T1aq + T ao) +(T2a2+T1a ﬂ)

+ ..'J-... + (Tpa, + T _4a'  4)  (3.10)

n | |
./ : (3.11)
2T, o
: n
Similarly jZj('lf;jﬂj + T4 C :_1-1 Z(TEl Xy, a (3.12)

Putting the values of Mx i and My i in Eqn. 3.6 and integrating
9 3 !
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we get
‘ 2 .
W z .
, | e 4 (T.f ) <
3 = fél e X,i X,1
' 51 Xy
2 7 :
[ Wye 2 2
2 - _aZ(T-ifLﬁ
+ x I_ . J2EL_ .
& L Yl ¥l
=1 EEI .
:]:-j Yn']
2 7 2
w_% w_ 2 n
(- F— 2oy, (F— - 2T )
- - =] 2 as + : 3=l : (3.45)
2E>I_ . . X
2E py
X E Tsd
.*. Total strain energy of the system
U=sU, + U, + U, + U, = F(Z,T,T")dz (3.14)

1 2 2 3

The Euler equation of the calculus of variations states that,

if

g\ = F(x,y,y')dx, then for @ to be minimum |

OF _ 4 (2

Applying this to minimize the strain energy of the system,

- we wWill have

%‘L_d—g-(%ho' (3.16)
1
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wo_Wagn Z2, U3 | _
Now, '5@; = 3@1‘ gC-ufl + T:i. | (3.12)
3 U oy, .
ot GG G D & G LY
2
W 2z W z2 -
w, - ?Ta fy.9 E—-2="Ll5
. - x{ ¥z d X d v )
Ttely E'Elxi VAR o1 N5
’ EE T.i
au

ﬁ‘z' =0 | | (3.18)

Wy, (T -1, )
Similarl =
¥ ng 2—1 AE

. ‘ A
au
and -5,1-1 = 0
1
aﬂﬁ T! b. 3h,

oUms  ™b? h, - , :
. d- LN = - : .
Cem G s TwET, (3.20)

»
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Substituting the above expressionsin éqn. (3.16) yields

S Ay "x 2 g (T, . )

AL 2_xad ATl gy
x l
’
ESI, ETI E I, ,

(3.21)

T.x 1. . - T, T, -7, T pon,
*Z.(._ax__&al.l,_(.ﬁiﬂ_a_),u( e DR i
15 S S X,1i- Ai+1 1 12k Ic .

hEY S 'l

Rearranging the terms,

T" -

b3

. o
T, . T .

o 28 y.3 2%,

_.—-M J- - 1 . + J——-—-—

+
P
N
]
&
b
n14£

P Sy 2Lz b3 By
where 1 = 1,2,3..... n - (3.22)

The above system of simultaneous second order differential

equations may be written as

1 2 2
1 =
b -oc11T1 “TgnTy o oo a -Qi,]j .o+ ﬂ,‘ z 0
“ 2 T , z 2 _
Tz -CX21T1 -0522T2 se ® 8 @ o"%gj Tj + ﬁz Z - 0 (3023)
1
S

Py =Ty ~FypTp e - e e '0‘1;5'11;1 + 2% = 0
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Where ‘
1. s.1. . 1. .41, . 421 .
?’_=(—1=-l—-L-}—+-&'?H—l—x4-}—)-—-p-*L'when'#i
%3 ST S1 v2 b, ’
Xyi v.i it # i+1
o i1
CLJ{]' ZI ZI tAy 141 b7 by
X,i y.i A
of’ = ( R (e 2 _:L..L_’!__&. A el
i, i+t 3
ZIX 4 ZIy’ i+l bIhy
CC?/ 1 ( =% EER S T El S S 2 tes
i,i= A,
, Elxﬂ- Zly, + h
(3.24)
snd ﬂi =.1§ iy i ] Wx.]_ . . W .1 . )
b7h, 231, 2%L
Written in matrix notation, ean. (3.21) becomes
— - 2 2 2 A 1 2 - -~
T, | lotaq Oz eee Olag ] v [ Ay
ﬁ P : 7 2 z T‘
2| 2| T @1 Aaz e Kon 2 /2
- -1/ " 7/ - -
T o4 o e X
- m | 01 ne nn | _Tnd i ﬁn_
, .
or _Q.___g = é . 2 + f. Z2 (3-25)
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- Al 1 :
Oy gz *%ez eeClen| | @sp2 o
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2 - Ay 2 @
oL o +CC
n1 ne NG nn Lcai,n ﬁ;
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Aﬁianalytical solution of the above system of equations is

tob_tedious for more than tﬁo bands of openings.

The boundary conditions for the equations are:

at 2 = 0O T, =0 (1 =1,2 eeaa n)
aT. (3.26)
at 2z = H’ Ez'l_' = 0 (i = /‘,2 ssse n)
Assuming the family of solutions
Tj = E al,] Sln 2H (a = 1 2.-.11) (3027)

(4135
each term of which satisfies the boundary conditions Eqn.3.26) Fog
and applying Galerkln s method to. minimize the residuals,
the following system of 51mu1taneous equatlons in the é&a

are ebtalned:

i=1,3,5 eeene (3.28)
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In matrix .form:

e]x [2] -]

the solution of which gives the cﬂij's

[2}[9‘} [_rs. | (3.29)
i ‘
One the aij‘s are determined, the vaiues of the T's at

different heights may be evaluated by summing the series,

For wall i, at height z,

2 i
W_ z
M - 2 + Z(Tj'. 1xsj) T (
ei= = - . - 1o 3.30)
j‘l y’lj
2 n-
W, .2
- 27y 15,5
M Ja—— . =7 . 1 )
¥,i "I i " Tx,1
7 % XsJ
where Tj‘s are calculated at height z.
Axial force in wall i at height z,

Deflections:
Using the moment curvature relationship

2 2

-y W_e 2 n
El =3 ( =— %Ti 1y,4)

dz
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2 2
d-y W_e2 L
EI__E=(,_%___§-T'1

) and
dza 4

DAL

Subs_stituting the values of Ti's from eqn. 3.27.

) | ,
4~y W 22 n Az
El —X— = a,.sin 2451
dza _ ;(zgla 2H /7%, §
EI _....I _..I..__ Sin ﬂ_ 1 '
and dz° 2 z(%i : 7.3

Integrating twice, and substituting the appropriate boundary

conditions,

d ¥y dy
(at 2 = H, y Yy e i 0)
o
L ELy e (ko Bz By sES[S
X x "1 5 & e e
in_ _ gip 0z
( Sin 5 - Sin 57 :].1
i2 X,d
4 3 2
Z H-z ll-H
andEIyy wy(’IE - 52 +4 [
=135

(3.33)
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For point load at top:

The derivation follows exactly the same pattern as for

the uniformly distributed load, the only difference is in
the values of the loading terms in eqn. (3.25) expressed

by [13_] . za, which is now replaced by

[21 . Z where [_1_3_] = 2 "and (3.34)

42I. P .1 . P_ . .
b2h.
1 1

4 =

where Px and P_ is the concentrated load applied horizontally

at top.
In egn. (3.28) the K matrix becomes
o e [0
8 i A
[E] = Sin
12,2 2 | P2 (3.35)
and eqn. for moment (3.30) is modified to
7 I .
Mx,i = (Pxoz - ZTi.lx,i) . 21
X,i
(3.%6)

N I .
M .= (P .z - T, . . ._.Y_a..l_
yoi = (Fyee | 2y ) SI_ .
¥l




and egn. for deflection becomes

. 3 2 "t .2 n o
z7 Hz HZ 4B
EI{;X Px( 6 -2 '3 ) - 2 JZ;[Z(EU'
‘ : 1,35
. Sin ":é-]-r- - Sin -‘3—%4 N -
ié * X,j (3037)
3 3 2 n o
z H"z H 4E :
EIyy = B( 6 -2 *3 ) - =5 z :[ E :aw’
J=1 7 i=135
ir .. 171%
) Sin g -lsln >H ] 1
2 M %

3.4 Gomputer FProgram

A computer programme, based on the theory presented in
sections 3.2 and 3.3, has been written in FORTRAN. The sequence
of opera't;ieﬁs followed in the programme is outlined in the
flow diagram presented in Appendix-S . The number of terms to be
considered in the series solution for the T's is read in as
data. In Fig. 3.4, it is shown that the series for T's converge

rapidly and only a few terms give sufficient accurate result.

The matrix formulation of the analysis automatically
divides the programme into suitable sections. The A, B, C and K
matrices have to be formed for each term of the series and the

1 > o~ " . = -
D,'s are obtained by solving Eqn., (3.26): [_D.l:[ [Q } [EJ .
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The size of the matrices to be handled, dependent only on
the number of hands of openings, are usually small viz.

(n x n) and do not present any storage problems. A listing
of the programme, together with a-more detailed discussion

o;érocedures and form of data input, is given in Appendix-ﬁzzb
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 Introduction

In this chaptér the results of three eiample problems
are presented in graphical and tabular form. The example
problem 1 (Fig. 4.1) is analysed by F.R. Ehan method(q4),

_AJH, Ehan method(13), Coull and Eose method(13), proposed
Lontinuous medium method and the results compared with thgse

- obtained from a three-dimensional equivalent frame method.
The example problem 2, (Fig. 4.2) is extensively studied by
the proposed method and 3-D equivalent frame method. In the
third set of example problems (Fig. 4.3), a series of 20-
storied tubular structures, is analysed by the proposed
simplified method to investigate the shear-lag effect on

tubular structure.

A 18-storey concrete rigid-tube structure 40'x72' in
plan, (Fig. 4.1) is chosen as the 1st example tubular struc-
ture. The structure is similar in dimensions to that analysed
by A.H. Khan(q3). The total height of the tube is 216 ft and

it has 5-bands and 9-bands of regular window-openings in
each of the webs and flanges respectively. The other properties

of the above'tube are:

Storey height = 12.0 ft
Beam size = 1,2'%7.2"
Column size = 1,2'x4.8"
Asbgct ratio = 1.8
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Poisson's ratio = 0.18

Modulus of Elasticity = 432,000 (lsf

Two loading cases are considered, viz. a) Point load at the

top, and b) Uniformly distributed load.

4 2 Cgmpar;sgn between . D;fferent Apprgx;mate Methods

Py P ST

3 7 AR I Ml
2.4~Deflect10n-r- P pt R e P TRGG

Figs, 4.4 and 4.5 show the deflected shapes of the
structure due to a point load and a distributed load respec-
tively. The deflected shapes of the proposed simplified method

agree very well with those predicted by 3-D equivalent frame

analysis and A.H., Khan Methodg; « Compared with 3-D equivalent
frame method, the continuous medium method underestimates

the deflection at all heightscof the tube. The maximum devia-—
tion is 12% at top from that of 3=D equivalent frame analysis.
F.R. Khan and Coull and Bosem have not given any governing
equations for the horizontal deflections, so it is not possible

to compare results with those two metheds.

4,2.,2 Stresses

Phe--distribution of stresses in the example tube struc-
‘ture for a point load and for a distributed load are shown

in Figs. 4.6 and 4.7 respectively. From the stress diagrams
it is observed that the pattern of distribution of stress

is predicted fairly accurately by the proposed method. The
stresses at all points on the wgb and flange of the tubular

structure calculated by the gonfinuous medium method.éf&higher
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than those obtained from A.H. Khan method and Coull and Bose
method. F.,R, Khan method gives greatef stress for corner
column and the column next to corner in both web and flange
of the structure. For the remaining columns, the simplified
method gives higher stresses. The stress results obtained
from different methods arershown in the following Table 4.1

for example problem 1 (Fig. 4.1).

L

Table 4.1 Stresse§f§£:53§3§(iﬁ}%SiQﬁdﬁe;ﬁﬁéqgD.L.

Column position

Methods . 1 2 % 4 5 6 7

3.D space 2.3 5.30  9.95 8,50 5.00 " 4.50 4,00
frame | '

F.R. Khan 1.96 %.75 15,00 8.44 5.16 3.75 3.25
A.H. Ehan 2.92 5.20 7.50 6.27 5.36 4.75 4.44

Coull & Bose 1.05 3.88 8.8 6.39 4.56 3.34 2.73

Continuous  1.91 5.88 10.05 7.77 7.00 6.70 6.50
medium

5 -

!

4,3 Comparison between antﬁhugus Medium Method and 3-D Space
- Frame- Method -

In order to check the accuracy of thejgpntinuous medium
method, a 20-storey rigid-tube structure, example problem 2,
32 £t x 40 ft in plan, (Fig. 4.2), is analysed by three-

dimensional equivalent frame method and by continuous medium

method. The structure has 5-bands and 4-bands of regular
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openings in each of the flanges and webs réspectively. The
total height of the tube is 200 ft and it has a uniform wall
thickness 1.2 ft. The stiffness factor (S;) for the structure
is 0.1, The beam size is 1.2'x1.46' and the column size is
1.2'x2.,4"'s. Poisson's ratio and @)d'ulus. of.@lasticity are'taken
as 0.18 and 432000 ksf respectivelys Two loading cases were:::
considered viz. a) ’IOOk péint,load.at:the-top applgéa:}in
‘y~direction and b) 30'psf uniformly distributed load. The

column axial forceséﬁﬁjﬁﬂjﬁﬁ%ﬁby 3~D space frame are compared

in Fig, 4.8 with those obtained from Continuous medium (=

method 5~y The nature of the shear-lag effect on tube .

/ . ) .
structure is observed to be the same from both the analysis.

An interesting effect is observed at z/H = 0.5 when the
‘building is subjected to UDL. Normally, one would expect that
the corner columns would have the maximum axial force. However
from Fig., 4.8, it.ﬁay be observed that the maximum axial
force occurs not in the corner columns but in the column

adjacent to the corner,

From Fig, 4.9,itlis found that the axial forces calcu-
lated by goﬁtinuous medium method in corner colummns 1,9,10,18
and in columns 2,8,11,17 agree well with those obtained from
3-D equivalent frame method. In the columns 3,7,12 and 16 of
the web frame, the values of axial force obtained fromrgonti—

nuous medium method are less than 3-D equivalent frame method

from top to 15th storey level,ahd from 15th storey to basgﬁé
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the values are higher. From 3-D equivalent frame analy51s,

it is found that the maximum axial force occurs 1n\the«-L

columns of web frame at 17th storey level, @hereas, from

4

”@ontinuous medium method of analysis, the maximum axial
force occurs at base, which is 3%6.8% higher than .3-D equi-
valent frame result. In columns 4,6,13 and 15 of the flange
frame, the values of axial forces obtained from-gbntinuous
medium method are highergfmaximum’deviatioh 28% at base}

than those obtained from 3-D equivalent frame analysis.

4.4 Disggss;gn on Shear-lag Effect on Tubular Structures

To investigate the shear-lgg effect on tubular struc-
tures, a series of twénfy-storied tubular~$tr39tures are
analysed by continuous medium method for point lcad at top
and lateral load uniformly distributed throughout the height,
(Pig. 4.3). The properties of the tubes are tabulated in
Table 4.2. |

Two non-dimensional parameters

4

i) aspect ratio R = idth of flange frame

" width of web frame
and ii) stiffness factor S%ﬂo S X ( )2

where, Sf = Sb/sc

have been selected and tubes with Séqo varying from 0.1 to

10.0 have been analysed by Epntinuous medium method for aspect
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ratios 0«5; 0.75, 1.0, 1.5 and 2.0. The column axial forces
obtained from these analyses are shown in Fig. 4.10 to 4.36.
For all the tubes, idealised as an unperforated hollow tube,
the column axial forceé are also calculated by the simple
bending theory and the values are shown in parenthesis. The
dotted lines shown in Figs; 4.10 to 4.%6 show the stress
distributien in the columns for the ideal tube. It is observed
that from top downto level = z/H = 0.5, for'Sf = 10.0, the
shape of the axial force distribution curve is concave upward
for uniformly distributed load and at lower levels the
-shapeof the curve is cbncave downward. This may be due to

the fact that in the upper portion of the tube, the bending'
deformation is more prominent than the shear deformation and
hence the shape of the curve is concave upward. While in the lower
levels of the tube, the shear deformation being more prominent
than the bending deformation causes the shear-lag curve to

become concave downward.

The shear=lag effect is found almost negligible from
top downto level = z/H = 0.5 for Sf = 10.0 under point loading
at top.

The pronounced effect of shearslag on the stress distri-

bution is observed at base level for all aspect ratios under

point loading as well as uniformly distributed loading. -

The abnormal shape of the axial force distribution curve

for Sf = 0.1 and for all aspect ratios under uniformly distributed
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loading is observed from Fig. #.12, 4.18, 4.24, 4.30 and 4.36.
Here the maximum axial force occurs not in the corner columns
but in the columns adjacent to the corner in the web frame
and in the 2nd or 3pd columns in flange frame. From the above
figures, it is found that thg axial forces in remaining
columns of the flange frame gradually decrease@’upto centre
1ine of the frame following the shape of the ;bsfﬁ*@ifj}gshear—lag

~

Curve.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATION FOR
FURTHER STUDY

5.1 Conclusions

The results of a preliminary investigation into the
accuracy of a simplified method of analyéis of high-rise
rectangular tubular structures, using a Continuous medium
technique, have been presented in this thesis. From the series
of investiggtions it may be concluded that the method yields
acceptable levels of accuracy for column axial forcesrfor
a wide range of stiffness factors (s;) (i.e, 8, = 0.5%0.75,.

1.0, 1.5 and 2.0).

The results obtained from the proposed method are .

}
L

compared with those obtained from b

ij A.H, Ehan method
ii) F.R. Khan method
jii) Coull & Bose method, and

iv) 3=D equivalent frame analysis

The method (iv) is an ‘'exact' solution for the idealised
tubular structure. The accﬁracy of the proposed method is
verified by comparing the results with those obtained from
analysis of a 20-storey rigid-tube structure by 3-D equi-

valent frame programme.

From the comparative study, it is observed that for

a preliminary analysis, F.R. Khan method provides an easy

b

238
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§olutiong'amenab1e to‘manual computation, for the tubular
structure. However, the stress at corner columns is about

50% higher than the method (iv).

The stresses and deflections, of the example problemfﬂ,
obtained from the governing differential equation of AH,
Khan method are found less than the values reported in
Ref. 1%. From Fig. 4.5 it is found that the value of hori-
zontal deflection at top of the structure (Fig. 4.1) calcu-
lated from -the governing differential‘equations of A.H, Khan
method is sbout 28% less than the values obtained from
Ref. 13. From the stress diagram (Figs 4.6) it is observed
that the stresses correspond very well to those predicted

I3

by 3-D equivalent frame solution.

The stress in the corner column (Fig. 4.1) obtained
by Coull and Bose method is 11% less and that in the middle
column of the flange frame is aboutb %29 less than the values

obtained by 3-D equivalent frame method.

In deriving thegoverning equations for continuous
medium method, one of the assumptions made was that the
points of contraflexure are at the midspan of the connecting
beams, but from example problem 2 (Fig. 4.8), investigatéd
by the 3=D equivalent frame program, it was found that no
points of contraflexure in the conneéting media of thé
flange frame and web framé except the middle beam of the
web frame. Though the assumption is quite wrong, the results

obtained from the proposed method: agree well with those
- i




T

obtained from 3-D equivalent frame method. The values of
axial forces in the corner columns. obtained by the simplified
method are found to be within 90-95 percent of the results

- obtained by the more accurate three~dimensional equivalent

frame methed.

On the basis of the results obtained for different
example problems, it may be concluded that the simplified
method of analysis proposed in the study may be conveniently
usgd to rapidly evaluate the deflections and stresses for
the tubular structures investigated.

5.2 Recommendations for Further Study

| In this study, fhe accuracy of the continuous medium
method has been studied using only regular rectangular shape
of tube structure. A cOmparative study may be‘done for
irregular viz, octagonal shape bf tubular structure. The
principal axes of all columns including the corner columns
are assumed to be parallel to the faces of the rectangular
tube. The torsion in the beam has been neglectgd. A more
géneral method may be developed including torsional effect
in the c°nnecting media and irregular shape of column cross-

section..

3.D ‘equivalent frame program is modified for suitability
of the framed tube structure;anhlysiswwifhout reducing the
total memory requirements. This may be done by using direct

access input/output statements.
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From the series of analysis of shear-lag effect on
tubular struci:u:ces, (F:‘Lgs. 4,10 to 4.36), a series of
influence curves may be drawn for different aspect ratios,

varying stiffness factor from 0.1 to 10.0.
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APPENDIX A
GOVERNIRG EQUATICONS, DESIGN CURVES COF
DIFFERENT METHODS AND LISTING OF THE PROGRAMMES

A.1 A.H. Khen Method Details

A.1.1 Notations

.U,l rotatienal displacement _
U2 o modification of simple beam displacements

due to shear-lag

V1 spanwise transverse displacement

] point load at top _

q intensify'of distributed load

I, moment of Inertia about x-axis

s bimoment inertia .ofibending

E' modified valﬁe of E RS

G modified value of G

4 distance of the tube measured from bottom
L total height of the tube

oL parameter defining shear lag

ﬁq;ﬂz orthogonal functions

¢%, ¢é derivatives of prthogonal"functions
b clear span of beam

d depth of beam

A cross-sectional area of column




A.1.2 Governing Equations
The final expressions for the displacement functions,
1ongitqdinal stresses and lateral deflection of the tube

by A.H. Khan method(qa) are:

a) For Point Load

Displacement functions
)

n
m N
4

~
(=]
|
ojw

Vo = 2B,

‘V,‘ ='€Eﬁff—[za - BZZ,F] —*‘Z:%Ir'

X

_b_%__ [% sinh oz -~ coshoz + ’1]

. ' ‘ l
"Ofg_EiJa [i_""‘":ghaoltl (cosh otz -1) - sinh oz +ocz]

L'ggg;:' tudinal stresses

G () - 43=22 g o) + B SEREL con s - simners] dy(e)

\

o= B (- 2) Bi(e) + Er d%?a[-s-i-n—m costi ccz- simhaz | #3(s)
. x : '

cosh K1l
. : .2
28 o2 _zy_9__& 28
E' W21 " T/ 2K, TE' 29
x b4 4 1="2

sivih.ox1._ .
’[-5%%%-&'1-“512}11063 - cosh OCZ‘-I W,‘




Deflections -

vy = v(z,s) =’€E§I—— .1:23 - Z»zeﬂ} -.-2%%—-

. 4 1

2 .
- 'l-?‘— [% (cosh oz=1) - sinhocz +or,z]

b) For Uniformly Distributed Load
Dis cement function

Q. Z
5ye) = gt | o - 301+ 327

X

99 Bl T 4 L1 sinhecl . |
. U2 (z) = E'JOLE[ 20 cosh ol sinh ccz-coshocz +(1-2/1) _‘
2

- (z°) (z) |
V,‘(z) = - %Ljﬁ.:l_x (22-4 1z + 6 12) + i—a;—(z-E 1)

1

4 b1 -

A jod sinhod + 4 .
'O@%-ﬁJa [&alségghogcf - (cosh orz-1) - sinhaz

' 2
z 1 z

Longitudinal stress

ba, [1 +ol siphotdl o4 oo

Q4 2
6, = T1-2)" #4(8) * oy | oosh 1

-l sinhoz - ‘1] @2(9)




Deflection

¥ = v(z,8) = v,(2)

A.1.3% Parameter study

From the expressions for stresses and displacements of a
cantilevered tube under different 1oadinchonditions, it is
observed that the problem of shear-lag has been reduced to a
one-dimensional problem involving a single quantity, @(orOL).
It provides a measure of the shear-lag effect at every cross-

section of the structure.

Let the expression for deflection of a tube be given by,

1

Y = YgpB t T

where yypp = portion of deflection calculated by Engineer's

theory of bending

5 .
= - %%I—- (5§2 _§5) -—2%%’I—§ , for a point load, - @
x .

2 .
4 QL :
St N, - - S - & D.L,=q
eI (5 -4 F AGE, ’ | =44

where © = z/L

e = correction due to shear-lag effect

Yo éan be expressed as
Vo = Xy Ty
> ,
where y, = - 3£ T, for a point load, - @
Q»1I-’

, for a UDL, - q,

"
Qo
q%
H

M




The expressions for K_ are

y
K Cx ib_z__[gi.n_hﬂl_(c h GLE - 1) inh XLE +oLE 3
y =T, @a?) L cosnak 00 - s s .

for concentrated load,

I 2 .
_ 35 8b~ [.1.:£1£.§;£2£§L_ (cosh ALE - 1)
2 cosh AL

- 2
- L sinh dLE - (QL)° {% _g}J , for U.D.L

The parametric equations for longitudinal stresses

in a tube can be written as,

6z=K6'5b

where, 6‘0 = Q.L%’l__-ﬁl g,(s), for a concentrated load,q
X ~ ,

—5T #,(s), for a UDL, q,

ginh oL .
I b[coggocL cosh L€ - SlDOﬁLg:I. ﬁg_

and Kg =4 + 3 - @L)(1 - 5)8,

for a concentrated load, &

I Eb[-%:?;%—lfil&% cosho(LE - 0L sinh olL§ - 1] &,

= 141 +

J
2 @1)%(1 -5)2 g,

for UDL, q




APPENDIX A-1
LISTING OF THE PROGRAMME
(A.H. Ehan Method)




ZLOAD FFORTRAN
ZO0PTION ILIST,LOG
L ANALYSTS OF TUBULAR STRUCTURE BY ALI HOSSAIN KHaN METHOD
(—‘: LI I I R TR TR TR | T} fl # H U ENHEA AN ER HH® B He &an ﬂ‘+++"'++++++++++++‘++‘++'§'+‘+‘+++++4+"‘+*‘
' DIMENSTON PHI1(50),PHIQ(SO),SIGMAZ(1E,36),SIGMAT(12,20)
READGY ,10) B2,D4,T9, 01 ‘ :
, READ(Y ,10)XL ,E1,GY,ECST
10 FORMAT( 4Fi0.2)
WRITE (3,12 D2,D4,7T4,01,XL,E4,G1
§2 FORMATC(//T46, "WIDTH OF THE FLANGE' ,F&.3/T10, '"WIDTH OF WER=',F9. .3/
LT, THICKNESS oF WALL="' ,F92.3/7%, "U.D.L.="F9.3/T9, "HETCHT OF THE EU
STEDING=',Fi0.3,/T9, 'MODULUS OF ELASTICITY="' ,F40.3%,/T9, 'SHEAR MODUL
JUS=  Fi0,377)
WRITE(E,15) :
15 FORMGT(//T10, "DEFLECTION TmBLE',/TiO,EG('ﬁ'),/TiG,'z/H',iﬁx,
S DEFLECTION' /)
DO A5 K = 4,44
ECST = ECST + 0,10
fi=T4%D4
A2=TIHD2
XT=DA%R2% (AT /6+H2/2)
mei/BG%(ﬁi%DT*%2+S%QE%DE%%E)/XI_ ¢
KEMDQ&&Q%BE%%2/3+(B%%2+D1%%E/BJMQ1
K= (AT 2D %24+ 7% A2%D2%%4) /105~ (RE%D ) %X T
QLRHQ=(2*G1%(XEHDAM(B%ﬁEJ%éi)X(Ei%XJ))%%045

AL=ALFHA®X]L
C WRITE(3, 710 A1,A82, X1, B, XENDA, X1, ALFHA, AL
7 FGRHAT(T?O,'ﬁix',F15.4,'ﬁﬁﬂ',F?5ﬂ4,'IX=',F15;4,‘B:',F15A4,//T10,

¢ *'LEﬁDﬁ=',F15.4,'J2=',F1§.4,'GLPHQ=',F15.4,‘ﬁL=‘,Fi5,4,/f)

» YH=(XTI/ X% (A5Rxx2Y /L AL - %%4)%({1+QL*SINH(AL))/COSH(@L)*(CDSHE&L*
,ECSI)-1)mAL%SINH(QL%ECSI)“QL%%E%(ECSI%%QJE—ECSI))
YM=REX] ¥4/ {BRET %X T)
YE=YK Y M
YETB=Q1*XL%%4E(24%E1%XI}%(ECSI%%4~4*EC$I%%3+6%ECSI%%E}+Qi%XLﬁﬁﬁ/(4
SEGITHAI) N {2HECST-ECSI#E2)
'S = YETE+Y(

) WRITE (3,34) ECSI,Y

S& FORHﬁT(inX,F@.E,12X,F12;4,5X,G1@.3,5X,Gia‘B,SX,GiQ.S,SX,G10.3)
- WRITE(Z,24)Y Y
L 26 FGRHQT{K/TQ,'DEFLECTIGN=',F15.7,£/Tf0,'CGLUHN FOSTTYION® 40X, 'SIGHMA

[ AN
- I=0
PO 30 IX= 4,34,8

C I = I+
‘ FHIZ(IX) = ABS(D2##02/4-T¥%u3~RuD4 /2)

C IF(IX.LT.34) GO TO 2%

£ DO 30 1Y = 4,23,8
Ty=20

(» FHI{C(IY) = 1Y

" O 1O 49

FHI{(IY) = D1/2
XSIGMA = 4+ XT/XI%20E%C (f+ALRSINH (AL ) ) /COSHCAL) #COSH ¢ AL XECST) AL
ESINHCALKECSI) =T ) %PHIR(IX) /(AL%*2%(§-ECST)%%2%PHTS (1Y) )
STGMAE = Qi %#XL*%2%(4—ECST)%%2%FHT1 (1Y) /{2%XT )
SIGMAZC(K, IX) = STGMARXXSIGMA

C WRITE(3,35) I,SIGMAKR,XSIGMA

C35  FORMAT(14X,15,5X,E15.5,5%,E45.5)

30 CONTINUE

DO 46 IY = 4,20,8

C I = I+

' IX = 34




FHIZ2C(IXY = ARY (DN 4-TX5%2-H8D1 /)

FHIS(IYY = IY

XSETGMA =  §4+XT/X 29885 ( ( 1+AL*SINH(AL))/COSH(AL)*CDSH(QL%ECSI)~A!
~SESINHCALXECSI) -1 ) #PHI2(IX) ZCALXRDR (F~ECST Y vx2%FHT 1 (1Y) )
" SIGMAR = Q1%XL*%2%(1»ECSI)*%Q%PHI1(IY)/(Q%XI)

SIGMATC(K, 1Y) = SIGMAR®XSIGMA
CURITE (3,35) I,516HAK,XSIGHMA

CONTINUE :

CONTINUE

me

0

ECS2=-0.10
DO 35 K = 4,41
ECS2 = ECS2 + 6.10
WRITE (3,62 ECS2 :
62 FORMAT(//T40, '"ECE2 = "FS5L2,//T40,  COLUMN FOSTITION' , 40X, 'STGMAZ' /)

I =0

DO 54 IX = 4,34,8

T o= I+ 4

MRITE (3,56) I, SIGHAZ(K,IX)
56 FORMAT(§4X,15,E15.5)

54 CONTINUE

DO 32 1Y = 4,20,8

I = I+9

WRITE(3,38) I, SIGHMATK,IY)
2 CONTINUE
25 CONTINUE

STOP
END
ATA o
72.0 40.0 - 4.2 4.00
246.0 312940.3  252658.3 -0.40 :
“ND FRINT - , ] S




'A.2 F,R, Knan Method Details

A.2.1 Governing Equations

The significant structural properties of the tube

of F.R. Khan method(14) are:

1. Bending stiffness:

I
[
KG for column = T

, | Ib
Kb for spandrel beam = T~

2. Shear stiffness of the spandrel beans (defined asthe
force required to displace one end of the spandrel a unit
distance at right angles to the axis of the beam):

12 EI

b
S, = .
b 3

3, Axial stiffness of the column (defined as the axial force
required to shorten the column a unit distance. along the

axis of the column):

» AGE
bc = -
where
Ie = moment of inertia of the column
Ib = moment of inertia of the spandrel beam




Ac = cross-sectional area of the column
H = height of column

L = effective span of the spandrel beam
E = modulus of elasticity

The controlling parameters of framed tubes are:

' K
Stiffness ratio = Ei
Sb
Stiffness faCtOI‘, Sf = -S—
' c

R = ¥idth of flenee frame

width of web frame

Aspect ratio,

Actual stiffness. factor of the structure is tramsformed

to a 10-storey equivalent stiffnéss factor Sf10

where

S' = 5 X (N ‘|())

A.2.2 The non-dimensional preliminary design curves

(14)

presented by F.R. Khan are as follows:
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\Corner col.
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A.% Coull and Bose Method Details

A.%3.1 Notations

A, PHarea of corner column
b half breadth of framed tube
¢ half depth of framed tube
d bay width
E elastic modulus
G shear modulus
H total height of building
h story height
I second moment of area of framed tube
Id second moment of area of bean
Ih second moment of area of column
k structural parameter -
M applied moment at any level
m geometrical ratio
P concentrated load at top
P iﬁténsity of lateral loading per unit height
5 stress functions
t thickness of equivalent plate
‘x 'hbrizontal coordinate
¥y horizontal coordinate
2,%" | vertical coordinate

-shear strain

3
$ lateral deflection at top of structure




= z/H nondimensional height coordinate

A geometrical ratio
'g? shear stress
é% | direct stress and ’
> e Ete Ty e,
OB direct stress according toiggglnger's beam theory

A.3.2 Governing Equations
For concentrated load P at 2 = O the stress
functions is given by

) |
5(§) = £ 6, (n) ghohks

where §= 2/H; and o’b(H) = (%)z

For uﬁiformly distributed load p throughout height

~ l A n k{1 ~B) + K sinh k
5(8) =2 5= 5b(H)[ cosh K==l t 2 S0 .—5]

I

where | p(H) = pe H® /2T

The vé%ﬁical stress, , and lmay thus be expressed in

terms of S as

6y = -[Jn - (D7 s

i =+ (1-m®>s




The stress in the corner column then becomes

6o = (6)qup = X + (1 = 3m)8

ug-\

the remaining stress components are

2 | 2 2
Gy = 2 [(%)2 _ﬂ o [2m &2 - @

w,
ct c ct

o)
n
t
\S)
H|°w
—
n
~
W=
+
oo
+
|
N
+
N
-
+
o
o’
+

X
c

2 2 2
d M 1 d
-% (3)3] == - (1 - -B-m) L. [(%) - (f)ﬂ j

o




APPENDIX A-3
LISTING OF THE COMPUTER PROGRAMME

(Coull and Bose Methed)




APPENDIX A-4
LISTING OF THE PROGRAMME

(3-D Equivalent Frame Method)




OEJMAINT

I1sT

p 1 SYSDD4 IS 04D - 3540 — BLKSIZE 1S 0€B80 - RECSIZE I 80

§ JOE JNM=CTY8JRFsDISP=D,CLASS=A
LSTYT DISP=C
2 3 b 3 ok a2 3 ool 3k kb ok o Sk ke ool ok dlk ok ok o o ol e ol sk ool ofe ol ol s T b ol ool el o o ok ol e ok ool ook e e s ek de ook ek ok bk b s ek B K

CE CTYEJFF (798

PESCh SYSO005.X*161°

DLEL UOUT »* I JSYS05"

XTENT SYSDOSsse+2705+ 100

*EC CLRDK

CL E={K=0,D=236)1.X"00* ,CY.E={3340)
F e

LEL JTJSYS0S5,*JJSYS0E”

XTENT SYSODS5,542705. 100

LEL IJSYSOE *REFERENCE-S",+1,4 5D
XTERT SYSD0E,44+280%.100

LEL 1JSYSO7s*REFERENCE-10%, 1.5D
XTENT SYSO07494»290E, 100

PSSGh SYSODE6.X" 1617

CEEN SYSODL7.,X* 161"

FTICN LINMKSLISTHLOG

LEFST 11

XEL FFORTRAN

CLEL COUTA? IJSYSOT7®

EXTENT SYSO07s+9+242G,0C

EXEC CL&LCK

UCL B=(K=0,0=108).X"00% ,OY .E={(33401
ErC

LEL IJSYS07.,*115¥Y507*

EXTENT SYSO074s»es2425,02

FIICKN LINK.NOLISTSLEG

EXEC FFCRTIRAM

C FFCGRAMME FOR THE ANALYSIS 0OF SHEAR WALL/FRAME STRUCTURES TAKING IMC
ACCOUNT THEIR THREE—DIVENSIONAL BEHAY IOUR AND THE ST[FFE&ING EFFECT CF
FLCOR SLAES.

CC SCOPE THE PROCRAMME ANALY SIS THE BEHAVIOUR OF BUILDINGS CﬂNSISTth CF

SHEAR WALLS AND/ OR FRAMES INTERCONNECTED THROUGH FLUOOR SLABS AND/CK BEAM

» SUEJECTED TD HORIZCONTAL LDADOS APPLIED AT FLOOR LEVELS OF VERTICAL LLADS

APFLIED AT FLOOR WALL INTERSECTIONS. -

CC THEGRY ANALYS IS OF WALLS IS BASED DN THE EQUIVALENT WIDE-COLUMN FFRAME

METHLD ANLC THE BENDING STIFFNESS IS CALCULATE FROM A FINITE ELENMENT

ARNPLYS IS »

oW aWals

CC SIGNIFICANCE OF TEE SIMBOLS USED IN THIS PRUGRAMME AND THE SECQUEMNTIAL
ARRANGEMENTS OF INPUTS IN THE DATA SET LEVEL ARE EXPLICITLY DEFIMEL IN
CHAPYER 4 {DESCRIPTICN OF PROGRAMME)

THE STORACGE LOCAT ION REQUIRED FOR EACY BLUOCK OR MATRICES CEPEANDS COh THE
CRARECTERISTICS OF TEE BUILDINGS.

TH+HE VARIAELE STORAGE LOCATION FOR BLOCKS AND MATRICES ARE AS FUOLLCwS.
T+E SYMBLCLS USED ARE OF USUAL MEANING AS IN THE MAIN PRCGRANMME,

TC USE THE PROGRAMME TEE ONLY CHANGE %IL1L HAVE TGO MAKE IN THE DINMEANSICNKN
OF THE MATRICES AND THE VARIATIONS SHOW D BE MADE ACCURDINGLY:

ELOCK MATRICES WwWITH REQUIRED CAPACITY

/ KFI33M,33M)

1/ ELCORINNs ) +BPINBEs2 )y CONINEL 4 ) CONB(NBE 3 I1,RSMINMRNS2)PREDIS{(3%NM,2)

X2COCNINWEN,2)

27 TEINELALWALLNOI{MI NODARR 2%M)

FTH{3TM+2 I, WALLNDOI{M ), KCDARR{ 3¥M1+3)

2/ KGCGE[Z+MN,FEW+11} |

* HEBW={(MAXDIF+1)32NDF1 )} /2

47 CI3HN+T233M4+3), DI 3xMET,ZHM+3) 4DO{ FEM$ 2, 32MIT) 4 BL{IHM+I L, 3EMD

AXC{NSENDF +NSENDF Y,

#NE=NC. OF SICES GCF NGLCES OF EACH ELEMENT .

57 KIliMaBu6) sKZ2T{ MaE 48 ) 2+ KM 6+ )2 A{M,IxN43,6)

6/ LECADI{3*MAZ1ENLSNLCAD Y 4 X{{ 2%M+31ENL,NLDAD)

{
i
(]
(]
.
4
{l
(]
{
[}
1]
;
(]
i
q

17 I {¥YN)a. LENGTH OF THE XN DIVISICNS, IN CRDER X{1¥.,LEMRGTH CF
I THE YN DIVISIUONS.IN ORDER Y{1} i
1 (X{I1Y,I=1XN) . i 1GFE.2
1 {(Y(I¥,I=1sYN) I LO0FE.2
1 CON{ T 1)+CON(I+2¥sTH{I) "I 24 .,F10.4 {(NKEL
I CO-QRDINATES OF PLATE NODES IsJsAND THICKNES SETS LF VALUOE
I S {T) ARE RESPECTIVELY [CONI(IL+1)sCON{I,Z2Y & T{1I)
{ ELCORLIwJ3sJd=1s 2)sI=1,NN} 1 10F 8.2
1 ELEMENT CO-0ORDINATES {ELCOR{I,J0¥ I X CO—-0ORD. J ¥ CC—CFRD.




(a¥a¥al

a¥alalnlalnla 2% 2l

(a¥a]

Ly

6Q1

7{1

BQ1

14

W8]
o

Mo
ND

1001

CALL MUL e Lo Ma Ny NoMI M2 iloNZs 7 454t

FTRLABaDYaslalealal, i
CALL THANSLADZ2sMiNeM1.,M82,54, 57 )
CAEL PULTI{O1+C2eCelaslels 1oly LaM,NyM %7 ,S4,.54,5%7 sL1.t 2)
CC 1 I=1.¥

-

CC 1 J=1,s0n

FLRMAT(/* DI1="3F 1044 4"C2=9% oF [0.45"C=? ,Fi0e4/)
RETURN

CEBUG SUECHK

ENC

SUERCUTINE COPY32{AsBa N Ny PeMls M2y, M3, N1 ,N22
INTECER P

DIFEKNSION A{MLl.MZ2,M3), BIN1.N2)

CC 601 I=14N

CC 601 J)=1,P

E{l+3)=AIN,1,J)

RETUERN

ENC

SUBROUTINE CLEARIAsMN,M1,M2)
DINMERSION AIM1.M2)

CINMLN A

DC 701 I=1.M

CC 701 J=1,.N

A (120070,
FETUERN

END
SUBROUTINE CLEARI[AsNM Ny P M1, M2,M3)
INTEGEFR P

DIMENSICN a{Ml.M2, M1'

oC 801 I=1.M

CC 801 J=1:N

CL 801 K=1.P

AlIaJsKI=0a

RETURN

END

SUBRCUTINE PRINTMIA MaNID, Q, M1, M2)
INTEGER PsG+Cl1.C2.C5

DIMENSION AIMI.M2),ROWNOIS4), JX{18),SF{18).G1{18),G62{18),wX{18),

+ aY{18), AX{ 181

CONMEN FBY/RUWNG s AX s JX3SF s Gl, G2sWXe WY
CE=M/ 12

{7=M/12

C5=L7

IF{ICE-C7Y oGTe 0001) CH5=L541]
Cl=1

LE={h=1d/LY

FCE1=(5+1

CC 14 11i=1,12

FCWNC{L1)=L1

Cl=1+41L 3L W

IF {C5 EC-0Y GO TO 3IS
C2=C1+1Lw—1

GL TC 16

L =N

WEITE (Z,17)

FCRMAT[ /3* ROW NUOL%* 31X 1 2FG,. 0y
+s? NOw V212,77
LRll0=110/L W

WERITE{3,1S) KHyLW110

DEC 20 1L=1.C5

LCZ2=1231L

IFIL -EQs C5¥ C2=M

WERITE{ 3,15} {ROWNCIl 33 43=C1,C2)
CC 21 K=}l N

WRITE(3:22) Ky [A(J+sK I J=C1,C2)
Ci=C2+1 -
CONTINUE
FLRMATILI X 3 I3+3X»* 1" 3 12E10 30
RETURKN

CEEBUG SUBLEK

ENC

SUBROUTINE QOUTARR{A., MaNePaQ, TITLE12TITLE2, TITLE3 aM1 sM2)
INTEGEFR FP.G

CIMENS ION A{M1.4M2)

CONMON A

WRITE {3,1001} TITLEL, TITLE2, TITLER

SUBs hLs =11 { OUTPUT ARRAY) '
FORMATL{/72X23204/)

CALL PRINTM{AsMaN»PsGsNM1,MZ)

FTXsLZ00"="2 /" Ll

»

III




a¥ala!

10
11

16

12

102
162
1¢1

111

112
11¢C

FETURN
ERL

REAL FUNCTIDN INP{U. SeFoel o7 e M1 M2 N1
INTEGER SaFsP
CINEANSICN UMl M2),Vi.a1)
+=0.

IFIP «EQ. OV GG TT 11
i1F (F .LT.5) GO TC 13
CC 18 K=5.F
HEH+U{LL.KIFU (KPP

GC TC 13

IF {F LT« S GO TO 12
DC 12 K=Ss¥F
HeH+U{L o K)I2VIK)

CC TC 13

CL 1€ 132
H=UIL + 51 %V {5}

INE=F

RETURN

ENC

SLERGUTINE SOLVEH! HBs NaNL )
INTEGER HE
DINMENSION A{S4 € I1,EL[S57 »5431sB1K3[(54,57)
CCNMGN ZF/B2/A/ET/BI1K3,E

MNHB=A-HB4+ 1

NrE2=N—-HE+2

NI=N=-1

IF (HE-1) 101,102,101

CC 103 K=1sN

CC 103 L=1.NL
E!Kal_;:B(KtL'/Alet’

GC TL 124

BC 105 K=1.NHE

K1=K+1

K2=K+HB-1

CL 105 I=K1,KZ2

CC 106 L= 1+NL
BlIoL)=BlIsLt—-B{KaLbXxA[K, I-K+1¥/A[K,1)
KZI=K4+HE—~1

CL 107 J=1,K21
A([vJ'zA([’JI—A(KOI-KfJ'*A(K'I‘K+II/A!K;1!
CLCKT INUE :
IF {HE-2) 108s+109,s108

TC 110 K=NHBZa.N1

Ki1=K+1

CC 110 I=KisN

IKI=I~-K+1

he=hN=1+1

CC 111 L=1,KNL
E{loL‘:B{IQL‘—B(KnL)ﬁA{KpIKI)/A(KUI’
CL 112 J=1:N2

A{ls dI=AL I,01~A{K,I-KHJ)RAIK, I-K+1)/8(Ks1)
COCNT INUE .

END CF TRIANGULAT ION

CC 104 L= 1.NL X
EINLLI=EBINLI/AIN, LY

IF (HB-2) 114,115,114

I=h=1

SEOCN=0.

h}l=ﬁ—l+1

DL 116 J=Z2.NI1l -
SCN=SON+A{I,J3%B{ 1+J— 1.1
?II;L)F IE{I.L¥=SOMI/7ALI.1)

=I-1

IF {I-K+HE—-1% 1171185117

CINT INUE

I=MHE

SEN=0 :

CC 116 3=2sHB

SCM=SONM+ A[1,233%B{1+J-1,1)
?(I'L'=(B(I.L)—SGM)/ﬂ(I’l)

=1-1

I1If {I) 120,104,120

CCANT INUE

FETURN

ENC

SUBRCUTINE CRCUTZ2(A, NsM1sM2,DET,, FEPEAT »%}
INTEGER P IVOT, ¥ALLAKNO

REAL INP

L CGICAL REPEAT




Ll R S R LA LS oL
COMMLA S B/ YewALL NDe T IVEy
CET=1.

LCC 25 i=1,hn

E{Iv»=Y{T?®

IF {REFPFAT)Y GO TO 16

1%
th

INP(A » B s 1aK~121 K gM13M2,N)
V' JLEW TEMPY GO TO 1]
)

INVNAX=]
11 CONTINUE

FINVOTIKI=IMAX

IFIINMAX ECe K3GO TO 10

CET=-CEY

CC 12 J=1,N

TENP=A[K, J}

A(K.J)z"ﬂ( IMAX e J)

ELIMAX , J¥=TEMP
12 CCATINUE
TENP=E(K?»
E{KI=BL{IMAX)
ELIMAXI=TEMP
1¢ CLANTINUE
IF [A{KsKY .EGQ. 0W4¥GO TO 21
CUCT =1/ A{KsK?
KF1=K+1

LL 13 1=KF1.N
I3 ALTKI=SCUCTHA{ I.K )
CC 14 J9=KP1,N

KN1=K=1

14 AfkoJ":AlK-lJ."’[NP‘A +« B . ’IQKMIJK’J‘lMlOMZCN'
E{K)=BI{KI-INPL A 2 B e KMLI Ky DaMl M2, N

1T CEAMTINUE
CC TC 7

1€ CCNTINUE
EC 18 K=1,N
TEMP=BIPIVCOTIK))
EIFIVLTIKINI=BIK?
EB{K)=TEMP
BI{KI=B{KI—INP( A
18 CCANTINUE

s E plsK=1,Ks0sM1,M2,N)

17 hFi=h+]
CC 20 IK=14N
K=NP1-IK
IF { +NOTe REPEAT . DET=A(K+K¥&DETF

20 YIKI={B{K)I—-INPLA + Y » K+ 1sNeKsOoMIMZNIISAIKLKY S
CLNTINUE
RETURN
21 FETURN 1
CEBUC UNITL{3), INITI(DET,.Y)
ENC
SUERGUTINE SOLVE (A)E;{.M'NnggMEle-NEl
INTEGER PIVOT.®ALLNG

LLCICAL FEPEAT

DIMENSION AlMloMZ)vE(Nl-N2)-C{NI'NZ); PIVGT{S?);HALLNGKIB)st57 }

SUB NO. = 15 {SCLVET ALEZC,.MyNI3J

CCMMCN /BZ/ X+ WALLNO, P IVOT -

REFEAT=,F AL SE.

BC 52 .=1.N

LC 51 K=1,M
1 XIKISB(K,d)

I Z{KI=X(K?

CALL CROUTZ2(As MsM1+M2,DET, REPEAT 5 &454) )
AKFRAY *X* IS STGRED IN ARRAY NAMED *2%{7 IS5 CIRECTLY TRANSFERED TC 2/ |
*CFOUT? SUEROUT INE Z9X 0% THROUGE COMMON BLDCX B2 IN THE SAME)

FEFEAT=uTHRUE.

LC 52 K=1,.M

ClK, J}=X(K) :

iF (4 «NEs 19 C[KnJ':—Z(K’

CONT INUE

GC YL S50

RFEITELI3,52M

FLREMAT{/2X+* SINGULAR MATRIX OF CGRDER--*%,14/)

STCP )

J=1

FETUERN

then

tn
n

in

tin
o Wb




SN NENRFS)
CALL SUBIIBIGD+D2+XeME{I-1 )41 4M41,11 ME{I-1041,1 .V NRHS.
+1650430,18:,20,198, 2}
CALL SUBi(DlsD2'X$1’N*]’1|luM*(l-l’+lQI.MgNRHS.M.N+NRHS-M-M+hRH§|
4NMINLSNRHS Y
€L CCNTINUE

RETUFN

CEBUCG SUEC(HK

€EnC '

SUEBRGUTINE FEFLRINPD)

REAL KF.,MU.KGB

INTEGEFR CLN:CONB. RSM,PREDIS.WALLNO,BW,,HBY

DINEARSION KFI{S58:54)sELCORLIS7? «2)eTHIS7 '28BP[I1B232V.KGEIE4 s & Do
FCCN(IB o8 )9 CONBI{1EB233sRSM{ 1, 2)PREDIS{IS4,2 ), WALLKRC{18) NCDARF{ST)
CCMMON //KF /7Bl1/7ELCGR,.BP, CCN, CONB, RSﬂtPREDI‘/BE/Th.“ALLNUnNGDARF
CCHMMON /E3/KGE /7B11/7UNITIL 2 -

FEAD {1,10) NEL,NNsNEAN,NBE
10 FCRMATI4 IS
AI=NFN
IFINRN JEGC.00 K3=1
NE=NEE
K4=NEL
IF {NEL +EC. D¥N4a=]
CALL REAGFLI{NELsNN2sEsMUsNRNJNPD,NBE?

CALL PRINTF{NEL+NN2E+NMU.NRNsNPD,NBE?

NNI=0
MN2=0
IF (KEL +NE.0) CALL EANDSHI{NEL24»3,MM1}
IFINEBE JNE.0) CALL BANCWH{NBE.2.,3,MM2}
Ew= MAXO{NMI,MMZ)

 HEW=(E¥-1)/2

WRITE(3, 1000 WM1,MM2,HE¥ .
100 FCRMATI/TID,“MMI=%, 18, MM2=", I8, *HBW=",18)
CALL CLEAR[KGEs 3NN, HEw+1s THNNs HBE+1)

IF (NEL oNEa D% CALL ASSEMB{3.NEL»s4s1le+EsMUD
WRITE{3+25) {{KGB(IaL0sL=1,15),1=1,271}
K25  FCRMAT{/T10."VALUES OF KGB-MATRIX? ,/TE,24(***)»//{1SE8.2}}
CC 20 11=1,NBE
CC 20 JJ=1.3 .
20 CENLIT2JJ)=CONBILI+JJ)
“IF (NBE «NE«O) CALL ASSEMB{3,NBEs22,E,MU)
NNZ = 3%NA

IF ({KNZW.NE-NPD) GG TGO Z32
CC 11 IK = 1.,NN3
CL 11 3K =IK.NN3

IF {JEKSLTL{IK#HBWA1)) GO TO 12
KF [IKaJK)Y = D0
CL TL i1l
12 JK22 = JK~1IK+1
KF {IKsJKY = KGE(IK.JK;E)
11 CENTINUE

[ 14 IK = 1,NNZ
cC 14 JK = 1,1K
149 ¥F{IK3 JK}) = KF{JK,IK)
CL TL 26 :
C
C
C WRITEL3,4400 [{KGE{T+LD)slL=1:+15¥,1=1,27 3%
C 840 FGFRMAT(//T10.*VALUES DF KGB MATRIX?, /TE4+24[ %% 1),/ /[ 15E8.2))
C WRITELZ,2300 ([CONII-J1,3=1+,3)s1=1,NBE}
C
< GC IC 36 )
2E CALL LCNSM{ NP D NN» - Bw)l
Z€ FRETURN
EnG .
SUBRGUTINE READFLINELNN» E«MU, NRN » NPD s NBE?
C

INTEGEFR CUONsRSMIPREDISCONBWALLND XNy YNLELNC
FEAL MU
DIMENSION ELCORIST ,2#,TH{E7 ),BP{18,

21 X(54) s YL IEICONIIE s4)
DIMENSION CONB( 184321, RSM{ 1. 2V.PREDIE

i

I

1

{54,2%« HALINGIL1EY o
2 WX{1EYs¥YI1R)
S/B2/TH, WALLNONCGDARR

+NCDARR{S7),JX1 18)2SF[ 1813, G1{183,.,G2{ 18
CCMMON /BI/ELCOR.BP,,CONL+CENB, R5M, PRED
CONMION /EII/UNITKB)
CENMEN /BS/ XaYaJXaSFaClaG2+WXaWY

2! FLRMATI 13




[4)]
- s
ne
r "'

m

n

z

b3

(3+{&KN2.IN”.X(3+M+I%IN2;[NB).X(3+2#N+I+IN2.IhB}
FGFMAT( 22696 XsE1226:5X+E13.6)
CCANT INUE
COCNTINUE :
CALL CALSTRINZONE sNSTRs MaNsNLDAD)
GC TC 500
56C STICP
C CEEUC SUBCEK
END
SUBKOUTINE ACDI{
INTECER AR1,AC]L,
CIMENSION A[M]l.M
CC 10 I1=1,M
i=11~1
. CC 101 J1=1,N
J=Ji-1
101-C(I+CR1;J*CCII-AII+AP1 JHACIHY+B{I+4BR1,J+BCL Y
FETURN
EMC
SUBROUTINE SUE]l {AJBxCaAR1,AC1.,BRI1,BC1,CR1+CCLsMshsMAl SMAZ, MBI,
FNE2, N1, MC2)
INTEGER ARI>ACLIsBR1.BC1sCR 1.CC1
DINMENSION A{MAL1sMA2),EIMB1+MBZ2)aCI{MC1 ,MC2)
CC 201 Il=1.M
I=11-1
L 201 JI=14N
J=Jd1-1 ,
2091 CULIFCRly J#CCLI=A{I+ARL+JFACLI)—-BII4+BR1 ,J+DCIY
FETUERN
ENEC
SUBRCOUTINE COPYl{A.B,. ARI.ACl-BRi-BCl.M,N.MAI;MAZ MBl.MB2Y
INTECER RAR1,ACL,ER]1,EC1
CIMENS ION A{MAL,MAZ)B{MB1,MBE2)
CONNMON £y B
sup =3 (CGPYING P FRCM F 1}
EC 301 Il=1,M
i=ri~-1
CL 301 Ji1=1.N
J=Ji-1
201 A2{I+AR1, JHACII=B( §+BR1.J+BL1
FETURN
< LEEUG INIT
. EMND Ce et e e
SUBRGUTINE MULTILA.B,C, ARlgACl.BRl-BClsCRI,CCl,M NP sMALl s NAZ,¥81
+MNE2.¥C1.NC2)
INTECER AR12+ACL+8KR1sBC1sCR 1:CLL P
CINMENSION AIMALLZMAZ) . E[M31,MBZ)>CIMCLMC2)
C SUEB =4 {MULTIPLICATION DF MATRIX A&B (C=A%PBEY}Y
CC 401 Il=1.,M
I={t~-1
DL 401 J1=1
J=J1—-1
SUM=0.
CC 402 Kl=1sN
K=Ki1-} )
SUN=SUMHPAL{T+ARL.K+AC1 3B K4BR 1, J+BC1)
ClLI+CR 1 J4CLCII=SUN
FETURN
EMC
SUBROUTINE TRANS[AoatMvaMluMZlesz,
DINENSION  AIM1.MZ#, E(Nl.N2D

i in
[a X N ]
wJ N

cCl?

C1,.8R1,BC1. CRI.CCI;M,N.NI,ME.N[.NEI
»
2CINL-N2)

A,ByCsARL A
BR1,EC1+sCR1]
2V.BINL1.N2)

:

[aka!

LHod
(o X~}
[ 28]

lalal

SUE =5 1TRAN5PESE OF MATRIX A INTO B}
CL S01 J=1,N
CC 501 I=1.,M
E01 E{J>I)=A{1+17
FETUERN
EMND
SLEROUTINE TRANSMIA+BsCeMaNeMLIeMP2 NIy N2, 1,129
DINENSIUN\A[MlnMZ’.E(Nl'NE,O D2{54 +57 D18 S57sS43,C{L 1L 2)
COCMMCN ZE77D2-.01
CONMON A+ Bs L1
SUBs NCs =6 (TRANSPOSE OF A MULTIPLICATION & THEN MULT. BY OTHER)

lalg!




H=EP{M.33
I=E*H2A3 /2.
C=Es27(1+MU)
F=E/H
JE{1/ 3= 21#RH[ 1 —REX4/ 12923 BHH I %X 2%R
DG 70 N=1s06
DC 70 C=1,€
CC 71 li=1+4,2
71 KELLI I )=12%EXI/L%%2
KE(1s40=—KE{1ls1) : .
IF {CCNKBI{N,3}) «NEa« 1}CC TO 72
KBl +3)=E3E®I/L*%2
KE{16)=KE{1:+312
2e2 b= CXJ/7L
1 S5I=KE{2,2)
S I)I=—CExI/L
3¥= 4arEXR/L
€6 )=KE{3,3)
43I==—€ERERT/7LHF2
6)=KE{3.:41
26 I=2%EX L1/
2
5
2

MEAXREXXRXRRR
Qaommmmmmm

73
)=—HFEXL/L%H2
I=KE{ 13522
V=4 REXL /L
KEIS +S)=KE[2+2
KE{228 )=6FEXL/L%%Z
KEL4 »SI=KE{2,41)
KE{2+S¥=22Ex[/
KE{3:34=G43/L
KE{6+6)=KE[2,3)
KEI3,63=-=C*JisL
72 COKNTINUE
WFITE{3,100) M :
R G0 FORMATL{//7/7* ST IFFNESS MATRIX OF BEAM ELEMENT [6X63v//,% [=' .14
WRITE{Z2,101) {[{KBIMM N1, N=14+€},MM=1,£)
i C1 FUFRMATI 6Fi2a.3)

FETURN

END .

SLERGUT INE PREBC{ NRNsNN»BWsNPD)
INTECEFR RSMsEBR,HBW+HEWI.CON,CONB

FE AL KGE

DIMENSION KGB{54 s G 3+ELCORIS7 »22+8P(18:33,CON{1E ,4),CCNEB{18,321%
+2RSM{ 12 2).PREDISI(S54,2)
CONMEN /El/ELCBR.EP.CUhaCOAB;RSM PREDIS /EB3/KGB

HE®={Eb- 1 )/ 2 . _ S e
HEWI=HEr +1 -
CC 80 I=1a+NRN
K={RSMII,1)=-1)%3+RSM[ 1.2}
CC Bl J=2.HBW]
E1 KGE{K2J}=C.
KCEI{K,19=1.
85 COCNTINUE
EnD OF PRESCRIBED BGUNDARY CONDITION

FETUEN

LEEBUG SUBCHK

END

SUERGQUTINE CONSM{ NPD»sNN» ) Bw}

INTEGER PREDIS» WALLNC +BR,REWs COL-HBY, FREEN.HBR®1 »CONB

FEAL KFS4KCE+KIKIK1l+K3K]

DIMENSION WALING{18Y, NODARRIS7%, NODER[LIE .4), FREEN(1E }
DIMENSION KIKZ2{54.57 ¥y K11L12+12), KEK1ILET .54
++KF{54+541,KGBI(S4 + G Vs ELCOR(S7 +2)s PREDIS{S54+2)5BI{57+54)
DIMENS ION BP{1B,3),CONBI18:31,R5M{ 1, 2%, TH{S57 i:C(=7,57i;DU(5?g579
COMMOGN //7KF /BI/ELCORsBP.NCDEW, CONBs REMSPRECIS

COMMON /B2/THs WALLNDO,NGDARR /B3/KGB /B4/C +K1sD0»B /B7/K1K3ILKIK1

BCC FCRMAT[//7TI0:*NWL = *,1I32)
H=NPLC/3

HER=(Ex—1)/2

Nwl=0




L 120 KB=1,3
120 KGBI{I-1)2%34K A, 1¥KB- —KA43FKCI=KGBIL{I~1)*3+KA L 1+KB-KA+ZX (KL +KD) 3

KE=KE+1
GC TL 117
121 KC=KO#1
1z CC TC 117
115 CCKRTINUE
C WFITE{ 3+ 205}
CALL TRANS{KIK3,K3K] 4 NPDs ZRINN-NWI1-M) sNPD o3XNN, 3% [NN-Nal-N) ,
+MNFC )
C CC 204 JRC=1,.NPLC
C 204 WRITEL3,205) [KIKA{ IJRC 4 JAMI» JRM=1,10) 4 [K3K1 {IRC,JRNILIRN=1,101
C 205 FCRMAT{// " POSITICN IS PRIOR TO STAT.NOLZ21) (1I=12".,13)
< sFITE(Z,211)
C 211 FCRMATI///7% THIS POSITION IS PRIOR TO STAT.NO.123%'//)
C
CALlL SGLVEEH( FEE+1.3*(NN*NW1-leNle
CALL MULTI(K}K39K1Knglolﬁlglol!!-l NPD»s 3% [ KN— NWl-ﬂ’,hPDn
4NFD ZHANAN;3EF[NN-NW 1-MI,NPD s NPD,NPD 3
C
CALL SUBLIIKF oKEsKFolslaelslols LyNPD,NPD,NPDsNPDsNPD«NFDsRKPLoe NPCH
FEACL{1,1233 J
122 FLCEMNATCES )
iF [(J =NE0) GC TC 127
CALL CLEAFR{K1sNPDsNPC+NPD, NPD}
CC 124 1=1.NPD
124 Ki{l,1)=1
oL 125 I=1:M
I1133={1I—-1 $}%3£232
I1121={ 1= 33 +1
11232=[1-1V%3+2
READI(1,1263K1{T123,11321}, Kl([132’i1313
12€ F{FW&T{ZF?:g}
kl(lluuo§13l}:ELCUP(MALLNDII}pli—KI(I133;[1315
125 K1LiI132, 11231 )=KI{ 11322+ 1131 )-ELCORIWALINDOLL} »2}
CALL TRAKSMIK] sKF 2KF s NFDyNPD 184218215215, 15,4,152?
CC 220 JRI=]1+NFD
2320 WHRITE{Z:231} IK](JRI.JRZ’;JR2~1-NPD’0!KF(JRI-JRZ’.JRE 1 +NPD)
CALL THANSM{K] sKF2KF s NPDs NPDs NPDs NPD, NPD o NPT s NPDy NFDD
127 CLERTINUE
C 221 FLEMATI(L:. . iGF10+21:+5Xs{EF 102044
C “FITE{B;Q 2'
C 232 FLRMAT{///* THIS PCSITION IS5 WITHIN 5UB. CONEML,LAZST %//7)
C CC 234 JRiI=1+NPD
C 234 WRITEL(3:2318 [KI{JIR1LIT), 4T= 1sNPDIs {KFIIR1,JT),3T=1.rPD}
L &
WRITE!Z:81)
£Y FLRMATL(//7F STIFFNESS MATRIX (KF3 {{LUAD/DEFL. OR RGI.1X10003%
CC 82 1=1+NPRD
87 LWRITE [Z.831 {KEIT:J0VsJ=1NPD?
B FLEMATIA TS, 12F 1042 = o
FETURN
CEBUG SUBLHK
Ebhu
SUEBEROUTINE FORMUSINZIGNELNSs My N}
C INTEGER DFEGS
FE AL KltKETFKijKﬁIY’jx’MU
DIMENSION Ki{18.6,62 KP2T(18:6.E9 3KZ2{ 1 E9E D) +AlL1E>ETHED
DIMENSION BIS7.54)» Cf575575oD:57957‘;00(57:573913‘57 YLIv{San
DIMENSION AX{ 1B pdX{181:.SF{1BYLG1{182,G2{1E0,wX{18,0Y{18)
DINMENS ICN NSINZONED)SWALLNCI{ 1 E}, NODARRI(ST Y
CONFMOCN B4/ CsDsCOsB /BS/K 1:K2T s KZsA /Eg/IY’AngX’SFtsitGEI
+WXs WY!E!1/UNET(“3/82/KY’EALLNGQNUDARR
C DEFIKE FILE 91{50.72sL}

REMIND 9
READ [1,155) NZONEX2{NS{IA)sIA=1,NZONE )

155 FLEMAT{I3.514) .
KFITE{Z+ 158} NsNZCNE - !
DL 154 NN=1+NZONE

ANSCPL=1
IF (KRN aNEs 13} NSCPLI=NS{INN-13
NSCPE2=NS{AN)
WRITELZ2,1573% NSCP1.NSCP2
c 157 FCFMAT(//Q{'WALL CATA® ),//75%s *THE FOLLOWING SECTIGNAL PROFERTIES
C +0F WALL AFRE CONSTANT FROM STORY NG?3 14,270 STORY NOe*sI42/5X»*S5ST:
CALL READWD( Has EsMyN» MUY
CALL CIEARIIK1 o MiEsCaMiELE )
CALL CLEAR3IKZT +MasE+€s My ELEF
CALL CLEAFRIZIKI3sMsEaHs Mab 06
C=E/Ca/{1adMU S
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knfjintthoocnooxl il

wow o wwaw bl N

[ I B ]

IE I P bt ot ey

WFITE{ 3. 1001 -

100 FOGRMATIL///% STIFFNESS MATRIX OF PLATE ELEMENY IN BENDING® o/ ///)
MRITELZ+101P{{KITsJdsJ=kslZhel=0,12%

101 FCRMATL 12F104232)
" RETURN

C DEBUG SUECHK

END )
SUBROUTINE STIFBI NEBE S £ MUy M
INTEGEFR CCNE,G.CON
FEAL MU, Ial s JaKE

DINENSION KX2{ 125 123.KX3{12+12¥,KX2T( 12,121
DIMENSION CONB{18s31, KB{12.12)s BP{18,33:ELCORI{S7 +2)»
TCCN{18 54 1,RSMI1,2)},PREDISIS4.2)
CCHMCN /BI1/ELCOK,BP.CON-CONBy RSMLPREDIS FBA/KBIaKX2KX34KXET
WRITELIZ,172) NEE.M

172 FLRMATL/77277/7° OH ALLAH SAVE ME®, //% NBE=?.,I5s° I=",IS}

C
C
C
C




C 12 FOCRMATLOF 74324 X+ 12F 7310
C WRITEL3,12% (((Kl(!-J-Ki.K=l.6l.J=l.£loI=I,63
C 1 WRITE{3.2) {Kl{laMNNoKNJQKﬁ:lnéip(VET(ioﬂhNoK”"KV‘lnﬁiu
C #{EkZ2{1,MNNLKM) ,KM=1,61%
A= 3%kMN+3
CALL CLEAFR(D1sJede Jed )
CALL CLEAR(CaJdeds da+d )
CALL CLEARIDesJdsJds d4J ¥
CALL CLEARIDO»IsJds Jed )
C WRITE{Z,21) ((C{KsLYsL=1a 152,K=1,15)
C 21 FCRMAT{/TI1D,*VALUES COF C MATRIX® o /TEL 251 "%* ), //{15F 8.4}
C wWRITE[Z,.22) ({DI Kol 0oL =]1 4 151 ,K=1,15%
C 22 FUEMAT{/T10,*VALUES OF D MATRIX® /T Es 25( % * )3/ /7L 15F Bt M
C WRITEL3,23) {{DCIKIL IsL =14 15)4,K=1,15)
C 2 FORMAT{/T10,*VALUES OF DOMATRIX®* /T B4+ 25("*%9% ),/ /[ 15F B4}
C WRITE(32,24) {{DIIKIL )3l = 1415}, K=1,15)
- C 24 FCRMAT(/T 0, "VALUES OUOF DIMATRIX*, /T8, 25 SU*%* ), 7/ 1EFB8.45))
CC 180 I=1-M .
CALL CUPYZ2IK2T »KX1ls1,€E36. Mes Gy 6a2646)
CALL COPYZ2IK3aKX ZalsEsEy MaBsB2E,61
CALL CCPYZ2IK13KX 33136368 My G359 626 )

CALL COPY221l A AX1 el e ds€CaM,y JabHaeldabEd
wWRITEL{Z,25) ((Kl([aL.KJuK=l¢6)pL—1|6)r((KET({'LJK”Kzl,E"Lzlséig
+I{K3{IsLsK}s KT 1aE}slL=1486)

25 FORMAT{/T10+* VALUES (OF Kl .K2T,.k3 MATEIX?,, /TE,25{ %7 ) 3/ /{6F7 e3+2X,
+0F 743324+ EF730}
WRITE{Z.41} {IRKX ITK L )L =146 s K=l 560
41 FCRMATI{/TID.*VALUES CF KX1 MATRIX " /TO30{ ' %*}, //{EF12.5))
WRITELZs4C ((KXZ(K.L!,L=1.6I,K 1.6}
FCRMATLI/T10,"VALUES OF KX<Z MATRIX®*, /T6:s 301 "% ?) , //{6F12.5))
WRITE{3.4233 (IRKXSIK L] T 1eH1,K=1.6)
42 FORMAT{/T10-*VALUES OF KXZ MATRIXT s /T6:20{*%" ), //{€EF 12522

WRITE{3.44) {{AX L {K+L 2. = 146),K=1, 15}

44 FOEMAT{/TIi0.*VALUES CF AX 1 MATRIX® 2 /T6, 3002 )4 //{EF 12451}
WRITELZ,45) ((A{’"1L3K’§K:1’6)3L=1}15’

4 FCRMATI/TIO, "YALUES OF —A- MATRIX "3 /TE+3CI X0y , 7 /(6F 12053
1F (NN 4EC. 1) GO 7O 152

(a¥alakalaNala¥aYala¥alala¥e!
>
n

CALL COPYZ2{D01+0lslededsMedadudedd
162 CALL TRANSM{ AM1+KX13Al9JsGs J46 64365 4230
C WRITE{3,4£% {LA1 KL )sL=1,1501:K=1,15%
C 4 FORMATL{/TI1C.*VALUES GF a1l MATRIX® 3 /TEL25(2%%) , //[15FB8a401
CALL ACDI{AL-CsCs lalslalslatsdodedasdsdad)
C WHRITE{3.47% {{CIKILI2L=1,3 15) eK=1,15)
C 47 FLRMAT{/T10,?VALUES OF C MATRIX® ., /TE, Z5( "% *), //L15FB.4a))
CALL TRANSMIAX1 KX 23 Al wJde EsJs EsBaBadardd
C RRITE{3.,4€)} ({ALIKsL 3L T15153K=15151)
C VRITEIZ244) [{AX1IKsL)al=1+ BI;K=]1,151
C RRITE[(Z.9} |
C 7 WRITELZ28) 1AIIK+L 3 2L=1+9)=iD KL )»1L=1.9)
C 8 FCFMAT{/EX!QF? 432X+ SF7 04}
C ¢ FCRMAY{///" MATRICES Al & 'Cl1 ARE AS FCLLO¥S I=2,12/71)
C 2 FLCRMAT{ZX s 18BF7 =4 N
CC 191 K=1.+J
cC 191 L=1,J
161 DLI1{IsKeL)I=AI{K,L T
Capy AtDl{AIQDsDulslal!ltlplstJngJngJ’
[ WRITE([(Z.221 {IB{KaL 1 el =14 3151 ,K=1,15)
C WRITE(3,46) {{AL{KsL3,0L=1,15)4K=1+15
C
CALL TRANSM{AXL13sKXZ,AlsJ3€s JpEuEprbidsd)
Lo WRITEI3.44) {IAXI{KaLI L =16 1,K=1,15)
C YRITE(Z3:41) ((KX:(K:L)!Lwi;h }J»K=15€ )
C WFITE{3.46 £1 AL{KsL ¥+t =1, 15¥1,K=13 15)
CALL AED]{AlvD'D-lnlvll!'lxle-JtJjJsJ.Jl
< WRITEL3,46) ILIA1I{KebL 231 =1415)sK=1,15)
C WRITEI3.229 {{ DIK+sL¥30L=1+15),K=1,151
CALL ACDI{ALSCC»DCs lwislalslslsdaJtedsdsdysd)
C WRITELZ;48) {TALIK L )41 =1 e15),K=1,151%
C WRITE{3,232) LIDO{KsL)sl=1,15).K=1,151}
CALL ADD!(D!.DG:DD;I;I:I’1sl-lonJ9JsJ-JsJi
C WRITE{Z3,31) {I{DCIKsL Isl=1515)1,K=1,15)
C z1 FCFMAT[/T‘O-'VALUES CF oo MATRIX':/T8;25{'*"¢/1(l:FE-Ql'
C WRITE{3,322) {IDIKHL V41 =1, 15V K=1,151
C 22 FOGRMATI{/T10,*VALUES UOF D MATRIX® o /TE225{ "% *) 4 //11SFE.41)
C WRITE{Z2.34) {ICIKsL }2l =13 18)4K=151!5%
C 34 FOCRMAT(/F10,°VALUES CF C MATRIX® 3 /THL250v%%) . //{15FE.40%
C WRITE{32,3€&) {{A1{KsL)+L=1515}3K=1,19}
C

2€ FURMATI{/TI10,*VALUES GF Al MATRIX? 3 /T84251 %% %),/ /([ 15F8a4)
1EG COCNTINUE .

CALL THRANSM{EsKF s Al g JsZ%My Je 35M, 35Ny 3FMa Jead)

CALL AUDI{AlsDeDelsislslolaledsdsdsdedastd
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a]

o

als

<
C
C
C
C
C
C
C
<
C
C

Catl ACDLIIAL»DC,D0v 1 lrds ol inw:idsdadeded
LT S KK=1.15
€ WRITEL3,063 [CIKKyJI 123071 158 iDOIKKs JI) o257 .
£ FCRMATIL /15FBe4?
CC 193 KK=1.J
163 WRITEIL 1D . [ICIKK» IS e 3=1o I3 (DIKKoJIIY o 3I=1 42 2 {D0L{KKIT} s
+J5=1.39
160 CONTINUE
WRITE(3.65) {IDIKLL )L =14+ 15)+K=1415)
€5 FUORMAT (/TI10+*VALUES OF D — MATRIX*,//7{15FE. 4%}

134

-

FETUEN
CEEUG SUECHK
. END
SUERGUTINE READLW({ NLOAD. M N
INTEGER SENSESSN
FEAL LITAD
DIMENSIGN LGAC{1140s20eX{1140,2)
COMMCN SBLI/UNITI 28 /B6/LOAD s X
Ma2R=N*2
202 FCFRNAT{213Z}

WRITEL{2,200) UNITI2I,UNIT{Z)
200 FCRMATI///Z71IXs"LOADING ON THE BUILDING 71X,y c2{ "2 )}, /1X,%%3%%x UNIT
+CF LGAD APPLIED IS IN *,224)
CALYL CTLEAR{LOAL,N*{(Z #Miq!.hLGAD;\3#M+-)#N9NLUADD
DC 281 I=1.NLCAC
WFITEIL3.202) 1

202 FUORMAT{//7 % LUOAD CASE *,[4/." STUOREY NO %a3Xs *SENZE ®*2SXs"MAGNITUD

+TULCE? )

READI 142032 )NUMLLLTYPE

IF {LTYPE LEG.2% CC TG 300

CC 206 J=1,NUML

READI{1,204) SN.,SENSEsW
2048 FLRMAT{2Y4.,F125)

LCAG{I{SN—1)F [ ZEMERISSENSE, T )=W

SRITE{3:205) . N,SENSE,.W
20% FLRMAT LIS 28X, 1 4:8XsF 10251

END OF READ L 5ADS ON ®ALLS [ SUBROUTINE NUMEER =2%3
2CE CCATENUE

GC ¥TC 201
300 WFRITEL3Z,.320)
MIAZ=WF3
EC 301 J=1.NUML
EFL 3 GT. 2! GO 70 20z
READ(1.313135 I{XIK:lt.k=1,
CCc 320 =i M
230 WRITEIZ.:322) KeX{Ks 134X IKEMs1 Iy XIK+MHZ, 1Y
3ICe CENTINUE
CC 301 KK=1.M32
3¢ LCAD(I( ‘wi)*fa#ﬂ§=}+’+KK.lln XIKK,y 1)
211 FLFMATL{20F4.0)
320 FCRMAT 11X ,"LOALD TYPE=VERTICAL {GRAVITY LDAD)':/IX:#U('-')-/iX;
J20 FORMAT {i X+ LGAD TYPE=VERTICAL {GRAVITY LOADYY o/ 1X240{%~") o/ 1Xs
320 FORMAT {1 .+*LUAD TYPE=VERTICAL {GRAVITY LOAD ) "3 /1Xe40{"7—") o/ 1X%,

+PHALL NG "43X2TAXAIL FORCET*.5X,* MOMENT ABOUT X—AXIS?,IMONENT AGCU
+Y AXIS?*.4/)
322 FLRMAT{1X+12:9X3F Be23 ICX+FEs2+108XsFEBaZ)

v




FEADI1 172 waALLT
172 FURMATLIS S
IF [wALLT JNE. O} GG TC 172 . .
READ(1.,174) pBx,2Y
TC FOFMAT{3F12.6)
IX(IY=Bys43+BX/12.
IY{IV=EX*33%BYy/ 12,
AXLEN=FEX*EY
IF {AX(I) .EQ. D) GO TQ 27:
+=BX/BY

IF [BX «GE<BY) R=EY/EX
JX!I’=(1/3.—.21*R*Ilu—F**4112ll*AK(IU**2*R
CC TG 274
272 JX{1)1=0
274 SFII)=1.2 -
172 COCANTINUE

- IF {WALLT .NE« 1) GO TG 17°%
READ(1,1761) IXCI¥IYTUIDWAXLIY 2 IX(I)sSFL{I)
FCRMAT(S5F12.4) ' :
177) wX{IVvaWY{1I)
2F12.6)
) .EQ. 0) GO TG 27%
*EXIYLIVESFLI)/G/ZAXL L} /HE*xD
AERIXLIIRSFL IV/C/AX LIV Z7HH%%2
71

th

[ARATAN AN AR AT " e ||
RO e P 1) =TT

WRITEL2,1781 M2 EsMU, +
B FCRMATL{ - . ¥ MNUMEE
+Fk OF WALL=",[4/,' MODULUS OF ELASTICETYY =R ,El2«4/3* PUOISSENS RATIO
E=1,E 10457 HEIGHT OGFE STORY =%, Fl2.4///3" PROPERTIES CF RAL LS,
+ S/t WALLS‘aBX,'l’;lEX,'I‘.qu.'AREA aF 'sIZXQ'J',IQEQ'SHAPE'32XQ
+ SXL.*SEEAF CENTRE €Q ORO.1 , 7,0 NU';!IX;'X'Q13X9'Y'411X;'CFDSS SECT
+TICNY, T O SXy *X ¥, 10X, *FACTGRY,
+ GX,*X?,0X,2 ¥/
CC 179 I=1.M
WRITE{B.!EO‘i-IX(I'oIY({lfAX(I';JX([’QSFII',WX(I';WVII’

B0 FCRMAT {4, F13»4’3X;F12a4410XvF8v299X;F8.2;5X;F6.2'6¥;FB.E.EX;
+FB.27 1 . ’

S CCAT INUE
ERD OF READ WALL CATA {SUBROUTINE NUMBER = 27)
FETURN
LEEUG SUBCHK:
ENC :
SUBROUTINE FORMCDUNZGNE sNS»M
FEAL K1:K2T#K3aKF QKX 13KX28KX3

REWIND O
CIMENS ION C(S?QE??]D(E?QS?!:DD(57;57)15{5715433KF(54954}

DIMENSION K1(189616’1K2T:18'6'6’)K3(i£16!6'!A{1895736’

INENS ION AL1157,571 2 AXI{ 57 61 .KX3{ €, £)s KXI1{ €+ €)2KX2{ €s £}

++DC1L18:s57:57) le(5?~57i.NS(NZUNE‘:KX4{ €y EI»KX2T! B, B}
CLCNMCN 7/7KF SE47 CasDs D08 BLAK 1K 2T K32 A /85/Ax1;A11KX3/BAKKXl9KX2
tKXA4,KX2T /ELOsD})

REXIND g ’

FERIND 10

CALL CLEARE;DQl,M)3*M+Eo3*M+3pMs3*M¥3g3*M*3I

OC 190 NN=1,NZONE

WFITEL3,3) NN ' . E
3 FORMAT{// " Kl.K2T AND K3 FOR ZONE NOO = VL1277 !

tH 8 GO0 MRK=1.M '
EC 90 WMNN=1,&
S0 READI{9}
F{NNsNNNy KNI LK

{ 'MNN,KM)!Kle.6"(K2T{MNQMNN'K~,!KM=1,6}!(K3
M oL
WRITEIL3, 123 {
»
v

K
4

{
+6)a2Jd=126),1=1 K3([vJvK}'K=136,:J:l,6.11=114.
12 FURMAT{/T1I0.*VA GF K1,K2T2K2 MATRIX SUBROUTINE FORMLD? 4 /T8,
+32{'*'3.//{6F7.3.2X.6F7.3.Ex.ﬁF?.E)I
WRITEL(Z2,13)
12 FORMATL{/Ti0.*VALUES GF A , B MATRIX',/TB.ES{'#'S'//)
CL 14 § = 1.4
CC 14 40 = 1,158 ~
14 WRITE[3,1573 {aA I{,J9K33K=l'6”IB(J3K|-K=i912’

1{MN

1,612 g -

§K}(IstKanzliﬁi|J=lsf’-1311433(({KETiIOJnK’9K=19
2{ LI

LYES

NC. CF RECORD={NZGNE*[Z3M+3)) RECGRD LENGTHZG*M#NZCNE (FILE 101




2C1 CONTINUE

o alzlalalalalalal e

FETUERN
CEEULC SUBCHK
EMDC
SUERQUTINE CALSTR{NZCNE NS, M, NeNILLD AD?
FE AL KlaKET!KB#KF,KKX’KXBT.KXEQKXZ
C INTEGEF DFCS
D IMENS ION KF(SQ.Eﬁ)'BI(57'573fFA(5432 b ,FB {542 VB LET7 5S40 »
+K1(18.6,6}.K2T(18'6.63.K3(18.6.6),A{16,57,6).LDAD11140,2),
+XL1140 228 ALIST+57)s ACIST+571,SR11{6,21
DIMENS KON DV1{6+2)s pVv2l €27 aSRT(ﬁ:2)95R8(6¢2)1592(5;2)
+KX11 & &YaKX2( € 6 ¥-KX3( 64+ 6 NS{NICNE'vKXET( Gy 61
C
CLMMON S/RKESETL/UNETIZN /B4rs/BIsAlL£2.8
CCNMECN SBESKLK2T K38 A /B6/LDAD s X JOAZKXL 2K X2 KX3 5 KX2T
REWIKNC 9 ’
C KFLS=1

WRITE[Z,216) UNIszw,uwzrlza.UNlTx2).UNIT{3;,UN11{1),Uletaa.UNlTi
+2)2UNITL D ‘

CC 190 MN=1sW

CC 1G0 M.h=1:6

150 READI9) (Kl[MNOMNN!KM)!Kleiﬁ)'{KZT‘MN,MNN UMY KM=12€) (K3
G(MhsMNﬁnﬁﬁitKM:lgﬁi
i=1
K=2&W+3

CC 210 I=1lsN
IF{I -EQ. (NSILP%Y)Y CC TO IO
cCc ¥C i5
10 CONTANUE

L=t +1}

C 2 FORMATIASST 21,KZT+KZ ARE AS FOLLOWS 3 I=®,14/
oL 191 MM=1:®
L 1S1 #Ne=1.0

181 READTG! [HLE RN, BMNNKM el M= L E2 o TKES MNMNNLKN} s KM=1 €} + LK3
¥ ( "1"1." NG AR I I I B
C wRITE{Zs2Y
C DE 5 BEN=L¢O '
C 5 %R!YEf3aiifKL(lsMHN;KMFeKM:lrﬁls{KET{leMNNnKMl'Kleoﬁ)Q{KBiloNhN:
C EN'E N I RS SN S I : )
C 1 FLEMAY LLIBFT 21
12 CERN: TRUE '
WRITE{3:20L) - :
211 FCRMAT LA/ AT s STRESE RESULYTENTF IN WALLS % Z1Xe25{7—93 47/ 1 X
+ . 2= SYIOREY NDe?214/)
CC 212 J=1.# . ‘
CALL CoPYZR2{AcAL daKySa Mo Do Ka+K2
CALL CGPYBZ[K;EKXIEJjﬁtﬁs MeHs 6o Gl
CALL (GPY32{K2T9KXZTgJ36-69 MaGsErELED
CALL CGPYEE(KE}KXE@J;GQﬁ; MasBsH:5+61

CALL TRARSI A1 282:F 6> KaKas Ky K23 - .
CALL MULTl(AEjX!Dytllﬂl'{I_l}*K+ltl!l.l.e,K!NLGAD'
+k.K.K#h,NLGAD:6.NL}AD§
IF 11 LECG N} GG TL 212
CALL MULT}!AE!XIDVEQI’lﬂi*x*‘pls111’6'K9NLGADJ
+K KeK*NthGAD;ﬁ-NLUAD)
GC TL 2z2v4
1= CALL CLEAR(DVZ-éoNLDAD;ﬁ,NLGAD’
1+ CALL MULTitKXX-DVlusnlylniilolvlv116969NLUADE§)6.6&NLGAD,6'NLGAD'
CALL TFANS(KXETinznfoﬁiéoéoéae) _
CALL MULTI{KX21DV2=SR21]:1-1‘ll1;1:6!CQNLGAnséwﬁg6:NLGADQGUNLGAD|
CAaLL ADDIISRI-SRZnSRT.lol-lnli19liﬁPNLGAD-GrNLOADyﬁthGAD,
CALL NULT;{KXZT.DV!;SR!.I, 1;1.1310 i’flﬁ,NLDAD)
+696a6:hLGA016|NLQAD’
CALL NULTI&KX3:DV2;SR2$1!lglv1313106-fiNLOADténﬁiﬁoNLUADQﬁ.NLGADl




aRala

C

CC 150 I=14.M
Kl(lsi.&’=12*E*IYi’l/&**3/(l+2*5!(1"
K1{I+]1+5)=-K1llel::}*r/2a
KI{leSalt=Ki{Iel, 5
KlI{I+2+2)=12%E*IX{ 1)/ B*23/7{142%G2( 1
KIL{TL+2:4)=K1{I+s2+2)V%KH/C»
K1(I1,54,2)=K1{1e2Zy 4
KE{lea3»3)=aX{I)YF*E/H
KI{Leds00=2%E2X( 1 M/7BE*[2+G21 13 70 1 4+2%G201 1D
K1{Ie54+5)= 2% EXIYLII/ZHF[24G1{ 1)} /{1422G1(1))
KI1{l 266 )=C¥IX{1d/H
KET(Is151)0)==K1{1s1s1"
K2T{ 1+ 1+s5)=—K1l[( I+ 1, E}
KETlIs2,2)=—K1{1l. 2.2
K2T{L+2+s43=—K1{I,2,4)
K2T{ 1323 )=—K1{1, 2,32 -
K2Tl1+4.:2)=K1{ 1,452}
K2T(T1 o424 )=2%E3IX[1V/H2(1—CG2{183/7{ i #2%G2{ 13}
K2T(I55e12=Ki{1+45,1)
K27(I.5.5'=2*E*(Y([l/k*(l—Gl(I'l/(l*E*Gllll’
K2T (12646 )==G%IX[ I}/
CC 181 J=1.6

151 KE{I!J.J’=K1{I;JOJ)
K3{i1l,151==K1(1:1.:5)
K311 4521 1=K3{Is1s%}
K23{I +2+4)=-K1{1:2+4)
K211 24 21=K3{1s2»4)

15¢ CCNTIKNUE
WRITEL{Z,1€611 Kl K2T K3
cC i I=1+4

cc 1 J=1.+6
BRFITEL(Z2.2)
2 FLURMAT{/TIOs* VALUES UOF Kil+K2T2K2 MATRIX® ., /T8s30{2%*3,7/)
16F T edacX2€F7.301
CC 156 I=1.M
CC 156 K=1.,6 .
15¢ WRITEI(S) {KL1{I+aKoL)sL =1 E) 2 {K2T{ IsKal ) sl =13€)3{K2{1sKsl i w
=161
1£4 CONTINUE
C#14 CLEAR3( A.M, 3*M+~'5'M‘ 2¥ME+ 3, €)
CC LSE I=1+M
All.1,120=1.

=1
IpIiB*Z#N S
{I+3213=WY{1}
AII 33C)w—wx{1
152 CONTINUE :
T CALL CLEAR{ 8, 3%M#+3Z4 33M.3xM+3, ZFMH
CC 153 I=1sM
BElI3+1),01—-13%3+112
E{N+341,{I-1)%342)}
B{Z&N23+[,3%[)1=1~
152 CONTINUE

1
1

157 FCRE¥ATI{/ /71X 120{*~2, SIZ1IX,*THE FOLLOWING SECTIONAL PRGPERTY
+0F WALL IS CONSTANT FROM STORY NO#'2 14" TC STORY NCe®3s14,/71X,
+*SETART ING FRGM TOFY*/ /)

I1SE FORNMATA{ /778X 125{"N*? }.7/5Xs "TOTAL NO4 CF STORY =7, la,//75%X,120(*-"
+ Y/ /55X "NOL OF ZONE ®WITH CONSTANTY %RAll PROPERTIES=?,14//)

HKETURN

DEBUG SUECHK

END .

SUBROUTINE READWDI Hs EsMaN» MUY

INTECER WALLTY .

REAL MU»1X,1Y,JX - '

DIMENS ION IXLS7 Vs IYESA P AX{ 1838 IXTI1E)SFL{183:G1{1E)«G2118)»
+WX{1B8)» ¥Y{187" + NODARRI{S573, WALLNG{ 18}

COMMGN B9/ IY s AX a3 X aS5F s GCla G2 WX NY/BLII/UNITI3)

COMMEN YEZ2/ IXsWALLNG.NODARR

BRITEL{3, 1813 UNIT{ 1) ‘
181 FORMATI® 19 ,//1X+* CATA—-FOR—WALL S+ /11Xy, 141 *%%),/1Xs"%FX ENGTH UNIT
115 IN *",A4%
174 FOURMATIZF12.41%

FEAD(1,170) E«MU,FE
C‘ZE/E-/{I-“‘MU. -
CC 171 §I=1,M




alalalaYa¥s!

LC4
1C£
262

203
1¢=

CC 1C5 i=1,NPD
COL={PREDIS{ I, 13— 1)*34DREDIS{ I, 23 .
CALL COPY1{KFsKIKZ4 12140.CCOLsNPD, 1 ,NPE.NPD . NPD s ZENND
CTNY INUE y

DC 202 URC=1,.NPC :
(JRC-JRN‘ » JRA=1] +6 B

WRITE{3,203) (KFIJRC+JRM) s JHM=1,6 ). [(KIK3
FCRMAT( * KF=" ,{6F10.2)s s KIK3=* ., {6F 10.2)0/7)
CALL CDPYI(KFyKlKE»lvl-l-CGL.NPD'1.15.15s1501903

CONTINUE

IF [(NW1l «EC. 0)GO TQ 1G7

EC 106 I=1.NW

J=NODEW{1s1}

KEI=NOCEW[ 1,20

KE=WALLNC(KA)

X=ELCOR{J+1}—EL COR(KR41)
<

"Y=ELCGR{ J-2)-ELCOFR{KS,

Ll
~e
~J

o
Pt et Ry
M=

CC 106 KG=1,3
CCL=(J-1)13332KG

KD={KA~])Z34KG

DL 106 KC=1,NPD
KF(KC.KD):KF(KC,KD)+K1K3(KC'CDL)

IF [KG JKESIJICGC TC 10€
KF(KC.KD+1’=KF(KC;KD+la-Y*KlKB(KC,CDL3
KFIKC.KD+2!=KF(KC:KD+E)+X#K1K3(KC;CULl
CCATINUE

CCL=0

J=90

K=0

FLw=0

EEL 1C8B I=),NN

FFEENI)=0 .

IF INw} =NE.0» GG TG 109

CC 7L 111

CC 110 I=1.Nwi
FFEENINUDEK(IallltNDDEw{I:El

CC 112 I=1.M™

FREENI{WALLNOLI N d=1

CC 113 I=1.NN

IFIFREENT{I? «NEe 0 CC TG 114

K=K+1} :

FREENI K= ' .

CALL CGPYI(K}KB-K!KB,l’COL+l;i:{I—ll*E+lfNPD;3,NPD »JENN oNPD

+3IENN)

114

112

C

116

11¢
118

CLL=C0L+3
cL TC 113

J=J+1

NGDEwL J. 1 )=1

NCCE®I J, 2 3=FREEN{ I)

CINT INUE .

MAXDIF={HEwW+1¥/3-1 : . =
AAKNW I=NN-AW]-—M .
WFITEL{3+2113

BC 115 I=1,NNN®W]

JEFREEN{ I}

J=FREEN{I ®

KC{=0

KC=0 -

CC 116 KA=]1,3

LDL 116 KE=KA,3
KGB((1-11#3+KA,i—KA+KEl:KGE({J-13*3+KA,1—KA+K83
KE=]

K= . :

IF{J «EQe KNN3 CO JO0 11€E

K=K+ 1

IFIK L1F. {J+NMAXDIFYY ¢O T0 118

FF{{KC+1} .GT. MAXDIFY GO TO 118

CC 119 Ka=1,3 .

KAKCRA=5—~K A+433K

FEWI=HEW+]

oC 1o KE=KAKC3,+EW1

KLGR{{I-1) 3 4KALKB 1=0 .0

CLNTINUE .

GL TL tis

CCNT INUE

WFITE(Z2.211)

IF(KE «EQeINN=-NWI1-M))CQ TO 1158
IF{K .NEe FREEN{KE+! ) GO TO 121
KC=KC+1

CL 120 KaA=1,3




CC 90 I=1,M
SC NMNRI=NK1I+NCCARR{ )
Mu=hWl .
IF{N®W] .EC. 0) KNw=1 .
CALL CLEARIKIK3 NFDy Z*NNs NEFD 5 3ZNN)
K A=0D
C WEITE{3+500) Nw1
IFI{NW]l .NE. 0) GO TO 91
NCCEW{ 141 )=NN+]
NCDEX{ 14 2)=NODEW(1+1)
GL TC 2
S1 WFITE(3.,92) .
92 FCRMAT (//+* WALL CONNECTIVITY?®,/,* WALL® s SXo*REF* 4,SX,"CONNECTED
+%a/" NO" +5X.*NODE®*+ 77X, *NODES® , /)
CC 53 Iul.ﬂ
KRITE(2.:94) I,WALLNO(I) -
- G4 FORMAT( 14.,5X,14)
IFINCCARR{I) +EG. 0) GG TO 93
NCCARI=NGCARRIL I
IFINCCARI «LELO? GC TC <3

OC S7 J=1..NOCARI
KA=KA+1]
READI{1 »98) NODEW(KAs1)
B FLRMAT{14)
NCDE%IKA,2)=1
ARITEL3,9%G) NGDEWIKA,1)
SC FOREMATI[17X.I40
€7 CONTINUE
Z CCNTINUE
2 DL 100 1=1,NPD
RC¥= (PREDIS(!.l)—ii#3+PREDIS(1,2)
DL 100 J=1,8%
KASROW—HE®+J~1
IFIKA 26T o0 +ANDe KA <LE. ZHNNIGD TO 101} .
GC TC 100 , . .
101 IF (J -GTHBW?» GO TO <€
K1K3{I sKA)I=KGBIKA, I-KA+ROW )
GL TC 100

(2

SE KI1K3{{.KAI=KGB{ROW, J—HE®?
180 CCATINUE

MECHY=NN-MW1-M
WRITE{2,201) MRCHY
281 FLRNMATL{//* THIS IS THE POSITION WITHIN SUB. CONSMy RN=RB1-M=* . I6)
1C0 CCANT INUE
IF {KwWl »EG
CC 102 I=1,
JENCCEWL T 9t
{1
{K

AOOO0

DIGO TO 1c4

K A=NGDEW

X=ELCOR{ J»1}— ELCUR{KEsl)
Y=ELCGR{ Js 2¥—EL{ORI{KBe 2)
CC 102 KG=1,3
ROw=(3=13¥43+KG
KE={KA-1)334KG
CL 102 K<(=1,B%
KE=RCW-HE®+KC-1 .
IfF {KE aGT«0 «ANDa KE 4LEa 3%NNY GO TC 103
GC TC 102 : ’
102 IF (KL .GTe. HBW) GO TG 13C
Xi= KGEIKE,1-KE+RON?
cC TC 131
1230 XI=KGE{RC¥:.KC—HEBW)

C

C

C

C

C

C

131 KIKB{KD+KEN=KIKI(KD.KE)+X1

IF (KG «NEJ1) GO TC ic2
KIK3(KL+1sKEI=KIK2{ KO+ 1,KE)-¥Y %X 1

C KIK3{KDH2,KE)=KIKZIKD42,KE b +X %X 1
KIKI(KC#2,KEI=KIK2IKE4+Z4KE ) #X*X 1

C

C

C

C

102 COCATINUE

L e roa .




CL 100 I=1sNEL
WRITEL3,23 1.NEL

2 FLRMAY( /77° THIS POSITION IS WITHIN THE SUE. ASSEMB® w*I=",.14.1619
IFL TYFE «NEL1? GC TC 110

Xh=ABS{ELCCR{CON{ I+201)— ELCOR{CON{Te1}, 1%}

YN= AES{ ELCOR! CON{1,2),23- ELCOR{CON (I,123s 2})

IF ({ ABSIXN=X) 41Te G40D01? +ANDa { ABS{YN-Y) LLT. (000103 GC
+ T1C¢ 120

CALL STFMS5L NEL E-MU, 1)

X= AN

Y=YN

GC TG 120

110 CALL STIFBINELsEsMU,I )
WRITE(3,2) IaNEL
12¢ CC 130 J=1,N5
CL 120 L=Jd«NS5 -

NZ2={EB-1}2XNCF
pva={(J-1) 3INOF . -
N4a= [t -1% FNDF
I1IF {A .NEe«. BY GO TUO 140
CC 150 MA=1.NDF
CC 150 N=MA,NDF
F=ML1+MA
C=1—-MA+N
150 KCBH{P+Q)=KGBH{P4CI+KI{NZ+rMA, M4+N}
GL TC 130
146 IF {A .1L.T«s E3 GG TO 176
DC 180 MA=]1,NDF
CC 180 N=1,.NDF
NE=MZ+N
ME= ]=NMZ2FN1+MA-N
180 KGRHI{MS5,Mb3= KGBH(MS MEe )+ K(MB+MA.M4*N)
GC 7€ 130
17€ DC 190 MA=1.NDF
GC 1S90 N=1+NDF
MEZM]I+NMA
MEZ1=NM]1+MZ4+N=-MA
KCBH{M5’Nﬁl-KGEHSM5:N6)+K(V3+ﬂAsM4+NJ
COUNTINUE
WFITEL{3:5€) {{KCBEIMNItN=1s18,M=),27)
FLCRMATL/TI10,"VALUES OF KGBH—MATRIX® 2/ TE»28{ %% "),/ /(15E8.2)
CENT INUE

o
fal
o0

ouwm
[=¥s ]

RETURN

CEEUGC SUELHK

END

SUERCUTINE SYFM5I NEL» E, U, I1X)

INTECEFR TCN,CONB» RSM,PREDI S, WALLNO

REAL KaKXZ+:KXIoKXCT .

DIMENSION KI12,12),,ELCCRIS7 2 2)VsTHIS7 V.CONI{iIB 2412:BF{18:3)CCAB
+[YB,3)» PREDIS{E4, 23, ¥ALLNOUO( 181+ NCGDARRIST7) 2RENIL,2,
HRXZ{ 124123 KXZ2{ 12120, KX2TL12,12) ]

CCMMGN /7 B1/ELCUOR 8P s CONLCUNBs RSML.PREDIS/B2/7TH,, WALL ND«NGCDARR/BA/K »
+K X2 KX2,KX2T

A=ABSI{ELCCR{CON{IX, 34,1
E=ABS{ELCCR{CON(IX+3 )42
2=EXTE(IX %% 3/12./ {1-
R=A/E

) ELCOR{CONIIX,132100
} — ELCDRICON{ IX.1)s2))
Uk gz /(A%BY .

ODC 10 I=1,10,3 .

KII»1)=23F] 43RIA248 ,/RE¥2+{ 14 —-4FU)I)/S)

11=1+1

K{Tlsl1101=2%{ 4 a7 3 a¥A%F 842/ 1592%{ 1a~1}V%KPRX%?2)

I12=11+1

KI{IZ2412)=Z% {4/ 3«eFEFF2 444/ 1S eH {1 a—UIkAFXx2}
10 CENTINUE

K{l,2)= (%A% %X2/7E+B/75% (144U VX[ ~Z)

Kl4a.,53=K{1:2)

K{7e8)=—K{l1.+2)

K{10+11)=K{7,87

K{l1,3)=Z%{24B*F2/A4+A/52(1+4%U))

K{(10a2123=K([ 1533

K{4,6)=—K{123)




wRITEL2,14) UNITC( 1}
14 FCRMAT(["1*a//7/7" FINITE ELEMENT ANALYSIS OF FLOOR SLABSf ,/1X,40("2*)
+o/ /1 X s " k¥ XUNIT OF LENTE USED FOR THIS ANALYSIS IS IN *,A43
CATA A,Brz%x* ,2yay, .
WRITE (3, 10) NEL s NBEs NNy NPLCaNRNs EsMU
10 FCRMAT { /7 1X+*NUMBER GOF PLATE ELEMENTS=*,14/,
+ * NUMBER OF EFEAM ELEMENTS=*,[4/, .
+ NUMBEFR OF NODES=7%,J4/.2" NUMBER OF PRESCRIBED DISPLACEMENTS=" {4/,
+* NUMBER CF TOTAL RESTRAINT APPLIED AT NODES=* ,JI4/,* NODULUS CF EL
+ASTICITY=%", Fl2a.2/4" PUISSCN' /%, %5 RATIO=" gF 6.2
IF {NEL -EG. O GO TG 20
WEITE(32,11)
11 FURMATI{//+® CONNECTIVITY AND CO—-ORDINAYES DF PLATE ELEMENTS®* o/ 1 X,
+ EQ{*%9)y,/
+? Els NOe "5 20X+ NODE NO%,29Xs *NODAL CO-ORDINATES?Y 18X *THICKNES
F+S5Y 4/ 20X a" IY 45X YUY G SXaTK a5 X, LY 3N, X s 7T X ®YI® S XX 4% 65X,
VY IV S3EX LB XK 3 SXe T YK /)
OC 21 1I=1.,NEL
21 WRITE{3,12) Ip(CONf[pJ)onl|4,|‘(ELCDR(CGN(I;J‘,K’.K=l.2'.J=i.3'.
+T+(1
12 FLRMAT {16 s 15X 4816 4 10X o €F T aceb6XeFEal)
20 IFINEE +EC.0Y GO TO 25
WRITE(2,22)
22 FCRMATI// «* CONNECTIVITY AND DIMENSIONS QOF EEAM ELEMERTS?® L,/ 1%,
FS5L{*X" 1,/ /7" ELEMENT NOJ,
4+ 4X+ * NCODE NG-'.BX,'LENGTH';SX"W[DTH"5X.'DEPTH'.3Xo'DIRECTI[N

/70
CL 232 1=1.NBE
XA=H

IF( COMBII,34.EQ.1} XA=4
23 BRITE{3.24)%1, {CONB{IOJ|-J=I.2,|(BP(I,J’|J=113’rXA
24 F[FMAT{IX,I?,?X.IE,QX:IE,7XgF7.2;4X.FE.21£X.F5-2.5X.A4!

2E IF{ NRM «EG.0) GO TO Z€
RRITE(Z,27)
27 FURMATI// 4" TOTALLY RESTRA INED NODES To//s *NUODE NO ——— SENSE-RESTFA
+INED o/ /) -
WRITE( S, 2E) {IRSMI1+J0)4J=12)sI=1,NRN)
28 FLEMATI{IO +8X+14) :
2 WRITE{3,2%G)
2% FLCRMATI(//»" PRESCRIBED DISPLACEMENTS? /7,% NUODE NG s————SENSE " /)
BRITE{Z:30) ((pREDIS‘I’J’DJ=li2)£l=1leD)
20 FOCRMAT{IS .8X,1I2)
C END CF PRINT FLOOR DATA
FETURN
EMNC ) . -
SUBRCUTINE EANDWH({ NE_» NS; NDF2B¥%)

IMTECER EW,CON+BW1,8BWesCONB
DINENSIGN PREDIS({E4,2)
CIMENSION CON{1B +43,BF(18:,39,ELCGRI{57Y 2 233 CONBIL1ESZ)aRSMIL1 »2)
COMMON /7 E1/ ELCOR,BPsC0ONy CGNBs RSM, PREDI S
Ew2=0
ASI=NS-1
DL 100 I=1.NEL
EC 100 J3=1,N31
Ji=J+1
CC 100 K=J1sNS
c Ewl { FOR BOTH CON AND CONB MATRIX)
EWI=CCNI{1,J)-CON{1,X)
IF INS +ECe2% BWI=CONBL{I.J3-CONBLI.K])

-

IF {B%1 41T« 0% BwWil=—EBEwl
IF (BW]l .CTa. BW2) BWZ= Bw 1l
100 CONTINUE

BY={EWZ2+1IXNDFF2~1

RETURN

ENC . . ]

SLERQUTINE ASSENBI NOF » NEL » NS2TYPE, ’ Eedis
INTEGEF CGNQTYPE:A.BJP.QlCENB.RSMQPREDISQHALLND

FEAL NUSKCEH  KoKX2:.KX3,KX2T

DINENS ION KGBH{S54 4+ S % ELCORIS?7 22V 98Pl 18 a2 yCON{L1EL4Y +RSHNLL1 42}
+ . - CONBI{ 18238, THIS7? 'QK(!2112.DPREDIS‘54,2’D“ALLNGII8'W
*sz(lz;lE',KXEI12-l?)aKXZT(12912)'NUDARR(57)

COMMON SEB1/ELCOR) BEPsLOGNSCONB, RSM,PRED IS ZB2/TH s WALLNC.NODARR r83/
TKCEH /EA/KaKXP24KX2,KX2T

(ala¥a¥al
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FEAD(1+200 E«MU
FLFMAT{F10.1+FSe2)
IFINEL «EG.C?¥ GU TC 12
CC 11 b=1.3

FEADI{1 .21 K

IF (K <EC.13G0 TOD 11
READI14+22) XNe¥YNy T
FEAD{1 233 (XL 1)y I= 1 XN
READ{1s23) {Y{I1}+I=1+YN)
FCRMATIBF10.2)

FLRMAT (213.F10.4)

CC 24 I=1aXN

CC 24 J3=1sYN
K={i-1)%¥YN+J

L=K

COCNIL»13= C({YN+1)EK=1D/¥N
CCNIL.2)=CONI{L.102YN+]
CON{L+39=CON(L.23+1
CON{L 40 =CON{L 1)1
TH{LY=T

x‘:o-

Ni=Xh+1

h2=Yh+1

CL 2% I=1aN1

IF {1.EQe 1}y GD TG 23
X1=X14X{1-1"

Y1=0.0

EC 26 Jd=1,N2

IF{J «EQGs1» GO TO 331
Y1=¥Y14Y{J—-1)
K={I=1¥E{YNE+L1V+]
ELCORIK,1D)=X1
ELCORIKs208=Y1
CONTINUE

CLNT INUE

cC TL 12

CCKRTINUE

FCRMAT{3FS.2)

FCRMAT{41I4,F10.4)

CC 28 I=1sNEL

READ{1+29) CONI[1I,5 1), CGNII-c).CUN(I.3)¢CUN(I;4),THII)
CINTINUE

- CON{1-3)=CCN{I,2)3+1

CCNLT »4)=CON{TI,20+1

READ{ 1 423 ) {{ELCCR{I+J)eJ=1+2)>TI=1.NN?
IFI{NEE »EC.2) GC TO &

DL 30 I=14NBE

READ(lQBlJ (CDNE(I.J)9J=1EE'
FLAMAT(Z14) .

K=Z

IFI{CONB{I,3)-1D -EQ. 08 K=1

BP{I,.,1)}=AESI{ELCOR (CONE(I 1)-.K ¥~ ELCORICONBLTs2)+K))
READ(I;GI b (BP{1s J=1.30

CENTINUE

IFINEN EC. O) CO TO 7

READ(1432) LIRSM{I,J)2J4=14+2)s I=1.NRN)
FLRMAT {214 - -
NDI=NPLD/ 3

CC 60 I=1.ND1

READ(1+32) J.,NODARRI( I

WALLNG{I)=J

KRCDARR{I }=NOCARR{ 1)-1

DU 34 K=1.3

PREDIS (3% I-3+K,13=J
PREDIS{3%1-2+K+21=K

CORNT INUE

READI(1527 3 UNITI1D,UNITIZ2b,UNIT(3
FCRMAT(3A4)

FETUFRM

END

SUBRGUTINE PRINTFINELSNAN,ELMU, NRN» NPD.NBE)

INTEGCER CCN,RSM,PRELCIS.CONE

FEAL MU

DIMENSION ELCORIST +21.TH{S7 J+BP{ 18, Z3»CON{18 24)CONB(1E, 3
DIMENSION RSM{ 1:2)+PREDISIS4,23sNODARRIS7)Y sWALLND{18)

CILNVMCN /BI1/ELCOR, ERP,COMyCCNB,y RSMsPREDIS/B2/THs WALLKNGNCDARR
CCMMON FELIZUNIET (3}




CEBUGC SUBCHK

END

SUBROUTINE FORMB3( Nae M,y NRHS s NZONE aNS}

CINENSION AIS7 57 3,B(E7e571+BOTUST7eS7VsPTI1140:2)1sX11140.,2¥V,C157,5%)
+ o BE(18,32):C1I57+5413,C 1(57059 202057259 VCGNIL1EL»49,CONE{18B54),
4+RSN{(1,2), PN{S7+2 1eT{S7s57) e NSINZONE ) +PREDIS{S4,2)

SUBROUTINE NO =16 {(FLRMBPNZ2{A,B+B80.NysMuPy X NRHS) #

COCMMCN /EB/C.DI|02/84/A18n80-Cl/86/psX/BI/PN'BP,CGN'CGNBQFSMQPREE‘
+S FEL1Q/T

FEWIND 10

MANARHS=M#ENFHS

CC 1€ JL=1M

6 REL2DI10D) LATIL XL P oKL=1aMIL {B{ILsKLI,KL=1eM) 2 {BGLILSKLY KL=
+1iaM)
hh=2
WRITEL{Z2,22) A,B.,EG.C1
P FLCFMAT{/1SEB.4)
WRITE{3.31) {{Al T:03:,0=14150,1=1,15}%
31 FORMAT{/T 10" VALUES TF A-MATRIX",, /T8, 22(**%%*)s//7/(15FB8.41))
WRITE{ 3,329 ({BlIsJ)40=1.1544,1I=1,1%})
2 FCORMAT{/TID."VALUES (OF B=-MATRIXY . /TByc2{*%* ),/ /{15F8.,4))
WRITEIZ,332) {(IBC{1+J3,:7=1515).1=1,15}
3 FLEMATI/T1D.,"VALUES OF BD-MATRIX®" o /TE:24[( %% "), //{1SEFELa1¥3
WRITEL{3,341 {{Cl{IsJ)ed=1212)sI=1.151
4 FCRMATI{/TI0¥VALUES OF CI—MATRIX*3/TB«22[ %) ,//7(12FE.4)}

CLC 61 KK=1,NZONE
ARE1I=hS{KKI+1
IFIKK SEQeNZONE) ANS51=N
IF (KK .NFa. 1) GO TC $1
CALL COPYL{U23sB0s e lslslsMaMy My, MENRHS M, M)
CALL COPY1I{(DZ2sFPs1eMtlelslasMagNRHS, My MENRHS sMANHLNRHED
CC TLC 15
11 CALL CLPY1{AwTals laly
CPALL COPYL{T»>BDvlaslsilslaMsMaMaMyMM)
CALL CCPYLI{BOsEslslslslsMeN, MM M,M)}
CALL CCPY1{EaTslslsleslisMsMeMy MMM}
12 CA1L TRANS({A;CaMpMeM MMy MENRHS)
Ci:FINE FILE B(1IG60+55 »U,MINZ2)
¥ wD (8*1)
i [KK «NEe 13 NN=NTEMF
iF (BN «GTe NS1)Y €O TC &2
- DL 61 I=NNaNSE
TR AT T CLOEY1{CAaD2s 1aME s 1 MF La M- NRHS, My MENRHS 3M s MANRHE )
CALL SCLVEIDZ2sCaDV1eMaMINRHS M M¥NRHSy MaM+NRHS)
CALL COPYIIBIGD D1 sM*¥[I—2)#1,y 1s1ls 1sMaMINRHS,1G50,3051E,5203
VIN2=Na2{1-2D0+1
BRAITEL3S,2C) MINZ
TTFIRD (8'*MINZ)
el B K=l . N ’
S WRITELB8*MINZ) (D]l {KaslL )el=§,MNRHS)
IF {1 NEs NS12 GU TG 132
IFIKK EQa NZGRED CUO TO 64
IF{INSIKK#13=NSIKK}} LEQ.1) GO TD &£2
€8 IF {1 EGe N} GO TC 13
€2 CC 14 JUL=1.M
14 READIIO) [IT{IL LKL ISKL=1sM1, {800 JIL +KL) o KL= MF o IBI{IL KLY »
+KL=1 .M}
12 CCATINUE
NIEMF=ANS1 +1
2 WFITELZ,2) {(D1{X.1 ),
CALL MULT1{A:sD]1sDZ2s1
CALL SUB1{BaD2:D2»1+s
CALL SUBLIP.D2.D2aN=
+ MNENRES s M3 MENREHS )
€1 CCATINUE .
€2 CALL LOPY1IPNsDZ2e1als 1 s8+12Ms NRHS;MaNRHS My MENRHS )
CALL SCLVEIDZsPNsPNs My NRHSsMy MHNRHS s M aNRHS)
CALYL COPYI{XsPNsMFI(N=1)+1s1lelelesMyNRHEsMENINRHSHM ,NRES)
5 WRITEL3.2% (PNIKsLIsL=1,2)
hi=N-1
CC 60 I1=1.N1
I=n=-11
MINZ2=M={
FIND (8*
CC & K=1
& READIB*™M

Ly laMaMMyMaM, MO
sle
»

1113

1l 1aMaMaMENRHSsMaM e My MERNRHS oM M NRHS)
lealslaMagMaMpMaMas MEINFRHS M MENRHS)
141,

L
»
i
{ 121aM3141 sME1aMaeNRHS» MENSNRHS M,

g |
[
-l e @

{DI{KsL)sL=1+s MNRHS?
2 D2s MR {I~1D2+1s 1aMFI+1slsinlaMaM NRHE,
(¢ )
2|1115M*I§i)10i’I:MnNrNRHSoMy”*NRﬁS|M*N3NRHS.

UNX

B Y - P, Sl - - - - . e - -

{T=A)




f EACH i {CONBL T+ J¥sJ=1s 2 . 1 3i4
AN El -7 I BP{1+J)»J0=Cel 1 2F5.2
1 CONNECTIVITY OF BEAMS {CONBIUI14J3)),01«NODE NGs I +42KCDE NCWe J &
I 3. DIRECTILN [ 1 FOR X~-D0OR. 2 FOR Y DIR.} 1 J
I BEAMS FPARAMETER (BP[(1.4%0s {1STa ONE FOR WIDTH & 2MD LNE FOWR
I DEPTH OF BEAM) I NBE SETS OF VALUE
1 {RSMII sJ}+d=1s2)s I=1NRN) 1 214 §

FOFRF EACH 1 RESTRAINT APPLIED AT NODES (RSM{I-J’]-(IST. ONE FOR NODE NCe 6i
INTEGER FLOUORT » CONsCONESRSMPREDISWALLNO

REAL LTAD, K1K3, K2K1 2 1Y e JX3KF s K1 sK2T K3 KGB XK X3

DINENSION KF{54,54),CLCOR[ 57.21sBP{1EL.331,CCNI 18.4¥,C0ONBI{18.3) 2
CIMENSION RSM{ 1,2),PREDIS(S4+2)s TH{S57 ) WALLNOI1E) NCGDARFI(S5T7) }
+KCBI(54 » 9 "C(57'57‘.D{57’57"00(57‘57’.8(57957‘.Kl{le.6,6"K21( -
7*1&96!6”K3{18'6’6’.A(18.5716"L0AD‘lIQOOZ'ONSTR‘B’SX(IIQOIE'.
+XK1IK3{54,57 Vs UNITI(3)» KIAKI{S7 +54) IY{54801 AXI18), Xx118),.,5F(18)
+.CG1{18)sG2118) WX 18)auY{1E}, AXL1IS7, EVNsALLIE7 571 :KX2[ &5 6}
CCNMOCN //7KF /BL/7ELCOR8P; CONs CONBsRSMPREDI S /B27 THa WALLNC«NCDARK
CLMNMCN /B3/KGB /B&A/s/Cs03D0 48 /B5/K1:K2T,K3,A/B6/LCADsX /B7/
+ KIK3:K3K1 B IV 2 AX s I X aS5F aGla G2 WX NY/S/BE/AXL+ALLKX3/B11Z7UNIT
0 READ{1s5013 ML,UNIT{1I1.UNIT{2% ,UNIT(2?
1 FCRMATII4,3A4)
IF [N «4LTa 0% GG TO EB6C
READ(1,502) N,NLOAD,FLOORT
FLCRMATL2IE, 14
IFI[FLCCRT 4NEe« ©0) GO TQ 50S H
MINTC3=3%N ’ ' L
READ{1+5032) {(KF{INLJINZ2ISINZ=INL+MINTO3) 4 INI=1MINTC3?
FLRMATIZ2S5X . 6F7 4 '
DL 504 INI=1,MINTYC3
CC 504 INZ=1,IN1
c KFLINLZINZ¥=KF{INZsIN1}
GC TC 506
- CALL FEFLERI3*M) '
[4 LARTINUE H
DATA TITL 1,7TITL Z.TITL 3 /2S5TIF*,*0F F', *LCOR?*/ -
I1F{M LEQezd GC TO S60
ChAll GUTARRIKF 322N, 34N, 0.5, TITL 1,TITL 2, TITL 393N 33k MY
CALL FLRMESINZONE sNSTR+Me N
SC 1 I=1.4
L 1 J=is€
SRITECI 29 {KI{Ie JaK b=l 6o {K2T{T1+s 3K 3K=163si{K2{T1sJsKI>K=1,6) i
TLRMAT L EF 74322 X +sO6F T 230 X2 EF 72
CC 3 1=1.4
CC 3 J=1.15
WRITEL[Z+4) [A{14JeK)2K=15E3,{BlIK1K=1,123
FCRMATLIEF T3 44Xs 12F7 42}
CALL FLRMCDINZONE aNSTR M)
CC 5 I=1,15.
WRITE[Z3,6) (ClI1+33:0=1:15)+10(153),0=1,15)
FLEMATL(IH 215F8B.4)
CC 7 I=1,15
WFITEI3,8) (DO{1,J09s3=1,151%
FLRMATIIH L 15F8.4)
CALL READLBI NLOAL MaN?
CALL TESTIMsN.NLOAD)

N

(W]

PNy

m- OO

CALL FCRMEB{N-B#M+3-NLDAD‘NZONE NSTR}\

. CL 9 I=1.15
S RRITE{3,61} ‘C{['J]»J—l-l'S)’fD(I-J’vJ—l 15
CC 11 I=1,15
11 RFRITE(3,15) {DO0{Isd0,9=1,1%?
WRITEL3:15) {({LGCAD{ I Jd)s1=1,150sd=1,2%
CL 507 INZ=1+NLGCAL
WRITE{3,5C8) INIZLUNIT(1)

CE FORMAT{® 1?2 ,4,// 1 X" L0OAD CASE"> 16/ 1X2*"FLOOR DISPLACEMENTS® o /1 Xs20("
+*% ), /1 X A% UNIT OF DISPLA IS ‘IN®*»*{17A4,"% /7 100CY*i//7* FLUDR® 4ZX
*4% HULRIZOGNT AL DEFLECTION" o 1SX o* ROTATICN*s 721X *NO2*9EX,
+? X=LIRE® +8Xs*'Y-DIR?*s LEX:, *XY—PLANE"» /)

CG 609 INI=1aN

INZ2=(IN1=23 % 3%M+32)
06 WRITELI3Z,509) [NIQX{INE&I.IN3'gX[INE*E!INB‘Q’(IN2+3!‘53’
CG FCRMAT {13 s5XsF13e7s5XeE132738BXA+E13.712

YFITE(3,5111

11 FEF?A;(//I/.' WALL DISPLACEMENTS */IX,Z0{ "),/ /1 X, "FLOOR NO.~=-wALL
ThE "% 53Xy
+"VERT s DEF»® 49X 33 THETA=X"* , GX,s "THETA—~Y "/

CC 512 INI=1sN
I={ENL=1) 3] 3%M+3)




21E%

(2T

neo

212

21E

216

2l aTalal

/%
/7 ExX
/77 EX
IEE
r4
G
4o
) 1
8.0

[ R - O

CALL ADDYI ISR cSR2eSREs1al4 lelslnls€aNLDADGLNLIOADSE NLGADY)
WRITE{Z.21Z) J

FOCRMAT (/7 /% MALL KNO=7,.14) )

DATA TLEL» TLE <, TLE3 /°TOP*,* NOD®*S"ES s/

TITLEZ2=XXXX

TITLE3=XXXX )

CALL CUTARR(SRT +6+NLUOALC D« E» TLE1l. TLEZ» TLE3» 6 NLOAD)

DATA ITTLEL,y TTLEZe TTLE3Z'807TT ", "OM N*,*ODES"/

TITLEZ=0OMXX

TITLE3=XXXX

CALL CUT AFR({SREB+6£sNLOAD,0+Ss TTLELls TTLEZ2s, TTLE3.6.NLOAD)}

CCNAT INUE ) .

CALL TRANS{BsBlaKs3xMNaKe 3% M, KeskK?

CALL MULTI{BI s XeFAslsle{I—13%K+15151,13%M,K,NLOAD,
+ KeKe KENSJNLOAD s 32M,NLCAD S

CALL MULTI{KF FAsFEslalsls lelels3kxMe2¥MyNLOAD,
3N, 3ENM, IAMINLCAD » 2EM,NLGADY)

OATA TITLELSTITLEZ.TITLES /*FLO0?Y, "R AC", *TION®/
FCRMAT{"1*,///71%s *STRESS RESULTANTS AT TUP AND BOTTCM CF RALLS AMD
+CCLUNMNS OF EACHE STOREY ARE PRESENTED IN THE FOLLOWING TABLE® ,/1X.,
+9G (049 ),/ 1X»*"SIX COLUMNS OF THE TABULLATED ESTRESSES ARE FOR EACH
+NCDE*, /1 Xs® A TEHE STRESS ARE AS FOLLOWS® 37 1X26B{*F®24/1Xs*AXTAL
+L CAD" »SXs * MOMENT ABOUT X—AXIS'ySX, "MOMENT AEQOUT Y-AXIS* /11X, £8{***
) o/ 1K (T 22 A0 )T L BX VLM 288, —0 JA4," }T 4,5 X "1 %2 ,2A4:%=2 84" )%/
CALL CUTAFRIFE 2 My NLGAD, QoS TITLEL,TITLEZ2L,TITLEZ »Z%NsNLGAD)

CCNT INUE

END GF CALCULATE STRESS RESULTANT [SUERDUTINE NUMEBER =301%

FETUERN
LCEEUG SUBCHK
EME
EC LNKELT
EC
EET KIPS
C 2 1
18 - 00 18
2 .18
2 1
ls 2 1«46 N
4 1 .
12 146
6 1
1.2 1446
e 1
1.2 1.46
10 1
1.2 1«46
12 2
1.2 1+45
14 2
1.2 1e46
1€ 2
la2 146
1&g 2
1+ 2 1«45
z 2
1.2 1«46
k= 2
1.2 1446
7 2
1+ 2 1+ 46 -
5 2 :
12 1.46
11 1
1.2 1.46
12 1 -,
1.2 l.46
1% 1
1a2 1446
17 1
1.2 1.46
L8 1
1.2 146
1
1
1 -
i
1
1




APPENDIX B
LISTING OF THE PROGRAMME

(Continuous Medium Method)




RiC I O ) B PN

®HARDCORY MODE SET
#READY

ZL0AD FFORTRAN
JOPTION LIST,LOG

A

CCCCCCCCCCCCOOothCeCCChiCOChOLCCChCOCCCECCLOCLCCCCECCECLLCELCrCriCt
» Co
C c |
C C |
¢ Co
- FROGRAMME FOR THE SIMFLIFIED ANALYSIS OF HIGH-RISE TURULAR C |
» STRUCTURES TAKING INTQ ACCOUNT THEIR THREE-DIMENSTONAL c
¢ EEHAVIOUR AND SHEAR LAG EFFECT EY CONTINUOUS MEDIUM METHOD  C
r c
C c
C Ci
[S1o]a{ o] vt odal ] o{utood oot ol ol {0 oL ol i1 ] W o 7 Y b o W o1 O] b o {2 oY o B o Y s o]0
© ) 1
C SCOFE : . j
T THE FROGHAMME ANALYSES THE TURULAR STRUCTURES SURJECTED C |
C EITHER TO & HORIZONTAL U.D.L. OR A& FOINT LOAD AT TOF EBY THE C
677 - CONTINUOUS MEDIUM METHOD. THE WIDTH OF ANY FARTICULAR ‘BAND  C
. C OF OFENINGS MUST REMAIN CONSTANT. THE STIFFNES OF THE CONNE C
L " CTING MEDIA ARE ASSUMED CONSTANT THROUGHOUT THE HETGHT, ALT C
g HOUGH VARIATIONS FROM ONE EBOMD OF OFENING TO ANOTHER ARE C
, o FERMITED | C
[ C . C
C C
IR S B DT DY S S ST BB D B S0 B3 10161 B 01 47 05 G050 X BT L ALY ) I Y 01 A1 01 08 04 00 63 B4 01 S 01 01 6103 B L 0 B Y W DX Y 03 DY B BT
» ‘ . ' C
o G
’ " THEDRY C
S , THE PROGRAMME 18 BASED ON THE THEORY FRESENTED AND C
" DISCUSSED IN CHAPTER 3 . & SERIES SOLUTION IS USED TO CALCU- C©
o€ LATE THE VALUES OF T AND DEFLECTION . IN THE FROELEM SOLVED C
. C CONSIDERATIONS OF & TERMS LED TO WITHIN 4 FERCENT ACCURACY. C©
‘C &
1k ﬁ[: V - . . C
x B R OO0 DL L 001 B D T OT 0 LTS S A B 01 0L Y T 105 Y8 0 S0 05 DY 03 3 1L 08 5 0 3 s 3 01 54 5 0 5 O {3 B3 B B DY 15
O BB BB 01 BT 02 B B 5 53 I 3 I 4 0 L O L O O 5 5 5 % O O I 5 0 4 B 0 % o o 3 3 B B
COEOCE NOTATIONS ®xsismxwxx o c
C N TOTAL NO OF WALLS/COLUMNS C
C
C NO TOTAL NO OF OPENINGS C
C ,
. SH STOREY HEIGHT ¢
G
" BH RUILDING HEIGHT C
> _
c WX U.D.L IN X~DIRECTION c
c - , .
o~ Ly GEN L TH YORTOERTTON P . . . U




" Ml NUMBER OF WALLS/CGLUMNS

C {
C NO NUMBER OF OFENINGS
C c
C ' NT NUMBER OF TERMS CONSIDERED IN SERIES
C SOLUTION FOR ‘T
C
C :
C CARD  TYPE 4(E) C
L e >
C DNE CARD WITH EH,SH,E,FR : 4F10.3
C
C . EH TOTAL HEIGHT OF THE TURE
¢ .
C SH : STOREY HEIGHT OF THE TURE
>
C E MODULUS OF ELASTICITY
c
C PR FOISSION'S  RATIO
.C

s
g

2. WALL/COLUMN  DATA

MW SETS OF CARDY WITH (AL, XT(I),YI{I¥») AFt10.4

&1 AREA OF WaALLE/COLUMNE

XI{1) MOMENT OF TNERTIA OF WALLS/COLUMNS
AROUT X-4XIE

¥YICD) MOMENT OF INERTIA OF WALLS/7COLUMME

AROUT Y-AXTY

F. BEAM  DATA
© CARD TYRE  3(A)
N $ETS 0OF CARDS WITH (KIE(I),B(I)) 2F10.4
XIFCI) MOMENT OF INERTIA OF BEAM |
BT CLEAR SPA&N OF BEAM

CaRD TYPE 3(B)

MO SETE OF CARDE WITH (XITIALL,Jy,d=1,2) 214
ATICID CONNECTIVITY OF REAMS

-

et izizlc sz izl isizvizizivisivizsizsirivivisizic i iz iz iziviriv ez in i s in R e Ao R

CARD  TYFE JZ(C)

ONE CARD WITH  (BD) - ‘Fio.4
BD DEFTH OF HEAM

4. LOADING ON THE BUILDING

ONE CARD WITH (WX, WY,FX,FY) AF10.3 ;
WX U.D.L. IN X-DIRECTION c
by U.D.L. IN Y-DIRECTION c
FX . POINT LOAD IN X-DIRECTION | E




C
c X FOINT LOAD IN X-DIRECTION
I .
C FY FOINT LOAR IN Y-DIRECTION C
C
C E MODULUS OF ELASTICITY C
C
C FR FOTESTON & RATIO : C
[
C Z VERTICAL DISTANCE OF ANY SECTION C
LW '
T FROM TOF . C
. Yi . HORIZONTAL DEFLECTIOGN IN X-DIRECTION . C
" : '
C Y2 HORIZONTAL DEFLECTIOW IN Y-DIRECTIOM C
c
£ F AXIAL FORCE OF WALLIS/COLUMNE C
"
C ECEY Z/BH  NONDIMEMNSTOMNAL FARAMETER ' C
-
C X1 MOMENT OF IRERTIA OF WALLS/COLUMME IN X-DIRECTION C
Ew Y1 HMOMENT OF INERTIA OF WALLS/COLUMNS IN Y-DIRECTION ce
€
C RD BEAM DEPTH CCC
C
CCCLCCCCCcoccoocccLccoccococccoooecCcCceccecCCCCCCCCCoLeccecCcCoitcCiCol [Leti
C _ , W
FROGRAMME DESCRIFTION C
EXRETEEL ST E FEEE LS E T T
T. PRODCEDURE FOR STANDERD MaATRIX OFERATIONS AND FOR THE EVaL C
UATION OF EXFONENTIAL FUNCTIONS : C
f. STINH(A? CALCULATES SINH . : C
2. "COSH{A) CaLCULATES COSH C
3. SOLVE {4A,B,x,HND ¢
IT. OTHER FROCEDURES - : C
4. DATAINFUT : READS THE DATA FOR WALLI/CDLUMNES AND C

CONNECTING REAMS. READS APFLIED LOADING. C
5. FORMALFHAZ © FORMSE THE A-MATRIX IN E@M. 3-24 C
6. FORMEBETA : FORMS R-MATRIX IN EGQM. 3-24

7. FORMC :  FORMS C-MATRIX IN EG@N. 3-28

e isizizieizicizisieisisisizioivivisivicRoReie

8. FORMD - FORME D-MATRIX IN EBN. 3-29

TJ

FEvEvEuReNgReNeleNelwiele el

9. DEFLECTION : CALCULATES THEHORIZONTAL DEFLECTION OF
THE TUBE IN ROTH X AND Y DIRECTION.

i0. ACTUAL STREES : CALCULATES THE VYALUES OF ACTUAL STRESS
AT THE EDGES OF THE WaALLS, AT SPECIFIED
HEIGHTS, RESULTING FROM A CONTINUOUS
MEDIUM ANALYSIS.

4

CCCCCCCCLCCCCCCCCCCCCCCCCCCCeCCLLCCeCCCCCCCCOCCCCLCCCCcecLCLoCececLeceeetoe
FORM OF DATH INFUT FOR FROGRAMME :
. GENERAL
CARD TYFE 1(A)

C e e e DINE D ARD L LETTR AL ONM MT . s R e

OO noans




[ e S A O L B O R B T T L e

C

CCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

i5

18

. MDD

INTEGER XII

DIMENSTON ACIE),XTI8Y,YI(48) ,ELCORCIE, 2), XIPa48) , BOi8) , XICO &), XL
+(48Y,YL(i8) ,BETA(18) ,ALFHACI8,18),C(48,18) ,BK(18),D(18,39),ZZ(3%)
+,Y50(39,48),T(39,18) ,YLL1(39),YL2{39),F(3%,48) , BMX(39,18) , BMY (3%, 18)
+,%X048),XIT¢I8,2) ,RSH(39,18),GM{39,18),WMT (39,18, WMR(39,18)

+ L WEC3?,18)

READ (4,45) NW,NO,NT

FORMAT (315

READ (1,3) SH,EH,E,FR

FORMAT(AF10.3)

READ*(4,16) (AT, XI(I),YIL(I), T=9,NW)

FORMAT(3F10.5)

READ (4,47) ((ELCORCI,J),d=1,2),I=1,NW)

FORMAT( 2F10.4)

READ (4,24 (XIFC(D),B(I), 1 =1,ND)

FORMAT( 2F10G.4)

READCS , 2600 (XTI, 4y, d=1,2 5, F=1,ND)

FORMAT (214)

READ (1,201) ED

FORMAT( Fi0.4)

RE&D 4,902 WX, WY, FX,FY

FORMAT(4F10.4)

WRITE(E, 84 NW,NO,SH, BH, WX, WY, BFX,PY,BD,E, PR

FORMATC(A/T45, "ANALYSIS OF TURULAR STRUCTURES BY CONTINUOUS MEDIUM
FMETHOD' , /Ti2,60¢ %' ),/7/T40, "UNIT OF LENGTH USED FOR ANALYSIS IS5 IM
+ FEET',//T40,"UNIT OF |LOAD AFFLIED IS IW KIF3', .
+ J/7T40, ' TOTAL NO OF (WALLS+COLUMNS)=*,13,/716,'TOTAL NO OF OF
FENINGS="',13,/Ti6, 'STOREY HEIGHT="',F{i0.3,/740, '"BUILDING HEIGHT="',
+F40.3,/T40, ‘U.D. . IN YX-DIRECTION=',F{0.3,/716,'U.D.L.. IN Y-DIRECT
+TON=" ,Fi0.3,/T10, 'FOINT LOAD IN X-DIRECTION=',Fi0.3,/Ti0, 'FOINT LO
+4D IN Y-DIRECTION=',F10.3,/T40, ‘REAM DEFTH = ', Fi0.3,

+ - /Ti6, "MODULUS OF ELASTICITY=',Fi0.3,/710,
+'FOISSON & RATIO=' ,F10.3,//)
WRITE(S, 82

FORMAT(/T10, 'PROFERTIES AND CO~ORDINATES OF UALLS/COLUMNS',/

+TQ, 480 %), //Ti0, ' (COLUMN+WALL) ', 5%, ' (COLUMNFWALL)Y ', 5X, ‘MOMENT OF
+INERTIA',SX, "MOMENT OF INERTIA', 5X,'C.G. OF WALLS/COLUMNS'

/T4%, "NO' . 93X, "AREA" ,12%, "IN X~-DIRECTION',8X,'IN Y-DIRECTION',i0X,
XL ASK, Y, /)

DO 84 T=1,Hu . .

WRITECS,65) 1,AC1),XI¢I) , YI(I), (ELCORCT, J)Y, J=1,2)
FORMAT (42X, I3,10%X,F8.4, 14X,Fi0.4,11X,F10.4,10X,Fi0.4,8X,Fi0.4)
WRITE(Z,87)

FORMAT(/T40, 'CONNECTIVITY AND FROFERTIES OF BEAMS',/T8,40('x'),//
+T3, 'OFENTING/REAM® , 6X, 'CONNECTIVITY', VX,

+ U MOMENT OF INERTIA',A4X,'CLEAR SFAN', 6X,'C/C DISTANCE BETWEEN',S5X,

+'C/C DISTANCE BETWEEN', AT7, "NOY, 12X, 'FROM' 53X, TO ',
+40X,'0F BEaM ° V2K, T0OF BEAM T L%, HALLS/COLUMNS ', 9%,

+ WALLS /COLUNMNSE ', /T24, "WALL ', 7X, "WALL ', /T22, 'ND ', 8X, "ND' , /)
FORMAT(GX,I3,8X%,13,8X,13,6X,F12.4,10X,F16.4,10X,F10.4,10X,
+H12.4)

N1 =W

XIT = 0.0

YIT = 0.0

DO 48 I = §,NW

XIT = XIT + XI1<1)

YIT = YIT + YI{(I)

XIC(I) = AIPCTH/ (942, 4% (4+FRY®(BD /BR{I) ) ##2)

Do 89 I = 1,NO
IF (I.EQ.NW> GO TO 208

T = I+1 . .7
GO TO 207 - . - S :
T . = £ RPN _ 5 - -

------




e

F g9
£
98

300
301

34
35

L

T34

0
39

42
e

e v - P O T S R R L W T B IS

YT = [lth(]H,?) EICORCT, 23

WRITE(S, 84y T, (XTTCT, 32, d=4,2),XIPLL)Y ,BOLY ,XLCLY, YL CDD)
BETALI) = 12%XIC(I)/B(I)**3/3H*(MX%XL(I)/Q/YIT+HY*{L(I)/QXX}T¥
BETACI)Y = {28XIC(IY BOI)nu3/ SHe (PXaXL (1) /YT THREY %YL (LY /7 XYT)
CONTINUE

WRITECE, 700 CXLCTY 710y, BETACT) , =4, KW

FORMATL(/TIO, "DEFLE TION TaABLE',/T8,24('»"'),//7T10, "Z/H' ,12%,
+ DEFLECTION IN',10X, 'DEFLECTION IN', /725, 'X-DIRECTION',
+H2X,'Y-DIRECTION'//)

DO 22 [=1,NUW

ng 22 J=1,Nu

IFLCTILEQUAYLANDL (JLEQLNWY Y GO TO 77
IFCL{T.EQ.NWY .AND. (JLEQ.1Y) GO TO V7

IF (I.EQ.NW) GO TO 306

T = I+i

GO TO 301

ITK = 1

IF (I.NELJY GO TO 23

BLPMA (1,00 = 42%XTCCIy/8H/7BCTyuxBn iYL (D) and/YIT+¥L (T ymnl2/YET
SRR AT E RSN N ]

GO 70 22 =

TF ¢ JER.(I-12)y GO TO 24

IF ¢ J.ER.(T+90) GO TO 28

SLFHALL, 1) = §2XTIC{IY/SH/BCT Y ®u3n (YL (Y RYL () XITHXI. (1%
+XLOD/YIT)

O 70 22

ALPHACE, J) = 12#XTICIIY/SHABIT ynuB3u (YL{T )Y (T4 ) - XTT+HXL (1%
+XLAAT=12AYIT-1 /78013 )
GO 10 22 ,

ALPHAECT, 1y = 42xXICCId)/SHARCI ) a3 (YL (T YL (LTI /XTTHXI. (T )
+X (TTEY/YIT-1/7060(TTK

GO FO0 22

ALFHACT, ) = 42xXIC(IHY /% H;ij)*%E%(YLfI)*YL(!)/XTT+¥IfI)*
XLV AYIT-9/086.00)

TCONTINUE

FI = 3.14159

DO 39 KK=1,HNT

K = KK#2-1

R o= Pl#x2/4/RBH%%2
DO 346 I= 1,KHD
b0 3% 0= 1 ,H0O

IFCU.NE. Iy GO TO 34
Car, SEPHACL, DD +Rexx?
0O TD 35
cif, N
CONTINUE
BHATI)= BETA{I I #I&6%BHen2 /PT#n3 /K#n38(FPInKxSIN(K#FI/2)-2)
BEK(IY= BETA(I)#*8¥BH/FI#x2/Kex2¥SIN(K*FI/ 2)
CONTINUE
Calll BARIT (0C,BK, X, NW)
DO 10 I= 1.,HUW
Dei KKy = X(13

CONTINUE

WRITE(E, 285

DO 40 L= 4,19,2

7 o= |LuSH/2

P 449 1 = 1,NO

YE{L,I» = 0.0

T(L,I) = 0,0
DO 42 KK= 1,8

K o= KK®»2-—1
YSL,IY= YIC(L,IX4D(T K #{ (SINCK¥PIT /2 ~SIN(K*PI*Z/2/8BH) ) /K%»2)
TLL, I¥y= TLL, I)+D(I KK)*&IN(K%FI*?/BH/h
CONTINUE .

ALFHACT, 1)

FOMTTAMNT




Vaom DL
YX = 9.0
DO 43 I=1,ND
o YX = YX+YS(L, T)#XL(I)
- ‘ YY = YY+YSOL,T)®YL (1)
© 43 CONTINUE

C YI= (WX (2R G/ 24-BHEREZRZ / 6+ BH*84/0 ) —AxBHex2 1 Tx2aYX ) R/ XTT

C Y2 (WYR{(Z¥nA /24 -BHXAIHZ /6+BHA*4/8) ~ A% BH* %2/ FI#%2xYY ) /E/YLT

: Y Am(PXR (Z¥% 3/ 6-BHU B 2K T /24 BHxn 3/ 3) - 4uBH 2 /T Tan2uY X)) /E/XNTT

o Y2=(PYX (Z#u3/6-RH¥ %257/ 2+BH®#3/3) - 4% BHe 2 /P I w%2%YY ) /E/YIT
YLIC(LY = Y4

= YL2(L)Y = Y2

WRITECE,97) Z  ,YLACLY, YL2¢L)
97 FORMAT(IOX,Fé6.2,10X,G12.4,12X,G12.4)
DO 44 I=9,NUW
IF (I.EQG.1 ) GO TO 401
IS = I-4
GO TD 402

S 404 IK4 = NU
A0 FUL, ID=TL, T )-TCL, IKD
44 CONTINUE
TSLA=0
TSL2=0
DO 48 I=1{,N0O
TSLA=TSLI+T (L, I)®*XL ()
TSL2=TSLLZ+T (L, I)®*YL(I)
48 CONTINUE
DO 49 I=1,NW
™ BMX (L, D)= (WY nZ%x2/2-TS.2y#XI (L) /XIT
s BMY (L, I)=(WXnZ%%D2/2-TSL4 Iy nYI(I)/YIT
BMXAL, D)= (RrY#Z~TSL2»%XT{I)/XIT
: BHY (L, T=(FX*¥Z-TSLiY¥YI{I)/YIT
49 CONT INUE
_ .62 FDRMAT(/TiD, "VALUES OF REAM SHEAR FORCES',/Ti5,'T-MATRIX', /TS, |
< FEIF RV, /(7 SEISLED -
., 40 CONTINUE
WRITEC3,42){(<{T(L,I),I=4,NWY,L=1,39)
DO PG I= §,39,2 . ]
] WRITE(3, 940 ' ' ;
P4 FORMAT(/Ti0, 'TARLE FOR RENDING MOMENT AND AXIal. FORCES:',/T9,42
TRV, S/TAG, T 20X, "WALL-1 Y, 20X, PWALL-2" , 20X, ‘WALL-3" , 20X, )
+UALL—4", /TI8, "MX ', 8X, "HMY?,8X,'F',9X, "MYX,BX, tMY L 8X, 'F,9X, :
+IHX T, 8X, TMY ! L8X, TR, 9%, MY, BX, MY L 8BX, TF )
7 = I#SH/2
) WRITE(3,?2) 7, (BMXC(I,K),BHYLI,K)Y,FLL, K, K=4,NW)
92 FORMATC /8X,F&6.2,( /Ti2,12E16.3))
90 CONTINUE

DO 105 I = 1,Nu

DD 40§ L = 4,39,2

IF (L.EQ.4) GO TO {02
LL o= L-2

ESH(L,IY = F(L,T)-FdLL, )
GMCL,I) = BSH(L,I)®RR(I)/D
GO TGO 404
§02 BSH(L,I) = F{L,I)

GMIL,I) = BSHI{L,I)*R(IY/ 2

. 404 CONTINUE
L= 4
WMTC(L, 1) = GM(L,I)
WSCL,I) = (WMTCL,I)+EMY(L, 1)) *2/5H

WHMECL, T) = WS, D) #SH/2+BMY (L, 1)
DO §03 L=3,39,2
LL = L-2

Tr em wve i M b i s S by A R AP o e B b = Sk s b i e s s e i o tan s a

WMT(L, 1D =,GH(L,I);UHB(LL,I)

DT Ty o FRMTA L TALTMY AL L TAYxD /WL L U . )




103  CONTINUE : .

105 CONTINUE : : §
WRITEC(3, 110 ((RBSH(L,I), I={ ,NW),L=1,16)
WHRITEC(S, $14) 0 GMOL, 1), T=1,NWY, L.=4,10)

: WRITE(Z, 142 COWMT AL, I, I=1,NWY , L=1,10) i
. WRITEC3,143) C((WHMROL, I),I=4,NW), L=1,90)

110 FORMAT(/T40, TARLE FOR BEAM SHEAR °,/78,22¢0'%"'), /0 4E12.5)) !
=444 FORMAT(/T1O, TARLE FOR GIRDER MOMENT ', /78,220'%'),/{ 4Ei2.5)) |
L 1i2 FORMATO/TH0, TABLE FOR WalL MOMENT TOF',/78,220'%),/0 4E12.5))

113 FORMAT(/TIO, TAERLE FOR WALL MOMENT ROT',/T8,22C'%'),/( 4E42.%))
: STOF

END
SUBROUTINE RARICA,R,X,N) .
DIMENSION A(IR,18),B048),X 0180
NMI = N~ -
DO 30 K= 1,NMI \
KT = K+4 ‘
L= K
SEARCH FOR LARGEST FIVOT
DO 46 1 = KPI,N
E ARSCALT K —ARE(AM., LX) 49,40,50
50 L =1
40 CONTINUE
IF (L-K) &0,60,70
. ROW INTERCHAMGE
K&s, DO BO J= K, N
TEMF = ALK, Jd2
ALK, 0 = Al
89 AL, JY = TEMF
TEMF = E{KD
B(K) = BH(L}J
: B(L)Y = TEWP
=1 DO 30 I= KFI,N
KM= ALK A00,K0

" ALT,KY = 0.0

- DO 9 Jd=KFI,N
. e AT, 0= ACT,d)-XMxA K, J)

T30 B(IY = BOLY-XMEBOO :

B END OF ELIMINATION AND START OF RACK-SURSTITUTION :

©OX{N) = BINY/ACN,ND ‘ -

I = NHMI ' ' i

12 IFY = T+4
FUM = 0.0
DO 20 Jd= IFI,N

. 20 SUM = SUM+ACT, DX OD

X(I) = AB(I)-SUMI/&x(T,I)
I = I+ '
IFeTly 149,144,142

-

3
[P VO S UPRAN

. Nt * et r s —am

14 RETURHN
- END ,
LADATH i
ia 18 & : ;
40,0 200.0 432000.0 H.18 !
. 2.8 0.34564 1.3824 i
0,88 0.34%4 §.3824 E
2, B8 0.3454 §.3824 i
. 2.88 0.3454 §.3824 i
2,88 0.3456 1.3824 :
-2, B8 0.3454 1.3824
. 2.88 0.3454 i.3824 : oo
2.88 0.3454 1.3824 L
- 2.88 0.3454 1.3824 -
2.88 C o 0.3454 1.3824 , ;
2.88 T B.3456 1.3824 : ' '

DD L AT AR R - LY B




- odn s KDL HEAE I il
2.88 0.3456 ° 1.3624
s . 2.88 0.34%54 f.36824
S - 2.88 0.3454 1.3824
2.688 0.34564 i.3824
2.88 0.3456 1.3824
. —20.0 -4$46.0
~f2.0 ~16.0
4.0 ~16.0

e ool

Tnew dmien #IW

L 4.0 “16.0 :
12.0 ~16.0 {
20.0 ~16.0 :
20.6 ~8.0 g
20.6 0.0 . ;
20.0 8.0 ;
20.0 160 ;
12.0 16.0 ;
4.0 6.0 1
~4.0 6.0 i

~15.0 £6.0 . ;
~ 6.0 16,0 :
-20.0 8.0
~20.0 9.0
.0 ~8.0
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§.3112 5.4
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"oy
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s
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~%END FRINT
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