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ABSTRACT

.A simplified method of analysis is developed for
high-rise tubular structures, rectangular in plan, subjected
to horizontal loading. 'l$eJ~JW.~.,g:is an extension of the
continuous medium method proposed earlier by Choudhury for
plane shear walls with multiple bands of openings.

'1The proposed method for deflection and stress analysis
of a tubular structure is ~s';'E(d:p~anidealisation of the
discrete system ff..:.c_o~ectiQn,sformed by spandrel beams as an
equivalent continuous medium with equivalent stiffness proper-
ties. Based on the simplified method, a computer programme
is written in FORTRAN for determination of maximum deflection,
column axial forces and girder bending moments produced due
to point load at top and lateral load uniformly distributed
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 :'lendinganalysis of tubular structures,considering
elastic behaviour is presented in ~yaphical form. The methods

are
0i') F.R. Khan method

~ A.H. Khan method
~) Coull and Bose method



v

".\

tall buildings using an equivalent wide-column
~.

has been used for investigating the accuracy of

stage.

The results obtained from the proposed continuous
medium method agree very well with the 'exact' results obtained
from the ~hree-dimensional space frame analysis. The computer
programme based on the method requires a very small computer
storage and can yield acceptable results with very little
computing effort. Therefore, the method may be conveniently
used to rapidly evaluate the~d stresses for
the tubular high-rise structures during preliminary design

analysis of
space frame

Computer programmes are written on the basis of the above
methods. A general computer programme for .the three-:-dimensional

..the different commonly used approximate methods of analysis.
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reduced moment of inertia ofith connecting beam
integral shear force
dT/dx; T" " d2T/dx2

axial force in ith wall
strain energy due to bending of beam
strain energy due to axial force of wall
strain energy due to bending of walls
total strain energy of the tube
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.bending moment@ in wall!) about y-axis
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CHAPTER 1
INTRODUCTION

1.1 General
The modern trend in urban planning is to build high..,

rise buildings in developing cities" p'articularly, for office
buildings. Low-rise buildings 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" incre"ased their rate of
'cons:tr.ue'ti:op::-allover- the-world~

Tot 'is only in the last 30 years that reinforced concrete
has found increasing use in the construetion of tall buildings.
In its initial development in the ..,early parts of the twentieth
century" reinforced concrete buildings were limited tc) only
a,few stories in height. The structural type used was the
traditional beam-column frame system which made the construc-
tion of taller 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

., l .
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stories.

ams at each

'rigid tube', was,
~

challenge. The modifica-

tallest buildings constructed in recent years. The exterior
enclosure tube or 'hull' usual.1y consists of closely spaced
columns connected together with deep spandrel
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 combined with an internal service 'core' through the
floor system. The resulting 'hull-core' system is extremely
effici'ant in resisting all kinds of horizontal loads, viz.
winds, earthqu~es or blasts.

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

perforated wall structure known as a
therefore, a logical outcome of this

The ',rigid tube' system usually relies on 'hull-core'
i.e tube-in-tube, type con:t;igurations for its basic layout;
this has formed the structural backbone of almost all the

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.

tions of the rigid tube system into a'tube-in~tube','framed~~

tube' and other variations are indeed known to offer certain
r----
advantages in planning, design and construction.
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1.2 Tubular Systems

A recent development in structural design is the concept
of tubular behaviour originally introduced by F.R. Khan(14).
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 per square foot of
floor space is comparable to that used in conventionally framed
buildings half the height.

Tubular design 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 perimeter of the building tied together by deep
spandrel beams. Th~s facade structure looks like a perforated
wall. The stiffness of the facade' wall may be further increased
by adding diagonal braces. causingtrusslike 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.
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Modular
tube

Tube in
tube

L~

Modified tube

Interior Braced Tube

Tube with
parallel shear
walls

Trussed Tube

ITubular Structures I

Framed.tube Tube in semitube
with rigid
frames

The framed,.tt1b~,the earliest application of the tubular
conc:ept, 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 exteriorwal-ls of .the building,
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.

Column-diagonal Lattice trussed
trussed tube tube

1.2.1 Hollow @Ube

(a) Framed Tube

Framed Tube

Table 1.1 Classification of tubular structures
(adopted from Ref. 17)
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The interior columns are assumed to carry gravity loads only
and do not contribute to the exterior tube's stiffness
(Fig. 1.2).

Other examples of hollow framed ,tube,buildings are the
83-storey Standard Oil 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(~~e~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 severely affects the efficiency
of tubular systems, and all laterQ developments of tubular
design attempt to minimize it. The framed tube principle
seems to be economical for steel 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. It~ rigidity is.greatly
improved by adding diagonal members. The shear is n~wprfumarily
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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 lag 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 +ateral loads - this
dual function of the diagonal members makes this system more
efficient for very tall buildings (upto about 100 stories in
steel). It allows much larger spacing of columns than the
framed tube.

(c) Lattice Trussed Tube

In this system the tube is made up of closely spaced
diagonals with no 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
tied l~~ther by horizontal beams.,

-The-di:agonals are ex~remely=efncrent in responding to
,: .,later.ai::3:o.ads"but they are lesseffi:ei'ent than.v~rtical. colUlDIi.s:~

"

in transmitting gravity loads to the ground. Furthermore, the
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-~-large"number of joints required between diagonals and the
problems related to window details make the lattice truss
system generally impractical.

1.2.2 Interior~aced @Ube

The framed exterior tube may be' stiffened in plane by
adding 'diagonals, 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

The latest development in tubul~ar .design is thec:modular::::.:--
or bundled tube principle. This system,.,hasbeen_us_ed__for th-e_-_~.. _
Sear's Building in Chicago (Fig.1.4)Fcurrently the tallest
building in the world.

-The exterior framed tube is stif:fened by interior cross
diaphragms in both directions (Fig. 1 •.4) an assemblage of
cell .tubes is thus formed. These individual tubes. are inde~
pendently strong, therefore may be.bundled in any configuration
and -discontinued at any lev.el. A further advantage of this
bundled tube system lies in the extremely large floor areas
that may be enclosed.

The interior diaphragms act as webs of a huge cantilever
be.am in_resisting shear forces, thus minimizing .~£f~gi. In
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 ,@i:l.1.owtubesystemis very much
improved by using the core not only for gravity loads but to
resist lateral loads, as well. The floor structure ties the
exterior and interior tubes together, and they respond as a
unit 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 carries most of
the loads in the lower portion •

The tube in tube approach has been used by Khan (14) 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 •.,--------
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(ii) to compare the results obtained from different
commonly used approximate methods of solution with
those obtained from a 3-D analysis of the tubular
~tructuresidealised as~.

(iii0 to study the shear lag effect on tubular structures
'"

with different aspect ratios and different stiffness
factors.



CHAPTER 2
REVIEW OF AVAILABLE APPROXIMATE METHODS 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 members
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 structures, the final design is often accomplished by
shuttling between "analysis" and "design"; the starting
(i.e the preliminary design) and acceptance of the final
design still require engineering judgement. In both cases,
the engineer needs to make short hand calculations either
to prepare "analysis" or to ll.ssurehimself that the "computer
results are at least realistic".

2.2 Rese.arch on Shear-lag Analysis of Box BeamS

Shear lag phenomenon, resulting in a nonuniform distri
butionof bending stresses across wide flanges of a beam
cross-section,. has long been recognized. The analysis and
design of box-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

•
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box-like components of aircraft structure and so most of
the significant papers on box-beams were published during
this time.

A"H.Khan(13) has extensively studied the p~s1tJ::?;l
research on shear-lag analysis of box beams. Many early works
on shear~lag problems are referred to in this paper. He used
energy theorems and calculus of variation to present a general
solution for bending and twisting of thinwalled closed tubular
structure. He assumed the spanwise 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(11) have reported an interes-
ting phenomenon associated with shear-lag in the flanges of
box girders that is quite contrary to well established ideas
concerning this subject. If a cantilever tube is loaded
laterally under non-uniform shear, a reversal of the shear
lag distribution may occur at some 'point in the beam; the
centre-line stress may exceed the edge stress.

2.3 Works on Rigid-tube Structur.es

Considering the number of buildings constructed allover
the world using the rigid-tube concept, the published informa-

/

tions cunc~rning 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 effec.t, the •effective

I.flange--width' is taken as a function .-of:the three external
dimensions of the tube (Ref. 2).

Coull and Subedi's(~,5) method.of analysis forframed~
tube structures is based on a modified plane-frame computer
program. By recognising that the major interaction between
the frames .parallel and .perpendicular tc the lateral loads
are vertical shear forces at the corners, the two orthogonal
frames are considered to lie in the same plane and are connected
in series by fictitious linking members whose stiffne~ses
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 (3) method of analysis 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 also presented by Ast and
SChwaighofer(1) for the analysis of framed-tube structures
when subiiected 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 ~hear~l.~geffect in the
normal frames. Based on.the axial defo.rmation distribution
among columns, a reasonable assumption is iritroduced to
simplify the method.

Rigorous treatment ol."t.l1e analysis of a framed-tube
structure have been presented by F.R. Khan and Amin(14) and
A.H. Khan(13).

F.R. Khan and Amin(14) presented a graphical-analytical
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
the building. From these curves, the axial forces in the
columns and shear forces in the sp.andrel 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 construct the influence
curves for various factors. '1'b_e~eff-ec£of shear lag is taken
into account by the nature of the computer analysis.

A.li. Khan(13) 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
solid thin-walled beam. This method is limited to structures
having height to width ratio greater than two a@~i1Jh relati-
vely deep_members. Also the properties of the structure 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 t}~~an~y~$1~of large multistorey
multibay 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 2/3 of the storey height from
the base. The refined expressions fo.r the equivalent elastic
properties in combination with the versatility of the finite
element technique make this method well adapted to a wide
range of tubular structures. Out of several approximate
methods~ A.H. Khan, F .R. Khan, Coull and Bose methods are very
popular £or preliminary designSllurpose. The outline of these
methods are discussed in the following section.

(13)2.4. A.H. Khan Method

2.4.1 Assumptions'

i) In plane deformation of the .sec:tionof 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 of displacements are assumed so that the shear-lag
effect is taken into account.

v) The influence of grid joints are considered 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
energy principles and variational methods.

c) The stresses and displacements of the equivalent
tube are then converted to the design stresses of,~e~r~i~
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
analyses 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 displacements 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, CX-(orC(L). It provides a
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measure of the shear-lag effect at every cross-section
of the structure. A study of the parameter, /XL was mad'e in
connection with deflection and stresses of tubes with a wide
range of heights. The parameter study is given in Appendix A-1.

2.4.3 Computer Program

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 ~E.
2.5 F.R. Khan Method(14)

2.5.1 Assumptions

a) For very preliminary analysis

i) For a very preliminary design, the effective
configuration of the tube is assumed to two equivalent
channels and channel flanges normally should not be
more than half the depth of web (Frames parallel to
lateral load), or more than about 100~of the height
of the building.

b) For more accurate analysis

i) The points of contraflexure are at mid-height ofc
each storey •

..-::-:.

ii) The frame-tube has been replaced by an equivalent
plane frame for the analysis.
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p =w

vs

For a very preliminary analysis of framed tube, the
effective configuration of the tube is reduced to two equiva-
lent channels resisting the total overturning moments. This
overturning moment resisted by the two equivalent channels
will produce axial forces in the closely spaced columns of

2.5.2 Method of Analysis

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.

and

these channels, as well as shear forces in the connecting
spandrels. The preliminary estimate i6r::"theaxial forces" in
the columns as well as the shearsin~the connecting spandrel
can be asedon the classical beam theory and can be expressed
as follows:

where,
p= axial force due to wind

'AT

M = overturning moment
Ie = effective moment of inertia of the tube
V .= spandrel shears
V = total wind shearw
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~ _ sum of first moment of column areas about the
neutral axis

C = distance of any column from the neutral axis
h = story height
A = cross sectional area of column
c

These approximate rules have 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
which 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 parameters representing
ratios of shear stiffness, Sb' of the spandrel beam to the
axial stiffness, Sc of the columns, and a linearly 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

(14)F .R. Khan. 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 define 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 preliminary design the higher of
the two values should be used.

To compute the total deflection, the additional deflec-
tion due to frame action must be ..cro:cul"atedseparately and
added to the deflection caused by the tube action.

2.6 Coull and Bose Method(3)

2.6.1 Assumptions

i) Out of plane deformation of the panels are neglected
because of high in-planeatiffness 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 both beams and columns are of
uniform section throughout the height.

iv) It is assumed that the structure possesses two
horizontal axes of symmetry, passing through the
vertical central axes, so that the stress systems
in the side panels are identical, and those in the
normal panels are equal and opposite.

v) The cross-elasticity terms,. E .is assumedyz' Exz etc.
negligible.

vi) The stresses are expressed with sufficient accuracy
as a power series in the horizontal coordinate,
x or y, the co-efficients of the series being
arbitrary functions of the height coordinate, z;

vii) Parabolic distribution of vertical stresses, bz' in
the normal panel are assumed.

2.6.2 Nethods of Analysis

A simplified.procedure has been presented by Coull &
Bose(3) for the analysis of framed-tube structures for tall
buildings subjected to lateral loading, 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) iii) the axial
deformation of the load (AD and Be); and iii) the axial
forces in the discrete corner columns. The interactions
between the normal and side panels consist mainly of vertical
interactive forces along corners A,B,G 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.

y

.2.-H

+

Fig. 2.1 ..Notation for stresses.

The stress components are expressed in the form of
power series in the horizontal coordinate,. the coefficients

, .
" . ,~."~.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 Dz and 6~;.could be expressed as simply as pos.sible
as parabolic and cubicseri!fl~,'.d'e~?ectively, while in the
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case of torsion the shearing stresses Jxz and )yz 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 and compatibility along the corners, all stress
components could be expressed in terms of a single stress
function, S,•.]i'ordifferent 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 Appendix-~-3.

¥

2.7 Three-dimensional Equivalent Frame Method

2.7.1 Introduction

In this method, the tubular structure is replaced by
an equiv:alent wide-column space frame. The frame may be
conveniently analyzed by the stiffness method. The mathematical
formulation and a computer program was presented by

(7)Choudhury - -.
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 Assumptions and Limitations

Although the method of analysi-s is general, it is based
on certain assumptions and limitations which are outlined
below:

(i) Regular 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
locations 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 ,both translation and rotation) in the horizontal
plane.
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(iii) Rigid joints:

The jointing between the individual elements is
fundamental 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 analysis, 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 .•

2.7.} Method of Analysis.

The approach, wide-column frame method, in which the
wall and beam elements 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 behaviour of the actual structure.
Floor slabs flexural stiffnesses are calculated using finite
element technique. The solution comprises six stages:-

i) Computing the stiffness matrix of the whole floor
_system, comprising beams and plate elements.

iUCondensation of the stiffness matrix to conform
to the degrees of freedom o-f'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 equilibrium -:equationby recursion
technique.

vi) Computing the stress resultants in walls and columns.

The stiffness matrix of floor slab is generated using
finite el~men~ 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 elements
of the idealized structure.

c) Assembling the individual stiffness matrices to
form the overall stiffness matrix of the structure.

d) Calculation of the nodal force vectors.

e) Imposition of boundary condition. and

f) 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 section 2.7.3 is written in FORTRAN by Choudhury
M.R. (8). The analysis was originally introduced by J .R.
Choudhury(7). in his Ph.D. thesis and "he developed 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 program in
FORTRAN is presented in Appendix-~.



CHAPTER 3

SIMPLIFIED ANALYSIS OF TUBULAR STRUCTURE (1
BY CONTINUOUS NEDIUN NETHOD

3.1 Introduction

A simplified method of solution for high-rise tubular
structures is presented in this chapter. The method is an
extension of the continuous medium method proposed earlier
by Choudhury (Ref.?) for plane shear walls with multiple
bands of openings. The method consists in replacing the
spandrel beams by a continuous medium (Fig. 3.1), obtaining
a series 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
columns,. This makes it possible to obtain approximate solu-

\

tions very rapidly using a small computer.

" ~."!

3",,2Assumptions

i) The connecting beams do not deform axially and hence
the lateral deflection of individual walls is the same at
any level.

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



31

which has half the moment of inertia and half the cross-
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" a typical flOOi;\plalll
of a tubular structure, consisting ,of closely spaced columns
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 EI are replaced by a continuous. . p
medium connecting the wails for the full height and having
the same bending stiffness 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,

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



"0
IlJ
on
o
IlJ
Ii
rr

>-
..0

E
-0 :J
1lJ.-u "0o u
0.2:
IlJ onrr :J
0on :J

E c
0 -z
IlJ c '"0
[IJu ::J

u
.D :J

L~
If)

'"
.1.

..0

.1
::J

•• N •...
r

'""'

\ \ \ \ .' 0"
VI

-!, ll.

Ul

\ \ \ \ !:
L

'"0-
0

I 7 I 7 .r:

~

7 I 7 '"..0
:J•...
~
0



q-
I

Jj

x

l

..:------=--------.- ..__..

.•• / un i t hei oh t
'!

Typical floor plan of e tubular structure.rig. 3.3
\

w /unit ht
x

y



(3.6)

(3.4)

(3.2)J
~

dx ) dz
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1 + 2.4('it) (1
~ 1

32 bi hi= (T') 24 E-I .dz
C,1

Strain energy of ith wall due to bending deformation

Strain energy due to axial deformation in ith wall

where I . =C,1

ES1.lbstituting the value of G = 2(1+)1)

The governing equation for the function T will be derived
from ~nergy 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



/I;Fl(TjCj + Tj_1 Cj_1) =

n
~(T.a. + T. 1a~ 1) = (T1a1 + To ao') +(T2a2+

T1a'1)
'1'1 J J J- J-
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Putting the values of 1'1 • and l'l • in Eqn. 3.6 and integrating
X,1 y,1 '

Similarly

•• •

For the tubular structures; due to continuity of beams

•.W z2 n
y + 2:. (T.C . + T. 1 C' . '1)

1'1x,i = 2 2",,1 r' J J- J- I (3.7)
n xi
~I .,,~1x, J

wx• z2 Yl

- "L( Tjaj + Tj_1aj_1)
1'1 2 j;ol I (3.8)

= y,i
y,i 71

~I
:J'1 y, j

The bending moment1'1 • and 1'1 ~ for. any' height z measuring, ,X,1 y,1
from top of the tube, are expressed by -
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I .} /2EI .y,1 y,1

2

I .1 /2EI ix'i) x,

2EL:.I j"y,

Total strain energy of the system

36

OF d . of
Oy - d:Z (Oy i ) = 0

~= F(x,y,y')dx, then for ~ to be minimum

z2 n
( _ wy +~ T.

2 :E J
2E~I .X,1

Applying this to minimize the strain energy of the system,

we will have

•• •

The Euler equation of the calculus of variations states that,

if

=

we get
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W z2 ~
(- ~ . + 2 T. 1 .)

j<1 J Y, J

E ~I .X,3.

OU.,
( (1~" =aT! J

3.

• d• • dz

OU2 = 0ClT!
3.

and
OU1 = 0oTi
OU1 :I bi 3hi=OT! 12 E lei

3.

aU
~= 0

3.

.~•• ~ =
i

Similarly

.L~U d Band dZr) = dZ(O~-~)
i I 3.

~ oU U U
N aU 1 (,) .....2 ...3.

ow, ?iT
i
= aT! I!~r. + T.

3. 3. 3.
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Ti_1 t1 Ti+1
A~I A.i~ 1.+1

(T .£, .)
+ jl Y,jl xJ... .
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• 1 . +y,1.
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n

W z2
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2 x,i

E 2:.1 .y,1.

+ Ti ( -A"':- +
1.

w 1.+ (ooL X,1.
2 ''Vi. d,y,1.

1.- 1.- 7-
+ P1 z2Til - OC11T1 -O::12T2 • • • • • - CX1j T. = 01 J

7- 1.- 'l-
+ 132

z2 (3.23)Til - CX21T1 - CX:22T2 •• • • • .-tX2 . Tj = 02 """ J
'l- 1.- 7- (3j z2T~' -a'1T. -ai2T2 • • • • • • _cY'jT. + = 0

1. 1. 1. = 1. J
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The above system of simultaneous second order differential
equations may be written as

where i = 1,2,3 •••••

T~' -1.

Rearranging the terms,

Substituting the above expressions in 'eqn. (3.16) yields

'2-(T.x 1 .)
:+: a X.,J
C;l E 'I ,y,1.
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1 i i1\.1 .V, +11....• y,1

~I .x,J.

= A • T + ~. Z2

1 .•1 .Y,J v,l.

Lt .x,J.

Written in matrix notation, eqn. (3.21) becomes

T1
7.-

iX11

d2 T2
7.-

dz2
= ct21

• •.- •
• •
T 1.-

n Qn1

Where
1-

Q1.j = (

1.-(J,; .. +1 = (J.,J.



•

f3n

(3.28)i = 1,3,5 •••••

c<.--"""a. s. inV(. 1 2 )~ ij :Ln 28 a. , ..•n
L~1,35

T. =a

•
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•

,

The boundary conditions for the equations are:

are obtain.ed:

at z = 0 T. = 0 (i = 1,2 •••• n)
:I.

dTi
(3.26)

at z = H, = 0 (i = 1,2 n)dz ••••

Assuming the family of solutions

each term of which satisfies the boundary conditions Eqn.3.26)
and applying Galerkin's method to_minimize the residuals,
the following system of simultaneous equations in the q,.. I S:La

An analytical solution of the above system of equations is
too tedious for more than two bands of openings.
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Y,J

+
n2:,1 .
J<1 y, J

z2
= ( _W~x•.•; __

are calculated at height z.
in wall i at height z,

2
.Wx""z( . ,...-
2.

w
( ;y
2

T ."J s
force
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Using the moment curvature relationship

M . =y,1

M • =X,1

Deflections :

Axial
where

One the aij's are determined, the values of the Tis at
different heights may be evaluated by summing the series,
For wall i, at height z,

the solution of which gives the qij'S

In matrix.form:
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i 7\ Z_\l
2H;; x,j

= dy;y = 0)
dz

1 .) andy,1.

. ~
S1.n 2H }) -1 .y,;)

S. i7\z ~1.n 2H.
) . lx, j

n
_ ~T.

i-i 1.

Sin ~IT_
( .2

1.

(

d Yx(at z = H, Y = Y = dzx y .

•• •

and EI yy

Integrating twice, and substituting the appropriate boundary
cpnditions,

Substituting the values of T. 's from egn. 3.27.1.
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71 Ix,i:ST .•1 .) • ~I .l01 1 X,1 X,1
(3.36)

n Iy.i2:T .•l .) •'"1 1 y,1 2:1 .l- y,1

and P is the concentrated load applied horizontallyy
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1'1 • = (p .z -y,1 Y

1'1 • = (p .z -
X,1 X

In eqn. (3.28) the K matrix becomes

[ KJ 8H Sin ill:
(31

= i2J\2 (322
•
•
'--•
f"n

and eqn. for moment (3.30) is modified to

[B] • z [] ] =
f1

where
(J2
•
•
•
~n

(3.. =
12 Ici P • 1 .

( x x,~
1 3 2:1 .bihi y,1

where Px
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 []] • z2, which is now replaced by

For point load at top:



. illSl.n""2 - Sin
i2
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Sin ¥ - Sin W
.2
l.

3.4 Computer Program

The matrix formulation of the analysis automatically
divides the programme into suitable sections. The A, B, Q and K
matrices have to be formed for each term of the series and the
~'s are obtained by solving Eqn. (3.26): [~J = [c-1J [.!&J •

and eqn. for deflection becomes

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.

A computer programme, based on the theory presented in
sections 3.2 and 3.3, has been written in FORTRAN. The sequence
of operations followed in the programme is outlined in the
flow diagram presented in Appendix-B. The number of terms to be
considered in the series solution for the T's is read in as
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The size of the matrices to be handled, dependent only on
the number of bands 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
of-procedures and form of data input, is given in Appendix-~~
I



4.1 Introduction

CHAPTER 4
RESULTS AND DISCUSSIONS

o

= 1.8

= 12.0 ft

= 1.2'x7.2'
= 1.2'x4.8"

Aspect ratio

Beam size
Column size

Storey height

of the above tube are:

A 18-storey concrete rigid-tube structure 4O'x72' in
plan, (Fig. 4.1) is chosen as the 1s~ example tubular struc-
ture. The structure is similar in dimensions to that analysed
by A.H. Khan(13). 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

In this chapter the results of three example problems
are presented in graphical and tabular form. The example
problem 1 (Fig. 4.1) is analysed by F.R. Khan method(14),
A.H. Khan method(13), Coull and Bose method(13), proposed
,gontinuous medium method and the results compared with th~se
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-

stori~d tubular structures, is analysed by the proposed
simplified method to investigate the shear-lag effect on
tubular structure.



'1

-0

- I
N

1i. """'"'"'
II

'0
- ,
d>

@

6

IS13

x

Flange Frame

Frame

II I II,-.------S ~B~O = 40-0

F;g_ 4.2 Plan of Example Problem 2

\. I , n'.o" -I9 (0.8-0 =

26 ~S 2i. 73 22 21 20 19 18 17 T27 , 16

Y

Lx

'0
I

28 IS 0
. -:

II•0
Ii. -00

(!)

"'
2 13 1"3 i. 6 7 B 9 10 11 12

F;g. 4.1 Plan of Example Problem



4.2.2 Stresses

Two loading cases are considered, viz. a) Point load at the
top, and b) Uniformly distributed load.

49

= 0.18

Modulus of Elasticity = 432,000~f
Poisson's ratio

(4:.g.C~~P,~~;:f:be.twie~~ADif!er~,~~':~r;rp;~~:,~e;,~:~;:o~~4"o2,.4~De~le,c'Jtion,;"~. '. -, -"'i:;"'"c=¥o~ ••;.;,~-",.~:>~v_of-@"$

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 MethodtO.COinpared 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. KhanCt:) and Coull and BoseL) have not given any governing
equations for the horizontal deflections_,.so it is not possible
to compare results with those two methods.
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.abl.e; ..z.. 2 .Pr-opert"les of the ~Tube .

Beam Beam ele dis
Column Storey No. ofBeam momer belnFigures a b ,R width SblE SclE Sf SflOdepth of Iner- eolumr area height Slorey

,
-~ . tt. ft. ia tt l, I.t. ft2 . It.

64 126 0.5 125 6.42 27."7f B.O 0.65J .12~ 12.0 0.26 2.5 20 10.0
64 126 O.~ 1.25 3.00 2.776 B.O .065 .12~ 12.0 0.26 p.25 20 1.0
64 J.2B 0.5 1.25 1.39 0.27E B.O 0.006 .12~ 12.0 10.26 p02S 20 ~.1

,

64 96 O. 7~1.25 6.42 27.1f B.O p.ti5J13 .12~ 12 .( 10.26 2.5 20 10.0,
0.26 2064 96 0.7' 1.25 3.00 2.115 "B.O 0.065 :3 .12~ 12.0 J .25, 1.0

1>4 96 0.75 1.25 1.39 O.27f ' B~O O.OOf 3.12 12.0 0.26 0.25 20 0.1
64 64 1.0 1.25 6.42 27.7B B.O Oli51 3.1<5 12.0 0.26 2.5 20 1iJ.6
64 64 1.0 1.25 3.00 2.776 B.O 0.065 3.12~ lUI 0.26 0.25 20 1.0
64 64 1.0 1.25 1.39 0.21 B.O 0.00 3.12 12.0 0.26 0.025 20 0.1

96 64 1.5 1.25 6.42 27.7B B.O o .65J 3.12!:12.0 0.26 2.5 20 10.0
96 64 1.5 1.25 3.00 2.778 B.O 0.065 3.125 12;0 0.26 0.25 20 l.Q-

96 64 1.5 1.25 1.39 B.2TE B.O 0.006 3.12~ 12.0 0.26 0.025 20 0.1
, .



, .

in Ref. 13)

om Ref.13)

, 30
, .'

~ ~5 ~
Deflection. ~t x lO-J

I / •~
; ::'" /,

i! I

I

/ -
,

I /
I
/•/? -- A.H. Khl!ln method (va 1uea fl

• 11

° finite Ele;;'eni:(as r .~
l/°;' • Lontinuous medium method

/.
I

.-/0 I

/ P=1 k

T -,-,
Ipi 2

I
H••116, ,

"I
I

I

i;:~';.

.. "

-
- -

,-0:2

O.L;

0.6

0.0

0.8

ZIH, . '

H~. '1,~t; Deflected Shapes bf th •• f~emed Tube due
to Point Load.



10

.
~
OJ
L

'"

-'""'"

o

o

2

o.1

..•AA,.
o

.. •...

Stress distribution at th~ base due to
.point load in the framed tube •

.0

Fig. 4.1

7.

Fig. 4.6 Stress distribution at the base due to u.d.l.

average stress (A.H.K)
modified stress (A.H.K)
F.E. so lution.

, !J, F.R. Khan methodt-:0- C_O_U_l_l_a_ndRose methodContinuous mediu~ method
----- ----



Z/H

~

'.00

:,' ~".~
Ii •• A..ZS
Sf •• 0.1

. " = 30 ps;
x "..,'-•....~ .~,

~I-;;;. .
«>0•....•....

(j
fiQ. ~.£ Shear 1eo effect on tUbular structure.



1- D E'1uivalent Frame Method
continuous Medium Method

_ ,_k o 200k o lOOk
I I

o 2,k
I I

~ . ,Ok'
I

20

II
>
lJ
--'

b

8

12 ~
o-<fl

16

-t.

,,..,,,
~,,'-,,

I

':,.,,
I..,,,
~,
I

'1
I

•• __ -.J

,,,~-..,,,.,
I
I..,
I,
I_____ .J

,,
~,,
~
I

1,
'1

I'",,,
'".,,,

'".,,,L,
,
L."!,

'--

:~*.

..

,,
\,,,

20

Col. 1.9.10, 18 Col. 2.8,11,17 Col.1,7.12,16 Col, 1"6, 11, 1,

':'":) Fi9', 1,.9 Distribution of Axial Force in 20 Storey Bu'Jiding, (Fig.I,,2)



56

than those obtained from A.H. Khan method and Coull and Bose
method. F.R. Khan method gives greater 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 are shown in the following Table 4.1
for example problem 1 (Fig. 4.1).

~..'

Column position
Methods 1 2 3 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 3.75 15.00 8.44 5.16 3.75 3.25
A.H. Khan 2.92 5.20 7.50 6.27 5.36 4.75 4.44
Coull & Bose 1.05 3.88 8.83 6.39 4.56 3.34 2.73
Continuous 1.91 5.88 10.05 7.77 7.00 6.70 6.50
medium

,
I

4.3 Comparison between Cont~uous Medium Method and 2-D Space
Frame Methpd 1-

Iil order to check the accuracy of the ~ontinuous medium
"method, a 20-storey rigid-tube structure, example problem 2,

32 ft 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 respectively. The
total height of the tube is 200 ft and it has a uniform wall
thickness 1.2 ft. The stiffness factor (Sf) for the structure
is 0.1,.The beam size is 1.2'x1.46' and the column size is
1.2'x2.4 t. Poisson Is ratio and@dulUS of {i'lasticity are1taken
as 0.1~ and 432000 ksf respectively".'.Two loading cases were':';,
considered viz. a) 100k point load at the top appl~~.:)in
y-direction and b) 30 psf uniformly distributed load. The
column axial forces~t~~~bY 3-D spa~e frame are compared
~~ F;ig.•4.8 with thbse obtained from &ontinuous medium ~'W-
~eth~~~~'The nature of the shear-lag effect on tube

I .structure is observed to be the same from both the analysis.

An interes~ing 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 .may be observed that the maximum axial
fQ~eoccurs not in the corner columns but in the column
adjacent to the corner.

From Fig. 4.9,it is found that the axial forces calcu-
lated by ~ontinuous medium method in corner columns 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 from @onti-
nuous medium method are less than 3-D equivalent frame method
from top to 15th storey level,and from 15th storey to bas~~

~.l.,~

,.
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the values are higher. From 3-D equivalent frame analysis,
it is found that the maximum axial force occurs in,th~~,

.~, columns of web frame at 17th storey level, ~hereas, from
I 8ontinuous medium method of analysis, the maximum axial

force occurs at base, which is 36.8% 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 ~ontinuous
medium method are higherO<maximum'deviation 28% at base~'
than those obtained from 3-D equivalent frame analysis.

4.4 Discussion on Shear-lag Effect on Tubular Structures

To investigate the shear-lag effect on tubular struc-
tures, a series of twenty-storied tubular'structures are
analysed by continuous medium method for point load at top
and lateral load uniformly distributed throughout the height,
(Fig. 4.3). The properties of the tubes are tabulated in
Table 4.2.

Two non-dimensional parameters
i) aspect ratio R = width of flange framewidth of web frame

) ( N 2and ii stiffness factor Sf10 = Sf x ~)

have been selected and tubes ~ith Sf10 varying from 0.1 to
10.0 have been analysed by ~ontinuous 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 forces are also calculated by the simple
bending theory and the values are shown in parenthesis. The
dotted lines shown in Figs. 4.10 to 4.36 show the stress
distribution 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 dist~ibuted load and at lower levels the
shapeof the curve is concave 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

j

than the bending deformation causes the shear-lag curve to
become concave downward.

The pronounced effect of shear-lag 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. 4.12, 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 3rd columns in flange frame. From" the above
figures, it is found that the axial forces in remaining

,
columns of the flange frame gradually decrease~upto centre

,
line of the frame following the shape of the~UsJr~J)!shear-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 analysis of high-rise
rectangular tubular structures, using a'Continuous medium
technique, have been presented in this thesis. From the series
of investigations it may be concluded that the method yields
acceptable levels of accuracy for column axial forces for

I'

a wide range of stiffness factors (sf) (i.e, sf = 0.51°.75,
1.0, 1.5 and 2.0).

The results obtained from the proposed method arb:
.'compared, with those obtained from

i) A.H. Khan method
ii) F.R. Khan method
iii) Coull & Bose method, and
iv) 3-D equivalent frame analysis

The method (iv) is an 'exact' solution fcir the idealised
tubular structure. The accuracy 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

,
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solution., amenable 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 problem 1,
obtained from the governing differential equation of A.H.
Khan method are found less than the values reported in
Ref. 13. From Fig. 4.5 it is found that the value of hori-
zontal deflection at top of the structure' (Fig. 4.1) calcu-
lated frolll'thegoverning differential equations of A.H. Khan
method is about 28% less than thevjl.lues obtained from
Ref. 13. From the stress diagram (Fig.•4.6) it is observed
that the stresses correspond very well to those predicted
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 about 32% 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), investigated
by the 3-D equivalent frame program, it was found that no
points of contraflexure in the connecting media of the
flange frame and web frame except the middle beam of the
web frame .•Though the assumption is quite wrong, the results
obtained from the propo~ed method, agree well with those

I



obtained from 3-D equivalent frame method. The values of
axial forces in the corner co1umns- 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 methGld.

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
used to rapidly evaluate the deflections and stresses for
the tubular structures investigated.

5.2 ReCOmmendations for Further Study

In this study, the 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 of 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 neglected. A more
general method may be developed including torsional effect
in the connecting media and irregular shape of column cross-
section.

3-D 'equivalent frame program is modified for suitability
of the fraJlledtube structure,.ana.1y,s;is'withoutreducing 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 she"ar-lag ef"fect on

tubular structures, (Figs. 4.10 to 4.36), a series of

influence curves maybe drawn for different aspect ratios,

varying stiffness factor from 0.1 to 10.0.
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cross-sectional area of column

rotational displacement
modification of simple beam displacements
due to shear-lag
spanwise transverse displacement
point load at top
intensity of distributed load
moment of Inertia about x-axis
bimoment inertia .of:)bending--.
modified value of E
modified value of G
distance of the tube-measured from bottom
total height of the tube
parameter defining shear lag
orthogon8.l functions
derivatives of orthogonal-£unctions
clear span of beam
depth of beam

.APPENDIX A
GOVERNING EQ.UATIONS, DESIGN CURVES OF

DIFFERENT METHODS AND LISTING OF THE PROGRA1'1MES
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A.1 A.H. Khan Method Details
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A.1.1 Notations
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Longitudinal stresses

a) For Point Load

Displacement functions

A.1.2 Governing Equations

The final expressions for the displacement functions,
longitudinal stresses and lateral deflection of the tube
by A.H. Khan method(13) are:

~
(z) = Q(l - z) ~ (s) + 1&..[ sinhal cosh (i(Z- SinhCLZ] ~2.(s)I 1 q:J2 cosh eUx

G ~(1- z) ~.;(s) G ~ [ sinhcq costicX-z-Sinhc\zJ~2(S))ZS = ];, +W ctJ2 cosh CX-lx



(z-2 1)

(cosh Cf-z-1) - sinh <x-z

+ cq sinh 0(.1cosh 1 cosh o::z

~~JJ

(cosh dz-1) - sinh oc-z + cx:-zJ

2 2 Q1(z)
(z -4 lz + 6 1 ) + 4GA

1

\ z 1+<::(11'1 - 2.

= Q1 bl [ 1 +CiC-lsinh e:x:-l
E'J Cf-2 al cosh dl

2

= -

Longitudinal stress

Displacement function

b) For Uniformly Distributed Load

y = v(z,s) = 6E~I
x

Deflections



or,

(25 - ~), for a U.D.L,-q1

Q.L '5 , for a point load, - Q.2GA1

y = YETB + Yc

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

Yc = correction due to shear-lag effect
Yc can be expressed as

Yc = ky Ym
where Ym = - ~~Ix ' for a point load, - Q.

q1L4
= BE'l ' for a UDL, - q1

x

where YETB = portion of deflection calculated by Engineer's
theory of bending

A.1 .3 Parameter study

From the expressions for stresses and displacements 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.(orOCL).
It provides a measure of the shear-lag effect at every cross-
section of the structure.

Deflection

'l!here5' = z[L



(cosh aL:5 - 1)

(cosh CXLi5- 1) - sinh a:.L"5+ aLs }~

b[sinhQC-L cosh aL~- SindL~J. ~2
cosh0-L

(<:X.-L)(1- 5 )01

for a concentrated load, Q

for UDL, q

for concentrated load,

[ 1 +aL sinh OCL
cosh OCL

2b[1 + OCL sinh QC-LcoshdL:5 _ <XL sinh aL:5 - 1J oL
cosh QC-L ""'2

(aL)2( 1 _ '5 )2 01

The parametric equations for longitudinal stresses

_ aL sinh aL5 - (aL)2 {5~ - s}J ,for U.D.L

where, bb = QLf: -5) ~1(s), fora concentrated load,~

q1L2(1- 5)2
= 2Ix 01(S), for a UDL, q1

in a tube can be written as,

The expressions for Ky are

I
K = JX

Y 2



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



ILOAD FFOI~Tf(AN
IOPTION LIST,LOG
C ANALYSIS OF TUBULAR STRUCTURE BY ALI HOSSAIN KHAN METHOD
C "UU"UflHVD"UV~nU"UAUA"""nhRBftUftnuH.ftft++++++++++++++++++++++++++++++++++~

DIMENSION PHIl 1'50),PH I2 I51n ,SIGMAZ I12 ,:36),S IGMAT 112,20 )READ(,l,10) D2,D1, Tl ,Ql
I~EADll,10)XL,El,Gl ,ECSI

10 FORMAT( 4Fl0.2)
WF:ITE (:3,12) D2,Dl,Tl,Ql,XL,El,Gl

12 FORMAT II IT10, • WIDTH OF THE FLANGE', F9. :3/T10, 'WIDTH OF WEB~', F9.:3/
.T9, 'THICKNESS OF WALL~',F9.3/T9, 'U.D.L.~'F9.3/T9, 'HEIGHT OF THE BU
•ILD ING~ ',FlO. 3,/T9 ,'i'1ODULUSOF ELAsn C lTY~ ',FlO. 3,/19, 'SHEI',FiMODUI_.LUS'"',Fl0.3/1)
WFnTEI3,l~})

15 FCHiM{H(//Tl 0, 'DEFLECTION TI'oI<LE',ITl 0,20 I'*' ),/Tl 0, 'Z/H' ,12X,• 'DEFLYCTION' /)
DO 45 K ~ 1, 11
ECSI ~ ECSI + 0.10
Al"'Tl"D1
(l2~Tl"f!l2
XI~Dl**2"(A1/6+A2/2)
B=D1/30"(Al"Dl"*2+5*A2"D2*,,2)/XI
XEMDA~A2"D2""2/3+1B**2+D1*"2/5)"Al
XJ~IAl*Dl"*4+7"A2"D2""4)/i05-1B""2)"XI
ALPHA=(2*Gi*IXEMDA-lB""2l.Ai)/IEi.XJll.*O.5
"',I_~ALPHA*XL
WRITEI3,71) Al,A2,XI,B,XEMDA,XJ,ALPHA,AL
FORHATlTl0, 'Ai=' ,F15.4, 'A2=' ,F15.4, 'IX=' ,F15.4, 'B=' ,F15.4,IITiO,

•'LEMDA=' ,F15.4, 'J2=' ,F1'5.4,'ALPHi',=',F1~5.4,'AL=' ,F15.4,//l
YK=IXI/XJ)*18"B*,,2)/IAL "*4)"lli+AL*SINHlAL»/COSHlAL)*ICOSHlAL*

.ECSI)-1)-AL*SINHlAL*ECSI)-AL*"2*IECSI**2/2-ECSI»
YM=Ql*XL**4/(8*E1*XI)
YCo'YI(*YM
YETB=Ql.XL**4/124*E1.XIl.lECSI**4-4*ECSI*M3+6*ECSI**2)+Q1*XL*"2/(4."Gi*Ai)*12*ECSI-ECSI*"2)
Y. = YEH'+YC
WRITE 13,36) ECSI,Y
FORMATl/10X,F4.2,12X,F12,4,5X,G10.3,5X,Gl0.3,5X,G10.3,5X,G10.3)kIRITEI3,26) Y

2b FOFa'HiT(//T9, 'DEFLECTI()N;;::llFi~}.7 ..I/Ti"0, 'COLUMN POSITIDN' ,i0X, 'SIGMFr
..7'/./)

1=0
DO 30 IX= 4,36,8
I = 1+1
PHI21IX) = ABSlD2**2/4-IX*"2-B"Dl/2)
IF(IX.lT.36) GO TO 21
DO 30 IY ;;::4,20,8
IY=20
PHllIIy) = IY
GO TO 19
PHli lIY) - D1/2
XSIGMA = 1+ XI/XJ,,2*B*lli+AL*SINHIAL»/COSHlAL).COSHIAL*ECSI)_AL

.*SINHlAL*ECSI)-1)*PHI2IIX) IIAL*"2*11-ECSI)**2*PHllIIYf)
SIGMAB = Ql*XL**2*(1-ECSI)**2*PHI11IY)/(2*XI)
SIGMAZ(K,IX) = SIGMAB*XSIGMA
WRITEl3,351 I,SIGMAB,XSIGMA
FORMATI14X,I5,5X,E15.5,5X,E15.5)
CONTINUE
DO 40 IY = 4,20,8
I = 1+1
IX = 36

'.



PHI21IXI = ABS ID2**2/4-IX**2-B*Dl/21
PHJ1 IIYl ,= IY
XSIGMA = 1+XI/XJ*2*B*11 1+ALMSINHIAL)I/COSHIALI*COSHIALMECSII_AL
.*SINHIALlfECSII-1 )i(.PHI21IX) /IAL**:~.*.Il-ECSI 1**2*PHli 1IYl I
SIGMAB = Ql*XL**2*ll-ECSI)**2*PHI1IIYl/12*XIl
SIGMATIK.IYl = SIGMAB*XSIGMA

.WRITE 13.351 I,SIGMAB,XSIGMA
CONTINUE
CONTINUE

ECS2=-0.10
DO 55 K = 1.11
ECS2 = ECS2 + 0.10
WRITE 13,62) ECS2
FOF:MATl//T10, 'ECS2 = 'F~5..2,//Tl0..'COLUMN POSITION' ,lOX, 'SIGMAZ'/l
1=0
DO 54 IX = 4,36,8
I =, 1+ 1
WRITE 13,56) I, SIGMAZIK,IX)
FORMATI14X,IS,E1S.5)
CONTINUE
DO 52 IY = 4,2018
I = 1+1
WRITEI3,561 I, SIGMATIK,IYl
CONTINUE
CONTINUE
STOP
END

ATA
72.0 40.0 1.2 1.00
216.0 312940.3 252658.3 -0.10

-ND PF:INT

\



A.2 F.R. Khan Method Details

A.2.1 Governing Equations

The significant structural properties of the tube
. (14)of F .R. Khan method are:

1. Bending stiffness:

IcKc for column = H

Ib~ for spandrel beam = L

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

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):

where
I = moment of inertia of the columnc
Ib = moment of inertia of the spandrel beam



where

K

=~

Aspect ratio, R = width of flange framewidth of web frame

Stiffness factor, Sf

Stiffness ratio

AC = cross-sectional area of the column
H = height of column
L = effective span of the spandrel beam
E = modulus of elasticity

Ao202 The non-dimensional preliminary design curves
presented by FoR. Khan(14) are as follows:

Actual stiffness factor of the structure is transformed
to a 10-storey equivalent stiffness factor S[10

The controlling parameters of framed tubes are:
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A.3.1 Notations

r

vertical coordinate

lateral deflection at top of structure

horizontal coordinate

shear modulus
total height of building
story height
second moment of area of framed tube
second moment of area of beam
second moment of area of column

stress functions

geometrical ratio

thickness. of equivalent pl-ate.
norizontal coordinate

structural parameter '
applied moment at any l~vel

concentrated load at top
intensity of lateral loading per unit height

shear strain
z z',

t

p

y

p

x

m

s

A.3 CQull and Bose Method Details

G

H

A
C

.Oarea of corner column
b half breadth of framed tube
c half depth of framed tube
d bay width
E efastic modulus



terms of S as

),7- 0. (H) sinh ksk b cosh ks( 5) =

shear stress

nondimensional height coordinate
geometrical ratio

direct stress and
direct stress according to JEng'ineer's beam theory

'0"""--

A.3.2 Governing Equations

For concentrated load P at z = 0 the stress
functions is given by

where 's = z/H; and 0b(H) = (iC)z

F~ifOrmlY distributed load p throughout height

B( "J 2 A' 6: (H)[ cosh k(1 - s) + K sinh ~5JI; . K2 b cosh k

where t' b(H) = pc H2/21

The V~\tiCal stress, and I may thus be expressed inz z

~ = z/H

;I



.9Jl
dz

- (2m -

j s dM 1 [ (Z)2l dS}Yyz = Y:L I dz - '3 m - b J dZ

L [(1 b AC) ( 2b 2AC) Ac)x = - 21 2 '3 + c + ct + 1 + c- + cr- c

The stress in the corner column then becomes

the remaining stress components are

c
3 [lxz = 2I; 1 +

. I

+ (1 - Jm) ~ [ ~ - (0)4J



APPENDIX A-3
LISTING OF THE COMPUTER PROGRAMME

(Coull and Bose Method)



APPENDIX A-4
LISTING OF THE PROGRAMME
(3-D Equivalent Frame Method)



X(II.LENGTH OF

OEJ"lAINT

HlFE.2
IOFf.2

214.FI0.4 ("EL
SETS OF VALUE

1ST

I SYS004 IS 040 - 3S40 - BLKSIZE IS OOSO - RECSIZE I~ SO
JOE J~M=CT98JRF.DISP=D.CLASS=A
LSI DISP=D
~~~~.**.~**~*****.*****~.*.***.********~**** ••• ********.** ••******~.***.* •• *

CE CT98J!'F CT98~SG~ SYSOOS.X'161"
LEL UOUT,.'IJSYSOS"
XTE~T SYSOOS ••••270~.IOO
XEC CLliDt<
CL E=(K=O.0=2361.X'OO'.CY.E=(33401
~C
LEL IJSYSOS." IJSYSO!;'
XTE"T SYSOOS •••• 270S.IOO
LEL IJSYS06.'REFERENCE-S'.I.SD
XTE"T SYS006 •••• 2S05. lOO
lEL IJSYS07.'REFERE~CE-IO'. 1.50
XTE"T SYS007 ••••29D~.IOO
~=G~ SYS006.X.161w
~5Gf\ SYS007 ,X. 16'-
FTIC~ LI"K.LIST,LOG

LF~I II
XEC FFOR-YRA~
LEL COUT,' IJSYS07"
EX1E"T SYS007 ••••2429.0~
EXEC CLRDt<UCL E=lK=O.D=IDSJ.X"OO' .CY.E=(33401
E"CLEL IJSYS07.'IJSYS07'
XTE~T SYS007 ••••2429.0~
FTIC" LI"K.~OLlST.LCG
EXEC FFGR'IRA"
C F!'CGRAMME FOR THE ANALYSIS OF SHEAR WALL/FRAME STRUCTURES TAKI"G I"TC
ACCOUNT THEIR THREE-DIMENSIONAL BEHAVIOUR AND THE STIFFENING EFFECT OF
FLCC!' SLAES.SCOPE THE PROGRAMME ANALYSIS THE BEHAVIOUR OF BUILDINGS CONSISTI"G OF
SHEAR WALLS ANO/ OR FRAMES INTERCONNECTED THROUGH FLOOR SLABS AND/CR BEAM
• SUEJECTED TO HORIZONTAL LOADS APPLIED AT FLOOR LEVEL~ OR VERTICAL LCADS
APPLIED AT FLOOR WALL I"TERSECTIONS.
THEORY ANALYSIS OF WALLS IS BASED ON THE EQUIVALENT WIDE-COLUM~ F!'AME
METHCD AND THE BENDING STIFFNESS IS CALCULATE FROM A FINITE ELEME"T
P"ALYSIS.

(C-SIGNIFICANCE OF TEE SIMBOLS USED IN THIS PROGRAMME AND THE SEGUE"TIAL
A!'RANGEME~TS OF INPUTS IN THE DATA SET LEVEL ARE EXPLICITLY DEFI"EC I~
CHAPTER 4 lDESCRIPTION OF PROGRAMME)
T~E STORAGE LOCATION REQUIRED FOR EACH BLOCK OR MATRICES DEPE"DS 0" THE
ChARECTERISTICS OF THE BUILDINGS.
THE VARIAELE STORAGE LOCATION FOR BLOCKS AND MATRICES ARE AS FOLlC.S.
ThE SYMBOLS USED PRE OF USUAL MEANING AS IN THE MAr~ PROGRAMME.
TC USE THE PROGRAMME THE ONLY CHANGE ~ILL HAVE TO MAt<E IN JHE DIME"SION
OF THE MATRICES A"D THE VARIATIONS SHOULD BE MADE AC<ORDINGLY.

ELOCK MATRICES WITH REQUIRED CAPACITY
/ KFt3*M.3'1Jo1J
1/ ELCOR INN. <'I.BP lNBE.31 •CON(NEL. 4 I. CONB lNBE.3 hRSM( NRN.2) .PRE 0 IS l3~M .21

~CCNl""+IJ.,.2)
Th{NEL'.WALLNO(M ••NODARR(~*M)
*TH(3~M+31.WALLNO(MI.NCDARR(3*M+31
Kl;El3*"N.HEIHII
* HBW=(lMAXDIF+II*2*NDF+I)/2

4/ C (3*M+3. 3'*M+31•DI3*M+3 .:=*M +31.DOI 3*M+3, 3*1>1+;';1.B (3*M+:=4 3*101I
~*C(NS."DF,NS*NDFI.
*"5="0. OF SIDES OP "aCES OF EACH ELEMENT.
KJ(M~6.6J,K2TtM~6.6)9K3{M,6.6t,AtM.~*M+3.61
LCAD{13*M+31*N.NLOADI.X{I~*M+31*N.NLOADI

I IYNI. LENGTH OF THE XN DIVISIONS, IN ORDER
I THE YN DIVISIONS.IN ORDER Y(IJ I
I lXIII.I=I.XNI I
I lYIII.I=I.YNI I
I CGNlI.lJ.CONlI.2t.THll) I
I CO-ORDINATES OF PLATE NODES I.J.AND THICKNES
r S tTl ARE RESPECTIVELY lCONll.I),.caNll.21 & HII
I ELCOR(I.JJ.J=I. 2l.1=I.NNI I IOF8.2
I ELEMENT CO-ORDINATES IELCORII.JII I X CO-ORD. J Y CO-ORO.



c

c
CALL MULT1{A.B.Dl.1.iI/!'1,,!.1&1,M.N,Nl>Nl.M2~h~(IN2.. -7 ",54:
CALL Tf..iANS! A. D2.M ,N,. M I.M2 .•~,~, ='7 )
CALL tJ,ULT1(01. 02, C. 1. I. 1.1 .• 1.• 1.•M,N .•M.!::7 • ~4Jl!:4 .•57 .LJ .•L2J

C ,CC I 1= J • ~
C CC I j= I ."C ~ F[~MAT(/' 01=••Fl0.4 ••C2~••FlO.4,.C='.FiO.4/)

J;E,UI'''CEBUG SUECHK
E~C
~LERGUTINE COPY32(A.B.",.N.P.M I.M2.M3. NI.N2JI~TEGEJ; P
D)"E"S)ON AIMJ.M2.M3). BINI.N2)
CC 601 1= I.N
DC 601 J= I.P

601 EI).J)=At".-I.JIRETUJ;/'.
EH:
SUBROUTINE CLEARIA.M.".MI.M21
DI"E"SION A{MI.M2)

C C(""C" IIDC 701 I=I.M
(C70 I J= I. N

7(1 '(I.JI=O.J;ETUJ;/'.
Et-D
SUBROUTINE (LEAR3IA.".".P.Ml.M2.M31l/'.lEGEJ;P
OI"E"SION AIMl.M2.M31
DC 801 1= I.M
CC 80IJ=I.N
DC 801 K=I.P

8CI Atl.J.KI=O.
f<ETURN
E ~D
SUDRCUTINE PRI~TM(A.~.N,p.a.Ml.M2)
I"''-TEGE~ P.G-,Cl.C2.C5
DIMENSION AIMI.M2).RO~NO{54).JXI181.SF()8).GII181.G2{18J ••X(18).+ lI.Y1181.I'X1181
("MCN /B9/ROWNO.AX.JX.SF.Gl.G2.WX.WY(6=M/12.
(7=M/12
C5=(7
IF(((6-(7J .GT •• 00011 (5=(5+1
(1=1

C <5=1/\-II/LW
( )(51=<5+1

co 14 LI=1,12
14 J;(I\NOILll=LI

C (1=I+LotL\'i
C IF IC5 .EC.OI GO TO 15
( C2=( I+I-W-I
C IF (L .EC. C51 C2=N
( Gl: TC 16
C 1 ~ ,( 2= 1\
C IE \'o!=ITE1.3.171

15 FCJ=CMAT( / .•' RO..- NO ••• lX .• 12FS.O. /7X,120r .•-t •• /. COL ..• -,'I."
+/. NO. -,'1-,//'

( I-.II0=110/LW
( IE WJ;ITEI3.IS) K.LWII0

DC 20L= 1.(5
C2=12"tL
IFIL .EO. CS' C2=M
\/if;ITEI3.1l:1 IHDWNOIJ' .J=CI.(2)
CC 21 J<=I.N

21 ~J;ITE(3.22J K.IA(J.KI.J=CI.(21Cl=C2+1
20 (("TINUE
22 F(~MAT(lX,13.3X .•• I- .1:C:EIO.::31

RETU"N
( CEEUG SUE<HKE~D

SUSJ;OUTINE OUTARRIA. M.N.p.a.TITLEI.TITLE2.TITLE3 ••Ml.M2JJ/'.TEGEJ;P.O
DIMENSION AIMI.M21

C CC"MCN II
WJ;(TE 13.10011 TITLEI.TITLE2.TITLE3

( SUS. "C. =Jl ( OUTPUT ARRAY'lOCI FCJ;MIITI//2X.3A4/J
<ALL PJ;INTMIA.M.N.P.C."I.M2)



c

1 II

112
lie

C
les

I 14
1 17

I It:

I l€
t ~t=
I~C

lIS

104
124

I'E1Uf'1'-
£ "C
J:(EAL fUNCTIVN INP{U. S.f~.L.p.~1.M2 .•Nl.
II'-"TEGEf; S.F.P
DI~E"SIDN UI MI.M21.V( ..; \I
t:= 0 .•
HIP .EO. 01 GOT!: II
IF IF .LT .51 GO TC 13
DC 10 1<=5.1'

10 H=H+UIL.K)*UIK.P)
(C TO 13

11 IF IF .LT. 51 (;0 TO 1::::
DC 12 1<=5.1'

I~ H=H+UIL,K)*VIK)
C (C TC 13
C (CTC 13
C 16 H=UIL.51.VI5'

I:::: 1 "1'=1-'
I'ETUf'1'-
E"C
SLEROU"T[NE 50LVEHI HB.N.NLI
["'lEGER HE
OI~ENSION Al54 • ~ 1,8157 .541.61K3154,571
CC~MON /B3/A/E7/BIK3.E
MiB="-HB+ I
M-B2=N-HB+2
"I=N-l
IF IHE-I) 1010102,101

102 CC 103 K= I.N
DC 103 L= I. N°L

103 BIK.LI=BIK.L./AIK.I'
GC TC 124

1(1 DC 105 K=I.NHB
Kl=K+l
K2=K+/-i8-1
CC 105 I=Kl.K2
DC 106 L= I.NL

lOt: Bll.LI=BII.LI-BIK.LI*AIK.I-K+II/A[K.11
1<2I=K+HB-!
DC 107 J=I.K21

107 All.JI=Al I.J I-AIK.I-I<+J .*AIK. I-K+II/AlK.II
10~ CCNTINUE

IF IHE-2) 108,109.10e
loe CC 110 .K=NEB2.Nl

I<I=K+l
CC liD I=KI.N
II<I=I-K+l
N2=N-I+I
DC III L= I. NL
E1I.Ll=BII,L'-BIK.L)*AIK.IKIl/AIK.I)
DC I I 2 J= I , N2
AII.JI=AII.JI-AIK.I-K"'JI*AIK.I-K+II/AIK.11
CCNTINUE
END CF TI'IANGULATION
CC 104 L=I.NL
EIN.LI=BIN.LI/AIN,II
IF lEE-21 114.115.114
1="-1
SOrt~O •
"II=N-I+l
DC 116 J=2.NII
5C"'=50,",+Al [,JJ*BI I+J-I,L'
Bll,LI= IEll.LI-SOMI/AI 1.11
1=1-1 °

IF II-N+HE-II 117,118.117
C(NTINUE
I=NHB
SC r.<= 0
DC 119 J=2,HB
5CM=SO~. AII.JI*Bll+J-I,LI
Ell.LI=IBII.LI-50M)/AII.1)
1=1-1
I I' I I I 120 • 104, I 2 C
(C"TINUE
I'ETUPN
E"D
SUBROUTINE CRCUT21A, N.MI.M2.0ET.I'EPEAT.*1
INTEGER PIVOT, WALL~O
PEAL INP
LCGICAL REPEAT



• B'TC

, L.KMl.,K.J"MI .•M2.l\1
, (.KMI .•K.O"Ml:,M2.N'

•

.8

DET =A( K. I' I*DET

.Y

.E

vl, •.••.r~P\21 •...•. • r • ,

CC~.MC'" ./ B~-:/Y ~1:,ALL ;'>1[) •••P;' '.Ie)"
DET=I.
DC 25 1=1.1\
E( I'=Y( I'
IF II<EPEATI GO TO 16
DC 15 K= I • N
TE",P=O.
DC II I=K.N
Atl.J<I=Atl"KJ-INPCA liE ,1.K-l.I,K.Ml,M2.f\")
IF (AES(A(I.KII .LE. TEMPI ,GO TO II
TEMP=AES(JlII.KII
I ",JlX= I

II (C/\TII\UE
PIIIOT(KI=IMAX
IFCI"'AX .EC. K'GO TO 10
DET=-DET
DC 12 J=I~N
TENP=A(K.J'
AIK.JI=A( IMAX.JI
AI I MAXoJ '=TEMP

12 C[I\TINUE
lE"'P=E II"
EIKI=EII"',JlXI
E(IMAXI=TEMP

10 [t:I\TINUE
IF (AIK.K' .EO. O"GO TO 21
CUCT=I./AIK.K'
KF 1=1'+ I
Ct: 13 1=I'PI. N

13 AII. I' '=OUCT*Al [.1' I
DC 14 J=l<Pl.N
""'1=1'-1

14 AI".JI=A(K.J'-INPIA
E(K)=B(KI-INP(A

15 CCI\TINUE
CC TC 17

It; CCI\T INUE
DC 18 K=I.N
TEMP=E(PI IIOTI I'll
E(FIIICTIK. '=B(K'
E{KI=TEMP
EIK'=B(K'-INPIA

IE CCl\TINUE

17 "1'1="+1
DC 20 IK=1.N
K=NPI-IK
IF I .NOT. REPEAT'

20 YIK'={BIK)-INPlA
CCI\T I NUE
RFTUF",

,,1 f'ETURN 1
rEEUC UNIT(31. IN ITI DET.Y)
EI\C
S~ERGUTINE SOLVE lA.B.(.M.N.MI.M2.NI.N2'
Il\TECEP PIvor.WALLNO -
LCCICAL PEPEAT
01 ",.ENSION Al MI. M21. BIN I.N2 I.C l N 1. N2). PIVOT (57) .WALLl\'OI 181. Xl 57
SUE NO. = 15 (SCLVEl A.E.C.M.NII
(CNMCl\ /E2/X.WALLNO.PIVOT
I<EPEJlT-=. F JlLSE.
DC 52 .1=1 .N
DC 51 K=!.M
XlKl=BIK.JI
Z(K'=X(K'
CJlLL CFOUT2IA. M.MI.M2.DET.PEPEAT.&541

AFRAY .x. IS STORED IN ARRAY NAMED 'Z'IZ IS DIRECTl.Y TPANSFERED
'CI<OUT' SUEPOUTINE &.X. THROUGH COMMON BLOCK B2 IN THE SAME'
I'EPEAT=.TI<UE.
DC 52 1'=1."1
C(K.J)=XIKI
IF (.I .NE. 1. CIK.J'=2IKI
(C/\T INUE
GC H: 50
••I'ITE.13.5:::'M
F(FMATl/2X.'SINGULAR MATRIX OF ORDEP--'.14./1
STCP
.1= 1
I'ETURN

50

!'4
53



CALL PI'INTF (NEL, N". E.MU ,NRN,NPO ,NBE I

NPD."BEINRN.

BWI

.• "'-,.fJf-t-J;t-'S»
CALL SUB} (BIGD.D2-.X.M*' I-I )+I.M+I.l.1.M*( 1-11+1 .•1 .•W.t'iRHS,.

+lS0.30 .•l8.20.198" 21
CALL 5 US 1 (01 , C2 .•X, 1.•N" 1 • J , 1" M'.• { 1- 1 , + 1 ., 1 • M.•NHH 5 .•N • ""+ t'liR H S "N .M+ "f:;.,H:: ,

+II~"."RHSI
toe CC"TI"UE

PETUFN
eEBUG SUBCHK
E"DSUBROUTINE FEFLRII\PDI
REAL KF.MU.KGBI"TEGER CCN.CGNB,FSM,PAEDIS,WALLNO.BW,HB~
DIIIE"SIGN KFt54.541'.ELCORI57 .21.THI51 1.•BPtl8.31.I<GB.I54 • S I.

+CCN(18 .4I,CONB(18.31.RSMI 1.21.PREDI5(54,2I,W~LL"CtI8l.NCD~RF(571
ceMMON //KF /BI/ELCOF.BP.CCN,CONB.RSM.PREDI~/B2/TH.~~LLNO.NODARR
CCII,MCN/E3/KGB /BI1/UNlTl31
READ (1.101 NEL.NN,NR".NOE

10 FCI'MATI4I51
"3:1'11'''IFINI'''.Ee.O' 1'3=1
"2="EEIFINBE .EG.O I N2= I
"4=NELIF l"EL .EG, 01N4=1CALL REACFLtNEL,NN.E.MU.NAN,NPD.NBEI

INTECEF (CN,RSM.PREDIS.CONB.WALLNO.XN.YN.ELNO
I'E AL MUDIMENSION ELCORl57 .21.THI57 I.BPlIE.31.X(541.V(IE,.CONIIE .4)
DIMENSION CONBI18.31. ~SM( 1.21.PREDI5154.21. ~ALLNO(IEI •

+NCOA ~R 157 I•JX( 18',SF 118 I.Gill 8I•G2l I8 ),Wx(IEI. vi Y(IE I
CCMMeN /EI/ELCOR.BP.CON.CONB.hSM.PREDIS/B2/TH.~ALLNO.NODARR
CC~MeN /ElI/UNITl31
cellMCN /E~/X.Y.JX.SF.Cl.G2.wX1WY

2 I F CI' I<~T 1 I :: I

IIII1:0
11112=0IF lNEL .NE.O' CALL EAND~H(NEL.4.3.MMII
IFINBE ."E.OI CALL 8ANC~H(NBE,2.3.MM21
E~= MAXOlMMI.MM2'
HE,\'l=(EI<'-11/2
.I'I1EI3,1001 MMI,MM2.hE~

100 FCRMATI/TIO.-MMI=-.18,'MM2=', I8,'HBW=-.I81
CALL CLEARlKGB,3*NN,HB ••+1.3*NN.HBW+11
IF lNEL ,"E. 01 CALL ASSEMBl3,NEL.4.I,E.MUI
WRITE(3.251 ttKGBII.Ll.L=I.151.I=I.271
FCRMATl/TIO.'VALUES OF KGB-MATRIX'./TE.241-*".//lI5E8.2"
DC 20 II= I.NBE
DC 20 JJ= 1.3 •

20 (CNIII,JJI=CONBIII.JJI
.IF ("BE ."E.Ol CALL ASS.EMBt3.NBE.2.2.E.MU)
~~3 = 3*""IF ("N3.NE.NPDI GO TO 35
DC II IK = I.NN3
C( II ,.jK=IK.NN3
IF (JK.LT.lIK~HBW+III GO TO 12
KF (1I<.JKI = 0.0
CO TI: 11

12 JI<22= JK-IK+l
KF (IK.JK I = KGE( IK•..,K221

11 CC"TINUE
DC 14 II<= I.NN3
DC 14 JI<= 1. IK

14 ~FlIl<.JKI = KFtJK.IKI
G( TC 36

WRITE(3.4401 (IKGBl I,LI.L=I.151.I:I.27 ,
440 FORMATI//TIO.'VALUES OF KGB MATRIX'./~e.241'*'I.//115E8.2')

W~ITE(3.2301 (lCGNlI.J, •.,=1.31.I:I.NBEI
GC TC 36

35 CALL <CNSl<l NPD.NN.
3t FETUR"

EH:SUBROUTINE REAOFL(NEL.NN.E.MU.



513

C 51'4
C IS

51E
512
5(7

56C
C

""ITEI3.5131 1"1FCPMATlI3.5X'
CC 5 I2 IN2= I•M
J=IN2*3
IFlII\2 .NE. II GO TO 516
FCRMATlIOX.I4.3XJ
FCFMATIIH .15F8.31
\\FlTEt3.5141 IN2
WPITEl3.518' Xl3+1+IN2.IN3J.XI3+M+I+IN2.IN31.Xl3+2*~+I+IN2.IN31
FCFMATI24X. EI3.6.6X.EI3.6.5X.EI3.61
CCI\TINUE
CCI\TII\UE
CALL CALSTRINZONE.NSTR. M.N.NLOADJ
GC TC 500
STCP
OEEUC SU8CHK
EI\O
SU8ROUTINE AOOIIA.B.C.ARI.ACI.BRI.BC1.CR1.CCI.M.N.~I.M2.NI.N21
INTECEP AR1.ACI.BRI.ECI.CRI.CCI
DIMENSION AIMI.M2'.BINI.N21.CINI.N21
DC 101 II=I.M
1=11-1
DC 101 JI=I.N
J= J1-I

101 (II+CRl.J+CCII=A11+Al'I.J+ACII+BII+BRI.J+BCII
PETUFN
E"CSUEROUTINE SUfI IA.B.C.ARI.ACI.BRI.BCI.CRI.CCI.M.I\.MAI.MA2.MBI.

+"'E2.~.CI.M(21
II\TEGEP ARI.ACI.BRI.ECI.CRI.CCI
DI~ENSION AIMAI.MA21.BIMBI.MB21.CIMCI.MC21
OC20111=I.M
1= 11- I
CC 201 JI=I.N
J=JI-I

20 I C II+CR I.J+CC I1=AI1+AR I•J+AC II-B II+8R I•J+BC II
PETUf;N
EI\C
S~EROUTINE COPYI(A.B.ARI.ACI.8RI.BCI.M.N.MAI.MA2.~81.MB21
II\TECEF AFI.AC1.8RI.ECI
CI~ENSION AIMAI.MA2J.BIM81.MB21

C (C"'MCI\ A.a< SUE =3 ICOPYING P FRCM F I
CC 301 Il=I.M
1=11-1
CC 301 JI=I.N
J= JI-I

301 Al!+ARIoJ+ACIl=EI l+ER I..J+ECI'
FETUPI\

C CEEUG INIT
E I\lJ ~ __~_ ~'o .=_~=_~
SUBROUTINE MULT 1lA. B.C.•AR I.AC I.8RI. BC ioCR I.CC I.M .N.P.MA I.".A2."81 •
..•"E2. "c I. ".(2 J

INTECEP AFI.ACI.BRI.ECI.CRI.CCI.P
OI~ENSION AIMAI.MA2J.BIMBI.M82l.CIMCI.MC2l.

C SUB =4 IMULTIPLICATION OF MATRIX A&B IC=A*Bllce 401 II=I.M
1=II-I
DC 401 JI=I.P
J= J 1- I
SUFV.::::.O.
CC 402 Kl=I.N
K=KI-I

402 SUM=SUM+AII+ARI.K+ACII~8[K+8RI.J+BCll
401 C{I+C~I.J+CCII=SU~

PETURN
EI\C
SUBROUTINE TRANS(A.B.M.N.Ml.M2.NI.N2lDIMENSION AINI.N;I. . BINI.N21

C
e SUE =5 {TRANSPOSE OF MATRIX A INTO BI

CC SO I J= I.N
ce5011=I.M

SOl EtJ.I.I=AII.JJ .
FETUf;1\
E I\C
SLBROUTINE TRANSMIA.B.C.M.N.MI.M2.NI.N2.LI.L21
DIMENSIOI\\AIMI.M21.B(NI.N2l. 02154.57 I.Dlt 57.54'.CILl.L21CCMMCN /E7/02.01

C CC~MeN A.e.CI
C ~UB. NC. =6 (TRANSPOSE OF A MULTIPLICATION & THEN MULT. 8) OTHERl



H= EP' M.,3 i
I=E*H*"3/12.
(;=E/ 2/( 1+~U1
I'=E/H
IF (E .GT.HI R=H/E
J=(1/3.-.21*R*(I-R**4/12'1*(B*HI**2*R
0070 No:1.6
DC 70 C=I.6

70 KEII>'.C1=0.
CC 71 H=I.4.3

71 KE([I.IIJ=IZ*E*I/L**3
K1:(1.4'=-I<EII.II
IF ICCI>'811".•31 .NE. IIGO TO 72
K8(1.3'=6*E*I/L**2XE (l.61=KE( 1.3.
I<E12.2l= (*J/L
KE(S.S )=KE(2.21
KEI2.S1=-(*J/L
KE(3.31= 4*E*1/L
KE (6.6 J=KEl3.3)
I<EI3.41=-~*E.l/L**2
KEI4.61=KE(3.41
I<EI3.•61=2*E*I/L
HJ TC 73

72 KE(I.21=-6*E*I/L**2
KE(I.51=I<E( 1..21
K8(2.2.=4*E*(/L
KEIS.51=KE(2.2 )
KEI2.41=6*E*I/L**2
l<EI4.S.=KE(2.4.
KEI2.5'=2.'tE*I/L
I<EI3.31=G*J/L
I<BI6.61=KEl3.31
KEI3.61=-(*J/L

73 CCr-,INUE
lI.iFI.E(3.IOOIM

00 FORMATI///' STIFFNESS MATRIX OF SEAM ELEMEN~ l6X6I'//." 1='.141
wRITEI3.IOII (lKBIMM.NI. N=I,61.MN=I.~1

(1 F(FMATI 61'12.31
FETUFI>'
E~O
SL8RGUT INE PREBCI NRN.NN.BW.NPO)
II>'TE(;ERRSM.8 ••HBW.HBWl.COl>'.CON8
FE AL I<GB
DIYEI>'SIONKG8(54 • S I.ELCOR( 57 .21.BP( 18.31.CGN( IE .41.CONS( IB.31

+.RSMl I.2).PREDIS(54.2)
CC"'MON /E I/ELCOR.EP.COl>'.CON8.RSN.PREDIS /83/I<G8

HEloi=(E,~-11/.2
HEltil=HH+l
CC 80 I=I.NRN
1<={RSM(I.ll-l 1*3+I<SMI1021
CC BI .1=2.1-<81'11

E I K(;E(I<,JI=O.
l<(;EI1<.11=I.

Eli CONTINUE
EhD OF PRESCRIBED 80UNDARY CONDITION
FFTUFN
CEEUG SUECHK
E "'0
SliEROUTINE COl>'SM: NPD,NN, BlII'
INTEGE~ PFEOIS.WALLNO.8111.ROlll.COL.HBW. FREEN.HB.I.COr-8FEAL I<F,K(E,KIK3.KI.K3KI
DIMENSION WALLI>'OlIBI. NODARR( 57'. NODE ••( IE ,'II. FREEN!IE J
DIMENSION KIK3(54.57 I, KlII2.IZI. K;';KII57,54'

+,I<FlS4,54I,KGBI54 • S I. ELCOR(57 ,2). PREDISl54.2)~8!57.54)
DIMENSION BP(IB.31.CDNB(IB.3',RSM( 1,21.THi57 J.C{57.571.DO(57,571
CONNGN //KF /Bl/ELCOR.EP.NCDElII,CON8,R5M,PREOIS
ceMMON /82/TH,WALLNO.NODARR /83/KG8 /84/C.KI.DO.B /87/I<IK3,K3KI

FCRMATI//TIO,'NlIIl = ".131M=I>'PO/3
HE ••=(E ••-lj/2".1=0



DC i20 K8=1.3KG8111-ll.3+KA.l+KB-KA+3*KCI=KGB1IJ-I)*3+KA.I+KB-KA+3-IKC+KDJI
KE=KE+I
GC TC 117
I<D=K[;+I
CC TC 117
CCNT INUE
I'll'ITEt 3,2051CALL TFANS1KIK3.K3KI.NPD.3.(NN-NWI-MI,NPD .3"NN,3*I"N-NI<I-MI,

+"FD 1CC 204 JRC=l,NPDWRITEl3,2051 IKIK31JRC,JRMI.JRM=I.lOI.IK3KIIJRC,JR"I.JRN=l.IOI
FCRMATI'/,' POSITION IS PRIOR TO STAT,NO.211 11=1'.131
IoFITE(3,2111FCRM~T(///" THIS POSITION IS PRIOR TO STAT.NO.123'//1

SECTIO~AL PROFERTIES
5TORY NO.-.I4./5X,.S,J
MUt

SGLVEtil ti8W+I.3*INN-NWI-fJl,NPDI
MUL T 1{ K 1K 3 ••K:::K 1 , K 1, 1. 1. 1 •• 1 , 1 , 1 , NPO, 3* ( NN- N'W1- fi) • NPD .•
.3"N",3*INN-NWI-MI,NPO .NPD.NPD)

CALL
CALL

+NJ=C

<:

CALL SUB IIKF.K I.KF. I. I.I.I. I. I.NPO. NPD.NPD. I\PD,NPD .NPO,NP[;.NPO'
f;E~01I,12:31 J
FCf'M~T(141
IF (J .NE.O) GO TC 127
C~LL CLEAf;IKI,NPO.NPO,NPD.NPDI
DC 124 1= I,NPD
Klll,I.I=1
DC 125 1= I.M
11:33=(I-I '*3+3
IL:l=ll-l ,,,3+1
1132=([-11*3+2
REA 0II•I26) K III133. I 13 1).K I(I 132. I131 I
FCf;M<>TI2F7.3J
1<111133.1131 )=ELCORI\\ALLi.O(I ).1 I-KIII133.11::1 ~
KIII132.1131)=KJ( 113~.1131)-ELCORIWALLNOIIJ ,2)
{ALL TRAI\SMIKI,KF.KF.NFO.NPD.18.18.15~15.15,151
DO 230 JR 1=I.NPCII"ITEI3.231 I IK 1IJR 1•JR 2I.JR 2= 1•NPO I•(KF IJR I,JR 2) •JR2= I,NPD 1
.(ALL T "ANSM (K I.KF ,KF, NPD. NPO. NPD .•NPD. NPO .•NPO, NPD.,NPO I
CCt'.T rt\tJ~
F C ~j"".A-r l::.. ;, > i 6 FlO I!Io 2 ) .•.5X. ( 6F 1 C. 2 • 0
lHITEI3.2:::21FCFiMAT.(///' THIS POSITION IS •.•ITHIN SUB. CONSM.LAS'I '//.1
[;C 234 JRI=I,NPOWRITE13.2311 (KIIJRI.JTI.JT=I.NPD1.IKFIJRI.JTI,JT=I."PDI
l'il;ITEI3.811FCRMAT(//' STIFFNESS MATRIX (KFI lILOAD/DEFL. OR RO~.IXIOOrl 1
CO 82 l=l,NPO
t~R i Y E C3 \< 83 l t KF ( r '5 J •~~= 1 • NPD b
~CGMAT'/T5~l2FiG_3)
FETUFiN
CEBUG SUE;(HK
Er-L;
SUEROUTINE FORM~S'NZOhE.NS, M,N'

C ]~TEGEF DFOS .
~EAL Kl.K2T~K3~rX~IY,JX,MU
Dlf.'£NSIGN KilI8~6~6~~ K2T( 18'l>6,.6' yK3( lE •.6,,6J .A( 1€",51.,(;)
DI~ENS!ON B!57~=4)? C{57~57r~Dt57.57).DO{57,57),IX(57 ).IY{54.
Dr /J.ENS ION AX I 18 I • JX I 18 lo SF 1 18' , G I I I 8 I , G2 l I € I • ~ X( 18 I , "Y ( I € 1
DiMENSION NSINZONE),WALLN01IEI.NODARRI57t
CO.MCN /84/C,O.00.B /B5/Kl,K2T~K3.A /89/IY.AX.Jx,SF.GI,G2,
+~X.Wy/eI1/UN[TI3I/82/1X.wALLNO,NOOARR

C D€FINE FILE 915D,72.LI
FiE\<IND 9
READ 11.155) NZONE.INS(IAI.IA=I,NZONEI

155 FCf'NATII3.5141
\<FITEI~,15EI N.NZCNE
DC 154 NN=l,NZONE
"SCPI=IIF INN .NE. It NSCPI=NSINN-ll
NS'(P2=I\S(I\Nl
~F<ITEI3.157t NSCPI.NSCP2

C 157 FCF<MATI//91'WALL DATA").//5X.'THE FOLLOWING
C +OF WALL APE CONSTANT FROM STORY NO.",14."TO

CALL READWDI H. E.M.N.
C~LL CLEAF<3IKl.M.6.6,M.6.6 )
CALL CLEAF<3IK2T.M,6,c. M.6,61
CALL CLEAF31K3.M,€.6~ M.6.61
"=E/2~/ I I.+MU I

126
I-~~-C

C
C 230

127
C 2::1
C
C 222
C
C 234
.(

El
8;':
8:,



C

C
C 172
C
C

lo"ITE(3.1001
100 FGRMATl///' STIFFNESS MATRIX OF PLATE ELEMENT IN BENDING' .////1

'1of;ITEI3~ 101 II 1KI I.J I.J= I. 1£1.1== 1.121
101 FCFM~TI I~FIO.31

FETURN
C OEEUG SUECHK

EI\D
SUBROUTINE STIFB[ N8E. E.MU. MI
INTEGEf; ceNE.a.CON
f;E~L MU.I.L.J.KE

OII'.ENSION KX2[12.121.KX3( 12.121.KX2TI 12.121
DII",ENSION CONBI18.31. KB(12.121. BP(IB.31,ELCOR(S7.21.

+CCNIIB .41.RSMII.21.PREDISI54.21
C(~MCN /BI/ELCOf;.BP.CON.CCNB.RSM.PREDIS /BA/KB.KX2.KX3.KX2T
¥FITEI3.172) NEe.M
FCRMATI/////' OH ALLAH SAVE ME'. //' NBE='.IS." 1='.151

1«7.91==1<14.61
1«2.3~==-Z*IA*B*U'
K(8.9'.=K{ ~.2'
I<IS.61=-KI2.3:
1<11l.121=KIS.c'
K(I.41=Z*(2*R**2-4/R**2+(4*U-14.)/S.1
1<17.101=KI1.41
KI2.51=Z*12./3.*A**2-4./IS.*B**2*II.-UII
K 1B • 11 1=K (2.5 I
KI3.6~=Z*l2/3. *E**2-A**2/ 15.* (I.-V'I
KI9.121=K(3.61
Kl2.4t=-Z*IA**2/B-B/S*II+4*V.1
I<I 1.5 I==K( £.4 J
K IB, 10 1=- K 12 • 4 )
I<17 • I I 1= K 1B. 10 )
K(3.41=-.z*I2*E**2/A+A/S*II-UII
1<17.121==K (3.41
I<II.61=-KI3.41
K'I9,IOI=KI1.61
KI 1,7' =Z.*1-2/R* *2-2*R* *2.1-{ 14-4*U 1/5. I
KI4.IO)=KII.71
1<12.BI=Z*lA**2/3+.E**2/ 15*( I-U II
J< {5 • '11 )=K ( 2., 8 •
1<13.91=Z* IE**2/3+A**2/1S*1 I-U II
I<1t • I 2 1= K I 3 • 9 I
KI2,71=Z*(A**2/B-B/5*(I-UI)
K 15. 10 1= K I 2 .71
KII.BI==-K(2.71
KI4.lll=KI1.BI
1<11.91=Z*IE**2/A-~/S*1 I-U'I
I<{6. 10 1=K( 1.91
K(3 .7 1=-K 11.9 I
1«4.121==K(3.7)
KI4.71==Z*(2/R**2-4*R**~+(4*V-14'/5.'
KI1.101=K(4.71
I<J5.81=Z*12./3.*A**2-B**Z/IS.*( I.-VII
I<12 ~ 11 1= K (5. B 1
K{6. 9 ~==Z*12 ./3 •• B**2-4./ IS .*"'** 2*( 1.- L"I J
1«3.121=K(6.91
KI5.7t=Z.(2.A**2/E~B/S.II-UII
I<( 2 • 10 1= I< [5 , 7 I
KI4.8~=-K(5~71
K( I. I I 1=K(4. 8 I
K( 3.10 I=Z* 18**2/ A-A/S"I 1+4.U II
I<II • 1 2 )= I<{ 3. 10 1
1<16.71=-KI3.10 I
K(4~91=K[6,71
1«3,51=0.
I<{2,6 1=0 •
1<[3',81=0.
I<t6.8)=O.
K{2.9~=O.
J( '5 .91=0 •.
1<{3011,.=O.
K{6,l1)=0.
K{9.11'=O.
I<{2. 12 1=0 •
1«5.121=0.
KI8.12)=0.

\ ..

L=EP[I'.I 1
E=EP{M.2'

C



C 1= F(RMAT{6F7.3.4X.!2F7_~.
C "lC 1 T E i 3 • 1 2 • ( ( 1 K II 1 .• J •K l • K= 1 • (5•• J:::: I • ! ).•1:= I • t:: •
C I \'IRITEl3.2J lKlll,MNN.K"".K"=I,t>I.(K2T11.MNN,KW,I.Kl'I,=I.t;I.
C .[tc:~Hl.""Nf\*KM).KM,=-l .•6'

, J=3."'+3
(~LL (LEA~IDI.J,J, ~,J I
C~LL (LEARCC,J.J. J,J I
(ALL CLEARID.J.J. J,J ,
CALL CLEAR1DO.J.J, J,J J

( I\RITEC3,211 I lCCK,L I,L= I, I!"IoK=I,ISJ
C 21 F(~MATt/TI0,'VALUES OF C MATRIX',/TE,2S1'.'I,//IISF8.4"
C 'lIoRITEl3,221 lIDIK,LI,L=I.ISI,K=I,ISI
C 22 FO~MATI/TIO.'VALUES OF DMATRIX'./T8.251'.",//II!"F8.4)1
C .RITEI3,231 lIDO(K,LI,L=I,ISJ.K=I,IS'
C 23 FORMATC/TIO,'VALUES OF DOMATRIX',/T8.2SC'.'I,//CISF8.411
C I\RITEI3.241 ((DICK.Ll.L=I.151.K=I.ISI
C 24 FCRMATI/TIO.'VALUES OF DIMATRIX'./T8.251'.'J,//II!"F8.4)l

DC lEO I=I.M "
CALL CCPY321K2T,KXI.I,f.6. M.6.6.6.61
CALL CGPY~21K3.KX£.ly~.€ .• M.6 .•6.6.6t
CALL CCPY32(Kl~KX3.I,6~6. M.6.6. 6,6 J
C~LL COPY32(A.AX1.I.J .•~.M.J.61oJ96)

C I'IRITEI3,2!"l lIKI1I,L.KI.K=I.6l.L=I.61,C1K2TII.L.KI,K=I,6! .L=I,6!,
( +1(K3CI,L.KI.K=I,fl.L=I.61
C 2!" FCRMATI/TIO.'VALUES OF KI.K2T.K3 MATRIX'./1E,2SC'.'I,//16F7.3.2X.
C +6F7.3.2X,6F7.3I'
C I'IRITEI3.411 (IKX HK.LI.L=I.61.K=1,t;1
C 41 FORMATC/TIO,'VALUES OF KXl MATRIX',/T6,30('.'I.//16FI2.!"J
( ~RITEI3.421 IIKX2IK.LI.L=1,61.K=I.61
C 42 FCRM~T(/TI0,'VALUES OF KX2 MA1RIX',/16.30I'.'I,//C6FI2.511
CIIRITEI3.4:':1 lIKX3IK.LI,L=1061,K=1.6'
C 43 FGRMI'TVTI0.'VALUES OF KX3 MA1RIX'./,6.301'.'I.//lfFI2.!"'1
C 1'II'ITEC3.441 (CAXl(K.LI.L=I,61.K=I.IS)
C 44 FOl'MA11/TIO,'VALUES OF AXI MATR1X',/T6.30C'.'I.//CEFI2.!")
C "R ITE (:,:, 4 S III A( r..L. K J • K= 1. b I , L= 1, I S I
C 4~ FCI'MATf/TIO. 'VALUES OF -A- MATRIX',/T6.301'.'I,//16FI2.5'

IF I"" .EC. 1 I GO TO 1<;2
C~LL <CPY32{OOl.Dl .•I.J.J.M.J.J .•J.Jt

lS2 CALL T~ANSMtAXl~KXI9Al,J~6. J.6 ~6~c~j~JI
C ~~ITEI3,46' IIAIlK.LI.L=I,15',K=I.IS)
C 'If FCPMATI/TIO,'VALUES OF Al MATRIX'./TE.2SI'.'J.//(ISF8.411

C -ALL ACD 1 t A I ~C ~C" 1., 1 • 1 , 1. 1 .• 1 ~ J., J .•J,. J " J .•J )
C I'iRITEI3.471 I lCIl<.LI.L=I. ISI,K=1,15)
C 47 FCRMATI/TIO.'VALUES OF C MATRIX'./T8.2S1'*'J.//II!"FS,41J

CALL TPANSM(AXI.KX2.Al,J.6.J.E,6.6.J.JI
C I'IRITEI3,461 (lAIlK.LI.L=I,15hK=IoISI
C lrlRI1E13,441 llAXI(K.LI.L=I. 6I.K=I.lSI
C -..RI1EI3.9J I
C 7 WRIT£l3.8) (AI(K.LI,L=1.91~{OI(K.LI.L=I.9J
C 8 FCRMAT1/2X,9F7.4.2X.9F7.4)
C <; FCRMAT(///' MATRICES AI 1\ 'lJI ARE AS FGLLOW'S 1=' ,13//)
C 2 FCI'MATC2X.18F7.41

CC 191 K=I.J
CC 191 L=I.J

lSI DCI1I.K.L)=AIlK.LI
C ALL AL 01 (A 1 • 0 , O. 1,. 1~ 1. 1•. 1 , 1'9 .J '!!' J,. J ~J;Jl J" J •

C \\~ITE{.3.(2) tlD(K .•Lfr-L=I.151'.K=I,,15'
( ~RITEI3.461 ({All K.L 1.L=I.lSI .K=1.151
(

CALL TkAhS~(AXl~KX3 .•A19J.£'9 J~6»t~6~J»JJ
C WFITEI3.441 ({AXllK,LIoL=!.E I.K=I.151
C WRITEI3,411 IIKXI(K.L).L=I.~ I.K=l.f )
C I'IRITE(3.461 l( AICK.LI.L=I.151.K=I.IS)

C J1iLL A CO 1 ( AI" D.•O. 1 • 1 • 1 • 1. 1 .•1., J .• J .'J."I J .•J. J •
C WRITE(3.461 IIAI1K,L).L=t,15).K=1.ISJ
C .,R11EI3,221 IC D1K.L).L=1.IS).K=I.ISI

CALL ADDltAL,DG"OO .• l.l., 1.1.1 .. 1..J.J ..•,J. J .• J.J)
C \'IRITEI3,46) I(AIlK.LI.L=I,ISI,K=I.IS'
C l'iRITEI3.231 (IDO(K,L).L=I.151.K=I.lS)

CALL ADDl(Dl.DC,OO.1.1,,1.1 .• 1. I1oJ.J • .J. J.J ..•J'
C WRITE(3,311 llDC(K.LI,L=t.lS,),K=I.IS)
C 31 FCPMATl/TIO,'VALUES OF DO" MATRIX' ./T8.2S{ ,.aJ.//C 15FE,4J 1
C ~RITEt3,32) {tOCl<.Lt,L=I.151.K=I.IS'
C 32 FCRMATt/TIO.'VALUES OF 0 MATRIX',/TS.251'.-',//II!"F8_4'I
C ~RITEC3,341 {IC{ K.L loL=I, ISI,K=I.ISJ
C 34 FCl'MATI/TIO.'VALUESCF C />IATI<IX'./T8,2S1 '.".//l 15FE.411
C I<iIHTEI3.3t:1 ((AllK.LhL=I.15J.K=I,ISJ
C 3f FORMATt/TI0."VALUES OF Al MA1RIXa./T8,2S1'.').//ClSFE.411

lEU CC"TI"UE '
CALL TPANSM(e.KF.Al.J.3*M.~.3*M103*M.3*M~J.J)
CALL ADD 1 ( AI .• D .• D .• 1 .• 1 .• 1 •. 1 ..• 1. 1. J. J .•J~ .J .• ,J. J I



c

{-

C

330
:;02

3CI
(

RETURN
DEBUG SUECHK
E"D
SLEROUTINE ~EADLW{ .NLOAD,M,Nl
.I'TEGER SENSE.SN
l'EAL LeAD
01"'101'5101' LOAC( 1140. 21.X( 1140.21
(Ufo/Mel' /BII/UNITt3' /B6/LOAD.x
1'122=",*2

203 FCRMAT{2131

WFITEl3,2001 UNITI21.UNITI31
200 FCRMATI///IX,'LOADING ON ThE BUILDING',/IX.231'.'I,/IX,'*** UI'IT

+DF LeAD APPLIED IS II' '.2'4'
(ALL CLEAFILOAD,N*13*Mt3'.I'LOAD,!3*M+31*N.NLOADI
DC 201 I=I,NLCAC
"FITEI3.202J I

202 FORMATI//.' LOAD CASE ',14/,' STOREY NO 'o3X.'SENSE '.5X.oMAGNITUD
+TUDE'I

READIl.203)NUML,LTYPE
IF ILTYPE ,EG,21 GO TO 300
CC 206 J= 1. NUML
READII,2041 SI'.SEI'SE.W

204 FCRMAT!214.FI2.5J
LDAD!(SN-Il.( 3*"H3.+SEI'SE. I I=1<i
.RITE!3,2051 ~N.SENSE.W

20~ F(~MAT{!5_,,8Xl t4.t>8,X"FI-O.SI
C EI'D OF READ LOADS ON WALLS ( SUBROUTIKE NUMEER =2SI

2CE CCKTJ NUE
GC TC 201

CC 301 J=l,.NUML
IF! .I .GT. 2' GO ,0 302
"EAD( 1 ,3111 (XlK,1 ',K= I.M331
DC 330 1<.=11' M
Yifi1TEl3.3221 K,XI K.l',X{Kt-M.II.XIK+M*2,11
CC "T I I\UE
DC 301 Kl<=I.M33
LOAD! ( J-Il*(3*"'+::;)+3t-KK.II= XIKK. 1)

311 F[~MAT{20F4.01
C 320 FD~MATUX.'LOAC TYPE=VERTICAL (GRAVITY LOllD)'./IX.40('-') ,/IX,
C 320 FORM'T [lX.'LOAD TYPE=VERTICAL (GRAVITY LOAD I' ./IXo40'O-W),,/IX.

320 FeRMATI/. .,'LOAD TYPE=VERTICAL (GRAVITY LOADI'./IX.40(O_w',,/lX.
+o1liALL NO '.3X,'AXAIL FDRCE'.,5X.' MOMENT ABOUT X-AXIS','MO"'EI'T A8CU
+Y AXIStl1<'//)

322 FC~M.ATl1X,I2~9X.F8.2,IOX.FE.2.IOX.F8.2'

(

300 "~ITE'3,3201
1'33=1'1*3

C

(

C
(
(
(
(

C
<:
<:
C
C

C/!jLL AtOll4.1.DO .•DG,I.1,.i.l",l<!!l !..c"":~".J~Jof>J,, ...:
( DC 5 ~K~I.IS
( !: lril<lTEt:l,6' [ClKK.JJ I.J.I=I. 151 ,(DO(KK, JJ) •..L" _ ,5;
( ~ FCRMAT( /15FB.41

CC 193 KK=l,J
1 <;3 WRIT E { 10 I [ (I KK• .JJ I ,J .I = I .J I .• (D I KK • .J.l1 ,J .1=I • J' , [DO { KK, .1.11,

+JJ=I • .I.
ISC (C"TII'UE

C "I'ITE(3.65J (IDlK.LI,L=I,15I,K=1,IS)
( ES FORMAT(/TIO,'VALUES OF 0 - MATRIX',//115FE,411
C
C
C
(

C
C
t
(
(

C



~EAOII,17£1 WALLT
FCI'MATUSJ
IF I"ALLT .Nc. 01 GO TO 17~READII.1741 eX,BY
FCI'MATI3FI2.61
IXII J=eY."~"EX/12.
IYIII=EX""3*EY/12.AXIII=EX>lEY
IF IAXII) .EO. 01 GO TO 272iI'=BX/BY
IF lEX .GE.BY) R=EY/EX
JXIII=II/3.-.2t*R*II.-I'**4/IZll*AXII'**Z*RGC TC 274
JXlII=O
SF I I )= I. 2CCI\'1II\UE
IF IWALLT .NE. II GO TO 17~
R£1\011.1761 IXIII.IYlII.AXIII.JXIII,SFll)FCI'MATISFI2.41
I'EAD()~177) WXI 1'.WYI II
F C" MAT I 2F 12 • 6 1
IF (AXIl) .EO, 0) GO TO 275
('II11=6*E"IYI I.I*SFI1l/G/AX( II/H**2
G2I1 '=6*E-'lIX(I I*SH i I/E/AXlI'/H**2GC TC 171

5 GI ( 1 1= 0
G2111=0
G2(11=0

1 CCI\TI"UE
WRITE{~,1781 M.E.MU.~

E FCRMATI / • "UMEE
+1'OF WALL=-.14/,' MODULUS OF ELASTICITY ='.EI2.4/.' POISSCNS RATIO
~='.EIO.5/.' HEIGHT OF Slimy =o.FI2.4///,' PI'OPERTIES CF \\ALLS',
+ //,. WALLS'~8X,. 1.,13x,'r-.14X,-AREA OF '.12X.'J'.lOX.'SHAPE ••2~.
+ 5x.'S~EA~ CENTRE CO O~D.'./t' NO'.11X.'X'.13Xt.Y'~1IX.'C~OSSSECT
-tTICN'" sx •• X',lOX".FACTGR-,.• ~x •• X'_.9X .• 'Y'/'
DC 179 I=I,M
WIlITE {3. IEO II• IXI I " IY (II•AXlI••JXIII,SFI {I,WXII1,1'(YIII

o FCf(MAT(14:, F13.4,3X,f12 .•4" lOX,.F8.2.9X.F8.2.5X.F6.2.6)(~F8.2.2X",+1'8.2/1

S CC"TINUE
EI\D OF READ WALL DATA (SUBROUTINE NUMBER = 271RETUR"
CEEUG SUBCHK"'EI\D
SUBROUTINE FOR~CO(NZ~NE.NS,MI
REAL KI,K2T,K3.KF.KXI.KX2,KX3
"G. OF RECORO=INZGNE*I ::*rJ,+31f RECORO LENGTH=6*M*NZC"E IFILEI'E~{I\O9
DIMENSION C{57.571.01~7.571.001~7.57).B(57.54J~KF(54,S41
DIMENSION Klt18~6116~,.K2T{ 18,6.6J.K3(lf .•6.68 .At18,57,.6'
DiMENSION #\1157.571 ,AXIl57. 61.I<X31 f. 01. KXII f, fl.KX2{ 6.61

+.001118.57.571 ,DI(57.57I,NSINZONEI.I<X4( f. 61.KX2TI 6. 6J
CCMMDN //KF /E4/C,O.00.8 /B5/KI.1<2T,K3.A /EE/AXI.Al~KX~/BA/KXl.KX2+XX4.KXZT /ELO/DI
RE\\I"O 9
RE~II\D 10
CALL CLEAR3(DOI.M,3*M+~,3*M+3.M.3*M+3,3*M+31DC 190 NN=I.NZONE'AI'ITEI3.31 NN

3 FCI'MAT{//' KI,1<2T AND K3 FOR ZONE NO. = '.1:://1DC ~O MN=I,M
DC 90 foINN=I.E

o READI91 IKIIMN,MNI\,KM),KM=I.6I,'K2T(MN.MNN,K~I.KM=I'OJ,IK3+'.I\.MNN,KM).KM=I,6J .
\lidTE I3, I£I {I(K \(I,J .10 , K= I•6 J ,J= I, f I,I= 1,4) ,(lII<2T II•J,K 1,K= I •+6 J • J=1.6 I,1= I,4) •((IK3 II,J ,K) ,K= I, 6.1•J= 1,6' .1= 1,4 I

12 FCRMAT{/TIO.'VALUES OF KI.K2T.K3 MATRIX SUBROUTINE FORMCD'./T8.
-t-32La*. J .• //16F7.3. 2X.6F7.3. 2X,6F7.2).\\RITE(~,I::)
FORMAT(/TIO.'VALUES OF A , B MATRIX',/T8.25('*"J,//1
DC 14 I = 1,4
DC 14 J= 1.15

4 ~RITEl3,151 (A II.J.K ••K=I,61,IBIJ,KI.K=I.IZJ

\



I'ETUI'N
C [EEUC SUBCHK

E"CSUEROUTINE CALSTRINZCNE.NS. M.N.NLOADI
~EAL Kl~K2T.K3~KF.KX1.KX2T.KX3.KX2

C II'TECEI' DFOSDIMEt>SION KFI54.E4).BIl57.571.FAI54.2 '.FBI54.2 I.B(57.54'.
+-K H18. 6. £ ) • K2T 1 18 .6.6 I • K31 18. 6. 6) • A 1 IE. 57.6 I • LOAD 1 I 140.21 •
+-X(II40.21. ~1(57.571. A2157.571.SI'I16.2)
DIMENSION OVI(6.2). OV216.2) .SRTI6.2).SRBI6.2).SR2(~.2)

+-• j(XI I 6. 6 I • KX21 6. 6 I. KX 3 1 6. 6 I. NS I N2C I'E I • KX2T ( 6 •. 6 I

r STRESS RESUL-rTEf\:'T:-: IN WALLS 0. /lX.25t._.~ ,"/1)(.
e SlOREY NO.~.I4/),

UNITI21.UNITI~I.UNIT121.UNIT(31.UNITIII.UNITI21.UNITl

C(MMON //KF/EII/U"IT'~I /B4/BI.AI.A2.B
CC~MCN /BE/KI.K2T.K3.A /B6/LOAD.X /BA/KXI.KX2.KX3.KX2T

;:;E"II'C 9
KFCS=I
WIHTEI3.2I6J

"*3 J .Uf\ IT~ l ~
DC 190 1'(1"'=I. M
DC I~O W!'-=1.6190 READI91 (Kl1MN.MNN.KM).KM=I.61.IK2T(MN.MN~ KM).KM=I.61.(K3

.(~~.MN~.K~'tKM=l.cJ
L=I
K=3*"'+3
CC 210 1= I. N
IFlI .EQ. (NSIL 1+ I" GG TO 10
C[ TC 15

10 CCI',INUE
L=L+-)

2 FlJRMI'.T,///' K I.K2T.K2 M,E AS FOLLO'flS /I 1=' .14/'
DC 19! M"'=!,i-',
cC ! 9\ jo:i;i-Jh:=-} 1 (,

191 ~E/lDf9l r Ktf: ~'1Ntj¥;NN~KMJ;~KM;=Lt. 6~,.tK2-;
-+ ( ~ t- 1 . t:~d< I 1-:t' } ., '''-Y,::: 1~'is t
~~ITt[:-~~21 J
DC 5 l'J,t.:N=1.1" 65 ~,,!Y E-i 3 ~ \ ~f 1~t ( 1 f, MNN I K M ~ ~.K M=.:;\.~. 6 j ~ (K 2T ( 1,. f\liNN .• K"~ J ..• KM'== 1 .6) .,(K3( 1 .• IV I\N .•

+X •. ) ~ ~(!.i:..:." (.:
1 F(f;~'.f~Tti.5F7~3)
15 C[f\-; j't~UE

\\I'ITEC3,;:>£.U
211 FCRt--'It.T:'////J;f

+
DC 212 .)=- L. t-~
CALL CCPV;:2it..'! Al,t,~t~K\,~'l>M"K~.6:, K?K'
C~,LL CGPY32fl:;-'i,~KX19,J.e6.6. fJ.• 6 .•6,6.C;)
CALL COPY32(K2T.KX2T.J.6.£. 1'1.6.6.6.61
CALL CCPY22(K3.KX~~J~6.~~ M.6.6.6.6.
CALL TRA~SIA1.A2.Kf6~ K.K~K. Kf
C~LL MULT 11 A2. X. O\! " • I. I. I 1-.I} *K +-10 I. 1.1.6 .K.NLOAD.
+~.~.~*~.NLCAD,6.NL)AC.
IF {I .EG.I') GO TL 213
CALl.. MULT 1 t A2 .•X , CV 21) 1.• 1" 1* K+ 1 ,. 1, 1.• 1 .•-6 .K .•NLO AD .•

+K. K.j(*N.~LOAD.6.NLOAO)
Gen: 214

21~ C~LL CLEAI'IDV2.6.NLOAD.6.NLOADI
21' CALL MULTltKXI.DVI.SRl.I.I.I.I.1.1.6.6.NLOAO.6.6.6.NLGAO.6.NLOADI

CALL T~A~S(KX2T.KX2.E.~.6.E.6~6)
CALL MULT j(KX2 .•DV2.SR2. I. 1.1. I. 10 1.6. f.NLOAO.6.6.6.t>LOAD.6.NLOADI
CALL ACD I I SR I .5R2 • SRT • 1. I • 1. 1. I • I. 6 .~NLGAO. 6 .NLO AO.6. "LGAD I
CALL MULTIIKX2T.DVl.SRI.1.1.1•1.1.1.6.6.NLOAO.

+-6.6.6.NLCAO.6.I'LO~DICALL MULT II KX3. OV 2 .Sf< 2. I. I. I. I. 1 .• 1.6.6 ,NLOAD •.6. 6.15 .NLOAD.15. NLOAD J

201 CCI'Tlt>UE

C
C
C
C
C

C

C

c

c
C
C
C
C
C
C
C

C



CC ISO 1= I,M ,
1<1(1.I,I.I=12*E*IYI ,1/1-**3/( 1+2*GIlJ "
I<I ( I • I .5) =-K I I I. I • , ) * 1-./ 2.
I<I I I • S ,I I =1<I I I. I. !O I
I<I I 1,2,21= 12*E* IX ( J I/H**3/ 11+ 2*G2( II'
I<1 1I • 2 ,4 1=1<II I • 2. 2 1*H/ 2 •
I<I (1 .•4.2 )=1<I I 1.,2,4'
1<1(1.3.3)=AX(II*E/H
I<IO.4.41=2*E*IX( II/H*I2+G21 111/( 1+2*G211 It
1<1(I,S.51= 2*E*IY(I)/H*(2+GIlIII/(1+2*GI(II'
1<111.6.61=G*JX(I'/H
I<2T ( I. 10 , I =-K I { I. I, I 1
K2T( 1.1oSI=-Kll J. 1.51
K2T (1,2.2'=-1< I ( I. 2.2 I
K2T( 1,2,4 )=-K J( I. 2.41
K2T(I.3.31=-KI(I.~.3'
K2T( 1.4.21=K.III.4,21
1<2T(1.4.4 l=2*E* IX [I I/H* [1-G21 1.1/( 1+2*G21 I"
K2T ( J. S. I 1.=K Il J. 5. 1 J
K2T ( I. S. 5'= 2*E* IY ( I 1/ H*I 1- Gill I 1/1 1+2*G 11 I 1 •
K2T( 1.6.6)=-G*JX( II/I-,
CC lSI J=I.6

IS' K311.J.JI=I<III.J.JI
1<3(1 .I.SI=-KII I. I.S'
J< 3 (I .5,1 1=1<3 ( I • I. 5 I
t<3{I .•2 .•4J=-Kl{ 1 .•2.4)
1<3II,4.2'=K31I,2.41

15fj CCNTII\UE
~FITEI3,161' KI,I<2T,K3
CC I 1=1.4
DC I J=I.6
""ITE(3.21

2 FC~MATI/TIO,"VALUES OF KI,K2T,K3 MATRIX"./T8.30I"*'I,//1
+6F7.3,2X~6F7.3.)
CC 156 1= 10M
DC IS6 K=I.6

156 WRITE(9) (KII I.K.L'.L=I. 61,IK2T( I.K.LI.L=I.61.11<30 .I<.LI.
+L= I .6 I

154 CCI\TINUE
C~LL CLEA~3(A.M.3*M+3.6.M.3*M+3.61
CC 152 l=l .•M
AI I. 1.11= 1.
A( I ,2 • 2)= 1•
Atl,3:16)=1.
JIll ,3+ 1.•.3)=1.
At (.3+tJ.+1 .•4J=I.
AII.I+3+2*M,SI=I.
At I .3,lJ=~Y( I)
AII.3.21=-1r/XIII

152 CCNTINUE
CALL CLEA~IB.3*M+3.3*M.3*M+3.3*MI
CC IS3 J= t. M
E 113+ 1 •• I 1- I I'" 3 +1 1= I.
EIM+3+1,( 1-11*3+21=1
E (2*1-'-+3+ I .3* 1)= 1.•

Ie" CCI\TINUE

157 FCRMATI//IX.120C'-'I. //lX."THE FULLOMING SECTIONAL PRGPERTY
+OF WALL IS CONSTANT FROM STORY NO.'. 14.' TO STORY NC.'.I4"/IX.
+'STARTING FRGM TOP'//I

lSE FGRM~T(//5X.12SI'N"I.//SX,'TOTAL NO. GF STO~Y ='. I4.//SX.1201'-'
+ l .•//SX,'NO. OF ZONE WITH CONSTANT 11ALL PROPERTIE5='.I.4//)
RETURN
DEBUG SUECHK
E ~O
SUBROUTINE REAOWDI H. E.M.N, MUI
I "TE(;ER lOLL,
~E~L MU.IX.ly,JX
DIMENSION IXIS7 I. IYIS4'.AXIIB).JX(IEI,SFIIBl.G.ltlcl.G21lSI.
~WXtISI. WYIIS' .NODARR(S71.WALLNOIISJ
COMMGN /B9/IY.AX,JX.SF.GI.G2 •• X.WY/Bll/UNIT(3)
COMMON/B2/ IX.WALLNG."ODARR

lIRITEI3.1SlI UNIT( II
181 FORMAT!" 1".//IX.,"DATA-FOR-lIiALLS",/IX. 14I'*')./IX.'***LENGTH UNIT

"'1~ It\ .9A-41
174 FCRM~TI2FI2.4l

RE~D(1.1701 E.MU.~
(=E/2./( I.+MU I
OC 171 1= I, M



.3*NN.NPO

<:
C-
C 202
C 203
C
C 1 C~

C

IC~ DC IC5 I=I.NPD
CCL=tPPEOISt I. 11-11*3+PRED IS( 1.21
C~LL CCPY II KF • KIK 3. I. I. I. CCL. NPO. I • NP 0 .NPD. NPOIC~ cun I"UE

D[ 202 JEC=I.NPD
WRITE13.2031 IKFIJRc.JRMI.JRM=I.6 1.IKIK3{JRC.JRN'.JR"=1.6'
F[RMAT( • KF='.I6FIO.21. /' KIK3='oC6FI0.2)//1
CALL COPYIlKF.KIK3.I.I,I.CGL,NPO.I,15.I5,15.1901
C["TINUE
IF (NWI .EO. OIGO TO 107
DC 106 1= I,NW
J=NODElIIl I. I'
K/=NODEli{J.21
KE=WALLNCIKA)
X=ELCOPIJ,II-ELCOP1KE.I'
Y=ELCOP{J,21-ELCOElKB,2'
DC 106 KG= I. 3
C(L={J-I '''3+KG
KD=IKA-IJ*3+KG
DC 106 KC=I,NPD
KF{KC.KOI=KF(KC.KOI+KIK3IKC,COLI
IF {I<G ,"E,IIGOTC lOt:
KF I KC, KO+ II=KF IKC, KO+ II-Y *K IK3(KC, COL I
I<FIKC.KO+2'=KF{KC.KD+21+X*KIK3(KC.COLI

ICt: C(I\TI"UE
Ie? CCL=O

J=O
1<=0
"(W=O
D( 108 1= I,NN

108 FFEEN'I'=O
IF I"WI .NE.OI GG TG 109
GC7.I:l11

ICS DC lID 1=1,1\1111
110 FEEENIN'DDEw( I.l"=NODEWII,21.
III DC 112 1=I.M
112 FPEENlWALLN01II'=1

DC 113 l=l.NN
IF (F PEEN (11 , NE. 0 I GO TO 114
1<= 1<+ I
FFEE"IKI= I
CALL COPYI(KIK3,KIK3.I.COL~I".II-1'*3+I.NPO.3.NPO+3*""1
C(L=CCL~3
lOt: TC 113

I 14 J= J+ I
NGDE1Ii1J. I 1= I
NDDE~IJ.2'=FREENII)

11:= C(NT INUE
MAXOIF=IHEW+JI/3_1

~--- N""WI="N-N1II1-M
C 1IIPITE13.2111

DC 115 I=I.NNNWI
J=FEEENll ,
J=FREE"lI I
I<C=O
1<0=0 .
DC 116 KA=I.3
DC 116 KE=KA,3

116 KGB( II-I'''3+KA,I-KA+KEJ=KGElt J-IJ*3+KA.I-KA+KBIK~I .
K=J
IF{J .EO. NNI GO TO 115

117 K=I<+l
IF (K .LE. lJ+MAXO IF II GO TO 118
IF{(KC+II .GT. ",,"XDIFI GO TO 115
DC 119 KA=I,3
KAKC3=5-KA+3*KC
f;EWI=HEW+ I
DC 119 KE=KAKC3.hEWI
KGB{II-IJ*3+KA.KBI=0.O

liS CCNTINUE
GC Tt: lIS

lie CCI\T INUE
C
C ~~ITE'3.211)

IF(KE .EO.(NN-I'WI-MIJGO TO 115
IFlK .NE. FREEN(KE+I'I GO TO 121
I<C=KC+I
DC 120 KA= I .3



C
C
C
C

10 1

C
Sf:
HG

C
C
C
C 201
"( lOG

CC 90 1=1,'"
~O ~.I=~~I+NGCARRIII

".=1\1<1
IFINWI .Ee, 01 "W=I
C~LL CLEAR1KIK3.NFD.3*"";NPD .3*NNl
K ~=O

C W~ITEt3,5001 NWI
IF(NWI ,NE, 01 GO TO 91
"GCE~I I,Il=NN+ 1
NCDEIOII.2l=NODEWI 1,1 JGC Te 2

~I WF1TE(3,921 .
92 FORMAT(//.' WALL CONNECTIV1TY',/," WALL'.5X.'REF'.5X.'CON~ECTED
+.,/' NO'.5X ••NODE-.7X.'NODES-./)
CC93I=I.M
WRITEI3.941 I,WALLNOI II

~4 FGRM~TI I4.5X,I41
IFINGDARR(II .EO, OJ GC TO 93
NCCAf;I=NOCARR[11
lFINCDARl.LE.OI GC Te S3

C
DC 97 J=I.NODARI
K~=K~+I
READII.981 NODEWIKA.II

SB FCFM~T(I41
~CDE"'IKA.2l=1
~RITEI3,9S1 NODEWIKA,ll

SS F(f;MATl17X.141
S7 CC"TINUE
S:::CC"TINUE
2 DC 100 I=I.NPD

RCW=IPREDISll.l'-ll*3+PREDISII.2JDC 100 .1=1.8W
K,<I=ROW-HEW+.1-1
IFIKA .GT.O .AND. KA .LE. :::*NNIGOTO lei
GC TC 100
IF [.1 .GT.H8WI GO TO S6
KlK31I,KAl=KGB1KA.l-KA+ROWI
OC TC 100

102 CC"TINUE

KIK3II,KA1=KG8[ROW,J-HEWI
C("T I ~UE

MRCHY="N-M'i I-M
WFITE13.2011 MRCHY
FCRMATI//' THIS IS THE PUSITION WITHI" SUB.CONSM.NN-".I-M='.I6'CCI\TINUE
IF I"WI .EG. OIGO TO 104
DC 102 l=l.NW
.1="OCEI<II.11K,<I="CDEW(1021
KB=lIIALLNO[KAI
X=ELCORIJ.IJ-ELCOR[KB,ll
Y=ELCCFI.1.21-ELCOR[KB.21
DC 102 KG=I.3
RCii=I.1-ll'f3+KG
KI:={KJ'-1''!3+KG
DC 102 KC=l.BI'J
KE=ROW-HE~ +K'C-I
IF IKE .GT.O .AND. KE .LE. 3*NNIGO TO 103
lOC TC 102

103 IF tKC .GT. HEWI GO TO 130
XI=KGBlKE.I-KE+ROWI
lO(Te 131

130 XI=KGE{RC~.KC-H8WI

131 XIK3IKD.KEI=KIK3(KD.KEI+XI
IF (KG .NE.l' GO Te 102
KIK3IKD+l.KEI=KIK3(KD+I.KEl-Y*XI

C KlK3(KD+2.KEI=KIK3IKD+2.KE'+X*XI
KIK3IKC+2.KEl=KIK3lKD+2.KEI+X*XI

C
C
C
C
C
C



DC 100 1= I.NEL
Wf;ITEI3.;2) I,NEL

2 FCRMATI ///' THIS POSITION IS WITHIN THE SUE. ASSEMB','I=',14.16'
IF ( TYPE .I\;E.I' GO TO 110
X"=ABS(ELCORlCONII.~I.II- ELCOR(CONll.II, III
YII;= ASSl ELCORI CONII.~I,21- ELCORlCON 11,1), 2J)
IF II ABSIXN-XI .LT. 0.00011 .AND. I ABSIYN-Y' .LT~ C.OOOll' GC

+ '1(i 120
CALL STFMS( NEL. E.MU. II
X=XN
Y=YN
GC TC 120.
CALL STIFBINEL.E.MU,II
"PITEI3,2) I.NEL
DO 130 J= I.NS
Of: 130 L=J,NS
A=COI\;II,JI
E= CCN(I,LI
/011=(A-lJ*"DF
"'2=18-11 *"CF
/013'=I J-ll 'fNOF
/014= (L-I' -*NDF
IF lA .NE. 6. GO TO 140
CC ISO MA=I.NDF
CC ISO N=/oI.A.NDF
F=MI+/oI,A
Q=I-/oIA+N
KG6HlP.O)=KGBH(P.C'+Kl/ol3+MA.M4+N)
GC TO 130

140 IF (A .LT. EI GO TO 170
DC 180 MA=I.NDF
DC 180 N= I.NDF
/01.5=1>12+11;
M~= 1-"'.2+"I+MA-N
KG6HIMS,M61=KGSHlMS.M6)+ KIM3+MA,M4+Nl
GC TC 130
DC 190 MA=loNDF
DC 190 N= I. NDF
/oI5=Ml+",A
M~=I-MI+M~+II;-MA

190 KGBHlM5.M61=KGBHIM5.M61+K(M3+MA.M4+NI
130 CCII;TIII;UE .

WFITEI3,56) I(KG6EIM.Nl.N=I.151.M=I.271
FCFMAT.(/T 10. 'VALUES OF KGBt+-MATRIX' ./T8.24( '*'1.//( 15E8.211
CCII;TINUE

J<E"IUFN
DEEUG SUe<HK
E"D
SUeRCUTINE STFM51 NEL, E, U, IX)
INTEGEF CCN.CONB,J<SM,PREOIS.WALLNO
~E~L K.KX29KX3.KX~T
DIMENSION KI12,121.ELCCRIS7.21.THl"S7 I.CONI18 .41.BPI18.3).cell;S
+( 18.3). PREDlS154, 2 i.WALLNOI IBI.NOOARRI 57) .RlOf'II.2 t,
-+K)(~ ( 12.1 2 ) •KX31 12. 12 I • KX2T 1 12. 12 I
CC/oiMON/BI/ELCOR,BP.CON.CONB.RSM,PREDlS/B2/1H.WALLNO.NODARR/BA/K •

..•K) 2 .• t< X:3 • K)( 2T

A=ABS(ELCCR(CONIIX.31.11- ELCORICONIIX.II.111
E=ABS(ELCCRI.CONl(X.31.;::) - ELCORICON( IX,lI.2))
2=E*THlIXJ** 3/12./ II-U**21/IA*BI
R= A/ E
DC 10 1=1.10.3
~11.1)=Z*1 4-*R**2+4./R**2+(14 -4*U)/5)
11= 1+ I
K{ Il.ll1=Z*14./3.*A**~+4./ IS.*( 1.-UI*e**21
12=11+1
I<II2.I2)=Z-*14/3.*E-**2+4./1S.*(I.-U'*A**2)

10 CCII;TIl\UE
Kll.2)= (2*A**2/E+B/S*11+4*UII*I-ZI
~14.S)=KI 1.2)
1«7.8)=-K(I.2)
1<110.111=K(7.81
l«1.31=Z*12*B*-*2/A+A/S*(1+4*Ul)
l<l 10.121.=l<l 1.31
l<14.61=-K{1.3)



C

c

I<RITEl3,I41 UNITllI
14 FeRMATI'I',,///' FINITE ELEMENT ANALYSIS OF FLOOR SLAB,',/1).40('*')

+.//IX.'***UNIT OF LENTh USED FOR THIS ANALYSIS IS IN ',A41VITA A.B~.X •••Y./
WRITE l3.101 NEL,~BE,NN,NPD,NRN,E,MU

10 FCRMAT l //IX,'NUMBER OF PLATE ELEMENTS=',I4/,
+ • NUMBER OF EEAM ELEMENTS=', 14/. '• NUMBER OF NODES=',I4/,' NUMBER OF PRESCRIBED DISPLACEMENTS=',I4/,
.' NUMBER CF TOTAL RESTRAINT APPLIED AT NODE5=',14/,' MODULUS OF EL+ASIICITY=.~ F12.2/.' POISSON' ••/ ••'S RATIO=-.F6.21IF INEL .EO. 0' GO TO ;:0WRI'TEI301ll

II FeRMATI//,' CONNECTIVITY AND CO-ORDINATES OF PLATE ELEMENTS',/Ix •.• 50' •.•• ),//
.' EL. NO. ',20X,' NODE NO.',29X,'NOOAL CO-ORDINATES',laX.'THI(KNES
+5' • / /.26 X .• ' I' .•5X ..•• JI • 5X.' K •• 5X. 'L ' .• 13,X •• XI' •7X .•• Y I •.• ~ X~. XJ' .5 X .•
+'~J'~5X.'XK' .•5X.'YK' //J

0(211=I,NEL
21 WR ITEl 3, I2I I,I CON (I,J I,J= I,4 ),IIELCO R ICO NII." 1,K 1,K=1 ,21 ,J= I,31 ,+TI-'III
12 F(RMATI16,15X,416,IOX.~F7.;:.6X,F6.2)
20 IFINEE .EC.OI GO TO 25

l<iRITEl3.22)
22 FeRMATl//.' CONNECTIVITY AND DIMENSIONS OF EEAM ELEMENTS',/IX •

..•.St(.*. J.c//' ELEMENT NO":',
..• 4X .• 'f\ODE NO ••• SX.,JlLEN(;TH •• 5X •••• 1IDTt-t •• 5X. 'DEPTH' .3X.'DIRECTI(f\'
+'//1

DC 23 1=I,NBE
XA=B
IFI CONB(I.31.EO.1) XA=A

23 WRITEl3.241I, (CONBII''''.J=I,2).(BP(I •.J)•.J=1.31.XA
24 F~~MAT{lX,I7~7X.I3.4X,I377X,F1.2.4X.F~.2~5X.F5.2.5X.A4)2~ IFl NRN .Ee.Ol GO TO 26

k.FITE(':;,27)
27 FCI'MATI//.'TOTALLY RESTRAII'ED NODES './/.'NODE NO -- SENSE-RESTRA+I1'ED',,//'

~JR ITE I3. 2E • (IRSMlI,J l,J= l.o 2 I• I= I•NR I'd28 F(RMAT(I6.8X.141
2E 1<I'I,E(3.291
29 F(RMAT(//.' PRESCRIBED O(SPLACEMENTS'//.' NODE NO.---SEN~E'/'~RITE(3.301 lIPREOIS(I,JI.J=I,2).I=I.NPDI30 FCRMATIIS.aX,13'

C E"O CF PRINT FLOOR DATA
FETUf'N
E1'D
SUBRGUTINE BANDwH( NEL~NS.NDF.B~II"TEGER Ew.CON.BWl.BW;:.CONB
DI~E"SIGI' PREDI~(E4,~)
OI~ENSION CON(18 .41.BF(18.3'.ELCOR(57 .21.CONB(IE.3~.RSM(I.2)C(~MCN /fl/ ELCOR.BP.CON,CGNB.RSM.PREDIS

)(= 0 •
y= 0 •

IF (BWI .LT. O' BWI=-BWI
IF (BW 1 •ET. BW 2I BW;:= BiNI

10C CC"TINUE
81<i=IB.2.II.NDF*2-1
RETV'!'NENe
SLBROUTIN E ASS E~B I NJF. NEL. NS, TYPE. E •!'IV1
I!'TEGER CON.TYPE.A.B.P.Q,CGNB,RSM.PREDIS,WALLNO
REAL !'IU,KCEH,K.KX2.KX3.KX2T
DIIVENSIDN KGBH{54, <; I.ELCOR(57 .2I,BP(lS.31,COt«IE.41.RS!'IlI.21

+. CONBlla.31.TH(57 loKI 12.12' ,PREDIS(54.2' .l<iALLNDflal '.+KX2112.I21.KX3(12,121.KX2T(12.12),NODARRl~7)
CG"'MGN /BI/ELCOR.EP,CDN.CONB.RSM,PREDI5 /B2/TH.WALLNO.NODARR /B3/+~EBH /EA/K.KX2.KX3.KX;:T

EM2=0
N51=NS-I
De IDO 1= I.NEL
DC 100 J= I.NS I
.11=.1+1
OU 100 K= .I I. NS

( EWI I FOR BOTH CON AND CONB MATRIX'Elll=(CI'II..JI-CONII.KI
IF (NS .EC.2' B~I=(ONB(I,.JJ-CONBI.I.K)

C
C
C
C



29

21::
C
C 2E

12

" Ie
C
C

30
C

::2
7

"EAO(I.20' E.MO
20 Fe~MATIFIO.I.F5.21

IF1NEL .EC.OI GO TO 12
C DC II IV=1.3

~E.oOII.21IK
IF IK .EC.I1GO TO II
RE.oOII.22) XN.YN.T
RE.oOII.231 tXIII.I=I.X.N'
RE.oOII.23' IYIII.I=I.YN'

23 FCf;MAT1BFI0.21
22 FC~M.oTI213.FIO.4)

DC 241= I.XN
DC 24 J=I.YN
K=( I-I '*YN+J
l=K
ceNIL.II= {{YN+II*K-II'YN
CCNIL.21=CONIL.II+YN+I
ceNIL.3,=CONIL.21+1
CC~IL.4'=CON{L.I}.1

24 ThlLI=T
)(1=0.
NI=XJ\+I
J\2=YN+I
DC 25 I=I.NI
[ F 1 I. Ea. II GO TO:: 3 0
)(1=)(1+)(11-11

.330 '1'1=0.0
DC 26 J= I ,N2

IF{J .Ea.11 GO TO 331
'1'I=YI+YIJ-ll

3"1 K=[I-II~{YN+lt+J
ElCO~IK.l )=X 1
ELCOJ;lK.21=YI

2c ceNTINUE
2= CC~T {NUE

Ge TC 12
II CCI'TINUE

61 FC~MATt3F5.21

FC~MAT{414.FIO.41
DC 28 I=I.NEL I
RE AOt I .29 I CON { I. II. CON I I • 21. CONt I. 31 .CON I I .41 .•TH I I I
C(NTINUE
CCN{I.31=CCNII.21+1
C C N{ I • 4 I= CON { I. 1 I + I
RE AD ( I .23)( I ELCOR I I • .I I • J= 1.2) • 1 = 1. NN'
IFINBE .Ee.Ol GO TO 6
01: 30 I=I.NBE
"EAOll.311 ICONEII.JI.J=I.,,'
FCf;MATI3I4'
J(: 2
IF{{CONSII.3'-11 .EQ. Ot K=1
BPII.I)=AES{ELCOIHCONB1I.lloK'- ELCOR{CONBlr.21.K»
IU A 0 I 1 .6 1 I {BP( I. J I• .I7' 1. 3 ~
CCNTINUE
IFINf;N .E{;. 0 I GO TO 7
REAO{I.32) (IRSMI I.J).J=I.2).I=I.NRNI
FC~MATI2141
ND1=NPD/3
DC 60 I=I.NOI
REAOII.32,J.NOOARRIII
loALLNO I I )=.1
NCOARR {II=NOCARR( 11-1
DC 34 K=I.3
P~EOIS(3~I-3+K.l)=J
PREDISI3*1-3+K.21=K
CCNTINUE
REA D I I .27.1 UN IT { I I. UN I T I 2 I .•UN IT ( 3 I
FCI'MATl3A4J
I'ETU~N
EJ\D
SLERCUTINE PRINTFINEL.NN.E.MU. NRN. NPO.NBEI

INTEGEI' CCN.RSM.PREDIS.CONB
~E"L MU
DIMENSION ELCORl57 .21.THI57 '.BPI 18.::I.CONI18 .41.CCNBIIE.31
DIMENSION RSM{ 1.21.PREOIS154.2'.NODARR{571.loALLNOIIEJ
CC~MeN /BI/ELCOR.EP.CON.CCNB.RSM.PREOIS/B2/1H.loALLNC.NCDAPR
ceMMON /EIl/UNlTt,,1

C

C



CEBUG SUeCHK
Et-C
SUBROUTINE FORMB3( N.M, NRHS.NZONE.NS)
OII'IENSION AI57.571oB( 57.57 I.BOt' 57.,571 .PII140.21.XI 1140 .21.C (57 ,5S1
+ • BFI18.J),CI157.54I,CIl57.59 ).02157,59 I.CGNIIE.4'.CONEfIB.41.
+RS~II.21. PN157.2 I.TI57.571,NSINZONEI.PREDIS(54.2)
SUeROUTINE NO =16 (FC~MBPNJ(A.B.BO,N.M,P,X,NRHSI'
CCMMCN /BB/C,Dl,D2/B4/A.B,BO.Cl/B6/P.X/BI/PN,BP.CCN,CGNB.FSM,PRECI
+5 /EIO/T
FElld"D 10
"".RHS=M+NFHS
CC Ie JL=IoM

6 RE"DIIOI (A(JL,KLI.KL=I.MI, (Bl.JL,KL'.KL=I.MI.IBOL.JL.l<LI .KL=
+I,M)""=2~RITEIJ.2~) A,B,BO,CI
-FCFMATI/ISEB.4)
"HITEI3.311 I(AII.JI.J=I.151.1=I,151

I FCHMAT(/TIO.'VALUES UF A-MATRIX'./TB.22I'*'),//115FB.4»
wRITE13.,321 I{B{ 1,.1',.1=1.15',1=1,15'

2 FCFMATI/TIO.'VALUES OF B-MATRIX',/TB.2.2I'*",//(15FB.411
wRIT EI 3,33 I I I BO ( I • .I I • .1= I • 151 • 1 = I , I 51
FCFMATI/TIO,'VALUES OF BO-MATRIX',/TB,241"*"I,//IISFE.411
llFITE(3.341 IICIII.JI.J=I.121.1=I,15)

4 FCFMATI/TIO.'VALUES OF CI-MATRIX',/TB.~21'*",//112FE.41'

CC '61 KK= I.NZONE
"SI="S(KK 1+1
IFIKK .EO.NZONEI NSI=N
IF IKK ~NE. II GO TO II
CALLC Cpy I( 02, BO. I. 1. I. I. M. M. M, M+NRH S.M, MI
CALL COPYl(D2~P.l.M+l.l.1,.M.NRHS.M.M"'NRHS.M.*N,NRH.s)
GC TC 15 .
C .A LL C(P Y 1{ A. T 9 1" 1.• 1 .• 1 , M. M " M , M. Nt , M •
C /ILL COP 't 1 : T " eo" 1. 1" 1'. 1,.M.• ti.. M" M, M" M )
CAL.L CCPYl(BO,E .• l.1.1 .• 1.M.~,M .•M.M.M.
C~LL CGPYltE.T.l, 1,1, 1.M.M • .M.M .•M,Ml
CPIL TRA~S(A,C~M.M.M.N.M.M+NRHSJ
D,cII'.E FILE 811<;60,5S .U.MIN21
r ~'D (8' I I
:~ (XK .NE. II NN=NTEMF
IF (NN .GT. 1'511 ~O TO 62
0(- 6"1 (=NN.NSI

- -,CALL="CCFYI (C';'D2. l~M+ I, h M+ I.M.-NRHS. Md-l+NRHS ,101 ,M+NRHSI
CALL SOL VE(DZ. C. D I.M. M+NRHS, M. M+NRHS. M.M+.NRHS)
CALL CCPYHBIGO.DI.M*( 1-21+1.1.10 I.M,I'I.+NRHS,ISO.30,IE.20'
I'IN2=1'*(1-21+1
~-j;-iTE(3.Z01 MIN2
.F~"D- (8' Mlt;ZI

-"'---1:iC-~,j(=l • "-
9 W~ITE(S'MIN2) (OIIK.L).L=I.MNRHSI

IF {I .•NE. NS l' GO 'TC 13
IF(KK .EO. NZONE' GO TO 64
IF{(NS(KK+II-NSIKKII .EO.II GO TO 63
IF (I .EO. 1') GO TO I~
DC 14 JL= I. M

14 READIIO' ITIJL.KLl,KL= I.M', IBOIJL .KL) .KL=I.MI .1B(JL.XLI •
+XL=I.MI

I~ CCI'.TINUE
"-'EMF=t-.S 1+1

3 WFITEI3.21 IDI(K.LI.L=l.llt
CALL MULT ItA,OI.D2.I,lo 1.1.10 I,M.M.M+NRHS.M.M,M,M+NRHS.M,M+NRHSI
CALL SUBI(B,O.2.02.1. I. 1.1. I.I.M.M.M.M.M.M+NRHS.M,M+NRHSI
CALL SUBI(P,D2.02.M$ll-II+I,I.l.M+I.I,M+I.M,NRHS,M*N.NRHS.M.

+ ~+NR~S,~.M+NRHSI
t'l CCNTINUE
t'2 CALL COPYllPN .•D2.I.I.I.M+I,M,NRHS.M.NI'HS.M.M+NRHS)

CALL SCLVEID2,PN.PN.M,NRHS,M.M+NRHS,M.NRHSI
CALLCOPYllX.PN,M.IN-1 )+1.1.10 I.M.NRHS.M*N.NRHS,M.NRHS)

5 WFITE{3.21 (PNlK.LloL=1021
N I=N-I
CC 60 11= 1.1'1
I=N- I I
MI I\2=JI"I( I-I 1+1
FIND {S'MIN21
CC 6 X=I,I'

6 READIB'MII\21 IDI(K.LI.L=I.MNRHSI
CALL MULTIIBIGC.X.D2.M*II-II+lo I.M*I+I.I,I,I.M.M.NRHS.

+lSC.30.ISE,2,lB,20l
CALL MUL,IIDI.X.D2.1.I.M*I+I. I. I,I,M. ~,NRHS.M.M+NRHS,M'ioN.NRHS.

IT=AI



~EAL LeAD, KIK3,

CC 512 INl=I,N
1=11"1-11*13*101+3)

EAC,", .1 ICONBII.JI,J=I.::' I 314
EL.l I BPf [ .•J)7.J.=2.~ I 2F5.2I CONNECTIVITY OF BEAMS tCONBII.JII,II.NODE NO. 1.2.NGDE ~C • .I6

I 3. DIRECT leN I I FOR X-DOR. 2 FOR Y OIR.1 I
I BEAMS PARAMETER IBPII.oll!. liST. ONE FOR lAlOTH & 2ND CNE. FOH
I DEPTH OF SEAM) I NSE SETS OF VALUE
IIRSMlI,JI,J=I,21.1=I.NRN) I 214 ,

FGI' E4CH I RESTR41NT 4PPLIED AT NODES IRSMII,J".115T. ONE FO/< NODE ~C. & I
I~TEGER FLOORT,CON.CGNB.RSM,PREDIS,~ALLNO

OI~E~SION KF154,54l,ELCORl 57,2I,BPIIE.31.CCNl IB.4I,CONBIIB,31
DIMENSION RSMI 1,21,PREDISIS4,21,TH1S7 I,WALLNOIIEI,I\G04RI'1571.

+KGS1S4, 9 I,C(S'',571.D(S7,S71000157.571.B(57,57',I<I{IE,6.61,1<2T(
+ IE,6,6 I•K 3t1B,6. 6 J,AI 18,57.6 1,LOAO( 1I40, 2 I,NSTR {3 1•X (I140 ,2I,
.+KII<3IS4.S7 I. UNITI31. K3K1157 ,S41,IYI54',AXIIBI,J~{181 .•SFIIB'
o4,GlllBI,G211BI,WXIIBlowYtIE),AX1l57. fl,A1l57,57',1<~31 6.61
CCMMON //KF /BI/ELCOR.BP.CON.CONB,RSM,PREDI5 /B2/1H.ltoALLNO.NODARI'
CCMMON /53/KG8 /B4/C,D,DO,8 /B5/KI.K2T,K3.A/B6/LCAD.~ /B7/

.• K1K3.1<3KI /B9/IY.AX.JX.SF.GI,G2.WX.WY/BE/AXI,AI.I<~3/BII/UNIT
o READ( 1.50 II M,UNIT( II.UNITI21,UNIT[31
I FCI'MATI14,3A41

IF 1M .LT. 01 GO TO 560
/<EAD{I,50~) N.I\LOAD,FLOORT
FCI'M~T1216,141
IFIFLCCRT .NE. 01 GO TO 505
'"II'TC3=3,*MREADII.503) ({KF( INI.IN21.IN2=INI.MINT031.INI=I.MI~TC31
FCI'MATI25X,6F7.41
OC 504 INI=I,MINTC3
DC 504 IN2= 1, 1N 1
KF I I" 1 ,I N~ 1= KF liN;:, IN 1 I
GC TC 506
C)lLL FEFLI'13*M)
:C"T II'UE~ATA TITL I.TITL 2,TITL 3 /"STIF','OF F','LGOR"/
IFIM ~Ea.~1 GC TO 560
CALL OUTAI'RIKF,3*t>I.,3*r-..O.5,TITLI,TITL 2,TITL 3,3*"',3*MI
C~LL FCRMMSINZONE,NSTR,M.NI
;:;C1 1=1.4
CC 1 J=I,f
'..,F<IT E( 3, 2 J {K 1 ( I ~ J, K • 'I' K= 1. 6,J• .(K 2T { I .•J ,K t , K= 1 ..,6 J .• ( K3 {.I , J • K t ~K= 1 ,6 »
=CRMATI6F7.3.2X.6F7.3.2x.6F7.2'
DC 3 1=1,4
DC 3 J=l, 15"RnEI3.4~ (A( I,J.Kl,K=1.61.1B[ J,K',K=I.121
FCFM)lTI6F7~3~4X.l;:F7.31
<~LL FCRM<:OINZONE,NSTR.MI
DC 5 1=1,155 WR ITE (3.6) IC (1•J I•.1=1•15)•(D II, J I,.I= 1.151

6 FCI'MATIIH ,15F8.41
CC 7 1=1,157 WFITE I3.E) I00 II,J 1,.1.=I,15 1

E FCI'MATIIH ,15FB.4)
CALL READL~1 NLOAC.M~Nl
()ILL TESTIM.N.NLOAOJ
CALL FCRME3IN.3*M+3,NLOAO,NZONE,NSTRI\
CC 9 1=1,15

<; l\R ITE (3.6 1 (CI Io.Il..1=1,IS) •ID II,.I)•J= 1,15 1
CC 1 1 1=1" 15
MI' IT EI 3, 15 I (DO ( I. J I • J= I, I 5 I
V/RITEI3,(5) (ILOADI 1,.1101=1,1501,.1=1.21
CC S07 IN::=I.NLOAC
,,~ITEI3.5C8) IN3.UNITI11

OE FGI'MATI'I",//IX,'LOAD CASE',16/.1X,"FLOOR DISPLACEMENTS',/IX.20('
+* .••• /lX •• Jt** UNIT OF DI5PL. IS, .IN •.•• {.7A4 •• / lOOO'.~//. FLOOr;: •• 5X
o4.' HC"IZc;~TAL DEFLECTION' • 15X,'ROTATICN',.I.IX."NO.'.EX.,
f- X-I:IRE. ,8X,'Y-D1R •• lfX.:tXY-PLANE • .,/t
DC 609 IN1=I.N
I"2=(INI-II*I3*M+31
"FITEI3.5091 INl.XIIN2.I,IN3l.XIIN2+2,IN3I,XLIN2+3.IN31
FCRMAT113.5X"EI3.7,5X.EI3.7~8X.EI3.7)
Ill'ITEI3,5111

11 FCI'MAT(//.I/.' WALL DISPLACEMENTS'/IX.;:O{'*'I,//IX.'FLOOR NO.--,,"'LL
+"c.- .5X"
..•.•.\lERT. DEF.- ,.9X,-THETA-X' .9X. 'THETA-Y./'



<:.4LL ADOI (SRI cSR2.SRE. 1.1 .• l.l.l. 1.6.NLOAO.6.NLOAD ..•E .• I\L(jADJ
\rti-J=;ITE' ~.2.t~J J

21~ FC~M~TI//," ~ALL ~O=".141DATA TLEI. TLE2, TLE3 /.TOP',' NOO.~.ES ./
C ~ITLE2=XXXX
C TITLE3=XXXXC~LL GUTAf'R(SRT.6,NLOAD,O.~. TLEI, TLE2. TLE3,6.~LOAO).

DATA TTLEI. TTLE2. TTLE3/'BOTT'.'OM N'."OOES'/
C TITLE2=OMXX
C IITLE3=XXXXCALL OUT~f'RISRB,6,NLOAD.O,5. TTLEI. TILE2. TTLE3,6.NLOAO)

212 CC~TINUECALL Tf'ANS(B,BI.K.3*~.K.3*M, K.K'
CALL MUL Til B I.X.F A" I,I.(1- II*K+ I.1. I, 1.3*M,K.NLOAD,

+ K,K.K*".~LOAD,3*M,NLCAD'
CALL fJ:ULTlfKF,FA.FE.l. 1.1.1.1.1. 3*M.3.*M,NLOAD •

•3~M.3*MJ3*M.NLOAO.~*M.NLOAO.
DATA TITLEI.TITLE2,TITLE3 /"FLOO','R AC'."TION'/

2t~ FC"'M~T("I',///IX.'STRESS RESULTANTS AT TOP AND BOTTON CF .ALLS AND
+CCLUMNS OF EACH STORE~ ARE PRESENTED IN THE FOLLO~ING TABLE'./IX,
+99I'*",/IX,'SIX COLUMNS OF THE TABvLATED STRESSES ARE FOR EACH
+NCDE'./IX." & T~E STRESS ARE AS FOLLOwS',/IX.6SI'*'t./IX.'AXIAL
+LCAO'.5X."MOMENT ABOUT X-AXIS',5X,'MOMENT AEOUT Y-AXIS"./IX.ee'"."
-+ ) .• /1 X .•.• ( •.• 2 A 4 ••• 1 .•8 X •• .I:•• 2 A4 .• 1_ •.• A 4 .• ' }' .• 5 X •• t •.• 2A 4 .•• - •• A4 .' )' / .•
CALL CUT Al'RIFE ,3*M. NL{]AD.0.5, T ITLEI.T ITLE2. TITLE3,:;*",NL{]AD'

210 CCNTINUEC END OF CALCULATE STRESS RESULTANT ISUEROUTINE NUMEER =301
C
C

f'ETUl'N
C CEEUG SUECHK

Ef'C
/.
// E)EC LNKE (T
// EXEC

IEFEET KIPS
<0 2 I
0 IB 00 18

4e32 .18
I 2 1

B.O 1. '2 1.46
2 4 I

8.0 1.2 1.46
4 6 1

8.0 1.2 1.46
E E 1

8.0 I .•:=: 1.46
E 10 1

8.0 1.2 1.46
10 12 2

8.C' 1.•2 1.46
I" 14. 2

8.0 1.2 le46
14 IE 2

S.C 1 •.2 1.46
16 Ie 2

8.G 1.2 1.46
I ~ 2

8.0 1.-:2 1.46
.:; 5 2

8.0 1.2 1.46
5 7 2

B.O 1.2 1.46
7 ~ 2 •

B.C 1.2 1.46 r

9 I I 1
8.0 1.2 1.46
11 13 I

S.C 1.2 1.46
13 15 I

8.0 1.2 1.46
15 17 I

8.(; 1.2 1.46
17 18 I

8.0 1.2 1.46
I 1
:2 1
3 I
4 I
5 I
E I



APPENDIX B

LISTING OF THE PROGRAMME

(Continuous Medium Method)



*HARDCOPY MODE SET
*F:EADY
ILOAD FFOF:H:AN
jOPTION LIST, LOG
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C
C C
C C
C C
C PROGRAMME FOR THE SIMPLIFIED ANALYSIS OF HIGH-RISE TUBULAR C
C STRUCTURES TAKING INTO ACCOUNT THEIR THREE-DIMENSIONAL C
C BEHAVIOUR AND SHEAR LAG EFFECT BY CONTINUOUS MEDIUM METHOD C
C C
C C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C '
C SCOPE:
C THE PROGRAMME ANALYSES THE TUBULAR STRUCTURES SUBJECTED C
C EITHER TO A HORIZONTAL U.D.L. OR A POINT LOAD AT TOP BY THE C

"C~ CONTINUOUS MEDIUM METHOD. THE WIDTH OF ANY PARTICULAR BAND C
C OF OPENINGS MUST REMAIN CONSTANT. THE STIFFNES OF THE CONNE C
C CTING MEDIA ARE ASSUMED CONSTANT THROUGHOUT THE HEIGHT, ALT C
C HOUGH VARIATIONS FROM ONE BAND OF OPENING TO ANOTHER ARE C
C PERMITED C
C C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C ' C
C C
C THEORY : C
C THE PROGRAMME IS BASED ON THE THEORY PRESENTED AND C
C DISCUSSED IN CHAPTER 3 . A SERIES SOLUTION IS USED TO CALCU- C
C LATE THE VALUES OF T AND DEFLECTION . IN THE PROBLEM SOLVED C
C CONSIDERATIONS OF 6 TERMS LED TO WITHIN 1 PERCENT ACCURACY. C
C C
,C . Ccccccccccccccccccccccccccccccccccccccccccccccccccctcccccccccccccccccc
"CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCC NOTATIONS ********* C
C NW TOTAL NO OF WALLS/COLUMNS C'c
C NO TOTAL NO OF OPENINGS C
C
C SH STOREY HEIGHT C
C
C BH BUILDING HEIGHT C
C
C WX U.D.L IN X-DH:ECTION C
C

I.IVr

, ,

• I. .



NO SETS OF CARDS WITH IXIIII,J),J=i,2) 214

c
C

c

C
C
C
C
C
C

2Fi0.4

3Fi0.4

'F10.4

4Fi0.3

4Fi0.3

-;, .- " ,.---,-.. - •..... -._-

lloJX,loJY,PX,PY)

U.D.L. IN Y-DIRECTION
U.D.L. IN X-DIRECTION

POINT LOAD IN X-DIRECTION

DEPTH OF BEr,M

CONNECTIVITY OF BEAMS

. _'_ . ":"",".-._c-,_~ .

MOMENT OF INERTIA OF BEAM
CLEAR SPAN OF BEAM

MOMENT OF INERTIA OF WALLS/COLUMNS
ABOUT X.-AXIS
MOMENT OF INERTIA OF WALLS/COLUMNS
ABOUT Y-i,XIS

AREA OF WALLS/COLUMNS

MODULUS OF ELASTICITY
POISSION'S RATIO

NUMBER OF OPENINGS

TOTAL HEIGHT OF THE TUBE
STOREY HEIGHT OF THE TUBE

NUMBER OF WALLS/COLUMNS

NUMBER OF TERMS CONSIDERED IN SERIES
SOLUTION FOI~ .T'

WX

BD

XII (l)

PX

XIPI!)
B(1)

('Y

ONE CARD WITH

ONE CARD WITH IBD)

NO SETS OF CARDS WITH IXIPII),BII»

YIII)

All)
NW SETS OF CARDS WITH IAII),XIII),YIII»

ONE CARD WITH BH,SH,E,PR

XII))

NO

BH

CAfW TYPE 1(B)

NT

SH

4. LOADING ON THE BUILDING

Ci',FW TYPE 3 IC)

C,';F:DTYPE 3 IB)

CiiF:DTYPE 3 ((4)

2. WALL/COLUMN DATA

3. BEAt1 DATA

- -.;..':;:'" ..' . "~.~.

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
e
C
c
c
C
C
C
C
.c
c
C
c
C
C
C
C
C
C
C
:c
C
C
C
C
C

:C
C
C
C
C
C
C
C
C
C
C
C



C

C

C
C

C

C

C

CCC

C

C

CC

C

C

c

C
C

c

:CCCCC
C
C

AND FOR THE EVAL C
C
C

3-28

A-MATRIX IN EQN. 3-24

D-MATRIX IN EQN. 3-29

C-MATRIX IN EQN.

FOF:MS THE

CONNECTING BEAMS. READS APPL.IED LOADING.

FORMSB-MATRIX IN EQN. 3-24

FOF:MS

FOF:t1S

CAL.CULATES COSH

DESCF:IF'TION

MOMENT OF INERTIA OF WALLS/COLUMNS IN Y-DIRECTION

MOMENT OF INERTIA OF WALLS/COLUMNS IN X-DIRECTION

BEAM DEPTH

VERTICAL DISTANCE OF ANY SECTION

AXIAL FORCE OF WALLS/COLUMNS

MODULUS OF ELASTICITY

HORIZONTAL DEFLECTION IN Y-DIRECTION

POISSION S RATIO

Fr~OM TOP
HORIZONTAL DEFLECTION IN X-DIRECTION

POINT LOAD IN X-DIRECTION

POINT LOAD IN V-DIRECTION

Z/BH NONDIMENSIONAL PARAMETER

FOF:MC

I' omiD

SOLVE IA,B,X,N)

FORMBETA

'_.,nMC" . 1""At:.n. 1,'1"T.U MI,I un ~l'" ..

8.

2.COSHIA)

5.

7.
6.

3.

II. OTHER PROCEDURES:
4. DATAINPUT: READS THE DA.TA FOR WALLS/COLUMNS AND

YJ

Yi

***********************
I. PROCEDURE FOR STANDERD MATRIX OPERATIONS

UATION OF EXPONENTIAL FUNCTIONS
i. SINHIAI CALCULATES SINH

Z

BD

Y2

XI

I'

ECSI

PF~

PX

,..

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC(
C
C
C
C
C
C
C
C
'C
C
C
'C
C
C
C
C
C
C
.C
C
C
C
C
C
C
C 9. DEFLECTION: CALCULATES THEHORIZONTAL DEFLECTION OF
C THE TUBE IN BOTH X ANDY DIRECTION. C
C C
C 10. ACTUAL STRESS: CALCULATES THE VALUES OF ACTUAL STRESS C
C AT THE EDGES OF THE WALLS, AT SPECIFIED C
C HEIGHTS, RESULTING FROM A CONTINUOUS C
C MEDIUM ANALYSIS. C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C FORM OF DATA INPUT FOR PROGRAMME: C
C I. GENERAL C
C ------------- C
C CARD TYPE ilA)



I __, ..1 L..- ..,,,. ".;1 I--H _.,_r., •.._, .• I .\ l.,i',, !
C

CCCCCCCCCCCCCCCCCCCCCCCLSCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcccccccccrc
INTEGER XII
DI MENSION A( Hll , XJ( 1(3) , Yl ( 1(3) , ELCOFd 113, :2) , XI P ( 1(3) , B ( 1(3) , Xlen B) , XL

+ ( 1 8 j , Yl..( 1 8 ) , BET A( 1(3) , AL.PHA ( 18 , 1B ) , C ( Hi , 1B) , BK ( 1B ) , D ( Hl , 39 ) , ZZ ( 39)
+,YS(39,18),T(39,113),YL1(39),YL2(39),F(39,18),BMX(39,18),BMY(39,18)
+,X( 18) ,XII(18,2), BSH(39, 18), GM(39, 18), WMT(39, 18), WMB(39, 18)
+ ,WS(39,18)
READ (1,15) NW,NO,NT

15 FORMAT (315)
READ (1,5) SH,BH,E,PR

5 FORMAT(4F10.3)
READ"(1,16) (A(I),XI(I),YI<I),I"1,NW)

16 FORMAT(3F10.5)
READ (1,17) «ELCOR( I, J), J=1 ,2), I~'1 ,NW)

17 FORMAT( 2F10.4)
READ (1,21) (XIP(IJ,B(IJ,I=l,NO)

21 FORMAT( 2F10.4)
READ(1,20) «XII(I,J),J~'1,2 ),I"l,NO)

20 FORMAT (214)
F:EAD (1,901) BD

901 FORMAT( F10.4)
READ (1,902) WX,WY,PX,PY

902 FORMAT(4F10.4)
WRITE(3,81) NW,NO,SH,BH,WX,WY,PX,PY,BD,E,PR

81 FORMAT(//T15, 'ANAL.YSIS OF TUBUL.AR STRUCTURES BY CONTINUOUS MEDIUM
+METHOD' ,/T12, 60 ( '*' ) ,11T10, 'UIHT OF LENGTH USED FOR ANALYSIS IS IN
+ FEET',IIT10, 'UNIT OF LOAD APPLIED IS IN KIPS',
+ / IT1 I), 'TOTAL NO OF (WAL.L.S+COL.UMNS) =' ,13, IT1 0, 'TOTAL. NO OF OP
+ENINGS=' ,13,1T10, 'STOREY HEIGHT'" ,F10.3,/T10, 'BUIL.DING HEIGHT=',
+F10.3,/T10, 'U.D.L. IN X-DIRECTION=' ,Fl0.3,/TI0, 'U.D.L.. IN Y-DmECT
+IoN=" ,F10.3,/TIO, 'POINT LOAD IN X-DIRECTION=' ,FI0.3,1T10, 'POINT to
+p,D IN Y-DII~ECTIoN=' ,Fl0.3,/TiO, 'BEAM DEPTH ,= ',FH).3,
+ /T 10, 'MODUL.US OF ELo':,STI CITY= ' , F 10.3, IT 10,
+'POISSON S RATIO=' ,F10.3,//)
l~RITE(3,82)

82 FORMAT(/T10., 'PROPERTIES AND CO-ORDINATES OF WALL.S/COL.UMNS',/
+T8, 48 ( '*' ), //T10, ' (COLUMN+W?,L.L) , ,5X, ' (COL.UMN+WALL.) , ,5X, • MOMENT OF
+ I NEF:TIA' ,5X, 'MOI1ENT OF I NERTI A', 5X,' C. G. OF WAL.L.S/COL.UMNS '
+/T1:5, 'NO' ,13X, '?,REA' ,12X, 'IN X-.DIRECTION', 8X, 'IN Y-DIF:ECTION', 10X,
;.- I X I ~ i 5X! I Y I I II)
DO 84 1=1 ,N~I

84 WfGTE(3,B5) I ,A( IJ, XI (I), YI (I), (EL.COF:<I ,J), J=l, 2)
85 FORMAT(12X,I3,10X,F8.4, lIX,F10.4,IIX,F10.4,10X,F10.4,8X,FI0.4)

WRITE(3,87)
87 FORMAT(/Tl0, 'CONNECTIVITY AND PRbpERTIES OF BEAMS',/T8,40('*'),//

+T3, 'OPENING/BEAM' ,6X, 'CONNECTIVITY', i'X,
+'MOMENT OF INERTIA',4X, 'CL.EAR SPAN', 6X, 'C/C DISTANCE BETWEEN' ,5X,
+'C/C DISTANCE BETWEEN', /T7,'NO',12X,'FROM',5X,' TO',
+10X, 'OF BEAM' ,12X, 'OF BEAM' ,9X, 'WAL.L.S/COL.UMNS' ,9X;
+' WAL.L.S/COL.UMNS' ,/T21 , 'WAL.L.' , 7X, '~JAL.L.' ,/T22, 'NO' ,8X, 'NO' ,/)

86 FORMAT(8X,I3,8X,I3,8X,I3,6X,FI2.4,10X,FI0.4,10X,Fl0.4,lOX,
+FI2.4)
NWI =N~J-.l
XIT = 0.0
'fIT = OJ)
DO 1 8 I = 1, NW
XIT = XIT + XI(I)
YIT " YIT + YI(I)

18 XIC(I)" XIP(I)/(1+2.4*(1+PR)*(BD /B(I»**2)
DO 89 I = I,NO
IF (I.EQ.NW) GO TO 208
IK " 1+1 '
GO TO 207

:"11:\0 TV.- <C:



C

, 89
,C
98

300
301

23

24

25

" 77

34
35

C

36

10
, 39

42
,"

YLII' - ELCORIIK,2)-ELCORII,21
WRITEl3, Sbl I, IXII II"Il, J"1 ,21, XIP<I I,BlII,XU II,YLl II
BETAIII " 12*XICIII/BIII**3/SH*IWX*XLIII/2/YIT+WY*XLlil/2/Xl11

BETAIII " 12*XICIII/BIII**3/SH*IPX*XLIII/YIT+PY*YLIII/XITI
CONTI NUE
WIUTE I3,70 IIXLII I,'(LII I,BETA II I,I'~1,NW I
FORMATlI110 ..'DEFLE 'TION TABLE' ,/TB,241 '•.'I ,/IT10, 'Z/H' ,12X,

+'DEFLECTION IN', 1OX, 'DEFLECTION IN', /T25, 'X.'DTHECTION' ,
+12X, 'Y-DIRECTION'//I
DO 22 I"1,NW
DO 22 J"1,NW
IFIII.EQ.1'.AND.IJ.EQ.NW" GO TO 77
IF I11.EQ. NW I•AND. (J.EQ. 1II GO TO 77
IF II.EQ.NWI GO TO 300
IIll " 1+1
GO TO 301
11K" 1
IF II.NE.JI GO TO 23
ALPHA II,JI = 12*XICIIIISH/BIII**3*IYLIII**2/XIT+XLIII**2/YIT

++1/AIII+1/AlIIKII
GO TO 22
IF I J.EQ.II-111 GO TO 24
IF I J.EQ.II+111 GO TO 2~)
ALPHAII,JI = 12*XICIII/SH/BlII**3*IYLIJI*YLIII/XIT+XLIII*

+XLUI/YITl
GO TO 22
ALPHAII,JI " 12*XICIIIISH/BIII**3*IYLIII*YLII-11/XIT+XLIII*

+XLlI-1 I/YIT"1/AIl) I
GO TO 22
ALPHAII,JI = 12*XICliI/SH/BIII**3*IYLIII*YLIIIKI/XIT+XLIII*

+XLIIIKI/YIT-1/AIIIKII
GO TO 22
ALPHAII,JI = 12*XICIIIISH/BIII**3*IYLIII*YLIJI/XIT+XLIII.

+XLIJI/YIT-1/AlJII
'CONTINUE
PI = 3.14159
DO 39 IlK='1.NT
K = KK;r2-1
R = PI**2/4/BH*;r2
DO 36 1= 1, NO
DO 3~; ...1= 1, NO
IFlJ.NE.I) GO TO 34
CII,JI = ALPHAII,JI+R*K;r*2
GO TO 35
ClI,JI = ALPHAII,JI
CONTINUE
BKlI)= BETAlII;r16*BH*;r2/PI*;r3/K*.3;rlPI;rK*SINIK;rPI/21-2)
BKII'= BETAIII*8*BH/PI;r;r2/K**2;rSINIK*PI/21
CONTINUE
CALL BARI lC,BK,X,NWI
DO 10 1= 1,NW
DO ..IIIl)= XII)
CONTINUE
WF:IlE I3,98 I
DO 40 L= 1, 19,2
Z = L;rSH/2
DO 41 I = 1, NO
YSIL,II = 0.0
Tll,II = 0.0
DO 42 IlK= 1,8
K = KK*2-1
YSll,I'= YSll,II+DlI,KKI.lISINIK;rPI/21-SINIK*PI;rZ/2/BHII/K;r;r21
Tll,II= TIL,I)+DII,KK)*SINlK*PI*Z/BH/2)
CONTINUE
rn~ITT~IlIr:".
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. 43
C
C

97

C
40;

.402
44

48

C
C

.49
62

,.,40

9;

92
90

;02

; 0;

J, :::; (J .• C>
YX = 0.0
DO 43 I=;,NO
YX = YX+YSIL,II*XLIII
YY = YY+YSIL,I)*YLIII
CONTINUE
Y;=IWX.IZ**4/24-BH**3*Z/6+BH*.4/81-4*BH**2/PI**2*YXI/EIXIT
Y2=IWY*IZ**4/24-BH**3*Z/6+BH**4/81-4*BH**2/PI**2*YYI/EIYIT

.Y;=IPX*IZ**3/6-BH**2*Z/2+BH**3/31-4*BH**2/PI**2*YXI/EIXIT
Y2=IPY*IZ**3/6-BH**2*Z/2+BH**3/31-4*BH**2/PI**2*YYI/EIYIT
YLiILl=Y;
YL21L) = Y2
Wr~ITEI3,971 Z ,YLi Ill, YL21L)
FORM~TI;0X,F6.i,;0X,G;2.4,;2X,G;2.41
DO 44 I=;,NW
IF II.EQ.; I GO TO 40;
IK; = 1-;
GO TO 402
IKi = N~J
FIL, II=TIL, I 1-.TIL,11(;I
CONTINUE
TSLi =0
TSL2'=0
DO 48 1=; ,NO
TSL;=TSL;+TIL,II*XLIII
TSL2=TSL2+TCL,II.YLCII
CONTINUE
DO 49 100;, NW
BMXIL,II=CWY*Z**2/2-TSL21*XICII/XIT
BMYIL,I)=IWX*Z**2/2-TSL;I*YIIII/YIT
BMXCL,II=IPY*Z-TSL21*XICII/XIT
BMYIL,I)=CPX*Z-TSL;I*YIII)/YIT
CONTINUE
FORMATI/TiO,'VALUES OF BEAM SHEAR FORCES' ,/T;5, 'T-MATRIX' ,/T5,

,+35 I ';(,' I , I I (/ bE i 5.6 I )
CONTINUE
,mITEI3,6211ITCL,I),I=; ,NI,J),L=;,39)
DO 90 1= ;,39,2
WFUTEC3, 9;)
FORMATI/Ti0, 'TABLE FOR BENDING MOMENT AND AXIAL FORCES',/T9,42

+C '*'I ,IITi0, 'z ',20X, 'WALL-;' ,20X, 'WALL-2' ,20X, '4IALL-3',20X,
+ '~JALL-4' ,IT; 8, 'fiX',8X, 'MY' ,8X, 'F',9X, 'MX' i 8X, 'MY' ,8X, 'F',9X,
+ I HI: I J 8X J I MY I .•8X, I F I f 9X 1 I MX I } ax} I MY I ! 8X 1 I F I /)

Z = I*SH/2
~JRITEC3,921 Z , CBMXC I,I(),BMYCI ,I(I,F<I ,I(1,1(=;,N~J)
FORMATC /8X,F6.2,C IT;2,i2E;0.311
CONTINUE
DO i 05 I = ;, NW
DO ;0i L = i,39,2
IF CL.EQ.;I GO TO i02
LL = L-2
BSHIL,II = FCL,II-FCLL,II
GMCL,II = BSHCL,I)*BIII/2
GO TO ;0;
BSHIL,II = FCL,I)
GMCL,II = BSHCL,I)*BCII/2
CONTINUE
L = ;
WMTIL,II = GMIL,I)
WSIL,II = IWMTCL,II+BMYIL,III*2/SH
WMBIL,II = WSIL,I)*SH/2+BMYIL,II
DO ;03 L=3,39,2
LL =.L-2
~MTCL,II = GMCL,I)-WMBILL,II
1.1\",/1 T\ ~ il.Ih{Tfl .. T\.DMV/I _T\:'.\1.!:>,/:t"'U. __,



"".,00 _.. , ~'. ":{Al::."(. <

- ... .~'.-~ -.~."

IDATA
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~'. 10.0
, 2.88
, 2.88
.' 2.88
. 2. 8B
2.8B

. 2 ..88
, 2. BB
2.88
2.88
2.8B
2.88

. I

0.18432000.0
1.3824
1.3824
1.3824
1.3824
1.3824
1.3824
1.3824
1.3824
1.3824
1.3B24
1.3824

.. 4 .."Cl,") J\

18 8
200.0
0.3456
0.3456
0.345<>
0.3456
0.3456
0.3456
0.3456
0 ..34~5b
0.3456
0.3456
0.3456

"'T.~ ,~_ J"" ' .• -' ' ~'." "'~1""

CONTINUE
CONTINUE
WRITEI3,110) lIBSHlL,I),I"'1,NW),L~1,10)
Wf(ITE<3,111) (I GM(L,I),I~I,NW),L~I,10)
'WRITE 13,112) IWMT (L,I),1'''1,NW) ,L=1 ,10)
WRITEI3,113) lWMBlL,I),I~I,NW),L=I,10)
FORMATl/T10,' TABLE FOR BEAM SHEAR ',ITS,22('.'),ll 4EI2.5»
FORMATl/T10,' TABLE FOR GIRDER MOMENT ',ITS,221'.'),I( 4EI2.5»
FORMATl/T10, , TABLE FOR WALL MOMENT TOP',/T8,221'.'),/l 4EI2.5»
FORMAT <IT!0,' TABLE FOR WALL MDMENT BOT', ITS, 22 I.*' ) ,II 4E 12.~)) ,
STOF'i
END i
SUBROUTINE BARIlA,B,X,N) i
DIMENSION AI18,I8),BI18),XI1B)
NMI ~ N-1
DO 30 I{= 1,NMI
I(PI= K+l
L ~ I{
SEARCH FOR LARGEST PIVOT
DO 40 I = I{PI,N
IF lABSlA(I,K»-ABSlAIL,L») 40,40,50
L ~ I
CmHINUE
IF (L-I{)60,60,70
I~OVJINTERCHANGE
DO B0 J~ 1<, N
TEMP = A(I{,J)
i',II<'J)= A(L,J)
AlL,J) = TEMP
TEMP = B(K)
1311{) = 13(1..)
BIll = TEt-IF'
DO 30 1= I{PI,N
XM'O A(I,K)/A(K,K)
A<I,I{) = 0.0
DO 9 J=KF'L N
A(I,J)'O A(I,J)-XM*AII{,J)
B(I) = BlI)-XM*BlK)
END OF ELIMINATION AND START OF BACK-SUBSTITUTION
X(N) = BIN)/AIN,N)
I = NMI
IPI ~ 1+1
SUM = 0.0
DO 20 J= IPI,N
SUM = SUM+AlI,J)*X(J)
XII) = IBlI)-SUM)/AlI,I)
I ~ 1-1
IFlI) 11,11,12
F:ETUF:N
END

1 1
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')
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12.0 -16.0
20 .~) -16.0
20.0 --8.0
20.0 0.0
20.0 8.0
20.0 16;0
12.0 16 _0
4.0 16.0

-4.0 16.0
-1:'.0 16.0
-,20.0 16.0
-20.0 8.0
",20.0 0.0
-,20.0 -B.0
0.3112 5.6
0.3\12 ~ ,

.J ..•C)

0.3112 ~~;"6
0.3112 5 ..6
0.3112 5 ...6
0.3i12 1:- J-> ~ (]
0.3112 5 ..6
0.3112 5.6
0.3112 5,,6
0.3112 5 ..6
0.3112 :';.6
0.3112 5 ..6

"'.
0.31 12 5.6

•..••.~~~~a.!f~,~.0 ...3112 ~3"6
-1 ,'~ 0.3112 :=; .. 6

0.3112 5,,6
, ~~,.~~GO-y-9?,~

'i<.: J,
0.3112 5.6 ~\ ~ )~ .0.3112 5 ..6 ,,'- 'In '$. '/.0lflt/ ~,/
1 2 .'-,- - lr /.'--...;... --" .~~, 3 ;;;,:,,"r~r••n. \j~.'/.;~
3 4 . -. .--'
4 5
5 6
6 7

l.' 7 8
8 9
9 10

10 11
ii 12
1 '') 13~

(t...
13 i4
14 15
15 16

" 16 i7
17 18
18 1
4.32

0.0 0.0 100.0 0.0
.*END PRINT
*READY
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