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ABSTRACT

Wall-frame structures in high rise buildings very

often Comprise columns and girders whose lateral dimensions

(i.e. the depth of column and width of girder) are Unequal.

~ simplified method of calculating the stresses and deflec_
tions in such structures, sUbjected to lateral loads, is
presented.

The accuracy of the method is verified by analyzing
a 10-storey wall-frame and comparing the results of the

simplified method with those obt~ned from a finite element
analysis and a continuous medium analysis.

The method, originally propOsed by A.H. Khan for wall-
frame structures of uniform thickness, consists in dividing

the original structure into a discrete number of 'modules'
which are then replaced by uniform plate elements of same

height and width as the parent module and same thickness

as that of column of the parent module, but having analogous
stiffness properties. This report presents the results of

an effort to extend Khan's method to structures where the
lateral dimension of columns and girders are unequal.

General computer programmes for the analysis of wall_
frames, subject to lateral load, have been developed Using
the following three methods:

i. Simplified Method

ii. Finite Element Method

and iii. Continuous Medium Method
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Wall-frames consisting of variable thickness columns

and girders are analysed by the proposed simplified method

and the results are compared with those obtained by conti-

nuous Medium Method and Finite Element Method. The values

of stresses and deflections obtained from the simplified

method agree well with these obtained from a finite element
analysis and from continuous medium method.
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NOTATIONS

A Area of cross-section
B Half-width of module at wider section
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T Width of column
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CHAPTER 1

INTRODUCTION

1.1 General.:

The development of high rise buildings is a consequence

of the large-scale migration of agricultural population from

the rural areas to the urban commercial and industrial

centres. The need for more working, living and other spaces

in these cities can be efficiently solved by the construc-

tion of multistory buildings, keeping much more open space
at the ground level.

With the increasing height of buildings, the selec-

tion of proper structural systems to provide strength,

stiffness and stability against lateral loads (viz. wind

and earthquake) becomes extremely important. Shear wall,

which derive their strength and stiffness from their in-

herent shape, have been widely used. Ideally, from the

structural engineering point of view, they should not have

any openings. However from functional consideration, walls,

whether in the interior. core or in the exterior facade,

must have openings to allow circulation within the floor

area and to allow natural light to enter the building.

A structure in which the vertical and horizontal

framing members have similar depth (or width) to thickness
. . . (1 )ratios, may be defined as a 'wall-frame' structure •
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During recent years, 'wall-frame' type of structures

have been used increasingly in the construction of tall

buildings. These structures have higher strengths and

efficienty than ordinary building frames when loaded

laterally and in many cases can surpass coupled shear

walls in economy and aesthetics.

At one extreme a wall-frame structure becomes a

slender, mutistorey multi-bay building frame (Fig. 1.1a)

while at the other extreme, it becomes a thin cantilever

wall with very small openings (Fig. 1.1b). Steel, concrete,

timber and composite materials may be used in their cons-

truction; they can be constructed of precast units or can
be cast in-situ.

The behaviour of wall-frame structures subj~ct to

horizontal loads is complex, as they possess the character-

istic behaviour of both frames and shear walls. Past research

efforts have produced methods for the analysis and design

of both frames and plane shearwalls. The continuous connec-

tion technique(2), ~he equivalent frame method, the wide-

column frame method(2) etc. have long been used for the

analysis of almost all types of plane shear wall systems.

At present, the more general Finite Element Method

(FEM) is capable of analyzing almost all plane stress/plane

strain problems including the wall-frame structures. Although
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these modern computer oriented techniques can be used

successfully for the complete analysis of these structures,

the use of such techniques is virtually limited to the

final analysis stage of the design process due to the heavy
cost involved. This fact indicates the great need for

simplified methods in the normal design offices for the
analysis of complex problems.,

In this thesis, the feasibility of extending Khan's

method(a simple hand-method for analyzing wall-frame struc-

tures subjected to lateral loads) to wall-frame with unequal

column depth and girder width is investigated. The method

combines the simplicity and directness of graphical and

simple analytical methods, and is suit able for design.

office use in performing a preliminary analysis of wall-
frame and other similar structures.

1.2 Types of wall-frame:

The types of wall-frame includes

i. Multi-storey multi-bay frames,

ii. Plane shear wall with multiple bands of openings,

and iii. Facade walls with arr oys of window openings.
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CHAPTER 2
L1TERATURE SURVEY

2.1 Basic Mathematical Model:

When analyzing a complex structure by any simple

method, an pppropriate idealization of the basic structure

is of vital importance. In the case of wall-frame structures,

an idealization into either of two extremes, namely a frame

or a plane wall, would offer scope for simple solution.

In this project, the basic structure is to be carried to

the latter extreme for formulating a simple solution process.

Therefore, the highly redundant perforated wall is to be

reduced to an unperforated, thin cantilever plate with

equivalent stiffness properties. In the process, the ori-

ginal structure is divided into a discrete number of modules,

which are then replaced by uniform plate elements of same

height and width as the parent module and the thickness as

that of column, but having analogous stiffness properties.

The above technique is an extension of the method
originally proposed by A.H. Khan(1) for wall-frames of

uniform lateral dimension. In Khan's method, the original

structure was divided into a discrete number of modules

which were then replaced by uniform plate elements of

same height, width and thickness as the parent module.
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•
Fig. 2.1a shows the basic wall-frame structure a

facade shear wall with multiple window openings. Figs. 2.1b,

2.1c and 2.1d show a representative module, the equivalent

plate element and the equivalent plane structure respectively.

A simple method for the analysis of large multistory

multi-bay frame work has been presented by Kinh, Paul and

Osam~(5~ It is based on replacing the actual structure by

an elastically equivalent orthotropic membrane which is

then analysed by the finite element technique. The inflec-

tion point for the bottom storey is assumed at 2/3 of the

length of column from the support. The refined expressions

for the equivalent elastic properties in combination with

the versatility of the finite element technique make this

method well adapted to a wide range of wall-frame structuBs.

However, the above method is dependent on the avail-

ability of access to a computer with a plane stress analysis

programme, and therefore, may not be convenient as a pre-
liminary design tool.
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CHAPTER 3

METHOD OF ANALYSIS

3.1 Stiffness Properties 'of a Module:

A wall-frErne structure behaves under load as a shear-

flexure beam. When the opening sizes are very small it

behaves predominantly in a flexural mode but, if the

openings are large, the structure behaves in the shear

mode. For intermediate case, both the shear and flexure

modes are significant in the behaviour of these structures.

In devising an analogous plate for a.typical module,

it is necessary to consider the twd primary modes of beha-

viour, viz. flexure and shear. The flexural stiffness of

the equivalent plate is represented by the quantity 'E'l

instead of EI and the shearing stiffness is represented

by the quantity G'A rather than GA as parameters of the

module. As the deformations and stresses in a cantilever

beam depend on the two quantities, E' and G', the analo-

gous structure is assumed to behave as a simple cantilever,

rather than two par~lel systems of bending and shearing

components interacting together, in resisting the external
loads.

The stiffness properties of a module can be found

from two different methods of analysis:

a) the ordinary strength of materials theory and

b) a finite element computer analysis.
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in section, nor the nonlinear distribution of stress

= ~(H-h)
a h
E t(B)1+j b-1

portion, °1narrower

The strength of materials theory does not take into

account the effect of stress concentration due to change

across the module, on the other hand the finite element~

analysis presents a relatively more accurate picture of

A uniform axial stress,o , is assumed to be applied as

A representative module from the interior of a wall-

Under these stresses,

By Strength of Materials Theory:

3.2 Axial or Flexural Stiffness Parameter,E'.

account. The E' and G' parameters derived from either

the behaviour of a module by taking these effects into

method are capable of predicting the overall behaviour

obviously giving closer and more accurate results.

even a quarter need be considered, in deriving the basic

of the total structure under load - the computer me~hod

frame structure with regular openings is shown in Fig. 3.1.

shown. Since the module is symmetrical, only a half or

and the elongation of the wider portion,02 =
the elongation of the

relationships. The stress,a , reduced to(b/B)a when dis-

tributed uniformly over the width 2B of the analogous
t B'plate and al[ 1 + j (b - 1)] when distributed over the

width 2B of the module.



h ]

t(B- )1 + 1 b -1

0 ° [ (H-h) h ] /H= E +
t(B1+ 1 b -1)

0 ° [ (1 h h/H ] (3.4)= E - 'H) +
t B1+1('6'- 1)

" b_o
u = '8 E'

Now it is assumed that the anologous plate for the

10

01 + 02 = I [(H-h) +

The to~al elongation of the semi-height, H, of the
module is, from eqn. (3.1) and (3i2),

Unit elongation is, therefore,

tensile stresses. If E' is the effective elastic modulus

module will have the same unit elongation under similar

of the equivalent plate, its unit elongation is,

By definition, 0 = 0'

Therefore,

b ••• Q [ (1 h ) h/H ]'8 E' = E - 'H +
. t B
1+T('6'- 1 )

from which

E' biB
E =

(1-a) + [a/ { t(B1+1'6' - 1 ) }]
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The value E'/E gives the ratio of the overall axial

stiffness of an equivalent plate to its parent module. It

is seen from eqn. (3.7) that this ratio is dependent on,

i. the dimensions Hand B of a module or more generally,

the HIB ratio.

ii. the size of window openings represented by biB and

h/H ratios,

and iii. the girder and column thickness represented by tiT

ratio.

Curves for E'/Ej for different values of biB, hlH

and tiT ratios can be drawn. The curves are shown in Fig. 3.6,

3.7 and 3.8 and are the same for all ranges of HIB ratios.

By Computer Analysis (Using FEM):

Simple strength of materials theory cannot correctly

represent the true state of stress of a module because of

the oversimplifications involved in its formulation. For

example, it does not consider the effect of stress concen-

tration when the module section changes from narrow to

wide and assumes the distribution of stress as uniform in

each section. This would overestimate the stiffness of an

equivalent plate ffidhence the stiffness of the total

structure. Due to stress concentration at the sudden change

of section, the module section is not subject to uniform

stress. The stress trajectories are shown in Fig. 3.2.
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Areas just below the re-entrant corners have low stress

while the middle portions have higher stresses.

The above facts necessitate the analysis of the

module by the more sophisticated and accurate finite

element method using a computer. For the purpose of analysis,

the whole module is divided into a large number of rectan-

gular finite elements. A given axial stress, is applied

at the nodal points along b-b as shown in Fig. 3.3a. The

boundary conditions at the base and at the sides (shown

in Fig. 3.4) are chosen so that the continuity with the

lower half of the module as well as with the adjacent
modules, is represented.

The applied axial loads give rise to axial stress

throughout the module. The distribution of stress at section

a-a is shown in Fig. 3.3c. If 0 is assumed to be uniformav •

stress (Fig. 3.3d) produced in the analogous plate (Fig.3.3b)

due to the same applied load the value of E' representing

the axial stiffness of the module can easily be calculated.

The stresses due to the applied stress are computed

by using a finite element plane stress computer programme.

The finite element idealization is shown in Fig. 3.4. The

shape function and the resulting stiffness and stress

matrices are given in Append~x-A. Repreated computer runs

were made to evaluate E'IE ratios for different module

,
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sizes (i.e. HIB ratios), for different biB and hlH ratios

(i.e. opening sizes) and for different tiT ratios (i.e.
girder column thickness ratios).

Some curves.drawn with the tiT, biB, hlH and HIB as

variables are shown in Figs. 3.9, 3.10, 3.11, 3.12, 3.13,
3.14, 3.15, 3.16, 3.17 and 3.1B.

Corresponding values of E'IE were found to be less

than those obtained from the strength of materials theory.

In oth~r words, the analogous plate becomes less stiff and

thus represents the stiffness of a wall-frame structure

more accurately than by the strength of materials approxi-
mation.~

3.3 Shearing Stiffness Parameter G':

By Strength of Materials Theory:

The second primary mode of deformation of a module

is by shear, this is considered now so as to obtain an

equivalent shearing stiffness for the analogous plate.

In doing this, it is ass~med that the maximum displacement
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c. MODULE IDEALIZATION FOR COMPUTER
ANALYSIS

FIG. 3.5, MODULE SUBJECT TO SHEARING FORCE
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(3.10)]

] /H

J /H

h

1+ l(~ 1)T b -

[(H-h) +

(H-h)

h

t B )1+1 ('5' - 1

••••G

y= t [ (H-h) +

1 7

Let a constant shearing stress, T be applied to the

If the same strain produced in the analogous plate

b ~'I !;r
8 , = GG

ment of the module at the narrow end.
of the analogous plate is the same as the maximum displace-

module, as shown in Fig. 3.5. From Fig. 3.5a shearing
deflection of the narrower portion,

Total deflection at narrow end,

shearing deflection of the wider portion,

From eqn. (3.10) the average shearing strain

same shearing stress, then
(Fig. 3.5b) with shearing modules G', and subject to the
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(3.13)

Ii

1 + l(~ 1 )T b -

bIB,

(1-h/H)+(h/H)/(1+ +f~-1»er/e =

Shear deformation of segment XY,

PrOm which,
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Reconsidering the module subject to a uniform shearing

The right hand side of eqn. (3.13) is the same as

that of eqn. (3.7) indicating similar variations of both

In the above, the bending deflection of the module

the E'/E and er/e ratios.

is neglected. Since the size of a module is significant,

the applied shearing stress will tend to bend or rotate

its segments. For consideration of the bending effects,

it is assumed that the total module deformation comprises
both shearing and bending actions, whilst the bending

deflection of the analogous plate is negligible. This

approximation is reasonable because the analogous plate,

having the larger depth throughout its height (i.e. equal

to 2B for the module) will possess a very high bending

stiffness and consequently very little deflection will be
produced due to bending.

stress, Fig. 3.5a, the deflection due to shear and bending

of the different segmerits of a ~odule are as follows,
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b:n,ding deformation of segment XY,

02 = 3~12 :t. 2b T (H_h)3 + 6~11 [T 2b. T (H-h) { 2(H-h) +HJ'

+ T 2b T H (2H + H-h) ] .

02 = 3E11 T 2b. T. (H_h)3 + T "b T h [(H-h) (3H-2h) + 3H2_hHJ
2 6E11

T 2b T (H_h)3 + . T 2b. T. h (6H2 + 2h2 _ 6hH)~ = 3EI2 6E11

3
O2

T 2b T [(H-h) h (6H2 2 6hH) J (3.1';)= 3E + 211
+ 2h -12

Where 12 =
T(2b)3

= T B3 ~(b/B)312

•
t(B_b)3

11
°2 Tb3 + [ + t(B-b) (b ~)2 J2= 3' 12 + 2

3 2 3 1 t b b 2 -b 2
11 = TB 3' (b / B) + '6 (T )( 1 -i3 ) ( 1 - i3) + 3 ( 1 + i3)

The total deflection of point X in XY,

01 + O2
l. [(H-h) h ]= G +

1+ i( B 1 )b -T

3T2b T [(H-h) + h (6H2+2h2_6hH) ] (3.11;)+ 3E 21112



b
) 8

~) 2+3(1_~)2}]

~J /~

]
1 )

6+2 (b.)2 _ 6 b.. H H

[
2 b 3 t b) (3 ":{B') +"j'(1 -8 {1-

T
2(1+ v)

3[ (H-h)
12

2b
3'+

T 2b T3E+

h= [(1-i"i)+

23

~he shearing deflection of the equivalent plate under

t. = [(H-h) +

where G' .is the effective shearing modulus of the equiva-

similar shearing load is

From which

lent plate. Eqn. (3.16) and (3.17,) to be equivalent,
~.

G
or [;T



the narrow end of the module. The distribution of this

load is assumed to be parabolic.
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Curves for G'/G, for different values of b/B, h/H

G'G=and

Some nondimensional curves are shown in Fig. 3.6, 3.7 and

due to both bending and shearing actions of. the load, are

The displacements of the centreline of the module

3.B. The value of v was assumed as 0.15 (for concrete).

By Computer Analysis (Using EEM)

and t/T ratios, can be drawn for each of the H/B ratios.

.
As before, the module is idealized by dividing it

into a number of rectangular finite elements (Fig. 3.4).

The shear load is applied in the horizontal direction at

necessary continuity conditions.

tbe shearing displacement of the analogous plate. rhevcurves

using non-dimensional parameters for G'/G are shown in

The boundary conditjons, shown in Fig. 3.5c, applied

along the sides and at the base of the module, ensure the

equivalent G' for the analogous plate is obtained by the

Fig. 3.g, 3.10, 3.11, 3.12, 3•13, 3•14, 3.15, 3•16, 3•17

and 3.1B.

obtained from a plane stress finite element analysis. The

same assumption that the above displacement is equal to
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3.4 Stress Factors:

The purpose of the so-called stress-factors, defined

below, is to estimate the appropriate design stress at

different points of a parent structure from the simplified

analysis. From the strength of materials theory it is

observed that the average stress in the analogous pl~te

is biB times the applied stress at the narrow section of

the module. In other words, the actual stress in a module

at the narrower section would be Bib times that obtained

from the analogous plate. Therefore, Bib becomes the stress

factor for the narrower section of the module and Tit for

the end of the wider section. The stress factor at the

middle of the wider portion is obviously unity.

From the plane stress finite element analysis, stresses
at points x,y,z etc. (Fig. 3.3a), are calculated. The stress

factors at these points are simply the ratios of these

stresses to the 0 of the analogous plate (Fig. 3.3b).av

The stress factors for longitudinal stress for x,y,and z

position of the module (Fig. 3.3a) are presented in Fig. 3.19,
3.20,3.21, 3.22, 3.23, 3.24, 3.25, 3.26 and 3.27.

3.5 Proposed Simplified Method

The mathematical modelling technique ?escribed in the
aforementioned articles can be applied to the following
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practical structures:- .

i. Wall-frame structure,

ii. Shear walls with multiple bands of openings,
iii. Facade shear walls

and iv. Multi-bay multi-storey building frames (biB and

h/H ratios small).

Analogous to the well known finite element analysis,
where a structure is idealized as an assumblage of large

number of finite elements whose geometry and stiffness

matrices are known this method considers a structure as

an assemblage of equivalent plates whose geometry and

predominent stiffness parameters are known. The idealized

structure is analysed by hand using simple bending theory
without using a computer.

3.5.1 Evaluation of Deflections and Stress

The presence of an opening in a wall reduces its

overall stiffness and modifies the stress distribution

across the wall section. The analogous plate modules with

modified E' and G' parameters, assign the equivalent un-

perforated structure a uniform, reduced stiffness comparable

to that of the basic wall-frame structure. Therefore, the

equivalent wall will have the same defected form and ampli-

tude as the parent structure subject to the same lateral

load. The stresses obtmned from the equivalent wall will,
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however, have to be modified to get the actual stresses

in the basic structure. This is done by multiplying the

stress obtained from the simplified analysis by the appro-
priate stress factors discussed earlier.

3.6 Other Methods of Analysis

To demonstrate the a ccuracy, simplicity and effec-

tiveness of the proposed method for analyzing wall frame

structures, the following alternative methods of analysis

were considered. Typical practical wall frame structures

were analysed using both the proposed method and the

alternative methods and values of deflections and stress

were compared. The alternative methods are:

i. Finite element method (plane stress analysis)

ii. Continuous medium method

Before proceeding to a comparison of results, a

brief outline of each of the numerical methods is given

in the following:

3.6.1 Finite Element Plane Stress Analysis

The finite element method provides a very convenient,

versatile and widely used numerical technique for various

types of stress analysis problems. In case of plane stress

problem it has been observed that B-noded rectangular finite
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elements are preferable to 4-noded rectangular, triangular,

quadrilateral or other shaped elements for the analysis of

tall planar structures. As curved boundaries are seldom

encountered in these types of constructions, idealization

of such structures into rectangular finite elements presents

nondifficulty. The degree of accuracy achieved with a few

8-noded rectangular elements is quite comparable to that

obtain~d with a large number of, say, trangular elements.

With a view to comparing the results obtained from

the simplified method described earlier with those from a

finite element analysis a computer programme was developed
using 8-noded rectangular elements.

(5)A listing of the programme is given in Appendix B-1.

3.6.2 Continuous Medium Method

Plane shear walls with multiple band of openings

were analysed in detail by Choudhury(2). In this method

of analysis, the discrete system of connections formed by

lintel beams, is replaced by a continuous medium connecting

the walls for the full height and having the same bending
stiffness as the beam they replace.

Assumptions:

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

The sequence of operations followed in the programme

•

of inertia and half the cross-sectional area of
the other beams.

of the walls and the connecting beams are constant

throughout the height, except the connecting beam

at the topmost storey which has half the moment

48

are at their midspan.
j

Plane section of the wall before bending,~em~ins

planeajO,ter bending, so that, the momE!n<t',c;,ifvat&re"!
,.e.l,$t'j,Qr.ls'based'on the simgle engineer's theory' of
bending (ETB) may be used.

iv.

iii. The point of contraflexure of the connecting beams

Computer Programme

is outlined in the flow diagram given in AppendixiB,-,2. A

listing of the programme is also given in Appendix"B-3.



4.1 Problem

considered.

analysed
ft, whichof 1 20the overall height

in Khan's example.

is similar in dimensions to that
except

half of that usedis

The structure was idealized as a thin unperforated

each and a storey height of 12 ft. This makes a module

CHAPT'ER 4

EXAMPLE PROBLEM

Engineers theory of bending (ETB) was used in the

A 10 storey 60' x 120' concrete shear wall with 6

bands of regular openings is chosen as the example wall-
~~frame structure. The structure has 6 equal bays of 10 ft

considered to give equal b/B and h/H ratios of 0.4. Three

girder column thickness ratios (i.e. t/T) Jiz. 1,0.50

size (i.e. H/B ratio) of 1.20. The size of opening is

and 0.25 are considered. A point load at the free end is

Analysis by Simplified Method

cantilever having stiffness parameters E' and G' as dis-

cussed earlier. For the structure havi~g b/B = h/H = 0.4,

deflection analysis of the structure. The'expressions for

stiffness parameters obtained from the Finite element
method was used in the analysis.

If The structure
by Khan(1), _

the deflection of a cantilever is given in Appendix-A.

Deflection due to shear is taken into account.



The effect of the ratios of girder and column thick-

ness (i.e. tiT) on deflection has been investigated. The

Figs. 4.1, 4.2, 4.3 and 4.4, show the deflected shape

of the example structure due to a point load at the top.

In case of tiT = 1, the simplified method overestimates

the maximum deflection at the top by 13% and continuous

medium method underestimates by 6% from that given by

finite element method (FEM). In case of tiT = 0.5, simpli-

fied method overestimates the top deflection by 15% and

continuous medium method overestimates by 2% from that given

by FEM. And for tiT = 0.25, simplified method overestimates

the top deflection by 17% and continuous medium method

overestimates by19% from that given by FEM.

Analysis by Continuous Med~um Method

Deflection:

4.2 Results and Discussions

analyze the wall-frame by continuous medium method.

The programme listed in Appendix-B was used to

50

used to idealized the basic structure.

Finite Element Analysis

Detailed finite element analysis of the example
structures were made using the plane stress programme

mentioned above. 117 B-noded rectangular elements were

•
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value of top deflection for tiT = 0.5 is within 6% of tiT = 1

and for tiT = 0.25 is within 14%. It appears that for the

example problem, the effect of t!T the deflection is not
very large.

Stress:

The distributions of stresses across wall sections

are shown in Fig. 4.5, 4.6, 4.7 and 4.8 of the example

structure due to a pointload at the top. In case of tiT = 1,

simplified method and continuous medium method of predicting

stresses at X (for column) shows good agreement with the.

FEM, at Y (for joint) simplified method overestimates the

stress by 4% and continuous medium method underestimates

by 1% and at z (for girder) simplified method underestimates
the stress by 3% from that of FEM. In case of tiT = 0.5, at

X (for column) simplified method overestimates the stresses

by 9% and continuous medium method by 10% from that of

FEM, at y (for joint) simplified method overestimates the

stress by 12% and continuous medium method over~stimates

by 9% from that given by FEM at z (for girder) simplified

method underestimates the stress by 5% from that given by

FEM. And for tiT = 0.25, at X (for column) simplified

method overestimates the stress by 24% and continuous

medium method overestimate by 30% from that given by FEM

at section Y(for joint) simplified method overestimates
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the stresses by 20% and continuous medium method overesti-

mates by 18% from that given by FEM and at z (for joint)

simplified method understimates the stress by 10% from that
given by FE~l.

The effect of the ratios of girder and column thick-

ness (i.e. tiT) on stress has been investigated. The value

of stress for tiT = 0.5 is within 7% and 2% of tiT = 1 at

Y and Z respectively, and stress for tiT = 0.25 is within

15% and 3% at tiT = 1 at Y and Z respectively.

From the above discussion it is seen that the example

problem, the simplified method presented in this report gives

results which are acceptable for a preliminary design of the
wall-frame.
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CONCLUSIONS AND RECOMMENDATION FOR FURTHER STUDY

Conclusion.

On the basis of the results obtained for a 10 storey

wall-frame structure with unequal lateral dimensions of
•columns and girders, it may be concluded that the simpli-

fied method of analysis proposed in the study may be con-

veniently used to rapidly evaluate the deflections and

stress for the type of wall-frame investigated. It has

been shown that even with a t/T ratio of 0.25 acceptable

levels of accuracy may be obtained by analyzing the analo-

gous plate with E'/E, G'/G and stress factor values obtained
from graphs presented in this report.

Recommendation for further Study

In this study the accuracy of the simplified method

has been studied using only one example with H/B ratio of

1.2, h/H ratio of 0.4 and b/B ratio of 0.4. Before recommen-

ding this method for general analysis of wall-frame structures

further comparative studies must be performed with a wide
spectrum of H/B, h/H and b/B ratios.
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b/2

l_~~------e
f..••~-- 0/2 ••lc

2
0/2 1

1

T
b/2

u = { u1 ' v 1 u 2 v 2 u 3 v 3 u 4

7

A-1 Rectangular element under plane stress

Displacement function

u = N1u1 + N2u2 + N3u 3 + N4u4 + NSUS + N6u6 + N7u 7 + NSuS "I ,

Displacement vector

where

N1 = k(1- ~X)(1 -~) - H1- (2~)2)(1_ ~) _ H1-(~)~(1_~X)

N2 = H1 - (2~)~(1 - ~)

N3 = H1+ 2x)(1_~) -H1- (~)2) (1- ~)_H1_(~)2)(1+ ~Xja. b a

N4 ~(1 (~)2) ( 1 2x)= - + -b a

NS = t (1 + ~) (1 ~) -H1- (~)2)(1+ ~) -H1- (~)2)(1+ ~)a +b b a a b

N6 = H1- (~) 4( 1 ~)a , + b

N7 = H1 - ~) (1 + ~) -H1- (~) 4( 1+ ~) - H 1 _ (~) 2)(1 - ~)a a b b a

NS = H1- (~)2) ( 1 - '~)
a



Stiffness matrix

-A1 A2 A] A4 A5 A6 A7 AS A9 A10 All AS A12 A~' A1] A14- 6
A15 A16 -A]I; -A6 A17 AS A7/1; A10 A1S AS ?A{' A A19 A4 A1]/1;~ 11, 6

A20 0.0 -A] -A14 0.0 4AS All AS A21 0.0 All -AS 0.0 - 4AS
A22 -Ag, -A]~,~ 4AS 0.0 AS 3'A11 0.0 A2] -A,S; 5A11 I; -4AS 0.0

A1 -A2 A1 ] -A14 A24 A6 All -AS A9 -A1o A7 -AS
A15 -A4 A1 ]/ I; -A6 A19 -AS A7 -A1o A1S -AS A /1;7

E't " I A25 0.0 A1 ] A4 0.0 -4AS A7 -AS A26 0.0
A27 A16 A1 il; -4AS 0.0 -AS A7/1; 0.0 A2S

Symmetry
A1 A2 A] A4 A5 A6 A7 AS

1\15 A16 -A ]~ -A6 An As A7/1;
A20 0.0 -A] -A14 0.0 4AS

A22 -Ag -A] ~S; 4AS 0.0
A1 -A2 An -A1 4

A15 -A4 A1]!E;
A25 0.0

'm

'"
A27 -.J /

j", ..••. ,'-.)
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where

E I E/(1- v2) <,; 1 -v= = ~

11 2 <,;a2) 1 7 (v + )A1 = TBab(b + A2 = ]6 <,;

A3
8 b A4 .1. ( 5 <,;)'9 - = va 9

1 ( 2 <';4a2) 1 )A5 = - :rBab 5b + A6 = 12 (<,; v

A7
4 ~ <,; A8 ~ ( <,;)= - '9 - v +b

A9 = 2 (b2 + <,;a2) A10
7 ( <,;)9ab = 36 v +

A11
4 b A12

1 (4b2 5a2<,; )= - '9 = .18ab +a

A13
8 a <,; A14 .1. ( <,; 5 v )= - '9 b = -9

A15
1 1 (a 2 <';b2) A16 ~ ( <,; 5 )= TBab + = v

A1-7
1 (4a 2 <,;5b 2) A18

2 ( <';b2 + a2)= T88b + = 9ati

A19
1 ( <';4b2 + 5a2) A20

1 (16b2 + <';6a2)= 18ab = 9ab

A21
1 (Bb2 6a2<,; ) A22

1 (6a 2 16b2<,; )= 9ati = 9ati +

1 ( <';8b2 6a2) A24
1 2 5a2<,; )A23 = 9ati = T88b(4b +

A2r:i
1 (6b2 + <';16a2) A26

1 (6b2 + <';8a2)= 9ab = ~'9-8b

1 (16a 2 <';6b2) 1 <';6b2 _ 8a2)A27 = 9ab + AZ8 = '9'81J(



Stress matrix

0-
'x

{o} =~0y

T
xy

= [5J{U}
•

J'

4..-":'-.?-:--~

F' I 51 v5g 52 v510 53 v511 54 v512 55 V513 56 v514 57 V515 5S V516
[ 5J = I V51 5g v5" 510 V53 511 v54 512 V55 513 v56 5t4 VSL 515 V5S 516<-

1;5g 1;51 1;510 1;52 1;511 1;53 1;512 1;54j 1;51;3 1;5,,~ 1;51:4 1;560;. 1;515 1;5
7

1;5161;5S

m
m
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2
iL I

2 'b

(1 _ ~) + 2x (1 _ ~b2 )b? 7- ~a

53 = ~a (1 ~ )- b

1 -~
2

54 = ( 1 )a b2•
55 = ~a ( 1 + ~)

56 = 4x ( 1 ~ )- 2 + b
a

+.~) +~ +~) ~
2

57 = :.;...~a ( 1 ( 1 + ~a ( 1 - )
2 b2a

1 ~
2

58 = - ( 1 - )a b2

2x 4x 2 ~ 2x
59 = - ~b ( 1- - ) + ~b (1 - -- ) + 2 ( 1 - - )

a . 2 aa b

1 4x 2
51'0= - b ( 1 - 2 )

a

2x)
2

~ 2x
511 = ~b ( 1 + - + ~b(1 - ~) + 2 ( 1 - )

a 2 b a

512 ~ ( 1 2x )= + -
b a

+~ +~
2x) 4x 2

513 = ~b ( 1 ) ( 1 + - - ~b ( 1 - 2 )
a ab a

1 4x 2514 = b ( 1 -~ )
'a .
~) 4x 2

+~
2x515 = ~b ( 1 - ( 1 2" ) ( 1 - )

a aa a

516
~ ( 1 2x )= -
b2 a

where

51 ~a ( 1 ~) + 2x ( 1 ~) + ~a ( 1 ~)= - 2 -b - b
b2a

52
4x ( 1 ~)= - 2 ba
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P(l-x)c
I

y

c.1---- ...•••.-x

~-----b,

x
T=

= +

R

•c = distance from the centraidal axis.

Theory of Bending

For a point load at the free end, P

A-2 Expressions for deflection and stress by Engineer's

where

Stress

Deflection
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COMMC~/C04T/NC~.NED.JEC.NE3,~N3
CO~MON/COATA/NRMX.NCMX.NDFEL.NN.NE.~L~.NBN.NDF.~NE.~.~S.E.G
CltJ.ENSICN xIIO ),Y{IO I. CC~{IGO).PFOPLIO ~.JE{bQl.]~C92 .221.

+4LIIOO) .For;c( ICOI.REACI3()OJ .ELSTC IE.IE). ~CDESli OCI .\i{401
+.RI3.IE1.NCIBI.KC{ 161,r;E4130C)

NEC.=8
"NE=e
f\C 1\-= NED .• NhJ E
IBC=EO
f\:E~=NEC~3
J\;N::-= 12::
NDF=2
I\RMX-=Ec
t\C1l.X=22
"OFEL=I\CF*NNE

FEAOC 1.4) NPRLlB
FCRMATl J21
IFCNPFGE.EQ.O) GO TO 2
~RITE(~.51 NPRGB
rC~NAT{//5X.'PR08LEr-1 NLr~~BER ;1121

CALL If\PUT(X,Y"CGN,PRDF.AL.,IE,REAC ."PRGB,REA)

(ALL ASSEM'X.Y~ .CON.PRCP,TK.ElSl~~L)
C4LL ECUND!TK.,AL ..•REAC.18.,REA\

CALL GUTPTlAL.FORC.RE4Cl
(;0 TO 10
STCP
ENe
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(

DO .3 J=I,NE
HE ADl I, 4 I I , Ie ( I) , I C I 2 I • Ie ( 3 ) , Ie I 4 ) , 1C ( 5) , let 6 ) , Ie [7 ). I ( (8 I
wR J T:o l ::. 34 ) I , I «( 1 I , I C ( 2 I , J C ( :: I • I C ( 4 ) • Ie (51 ,I C ( 6 I • I C ( 7 I • I C ( E I

SUEROUTIN~ INPUTtX.Y. CGN.PRGP.AL.IB.REAC.hPRCB.REAI

CG~MOh/CDAT/NCN.NED.IBC.NE3.hN3
CCMMGN/CD41A/NRMX.NCMX.NDFEL.NN.~E.~Lh,hBN.NOF,~~E.~.MS.C.G
DIMENSION XINED).YINED).CONINCN).DRCP(NED).AL(hRM~I.I~(l~CI.

~ I C I B 1 , N(DE 5 I NC I-;~ • N VI 8 I • REA C I I-;N3 1 ,\\ leI. R EA ( NN3 I

(

(

(

(

IF{NPRCE.GT.l' GO TO Ie

R E AD ( 1 • 2) l I , X I I I, Y ( I ). PR a P' I I , I = 1 ,N EI
WR IT E ( 3 , 2 I (I, X[ 1 1 , Y( I I • PR OP ( I I , I = I • hE I

2 FCj:;rJ;AT(II0.~FIC.:;)
(

70

\'iI; !Trol 3.241
24 FO~MAT(/' 80UI~DARY COl~CITICN DAT4./23X.'STATAS~ .•14X,'P~ESCFIBED

+LUES'/l:':X,' (0 PRECRIBED, 1 FREE)'/7X.'I\ODE' ,8X,' L" .'9X,'V. ,'}['X,'
+ , 9 x I t- V' )

DC 7 i= l .•NEf\.
RE,AO( 1.8) J,: IctKI,K=l,NDFJ. (\.\(K) ,K=I .•NOFI
WR ITE13,9) J, (IC(KI,K= I,NDFI ,( \'(KI .K= I,NDFJ
LI=(NDF"II'*(\-II+I
L2=t\OF*IJ-11
IEHLII=J
CO 7 K=I,NDF
t\1=LI+K
N2=L2+K
18 (NI ,1= IC: K I
PE II( N21=W{ K 1

7 PEIIC(t\~I=REA(N~)
8 FCPMAT{::IIO,2FIO.41

v.-~ JTE(,3,22»
22 FORMATI/' ELEMENT CON'lECTIVI1Y '/2X,'ELENENT',IX,':

+ NODES J'I

IF{NPhCE.GT.ll GO TO 41

\\R !TEl 3.20 t
20 FOJ'MATt" '.130('*'11

IFINPRGE.GT.11 GOlD 31
RE~D{1.1) Nt..;.NE,NLN.NBf\.t.G

31 wQITE(3.21J~N.NEtNLN.N6N.E.G
21 FOJ'MAT[I/' INTERNAL DATA',/ •

~, "UMEER OF NOCES =", I!:/
+' ~UMEE~ OF ELEMENTS =1,15/
~, NUMEER OF LOADED NODES =',IE/
~. "UMBER OF SUPPORT NOCES=', 15/
+' MCDULLS or ELASTISIT~ ='.FIE.D/
+' FOISSCN (OEFFICIENT =',FI5.4///
+tI ELEt"ENl DIMENSICN'/~X,.ELEMENT' tEX.-X' ,<::iX .• "''y' .'SX,'T')

1 FOJ'MAT[4110,2FIO.2l
(

NI=NNE*(1-11
CCh(NHII =IC(I)
CO h I h I +2 I = I C l 2 I
(Oh(NI<::)=I((3)
(ChIN 1.,,4)= IC( 4 1
CG N { N 1 4-:: )::: 1 C ( 5 J
CGN(NI"el=I(l6)
CCN( t\ 1+7)= 1(1 71

3 COh(NI+el=IC(BI
4 FOJ'MA1{ 9[41
34 FO~~AT( 91e)
10 N=l\N*t\DF

CO 5 I'=l.N
5 IILIII=O.O

viR ITEI:: • 23 )
23 FC~MAT(/. NODAL LODES.J7X,'NCDES'~=X9'PX.~EX,.FY'1

cae 1=I.NL"
S:;EllOfl .• :i.) J,(W(K),K=I,f\l)F)
WRITEL'.2' .),cwlKI,K=I,NDFI
DO <5 K=I.NCF
L=NOF*IJ-ll+K

6 ALlL)=w(KI
(



9 FD~MATI~IIO.ICX.2F10.4
<
41 RETUPt'<

ENe
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RElURN.
ENe

DC 20 NEL=I,NE

CALL STIFFINEL,X.Y.PROF.CCN,ELS1.AL)

CO 10 I=I.N
DO 10 J=I.M5
1K(I,J)=O,O

SU8ROUTINE ASSEM(X,Y, CCN,PROP.1K,ELS1.AL)
CO~MO~/CDA1/NCN.NED,18(.NE~,~N3
CO~MOh/CD4TA/NRMX.NCMX.NDFEL.NN.NE.~L~.~B~.NDF9~~E.~.~S.E.G
C IMENS ION X INED) ,Y INED), CON (NCN )•TK (Nli'"X •NC MX ).fL ~T (1to • 16) •
+ALCNRMXI,PRCP(NEDI

(

10
(

(

(

20 (ALL ELASS(NEL. CON.TK.ELS11
(

N1=NNE-I
",s=o
DO,71=I.NE
LI=NNE*tl-11
DO 7_ -l=I,'~ 1
L2=Ll+J
-l1=J+I
CO 7 K=.J I, NNE
L3=L I +K
L=ASSI(CNIL2)-(ONJL31'
IF (MS-L-J 6.7.7

6 MS=L
7 COt-lINUE

iJS-=NOF.*( MS+ II
l,fiITE(:3,29) MS

29 FORMAT(///7X,'hALF BAND WIDTH='I51
{

{
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FETUR~
ENe

SUEROUTINE ELASS(NEL. CON.TM,ELMA11
CC~MO~/(DAT/NCN.NED.IBC.NE~,~N3
CG~MO~/CDATA/NRMX,NCMX.NDFEL,NN.NE.~L~.~BN.NDF.~~E.~.MS.E.G
DIMENSION CON(NCNI.~M(NRMX.NCMXI.ELM.T(16.16l
L I=N~E>t( NEL-I J
D0501=I.NNE
L2=Ll~1
Nl=ClJ/'lL21
I I=NOF>t{ I-I I
J I =J,OF'I( j'H- 1 I
DO 50 J=I."~E
L2=LHJ
~2=CO~(L21
12=NDF~(J-l)
J2=NDF *( N2- II
DC 50 K= I. I'<DF
Kl=1
.IF,(Nl-f\~) 2C.I0~3G

10 KI=K
20 KF=Jl+K

IC=J2-KR+l
KI=ll+K
GO T C 40

2{1 KR=J2 ..•.K
IC=JI-Kldl
K 2= I 2 + K

40 DC 50 L=KI,NOF
KC= IC+L
IF{Nl-~~) q5.45.46

45 K2=12+L
(0 Te EO

46 KI=11+L
50 7M(Kk.KCI=TM(KR.KCI+ELMAT[KI.K21
(



SUBROUTINE STlrF{NEL.X.Y,P~OF,CON.S,ALt
CO~MO~/COAT/NC~.NED,leC.NL~,~N3
CC~MON/(DAT~/NRMX,NCMX,NDFEL,Nh,NE,~L~.NBN.NDF,~~E,~,~S,E~G
DIMENSION X(NEol.Y(NED1.CON(NCNJ.P~CP(NED/.S(16.161
OX=X( f\EL 1
DY=Y{f\ELI
ET=E*Pl<CP( NEL 1/{ I-G*Gt
AB=DX*CY
Ao=DX/CY
BD=DY/CX
X2=oX-*OX
V2=DY*CY
XY=( 1,-(1/2.
S{ 1.11=11.*(Y2+xv*X21/AlYIS.
S( 1.2J-=17,*(XY+G'/~u.
SII.31=-S.*80/S.
S{ 1.4)=.tG-=.*XY)/"';.
S( l~ 5 ~={ 5. *V2+XY»:4 .*X2 t/AB.llE.
SI 1.61=IXY-Gl/ 12.
S( 1.71=-4./S.*AO*XY
S{ 1.8 )=-(G+XYI/9.
S( 1,9 '=.2./9.*\ Y2+XY*X2 )/48
SI I. Ie 1=7./36.*1 G+XY I
5( 1.111=-4. /9.-*BD
S( 1.121=-( G+XY 1/9.
S{ 1-.12):;;::{4.*Y2+5.*X2*XY,)/IE./AB
S ( I 01 4 I = - ( x Y- G 1/ I 2 •
S( I. I:: 1-=-B./9.*AD*XY
S( I. It'l= (XY-5 .*G) /9.
S(2.21=ll./18./AB*(X2+XY*Y21
5(2.31= (XY-5.~G./S.
S(2,4.=-8~/S.*eD*XY
SI .2.•51={G-XY)/ 12.
5[2.61={E.*Y2*XY+4.*X21/IB./AB
SI2.71=511.S)
S{2,8)=-4.*AO/~.
5[ 2.91=511._101 _
S(2,101=2.~[XY*Y2+X2}/~./A8
St2,11'=S( 1 .•.8)
S( 2.12 1=-4.*BD/9.*XY
S( 2.131=(XY-G//12.
5( 2.14 )=(XY*4 •• V2+S,*X.<J/_18. /AB_
S(':: .• l!::),=S( 1,4\
S( £.. iE '.=-8./9 .*AD
S(3.3j=(1D.*Y2+XY;6~*X~~/9./AG
S(3,4}=C.O
5(2.5':;;::S(1,,2)
5(3.6)~(5.*G-XYI/~.
5(~.71=0.0
5{~.81=-4./S.*IG+XY~
5(~.91=5C1.1lJ
51~,IO)=5(2'\1.1
S[3,ll)=(8.~Y2-6.*X2*Y.Y)/9./A8.
S t 3, 1.2. .1:::0 • 0
S13 .• 1-2 1=5: 1,11)
St :3.14 ).::;:-sl 2_,7 J
513'\~)=0-.0
S( 3. It 1=-5{ 3. Sl
S{4~4J=(6.*X2+XY*16.*Y~'/S~/A6
S{4.5)=-S{ 1.41
5t 4,,-c .'=St2, 4,1
5:4,,7 )=5(3,81
5(4.31=0.0
S(4,9)=~(2,7)
5(4.10'=5(2.12)
5(4.111=0.0
5{4.121=(XV*S.*Y2-6.*X21/9./AO
5(4,13 )=5( 3.14 t
5(4.14/=512.12)
5(4.151=S(3.16t
514.1<0 )=0.0
S(5 .•5)=5(1.1.. oj.
S{ 5.•61=-S,( 1,2'
5{6.61=11.*(X2+XV*Y2J/18,/AB

,1=0
K=4
00 300 11= 1 .2

74



75

.CC 600 11=1.16
DO 600 JI=I.l1

6(>.) 5111.JII=5IJI.11
CO 50 13=1.16
DO SO J3=1. 16

50 S( 13. J:: 't=ET*S{ 13. J31
F=EIU~N
END

1= EiK=0
DO 100 111=1.8
]=1+1
1K=TK+1
K=TK
JJ=K
DO 100 J=I •. 16
SII.Jt=5(K.JJI
JJ=JJ+ I

100 COtxTINUE
(

S(7.7.={6.*Y2+XY~16.*X2'/Ae/s.
S(7 .•8J-=O.J
SI7.SI=-S.*AC*XY/S.
SI7.10).=SII.4)
SI7.111=0.0
St7 .• 12')=S!.3" 16.
SI7.131=S! 1.71
S( 7. 14 )::-$'{ 2.7}
SI7.151=-IE.*Y2-XY*S.*X21/S./AB
SI7.161=D.O
S(8.8'=116.~X2.XY*6.*Y2'/9./AG
5{et9.=~(2t:':.
SI 8, 10 I=S( 2., 161
S(e.lIJ=~ •• IG+XYI/9.
S ( 8 • 1.2 ,.: 0 • C
S( E. l~>=-S' 2 .•7)
51[.141=-4.*AO/9.
SI E. I:' 1=0.0
SIE.IEI=-(XY*6.*Y2-S.*X21/S./A8

TI=TI+I
1.=1 I
1<=1<+1
IFIII.EC.21 GO TO SOD
JJ=15
CC 200 J=7. 15.;:
SI1<.JJ)=SI [.JI
SI K. I J J + II 1=- S I I • I J + 1 I I
JJ=JJ-2
(C"TINUE
(0 10 300
JJ=16
DC 400 ,...1'=5.16.2
S(K.JJI=SII.JI
SIK'(JJ-III=-S(1 .IJ-l '.1
JJ=JJ-2
CCtxTINUE
(CtxT ItxUE

(
(

.200

500

400
:=0')

C
C



(

{

s~eRO~T[NE BOU~O(TK.4L.RE4e.Ie.REA)
CONMON/eOAT/NeN.NEO.IBe.NE~.~N~
CG~MC~/CDATA/NRMX.NCMX.NDFEL.NN.NE.~LN~~B~.NDF.~~E.~.NS.E.G
01 "E NS I eN AL( NRMX I • RE AC ( NN:3 ) • TK (NR" X • ~C" X I • I E ( I Be I • RE JI( NN3 1
CO ICO L=I.NB':'
L 1-=: NOF + II * (L- II + I
~O-=la(LI)
K I-=NOt',* (NO- 1 I
DO IOC l=l.NOF
L2-=LI<1
IF (I8:L211 1CO. 10.100

10 KR~KI<I--
OC 50 J-=.2. MS _
I<V-=KR<J-I
IF IN-KVJ.30. 20. 20

20 AL(KV)=AL(KVI-TK(KR.JI,*REA(K~1
TK(K~.J~::;:.O.

:00 KV=I<R- J + II:F(KV'SO.50.4f)
40 AL(KVI=AL(KVI-TK(KV.JI*REA(KR'

TKtKV.J)=O.
50 (C~TI~UE

TK{Ki~.ll=l.
A L ( K f< 1-= ~ E " [ K R .'

100 eCI\TII\UE
RE1UPh
ENO

\

I
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SUEROLTINE SLBSIIA.B,D.N.MS.~R~X.NC~XI

DIMENSION AINRMX.NCMXI.BINRMX,.D(NC~XJ
N I=N- I
CO 100 K=I.NI
C=AIK.11
KI=K+I
IFtAESICI-C.OOOOOll 1.1.3

I ~RITE(~.21 K
2 fDI'MA1("***** SINGULAHITY IN RUW'.I!'1

GO TO ~CO

C

(

3

1 1

4

--5
10
100
(

101
(

200
:;00

NI=KI<I"5-2
L =~.1NO ( ~ I • N I
CO 11 J= 2. M5
D ( J )= A. [-K • J" )
DC 4 J=l<I,L
K2=J-K+I
Al K.K2 t=AIK .K21/C
E(KI=EIK1/C

DO 10 I=KI.L
1<.;:=1-1<1-1-2
C=UK2 J
DO 5 J= I.L
K2=J-I+I
K~=J-K+ I
A { I. K 2 ,::; A ( I .•K2 ) - C* A '_K .• K3 ) ~.
B( 1)=E(II-C*BIKI
CO~TI"UE

IFIJl8S(JlIN.11'-0.00000 111. I. lei
E(~I=EI~)/A(N. II

DC 200 1=1.1'1
K= 1\- I
i<' I =K + ! '
Nl=Kl-+MS-2
L=t>(1 NO 11\ I,'N I
DO 200 ..J=Kl.L
K2=J-K+l
..EI KI=B 1 K I--A (K .K2 J*.BI J)
I'ETURN
END



SUEROUTJNE"fORCEI CON,PROP,FCRC,REAC,).Y,AL,NCCESI

L=IN(III-ll"'3EY,:::-E/i:.
DX=-D/C:.
CALL Sl~ESStR.B9D,DX,B~.CtXy,REAC,L'
DC 500 1=1.16
AEAC(L+ II=RE.ACIL+II+PII, 1 100AL(KCI II'
!'EAClL +21=REACIL+21+R( 2.1 I"'AL(KCI I J)

500 RE~C(L+31=REAC(L+3)+R( :;.1 100ALIKC(I I)
L=(NCI21-1)*3cx=o.O
CALL 5TKESS(R.e.D.ox,e~.CtXY~REAC,L)
DC 600 1=1,16
R E ~ C ( L + 1 1= REA C ( L + I I +1' I I. 1 • * AL ( KC ( I I I
REAC( L-t2 )=Rf:ACtL:+2)+R{ L., ['*4LtKC{.-I ) J

600 REACIL+~I=REACtL+~)+R(:;,II*AL(KCt~ll
L=INCI~J-II*3
DX=O/.2.
CALL SlRESS~R.8.D,OX~8Y,C~XY.hEAC,LI
DG 700 1=1.16
RE A C 1 L + I 1= RE ACt L+eJ.l+R ( I. 1 I * AL (KC.(.1 1 I
REAC(L+2)=REACIL+21+R(2,IJO}AL(KCIIJJ

700 REACIL+~I=REAC(L+J)+R(:;,II*ALIKCIII'1
L=INCI41-ll*J- .
EY=O.e
CALL ST~ESS{R.B,D,OX.6~,C.XY,REAC~Ll
Co. 8 (l 0 1= 1, 16
RE~CIL+l1=REAC(L+l)+F:.l 1.1)*AL(KC(IIJ
REACIL+21=REACIL+2J+Rl2,IJ*AL(KCIIIJ

BOD REACIL+:;J=REACIL+JI+R(:;.IJ*ALIKCIIII
L=(NCl51-1 ""3
EY=8/2.
C~LL STRESS(R.6~D~DX.B~.C~~Y.REACJLt
00.9001=1.16
FE ftC I L + J J=R E AC I L + I J +R I 1,1 I "'AL I KC ( I I I
RE~CIL.2J.=REAC(L+21+R( 2,11 *ALtKC( 1 II

900 FE~CIL+~I=REI\CIL+31+R(::.1-'*ALIKC(111
L=H'Cltl-II*]
DX=O.CCALL STRESS(R.B~D,DX.By.C.XY~kEAC,Ll
DO In" C 1= 1 • 16
REA CI L -+ I J= R I'AC I L + 1 I +R I I. I ) 0}AL IKe I I I I
REACIL+21=REACIL+2J~RI2.[I*ALIKC(111

1000 REAC(L+:;I=REAC(L+3J+R{~.r'*AL[KC(I"
L=(NCI71-ll*3
OX=-D/£.
CALL ST~ESS(R~8.D.DX~By.C~XY.REAC.LJ
DO 1100 1=1016
REA C I L + I 1= R EAC [L + I I +R ( 10 1 1*'1 L t KC ( 1 ) I
REACIL+21=REACIL+21+R( 2,II*ALIKC( I) I

liDO REACIL+::)=REACIL+::)+RI~,II*ALIKC(111
L=INCIEI-ll*3
E'Y=C.C
('ILL STFESS IR, B.D, DX,ElY.C. XY .REAC,LJ
DO 1200 1= 1,) 6
REAC(L+ll=REACIL+Il+RI 1,IJ,*ALlKC(1 IJ

CO~MON/CDAT/NCN.NEO,IBC.NE~,NN3
CG~MO~/CDATA/NRMX.NCMX~NDFEL.NN.NE.~L~.~Bh.NDF.~NE,h.MS.E.G
OJMENSTCN CLN(NCNI,PRGF(NEDI,FORC(NE~I.~(NEOI.Y'NEDI.~EAC(NN3I,

+NOCESINCNJ .AL{NRMX).P.I ~.16I,KCI 16) ,NCIS)
CO 89 11=I.NN3
RE~CIII)=i.J.O
DO 99 111=I,NE3
FOf;Clllll=O.O
DO 100 NEL=I.NE
L=NNE* (NEL- I J
E=Y(NELI
D=X(NELI
XY=(I.-(1/2,
(=E/I I-(*G I
DO 30e 1=1,8
I\C(II= (ONIL+ll
DO 400 11=1.8
L=NDF*III-li
KC IL+ II=NC III I*NDF-I
KC 1L + 2 1= NC { I I I '" N OF

99

.300

89

400
(

<



,) '''AL(KC( III
.11*ALtKC(111
.1l .•AL1KC(111

1200

1300
100

C

RE ~ C ( L .2 1= hEll C (L .2 ) "R I ;: • I I" AL( KC ( I I )R E ~C IL.;'1=REAC (L .•3 ~+p I::• I 1* AL (KC I1 J I
L={NEL-II"3
DX=O.O
CALL STFESSIR.E.D.DX.B~.C.XY.FORC.LI
00 );'00 1= 1.16
FO~CIL .•1)=FORC(L .•II.RI
~ORCIL.21=FORC(L+21 .•Rl
FORCIL4;'I=FORC(L.;'I+Rl
CONTINUE

RETURI\
ENe
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SUBROUTINE STRESSISM.e.O.O~.EY.C.XY.REAC.Ll
CO"MO~/CDAT/NCN.NEO.lbC.NE::.~N3
COMMON/CDATA/NRMX.NCMX.NOFEL.NN.NE.~L~.~D~.NDF.~~E.~.~S.C.G
OI~ENSluN SMl3.161.REACINN3)

r.EACtL+1 )=0.0
REACIL+2 )=0.0
RE ACtL+::I=O.O

Y2=Z.*EY
XZ=2.'i'r:X
02"'Z.*C
E3Z=Z.'tE ,
OX 1=( Y2/B-I. )/02+X2/0/0*1 1.-Y2/B)+ ll.-YZ'I<Y2/B/E,I/02
OYl=lX2/0-1.1/82+ll.-X2*X2/0/01/BZ+Y2/0/B*ll.-X2/Cl
CX2=l Y2/8-1 .I*2.*X2/0/0
OY2=lX2,*X2/D/U-I.I/8
OX::=l 1.'-Y2/81 /OZ+X2/0/0*ll .-YZ,/A1-l"1.-YZ*Y2/B/e I/OZ
OY3=l 1~-XZ*X2/D/D'/C2-l1.+X2/D1/BZ+Y2/B/B*(I.+~2/01
OX4=(I.-YZ*Y2/B/Bl/O
OY4=-II.+X<'/01*2.*Y2/8/B
OXE=( 1.+Y2/EI/C2-11.-Y2*Y2/B/Bl/02+XZ/D/D*11.+YZ/EI
DY5.:::{ 1 .+X2/0 t/82+Y2/B/E*C 1.+>:2/01- {1.-.X2-*X2/D/C )/£:2
OX6=- l 1 • +Y2/ B ,)* 2 • * XZ/ 0 /0
OY6=ll.-XZ*XZ/D/01/S
OX 7= X2/ C/O '* 1 1 • +Y 2/ B 1-1 I. +YZ/t: I /02+ ( 1.- Y2~, Y2/8/8) /02
OY7=( 1.-X2/01/E2-11.-X2*X2/D./Ol/8Z+Y2/8/8* Ll.-X2/C,1
CX2=-tl.-Y2'i'Y2/0/BJ/O
DY8=-11.-X2/01.2.*Y2/8/8

P~XY*C

SNIt. I'=OX I*C
SM11.21=G*OY1*C
SM (I. 31=DX 2*C
SMt 1.4 )=G*OYZ*C
SM(l.~)=DX.3*C
SM I 1.6 I=G*DY3*C
SMII.71=OX4*C
SMI I.e I=G*DY4*C
SM1I.91=DXE*C
SM{ 1 .• 10 'J.=G*CYS*C

, S M( J • J 1 1=0 x C*C
SM (1.12 I=G*OY6*C
SM I I. I:; ,1=DX7*C
SMII.14J=G*CY7*C
SM{ 1.ISI=Dxe*c
SM {I. 16 ,I=G*CYB*C

SM( 2. l/=G*OXJ*C
S~(2.:<)=DYI*C
SM (2 .•"2)=DX 2-*G*C
SM(2.4)=OY2*C
SM (2, 5.)=G*OX3*C
S~12.6)=OY3"C
SM(2.7 I=DX4*G*C -, ---
SM (2 ,fJI=OY4*C
SI~ I 2.9 )= G* C*DX 5
SMIZ.ICI=OYS*CSM(2,11)=G*C*OX6
Sf~(2.12J=DYt*C
SiH2.131=DX7*G*C
SM(2.141=DY7*C
SM( 2" 15 •.=oxe*G~C
SM( 2. IE )=DY I'*C

S!>\13.11=P*OYJ
S..,{3.Z1=P*OXI
SMI3.:;I=P*DY2
SMI3.41=P*OX2
SMl3.S)=P-*OY3
SM(3.61=P*OX3
SMI3.71=P*OY4
SMI3.ez=p*OX4
SMI3.S~=P*DY5
SM(3.IO~=P*OX5
SMI3.III=P*OY6

80
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SMI3.1;:I=P'I<OX6
SMI3.13l=P'I<OY7
SM 13, 141=P"OX7
5"'1 ( 3.1'= :It=P*OY8
SM 13. 16 J=P 'I<OX B

RETURN
ENO
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SUBROUTINE CUTPTIAL,FC~C,REACI
{

CO~MON/COAT/NCN,NED,lcC,NE~,NN~
CG~MON/C OAT ,A/NRMX .•NCMX .•NOFEL • NN" NE • t\LN • I,B" ,NDF -, t\N E '. f\ .tl, 5 .E • G
DI~ENSICN ALlNRMXl,FORClNEJI,REAClNN31

(
\lRITEI::,I)I FO~MATIIIIX,130('~")II" RESULTS""" NCOAL DISPLAC~ENTS'/7X,"NODE'

,. • 1 IX '•.• lJ" .• 1 4.x .•• V II 1
DO 10 I=l,NN
Kl=Nor~( /-11+1
K2=1< I+NCF-l

10 \lRITEI::,2J /,IALIJI..J=Kl,K21
2 FG~MAT(I1G,~E15.4)

(
••FilE I:: , 4 •4 FOR""ATIII' ELEMENT STRESSES ft.• (.110 POINT',/5X,"ELE"'ENT',BX,'SII',
+ 12 X it • 5 £. ~ •.• 1 2X, .•S 12 •
DO 20 1= 1.NE
K.1=3*11-11+1K2=kl4-.2

20 ViRITEI::,71 I'{FORC IJ I, J.=K 1 ,I';:I
7 FOFMATIIIG,::EIE.4)

(
~R ITE( ::,6J

6 FOF<MA1{//' NODAL AVEF~AGE S1RESSES"/7X .•.•NCaE •• 9x,.Sllll .• 12X .•-'SZ2 ••
+12X,'Sl;::')
00 30 I=I,NN
1(1=3*(1-11+1
K2=Kl+2

30 aRITE(3,71 1,IREAC(J1.J=Kl.K;:'
••••f.<ITE(::.51

5 FORMA"lt//lX.130{'*'»)
RETURNENe
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Total no. of data cards (records) = (2+2 NE+NLN+NBN)

1ST RECORD PROBLEM NO. (12)

DATA INPUT INSTRUCTIONS: For users convenience, a detail data

input instruction with a description of the variable names

are given below. The sequence followed indicates the order

of data to be input in the programme.

Description

Problem number

Variable Name

NPRDB

i. Concentrated loads at nodal points can be

APPENDIX 8-1

FINITE ELEMENT PLANE STRESS PROGRAMME

The computer programme was used to analyse the

'wall-modules' and 'wall-frame' structure.

However, it can be used to analyse any type of

plane continuum.

1. Printing of input data

ii. Displacement at nodal points

iii. Stresses at the nodal points

iv. Stresses at the centroid of elements

applied.

ii. Non-zero displacements can be applied to nodes.

iii. Variable section can be analysed.

Column

1-2

OUTPUT

PROGRAM B-1

SCOPE

FACILITIES
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2ND RECORD PR08LEM DESCRIPTION AND MATERIAL PROPERTIES
(4I1o,2F1o.2)

1-1 0 NN Number of nodes
11-20 NE Number of Elements
21-30 NLN Number of loaded nodes
31- 40 NBN Numbe.r of boundary nodes
41-50 E Young's Modulus of Elasticity
51-60 G Poisson's ratio

3RD RECORD ELEMENT NUMBER AND DIMENSIONS OF THE ELEMENT.
(I1o,3F1o.3)

1-10 I Element number
11-20 X Horizontal dimension of

an element
21-30 Y Vertical dimension of an

element
31-40 PROP Thickness of an element

Repeat for each element (1 record for each element)

(NE+3)IH RECORD ELEMENT CoNNECTIVITY(9I4)

1-4 I Element number
5-8 IC(1) Node number of node 1
9-12 IC(2) Node number of inode 2

13-16 IC(3) Node number of node 3
17-20 IC(4) Node number of node 4

21-24 IC(5) Node number of node 5

25-28 IC(6) Node number of node 6
29-32 IC(7) Node number of node 7
33-36 IC(8) Node number of node 8



B5

Repeat for each element (1 record for each element)

Magnitude of applied displace-
ment in V-direction

Magnitude of applied displace-
ment in X-direction

Restraint code for V-direction
IC(2)=0 if restrained
IC(2)=1 if free

Node number
Restraint code for X-direction
IC(1)=0 if restrained
IC(1 )=1 if free

•
Node number

Magnitude of applied load
in V-direction

Magnitude of applied load
in X-direction

IC(2)

J

IC(1 )

J

41 - 50

21 -30

31-40

11- 20

1-10

21-30

11 - 20

1-10

Repeat for each boundary node (one card per boundary node)

Repeat for each load (one card per load)

(2 NE+NLN+3)TH RECORD DESCRIPTION OF BOUNDARY CONDITIONS
(3I1o,2F1o.4)

(2 NE+3)TH RECORD DESCRIPTION OF APPLIED LoAD(I1o,2F1o.3)
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". .

'-'I :
IE
21

7
12
17
22

T
.oeD

] .r.'10
1.000
I.JCt)

~.f.-')/-
O,S

2' 0.5_22 23

"
-@ 20

-6 17 '8 IX)
II

G)." ~
4

~

11 12 '3
•, CD '0

6 P 8
!.CD ,
I
i2 3 -YL ,

-

l

432000.
0.1500'" ~.'."

".

Pf<ESCRIEED \i~LLES
1 FREE'

V V ••0 C.O O.C
0 C.Q O.C
0 c.o O.C

NUDES
~ P.

10 13
15 1B
2G 23

-lOY
0.8
0.0

Y
'2 •.0 co
2.(00

---2.('00 --
2.CCO

(

PX
(l.SOO
C.500

~(CE
1
2

ElE'E~l DINENSICN.
ElEt,tf\T... .X

1 1.000
2 1 .DO ~
'::I" 1.000
4 I .000

F~CELEN ~VNEE~ I:
;t:~~. ~ ~ ~ ~ 'Jt ~~ ~*--~*~~**J9:*~ l6"~:**~:~=* *** * '*** ***:\:*~***-*** ** *.::_~~~***:f," ::!>. '** *:4-;:;...lr''*-**~~,;;;'_:::.""

•

IiPLF ;EANC 'OCTI"=- .II:
'J

DATA INPUTE IN-STRUCTION

~C";Pl Leecs
f\[[E~
21
23

hLNfEF-C~-hCCES =
~Ui[EF -CF- -EL-HrE~TS - =
~L'EEF_eF ~LCM;E[ .NGDES __
~L~EEF CF SU~PCFT ~CDES=
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BB

as

no

CALCULATE AND PRINT
AXIAL FORCES, I1DMENTS

AND DEFLECTIONS IN WALLS

CALCULATE AND PR1NT
STRESSES

DATA READ AND PRINT
WALL PROPERTIES AND LOAD

Ofl WALLS

FORM 2, A-MATRIXCY. •• slJAND 13 • 's E-MATRIX
1

FO RM C AND K MATRICES

.SOL VE 8. = C1 K
1

~ND CONTRIBUTION OF THE
i th TERM TO THE T'S

READ NUMBER OF WALLS: M
IF M 2 THEN READ NUMBER

OF TERMS, N, TO BE CONSIDERED
IN THE SERIES FOR T'S

B-2

FLOW DIAGRAM OF THE COMPUTER PROGRAMME FOR THE ANALYSIS OF A
UNIFORM SHEAR WALL WITH OPENINGS(USING CONTINUOUS MEDIUM METHOD)



IF IN-II 111.110.111
110 O{I.,KK)=C(I.,2!/C(1.,1)

CO TO 100

PI=3.14159
DC 100 KK= 1. 15
K.::KK* 2- 1.•
I'=PI**2/4/H 1**2
DO 99 I=I.N
DC <; e _J= I. N
IF (J.l\E.11 GO TO <;7
CI l.J I=ALPHAII.J HR*K**2
GO TO 9E

<;7 Cl I.J J=ALPHA(j.J J
se COl\T Il\UE
C E'KIII=BETA( 11*16"HI**2/DI**3/K**3*IPI*K*SI~IK*PI/£1-2J

8K 111=E'ET.l\1 I l*e*Hl/PI/PI/K/K/SIN1P 1*1</21
C{ I .• M3=EK{ I 1

99 CONTINUE
C

TW:TB,Hl.E.NU9W,M
IBI I I.OB( II.HIII. 1= I.NI
101'1111.1=1."',)
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CALL SOLVE (C .D.KK.N,M)
CONT Il\UE
CO 1700 L=I.21
XX1LI=(L-I l*HIII/2.
X=XX1Ll
HT=HI-X
DO 500 I=I.N
YSfII=O
TIII=O
DO 700 KK=I.15

"K=I<K* £"- l.
YS III=YSI I J~OI I. KK )*1 (SINI K*PI/21-SINIK*P I*X/2/HI II/K,;.*2.
Tf I'=T11I+DII.KKI"SINfK*PI*X/HI/2.1
CO,NTINUE

\I

WRITE{:~.41
WRITEI3.51
WRITE(3.7)

DIMENSIl}N-DWI71. 016'. OBIt ).Hlt I.XLI" I.X117 I.IFI~ )oIC16 I •
• ALPHAI6.61. BET.l\16 '.Tlb ).CI6.71.0Ie.151. BK(6) • .11(71 .<.KI6.71 •
• F ( 7 •• 13M: 7 •.• SL ( 7 ) • SFH 7 •.• XX { 5 n J •. S'" \\ ( 50 • 1 •• T 1 l5;) .6 » • FF 15:' • 7.
".YSI6'.YLISOI

REAC( 1.4) TW.TB.Hl.E.Nl.'.W .• .M
FCRMA~16FI0.3.121
~="'-I
REAOII. ~ I I B( II.OBIII.I"I I lol=l.NI
FCRMA~ I 3F I 0.4 I
READII.7) 10WII).I=I.MI
FO~MATl7FI0.31

700

C
I I I
100

X IT=O
DO 1 1 1= 1• M
Al 11=1,,*0"'1 II
XI I I l=~ E*Oli III **.::/ 12
XIT=XIT~XII II

II CCNT INUE
DO 9 1= I.N
IPIII=1E*OB (11**3/12
IC I I ,= I P I I I / I I * 2.4* I I * ~U, .• I D8 { I 1/8 ( I ) I" * 2 ,
XLII I=Ow(I )/2+BII)+OW[ 1+11/2

C BETAI 11= 12* IC( II/B( II**3/HII '*\>"XI T*XL 11.1/2
BE~AIII=12* ICI II/BI Il'**::/H:I ""I'./Xli*XLI II

<; CONTINUE
DO 8 l=l.N
00 8 J.:: l,f-i
IF II~l\E.JI GOTO 22
ALP h AI I. J 1= .12" Ie { I ,/ H ( I • / B ( I ,** 3* I XL I I 1** 2 / XI 1 + 1/.11 I I I * 1/.11I I + I I I
GO TO 8

22 IF :J.EG.: I-I) GO TO 33
IF [J.EO.II+I' I GO TO 44
ALPHAII.JI= 12* IC III/HI I I/BIIl**3*XLII )*XLI J) /) IT
GO TG e

3:: ALPH A( I • J I = 12* IC I I I / H~ I ) /8 I I 1* * 3* I XL ( I 1* XL I I - 1 ,/ X IT -1/ A ( I I ,
GO TO E

44 .ilLP Ie AI I • J 1= 12* I C I I I /H ( I 1/8,( I 1**3*1 'XL I I I" XL"O ~H /,X I T'-"I /kl-I +j-I -,
e C'ONTINUE
C

C

4

S

7
<.



YY'=O
DO 1760 I=I.N
YY=YY~YS[II*XL( I I

1760 COl';TINUE
C Y=[~.(X*.4/12-HI.*3.X/3~HI**4/4)-4.HI •• 2/PI.*2*YY)/E/X11/144.

Y=IW*(X •• 3/6-HI*HI*X/2+HI**3/3t-4*HI*HI/PI/PI*YY1/E/X[TYL(Ll=Y
(

666
777
555

(

1000

C

1 100
(

2COO
2')01
1700

DO 555 1=I. ~
IF[I.eT.NI CO TO 777
IF[I.GT.I) GO 1U 666
F(,[I=TIII
GO TO 5~5
F [ I 1=11 I 1- T ( 1- I I
GO TO 555
1"11 l=-H 1-,1 1
COKTIf\UE
TSL=O
DC 1000 I=I.N
TSL=l SLIT! I I"'XL(lJ
CONTINUE
cd 1100 Ic:=l.M
8M ( I ) = ( \\*x'* * 2/ 2~ T SL ) '* X I[ I ) / X IT
BM[I)=[~.X-TSLI.XIII)/XIT
COf\TII';UE
WR ITE [3,.20001 X. Y.l T [ II .I= L." I
WRITE(3.2,JOIJ (FCI).I=I.M.
\'1:RITEt.3.2JOlt {OM(I-),I:=l,M)
FORMA~(//,F-IO~4.7E15.5)
FCRMAT(IOX.7EI~.51
CO N1 I "UE
STOP
ENe

"
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---"--' -".- ~~~- .'-~~ ......•.~ ,.,"
DIJ>(ENSIGN C!v.71.DIE.ISI
DO 301 K2 = I.N
K3=K2-f-l
DO 301 J = K3.M
G [ K2 .-J I =C ( K 2. J I /C IK 2. K 2 •
DO 301 1=1.1,
IF (K2-1130 2. 3rll. 302

302 C( J,JI=CII.JI-CII.K.21*CIK2.Jl
::01 CGNT I NUE

CO 304 1= 1. N
Dl I.K II=CII.Ml

304 CONTINUE
RETURN
END
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DATA INPUT INSTRUCTIONS:

PROGRAM B-2 CONTINUOUS MEDIUM METHOD

i. Concentrated load at the top can be applied

used to analyse any type of plane shear wall ••

,

92

I

i. Printing of input data

the wall-frame structure. However it can be

ii. Uniformly distributed load can be applied

ii. Displacement at any height

iv. Bending moment of the wall
iii. Axial force at the wall at any height

Column Variable name Description
1-1 0 TW Thickness of wall
11-20 TB Width of beam
21-30 H1 Total height of the' structure
31-40 E Young's Modulus of Elasticity
41-50 NU Poisson's ratio
51-50 W Magnitude of applied, load
51-52 M Number of wall

SCOPE The computer programme was used to analyse

FACILITIES

OUTPUT

1ST RECORD(5F10.3,I2)



2ND RECD RD (3F10.4)
1-10 B Length of beam
11-20 DB Depth of beam
21-30 H Storey height

(One card per opening)

3RD RECORD(7F10.3)
1-10 OW Width of .wall-1
11-21 OW Width of wall-2
21-30 OW Width of wall-3
31-40 OW Width of wall-4
41-60 OW Width of wall-5
51-60 OW Width of wall-6
61-70 OW Width of wall-7
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