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ABSTRACT

The method, originally PTOposed by A.H. Khan for walj.

frame structures of uniform thickness, Consists in dividing

as that of column of the parent madule, but having analogous
stiffness pProperties, This Teport presents the Tesults gof

an effort to extend Khan's method tg structures where the

lateral dimension of columns and girders are Unequal,

General Computer PTogrammes for the analysis of wall-
frames, Subject to lateral load, have been developed using

the folluwing three methods:

i. Simplified Method
i1i. Finite Element Method

and iii. Continuous Medium Method




iin

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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CHAPTER 1

1\

INTRODUCTICN R
A\ 4

i.17 General:

The development of highrise buildings is a conseqguence
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 sbluéd 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_coré 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




During recent years, 'wall-frame' type of structures
have been used increasingly in the construction of tall
buildings. These structures have higher stréngths and
efficiency 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 becames 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 mailwframe structures subject 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-

(2)

tion technique » the eqguivalent frame method, the wide-

(2)

column frame method 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




these modern computer oriented technigues can be used
successfully for the complete analysis of these strudtures,
the use of such technigues 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 sﬁitable 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 as of windouw Oopenings.
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CHAPTER 2

LITERATURE SURVEY

2.1 Basic Mathematical Maodel:

When analyzing a complex structure by any simple
hethod, an appropriate idealization of the basic structure
is of vital importance, In the case of wall-frame structures,
an idealization into éither 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 carriéd 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
eguivalent 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 technigue islan 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 elemenfs of

same height, width and thickness as the parent madule,




L]

Fig. Z2.%1a shows the basic wall-frame structure a
facade shear wall with multiple window openings. Figs. 2.1b,
2,7c and 2,1d show a representative module, the equivalent

plate element and the eguivalent plane structure respectively.

A simple method for the analysis of large multistory
multi-bay frame work has been presented by Kinh, Paul and
asawé(sl 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 eguivalent elastic properties in combination with
the uersatility of the finite element technigue make this

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

w

However, the abbue 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 GF ANALYSIS

3.1 Stiffness Properties'of a Module:

A wall-frame 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 analoéous plate for a. typical module,
it is necessary to consider the tuwc primary modes of beha-
viour, viz, flexure and shear, The flexural stiffness of
the eguivalent plate is represented by the quantity 'E'I
instead of EI and the shearing stiffness is represented
by the guantity G'A rather than GA as parameters of the
module, As the deformations and stresses in a cantilever
beam depend on the two guantities, E£' and G', the analo-
gous structure i1s assumed to behave as a simple cantilever,
rather than two parallel 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,




The strength of materials theory does not take into
account the effect of stress concentration due to change
in section, nor the nonlinear distribution of stress
across the module, on the other Q?nd the finite element
analysis presents a relatiuély more accurate picture of
the beﬁauicur of a module by taking these effects into
account., The E' and G' parameters derived from either
method are capable of predicting the overall behaviour
of the total structure under load - the computer method

obviously giving closer and more accurate results.

3.2 Axial or Flexural Stiffness Parameter,E!,

By Strength of Materials Theory:

A représentatiue module from the interior of a wall-
frame structure with regular openings is shown in Fig. 3.1
A uniform axial stress,c , is assumed to be applied as
shown. Since the module is symmetrical, only a half or
even a guarter need be considered, in deriving the basic
relationships. The stress,¢ , reduced to(b/B)o when dis-
tributed uniformly over the width 2B of the analogous
plate and g/[ 1 + % (%‘- 1)] when distributed over the

width 2B of the module.

Under these stresses,

the elongation of the narrower portion, §4

—n
t,B

1+T(E‘1)

and the elongation of the wider portion,d, %

%(H-h) (3.1)

(3.2)
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The total elongation of the semi-height, H, of the

module is, from eqn. (3.1) and (322),

¢ t 62 = ‘g' L (H=h) + ) i ] . (3.3)
1+ 2(E-1)

Unit elongation is, therefore,

6 = 2 [ (H-h) + — 1/
1+(% ~1)

[(1-D0) D/ 7 (3.4)
t,B
1+T(E - 1)

(2]
1l
mla

Now it is assumed that the anologous plate for the
module will have the same unit elongation under similar
tensile stresses, If E' is the effective elastic modulus

of the equivalent plate, its unit elongation is,

b g |
§' = 5 £ (3.5)

By definition, & = &

Therefore,

5 g - gra-hy, A 4 (3.5)

from which

£ o B/ (3.7)
(1-3) +[B/{ 1482 - D] |
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The value E'/E gives the ratio of the overall axial
stiffness of an eguivalent plate to its parent module. It

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

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

the H/B ratio.

ii. the size of window openings represented by b/B and

.. . h/{/H ratios,

and iii. the girder and column thickness represented by t/T

ratio., _ 0 o o TR, T WL o0

Curves for E'/E, for different values of b/B, h/H
and t/T 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 H/B 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
eguivalent plate and hence 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 bortions have higher stresses.

4

The above facts necessitate the analysis of the
module by the more sophisticated and accurate finite
elementAmethod 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 (shouwn
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 dist;jbution of stress at section
a-a is shown in Fig. 3.3c., If %oy is assumed to bg uniform
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 Appendix-A, Repreated computer runs

were made to evaluate E'/E ratios for different module
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sizes (i.e. H/B ratios), for different b/B and h/H ratios
(i.e. opening sizes) and for different t/T ratios (i.e.

girdér column thickness ratios),

Some curves drawn with the t/T, b/B, h/H and H/B 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 3.18.

Corresponding values of E'/E were found to be less
than those obtained from the strength of materials theary.
In other 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.g

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 obtainm an
eguivalent shearing stiffness for the analogous plate,

In deing this, it is assumed that the maximum displacement

\_I
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of the analogous plate is the same as the maximum displace-

ment of the module at the narrow end.

Let a constant shearing stress, 1 be applied to the
module, as shown in Fig, 3.5. From Fig. 3.5a shearing

deflection of the narrower portion,

6§, = & (H-h) (3.8)

shearing deflection of the wider portion,

T .
1+ (2 )
T ‘b
Total deflection at narrow end,
T
1+ L2 2 )
T'b ~
From egn. (3.10) the average shearing strain
. o
y= & [ (Heh) + =l 7 /H (3.11)

1+%(% - 1)
If the same strain produced in the analogous plate

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

same shearing stress, then

% .!.;, ﬁET [(H-h) + Bh J /A (3.12)
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Erom which,

G'/C = v b8 (3.13)

(-n/H)+(h/H) /(1 B 1))

The right hand side of eqn. (3.13) is the same as
that of eqgn. (3.7) indicating similar variations of both

the E'/E and G!'/G ratios.

In the above, the bending deflection of the module
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. egual
to 2B for the module) will possess a very high bending
stiffness and conseguently very little deflectian will be

produced due to bending.

Reconsidering the module subject to a uniform Shearing
stress, Fig. 3.5a, the deflectian due to shear and bending

of the different segments of a module are as follous,

Shear deformation of segment XY,

- I (4
8 = {(H-h) +

' (3.14)
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bending déformation of segment XY,

2] . 33 R N
52 7 3ET, T 26 T (H-h)~ + BET, [t 26. T (H-h) { 2(H-h) + HJ}
+ 120 T H (2H + H-h) ]+
65 = ger 120.T. (H-h)? ¢ LA [(Hon) (3H-2n) + 3H-hH]

BEI1

6 = "L (H-n)d 4 EERAlR (5H7 4 2n° - BhH)
2 1
5, = el [(H'h)3 4 o= (BH® 4 2r° - BRH) ] (3.15)
2 = T3 T 2T, - . .
where 1, = 1220 1 g3 2(5/g)3 '
BTE 1p 7 T2 = 3
-] . .
=2 7. [ EESR) b) £ t(8-b) (b + 222 ]2
.32 3.1 by, b b2 ‘b2
I, =18 % (b/B)~ + 5 (T)(1'§ ) (1 - §) + 3(1+ §)

The total deflection of point X in XY,

(6H2+2h°-6RH) ] (3.16)
1 '
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The shearing deflection of the eqdiualent plate under

similar shearing load is
b . H,
§ =g TlE (3.17)

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

lent plate. Egn. (3.18) and (3.1%} to be equivalent,

ou fup

'r%, = %- [CH-h) + L ]
1+ % (% - 1)

T2b T (H-h) 3 h 2 .2
= L T + a (6H +2h“-6hH) ] (3.18)
Fraom which
&, = [(H-n) + a7 /(3 H)
1+% (% - 1)
, 28 T o (H-n)® b (8HZ+2n%-8hH)} V2 H
3 207+ v) 1, O, teh - B
or e <1050+ —B] /8 T
1+ ":]'-(E'- 1)
hy3 hy 2 h
((/p)2 - g h (Hy2 6+2 ()" - 6
—_—— o+ o (g

3
3@ 3 B3 B Y - D0

1'%
a4 b
Sl
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and Ei 1
G~ G/G!

Curves for G'/G, for different values of b/B, h/H
and t/T ratios, can he drawn for each of the H/B ratios.
Some nondimensional curves are shown in Fig,., 3.6, 3,7 and

J.8. The value of'v was assumed as 0.15 (for concrete).

By Computer Analysis (Using EEM)

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
the narrow end of the module. The distribution of this

load is assumed toc be parabolic,

The boundary conditions, shown in Fig. 3.%c, applied
along the sides and at the base of the module, ensure the

necessary continuity conditions.

The displacements of the centreline of the module
due to both bending and shearing actions of the load, are
obtained from a plane stress finite element analysis. The
equivalent G' for the analogous plate is obtained by the
same assumption that the above displacement is EQual to
the shearing displacement of the analogous plate. Thevcurves
using non-dimensional parameters for G'/G are shown in

Fig. 3.9, 3.10, 3.11, 3.12, 3.13, 3.14, 3.15, 3.16, 3.17

and 3,18,
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3.4 Stress Factors:

The purpoée 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 plate

is b/B 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 B/b times that obtained
from the analogous plate, Therefore, B/b becomes the stress
factor for the narrower section of the module and T/t 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 ratioé'of these
stresses to the o_ of the analogous plate (Fig. 3.3b).

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 described 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 Qalls
and iv, Multi-bay multi-storey building frames (b/B 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 knouwn. The idealized
structure is analysed by hand using simple bending theory

without using a computer,

345.1 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 aluniform, 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 obtained 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
étructures, 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

Befaore 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 technigue for various
types of stress analysis problems., In case of plane stress

g problem it has been observed that 8~noded rectangular finite




4%

elements are preferable to 4-noded rectangular, triangular,
gquadrilateral 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 guite comparable to that

obtained 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.

(3)

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 ChDudHury(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 bendlng

stlffness as the beam they replace,

Assumptions:

i. The connecting beams do not deform axially and
hénce the lateral deflection of individual walls

is the same at any level.




ii.

iii.

iv,

Computer
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The moment of inertia and cross-sectional areas
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
of inertia and half the cross-sectional area of

the other beams,

The point of contraflexure of the connecting beams

are at their midspan.
~ . ! ' . ]
Plane section of the wall before bending.remains. -

plane after bending,so-that the momén¢’ cutvatiize’:
relations based.-cn the simple engineers theory of
bending (ETB) may be used.

Programme

The seguence of operations followed in the programme

is outlined in the flow diagram given in AppendixyB~2, A

listing of the programme is also given in Appendix.B8-3,




CHAPTER 4

EXAMPLE PROBLEM

4,17 Problem N
A 10 storey 60' x 120' concrete shear wall with ©
bands of regular opénings is chosen as the example wall-
frame structure%. The structure has B equal bays of 10 ft
each and a storey height of 12 ft. This makes a module
size {i.e. H/B ratio) of 1,20. The size of opening is
considered to give equal b/B and h/H ratios of 0.4, Three
girder column thickness ratios (i.e. t/T) Viz. 1,0.50

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

considered.

Analysis by Simplified Method

The structure was idealized as a thin unperforated
cantilever having stiffness parameters E! and G' as dis-
cussed earlier. For the structure hauiﬁg b/B = h/H = 0,4,
‘stiffness parameters obtained from the Finite element

method was used in the analysis,

Engineers theory of bending (ETB) was used in the
defiection analysis of the structure. The expressions for
the deflection of a cantilever is given in Appendix-A,

Oeflection due to shear is taken intao account.

L
w

The structure is similar in dimensions to that analysed

by Khan 1), - except the overall height of 120 ft, which

is half of that used in Khan's example,
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Finite Element Analysis

Detailed finite element analysis of.the example

structures were made using the plane stress programme

mentioned above. 117 8-noded rectangular elements were

used to idealized the basic structure,

Analysis by Continuous Medium Method

The programme listed in Appendix-B was used to

analyze the wall~frame by continuous medium method.

4.2 Results and Discussions

Deflection:

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 t/T = 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 t/T = 0.5, simpli-
fied method overestimates the top deflection by 15% and
continuous medium metﬁod overestimates by 2% frem that given
by FEM. And for t/T = 0.25, simplified method overestimates
the top deflection by 17% and continuous medium method

~overestimates by -18% from that given by FEMNM,

The effect of the ratios of girder and column thick-

ness {(i.e. t/T) on deflection has been investigated. The
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value of top deflection for t/T = 0.5 is within 6% of t/T =
and for t/T = 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 t/T = 1,
simplified method and continueous medium method of predicting
stresses at X (for column) shouws good agreement with the
FEM, at Y (for joint) simplified method overestimates the
stress by 4% and continuous medium method underestiﬁates
by 1% and at z (for girder) simplified method underestimates
the stress by 3% from that of FEM, In case of t/T = 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 ouergstimates
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 t/T = 0.25, at X (for column) simplified
method overestimates the stress by 24% and continﬁous
medium method overestimate by 30% from éhat given by FEM

at section Y(for joint) éimplified method overestimates

1




a2

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 FENM,

The effect of the ratios of girder and column thick-
ness (i.e. t/T) on stress has been investigated. The value
of stress for t/T = 0.5 is within 7% and 2% of t/T = 1 at
Y and Z respectively, and stress for t/T = 0.25 is within

15% and 3% at t/T = 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,

i}
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CONCLUSTONS AND RECOMMENDATION FOR FURTHER STUDY

Conclusion -

On the basis of the results obtained for a 10 storey
wall-frame structure with unegual lateral dimensions of
columns and girders, it may be concluded that lhe 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 Sy 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 recémmen-
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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APPENDIX~A
A-1 Rectangular element under plane stress
Cisplacement function
u = N1U1 + N2u2 + N3u3 + N4u4 + N5u5 + NEUEi + N7u7 + NBUB .
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Stiffness matrix

AL A, A,
Ais A6
Aog
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Symmetry
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where
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A-2 Expressions for deflection and stress by Engineer's

Theory of Bending

e X,

U

N

| - =
- A=

y Y

——3

For a point load at the free end, P

Deflection

3]

v= B 3R?o p? e LZELy
Stress
+ p(l;x)c
where R = %
c = distance from the centraidal axis.
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SUEROUT INE INPUTIX,¥Y, CCN+PROP AL, IB+REACNPRCE,REA}
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CCMMON/CDAT /NCNy NED IEC,MEZ NN3
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SUPRDOUT INE BOUNDI(TK, AL ,REAC, IEREA)
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0,
)_

’ =0
K TK{KRWwJ»*PEA{KFK)
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SUFROUT INE  FURCE( COUN.PRGP,FCRC,REAC , X+ YsAL 4 NCCES )

COMMON/CCAT/NCNs NEDs TBC s NEZ KNN3
CCMMONZCDAT A/NRMX 2 NCMX 3 NDFEL o NNy NE JNLN ¢ NBh o NDF s NNE y b yMS,LE,
DIMENSICN CUNINCNIWPRGF{NED1I+FORCINEZY s X{NED? 4 Y(NED I ,REA ( NBI.
+NOCES {NCHN)Y  ALINRMX I P{Z,161,KC{16) ,~NC(E)
CO 89 l1I=1+hN3

8g REAC{1I¥=0.0

DO 99 I1E=1.NE3
9o FORC(111)=0.0
CO 100 NEL=i,NE
L=NNE®*{NEL—1)
E=Y{NEL . 1
D=X{NEL } S

X¥={1le=Ct/ 2.
C=E/{ 1=-C*G)
) DG 300 I=i.¢E
- 200 NRCOI¥= COoNd

L+11
b0 403 1I=1,8
- L=pDFR{II-11}
o ’ KC{L+1)=NC(I1I}+NDF=~1
400 KC{L+ZPP=NC[1])FNDF
C
L=(NCl13-1) %3
EY=—CE/ca
DX==~D/z s

CALL STRESSIRsBsDsDCXsEBEYLCs XY sREAC, LY
DC 500 I=le 16
REAC(LAII=REACILAIIIRI 1, Ty HAL(KC(T v
REAC({L +Z)=REAC{L42)4+R{ Z, 1) XAL{KC{I M)
S00 REACILAZI=REACILAZI4R( IS ¥ *AL(KC(] ¥
. L={rC{2}-123%3
[ T bEX=0.0 .
— . CALL STRESS{R.E,sDsOXsBYCy XY 4RE
‘ DG 600 [=1.15

- REAC(L+1V=REACIL+1¥+E( 1,1
o : REAC(L*2}=REAC1E+23+R{E-li*AL{K
600 REAC(L4II=REACIL+2I+R{ 32,1

: L={NC(Z)-1}%*3
: CX=C/Z e .
CALL STRESS{R,EsDsDXsBY,Cq XY REAC,L}
- CG 700 I=1,16
i - REACIL+I}=REACI{L4JI4+R{ Ly IV HALL{KC(.1 41
. REAC(L+2)=REAC{L+2)+R{Z,I}*AL(KC{ L))
c 700 REACIL+Z)=REACIL+3)+R(I, 1I*ALIKCIL 1Y
e - L=(NC(4}—1)%3--
EY=0.0
- CALL STRESS{R,EBsDsDXsBYsCys XY SREACSL )
S : CG 8B0OQ I=1, 16

ﬁnf\ >
—— g
e
_v'
- g

_ ’ RFEACIL +1)=REACIL+1I+F {1, I)AL(KC(I))
- REAC{LHZI=REAC{L+2I+RI c+IVY*ALIKC{I )
- atd FEACIL+Z)=REACIL+3)Y+R{ Z+ IV FALIKC(I VY
L=({NC{E}-]1 )23
EY=G/ c»
' CALL STRESS({R+sEsD+DXsBYsCas XY REACL S
- DG 200 I=1,1¢&
’ REAC(LA1I=REACIL+1}+R( 1,I)=*ALI{KCI{T})
REAC(IL2Z2I=REAC(L+ZI4+R{ I 1 %ALI(KC{I })
- Q00 FERACIL+Z)I=REACIL43I+E{ 24T I2AL(XKC(I
" L={NC{EI=]1)%3
T CX=03.0

1 - CALL STRESS(RsByDaDXsBYaCy XY SHEAC,L Y
. PO 1032 I=1,16
REAC{L+1I=REACI(L4+i1)+R{1,1) (11i)
: REACIL+2I=REACILAZ2I+R{ZL 1) *AL(KC(T3)
1000 REAC(LAZISRCAC(L+2¥40{Z,19 (I
L=(RCI{?¥-1)=3
OX==L/2Z .
CALL SYRESS(R+BsDsOXaBYsCTa XY REAC,L)
D0 116G I=1,16
REAC(L+1}=REAC(L+1)+R(l;I)*AL(KC(!))
! REACILH4ZY=REAC{L+2}+R{ Z,1)1%AL{KC(I))
P . 1100 REACILAZI=REACILAZI+R(Z,I¥3¥AL{KC(I 3
: L={NC(E}-iI*3
BY=C .0
» < CALL STRESS(RsB+DsDXsBYRCu XY REAC,L)
: ~ DG 1200 i=1.,1%
# REACIL+1)=REACILHI)4RI{ 1. 1)=ALIKC(]I))




- REAC{L+2)}

V 1200 REACLL+Z2D
L={KEL~-11}
CX=0.0
CALL STHRESS(RyEPaDsCX e BY+ Ly XY LFORC,L
CG 1300 I=l.16

I

C{L+
C(L 1

+

U
ttmy

— Tt

)
)

—

=k EA y+R{z 1 )0FAL(KC
=REA PP (2,1 d%AL(KC
%73

P FORC{L+1IM=FORCIL+1¥+R{1,Iv*ALIKC(TI M)
; FORCIL42I=FCGRCIL+2Z2)+R[ Z,TIY®ALIKC({I)})
1300 FORC{L4ZI=FUORC{L+32M4+RIZ+1)#AL{KC(I))
B 160 CCNT INUE
C
RETURN -
7 ENC
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SUBROUT INE STRESS(SM,C+DsDX,EY, 2Co XY REAC LYV
COPMON/CDAT/NCN NED» FEC 2 NE 25 NN
CGMMDN/CDAIA/NHMX-NCMX.NDFEL'NN NE o KLN s NON oNDF o NNE s N oM 5 0F + G

C
DIMENSIGN,SM(B.lG).REAC(NNJ)
C X
rEAclL+11=0.0
REAC({L+2)=0.
REAC{L+Z2t=0. O
C
Y2=2«%E .
X2=2ex[ .
C2=2.*C
Be=es«RE .
DX 1= (Yd/ﬂ-l-)/D2+x2/D/D*(l-—Y2/B)+(l.—Y2¥Y2/B/EIID“
DYl=(Xc/D—l.l/82+(l.—Xc*X21D1D5/82+Y¢/E/B+(l.-X”/Cl
DYE=(X2#X?/D/U—1.\/B
) DXZ={1e=Y2/B)/C2¥X2/D/C2{ 1 «—Y2/B)~{1a-Y2%Y2/B/BY/[2
. DY2={ 1.=X2%X2/D/DI/E2=( 1.+ X2/D)/B2+Y2/B/8% (1 «+X%XZ/C)
DX4={1.—-Y¥2xY273/73Y/D
- DYa=~{1.+XE/DI1%2.2¥2/E/B
Dx==(1.+v2/PI/D“-(1.-Y;#Y°/b/n1/02+x21010$(l.+Y2/El
DYS={ 1 4 X2/0 1V /B2+Y2/B/EH{ 1 a4 XE/D V= {1 +4-X2%XZ/D/C /B2
DXE6E==[1+YE/BI%2,.,%X2/D /D
CYse={1.—X2%#X2/0/0)/58
DX7=X2/0/0% {1 o 4Y2/81={ 1a+Y2/P)/D2+ (L~ Y2EY2/B/R)/02
DY 7={1a=X2/0C)/E2=01 4= Xz¥X2/D/0 ) /7B24+Y2/B/B%[] a=X2/0 1)
CXxe==[1a=Y22Y2/B/B)/D :
DYB=—({{«~X2/D122.%Y2/8/2
( .
I D= XY&C
C :
SM{1l,10=DX1%C
v SM{l,c¥=GEDY Y ..~ .
. SM(1.,2)=DX2%C
- SM{ls+d )=GFDY2%C
SM{1.,.S)=DX2x%C
SM{1+61=GxDY3I*C
= - SM{1,71=0DX4%C
SM{LsBI)=GEDYAH
- SM{1+S1=DXE%C
SM(I! IOi:u*DY5#C
CEML1 611 )=0XE%C
- SM(1:,1Z21=G%0Y6%C
SM{1s123=DX7%C -
e SM{1,14)=G%CY T#C
- T SM{l.15=DXEXC
T SM{1.161=G%CY8B2C
C
- SM{2. 1)=Gx®DX1%C
SKR{2s2)=DY 1%C
SM{2+Z3=0X Z2%GHC
SM{2.43=DY2%C
EMIZ2yS =G0 X3%C
- SM{Z2eEI=DY2%C
SM{2.7¥=DX4%G%xC - —--
SM{2,8B3=DyY 4%C '
SH{Z2+94=GECHDXE
SM(Z2. 10I=DYEXC
SM{2, 11)=0GF%CEXDX0
SM{2,12I=DYE*C
T SM{ 2, 131=DX7?%GEC
SM(2e 1AI=DY 7%
SM{2+s 15 ¥1=DXEAEGH*C
SM{2, 1€ )=DYEXC
<
S5¥M{3,11=PxDY1
SM{3,2)=PxDX1
SM{3:.2¥=P%DY2
" SM{3,4)=P%RDX2
SM{3,E=PxDYZ2
- SMI3,6)=P%xDX3
. SM(3,71=PxDY4
SMI{2,E1=Px[CX4
; SMI(3.,53=P*DY5
« SM{3,100=PEDOX5
: SM{34s11)}=PxCY&E

80
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FETURN
END




SUBROUTINE CUTPTIALWFCFCsREACH

COMMON/CDAT/NCNs NED, TECNEZWKNNZ
COMMGN/CDAT A/NRMX s NCMX g NDFEL o NNy NE s RLEK o KBK yNDF s NNE s h oS sE » G
DIMENSIGN ALINRMX:? ,FORCINEZY 4REAC(INNZ)

*%3 ) //% RESULTS*//'" NCDAL DISPLACNERTSH/7X 4" NGDE?®
3 .

JEeJ=K1aK2)
v

"
- -

y : : :
' ELEMENT STRESSES AT MID PCINT® 2 /S5X,"ELENMERTY ;8X,"S11",
Xs?SI2%)

[
—mnm

IS L A

{FORCUJYs J=K1 K2}
1Z2.4)

-

MRITEL(Z
FORMAT L/
FETURN
ERC

w
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APPENDIX B-1

PROGRAM B-1 FINITE ELEMENT PLANE STRESS PROGRAMME

SCOPE The computer programme was used to analyse the
'tyall-modules' and 'wall-frame! structure,
However, it can be used to analyse any type of

plane continuum, .

FACILITIES i. Concentrated loads at nodal points can be
applied,
ii. Non-zero displacements can be applied to nodes.

iii. Variable section can be analysed.

CuTPUT 1. Printing of input data
ii, Displacement at nodal points
iii. Stresses at the nodal points

iv., Stresses at the centroid of elements

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.

Total no. of data cards (records) = {2+2 NE+NLN+NBN)

L

15T RECORD PRCBLEM NO, {(I2)

Column Variable Name Description

1-2 NPROB Problem number
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2ND RECORD PROBLEM DESCRIPTION AND MATERIAL PROPERTIES
(4T10,2F10,2)

1-10 NN Number of nodes

11-20 NE Number of Elements

21-30 -~ NLN Numbér of loaded nodes

31-40 NEN Number of boundary nodes
41-50 E Young'é Modulus of Elasticity
51-60 G Poisson's ratio

3RD RECORD ELEMENT NUMBER AND DIMENSIONS OF THE ELEMENT .
(110,3F10,3)

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)TH RECORD ELEMENT CONNECTIVITY(SI4)

1-4 I Element number

5-8 I1C(1) Node number of node 1
9-12 1c{2) Node number @f /node 2
13-16 1C(3) Node number of node 3
17-20 1C(4) Node number of node 4
21-24 - 1C(5) Node number of node 5
25-28 1C(6) Node number of node
29-32 | IC(7) Node number of node

33-36 1c(B) Node number of node 8
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Repeat for each element (1 record for each element)

(2 NE+3)TH RECORD

1-10

11-20

21-30

DESCRIPTION OF APPLIED LGCAD(I10,2F10.3)

wi1)

w(2)

Node number

L3

Magnitude of applied load
in X-direction

Magnitude of applied load
in Y-direction

Repeat for each load (one card per load)

(2 NE+NLN+3)TH RECORD

21 =30

31-40

41-50

DESCRIPTION OF BOUNDARY CONDITIONS

(3110,2510.4)

J

IC(1)

1c(2)

Node number

Restraint code for X-direction
1C(1)=0 if restrained
1C(1}=1 if free

Restraint code for Y-direction

IC(2)=0 if restrained
1c(2)=1 if free

Magnitude of applied disblace-
ment in X-direction

Magnitude of applied displace-
ment in Y-direction

Repeat for each baoundary node (one card per boundary node )
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ELENENT .. . . X Y T
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. 2 1000 TT2.000 T T 1.000 2
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4 1c- 17 | 2] eC 23 22 21l | ™
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BCUNCARY COCNCITICN CATA SR .
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5.2 | READ NUMBER OF WALLS: M
IF M 2 THEN READ NUMBER
OF TERMS, N, TO BE CONSIDERED
IN THE SERIES FOR T'S

DATA : READ AND PRINT
WALL PROPERTIES AND LOAD
Of WALLS

Y
21 no

.}
1= l'

r
- FORM aii's A-MATRIX
AND B.7s  E-MATRIX

!

| FORM C AND K MATRICES

\

i=i+2 -S0LVE a, = C

3

-AND CONTRIBUTION OF THE
i th TERM TO THE T'S

yes

CALCULATE AND PRINT
AXIAL FORCES, MDMENTS -
AND DEFLECTIONS IN WALLS

[ 4

CALCULATE AND PRI®T
STRESSES

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




DIMENS ICN DwW(7)s B(6%, DBLE )vHIE YoXLLE ¥ oXIL7 YaI1F(e 1.,7CL6 )3
cALPHA(LGs6) s BETA(G V1,T(H6 13 ClEL7)sD{EL1I5) BRIB) +A{7) JLK{6ET 3
.F(?l.GM{?l-SL(7)-SR:70.XX{50|.BMhI50.7!.TT[SO.&!.FF(S?.?!
+:,Y5{63¥,YL{SOD)

REACI 1.4} Tw:TBaHLIJEsRKUs W M

4 FORMAT(6FI0D.3.12)
N=NM=-1
READ{1,Z) (BLI) BlI),E(I)s1=1,.,N)
5 FCRMATIZFIO L4
READL 173 (DW{1J)sI=1sM)
7 FOEMAT[7F10 .31}
[ & .

WRITEL{ 2.4} TWOTB;HK:E'NU’W,M

WRITEL Z245) {(B{IV,DB{I3,HII ¥y I=1,N}

WRITE(Z,7) (DWwll1},I=1sM2

C

XIT=0

DO 11 I=1.M

AL1)=Ta*D&s{( 1).....

XILIt=TEADW(IVxx2/12

X1T=XITH+XI( I}

11 COCNTINUE

DO 9 I=1.N

IF{I)=TEXDBR(I)**x3/12

IC(IN=IPII /70142420 I4+hNUSR(DBLIY/BII)15%Z)

XL {1¥=Dw(I)/72+B{1)+DW{ 1+1) /2

C BETA(ll=12*IC(I'/BlIl*#3/H(II#h/XIT*XL{P)/c

BETA{[!=12*IC{[l/B(Ii#*’/H.I!#h/X]1*XL(I)

< CONTENUE

CO 8 1=1ek

DG B J=1,.NN

1IF (1-NE<sJ)¥ GO TO 22

ALPRHATI L, 31=12%ICL I /H( 1 /B{I¥= 3 (XLI T 1x+=2/X[T+1/7A013+1/7A01413)

GC TG 8

22 IF [J.EGe{1I-1}) GO TO 22

IF {JsEGIL+133 GO TO 44 - E .

ALPHA{ T+ J)}= 12*IC(I}/H‘1)/B(I)* E*XL(I)*XLiJi/![T

GC TG 8 :

=2 ALPHA{I.J!=IZ*IC(I!/H(11/8(11##3#{XL(II#XL{I—I)/XIT—I/A(I!a
GO TG E
44 ALphA(IgJ)=12$iC(l)/H(l'/B(IJ##B#(%L(1!#XL114111X1T~1/ﬂ(1+41¢ s
a8 CONT INUE '
¢ X

PI=3.1415%9

oG 100 KK=1,.15

R=P1x*2/74/ H1%Fx2

DO 95 E=1.N .

DC GEB J=14N

IF {(J.NELIDY GG 70 S7

ClIs,JI=ALPHA{I s JY+R¥K%x%2

cO TO 2[E

S7 ClI.J¥I=ALPHA(1.J)
ce CONTINUE
C EK{II*BETA(l)#1b#Hl#49/DI*#J/K**3#{Plax#clh(K#Plfc)—zj

EK(I#=PETAI I¥=8+HI1/PI/PI/K/K/SINIP1&xK/2])
99 CONYINUE

IF (N=1F 1
119 COI.KKI=CHE
0O TO 100

11,11D41
1, 2 7C{ ll

CALL SGLVE (C +DsKKsNyM)

CONT INUE

CO 1700 L=1.+21

XX{LI=(L=1)*KEi{ 1)/ 2,

X=Xx (L3

HT=H1=-X

CO S00 I=1+N

¥YSlIy=Q

TL{I1=0

DO 700 KK=1,15

K=KK3e=1a
YS(l)zYSII3*D(IDKK)*((SIN(K*P[/EI—EIN(K*PI*XIE/HIil/K**El
TOIIST LI DI, KKYESINIKAPI 22X /HLIZ/ 2. )
700 quTINUE

—
[
[
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V0

OG 17¢0 1=1
YY=YY4YSI[I) L([J
1760 CONTIRUE
C Y=(@F{ X234/ 12-H1¥%3eX/ A4HI %4/ 4)~45H 152 2/P 322 YY)/ E/XTIT/ 144,
Y—iW*(X##’/& HI#HI#X/2+H1**3131-4*Hl*hl/Pl/PI#YYIIE/XIT
YL{L)=

DO 555 I=1.,¥
CIFlI«CTaNY CD TO 777
IFII.CT .1} GO TG £66
FOLA=T(I)
GO TO S=S

666 F{I=T(IY=-TLI-11%
GG 70 S5E5

777 FL1i=—T(I—11

555 CONTINUE * -

TSL=0 :
DC 1000 I=1.N :
TSL=TSUAT{ I d=XL{ I
1000 CONTINUE

CC 1100 I=1,.M
C BM{I)=(waX:%x2/2=-TSL)*XI(11/XIT
BMII)= (wX—TSLISXI{II/XIT
1100 CONT INUE
¢ .
WRITE(24200C) X3 Yo (T{1),[=1,4K)
WRITE{252001) [F{I)y,I=1,M1 .
WRITELZ,230 11 {BDM{I),I=1,M)
2CD0 FORMAT(//,F10+4,7515.5) -
2901 FCRMAT{10X,»7ELS<S}
1700 CGNTINUE.. ..
STGP :
ENC

S0




P R R R R

DEMENSICN ClLs 71,3 DTEL 15D

CO 201 KZ = 1.N

K2=KZ+ 1]

CO 301 J = K3sM

C(K2+J3=CILKE, JI/CIK2)K 23

DO 201 I = LN .

IF {KZ2—I1130¢, 301,302 :
302 ClI,M=CLI ,J1—ClT.K2)XCIK2Z2,J)
z01 CONTINUE

CC 304 I=1sN

D{I.K13¥3=C[].M]
304 CONT INUE

RETURN

END
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PRAGRAM B-2 CONTINUOUS MEDIUM METHOD

SCOPE The computer programme was used to analyse .

the wall-frame structure. However it can be

used to analyse any type of plane shear wall,

FACILITIES i, Concentrated load at the top can be applied

ii, Uniformly distributed load can be applied

¥
QUTPUT i. Printing of input data
ii, Displacement at any height
J iii. Axial force at the wall at any height
iv., Bending moment of the wall
DATA INPUT INSTRUCTIONS:
/
1ST RECORD(6F10,3,I2)
Column Variable name Description
i 1-10 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 Elasticit;
41-50 : NU Poisson's ratio
51-60 W Magnitude of applied.load

B1-52 M Number of wall
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2ND RECORD (3F10.4)

1-10 B Length of beam
1120 : DB Depth of beam
21-30 H " Storey height

(One card per opening)

3RD RECORD(7F10,3)

1-10

11-21
21-30
31-40
41-60
51-60

61-70
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