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A

This thesis deals with the methods of analysing tall

buildings with frames and shear walls subjected to static loads,

considering only the linear elastic bshaviour.

£ ) %

The design procedures for frame structure and shear wall
interconnected with frame structure are discussed, Exact analysis

as well as apporoximates anaiysis by different authors are presented,

Analysis of structures with or without shear walls 1is
performed by stiffness matrix method and the solution is made
by recursion procedure. Computer programs usinglthe above method
are developed and written in Fortran Il and IV, A program is
6155 developed and written in Fortran II and IV for the approxi-
mate analysis of shear Qall structures by using the continuous’

connection method suggested by Heidebrecht and Smith,

The values of lateral stiffness of frames, as expressed
by the GA parameter are tabulated both by the "exact' method
and Heidbrecht and Smith method and compared for different
structural properties of framg expressed by a non-dimensional

paramster.

Frame programs are run for lateral loads and the results
are analyzed to find out the validity of assumptions of portal

and cantilever methods., The results are presented in Tabular

and gfaphical form. These graphs may be used ta find aut the

point of inflection at columns at different stories.




&

A comparison of "interactions" or shear wslls and frames
by Heidebrecht and Smith method is made with that of 'exact®

method,

" An Aattempt is also made w0 evaiuate the role ot heavier

Erown caupling beam in reducing sway of ene bay frames.

The problem of lozd trancfer from a‘vertiCally loaded
column to another column depending on the structural properties

of different elements of one bay frames is also discussed.

s&'

@
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NOTAT IGN

A = Cross-sectional area

o
]

length of girder in frame

£ = modulus of el sticity

G = shear modulus

H “= height of buiiding

h = storey héight

I’Ih'Ib= moment of ingrtia 0f shear wall, frame column andg

k frame garder respectively

Mo = total bending moment at b.se of the sttruc£ure -

MB’MS = bending moment in Fiexurai anc shear components
respectively

Q = transverse inter.ctive force at the top of the structure.

q = traznsverse interactive force distribution

SCI = total shearing.force at base.of the stfucture

SH’SS = shearing force in the flexural and shear component s
respectively

: w = lateral load distribution
. x =‘position ef ordinate ﬂlongrthe height of the structure,

relative to the base

y = latersl deflection

e = YGAJEL

P = force or load

B = Width of frame

C = Width of column or shear wall . ) {ﬁ

. El,C2 = distances from centeriine of bems to centerline of ot

columns of shear wall.




depth of beam

number of stories

deflectian .

top deflection due to column axial deformation

top deflection due to bending deformation

E_1_/h 2 (E I./h)
ratio ——=—u or =
EbIb/ﬂ 22(Eblb ¢ )
stiffness of a8 shear wall.In gzneral Kw = lateralJ

point load applied at top of a shear wail t0 cause unit
deflection in its line oftadtion |
lateral point load apblied at top of frame to cruse
unit deflection in its line of action

total lateral loading

LU
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Introduction

After the Independence of Jangladesh), thersocial and
‘aéond;ic aspects of the urban areas have changed quite consgi-
derably, causing the tremendous influx of populstion to these
areas. from all over the country, This increase in population in
one hand and the'limited space in the urban are%s on the other
hand have necessitated the need for constructing tall office
and residential buildings in the urban areas of Hangladesgh, -Ag
a result several buildings from 10 to 20 stories high are‘being

built in concrete in the major cities; and it is becoming appa-

rent that in the near future a large number will be required,

I.1.1 The Criteris for Tall Buildings

Arbitrary definitions of tall buildings have in some cases

included, even. a two storey buiiding. From the structural engineer's
point of view, a tall building 1s one whose structural analysis

‘ e
and design is in some way affected by one or more of the Following

factors:

(@) Height to width ratio.
'(b) Forces and moments in the structural members due tg

lateral loads.

(c} Sway caused by iateral loads,

{d) Perception of motion under strong wind gusts.




1.1.2 Optimym Buitding Cost

The structural design of buildings of smaller height are
governed by the gravify loads, viz. the dead and live load. The
stresses due to lateral loads viz. wind and seismic in low
helght bu1ld1ngs remain within the allowable overstress. But for
taller buildings the lateral sway as well as lateral load stresses
begin to caontrol the design. As a result; the structural eiements
designed only tor gravity loads nged to be increased in order

to increase the stiffness and strength of the building,

In the.past, it was gener lly considered by the engineers
that concrete bﬁildings more than about 15 stories high are
neither economic nor feasible. Such opinions were based on the

use of traditional beam-column type frame construction.

In fact, if some préliminary Cesign of taller buiidings,
‘using only the frame action, are made, it would be found that
the estimated ;Dst per sg. ft. of floor would be too high to be
considered competitive. On the other hand, if there was no lszteral
load such as wind or earthquake any tall buiiding could be pri-

marily designed only for gravity loads in which case there would

be no premium for height. This is gualitativeiy shown by the two

curves in Fig. L. Since there is ho'way of avoiding the gravity
loads, it can be concluded that the minimum possible cost {or
material) for a building of any number of stories cannot be legs
than that shown by the lower curve in Fig. 1. Therefore, from
the structural point of view the most efficiént or optimum buil-

ding cost should qualitatively correspond to this curve.
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The search for a system of talllbuildings should therefore,
be aimed 2t creating "optimum" structures thast need be designed
for the Qravity loads only while the stresses due to lata;al
loads will automatically remain within the normally allowable

overstress 33 %% in U,S, code and 25% in BHritish code,

1.1.3 Shear wall Construction

In the past and in the early post war period the systems
providing latersl stebility to tall buildings were essentially

the rigid structursl fromeg, The stability of such frames depends

largely on the rigid connectians between the columns and beams,

The fully rigid connection, in practice, for a reinforced concrete
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frame results in a complicated arrangement of reinforcements.
As shown by the upper curve of Fig. 1, the traditional rigid
frame construction results in excessive structural cost as the
building grows taller, thereby making the construction of tall
reinforced concrete framed buildings uneconomical. To overcome
the p;ogiem of latersl stability of tall buildings, the strue-

tural engineers have introduced concrste shear walls =t suitable
g

locations inside the building.

Shear walls are reinforced concrete walls providing stabi-
lity to structure against léteral loads. As the wall can take
care of most of the latersl shear coming to the structure, that
is why it is called shear wall. The primary behavior of a shear

wall of normal proportions is however governed by flexural deforma-
tions, :

The momant reslstdnce capacity of the frame in bending
.fails to achieve a structural action as efficient as that of a
shear wall. The latersl stability of tall~building'is solved by
constructing the walls around the stair and elevator shafts in
reinforced concrete., Thess would Act as shafts cantilevering out

of the ground and resisting the entire lateral force. Hy incor-

porating shear walls in tall buildings, flat-plate type slab

construction could be used typically for all floors without any

regard to lateral load,

However, to assume that a shear wall resists the entire
wind load is an obviousg oversimplification., In reality, a shear

wall can never act as 3 truly independent unit but must interact
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{a) Free Frame (b} Free Wall  (c) Combined Frame & Wall

FIG 2 INTERACTION BEHAVIOR OF SHEAR WALL AND FRAME

~with the rsmaining frame elements of the building. tven though

the frame part of the structure may be a rather fiexible combi-
nation of flat plate and columns, as the number of stories
increases its interaction with the shear wall becomes more sig-
nificant which may actually contribute greatly to the lateral

load resistance of the building. Therefore, when the frame portion
of the building is fairly rigid by itself the interactian between
the shear wall and frame can result in a considérably more rigid

and efficient design. The interaction behaviour of 2 shear wall

and frame structure can be schematically shown in Fig. 2. Because

of the different lateral defliection characteristics of the frame

and shear wall, the frame tends to pull back the shear wall in




the upper portion of the building and push if foréard.iﬁ the
lower‘purtion. As @ result, the frame participates more effec-
tively in the upner portion of the building where the lateral
lead shears are relatively less and the shear wall carrieé most
of the shear in the lower portion of the building where the

frame qénerally cannot afford to carry high lateral 1load.

1.1.4 Choice for Shear Walls

The concrete shear wall has come to be aceepted as a
natural component of a multistorey conézete.building. Judicious
- use of shear walls in a tall building has resulted in their

optimum use both as a column element as well as the wind bracing.

Depending on height to width ratio, the use of exira shear
wall, other than the walls around the stair and elevatpr shafts,
is a matter of choice for buildings say upte 15 stories. For
buildings taller than 15 stories and particularly in the range

of 20 - 60 stouries, the use of shear walls other than walls

around stair and elevator shafts, in one form or other becomes

imperative from the point of view of economy. The use of shear

walls in several already constructed tall buildings are shown

in Fig. 3. ) '
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FIG.3(b) RADIATION LTD. OFFICE

NEASDEN, 13 STOREY

FiG.3(a) INDEPENDENCE HOUSE
LAGOS, 25 STOREY

FI6.3(c) MOORFIELDS DEVELéPMENT, 36 STOREY




FIG.3(d) TYPICAL FLOOR PLAN OF BRUNSWICK
BUILDING,U.S.A.~38 STOREY

1.2 Assumptions

. The following assumptions are made in' the analysis of

tall buildings:-

Sy

1) Shear wall and frames are fixed at its base.

2) All the joints are assumed to be rigid.

3) The flgor diaphragms are rigid in their own plane

(but have no stiffness normal to this plane) and there
produces no rotationg gf the diaphragms in their plane.
Thus, each floor level ig constrained to transiate

W without rotation, and each parallel Trame ig subjected

' to the same displacement at any given figor level,




(4} Axial deformations of the columns and shear .walls
are considered in the analysis, but girder axial
deformations are neglected, Shear deformations in the

columns, walls and girders are neglected.

(5) Plane sections of the wall befare bending remain
plane after bending so that the moment-curvature
relations based on the simple "engineer's theory of

bending” (E£TE) may be used,.

The "Exact" analysis as used in this thesis is based on

the above assumptions.

1.3 Scope of the Thesis

The purpose of this work is to investigate methods of

analysis of tall buildings with frames and interconnected shear

‘walils. Unly the linear elastic behaviour under static loads is

considered. The exact analysis of Tall structures with or without
shear walls are made and computer programms are developed and

written in fortran II and 1Iv.

Analysis by Heidebracht and Smith method are compared with
exact method in relation to GA parameter of frames and the inter-

action of shear-wall frame structure.

The validity of portal and cantilever methods are studled,
and the transfer of vertical concentrated load from one vertical

member to others are examined.

The role of heavier crown coupling beam at roof level in

////{{K

reducing the sway of frame is investigated,




CHAPTER 2

LITERATURE REVIEW

2,1 Introduction

In recent years the number of tall buildings, for both
commercial and residential purposes, have increased rapidly
throughout the world. This increase has necessiated the need for
a greater knowledge of the behaviar of these structures, and, in
particular, the necessity for producing methods of analysis
capable of giving rapid and accurate assessments of their over-
all stréngth and sfiffness, as well as detailed information

about any locsl stress concentration,

Although normal assumpticns of léteral and vertical load
distribution is adequate for smallef'heights, these assumptions
result in serious error in analysis and design for taller buil-
dings. As buildings increase in height, it becomes more important
to ensure adequate latersl stiffrness to resist loads which may
arise due to wind, seismic or even blest effects. In framed
structures this stiffness ﬁay be obtained by brecing members,
by the rigidity of the joints, by cﬁﬁplete shear truss assemblies
acting in conjunction with the fyrame, or by infilling the frame
with shear-recistant panels, A simplification of the latter is
s%;ar.;all construction, in which the high in-plane stiffness of
the walls, is employed to resist the lateral force. The object

of this litersture review is to attempt to provide a summary of

the current knowledge relating to shear wall structures, by
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reviewing briefly the relevant papers. The detail solution of
some of the papers along with relevant fiqures are given in

Chapter 3.

2.2 Review of Different Papers

A simplified method of determining the intersction of shear
wall and frames was given by Khan and Sbarnunis(l). The method
presented can be solved on a slide rule or a calculator. A method
of converging approximations was praoposed to pravidé a snlution
that caﬁ be cerried to any degree af re¥inement, The materisal
presented is applicable to analysés for lateéal forces due to
wind or eérthquake, Useful graphs were presented to enable iﬁter;
action of frame and shear walls to be determined rapidly.rThe

detail solution of this paper along with figures are given in

Chapter 3.

McLeod(Z) in his paper oﬁ "Shear Wall-Frame Interactioﬁ"
introduced a so called "component stiffness method" for deter-
mining the interaction of frames and shear walls,‘He used an
equation to find the interaction force atrtop_due to point load,
or uniformly distributed load or triangular load {due to earth-
quake}., The main assumption is that the frame takes constant
shear, that isg, the interaction force between the frame and wall
can be represented by a concetrated force at the top. If ther
frame shear is assumed to be constant, the system can be treated

as a wall supported at the top by a spring. This method lacks
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accuracy if the wall is more flexible than the fréme. The detaii
solution of this paper along with figures are present ed in

Chaptef 3.

Another simple approach to the design of shear wall with
Frameslwag published by Gould(a) in 1965, The simplest approach
to the design problem iy to consider the shear wall as an inde-

"'pendent member and thus design it as a vertical ctantilever allow-
ing all the lateral loade to be taken by this member. It ig very
simple but gquite canseruatige in a8 structure where subsfantial

frame is provided along with shear wall system.,

Cardan(d) has given a method of analyzing the shear wall
with ‘frame. He shows that it is possible to express the angle of
deflection of wall at all points with a secand degree differential
equation teking the effect of bending and shear. By solving the
equation the deflection of the system as well as internal actions
can be evaluated, The assumptions =nd the governing equations of

this method are given in Chapter 3,

Heidebrecht and Smith(S) has given an approximate anaslysis
of Tall Wall-frame building structures. The method is rElativaly
simple and can beiapplied to both ststic and dynamic analyses
of uniform and non—unifcrm structures. The structure is assumed

to consist of & combination of flexural and shear vertical canti-

lever beams, deforming either in bending aor shear configuration,

respectively. The detail solution of this paper along with figures

are presented in Chapter 3,
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ﬂOsman(ﬁ) has presented a paper an "Interaction betwe=en
shear walls and frames" in the Tall building symposium held at
the UniVersity of Southampton, U.K. In this paper he derived a
governing equation by the energy method to deal with laterally
triangular or uniformly distributed loaded systems consisting aof

walls and frames.

Parme(7) in his paper on “"Design ot Combined frame and
Shear Walls" has presented a procedure which consists of relating
the total load at each fliecor level to the digplacements of that
floor and the two floors above and below. At esach ievel an equa-
tion is written in terms of the. relative stiffness of the columns,
girders, shear wall and the applied loading. This leads to a

series of simultaneous equatians equal to the number of floors.

(8)

Murachev, Sigalov, and Baikov in their analysis of

frame wall systems, neglected the total flexural stiffness of

cotumns where the wall is solid.
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CHAPTER 3

APPROXIMATE ANALYSIS OF SHEARWALL —FRAME STRUCTURE

3.1 In@raduction

With the increasing aveilability of iarge scale digiteal
computers, it is now~a-days possible to obtain exact analysis
of tall buildings. However,to have the application of analysis
@f in a design office without the help of computers or to have
a preliminesry design inm rapid hand calculations before sending
it to the computef for ﬁara exact analysis; numerous methuds

have came upduring the past decade.

In Chapter 2 a brief resview of different papers dealing
" with analysis of tall shear wall frame structuré was given. In
this thapter solution of some of the metheds are presented. These
methods deals on approximate analysis nf'tall shear wall-frame
structures.

3.2 Heidebrecht and Smith Method(s)

3.2.1 Basic Mathematic Model

The structure is considered to consist of a combination
of flexural and shear vertical cantilever beams i.e. deforming

either in bending or shear configurations, respectively,

)

The equations governing the behaviour of the two types

of beam are, referring to Figures 4a and 4b, are

- ap .

e
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FIG.4 MATHEMATICAL MODEL FOR SHEAR-FLEXURAL MEMBER
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d yB . - -
for flexure, €1 py: = WB(X) {3.2.1)
‘ dzys
and for shear, GA T = WS(X) (3.2.2)

in which the subscripts B and s refer to the flexural and shear
heams‘respéctiuely; WiX) is the distributed horizontal load;

y{X) is the horizontal deflection of tHe beam; € and 1 are thé
modulus of elasticity and the second moment of area, respectively,
of the flexural beam; G and A are the shear modulus and cross-

sectional area; respectively; of the shear beam.

In addition to the above governing differential equations,

“he equations for the stress resultants in each case are

dMg (X)
—— (3.2.3)

2
d ¥g

dx?2

]

Sp %)

MB(X) = EI (3.2.4)

-dMS(X) dy

_ N s (3.2.5)
and SS(X) = 3X = A T

in which 5 and M are the distributed shearing force and bending

moments, respectively,.

Now if the shear bsam and flexural beam are linked together
s0 that they have identical horizontal deflection at all positions
throughout their height, as shown in Fig, 4c. In this case, a
distributed hariZDQtalginteraction force of magnitude g(x} and

a concentrated top interaction force of magnitude Q are required

to maintain this compatibility, as shown in Fig. 4d,. The concen-""%

“mn
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' trated for Q is required so that both' components are in equili~

\ brium at the top of the structure.

; The goveening equations of the components of this combina-

tion member;, referred to as a shear-flexure beam or member,

are
given by
aty
, EL 557~ = Wa(X) + q(x) (3.2.8)
|
! 2 |
- = BA 5 = W_(x) - qix) (3.2.7)

Adding Egs. (3.2.6) and (3.2.7), and dividing through by €l,yields

4 ' 2
d _ 2 d _ W‘E)
E:fﬁ o E;%— = FT (3.2.8)
in which W(x) = WB(X) + WS(X) {3.2.9)
: 2 GA '
and o = T (3.2.10)

The contributiaon of a single column to the GA parameter of the

equivalent shear-flexure beam is given by

. l2EIh i
GA = e tl
h2 2 1 .
1+ e
Ib Ib
! ' b b

: N 1 2

Second moment of aresa of ths column

h = Starey height

1*92= total length of adjacent beams

-

.
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Is Ib Second moments of area of corresponding beams

[hY}
1l

l!

Young's modulus of Elasticity,

- m
n

The total GA contribution of a planar frame is the arithmetic sum
of the GA terms for each of the columns in a typical storey of

the frame.

A ad

' The total E£1 and GA terms of the respectlvm flexure and shear
cemponents, can thﬂn be substituted in equation (3.2.10) teo

determine the parameter “2 for the structure or for the particular

segment of the structure,

For the case of a uniformly distributed load of magnitude

. wo-the solution to equation (3.2.8) can be written in the form

[ X2

S22 (3.2.12)

y(X) = C1+ CZX + C3 Cosh a X + C4 Sin a X -~ SETS

in which Cl, C C, and C‘5 are constants in the homogeneué part

2' 73

of the solution, to be determined by the boundary conditions,
A tall building can be considered as a verticazl cantilever

beam, with zerc deflection and rotation 2t the base and free at

the top; the corresponding boundsary conditions for the shear- .

' - S
flexure cantilever of height H are: h

Y(D)-; ¥ S (3.2.13a)
§§~(D) = 0 - (3.2.13b)
M{H) = MB(H) $ MS(H) = 0 (3.2.13c),
S(H) = 55(H) + S.(H) =0 (3.2,13d)

ey,




Since eguilibrium requires that the moment is zera at the free
and of each of the components of the shear-flexure cantilever,
the condition expressed by egn. (3.2.13c) can be replaced by

2

d”y -
: ME(H) = EI dx2 (H}=0 {3.2,14)

Substitutimg eguations (3.2,3) and (3.2.5) in Eq. (3.2.13d)

yields
- d d° —
S¢H) = GA =¥ (H) - E1 82X (H) = 0@ {3.2.15)
dx dx3 7

L TR T

The constants of equation (3.2.12) can be obtained from the above

boundary conditions, lezading the following expression for deflexion: -

W Hd .
Y(X) = -8 ( aH _Sin a H + l)(Cos o x~l)-aH Sin ax
4 Cos o H
EI(aH)

+ (aH)z [ﬁ - % (ﬁ)z] (3.2.16)

The sxpressions tor stress resultants and the interacting force

are given by

Mo {x) ' . : _
- R = 2 s S { cH _Sin a H + l)Cas ax « xH Sin o x=-1)
M Z Cos gH
o {( oH)
(3.2.17)
M (x) : M. {x)
8 X, 2 B .
: =1 -3 - — (3.2.18)
. ! .o o
hnd 1
S, x) . ..
B = : aH Cos @ X - (D;H sin ot ¢+ 1 ) Sim a X| (3.2.19)
“ 50 oH 7 . LCos aH
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5.(5) (x) .

a _ Xy i

= = (1 =~ i = (3.2.20)

o O

W 2 M _(x)

Jabd s lam)” 87 (3.2.21)
STW W 2 M

] a} (=]

Similar expressions for the case of a horizdntal concehtrated
top load and a triangularly distributed lead are given inl
section 3.2.3. These three types of loading can be appropriately
combined to simulate the static lateral loadinds specified by

most of the building codes for wind or earthquake effect.

3.2.2 Design Curves

Design curves for deflection, moment, sﬁearing force and
horizontal interacting force corstructed from eguations (3.2,16)
(3.2.17), (3.2.1%) and (3.2.21) are constructed and presented by
Heidebrecht and Smith(s). The curvés can be used for a rapid
estlmdte of the total deflection and the variation with height
of the load distribution within the .structure; for a range of

the parameter «H,
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J.2.3 Design tquations for Concentrated Load and Triangular
Load Uistribution, Uniform Structure

A. CONCENTRSTED LDAD P AT TapP @or SfHUCTURE

R 5 J | |
y{x)'=§% SlnhaaH (cosh ax - 1) - éiﬂbggi
L (eH) "cosh aH (M)
. __i_i ﬁ (3.2.22)
{aH)
. A
MH(X) 1 :
m = = (tanh ol cosh ax - sinh xx) (3.2.23)
o
M {x) M_{x)
5 X B = A
T-_ = {1l - H) m (3.&.&4)
o I
M= PH | ) (3.2.25)
Sp(x)
™ = { cosh ox - tanh at "sinh ax ) {3.2.286)
S_{x) S, x) '
5 B
P =1 - —F— (3.2.27)
- Hal x) 5 Mo (x)
= = (aH) T (3.2.28)
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B. TRIANGULAR DISTRIBUTION

W, X
‘-‘\!(X) 3 ""H}:""

4
w, H
1 inh aH inh oH 1 cosh aX-l
Yy - ginh a4  sinh @ s
{xH) \OZH)
X _ sinh ox,, i %, 3 1 -
IR an T - 2) - § § (3.2.29)
i : S (GH)
MB(X) 3 {{aH) sinh oH . .y cosh ax
= - sinh oH + gH)} =221 X
M . z ) : cosh oM
o (aH ) : .
5 ‘
- { (gH) - 1) sinh wx - oH { ﬁ ) (3.2.30})
M {(x) M. {x)
5 3.x X 43 B (
7 = (1 - 2(H) + 5 m | N {3.2.31)
a o
HZ
W I :
1 n
NU = "“"':_'J""“""‘" (..J.2.32J
SB(X) 2 (aH)2 ginh oH . sinh ox
—z = - { = sinh gH + aH) =—- KX
3 2 . 2 cosh uH
o (aH)
N
2 i
- (i&gl_ - 1) cosh ax - 1 j (3.2.33)
S.{x) S5, (x) .
3. i Xy 2 B _
= =1 - \H) - = (3.2.34)
a o
¢ le : ,
o = 5 3.2.35%)
glx) « 2 M_{x) ,
— X Lt il
" = 0§ ot 3 = (3.2.36)




) 3.3 Khan _and_Sbarounis Method'l)

3.3.1 Analysis
The interaction of a.shear wall and frame is =z spacial case

of indeterminacy in which two basically different components ars
Ctied tagether toc preduce one structure, IF the frame alone is
considered to take the full iateral load, it would develop moments
in columns and beams to resist the total shear at each storey

i while the effects of overturning would normally be considered
secaﬁdaryg and i most cases, negligible. In resisting all lateral
icads, a frame would deflect as in Fig., 2(a). If a shear wall on
the other hand, is considered to resist sll the lateral loads
it would develop moments =t each flcor equal to the sverturning
mament at thet level and the deflected shape Fig. 2(b), would

be that of g cantilaver,

If a shear wall and a freme exist in a building, each one

will try to obstruct the cther from taking its natural free def-

o

lected shape, and ag a result a redistribution of faorces between
the two would be expected, As shown in Fig. 2(c), the frame will
restrain or pull the shear wall back in the upper stories, while

in the lower rsgicns the opposite will occur.,

. The conflicting physical characteristics of the two systems
can he conaidered if the structure is firet divided into two
~ parts, a frame, and a shear wall, and then the two parts are

brought together 8o that all structural laws are fully satisfied.
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3.3.2 Concept and Method of Amalysis

The anslysis is performed in two stages. In the first
stage of anralysis of a structure, shawn in plan in Fig. S(a)
it is necessary to determine the deflected shape and the amaunt
of lateral load distributed to the wails and frame, respectively
at each story. fFar thisg purpose, the structure is separated into

two distinct systems Fig, 3(b) as follows:-

3.3.3 System "W"

This system consists shear wall or combination af shear
walls. The moment of inertia of this system at any story egualis
the sum of the momenis of imertia of all the shear wslls regard-
"vless of their shape. and size,8hape and size are considered in
camputing.an average Ls* the distence from ths N.A; of system "W"
to its extreme fibre. Coupled shesr walls can often be reérasented

in high multi-storey buildings as a single wall with an equivalent

stiffness,

3.3.4 System "FY

This system is a one bay frame connected with the system
"W" by means of link beams and consiets of all other framing
elements outside of system "W", This includes all columns, beans,
spandrels, and slabsg contributing to the lateral stiffness. Member
linking thalframes with the shear walls ("Link Beams") sre also

included in system "F", The stiffnesses of the columng, beams, and

»




"link" beams (S_, S5+ Sp) ere simply the sum of the stiffnesses

of all such membersg in the structurs. The "1ink" beam span, Lb
of system "F®", jg an average of the "link' beam 8pans of the

structure when these spans are within the same range of magnitude,

}n the first stage of analys}s, average rotation and verti-
cal displacement'of the frame joints will yield acceptable values
of the diétributian of lateral forces between the iwg systemsg
and the computed defiection at sach story will be quite satis-
factﬁry. the computed distribution of latersi forces in the first

stage of analysis will infcmm the designer of the effectiveness

. 0f the shear walls in resisting the latersl forces so that he

may adjust the size and stiffness of the shear wall te obtain a

more economicazl structure., The deflected shape is needeg in the

second stage of computation,

In most tases, a further simplification can be mads
(Fig. 8(c)) by adding the stiffness of "1ink" beams to the

stiffness of the other flexural members., The two systemgs are then

tied together with members that can tramnsmit only lateral force.

The quantitieg Lb and LS are no longer needed,

The analysis of the system is performed by the shterative

solution., At the completion of the iterstive solution the deflec-

tions of the combined system comprising the structure are known,

It is then Fossible tg analyze sach celumn lime as an isolated

resisting system. The rzsisting elements at Ny column 1ins may

form a rigid frame Or @ combinatiogn of rigid frame and shear wall.
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The second stage of analysis may be performed by subjecting
these isolsted bents to the deflection pattern thst was derived
for the entire structure from the iﬁéeraﬁtive solution, Fixed
end moments imposed cnlthe columns and connecting links by thisg
krnown set of deflections can be balanced rapidly by a moment
disfribution solution, In this mspner, lecal effects on moments

and shears resulting from localized stiffness variations are

fully accounted for,

3,3.5 First Stage of Analysis

&
The conditions required to be sctisfied for the equilibrium

of total structure are:-

aj Beflection in system "W" and system "F" must be the

same at corresponding levels.

b) "Link" members cannecting system “FY to system "W" must
undergo the same rotations and vertical translaticns as

those of system "W" at their points of connection.

c} Horizontal shear V, developed in system W plus the

horizontal shear, Vf, developed in system F must be

T N

equsl to the externsl shear Vt, at esvery story,

The steps adopted to achieve the above conditions are as ;

followsg: -

ey

1. The total computed external losds (wind or siesmic) an

the ideslized structure ars applied to system W at zach floor




s

level and the slopes and deflections of system W at ssch floor

level are determined. The vertical movements of the connecting

Joints with system W are computed by multiplying the slope at

aerenlt

sach level by the distence from the neutral asxis of the wall to

the connecting point,

2, Thig is the first cycle of iteration. Ffor quick conver-
gence, é final deflected shape could be assumed or approximated
from the figures ss given by Khan an& Sbarounis. In the absence
of good guess, the final deflected shape is assumed to be the

same as the free deflected shepe of system W.

System f is forced to undergo the assumed deflections at
each floor, This also reguires that the connecting members at
each floor must have the same rotations and vertical translations
2s system W at their points of connection with system W, However,
if there is a deliberate hinge at these points, only the vertical

translation must be considered.

3. Moments induced by "force fitting" can be determined
directly by using moment distribution, Vhe force fitted frame
has no external forces but only known story defisctaions and

rctations at the conneciing points.

4. After "force-fitting" system F to system W, the total
shears in sach story of system F as well as moments and reactions
applied onlsystem W by the connecting links are computed. |he
shears generated by force fitting can be used directly in the

next step,
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3. All shears, feeees, and moment - generated by forga-

fitting system fﬁére applied to the isolated free system W,
AT

L

Negative défléétlnns and rotations of the system W are then’calcu;
lated. The net deflection with respect to the original unloaded
shape Pf_system W would bhe the algebraic sum 9? step 1 and step 5,
This is the end of one eyecle of iterastion. for the steble condi-
tion the sssumed initial deflection at any floor at the beginning
of the nth cycle must be the same as the end deflections, at the

compietion of the nth cycle.

3.3.6 Second Stage of Analysis

After convergence of the iteration stlution has bsen achieved,
the final defiected shape of the stfucture 1s used to distribute
-moments and shears to gvery memberlin each bent of the structure.

At a column line that contains no shear walls, a sét of fixed end
column moments obtained fram the difference in story deflection
can be appartioned to all the members by moment distribution. No
sidesway correctisn is needed because the bent is in its finsl

deflected shape.

If a shear wall ig contained in 2 bent, it can be treated

separately from the frame segment, With a known defiected shape

and LI, the moment at any floor i, can be obtained from

M ETENN A LA
Mi = (;—§~ | it - 2 it iml) (3.3.1)
i
in which Mi denotes the momsnt at floor, i, Isi rzfers to the

moment of inertia of wall at floor; i, h: represents the storey




- ' 29

height; &i is the deflection at floor, i, A describes

i+]
the deflection at floor, i+1, Ai 1 is the deflection at floor,

i—le
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3.4 Companent Stiffrness Nethud(z)

The main sssumption in compornent stiffness method by

(2)

McLeod is that the frame takes constant shear, éhat 15 the
interaction force . betwsen the frame and wall can be repfesented
by a Eoncentratéd'force at the top. The method is simple but
iack; accuracy if the wall is more flexible than the frame
(KWJK? Zi, see below), Consider the single-bay frame and shear
wall loaded in-plane by the uniformly distributed load shown in
Fig, 6{a). If the frame shear ig assumed to be constant, the
system can be treated as a wall supported at the top by a spring
(Fig. 6(c). The spring stiffness Ke is defined as the lateral
point load applied at the top of the frame to cause unit deflec-
tion in its line of action. Ke can be calculated using equationg
A and B (Table 2}, Kw is defined asg the lateral point load required

te cause unit deflection at the top of the wall {similarly to Kele

Normally

K o m et (3.4.1)

where £ is the Young's modulus of elasticity, 1w the moment of
. =

inertia of the wall, and H the total height. This ecuation can

be modified to take account of variations in properties wit

height and the effect of cpemings in the walls,

The relatiaﬁships between P/W, Y, and KW/KF for different
loading cases can be evaluated by using equation [ (Table 1).

P is the interaction load ot the top of the frame, the constant




shear; W is the total applied lateral loady Y, is a dimensionless
parameter which relateé the rotationsl stiffness of the wall to
that af the foundation, that is

. Y, = Ky H/4E T (3.4.2)

where kg is the Totational stiffress of the shear wall support.
z)r'. If the rotation at the base of the shear wall is to be neglected,
the tarm'yw iQ Equation £ should be amitted. However, the =ffect
of shear wall base rotatien can significantly affect the distri-
bution of load between shear walls and frames, and Equation C

can be used as a simple method of assessing this factor. '

Problems involving several frames and walls may be reduced
to that of a single wall and frame. Alternatively, Ke and X for
each vertical unit may be calculated separately and the results
summed.j{#QF and Ein are then used instead of Ke and KW in

Equation C,

Studies on shear wall-frame interaction nermally use three

parameters to define behaviour, namely,’}\, iw, and I , where

C

E I /h
c c

N = - o (3.4.3)
E, 1,71

-with h as the column height, By using Kf, which is a function af
?\ and EEIP, behavior can be distussed in terms of only two vari-

ables, Kf and Kw. This‘simplifies the physical interpretation of
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the behavior., Also, the parameter P/W is useful for estimating
the effectiveness of the frame {or frames) in comparisen with
the sheer wall{s) in resisting lateral load and for assessing

the effect of various assumptions, in analysis.

< When a frame and wall are interconnected as shown in
Fig. 6(a), maximum shear on the frame tends to occur towards
midheight and in this srea Equation C.can underestimate maximum
%rame shear by as much as 30 percent., Therefore, when calculating
o, maments in the frame, it is worth whilé to increase the calculated

value of P by 30%,

If Kw/Kf is less than 1, the use of Equation C is not
recommended and the use of charts as given by Khan and Sbarounis(l)

produces more accurate results.-
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Table 1. Equation C

e

f .
; Leoad .
i condition Equation C NCTATION
W = total applied load
3 . .
; Point load - 14 4Yw P = interaction force at top
i at top i v Iwz moment of inertia of wall
H 3 )
1l + A Eﬂ H = total height
i
i w i &fz point load at top of frame to
; 1 cause unit deflection in its
i ! 2 . -
; Uniformly | +{1 + ” ) line of action
i distributed W = : "3EI
; 3 W K = ——=2 (with constant I )
; 1+ 7=+ T w Hj w
, Yo f ' '
; KF: rotational stiffress af shear wall
1l 1 " support
. 20 ¥ 2y
Triangular | P _ W KHH
1 87 - K - i
e {earthquake)| W L2 Wl Y= T
R w oW
v, K¢ P
w top deflection[3=:~?~
o f
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Table 2. Equation A for Top Deflection of Aiaid Reqular Frames

EQUATION A~ for Axisl deformation: 3.0 \
wHaF \
= ...:...-__..9.2 \
1
A EALD [PO!NT LOAD
20
here £§A= deflection at top of frame .
due to axiai defarmaticn of \\
exterior columns 151 \\‘ —
. . : “m \\ \\\\
F = function of n, dependent .
n ‘ . 10 \>"~.L i 10
on the type of loading AN ‘\&“ﬁsﬁ .
o, b
, . .. Area of exterior column / g —i2f3
n = ratio st ton of frame ( k I e S UQ
Area of exterior column \k \U.D.LOAD
at bottom of frame Mo
0 lFIHAlNGJUL:?R LOAD,
(iinear varistion of AC with 0 05 10
height) M=% or m=g
AC = area of exterior columns
At first-story level
1o Y
B =.total width of frame P PiOiN';- LIOAID
‘\g\
\\_
2J3
n 05 (TRIANGULAR LOAD
H o k. ’
T 1174
‘U, D.LOAD
0
0 0.5 10
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Table 2. Equation B for Top Deflection of Rigid Regular Frames

EQUATIUN B~ for Rending deformﬂtiqn:

p) _ ,
b 3
A= o) ol “BC)JZK:,
’ 12§g(tczc) _
WherezﬁB = deflection at top of frame due +to bending of members
W = totsl lateral load ‘

h = story height
-H = total ‘height:
£

= Young‘s'modulus (subscript denotes structural system)
I = sum of moments of inertia of columns at first-story level

F e F = functiones of s and' g, dependent an the type of loading

5 g
Ic at top of frame

5§ = ratic Ic =t bottom oF Frame Linear variatiaon of IC and 1

( with height.If £ varies, use
-F -

o = ratio Ib 2t top of frame EI instead of 1.

A Ib at bottom of frame
J

: 0 Cy .
T ﬁD = 7 where U is heam depth

L . ' . . .
Bc = ? + where € is ecolumn width and @ is distance between
‘ column center lines
'
SAE_T_/h)

. 5 . EL o : +
7\;— Zzg(EbIb/g)’ 1.e, summation over width of structure at

first story level

Ib= moment of inertia of beam at bottom of structurs

TOTAL DEFLECTION A= zxp + Zﬁ;
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3.5 Cardan Method

4.

Cardan expressed the angle of deflection of the wall
at all points with a second degree differential squation, taking
the effect of bending and shear.

: 3.5.1 Agsumption
The asssumptions made in Cardan method is as follows:-
+ o | . :
‘ 2) Bhear wall and frames sra fixed at its base

b) Columns are monolithic with their bases fixed

¢} The joinmts of the fremes are rigid

d) Buildings are symmetrical

¢) Girders sre infinitely rigid as compared to the walls

and frames. All points on the same floor will then
have same horizantal deflection,
™ 3.5.2 Geverning Egquations
35 ; :
The equation governing the effect 1ls
B o= By + Bg (3.5.1)
and by differesntiating
2 2
2y Sy L (3.5.2)
dx2  dx2 %
where GB = Slope of deflected wsll due to bending only
g = Slope of deflected wall due to shear only
# = Slope of the deflected wall due to all forces.




By solving the sbove equation the value of may easily.be

determined. Unce the value of ﬁB and ES are known, deflection

x
Yzjlﬂ o x (3.5.3)
u]

Far uniform load, Y/H for shear wall caupled with frame is

o

C .. Lot C
Y/H=§H(5-?§)+(§-D)H/cx
Sin o (1 - 6) - S9in « - i (1 - Cos o )
X C X (3.5.4)
o5 &
Where, € = [1 + 3 (K, - Ky)/AE ]/ﬁEI (3.5.5)
D = 3/8AE | (3.5.6)
B o= [BGKI ~Ky) ¢ K, 4 Ka] /BEL (3
& = H/B | . _ : (3.5.8)
B = 1+ 3Ky/AE (3.5;9)
§,= X /H (3.5.10)
L and K= Constants, definad as
mo= KB+ K B {3.5.11)

_ B e S
K3- Constant, defined as vf = KB
A = Lross~sectional area of sgheer wall

m_= Elastic moment resction per inch of wall height

Y = Horizantal deflection of wall
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CHAPTER 4

"EXACT" ANALYSIS OF PLANE FRAME

BY STIFFNESS METHGOD AND RECURSION PROCEDLRE

4.1 Introduction

VIn Chapter 3 different methods for approximate,analysig

of shear-wall freme structure was given. In this chapter "exact"
analysis of plane frame with or without shear wall is presented,
The analysis of & structure is a process in which information
given ié oné form is transformed into anmother form and the common
ob jective in the analysis is finding the internal forces which

b

result from the applicatioﬁ of external forces., The forces and
displacements in a structure can be related by using its flexi-

bility and stiffness co-efficients. Thess co-efficients are

characteristics of a structure and its coordinate s stem,
N

The flexibility coefficients Characterize'thé behaviour
ef the s:iructure by specifying its displacement response to
applied forces at the coordinates, and the stiffress coefficients
by specifying the forces required to produce given displacements
at the coordinates. The stiffress and flexibility coefficients
depend on the force displacement properties of the structure and

the coordinate aystem.

A tall structure may be analysed either by flexibility
or by stiffness method. But it has been found that the time

required for the analysis by stiffness method is much less than




b..,'l

J9

the time required for flexibility method. As such the tall

plane frames are generally aralysed hy stiffress method.

The. solution of large building frames by stiffness method
Yses a speciasl technique by taking advantage of the sparse nature

. - :
of the stiffness matrices of the frame. This technigue was first

introduced by Clough, Wilsdn and King(g}. To aveoid the inversien

of large matriCES,'the system coordinates of the structure are
selected in such a way that the resulting matrix which must bhe
inverted will be tri~diagenal band matrix. Using the band matrix,
the analysis is ccnductéd by recursicen procedure which requires

the inversion of low order matrices.

4,2 Types of Frames

At first a ane bay frame without shear wall ig analyzed,
Storey heights, cross—-sections, moments of inertia and foungs
modulus of elasticity are assumed to be constant for bath columns
and beams throughout the full height of the system. The analysis

is modified to take care 6f wall system,

The one bay frame anslysis is further modified to take
care of variable storey heights, moments of imertia, crogs-
sections etc., The name of this analysis is given as general one

bay frame analysis,
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Subseguently a two bay frame with and without shear wall
is analyzed. The matrices are formulated in a general form so
that they can be used either for frame with wall or wit hout wall,
Two Bay frame analysis deals with constanf storey heights, cross-

e : , .
sections, moments of inertia etc.

A "general two bay frame" with variable storey heights,

(e

cross-sections maments of inertia of vertical and horizontal

P N L L IR TE

members throughout the full heith is also analyzed,

Computer programs for all of the above analyses are

developed and written in Ffortran II and Fortran 1V,
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4,27 ADDITIONAL NOGTATION

BEO,B,C, A

[ LA P FY ,-B- BN

Ll'LZ’ 3,L4

-y iy s
51,52,53.34

L

AM

“n

XL

xR

]

cross-sectionsal ar=a of left coiumn or s%ear wall
cross-sectional area of right column ar shear wall
moment of inertia of left column or left-

moment of inertia of right column or right shear wall
moment of inertia of beaﬁ

storey height

Beam lengths

stiffness matrices of the frame

forces at the coordinate level j
displacements at the coofdinate-lsvel J
stiffness mitrix

elements of frame

rotation at end A Df member AT

rotation at end B of member AB

displ:cement of one end of 5 member width respect
toc other end
fixed end mbmentcat end A of member AB
fixed end moment at end B of member AR

moment at end A of member AB

moment at end B of member A3

distance from c,g. ot wall to end of wall or from
c.g. of wall to beam end

Eross-sectional area of center column or wall
Moment of inertia of center column or wall

-Length af left beam

Length of right beanm
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S1 1S3t - 551
i

;T"set }510,1

$10,1= 6EI2/H?

SN = RE/M3(N+12)

= GEI1/HZ

S51 = 6EI2/nH2

| S61 = - 12E/H? (11+12)
$33,S13

o - I“S 53
2L A :
523—*’ \?; 543

567 562 o3-1

s S13:6ET/ M2

S23= BE13/12,

S33= 4E(11/H+ 13/L)
S43=-6E13/12

S53= 2EI3/L
S63=~ 6E11/H2
S83= 2€I1/H

S35

$55

S15

S25 —+ S45

$10.5

Tsss

55: i

—_——meneee

$81=6EI1

S32
S22
l J%\Sj}a
' - S42

v

e
L S72 Sa=e1

SEEAV/H + 12E13/13
129 S32= 6EI3/L2
'H2

S52= G6EI3/ 12

S34
3 j;isu.
S24 L ~

554
¥

Sa=1 S

- e N

- S24=-12E13/13.
S34=-6EI3/12
Sih= EA2[H+ 12613/3,
S54=-6E13/L2
S94=-EAYH

$10.5 = 2E12/H

S15 = 6EI2/H2
S25 = §E13/12
S35 = 2EI3/L

S45 :»-6Elf§/ 1.23
55 = 4E({12 1
S35 = 4B+
$65 = - 6E12/H2

43

S42 =-12613/13  S72=-EM

H
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_.,{

. v.‘._,__.f., A S 36 -: '_" GEIT/HZ

536

%S 16 "),(556

S66.7 1™

» n
\}»5155 |
513,6345"'5 Se=1 |

S16=- 12E/H3 (11+12)
S13,6= 6EI1/H2
S15,6= 6EI2/HZ

S66 = 24E/H3(I1+12)

(_QS’?E,SIS
e

{ "y 510,8
7 ) s98
Uy

———r

S10,8 = 2EI3/L  Su8=-6EI/HZ

S1B8= 2EI/H  s38= 2811 /H

S78 = 6EI3/12 s88 = SE( 2AYH+ 1Y)

S98 = ~6EI3/12
$i8 = 6EL /H?

iS 1,10

&7 ¥ss5.10
A $10,10
SS,JO%_, Y

f1s9,10
S710
51510

/%11;!0

O10= 1

S16=-~12E/H3 (
S56=-6EI2/ H2 577 =

44

S277%
sevé;NIsm,?
577 $97

s12,7-/ ¢

52 =1,
S10.7= 6EI3/L2
$12.7=- EAT/H
S27=- EAl/H

1i+13) 2E AYH + 12613 /13

S87= 6EI3/L2
S97 = —12E13/13
/549
'S89 B %‘510-9
’ﬁ 599
s79. ¥
s1s
'Bg:]
S 109=-6EI3/L2
$14,9=- E A2/H
S49 = - EA2/H

$89=-6EI3/L3

S79 = - 12517[_? |
S99= 2EA2JH+ 12E13/3

S1,10= 6EI2/H?
$510= 2E12/ H

$7.10 = 6EI3/ |2

58.10= 2E13/L

$9,10=~ 6E13/12.

$10,10= 4E( 212H+T3/L)
S 11,10=- 6E12/ H2
St5.10= 2€12/H
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4.3.1  STIFFNESS MATRIX OF THE FRAME

BolC
AlB| C
AlBIC
AlB(C
AlIB|C
AlBiC
AlB
A C
_ BiC
,[K} AiB|C
. AlBI|C
AlBIC
AlB!C
AiBIC
AB|C
AiB|C
AlB|C
AlB|C
AiB|C
A|B

PRV P
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u..'( .

Bo=

S 1 S12 | S13 | S14 |S15
S21 (S22 | S23 | S24 | S25
B0= |31 | S32| S33 [S34 | S35
S41 | S42 | S43 | S4s | Sss
551 | 552 | S53 | S54 Sss
22 | o 6K /H2 0 6Ely /H2
0 EALJ2El2 5‘513/L2 12E13/ 13 | 6E13/ 12
6El1 /2 | 6ET3 /12 eI 6E13 /12 | 2E13/L
0 -12ER /13 ~GE'I3/L2 5%%1%13 -6E13/12
6Ep/H2 6EI3/ 12 263 /L |-6EB /12 LE(%-J%_)
S66 [S67 [Ses [Se69 |Se10|.
S76 |S77 {S78 (S79 {S710
B= |°86 |[S87 [S88 |S89 |S8.10
596 Sg7 598 S99 |S6,10
10,6 [510.7 {S108 |S10.9 {S10,10/ -
2—35(11+Iz) 0 0 0 0
0 2EALI2ED [6ET /12 L2ET3/1L3 6E13 / 12
0 6513/1-2 . AE(%*%‘?-)'GEE / 12 2-EI3/L
0 |EB/1B |eEp /12 2E8,12ED3 - 61, /12
0 6EI3 /12 | 2613 /L [6ED3/ 12 g2+ B
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S61 | Se2 | S63 | S64 | Ses

S71 [ S721 S73| S94 | S9s

S91 | S92 [Se3 | Sgs | Sgs

5101 [S102 (S103 | S104 3105

BEm| 0 |-een /M2 0 |-6El/H2
0 -EA1/H | 0 0 0
A= 1 6ET/n2 0 2€T /H 0 0
0 0 0 “EA2 /H 0

6E12 /H 0 0 0 212 /H

S16 |S17 |S18 | S19 $1.10




43.2 SOLUTION BY RECURSION PROCEDURE 48

By using the stiffness matrix of the frame the force displacement
equation of the frame .may. be written as

4 (] [Bo ¢
| {Fl, A B
{Flar _ A B C
B A B G
F) L A

Whei‘e | {F}I, {F}z. {Ffa. o {F}-.n‘ £ {U}l {U}a {U}B

{Uln etc.are all 5X1 column matrix.

UEquation @ can be written as n separate matrix equations
Y _ as follows™

iF}l = Bo {U}ﬁ ¢ ful,
%F}?.z A {U};"' B8 {U}z"’ C ;U.}B
fFl5= A Jul+Biuls+rc {uly
{F}4_ {U§5+ B {ug4+c {u}5
- §F}J = A §U}J ,+B §U}5+c§u}d+,
iF} n-1= A fU_} 2+B iu}n-ﬁc Uk
: |

F}n = A {an~1+B{UIn

@ @®©@@®@

From @ Solve for f},
Wh=8o'fF} - Bo'c fuf,
w Substituting eq" @ mto@und rearranging yields

fel = By{Ul, + ¢ fuby

in which /% =i, - ABs' {7
| B‘E = B "ABSI C

EEC

From eq".(220) {Ul, = B_-}"' {F}f ~ 8] ¢ {Ul (224)

: Substituting eq” n @'cnd rearranging yrelds
» [F* = B2 {uf3 + ¢ {Uf,

in which {FJ% :{F}a-ABr’I 5y
B, = B- AB| C

OO
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From eql ,- {U%g = B; {F§§ - B-; c %U}z, @

Proéeeding In. this manner the general equations in the
recursion process have the following form

¥ . 1 )

Fo= i i - el i

in which {F}f = fF}). ~ABj {F}&i_-,
=B - AB -32 C

From eq” . {U} = —'1 {Fh "‘{B}H {U}H] |

The last of the matrix eqh shall be

‘ ¥
o {Fin = Bpa {Ubn
in  which FHh =180 - ABn-;_{ 251
"Bn-1=R - ABﬂ'ZC @
From eqn @ fUln = 'Br:-’—‘l {FZ: | .

By back substitution we solve for {U}J'

=
7
o
D

il

U

&

The general equation for {U}j shcl{ be

{u}j = [{F ~ ¢ {uhj+r ]
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.33 SLOPE DEFLECTION EQUATIONS

P
P

- BEAM |
~ : e ” >?\§@ Anticlockwise moment= 4-ve
MBACQ\Q_A ”ﬂ,/ 9\8 |M5A Clockwise rotation - 4 vye.
et =77 L - '
™% Ry
5S(MAB = Mpag + 281 (-26A - 0B) MFAB & MFBa are
;o o L Fixed end moments,
2E(MBA = MFBA. + 2EI (g, — 20p)
<o L
e
b

with Vel;tI'CGI movement

! : APPLY SAME FORMULAS AS THOSE FOR BEAM

= 4
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4.4 FRAME ANALYS|S (ONE BAY)
{ SHEAR WALL AND BEAM)

rBeam | . 44
Level 1 } ' ¢k ) A
3 L 7 5&\49
Leve:2 C\ o0 C\
8N 12 1073 14
Level 3 ("\ ) {:\
; 1 __Level 4 ]3(" 17#16 1%5\19
| 183 22 20 424
< T Level § ('\ A N
! 23 25% 2g
- Level 6 N ‘5\27;26 Bof"\
. ) 28 [ 4 34
2 Level 7 S (\32.,_31 o
_. - 33% 37 6 35;1\39
o — ™~ o
3 l.evel 8 g 38(; - 40&“ .
=] Level 9 . 43(\/‘2;41 o
-g g 4 L7 45 4 49
T " 6452 50854
Level 11 <~ 07 51 Jap
53% 57 95 459
Level 12 (\ .56 {\
. 8862 5046,
Level 13 g\ 61 V)
T e s
Level 14 -
- | 7 75“&74
- Level 15 o ('\ A (
<| , - 7377 75% 749
A Level 16 > (‘\ > 25 o
- 78N g2 8044,
— Level 17 ~ o N, 81 _ (\
9 ‘ 3487 8574 89
£ Leve! 18 _Ld e (.86 an
g Tz T 849 9074 94,
3 Level 19 =3 C\ A g\
S | 5 9397 957199
&Y Level 20 - C\_r_gs )
- - 98 100
T I e Ly e a ' Froesess o
EERATY! L LL3rbap ' ¢ wall ¢ Wall
i 1 1 1 [ No. 1 ‘ No.2

SHEAR WALL FRAME COORDINATE S
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4

| ts§1 $10.1
Sg1. -

$10.1 = 6EJ2/H?
$31=6EI1/H?  S51=6EI2/H?
S61=-12E/H3 (I1 +12)

S81 = 6EI1 / H2

S = 12E/H3 (11+12)

52

532

'NS 52
N\
P

S22 Su3

572
v

S2= EA1/H + 12E13/12
$32= 6EI3/E (142 12/1)
S42 =-12E13/L3

S52= 6EIZ/i% (1 +2L3/,_)

Sq=1 'S72=-EA1/H S, .
S 1 et
3 g3 ——— S34 |
553
A’; . < S4
523f’ Y7 's43 524 ‘;"” -
83:1
ﬂ.I_ - - C ] 3
S63 S63=-6E11/H2 Sq=1 bf 94
583 S83 = 2E11/H Sou= - 12EI3
S13 o BEI1/ H? L / =
Sy3= SEI3/L2 [‘!+3E—] S$34-6E13/1% (1 + 2L2/L)
4EI1 . 4EI3T. 312 L2 S44=EA2 4 12EI3
S33= i +4L [1+ 3 ('E-l--]:-” H &~ 1=
Sl.3=~6EIBII?*.. [1 +2L2/L] 5§4=-6f513 ( - 2L3/_L} f_’;;%w
- = 2EI37,, 3 i 2.
55555 ‘T[1+T(L2+L3+2L2L3/L)] sgz.:-Eé\?
%3515 /gss '
- 2EI2
1o S45 510-5“ 6?12 "
525.5"] S15 = A
6EI3 T ,, 2L3
225 = (% L1+T]
_ 2EI3 74,3 ,
}510_5 S35 = 2EB 7443 (12w 134202031 )]

6EI3 2137
S45 = - T 1+T]
' L
Ss5.= 4EI24 4EL3T 3L3
S65 = — 6E12 /H 2

)




53

516

| l $36, - S56 |
i | LA S277%,
. | T~ “Ns107
S669 2 =1 >% '\—/ ‘“‘st
| s77./ | f
_.T; ‘T : \—T) 7 )
L.
811.6\—@‘!3.6 5156 | "Ei‘jz-" S7=1
‘ $12 7=~
S1.6=-12E|H3 (11 -
1.6 - IH 21 +12) §56=-6EI2/ H? ] ;li“i
$13.6= 6EI1/H S27 =- ,
Si56= 6E12/H2 ~  S66= 24E (I1+12) H N
S16 = -126/H3 (11+12) H3 $10.7= 6ERJLE [1+2L3/U]
4 536 . 6E11/H2 , S77 = 2EAM/H+12EI3/
, S87 = 6EI3/(> [1+2L2/L]
) . ) 3.
538 S97 = -12E13/L°
fS'lB '
/7 , . | . | Fs49
- $10,8 ' ™
o #i 589 :QL“/"_“%CSQQ
A I ’ |
de= 1 - 4  Dg=1
S1n.8 S13.8 : 5149 ~nd [
S10.8 = 2EI3/L[!;3JL(L2+L3+2L2 L3/L) S149 =~EA2/H
v S8 =-6EI/H ‘ S10.92- 6E13/1% [1+2L3)L]
’ $13.8= 2EI/H s98=-6EI3/* [1+202/L]  s49 =- EA2/H
518 = SE%HZ' — S 79= - 12613/ (>
$38 = 2EI1/H ' o
=~ , 2
$78 = 6EI3/LZ [ 1+ 23] | S89 =~ 6E13/L%[ 1 +2L /%]
S88 = BEI/H+LEI3'[ 1+3120 (1+2)] S99 = 2EA2[H+12E13/L
T " 5510 o
I
. . ) § 4 r‘;:k (‘}:_,j“,l
$1,10 = 6EI2/HZ . B
$5,10= 2EIR/H L 4

$7.10= 6E13/(% [ 1+2L3/L] o
5810 = 2E13L[1+4L (L2+L 3% 2121 3/L)]

$9.00=-6E13{> | I+ 2L3/L] .

$10,10= 8EI2H+LEIYL [ 1+3L3)L [ 1+L3/U)]

S$1.,10=-6EI2/H%

$15,10= 2Ei2/H
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I .
S16 517 518 519 5110
S26 527 S28 | S29 5210
C = |9536 S27 Sag S39 S310
546 S47 S48 S49 S410
S56 557 Sg9 Ss59 S510
12E 2 2
- 0 6EI1/H 0 GEIZ/ H
11+ 12)
4 0 - EA1/H 0 "0 0
or C=|"6EI1/H? 0 2EI/H 0 0
J 0 0 0 “EA2/H
-6E12/H? 0 0 0 2612/ H
. Note  All the etements of matrix C (s same as frame
stiffness matrix
MATRIX A = TRANSPOSE OF MATRIX C OR, A= CT
\;. —_ aam
Ses Se7 | Ses Se9 | Sg,10
S76 S77 578 S79 57,10
53— |Ses | S87 | S88 | 589 | S8 10
So6 | Sg7 | Se8 | S99 | Sg,10 >
r . . . ‘.!‘
< S10,6 | Sw0,7 | S10,8 | S10,9 | S10, 10




- - %mﬁz) 0 0 0 0
y ‘ 2A1/H 613/12 613 /12
E % - 3
0 w/3 |ypnp/3 | TRB/E +1213L3 /13
. 613 /L2 BI #+ 413 | 1312 EI_L?:+6—IL§’I(L2
2
+1213L2 /13 |[+12I8E20 Loy o131 /8 | p 342020900
/ Tﬂ-i- i ) / /
or, B = L0 y -613 /1.2 2A2/H -613 /1.2
- 213/ -1213L2/13 | 41213 /13 -1213L3 /1.3
2 2A3+86I3, 5] 613 /12 |82, 4T3
N o 613 /L R R IAT 4 *“‘1"3
| +1213L3 /13 [+ L3+212130)] -1213L3 /13 lZIL?‘—ZL}(Hf)
[
S| S22 | S13 {Si4 | Si5
521 | S22 | S23 | S24 | Sy
BO = 531 | S32 | S33 | S34 | S3s
S41 | Su2 | S43 | Sui4 | Sy
. &
¥ | 551 | 552 | Ss3 | S5 | Ssy
E 2 |
G ) 0 6u/H2 | o - 612/H2
oA 1213 I3, 121312 .
0 HT 3 253 -2/8 [s1s/i2+nmLs/is
o (813, 1208L2 VATi/H+413/L| 613 /12 |213/L+613/(2(L2+ |
or, Bo= | 611/H 2 3 +1_2%'(1+LL;2) 121302/ [L3+20203/1)
L X
B 0 1213/13 -613/12 A2, 3. | -61342-1213L3/13
-121302/3 |H T L
2 | 813/12 |23 613, [~613/12 | B8/H+ 4T3/l
612/H R +2383 s
M A EVOYRYRY B RRFSETEV/EN MY
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4.5, GENERAL ONE BAY FRAME ANALYSIS

MOment of Inertia of Left Column or Wall = CL

" Moment: of Inertia of Right Column or Wall = CR

Area of Left Column or Wall : = AL

Area of Right Column or Wall = AR

Moment of Inertia of Beam ~ : - = BL

¥ Beam Length - .= X
Story Height ,k = H

Distance from c¢.g.of fleft wall to beam end = S2

Distance from c.g . of right wall to beam end = S13

All the above quantities = may vary
from story to story
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4.5.1.. STIFFNESS MATRIX FOR GENERAL ONE BAY

~ FRAME _

8|

[c]| BLE L,

kT (Bl [
[cJs BU kU
| Bl E}i
(AR
D
[C]I, Bl [C]q
[cal [BHIcks
K] =
o IChaEl
BN




S11 Sq2 S13 S14 515

S S22 S23 Sy, S»yg

.[sk= S31 532 S33 | S34 S35

541 S42 | Su3 Siy S45
551 S5 Ss53 554 555
A ___ ) I
= 12E : =0 . 6ECL(1)
S1 =g (CLM +CRANI - $2120; Sy = TOC
S41= 0 Ss1==§%fﬁ%¥ j
o EAL() | 12EBL(D) . _8EBL() 14 282(1)
2% T tTxmes o 0 SR =%z X b+ X(1) )
2EBL (D) . 6EBL(1) 283 (.
'S4 =-28BLU) g, 1
h S42 %(1)3 | ) 52 X(1)2 ( XN~ )’
Can BECL{1) | 4EBL(1) 38211 s2 (1)
- ST T TR *‘ﬁ* s (1 S ‘)}
_SEBL(1) /, 2s52(1) |
Siy=5ant 1+ O
cen 2EBLINF, 3 |
S53=" Uty (S2 (0+S3 (N +252(1s3 (1) /X(1)]
EAR() . 12EBL(Y): 6EBL(N . |
St = 6 + X('])a()J SSA:'W— (]+253(1)/X“))

c.. LECR{1)  4EBL (1) 3S3(1) /.. S3 (1)
S55="01 * X [+ %) (1 xm))}

The above matrix Is a symmetric matrix. Hence the other elements
of the matrix cun:’generated from the above elements

] —

S1s S17 | S18 S19 S1 10

526 | S27 S28 S29 S2 10

k]f;‘53e $37 S38 | S39 53,10

546 547 S48 549 54,10

Sgg Sgy Ssg Ssg S5,10




59
- The elements of matrix [c:]l are:

_ _12E CR(1); Spg=0;536-28CLM)
Sig IGE (CL{M +CR(1), S26=0;536 Hinz

: . | EAL (1)
Sue= 0 556=EERUL  s17205 sp7=-SOEE

H(D
S37= S47 = S57=20 .
. BECL(D : _ 2ECL(1). _
518 - H (1)2J 528 I 38 H(ﬂ !

L, Sgg= O

S1g9 = S)g9 = S39 = 0, Sug=-

SECR(1) . : ZECR (1)
é = ———— = =5 =0, =
¥ 51,10 H(1z '’ $2,10= 531025410 = >5,10 TOH

FROM MATRIX (CJ, GENERATE MATRIX [cjg

IN GENERAL (IF Ni=1-1, WHERE 1 IS STORY LEVEL FROM
TOP) THE MATRIX [C]y IS GIVEN BY: [TAKING"E—:“ COMMON FOR
ALL

¢ (1,1)= 2% LIN) + CR LN:))/H (N1)ex3
C (3,0 =-6.2 CLIND/H (NI} # % 2 -
C {51 = 6% CR(NI/H(N)#»# 2
C (2,2) = -AL(NI) /H(NI)
C1,3) = 6ACL (NI) /H(NI##2
. C{3,3) = 2#%CL(NI)/HND
C(4,4) = —~AR(ND /H (ND)
C{1,5) = 64CR(ND/ HINI) & %2
© 0 C(5,8) = 2% CR(NN /HINI)

f

Se6 | Se7 IS8 | Se9 | Se,1w0

S76 | S77 | S78 | S73 [ S710

[B],= | S86 |S87 |Sss |S85 | 58,10

3—31

S96 597 So8 S99 159,10

'S10,6 | S10,7 [S10,8 | 5109 | $10,10
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| 12E 12E
Se6= sl CLI+ CR () + {5y (CL(2) +CR12))
| . _GECL{2) _ BECL(M . ~
St6= 0 Ses= o T Thmr ) S%6=0
- §ECR(2) _ SECR(1) -
10_,6: H(2)1 - H(1)2'
o EAL(D , EAL(2) | NEBL(2)
277 = H(D) R(2y . T X3
_ BEBL() (1,252(2)). o TEBL(2)
87= om o ("YRm sy =ays f
S 6EBL (2) 253 (2),
10,7 = X(Z)Z X(2)
Sgg. . LECL(N | 4ECL(2) +l_«__E_§_L_(_21[1+382(2) (1+§3—.@ _
H - H(2) X(2) X(2) X(2)
6EBL(2) -
Sgg= - Sy (1 +252(0/k(2)
si0,8= 2EBLA2) [u%}j (s2(2)+53 {2)+252{2)s3(2)/><(2j
Seg—  EAR() ,EAR(Z; 12EBL (2)
%9 e R z) + X(2)3
$109 = — SEBL(2) (1 253 (2)
o X(2)2

510 10 =

AECR(1)  LECR(2) | 4EBL(2) 14_27153(2)(1 s3(2>):]

HiD T H(2) X (2) X(2) o X

The above m-‘otrflx 1Is a symmetric matrix. Therefore all other
elements can be generated from the above elements.
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In general {IF N4=TMfwhere I Is story level from top ) the matrix
[B]I s given by as follows: where I>1 (Take "E common)

Let: Zy= 1.42.4 §2 (I)/x(l)
Zy= 142.% 53 (1)/%0)
Z3=1+3 % S2 (1)/x(1)a&(1 +52 (1) /x(t))
Zo= 143 % S3(1/X(1#0+53(1/x (1))
Z5 = 1.+3./><(1) » (52(1)+53 (1)+2. % sz(x)#__sa(x)/xﬁ)}

B(1.1)= 12.5% [{cLi) + CR(IJ)/H (1)%%3 + (cL (N1) + cR (Nt)) /H(Ni)#*ze
B(2,1= 0 - |

8(3,1)= 6 #(CL @) ME##2 — cL(NY)/H{nt)#2

B(4,1)= 0

B (5.1)- 6.%(CRU) /M (t)sez - CRIN) /H(N1) %22

B (2,2} ALINY/HN) +ALE) MW +12. % BLE X @3
B(3.2): 64BLEXY**2 % 21

B4 .2)=-12%BL )X (1) * #3

B(5.2): 6.% BLUXL*##2 % 72

8(3.3)= &#{eL (Ng) Ny + L) D)+ BL 0ty s 2 3)
Blt,3)=-6.% BL(I) /x(M##2 * 21

B(5,3)= 2% BLO)X() # Z5

 Blod)= A>R(Ni)/H(Nt]+AR(IJ/H(I)+ 12.% BLOJK (W # 3
g, Ajz_s.ﬁrBL(I)/x(IJﬁ#z * 72 '

s(5,5)= 4-%(CR(N1)/H(N1}+ CRI)/HE) + BLDXE) * 24)
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4.7.1 STIFFNESS MATRIX OF GENERAL FRAME
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CHAPTER 5

" COMPUTER PROGRAMS FOR STRUCTURES

5.1 Introduction

In chapter 4 the stiffness method/%g%ursiun procedure of
analysis - was presented in a form which is suitable for computér
programming. In this chapter flow charts of computer programs
are presented, for each program, a table containing the identifiers
of the program is given to facilitate the reader to identify the
names of variesbles, constants, or other entities which are used
in the program. The programs are written in Fortzan. The listings

af the progrémms are given in Appendix 'A°,

In the programs; éll of the structures to be analyzed are
assumed to consist of straight prismatic members. The material
properties for a given structure ‘are taken to be constanrt throu-
ghout the structure, Only the effects of locads are cansidersd,
and no other influences; such as temperature change, are taken

into account,

I T T T AL LTVt R W

‘A1l the progfams are written for twenty storied frame.
However the number of storey may be increased to any number

depending on the storage capacity of computer,

5.2 Dutline of Pregrams

Jince the detailed steps in a computer program are relsted

to the manner in which-data are prepared each program is preceded
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by a summary which explains the preparation of the necessary
daua.‘ln addition, some of the variables in the program will
be of integer type while others are of floating-point tyne,
Therefore, a llstlng of the variables of integer type ig given
in each identifier table, The varisbles which are subscripted
in the ﬁfogram { and which require blocks of storage in the

cemputer) sre given in the dimension statement of each program,

3.2.1 General svtline 0f Prograns

The genersl outline of all the programs is shown in the

following five steps,

1. Input and print structure data
a) Number of storey, number of storey loaded
b} Structure Paramelers and elasstic modulj

c) Member dPSlgﬂctans, pProperties and orientatjons

2. Structures stiffness matrix
a) Generation of gtiffress matrix

b} Inyersicn 0f stiffrness matrix

3. Input and print load data : ,
a) Actions applied at joints

b) Actians at ends of restrained members due to loads

Il

4. Lonstruction of vectors sssociated with loads
8) Equivalent jeint loads

b) Combined joint loads
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5} Calculation and out pbut of resuylts
a) Joint displacement and support reactians

b) Member and actions,

3.2,2 LlUnits

- -

The units of input data used for the programs.are loads
in kips, lengths in inches, areas in sguare inches, madulusg of
elasticity in kips per square inch, and so on. The units of final

results are in kips, inchszs and radians.

5.3 Computer Storage and Time

IBM 1620 computer of Atomic tnergy Center was used in the
development and test run of ail the programs. After the Crograms
were developed the production run were made in the IBM 360-30
computer available in the Rureay of Statistics. The storage capacity
of I8M 1620 is 0K and the existing storage Capacity of IBM 360-30
is 63K, Time required by IEM 1620 computer for the compilation
and execution of a program is much more than the time reqguired by
IBM 360-30 computer. To cite an examplé t for a two bay frame
program, the compilation time required by IEM 1620 is 1B min.,,
while the compilation time required by I8M 360-30 is 3% min,, and

the execution time for the same program fgr twenty storey ig

w o b3emin, for 1AM 1620 andg approximately 48 Sec. for IBM 3460-30.

Uriginally the programs were tested and run with single

precision. The results were found to be satisfactory; and the
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equilibrium was satisfied at all Joints ana the whole frame,
chever in the final production run, Qhen the value ot A was
varied from 0.5 to 100, it was fDqu that if the value of N

goes beyond certain range, then neither the equilibrium of joints
nor uf the wholz frame does satisfy. To overcome this problem,
all the pngrams‘ware subsequently written for double precisiocn.

It is found that double precision gives VETY accurate result for

any frame irrespective of the value of N .

A chart showing the computer core used and the time required
by IBM 360~30 computer for the compilation and execution of each

program in double precision is given below:

Chart showing computer core used and time required in each praogram

Name of program Core used Compilation Execution time
(Hexadecimal time for one 20

Unit) storey frame
(Bytes) “{min.) {min.)

One bay frame DBAS67 03.10 00. 24

analysis

General one bay ODAZFF 03.20 g1.22

frame analysis

Two bay frame Bocsaer 04,38 00.48

analysis :

General two bay. D0BB27 04.40 - 02.05

frame anaiysis

GA for two bay UoB7BY 03.08 G0.28

frame '

GA for one bay frame OO0GLFF . 02.53 00,18

Note: Time :- (3,48 min, means J min, 38 sec.; 00,24 min, means
U min., ¢4 sec, etc. : )




5.4 FLOW DIAGRAM

START
( READ AND PRINT DATA
( GENERATE LOAD MATRIX

( GENERATE STIFFNESS MATRIX

v
SOLVE FOR JOINT DISPLACEMENT
. ' BY RECURSION PROCEDURE

. _ ) 7 _
SOLVE FOR MEMBER
ACTIONS

?

WRITE JOINT DISPLACEMENTS
AND MEMBER ACTIONS‘
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F16. 5.1 FLOW DIAGRAM OF THE COMPUTER PROGRAM
FOR THE ANALYSIS OF PLANE FRAME
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5.5 One Bay Frame Prcgram

One bay frame program was written to analyze frame with

or without shear wall, The identifiers used in this program

are listed in Table 5A. The input data required in the pragram

are summarized in Table 5B,

TABLE 5A

Idenfier used in one Bav frame computer programs

Integer type variables are: N, NSLOAD, LS

Identifier

N
NSLOAD
XI1

XI12

AZ

£M

XL

XL2

XL3

Dafinition

Number of stor&
Number of story loaded
Moment ﬁf Inertia of left column (equal for all floors)
Moment éf inertia aof right column {egqual for all floors
Moment of inertis o¢f beam {equal for all floors)

Area of cross-gection - Left column (equal for
8ll floors)

Ares of cross-section-right column {equal for
8ll floers)" ' T :

Young's modulus of Elasticity

Beam span from center to center of columns or
beam length from face to fece of shear walls

Storey height (equasl for all story)

Distance from c.g. of left wall to end of beam.
it is zero in case of column.

o

Distance from c.g. of right wall to end of beam.
It is zero in case of column.
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RABLE 5A (Contd,)

Identifier Definition

LS Loaded storey level from top

XP{ ) Loads applied at joints of a storey,

EER( ) Fixed end reactions on storey beams. The order
of FER( ) is left F.E, ghear, Left F.EWM,

Right F,E, shear, Right F.E.M.

TABLE 5B

Preparation of Data for one Bay frames

Bata Number of Items on data cards
cards
“a) Number of storey 1 Ny NSLOAD, X11,XI2,X13,A1,
of storey loaded; g
member properties; A2, EM, XL, #, XL2, XL3

structure parsmetarsg
and elastic modulus,

a) Storey level, R |

- actions applied - LS, XP{ Vs
e - !

at joints, acticns N FER ( )

at send of restrained
members due to loads.

THB L R s b gl oo

5.6 General One Bay Frame Program

While one bay frame program can be used for constant storey

height, constant moment of inertia of Beams etc., the General one

bay frame program can take care of variable storey height, moment
af inertie; area etc. Identifiers used for general one bay frame is

given in Table 5D and preparation of data is given in Table 5C.

o ‘l"g
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TABLE 5C
Data Number of Items on data card
cards
a} Number of story, 1 N, NSL, E

Number of story loaded,
Modulus of Elasticity

a) Member properties, N CL{I),CR{I),BL(I),
span; storey height . ALCI)AR(T),X(T),H(I),
etc. 52(1I),S3(1I)

2) Loaded story level, ,
Actions applied at NSL LS, XP{ )}, FER( )
Joint, Actions at
prds of restrained
members due to loads.

TABLE 5D

Identifiers used in general one Bay Computer Pfoq;ams

Integer type variables:- N, KSL, LS

Identifier Definition

N Number of story

NSL Number of story loaded

E Modulus of Elasticity

CL( ) Moment of Inertia of left column orf wall
CR{ ) Moment of Inertia of éight column or wail
BL{ ) Moment of Inertis of Beam

AL } Area of left cclumn or wall

AR ) Area of right column or wail

X ) Beam span [/C of ceolumn or face to face of wall




1

4 TABLE 5D (Contd...) :

Identifierx Jefinition

H{ ) Storey height

52( ) Distance from e.g. of left wall fo Beam end.

S3{ ) Distance from c.g. of right wall to Beam end.

LS Loadad storey level counted from top
TP { .F | ) Actions (Loads) asppiied at joints on & storey.
3. .
' FER( ) Actiong at ends of restrainsd members dus o

loads. Order of FER( ) is left F.E. shear,

Left F.E.M,, Right F.E. shear; Right F.,&.#,

5.7 Two Bay Frame Program

Two bay framé program was written to analyze frames of
coiumns or walls or combination of both. Storey height;, Moment of
inertia of left beams, right beams; left vertical memiiers;, center
vertical menbers right vertical members estc. have been kept constant
B throughout the full height. VThe identifiers used in the program

are listed in Table 5£ and the input datas reguired are summerized

in Table &5F,
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TABLE 5E
. , :
i ' Identifiers used in two Basy Frame Computer Program
Integer type variables ars:- N, NSLOAD, LS
Identifier Definition
N Number of storey
NSLOAD Number of storey loaded
WII toment of inertia of left column or walil
;. WI2 Moment of inertia of center column or wall
wIi3 Mgment of inertia of right column or wall
BIl Moment of inertia ef left beam
BI, Moment of inertia of right beam
WAl Area of left column er wail
WAZ Area of center column or wall
WA3J Area of right column or wail
EM Modulus of elssticity
ALy Span c/c of columns or face to fece of walls of
left beam
po
XL, Span ¢/c of columns or face to face of walls of
right beam
H Storey hsight
52 Distance frow c.g. of left wall to beam =nd
33 Distance from c.g. of center wail to end of left
beam
54 Distance from c.g. of center wali toc end of right
beam ’
¥ LS Loaded storey level from taop
SP( ) Actions (iloads) applied at jointis on & storey
FER{ } Actions at ends of restr ined members due to lsads.

order of FER( ) is seme as for one bay frame,
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, TABLE SF
-+ -
Preparstion of Data for two Bay Program
Data Numher of Items on data cards
S Cards
a) Number of storey, number N, NSLOAD,wIl,wI2,
of storey lecaded, section i WI3,BIL,BIzZ, WAL,
propsrties of.members etc. WAZ, WAZ.
’} - £ 1lagdi 1 , o
b} Elastic m?dufus, span, EM, Xi1, XL2, H, 52,
storey height, wall 1 3. S4. S
widths from c.g. etc. ' '
a} Stofey level, actions NSLOAD LS, AP( )
applied at joints
b) Actions at ends of
restrained membexs NSLBAD FER( )
dus to loads
A

5.0 Geperal two Bay Frame Program

k

General two Bay frame program can take care of wvariehble
storey height, variable spans and section properties of all
members. The identifiers are listed in Table 5G and the input dats

required are summerized in Table OHH.
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4.
Identifiers used in General Two Bay Computer Pragrem
Integer type variables are:- N,NSL, LS
ldpntifier | Definition
N Number of storey
NSL 7 NMumber of storey loaded
ﬁ E Modulus of Elasticity
L5 ,‘ Storey level from tep
5P ) Actiona {loads) applied 2t joints on s storey
FER( ) Actions at ends of restrained members due to lecads.
Urder of FER( ) is same as two Bay frame
H{( } Storey height
AL ) Area of left column or wall
AM{ ) Area of center column or wall
AR( } Ares of right column or wall
A CL¢ } Moment of inertis of left column or wall
ol ) Moment of inertia of right column or wall
BL _ Moment of inertia of left beam
HR Moment of inerxtia of right beam
F O Span left beam
Y Span right beam

52;53;54 and 55 are same as two bay frame
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TABLE 5H
Prepsration of Data for Genersl two Bay frame Program
Data Number of Items on data cards
: cerds
. a} Number of storay,
) number of storey 1 N, NSL,E
lopded, Medulusg af
lasticity
) Loaded storey level, . < .
actions applied at joint NSL LSy %Po )
b) Loaded storey level,
actions &t ends of -
restreined members due NSt L5, FER( )
to loads
a) Storsy height, praoperties \ H{I), AL (1), AM{1)
of vertical members AR(I), CL{I),CM{I)
. ER(I)
A ,
b) Beam properties, spans, 2N BL,ER,X;Y,52,53,54,55

wall depths from c.g.
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4 " 5.9 Program for GA for One Bay freame

ba paramster of a frame is defined as the cnnceg%rated igad
~required at&the top of the frame top csuse unit latersl displace-
ment. GA for one bay ffame was written to compeare the actusl GA
velue of g freme evaluated by stiffness method and recursion
1 pracedure and ths sppreoximetes GA value svaluated by Heidebrecht
i and Smith metnod (HSM). Identifiers used in this program is same

as the iduntifiers of first dats card of cne buy freme progranm.

o

nly one card is regquired in this program te evaluate the GA value.

5.10 Program for GA for Two HBay Frame

—

his program was written to find out the GA value by exsct

as well as HSM for two Bay frame., Only two deta cards are required

fut e

fiers used in this program are same as

[ 8

for this program. Ident
the identifiers of the first twe cards of two bay frame except
that the identifiers sre arrsnged in different manners in this

program.

| 5.11‘Proqram for Approximate Analysis by Heidebrecht and Smith Method

This program was written to find out the deflection, B.M,
shear and ths interacting forces in flexural and shear beam by

H5M, ldentifiers used in this program is same es the identifiers

of the first two csrds of two bay frame progreaw.
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CHAPTLR &

COMPARISON OF EXACT METHOD WITH APPHOXKIMATE METHOD

6.1 Introduction

Tall building frame is one of the highly redundant structure
sncountered in Civil Engineering practice. Numerical solution of
the exact analysis, without the help of high speed digitai 50mpu~
ters, is too time consuming and sometimes impossible. Designers
with no access to high speed digital computers go for approximats
analysis., Here in this chapter an attempt has been made o compeare
the different parsmeters or assumptions of approximate method .

with thet of "exact" method.

For academic interest the value of A (= Ic.ﬁ /ib.h or

jiic.g /2 jilb.h) has been used between 0.5 and 100. However,

the realistic range of is between 1 and 10.

6.2 Comparison of GA Parameter of One and Two Bay Frames

GA parameter of a frame may be defined as the ltzteral
load required at the top of the frame to cause unmit lateral trans-

lation of the frame at top. In Chapter 3, GA parameter by

Heidebrecht and Smith wass given in equation (3.2,11).

R
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T

4. . To compare the value of GA by Heidebrecht and Smith methsd
(HGM)} and the exact method (EM) progr-ms were developed for one

bay and two bay frames.
' For different values of ML= Ig/@/ﬁbfi}

GA value by the sbave two methods were evaluated., The results are

given in tsbular form.

From the results it is seen th.t for a two Bay frame, the

., ;_
GA value by Heidebrecht and Smith method may be used in the
following rsnge of storeys for different valuss of A_,
A = 1 . 2 2 -3 3 -4 4 -5 5 - &
No. of|, -
: =10 10-12 12-13 13-14 14-16
storey
_Similarly for one Bay freme the GA value may be used in the
following the range of storey for different values of AN
-
n= -2 2 3 3 4 3 S = 7 7 -9 9 ~ 10
SN I SRS IR B 9 | 9 - 10| 10-11 |11 - 1z
storey

o e
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GA FOR ONE BAY FRAME
I LE
N = T;TR y where h = Storey height
£ = Span
I;u Moment of irertia of column
Iba Mament of inertia of Beam
HSM = Heiddebrecht and 5mith method
EM = Exact Method |
N = 1.0 1.92 2.0 3.0 4.0 4,16 4,17
SACT |1esies | 21421 111111 | 79365 | 61728 | 15064 20089
NGO, OF | GA BY 5A BY GA BY | GA BY | GA BY | GA BY GA BY
STOREY | EM EM EM £M- EM EM EM
20 42412 - | 10446 | 37149 33089 29857 | 7509 12343
19 45923 11034 | 35833 35218 31595 | 7935 13883
18 49841 11658 [.42770 37516 33450 | 6390 14443
17 54221 12321 | 45986 35993 34528 | B&T3 15021
16 55126 13022 | 49505 42662 37536 | 93876 15620
15 | 64628 | 13763 | 53358 | 45534 | 39779 | 9932 16238
14 70803 14544 | 57562 48620 42162 | 10510 | 16876
23 | 77739 | 15366 | 62155 | S1931 | 44961 | 11122 | 17536
12 85526 16227 | 67157 55476 47374 | 11770 18220
11 94256 17128 | 72595 59269 50220 | N/A 18932
10 104021 | 18070 | 78491 63323 53246 | 13185 15681
9 114904 | 19057 | 84874 67669 56485 | 13565 20481
8 126981 | 20058 | B1784 72353 59993 | 14811 21356
7 140324 | 21213 | 99204 77481 636684 | 15751 22353
8 155039 22447 | 107619 83270 68385 16844 23553
5 171401 | 23895 | 117173 | 90201 |. 7398G | 18212 25131
4 190263 | 25793 | 129110 | 99441 81803 | 20139 27475
3 | 214501 | 28783 | 146744 | 114237 94974 | 23411 | 31641
2 255590 | 35185 | 182352 | 146496 | 124970, 30911 41488
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GA_FOR ONE BAY FRAME (LONTD,)

N = 5.0 6.0 7.0 8.0 9.0 10.0
Mew | | 59505 | 42735 | 37037 | 32880 | 29240 | 26455
NO, OF GA BY .| GA BY . GA BY GA BY GA BY GA BY
STOREY | M EM EM EM EM EM

20 27220 | 25027 | 23173 | 21585 | 20208 | 19003
19 28671 | 28260 | 24237 | 22515 | 21030 | 19737
18 30207 | 27558 | 23352 | 23486 | 21686 | 20499
17 31832 | 28922 | 26518 | 24498 | 22776 | 21290
16 33548 | 30355 | 27739 | 25554 {23703 | 22112
15 35361 | 31860 | 29015 26666 | 24668 | 22968
14 37273 | 33439 |30350 | 27806 | 25675 | 23861
13 39239 | 35098 | 31749 | 29011 |26730 | 24788
12 41415 | 36843 {33221 | 30280 | 27842 | 25788
11 43663 | 38687 | 34778 | 31625 | 29026 | 26845
10 46052 40657 dcdd4 33071 30305 275495
9 4B616 ( 42772 | 38254 | 34655 | 31718 | 29273
8 51419 | 45114 | 40275 | 36442 | 33328 | 3074%6
7 54577 | 47793 | 42623 | 38548 | 35249 | 32523
6 58316 | 51036 | 45518 | 41187 | 37693 | 34812
5 63126 | 55303 {49409 | 44797 | 41084 | 38028
a 70060 | 61652 | 55321 | 50375 | 46399 | 43129
3 82157 | 72982 | 66073 | 60673 |S56332 | 52763
2 110530 | 100136 | 92283 | 86132 | 81181 | 77107




6A YALUE FOR TWD BAY FRAME

'zzc.f
y N ijlb.h, where: b = Storey height
- £ = Span
fZIc= Sum of moment of inertia of columns
:E1b= sum of momsnt of inertia of Beams
H5M = Heidebrecht and Smith Method
EM = Exact method
= 1.0 1.4 | 1,60 11.842 | 1.98 [ 2.965 | 3.95| 4.95]| 5.93
A 55537 63746° | 39175 | 33547/35285 | 38308| 27382 | 21305 | 17437 | 14756
NO. OF) GA BY| GA BY|GA BY |GA BY | GA BY| GA BY| GA BY GA BY | GA BY
STOREY|] EM EM EM EM EM EM £M EM EM
20 {40305 (26664 | 2657725664 28918 22604 |18585 | 15800 |13753 |
19 141835 27623 | 27248(26491 | 29777|23146 |18565 16086 }39795%3
18 143617 128606 | 27925127333 | 30650(23694 | 19848 | 16376 14209 +7
17 145346 129610 | 28606|28190 | 31534|22247 | 19738 | 16669 | 14443 15"
16 147120 |30634 | 2929129059 | 32430|24806 | 20131 16968 | 14682
15 148934 |31676 | 29980(29942 | 33337|25373 | 20532 17274 {14929
14 50784 |32735 | 3067330836 | 3425425948 |20941 17590 | 15186
A
‘ 13 152664 133809 | 3137231744 | 3518426535 |21363 17918 115455
12 |54572 |34899 | 3208032665 | 36130(27138 |21807 18265 |15744
11 156505 {36007 | 3280333606 | 37097 |27765 22267 [18638 |16058
10 [5B464 137138 | 3354734576 | 38095 (28428 |22769 19047 116408
™) |6046G 38304 | 34330(35583 | 39144 29146 |23324 19512 [16813
B |62512 39529 | 35173 (36661 | 40272 |2994§ 23968 (20060 (17289
7 [64666 |4DBSD | 36127 (37853 | 41537 |30889 24745 20738 {17910
6 167016 (42351 | 37250 (39247 | 43036 |32065 25745 (21634 |18731
‘:}.‘ - .
5 |69752 +j44189 | 38713 141017 | 44971 33664 27159 [22918 {19924
4 |73316 |46727 | 40848 [43555 | 4779C 36115 29378 |24976 |21B41
3 |78B86 |50933 | 44554 147910 | 52692 40554 33491 (28843 125538
2 90596 60241 |S3020 (57802 | 63936 51088 43436 (38331 |34668 [/
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6.3 Comparisan of "Exact" Method with Portal and Captilever

Methodsg

Probab ly the most popular methoc of amalyzing a rigid

rectangular frame under lateral load is either the portal method

or the cantiiever method. These are, in effect, the methoos

generally used in the preliminary amalysis of tall buildings.

The two common assumptions made in portal and cantilever

methods are:

1. There is a point of inflection at the center of each

girder.

2. There is a point of inflection at the center of @ach

column.,

The third assumption for portal method is "The total

horizontal shear on each storey is divided beiween the calumns

of

twice as much

that staorey in a manner such that each interior coiumn carries

shear as each exterior column".

While the third assumption for cantilever method is "The

intensity of axisl stress in each column of a storey is propor-

tion 1 to the

of gravity of

Several

data were run

assumptiaons.

horizontal distance of the coflumn from the center

#ll the columns of the storey under consiceration".

programs for lateral loads with different structure

to check the'validity of the above simplified
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6.3.1 One Bay Frame

By varying the value of A (= %ﬁ%gm) from 0.5 to 100,
prograﬁs for latersl lboad for one bay frams were fun with &
view to assessing the range of?\_fﬁr which the above assump-
ticns of portal and‘cantileuar methods may safely be used in
the design office, By analyzing the results it is found that

4 for symmetrical trames the assumptions 1 and 3 of the above
methods are valid for all values of 7\, while assumption 2 does
net hold good for any value of Al. Peint of inflection of each
celumn is dapenden£ on . and varies from storey to storey for
same value of N . Point of inflection of column for different

storey with different valueiof N are givean in Tahular and gra-

phical form.

6.3.1.1 Discussion an point of infisction in columns

The amount by which the points infiection in the tolumns
mave off-center can be estim ted using the tabies or graphs as

given after this section.

If A is low, then the beams ares stiff and the frame def-
lects purely in a shear mode as shown in Fig. 7{a). Points of

inflection are at midheight throughout,

e As A_increases the beams become less effective until, whean
they have no bending stiffness, the ioad 1s resisted by the

columns alone, as in Fig. 7{5). The frame then sssumes 3 bent

shape similar to that of.a single cantiiever under laterat load,

¢ | &
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that is, it defiects in a bending mode, There are no points

of inflection in the columns.

Neither of the ideal conditions iilustrated in Fig. 7
are normally achieved in reality, Heams can nesver be fully
rigid and even a very low beam stiffness can havé g significant
effect in restraining the frame deflection, What does happen
is that within a‘reailstic range ot h.{sayri to 10) the points
of inflection in the columng (except these in the lower and upperr
stories) are close to midheight, and shear mode deformation

predominates,

If significant axial strains do occur in the columns, 4
bending mode deformetions becomes mors preminent. From the
point of view af stiffness calculations, it is impertant to

note that as A decreases, deflection duse to axial deformation

‘of the columns will become more prominent.

Sﬂsa me folly rigid

e I

F.
peflected
shaps -
o mr—
eftected
Shape
‘;Lr ) 7Jrr = b
7\_‘-‘0 Tan
(a) shear mode (b} bending mode
deformation deformation

FIG.7 EFFECT OF A ON FRAME DEFORMAT!ON




POINT OF INFLECTION AT COLUMN

(ONE BAY FRAME)

I .¢ .
N= ? Rt h = storey height, £ = span, [_ = Moment of Inertis of column
b
Ib = Moment of Inertia of Beam
X = Distance of peoint of inflection from bottom of calumn,
NPC = No point of inflecticn
NUMBER OF STOREY = 18

STOREY ' . -
Dever [N=0-5 |N=1.0 | A=2.0 |A=4.0 | N=5.0 8.0 | h=10.0| A=20.0| N=40.0\=80.0 [A=00.0
FROMZCA X/h | X/b X/h X/h X/ X/h X/h X/h X/h | X/h x/h

1 00,3866 (0.2778 !0.0856 NPC NPC NP NPC NP E NPT NPC NPC

2 0,4514 10,3997 8.3655 0.1259 10,0448 NP L NPC NPC NPC NPC NPLC

3 0.4755 (0.4426 [0.3767 10.2565 [0.1991 |0.0398 (8 REC NPT NP C NPC NP

4 G.4878 (0.4043 {0.4177 |0,3271 [0,2837 |0.1040 {0.0936 NPC NPL NPLZ NPC

5 0,4961 |0.4779 |0.4416 |0.3719 |0,3392 [0.2517 |0.2022 |0,0376 NPC 0.0432 | 0.1348

& U.5027 10,4878 |0.4588 {0.4061 |{0,3830 |0.4268 |(0.2986 {0.2298 10,2572 |0.4739 | 0.5935

7 0.5082 |0,4981 |0.4738 |0,4409 [0,4497 |0.4110 |0.4074 |0.4433 |0,5989 |0,9233 NPT

8 0.5136 10.5052 | 0.4952 |0,8954 |0.5017 {0.5338 |0.5611 |0,7123 |0,9895 NPC NPC -

9 0.5240 |0,5293 10,5523 [0.6163 [0,.6506 |0,7520 | 0,8159 NPC NPL NPT NPE
10 0.6022 10,6645 [ 0,7702 |0,9373 | 8. NPC NPC NPC NP L NPC NPC NPC
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POINT OF INFLECTION AT COLUMN (CONTD..)
NUMBER OF STOREY = 15
Trort | N=0.5 | A=1.0 |A=2.D [W=4.0 \=5.0 [A=B.0 [n_10.0 [A=20.0 N=40.0 |As80.0 [A=100.0]
fzgm | x/n X/h X/h X/h X/ X/ X/h X7h X/h X7n X/h
1 [0.3866 |0.2778 {0.0856 | 9. NPC NPC NPC NPC | NPC NPC WPC NPT
2 |0.4514 [0.3997 |0.3025 |0.1258 |0.0440 | NPC NPC NPC NPT NPC NPT
3 10,4755 |0.4426 |0.3787 |0.2560 [0.1977 |0.0319 | WNPC | NPC NPC NPC NPC
4 - |0.4878 |0.4643 |0.4177 |0.3257 |0.2B11 |D.1508 |0.0681 | NPC WPc | WPC NPT
5 |0.4961 [0.4779 | 0.4414 [0.3688 |0.3331 |0.2276 |0.1597 | NPC NPT NPC | NPC
6  |0.5027 |0.4B78 |0.4579 |0,3981 [0.3687 [0.2811 |0.2247 | NPC NPC NPC NPC
7 10,5082 |0.4955 {0.4703 {0.4197 |0.3948 |0.3210 |0.2739 |0.0682 | NPC NPC | WPC
8 |0.5131 |0.5022 |0.4802 | 0.4366 |0.4151 |0.3529 |0.3139 |0.1531 | NPC NP C NPT
9 |0.5176 | 0.5079 | 6.4886 | 0.4506 | C.4321 | 0.3809 |0,3502 |0.2369 |0.1443 | 0.1845 |5 24g6
10 |0.5218 |0.5132 | 0.4950 | 0.4633 | 0,4482 | 0.4094 |0.3884 | 0,3299 |0.3386 | 0.5011 {g.g0sg
11  |0.5258 | 0.5180 | 0.5030 | 0.4771 | 8,4667 | 0.4450 |0.4371 |0.4457 | 0.5590 | 0.8505 |0.9928
12 |0.5297 |0.5228 | 0.5113 | 0.4976 | 0,4952 | 0.5002 |0.5109 |0.6040 | 0.8340 | & wpr | npc
13 |D0.5339 | 0.5296 | 0.5272 |.G.5405 | 0.5528 | 0.6013 |0.6386 |0.8356 | WPC NPC | WPC
14 | 0.5431 |0.5512 | 6.5790 | 0,6517 | 0.6902 | G.8042 |0.8765 | R.NPC | NPC NPC | nPC
15 | 0.6197 | 0,6837 | 0.7933 | 0.9689 | 8. NPC NPT NPC NPC | NPC NPC | NPC

L6
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POINT _OF INFLECTION AT COLUMN (CONTD..)
NUMBER OF STOREY = 20

'fgsify'N=ﬁ-5 A=1.0 [A=2.0 |'N=4.0 |\=5.0 |A=8.0 |A=10.0]A=20.0|N=40.0]A=80.0]r=1000

Eg;m X/h X/h X/h X/h X/h X/h X/h 1 X/h X/h X/h X/h

1 0.3866 |0,3778 |(0,0856 NPC NPC NPC NPC NPC NPC NPC NPC

2 0.4514 |0.4000 {0.3025 |G.1258 |0,0440 NPC NPC NPE NPC NPC NPC

3 0.4755 10.4429 |D,3787 |0.2560 |0.1577 !0.0315 NPC NPC NPC NPC NPC

4 D.4878 |0.4644 |0.4177 |0,3258 [0.2B11 |0.1505 | 0.0675]| NPC NPC NPC NPC

5 0.4963 |0.4781 10,4416 [0.3688 [0,3331 [0,2271 | 0.1584 | NPC NPC NPC NPC

6 U.5028 10.4878 |0.8578 (0,3981 |0.3685 |0.2803 | 0.2222] NPC NPC NPC NPC

7 J.5082 |0.4956 [0.4703 |0.4197 |0.3942 0.3191 | 0.2694| C.0304| NPC NPC ' NPC

8 0.5131 |0.5022 |0.480)1 [0.4363 [0.4144 [0.3489 | 0.3056| 0.0969| wec NPC NPC

9 0.5176 |0.5079 |0.4886 |0.4498 |0.4304 |0.3727 | 0.3344 | 0.1586] NPC NPC NPC

10 0.5218 10,5131 10.4957 {0.4611 |0.4438 [0.3923 | 0.3883] 0.1985] NPC NPC NPC

11 0.5258 0;51?9 0.5022 10.4710 |0.4554 [0,4090 | 0.3787| 0.2409] G. 0403 NPC NPL
12 0.5297 ] 0.5225 1 0.5082 | 0.4797 |0.4655 {0.4239 | 0.3972] 0.2823 0.1372| 0.0485] 0.0568
13 0.5334 | 0.5269 (0.5137 |0.4876 |0.4747 |0.4380 0.4153| D0.3263] 0,2431( p,2592| 0,3075
14 0.5371 | 0.5310 |0.5188 |0,4950 {0,4837 |0.4528 | 0.4349 0.3782| 0.3658| 0.4931] 0.5822
15 0.5467 | 0.5350 10,5238 [0.5329 |0.4935 | 0.4709 | 0.4600| O.4455 0.5157| 0.7601| 0,89G2

16 0.5443 1 0.5390 1 0.5289 | 0.5127 |0.5069 | 0.4978 | 0.4977| 0.5402 B.7064; NPC NPC

17 0.5478 | 0.5431 |D.5356 |0.5297 [0.5307 | 0.5454 | D.5619 0.6813| 0,9569| NPC NPC

18 U.5517 | 0.5492 | D.5500 | 0.5089 |0.5838 | 0.6394 | 0.6812] 0.8999 NPC NPC NPC

19 0.5606 | 0.5699 [B.5999 {0.6765 | 0.7170 | 0.8368 | 0.9131] wPe NPC NPC NPC

20 U.6365] 0.7013 | 0.8129 | 0.9925 | & wPC NPC NPC NPC NPC NPC NPC

86
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NO. OF STOREY = 20
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NO. OF STOREY = 20
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£.3.1 Two Bay Frame

Comparison of exact method with portal and cantilever methods
where made for two Bay framé. Two types of data WEré used for this
comparison. In one set the mément of inertis ot all the columns
were kept egual, while in the cther set the moment of inertia of
interior Column was kept double the moment of inertia of exterior
column. The frames are symnetrical and the values of 7\(‘215'64/

zfihj.h) varies. from 0.5 to 100.0,- T

i From the computer result it is found that for the frames
where the moment of inertia of intefior column is double the moment
~of inertia of exterior column, the‘assumptions l and 3 of portal
and cantilever methods hold good. The point of inflection at
columns varies from storey to storey. For the upper stories it isﬂ
below the center of columns and for lower stories it is above the

center of columns. For both exterior and interior columns the

point of inflections are at the same level in a storey.

Fer the frames whers the moment of inertia of ali the
columns are same, only the assumption 1 of portal methed and
assumptions 1 and 3 of cantilever method hold good. The point of ©

’ Y

<
inflection on column varies from storey to storey and depends ' &4 -

on A . The point of inflection at exterior and interior columns
on a8 storey do not fsll on the same level., Excent at the top

and bottom storey, the ratio of chear at interior column to shear
at exterior columns var ies from 1.665 to 2.40 depending on A_ .

The ratio increases with the increase of A .

Point of inflection at column and ratio of column shear

are given in thes tabular form.




Area ancd moment of in

POINT OF INFLECTION AT COLUMN

ertiez of interior column is double that of exterior column

=

2.7
N = E;fj_fh’ where:~§ilc = Sum of moment of inertia of columns
b iEIb = Sum of moment of inertig of beams
£ = Span of beams P h = Storey height
X = Distance of point of inflection fraom bottom of column, NPC = No point of inflectien
Number of Storey = 15,
Toof®Y N =0.5 |A=l.0 A= 2.0 A=2.5 [A=4.0 |A=5.0 A=10.0 |A=20.0 |A=40.0p=50.0
Eégm X/h X/h X/h X/h X/h X/h X/h X/h X/h X/h
1 0.3843 [0.2754 | 0,0791 | NPC NPT NPC NPC NPC NPC NPC
2 0.4491 (0.3972 | 6.2983 [0.2523 |0.1206 0.0387| NPC NPC NPC NPC
3 U.4713 10.4384 | 0.3738 |{0.3423 |0.2505 | 0.1918 NPC NPC NPC NPL
4 U.4821 |0.4583 |0.4113 |0.3881 |0.3188 | 0.2737 0.0598 ; NPC NPC NPC
. 0.4889 |0-4706 | G.4338 | 0.4152 |0.3606 | 0,3247 | 0.1504 | aupc NPC NFC
6 0.4939 10.4787 | D.4486 |0.4336 |0.3887 0.3589 | £.2139 | NPC NPT NPC
7 0.4977 |0.4850 | 0,4593 |0.4469 |G.4087 | 0.38495 0.2620 | 0,0543 NPL NPC
8 0.5011 10.4901 | 0.4679 |0.4569 [0.4241 | 0.4042 0.3005 | 0.138¢ NPC NPC
9 0.5039 10.4941 | 0.4748 [0.4068C |0.44p4 0.4180; 0,3354 [ 0,2214 | 0.1355%f 0.1290
10 0.5065 10.4978 | 0.4805 |0,4721 |0.4476 |0.4326 | 0.3724 | 0.3139 0.3177| 0.3550
11 0.5089 10.5012 | 0.4860 |0.4789 |0.4595 | 04495 0.4197 | 0.4299 | 0.54b9| 0.6179
12 0.5114 10.5045 | 0.4927 0.4880 |0.479C | 0.4766 0.4924 10,5877 | 0.8189] 0.9300
13 0.5139 |0.5095 |0.5071 |0.5086 |0.5207 | 0.5330 0.6195 |0,B181 | 8.NPC NPC
14 B.5217 10.5298 | 0.5577 |0.5748 |0.6309 | 0.6698 0.857C | NPC NPC NPC
15 0.5972 |B.6615 | 0,7717 {0.8202 0.9481 | NPC NPC ~ NPE NPC NP

>

20T



LI
-

~ ~
PCINT DOF INFLECTION AT COLUMN (CONTD, ,)
Area and moment of inertia of interior column is double that of.exterior column
Number of storey = 20

1505 [ A=0.5 [nel.o =20 IN=2.5 |N=4.0 [A=5.0 [R=10.0 [no20.0 [nedd.0 N=50.0
i X/h X/h X/h X/h X/h X/h X/h | %X/n X/h | X/n
1 U.3843 | 0.2755 | 0.0790 | wPC NPC NPC NPC NP C NPC NPC
2 0.4491 | 0.3966 | 0.2988 | 0.2515 | 0.1204 | 0.8386 | NPL NPC NPC NPC
3 0.4713 | U.4384 | 0.3788 | 0.3426 | 0. 2500 C.1917 | NPC NPC NPC NPC
4 U.4821 | 0.4583 | D.4114 | 0.3882 U.3188 | 0,2738 | 0.05589 NPC NPC NPC
5 D.4889 | 0.4706 | 0.4337 | 0.4152 | 0.3506 U,3246 { D.1492 | NPC NPC NPC
6 0.4937 | 0,4787 | 0.4487 | 0.4335 | 0.3885 0.3590 0.21i1 NPC NPC NPC
| 7 0.4979 | 0.4850 | 0.4595 U.4468 | 0.4085 [ 0.3832 | 0,2571 | 0.0171 | NPC NPC
8 U.5009 | G.4501 | 0.4678 | 0.4568 | 06,4247 0.4018 | 0.2923 | 0.0821 | wpC NPC
9 U.5U38 | 0.4943 [ 0.4746 | 0.4649 | 0.4356 | 0. 3182 0.3198 | 0.1356 [ NPC NPC
10 0.5065 | 0.4978 | 0.4803 | D.4717 | 0.4455 Ug428l | 0,3421 | 0.1813 | NPC NPC
11 0.5089 | 0.5011 {0.4853 |0.4775 |0.4535 B.4379 | D.3611 { D0,2224 {0,0209 | NWPC

12 0.5133 {0.5041 |0.4897 | 0.4824 U.4609 | 0.4466 |0.3781 | 0.2625 [D.1169 | 0.0757

13 U.5134 | 0.5068 [0.4936 | 0.4869 | 0.4672 |0.4543 0.3945 | 0,3052 {0.2220 | 0.2104

i4 U.5155 [0.5094 |0,4972 |0.4911 |0.4732 0.,4618 | 0,4127 | 0.3560 |0.3440 |0.3045

15 0.5176 | D.5118 |0,5006 |0.4951 | 0.4794 0.4071 | 0.4365 | 0.4220 [0.4931 | 0.5490

16 U.5195 |0.5182 |0.5041 | 0.4995 | 0.4877 U.4819 | D.4726 |0.5158 [0.6834 |0,7769
17 0.5¢15 |6.5167 |0.5092 |0.5085 U.5032 |0.5042 | 0.5359 [ 0.6563 {C.9336 | NPC
18 0.5238 10.5212 {0.52¢1 |0.5250 |0,5412 0.5561 [0.6544 | 0.8744 | NPC NPC
19 0.5311 |0.5405 |0.5707 |D.5888.|0.6479 0.6887 | 0.88b0 | 9@ NPC NPC NPC
20 0.6095 10,6711 [0,7832 [0.8327 |0.9638 | npC NPC NPC NPC NPC

- T
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- POINT OF INFLECTION AND RATIO OF SHEAR AT EXTERIOR AND INTERIOR COLUMNS

All columns are o+ sam= section

2IC/5EC = Shear interior column/shear exterior column
_ Number of Storey = 15

torey N= 0.5 ‘ N= 1.0 ' N= 2.0 A= 4.0
from | o | ot [sie/sed eat cof: prossec B3ty | Inge fsiessed Exte T Ik lic)sec
cop X/h | X/h X/h X/h X/h X/h x/h | x/h

1 0.308810.4406 [1.986 [0,1371 | 0.3753 | 2,358 NPC 0.270613.039 NPC 0,1252 |4.559

2 0,4180|0.4732 {1.659 [(0.3455 | 0.4399 | 1.791 0.2129 (0.3760}1.887 NPL 0.2605 | 1,970
3 0.4524 0.4847 {1,666 |0,4072 | 0,4629 | B.800 | 0,.3204 4.420011.895 {H.1544 |05.3385] 1.904
4 U.4685]0.4905 | 1,685 |0.4359 [ G.4748 | 1.797 0.3723 | 0.44381.887 |0.2487 |{0.3821 | 1.941
5 0.4781]0.4542 | 1,665 0.4529 | 0.4821 | 1.798 | 0,4035 | G,4575|1.887 |0.3056 G.40871 1.940

6 D.46450.4568 | 1.665 |0.4642 | 0.4869 | 0.798 | 0,4237 | 0.4667|1.867 |0.3433 | 0. 4206 | 1,939
7 U.489910.498Y | 1.065 |0.4726 | 0,4905 | 1,798 | 0,4384 | 0,4734(1.886 10,3704 | 0.4393 | 1.938
8 U.45350.5008 | 8.665 |D.4791 | 0.4933 | 1,798 | 0.4495 | 0.4785| 1.6886 |0.3909 | 0.4491} 1.935 ]
9 0.4974)/0.5023 | 1,665 |0.4844 | 0.4957 | 1,798 | 0.4584 | 0.4825| 1,880 |0.4075 | 0.4570 1.938

10 0,5004|0.5038 | 1.665 [0.4889 | 0.4977| 1.798 | 0.4660 | U.4861 1.886 |C£.4222 | 0.4640]| 1.936
11 U.5032)0.5050 | 1.665 |0.4929 | 0.4995( 1,797 | 0.4730 | 0.4893] 1,884 |C.4388 | 0.4717| 1.929

iz | 0.5057)0.5064 | 1.666 |0.4968 | 0,5016 | 1,798 | 0.4816 | 0.4936(1.882 |0.4644 | 0.4842] 1.913
13 | 0.5092]0.5075] 1.658 |0.8043 | 8,5041 | 1.783 | 0,5021 | 0,5023] 1.853 |0.5210 | 0.5111] 1.855

14 | 0.5163)0.5149 | 1.684 |0.5284 | 0,5020 | 1.791 | 0.5672 | 0.5387] 1.808 |0.6607 | 0.5898| 1.742

vOT1

15 0.6256| 0.5569 | 1,308 [0.7010| 0.6069 | 1.344 | 0.8221 | 0.6990 1.337 NPC | U.B550] 1.294
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POINT OF INFLECTION AND RATIO OF SHEAR AT INTERIQR AND EXTERIOR COLUMNS

All columns are of same section

Number of Storey = 18

1232?£ N = 5.0 A= 8.0 A= 10.9 A = 20.0
Eoxt ; o - P F 1 i\ -
el I e e B T I A BT R T T
X/h X/h , X/h X/h X /h X/h X /h X/h
1 NPC  ]0.0710 | 5, 568 MPC WPC | 10,221 mPcC BPC | 17.608 | #MpCc | MPC -15,11
2 MPC 10,2090 | 1,997 RPC | 0.0704 | 2.077 mec RPC | 2.122 | WPC | WPC | 2,402
3 6.6739{0,2997 | 1.986 NPC 1 0.1923 | 2.039 | wee 0.1259| 2.067 | NPC NPC 2.224
4 0.1884|0,3522 | 1.954 | 0,0138|0.2656! 1.979 | wpPC 0.2110| 1.99a4 | NPC NPC 2.049
5 0.25730.3847 | 1.952 | 0.1162|0.3143 | 1.972 10.0246 | 0.268911.981 NPE  1D.0664 | 2.008
6 | 0.3035;0.4067 | 1.950 | 0,1863|0.3481 | 1,968 |0.1107 | 0.3101]1.974 NPE  |0,12402 11,979
7 0.3367]0.4225 11.949 | 0.2380[0.3730 | 1,966 | 0.1751 | 0.34111.959 NPC. |0.2014 | 1.963
8 0.36200.4346 | 1.949 | 0.2787|0.3927 | 1,963 |0.2270 | 0.3563|1.964 |0.0159|0.2559 | 1.945
9 0.382910.4446 | 1.947 | 0.3144/0,4098 | 1.958 | 0.2741 | G.3890|1.950 |0.1278 0.3098 | 1,920
10 0.4023 |0,4539 | 1,944 | 0.3509| 0.4273 | 1.948 |0.3239 | 04129 1.939 | 0.2510/0.3705 | 1.864
11 © 10.425210.4646 }1.934 | 0.3973]/0.4496 | 1,926 |0.3678 | 0.4439{1.913 | 0.4024|C.4480 | 1,830
12 0.4618 10.4824 | 1.911 | 0.4697/0.4855 | 1,884 [ 0.4843 | G.4926[1.860 | 0.6031|0.5584 | 1.747
.13 0.5373|0.5196 | 1.841 | 0.5998|0.5539 | 1,788 | 0.6463 | 0.5810|1. 753 0.8813{0.7314 | 1.619
14 G.70810.6182 | 1.708 | 0.8432{0.7057 | 1.622 |0.92627 | 0.7633|1.578 | npc NPC 1.440
15 & NPC [0.9229 | 1.276 NPE NPC 1.235 | NPC NPC |1.215 | NPC NPC 1.158

i
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POINT (OF INFLECTION AND RATIO OF SHEAR AT EXTERIOR AND
INTERIOR COLUMNS

Al columns are of same section

Number of storey = 15

ctored - N = 40.0 N =80.0 N = 100.0
roon | Sab: | epf: pressec BXEs | oofs [Sie/sec| cpt: | cofs [s1c/sec
top X/h %/h X/h X/h X/h X/h
1 | NPC NPC |-5.893 | ®PC MPC |-4.065 | NPC | NPT |-4.041
5 NPC NPC [2.892 NPC NPC | 3.466 | NPC NPC | 3.603
3 NPC NPC | 2.481 [ NPC NPC | 2,771 | NPC NPC | 2.831
4 - NPC NPC | 2.149 | NPC NPC | 2,217 | NPC NPC | 2,209
5 NP C NPC | 2.038 | NPC NPC | 2.022 | NPC NPC | 2,004
- 6 NPC NPT | 1.962 NPC NPC 1.901 | NPD NPC 1.870
7. NPT 0.0133 1,916 | NPC NPC | 1.816 | nPC NPC | 1,773
8 NPC. |0.1235] 1.875| NPC | 0,0487 1.743 | NPC | G.064 1 1,694
9 0.0297 (0.2391| 1.824 | 0,091 | 0,257 1.674 { 0,167| 0.297] 1,624
10 |D.2670 |0.3694| 1,764 |0,4794{0.48745 1.604 [0,5593|0,5639 | 1,550
11 0.5471 10,5278 | 1.689 |0.8910 [0,7553 | 1,526 | NPC 0.8703 )] 1.474
12 |0.8766 |0.7344) 1.5%4 | NPC NPC 1.436 | NPC NPC 1.389
13 NPC NPC 1,469 | NPC aPc 1.333 | NPC NPL 1.294
14 NPC NPC 1.315 | NPC NPCl 1.215 | NPC NPC 1.188
15 NPC NPLC 1.1103 NPC NPC 1.074 | NPC NPC 1,064
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POINY OF INFLECTION AND RATIO OF SHEAR AT _INTERIOR AND EXTERIGR COLUMN

All columns are of sz=me section.

Number of story = 20

s BN e e et e

from | 5% | 08t lressecl eoftt | 38 [oic eec| GaE: | da%: sicssecl eaft | &88E: |oic,sec

top

X/h X/h X/h X/h X/h X/h X/h X/h

1 0.3088 |0.4395 {1,974 |0.1371 {0.3753(2.371 WPC |0.2706 | 3.027 | NPC 0.1250|4.557
2 0.4175|0.4732 | 1.659 |0,3455 |0.4399]1.790 |0.2129!0.3760 | 1.884 | neC 3.2607|1.967
3 0.4525)|0.4845 1 1,666 [0.4076 |0,4631{1.800 |0.3204(0.4203 | 1.895 |0.1542 | 0.3383|1.954
a 0.4685|0.4885 | 1,665 |0.4359 |0,4750(1,797 |0.3728 |0.4436 | 1,886 |0.2489 | 0.3822 |1.940
5 0.4780i0.4942 | 1.665 10,4529 |0.4821|1.797 |0.40331|0.4575 | 1.867 |0.3057 | 0.4087(1.939
6 0.484810.4969 | 1.665 |{0.4642 10,4868 |1.798 10.4237|0.4667 | 1.886 |0.3433 | 0.4267 |1.9309.
7 0.4897|0.4989 | 1.665 {0.4724 |0.4905(1.797 |0.4384 |0.4734 | 1.886 |0.3703 | 0.4392 |1.939
B 0.493910,5008 | 1.665 [0,4792 |0.4932(1.797 |0.4495|0.4785 | 1.886 |0,3904 | 0.4489 |1.938
9 0.4974 10.5023 | 1.665 |0.4844 [0.4957(1.798 |0.4585 |0.4825 | 1.6886 10.4063 | G.4564 |1.939
10 0.500410.5038 | 1.665 |0.4889 |0.4977|1.798 |0.4658 |0.4859 | 1.886 |0.4192 0.4626 |1.937
11 0.50310.5051 | 1.665 |0.4929 |0.4996 {1,798 [0.4719)0.4889 | 1.886 |C.4298 | 0.4677 {1.938
12 0.5057 [0.5063 | 1.665 |0.4965 |0.5012 (1,798 |0.4774{0.4954 | 1.886 |D.4391 {0.472111.948
13 0.5081 |0,5075 | 1.665 [D.4996 |0.5027(1.798 |D.4822!0.4937 | 1.886 |0.4472 {0.475Y |1.938
14 0.51040.5087 §1.665 |0.5026 |0.5042 |1.798 |0.4660b |0.4958 | 1.886 |0.4548 0.4796 11.937
15 0.5125]0.5098 [ 1.665 |0,5054 0,505 {1,798 |0.4906 |0.49Y77 | 1.886 |0.4b¢8 | 0.4845(1.936
16 0.5145|0,5108 | 1.665 |0.5080 |0.5088 {1,797 |0.4950(0.4998 | 1.865 |0.4738 |D.4886 |1.930 )
17 0.5165(0.5120 | 1,666 |0.5109 [0.5084|1.798 10,5014 {0,503 | 1.88¢ |0.4944 | 0,4988|1.915
i8 0.5195[0.5130 11.658 |0.5172 |0.5106 {1.784 {0.51Y5 |0.5108 | 1.854 |0.5455 | 0.5236 [1.859
19 0.52620.5200 |1.683 |0.8401 |0-5260{1.791 |0.5819 |0.5460 [ 1,811 |0.6802 | 0.6000{1.747

© 20 |0.6335 P.S624 1,310 [P.7101 [0.6129 [, 348 0,8334| 0,7064]1,341 | NPC G.8657 | 1.298

L0T
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POINT 07 INCULCCTION “ND RATIC CF 3H7AR AT INTURIGR AND EXTERIOR COLUMNS
All columns are of sams section, Number of storsy = 20
Storey A = 5.0 A= 8.0 A= 10.8 A= 20,0
level cxt. Int, P Int. ext, Int Ext, Ing.
from col, col, SIC/35C col, col, SIC/seC col, col, SIC/SEC col. col. S1C/SEC
top A/ h A/ h X/h X/h X/h X/h X/h X/h
1 NPC £.8709| 5.542 NPC NP C i0.500| nNPC NPC 18.53 NPL NPC ~14.,53
2 NPC 0.20851 1.996 NFC G.0700 2.078| NPC NPC 2.132! WNPC NPC 2.400
3 J.0739 | D.2997] 1.985 NPC £.1917 2.041F NPC 0.1251} 2.074 NPL NPLC 2,230
4 0.1884 | 0,8521| 1,954 | 0,0122|0,2653 1.981 | WPC U.2102| 1.955 NPT NPC 2,062
5 0.257¢ | 0.3847] 1.952 | 0.1150{0.3136 1.972) 0.0221) 3.2680| 1,983 NPT 0.0558 2,023
6 C.3034 | G.4066| 1.950 | 0.1850(C,3473 1.969 | 0.1073] 0.3085 1.976 NPT 0,1246 <.900
7 U.3364 | 0.4223| 1.949 [ 0,2353|0.371¢ 1.967| 0.1584|0,3384) 1.974 NPC 0.1780 1.991
8 0.3612 | 0.4341} 1.949 | 0,2730{0.3901 1.966 0,21500 0,.3510] 1,973 NPC 0.2207 1,985
9 0.3884  5,4434] 1,950 | 0,3024{0.4346 1.967}F 0.2515 0.3788| 1.974 | G.0065(0.2556 1.581
10 0.3961 | 0.4510{ 1,970 | 0,3244(0.4162 1.966| 0.,2812)0.3933| 1.973 | 0.0678|0.2855 1.976
11 0.4090) 0.4572| 1.949 | 0.3466{0.4260 1.966¢ 0.3064] v.4055] 1.974 | 0.1230{0.3124 1.971
12 0.4200 | 0.4625| 1.949 | 0.3544(0.4345 1.965] 0.3289) J.4165) 1.978 | 0,1768|0.3385 1.962
13 0.4300 ] G.4673} 1.949 | 0.3810|0.442¢6 1.963| 0.3508 0,4271) 1.965 | 0.2344|0,3664 1.550
14 0.4396 | 0.4719| 1.948 | 0.3985({0.4510 1.959| ©.37501 0.4388| 1.959 { 0.302310,3997 1.929
15 U.4504 | 0.4771| 1.944 | 0.4206|0.4617 1.956) 0.4066| 0.4542] 1.946{ 0.3905|0.4436 1.896
16 U.8661 | 0.4846} 1.935 0.4549{0.4783 1.930| 0.455¢ 0,4780] 1,919 | 0.5128]0,5072 1.843
17 G.4961} 0.4994| 1.941 | 0.5164|0,5093 1.B90| 0.5385 0.5205| 1.8681{ 0.6899/0.6063 1.762
18 80.5651| 0,5339] 1.846 1 0,6364]0.5733 1.796| 0.6884 0,606B8f 1,763 | 0.9500{0.7708 1.634
15 0.7300) 0.6298) 1.724 | 0.8722|0.7217 1.6301 0.960C00 0.7824| 1,587 NPC NPC 1.452
'20‘ NPC 0.9353] 1.280 NPC NPL 1.240 NPC NPC 1.220 NPC NPE 1.163
TN

B0OT
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PCINT OF INFLECTIGN AND RATIO OF SHUAR AT
INTERIOR AND EXTERIGR COLUMN

All columns are of same section

Number storey = 20

StqreJ N = 40.0 ‘N = 80.0 . N = 100,0
level Feoy [ 1ng. Ext. | Int, Ext., | Int.
from col., col, [SIC/SEQ col. cel, |SIC/SEC| col. col., [SIC/SEC
g top " 1 x/h X/h X/h X/h X/h X/h
| 1 NPC NPC |~5.738 | NPC NPC  |-3.959 | NPC NPC  |-3.688
2 NPC NPC | 2,921 | NPC NPC | 3.980 | NPC NPC | 4.330
3 WPC NPC | 2.535| NPC NPC | 3.156 | NPC NPC | 3.243
4 NPC NPC | 2.215| NPC NPC | 2.391 | NPC NPC | 2.463
5 NPC NPC | 2,101 NPC NPC | 2,200 | NPC NPC | 2.223
6 NPC NPC | 2.046 | NPC NPC | 2.076 { NPC | NPC | 2.079
7 NPC NPC | 2014 NPC NPC | 2,008 | NPC NPC | 1,992
8 NPC NPC | 1.996 | NPC NPC | 1.955 | NPC NPC | 1,934
9 NPC | 0.0498 1,977 NPC NPC | 1,912 | WPC NPC | 1.889
. 10 NPC 10.1125 | 1.957 | NPC NPC | 1.880 ] NPC NPC | 1.837
11 NPC |D,1735 | 1,938 | NPC | 0.033| 1.843 | NPC NPC ] 1,793
12 NPC 10,2337 | 1,913 | NPC | 0.165 ! 1.800-] NPC |D.1666 1747
13 |0,1321 10,3033 | 1.881(0.1668 |0.3100 | 1,752 [0,2322 [0.3428 | 1,698+
14 10,2926 |0.3899 | 1.840(0.4599 [0,4750 | 1,698 |0.5670 (0.5425 | 1,642
15 (0.4844 |0.4916 | 1.986 (0.7843 {0,6702 | 1.633 [0.9365 [D.7759 | 1. 580
16 |0,7211(0.6268( 1.713| NPC  |0,9150| 1.554 | NPC NPC 1.503 i
17 NPC  [D.B178| 1.617| NPC NPC 1.463 | NPC NPC 1.415
e 18 NPC NPC 1.490| NPC NPC 1.345 | NPC NPC 1.315 i
; 19 NP NPL 1.330| NPC NPC 1.230 | NPC NPT 1.203
' 20 NPC NPC 1.116] NPC NPL 1.079 | NPC NPC 1.169
s b

Y

&
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CHAPTER 7 :

R

TWO BAY FRAML WITH SHEAR WALL

1

7.1 Introducticn

In Chéptar J an approximate method of analysing a shear
wall-fraeme by Heidebrecht and Smith method wasg given. In this
methad the frame is reduced to a shear beam and tiad to the ghear
wall; which is termed as flexural beam. Tha stif;ness of the
"link beam" between the shear beam and flexural beam is assumed
to be zero. In this chapter several structures were anslysed with

different stiffness of the "link beam" to make & comparison between

the exact method and the Heidebrecht and 5mith method.

7.2 Comparison Between Exact Method and Heidebrecht and
Smith Method

Two Bay frame program was modifiéd to caiculate the transla-
tion, bending mnmenté, shear ete. by exact as weil as Heidebrecht
and Smith metﬁod. The right vertical member was taken to be shear
wall and the other two vertical members a8 columns. Several programs
were run by keeping the sectional propérties of all members, %xﬁept
the link beams; same for all programs. Moment of.inertia of link
beam (Iﬁb) wa; varied in such a way that Pl(: Iﬂb'h/Ic‘f) varied

from 0.0 to 8,0. Computer results obtained are given in Tabular

. form,
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Except ForL\u= g.e, the translation obtained by Heidenrecht
and Smith method (HSM) is found to be approximately . 50% mare
than the exact method while FGI!W;E U,D; the translation by
exact method is approximately50% more than HSM, Bending moments v
at the yall in the middle storeis differs congiderably from one
system to other;, while in the top and bottom stories they differ
from 10% to 50% depending on Pl-and « H. Shear on wall differs
considerably from one asystem £0 other in the middle stories;

while in top and bottom stories they are within the range of 20%,

Note: Iib = moment of inertia ofllink‘beam
h = storey height ) W
Ic = moment of inertia of column
? = length of link beam

@ = GA/El as given in equatien (3.2.10)

H = Structure height




-

COMPARISON BETWEEN EXACT METHOD AND HEIDEBRECHT AND SMITH METHOD

.

g
.

EM = Exact methed HSM = Heidebrecht and Smith method Number of storey 20
N = .o aH= 3.086 N = o.s oH = 4,095
Trensiztion(in [ 03 YOI | egg, o0 Wl | TompeLopdon [o-1 on wall [Shear on well
EM H SM EM H M EM H SM EM HSM HSM EM HSM
14.22219.384 | 7742)~ 7166 [53.76 5556 | 3.951 |p.129 |- 4705 L 6468 |22.51 |-50.58
13.455] 8.984 1 10666|-12774 [-20.31 | -44.18 | 3.820 |5,921 M 7094 |-11675 | -3.14 |-39.57
12.680] 8.576 112967 |-16954 [15.98 | -33.85 |3.683 [5.707 | -e764 |-15229 | 3.94 |-30.21
11.892| 8.153 13823 (19807 | -5.94 |-24.32 | 3.536 |5.478 | —9e7s -17891 |12.59 |-22.12
11.0901 7.710 |-13496 |-21402 | 42,27 |~15.38 |{3.378 |5.232 |-10032 |-19571 |20.32 |-14.97
10.271] 7.243 -11976 {-21775 | 10.56 | -6.8) | 3,206 [4.965 |-9527 |-20340 | 27.66 |-8.44
9.437| 6.752 |- 9281 |-20960 | 18.72 |+1.61 |3.020 |4.674 |-9418 |-20230 |35.22 |- 2.27
8.988| 6.234 |- 5393 | 18866 | 27.00 | 10,06 | 2.820 |4.360 |-8527 |-19238 | 42.56 |+ .80
7.729) 5.692 |~ 274 | -15514 | 35.55 | 18.75 | 2.606 |4.021 |-7243 |-17320 | 50.00 | 10.04
6.863] 5.128| 6144 | -1080D| 44.57 [27.89 | 2.379 |3.660 |-5522 |-14397 | 57.55 | 16.69
0.998) 4.540 | 13957 - 4614 | 54.25 | 37.70 | 2.139 |3.279 |-3279 |-10345 | 65.67 | 24.05
9.1401 3.950| 23289) 4194 | 64.81 (48.40 | 1,869 [2.880 |-381 | -4994 | 74.24 | 32.42
4.299) 3.350| 34301 12810 76.47 | 60.26 | 1.631 |2.469 | 3364 | 1880 | 83.58 | 42,15
3.486] 2.753 | 47193 24463 |'89.53 | 73.56 | 1.367 |2.053 |8232 1US68 | 94.00 | 53,66
2.714) 2.172 | 62209] 38431 |100.28 | 88.61 | 1.103 |1.639 |14607 | 21434 105.90 | &7.42
1.998) 1.6201 79467 55048 (120,10 105.78 | 0.843 |1.238 (23023 34936 119.82 | B4.,02
1.957) 1.114 | 99630) 74708 |140.39 125.46 | 0.596 |0.862 (34220 | 51641 [136.52 | 104,16
D.B10) 0.673{ 123291 97863 [162.70 146.15 | 0.371 |0.528 |49223 72253 (157.06 | 128.67
0.382) 0.322| 150427125124 |188.45 174.36 | 0,184 |0.256 |69419 | 97637 |182.63 | 156,60
0.102] 0.087 | 181185/ 157083 |218,93 04,74 | 0,051 |0.070 |96886 |128862 [216.29 | 195.2

211
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COMPARTSON BETWEEN EXACT McoTHODR AND HEILERRECT AND SMITH METHOD (CONTD,)

e

Number of storey = 20

Storey = 1.0 aH = 4.666 = 1,5 aH = 5,044

iigzl Transla¥1oékl 8. M.Dn Yall shear on wall TranslaF}on B.M, an w=zll 5hea n wall

top K-in (K? (1n.§ fk-ln) fK?

EM HSM EM HSM £M H oM M H SM EM H5M £EM HaM

1 3.214 | 4.979 |-3585 |-5949 -19,30 | -46.91 (2.920 4.387 |-3071 ~-5605 -17.77 —44.481
2 3.097 | 4.830 -517? -10486 |- 1.5 -36.682.806 4,266 |-4280 -9832 -0. 63(-33.78
3 2.976 | 4.675 |-6123 [-13862 $5.8B9 | -27,23 |2.689 4.139 {-4893 ~12950 6.90]~-25.23
4 2.648 | 4,507 |-6455 |-16260 14,50 | -19.87{2.566 4,000 (-4964 -15160 15.55¢{-18.30
5 2.711 {4,324 |-6376 |[-17811 22,33 | -13,582.435 J.646 |-4687 ~16600 23.50) -12.54
6 2.565 1 4.120 |-5974 [-1B8599 3G.01 | - B.652.298 J.675 |-4144 -17364 3i.32{- 7.58
7 2.410 {1 3.896 |[-5309 |[-18669 37,53 - 2.951(2,152 3.483 |-3388 -1735480 39.03| - 3.10
8 2.244 | 3.650 |-4407 |-18024 45,05 1.98 {2.999 3.271 |-2440 -17020 46.73 1.18
g 2,070 { 3.382 |-3268 |-16629 52,63 7.021(1.839 3.039 -130G69 -15890 54,49 5.53
10 1.886 | 3.093 (-1868 [-14406 64, 36 12.45§1.672 2.786 26 -14040 62.39| 10,19
11 1.695 ] 2.784 (-~ 152 |[-1123%6 68.36 18.56]1.499 2.515 1599 -11350 70.49] 15.60

| 12 1.496 | 2.458 1970 |- 6944 76.76 25.68(1.322 2.227 3478 - 7648 TB.92| 21.96
13 1.233 | 2.118 4644 |- 1296 B3.74 34,40(1.141 1.926 5773 - 2698 B7.821 29.73
14 | 1.086 | 1.771 | 8092 |+ 6018 | 95.58 | 44.59(0.958 |1.615 | 8665 3816 | 97.43| 39.39
15 0.879 ] 1,422 {12654 15396 |106.64 57.43 (0,776 1,302 [12444 12312 108.£9| 51.57
16 0.676 | 1.081 118841 27351 |119.52 | 73. 41)0.597 0.993 [17579 23332 ) 120,367 67.05
17 0.481 | 0.758 [27431 42538 [135.06 | 93.40 |0.426 0,700 (24823 3758014 135.11| 86.62
i8 0.303 ) 0,468 [39602 61787 154,57 (118,49 {0,269 0,434 | 35403 53969 153.79{112.13
19 b.151 ] 0,228 |57106 86150 |179.77 }15C.06 [0.136 0.213 [51266 79674 | 176.46] 144.62
{20 ‘ 0.043 9.063 82806 |116959 {214,83{189.84 0.039 0.059 | 75798 110210 214.11| 186,35

ETT
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COMPARISON BETWEEN EXACT METHOD AND HE IDEGRECHT AND SMITH METHOD (CONTD,)

) Number of storey = 20

Storey n =20 aH= 3.314 n - 2.s oH = 5,518

from Translation(in)| H.M. on wall Shear on wall Tranglation g2.M, on wall Shear on wall

top T (K=in) (K) {in,) {K-in) {K)
' EM H S 7EM H5M =M HaM £M HSM £M H5M oM H Si
1 2.757 4.025 |- 2771 |~ 5366 |-16.78 | -43.80 2.675 | 3.781 |- 2571 | - 5192 | -16.04|-41,56
2 2,644 3.920 |- 3742 |- 9376 |- 0,01 -32.18{ 2.538 | 3.686 |- 3378 | - 9B42 0.5C1-31.080
3 2.528 3.809 |- 4166 {-12313 7.61 | ~23.84) 2,423 | 3.586 |- 3674 | -11847 8.151-22.82
4 2.407 3.688 |- 4087 [-14386 16.34 | ~17.19 2,303 3.475 |- 3496 | -13820 17.60|-16.38
5 2.280 3.551 |- 3659 [-15743 24.39 } ~11,77| 2,177 | 3,350 |- 3038 | -15113 25.,16{~11,20
5 2.146 3.398 |~ 3076 |~16480 3235 - 7.18( 2,046 | 3.209 (- 2361 | B15825 33.25|- 6.87
7 2.006 3,226 |- 2263 |-16650 4023 - 3,11} 1.909 | 3.650 |~ 1510 | -160121 41.26(- 3.08
g 1.€59 3.035 {- 1281 |-1£262 48.10 0.75| T.767 | 2.872 |-~ 502 | -15684 49,29 0.48
9 1.707 2.824 |- 135 [~15293 56,03 4.661 1.619 3 2.676 660 | ~14819 57.38| 4.08
14 1.549 2.593 1190 {-13671 64.C9 8.9C| 1.467 | 2.461 1985 | -13352 65,58 8.00
11 1.386 2.345 {32712 |-11281 72,32 13.77) 1.311¢ 2,228 3493 | -11168 73.94) 12.52
12 1.220 2.081 4491 [~ 7955 80.83 19.61) 1,152 | 1.979 5226 | - 8101 82.55118 .00
13 1.051 1.803 6613 |- 3456 89.75 26,86( 0.992 | 1.718 7257 | ~ 3916 91.52] 24,86
14 0.882 1.516 9226 2537 599.27 36.00| 0.831) 1.447 9710 1708 | 101.02| 33,43
15 d.714 1.225) 12581 10447 [109.71 a7.71f 0.672| 1.171 12804 9B02; 111.34| 44,98
16 0.550 0.937) 17103 20838 ]121.59 £2.80| 0,517| 0.898 16928 19140 122.97] 59.77
17 0.393 0.662{ 23513 34447 1135,79 82.36 0.370 0.635 22763 32284 136.75 79;14
18 0,243 0.41271 33040 52241 {183.79 107.76| 0.225| D.396 31527 49640 154.20] 104,57
19 G.126 0.203] 47746 75483 [177.91] 140.82] 0.119] 0.196 45355 72538 177.78| 138.01| _
20 0.036 U.056 71404)105824 |213.73] 183.88| 0.034| 0,055 68307 | 102733 213,56/ 182.C3 I~
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LOMPARISON BITWIEN IZXACT MITHOD AND He I0ZPACCHT

AND SMITH MEITHOD (CONTD.)

Number of storey

= 20

i;sg;y P’[ = & 3.0 aH = 5.678 ”‘L= 3.5 aH .= 5.807

fFrom Translation B.M. on wall Shear on wall| Translation B.M, on wall Shegar on wall

top in,} (K=in) (K} in,) (K=inj K}

EM HSM £M H 5M EM H5M M HSM EM HSM £M HSM

1 2.574 18,605 |- 2426 )~ 5060 |-15.45 ~-40.62 | 2.515( 3,472 |- 2314 |~ 4959 ~-14,.95/-39,85
2 2.462 13,518 |- 3109 |- 8790 D.10 | ~30,11| 2.404 ! 3,390 I- 2899 |- 8593 + 1,32(-29,39
3 2.347 [ 3,425 |- 3311(-11492 8.70 | -22.04| 2,289 | 3.302 |~3028 |-11219 9.14]|-21.42
4 2.228 | 3.32)1 }-3064 |-13388 17.58 | -15.76} 2,171 | 3.205 |- 2728 [-13051 18.10]-15,26
5 2,104 | 3.205 |- 2555 [=14632 23.84 | -10.76| 2.048 | 3,094 {- 2181 |-14254 26 45| -10,40
6 1,975 1 3.072 |- 1841 (-15323 34,05 | -B6.63] 1.920§ 2.968 |- 1440 =-14930 34,78| - 6.42
7 1.840 12.922 |- 963 (-15518 42,19 | - 3.04| 1.78B7 | 2.825 |- 539 |-15129 43.05| - 2.99
8 1.700 (2,754 67]=-15232 50,36 0.31] 1.649 ] 2,664 507 (-14873 31.33 0.19
3 1.556 { 2,566 1244 |-14442 56.58 3.68| 1,508 | 2.485 1698 |-14139 53.68] 3.39
10 l;dDB 2.363 2576 (-13086 6682 7.35] 1,352 2.289 3039 |-12864 £6.14 6.87
11 1.256 | 2,142 4081 |-11051 75.41 11.62) 1.214 | 2.076 4545 |-10942 76.75) 10.94
12 1.103 | 1,905 5792 |- 8174 64,12 16.83§ 1,065 | 1,848 6246 |- BZ209 85,56] 15.94
13 0.948 1.655 7770 |- 4220 93.16 23.4Q 0.914 { 1,607 8192 (- 4433 94.68| 22.29
14 0.793 1 1,396 10122 1131 |102.67 31.38) 0.764 | 1,357 10473 707 104,23 34,53
15 .64 | 1,131 13044 8313 112,93 42,92 0,617 1.101 13278 7647 114.45] 41.36
16 0.493 | 0.869 16888 17909 (124,38 57.48) 0.474 | 0.846 16913 | 16977 125,78] 55.71
17 0.353f 0.616 22301 30693 [137.34 76,70y 0.339 0,601 22004 25488 | 138,99} 74.78
18 0.224 | (0,385 30479 47720 |154.83( 102.13] 0.215] 0.376 29714 462431 155.58) 100. 20
19 0.114 | 0,190 43604 70352 |177.92| 135.85| 0.110} 0.186 42254 68663 | 178.21 134.13
20 0,033} 0.053 659601100433 [213.51| 180.60} 0.023] 0.052 640898 9B653 | 213.55 179,45

[
-
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cOMPARISCN BETWIEN CXATT METHGD AD HETSEZRCCHT AND SMITH METHOD {CONTD.)

L

#
-

Number of Storey

20

N = 4.0 = 5.913 o= 4.5 aH = 6,002
Tranglation B.M. on wall| Shear agn wall| Translation B.M, on wall Shea n wall
in, (K (K) in.) {K=in x5
EM H SM EM EM H SM EM HSM EM HSM EM H SM

2.469 | 3.368 |-2225 |- 4870 |- 14,53 -39.23] 2.431] 3.284 |- 2151 | - 4816& -14,15{-38.75
2.357 | 3.250 |- 2728 |- 9430 |+ 1.67 -26.85| 2.319 | 3.210 |- 2585 | - 8306 | 1.99|-28.37
2.243 | 3.2G7 |- 2799 |-10990 9.55 | -20.92| 2.206 | 3,129 |- 2608 | -10809 ; 9.92|-20,52
2.125 13,113 |- 2456 |-12780 | 18.58 | -14.86| 2.088 | 3.040 |- 2230 | —1955¢ | 19.02 14,53

€.003 | 3.007 |- 1880 |-13947 | 27.02 { -10.10| 1.966{ 2.937 |- 1625 | -13699 | 27.55|- 9.88
1.876 12.886 |-1116 |-14605 | 35.45 | - 6,25| 1.840 | 2.820 |- 848 | 14343 | 36.07]- 6.11
1.744 | 2.748 |~ 199 [-14B10 |43 .83 | - 2.95{ 1.710 | 2.686 85 | ~14547 { 44.55|- 2.91
1.609 1 2.593 863 1-14576 | 52.23 0.10f 1.575; 24536 1158 | -14332 ; 53.06| 0.04
1.469 | 2.420 2065 [-13886 | 60.70 3.18) 1.437 ] 2.368 2371 | -13675 ' 61.64| 2.98
1.326 | 2,231 3415 {~12677 | 69,27 6.50| 1,296 | 2,183 3730 | -12518 | 70.31| 6.21
1,181 | 2,024 4926 |-10844 | 77.98 | 10,41 1.153| 1.982 5247 | -10756 | 79.13] 9,99
1.034 | 1.803 6622 |~ 8225 | 86.90| 15.24| 1.0091 1.767 6942 | - 8229 | §88.141 14.67
0.887 1 1.2567| 8549 |- 4589 | 96.09 | 21.41] 0.865!| 1.538 8857 | - 4707 | 97.41| 20.69
D.7a1 | 1.326 | 10789 384 |105.68 | 29.46] 0,722 1.300 | 11085 129 | 107.05| 28.59
0.598 | 1.077 | 13495| 7131 [115.90| 40,11] 0.582) 1.057 | 13706 6718 | 117.28| 39.08
0.459 | 0.828 | 16978 | 16246 127,14 | 54 ,28| 0.446) 0.814 | 17059 | 15658 | 126.44| 53.12
4.328 | 0.589 | 21808 28532 | 140.15| 73,24 0.319| 0.579 | 21679 | 27758 | 141.30] 71.97
0.209 | 0.359 | 29132 | 45071 |156.40| 98.64| 0.2031 0.363 {28678 44118 | 157.36] 97.35
C.106) 0.183 | 41174 67318 |178.61| 132,73 0.103| 0,180 | 40287 | 66222 179.07) 131.57
0.0311 B.0S1 | 62562 | 97234 |213.64| 178,51] 0.030] 0.506 | 61263 | 96074 | 213.76| 177,72

9T 1
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COMPARISON BLTWIEN ZXACT METHOD AND HEIDEBRECHT AND SMITH METHOD (CONTD.)
Number of storey = 20

f;32§y LL 5.0 aH = §.077 11=6.0 aH = 6.198

:::;gm I’ranai.:g;lon B.M ‘lnyall bheafK?n wall Tranril}'..a}:lon B.!\(Tk_tlgg)wall Shef}:é)on wall
EM H SM £M H 5M EM HSM £M HSM £M HSM EM HSM

1 2.398 | 3.216 |- 2089 |- 4740 |-13.82 |-35.38 2,746 13.110 |- 1988 |- 4652|-13.25 |-37.74
2 2,287 | 3,144 |- 2463 |- 8186 2.27 |22B.00 | 2.235 |3.042 |- 2260 |- 80161+ 2.79 [-27.38
3 2.174 | 3,066 |- 2444 |-10652 | 10.26 -20.19 | 2,122 {2,968 |- 2175 |-10410| 10.87 -15.66
4 2.056 | 2,979 |- 2037 |-12365 | 19.43 ~14.27 | 2,005 | 2,885 |- 1720 -12066 | 20,18 |-13.85
5 1.935 | 2.879 |- 1415 ~13800 | 28.04 |- 9,69 1.885 |2.790 |- 1068 |-13156] 28,94 |~ 9.38
6 1.810 | 2,765 |- 6m8 |-14120 | 36.66 |- §.01 1.761 |2.68) |- 246 [-13769| 37.72 |- 5.82
7 1.680 | 2,635 326 1-14328 145, 23 |~ 2,88 | 1.633 |2.556 719 | -13978| 46.47 |- 2.82
3 1.947 | 2.488 | 1410 |-14125 { 53.84 | 0.02 | 1.501 2.414 1821 |[-13797| 55.26 !- ©.09
9 1.410 | 2.324 | 2633 |-13497 | 62.51 & 2.84 1.367 |2.257 3061 |-13211| 64.11 [+ 2.62
10 1.271 | 2.144 | 4000 [+12382 | 71,29 | 5.94 1.230 |2.,083 4443 |-12162 | 73.05 5.59%
11 1.130 | 1.948 | 5522 -10678 | 80.80 | 9.04 | 1,092 1.893 5977 |-10547 | 88.14 9.10
12 0.988 | 1.737 | 7219 | 8226 | 89.29 | 14,21 D.953 |1.689 7680 |- B213 ] 91,40 | 13.4y
13 U.846 | 1.513 | 9126 |- 4798 | 98.64 | 20.10 0.815 {1,473 9580 |- 4931 [100.89 | 19.19
14 0.705 | 1.e8g | 11310 76 1108.34 [ 27.87 | 0.679 |1.247 | 11732 |- 385 110.70 | 26.75
15 U.568 | 1.041 | 13898 | 6362 |118.58 | 38.23 | 0.54¢ 1,015 | 14245 5865 |121.00 | 36.89
16 0.436 | 0.802 [ 17152 | 15174 [129.72 |52.14 | 0.418 0.783 | 17345 | 14425 (132.08 | 50.61
17 U.311 | 0.571 | 21594 | 27119 |142,43 | 70.9] 0.298 |0.556 | 21511 | 26124 |144.59 | 69.23
18 0.198 | 0.358 | 28314 | 43328 (158,13 [96.21 | 0.190 [0.351 | 27774 42094 [159.86 | 94,55
19 0,101 | 0.178 |39540 | 65310 (179.57 h3o.59 | 6.097 |0.17s 38352 | 63881 [18C.64 [129,03
20 0.030 | 0.050 | 60142 | 95110 {213.91 077.06 0.028 [0.049 | 58283 | 93596 {214.26 |176.00

LTT



CONP RISCHN BITWEEN EXACT METHOD AND HEIDEBR-CHT AND SMITH METHOD (CONTD, )
Number of storey = 20

Storey = 7.0 aH = 6,292 ;1¢= 8.0 aH = 6,366
level Translation E.M. on wall shear on wall] Transistion B.,M. on wall Shear on wall
from (in.) K=in) K) {in,)} (K=in) (K)

top EM H 5 EM H 5M EM H5M EM HSM EM H SM EM H M

1 €.305 | 3.032 |~ 1908 |- 4583 | -12.77| -37,26| 2.272 | 2.572 |- 1843 | - 4530 | -12.37|-36.87
2 2.195 )| 2.966 |~ 2099 |- 7880 |+ 3.24 | -26.93| 2.162 | 2.908 |- 1985 | - 7778 | + 3.64|-26.55
3 2.082 | 2.900 - 1960 -16220 | 11,41 -19.26| 2.049 | 2.840 |- 1783 -10078 | 11.89|-18.93
4 1.966 | 2.816 |~ 1470 |-11842 | 20.84 | ~13,54] 1.933| 2,763 |- 1263 | -11653 | 21.43 -13.27
5 1.046 | 2.724 |~ 791|-12899 | 29,74 | -~ 5,15| 1,814 | 2.673 |- 584 | -12704 ) 30.45 |- 8.96
6 1.722 | 2,618 49 |-13499 | 3B.67{ ~ 5.69 1.691 ]| 2.587 292 | -13296| 39.51l- 5.56
7 1.596 | 2.497 1030 |-13710 | 47.57| -~ 2.78| 1.566| 2.452 1287 | -13507 | 48.55|- 2.73
8 1.466 | 2,360 2147 |-13545 | 56.51| - 0.15] 1.437| 2.318 2416 ) -13353 | 57.63|~ G.19
9 1.333 | 2.207 3401 {-12991 | 65,52 | + 2.46| 1.306{ 2.168 36682 | ~12B18 | 66.78{+ 2.34
10 1.198 | 2.638 4796 |-11990 | 74.62 5.32] 1.173| 2.003 5089 | -11853| 76.02| 5.12
11 1.0631 1.853 6342 |-10442 | 83.86 8.71| 1.039} 1.822 6645 | -10357| 85,40/ 8.41
12 0.926 | 1.454 8052 1~ 8193 | 93.26] 12.96| 0.904| 1,627 8363 | - B175| 94.53| 12,56
13 C.791 | 1.4843 9952 |- 5U21 {102.89 | 18.51] 0.771] 1.420 10264 -~ 5086 104.68| 17.99
14 Y.658] 1.223 | 12086 - 607 | 112.81( 25.91| 0.641] 1.204 | 12388 - 775 114.71 25.27
15 U.528| U.996 | 14549| 5488 |123.16| 35.90] 0.514| 0.981 | 14816 | + 5201 125.14] 35.15
16 D.404| 0.769 | 17540{ 13874 | 134.25 49.46| 0.393| 0.75%8 | 177258| 13450 136.22] 48.57
17 0.288| 0.549 | 21496 25386 | 146.61| 67.96! 5.280| 0.541 | 21519 | 24817| 148.48] 66.97
18 0.163] ©.345 | 27397} 411274 | 161,53| 93,25 0.178| 0,341 | 27125 .40461| 163.12] 92,22
19 U.093| 0.173 | 37437| 62818 | 181.74| 127.83} 0,091 0.17C | 36707| 61982 188.62| 126.89
20 0.028| 0.B80 | 55783| 92461 | 214.64| 175.18/ 0.G27| 0.048 | 55530| 91579| 215.02] 174.53

BTT
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CHAPTER- 8

BUILDING SWAY

8.1 Introduction

It is exceedingly difficult to formulate the simple answer
to the guestion “"How much can we allow a building to sway in the

wind 7",

The engineer in his'design, establishes the nafure of thg
wind thzt is the environment of the particular building in ques-
tion. for a ;ery tall building the engineer would like the structure
of the wind to be described in relativ;ly great detail, The
enginesr must also determine the response of the struﬁture to the

turbulent wind environment.

Great steps forward are being made both in describing the
nature of the wind and the effects of that wind on a struéturaiA
system. Deflection and particularly total deflection or sway has
Little value in an engineering sense. It does not really matter
if a building éways 1l inch, 10 inches or 10 feet so long its
perfarmance is satisfactory. The three things that do matter are
thé integrity of the structurailsystemi the integrity of the

architectural finishes and the comfort of the building occupants,

8.2 Swav Control by Using Heavier Crown Coupling Beams

For the satisfactory perform.nce of the tall buildings; it

is customery for the engineers to ta reduce the sway of the buildings
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as much as possible withoqqany substantial increase in cost of
the'structure.dne economic way of reducing the sway is by using -
heavier crown coupling beam.nln this chapter the role of heavier
crown coupling beam in reducing the sway of building is investi-

gated.

-

8.2.1 Description of Structures

General one Bay frame prdéram was run for two different
twenty storigd frames to evaluate the percentage of sway reductidﬁ
by using heavier crown ;oupiing Beam. Vertical members of one of
the frames are shear walls while the vertical number of the

other frame are columns. For each frame two sets of data are

used. Sectional properties of frame elements for both sets of

data were same except the Beam of the top storey. Lateral load
is assumed tollk/ft height. the sectisns and length of the frame

elements as used in the program are as foliows:

B.2.2 Freme with Shear Wail

Sst:-1 For all stories

Left vertical member = 12"x30'-0"
Right vertical member = 12"x10'-0".
Beam section = 12"x2'-0"

Beam length = 10'-0" Storey height = i0'-0"
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|
Set: 2
For all stories:- Same as above except thez x-section of
the top storey beam, which is = 1*x4".0",
The maximum sway reduction occured for this structure is
2.35%. The results of sway {(translation) is given in Tabular
| .
i ‘ faxrm.
8.2.3 Frame without Shear Watl
Set:l for 2ll Stories
Left and right vertical members = 30"x40"
. . a8
!
Moment of inertia of beam = 42000 in4 ot
Beam length = 24'-G" Storey height = 12'-0"
-4 Sets:d
) For all stories: Same as above except the moment of inertia
\
. . 4
of top storey beam; which is = 64000 in". ]
The maximum sway reducticn occured for this structure is
0.50%, The results af sway (translation) is given in Tabular form.
s




PERCENTAGE OF SWAY REDUCTION WITH HEAVIER

CROWN COUPLING BEAM

Number of storey = 20

122

Storey Frame with shear wail Frame with column
ii;ﬁl TIGHSlatiQ“ {in,} E?rgz:; Translation (in.) z?r:S:; oif
top - hata Set-LData Set=2Reduyction |[Data Set-lData SEtHZRedécticn
i 0.877< 0.8565 Z2.353 16.065 15.9865 0.487
2 0,B279 0.8112 2,020 15.6684 15.6318 0.234
3 0.7782 0.7646 1,737 15,2321 15.2149 0.113
4 0.7278 0,7169 1.498 14,7431 14,7351 U.05%4
5 0.6767 G.6680 1.290 14,1861 14,1924 g0.028
] 0.6245 0.6179 1.125 13.5991 13.5873 c.013
7 0.5724 0.5668 0.982 12,9217 12.9209 0.0806
8 0.5194 0.5150 0.851 12.1647 12.1543 J.003
9 J.4661 0.4626 0.755 11,4098 11,4093 0.a02
10 | 0.4127 2,4100 0.666 10.5676 | 10.5675 0,001
11 0.3597 | 0,3575 | 0,589 9.6714 | 9.6711 |C,001
12 G0.3074 0.3058 0.524 8.7228 8.7288 0.000
13 0.2565 0.2553 0.468 7.725% T.7255 £.000
- 14 0.2075 0.2066 .424 £.6832 6.6832 0.000
15 G,1612 0.1606 0.385 5.6017 5.6017 | 3,000 )
14 G.1185 -0.1181 0.355 4.4899 4.,4899 0,000
17 0.0803 |0.0801 | 0.324 3.3636 3.3636 | 0.000
18 0.0479 0,0477 0.292 2,2525 2.2525 0,000
13 0.0226 0,0225 0,266 1.2165 1.2165 0,600
20 0.0060 0.0060 0.080 04,3752 0,3792 0.Ccoo

~ Fﬂ*m—-s -
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CHAPTER 9
LOAD TRANSFER FROM A VERTICALLY LBADED COLUMN

9.1 One Bay Frame

Beversl programs wers run for a one-bay frame to find out
the percentege of load trangfer from a uerti§a¢iy loaded column
te another column., The ratiqlaf Ub/vc varies from 0.0 4o 1,0,

Vb is the shear stiffness of the beam and is equal to lZEI/L3
(@assuming equivalent shear stiffress af beanm L, = 1.0} and Ve is

the axial stiffness of column and is equal to AE/H.

Forrvb/VC fram U.1 to 1.0, the maximum percentage of load
transfer is 1,0204%, which takes plzce within the top three

stories. The results are given in Tabuler form.

e s




PERC._WTAGE DF

LOAD TRANSFER FROM DNE VCRTICALLY

LOADED COLUMN.TO

OTHZR COLUMN

T 3

Shear stiffness

of the he

Vo= AE/H = Axial stiffness of columnam PLL = Percentsge of load transfer.
= r
PeveY v sl oz | o3 0.4 0.5 0.6 0.7 0.8 | 0.9 1.0
from tap
PCL PCL PCL PLL PCL PCL PCL PCL PCL PCL
1 0.9333 {0.9731 {0,9879 | 0.995¢ {1.0004 |1.0086 } 1.0060 |1.0077 [1.009) ]1.0102
1.0130 { 1.0182 | 1.0154 | 1.0198 }1.,0200 1,0201 } 1.0202 |1.0203 | 1,0203 | 1.0203
3 1.0198 | 1.0203 § 1.0204 | 1.0204 |1,0204 |1.0204 | 1.0204 [1.0204 |1.0204 | 1.0204
4 1.0204 | 1.0204 | 1.0204 | 1,0204 |1.0204 [1,0204 | 1,0204 |1.0204 |1.0204 [1.0204
5 1.0204 | 1,0204 | 1,0204 ;1,0204 | 1.0204 |1,0204 | 1.0284 |1,0204 |1.0204 | 1.0204
6 1.0204 {1.0204 | 1,0204 | 1,0204 |1,0204 {1,0204 | 1,0204 (1,0204 11,0204 | 1,3204
7 1,0204 | 1.0204 | 12,0204 | 1.,0204 |1,0244 (11,0204 | 1,0204 11,0204 |[1.0204 |1.5204
g 1.0204 | 1,0204 | 1.0204 | 1.0204 |1.0204 |1,0204 | 1.0204 [1,0204 | 1,0204 |1.6204
g 1.0204 | 1,0204 |1.0204 |1,0204 |1.0204 [1,0204 | 1.0204 l.DZﬁd 1.0204 | 1,0204
10 1.0204 ]1.0204 | 1,0204 | 1,0204 |1,0204 1,0204 | 1.02C04 (1.02u4 |1,0204 ;1,0204
11 1.0204 |1,0204 §1,0204 |1,0204 $1,0204 |1,0204 |1,0204 {1.0204 11,0204 |1.0204
12 1.02064 |{1.0204 |1.9204 |1,0.04 {1.0204 |1,0204 |1,0204 (1.,0204 |1.0204 |1.0204
13 1.9204 | 1.0204 }1,0204 |1.0204 |1.0204 |1.0204 | 1.0204 (1,0204 }1.0204 |1.0204
14 1.0204 |1,0204 | 1.0204 }1,0204 |1.0204 (1,0204 | 1,0204 {1.,0204 ;1,0204 |1.0204
15 1.0204 | 1.0204 |1.0204 |1.,9204 |1,02804 |1.0204 {1.0204 |1.0204 ll.DZDd 1,0204
1s 1.0204 {1.0704 |1.0204 |1.0208 |1.0204 |1.0204 [1.0204 |[1.0204 |1,0204 |1.0204
17 1.06234 11.0204 {1.0204 |[L1,0204 |1.0204 |1,0204 [1.,0204 |L.0204 11,0204 11,0204
18 1.0204 |1,0204 |1.0204 {1.0204 |1.0204 |1.0204 | 1.0204 (1.0204 1,0204 [1.0204
19 1.0204 |1,0204 |1.0204 |1L.0204 |1,0204 {1.0204 |L,0204 |1.0204 |1.0204 |1.0204
28 1.0204 }1,0204 |1.0204 {1,0204 {1.0204 (1..0204 |1.0204 |1.0204 |1.0204 |[1.0204

vet
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CHAPTER 10

CONCLUSIONS AND SUGGESTIONS

10.1 Conclusion

From “ia: comparison of exact analysis with that of spproximate

analysis of a freme structure the following cenclusions may be

. drawn.

1. Calculation of GA parsmeter of one bay frame by Heidebrecht
and Smith method (HSM) shaitl be satisfactory provided for different

value of A, the storey numbex is limited to the following: -

For A= 2 my storey number = 6

For N = 4 Storey number = 7
For"A_ = 4 Storey number = 8
For A= 5 Storey number = 9
Forpn = 7 Storey number = 10
For N= 9 Storey number = 11

For A\ = L0 Storey number 1z

it

2. Calculation of GA parameter of twe bay frame by HS3M
shall be satisfactery provided for different value of ?“the

storey number is limited to ths following:-

For ‘AN=2 Storey numbsr = 10

For N =

For N.= 4 Storey number = 13

1

Storey number = 12

(8]

For "A=-5 Storey number = 14

For"'N.= 6 Storey number = 1b

e
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3. For a one bay symmetrical trame there is a point of

inflection at the center of each beam and the total horizontal

-shear on each storey is équaily divided between the tolumns of

that storey. Point of inflection st columns dﬁ not fall at the
center of each column in each storey. In the upper stories the
point of inflection is nearer to the bottom of column and in the |,
lower stories it is ﬁearer to the top of column. As the value of
N increases the point of inflection shifts towards the bottom
of column in the upper stories end towards the top of column in
the lower stories. fFor N 4.0 certain upper storéy/stories ar
certain upper and iower stories may not have any point of infiec-

tion at all,

4. For 2 two bay symmetrical frame there is a point ot infiec-
tion at the center of each beam. If the moment of in rtia of interioT

cotumn ig double the moment of inertia of exterior column, then the

total ‘horizantal shear on each storey is divided between the columns
of that storey in such a manner that the shear at interior column

is double the shear at exterior column. The behaviour of point of

) L L f :
inflections at columns are similar to thab%ne bay frame. Poin% of
inflection for both interior and exterier columns at a storey fall

on same level.

5. Fer a two bay symmetricsl freme if éha moment of inertia
of all the columns are same, the point of inflection at exterior
and interior columns on a storey do not fall on same level. Except
at the top and bottom storey, the ratic of shear at interior column

to shear at extericr column varies from 1.6 to 7.4 depending on A .

The ratic inmcreases with the increase of . . For N 20, the shear
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: at exterior columns of top storey acts in the opposite direction
to the shear at interior column.

For the most two bay frame structures with interconnected
shear wall, the ahalysis by Heidebrecht ‘and 5mith method is quite
conservative in relation to Swey of the structure. Except for the
stiffrness of "link beam” is zero, the deflection by H5M is neariy
50% more than the exact vaiue. The B.M. and shear force in the

.-z'.
' middle stories aiffers considerably from the exasct analysis. Shears
at top and bottom stories are within the range of ¢0% depending
cn the value of r\'and aH,
10.2 Suggestions for Future Study

The following approximate analysis of tall shesr wall-frame
structures may be compared with "exact" analysis to draw a conclu-
sion as to which method of approximate anéiysis is best suited for

4 : a particular structuge.
l. Khan and Sbarounia(l) method
{
2. Mcleod'?) method

Programs may be developed for multibay fr=mes and validity of
the assumptians of portal andg cantilsver methods may be verified

for the following:

1. linsymmetrical one bay frames

2. Unsymmetrical two bay frames

3. Multibay frames.
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APPENDIX 'A!

LISTING OF COMPUTER PROGRAMS

1. One bey frame anaiysis

4. General one bay frame analysis

3. Two bay frame analysis
m“”““'délGneral two bay frame analysis

B. GA for one bhay frame

6. GA for two bay frame

7. Approximats analyéis of two bay shear-wall frame

by Heidebrecht and Smith method.
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"7/ JOB UEC916641 ONE BAY FQAME ANALYSIG., M. A. MAANAN DEC.1977
<+ J/ DPTICGN L'INK,L IST,L06G % . .y ' 3 ~

// EXEC. FFDRTRAN £ e et .

"Ca "t TFIS?IS A PROGRAM FOR .ONE BAY FRAME ANALYSIS N . _
-'C.  BY STIFFNESS METHOD AND RECURSION, PROCEDURE | 7 i <
A L PROGRAM "MAY BE USED FOR FRAMF OF WALLS OR-COLUMNS CROF BOTH
DOUBLE PRECISION BO,B,CoA,FM,FRED DT SP D +F +F 1 B1 4UFS+P,CHLXPIFER,

IX 117X 12y X13, A19A2y XL o Hy XU 2, X[ 3, X1 4 X2 3 X3 4 X4 2 X5 4 X6 ¢ XT3 X8 4X9 94X 10 +X 117

5

< 2X12y X123, X145 X155 X1 &y T, 1R.DEL,xML,xMR,VM,VL.VR,TT,TB,xzo XMT JXMB, .
. Te 3VT,VB;AXIAL.EH
« ‘. 4« "DIMENS ION 50(5.51,8(5 5),Ct5,5).A(5 5),FM(5 11,FRE0(5 11.0159(5 1),
o 7 V17 0(55 5} E(S, S0y RISy L1D4BTL S5, 5).Ul1051,p(1001,Q(BO),Fstqsl - R
. W' L' 2.XPU(5), FERL4) - ¢ s =.f-.._ H,. . T
C . s~ e THARITE (3,111 K e LT v
« 77 111 FORMAT "(6X6EFONE BAY FaAME ﬂNALYSIS BY ST[FFAFSS MATRIXtANB 'RECU RS,
ik 110N PROCEDURE) T - Ty SO v
2 © 501 READ{ 1,1, ERR=59,END= qq}N,NcLvo x11,x1? xxa Al,Az,EN xL,H X12,X L3
A . . ARITE (3,101) R
-+ 101 .FORMAT (7/€X1THBEG INN ING OF DA TA) , i > K -3
3\ ¢ . IF XL 2=0. LEFT WALL TS A COLWN. IF, XL3=0. RIGHT Wwall: [S A COLUMN.
- APRITE (33 1) N,NSLOAD, XI1ly XI2,4X13, AL,AZ,EN,XL,H SXL2 X3 <M.
-, .1 FORMAT (214,3F1GC.Cs 7F6.C) .. .. ]
’ +_ N1=5%(N+1) I “ N .. -
[ » N 2= 5%N : . - ) : o : A
IN3= 4%N . T, L . L
BB 4 -i=1,N1 . - . RS . . K .
A e d 4 y(1)=0. - . - S s " T
5 R DO 5 I=1yN2 ' " . R R )
‘ 5 P{1)=0. * : . *
DO 6 I=1,N3 . . . T T
v 6-Q013=0, ’ -
€ = .NSUOAD= NUMBER OF STORY UDADED . LS=I.OADED STURY LEVEL FRCF TOP
%, € .» XPUK-)=LOAD "AT .EACH STORY FER(J)=FI XED END REACTIGN ON STCRY BEAM
C . "ORDER OF .FER(J)=LEFT SHEAR ,LEFT F.E.M. ,RIGHT SHEAR,RIGHT F.E.M.
F ¢« PO-7 1=1,NSLOAD v’ . ;
READ 1T, 37 LS, (XP(K 1K= 1, 51, {FERT I, J=T 41 A :
’ WRITE (3, 3) LSy {XP{K)sK=1, 514 [FER{J) sU=1 44) : : '
By .- DO 8. KI=1,5 : e : :

12=5% (LS=1}+K |
. 8 PLI2)I=XPIKT) . : ..
< DO 13 J1=14 4 . .. : .
12=4% (LS-1)+4J 1 : '
13 Q(I2)=FER(J1): . . Ca,
7 CONT INUE . . i i
. .3 FORMAT (13,5Ff.2, 4F 8., 2) e LT
D0 50 .J=1y ¢ . . - T~
D0 50 I=1,5 . :
BG ( I!J }":On N : R A '5: [l ¥ ] ) Lk
BlIyJ)=0. ) o : . SR
~ 50 C(i.J)=0. _ T
X1=12.%X 11/ F%%32 . . .
+ X2= 125X 12/ B%% 3 ~ - . —
. X3=6 EXT1/Hk%2 -~ - X . o -
X4=6 X1 2/ HE¥ 7 - . v -
LU XS=4 X1 1/F . s - A N

X6=44X12/H B - ) s

»
. -




XT=A1/F

X8= A2/ H
X9=12.%X I3/ XLx%

a
X106 62X T2/ X %% 2
X1l=4 %X 13/XL

X1le=1.+4Z2 XL 2/ XL
X13=1.+42.% X 2/XL

X14= 1a+3.5XL 2/ XL*( L.+ XL 2/X0)
X155 1o 43 XL 3/ XLk { Lo+ XL 3/X0)

X16= 1434/ XL*( XL Z+XL 342 . % XL 2#XL3 /XL)

BO (1, 1)=X14X2

BO {3, 1})=X2
BOI{5, 1}=X4

BO{2Z, 2)=XT7+XS
BO{3, 21=X10%X 12

BC {4, 2)=-XS
BO{5, 2)=X10%X172

BO(3y, 2)=XE+X11%X14
BC {4y 3)=—X10%xX12

BO(5y3)=X11/2.%X1¢
BCO {4y 4)=X8+X9

BOL5, 4)=-X10% X132
BO{5, 5)=X6+X11% X1t

BOLl, II={X1+X2)* 2,
Bl2y 2)=2.%X74X%9

8103, 2)=X10%X1Z
B4y 2)=-X9

B(5y 2)=X10% X172
B3y 3)=2.4X5+X1 kX114

B{4y 3)=-X10%X12
B{5y3)=X11/2.%X1¢

Bl4y 4)=2.,%XB+Xx%
Bi5y, 4)=-X10%Xx13

B(5y51=2.%X64X11%X15
Ci{ly 1)=-{X1+X2)

C{3, I)1==X3
C(5y 1)=-X4
C(2, 21==X7
Clly3)=X3
C(2,3)=X572.
Cl4y 43=-X8
Cli1,5)=X4%

Cl5,5)1=X6/2.

Do 51 J= 1, 4
JI=3+1

00 52 =41,
BOWJ,y T)=RO1 1,4

52
51

BGJy T)=B(1,J)
CONT INUE

CALL MATTRA (CyA,5, %)
CALL MAT INV {R3, 5,D)

DO 666 =1, 5
D0 666 1=1, 5

666

BI(I!J)szltJ)
CALL MATMLY (AyD3Ey 5,5, 5)

o 9 I=1,5




FS(I1¥=P( 1)

FRED{I, 1)=P.{ 1}
DG 53 1= 24N

I4=5%(I-1)
PO 54 K=1, ¢

54

IK=T44K
FI{K, 1)=P(IK)

CALL MATMLY {E,FRED,FM, 5,5,1)
CALL MATSUB [(FI,FM,FRED,5,1)

CALL MATMLY {E,C+Dy £, 5, 5}
CALL MATSUR (BR,D,E, 5,5}

CALL MATINVIE, & D3
IF (I-N3 10411, 1C

10

CALL MATMLY (AsDsEy 5y 5,y 5)
CO 541 J=1,5

541

L= 14+)
FS{IJI=FRED{J, 1)

OC 888 4= 1,5 .7
DO 888 L=1,E

588

L= 1441
BI{IL,J )=0D{L,J}

53
11

CONT INUE
CALL MATMLY (Dy FRED,DISP,545,1])

K=5% (N-1)
DO 14 J4=1,5

14

KJd=K +J
J{KJ I=DISP(J, 1)

DG 645 I=24N
GO 998 J=1,5

DG 998 K=1,5
KJd=5% (N-T})+K

998

DIKyJ)=BTIKJJ )
DO 646 U= 1, 5

646

JI=5% (N-1)+J
Fi{ds 1)=FS(JJ)

CALL MATHLY (CyDISP,FM4y5,5,1)
CALL MATSUB (FI,FM,FRED,5,1}

CALL MATMLY L, FRED,DISPy5y5,1)
DG 647 K=1,5

647

KK=5% (N-11+K
JIKK = DISP (K, 1)

645

CONT INUE
WRITE (3,777)

77

FORMAT (// IXS5HSTORYy SX11HTRANSLATION, 8X12HLT VER.DISP, ,9XLLIHLT RCOTA

1T 10N, 8X12HRT VER .DISP .y SX1IHR T ROTATION/)

D0 20 I=1.N
DR 200 J=1, %

K=5% (1-1)
JL=K +j

200
20

FRED(J, 13=U{JL ) /EM
ARITE (3,12) 1,{FRED{J,1)s4=1,+5)

12

FORMAT (2X, 14, 5D2C.1G)
CALCULATE INTERNAL FIRCES OM BEAMS.

222

WHRPITE (3,222)
FORMAT {/¢X3EFBENDING MUMENT AND SHEAR FORCE CN BEAM)

WEITE (3,88)




_ 88 FORMAT (1X5HSTORY, 12 X8H3 M.LEFT,11X9HB M.RIGHT,I0XLOHSHEAR LEFT,9X1
L11HSHEAR R IGHT)
pn 21 I=1,N
K=5%{1-1)
Kl=4% (I-1)
A TL=-U{K +3)
TR==U (K +5)
DEL=U (X +23-U(K +4)
XML=Q{K 1423 X11/ 2% 2, X14%TL+ XL 6%TR~3, X1 2 *DE L/X L)
XMR=GIK 1+4}-X11/2%{ X16*TL+2, ¥ XLS*TR—3. #X13 *DE L/X L)
VM= [ XML +XMR ) /U XL +XL 2+ XL 2)
VL=01{K 1+1)+VN
VR= QK 1+ 3)~yM
21 WRITE ({3,22) T, ML, ¥R, VL, R
22 FORMAT {2X,14,4D20.10) )
C CALCULATE INTERNAL FURCES ON LEFT COLUMNS
WRITE (3,223}
333 FORMAT {/6XS51HBENDING MOMENT SHEAR AND AXIAL FORCE ON LEET LU MN)
ARITE (3,77)
N DO 23 I= 1,N
K=5%{]~1)
TT=-U{K+3)
Th=-UIK +8})
DEL=U{K+1~U{K+&)
X20=TT +TB- 3 4DEL /H
XMT==X5/ 25 (Xz0+471)
XMB=~X5/2.%( XZ204TB )

VI={XMT+XMB}/+
V B==VT

AX TAL= X7 {U(K+7)-U{K+2))
23 ARITE (3, 24) Iy %MT,XMB, VT, VB JAXIAL
C CALCULATE INTFRNAL F3RCES ON RIGHT -OLUMNS
WRITE (2, 444)
L4 FGRVAT(/&XEZFBENDING MOMENT SHEAR AND AXIAL FCORCE CN RIGHT COLUMN)
AFITE (3,77) _
77 FDRMAT(IXSHSTDRY,lEX?HB.M.TGP,1OXIGHB.M.BGTTCM,EIXQHSHEAR TOP.8X12
1HS FEAR BOTTOM,OX11HAXIAL FORCE)
Yy DO 2% I= 14N
=5%{I-1)
B TT=-U{K+5]}
TB=-U{K+10)
DEL=U{K +1}-UlK +¢)
X20=TT+TB-3 . *%DEL /H
KMT=—X6/72.%{ X20+4TT)
AMB=—X6/2 & Xz0+T8 )
VIi=(XMT+XMB)/E
VB=-VT
AXTAL=X83%{UIK +9)-UlK+4))
25 ARITE (3, 24) I, XMT, XMB, VT, VB,AXIAL
24 FORMAT ([ 2X, 14, E0Z0.10)
GO TO 501
+ a9 STOP
END
SUBROUT INE MATINYV {DsNyA )
DOUBLE PRECISION DyALPIVDT,T
DIMENS ION A(N,N ), IPVITU7), INDEX{ 7423 PIVOT(7) +D{N, N}




DO 10 1= 1,N
DO 10 J= 14N
10 AL1,J)=D(1,4)
D17 J= 1,N
| 17 IPVOT(J =0
A DO 135 I=1,N
T=0.
Lo 9 J=1,N
d IF{IPYVOT(JI-1) 12,6,13
13 DO 23 K= 1,N
d IF{IPVOT (K }-1) 43,23, 81
43 IF (DABS(TI-DABSIA(J.K))) 82,23,23
83 IRQW=J
1COL=K
T'—'AIJ’K}
23 CONT INUE
9 CONT INUE
IPVOT (ICOLD)=TIPVOT{ ICOL ) +1L
IF{IROW-ICOL ) 73, 1(%, 73
N 73 DO 12 L=1,N '
T=A{IROW,L )
A{IROW,L )=A(T1COL,L)
12 ALICOL,L )=T
109 INDEX{1, 1)=IROW
INDEX (1, 2)= ICOL

PIVOTII)=A{ICOL, ICOL)
A{ICCL, ICOL )=1.

DO 205 L= 14N
205 ACTICOL,L J=ATTCOL,L)/PIVOT(I)

347 DO 135 L I=1,4N -
TFILTI-TCOL) 21, 132%,21

21 T=A(LI, ICOL)
ATLT, ICOL )=C.
00 89 L=1yN
89 AL IT,LI=A{LI,L)-ALICOL,L)*T .
135 CONT INUE
222 DO 3 I=1,N

A L=N-1I+1
IF{INDEX{L s JI=INDEXIL+2)) 19,3,19
19 JROW= INDEX{L, 1}
JCOL= INDEX(L, 2)

DG 549 K=1,N
T=A (K, JROW )
A{Ky JROWI=A (K, JCOL )
A(KyJCOL )=T
549 CONT INUE
3 CONT INUE
81 RETURN
ENC
SUBRDUT INE MATTRA(A 8,7 N}
C MATP IX TRANSPOSE A TO 8
< DOUBLE PRECISION A,8
DIMENS ION ALS, 5),B( 5, 5)
D 3 J= 1N
D0 3 I=1,M
3 BIJy 1)=A(T,J)




RETURN

END
SUBRDUTINE MATSUB(A,B,C M4N])

MATRIX SUBTRACTION A-B=C
COUBL E PRECISION A.8,C

DIMENS ION A{5,5),B(5,5}).C15,5)
CO 3 J=1,N

DG 2 1=1,M
3 CHti,Ji=A(1,J)-B{I,J)

RETURN -
ENC

SUBROUTINE MATML Y{A,B,C+MyL4N) '
MATRIX MULT IPL ICATION A#%#R=C A=M BY L. B=L BY N

oousLE PRECISIDN AB,C
DIMENS ION A{ %, 5)4B{5,5)4C1 5, 5)

D3 J=1,N
B0 3 I=1,M

Ctl,J1¥=0.0
DG 3 K=1,1L :

3 ClIyJI=ClIad 1480 I, KIEBLIKLJ )
RETURNMN

g

ENC

’/
//

EXEC LNKEDT
EX EC

/%
/&




JOB UEC91664 Mo A JMANNAN __ GENERAL ONE BAY FRAME JAN 1978

GPT ION L INK,L IST,LOG
ASSGN SYSOQ1,X'1g2¢!

EXEC FFORTRAN
THIS IS A PROGRAM FDR GENFRAL ONE BAY FRANE ANALYSIS

BY STIFFNESS METHOD AND RECURSION PROCEDURE *
PROGRAM MAY BE USED FOR FRAME OF WALLS OR OF COLUMAS OR CF BCTH

PROGRAM CAN TAKXE CARE JF VA IABLE HEIGH T.SPAN,MOMENT OF INERTIA.
DOUBLE PRECISINON SyByCyDyFMaFRHFI 4 UyF S,71 222 323 4724 yZ5 2 TL TRy DELLXM

1Ly XMPy VM VL g VR 3 XMLR 3 XP 3 FER 3P 30 sH yAL 4AR sC L sCR 3 XsBL 952 453 oF
DIMENS ION S{5) 519805, 5),C15,51400545) yFMIS 411 sFRL{5 417 4FT1(5,1) XPI(5

1)y FER(4),U{1GEY,PI1CO),QUBCY oF S{ G5),H{20) JALIZ0) JAR(20) yCLI20) . CR1
2203 X(20),BL{201},52(20),53120)

DEFINE FILE4 (140, 4Gy, 1ID)
WRITE (2411}

1 FORMAT (1X30FCENERAL ONE BAY FRAME ANALYSIS)
N=NJMBER OF STORY,NSL=NUMBER 0OF LOADED STORY,E=MCDU.OF FLASTICITY

2 READ {1y 4y ERR=51,END=51) N,NSL,E
1D=1

)

FIND (4*1ID)
WRITF (343) NyNSL,E

3 FORMAT {/ IX10HND JOF STY=,13,9X1THNO.OF STY LOADED=,13 y5X2HE=,F6.0/1
4 FORMAT (2I3,Fé.C)

NN=5% {N+1)
CO 5 T=1,MNN

5 U(131=0.
NN= 55N

DO &6 TI=1,NN
& P{I1)=0,

NN= 4%N
DO 7 I= 1, NN

7 Q{1)=0.
co 12 J=1,

wniwn

Lo 12 =1,
Stilydi=0.

12 C{I,J13=0.
WRITE (3,102)

102 FORMAT {/€X10PMOI LT COL,5XICH™OI RT COL 47 XBHVOI BEAM,4XT1HAREA LT
1COLy 4X11HAREA RT COL,4XLIHBEAM LENGTH y 9X6HHEIGH T2 7XIOHWALL DEPTH}

C H=STORY FEIGFT, AL=AREA OF LEFT COLUMN, AR=AREA OF RIGHT CCLUMN
L CL=MOMENT OF INERTIA OF LT COL., CR=MOMENT OF INERTIA CF RT COLUMN
C X=BEAM L ENGTH, BL=MOMENT OF INERTIA OF BEAM, S2 AND §3 WALL DEPTH
CC 15 I=1,N
READ (1, 133 CLITH, CRUTI,BLIT)JAL(TI JARTT) 4X{1) ,H(T] 552 (1),53 (1)
15 ARITE {3, 14) CLOTI,CRUTJ,BLET I JALETY JARTTD o X{1) 44UI) 452 11),53 (1}
13 FORMAT (3F10.Cy €F7.C)
14 FORMAT {1X, 2(EX, F10.0)sa( 8X4F 74 0) y2{ 5X4F 7. 01 )
WRITE {3, 100)
100 FORMAT (//1X5FSTDR Y, 7XTHLOAD P1,7X7HLCAD P2 ,7XTHLOAD P3,7TXTHLCAD P4
1, 7XTHLOAD P 5, 8X€HFES LT, BXEHFEM LT+8BX6HFES RT,BX6HFEM RT)
C LS=L0OADED STORY LEVEL FRQM T0OP
c XP{K }=STCRY LGAD,FERTJI=FIXED END PLAC TIUN GN STORY BEAW
C ORDER DOF FER{J)=LT FESHEAR,LT FEM,RT FES,RT FEM,

L0 11 ¥1=1,NSL
READ (1483 LSy {XP(K)yK=1y5)4(FER({J) yJ=1,4)

WRITE (3, 17) LSy [ XPIKI4K=145) 4 (FERT{J) 3 J=1 44)




LG 9 K=1,5
NN=5% (LS~ 114K
9 P{NN )= XP{K)
DO 10 J=1, 4
, NN=4% {LS~1)+J
A 10 GINNI=FER(J)
11 CONTINUE
: 8 FORMAT {1I3,SFe.1)

17 FORMAT (16,9(4X, F1C.3})
Z1=1.42.%5S2{ 1}/ %X 1)
22=1.+2.5530 11/ X 1)
Z3=1.43%S2{ 13/X0 1% 1a+S2( 1) /XL 1))
24=1 44355301/ X01I%{ 1. +S30 1) /X1 ))
25= 1,43,/ XL 1 (SZ(1)+S3{ 1}+2,.%S2{ 1) %S3(1) /X(1})

h SE1y 1)=12%(CLELY+CRE 1) }/HT L) #x%3

S{3y 11=6CL (1) /HEL 1)%%2
SU5, 1)=6J5CRU 1) /HL 1 }k%2
S{2y 2= AL CLY/EC LY +12.%BLL 1) /X 1) %%
S{3:2)=6BLIY)/ X{1)%%2%7 1

N S(4y 2)==12%BLT 1)/ X{ 1)%%3
S15:,2)=6.%BLILY/ X1 )%x%2%7 2
S(3y3)=4 X {CLILI/HIU 1) +Z 22RL (1) /X1 1))
S{4y 312—6.%BL{ 1)/ X{ 1)%x%p%7 ]
S{5:31=2.%BL1)/X{1)%25
S 4y 4)=AR{1)/FUL)412.%BLL 1)/ X( 1) %43
S{5y 4)=—6&BLIL 1) /X([ 1)%% %7 2
S{5,5¥1=4 % (CRILI/HIII4BL{ 1) /X{ 1) *#74)
CO 16 J=1, 4
NN=J +1
DO 16 I=NN, 5

16 S{J!I,:S(IQJ)
CALL MATINV (S, 5,D)
DG 18 I=1, 5
WRITE {41 ID) {D(1,d3yJ=1,5)
FS{I¥=P (1)
18 FR{I, 1)=P (1)}

DO 27 1= 2,N

A NN=5%{1-1)
Nl={I-1)
DG 20 K=1, &
KK =NN +K

20 FI(K, 1)=P(KK) ]

Z1= 142 %S2( 1)/ X{ 1)
12=1,42.%S3( [}/ X{ 1)
Z3= 143 S20 TI/ X010 Lo+S20 13 /7%X(1))
Z4=1 . +36S3( T}/ XU IR L +S3(T ) /X1
Z25= 1 43 /XU T {S2U TS TI+2.%S2{ 1) %S3(1) /X(I))
CULly L¥=— 12 (CL{NEI4CRINL)I/H(NTY %33
Cl3y 1)=—6KCL{N1I/H{N1}%%2
CU5y L)=— 6 VFCRINJI/HINL)*%2
Cl2s2)=—ALINI)/HI{NT)

e C(1, 3126 FCLINTY/HIN 1) ®%2

‘ Cl3,3)=2%CLINLI/HINT)
Cl4y 4)=-AR{NTI/F(NT)
Clly 5)1=6 XCRIN1I/BIN L)%=
C{545)1=2.%CRIN1}/RINT)




CALL MATTRA (C+S:5,5)
CALL MATMLY {S,DsBsEy5,5)
CALL MATMLY (B, FR,FM, 5y 5,1)
CALL MATSUB (FI,FM,FR,5,1}
CALL MATMLY (ByL{ 4Dy 5y 54 5)
4 0O 60 J=1,5
DD 60 K= 1!5
' 60 B(KyJ)=0.
B{1, 13=12. %4 {CLLIV4+CRUT VI /HET) A3+ {CLINLY+CRINL) Y /HINLY) ®%3)
Bl3s 116, 2L CL{T)Y/HI 1Y% ~CLINL) /HINL) %42}
BlSy 1)=6,%{CR{TY/HIT Y*x2-CRINL) /HINL} *%2)
B2y 2)1=ALINII/HINII#ALI T ZHE TV + 12038 LLT) /X(1) *%3
R{3, 2)=6%BL{ T)/X(T)kk2%71]
Bldasy 2)== 12 BL{T)/X{1)%=%73
B{Sy 216 %BLI T/ X{ T )a2%22
803y 3174 S {CLINDY/HINLD#CL{T )Y /HUII+BLIT) 7X{1 } *#23)
Bla, 2)=— 6 5BLUTI) /X )3k %7
B{5y3)=2%BLIT}/X(I)*Z5
Blbd, 4)=ARINII/HINII#AR{ T} /HU T #1243 L (1) /ZX(]) *%3
B B(S, 41~ 6HBLIT /X T}k %72
BL{5, 5 =4 F(CRINII/HINLI4CRIT ) /H(II+BLET ) /XIT) %74)
B0 22 J=1, 4
KK=J +1
DO 22 K=KK, 5
22 BLJKI=BI(K,d}
CALL MATSUBR (B,DyS.5,5)
CALL MATINV (Sy 54D
IF (I-N) Z4, 28, 24
24 DO 25 K=1,5%
WRITE [4'01D) (D(K,J},4=1,%)
KK=NN +K
) 25 FS{KK }=FR (K, 1)
I 27 CONTINUE
’ 28 CALL MATMLY (D¢ FRyFMy 5, 5,11
K=5% (N-1)
DO 29 J=1, 5
KK=K +J
J A 29 J{KK)=fM{J, 1}
o DO 32 I=2,N
! N1=N-=-T+1
| C{Ly, 13212 % (CLINIY+CRINL) I /H(NL) *%3
- C{3s 1=—6CLINL1Y/BINT)2%2
CA5y 1)}=—6FCRINTI/HINL) %%
C{2y 2)=-AL(N1)/FINT)
Clily3)=6%CLINTI/HINTII#%2
Cl(2y3)=2ACLIN1Y/HINT)
Cl4y 4)==ARINT1}/RINT)
Cl1y 5)=6 % CR{NT)/HIN 1)%*%2
CI{5y5)=Z2%CRIN1)/HINL)
ID=5% (N~11+1
FIND (4" ID)
00 31 J=1, ¢
READ {(4710) {(D({J,K)K=1,5)
KK=5% {(N=T)+J
31 FI(Js 1= FESIKK)
CALL MATMLY (C,FM,FR,5,5,1)

b




CALL _MATSUB (Fi,FP,FM, 5, 1)

33

L0 33 J=1,¢
FRUJ, 1)=FM (4, 1}

CALL MATMLY (DyFR,FM,y5,5,1)
L0 32 XK=1,5

32

KK=5% (N-T1+K
U{KKI=FM Ky 1)

WRITE (3, 34)

34 FORMAT(//1X5HSTORY, SX1IHTRANSLATION,8X12HLT VER DISP.,9X11HLT ROT A

1T ION, 8X12HRT VER DISP .y $X11HR T RQTA TION)
DO 36 1= 1,N '

BO 35 J=1, 8
KK=5*%{I-1)+J

35
36

FR{J, 1)1=UIKK }/E
WRITE (3,37) I,(FRIJs1},4=1,5)

37

FORMAT [1X,15,5D020.1G)
CALCULATE INTERNAL FORCES ON BEAMES

38

WRITE (3, 28)
FORMAT (/Zz1X3GHBENDING MOMENT AND SHEAR FORCE CN BEANMS)

40

WRITE (3y40)
FORMAT { 1XSHSTORY, SXGHB .M, LEF T, 8X1 CHB. M, RIGHT,8X1OHSHEAR LEFT,7X1

11HSHEAR RICET)
DO 41 f=1,N

K=5%(I-1)
KK=4%11-1)

Z1= 142,520 1) /X0 1)
22= 142830 1)/ X{ 1)

L3=1 .43 %S20 1) /X010 { 1, +S2{ 1) /X(1))
Z4= 1 +3 2SI/ XTI 1. +S3(]) /X{1))

252 1e43 /XL PRS2 II+S3( 1) +2.%S2{1 ) #S3(1) /X(11)
TL=—J (K +3)

TR=-U{K +5)
DEL=U(K+2)-li{K+4)

XML=0IKK +2)=2.%BL(I)/X{ 1)¥{ 2, %7 3% TL+25%TR-3. #21 ®DEL/X (17}
XMR=QIKK 4412 *%BL{T )/ XU I)*(7Z 5%TL+2. %24 %TR—-3, *22 *DEL/X (1)}

VM= (XML +XMR }/{X{T1)4S2(T3+S3( 1))
VL=0 (KK+1)+VM

41

VR=0 (KK +3)-vm |
ARITE (3y42) 1, XML, XMR, VL, W

42

FORM AT (11X, 15, 4D1€.10)
CALCULATE INTERNAL FORCES ON LEFT COLUMNS

43

ARITE (3, 43)
FORMAT (/6XCS1HBENDING MOMENT SHEAR AND AXIAL FORCE CN LEFT CCLUMN)

WRITE (3, 48)
DO 44 I=1,4N

K=5%{I-1)
Z1=—U (K +3)

L2=~1} (K +8)
I2=U K +1)-UlK+¢€)

L4=11+472-3 %7 3/H( 1)
KML=—-2 & CL{TV/H{T)*(Z 4+7 1)

XMR==2 & CLUIY/H{T)*{Z 4+7 2)
VL= {XML+XMR}/+( 1)

VR=-VI
XMLR=AL (T}/ 01 ) (U(K+T7)-U{K+2))

4%

ARITE (3,501 I, XMLy XMR 4 VL 4 VR 4 XMLR




CALCULATE INTERNAL FORCES ON RIGHT COLUMNS

CHWRITE (3,47)
47 FORMAT {(/6X52+BENDING MOMENT SHEAR AND AXIAL FORCE CN RIGHT CGLUMN)

WRITE (3, 48)
48 FGRM&T(1X5HSTDRY,9X7HB.M.TOP,Q)IGHB.M.BGTYOM19X9HSHEAR TCP,6X12HS H

LEAR 8OTTOM, 7X11HAXIAL FORCE)
B0 49 1= 14N

K=5%{1-1)
L1l=—U(K+5})

L2=—-UlK+10)
L3=U (K +1)-U{K 46}

La= 7147222 %72 2/+( 1)
XML=~2.CRETI/HUII*(Z 447 1)

XMR==2 X CRUTII/H( [I%(Z 447 2)
V0I= (XML £XMR)/EI{ T}

VR==YI
XMLR=AR( T}/ FII IR {U{K+9)-UlK+4))

49 WRITE (3,50) I, XML, XMR, VL , VR , XMLR
50 FORMAT (11X, I5,5018.1C)

G 70 2
51 STQP

ENE
SUBROUT INE MATINV (DyN,A)

DOUBLE PRECISIGN Dy,A,PIVOT, T
DIMENS ION A(NyN )y IPVOT{ 7D, INDE XU 7,2) sPTVOT{T7) yD{ N4 N}

00 10 I= 14N
0O 10 J=1,N

10 A(I+4)=D{1,4)
GO 17 J= 14N

17T IPVRT (U =0
B0 135 I= 14N

T=0l
CO 9 J4=1,N

IF{UIPVOT (JJ-1) 1%, 6,13
13 DO 23 K=1,N

IFUIPVOT (K )-1) 473, 23,81
43 1F (CABS(T)~-CABStA(J,K))) 83,23,23

83 IROW=J
I1COL=K

T=A{J,K)
23 CONTINUE

9 CONT INUE
IPVOT {ICOL )= IPVOT({ ICOL )41

iF{IROW-TCOLY 732, 1CS, 73
73 DO 12 L=1,N

T=A{TROW, L)
ALIROW,L )=A{ ICOL,L )

12 AUTICGL,1 )=T
109 INDEX (1, 1)= [ROW

INDEX{ I, 2)= 1COL
PIVOT (I1)=A(ICOL, ICOL)

ACICCL, TCOL )= 1.
DG 205 L=1,N

205 ACICOL,L }=AUICOL,LI/PIVOT( 1)
347 DO 135 L I=1,N

IF{LI-ICOL )Y 21,135, 21




21 T=A{L I, ICOL)

A{LI, ICOL )=0.
BO 89 L=1,N

83 AL IsL 1=A{L I,L 1-ALICOL L )%
135 CONT INUE

¥

222 00O 3 I=14N
L=N—1+1

IFCINDEXI{L, 13- INDEX{L+2}) 19,3,19
19 JROW=INDEX(L, 1)

JCOL= INDEX{L, 2)
BO 549 K=1,N

T=A(Ky JROW )
A(KyJRnW):A(KrJCDL)

A(KyJCOL =T
549 CONT INUE

3 CONT INUE
81 RETURN

ENC
SUBROUT INE MATMLY[AsB,CaMyL 4N}

COUBLE PRECISION A,B,C

C MATRIX MULTIPL ICATION A%B=C A=M BY L B=L BY N
DIMENS ION A( 5y ) 4Bl 5y 5}+C{ 5, 5)
DO 3 J=1,N
PO 3 1I=1,M
CilyJi1=0.0
00 3 xK=1,
3 C{I,JI=CUI,J)+A0 I, K I*BIK,I)
RETURN
END
SUBROUT INE MATSUBIA B 4C oM, N3
DOUBLE PRECISION A+B4C
C MATRIX SUBTRACTION A-B=C
DIMENS ION A({Ey 5)3B({ 5, 5}40{ 54 5)
DO 3 J= 14N
DO 2 I=1,M
3 CULydI=ALL U )-Bl 1,0
RETURN .
A ENEC
SUBRDUT INE MATTRALA,B+M 4N )
DOUBLE PRECISION A,B
C MATRIX TRANSPOSE A TO B
DIMENS ION A(E, E),R{ 5, 5)
D0 3 J=1,N
GO 3 I=1,M
3 Bl 1= 1,0
RETURN
ENE
/%
// EXEC LNKEDT
/7 DLBL UOUT, *1JSYSO1?
/7 EXTENT SYSOQlys 1y Os 4Gy 20
. /7 EXEC CLRDSK
// UCL B=(K=0,4D0=401, X'CCY,0Y
/7 END
/7 CLBL TJSYSO1
// EXTENT SYSOQO1,, 1,0, 40, 20




/7 EXEC

/%
/&




[/ JQ)

B UEC91664 TWO BAY FRAME ANALYSIS Ma Ao MANNAN DEC.lC;??

/7 OPTION L INK,L IST,LD‘G

/7 EX

R -

EC _FFORTRAN

C
C

THIS IS A PROGRAM FOR T#J BAY FRAME ANALYSIS
BY ST IFFNESS METHOD AND RECUR STON PROCEDURE

s C

PROGRAM MAY BL USED FOR FRAME OF WALLS OR OF COLUMNS OR CF BOTH
DOUBLE PRECISION 80+B4CyA FMyFRED DI SP4D4EFI,BT yU+FSsP,C,XP,FER,

W Tl WI2yWI3yBI1sBIZ)WALs WA 2, WAZ XL 9 XL2 oH 452 253 +5% 155 sX1 X2 yX 34X 754
X5y X6y XTy X8y XG99 X10y X111y X124 X13, X104y X154 XL 6 3 X1 T 9 X18 yX19 ,X20 4X21,X22

39 X23s X249 X259 X264y XZ 719 X28y TLy TRy TRR yDEL4DELR +X30 s XMLy X MR, VM VLV R,
GXMLEs XMRPyVME, VLR VR y TTy TR, XM Ty XMB s VT 3 VB JAXI AL ,E N

DIMENSION BO{ 7, 73,817, 7)9C (74T sAUT47) yFM{T 411 JFRED(T7 41) yDIS P(7,1)
1 CU7y 73s EX Ty 70 FI( 75105810 133,7),L{147) sP(140) ,G{160) ,FS{133)

WRITE {2, 111)

111

FORMAT (6X6EHTWO BAY FRAME ANALYSIS BY STIFFNESS MATRIX AND RECURS
LION PROCECURE)

N=NO.OF STORYs WILI=MO1 L7 €OL., WI2=MOT CTR CCL.y WIB=MCI WALL
Bil=MOT LT BEAM, BIZ2=MOI RT BEAM, WAL=AREA LT COL.,

O ™ Oy ™

WAZ=AREA CTR COL .» WAB=AREA WALL, FM=MODULUS GF ELASTICITY
XLI=SPAN LT BEAM, XL2=SPAN RT BEAM, HA=STCRY HEIGHT

READ(Ly 14 ERR=99, END=GGIN,NSLOAD y WI 1y wI2Z W13 ,BI1 +B12 s WAL tWAZ yW A3
WRITE (3, 101)

101

FORMAT (//6X17FBECINNING GF DATA)
WRITE (3,13 NoNSLOAD WILyWIZ,WI3,BT11,B12,WAL 4WAZ ,WA3

FORMAT (cF4y ZF114Cs 2FS.Cy 3F 7. C)
REZD {1y, 20) EM, XL 1, XL 24Hy S2,5S3,54,55

[F 52=0,1ST WALL IS CJOL.,IF S3=S4=0.CENTER WALL IS Cil.s AND SO ON
WRITE (3, 30) EMy XL 1y XL 24H 4 S24 53,54 4,55

30

FORMAT (8F9.2)
NI=7x(N+1)

Computer -Forms Fut uo-Swqecnre

N2= TN
N 3= 8N

DO 4 I=1.N1
ULlI=0.

0 5 I=1,N2
PliI)=0.

o 6 I=1,N2
QiI)=0.

NSLOAD=NUMBER OF STORY LOADFOD LS=LOADED STCRY LEVEL FRCV T0P
XPIK)}=LOAD AT EACH STOR Y, FER(J)=FIXED END REACTION ON STCRY BEAM

ORDER OF FER{J)I=LT SHEAR,LT FEM,RT SHEAR ,RT FEM. (FLR BOTH SIDES)
DG 7 I=1,NSLCAD \

REAC (1e 33 LS, I XP(KIyK=T,7)
ARITE (3, 3) LS, (XPIKI)K=1,T7)

REAC (1, 30) (FER(J)yJ=1,8)
WRITE (3, 30) (FER(J),Jd=1,8)

GO 8 K1=1,7
=P (LS~-1)+K 1

w .

PIIZI=XP (K1)
GG 13 Ji1=1, 8

2=gx {LS—-14+41
QIIZ2)=FER{J 1)

CONT INUE
FORMAT (14, 7F10.2)

D0 50 4=1,7




80 50 I=1,17

BO{I.J)=0.
B{i,Ji=0.

50

C(ILyJ)=0.
X1l=12 W11/ H¥%x 2

X2=C oW1 1/H*% 2z
X3=4XWI1i/H

X4=WAl/H
X5=12 %W 2/ H%% 32

Xo6=6 W2/ H%*x 7
X7=4 %W 12/H

X8=W A2/ M
X9=12.%W 13/ Hk*x 3

X10=6 %W 13/ k%2
X1l=4. x40 12/+

X12=WA3/H
X13= 124811/ XL

1% 3
X146 5B 1/ XL D% 2
X15=4 B I1/XL 1

a
)

X1b= 12,5812/ XL 2%*
X17=6.%B 12/ XL z%% 2

X18=4.%BI2/XL 2
XK19=1.42.%52/X. 1

X20=1.42.%53/XL1
X21=1e43&S2/XL I¥{ La+S2/XL 1)

X22= 143/ XU DPR{S2+53+2,%S52%83 /L)
X23=1.42554/X 2

Eomputer~Forms ke

X24= 1 .42 %S5/X 2
X25=1+3 %83/ XL I%{ 1.+S3/X.1)

X26=1.+42 547X 2% ( 1.+S54/XL 2}
X27=1 442 /XL 2k S4+55+2.%54%S5/%L.2)

X287 1 +3555/XL 2% ([ 1.+557XL2)
Bily 1)=X14X54X6G

BO{3, 1)=X2
BO(5+ 1= XE

BO(7, 1)=X10
BO{Zy 2)=X4+X 12

BO (3¢ 2)= X 14 X115
BC (4 23=—-X13

RBOLS, 2)1=X14%X20
BO {3, 3)=X3+4X15%Xz1

B {4, 3)=-X14%X]5
BO(5y 3)=X15/2.%Xz¢

BO14y 41=X8+XTI3+X1€
BO(5y4)=X1T8X23-X14%%20

BO{6y4)=-X1l¢
BO{7, 4)=X17%X24

BOLS, D)= XT+XT5% X254+ XTEX X286
BO16y 5)=—X1TEXZ3 .

BO{T7y5)=X18/2.%X27
BO{6y6)=X124X16

BO(7,6)=—X1TxX24
BO{T7, 71=X11+X18% X2 ¢

ClLy T}=—(X1+X5+XG}
Ci3, 1})=-X2

Cl{5y 1}=-XE

e




Ci7+ 1)=-X10

Cl2, 2)=—X4
Cily, 3)=X2

Ci3,3)=X3/2,
Cl4y 4)=—X8

Ci{ly5)=X6
C(5,5)=X7/2.

Cle, 6)=-X12
C{l, 7)=X10

Ctiy7T¥1=X11/2.
B{Lly 11=2.%{X1+X5+XS)

B2, 2)=2.%X4+x12
B{3y 2)=X14%5X15%

B4y, 21=—-X13
Bi5s 21=X14%X2G

Bl3y3)=2.xX24+x15xX%z1
Bi{4y 33=-X14%X16

B{5:3)=X18/2.%Xz2
B{4y 4)=2.5XB+X134X1¢&

BUSy 4)1=X1TkX22-X14% %20
B{by 4)=—X16

BlTy4)=X1TX24
B{Dy D=2 % XT+X 15k X2+ X1 €% X256

Blby 5)=—-X1T7% %22
B{7y 51=X18/2.%XZ217

B{G6y61=2.2X124X1¢
BL{7s 6)==X 17k X24

BT T)= 25X 14X18%X28
B0 51 Jd= 1+ 6

J1l=4+1
0O 52 1=d1,7

BG(Jy 1)=BO( 1,4
52 BlJs I)=B(I,J)

Corpuler-Faims pie (b EZL M

51 CONT INUE
CALL MATTRA (CyAy 7y 7)

CALL MATINV (BD, 7,0)
DG 666 J=1,7

DO 666 1I=1, 7
666 BIlI,J)=D(1,J)

CALL MATMLY (A4 DsEy 7y 7y 1)
0o 9 1=1,7

FS{I)=p(1)
9 FRED(Iy 13}=P{1)

LG 53 I=2,N
k 14=7%{1-1)

CO 54 K=1,7
IK= 144K

54 FI(K,13=P{IK) '
CALL MATMLY ({EyFRED+FM, 7, 7,1

CALL MATSUB [(FI, FMyFRED, 7, 1)
CALL MATMLY (EyCyDy 7y Te 7)

CALL MATSUBR (ByDyEe 7. 7]
CALL MATINV (Ey 74D)

IF (I-N) 10,11, 1C
10 CALL MATMLY (A, D,E, Ty 7y 7)

0O 541 J=1, 17




1J= 144

541

FS{IJ}=FREC(J, 1) x
DC 888 J=1, 7

DO 888 L=1,7
IL=T4+

‘588
53

BI{IL,J=D{L,Jd)
CONT INUE

11

CALL MATMLY (CyFRED,DISP, 7471}
K=k {(N—-1)

DO 14 d=1.7
Kd=K +J

14

UIKJ I=0E5P (4, 1)
0O 645 1=z, N

00 998 J=1, 7
D0 998 K=1,7

998

Kd=T% (N—T)4K
D{KyJ)=BRT(KJ,J 1}

DO 646 J= 14 7
JI=THIN~T)+J

646

FIWJ,y 13=FS{JJ)
CALL MATMLY (C,DISP,FM, 7, 7, 1)

CALL MATSUB (FL,FM,FRED, 7,17
CALL MATMLY (D, FREDyDISP,y 7,741}

DO 647 K=1, 7
KK=T7% (N= 1)K

647
645

JIKK )=DISPIK, 17
CONT INUE

S

Computes -Forms pia .,

77

WRITE (3, 777)
FORMAT (//1XEHSTORY, 6XLIHTRANSLATION s6XL1IHLT VER DISPL6XI1IHLT RCTA

1T TONy 5X12HCTR VER DISP,5XI2HC TR RUTATI ON,6XIIART VER DISP6XTTHRT
ZROT AT ION/ )

CO 20 I= 14N
LG 200 4= 1, 7

K=7x{I-1)
JL=K +J

200
20

FREDLD, 1T=ULJL I 7EM
WRITE 13, 12) I, (FRED{Js1)9d=1,7)

12

FORMAT (12X, T4y 7017.10)
CALCULATE INTERNAL FJIRCES ON BEAMS

222

WRITE (3, 227¢1]
FORMAT (/42X39HBENDING MOMENT AND SHEAR FORCE ON BEAMS)

555

WRITE (3,EF¢
FORMAT {26X15HLEFT SIDE BEAMS,44XL6HRIGHT SIDE BEAMS)

88

WP ITE {3, 88)
FORMAT {1H , 5FSTORY, €XSHB WM. LEF T,5X1 CHBa M. RIGHT y5SX1OHSHEAR LEFT .4

IX1IHSHEAR RIGHT, 6X9H8 ., LEF 1T,5XL (4B, 7. RIGHT S XTOHSHEAR LEFT 74X 11
2HSFEAR R IGHT /)

DG 21 I=1,N
K=7%{I-1)

Kl=8%{][-1)
TL==U{K+3)

TR==-U{K+5%}
TRR=-J{K +7)

DEL=UIK+2)-U{K+73])
DELR=UIK +4)-U{K +¢}

IML=QIK 1+2)-X15/ 2% 2. % X2 IR TLF X22FTR=3, #XI G#DE /X L)




XﬁR=Q{Kl+4}—X15/2.*(X22*1L+2.*X25*TR*3.*XEG*DELAXLl}
VM= (XML +XMR )} /{ XL 1+S2+53) :
VI=Q{K I1+1)+yM
VR=QIK1I+3)-VM
XMLR=QiKl*6)—X18/2.*i2.*X26*TR+X2?*TRR~3.*X23*DELR/XL2)
= XMRR=Q(K1+83-X18/2.*(X27*TR+2.*X28*TRR—3.*X24*DELR/XL2)
VMR= (XMLRE+XMRR ) /{ XL 24+ 54+55)
VLR=Q{K 1+5)+VMR
VER=Q{K 147 )}-VMR
21 WRITE {3, 22) Ty XML ¢ XMR y VL y VR 3 XMLR 3 XMRR VLR , VRR
22 FORMAT { 2Xy 14, £D 15,8}
C CALCULATE INTERNAL FJRCES ON LEFT COLUMNS
WRITE (32,323)
333 FORMAT (/6XS1HBENDING MOMENT SHEAR AND AXIAL FCRCE ON LEFT CGLUMN)
WEITE {3,77)
DO 23 1= 1,N.
] K=7# (I~-1)
TT==U (K +3)
TB=-U{K+10}
DEL=UIK+]1 )UK +8)
A30=TT+TB-2.%DEL /H
XMT==-X2/2.%{X3C+7TT)
AMB=—-X3/25(X30+TR)
VI={XMTHXMB )}/ H
VB==VT
AX TAL=X 4% {UIK +G }—U{K+21}
23 ARITE (3,24) I XMT, XMB, VT, VB A XIAL

C CALCULATE INTERNAL FJRCES ON CENTER CULUMNS
WRITE {3, 890}
890 FORMAT (/6X52FBENDING MOMENT SHEAR AND AXIAL FORCE €N CERNTR CCLUMN]}
ARITE (3,77)
00 26 I= IyN
K=Tx{1-1)

Compuies ~F o mg Pie Led Srgugere

TT==-U{K+5)
TB==UIK+12}
DEL=UIK+1)}-UIK+E}
X30=TT +7 8- 2 ,%DEL /H
AMT==XT/ 2.5 (X3C+TT)
AMB=—=XT/2:1X304+TB)
VT={XMT+XMB ) /k
ViB==-VT
AX TAL=X8% (UIK +1]1)~UIK +4 )73
26 WRITE (32, 24) T XM Ty XMB, VT4 VB JA XTAL
C CALCULATE INTERNAL FORCES ON RIGHT C OLUMNS
WRITE (3,444)
444 FORMAT (/EXSZFBENDING MOMENT SHEAR AND AXTAL FORCE TN RIGHT COLUMNY
ARITE {3,77) .
77 FORMAT (1H 4 BHSTOR Y, EXEHB .M. TOP 4 8X11HB. M. BOTTCM,BXOHSHEAR TGP,8X1
12FSHEAR BOTTOM, £€X11HAXIAL FORCE /)
DD 25 I= 1,N
. K=7%(I-1)
- TT=-UIK+71}
TB=~U{K+14)
i DEL=U(K+L)}-U{K+£&)
X30=TT+TR~- 3 =NDEL /H
XMT==X11/2.%{ X2C+TT)




MB=—=X11/2.%{X30+78)

VT=({AMT +XMB ) /+

| Ve=-VT

' AXTAL=X125{U{K +121-ULK+ 611

’ 25 WRITE (35 24) I, XMTy XMB, VT, VB ,A X AL
- 24 FURMAT (2X, 14, €D18.10)

N GG TO 501 -

i 99 STOP

F ENG

DOUBLE PRECISION DyALPIVDT,T

i SUBROUT INE MATINV (DsNsA)

DIMENS ION AINsN I, IPVDTL ), INDEX{ 7427 ,PI VOT{ 71 4D (N, N]
DO 10 I= 14N

GO '10 J=1,N
10 Ati,Ji=D{I,J)

D0 17 J= L4N.
17 IPVOT (J)=0

0O 135 Is LN
T=0.

BC 9 Jd=1,N
IFCIPVOT (S )-1) 12,6,13

13 DO 23 K=1,N
IF{IPVOT (K )-1) 42,23, 81

43 1t {DABS(T)-CABSIA{J,K))) 83,232,23
63 TROW=J

ICOL=K
T=A(JyK ]}

23 CONT INUE
S CONT INUE

IPVOTLICOL )= IPVOTUICGU V +1
IF(IROW-ICOL ) 72,1C%, 73

73 DO 12 L=1,N
T=A(IROW,L )

Compuler - Forms Pis e Singepoae

ACIROW,L }=ACICOL,L}
12 A{ICOL,L )=T

109 INDEX(I, 1)= IROW
INBDEX{ 1, 2)=ICOL

PIVET {I)=A{ ICOL, ICOL)
ALICOL, ICOL )=1.

DG 205 L=1yN
205 AUICOL,L 3=ACICOL,L }/PIVOT(I}

347 DO 135 L I=1yN
FR{LI-ICOL ) 21,135, 21

21 T=A(LI, ICOL) °
A{LT, 1COL }=0.

B0 B9 L=14N
89 A(LIyL¥=A{L I,L )=A{ ICOL,L)%*T

135 CONT INUE
222 00 3 I=1,N

L=N=-T1+1
IF(INDEX{L, 1)-INDEX(Ls2}) 16,3,19

- 19 JROW=INDEX(L, 1)
JCOL= INDEX{L, )

CC 549 K=1,N
T=AlK,JROW)

ALK, JROW )=A(K,JCOL)




ALK, JCOL =T

549 CONTINUE
3 CONTINUE

81 "RETURN
ENC

SUBROUT INE MATTRA(A,B,M,N)
MATRIX TRANSPOSE A TO B

DOUBLE PRECISION A,B
CIMENS IGN A( 7, 7},B0 7, 7}

D0 3 J=1,N
GO0 3 I=1,M

3 BlJs 1¥=A01,d0
RETURN

EMC
SUBROUT INE MATMLY(A,B,C sMyLyN)

MATRIX MULTIPLICATION A%B=C A=M BY L
DOUBLE PRECISION A,B,C

B=L BY N

DIMENSION A(T, 7)+BL Ty 7)4C( 74 7)
DD 3 J=14N

CC 3 [=1.,M
C{i,J3)=0.C

DO 3 K=1,L
3 C([yJJ—C(IyJ)*A(I,Ki*B(K:J)

RETURN
ENC

SUBROUT INE MATSUB(ALB,C yM,N)
MATRIX SUBTRACTION A-8=C

Compuler -Farms pe udSirsimme

DOUBLE PRECISION A,B,C
DIMENS ION A(T, 7),81 7, 7),C1 7,7}

DO 3 J=1,N
CO 3 I=1,M

ClIyd)=20T1,0)-B{1,0)
RETURN

W

e
3

ENC

/7
&4

EXEC LNKEDT
EX EC

/%
/5




/{ JGB UEC91664 M A JMANNAN GENERAL TWO BAY FRAME  JAN 1978
/7 OGPT ION LINK,L IST,LGG
[/ ASSGN SYSO01,Xt1gz
/7 EXEC FFORTR AN
C TEIS IS A PROGRAM FOR GEMERAL TkD BAY FRAME ANALYSIS
4 C BY STIFFNESS METHOD AND RECUR SICN PROCED URE
C PROGRAM MAY BF USED FOR FRAME 0F WALLS OR 0F COLUMNS gRr GF BCTH
C PROGRAM CAN TAKE CARE DF VARIABLE HEIGHT.SPAA,MGMENT OF INERTTA.
DOURBL E PRECIS IDN S,B,C,D,FM.FR,FI,XP,FER,U,P,Q,FS,H,AL,AN,AR,QL,CM
I,CR,E,BL,BR,X,Y.S2,S3,54,SE,Z1,22,23,24.25,26.27,18,29,Zlo,xll.TL,
ZTR;TRR,DEL,DELR,XML,XMRyVMyVLyVRyXM(R,XMRR,VNR,VLR.VRR
GIMENS 10N 5(7,7},8(7,?J,Ct7,7},D(Y,TI,FM(?.1),FR{7,1).
1FI(?11},XPI7),FER{8),U(147),9{1401.0(160),FSll33J:
ZH{ZOJ.AL(20}¢AM(201»AR(203,CL{2031CM(201,CR(ZO)
DEFINE FILE4 (146G, S5¢4041D)
WRITE (3, 1)
1 FORMAT {1X20FGENFRAL TWO BAY FRAME ANALYSE S)
C N=NUMBER DOF STORY, NSL=NUMBER OF LOADED STORY .E =MODU. GF FELASTICITY
2 READ {1y 4, FRR=51,FND=51) N oM SL,E
3 1D=1
FIND {4vIn)y
WRITE (2,3) N,NSL,E
3 FORMAT {/ 1X10#ND LF STY=,13,9X17HNO.GF STY LOADED=,I3 sOXZ2HE=,F6 .0/}
4 FDRMAT (Z12,F¢.C)
NN=T7% (N+1)
CO 5 I=1,NN
5 Utlli=n.
N N= TN
DO & I=1,NN
& P{I)=0.
NN=g%N
B0 7 I=1,NN
C T Rfny=0,.
C LS=LO0ACED STGRY LEVEL FROM T0p
C XP(K )=STORY LDAD,FER(J)zFIXED END REACTION ON STORY REAM
C ORLCER OF FERTJ I=LT FESHEAR,L T FEM,RT FES,,RT FEMJIFCR BTCTH BEAMS)
WRITF (3, 200}
s 200 FORMAT (1M + SHSTOR Y, 4 X THLOAD Pl,4X74L0AD P2 +4XTHLGCAD P3 14X THLTOAD P

14y, 4XTHLGAC P&, 4X JHLOAD P&y 4XTHLOAD PT)

00 9 I=1,NSL

READ {1,8) LSy {XP(K },K=1,7)
RITE (3,201) LSs { XPU{K ) K=1, 7]

00 9 K=1,7
NN=7% {LS~1)1+K ¥
9 PANN)I=XP (K )
8 FORMAT (12, 7F11.27
201 FORMAT {1H ,TIE%, IF11.2)

2

02 FORMAT (/ 18X14HLEFT SIDE BEAM,30X15HRIGHT SIDE BEAM)
WRITE {3,203)

203

WRITE (3, 202)

FORM AT ( 1XS5kSTORY, ZXEHFES LT, 3X6HFEM LT3 X6HFES RT,3X6HFENM RT ,13X%6

.
.

IHFES LT, 3X6FFEM L T, 3XEHFES R Ty 3XEHEFEM RT)
b0 10 = 1,NSL

READ (1, 1T) LSy LFER(IY, J=1, 8}

WRITE (3, 204) LSy {FER{J )yJ=1,8)

GG 10 4=1, 8




NN=8* (L S—1)+J

10 QO{NNJ}=FERLJ)}
11 FORMAT (13, 8F9.1)

204 FORMAT {IXy I8 4FG.1, 1CX, 4F GS. 1)
DO 12 4=1,7 ,

x 0O 12 1=1,7
S(Isd)=0.

12 C{I,J)=0.
H=STORY HEIGHT, AL=AREA OF (EFT COL. ,AM=AREA CF CENTER CCLUWMN

AR=AREA OF RIGHT COLUMN,CL=MOM.OF INERTIA OF LT {CL,
CM=M.0.T.0F CENTFR CDLUMN, CR=M,0,1. OF RIGHT COLUMN

[aEells)

WRITE (3, 20%)
205 FGRMAT {/ 1X6HFEIGHT, 3X11HAREA L1 COLy3X12HAREA CTR CCL43X11HAREA RT

1 COL,4X10HMGT LT COL,3XI1IHMOI C TR -OL.4XLOHMOI RT £an)
0O 15 I= 1, N

READ {1+ 13) H{I),AL{ T 1, AMI T 1 AR(IISCLIT) L MUIY L,CRIID
15 WRITE (3, 20¢) FUT),ALCT),AMOT ), ARTITD BELLT) 4CMII) WCR(T}

13 FORMAT (fé.1y 3FE.1,3F11.1)
206 FORMAT [1Xs FELly6(3X,F11.1))

» c BL AND BR=M ,0.I.0F LT AND RT BEAM. X AND ¥=SPAN LT AND RT BEAM.
C S2,53154+S5=DEPTH DF WALL FROM C.G. (FOR COLUMNS THEY ARE ZERD)

WRITE (3,207}
207 FORMAT (/1X42HSECTION PRGPER TIES OF BEAMS AND WALL DEPTH)

WRITE {3, 208)
208 FORMAT (4X11MMOT LT BEAM,3X11HMOI RT BEAMS3XIZHSPAN LT BEAM,3X12HS

IPAN RT BEAM, ICX4ZHWALL DEP TH FROM C.0. 0F WALL LEFT TO RIGHT)
REAC {1y 14) BL,BR, Xy ¥y 52, S3, 54,55

WRITE (2, 209) BLyBRy X+ Y, 52,53, 54,55
l4 FORMAT (2F10.1, 6F€.1)

209 FORMAT (11X, 413X, FI1.17, ICX, 4F [ 1. 7
1= 1a42,%S2/X

L2=1.42,5537X
I3=1.42.%54/Y -

14=1.42,%55/Y
£5= 1,43, %52/ X% { 1,452/ X)

Z6= 1443 5 S3/XF{ 1. +S3/X)
Z7= 143 S4/Y%{ 1,+S4/Y)

X £8= 1,43, %S55/Y5{1.+557Y)
9= 143, /XX {S2+5342,%52%53/X)

I R

£10= 1443, /Y% ([S435C+2.%S4%557Y)
Sy 1)=12.%(CLOLY+CM{ L )4CR 1Y) /H( 1) %43

SA3s N=6*%CLUTI/AT T 1%%2
SU5y 13=6XCML 1) /HL 1)%x2

S{7y 1)=6 XCRUIV/F( 1 1%%7
S{20 2)=AL(1)/H( 1) +1Z2,%BL /X*k%3

SU3y 2)=Z 1X€ % BL 7 X% % 2
S {4y 2)=—12 B /X%%3

S5y 2)=72% & *BL /X% 7
S{343)=45CL U1)/HI 1142 5% 4, %81 /X

SH4y3)=-T7 1% € #BL /XF%7
S{53)=79%2 *Bl /X

'y S{4, 4)=AMT 1) /F{ 11+ 1 2. %[ BL /X% %*3+BR JYF%3)
2 S5y 4)= 652 BEBR/YE*K D7 JHBL /X%%2)

S16y43=-12,%BR/Y%%3
S{T7s4)=24%6 KRR /YkHk D

SU5: 5124 X CM{ IV /F( 1+Z 6%4. 5BL / X+ 7%5, 5BR /Y




S {6y 5)5—7 3% £ HBRAYE%D
S{7,5¥=710% 2.%BR /Y
S{6s6)5AR[LI/HE( 1)+ 12, %BR /Y%%3
S{Ty6)=—Z74% € *BR /Y5 %2
_ ST+ 7= 4 CR{L)/HI 1147 8%4 ,%3R /Y
A DO 16 J=1,6
NN=J +1

D0 16 T=NN,7
16 S{J. T)=511,4)

CALL MATINV (5, 7,01}
e 18 1=1,7

WRITE (4'IDVID{ 1,4 vd=1,1)
FS(I=PL 1)

18 FRA{I, 1)=P (1)
PO 27 I=24N

READ (1, 14) BLsBR Xy ¥y $S24 53, S44 55
ARITE (3, 209) BL+BRy Xy ¥4 52,453,54,55

MN=T7% [ I-1)
Nl={I-1}

N DB 20 K=1,7
KK = NN+

20 FI(K, 1)=PI(KK)
Z1=1.42. %52/

22:11+2.*53IX
I3= ) 42, %54/Y

24= 1 a4+ 2,%55/Y
I5= 143,552/ %X%{1.+52/X)

Z6= 143,583/ X% 1,+52/X)
L7=1 o 33.%54/Y{1,+54/Y)

£8=1,43.%55/¥%{ 1,+S5/Y)
29=1 443, /X (S2+S342,%52%$3/X)

Z10= 1.42, /Y% [ §4+45542 ,%54%S57Y)
Zl.l=(CLI1)+CM('IJ+CR{IH/H(I)**3+(CL[N1)+CM{'N1}+CR(Nl))/H(Nl)**B

Clly D)==12,%{CLINI)+CM{NIV+CR(NLT) /H{NL] #%3
Cl3y L)=—6 FCLINT)/HIN L)%

CAS5y 1)=— 6k CMINT}/HIN T ) %% 2
C{Ty 1)=-6FCRIN 1) /H{NT) %%

e Cl2s 2)=-ALIN]1)/HINT)
Clly 3)=6%CLINIT)/HINLY*%2

Cl3y3)=2&CLINT)/H{N 1]
Cl4y 41=—AMIN 1) /K{N1)

Cl1,5)=6.%CMINT)/HIN1Y*%]
Cl5+5)=2%CMIN 1) /HINL)

Cl6+61=—AR(NI1}/F{NT)
Cl{l, 7)=6%¥CRIN1)/HIN1y%%2

CLT7, 71=2%CRINTI/HINI)
CALL MATTRA (CyS, 7y 7)

CALL MATMLY [SyDsBy 7y Ty 71
CALL MATMLY {B,FR,FM, 74 7, 1)

CALL MATSUB (FI,FM,FR 4 7, 1)
CALL MATMLY (ByCyDy Ty ¥4 7}

3 00 100 J=1, 7
DG 100 K=1, 7

100 B{K,J)=0.
B{l, 1}=12.%7211

B(3y 1)=6%(CLIT)/HIT)**=CLINLY /HINL) %%2)




BISy 11=6.%{CMIT)/HUT )k 2-CM(NL) HINL) *%2)

BO7y 1)=6 % {CRITI/H{ T )% 2-CR{INL} /H(NL) *%2)
BU2y 2)=ALINT)I/HINIIHALT T ) /HI ) 412, 3B /X% %3

B{2y 21=7 1% 6 %BL / Xk 2
Bl4y 2)==12.%81L /X*x3

B{Sy 2)=7 2% 6. =BL / X**x 2
B{3y3)=4.=(CLINI}/HINII+CL(I) /HLTI+Z55BL/X)

Bldy 3)=—7 1% € 5BL / X5k 2
B{5y 3)=729% 2. %BL /X

Blay 4)=AMINTI/HINII#AMIT) /H{ 1) +12, X[ BL/X %53+ BR/Y %53 )
B{5, 4)-6.*(2’*BR/Y**2 ZZ*BL/X**Z)

Bl6y 4)=—12%BR /Y%%3
BT, 4)=24%6 kPR /Y%% 2

BU5¢5)=4 X (CMIN1I/BINL}+CM{T } /H{ T +Z 6*B L/ X+ Z T*BR/Y)
Bl&y 5¥=—7 2% £ AR /y%*

BI{7y5)=210% 2. %BR /Y
BIOy6)=AR(NI)/HINIVHAR( T ) /H{ [)1 412, #BR /¥%%3

BL{Ty 6)=—7 4% £ ¥BR/Y5%2
Bl7s73=4%[CRINII/B{NLI4CR{I) /HIIY+72 8B#BR /Y)

Lo 22 J4=1,54
KK=J +1

22

DO 22 K=KK,7
B{dsK}=BI{K.J)

CALL MATSUB {810!51' 77 73
CALL MAT INV [S5, 74D

24

IF (I-N} Z4, 28, 24
DB 25 K=1,7

WRITE (4YIDI(DIKsd}yd=1,7)
KK=NN+K

25
27

FSA{KK )=FR K, 1)
CONT INUE

28

CALL MATMLY (D, FRyFM, 7, 741)
K=7% {N—1)

DO 29 J4=1,7
KK=K +J

29

JIKK I=FM {J, 1)
DO 32 I=2,N

MI=N-T+1
C{1y 1}=—12.%{CLINY)#CMINLI4CRINL) ) /HINL) *43

C{3y 1)=—6 X CL N 1) /H(NT %% 2
C 5y 1)=— 6 X CMINTY/HIN L) %%2

CL{7y 11— 6 RN T)/HINTY ®%7
CL2y, 2)=-AL(N1)/HINT)

ClL 3)=6 CLINT)/RINITR®?
C{3y 3)=24CLINT)/HINT)

Cl4, 4)=-AM{N]1T/E(N 1)
CL1y 51=6 CMIN 1) /HIN D IR%

Ci5: 53= 2. #CMINT) /HINT)
Cl6+461=-ARIN1I/EI(NT)

ClLy 71= 6% CRINTII/HINT)®*2
C{T7,7)=2CRINT1I/HINL)

Th=7%{N=-T}+1
FING (4 1ID)

G 31 J=1,7
READ (4710} (DUJ+K)yK=1,T)

KK=7%{N-T}+J




31 FI(J, 1¥=FS(KK}

CALL MATMLY {CyFM,FR, 7, 741}
CALL MATSUB (FI,FR.FM__, 75 1)

e 33 J=1,7
33 FRUJ, 1)=FM{J, 1)

CALL MATMLY (D, FR,FM, 7, 7,1)
DO 32 K=1,7

KEK=7% IN-T}4K

32 ULKK I=FM(K, 1)

WRITE {3, 34)
34 FORMAT (/IIXEI-STORY,6X11HTRANSLATIGN 'SXI2HLT VER DISP. ,6XL1IHLT ROT

LAY IONs 4X13HCTR VER DISP ., 5XI2HC IR ROTATION,5XI2HRT VER DI§ PesbX11H
ZRT ROTATION)

LO 36 1=1,N
b0 35 J=1,7

K7 [ I-1)
KK=K +])

35 FRJI, 1)=UIKK }/E
36 ARITE (3, 27) I,(FR{J, 1)¢d=1,7)

37 FORMAT (32X, 132, 7D17.10)
CALCULATE INTERNAL FDRCES ON BEAMS

ARITE (3, 38)
38 FORMAT (/Z1X39HBENDING MOMENT AND SHEAR FORCE ON BEANMS)

WRITE (3,210C)

210 _FORMAT (20X25H. E F T S [ D E_BE A My35X2THR I G H T S I D E B

1 E A M)
WRITE {3, 40)

40 FRRMAT (1XSHSTORY, 8X7HB .M. LTy 8XTHB. M. RT,7XBHSHEAR LT +7TXBHSHE AR R
1T, 1I0XTHB Mo LT, EXTHE M, RTy 7XBHSHEAR LT,7X84SHEAR RT)

D0 41 I= 14N
READ (1, 14) BL,BR, X, ¥, S2, $34y 54,55

K=7%(1-1)
KK=8%[]1-1)

L1=1.42.%S2/7X
22=1.42.%52/X

I3= 1242 %54/Y
24T 1.+2,%558/y

5= 1 43.%S2/X¥{ 1,452/ %)
26=1.43.%S3/ X% (1.+53/X)

L1=1 o435 S4/YE( 1,%S4/Y)
ZB=1.43%S5/Y%( 1 455/V)

9= f 30/ XE(S2+45342 ,%52%53 /%)
Z10=1.43./Y%{S445542,%54%55/Y)

TL=-U{K +3)
TR=-U (K +5)

TRR=-UI{K+T)
DEL=U (K+2)-U{Kk +4}

DELR=UAK +43-U(K+&)
XML= QKK 420~ 2. %BL /X#( 2,%7 SH¥TL+Z9%TR-3, #7] *DE [ /X)}

XMR=Q(KK+4)-2 *BL/ X% (7 9% TL+ 2. #LEXTR=3, ¥72%DE L/ X¥
VM= {XML +XMR )/ { X+52+52)

VL=Q{KK+1)+yM
VRE=Q (KK +3)-yM

XMLR=Q (KK+6)-Z ,%BR/Y*( 2 ,%7 7% TR+ZIQ*TRR-3, %73 IDELR/V}
XMRR=Q (KK +8)—2 %BR /Y& (7 10% TR+2, %7 B%TRR-3, #74 #DE LR/ Y)

VMR= { XML R +XMRR }/‘( Y+54+55)




VLR=0 (KK +5) 4VMR

41

VER=Q{KK +7)-VMR :
ARITE(3y 42) I, XML, XMR,y VL, VR, XMLR 4 YMRR 4 VLR 4 VRR

42

FORMAT (3Xy12,4D15.8,2X,4D 15, 8}
CALCULATE INTERNAL FORCES ON LEFT COLUMNS

43

WRITE (3, 42)
FORMAT [/6XS5IFBENDING MOMENT SHEAP AND AXIAL FORCE CN LEFT COLUMN)

WRITE [3,48)
DO 44 I= 1,N

KeT={I-11
Z1=-U{K+3}

12=-U{K +10}
Z3=U (K+1)-U{K +8)

L4=71+12-3 % 73/H{T)
XML=—=2 ¥ CLIT)/H{ I)5{Z7 447 1)

XMR==2 X CLIT)/HlI DI*(Z 4+7 2)
VI = [XML+XMRI/FH( 1)

VR=—VL
XMLR=AL (1) HUT PR LUK +S)-U{K+2))

&%

ARITE (3,50) I, XML,y XMR, Vi_, VR , XMLR
CALCULATE INTERNAL FIRCES ON CENTER COLUMN

45

WRITE (3, 45)
FORMAT (/6X52FPENDING MOMENT SHEAR AND AXIAL FORCE CN CENTR CCLUMN)

ARITE (3, 48)
D46 1= 1,N

K=7*{I-1)
Z1==-U{K+51}
L2=-U{K+12)

Z3=U{K +1)-U(K+8}

I4=71472-2 %73/ 1)
AML==2. 0 CMUT ) /H T 3%(Z2 442 1)

XMR==-2 % (M T)/H{ T)*(Z 4%7 2]
VL= {XML+XMR)/F{ 1)

Y R=-VL
XMLR=MAM I/ FE TR QUK +11 3~ UTK+4))

46

WEITE (3,50) T, XML, XMR, VL 5 VR 5 XMLR
CALCULATE INTERNAL FORCFES ON RIGHT COLUMNS

47

WRITE (3,471}
FORMAT (/GXS2FBENDING MOMENT SHEAR AND AXIAL FCRCE CN RIGHT COLUMN)

48

NRITE (3, 48)
FORMAT (1X5HSTORY, 9X7HB M TP, SX1CHB, M BOTTCN,9XTHSHEAR TCP,7X12HS

IHEAR BOTTOM, 7X ITFAXIAL FORCE)
D0 49 = 14N

K=7*(1-1)
Z1=—-{K+7)

L2=-U{K+14])
£3=U (K +1)-U(K+8)

L4=01472-3 %7 2/H( 1)
XML==2 X CRITI/HII)*{7 4+7 1)

XMR=—2 & CRITV/HI1I*(Z 4+2 2)
VL= {XML+XMR }/F( 1)

VR==VL
XMLR= AR{IV/HITI*(UIK +13 )= Ul K+6))

49
50

WRITE (3,507 Ty XMLy XMR, V[, VR y XMLR
FORMAT {2X, 12, 5018.1C)

GC 1D 2




51

STOP

EN D
SUBRCGUT INE MATINV (DyN4A)

DOUBLE PRECISTION DsA,PTVDT, T
DIMENS ION AINsN)y IPVOT{ 7}, INDEX{ 7,2) ,PIVOTLT7) +D{NyN}

DO 10 I=1,N
D0 10 J=1,N

10

A{Il,J 1=0( 1,4}
Do 17 J= 1y N

17

IPVOoT {4 )=0
DO 135 I=1,N

T=0.
GO 9 J=1,N

13

IFCIPVOT LI )-1) 13,5, 13
DO 23 K=1,N

43

IFLIPVOT (K )-1) 43,23, 81
If (DABS(T)-CABSIALJ.K))) 82,23,23

83

IROW=4J
I1COL=K

T=A{4,K}
CONT INUE

CONT INUE
IPVOT (ICOL )= IPVOT{ICOL ) +1

73

IF{IROW-ICOL Y 73, 1(S, 73
DO 12 L=1,N

T=AUIRCW,L )
AUIROW,L )=A{ ICOL,L)

i

12
109

ALICOL,L =T
INDEX {1y 1)=1ROW

INBEX (I, 2)= 1COL
PIVOT (F)=A(ICOL, ICOL}

A{TCOL, ICOL )=1.
PG 205 L=1,N

205
347

A{TICOL,L )=ALTCOL,,L I/ IVOT(T)
DG 135 L I=1,N

21

IFIL I-1COL ) 21, 135,21
T=A{L T, ICOL)

£{L 1, ICOL )=0.
DO 89 L=1,N

89
135

ALLTy U= AL T,L )-ATLICOL, L)% T
CONT INUE

222

B0 2 I=1,N
L=N-T+1

19

TFCINDEX (L, 1)~ INDEX{L,2)) 19,3,19
JRON=INDEX{L,y 1)

JCOL= INDEX{L, 2}
DO 549 K=1,N

T=AIK, JRGW )
A{Ky JROW J=A (K, J COL )

549

ALK, JCOL )=T
CONT INUE

81

CONT INUE
RETURN

ENE
SUBROUT INE MATTRA(AB,M,N )

MATRIX TRANSPOSE A 1D B




DOUBLE PRECISION A,B

DIMENS ION A{MsNIsB{M,NT .
DO 2 J= 14N

oo 3 I= 1+ M

RETURN
ENC

SUBROUT INE MATMLY{A,B,C yMsL N}

MATRIX MULTIPL ICATION A*B=C A=M BY L RB=L BY N
DOUBLE PRECISION A,R,C
CIMENS I0M A(MyL ) sBILN}+CI{M4N]}
Gco 3 le_yN
DO 3 I=1.M
Cll:sJ)=0.0
DO 3 K=1,L
3 CULJI=CU LU N+AU T, K )%B{K, D)
RETURN
END .
SUBROUT INE MATSUBIA,B,C sM,N)
- C MATR IX SUBTRACTION A-B=C
COUBLE PRECISION A,H,C )
CIMENS ION A{MyN ) B{M,NI,C{M,N)
DO 3 J=1,N
OO 3 I=1,M
3 ClTsdd=A{ T, J}-BL{T,J)
RETURN
END
S
/7 EXEC LNKEDT
/7 DLBL UCUT, *IJSYSQ1!?
/7 EXTENT SYSOO01,4 140440, 20
// EXEC CLRDSK
// UCL B=(K=0,D0=56), X'C0",0Y
// END
// DLBL 1JSYSO1
// EXTENT SYS0Q1,, 1,0, 4G, 20
7/ EXEC
FE:
/&




// JOB UECI1664 CA FOR ONE BAY FRAME Mo Ao MARANAN  JAN, 1978

7/ UGPTION L INK,LIST,LOG
7/ EXEC FFORTRAN

DOUBLE PRECISION BOyBsC sA+FMFRED DI SP 4D 4B 4F T ,B1 s 4FS,PsG,GA, EM,
IXT X T2) XT3y XLy He AT, A2y XL 2, XL3 3 XL g X2 3 X3 9 X4 4 X5 4 X6 o XT X8 4X9 4 X10,X11,

PR129 X134 X14, X215, X16€
DIMENS ION BO(5, £}, B{ 5, 53,L(5,5),A(5,5) FM{5,1) ,FRED(5,1},,DISF{5,1)

Ly BL5y Sy ELBr5)s FI(5,1)4RBI{S5,45),0{105) 4P(L00) 4FSI25}) 4,01(20)
WRITE (3, 1) :

1 FORMAT {/ IXZSHCALCULATION OF GA FOR ONE BAY FRAME}
501 RPEADR(], 2y ERR= 99, END=SGINy XI 1+ XT 25 XI 3 XL yH sAL A2 yEMX L2 ,X L3

WRITE (3,8) NyXI1yXI2,XI3y XU 4H,AL4A2,EM, XL2,XL3
2 FORMAT {(IS5,3F8.C,7F7.1)

8 FORMAT (//1Xy15,3F8.0,7F7.1)
C IF Xt 2=0., LEFT WALL IS A COLUMN. IF XL3=0, RIGHT WALL IS A COLUMN,

X1=H=X13/XL
X2=1a+2.5XT1/X1

X3=1,.+42.%X12/X1
GA= 12 JFEM/ ¥k 2k { XT1/X2+X12/X3)

WRITE {3, 3) GA
3 FORMAT (/1X41HGA VALUE BY HEIDEBRECHT AND SMITH METHCD=,D17.10/)

N1=5% (N+1}
N 2= 5%N

DO 4 I=1,N1
4 U{I)=0.

DG 5 I=1,N2
5 P{1)=0.

P{l)=1.
DO 50 J=1, 5

Lo 56 1I=1,5
BO(1,43=0.

B{I,J)=0.
20 ClI,J)=0.

XK1=12.%X 11/ B2
X2= 125X T2/ 4% 2

X3=6 FX11/Hke%Z
KG=6 X T2/ Hoea g

X5=4&XT1/H
Xb=4 2 X2/}

XT=A1/H
XB=A2/H

RG=12 AXT3/ KL=%3
X10=6 %X I3/ XL % ¢

X1l=4 % XT3/ XL
X12=1.+42% X 2/XL

K13=T.42.2% 2/X.
X1d= 143,56 X 27X {1 +X. 2/ %)

KI5=1 o435 XL 2/ XL %=1 14X 2/XL)
X16= 1o 43/ XUR XL 24X 342 ,% XL 2% X3 /XL)

BO{1l, 1)=X1+X2
BO(3s 1)=X3

BO L5, 1)=X4
BO{2, 2)=XT+XS

BO{3, 2}=X10%X12
BO {4y 2)=-X9

BO (5, 2)=X10%X13




BO(3, 3)=X5+4Xx11kX14

BO{4,3)=~X10%¥x]12
BO{5y31=X11/2%X16

BO (4, 4)= X8+XS
BO{5, 43=—X10%X]2

BO{5, 5)=XE6+X11*%X15
Blls 1)=(X14XZ %2,

B{2y 23=2%6XT+XSG
B3y 2)=X10%X1z

Bl4y 2)==-X9
B{5,2)}=X10%X13

BU3y3)=2X5+4X11%X14
B{4s 3)=-X10%X12

Bi5,3)=X11/2,X1¢
Bl4y 4)=2.%X8+x9

BI5,4)=—X10%X13
B{5y 5)=2.%X6+X]1 kX115

Clly 1¥=—(X1+X2)

Ci{3, l)=—-X3
C(5, 1)==-%4
Cl2s 2)=~X7
Cll,3)=X3
Ci3y3)=X5/2.
Cl4, 4)=-X8
Cll, 5¥=X4

C(5:5)=X6/2,
Dg 52 J=1, 4

Ji=J+]
DG 52 1=41,

BO{J,y I13=BO(14+J)
52 B{J, I]:BlIvJJ

CALL MATTRA ({C,A,5,5)
CALL MAT INV (BO, 5,D}

B0 666 J=1,5
DO 666 1I=1, 5

666 BI(I1J1=D( 1,47
. CALL MATMLY {A,D,Ey 5,5, 5]

o e 1=1, 5
FS{1)=p(1)

9 FRED(Iy, Li=P (1)
DG 53 I=2,N

I4=5%{1-1}
DO 54 K=1],5

IK= T4+K
54 FI{K,1)=P (1K)

CALL MATMLY (E,FRED,FM,5,5,1)
CALL MATSUB (FI,FM,FREDy5,1)

CALL MATMLY (E4C+Dy 5y 5,587
CALL MATSUB (ByDyE, 5,5)

CALL MAT INVI{FEy 54D
IF {I-N) 10,11, 1C

16 CALL MATMLY (A,DyEy 5y 5y 5)
D 541 J=1, %

IJ=14+4
541 FSUIJI=FRED(J, 1)

00 888 J=1,%

s S o~ 3
P RN I el B N




BC 888 L=1, %

888

IL=14+,
BILI,J)=DIL,J).

53
11

CONT INUE
CALL MATMLY (D, FRED,DISP y5,5,1}

K=5% [N~1)
DO 14 J=1,5

14

Kd=K +J
U(KJ ¥=DISP({J, 1)

D0 647 1= 2N
D0 998 J=1, &

0O 998 K=1,5
KJ=5k (N=T1)4K

998

DIKyJ )=BI{KJ,J)
00 646 J=1, 5

646

JJI=5% (N=-T)+J
FI(Js 1)=FS(JJ)

CALL MATMLY {C,DISP,FM, 5, 5y1)
CALL MATSUB (FI, FMy FRED 35, 1)

CALL MATMLY {D, FRED,DISP+5,5,17
DO 647 K=1,5

647

KK=5% {N~1)4K
U KK )=DISP X, 1)

AN=N
GA= AN* F=EM/U{ 1)

WRITE (3,7) GA
FORMAT (17X25tGA VALUE BY EXAC T MET4OD =,D17.10)

TT7

WRITE (3,777}
FORMAT (/1X39FTRANSLATION OF OIFFERENT STGRY FRCM TCP)

PR 20 I= 1, N
K=S+{I-1)+]

20

QUIsII(K )/ EM
WRITE (2, 24) (Q{1),1=1,N)

24

FORMAT (1X,7D18.10)
GO 70 501

99

STOP
EN D

SUBROUTINE MATINV [DyN,A]
DOUBLE PRECISION DyA,PIVDT, T

DIMENS ION AINSN Yy IPVOT( 7), INDE X{ 7,20 P] VOTITY DIN,N)
D0 10 I=1,N

10

LO 10 J=1,N
A(IrJJzD( IrJi

17

DD 17 J=1,N
IPVAT (4 )=0

00 135 TI=1,N
1=0.

DG 9 JU=1,N
IF{IPYOT(J}-1) 13,5, 13

13

Lo 23 K=1,N
IF{IPVOT(K)-1) 43,22, 81

43
83

IF (DABS{TI-CABS{A(J,KT)] 8€3,22,23
1R0OW =)

I1COL=K
T=A{J,K)

23

CONT INUE




9 CONT INUE
IPVATLICOL)=IPVOT{ ICOL Y +1
IF (IROW-ICOL) 72, 1€9, 73
73 DO 12 L= 14N
. T=A{IROW,L )
M ACIROW,L )=A( ICOL,L}
12 AUICOL.L )=T
109 INDEX{I, 1)= IRQOW
INDEX (1, 2)= 1COL
PIVOT{Ii=A(1C0OL, ICOL )
ALICOL, TCOL )=1.
DG 205 L= 14N
205 A{ICOLsL )=A{TICOL,L I/ IVOT(I)
347 DO 135 L I= 14N
IF(LI-ICOL)Y 21,125, 21
21 T=A(L 1, ICOL }
A{L I, 1COL }=0.
DO 89 L=1,N
89 AILI4L )= A{L I,L )-A{ICOL,L}*T
v 135 €ONT INUE
222 DO 3 1=1,N
L=N=—1+1
IFUINDEX (L, 1)~ INDFEX(L+2)) 1543,16
1S JROW=INDEXI(L, 1)
JCOL=INDEX{L, 2}
DO 549 K= 1, N
T=A{K, JROW}
A(KyJROW )=A (K, JCOL )
AfKyJCOL I=T
549 CONT INUE
3 CONT INUE
81 RETUBN
END
SUBROUT INE MATTRA(A+B,M, N}
C MATRIX TRANSPOSE A TO 8

, DOUBLE PRECISION A,B
DIMENS IDN A(%,5),B{ 5, 5)
ju DT 3 J=1,N

DG 3 I=1,M

3 BlJ, 11=A(1,J

RETURN

END

SUBRCUT INE MATMLY{AsB,CyM, LN

C MATRIX MULTIPL ICATION A%B=C A=M BY L B=L BY N

: DOUBLE PRECISION AsB,C
% DIMENS TON A(S, 51,875, 515015, 5)
F DO 3 J=1,N
: L0 3 =1,

C{I;J)=0.0

DO 3 K=T1,L

3 CULLyJI=CIsd J4AL T K I%5BIK,J)

X RETURN

FNC

SUBROUTINE MATSUB(A+B L M,NJ

C MATRIX SUBTRACTIGN A-B=C
DOUBLE PRECISION A,B+C




DIMENS ION A( 5, 53,81 5, 5),C (-5, 5)

G 3 J=1,N
0O 3 I=1,M
3 CIIL,J=Al1,J)-Bl1,J)
RETURN
T END
/%
// EXEC LNKEDT
//_EXEC
/%
/&
’ .
>




// JOB UECI1664 GA FOR THD BAY FRAME - Mo AL MANNAN  JAN,1978

J/7 CPTION L INK,LIST,LOG
// EXEC FFORTRAN

DOUBLE PRECISION BI4B,CyA,FM,FRED DI SP 4D 4E 4F 1 ,BI 4UFS+P+0LsGAsEMy
Wil WI2yWI3,BI1.BI2, WAL, WA2,WAS, XLLy X2 yH»S2 453 354 455 4X 1 4X2 ,X3 , X4,

X 54X 6y XTy X8y XSy X1Cy X11y X129 X139 X144 X154 X106 o X1 7 4X18 3X1G +X20 yX21 1% 22
30 X239y X 24y X258y X264 X274 X28

DIMENSION BO{ 7y T}eBU 79 T)9C U T4 7)yAUT+7) 3F MU T 41 ) FRED{7 417 +DISPL7 4,17
Ly D7y 7Ty ELT9 T}y FIL T4 1),B10133,7),L0147) ,P{140) ,FS{133) ,G1(20)

WRITE (3, 1)
FORMAT {/ IXZEHFCALCULATION OF GA FOR TWO BAY FRANE)

READ( 1y 2y ERR=99, END=99)N, WI 1y WI 24 WI 3 4BT1 sBI2 ¢XL1 ¢X L2 yH,EN
FORMAT ({15,GFE8.0C)

WRITE (3,8) NyWIl, WI2,WI3,871,B12,XL1+XL2 4H,,EN
FORM AT (//1X, 15,9F8.0)

IF 52=0.1SY WALL IS COL.,TF S3=54=C.CENTER WALL 1S CGL.y AND ST ON
READ {1y 3) WAIl,WA2,WA 3,52, 53, 54,55

WRITE (3,3) WAL, WA2,WA3,52,53, 54,55
FORMAT (5X, 7¥8.0)

X1=tBI1/XL 1
X251 e+ 24%WI1/X]

XK3=H:BIZ/XL 2
X4= 14250 12/X73

X5=1.+2WI2/1 X14X3)
GA= 12 K EM/ % 2 (WI1/X24 Wl 2/%5+ w] 3 /%4)

WRITE {(3,86) GA
FORMAT {/1X41KGA VALUE BY HEIDEBRECHT AND SMITH METHOD=,D17.10/)

NI=T7% {N+1)
N2Z2=T%N

DG 4 I=1,N1
J({l¥=0.

pé 5 I=1,N2
P{I}=0.

PLli=1.
L8 50 J=1,7

0O 50 I=1,7
B0{I,J)=0,

50

Bll,Ji=0.
Cli,J)=0.

A1=12 W 11/ % 2
X2=& %W 11/ ki3

X3=4 XWT1/F
X4=WAl/H

X5=12 %W T2/ Hwx 2
XO6=6 W T2/ %% 37

XT7=4 FW12/H
XB=WA2/H

XG=12.%W 13/ %% 3
X10=6 W I3/ HE* 2

X11l=6. 54 13/K
X1Z2=WAZ3/F

X13=12%B11/XL 1%¥%3
X1a=6.%BT 1/ XL 1%* 2

X15=4%BT1/XL 1

a
5

X16=12HBIZ/XL 2%
X1T7=6%BIZ2/ XL 2%*

s
2

o R




X18=4 5B 12/XL 2

X19=1.42.%S2/X.1
X20=1.+2.%S3/X 1

X21= 143582/ X 1%R( 1.+S2 /% 1}
X22= 1443 /XL 1% { S24S5342,%S2% 83 /XL 1}

".‘

X23= 1,42 %54/%. 2
XZ24=1.+42.%SE/XL 2

X25= 1443, %S3/XL 1%{ 1,+S3/X1)
X26= 1443 %S4/ XL 2% 1.4+54/XL2)

X2T=1o43 /XL 2% S4+S5+2.%S4%S5/X1.2)
X28=1443 %SE/XL 2% 1.,+55/XL2)

BOiT1, 1)=X14XE2X9
BO{3, 1)=X2

BO{5, 1)1=X¢
BO(7y 1)=X10

BO{2, 2)=X4+X]2
BO {3, 2)=X14%X15

BG {4s 2)=-X132
BO{5, 21=X142X20

BOT3, 3= X34X15% %71
BO{4y 3)=—X14%X1¢

BO(5y3)=X15/2c.%%Xz2
BO {4y 4)=XB+X13+X1¢

BO(5y 4)=X1T%X22~X14%X20
BOl6y 4)=—-X16

BOUT7y43=X17:X24
BOLSy S)=XTHX1C« X284 X1 8%k x26

BO(6,5)=-X17%%x232
BO{7y5)=X18/2%X%27

BO{&6,6)=X12+4X16
BO{7,6)=—X17%X24

BO{7,7)=X11+4X18%X2%8
Clly 11=={X]1+XE+XS)

Cl3 1)==X2
C(54 1)=—XE¢
Ct7, 1)=-X10
Ci2y2)=-X4
Cl1l,3)=X2
C{3,3)=X3/2.
Cl4y 4)=—X8
Cl1,5)}=Xs6

Cl5y5)=X7/2.
Ci{6, 6)==-X12

Cl1, 7)=X10
ClT, 7)=X11/2.

Blily 1)=2. % X1+XE+XS)
B2y 2)=25X4+%X13

B({3y2)=X14%X1%

B4, 2)=-X12 J
RU5, 2 =X 145 X 20 :

B{3y3)= 2. X2+X 15 X2

Bl4,3)=—X14%X19
BU5sy3)=X18/2.%X22

b

Bld, 4)=2 . =X84X132X1¢
B(5y 4)=X 1T X233~ X14% %20

Bléy 4)=-X16




B{7,4)1=X17T*Xz4

BUSy 5= 2 XT4+X15% X285+ %] 8% %26
B{6,5)=—X17%X2z3

BU7y5)=X18/2.%X21
Blo, 6)=2.%X12+X1E

- B(7:6)==X17%Xz4
B{7, 7}=2.5X114X18%x2¢

LO 52 J=1,6
J1=d+1

co 52 1= 4L, 7
BO(Jy I)=BO(1,d)

52 BUJ, 1¥=B(1,J)
CALL. MATTRA [CyAy 7y 7)

CALL MAT INYV (B0, 1, D]
0O 666 J=1,7

OC 666 I=1,7
666 BI(1,0)=D{1,J1

CALL MATMLY (AyDsEy Ty 75 T
b0 9@ I=1, 7

3 FSTI1=P (1]
9 FRENLI, 1)=P (1) .

DO 53 1= 2:N
T4= 7% L1~ 1)

BO 54 K= 1,7
IK=T4+K

54 FI(K, 1)=P{IK)
CALL MAYMLY (Ey FREDsFM, 79y 7,1}

CALL MATSUB (FIyFM,FRED 7,1}
CALL MATMLY {(EyCoeDy Ty Ty 7}

CALL MATSUB (ByDsyEy 7, 7) .
CALL MAT INV {E, 7,0) i

IF {I-N} 10,11, 1C
10 CALL MATMLY (AyDyEy 747, 7)

D0 541 J=1, 7
IJ=144J

541 FS{IJI=FRED(J, 1}
b0 88g J=1,7

> PO 888 =1, 7
IL= T4+

888 BITTL,Jdl)l=GlL,J)
53 CONT INUE

11 CALL MATMLY {Dy FRED,DISP, 7y 7+1)

K=7#{N-1)
DO 14 J=1,7
KJ=K +)

14 JIKJII=DISP{J, 1)
DO 647 I=2,N

00 998 J=1,7
OO 998 K= 1,7

KJ=T*{N-J3}4K
G998 D(K,J)=BI(KS,J)

A B0 646 J=1, 7
Jd=7% (N-T)+J

646 FI(dy 13=FS(JJ)
CALL MATMLY (CyDISP,FM, 7, 7+1)

CALL MATSUB (FI, PM,FRED,+7, 1)

Lt o ieersme - e e e o ksl . -




CALL MAITMLY (L, FRED,DISP,7,7,11

00 647 K=1,71
KK=Tx (N—T)14K

647 ULKKI=DISP(K, 1)
AN=N

GA=ANk: Fx EM /UL 1}
ARITE (3,7) CA

7 FORMAT (17X25FGA VALUE BY EXACT METHOD =,017.103
WRITE (3,711}

777 FORMAT(/ IX2GFIRANSLATION OF DIFFERENT STORY FRCM TCP)
DG 20 I= 1,N

K= 7% (1~1)+1
20 QUI)=U(K)/EM

WRITE (3, 24) (QU 1)y I=1,N)
24 FORMAT 11X, 7D18.,1C)

GO T 501
99 STOGP

END
SUBROUT INE MATINV (DyN,AY}

DOUBLE PRECISION D,APIVOT,T
DIMENS TON A{NsN ), IPVOTL 7}, INDE X 742} L,PEVOTL7) WDININ)

po 10 I=1,N
DG 10 J=14N

10 A{1,J}=Dt L, J)
D0 17 J=1,N

17 1PVOT(J)=0
Do 135 1= 14N

T=O.
Do g J= lgN

IFLIPYOT (I )10 13,56, 13
13 DO 23 K=1,N

JELIPVOTH{R -1} 432423, 81
43 IF (DABS{T)-DABS{A(J,K)1}} 83,22,23

83 I[ROW=J
1COL=K

T=A(J,K)
23 CONT INUE

9 CONT INUE
IPVOT{ICOL }=IPVOTCICOL ) +1

TF{IROW-ICOL ) 72,1(S, 73
73 DO 12 L= 14N

T=A(IROW,L ]
ACIROW, L )=ALJCOL,L )

12 ACICOL,L)=T
109 INDEX (]I, 1)=1ROW

INDEX {1y 2)=1C0L
PIVOT (I¥=ALTICOL, ICOL)

A{ICCL, ICOL }=1.
00 205 L=1,N

205 A{ICOL,L )=ATTCOL,L }/PIVOTII)
347 DO 135 L I= 14N

IF{L I-ICOL ) 21, 135,721
21 T=A{LI,1C0OL)

AL T, ICOL =0,
DO 89 L=1,N

89 A(LT,L¥=A(LI,L)-ALICOL,L)*T




’ 135 CONT INUE '
222 00 3 I=I,N -
L=N-1+1

[F{INDEX(Lr1)—INDEX(L,2)} 1%,3,1¢9

_ 19 JROW= INDEX(L, 1) _
h-"‘_*—ﬁTﬁTI?T@ﬁ5ﬁTT?T‘—*—‘_‘_*“‘—*_"‘_‘_"*_*—‘_‘_‘—““*“_‘—“““‘
DO 549 K=1,N

T=A(K, JROW) :

| ALK, JROW )= ALK, JCOL )

AlKyJCOL V=T
549 CONT INUE

4 3 CONT INUE
: 81 RETURN
: ENT

SUBROUT INE MATTRA(AyB,MpNJ
MATPRIX TRANSPOSE A 12 B
DOUBL E PRECISION A,B
DIMENS 10N AT, 73BT 7, 73
0O 3 J=1,N
DG 3 I=1,M
3 B(J;I"’—‘A(Iy\])
RETURN

ENC

SUBRCUT INE MﬁTMLY{A,ByCyM,LyN) -
MATRIX MULTIPL ICAT ION AXB=C A=M BY L BR=L BY N
DOUBL E PRECISION AyB,C

DIMENS 10N Al7, 704807, 7)
BC 3 J=T1,N

GO 3 f=1,M

Ct1,J3=0.0

DO 3 K=,

£ 3 C(I;J)=C(IyJ}+A(I;KJ*B(K,JJ
3 RETURN

ENC
SUBROUT INE MAT

MATE IX SUBTRAC
DOUBLE PRECIS]

1 L07,7)

SUB(A,8,C M,N}

ON AyB,C

3

C(IyJJ-‘-A(I!J}‘"BIhJ)

i RETURN
T
T

4 // _EXEC LNKEDT

; 77 EXEC
/%




// JOB UEC916564 APPROX.ANALYSES OF FRAME M.A,MANNAN JAN.L1978
// CPTICGN L INK,LIST,LOG
// EXEC _FFORTRAN

C APPROX IMATE WALL-FRAME ANALYSIS BY ARIDERRECHT AND SMITH METHCD
C N=NO.OF STORY,NSL=NO.IF STORY LOADFD ,WI1=MOI LT CCL.,
C W12=MOI CTR COL .» WIZ2=MOJ RT WALL
C BI{=MOJ LT REAM, BI12=MJ] R7T BEAM, WAL=AREA LT COL.,
c AA2=AREA CTR COL ., WA3=AREA WALL, EM=MOD ULUS DF ELASTICITY
C XL 1=SPAN LT BEAM, XL2=SPAN RT BEAM, H=STORY HEIGHT
C $2=53=S54=0. S5=WALL DEPTH FROM C.G. 70 BEAM tND
DOUBL E PRECISION WIL,WI2,WI3,B11,872,0Al yWAZ yWAZ yEM X LL ,XLZ ,H,S2,
153543554 21922+231249251GA +A SO 9A 4+ TH 4 AH 4 STNHAH yCG5H AH s C GNS X MG, X, 7 ,
2AXs SINHAX, COSHA Xy XMB 4 XM S, SB, 5,0
WRITE (3, 1)
1 FORMAT (6X46HFRAME ANAL YSIS BY HEIDEBRECHT AND SMITH METHCD/)
2 READ (1y 4y ERR= 15, END=15) NJNSLyWI1,WI 2 sWI3 4B11 yB12 yWAL yHAZ ;WA
4 FORMAT {214y 3F11.Cy2FG.Cy3F 7. 0)
WRITE (3, 5) NyNSLy,WIL WIZ2y WI3,BIL.BI2 WAL WAL o WAD
5 FORM AT (1x,21£,8F15.4}
READ {1y 7) EMs XL 1, XL 2,H 4 S24 53,544 55
7 FORMAT (8F9.2)
WRITE (3, 8) EMy, XL1y X 24 Hy S2+ 52+ 54,55
8 FORMAT (11X, 8F15.4)
21=HERI1/XL 1 .
22=1.42,%W11/21
I3=HxBI2/XL 2
D245 1 42 5WIZ/MZ 142°3)
GA=12.*EM/H**2*(N!1!&2+WI?/74) BN
AS Q= GA/ { EMEW I 2) :
A=CSGRT (ASQ}
AN=N :
T k= ANX F
AH=z A%T P
WRITE (3,9) CAsAAH
9 FORMAT [/ 1X3+GA=4017.10; SXEHALPHA=,D17. 10, y BXTHALPHAH=,D17410)
ZI=DEXP{AF) . C _
I2=DEXP {—AF) o T =
SINHAH=(Z1-721/2.,
COSHAF={Z 14721/2.
CONS= (1. +AH%SINHAH) /COSHAH
C XMO=MOMENT {K-IN.) AT BASE DUE TO UNIT LATERAL U.D.L.
XMO=T sk 2/ 24,
X=TH &
N1=N+1 - » -

WRITE (3, 10)

10 FORMAT (/1X11FSTORY LEVEL y9XIIHIRANSLATION, 7X13HB.N FLEX.BEAM,6X 14
1 HB .M ,SHEAR BEAM, EX15HSHEAR FLE X.BEAM,4 X1 64 SHEAR SHEAR BEAM,3X1THIN
ZT ERACT 10N "FORCE)

D0 11 I=1,N1

AX= A% X

Z1=DEXP {AX)
22=DEXPI-AX)
SINHAX={Z1-22)/2.
COSHAX={Z1472)/2.

23= EMx [ 3R A%k 4
L4=X/TH (1= X/{ 2. XTH) }




Y= 1. /{12, %Z2)%{CONS*{CI SHA X~ 1. )-AH%ST NHA X+ 24 #AH 2%2 )

XMB= 2.5 XMNO/ AHES 25 (CON S*C0 SHA ¥—AH #SINHA X-1.)
25=1.—X/TH

XMS= XMO% Z S5 XM B . .
SB=1a/(12%%A)E{ AHXCO SHA X=CON $* STNHA X)

SS=THx1I5/12.~5B %, .o
Q=XMBx Ab=x 2/ 2 *XMOJ+1.,

X=X—F _
11 ARITE (3,12) IsY, ¥MBs XM Sy SB 455,40

12 FORMAT 18X, 14, €020.10)
WRITE (3,12)

13 WFORMAT (1X1BFEND OF CALCULATION//)

GO 10 2
15 STQP .
END * *
// EXEC LNKEDT ¢
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