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This thesis deals with the methods of an"lysing tall

buildings with frames and shear walls subj ected to static loads.

considering only the linear elastic behaviour.

The design procedures for frame structure an~ shear wall

interconnected with frame structure are discuss~d. Exact analysis

as well as aporoximlJte analysis by different authors are presented.

Analysis of structures with or without sheBr walls is

performed by stiffness matrix m~tho[1 and the solution 1S made

by recursion procedure. Cornouter programs using the above method
are developed and written in Fortran II and IV. II program is

also. developed and written in Fortran. II and IV for the apfJroxi-

mate analysis of shear .,all structures by using the continuous

connection method suggested by Heidehrecht and Smith.

The values of lateral stiffness of frames, as expressed

by the Gil parameter are tabulated both by the' exact' method

and Heidbrecht and Smith mp-thod and compared for different

structural prop.erties of frame express",d by a non-dimensional•
parameter.

Frame programs are run for lateral loads and the resu lts

are analyzed to find out th", validity. of assumptions of portal

and can10ilever methods. The results arp. presented in Tabular

and graphical form. These graphs may be used to find out the•

point of inflection at columns at different stories.



A compari son of 11int eractionsll 0 t" shear walls and frames

by Heidebrecht and Smith method. is made with that of 'exact'

method.

An attempt is also made to eva1.uate the role of heavier

crown coup1.ing beam in reducing sway of one bay frames.

The probiem of load transfer from a verticaily loaded

column to another column depending on the structural properties

of different elements of one bay frames is also discussed.
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NOTA.TION

A

b

E

G

H

h

= Cross-sectional area

= length of girder in frame

= modu lu s of el sticity

= shear modulus

< = height of bui Id ing

= star ey h ei gh t

...,l..
I,Ih,Ib= moment of inertia of shear wall,frame column and

fram e 'gird er respecti v el y

M = total bending moment at b .•se of the sttructure .a

MB,MS = bending moment in flexurHI and shear componen~s

respectively

q = transverse inter.,ctive force at the top of the structure

q = tr2nsverse interactive force distribution

s = total shearing force at base of the structureo

5A,SS = shearing force in the flexural and shear components

respectively

w = lateral load distribution

x = position of ordinate "long the height of the structure,

relative to the base

y = lateral deflection

P = force or load

A = Width of frame

C = Width of column or shear wall

Cl,C2 = distances from centerline of be illS to centerline of

columns of shee,r wall.



~il, D = dep th of beam

N = nu mber of stories

6, = de flec tio n

6,A = top deflection du e to column .,xi"l deformation
,6,B • top deflection due to bending deformation=

E I Ih L.(E I Ih)7\.. rat io c c c c= Eb Ib It
Or

2L([b Ible
r'~.'~'1

K = sti ffness of a sh ear wall. In general K = la teralw
w

poi nt load applied ",t top of a she ar wall to c aus e uni't
defl ection in it s line of ac'ti a n

K
f = lateral point load applied at top of frame to cause

uni t: deflection in its line of actio n
W = to t al lateral loadi ng

••

~I
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CHAPHH 1

GENERAL INTRODUCTION

1, 1 IntrDductiDn

After the Lndependence Df Bangladesh, the sDcial and

eCDnDmic aspects of the urban areas have changed quite cDnsi-

derably, causing the tremendDus influx Df pDpulatiDn tD these

areas frDm all Dver the cDuntry. This increase in pDpulatiDn in

one hand and the limited space in the urban arei3S Dn the o'ther

hand have necessitated the need fDr cDnstructing tall Dffice

and residential buildings in the urb"n areas Df Bangladesh •. ,As

a result several buildings frDm 10 tD 20 stDries high are being

built in cDncrete in the majDr cities; i3nd it is becoming app8-

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

1, 1, 1 The Criteria fDr Tall Ruild'i.nqs

Arbitrary definitiDns Df ti311 builJings have in sDme cases

included, even a tWD stDrey building. FrDm the structural engineer's

pDint Df view, a tall buiJding is Dne whDse structural analysis

. .ft~and design is in SDme way affected by Dne Dr mDre Df the fDIIDwing

factDrs:

(a) Height to width ratiD.

FDrces and mDments 'in the structural members due tD

laterel IDads.

Swey c8used by lateri'll IDads.

( d)
PerceptiDn of motion under strong wind gusts.

->-~'"""-----------------~ .,
-.'
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1.1.2 Optimum Building Cost

The structural design of buildings of smaller height are
governed by the gravity loads, viz. the dead and live load. The

stresses due to lateral loads'viz. wind and seismic in low

height buildings remain within the allowable overstress. But for

taller buildings the laterai sway as well as lateral load stresses

begin to control the design. As a result. the structural elements

designed only for gravity loads need to be increased in order,
to increase the st~ffness and strength of the building.

In the past. it was generlly considered by the eng~neers
that concrete buildings 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 preliminary design of taller buildings,

using only the frame action, are made, it would be found that

the estimated cost per sq. ft. of fioor would be tob high to be

considered competitive. On the other hand, if there was no lateral

load such as wind or earthquake any tall building could be pri-

marily designed only for gravity loads in which case there would

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

curves in Fig. i. Since there is no way of avoiding the gravity

loads. it can be concluded that the minimum possible cost (or

material) for a building of any numher of stories cannot be less

than that shown by the lower curve in Fig. 1. Therefore, from

the structural point of view the mOst efficient Or optimum buil-
ding cost should qualitatively correspond to this curve.
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FIG. 1 QUALITATIVE COST PER SQ. FT.
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The search for a system of tall buildings should therefore,

be aimed at creating "optimum" structures that need be designed

for the gravity loads only while the stresses due to lateral

loads will automatically remain within the normally allowab Ie

overstress 331% in U.S. code and 25% in British code.

1.1.3 Shear W~ll Construction

In the past and in ~he earl~ post war period the systems

providing lateral stability to tall buildings were essentially

the rigid structural frc,mes. The st"bility of such frames depends

largely on the rigid connections between the columns and be"rns.

The fully rigid connection, in prActice, for a reinforced concrete
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frame results in a complicated arrangement of reinforEements.

As shown by the upper curve of Fig. 1, the tr,.,ditional rigid

fri3me construction results in excessive structural cost as the

building grows taller, thereby making the construction of tall

reinforced concrete framed buildings uneconomical. To OV8ccome

the problem of li3teL;1 stability of tall buildings, the struc-

tural engineers have introduced concrete shear walls at suitable

locations inside the building.

Shear walls are reinforced concrete walls providing stabi-

lity to structure against lateral load~. As the wall can take

care of most of the later"l sheiH coming to the structure, that

is why it is called shear wall. The orimary behavior of a shear

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

The momant resistance capacity of the frame in bending

,fails to achieve a structural action as efficient as th'3t of a

shear wall. The lateral stability of tall'building is solved by

constructing the walls around the stair and elevator shafts in

reinforced concrete. These would act as shafts cantilevering out

of the ground and resisting the entire lateral force. By 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.

Howev'3r, to assume that a she-3r WAll resists the entire

wind load is an obvious oversimplific",tion. In reality, a shear

wall can never act as a truly independent unit but must interact
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(a) Free Frame (b) Free Waif (e) Combined Frame & Wall

FIG 2 INTERACTJONBEHAVIOR OF SHEAR WALL AND FRAME

with the remaining frame elements of the builping. Even though

the frame part of the structure may be a rather f.lexible combi-

nation of flat plate and columns, as the number of stories

increases its interaction with theshelr 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 interaction between

the shear wall and frame can result in a considerably more rigid

and effici"nt design. The interaction behaviour of a shear wall

and frame structure Can be schematically shown in Fig. 2. Recause

of the different lateral deflection characteristics of the frame

and shear wall, the frame tends to pull back the shear wall,~n
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~the upper portion of the building and push if forward in the

lower portion. ,~s a result, the fr8me participates more effec-

tively in the upper portion of the building where the lateral

load shears are relatively less and the shear wall carries most

of the shear in the lower portion of the building where t~e
,

frame generally C8nno~ afford to carry high lateral load.

1.1.4 Choice for Shear Walls

The concrete shear w"ll has come to be accept ed as a

natural component ,of a multistorey con~ete,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 ,,,idth ratio, the use of extra shear

w31l, other than the walls around the stair and elevator shafts,

is a matter of choice for buildings say upto 15 stories. For

buildings taller than 15 stories "nd p~rticularly in the range

of 20 - 60 stories, the use of she"r walls other than walls

around stair ~nd elevator shafts, in one form or other becomes

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

walls "in several already constructed tall. buildings are shown

in Fig. J.

~,.

---------------------~~~_.~.
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FIG.3Ib) RADIATION LTD. OFFICE
NEASDEN, 13 STOREY

FIG.3(0) INDEPENDENCE HOUSE
LAGOS, 25 STOREY

LIli [&j 0: ]

/

FIG.3(c) MOORFIELDS DEVELOPMENT, 36 STOREY

',,0~
~ceIfII_______ IIiIII --"_
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FIG. 3(d) TYPICAL FLOOR PLAN OF BRUNSWICK
BUILDING,U.5.A.-38 STOREY

1,2 Assumptions

. The following assumptions are m.ode in' the analysis 0 f

tall buildings:_
> \ .~ ,

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

2) All the joints are assumed to be rigid.

J) The floor diaphragms are rigid in their own plane

(but have' no sti ffness normal to this plane) and there

produces no rotations of the diaphr8gms in their plane,

Thus, each floor level is constrained to translate

without rotation, and each parallel frame is subjected

to the same displacement at any given floor level,
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(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 before bending remain

plane after bending so that the moment-curvature

relations based on the simple "engineer's theory of

bending" (ETB) 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

wa~ls. Only 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 deve~oped and

written in Fortran II and IV.

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 va~idity of portal and cantilever metl,ods are studred,

and the transfer of vertica~ concer>tra,ed load from one vertical

member to others are examined.

The role of heavier crown coupling beam at ronf level in

! reducing the sway of frame is in'Jestigated.
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CHAPT ER 2

LITERATURE REVIEW

2,1 Introduction

In recent years the number of tell buildings, for both

commercial and residential purposes, hove increased rapidly

throughout the world, This increase has necessiated the need for

a greater knowledge of the behavior of these structures, and, in

particular, the necessity for producing methods of analysis

capable of giving rapid and accurate assessments of their over-

all strength and stiffness, as well as detailed information

about any local stress concentration,

".. '

"~-------------------------
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reviewing briefly the releyant papers. The detail solution of

some of the p~pers along with relevant figures are gi~en in

Ch apter 3.

2.2 Review of Different Papers

A simplified method of determining the interaction of shear

wall and frames was giv.en by Khan and Sbarounis(l). The method

presented can be solved on a slide rule Or a calculator. A method

of converging approximations was proposed to provide a solution

that can be carried to any degree of refinement. The material

presented is applicable to analysms for lateral forces due to

wind or earthquake. Useful graphs were presented to enable inter-

action of frame and shear walls to be determined rapidly. The

detail solution of this paper along with figures are given in

Chapter 3•.

McLeod( 2) in his paper on "Shear Wall-Frame Interaction"

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 at top 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 is, the interaction force between the frame and wall

can be represented by a concetrated force at the top. If the

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

r..
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accuracy if the wall is more flexible than the frame. Ihe detail

solution ,of this paper along with figures are presented in
Chapter 3.

Another simple approach to the design of shear wall with

frames was published by Gould(3) in 19b5. The simplest approach..~ ' '

to the design problem is to consider the'shear wall as an'inde-

pendent member Gnd thus design it as a vertical cantilever allow-

ing all the lateral loads to be taken by this member. It is very

simple but quite conservative in a structure where substantial
frame is provided along with shear wall system.

C d (4) h' th d fl' th h 11ar an as g~v8n a me a a ana yz~ng e sear wa

with frame. He shows that it is possible to express the angle of

deflection of wall at all points with a second degree differential

equation t'aking 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 and the governing equations of
this method are given in Chapter 3.

Heidebrecht and Smith(S) has given an approximate analysis

of Tall Wall-Frame building structures. The method is relatively

simple and can belapplied to both static and dynamic analyses

of uniform and non-uniform structures. The structure is assumed

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

lever beams, deforming either in bending or shear configuration,

respectively. The detail solution of this paper along with figures
are presented in Chapter 3.
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( 6 )
Rosman has presented a paper on "Interaction between

shear .walls. and frames" in the Tall building symposium held at

the University of Southampton, U.K. In this paper he derived a

gover.ning equation by the energy method to deal wit h laterally

triangular Or uniformly distributed loaded systems consisting of

wall s and frame s.

Parme(7) in his paper on "Design of Combined frame and

Shear Walls" has presented a procedure which consists of relating

the total load at each floor level to the displaCemen1:s of that

floor and the two floors above and below. tIt each level 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 equations equal to the number of floors.

Murachev, Sigalov, 8nd Raiko)B) in their analysis of

frame wall systems, neglected the total flexural stiffness of

columns where the wall is solid.
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CHAPTER 3

APPROXIMATE ANALYSIS OF SHEARWALL-FRAME STRUCTURE

3.1 IntroductiDn

With the increasing availability Df large scale digital

cDmput~rs, it is nDw-a-days pDssible tD Dbtain exact analysis

of tall buildings. HDwever,tD have the applicatiDn of analysis

sf in a design Dffice withDut the help Df cDmputers Dr tD have

a preliminary design in rapid hand calculatiDns befDre sending

it tD the cDmputer fDr mDre eXact analysis, numerDUS methDds

have came upduring the past decade.-
In Chapter 2 a brief review of different papers dealing

".wIth. analysis Df tail shear wall fr8me structure was given. In

this Chapter sDlutiDn of SDme Df the methDds are presented. These

methDds deals Dn approximate analysis of tall shear wall-frame
structures.

3.2 Heidebrecht and Smith MethDd(S)

3.2.1 Basic Mathematic Model

The structure is cDnsidered to cDnsist of a cDmbinatiDn

Df flexural and shear vertical cantilever beams i.e. defDrming

either in bending or shear cDnfiguratiDns, respectively.

The equations gDverning the behaviDur Df the two types

Df beam are. referring tD Figures 4.a and 4.b, are



(a) Flexural member

W (Xl+WS (X)

r-

(c) Shear - flexural
me m ber
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(b) Shear member
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(d) Components of shear flexural member

FIG.4 MATHEMATICAL MODEL FOR SHEAR- FLEXURAL MEMBER
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4
"f!( for flexure, EI d YB

= WB(X)dx4
•••• 1., d2

and for sh ear, GA -~ = W (X)dx2 s

(3.'2.1)

(3.2.2)

in which the subscripts Band s refer to the flexural and shear

beams respectively; WIX) is the distributed horizontal load;

y(X) is the horizontal deflection of the beam; E and I are the

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

5B(X)
d~1B(X)

(3.2.3)= - dX
2

MB (X) El
d YB

(3.2.4)= d;2

-dM (X) dy (3.2.5)and 5 (X) s ' GA, __ 5_
Y = dX = dx5

in which 5 and M are the distributed shearing force and bending
moments, respectively.

Now if the shear beam and flexural beam are linked together

so that they have identical horizontal deflection at all positions

throughout their height. as shown in Fig. Il.c.In this case,a

distributed horizontal ,interaction force of magnitude q(x) and,

a concentrated top interaction force of magnitude Q are requireid~,
, h ' , '1' h' F' 4 d Th \~~"to maintaJ.n t J.ScompatJ.bJ.J.ty, as sown J.n J.g. __• e concen-
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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
gi v sn ,-by

'd2':!!...-L \ )- 5A dx2 = Ws(x/ - q(x

Adding Eqs. (3.2.&.) and (3.2.7), and dividing through by EI,yields

D-
dx4

2
- IX ~ =dx2 (3.2.8)

in which W( xl = WB (xl + Ws( xl
(3.2.9)

and 2
IX = 5A

IT"" (3.2.10)

Ths contribution of a single column to the 5A parameter of the
equivalent shear-flsxure beam is givsn by

5A
12EIh I=
h2 2 IhI + Ibl ~£h (- + lbl b2

in which Ih = Second moment of area of the column

h = Storey height
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Ibl, Ib2 = Second moments of area of correspondinl) beams

E = Young's mod~lus of Elasticity.

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.

"

The total EI.and GA terms of ~he respective flexure and shear

components, can then be substituted in eq~ation (3.2.10) to

determine the parameter ~2 for ~h~ structure or for the particular
.

segment of the structure.

For the case of a uniformly distributed load of magnitude

W the solution to equation (3.2.8) Can be written in the formo

y(x) = (3.2.12)

•

in which Cl, C2, C3 and C4 are constants in the homogenous part

of the solution, to be determined by the boundary conditions.

A tall building Can be considered as a vertical cantilever

beam, with zero deflection and rotation at the base and free at

the top, the corresponding boundary conditions for the shear-
flexure cantilever of height Hare:
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Since equilibrium require~ that the moment is Zero at {he free

and of each of the components of the shear-flexure cantilever,

the condition expressed by eqn, (3,2,l:Jc) can be replaced by

2
.Ll£ ..EI dx2 (H)=O (3.2,14)

Substituting equations (3.2,3) and (3.2,5)

yields

SCH)
~- .- ...•..,~

= GA .'!:l (H) _ EI
dx (H) = 0

in Eq. (3, 2. 13 d )

(3.2,15)

',1

I
The constants of equation (3,2,12) can be obtained from the above

boundary conditions, leading the following expression for deflexion:-

(3.2.16)

Y ( X) ~H Sin ~ H + l)(Cos ~ x-l)-aH
Cos IX .H 5i n ax

The expressions for stress resultants and the interacting force

are given by

MS(x)

Ma
=

2
o:H)<!

~H Sin a H + l)Cos ax _ aH Sin 0: X-I)]Cos o:H

(3,2.17)

M (x)
_ ~)2

MS (x)s (1 (3,L,18)M = Ma 0
"'"'"',

SS(x) _I_ f aH (aH C. 0: H + 1 xJCos X ::>J. n ) Sin (3,2,19)= aH a - Cos o:H 0:
•••.J, 5a

...'
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(3.2.20)

(3.2.21)

Similar expressions far the case of a horizontal concentrated

top load and a triangularly distributed loa"d arE given :Ln

sectio'n 3.2.3. These three types of' loading can be appropriately

combined to simulate the static lateral loadings specified by

most of the building codes for wind or earthquake effect.

3.2.2 Design CurVES
",.... ,. ',. '~"<

Design CUrves for deflection, moment, shearing force and

horizontal interacting force constructed from equations (3.2.16)

(3.2.17), (3.2.19) and (3.2.21) are constructed and presented by

Heidebrecht and Smith( 5). The curves can be used for a rapid

estimate of the total deflection and t he variation with height

of the load distribution within the structure; for a range of

the parameter ~H.
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3.2.3 De~n Equations for Concentrated Load and Triangular
Load Distribution, Uniform Structure

A, CONCENTRHED LOAD P AT TOP OF STRLJCTIJ,~E

y ( x) si nh aH
3

(exH) cosh exH
(cosh ax - 1) _ sinh ax

( aH ) 3

_1_
= aH

1 x 1
+ 0:H)2 H J

("tanh aH cosh ax - sinh ax)

(].2.22)

(].2.23)

i.,J.. ..,.. M = PHo

(3.2.24)

(].2.25)

= ( cosh ax - tanh aH sinh exx ) (].2.26)

Hq(x)
"P

= 1 -
(3.2.27)

(3.2.28)
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B. TRIANGULAR DISTRIBUTION

y(x) =
1"4 {w1'

si nh cxH-[""1""'"( -cx-"H"'")-'Z (2 cxH

sinh cxx) (-!r _
cxH

si nh cxH
, 1
( cxH ) -

-L- )
( a:H) 2

+ ~ )(cosh cxX-l
(o:H)2 cosh cxH

1(~\3J16 Hi (J.2.29)

3

(o:H)3 cxH . h H H) cosh cxx- Sln ex. + 0:,
cosh o:H

_(cxH)2
- ( 2 - 1) sinh cxx - o:H (3.2.30)

" ..

x ) 3_
H

~1 (x)
-!L..-
~Io

(3.2.31)

(3.2.32)
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3.3 Khan and 5bar.ounis Method(l)

3.3.1 Analysis

The interaction of a shear wall and frame is a special case

of indeterminacy in which two basically different components are

tied tqgether to produce one str.Ucture. If the frama alone J.S

considered to take the full lateral load, it would deve~op moments

in columns and beams to resist the total shear at each storey

while the effects of overturning would normally be considered

secandary; and in most cases, negligible. In resisting all lateral

loads. a frame would deflect as in Fig. 2(a). If a shear wall on

the other hand, is considered to resist all the latera~ loads

it would develop moments at each floor equal to the overturning

moment at that level and the deflected shape Fig. 2(b). would
be that of s cantilever.

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

will try to obstruct the other from taking its natura~ free def-

lected shape, and as a result a redistribution of forces between

the two would be expected. As shown in Fig. 2(cJ, the frame will

restrain or pull the shear wall back in the upper stories, while
in the lOwer regions the opposite will occur.

""," '"'.-..' \ . 'j ,,', •• ,The conflicting, physical characteristics of the tw.o systems'", :

can be 66nsidered if the structure is first divided into two

parts, a frame, and a shear wall, ,and then the two parts are

brought together sO that all structural laws are fully satisfied.

~I
~----------------------~-
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3.3.2 ~cept and Met~od of Analysis

The analysis is performed in two stages. In the first

stage of analysis of a structure, shol;'"in plan in fig. 5(a)

it is necessary to determine the deflected shape and the amount

of late~al"load distributed to the walls and frame, respectiveiy

at each story. for this purpose, the structure is separated into
two distinct systems Fig. SIb)

3.3.3 '?"yst em "I'"

as follows:-

This system consists shear wallar combination of shear

walls. The moment of inertia of this system at any story equals

the sum of the moments of inertia of all the shear walls regerd-

.."less'of their shape. and size. Shape end size are considered in

computing an average Ls' th. distance from the N.A. of system "W.
to its extreme fibre. Coupled shear walls can often be represented

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

3,,3.4 System ufn

This system is a one bay frame connected with the system

"VI" by means of link beams and consists of all other framing

element s outside of 'system "VI". This includes all columns, bean s,

spandrels, end slebs contributing to the later'al stiffness. Member

linking the frames with the shear walls ("Link Beams") are also

included in system "F". The stiffnesses of the columns, beams, and
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"link" bea~s (Sc' S~i S~) are si~ply the sum of the stiffnesses

of all such members in the structure. The" link" beam span, L
bof system "F", is i'Jnaverage of the "link" beam spans of the

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

In the first stags of analysis, average rotation and verti-." .
cal displacement 'of the frame joints will yield acceptable values

and the computed defiection at each story will be quite satis_

of the distribution of lateral forces betWEen the two systems

factory. the computed distributio~ of lateral forces in the first

stage of analysis will inform the designer of the effectiveness

of the shear walls in resisting the latsral forces so that he

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

more economical structure. The deflected shape is needed in the
second stage of computation.

""'/.

In most cases, a further simplification can be made

(Fig. 5(c)) by adding the stiffness of "link" beams to the

stiffness of the other flexural members. The two systems are then

tied together with members that can transmit only lateral force.
The quantities Lb and l are no longer needed,

s

The analysis of the system is performed by the ,iterative

solution. At the completion of the iterative solution the deflec_

tions of the combined system comprising the structure are known.

It is then possible to analyze each column li~e as an isolated

resisting system. The r"sisting elements at any column line may

form a rigid frame or a combination of rigid frame and shear wall.\

II
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The second stage of analysis may be performed by subjecting

these isolated bents to the deflection pattern that was derived
,

for the entire structure from the i~teraitive solution. Fixed

end moments imposed on the columns and connecting links by this

known set of deflections can be balanced rapidly by a moment

distribution solution. In this munner. local effects on moments

and shea~s resulting from localized stiffness variations are
fully accounted for.

3.3.5 First Stage of Analysis

The conditions required to be satisfied for the equilibrium
of total structure are'-

a) Deflection in system "W" and system "F" must be the

same at corresponding levels.

b) "Link" members connecting system "F" to system "w" must

1 undergo the same rotations and vertical translations as-;.r

those of syst'em "l~" at their points 0 f connection.

c) Horizontal sh e ar V ,w developed in system W plus the

-', ' . ~,... • >, : ',,,,.,'

horizontal shear, V" developed in system F must be

equal to the external shear Vt' at every story •

The steps adopted to achieve the above conditions are as
fo110,",s'-

1. The total computed external loads (,.ind or siesmicl on

, the ide61ized structure are applied to system vJ at each floor

_1IIII1iil'.' _
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level and the slopes and deflections of system VI at each floor

level are determined. The vertical ~ovements of the connecting

,points with system Ware computed by multiplying the slope at.'-", .,' ,

each level by the distance from the neutral axis of the wall to
the connecting point.

2. This is the first cycle of iteration. For quick conver-

gence, a final deflected shape could be assumed or approximated

from the figures as given by Khan and Sbarounis. In the absence

of good guess, the final deflected shape is assumed to be the

same as the free deflected shape of system W.

System F ie forced to undergo the assumed deflections at

each floor. This also requires thst the connecting members at

each floor must have the same rotations and vertical translations

as system W at'their points of connection with system W. However;

if there is e 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. 'he force fitted frame

haS no external forces but only known story deflect~ons and

rotations at the connecting points.

4. After "force-fitting" system F to system W, the total

shears in each story of system F as well as moments and reactions

applied on system W by the connecting links ar" computed. I he

shears generated by force fitting can be used directly in the
next stspo
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fitting system F'Bre applied to the isolated free system W.
;:", .-

Negative d~flections and rotations of the system Ware then calcu-

lated. The net deflection with respect to ~he original unloaded

shape of system W would be the algebraic sum of step 1 and step 5•.'
This is the end of one cycle of itp.ration. for the stable condi-

tion the assumed initial deflection at any floor at the beginning

of the nth cycle must be the same 'as the end deflections, at the
completion of the nth cycle.

3.3.6 Second Stage of Ana,~is

After convergence of the iteration solution has been achieved,
the final deflected shape of the structure is used to distribute

moments and shears to every member in each bent of the structure.

At a column line that contains no shear walls, a set of fixed end

column moments obtained from the difference in story deflection
can be appartioned to all the members by moment distribution. No

sidesway corre~tion is needed because the bent is in its final
deflected shape.

If a shear wall is contained in a bent, it Can be treated
separately from the frame segment. With a known deflected shape

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

E1 .
M. = ( 281
1. h.

1.
(3.3.1l

in which r~.
1 denotes the moment at floor; i; I . r~f8r8 to the81

moment of inertia of wall at floorj i, hi represents the storey
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height; .6.i is the deflection at floor,

29

i; ~ . I describes:1.+

. ,( .". ,;.

the deflection at floor, i+l, .6.. 1 is the deflection at floor,
:1.-

i-I.
.'

FIG. 5 TYPICAL IDEAL!ZED STRUCTURE
'"

J
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3.4 Component 5tiffness Method(2)

The main assumption in component stiffness method by
( 2 )

McLeod is that the frame takes constant shear, th"t is. the

interaction force.between the frHme and \"all can be represented

by a concentrat.ed force at the top, The method is simple but

lacks accuracy if the wall is more flexible than the frame

(Kw/Kf 11, see below). Consider the single-hay frame and shear

wall loaded in-plane by the uniformly distributed load sho\"n in

Fig. 6{ a). If the frame shear is assumed to be constanl;, the

system can be treated as a wall supported at the top by a spring

(Fig. 6(c). The spring stiffness K
f

is defined as the lateral

poi'nt load applied at the top of the frame to cause unit deflec-

tion in its line of action. Kf can be calculated usins; equations

A and B (Table 2). K is defined as. the lateral point load requiredw

to cause unit def.Lection at the top of the wall (similarly to K
f
).

Normally

K

'" (3,4.1)

." ..,
where E is the Young's modulu~ of elasticity, I the moment ofw

'..
inertia of the wall, ,::lnd H the totNl-height. This equation can

be modified to take account of var~ations in properties wit.h

height and the effect of opeoings in the walls.

The relationships between P/W. Yw' and K /Kf for differentw .
loading cases can be evaluated by using equation C (Table 1).

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

,1
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shear; W is the total applied lateral load;
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Y i sad i men si anI e S sw
parameter ,,,hich relates the rotational stiffness of the wall to

that of the foundation, that is

(3.4.2)

". ~,
where KfJ is the TotationLll stiffness of the shear wall suoport.

If the rotation at the base of the shear wall is to be neglected,

the term y in Equation C should be omitted. However, the effectw . .
of shear wall base rotation can significantly affect the distri-

bution of load between shear wal~s 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, K
f

and K
w

for

each vertical unit may bs calculated separately and the results

summed. L Kf and

Equation C.

are then used instead of K andK in
f w

Studies .on shear wall-frame interAction normally use three

parameters to define behAviour, namely;'~, ~w' and I , wherec

(3.4.3)

. with h as the column height. fly usi.ng K
f
, which is a function of

7\ and L ~c' behavior CEin be discu ssed in terms of only two vari-

ab les, K •
w 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 comparison with

the shear .Jall( s) in resisting lateral load and for assessing

the effect of various assumptions, in analysis •

.' Wh'en 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 arBa Equation C can underestimate maximum

frame shear by as much as 30 percent. therefore, whsn calculating

moments in the frame, it is worth while to increase the calculated

value of P by 30%;

If Kw/Kf is less than 1, the use of Equation C is not

. (1)recommended and the use of charts as given by Khan and Sbarounis

produces more accurate results.

. ••J



33

Total
load

W

Link bars

-w

Spr'mg
Kf

stdfness-
)

p

,
I

>h
- Frame
\ shear waH

~ye\\d'ing support

(al STRUCTURE (b) INTERACTION
AT TOP ONLY

(el FRAME MODELED
BY SPRING

FIG.6 IDEALIZATION OF STRUCTURE FOR EQUATION C

Table 1. Equation C

1

I -

I'Lead EqUAtion C I~OTnIIJN
CD nd i tion

\I! -- te t al applied load

1 +
_3_ P = interaction force at top

Point le ad p 4yw
at top W = K I = moment ef inertia of wall

3 w
1 + -- + ---..t!

I
H = tot al height

4'y K
w f Kf= po int load at top of frame toI

unit deflection in .~
L) c ;:~us e 1. t. S

LI ni form ly i{l + line of aC tio n
p y

di stributed
w '3EI

W = K3- K w (with constant I )
1+ ---..t! = 3

4y + Kf I
w H

w
w

I K = rot at io nal stiffness of shear "i al

II 1 B support
20 + 2y I

Triangular p w KBH
( earthquake) \~ = K

3 Yw = 4E I
1+ --+ ---..t! w w

4y Kf Pw too deflection 6=I

[ ,~,,~
I 'l
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Tab Ie 2. EqUAtion A for Top Deflection of Riaid Regular Frem"2

EQUAT ION ~,- for Axial deformation:

A = area of exterior columnsc

F = function of n. dependsntn
on ths typs of loading 1,0

2/3
1/2

1,00,5
m"s or m=g

1\
,POINT ~OAD\
i\ ,

,
II'\.

1'-.. -- f-\ i'-.
'> --" - !

r-
"- 1'-

\:;f- \U. D.LOAD
-p....T~IAING~LfR L~A9oo

1.5

1,0

3.0

2,0

Fm
exterior columns

deflection at top of frame
due to axial defarmetian of

height)

, .'Area of exterior column
ratio _ at taB-of frame

Area of exterior column
at bottom of frame

(linsar variation of A with
c

n =

6. =A
here

" ",~"

at first-story lsvel
, ;;.... B = total width of frame 1,0........., I I I ,L.

" 1/ POINT LOAD
"-..(r--...

1,0

I-~ru,D"LOAD

00 I
0,5

-r--...
-J +

0,5 ",-:::;£RIAN GULAR, L~AD -1__
11/30

1/4
1.3-

n

5 -.
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Table 2. Equation FJ for Top lieflection of R1Qid ReJLular Frames

EQlIAT101', B- for rending deform"t ion:

= ,I h 2 H .[F (l _
12'(E I )SLee .

where.6s = deflection at top of frame due to bending of members

W = total laterel load

h = story height,
H = total ,height

E = Young's modulus

I = sum of momentsc

(subscript denotes structural system)

of inertiCi of columns at first-story level

F •s F = functions of s and'g, dependent on the type of loading9
~

I at top of frame Irat io c Lincar'varintion of I end 1s = I at bottom 0' '"""eJ cc
with height. If E v"3ries, useIb at top of frame
EI instead of 1.g = ratio ,

at bottom of frCime"b

.,', ."

~c

o
= h t

c
= 7!

where'D is beam depth

where C is column ,,,idth and t is distance between

column center lines

, ,).."
i.e. summ,tion Over width of structure Cit

first story level

T

Ib= momen-c of inertia of beam at bottom of structure

TOTAL DEFLECTION ~= ~B + ~A
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3.5 Cardan ~iethod(4)

Cardan expressed the angle of deflection of the wall

at all points with a second degree differential equatlon. taking

the effect of bending and shear.

3.5.1 Assum.E.1ion

The assumptions made in Cardan method is as follows:-

a) Shear ,#all i'f"Idframes ara fixed at its base

b) Columns are monolithic with their bases fixed

cl The joints of the frames are rigid

d) Buildings are symmetrica.l
e) Girders are infinitely rigid as compared to the w.alls

and frames. All points on the same floor will then

have same horizontal deflection.

3.5.2 Governing Equations

The equation governing the effect is

and by differentiating

(3.5.1)

~JL
dx2

2Ds
dx2

(3.5.2)

where Y3B= Slope of deflected.wall du e to bending only
""7"

¥1 = Slope of deflected wall due to she ar only
5

0 = Slope of the deflected wall due to all forces~

'--- - --~~-~
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By solving the f,bove e'quation the value of 0 may easily. be

determined. Once the value of 0B and 05 are known, deflection

x
Y ; J 0 dx

o
(3.5.3)

For uniform load, Y/H for shear wall COUplEd with frame is

Y/H C ~ C
; E H (Ei - t ~ ) + ( B - D) H/lX

x
Si n lX' (l - ~ ) Si n

Co s IX

a: - .1 (1 - Co s exex
(3.5.4)

vJh ere, C = [1 + 3 (Kl - KZ)/AE ] /[3EI

D ; 3/[3AE

B = [f3(Kl - KZ) + KZ + K3J /[3EI

lX ; HVB

[3 = 1 + 3K3/AE

~ = X/H

Kl and KZ= Constants, defined 2S

I" ~~

m = K1 l'iB + KZ0Ss

(3.5.5)

(3.5.6)

(3.5.7)

(3.5,e)

(3,5.9)

(3.5.10)

(3.5.11)

A = Cross-sectional area of she8r wall

m = Elastic moment reaction per inch of wall heights

Y = Horizontal deflection of wall
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U1f\PTER 4

"EXACT" ANALYSIS OF PLANE FRAME

BY STIFFNESS METHOD AND RECURSION PfWCEDIJRE

4.1 Introduction

In Chapter 3 different methods for approximate .analysis

of shear-wall frame structure was given. In this chapter "exact"

analysis of plane frame with or without shear wall is presented.

The analysis of a structure is a process in which information

given in one form is transformed into another form and the common

objective in the analysis is findinq the internal forces which,
result from the application of external forces. The forces am!

displacements in a structure can be related by using its flexi-

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

characteristics of a structure ,,:tnd its coordinate system.

The flexibility coefficients characterize the behaviour

of the s"tructure by specifying its displacement response to

applied forces at the coordimJtes, and the stiffness coefficients

by specifying the forces required to produce given displacevnents

at the coordinates. ThE) stiffness and flexibility coefficients

depend on the force displacement properties of the structu re FInd

th'e coordinate system.

A tall structure may be analysed either by flexibility

or by stiffness method. Hut it h"s been found that the time

required for the analysis by stiffness method is much less than
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the time required for flexibility method. As such the tall

plane frames are generally analysed by stiffness method.

The solution of large building frames by stiffness method

uses a special technique by taking advantage of the sparse nature
<

of the stiffness matrices of the frame. This technique was first

introduced by Clough, Wilson and K . ( 9 )lng . To avoid the inversion

1
I

I

-'. '.

of large matrices. the system coordinates of the structure are

selected in such a way that "the resulting matrix which must be

inverted will be tri.-dii'lgonal band matrix. Using the band matrix,

thB analysis is conducted by recursion procedure which requires

the inversion of lo\~ order mBtrices.

4.2 Types of Frames

At first a one bay frame without shear wall is analyzed.

Storey heights, cross-sections. moments of inertia and Youngs

modulus of elasticity are Assumed to be constant for both columns

and beams throughout th" full height of the system. The analysis

is modified to take care 6f wall system.

The one bay frame analysis is further modified to take

Care of variable storey heights, moments of inertia, crogs-

sections etc. The name of this analysis is given as general one

bay frame analysis.
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Subsequently a two bay frame with and withouc shear wall

is analyzed. The matrices are formulated in a general form so

that they can be used either for frame with wall or without wall.

Two Bay frame analysis deals with constanc storey heights, cross-

seetio"ns, moments of inertia etc.

l\ "general two bay frame" with variable storey heights,

cross-sections moments of inertia of vertical and horizontal
'r "!','",.,I"I .. 1

members throughout che full heighc is also analyzed.

Cornput er programs for all of the above analyses are

developed and written in Fortran II and Fortran IV.
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4. 2,~ ,~DjjlT rONAL N[]T~TrON

.,¥;

A1 ' '~L

A2,AR
1
1
, C

L

12,CR
13,HL

.'
H

BO,B,C,A

f FL
(U~.JJ

5 ..
J.J

',', ' "',,'- ,.,.,~"'.'~';""'"8 .
A

8
B

.6.

~1FAB

= cross-sectional area of left column or shear wa~l

= cross-sectional ar"a of right column or shear wall

= moment of inertia of left column or ~eft,

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

;;::moment of inertia of beam

= storey height

= Beam lengths

= stiffness matrices of th e frame

= forces at the coordinate level j

-- displ;'lcements at ,the cDordinat" ,level j

;;::elements of frame stiffness m,Jtrix
;: rotation at end J\ of member An
:::: rotation at end 13 of member AB

- displ 'ceme nt of one end of a memb er width respect
to oth er end

= fi xed end mbmeri 'tL at end A of member AIl
= fi xed end moment at end iJ of membe r AB
= moment at end ,~ of rnemb e r AB
= momen't at end B of memb er AIJ

Ll,LZ,L3,L4 = distance from c.g. of w"ll to end of wall or from

51,52,53,54 c. g. of wall to beam end

A~I = (i l' 0 S9 - 9 ee t ion al ar'ea of center column or l-lall

eM = Momen'!: of inertia of cent er column 01' wall

XL = Leng1;h of le ft beam
XR = Length of right beam



4.3 ONE BAY FRAME
(WITH COLUMN AND BEAM)

42

. d

2

Level ~~ 13 i 5
Leve! 2 7 5a< 10
L eve! 3 11

Level 4 16 15
I

22 ~'Le vel 5 21

Level 5 27 26 . 25 29

Level 7 32 30 34
31

35
Level 8 36

Level 9 41

Level 10 46

Level 11 51

Level. 12

Levei13

Level.14

Level.15
73

Level .16 76
LevI! I 17 8';

86 85Leve! 18

Level 19

Level .20 95

98

I

L

FRAME

L':I

jI1 12} ""
A1 A?

I
J

~

I
~'.~

1
I..
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544
554

572 -2>ed
•

5ziEA1lH + 12E!3/L3
532 =- 6 E13/ L2 ,
542 =-12EI3/L3 572=-EA1
552::: 6 EI3 / L2 H

524

551

V"\..-5 10 , 1
561 J

581 b1'" i
510,1 = 6ElZ/HZ
511 = 12E/H'3(I1+12) 581= 6HE,11
531 :; 6Ell/HZ
551 '" 6EI2/~2
561 =-12£/11 (Il+I~
533 513

523

~4",1 94

524= -12E13/L 3
534=- 6EI3/L2
544", EA2/H+ 12E13/L3,
554=-6EI3/L2
594::.-EA~H

510.5 = 2E12/H
515 :; 6E12/H2
525 =- 6E13/L~
,SJ5 = 2 E13/L
545 =-6E13/L2
5 55 =- 4E( 12_#)

H L
565 := - 6Ell/H2510,5

545

515

565

~5:. 1

525

583 ',563 ~3= 1
." "'"', ,~_""A'" 513=6Ell/H2 '

523= 6EI3/L2•
533= 4 E (ll/H+ 13/t.)
543=-6EI3!L2
553= 2El3/L
563=- 6Ell/H2
583=- 2E11/H

535

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

510.9
599

5149•
'2>9=1

510,9= - 6EnT L?
514,9=-EA2!H
549 = - EA2/H
579::. - 12EI3/L2
589=- 6EI3!U
599= 2EA2/H + 12ED/La

~7 =1.

510.7 = 6EI3 / 12
512.7=- EAljH
527=-EA1jH
577= 2EA1/H+ 12E!3JL3
587 == 6 En/L2
597 =. -12EI3/L3

527

589

579

510.8

598

;)556

513,8J ~8=1
=

510,8 = 2En/L 511,8::.- 6EI1/H2
513,8= 2El1/H 538== 2Ell/H
578 = 6EI3/L2 588::. 4E( 2IYH+I3!L)
598 = -6EI3/L2 ';I

518 == 6Ell/H2

58

566

::;-.'

~,

513,6 ~=1 5156-
511.6=- 12E/H3 (11+12)
513,6= 6El1/ HZ

. 515.6= 6EI2/H2 516=-12E!H3(I1+J2)
'('" '''''-''''''S36'=-6ElljH2, 556=--6EU/H2 !'

566::. 24 E/ H3 ( J1+1~

538 518

55,10

58,10

5710,

51.10= 6Er2/H2
55,10= 2EI2/ H
57.10= 6EI3jL2
58. 10::. 2EI3/L
5 9,10=-- 6EI3/L2
510.10= 4E{ 212/H+I3/L)
5 11, IO=.- 6E12/ HZ
515.IO=. 2'i..I2jH

~lO::' 1

,I
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L

4.3",1 ' STIFFNESS MATRIX OF THE FRAME
- -

So C
A B C

A B C
A B C

A B C
A B C

A B C
A B C

A B C
A B C

A B C
A B C

A B C
A B C

A B C
A B C

A 8 C
A B C

A 8 C
A B- . -

45



''','. ~ .....•......... , ,.'..'

BO=

- -
511 512 513 514 515

521 522 523 524 525

531 532 533 534 535

5~1 5~2 543 5~4 5~5

551 552 553 55~ 555

'- -
~ -
12EO +1 ) 0 6E11/H2 0 6 Elt./H2ID 1 2

0 E~l. ~2~:J3 6E 13/L2 -12EI3/ L3 6E13/ L2

6El1 / H2 6EI3/L2 41O:,11+T3) -6EI3/L2 2El3/ LliT
0 -12 EI3/ L3 -6E13/L2 EA2+12I;13 -6E13JL2H L

6E12/H2 6EI3/L2 2EI3 !L -6EI3/L2 4 E(1t+1V
-

46

B::

r -
566 567 568 569 56,10

576 577 578 579 57,10

586 587 588 589 , 5810

596 597 598 599 59,10

510 6 510 7 510 ,8 510,9 510,10.,
l-... -

B::.

r- -
2l,E

fIT(11 +12) 0 0 0 0

0 2EA1pEI3 6El3 J L'2 -12 EJ3/L3 6El3J L2H -cr
0 6E13/L2 , 4E(lhJI) -6E13/ L2 2E13/ LH L
0 .12E13/ L3 -6EI3JL2 2E:212E13 -6EI3/L2+l:'
0 6E13/ L2 2E13/ L -6EI3/L2 4E(212 +.:!.3)HL~ . -



;'

A :-

- -
561 562 563 56!' 565

571 572 573 57!' 575

581 582 583 58!' 585

591 592 593 59!' 595

51ql 51q2 51Q3 51q4 510,5
L- -

47

A=

0-

-
- ~3E(Il +12) 0 -6E11/H2 0 -6E12/H2

0 -EA1/H 0 0 0

6E11/H2 0 2E11/H 0 0

0 0 0 -EA2/H 0

6E12/H 0 0 0 2E12/H
'- -

c=

,- -
516 517 518 ; 519 51;10

526 .527 528 529 52,10

536 .537 538 539 53 10,

546 $47 548 549 5410,

556 557 558 559 55,10
- -

;

.. .•. ..,," .. ,. ff. '.-" ,~

- --m:( 11+12) 0 6E11/H2 0 6E1Z/H2

-EAJ!H' ,0 0 0 0

- 6El1 /H 0 Z Ell /H 0 0

0 0 0 -EAZ /H 0

-6E12/H 0 0 0 2E12/H
L

-



4.3.2 SOLUTION BY RECURSION PROCEDURE 48

By us'lng the stiffness matr'lx of the frame the force displacement
equati'on cif the frame may, be written as

iFl, 80 C W~
{F~2 ABe \u
.{:?~=: ::~.::~::.e.:: .. : I~J-- - @,[FJ ABe - fU'
...... :.~ .". ". ',", __ ,'.", ".".',: ,',", " : .". : .1.:'
-\Ffn' A B \u}
•

Where fFJI. fF12. rFl~. 'IF!:n 4- fulL tu1z.1uj"tUJn. etc. are all 5)(' column matrix.
" " .......•.. ' .... Equation 0 can' be written as' n separote matrix equations

as follows: .

. tF]): Bo luJ,+ C rU}z
~F12: A iul,+ 8 {U]z+ C lUS3
IF]3= A luJz+8lus3+c{u14
{F14 =- A fUh+ B tu14-+c 1uh
1FJ"j ',~,' A, .~ ujj'.I+B ',~uh:+'cJ~h+,
iF} n-1: A f UJn-2+B lUJn-1+C lU]n
fFJn = A {UJn-1+B{uln

From eqn (i) Solve for ~u1r
~U})=-801fFl,- Bo.'e £UJz @

Subst'ltuting eqn @ lrito 0 and rearranging YI'elds

tF]: = B1tuh + C {UJ3

In which [F]! = tF)2 - ABo' ~FJ1
-I

81 = B-ABo C

From eqn(22a) luh =- B~I {F}:

".. ,



, ", .

-I 1'" -1
From eq~ 8,. {uh = 82 tFl3 - 82 C ..1uJ4 8
Proceeding 'In. this manner the general equations In the
recurs'lon process have the follow',ng form

49

The last of the matrix eqn shall be

{Fl~ = 8n-1 tU}n

In which {FJ~ '" {Fin - As~_~fF}nK<_1
-I

.8n-1=8 ABn-2 C

From eqn 8 fuJn = '8~~1 IF/;

In which,

From eqn

fJ-t ., ('
F j :; Bj -1 ~U}j + C tUJ j+1

{FIr = IF]) - ABj~2 {F}4I<j_1
-1

Bj-1 :; B - A8j-2 C
-1 ,* -1fuJj '" 1aJj-1 {Ffj - fSJi-1 C fUJj+1

By back substitution we solve for {uti

The general equa tior.

fU}j

( l. .
for IUj] shall

-I [ It= 8)-1 fFfj
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& MFBA are J
end moments.[

MFAB
Fixed

Anticlockw.,se moment~ +ve
Clockwise rotation

+ 2EI (-2eA-GB)
L

+ 2EI (-6A - 2GB)
L

MBA

MFAB +.2CI (-2GA-GB + 3~)

MFBA + 2EI teA -2GB + 3~)

COLUMNS

\,
..J \

I
•

APPLY SAME FORMULAS AS THOSE FOR BEAM



4.4. FRAME ANALYSIS (ONE BAY)
{SHEAR WALL AND BEAM)

. '....
51

4

6

11

16

1

100

36

76

66

71

46
.51

81

41

96

33

3

8

43

98

Cl

3

N

oc

-o

,Beam
Level. 1 1

Levp:.2

Level 3

Levell,

• •.' Level 5

~ Level 6
N0

Level 7c
0
c--

I oVol 8 -Cl -> Cl

>L.
Level 9Cl

L.'" Cl.c
Lev~1 10 '"tC .c

(J)

Level 11 ~

Level 12

Level 13 .

Level 14
~•...

Level 15 N....•~

~
.

~
Level 16 N«
Level 17 k--'

Level 18 -.l.
~evel 19 :r:1~

T
Level 20

I

o
<:

Cl

3-o

",

-'f
L

SHEAR WALL

+L3lL4/,
1 1

FRAME

~ Wall ~ Wall
NO.1 No.2

COORDINATES

(



554

594

572

522= EA1/H + 12EI~/L3
532:: 6EI3jL'- (1 + 2L2/L)
542 =-12E13!L3
552:= 6EI3/tJ; (1 + 2L~l)
572=-EA1!H 2;, _
534 z - 1

~4::1

524=-12E13-cr
5 34:-6EI3/ cz. ( 1 + 2L2/L)
544= EA2 + 12El3

H L"
554=_6~3 ( 1 + 2L3)L)

594::.E A2
H

2E12
H

515 6E12- If1:
525 =: 6E13 rL1+213JlJ-. L

535 = 2E
L
I3 [l+t (L2+L3+2L2L3fL))

5 _ 6EI3[1+2L3]45_-~ -r
555= 4~I2+~[1+3t3(1+LL3)J
565=_6E12/H2

545

543

r553

~510.1

~51O.5

581,

510.1 = 6EI2/H2 511 = 12EjH3 (J1+12)
531:: 6E11JH2 551 = 6EI2/H2

561::-12E/H3 (11+12)
581 :: 6 Ell / H2
533 2>1=1

513

565

563 S63=-6Ell!H2
583 583 =:2EI1jH
513:=>6E11jH2 2L2
523 "" 6EI3!L2 [1+"L]
533 = 4E11+ 4E13 [1+ 3L2 (1+J:1.)J

H L L L
$43::- 6 E13/1!: [1 + 2L2fL 1
550= ¥(1+UL2+L3 +2L2L3/L))

535 515 555.

510.5 ::

525
" • ,. ..,., ". ~' •••,~. .'1.1,•• "

52

532

.552
-~'.

522 542



.53

599

510,9

&>9 =1

510.7

597

549

512.7 2>7=1
5127=- EAl. H
527 :: - EM

H
510.7 = 6EI3/L'l. [1 + 2L3/L]
577:: 2EA1/H +12EI3(@
587:: 6EI3/~ [1+2L2/L]
597 -= -12E13/~

587

577

514.9 .
514,9 =-EA2/H
510.9=- 6E13/L'Z. [1+2L3/LJ
549 :: - EA2/ H

. 579 = -12E13!t?
589 =-6E13/Lb.[1 +2L2JL]
599 = 2EA2/H+12EI3/L~

589

579

/", ",.:-: -.~~\. :~
-j" J I' 1/,

5 1,10 = 6E12/H2 .\,,' ~:'~\:,'-,:-:~
55,10:: 2EI2/ H ,,,,,.,; )
57,10= 6EI3/~ [ 1+2L3/L]'" .

. 58,10:: 2E13!L[I+~L (l2+l3+ 2L2L3/L)]
S9,10::::-6EI3/i!" II+ 2L3IL] .
510,10= 8EI2/H+4EI~L [ 1+3L3!L {1+L3Ml
511.10=- 6EI2/ H1-
515,10'" 2Ei2/H

510,10

59,10

510.8

556=-6EI2/H2
566: 24E lI1 +12)

H3

~56

~515.10

518 .

511.6 ,513.6 ~15.6

511.6 =-12E.lH3 (II + 12)
513.6= 6E11/H2
515.6= 6E12/H2 .
516 =_12E/H3 (n +12)
536=- 6E11/H2

566

511.8 513.8

510.8:: 2EI3/L[1+3~ (L2+L3+2L2 L3JL)
511.8 = - 6 EI 1/H 2
5n.8=. 2EI1/H S98=-6EI3/~ r1+2lJ/L]
518 = 6Ell/H2. . '/' L: •
538 = 2El1/H
578 = 6E13jL2 [ 1+ 2ti,L]
588= 8El1/H+4{Ull+3L2JL ('+L2jL)1

5110 5510,

58.10~

57,10



~r c=

". "...

- -
516 517 518 519 5110

526 527 528 529 5210

I 536 537 538 539 53 10.
I ' IS47 548 549 54 10I 546
I ;

556 557 55° 559 I 5510" I
. .J

- .

16E12:H2~12E 0 6Ell/ H'2 0-~
(11 ~ 12)

0 - EA1/H 0
, 0

-6EJ1/H2 0 2 EllJH 0 0

0 0 0 -EA1/H 0

-6EI2/H2 0 0 0 2EI2/ H 1, ' ;

--'

54

Note All the elements of matrix "e" ,'s same as frame
stiffness matr',x

MATRIX A = TRAN5P05E OF MATRIX C OR, A=: CT

B=

.- -
566

! 568 569 5610I 567 ,

576 577 578 579 57 10,

586 S87 588 589 5810,

596 597 598 599 5910,

510 6 51O,7J 5108 5'0,9 510, 10, ,
- -

.,
';

..~"

". :......,



_ ••••• ~" ~ _ • H ." ~ •

55

_.;,

or 8::,

~(Il+12) 0 0 0 0
.

2A1/H 613/ L2
-1213/L3 613fL20 +1213/L3 + 1213L2/L3 +12I3L3 /L3

6I3 jL2 all + 413 -6I3/L2 ~+613 (L20 H . T LLT

+12I3L2 /L3 +12I3L2(1 L2) -12I3L2/@ + L3+2 L2L3/LlL2 + L

, 0 -6I3 /L2 2A 2/H -613/L2
- 1213/L3

-12I3L2/L3 + 12I3/L3 -1213L3/L3
,

613 /L2 213 + 51?( L2 -613 / L2 BI2 + 413
L L H L0

+12!3L3 /L3 +L3 +2 L2L3/Ll -1213L3 /L3 1213L3(1+ L3)
L2 L"

80 =

511 512 513 . 514 515

521 522 523 524 525

531 532 533 534 535

541 542 543 544 545

551 552 553 554 555 •.

or, 80=

R U1 +12) 0 611/H2 0 612/H2H3

0 Al+~ 613 + 1213L2
-1213/L3 613/L 2+ 12I3 L3 /L3H L3 L2 L3

611/H2
613 1213L2 4 I1/H + miL -6I3/L2 213/L+6I3/ L2 (L2+-r 3 +1213L2(1+L~ -1213L2/L3 L3+2L2U/L)L L

L2 L

0 -1213/L3 -6I3/L2 A2 + 1fJ'U. -613/L2 -12I3L 3/L3-1213 L2/L3 H l:

612/H2
613 / L2 213 +ID(L2 -6I3/L2 8I~LH + 4I3/L

+ 1213L3/L3
L L2 . +12I3L3 fL)

'1- L3+2 L2L3/Ll -1213 L3/L3 L2 (1+L3

'.
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4.5. GENERAL ONE BAY FRAME ANALYSIS

MOment of Inertia of Le ft 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

Mome<nt of Inertia of Beam' :: BL

Beam Length , = X
Story Height =H
Distance fro m c. g <of lef t wall to beam end := S2

Dista nce from c. 9 < of right wall to beam end := S3

56

" <

All
from

the above
story to

quanti ties
story

may vary
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, ' .

-tJ,f!;J
[ell fa K:1

tJz 1813 [<:1
[e]~ fBI [C1

lC~it:lJ &:1!
fe]' raJ fc16

Ie] /i3J [eJ
(eh [a] IQ

[elJ [a' It}
.

I
,

I

[C], ~,[<;1"
ref l~'\-. -

4.5.1." STIFFNESS MATRIX FOR GENERAL ONE BAY
, . FRAME

[KJ ::.

"',•t ",~ ,.,.••••.'•. ,."••.•~, f"',. '".~ ' •..



.[5];=

r- -
511 512 513 514 515

.

522 523 524 525521

531 532 533 534 535

541 542 543 544 545

551 552 553 554 555

-

.58

12E 6ECUll511= Htl)3 (CUll + CR (1)); 521 =0 j 531 - H (1)1-

. _.' _6ECR(ll
541- 0) 551 - H (IP-

5 - EAL(l) + 12EBL(I) . 53 _6EBL(1) '* [1 + 252 (ll)
22- H (1) X(1)3 ). 2 - X(I)1- X(ll

542 =._12E BL (1)'. 552 = 6 E B L(1) ( 1+ 253 ()));
X( 1)3) X( 1)2. X( 1)

533- 4ECL(1l 4EBL(1) * 1t+352(1) (1+ 52 (1) \ ]
- H(I) + X(l) e X(1). X(1) )

543 ",,",6E BUll (1+ 2 52 (1))
. X(1)'/. X(ll

S53_2~~)L(1)[I+X~1) (52(1)+53(1)+252(1)53(1) /1«1)]

544::: EAR (1) + 12 EBL(1); 554:- 6EBL(1) (1 +253(1)/X(1))
H(I) X(l)3 x (1) 2. ~'

555= 4~~~/1) + 4~(~~ (1) [1+ 3n~1) (1+ 5~(;i) )1
The above matrix is a symmetric matr'lx. Hence the other
of the matrix can~enerated from the above elements,.

elements

r- -
516 517 518 519 5'1 10,

526 527 528 529 52,10.
536 537 538 539 53,10,

546 547 548 549 54,10•
556 557 558 559 55,10

- ""'-'-- ' -

.in
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. The elements of matrix [cJ
I

are:

516::: - 12E 3 (el (1) + CR (1);
H(ll

546::: O. 556::: _6ECR (1) )
;, H (1)2

537::: 547 = 557::: 0

5 _ 0 . 5 6_6 EC L (1)
26- ,3 -- H(llZ.

517= 0 i 527- EAl (1)
- - H (1)

519 ::::

518 =.'

51 10=,

.. " . '" . :"

6ECl(1l. 5 -0' 5 = 2ECl(1)j 548- 558=0
H (1)2 J 28 - I 38 H (1) -

. EAR(1)
529 =- 539 = 0 I 549=- H(1) 559 = 0

6ECR(1) - 2ECR (1)
H (1) 1- 52.10= 53,10= 54.10 = 0, 55,10 =- H (1)

FROM MATRIX [C]1 GENERATE MATRIX [ClI

IN GENERAL (IF NI::: 1-1, WHERE 1 15 5TORY LEVEL FROM
TOP) THE MATRIX [C]\-l1 15 GIVEN SY- [TAKING "E" COMMON FOR

All]
C (1,1):= 12.~ lcLlNl) + CR lNI))/H (NI)""'3

C (3,1) ::::-6.11' Cl(NIl/H (NI) ~". 2
C ~5,1) = 6.-1\'CR (NI) /H (Nil *.+ 2

C (2,2) =. -Al (NI) /H(NI)

C (1,3) = 6;ltCl (NI)/H(NI)U2

Cn,3):::: H'CL(NI)/H(NI)

C (4,4) =. -AR(NI)/H (Nil

C (1 ,5) = 6.* CR ( N I) / H (N I) * 'f' 2

C(5,5)= 2-ll-CR(NI)/H(NI)

[sJ2=

566 567 568 569 56 10
J

576 577 578 579 5710,
586 587 588 S89 5a 10. ,
596 597 598 599 59 10,

.510 6 510 7 510 8 510 9 510,10, , , ,



'.', .. ,-.-".~, ~.".~",',.:, .~..'

566= 12E ( CL (1) + CR (1)) + 1~f2 )3 (C L( 2) + CR (2) )
---I H(1)3

576=- OJ 586=
6ECL(2) 6ECl(1)

59G = 0H (2)'20 H (1) 2

510; 6 =
6ECR(21 6ECR(1)

H (2)2 H(l)2.

5109:= _ 6EBL(2) (1+253 (2)J
, X(2)2. X(2) /

.- ':

60

510 = 4ECR(1)+4ECR(2)+ 4EBl(2) [" 1+353 (2)(1+53 (2))]
,10 H (1) H(2) X (2) X (2) X(2)

The above matr'lx IS a symmetric matr'lx. Therefore all other
elements can be generated from the above elements,

I •
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In general (IF W1=.I-1y.'here II's story level from top) the matrix

[B]l is given by as follows: where 1/1 (Take "E"common)

Let .. 21 = 1.+2.+ 52 tr)/XlI)
22 = 1.+2.>* 53 (r)/x (1)
23 = 1.+3. *' 52 (1)/XW,*(1.+52 (1) )X(I))
.7-4=1.+3 '* 53 (1)/X (1)*(1.+ S3 (l)/X (r))

2S = 1.+3.JX(I) * (52(1)+-53 (1)+2.* 52(I),~'53{!)jX(I))

B(1.1): 12 * (CCL(I)+ CR(r))/H(1)~'k-3 + (CL (Nt)+CRCNt)) /H(N1)H3
S (2, 1)= a
B(3, 1)= 6. *(CL.(r)/Htt)u'Z. - CL(Ni)jH(Nt)'l-ll-2
B(4, 1)= a
B (S,l)= 6.~(CRl1)/H(1)HZ - CR(N1)JH(Nt)*""'?:
B (2,2)= AL(Nt)/H (Ni)+A L(I)JH (1)+ 12.* BL(1)X (r)H3
B (3, 2)= 6:~ BL (I);X(J;/H'Z .fr 21

B(U)=-l2ltBL fJ)jxCI)*' ~3
B(S,2)= 6.* BL(J,Jjx(I)*~Z * 22

8 (3,3)= 4.~{CL (Ni)jH(Nt) + CL(I)jH(1)+ BL (!)/it1f*Z3)
B(4,3)=-6.~ BL(!) /X(~~ft2 * 21

B(S, 3)= 2.* BLIJ.)/X(I) ~ 2 S

8(4,4)= AR (Nt) / H(Nt}+ AR(I)/H(1) + 12. -» BL(~f(r)'A' * 3
, - • _N. ~l5,4)=-6.,*BL(I)/X(IJ~-(FZ * 22

5(S,S)= t,.7I:-(CR(N1)/H(Nt)+ CR(!)/H(!) + BL(1)jx(r)* 24)

'--'~•....•.••
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~ wall
No.3

""

•

8

36

~ watl cc. wall
No. 1 No. 2

COORDINATES

3

f""IOGI
<i wall
No. 3

BI2

L2

B 11

L1 1'3r41
<i wall
No. 2

WALL FRAME

4.6. TWO BAY FRAME ANALYSIS (WITH SHEAR WALL)

2 "

IS' 10• I
.f wall

No. 1
SHEAR

1 II [i

2

3

"
5

, ..
I 6 ,

~ M

'" 00 0 cc c -- - -- - Cl
Cl a 3:; 3:

,L-
L- aL- a '"a
'" ..c

'" ;:::
~..c

i~~
EL

:r: >-
1-~

I-' WA2,WI2
-

.'--J .J

I'n'

'0'

Leve

Leve

. Level
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574

552

592 212 == 1.
522= EWA1!H+12EBI1/L13
532::: (6E 8I1/L 12) (1 +252/L 1)
542 =-(12 E 811/ L13)
552== (6E8I1/U2) (1+2S3JL1)
S92=-(EWA l/H)

546= -(12EBI2 / U3) ,
556= -( 6 E BI2 / L2 2)( 1+ 2 54/ L2)
566= EWA3/H+12E812/L23
576= -(6EBI2 /L22)(1+255/Li)
513,6=-(EWA3 /H)

534

522
532

576
566

553

510.1 5121 2>1=1 514.1
511", (12EIH3) (W11+Wl'l.+WI3)
531= 6EWI1/H2
551= 6EWI2/H2
571=' 6EW13/H2
581 =-(12E /H3) (WIl 4-WI2 + WI3)
510.1:. 6EWl1/H2
512.1= 6EWI2/H2
514,1:. 6EWn/H2

.•..523

510,3 2i>3= i 511,4 d4=1

513= 6EW11/H2 524:::-(12E811/L13)
523= (6EBl1/U2) (1+252/U) " 534=-(6E811/Lt2) (1+252/U)
533= 4EWI1/H.f{4EBI1/U) [1+352/U 544= EWA'G/H+ 12EB11/U?+12E812/L23* (1+ 52/Lt)J 554= (6EBI2/L22)(1+254/L2)
543=-(6 E Bll / L12)( 1+25 2 /L 1) -(6E8Il / L1.~)(1 +253 / L1)

,553= (2 EBll/L1 [1+ 3/U." 564=-12EBI2/ uS
*(52+53+ 252.53/L1)] 574= (6E812/L22)(1+255/L:?J
583=-(6EWll/H2) 5.11,4=-(EWA2/H)
510,3= (2EWl1/H)

556

583

", .. • 533

."/'

,
. - ...••~...-,'
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5147

512,9

511.9

557

510,9

529

516,9 2>9=-1
529=-{EWA1/H) . t.

599= (2EWA1/HJt(12 EBJ1 IL13)
510,9=(6EBr1/L'1~)(1 +252) 11)
511,9:-(12E 811/L 13)

512,9= (6EBJ1/L 12) (1 +253/L U
516, 9=-(r; WAl/H)

517

599
88=.1.--

565

578

585 5125~5=-1 587 S7=1
515= 6EWI2/Hi 517= 6EW13/H2

5L5= (6EBl1/L12) (1+253/L1) 547= (6EBI2/L22J(1+ 255/L2)
535= (2EBI1/ L1)[1+3/L'j (52+53 557= (2EBI2/L2) [1+ 3/L2 (54+55

,'+25253/Lt)J +254.55/L2)J
545= l6EB12/L22)(1+254/L1.) 567= -(6E B12/L22) (1 + 25 5A2.)

- (6E Bl1/L12) (1+25 31 L1) .' 577== {4 EW13J H)+(L. E BI2/L2)
555= (4EWI2/H)+(4EBI1/L1)[1+353/L1. . [1+355 /L2 (1+55jL2)]

l1+53/Li)1;+{4EBl2k.B+354/L2) 5'07--(6 EW13/ H2)• t \of S4Y,L.ti )'_
565=-(6EB12/L22) (1+254!LZ 514,7== (2EW13/H)
575= (2EB12/L2 [1+3JL2 (54+55

+254.55/U)] '.
58 5=-(6EW12/ H~

512.5= (2EW12/H)

538 558

, 517,8 519,8 521,8
S18=-(12E/ H3)(WI1+ WI2 + W13)
538=-(6EWl1/HZ) .
558 =-(6 E wr2/H2)
578=-(6E'WI3/H2)
588= (24 EJH3)(Wl1+WI2+WI3)
515,8=-[12E/H3)(Wl1 +WI2+WI3)
517,8::: (6 EWl1/ H2)
519.8::: (6E W12/ H 2)
521.8= (6. E WI 31HZ)

515

51

-\.,

•

. .~-- .:.-
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514 11

518,11 a 11=1
54,11= -( EWA2/H)
59,11=- ( 12E BI 1/ L13)
510,11=-( 6E Brl/L 12)( 1+Z 52 /L 1) .
511,11::: 2EWA2/H + 12EBII/L 13

+(12 E8I2/L23)
512,11= (6EBI2!L22) (1 +254!L2)

-( 6EBI1/L 12)[1 + 2 5 3/ L1)
513,11=-(12EBI2/L23)
514,11=+( 6EBI2 /L 22)(1 +255/ L2)
518,11=-( EWA2/H)

510,11512,10

511,10

515,10 517,10 ~lo=1
S1,10= t6EWI1/H2)
5;3,10::(2EWl1/H)
5'9,10= (6EBI1/L 12)(1+252 /L 1)
510,10:: (8EWl1/HJi(4E811/L 1)

[1+352JLl (1+52/L1)]
511,10::-(6EBll/L12) (1 +252JL1)
512, 10= (2EBI1/L1J[1+3fL 1 (52+53

+Z52S3/L1)]
515.10= - (6EWIl jH 2)
517, 10= (ZEWI1/H)

51,10

5112
"

a 12::: 1
513,12

515,12 519,12.

51,12:: (6EWI~/H2)
55,12= (2EWT2!H) .
59,12= (6EBJ1!L1i)(I+Z53!L 1)
510.12= (2EBll/L1)[l+3JL1 (52+S3+25253/Ll)J .
511,12= (6EBI2 /L22)( 1+254/L2)-(6EBll/L 12)[ 1+253/ L1)
512,12= (8 EWT2}HJ+(4E 811 /L i) [1 + 353)Li (1+53/L1~E812JL2) [1+354/L2(1+54/L?
513.12:::-l6E812/L22)(1+254/LZ) .'

514,12=: (ZE8T2/uHl+3JL2 (54+-55+25455/L2)]
515,12= - 6EW12) H2
519,12= 2EWI2/H



.. ,

66

56.13

'~;"
"

.2> ''3 ::: 1.
56.13 =-(EWA3! H)
511,13=-(12EBI2/L23) .
512.13:-(6EBI2/L22) (1+ 254IL2)
513,13: (2 EWA3/H)+{12E 81 2/L23)
514,13=-{6E£?I2 /L22) (1 + 25S/L2)
520,13=-(EWA3/H) .

514,14

51314,512)4

51)4

515,14 2>14= 1
51,14= (6EW13/H2)
57,11+= (2EWI3/H)
511,14= (6EB12/ L22) (1+ 2551 L2)
512,14= {2EBI2/L~ f1+ 3/L2 ( 54+55+25455 /L2)J
.513,14=-(6EBI2 / L22) (1+ 25S/L2)
514,14=[ 8 EW!3/H) +(4 E B12/ L2) [1+35 SJL2 (1 +55fL2)]
51S,14=i6EW13f H2)
521,14=(2EWI3 H) .' .



80=

8 =

511 512 513 514 515 516 517

521 522 523 524 525 526 521
531 532 533 53/' 535 536 537

541 542 50 544 545 546 547

551 552 553 554 555 556 557
561 562 563 564 565 566 567
571 572 573 574 575 576 577

5a,8 5a,9 58,10 58,11 5812 5813 5814, ,

59,8 59,9 59 •.10 59,11 59,12 59,13 59,14
510,8 5109 510,10 510,11 510 12 510,13 510,14

511,8 5",9 5 ",10 5", " 5",12 511 13 5 1114, ,

512,8 512 ,9 512 ,10 512 ,11 51212 512,13 512,14

513,8 513,9 513,10 513,11 513 12 513,13 S,3,14

514,8 514,9 514,10 514,11 514,12 514,13 514,14

67

c =

518 519 51,10 51)1 51,12 5113 51,14
528 529 52,10 52,11 52,12 52,13 52,14
538 539 53 10 53,11 53,12 53,13 53,14,

.

548 54 9 54,10 54," 5 4,12 54;_13 54 14

558 559 55,10 55,11 55,12 55,13 55,14
'568 569 56 10 56,11 5612 56,13 56,14

578 579 57,10 57, 11 57 12 57 13 57, 14, ,

."- ; ..•.
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4.7.1 5TIFFNE55 MATRIX OF GENERAL FHAME
69

.

. .

I

[SJ, &;)
[elH[e],

[ef IBJ, [e]
tJ rs [el

[e ij [e]
tj iBl f.Cl,
K;J:~[el

(el [8 [el
rc (8}. [el

fC' [~ [el,
[e] [r3J [el, .

(el [~ [cj,
[e1 ~J lCJ,15

[e] [8] [ellA-
t1[~/i:;) ie

(e) [8J [e]'6
&:J [~ Ie],I"
t) faJ [e1.

rclks) tJ,
[ef' 1131

, .

[5J1=

511 512 513 514 515 516 517
521 522 523 524 525 526 527
531 532 533 534 535 .536 537
541 542 543 544 545 546 547
551 552 553 554 555 . 556 557
561 562 563 564 565 566 567
571 572 573 574 575 576 577

I
I. ~.

", .:'.y....:.]



y

" .

[e]1

.* ..~

[e] ;=

,

51B 519 51.10 51,11 $1,12 51,13 51,14

528 529 5210 52,11 52.12 5213 52.14•
53B 539 53.10 53,11 5].12 53.13 53,14

548 549 54 10 54.11 54,12 54.13 54,14•

5S8 559 55,10 55,11 55.12 55,13 55.14

56B 569 56.10 56,11 5612 56,13 56,14,

578 579 57 10 57,11 57,12 57.13 57,14,

531 582 5a3 5 B4 5a5 5B6 5a7

591 592 593 594 595 596 597

5101 5102 510 3 510 4 510 5 5106 510 7, , > > , , ,
511 1 511 2 511 3 511 4 511 5 511 6 511 7I ) , I ) , )

$12 1 $122 512 3 512 4 512 5 512 6 512 7, , > > I I ,
513 1 5132 513 3 513,4 513,5 513 6 513 7, , ,

) ,
$141 $142 5143 5144 $145 $14 6 $14 7, I I , , , ,

•
70

[sJt

$a8 $89 $a 10 $a.l1 58.12 $a.13 58,14,

598 599 59.10 59.11 59,12 59.13 59 14,

510.8 510.9 510.10 510,11 510,12 510 .13 510 ,14

511,B 511,9 511; 10 511.11 511.12 511,13 511 ,14

512 B 512 9 512.10 512,11 512,12 512.13 512,14, •

513 a 513 9 513,10 513,11 513.12 513,13 51~.14• •

514 .B 514 9 514. 10 514 .11 514.12 514.13 514,14•

"

o
Q
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515,8 515,9 515.10 515,11 515.12 515,13 515,1!'

516,8 516,9 516,10 516,11 516,12 516,13 516,1!'

517,8 517,9 517,10 517,11 517,12 51713 5171!', I '

518,8 518,9 518,10 518,11 518,12 518,13 518,14

519,8 519,9 1519.10 519,11 519,12 519,13 519.14

520,8 520,9 520,10 520,11 520,12 520,13 520,14
-

C' ,8 521,9 521,10 521 ,11 521 ,12 521,13 521,14

592 h :::1

522=: EAL(1)/Hl+12EBLI(1)/XL~1)3
532= (6EBLI[I){(X Ln~) (i + 252 (1)P< L(l)
542=-12E 8LI (i) I(x L (1f3)
552= (6 E 8 LI(i)/(5<La'l) (1 + 2 53(lYX L(l))
592= - E AL(lJ/H 1

522

511

581 510,1

511=: (12E / H13)(C LlO)+(CM10)+ CRI(1J)
531=: 6E CLH1)/H12

551= 6ECMI(1)jH 12
571=: 6EeRI(1) jH12
58 ":"'(12 E j H13) ( C LI(l)+CM ](1)+ CRI(l))
5 10,1=:6 E CLl(1) / H12

512,1=: 6E CMI(l} /Hi2
'514,1= 6E CRI(1)jH12

I

,j
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576
566

564

544

546

556

S"'=1 513,6
5 1.,6 =-(12'E BRI(l)jX R (1)3)

556=- (6E8RI(V,h< R(1)2J{l+254(1)f.<R0j)
566= EAR(lJ!Hl +12E8R10f R(V3)
576= -6E8RI(1)j,< RiV2)(1+255(V/XR(l))
S 13.6=-( EARil)IH1) . '/

;)575
565

553

555

545

535

533 cf:.'C-
LS2I.

583 510,3 ~3: 1 ~4-,:1" 511,4
513= 6ECLl(1)jH,L 524::: -12E8LI(1)!{XL(lP
523= 6E8LI(lJAx L(J)2)(1+252(1)!X L(l)) 534= -(6EBLI(V!XL(1J'(1+252(1);X L(l))
533= 4ECLj{1)!Hl+(4E8LI(1)X Lll) 544= E/!lM(l)/Hl+12E8LI(1)~ L(V3

[1 352 (1) (. S 2(1) ) + 12 EB RI(VP< RW.
, +XL(l) I+XL(1) 554;. (6E8RI[lfXRUJJ(1+254(V/XR(lJ)

543::: -( 6E BU(l) fix L(1)2)(1+252(1)xL(i) • -( 6E 8 LIlW L(lJ2)(1+253('Vtx L(1})
553= (2EBU(1)P<L(l))[1+/qlll 52(1)j33(i) ; 564;. -12EBRI!1J;X R (1)3

+ 2520)53(Vjx L(l))] J 574= (6EBRl(1)!XR(lf)(1+2S5(Vj;<R(V
583:.- 6ECLI(1)!H12 511,4=-(EA M(l)jHl)
510,3= 2ECLI(1)jH1

525

• 515

585
515=- 6ECMl(1)/H 12
525= (6E BLI(1)j<L(lP)( 1+253(1J.b<Lll))
535= (2EBLI(1)~ L(1)[ 1+;A--nt52 (1)

+ 53{1)+25f!(1) 53(~IX L(l))
545= (6EBRI(ljX R(~2)(1+25 l.,(lfx R(l)

- 6E8 LIl1J{XL(lJ2)(1+ 25 3(lJ/XL(l)
555= (4 ECMl(1)ft-!1)+(4E BUrJPs L(l))

[ 1+Xn~p(1+S3(i){6< L(lJJ.("EBRIQ)
Ix L(l) [1+ 354(1)jx R(i) (1+54(lJp<R(1)]

565= - (6 E 8 RJO)~R (lP) (1 +25" (1)/X R(1)
5 75= (2 E 8 RI (l~XR0)) [1+~) (5 1.,(1)+5 5(1)+ 254 (1)55(1)(X R(1)J
535: -(6ECMI(1)/H12) .
512,5:: (2ECMI(lJ!Hl)

".

, '
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148,510.8

511..7

517

587 2:>7= 1

517" (6ECRI(lJ/H 12)
547" (6EBRl(1)!X R(l)2J+(1+25S{l)jx R(1)) 515,8
557= (2E8Rl(11/X R(1))[1+X~[1}(54(lJ 518 =-(12E!H13)(CLI(1)+CMI(l)+CRl(1))

:1-55[1)+254(1} 55(l)lx R(l)] 538= -(6ECLI(1)fH12)
. 567=~(6EI3RI(V/X R(lJ)(1+2S5(l)}<R(1») 558= -(6ECM1(l)/H12)
577= lJ.,ECRI(1J!Hl)+(4E8RI(l)jxR(1» 578=-(6ECRI(1)!H12j

r 1+ 355 (1)~ R(1)(1+5 5(1)jx R(lJJ] 588= -( 12E IH 13) (C LI(l)+CMl(l)+C RI(l)
. 587=~(6ECRI(1)/H12) . + 12E/Ha3)(CLl~)+CM1(2)"'CRI(~)
514,7=(2ECRI(1)/Hl} 510,8= (6ECLI(2)/H22)-(6 ECU(l) IN1)

~~--~, 512,8= (6E CMJ(2)/H2~-(6ECMl(1) JH12)

529~ L512.9 = I 514,8= (6 ECRl(2)JH22)-(6 E C.Rl(l)/Hl~
599~ 1\--- 515,8= (12E/H2~ (CLI(2)+CMI(2)+CRl(2))

~' I 511.9 • ,J 517,8= (6ECL1[2)/H2{
t 516,9, . :2J9=.i 519,8= (6ECMr(2)/H2)

529=-(EAL(1J!Hl) 5218= (6ECRl(2) /Hz21
599= EAL(l)/H1+ EAW)IH2 ,I. I /

+lZ£8 U(Z)><LOP)
510,9= (6 E 8 LI(2),b<L(2)l)(1+ 2 52 (2),-XL(2)>
511, 9=-(i2E BLl(Z)jX L(Z)3)
5119= (6EBL1(Z);X L(2yl)(1+2S3(Z)jx L{2»
516,9=-(E AL(2)/H:J

512,10

I" 53.10
51,10

58,10

59.10

515,10- 2l10=1'
51,10~,(6ECLI(l}jHll) 511,10=-(6EBLI(2)~ L(2;2)(l+252/licLl~)
53.10= (2ECLIO)jHl) 512.10= lZEBLI(2)jxL(2)D,,:,L (I;(Z)+-
58,10=(6 ECLWJjH22)_(GECLI(1)/Hl~ 53(2).\- ZSZ\2)53aF)]2)
59,10={6EBLI(2)/X L(4J2)(1+ 252 (4l/x L(?)) \ x LV}
S 10,10, 4ECU(l!/Hj,+ 4ECLI(2J!H2+ 4E8 LI(2i:<L~) 515,10=-( 6E'S U(2) jH2 ~

'* [1+352l2r Ll2) (1 +52 (2f L(Z))]" 517,10= (2Ee LI(2)/H ~

',. ,,,. , _' -n .•.•",~,

••
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514,12

514,14

513,14

521,14

57,14

511,14

59,12

5 J.l2

58,14

514,11
5812

513,11 .

511,13

54,11

59,11

~13=1

56,13= -(E AR(l) /H 1)
511,13= -(12EB RI(2)X R(?J3)

512,13= -("~ :7~W) (1 +7.S4WjX R(2»)
5 13 ,13= EAR(l)! H 1+ EAR(2)/1-12 +(I'Z.EBRI(2)

/XR('1.)3

(
(;,EBRI(2) ( / J)514,13=- XR('l.)'l. 1.+2SS\.7.) l<R\.'1.

520,13;: -:-(E AR (2}!H 2)

512,12
511,12

518,11 515,12 51912
54,ll=-EAM(1)jHl '2011=1 51,12= (6ECMH1J/H12) > 2)12=1
59,11=-(12EBL1(2)}xL(2}3) -- . 5S,12=(2ECMU1»)t-n) .
510,11: - (6EB Ll(2)JX L[2J2)(1+ 252 (2)/X L('2)) 58,12= (6E CMl(2)/H 2 '2)_(6E CMI(1)/H 1'2)
511,11= EAM(1)/H1+ EAM(2)/H2+(12EBLl(2} 59,12= (6EBLI(2)tX L(?;2J (1+'253[2jX LlzJ)

Ix L (2)3)+(12E 8RI(2)XR(2)3) 510.12= (2EBU(2)X L(2))D-+xCl'2)(S2(7)+53(2)
512.11= (6EBRI(2)/XR(2)'J(1+ 254(2J!XR[2») + 252(2) 53(2)J

- (6E 8 U(2)p<L('2j'2)(l+2 53 (2)fx L(2) X L(2)
51?,11=- (12 EBRI(2)!X R (tJ3) '<.. 511,12= (6EBRl(2)jx R{2;2}t(1+254(2J}<R(2))
514,11 = (6 EBRI{l)jx R(2)2)( 1+ 25 5 (2)~ R( 2) - (6 E BLI/2)fxL(7)2j(1 +25 3( '2jx L(?))

518,11= -(EAM(2)!H'2) 512,12= (4ECMI(1)!Hl)+{4EC MIl4J/H2
+ (4EBLT~)tX L(2)

<llo[1+ 353(2) (1+ 5;o('4»J + (4E5"1(~)I[I+*ib2,)(J+~XU2J XLl2) X••{~J ••• ~Rl.,

513,12= -{6 E BRI('2)jx R (7)'2){ 1+25 4 (2)f< R(2)J
514 12= ( 2EBRI(2))[1~ (SA (1)T 55\'1.)+ 'L<;4-(if$>(~

, X 11.(2) ••• ,,~}.. • iter
""'-'1515,12=-(6 ECMI(2)jH'2'2 .

S14." 519,12= (2 EC MI(2)fU)

51,14

•

-I..

•
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CHAPTER 5
COMPUTER PROGRAMS FOR STRUCTURES

5.1 Introduction

and .In chapter 4 the stiffness method/recursion procedure of

analY,sis,was presented in a farm which is suitable for computer

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 ~ariables, constants, or Dther entities which are used

in the program. The programs are written in Fortran. The listings
of the programms are given in Appendix 'A'.

In the programs, all of the structures to be analyzed arB

assumed to consist of straight prismatic members. The material

properties for a given structure 'are taken to be constant throu-

ghout the structure. Only the effects of loads are considered,

and no other influences, such a. temperature change, are tsken

into account.
,,';.• ':~,,'. ',. '~'-:.

All the programs arB written for twenty storied frame.

HDwever the number of storey may be increased to any number

depending Dn the storage capacity Df cDmputer.

5.2 Outline Df Programs

Since the detailed steps in a cDmputer program are related

to the manner in which'~ata are prepared each program is preceded
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-)- by a summary which explains the preparation of the necessary

data. In addition, some of the variables in the program will

be of integer type while others are of floating-point type.

1'herefore, a listing of the variables of integer type is given

in each identifier table. The variables which are subscripted,
in th~ program ( and which require blocks of storage in the

computer) are given in the dimension statement of each program.

5,2.1 General outline 0 f Programs

The general outline of all ~he programs is sho~n in the

following five steps.

1. I nput and print structure data.

a) Number of storey, number of store-y loaded

..."

b) Structure parameters and elastic moduli

c) ~iember designations, prOperties and orientations

2. Structures stiffness matrix

a) Generation of stiffness matrix

b) Inversion of st~ffness matrix

3. Input and print load data

a) Actions applied at joints

b) Actions at ends of restrained members due to loads

4. Construction of vectors associated with loads

a) Equivalent joint loads

b) Combined joint l08ds

i



77
5) Calculation and out put of results

a) ,Joi nt di sp LJ csrr""nt and support reactions

b) Member and actJ.ons.

5. 2, 2 LJni t s

.<

The units of input data used for the programs.are loads

in kips, lengths in inches, areas in square inches, modulus of

elasticity in kips per square inch, and so' on. The units of final

results are in kips, inches and radians.,

5.3 Computer Storage and Time

IBf'l1 162.0 computer of I\tomic lnergy Center vJas used in the

development 8nd test run of ,,11 the programs. After the orograms

were developed the production run were made i'n the IBM 360-30

computer available in the Bureau of Statistics, The storage capacity

of IBM 1620 is bOK and the existing storage capacity of IBM 360-30

is 65K, Time required by IBM 1620 computer for the compilation

and execution of a program is much more chan the time required by

IBM 360-30 computer. To cite an example for a two bay frame
program, the compilation time required by IBM 1620 is .L8 min"

while the compilation time required by rrJr"> 360-30 is 3+ min" and

the execution time for th e same program for twenty storey is

'"".' .•....... ".;.,' 15,.>min.for IBM 1620 and approxim"tely 48 Sec~ for IB~.'IJ60-30.

Origina lly th e progr"ms were tested and ru n VJith single

preci sian, The resu Its Were found to be satisfactory; 8nd th e
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equilibrium was satisfied at all joints and the whole frame .
... "~ ',' '. '.

However in the final production run, when the value of I\. WAS

varied from 0.5 to 100, it was found that if the value of l\.

goes beyond certain range, then neither the equilibrium of joints

nOr of the whole frame does satisfy. To overcome this problem •.'
all the programs were subsequently written for double precision.

It is found that ,Double precision gives very accurate result for

''''', any frame irrespective of the value of I\. .

A ch ar t showi ng . the comput er 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 ~ime required in each program

Name of prog ram Core used
(H"xad ecimal

1I ni t)
-(Bytes)

Compilation
time
(min. )

Execution time
for one 20
stor..!2Lframe

(. ,
ml. n. )

One bay frame 00A567 03.10 00.24analysis

General one bay OOA2FF 03.20 01.22fram e an alysis

Two bay frame 00 C587 03.38 00.48ana lysis

General two bay 008827 04.40 02,.05fri::Jm e analysis

GA for two bay OOB78 7 03.08 00.28frame

GA for one bay frame OOgCFF 02.53 00.18

Note: Time 1- 03. J8 min. means 3 min. 38 sec.; 00.24 min. means
o min. <:,4 se'c. etc.

d
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5.1, FLOW DIAGRAM

READ AND PRI NT D AT A

GENERATE LOAD MATRIX

GENERATE STIFFNESS MATRIX

SOLVE FOR JOINT DISPLACEMENT

BY RECURSION PRO CEDURE

SOLVE FOR MEMBER

ACTIONS

78

" WRITE

AND
JOINT DISPLACEMENTS

MEMBER ACTIONS

FIG. 5.1 FLOW DIAGRAM OF THE COMPUTER PROGRAM
FOR THE ANALYSIS OF PLANE FRA'ME

.-



5.5 One Bay Frame Program

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 d~ta required in the program

are summalcized in Table 58.

TABLE 5A
Idenfier used in one Rav frame computer programs

,
Integer type variables ere: N. N5LOAD. L5

79

I

Il..,.

Identifier

N

N5LOAD

XIl
XI2
XI3
Al

A2

XL

H

XL2

xu

Definition

Number of story

Number of story loaded

~10ment of Inertia of left column (equ81 for all floors)

Moment of inertia 0 f right column (equal for all floor~

("lament of inertia of beam (equal for all floors)

Area of cross-section - Left column (equal for
all floors)

Area of cross-section-right column (equal for
all .floor's"]'

Young's modulus of elasticity

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

5torey height (equal for all story)

Distance from e.g. of left wall to end of beam.
It is zero in case of columne

Distance" from e.g. of right wall to end of beam.
It is zero in case of column.
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~A8L£ 5A (Contd.)

Identifier Definition

LS Loaded storey level from top

XP( Loads applied at joints of a storey.

fER( Fixed end reactions on storey beams. The order
of FER( I. is lef~ F~E. @h~ar, Left F.E.M,
R~ght F.E. snear, R~ghl; F.E.M.

TABLE 58

Preparation of Data for one Bay frame

Data

al Number of storey
of storey loaded,
member properties.
structure parameters
and elastic modulus.

Number of
cards

1

Items on data cards

N,NSLOAD,XIl,XI2,XI3,Al,

A2, EM, XL, H, XL2, XL3

a) Storey level,
actions applied
at joints, actions
at end of restrained
members due to loads.

5.6 General One 8av Frame Frogram

LS, XP(

FER

) ,

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 CRn take care of variable storey height, moment

of inertia, area etc. Identifiers used for general one bay frame is

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

Dat a Number of
cards

Items an data card

a) Number of story,
Number of story loaded,
Mod~lus of Elasticity

a) ~1ember properties,
span. storey height
etc.

1

fy

N. ~!5l. E

Cl( I).CR( I),8l( I),
Al (I),AR (I)•X (I)•H (I)•
52(I).53(I).

a) loaded story level,
Actions applied at
joint, Actions at
ends of restrained
members due to loads.

N5l l5.XP( ). FER(

'I

.~.

TARLE 5D

Identifiers used in general one Bay Computer P~ograms

Integer type vBriables:- N. N5l. l5

Identi fier

N

N5L

E

Cl( )

CR( )

BL( )

AL(

AR(

X(

Number of story

Number of story loaded

Modulus of Elasticity

Moment of Inertia of left column or wall

Moment of Inertia of Right column or wa~l

~10ment of Inertia of Beam

Area of left column or wall

Area of right column or wa~l

Beam span c/e of column or face to face of wall
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TABLE 5D (Contd ••• J

Identifier Definition

HI

S2(

S3(
LS

FER(

)

)

)

Storey height

Distance from e.g. of left wall to Beam end.

Distance frem e.g. of right wall to Beam end.

Loaded storey level counted from top

Actions (Loads) applied et joints on a storey.

Actions at ends of restrained members due to
loads. Order of FER ( ) is left F.E. shear;
Left F.E.f'1.;Right F.E. shear; Right F.E.i'l.

,.

5.7 Two Bay Frame Program

Two bay frame program was written to analyze frames of

COlumns or walls or combination of both. Storey height; Moment of

inertia of left beams; right beams; left vertical members; center

vertical members right vertical members etc. have been kept constant

throughout the full height. 'he identifiers used in the program

are listed in Table 5E and the inpL!t daca required are summerized
in Table 5F.

. :~.i
"'d
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Identifiers used in two Bay Frame Computer Program

Integer type variables are:- N. N5LOAD. LS

Identi fier

N

1'1 II

\oJI2

1'113

WA3

H

S3

S4

LS
SP(
FER(

pefinition

Number of storey

Number of storey loaded

r~oment of inertia of left colum n or wall

t'lomant of inertia of cent er colum n or wall

i'loment of inertia of right column or wall

t'loment of inertia of left beam

t10ment of inertia of right beam

,4, rea of left column or \r.:a11

Area of center colunln or wall
Area of right column or wall

Modulus of elasticity

Span c/c of columns or f'Jce to face of walls of
left beam

Span c/c of columns or face to face of walls of
right beam

Storey height

Distance from c.g. of left wall to beam end

Distance from c.g. of center wall to end of left
beam

Distance from c.g. of center WELll to end of right
beam

Loaded storey level from top

Actions (loads) applied at joints on a storey

Actions at ends of restr ined members due to loads.
order of FER( ) is s ..,me as for one bay frame.
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TABLE SF

Preparation of Data for two Bay ProgDaq
j

,j
1 Data

a) Number of storey, number
of storey loaded, section
properties of. members etc.

b) EIElstic modulus, span,
storey haiohl, wall
widths from e.g. etc.

aj Storey levsl, actions
applied at joints

b) Actions at ends of
restrained members
due to l08ds

Number of
Card s

I

I

NSLOAD

NSLOAD

Items on data cards

N,N5LOAD,WI1,WI2.
WIJ,B Il,8 I.!., vJA1,
WA2, WId.

EM, XLI. XL2, H. 52,
53, S4, S5~

LS, XP(

FER(

5.B General two Bay Fr<1me Program

General two Bay frame program can take care of variable

storey height. varieble spans and section properties of all

members. The identifiers are listed in Table 5G and the input data

required are summarized in Table 5H.

". ~

".
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TMiLE 5G

Identifiers used in General Two Bay Computer Progrem

Integer type variables 8ra:- N,NSL, LS

Identi fie l'

N

NSL

E

LS

SP{ )

FER{ )

H(

AL (

M'I(

AR(

eL(
OH
BL
BR

X

Y

pefinition

.~Jumber of storey

Numb8r of storey loaded

Modulus of Elasticity

Storey lavel from top

Actions (loads) applied at joints on a storey

Actions at ends of restrained members due to loads ..
Order of FER( ) is sarna as two Bay frame

Storey height

Area of left column or wall

Area of cent 81: column -or "all

,~rea of right column or .,all

f'1am ent of inertia of left column or ••all

~1oment of inertia of right column or wall

Moment of inert ia of left beam

~1oment of inertia of right beam

Span left beam

5pan right beam

:

52,53,54. and S5 are same as two bay frame

.'
•. """'1
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.r ABLE 5H

Preoaration of Data for General two Bay frame Program

Data

a) Number of storey,
numb 81" 0 f st or ey
loaded, Modulus of
Elasticity

a) Loaded storey level,
actions applied at joint

b) Lo aded storey level,
actions at ends of
restrained members due
to loads

Number of
cards

1

N5L

NSL

Items on data cards

N, N5L,E

L 5, XP (

L5jFER(

a) Storey height, properties
of vertical members

b) Beam properties, spans,
wall depths from e.g.

N

2N

H ( I) , A L ( I) j AM ( I )
AR ( I) j CL( I ) j CI'1( I )
CR ( I)

BL,ER,XjYj52,53j54j55
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.S
Ga parameter of a framo is defined as the concentrated load

required at1!::the top of the framc tol'J cause unit lateral displace-

ment:. GA for one bay frame was written to compare the actual GA

value of a frame evaluated by stiffness method and recursion

procedurc and tho approximate GA value evaluated by Heidebrecht

and Smith met.hod (H91). Identifiers used in this program is same

as tho id8ntifiers of first data card of one bey frame program.

Only one card is required in this program to evaluate the GA value.

5.10 Program for GA for TWQ Bay Frame

This program was written to find out the GA value by exact
as well as H5M for two Bay frame. Only two date cards are required

for ~his program. Identifiers used in this program are same as
the identifiers of the first two cards of two bey frame except

that the identifiers are arranged in different manners in this

program.

5.11 Program for Approximate Analysis by Heidebrecht and ijmith Method

This program was written to find out tho deflection; B~M;

shear and the interacting forces in flexural and shear beam by

H5[". Identifiers used in this program is same as the .identifiers

of the first two cards of two bay frame program.
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CH;\PTLR 6

COMPARISON OF EXACT METHODWITH APPHOXIMATE METHOD

6.1 Introduction

Tall building frame is one of the highly redundant structure

encountered in Civil Engineerinq practice~ Numerical solution of

the exact an'.,lysis; .Jithout the help of high speed digital compu-

tars, is too time consuming and sometimes impossible. Designers

with no access to high speed digital computers go for approximat8

analysis. Here in this chapter an attempt has been made to compare

the different parameters or assumptiorls of approximate method
with that of "exact" m8thod.

For academic interest the value of A.. (= Io.t /Ib.h or

Llc.l /2 2:.Ib.h) has been used between 0.5 and 100. HQ.""ver,

the realistic range of is between land 10.

6.2 Com£Erison of GA Pa~~~r of One and Two Bay Frames

GA parameter of a frame may be defined as the ~ateral

load required at the top of the .frame to cause unit lateral trans~

lation of the frame at top. In Chapter 3, G,; par'clmeter by

Heidebrp,cht and Smith was given in equation (3.2.11).

,. ,"0 ; ,~~,

;..' 'v:;:~',

. //'~~~;~, ,J.":;' .:>~

'- ------------------------='"



89

To compare the valUe of GA by Heidebrecht and Smith method

(HS~1) and the exact method (EM) progrc,ms were developed for one

bay and two bay frames.

GA v",lue by the above two methods were evaluated. The results are

given in tsbular fornle

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 range of storey,s for different values of/\..

--7\.= 1 - 2 2 - 3 3 - 4 4 - 5 5 - 6

N~. Of.l 7-10
I
10-12 12-13 13-14 14-16s'tor ey

Similarly for one Bay frHme the GA value may be used in the

following the range of storey for different valUes of 7\.. •

.
I I ID11\= 1 - 2 2 - 3 3 - 4 4 - 5 '5 - 7 7 - 9 9 -!

~
No. of
storey 4 - (, b - 7 7 - 8 8 - 9 9 - 10 10-11

~
!
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GA FOR ONE BAY FRAME

h c Storey height

i cSpan

I c Moment of inertia of column
c

Ib= I~oment of inertia of Beam

HSM = Heidebrecht and Smith method
EM = Exact Method

1\..= 1,0 1.92 2.0 3.0 4.0 4.16 4.17

85526 16227

126981 2009B

140324 21213

•

GA BY
EM

13343

I 13B83

14443

15021 I
15620

16238

16B76

17536

18220

27475

31641

4148B

20481

22353

23553

25131

20089

21356

N/A

13185

13965

18212

14811

15751

93B7[,

9932
10510.

8390

8873

11122

11770

50220

53246

56485

68385 I 16844

59993

63884

81803 13?139
94974 ~411

1249701 30911

33450

34528

37536

39779
42162

44961

47374

-.J
GA BY GA BY

Er~ EM

61728 15064

29857 7509

31595 7935

83270

90201 . 73980

79365

39993

42662

45534
48620

51931

37516

99441

114237

14b496

i GA BY
i Er'1

I 33089

35218

67157 55476

72595 59269

78491 63323

84874 I 67669

In784 72353

99304 77481

107619

117173

129110

146744

18n52

GA BY
Er~

37149

39833

111111

42770

45986

49505

53355

57562
.

62155

22447

23895

25793

28783

35185

GA BY
EM

10446

11034

, 21421

11656

i 12321

13022

13763
14544

15366

94256 17128

104021 18070

114904 19057

255590

155039

171401

190263

214501

77739

49841

54221

I 59126

6462B

70B03

GA BY
EM

42412

145923, "

6

7

6

11

10
9

4

3

2

5

13

12

18
17

1~
15
14

20

19

NO. OF
STOREY

GA BY
HSM
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f.-' = 5.0 ! 6.0 7.0 8.0 9.0 10.0
GA BY 50505 42735 37037 32680 29;<40 26455H5r~

NO. OF GA BY GA BY . GA BY GA BY I GA BY GA BYSTOREY U1 EM EM EM I EM EM
I

20 27220 25027 23173 21585 20208 19003
19 28671 26260 24237 22515 21030 19737
18 30207 27558 25352 23486 21886 20499
1 ~ 31832 28922 26518 24498 22776 21290•. I

Hi 33548 30355 27739 25554 23703 22112.

15 35361 31860 29015 26656 24668 22968
14 37273 33439 30350 27806 25675 23861
13 39289 35098 31749 ' 29011 26730 24788
12 41415 36843 33221 I 30280 27842 25788
11 43663 38687 34779 31625 29026 26845
10 46052 40657 36444 33071 30305 27995
9 48616 42772 38254 34655 31710 29273
8 51419 45114 40275 36442 33328 30746
7 54577 47793 42623 38548 3524~ 32523
6 58316 51036 45518 4L187 37693 34812
5 63126 553.03 49409 44797 I 41084 38028
4 70060 61652 55321 50375 46399 43129

I 3 82157 72982 66073 60673 56332 52763
- •

2 110530 100136 92283 86132 81181 77107

.v
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GA VALUE FOR TWO BAY FRAME

-{ where: h : Storey height
t : Span

2:.1 : Sum of moment of inertia of columnsc
LIb: Sum of moment of . + . cf Beam sJ.ner ....~a

HSM = Heidebrecht and Smith Method
EM = Exact method

--A= LO 1.44 1. 60 1.842 1. 98 2. %5 3.95 4.95 5.93
SA B '(

163746 39175 33547 35288 38308 27382 21305 17437 14756HSM

NO. OF SA BY SA BY SA BY SA BY SA BY SA BY SA BY SA BY SA BYSTOREY EM EM EM Er~ EM EM EM EM I EM

/-20 4(3305 26664 26577,25664 28918 22604 18585 15800 13753
4lfj35 27623 27248 26491 29777 23146 18965 16086 13979 :

19

128606 23694 16376
,.16 43617 27925 27333 30650 19348 i '14209 "

17 45346 29610 I 28606,28190 31534,24247 19738 16669 14443
16 47120 /30634 29291 29059 3243Dt24806 120131 16968 114682
15 48934 31676 29980 29942 3333~~532 17274 14929
14 50784 32735 30673130836 34254 25948 ,20941 117590 15186 ,
13 52664 33809 31372 31744 35184 26535 121363 17918 115455

I12 54572 34899 32080 32665 36130 2713IJ 21802 18265 15744 ,
11 56505 36007 32803 33606 37097 27765 22267 18638 16058 ,10 58464 37138 33547 3457«; 38095 28428 22769 19047 16408
m9 60460 38304 I 34330 35583 39144 29146 23326 _/19512 16813

62512 39529 366618 35173 40273 29948 23968 120060 17289
7 64666 140850 36127 37853 41537 30889 24745 2073B 17910
6 67016 42351 37250 39247 43036 32065 25749 21634 118731
5 69752 . 44189 38713 41017 44971 33664 27159 22918 19926
4 73316 46727 40848 43555 47790 36115 29378 24976 21B61
3 78BB6 50933 44554 47910 52692 40556 33491 2B843 25538
2 90596 60241 53020 57B02 63936 5108B 43436 38331 34668-
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6 .. 3 ,!:omparison of lIExact" r"1ethod with Portal. and Cantilever
r~ethods

Probably the most popular methOd of analyzing a rigid

rectangular frame und er lateral load J.S either the portal method

Dr the cantilever method. These are, in effect, the methods

generally used in the preliminary analysis of tall buildings:

The two common assumptions made in portal and c~ntilever
methods are'

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

girder.

2. There is a point of .inflection at th", center of each

column.

I
I
I

The third assumption for portal method is "The to t"l

horizontal shear on each storey is divided between the columns

of that storey in a manner such that each interior column carries
twice as much shear as each exterior columnlt•

While the third assumption for cantilever method J.S "The

intensit<y of axial stress in e~ch column of a storey is propor-

tion 1 to the horizontal d1.stance of the column from the center

of gravity 0 f all the columns of the storey under consideration".

Sev9ral progre.ms for latera:l l.oads with different structure

data were run to check the'validity of the above simplified

assumptions.
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6.3.1 One Bay Frame

I . e
By varying the value of A. (= I:.h ) from 0.5 to 10lJ,

programs for lateral lbad for one b~y fram9 were run with a

view to assessing the range of7\.. for which the above assump-

tions of portal and cantilever methods may safeLy be used in
,

the design office. By anaLyzing the results it i" found chat

for symmetrlcaL Yrames the assumptions land j of the above

methods are valid for all vaLue s of 7\..., while assumption 2 does

nOl; hold good for any value of 7\.. POi'll; 0 f i"flection of each

column is dependent on 7\.. and varies from storey to storey for

same value of 7\.. Poi'll; of inflection of column for differenl;

storey Io",ith di fferent values of 7\. are given in Tabular and gra-

phical form.

6.3~1.1 Discussl.on on-EQint of infJection in COl._~

The amounl; by Which the poinl;s infLection in the tOLumns

move off-center Can be estim'ted using the tables or graphs as

given after this secl;ion.

If I\.. is 10'''', then l;he beams are stiff and the frame def-

lects purely in a shear mode as shown in Fig. 7(a)-. Points of

infl~ction are at midheighl; throughout,

p,s !\. increases th e beams become less effective until
t

when

they have no bending stiffm,ss, the L08d is resisted by the

columns aLone, as in Fig. J(b). The fr-ome then assumes a be'll;

shape simi.lar to that of. a single cantilever under lateral. l.oad,• ~
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that is, it deflects in a bending mode. There are no points

of inflection in th" columns.

Neither of the ideal conditions iLlustraterj in F~g. 7

are normal.ly achieved in realit.Y~ Beams can never be. fu.ll.y

rigid and even a very low beam stiffness Can have a significant

effect in restraining the frame deflection, \-ihatdoes happen

is that within a rea~istic range of ~ (say ~ to 10) the points

of inflection in the COlumnf3 (except those in the lower and upperr

stories) are close to midheight, <3nd shBar mode deformation

predominates.

If significant axial strains do OCC1JT in the columns, •

bending moae deformations becomes mare prominent a From the

poi nt of view of st~ffness calculations, it is important to

note that as 7\.. decreases, deflection due to '8xi81 deforma'tion

1

""

~ I

I

,

'of the columns will become more prominent.
Sa m~ fully riSI"d

.• .A '., rin ~P p JOlnfo1.r-------1

(a) shear mode
deformation

(b) bendmg mode
deformatIOn

FIGJ EFFECT OF 7\. ON FRAME DEFORMATION
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POINT OF INFLECTION AT COLUMN------(ONE BAY FRAME)

1\.=
Ic' t_
lb' h

h = stDrey height, t = SDan; I = MDment Df Inertia of column. C

Ib = MDment of Inertia of Beam

x _ Distance of pDint Df inflectiDn frDm bDttDm of column.

NPC = No pDint of inflection

NUMBER OF STOREY = 10

STOflEY 1\=0 •.,5 "1\=1.0 A.=2.0 7\=4.0 }...=5.0 1\.-8.0 "-10.0 "-=~O.0 }..._40.0 ~=80. 0 l\~00. 0LEVEL ~
FROM{Of - --X/h X/h X/h X/h X/h X/h X/h X/h X/h X/h X/h_._-

- -_. --I 0.3866 0.2778 0.0856 NPC NPC NPC i~PC r~pC NPC NPC NPCI

0.3025
I

2 0.4514 0.3997 0.1259 0.0448 NPC NPC NPC NPC NPC NPC
3 0.4755 0.44;<0 0.3787 0.2565 0.1991 0.0398 Q flec NPC NPC NPC NPC
4 0.4878 0.4b4J 0.4177 0.3;<71 0.2E:J7 0.lb40 0.093b NPC NPC NPC NPC

.

0.1348--5 0.4961 0.4779 0.4416 0.3719 0.3392 0.2517 0.2022 0.On6 NPC 0.0432

6 0.5027 0.4878 0.45B8 0.4061 0.3830 O.J;<bB 0.2:186 0.2298 0.257;< 0.4739 0.5936- f- - --r O. 5082 0.4%1 0.4738 0.4409 0.4l97 0.4110 0.4074 0.4430 0.5%9 0.9233 f~PC

8 0.5l3b 0.5052 0.4952 0.~954 0.5017 0.5338 0.5bll 0.7123 0.9895 NPC NPC J
-

9 0.5240 0.5293 0.5523 0.6163 0.6506 0.7520 0.8159 NPC NPC ~;H~
0.6022 0.6645 0.7702 0.9373 fi]. NPC NPC NPC NPC NPC NPC NPC

---- - -_--1

'i)-

~-

'0

""
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POINT OF INFLECTION AT COLUMN (CONTD •• )

NUMBER OF STOREY = 15

Storey ,,"=0.5 7\=1.0 1\=2.0 "'-=4.0 1\.=5.0 /\=8.0 1\.=10.0 1\.=20.0 1\.=40.0 7\-=80.0 7\..=100.0level
from X/h X/h Xl.h X/h X/h X/h X/h X/h X/h X/h X/hop

1 0.3866 0.2778 0.0856 hl.NPC NPC NPC NPC NPC NPC r~pc NPC
2 0.4514 0.3997 0.3025 0.1258 0.0440 NPC NPC NPC NPC NPC NPC
3 0.4755 0.4426 0.3787 0.2560 0.1977 0.0319 NPC NPC NPC NPC NPC
4 , 0.4878 0.4643 0.4177 0.3257 0.2811 0.1508 0.0681 NPC NPC NPC NPC

•
5 0.4961 0.4779 0.4414 0.3688 0.3331 0.2276 0.1597 NPC NPC NPC NPC
6 O.5027 0.4878 0.4579 O.3981 0.3687 0.2811 0.2247 NPC NPC NPC NPC

"7 0.5082 0.4955 0.47'03 0.4197 0.3948 0.3210 0.2739 0.0682 NPC NPC NPC
8 0.5131 0.5022 0.4802 0.4366 0.4151 0.3529 0.3139 0.1531 NPC NPC NPC--9 0.5176 0.5079 0.4886 0.4506 0.4321 0.3809 0.3502 0.2369 0.1443 0.1645 0.2486
10 0.5218 O. 5132 0.4900 0.4633 0.4482 0.4094 0.3884 0,3299 0.3356 0.5011 0.6050
11 0.5258 0.5160 0.5030 0.4771 ii.4667 0.4450 0.4371 0.4457 0.5590 0.8505 0.9928
12 O. 5297 0.5228 0.5113 0.4976 0.4952 0.5002 0.5109 0.6040 0.8340 9 NPC NPC
13 0.5339 0.5296 0.5272 0.5405 0.5528 0.6LJ13 0.6386 0.8356 NPC NPc i~PC
14 0.5431 0.5512 0.5790 0.6517 0.6902 O.8fJ42 0.8765 &l. NPC' NPC NPC NPC
15 0.6197 0.6837 0.7933 0.9689 8. NPC NPC NPC NPC NPC . NPC . NPC

-

'"--.I
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POINT OF INFLECTION AT COLUMN (CONTD ••)
NUMBER OF STOREY = 20

Storey 1\=0.5 f....=1.0"-=2.0 "J\=4.0 A.=5.0 "-.=8.0 /\.=10.0 7\.=20.0 1\=40.0 1\=80.0 1\.=100Dlevel
from X/h X/h X/h X/h X/h X/h X/h , X/h X/h X/h X/htop
1 0.3866 0.41778 0.0856 NPC NPC NPC NPC NPC NPC NPC NPC
2 0.4514 0.4000 0.3025 0.1258 0.0440 NPC NPC NPC NPC NPC NPC
3 0.4755 0.4429 0.3787 0.2560 O. 1977 0.0315 NPC NPC NPC i~PC NPC4 0.4878 0.4644 0.4177 0.3258 0.2811 0.1505 0.0675 NPC NPC NPC NPC
5 0.4963 0.4781 0.4416 0.3688 0.3311 0.2271 0.1584 NPC NPC NPC NPC
6 0.5028 0.4878 o. as 78 0.3981 0.3685 0.2803 0.2222 NPC NPC NPC NPC
7 0.5082 0.4956 0.4703 0.4197 0.3944 0.3191 0.2694 0.0304 NPC NPC NPC.
8 0.~131 0.5022 0.4801 0.4363 0.4144 0.3489 0.3056 0.0969 NPC NPC NPC
9 0.5176 0.5079 0.4886 0.4498 0.4304 0.3727 0.3344 0.15116 NPC NPC NPC

10 0.5218 0.5131 0.4957 0.4611 0.4438 0.3923 0.3583 0.1985 NPC NPC NPC11 0.5258 0.5179 0.5022 0.4710 0.4554 0.4090 0.3787 0.2409 0.0403 NPC NPC
. 12 0.5297 0.5225 0.5082 0.4797 0.4655 0.4239 0.3972 0.2823 0.1372 0.0485 0.056813 0:5334 0.5269 0.5137 0.4876 0.4747 0.4380 0.4153 0.3263 0.2431 0.2592 0.307514 0.5371 0.5310 0.51B8 0.4950 0.4837 0.4528 0.4349 0.3782 0.3658 0.4931 0.582215 0.54G7 0.5350 0.5238 0.5029 0.4935 0.4709 0.4600 0.4455 0.5157 0.7601 0.8902
16 O.5443 0.5390 0.5289 0.5127 0.5069 0.4978 0.4977 0.5402 0.7064 NPC NPC
17 O.5478 0.5431 0.5356 0.5297 0.5307 0.5454 0.5619 0.6813 D.9569 NPC NPC
18 0.5517 0.5492 0.5500 O.%89 0.5838 0.6394 0.6812 0.8999 NPC NPC NPC
19 0.5606 0.5699 0.5999 0.6765 0.7170 0.8368 0.9131 NPC NPC NPC NPC
20 0.6365 0.7013 0.8129 0.9n5 iii NPC NPC NPC' NPC NPC NPC NPC

~ Ir -, ~.
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NO. OF STOREY = 20
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NO. OF STOREY = 20
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Comparison of exact method with 0artal and canti.Lever methods
where ,made for two Bay fram", 'hm types of data were used for this

comparison~ In one set the moment of inertia oY all the columns

W.8re kept equal, while in the other set the moment of inertia of

interior Column was kept double the moment of inertia of exterior

LL1b.h) Ilaries.from 0.5 to 100.0.

column. The frames are symmetrical and the value 5 ofA.('2.1.£/c

From the computer result it ~s found that for the frames

where the moment of inertia of interior column is double the moment
of inertia of exterior column, the assumptions 1 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 is

below' the center of columns and for lCh'er 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.

For the frames where the moment of inertia of all the
columns are same, only the assumption 1 of portal method and

inflection on column varies from storey to storey and depends •
on I\. . The point of inflection at exterior and interior columns

on a storey do not fallon the Si3me level. t.xcept at th e top

and bottom storey, thE ri3tio of shear i3t interior column to shear

at exterior columns varies from L 665 to L .4U depending on I\.. .

The ratio increases wlth the increase of '/" •

Point of inflection at column And ratio of column S~lear

are given in the tabular form ..
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No point of inflection

POINT OF INFLECTION AT COLUMN
of interior column is double that of exterior column

Sum of moment of inertia of columns

Number of Storey = 15.

where: -LI =c
2Ib = Sum of moment of inertia of beams
f = Span of beams; h = Storey height

X = Distance of point of inflection from bottom of column, NPC =

Area ant moment of inertia
'2.I .e

7\.= c .
2'2.Ib•h'

Sto rey
7\.=0.5 7\.=1.0 7\.=2.0 7\=2.5 1\.=4.0 7\=5.0 '1.=10.0 i\.=20.0 1\=40.0 V\.=50.0

level
from X/h X/h X/h X/h X/h X/h X/h X/h X/h X/htoo

1 0.3843 0.2754 0.0791 NPC NPC NPC NPC NPC NPC NPC2 0.4491 0.3972 0;2983 0.2523 O.1206 0.0387 NPC NPC NPC NPC
3 0.4713 0.4384 0.3738 0.3423 0.2505 0.1918 NPC NPC NPC NPC
4 0.4821 0.4583 0.4113 0.3881 0.3188 0.2737 0.0598 NPC NPC NPC
5 0.4889 0.4706 0.4338 0.4152 0.3606 0.3247 0.1504 iaNPC NPC NPC6 0.4939 0.4787 0.4486 0.4336 0.3887 0.3589 0.2139 NPC I~PC NPC
7 0.4977 0.4850 0.4593 0.4469 0.4087 0.3835 0.2620 0.0543 r,p C NPC
8 0.5011 0.4901 0.4679 0.4569 0.4L41 0.4042 0.3005 0.l38i NPC NPC
9 0.5039 0.4941 0.4748 0.4650 0.4J64 0.4180 0.3354 0.2Ll4 0.1365 0.1290

10 O. 5065 0.4978 0.4805 0.47n 0.4476 0.4J26 0.3724 0.3139 0.3177 0.3560
11 0.5089 0.5012 0.4860 0.4789 0.4599 0.4495 0.4197 0.4i99 0.5469 0.6179--~-12 0.5114 0.5045 0.4927 0.4880 0.4790 0.4766 0.4924 0.5877 O.8189 0.9300
13 0.5139 0.5095 0.5071 0.5086 0.5207 0.5330 0.6195 0.8181 Iii.NPC NPC
14 0.5217 0.5298 0.5577 0.5748 0.6309 0.6698 0.8570 NPC NPC NPC
15 0.597<' 0.6615 0.7717 0.8202 0.9481 NPC NPC NPC ~JPC NPCf

.-
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POINT OF INFLECTION AT COLUMN (CONTD ••)
Area and moment of inertia of interior column is double that of exterior column

Number of storey'= -20

-_.

Storey 7\,=0.5 7\,d.O ~=2. 0 "-=2.5 7\=4,0 ",=5.0 "-=10.0 ~=20.0 7\.=40.0 1\=50.0
.level
from
top X/h X/h X/h X/h X/h X/h X/h X/h X/h X/h1 0.3843 O.2755 0.0790 NPC NPC NPC NPC NPC NPC NPC2 0.4491 0.3966 0.2988 0.2:>15 0.1204 0.£1386 NPC NPC NPC NPC3 0.4713 LJ.4384 0.3788 0.3426 0.2500 0.1917 NPC NPC NPC NPC4 0.4821 0.4583 0.4114 0.3882 0.3188 0.2738 0.0589 Nrc NPC NPC5 0.4889 0.4706 0.4337 0.4152 0.3606 0.3246 0.1492 NPC NPC NPC6 0.4937 0.4787 0.4487 0.4335 0.3885 0.3590 0.2111 NPC NPC NPC7 0.4979 0.4850 0.4595 0.4468 0.4085 0.3832 0.2571 0.0171 NPC NPC

..8 0.5009 0.4901 0.4678 0.4568 0.42J7 0.401 B 0.2923 0.0821 i~PC NPC9 0.5038 0.4943 0.4746 0.4649 0.4356 0.4162 0.3198 0.13 56 NPC NPC10 0.5065 0.4978 0.4803 0.4717 0.4455 01il4281 0.3421 0.1813 NPC NPC
.11 0.5089 0.5011 0.4853 0.4775 0.4535 0.4379 0.3611 0.2224 0.0209 NPC

---12 0.513 3 0.5041 0.4897 0.4824 0,4609 0.4466 0.3781 0.2625 0.1169 0.075713 0.5134 0.5068 U.4936 0.4869 0.4672 0.4543 0.3945 0.3052 0.2220 0.210414 0.5155 0.5094 0.4972 0.4911 0.4732 0.4618 0.4127 0.3560 0.3440 0.3645IS 0.5176 0.5118 0.5006 0.4951 0.4794 0.4071 0.4365 0.4220 0.4931 0.549016 0.5195 0.51112 0.5041 0.4995 0.4877 0.4819 0.4726 0.5158 0.6834 0.7769
17 0.5215 O. 5167 O. son 0.5065 0.5032 0.5042 0.5359 0.6563 0.9336 NPC
18 0.5238 0.5212 0.5221 0.5250 0.5412 0.5561 0.6544 0.8744 NPC NPC19 0.5311 0.5405 0.5707 0.5888, 0.6479 0.6887 0.8860 " NPC NPC NPC20 0.6095 0.6711 D.7832 0.8327 0.9638 NPC NPC NPC NPC NPC••I -It

~
',...• -.-
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POINT OF INFLECTION AND RATIO OF SHEAR AT ~XTERIOR AND INTERIOR COLUMNS

All columns are of same section
SIC/5EC = Shear interior column/shear exterior column
Numb er 0 f Stor ey = 15

Storel "-= 0.5 7\-= 1.0 . A= 2.0 71..=4.0level Ext. Int. SIC/SEC ~~I:Int. Extl Ext. Int.from Col. col. ~ IC/SEC Int. SIC/SEC SIC/SECco • co • col. col. col.top
X/h X/h X/h X/h X/h X/h X/h X/h

1 0.3088 0.4406 1.986 0.1371 0.3753 2.368 NPC 0.2706 3.039 NPC 0.1252 4.559
2 0.4180 0.4732 1.659 0.3455 0.4399 1.791 0.£129 0.3760 1.887 NPC 0.2605 1.970
3 0.4524 0.4847 1.666 0,4072 0.4629 ill, 800 0,3204 0.4200 1.895 0.1544 0,3385 1.964

-4 0.4685 0.4905 1.665 0,4359 0.4748 1.797 0,37£3 0.44J8 1.887 0.2487 0.3821 1.941
5 0.4781 0,4942 1.665 0,4529 0.4821 1.798 0.4035 0.4575 1.887 0.3056 0.4087 1.940
6 0.4648 0.4968 1.665 0.4642 0.4869 1ll.798 0.4237 0.4667 1.8 87 0.3433 0.4<'66 1.939
7 0.4899 0.498'i 1.665 0.4726 0.4905 1.798 0.4384 0.4734 1.886 0.3704 0.4393 1.938
8 0.4939 0,5008 [1.665 0.4791 0.4933 1,798 0.4495 0.4785 1.886 0.3909 0.4491 1.938.
9 0.4974 0:5023 1.665 0.4844 0.4957 1.798 0,4584 0.4825 1.886 0.4075 0,4570 .1,938
10 0,5004 0,5038 1.665 0,4889 0.4977 1.798 0,4660 0.4861 1.886 0,4222 0.4640 1.936
11 0,5032 0,5050 1.665 0.4929 0.4995 1,797 0.4730 0.4893 1.884 0,4388 0.4717 1.929
12 0.5057 0,5064 1,666 0,4968 0.5016 1,798 0.4l!ll6 0.4936 1.882 0.4644 0.4842 1.913
13 0.5092 0.5075 1.658 0,5043 6,5041 1.783 0.5021 0,5023 1.853 0.5210 0.5111 1.855
14 0.5163 0,5149 1.684 U.5284 0.5020 1.791 O.5672 0.5387 1.808 0,6607 0.5898 1.742
15 0.6256 0,5569 1.308 0.7010 0,6069 1.344 0.8221 0.6990 1.337 NPC 0.8550 1.294•

>-'o.,.

>';-",
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Storej -/\.= 5.0 71..= 8.0 !\= 10.0 A,.= 20.0level
from txt. Int. SIC/SEC Ext. Int:. SIC/SEC Ext. Int. SIC/SEC Ext. Int. SIC/SECtop col. col. col. col. col. col. col. col.

X/h X/h X/h X/h X/h X/h X/h X/h
1 NPC 0.0710 5.568 "IPC il'JPC 10.221 ~PC ~IPC 17 • 6 08 fllPC ~PC -15011
2 NPC 0.2090 1. 997 II1IPC 0.0704 2.077 INPC IRPC 2.122 INPC I'lPC - 2.402
3 0.0739 0,2997 1. 986 NPC 0.1923 2.039 NPC 0.1259 2.067 NPC NPC 2,224i--

4 0,1884 0,3522 1. 954 0.0138 0,2656 1.979 NPC 0.2110 1.994 NPC NPC 2.049
5 0.2573 '.0.3847 1.952 0.1162 0.3143 1. 972 0.0246 0.2689 1. 981 NPC 0.0664 2,008_.
6 _ 0.3035 0.4067 1.950 O. 1863 0.3481 I l.96a 0.1107 0.3101 1. 974 NPC 0.1402 ,1.979
7 0.3367 0.4225 1. 949 0.2380 0.3730 1.966 0.1751 0.3411 1.969 NPC 0.2014 1. 963
8 0.3620 0.4346 1.949 0.2787 0.3927 1. 963 0.2270 0.3663 1. 964 0.0159 0.2559 1. 94 5-9 0.3829 0.4446 1.947 0.3144 0.4098 1.958 0,2741 0,3890 1.950 0.1278 0.3098 1.920-

10 0.4023 0.4539 1.944 0.3509 0,4273 1.948 0.3239 0.4129 1. 939 0.2510 0.3705 1. 8 84_.
11 0.4252 0.4646 1. 934 0.3973 0.4496 1.926 0.3878 0.4439 1. 913 0.4024 0,4480 1. 8 30
12 0.4618 0.4824 1. 911 0.4697 0.4855 1. 884 0.4843 0.4926 1.860 0.6031 0.5584 1.747

.13 0.5373 0.5196 1.841 0.5998 0.5539 1. 788 0,6463 O. 5810 1. 753 0,8813 0,7314 1.619
14 0.7081 0.6182 1, 708 0.8432 0,7057 1. 622 o .9262 0.7633 1. 578 NPC NPC 1.440
15 G NPC 0.9229 1, 276 NPC NPC 1.235 NPC NPC 1.215, NPC NPC 1.158

..
'" Ii" ~.

POINT OF INFLECTION AND RATIO OF SHEAR AT INTERIOR AND EXTERIOR COLUMN~

All columns are of same section

Numb er of Storey = 15

,
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POINT Of INfLECTION AND RATIO OF SHEAR AT EXTlRIOR AND
INTERIOR COLUMNS

All columns "re of same section
Number of storey = 15

106
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Store) '7\ = 40.0 A..=Bo.o .r-... = 100.0
level Ext. Int. SIC/SEC Ext. Int. SIC/SEC Ext. Int. 5IC/5EGfrom col. col. col. col. col. col.
top X/h ~';h X/h )(/h X/h X/h
1 NPC NPC -5.S93 NPC NPC -4.065 NPC NPC -4.041

2 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 NPC NPC 2.036 NPC NPC 2.022 NPC NPC 2.004

6 NPC NPC 1. 962 [~PC NPC 1. 901 NPC- NPC 1.870

7 NPC O. 013~ 1.916 NPC NPC 1.816 NPC NPC 1. 773

6 NPC 0.1235 1. 875 NPC 0.0487, 1. 743 NP C" 0.064 1.694

9 0.0297 0.2391 1.624 0.091 0.257 1.674 0.167 0.297 1. 624

10 0.2670 0.3694 1.764 0.4794 0.4674. 1. (i 04 0.5993 0.5639 1.550

11 0.5471 0.5278 1.669 0.6910 0.7553 1. 526 NPC 0.8703 1.474

12 0.8766 0.7344 1.594 NPC NPC 1.436 NPC NPC 1.369

13 NPC NPC 1,469 NPC IlIPC 1. 333 NPC f~PC 1,294

14 NPC NPC 1. 315 NPC NPC 1. 215 NPC NPC 1.188

15 NPC NPC 1,110 f~PC [~PC 1.074 NPC NPC 1.064
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POINr OF INFLECTION AND RATIO OF SHEAR AT INTERIOR AND EXTERIOR COLUMN
All columns are of scme section. Numb.er of story = 20

Story 7\.. = 0.5 A= 1.0 7\.=2.0 A.. = 4.0leveJ! Ext. lnt. Ext. Int. Exl' In!. ~xl'from In!.col. col. SIC/SEC col. co • SIC/SEC co • co • SIC/SEC co • co • SIC/SECtop X/h X/h .ll/h X/h X/h X/h X/h X/h
1 0.3088 0.4395 1.974 0.1371 0.3753 2.371 ftPC 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 NPC 0.2607 1.967
3 0.4525 0.4845 1.666 0.4076 0.4631 1.800 0.3204 0.4203 1.895 0.1542 0.3383 1.964
4 0.4685 0.4995 1.665 0.4359 0.4750 1.797 0.3728 0.4436 1.886 0.2489 0.3822 1.940-
5 0.4780 0.4942 1.665 0.452'9 0.4821 1.797 0.4033 0.4575 1.887 0.3057 0.4087 1.939
6 0.<1848 0.496 9 1.665 0.<1642 8.4868 1.79B 0.4237 0.4667 1.886 0.3433 0.42671.939.
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, 6 0.4939 0.5008 1.665 0.4792 0.4932 1.797 0.4495 0.4785 1.886 0.3904 0.4489 1.938
9 0.4974 0.5023 1.665 0.4844 0.4957 1.798 0.4585 0.4825 1.886 0.4063 0.4564 1.939I

10 O.5004 0.5038 1.665 0.4889 0.4977 1.798 0.4658 0.4859 1.886 0.4192 0.4626 1.937
11 0.5031 0.5051 1.665 0.4929 0.4996 1.798 0.4719 0.4889 1.886 0.4298 0.4b77 1.9:38
12 0.5057 O. 5063 1.665 0.4965 0.5012 1.798 0.4774 0.4914 1.886 0.4J91 0.47Ll 1.9J8
13 0.5081 0.5075 1.665 0.4996 0.5027 1.798 0.48LZ 0.4937 1.886 o . 4472 0.4759 1.938
.14 0.5104 0.5087 1.665 0.5026 0.5042 1.798 0.486b 0.4958 1.886 0.4548 0.479b 1.937
15 0.5125 0.5098 1.665 0.5054 O. 5056 1.798 0.4906 0.4977 1.886 0.4b~8 0.48J5 .1.936
16 0.5145 0.5108 1.6b5 0.5080 0.50B8 1.79.7 0.4950 0.4998 1.885 0.4738 0.4886 1.930

- .
17 0.5165 0.5120 1.666 0.5109 0.5084 1.798 0.5014 0.503.1 1.88~ 0.4944 0.4988 1.915

i
18 0.5195 0.5130 1.658 0.5172 0.5106 1.784 0.5H:i 0.5108 1.854 0.5455 0.5236 1.859
19 0.5262 O. 5200 1.683 0.5401 0.5260 1.791 0.5819 0.5460 1.811 0.6802 0.6000 1.747
20 0.6335 p.5624 1.310 p.7101 0.6129 1.348 0.8334 0.7064 1.341 NPC 0.8657 1.298

, . .
I;'
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PDINT 0.- I:~,-L ~CTION ",N] [1.\TIu [:' S'L\" .\T LJLRIGR AND E::XTERIO!LCOLU~INS

All columns ar" of S3m" section. i'iumber of stor"y = 20

Storey 7\. = 5.0 l\.= 8.0 7\.= 10.0 A..= 2u.0
level ~xt. Int. :"xt. Int. ext. Int. ext. Int..
from col. col. SIC/S:::C.col. col. SIC/::iLCcol. col. SIC/Si::Ccol. col. SIC/SEC
top A/h X/h X/h X/h X/h X/h ~/h X/h

1 NPC 0.0709 5.542 NPC IJPC 10.500 NPC NPC 18.53 NPC NPC -14.53
2 NPC 0.2085 1.996 NPC 0.0700 2.078 NPC NPC 2.132 NPC NPC 2.400
3 0.0739 0.2997 1.985 NPC 0.1917 2.041 ~PC 0.1251 2.074 NPC NPC 2.230
4 0.1884 0.3521 1.954 0.0122 0.2653 1.981!NPC 0.2102 1.995 NPC NPC 2.062
5 0.2576 0.3847 1.952 0.1150 0.3136 1.972 0.0221 0.2680 1.983 NPC 0.0558 2.023

6 0.3034 0.4066 1.950 0.1850 C.3473 1.969 0.1073 0.3085 1.976 NPC 0.1246 2.000
7 0.3364 0.4223 1.949 0.2353 0.3716 1.967 0.1684 0.3384 1.974 NPC 0.1780 1.991
8 0.3612 0.4341 1.949 0.2730 0.3901 1.966 0.2150 0.3610 1.973 NPC 0.2207 1.985
9 0.3804 .0.4434 1.950 0.30240.4i..;46 1.967 0.2515 0.3788 1.974 G.0065 0.2556 1.981

10 0.3961 0.4510 1.9'0 0.3264 0.4162 1.966 U.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 ~.4056 1.974 0.1230 0.3124 1.971
12 0.4200 0.4625 1.949 0.3644 0.4345 1.965 0.3289 0.4165 1.970 0.1768 0.3385 1.962
13 0.4300 0.4673 1.949 0.381U 0.4426 1.963 0.3508 0.4271 1.965 0.2344 0.3664 1.950
14 0.4396 0.4719 1.948 0.3985 0.4510 1.959 0.3750 0.4388 1.959.0.3023 0.3997 1.929
15 0.4504 0.4771 1.944 0.4206 0.4617 1.950 0.4066 0.4542 1.946 0.3905 0.4436 1.896
16 0.4661 0.4846 1.935 0.4549 0.4783 1.930 0.4552 0.4780 1.919 0.5128 0.5072 1.843
17 0.4961 0.4994 1.9l1 0.5164 0.5093 1.890 0.5385 0.5205 1.868 0.6899 0.6063 1.762
18 0.5651 0.5339 1.846 0.6364 0.5733 1.796 0.68840.606G 1.763 0.9500 0.7708 1.634

i 19 0.7300 0.6298 1.714 0.8722 0.7217 1.630 0.9600 0.7824 1.587 NPC NPC 1.452
~~ . NPC 0.9353 1.280 NPC NPC 1.240 NPC NPC 1.220 NPC NPC 1.163

•
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POINT OF INF~EC~!oN AND RATIO OF SHEAR AT
INTERIOR AND EXTERIOR COLUMN

All columns are of same section

Number storey = 20

109

Store) 7\..= 40.0 "-=80.0 7\= 100.0level Ext. Int. Ext. Int. Ext. Int.from col. col. SIC/SEC col .. col. SIC/SEC col. col. SIC/SECtop' 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 3.900 NPC NPC 4.330

3 I~PC NPC 2.535 NPC i"PC 3.156 NPC r~pc 3.243

4 NPC NPC 2.215 NPC I"PC <3.391 NPC r,pc 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 2.014 I~PC NPC 2.008 NPC NPC 1.992,

8 NPC NPC 1. 996 NPC NPC 1.955 NPC NPC 1.934

9 NPC 0.D498 1.977 NPC NPC 1. 912 ["PC NPC 1. 8 89

10 NPC 0.1125 1. 957 NPC NPC. 1.880 NPC I~PC 1.837
11 NPC 0.1735 1. 938 NPC 0.0,334 1. 843 NPC i"PC 1. 793

12 NPC 0.2337 1.913 NPC 0.165 1.800, NPC 0.1666 1. 7411",
,,' .13 0.1321 0.3033 1.881 0.1668 0.3100 1. 752 0.2322 0.3428 1. 698" '

14 0.2926 0.3899 1. 840 0.4599 0.4750 1. 698 0.5670 0.5425 1.642

15 0.4844 0.4916 1. ~86 O. 7843 o . 6702 1.633 0.9365 0.7759 1. 580

16 0.7211 0.6268 1. 713 NPC 0.9150 1. 554 NPC NPC 1. 503

17 NPC 0.8178 1..617 NPC NPC 1.463 NPC NPC 1.415

18 NPC NPC 1.490 NPC NPC 1.345 i"PC NPC 1. 315

19 NPC ["PC 1.330 NPC NPC 1.230 NPC NPC 1. 203

20 NPC NPC 1.116 NPC NPC 1.079 i"PC NPC 1. 069

r" '". 'I '
,.~
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CHAPTER 7

TWO BAY FRAME WITH SHEAR WALL

7.1 IntroductiQD

In Chapter j an approximate method of analysing a shear

wall-frame by Heidebrecht and Smith method was given. In this

method the frame is reduced to a shear beam and tied to the shear

wall. which is termed as flexural beam. The stiffness of the

"link beam" between the shear beam and flexural beam is assumed

to be zero. In this chapter several structures were analysed with

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

the exact method and the Heidebrecht a~d Smith method.

7.2 Comparison Between Exact Method and Heidebrecht and
Smith Method

Two Bay frame program was modified to calculate the transla-

tion. bending moments. shear etc. by exact as well as Heidebrecht

and Smith method. The right vertical member was taken to be shear

wall and the other two vertical members as columns. Several programs

were run by keeping the sect~onal properties of all members, except

the link beams. same for all programs. Moment of inertia of link

beam (lib) was varied in such a way that ~(= I£bh/lc.i) varied

from 0.0 to 8.0. Computer results obtained are given in Tabular
form.

Q
~-
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Except for ~= 0.0', the translation obtained by H,,~deDrecht

and Smith method (HSM) is found to be approximately.50% more

than the exact method while for ~ = O. O. the translation by

exact method ,is approximate~SO% more than HSM. Bending moments

at the wall in the middle storeis differs considerably from one

system to other, whi'le in the top and bottom stories they differ

from 10% to 50% depending on 1.and ex H. Shear on wall differs

considerably from one system to other in the middle stories,

while in top and b~ttom stories they are within the range of 20%.

Note: lib = moment of inertia of link 'beam

h = storey height . ('ir:"-

I = moment of inertia of columnc
£, = length of link beam
2 GA/EI given in equation (3.2.10)ex = as

.«i H = Structure height

c},

.':-"-!
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COMPARISON SETWEEN EXACT METHOD AND HEIDEBRECHT AND SMITH METHOD
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i-'
N

Number of storey = 20HSM = Heidebrpcht and Smith methodEM = Exact method
Storey ~=O.O cxH= 3.086 '1 .= 0.5 cxH= 4.095level
from T l' (') S.M. on wall Shear on wall Translation S.M. on wall 5hear on wallrans atlon In (K-in\ (K) (in. ) (K-IN) (K)top

U1 H S~l EM HS~1 EM HSM EM HSM EM H5M EM HS~1
1 14.222 9.384 I- 7742 - 7166 1-53.76 1-55.56 3.951 6.1L9 - 4705 646B 22.51 -50.5B
2 13.455 8.984 - 10666 -12774 -20.31 -4<1.18 3.820 5.921 - 7094 -11675 -3.14 -39.57
3 12.680 8.576 -12967 -16954 -15.9B -33.85 3.683 5.707 -8764 -15229 3•!j4 -30.21
4 11.892 8.153 -13823 -19807 -5.94 -24.32 3.536 5.478 -96 75 -17891 12.59 -22.12
5 11.090 7.710 -13496 -21402 +2.27 -15.38 3.378 5.232 1-10032 -19571 20.32 -14.97
6 10.271 7.243 -11976 -21775 10.56 -6.81 3.206 4.965 -9927 -20340 27.86 -8.44

-7 9•43.1 6.752 - 9281 -20960 18.72 +1. 61 3.020 4.674 !-9418 -20230 35.22 - 2•.27
8 8.588 6.234 - 5393 -18866 27.00 10.06 2.820 4.360 -8527 -19238 42.56 + 3.80
9 7.729 5.692 - 274 -15514 35.55 18.75 2.606 4.021 -7243 -17320 50.00 10.0410 6.863 5.128 6144 -10BOO 44.57 27.89 2.379 3.660 -5522 -14397 57.65 16.69
11 5.998 4.546 13957 - 4614 54.25 37. oro 2.139 3.279 -3279 -10345 65.67 24.05
12 5.140 3.950 23289 :1194 64.81 48.40 1.889 2.880 -381 -4994 74. 24 '32.42
13 4.299 3.358 34301 12810 76.47 60.26 1.631 2.469 3364 1880 83.58 42.15
14 3.486 2.753 47193 24463 89.53 73.56 1.367 2.053 8232 lU568 94.00 53.66
15 2.714 2.172 62209 38431 10ll.28 88.61 1.103 1.639 14607 21434 105.9U 67.42
16 1.998 1.620 79467 55048 12aJ.I0 05.78 0.843 1.238 23023 34936 119.82 84.02
17 1.357 1.114 99630 74708 140.39 25.46 0.596 0.862 3~220 51641 136.52 104.16
18 0.810 0.673 U3291 n883 162.70 fl48•15 0.371 0.528 49223. 72253 157.06 128.67
19 0.382 0.322 150427 125124 188.45 f.l74.36 0.184 0.256 69419 97637 182.63 lEi8.6[
20 0.102 0.087 181195 157083 218.93 204.74 0.051 0.070 96886 128862 216.23 195.2I,

•
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CO~PARI50N BETWEEN EXACT M~THOD AND HEIDEHRECT AND SMITH METHOD (CONTD.)

Number of storey = 20
Storey !'"L= 1.0 o:H= 4.666 F-t= 1.5 o:H= 5.044level
from Traf$layion B.I('.ol) 'fall Shear ~n wall Traf$layion B '~I~_~~)well SheafK~n wallIn. ' K-ln lK In ..top

EM H5M !eM H5M E~1 H5~1 t~l HSM EM H5M EM HS~i
1 3.214 4.979 -3585 -5949 -19.30 -46.91 2.920 4.387 -3071 -5605 -17.77 -44.48
2 3.097 4.830 -5177 -10486 - 1.5 -36.08 2.806 4.266 -4280 -9832 -0. 63 -33.78
3 2.976 4.675 -6123 -13862 5.89 -27.23 2.689 4.139 -4893 -12950 6.90 -25.23
4 2.848 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 -13.58 2.435 3.846 -4687 -16600 23.50 -12.54
6 2.565 4.120 -5974 ~18 599 30.01 - 8.D5 2.298 3.675 -4144 -17364 31.32 - 7.58
7 2.410 3.896 -5309 -18669 37.53 - 2.95 2.152 3.483 -3388 -17500 39.03 - 3.10
8 2.244 3.650 -4407 -18024 45.05 1.98 1.999 3.271 -2440 -17020 46.73 1.18
9 2.070 3.382 -3268 -16629 52.63 7.02 1.839 3.039 -1309 -15890 54.49 5.53
10 1.886 3.093 -1868 -14406 60.36 12.45 1.672 2.786 26 -14040 62.39 10. 19
11 1.695 2.784 - 152 -11236 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 78.92 21.96
13 1.293 2.118 4644 - 1296 85.74 34.40 1.141 1.926 5773 - 2698 87.82 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 108.09 51. 57
16 0.676 1.081 18841 27351 119.52 73. 41 0.597 0.993 17579 23332 120.36 67.05
17 0.481 0.758 27431 42538 135.06 93.40 0.426 0.700 24823 37580 135.11 86.62
18 0.303 0.468 39602 61787 154.57 118.49 0.269 0.434 35403 55969 153.79 112.13
19 0.151 0.228 57106 86150 179.77 150.06 0.136 0.213 51266 79674 178.46 144.62
{20 0.043 0.D63 82806 116959 214.83 189.84 0.039 0.059 75798 110210 214.11 186.35,

•....
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COI'IP,",RIsor" BEHJElN EXACT METHOD AND HLIDEliRECHT AND 5~IITH METHOD (C[]NTD.L
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N~mber of storey = 20
Storey h.=2.o ",H=5.314 ~=2.5 ",H= 5.518level
from Tran s.1 at io n ( in) 8.M. on wall Shear on w"ll Tr"nslation S.M. on wall :ohear on walliK-inl ( KJ ( in. ) (K-inl ( K)top

E~I H 5~1 EM H5M EM H 51'1 EM H5M E~I H5~1 r.M H5f.]
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 - 9642 0.50 -31.00
3 2.528 3.809 - 4166 -12313 7.61 -23.84 2.423 3.586, - 3674 -11847 8.19 -22.824 2.407 3.688 - 4087 -14386 16.34 -17.19 2.303 3.475 - 3496 -13820 17.00 -16.38
5 2.280 3.551 - 3699 -15743 24.39 -11.77 2.177 3.350 - 3038 -15113 25.16 -11.20
6 2.146 3.398 - 3076 -16480 32.35 - 7.18 2.046 3.209 - 2361 "15825 33.25 - 6.87
7 2.006 3.226 - 2263 -16650 40.23 - 3.11 1,909 3.050 - 1510 -16011 41.26 - 3.08
8 1,859 3.035 - 1281 -16262 48.10 0.75 i.':767 2.872 - 502 -15684 49.29 0.48
9 1.707 2.824 - 135 -15293 56.03 4.66 1,619 2 .676 660 .,.14819 57.38 4.08
10 1,549 2.593 1190 -13671 64.09 8.90 1.467 2.461 1985 -13352 65. 58 8.00
11 1.386 2.345 IUl712 -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 82.55 18 .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 99.27 36.00 0.831 1,447 9710 1708 101. 02 33.6315 0.714 1.225 12581 10447 109.71 47.71 0.672 1.171 12804 911102 111, 34 44.98
16 0.550 0.937 17103 20838 121.59 62.80 0.517 0.898 16928 19140 122.97 ~9.77
17 0.393 0.662 23513 34447 135.79 82.36 0.370 0.635 22763 32284 136.75 79.14
18 0.249 0.412 33040 52241 153.79' 107.76 0.235 0.396 31527 49640 154.20 104.57

.

19 0.126 0.203 47746 75483 177.91 140.82 0.119 0.196 45355 7253fJ 177.78 138.01
20 0.036 0.056 71404 105824 213.73 183.88 0.034 0.055 68307 102733 213.56 182.03

r
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COMPARISON B:TW:CN eXACT MeTHOD ANJ HCIJ=~RCCHT ;ND SMITH MCTHOD (CONTJ.I
Number of storey ~ 20

Storey ~~li3.0 "H ~ 5.678 ~ ~ 3.5 "H ~ 5.8071evel
from Translation 8.M. on wall Shear :) wall Tra(~lafion 8.M1 0':' ,ra11 SherK) on walltop (in.) (K-inl . (K l.n. K-l.nEM HSM EM H5M Er~ HSM EM H SM EM Hs~, EM Hsr~
1 <!.574 a.605 - <!426 - 5060 -15.45 -40.62 2.515 3.472 - 2314 - 4959 -14.95 -39.852 2.462 3.518 - 3109 - 8790 0.10 -30.11 2.404 3.390 - 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 -21,424 2.228 3.321 -3064 -13388 17.58 -15.76 2.171 3.205 - 2728 -13051 18.10 -15.26
5 2.104 3.205 - 2555 -14632 25.84 -10.76 2.048 3.094 - 2181 -14254 26 .45 -10.406 1.975 3.072 - 1841 -15323 34.05 -86.63 1.920 2.968 - 1440 -14930 34.78 - 6.42
7 1.840 2.922 - 963 -15518 42.19 - 3.04 1.787 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 51.33 0.19
9 1,556 2.568 1244 -14442 58.58 3.68 1.508 2.485 1698 -14139 59.68 3.39
10 1,408 2.363 2576 -13086 6692 7.35 1.362 2.289 3039 -12864 68.14 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 84. 12 16.83 1.865 1.848 6246 - 8209 85.56 15.94
13 0.948 1.655 7770 - 4220 93.16 23.40 O.914 1.607 8192 - 4433 94.68 22.29
14 0.793 1.396 10122 1131 102.67 31.88 0.764 1.357 10473 707 104.23 3J.53
15 0.641 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 16915 16977 125.78 55.71
17 0.353 0.616 22301 30699 13 7.84 76.70 0.339 0.601 22004 29488 138.99 74.78
18 0.224 0.385 30479 47720 154.83 102.13 0.215 0.376 29714 46243 155.58 100.20
19 0.114 0.190 43604 70352 177.92 135.85 0.110 0.is6 42254 68663 178.21 134.13,20 0.033 0.053 65960 100433 213.51 180.60 0.023 0.052 64098 98653 213.55 179.45
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COH?ARISCi,1 Bi:T.vi:CN CX,CT HCfHGJ ri0J.Hi:IJC,.::ECHT AI~O SfiIrH i'Ii:THQlL.(COiHD.)

Number of Storey = 20
Storey l-t = 4.0 cxH = 5.913 1._= 4.5 cxH= 6.0021 evel
from TranSlation 8'7' 9~) wall Shear on wall Translation 8.M{ 0':1 )'all SheafK)n walltop ( in. K-~n ( K) (ir.) K-J.n

EM HS~1 EM HS~1 EM HSM EM HSM EM HSM EM HSM
1 2.469 3.368 -2225 - 4870 - 14.53 -39.23 2.431 3.284 - 2151 - 48l1i6i -14.15 -38.75
2 2.357 3.290 - 2728 I'" 8430 .•. 1. 6 c -28.85 2.319 3.210 - 2585 - 8306 i 1. 9 9 -28.37
3 2.243 3.207 - 2799 -10990 9.55 -2 U. 92 2.206 3.129 - 260B -lOB09 : 9.92 -20.52
4 2.125 3.113 - 2456 -l27BO lB. 5B -14. B6 2.0BB 3.040 - 2230 -12556 i 19.02 -14.53
5 2.003 3.007 - IB BO -13947 27.02 -10.10 1.966 2.937 - 1629 -13699 i 27.55 - 9.SB
6 I1. 876 2.BB6 -1116 -14605 35.45 - 6.25 1.840 2.820 - B4B -14342 i 36.07 - 6.11

I7 1.144 2.748 - 199 -14BI0 43 .83 - 2.95 1. 710 2.6B6 B5 -14547 ' 4 1).55 - 2.91
B 1. 609 2.593 B63 -14576 52.23 0.10 1.575 2tS36 l1SB -14332 53.06 0.04,9 1.469 2.420 2065 .,.13B86 60.70 3.16 1.437 2.36B 2371 -13675 i 61.64 2.9B
10 1. 326 2.231 3415 .,.12677 69.27 6.50 1. 296 2. IB 3 3730 -12518 I 70.31 6 •.21
11 1. 181 2.024 4926 -lOB44 77.9B 10.41 1. 153 1.9B2 5247 -10756 79.13 9.99
12 1. 034 1. 803 6622 - 8225 86.90 15.24 1.009 1. 767 6942 - 8229 BB. 14 14.67
13 0.887 1. is 67 8549 - 4589 96.09 21.41 0.865 1. 538 8B57 - 4707 97.41 20.69
14 O.HI 1.326 10789 384 105.68 29.46 0.722 1. 300 11065 129 107.05 2B• 59
15 O. 598 1.077 13499 7131 115.90 40.11 0.582 1.057 13706 6718 117.28 39. OB

- ----16 0.459 0.82B 1697B 16246 127. 14 54 .2B 0.446 0.B14 17059 15658 128.46 53.12
17 CJ.32B 0.589 21BOB 2B532 140.15 73.24 0.319 O. 579 21679 2775B 141. 30 71.97
18 o . 209 0.369 29132 45071 156.40 98.64 0.203 0.363 2B67B 44118 157.36 97.35

-19 0.106 0.183 411 74 6731B 178.61 132.73 0.103 0.180 40287 66222 179.07 131. 57
20 0.031 0.051 62562 97234 213.64 178.51 0.030 o. 506 61263 96074 213.76 177. 72

-

•...•
•...•
'"
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COMPARISON B:rW::N :XA:T METHOD ~NDHEIDEBRECHT AND SMITH METHOD (CONTO.)

•....
•....
---J

i,lumberof storey = 20

•

Storey
~= 5.0 a:H= 6.077 '1 =6.0 a:H= 6.198level

from Trans1~rion B.~il on ')all SheafK}'n wall Transl~rion B.~1K: 9~} wall Sher~)on walltop (in. K-J.n (in. ( -J.nEM H5~'i EM H51'1 E~1 HSM Er~ H51'1 EM HSM EM HS~1.1 2.398 3.216 - 2089 - 4740 -13.82 -38.38 2.746 3.110 - 1988 - 4652 -13.25 -37.742 2.287 3.144 - 2463 - 8186 2.27 :"28.00 2.235 3.042 - 2260 - 8016 + 2.79 -27.383 2.174 3.066 - 2444 -10652 10.26 -20.19 2.122 2.968 - 2175 -10410 10.87 -19.664 2.056 2.979 1- 2037 -12365 19.43 -14.27 2.005 2.885 - 1720 ~12066 20.18 -13.855 1.935 2.879 - 1415 -13800 28.04 - 9.69 1.885 2.790 - 1068 -13156 28.94 - 9.386 1.810 2.765 - 6m8 -14120 36.66 f- 6.01 1.761 2.681 - 246 -13769 37.72 - 5.827 1.680 2.635 326 -14328 45. 23 f- 2.88 1.633 2.556 719 -13978 46.47 - 2.828 1.54 7 2.488 1410 -14125 53.84 f- 0.02 1.501 2.414 1821 -13797 55.26 - 0.099 1.410 2.324 2633 -13497 62.51 +- 2.134 1.367 2.257 3061 -13211 64.11 + 2.6210 1.271 2.144 40QO -12382 71.29 5.96 1.230 2.083 4443 -1:<1b2 73.05 5.5'111 1.130 1.948 5522 -lOb 78 80.eO 9.b4 1.09'! 1.893 5977 -10547 82.14 9.1012 0.988 1.737 7219 - 8226 89.29 14.21 0.953 1.b89 7680 - 8213 91.40 13 .4913 o • 846 1.513 9126 4798 98.64 20.10 0.815 1.473 9580 - 4931 100.89 19.1914 0.705 1.280 11310 f- 76 108.34 27.87 0.679 1.247 11732 - 385 110.70 26.7515 O.568 1.041 13898 6382 118.58 38.23 0.546 1.015 14245 5865 121. 00 36.8916 0.436 0.802 17152 15174 129.72 52.14 0.418 0.783 17345 14425 132.08 50.6117 0.311 0.571 21594 27119 142.43 70.91 0:298 0.558 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 1'-30.59 0.097 0.175 38352 63881 180.64 129.0320 0.030 0.050 60142 95110 213.91 f'- 77.06 0,028 0.049 58263 93596 214.26 176.00

I
,,~.,

..
'.,"P.r,

, 'r
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CO~;P.'.lI5UJ FJ::TWE;.ENEXilCT P.1E:THODAND HEIDEBReCHT AND ~I~ITH ~iETHoD (CONTD.)

f--
f--
CD

20f stNumb..~...~~....... , '-' ......•...•.. '- -
5tDre~

~= 7.0 txH = 6.292 ft_= B.O txH = 6.366level Tra(~larion B .1'11 on wall Shear on wall TranSlarion 8.M. on wall ~hear on wallFrom ~n. K-inY . ( K) (in. (K-i n) ( K)top EM H5i~ EM H5r~ EM H5M EM H5M EM H5M EM HSM
1 2.305 3.032 - BOB - 45B3 -1".77 -37.26 2.272 2.972 - IB43 - 4530 -12.37 -36.B7
2 2. B5 2.966 - 2099 - 7BBo + 3.24 -26.93 2.162 2.90B - 1965 - 7778 + 3.64 .•26.55
3 2.0B2 2.900 - 1960 -10220 11.41 -19.26 2.049 2.B4o - 17B3 -loo7B 11.89 -18.93
4 1.966 2.B16 - 1470 -11842 20.B4 -13.54 1.933 2.763 - 1263 -11663 21.43 -13.27
5 1. B46 2.724 - 791 -12899 29.74 - 9.15 1. 614 2.673 - 564 -12704 30.45 - B.96
6 1.722 2.618 49 -13499 3B.67 - 5.69 1.691 2.587 292 -13296 39.51 - 5.56
7 1.596 2.497 1030 -13 710 47.57 - 2.7B 1. 566 2.452 1267 -13507 , 4B.55 - 2.73
B 1.466 2.360 2147 -13545 56.51 - 0.15 1. 437 2.318 2416 -13353 57.63 - 0.19
9 1.333 2.207 3401 -12991 65.52 + 2.46 1. 306 2.16B 3682 -1281B 66.7B + 2.34
10 1.198 2.03B 4796 -11990 74.62 5.32 1.173 2.003 5089 -l1B53 76.lJ2 5.12
11 I

1. 063 1. 853 6342 .,.10442 63.86 8.71 1.039 1.B22 6645 -10357 65.40 8.41
12 0.926 1.654 B052 - 8193 93.26 12.96 0.904 1.627 B363 - B175 94.93 12.56
13 0.791 1.443 9952 - 5 U21 102.B9 18.51 0.771 1. 420 1026/ - 5086 104.68 17.99
14 0.65B 1.223 12086 - 607 112.Bl 25.91 0.641 1. 204 12388 - 775 114.71 25.27
15 O. 52 B 0.996 14549 5488 123.18 35.90 0.514 0.981 14616 + 5201 125.14 35.12
16 0.404 0.769 17540 13B74 134.25 49.46 0.393 0.758 17726 13450 136.22 48.57
17 0.28B O. 549 21496 25386 146.61. 67.96 C.280 0.541 21519 24817 148.4B 66.97
18 0.163 L:.345 27397 41174 161.53 93.25 0.178 0.341 27125 .40461 163.12 92.22
19 0.093 0.173 37437 62 B18 181.74 127.83 0.091 0.170 36707 61982 18B.82 126.89
20 0.028 0.080 56783 92461 214.64 175.1B 0.027 0.048 55530 91579 215.02 174.53II,
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CHAPTER. 8

BUILDING SWAY

8.1 Introduction

It is exceedingly difficult to formulate the simple answer

to the question "How much can we allow a building to sway in the

wind ?".

The engineer in his design. establishes the nature of the

ce,

wind th,;t is the environment of 'the particular building in ques-

tion. For a very tall building the engineer would like the structure

of the wind to be described in relatively great detail. The

engineer must also determine the response of t he structure to the

turbulent wind environment.

Great steps forwar? are being made both in describing the

nature of the wind and the effects of that wind on a structural

system. Deflection and particularly total deflection or sway has

little value in an engineering sense. It does not really matter

if a building sways I inch. 10 inches or 10 feet so long its

G~performance is s;,tisfactory. The three things th t do matter are

the integrity of the structural system. the integrity of the

architectural finishes and the comfort of the building occupants.

8.2 Sway Control by Using Heavier Crown Coupling Beams

For the satisfactory perform,nce of the taLL buildings. it

is customery for the engineers to t~ reduce the ,~way of the buildings
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as much as possible withou~any substantial increase in cost of

the structure. One economic way of reducing the sway is by using

heavier Crown coupling beam. In this chapter the role of heavier

crown coupling beam in reducing the sway of building is investi-

gat ed.

B.2.1 Description of Structures

General one Bay frame program was run for two different

twenty storied frames to evaluate the percentage of sway reduction

by using heavier crown coupling Beam. Vertical members of one o.f

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 to lk/ft height. the sections and length of the frame

elements as used in the program are as follows:

B.2.2 Frame with Shear Wall

Set:-l For all stories

•

left vertical member

Right vertical member

Beam section

Beam length = 10'_0"

= 12Ix30'_O"

= lZlxlO'_O"
= 12"x2'-O"

Storey height = 10'-0"

r<,

[
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5 et: 2

For all stories:- 5ame as above except the x-section of

the top storeybeami which is = 1"x4"-0".

The maximum sway reduction occured for this structure is

2.35%. The results of sway (transl~tion) is given in Tabular

fo rm.

8.2.3 Frame without Shear Wall

5et:l For all 5tories

Left and right vertical members = JO"x40"

,
-.•.

Moment of inertia of beam

Beam 18ngth = 24'-0"

Set:'"

= 32000 in4

Storey height = .12' -0"

,i1-, ,

For all stories: Same as above except the moment of inertia

of top storey beam. which is = b4000 in4

The maximum sway reducticin occured for this structure is

0.50;~. The results of sway (translation) is given in Tabular form •.
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PERCENTAGE OF SWAY REDUCTION WITH HEAVIER
CROWN COUPLING BEAM

Number of storey = 20

I
1
I

0.001

0.001

0,000

0.000

0.000

0.000

0,000

0.000
O.COO

I 0.000
0,000

9.6711

0.3792

1.2165

11.4093

10.5675

14.7351 I 0.054

114.1924 ] 0.026 I

13.5873' 0.0~

12.920910.006 I
12.1943 0.003 I

lJ. 002

8.7288

f
7.7255

I 6.6832
!
~017

I 4.4899

I 3.3636

2.2525

Frame with column

9.6714

8.7228

7.7255

6.6832

5.6017

4.4899

3.3636

2.2525

1,2165

D. 3792

14.7431

10.5676

12.9217

12.1947

11.4095

114.1961

13.5991

1.498

1.290

1.125

0.982

0.755

0.666

0.589

0.851

0.524

0.468

0.424

0.292

0.266

0.000

0.4626

(J.4100

0.3575

0.3058

0.2066

0.2553

0.022.5

0.0060

0.0477

0.7169

0.66BD

1°.6179

0.56613

0.5150

. 0.1606 0.385

0.118~

0.0801 10.324
i

Frame with shear wall

0.6249

0.4127

0.5724

0.5194

0.4661

0.3597

0.3074

0.2565

0.2075

0.1612

0.1185

0.0803

0.0479

0.0226

0.0060

0.7278

I 0.6767

=oJTranslation (in.) Percent Translation (in.) Percent 0l~
of sway of sway.Oata Set-lData Set-2~eduction Data Set-10ata 5et-2Red~ction

I 0.877<: '10.8565 2.353 ~65 15.91365 ~.• 48.7 i
0.8279 ,0.81.12 2.020 15.6684 15.6318 ~

0.7782 0.7646 1.737 15.2321 15.2149 0.113 i

1

5

6

7

8

15

11

12
13
14

16
17

18

19
20

-,
Storey
1eve1
from
top

W
3

4

1-
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CH APTER 9

LOAD TR,\NSFER FIWr~ A V~RT rCAlLY qlADED COLUMr~

9.1 One Bay Frame

Several programs were run for a one-bay frame to find out

the percentage of load transfer from a v8rtica~ly ~oaded co~umn

to another column. The ratio of gb/Vc varies from 0.0 to 1.0.

Vb is the shear stiffness of the beam and is equa~ to 12EI/L3

(assumin~J equiva~ent shear stiffness of beam Cv c 1.0)

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

---+

L

For Vb/Vc from 0.1 to 1.Oj the maximum percentage of load

transfer is 1.0204%, which takes pl~ce within the top three

stories. The results are givan in Tabular form.

•

,,•

~-
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PER::"::HA,~E OF LOAn IRANsrCR I'RO~1 ONE VC::RTlCALLY LOADED COLUMN.TO OTHi:R COLUMN

>--
'-'
'"

PCL = Percentage of load transfer.= Shear stiffness of the beam
= Axiol stiffness of column

Vb = 12EIb/L
3

V = AE/Hc ,

Storey
Vb/V c=.l 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0levelfro,ntop

PCL PCL PCL PCL PCL peL PCL PCL PCL PCL

1 0.9333 0.9731 0.9879 0.9956 1. 0004 1. 00136 1. 0060 1.0077 1. 0091 1. 0102. ..

2 1.0130 1. 0182 1. 0194 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. 02 04_. --
4 1.0204 1. 0204 1. 02 04 1. 0204 1.0204 1.0204 1. 0204 1.0204 1. 0204 1.0204

1-- --
5 1.0204 1. 0204 1. 0204 1.0204 1. 0204 1.0204 1. 0204 1. 0204 1.0204 1. 0204

. -- ._.
6 1. 0204 1. 02 04 1.0204 1.0204 1.0204 1.0204 1.0204 1.0204 1. 02 04 1. 0204

--
7 1. 0204 1.0204 1.0204 1. 0204 1. 02 04 1.0204 1.0204 1.0204 1. 02 04 1. 0204

.- f--'
8 1. 0204 1.0204 1. 0204 1. 0204 1. 0204 l,L,204 1.0204 1. 0204 1. 02 04 1. [;204

- -
9 1. 0204 1.0204 1. 0204 1. 0204 1. 0204 1. 0204 1. 0204 1. 0204 1. 0204 1.0204

..-
10 1.0204 1.0204 1. 0204 1.0204 1. 0204 1. 0204 L 0204 1. Q2U4 1. 0204 1. 0204

~ -~
-- ----

1. 02 04 1.0204 1.0204 1. 0204 11. 0204 1. 02 04 1. 02 04 1. 0204 1.0204 1.021J4

1. 0204 1. 0204 1. 0204 1. 0 04 1.0204 1. 0204 1.0204 1. 0204 1.0204 1.020412

lJ !l.. 8204 '1. 0204 1,0<'04 1.0204 1.0204 1. 0204 1.0<'04 1. 0204 1. 0204 1. 0204

14 1. 0204 1.0204 1.0<'04 L 0204 1.0204 1,0204 1. 0204 1.0204 1. 0204 1.0<,04

15 L 0204 1.0204 1. 0204 1.0204 1,0204 1.0204 1.0204 1.0204 1.0204 1. 0204
-------- -. --

16 1.0204 1.0<'04 1. 0204 1. 02011 1. 0204 1.0204 1. 0204 1.0204 1. 0204 1.0204
--

17 1.0204 1.0204 1. 0204 1.0204 1.0204 1 ;D2 04 1.0204 1.0204 1.0204 1.0204

.18 1.0204 1,0204 1. D204 1.0204 1. 0204 1.0204 1. 0204 1.0204 1.0204 1. 0204

.19 1. 0204 1. 0204 1. 0204 .1.0204 .1.0204 1. 0204 1. 0;<04 .1.0204 L 0<'04 1. 0204
--

LO 1.0204 1.0204 .1.0204 1. 0204 1.0204 1. 0204 1. 0<'04 1.0204 1.0204 1.0204•~
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CHP,PTE R 10

CONCLUSIONS AND SUGGESTIONS

10.1 Conclusion

From '.:a': comparison of eXBct Bnalysis with. that of approximate

anE11ysis of a frCiTTle structur"e the following conclusions may be

drawnt;

1. Calculation of GA parameter of one bay frame by Heidebrecht

and Smith method (H5M) Shd.Ll be satisfactory provided fDr different

value of A. • the stDr ey number is limited to the following: -

FDr 7\. = 2 !lilt storey numb er - 6

For l\. = j Storey number = 7

For/\.= 4 StDrey nUl!iber = 8

For 7\. = 5 StDrey number = 9

For 7\. = 7 Sto;rey number = 10
FDr 7\.= 9 Storey number = 11

For7\.= 10 StDrey numb er = 1'"

2. Calcula'tiDn Df GA parameter of two bay frame by HSI~

shall be satisfactory provided for different .value of !.the
star ey number is limited to the fDI1Dwing: -

TDr 7\.= 2 Storey numbgr = 10

FDr7\.= 3 StDrey numb er = 12
, '::>--~ FDr /\.= 4 St.Drey numb er = 13,

FDr /\=.5 StDrey number = 14

FDr"'-.= 6 Storey number -- Ib
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3. For a one bay symmetric~~ frame there is a poin~ of

inflection at the center of each beam and the total horizon"tal

shear on each storey is equally divided between the cOlumns of

that storey. Poin"t of inflectlon at COlumns do nO"t fall at "the

cent er of 8ach column in 8ach star ey. In th 8 Upper stor les th e

point of inflection is nearer to the bottom of co.lumn and in -ehe

lower stories it is nearer to the top of COlumn. As thEe value of

I\. increases the poin"t of inflection shifts "towards "the boct"tom

of column in the upper stories an~ tOwards the top of column in

the lo'''er stOries. For 1\ "/' 4.0 certain upper storey/stories or

certain upper And .lower stOries may not have any poin1: of inflec-

ticn at all.

4. For a two bay symmetrical frame there is a point of inflec-

tiDn at the center of each beam~ I"f the moment: of in. rtia at" inter~or

"CO.Lumn is double the rnomen1: of inertia of exterior cO.lumn, then 'th e

total 'horizon"tal shear on each storey is divided betlrJeen 't~12 cOl.umns

of that storey in such a manner that the shear at in-cerior column

is double the shear a.t exterior column. The behaviour of point; of

inflections at columns are similar to thaVofne bay frame. Pain+; of

inflection for both interior and exterior columns at a storey fall

on same level.

5. For a two bay symmetric"l frame if the moment of inertia

of all the columns are same, the point of inflection at exterior

and interior columns on a storey do not fallon same level. Except
at the top and bottom storey, the r"tio of shear at interior column

to shear at exterior column varies from 1.6 to 2.4 dependl.ng on "-

The ratio increases "lith the increase of 'l\.. For l\.';r2D, 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 analysis by Heidebrecht .and Smith m8thod is quite

conservative in relation to 5w"y of the structure. Except for the

stiffness of "link beam" is zero, the deflection by H5M is nearly

50% mOre than the exact value. The B.M. aneJ shear force in the

middle stories differs considerably from the exact analysis. Shears

at top and bottom stories are "ithin the range of LO~b depending

on the valu", of l'\.and (tH.

10.2 ~"'stions for Fut;ure Stud"

The following approximate ana~ysis of tall shear wal~-frame

structures m."3Ybe compared \-Jith uexi3ct" analysis to draw a conclu-

sian as to which method of approximate analysis is best suited for

a particular structure ••
1 Kh d 5b . (1) h.• an an aroun~a met od

( 2 )
2. McLeod method

Programs may be developed for multibay fr~mes and validity of

the assumpt.ions of portal and cantilever methods may be verified

for the following:

1. llnsymmetric;'ll one bay fr;.:smest•.,.
2. Unsymmetric al two bay frames

3. f'1ult ibay frames.
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APPENDIX 'A'

LISTING OF COMPUTER PROGRAMS

1. One bey frame analysis

L. General one bay frame analysis

3. Two bay frame analysis

'4~ Gneral two bay frame analysis

6. GA for one bay frame

6. GA for two bay frame

7. Approximate analysis of two bay shear-wall frame

by Heidebrecht and Smith method.
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., /I JOB UEG9166lj.~' ONE'BAY HAME ANALYSIS., M.A,.MAI\NAN DEC.1977
~. .II OPTION' L'INK,LIST,LOG - "') ,

I I EX EC ' F FOR TR ~N ' . ;, '. ,.' •
, (.' ., T HS "IS" II PROGRAM FOR .ONE BII Y FRIIME ANII LYSI S

;,'C. ,BV:STIFFNESS t-lETHDD A'ID RECURSIOi.I,~PROCEDURE " "
"C' PROGRAM~MIIY BE USED FOR FRMI£' OF I~ALLS OR 'COLUMNS CR OF BOTH

, DOUBLE 'PRECIS'IO,N BO,B,C,A,FM,FREo;DI SP:,D,E ,FI,BI"U,FS,P,C',XP,FER,
lX Il;X lZ, XI3, Al,AZ, XL, H, XLZ, XL3, Xl, XZ, X3, X4.XS ,X6 jX7c,XB,X9,XI0 ,X 11 ,:
ZX 1 Z, X 13, X 14, X 1 5, XI. t.- TL, TR "D E L , XML ,-XMR , VM , VL , VR , TT , T B ,x Z 0 ,X t-'T ,x MB,

: .••• 3VT,VB,AXIAL,El-1 " , '. _' I' • ;
• ' .• 'DIMENSION BO(5,~hB('5 •.'5),CIS,51~':A( 5,SL;FM(S,l.l,FREO(5,1'l',oISP(S,11

" •• ~ho(S; S), E( 5, 5),EIl 5, 11,BH '1S,S) ,'th 10S)',.P(100) ,Q(BO),FS 19S)
.; "..' Z, X PIS l, F r:RI 41 " , • .'~'.' ". " ".: :
, - • ..' 1/RITE I 3, I 1'1 I ' , .:' " , I'"..".. ~- ~, --'... .. III FORMAT 16X6t1--0NE BAY F~AME- ANil LYSI S BY'STI~F.I\ESS M4TNX'!.AND RECURS,

liON PROCEDUREI ", ,'" "", ' " ':,~ ,.". -- >:- - . :.,.. . -, ." .
" 'SO l. oREA0 ( I, .1, ERR= <; 9, ENo= <; '11 N, N 5L OA0 , XII " XI Z , XI 3 ,AI ,AZ ,E f",; XL ,-H , XLZ ,X L 3;

,{ • r/ RITE (3, 10 1) -, ..' • • ' .,' ,f:' r ' . ,\,' •
, lOi.FORMAll/I6,X17HBFGINNING OF DATAl • ..., '; ',;
"C' IF XtZ-O,,'LEFT WIILL IS A COLU'1N. IF, Xl3 O. RIGHT WIILL' IS A COLUMN •
• 4 _. •,IRHE '(3,11 N,NSLOAo,-XI1,)(JZ,XI3,Al,AZ,Ef",Xt,H',XLZ,XL3 .•., •.•. , .. ,

, ,I FORMAT (ZI4,3UG.C;7F6.Cl '
, ,

• ", Nl=5*'(N+ll' '.
,.NZ-S*N ' :
IN3= 4*N ' ~
DO ~ ,1= I,~I •

4U:II)=0. -
DO S 1- 1, N 2 ' •

5 PI 1 )= 0 • • •
- 'DO 6 I=I,N3 • .,'
• 6".0('0=0.' '

C •• NSLOAo= 'NUMBER Or- STOR Y LOlIoEo, LS".LOADEo STORY LEVEL FRCf" TOP
C , ••• XPIK)=LOlIo'{\T,EACH STORY FER(JI=FIXEo END REIICTlCN ON STCRY BEAM
CORDER OF.FERIJl=LEFT SHFAR,LEFT F .•E.M.,RIGHT SHEAR,RIGHTF.E.M •
•1' • 00.71=1,NSLOAo .' ,

READ (1,31 LS,IXP(KI,K=1,5.l,(FERIJI,J-I,4I'.
r/RJTE (3,31 LS,IXPIK),K=1,51,(FERIJI,'J=1,41
OO.B,KI-I,5 •
12= s* (L S- 1 )+K 1 ••

B Plj,lZI-XP(K.I)' •
00' 13 J 1= 1, 4 • • ,
IZ- 4* (L S - II +J 1

13 0 ( 121= FEP.(J l). .,
7 CONT .JNU E •

• 3 FOR'lATI13,5Fe.Z,4FB.2)
00SO.J=1,5 '
00 'SO [= J, 5
BOll, J 1= o. •
B ( I, J 1= O.

'SOC(I,J)=O~
XI= IZ.*X 11lh*~'3
X2 lZ .•*X 12/H**3
X 3= 6 .* X I 1I H* * 2 •
X4-6 .*X I 2/H** 2

• X5= 4.* X I I I H
X6-4.*X 12tH

•

~;
.-(

" ", /.
...'

,

, 'i1'1t;:;'

,.
. -



so (J, I )= SOl [, J )
52 BIJ, I 1-8! I,J I
51 CONT mUE

CAl.L MATTRA (C,A,5,S)
CAl.L MAT lNV (BO, S,D)
DO 666 J- 1, 5
00 666 1= 1, 5

666 8l ([,J 1- O( I,J I
CALL MATMLY (A,O,E,5,5,5)
DO 9 I 1, 5

X7=A1If'
X8-A2/H
X9 = 12 ." X 131 XL*;" ~
Xl 0= 6.* X I 31 XL** 2
X 1I=4.;"X I3/XL

--( X I 2= 1. + 2,." Xl 21 XL
X 13= 1.+2.* XL~/XL
X 14= 1. +3 •* XL2,/ Xl', ( 1 • + XL2 1 XL I
X 15", I • +3 .* XL 31 XL* ( I. + XL3 1 XL)
XI6-1.+3.IXL*( Xl2+XL3+2.*Xl2*XL3/XLl ,
BO (1; 1)= X I +X2
B[l{3,11=,X3
BO (5, 1)= X4
BOI2,21=X7+XS
8013,2)=XlO*XI2 "
80 14, 2 J -X9
80 (5, 2)= X 10* X1 ~ .
80 (3, 3)=XS+XII*XI4
8e' (4. 3 )= - X10* X1 2

.:.- BO ( 5, 3 )= X1 1/ 2 .* X16
80 (4, 4)= XS+X 9
8D ( 5, It ) = - X10* Xl~
80 {5, 5 1=X6 +X11 * XIS
8 ( 1, 11 (Xl+X2)*2.
8(2,2)=2.*X7-1)9 .B(3,21 XI0*X12
8(4,2J=-X9
B(5, 2)-X10*Xl~
B(3, 3)= 2.*X5-1X 11*X14 •8 (4, 3) - - X10* XI 2 ,
B( 5, 3 )= X I 11 2 .* XH:
8 {4, 4 I 2.*XS+X<J
8 ( 5, 4 )= - X 1O~,X J 3
B ( 5, 5 )- 2 ." X6 + Xl1~' X1 5
Cll,1J=-{X1+X2)
C( 3, ll--X3
C( 5, 1)=-X4

,~ C ( 2, 21 -X7
C!I,3J=X3
C (3, 3 )- X5/ 2 •
((4,4)=-XS

•C( 1, 5J X4
({5,51=X6/2.
DO 5 1 J = 1, 4
JI=J+1
DO 52 [ J 1, "

----~----~---------------------~"~--I,._-------------------------- -~.••....~~



il
,I
i

FS I 1 )= P I 1 )
9 FR ED I [, 1 )= P. ( [ J

DO 53 1= 2,N
14= 5* ( 1- I I
DO 54 1<= I, S
11<= 14+/<.

54FIlK,ll=P(lK)
CALL MATr-'LY IE, FREO,FM, 5, 5,1)
CAL L M AT SUB (F I, FM , FR ED , 5,1)
CAll. MAH' L Y (E, C • f), 5, 5, 5)
CALL ~1ATSUB (B,O,E,5,5J
CALL MA~INV(E, 5,01
I f I 1-N J 10. 1 I, 1C

10 CALL flATMLY (A,D,E,5,5,51
DO 541J=I,5
1J= 14+J

541 FSI1J I=FREOIJ, 1)
DO BBB J=I,5
DO BBB L= I, 5
IL=14+L

BBB BIIIL.J)=OIL,J)
53 CONT 1NU E
11 CAL L MAH1 L Y (0, FR EO, 0 I SP • 5, 5 , 11

K=5j'IN 1 )
00 14 J = I, 5
KJ-K +J

14 J IKJ )= OISP I,j. II
00 645 1- 2, N ;
DO 99B J= 1, 5
00 998 K- 1, 5
K J = 5* (N- 1 ) +K

99B O(K,J )=BI(KJ,J J
00 646J=I,5
JJ- 5* IN- I J+J

646 FllJ, ll=FSeJJ)
CALL M ATll;L Y I C, 0 1SP • I'M, 5, 5, 1 J
CALL MAT SU B ( FI, I'M, FR ED ,5, II

4- CALL M ATML Y I r, ER ED, D 1 SP , 5, 5, 1 )
00 647 K = 1, 5
KK-5*(N I I +K

647 J (K K )= 0 I SP ( K, I I .
645 CONT INU E

wPITE (3,777J
771 FORMAT(IIIX5f'STORY, ~)cllHTRANSLA TION,BX12HLT VER.D1 SP. ,9XllHLT ROT A

IT ION, BX lZHR T VER .01 SP., 9XlIHR T ROTfI Tl ON/I
DO 20 1 1, N
DO 200 J = 1. 5
K= 5~' ( 1 1l
JL= K +J

ZOO ER EO LJ, I J - U I J L II EM
20 wRITE ( 3, 12 J 1, ( FR EO ( J , II ,J = 1 • 5)

-;- 12 EO R~1AT I 2X, H, 5D20.101
C CAL CUL AT E INT ERN AL FJRCESON BEflM S'

wRITE (3,222J
222 FORMAT II 6X 38 f-B EN0 IN G MOMENT A NO SHE AR FORCE C1\ BE AM)

wRITE ( 3, 88 )

------------------------------_.#



99 STOP
EN 0
SUBROUT INE MATINV (D,N,A)
OOUBLE PRECISION D,A,PIVDT,T
DIMENS ION AnJ,N ),IPVJT( 7l,INDEX( 7,2) ,PI VOT(7) ,DIN,I\)

88 FO RMAT ( 1 X 5HS TOR Y, 12 X8H8 .M • LE F T, 11 X9'-18 • M. R TGH T ,10 Xl OH SH EAR LEFT ,9X 1
11 HS HEAR P, I GHT ) ,
00 n 1= 1, N
K= 5* I I lJ
KI=4*(I-l)

-:;( TL- UIK.+31
TR=-UIK+5)
OEL-U lK +21 UIK+4l
XML = Q IK 1+ 2 )- X III 2.* I 2. * X14" TL + Xl 6* TR -3. * XI2 *DE LlX Ll
XMR-Q IK 1+4) Xl112.*1 XI6*TL+2.*XI5*TR 3. *XI3 *OE UX Ll
VM= l XML +XMR ) I I XL + XL 2+XL 3l
VL-QIK 1+1 )+VM
V R= Q (K 1 + 3 )- V,"1 .

21 wRITE I 3, 22) I, XML , XMR, VL, \iR
.,22 FORM AT I 2X, 14,4020.10)

C CAL CUL AT E IN TERN AL Fli RC E S ON LEF T COLUMNS
WRITE 13,~33)

333 FORM AT I I 6X 5 1 HB EN 0 IN G I~OME NT SHEAR AND .AXI A L F CRCE ON LEFT CCLU MN)
WRITE ( 3, 77 )

..::.- 00 23 I l,N
K= 5"'1 I-lJ
TT- U IK+3l
T B=-U lK +8.J
DEL = U I K + 1 )- U I K + c )
X 20= TT +T B- 3 .* 0 EL IH
XMT= X 51 2 .* ( X 20 + T T )
XM B= -X 5/2.* I X20+ T8 )
VT - ( XMT + XM8 ) If-
V B=-VT
AX 1 AL - X7" (\J (K + 71 UIK+2ll

23 _RITE 13,24) I, XMT, X"I B , VT , VB , A XI A L
C CALCULATE IN TFRN AL FJ '< C E S ON R I GH T :OL UMNS

WRITE (3,444 )
444 FORI!' AT I I 6X52f-B EN 0 IN G MOMEN T SHEA R AND A XI A L FOReE CN RIGHT COLUMNl

WRITE r 3, 77 )
77 FORMAT (IX5HSTOR Y, I~X7HB .M. TOP, IOXIOHB. M.80TTCM,lJ.X9HSHEAR TOP,8XI2

1 HS f-E AR BOTTOM, 9X I1HAXIAL FORCE)
...1- 00 25 I 1, N

K= 5* I I-I ), H--UIK+5l
T B= -U I K + 10 )
DEL=U IK. + I)-U (K +C)
X 2 a = TT +T B- 3 •* 0 ELI H ,
XMT- X61 2.*1 X20+TT)
XM B=-X61 2.* (X20+TB)
VT (XMT+XMB )/f-
V B= -VT
AX I AL X8<' lU (K +9) UlK+4»

25 WRITE (3,21,) I, XMT, XMB , VT, VB ,A XI A L
24 FORM AT I 2X, H, 5020. 10)

GO TO 50 1



BI ,II All,

<
DO 10 1- 1, N
DO 10 J - I, N

10 Al I.,J )-01 I,.J) .

, DO 17 J = 1, N
I 17 IPVOT{JI=O
'-A

DO 135 1= 1, N -,
T=O.
DO 9 J - I, N
I F ( I P V0 T I J )- I ) 13, <i, 13

13 DO 23 K- I,N .
IFI IPVOT IK I-II 43,23,81

43 IF (DABS ITI-DABSIA{ J,K I)) 83,23,23
83 IROW=J .

ICOl-K
T=AfJ,KI

23 CoNT INU E
9 CONT INU E ,

IPVOT ( ICOl)- IPVo T( ICol 1 + I
IF(IROW-ICol I 73,](<),73

..'>. 73 DO 12 l-I,N
T- Al IRoW,l)
A{IROW,l I-A{ ICol,ll

12 Al ICOl, l J=T
109 INDEX I 1,11= IROW

IN CFX I I, 2)= lCOl
, PIVOT I 1)- Al leOl, leOl I ;

Al I COl. , lCOl 1= I.
DO 205 l-I,N

205 Al lCOl.,l l=A{ lCOl,l J/P IVOTI II
347 on 135 l 1- I,N

IF (l I - I COL ) ,1,13~,21
21 T= All I, ICOl I

A It I, I COL )= 0 •
DO 89 l= I,N

89 All I,l)= All I,l J-A{ ICol ,L )*1
135 CONT INU E
222 00 3 1= I, N

J._ l- N 1+1
IFI INDEX (l, 1 )-INDEXll, 2) 19,3,l9

19 J ROW- IN DEX (l, 11
JCOl= INDEXIl, ,)
DO 549 K I,N
T=AIK,JROWI
AIK,JROW I AIK,JCOL)
AIK,JCOlI=T

549 CONT INU E
3 CONT INU E

81 RETU RN
EN C
SUBRDUTINE ~lATTRA{A,B,M,N)

C MAT PIX TRANSPOSE A Tel 5
~ DOUBLE PRECISIDN A,B

DIM fNS ION AI~,5),BI5,51
00 3 J = I, N

I
DO 3 1= 1, M

3 J - J



RETURN
EN 0
SU BPOUT IN I' MATSUBIA,R,C.M,NI

C MAT P IX SU 8TR ACT ION A B-C
DOU BL I' PP EC IS ION A"B ,e

A - DIMENS ION A15, 51,B( 5,5),C( 5,5) <

DO 3 J = I. ~I ,

DO 3 J- I, M
3 ct I,J I=AI I,J )-Bl J,J)

PETUPN'
EN 0
SU BPOUT IN I' MATMLY(A,B ,C,M,L"N) ,

C MATI< IX MUL T IPL ICAT ION At'R'=C A=~1 BY L B ,=L BY N
DOU BL E PRECISION A,B,C
DIM ENS ION Al 5, 51,BI5, 5),C( 5.5)
DO 3 ,J I, N
DO 3 1= 1, M
C(I,J)-O.O
DO 3 K = 1, L ,

> 3 C ( I. J J C( I.J HAl I,K I*BI K.J)
R ETU RN
EN C

1*
II EX EC LNK EOT
II EX EC
1*
If,

.J-,

,

-~,

"'
,

"

,
,

-, .•..



1,7X7HLOAD P5, 8X6HFES L T, BX6HFEt-' L T,8X6HFES RT.8X6HFEM RT)
LS=L[1ADEO STOP Y LEVEL FROM TOP

XPIK I=STORY LOAD,FER!JI=FIXED END REACTION O~ STory BEAt'
ORDER OF FER (J )=L T FESHEAR ,L T FEM ,RT FE S ,RT FE M.
CO 11 I I,NSL
REA 0 (1, B) t S,{ XP (K ), K = 1, 5) , I FER ( J) ,J =1 ,4)
WRIT E (3, 17) L S • I XP I K I , K - 1 , 5) , IF ER I J) • J -1 .4)

C
C
C

-+

II JOB U EC91664 M.A.MANNAN GENERAL ONE BA Y FRAME JA N 197B
II OPT ION LINK,LIST,LOG
II ASS GN SYSOO 1, X' 192'
II EX EC FFORTR AN
C THIS IS A PRO GR AM FOR GENERAL ONE BAY F R A tIE ANALYSIS~ C BY ST I FFN ES S METHOD AIJ 0 RECURSION PROC ED URE "C PROGRAM MAY BE USEO FOR FR AME OF WALL S OR OF COLU"'NS OR CF BOTH
C PROGRAM CAN TAK E CAR E JF VA~ IASLE HE 1:;'1 T ,SPA f\, MOME NT OF INERTIA.

DOUBt E PREC IS J[1N S, 8, C , 0, F M , F R ,F 1 ,U, F S ,z 1 ,Z 2 ,Z3 ,z4 ,Z5 ,T t , T R , DE L, XM
It, XI'.R, VM , Vt ,VR , X'1LR , XP , FER, P ,Q ,H ,,~ L ,A R ,e L ,C R .X • B L , S2 ,S 3 , E
DIMENS ION S I 5, 5 I , B I 5, 5) ,C( 5, 51 ,D I 5 ,51 ,F M( 5 ,1 I,F R I 5 tl ) ,F 1 (5 ,1 ) ,X PI 5

1I, FER (4), UI IG5J,PI lCO),QI 8CI ,F >( 95) ,H{ 20) ,AL (20) ,ARIZO) ,CL (20), CR I
220 ), X I 20 ), BL I 20 ), S 2( 20) , S 3( 2 G)
o EF IN E F lL E 4 ( HO, 4C,L, 10)
WRITE ( 3, II

1 fORMAT I1X30rGENERAt ONE BAY FRAME ANALYSIS) .
C N= NlJMB ER OF STOR Y, N SL=N UMBEP, OF LOADED S TOR Y ,E =MCD U. OF E LAS TIC lTY

2 READ (1,4, ERR=51,END-511 N ,til St ,E
10= 1

;. fIN D 14'IDI
~,RITF ( 3, 3 ) N,NSL,E

3 FORt~ AT (I IX 10l-'NO .0 F STY-, 13, 9Xl 7HNO. OF STY LOADED-,I3,5X2HE-,F6.0/1
4 FO R~\ AT 1213,FC.Cl

NN- 5* (N + 1 )
00 5 1= I, NN

5 lJ ( I J- 0 •
NN= 5*N .

DO 6 I-l,NN .

6 P ( I )= 0 •
NN= 4*N
00 7 1= I, NN

7 0(1)-0.
DO 12 J= 1, 5 .

CO 12 I 1, 5
SII.JI=O.

12 CII,JI-O.
WRITE 13,102)

....l 102 FORMAT 1I6XI0H1O I LT COL,5XlCHMOl RT COL, 7XBH tlOI BEAM,4X I IH~REA LT
lCOL,4Xllf'AREA RT COL, 4X llHBEAt~ LENGTH ,9X6HHEIGHT,7XI0HWALL DEPT H I

C H=STORY rEIGH, AL A<-EA OF LEF T COLUMN, AR AREA OF RI GHT CCLUMN
C CL=t~OM ENT OF IN ER T IA OF LT COL., CR=t10t-'F NT OF I NE R TI A CF RT COLU MN
C X= BEAM L EN GT H, RL-MO'1EN T OF INEP TI A OF BEAM, S2 AND S3 WALL OEPT H

DO 15 1= I, N
READ ( 1, 13 I CL I I I, CR I I ) ,B L ( I ) ,A L I I I ,AR ( I) ,X I I I ,H ( I ) ,52 ( I I ,S 3 ( II

15 rlRITE ( 3, 14 ) CL ( I I, n( I ), BLl I J ,A U I I ,A R I I I, X I !) ,H ( I I ,S 2 I I ) ,S 3 (I ) .,
13 FORM AT DFI0.C, tF7.C)
14 FO RMAT 1 1X, 3 ( 5 X, FLO. 01,4( 8 X, F 7. 0 I ,21 5 X ,F 7. 0) I .

WRITE (3,100)
100 FORM AT (/ 11X5FSTOR Y, 7X7HLOAD Pl,7X7HLOAD P2 ,7 X7H LOAO P3 ,7X7 HL CAD P4 ,



. .
CO 9 K'- 1, 5
NN= 5* (L S- Il+K

9 P1NNI=XPIK)
DO 10 J- I, 4
NN=4* ILS-1) +J..;

10 QINN]- FER (J ) .
11 CONT .lNU E

, 8 FORMAT II3,SF8.11
17 FORMAT (I6,9(L,X,FIC.311

ZI-I.+2.*S;;{ I )/X{ 1)
Z2- 1.+2.*S3( II/X{ I I
Z3=1.+3.*S2111/X( 11*11.+S2! II/X( III :
Z4= I • +3. ", S 3 ( 11/ X( I 1*( I. + S31 I I IX ( I I I
Z5- I • + 3. / X ( 1J* ( S 2( II + S31 I) + 2. ", ~2 { lJ * S3 I I I I X! I I I, S ( I, I) - I 2.* I CL ( II +CRI I I I/H I I ) * *3 ,

'I S {3, 11-6.*CL {II/H 11**2
SI5,1)=6.*CR( I)/H( 11*';2
S 12,21- AL (II/PI I 1+12.*BLl II /X! II **3
Sl3, 21=6.*BU IIIX( 1)**2*ZI

), S 14, 21--12.*BL I I l/X( 1l**3
S 15, 21=6.'"BL (I I/X( 11**2*Z2
S I 3,31= 4.* (CL ( II/HI II +Z 3*eU II IX! 11 J
S 14, 31=-6.*BLI 1l/XIll**2*Z 1 ;

S (5, 3]= 2 .*BL 11l/XIlJ*Z 5
S 14, 41= AR111If-1 1 J+I2.*BLl II IXI1) **3
S 15, 41--6.*BL I II/Xl 1l**2*Z 2
SIS, 51=4.*ICRlll/H( ll+BLl IJlX( 1) *1I+1
00 16 J- 1, 4
NN=J + 1
00 16 1=NN, 5

16 SIJ,I)=SII,JI
CALL MAT INV IS,5,D)
DO 18 1= I, 5
WRITE 14' 10 I 101 I,J I,J-I, 5)
FSII)=P(II

18 FRII, ll-P( II
DO 27 1= 2, N

....t NN- 5'" I 1- 1 I
N 1= I 1- I I
DO 20 K- I, 5 .
KK=NN+K

20 FI IK, ll=P (KK I
Z 1= I. + 2 .'" S 21 I II XI I I
Z2-I.+2.*S 3( I l/X( I I
Z3= 1.+3.*S21 I l/X( 11*( 1.+S2( I) IX( I J I
Z4- 1 • + 3 .* S 3 ( I 1/ XI I 1*( I. + S3( I I / XI I ) J
Z5= 1.+3./X! I I"{ S2! J J+S31 I 1+2.*~2( J.J *S3II I /X(!ll
C I I, 11- - 12.*1 CL I N I I +CRI N I ) I /H I N IJ * *3
Cl3, II=-6.*CL (N lJ/H(N 11**2
C (5, ll- 6.*CRIN IJ/HIN 1l**2
C( 2, 21=-AL IN I) /H(N I I

+ C( I, 31- 6."'CL IN 1)/Hl~111**2
C(3, 31=2.*CL IN ll/HIN 1)
C ( 4, 41-- AR(N J ) / H N I)
C( I, 5)=6.*CR(N II/H(Nll**2 .

CIS, 51- 2 .* CR [N I I IHI N lJ

. .'~



.

CAll MATTRA (C,S,5,51 .

CAll MAHIL Y IS,D,8,5,5,51
CAll MATr~LY (e, FR, FM, 5, 5, II
CAll M.ATSUB I FI,FM,fR, 5, II
CAll MAH1L Y (B,C,O, 5, 5, 51-:« DO 60 J-= 1, 5
DO 60 K= 1, 5, 60 B(K, J )-0.
BI 1,11= 12.*1 (CL (II+CRll I )/HIl) **3+(CLl Nl )+CRINl1 I/H I I'll) **31
B(3, 11-6.*ICl( II/H( II**2-CUNl)/HINll**21
B( 5, 1) = 6 • * I CP ( 1 I I H( 1 I * * 2- CR( N II /H I Nt) * *2 I
B12, 2)- AL I N III H(N 1) +AL ( I I /H( 1 1+ 12. *8 U I I / X( I I **3
RI 3,21= 6 .*BL ( 1 I /X( II**2"'Z 1
B( 4, 2 1=- 12.* BL I 1 ) / X( I 1** 3 iG15, 2)=6.*BL( II/X( ll*'*2*Z2
B(3, 31-4.*ICl(N II/H(N ll+CUI )/H( I)+flUII /XIl) *Z3)
B14, 31=-6.*BL( II/X( 11**2*ZI
B(5, 31= 2.* Bl ( I I I X( I I*Z 5
B I 4, 4 I = AR(N 1 1/ HI N I I +AR ( I) IH( II + 12 • *3 l( I I / X( I ) * *3

.> B( 5, 4)--6.*3l ( I I IXI lJ** 2*Z 2
B15, 5 )=4.* ( CR ( NIl / HI N 11 +CR I I ) IH I I ) + 8 U I ) / XI I I *z 41
00 22 .J= .1, 4
KK=J + 1
00 22 K=KK, 5 '.

22 BIJ,K I=B(K,J)
CALL fl,ATSUB (B,O,S,5,5) .
CALL MAT mv (S,~,O)
IF I I-N I 24,28,24 ,

24 00 25 K= 1, ~
WRITE 14'10) 101K,J I,J-l, 51
KK=NN+K .

25 FS (KK)- FR IK, 1.)
27 CONT INU E
28 CALL MATMLY ( 0, FR, FM, 5, 5, t )

K= 5* (N-l1
DO 29 J= 1, 5
KK=K +J

~ 29 J1KK1-FMLI, II
, DO 32 1= 2, N ., "
I N I-N 1+ 1.IT'

I C ll, 11=- 12.* ( CL (N 11 +CR ( N II J /H ( N II * *3 :
C(3, 11- 6.* Cl (N 1) /Hl N 1) ** 2
((5, 1l=-6.*CRIN ll/HIN 11**2
C12, 2)- - Al (N III f-' (N II
C ( 1, 31= 6 .* CL IN J I /Hl N II * * 2
C (3,31= 2.* Cl IN 1 I IHI NIl
((4, 41=-ARIN I)/HN I)
C( I, 51-6.*CR(N 11/HIN 1)**2
C I 5, 5 1= 2 .* CR IN 1 I I H( NIl
IO-5*(N 11+1
FIN 0 (4' 101

~. DO 31 J 1, '5
READ (4'IDI lOLl ,K I,K= 1,51
KK- 5" IN I l+J

31 F 1 (J , 1 1= F S (KK 1
CALL MATI-",LY ( C , HI , FR , 5, 5, II

,

... "",,,tl:Il
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KK=4*1I-]1
Z 1- I •.• 2.* S 21 I II X( I 1
Z 2= I • + Z .*S 3 l [1 I X( I)
Z 3- 1. + 3.* S Z ( I 1I XI I 1* ( 1. + S 21 I I Ol I 1 1
Z4= ] • +3 ." S 3 ( 1 ) I Xl I }*l 1. + S 31 I I / XI I ) )
Z 5- I • +3. I X{ I l* ( S Z( I 1+ S 3( I 1 + 2. * S2 ( ] 1 * 53 I I ,l IX I I 1 )
TL=-U (i< +31
TR- U(K+5J
DEL = U (K + 2 )-U (K + 4 I
XML-QIKK+Z) 2.*BLl [lIX( II*(2.*Z3*TL+Z5*TR 3.*Z1*DEL/X(II}
XMR= Q (KK +41 - 2.* Bt ( I ) I X( I) * ( 1 5* Tt + 2. *z 4 ~TR-3. *ZZ *DE LlX [ I 11
vr~-(Xr~t+XMR)/(X(I)+S2( I,)i-S3( I»
VL=Q(f(K+) )+VM
V R=Q (KK +3l-vr~

CALL MATSUB ( F I, FI' , FM , S, I J
00 33 J = 1, 5

33 FRIJ, lJ=FM(J,] J
CALL MATML Y ID,FR,FM,S,5,I)

---:>; CO 32 ,'(= 1, S
KK- 5* (N-] HK

32 U(KK}=FMIK, ])
,JRITE (3,34)

34 FO I'M AT II/IX Sf'S TOR Y, <; XII HTRAN SLA TI ON, 8 Xl Z H LT VER 01 SP. ,9XllHLT ROT A, IT ION, ax 12HR T V ER DISP., 9XllHR T ROT,\TIONJ
DO 36 1= 1, N

, DO 35 J- 1, 5
KK=S* (]-I)+J

35 FR(J,IJ-LJIKKJ/E
36 <lRITE ( 3, 37 1 [, ( FR ( J " 1) , J = 1, 5,J
37 FORM AT [IX, [S, 5020.101

! C CAL CUt AT E IN TERN AL FORCES ON BEAMS
, wRITE ( 3, 381

38 FO RMAT «I 2lX39HBEND 1\IG MOMENT AND SHEAR F ORC E ON BEA MS1
>, wRITE 13,40 )

40 FORMAT (IX5HSTORY, 9X9H8 ,.M. LEF T, 8Xl OHB. M. RIGHT ,aXIOHSf'EAR LEfT,7XI
11 HS HEAR Riff-T)
DO 41 [= 1, N
K- s* ( I I I

-
41 wRITE I 3, 42) [, X~lL, XMR, VL, \P,
42 FORM AT (IX, [5,4018.101

C CAL CUL AT E INTERNAL FORCES ON LEF T COLuMNS
tlRITE ( 3, 43)

43 FO RMAT (I 6X 51\-.B ENDING MOMEN T SHEAR AND AX[ A 1 FORCE eN LEFT CCLUMN)
wRITE <3,48 }
DO 44 1= 1, N
K=5~'(I I I
Z1=-U (K +3 J
Z2 UIK+8)
Z 3= U (K + 1 ,1- U ( K + C 1
Z4 Z 1 +Z 2 3.*Z3/HI [)
XML= - 2 .* CL I [ } / H( [ ) * ( Z 4 +1 1 J

~ XMR - Z .* CL ( [ ) I H( [ ) * I Z 4+ Z 2 I
VL= lxr~l +XMR 1/1-( 11
VI' VL
XMLR=AL (I J/t-! I l*(UIK+71-UI K+21 J

44 tlRlTE 0, 501 I, XflL, XMR, Vl, VR, XMtR

.

5.
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9 CONT INU E
IPVOT'I ICOlI= IPVOTl lCOl 1+1
IF{ IROW lCOl I 13, Ie", 73

73 DO 12 l= I,N
T-AIIROW,L)
AllROW,l )=AI [COL,L I

C CAL CUL AT E INT F:RNAL FORCES ON R IGH T COLU~NS
.WRITE 13, 47)

47 FOR/HT U6X52\-BENDI\IG 1'10 MEN 1 SHEAR AND AXIAL I' ORC F: eN RIGHT COLU MNIWRITE ( 3, 48 I
48 FORM AT ( IX5HSTOR Y, 9X 7HB .1'1 .TOP, 9 H OHB. M. B 0 TTOr-',9 X9H SHE AR TCP,6XI2HSH--cJ.;

1 EAR BOTTOM, 7X IIHA X I AL FORCEI
. DO 49 1= 1, N

K- 5~ l I 1)
Z 1= -U l K + 51
Z2- UIK+IO)
Z3=U IK +I)-UIK +61
Z4=ZI+Z2 3.*Z3/I-{II
XML=-2.*CRI II/H( 11*(Z4+Z l}
XMR= 2 .* CR l I I I H( Il * ( Z 4+ Z 2 I
VL= lXML +XMR I/H( II
VR- VL
XMlR=AR( II/H II*lUlK+91-U( K+4)1

49 fiR IT F: « 3, 50) I, Xl'lL, XMR, VL. VR, XMLR
50 FORM AT ( IX, 15,50 Ie. Ie)

;.. GO TO 2
51 STOP

F:NC
SU BROUT IN E MAT INV (D,N,AI
DOU BL F: PR EC IS ION D,A,P IVOT, T
DIMENSION AlN,N),IPVOTl71,INOEX(7,21 ,PIVOT(71 ,DlN,NI
DO 10 1- 1, N
DO 10 J=l,NI

10 !dI,J) D(I,JI
DO 17 J= I,N

17 IPVOT (J 1- 0
DO 135 1= I,N
1=0.
co 9 J= I,N
IF (IPVOT (J J lJ 13,9,13

13 DO 23 K= I,N
IF l IPVOT IK I 1) 43,23,81

43 IF I CAI3S (T )-CABS(Al J,K J}) 83,23,23
-* 83 IROW -J

I COL=K
T-AlJ,K I

23 CONT INU E

12 A I I COL, 1. J T
109 INDEX (1, ))= IROW

INDEXII,21 ICOl
PIVOT I I J= Al lCOL, leOll

+ A I I COL, I COL J I •
DO 205 l = 1., N

205 A I I COL, l I A ( I COl .l ) IP I VOH I I
347 DO 135 l 1= I,N

1 F Il I I COL I .21,135., 21

~
, .



EN 0

~

,
21 T= A I L I, I COL )

AIL I, ICOL)- O.
DO 89 L= I,N

89 AIL I,L I-A(L I,Ll-AI ICOL,L )*1

--=" 135 CONT INU E
222 DO 3 1- 1, N

L=N-I+l
I F I IN 0 EX (L, I ) INDEXlL,2)) 19,3,19

19 JROrl= INDEXlL, 1)
J COL- INOEXIL, ;;)
DO 549 K= I,N
T-A(K,JPOrl)
A(K,JRmv )=AIK,JCOL)

. ;

A(K,JCOL .l-T
549 CO NT INU E

3 CONT INU E
81 RETU RN

I EN C
SUBROUTINE MATMLYIA,8,C,M,L,NI :

). DOU BL E PRECISION A,B,C
C MAT R IX ~1lJL TIP L ICA T ION .A*B =C A =M BY L B=L BY N

D 1MENS ION A(5, 5),B( 5,5).,C( 5,5)
DO 3 J = 1, N
DO 3 1- 1, M
ClI,J)=O.O
DO 3 K-l,L ,

3 CI I,J )=Cl I,J )+A( I,K )*B( K,Jl
RETURN ,

SUBROUT IN E ,"'ATSUf\( A ,B ,C ,"1 ,Nl
DOUBLE PRECISION A,B,C

C MATR IX SUBTRACT ION A B C
o 1MENS ION A(5,S),B( 5.51,(1 5,5)
DO 3 J- 1, N
DO 3 1= 1, M

3 CII,JI-A(I,JJ BII,Jl
R ElU RN

,J.. EN C
SUBROUTINE MATTRII(A,B,M,Nl
DOU BL E PREC ISION A,B

C MAT R IX TRANSPOSE II TO B .
o 1M ENS InN A(5,5),BI5,5) -

DO 3 J= I,N ,
DO 3 1- 1, M

3 BIJ, Il=A( I,J 1
RETU RN
EN C

1*
II EX EC LNK EDT
1/ OL BL UOUT,' IJSYSOl'
II EXT ENT SYSOOI" 1.0,40,20

-+. II EX EC CL R OSK
II UCl B= (K = 0, 0= 401, X 'C C', 0 Y
1/ EN 0 ,
/1 CL BL IJ SYSO 1
II EXT ENT SYSOOI" 1,0,40,20

'!.
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) "

- /I JOB LJ EC91664 TWO SAY FRMIE ANA L YSI S M. A. MAt\NAN OE('1977
II OPT ION L INK,L IST,LOG "

/I EX EC FFORTR-IIN ",-~..• - -"

C THIS IS A PRO GRAM FOR TWO BAY FRAME ANA L 'I SI S .
( BY ST IFEN ESS METHOD AND RECURSION PRoe ED URE-

" USED \\HL S "
( PROGRAM MAY BE FOR FR M1E OF OR OF COLUI'NS OR CF 80TH

OOU SL E PRECIS TON 80 ,8,C ,A ,FM,FREO .,01 SP ,O,E ,FI ,BI ,U,F S, P, C,X P,FER,-
lW I 1, vi I 2, W I 3, 8 1 1, 8 I 2, WA1 , WA2 , wA3 , XLl , XL2 ,H ,S2 ,S3 ., S4 ,S5 ,X 1 ,X 2 ,X 3 ,X 4 ,
2X 5, X 6, X7, X8, Xg, X 10, XlI, X12 , X13 , X14 , Xl 5 ,X 16 ,X 17 ,X18 ,X 1 9 ,X 2 0 ,X 2 1 ,X 22
3, X 23, X 24, X25, X2 c,. X27, X28, TL , TR , TRR ,0 E L ,0 E LR ,X3 0 ,X ML, X f'"R ,V M ,V L ,V R,

- 4X MLR, XMR P , VI' P, VL R , VRR , T T , Tf\ , XMT , XMB , VT , VB ,A XI A L ,E f"
DIMENSION BOI 1,71,B( 7,7I,C( 7,7I,AI7,7) ,FMI7,11 ,FREOl7,!) ,OISPl7,l1

- 1,0(7,7), E( 7,71, FI( 7, 1l,BI( 133,7) ,L( 1471 ,P1l401 ,(;1l60) ,FS 11331
2, XP 17 I, FER ( 8 )
WRITE (3,]11]

111 FO RMAT (6X66HTWO SAY FR AME ANALYSIS BY STIFFNESS MAT RI X AND RECU RS
1 ION PRO C EOUR E J-

S TORY, LTCIlL., \oIZ-MOl C TR WI3-MCIC N~NIl.OF WII-MOI COL. , WALL
C BI1=MOI LT BEAM, 812=140 I RT BEAM, wlll=AREA LT COL. ,-
C 1.JA2- AR EA CTR COL ., WA3-AR EA. WALL, FM-r~oo ULUS OF E LAST! CI TY
C XL I=SP4N LT 8 EAM, XL 2= SP 1I N RT BEAM, rl=5TCRY HEIGHT

50 I READ ( 1, 1, ERR 99, EN 0 9 gIN, N SL 04 0 , I'll 1 , \\1 2 ,I- I 3 ,8 I 1 ,81 Z ,\-J Al ,W AZ ,W 43
WRITE (3,101)-

101 FO RI'\ AT (f/6XI7I-BEGINNING OF OA TA I
,IRFE ( 3, 1 I N, \J 5L 0 AD, WI I, W12 , WI 3,8 I I,B I 2 ,vJA I ,WA2 ,WA3-

1 FO RMAT I 2 H, 3.f 1 1 • C, 2F <; • C, 3F 7. CI
REtO ( 1, 301 EM, XL I, XL 2, H, S2, S3, 54, S5

i C IF S2-0.1ST hiALL IS CJL •• IF S3 S4 O.CENTER WALL IS C CL. , AND 50 ON, WR IT E I 3, 30 ) EM, XL 1, XL 2, H , S2 , S3 , S4 , S5
i 30 FORM AT 18F9.;;),, N 1= 7* (N + 1 ),
~ N2 7*N•8 N 3= 8*N

DO 4 1- 1, N ]
4 UIII=O.-

IDO 5 1, N 2 \. ':-".i~~5 P(ll=O. -,-
""DO 6 I 1, N 3 :. ,.. ~1

6 Q(])=O.
C NS LO AD- NUl' B ER OF STORY LClAOED LS LOADED STCRY LE VE L FRCf" TOP
( X P IK )=LO AD AT EAC f-' STORY, FER I J ) =F I XED END REAC Tl ON ON S T C RY BEAM-
C ORDER OF FER ( J I LT SHEAR,LT FEM ,Rl SHEAR ,RT FEM. (FCR BOTH S I DES 100 7 [= 1, NSLOAD \-

READ (1,31 LS,IXPIKI,K-l,71
WRITE (3, 31 LS, (XPIKI,K=l,7)
READ ( 1, 30 ) I fER (J ) ,J 1, 8)
WRITE (3,30) (FER( J ),J= 1,81
DO 8 K 1 1,7

"]2=7~' (LS-I I+K I-
P ( 12)8 XP (K 1 )

; IDO 13 J 1= I, 8 !,

i 12 8* I L S II +J 1 I13 Qj 12)=FERIJ 1)
7 CONT INU E
3 fORM AT (14,7FIC.2l ".-

DO 50 J 1,7

".,-

_.~.-



-
- DO 50 1= I, 7

80 I I, J 1- 0 •
81 I,J 1=0.

50 C ( I I J )- 0 •
X 1= 12.*W I I/H*'<::- .' X2-6.*WII/H**2
X.3=4.*WIl/H-

X4-W A11 H
X5= 12.*W 12/H**3
X6-6 .*W I2/H** 2
X7=4.*W 12/H-

WA21 HXS
X9= 12 .*W 131 H'~*3-
X 10-6 .*W 13/1-'** 2 .
X 11= 4 .*~1 13/1-'
X 12= WA31 H
X 13= 12 .~, fJ I 11 XL 1** 3 '.-

X 14= 6 .*B Il/XL 1** 2
X 15= 4 .* BIll XL 1-
X Ib-12.*BI2/XL 2**3
XI 7= 6 .* B 121 XL 2** 2 ,
X 18- 4 .* B I 21 XL 2
X 19= 1.• + 2 .* S 21 XL 1
X20-1.+2.*S3/XL 1
X 21= 1 • + 3 .* S 21 XL 1*1 1." S2 I XL J.)-
X22= 1.+3./XL 1"( S2+S3"2.*S2'~S3/XLl)

I X23= 1 •.• 2 .'" S 41 XL2

1
X24= 1.+2 .~'S 51 XL 2
X25= 1." 3.* S 3/,XL 1''1 1." S31 XLII, X26-1.+.3.'~S4/XL2*1 1.+S4/XL2)

~ X27= 1.+3 ./XL 2~' I S4+S5+2.*S4*S5IXL21"J X2S- 1.+3.*S5/XL 2*( 1 •.• S5/XL21
BOII,ll=X1+XS+XS
BO(3,1) X2
BO(5, 1l=X6
BO (7, 1) X 10
SO( 2, 2 J= X4 +XI::-
8n (3, 2 I X 14* X1 'J
80 (4, 2 J= - X I3

,

80(5,2) X 14* X20
BO ( 3, .3 )= X .3" X15* X2 1 ,
80(4,3)- X14,< XIS
BO (5, 3J=X 15/2.*X22 ;-
BO14,41- XS+XI3+X H
BO( 5, 4 1=X 17* X2 3- X14* X2a
BO(b,4) X16
BOU, 41= X 17*X24
BO(5,5) X1+ X15'~ X25 + X18t.X 26
80 (6,5)= - X 1.7* X2 3 ,-
Bon, 5)-XIS/2.'~X27
BO( 6, 6 1=X 12 +X 16

•, Bn (7,61= X17*X24
BOU, 7 )= X 11+ X 18* X28

•C (1, lJ= ( Xl+XS+X'j;) .
cn, U=-X2 ,-
C(5,IJ X6

.
,

,
, Ji.
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DO 54 K 1 7

--
- C17, ll=-X 10

C I 2, 2 J- X4
Cll,31=X2
C13, 3J-X3/ 2.

- C(4,4)=-XB
" C(I,5)=X6

- C(5.5)=X7/2.
C(6,6J- X 12
C(I.7J=XI0
C(7, 71-X 111 2.

- B( 1, U=2.*1 Xl+X5+XSJ
B( 2.21- 2 .*X4+X 13
BD, 2)=X 14*XlS~
BI 4, 2 )- X13
B(5.2J=XI4*X20
813,3)= 2.*X3+X 15*X21

- 8 (4, 3 1=- X 14* XIS
B( 5, 3 1- X15/ 2 .* X2 2

- B( 4, 4 )= 2.* XB+X 13 + XIt
8(5,41-XI7*X23 X14*X20
BI6.4)=-XI6
8(7,/t)-X17*X24

- fJ( 5,5)= 2.*XI+X 15* X25+Xl E*X26
8(6,5)- X17*X23

- 8 {7, 5 ,1=X 18/ 2 .* X2 7
8 ( 6, 6 )= 2 .* X 12+X1t
8 17, 61= - X 17" X2 4
8 (7, 7 1= 2." X1 1+ X18* X28 ,

~' DO 51 J = 1, 6, J 1 J + 1 ,•~ DO 52 1=J 1, 7,
BOIJ, I I 80 { I, J I ,I 52 BlJ,II=BII,JJ

51 CONT INU E
CALL MATTRA (C,A, 1, 71
CALL ~,AT INV (BO,7.1J)
DO 666 J = 1, 7-
DO 666 I I. 7 -666 BI(I,J)=O(I,J)
CALL MAn'L Y (A, O.E:, 1, 7, 7)
DO 9 1= 1, 7-
FS I I J- PI 1)

9 FRED ( I, 1 1=P I II
"

-
DO 53 I 2,N

I 14= 7* ( 1- 1 )
"

, ,
IK=I4+K

I
54 FI(K,Il P ( IK )

CALL MAnlL Y ( E, FR ED, FM, 7. 7 tl )-
CALL t1ATSUB ( F I, FM, FR ED , 7, 1),
CALL MATMLY (E,C,O, 1, 7, 7)

I
, CALL MATSU13 (B,0,E,7.7)

CALL MATmv lE,I,O)
IF ( I-N I 1O,11.1C

10 CALL MATMLY IA,O,E,7,7,7)-
DO 541 J 1, 7

,
)

•• j~



--
- 1J=14+J

541 FS (IJ J-fRfDIJ.1J ,
00 888 J = 1, 7
DO 888 L - I. 7
IL= 14+L-. '888 B11IL.J J-o(L,J)

53 CONT 1NLJE-
11 CALL r'1AH1LY I 0, FR EO, 0 I SP , 7,7 , 1)

K=7*IN-1)
DO 14 ,j- 1,7
KJ = K +J

14 U (KJ )- 0 IS P ( J, 1 )
DO 645 1= 2, N-
DO 998 J 1, 7
DO 998 K= 1, 7
KJ-7* (N I I +K .

998 D{K,J I=B11KJ,J ) ,-
DO 646 J - 1. 7
JJ= 7" (N- I) +J .-

646 FIIJ, II-FS(JJ)
CALL MATMLY I C, 0 I SP , FM , 7. 7, lJ
CALL '.1ATSLJB I F I, FM, FR ED ,7, 1 j
CALL MAH1L Y ( 0, FR ED, 0 I SP , 7, 7, I)
00 647 K- I, 7
KK=7* (N- I J+K- -
J IKK ) olSPlK,ll647

645 CONT INLJE
WRITE ( 3, 7771

J 777 FORM AT 1// IX:HSTORY, 6XllHTRIIN SLII nON ,6X11H LT VE R 01 SP.6XIIHLT RCT II
1 IT ION, 5XI2HCTR VER 01 SP , 5 XIZHC lR RUTII 'II ON ,6xlIRRJ VER DIS P,6X lIAR! •~ ZROT AT ION / I
I CO 20 I 1, N
8 CO 200 J = I, 7

K- 7* I I 1 I
J L=K +J

200 FR EO (J , 1 ) LJ(J L ) 7 EM
20 WRITE (3, 12) I, I FR EO ( J. 1 I , J= 1 • 71-
12 FO Rr~AT ( ZX, 14, 7017.10)

C CALCULATE IN TERN AL fJRCES ON BEAMS
wRITE 13,;;221

222 FO PMAT ( / 4 3 X39 HB EN0 1,\1G MOMEN T AND Sf1E II R FORCE ON BEAI<'S)
WRITE <3,:::1

555 FORr4 AT ( 26X 15f-L EFT SIDE BEAM S,44XI6HR1GH T SlOE BE A f'lS) ,-
WRITE (3, 88 I

88 FORMAT(IH , 51-S TOR Y, t X<;HB • M• LEF T ,5 Xl CHB. 1". RIGHT,5XIOHSHEAR LEFT,4 ,IX IIHS HEAR RIGHT,6X9HB.,'1. LtF 1,:>XlU;tJ.'~. Kl"H I ,'i\iUH:>HtAH Lerl,'tKli
•2HS HAR R IGi-'T!l

00 21 1- I,N
K= 7* ( 1- II-
K 1- 8* I I I 1
TL=-U IK +3 J.•.. TR UIK+5J

. TRR=-UlK+7)
, DEL=U (K+21 UlK +4)

oELR=U IK +4J-UIK. +61-
XML Q(K 1+2) X 15/2.*{ Z."X2l*lL+ X2Z*TR 3. * X19 *DE Llx LII

•iii'" -.,~



--
- XMR=Q IK 1+ ~ )- X 15/2.* I X 22* TL + 2. * X2 5 * TR-3. "X2 0 *DE L/,X Ll)

V M- (XML +XMR ) I ( XL 1+ S2+ S3)
VL=Q1K l+11+VM
V R= Q IK 1+ 3) V~4

- XMLR=Q1K 1+6 )-X18/2.'H 2.*X26*TR+X27*TRR-3. *X23 *DE LR/X L2) ,,', XMRR-Q (K 1+8) X18/2.*1 X27*TR+2. *X28*TRR 3. *X24*DE LR/X L2J
VMR= IXMLR+XMRR )/! XL 2+S4+S5)-
VL R- Q (K 1+ 5 J+VM R
V RR=Q (K 1+7 J-VMR

21 wRITE ( 3, 22 ) I, XML, XMR , VL , VR , X/4LR , XMRR , VLR , VRR
22 FOR/1AT ( 2X, I 4, ED 1 5 • 8 )-

C CAL CUL AT E INTFRNAL FJP,CES ON LEF T COLUMNS
wRITE (3,333)-

333 FO RMAT 1/6X51HBENDING MOMENT SHEAR AND AXIAL FORCE ON LEFT CQLUMN)
WR ITE 13,77)
DO 23 I 1, Nc

i K=7* (I-I),-
TT- U (K +3)

- T B= -LJ (K + 10 )
DEL - U IK + I ) UIK+8.)
X30=TT+TB-3.*OEL/H
XMT- X 31 2 .~, ( )(3 C+TT )

- XME= - X 31 2 .* ( X3 0 + TB )
VT (XMT+XMB )/H
V B=-VT-

X4* (U (I, +9) U(K+2)1AX I AL
23 wRITE (3, 24) I, XMT, X'1B , VT , VB ,A XI A L

I C CALCULATE INT ERN AL FJP,C E S ON CE NTER COLUMNS
WRITE (3,8901,, 890 FORM ATII 6X52l-flEN 0 IN G MOMEN T SHEAR AND A XI A L F ORCE CN CE~TR COLU MNl,

{ rJRITE ( 3, 77 ),
DO 26 1- 1, N! K=7~'11-IJ
n U(K+5)
T B=-U CK+ In
DEL=U IK+)) UIKH)

- X 30=TT +T B- 3 .*DEL IH
X/'T= X71 2.* I X30+Tl)
XI" B=-X7I2.'" I X30+TB)
VT (XMT+XMB III-<
V8=-VT-

UIK+4l:1AX I AL XB*(uIK+]IJ
26 WRITE <3,24) I, XMT , XMB , VT , VB , A XI A L ,-

C CALCULATE INTERNAL F3RC E S ON R IGH T COLUMNS
iWR IT E (3,4~4)

444 FORMAT l/6X52f-BENDING MOMEN T SHEA R AND A XI A L F ORCE CN RIGHT COLU MNl,;RITE ( 3, 77 )-
77 FORMAT(lH , 5HSlORY, 6XEHB.M. TOP,8XIIHB.M. B OTTCi'~ ,8 X9H SHE AR T OP,BXI

In-SHEAR BOTTOM, tx I1HA X lA L FORCE/l-
DO 25 1= I, N
K= 7* I I- J )

. ..:.., TT UIK+71

I- T B=-U (K + 14 ),
DEL U IK+ll-U(K+81
X30=TT+TB- 3."DEL IH- xtn X 111 2.* I X3C+TT)

•• ,.c"'""



'--- ' .

- XMB=-XI1I2.*(X30HBJ
VT- (XMT +X~1B )/1-

I V B=-VT
AX I Al - X 12* ( U I K + 1 3 ) U( K+6»

I
25 WRITE 13, 2~ ) I, m T, XMB, VT, VB ,A Xl A lt. 24 FORM AT (2X, I~, 50le. IOJ

GO TO 50 I
I 99 STOP
I EN C

I SUBROUTINE MATINV (O,N,A)
OOU Bl E PR EC IS ION a,A,p IVOT, T
oIMENS ION AIN,N I, IPVOTI 7), INoEX( 7,2) ,PI VOT( 7) ,0 (N, 1\)
DO 10 1= 1, N-

I 00 '10 J-I,N
10 A I I, J )= 0 ( J, J .1

DO 17 ,J- I,N,
17 IPVOT (J J=O-

00 135 I 1, NI
T=O.-
DO 9 J 10N
IFI IPVOT (J)- I) 13, S, 13

13 DO 23 K I,N

I- I F I I P V0 T (K )- 1 ) ~3,23,8I
43 IF lDABSlT) OABSIA( J,K) I) 83,23,23
63 IROW=J-

IeOl K
I T=A(J,K)

i 23 CONT INU F
~ 9 CONT INU E,

IPVllT I ICOl l- IPVo T( ICOl 1+1,,
~ IF ( IROI-J- I COL l 73, res, 73 ,,
j 73 DD 12 l 1, N

T=A(IROW,lJ
A(IROW,LI A(ICOl,l) ,

12 A1ICDl,lJ=T
109 IN 0 EX ( I, 1 ) IRoW

INDEXI I, 2)= ICol-
P IVDT ( 1)- Al ICDl, lCOl )
A ( I COL, I COL )= 1 •
DO 205 l 1, N

205 A I I COL , l l = A ( 1COL ,l J IP I VO T{ I )-
347 00 135 LI-l,N -

. IFILl-ICOL) ;:1,13:,21-
21 T AILI,ICOL)

,
A(LI,ICOLl=O.
DO 89 L 1, N -,

89 A(LI,L )=AIL I,L .l-AI ICOL,L )*1
135 CONT INU E
222 DO 3 l= 1, N-

L-N 1+1
11'( INOEXIL, J)-lNOEX(L,2» 19,3,19

. ••• 19 J ROW= IN 0 EX (L , 1)
JCOL= INOEXIL,::'J
00 549 K 1, N

- T=AlK,JROW)
A(K,JROW )-A (K,JCOL J

~ - ..;" .••...



--
- AlK,JCOL)=T

549 CONTINUE
3 CONT INU E

81 'RETURN
EN C-
SUBROUTIN,E MATTRA(A,B,M,NI

C MAT R IX TRANSPOSE A TO B-
OOU Bl E PREr.IS ION A,B
C 1M ENS ION A(7,7),BI7,71
00 3 J- I, N

- 00 3 1= I, M
3 BIJ, 1 )=A (I,J )

RETURN-
EN C
SUBROUT INE MATMl Y(A,B,C ,M,L ,N)

C MAT R IX MUL T IPl ICA T ION A *8-C A -M BY l B-L BY N
- DOUBLE PRECISION A,B,C

OIMENS ION A I 7, 7 ) , B ( 7, 7l ,C ( 7, 71
00 3 J= I,N-
CO 3 I-I,M
(I,J)=O.O
DO 3 K= 1, L

3 C( I,J )=C{ I,J HAl I,K I*B( K,j)-
RETURN
EN C-
SUBROUT IN E MATSUB( A ,6 ,C ,M ,N I

( MAT R IX SUBTRACT ION A-B=C
i OOUBl E PR ECISJON A,B,C

;,
o It"lENS ION AI7,71,BI7,7),C(7,7)~, DO 3 J 1, N~ DO 3 1= I, M•~ 3 CII,J)-A(I,JI 131 I,J I ,•d RETURN
EN C

,1*
II EX EC LI~K EDT

,II EX EC-
1*

-+

_.----~



II JOB UEC91664 M.A.MANNAN GENERAL TWO BAY FRAME JA~ 1978II OPT lON LINK ,L IST,LOG
II ~SSGN SYSOOl,X'IS2'
I I EX EC FFORTR AN

C T I-iIS 1SAP R0 GRAM Fa R GENE RAL T \\0 BAY F RA "'IE A NALY5 I 5
{' BY S T IF FN E5 S tJ, ET HOD A'J 0 R E e UR SI 0 N PRoe E [) URE
C PROGR~M MAY BE USED FOR FRAME OF WALLS OR OF COLUMNS OR OF BOTH
C PROGRAM CAN TAKE CARE OF VARIABLE HEIGHT,SPA~,MOMENT OF INERTIA.

OOU BL E PR EC IS ION 5, B, C ,0, FM ,FR ,F I , XP ,F E R ,U, P ,0 ,F S ,H ,A L ,A ~, ~ R, C L, CM
1" CR, E, BL , BR , X, Y, S2, 53, S 4, 55,z 1 ,Z 2,z 3 ,Z 4 ,z 5 ,z 6 ,z 7 , Z8 , Z9 , Zl 0 ,X 11 , r l ,
2T R; T RR, 0 EL, DEL R, XML , XMR , VM, VL ,VR ,X~1tR , XMRR , V~R ,VL R ,V RR
OI~1EN5 ION Sl7, 7),SI 7, 7),e(7, 7l,0( 7,7) ,FMI7,t) ,FRn ,1),

IFII7, lJ,XP{71,FERIB),U( 147),P{ 140),01160) ,FSIl331,
2H I 20 J, AL ( 201, AMI 20 1, AR { 20) ,C U 20 I,e MI 2 OJ ,C R I 20)
DEFINE FILE4 (140, 5t,L, 10 I
WRITE 13,1)

1 FORMAT {IX30~GENFRAL TWO BAY FRAME ANA LYSI 5)
C N= NUMB ER 0 F STOR Y, N 5L=N UMBER OF LOA') ED 5 HJRY ,E =MOD U. OF ELAS TI C ITY

2 REA 0 I 1, 4, ERR= 5 1, EN 0= 5 lJ N,!Ij Sl ,E
10= 1
FIN 0 14' 10 I
WRITE 13,3) N,NSL,E

3 FORMATlIIXlOl-'NO.OF STY=,I3,9XI7HNO.OF STY LOADED=,13,5X2HE=,F6.0n
4 FO RMAT I 2 I ::, F 6 • C I

NN=7* IN+ll
CO 5 1= 1, NN

5UIIl=O.
NN= 7*N
00 6 1= 1, NN

6 P I I 1=0 •
NN=8*N
DO 7 1= 1, NN

" 7 QII)=O.
C L5=LOAOED STORY LEVEL FROM TOP
C XPIK I=STORY LOAO,FERIJI=FIXED END REACTION ON STORY BEAM
C OReER OF FERIJ )=L T FESHEAR ,L T FEM,R T FE S,RT FE"'. IFeR BeTH BEAMS.t R IT F I 3, 200 I

200 FORMAT 11'1 ,5l-'5TORY,4X7HLOAD Pl,4X7-iLOAD P2,4X7'lLOAD P3,4X7HlOAD p
14,4X7HLOAC P~, 4X1HLOAD P6,4X7HLOAO P71
DO 9 1= 1, N SL
READ 11,8) LS'(XPIKI,K=I,7J
,iRITE 13,201) LS,( XPIKI,K=I,7l
DO 9 K= 1, 7
NN=7* lLS-ll+K #

9 PINN)=XPIK)
8 FOR~1AT II3,7Fl1.2)

20 1 FO RMAT I 1H , I ~, 7 F 11. 2 I
WRIT E (3, 2021

202 FORMATll 18XI4HLEFT SIDE BEA,'1,30XI5HRIGHT SIDE BEAM)
WP IT E I 3, 2031

203 FORMAT (IX5f-<5TORY,::X6HFES LT,3X6HFEM IT,3X6'lFES RT.3X6HFE'" RT.I3X6
IHFES L T, 3X6HFH1 L T, 3X6HFE S R TdX6HFE M Rl)
DO 10 1= 1, N SL
READ 11,11) LS,(FEHlJI,J=I,8)
.tRITE 13,204) LS.dFER(J)"I=I,81
DO 10 J= 1,8

----------------



5 (5, 2)-ZZ~'e.*8L/X**Z
S 1 3, 3 )= 4.* CL ( 1) IH ( 11 +Z 5* 4. *8 L 1X
514,3) -ZI*e.*BL/X*~'2
515,31=Z9*2.*BL/X
5(4, 41=AM(I)/H( 11+12.*(BLIX**3+BR/V**3.l
515, 4)=6.*U3*BR/V**2-Z 2*8L IX**2)
S(6,4) 12.*BR/V**3
S (7, 4)=Z4*6.*RR/V**2
515,5) 4.*O'(11/H 1)+Z6*4.*BL/X+Z7*4.*BR/V

NN= 8* IL S- Il+J
10 Q INNI- FERIJ I
11 FORM AT (13, 8F9.1)

Z04 FORM AT I IX, I ~, 4 F S • 1, I ex, 4F S. II
IDO IZJ=I,7-' DO IZ 1- 1, 7

S I IoJ )= 0 •
IZ C(I,J) O.

C H= STORY HElGH,AL=AREA OF LEFT COL ,AM=AREA OF CE NTE R CCLUf'lN IC AR-APEA [IF RIGHT CrJL LJ'1N,CL ~1nM• OF INERTIA OF U COL.
C CM=M.O. "OF CENHR COL LJMN, CR=M.O.l. OF RIGH T COLlJf'lN

WRITE (3, ZO~) ,
Z05 FO RMAT l/ IX6HH I GHT, 3X 11HAR EA L 1 COL,3XIZHAREA CTR COL,3X11HAREA RTI COL, 4X IOHMO I L T COL, 3XIIHMOl C TR COL,4XIOHMOI PT COLl

DO IS 1= 1, N ,
R FAD 11,13) HI) , AL I I ), AM( J ) , AR I I ) , C Ll I I ,C '1 ( I I ,C R ( I I

15 WRITF (3,ZOe) HI 1),ALlI),AM(IJ,ARIII ,CLlI) ,CM{II,CRIII
13 FPRM AT IF6.1,3F8.1,3F11.11

Z06 FORM AT ( IX, Fe .1, 6( 3X, F 11. I) I, C BL AN 0 BR '1 .0 • I .0 F L T ANO RT BE AM. X ANG y SPA N LT Af\:D PT BEAM.C SZ,S3,S4,55=oEPTH OF WALL FROM e.G. ( FOR COLLMf\:5 THEY ARE ZE ROlWRITE (3,Z071
Z07 FORM AT (I IX 42H5 EO 10"1 PROPER TIE S OF BEAM5 AND WALL DE PTH)

WRITE (3,Z081
208 FORM AT (4Xllh'101 LT BEAM, 3XIIH ~~OI RT BEAM,3XI2H5PAf\: LT BEAf",3X 12H5IPAN RT BEAM,IOX',2HViALL DEP IH FROM C.G. OF WALL LF.FT TO 1<1GHT )RF.AD ( I, 14) BL, Bf<, X, V, 52, 53,54,55

WRITE (3,209) BL, BR, X, V, 5Z, 53,54,55
14 FORM AT (2FIO.I,6F6.11

209 FO RMAT I IX, 4 I 3 X, F 1 1.11, 1 CX, 4F 11. II
Zl= 1.+2.*52/X
Z2- 1. + Z .* 531 X
Z3=1.+2.';54/V
Z4 1.+2."55/V
Z5= 1.+3.*52/X*( 1.+52/X)
Z6 1.+3.*53/X'"( 1,+53/X)
Z7= 1.+3.1, 54/V*( I.+54/YI

J- Z8 I.+3.*55/V*(I.+55/VI
Z9= 1.+3./X* 15Z+53+2.;'52*53/XI
ZIO I.+3./V*( 54+5~+Z.*54*S5/YI
5 ( 1, II = 12.* ( CL ( 1) +Ct-1( 1) +C R ( 1) I IH ( II * * 3
5 (3, 1 ) 6.*CL (I)/H( 1);'*2
5 (5, II = 6.* CMI 1 ) I H( 1) * * Z
5 n, 1)- 6 .*CP ( Il/l-'( 11**2
S I 2, 2)= AL ( 1 I I H( 1) + 12. *B L 1X** 3 ,
513, 21=Z l*e.*8L IX*'" Z
5 (4, 21=-12.*BL/X**3

I

~5~.-~.-~--,---------------------------------------~.-c.,:-.: ...-=.1



C I 5, 5 )= 2.* CM(N II1H( N II
C(6, 6 )= - AR (N I J I 1-"(N I )
ell, 7)=6.*CP (N ll/HIN 1l**2

5 (6, 5l=-Z3*6.*8R/'I*"2
5 17, 5 )-l 10* 2.~'BR 1'1 .
516, 61=AP l lJ/H 11+12.*BR/Y**3
5 n, 6 )- Z 4* E .~'BR IY*~' 2 .
5 (7,,7 )=4.*CR l 1 )/HI 11+Z 8*4.*BR /'I

, A,
00 16 J-l,6,
NN=J + 1
00 16 I-NN,7

16 5 IJ, 11=51 I,J )
CALL ~1ATINV 15,7,0)
00 18 1= 1, 7
WP IT E 14' JOllD( I,J l,J 1, 7)
F5 ( 11= P I 1 I

18 FP I I, 1)= P l I )
DO 27 1= 2, N
READ (1,14) BL, BR, X, '1,52,53,54,55
rlR ITE ( 3, 209 I ElL,RR, X, 'I, 52, 53, 54,55 :
NN- 7* I I 1)
Nl=(I-l)

~ 00 20 K- 1,7
KK=NN+K

20 FIlK, ll-P IKK)
Zl= 1.+2.*S2/X
Z2-1.+2.*53/X
Z3= 1.+2.* 54/'1
Z4-1.+2."55/Y
Z5= 1. +3.* S 21 X* ( 1. + 5 2 I X)
Z6 1.+3.*53/X*r 1.+53/XI
Z7=I.+3.~'S4/Y*( 1.+54/'1)
Z8-1.+3.*55/Y"( 1.+55/'11
Z9= 1.+3.IX" I 5;;+S3+2."S2*53/XI
ZlO-1.+3./Y*154+S5+2.*S4*55/Y)
ZlI= I CL I I I+CM (I) +CR l J II IH( I} **3+IC U Nl )+C MINl}+CRI Nll I IH (Nl )**3
C(l,l)- 1 2 • * ( CLl N 1 ) +CMIN l} +CR ( N 1) ) IH I N11 * *3
C I 3, lJ = - 6 .* CL (N 1 I I HI NIl * * 2
CI5,11- 6 .* CMl N 1 ) I HI N 1 ) ** 2
cn, 1)=-6.*CRlN IJ/HINlJ**2

> C( 2,21= AL ( N I ) I HIN 1 )
C I 1, 3 )= 6 .* CL IN 1 ) I HI N 1) * " 2 ,
C I 3, 3) 2 .*CLl N I ) 11-'1 N 11
C14, 4)=-AM (N 1 J llilN 1 I ;
C( 1, 51 6 •* CMI N 1 ) I HI N 1 ) * * 2

I C( 7,7) 2.*CRlN I )/HIN 1)

I CALL MATTRA IC,S,7,7)
CALL MATf"L 'I IS, 0, B, 7, 7, 71

I
CAll MATMLY I B, FR , FM, 7, 7, 1)
CAll MATSUB ( F I, FM, FR • 7, 1 I
CAll MAH1L 'I I B, C, 0,7,7,7)

-to OD 100 J 1, 7
DO 100 K= I, 7

100 BIK,JI-O.
Bll, l}=12."ZII
813,11 6 .* I CL I I ) I HI I )** 2 CLl N II IH( Nl H'*21

T " "

- -.-~"•. . ,



00 31 J 1, 7
READ (4'10) ID(J,K ),K=I,7)
KK 7*(N-l)+J

-
B15, ll=6.*ICM( I I/H( 1 )**2-C~~( NIl IH( Nll **2)
B( 7, 11- 6 .* I CR ( I I/HC 1 1** 2- CR( N I) /H ( N1 ) * *2)
B( 2, 2 )= ,ilL(N I ) / H(N t ) +Al{ I ) /H CI ) + I 2 • *B L / x* *3
e I 3, 21- Z 1* 6 .* BL I X** 2 .

~'
B14, 2)=-12.*BL /x*'n
B-(5, 2) Z 2" 6.* ElLI X,",, 2
BI 3, 3 )= 4 .* ( CL ( N 1 II H(N l.l +CLC I ) IH ( 1 1+ Z5 *B Ll X)
B14, 3 )- Z 1* I':.*BL /X** 2
B15, 31=Z9*2 .t.'BL /X
B ( 4, 4 )= AM(N 11/ H(N II +AMI 1 I /H( I 1+ 12. *( BL IX * "3 + B '<lY **3)
B15, 4 )= 6 .* I Z3*BR / y,,* 2- Z 2*6 L / X* *2 I
Blb,41 12.*BR /V** 3
B17, 4 )=Z4'~6 .*BR /Y**2
B15, 5 )- 4.* ( CM(N II/HI N 1) +CMI I 1 /H ( I I +Z 6 *B L I X+Z7 *B R/YI
BI6,51=-Z3*1':."BR/Y**2
B(7, 51-11O" 2.*RR /Y
B 16, 6 1=AR.(N I 1/ H(N 1 ') fA R( I ) /Hl 1) + 12. *6 R /y* *3
B(7,6)- Z4*1':.*BR/Y**2
B ( 7, 7 1= 4 .* ( CR ( NIl / HINti +CR ( I I IH I 1 1+Z 8 f,BR / Y)

# DO 22 J - 1, 6
KK=.1 + I
DO 22 K=KK, 7

22 BlJ , K )= B CK,J )
( ALL MATSUB IB,D,S, 7, 7),
CALL MAT INV (5,7,0)
IF I 1 N I 24,28,24

24 DO 25 K= 1, 7
WRITE (4' IDllDIK.J ),J-I, 7)
I<.I<.=NN+K

25 FS II<.K1- FR (K, II ;
27 CONT INU E
28 CALL ~1ATMLY I [), FR., FM, 7, 7, I )

K= 7" (N- II
DO 29 J I, 7
KK=1<.+J

29 J IKK I FM(J,l1
DO 32 1= 2, N

). Nl N 1+1 <

C(I, 1l=-I2.*(CLlN1)+CM(NII+CRINII1 /HINlJ **3
CI3,1l- 6.*CL (N 1 )/H(N 1 )"*2
CI5,II=-6.*CM(Nll1HINI)**2
cn, 11- 6.*CR IN I I/H(:\lll **2
CI 2, 2)= - AL (N I 1I HI N I )
C ( 1, 3 I 6.*CL IN lJ/Hl~11l**2
C13, 31= 2.*CL (N I )/H(N 11
C14, 4 ) -AMIN ll/H(N 1)
C I 1, 5)= 6 .*01 (N 1) IH IN 1) * * 2
C{ 5, 5 J 2.* CMIN 1 ) I HIN 11
Clb, b )=-ARIN I )/I-'{N I)
C ( I, 7 I 6.*CRCN Il1H(N U**2
cn, 7)= 2.*CR(N IllHIN 1)

-t. T D- 7* (N- 1 ) + 1
FINO (4' ID I

I

,



31 F I (J, 11= FS ( K K )
CALL ~1ATMLY (C,FM,FP,7,7,l)
CALL MATSLJB (FI,FR,FM.,7,1l
00 33 J = I, 7

33 FR(J, I)=FM(J, J)

CALL MAH1L Y (0, FR, FM, 7, 7,1)
DO 32 K= 1,7
KK=7* fN.,. I )+K

32 LJIKK l=fM(K, ])
wRITE (3,34)

34 FnR~~AT II/IX';f-STORY,6XIIHTRANSLlITION,5XI2HLT VER DISP.,6XllHlT ROT
IATION,4X13HCTR VER DISP.,5XI2HCTR ROTATlON,5XIZrlRT VER DISP •• 6XllH
2RT ROT AT ION )
00 36 1= I,N
DO 35 J= 1,7
K= 7* ( 1- 1 )
KK= K +J

35 fP.IJ,ll=UIKK)/E
36 ~P.ITE (3,37) I,(FP.(J,I),J=I,7)
37 FORM AT (3X, 13, 7017.10)

C CAlCLJLATE INTERNAL fDqCES ON BEAMS
~ RITE (3, 38 )

38 FORMAT U;;IX3<jHBENDING MOMENT AND SHEAR FORCE ON BEAt'S)
,J RITE (3, 2 1C )

210 FORMATIZOX25HL EFT SID E BE A M,35X27HR I G H T SID E B
IEAII,)
WRIT E 13, 40)

40 FORMAT (IXSHSTDRy,eX7HB.M. LT,eX7HB.M. RT,7X8HS'iEAP. LT,7X8HSHEAR R
IT, IOX7HB.M. LT,eX7HB.'1. RT,7X8HSHEAR LT,7X8HSHEAR RT)
DO 41 1= I, N
READ 11,14) BL,BR,X,V,S2,S3,S4,SS
K= 7* ( 1- 1 )
KK= 8* ( 1- 1)
ZI=I.+2.*S2IX
Z2= I.+2.~' S3/X
Z3= I.+2.~'S4/V
Z4=I.+2.*SS/V

~. Z5= 1.+3.*S2/X*1 I.+S2IX)
Z6= 1.+3.* S3/X* I I.+S3/X)
Z7=1.+3.*S4/V*( I.+S4/V)
Z8= I.+3.*SS/V*( I.+S5/Y)
Z9= 1.+3./X* (S2+S3+2.*SZ*S3/X)
ZIO= 1.+3./V*( S4+SS+2.*S4*SS/Vl
TL=-LJ IK+3)
T R= -LJ (K + 5 )
T P R= -LJ I K + 7 )
DEL = LJ (K + 2 )-LJ I K + 4 I
DEL R=U (K + 4 )- tJ( K + c )
XML=QIKK+2)-2.*BLIXQ 2.*Z 5*TL+Z9*TR-3. *ZI *OELlXl
XMR= Q (KK +4)- 2 .*BL /X~q Z 9*TL + 2. *z 6*TR-3. *Z2 *DE LlX)
If 101=(XML +XMR )/1 X+S2+S3)

--to VL=Q{KK+Il+VM
V R.=Q (KK +31-vr~
XMl R=Q IKK+6)- 2 .*BR IV"( 2 .*Z7'"TR.+Z IO*TRR-3. *Z3 *OE LR/YI
XMRR= Q (KK +81- 2 .*flR IV* (Z 10* TR+ 2. ~'Z 8*TRR-3. *Z4 *DE LR/Yl
VMR= (XMLR+XMRR )/1 Y+S4+S5)



1 HEAR BOTTOM, 7X 1 nA X IAL FORCE)
DO 49 1= 1. N
K- 7* ( I 1 )
Zl=-U (K +7 I
Z2 lJlK+141
Z3=U lK +1 )-U(K +8)
ZIt ZI+Z2 3.*Z3/HlIl
XML=-2.* CR l I I/H( 11*( 14+Z II
XMR 2.* CR (I lIHI Il*( Z 4+Z 2)
V L= (X'lL +XMR )/1- ( I I

+ VR VL
X~1L R= AR ( I I I H ( J ) * ( lJ( K + 13 )- UI K+ 6) )

49 WRITE ( 3, 50 ) I, XML, XMR, VL, IiR, X.MLR
50 FORM AT (::X, 13, 50le.le)

GU TO 2

. ' .. ,

,~

VL R= 0 (KK +5) +VMR
V flR= 0 {KK +71-VMR

41 ti RITE ( 3, 42) I. X'1L, XMR. VL. VR, XMLR ,XMRR .IiLR ,VR,R
42 FO RMAT { 3 X, I::. 40 1 5 • e, 2 X, 40 1 5. 81

C CAL CUL AT E INTERNAL FORCE S ON LEF T COLUMNS-----;('
rlRlTE ( 3,43 I

43 FO RMAT 1/6X5If'BENOING MOMENT SHEAR A.NO A Xl A L FORCE eN LEFT COLU MN)rlRlTE ( 3, 48 )
DO 44 1= I.N
K-7* (1- II
Zl=-lJ IK +31
Z2- lJ(K+lOI .
Z3=lJ (K+l )-lJ{K +8)
Z4- Z 1 +Z 2 3.* Z 3 I H( J )
XML=-2.*CLI Il/Hl J )*(Z4+Z 1)
XMR- 2.* CL {J )/H( I )*lZ 4+Z 2)
VL={XML+XMRI/H I)
VR VL
XML P= AL I I I I b I I 1* ( U I K.+ 9 )- lJ{ K+ 2) I, 44 rlRITE ( 3. 50 I 1. XML, X"1R , VL. VR , XMLF1

C CAL ClJL AT E INT ERN AL FORCES ON C EN TER COL UMN ,
WR IT E l 3, 451

45 FORM AT (/ 6X521-E EN 0 IN G MOMENT Sf-J EA R A.NO A XI A L FORCE (II' CENT R COLlJMN)"RITE ( 3, 48 )
00 46 J= I,N
K 7* ( I 11
Z1=-U (K+5 I
Z2- lJ(K+12)
Z 3= lJ (K .• 1 )-U ( K .• 8 I
Z4- Z 1+Z2 3.* Z 3 I HI)
XML = - 2.* CM I I )f Hl J 1* ( Z 4 + Z 1 I
XMR- 2.* CMI I I/HI 11*( Z 4+Z 2)
VL=lXML+XMR}/H II
V p= VL
X ~AL R= AM l I I I H I 1* I U ( K + 11 )- UI K+ 4 I )

46 "RITE (3, 50 I 1, XML. XMR , VL ,VR , XMLR
C CALCUL.ATE INTERNAL FORCES ON R I GH T COLUMNS

~ WRITE ( 3. 47 I
47 FOR~4AT(f6X52rBENOING MOMENT SHEA R AND A Xl A L F ORC E CN RIGHT COLU MN)rJRITE 13, 48 )
48 FORM AT (IX5HSTOR 'I, 9X7HB.M TOP. 9XlCrlB. M BOT TO'" • 9 X9 H SH E A.R TCP,7Xl2HS

t ~



- .

51 STOP
EN C
SU BROUT IN E MAT INV (O,N"AI
OOU BL E PP EC IS IDN D. A , P I va T. T
OIMENS ION A (N • N ). I P va T( 7),I N0 E X( 7, 2) ,P I V 0 11 7) .0IN.NJ:< DO 10 I 1, N
DO 10 J= I,N

" 10 A(I,J)=OII.JI
" DO 17 J= I,NI

17 IPVOT IJ 1- 0
00 135 1= I, N
T-O.
00 9 j = 1, N
IF ( IPVOT (J ) 1 ) 1.3,<;,13

13 00 23 K= I.N
I

IF ( I PV 0 T (K )- 1 ) 43.23,81
',3 IF IDA BS I T '1- 0 AB S ( A ( J. K ) ) ) 83.23,23
83 IPOW -J

I COL=K
j T= A(J,K) ,

23 CONT INU E
9 CONT INU E

IPVOT I ICOL)= IPVOT( ICOL )+1
IF lIPllW- I COL 1 73,1(<;,73

73 DO 12 L= I,N
T- A ( I ROW, L )

, A( IROW,L )=A( ICOL,L 1
I 12 AIICOL,LI-T
i 109 INDEX (I. 1)= !ROW

INOEXl I. 21 lCOL
PIVOT (I I=A( ICOL, 100L)
A ( I COL, I COL 1- 1. ,

. DO 205 L=I.N
205 AI I COL, L ) A ( I COL, L liP I VO T( I J
347 DO 135 LI=I,N

IFlLI I COL I ;;1,135,21
21 T = A(L I, I COL )

). ~,(LI,ICOL) O.
DO 89 L=I,N

89 AlL 1.1. )-AIL 1,1 ) A! ICOL ,I )*1
135 CONT INU E
222 DO 3 1 I, N

L=N-I+l :
1 F ( IN 0 EX ! L, I ) INOEX(L.2) 19,3,19

19 J ROrJ= IN OEXlL, 1)
J COL INOEXlL.;;) .
00 549 K= I, N
T- A(K. JROWI
AIK,JROW )=A(K,JCOI)
AlK,JOOL) T

549 CONT INU E
+ 3 CONT INU E

81 R ETU RN
i

EN!C
. SU8ROUTINE MATTRA(A,B.M,NJ

C MAT R IX T RAN SPO S E A TO B

'* .,
" ,,'.' , .,Jv.



OOU Bl E PRECISION A,S
o l/l, ENS ION AlM,N I,B{M,N I.

DO 3 J = 1, N
DO 3 1- 1, M

3 B{J, ll=A( r,J)
-;;r-

R ETU RN
EN C
SUBRqUTINE MATMLYlA,B,C,M,L,NI

C MATRIX fWL T IPL ICA T ION A *B =C A =M BY L B =l BY N
GOU BL E PRE CIS 10 N A,B,C
DIMENS ION A(M,L J,B{L,NI,C{f1,NI
DO 3 J - I, N
00 3 1= f, M
Cll,J.I=O.O
DO 3 K= I, L

3 Cl I,J l-C! r,J HA( I,K J*Bl K,J)
RETURN
EN 0
SUBROUTINE MATSUB(A,B,C,M,NI., C MAT P IX SU BTPACT ION A B-C
OOU BL E P P EO I S ION A,B,C
DIM ENS ION AlM,N I,BlM,N J,ClM,NI
DO 3 J= I,N
00 3 I-l,t~

" 3 C l loJ I = A l I, J )- B ( r, J )
RETURN
EN C .

1* ,
II EX EC lNK EDT
/I oL Bl U OUT, • LJ S Y S 01 ' -,
/I EXTENT SYSOO 1" 1,0,40,20
II EX EC CL RoSK
II U CL B= lK=O, 0= 56), X 'CC I,GY
II EN 0
II DL BL IJ SYSO 1
/I EXT ENT SYSOO 1,,1,0,40,20
/I EX EC

.~ 1*
If.

~

-+

I
,;~

•••• .. - ,
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II JOB UEC91664 GA FDR ONE BAY FP AME M.A. MA"NA'" JA "'.1978
II OPT ION LINK,LIST,LOG
II EX EC FFOPTR AN

OOU BL I' PRECISION BO , B , C , A , I'M ,I' RED ,0 [ SP ,0 ,I' ,I' I , B 1 , U ,1' S , P , C, G A, EM,
IX II, X 12, X 13, XL, H,A i,A2, XL2, XL3 ,XI,X2 ,X3,X4,X5,X6 ,X7 ,X8 ,X9 ,XIO,X 11,~ 2X 12, X 13, X 14, X 15, XI6 .
OIMENS ION BO ( 5, 5 I, B ( 5, 5 l , C I 5, 5) , A ( 5 , 5) ,1' I' ( 5,1) , F RE 0 15 ,1 l ,01 S P 15 ;l)

1, 0 ( 5, 5), E I 5, 5 ), F I ( 5, 1 ) , B I ( <;5 , 5 ) , VI 1 0 5) , P ( 1 0 a l , I' S ( 9.5) , or 2 0 l
wRITE (3, I l •

1 FOR~1AT II IX 3 5HCAL CUlA T ION OF GA I' OR ONE BAY FRAME)
501 REAOI 1, Z, ERR= 99, ENO= 99lN, XI 1 ,XIZ, XI 3 ,XL,H,Al ,A2 ,I' /I,X L2 ,X 13

,IRITE ( 3, 8) N, XII, XI2, XI 3, XL,H ,A 1 ,A2,E M, XL2 ,XL3
2 FORM AT ( 15, 3FI'.C, 71'7.1)
8 Fa RMAT II I IX, 15,31' 8.0, 71' 7. U

C I I' XL 2= 0 • LEFT \~I\LL I S A COLUMN. IF XL3=O. R I GH T WALL IS A COLUMN.
X 1- H*X I3/XL
X 2= 1. + 2.* X III X 1
X 3= 1 • + 2 .* X I 21 X 1
GA= 12.*EM/fi** 2*{ XIllX2+XI Z/X31

,

WRITE (3,3) GA~
3 FORM AT (/IX41HGA VAL UE BY HE IOE8RFUI T AND SI'I TH I'ETHCO=,OI7.10/)

NI-5*(N+I)
N 2= 5*N
00 4 I- I, N 1

4 U(IJ=O.
00 5 I-I,N 2

5 P ( I 1= 0 • .

Ptll-I.
DO 50 J:;:;: 1, 5. CQ 50 1- 1, 5
BO ( [ , J 1= 0 •
BII,Jl-O.

50 C([,J)=O.
X 1-IZ.*X I 1/H*~' 3
X2= 12 .* X 12/14** 3
X3- 6 .* X I 1/ H* * 2
X4=6 .*x 1211-'** 2

~ X5 4.* X I 1/ Ii
X6= 4 .'f X I 2 I fi
X7 - A II H
X8= AZI H
X9 12 .*x I.3/XL*)}:: 3
Xl 0= 6.* X I 31 XL** 2
XII- 4 .*x 13/XL
X 12= 1. + 2.* XL 2 I XL
X 13= 1. + 2 .* XL 3 I XL
X 14= 1. +3 .~, XL 21 Xl * ( 1. + XL Z 1 XL )
XI5= I.+3.~'XL3/XL*( I.+XL3/XL)
X 16= 1 • + 3 • I XL* ( XL 2 + XL 3+ Z • * XL Z* XL3 1 XLl
BO { I, 1 l- X 1+X2
BO (3, u= X 3

.i;- BO IS, 1 )- X 4 .

BOIZ, ZJ=X7+X<;
BO (3, Z)- XIO* X 12
BOI4,Z)=-X9
BOI5, 2 l- X 10* X 1 3

.

• ,' ..



;

00 53 1- 2,N
14- 5* I I II
DO 54 K= 1,5
IK- 14+K

51, FItK, ll=P I IK)
CALL .'1ATMLY IE,FREO,FM,5,5,1)
CALL MATSUB (FI,FM,FRED,5,l1
CALL MAH1LY IE,C,D,5,5,5)
CALL MATSUB (B,Od',5,5)
CALL MATINVIE, 5,D}
IF II-N.I 1O,11,lC

10 CALL MATMLY IA,0,E,5,5,5)
DO 541J=1,5

f
I

!+

.

BO13, 3 1=X5 + ~ 1 '" X14
BO14, 3 )- - X10* ~ 12
BO I 5, 3 1=X 1 1/2 .* X16
BO 14, 1,)_ X8+~S
BOI 5. 4 1=- X10* X13~~
BO(5,5)=X6+X1I*X15
Bll. 1)= (X l+X2 1* 2.
B12, 21-2.~'X7+X9
Bl3, 21=X 10*X12
B(4,2)= X9
B( 5,2 )=X 10" X13
BI3,3}=2.*X5+XII;eX14
R14, 31=-X IO*XI2
B(5, 3)- X III 2.* X16
B(4, 4}= 2.*X8+~9
B I 5, 4 )- - X 1O'~X13
B(5, 5.1= 2.*X6+~11*XI5

.I CI1,11- (Xl+X2)
CD,II=-X3, CIS, l)--X4
C12.2J=-X7
CII,31-X3

! C(3, 3 J= X 5/ 2 •
i C (4, 4 J X8"

C( 1, 5}=X4
CI5,5)-X6/2.
DO 52 J = 1, 4
J 1- J + 1
DO 52 1=J 1, 5
BOI J, I 1- BOI I, J )

52 B1J,I)=BII,J)
CALL MAITR A IC,A,5.51
CALL MAT [NV (BO,5,D)
DO 666 J - 1, 5
DO 666 1= 1, 5

6f>6 BIII,JJ=0II,J1
CALL MATMLY (A,IJ,E', 5,5,51

~ DO 9 1- 1, 5
FS ( I )= P ( I )

9 Fr. ED ( I, 1 1=P ( II
-

,
i IJ [4+J

541 FS I IJ )= FREDIJ, 11
\ 00 888 J - 1, 5I
\
i
(
,

iii ._ ..• 1

'" ..-'



DO 888 L=I,5
IL- 14+L

888 BHIL,J)=OIL,J)
53 CONT INU E
II CALL MATMLY IO,FREO,DISP,5,5,I)

K=5" IN-I)
00 14 J= 1, 5
KJ = K +J

14 U IKJ)= OISPIJ, I)
DO 647 I=2,N
DO 998 J = 1, 5
00 998 K= 1, 5
KJ=5* IN- I }+K

998 OIK, J )= B UKJ ,J )
00 646 J = I, 5
J J = 5* IN - I ) +J

646 F I (J, 1)= FS (J J )
CALL MAH'LY (C,OISP,FM,5,5,l)
CALL MATSUB (FI,H1,FREO,5,l)
CALL ~"ATMLY 1 0, FR EO,!)! SP, 5, 5, 1)
00 647 K= 1, 5
KK=5" (N- I )+K

647 U(KKl=OISPIK,1l
AN=N
GA=AN* /-'* EM/UI l)
flRITE (3,7) GA

7 FORMAT (17X25l-GA VALUE BY EXACT MET-IOD=,DI7.10)
WRITE 13,777)

777 FORMAT(/IX39l-TRANSLATION OF DIFFERENT STORY FRC~ TCP)
DO 20 1= I, N
K= 5* ( I-I ) + 1

20 OC 11=1) (K )/EM
WRITE 13,21,) (QII),I=I,N)

24 FORM AT I 1X, '70 1 8 • 10 )
GO TO 501

99 STOP
EN 0
S lJ SROUT IN E MAT IN V (0, N ,A )
DOUBLE PRECISION O,A,PIVOT,T
DIMENS ION AIN,N), IPVOTC 7),INDEXI 7,2) ,PI VOT(n ,0IN,III)
DO 10 1= I, N
00 10 J= I,N

10 AII,Jl=OII,J}
00 17 J= I,N

17 IPVOTIJ)=O
DO 135 1= I,N
T=O.
00 9 .J= I,N
IF (IPVOT (J }-1) 13, S, 13

13 DO 23 K= I,N
IF(lPVOTIK)-1l 43,23,81

43 IF (OABSIT,l-OA,BSIA(,J,K»)J 83,23,23
83 IROvi=J

I COL=K
T=AIJ,K)

23 CONT INlJ E

••.-.,-----------------



9 CONT INU E
IPVOT (ICOL)- IPVOT( ICoL )+1
IF I IROW- ICoL ) 73, le9, 73

73 DO 12 L- I,N

-~ T=AIIROW,L)
Al IROW,L )-Al ICoL,L J

12 A l I COL ,L J= T
109 IN OEX I 1, I J- IROW

IN OEX ( I, 2)= ICOL
PIVOT I [.1- AI IcnL, lCOL I
A I 1 COL, I COL 1= 1 •
00 205 L- I,N

205 A I 1COL ,L J= A I I COL ,L ) IP I VO 1 ( I I
347 00 135 LI-I,N

IFILI-IenL) ;: 1, 135,21
21 T-AlLI,ICOL)

A (L I, J COL )= 0 • ,
00 89 L-I,N

89 A (L I, L 1= A I L I, L 1- A I [COL,LJ*I
~ 135 f.ONT INU E

222 00 3 [= I, N
L=N-[+I
IF l INDEX (L, I )-INDFX(L, 2)) IS,3,19

19 J ROW- IN 0 EX (L, II
JCOL= INDEXIL,;:J
DO 549K-l,N
T=AIK,JROWI
AIK,JROW )=AIK,JCOL I
A (K, J COL )=1

549 CONT INU E ,
3 CONT INU E

81 RETU RN
EN 0
S U BROU T IN E MAT TR A lA, B , M ,N I

C ,MATRIX TRANSPOSE A TO B
DOU AL E PR EC IS ION A,B

i DIM ENS IO~J A(5',5I,B(5,5J
>' DC 3 J I,N

DO 3 1= 1, M
3 BIJ, Il-A( I,J)

R ETU RN
EN 0 .

SUBF:OUTINE MATMLY(II,B,C,M,L,Nl
•C ~1AH~ IX MUL T IPL ICAT ION A *8 C A-'l BY L S-L BY N .

DOU AL E PRE CIS IO N A, B , C
DIM EN S IO N A l 5, 5 I , B ( 5, 5) ,C ( 5, 5 I
00 3 J= I,N
DO 3 [= I, M
Cll,JJ=O.O
00 3 K= 1, L

3 CII,J )=Cl I,J HA( I,K J*B(K,J)
R ETU RN
EN C
SLJ SROUT IN E MATSUB( A ,8 ,C ,M ,N 'j

~ C MATR IX SUBTRI\CT ION A-B=C

If-. O_O_U_B_L_E_P_R_,E_C_IS_IO_N__ A._,_B_,_C --'- _



. OIMENS ION A ( 5, 5 J , B ( 5 , 5 ) ,C (- 5, 5)
DO 3 J - 1, N
DO 3 1= I, M

3 CII,J I-AI I,J I BI I,J)
-f RETURN

EN 0
1*
II EX EC LNK EDT
II EX EC
I~'
If,

-',

1

:

»
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II JOB UEC91664 GA FOR HID BA Y FRM1E r'. A. /~Af\NA f\ ,JAI\.1973
II OPT ION lINK,lIST,lOG
II EX Ee FFORTR AN

OOU Bl E PRECISION RJ , B ,C , A , I'M ,1'1' ED, 0 I SP ,0 ,E , I' 1 , B I , U ,I' S , P , (; , G A, EM, .
-T' H, 11, W 12, v! 13, B I 1, B I 2, WA1, WA2, WA3 , XLl , Xl2 ,H , S2 ,S3 , S4 ,S 5 ,X 1 ,X 2 , X3 , X4,

2X 5, X 6, X7, Xe, X~, X1C, XII, X12 , X13 , Xl 4 , XI 5 , X16 ,x 17 , XI B ,X 1 9 ,X 20 ,X 21 ,X 22
3, X 23, X 24, X 2 5, X2 t, X2 7, X2 e

01MENS InN BO ( 7, 7 ) , B ( 7, 7), C ( 7, 7) , A ( 7, 7) ; I' r' ( 7 ,I ) , I' RE 0 (7 ,1 ) ,01 S P {7 ,II
I, 0 (7, 7), E ( 7, 7 ), I' J( 7, 1) , B l{ 13 3,71 ,IJ( 1'.71 ,P 114 Ol ,FS(133) , Q (20 )
WRITE l3, 1 )

1 1'0 RIAAT U IX 3 5f'CAL CULA T ION OF GA FOR TWO BAY FRAIiEl
501 REAOll, 2, ERR- 99, ENO- 99)N, \'1 I,WI2,\,I 3 ,BI I ,BI 2 ,Xli ,X l2 ,H ,Ell

2 FOR~l AT CI5,SFB.0)
WRITE ( 3, 8 ) N , WI I, WI 2, WI .3 , B I 1 ,B I 2 , XLI , XL2 ,H , I' II,

B FORM AT II I 1X, I 5, 91' e • 0) .

C If S2-0.1ST WAl L I S COL.,IF 53-S4-0. CE NIER WAll I S COL., Af\O 50 ON
READ ( 1, 3 I WAI,WA2,WA 3, 52, 53, 54, 55
WRITE ( 3, 3) WA I,WA2,WA 3, S2, 53, 54,55

.3 FORM AT (5X,7fB.Cl, XI-I1*BII/XL 1
X2= 1.+2.~'W 11IXI
X3- H~' B I 21 XL 2
X4= 1 • + 2.* W I Y X3
X5= 1.+2.~'W I2/! Xl+X31
GA= 12.* 1''1/1-'** 2* l II' 11/X2+\\I 2 IX5+ 1113/X4)
WRITE (3,6) GA

6 FORM AT {/ IX 41HGA VALUE 8Y HEIOE8REC-1 T AND 5 MI TH METH CD=,017 .101 I
Nl 7* IN + I)
N 2= 7*N
DO 4 1- I, N 1

4 U ( I 1= 0 •
DO 5 1- I, N 2

5 P(11=0.
PIll-I.
00 50 J = 1, 7
DO 50 1- I, 7
80II,J}=0.

>- 8lI,J) O.
50 C(I,Jl=O.

X 1 12 .*vJ 11/ fi** 3
X 2=6 .*w 11/1-'*~' 2
X3 4 .'~ WI 11 H
X4= •.1A 11 H
X5 12.*WI2/H**3
X6= 6 .* W1 ZI H* * 2
X7 4.*W 12/1-'
X8=WA2/H
X9 12.*W13/I-'**3
XI0=6.*W 13/H*t,'2
X 11- 4 .*W 131 H
X 12= WA 31 I-'

~. X 13 12.*8111XL 1**3
X 14= 6.* B III Xl 1** 2
X 15 4.* 8 III Xl 1
X 16= 1 2 .!' 8 1 2 I XL 2* * 3 •X 17= 6.* 8 121 Xl 2** 2

•••• <,.'~l~::i



.

X18= 4 ." B 121 XL 2
X19= 1.+2.*5Z/XL 1
XZO= 1. +Z .* 5 Y XL 1
XZl 1.+3.'''5Z/XL 1*( 1.+5Z/XLll
XZZ= 1.+3.IXL 1*1 SZ+S3+Z.*SZ*S3/XLl)--:r
XZ3= 1. +2 .* S 4 I XLZ
XZ4= 1. +Z •'" 5 5 I XL 2
XZ5 1.+3.*5 3/XL 1*( 1.+S3/XL II
XZ6= 1.+3 .*54/XL Z*( 1.+54/XLZ)
X27-1.+3./XL Z*( S4+S5+Z.*S4*S5/XLZI
XZ8=1.+3.*S5/XLZ*ll.+S5/XLZ)
BOII, ll-X HX5+X<J
BOD, 1 )=XZ
BOI5, ll=Xc
BO (7, 1)= X 10
SO I Z, Z I X4+X 1:::
BO I 3, Z 1= X 14* X1<;
80 14, 2 )= X13•... 8015, Zl= X 14" X20
80 (3,31= X3+X 15* X21
BOI4,31=-X14*XlS

"BOI5,3) X 15/2 .~~X~2
BO 14, ltl= X8+X13+XlC
BO (5, 4l-Xn*XZ3 X14* XZO
BO16, 4 l= - X16
BO (7, 4) X17* X24
SO 15, 5 )= X7+ X15* XZ: + X1 e* X26
BO(6,5) X17*X23
BOI7,5)=XIB/Z.*X27
BO16, 61= XlZ+X 16
flO 17, 6 )=- X17* P4
BO (7, 7l Xll+X18*X28
( I 1, 1 )= - ( X I +X5+XS )
( (3, II XZ
( I 5, 1)= - Xc .
(7, u= X 10
C!Z, Z)=-X4

>- C( I, 3 ) XZ
CU,3)=X3/Z.
C( 4, 4) X8
C(I,51=X6
C ( 5, 5)= X7/2.
C(6,("=-X 12

•Cll,n X 10
C ( 7, 7)= X I 11 Z •

;Bll, 1)- Z.* (X HX5+XS I
6(Z, ZI=Z.*X4+XI3 ,
B ( 3, Z ) XI4*XlS

I
B(4, Z)=-X 13
6 ( 5, 2 I X 14" X20
B( 3, 3 )= Z .'f X3+X I :* X2 I

A BI4.3)= X 14* X19
Sf 5. 3)=X 15/2 .*X22
8 ( 4, 4 )- 2 .* X8 +Xl3 +X16
e ( 5, 4 )= X 17" XZ3- X14" XZ0
B(6,41- X 16

> -."- , ,
"

,

" .", ....



DO 54 I J 1, 7
IJ- 1/.+J

B(7, 1.)=X17*X;:~
B ( 5, 5)- 2 .* X 7 ~X15* X2 5+ Xl e* X2 6
B(6, 5 )=-X 17* X;:3
B ( 7, 5)- X 18/ 2.* X ;: 7 .

~ B ( 6, 6 )= 2 .'~ X 12 +X Ii
B (7,6 )--X 17" X;:4
B (7, 7l = 2 • * X 1 H X1e* X2 e
DO 52 J - 1, 6
J 1=J + 1
DO 52 1=J 1, 7
BO(J, 1)=BU( I,J)

52 B (J, lJ= B ( 1, J)
CALL MATH. A (C,A,7,7I
CALL 11AT INV ( I3n, 7, D I
DO 666 .J = 1, 7 ..
00 666 1= 1, 7

666 B I ( !, J )= D( I,.J ) .
CALL MATML Y (A, D, E, 7, 7, 71
DO 9 1= 1, 7- , FS ( I )- P I I )

9 FRErH I, 1)= P ( 1 )
.'

DO 53 I- 2, N
I 4= 7" ( 1- 1 )
DO 54 K= 1, 7
1K= 14+K

54 FIIK,I)=PIIKJ
CALL MATML Y ( E, FRED, FM , 7, 7, 1 )
CAL I. ~1ATSUB ( F I, H1, FREn , 7, 1 ) -,
CAL I. MATi"L Y '(F,C,D, 7, 7, 71
CALL MATSUB (S,0,E,1,7) ,
CALL MAT INV (F,7,1) ..~
IF ( I N I 10,I1,IC

10 CALL MATML Y (A,O,E, 1, 7, 7J
-

-
• 541 FS (lJ)= FRED(J, 1 I

DO 8R8 J = 1, 7

:
). on 888 L 1, 7

I IL= IL,+L
888 Bl (n,J )-OII.,.J)
53 CONT INU E
II CALL I~ATML Y ( D, FRED, 0 I SP , 7, 7 , 1 J

K= 7'~ (N - 1 J
DO 14 J - 1, 7
KJ=K +J

14 J (KJ ) D1SP(J,11
DO 6/.7 1= 2, N
on 998 J - I, 7

I DO 998 K= 1, 7
KJ 7* IN- I J+K

998 D(K,J )=BIIKJ,J)
A DO 646 J 1, 7 .

JJ=7" IN- I )+J
646 F 1 (J , 1)-FSIJJl

CAL I. MATI"L Y ( C, 0 I SP , FM , 7, 7, 1)
CALL MATSUB I F I, F"i , FRED, 7, 1)

,.
~

,.,....,..,."~'~--' c_ ~_._- .. ,
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I

CALL ~1ATr-.LY I [, FR ED, 0 I SP , 7 , 7 ,ll
DO 647 K-I,7
KK= 7" (N- I ) +K

647 U IKK )=OISPIK,Il

-1
AN=N
GA- AN~' 1-4 EM IU ( I J
tlRHE I 3, 7l GA

7 F(JR~1 AT ( 17X 251-GA VALUE BY E XAC T ME THOD - ,01 7.10)
,JRlTE I 3, 77 1)

777 FCJR~1AT I 1 IX3<JI-TP ANSLATlON OF 01 FF E R.EN T S10RY F RCI' TCP)

DO 20 1= I, N
K=7*(I-))+1

20 QIIl=UIK)/EM
WRITE 13,24.1 IQ 111,1- I,N)

24 FO RMAT I IX, 7D 18 • 1 C}
GO TO 501

99 STOP
H' 0
SU BROUT IN E MATINV ID,N,A'), DOUBLE PRECISION D,A,R I VO T, 1
DH1ENS IllN AIN,N ), JPVOT( 7), INOE XI 7,2) ,PI VOTl71 ,D IN, 1\')

DO 10 1- l,N
00 10 .1= 1, N

10 A(I,Jl-DII,J)
DO 17 J=l,N

17 IPVOT (.I )= 0
DO 135 1= I, N
T=O.
DO 9 J=l,N
IFtIPVOTIJ) 1 ) 13, S, 13

13 DO 23 K= 1, N
IF ( JPVOT IK )- 1) 43,23,81

43 IF IDABSlT)-DABSIA(,J,K) )) 83,23,23 '•...".

83 lRmJ=J
I COL=K
T-A(J,K)

23 CONT INU E
>- 9 CONT INU E

!PVOT (ICOL)= IPVOT{ ICOL)+1
.

IF( IROW- lCOL l 7~,IC<;,73
73 DO 12 L= 1,N

T_ A( IROW,L)
Al IROW,L )=AI ICOL,L)

12 AIICOL,L )-T
109 11\1DFX t I, 1 )= IROW

IN DEX I I, 2)- ICDL'
P J V0 T ( I ) = II ( I COL, IC 0 L l
A( I COL, I COL )- 1.

-,

DO 205 L=l,N
205 AIICOL,L) II ( I COL , L .1IP I VO T I I ) •

347 DO 135 LI=I,N
;.. IF (L 1- lCOLl t 1,135,21

21 T= A{L I, lCOLI
AIL I, ICOL )-0.
DO 89 L= 1, N

89 A (L I, L l= II.I L I, L) Al lCOL, L )*T

r

- . - . ... .... -,~"----~.~.- ._',c.~~, ••• .'~,,",,-- •• -~ <~ -
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135 CONT INUE
222 00 3 1= 1,N

L=N-I+l
IFIINDEX(L, 1)-INDEX(L,2» 19.3,19

19 J-ROW= INDEX(L, I)
J (OL = I"J 0 EX (L , < )
00 549 K= 1,N
T=A(K,JROW)
A(K,JROW J=AIK,JCOL)
t, IK, J COL)=T

549 CONTINUE
3 CONT lNU E

81 RETURN
EN C
SLJBROUT INE MATTRA(A,B,"1,NI

( MATp IX TRANSPOSE A TO B
DOU BL E P R FC I S JON A, B
DIMENSJON A(7,7).B(7,71
00 3 J = 1, N
D03I=I,M

3 B(JrIl=A(I,J)
RET LJR,\j
EN C
SUBROUTINE MATMLY(A,B,e,M,L,NI

C MATRIX MULTIPLICATION A*B=C A=~1 BY L fl=L BY N
DOUBL E PRECIS ID~J A,B,e
DIMENS ION A (7,7.1, fl( 7, 7) ,e ( 7,71
00 3 J=I,N
CO 3 1= 1. M
C( I,J )=0.0
00 3 K= 1, L

3 C 1 I, J )= C ( I, J I +A I I, K ) * B ( K , J )
RETURN
EN C
SUBROUTINE MATSUB(A,B,(,M,N)

C MATR.IX SUBTRI\CTION 1\-8=(
DOU BL E P P E ( I S IO N A, B , e
DIMENSION I\(7,7),BI7,7I,C( 7,7)
00 3 J = .l, N
DO 3 1= 1,M

3 C(I,J)=A(I,J)-BII,J)
R ETU RN
EN 0

1*
II EXECLNKEOT
I I EX EC
1*
IE
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APPR(lXIMATE WAll-FRAME ANAL YSI S BY dEIDEBRECHT ANfl SMITH METHOD
N=N(l.OF STORv,NSL=\iO.JF STOP Y lOADD ,WI l=MOI I.T COL.,
W [Z=MO I CTR COL.. vJI 3=MO I R T M II
BII=MOI IT REAM, BIZ=MJI RI BEAM, WAI=AREA 11 COL.,
rJAZ=AREA CTR COL., WA3=AREA WAll, EM=MODUlUS OF ELASTICITY
XLI=SPAN IT BEAM, XLZ=SPAN RT BEAM, H=SI0RY HEIGHT
52=53=S4=0. 55=WALL DEPTH FROM e.G. TO BEAM END
D(lUBLE PRECISWN Wll,WI2,WI3,Bll,812 ,~AI ,WAZ ,WA3 ,Ei",XU ,XL2,H,S2,

15 3', 54, 55, Z 1, Z 2, Z 3, Z 4, Z 5, GA ,II S(~ ,A • 1H ,II H ,S 1 NHAH ,C 0 SH AH ,C GNS ,X M0, x , Y ,
2AX, S IN HAX, COSl-A X, XMB, X"1S, 5B, 5S,O
WRIT E 1 3, I )

1 FORMAT 16X46l-FRAME ANAL YSI S RY HEIDEBRECH 1 AND SMI TH r<ETHCDIl
Z REA 0 (1, 4, ERR= 1 5, EN D= 1 5 IN, N Sl , WI 1 , W' Z , WI 3, B II ,B 1 Z ,14 AI, 14AZ ,l, A3
4 FO RMAT I 2 H, ~ Fir. C. 2F <;. C, '3F 7. 0 I

WRITE (3,51 N,NSL,W[I,WI2,WI3,Bll,BIZ,WA1,WA2,WA3
5 FORM AT (lX, 215, 8F 15.41

READ (1, 7l EM, XL 1, XL Z,H, S2, S3, 54, 55
7 FORMAT (BF9.2)

WP IT E (3, 8 J EI~, XLI, Xl 2, H, S2, S3., S4, S5
8 FOR'1AT I11X,8FI5.41
Zt= H'" I'll l/Xll
Z 2= 1. + 2.* WI liZ 1
Z3= H* 8 1 ZI Xl Z

, Z4= 1.+Z.*W I 2/C Z 1+Z3 J
GA= lZ.*EM/H**2*(WI 1Il.'2+WI2/Z 4J' ~
AS Q= GAl C EM* \1 13 )
A= CSORT (ASO)
AN=N
T H= AN* l-
AI-'=A*T I-'
WRITE (3,91 (A,A,AH

9 Fll RMAT II IX 31- GA= , 017.10; <; XcHA L PHil = ,'l 17.1 '0" 8 X7HA 1 PH AH=, I) 17. D )
Zl=OEXPlAl-J •• "
Z2= I) EXP I - Al- l ' ." ., *
S INHAH= (Z I-Z 2 l 12.
CO S f-i A1-'= { Z l+ Z 2 II 2 •
CONS= ( 1. +AH'" SIN HAH lieD SHAH
XMO=Mf1MENT IK-IN.J AT BASE DUE TO uNI T lATERAL U.D.L.
XMO=T 1-'**,2124.
X= T I-'
N 1= N + 1
WRITE 13,10)

10 FORMAT (f lXllf-STOPY lEVFl ,9XllHIRI\NSlATlON,7X1 HB. ~.FlEX.8EAM,6XI4
IHB.~1.SHEAP. BEAM, 5XI5HSHEAR FlEX.BEM1,4X16HSHEAR SHEAR BEAM,3X17HIN
2TERACTION 'FORCE)
DO I 1 1= 1, N I
AX= A* X
Zl= DEXPl AX.1
Z2= OEXPI-AX)
S IN HAX= { Z 1- Z 21/ 2 •
COSI-'AX=IZ hZ2l/2.
Z3= EM*l, [3* A** 4
Z4= XIT 1-'* ( 1.- XI l 2.* TH J J

II JOB LJEC9166/, APPROX.ANAlYSIS OF FRA.ME 1".A.MAI\NAN
II OPTION lINiK,LIST,lOG
II EX EC FFOiHR AN
C
C
C
C
C
C
C

C



•

-- ~,---------------------------------------------
y= 1.1 ( 12.* Z 31* {CON S*( CJ SHA X- 1. I-AH *SI NHA X+ Z4 *AH **21
XMS= 2.*XMn/AH** 2*(CON S*CO SHA X-Al--I*5INHAX-1.1
Z5=1.-XITf-! ,
XMS=XMO*Z 5**'2-- xMB , '.
S B= 1.I ( 1 2'.* Al* { A H* CO SHA X- CON S* 51 NH1\ XI
S S = T H* Z 5 I 12 .- S B '. •
Q= XMB* AH** 2fl ;: .* XMO) + 1 •
X=X-f'

11 rlRIl E 13,12) 1,~, XMB, XMS, SB, S5,Q
12 FOR~IAT 18X, 14, 6020.lill

vi P IT E (3, 13 {
13IFOR~"AT (IX18I-ENO OF CAlCUlAlIONIII

GO TO 2 . •
15 STOP

END"

..
"

,.

! •

"

14: ;,i~,-~-~'-----------------
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