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ABSTRACT

This thesis examines the

approximate methods of building frame ~nalysis subjected to s1:atic

loads (lateral and gravity), considering only the linear elastic

behaviour.

Approximate procedures for the analysis of the building frames

ara of great value to structural engineers for determining the

preliminary dimensions of the structural elements end to prepare

data for a more exact analysis. Even in the final design stages,

these approximate procedures are sometimes used to check the

numerical accuracy of the solutions, The approximate methods of
I

analysis ava11able for building frames subjected to lateral end

gravity loads are discussed and four methods, viz (i) Portal
method, (ii) Cantilever method, (iii) Stiffness center method

(iv) Point of contraflexure method, are investigllted. For

giavity lo~d analysis, the exact point of contraflexures in the

girders are calculated and an inference is msde in this regard

for reasonably accurate analysis of building frames subjected

to gravity loads.

Exact analysis ~tdcedures form the basis of all approx1mate

prot~diJfi!~;il tHiii:8ugR stuDY cif the exaot methods of anlll1ysis

ill i iiitiii prerequisite to the study Of approximate methods of

&ri~lysis; EXact solutions fer iateral and gravity loads by
stiffness method (using a recursion procedure) are compared

with approximate solutions of the same problems and conclusion~

are made about the use 0 f approximate procedures.
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component of a multistory concrete building. The effect of

of construction.

presented to findout the effettive numbers of columns acting

The concrete shear wall has come to be accepted as a natural

In the analysis of tall building frames the construction time

for a linearly increasing vertical loads along a column line.

must be treated as an additional variable, which implies that

will primarily involve ~olution for vertical load di8t~ibution

shear wall only at one column, the analysis of the interaction

the vertical load will be considered as applied gradually

some members of the frame in the lower stories at that level

which treats construction time as a variable and it is observed

construction time as a variable will cause over-stressing of

progressively build up. A computer programme has been developed

story-by-story while. at the same time the framework is being

that in unsymmetrical frame analysis. failure in considering

interacting frames in planes perpendicular to the shear wall

When a shear wall interaGts with a frame in a plane normal to

is studJ.ed. Since the interacting frame is connected to the

in a grid wall and .which has been done by the solution of frame

its own, it behaves like an I-beam. Simplified graphs are

!' r.; iT, C LJ ~:;:' ,~ .~Computer ptogr~~mesl b~~ed on the above mentioned methods of
analysis, written in FORTRAN, are discussed and listings are
included in Appendix.

".'''1"
;r~l?£_""'"",,,,_,~_,~"
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CHAPTER 1
GENERAL INTRODUCTION

1.1 Introduction

The present concept of highrise buildings resulted from the

large-scale migration of agricultural population to the commer-

cial snd industrial districts, where the need for mOre working;

living and other spaces in these cities can be efficiently

solved by the construction of multistory buildings keeping

much more open space on the ground level.

Hultistory building frames represent one of the most complex

types of structural systEms encountered in ordinary civil

engineering practice. With the increa3ing availability of

large capacity digital computers, it is now possible to obtain

I exact' analysis 0 f multistory buildings. However; in the

initial planning and dimensioning phase of design of building

frames, rapid methods of analysis usin,) slide rules Or calcu-

lators only iorr' needed. Besides, these approximate methods of

analysis and design can be used to measure the reliability of

the Exact stress analysis.

'[;xact' analysis of building frames subjected to gravity loads

are nGJ:tmally carried with the help 0 f computer programmes.

Ho"/ever, there is an inherent susceptibility of receiving

misleading results Idhen such an analysis is carriedout, since

these programmes are based on the input of the entire structural'

system with its loading, and an analysis for the entire struc-

ture as one unit. The drear! load in a r"al building, is built
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up gradually and; for example, in ~ 40-story building, a dead

10ild of the 10th floor cilnnot be resisted by a 40 story frame,

since iltthe time the 10th floor load is applied, there is

only il 10-story frame ilvililableto resist this load, and not

a 40-story frame. So, in exact analysis of a building frame~

time i.e. the phase of construction should be considered as

a variable.

Again in the context of Bangladesh in pres~nt days, it has

become a common practice td have II building ilDQ~yzed and

designed for say 20-stories. But the construction will be

carriedout upto say 10-stories. In this Cilse the failure in

assuming construction time as an additional variable may lead

to under design of some of the elements. And here the building

must be analyzed and designed fd~live and dead loads at all

possible semi-complete stages.

The use of shear walls at suitable locations in a high-rise

building has come to be a justified solution in ilearthquake

and lateral 10ild .~sistilnt building. And many of these shear

walls interact with frames in a plane norm ill to the shear wall.

The effeEhvefli!!ssof th~ closely spaced exterior frame as

H~fl~ebrHie sRi3iif waH (foi equivalent I-beam, where shear

~~lii~E8R~i8ered as ~e6) eon be studied by isolating the
: ~ . , ., l.

shear wall from the frame and inveBtig~ting the verticill load
distribution characteristic of the frilmeitself.



3

1.2 Scope of the Thesis

The purpose of this work is to inves.tiglilteboth the eXlilctal'\d

approximate methods of analysis of building frlilmessubjected

to lateral and gravity loads. Only the linear elast1c beha-

viour under st.tic loads is considered. For the lateral load

analysis three approximate methods and one ex.ct method liIre

discussed:

(a) Port.l method

(b) Cantilever method

(c) SU ffness center method( 5.)

(d) Stiffness method

For the gravity lo.d .n.lysistwo approximate methods end

one exact method a re discussed:

( ) M d d b W. 1 d N . (10)a etho suggeste y 1 bur an orr1e

(b) Method suggested by Slillvadoriand Levy(7)

(c) SU ffness method

Although for eXliitte~i11Y$is mlilnyof the comprehensive computer

programmes caR be used for gr.vity load analysis; disregard of

time .s an "daihaHai viifiJ;JblefOr this iiOndysie will definitly

lhtrddUte an error. speEiaily When the frame is unsymmetrical.

sb gfa~itY io~a aR~iysis ~t different construction stage is

eseent~s~ for he~~na e ~gm~lete ~ieture of stress level in the
frame. A computer .progrlil~meis developed taking time .s iln

.ddition.l variable; which mea~s the vertical lOlildwill be

'(1 It{ ~

"T~rar~tc
~. .T~l'-. ~
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considered as applied gradually st~ry-by-story. while, at

the same time the frame is being progressively built up.

The behaviour of an.interilcting frame nOI:1l1alto il shear wall

is approximated by an",lysing the frilme for linearly varying

concentrated loads along a column line and from the dispersion

of this concentric loads an imilginary flange-width can be

approximated for the shear wall (which acts as a web of an

I-beam). 5impli~ied graphs are presented to,find Out the

effective number of columns acting as the flange of the

equivalent I-beam.

Computer programmes are' presented for each of these methods

of analysis and these programmes are valid for any number

of stories and any number bays.



CHAPTER 2

LITERATURE REVIEW

2.1 Review of Different Methods for Later~l Load Analysis

Analysis for ~ateral loads is a major problem faced in ~he

design of multi-storied frames. Lateral loads on structures

are produced by the action of wind, earthquake and blast.

There are two very common approximate methods (a) portal and

(b) cantilever, for analysis of building frames •.Both the

methods assume that there is a ~oint of inflection at the

mid-points of each girder and column. In addition. while the

portal method assumes, that each interior column carries

twice as much shear as each exterior column; the cantilever

method varies the magnitude of axial force in each column

according to the distance from the center of gravity of all

columns of the story under consideration, Both assumptions

are analogous to shear il.lldbending stress distributions in a

solid cross-section, which inturn follow the well known prin-

ciple of Bernoulli i. e. "plane sections before b~Dding remain

plane after bending",

But when a system consists of hollow portions, or is made of

beams and tolumns, the plane sections no longer remain plane

after application of ibad due to the rotation of girders. 50,

tHe cdfitefitof center of gravity in cantilever methods is a

wrong assumption because the column area has very little

effect on the axial force distribution among the columns,

A method has been developed which calculates the column shear
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details of these methods are discussed in Chapter 3.

d W'lb (10) d th ban ,1 ur an 0 er y

rigid construction they form a highly inde'terminate structure.

to bending moments, shear and axial force and becauae of their

The girders in building frames carry vertical loads from the

slab in addition to their own weights. Aa the girders are

rigidly connected to the columns all the members are subjected

The details of these two methods are given in Chapter 3.

are suggested, one by Norris

Salvadori and Levy( 7)•

For the solution of this indeterminancy two sets of aasumptions

2.2 Review of Different Methods for Grav;j,tyload Analysis

and axial force by evaluating the stiffness coefficient of a

structure in aXial and transverse directions. This method

distortions, 8S well aa sheer distortiona' of tha mambers.T,he

detail of thillmethod ill given in Chapter 4.

tiiagdnai stiffness matrix and ita reduction by recursion

relationship •. This methodc,l!ln,cconsiderthe axial and flexurel

2.3 Review of EXact Method for Gravity and Lataral Load Analy~ia, ,

The method for the an'alysis of large multistory building frames

~itA mfiY idcation of shear walls aubjected to vertical or

i8tersi ioading or both is based on the development of a tri-

appears in ASCE 1974 July, Structural Engineering Journal as

,Stiffness Center Method in the psper by Kardestuncei. The



CHAPTER 3

APPROXIMATE METHODS FOR THE ANALY~IS OF BUILDING FRAMES

3.1 Introduction

The approximate methods of structural analysis were developed

to enable the engineer to reach quick decisions regarding the

dimensions and layout of structural members and to compare

different schemes of structural systems. Although the avail-

ability of powerful and sophisticated computers encourages

the engineers to go for exact analysia of the structures, the

final design is often accomplished by shuttling between "analysis"

and "design", the starting (i.e the preliminary design) and

acceptence of the final design still require engineering judge-

ment. In both cases, the engineer needs to make short hand

calculations either to prepare "data for axact analysis" or

to assure himself that the "computer results are at least

realistic" •

3.2 Analysis for Gravity Loads

A building frame is always subjected to its own dead load.

Vertical live load mayor may not be present. 50 building

fr~ffies 1m tb be analysed and designed for its full dead load

ind for ,any ci:Jmbinationliof live load. Furthermore, a building

frame must have resistance against horizontal forces. Therefore,

it is to be constructed in such a way that the girders are

rigidly connected to the columns as a result all the member



B

of the frame would carry bending moment, shear, and axisl force.

Becauae of the rig~d cDnstructiDn, a building frame is highly

indeterminate (shD~n in Fig. 3.1). It csn be made determinate

by cutting each Df the girder near the mid-span (Fig. 3,2).

To arrive at this condition,' however, it i. necessary to

remove the bending moment, shear, and axiel force in eech

girder where it is cut. II''n' is the number of girders in

the bent, it is necessary to remove' 3n' redundants to make

tha bent statically determinate; hence the bent is indeter-

minate to the '3n' th degree,

3.2.1 Assumptions

Since a rigid building frsme is statically indeterminate to a

degree equal to three times the number of girders, it will be

necessary to make three stress assumptions for each girder,

,if an analysis is to be carried out on the basis of statics

only. In Fig. 3.3, a girder is 'subjected to a uniform load

of intensity w per unit length extending over the entire

span, BDth the joints A and B which are partially restrained

against rotation will rotate ss shown in Fig, 3,4, Had the
~""'~""'T~"~ at 11 it fi<! B 5Ben completely fixed against rotation,sUlJPorts
~; <". :~h8f;Jn in Fig, 3,5, it can easily be shown from consi-as Ii!

&efitidR at ~ending moment in a fixed-end beam that the points
of inflection would be located at a distance of 0.21 L from

each end. If the supports at A and B are hinged, as shown in

Fig. 3.6, the points ,.01'. zero moment.woulej,ba
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A Poss'lble release system for the frame
in Fig 3.1

••••

,

,77 7.>,771"

Fig. 3.2

Flg.3.1 Typical Bu'lld ing Frame
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beam. for the actual case of partial .fixity, the points 0 f

inflection may be assumed to be somewhere between the two

extremes of 0.21 Land O.OOL from the enclsof the beams.

Solutions of building frames based on elastic action show that

under vertical loads the axial force in the girders is usually

very small.

Based on above discussions two different sets of assumptions

are made, one by Norris and Wilbur(lO) anm t8e other by

Salvadori and Levy( 7l, for each girder in analyzing II building

frame acted upon by vertical loads.

Assumptions made by Norris and Wilbur(lO):

(i) The axial force in the girder is zero.

(ii) A point of inflection occurs at the one-tenth point

measured along the span from the left support.

(iii)A point of inflection occurs at the one-tenth point

measured along the span from the right support.

Assumptions made by Salvadori and Levy(7):

(i) The axial force in the girder is zero,

(ii) A point of inflection occurs at the one-tenth point

measured along the span from the exterior support,

(iii) A point of inflection occurs at the one-fi fth point

measured along the span from the interior support.
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Fig. 3. \3 Location of Inflection Po',nt s Sugge sted by

Levy and Salvadori (7)

I
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Fig.3.7 Locat", on of Inflection P 0', nts Sugge sted by

Norr', s and Wilbur (10 )
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3,2,2 Solutions

The analysis is equivalent to the solution of statically deter-.

minate bent of fig, 3,9, Girders may then be analyzed by statics,

Maximum positive moment occurs at the span (and at O,45L from

exterior enms in case of Salvadori and Levy solution) and the

maximum negative moments occur at either ends of the span, The

end shears acting on the girders are equal to the vertical

forces applied to the columns by. the girders and the axial

forces in the columns are easily found by summing up the girder

shears from the top of the column down to the column section

under consideration, The exterior column moments come directly

from the girder end moments and the interior column moments

are obtained by summing the adjacent girder moments and the

girder moments are distributed between the columns in propor-

tion to their stiffnesses.

3,3 Approximate Analysis for Lateral Loads.

Lateral loads on building frames are produced by the action

of wind, earthquake, and blast, [xact analysis procedures

are lengthy and largely depend on the availability of large

capacity computers, Again it can be pointed out that consi-

derable uncertainity prevails regarding the magnitude as well

as the distr~bution of wind and earthquake and other lateral

forces. It was pointed out in Art, 3,2 that the degree of

statical indeterminacy for a building frame (with column

,
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bases fixed) equals three times the number of girders. Numbers

of assumptions needed for its solution equals three times the

number of girders, regardless of the type of lOilding. The

assumpt10ns made in analyzing building frames acted upon by

vert1cill loads w111 not, however, be suitable for lateral-

load a,nalysis, for the structural action of building frames

are entirely different when lateral loads are considered.

This may be seen by a considerat10n of Fig. 3.10, which illus-

trates, to an exaggerated scale, the shape that a building

frame takes under the action of lateral loads. It will be

noted that, the location of points of inflection in the members

are different from those occuring under the action of vertical

loads. Actually, for lateral loads a point of inflection may

occur near the center of each girder and each column.

3.3.1 Portal Method

3.3.1.1 Assumptions

In the portal method, the following assumptions are made:

(i) There is a point of inflection at the center of each

girder.

fhl'!re is a point of inflection at the center of each

db lu mn.

(iii) The total horizontal shear on each story is divided

between the columns of that story in a manner such that



A Building FrameSeries eli Portals
Equlvdient 15 Biag.
Frame

/

Fig. 3.10 Deflected Shape Under Lateral Loads
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each eX ter:l.orcolumn.

2x3 = 6

20

Column shear relations

Total

each interior column carries tw~ce as much shear as

Inflection point in g~rders 2x3 = 6

Inflection point in columns 4x2 = B

Wi th reference to the bent of Fig. 3.12, application of the

portal methods results in making the following number of

assumptions.

~ince there are six g~rders in this frame, the frame is

indeterminate to the eighteenth degree. Hence, the portal

method makes more assumption than are necessary. However, it

sO h~ppeRs tR~t tHe additi8nal assumptions are cons~stent

~ilh ~~iR~~~ss.fY~isUffiptidns and no inconsistency of stresses,

~~ c8m~i:Jt~a By statics; results.

rhe last assumption ~s arrived at by considering each story

to be made up 0 f a series of portals, as shown in Fig. 3.11.

rhus, while an exterior column corresponds to a single portal

leg, an inter~or column corresponds to two portal legs, so

that it becomes reasonable to assume interior columns to carry

twice the shear of exterior columns.



3.3.1.2 Notation

B. Exterior column shear, Story i
~

C. Interior' column shear, Story i
~

FC. Column shear, Story i. Column j
~.j

P. Total lateral shear, Story i
~

SG. . Girder shear, Story i, Girder j, Location k
~,J,k

XLC. Story hei ght, Story i
~

XLG. Girder length, Gird er j
J

XMC. . k Column moment iI Story i, Column j , Loc"tion k
.1., J ,

XMG... k Gi rd er moment, Story i, Gi rd er j, Location k
1.,J,

13

L"teral force, Story iY.
~
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3.3.1.3 Com2uter Programme,

Although in actual pr~ctice, it is unlikely that a digital

computer would be used for approximate analysis of frames

by Portal Method, a computer programme WilS developed for"

rapid analysis of a large number of frames necessary for

the comparativaevaluation made in this thesis.

The programme, based on the assumptions presented in

Art. 3.3.1.1, h"s been wrJ.tten in FORTRAN and which is val~d

for any number of bilYs and any number of stories. The sequence

of operiltions followed in the pro.gramme is outlined in the

flow diagram shown in Fig. 3.13.

A rist~ng of the programme, is given in Appendix.



SOLVE FOR COLUMN SHEAR FORCES

READ AND PRINT DATA

END

Flow D.lOgram for thit Computer SOluiton of
Bu.llding Frame by Portal Method

GENERATE LOAD MATRIX

GENERATE TOTAL SHEAR FORC" MATRIX

SOLVE FOR COLUMN MOMENT GIRDER MOMENT
SHEAR AND COLUMN AXIAL FORCE

WRITE COLUMN AND GIRDER MOMENT SHEAR AND
COLUMN AXIAL FORCE

Fig. 3.13
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3,3,2 Cantilever Meth6d

3,3,2,1 Assumptions

In the cantilever method, the following assumptions are made:

(i) There is a point of ~nflection at the c~nter of each girder,

(ii) There is a point of inflection at the cer-lterof each ',co,l!iJmn.

(iii) The intensity of a~ial stress in each column' of a story is

proportional to the horizontal distance of that column from the

center of gravity of all the columns of the story under consi-

deration,

fhis last assumption is arrived at by considering that the

column axial stress intensities can be obtained by a method

analogous to that used for determining the distribution of

normal stress intensities on a transverse section of a ~amti-

lever beam, For a building frame shown in Fig, 3,12, cantilever

method makes the following number of assumptions,

Inflection points in gird ers 2x3 = 6

Inflection points in columns 2x4 = B

Column axial force relation 2x3 '= 6

ToUl. 20

Since there are six girders in this ftame, the total number

of indeterminaay is eiljhteen, Hence, the cantilever method'

makes more assUfupti6ns than ere needed, but again the addi-

tional assumptions prove to be consistent with the necessary

assumptions,

..
/,



3.3.2.2 Nohtion
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girder j, location k~irder moment, Story' .,

Moment QUe to laterai fatGe, Story i

Girder she"r, Story i, Girder j

Forc!! in column, Story i, Column j

Giraer length, Girder j

Cumulative girder length, Girder j

Stress in column~ Story i

Column distance from centroid, story i, Column j

Lateral shear, Story i

Column area, story i; column j

Distance of centroid of column area, Story i

!:ltbtilheight, Story i

Total column area, Story i

Total moment of column are", Story i

XMi~

XLG.
J

SG, ,
~,J

p,
~

FC. .
~,J

XMG, . k
J.,J,

;<"t' cSll:Jftln fiHJmiiiib Stery'.'i,' Girder J', Location kMi;j:~ '

F.~

XLC.~

D. ,
~ , J

DC.~

AC. ,
~,J
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3.3.2.3 Computer Programme

A computer programme, based on the assumptions presented in

Art. 3.3.2.1 has been written in FORTRAN and this programme

is .valid for any number of stories and any number of bays.

The sequence of operations follo\.ed in the programme is out-

lined i~ the flowdiagram shown in Fig. 3.14.

A listing of the programme is given in Appendix,

3.3.3 Stiffness Center Method

3.3.3.1 Introduction

Both the commonly used approximate analysis for lateral loads,

viz portal and cantilever methods, as,>ume that there is a

point of inflection at the mid point of each girder and each

column, In addition while the portal method assumes that each

interior column carries twice as much shear as each exterior

column, the cantilever method varies the magnitude of axial

force in each column according to the distance from the center

of gravity of all columns of the story under consideration,

Both assumptions are analogous to sh~ar and bending stress

distribution in a solid cross-section.

In a beam-column system, the rotation of ends of girders

invalidates the assumption of the plane sections remaining



READ AND PRINT DATA

(

AXIAL FORCES

Flow Diagra m for the Co mputer Solution of the
Building Frame by Cantilever Method

END

GENERATE LOAD MATRIX

GENERATE TOTAL MOMENT MATRIX

Fig- 3.14-

WRITE COLUMN AXIAL FORCES SHEAR MOMENT
AND GIRDER SHEAR AND MOMENTS

SOLVE FOR GIRDER SHEAR MOMENT AND COLUMN
MOM NT S AR

SOLVE FOR COLUMN

SOLVE FOR CENTER OF GRAVITY OF COLUMNS
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pl~ne after the application of loads. 50 the concept of the

lateral shear and the axial force distributions among the

columns of portal and cantilever method is wrong. Rather the

consideration of the axial and transverse stiffness of columns

may give a better result and these stiffness consideration

results in the "stiffness center method".

3.3.3.2 Assumptions

The method starts with the evaluation of the stiffness co-

efficients of a structure in axial and transverse directions,

And the computation of axial and transverse forces in columns

are done after the calculation of stiffnesses. 50, there will

be three groups 0 f assumptions: one for calculating axial and

transverse stiffness, one for distributing axial and traasyerse

forces and third f,or calcul'sting the points of inflection in

the columns,

Assumption Regarding Stiffness Computation

The axial stiffness is calculated by allowing the frame in

Q deflected shape shown in Fig, 3,15, Here the girders are

assumed to be hinged at the far end s and the change in

length of the column is neglected.

The transverse stiffness is measured by giving a transverse

displacement as shown in Fig. 3,16 and the trensverse stiffness
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computation includes both the shear stiffness of column end

the rotational stiffness of girders.

Assumptions Regarding the Distribution of Axial and Transverse
Column forces

The axial force in a column is proportional both to the distance

of the column f~om the stiffness center of the column and to

the load carrying capacity of the column itself. And when Ii!

column is located at the stiffness center of the group it

cmrries no load regardless of how large its capacity might be. I

The transverse force in a column is directly proportional to

its transverse stiffness. Therefore. it is equal to the product

of the total ~ateral shear and the ratio of the transverse

stiffness of the column in (l"H~stilllnto the summation of the

stiffnesses of the group.

Assumptions_RlicjaxdiBJiI__the J.o,c:ationof Inflection Points
in the Cdldil1H

The location of tR~cBiufflH iHfiettion points depends on

the ~oi~;;"nend-moments: AE,d tiN. Eo'lUIi'rl top moment is equal

~~~~~~~ta~~ig ~i~~~~~1iR tBiUmn minus moments due to
~i~d~~igt~~igR;~~ii&tk~ E8iUffin 66ttdm moment equals moment
due to side sway minus h If f 'da 0 g~r er rotational moments
(fig. 3.17).

':"'~.'"
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..,,;,

Cumulative girder length, Girder j

Axial column stiffness, Story i', Column j

Distancl; 0 f Sti ffness center, Story i

Girder shear, Story i, Girder j, LOcation k

Column axial force, Story i, Column j

Distance of column from stiffness center, Story i,
Column j

Total lateral shear, 5t,ory i

Column inflection, Story i, Column j

Column shear, Story' i, Column j

Column moment of inertia, Story i; Column,j

Column transverse stiffness, Story i; Column j

Girder moment of inertia, Story i, Girder j

Girder length, Girder j

Story height; Story i

AS, ,1,J

GS. .
1,J,k

D. .1,J

TS. ,1,J

DC.
1

F. .
1,J

R. ,
1,J

H, .1,J

XI C. .1,J

XI.C.
J.

XI G. .1,J

XM. Moment due to later"l force, Story iJ.
XMC. . k Column momant, Story i, Column j, LOcation kJ.,J,
XMG.. . k Gird er moment, Story i, Gi rder j, Latation k.~. J •

- -" ..".~- ~--~'''-''',
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3.3.3.4 Computer Programme

A computer programme, b"sed on the' assumptions presented in "'

Art. 3.3,3.2 has been written in FORTRAN snd this programme-

is valid for ilnynumber of stories lind any number of b"ys,

The sequence 0 f operations followed in the programme is

outlined in the flow diagram shown in Fig, 3,18,

A listing of the progr ••mme is given in Appendix.

3.3.3.5 Scilution of Building Frames

The solutibn of building frmmes in stiffri~ss center method

involves the following steps:

Solution Regarding Stiffness

The ••xi••l stiffness is calculated as

K. =" 3 EI IL 3.~ L..- g g

while the component contributed by AE/Lc is disregarded

(shown in Fig, 3,15).

The transverse stiffess is calculated as in relative values

T.•• 1 - t(I IL )/( " Ill)~ c c ~

which comes from the exprsssion v = (vI - v2)

I
.'

/



READ AND PRINT DATA

MATRIX

SOLVE FOR STIFFNESS CENTER OF COLUMN

I
SOLVE FOR COLUMN SHEAR FORCES

GENERATE TOTAL LATERAL SHEAR
FORCE MATRIX

GENERATE LOAD MATRIX

SOLVE FOR COLUMN AXIAL FORCES

..sOLVE FOR GIRDER AND COLUMN INFLECTION POINTS
I

WRITE COLUMN AXIAL FORCE SHEAR MOMENT AND INFLECTION
POINTS GIRDER MOMENT SHEAR AND INFLECTION POINTS

GENERATE TOTAL MOMENT MATRIX FOR LATERAL LOAD

GEN E RATE COLUMN HORIZONTAL SHEAR STIFFNESS MATRIX

GENERATE COLUMN AXIAL STIFFNESS

,
SOLVE FOR GIRDER COLUM N MOMENT A ND GIRDER SHE A R

F;g.3.18 Flow Diagram Campuler Solution of Buildi~g Frame By Stiffness Center



aXl.sl stiffness of the columns
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- 9£1 /L 3 X (K /~K)c c c

= 12£1 /L 3
c c

d. = distance of aDY column from the stiffness center
J

K. = axial stiffness of any column
J

M = Bending moment of the lateral loads above that

K. = axial stiffness of that column
l.

d. c distance of that column from the centroid of
l.

floor about the ceoter point of that column

2
Pl.' = K. d. M/(::LK.d.)

l. l. J J

V2. a 3m2/( 2Lc)

c 6£1 /L 2ml c c

m2c(K/z.K)

V = 12£1 /Lc
3

where,

Axial force in any column in any story is equal to

These computations are shown in Fig. 3.16 and Fig •.3.17.

Solution Reg&rding Axial and Lateral Force Distribution in
the Column

where,

And the locstion of th",.s.tiffness center of any story may

be found from



where,

- (K cl ( ~ K)) x m1

= t((22:..K - K )/(;EK - K))c c
= t( (2.:? K + K )I (2... K ))

g c g

=1+K/(2~K)
c g

23

H. = T.I ~T. x V
J. J. J

D =LK. x DIZK.
c J J

from the top story.
V = Total lateral sheer upto that floor calculated

T. = transverse stiffness of that column
J.

T. = transverse stiffness of any column
J

m2
b/a

The lateral shear in _BY column in any story given by

Computation Regarding Column Inflection Paints

The column inflection paints are determJ.ned by calculating

figure, (3.17)

m Ii an••mb for the cieflected shape shawn in Fig. 3.17. From

where,

And the complete solution of frame can easily be obtained
from these known values.



CHAPTER 4

MultistDry building frames represent Dne Df the mDst cDmplex

be cDnsidered. The method, developBd by Clough; Wilson
K. (2) . b d h . f . d' 1~ng , ~s ase on t e generat~Dn 0 a tr~-~agonaend

include an arbitrsxy system of shear walls. Axial and shear

technique,

system Df stiffness equations and its sDlutiDn by 8 recursion

efficient digital cDmputer methDd for the structural analysis

may

the availlibility of large scale cDmputers. In the chapter'"an

distDrtiDn, as well as flexural distDrtiDns of the members,

practice, the' exact' analysis Df which is only. possible with

may be subjected tD bDth vertical and lateral loading and may

structural systems encDuntered in Drdinary civil engineerinq

~tf~~~~~~~~~ethdd 6' ~h~lysis is geheral, it is based on

~:~iii~i~~J~~~i~~; ~Rg i{~itation which ere odttined below:

4.1 lntrDductiDn

of large multistDry building frames is presented. The structure

4.2 AssumptiDrii ~hd limitatiDns

I~I ~egular Rectangular Building Frame:

The building is laid out in a rectanguler .gr~d pettern. Story
height may vary arbitrarily,as may the bey widths in each

'EXACT' ANALYSIS FOR GRAVITY AND LATERAL LOADS BY
.STIFFNESS METHOD AND RECURSION PROCEDURE
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directions, but it is aesumed that the complete structure

is made up of series of parallel frames acting in transversa

directions. Columns are assumed to extend continuously from

base to top and girders from side to side. All members

are assumed to be connected rigidly at the joints.

Minor variation in regularity resulting from ommission of

members at arbitral\illoclltions may be accommodated by assuming

Ii very small value 0 f stiffness for the omitted members.

(ii) Rigid Floor Diaphrsgms

The floor diaphragms are rigid in their own plane (but have

no stiffness normal to this plane) and also the loading is

such that it produces no rotations of the diaphragms in their

plane. Thus each floor level is constrained to tr••nsl ••te

without rot ••tion, and each parallel frame {s subj ected to

the same displacement at ••ny given floor level.

(iii) Shear Wall:

Shear walls may be incorporated into any of the frames. In

general, it is assumed that each wall is of uniform width

ovsr ths entire height of the building, but its stiffness

m ••y vary with height. jheClr wall arrangement in various parallel

frames may be specified arbitrarily but the assumption that the

building deflects without twisting is consistent only with a

reasonably symmetric distribution of stiffness.
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(iv) Axial and Shear Deformations:

Axial deformations of the column and shear walls are consi~

dered in the analysis, but the girder axial deformations are

neglec ted (as required by the rigid floor diaphragm). Shear

deformations of, columns and shear walls and girder are

neglected and flexural deformations are considered, ~f course,

in all members.,
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D,E,F,G,BO,FO,Fj,U Operator matrices for recursion procedure

Girder length, Girder j

Column or shear wall moment of inertia/
Column Or wall inflections, Story i,
column or shear wall j

Column or shear wall moment; story i,
Column or Shear wall j , Location k

Column ,or shear wall. shears" Story i,
Column or shear wall j, Locetion k

Girder shear/Fixed end girder shear,
Story i, Girder j, Location k

Girder moment of inertia/Girder inflection,
Story i, Girder j

Deformation matrix
Force matn.x

Story height, story i

Girder moment/Fixed end girder moment,
story i, Girder j, Location k

Distances of shear wall ends from
centroidal axes of wall, story i,
Shear wall j.

Column or shear wall axial force, story i,
column or shear wall j

Stored matrices for recursion procedure

Column or shear wall area, story i, column
or sheer wall j

Story stiffness matrices

ST. .l.,J

SA. .
l.,J

GL.
J

GM. . ,1.,J,i<

55. . k.1.,J,

51. .
l.,J

G1. .l.,J

H1AT

SF. .l.,J

GS. . k1.,J,

BU,CU

A,B,C

SH.
l.

UU

4.3 Notation

, SM. . k1.,J,
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4.4 CDmputer PrDgramme

A cDmputer prDgramme, baaed Dn the assumptiDn presented in

Art. 4.2, has been wr~tten in FORTRANand this prDgramme is

valid for any number of stories and any number of bays and

also for any arbitrsJ;Y10.cation of shear walls. The sequence

Df operation followed in the programme is outlined in the

flow-di.agram shown in F~g. 4.1.

Four different listing of the programme for di'fferent building

frames with different types of loadings are given in Appendix-A.

4.5 DeYlllCllpmentDf Stiffness Matrix

The numbering system used in identifying the generalized

forces and displacements is shown in Fig. 4,2. The stiffness

matrix for the system is tridiagonal, as shown in fig. 4.3.

The "lements af Bi and Ci matrices are devsloped by considering

the deflected m:odes of the frame directly, as shown in Fig,4,4

through 4.6.
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Flow Diagram of the Computer Program for the eJr~c1:
Analysis of Plane Building Frome

SOLVE FOR THE MEMBER ACTIONS

READ AND PRINT STRUCTURE DATA

GENERATE AND PRINT LOAD MATRIX

GENERATE THE FIXED END ACTION

GENERATE STIFFNESS MA'fRIX FOR ALL HIE STORIES

J _
SOLVE FOR THE DEFORMATIONS OF THE FRAME BY

RECURSION PROCEDURE

WRI TE JOINT DISPLACEMENTS AND MEMBER ACTIONS

Fig. 4.1..

NUMBER OF DEFORMATION-----1
-------
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M 1::: M + 1
MF:2M+3

Ml 3
8 (1 ,11= ~ 12 4- SI (1,3) / SH (1)

J = 1

8 (I, j ) / J::: 3, MF, 2 := 6"* S1 ( 1, J2-1 ) / SH (1)2

8 (Z,Z):o (SA(l,1)/SH (1)+ 1Z ~ GI (l,l)/GL (1)3

8 (Z,3):::. 6~Gr (l,1)jGl(1)Z (l+ZlI'ST (l,Z)/GL (1))

8 (2,4)=-12*G1 (l,llj0L (1)3

8 (Z, 5)::: 6)1\- G1 (1, 1 ) / GL (1) 2 *' (1 + 2 * ST ( 1 ,3 ) I GL (1)

8 (3,3) ~ 4 (SI (1,1) ISH (1) + G1 (1,1) /GL [1 Hl. (1+3lf(ST (1))

/GL ( 1 )) * (1+5T(l,Z) /0L (1 ))))

B (3,4)= 6"" G1 (l,l)jGL (1 )Z l!k (1+Z * 5T(1,Z)/GL(1))

8 (3,5)::: Z.(G1 (l,ll /GL (1) * (1 + DjGL (1)) * (51(1,2)+
S1 (1,3) +-2llrST (1,2). 5T (1,3 )/GL (1 )))

.'
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loo4,2M,2

IT",- 1+2
'1 M" 1'-1

IN", i+1
'ID L 1/2
i2 = iD-1
IR = i+3

B(i,'I) = 5A (1,'ID)/5L (1l+1Hf (GI(I, L2)/GL (i2)3

G1 ( 1 ,1 D ) / G L ( iD ) 3 )

B (I, IT) = 12 it' (G1 ( 1, i D ) / GL ( iD )3 )

B (I', iN)::. 6 ((G1 (l,iO) /GL (ID )2 ) *' (1+2 * 5T (1,1) /GL(iO))

.- (G1 ( 1, i.2 ) / GL (I 2 ) 2 1(; (1 +2 *' 5T (1 , im )/ GL ( i 2 ) )

B (I,IR) = 5,* G1 (1, iO)/GL (iD)21f- (1+2 * 5T (l,iN)/GL (10))
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MR =: 2,* M + 1

, = 5, MR , 2

"0 = ( I-1 ) /2
i2:.rO-Z
',1 = i +1
',R:. 'I +2

io= i-1
iL=.i-2

8 (',I) = 4,O*,SI (l,iO)/SH (1)+ 1•. 0 *' (GI (1, iO)
GL (;0))+ (1.0 + 3.0 it< SH (l,iO) IGL (iO) If- (1.0 +- ST (1, iO)

jGL ( iO)) + 4.0 if- (G1. (1, i 2) / GL (i2l ~ (10+3.0 * ST (1, 'Il)

/Gl(12) If (1.0 + ST (1, iLl IGL (i2 l»)

B (j,i1) = 6,O*0J \1,iOl/GL(iO)*,,~2 lI'.(I,O+2,O~ST (l,',O)/GL(iOl)

B(i,'IRl:. 2.0 +GI(l, ',O)/GL (iDl1f< (1.0+3,0/ GL (IO)*(ST (1,10)

STil, i1 + 2. ° ll' S T (1, i0 1/ S T (1 ,I) / G L (i 0 l)

\,
I

f
I,
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MR::o 2 *-M +- 2

M3= 2-*M+1

B (MR, MR)::: SA (1. M1)jSH (1)+-120 * Gl (1.M)jGL(M) •.•.. 3

8 (M R J M R + 1) == - 6. 0 ~ GI (1. M) / GL ( M ) ~ lI' 3

I 'JI, (10+-2.0*ST(1,M3)/GL(M))

B (MF, M F)= L., 0 * 51 ( 1 J M 1 ) / 5 H (1)

+ L., 0 ~ GJ (1, M ) j Gl( M ) !If- (1,0 +3 . 0 ~ ST (I, M3 )

/GL (M) *" (1.0 + ST (1, M3ljGL (M)))

j

!
I,

!
!

.f
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DEVELOPMENT OF [( 1]

((1,1)= - B (1,1)

I = 3, M F, 2

i0 = i - 1/2

( (1,'1) := 6.0 -If- (51 (1, i 0 ) /5 H (1)* tl; 2 )

M3= 2 If- M+ 2

I ;:: 2 , M3 , 2

10 = '1/2

((I,I):=-.5A (1, iD)j5H (1)

'1;:: 3, MF, 2

'10: i- 1/2

( (i, 1) = -6.0 "*" 51 (1, iO)/ SH (1)~ ->t- 2

((I,i);:: 2,0* 51(1,iD)/5H(1l

All the Elements ot the Matr'lx IS to be MultipliE'd by

I.~odulus of Elasflc'lty. The ValuE's ot otheor EI"mE'nts

of thE' Matrix which are not MentionE'd, art' Zeoro
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DEVELOPMENT OF STIFFNESS MATRIX FOR FLOOR NUMBER 2 TO N

Total Unknown obov~ ilh floor~ (i-l) (2~M+3

I ::; 2 N,
'1M= (I - 1) Ii- ( 2 ¥- M + 3 )

il ~ (i - 1 )

K = 1, M F

L = " M F

B lK, L) ::; a a
c ( I( , L) ::; a 0

SUM =. 0.0

j = 1, MF

SUM = SUM + 12. all-( 51 (il , 'J) ISH

B(1,1)"- SUM

j,,3, MF, 2

B (l,j) = 6.0~(SI('I,'IDl/SH(il~ 3-2-S1li',iDl/

SH (ID) ~.,.. 2)



8(2)2) - 5A(i')')/SH(ill -+ SA(C,)/SH(i) +
\2'0 ~ GI(~1l/GL(1),*j/3

B(2} 3) =- 6.0 ~ GI(I',l)jGLl1l ~'" 2 ff (1.0 +
2.07<- 5T(i) 2)/GL (1»)

B (2
J

~) :::-12.0 -jf- Gil i.J1)/GL (1) 10< 3

B (2 5)::: 6.0 ff GI (i,1) / c, L (1) .••¥ 2"'* (1.0 4-
)

2-0 '* 5T (i,3) /GL (1) )

B p
J
3) =:: 4.0* GI U)l)/GL(l)"'( 1.0 +3.0 *

5T(i
J
2)/GL(l) .••. (1.0 +5T d.,2)/GL (1»)) +

4.0 * (51 (il.Jl )/5H (i1) + 51 (i/1l/S H l'l)) .

B (3, 41:::: (- 6 .0 "'* G I ( i)/ GL (1) * * 2) 7f-

( 1.0 + 2.0 * 5T (i/2 )/G L ( 1) )

B (3
J
5).== 2.0 *GI(~1)/GL(l),* (1.0+-3.0/GL(I) *

CST (;.12) + 5T (iJ3) + 2.0 -l." 5T (iJl) ••. 5T (i, 3Y
GL(l»))
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M 2 = 2 -It- M

L=L.,M2,2

L D = L/2

L2=LD-1

L1 = L-1

B (L.L) = 5A (',.LD1/5H (il+SA (i1,IDV

SH( i11+12.0" GI(",L2)/GL (L21**3+

GI (I, LD) / GL (L D)"* + 3)

8 (L, L+1) = 6.0* Gl (1,L01/GL (LO)4i'~ 2*'

(10+2.0*,ST(i;L)/GL (L01)- 6.0 *GI('I,L2l/

GL (L2}f';' 2 * ( 1.0 + 2.0 ~ 5T (i. L) / GL (L2))

B (L, L+2) = - 12.0 *" GJ (i , L0 )/ GL (L 0 )Jl'- -*" 3

B [ L? L+ 3 ) = 6. ° *" GI (i, L D) / GL (L 0) *" -¥- 2

~ (1.0 + 2.0 -;f 5T (i ,L-I-n/ GL (L 0))

36
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MB := 2:}<- M + 1
L = 5, MBJ 2

L0 oo(j,. i)/2
L200 LO-l

Ll= L-1

B (L) L) == 4.0 :Il(Sl (il),O)/SH {ill + 51 (i)LO)/SH (i)) +
4.0 "* GI (i J L2) / GL (12) '" ( 1.0 -+ 3.0 * 5T (i, L- 2 ) /
GL (L2);l<.' (1.0 -+ ST (i,L-2)/GL (L2) + 4.0 7<-

Gr (i,LOl/GL(LO) * .(1.0+3,O*5T ('I,Li)/GL(LO)
( 1.0 + ST (I, L 1 1 I GL( L 0 l))

8 (L J L+ 1) = - 6 .0 * GI (i , L 0 ) / GL (L D) -k ;< 2 ~ {1.0+ 2. 0 *"
ST (i,U)/GL (LO))

B (L,L+2)= (2.0 -><-GI(i)LO)/GL (LD)) *(1.0+3.0/GL(LO)*

(ST ( i7 L 1)+ 5T (i) L) + 2.0 * 5T (i) L\ ) *
5T ( i ;J L) / GL (i D)))
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MR::: 2 *" M -t- 2

NR = MR - 1

B (MR)MR)==(SA (il/ Ml) /SH (il)4-SA(i)Ml)/SH (il +
12.0 '* (G I (i) M) / GL l M) ~"l< 3)

B (MR)MF)= -6.0 7( GI li,M)/GL (M) *-* 2 *(1.0 +
2.0 * ST (i,NR)/GL (M))

8 (MF) MF) =- 4.0 ~ GI d)M) /GL (M) 7<-(1.0+3.0 * ST
(i,NR) /GL (M) *0.0 + ST (i)NR)/GL

(M ) )) + 4. 0 -J( ( 5' I (i 1.J M1) / SH l i1)+5 I
(i.J Ml) ISH (i))

In B Matrix on the upper Triangular

Matrix is Generated a5 Matrix B 15

Syrn metrical



C (L > L) = (2.0 ~ 51 (i , L 0 ) / S H (', ) )

L= 2, MR, 2

L 0 = L/2

C (L,L )=-- SA (, > L Dl/SH(i)

39

• LD )/

L=3, MF, 2

L0 = L - 1/2

C{L,1)=--6.0% sr (
SH(I)**2

MR=- 2*M+2
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SU M 00

SUM = SUM + 12.0 * (51 (iJJl/SH (il "'1\ 3)

•
C(I)1)=SUM

K c::. 3 J MF) 2

KD =(K-1);2

'.



The equilibrium equation may be conveniently
. h' ( 2 )

solved with the help of a recurs~on tec n~que

as outlined below:

". \
I

I
I

41

(n)

F 1 B, C , U,

A2 B2 C 2 U2
F2 A3 83 C3 U3

11-

F' A' B' C. U.
I . l l l l

Fn . An Bn Un

4.6 SULUT!O~ UF THE FRAMl

From Eq 1 (a) and Eq 2 we can write

{F2\ = {A2\ \B~\\ {F,j-tA2j \Bl}'iCl~ ~U2~

-t-1B2Hu2j+~C2HU31

t F ; l :0 ~F 2 ) - {A 21 \ B lr { F 1]

tB~21::: tB2j-{A2~ ~8,r1\C1 1

{F,1 ::: LB 1) t U ,") + tC,) t U 21
\F 2 \ - {A 2~ L u,\ + \ B2\ t U2\ + tC2) \U31

\F3\ . iA3\ lU2\ -\- {B3} {U3J+\C3] tU,,1

-
{Fn1= iAn} fUn-l}-+fBn\

-1
iUl)= {B,} [ {F,\ - lcd



{F:} = [st3 1:ud + {czj tU3}
-i .-1 -

{Uz] =: {sf1 [Fl}-{si} fez) {~} --Z(o)

: -1 '" -1{Uit =- {BtJ [F\} -lsiJ {CL~ ~>~+1}-- L(o)
{~n} = {B~r"{F~} n(o)

From Eqns 1(0) 2(0) n(a)

w~ hoyt'

{Un~"'lBriyl {F;}
LUn-l}"~n~lf{Fn~t~ -tSn~1-r {Cn-t1 tUn)

,

~U C~ = '[st ( [F n- - tB'tyiJL C~") ~ U L-t-i')

Lu 1] := f8~t- [FtJ - \s ir -iC,~ Z U2]

In Computt'r Programmt'

@c*fJ... {Fi-.•..} and ZsrY •. (C~; are

Stored as {SU~} and {CUi.-J rt'spt'ctIYt'ly

for L=l to n-l and lUi-] ore Stored as

{U U.l.-j for I-- = 1 t" n _

42
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-1

{B2} - {A2} {B~} {Cl}
-1

{Be} = {B-L} - {AL} {BL~l} {C~-l}
. -1

{Bn} = {8n} - { An} { Bn~~{Cn-~

{87} =

{B~2}=



j =!.M

MOMENTS AND SHEARS

44

l=l,N

'IN=(i-l)*MF

MKoo 2"MF

K = l,MK

U (K) = U U (iN + K)

Girder Deflection for Girder end

action Computation

- ShE.'or wall or Column

ith floor

GIRDER

(j)
DEL::: U (2'" j) - U (2 .•• j + 2) + U(2 *J+ 1) ".. ST (i) 2""J J -+-

U (2~j-T3) * ST(i,zc*J+1l

SOLUTION OF THE MEM'BER END ACTIONS

l jth bay 1-
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GM (i)j) 1) (2.0 ~ Gl (i, j) /Gl(j~-l«( 3.0 * DEL/GL (j) +

2.0 * U (2 .••J + 1 ) + U (Z .•• i + 3 V+ FG M (i, j) 1)

GM (i, L 2) (Z.O * GI (i,J)jGL (jl)l<{3.0*DEL/GL(j)

+U(Z;'f+1)+2.0-J;U (Z*j+3» + FGiM (c,j,Z)

GS (i, j , 1) =: FG S {I') j) 2) + 0

GS(i j 2):= FGSli,j,2l- 0, ,



COLUMN MOMENTS AND SHEARS

SM (I, L ,1) = 2.0 .••SI (I, LljS H( I) -*
(3.0*DEL/SH (2)+ U(LMl+2.0*UlLK»+

FGM (I L 2)

0:::: (SM (1,.L.]1) + SM ll~ L) 2l)jSH (j)

5S (I, L)1) :::: FS5 (I) L, 1) + 0

5S (I )L, 2) := F5S (1)L)21 - 0

L ::: ') M1.

LMe27<L+1

L K::: MF+2 ->< L-t 1

DE L =- U (1) - U ( M F + 1 )

SM t1,L) = 2.0 * SI (1) UjSH (1) "*
(3.0 ~ DEL/SH (1)+2.0 * U (LM) +
U (L K») + F GM (I, L ,11

. Deflected Shape for Colu mn end
ActIOn Computation

'Ilh story

Fig, 4,10

iLth shear wall
~ or column

U(1) U(MF 1)
-1 r--
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l
u(;i)

- --

+
:!:
til

AXIAL FORCE

-------

J"j2ih column 6r

5\1ear- Wo..l\

Column Deflection for column
AXlol Fore!.' Computation

COLUMN

SF Ci-} i/:z) = SA (.L) ;'/2.) /SHU) ,¥ (u(j)-

u (:r-t fYlp))

J=

Fig 4.11



CHAPTER 5

DISPERSION OF CONCENTRIC LOADS IN ORDINARY BUILDING FRAMES'

5.1 Introduction

For a medium-rise concrete building upto say 20 stories, the

use of shear wall is often a matter of choice. But for buil-

dings taller than 20 stories, and particularly in the range

of 30-60 stories, the use 0 f shear walls in one form or other

becomes imperative from the point of view of economy. And the

use of shear walls results in interaction of frames (both

parallel and perpendicular) with shear walls. Fig. 5.1 shows

a plan of a high-rise building with shear walls running across

the entire depth of the building, where the exterior columns

are closely spaced and are connected with heavy spandrels.'

The wind on the long face in those buildings are carried

primarily by the shear walls and it seems logical that the

closely spaced column-spandrel system should interact with

shear .wall and will make up an equivalent flange for the wall.

The effectiveness of the closely spaced exterior frame to

form an equivalent flange of the shear wall can be studied

by isolating the shear wall from the frame and investigating

the vertical load distribution characteristic of the frame
itself.
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. ( 6 )5,2 Method of Analys~s Suggested by Khan

Since the interacting frame is connected to the shear wall

only at one column, the analysis of the interaction will

primarily involve solution for vertical load distribution

in a grid wall system shown in Fig, 5,2, The interacting

columns may be thought cif to be composed of two systems:

system I will consist of the column directly connectem to

the shear wall, system II will cons~st of remaining spandrel

and columns as shown in Fig, 5,3, For uni form lateral load

the vertical shear at each connecting point will be propor-

tional to the total horizontal shear at each level, Therefore,

a linearly increasing vertical loads should be applied to

the system I. And after the soluti'on of interacting frame

for this increasing concentric load, the effective numbers

of columns participating fully as flange of the shear wall

at each floor is computed by the ratio of the total force

initially applied at the column to the actual force computed
at the end of analysis.

5.3 Analytical Varification

The behaviour of the interacting building frame normal to

the plane of shear wall is studied by computer analysis of

building frames subjected to a linearly varying concentric
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the beam and is

stori es varying from 2 to 5). Vb is the shear stiffness of

3equal to 12«GI/GL (assuming equivalent shear

stiffness of beam C ~ 1.0) and V is the axial stiffness of
,v c

50

column and is equal to 5A~E/5H.

analytical varification of the method suggested by Khan, e'

and used can accommodate any number of bays ans stories. For

set of five-bay five-story frames are analysed for the ratio

of Vb/V
c

varying from 0.01 to 10.0 for all levels (i.e. for

loads along the exterior column line. The programme generated



CHAPT ER 6

ANALYSIS OF ~UILDING FRA~ES FOR DIFFERENT STAGE OF CoN5TRUC~IoN

6.1 Importance of this Analvsi~

i

In general the analysis of a building frame is done considerin~

the entirp building frame with its loading. But the construction

of this frame is c(arriedout story-by-story \;hich impli es that

the total number of storics varies at each level of construction.

As an example, for a five story building frame there will be one,

two, three four and five story frames and a dead load of the

2nd floor cannot be resisted by a ~-story frome, since at the

time the 2nd floor load is appli ed there is only a 2-story

frame available to resist this load, and not a 5-story frame.

Therefore, the procedure cf sir;lultaneous analysis of an entire

structure is cO rrect only for live loads and for loads applied

after thE structure is completed.

Again the simultallEous loading of the structure can lead to
large errors in case where neighboring columns are designed to

different stress levels which results in differential short.ning.

For example if we considEr a continuous beam in the 20th story,

supported by a highly stressed column while the neighbouring

columns are li'Jhtly stressed, the differential elastic shortening

over the heigbt of the structure will result in the beam not

having any negative moments over the highly stressed column;

on the contrary. the analysis will show substantial positive
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moments over the column, In reality, whan the 20th floor

elab is g cast; all the elastic shortening of its supports ,

due to gravity fro'm 19 story has already 'taken place and no

elastic settlement etresa ",ill affact the beam whan it is

cast. However; the beams ",ill be subjected to alastic difraren-

tiel support shortening for all the dead loads which ",ill be

applied ebove the 20th ~loor.

From these discussion it is clear that in the total analysis

and design af a building frame the construction time muat:be

considered aa an additional variable.

6,2 Analytical Varification

The behaviour of a building freme discusaed in Art. 6.1 is

studied by developing e computer programma; conaider{ng the

conatruction time as an additional variable; which means' the

'\le;rt.~eal 'load will be considered es applied gredually sto~y-by-

story while at the sallie time the framework is being prograssi-

vely built up, And this programme can be accolllodatad for eny

nUlllber of bays; stories and for all level of cons.truction.

For analytical verification of the beheviours mentioned in

Art. 6.1 a set of three bey six story building framss are

enalysed for all lavals of construction,



CHAPTER 7
DISCUSSION OF RESULTS

7.1 Introduction

This thesis deals with four differnt aspects of tell build,ing

frame design, viz ..

(i ) To check the vali di ty of approximate methoms for

gravi ty load analy si s.

(ii) To check the validity of approximate methods for

lateral load analy si s.

(iii) To study the behaviour of perimeter frames interconnected

with shearwall, so as to act as flanges to the walls.

(iv) To study the behaviour of frames at different stages

of construction.

7.2 Discussion on Exact and Approximate Analysis of
Building Frames for Gravity Load

To check the validity of approximate methods for analyzing

building frames subjected to gravity loading, a series of

two bay ten storied building frames ars analyzed by stiffness

method for gravity loads. A non-dimensional parameter

A = ( L I Ih) I( ::E- I IL ) has been selected and frames
c 9 g

with A varying from O.48tci 4.8 have been analyzed. The
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points of inflections obtained from this exact analysis are

shown in Fig. 7.1 to Fig. 7.20. It is observed from Fig. 7.1. .
to Fig. 7.6 and from Fig. 7.16 to Fig, 7.18 that the points

of inflection in both the girders are located at approximately

O,2L from both the exterior and interior columns support,

Another distinct feature is observed from the Fig. 7.7 to

Fig, 7.15 and from Fig. 7.19 to Fig. 7.20 that in the left

girder the location of inflection points lie at approximately

O.2L from exterior column and O.15L from interior column

support and in the right girder no definite location of

inflection can be identified, From these observations the

following conclusions are made,

7.2.1 ~oncluding Remarks

lOll For two bay frames where ratio of the girders lengths

(Ll!L2) does not exceed 1,75 and the value of A. is within

the realistic range I ~ a 0,5 to 5.0),

(i) The points of inflection are located at a distance

of 0.2L from the exterior column support.

(ii) The points of inflection are located at a distance

of 0.2L from the interior column supports.

(bl For frames where Ll/L2 ratio exceeds 1.75 the location of

inflection points in the girder Ll are at a distance of O.~L and

O.l5L from exterior and interior column supports respectively.
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Therefore, the approximate locations of inflection points
(7) (10)suggested by LEVY &lnd NORRIS for gravity load analysi!,

of building frames are invalid.

7.3 Discussion on the Exact &lndApproxim&lte Methods of
An&llysis of Building Frames for Lateral Loads,

To check the validity of the approximate methods for aalyzing

building frames under lateral loads, a series of two b.ay ten-

storied building frames are analyzed by portal, cantilever,

stiffness center and exact methods. The value of .A. i'9.varied

from 0.72 t~ 3.B, The results obtained from these analysis

have been presented in Fig. 7.21 to Fig. 7.27. From the study

of fig. 7.22 to Fig. 7.26 it is seen that the exact location

of inflection points in the girders and in the central story

columns exist almost &It the midspan of the girders and columns

respectively. And the locations of inflection points obtaine~

by stiffnegscenter method in the top and bottom story columns

almo.st coini:idewith the locati.ons obtained by exact analysis,

From these observations the following conclusions are made,

7,3.1 Concluding Remarks

(i) The assumption made in port~l and cantilever method about

the location of girder inflection is approximately co~rect

f••I' all the realistic values of A.
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be used.

sf column '" AE/Lc'
linearly increasing

(Vb'" eqivelant ahear stiffnessVb/vc 0.01 to 10.0
312EI/L end V •• axial stiffneas
g c

values of

ahear co-efficient of beam' Cv '"D.O) fsr e

Comparison of the Analyticel Repults with Khan's Method
for the Effective flange Area Csmputation wi' e Shaarwall
Interconnected with Frame

portal and cantilov~r method are approximately correct

fer all realistic values of A

the central atill rl.sa the inflection paints eb.tainad by

cantilever method will yield approximately correct
result s for the valUe ('ll f ~ less' then l~o. And' flllrthe
higher valulls of A the atiffnees center lIIathsdis' 1:10

etsry column by the stiffness center mstnmd and fGr

of be8lll '"

Fer comparing the results of Khan'a method a seriea of 4-bey
snd 5-bay 5 staried building frlli!tlaSlhae boen analyzed for the

concentric loads alang the exterior column line. Thie repreeents
tRe ciisei iiiliere Ii l'rSil\ e Bct B sa a flange to a ehear wall pnducing
the l Eeam effect; for Ii frame ecting aa flange ta a shear
\:JsU pt911UCing a t ••beam effect, the anelysis 01' tha fr!llllB
Iileybe carried out by restraining the horizontal deflection
througheut the centre line (Fig. 1.28)

(iii) For calculating axial farces in ths celumns, the lIaa of

(ii) The inflection points robtained fer the top end bottom



Fig. 1.2~ Frome wHh vertical load, Sway prevented.

this Line

L ~ L t-
F'fevefite.d

L
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The load dissipation characteristics sf each story columns,
arB studied and graphs are presented in Fig. 7.29 to fig. 7.34.
from the study of the fig. 7.31 to fig. 7.34 it iaclea~ that
the lead dissipatien characteristics et' a building frame is
nst uniform for all the stories and the dieeipatit!insf axial
loada is maximum at the top story and minimum lilt ths bettom
story. from fig. -7".31 for " 5-storied building fIn' "'b/Ve" 10.0
tho load dissipations at the 5th and 2nd atory erc 71percen1;
Bnd 40 percent respectively. from these observationa the

fo~lowin9 conclusions ara mada.

7.4.1 Concluding Remarlca

(i) The effective flenge araa of the ehaar wall will be
maximum at the top story level and minimum at the bottom

story level and it ",ill 1'101: be of uniform ••idth'throughout

its whole height.

7.5 Discyssion on the Stress Leve~ at Different Phase Gf
.Co.n..f\truc;Uon

for tliitefiillnii'ig tlHIoehaviour of a 'building frame at diffarent
eb~~ttuetionstages a series of 3-bay six storied building
ftmmes kave been anai¥zed 81: for gravity loading (self weight).

, ,

The significance gf cgn$id~~inQ construction time as a veriable
in a building frame analysis may be pointed out from a study
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Fig. 7. 35 Varying Effl'ct'lvl' Flange Arl'a of thl' Shl'ar
wall at O",fferent Story levl'1

Fig. 7. 36 u~r.,:','f6rm\ tHe-dive Flo ngl' Arl'a of thl'
Sh:&dr wciit' Suggested By Khan
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of thill'gi.i'Oermcments .at the locations (a-a), (b-b), (c-c)

and (d-d) for differsnt levels of construction. Graphical

diagrams are prssented and at (d-d) e moment veriation af 302

percent is observed between ths 5th snd 6th story level of

construction. Assuming the deed load as 10 percent of desi9~

load a 30l percent moment veriation during construction at

lower story level will result in a 211 percent (302x.7)
increase in the deaign stress.

7.5.1 Concluding RemarkV

(i) In unsymmetrical building frames and also in the framee,

where all the vertical el_ents of the atructurs heva

different stress levels, the construction. time must be

considered BS a variable during the anelysis and design.

Which means that the analysis is to be carriedout fer

every level of construction for its dead loads.

(ii) In case of a building frame. which will be constructed

to a lower level thsn thedeaigned level, the analysis

end design is to be done for every probable final floor
level witH iuii desIgn loads.

. i



CHAPTER 8

CONCLUSIONS

from analys{s performed in the context of thie thesis the

f"llowi ng conclu sions are mad e:

(il) On Approx1mate Method for Gravity Load 'Analysis sf
Building frame

(1) The locations of points of inflection 'in the g~rders

as suggested by Salvadori and Lavy(7} end Wilbur and
. (10)Norr1s /ilrefound invalid.

(ii) Inflection 'poin,tsin girders of a two bay building

frame, where the girder spans ratio does not exceed

1.75 and for all realist'ic r~nge of :\.(0.5 to ,5.0).

exist at 0.2L from both exterior and interior column

supports.

(iii) In two bay frames where girder spans ratio exceed 1.75

and for all realistic range of /\.the inflection pO,ints

in the longer girder will be located at 0.2L from the

exterior column support and at 0.15L f~ the interior

column support.

(b) On Approximate Methods for Lateral Load Analysis
of Build1ng frame

(i) Inflection points in the girders end central story
c"lumns of a multi-storied building frame for all
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realistic values of ~ • are located at the mid span

of each girder and midheight of each central story

column.

(ii) For locating of inflection points in the top and bottom

story columns in a build~ng frame for all realistic

values of A the 'use of stiffness center method wJ.ll

yield better result.

(iii) For axial force calculation in the columns th~ usa of

cantilever method will give better results ,~hen I--- is

less than 1.0 and for higher values of ~ the stiffness

center method should be used.

(c) On Axial Load Dissipation Characteristics of a
Building Frame

(i) The concept of uniform dissipation of concentric load
beenthroughout its whole height has/found inv~lid. Rather the

dissipation is to be considered varying for whole of the

building height and it is maximum at the top story level

and minimum at the bottom story level.

(d) On Assuming Construction Tim. as an Additional
Variable in designing Multi-story Building Frame

~ ,'-~-

(i) In an unsymmetrical bUJ.lding frame ~here all the vertical.

elements have dJ.fferent stress levels the construction time must

be considered as a variable during analysis and de~~.
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(ii) In building frames, where the construction may be made

upto a lower le'vel than the level designed for; the analysis

and design is to be done for its every probable ffnal floor

levels w1th full design loads.

",



CHAPTER 9
LIMITATIUNS OF THE PRESENTtD ANALYSIS AND SUGGESTION
FOR FURTHER STUDY

The analysis presented in the thesis consider only the linaar

elastic behavior of the .structure.

The main problem encountered during whale work is the avail-

ability of large capacity computer •.Due to the smaller &vail-.

able computer store in every phase of this thesis smaller

building frames have been analyzed although the programmes

generated in all cases can accommodate any number of stories

and any number of bays and Can also incorporate any number

of shear wall at any arbitrary locations.

The analysis presented here is based on the assumption that

the bases of the columns are fixed. In practicel the founda-

tion mClY have soma flexibility. A little modification in the

analysis will make possible the inclusion of effects of

foundation deformations on the structures.

further study may be l1\adeon the following topics:

Ui file vliiuH.ty of portal, cantilever and stiffness

center methods fOr taller multibay buildings.

(ii) The effectiveness of the columns to form a flange area

of the she~r wall in a lClrger building frames with
interconnected shear wall.

,.
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APPENDIX-A

LIST OF COMPUTER PROGRAMS ",

i. General program for gravity load analysis by stiffness
method.

2. General program for p'ortal method.

3. General program for cantilever method;

4. General program for stiffness center method.

5. General' program for lateral load analysis by stiffness
method.

6. General program for analysis at different construction
phase by stiffness method.

7. General program for concentric load dissipation by
stiffness method.'

i
I
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