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Thig thesis examines the accuracy of the different commonly used
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approximate methods of building frame analysis subjected to static
loads {lateral and gravity), considaring only the linear elastic

behaviour,

Approximate procedures for the analysis of the building frames
ara of great value to.stfuctural enginesrs for détermining the
preliminary dimensions of the structural elements and to prepare
data for & more axact analysis, Even in the final degign stages,
these approximate procedures are sometimes used to check the
numerical accuracy of the solutions, The approximate methods of
aﬁalysis avallabfe for building frames subjected to lateral &nd
gravity loads are discussed and four methods, viz (i) Portal
method, (ii) Cantilever method, {iii) Stiffness center method
(iv) Point of cnntraflgxure method, are investiéeted. For
gravity load analysis, the exact point of contraflexures in the
girders are calculated and an inference ig maede in this regard

for reasonably accurate analysis of building fremes subjected

to gravity loads..

Exact analysi§ procedures form the basis of all approximate
procedifks; A tRorBugh study of the exact methods of analysis
i§ & vitan Préréquisite to the gtudy af 5pproximate methods of
Gnalysi§; Exdet soluticha far lateral and grevity loads by
stiffness method (using & recursion procedure) are compared’

with approximate solutlons of the same problems and conclusgiong

@re made about the uge of approximate procedures, ' S
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In the analysis of tall building frames the constructi;n time
hust be treated as an additional variable, which implies that
the vertical load will be cnnsidered as applied gredually )
stdry—byfstory while; at the same time the framework is being
progressively build up, A computer programm® has been develaped
which treasts constructien time as a variable and it is observed
that in unsymmetricel frame analysig, failure in cbnsidering
congtruction time as & variable will cauge over-stressing of

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

of congtruction,

The concrete shear wall has come to be accepfed #s 2 Natursl
component of a multistory concrete building, The efféét ﬁf
interacting frames in planes perpendicular to the shear wall

ié studied, Since tha interactinglframa is conpected tn_ths
shear wall only at one column, the analysis of the interaction
will primarily involve solution for vertical logd distribution
iﬁ @ grid wall and which has been done by the solution of ff;ma
for a linearly increéasing Verticalrlnads slong a column lingé
When a shear wall intéracts with a frame in a plane normal to
its own, it behaves like an [-beam, Simﬁlified graphs are

presented to findout tH& éffective numbers of columns acting
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Cmeﬁtét progratmeés; Haséd ofi the above mentioned methods of
@analysis, written in FORTRAN, are discussed and listings ares

included in Appendix,
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CHAPTER 1

GENERAL INTRODUCTIDN
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1.1 Introduction

The bresent concept of highrise buildings resulted from the
‘iarge—scala migration of agricultural pocpulation to the commer-
cial and industrial districts, where the need for more working,
living and othsr spaces in these cities can be efficiently
solved by the construction of multistory buildings keeping

much more open space on the ground lsvel,

Multistory building frames represent one of the mo st complex
types of structural systems encountered in ordinary civil
engineering practice, With the increasing availability of
large capacity digital computers, it is now possible to obtain
'exact' anaslysis of multistory buildings, However;, im the
initial planning and dimensioning phase of design of building
frames, rapid msthods of analysis using slide rules or calcu-
lators only ares needed, Besides, thesas approximate methods of
analysis and design can be used to measure the reliability of

the exsct stress analysis,

'Exact! analysis of building frames subjected to nravity loads
gre nermally carried with the help of computer programmes,
However, there is an inherent susceptibility of receiving
misleading results when such an analysis is carriedout, since
these programmes are based on the input of the entire struqtural
system with its loading, gnd an analysis for the entire struﬁ—

ture as one unit, The dead loed in a real building, ig built




up gradually and; for example, in a 40-gtory building, a dead
load of the 10th floor cannot be resisted by a 40 story framse,

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

only @ 1l0-~-story frame asvailable to resist thig lecad, and not

FENTRER AR LS S

@ 40-story frame, So; in exact analysis of & building frame,
time i,e. the phase of construction should be considered as

a variable,

Again in the context of Bangladesh in present days, it has
become a common practice to have a building amalyzed and.
designed for say 20-stories, But the construction will be
carriedout upto say l0-stories, Ip this case the failure in
assuming construction time &s an additional variable may'iead
to under design of some of the elements, And here the building
must be analyzed and designed for 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 & justified solution in a earthquake
and lateral load iésistant building, And many of these shear
walls intersct with frames in a plane ndrmal to the shéarlwall,
The efféctiveniess of the closely 'spaced exterior frame as

HE SHEar waill (for equivalant I-beam, where shear
Wdll 5 EohsidBr8d as web) caen be studied by isolating the
aheaf wall from the frame and invegtigating the vertical load

distribution characteristic of the freme itself,




! 1.2 Scope of the Thesis

The purpose of this work is to investigate both the exact and
apprdximate methods of analysis of building frames subjected
to lateral and gravity loads, Only the linear elastic beha-

viour under static loads is considered, For the lateral loed

aNalysis three approximate methods and one exact method are

discussed:

$ {a} Portal method I‘f
(b} Cantilever method
{5)

(c) Stiffness center method .

(d} Stiffness method

For the gravity load analysis two approximate methods and

one exact method are discussed:

(10)
(7

(@) Method suggested by Wilbur and Norris
{b) Methed suggested by Salvadori and Levy

{c) Sfiffness me thod

Although for exatt énélysis m;ny of the comprehensive ﬁomputer
programmes caf be ueed for gravity load analysis, disragérd of
time as an #dditidral varieble for this analysis will definitly
iRtkcducg an efror; gpecially when tha frame is unsymmetrical,
56 gravity 154d analysis at different construction stage ig
masentisl for heving & semplets picturs of atresé level in tha

frame, A coamputer .programme is developed taking time ag an

additional variable, which means the verticel load will be.

e L e




congidered as applied gredually story-by-story, while, at

the same time the freme is being progressively built up,

The behaviour ofanninteracting frame normmal to a shear wall

is approximated by analysing the frame for linearly varying
concentreted loads along & column line and from the dispafsion
of this concentric loads an imaginary flange-width can be
approximétad for the shear wall (which acts as a web of an
I-bégm). Simplified graphs are presented to, find dut the
gffective number of columns acting as the flange of the

equivalent I-beam,

Computer programmes are presented for each of these methoﬂs
of analysis and these programmes are valid. for eny number

of stories and any humber bays.
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CHAPTER 2

LITERATURE HEVIEW

2.1 Heview of Different Methods for Lateral lLoaed Analysig

Analysis for lateral loada is a major problem faced in the
degign of multi-storied frames, Lateral loads on structures
are produced by the actiaon aof wind, earthquake and blast,
Thére are two very comman approximate methods (a) portal and
(b) centilever, for anaiysis of building frames, Both the

methods assume that there is a point of inflection at the

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

portal method assumes, that each interior column carries
twiceras much shear as each exterior column; the cantilever
method veriss 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 aasumptions
are analogous to shear &nd bending stross digtributions in a
solid crogs-section, which inturn follow the well known prin-
ciple of Bernoulli i,e., "plane sections before bending remain

plane after bending",

But when a system consists of hollow portions, or is made of
beams afd columns, the plane sections no longer remain plane
after application of”iaad due to the rotation of éirders. So,
the eoficept of center of gravity in cantilever methods is &
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




and axial force by evaluating the stiffness coefficient of a
structure in axial and transverse directiong, This methoa .
appears in ASCE 1974 July, Structural Engineering Journal as
' Stiffness Center Method in the paper by Kardestuncer, The

deteils of these methods are discussed in Chapter 3.

2.2 Review of Different Methods for Gravity Load Anralysis

The gi;dars in building framas carry vertical loads from the
slab in sddition to their own weights, As the girders sre
rigidly connected to the columns all the membars aré‘subjected
to bending moments; shear ana axial force and because of their
rigid construction they form a highly indeterminate struﬁthre.
For the solution of this indeterminancy two sets of assumptions

(10)

ara suggested, one by Norris and Wilbur and dthe; by

(7)

Salvadori and Levy .

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

2.3 Rapview of Exact Method for Grevity and Lateral Load Analysig

The method for the anslysis of lerge muitistory building framas
With ahy iaéa%iah 6f shsar walls subjected to vertical or
lateral isading ér both is based on the development of a:t:i-
diagonal stiffness matrix and its reduction by recursion
relationshipar This method csn.consider the axial and flexural
distortions, as well as shear diatortions of the mambers.~Tha'

detail of this method is given in Chapter 4,




CHAPTER 3

APPROXIMATE METHODS FOR THE ANALYSfS OF EUILDING'FRAMES

3.1 Introduction

The approximate methods of structural analysis were developed
to ensble the engineer to reach quick decisionas regarding the’
dimensions and layout o% structural members and to compére
different schemes of structural systems, Although the avail-
ability of powerful and sophisticated Epmputers encourages

the engineers to go for exact analysis of ths structures, the

final design is often'accomplishgd by shuttling bestween "analysis
and "design", fhe starting (i,e the preliminary design} and
acceptance of the final design still require engineering judge-
mant. In both cases, the engineer nseds to make short hand
calculations either to prepsre "data for exact analysis" or

to assure himgelf that the "computer results are at least

realistic",

3,2 Analysis for Gravity Loads

A building frame is always subjectad to its own dead load,
Vertiedl live load may or may not be present, So building

frafiés i# to be analysed and designed for its full dead load
and. for ahy combinationg of live load, Furthammore, a building
frame must have resistance againat horizontal forces, Therefore,
it is to be constructed in such a way that the girders are

rigidly connected to the columns as @ result 211 the member

it Rt TR e o




of the frame would carry bending moment, shear, and axial force.
Becauge of the rigid construction, a build;ng freme is highly
indeterminate (shown in fig, 3,1). It can be made datarminat;
byAcutting each of the girder.near the mid-gpan (Fig, 3.2).

To arrive at thig candition(.howeuar; it ia necaegsary to

remove the bending moment, shear, and axisel force in each

girder whare it is cut, If 'n' is the number of girders in v

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

T

the bent statically determinate; hence the bent is indeter-

minate to the '3n' th degreae,

3,.2,1 Agsumptiong
Since a rigid building frame is stetically indeterminate to a
degree equal to three times the number of girders, it will be
necessary to make three stress assumptions for eech girder,
"if an analysis is to be carried out on the basis of atatics
only, In Fig, 3,3, a girder is subjected to a uniform load
of intensity w per upit length extending over the entire
gpan, Both the joints A and B which are partielly restrained

#sgainst rotetion will rotate as shown in Fig, 3,4, Had the

u

> gt A #fd B bean complately fixed against rotation,

(2 04
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if ?iq; 3,5, it cafi easily be shown from s consi-
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gf beAdifg moment in a fixed-end beam that the points
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: of inflaction would be located at @ distance of 0,21 L from

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

Fig, 3,6, the points of-zero moment:would be htuthemends 6f'
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Fig. 3.1 Typical Building Frame
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A w* /Pt

1 b !
r T

Fig. 3.3

Girder  Subjected o Gravity
Load

~—[0.2=L|r’ ~f0.210

F
¢ L
:

ol
.,l
I ;9.3'5

Girder Inflection Points for
fixed ended Girder

=
e

Fig. 3.4
Location of Girder Inflection
Foints

4
—

Fi1g.3.6
Simply Supported Girder




beam, For the actual case of partial fixity, the points of
inflection may be assumed to be somewhere betwemen the two

extremas of 0.21 L and 0,00L from the ands of the besms,

Solutions of building frames based on elastic ection show that
under vertical loads the axial force in the girders is usgually

very small,

Based on akhove discussions two different sets of essumptionsa

{1D0)

are made, one by Norris and Wilbur and the other by

(7)

Salvadori and Levy , for each girder in anelyzing a building

frame acted upon by verticsl loads, '

{10)

Assumptions made by Norris end Wilbur ¢

(i) The axiel force in the girder is zaro,

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

measurad 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,

{(7)

Agsumptions made by Salvadori and Levy :
(i) The axial force in the girder is zero,

{ii) A point of inflection occurs at the one-tanth point
measured along the span from the exterior support,
{iii) A point of inflection occurs at the one-fifth point

measured along the span from the interior support,
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3,2.°2 Solutiong

The analysis is squivalent to the solution of statically deter-.
minate bent of Fig, 3,9. bGirders may then be analyzed by statics, -
Maximum positive moment occurs at the span (and aé 0.45L from
exterior ends in case of Salvadori and Levy solution) and the
maximum negative moments occur at either snds of the span, The
end gshears 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 considaeration, The exterior column moments come directly
from the girder end moments and the interior column moments

are obtained by summing the adjacent girder moﬁente and the
girder moments are distributed between the columng in propor-

tion to their stiffnesses,

3,3 Approximate Analysig for Lateral Loads.

Lateral loads on building frames are produced by the action
of wind, earthquake, and blast, Exact aﬁalysis procedureQ

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 megnitude as wéll
@as the distribution of wind and earthquake and other lateral

fbrces, It was pointed out in Art. 3.2 that the degree of

statical indeterminacy'for @ building frame (with column




wefbanian L,
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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 loading, The
assumptions made in analyzind building frames acted upon by
vertical loads will not, however, be suitable for lateral-
load anpalysis, for the structural action of building frames

are entirely different when lateral loads are considered,

"This may be seen by a consideration of Fig. 3,10, which illus-

trates, to an exaggerated scale, thes 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 lasteral loads a point of inflection may

occur near the center of each girder and each column,

3,3.1 Portal Method

J,3.1.1 Assumptions

in the portal method, the following agsumptions are made:

(i) There is a point of inflection at the center of each
girder,
(ii) Thare is a point of inflection at the center of each

clumn,

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

bEtweern the columns of that story in a manner such that




Fig. 3.10 Deflected Shape Under Lateral Loads
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geach interior column carries twice as much shear as

each exterior column,

The lest asgumption is arrived at by considering each story
to be made up of a series of portals, as shown in Fig, 3.11,
Thus, while an exterior column corresponds to a single portal
leg, an interier column corresponds to two portel legs, so
that it becomes reasonable to assume interior columns to caxry

twice the shear of exterior columns,

With reference to the bent of Fig, 3,12, application of the
portal methods results in making the following number of

assumptions,

Inflection point in girders 2Zx3 = 6
Inflection point in columns 4x2 = B
Column shear relations , 2x3 = 6
Total | 20

[}

bince there are six girders in this frame, the freme is
indeterﬁinate to the mighteenth degree, Hence, the portal

method fék&g ribre assumption than are necesgary; However, it

so héﬁﬁé . R4t the additionsl assumptions are consistent
wi the Aecesssry sssumpticns and no inconsistency of stIESSES,
s cOmputed By statics; results,




i3

3.3.1.2 Notation

Bi Exterior column shear, Story 1 -
Ci. Interior -column shear, Story 1

Fci,j Column shear, Story i, Column j

P Total lateral ghear, Story 1

SGi,j,k Girder shear, Story i, Girder j, Location k

XLCi Story height, 5tory i

XLGj Girder length, Girder j

XMCi,j,k Column moment, Story i, Column j, Location k
XMGi,j,k Girder moment, St;ry i,rGirdar j, Location k

Y Lateral force, Story i
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3,3,1_3|Computer Programme

VAlthDugh in actual przsctice, it is unlikely that a digital

computer would be used for approximete analysis of frames
by Portal Method, a computer programme was developed for a
rapid analysis of a large number aof frames necessary for

the comparativeevaluation made in this thesis,

The programme, based on the assumptions presented in

Art, 3.3.1.1, has been written in FORTRAN and which is valad
fer any number of bays and any number of stories, The ssquencs
of operations followed in thé programme is putlined in the

flow diagram shown in fig, 3,13,

A listing of the programme, is given in Appendix,




START N

Y

k

READ AND PRINT DATA

o

GENERATE LOAD MATRIX

GENERATE TOTAL SHEAR FORCE MATRIX

SOLVE FOR COLUMN SHEAR FORCES

SOLVE FOR COLUMN MOMENT GIRCER MOMERT

SHEAR AND COLUMMN AXiAL FORCE

WRITE COLUMN AND GIRDER MOMENT SHEAR AND

COLUMN AXIAL FORCE

END

Fig. 313 . Flow Diagram for the Computer Solution of
Building Frame by Portal Method

e fF
W arlEd 8
1%}
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3,3.2 Lantilever Method

3.3.2,1 Assumptions

In-the cantilever method, the following assumptions are made:
(i) There is 2 point of inflection at the center of each girder,
(ii) There is a point of inflection at the center of each woblumn,

(iii) The intensity of axial stress in each column of a story is
proportionél to the horizontal distance of that column from the
center of gravity of all the columns of the story under congi-

derastion,

This last assumption is arrived at by considering that the
column axial stress intensities can be obtained by a method
znalogous to that used for determining the digtribution of
normal stress intensities on a transverse section of a Tanti~
lever beam, for a building frame shown in Fig, 3.12, cantilever

method makes the following number of assumptions,

Inflection points in girders 2x3 = 6
Inflection ﬁoints in columns 2x4 = B
Column axial force relation 2x3 = 6
Total ' 20

Simce there aré six girders in this frame, the total number
of indetermina&y i§ eighteen, Hence, the cantilever method
makes more @ssUmptions than sre needesd, but again the addi-

tional a5Sufipfions prove to be consistent with the necessary

assumptiofis;
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3,3,2.2 Notation

AC,
AM,
i
AT,
i

CLG,
J

LG,
J

Column érea, story i, column j

Total moment of column area, Story i

Total column area, Story i

Cumulative girder langth, Girder j

Column distanée from centroid, story i, Column j
Distance of centroid of column ares, Story i
Strgss in column, Story i

Force in column, Story i, Column j

Lateral shear, Story i

birder shear, S?Dry i, Girder j

Stofy height; Story i

Gifdex iéﬁgthp Girdé; j

Mowani dus 6 iwieral fores, Story i

CH1UHR HoméRt, St6fy i; Girder j, Location k

Girder moment, Story i, girder j, location k
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3,3.2.3 Computsr Programme

A computer programme, based on the assumptions presented in
Art. 3.3.2,1 has been written in FORTRAN and this programms °~
is valid for any number of stories and any number o% bays.
The sequence of operations followed in the programme is out-

lined in the flowdiagram shown in‘Fig_ 3,14,

A listing of the programme is given in Appendix,

3,3.3 Stiffness Lenter fethod

3,3.3.1 Introduction

Both the commonly used approximate analysis for lateral loads,
viz portal and cantilever methods, assume thét 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 axisl
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 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




r , READ AND PRINT DATA

14

GENERATE LOAD MATRIX

s
GENMERATE TOTAL MOMENT MATRIX

y
SOLVE FOR CENTER OF GRAVITY OF COLUMNS

SOLVE FOR COLUMN AXIAL FORCES

SOLVE FOR GIRDER SHEAR MOMENT AND COLUMN
MOMENT SHEAR

WRITE COLUMN AXIAL FORCES SHEAR MOMENT
AND GIRDER SHEAR AND MOMENTS

Fig. 3_14 Flow Diagram for the Co mputer Solution of the
Building Frame by Cantilever Method
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plane after the spplication of loads, So the concept of the
lateral-Shcar 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 columng

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 stiffﬁess co-
efficients of & structure in axial and transverse dire;tioﬁsr
And the computation of axial and transverse forces in columns
sre done after the calculation of stiffnesses, S0, there will
be three groups of assumptions: one for calculating axial and
transverse stianéss, one for distributing axial and trassverse
forces‘and third for celculating the points of inflection in

the columns,

Agsumption Regarding Stiffness Computation

The sxial stiffness is calculated by allowing the freme in
a deflacted shape shown in Fig, 3.15, Here the girders are
agsumed to be hinged at the far ends and the change in

length of the column is neglected,

The transverse stiffness is messured by giving a transverse

displacement &s shown in fig, 3.16 and the trensverse stiffness
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computation includes both the shear stiffness of column and

the rotational stiffness of girders,

Assumptions Regarding the Distribution of Axial and Trmnsverse
Column Forces

The axial force in a column is proportional both to the distance
of the column from the stiffness center of the column and to
the load carrying capacity of the column itself, And when a

column is located st the stiffness center of the group it

carries no load regardless of how large its capacity might be,

The transverse force in a column is directly proportional to
its transverse stiffness., Therefore, it is equal to the product
of the totel lateral shesr and the ratio of the transverse
stiffness of the column in qUaafiM\to thq summation cf the

stiffnesses of the grouﬁ.

Asgumptions..A6gafdifg_the Location of Inflection Points
in the Coludmn .

The location of th& Z61GHHA 'ﬁfl"tlon points depends on

-1 o
Ly

the column end-moments. AR

K ~

c6lifhn top moment is equal
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ﬂ
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- L ] (LR O N 4] sl e d e T o T S S S .
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due to side sway minug half of girder rotational moments

(Fig, 3.17). - ' o
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/ ;,3,3,3 Notation ;
Asi,j Axial column stiffness, Story i, Column j -
CLG..j Cumulative girder length, Girder j
D. . Distance 6f column from stiffness center, Story i,

1ol Column j
DCi Distance of Stiffness center, Story i
Fi{j Column axisl force, Story i, Column j
Gsi,j,k Girder shear, Story i, Girder j, LOcation k |
Hi,j Column shear, Story i, Column j
Pi Total lat;ral shea?, Story i
Ri,j Column inflection, Story i, Column j
Tsi,j Column transverse stiffness, Story i, Column j
Xici,j Column moment of imertia, Story i, Column j
XIGi,j Girder moment of inert;a, Story i, ObGirder j
XLC, Story height, Story i
XLGj Girder length, Girder j'
XM, Moment due to lateral force, Story i
XMCi,j;k Column moman?r Story i, Column j, F0cation k
XMGi,j,k Gifder mament, Story i, Lirder j, tééaiibn k. i

el TN ST X i f
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j,3,3.4 Camputer Programma

-

A computer progremme, bassed on the assumptions presented in
Art. 3.3.3.2 has been written in FORTRAN and this programme
ig velid for any number of stories and sny number of beys,
The sequence of operations followed in the programme isg

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

A listing of the programme is given in Appendix,

3.3.3.5 Solution of Building Frames

The solution of building frames in stiffriess center method

involves the following steps:

Solution Reqarding Stiffness

The axigl stiffnewss is celculated as

3
K, = JEI /L

while the component contributed by __AE/L.c is digregarded

{ shown in Fig. 3.159),
The trensverse stiffess is calculated as in relative values
T, =1~ %(IC/LC)/(;§: I/L)

which comes from the expression v = (vl'- v2)

- SR T L | L i f




READ AND PRINT DATA

1 GENERATE LOAD MATRIX !

GENERATE TOTAL LATERAL SHEAR
FORCE MATRIX

GENERATE TOTAL MOMENT MATRIX FOR LATERAL LOAD

GENERATE COLUMN AXIAL STIFFNESS MATRIX

"GENERATE COLUMN HORIZONTAL SHEAR STIFFNESS MATRIX

Y 1

SOLVE FOR STIFFNESS CENTER OF COLUMN

A

SOLVE FOR COLUMN AX{AL FORCES

y

SOLVE FOR COLUMN SHEAR FORCES

SOLVE FOR GIRDER COLUMN MOMENT AND GIRDER SHEAR

SOLVE FOR GIRDER AND COLI_UMN INFLECTION POINTS

-

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

Fig. 318 Flow Diogram Computer Solution of Building Frome By Stitfness Center

-
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whare,

= 12E1 /L 3
c c
- 3”2/(2Lc)

= GEI /L e
c [

o (KC/ZK) x ml

3 3
v = 1261 7L - 9EI /L7 x (K_/ 5 K)

Thess computations are shown in Fig, 3,16 and fig, 3,17, o

Solution Aegarding Axial and Lateral force Distribution in
the Column

Axigl force in any column -in any story is esqual to é

| 2
K, di M/ E:Kjdj.)

k)
]

K., = axial étiffness of that column

i
di = distance of that column from the centroid of
axial stiffness of the columhs
M = Dending moment of the lateral loads above that
floor about the cemter point of that column
Kj = axial gtiffness of any column
|
d, = distance of any column from the stiffress center |

J : |
Ang the location of the stiffnass center of any story may

be found from
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D =2> K, xD/> K,
c ; Z K

The lateral shear in apny column in any story given by

m T
H., i/ ,}'_TJ. x V

T. = transverse stiffness of that column
T. = transverse stiffness of any column

V = Total latersl shesar upto that floor calculated

from the top atory.

Lomputation Regarding Column Inflection Points

The column inflection points are detemmined by calculating

mg and m for the deflected shape shown in Fig, 3,17, From
figure,{3.17)
mb/rna = b/a = (ml - m2/2)/(ml - mz)
= %((Zml - oy)/{m = m,))

whﬁre,

m, = (Kc/(z.K)) x my
(235K - K I/(ZK - KJ).
= (2= Ky ¥ Kc)/<2 Kg”

1 + K /{2ZK )
c g

b/a

il

Anid the complete solution of frame can easily be obtained

from these knowh values,

e 2 vt s
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CHAPTER 4

'EXACT! ANALYSIS FOR GRAVITY AND LATERAL LOADS BY

LSTIFFNESS METHOD AND RECURSION PROCEDURE

4.1 Introduction

Multisfory building frames represent one of the most complex
structural systems encoﬁntered in ordinary civil enginéering
practice, the 'exact' analysis of which is only. possible with
tHe aveilebility of large scale computers, In the chapter“an
efficient digital computer method for the structural enalysis
of lasrge multistory building fremes is presented., The structure
may be subjected to both vertical and lateral loading and may
inelude an arbitrexy system of shear walls, Axial and shear
distortion, &s well as flexural distortions of the members,
may be considered, The method, developed by Clough, Wilson
and Kingtz), is based on the generation of & tri-diagonal

system of stiffness equations and its solution by & rscursion

technigue,

4,2 Assumptions dnd Limitationa

ﬁ‘\_i oboear = Ba o i o v : . .- . .
Althahgh the methdd &f @analysis is general, it is based on

R

P B Y T N PSS P I TS . . N '
certain agsumptiohs and liwitation which ere ed¢linsd below:

ta) Heguiar Rectangular Building Frame:
The building ig laid out in a rectsngular grid pattern Stnry.

height may vary arbitrarily,as may the bay widths in each

B e T b
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directions, but it is assumed that the complete structure

is made up of seriesg of parallel frames acting in transverse
directions, ([olumns are assumed to extend continuously from
base to top and girders from sgide tﬁ side, All members

are assumed to be connected rigidly at the joints,

Minor variation in regularity resulting from ommission of
members at asrbitragy locations may be accommodated by assuming

a very small value of stiffness for the omitted members,

(ii) Rigid Floor Diaphragmg

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 translate
without rotation, and each parallel frame is subjected to

the same displacement at any 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

over the entire height of the building, but its stiffness

may vary with height, sShear wall a;rangement 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,

2




26

(iv) Axial and Shear Deformations:

Axial deformations of the column and shear wallg are consgi-
dered in the analysis, but the girder axial deformationsg are
naglected'(as required by the rigid floor diaphragm), Sheer
deformations of, columns and shear walls and girder are
neglected and flexurasl deformations are considered, of courss,

in sll members,

T N B 0 sty iy KT 14




4.3 Notation

A,B,C - Story stiffness métrices -

b,£,F,G,B0,F0,f5,U Operator matrices for recursion procedure

By, CY S Stored matrices for recursion procedure
uu - Deformation matrix
FMAT - Force matrix
GI. | - Girder moment of inertia/Girder inflection,
1rd Story i, Girder j
GLj - Girder length, Girder j
GM. - Girder moment/Fixed end girder moment,
rds story i, Girder j, Location k
65, . - Girder shear/Fixed end girder shear,
Lrdy Story i, Girder j, Location k
S5A. . - folumn or shear wall area, story i, column
Lol or shear wall j
SF. . - Column or sheaf wall axial force, story i,
1rd column or shear wall j
SHi - Story height, story i
Sli ; - Column or shear wall moment of inertia/
’

Column or wall inflections, Story i,
column or shear wall j

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

55 - Column .or shear wall. shears, Story i,
' Column or shear wall j, Locatian k

5T. |, - Distances of shear wall ends from
il centroidal axes of wall, story i,
' Shear wall j,

1330 ko peediF BT PR A e ¢ Ly
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4.4 Computer Programme

A computer programme, basged on the assumption presented in
Art, 4.2, has been written in FORTRAN and this programme is
valid for any number of stories and any number of bays and
also for any arbitfa;qucation of shear walls, The sequence

of operation followed in the programme is outlined in the

flow-diagram shown in Fag, 4,1,

Four different listing of the programms for different building

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

4.5 Deyalapment of 3tiffness Matrix

The numbering syatem used in identifying the generslized
forces and displacements is shown in ?ig. 4.2, The stiffness
matrix for the gystem ig tridiagonal, as shown in Fig, 4.3,

The elements of B, and Ci matrices are developed by considering

~the dsflected mades of the freme directly, as shewn in Fig.4.4

through 4,8,




READ AND PRINT STRUCTURE DATA |

NUMBER OF DEFORMATION

GENERATE AND PRINT LOAD MATRIX

GENERATE THE FIXED END ACTION

k

GENERATE STIFFNESS MATRIX FOR ALL THE STORIES

SOLVE FOR THE DEFORMATIONS OF THE FRAME BY
RECURSION PROCEDURE

{ SOLVE FOR THE MEMBER ACTIONS |
[ ___WRITE JOINT DISPLACEMENTS AND MEWEER ACTIONS |
END
Fig. 4.1..  Flow Diogram of the Computer Pragram for the egact

Anolysis of Plane Building Frame
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Fig. 4.3 Tri-diagonal Band Stiffness Matrix for the Frame
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DEFLECTED SHAPE
_jTIFFNES'S MATRIX

A /“ T
L M L
1.1

S FOR GENERATION OF

C1,m
ABo,
TL 2= 52.5
— . -l
7-82,5’1 3
Ba.a
{’Cz,z :
B
3.3 Ba.s
-~ .
B2, 4. |
o —
Ca.1 ©3.8 :

Y
Biivt B i+3

| A=
1\’/‘\ 1

Y%
B ,|'+?_.‘

Fig. 4.4 . Possible Deflected
(Elements of B1  Mairix)

Shapes For Top Floor
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Fig.- 4.8 Different Etements of Matrix Bn and ¢,




DEVELOPMENT OF [81]

Mi= M1
MF = 2M + 3

M1 3
8(1,\):?; 12 6 SL(1,3)/SH (1)
=1

B (1,J)/J=3,MF,2 = 6%SI' (1,735) /sH (12

B (2,2) = (SAN,1)/SH (11 + 12 % 61 (1,1)/6L (1)3 )

B (2,3) =6 %6 (1,1/6L(1)? (1+2%ST (1,2)/6L (D)

B (2,4)=-12%61 (1,1) /oL (1)3

B (2,5)= 6 %6l(1,1)/6L (1) (1+é*ST(1,3)/GL () -

8 (3,3)= 4(SL(1,1) /SH (1) 4 GI (1,1) /6L (1) % (143 #(ST(12)
/L (1 1) % (1+5T(1,2) /6L (1))))

2

B (3,4)= 6% 6L (1,1)/6L (1 ) =& (142 % ST (1,2)/6L (1))

B (3,5)= 2#(G1(1,1) /GL (1) % (t+ (3/6L (1)) # (ST{12)+
' ST 1,3)+2%ST {1,2) #ST(1,3)/6L (1)))
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1= 4,2M 2
1T = 142
:lMx l'—1
IN= 141
\D = 2
12 = 1D-1
R = (+3

CB(1,1)=SA (1,iD)/SL (412 % (61(1,L2)/6L (i2)?
GI(1,'|D)/GL(iD)3)

B (1,7 )= 12 % (61 (1,iD)/6L (D))

B(1iIN)= 6((61(1,iD) /6L (ID)2) % (142 *ST (1,1) /6L(iD))
~ (610 1,i2) /6L (12)%% (142 % ST(1,im)/6L (i2))

B (1,R)= 6% GI (1,iD) /6L (D)%% (142 * ST (1,iN)/6L (1D))

 ——————ae

|
!
|
i
;
%
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MR= 24M +1

1= 5,MR,?2
'|D=(l.-1J/Z
12=tD-2
1= | 41
R= 142
10 = 1~ .
L= 1-2

B (1,1) = 4.0%SL (1,iD)/SH{1)+ 4.0 # (G (1, iD)

GL (1D))+ (1.0 +3.0 % SH(1,i0) /GL(iD) # (1.0 + ST(1, i0)

J6L (D)) + 4.0 # (GL(1, 12) /6L (12) #(1.043.0 % ST (1,10
foL(12) % (1.0 +ST(1,iL) /GL(i2)))

B (1,i1) = 6.0%G] 1,i0)/GL(ID)%#2 % (10+20%ST (1,,0) /6L (iD))

B(i,IR) = 2.0 #6L(1,1D)/GL (iD) % (10+3.0/ 6L {iD) % (ST (1,10)

ST 11, 1) +2.0 # ST (1,i0)/ ST (1, /6L (iD)
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MR = 2 %M+ 2
M3= 2#%M+1

BIMR, MR) = SA (1,MD) /SH(1)+12 0 % 061 (1,M) /GLIM)# % 3

B (MR, MR+1)=-5.0 % GI (1,M)/GL (M)% % 3
/ % (1D+2.0% ST(1 _M3)/GL (M)

B (MF,ME) =4 0% SL{1,M1)/SHI(1)
+ 4.0 %G1 (1,M)/6LIM)% (10+3.0% ST (I,M3)
JGL (M) % (10 +ST (1,M3)/6L(M)))
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DEVELOPMENT OF [C1]

c,=- 80,1
i = 3,MF, 2
iD= i-1/2
C (1) = 60% (SI(1,iD)/SH ()% % 2)

M3 = 2% M+ 2
L= 2, M3, 2

ClLi)=~SA (1, iD}/SH (1)
1= 3,MF, 2
iD= 1= 1/2

C(i,1) =-60#% SI(1 10)/SH(1)% # 2

ceni)

il

2,0 # SI(1,iD}/SH (1)

All the Flements of the Matrix s to be Multiplied by
Modulus of Elasticity., The Values of other Elements

of the Matrix which are not Menticned, are Zero




DEVELOPMENT OF STIFFNESS MATRIX FOR FLOOR NUMBER- 2 TO N

Total

Unknown above ith floor= (i-1) (28 M +3
o= 2N
M= (1-1) % (2 % M + 3)
11= (i-1)
K=1,MF
L = 1,MF

B (K,L) = 00
C (K, L)

]
o
]

SUM = 00

1, MF

] =

34

)

SUM = SUM +12.0#{ST(I1, ) /SH (ih%# 3+ ST (i }) SH(N%s#3)

B (1,1) = SUM
j=3, MF 2
0= (j-1)/2
B (1,)) =

SH (1D) % # 2)

6.0 % (S1(1,'D)/SH (i)s #2 - Sl(i1, D)/




B(2,2) = SALILN/SHUN + SALL)/SHI) +
1220 * GI(i,1)/GL (1)%x3

8 (2,3)= 6.0% GI(I,1)/6L(1) »* 2 % (10 +
2.0 % ST(H2)/GL (1))

B (2, 4) =-12.0 * GILi,1) /GL (1) x* 3

B (2)5) = 6.0 » Gi(i.,”/GL (1) %% 2 % (1.0 +
2.0 ¥ ST{i,3) /GL (N )

B [3,3) = &0% GI(1) /6L (1) %(1.0 +3.0 %
ST(i,2)/6L{N »* (1.0 +5T (i,2) /6L (1)) —+
4.0 % (S1(I1,1) /SH({N + SN /sHu .

B (3,4)= (=6.0 3¢ GI{L1)/GL{1) » % 2) =
(1.0 +2.0 = ST(,2)/6L(1))

8 (3,5)= 2.0 % GI([1),/GL{1)# (1.0 + 3.0/6L(1)
(ST11,2) +ST(1,3) +2.0* ST (i,2) » ST (i,3y
GL(1N)Y)

P P Y

is .




M2 = 2%M
L= 4,M2, 2
LD = LJ2
L2= LD-1
L1= L-1

B (L,L) = SA (i,LD)/SH (N 4SA (i1,iDV
SH( 1)+ 120 % GI(1,L2) /6L (L2)%*3 -+
GL (i,L0) /6L (LD)* % 3)

8 (L, L+1)=6.0%GL (i,LD)/GL (LD)% % 2#
(10+20%ST(i,L) /6L (LD))— 6.0 % GI (1,L2)/
GL (L2 #2#%( 1.0+ 20 #ST (i,L) /6L (L2})

B (L,2) =-~120% Gl (i,LD)/ GL (LD)* # 3

BI(L, L+3)= 6.0% 6l (i,LD)/ GL (LD)# #2

£(10 +20* 57T (i ,L+1) /6L (LOD)
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MB = 23 M1

L=5, MB, 2

Lo=C 12

L2= LD

L= L-1
B (L, L) = 4.0 x(51 (i1,iD)/SH (i) + 51 (i,LD)/SH (1)) +
6.0 % 61 (i, L2) /6L (L2) % (1.0+3.0 ST (i,L-2)/
6L (L2)%(1.0 + ST (il-2)/6L  (L2) + 4.0 x
6L (1,LD)/GL(LD) % .(1.0430%ST (1,L1)}/GL(LD)

(1.O0+ST (1, L1)/GL{LD)))

R T e T T TR ™ I T R O R TR

B (L, L#1) = 6.0 xGI (i,L0)/6L (LD) *x 2 % (1.04+2.0 *
ST (f,u) /6L (LD))

B (L,L+2)= (2.0 % GI(i,LD) /6L (LD)) % (1.0 +3.0 /6L (LD) >
(ST (i, L1 =+ ST (i,L) + 2.0 %ST (i,thH*

sT(i,L) /6L (T D)
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MR = 2 ¥ M +2

NR = MR —1

i

B (MR,MR)=(SA (i1, M1) /SH (i)4SA({,M1)/SH (i) +
12.0 % (GI (i,M) ./ GL (M) x* 3)

B (MR,MF)= -6.0 » 6l Li,M)/GL (M) %% 2 »{1.0 -+
2.0 ¥ ST (i,NR)/GL (M)

B (MF, MF) = 4.0 Gt {i,M) /GL (M)} %(1.0 +3.0 % ST
(i ,NR)Y /6L (M) %(.0 + ST (i,NR) /6L
(M))) + 4.0 % (S1 (i1, MD) /SH (i1)+5]
(i, M1)/SH (1)) |

fn B Matrix on the upper Triangular
Matrix is Generated as Matrix B is

- Sym metrical
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MR= 2% M +2

L=2, MR,2 | - i
LD = L2

C (L L)=-SA (1, LD)/SH({i)

53 , MF, 2
LD = L-1/2
S C(L,MN=-6.0% SI ( i,LD )/
SH{1)#%%2

C(L, L) = {20%ST(i, LD /SH(i))
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SUM = SUM + 12.0 % (Sl (i,J)/SHIi) %% 3)

C (,1) = SUM

=3, MF,2

KD =(K ~1)/2

¢ (1,K)=(6.0 xSl (i,KD)/SH (1) % 2)
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4,6 SOLUT iGN UF THE FRAME

[he equilibrium equation may be conveniently

solved with the help of a recursion techniqua(z)
as outlined below:
'
_ -1 (
P4 By G u, |
F.Z Ay By Gy Usj
< } 5 p— . ] i A
Fi AL By Cy- ﬁut
l':I"I An .B.n' Un
o
L 4 U )
Fi} o= 8y {ua) + {eq) LUyl - (1)
F2h=fagk fuil + (B2} [zl CzB U3} f2}
Fﬁsﬂ

{ {A:a]s juzy + {93} {usf+i - f fug 03}

,.._-_\
\.._._J

S BT

—
M
o
et
I
\_d“—“'
e
w
1
—
m
—
il\.—f‘-\-/
e
e
—e
— |
+
3
(@]
—
T
e
c
—~
+
i
—
-
A

fusf= {Bl_}t[{ﬁﬁ — %Uzlj | el
From Eqlfa) and Eq 2 we can write
fFa = aa) (B3 fr)—{ag) ma]'{ar] {uad
1 Huzg SR UPYEUEY
(P31 = (e 3-fagd imi 474
18% g .: 182 {Azg SLB'IE {C17S




192} fU2§ + {251 Usf
} it -y {edy { vz} -2
{ %{Fq iBL} {CJJ {Um}

@J}:: {87} {FRY

11q) 2ta) n(a)

(P =
{Uz} =

n{al

From Eq"s

We have
CC AL R
SLUn-l-E(:iB n%fi}i{Fn)—et{j -{8 nﬁi} {C n—i} iUn%
Wit =Tet TRCY -1 Lo e
fu)j = {B’?}—i N, “SLBﬂi g L U5
In Computer Programme
i& {F,;*'} and {Bf?* {CLB are

as iBUL} dnd {CUL} respectively

and iUg,} are Stored as

Stored
for =1 to n-—1

UULE for v =1 e n .
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1Fs ‘ |
fr-{=3 &} £}

LFr i }{Bl}{Fl}
SR o

(i} - 4o .
{8« {n}-{a} I

e} = ek ud e fd
{of = for- Lok {50 find
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SOLUTION OF THE MEMBER END ACTIONS

1=1,N
IN = (i =1) = MF
MK = 2 %MF
K = 1,MK |
U (K)=UU ( AN+ K)

GIRDER MOMENTS AND SHEARS

|
l .
‘ - Shear woll or Column
lﬁvj § ith tloor ' 1=L,M

L U (2% j+)%ST (i, 2%])

4(*«\ ///>\ YU(Z*J)HU(Z*(J+1H

\/) LU(Z*(JH)H)*ST(I,: »*J+1)

DEL= U (2%J)=U(2 % J+2) + U@»J+1) » ST(, 27)) +

U (22J+3) % ST(i,2»J+1)

Fig 4.9 Girder Deflection for Girder end

action Computalion
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GM (i,j,1) = (2.0 % Gl (ij})/eu]D*u.o * DEL/GL(]) +
20U {23)+1) + Ul2 %] +3)+FGM (i,),1)
GM (i, §,2) == (2.0 % Gl (i,1/6L(}))x(3.0%DEL/GL ()

+ U @xjH1)+20%U (2% ]+3)) + Fam ((,7.2)

0=(6M (1,3 1)+ 6MI(i,J,2) /6L

6S (i,J.1) = FGs (i,J,2)+0

6S (i J,2) = F6S (i J,2)—- 0

}
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as |
COLUMN MOMENTS AND SHEARS
TLth shear wall L=1, ML
™ or cotumn M= 2041
LK = MFr2xi+1
ith story DEL=U{1) = U(MF+1)
- oM (ILL1) = 2.0 ¥ 51U, L) /SH (1) *
(3.0 * DEL/SH ()+2.0 * U (LM) +
- U (LK) +FGM (1,L 1)
U UIMF 1 - '
e SM (I, L)) = 2.0 xSI (LL/SH{I) %
J (3.0 ¥ DEL/SH (2) + U (LM)+2.0% UILK)) —+-
N FGM (1 L 2) |
0=(5M (1,L,1) + SMI, LJZD/SH (J)
’ /] SSUI, L, = FSS (1,1, + 0
/ SS(1,L,2) = FSS (I,L,2)~0
Fig. 4,10 ‘Deflected Shape for Column end

Action Computation
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COLUMN AXIAL FORCE

et Colomn v
*g Shear wall R
TT T ‘
. uiz)
| &ijr‘nﬁoor - — 1t + = 1
4 re
¢ . {
m
=
4
=
— )
o' t
: 3
N )
Ry
"=
Fi y{3+MF)
Y - e —_— = - —
§ g { ¢
{ {1 T )
AL AL
}
Fig 4 Column Deflection for column'
Axial Force Computation
Vj = 1, MFJ 2
SF (L, 3) = = sA(L, 3) /su() * WE-

u(F+ mF))




CHAPTER 5

DISPERSION OF CONCENTRIC LOADS IN ORDINARY BUILDING FRAMES:

5.1 Introduction

For a medium-rise concrete building upto say <0 stories, the
use of shear wall is often s matter of choice. But for buil-
dings taller than 20 stories, and particularly in the range
of 30-60 stories, the use of shear walls in one form or other
becomes imperative from the point of view of economy. And the
use of shear walls resulte in interaction of frames (both
parallel and perpendicular) with shear walls, Fig, 5.1 shows
@ 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-gpandrel system should interact with

shear wall and will meke up an eguivalent 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 Megthod of Anglysis Sugaested by KhﬁD( )

S3ince the interacting frame is connected to the shear well
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 of to be compogsed of two syatems:
system I will consist of the column directly connected to

the shear wall, system II will consist of remaining spandrel
and columns as shown in Fig, 5,3, fFor uniform léteral load
the vertical shear at each connecting pdint 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 solution 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 totél force
initially applied at the column to the actual force computedl

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 linesrly varying concentric







system I system 1

(—/h' A

Fig.5.3 Showing Two Different Column
System




50

loads along the exterior column line, The programme genera£ed
and used can accommodate any number of bays and stories, Fo£
anélytical varification of the method suggested by Khan, a
set of five-bay five-story frames asre analysed for the rat;o
of Vb/Vc varying from 0,01 to 10,0 for all levels (i.e. fo;
'lstories varying from 2 to 5), Vi ig the shear stiffness Df:
the beam and is equal to 12«GI/GL3 {assuming equivalent Sh;ar
|

gtiffness of beam dv = 1,0} and Vc ig the axial stiffness of

column and is squal to SAxE/SH,

] Aansa




CHAPTER 6

ANALYSIS OF QUILDING FRAMEDS FOR DLFFERENT STAGE OF CONSTRUCTION

' . i

6.1 importance of this Analysisg

b
{

In general the analysis of a building frame is done consideﬁind
ihe entire building frame with its loading, But the construétion
of this frame is carriedout story-by-story which implies that

the total number of stories veries at gach level of Construétion,
As an example, for a five story building frame there will b; one,
two, three four and five story frames and a dead load of the

5nd floor canrot be resisted by a S-story frame, since at the
time the 2nd floer load is applied there is only a 2-story j
frame aveilable to raesist this lﬁad, and not a S-story fram;_
Therefore, the procedurs of simultaneous analysis of an entire

structure is correct only for live loads and for loads applied

=fter the structure 1s cempleted, . i
f

Again the simultaneous loading of the structure can lead to

large errors in case where neighboring columns are designed to
different stress levels which results'in differentisl shDrténing,
For example if we consider a continuous beam in the 20th stsry,
supported by a highly stressed column while the reighbouring
columns sre lightly stressed, the differential elastic shortening
over the height of thes structure will result in the beam nﬁt

having any negative moments over the highly stressed column;

an the cantrary, the analysis will show substantial positive
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moments ovex ths column, In reality, when the 20th flunrj:
élab ia ® cast, all the slastic shortening of ite 5upp0rt§
due to gravity frﬁm 19 story has alraadyltaken place and hoh.
slastic assttlemsnt stress will affect the beam when it isi
cast. However, the beams will be subjsctad to slastic differen-

tial support shortening for all tha daad loads which will be

applisd above the 20th floor.

From these discussion it is clear that in the totel analysis

and design of a building frams the construction time muat:ba'

congidered ss an additional variable,

6.2 Analytical Verification

The behaviour of & building frama discuseed in Art, 6,1 is
studied by devsloping a computer pragramme, cnnaidaring the
construction time as an additional variable, which meang the
wvertical load will be considared as applied gradually ato#y-by-
story while at the sams time ths frsmework is being progressi-
vely built up, And this programma can be accomodeted for eny
number ef bays; stories and fer all lovel af consﬁructioﬁ,

For analytical varification of the behsviours mentionad in

Art, 6.1 a set of three bay six story building frames are .

analysed for all levels of conatruftion,




CHAPTER 7

DISCUSSION OF RESULTS

7.1 Introduction

This thesis deals with fouxr differnt aspects of tell building

frame design, viz,

(i) To check the

gravity load

{ii} To check the

latersal load

validity of approximate methods for

analysis,

validity of approximate methods for

analysis,

(1ii} 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 consgtruction,

7.2 Discusgsion on_Exsct and Approximate Analysis of

Building frames for Gravity Load

To check the validity of approximate methods for analyzing

building frames subjected to gravity losding, a series of

two bay ten storied building frames are analyzed by stiffness

method for gravity loads., A non-dimensionsl parameter

N o= = lc/h)/( = Ig/Lé) has been gelected and frames

with A varying from 0,48 to 4,8 have been analyzed, The
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points of inflections obtained from this exact analysis are
shown in fFig., 7.1 to fFig. 7.20, It is observed from Fig, 7.{
to Fig, 7.6 and from fFig, 7.16 to Ffig. 7.18 that the points
of inflection in both the girders are located at approximately
D,ZL from both the exterior and interior columns support;
Another diatinct 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 uf inflection points lie at approximately
0,2L from exterior column and 0,15L from interiof 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 Concluding Remarks

{a) For two bay frames where ratio of the girders lengths
(L,/L,) does not exceed 1.75 and the value of A is within

the realistic range { X\_= 0.5 to 5.0},

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

of 0,2L from the sxterior column support,

(ii) Tha points of inflection are located at & distance

of 0,2L from the interior column supports,

(b} For frames where'Ll/L2 ratio exceeds 1.75 the location of
inflection points in the girder L, are at a digstance of U,?L and

0,150 from exterior and interior column supports respectively,

8 Cpm by A L T NI A PO
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Fig.7.1 Exact Locations of Points of inflections
under Gravily Loading
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Fig. 7.6 Exact Locations of Po]nts of mflections
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Fig.7.8 Exact Locations of Points of inflections
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Thersefore, the approximate locations of inflection pointe

suggested by LEVY(T) and NDRRIS(ID) for gravity losd analysis

of building frames are invalid,

7.3 Piscugsion on the Exact and Approximate Methods of
Analysis of Building Frames for Lateral Loads,

To check ths validity of the approximate methods for aaslyzing
building frames under lateral loads, a series of two bay ten-
storied building frames are analyzed by pqrtal,‘cantilever,
stiffness center and exact methods. The valus of ) is vatied
from d,TZ to 3.8, The results obtained from these analysis
Haue been presented in fFig, T7.21 to Fig. 7.27., From the study
af Fig., 7.22 te Fig, 7.26 it is seen that the exact location
of inflection points in the girders and in the central story
columns sxist almost at the midspan of the girders and columns
respectively, And the locations of inflection peints obtained
by stiffness .center me£hmd in the top and bottom étnry calbmﬁs
almost cointidewith the locations oebtained by exact analysis.

From these ebservations the following conclusions are made,

7.3.1 Concluding Remarks

(i) The assumption made in portal and cantilever method about
the lecation of girder inflectien is approximately correct

for all the realistic values of ;\ .

R T A T Rt N Sy
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A= 072 n= 120 A= 15 A=170

o Stiffness Center Method
o Cantitever Method
A Exact Method

Fig. 7.27 Columa Axidl Force
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{ii} The inflectien paints obtained fer the tep and bettonm
stery column by fha stiffneas ;antar methed and fer
the central staries the inflectian peints obtainad by
portal end centilever method ere sppreximately correct

for all reelistic vealuses of >\

{iii) For calculating aexial ferces in the celumna, the uge of
caﬁtilever method will yisld aepproximatsoly corrsct
regults for the value of )\_ lese than 1,0, And fer the
higher velussg ef >\ the stiffness cantaer methed is to

be usged,

7.4 Comparigen of the Analyticel Regults with Khan's Methed

for the Effectlve Flange Ares mgutatxan af & 5hearwall
Tntercennected with Frams

For comparing tho results of Khan’s methed a seriss of 4d-bsay

and S-bay 5 steried building freomea has been analyzgd fer the
valuéa of Vh/Uc 0,01 te 10,0 (Vb = ogivalent shasr stiffness

of beam = lZEI/Lz and Uc = agiél stiffnoss of cﬁiumn = RE/LC,
ahear’ca-afficiant‘of beam C_ = 0B,0) fer a linesrly increasing
concentric loada aleng the exterier column line, Thia repfaaenta
the caae wheré a fréme ects ag s flange to a shear wall preducing
fhe L bBeaii sffect, For a frsme scting as flange te a shear

Wail pieducing a T<beam sffect, the anslysis of the freme

may be carried out by restraining the horizontal deflection

threughout tho centre line {Fig, 7,28)
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The lead diesipation charecteristics @f each siory calumna:
afa studied and graphs are presentad in Fig., 7.29 to Fig, 7.34,
From ths study of ths Fig. 7.31 to Fig., 7.34 it ia'clear‘tﬁaé
the load dissipatien characterigtics of e building frome isg
net unifarm for all the stories and the dissipaticn of axial
loada is maximum at the tep story and minimum ot ths bettom
story. From Fig. 7,31 for a S-storied huilding'fax“vbfvgm 10,0
the load dissipations at the Sth and 2nd gtory arxo 71 pexcent
‘and 40 percent respoctively, Ffrom these obgorvations the

fellowing conclusiens are made,

7.4.% Concluding Remarkg

(i) The affective flange aresa of ths shear wall will bs
maximum at the top story level and minimum at the bottem
story lesvel and it will not be of uniferm width throughout

itn whole hsight.

7.5 Discuggion on the Stress Level st Diffexcnt Phase af
Congtructioen

For datefmining the pehaviour of a building frame at different
cangtruction stages a serice 6f 3-bay eix storisd building
Fframeg Havé been ahalyzed at for graQity loading (gelf weighf}.
The sighiﬁicanca of cahaidexing constructibn time ag & uariébis

in a building freme analysis may be pointed cut from a stud&
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Fig.7.35 Varying Effective Flange Area of the Shear
wall at Different Story Level

NI

Flg 7.36 Umform Effechve Flunge Area of the
Shear wall Siggéstéd By Khan
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Fig.7.37 A Typical Unsymmetrical Building Frame
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B of the girder mements at the locations {a-a), (b-b), (c-c)

aﬁd (d-~d) for different levels of construction, Grephical )
dlagrama are presented and at (d-d) a moment variation cf 302
parcent is obgsived betwean the 5th and 6¢h story laval of
construction, Agsuming the dead laad 838 70 percent of design
load & 302 percent moment Qariatian during conetruction at

lower story level will result in a 211 percent {302x,7)

increees in the design stress,

7.5.1 Coneluding Remarksg

(i) In unsymmetrical building frames and algo in thg framaa,
whare all the verticel elements of the structurs havea
different stress levels, the construction time must he
considered as a variable during the analysis and design,
which means that the analysis is to be carricdout fer

avery level of canstructicn for its dead loeds,

(ii) In case of o building frame, which will be constructed
to a iower level than the'deaigned level, thz énalyaia
and design is to be dons for avery praobable flnal floor

level with fuil désigh isada,




CHAPTER 8

CONCLUSIONS

From analysia parformed in the context of this thesis the

following conclusions are made:

(a) Dn Approximate Method for Gravity Leoad Analysis of
Building Framg

{1) The locations of points af inflection in the girders
as suggested by Salvadori and Levy(7) ond Wilbur and

. (10 .
Norria gre found invalid,

(ii) Inflection points in girders of a two bay building
frame, where the girder spans ratio does not exceed
1,79 and for gll realistic range of )k (0.5 to.S,O),
exist at 0,2l from both exterior and interiox column

supports,

(iii) In two bay fremes where girder spans retio exceed 1,75
and for all realistic range of ;\ the infiection pqints
in the longer girder will be located at 0.2L from the
exteriaor column support and at 0_,15L frem the interior

column support,

(b) On Approximate Methods for Leterasl Load Anelysis
gf Bdilding frame

(i) Inflection points in the girders and central story

columns of a multi-storied building frame for all
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realisgtic values ef >¥ , are located at the mid span
of each girder and midheight of each central story .

column,

(ii) Ffor lecating ef inflectien points in the top and bottom
story columns in @ buildaing frame for =211 realisticg
values of ;\y the use of stiffness center method will

yield better result,

(iii) For axial force calculation in the columns the use of
cantilever methed will give bettsr resulis when Mis
less than 1.0 and fer higher values of >\ the stiffness

center method should he used,

{c) On Axial Lead Digsipation Characteristics of a
Building Frame

(i) The concept of uniform dissipation ef cancentric load
) . bsen | )

throughout its whole height has/found invalid, Rather the

dissipation is to be censidered 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 Asguming Congtruction Time ag an Additional
Variable in designing Multi-gstory Huilding Frame

&
(i) In an unsymmetrical building frame where all the vertical.

slements have dlfferenf stress levels the construction time must

=~

be consid=red as a variable during analysis and deéfgn, -
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{ii) In building frames, where the construction may be made -

upto a lower level than the level dasigned for, the analysis

-

- and design is to be done for ite every probable final floor

levels with full design loads,




CHAPTER 9
LIMITATIUNS OF THE PRESENTED ANALYSIS AND SUGGESTION

FOR FURTHER STUDY

The analysis presented in the thesis consider only the linear

elastic behavior of the -structure,

The main problem encountered during whole work is the avail-

ability of large capacity computer. Due to the smaller aveil-.

able computer store in every phase of this fhesia smaller
building frames have been analyzed although the programmes
generated in all caseé 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 ig based on the assGmﬁtinn that
the bases of the columns are fixed, In praétice, the founda-
tian may have some flexibility. A little modification in the
analysis will make possible the inclusion of effects of

foundation deformations on the structures,

FUrther §fuéy may be made on the follcwing-topics:

(i) TH& validity af portal, cantilever and stiffness
center methods for taller multibay buildings,

(1i) The effectiveness of the columns to form a flange erea

of the shear wall in a larger building frames with

interconnected shear wall,
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APPENDIX=A

LIST OF COMPUTER PROGRAMS .- ' | -
1. General program for éravity load analysis by stiffness
method, |
2, General program for portal method,
3., General program for cantilever method,
4

. Genersl program for stiffness center method,

5, General program for lateral locad analyeis by stiffness
method, '

6. General program for anslysis at different congtruction

phase by stiffness method, o ‘ e

7. General program for concentric load dissipation by

stiffness method, -
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