CUAPTER I

1.1 Introduction,

There iz a progregsively increasing tendency towards
the inbroduction of the ultinmate strength mebhods in rein-
foreod concrete degisgn, _It has been in use for a fairly loung
time In Brazil and the U.S5.5.R. and more rocently it has beon
incorporated in the Codes in UK, {1957), U.S.A. (1956-63)

and India (194L) as an alternative to the elastiec theory.

- The cancepﬁ; however, is not new : in reinforced
concrete design vhich started at the end of the nineteeﬂﬁh
cenbury ultimbo gbrength methods baged on non-linear compre-
gsive stress stralin @iagrams were propoged along with the
straight 1ine‘theory. In view of tho limited experience and
laboratory tests available at that time the straight line
method won a@ce§tance becauge of ibts simple mathemaibics and
adeéuaﬁe safety. While this approach has been and is still
being used for b@ams; it was pealiged as early as 1920 thab
the design of columns has necessarily to bo carried out on
a move realistic basis as the obsorved strogses in columng
bore no rolation to those caleulated by the straizht line
ﬁheary; Thig lod to the classical lnvestigetion on axially

loaded colurng by Lyse, Slater and Richart followed by



rational expressions for the strengbh of cenbrally loaded
eelumns.$ These inelastic design formulae proposed for
coiumns lotded aoxially or with small eccenbyicitios were
readily incorporated in the various Codes  tlthough boams

and columns with larrce ecgantricitiss continued to be designed
aftor the standard thoory, —.

V 1
Trom the survey of ‘& ldrge volume of tegt data Vhitney ,

in 1940 proposed the equivalent rectansulay stress dissribubion
in conereﬁezﬁsr ulbimate strengbh analysis of beans and columns,
$ognesﬁa&’s exbongive invesﬁigation on eccenbrically loaded
gquare and eirca}ér eolurmng confirmed the genoral appllcability
of ﬁ§@ ultimato strensbh theory to combined bonding and axial

load,

Interest in the vltimate strengbth design of columna
subjected ?o axial thrust and bending in btwo plancg followed
gsoon afber. The variables involved In such celunns are large
and 1% has not been possible so far to formulabe general
mathematical expresslons to debermine the ultimate strength
88 wag dono by Whitney and Eognastad for the sinpler case of

s " oy
cceentrically ~ loaded columng, Vhen the position of the

“ The conbribubtions of Lyse, Slater and Richart are well known
and are chronologileclly listed in thoe bibliozraphy of Ref.2 of

this thesls,
#* Colurns having eccenbricity with respect to only one principal

axis will be referred Ho hereafbteor as ‘eccentrically loaded

columnst,



neutral axls 18 known or agoumed, the magnitude of the ulbimate
loed and 1ts moments about the principal axss can be determined
from the stress strain rolations for stecl and concrete with
the aid of the equations of equilibrium. 0a the other hand,
viien the pasi%ion of the neutpral axis is nob known to start

with, the equations can by solved only by the mebhod of .

guccessive approximations,
A brief? reviow of the available methods of analysis

and presulbs of the tesgts are presentod in thae following

gecbions.

«

1.2 Higtorieal Rewviow,

The available mothods of analysis c¢an be breadly

clagsified inbo two cabtepories
1) The trial and error method

i1} Determinotion of the ulbtimate load fron

fallure surfaces in colwans,

The bagic prineiple in the first meothod is to locate,
by trial and error procedure, that pertiecular position of the
neutral axis for which the internal forces developed are in

equilibrium with the axternél load,

In the sccond mothod, ultimate loads are determined from.

fajlure surfaces which define the load and its noments at any
point in tho colwm,., The different failure surfacos and their

sisznificance are explained in due course,



l.2a llothods based on brial and error proceduve,

4 systematic proccdure based on bhe succossive approxi-

3
mation method was first suggested by Whitney and Cohen, Tis.l.l

(page6 ).

i)
ii)

iv)

v)

vi)

vii)

The gteps involved are

Assume a section completely,
Agsume apbitrarily the position and inclination

of the neubtral axis,

‘Calculate the total compression in conerots and

ivs contre of action_assumimg a uniforn come
pressive stress of 0485 fé over the sgquivalend
ared of the compression zone, ¢
Compute the stresses in the bars agsuming a
maxinun ultinate concrebe strain in the outer

mogt fibres in comprossion and dobornine ‘thg
eontre of action of Torces in tensile stesl

and compression steel,

Check vhother the inbternal forces and the exbernal
load gatisfy the laws of staties,.

Repeat atops (ii) to (v) for a new position of
the neubtral axis, unbil the forcoes balance or
it becones obvious that the column soction
requircs revision when the whole procegs is
repeated for a new section.

Continue the trisl and error procsdure $ill an

aceoptable section 1s obtained,
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Triel and error procedures are generally nobt convenient
and they involve many cycles of compubations, more so in
biaxially loaded columns as the compression zmono may vary from
a triangle to 2 penbagen depending on the location of the
noutral axis ag in Tig, 1.2 (page 8 ). These remapks also

apply bo the other methods of the trisl and error type.

AEA progented charts as aid to the design based on
the rocommendations of the ACI-ASCE JToinbt Commibttee on Ulbimate
Strength Designé He fofmulat@ﬁ the squations of equilibrium
for different positions of the neubral axis baged on the

following agsumpbions

<

i) All the steel inside the eéuivalent compression
aprea 19 sireszed bo yield poinb,
31) The stresses in the bars close to the neutral
axis may be neglecbed,
11i) ALl the bars in bension are acting under an
averagse uniform gbregs fs; .0, Bhe prosultant
tensile foree is agsumed to act at the cenbroid

of the arcag of the bars,

Tho ages of reference aboub vhich the imernal apd
oxternal moments are oxopressed are choseon o pass through the

conbre of gravity of thoe bengile bars,

Apceoxding to this method an arbitrary position for the
neutral axis is assumed and then the actual posibion is deter~

mined with the aid of parameoters presonted in charts. The(%rials



