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LINEAR ELASTIC ANALYSIS OF R.C, TALL BUILDING
CONSIDERING CREEP AND SHRINKAGE
-AN APPROXIMATE PROCEDURE-
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ABSTRACT

An approxunate procediure which tukes into account
the effect of creep and shrinkage in frames is
evailable, in wincl the shearing action of horizental
tmembers is neglecred, while evaluating axial forees in
cofimn  based on which creep deflections are
evaluated. Fvalvation of loads on vertical members is
hased on tributary areas and alse the sequential
application  of dead loud s considered  very
approximately. The verncal deflections, due 1o elastic
shortening, and also due to the effect of ereep and
shrinkage are estimated. The forces in members owing
to these deflections are evaluated and superimpoysed
an those obtained from lincar analysis of frames [n
which vertical deflections have been  neglected.
Neglect of shearing action of horizontal members
would result in increasing crror as the shear stiffness
of beams becomes large in comparison fo axial
stiffuess of columns. The procedure hence forth would
referved to as Approvimate ProcedurefAP),

This paper deals with AP, In this procedure shearing
action of beams is neglected while evaluating axial
Jorces in columns based on which creep deflections
ate computed(3,5,6).The procedure may, therefore, be
used for frames in which shear stiffness of
beams(=I12ELL, E=modules of elasticity, I moment
of inertia of beam and L= span of the beam) is low,
e.g: in huildings emploving flat plate construction,
where a slub is modeled as an equivalent beam.

Parameters which affect creep and  shrinkage
behaviors are idewtified. An exhausiive study is
carried oul 1o study the effect of these parameters.
Studies on the behavior of frames with low values of
shearing siiffuess ave reported. Such smdies are
lacking in literature.

Key Words: Creep  and  Shrinkuge,  differential
Shortening, Age of Concrete at Loading,
Specific Creep, Member Size, ariation
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reinforcement on Column  stresses,
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INTRODUCTION

Until the 1950', only a few concrete buildings stood
more than twenly stories gh. The structures of that
tune had heavy cladding and masonry partitions, which
contributed substanually to the strength and stiffness of
the buildings. Because of the low stress, levels used for
conerete and steel, the buldings frame members had
sizeable dimensions which resulted in substantizl
rigidity. The effects of frame distortions due to
shrinkage and creep were secondary and could be
neglected since the capacity of the usual structure for
uver-stress was quite high.

In the late 1950's and early 1960°s the height of
conerele buildings jumped from 20 to 60 stonies. The
increase in height was accompanied by a sharp
increases in the strenpth of concrete and reinforcing
steel, allowing reduced cross-sections and causing a
reduction in the overall rigidity. The change over from
working stress to ultimate strength design conlributed
further to this trend toward smaller sections.

With reduced overall stiffness and increase in height,
the volume change eflects become magnified and could
no longer be treated as sccondary consideration in
design, while column length changes within a single
story may be minor, they are cumulative and when
multiplied by a large number of stories, they become
substantial.  Therefore, as buildings reached greater
heights differcntial inelastic shortening (creep and
shrinkage) needed to be considered in the structural
analysis.

I e carly 1960's although a large amount of research
nfonnation was available on creep and shrinkage
stratas, iU was not directly applicable to columns of
high rise buildings.
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In 1971 an anaiytical procedure for estimating
structural effects of creep and <hrinkage was
established (by Khan and Fintel). The first part of thus
proceditre  handles prediction of the inelastic
shortenings as a function of incremental lvading
sequence, volume to surface rutio, and effect of
percentage of reinforcement. The second part handles
the analysis of multi storied structures taking into
accoumt the structural effects of difterential shortenings
between adjacent columns and walls.

The objective of the paper are, therefore, defined as:-

- To study the adequacy of the approximate
procedure available n hiterature for high beamn
shear stiffness and low beam shear stiftness, and

- To identify structural parameters that aftect creep
and shrinkage behayior of buildings and to camy out
studics on the effect of those parameters on the
behavior of frames system.

EVALUATION OF COLUMN SHORTENINGS
DUE TO CREEFP AND SHRINKAGE

In this section, ereep and shrinkage phenomena and
factors which affect them are descnbed bnetly and the
procedure for evaluation of colomn shortenings are
presented.

Creep and Shrinkage Phenomena

The time dependent deformation of conerete under
sustained loading i1s known as creep During the initial
penod of loading the rate of ereep is significant. The
rate diminishes as time progresses until it eventually
approaches zero. Figure 1 shows typical creep strain
versus time curve.

The creep basically consists of two components:-

a. Basic (or true) creep- This occurs under
conditions of hygral equhbnum, which means
that no motsture movement oceurs to or from the
ambient medium.

b.  Drying creep:- This results from the exchange of

moisture between Lhe stressed member and the

environment. Its effect is only during imbal 3

months and beyond that the rate of creep 1s basie

creep only.
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Figure | Typical creep strain versus time curve

Duning the process of drying and hardening, concrete
undergoes volume contraction known as shnnkage. It
i3 independent of the externally imposed stresses and
teniperature  changes.  Although  both creep and
shrinkage have similar cffect m the sense that they
cause length shortening, their combined effects on the
structure can be considered only atter the creep and
shrinkage strains have been computed separately and
modilied for the condition of the designed stncture.
The reasons are:-

a.  Length of construction time has a pronounced
effect on the amount of creep while shrinkage
proceeds independently of construction time.

b, Creep deformation depends on loading history. but
shrinkage is independent of the loading on the
slructure.

e

Creep and shrinkage are affected by different
smounts with change in member size.

Specific Creep

For structural engineering practice il is convenient to
define specitie ereep (€.} us he ltmate creep strain
per unit sustained  stress, Specific creep  values
corresponding to ages at which the incremental loading
are applied in the intended multistory structure can be
obtained by:

a.  Extrapolation of a number of laboratory samples
prepared in advance from the actual mix to be
used in the structure. It is obvious that sufficient
lime is required for these tests prior to the start of
conslruction but it 1¢ not clearly a practical
approach although it vields an accurate value of
specifie creep.
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produces all creep strain that corresponds o the
strengll to stress Tatio at the time of load appheation as
i1t were the only loading or the member,

b.  Basic creep value can also be predicted from the
value of modulus of elasticity at the time of load
application {without testing). Figure 2 shows the
variation of specilic creep values with wutial
elastic modules for different load durations [2] and
is based on long tern creep studies al Bureau of
Reclamation tn Denver {2]. The graph gives
sufficiently accurate results. For design purposes,
the extrapolated 20 year creep may be regarded us
Lthe ultimate creep.

Figure 3 shows e relationship between creep and age
of the conerete at loading and has been established
bused on research data rom numerous tests {81 In this
curve, ereep has been exprossed as a ratio A, ol the umt
datuzn erevp vadue at age of 2% davs. e cunve allows
the cltects of merement of loading on a column (o be
summed up o give the total creep eftect produced by
From the specified 28 days conerete strength, the basic the application of af] loads.
specific creep for loading at 28 days may be
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Figure 2 Vanation of specitic creep values wilh
initia! elastic modulus for different load
durations

Factors Affecting Creep and Shrinkage
Movements in Concrete

a. Age of concrete at loading

It has been found that a concrete specimen exhibuts u
much greater specific creep if it is first loaded at an
early age rather han when it is older. This 1s of
considerable practical mportance, since creep
decreases with the age of concrete, and so each
increment in a loading sequence will add a smaller
compenent of specific creep to the final average creep
of a column. Provided stresses are not near

the ultimate strength, the strains produced in a coneretc
member at any time by a load increment are virtually
independent of the effects of any previous or
subsequent applied loads. That is each applied load

Age at loading, days

Figure 3 Relauonslup between creep und age of
conerete uf lomling

b, Member size

Both creep and shrinkage depend on the member size
‘but not to the same degree. Creep is less sensitive to
member size than shrinkage which 15 caused by
evaporation of moisture [rom the surface and hence the
volume to surface ratio of a member has a pronounced
effect on the amount of shrinkage. However. only
drying creep component 1s altected by member size and
shape. The varations of creep coctlicient A, and
shirinkage coeflictent A, with volume-to-surface ratio
are given in Fig. 4 and Fig. 5, respectively. Although 1t
is expected (hat higher rates of crecp and shnnkage
would result under fluctuating humidity conditions and
temperature but sufficient rescarch data has not yet
been gained to allow for a general conclusion to be
reached.
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results after a particular time (7}, for exampie, the final

votume 10 surface ratio, cm value would have to be multiplied by a factor (1-A,,4,)
¢ 5 w0 s 203 where 1, is the value of A, at the particular time ¢(7).
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Figure 4 Variation of shrinkage coeflicient As with Time
volume to surface
Figure 6 Change of creep or shnnkage with time
volume to surtacs ralic <m
.89 L H R N S S Determination of Support Shortening Due to
Creep and Shrinkage for Frame Analysis
L7 .
\ A ngorous frame analysis for inelastic strains in
16 support is warranted in case of ultra high rise building
s \ or in case pf n'gid slab systems connecting vertical
\ elements with hugh differential shortening. Where an
14 h— exact knowledge of the effects of inelastic shertenings
\ of supports on the structure is required, the following
13 numerical procedure given by Fintel and Khan {2.3]
17 \ may provide the needed information.
™~
i . . Figure 7 shows a schematic section of a multistory
o Rt bullding with slabs up to level L already cast, The slabs
above Jevel L would be east as construction proceeds.
03— P s 7 &t 3 1 The slab at [evel L wonld be subjected to differential

inetastic vertical movements of supports between
levels ¢ and L as a result of summation of the

fotlowing: -

VYolume to surface ratio, in

Figure 5 Variation of creep coefficient As volume
to surface ratio a. Creep, A,, due to loads that were applied before

slab was cast.

¢ Variation of creep and shrinkage with time
b.  Creep, A, due to loads applied during subsequent

The rate of change of both creep and shrinkage with construction from level L to roof level R.

time follows an essentially similar curve of Fig. 6. The

curve allows the ultimate creep or shrinkage to be c. Shrinkage, A,

estimated from a laboratory test of a finite time duration

or, conversely, a value at a particular time to be Creep effects of the individual tlopr load are summed
eslimated from a known ultimate value. If it 1s desired up to give lotal shortening.

to evaluate the amount of creep or shnnkage that
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