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ABSTRACT 

An approximate procedure wliicli takes into account 
tlie effect oj c:reep and shrinkage in fra111es is 
available, in wluch the shearing action of horizontal 
memhers is neglected, while evaluating axial forces i11 

colu11111 based 011 wl11c:/1 creep deflections are 
evaluated Evaluatum c>f loads on vertical 111e111bers is 
baud 011 tributwy areas and also the sequential 
application of dead load is considered very 
approximately. The vertical deflections, due to elastic 
shorren111g, and also clue to the effect of creep and 
slmnkage are estimated The forces in members owing 
to these deflectw11s are evaluated and superimposed 
on those obta111ed from l111ear analysis of fra111es in 
which vertical deflections hove been neglected. 
Neglect of shear111g action of horizontal 111e111bers 
would result in i11creas111g error as the shea; stiffness 
of beams becomes large in comparison to axial 
stiffness of columns. The procedure hence forth would 
referred to as Approximate Procedure(AP). 

This paper deals with AP. In this procedu.re shearing 
action of bea111s is neglected while evaluating axial 
forces in colu111ns based"" which creep deflections 
are comp11ted(3,5,6).The procedure may, therefore, be 
used for frames in which shear stiffness of 
bea111s( I 2£1/U, £ =modules of elasticity, I = moment 
of inertia of beam and l= span of the beam) is low, 
e.g: in buildings e111ployi11g flat plate cons1111ction, 
where a slab is modeled as an equivalent beam. 

Parameters which affect creep and shrinkage 
behaviors are ide111ified. An exhaustive study is 
carried out to study thf effect of these parameters. 
Studies on the behavior of fra111es with low values of 
shearing stiffness are reported. Such studies are 
lacking 111 literature. 

Key Words: Creep and Shrinkage. differential 
Shortening, Age of Concrete at loading, 
Specific Creep, Afe111ber Size, Variation 
of Creep and Shrinkage with Time, 
Support Shortening, l11fl11e11ce of 

reinforcement on Column stresses, 
Influence of vertical shortening on 
St111ctural Actions in Horizontal 
Members. 

INTRODUCTION 

Until the I 950's, only a few concrete buildings stood 
more than twenty stories high. The structures of that 
time had heavy claddmg and masoruy partitions, which 
contributed sub!>tantially lo the strength and stiffness of 
the buildings Because of the low stress, levels used for 
concrete and steel, the buildings frame members had 
sizeable dimensions which resulted in substantial 
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 
over-stress was quite high. 

In the late I 950's and early I 9GO's the height of 
concrete buildings jumped from 20 to 60 stories. The 
increase in height was accompanied by a sharp 
increases in the strength 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 contributed 
further to this trend toward smaller sections. 

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

In the early I 960's although a large amount of research 
infonnation was availabk on creep and shrinkage 
strains, it was not directly applicable to colwnns of 
high rise buildings. 
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In 1971 an analytical procedure for estimating 
structural effects of creep and shrinkage was 
established (by Khan and Fintel). The first part of this 
procedure handles prediction of the inelastic 
shortenings as a function of incremental loading 
sequence, volume to surface ratio, and effect of 
percentage of reinforcement. The second part handles 
the analysis of multi storied structures taking into 
acco\D'lt the structural effects of ditf erential shortenings 
between adjacent eolumns and walls. 

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

- To study the adequacy of the approximate 
procedure available in literature for high beam 
shear stiffitess and low beam shear stiffness, and 

- To identify structural parameters that affect creep 
and shrinkage behayior of buildings and to cany out 
studies on the effect of those parameters on the 
behavior of frames system. 

EVALUATION OF COLUMN SHORTENINGS 
DUE TO CREEP AND SHRINKAGE 

In this section, creep and shrinkage phenomena and 
factors which affect them are described briefly and the 
procedure for evaluation of column shortenings are 
presented. 

Creep and Shrinl<age Phenomena 

The time dependent deformation of concrete under 
sustained loading is known as creep. During the initial 
period of loading the rate of creep is significant. The 
rate diminishes as time progresses until it eventually 
approaches zero. Figure 1 shows typical creep strain 

/ . 
vei;sus tune curve. 

The creep basically ..x>nsists of two componer.ts:-

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

b. Drying creep:- This results from the exchange of 
moisture between the stressed member and the 
envirorunent. Its effect is only during initial 3 
months and beyond that the rate of creep is basic 
creep only. 
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Figure 1 Typical creep strain versus time curve 

During the process of drying and hardening, concrete 
undergoes volume contraction known as shrinkage. It 
is independent of the externally imposed stresses and 
temperature changes. Although both creep and 
shrinkage have similar eflect in the sense that they 
cause length shortening, their combined effects on the 
structure can be considered only after the creep and 
shrinkage strains have been computed separately and 
modified for the condition of the designed stricture. 
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 
structure. 

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

Specific Creep 

For structural engineering practice it is convenient to 
define specific creep ( €/) as the 'ultimate creep strain 
per unit sustained stress. Specific creep values 
coITesponding 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 
time is required for these tests prior to the start of 
construction but it i~ not clearly a practical 
approach although it yields an accurate value of 
specific creep. 
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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 specific creep values with initial 
ela:."tic modules for ditf en..'11t load durations [2) and 
is based on long term creep studies at Bureau of 
Reclamation in Denver [2] . The graph gives 
sufficiently accurate n:sults For design pu1voses, 
the extrapolated 20 year creep may be regarded as 
the ultimate creep. 

From the specified 28-days concrete strength, the basic 
specific creep for loading at 28 days may be 
cletennined, and the value obtained is then modifo:d to 
taJce account of construction sequence, member 
dimensions and the percentage of reinforcement whic:1 
are described later. 

Specific creep e:' x 103mm/cm/k9/cm2 

4.26 7.11 9.95 ~2 .8 15.63 18.5 

1.2 1.3 I.I. 

Figure 2 Variation of specific creep values with 
initial elastic modulus for different load 
durations 

Fecton Affecting Creep and Shrinkage 
Movements in Concrete 

a. Age of concrete at loading 

It bas been found that a concrete specimen exhibits a 
much greater specific creep if it is first loaded at an 
early age rather than when it is older. This is of 
considerable practical importance, since creep 
decreases with the age of concrete, and so each 
increment in a loading sequence will add a smaller 
component of specific creep to the final average creep 
of a column. Provided stresses are not near 
the ultimate strength, the strains produced in a concrete 
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 

produces all creep strain that com:sponds to thi: 
strength to su·c..-s.-> ratio at the time of load application as 
if it were the only loading or the member. 

FigLm.: 3 shows the relationship bi:tween creep and agi: 
of the concri:ti: at loading and has been established 
based on rc..'St!:u·ch data from numc1\>US tests [8 J. In this 
cw~:e, crc..-cp has b1.."Cn expr1..~~d as a ratio >..d or the unit 
datwn e11.."Cp valu..: at age of 28 days rhc Cllf\'C allows 
the effects of mcremenl of loadmg on a column lo bi: 
swmrn::d up to give the total creep elfoct produc..:d hy 
the application or all loads. 
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Figure 3 RclMionship between creep and age of 
concrete at loading 

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 slu·inkage which is caused by 
evaporation of moisture from the surface and hence the 
volume to suri'ace ratio of a member has a pronounced 
effect on the amount of shrinkage. However, only 
drying creep component is all~ted by member size and 
shape. The variations of creep coetlicient )., and 
shrinkage codlicicnt >.., with volume-to-swface ratio 
are given in Fig. 4 and Fig. 5, respectively. Although it 
is expected that higher rates of creep and shrinkage 
would re:.-ult Wlder fluctuating humidity conditions and 
temperature but sufticient research data has not yet 
.been gained to allow for a general conclusion to be 
reached. 
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c. Variation of creep and shrinkage with time 

10 

The rate of change of both creep and shrinkage with 
time follows an essentially similar curve of Fig. 6. The 
curve allows the ultimate creep or shrinkage to be 
estimated frcm a laboratory test of a finite time duration 
or, conversely, a value at a particular time to be 
estimated from a known ultimate value. If it is desired 
to evaluate the amount of creep or shrinkage that 

Journal of EAEA, Vol 15, 1998 

>-t 

results after a particular time t(I), for example, the final 
value would have to be multiplied by a factor (1-.A.t(,m) 
where .A.~> is the value of .A., at the particular time t{J). 
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Figure 6 Change of creep or shrinkage with time 

Determination of Support Shortening Due to 
Creep and Shrinkage for Frame Analysis 

A rigorous frame analysis for inelastic strains in 
support is warranted in case of ultra high rise building 
or in case of rigid slab systems cormecting vertical 
elements with high differential shortening. Where an 
exact knowledge of the effects of inelastic shortenings 
of supports on the structure is required, the following 
numerical procedure given by Fintel and Khan [2,3) 
may provide the needed information. 

Figure 7 shows a schematic section of a multistory 
building with slabs up to level L already cast. The slabs 
above level L would be cast as construction proceeds. 
The slab at level L would be subjected to differential 
inelastic vertical movements of supports between 
levels I and L as a result of summation of the 
following: -

a. Creep, AcJ due to loads that were applied before 
slab was cast. 

b. Creep, A<J due to loads applied during subsequent 
construction from level L to roof level R. 

c. Shrinkage, A, 

Creep effects of the individual flopr load are summed 
UP, to give total shortening. 

Syr. 
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Figure 7 Schematic section of a multistoreyed building 

It should be n<;>ted that each slab is affected by only 
differential shortening of support which would occur 
after the slab has become part of the frame for all 
subsequent time (i.e. to time t=oo). All elastic and 
inelastic shortenings prior to casting is of no 
consequence as framework of the slab is usually laid 
horizontally and differentials 'are automatically 
compensated for. 

Creep deflection !!." is obtained by swnming up the 
contribution of shortenings, o,,,; of individual storeys 
given by: 

L 

acl,i = h; ~ e 'c(28) ocjA.) .. o (1 - A.,) (1) 

where 
ac1.; 

r• 

creep of 11). storey by swnming all the 
creep components that occur due to 
loads applied to all stories from levels 
ltol. 
storey height 
specific creep vaiue 

stress occurring in the transformed 
section due to load increments 
between level I and l. 

= size coefficient for creep to talce into 
account the effect of volume to 
surface ratio ofFig.5: 

.il
0 

creep ratio~ to include the effect of age of 
column when each load increment is 
applied as in Fig.3. 

(I -A,) creep that would occur over time I that 
elapses after the slab l is placed at time 
1L(t=tL to oo ). 

l!.,1 is, thus expressed as 

L 

!!.cl = I: 0c1 i 
I . 

(2) 

The value of specific creep can be obtained from 28 
day test on specimen of the design mix or estimated 
from generalized curves given in Fig.2. 

Creep deflection l!.,1 is similarly obtained by swnming 
up the contribution of shortenings oc2,f of individual 
storeys given by: 

(3) 

l!.,2 is now given by 

(4) 

In a manner similar to creep, columns of storeys below 
level l would contribute their remaining shrinkage o,,1 

during a period subsequent to casting of slab l. The 
shrinkage deformation for each storey is given by the 
product of storey height, the ultimate shrinkage strain, 
the size coefficient and ( 1-.il,) to include only that part 
of the shrinkage that takes place after the slab al was 
cast. 

L L 
6.s = :E{,s.i = I: h1 e, As(l -).,) 

I I 
(5) 

E, = ultimate sluinkage strain 

The ultimate shrinkage strain (E,) should ideally be 
obtained from a specimen of the concrete mix to be 
used in the structure and site conditions. 

Therefore total inelastic shortening , 
(6) 
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Influence of Reinforcement on Column Stresses, 
Creep and Shrinkage 

Tests have shown that when reinforced concrete 
columns are subjected to sustained loads there is a 
tendency for additional stress .to be gradually 
transferred to the steel with a simultaneous decrease in 
the concrete stress. Long-term tests by Troxell et. al. 
[I) showed that in colwnns with low percentage of 

· reinforcement the stress in the steel increased until 
yielding; while in_ highly reinforced colwnns after the 
entire load had been transferred to the steel, further 
shrinkage actually caused some tensile stresses in the 
concrete. It should, however, be noted that despite the 
redistribution of load betw~n concrete and steel, the 
ultimate load capacity of the colwnn remains 
unchanged. 

· The transfer of stresses from the concrete may reduce 
significantly the shortening due to creep and shrinkage 
and hence reduce the differential effects on the slabs. 
According to Fintel and Khan [2,3] the influences of 
the reinforcing steel can be estimated by a separate 
calculation once the basic shortening has been 
determined. 

By considering the conditions of equilibrium and 
compatibility between the steel and concrete, it was 
shown [2] that the changes in steel stresses, 60, and 
concrete stress Oa, become 

where the function F.is given by 

and 

F = I - exp -[ ) ecEc [ 
Pn X 100 I ] 

(1 + pn x 100) · 

a, = initial elastic stress in concrete 
E, = modulus of elasticity of concrete 
p percentage reinforcement ratio of 

cross-section 
n = modular ratio (E/E,) 
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(7) 

(8) 

(9) 

The residual creep and shrinkage strains 0€ of a 
reinforced concrete colwnn would then be equal to the 
additional steel strain and can be deduced directly from 
the change in steel stress. 

(10) 

The total shortening is obtained by adding the elastic 
shortening and the modified (residual) inelastic creep 
and shrinkage- effects taking account of the 
reinforcement in the column or wall. 

Influence of Vertical Shortening on Structural 
Actions in Horizontal Members 

Differential shortening of adjacent column would 
produce shear and moment in the connecting beams or 
slabs, due to the relative vertical displacement caused 
by elastic and inelastic column shortening of the 
supports. The deflecting slabs or beams in turn develop 
resistant shears which act on columns decreasing the 
length changes. This rebound of columns present the 
actual resistance of the structure, and depends on slab 
or beam stiffness and on axial stiffness of columns. 

Vertical shears in the deflected slab (see Fig. 8) 
resulti,ng from differential shortening of adjacent 
columns cause transfer of loads to the element that 
shortens less. The accumulation of shears starts at the 
roof level, proceeding downward. The biggest 
accumulation of load occurring at lowest level of the 
structure. The amount ofload transfer can be extremely 
high for very rigid connecting beams. Flexible slab 
systems follow the column length changes more easily 
and therefore transfer only insignificant amount of load 
from one column to the other. The method by Mark 
Fintel and Khan assumes that the shortening of vertical 
members can be calculated without reference to the 
horizontal connecting element. Neglecting the effect of 
horizontal connecting element would lead to error. 

L . 

Or : Free vertica I 
movement 

V : Rebound Forces 

Figure 8 Effect of horizontal connecting elements 
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The effects of differential shortening between adjacent 
vertical elements may be estimated by replacing the 
floor slabs by beams of equivalent stiffuess. The 
analysis starts with the known calculated differential 
vertical settlements A, unrestrained by frame action. At 
floor level /, this differential movement A; produces 
equal end moments 'M of magnitude 

M = 6E/;A; 

L~ 
I 

(11) 

where 
E/1 = effective flexural rigidity of the beam, 
L, = span of the beam. 

Associated end shear V are given by 

2M V=-
L, (12) 

The analysis of the equivalent frame subjected to these 
initial forces may then be achieved using a plane frame 
program. This analysis yields the distribution of the 
additional slab moments and axial forces in the 
columns throughout the structure. 

The support which settles less, receive additional load 
from the support which settles more. The transferred 
component ofload is 

(13) 

where 
M11 and Mn are the settlement moments (reduced 
due to creep relaxation) at the two ends of the 
horizontal elements. The effect of creep in beam 
may be taken into account by following the 
procedure given by Fintel and Khan (2,3]. 

METHODOLOGYANDSOFIWARE 
DEVELOPMENT 

Methodology 

a. Assumptions made in AP 

Assumptions made in AP may now be listed as 
follows:-

1. The loads are estimated based on tributary areas. 

2. For the calculation of elastic and inelastic 
deformation, the effect of the shearing action of 
horizontal members is not considered. 

3. Principle of superposition is valid. The principle 
usually assumes 

a) The stresses are within the services stress 
range, i.e. less than about 0.4 of the concrete 
strength. 

b) unloading, i.e. strain of decreasinJ magnitude 
does not take place 

c) There is no significant change in moisture 
content distribution during creep. 

4. Construction of every storey talces place 
instantaneously at the beginning or end of each 
storey construction time. 

5. Calculation of elastjc and inelastic deflection is 
considered under axial load only and analytical 
procedure is described in steps as follows:-

b. Analytical Procedure 

In this sub-section the steps to develop software for AP 
solution procedure are described. This procedure takes 
into account the eflect of creep and shrinkage in frames 
in which the shearing action of horizontal members is 
neglected while evaluating column axial forces based 
on which creep deflections are evaluated. Evaluation of 
loads on vertical members is therefore, based on 
tributary areas. The sequential application of load is 
considered. The vertical deflections, due to elastic 
shortening, and due to the effect of creep and shrinkage 
are estimated without considering the effect of the 
shearing action of horizontal members. The forces in 
members owing to these deflection are evaluated and 
superimposed on those obtained from linear analysis of 
frames in which deflection has been neglected. 

The following steps have been carried out for AP 
solution procedure. 

Step 1: Evaluation of Elastic Shortening 

The elastic shortening of supports occur 
mainly during the period of construction 
above the slab under consideration. The 
magnitude of elastic shortening to which each 
support oflevel I is subjected caused by loads 
above level l is (cf. Fig. 7): 
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(14) 

where 
6., = total elastic defonnation 
t>,1 = individual elastic deformation in each 

story 
E, elastic modules 
A, transfom1ed cross-sectional area of the 

member in storey /. 
P the sum of all loads above the 

particular level L 

The loads i.e. dead load and superimposed 
live load which is of pennanent nature are 
taken based on tributary area. In the analysis 
of the elastic defonnalion the load is assumed 
to be applied sequentially. 

Step 2: Evaluation of Inelastic Deformation due to 
Creep a nd Shrinkage 

The inelastic deformation is evaluated using 
Eq.6. 

Step 3: Steel Effect 

The residual strain is evaluated using Eq. I 0 
and followed by residual deformation 6.cR· 

Step 4 : Tota l Shortening 

Total shortening o, is evaluated as 

0=6.c+!J..CR (IS) 

Step 5 : Fra me Analysis 

Step Sa : Load vector arising from total shortening o 
is evaluated as explained earlier. 

Step Sb : For the load vector evaluated in (Step Sa) 
corresponding to total shortening 0 frame 
analysis is canied out. 

Step 6 : Frame analysis is also carried out for the 
imposed load. 

Step 7: Member forces ansmg from total 
shortening (Step Sb) and from imposed 
load (Step 6) are added together to yield the 
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final forces. 

Software Development 

A computer software, AP is developed for 
Approximate Procedure in Fortran 77. The flow chart 
is shown in Appendix I . 

LOAD T RANSFER BETWEEN ADJACENT 
COLUMNS DUE TO CREEP AND 

SHRINKAGE 

For understanding the mechanism of load transfer 
betw~n adjacent columns consider a one story, 3-bays 
frame having volume to suriacc ratio. R = R, for the 
exterior columns, R=R1 for thl! interior columns; 
rein.forcement percentage p = p, for exterior colwnns, 
p = p1 for the interior colunms; and having axial load 
P=P,for the exterior colunms and P=P; for the interior 
coltmms. IfR and pare kept constant and P, is less than 
P, then the load transfer would take place from the 
interior colurnns to exterior colunms as shown in Fig. 
9a. If P and p are kept constant, R, is less than Ri as 
shown in Fig. 9b, the load transfer would take place 
from e:-.1c1ior columns to interior colunms. Similarly for 
P and R kept constant and p, less than p, as shown in 
Fig. 9c the load tnmsfcr would take place from exterior 
colunrns to interior colunrns. 
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Figure 9 Nature of load transfer 
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In multistory frames also the above factors influence 
the load transfor. 
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PARAMETRIC STUDY 

Parameters that influence creep and shrinkage behavior 
of a multistoreyed fraine are:-

(1) Volume to swface, R (cm) 
(2) Steel ratio,p (%) 
(3) Number of storeys. 

A 3-bay, 60 storeyed example building (Fig. IO) with 
each bay of span Sm and loaded by a uniformly 
distributed loading, 20 KN/m dead load and 7 KN/m 
superimposed live Joa~ are considered. The ratio R is 
varied by changing the size of columns (exterior or 
interior) as 0.8 m x 0.8 m (R=20 cm) 1.0 m x 1.0 m (R 
= 25 cm) and 1.2 m x 1.2 m (R=30 cm). Moment of 
inertia of beam, lb is taken as I II Olli of moment of 
inertia of interior column, le- It may be noted that as R 
is varied, shearing stiffness of beam also gets changed. 
Steel ratio p=p, in exte1ior column and that, p=p in 
interior column are varied as I%, 2%, 3% and 4%. 

r 
I .r.-: 

{c) ~O!\Jft ot IOod trons1tr 1or r: < D . ' 

Fig, 10 f.'atun: of L.C.ld Tr:ira fer 

Figure 10 Schematic view of a 20/40/60 storeyed 
frame 

The other data for material properties are:-

Concrete mix, C40, Ee= 3.6 x 107 KN/m2
, E, = 2.1 x 

108KN/m2
; €<=27 x J0-9m/m/KN/m2

, €, = 0.620 x 10-
6 m/m for first 90 days. 

Studies are carried out for Effect of R. 

Effect of R 

· The effect of R is studied by changing R=R; for the 
interior columns and keeping R=R, for the exterior 
columns constant. First R, is kept equal to 20 cm and R; 
is changed from 20 cm to 30 cm in steps of S cm. The 
difference Rd = R;-R,. thus varied from 0 to I 0 cm in 
steps of S cm. 

Cn..'l!p deflection o of exterior and interior columns for 
Rc1 = 0, S cm and 10 cm are shown in Figs. 11 to 13, 
respectively. It is seen from the figures that the 
dctlection at the top t1oor is smaller than at some of the 
floors below. This is owing to the fact that due to the 
sequential nature of application of the load, a part of 
the creep is made up. Th.is effect is the maximum in the 
top portion of the frame. This trend has also been 
reported in literature (Fintel and Khan [3]). · 

The det1ection o in the interior colunm is more than 
that in the exterior colunm (Fig. 11) over considerable 
height. However the reverse is observed in the top 
portion. This may occur since the residual creep and 
sluinkage strain vruy along the height and get modified -
(See Eq. 7-10) differently for the exterior and interior 
colwnns owing to different reinforcement percentages 
in the two colunms. It may be noted that R is the. same 
for exterior ru1d interior colunms. 
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Figure 11 Effect of R on creep deflection for 60 
storeyed example building 
(lb= 1/10, Rd= 0, P. = 1%,p; = 4%, R, = 

20cm, R; = 20cm) 
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Figure 12 Effect of R on creep deflection for 60 
storeyed example building 
(lb =I/10,Rd= Scm, P, = 1%,p1=4%, R, 
= 20cm, R; = 50cm) ' 
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Figure 13 Effect of R on creep deflection for 60 
storeyed example building 
(/0 = 1/10, Rd = I Ocm, P, = I%, Jl = 4%, 

R, = 20cm, R; = 30cm) 

It is observed in Fig. 12 and 13 that & in the interior 
column is smaller than that in exterior colunm. This is 
owing to increase in R for interior colunm resulting in 
much lesser creep deflection. 
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As R, is kept constant equal to 20 cm and Rd changing 
from 0 cm to 10 cm the differential creep deflection, l>d 
between interior and exterior columns generally 
increases. The value of maximum &dis 4.783 mm at 
floor 30 for Rd =O, 7. 7 44 mm at floor 60 for Rd= 5 cm 
and 9.9862 mm for Rd= 10 cm at floor 45. This occurs 
since creep deflection, & for the exterior columns 
remains practically unchanged while that for the 
interior colUillllS decreases as R; changes from 20 cm to 
30cm. 

Axial force, Pin exterior columns for R,r(), 5 cm and 
I 0 cm are shown in Figs. 14 to 16 respectively. It is 
observed that the load transfer due to creep and 
shrinkage is from exterior columns to interior columns 
in all the storeys. For R;=O, P in the interior columns 
increases in the 111 storey, 30th storey and 60111 storey by 
8.38%, 18.17% and 45.23%, respectively. The 
corr~ponding percentage for Rd = 5 cm. are 26.67%, 
36.64% and 42.66%; and for Rd= 10 cm are 29.56%, 
37.12% and 33.67% respectively. Thus the nature of 
load transfer is observed to vary along the height. 
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Figure 14 Effect of Ron axial load distribution for 60 
storeyed example building 
(lb= 1/10, Rd= 0, P, = 1%,p, = 4%, R, = 
20cm, R, = 20cm) 
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Figure 15 Effect of Ron axial load distribution for 60 
storeyed example building 
(lb= 1/10,Rd= 5cm, P, = 1%,p;= 4%,R. 
= 20cm, R; = 25cm) 
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Figure 16 Effect of R on axial load distribution for 60 
storeyed example building 
(lb=I/10,Rd= 10cm,P.= 1%,p,=4%,R. 
= 20cm, R, = 30cm) 
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The nature of load transfer between exterior and 
interior columns may be understood by considering 
beam shear resulting from t>d. The shear due to 64 in a 
beam at a floor changes axial forces in the adjacent 
columns of all the storeys below the floor level. If l>; > 
<>.the beam shear-would result in increase in P, and 
decrease in P; . The reverse will occur when <>. > (),. 
The total change in P, or P; in a colwnn of a storey is 
the sum of the changes induced by all the beams in the 
storey above. The percentage increase or decrease in P, 
or P, therefore would not be uniform along the height. 
further the nature ofload transfer along the height may 
change, it may be from interior colWlUls. to exterior 
columns at a floor level and in the reverse manner at 
other floor levels depending on the cumulative effect of 
shears (due to <>d) in all the beams above the level. 

CONCLUSIONS 

I. Based on AP. a software in Fortran 77 has been 
developed. 

2. Using the software developed behavior of frames 
under creep and shrinkage is studied when shear 
stiffness of the beam is low (lb= 1/10). From the 
studies following conclusions are drawn . . 
a. The nature of load transfer may change along 

the height. The load transfer may take place 
from exterior columns to the interior columns 
in a portion of the frame and from interior 
columns to exterior columns in the other 
portion. 

b. In 111 storey where high axial forces occur, the 
load transfer from exterior columns to interior 
columns can be as high as 40% for high Pd 
(3%). 

c. The percentage of load transfer increases with 
number of storeys. 

REFERENCES 

[I) Troxell, G.E., Raphael, J.M. and Davis, R.E., 
"Long-Time Creep and Shrinkage Tests of Plain 
and Reinforced Concrete", proceedings ASTM, V. 
58, pp. 1101-1120, 1958. 

[2) Fintel. M. and Khan, F.R., "Effects of Colwnn 
Creep and Shrinkage in Tall Structures-Prediction 
of Inelastic Colwnn Shortening", ACI. J. pp. 
9~57-967, 1969. 

Journal of EAEA, Vol. 15, 1998 



Mekonnen Masresha 34 

[3] Fintel, M., and Khan F.R., "Effect of Colunm 
Creep and Shrinkage in Tall Structures - Analysis 
for Differential Shortening of Columns and Field 
Observation of Structures", paper sp 27-4, ACI 
Special Publication 27, pp 95-119, 1971. 

(7] Khan F.R., and Fintel, M., "Etfoct of Colunm 
Exposure in Tall Structures - Analysis for 
Length Changes of faposl.!s Columns", /\CI J. 
63,pp.843-862, 1966. 

(4] Hansen, T.C., and Mattock, A.K., "Influence of 
Siz.e and Shape of Member on U1e Shrinkage and 
Creep of Concrete", ACI J. 63, pp. 267-290, 
1966. 

[5] Khan, F.R. and Fintel, M., "Conceptual Details 
for Creep Shrinkage and Temperature in Ultra 
High-Rise Buildings", Paper Sp 27-9, ACI 
Special Publication ·27, pp. 215-228, 1971. 

[6] Fintel. M. and Khan, F.R., "Effects of Colunu1 
Exposure in Tall Structure - Temperature 
Variations and Their Effects", ACIJ. 62, pp. 
1533-1555, 1965. 

APPENDLX 

[8} Rcconum:ndation for an International Code of 
Practice for Reinfon:ed Concrete, CEB, 
Published jointly by ACI and Cement and 
Concrete Association. London, 1970. 

[9] Khan, F.R., and Fintel, M., "Etfoct of Column 
E:-;posw·e m Tull Structure.; Design 
Considt:rations and Field Observations of 
Buildings", ACI J. Feb., Vol. 65, pp. 99-110, 
1968. 

SCllCMATIC BLOCK DIACRA~l .-OR 
Ari -SOrJWARE 

Evaluauon of Elasnc 
Defonn3rion 

Siep-1 

Evalu3rion of inelasric defonn3rion due 
to creep and shimk.1£,e 

Step - ~ 

Considering effect of stress tunsfcr 
ftom concrete to steel calcu1at1on 

o( effective dcforma1ion 

Calculauon of tot.ll 
defonnarion 

Step· 3 

Step· 4 

fr3me Anaiys1s Step· 5 

Load V~ctor based on Lo>d Vector bued on 
Imposed Loads Deffcrcntial defourruion 

___ _.__S_t<P.,.__· 6~ Step · ~. 

Simuhan~us A11alys1s Simulat.1neous An:ilys1s 

Member forces (31 Member forces (b) 

St<P • 7 

Member forces 
'--- --! Summanon of(a) and (b) 

END 

Journal of EAEA, Vol. 15, 1998 

Ourpu1 

Mcmcbcr forces 
(1flcr cre<p) 


