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Differential Creep, Shrinkage and Stress Redistribution in Composite Prestressed
Concrete Beams

PAUL W, ABELES
D.Sc., Consultant
Research Fellow

University Southampton
London
Great Britain

In the preliminary publication, a study is contained on differential
shrinkage (1). In addition to the theories by Birkeland, Evans and Branson
(Ref ;=6 of paper (1)) that of Evans and Parker (2) should be menticned, All
these theories are based on the same assumptions f.e. that the free shrinkage
of the prestressed and non-prestressed components, acting at the respective
centroids, are known and that the resultineg strain distribution is straight.
Thus, if the free shrinkage and/or creep strains of the prestressed component
is £pp and that of the non~prestressed component is £ ,, it 1s possible to
obtain the position of the resulting strain distribution from the difference
of these two free strains Qs = énf = Epr 2 A28 seen from Fig.l in whieh the
strain distributionsdue to (i) the free &nd (1i) the resultant strains are
plotted, It is shown in this figure that the actual resulting strain at the
centroid of the prestressed component is Epf +A P and that at the centroid of
the non-prestressed eomponent amounts to ! * A g where Ag_ = AE./K]_ and
QOgn = K>. The two constants K; and K2 gerpend solely on thB properties of
the sections and E~-values and amount to:

K = Apc/no.An + (Ap.eﬁ)/(xp + ny.In) and Ky = Apo/Ap + (no.An.ei)/(Ip + ny.I,)

In these equations Ap, A, and A are the respective cross sectional areas of
the prestressed, non-prestresse?l and composit.g sec;ionls; I a:d 1, are n'/hhe cfr-
. responding I-values and n, = 8
itf:*‘" and “T’mm s the ratio of Ec-v'alues ofotheE%wo cam—
—l e - F ponents, whereas e, 1s the vertical dis=
Y tance betwsen the two ecentroids, The re-
maining strains can be computed from the
geemetrical conditions when the strains
at the two eentroids are knwon. This re—
00 IR lationship has been published in (3) but
ity was used already in paper (4) at the
b b - b s IABSE Congress Stockholm 1960, Fig.2,
' ? == taken from this paper, shows compara-
Fig.l tive results of three different cross
Diagrams of strains and stresses due section, It is seen that only with a
to differential shrinkage and creep. cross section according to exampls Ne.l
similar results are obtained to those, presented by the authors in paper (1),
resulting in additional tensile stresses due to differential shrinkage at the'
outer tensile face of the section. With examples 2 and 3, compressive stresses

ey, |

____________




PAUL W. ABELES 137

EXAMPLE No.1

£0° 1 152m)

O | FENSION < 10t ar
e ENONONNNNNNNN — " G 8% or o aF
[REZ] I 030,
few fea o
207 150 8em) b:l'dltmr ,7,," - COMARESSION tep of
rrmremi| | —  remsion
o288 o-11af
EXAMPLE NG 2 EXAMPLE Na 3
" 00
30 Scm Q2748 D585
\ -7
55 755; \ COMORESSION
. I_ 527aF 515 oF
1102 4 Y /L Dowrsar
v D455 aF £oo

TENSION

Fig.2. Examples: Stresses dus to differntial shrinkage, as
shown at the IABSE Congress Stockholm,1960.

are induced by differential shrinkage, whereas tensile stresses occur at the
lower face of the non-prestressed component. This results in a stress redis-
tribution owing to the greater stress difference at the adjoining faces of the
prestressed and non-prestressed components, as discussed in paper (4). In this
case eracks became visible at a lower nominal tensile stress at the outer
tensile face than is the case in similar homogeneous sections,

In order to clarify the stress redistribution and to ascertain the mapni-
tude of differential shrinkage and creep in the prestressed and non-prestressed
components, tests were carried out at DUKE University, North Carolina, U.S.A.
in 1967/68 which are to be described in detail elsewhere (5). Here, only some
important results are illustrated. Fig.3 shows particulars of the specimens, It

~was endeavoured to study the extreme cases at which either mainly creep or
shrinkage takes place ('C' and 'S' beams); the former was obtained when the ad-
ded conerete was cast upon the prestressed concrete on release of the prestress
after the plank had been moist cured to avoid shrinkage, For the 'S' beams, re-
lating to differential shrinkage, the added concrete was placed mmch later,
after a substantial part of shrinkage and creep of the prestressed component
had already taken place, The third case, relating to stress redistribution ('R!
beams), was investigated in such a way that the two components were separately
Ty precast and then glued toesether which
) CondSBeams R Beams 3)1)owed strain measurements, Stirrups

*T* *| were provided in the shear spans of the
R non-prestressed component only and the
NP é < reinforcement 'b' was limited to the
oL shear spans in the 'C' and 'S' beams,
b "1 but provided alons the entire length in
B A * T “T_*[ the 'R' beams.
77|  Shear Span Section between
é;m;i Section }“fﬁiﬁ:ﬁ;o Some of the results are shown in
Section Ehﬁﬂlkug?m% figure 4, Generally, with the 'C' beams
ATRGR prerestd R the precampression was grestly reduced
¥ ¥ by the creep in the prestressed plank
] (which was further increased by differ—
‘ ential creep), whereas with the !'S!
! 139" 14.00m gJ beams the shrinkage stresses in the ad~-
l 5~ 4 A7 . ded concrete and the compressive stres—
Fig.3. ses in the prestressed component are

Specimens at tests DUKE University. dincreased. The loads at which visible
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Fip.4.Some Results, DUKE Unigersity Tests 1967/68.
(S8tresses in psi.(1bf/in?);Leads in 1bf).

eracks occurred were approximately the same for the !C' and 'S' beams, although
the theoretical stress conditions were completely different in both cases, With
the 'Sf beams there were relatively high nominal conerste stresses in the non=
prestressed component already under self load, when microeracks developed, as
ean be seen from the photosraph Fig.5. This was obtained from a photoelastis
eoaving, using a method, as described im paper (6), With the 'C' beams miere-
eracks eoceurred at a later stage,

In the 'R! beams microcracks develeped first in the non-prestressed eom—
crete at the same load at which they had already became visible in the pre-
gtressed plank of the 'S' beams. Mierocracking in the prestressed concrete
occurred at a load slightly less than -~
that at which they had become visible <
with the 'C' and 'S' beams. However, the
}oad at which the cracks became visible
in the 'R' beam was appreciably higher
than those in the 'C' and ‘S! beams,
These studies have shown that redistrib-
ution of stresses may eause visible
erecking at relatively low nominal tens-
ile stresses @t the suber faece, if there
are very high naminal tensile stresses  Fig.5. Microeracking in 'S' beam
in the non—<prestressed component, anders self load.
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