Earthquake Engineering, Tenth World Conference > 1992 Balkema, Rotterdam. ISBN 90 5410 060 5

Behaviour of semi-rigid prestressed connections of concrete structural elements

under cyclic loading

R. Dimitrijevié
Institute IMS, Belgrade, Yugoslavia

ABSTRACT: Concrete prefabricated skeleton, stiffened by shear walls to accept horizontal
force influences, has presented itself as a very convenient structure for building in seismic
regions. Characteristic way of column and floor-slab joint by prestressing enables elegant,
secure and permanent joint under the influence of static and dynamic loadings. Numerous
objects, built in Yugoslavia, survived without damages, the earthquake of 8° and 9° MKS.

This paper describes the series of testings on the models where the concrete elements -
column and floor slabs (beams) - were connected by prestressing and loaded by cyclic load to
determinate the behaviour of this type of the joint.

1 INTRODUCTION

The prefabrication of a load-bearing struc-
ture consisted of precast reinforced concre-
te elements is conditioned by the existence

of offective means for connecting of elements.

For that reason, the connections are special-
ly tested and analized. The stability of the
structure assembled of precast elements to a
great extend depends of the safety of con-
nections. As a rule, the safety factor of a
joint ought to be higher or at least the same
as the safety factor of structure elements.
Prestressing is one possible way to achieve
satisfactory connection between concrete pre-
cast elements. In Yugoslavia, as well as in
some other countries, prefabricated concrete
skeleton structure is readily employed in
highrise building constructions. The joints
in this building system, between columns,
slabs and beams, are formed by the use of
prestressing. In each floor plane, in both
orthogonal directions, steel cables are plac-
ed to span the building from one side to the
other, as they are being led through the
ducts in column and the free space between
adjacent floor-slabs, or frame’s beams. The
contact zone between floor-slabs and column
is filled with rapid hardening mortar prior
to tensioning of the cables. It is very im=-
portant to understand the behaviour of this
type of the structure: a precast concrete

frame, where the prestressing is used as a
tool for connectioning the precast elements.
Playing with the intensity of the prestres-
sed force it is possible to limit or obtain
desired stiffeness of the joint. For this
reason we have conducted a series of tests
on models of that type of the joint in full
size scale.

2 DESCRIPTION OF THE MODEL AND LOADING

The model concept chosen for the experiments
was to fulfill the requirements for an easy
unambigous analysis of the column-slab join
functioning, for a number of different load-
ing cases applied as: bending moment only,
torsion moment only and simultaneous acting
of both bending and torsion moments.

The joint model was the portion of the com-
plete precast frame structure. It was con-
sisted of a column element with a 30/30 cm
cross section stiffened by the 15 cm thick
concrete wall (to avoid the influences of
the column flexure) and the section of the
floor-slab structure with corresponding edge
girders. The floor-slab structure consists
of two parts of 20 cm thick coffered floor-
slabs with hollow bodies made out of rigid
polystyrene foam to form the top slab 4 cm
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Figure 1. Disposition of the model
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Figure 2. The treatment of the loading
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Figure 3. The hysteretic loop of bending
moments

thick and the bottom slab 3 cm thick. The
selected model provided the options of con—
necting floor-slabs with column by means of
prestressing cables orthogonally to the wall
or in the direction of the wall, or in both
directions simultaneously. The position of
the force acting on the joint was determined
to provide the wanted loading: bending moment,
torsion moment or both. Making use of measur-
ing devices and the loading equipment, it
was possible to keep the record of the force
(moment) and deflection (rotation) changes.
The model is conceptualized as the cantile-
ver structure.

The prestressing cables, two in either of
directions, were 437 mm wires made of steel
1700/1540 N/mmz, the concrete compressive
strength was 42 kPa and the prestressing
force in each of the cables at the time of
the tensioning was 180 kN. Model was equiped
with the adequate measuring devices to record
the deflections in defined points. The treat-
ment of cyclic loading is presented schema-
tically in the figure 2.

3 TESTS UNDER BENDING MOMENTS

The series of tests featuring the bending
moment, caused by the cyclic loading, was
conducted on models where the prestressing

is achieved in the direction of concrete wall
only, while the sideways prestressing was not
introduced. During the tests all significant
changes on the model was recorded. The cracks
that had appeared in the slab for rotation
values less or equal to +/- 0.004 rad, would
readily close as the structure has been un-
loaded. Beyond this limit value of the cracks
would remain stable. The maximum rotations
acquired were 0.025 rad. the cracks widths
were around S mm, while the joint was still
functional. The joint entered the plastic
region for rotation values of 0.002 rad. and
the moment continued to increase until the
rotation reached the values of 0.008 to take
the maximum of around 50 kNm, in the case
where the force was in the gravity direction.
For the case in the opposite direction, the
same phenomena was noted to around 3o kNm.
The recorded difference in maximum values of
moments may be explained by the fact that the
loading "neutral" point did not coincide with
the loading "starting" point.

The hysteretic loop has a typical "S" shape
as the envelope of the maximal bending
moments. The maximal theoretical and experi-
mental bending moments are very corresponding.

4 TESTS UNDER TORSION MOMENTS

For tests under torsion moments the position
of loading was not altered, only the cables
were tensioned in sideways direction relative
to the wall. The difference in results were
obvious considering the shape of hysteretic
loop and the maximum value of torsional
moment applied to the joint. Hysteretic loop
acquired showed greater inclination toward
the rotation axes, while maximum value of
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Figure 4. The hysteretic loop of torsional
moments
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Figure 5. The hysteretic loop of simultaneous
acting bending torsional moments

torsional moment, in case of the force acting
in direction of gravity loads, amounted to
20 kNm, while in the opposite direction went
as 30 kNm.

The appearance of cracks is characterised
by their disposition. For the great values
of rotations, cracks have appeared parallel
to the connection between the floor-slab and
the concrete cast in situ and even on the
column. The plastic hinge was formed as the
cylinder-like surface which represented the
center point to the floor-slab rotation. The
maximal values of theoretical and experiment-
al torsion moments were corresponding satis-
factorly.

5 TESTS WITH SIMULTANEOUS TORSIONAL AND
BENDING MOMENTS

Those tests were made on the models prestres-
sed in both directions. The loading regime
was equivalent to ones in the previous series
of testing. Maximum values of moment was ac-
quired for the rotation value of 0.006 rad.
and it amounted to 8o kNm in the case of
loading acting in gravity direction. In the
opposite direction the maximal value was 45
kNm for the rotation of 0.005 rad. The maxi-
mal moment kept this values for rotations
0.008-0.01 rad. and it decreased to 70 kNm
(40 kNm) for rotations equal to +/- 0.015
rad. The hysteretic loop describes the beha-
viour of the typical prestressed joint in

precast frame as response of the cyclic load-
ing. Even during the extreme rotation the
functioning of the prestressed joint was
preserved. This acquired rotation is the
equivalent to the relative horizontal dis-
placement in a single storey frame of 4.2 cm,
while in lo storeys frame displacement of

the top floor relative to the ground floor
would amount to 42 cm.

The hysteretic loop characteristics, acqui-
red from simultaneous action of bending and
torsional moment, which is at the same time
the realistic manner of the joint loading,
point out to the significant capability for
the energy dissipation during the cyclical
loading. The diagram of correlation between
the dissipated energy and rotation shows the
satisfactory increasing in cases of cyclic
loading with torsion moments and simultaneous ,
acticn of the torsion and bending moments.
The same conclusion could be made for cor-
relation between ductility and rotation. The
certain plastic characteristic of the joint
it is shown on the diagram of correlation
between coeficient e, representing relation
of dissipated energy and elastic work and
plastic excursion which represent relation
between plastic deformation and maximal plas-
tic deformation of one cycle.

6 CONCLUSION

1. The shear bearing capacity of the joint,
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A - bending moment
B - torsional moment
C - bending and torsional moment

Figure 6. Diagram of correlation e - d
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C - bending and torsional moment

Figure 7. Anveloop of moments

meaning the capacity to accept vertical
reactions, does not depend of the contact
surface between concrete elements, but only
on the existence and intensity of the hori-
zontal forces - prestressing.

2. The tests with simultaneous action of
both moment, torsion and bending, show quite
bigger bearing capacity of the joint in the
limit states which is more than the simple
addition of separate action of the torsion
and bending moments.

.3. Using the energy parameters given from
the analysis of the hysteretic loops, it
proved that this type of prestressed joint
has the necessary ductility for aseismic )
design; in the limit states has capability of
necessary energy dissipation and has charac-
teristics of a semi-rigid joint.
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