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National Chiao Tung University

ABSTRACT

The first generation for the post-tensioned (PT) self-centering (SC) system,
which incorporates the PT technology to beam-to-column connections, exhibits
good seismic performance with small residual deformations except for the first
floor. Instead of using the fixed column base, the column PT to the base affects
the seismic performance of frames, especially for residual deformations. A
primary design procedure used for SC system was. roughly described in this
study.

Cyclic tests on post-tensioned (PT) beam-to-column connections have
demonstrated self-centering ‘capabilities “with gap opening, closing at the
beam-to-column interface. Gaps, however, between beam-to-column interfaces
in a real PT self-centering frame with more than one column are constrained by
the columns, which causes beam compression force different from the applied
PT force. This study presents an analytical method for evaluating column
bending stiffness and beam compression force by modeling column deformation
according to gap-openings at all stories. The predicted compression forces in the
beams are validated by a cyclic analysis of a three-story PT frame, which is
modeled with numerous axial springs in connections to capture the gap-opening

behavior of the frame, and by cyclic tests of a full-scale, two-bay by first-story



PT frame, which represents a substructure of the three-story PT frame. The
proposed method shows that compared to the beam strand tensile force, the
beam compression force is increased at the 1st story but is decreased at the 2nd
and 3rd stories due to column deformation compatibility. The PT frame tests
demonstrate that the proposed method reasonably predicts beam compression
force and strand force. Test results also show that beam compression force is 2%
and 60% larger than the beam strand force with respect to a minor restraint and
a pin-supported boundary condition, respectively, at the tops of the columns.
This indicates that assuming a pin-supported boundary condition at the upper
story column can cause inaccurate_estimation of column bending stiffness and
beam compression force.

This study proposes slab details, which allow. for sliding of the slab and
minimize restraints. on the-expansion. of the PT frame. A composite slab is
rigidly connected to.the beams in. only one bay of the PT frame. A sliding device
Is provided between the floor beams and the PT beams in other bays, where
sliding of the slab“is allowed. Several shake table tests were conducted on a
reduced-scale, two-by-two bay one-story specimen model, which was composed
of one PT frame and two gravitational frames: The scaled specimen model was
excited by the 1994 Northridge and-1999 Chi-Chi earthquakes to examine its
seismic performance. A PT frame and gravitational frames possessed the
self-centering capability throughout the tests, responding in phase with minor
differences in peak drifts due to the expansion of the PT frame. When the
specimen was excited by the 1999 Chi-Chi earthquake with a peak ground
acceleration of 1830 gal, the maximum interstory drift was 7.2%. Buckling of
the beam bottom flange was observed near the compression toe, and the initial
post-tensioning force decreased 50% and 22% in the columns and beams,

respectively. However, the specimen remained operable and its residual drift

was 001%.



A three-dimensional analytical model with rotational springs in the PT
connection and PT column base was introduced to capture shake table test
results of the frame subassembly. The same modeling approach was adopted to
one MRF and three SC frames to study the effects of column base on the
seismic response of frames under the design based and maximum considered
earthquakes. The monotonic, cyclic pushover, and time-history analyses were
conducted for these frames. Analytical results showed that (1) the residual drift
of the first floor could be significantly minimized by using the PT column base
but the maximum interstory drift in the SC frame increased with decreasing
fixity at the column base, (2) the largest maximum interstory drifts of the SC
frames were larger than those of the-MRF due. to the low-to-medium structural
period and high yield ‘strength, and (3) the SC frame with the PT column base
effectively decreased column-restraining forces to the first floor compared to

that with the fixed:column base.
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