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ABSTRACT

An innovative structural system, which combines the strength and stiffness of a braced frame
and high energy dissipation capacity of the friction-dampers, has been adopted to rehabilitate the
school buildings damaged during the 1988 Saguenay earthquake. The existing structure, built in
1967. lacked in lateral resistance and ductility requirements of the new building code. The

:ntroduction of supplemental damping provided by the friction-dampers reduced the force level
and eliminated the necessity of dependence on the ductility of structure. Nonlinear time-history
dynamic analysis was chosen to determine the seismic response of the structure. The conventional
method of retrofitting with concrete shearwalls involved extensive foundation work which was
very expensive and time consuming. The new method of retrofitting, while significantly lower in
nitial cost of construction, offers greater savings in the life cycle cost as damage to the building
and its contents is minimized. The retrofitting work was completed in a record time during the
summer vacation of 1990.

INTRODUCTION

On November 25, 1988 an earthquake of magnitude 6.2 on the Richter scale occured in the
Saguenay region approximately 36 km south of Chicoutimi, close to the northern boundary of
Parc Laurentides in the province of Quebec (Mitchell et al. 1989). The focal depth was 28 km.
The peak horizontal and vertical accelerations at the Chicoutimi station were 13. 1% and 10.2% of
gravity with a frequency content of 13.3 Hz and 18.2 Hz respectively. The earthquake was felt
over an extremely large area, as far south as New York and as far west as Toronto. The
seismologists of the Geological Survey of Canada have warned that an earthquake worse than the
above could well occur in the St. Lawerence valley before the end of the century.

After the earthquake, some minor structural and non-structural damage was noticed in the
school buildings. The school authorities, La Commission Scolaire de Sorel, retained the services
of Les Consultants Dessau Inc. to investigate the extent of damage and to suggest strengthening
measures to rehabilitate the buildings. The existing three building complexes are of precast
concrete construction and were built in 1967. Based on the detailed site inspection and analytical
studies, the structural engineers concluded that:
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In 1985, a large scale 3-storey friction- | s tested on a shake table at the
University of British columbia, Vancouver (Filiatrault 1986). The responsc of the friction damped

braced frame was much superior to that of moment-resistin
earthquake record with a peak acceleration of 0.9g did not cause any damage to friction-damped
frames suffered large permanent deformations. In 1987, 2

braced frame, while the other two
9-storey three bay frame, equipped with friction-dampers, Was tested on a shake table at the

Earthquake Engineering Research Center of the University of California at Berkeley (Aiken 1988).
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Imperial college in London. Here again, the performance of the friction-damped braced frame

was superior to the conventional moment-resisting frame.

Other researchers have investigated the seismic response of fricti

reported on the supernor performance of friction-damped frames

Filiatrault 1986, 1988, Aiken 1988). In Montreal, 2 10-storey
building has been recently completed (Pall 1987). Use of steel bracing in concrete frames has

eliminated the need for expensive <hearwalls and the use of friction-dampers has |
s. Use of this sysicm has resulted 1n a

need O(depcndencc on the ductility of structural component _
net saving of 1.5% of the total building cost while 1ts earthquake resistance and damage control

potential has significantly inC reased.
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Nonlinear Time-History Dynamic Analysis

Non-linear time-history dynamic analysis was carried out by using the computer program
DRAIN-2D, developed at the University of California, Berkeley. This program consists of s
of subroutines that carry out a step by step integration of the dynamic equilibrium equations
a constant acceleration within any time step. As future earthquakes may be erratic in nature 2,
artificial earthquake record generated to match the design spectrum of Newmark-Blume-Kani -
which is an average of many earthquake records, has been used (Fig. 4). This earthquake re
torms the basis of the NBC response spectrum. For Sorel, the peak ground accelerations of |
earthquake record were scaled to 0. |8g. The integration time step was 0.002 second.
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£ The HH[UL{UEII—( n ol SU Dl¢ me ntal flampmg by the friction-dampers reduced the forces in the
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I'he use ol tl‘u“t 1‘011-;.1;1111;.“:1‘:\" h;:IS shown to provide a practical, economic and effective new
;mpm;wh to rch;thtl_tmt_c l!’lf‘ existing buildings to resist future earthquakes. The use of new
rechnology resulted in significant savings in the initial construction cost and construction time
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