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SUMMARY

Iwo structural scale models were constructed and tested
up to failure by means of a seismic shaking table. This paper
present a brief description of the models, test procedure and
a selected serie of results with special reference to the
stiffness degradation and energy dissipation. The seismic
excitations were supplemented with free vibration and static
tests for determining the dynamic characteristics and stiff-
ness properties of the structure at selected behaviour stages.

INTRODUCT ION

The investigation described in this paper is part of a
research program regarding the performance of lamellar fra-
med structures under seismic excitation. The main feature of
this type of frame building is the lamellar shape (L, T or +)
of column cross sections.

Two structural models were constructed:and test by means
of an earthquake simulator platform. The first model, A, re-
presentative of a five story flat-slab building, was reali-
zed at a scale of 1:5. The prototype structure on which the
test model was designed consisted of lamellar columns at
.40 m center on a square grid with interstory heights of
2.85 m. The slab thickness was 25 cm whereas the monolithi-
cal beams connecting the precast slab panels were 6o cm width

The second model, designated Model B, represented appro-
vimately a 1:6 scale structure of 2 ten story prototype la-
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mellar building with symmetrical plane dimensions. .11 bearg
and floor units were prefabricated in laboratory conditions
and transported with care to the model construction place,
while columns were casted on the shaking table in special
cteel formworks. The exccution of the models reproduced all
the prototype details with some minor modifications.The both
nodels were subjected in a similar manner to a serie of sca-
led sequences of earthGuake motions with successively increa-
sing intensities.

TEST MODELS AND INSTRIMENTATION

The dimensions and main structural features for the test
models are shown in Figs.l and 2. Model A consisted of mono-
lithical columns and precast floor slabs connected through
integral beams on both horizontal directions 1 . In the
case of Model B each floor was composed of eight precast pa-—
nels supported on precast beams, the thickness of the floor
plate being 2.5 cm. The small scale reinforcement used for
constructlng the models ranged in yield stress from 2lo to
260 N/mm » The average compressive strength of the small
agregate concrete used in constructing the two models was
about 115 % of the prescribed value at the time of testing.
To simulate the influence of the live loads and non-struc-
tural members, a mass of 725 kg was added to each current
story of Model A with the exception of top story where the
attached mass was 650 kg. In the case of Model B, the addi-
tional masses at current floors and top floor were 440 kg and
4lo kg respectively. Bach test structure was attached rigidly
to the shaking table and was instrumented properly, as was
the shaking table itself. A view of Model A on the shaking
table showing the additional weights at the floors may be
seen in Fig.3, while Tig.4 shows details from the construc-
tion of Model B.

The structural response quantities measured included ho-
rizontal floor accelerations and displacements, as well as
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several dynenic strains, primarily in the bottom two fleare

(Figs.5 and 6).

The base motions used in the dynenic tests were artifi-
2ial or actual earthgualles selectéd so as to nave their sner-
gy concentrated in narrow frequency bands. The principal in-
put motions for lodel A were the simulated earthgrotes A2 anl
D2 whereas for Model B the artificial earthguwale B2 [4} WS
also used. Other imputs which were used for specizl ctudies
included edither the same earthquakes but with their time scale
changed to shift the response spectrum peak toward the fundic-
mental period of the model, or a particular imput (ROM) in-
corporating some characteritics of local eartnguakes. All
these imputs were applied in a number of successive runs at
several different intensities ranging from very slisht mo-
tions causing only elastic displacements to strong earthqirlkes
which caused inelastic structural deforrmations and finclly tho
failure of test structures. Foth free vibration and static

the natural frequencies, damping factors and stiffnese degra~
dation along seismic test history. The more important fin-
dings of these tests are incorporated in this paper.

!

TEST RESULTS

Shown in Tables 1 and 2 are detailc of the test program
and maximum responses obtained. First mode periods and dam~
ping factors of the two models are given in Table 3 and 4
reocpectivelye.

In the case of Model A a horizontal static load, F, was
applied in increments at the top floor (in one direction only:
to evaluate some of the flexibility coefficients of the struc—
ture in its successive behaviour stages.

For Model 3 a similar force was applied at the eighth
floor. The horizontal displacements, D, of all floors were
rzasured using dial ganges (Figs. 5 and @) attached to & ro-
ferenee frema. 4 row of the latornl CTlexibility matrix was
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thius obtained Ffor each moedel and compdr-d with the rccults of
analytical predictions. Selected deflection shapes are shown
in ™os.7 and 8. The forcew displacement relationship obtai-
ned at each story was platted ac a hysteresis loop. Fizs.9
"rd lo show typical P-D diagrams. .

COI'CLUDING REMARKS

The two structural systems with lamellar columns descri-
bed herein provide relatively large flexibility of plan la-
rout and overall economy ag a tesult of a high degrce of pro-
fabrication and feasibility of construction. As many of thesc
buildings have been planned for areas often subjected to
earthquakes, an experimental study simulnting ceismic condi-
tions, was required to improve thc analytical procedures for
predicting the performance of structures and to facilitate
the vnderstanding of their behaviouwr as evidenced by tests.

As regard the stiffness degradation and energy dissipa-
~tion, it is useful to point out a number of observations and
findings, considering separately the two test models.

Model A. After a number of lo2 sequences of seismic ex-
citations on a time length of about 550 sec., the stiffnesc
of the structure with respect to lateral loading was only
approximately 15 % of the initial stiffness. Vhile the maxi-
mum top level force used in static tests represented a small
action relatively to lateral forces developed within the
structure during dynonic action, the lateral load-deflection
curves showed the effect of extensive damage occured in com-
ponent members. The peck base ccceleration during the last
oxeitation runs exceeded 1 g and the observed maximum top
displacement was 1/I50 of the structure height. The test
showed that a large amount of ductility was available and
evidenced, as it would be expected, a relative flexible
structure. However the stiffening effect of nonstructural
elements was not present in the model.

The tacts indicated that the model structure was not
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provided with sufficient reserve of strength capacity to en-
sure that the principal energy-dissipating mechanism through
integral beams was maintained at the large deformations occu-
red in the inelastic range.

For improving the seisnmic behaviour of these types of
structures some recommendations regarding the proportioning
of columns and integral beams were made and the need of suf-
ficient shear reinforcement in the flexural critical regions
was emphasized. The use of the system in conjunction with
shear walls is preferred in szicnic zones.

Model B. The reinforcsd concrete structure withstood the
intense bace motions without collapse, although a large amount
of damage vwas observed in the component members. After the
completion of the seismic program (exceeding 150 sequences)
the stiffnescs determined through static tests was about 3o &
of the initial stiffnecs.

As the intensity of the base motion was increased in
succesive tests, the cbserved periods increased because of
further cracking occured in beams, floors and finally in co-
lumn sections.

The meximum story drift in the damage stage prior to fai-
lure was 1/200 of the story heighte.

The change of first mode period with change of stiffness
was not constant throughout the tests.ilthousgh the inelastie
behaviour was more satisfactory thon that of Model B, the
need of.adequate measures to prevent large nonstructural da-
mage to strong seismic action “as pointed out.

To sustain th: principol energy-dissipating system some
recormendations have been made for improving tho strength of
lamellar column, especially the corner columns and their re-
inTorcement detailing in the jointec.
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