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ABSTRACT -~ INTRODUCTION

The paper belongs to a large program of researches on
storied industrial halls initiated and coordinated by the
Romanian Ministry of Industrial Construction through the De-
sign Institute for Industrial Construction in collaboration
with prof.dr.doc.Alex.Negoit¥ from the Polytechnic Institute
of Jassy.

One first model, tested statlcally and dynamlcally on
the 140 tf shaking-table in Jassy. The aimed purpose in this
first stage has been the determination of both the static and
the dynamic behaviour of the model as well as the possibili=-
ties of using the lightweight concrete in some r931st1ve mem-
bers at industrial constructions.

DETAILIS OF THE STRUCTURE

The prototype structure presents the following geo-~
metric and functionnal parameters:

- spans: 3 x 6.00 m; - bays 3 x 6.00 m; levels = 5;

- hights: 5 m for the grandfloor and 4.80 m for the
I...IV floors;

- loadings éexceptlng the dead 1oad§ at everyélevel
895 daN/m“, at the roof 170 daN/m"; 35 daN/m“ pe-
rimetral surface from the walls;

- the degree of seismic intensity: 8 (MM scale).

From the constructive point of view the structure is
partially prefabricated: monolith columns casted on the le-~
vels, and precast floors. The latter are composed of:trans-
versal beams of "overturned T" form, supported on the column
cantilevers;eprecast floor members, "TT", supported on the
transversal beams. At current levels a relnforced concrete
over-casting was achleved. "T" shaped longitudinal beams that
are completing the floors’in front of the columns.
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The static scheme: elastic frames with rigid joints
in both directionse.

Materials:.columns, beams, joints and concrete over-
castings are made of reinforced concrete with river gravel;
- the "TT" floor members - of reinforced lightweight concrete;
- Rumanian reinforcement steel: OB %8, PC 52 and STM.

The analysed direction was the transversal one.

STRUCTURE MODELLING, TESTING METHODOLOGY AND
MES UREMENTS

The similitude principles of Froud type have been ap-
plied where a supplimentary hypothesis has been introduced,

viz. the model-prototype ratio of accelerations equals 1.
Imposed gscales (model/prototype): lenghts = 1/3, ac-

celerations = 1, elasticity modulli = 1, volumetric densities=
= le

Necegsary deduced scales: specific elongations = 1/3,

time = 173, unitary stresses (in concrete and reinforcement):
= 1/3, strains = 1/9 and forces 1/27.

An assembly view of the executed model is shown in

figele

"~ The actioning of the model in static range has been
carried out in four different working stages: elastic;after
the first crackings appeared; in the stage of developped
crackings and in the hardly cracked stage with some local
ruptures. A 2000 daN horizontal static force has been gra-
dually applied at the 5th level ~(fig.3).

The dynamic characteristics (in microseisms and small
intensity impacts) have been determined in transversal and
longitudinal direction as well as in torsion (table 1).

The seismic programme has been elaborated so that by
increasing successively the actioning intensity the structure
- collapse to be achieved. In order to obtain the maximum res-
ponse in an interval of frequences corresponding to the ex-
perimented model, several artifieial earthquakes have been
experimented C t4 testings with 11 cyecles), C, (6 testings
:it%lﬁs cycles™) and A, (5 testings with 22 cycles)according

(o] .
In the static testings, the force and general defor-

med shape of the model have been measured (the story horizon-
tal displacements ,d;).

For testings in seismic range the following data were
recorded: the shaking-table acceleration (a_), the shaking-
table displacement (d_ ), the story accelerafions (a;...a ),
the story horizontal aisplacement (d1+..d) the h%r}zontgl
displacements of the transversal fra&es ig the 18t level

a .
(ay , dg s di and dg), the angular displacements of the ex-

ternal and internal hingg% - in marginal and central trans-~
versal frames - at the 1°“ level (4 & marginal and central)
. and the stresses (%) in the reinforcement of columns~beams,
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in the concrete of the proper floor and of the over-casted
concrete (tab.2).

RESULTS, CONCLUSIONS AND RECOM:ENDATIONS

In the static testings (fig.3) the sideway stiffnesses
degradation has varied from 1.7 times in the stage of crac-
king appearition up to 3.8 times in the precursory collapse
stage, compared to the quasi-elastic stage. Accordingly, the
remanents reached 14 % up to 25 %.

The static relative deformations of levels ha¥e been
meximal until the crackings have developped in the 1°“ and

ond level and finally in the 3rd’ 4th and 5th level.

The sideway deformation pattern is similar to framed
strctures and the variation of the deformed shape curve em-
phasizes the modification of sidgway s%%ffnesses of the strctu-
ral members, especially in the 3 -5 levels, in the col-
lapse vicinity.

In measuring the dynamic characteristics (tab.l) it
was found that, up to the micro-cracking stage, the transver-
sal period increases with 20 % and the critical damping with
44 %. These characteristics are increasing, in the stage of
developped crackings, with 50 % and 240 % respectively and in
the collapse vicinity with 65 % and 350 % respectively.

The longitudinal and torsional periods have increased
in the three working-phases with 25 %, 40 % and 70 % when com-
pared to the elastic stage.

In the seismic regime testings (tab.2), (fig.4.5):The
working stages have been established during the testings as
the followi levels of bgse acceleratéons of the shaking-
table: 2.8 m/s?2, 4.75 m/s“ and 6.5 m/s°.

. In quasi-elastic range the strcture has oscillated
according to the nmatural mode and large elastic deformations
have been exhibited into the floors. In the stages of evolu-
tion and developmgg% of crac§ings the structure oscillates
according to the and ITRY mode. In the stage precursory
to the collapse, the oscillations have been obtained according
to a combination of modes: some marked degradations have ap-
peared in zones where the column cross-sections presented
some variations while the floor above the groundfloor presen-
ted rathes large deformations and marked crackings especially
along the boundary. The angular displacements indicated an
unfavourable working-manner of the marginal joints and espe-
cially the corner ones.

The stresses measured on the floor have shown a good
co-zgeratlon,of the precast members with the over-casted con-
crete.

Generally, the cracking has occured around the beam-
column connections, beginning with the groundfloor (fig.6 and
7). Some tendencies of dislocation in the frontons and more
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marked ones in the corner columns were observed. The panel
zones of the Jjoints maintained noncracked. In the final sta-
ges of structure working, the crackings have become more con-
spicucus between the levels 1 - 2 and 3 - 4.

For improving the structural behaviour at strong seis-
mic agtions it has been recommended, when estimating the stif-
fnesses, to take into account the concrete overvcasting when
evaluating the structure rigidities, to decrease the varia-
tion of column stiffnesses and to improve the fronton connec-
tions and particularly the connections of the corner columns
to the rest of structure.

The use of TT members in lightweight concrete has
been found to be reasonable.
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quge T (sec) ] v (%) T(sec) | Y (/) T(sec) ))('/,)
Non-foaded .22 | 448 0.3 - 0.34 2.36

NoncracKed | 0.%0 | 0.98 0.39 0.89 0.ko 2.6%
et 0. 56 | 437 | 043 | 4.22 | 042 | 343
SEPRE | oar | eoo | 0s | - [ - | -
Srreidl 0,49 | 290 | 0.5k | eék | 055 | 355

Table 2 - Synthesis of results of seismic testings

St " .
Hits < | Quosi-elostie léﬁﬁfe%ng?ncr%ﬁiggesw " ?f}’lﬁ'}g !
Q. (m/s%) 2.814 4.75 .50
Qg (m/s%) 5.72 10,06 42,10
ds (mm) 29.80 5066 6330
A g g (M) 1.84 3,60 4 .77
Ay conty] (mm) 2.44 2.91 3.00
cal.+beams n ’ _[Marginal beams are ad- [ battom column dnd {loor
S teel (doN %mz) ?;mg? Qf%ﬂﬂﬂzgl?ﬁ){weo ded ff;ln}hz riqu-w ?;ng39£ qﬁ;emadded {af
S ercie @M fer 2.2 4 1k 20
o dakfem?) 1.7 {o.4 {2.80
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