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PSEUDODYNAMIC TESTS ON BRICK-INFILLED R.C. FRAMES
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ABSTRACT

The pseudodynamic testing facilities which have been set up in the D.I.S.A.T. Dept. laboratory, University of
L'Aquila, are briefly described. Results are reported concerning a pilot test carried out on a half-scaled, one-
floor one-bay, brick-infilled R.C. frame. The experimental results are compared with the numerical ones given
by the hysteretic model proposed by Klingner and Bertero for infills.
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INTRODUCTION

As well known, the response of framed buildings subjected to earthquake action is significantly affected by
the presence of infill walls (Brokken and Bertero, 1981). Amongst their favorable effects, it is worth
mentioning the strength and stiffness increase, as well as the ability in dissipating more input energy. How-
ever, various examples of bad structural behavior have been observed, due also to ordinary partitions, such as
torsion because of their asymmetrical plan disposition or failure, soft-story mechanism, short-column forma-
tion owing to partial infilling of the interstory, localized crushing of structural members interacting with
walls. It is clear that one cannot say to neglect infills in favor of safety.

At present, it is hard to predict with a satisfactory degree of reliability how infilled r.c. frames would behave
under strong shaking, even if refined, powerful tools are available to perform structural analyses. That holds
because various uncertainties affect the definition of both mechanical properties and idealized behavior itself.
In fact, the former ones are usually variable in a wide range for the materials involved, the latter should fore-
see different possible modes of failure, depending on parameters which appear as numerous (span-to-height
ratio, wall-to-frame stiffness, beam-to-column stiffness, position and dimension of openings, frame-infill con-
nection, presence of vertical loads), as well as difficult to quantify (human skill and care).

Lacking now both reliable and accessible methods of analysis, European normative codes (Eurocode 8,
1994b) mostly report qualitative regulations to account for infills in ordinary design. Research focuses atten-
tion on laboratory testing and numerical simulation as well (Calvi et al., 1993). Concerning the aforemen-
tioned tasks, the pseudodynamic test method (Mahin et al., 1989) appears to be an effective technique in pur-



suing such aims as understanding modes of failure by means of laboratory experiments, model verification
and numerical parameter calibration.

PSEUDODYNAMIC EQUIPMENT

The pseudodynamic testing facilities which have been set up in the D.I.S.A.T. Dept. laboratory, University of
L'Aquila, are briefly described (Colangelo and De Sortis, 1994). That is an apparatus for 2-d.o.f. specimens
whose displacement-control system is based upon electro-mechanic actuators, which have been preferred to
hydraulic ones thanks to their lower cost. It is known they also move slower, however this feature often as-
sures an accurate positioning. The pseudodynamic system consists of the following:
e screw-actuator (350kN stationary load; SO00kN transient load; 2.2kW electric engine; *20cm
displacement range; 1.45cm per minute speed);

o displacement transducer (0.5um resolution; £25cm displacement range; RS232 9600-baud output, 7
measures per second);

e Joad cell (various types);

e data acquisition electronic unit (60 data channels; 4.44ms A-D conversion time; RS232 19200-baud
output);

¢ multifunction computer board (two analog output channels; sixteen analog input channels; two 8-bit
digital I/O parallel ports; 12-bit A-D and D-A converters; 10us conversion time);

e personal computer and related software.

Pseudodynamic tests are performed in a step-by-step wise: the displacement actuator stops for collecting in-
strument measures, the next position to be imposed on the specimen is computed by means of an explicit al-
gorithm, then the displacement actuator starts up again.

STEP-BY-STEP INTEGRATION ALGORITHM

The numerical integration of system equations of motion is carried out by resorting to the explicit algorithm
proposed by Shing and Mahin (1987b). Being planned tests upon specimens of up to 2-d.o.f.s, the use of
implicit methods (Shing ez al., 1991), which require a somewhat elaborate implementation, is excluded at
present. Response quantities at time (i+1)Az, with At equal to the constant integration time-step, are fur-
nished by the following recurrent expressions:
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where d, v and a in this order are the nodal displacement, velocity and acceleration vectors; M is the mass
matrix; f is the seismic excitation vector; r denotes the static reaction of the specimen; o and p are numeri-
cal parameters. The latter ones improve the Shing-Mahin method with respect to the original Newmark algo-
rithm, since they make it dissipative. In fact, provided a.>0 and p<0, according to Bathe and Wilson
(1973) the linear solution results oscillatory and stable if it holds:
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where o stands for circular frequency of the system. The left inequality gives non-negative numerical damp-
ing. To assure its fulfillment during pseudodynamic tests, the parameter p is made adaptive, following the
suggestion by Shing and Mahin (1985).
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Fig. 1: Experimental error propagation

Concerning experimental error propagation, in (Colangelo and De Sortis, 1994) the formulation by Shing and
Mahin (1987) is applied to the present algorithm. The expression of the standard deviation of the error which
affects the computed displacement, G, tO the standard deviation of the measure error of the reaction, O

is evaluated at step i +1 as:
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The formula above is valid if computed displacements are used in calculations, rather than the measured ones,
and under the assumption of experimental errors as uncorrelated random variables with the same distribution.
Fig. 1 shows the aforementioned standard deviations versus the number of integration time-steps, in the case
of no dissipation (Fig. 1a) and with a small numerical damping E =1% (Fig. 1b). It is noted that displacement
error results smaller, and stable after a few hundreds of steps, thanks to numerical damping.
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Fig. 2: Specimen



Table 1: Mechanical properties (mean values; units MPa)

Concr.  Reinforc. Mortar Brick Wall
fc fy ft Rc fct f(s fcw fcs fcw fv Es Ew
30.8 1 553 642 | 214 50 | 232 25 69 32 041 1740 1380
Notation:
fc  cylindrical compressive strength
fy yielding strength
fe  failure strength
Rc  prismatic compressive strength
fa  prismatic flexural strength
fs  unit/wall compressive strength, strong direction
few  unit/wall compressive strength, weak direction
fv  diagonal compression strength (following ASTM 519E)
Es Young's modulus, strong direction
Ew Young's modulus, weak direction

PILOT EXPERIMENT

The prototype specimen used for pseudodynamic test is sketched in Fig. 2. It is meant to represent the first
story of a five-floor residential building, provided with strong beams. Vertical loads are applied to the col-
umns, in the measure of 250kN each one. Reinforcement is designed by assuming a peak of base acceleration
equal to 0.25g, response spectrum ordinate equal to 2.5 and behavior (i.e. force reduction) factor equal to 3.

Table 1 lists the most important mechanical properties of constitutive materials and elements. Values in the
table refer only to clay brick sized 25xX12x12cm (see Fig. 2); that is a vertical-hole brick whose empty per-
centage results equal to 55.0%. The small walls to be used for qualification tests are sized respecting RILEM
Recommendations (1988). The initial stiffness of the infilled specimen is measured equal to 137MN/m, corre-
sponding to a fundamental period of 0.12s.

The pseudodynamic test is carried out with the Tolmezzo earthquake dated 5/6/1976, East-West component,
having a peak of acceleration equal to 316cm/s2 (Fig. 3). The accelerogram is purged of its start and tail as
well (see Fig. 3), which are considered of no interest for the prototype experiment. Fig. 4 compares the linear
response spectrum of such modified accelerogram with that one proposed by Eurocode 8 (1994) for inter-
mediate soil and damping of 5%, once amplified to the same intensity. Scale problems are touched: since the
specimen represents a half-sized model in its plane of an actual structure, the test is performed by contracting

the time-scale with the factor 1/ V2.
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Fig. 3: Tolmezzo earthquake, E-W component Fig. 4: Response spectra of acceleration



RESULTS

The following Figs. 5-10 illustrate some results of the pilot pseudodynamic test with a thick line. The symbol
d denotes the horizontal displacement divided by the clear height of the columns; r is the static reaction of
both the wall and r. c. frame on the whole.

Typical shear cracking of the infill (see Fig. 10, where is reported also the numbering adopted for the trans-
ducers) become valuable when the two negative peaks of displacement just before and after the time t=2s oc-
cur (Fig. 6; see also the accelerogram in Fig. 3). There the measured deformations of the wall reach values of
the order of 1%o (Fig. 9; elongation is positive). Cracking takes place through mortar and bricks as well, due
to their similar strength (Table 1). Subsequently, for 2s< t <4s, pinching is visible in the hysteretic force-dis-
placement relationship, together with a certain reduction of the specimen stiffness (Fig. 5a). Between instants
t=3s and t=4s, reinforcement yielding occurs (Fig. 8), emphasizing cracking in the panel: the displacement
transducer 18 measures elongation which will not be recovered (Fig. 9). Then also the strength of the speci-
men clearly drops down (Fig. 5b).

Finally, severe damage is observed in the upper corner opposite to the actuator connection (Fig. 10). There
the column displays a full-crossing crack, the exterior of the bricks is collapsed and the infill results visibly
moved out of its plane. The residual displacement drift (Fig. 6), conflicting with the last measures of all the
transducers except for the 16 and 17 ones, can be explained with a certain observed sliding occurring hori-
zontally along the crack which crosses the top of the column and the beam-infill interface, the column-infill
interface on the same side of the actuator having presumably a gap. The residual stiffness of the specimen
equals 1/6th of the initial value, giving the ruined infill no contribution.

Figs. 6, 7 ¢ 9 show also simulated results with a thin line. The adopted model (Mondcar and Powell, 1975)
consists of linear elastic beam elements provided with plastic hinges located in their terminal sections. The
moment-rotation law of the hinges follows the well known Takeda rules (Takeda et al., 1970). The infill is
accounted for by introducing two compression-only resistant equivalent struts, whose constitutive relation-
ship is that one proposed by Klingner and Bertero (1978); truss width is assessed by resorting to the expres-
sion suggested by Mainstone (1974).

At a first sight, the numerically evaluated response looks far away from the experimental one. However, it
should be noted that the curves agree well for the first three seconds of the analysis. In addition, al least
qualitatively they appear as very similar until t=4.5s, that is almost for the full duration of the strong phase of
the earthquake (see Fig. 3, where the instant in object is t=7s). Conversely, in the remaining range of time
decisive differences arise, including clearly distinct fundamental periods, with the experimental one longer.

CONCLUSIONS

It is obvious that a single pseudodynamic test does not justify any conclusion of a general nature. However,
on the basis of the work described in this paper, it is believed in the following.

Firstly, the pseudodynamic method proves itself suitable for testing infilled r.c. frames. The statement above
is reputed as valid with reference to non-massive infills, where theoretically the lumped-mass scheme remains
acceptable, and practically displacement-control problems should not arise due to excessive stiffness of the
specimen.

Secondly, the discussion comparing experimental results with the numerical ones suggests the necessity of a
more accurate modeling of degrading, if one aims at faithful simulations. Perhaps that is a too ambitious ob-
Jective operating with such idealizations as equivalent struts, being struts clearly oversimplified models which
will never allow to reproduce the influence of some parameters upon the behavior of the infill in reality.
However, it should be kept in mind that analyses with the much more refined (and complex in the same pro-
portion) so-called micromodels appear really as unfeasible for actual buildings.
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Fig. 7: Reaction time-history
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Fig. 10: Cracks and numbering of displacement transducers
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