PSEUDODYNAMIC TESTING OF SCALED MODELS
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ABSTRACT: The pseudodynamic test is increasingly being used for testing structures under seismic loads. Due
to the limited capacity of available equipment and also to economic reasons, testing is often required to be
carried out on scaled models rather than full-scale structures. Although the similitude laws are well established,
the selection of a suitable set of scale factors is often complicated due to the infinite number of possible sets.
The various aspects to be considered in selecting a suitable set of scale factors are clarified. The question of
possible differences in test results due to a difference in testing procedure is answered by means of tests on
identical specimens using three typical procedures. It was found that the results obtained can be considered to

be identical for practical purposes.

INTRODUCTION

The current design philosophy, which permits large inelastic
response for structures under severe earthquakes with only col-
lapse precluded, has made it imperative to carry out tests using
actual earthquake records. The pseudodynamic test is increas-
ingly used for seismic testing of structures in the inelastic
range where forces and displacements are large (Takanashi and
Nakashima 1986; Mahin et al. 1989). Most often, due to lim-
itations of the testing equipment and the costs involved, the
tests are likely to be scaled model tests.

As with any other scaled model test, a large number of
means of satisfying similitude are possible, and therefore it
becomes difficult to decide as to which would be the most
convenient and reliable choice. Previous researchers who car-
ried out pseudodynamic tests (Okada and Seki 1978; Takan-
ashi et al. 1975) have not focused attention on this aspect. In
view of this, the present technical note aims to clarify the
various aspects to be considered in selecting a suitable set of
scale factors. It is shown that the entire range of procedures
can be considered to be of two distinct types depending on
whether the scale factor is chosen for mass or time. Further,
irrespective of the simulation parameters adopted, the proce-
dures may also be classified depending on whether the equa-
tion of motion for the prototype or that for the model are used.
Results obtained from testing thin-walled cantilever box col-
umn specimens show that reliable response histories can be
obtained irrespective of the testing procedure adopted.

EXPERIMENTAL PROCEDURES

For a typical problem involving time-dependent loading,
since there are three fundamental dimensions, namely, mass
M, length L, and time 7, three independent scale factors may
be selected for true modeling (American 1970). The other
scale factors can then be derived according to the principles
of dimensional analysis.

In particular, the pseudodynamic test is carried out in a se-
ries of steps. In each step, the computed displacement, x;, is
quasi-statically imposed on the specimen, and the restoring
force, R, developed is measured. This value of R is then used
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to compute the displacement to be applied in the next step,
X;+1. In the case of a scaled model test, using the suffix “‘p’’
to denote the quantities related to the prototype and “‘m’’ to
denote the quantities related to the model, it can be said that
displacement x,, is applied and restoring force R,, is measured.
The aim is to obtain x,, the response of the prototype. Thus,
only forces and displacements are applied and measured, and
the test itseif is carried out in pseudo time. Therefore, the
principal aim of testing scaled models is to achieve a reduction
in size (length) of the test specimen to suit the available test
equipment and to reduce the load (force) to a level below the
maximum capacity of the actuators. This will automatically
reduce the cost of the test. Thus, the only scale factors of
interest are those for length and force. The scale factors for
the other quantitites (time and mass) are of less concern since
these are used only in the numerical calculations. Assuming
that the model is made of the same material as the prototype
and imposing the condition that the scale factor for force be
$%, where S = scale factor for length, preserving the stress
identity leaves only two possible choices. These two choices
corespond to the selection of a convenient scale factor for mass
or time, respectively. Each choice will now be examined in
more detail.

PROCEDURE 1

In this procedure the scale factor for mass is chosen. When
the distribution of gravity loads plays an important role, it is
convenient to select the scale factor for mass as §°. This, cou-
pled with the condition that the scale factor for force should
be S? as mentioned previously, yields the scale factor for time
as S. Such a scaling down of time would have complicated
the testing if a conventional dynamic testing method like the
shaking table test is used, due to the limitation on the shaking
speed. However it poses no problem in pseudodynamic testing
since the test is carried out in pseudo time. The scale factors
for the other quantities can be readily derived based on di-
mensional analysis and are shown in Table 1.

At this stage, it may also be noted that depending on the
equation solved in the computer, two distinct procedures are
possible for any set of scale factors. If the equation of motion
for the prototype is solved, the procedure will be identified by
the letter A. Thus, procedure 1A will imply that the scale fac-
tor for mass is chosen and the equation of motion for the
prototype is solved. The equation of motion can be written as

M%, + Ci, + R, = ~M, %o, )]

where M, = mass; C, = damping coefficient = 2EV K,M,; € =
viscous damping ratio; K, = elastic stiffness, R, = restoring
force; and X, = ground acceleration. The preceding equation
is solved to obtain x,, which is then scaled down to get x,,
applied to the model. Corresponding restoring force R, is mea-
sured and scaled up by §* to get R,, which is again used to






