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Abstract

Infill walls used in existing Italian reinforced concrete (RC) buildings are highly vulnerable
and their failure can lead to economic losses and human casualties, mainly in case of seismic
events. For this reason, the study of their vulnerability becomes particularly significant dur-
ing extreme events, such as volcanic eruptions, windstorms, and floods, when the interior of
buildings offers protection. This paper discusses the design process of shaking table tests
conducted on a full-scale reinforced concrete 3D frame structure. The single-story structure
has four hollow brick infills samples, three fully infilled and one with a central opening and
will be tested under both in-plane and out-of-plane loading. A six-degree-of-freedom shaking
table will be used to apply the seismic load.

The reinforced concrete structure has been designed to withstand testing without damage, en-
abling multiple trials with various infill wall types. Once damaged, the infill walls will be
strengthened with lightweight, easily applied systems to test repair and reinforcement solu-
tions suitable for disaster-affected areas that require quick intervention.
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1 INTRODUCTION

The study of the capacity of typical infill walls used in existing Italian reinforced concrete
(RC) buildings, both in-plane (IP) and out-of-plane (OoP), is of significant interest because
these elements are highly vulnerable. They can lead to economic losses and human casualties,
mainly in case of seismic events when their collapse can also contribute to the obstruction of
escape routes. For this reason, their vulnerability becomes particularly significant during ex-
treme events, such as volcanic eruptions, windstorms, and floods, when the interior of build-
ings offers protection.

Since the 1990s, numerous studies have focused on assessing the IP and OoP vulnerability
of masonry infills [1-3]. Some of these studies have also investigated the correlation between
OoP vulnerability and damage induced by IP actions [4—13], which has proven to be a critical
factor in accurately determining vulnerability.

Two significant studies [14—15] were conducted on a shaking table, with out-of-plane tests
performed after in-plane tests to investigate the correlation between the resulting damage pat-
terns. However, dynamic tests on masonry infills remain relatively scarce due to the complex-
ity of execution. In most cases reported in the literature, pseudo-dynamic tests are employed.
In such tests, the horizontal load is typically simulated through the application of linear loads,
point forces, or uniform pressure. This approach fails to realistically replicate the dynamic
behaviour of masonry panels, as it does not account for critical aspects such as inertia effects,
crack propagation and closure during motion reversals, or the influence of variable loading
rates. Moreover, understanding the static and dynamic properties of existing buildings is es-
sential for assessing their structural behaviour in seismic areas [16]. With the aim to broadly
investigating the behaviour of infill walls in various geometric configurations, shaking table
tests have been designed on a single-story, full-scale reinforced concrete frame structure with
hollow brick infills. The designed structure has a square plan measuring 350 cm and a height
of 310 cm from the foundation (Fig. 1). The columns have a square cross-section, leaving
space for square infill panels. The 3D frame with four infill samples, realized by single-leaf
hollow clay brick, will be tested under both IP and OoP loading. The RC structure will remain
undamaged during the tests, allowing for repeated executions with various geometric and me-
chanical masonry configurations.

Once damaged, the infill walls will be strengthened with lightweight, easily applied sys-
tems to test repair and reinforcement solutions suitable for disaster-affected areas that require
quick intervention.

Figure 1: 3D numerical model of the analysed structure.
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2  DESCRIPTION OF STRUCTURE AND SPECIMENS

In this section, the experimental campaign is illustrated. A three-dimensional structure, de-
signed according to the Italian past code for not seismic area, has been created to accommo-
date four infill panels for each test under different types of seismic solicitation. The tests will
be carried out on both reinforced and unreinforced infill walls, leveraging the structure's abil-
ity to remain undamaged under applied forces.

2.1 3D Frame Structures details

The structure has a square plan measuring 350 x 350 cm and a height of 310 cm from the
foundation (Fig. 2). The columns have a 30 x 30 cm cross section reinforced with 4 x 12 mm
steel longitudinal rebars and 8 mm stirrups spaced at 15 cm as transvers reinforcement. The
beams measure 20 x 40 cm, longitudinal reinforcement consisting of 3 x 10 mm rebars on the
upper side and 3 X 12 mm rebars on the lower side. Transverse reinforcement consists of 8
mm double stirrups spaced at 15 cm.

The floor slab is a one-way, cast-in-place joist slab with a height of 20 cm, including a 4
cm topping slab.

350
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(a) (b)

Figure 2: 3D (a) and lateral (b) view of RC Frame.

Great attention has been given to the design of the foundation beams, which, in addition to
ensuring adequate stiffness throughout testing, must be strong and stiff enough to facilitate the
movement of the structure. The specimen was not manufactured directly on the shaking tables
but rather in an adjacent construction area to preserve the integrity of the shaking table and
maintain adequate safety standards for the workers.

The foundation beams have a 30 x 40 cm cross section and are reinforced with 12 % 10
mm steel rebars. Z-shaped rebars were inserted into the foundation beams to ensure shear
strength during the specimen's translation (Fig.3). These are positioned around twelve square
holes (three on each side), designed to allow the structure's movement. The RC elements are
characterized by a C25/30 class of concrete, longitudinal and transverse rebars are character-
ized by a B450C steel typology, with a nominal yielding strength equal to 450 MPa.
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Figure 3: Reinforcement in the foundation beams (a) and cross sections of frame’s structural elements.

2.2  Specimen’s details

Typical bricks used in existing Italian buildings will be used; these have dimensions of 10
x 25 x 25 cm and a hole percentage exceeding 65%. The bricks have an average compressive
strength of approximately 5 MPa in the direction parallel to the holes and 1.5 MPa in the or-
thogonal direction, as ensured by the manufacturer. Compressive tests in both the orthogonal
and parallel directions will be carried out to define the actual strength of the bricks.

To assemble the walls, M2.5 mortar (2.5 MPa compressive strength) will be used. Accord-
ing to European Standard UNI EN 1015-11:2019 [17], tests will be conducted to define its
characteristics.

The possibility of having four panels on the same structure allows for carrying out trials on
different types of panels during the same test. For this reason, two different types of infill
panels will be constructed: one 80 mm thick and the other 120 mm thick, with one-leaf ma-
sonry panels placed on opposite sides of the structure (Figure 4). The first has a slenderness
ratio (height-to-thickness, h/t) of 36.25, while the second has a slenderness ratio of 24.17. One
panel will feature a central opening to study its influence on the behaviour of the panels (Fig.
5). Moreover, the panels will be realized with different boundary constrain conditions to in-
vestigate the vulnerability associated with different levels of constraint.
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Figure 4: Walls plan layout (a) and types of panels (b).
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Figure 5: Frontal (a) and lateral (b) view of structure.

2.3 Test Facilities

Seismic tests on the specimen were performed on the 4 m x 4 m wide shake table at the
ENEA Casaccia laboratory in Rome, Italy. Four horizontal and four vertical actuators provide
the table with six degrees of freedom and an operating frequency range of 0-50 Hz, a max
stroke of 12.5 cm and max specimen load of 30 t. [18].

The specimen and the table will be instrumented with about 100 markers of the 3DVision
system and 8 capacitive accelerometers, which will be used as reference for the markers data.
The 3DVision is a passive 3D motion capture system installed at the ENEA Casaccia R.C.
[19]. It is based on 14 Vicon cameras. Each camera’s LED strobe irradiates Near-Infrared
(NIR) light, which is reflected by cheap spherical markers covered with retroreflecting sheet-
ing. All data in the present experimental campaign will be acquired at 200 fps (i.e. 200 Hz of
sampling frequency). The markers will be located at the positions corresponding to most sig-
nificant nodes of the numerical model, according to the results of numerical analysis and
modal shapes. Among the many advantages of using the 3DVision system in potentially de-
structive testing, like this shaking table application, the risk of loss of passive markers does
not constitute any instrumentation damage and the acquisition of a large number of channels
is guaranteed also in the event of the specimen collapse.

2.4 Input details

The first phase of the tests involves the dynamic identification of the sample. This phase is
crucial because allows for the determination of the dynamic characteristics of the structure as
a whole, as well as the individual infill panels, which, as mentioned, will be constructed with
different boundary conditions. It will also be possible to assess how any damage caused by
the seismic tests alters the dynamic behaviour of the panels and how this affects their strength
and vulnerability.

This approach is the same as that is recommended by FEMA 461, which suggests an in-
cremental performance evaluation test procedure and states that dynamic identification tests
should be conducted both before and after each performance evaluation test. This approach is
well-established in the literature; for example, in [20][21], dynamic identification was per-
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formed during the incremental tests, and both dynamic properties and the exhibited damage
were correlated with the testing intensities. A similar comparison can be made between the
panels before and after reinforcement.

The seismic input will be chosen with particular attention to both the characteristics of tec-
tonic and volcanic seismic events, taking into account the frequency content of the seismic
signals to adequately excite the infill walls.

To ensure that the structure undergoes an adequate displacement due to the acceleration
given by the shaking table, a lumped mass will be placed at the top of the structure.

2.5 Reinforcement system details

After the initial tests on unreinforced panels, a reinforcement and seismic strengthening
system will be applied to assess its effectiveness and quantify its impact.

Before installing the reinforcement system, the walls will be repaired to eliminate any se-
verely damaged parts.

The chosen system consists of a 200 g/m? glass fibre mesh and a one-component, water-
based adhesive in polyurethane dispersion. This system is easy to apply, quick to implement,
and well-suited for emergency situations.

3 FEM ANALYSIS

A finite element model was developed to have initial estimates of the response of the pro-
totype to be updated during experimental analysis. The model is based on beam elements for
the frame and plate elements for the walls. The stiffness of the plates is assumed to be differ-
ent in horizontal and vertical directions, applying a scale factor.

According to yield line theory, possible mechanisms were defined, and gaps were inserted
in the walls accordingly. Nonlinear links with elastic plastic moment-rotation relationships
were used to link the wall interface at gaps. Elastic properties were instead assigned to axial
and transversal directions for the links. The model has 2422 nodes, 271 beam elements, 1762
plate elements, 248 nonlinear links.

Figure 6: Views of the finite element model.
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Figure 7: First four modal shapes of the walls.

Ritz modal vectors are used to obtain a relevant mass participation and nonlinear time his-
tory analysis was done using anyway the superposition of the linear modes to lower computa-
tional effort.

Figure 7 shows the first four modal shapes of the infill walls, whereas Figure 8 shows the
maximum displacement obtained using as input the seismic acceleration recorded in Amatrice
in 2016. These preliminary results are not conclusive and a better calibration of the model and
of its parameters will be carried out when experimental data is available.
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Figure 8: Example of maximum displacements under a selected ground motion.
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4 CONCLUSIONS

The study illustrates the preparatory phase of a laboratory experimental campaign on clay
infill walls. The campaign began with the design and construction of a 3D RC frame structure.
The structure was designed with sufficient strength and stiffness to remain undamaged
throughout the entire campaign. Four clay brick panels, with two different thicknesses, were
constructed on each side of the structure in order to study both IP and OoP behaviour. Finite
Element (FE) analyses, developed using Midas® software, were conducted to predict the main
dynamic characteristics of the RC structure—panel system. These preliminary results have
been used for a first calibration of the shaking table tests. Additional details about non-linear
behaviour of the model will be considered in the next steps of the study.

Different seismic inputs will be used to study the behaviour of the panels, taking into ac-
count the frequency content of the seismic signals in order to adequately excite the infill walls.
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