
HAL Id: hal-03607492
https://hal.science/hal-03607492v1

Submitted on 14 Mar 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Optimization of the Use Time of a Shake Table with
Specimen Preparation outside the Table Surface

Santosh Yadav, Yannick Sieffert, Florent Vieux-Champagne, Laurent Debove,
Damien Decret, Yann Malecot, Philippe Garnier

To cite this version:
Santosh Yadav, Yannick Sieffert, Florent Vieux-Champagne, Laurent Debove, Damien Decret, et al..
Optimization of the Use Time of a Shake Table with Specimen Preparation outside the Table Surface.
Buildings, 2022, 12, �10.3390/buildings12030319�. �hal-03607492�

https://hal.science/hal-03607492v1
https://hal.archives-ouvertes.fr


����������
�������

Citation: Yadav, S.; Sieffert, Y.;

Vieux-Champagne, F.; Debove, L.;

Decret, D.; Malecot, Y.; Garnier, P.

Optimization of the Use Time of a

Shake Table with Specimen

Preparation outside the Table Surface.

Buildings 2022, 12, 319. https://

doi.org/10.3390/buildings12030319

Academic Editor: Francisco López

Almansa

Received: 24 January 2022

Accepted: 5 March 2022

Published: 8 March 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

buildings

Article

Optimization of the Use Time of a Shake Table with Specimen
Preparation outside the Table Surface
Santosh Yadav 1,* , Yannick Sieffert 1 , Florent Vieux-Champagne 1 , Laurent Debove 1, Damien Decret 1,
Yann Malecot 1 and Philippe Garnier 2

1 Université Grenoble Alpes, CNRS, Grenoble INP, 3SR, 38000 Grenoble, France;
yannick.sieffert@3sr-grenoble.fr (Y.S.); florent.vieux-champagne@3sr-grenoble.fr (F.V.-C.);
laurent.debove@3sr-grenoble.fr (L.D.); damien.decret@3sr-grenoble.fr (D.D.);
yann.malecot@3sr-grenoble.fr (Y.M.)

2 Laboratoire CRAterre, Unité de Recherche AE&CC, École Nationale Supérieure d’Architecture de Grenoble,
38000 Grenoble, France; philippe.garnier@grenoble.archi.fr

* Correspondence: santosh.yadav@3sr-grenoble.fr

Abstract: The shake table test is one of the preferred techniques used to understand the dynamic
response of a structure. However, due to the limited number of facilities available to perform such
tests and their expensiveness, researchers often must rely on numerical models validated with the
results of the static tests only. Moreover, most research papers concerning shake table tests lack
details on how the tests were planned and executed. This paper explains the steps used for the
preparation and execution of shake table tests on three reduced-scale buildings. These buildings
were constructed outside the shake table surface, on a metallic base frame, and later moved to the
shake table used for the tests in order to optimize the time of the experimental campaign. This
approach enabled us to complete the tests in only 6 days. The approach presented in this paper may
be helpful to researchers who want to increase the effectiveness of the available shake table facility
and overcome the limitations of time and budget. Moreover, the solution presented in this article
helps in the displacement of specimens without the use of a crane or other sophisticated hydraulic
machinery. Thus, it could also be useful for testing specimens that have been aged and that are
sensitive to displacements.

Keywords: dynamic test; experimental setup; shake table; building test; masonry structure;
specimen displacement

1. Introduction

Numerical models are a cost-efficient and convenient tool for the determination of the
dynamic behavior of a structure. However, they require proper validation supported by
experimental results. They are often validated at a material scale [1] and, sometimes, just
with the numerical reference model [2]. The validation of material behavior is the first step
in numerical modeling as it helps in performing structural and system-level simulations.
The numerical models that have been validated with the help of experimental test results
at the wall structural level are important to understanding the in-plane behavior of a
structure [3–6]. A numerical 3D model of a masonry building with different configurations
was investigated to simulate failure propagation using a refined DEM model, which helped
in understanding the influence of the thickness of a bearing wall on preventing the failure
of the roof [7]. Several numerical model studies have been carried out and validated
using experimental results at the material and structural scales, but only a few models
have been validated at the system level. A numerical model validated with multi-scale
experimental tests (material, structural, and system scales) [8–10] is a powerful tool for
parametric analyses. A calibrated numerical model is beneficial in understanding the
behavior of a structure and estimating the performance to generate a fragility curve [11,12].
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Detailed experimental analysis of structures, including the characterization of dynamic
properties, has become vital to the refinement of the finite-element model, which is used
to carry out vulnerability analyses of structures [13]. The numerical model is also helpful
for performing vulnerability risk assessments by comparing the same structural systems
under two or more different sets of seismic site conditions [14]. All these numerical models
are reliable tools for studying the vulnerability and fragility of structures provided that the
models are validated using proper experimental test results.

An experimental test at the system level is important but challenging to carry out
due to the limited availability of facilities, the high cost, and the large amount of time
consumed. The shake table test is a great tool for understanding the seismic performance
of structures under realistic earthquake conditions. However, experimental tests with
shake tables are rarely performed because of the limited availability of the facilities and
their cost. A low-cost shake table with the dimensions of 1.5 m × 2.0 m was built for
45,000 USD [15], and a shake table with a larger size of 2.5 m × 3.5 m was built for slightly
less than 250,000 EUR [16]. Hence, even for the cheapest shake tables, the cost investment
is significant. Therefore, the optimal utilization of such a testing apparatus is necessary.
Other seismic simulation tools, such as shock tables and harmonic shake tables, can also
be used by developing countries to understand the seismic performance of vernacular
buildings [17]. Another alternative to shake tables is real-time hybrid simulation, in which
physical and numerical models are combined in order to evaluate the overall performance
of the structure [18,19]. For a hybrid simulation test, a constitutive law for the behavior of
the structure is required for the numerical model, which can be challenging to obtain for
vernacular structures. Therefore, for such structures, more detailed tests using a shake or
shock table are necessary.

Dynamic shake table tests are performed on various structures built using concrete,
wooden, steel, brick, or other composite materials. Structures that do not require a curing
period, such as a steel frame structure, can be directly assembled on the shake table [20].
However, masonry structures require a curing period, and due to the availability of shake
tables, these specimens cannot be built on the table surface. Moreover, these structures are
sensitive to displacements. Therefore, proper construction methods and displacement of
the specimen up to the shake table are necessary for these structures, which are the focus of
this article.

Different studies on these problems can be found in the literature. A single half-
scale stone masonry structure was constructed on a rigid steel base connected to a shake
table [21]. Three dry stone masonry models scaled by a factor of 0.55 were constructed
outside the shake table on a concrete base frame simultaneously [22], but the process of
moving those structures up to the shake table was not reported. A similar concrete base
was used to construct two 1:3 reduced-scale adobe models [23]; the displacement of the
model up to the table was performed using a forklift, and the final lifting and placement
of the models on the table were performed with the help of an overhead crane. The safe
shifting of specimens is crucial in order to prevent damage when placing them on the
shake table.

In some cases, the mass of the constructed model and the base support can become
too large for the mounted crane to handle. Hence, a 1:6 scale model of a bell tower with
dimensions of 3.54 m × 3.54 m was directly assembled on a steel frame base and then
fixed to the shaking table due to its complex connection details and weight, including the
additional mass measuring 8.8 tons [24]. In another research study, a 1:3 reduced-scale
stone masonry model, weighing more than 6 tons, was directly built on the shake table [25].

2. Need for and Scope of Work

Cost and time are the two most commonly used indicators when measuring any
system’s effectiveness [26]. Therefore, the effectiveness of the shake table test can be
optimized by proper planning and execution of the test.
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The scale of the model to be tested under a dynamic test is limited by the size of
the shake table and the capacity of the hydraulic jack (in terms of force, velocity, and
displacement limits). Apart from the technical limitations of the shake table itself, there
are other limitations, such as the availability of scaled-down material, a connection, time
for the construction of the model, and the mass of the built model. This is why several
dynamic tests on shake tables have been performed with a reduced-scale model. Still,
there remains a lack of information on how to optimize the use time of the shake table
and the mechanism of the placement of specimens on the shake table. This paper presents
a detailed method regarding the setup of the shake table test for three building models
built simultaneously and later moved onto the shake table for dynamic testing as part of
Ph.D. research work [27]. This article focuses on the challenge of limiting the shake table
utilization time in case the sample needs time to be built and is heavy (difficult to move),
such as in the case of a building test.

3. Shake Table Specifications

The uniaxial shake table available at Foret Cellulose Bois-construction Ameublement
(FCBA), Bordeaux, France was used to carry out the dynamic test. It was operated using a
250 kN servo-hydraulic actuator. The surface area of the shake table is 6 × 6 m2. The shake
table’s maximum acceleration, velocity, and displacement capacity are 4 g (with a payload
mass of 5 tons), 0.75 m/s, and ±0.125 m, respectively. The spacing between the connecting
grid points on the table surface is 250 mm, which must be considered when connecting the
samples to the shake table.

Three 1:2 reduced-scale adobe masonry structures had to be tested under dynamic
loading conditions. The average mass of each structure was approximately 4 tons, which
is too large for the gantry crane that is available on site. Therefore, a new approach was
adopted to make the test possible. Figure 1 presents the timeline for the various stages
of the planning, construction, and execution of the dynamic tests. The planning of the
dynamic tests and the purchase of construction materials were the steps that took the most
time. The construction of the three reduced-scale buildings was completed in 12 days.
Afterward, they were left to dry at the temperature of 23 ± 2 ◦C and a relative humidity of
50 ± 5%. The final dynamic tests were completed in 6 days. Therefore, the shake table was
occupied only during those six days. Details of the construction strategies and specimen
displacement mechanisms are given in the following section.
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4. Metallic Base Frame

The dimensions of the reduced-scale buildings were adopted from the reconstruction
guideline of Nepal [28]. The external dimensions of the 1:2 reduced-scale two-room
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building model were 3230 mm × 1575 mm. Three metallic base frames made with HEB180
beams were manufactured for their construction. The size of the beam was selected to
match the thickness of the wall, which was 175 mm. A bending moment and deflection
check was conducted for the selected beam by considering the maximum potential dead
load. The base frame’s dimensions were chosen in order to easily fix it to the shake table
with bolt connections. During the shake table test, this metallic base frame works as a part of
the shake table. However, the maximum operating acceleration, velocity, and displacement
limit of the shake table are influenced by the dead mass contributed by the metallic base
frame, which needs to be considered in the total payload. Top and bottom views of the
metallic base frame are shown in Figure 2. The layout of the base frame corresponds to
that of the model building. Metallic plates (50 mm in height) were welded onto the top
part of the frame. They were used for the construction of the base of the structure. On the
bottom part of the frame, 10 roller positions were designed as shown in Figure 2. The model
‘CKZJ75-N’ from MiSUMi [29] was used with each roller having a maximum load capacity
of 600 kg. Each roller has 360◦ of rotational flexibility about the vertical axis (see Figure 2)
and helps to displace the building model smoothly onto the floor surface. The rollers were
connected to the base metallic plate using bolt connections. The type of roller was chosen
to be adequate for the total mass of the structure and the rugosity of the floor. The metallic
base frame has extended support parts on each side of the longer side as shown in Figure 2.
They are used to position and operate hydraulic jacks for cars. Two metallic rods were
welded onto the external side of the shorter-length side. They are used to tie a cable while
displacing the building model.
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Figure 2. Metallic frame used at the base of the building model.

Reduced-scale extruded adobe brick was used with mud mortar to construct three
building models: one without a band, one with a timber seismic band, and one with a
reinforced concrete band. The schedule for building construction was planned such that
the construction of all the buildings could be carried out simultaneously on the metallic
frame placed on the laboratory floor. The construction started by casting 25 mm of plain
concrete on the metallic frame as shown in Figure 3a. The remaining millimeters of the
metallic beam flange were used to lay the first layer of brick so that sliding at the interface
between the concrete and the first mortar joint could be prevented during the test. For the
construction of the buildings, the metallic frame did not lay on the floor but on timber parts
to allow for its elevation for the displacement of the samples (Figure 3b).
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5. Wooden Platform

A wooden platform was designed to roll the models onto the shake table easily. To
make this possible, its height matched the height of the table. The maximum dead load
for this experimental work was 4.8 tons, which was used for the selection of platform
components. The additional factor of safety was taken into consideration as this platform
is reusable. The wooden platform was built using timber beam and Oriented Strand Board
(OSB) panels as shown in Figure 4. It consists of four spring-loaded rollers placed at the
corners, three layers of timber beams, and OSB panels placed over each level of timber
beams. The model ‘L600.B90.125’ from MiSUMi was used with each roller. The assembly
sequence is shown in Figure 4. Two metallic rails were screwed onto the top of the platform
to guide the roller of the metallic base frame while moving the building model onto the
shake table. The spring-loaded rollers shown in Figure 4. are designed to allow one to
move the empty platform. When the building is on the platform, its dead load makes the
rollers vanish to help keep the whole platform stable. The entire load is finally supported
with the help of 16 swivel foot steel components (model: K0742.006514X75) placed on the
bottom layer as shown in the part assembly sequence (see Figure 5). The maximum static
load capacity of each swivel foot steel component is 20 kN.
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6. Building Displacement Sequence

The building models were conserved for three weeks before being moved onto the
shake table. The sequences used for transferring the building model from the floor to the
shake table are as follows:

i. The metallic base frame was gently elevated from the floor to remove the supporting
timber parts and to place the ten rollers (see Figure 2) at the bottom of the frame. To
do that, four hydraulic jacks (see Figure 6) were used at each corner of the building
simultaneously to prevent any damage to the structure;

ii. Once the model on its rollers was placed on the floor, a weight-lifting belt was
passed through the metallic rod (shown in Figure 2) and connected to a forklift
truck, as shown in Figure 6a. The static frictional force required to move the model
was calculated assuming a frictional coefficient of 0.6 between the rubber and the
concrete floor. For a maximum dead load of 4.8 tons, the force required to move
the model is 2.88 tons. This calculated force was required when designing the rod
parts in the metallic frame (see Figure 2) and in the selection of the weight-lifting
belt. With the help of the forklift truck, the building model was moved close to the
shake table and aligned parallel to it;

iii. The next step was to lift the model building vertically and to elevate it high enough
to place the wooden platform under it. To elevate the building model, initially,
four farm jacks, each with a maximum capacity of 3 tons, were used. However,
this approach was not effective due to the lack of stability of the farm jacks for
displacement intervals of 20 mm for each lift. Therefore, to improve this process,
four hydraulic car jacks, each with a capacity of 2 tons, were used to elevate the
building models vertically. The four hydraulic jacks were placed at the four external
metal supports. The elevation operation was manually synchronized by counting
the pumps (see Figure 6b). The building was elevated in steps of 3–4 cm on all sides
simultaneously, and timber blocks were placed under the extended metallic support
(see Figure 2) to hold the building in position before beginning each new elevation
cycle. Timber blocks were used for security (if one jack had a problem, the building
fell only a few centimeters) and because of the limited vertical displacement of the
hydraulic car jacks;

iv. Once the building model was elevated enough to be slightly higher than the shake
table site, the wooden platform was placed under the building model, as shown in
Figure 6c. The rollers’ alignment was checked before releasing the hydraulic jacks
and putting the building model on the wooden platform;

v. The building model was finally rolled onto the shake table using the weight-lifting
belt attached to the metallic rod on the base frame and pulled using two manual
cable pulling sets (also known as come-alongs), as shown in Figure 6d;

vi. The position of the metallic frame was adjusted to fix the base frame on the table
before removing the rollers. All the base rollers were removed using a similar
approach as in Stage 1 (see Figure 7a). The metallic frame was fixed to the shake
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table using 12 bolts. To decrease the total mass during displacement, the roof was
assembled on the building only after securely fixing the building to the shake table,
as shown in Figure 7b.
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The timelapse video shown in the Supplementary Materials is also compiled demon-
strating each stages of preparation and the steps for displacing the specimen [30].
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7. Conclusions and Recommendation

Details of the experimental preparation and setup for shake table tests are presented
in this paper. With the innovative idea of developing a metallic base frame and wooden
platform to move the building model onto the shake table, the total cost and time of the
experimental campaign were minimized. The total mass of the model and the dimensions
of the structures were selected depending on the payload capacity of the shake table. For
the design of the metallic base frame, the thickness of the wall, the boundary conditions,
and the model’s total mass were considered. The metallic base frame was firmly connected
to the shake table platform and did not influence the test results of the structure being tested.
However, the mass of the metallic base frame contributed to the total payload of the system,
which influences the maximum operating limit of the shake table. The construction of the
three building models was completed in two weeks using the metallic base frames. The
placement of the building model on the shake table, the connection of measurement sensors,
and the carrying out of dynamic tests took two days for each building model. Therefore,
the shake table was only required for six days to complete the three reduced-scale building
model tests. Hence, the idea of constructing the building structure outside the shake table
and moving it onto the table just before the test helps to optimize the shake table utilization
time and increase its effectiveness by allowing for several tests in a short period of time.
Additionally, the metallic base frame and wooden platform can be reused for future tests
for various building typologies, as needed.

Supplementary Materials: A video demonstrating each step of the building’s displacement can be
downloaded at: https://cloud.univ-grenoble-alpes.fr/index.php/s/bsNnDX4zpEyr4yK (accessed
on 20 February 2022).
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