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Abstract. This contribution presents experiments on callsémdwich rockfall protection structure.
Such structures constitute innovative developmaintsng at using the cellular technology, classical
in the field of civil engineering, for rockfall ptection. In order to explore the mechanical behavio
of these systems under dynamic loadings, impaatraxents are performed and a numerical model
of the structure is developed. The experimentsisboéthe impact by a 260 kg spherical projectile
on a structure composed of gabion cages filled widbrse materials in the front part and fine
materials in the kernel part. This structure staaginst a rigid concrete wall. In a first timee th
methods and results are presented focusing onrdhentission of the load (stress) in the impact
direction.
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1 Introduction

Reinforced soil structures are used as passiveteoneasures against medium to high
energy falling boulders. Despite several experimeanhd numerical studies have been
carried out (Yoshida, 1999; Hearn et al., 1995JaPei al., 2007; Aminata et al., 2008),

the design of these dams generally rests on arnriealpapproach. A thorough analysis of

the mechanical response of these structures renmins done in order to improve their

efficiency.

Reinvestigating the principle of a sandwich strugtuas first proposed by Yoshida

(Yoshida, 1999), an intensive study was initiateddevelop cellular structures (the

REMPARe project). In this processes, the behavidwells under impact has been first

studied (Lambert et al., 2009), before investigatime response of a half-scale structure,
focusing on the load transmission in the directibthe impact.
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2 Materials and methods

2.1 Tested structure

The structure consisted in a two-layers sandwichctire leaned on a rigid reinforced
concrete wall (Figure 1).

The first layer, or front part, consisted of 9 gabicells filled with a coarse material.
These geocells were cubic in shape, 500 mm in heidgte envelope was made up of a
hexagonal or double-twisted wire mesh. The mesphteind width were 80 mm and 100
mm respectively, and the wire had a 2.7 mm diam&tee filling material was a crushed
quarry limestone, 80 to 150 mm in grain size conifipg the site of Bar-sur-Loup (Alpes
Maritimes, France).

The second layer of the sandwich structure, inkém@el part, consisted of a Seine sand
cushion. This sand is a well-graded sand whichdiieibution ranges from 0.2 to 5 mm.

— Concrete wall

Embankment

[

Front cells Kernel layer

Figure.1. sandwich structure used in the experiment andsurement devices {aaccelerometer
on the projectile, & accelerometer at the interface between the fodtthe kernel layers; a
accelerometer in the middle of the kernel layer sess sensor on the back part wall).

Figure.2. Overview of the experimental device (a) and thpdcted structure during the
implementation (b).
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For an easier implementation, the material of teen&l is not contained in cells, but
dumped in bulk. In order to contain this fine matkem@ non-woven-needle-punched
geotextile was used (Figure 2b).

On each side, the structure is enclosed by othisrtoeprovide a lateral containment.
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Figure.3. Principle of the experimental device.

2.2. Experimental methodology

These experiments were performed in the CER (Ceftepad Study) of Rouen (France).
The experimental device (Figure 2a, Figure 3) «iasbf concrete wall, 3m in height,
leaned on a ground consolidated embankment. Thisosestitutes the back part support.
The dropping device is made of two metallic pylohsm in height, linked with a
transversal girder where two chain slings are &gatl. The lifting is completed by a hand
cable winch to reach a maximal height of 4.75 me Tésted structure is subjected to a
pendular impact by a 260 kg spherical projectie ch in diameter, and made of a steel
shell filled with concrete (Lambert et al., 2009he maximal energy developed by the
projectile is 10kJ. At the beginning of the impathe trajectory of the projectile is
perpendicular to the front face of the structure.

Two types of measures are carried out: acceleratieasured on various locations, and
measures of the stress transmitted at the supmoib(a and F onFigure 1). A triaxial
piezoresistive accelerometer is placed on the ptitge(a). It allowed determining the
time evolution of the impact forcey,f applied by the projectile on the structure. The
duration of the impact,;g, is deduced from the projectile’s acceleration saeements.
Accelerometers are also placed at the interfacgdmat the front and the kernel layerg) (a
and in the middle of the kernel layeg)(@All sensors are placed along the impact directio
of the projectile before impact, and at the samighteas the impact point. These
accelerometers are used to measure the time elapseden the beginning of the impact
and the beginning of the displacement at the poimsidered as well as estimating the
amplitude of the compression wave. A stress seisguaced on the concrete wallJFlt
provides the time evolution of the stress,, normal to the impact direction on the back
part of the structure.

The sample rate was 40 000 Hz. In order to minintiee noise due to high frequency
phenomena, signals were submitted to a low-paseBedrth filter with a cut frequency
of 1000 Hz. Then the norm of the acceleration ef phojectile was calculated using the
three components. The filtering induces a tempgeg) between the real and filtered
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signal, so the measure of the stress was alseefilteith the same cut frequency to keep
the same time scale.

The evaluation of the response of the structuredmly based on the force applied by the
projectile on the structureyf; and the stress transmitted by the structure tostipport

Gtran-
Four successive impacts increasing the impact gneege carried out (2, 4, 8 and 10kJ).

The highest energy impact was repeated twice.

3 Reaults

3.1. Time evolution of the impact force and of the transmitted stress

As shown in Figure 4 (left), the impact force irmses with the impact energy. The
duration of the impact is about 50 ms, and seenbetmdependent of the impact energy.
The curves of the impact force present a maximuchtaen a plateau behaviour. With
increasing impact energy, the slope of the segii@teding the peak increases and the
peak occurs earlier. For a 2kJ impact, the maxinofithe impact force is 90 kN, and for
the first impact at 10 kJ it is 450kN. Comparisdntlee two 10kJ-impacts show that
despite the maximum force for the second impabigker (490 kN), the two plateau have
approximately the same amplitude.

500+

400+

300+

100+

Figure.4. (left) Impact force [, of the projectile vs. Time for each impact energy;
(right) Stress measured at the support vs. Timedah impact energy.
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The response of the structure in terms of tranenhistress is pictured in Figure 4 (right).
The stress measured at the support increases heitimpact energy. For the 2kJ-impact
the transmitted force remains little. For other &op energies, a peak occurs
approximately 20ms after the impact.

As presented in Figure 5, the maximum transmittegss increases non-linearly with the
maximum impact force. It is assumed to be the agpuesece of the repeated loadings of
the structure, since the answer is higher whemthierial is compacted.
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Figure.5. Maximum of stress measured at the support vsmaxi impact force for each impact
energy

3.2. Compression wave propagation

The Figure 6 compares the data from the differensars in the case of an 8kJ impact. It
takes about 2.5 ms for the compression wave tdrdacaccelerometep,&b.8 ms for the
az accelerometer and 10 ms for the stress sensor.rd$mective compression wave
velocity can then be estimated: 120m/s in the St@edls, and 66m/s in the kernel layer.
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Figure6. Passage of the compression wave in the strufduss 8kJ impact.
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Figure 6 allows also appreciating the variatiomiplitude of this compression wave. For
an impact at 1700 mi‘sthe maximum acceleration measured at the inteti@tween the
front and the kernel layers is only 430 thand the acceleration measured in the middle
of the kernel 330 m’s

5 Conclusion and per spectives

In order to understand the mechanical responseoeflalar sandwich structure under a
dynamic loading, a series of impact tests was pedd. The response of the structure
was evaluated thanks to the impact force and thesssttransmitted to its back part
support. Results show that the impact force antstrétted stress increase with the impact
energy. They also show that the maximum of thestratied force evolves non-linearly
with the maximum of the impact force. This is dhe tompaction of the material by the
successive impacts. The measurement device allppseaating the evolution of the
compression wave in terms of velocity and amplitude

A numerical model of this structure was developsithg a discrete element method. The
structure is modelled as an assembly of rectangelts of the same size representing the
gabion cages used in the experiments. The pecidature of this model is that the
constitutive model used for the different cells elegs on the proximity to the impact
point. Even if the improvement of this constitutimeodel is in progress by means of
experimental studies on the energy transfer inaidand layer during rock impacts the
model provides a correct prediction of the impawté on the projectile(Bourrier et al.,
2010).
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