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Abstract:

Conaete materials are widdy used in structures as buildings, nudea power stations
shdters, bridges... These structures have to be optimized regarding extreme conditions as blast or
impad loadings. Consquently, the knowledge and undestanding of the tensle behaviour of
conaetes a high grain rates neeal to beimproved.

When conaete is subjeded to high strain rates in tenson (beyond s%), its tensle strength
increases significantly. Phenomenon of spdli ng has been applied for approximately one decale to
charaderise the dynamic strength of concrete materials [1, 2, 3]. During such test, a cylindricd
spedmen of conaete is placal a the end of a Hopkinson bar, Fig. 1. A compresdve pulse is
generated by impad of a striker at the opposte end. A large part of this pulse is tranamitted to the
spedmen and the other small part is refleded into the Hopkinson bar. When the trangmitted pulse
(negative) readies the free end of the spedmen, it is refleded as a tenson pulse (postive).
Supepostion of both waves induces a tensle loading at a spedfic distancein the spedmen tha
lealsto its fail ure.
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Fig.1 Pinciple of amodified experimental arrangaement used for estimation of dynamic strength in

tenson

In this work, spdling tests are performed to investigate the tensle behaviour of a micro-
conaete (maximum aggregae size 5 mm) in therange of 10s* to 100s™. A spedfic methodobgy
was applied to processexperimental data. First, alaser displacenent gage was used to measure the
axia velodty ontherea faceof the spedmen, Fig.1. An example of thereoord is shown in Fig. 2.
The spdli ng strength is deducad from Eq. (1) in which p and Cy are respedively the densty and the
speal wave of the conaete and AV correspondsto the diff erence beween the maximum and the
reboundvelodties. This equaion was chedked by numericd simulation of the tests in which an
arbitrary failure criterion was used.

Opal = 1 pC, AV

(1) 2

The transmitted pulse is recnstructed using incident and refleded pulses recorded from gages
located on the Hopkinson bar, [1]. This pulse is implemented in a numericd simulation that
involves the spedmen alone asauming a purely elastic behaviour of the concrete. This cdculation
alows deducing the state of stressand strain rate before fail ure. Because failure is signalled by an
incresse of the mass velocity on the rea spedmen face Fig. 2, the failure time is also obtained.
Thus, the strain rate at failure is also extraded from the numericd analysis. Finaly, severa tests
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performed with dry and wet spedmens are compared with data avail able in the literature.
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Fig.2. Velocity onthe rea facemeasured by laser gage during test

Severa Edge-On Impad (EOQI) tests have been aso performed to charaderise the multiple
fragmentation of dry and wet concrete tiles. This setup alows studying damage medchanisms in
brittle materias like ceramics [4], rocks [5], and ultra-high strength concrete [6], under impad
loadings. Post-mortem observations were performed after infiltration with a coloured hyperfluid
resin. The cradking pattern is compared to thase reveded in spall ed spedmens.

An anisotropic damage model was developed based on a micromechanica description of
dynamic fragmentation process[7, 6]. In this work, this model is used to simulate the damage
processof concrete spedmens during spali ng tests and EOI tests. The model al ows explaining the
increase of strength with loading rate. Moreover, diff erent experimental data like velocity measured
onrea faceof spedmens by the laser and the damage patterns are crosschedked with data obtained
from the numericd simulations. Fnally, the modellingis used to highlight the possble roles played
by microstructure on the dynamic respornse of concrete materials under such high loading rates.
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