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Neutron emission measurements by means of Neutron emission measurements by means of heliumhelium--3 neutron detectors3 neutron detectors
were performed on solid test specimens during were performed on solid test specimens during crushing failurecrushing failure. . 

The materials used were The materials used were marble and granitemarble and granite, selected in that they present , selected in that they present 
a different behaviour in compression failure (i.e., a different a different behaviour in compression failure (i.e., a different brittleness brittleness 
index) and a different iron content. All the test specimens wereindex) and a different iron content. All the test specimens wereof the of the 
same size and shape.same size and shape.

Neutron emissions from the granite test specimens were found to Neutron emissions from the granite test specimens were found to be be 
about one order of magnitude larger than the natural background about one order of magnitude larger than the natural background level at level at 
the time of failure.the time of failure.

These neutron emissions were caused by piezonuclear reactions thThese neutron emissions were caused by piezonuclear reactions that at 
occurred in the granite, but did not occur in the marble.occurred in the granite, but did not occur in the marble.



During the experimental analysis During the experimental analysis four test specimensfour test specimenswere used:were used:

•• two made of two made of CarraraCarraramarblemarble, calcite,  specimens P1 and P2;, calcite,  specimens P1 and P2;

•• two made of two made of Luserna graniteLuserna granite, gneiss,  specimens P3 and P4; , gneiss,  specimens P3 and P4; 

•• all of them measuring 6x6x10 cmall of them measuring 6x6x10 cm33..

This choice was prompted by the consideration that, test specimeThis choice was prompted by the consideration that, test specimen dimensions being n dimensions being 
the same, different brittleness coefficients would cause catastrthe same, different brittleness coefficients would cause catastrophic failure in granite, ophic failure in granite, 
not in marble.not in marble.

P1 P2 P3 P4

Experimental setExperimental set--upup



The same testing machine was used on all the The same testing machine was used on all the 
test specimens: a standard servotest specimens: a standard servo--hydraulic hydraulic 
press press BaldwinBaldwin with a maximum capacity of with a maximum capacity of 
500 500 kNkN, equipped with control electronics., equipped with control electronics.

The tests were performed in piston travel The tests were performed in piston travel 
displacement controldisplacement controlby setting, for all the test by setting, for all the test 
specimens, a velocity of 10specimens, a velocity of 10−−66 m/s during m/s during 
compression.compression.



Neutron emission measurements were made by means of a Neutron emission measurements were made by means of a heliumhelium--3 detector3 detector
placed at a distance of 10 cm from the test specimen.placed at a distance of 10 cm from the test specimen.

The detector was enclosed in a The detector was enclosed in a polystyrene casepolystyrene caseto prevent the results from being to prevent the results from being 
altered by acousticalaltered by acoustical--mechanical stresses.mechanical stresses.



Before the loading testsBefore the loading tests

The neutron background was measured at 600 s time intervals to oThe neutron background was measured at 600 s time intervals to obtain sufficient btain sufficient 
statistical data with the detector in the position shown in the statistical data with the detector in the position shown in the previous figure. previous figure. 

The The average background count rateaverage background count ratewas: was: 

3.83.8××1010−−22 ±± 0.20.2××1010−−22 cps.cps.

Neutron emission measurementsNeutron emission measurements

During the loading testsDuring the loading tests

•• The neutron measurements  obtained on the two The neutron measurements  obtained on the two CarraraCarraramarble specimensmarble specimens
yielded values comparable with the background, even at the time yielded values comparable with the background, even at the time of test of test 
specimen failure. specimen failure. 

•• The neutron measurements obtained on the two The neutron measurements obtained on the two Luserna granite specimensLuserna granite specimens, , 
instead, exceeded the background value by about one order of maginstead, exceeded the background value by about one order of magnitude at the nitude at the 
test specimen failure. test specimen failure. 



P1 P2 P1 P2

P3P4 P3P4

Specimens P1 and P2 in Specimens P1 and P2 in CarraraCarraramarble following compression failure.marble following compression failure.

Specimens P3 e P4 in Luserna granite following compression failuSpecimens P3 e P4 in Luserna granite following compression failure.re.



Load vs. time and cps curve for P1 test specimen in Load vs. time and cps curve for P1 test specimen in CarraraCarraramarble.marble.

neutron background 3.8××××10−−−−2 cps 

Specimen P1 

neutron background 3.8××××10−−−−2 cps neutron background 3.8××××10−−−−2 cps 

Specimen P1 

neutron background 3.8××××10−−−−2 cps 



Load vs. time and cps curve for P2 test specimen in Load vs. time and cps curve for P2 test specimen in CarraraCarraramarble.marble.

Specimen P2 

neutron background 3.8××××10−−−−2 cps neutron background 3.8××××10−−−−2 cps 



Load vs. time and cps curve for P3 test specimen in Luserna granLoad vs. time and cps curve for P3 test specimen in Luserna granite.ite.

 

Specimen P3 

neutron background 3.8××××10−−−−2 cps 



Load vs. time and cps curve for P4 test specimen in Luserna granLoad vs. time and cps curve for P4 test specimen in Luserna granite.ite.

 

Specimen P4 

neutron background 3.8××××10−−−−2 cps



Factors involved in controlling rock failureFactors involved in controlling rock failure
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Ductile, brittle and catastrophic behaviourDuctile, brittle and catastrophic behaviour

Energy release and stable vs. unstable stressEnergy release and stable vs. unstable stress--strainstrainbehaviourbehaviour
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Subsequent stages in the deformation history of a Subsequent stages in the deformation history of a 
specimen in compressionspecimen in compression(I) (II)(I) (II)
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(I)(I) Carpinteri, A., Carpinteri, A., ““ Cusp catastrophe interpretation of fracture instabilityCusp catastrophe interpretation of fracture instability ”” , , J. of Mechanics and J. of Mechanics and 
Physics of SolidsPhysics of Solids, 37, 567, 37, 567--582 (1989).582 (1989).
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Stress vs. displacement responseStress vs. displacement response
of a specimen in compressionof a specimen in compression
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Threshold  of energy rate for piezonuclear reactions Threshold  of energy rate for piezonuclear reactions (III) (IV)(III) (IV) ::

Elastic strain energy at the peak load, Elastic strain energy at the peak load, ∆E

(III)(III) Cardone, F., Mignani, R., Cardone, F., Mignani, R., ““ Piezonuclear reactions and Lorenz invariance breakdownPiezonuclear reactions and Lorenz invariance breakdown”” ,   ,   Int. J. of Int. J. of 
Modern Physics EModern Physics E,, Nuclear PhysicsNuclear Physics, 15 (901), 911, 15 (901), 911--924 (2006).924 (2006).

(IV)(IV) Cardone, F., Mignani, R., Deformed Cardone, F., Mignani, R., Deformed SpacetimeSpacetime, Springer, , Springer, DordrechtDordrecht, 2007, chaps 16 , 2007, chaps 16 --17.17.
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Extension of the energy release zone:Extension of the energy release zone:
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Comparison with the critical value of the interpenetration Comparison with the critical value of the interpenetration 
length:length:
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Test specimen Material ∆E [J] 
P1 Carrara marble 124 
P2 Carrara marble 128 
P3 Luserna granite 384 
P4 Luserna granite 296 
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•• Based on the appearance after the experiments of aluminium atomsBased on the appearance after the experiments of aluminium atoms, our , our 
conjecture is that the following nucleolysis or piezonuclear conjecture is that the following nucleolysis or piezonuclear ““ fissionfission””
reaction could have occurred:reaction could have occurred:

•• The present natural abundance of The present natural abundance of aluminumaluminum(7(7--8% in the Earth crust),   8% in the Earth crust),   
which is less favoured than iron from a nuclear point of view, iwhich is less favoured than iron from a nuclear point of view, is s 
possibly due to the above piezonuclear fission reaction. possibly due to the above piezonuclear fission reaction. 

•• This reaction This reaction ––less infrequent than we could thinkless infrequent than we could think–– would be activated would be activated 
where the environment conditions (pressure and temperature) are where the environment conditions (pressure and temperature) are 
particularly severe, and mechanical phenomena of fracture, crushparticularly severe, and mechanical phenomena of fracture, crushing, ing, 
fragmentation, comminution, erosion, friction, etc., may occur.fragmentation, comminution, erosion, friction, etc., may occur.

neutrons.2Al2Fe 14
13

30
26 +→

Evolution of metal abundances in the Earth CrustEvolution of metal abundances in the Earth Crust



•• If we consider the evolution of the percentages of the most abunIf we consider the evolution of the percentages of the most abundant dant 
elements in the Earth crust during the last 3 billion years, we elements in the Earth crust during the last 3 billion years, we realize realize 
that iron and nickel have drastically diminished, whereas that iron and nickel have drastically diminished, whereas aluminumaluminum
and silicon have as much increased:and silicon have as much increased:

•• It is also interesting to realize that such increases have develIt is also interesting to realize that such increases have developed oped 
mainly in the tectonic regions, where frictional phenomena betwemainly in the tectonic regions, where frictional phenomena between en 
the continental plates occurred. the continental plates occurred. 

•• Many other clues and quantitative data could be presented in favMany other clues and quantitative data could be presented in favour of our of 
the piezonuclear fission reactions, and this will be the subjectthe piezonuclear fission reactions, and this will be the subjectof a next of a next 
publication.publication.

31 14
28 14Ni 2Si 3 neutrons.→ +
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