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Neutron emission measurements by meanziim3 neutron detectors
were performed on solid test specimens duckushing failure

The materials used wengarble and graniteselected in that they presen
a different behaviour in compression failure (iaedifferentbrittleness
Index) and a different iron content. All the tgsésimens weref the
same size and shape.

Neutron emissions from the granite test specimere Wound tde
about one order of magnitude larger than the nialbaekgroundevel at
the time of failure.

These neutron emissions were caused by piezonuelaarons tat
occurred in the granite, but did not occur in therioie.



Experimental set-up

During the experimental analydour test specimensere used:
* two made ofCarraramarble calcite, specimens P1 and P2;
e two made oLuserna granitegneiss, specimens P3 and P4,
o all of them measuring 6x6x10 ém

This choice was prompted by the consideration tkat,specin®@ dimensions being
the same, different brittleness coefficients wozddse catagiphic failure in granite,

not in marble.




The same testing machine was used on all th
test specimens: a standard selnydraulic
pressBaldwinwith a maximum capacity of
500kN, equipped with control electronics.

The tests were performed in piston travel
displacement contrddy setting, for all the test
specimens, a velocity of im/s during
compression.




Neutron emission measurements were made by meatelilim3 detector
placed at a distance of 10 cm from the test spatime

The detector was enclosed ipalystyrene cast® prevent the results from being
altered by acousticahechanical stresses.




Neutron emission measur ements

Before the loading tests

The neutron background was measured at 600 s iit@er/als to btain sufficient
statistical data with the detector in the posigtiown in therevious figure.

Theaverage background count raias:

3.8x102 + 0.2x102 cps.

During the loading tests

* The neutron measurements obtained on theGargaramarble specimens
yielded values comparable with the background, exd¢he timeof test

specimen failure.

 The neutron measurements obtained on the ltwserna granite specimens
Instead, exceeded the background value by aboub®e of magitude at the

test specimen failure.




..

Specimens P3 e P4 in Luserna granite following cesgon failue.



Specimen P1

Load [kN]

neutron background 3.8x107 cps
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Load vs. time and cps curve for P1 test specimé@arnnaramarble.




Specimen P2

Load [kN]

neutron background 3.8x107 cps
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Load vs. time and cps curve for P2 test specimé@arnnaramarble.




Specimen P3
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Load vs. time and cps curve for P3 test specimdugerna graite.




Specimen P4

Load [kN]

neutron background 3.8x107 cps
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Load vs. time and cps curve for P4 test specimdiugerna graite.




Factorsinvolved in controlling rock failure

ductile

brittle
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Energy release and stable vs. unstable steambehaviour



Subseguent stages in the defor mation history of a
specimen in compression® ()
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Stress vs. displacement response
of a specimen in compression

Normal Vertical Catastrophic
softening drop behaviour




Elastic strain energy at the peak loA#,

Test specimen Material AE [J]
P1 Carrara marble 124
P2 Carrara marble 128
P3 Luserna granite 384
P4 Luserna granite 296

Threshold of energy rate for piezonuclear reasti®iV) :

HE 7.69x10""W - At~0.5ns

At
Extension of the energy release zone:
AX = v At ~4000(m/<x0.Ens ~ 2um

Comparison with the critical value of the interpeagon
length:
AX ~ W, ?

() cardone, F., Mignani, R:Piezonuclear reactions and Lorenz invariance br@ait, Int. J. of
Modern Physics ENuclear Physicsl5 (901), 914924 (2006).

(V) Cardone, F., Mignani, R., Deform&pacetimeSpringer Dordrechf 2007, chaps 16L.7.



Evolution of metal abundancesin the Earth Crust

® Based on the appearance after the experimentsimiralm atomsour
conjecture Is that the following nucleolysis orzmauclear‘fissior’
reaction could have occurred:

Fe. — 2Al% + 2 neutrons

® The present natural abundancealfminum(7-8% in the Earth crust),
which is less favoured than iron from a nucleanpof view, 5
possibly due to the above piezonuclear fissionti@ac

® This reactioress infrequent than we could thinWwould be activated
where the environment conditions (pressure and eeaigre) are
particularly severe, and mechanical phenomenaacture, crusing,
fragmentation, comminution, erosion, friction, etnay occur.



® |f we consider the evolution of the percentagethefmost abudant
elements in the Earth crust during the last 3dmlyears, weealize
that iron and nickel have drastically diminishedhareasaluminum
and silicon have as much increased:

Ni>: — 2Si;;+3 neutrons

® |t is also interesting to realize that such incesasave deveped
mainly in the tectonic regions, where frictionakeplomena betven
the continental plates occurred.

® Many other clues and quantitative data could beete=d in fagur of
the piezonuclear fission reactions, and this valkive subjecdf a next
publication.
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