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  Dynamic ruptures are preceded by deformation mechanisms, in which 

fractures extend by the growth and coalescence of smaller cracks. Understanding the deformation 

mechanisms preceding dynamic failure is thus a crucial goal to design innovative strategies for 

forecasting seismic, volcanic and landslide behaviour. Advances towards this goal strongly depend 

on developing a better comprehension of the fracture behaviour of rocks on various scales in space 

and time. Intact samples have been forced to failure by applying a deviatoric load to study the 

deformation of the sample as a function of time up to the point of failure. These experiments reproduce 

the conditions of natural landslides or volcanoes flank collapse, in the regime before collapse when the 

deformation localizes along a sliding interface and accelerates until failure. 

 Deformation tests have been carried out uniaxially at INGV on samples with different 

lithologies, while recording AE throughout the deformation tests. Results obtained show the following 

features (Fig. 1a-b) : No acoustic emissions where detected during the phase of compaction of pores 

and cracks (1, stiffening) and the linear elastic phase (1, no change in stiffness). AE activity starts 

during the non-linear phase (2, dilatancy), driven from the growth of new cracks. AE increase 

dramatically during the pre-failure stages (3), where cracks link up and propagate to dynamic 

instability (4).  

 P- and S-wave velocities carried out have been measured both in dry and wet conditions on 

different lithologies by means of a pulser-receiver 1000 V system. The saturated samples show 

increases of about 5-20% Vp due to the fact that the fluid/rock coupling improves the trasmissivity, 

whereas Vs increases by 1-5%, because of the competing decrease induced from the fluids on the S-

wave propagation (Fig. 2a-b). No significant changes of velocities are observed as a function of 

orientation, which indicates lack of anisotropy due to preferred alignments of cracks. 

 Under triaxial compression we observe velocities increase from their starting values due to 

the closure of cracks and pores under stress during the compactive phase (Fig. 3). A marked decrease 

of velocities is observed during dilatancy and failure, due to the formation, coalescence and 

propagation of cracks toward the dynamic fracturing. Permeability mirrors the velocity behaviour 

decreasing during the compactive phase and increasing during dilatancy and failure.  
 In order to take in account the weakening mechanisms acting in volcanic areas, we 

deformed trachytes both at room temperature and at 850 °C to obtain information about mechanical 

behaviour of rocks at high temperature (Fig. 4). At 850 °C, it can be noted the lack of dilatancy and 

crack growth during the high temperature tests and the higher stiffness due to crack healing and 

sealing induced by the temperature. 

Selected experiments were performed to investigate dynamic triggering on dynamic failure 

by generating small perturbations (both amplitude and frequency) in the Hz characteristic frequency 

range of seismic waves. Deformation tests carried out on water saturated sandstone samples show 

that pressure perturbation of ±1-2 MPa at 0.02 Hz over time period of about 50 seconds are 

correlated with the acoustic emission rate released from the sample under deformation (Fig. 5). 

supporting the thesis that dynamic triggering increase the damage in rocks, leading to failure over 

shorter time then theoretically expected. 

 Microstructural analyses carried out on a new generation field emission SEM at HP-HT 

Laboratory in Rome, which has a resolution much higher than the conventional SEM, are revealing 

the geometry and orientation of the crack damage and the relationships with the acoustic emission 

location and waveforms released (Fig. 6).  

 We also quantitatively distinguished high frequency AE generated during deformation of 
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samples from low frequency AE generated by rapid fluid decompression through the damage/shear 

zone after failure. A factorial analysis applied to FFT spectra revealed the existence of a 

distinguished group of events, named hybrid events, i.e. acoustic emissions generated from 

simultaneous coupling of injected fluid and ongoing shear failure (Fig. 7). These events occur 

mainly at the dynamic instability, when water pressurised into the voids space is released into the 

propagating fault. This is visible by analysing the hit rate, the energy released and the trend of 

fractal dimension over time (Fig. 8).   
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Fig. 1. Tests at room temperature, while recording Acoustic Emissions (microearthquakes) via a 

Piezoelectric Transducer (PZT), with 1MHz resonant frequency, Selected examples from:  a) granite b) 

a 

b 
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sandstone. 

 

 
 

Fig. 2. P- and S-wave velocities measured both in dry and wet conditions. 
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Fig. 3. Triaxial compression (a) and P-wave velocity (b). 
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Fig. 4. Uniaxial deformation tests on trachytes at both room temperature and 850 °C. 
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Fig. 5. Cumulative number of AE, the AE rate and the frequency spectrum of the AE rate with a ~ 

clear spike at 0.02Hz~oscillating freq. Each spike in the AE rate follows Omori's law. 

 



Deliverable n.   : Deliverable Title                                                                Trigs:Triggering Instabilities in Materials and Geosystems 

                                                                        2007  Copyright lies with the respective authors and their institutions 

 
Fig. 6. SEM of deformed samples. Left: microseismic locationsof AE during the experiment. Top 

right: Waveforms, with their corresponding location. Bottom right:  detail of crack geometries for 
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