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ACOUSTIC EMISSION AS A RESULT OF TENSIL AND SHEARING
PROCESSES IN STABLE AND UNSTABLE FRACTURING OF ROCKS
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ABSTRACT

Uniaxial tests performed on rocks indicate that intra-, inter- or transgranular cracking can assume a
number of forms, depending on the mineral composition and structure of the rock medium. Based on an
analysis of deformation characteristics and the course of acoustic emission, one can infer as to whether
the observed defects are a result of tensile or shearing processes, or both.

INTRODUCTION

Strength experiments in laboratory show that the main factors responsible for destabilisation of rock structure
under compression are the size, geometry and strength of the mineral components of rock. These and many
other properties of rock inhomogeneity influence the course of cracking (1-5). The character and course of
cracking determine the rate, at which a rock loses its stability rapidly or with a delay and refers with the great
similarity to the model of acoustic emission (AE) events.

The simulations of cracking processes in media having different structures recently presented by Napier and
Peirce (6) show how much the advancement of tensile and shearing processes during cracking depends on a
structure of the rock and dynamics of its deformation. In order to refer those models to the lithogenic divisions
of rocks, they should be constructed in view of the basic characteristics of igneous, sedimentary and
metamorphic rock structure. A general genetic review shows that the majority

Fig. 1. Example of characteristic genetic features of rock structures: a - periodic structure, regular
grains; b - chaotic structure with a number of pores, irregular grains; c - directional structure of
grains; a’,b’,c’ - examples of random tesselation patterns after Malan & Peirce (7): a’ and c’- medium
of polygonal structure; b’ - medium of trigonal structure,
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of igneous and equigranular sedimentary clastic rocks with homogeneous, massive structure and well-formed
grains have the features of a periodic medium with quartz grains as the basic elements (Fig. 1a). Most of
sedimentary rocks of organic origin have a random distribution of their basic elements; the geometry of grains is
complex - irregular with numerous pores in between (Fig. 1b). Directional, strongly anisotropic positioning of
grains is characteristic of metamorphic rocks (Fig. 1c).

Due to the inhomogeneity of rock structure, the process of cracking has a discontinuous character and varying
dynamics. It can be accelerated or delayed depending on the local properties of the rock structure and the
actual stage of stability. The hysteresis loops on the strain curve are a representation of oscillations resulting from
the concentration and relaxation of stresses. Therefore, the process of cracking and its varying dynamics can be
registered with the use of a deformation curve or an acoustic emission plot, provided the strength tests are
conducted in a stiff testing machine with a strain rate control at the pre-failure and post-failure state (Fig. 2a and
b).

Fig. 2. Varying dynamics of cracking registered at the prefailure and postfailure state in a stiff
testing machine: a - from axial strains; b - from acoustic emission; (diabase from Niedzwiedzia
Gora).

In order to explain the mechanism of cracking and evaluate its dynamics and its acoustic emission path, it is
necessary to study the features of the structure in relation to the observations of the shape of the centres of
cracking, their initial orientation and its modification during their further development.

EXAMPLES OF MANIFESTATIONS OF CRACKING

From strength testing of various lithologic types of igneous, sedimentary and metamorphic rocks from the Holly
Cross Mts, the Sudetes and Jurrassic Uplands in Poland, the following rock structures/rock cracking relations
were found: micro-fracture inside grains - intragranular cracking (Fig. 3a); micro-fracture around grains -
intergranular cracking (Fig. 3b); and transgranular development of macro-fracture (Fig. 3c) with displacements
along surfaces of discontinuity (Fig. 3d).

The character of the grain contacts in polymineral rocks influences the cracking mechanism; hence the
distribution of very strong grains, quartz in particular is very significant. If the strong grains touch, stress
concentrates on the contacts and these grains are destroyed first. The nuclei of cracking are formed as a result
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Fig. 3. Formation of initial fissures in rocks: a - intragranular cracking (sandstone with silicate
cement); b - intergranular cracking (sandstone with carbonate cement); c - development of
transgranular cracking (granite); d - development of cracking with a displacement (limestone).

Fig. 4. Nuclei of intragranular cracking: a - Zerkowice sandstone; b - Michalowice granite (visible
barrier in the way of the crack in the cover of a plagioclase grain); c - crystallising fissured grain of
quartz (Kosmin syenite); d- fissured grain of olivine in undisturbed rock groundmass (Luban basalt).

of tension, being an intragranular separation of an individual grain. This is exemplified by the quartzite sandstones
and the sandstones with siliceous cement (Fig. 4a), where the nuclei of cracking concentrate in the quartz grains
and the silicate cement forms a barrier disabling further cracking. Similar phenomena can be observed in granites
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(Fig. 4b) and other igneous rocks (Fig. 4c and 4d).

When the grains do not touch one another but are separated with a weak clayey ferruginous silicate or
carbonate cement, the cracking takes place in the cement and is of intergranular character. This effect occurs in
most of weak sedimentary rocks, for example in the Dwikozy sandstones with carbonate cement (Fig. 5a).
Similar phenomena of intergranular cracking can be observed in carbonate rocks, especially organogenic rocks,
for example in Pinczow limestones (Fig. 5b). The failure fracture in carbonate rocks usually has a very rough
surface and displacements typical of shearing processes (Fig. 5c).

Fig. 5. Formation of centres of intergranular cracking: a - in clastic rocks with carbonate cement
(Dwikozy sandstone); b - in organodetrital  limestones (Pinczow limestone); c - fracture with
displacements (Ogrodzieniec limestone).

Cracking in metamorphic rocks is conditioned by the anisotropy of the medium. Generally, it has an
intergranular character and is concordant with the lamination. Cracking is connected with shearing, for example
in the marble of Kletno (Fig. 6a). However, local intrusions of other stronger grains may form barriers modifying
the propagation of the crack. Barriers originating from the intrusion of quartz in marble are presented in Fig. 6b.

Fig. 6. Example of fracture propagation in metamorphic rocks: a – use of structural surfaces (coarse
marble of Kletno); b - modification of crack propagation on accessory quartz grains.

Different grain sizes quantitatively influence the formation of defects in the rock; the destabilisation of a fine-
grained rock structure can occur only when a greater number of fissures appears than is required in a coarse-
grained rock. Therefore, e.g the fine-grained Zimnik granites are stronger than the medium-grained Strzegom
granites, and the fine-grained Przedborowa syenites are stronger than the coarse-grained Braszowice gabbro.
The irregular shape of grains having complex geometry induces new processes of shearing of edges, which can
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be observed, for example, in the Pinczow limestones (Fig. 5b). The cracking is of inter-, intra- and transgranular
(with displacements) mixed-type character. The susceptibility to tightening of fractures increases (Fig. 7). The
nuclei of microcracking concentrate and this leads to the formation of macrofractures and the development of
unstable cracking. The process of macrofracturing can be locally modified with varying directions of anisotropy
of individual grains or through transgranular cracking, which in the course of unstable cracking destabilises the
structure of rock.

Fig. 7. Transgranular cracking in limestones from Ogrodzieniec.

RELATION OF THE MECHANISM OF CRACKING TO THE MODEL OF ACOUSTIC
EMISSION

The above-discussed properties of the rock structure cause the formation of nuclei of microcracking and the
development of macrocracking to have a varying dynamics, related to the given strain mechanism. They are
followed by AE-event specific distribution. In the case of intragranular cracking of periodic media, cycles
representing destruction of individual grains appear on the strain curve as repeatable results of relaxation and
stress concentration, and as a continuos, regular increase and decrease of signal energy in acoustic emission on
the micro and macro scale. The processes follow the model of deformation type MII and model of postfailure
acoustic emission type H (Fig. 8a).

In rocks with slip surfaces resulting from shearing, considerable post-critical volumetric strains are observed
(Pininska, 1994, 1995). Eventually, in the course of final failure, local strengthening and slowing down of the
process can take place.

The deformation curves and acoustic emission paths related to intergranular cracking in a medium with random
composition of grains show irregular patterns of relaxation and concentrations of strain and energy emission. The
processes follow the model of deformation type MIII and model of postfailure acoustic emission type M or L
(Fig. 8b).
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Fig. 8. Regular (a) and irregular (b) effects of cracking registered on the strain curve and acoustic
emission path and the models of deformation and acoustic emission (after Pininska (4)).

As already mentioned, due to the influence of the shearing processes in intergranular cracking, considerable
volume changes can be observed, the decrease of strength is slowed down and residual strength is significantly
maintained. Intragranular cracking results in a rapid loss of strength. This is accompanied tightening of the
fractures, which locally strengthens the rock, but no significant volume changes occur and the final destruction of
the structure is usually violent.

COMPARATIVE STUDY

The presented phenomena observed in the majority of rocks subjected to uniaxial compression can be
interpreted in a view of simulation studies by Napier & Peirce (1995). They modelled the development of
cracking in brittle materials having a polygonal and trigonal structure (Fig. 1a and b). The analyses showed that
the finer the material, the higher the density of failure fissures and the state of mobilisation of all cracks causing
final destruction of the structure at a given stage of strain is much lower in the fine-grained material than in its
coarse-grained counterpart.  This confirms the strength experiences in actual rocks, where unstable cracking in
coarse-grained material takes place much faster. Less fractures are necessary to originate the unstable cracking
process.

Fissures in the polygonal structure develop much harder than in the trigonal one, therefore the structure is much
more stable than the trigonal one. However, this is true only to a certain extent as, at more advanced cracking,
additional tensile centres caused by the stress of the displacing grains can occur. As a result of the additional
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factor mobilising the new nuclei of cracking, the polygonal structures undergo a rapid decomposition without
slipping displacements. In contrast, considerable zones of slipping, diagonal to the rock sample, are formed in
the trigonal structure. The actual structure of rocks is more complex than suggested in the trigonal and polygonal
models presented by Napier and Peirce. None the less, these models explain the way in which the structure is
destroyed in most rock types. Rocks with carbonate mineral composition follow the description of the trigonal
model, whereas the behaviour of clastic sedimentary rocks and igneous rocks corresponds to the polygonal
model. These phenomena directly influence the general paths of cracking and acoustic emission.

The cracking mechanisms of polygonal models apply to polymineral clastic and crystalline igneous and
metamorphic rocks with considerable quartz grains. On the strain curve they show regular oscillations of
stresses related to intragranular tensile defects of seeds-point type. These models explain the reasons for the
lack of extensive post-failure volume strains and low values of residual strength and represent repetitive acoustic
oscillations model.

The cracking mechanism explained by the model of trigonal structure is characteristic of carbonate rocks, and
clastic rocks with high feldspar or clayey material content, showing varying dynamics of stress and represent
acoustic irregular oscillations model. This is related to intergranular cracking with a predominance of shearing
processes and considerable postfailure volumetric strains and the pick of acoustic emission before the final
destruction. It is accompanied by a considerable residual strength.

Acoustic indicators of rock structure degradation can be determined for crystalline rocks and carbonate rocks
according to their varying acoustic emission along the rock deformation path. Especially diagnostics are the
indicators for determination of the pre-failure thresholds of microdilatancy and macrodilatancy as well as for the
stable fracturing range. These three indicators are strictly related to the grade of fracturing mobility and show the
number of acoustic events at the limit of initial stabile fracturing, and at the limit of stabile fracturing - i.e. at the
unstable fracturing threshold. In crystalline rocks the acoustic indicators are related to the volume density and
strength of rock. In carbonate rocks they manifest the random pattern of fracturing and effects of attenuation by
the shearing processes.

REFERENCES

1. Brace W. F. and Bombolakis E. G. 1963. A note on brittle crack growth in compression. J. Geoph. Res.,
68, Washington.
2. Cundall P. A. and Fairhust C. 1986. Correlation of discontinuum models with psychical observations – an
approach to the estimation of rock mass behaviour. Felsbau. 4.
3. Pininska J. & Lukaszewski P. 1992. Rock failure in acoustic emission spectre. Proc. XX-th Meeting of
EWGAE, Leuven. Belgium.
4. Pininska J.  1994. Crack growth in the postcritical path of deformation of sedimentary rocks. Mechanics of
Jointed and Faulted Rocks-2. Balkema. Rotterdam.
5. Pininska J. 1996. Some problems of the stress distribution on structural contacts in natural rocks bodies.
Lvow University. Sbornik Naucznych Rabot. 36. t.2. Lvow.
6. Napier J. A. L. and Peirce A. P. 1995. Simulations of extensive fracture formation and interaction in brittle
materials. Proc. Mechanics of Jointed and Faulted Rock – MJFR. Balkema. Rotterdam.   


