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ABSTRACT

Generation of surface currents, electron emission, 
and acoustic signals are some of the fundamental charac
teristics of a rock under mechanical stress. Investigations 
were carried out to uncover the correlations, if any, among 
the above mentioned phenomena. Experimental results con
firmed the presence of such correlation. It was also noted 
that the higher the moisture content of a rock, the stronger 
were the surface current signals.



CHAPTER 1

INTRODUCTION

The Committee on Rock Mechanics of the Geological 
Society of America defined rock mechanics as follows: "Rock 
mechanics is the theoretical and applied science of the 
mechanical behavior of rock; it is that branch of mechanics 
concerned with the response of rock to the force fields of 
its physical environment" (Judd, 1964, p. 5).

The need to investigate the mechanical properties of 
rock has led to all types of research concerning rocks. At 
present, the study of the physics of rock mechanics has 
become basic to many applied scientific and engineering 
fields. An understanding of the process leading to failure 
of rock is of major importance.

This paper studies some of the characteristics dis
played by a rock before its failure. It is hoped that the 
findings of this study would be helpful in understanding 
rock mechanics better.

1



CHAPTER 2

GENERAL CONCEPTS

Failure Mechanisms in Rocks 
The mechanical properties of rocks depend both upon 

the interaction between the crystals, particles, and 
cementitious material of which it is composed and such 
cracks, joints, bedding and minor faults as might be 
existing (.Jaeger and Cook, 1976) . Failure in rocks almost 
always occurs in tension or shear and the fracture usually 
takes place on the surface of the rock. There are two 
types of fracture; one is called "shear fracture" and the 
other "extension fracture." The "shear fracture" is the 
typical fracture under compressive stresses.. Its charac
teristic feature is a shearing displacement along the 
surface of fracture. As for the "extension fracture" which 
appears typically in uniaxial tension, the characteristic 
is a clean separation with no offset between the surfaces. 
In the case of bending tests the rock fails in tension and 
the specimen usually splits into two pieces.

For more complicated stress-systems, fractures that 
appear may be regarded as belonging to one or other of 
these types (Jaeger and Cook, 197 6).



During the uniaxial and triaxial compression of rock 
specimens the important phenomenon of dilatancy occurs. The 
increase in volume with compression relative to the behavior 
of a linear, elastic material is known as dilatancy. This 
phenomenon can be ascribed to the formation and extensions 
of open micro-cracks within the rock samples which have 
their long axes oriented parallel to the direction of the 
maximum principal stress. The effects of the stress applied 
to rock is shown in Figure 1. Here the stress-strain curve 
divides into four regions [Jaeger and Cook, 1976):

1. OA, which is slightly convex and the behavior is 
very nearly elastic.

2. AB, a very close to linear portion that behaves 
like OA *

3. BC, which is concaved downwards, reaching a maximum 
at C; in this region irreversible changes are 
induced in the rock.

4. A falling region CD. This region is characteristic 
of brittle behavior, but it is usually totally

~~ obscured by the instability of the machine-specimen 
system which results in violent failure very near 
to the point C.

Rock Bursts
Bursting is defined as a sudden failure charac

terized by breaking up and expulsion of rock from its
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Figure 1. The complete stress-strain curve for rock.



surroundings accompanied by the violent release of energy 
(Blake, 1972). There has not been much research concerning 
rock burst mechanics even though a great deal of information 
about rock bursts has been inferred from studies of their 
associated seismic waves. Many attempts were made to 
explain rock bursting but the most successful approach was 
that of Cook. Cook (1963) proposed that the mechanics of 
rock bursts could best be analyzed by an energy approach. 
Further work by Cook (1965), dealing with the behavior of 
rock specimens in conventional and stiff testing machines, 
implied that rock bursts might be considered as a stability 
problem in the same way as a specimen will fail violently or 
nonviolently if energy can or cannot be extracted from the 
loading system at failure. However, Blake (1972) argues 
that although it is necessary for the stress in the rock 
to exceed the strength of the rock, this would not in itself 
be sufficient to cause rock burst. He adds that the stiff
ness of the rock or rock structure must exceed the stiffness 
of the loading system so that the available stored strain 
energy of the latter is released to destroy the structure.

Cook and others (1966) summarized fifteen years of 
rock burst research postulating that if the energy released 
is greater than the amount which can be dissipated non
violently, then this energy is released violently and a rock 
burst results. There is no doubt regarding the fact that 
the largest amount of energy released by a rock burst is



derived from the stress field by instantaneous displacements 
toward the rock failure area but a question remains in 
regards to the mechanism by which this process is started, 
suggesting that further work is needed.

Brady (1977) observed seismic precursor effects 
prior to rock bursts that occurred in a deep mine. This 
seismicity behavior consisted of a dramatic increase of 
seismicity in the hypocentral region of the impending burst 
followed by a distinct decrease prior to the occurrence of 
the burst, Brady further noted that failure of a wide 
variety of rock materials satisfies a scale invariant 
process. Thus, an understanding of the physical process 
which led to failure on the small (laboratory) scale admits 
an understanding of physical processes leading to failure on 
all other scales.

Diffusion in Rocks
The basic equation governing ion diffusion, called 

Pick's first law, is written as

in which J is the quantity of a certain component that flows 
through unit area of a surface in unit time at a point where 
the concentration gradient of this component along the 
normal to the surface is The diffusion coefficient D
will be unchanged with time and position only if: (1) the



temperature, pressure, and concentrations of other compo
nents are sensibly constant with time and position; (2) the 
diffusion medium is isotropic; and (3) differences in con
centration of the diffusing material with time and position 
are so small that they do not affect the diffusion coeffi
cient (Doremus, 1962),

During diffusion the electrical resistance of the 
specimen might be changed by the diffusing species. This 
change could be used to follow the progress of diffusion. 
Considering a solid sample of fixed cross-sectional area 
with flat faces and thickness L. The resistance R per unit 
cross-sectional area of the sample measured between its 
faces can be expressed as

R = /L —
0 a

where cr is the specific conductivity of the solid at the 
distance x from one face. If the penetration of diffusing 
material is limited to a thin layer of the sample throughout 
the diffusion process, there is a constant concentration c ' 
such, that

R - /  F  + Ro

throughout the diffusion, where x ' is the distance cor
responding to c '• and Rq is the initial resistance of the 
sample when it contains no solute.



CHAPTER 3

ELECTRICAL PHENOMENA ASSOCIATED WITH 
ROCK FAILURE

Piezoelectric Voltages 
The piezoelectric effect is defined as a characteris

tic exhibited by certain minerals represented by an elec
trical polarization as the consequence of an applied 
mechanical force. (Parkhomenko, 1971). Polarization is the 
result of the shift of charged particles under the effect of 
an applied electric field.

Parkhomenko (1971) lists the following four proper
ties that are characteristic of the piezoelectric effect:

1. An electrical charge will appear on the surface of 
a dielectric as a result of the internal electrical 
polarization under the action of a mechanical 
pressure or deformation in a particular direction.

2. There iKs a proportionality in the relationship 
between the charge density appearing on the surface 
of a dielectric and the applied mechanical force
or deformation.

3. There would be persistence in the polarity of the 
charge appearing on a particular surface for. 
mechanical forces applied in the same direction.
And, a synchronous change in the polarity of the



charge as the direction of the applied mechanical 
force or deformation is changed.

4. There exists an inverse effect. This involves the 
development of a mechanical force or deformation 
as the result of the application of an electric 
field.

According to Parkhomenko, there is a dependence 
between the magnitude of the piezoelectric effect and sample 
dimensions of a quartz bearing rock. From measurements made 
on a large number of samples, Parkhomenko determined that 
the magnitude of the piezoelectric effect decreases with 
increasing size of the sample and it increases with increas
ing grain size.

Electromagnetic Emission 
Brady (197 6)" suggested that electromagnetic emissions 

would occur prior to and during failure of rock. In the 
laboratory, Nitsan (1977) was able to prove that quartz- 
bearing rock and other piezoelectric materials produce 
exponentially-rdecaying radio frequency signals as they 
fracture. This fracture-related electromagnetic emission 
was detected as far as 50 cm from the sample. Only one 
explanation has been offered in regards to the electro
magnetic emission and it has not been fully accepted. 
According to Brady, the mechanism for this emission is the 
rapid drop in the piezoelectric field which accompanies the
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sudden release of stress when fracture occurs. In his 
observation of the independence between the amplitude of 
the resulting radio frequency signal and load, Nitsan 
supports this hypothesis adding that the fracture-related 
electromagnetic emission persists regardless of whether 
the sample is wet or dry. He continued saying that failure 
of quartz bearing rocks generates longer and more complex 
transients whose spectral content depends on grain size, 
shifting to higher frequencies as grain size decreases.

On the other hand, opponents of this hypothesis 
contend that the piezoelectric effect has no bearing on this 
phenomenon, and due to the fact that the electromagnetic 
emission is a recent discovery more studies are expected in 
the near future.

Electron Emission
Little is known about electron emission from rocks.

In fact, this phenomenon remains completely open for 
investigation. Wollbrandt, Linke, and Meyer (197 5) reported 
that during the crushing of alkali halide single crystals, 
electron emission with energies in Kev range has been 
observed. The authors suggest that low energy exoelectrons 
were omitted during the crushing process and then accelerated 
by intense electrostatic fields at the surface of the 
crystal. Other reports concerning mine accidents, earth
quakes, and transient lunar events suggest that there is
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electron emission as rocks fail. The reports concerning 
earthquakes referred to observations of earthquake-related 
lights (Derr, 1973) that lasted longer than simple 
lightning; all attempts to explain the phenomenon face great 
difficulties and uncertainties. Similarly, the observations 
of lunar phenomena reviewed by Cameron (1975), where in some 
cases light emission and glows have been reported but no 
acceptable explanation for these effects has been proposed. 
Hoenig and Hanneken (1976) were able to observe electron 
emission from different types of rock specimens, but they 
offered no suggestion as to the cause of this phenomenon.

Ion Migration Effects Associated with the 
Movement of Absorbed Water

A group of anomalies are ascribed to the presence of 
ions in the percolating fluid. Such anomalies have been 
observed in soils and rocks. It * is generally thought that 
the permeability changes with the pH of the percolating 
solution are brought about by an actual electrochemical 
reaction Between the solution and the pbrous medium such 
as rocks,

There are indications, however, that ionic anomalies 
in the permeability of a porous medium are partly due,to 
effects which are not chemical at all. In an experiment 
with artificial quartz filters that contain no sodium or 
other ions, Yuster was able to observe an ionic effect when 
salt solution was passed through porous media (Scheidegger,
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1974). This ionic effect is the exchange of ions that 
affect the permeability of porous media. The reason for 
these effects is the interaction of ions in the percolating 
fluid with the surface of the porous medium.

To explain the ionic effects it should be known that 
at a solid-liquid interface an electric double layer will be 
created with the zeta potential difference across it. The 
movement of fluid past the solid boundary causes a down 
stream transport of the ionic charges in the upper part of 
the double layer. This displacement creates a streaming 
potential which causes a transport of ions in a direction 
opposite to forward flow. Michaels and Lin (in Scheidegger, 
1974) obtained the following equation:

K _
osm l47r)2v A T 2

where: -̂ osm = osmotic permeability of porous media,
 ̂= dielectric constant of fluid,
P = porosity of media, 
p = viscosity of fluid,
T = tortuosity of porous media,
Tv = combined specific conductance of liquid and 

surface of porous media.

The above equation explains why the apparent 
permeability changes with the ion-concentration of the 
percolating fluid. This is because,both the zeta potential



and the specific conductance change. Thus, if the strength 
of the electrolyte is increased, the specific conductance 
will increase as a result, and K m will decrease in 
absolute value. This means that the apparent permeability 
increases if the strength of the electrolyte is increased 
and this was observed experimentally (Scheidegger, 1974).



CHAPTER 4

SURFACE CURRENT SIGNAL ASSOCIATED 
WITH ION MIGRATION

Stress Induced Migration of Ion Laden Water 
in Rock Materials

The partial frfee energy G^ of a chemical species i 
is affected by pressure as can be seen in the relation

dGi = XL dP

where XA is the partial molar volume.
By subjecting a macroscopic body to an inhomogeneous 

stress having as one component an inhomogeneous hydrostatic 
pressure, there will be a free energy gradient set up until 
diffusion of the species i brings about the nonuniform 
concentration which re-establishes thermodynamic equilibrium 
(Weber and Goldstein, 1961). If the species i bears an 
electric charge, then the thermodynamic equilibrium in the 
presence of a pressure gradient is established when the 
combined effects of the space charge of the nonuniform 
distribution, the pressure gradient, and the concentration 
gradient lead to no net flux of ions anywhere in the medium.

Since sodium ions are the only species of appreciable 
mobility in rock materials (Scheidegger, 1974), only their 
motion is observable under stress. In a rock sample under 
a bending stress, there is a gradient of hydrostatic

14
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pressure through the rock, as well as a shear stress, 
tending to drive the mobile sodium ions from regions of 
compression to regions of tension and equilibrium will be 
reached when the space charge build up balances the driving 
force of the pressure gradient. Therefore, there is a 
possibility that the study of sodium ion movement under 
stress could provide a method of direct measurement of the 
surface current signal in wet rocks. However, a question 
of whether the permeability is great enough to allow this 
would arise.

Effects of Porosity 
It is suggested that the surface current signal 

measured on the surface of a rock is caused by the movement 
of ions inside the rock. These ions are carried by fluid 
that moves through pores in the rock. The pores in a porous 
rock may be interconnected or non-interconnected, and as a 
result flow of interstitial fluid is possible only if at 
least part of the pore space is interconnected (Scheidegger, 
1974), Thus, it is important to have a porous rock with 
interconnected pores in order to be able to measure the 
surface current signal. Moreover, in porous rocks there is 
a correlation between mechanical properties and porosity 
(Jaeger and Cook, 1976) and the behavior of rock in the 
first two regions of the complete stress-strain curve 
(Figure 1) can be attributed to effects of porosity.



Effects of Composition 
Sedimentary rocks consist of an assemblage of 

detrital particles and possibly pebbels from other rocks 
in a matrix of materials such as clay minerals, calcite, 
quartz, etc. From their nature, sedimentary rocks contain 
voids or empty spaces, some of which may form,an inter
connected system of pores (Jaeger and Cook, 1976). It is 
this composition of interconnected system of pores that 
affects the movement of ions. Moreover, depending on what 
material rock is composed of, piezoelectric effects can be 
observed as the specimen is put under stress. As a result, 
rock composition affects both the mechanical and electrical 
behavior, where the electrical properties of saturated rock 
depend only on the pore structure of the rock (Brace and 
Orange, 1966a, 1966b).

Effects of Water Contents 
Absorbed water in rock plays a very important role in 

determining many of the rock's characteristics. It has been 
already mentioned earlier that one of the factors affecting 
the movement of ions is the fluid in the rock. It can be 
safely assumed that most of the time water is the fluid. 
Hence, water acts as the carrier of sodium ions to the 
surface of the rock where these ions can be measured as a 
surface current signal.



17
The next section will discuss the methods used in 

measuring this surface current signal.



CHAPTER 5

EXPERIMENTAL SYSTEM

Mechanical System 
The mechanical system for all the experiments in this 

paper was an Owatonna Tool Company fifty ton Model C 
hydraulic press used to apply load on the samples. This 
load was applied by a manual hydraulic pump„ The whole 
'mechanical system is shown in Figure 2.

Load Measurement System 
A Baldwin-Lima--Hamilton load cell type CXX with a 

six volt excitation was used to reflect the applied load on 
a specimen. As the load was applied, a Hewlett-Packard 425A 
DC micro voltammeter connected to the load cell gave a 
reading on its meter which was then converted into Kilogram 
force (Kgf) by means of a calibration chart.

Surface Current Measurement System 
Two systems were used to measure the surface 

current signal. The first system was the measurement of 
sodium ions at the surface of the rock by using a sodium 
ion electrode. This was done by attaching o-rings to hold 
deionized water„ The electrode was connected to a Hewlett- 
Packard 425A DC micro voltammeter. Measurement was taken

18
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after each load increase on the sample by placing the 
electrode in the o-rings as shown in Figure 3.

The other system is the surface contact system 
(Figure 4)„ A wire connected to the surface of the rock, 
by grinding indium on the surface and soldering the wire to 
it, carries the current signal to the amplifier shown in 
Figure 5 and then on to a chart recorder.

Electron Emission Measurement System 
A thin copper electron collector rod at +90 volts 

DC was placed some 5-10 mm from the surface of the rock. As 
the electrons are released from the rock, they are attracted 
by the +90 volt collector to be measured as a current signal 
by a Keithley 417 picoammeter. . A chart recorder connected 
to the picoammeter traces the signal. This system is 
shown in Figure 4.

Seismic Signal Measurement System 
Figure 4 shows the Seismic pickup system. A seismic 

pickup unit is attached to the surface of the rock by means 
of Silicone Rubber Sealer. The signal picked up is carried 
on a wire to the Kintel 111 DC amplifier. From there the 
signal is monitored by a chart recorder.
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CHAPTER 6

ROCK PREPARATION AND CHARACTERISTICS

. The Red Texas Granite samples used in these experi
ments were cut into geometrically shaped slabs approximating 
prisms and parallelepipeds from rock cores supplied by the 
U„ S. Bureau of Mines Denver Laboratories (courtesy of Mr. 
Vern Hooker). The cut samples were stored in a high 
humidity chamber to stabilize their moisture content.

An electrical surface contact was formed on the 
samples before they were tested as shown in Figure 4 by 
using a Drerne1 Moto-Tool to grind indium into the specimen 
and then soldering a wire to the indium. Figure 4 also 
shows the attachment of the acoustic pickup unit to the 
rock’s surface by using silicone rubber sealer and at times 
the unit was taped to the surface of rock by an electrical 
tape instead of silicone rubber sealer.

Granites are equigranular phanerites composed of 
feldspars and quartz. Some consist wholly of these minerals, 
but generally biotite is present. The term "feldspar" 
designates a group of minerals that have a general simi
larity in physical and chemical properties (Pirrson, 1947). 
The Red Texas Granite chemical composition data were 
provided by Gangouly (1978) and are as follows:

24
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1. Reddish colored feldspar known as orthoclase 

(KA&Sig Og) with very little sodium (Na).
2. Smoky and white quartz (SiC^).
3. Black flaky biotite [ K ( F e M g ) S i ^ ( O H ) 2]•

The porosity of the Red Texas Granite is very low, 
the percentage of water absorbed, compared with the weight 
of the dry rock, being about 0.15 per cent. The strength 
of this granite in resistance to crushing is very great, 
and this is true for most granites (Pirrson, 1947).



CHAPTER 7

EXPERIMENTAL RESULTS

Detection of Sodium Ions 
The detection of sodium ions in a stressed specimen 

could provide a method of monitoring the surface current 
signal and some of the specimen's internal characteristics. 
Sodium ions were detected by an Orion combination sodium 
electrode model 96-11 as shown in Figure 3. Some of the 
obtained results are shown, in Figures 6 and 7. The speci
men of these figures was not brought to failure when it was 
placed under stress. There are, however> doubts about this 
method and the resulting data of the detected sodium ions. 
One problem was the loss of the deionized water which was 
used in detecting sodium ions due to absorption. The ion 
migration to the rock's surface seemed to be a slow process, 
and as a result of this most of the water was absorbed by 
the sample before it was possible to obtain an accurate 
measurement. Replacing the absorbed water had a significant 
effect on the detected level of sodium ions thus further 
complicating the already existing problem. Another problem 
was with the sodium electrode reference filling solution 
90-00-19. Li Clg Ac (.lithium trichloroacetate) . The 
electrode operates by releasing some of its reference

26
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filling solution which reacts with the deionized water being 
tested for ions. It was found that this testing method was 
much more efficient with a large sample than a.small sample 
and since the tested samples here were 3 cc, the resulting 
data were not very accurate which suggested the use of a 
different electrode or another detection system.

Surface Current Measurements 
The apparatus for the detection of the surface 

current signal is shown in Figure 4. Looking at the obtained 
data one can readily see,a correlation between applied load 
and surface current. This was true for all damp specimens.
It was also noticed that for each load increase there was a 
"spike" in the surface current signal. However, as the load 
reached high levels the "spikes" decreased in size while 
displaying what looked like a damping characteristic as 
could be seen in Figures 8 through 15. Figures 8 and 9 show 
a polarity switch between positive and negative. Figure 8 
shows the switching taking place in the early stages of 
loading, whereas in Figure 9 the polarity switch took place 
as the sample approached failure. This strange behavior 
might be explained as internal failure in the rock, and no 
proof can be presented at this point to support this 
suggestion. The surface current signal, in almost all 
samples, had a different behavior as the specimens were very 
close to failure. More activity was noticed in the
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monitored signal as its magnitude continued changing until 
finally a very large spike occurred at failure. This is 
shown in Figures 9, 10, 11, 12, and 15. Fracturing and 
cracking in a rock produced similar phenomena to the ones 
mentioned above. In Figure 10 a crack formed but the sample 
did not fail, and a result of this crack could be seen 
clearly by noticing the behavior of the surface current 
signal before and during cracking. The signal switched 
polarity twice before the crack formed, and when cracking 
occurred a very large spike resulted opposite in polarity 
to the preceding spike. In the same figure there was a 
similar signal displayed before failure suggesting the 
formation of another crack. Here also a very large spike 
occurred having the same characteristics as the spike of 
the earlier crack; failure had similar characteristics.

Piezoelectric effects are known to be present in 
many materials (Parkhomenko, 1971), quartz being one of 
them. The Red Texas Granite experimented with in this 
study contained a small amount of quartz which would mean 
the piezoelectric effect would be at a low level. To 
verify this fact the surface current signal of a dry rock 
was measured since only piezoelectric voltages would be 
present in a dry rock.. The resulting signal shown in 
Figure 16 exhibits little or no change in the signal's 
magnitude as the specimen was loaded except at failure.
Thus, this confirms the fact that the contribution of the
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piezoelectric voltage was negligible. As a result it could 
be stated that the signals from damp samples have no 
significant piezoelectric effect in them and this applies 
to the samples of this study.

Electron Emission Currents 
Electron emission currents were measured with the 

hope that they would be helpful in predicting rock burst and 
failure, moreover electron emission would help in the 
analysis of the rock's characteristics. The apparatus for 
electron emission measurements can be seen in Figure 4. 
Electron currents were measured by a picoammeter in series 
with a 9.0 volt battery and the electron emission was noted 
to be highly correlated with changes in load as the 
specimen failed in uniaxial compression. Some samples had 
partial fracture and at times minor failure at the surface 
which was clearly reflected by the electron emission system. 
In bending tests the electron emission was noticeable only 
at failure and sometimes as the specimen approached failure. 
On the other hand, as the data of a rock in a uniaxial 
compression was examined it was readily revealed that there 
was more electron emission under this test than in a bending 
test. A suggested explanation for this phenomenon could be 
the load level at which failure occurred. Failure in bend
ing tests was reached at a much lower load level (approxi
mately 1000 Kgf) than in uniaxial compression (approximately
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4000 Kgf) suggesting that the extensive electron emission 
may have been due to the high stress level in the uniaxial 
compression test.

In some of the studies of electron emission it was 
occasionally noticed that a reversal of current, indicating 
the emission of positive ions, occurred. There is no 
explanation or understanding as to what might be the cause 
of this observation. It is suggested that "pockets" of 
sodium ions were released by the applied.load which gave 
them enough energy Cover 90 eV) to strike the ion collector. 
Data of electron emission are shown in Figures 8 and 11 
through 15.

Seismic Effects 
Microseismic effects occur because the rock is 

stressed and strain energy is stored in the system. The 
buildup of strain energy is accompanied by small scale 
displacement adjustments that release minute amounts of 
seismic and, sometimes, audible acoustic energy. These 
small scale disturbances, microcracking, shearing and 
crushing of crystal grains are called microseisms or rock 
noises. It is relatively easy to see the effect of these 
microseisms by examining the seismic data obtained here.

Looking at Figure 12 the.seismic activity started in 
the early stages of loading and was observed periodically 
throughout the test. Pickup concentration of seismic
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"spikes" that varied in magnitude preceded all fracturing 
and cracking as shown in Figures 10 through 15„ Sometimes 
an increase of seismic activity was accompanied by acoustic 
sounds generated by a stressed rock as it fractured and 
this coincided with an increase in the spike's magnitude. 
Long "spikes" were interpreted as major microcracking.

Some of the data (Figure 12) seem to confirm the 
findings of Brady (1977) where a dramatic increase of 
seismicity is followed by a distinct decrease prior to the 
occurrence of a burst.

Correlations of These Effects 
Noticeable correlations could be observed in the 

data shown in Figures 10, 11, and 12 among the surface 
current signal, the electron emission current and the 
seismic pickup signal. This was especially true when the 
sample developed cracks and when-it was close to failure.
At these instances there were obvious increases in seismic t
activity and electron emission in addition to the rise in 
the surface current signal. After cracking or fracturing 
the seismic activity decreased significantly and the 
electron emission was negligible, moreover the surface 
current signal dropped to a lower level as the result of 
this mini failure. This shows definite correlation among 
these effects at failure and correlation among these 
effects and the applied load. These correlations were not
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apparent at all times since there were instances when one 
signal would change dramatically while the other signals 
remained unchanged with no obvious reason or explanation as 
to why such a thing happened.

In general it can be stated that there were clear 
correlations among the surface current signal, the seismic 
pickup signal, and the electron emission signal as the 
sample was loaded, when there was fracturing, and when the 
specimen failed.

Effect of Water Content 
A typical result of a stressed dry sample is shown 

in Figure 16. Only the piezoelectric effect was present in 
this specimen. On the other hand, the typical results of a 
damp sample a.re shown in Figures 8 through 12. Here there 
was an absence of the piezoelectric signal while the 
streaming potential signals were much larger than those 
norma,lly observed, The absence of the piezoelectric effect 
here was attributed to the enhanced rock conductivity. In 
conclusion it could be said that piezoelectric signals are 
dominant in dry rock samples, and they disappear from a wet 
rock where the streaming potential signals are very 
apparent.



CHAPTER 8

DISCUSSION AND CONCLUSIONS

The application of electron emission, seismic pickup 
and surface current measurement techniques proved to be 
interesting and seemed to provide promising results. By 
applying these techniques to a stressed rock it was possible 
to obtain a better understanding and analysis of the rock's 
behavior. In most cases these effects (electron emission, 
seismic activity and surface current) were correlated in 
their behavior. These correlations were best seen in Figures 
13, 14, and 15 which are different sections of the results 
obtained by the uniaxial stressing of a sample. Figure 13 
showed the correlations among the above mentioned effects 
in the early stages of loading. Only electron emission and 
surface current signals were active while seismic activities 
were absent. This is because the load did not reach a level 
high enough to cause damage to the specimen in the form of 
microcracks. Figure 14 told a different story. Here the 
load was large enough to induce fracturing and microcracking 
in the sample and as a result there was electron emission, 
seismic activity, and surface current phenomena. The 
seismic activity increased bdfore there was any fracturing 
or cracking and it was maximum during these events.
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Similarly for the surface current signal which increased in 
magnitude before fracturing and cracking would occur 
decreasing afterwards to a lower level. The electron 
emission signal, meanwhile, indicated the occurrence of 
fracturing and cracking as they happened and in a few cases 
just before and during the occurrence of these events. In 
Figure 15 the sample failed and correlations among the 
electron emission, seismic activity, and the surface 
current phenomenon were rather dramatic. Seismic activity 
was very intense before and during failure and the surface 
current signal increased dramatically before failure 
dropping fast after failure. The same could be said in 
regards to the electron emission signal which went off-scale 
during the rock's failure. The interpretation here was that 
heavy emission occurred as electrons were released due to 
failure.

Figure 17 is the most dramatic figure obtained where 
the rock sample was brought to failure gradually and very 
slowly. Here there is a lot of information, and it would be 
impossible for us at this point to explain every event. 
However, there are obvious instances where the signals were 
in correlation and at other places they were not, more 
understanding of rock behavior is needed here before 
attempting any explanation of the observed signals^

In conclusion these results suggest that defects and 
fracture in rock materials might be detected by means of
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seismic pickup, surface current signal and electron emission 
monitoring while the specimen was under load. By detecting 
all three effects better prediction could be made possible. 
However, more experiments in this area are suggested.



REFERENCES

Blake, 1 

Brace, 1

Brace, 1

Brady, ]

Brady, ]

Cameron, 
Cook, N,

Cook, N ,

Cook, N;

Derr, J « 

Doremus,

tf. "Rock-Burst Mechanics," Quarterly of the 
Colorado School of Mines, Vol. 67, No. 1, 1972.
tf. F ., and A. S. Orange. "Electrical Resistivity 
Changes in Saturated Rocks During Fracture and 
Frictional Sliding," J. Geophys, Res., Vol. 73, 
19.66a.
7. F ., and A. S. Orange. "Further Studies of the 
Effects of Pressure on Electrical Resistivity of 
Rocks," J. Geophys. Res., Vol. 73, 1966b.
3. T. "Laboratory Investigation of Tilt and 
Seismicity Anomalies in Rock Before Failure," 
Nature, Vol. 260, 1976 „
3. T. "Anomalous Seismicity Prior to Rock Bursts, 
Implications for Earthquake Prediction," Pure 
Appl. Geophys., Vol. 115, No. 1-2, 1977.
W. S. Moon (Neth) 14, No. 1, 1975.
G. W, "The Basic Mechanics of Rock Bursts,"

South African Inst..Mining Metall. Jour., Vol. 64, 
1963.
G „ W. "A Note on Rock Bursts Considered as a 

Problem of Stability," South African Inst. Mining 
Metall, Jour., Vol. 65, 1965.
G. W., E. Hoek, J. P. G. Pretorius, W. O. Ortlepp, 

and M. D . G. Salamon. "Rock Mechanics Applied to t 
the Study of Rock Bursts," South African Inst. 
Mining Metall. Jour., Vol. 66, 1966.
S„ "Earthquake Lights: A Review of Observations 

and Present Theories," Bull. Seis. Soc. Am., Vol. 
63, 1973.
R, H. Modern Aspects of the Vitreous State,

Edited by J, D. Mackenzie. Vol. 2. London: 
Butterworth and Co., Ltd., Publishers, 1962.

48



49
Gangouly, Jiba. Department of Geosciences, University of 

Arizona, personal communication, 1978.
Hoenig, S. A., and W. G. Hanneken. "The Application of 

Electrostatic Techniques to the Analysis of Pre- 
Fracture Phenomena in Ceramic Materials."
Unpublished report, Department of Electrical 
Engineering, University of Arizona, August 1976.

Jaeger, J. C ., and N. G. W. Cook. Fundamentals of Rock 
Mechanics. 2nd ed. London: Chapman and Hall;
New York: Wiley, 1976.

Judd, W. R. "Rock Stress, Rock Mechanics, and Research," 
State of Stress in Earth's Crust, Edited by W. R. 
Judd. New York, 1964.

Nitsan, U. "Electromagnetic Emission Accompanying Fracture 
of Quartz Bearing Rocks," Geophys. Res. Letters.,
Vol. 4, No. 8, 1977.

Parkhomenko, E. I. Electrification Phenomena in Rocks 
(translated by G. V. Keller). New York: Plenum 
Press, 1971.

Pirrson, L. V. Rocks and Rock Minerals (revised by A.
Knopf). New York: J. Wiley and Sons, Publisher,
1947.

Scheidegger, A. E. The Physics of Flow Through Porous Media. 
3rd ed. University of Toronto Press, 197 4.

Weber, Neill, and Martin Goldstein. "Stress-Induced
Migration and Partial Molar Volume of Sodium Ions 
in Glass," Jour, of Chem. Phys., Vol. 41, No. 9,
1961.

Wollbrandt, J., E. Linke, and K. Meyer. Phys: Stat. Sol. 
(a) 27, K53, 1975.




