N

N

Electric signal emissions during repeated abrupt uniaxial
compressional stress steps in amphibolite from KTB
drilling
D. Triantis, C. Anastasiadis, F. Vallianatos, P. Kyriazis, G. Nover

» To cite this version:

D. Triantis, C. Anastasiadis, F. Vallianatos, P. Kyriazis, G. Nover. Electric signal emissions during re-
peated abrupt uniaxial compressional stress steps in amphibolite from KTB drilling. Natural Hazards
and Earth System Sciences, 2007, 7 (1), pp.149-154. hal-00299410

HAL Id: hal-00299410
https://hal.science/hal-00299410
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00299410
https://hal.archives-ouvertes.fr

Nat. Hazards Earth Syst. Sci., 7, 149-154, 2007 -K

www.nat-hazards-earth-syst-sci.net/7/149/2007/ Natural Hazards
© Author(s) 2007. This work is licensed anq Earth
under a Creative Commons License. System Sciences

Electric signal emissionsduring repeated abrupt uniaxial
compressional stress stepsin amphibolitefrom KTB drilling

D. Triantist, C. Anastasiadis!, F. Vallianatos?, P. Kyriazis™3, and G. Nover*

1Technological Educational Institution of Athens, Athens, Greece
2Technological Educational Institute of Crete, Chania, Greece
3Brunel University, Uxbridge, London, UK

4Mineralogisches Institut der UniverattBonn, Germany

Received: 1 December 2006 — Accepted: 4 December 2006 — Published: 26 January 2007

Abstract. Laboratory experiments have confirmed that the sample fracture (Triantis et al., 2006). The emitted electric
application of uniaxial stress on rock samples is accompasignals were given the name “Pressure Stimulated Currents”
nied by the production of weak electric currents, to which (PSC) and the various techniques used to show them up are
the term Pressure Stimulated Currents — PSC has been atdescribed by the term “PSC techniques” (Anastasiadis et al.,
tributed. In this work the PSC emissions in amphibolite sam-2004). PSC technigues have been widely used to study the
ples from KTB drilling are presented and commented upon.mechanical behaviour of geomaterials and for the investiga-
After having applied sequential loading and unloading cyclestion of failure mechanisms (Anastasiadis et al., 2004, 2006;
on the amphibolite samples, it was ascertained that in everptavrakas et al., 2003).

new |0ading CyCIe aﬂ:er Unloading, the em|tted PSC eXhibitS The present Work intends to Verify experimenta”y that
lower peakS. This attitude of the current peakS is ConSiStenbressure stimulated current emissions in amphibo"te, pro-
with the acoustic emissions phenomena, and in this work isduced by |0ading_un|0ading procedures that are based on
verified for PSC emissions during loading — unloading pro- aprupt uniaxial stress variations, show up non-linear re-
cedures. Consequently, the evaluation of such signals cagponse effects as current peaks decrease in each loading cy-
help to correlate the state and the remaining strength of th@je and current values are dependent not only on the applied
sample with respect to the history of its mechanical stress. stress, but also on the compression history of the sample. Ef-
fects akin to the aforementioned have been mainly studied in
detail in acoustic emissions (AE) due to microcrack forma-
tion in rocks and other materials during mechanical stress the
so-called Kaiser effect, (Kaiser, 1953; Lavrov, 2003, 2005).
In bibliography it has been observed that when mechani_Kaisereﬁectin acqustic emissjong ta'kes.place during reload-
cal stress is applied upon a rock sample it reacts by emiting of a _rock specimen. _The first indications of such effects
ting electric current (Brady and Rowell, 1986; Enomoto N electric current emissions have beelj shown up in marble
and Hashimoto, 1990: Hadjicontis and Mavromatou, 1994:T0Cks (Stavrakas et al., 2004; Anastasiadis et al., 2007), af-
Takeuchi and Nagahama, 2001; Freund, 2002: Stavrakal€r the application of three loading — unloading cycles at a
et al., 2003). Numerous laboratory experiments includingconstant low stress rate.

many fracture tests have been conducted on various min-

erals and rocks both dry and saturated in order to under-

stand and interpret the nature of the mechanisms responsjs . . .

ble for the production of such electrical signals (Yoshida etb Sample characteristics and experimental details

al., 1998; Vallianatos et al., 2004; St-Laurent et al., 2006). _ ) ) _ o

The most recent experiment employed an arrangement suittNe material used is a fine grained amphibolite extracted
able for recording the electric currents emitted by geomatefrom & depth of the order of 6.0km in the drilling site of
rial samples during the application of either an abrupt uniax-the German Continental Deep Drilling program (KTB). The

ial stress increase or a monotonically increasing stress up t81&in rock forming minerals of the studied amphibolites are
hornblende, plagioclase, garnet together with minor quartz

Correspondence to: D. Triantis and biotite. Accessories included Ti-phases ilmenite 1-3%,
(triantis@ee.teiath.gr) opaques, K-field spar, apatite and some zircon. The poros-
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Fig. 3. Presentation of the repeated stress s{apand the corre-

) . sponding PSC recordings with respect to tithe
Fig. 1. Photograph of the samples after failure.

responds to the final level of the applied stress increase, is
Teflon (electric insulator) applied for a short period\t. The stress decreases then at
Copper electrodes a very slow exponential rate in order to avoid current peaks
Leads to the electrometer during unloading and to keep the same zero background cur-
i B 3 - Steelbase rent level. The unloading of the sample lasts about 30 min in
each cycle. This procedure is repeated and for each repetition
j 1/ 4 cycle the characteristics of the recorded PSC are investigated.
The experimental setup of the mechanical parts that were
used to apply uniaxial compressional stress is depicted in
Fig. 2. A pair of oblong copper electrodes measuring 25 mm
in height and 7mm in width was attached to the amphibolite
sample using conductive paint. The dimensions of the cop-
per electrodes were chosen to have half of the sample height
and to be narrow enough, i.e. practically flat when attached
to the cylindrical surface of the sample. They were placed
ity of the samples was less than 1% vol. (Lich et al., 1992;opposit(_a to each other with respect to the ;ample axis, in
Nover et al., 1995). a direction perpendicular to that of the applied stress (see

The amphibolite samples used in this experiment wereF'g' 2). Teflon sheets 2mm thick were placed on both the

cylindrical measuring 25mm in diameter and 50 mm in upper and the lower surfaces of the sample as electric insu-

) - lators. In order to perform electrical measurements a sen-
height. The average fracture limit was measured to be

. C o sitive programmable electrometer (Keithley 6514) was used.
85 MPa approximately, after the application of uniaxial com- : ) )
. . The experiment was conducted in a Faraday shield to prevent
pressional stress along their axes. The fracture modes ob- . : ;
. S measurements from being affected by electric noise.
served were planes diagonal to the direction of stress. The
diagonal shearing of the sample is clearly depicted in Fig. 1.
The stress-strain curve exhibits an extended linear behaviou Reqlts and discussion
up to failure, compared to other rock materials as it is de-
scribed by Heikamp and Nover (2003). Four repeated abrupt step-wise axial stress increases were
The experimental technique that was used in this case tperformed in a loading — unloading process within the lim-
show up PSC and to verify the dependence of the accumuits 53 MPa to 65MPa, at identical rates (#®&3) MPa/s
lated damage on the emitted currents is the so-called Stefsee Fig. 3a), and the corresponding PSC emissions were
Stress-Technigue (SST), whose characteristics have been deecorded (see Fig. 3b). Figure 3 presents the time evolution
scribed by Triantis et al. (2006). More precisely, the sampleof the whole experiment, while Fig. 4 shows only the first
suffers a constant uniaxial streSg(initial stress). Then, an loading step and the corresponding PSC, to outline the de-

abrupt step-wise stress increas8=Sr—S;, whereSy cor-
l loading

A WO N =

Fig. 2. The experimental setup used for the testing of amphibolite
samples.

Nat. Hazards Earth Syst. Sci., 7, 149-154, 2007 www.nhat-hazards-earth-syst-sci.net/7/149/2007/



D. Triantis et al.: Electric signal emissions in amphibolite from KTB drilling 151
Table 1. Values of the parameters the PSC recording of the four 08 1
abrupt uniaxial compressional stress step.
Numbern, the stress step n=1 n=2 n=3 n=4 0.6 -
PSGnax (PA) 0.75 0.34 014 0.07
Total charge Q (pC) 411 257 136 0.75
PSC peak delay w.rt. Pgax(»=1) 0.0 0.8 15 2.2 < o4
Slow relaxation timer(s) 22 26 40 67 g "
é Q
O .
7] .
a
701 0.2 i
o
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<
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551
n-1
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(a) time (5) Fig. 5. Decrease rate of PSC peaks for the four successivé)(
08 stress steps. The dotted curve is the fitting of the PSC peaks accord-
ing to Eq. (2).
0.6
g
E I Figure 5 depicts the experimentally recorded PSC peak
" o2l (PSGnhax exponential decrease rate. After computer-fitting
the results, it seems that the depicted curve obeys an expo-
o= — = = =5 <o  hential law of the form:

time (s)

(b)

PSGnax(n) = C - exp(—nT_1> ,neN 1)

Fig. 4. Presentation of a single (first) stress stapand the corre-

: i ) _ where is a factor related to the damage evolution and its
sponding PSC recording with respect to tibg.

value can be used as metric for the damage capacity of a
material ¢ equals 1.27 for amphibolite)z is the number
tails of the current signal that is related to the abrupt loading.indicating the loading cycle and is a factor approaching
The stress increase rate in each of the four abrupt steps wahe value of PSgay for n=1.
kept practically constant, in order that the four PSC peak val- Thus, it was shown experimentally that there is a measur-
ues not to be affected by the different rates (Anastasiadis edible change in the electric emission behaviour of the material
al., 2004). Note that a slow unloading scheme was chosen tdepending on its mechanical stress history, in other words ac-
minimize the unloading effects on current i.e. to avoid prob-cumulated damage is present and can be shown by means of
able current spikes of opposite polarity and to keep the samenetrics.
background current values, as abrupt unloading schemes may The application of each new compressional stress cycle of
result in different current relaxation values. the same characteristics causes the removal of the microc-
On application of each abrupt stepwise uniaxial compres+ack edges to new excitation positions, resulting in a smaller
sional stress, an abrupt current spike appears, having a peakimber of new microcracks, to which the smaller peak val-
at a value PSfay, as soon as the stress reaches the final levelies of PSC may be attributed. At the same time, some of the
Sr. After reaching the PSC peak and while the stress reexisting dislocations within the material sample are replaced
mains at the final level § a temporal PSC relaxation down by partially grown neighbouring dislocations corresponding
to background level takes place, which is different for eachto smaller energy values, so as to meet the requirements of
of the four PSC and will be discussed further below. thermodynamics. If no new microcracks were to be formed
The decrease of the peak value of Rg& in each new  during each reloading, then, the solid would not suffer fa-
loading process up to the final level Safter a previous un-  tigue and it would not be aged, so, it would never fail.
loading to the initial levelS;, is evident. PS@ax values It should be noted that a similar expression has been found
for all four abrupt uniaxial compressional stress steps can bén the case of marble rocks, after the application of four load-
read in Table 1. ing — unloading cycles at a constant low stress rate (Anas-
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Fig. 7. Slow relaxation mechanism of the four steps. The straight
t(s) line corresponds to the fitting accon_jin_g to Eq. (2). The open sym-
bols correspond to PSC values deviating from the exponential law

Fig. 6. Comparative presentation of the four PSC peaks (startingOf the slow relaxation mechanism.

point is the moment of the application of stress steps). The horizon-

tal axis is normalized with respect to time.

which is analogous to that described by Eq. (1). Practically

the integral goes tor, which is the moment that the value

of PSC relaxes to background current i.e. the moment that

to be equal to 0.92. according to the time constant of the PSC exponential law,
the values of PSC are near zero. In Table 1, the total charge

hl,tb'sl_no_t ac;]mdenta[ thztbthe m.(cejch?mcal behawou(; cif irrll'values can be read with respect to the four abrupt uniaxial
phibolite is characterized by a wider linear range and slig tycompressional stress steps.

larger Young's modulus and strength compared to marble i _ )
(Lama and Vutukuri, 1978). In this work, the amphibolite A more analytical and comparative presentation of the four

samples have come from a depth of around 6.0km (KTBrecorded PSC peaks immediately after the application of the
drilling) and have larger density and grain size distribu- stress steps is depicted in Fig. 6. In this diagram the time

tion (Tréova et al., 2002), thus, clustering of microcracks to axis is commonly graduated for the four PSC starting at the

macrocracks is less probable. Thus the fracturing of the maMoment that the abrupt stepwise stress increase procedure

terial is slower in amphibolite than in marble and therefore starts while the vertical axis corresponding to PSC values is

current peaks can remain high after several loading cycles. logarithmic. One may observe a systematic time shift of the

The ab fact t the hvbothesis that hibolit PSC peaks as the orderof the stress steps increases. Such
€ above Tacts support the nypotnesis that amphibolite, delay in the reaction of the material to the applied stress is
can stand more loading cycles and keep PSC emission

ble levels. Thi that d bl pected due to the accumulated damage that is correlated to
measurable 1eVels. IS means that new and présumabif o oiimjus inertia of the material under stress. Notice that

morg microcrack§ can be produ_ced in amphibolite, beforqhe time needed for the stress to reach the final leyelnS
leading the material sample to failure. all four abrupt stepwise stress procedures increase is approx-
The total electric charge released during all four stepwisemately 3s. At this moment only the PSC of the first loading
stress procedures also obeys a decreasing exponential lagycle has become maximum. The PSC corresponding to the
with respect to time (Eq. 2), following abrupt stress steps%2, 3 and 4) has a time lag in
the appearance of the PQ&x, compared to PSgax for n=1,
that is presented in Table 1.

o0
0= / PSQy) - dt (2) After the appearance of P&gx the current starts relax-
0

tasiadis et al., 2007), and the value of factavas calculated

ing down to background level, at an initially fast rate during
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