
[image: ]
5th International Workshop on Rock Physics		23-26 April 2019, Hong Kong

Assessment of fracture toughness in rocks using a new pseudo-compact tension (pCT) test and acoustic emission 
Andrea Muñoz-Ibáñeza, Jordi Delgado-Martína.
a School of Civil Engineering, University of A Coruña, Campus de Elviña s/n, 15071 A Coruña, Spain
Contact email: andrea.munoz@udc.es
Introduction
Fracture toughness (KIC) is a useful property quantifying the capability of a rock to withstand the stresses conducting to the propagation and growth of preexisting cracks or flaws. Fracture mechanics textbooks identify three basic modes of fracturing a material, which can be summarized as the result of: a) loading in pure tension (mode-I); b) shearing in-plane (mode-II); and c) shearing out-of-plane or tearing (mode-III). Although these basic modes may develop in mixed modes (e.g. tension/shear, tension/torsion), mode-I (i.e. the crack plane develops in a direction that it is normal to the largest tensile load) is especially relevant in rocks because of its comparative smaller tensile versus compressive or shearing strengths. In addition, the fracture toughness concept is also linked to other relevant rock properties like brittleness or fracability (e.g. Guo et al. 2015; Bai, 2016 and references therein). 
In the past years, the increasing demand of hydrocarbons has spoiled the research in the linear (elastic) and non-linear (plastic) fracture mechanics of certain lithotypes (tight sands, shales, etc.) and active efforts are being made by numerous researchers to make possible simplified experimental procedures for the systematic determination of KIC avoiding the nuisances of cumbersome sample preparation (e.g. the ISRM SR and CCNBD test methods; Ouchterlony, 1988), economy of materials (e.g. SCB test method; Kuruppu et al., 2014) and flexibility. In this contribution we present a simple testing method for measuring KIC (referred as pseudo-compact tension, pCT) that is further complemented by the concurrent monitoring of acoustic emissions. 
 Methodology
The pCT test is based on a modification of the compact tension specimen (CT) described in the E399-90 ASTM (1990) standard method. However, in this case we use a cylindrical sample (obtained from a core for convenience) instead of a squared geometry. In addition, the two loading holes of the CT specimen have been replaced in the pCT test by a 10 mm-width groove whose depth depends on sample diameter. In the middle of the groove, a thin (1 mm) radial notch is cut to a prescribed depth (a/b = 0.1-0.4; Figure 1a). The testing equipment consists in a stiff frame equipped with a high-precision spindle (that is connected to a gearbox and stepper motor), a push/pull load cell, LVDTs and a COD gauge. Electric signals from all the measurement devices are integrated into a dedicated data acquisition system. A program loaded in an Arduino Uno microcontroller commands the monotonic, stepwise or cyclic movement of the spindle with a precision of 0.25 µm. The tensile action is provided by two hardened steel jaws, one static and the other connected to the spindle.
We have performed a number of tests including different rocks (Blanco Mera granite; Corvio, Arcera and Pinacas sandstones; El Barco slate in divider, arrester and transverse configurations) and sample sizes (100, 50 and 38 mm diameter) at a rate of 100 m/min. Acoustic emission records have been also obtained from one to four AE sensors (Vallen VS-700-D) connected to a Vallen AMSY-6 high frequency recorder with 16 available channels together with parametric inputs associated with the time-dependent load and displacement values. The multi-sensor AE array was also used to determine hypocenter location of AE events. Additional data including tensile and compressive strengths, P&S wave velocities and other properties (bulk density, porosity, etc.) were also compiled for each rock type.
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Figure 1: a) On the left: General geometry of the sample used in the pCT test. D=diameter; B=thickness; d=groove depth; w=groove width; a=notch length; P=tensile load; b) On the right: pCT sample mounted in the testing device with 4 AE sensors (2 in each side of the sample). A COD gauge is located on top of the sample that rests by its own weight in a cradle.
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The studied rock types include materials that range from nearly elastic (Blanco Mera, Pinacas) to elastoplastic (El Barco) and their corresponding stress/strain curves are well defined far after the peak load has been attained. AE data clearly identify the onset of cracking as well as the corresponding evolution. AE parameters (amplitude, energy, rise time, frequency content…) vary for the different rocks tested what makes possible to deepen into the cracking processes occurring during the experiment (grain/cement debonding, grain cracking, etc.). Time-dependent hypocenter location based on AE data illustrates well the evolution of crack growth and we observe a good consistency between the spatial distribution of events (starting at or around the notch tip) and the final geometry of the macroscopic fracture.
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