-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Edinburgh Research Explorer

Edinburgh Research Explorer

Nonlinear modelling of experimental rock failure data

Citation for published version:

Tait, D, Geiger, N, Worton, B, Bell, A & Main, | 2016, Nonlinear modelling of experimental rock failure data.
in Proceedings of the 31st International workshop on Statistical Modelling Volume IlI. pp. 151-154, 31st
International Workshop on Statistical Modelling, Rennes, France, 4/07/16.

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
Proceedings of the 31st International workshop on Statistical Modelling Volume I

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN ACCESS

Download date: 05. Apr. 2019


https://core.ac.uk/display/77616263?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://www.research.ed.ac.uk/portal/en/publications/nonlinear-modelling-of-experimental-rock-failure-data(d788982c-1005-413c-9348-e255dae82731).html

Nonlinear modelling of experimental rock
failure data

Daniel Tait!, Nadine Geiger!, Bruce J. Worton!, Andrew Bell?,
Ian G. Main?

1 School of Mathematics and Maxwell Institute for Mathematical Sciences, The
University of Edinburgh, Edinburgh, UK
2 School of GeoSciences, The University of Edinburgh, Edinburgh, UK

E-mail for correspondence: Bruce.Worton@ed.ac.uk

Abstract: In this paper we investigate nonlinear models for rock failure data.
The complexities of estimation and analysis using sample experimental data are
studied when fitting a power-law type model. Both the high frequency of sampling
of observations during the experiment, as well as the nature of the model with
high levels of correlation of the parameter estimators result in some challenging
issues in the modelling.
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1 Introduction

We consider methods for modelling experimental data collected in the lab
concerning rock failure. Accelerating rates of foreshocks are often observed
precursory to natural hazards such as earthquakes and volcanic eruptions.
Similarly, rock failure in laboratory experiments is preceded by accelerating
strain rates. In this work we investigate the usage of a damage mechanics
model proposed by Main (2000) for the analysis of strain and strain rate
data during the tertiary phase of brittle creep. The model studied consists
of 3 parameters, of which we focus on the failure time and on the power-law
exponent. When examining the likelihood function and the Fisher Informa-
tion we find that there is substantial correlation between these parameters.

This paper was published as a part of the proceedings of the 31st Inter-
national Workshop on Statistical Modelling, INSA Rennes, 4-8 July 2016. The
copyright remains with the author(s). Permission to reproduce or extract any
parts of this abstract should be requested from the author(s).
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2 Model

Main (2000) develops a damage mechanics model to explain the time-
dependent, trimodal behaviour of brittle creep. We consider modelling the
strain using a relationship of the form

Q=01+ L)m +Qrrr(1 - i)ﬂﬂ

mT ty
where for time ¢, € is the strain. The parameters are Q;, Qrr;, m, 71, v
and t¢. There is also interest in modelling strain rate ), the derivative of
Q) with respect to time ¢. Here we focus on the accelerating crack growth
which is associated with the second term on the right-hand-side of the
above equation as it illustrates the complexities of modelling the data, i.e.
a strain model of the form

t
Q=w(l-—)"", 1)

ty
where t; represents the time of failure which is of particular interest, while
the exponent parameter v relates to the curvature of the strain relationship.

3 Estimation

We assume for the moment that the strain observations are subject to iid
experimental errors with variance o2, and the expectation at time ¢ has
the form given in (1) which leads to a nonlinear model (Bates and Watts,
1988; Fahrmeir et al., 2013).

We apply a nonlinear least squares estimation procedure to fit the model
with parameters v and w for given ¢s to the strain data (Heap et al. (2009)
gives details of lab experiments). This seems to be an effective numerical
approach for parameter estimation. Models were fitted for failure times ¢
over a suitable range of values and the best model selected; this corre-
sponded to ty = 138.864. Table 1 presents the estimates of the fitted model
with this particular failure time value.

TABLE 1. Estimation of v and w from strain for ¢t; = 138.864.

Parameter Estimate Std. Error
v 2.147x1072  4.104x107°
w 1.741 1.143x10~*
o 0.001628

The fitted model and residuals are given in Figure 1. Looking at the left
panel we can see that the fitted model appears to represent the experimental
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data well, but the residuals show some concerning departures from the
assumed model. Firstly there are multiple small waves with a length of
about ten minutes, and secondly there are two irregular large waves, which
indicate a more severe discrepancy between the fitted values and the data. A
partial autocorrelation analysis of the residuals suggests that residuals are
autocorrelated, which may possibly be due to the nature of the experiment.
Therefore, we expect the estimates to be reliable, but the SEs may be
misleading.
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FIGURE 1. Fitted regression line with strain observations (left) and residuals
(right) for the estimation from the experimental lab data.

The estimated parameters (obtained by minimising RSS over a range of ¢
values, with argmin(t;) = 143.37) are given in Table 2 for the strain rate
data, and the fitted model is shown in Figure 2, with the residuals. The
estimates for the strain and the strain rate produce very similar fits when
viewed on the strain scale. However, the SEs for the strain rate would
appear to be more reliable. On investigating the differences between the
parameters estimated by the two models, the ¢y over which the RSS was
minimised is not very well determined as the RSS does not vary greatly over
a range of ty-models. Also, the parameter estimators are highly correlated
so changes in ¢; lead to changes in the other two parameters. Nevertheless,
the strain and strain rate models provide a useful representation of the
experimental data.

TABLE 2. Estimation of v and w’ (the constant multiplicative parameter from
Q model) from strain rate for t; = 143.37.

Parameter Estimate Std. Error

v 0.25634 0.05680
w’ 0.13246 0.04688
o 0.002479
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FIGURE 2. Fitted regression line with strain rate observations (left) and residuals
(right) for the estimation from the experimental lab data.

4 Discussion

In this paper we have considered the application of nonlinear models for
analysis of experimental rock failure data during the tertiary phase of brit-
tle creep. These 3-parameter models have been used to explore different
features of the data and highlight some of the challenges of analysing such
data. In future work, where lab experiments are repeated under identical
conditions, it is expected that the use of replication will enable the features
we have seen to be investigated more fully, and provide further insights into
the processes related to natural hazards such as earthquakes and volcanic
eruptions.
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