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ABSTRACT

Many rock excavation processes occur in a marine or submerged environment, like in drilling for
oil/gas, dredging, trenching and deep sea mining. The presence of a fluid in and surrounding the rock
can have a significant influence on the cutting process, through differences in the ambient (confining)
and pore pressure. The cutting motion deforms the rock matrix, and as a result, local fluid pressure
differences will occur. The magnitude of these pressure differences, and thus its effect on the cutting
process, increases with larger water depths and/or higher cutting velocities. The apparent strength of
the rock matrix increases with higher ambient pressures, resulting in a higher cutting force. However,
an increase in cutting velocity might also lead to lower cutting forces, dependent on the ambient
pressure [1].

Various researchers have used the Discrete Element Method (DEM) to analyze the rock cutting
process [2-4]. Thus far, most research has been limited to the cutting of dry rock. Several attempts
have been done to mimic the effect of a fluid pressure, mostly by applying a confining pressure on
the rock surface [5]. Further improvement of the rock cutting process can be achieved by including
the fluid pressure effect in the rock.

In this paper, the DEM has been extended with a fully coupled fluid pressure model. This is done by
solving a pore pressure diffusion equation with a Smoothed Particle (SP) method. By using the SP, it
is possible to convert the discontinuum properties of the DEM to a continuum, in which the fluid
pressure is modeled and applied as an additional force in the DEM.

Qualitative results show that the model is able to capture the confinement-strengthening and
drainage-weakening phenomena as found in experiments [1]. The newly developed technique gives
more insight in the physical processes that occur during cutting and it helps to improve the use and
the design of the rock cutting equipment and processes.

REFERENCES

[1] R. Majidi, S.Z. Miska and S. Tammineni, “PDC single cutter: the effects of depth of cut and rpm
under simulated borehole conditions”, Wiertnictwo Nafta Gaz, 28, 283-295 (2011).

[2]  J. Rojek, E. Oñate, C. Labra and H. Kargl, “Discrete element simulation of rock cutting”,
International Journal of Rock Mechanics and Mining Sciences, 48, 996-1010 (2011).

[3] O. Su and N.A. Akcin, “ Numerical simulation of rock cuttability”, Proceedings of the
International Conference on Rock Joints and Jointed Rock Masses, Tucson, Arizona, USA,
January 7-8 (2009).

[4]  H. Huang, B. Lecampion and E. Detournay, “Discrete element modeling of tool-rock interaction
I: rock cutting”, International Journal of Rock Mechanics and Mining Sciences, 37, 1913-1929
(2013).

[5] S.T. Lei and P. Kaitkay, “Distinct element modeling of rock cutting under hydrostatic pressure”,
Key Engineering Materials, 250, 110-117 (2003).


