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Dynamic fracture process analysis of rock
and its application to fragmentation control in blasting
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<Abstract>

The mechanism of dynamic fracture is of engineering importance to break rock efficiently and to
control fracture in rock. The knowledge of the mechanism has been demanded on the mining industry to
increase productivity and reduce costs, while at the same time reducing the adverse effects of the
operation on their neighbors and underground construction to broduce an excavation contour without
fracturing or damaging the remaining rock. However, it seldom success to predict fragmentation and the
expected fracture propagation by means of drilling and blasting as well as controlled blasting because the
dynamic fracture involves the complexities of rock inhomogeneity, stress loading, geometry, interaction
of stress and crack, location and sequencing of detonation etc.. ,

The topic of the dissertation is dynamic fracture process analysis for verification of dynamic fracture

-~

and fragmentation mechanism of rock blasting.

The dissertation is devided into seven chapters:

In chapter 1, the purpose of this dissertation and the literatures related to dynamic fracture and
fragmentation in rock blasting are introduced.

In chapter 2, this chapter proposes a dynamic fracture process analysis based on dynamic finite element
method and rock fracture mechanics. This is able to describe dynamic fracture process of rock subjected
to various loading conditions. To consider physical fracture phenomena, rock inhomogenity and fracture
process zone are employed. A remeshing algorithim is used to model crack initiation, growth and
coalescence.

In chapter 3, the dynamic and static tensile strengths of rocks are presented. The differences of the
strengths and the strain-rate dependency of the dynamic tensile strength are investigated. In order to
verify the differences and the strain-rate dependency, the fracture processes under various loading
conditions are analyzed by the proposed dynamic fracture process analysis. These analyses verify that the
differences are due to the stress concentrations and redistribution mechanisms in the rock. The rock
inhomogeneity also contributes to the difference between the dynamic and static tensile strengths. An
increase in the uniformity coefficient stimulates a reduction in the strain-rate dependency; i.e., the strain-
rate dependency of the dynamic tensile strength is caused by the inhomogeneity of the rock. The results



support that the observed dynamic tensile strength increased at a high strain rate is caused by arrests due
to the generation of a large number of microcracks.

In chapter 4, in order to verify the dynamic fracture mechanism related to a blast induced borehole
breakdown, the dynamic fracture process analyses under different waveforms for applied borehole
pressure are conducted. The fracture processes are predominantly affected by the rising time increase than
the decay time. At a high stress-loading rate, the applied stress field increases the number of crack and the
growth of cracks is arrested by the stress released from adjacent cracks. This leads to shorter crack
extensions. At a shorter stress-loading rate, a few of predominant crackings are generated during the early
portion of the applied pressure. Ultimately, it leads to the longer crack extensions. The dynamic fracture
process analysis is extended to one free face blasting, which is general blast pattern. This reveal that the
crack-arrested time can be expected from the peak phase time of the reflected wave from the free face.
This will provide an insight into an effective fracture control by means of rock blasting.

In chapter 5, in order to estimate fragmentation in bench blasting, two test blasts are performed. The
fragment sizes of blasted rocks are estimated by sieving analysis and image analysis. The findings show
that rock fragmentation cannot be simply predicted because the fragmentation in bench blasting consists
of widely ranged size from fine to coarse. In order to verify fragmentation mechanism and predict

. optimum fragmentation, a new numerical approach using the dynamic fracture process analysis and
image analysis program is proposed and applied to bench blasting. The predicted fragmentations caused
by different specific charges, burdens and spacings are discussed and compared with the experimental
fragmentations. To investig}-lte optimum fragmentation mechanism the effect of shot delay timin on the
rock fragmentation is simulated and discussed. It is pointed out that experimental optimum delay time is
related to the interaction of radiating stress waves from the adjacent hole and detonation gas
pressurization into the fractures. °

In chapter 6, the effect of the gas flow though the fractures due to detonation of explosive on the
fracture process of rock is investigated. In order to simulate the gas flowing and pressurization in the
fractures, the dynamic fracture process analysis is combined with the finite difference method. The
numerical gas velocity agrees well with the experimental velocity. Using the relationship between gas
flow and radiating stress wave from the adjacent hole, optimum fragmentation condition with respect to
the delay timing in the bench blasting is discussed.

In chapter 7, the results are reviewed and some suggestions for future research are given.

The results provide decisive information about dynamic fracture mechanism of rock and the proposed
dynamic fracture process analysis approaches give new insight on the prediction of fracture and
fragmentation in rock blasting.
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