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RESULTS OF MODELING THE EXPLOSION OF A BOREHOLE CHARGE IN A
FRACTURED ROCK MASSIF IN ANSYS AUTODYN

Abstract: The expediency of using Ansys Autodyn software package for modeling the
action of a borehole explosive charge explosion in a naturally disturbed rock massif is
substantiated. Computer modeling of dynamic destruction of rock massif by explosion is
carried out to determine the volume and size of the zone, which is disturbed by the action of a
borehole charge explosion, at different values of the strength reduction factor.

The graphical dependence of change of kinetic energy of explosion in time for different
values of strength of naturally disturbed rock massif is established. Calculations show that the
kinetic energy of the explosion action is generally exhausted within 1.0...1.5 ms.

The fracture zone for the massif with full strength is obtained and the character of its
distribution is established.
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Introduction. The action of detonation of a borehole explosive charge in a naturally
disturbed rock massif is characterized by the complexity of the dynamic fracture process.
Numerical modeling of such explosive rapid processes is recommended in order to gain more
knowledge about complex physical phenomena that cannot be obtained by experimental
research methods. Problems of high-speed dynamic impact, penetrating action of explosion and
other nonstationary phenomena with high strain rates are usually solved using an explicit
approach to the equations of continuum mechanics.

Purpose and Objectives. The purpose of the presented article is to study the possibility
of modeling the action of the explosion of a borehole explosive charge in a fractured rock massif
in the Ansys Autodyn software package.

The task of the study is to establish the relationship between the overall strength of the
rock massif and the result of the action of the explosion of a borehole charge in it.

Material and results of the study. Ansys Autodyn is a modeling tool for solving
problems of significant deformation or fracture of materials that has multiple models to
represent complex physical phenomena such as fluid, solid, and gas interactions, material phase
transitions, and shock wave propagation. The main features of the program allow it to be used
to predict fragmentation in rock explosions. The combined use of Eulerian and Lagrangian
reference frames in ANSYS AUTODY N software is particularly useful for modeling explosive
fields [1].

The Eulerian reference frame is best suited for representing explosive detonations
because the material flows through a geometrically constant mesh that can easily handle the
large deformations associated with gas and fluid flows. Rocks are modeled using a Lagrangian
reference frame, which is best suited for fragmented solids because the mesh moves with the
material and allows realistic deformation and collapse. These two reference frames are coupled
in the ANSYS AUTODYN program so that energy is easily transferred between them to
accurately simulate the entire explosion process. A compelling feature of ANSYS AUTODYN
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is the inclusion of these features in the 3D simulation, making the program the only logical
choice for modeling and analyzing rock blasting.

To determine the volume and size of the zone, which was formed by the action of the
explosion of the borehole charge, at different values of the strength reduction factor, computer
modeling of the dynamic destruction of the rock massif by explosion was carried out. To
compare the simulation results, 10 models were analyzed, in which the strength characteristics
were changed with the strength reduction factor Ksp [2], with a step of 0,1 of the initial strength.

The model configuration as well as the location of the observation points are shown in
Fig. 1.
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Figure 1 — Model configuration and location of observation points

The monitoring points were added to the model to determine the time variation of
parameters such as pressure and rock fracture. All monitoring points are located on the same
horizontal line in the middle of the explosive charge. Point 1 is located at the boundary between
the explosive charge and the rock mass and is intended to determine the change in pressure of
the explosion gases over time, points 2-10 are located every 0,5 m, their task is to observe the
degree of destruction of the massif.

Calculations show that the kinetic energy of the explosive charge is exhausted in 1,0...1,5
ms (Fig. 2). However, under the action of accumulated loads and inertia, the massif continues
to deform in some places and to undergo greater crack propagation.
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Figure 2 — Variation of Kinetic energy in time

As a result of modeling, the character of fracture distribution for the array with full
strength was obtained (Fig. 3).
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Figure 3 — Fracture diagram of a rock massif that has full strength

The fracture results make it possible to conclude that the volumes and radii of fracture
zones increase with decreasing strength.

The conducted theoretical studies have shown that the explosive fracture of rocks is
significantly affected by the fracturing of the rock massif. To confirm the effectiveness of the
proposed method of assessing the explosive destruction of naturally disturbed rock massifs,
experimental studies are required. When conducting them, it is necessary to take into account
the characteristics of explosives and properties of disturbed rock massifs.
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KIII im. Irops Cikopchkoro

PE3YJIbTATH MOJAEJIOBAHHA BUBYXY CBEPJAJIOBUHHOI'O 3APALY
Y TPILMUHYBATOMY MACHUBI I'PCBKHUX ITOPIJI B ANSYS AUTODYN

Anorauis: Obepynmosana 0oyibHiCMb 3ACMOCYB8AHHSA NPOSPAMHO20 KomnieKkcy ANSYS
Autodyn oz modeniosanns Oii’ 6ubyxy c6epOI08UHHO20 3apsdy BUOYX0B0T PeUOBUHU 8 NPUPOOHO
HOPYULEHOMY Macusi 2ipcbkux nopio. Ilposedeno Komn tomepHe Mo0ento8anus OUHAMIYHO20
PVUHYBAHHA MACUBY 2IPCbKUX NOPIO 8UOVXOM OJisl BUBHAUEHHS 00 €My | pO3MIPI8 30HU, AKA
nopyuiena 0i€io 8uOyxy c6epOo8UHHO20 3apA0dYy, 34 PI3HUX 3HAYEHb KOeiyieHmy 3HUNCEeHHS
MiYyHOCMI.

Bcmanosnena epaghiuna 3anesxcnicms 3minu Kinemuunoi enepeii 6ubyxy 6 yaci 0Jis pisHux
3HAYeHb MIYHOCMI NPUPOOHO NOPYULeH020 2ipcbko2o macugy. Pozpaxymku noxazyroms, wo
KiHemuuHa enepeis 0ii 6uOYxXy 6 OaHUX YMOBAX 8 YLIOMY uuepnyemucs 6npooosic 1,0...1,5 mc.

Ompumana 30Ha pYUHY8aHHA OISl MACUBY 3 NOBHOW MIYHICMIO MA BCHMAHOBIEHO
xapaxmep ii po3nooiny.

KurouoBi ciioBa: Ansys Autodyn; 30ua pyiinysants; ceepoiosunHull 3apso, NpuUpooHo
NOpYuleHUl 2ipCbKull Macus, NOKA3HUK MiYyHOCMI, CMYNiHb NOPYULEHOCMI MACUBY.
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