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Experimental and numerical investigations on failure of quartz glass rod under
impact compression

XU Zhen, XIONG Xun, LI Tian-mi, LU Wen-yin, ZHOU Feng—hua*
( Key Laboratory of Impact and Engineering of Ministry of Education, Ningbo University, Ningbo 315211, China )

Abstract: In this paper we investigate the compressive failure of quartz glass rods vertically impacted on a rigid
wall at high velocity (Taylor impact). The glass rod projectile is launched using a high-pressure gas gun. An
ultra-high speed video camera is used to record the failure process of the glass rod. The impact creates a
compressive region in the rod. It is found that starting at the impact face, a failure zone is developed in the
compressive region and expands toward the far end of the projectile. The moving front of this failure zone can be
viewed as a kind of “failure wave”, which travels at the rate of 2~4 mm- us'l. The speed of the failure front
increases with the compressive pressure, and may decrease with the propagation depth. After the impacting
process, a spallation failure zone is occasionally identified which expands in the region of near the far end of the
projectile. This spallation zone is attributed to the interactions between the unloading stress wave reflected from
the free end of the projectile, and the longitude unloading wave initiated at the failure zone. Compared with the
compressive failure zone in the impact end region, and the spallation zone in the free end region, relatively less
damage is observed in the middle region of the projectile. The experimental observations can be explained from
the stress wave analysis. Numerical simulations using the discrete element method are conducted, which give the
results consistent qualitatively to the experimental observations.

Key words: failure wave; Taylor impact; quartz glass rod; failure and fragmentation; numerical simulation



