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Table 1 Parameters in the prototype model relative to the reduced model
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(a) Projectiles with similar geometries (b) Calculated results for dimensionless penetration depth
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Fig. 1 Dimensionless penetration depth of geometrically similar projectiles, given the scaling law as true
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Table 2 Experimental parameters for tests for determining S '
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Fig. 3 Calculated results based on the semi-analytical formula for penetration depth proposed by Forrestal et al
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(a) ACE formula 40 (b) Modified NDRC formula
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Fig.4 Dimensionless penetration depth of the geometrically similar projectiles predicted by the empirical formulae
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Fig. 6 Procedures for 2D geometric model of an aggregate of random size and shape
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Table 3 Parameters of the HJC material model for cement and aggregate

HHIHTE TR f/MPa 12 120 %‘ijffjj;imﬁ 4.0 40
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YRR G/GPa 5.55 26.93 AR T P, /GPa 1 1

e BRI 24504 0.79 0.79 JESARFRRIAE U 0.1 0.1

e R4 1.6 1.6 JE ) = HUK, /GPa 17 17
JES L RE N 0.61 0.61 JEJ1 Z UK, /GPa 38 38
LRI T/MPa 1.1 12 JE 1 R HUK/GPa 29.8 29.8
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Fig. 8 Von Mises stress distributions in the inhomogeneous regarded concrete target under projectile penetrations
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(a) =0.1 ms (b) =0.2 ms (c) =0.3 ms
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Fig. 9 Von Mises stress distributions in the homogeneous regarded concrete target under projectile penetrations
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Fig. 10 Relative dimensionless penetration depth of replica-scaled projectiles into targets of identical materials
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Fig. 11 Comparison between predictions of semi-analytical formula with size effect added and test data of different sizes
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Analyses of the size effect for projectile penetrations into concrete targets

PENG Yong', LU Fangyun', FANG Qin?, WU Hao’, LI Xiangyu'
(1. College of Liberal Arts and Sciences, National University of Defense Technology, Changsha 410073, Hunan, China,
2. College of Defense Engineering, PLA Amy Engineering University, Nanjing 210007, Jiangsu, China;
3. Research Institute of Structural Engineering and Disaster Reduction, College of Civil Engineering,
Tongji University, Shanghai 200092, China)

Abstract: Whether the replica scaling law holds or not is of great significance because penetration tests of
concrete targets against rigid projectiles are commonly conducted in a reduced scale. In this paper, based on
the replica scaling model and the analyses of penetration tests with various sizes and empirical formulae, we
found that there exists a size effect in general for penetration depth, and the dimensionless depth increases
with as does the size. However, the replica scaling law is satisfied for the penetration depth in rigid projectile
penetrations, as long as the scaling is done strictly for both projectiles and concrete targets, including the
coarse aggregates. We also found that the coarse aggregates of an invariant size (not replica-scaled) are the
major factor accounting for the size effect in penetration depth found in tests and empirical formulae. To find
out about the size effect resulting from aggregates, we developed a 2D mesoscopic finite element model for
concrete target and conducted numerical simulations that successfully represent the size effect, thereby
proving that penetration formula with size effect considered could well predict the penetration tests with
different size.
Keywords: penetration depth; concrete; size effect; mesoscopic model
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