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Tests for influence of side-length of a concrete target confined with

hexagonal steel tubes on its anti-penetration performance
SONG Dianyi'?, LIU Fei® , JIANG Zhigang’ , TAN Qinghua® , SHEN Zhigiang®
(1. College of Civil Engineering, Hunan University, Changsha 410082, China;
2. College of Military Education and Training, National University of Defense Technology, Changsha 410072, China)

Abstract: The steel tube-confined concrete (STCC) has a wide application prospect in protective structure.
Hexagonal STCC targets have an excellent anti-penetration performance, and their anti-impact ability against both single
and multiple artillery shells is superior to that of semi-infinite concrete targets. Tests for hexagonal STCC targets penetrated
by 12.7 mm armor piercing projectiles ( APPs) with tungsten core at impact velocities within 600 m/s—836 m/s were
conducted to study the influence of side-length of steel tube on targets’ anti-penetration performance, and their failure
modes and main damage parameters were obtained. The results showed that the side-length of steel tube significantly
affects depth of penetration ( DOP) and penetration resistance; the shorter the steel tube side-length, the smaller the
DOP, the larger the penetration resistance; when the impact velocity is about 600m/s and the steel tube side-length
decreases from 66 mm to 55 mm, the DOP decreases by about 19% and the penetration resistance increases by about
17% ; the DOP of hexagonal STCC targets approximately linearly increases with increase in impact velocity.

Key words: confined concrete; penetration test; armor piercing projectile ( APP) with tungsten core; depth of

penetration (DOP) ; penetration resistance
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Tab.1 Specification of steel-tube-confined concrete targets
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Fig.1 Schematic diagram of experiments (mm)
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Fig.2 Inner structure of 12.7 mm APP with tungsten core
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Fig.3 Incident posture of projectiles (high-speed video)
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Fig.4 Damage parameters and measurement of DOP
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Tab.2 Main damage parameters of the tested targets
K RgE Eﬂﬂf%g/m v/(m+s™")  Ad/mm  Ad/r/%  V/ml H/mm  H/mm ik
1 T1329 132/3.5 835.9 5.0 8.7 255 53 177.5° GikER==iN
2 T132-11 132/3.5 828.2 3.0 5.2 215 46 193.4° WEHA
3 T132-22 132/3.5 830.9 9.0 15.7 175 54 182.7
4 T132-23 132/3.5 807.4 5.0 8.7 180 50 177.8
5 T132-7 132/3.5 - 5.0 8.7 145 41 131.7" RN
6 T132-21 132/3.5 703.7 10.0 17.5 140 35 133.8
7 T132-3 132/3.5 603.7 5.0 8.7 120 34 89.8" REAST
8 T132-17 132/3.5 616.1 4.0 7.0 105 31 103.3
9 T132-18 132/3.5 - 6.0 10.5 105 34.0 -
10 T120-21 120/3.5 810.7 4.0 7.7 155 44 174.0
11 T120-22 120/3.5 810.0 7.0 13.5 150 39 183.7" MWiEsa
12 T120-27 120/3.5 833.7 12.0 23.1 134 42 146.9" A ZEAL
13 T120-8 120/3.5 699. 8 3.0 5.8 110 38.5 147.7" GBI,
14 T120-11 120/3.5 709.0 11.0 21.2 115 41.0 159.6" S,
15 T120-23 120/3.5 685. 4 6.0 11.5 138 38.4 126.7
16 T120-3 120/3.5 606. 4 3.0 5.8 99 31.0 90.6
17 T120-14 120/3.5 620.3 8.0 15.4 115 35.0 100.3
18 T120-26 120/3.5 615.0 5.0 9.6 85 29.2 94.7
19 T110-3 110/3.5 815.3 11.0 23.1 - - 176.2" MEFA
20 T110-14 110/3.5 807. 1 10.0 21.0 98 34 130.0° W AL
21 T110-21 110/3.5 812.3 10.0 21.0 125 37 169.7
22 T110-15 110/3.5 711.7 11.0 23.1 96 31.0 147.2° WS
23 T110-19 110/3.5 703.2 11.0 23.1 115 36.0 124.3
24 T110-7 110/3.5 600. 4 7.0 14.7 64 30.0 87.0
25 T110-20 110/3.5 609.9 3.0 6.3 65 27.0 85.1
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Fig.5 Buckling and perforation on lateral side of steel tube
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Fig. 6 Damage modes of targets at front face
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Fig.7 Damage on lateral side of typical concrete targets
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Fig.8 Tungsten cores after tests
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Fig.9 Relationship between depth of crater and impact velocity
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Fig. 10  Relationship between crater volume and impact velocity
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Tab.3 Values of R and R/f,

LiLlE sy T110 T120 T132 T161 - JCPRHE
R/MPa 918 ~1 316 937 ~1 256 996 ~ 1 058 1154 ~1177 442
SF-H{E/ MPa 1160 1123 993 1167 442
R/f, 24.4~34.9 24.9 ~33.3 26.4 ~28.0 21.3~21.7 11.7
PR 30.8 29.8 26.3 21.5 11.7
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Fig. 12 Relationship between dimensionless penetration resistance

(R/f,) and side-length of hexagon steel tube (L)
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