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Fracture Property of Concrete on Spherical

and Flat Nose Shape Projectile Impact

Sang-Kyu Lee', Gyu-Yong Kim?*, Hong-Seop Kim’, Min-Jae Son”, Jeong-Soo Nam’

Abstract: In this study, projectiles with 2 kinds of nose shape: spherical and flat were impacted into normal concrete and fiber reinforced concrete
panels. The fracture depth and form, crater diameter, tensile strain at rear face were evaluated. It was confirmed that smaller projectile nose areas resulted

in deeper penetrations associated with concentrated impact forces and small front-face crater diameters in impact test. Conversely, larger projectile
nose areas resulted in shallower penetrations and larger front-face fracture diameters. Similar front-face failure and strain distribution relationships

based on the projectile nose shape were observed for normal and fiber-reinforced concrete although the rear-face tensile strain and scabbing were
significantly reduced by the fiber reinforcement. In addition, a direct relationship was confirmed between the penetration depth based on the projectile
nose shape and the tensile strain on the rear face. Thus the impact strain behavior is required to predict the scabbing behavior with penetration depth.
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Fig. 1 Failure property of projectile impact on concrete

Copyright © 2016 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,

provided the original work is properly cited.

98



Table 1 Empirical formula
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Penetration depth Scabbing limit thickness
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2) Hughes(Hughes, 1984)
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3) Haldar and Hamieh(Hadar et al, 1984)
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Table 2 Design of experiment

Impact condition Specimen condition

Projectile Projectile

I G g Vo S T
(mm) (&
700x600
25 66.8 170 (WH) 50, 60
(a) Spherical (b) Flat

Fig. 2 Configuration of projectile nose shape

Table 3 Details of concrete mixes

D Fck W/B S/a  Vf sUnit wight (kg/m®)
" (MPa) (%) (%) (%) W C FA S G Fiber
NC i
""""""""""""""""""""" 50 40 55 - 220 440 110 774 655
HSFRC1.0 1.0

Table 4 Mechanical properties of the used materials

Materials Mechanical properties
Ordinary portland cement, Density : 3.15 g/cm’
Cement Fineness : 3,200 cm?/g
Fly-ash Density : 2.20 g/cm3, Fineness : 3,000 cmz/g
River sand Density : 2.61 g/cm®, Absorptance : 0.81%
Gravel Crushed gravel, Maximum size : 20 mm
Density : 2.65 g/cm®, Absorptance : 0.76%
Super L
plasticizer Polycarboxylic acid type
Hooked  Length : 30 mm, Diameter : 0.5 mm, Aspect ratio : 60,

steel fiber ~ Density : 7.80 g/cm®, Tensile strength : 1,140 MPa

100 3t2P=SXICHX|M2|35Hs =27 M 20 H6Z(2016. 1)
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Fig. 3 High velocity impact test machine
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Fig. 5 Measurement of Fracture depth and crater diameter
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Table 5 Fracture form of rear face

b Thickness 50 mm Thickness 60 mm
NC HSFRC1.0 NC HSFRCI1.0
100m
100mm
Spherical 0
+
Scabbing area ratio = 4.2% Scabbingarea ratio=2.1% Scabbingarea ratio = 7.8% Scabbing area ratio=0%
& s ¥
Scabbing area ratio = 3.4% Scabbing area ratio=1.3% Scabbingarea ratio = 6.0% Scabbing area ratio=0%
300 -
1 Rear side

W Spherical type
O Flat type

Thickness : 60mm

08 | Thickness : 50mm

Scabbing depth ratio (d/T)

None failure

NC HSFRC1.0 NC HSFRC1.0
Specimen ID.

Fig. 8 Scabbing depth ratio
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