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Face Damage Characteristic of Steel Fiber-Reinforced Concrete Panels
under High-Velocity Globular Projectile Impact
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ABSTRACT This paper investigates the effects of fiber volume fraction and panel thickness on face damage characteristics of steel
fiber-reinforced concrete (SFRC) under high-velocity globular projectile impact. The target specimens were prepared with 200 x 200
mm prismatic panels with thickness of 30 or 50 mm. All panels were subjected to the impact of a steel projectile with a diameter of 20
mm and velocity of 350 m/s. Specifically, this paper explores the correlation between mechanical properties and face damage
characteristics of SFRC panels with different fiber volume fraction and panel thickness. The mechanical properties of SFRC
considered in this study included compressive strength, modulus of rupture, and toughness. Test results indicated that the addition of
steel fiber significantly improve the impact resistance of conventional concrete panel. The front face damage of SFRC panels
decreased with increasing the compressive toughness and rear face damage decreased as the modulus of rupture and flexural
toughness increased. To evaluate the damage response of SFRC panels under high-velocity impact, finite element analysis conducted
using ABAQUS/Explicit commercial program. The predicted face damage of SFRC panels based on simulation shows well

agreement with the experimental result in similar failure mode.
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Table 1 Summaries of specimens

Thickness Vi (%) Size Impact | Number
(mm) f o (mm) condition (EA)
0 2
0.5 Diameter: 2
30 1.0 20mm 1
1.5 Widthx Mass: 2
2.0 Height: 32.6g 2
0 200x200 1
Velocity:
50 1.0 350m/s 2
1.5 2
2.0 2
Dy} steel fiber volume fraction
Table 2 Mix proportions of concrete
. . 3
£0 | wic Unit weight (kgf/m’)
(MPa) | (%) Water | Cement | Sand Coarse
aggregate
30 55 205 373 756 924

(Specific compressive strength ®Water-cement ratio
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Table 3 Mechanical properties of steel fiber

Aspct | Tensile | Elastic
ratio |strength|modulus
(I/d) | (MPa) | (GPa)

Specific|Diameter| Length

Type gravity | (mm) | (mm)

Hooked| 7.85 0.5 30 60 1,100 | 205

(b) Flexural test

Fig. 1 Test set-up for mechanical properties
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Fig. 2 Test set-up for high velocity impact loading

Table 4 Mechanical properties of concrete and SFRC
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Mixture type Fiber. volume Compressive Compress.ive Modulus of rupture| F lexurgl toughness
fraction (%) strength (MPa) toughness index (MPa) index
CON - 40.5 1.91 6.37 0
SFRC-0.5% 0.5 422 3.44 9.04 1.91
SFRC-1.0% 1.0 34.0 4.37 10.56 2.48
SFRC-1.5% 1.5 359 4.08 12.96 3.15
SFRC-2.0% 2.0 36.4 4.95 13.13 3.19
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Fig. 3 Mechanical properties of concrete and SFRC
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Fig. 4 Effects of fiber volume fraction on front and rear face damage
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Fig. 5 Face damage of concrete and SFRC panels
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Fig. 6 Effects of compressive behavior on front face damage
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Fig. 7 Effects of flexural behavior on front face damage
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(a) Front
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(c) Section view

Fig. 10 Simulation results of SFRC-0.5%(t=30mm)
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