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Evaluation of impact resistance of high performance fiber reinforced
cementitious composites under high-speed projectile crash
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Abstract The importance of public infrastructures’ protection against crash or blast loads has been emerging issue
as structures are becoming bigger and population densities in downtown cities are growing up. However, there exists
no sufficient study which considers the developments of protective building materials, that are essential for protective
design and construction. To assess the protection performance and the applicability as protective materials of high
performance fiber reinforced cementitious composites(HPFRCC), this study performed the impact tests with 40 mm
gas-gun propelled projectile crash machine. From this study, it has observed that both high compressive strength of
cement matrix and fiber reinforcement are beneficial for the improvement of impact resistance.
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Fig. 1. Concrete failure pattern by impact
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Table 1. Chemical properties of materials

Composition % (mass)| Cement | Silica fume(SF) | Fly-ash (FA)
CaO 61.33 0.38 -
AlLOs 6.40 0.25 16.60
SiO, 21.01 96.00 3.80
Fe)03 3.12 0.12 5.58
MgO 3.02 0.10 0.82
SO; 2.30 - 0.51
Specific surface (cn/g)| 3,413 200,000 3,117
Loss ignition (%) 1.40 1.50 3.82
Density (g/cm) 3.15 2.10 2.98
Table 2. Properties of steel fiber
. Tensile m 2
Type of Density l ¥ l f/ df
fiber (ke/om) strength (m) (o)
(MPa)
Straight
fiber 7.8 2,500 13 65

Note, 1)] Iz length of fiber, 2)df: diameter of fiber

o] WS W A T ode il & & lth t&7wel| W HPFRCCO E4< metalr] 94
ool # el 413= 100 MPa % 180 MPa $+574%= #5741k 100 MPa 2 180 MPa &5 2 d = =
Table 3. Mix proportions of HPFRCC (ratio in weight)
Nomenclature W/B Cement SF FA Filler Sand Superplasticizer Steel fiber | Flow [mm]
HPF 180 0.2 1 0.25 0 0.30 (4 pm) 1.10 0.02 Vi'=2% 220
HPF 100 0.3 1 0.1 0.2 0.30 (14 1.20 0.005 Vi=2% 245
Note, Vi = Volume fraction of fiber
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Fig. 2. Test Method for Compressive Strength

Fig. 3. Test Method for Flexural Tensile Strength
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Fig. 4. Single Fiber pullout specimen and setup
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Gas-gun Impact Tester (D=40mm) at ADD
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Weight=125g
Flat surface for area impact
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Table 4. Summary of the Single fiber pullout behavior test of HPFRCC
Slip at max. pullout load Max. pullout load Max. pullout stress Pullout energy T,
Nomenclature €q
(mm) N) (MPa) (N-mm) (MPa)
HPF 100 0.14 28.9 918.8 88.9 6.7
HPF 180 0.29 44.9 1429.8 129.2 9.7
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Fig. 13. Permanent deformation after impact failure
(Rear side)
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