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Impact Resistance Characteristics of Fiber Reinforced Concrete
Under Various Temperature Conditions
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Abstract In this study, low-velocity impact testing was conducted to analyze the impact resistance of
fiber-reinforced concrete containing different fiber contents at various environmental temperatures.
Polyvinyl alcohol (PVA) or micro steel fiber contents were set at 0.0 %, 0.5 %, 0.75 %, or 1.0 %, and
testing was conducted at -70, -35, 35, 70, and 140°C. Maximum impact force and the durations of
low-velocity impacts were measured, and impact absorption energies and ductility indices were
calculated to compare and analyze the impact resistance characteristics of concrete according to fiber
type, mixing rate, and temperature. PVA fiber-reinforced concretes had lower basic strengths than
concrete, but heating improved impact resistance. On the other hand, micro steel fiber-reinforced
concrete had higher basic strengths than concrete, and their impact resistances were excellent at all
fiber contents and temperatures. However, impact resistance decreased with heating due to a

deterioration in the fixing performance of micro steel fibers.
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1. Crack section of concrete
(a) Plain concrete (b) Fiber reinforced concrete

Fig.

(@ b

Fig. 2. Fiber reinforced materials
(a) PVA fiber (b) Micro steel fiber
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Table 1. Properties of fiber materials

Densit Diameter | Length Tensile
Materials ( /m3)y (mm) (mi}) Strength | Type
8 (MPa)
PVA 1.3 0.04 12.1 1,597 Fiber
Micro ) 5 g 0.2 12 2700 | Fiber
Steel
Table 2. Fiber content and notation
Material Details Fiber content Notation
(%)
Plain Normal - NC
Concrete
| | 0.50 P-0.5
Poly-Vinyl .
PVA Alcohol 0.75 P-0.75
1.00 P-1
) 0.50 M-0.5
Micro 1 Micro Steel 0.75 M-0.75
Steel
1.00 M-1
Table 3. Mix proportions of concrete
) 3
W/C | Slump | S/a Unit content(kg/m’)
%) | (mm) | %) W c S G
47 100 48 170 362 836 923

Table 4. Strength test results of composite concrete

Specimen Compressive Flexural
strength (MPa) strength (MPa)

NC 24.41 3.31
P-0.5 9.11 4.24
P-0.75 7.15 4.61
P-1 6.05 3.25
M-0.5 28.50 7.29
M-0.75 27.17 8.63
M-1 25.49 8.17
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Fig. 3. Specimen and experimental jig
(a) Specimen (b) Support jig
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Fig. 4. Low velocity impact test
(a) Testing machine (b) Mountained specimen
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Fig. 5. Energy of two stage curve obtain in impact
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Table 5. Impact test results of composite concrete

Fig. 6. Specimen state after low-velocity impact test
(a) Plain con’c: Contact side(left), Other side(right)
(b) PVA fiber: Contact side(left), Other side(right)
(c) Steel fiber: Contact side(left), Other side(right)
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Temperature PVA Micro steel

Result ©) Ne P-0.5 P-0.75 p-1 M-0.5 M-0.75 M-1
140 5089.81 2749.34 3589.66 2340.95 5794.77 6381.30 5191.32
70 6181.09 3225.90 3882.92 2977.75 5853.99 6970.64 6031.64
Folziik F 35 6570.23 3020.05 4218.48 3067.99 6361.56 8050.64 7630.49
(N)’ 0 6511.01 4475.08 4252.32 4601.98 8470.80 7661.50 9330.85
-35 7086.26 5422.55 3928.04 3400.73 7794.04 8775.34 9889.18
-70 8028.08 5687.62 5053.15 4379.21 9550.80 13385.78 11586.72

140 1.10 4.97 2.53 2.40 7.00 5.89 7.39

70 1.61 5.32 3.00 2.98 8.37 12.09 11.02

Ductility 35 1.19 7.63 5.32 5.36 8.38 6.62 7.39

Index, DI 0 0.83 3.92 2.50 1.94 4.01 5.07 6.73

-35 1.08 3.77 4.05 2.03 3.93 3.37 4.39

-70 1.21 3.38 3.08 2.57 4.98 4.47 4.71
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Fig. 7. Force-time result of P™' specimen under
various temperature condition
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Fig. 8. Force-time result of M"! specimen under
various temperature condition
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various temperature
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Fig. 10. Ductility index of micro steel fiber concrete
under various temperature
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