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Experimental Study on the Spalling Properties of Ultra High Strength Concrete

containing Amorphous Metallic Fiber
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Abstract: This study examined the effect of amorphous metallic (AM) fibers on the spalling properties of ultra high strength concrete. Six specimens
with concrete strengths of 100 MPa and 150 MPa were evaluated with mix proportions of polypropylene (PP) fibers of 0.15% by concrete volume,
and proportions of AM fibers of 0.3% and 0.5% by concrete volume. These specimens were then heated in accordance with the ISO-834 heating curve.
The movement of water vapor through a pore network formed by molten PP fibers was found to be a dominant factor controlling the spalling of
high-strength concrete. Spalling control was not found to be significantly affected by the addition of 0.3% AM fibers; however, when 0.5% AM fibers
was added, cracking was limited and so were paths for water vapor migration, increasing the likelihood of a moisture clog and creating the differential
internal pressure often blamed for concrete spalling.
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Table 1 Experimental plan

H o/\D
specimen ID (I\t;lc'll:a) ;;;er dosage (VOI:K/IF Heating Measured parameters
100AMFO0.0 0.0 ] Spa]hng Shape
100AMFO0.3 100 0.3 ® Mass loss ratio
100AMFO0.5 015 0.5 ISO-834 standard heating ~ ® Residual axial load (kN)
150AMF0.0 ’ 0.0 (50min, 900C) ® Fragment size (mm)
150AMFO0.3 150 0.3 ® Spalling time (min.)
150AMFO0.5 0.5 ® Water vapor pressure (kPa)

 AMF : Amorphous metallic fiber, PPF : Polypropylene fiber
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Table 2 Physical properties of used materials

Materials Physical properties
Ordinary portland cement,
Cement(C) Density : 3.15 g/em’, fineness: 3,200 cm*/g
Ground granulated
blast-furnace slag  Density : 2.50 g/cm®, fineness:6,000 cm?/g
(GGBS)
Silica fume(SF)  Density : 2.50 g/cm’, fineness:200,000 cm¥/g
Gypsum(Gy)  Density : 2.90 g/cm’, fineness:3,550 cm*/g
Crushed granitic aggregate . maximum size: 20
Coarse aggregate(G) mm, density: 2.70 g/cm’, absorption: 0.9%
: . 3 Py
Fine aggregate(S) River sand, Density: 2.65 g/cm’, absorption:

1%, FM: 2.6

Super plasticizer Polycarboxylic-based super plasticizer

Table 3 Characteristic of AMF and PPF

AMF PPF
Length (mm) 30 15
Diameter (um) - 20
Width (mm) 1.6 -
Thickness (um) 29 -
Density (g/cm®) 7.2 0.91
Melting point (°C) - 170°C

Aspect ratio”  18.75(L/W), 1034.48(L/T)
DL - Length, W :Width, T : Thickness, D : Diameter

750(L/D)

Fig. 1 Shape of PPF and AMF used this work



Table 4 Mixture proportions of UHSC

fck W/B slump-flow Air S/a Water Unit weight (kg/m°)
(MPa) (mm) (%) (%) (kg/m®) C SF GGBS  Gypsum S G
100 0.19 589 126 126 - 617 740
-+ +
150 0.15 630+30 2 45 160 693 160 160 53 513 615
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Table 5 Water contents, compressive and flexural strength

Specimen ID Compressive Flexural Water contents
strength (MPa) strength (MPa) (%)
100AMF0.0 100.71 7.66 2.7
100AMF0.3 101.85 9.37 2.6
100AMF0.5 103.59 12.33 2.7
150AMFO0.0 151.71 8.47 2.8
150AMF0.3 151.97 11.70 2.6
150AMF0.5 152.46 14.37 2.6
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Fig. 2 Heating curve
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Fig. 4 Water vapor pressure measuring system for concrete specimen
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Table 6 Spalling sound occurrence time of UHSC specimens

Passage time

Specimen 1D Start (min.) End (min.) -
(min.)
100AMF0.0 Non-spalling
100AMF0.3 Non-spalling
100AMFO0.5 10.12 23.33 13.22
150AMF0.0 8.70 19.53 10.83
150AMFO0.3 7.33 18.33 11.17
150AMFO0.5 7.17 22.08 14.75
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Fig. 7 Spalled concrete fragment distribution
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Fig. 8 Residual axial load ratio of UHSC after [SO-834 heating
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