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Ultra high performance concrete (UHPC) uses large quantities of steel fiber, silica fume, filler and superplasticizer for a low
water-to-binder ratio (W/B). Despite of exceptional mechanical performances, UHPC exhibits increased viscosity due to the adoption
of silica fume and its fabrication cost is costlier than ordinary concrete because of the use of large quantities of expensive materials.
Following, this study evaluates the mechanical properties of 180MPa-UHPC using zirconium silica fume (Zr) instead of silica fume with
respect to the quantity and type of superplasticizer (SP) and the size of filler. The results reveal that the Zr-UHPC using W/B of 20%, 100%
of Zr, amount of SP-L of 2 to 3% and 4 um-filler with steel fiber in 1.5 vol.% can develop better fluidity than the traditional mix
composition using silica fume and secure a compressive strength higher than 180 MPa. In addition, the proposed mix composition is
shown to enable a reduction of the fabrication cost by 33% compared to traditional UHPC.
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Table 3. Physical properties and chemical compositions of cementitious materials
Item| Density |Surface area LOT* Chemical composition (%)
Type (g/em’) (em®/g) - Si0, ALO; Fe:0s Ca0 MgO 710,
OPC 3.15 3,512 33 23.5 522 3.1 64.8 3.5 -
SF 2.10 200,000 1.55 96.0 0.25 0.12 0.38 0.10 -
Zr 2.50 80,000 0.1 95.6 0.23 0.10 - - 3.0

OPC: Ordinary Portland Cement, SF: Silica fume, Zr: Zirconia silica fume
*L.0.I: Loss on Ignition
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Table 4. Physical properties and chemical compositions of filler

Chemical composition (%)

Grain size (¢#m)| Ig.loss (%) -
Si0, | MgO | CaO | ALO;

2
4
12 0.01 99.3 0.004 0.03 0.15
15
22

Table 5. Physical properties compositions of superplasticizer

Main Density Solid

T . . 3 1
Ipe ingredient (g/em’) Color contents (%)

SP-H Polycarbonate 1.05 Light brown 30

SP-L Polycarbonate 1.02 Dark brown 30
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Fig. 1. Flow of UHPC according to SP content
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Fig. 2. Slump flow of UHPC according to SP content b) 500 mm reached time according to SP contents and type

Fig. 3. 500 mm reached time of UHPC according to SP content
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