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Flexural Properties of Ultra-high Performance Concrete Under Different Temperatures
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Abstract: The bending properties of ultra-high performance concrete (UHPC) at ambient and low temperatures (i.e., 20 C and
—20 C) were investigated. The results show that the strength and elastic modulus of UHPC increase with decreasing the
temperature, and the strength increases more significantly than the elastic modulus. Compared to the corresponding results at 20 ‘C,
the cubic compressive strength, the prism compressive strength, the splitting tensile strength, the flexural cracking strength, the
flexural limit strength and the elastic modulus of UHPC at —20 ‘C are increased by 7.3%, 8.0%, 10.8%, 13.7%, 9.0% and 4.1%,
respectively. The flexural deformability and ductility of UHPC decrease with decreasing the temperature. Compared to the
corresponding results at 20 ‘C, even though the initial crack strain of UHPC at —20 C is increased by 6.3%, resulting from that the
flexural cracking strength of UHPC increases more significantly than its elastic modulus, and the peak strain, limit strain, residual
strain and ductility index of UHPC at —20 C are decreased by 2.9%, 8.2%, 5.5% and 6.4%, respectively.
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Table 1 Mixture ratio of UHPC

Mass ratio

Cement

Fly ash Silica fume

Mineral powder

Water/binder(W/B) ratio
Quartz sand

1.00 0.10 0.25

1.10 0.18
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Table 2 Mechanical properties of the UHPC

Specimen group feu/MPa fe/MPa fiyMPa E/MPa
BT-F2-T(20) 163.9 144.4 25.1 48.5
BT-F2-T(-20) 175.8 156.0 27.8 50.5

BT means bending test, F2 represents the steel fiber content in volume of 2%,
T and the following number in bracket means the test temperature. £, fc, fis
and E refer to the cubic compressive strength, prismatic compressive
strength, splitting tensile strength and compressive elastic modulus of UHPC,
respectively. The results of strength and elasticity modulus are the average

values of 3 specimens in each group.
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(b) Failure mode of flexural specimens at —20°C
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Fig. 2 Failure modes of bending-tensile specimens
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Fig. 3 Load-deflection curves at mid-span of specimens
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Table 3 Mechanical properties of the specimens
Temperature/‘C PJ/KN /mm o./MPa £ x10° Py/kN wp/mm o,/MPa & x10° ,/mm £ x10° & x10°
20 8.71 0.248 16.33 316 16.88 0.637 31.64 5701 1.003 27019 22 577
-20 9.90 0.250 18.56 336 18.39 0.595 34.48 5541 0.962 24 968 21408

P., w., 0. and & refer to the load, deflection, nominal stress and tensile strain at cracking initially, respectively. P,, ,, o, and &, to the load, deflection, nominal

stress and tensile strain at the peak load. w, and ¢, to the deflection and tensile strain at the ultimate. & to the residual strain after unloading at ultimate.
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Table 4 Ductility coefficient of the specimens

7C E)J) EJ) #
20 13.49 239 3.82
-20 15.36 2.96 3.59

T: Temperature; E,: Plastic energy; E.: Elastic energy; u: Ductility

coefficient.
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Fig. 6 Comparison between fitting curves and test curves
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Table 5 Comparison of strength and elastic modulus at
different temperatures

'C f/MPa  f/MPa  fiff, ~ E/GPa  E/GPa  E/E;
20 31.64 25.1 126 485 S1.8 0.94
20 3448 278 124 505 55.3 091

Note: 7 means temperature. f;, fi, £ and Ep refer to the bending tensile
strength, splitting tensile strength, elastic modulus under compression, and
elastic modulus under bending, respectively. The results of strength and

elastic modulus are the average values of 3 specimens in each group.
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