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Damage Behavior of Ultra-High Performance Concrete under Load—Temperature Coupling
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Abstract: The damage of ultra-high performance concrete (UHPC) under load-temperature coupling was evaluated by using the
indexes of ultrasonic pulse velocity, mass loss rate, bulk density and thermal conductivity. The results show that the ultrasonic pulse
velocity (UPV) of UHPC decreases, and the damage increases gradually with the increase of load. The temperature has little effect on
the UHPC damage and the UPV fluctuates at 4.55 km/s. The bulk density decreases slightly with the increase of load and temperature,
i.e., only 0.73% and 1.80%, respectively, at a stress ratio of 0.5 and a temperature of 90 °C. The test results of mass loss rate show the
similar regularity. Load and temperature both have a greater influence on the thermal conductivity of UHPC. The thermal conductivity
decreases with the increase of the increase of load and temperature. At 3 d, the thermal conductivity of UHPC in the presence of a
stress ratio of 0.5 is decreased by 21.80%, compared to that in the absence of load, and the thermal conductivity of UHPC at 90 C is
decreased by 14.90%, compared to that at 30 ‘C. A meso model of thermal conductivity of the UHPC under load-temperature
coupling was proposed based on the assumption that the thermal conductivity of solid phase in UHPC could increase linearly with
increasing saturation and eliminate the effects of load and temperature on the UHPC porosity. It is indicated that the theoretical values
calculated by the model could be in reasonable agreement with the measured data.
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Table 1 Chemical composition of cementitious material

w/%
Material CaO SiO, Al,O3 Fe;03 SO; MgO Na,0+0.625K,0 f-CaO Loss
Cement 64.7 20.4 4.7 3.38 1.88 0.87 0.82 09 235
Flyash 12.0 52.0 22.0 4.00 1.88 <0.1 <1.00
Silica
0.40 96.0 1.1 0.90 0.70 <0.90
fume

w is mass fraction.

R RUEMRIEIEME R

Table 2 Physical properties of cementitious material

Material Specific surface area/(m*-kg ) Density/ (kg'm )
Cement 362 3150
Fly ash 458 2 500
Silica fume 20 500 2200

1.2 BE&LEXBAREIT

7 e 1 R R T e R AR (L KR
50%, FERKH 10%, BB S 40%), W (bR LE
4 0.8), AHEEICH B RS IEEHIELE N 0.5),
IKOKELEE A 0.16), TR (B BN RER R 1%)
PASAN A (AR 2N 2%) AR

KAEWA R, FRIEE R 2 FiEER.
PRI B, WEEE A 70 °C, RITEH A58 0,
0.3 LLA 0.5, PRI ERZ Iy, N JJEAEA 0.3, iR
FE4r 518 304 504 70 “CLAK 90 C.
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