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Dynamic Splitting Tensile Behavior of Ultra-High Performance Concrete
after Exposition to Elevated Temperature
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Abstract: To investigate the effects of elevated temperature and strain rate on the splitting tensile properties of
ultra-high performance concrete (UHPC ) , the mass loss rate, compressive strength, elastic modulus, static and
dynamic splitting tensile tests ( strain rate increases from 1.9's ' to 6.8 s ') were carried out at different temperatures
(20, 105, 200, 300, 400 °C ). Results reveal that all specimens experienced explosive spalling during the
temperature holding period after heating at a rate of 2—10 °C/min to 400 °C. The compressive strength, elastic
modulus and static splitting strength of UHPC increase with the increase of temperature , and the strength of UHPC
at 300 °C increases by 13.2%, 19.1% and 17.3%, respectively , relative to that at room temperature. The dynamic
splitting strength and dissipated energy show an obvious strain rate effect. When the strain rate increases from about
2.0s ' t0 6.5s ', the dynamic splitting strength and dissipated energy of UHPC increase by 69.1%~74.1% and
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146.7%—177.6% , respectively, within the measured temperature range. After exposed to elevated temperatures,

the adsorbed water on C-S-H gel surface, the free water in pores and the gel-bound water in UHPC are gradually

decomposed, result in increase of the mass loss rate of UHPC. The high-temperature and high-pressure environment

in UHPC matrix promotes cement hydration reaction and pozzolanic reaction, improving the density of UHPC

matrix and the bridging effect of steel fiber. At the higher strain rate, the crack propagation in UHPC specimen

is faster and the friction effect of steel fiber pulling out is enhanced , which leads to the increase of dissipated

energy.

Key words : ultra-high performance concrete (UHPC) ; elevated temperature; dynamic splitting tension;

mechanical property; explosive spalling
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Table 1 Chemical composition(by mass) of cement
Unit: %

CaO  Si0, ALO, Fe,0, MgO SO, KO TiO, IL

67.88 19.56 4.48 2.94 1.36 2.52 0.75 0.18 0.33
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Fig.1 Particle distribution of raw materials
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Table 2 Physical and mechanical properties of steel fibers

Length/  Diameter/ Density/ Strength/ Elastic
mm mm (kg'm ™) MPa modulus/GPa
13 0.2 7 850 2000 220
%®3 UHPCHEAL
Table 3 Mix proportion of UHPC
Unit:kg/m”’
. Silica . Steel
Cement Sand Water  Superplasticizer .
fume fiber
788 200 1100 182 21 156
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Table 4 Number of spalling UHPC specimens at different heating

(101 By
2

rates
2 °C/min 4 °C/min 10 °C/min
Temperature/C
N N, Ng N N, Ng N N, Ng

105 6 0 0 6 0 0 6 0 0
200 6 0 0 6 0 0 6 2 0
300 6 2 0 6 3 0 6 6 0
400 6 0 6 6 0 6 6 0 6
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Fig.3 Morphology of explosive spalling of UHPC specimen at 400 “C with different heating rates
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Table 5 Failure patterns of UHPC specimens at different temperatures and strain rates

Temperature/

o 3.4-3.7s"

1.8-2.2s!

4.9-5.25 "
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300
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Fig. 14  Images of UHPC matrix and steel fiber interfaces exposed to different temperatures
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