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Abstract: Limestone calcined clay cement (LC3) was used to prepare three kinds of ultra-high performance concrete (UHPC) with
different calcined clay contents, and the effects of calcined clay contents on the static and dynamic mechanical properties of UHPC
were evaluated by dynamic mechanical analysis, scanning electron microscopy-energy disperse spectroscopy and mercury intrusion
porosimetry. The results show that compared to the reference group, the maximum enhancements of loss factor, loss modulus and
storage modulus of UHPC incorporated with LC? of 46.7%, 50.0% and 102.0%, respectively. The slump flow of UHPC is decreased
by 20.5%, 26.9%, and 29.2% when calcined clay content is increased from 0 to 35%, 40% and 45%, respectively. Also, compared to
the reference group, the compressive and flexural strengths of UHPC incorporated with 35% calcined clay are increased by 13.78%
and 27.11%, respectively. In addition, UHPC incorporated with 30%—40% calcined clay has better static and dynamic mechanical
properties, environmental friendliness, as well as economic efficiency.
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Table 1 Chemical composition of cement and supplementary cementitious materials (SCMs) w/%
Component Cement Calcined clay (CC) Ground clinker Limestone Gypsum
CaO 64.42 0.30 64.16 46.21 35.64
SiO, 20.52 64.20 22.37 12.54 4.79
ALO3 5.62 28.51 4.43 3.55 0.60
Fe,03 3.78 0.65 4.58 2.56 0.58
MgO 2.11 0.14 2.33 1.95 1.48
SO; 2.10 0.57 38.77
K>,O 0.28 0.25 0.25 0.63 0.05
Na,O 0.29 0.10 0.43 0.58 0.07
LOI 0.88 5.35 0.88 31.98 18.02

w is mass fraction.
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Table 2 Physical characteristics of river sand

Apparent density/ (kg'm ) Bulk density/ (kg'm )

Compact density/ (kg-m )

Void fraction w/ % Specific gravity Water absorption/%

2630 1490 1580

40 2.63 0.55
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Table 3 Mix proportions of UHPC
Mass m/g
Mix No. W/B ratio w(calcined clay content)/% 3 — -
LC Cement Silica fume Natural river sand Water  PCE Steel fiber
UHPC-0CC 0.2 0 863 216 1079 194.2 43.2 156
UHPC-35CC 0.2 35 863 216 1079 194.2 43.2 156
UHPC-40CC 0.2 40 863 216 1079 194.2 43.2 156
UHPC-45CC 0.2 45 863 216 1079 194.2 43.2 156

Note: W/B = Water/binder.
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