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Preparation and Formation Mechanism of Lightweight Ultra-high Performance Concrete
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Abstract: Lightweight ultra-high performance concrete (LUHPC) was prepared with pre-wetting lightweight aggregate, Portland
cement, silica fume, fly ash microsphere, steel fiber and expansion agent as raw materials. The influencing factors on the performance
of LUHPC and the developing mechanism were investigated. The results show that the as-prepared LUHPC has a superior
performance. The LUHPC can be self-compacting and has a low dry apparent density of 2 040 kg/m’. The 28-d compressive strength
and flexural strength are 120 MPa and 18 MPa, respectively. The bending toughness index is 21.8, and the 56-d shrinkage rate is
2.62x10". The superior performance of the LUHPC is mainly due to the ball effect of fly ash microsphere, the lightening, internal
curing, “arch-shell” structure effects of pre-wetting lightweight aggregate and the shrinkage-compensating effect of expansion agent.

Keywords: lightweight aggregate; ultra-high performance concrete; mechanical properties; volume stability; interfacial transition
zone
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Table 1 Chemical composition of raw materials w/%

Material SiO, AlL,O; Fe,O; CaO MgO SO; K,O Na,O Loss

0.11 0.77

Cement 20.87 4.87 3.59 6447 213 252 0.65

Silica

96.00 1.03 0.72 051 0.735 0.15 021 0.08 2.38

fume

Flyash 52.50 3240 4.01 150 053 033 132 042 1.22

w is mass fraction.
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Table 2 Mixture ratio of UHPC

Material dosage/(kg-m ™)

Water absorption of

Sample Ne. Cement Flyash  Silicafume Quartzsand  Clastic ceramsite  Spherical ceramsite Expanding agent ceramsite/%
UHPC-0 781 198 187 972 0 0 0

UHPC-1 737 187 176 972 0 0 66

LUHPC-S0 781 198 187 0 480 0 0 9.2
LUHPC-S1 737 187 176 0 480 0 66 9.2
LUHPC-QO 781 198 187 0 0 480 0 9.2
LUHPC-Q1 737 187 176 0 0 480 66 9.2
LUHPC-Q2 737 187 176 0 0 480 66 5.0
LUHPC-Q3 737 187 176 0 0 480 66 0.0
LUHPC-Q4 781 198 187 0 0 480 0 0.0
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Table 3 Performance parameters of UHPC

Sample Slump/  Slump Compressive strength/MPa  Flexure strength /MPa  Elasticity Dry apparent Shrinkage rate of
No. mm_ extension /mm 7d 284d 7d 284d modulus/GPa density/(kgm™) 56 dx10*
UHPC-0 270 610 108.3 126.5 18.9 22.6 452 23.8 2580 7.07
UHPC-1 275 615 109.5 125.1 18.6 22.0 44.8 229 2570 4.87
LUHPC-S0 275 600 86.7 113.5 12.3 16.9 41.0 21.8 2 060 5.10
LUHPC-S1 270 600 85.5 110.1 12.2 16.5 40.3 21.5 2050 3.02
LUHPC-QO 280 610 92.8 120.9 14.0 18.3 41.9 21.8 2050 4.93
LUHPC-Q1 280 620 91.1 118.2 13.7 17.8 41.6 21.8 2 040 2.62
LUHPC-Q2 220 475 82.3 109.8 11.8 15.8 40.8 213 2 040 3.80
LUHPC-Q3 170 390 72.5 103.5 10.6 14.7 40.1 20.8 2030 5.14
LUHPC-Q4 170 380 74.2 105.6 10.8 15.1 40.2 20.9 2 040 6.72
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Spherical ceramsite

(a) Morphology of the “arch-shell” under stereomicroscope: red

is the indicator in pre-wet water
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(b) Morphology of the “arch-shell” under SEM
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(c) SEM-EDS scanning: the green represents the distribution of Al
and the red represents the distribution of Ca
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Fig. 11 Morphologies and cross sections of the “arch-shell” in
UHPC with spherical ceramsite
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Fig. 12 Shrinkage rate of UHPC with spherical ceramsite of

different pre-wetting degrees and different content of
expansion agent
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