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Uniaxial tensile properties of ultra high performance concrete doped
with lightweight sand
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Abstract: To explore the effects of lightweight sand on the strain hardening properties of ultra high performance
concrete (UHPC) with different specimen sizes, the lightweight sand was used to replace the yellow sand by equal
volume. Nine groups of uniaxial tensile tests were carried out with different lightweight sand volume rate ranging
from O to 35% and different specimen thicknesses from 30 mm to 100 mm. Meanwhile, simultaneous acoustic
emission real-time flaw detection tests were conducted. Results show that the volume rate of lightweight sand
demonstrates little effect on the stress and strain at the elastic limit point of UHPC, but when the volume rate of
lightweight sand increases from 0 to 35% , the ultimate tensile strength and ultimate tensile strain of UHPC grow
from 10.6 MPa and 2.35 x 10 > to 19.4 MPa and 4.3 x 10 =’ respectively. When the volume rate of lightweight
sand is greater than 15% , the strain hardening degree of UHPC significantly increase with more damage points
generated and more uniformly distributed inside the specimen, showing remarkable crack control capability. With
the same lightweight sand volume rate, the strain hardening degree of UHPC decreases with the increase of
specimen thickness, and the damage points inside the specimen tend to be concentrated, exhibiting an obvious
size effect.
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Tab.1 Mixture proportions of premix kg-m™
WAy KU BRSO BB BEER BUKAR KA R
p 790 135 167 58.5 9 35.5 1
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Fibre and lightweight sand
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Tab.2  Mixture proportions of UHPC

N e p/(kgm ™)
Wil R b BT TR K
UT-0 0 1208.8 932.2 0 161.6 200
UT-9 9 1208.8 693.8 20.8 161.6 200
UT-15 15 1208.8 535.2 34.6 161.6 200
UT-21 21 1208.8 375.6 48.4 161.6 200
UT-30 30 1208.8 137.2 69.2 161.6 200
UT-35 35.18 1208.8 0 81.2 161.6 200
R3 WTHENEMEE
Tab.3  Mechanical properties of fibre
LFYERIE BLHrsR E/ MPa B/ GPa K /mm HZ/um Kz HE/ (kgom™?)

BT B AR AT 4 2 500 200 16 200 80 7 850
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Fig.3 Dog-bone shape uniaxial tensile loading specimen
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Tab.4  Mechanical properties of UHPC with different lightweight sand volume rate

UHPC WAL/ (kgem ™) 7 d PUERIE/ MPa Suie”MPa £0./1072 fuu/MPa  gy,/1072 Sow e Ey/GPa

uT-0 2516 193.16 8.142 0.025 10. 622 0.235 1.305 37.7
uT-9 2 465 174.13 9.506 0.028 12.754 0.386 1.342 37.2
UT-15 2 419 142.41 8.246 0.022 13.492 0.439 1.636 38.2
UT-21 2378 142.05 8.327 0.027 14.639 0.425 1.518 37.9
UT-30 2 300 129.29 10. 105 0.026 18.013 0.411 1.783 38.3
UT-35 2 257 111.89 10.767 0.023 19. 647 0.438 1.825 37.6
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Tab.5 Mechanical properties of UHPC with different specimen thickness

UHPC 4 e /1072 ey FHM/1072 £, /1072 £y FHE/1072 fu/MPa £y FAS(E/MPa £y, /MPa  fi FHIE/ MPa £y /fi
1 0.023 0.456 8.9 13.6 1.5
UH30 2 0.030 0.027 0.525 0.472 8.3 8.6 13.9 13.7 1.7
30.027 0.435 8.5 13.5 1.6
1 0.023 0.419 9.0 11.8 1.3
UH50 2 0.020 0.022 0.497 0.437 9.2 9.1 12.4 12.1 1.3
3 0.023 0.397 9.1 12.2 1.3
1 0.016 0.168 8.1 10.0 1.2
UH-100 2 0.018 0.018 0.323 0.299 8.8 8.5 10.7 10.7 1.2
3 0.020 0. 407 8.6 11.5 1.3
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