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Study on Mechanical Properties of Ultra High

Performance Concrete with Coarse Aggregate
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Abstract:Due to the problems of large amount of cementitious material and high cost of Ultra High
Performance Concrete (UHPC), the UHPC system was mixed with coarse aggregate and river sand in-
stead of quartz sand, and the preparation of UHPC with coarse aggregate is successful resulting in excel-
lent mechanical properties. Meanwhile, the effects of the coarse aggregate content and geometric parame-
ters of the steel fiber on the mechanical properties of the UHPC with coarse aggregate were studied. The
results showed that, with the increase of coarse aggregate content (0~ 800 kg/m’), the compressive
strength of UHPC increased firstly and then decreased, the elastic modulus increased almost linearly.
When the content of coarse aggregate was in 0~400 kg/m®, the flexural strength and initial crack strength
of UHPC changed little, while when the content of coarse aggregate was 400~ 800 kg/m’, the flexural
strength and initial crack strength of UHPC decreased obviously. With the increase of the content of coarse

aggregate (0~800 kg/m®), the flexural load-deflection curve of UHPC was obviously changed, and the
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flexural toughness decreased obviously, but a strain- hardening process was observed. With the increase of

the length of steel fiber, the compressive strength, flexural strength and flexural toughness of UHPC in-

creased, but the static compression modulus and initial crack strength of UHPC changed little.

Key words: Ultra High Performance Concrete(UHPC) ; coarse aggregate; mechanical properties; flex-

ural toughness
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Tab.1 Main technical indexes of cement
TR Fii U % i 3 [ / MPa Py iR JE / MPa
/um C3A C3S SO; 3d 7d 28d 3d 7d 28d

15 3 40 2 30.5 42.2 50.2 6.5 7.7 10.2
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Tab.2 Main technical indexes of silica fume
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/pm /(m? kg 1) Si0, Fe, O CaO
0.1 18 500 93.9 0.59 L5
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Tab.3 Main technical indexes of ultrafine mineral powder Tab.5 Main technical indexes of Basalt stone
T#hfe g Kok b % 7 d iR 28 d &M PN XS R U 58 1 JE A AR SR
fum  /(m?ekgmh PNEI sy 5% /mm /(kg+m™*)  /MPa /% /GPa
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A e ey AR BT T A DR S Bt LK ST 4 JL AT
SR ik o8/ % TdiEE 28 diEk " . N -
/pm Si0, Al O, 88/ % B8/ % SR UHPC 5777 PR 41 e 5 B b o0 0 e 5 L
6 50 20 >80 >110 715 s AR i BT B B LA KA B Y R
B AL e i W3 6.
% 6 UHPCR&bigit
Tab. 6 Mix design of UHPC
e B b/ (kg « m™) K WK B AR AR MR R
M ki R BHBOR 7 D MEU/% /% /mm /(kgemd)
A0 890 222 89 178 800 0.16 2.5 2 25 0
Al 890 222 89 178 800 0.16 2.5 2 25 200
A2 890 222 89 178 800 0.16 2.5 2 25 400
A3 890 222 89 178 800 0.16 2.5 2 25 600
A4 890 222 89 178 800 0.16 2.5 2 25 800
A5 890 222 89 178 800 0.16 2.5 2 13 600
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Fig. 1 Flexural tensile strength and static
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Fig. 2 Flexural toughness test device
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Fig. 3  Cube compressive strength of UHPC
with different coarse aggregate content
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Fig. 4  Axial compressive strength of UHPC

with different coarse aggregate content
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Tab.7 Influence of different coarse aggregate content on the flexural toughness of UHPC
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/MPa /mm /MPa /mm #EfE/] FEfE/J FERE/]
A0 19. 85 0.315 32. 20 1.675 15.68 128. 94 303. 05
Al 19. 46 0. 280 30. 56 1.213 14. 20 83.67 290. 33
A2 19. 43 0.238 29.50 1.027 11. 80 68. 30 273.75
A3 18. 11 0.173 27.56 0. 835 7.99 54.52 223.97
A4 17.12 0.120 23.73 0.521 4. 87 29.18 158. 46
A5 18. 14 0.175 21. 40 0.791 7.25 39. 54 178. 65
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Fig. 13 Load-deflection curve of UHPC
with different steel fiber length
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