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Abstract: Cement, fly ash and silica fume were used as raw materials, and modified Andreasen-Andersen(MAA )
model was used to guide the mix design of the ultra-high performance concrete (UHPC). The work performance,
compressive strength, apparent density and hydration product characteristics of UHPC under different mix
proportions, water-binder ratios and curing methods were studied. The residual sum of squares (RSS) was used
as an index of the stacking density, and the characteristics of hydration products and compressive strength of UHPC
was analyzed to prove the rationality of MAA model guiding UHPC mix design. The results show that silica fume
was beneficial to improve the stacking density of UHPC. When the RSS of UHPC reaches the minimum of 570.64,
the compressive strength of UHPC under standard curing and steam curing reaches the maximum of 140.4,

153.9 MPa, indicating that the mix proportion design of UHPC by MAA model has high accuracy. Through the
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research of UHPC hydration products, it is found that the hydration reaction is not complete. High water-binder ratio

and high cement content can promote the hydration reaction. The reaction of fly ash and silica fume in an alkaline

environment consumes calcium hydroxide to form calcium silicate hydrate (C-S-H) gel. The system Ca/Si mole

ratio is reduced, the microstructure of UHPC is improved, and the density and strength of UHPC are improved.

Key words: ultra-high performance concrete (UHPC) ; most close packing; modified Andreasen-Andersen

(MAA) model; microscopic analysis; compressive strength
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Table 1 Chemical composition of raw materials

w/%
Raw material Sio, ALO, Fe,0, CaO MgO K,0 Na,0 S0, Co, Total
C 13.56 5.39 3.51 57.06 1.11 0.82 0.62 16.25 0 98.32
FA 56. 36 27.93 4.99 6.38 0.75 1.18 0.82 0 0.22 98.63
SF 96. 25 0.33 0.54 0.52 0.31 1.87 0.18 0 0 100. 00
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Fig.1 XRD pattern of cement
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Fig.2 XRD pattern of fly ash
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Table 2 Cumulative particle size distribution of raw materials

P/%
D/pm
C FA SF
0.46 0 0 0.1
1.13 3.5 2.3 0.5
2.75 12.2 18.5 1.7
5.21 25.0 36.2 16.5
9.86 41.5 52.4 43.7
14.50 53.7 62.8 66.9
21.10 68.2 72.5 78.9
31.30 82.9 80.9 96.3
51. 80 96. 2 97.1 100.0
98. 10 100. 0 100.0 100.0
120
100 | Cement —=>-=~
80 - Silica fume\’/’:///

Incremental volume ratio/%
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Fig.3 Raw material particle size distribution curves
and target curve of MAA model
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Table 3 RSS and mix proportion of UHPC based on

MAA model

Specimen No. m(C):m(FA):m(SF) RSS

UHPC70-20-10 70:20:10 690. 99
UHPC70-15-15 70:15:15 628. 97
UHPC70-10-20 70:10:20 570. 64
UHPC60-30-10 60:30:10 799.91
UHPC60-25-15 60:25:15 730. 68
UHPC60-20-20 60:20:20 670. 67
UHPC50-40-10 50:40:10 948. 37
UHPC50-35-15 50:35:15 884.79
UHPC50-30-20 50:30:20 821.72
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Fig.6 Compressive strength of UHPC steam curing for 3 d
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Fig. 7 Apparent density of UHPC
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Fig.9 XRD patterns of UHPC70-10-20
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