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Mix Design of Manufactured Aggregate Concrete According to

Performance Requirements
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Abstract: The mix design of manufactured aggregate was proposed based on the Dinger-Funk grading model. The
mass relationship between binder and water for concrete with manufactured aggregate was determined by modifying
the Bolomey’s formula. The paste thickness was introduced to establish the volume relationship between aggregate
and paste. In addition, the stone powder in manufactured sand was considered as a component of the paste. Finally,
the mix design method of concrete with manufactured sand was proposed and verified with concrete of different
strength grades. The results show that the workability of concrete can be regulated by the paste thickness. The
compressive strength of concrete and the diffusion coefficient of chloride have no obvious correlation with the paste
thickness, with the water to binder ratio being the main factor regulating the hardened performance of concrete. The
proposed mix design method can be used to quantitatively design concrete with manufactured aggregate for various
performance requirements.
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Fig. 1 Particle size distributions of cementitious materials
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Fig. 2 Particle size distribution of manufactured sand
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Table 1 Chemical compositions(by mass) of cementitious materials

Unit: %
Material  Na,0 MgO  ALO, Sio, P,0. SO, cl K,0 Ca0 TiO, MnO  Fe,0, IL
C 0.08 0.65 4.56 20.90 0.12 2.65 0.05 0.87 65.00 0.22 0.09 3.23 1.58
FA 1.65 1.79 13.10 51.80 2.02 0.29 0.22 2.97 16. 60 0.94 0.07 5.02 2.04

x2 BRI
Table 2 Properties of aggregates

A . MB value/ w(stone Apparent density/
ggregate (gkg ") powder)/ % (grem ?)
MS 0.4 11.5 2.68
CA 2.70
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Fig. 3 Schematic diagram of concrete components
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Fig.4 Packing void fractions of aggregate with various ¢ values
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Table 3 Optimization results of aggregate gradation

Accumulated screening rate(by mass)/ %

Aggregate size/mm

P, P
0.075 0 0
0.15 4.04 6.57
0.3 9.12 7.88
0.6 15.75 15.99
1.18 23.89 25.02
2.36 34.49 34.99
4.75 48.14 46.38
9.5 65. 40 66.08
16 81.43 82.47
19 87.39 88.32
26.5 100. 00 100. 00

46.40 19.70 16. 39 5.85 11.68
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Table 5 Mix proportion of C30 concrete

Unit: kg/m*

tp/

CA

Specimen ' C FA  MS
pm

4. 75 mm<<D<29.5mm 9.5mm<<D<<16mm 16 mm<<D<<19mm 19 mm<D<<26.5mm

1 15 249.1 62.3 985.9 371.0
2 20 264.7 66.2 965.8 363.4
3 25 279.7 69.9 946.5 356. 1
4 30 294.0 73.5 928.0 349.1
5 35 307.9 77.0 910.1 342.4
6 40 321.2 80.3 893.0 336.0

308. 6 110. 2 219.9 137.1
302.3 107.9 215.4 145.7
296.3 105.8 211.1 153.9
290.5 103.7 206.9 161.9
284.9 101.7 203.0 169.5
279.5 99.8 199.1 176. 8
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Table 6 Mix proportions of C60 concrete

Unit: kg/m’
. CA
Specimen ! C FA MS w
Hm 4.75mm<_D<<9.5mm 9.5 mm<D<16 mm 16 mm<D<19mm 19 mm<D<26.5mm
1 35 369.3 92.3 910.1 342.4 284.9 101.7 203.0 143.9
2 40 385.2 96.3 893.0 336.0 279.5 99. 8 199.1 150. 1
3 45 400.6 100.1 876.4 329.8 274.3 97.9 195. 4 156. 1
4 50 415.4 103.8 860.5 323.8 269. 4 96. 2 191.9 161.9
5 55 429.7 107.4 845.1 318.0 264.6 94.4 188.5 167. 4
6 60 443.5 110.9 830.3 312. 4 259.9 92.8 185. 2 172.8
600 700
Slump flow 600 Slump flow % 7
500 Slump A i Slump
g g 500
£ 400+ 7 £ 7
2 2400 %
Z 300 - =
B i)
E - NI S 300¢ NI
o 200 9]
= Z 200 N
100 100 % % N
0 0
15 20 25 30 35 40 35 40 45 50 55 60
tp/pm tp/pm
(a) C30 (b) C60
(16 2500 R RE X VB 1 T AR 1) 52 )
Fig. 6 Influence of paste thickness on workability of concrete
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Fig.8 Influence of paste thickness on chloride ion
permeability resistance of C60 concrete
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