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Optimal design of coarse aggregate for geopolymer recycled concrete
based on orthogonal test
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Abstract: It is essential for advancing practical engineering applications to investigate the influence of
different parameters of coarse aggregates on the performance of geopolymer recycled concrete. A three-
factor, three-level orthogonal experimental design method was mainly used to optimize the coarse
aggregates' design, the different factors' role in the coarse aggregate ratios and the differences between
the different levels were analyzed. The effect of the maximum size of coarse aggregate, the gradation,
and the substitution of natural aggregate for recycled aggregate on the performance of recycled concrete
was investigated. The results showed that the size of the coarse aggregate is always the critical factor
affecting the performance of recycled concrete. The strength of the concrete after aggregate
optimization can almost always reach the C50 level, and the performance of the optimized concrete is
significantly improved compared with that of the base concrete. There is an excellent linear relationship
between the compressive strength of concrete and the factors of coarse aggregate.
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Table 1 Apparent density and water absorption of aggregates

HESH PN/ AR
AR X ] /mm T/ (kg -m™) WK 2/% TR L/ (kg m™) 7K 1%
4.75~9.5 2732 5.80 2624 11.37
9.5~16 2759 5.70 2599 10.31
16~19 2718 5.40 2651 8.31
19~26.5 — — 2612 8.57
26.5~31.5 — — 2614 8.97
R2 FHENFRSGOREH
Table 2 Mass fraction of chemical composition of slag %
JEURHRI w(Ca0) w(Si0,) w(ALO,) w(MgO) w(S0,) w(Ti0,) HoAib
L 44.1 30.2 13.7 5.6 3.2 1.8 1.4
R3 hEE T RS E S
Table 2 Mass fraction of chemical composition of metakaolin %
ORI w(Si0,) w(ALO,) w(Fe,0,) w(MgO) w(Na,0) w(K,0) Fifly
it e 54.5 43.0 1.0 0.8 0.1 0.4 0.2
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Table 4 Table of factor and level
E JEREHE 3 min LR A) PP S ER A e
K- ‘ — o o e . s .
. SR, I 4R S0 HEE D 5, 1 5
1 19.0 2.3 4.75~9.5 " N . o
J o LV ERE 24 h R, SR 5 R I B T AR
2 26.5 2.5 9.5~16.0
3 315 27 16.0~19.0 FEAPFE N TR I .
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Table 5 Design table of concrete coarse aggregate mixture proportions
TR/ (kg-m™)
R K7 4%/ mm
WO R RE R RCEEAEL
4.75~9.5 9.5~16 16~19 19~26.5 26.5~31.5
19-0-0 317 1102 456(RA) 465(RA) 181(RA) — — 620 372
19-2.3-4.75 317 1102 420(NA) 482(RA) 200(RA) — — 620 372
19-2.5-9.5 317 1102 456(RA) 465(NA) 181(RA) — — 620 372
19-2.7-16 317 1102 494(RA) 445(RA) 163(NA) — — 620 372
26.5-0-0 317 1102 336(RA) 340(RA) 134(RA) 292(RA) — 620 372
26.5-2.3-9.5 317 1102 296(RA) 338(NA) 141(RA) 327(RA) — 620 372
26.5-2.5-16 317 1102 336(RA) 340(RA) 134(NA) 292(RA) — 620 372
26.5-2.7-4.75 317 1102 378(NA)  339(RA) 125(RA)  260(RA) — 620 372
31.5-0-0 317 1102 289(RA)  295(RA)  116(RA)  252(RA) 150(RA) 620 372
31.5-2.3-16 317 1102 249(RA) 286(RA) 119(NA) 277(RA) 171(RA) 620 372
31.5-2.5-4.75 317 1102 289(NA) 295(RA) 116(RA) 252(RA) 150(RA) 620 372
31.5-2.7-9.5 317 1102 334(RA) 300(NA) 110(RA) 229(RA) 129(RA) 620 372
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Table 6 Test results of performance of geopolymer recycled concrete

. Al sk U5 /M Pa
NS R — — — — -

KA mm PB4 ORI /mm YHEEE/mm PR lem 7d 28d
19-0-0 19.0 — — 231 55 36.1 45.9
19-2.3-4.75 19.0 2.3 4.75~9.5 237 61 425 50.5
19-2.5-9.5 19.0 25 9.5~16.0 239 57 41.5 51.9
19-2.7-16 19.0 2.7 16.0~19.0 232 56 47.0 54.5
26.5-0-0 26.5 — — 237 62 34.4 43.1
26.5-2.3-9.5 26.5 2.3 9.5~16.0 243 66 39.2 49.6
26.5-2.5-16 26.5 2.5 16.0~19.0 238 61 38.7 51.1
26.5-2.7-4.75 26.5 2.7 4.75~9.5 244 60 36.4 49.3
31.5-0-0 315 — — 223 50 32.1 415
31.5-2.3-16 315 2.3 16.0~19.0 228 54 34.8 46.3
31.5-2.5-4.75 315 25 475~9.5 224 55 38.1 47.1
31.5-2.7-9.5 315 2.7 9.5~16.0 221 52 36.6 48.2
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Table 7 The results of variance analysis of concrete perfor-

mance indicators
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Fig.1 The influence of different test parameters on the

fluidity of concrete
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Fig.2 The influence of different test parameters on the

compressive strength of concrete
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