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Experimental Study on Flexural Strength of Coal Gangue Concrete
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Abstract: Using coal gangue from Yu-Shen mining area as coarse aggregate , through 288 prisms flexural strength
tests, the effects of coal gangue carbon content, coal gangue replacement ratio and water-cement ratio on flexural
strength of coal gangue concrete (CGC) were analyzed. The test results show that when the carbon content of
coal gangue from different sources increases from 0.91% to 2.09% , the flexural strength of CGC decreases by
21.1%-32.6%. Compared with normal concrete, the flexural strength of CGC is reduced by 20.5%—47.5% under
different coal gangue replacement ratios. Compared with CGC with water-cement ratio of 0.25, the flexural strength
of CGC with water-cement ratio of 0.45 is reduced by 8.0%~15.3%. Considering the influence of carbon content
and replacement ratio of coal gangue, the prediction formula of flexural strength of CGC suitable for different sources
is proposed.
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Table 1 Basic properties of coal gangue

Carbon content (b
CG v

Calorific value/(kJ-kg ')

Loss on ignition (by Water absorption ratio (by

mass)/ % mass)/ % mass)/ %
S-CG 2.09 1869. 34 23.96 8.4
7-CG 1.31 1458.99 10. 65 5.1
H-CG 1.33 1557.45 10.49 5.0
N-CG 1.28 664.75 9.76 5.7
Y-CG 0.91 424. 31 6.40 5.5
Bulk(>35 mm)
Washed block Manual Crushing Coal gangue coarse

coal gangue primaries

(jaw crusher)

— Screening —— aggregate for concrete
(5-35 mm)

Impurities

Crushed fines(<<5 mm)
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Fig. 1 Production process of coal gangue coarse aggregate
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Table 2 Cumulative sieve residue of coal gangue coarse aggregates
Cumulative sieve residue(by mass)/ %
Coarse aggregate
2.36 mm 4.75mm 9. 50 mm 19. 00 mm 31.50 mm
S-CGCA 96 95 89 41 2
Z-CGCA 96 94 76 22 0
H-CGCA 97 94 84 42 2
N-CGCA 96 93 83 35 0
Y-CGCA 96 92 80 29 0
x3 HEMHERMELE
Table 3 Basic properties of coarse aggregates
A t Crust Needle and plat Sulfide and sulfat
. Particle size/  Bulk density/ pParcn L s C? ¢ andprane (e and surate Organic
Coarse aggregate (K 3) density/(kg* indicator(by  particle content(by content(by rent
mm ‘m . conten
& m ) mass)/ % mass)/ % mass)/ % ¢
S-CGCA 5.0-31.5 1 060 2020 20 4 0.18 Qualified
N-CGCA 5.0-31.5 1200 2 250 18 3 0.24 Qualified
7Z-CGCA 5.0-31.5 1320 2390 13 9 0.32 Qualified
H-CGCA 5.0-31.5 1290 2450 14 4 0.19 Qualified
Y-CGCA 5.0-3L.5 1360 2 560 12 4 0.90 Qualified
NCA 5.0-31.5 1490 2700 10 3
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Table 4 Mix proportion of S coal gangue concretes

Mix proportion/(kg-m )

Group m,/m, r/% Sand rate(by mass)/ %

Water Cement Sand CGCA NCA
S-0. 25-100% 0.25 100 41 160 640 533 767 0
S-0. 35-100% 0.35 100 41 160 457 608 875 0
S-0.45-100% 0.45 100 41 160 356 650 935 0
S-0. 25-70% 0.25 70 41 160 640 570 574 246
S-0. 35-70% 0.35 70 41 160 457 645 650 278
S-0.45-70% 0.45 70 41 160 356 687 692 296
S-0. 25-40% 0.25 40 41 160 640 607 349 524
S-0. 35-40% 0.35 40 41 160 457 682 392 589
S-0.45-40% 0.45 40 41 160 356 723 416 625
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Table 5 Mix proportions of normal concretes

Mix proportion/(kg+m %)

Group m,/m, Sand rate(by mass)/ %
Water Cement Sand CGCA NCA
NC-0. 25 0.25 41 160 640 656 0 944
NC-0. 35 0.35 41 160 457 731 0 1052
NC-0.45 0.45 41 160 356 773 0 1112

x6 HEAARBELKGNIAERRERESRTEE
Table 6 Cubic compressive strength and flexural strength of coal gangue concrete specimens
Group f.w/MPa  f,;,/MPa Group f.w/MPa  f,,/MPa Group f.w/MPa  f,;,/MPa
S-0. 25-100% 27.3 3.1 S-0. 35-100% 23.8 2.7 S-0.45-100% 22.5 2.6
S-0.25-70% 32.3 4.0 S-0. 35-70% 30.5 3.4 S-0.45-70% 26.3 3.3
S-0. 25-40% 40.7 5.9 S-0. 35-40% 35.0 4.1 S-0.45-40% 30.6 3.9
7-0.25-100% 32.5 4.4 7-0.35-100% 30.2 3.5 7-0.45-100% 27.0 3.4
7-0.25-70% 38.1 4.6 7-0.35-70% 34.1 4.4 7-0.45-70% 31.7 4.1
7-0.25-40% 46.7 5.1 7-0.35-40% 37.7 5.0 7-0.45-40% 37.0 4.9
H-0. 25-100% 34.4 3.7 H-0. 35-100% 29.6 4.1 H-0. 45-100% 28.4 3.7
H-0.25-70% 39.2 4.4 H-0. 35-70% 34.9 4.0 H-0.45-70% 32.2 3.9
H-0.25-40% 48.9 6.0 H-0. 35-40% 39.5 5.9 H-0.45-40% 38.4 5.8
N-0. 25-100% 35.6 3.8 N-0. 35-100% 29.2 3.8 N-0. 45-100% 28.5 3.7
N-0. 25-70% 40.1 4.6 N-0.35-70% 31.1 4.2 N-0.45-70% 32.1 4.1
N-0. 25-40% 44.2 4.9 N-0. 35-40% 43.1 4.8 N-0. 45-40% 37.2 4.6
Y-0. 25-100% 35.8 4.4 Y-0. 35-100% 31.2 4.1 Y-0.45-100% 30.9 3.9
Y-0.25-70% 41.8 4.6 Y-0.35-70% 36.7 5.2 Y-0.45-70% 34.5 5.0
Y-0.25-40% 50.3 6.3 Y-0.35-40% 41.2 5.8 Y-0.45-40% 40.2 5.6
NC-0. 25 59.1 7.4 NC-0. 35 47.9 6.7 NC-0.45 42.4 6.3
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Fig.2 Crack propagation pattern of typical specimen
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(b) Y-0.35-100%
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Fig. 3 Broken section shape of typical specimen
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Fig.4 Influence of various factors on flexural strength of coal gangue concretes
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Fig.5 Calculated and test values of flexural strength of coal gangue concretes
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