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Characteristics of Concrete Using Coal-By-product as Fine Aggregate
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In this paper, an experimental study on the strengths and material properties of concrete manufactured by using coal gangue, as a fine
aggregate was conducted. Experimental parameters included coal gangue aggregate contents as a replacement of fine aggregate by
50 % and 100 % (by volume) and fly ash contents. The water-binder ratio was fixed at 0.38. In addition, 30 % of the OPC binder was
replaced with fly ash in some mixtures. Test of the unit weight, compressive, split tensile, and flexural tensile strength of concrete were
performed and test results were analyzed. Unit weight, compressive strength, split tensile strength, and flexural tensile strength
decreased as the coal recycled aggregates increased. In addition, TGA and SEM experiments, which are microstructure experiments,
were conducted to analyze thermogravimetric analysis and ITZ by section.
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Fig.
ig. 4. SEM of aggregate surface
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Table 4. Mixing proportions of concrete
Unit weight (kg/m’) w
WiB Water Binder Aggregate redelllt::r
OPC F.A Sand Coal gangue Gravel
550 - 679.4 - 928.2 6.6
550 - 339.7 346.1 928.2 6.6
550 - - 692.2 928.2 6.6
0.38 170
385 165 679.4 - 928.2 6.6
385 165 339.7 346.1 928.2 6.6
385 165 - 692.2 928.2 6.6

Note: OPC: Ordinary portland cement; F.A: Fly Ash; HWRA Water reducer: High water reducing agent;
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Table 5. Test results of concrete containing sand and coal gangue

FA Coal Unit | Compressive tfgiilte Flexural
W/B | content | Gangue weigl;t strength strength strength
(%) | content (%) | (kg/m) | (MPa) (MOa) (MPa)
0 2,473 57.4 4.63 6.19
0 50 2,463 56.2 4.23 5.81
038 100 2,453 54.8 4.12 5.18
0 2,408 52.0 442 5.10
30 50 2,402 50.5 4.10 491
100 2,396 499 3.80 4.71
3.1 Erelu
Fig. 5= ZH2|EQ| HIRIT7t OPC = Z210[|0HA| X[EE
30 % O wf, ZHBX) o] 24 X0 T2 T 2Ans
JefEE LIEFHRACE
Fig, SOIA AEH 202 Brjol BIRR0| 571242 Ty
S UABICE OPC HIQICIS AR AlRIXE MEt A 3192
0 % Ciib] MEF 2A= 2 E'O—FOI 50 % %100 % & mff, E32/E9]|

THRIEE= 242 0.41 %
Z2{0[0A] 30 %= il%@ IEIXOI Pas “EJQ ME S22 0 %0l
=32|E0] tloh AT A= @OE'-F0| 50 % 21100 % 232|E
o| CIQEIZFS 242k 018 % L 0.48 % Dﬁé}?‘;[} ols, MEt
BME ZXe xE I% tetofl whet MEt 2AE Zxel 33
B0 S0P HREHO0| A =He A= EEHEI t

HIRIHE OPCet OPC LiH| Z2t0[0flAl XIZE 30 % & o,

242} At HAIZ XIEIZ 0% 50 % 2 100 %0 2L, TPzl
2821251 %, 2.63 % L 272 % ZABICE 0=, S210[04A17F 30 %

71
tog|

o

0f Rl EA2|E7} OPCE! AR 2a2|EHrt HI9IRRY

0] HABH= XS LTt 0l SfolojAle] erefmizo| s
TS AIME(OPC)S| O SO0 B2j0[ojA] 012

|O

| 7&d HZol2t HEECE

2,500
A
2,460 .\f\“
)
E ‘
£2.420 \\
iﬂ 7
2 2,380
E
=)
2,340 --W53-0-CF
- W38-0-CF
2,300
0 50 100

Coal gangue content (%)

Fig. 5. Unit weight test results

(a) Test setup

(b) Failure pattern

Fig. 6. Compressive strength test
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(b) Failure pattern

Fig. 8. Split tensile strength

(a) Test setup
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Fig. 10. Flexural strength test
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