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Experimental study on compressive strength and elastic modulus of

recycled ceramic concrete
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China; 2. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: Recycled ceramic fine aggregate was used to replace natural river sand with a quality of 0%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, and 100% replacement rate to create recycled ceramic fine aggregate concrete (CRFC)
to investigate the effects of various types and replacement rates of recycled ceramic aggregate on the compressive
strength and modulus of elasticity of concrete. To create recycled ceramic coarse and fine aggregate concrete (CRC),
natural gravel was substituted with a quality of 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100% based
on the replacement rate of recycled ceramic fine aggregate (100%) with natural fine aggregate. The physical and
mechanical properties of CRFC and CRC were investigated, as well as the viability of using wasted tile ceramics as
recycled concrete aggregate. The results show that: Waste ceramic bricks can be utilized as coarse and fine aggregate in
concrete preparation. To ensure concrete workability while utilizing recycled ceramic coarse aggregate, additional water
should be supplied by its water absorption rate. The bond strength in the interfacial transition zone and coarse aggregate
type are the main factors influencing the failure patterns of CRFC and CRC, respectively. The workability, compressive
strength, and elastic modulus of CRFC made with recycled ceramic fine aggregate are similar to those of normal
concrete. As the replacement rate of recycled ceramic coarse aggregate increased, the compressive strength and elastic
modulus of CRC dropped dramatically. It is suggested that the replacement rate of recycled ceramic coarse aggregate is
less than 50% when natural fine aggregate is totally replaced by recycled ceramic fine aggregate.
Key words: Recycled ceramic aggregate concrete; Coarse aggregate; Fine aggregate; Compressive Strength; Elastic
modulus
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Tab.1 Performance index of recycled concrete aggregate

; Bulk Apparent ; Water Absorption/%
Grain ; o . Fineness 0 p
Aggregate Diameter/mmDenS't%/)/(kg m Densﬂg)l(kg M \odulus Crush Index/% omin =min Lomin
CCA 5-20 935 1728 / 15.6 11.98 14.11 14.93
NCA 5-20 1326 2826 / 19.6 0.20 0.31 0.41
CFA <2.36 1225 1943 3.74 / 23.61 25.62 26.50
NFA <5.00 1584 2732 2.56 / 19.12 21.71 21.83
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Tab.2 Sieve residuals of ceramic and natural aggregate

Cumulative sieve residual/(kg m3)

Aggregate
236 475 95 160 19.0 265

CCA 99.7 972 434 175 0 0
NCA 99 658 68 11 0 0
CFA 96.6 918 86.1 615 383 0
NFA 935 724 498 326 239 6.6
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Tab.3 Mix Proportion of CRFC and CRC

Mix proportion/(kg/m?3)

No. Cement /(kg/m®)  Water/(kg/m?) Additional Coarse Aggregate/(kg/m3) Fine Aggregate/(-kg/m3)
Water/(kg/m®)  Natural Ceramic  Natural Ceramic

NC 490 220 987 - 570 570
CRFC-10 490 220 987 - 513 57
CRFC-20 490 220 987 - 456 114
CRFC-30 490 220 987 - 399 171
CRFC-40 490 220 987 - 342 228
CRFC-50 490 220 987 - 285 285
CRFC-60 490 220 987 - 228 342
CRFC-70 490 220 987 - 171 399
CRFC-80 490 220 987 - 114 456
CRFC-90 490 220 987 - 57 513
CRFC-100 490 220 987 - 0 570
CRC-100-0 490 220 0 987 0 - 570
CRC-100-10 490 220 13.9 888.3 98.7 - 570
CRC-100-20 490 220 27.9 789.6 197.4 - 570
CRC-100-30 490 220 418 690.9 296.1 - 570
CRC-100-40 490 220 55.7 592.2 394.8 - 570
CRC-100-50 490 220 69.6 493.5 493.5 - 570
CRC-100-60 490 220 83.6 394.8 592.2 - 570
CRC-100-70 490 220 97.5 296.1 690.9 - 570
CRC-100-80 490 220 1114 197.4 789.6 - 570
CRC-100-90 490 220 125.3 98.7 888.3 - 570
CRC-100-100 490 220 139.3 0 987 - 570
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Tab.4 Test results of CRFC and CRC

Compressive strength/MPa Elasticity modulus (28d)/MPa

No. Concrete slump/mm  Apparent density/(kg/m?) furMPa (%) fuzs/MPa A% E./MPa A%

NC 170 23111 39.22 - 49.52 - 32314 -
CRFC-10 170 2286.6 3781 -3.60 4298 -13.21 29440 -8.89
CRFC-20 180 2266.7 38.14 -2.75 4824 -2.58 31525 -2.44
CRFC-30 185 2259.7 39.75 1.35 4658 -5.94 29377 -9.09
CRFC-40 170 2256.8 39.96 1.89 4643 -6.24 31689 -1.93
CRFC-50 165 22234 38.74 -1.22 4594 -7.23 30597 -5.31
CRFC-60 190 2187.7 4245 824 4864 -1.78 31707 -1.88
CRFC-70 185 2132.8 3764 -4.03 4291 -13.35 31425 -2.75
CRFC-80 180 2074.1 40.25 2.63 4535 -8.42 29564 -8.51
CRFC-90 190 2050.8 4155 594 4777 -3.53 31285 -3.18
CRFC-100 190 2029.6 40.80 4.03 4541 -8.30 31457 -2.65

CRC-100-0 190 2034.6 41.10 - 44,31 - 31926 -
CRC-100-10 180 2005.8 38.32 -6.76 46.50 4.94 29190 -8.57
CRC-100-20 165 1978.3 42.02 224 4834 9.10 30460 -4.59
CRC-100-30 170 1938.2 34.65 -15.69 39.90 -9.95 27586 -13.59
CRC-100-40 180 1930.3 40.05 -255 4596 3.72 30594 -4.17
CRC-100-50 185 1892.8 3433 -1647 39.08 -11.80 28491 -10.76
CRC-100-60 180 1866.7 33.38 -18.78 39.78 -10.22 28483 -10.78
CRC-100-70 175 1840.7 30.33 -26.20 39.04 -11.89 28619 -10.36
CRC-100-80 190 1812.9 26.90 -3455 36.02 -18.71 28483 -10.78
CRC-100-90 180 1809.6 24.63 -40.07 3711 -16.25 25879 -18.94

CRC-100-100 190 1787.2 2371 -4231 31.63 -28.62 22426 -29.76
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