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Fracture properties and crack propagation process of recycled
mortar under three-point bending
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Abstract: To investigate the effect of the replacement ratios of recycled fine aggregate (RFA) on
the fracture properties and crack propagation characteristics of mortar, experimental studies were
conducted on the fracture behavior of mortar with four types of RFA replacement ratios (0%,
25%, 50%, and 100%). Based on the three-point bending notched beam tests, the fracture
responses of recycled mortar were obtained, including the complete load-crack mouth opening
displacement curves, critical crack propagation, initial cracking toughness, unstable toughness,

and fracture energy. By using non-contact digital image correlation technology, the surface
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deformation of the specimen was measured to obtain the entire process of crack propagation in
recycled mortar. The results show that the use of RFA reduces the initial linear slope and peak
load of the load-displacement curves of recycled mortar, mainly affecting the critical crack
propagation in the opening direction rather than the extension direction. The initial cracking
toughness, unstable toughness, and fracture energy of recycled mortar gradually decrease with
the increase of RFA replacement ratio. When the RFA replacement ratio is 100% , the initial
cracking toughness, unstable toughness, and fracture energy of mortar decrease by 31.1%, 29.5%,
and 37. 8% , respectively. The development of the fracture process zone length of recycled mortar
lep; with different RFA replacement ratio exhibits similar characteristics, which slowly develops
to the peak load (0. 24 times to 0. 32 times the ligament length), then rapidly increases to fully
development (0. 83 times to 0. 91 times the ligament length), and then [z, decreases with crack
propagation.
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Table 1 Physical properties of fine aggregates

A | HEERTR | W/ (kg » m ™3 | WK/ 90 | KR/ K

NFA 3.2 2 610 1.0 0.9

RFA 3.4 2 240 13.3 6.6
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Table 2 Mix ratios of mortar

i BRI g+ m ©)
WS — \
k¥ | NFA | RFA |k | ook | wok
NAM 676 1230 0 304 0.0 1.4
RAM-25 676 922 277 304 7.4 1.4
RAM-50 676 615 552 304 15.0 1.4
RAM-100 676 0 1105 304 29.9 2.4
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Fig.1 Three-point bending setup (unit: mm)
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Fig.2 Compressive and splitting tensile strength
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Table 3 Mechanical and fracture parameters

REgS | fu/MPa | fu/MPa P./N T./mm a./mm K /(MPa » m'/2) | Ki#/(MPa+* m¥2) | Gi/(N+m™1)
NAM 63.4 5.55 1809 0.011 17.9 0. 689 1.318 143.5
RAM-25 63.2 4.45 1683 0.010 18.1 0.581 1.201 123.5
RAM-50 62.6 3.97 1608 0.010 17.7 0.561 1.116 115.9
RAM-100 56.8 3.67 1353 0.015 18.4 0.475 0.929 89. 2
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Fig. 3 Load-crack mouth opening displacement curves
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Fig.5 Typical load-strain curve
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