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Effect of Sisal Fiber on Fracture Performance of Recycled Aggregate Concrete
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Abstract: In order to improve the fracture performance of recycled aggregate concrete (RAC), the effects of recycled
coarse aggregate (RCA) and sisal fiber on the fracture performance of RAC were studied based on the three-point
bending beam test by mixing sisal fiber into RAC. The results show that, compared with ordinary concrete, the
initiation toughness, instability toughness and fracture energy of RAC without sisal fiber are reduced by 20.36% ,
17.36% and 20.66 %, respectively, when the replacement rate of RCA is 100% . When the length of sisal fiber is
10 mm, and its volume fraction is 0.2%, it has the best improvement effect on the initiation toughness of RAC, which
is 37.81% higher than that of RAC without sisal fiber. In terms of instability toughness and fracture energy, the
optimal volume f[raction of sisal fiber is 0.3% . In summary, the incorporation of sisal fiber can effectively improve
the fracture performance of RAC.
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Table 1 Physical properties of NCA and RCA

Apparent density/ Moist Crushi
Coarse aggregate bparen f:m Y Water absorption'’/ % omture rushing Mud content/%  Needle content/ %
(kg-m ™) content/ % value/ %
NCA 2672 0.65 1.24 3. 46 0.28 0.30
RCA 2584 4.06 1.56 9.92 1.24 1.43
F2 GIRFHENYIEMERIER
Table 2 Physical properties of SiF
Density/(g-cm ™) Extension strength/MPa Elastic modulus/GPa 1 h water absorption/ %
0.93 622—-844 32—-37 150
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Table 3 Mix proportions of concretes and content of additional water
kg/m’
Mix proportion
Specimen RCA additional water SiF additional water
NCA RCA SiF Water Super-plasticizer
NC 1 089. 000 0 0 168. 000 2.520 0 0
RC50 544.500 544.500 0 168. 000 2.520 13.610 0
RC100 0 1 089. 000 0 168. 000 2.520 27.230 0
RC100-S0. 1L.10 0 1 086.400 0.930 168. 000 2.520 27.160 1.395
RC100-S0. 21.10 0 1 083. 800 1. 860 168. 000 2.520 27.100 2.790
RC100-S0. 3L.10 0 1 081. 200 2.790 168. 000 2.520 27.030 4.185
RC100-S0. 21.05 0 1 083. 800 1. 860 168. 000 2.520 27.100 2.790
RC100-S0. 21.15 0 1 083. 800 1. 860 168. 000 2.520 27.100 2.790
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Fig.1 Diagram of three pomt bending beam(size: mm)
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Fig. 2 Schematic diagram of strain gauge
arrangement(size: mm)
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Table 4 Basic mechanical properties of concretes

MPa

Specimen Compressive strength  Splitting tensile strength
NC 48.71 6.02
RC50 45.10 5.04
RC100 44.76 4.89
RC100-S0. 1110 49. 39 5.61
RC100-S0. 2110 50.51 5.79
RC100-S0. 310 50.45 5.72
RC100-S0. 2105 48. 20 5.23
RC100-S0. 2115 48.19 5.45
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1: Fracture surface
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II': Cross section
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Fig. 3 Digital photos of failure morphologies of three-point bending beam specimen fracture surfaces
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Fig.4 P-e curves of specimens under influence of various variables
7 7
6 ff 6 ’(\
; ; \
. 2 4 RC100-S0.1L10 2 4 RC100-S0.2L15
5 5 RC100-S0.3L10 5 /
= =3 0 &3 RC100
2 RC100-S0.2L10 2f RC100-80.2L10
1 RC100 i RC100-S0.2L05
r
L
0 0204 06 08 1.0 1.2 14 1.6 0 02 04 06 08 1.0 1.2 1.4 1.6 0 0204 06 08 1.0 1.2 1.4 1.6
CMOD/mm CMOD/mm CMOD/mm
(a) RCA replacement percentage (b) Volume fraction of SiF (c) SiF length
5 AR N {F Y P-CMOD £
Fig.5 P-CMOD curves of specimens under influence of various variables
7 7 7 /RC100-80.2L10
6 6 6
S S 5| / RC100-80.2L15
z 4 z 4 RC100-S0.1L10 z4r |
= =4 <
N3 A3 C100 o3
) ) RC100-S0.3L10 )
| | / RC100-S0.2L10 L

0 02 04 06 08 1.0 1.2 14 1.6 0 0204 06 08 1.0 1.2 14 1.6 0 02 04 06 0.8 1.0 1.2 14 1.6
d/mm 0/mm o/mm

(a) RCA replacement percentage (b) Volume fraction of SiF (c) SiF length
K6 A Ttk P-o 2k
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Table 5 Fracture parameters of three-point bending beam specimens

Specimen P,;//kN P,./kN jn‘:"\lx CMOD/pm a,/m K/(MPa-m'®)  K{"/(MPa-m"?)

NC 1.64 6.17 0. 266 65. 06 0.109 0.2308 1.280 1

RC50 1.44 5.58 0.258 57. 30 0.108 0.2039 1.1418
RC100 1.29 5.42 0.238 65.47 0.105 0.1838 1.057 8
RC100-S0. 11.10 1.57 6.10 0.259 55. 85 0.105 0.2215 1.193 5
RC100-S0. 21.10 1.82 6.21 0.293 61.93 0. 106 0.2533 1.2318
RC100-S0. 31.10 1.63 6.67 0.244 62. 84 0.103 0.228 5 1.256 1
RC100-S0. 21.05 1.44 5.69 0.252 73.16 0.108 0.203 4 1.157 1
RC100-S0. 21.15 1.55 6.13 0.254 54.93 0.103 0.218 2 1.1537
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Fig. 8 Effect of SiFF volume fraction on fracture
energy of RAC
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