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Abstract: Green materials can be prepared by incorporating recycled carbon fibers (RCF) into concrete, which is an
effective way to realize the recycling of carbon fiber reinforced composite solid waste. In order to investigate the
effect of RCF on the flexural properties of concrete, RCF from three different manufacturers were incorporated into
concrete at different contents and lengths. Four-point bending tests were carried out to analyze the failure modes,
load-deflection curves and flexural strength of recycled carbon fiber reinforced concrete (RCFC). A new method for
determining the initial cracking point was proposed, and the flexural toughness was evaluated. The intrinsic causes
were explained at the microscopic level in combination with SEM. A new bending strength prediction formula was

proposed based on the porosity measured by mercury intrusion porosimetry (MIP). The results show that RCF can
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improve the failure mode and improve the flexural strength and toughness, with a maximum increase of 38.67% in

flexural strength and 70.14% in flexural toughness index I,,. The effects of different forms of RCFC specimens on the

flexural strength, flexural toughness index, equivalent flexural strength and flexural toughness ratio are not the

same, which is mainly related to the apparent morphology of RCF. From the perspective of flexural toughness, the

best performance is achieved when 1.5wt% RCF-A with a length of 12 mm is incorporated. The research conclu-

sions and calculation methods can provide reference for the performance enhancement and application of RCFC.

Keywords: recycled carbon fibers; flexural toughness; microstructure; porosity; flexural strength prediction
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Fig.1 Appearance of recycled carbon fibers (RCF)
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Fig.2 Morphological appearances of three RCFs
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Table1 Properties of RCFs

Fiber Length L/  Recycling Adhesive Diameter/  Density/  Tensile Tensile Carbon
mm method YesorNo pm (g-cm™) strength/MPa  modulus/GPa  content/wt%
RCF-A 6,12,18 Direct cutting Yes 5.83 1.78 3536 230 95.0
RCF-B 6,12,18 Heat treatment No 7.28 1.80 3474 230 91.3
RCE-C 6,12,18 Direct cutting Yes 7.28 1.79 2 866 230 92.8
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Table 2 Number and mix proportion of specimens
RCF parameter RCF parameter
Sample No. Sample No.
Type Content/wt% Length/mm Type Content/wt% Length/mm
Normal concrete (NC) — — — RCF-B0.5%-L12 B 0.5 12
RCF-A0.5%-L6 A 0.5 6 RCF-B1.0%-L12 B 1.0 12
RCF-A0.5%-L12 A 0.5 12 RCF-B1.5%-L12 B 1.5 12
RCF-A0.5%-L18 A 0.5 18 RCF-B1.5%-L6 B 1.5 6
RCF-A1.0%-L6 A 1.0 6 RCF-B1.5%-L18 B 1.5 18
RCF-A1.0%-L12 A 1.0 12 RCF-C0.5%-L12 C 0.5 12
RCF-A1.0%-L18 A 1.0 18 RCF-C1.0%-L12 C 1.0 12
RCF-Al1.5%-L6 A 1.5 6 RCF-C1.5%-L12 C 1.5 12
RCF-Al1.5%-L12 A 1.5 12 RCF-C1.5%-L6 C 1.5 6
RCF-Al1.5%-L18 A 1.5 18 RCF-C1.5%-L18 C 1.5 18
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Table 3

R3 SHIMESLERE RCFC IR EWTNER

Parameter fitting results and flexural strength prediction of RCFC

Parameter fitting results

Conversion coefficient of dosage k

Adhesion coefficient of RCF at

Influence factor of porosity 8

Enhancement factor y

1.3078 84.7983 0.5816 0.9273

Measured and predicted values of bending strength

No. Porosity/% Measured value/MPa Predicted value/MPa
RCF-A1.5%-L6 12.67 6.30 6.27

RCF-A1.5%-L12 12.26 6.26 6.32

RCF-A0.5%-L18 10.85 6.92 6.92

RCF-A1.0%-L18 12.38 6.35 6.35

RCF-A1.5%-L18 13.09 6.40 6.37

T 25 % 25 it 3 B2 1Y 52 me W &, RCF-A. RCF-B.
RCF-C i®-5 KR/ 51°8 31.4% . 38.67% . 16.75%.
% RCFIE &5 i , B RCF#5 & 3 i, RCF-A,
RCF-B iR 4 25 il 28 2 Se B AR 5 3 I, RCF-C ik 14
25 i 5 B U Z HT N R . 3 AP RCFC 25 il i FF 1) Fifi
RCF K Ji (38 K Se R 5 34 K

(2) RCF-A I i W) e H i i, B 1.5wt%
KB 12 mm B 25l MR RO R Ly M 14019,
RCF-B #l RCE-C il /- iy W) P48 BUMH L . [ % RCF
BREMEEI, L. Ly LyZ#i¥sn; k% RCF
KRR, I, Ly Lo A% EHE FREREE;

(3) RCF 2 11 JE 5 %t 1 45 %5025 i a8 5 A 25 il 4
PELE RS2 W 88K, RCF-C 3 1 45 40025 it 58 3 25
M LA, X T RCE-A 1 RCE-B i, 4% RCF
K E N 12mm 43 & 4 1.5wt%, RCF-A1.5%-L12
50U I NS i )P Y B, O 2.98 MPa
F10.64;

(4) # A RCF J5 n] 2 21| BHAS Sl 8 4 & TR I EH
HLA % ] [MURS ) RCF 2 11 A R T 7K A6 7™ 95 A 1
HETT$2 5 RCF-SAR 45 775 RCF iR F LB R AL
THAEA, Ho /LB AN 10.85%, A UHEH
N BT 20.14%; RCEC fL B % Ffi RCF 5 & 3% fin 1
B, B RCE & B A3 fin i 2 B AR IS 3

(5) $& 1) 28 o5 0 A i B A R B, TR A
AR ZE M, s AR S $2 4 1% RCFC
o il 5k T A % R T RCF B i . K RIFLER
REEm, WAL 0983, T %A A PEAY
RCFC & i s &, NAH GRS,
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