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Bending Characteristics of Fiber-Reinforced Cementitious Composite with Recycled Carbon Fiber

The objective of this study is to investigate the bending characteristics of FRCC with recycled CF by
solvolysis methods. Four-point bending tests are performed on specimens with fiber volume fractions of
0.5% and 0.75%. The section analysis is also conducted to evaluate the bending capacity. As the results
of the establishment of tensile stress-strain models through section analysis, fiber volume fraction
difference between 0.5% and 0.75% is not observed. The suitable fiber volume fraction is considered to
be around 0.5% for FRCC with solvolysis method recycled carbon fiber.
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with Recycled Carbon Fiber

1. INTRODUCTION

The authors have focused on fiber-reinforced cementitious
composites (FRCC) with recycled carbon fiber (CF) for the purpose
of the reduction of environmental impact and creation of the new
materials with added value. The previous study [ has reported the
fabrication of recycled CF-FRCC and the comparisons of bending
characteristics between the different types of recycled CF. As the
results, recycled CF by the solvolysis method shows better behavior
rather than that by the pyrolysis method.

The objective of this study is to investigate the bending
characteristics of FRCC with recycled CF by solvolysis methods in
specimens by commonly used dimensions. The section analysis is
also conducted to evaluate the bending capacity.

2. EXPERIMENT OVERVIEW

The list of the specimens is shown in Table 1 and illustrated in
Fig. 1. Total 6 specimens for compression test and 10 specimens for
four-point bending test are prepared. The used fiber is recycled
carbon fiber by the solvolysis method (CF-SO) as same as that used
in the previous study [l The fiber is cut in 10mm long. Table 2 shows
the mix proportion of FRCC. The fiber volume fraction is set to 0.5%
and 0.75%. In the bending test, axial deformations in constant
bending moment zone are measured to calculate the curvature.

3. TEST RESULTS

Table 3 shows the results of compression test. FRCC with fiber
volume fraction of 0.75% show lower compressive strength than that
of 0.5%.

Fig. 2 shows the bending moment-curvature curves obtained in
the bending test. The deflection hardening property, in which the
bending moment increases after first cracking, can be observed in all
the specimens. After the peak, the curves showed slight softening
branch, and the crack rapidly opened. Fig. 3 shows the comparison
of the maximum bending stress (maximum bending moment divided

by section modulus) including the results of the previous study [,
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Table 1 List of specimens

. . . Fiber volume Number of
Specimen | Dimensions fracti .
raction specimens
CF-SO- | Compression: 0.5% Compression:3
0.5% $100x200mm 70 Bending:5
CF-SO- Bending: 0.75% Compression:3
0.75%  [100x100x400mm| 070 Bending:5
50, 100 100 100 50 100
N 1 ‘
— <
2 = Casting
- L direction
O

A
n-Type LVDT

Fig. 1 Dimensions of specimen for bending test

Table 2 Mix proportion of FRCC

Unit weight(kg/m?)
Specimen
w C S FA | CF | Ad
CF-S0-0.5% 9
380 | 678 | 484 | 291 6
CF-S0-0.75% 13.5

W : Water C : High early strength Portland cement
S : Silicasand No. 7 FA : Fly ash type Il CF : Carbon fiber
Ad : High range water reducing admixture

Table 3 Results of compression test

Average Average elastic
Specimen compressive strength modulus
(MPa) (GPa)
CF-S0-0.5% 40.8 17.2
CF-S0-0.75% 324 15.8

The maximum bending stress of CF-SO-0.5% in this study is smaller
than that of CF-SO-0.5%[!1 due to the scale effect. The maximum
bending stress of CF-S0-0.75% is not so different with the result of
CF-S0-0.5%. It is considered that the fibers are not dispersed evenly
in the case of 0.75% volume fraction.
4. SECTION ANALYSIS

Section analysis is conducted to compare the tensile

characteristics of CF-FRCC. The analysis is also carried out for the
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results of the previous study [U. The stress—strain models used for £ P 18 2 o777 .
z ~ Zz | ey e
analysis are shown in Fig. 4. The parabolic model is chosen in :‘fcf TSEE&%EZ‘Q ? —CF-S0-0.75%-1
g --—CF-50-0.5%-3 | & = ~CF-50-0.75%-2
compression side based on the compression test results. For tension é ~~CF-S0-0.5%-4 | § TIEES00TSNS
E CF-S0-05%5 | 5 I
side, the bi-linear model is established to show the best fitting of the g g
o o
maximum bending moment between the test results and analysis. 0.04 006 008 01 0 00z 004 006 008 01
Curvature (1/m) Curvature (1/m)
Table 4 lists the analysis results and experimental ones. As the results Fig. 2 Bending moment-curvature curve
of the establishment of tensile stress-strain models, the tensile '825
Ay
strengths for CF-SO range from SMPa to 8MPa. The large difference 220
between CF-SO-0.5% and CF-SO-0.75% is not observed. g is
on
£
Comparing the previous results, the tensile strength of CF-SO- El o
=}
0.5%[is about 0.6 times that of CF-V-0.5%!!l. It is considered to be é
£ s
due to the difference of the dispersion of fibers as observed in the § I
. 0
previous study [']. CF-80-0.5% CF-80-0.75% CF-PY-2%"" CF-80-0.5% " CF-V-0.5%!"
Fig. 5 shows stress distributions in cross-sections of the Fig. 3 Maximum bending stress
specimens at the maximum bending moment. The horizontal axis Stain®e)
rain(%
; t ' 6 14 )
indicates the stress of FRCC, showing compression in the left -1 1\ SN 7&283%{/{
=210 —CF-PY-2% ‘m
(negative) and tension in the right (positive). It can be observed that crsons $5¢ > e
—CF-80-0.5% § % 6
the tensile stress becomes around two-third of the tensile strength at Ry & & 2
""" CF-S0-0.5% ™M
the tension edge. CoCrRvosnt 60 ®0 oz o4 06 08 1
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5. CONCLUSIONS (a) Compression side (b) Tension side
. . ) . . Fig. 4 Stress-strain model for section analysis
The deflection hardening property is observed in FRCC with
recycled CF by the solvolysis method. The maximum bending stress
of 100mm cross-section specimens is smaller than that of 40mm Table 4 List of maximum bending moment
specimens. As the results of the establishment of tensile stress-strain Experiment Section analysis
models through section analysis, fiber volume fraction difference Soec Compiq Max. Max. al;liiuftrrsrln
pecimen | strengt bendi bendi
between 0.5% and 0.75% is not observed. The suitable fiber volume (MPa) ending ending comp.
moment moment edge
fraction is considered to be around 0.5% for FRCC with solvolysis (kN-m) (kN-m) (mm)
method recycled carbon fiber. C(I;_SSO/O_ 40.8 1.638 1.639 332
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Fig. 5 Stress distribution in cross-section at the maximum moment
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