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Abstract

Recently, researches on recycled aggregate have been actively carried out in the concrete industry. In order
to promote the recycling of concrete more extensively, it is necessary to develop new technology for effectively
using recycled aggregate. As an example, research on ductile-fiber-reinforced cementitious composites (DFRCC)
using recycled fine aggregate has been reported. DFRCCs are composites of cementitious material reinforced
with fibers, which have multiple cracking characteristics and much improved toughness during bending, tension
and compression fracture. However, due to workability-related defects and so on, there are only a limited number
of examples of construction using DFRCC. If DFRCC with excellent workability characteristics can be
developed, those problems would be solved. Therefore, this study focused on high-fluidity concrete, and
examined the material properties of high-fluidity ductile-fiber-reinforced concrete (HFDFRC) using recycled
aggregate. To apply HFDFRC using recycled aggregate (R-HFDFRC) to RC structures, it is necessary to clarify
the long-term material properties (such as strength development and shrinkage behavior) of R-HFDFRC. In order
to evaluate the long-term material properties of R-HFDFRC, we first conducted compressive test, trisecting-point
bending test and shrinkage tests on the R-HFDFRC for materials that had aged 7, 28 and 91 days. Then we tried
to apply the approximation formulas which are based on conventional strength development formulas. It is
concluded that the overall trend in strength development in R-HFDFRC can be broadly approximated with our

equation proposed.
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Table 1 Mix proportions of HFDFRC and DFRM.

Water- | Sand-total| Sand- | Fiber Fiber Replacement Alr c.ntrammg Segregation-
. . volume Lo Coarse +1 + |and high-range .
binder |aggregate| binder | volume L. ratio of Water |Cement «1| Fine aggregate B reducing
i ti tio ratio | fraction | "€ fly ash aggregate water reducing agent
Specimen Type of DFRCC [ Aggregate| Tatio ra ratio ly admixture g
(W/B) | (sfa) | (S/B) | (Vp (Vi) (FA) W) ©) G (S1) (82) (Sp) (GF)
%) | (vol%) | (%) | (vol%) | VS (%) (kg/m)|(kgm?)| (kgm’) | (kgm’) | (kgm?) (Bx%) (Bx%)
R-HFC-40-V7S3 40 40 399 797 71 159 239 0.5 1.7
- -50- 7:3
R-HFC-50-V7S3 R-HFDFRC IR 50 85 65 403 646 93 209 314 0.5 2.3
R-HFC-60-V7S3 60 90 403 537 109 121 486 0.5 33
R-HFC-50-V10S0 50 65 20.0 403 645 93 209 313 0.5 2.4
R-HFM-40-V10S0 40 40 3.0 412 824 206 206 0.5 1.4
R-HFM-50-V10S0 | R-HFDFRM R 50 65 10:0 421 667 270 270 0.5 2.3
R-HFM-60-V10S0 60 100 90 ’ 420 561 190 443 0.5 3.4
R-FM-50-V10S0 R-DFRM 50 65 - 425 850 553 - - 2.2
N-HFM-50-V10S0 | N-HFDFRM N 50 65 20.0 423 671 109 435 0.3 2.2

*1 See to Table 2 for physical property of aggregate
*2  Recycled fine aggregate, S1 : Medium fine aggregate, S2
Natural fine aggregate, S1 : Crushed sand, S2 : Pit sand

Table 2 Physical property of aggregate.

density in

Maximum Percentage of | Fineness
size saturated surface- absorption modulus
Aggregate dry condition
(mm) (g/em’) (%)
Coarse 10 2.58 2.54 6.04
IR Medium fine 2.5 2.57 2.98 2.48
Recycled Very fine 0.6 2.55 4.07 1.20
R Medium fine 2.5 2.58 2.98 2.61
Very fine 0.6 2.54 4.41 1.16
Crushed sand 2.5 2.64 1.17 2.86
N Natural -
Pit sand 1.2 2.60 2.07 1.40
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Table 3 Strength test results.

Cosr?ri I:gstslive :g:ziz frgzgze;;:;; Flexural strength Tensile strength Flexural toughness | Ultimate tensile strain
A ) ® G (f1y) Fu) (29 (&) Number of rack
Specimen 5 5 5 5 5
(N/mm’ (kKN/mm”) (N/mm) (N/mm’ (N/mm”) N/mm (%)
7 28 91 7 28 91 7 28 91 7 28 91 7 28 91 7 28 91 7 28 91 7 28 91
days | days [ days | days | days | days | days [ days | days | days | days | days | days | days | days | days | days | days | days | days [ days | days | days [ days
R-HFC-40-V7S3 | 36.4 | 49.6 | 60.7 | 14.6 | 186 | 21.3 | 658 [ 69.0 | 78.6 | 817 | 9.74 | 8.82 | 3.03 | 3.42 | 2.83 [ 542 | 556 | 5.09 | 1.76 | 1.31 | 1.83 8 7 10
R-HFC-50-V7S3 | 19.8 | 32.0 | 463 | 11.4 | 14.6 | 18.6 | 41.5 ] 60.6 | 69.2 | 5.87 | 6.48 [ 825 | 2.16 | 2.37 | 2.85 [ 4.07 [ 4.06 | 457 | 1.13 10943 | 1.86 [ 8 8 6
R-HFC-60-V7S3 | 12.7 | 23.9 | 36.1 | 9.11 | 12.8 | 16.4 | 29.9 | 51.5 | 52.0 | 425 | 6.50 [ 7.77 | 1.49 | 2.44 | 2.76 | 2.97 | 3.77 | 405 | 1.63 | 1.03 [ 1.30 [ 7 9 8
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Fig.3 Compressive strength, young’s modulus and compressive fracture energy —age relationship.
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Fig.4 Flexural strength, tensile strength, flexural toughness, ultimate tensile strain and number of crack—age relationship.
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Table 4 Material constant and approximation error.

Approximation error Approximation error
Specimen Material constant of the formula ( 3 ) and (4 ) (%) of the formula ( 5) and (6) (%)
P Compressive strength Young's modulus Compressive strength Young's modulus
o B v s 7days| 28 91 7days| 28 91 7 days| 28 91 |7days| 28 91
R-HFC-40-V7S3 | 0.763 | 5.25 | 2.60 | 0.334 | -9.83 | 5.22 |-0.464| 1.58 | 1.04 | -4.99 | -2.35 | 0.000 | -5.21 | 7.31 | 0.000 | -5.87
R-HFC-50-V7S3 | 0.601 | 8.85 | 2.62 | 0.538 | -13.4 | 9.07 [-0.918| -4.34 | 5.94 | -4.40 | -5.61 [ 0.000 | -12.1 | -1.55 | 0.000 | -11.3
R-HFC-60-V7S3 | 0.552 | 10.7 | 2.63 | 0.680 | -9.55 | 7.10 [-0.758| -1.85 | 3.94 | -3.79 | -4.64 | 0.000 | -10.1 | 0.344 | 0.000 | -8.84
O Test R-HFC-40-V7S3 ——JSCE R-HFC-40-V7S3 O Test R-HFC-40-V7S3 ———MC90 R-HFC-40-V7S3
O Test R-HFC-50-V7S3 ——JSCE R-HFC-50-V7S3 O Test R-HFC-50-V7S3 ——MC90 R-HFC-50-V7S3
A Test R-HFC-60-V7S3 ——JSCE R-HFC-60-V7S3 A Test R-HFC-60-V7S3 ——MC90 R-HFC-60-V7S3
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Fig.5 Compressive strength development.
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Fig.6 Young’s modulus development.
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Table 5 Material constant and approximation error.

Material constant Approximation error
of the formula (7) and (8) (%)
. Flexural Tensile Flexural Tensile
Specimen
strength strength strength strength
7 28 91 7 28 91
A B C D
days | days | days | days | days | days
R-HFC-40-V7S3 -7.171 -9.28| 10.7 | -11.5] -10.1| 19.0
R-HFC-50-V7S3 | 1.29 10.493|0.545(0.443 | -4.14 [ 9.99 [ 3.55 [ -5.13[ 6.96 [ 4.58
R-HFC-60-V7S3 6.44 | -4.97| -2.84| 13.0 | -8.68 | -3.33
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Fig.8 Shrinkage strain (HFDFRC).
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Fig.9 Shrinkage strain (DFRM).
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