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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 DFRCC (HFDFRCC) using recycled fine aggregate. The
excellent crack dispersing and fracture toughness of HFDFRCC using recycled fine aggregate (R-HFDFRCC)
were confirmed. However, research on the long-term properties of R-HFDFRCC has not been carried out. To
apply R-HFDFRCC to RC structures, it is necessary to clarify the material properties (long-term strength
development properties) of R-HFDFRCC, and so tests were carried out. It is concluded that the equation
proposed in this study can be used to approximate the strength development of R-HFDFRCC.
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Table 1 Outline of specimens.

Water- Sand- Fiber Renlacement
. binder binder volume P af:e N
. Fine . . . ratio of
Specimen asgreate ratio ratio fraction fly ash
(W/B) (S/B) (Vo) %)
(%) (%) (vol.%)
R-HFFRM -40 40 40
R-HFDFRCC-50 R 50 65 20
R-HFDFRCC-60 60 90 3.0
N-HFDFRCC-50 N 50 65
R-DFRCC-50 R 50 65

Displacement
transducer

Compressive testing
instrument (2000kN)

Fig.1 Compressive lording system.
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Fig.2 Trisecting-point loading system.
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Fig.3 Image of load-displacement relationship.
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Table 2 Strength test results.

Compressive Youngs Compressive Flexural strength Tensile strength Flexural toughness Ullimalellensile
strength modulus fracture energy strain
) Number of crack
Speciment (F,) (£) (Gr) 1) F.) (124) (G
N/mm’ (kN/mm?) (N/mm) N/mm’ N/mm’ N/mm’ (%)
7 [ 28 T o1 7 [ 28 [ o1 7 [ 28T 91 7 ] 28 ] 91 7 [ 28] 91 7 [ 28 T o1 7 [ 28 [ o1 7 [ 28 o1
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-HFFRM-40 | 307 [ 432557 [ 141 [ 170204 [ 421 478634 [ 671 [ 820 [ 6.75 [ 230 [ 279 [ 237 [ 3.93 [ 435 [3.00 [ 235 [ 217 [229] 42 [ 37 | 33
R-HFDFRCC-50 | 19.7 | 28.5 [ 41.0 [ 107 | 13.5 | 16.7 | 329 [ 42.4 [ 542 | 520 | 5.78 [ 7.31 [ 1.72 | 1.90 | 2.49 | 3.88 [ 3.64 | 4.09 | 440 | 324 [ 3.09 | 80 | 6.0 | 5.8
R-HFDFRCC-60 | 125 [ 21.3 | 312 [ 8.04 | 11.4 | 15.0 [ 27.1 | 39.8 [ 45.4 [ 3.76 | 5.82 [ 6.40 | 1.29 | 1.99 | 2.20 | 2.27 [ 4.18 | 3.94 [ 2.06 [ 347 [ 320 | 67 | 72 | 68
N-HFDFRCC-50 [ 192 [ 279 [40.7 [ 107 [ 127 [ 149 [ 252 [ 403 [ 420 [ 491 [ 598 [7.62 [ 1.71 [ 203 [ 257 [ 3.92 [ 447 [ 507 [ 386 [3.94 [ 284 | 98 [ 85 [ 68
R-DFRCC-50 [ 26.0 [ 33.4 | 392125 | 146 [ 16.6 | 46.0 | 51.1 | 51.6 | 6.62 [ 7.69 | 7.81 | 2.12 | 2.40 [ 2.71 [ 427 | 3.95 | 3.63 | 445 [ 295 [ 199 | 7.8 | 63 | 62
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Fig.4 Compressive strength, young’s modulus and compressive fracture energy — age relationship.
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Fig.5 Flexural strength, tensile strength, flexural toughness, ultimate tensile strain and number of crack —age relationship.
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Table 3 Material constant and approximation error.

Approximation error Approximation error
M aterial constant of the formula (3 ) and (4 ) (%) of the formula (5 ) and (6 ) (%)
Speciment Compressive strength Young's modulus Compressive strength Young's modulus
" s B 7 28 91 7 28 91 7 28 91 7 28 91
? days days days days days days days days days days days days
R-HFFRM-40 0.712 6.24 2.62 0.380 -12.2 6.98 -0.645 -3.48 4.83 4.40 -3.72 0.00 -8.16 -0.271 0.00 -9.32
R-HFDFRCC-50 0.616 7.94 251 0.443 -17.3 11.2 -1.11 -5.29 4.71 -3.69 -7.13 0.00 -153 1.09 0.00 -10.8
R-HFDFRCC-60 0.585 9.46 247 0.587 -12.0 8.39 -0.870 2.52 422 -8.32 -5.22 0.00 -11.4 6.28 0.00 -13.4
N-HFDFRCC-50 0.604 8.15 2.39 0.452 -17.8 11.7 -1.16 -11.1 5.25 1.91 -7.55 0.00 -16.2 -5.33 0.00 -5.74
R-DFRCC-50 0.809 4.19 2.54 0.269 -8.76 4.29 -0.366 -0.91 2.80 -4.26 -1.79 0.00 -3.97 2.13 0.00 -6.63
O  Test R-HFFRM-40 JSCE R-HFFRM-40 O  Test R-HFFRM-40 MC90 R-HFFRM-40
O  Test R-HFDFRCC-50 JSCE R-HFDFRCC-50 O  Test R-HFDFRCC-50 MC90 R-HFDFRCC-50
A Test R-HFDFRCC-60 JSCE R-HFDFRCC-60 A Test R-HFDFRCC-60 MC90 R-HFDFRCC-60
& Test N-HFDFRCC-50  ====- JSCE N-HFDFRCC-50 ¢ Test N-HFDFRCC-50  ====- MC90 N-HFDFRCC-50
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Fig.6 Compressive strength development.
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Fig.8 Flexural strength and tensile strength development.

Table 4 Material constant and approximation error.

M aterial constant Approximation error
of the formula ( 7) and (8) (%)
. Flexura Tensile Flexural Tensile
Speciment
strength strength strength strength
7 28 91 7 28 91
A B D
¢ days | days | days | days | days | days
R-HFDFRCC-50)] -1.731 9.53 ] 6.80 [0.304| 11.7 | 4.80
R-HFDFRCC-60) 4.56 [ -7.90 | 3.47 | 3.50 | -9.27 | 0.675
—————————10.9174{0.5766(0.3215]0.5638
N-HFDFRCC-50)| 2.66 | 4.61 | 2.02 |-0.356] 3.59 | 1.01
R-DFRCC-50 -9.271-9.90 ] -2.59 | -4.98 | -3.17 | -6.09
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