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Abstract - Recycled aggregates generally have low density of aggregates because their cement paste is not totally removed, and
their structural performance is degraded due to increased absorption rate. In order to improve these drawbacks, in this paper, the
structural properties of recycled aggregate concrete was improved by suppressing drying shrinkage, stress distribution, and re-
inforcing steel fibers that serve as crack dispersion, and the unstable physical properties were prevented by filled steel tubes. In
addition, shear experiments were conducted with respect to major variables (recycled aggregate replacement rate, end plate, and
shear span-to-depth) by mixing steel fibers useful in enhancing strength and ductility of concrete to utilize recycled aggregate
concrete as structural members. The shear experiments showed that the load and displacement of all experimental specimens
filled in steel tubes increased proportionally, indicating a plastic behavior.
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Table 1. List of specimens
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Specimen” Section Length Steel fiber End status Shear span ratio
(mm) (mm) (%) (ald)
NNACI1-0.7 - Open 0.7
NRACI1-0.7 - Open 0.7
SRACI1-0.7 0.5 Open 0.7
NNAC2-0.7 - Close 0.7
NRAC2-0.7 300x300%6T 1,800 - Close 0.7
SRAC2-0.7 0.5 Close 0.7
NNAC2-1.3 - Close 1.3
NRAC2-1.3 - Close 1.3
SRAC2-1.3 0.5 Close 1.3

’S: steel fiber; NA: natural aggregate; RA: recycled aggregate; C: concrete; 1: open; 2: close; 0.7: 0.7D; 1.3: 1.3D

Table 2. Concrete mixing ratio

(Unit: kg/m®)

Binder Natural Natural | Recycled | Recycled | Ap Steel

Specimen Water coarse fine coarse cine t Admixtures fib
Cement | F/A | S/P aggregate | aggregate | aggregate | aggregate agen toer

NAC 815 641 0 0 -

RAC 420 60 120 210 0 0 815 641 7.2 0.0015 -
SRAC 0 0 815 641 39.25

Cement: Portland cement; F/A: fly ash; S/P: silica powder; NAC: natural aggregate concrete; RAC: recycled aggregate concrete; SRAC: steel fiber reinforced
recycled aggregate concrete
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Fig. 2. Dimension of the steel tube Fig. 3. Specimens details (Unit: mm) (I/Dy = 65, hooked end type)
Table 3. Section property
Sectional dimension (cm) Section area Unit weight Moment of inertia Section modulus
S W Ixr IX ZX
B t r (cm®) (kg/m) (cm®) (cm®)
30 0.6 1.2 90.4 70.96 11,895 739
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Table 4. Mechanical properties of steel and concrete
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(SM355) Concrete
Yield Tensile - ; fo on Day 7 fo on Day 14 fo on Day 28
strength strength ongation Ll Ll Ll
(MPa) | (MPa) e
g a NAC | RAC | SRAC | NAC | RAC | SRAC | NAC | RAC | SRAC
435 529 243 49 33 33 56 37 41 61 43 47
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SH= QB 3t hH ol A L FARS sHolsli) Table 5. Shear performance of experimental results

(c) SRAC1-0.7
Fig. 7. Failure mode

Specimen Shear strength Initial stiffness
(kN) (kKN/mm)
NNAC1-0.7 2,530.0 532.6
NRAC1-0.7 2,415.2 528.2
SRACI1-0.7 2,509.2 550.5
NNAC2-0.7 2,562.0 558.9
NRAC2-0.7 2,418.5 531.6
SRAC2-0.7 2,482.4 587.2
NNAC2-1.3 2,352.6 466.4
NRAC2-1.3 2,182.9 444.6
SRAC2-1.3 2,337.6 503.6
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Fig. 8. Load-deflection curves
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Table 6. Comparison of test results with theoretical values

v

combine

d = 06AUFy

. Testresults| KDS | KDS vl vy
Specimen Vexp Viteel | Veombined Ve P v P
(kN) (kN) (kN) steel combined

NNAC1-0.7 | 2,530.0 1,793.5 | 2.62 1.41
NRAC1-0.7 | 2,415.2 1,655.3 | 2.50 1.46
SRAC1-0.7 | 2,509.2 1,655.3 | 2.60 | 1.52
NNAC2-0.7 | 2,562.0 1,793.5 | 2.66 1.43
NRAC2-0.7 | 2,418.5 | 964.7 | 1,655.3 | 2.51 1.46
SRAC2-0.7 | 2,482.4 1,655.3 | 2.57 1.50
NNAC2-1.3 | 2,352.6 1,793.5 | 2.44 | 131
NRAC2-1.3 | 2,182.9 1,655.3 | 2.26 1.32
SRAC2-1.3 | 2,337.6 1,655.3 | 2.42 1.41
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