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Axial compressive property of circular steel tubular stub column filled with basalt fiber
reinforced recycled concrete
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(1. State Key Laboratory of Building Safety and Built Environment, Beijing 100013, China;
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Abstract: To study the axial compressive performance of basalt fiber reinforced recycled concrete (BFRRC)-filled
circular steel tubular stub columns, the replacement ratio of recycled coarse aggregate and the content of basalt
fiber were designed as the variable parameters and the axial compression performance tests on 15 BFRRC-filled
circular steel tubular stub column specimens were carried out. The failure mode and whole loading process of the
specimen were characterized. The load-displacement and load-strain curves of the specimen were obtained. The
influence of design parameter on the BFRRC-filled circular steel tubular stub column specimens was analyzed. A
feasible full-curve equation of composite-section stress versus strain was established. It is observed that the speci-
men undergoes buckling damage, but the internal BFRRC is crushed but “broken and not scattered” . On increas-
ing the replacement ratio of recycled coarse aggregate, the energy dissipation capacity and ductility coefficient of

the specimen are gradually increased, the maximum increasing extent for energy dissipation capacity and ductility
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coefficient are 1.84% and 10.36%, respectively, whereas the bearing capacity is gradually decreased, and the maxi-

mum increasing extent of bearing capacity is 5.03%. On increasing the basalt fiber content, the energy dissipation

capacity and ductility coefficient of the specimen are gradually increased, the maximum increasing extent for

energy dissipation capacity and ductility coefficient are 2.97% and 4.93%, respectively, whereas little increase

appears about the bearing capacity. The measured load-displacement curve of the specimen with different basalt

fiber content is full, and it has a long deformation flow, which presents satisfactory ductility.

Keywords: circular steel tubular stub column filled with basalt fiber reinforced recycled concrete; stub column;

axial compression; mechanical property; composite-section stress-strain curve
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Table 1 Mix ratio of recycled aggregate concrete (RAC)

" Recycled  Nature
Water— Sand Net water/ Additional Cement/  Fly-ash/ canse coarse Sand/ Water
6/% binder . 3 water/ 3 3 3 reducer/
ratio ratio/% (kg'm™) (kg-m™) (kg-m™) (kg:m™) aggregate/ aggregate/ (kg'm™) (kg:m™?)
(kgm™)  (kgm™)

0 0.40 31 205 0.0 427.1 85.4 0.0 1115.2 501 2.56
25 0.40 31 205 15.6 427.1 85.4 278.8 836.4 501 2.56
50 0.40 31 205 31.2 427.1 85.4 557.6 557.6 501 2.56
75 0.40 31 205 46.8 427.1 85.4 836.4 278.8 501 2.56

100 0.40 31 205 62.5 427.1 85.4 1115.2 0.0 501 2.56
Note: 6—Replacement ratio of recycled coarse aggregate.
&2 RAC ZLEEEHR

Table2 Measured strength index of RAC
Specimen 6/% A/(kgm™) feu/MPa fo/MPa Jelfeu E./GPa v
NAC 0 0 37.4 31.8 0.85 24.70 0.20
RAC(25%) 25 0 36.5 28.5 0.78 16.80 0.23
RAC(50%) 50 0 34.2 26.0 0.76 16.60 0.25
RAC(75%) 75 0 32.9 23.8 0.72 13.30 0.26
RAC(100%) 100 0 32.7 23.2 0.71 15.20 0.27
2BF/NAC 0 2 379 32.9 0.87 24.80 0.16
2BF/RAC(25%) 25 2 37.0 29.0 0.78 19.01 0.17
2BF/RAC(50%) 50 2 34.9 26.7 0.77 18.48 0.19
2BF/RAC(75%) 75 2 33.8 24.6 0.73 14.60 0.20
2BF/RAC(100%) 100 2 33.1 23.7 0.72 13.42 0.22
4BF/NAC 0 4 38.7 33.1 0.86 28.40 0.14
4BF/RAC(25%) 25 4 37.6 29.4 0.78 21.47 0.16
4BF/RAC(50%) 50 4 36.2 275 0.76 18.91 0.18
4BF/RAC(75%) 75 4 35.1 25.8 0.74 19.06 0.19
4BF/RAC(100%) 100 4 34.2 24.0 0.70 18.27 0.21

Notes: 1—Mass of basalt fiber added to 1 m® RAC; f,,—Cubic compressive strength; f,—Axial compressive strength; E.—Elastic modulus,

which is the secant modulus of the stress-strain curve from origin to 0.4 f; v—Poisson’s ratio, which is the ratio of the transverse strain to

the longitudinal strain of basalt fiber reinforced recycled concrete (BFRRC) at 0.4 f, stress.
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Table 3 Specific design parameters and measured peak bearing capacity of the basalt fiber reinforced recycled concrete
(BFRRC)-filled circular steel tubular stub column specimens

Specimen @ & f./MPa N,/kN
NAC 0.0942 0.997 31.8 1484.0
RAC(25%) 0.0942 1.113 28.5 1475.0
RAC(50%) 0.0942 1.220 26.0 1470.2
RAC(75%) 0.0942 1.332 23.8 1415.4
RAC(100%) 0.0942 1.367 23.2 1357.1
2BF/NAC 0.0942 0.964 32.9 1554.2
2BF/RAC(25%) 0.0942 1.093 29.0 1536.7
2BF/RAC(50%) 0.0942 1.188 26.7 1468.2
2BF/RAC(75%) 0.0942 1.289 24.6 1418.1
2BF/RAC(100%) 0.0942 1.338 23.7 1346.8
4BF/NAC 0.0942 0.958 33.1 1499.2
4BF/RAC(25%) 0.0942 1.079 29.4 1490.4
4BF/RAC(50%) 0.0942 1.153 27.5 1446.7
4BF/RAC(75%) 0.0942 1.229 25.8 1426.9
4BF/RAC(100%) 0.0942 1.321 24.0 1369.9

Notes: a—Steel ratio, a=A;/A., where A, and A, are the cross-sectional area of the steel tube and internal concrete, respectively;

¢é—Confinement coefficient, é&=af,/f; N,—Test value of the ultimate bearing capacity of the specimen; NAC—Natural aggregate concrete;

fy;—Yield strength of steel tube. In the naming method of a specimen, for example, in 2BF/RAC(25%), 2 represents the basalt fiber content

of 2 kg/m®, 25% is the replacement ratio of recycled coarse aggregate.
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Fig.6 Variation in BFRRC-filled circular steel tubular stub column

specimens peak bearing capacity with replacement ratio
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Table 4 Stress values, degradation amplitude and rebound amplitude for bearing capacity of the BFRRC-filled circular steel
tubular stub column specimens

Specimen oy 0y A Ay

NAC 74.74 65.85 74.21 0.88 0.99
RAC(25%) 74.29 72.79 76.94 0.98 1.04
RAC(50%) 74.04 69.75 75.37 0.94 1.02
RAC(75%) 71.28 67.69 70.10 0.95 0.98
RAC(100%) 68.35 66.07 73.47 0.97 1.07
Average — — 0.94 1.02
2BF/NAC 78.27 61.34 62.61 0.78 0.80
2BF/RAC(25%) 77.39 71.32 79.83 0.92 1.03
2BF/RAC(50%) 73.94 70.14 71.06 0.95 0.96
2BF/RAC(75%) 71.42 68.57 73.73 0.96 1.03
2BF/RAC(100%) 67.83 64.63 72.92 0.95 1.08
Average — — 0.91 0.98
4BF/NAC 75.50 73.03 77.17 0.97 1.02
4BF/RAC(25%) 75.06 67.04 79.41 0.89 1.06
4BF/RAC(50%) 72.86 68.77 76.21 0.94 1.05
4BF/RAC(75%) 71.86 69.67 73.73 0.97 1.03
4BF/RAC(100%) 68.99 66.61 74.42 0.97 1.08
Average — - 0.95 1.05

Notes: 0, 0, and o3—First peak stress, the valley stress, and secondary peak stress, respectively; 1, and 1,—Degradation amplitude and

rebound amplitude for bearing capacity.
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P—Load; P,,—Peakload; 4—Displacement in axial direction;
4,—Displacement at the end of the test
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Fig. 8 Calculation model of energy dissipation
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Table5 Axial compression performance index of BFRRC-filled circular steel tubular stub column specimens

Specimen P, /kN n u

NAC 1484.0 0.831 1.87
RAC(25%) 1475.0 0.841 1.99
RAC(50%) 14702 0.854 2.09
RAC(75%) 1415.4 0.866 2.18
RAC(100%) 1357.1 0.867 2.26
2BF/NAC 1554.2 0.854 1.89
2BF/RAC(25%) 1536.7 0.866 2.03
2BF/RAC(50%) 1 468.2 0.869 2.10
2BF/RAC(75%) 1418.1 0.885 2.28
2BF/RAC(100%) 1346.8 0.886 2.37
4BF/NAC 1499.2 0.876 1.93
4BF/RAC(25%) 1490.4 0.885 2.13
4BF/RAC(50%) 1446.7 0.888 2.20
4BF/RAC(75%) 1426.9 0.889 2.30
4BF/RAC(100%) 1369.9 0.890 2.48

Notes: P,,—Test value of ultimate bearing capacity; 7—Energy dissipation factor; ;—Ductility coefficient.
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Fig.9 Relations among energy dissipation factor, replacement ratio, and
fiber content for the BFRRC-filled circular steel tubular stub column

specimens
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