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Experimental study on hysteretic behavior of brick aggregate geopolymer
recycled concrete-filled circular steel tubular column
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Abstract:In order to explore the feasibility of reuse of waste clay bricks, a series of experimental studies were
conducted on hysteretic behavior of 6 brick aggregate geopolymer recycled concrete-filled circular steel tubular
(BAGRC-FST) columns. Key parameters including steel tube thickness (4 mm and 6 mm) , replacement ratio of
brick aggregate (0%, 50% , 100% ) and axial compression ratio (0.05, 0.25 and 0.50) were considered. The
failure mode, skeleton curves and hysteretic curves of the specimens under reciprocating load were obtained, and
the change law of seismic performance indicators such as stiffness degradation, hysteresis behavior, peak bearing
capacity, ductility, bearing capacity degradation and energy-dissipation capacity of the components were analyzed.
The results indicated that the failure mode of the specimen is characterized by bulging and cracking at the bottom of
specimens and the breakage of the core concrete in the area where plastic hinges appear, which is similar to that of
ordinary CFST columns. The increase of brick aggregate replacement ratio of brick aggregate and axial compression
ratio reduces the bearing capacity of specimens, and the increase of steel tube thickness will increase the bearing

capacity of specimens. The hysteretic curves of specimens were plump without obvious pinching effect, implying
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that the BAGRC-FST columns had desired energy-dissipation capacity. Moreover, increasing the axial compression
ratio reduces the deformation capacity of specimens and accelerates the degradation of stiffness and bearing
capacity. However, increasing the thickness of the steel tube can improve the deformation ability of specimens. The
substitution rate of brick aggregate has limited influence on stiffness degradation, ductility, bearing capacity and
energy dissipation capacity of the BAGRC-FST columns.

Key words: brick aggregate; geopolymer recycled concrete; concrete-filled circular steel tubular column; brick

aggregate replacement ratio; hysteretic behavior
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Table 1  Design parameters of specimens

R WMEER D/mm BERE /mm R % HE L il WA R AR £
CTG4-0-0.25 140 4 0 0.25 280.29 0.62
CTG4-0.50-0.25 140 4 50 0.25 254.70 0.78
CTG4-1.00-0.25 140 4 100 0.25 243.79 0.89
CTG4-0.50-0.05 140 4 50 0.05 50.94 0.78
CTG4-0.50-0.50 140 4 50 0.50 509.40 0.78
CTG6-0.50-0.25 140 6 50 0.25 289.67 1.19
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Table 2 Components of brick aggregate geopolymer recycled concrete and measured strength

_ -, BRI (kg/m? )
iP5 /% IR fu/MPa [ /MPa
WHEH BT BT B BRI
BAGRC-0 0 0.55 357 1451 787 162.5 487.5 0 55.18 35.56
BAGRC-50 50 0.55 357 725.5 787 162.5 487.5 725.5 43.05 28.51
BAGRC-100 100 0.55 357 0 787 162.5 487.5 1451 37.21 24.89
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Table 3 Chemical composition of fly ash and mineral powder %
Bt Si0, ALLO, a0 Fe,0, MgO S0, Na,0 K,0 Ti0, MnO Al
IR 36.63 34.10 7.60 8.30 3.20 0.50 1.60 4.30 3.30 0.15 0.32
it 17.50 15.10 45.60 0.45 16.90 1.55 0.65 0.52 1.25 0.33 0.15
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Table 4  Property index of natural coarse aggregate and brick aggregate

= K/ mm T/ (kg/m®) WK%/ % JERE VR %
ik E ok 4.75~26.50 2285 15.23 17.32
PN ER 4.75~26.50 2830 3.15 9.41
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Table 5 Load and displacement values at characteristic points

Ja W A WA s IR
Hs k= waul i
P,/kN A, /mm P, /kN A, /mm A,/mm

CTG4-0-0.25 1E [ 41.81 9.57 61.30 28.70 48.40 5.05
| 47.54 11.88 58.40 28.00 40.5 3.41

T 44.68 10.73 59.85 28.35 44.45 4.23

CTG4-0.50-0.25 E [ 41.40 10.23 55.08 23.10 39.86 3.90
J 1) 39.00 9.66 50.18 17.00 44.98 4.66

-2 40.20 9.95 52.63 20.05 42.42 4.28

CTG4-1.00-0.25 1E[f] 33.38 8.80 48.10 19.90 44.75 5.09
JZ 1] 39.99 10.68 53.40 22.10 39.18 3.67

SEH 36.69 9.74 50.75 21.00 41.97 4.38

CTG4-0.50-0.05 iElA 41.37 10.19 58.50 28.84 52.60 5.16
1] 41.95 11.90 52.80 29.20 44.33 3.72

14 41.66 11.05 55.65 29.02 48.47 4.44

CTG4-0.50-0.50 NG 31.50 7.93 49.80 17.15 31.89 4.02
S 1] 32.33 7.51 45.20 16.63 27.57 3.67

Ty 31.92 7.72 47.50 16.89 29.73 3.85

CTG6-0.50-0.25 B 45.03 10.59 74.12 36.24 53.72 5.07
2 1] 49.48 12.74 65.40 28.10 53.62 4.21

T 47.26 11.67 69.76 32.17 53.67 4.64
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