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Axial compression bearing capacity of coal gangue concrete filled steel tubes

ZHAO Weiping' , CHEN Mingliang' , ZHANG Guowei’, HE Yuxiang', HE Siyuan'

(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing) , Beijing 100083, China;
2. China Railway 16th Bureau Group Road & Bridge Engineering Co., Ltd., Beijing 101500, China)

Abstract; In order to solve the problem of environmental pollution caused by coal gangue accumulation, it is a
reasonable solution to use coal gangue as coarse aggregate in concrete for resource utilization with significant
economic benefits. In this paper, coal gangue is used as coarse aggregate to prepare coal gangue concrete filled
steel tube, and axial compression test is carried out. The design strength grade of coal gangue concrete is C40. The
failure mode and failure mechanism of the component and the degree of improvement of the strength of the core
concrete by the confinement of the steel tube are explored. The bond stress between the steel tube and the coal
gangue concrete is studied according to the longitudinal strain distribution of the steel tube. The influence of
different loading methods, diameter-thickness ratio and coal gangue replacement rate on the axial compression
bearing capacity of the component was analyzed. The results indicate that loading mode A exhibits shear-type
failure, while loading mode B shows waist-drum-type failure. The steel tube provides excellent lateral confinement
for the coal gangue concrete. Under loading method A, the ultimate bearing capacity of specimens is higher than
under loading mode B, but loading mode B significantly enhances the compressive strength of the core concrete.
The primary factor influencing the ultimate bearing capacity of the coal gangue concrete filed steel tube is the
replacement ratio. The steel tube coal gangue concrete effectively compensates for the low strength characteristic of
coal gangue concrete.
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Tab.1 Parameters of specimens

LR s L/mm Dxt L/D D/t /%
CFST-127-C40-0 381 127 mmx4mm 3  31.75 0
CFST-127-C40-50% 381 127 mmx4 mm 3  31.75 350
CFST-127-C40-100% 381 127 mmx4 mm 3  31.75 100
CFST-140-C40-0 420 140 mmx4 mm 3 35.00 0
CFST-140-C40-50% 420 140 mm x4 mm 3  35.00 50
CFST-140-C40-100% 420 140 mm x4 mm 3 35.00 100
CFST-158-C40-0 474 158 mmx4mm 3 39.50 0
CFST-158-C40-50% 474 158 mmx4 mm 3  39.50 50
CFST-158-C40-100% 474 158 mm x4 mm 3 39.50 100
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Tab.2 Mechanical properties index of steel tube
.
p— JERREE  PRBREREE  BMEAE HAs L
fy/MPa f./MPa E/10° m
$127 ~ $158-1 339 452 2.06 0.247
$127 ~ $158-2 336 438 2.15 0.256
$127 ~ $158-3 328 433 2.10 0.263
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Tab.3  Coal gangue concrete mix proportion and test results

p/(kg'm™*)

B A /% S/ MPa
K K w RERWEA oanv el Bt 7k K
0 180 475 531 1239 0 0 2.6 53.4
GC40 50 180 475 531 620 562 33.72 2.6 44.9
100 180 475 531 0 1124 67.44 2.6 33.1
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Fig.2 Layout of measuring points for strain gauges and displacement meters
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Tab.4 Ultimate bearing capacity of specimens

- e fR K2 - e R
N,/kN N,/kN
CFST-A1-0 1288 CFST-B1-0 1220
CFST-A1-50% 1165 CFST-B1-50% 1102
CFST-A1-100% 1023 CFST-B1-100% 920
CFST-A2-0 1530 CFST-B2-0 1 456
CFST-A2-50% 1394 CFST-B2-50% 1295
CFST-A2-100% 1187 CFST-B2-100% 1079
CFST-A3-0 1835 CFST-B3-0 1752
CFST-A3-50% 1 664 CFST-B3-50% 1556
CFST-A3-100% 1451 CFST-B3-100% 1285
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Fig. 6 Relative change of bearing capacity of core coal gangue concrete
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Fig.7 Strain distribution of steel tubes
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Tab.5 Calculation of ultimate bond strength

ENEE A RGN S] 7/ MPa ENGE R BHLE L 1 7/MPa ENGE TR FHGHNLS) 7/ MPa

CFST-B1-0 1.048 CFST-B2-0 0.988 CFST-B3-0 0.906
CFST-B1-50% 1.051 CFST-B2-50% 0.991 CFST-B3-50% 0.909
CFST-B1-100% 1.057 CFST-B2-100% 0.998 CFST-B3-100% 0.915
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