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Influence of Reinforcement on the Mechanical Performance of
Ultra—High Strength Concrete—Filled Steel Tube Short Columns

ALIFUJIANG - Xiamuxi ">, WANG Zongbao', CHEN Hualei', XU Yinglei'
(1. College of Civil Engineering and Architecture , Xinjiang University, Urumqi, Xinjiang, China; 2. Xinjiang Key
Laboratory of Building Structure and Earthquake Resistance, Urumqi, Xinjiang, China)

Abstract: [Purposes] To investigate the effect of increasing longitudinal reinforcement ratio on
the mechanical performance of ultra—high strength concrete—filled steel tube short columns, three
groups of reinforced ultra—high strength concrete—filled steel tube (R-CuFST) short columns with dif-
ferent reinforcement ratios and one group of CuFST short columns are subjected to axial compression
tests. [Methods]By analyzing the failure modes, bearing capacity, ductility, and confinement effects
of specimens, the enhancement effect of longitudinal reinforcement on the mechanical performance of
CuFST short columns with axial compression was clarified. [Results] The results indicate that rein-
forcement can enhance the integrity of concrete inside the steel tube, improving the adverse effects of
high brittleness of ultra—high strength concrete on the load—bearing performance of short columns with

axial compression. However, with the increase in longitudinal reinforcement ratio, the improvement
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effect of unit reinforcement ratio on the mechanical performance of short columns shows a trend of first

increasing and then decreasing. Therefore, it is recommended that the longitudinal reinforcement ratio

should not exceed 3.42%. Compared with reinforced concrete filled steel tube short columns and rein-

forced recycled aggregate concrete filled steel tube short columns, increasing the amount of reinforce-

ment appropriately has the most significant effect on the load—bearing capacity of unit reinforcement ra-

tio of R-CuFST.

Keywords: reinforced ultra-high strength concrete—filled steel tube; short column; loading

capacity; ductility; reinforcement ratio
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Table 1  Physical parameter requirements for section steel
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Table 2 Design parameters of short columns

FRT NI I\ F B A %/ 4
CuFST CuFST3 0
R-CuFST8 608 1.52
R-CuFST R-CuFST10 6010 2.37
R-CuFST14 6014 3.42
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Table 3 Parameters of steels

mixn 2 oMb /100 EJGPa
mm
Q3558 3.0 36255 214906 210.10
8 43735 217255 205.29
10 43947 223307 206.86
HRB400
14 44540 228862 207.17
M 44074 223141 206.44
CRBS550 4 109820 739400 20373
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Fig. 2 Stress—strain curves of steels
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Fig.4 External failure patterns of specimens
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Fig. 5 Internal failure patterns of specimens
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Fig. 6 Failure modes of internal reinforcements of R-CuFST
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Table 4 Calculations of turning points for nonlinear changes in
load—strain curves

o/ % N,/kN N,/ KN N/N,o
0 1868 2857 0.65
1.52 2274 2992 0.76
2.37 2485 3208 0.77
3.42 2752 3441 0.80
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Table 5 Parameters for ductility performance calculating of specimens

LR 8,/mm 8,/mm N,/kN E,/] E,/] Koy Hey
CuFST3 3.68 3.98 2725 5348 5164 1.08 1.04
R-CuFSTS8 3.79 4.29 2793 6014 5675 1.13 1.06
R-CuFST10 3.69 4.43 2904 6 227 5251 1.20 1.19
R-CuFST14 3.32 4.63 3112 7178 5448 1.39 1.32
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Fig. 10 Calculation of ductility index by displacement method
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Fig. 11 Calculation of ductility index by yield energy method
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Fig. 12  Effects of reinforcement on improving bearing capacity
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Table 6 Parameters for effect calculating of reinforcement on improving bearing capacity

ke N/ kKN A,/mm? A./mm* A,/mm* ¢/kN ¢(n)/kN I

CuFST3 2 857 1527 19 856 0 - - 1.59
R-CuFST8 2992 1527 19 554 302 89 89 1.57
R-CuFSTI10 3208 1527 19 385 471 148 254 1.63
R-CuFST14 3441 1527 18 932 924 171 221 1.60
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Table 7 Improvements of reinforcement on bearing
capacity of R-RACFST

A4 R N,./kN AN, /kN o/ % /kN
R-RCF30 1715 - 0 -
R-RCF30-8 1966 251 1.52 165
R-RCF30-10 2152 437 2.37 184
R-RCF30-14 2405 690 3.42 202
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Fig. 13 Influence of reinforcement on constraint effect
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Table 8 Improvements of reinforcement on bearing
capacity of R-CFST

KA N, /kN AN /kN o/% ¢/kN
CF30 2200 - 0 -
RF30-15 2529 329 1.5 219
RF30-25 2762 562 2.5 225
RF30-35 2943 743 3.5 212

®9 EHMR-CuFSTRENWRFAR
Table 9 Improvements of reinforcement on bearing
capacity of R-CuFST

WA N, /KN AN, /kN o/ % $/kN

CuFST3 2857 - 0 -
R-CuFST8 2992 135 1.52 89
R-CuFST10 3208 351 2.37 148
R-CuFST14 3441 383 3.42 171
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Fig. 14  Coupling effects of reinforcement ratio and concrete type on
bearing capacity
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Table 10  Comparison of experimental and theoretical calculation results

K4 R 6 Bo f2/MPa 6../MPa N/ kKN N,/kN N/ N,

CuFST3 0.4358 —0.010 34 103.998 105.073 2 857 2 247 1.27
R-CuFST8 0.549 6 —0.019 30 109.746 111.864 2992 2392 1.25
R-CuFST10 0.616 7 —0.023 74 112.913 115.594 3208 2472 1.30
R-CuFST14 0.800 3 —0.033 80 120.724 124.805 3441 2669 1.29
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