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Seismic Performance of Ultra-high Performance Concrete-Filled Steel Tube
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Abstract: To address the rapid stiffness degradation and significant residual deformation of concrete-filled steel tube
columns under seismic loading, a novel composite column, the ultra-high performance concrete-filled steel tube
(UHPCFST) reinforced with steel-FRP composite bars (SFCB), was proposed. A series of cyclic loading tests was
conducted to evaluate its seismic performance. The results indicate that, compared to UHPCFST columns reinforced
with either steel bars or basalt fiber-reinforced composite bar, those columns reinforced with SFCB exhibit intermediate
levels of load-bearing capacity, ductility, energy dissipation, and residual deformation. Both methods of increasing the
SFCB reinforcement ratio and replacing conventional concrete with ultra-high porformance contrece(UHPC) in the
steel tube can enhance the seismic performance of the composite column. Moreover, a high axial compression ratio
benifits the load-bearing capacity, initial stiffness, and energy dissipations, but accelerates stiffness degradation and
reduces ductility. When the SFCB reinforcement ratio increases from 3% to 4%, the comprehensive seismic performance
of the composite column improves by 21 %, while material costs rise by only 5% . Therefore, increasing the SFCB

reinforcement ratio is the most cost-effective approach to enhancing the seismic performance of composite columns.
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Fig. 1 Dimension and configuration of composite column specimen (size:mm)
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Table 1 Design parameters of specimens
No. Concrete type Longitudinal bar o/ % n, Composite type
S1 UHPC 6¢°12 3 0.15 SFCB-UHPCFST
S2 UHPC 8¢°12 4 0.15 SFCB-UHPCFST
S3 UHPC 6¢°12 3 0.25 SFCB-UHPCFST
S4 NC 6¢°12 3 0.15 SFCB-NCFST
S5 UHPC 6¢"12 3 0.15 BFCB-UHPCFST
S6 UHPC 6¢"12 3 0.15 HRB400-UHPCFST
®2 NCH5UHPCHEAL
Table 2 Mix proportion of NC and UHPC
ss rati Steel fib
Water-binder Mass ratio el er .
Concrete . volume w(superplasticizer)/ %
ratio Cement Sand Stone Slag powder  Silica fume Fly ash fraction/ %
NC 0.42 1.00 1.64 2.67 0 0 0 0 1.05
UHPC 0.19 0.55 1.20 0 0.10 0.25 0.10 1.0 1.50
1 000 1200
o Steel bar o Steel bar
£ o BFRP o BFRP
= 750+ a SFCB £ 900
5 500t 2 600
Z °
8 Z
s 5
g 250 = 300
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Fig. 2 Measured compressive and tensile stress-strain curves of reinforcements
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Table 3 Mechanical properties of reinforcement

Elasticity modulus/

Reinforcement Behavior

Yield strength/

Secondary Tensile strength/ Second stiffness

GPa MPa stiffness/GPa MPa ratio
Tension 203.0 485 2.18 586 0.01
Steel bar

Compression 202.0 462 2.27 594 0.01
Tension 79.5 216 35.20 808 0.44

SFCB )
Compression 80.4 233 34.50 445 0.43
Tension 43.2 1001 1.00

BFCB )
Compression 73.5 552 1. 00
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Fig. 3 Failure modes of composite column specimens
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Fig.4 Hysteretic curves of composite column specimens
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Fig. 5 Skeleton curves of composite column specimens
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Table 4 Characteristic load and displacement of composite
column specimens

No. P/kN A/mm P/kN A /mm P/kN A /mm

S1 46.0 52.5 53.0 90.2 51.4 180.0
S2 58.3 55.3 65.1 105. 2 60.0 180.0
S3 61.9 51.5 68.2 75.1 58.0 127.0
S4 39.7 50.7 45.2 80. 6 44.9 135.0
S5 42.3 50.0 51.6 159.0 50.4 180.0
S6 51.2 56.7 59.1 76.3 57.2 180.0
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Fig. 6 Strain response of specimen S1
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Fig.7 Load degradation curves of composite
column specimens
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(b) Cumulative energy dissipation
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Fig.9 Energy dissipation capacity of composite column specimens
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Fig. 10 Residual deformations of composite column

specimens
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Table 5 Material cost and comprehensive performance of composite column specimens

Cost/CNY
No. S D I
UHPC NC Steel tube Stirrup Reinforcement Total
S1 95.3 615.0 37.6 117.0 864.9 3.04 1.44 4.39
S2 95.3 615.0 37.6 156.0 903.9 3.51 1.51 5.31
S3 95.3 615.0 37.6 117.0 864.9 2.50 1.39 3.48
S4 20.4 615.0 37.6 117.0 790.0 2.62 1.37 3.59
S5 95.3 615.0 37.6 176.0 923.9 2.52 1.56 3.91
S6 95.3 615.0 37.6 58.5 806. 4 3.33 1.26 4.21
4 R AL R A TR B R B T A —UHPCEST 44
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