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Compressive Constitutive Model of Ultra-high Performance Concrete Confined by Steel Tube

LU Qiuru, XU Lihua, CHI Yin, YU Min, YANG Yingxin
(School of Civil Engineering, Wuhan University, Wuhan 430070, China)

Abstract: To investigate the constitutive model of ultra-high performance concrete confined by steel tube, axial compressive
experiments were conducted on 42 confined UHPC and 3 unconfined UHPC specimens. Failure modes and stress-strain curves were
obtained. Effects of steel fiber volume fraction and aspect ratio, polypropylene fiber volume fraction and aspect ratio and steel tube
thickness on the stress-strain curves were analyzed. The results show that steel tube thickness is a main affecting factor. The peak
stress and corresponding strain increase with the increase in the thickness. Fibers are beneficial to the improvement in the peak stress
and strain. Steel fiber volume fraction has an obvious effect on the peak stress and strain. At a proper volume fraction of
polypropylene fiber, the peak stress increases and the peak strain first decreases and then increases with increasing steel fiber volume
fraction. In addition, the corresponding constitutive models were also proposed based on the typical stress-strain curves of confined
UHPC.
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Table 1 Details of UHPC filled steel tube specimens
Sample No. tmm  Vsp/%  ldsp Ver/% l/dpr  fo/MPa
L1-SB15PB20 1.5 60 0.20 280 98.5
L1-3.5-SB15PB20 3.5 1.5 60 0.20 280 98.5
L1-5.5-SB15PB20 5.5 1.5 60 0.20 280 98.5
L1-8-SB15PB20 8.0 1.5 60 0.20 280 98.5
L1-10-SB15PB20  10.0 1.5 60 0.20 280 98.5
L1-12-SB15PB20  12.0 1.5 60 0.20 280 98.5
L1-8-SB10PB20 8.0 1.0 60 0.20 280 97.3
L1-8-SB20PB20 8.0 2.0 60 0.20 280 117.0
L1-8-SB15PB10 8.0 1.5 60 0.10 280 97.4
L1-8-SB15PB15 8.0 1.5 60 0.15 280 97.2
L1-8-SA15PB20 8.0 1.5 30 0.20 280 91.9
L1-8-SC15PB20 8.0 1.5 80 0.20 280 92.6
L1-8-SB15PA20 8.0 1.5 60 0.20 167 91.6
L1-8-SB15PC20 8.0 1.5 60 0.20 396 90.0
L1-8-O0 8.0 96.1
L2-SA20PC15 2.0 30 0.15 396 108.8
L2-3.5-SA20PC15 3.5 2.0 30 0.15 396 108.8
L2-5.5-SA20PC15 5.5 2.0 30 0.15 396 108.8
L2-8-SA20PC15 8.0 2.0 30 0.15 396 108.8
L2-10-SA20PC15  10.0 2.0 30 0.15 396  108.8
L2-12-SA20PC15 12.0 2.0 30 0.15 396 108.8
L2-5.5-SA10PC15 5.5 1.0 30 0.15 396 1013
L2-5.5-SAI5PCI5 5.5 1.5 30 0.15 396 105.0
L2-5.5-SA20PC10 5.5 2.0 30 0.10 396 1144
L2-5.5-SA20PC20 5.5 2.0 30 0.20 396 108.0
L2-5.5-SB20PC15 5.5 2.0 60 0.15 396 1279
L2-5.5-SC20PC15 5.5 2.0 80 0.15 396 111.8
L2-5.5-SA20PA15 5.5 2.0 30 0.15 167  108.7
L2-5.5-SA20PB15 5.5 2.0 30 0.15 280 116.8
L2-5.5-0 5.5 70.4
L3-SC10PA10 1.0 80 0.10 167 90.3
L3-3.5-SC10PA10 3.5 1.0 80 0.10 167 90.3
L3-5.5-SC10PA10 5.5 1.0 80 0.10 167 90.3
L3-8-SC10PA10 8.0 1.0 80 0.10 167 90.3
L3-10-SC10PA10  10.0 1.0 80 0.10 167 90.3
L3-12-SC10PA10  12.0 1.0 80 0.10 167 90.3
L3-10-SC15PA10  10.0 1.5 80 0.10 167 103.1
L3-10-SC20PA10  10.0 2.0 80 0.10 167  113.1
L3-10-SC10PA15  10.0 1.0 80 0.15 167 89.7
L3-10-SC10PA20  10.0 1.0 80 0.20 167 95.9
L3-10-SA10PA10  10.0 1.0 30 0.10 167 80.0
L3-10-SB10PA10  10.0 1.0 60 0.10 167 93.7
L3-10-SC10PB10  10.0 1.0 80 0.10 280 97.3
L3-10-SC10PC10  10.0 1.0 80 0.10 396 79.8
L3-10-0 10.0 366.2

t is thickness of steel tube; Vsp and Vpp are dosage of steel fiber (SF) and
polypropylene fiber (PF); //dsp and //dpr are length/diameter ratio of steel
fiber and PP fiber; f; is strength of UHPC; f; is yield stress of steel.
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Table 2 Chemical compositions and contents of binder materials wi%
Composition Na,O MgO AlLO3 SiO, SO; Fe O3 P,Os CaO K,0 MnO ZnO SrO
Cement 0.079 2.140 4.500 19.580 3.060 3.119 0.128 64.940 0.750 0.127 0.024 0.148
Silica fume 0.068 0.224 0.354 92.870 1.260 0.113 0.110 0.213 0.332 0.008 0.019 0.005
Fly ash 0.552 0.575 30.630 48.740 0.706 2.611 0.247 2.440 1.250 0.016 0.013 0.060
w is mass fraction.
#3 MAYLSERGALNEIESH
Table 3 Major properties of steel fiber and polypropylene fiber
Fiber Diameter/mm Length/mm Density/( g*cm’3) Tensile strength/MPa Feature
SF 0.200 6/12/16 7.80 >2 500 Straight
PF 0.048 8/13.5/19 0.91 >400 Monofilament
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Fig. 1 Tensile stress-strain experimental curves of steel
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Table 4 Mechanical properties of Q420 type steel

t/mm EJ/GPa Vs fy/MPa fW/MPa
35 176.4 0.28 420.5 569.3
5.5 181.0 0.33 383.1 548.5
8.0 176.5 0.29 351.0 531.8
10.0 193.1 0.30 366.2 531.8
12.0 216.3 0.31 430.0 553.7

E is elastic modulus; vy is Poisson ratio; f;, is ultimate strength.
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Fig. 3  Effect of fibers and steel tube thickness on stress-strain curves of UHPC
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