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Mechanical Properties and Microstructure of Concrete Filled Steel Tube

Hardening under Pressure Curing

WANG Kaigiang"®, SUN Qing"*, DONG Yaowu"*", LINQi"*, YANG Hui"*

(1. China Construction Third Bureau Group Co., Ltd., Wuhan 430070, China; 2. China Construction
Institute of Advanced Technology, Wuhan 430070, China)

Abstract: 10 concrete filled steel tube(CFST) specimens with different strength grades and sizes were cured under
pressure by self-designed hydraulic device. The effects of curing pressure and its duration on uniaxial compressive
strength, stress-strain variation and failure characteristic of CEST specimens were studied. Microscopic test methods
were used to study the development and formation of pore structure and hydration products. The results show that
the particles in the mixture are squeezed close to each other under pressure curing, and the formation and development
of microcracks are inhibited, which lead to the higher compactness of core concrete. Moreover, the crystallization
process of hydration products are promoted, and the pore structure can be fully filled by the hydration products, which
improves the strength of core concrete. In addition, the pressure causes the circumferential tensile strain of steel tube,
which provides pre-compressive stress on core concrete after final setting time. Therefore, the uniaxial compressive
properties of the CFST are improved.
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Fig.2 Self-designed hydraulic device
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Table 1 Mix proportions and apparent density of two kinds of concretes

Mix proportion/(kg+m )

Type of concrete

Apparent density/(kg-m )

A C K Si SF S G PCE
C70SF 140.0 500.0 100.0 50.0 10.0 635.0 950.0 12.2 2396.5
C70 140.0 480.0 100.0 25.0 0 660.0 980.0 9.4 239%4.4




1098 I N 55 26 %
®2 RBRHFE
Table 2 Experiment scheme
Specimen No.  Type of concrete  D;/mm  T,/mm  L,;/mm D/mm T/mm L/mm P/MPa F/t t/h
D2A10 8.0 0 0 0
D2B10 12.0 0 0 0
pzC1o C70SF 159.0 4.5 350.0 273.0 160 1 000. 0 0 0 0
S2A10 8.0 16 29 24
S2B10 12.0 26 45 24
S2C10 16.0 36 63 24
D3B8 0 0 0
S3B8T04 26 45 4
S3BSTOS C70 159.0 4.5 350.0 325.0 12.0 1 000. 0 2 15 g
S3B8T24 26 45 24
Note: T,—Wall thickness of piston stroke steel pipe.
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Fig.3 Strain gauge and displacement sensor arrangement
of test steel pipe
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Table 3 Workability and mechanical property of core concrete

Type of  Slump/ Slump-flow/ Emptying Air content(by Initial setting  Final setting  Cubic compressive ~ Compressive strength of
concrete mm mm time/s volume)/ % time/min time/min strength/MPa cylinder core/MPa
C70SF 240 635 18.9 4.8 660 1020 68.8 72.6

C70 250 660 14.6 4.2 360 600 63.7 68.2
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Fig.4 Changes in compressive strength and apparent density of core concrete
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Table 4 Characteristic parameters of CFST specimens under uniaxial compression

Peak compressive

Specimen No. Peak load/kN

Range of load capacity

Stiffness i as
Stiffness/(kN+mm ') Hness merease

strength/MPa improvement/ % rate/ %
D2A10 6497 111.0 — 1743.1 —
D2B10 6 863 117.2 — 1940. 6 —
D2C10 7 548 128.9 — 2330.2 —
S2A10 7 806 133. 4 20.2 1974.9 13.3
S2B10 8 397 143.5 22.4 2382.8 22.8
S2C10 9 146 156. 2 21.2 2787.3 19.6
D3B8 9326 118.0 — — —
S3B8T04 10928 131.7 17.2 — —
S3B8T08 11 508 138.7 23.4 — —
S3B8T24 11 442 137.9 22.7 — —
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Fig.5 Load-displacement curves of CFST specimens
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Fig. 7 Damage characteristics of CFST specimens
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Fig. 10  Cutting section of specimen S2A10 and its binarization image
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(b) Under the pressure curing condition
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