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Abstract. Axial compression test of 9 high-strength reinforcement confined ultra-high strength
concrete with PVA fibers columns were presented. The influence of concrete strength, reinforcement
spacing on the behavior of the confined concrete was investigated. The results show that the ductility
of columns decrease with the concrete strength increase, and decreasing the reinforcement spacing
can increase ductility of columns. In the test, when the confined concrete reached the peak stress, the
transverse reinforcement did not yield.

Introduction

High-strength concrete has the characteristics of high strength, high modulus and denser
microstructure, and cross-section size of the structural members, weight of the structure can be
reduced. Durability of concrete structure is improved. Ultra-high strength concrete is more brittle
than normal strength concrete, and the tensile strength is much lower than the compressive strength,
and the cracking and fatigue resistance ability is poor. In order to improve these defects of high
strength concrete, on one hand, we can introduce the bridging and consumption role of fiber material
when bursting and pulling out to improve the tensile strength of concrete; on the other hand, we can
combine the high-strength concrete columns with high-strength reinforcement so that the core
concrete can be effectively confined to prevent the early buckling; the concrete strength and
deformation capacity of concrete were enhanced[1-3]. A lot of researches about high strength
concrete columns confined by reinforcement were conducted, and some results have been included in
relevant codes [4-9]. In this paper, axial compression test of fiber reinforced ultra-high strength
concrete (over 80Mpa) columns confined by high-strength reinforcement was conducted, the effect
of concrete strength and reinforcement spacing on the behavior of columns was analyzed.

Experimental procedure

The test consists of 9 high-strength reinforcement confined ultra-high strength concrete columns
and 3 plain concrete columns. Dimensions of all test samples are 270mmx270mmx750mm, and the
concrete cover thickness is 10mm. The longitudinal reinforcement is HRB500 grade steel with the
yield strength 550Mpa. Transverse reinforcement is high tensile strength steel wires with the
diameter of 6.5mm and the yield strength of 962Mpa. Longitudinal reinforcement ratio is 1.8% and
PVA fiber volume fraction is 0.5%. The details of the specimens was shown in Table 1.Fig. 1 shows
the cross section of specimens and arrangement of transverse reinforcement. A concentric
compressive load was applied using a hydraulic universal testing machine with a capacity of 10MN.
Two measurement length with the 300mm and 600mm respectively were set up on the specimens,
and the axial deformation was measured using LVDT (linear variable differential transducer)
arranged symmetrically on both sides of specimens. In addition, strain gauges were used to measure
the strain of longitudinal and lateral reinforcement. An overall view of test set up are shown in
Fig.2.The loading mode of test was displacement control with the displacement rate of 0.2mm/min
until fracture.
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Fig. 1 Cross-sectional Details of Specimens Fig. 2 Overall view of test set-up
Table 1. Properties of Specimens and test results

. Reinforcement ey feo €eo fec e s €50 €y ﬁ/%
Specimen —acing/mm  /MPa  /MPa /(x10°%) /MPa /(x10°) /(x10°) [(x10%) /(x107) &,

HSC-A-1 140 825 56.20 242 6415 329 590 1732 202 44
HSC-A-2 75 825 56.20 242 7516 426 792 28.04 237 52
HSC-A-3 40 825 56.20 242 8776 599 1128 3487 3.13 68
HSC-B-1 140 984 69.67 266 80.17 318 6.15 1264 188 41
HSC-B-2 75 984 69.67 266 89.79 423 794 1950 2.29 50
HSC-B-3 40 984 69.67 266 9764 540 1026 29.16 2.25 49
HSC-C-1 140 116.8 8755 296 1048 3.15 500 1030 1.74 38
HSC-C-2 75 116.8 8755 296 1110 367 587 1797 1.86 41
HSC-C-3 40 116.8 8755 296 1220 433 8.70 2497 224 49

Note: fcu: 28days compressive cube strength (150mm*150mm*150mm); fCO ' € - Peak stress and strain of plain

concrete columns; f :peak stress and strain of confined concrete; &g , £, : strain corresponding to 0.85 f_. and

cc!? gCC

0.5 1:Cc on the unloading part of stress-strain curve; &, :transverse strain corresponding to peak stress of confined

concrete; €, :transverse reinforcement strain corresponding to yield strength of reinforcement.

Observed behavior

In the initial stage of loading, the specimens shows elastic behavior, the axial deformation of the
specimens is very small, and there is no change on the surface of specimens. With the load increasing,
some cracks appear on the end of the upper and lower surface of the specimens when the load reaches
about 60% of the axial peak load. The crack development pattern of confined concrete column and
non-confined concrete column was different. For the plain concrete columns, the cracks developed
slower after cracks appeared on the end, and developed to the center gradually when the load reached
about 85% of peak load. The bearing capacity dropped rapidly when the specimens was suddenly
destroyed Compared with reinforcement confined concrete specimens, the cracks are smaller. For
reinforcement confined concrete columns, the specimens show plastic deformation when it reached
70%~80% of the ultimate bearing capacity, the load-displacement curve presented nonlinearly, and
vertical cracks occured in the middle of the specimens. The cracks on both sides and the middle of the
test sample run through gradually with the load increasing. When it approached the peak load of the
specimens, the cracks run-through and part of concrete cover crushed and spall with a crackling
sound. Compared with specimens with smaller reinforcement ratio, spall of concrete cover of the
columns with larger reinforcement ratio were severely.

After the reinforcement confined concrete columns reach the peak load, the capacity has a small
decline section suddenly, the axial and transverse deformation of concrete increase rapidly, resulting
in rapid increase of lateral reinforcement stress, then reinforcement play an effective confinement
role, and the load decreased slowly. For the testing columns with high lateral reinforcement ratio, the
load decreases more slowly. At last, the cover concrete falls off seriously with a huge sound, and the
longitudinal reinforcement bulged outward with the concrete crushing.
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Effect of test variables on behavior of confined concrete

Concrete strength Fig. 3 (a) (b) shows the stress-strain curves of confined concrete columns with
different concrete strength. All parameters other than the concrete strength of the specimens are the
same. It can be seen from the curve in the Fig.3 (a) (b) that the slope of ascending branch of the
specimens are consistent, and high strength concrete has a longer elastic stage under the axial
compression. It also can be seen from the Fig.3 (a) (b) that the concrete strength has strong influence
on the capacity of the confined columns, and the higher the strength is, the greater the capacity is. But
with the increase of concrete strength, the descending branch of the curve will become steeper and the
ductility get worse, and confinement effect of reinforcement got worse.
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Fig. 3 Comparison of stress-strain curves of confined concrete columns with different concrete

strength (a) (b) and reinforcement spacing(c)

Reinforcement spacing Fig. 3(c) reflects the influence of different reinforcement spacings
(40mm~140mm) on the stress-strain curve of the confined concrete columns. It can be seen from the
Fig.3(c) that as the reinforcement spacing decrease, the slope of descending branch of the
stress-strain curve of confined concrete columns become gentle, and the peak stress and peak strain
are greatly increased (Fig. 4(a)(b) and Table 1). When the reinforcement spacing is 40mm, the peak
stress and peak strain of the high-strength confined concrete columns with the strength of 82.5MPa
are increased by 56% and 148% than those of the plain concrete columns.

The confinment effect of reinforcement on the concrete is mainly in two aspects: on the one hand,
it can provide longitudinal reinforcement with lateral bracing, and delay the early buckling of the
longitudinal reinforcement to improve the capacity of the entire reinforcement cage; on the other
hand, the hoop constraint of the reinforcement makes the core concrete under three dimensional stress
state.

Lateral confinement greatly increases the strength and deformation capacity of the concrete
columns. Research by Sheikh et al[6] showed that the confinement force of reinforcement with
rectangular section on the core concrete is not distributed as evenly as that of the reinforcement with
circular section, and has the maximum value on the cross of the longitudinal and lateral reinforcement.
The axial stiffness of the reinforcement plays a leading role, and the lateral constraining force away
from the cross part decreases gradually. Decreasing the reinforcement spacing can increase the
distribution density of the reinforcement along the longitudinal component, and more core concrete is
effectively constrained by the stirrups so that the effective confinement effect of reinforcement can be
greatly increased.
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Fig.4 Influence of reinforcement spacing on the peak stress (a) and strain (b) of confine concrete
(c) Concrete stress versus transverse reinforcement strain for column HSC-B-2

Reinforcement stress analysis It can be known from Fig.4(c) and Table 1 that transverse
reinforcement did not yield when the concrete reaches the peak stress. At the peak point of
stress-strain curve of confined concrete, the transverse reinforcement which cannot yield can provide
effective confinement on the core concrete, which has a great impact on descending branch of the
stress-strain curve of the confined concrete, and greatly improved the ductility of columns. Therefore,
calculating peak stress and strain of the confined concrete using the yield strength of the
reinforcement is not accurate. The actual stress of reinforcement should be considered.

Conclusions

The results of axial compression test of PVA fiber reinforced ultra-high strength concrete columns
confined by high-strength reinforcement were presented. With high-strength reinforcement, the
concrete compresive strength and ductility of columns improved significantly. Concrete strength and
transverse reinforcement spacing influenced behavior of the confined concrete.The ductility
decreased with the increase of concrete strength and transverse reinforcement spacing. Given that the
high-strength reinforcement did not yield when the specimens reached the peak load, the actual
strength of transverse reinforcement should be considered.
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