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Abstract. Ultra-high performance fibre reinforced concrete (UHPFRC) has very high compressive
strength up to 200 MPa and exhibits strain hardening effects under flexural loading. The bond strength
between UHPFRC and steel reinforcement is much better than the normal strength concrete. Therefore,
there is a potential to use UHPFRC material at the beam-column joint region to reduce the congestion of
reinforcement as well as to improve the seismic resistance of the structure. In this pilot study, the beam
column joints made of normal strength concrete and UHPFRC were tested under lateral cyclic loading
up to failure using a 500 tonne capacity computer control servo hydraulic machine. The specimen with
normal strength concrete failed at the joint region while the specimen with UHPFRC material failed due
to yielding of the rebars in the beam sections near the column face and no obvious cracks were observed
at the joint area. The specimens with UHPFRC as joint material exhibited higher initial lateral stiffness
and achieved slightly higher ultimate load capacity than the specimen with normal strength concrete.
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1 INTRODUCTION

Adoption of ultra-high performance fibre reinforced concrete (UHFRPC) in bridges, building and
infrastructure has been reported previously [1]. Due to its high strength, self-consolidation performance,
and excellent durability, UHPFRC material is now getting popularities in the construction industry [2,3].
Moreover, the addition of micro steel fibres, which bond tightly with concrete matrix, provide good
ductility and lead to strain hardening effects under flexural bending [4]. Meanwhile, the high embodied
energy, material cost, and environmental impact, for example carbon dioxide emission, over the life cycle
[5] limits the wide application of the material. Considering the sustainability requirement, the effective
use of UHPFRC material becomes an important issue.

2 MATERIAL AND SPECIMEN DESIGN

The mix design for the normal strength concrete is listed in the following Table 1. The ultra-high
performance fibre reinforced concrete used in this research is a premix product commercially available.
2% volume fraction of micro fibre was used in the mix design. Those fibres are approximately 13 mm
long and 0.2 mm in diameter, which gives an aspect ratio of 65.

Table 1. Mix design of normal strength concrete (kg/m’)

Fin 10mm 20mm
Cement Water N coarse coarse
aggregate
aggregate aggregate
490 195 470 400 805
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The beam-column joint specimen and reinforcement details are shown in Figure 1. Two specimens
were designed with the identical geometry and reinforcement layout with the only difference in the
concrete material used at the joint region as indicated in Figure 1. The detailed configuration of the steel
reinforcement at the joint region as tied can be found in Figure 2a). After casting, both specimens were
sprayed with curing agents and covered by the plastic sheet until the day of testing (31 days after casting)
as shown in Figure 2b). Concrete cylinders and cubes were prepared and cured under the same condition
as the specimens for both type of concrete materials prior to strength tests.

Figure 1. Geometry and reinforcing scheme for beam-column joint specimens (Dimension: mm)

a) b)

Figure 2. Specimens preparation: a) Details of the reinforcement at the joint region; b) Curing of the specimens.
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3 EXPERIMENTAL PROCEDURES

The beam-column joint test was performed using the 500 tonne loading system in the structures lab at
Xi’an Jiaotong-Liverpool University as shown in Figure 3a). The specimens were loaded under constant
vertical loading of 200 kN and then lateral displacement was enforced from the top-side of the column
following target history shown in Figure 3b). The lateral displacement was controlled with three
complete cycles for each displacement target level. Displacements and strains of the reinforcement at the
joint region were measured using the data acquisition system in real time with a frequency of 1 Hz and
the cracks were observed after completing each target displacement.
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Figure 3. Specimens under Testing: a) Loading configuration; b) Target (Dx) History.

4 TESTING RESULTS

The compressive strength obtained from 150 mm x 150 mm x 150 mm cubes (for normal strength
concrete) and 100 mm x 100 mm x 100 mm cubes (for UHPFRC) were 52 MPa and 136 MPa,
respectively. The hysteretic curves for both systems are shown in Figure 4a), with the responses for the
first three cycles shown in Figure 4b). It was found that Specimen S2 exhibits higher stiffness than
specimen S1 in the initial cycles and generally provided slightly better ductility reaching around 200 kN
lateral resistance with lateral deformation in excess of 70 mm. The energy dissipation for specimen S2
was also better than S1. Both specimens initiated the nonlinear responses due to the yielding of the rebars
in the beam. However, specimen S1 suffered from quick stiffness loss due to the cracking and spalling of
concrete at the joint region as shown in Figure 5a) while for specimen S2, the cracks were observed at the
top and bottom of the beam close to the joint region as shown in Figure 5b). No obvious cracks were
observed in the joint region for the latter, where the ultra-high performance fibre reinforced concrete was
used.
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Figure 4. Test Results: a) Complete hysteretic curve, b) First three cycles.

a)

b)

Figure 5. Test Results: a) joint cracking and spalling for S1, b) Cracking outside of joint region for S2

It was also deduced that the rebar embedded in UHPFRC material was fully restrained by the dense
concrete material based on the comparison of strain readings from the rebars at beam and column close to
the joint region as shown in Figure 6. The strain of rebar in both beam and column were all much larger

than the corresponding values from S2.
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Figure 6. Test Results: a) strain of rebar in column for S1, b) strain of rebar in beam for S1, ¢) strain of rebar in column
for S2, d) strain of rebar in beam for S2;

Based on the reverse-cyclic loading experiment results of two beam-column joint specimens, it was
found that the utilization of ultra-high performance fibre reinforced concrete material in the joint region
can help prevent the cracking and spalling of concrete. The rebars were fully restrained due to the high
strength of concrete and good bond strength achieved.

5 CONCLUSION

This study investigated how the incorporation of UHPFRC at the beam-to-column joint may improve
the failure mode under cyclic loading for possible application under earthquake loading conditions. The
strengthened joint with UHPFRC (S2) was able to reduce significantly the cracks at the joint region and
shift the plastic hinge to the beam region which is desirable for seismic designs. Although the peak lateral
load capacity achieved by both S1 and S2 specimens are not significantly different, the specimen with
UHPFRC (S2) failed in a more identifiable manner with plastic hinge formed near the interface between
the two concrete materials.

In addition, the strain of the reinforcement of the UHPFRC sample remained in the linear elastic
range as compared to the sample with normal concrete which resulted in plastic response. Hence, the
reinforcement at the joint for specimen S2 could potentially be reduced to make more efficient use of the
two materials. This would require further investigation.
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