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Abstract. Steel-Basalt FRP Composite Bar (S-BFCB) is a new kind of substitute material for
longitudinal reinforcement, with high elastic modulus, stable post-yield stiffness and excellent
corrosive resistance. Based on mechanical properties of S-BFCB and the plane cross-section
assumption, the moment-curvature curves of beam and column members are simulated. Some
parameters such as equivalent rebar ratio, postyeild stiffness, concrete strength and axial
compression ratio of column were discussed. Results show that the constitutive relation of the
cross section is similar with RC member in elastic and cracking stages, while different in post-
yield stage. With the increase of postyeild stiffness ratio of composite bar, the ultimate bearing
capacity of component improved observably, member may turn out over-reinforced
phenomenon, concrete crushing may appear before the fibersarefractured. The effect of
concrete strength increase in lower postyeild stiffness ratio is not obvious than in higher. The
increase of axial compression ratio has actively influence on bearing capacity of column, but
decreases on the ductility.

1. Introduction

Traditional reinforced concrete structure suffering an earthquake is characterized by rapid increase of
deformation, essentially constant bearing capacity and secondary stiffness close to zero in yielding
stage. The structure gets damaged rapidly with high residual plastic deformation in this stage, thus
hard to be repaired after earthquake.

Forthe purpose of achieving the earthquake fortification goal that buildings do not fall down after a
major earthquakeor are reparable after a medium earthquake, Chinese and overseas scholars have
investigated a lot to ensure theconcrete structure to have a stable secondary stiffness and control the
residual deformation after an earthquake.Such researches include tactfully mixing unbonded
reinforcement with bonded reinforcement for use[1], applying aprestress on bridge piers [2], using
CFRP bars for column bases[3] and using high strength reinforcement to strengthenconcrete frames[4].
In recent years, fiber reinforced polymer (FRP) bars are a competitive option in civil engineering. The
use of FRP reinforcement is attractive for structures that operate in aggressive environments, such as
in coastal regions, or for buildings that host magnetic resonance imaging (MRI) units or other
equipment sensitive to electromagnetic fileds [5]. FRP has high strength, a low elastic modulus, poor
ductility and good durability, while steel is the opposite. Combining the advantages of the two
materials is expected to have outstanding comprehensive properties. A hybrid rod made with fiber-
reinforced polymer (FRP) skin over a steel core was first proposed by Nanni et al. (1993) [6] to
achieve good anti-corrosion performance for concrete beams. Based on the abovementioned research,
a new kind of hybrid rebar named Steel-fiber Composite Bar was proposed by Wu et al.(2010) [7]
(Figure 1). S-BFCB is a kind of longitudinal bar wrapped by fiber reinforced polymer (FRP) in
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longitudinal direction, which is a compound of elastic-plastic steel and linear elastic FRP with stable
postyield stiffness [8-10].
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Figure 1. Stress-strain relation of Steel and FRP

2. Material constitutive relation model

Steel-Basalt FRP Composite Bar (S-BFCB) is a material of tension and compression asymmetry
constitutive relation [11]. Relevant program is compiled by OpenSees software open platform,
concluding the proposed S-BFCB tension and compression asymmetry material constitutive
relation. The moment-curvature curve of beam and column is simulated, S-BFCB member is compared
with RC memberby equal stiffness and strength principle and some parameters such as concrete
strength are also discussed.

2.1. Constitutive relation of bars

This paper adopts the reinforcingsteel01material as the steel constitutive model, its tensile model is
Chang and Mander model.It is completed by defining the steel yield point, harden point position,
hardening stiffness andstrength of the limit point.For composite bar concrete members, composite bar
is divided into steel bar and FRP to simulate respectively, which is used in FRP and linear elastic
elements.

2.2. constitutive relation of concrete

For the constitutive relation of the cross section, concrete constitutive relation is divided into the core
concrete bounded by stirrups andconcrete of protective layer.Concrete constitutive relation usethe
concrete02 material, which seeks a balance between simplified and the precision.This paper adopts the
correction of Kent - Park model [12].

3. Moment-curvature curveof beam

Material and geometrical parameters are as follows: the cross section size of beam is 300 mm *200
mm, compressive and extensive strength standard values of C30 concrete are f, =20.1MPa and
f, =2.01MPa.Yield strength and ultimate strength of steel bar are 400 MPa and 540 MPa, and the
corresponding strainsare 0.002 and 0.08 respectively.The ultimate strength of Basalt fiberis 1540MPa
andnominal yield and ultimate strains are &5, = ¢, =0.002 and &, = 0.022.

In Figure 2, the bearing capacity of S10B20 and S10B138 is more than S10 beam due to the fiber,
S10B20 beam is correspond to S12 beam by the equal-strength principle design while S10B138 beam
is correspond to S12 beam by the equal-stiffness principle design. In the pre-yield stage, stiffness is
relatively consistent, but the bearing capacity of S10B138 beam improved significantly while the
section ductility is not significantly lower.
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Figure 2. M- relationship of RC and S-BFCB Figure 3. M-® curve of beam in different
concrete beam stiffness ratio

Parameter ¢ in Figure 3 is the reinforcement materials elastic modulus ratio of post yield to pre-yield,
with the range from 0.01 to 0.60.The ultimate bearing capacity improvedobviously with the increment
of parameter « .

4. Moment-curvature curve of column
Material and geometrical parameters of column are as follows: section size is 300 mm X300 mm,
concrete compressive strength and tensile strength standard values of C30 are f, =20.1MPa and

f, =2.01MPa, axial compression ratio of column is 0.2. The material mechanics performance of steel,

basalt fiber and composite baris equal tothe value of beam section.

Contrast curve in Figure 4, S10B24column is correspond to S14column by the equal-strength principle
design while S10B163column is correspond to S14column by the equal-stiffness principle design. In
the pre-yield stage, stiffness is relatively consistent, but the bearing capacity of S10B163column
improved significantly while the section ductility is not significantly lower. In Figure 5, it shows that
with the increasesof axial compression ratio from 0 to 0.6, the bearing capacity of S12B24 column
improves obviously but the ductility of column members is reduced.
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In Figure 6, with the increase of parameter & from 0 to 0.60, M- curve of column is similar with the
curve of beam, but when reach the ultimate compressive strain of concrete, the effect of bearing
capacity improvement is limited and the decline period is coincide. With the increase dosage of fibers,
column may appear the phenomenon of overreinforced, concrete crushing may occur before fiber
being pulled break. Figure 7 shows that with the improvement of concrete strength, the ultimate
bearing capacity of S10B24 column improves not obvious.
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By the contrast of numerical simulation in this paper, secondary stiffness of composite reinforcement
material improve the bearing capacity of composite reinforced concrete members, but the performance
of the composite reinforced concrete member not only depends on the composite reinforcement
material, but also related to the strength of the concrete. Blindly increase the secondary stiffness
reinforced materials need more basalt fiber, the member design should be considered not only the ratio
of reinforcement and fiber, but also concrete strength index, to ensure the best comprehensive
performance.

5. Summary

From the comparison of data, the conclusionin this paper is confirmed as follows:

Based on mechanical properties of S-BFCB and the plane cross-section assumption, the moment-
curvature relationship of beam and column members have been analyzed by numerical simulation. The
relationship relevant to some parameters such as equivalent rebar ratio, postyeild stiffness, concrete
strength and axial compression ratio of column were discussed. Results show that the constitutive
relation of the cross section is similar with RC member in elastic and cracking stages, while different
in post-yield stage. With the increase of postyeild stiffness ratio of composite bar, the ultimate bearing
capacity of component improved observably, member may turn out overreinforced phenomenon,
concrete crushing may appear before the fiber is snap. The effect of concrete strength increase in
lower postyeild stiffness ratio is not obvious than in higher. The increase of axial compression ratio
has actively influence on bearing capacity of column, but decreases on the ductility.S-BFCB has good
prospects for engineering applications.
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