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Concrete materials are the most widely used and most
consumable building material in the world and have grown
tremendously in recent years due to the high strength, high
elasticity modulus, well plasticity, and workability. The devel-
opment tendency of the modern civil engineering structures
is high strength, high rise, and long design lifetime, which has
higher requirements on concrete. High performance concrete
can be defined as the concrete that can meet special combina-
tions of properties and uniformity requirements, which can
not always be achieved routinely using traditional raw mate-
rials and conventional mixing, placing, and curing methods
[1]. The development of high performance concrete materials,
especially the ultra high performance concrete, will provide
better materials for specific projects in civil engineering.
Compared with the traditional concrete, high performance
concrete materials have more excellent mechanical properties
and durability, and the use of them in civil engineering
is becoming more and more wide [2]. A large number of
researchers are targeting developments of high performance
concrete and also working on the mechanism research for
special properties, preparation technology, testing methods,
modeling, and applications of various high performance
building materials. Generally, there are many ways to get high
performance concrete. Usually, special aggregates, binding
materials, and admixtures can be added to the traditional
concrete to obtain high performance concrete. For example,
some unconventional aggregates [3], mineral admixtures [4],

chemical admixtures [5], and different fibers [6] can be used
to produce high performance concrete.

This special issue aims to bring researchers from
academia and industry together to report and explore the new
preparation methods, new investigations techniques, mate-
rial properties, and applications in high performance con-
crete materials and review the latest progress in this field. Out
of about seventeen submissions, eight research manuscripts
have been selected and included in this special issue because
of their good quality and relevance to the theme. The selected
articles address various aspects, including an improved
micromechanical framework with interfacial transition zone
(ITZ) for saturated concrete repaired by the electrochemical
deposition method, bending and shear properties of compos-
ite slabs made up of lightweight concrete, transport properties
of high performance concrete based on AC impedance
spectroscopy techniques, flexural properties of steel fiber
cementitious composite externally reinforced with basalt FRP
sheet, transport properties of near-surface concrete, a model
of mechanical properties of nanomaterials reinforced cemen-
titious composites, hysteresis properties and a restoring force
model for corroded reinforced concrete frame columns,
and mechanical properties of high performance concrete
containing metakaolin and polymer admixture.

The paper titled “An Improved Micromechanical Frame-
work for Saturated Concrete Repaired by the Electrochemical
Deposition Method Considering the Imperfect Bonding” is
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authored by Q. Chen et al. They provided an improved
micromechanical framework with interfacial transition zone
in order to explain the deposition healing process with
micromechanics for saturated concrete. To predict the effec-
tive performance of repaired concrete taking the interfa-
cial transition zone effect into account, the new multilevel
homogenization schemes were adopted. They also proposed
the modification process in reaching the high performance
of repaired concrete under dry condition. The comparison of
the prediction results gained from the improved model pro-
vided in this paper and the results gained from other current
models have been carried out to illustrate the reasonability
of the improved micromechanical model. Furthermore, the
authors discussed the effects of the deposition product and
interfacial transition zone on the effectiveness of healing.

The paper titled “Bending and Shear Experimental Tests
and Numerical Analysis of Composite Slabs Made Up of
Lightweight Concrete” is authored by E P. A. Rabanal et al.
Through a series of m-k experiments with advanced tech-
niques and the numerical simulations on flexural properties
of composite slabs with two lengths, which are made of three
kinds of lightweight concrete and steel, they investigated
the structural strengths of the composite slabs. Based on
the test results, the dimensionless coeflicients were obtained
to compare the effect of different sizes of the slabs on
the structural performance. Moreover, the finite element
methods were used to perform the nonlinear numerical
simulations applying four various multilinear isotropic hard-
ening laws. The friction coefficient between the concrete and
steel was modeled using coulomb friction contact. The results
indicate that the numerical results are very consistent with the
results of the experiments; as a result the numerical models
established in this paper can be applied in improving and
optimizing the composite slabs produced with lightweight
concrete.

The paper titled “Determination of the Transport Prop-
erties of Structural Concrete Using AC Impedance Spec-
troscopy Techniques” is authored by L. Wu et al. They
measured the chloride ion diffusion coeflicient of high
performance concrete using AC impedance spectroscopy
technology to investigate the transport performance of high
performance concrete. By adopting the equivalent circuit
model, they also deduced the relationship between the chlo-
ride ion diffusion coeflicient and mesostructure parameters
and proposed a diffusion coefficient determining measure
using AC impedance spectroscopy technique. The results
showed that the chloride ion diffusion coefficient could
be amended when considering the conductivity difference
resulting by different cementitious materials. The comparison
of ASTM C1202 method and the method presented in this
paper indicated that there is a linear correlation between the
two methods due to the fact that the method of ASTM C1202
is affected by the pore solution conductivity, which has small
influence on the chloride ion diffusion performance of the
concrete compared to the interconnected porosity.

S. Kim and C. Park conducted a study on the flexural
properties of basalt FRP externally reinforced high perfor-
mance cementitious composites containing steel fibers with
the volume content of 8%. Their paper is titled “Flexural
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Behavior of High-Volume Steel Fiber Cementitious Com-
posite Externally Reinforced with Basalt FRP Sheet.” Based
on the study results, it is noted that the best reinforcement
method of the basalt fiber sheet to the beam structures among
the methods mentioned in this paper is single-layered 45°
oriented method, and the maximum load ratio can not be
increased consequentially with the increase of the layers and
thickness of BERP materials. It can also be concluded that the
toughness and strength of the beam could be increasing with
the increase of the ductility of the constraint.

L. Wu et al. presented an appropriate method to deter-
mine chloride ion diffusion coefficient suitable for in situ,
which was based on the relationship between the chloride ion
diffusion coefficient and the alternating current impedance
spectroscopy parameters. Their paper is titled “In Situ
Determination of the Transport Properties of Near-Surface
Concrete Using AC Impedance Spectroscopy Techniques.”
The proposed method well reflects the transport performance
of the near-surface concrete and the reinforcing bar will not
have any effect on this method. Their experiment results
indicate that the new method is exactly consistent with
“PERMIT” migration test and it can save more measuring
time compared to the traditional method.

The paper titled “Model of the Mechanical Behavior
of Cementitious Matrices Reinforced with Nanomaterials”
is authored by V. D. Balopoulos et al. They developed a
mechanistic computational model to assess the restriction
function of the nanoparticles to reinforce the gel microstruc-
ture under the common stress state. In order to assess
the influence of the reinforcement of the nanomaterials
on the phenomenological performance of the composites,
the composites were investigated under different common
stress states applying the model proposed. The application
results show that the modeling process chosen in this study
can successfully copy the known tendency in mechanical
performance of cementitious composites, which covers the
sensitivity of the yield and failure stress to the transverse
restriction and the ratio of uniaxial tensile and compression
strength.

G. Zhao et al. conducted a numerical simulation of the
hysteresis properties of corroded reinforced concrete frame
columns. Their paper is titled “The Hysteresis Performance
and Restoring Force Model for Corroded Reinforced Con-
crete Frame Columns.” Based on the numerical simulation,
the authors established a retrogressive three-linearity restor-
ing force model, which well reflected the hysteresis properties
of corroded reinforced concrete frame columns. The analysis
indicates that the hysteretic bearing capacity of the frame
columns greatly reduces because of the corrosion of the steel
rebar. From the hysteresis curves obtained by the model
established in this study, it can be concluded that there is
similar characters to those of the experimental curves, which
proves that the restoring force model founded in this study is
accurate, rational, applicable, and simple in usage.

The paper titled “The Mechanical Properties of the Con-
crete Using Metakaolin Additive and Polymer Admixture”
is authored by A. Al Menhosh et al. They reported the
influence of the blended addition of polymer and metakaolin
on the durability and the mechanical performance of high
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performance concrete. In their investigation, various dosages
of metakaolin, polymers, and recycled fibers were used as
the combinations. Moreover, the influence of curing methods
and water to cement ratio on mechanical performance was
revealed, and the optimal mix proportion was suggested
based on the experiments. The results indicate that the
addition of metakaolin can accelerate the setting time of
concrete but reduce the flowability of fresh concrete, and
the inclusion of plastic and glass fibers obviously enhances
the tensile strength of the concrete. The combination of
15% metakaolin and 5% optimal polymer can produce the
concrete exhibiting wonderful strength and durability.
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