
Research Article
Application of Carbon Fiber Cement-Based Composites in
Improving Construction Durability

Xiaoming Xu

Institute of Construction Engineering Technology, Changzhou Vocational Institute of Engineering, Changzhou,
Jiangsu 213164, China

Correspondence should be addressed to Xiaoming Xu; 201701340239@lzpcc.edu.cn

Received 15 July 2022; Revised 29 July 2022; Accepted 3 August 2022; Published 24 August 2022

Academic Editor: Nagamalai Vasimalai

Copyright © 2022 Xiaoming Xu.  is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In order to improve the durability of building construction, this study proposes a construction method based on carbon �ber and
cement-based composites. Analyze the mechanical properties of carbon �ber cement-based composites, combined with ex-
periments to further analyze its advantages in building construction, to achieve the purpose of building durability construction.
 e experimental results show that the elastic modulus of CFRC samples with a 0.6% carbon �ber volume percentage is the largest.
When the content of carbon �ber increases within a certain range, the elastic modulus of CFRC samples will also increase.
Conclusion.  e application of carbon �ber cement-based composites in building construction can e�ectively improve the
durability of buildings and further improve the quality of buildings.

1. Introduction

However, with the further development of science and
technology, traditional cement-based materials can no
longer meet the changing needs brought about by social
development [1].  e concept of intelligent structural ma-
terials has been proposed, and many scholars at home and
abroad have invested in research on the intelligent modi-
�cation of cement-based materials. Generally speaking, the
modi�cation of traditional cement-based materials is mainly
achieved by adding other components with special prop-
erties. Carbon �ber is a kind of special �ber made of organic
�ber by carbonization at high temperature in inert gas. It has
many characteristics, such as lightweight, high strength,
excellent conductivity, and high elastic modulus. It is fa-
vored by researchers at home and abroad in many �elds [2].

A carbon �ber cement-based composite is a kind of
composite material made of cement-based material as the
base material and adding carbon �ber or its modi�ed ma-
terial. Due to the excellent properties of carbon �ber itself,
compared with ordinary cement-based composites under
the same conditions, carbon �ber cement-based composites
have more excellent physical properties, and their

compressive strength, tensile strength, �exural strength, and
impermeability have been signi�cantly improved.  e re-
sistivity of ordinary cement-based materials is generally
between 10 and 11Ω·m, which is basically nonconductive.
 e addition of carbon �ber to cement-based materials can
signi�cantly improve the conductivity of cement-based
materials, greatly reduce their resistivity, and become a
conductive material.  is makes carbon �ber cement-based
composites not only a building structure-bearing material
but also an intelligent structural material, which can be
applied to other �elds, such as nondestructive testing of large
cement-based structures such as roads, bridges, buildings,
and so on; electromagnetic shielding of large equipment and
instruments such as laboratories and research institutes; and
snow melting and ice melting in cold weather of roads and
airports [3].

 e quality and safety inspection of construction proj-
ects is an important measure to ensure the safety and re-
liability of construction projects. At present, the quality
inspection of construction projects in China is mainly
carried out through the safety and durability of building
structures.  e safety of the building structure is an im-
portant guarantee to ensure that the construction project
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will not have cracks, collapses, and other events, and the
durability of the building structure determines the service
life of the construction project.

*erefore, combined with the above, the application of
carbon fiber cement-based composites in building con-
struction can effectively improve the durability of buildings
and ensure the safety and reliability of construction
projects.

2. Literature Review

Cement is the building material with the largest output and
used in today’s construction projects. Since the advent of
Portland cement, cement products and materials such as
mortar, concrete, and reinforced concrete have been born.
*e average annual consumption of cement-based com-
posites in China is about 108 m3. Production and con-
sumption are far more than in other countries in the world.
It can be seen from this that cement materials will be the
most important engineering construction materials in China
for a long time until new materials that replace cement
appear. However, the toughness of cement mortar material
is relatively poor, and it is not suitable for use in structures
with high tensile and bending requirements, so it is im-
possible to complete the mechanical design requirements of
long-span structures alone. Later, the emergence of rein-
forced concrete structures solved the defect of cement
materials, in which steel bars could bear strong tension and
concrete could bear strong pressure. *e combination of the
two can give full play to their respective advantages, thus
effectively overcoming the defects of poor tensile perfor-
mance and limited scope of application of cement mortar
materials [4]. Adding steel bars to concrete greatly enhances
the tensile strength and flexural strength of concrete and
further expands the application range of cement mortar
materials. However, the reinforcement is not corrosion-
resistant. Reinforced concrete structures also have their own
shortcomings. In order to overcome this shortcoming, we
must find new materials.

Adding a small amount of chopped fiber to the mixing
process of cement mortar materials is an effective method to
enhance the tensile and compressive properties of cement
mortar. *e addition of chopped fiber can enhance the
tensile strength, crack strength, and fatigue strength of ce-
ment mortar materials, so that they have excellent me-
chanical properties. Various chopped fibers are added into
cement mortar materials to enhance the mechanical prop-
erties of cement-based materials. *is method of adding
chopped fibers has a long history of development [5]. *e
types of added fibers can range from early crops such as
wheat straw and hemp, and later fibers made of asbestos to
glass fibers and steel fibers are now used. *ese reinforcing
fibers can improve the performance of cement and can also
be widely used in actual buildings. *e use of asbestos and
glass fiber in cement materials is a monument in the history
of architecture. Later, steel fiber came into being with the
development of fiber materials.*e excellent performance of
steel fiber makes it widely used in strengthening the

mechanical properties of cement mortar materials. How-
ever, most fibers have their own inevitable shortcomings [6].
For example, fibers made of asbestos are carcinogenic, and
fibers made of glass and steel are easy to corrode under the
strong alkali conditions of cement mortar and lose their role
in cement mortar materials [7]. Compared with the previous
fibers, carbon fiber is nontoxic and harmless and has good
stability in cement mortar, so it is more suitable to be used as
reinforcement in cement mortar. Carbon fiber has been
developed rapidly because of its many advantages, especially
in cement-based composites.

A carbon fiber cement-based composite is a combination
of a certain amount of chopped carbon fiber and cement
material, which is called CFRC for short. CFRC has many
superior properties to cement mortar materials. For ex-
ample, the toughness and tensile strength of CFRC are better
than those of cement mortar materials. Its addition can also
reduce the dry shrinkage of cement mortar materials. In
addition to its advantages in mechanical properties, CFRC
also has special functions in temperature sensitivity, electric
heating, pressure-sensitive, electromagnetic shielding, and
other aspects [8]. In winter, when encountering rain and
snow, the road surface is often covered with ice and snow.
Vehicles driving on this kind of road are prone to traffic
accidents. Highways are often closed because the road
surface is covered with ice and snow, so it is necessary to find
effective ways to solve this problem. *e efficiency of or-
dinary snow and ice removal methods is low. When CFRC is
used as a pavement material, using the conductivity of CFRC
and the power on and heating function of conductive
materials can play a role in snow and ice removal, so as to
effectively solve this problem; CFRC is sensitive to com-
pressive stress. Applying pressure to the CFRC sample can
change the resistivity of the sample. Using this characteristic,
we can master the stress and strain of CFRC at any time by
monitoring the change of CFRC resistivity at any time.
Using this special performance of CFRC, we can also
monitor the damage to a building structure and provide a
guarantee for its safety, so as to achieve the role of the sensor;
some special building structures have high-temperature
requirements. By using the characteristic that CFRC is very
sensitive to temperature changes, the function of auto-
matically adjusting its temperature can be achieved; using
the relationship between CFRC load and resistance, the load
of the structure can be known through the current, so as to
play its load-bearing role on the vehicle; many electro-
magnetic waves are harmful to the human body. Using the
electromagnetic shielding performance of CFRC can make
people’s living environment free from the interference of
harmful electromagnetic fields and achieve the purpose of
protecting human health. All these show that carbon fiber
cement-based composites have a wide range of applications.
Its application can bring many benefits to life, so its ap-
plication scenario is also very broad, and its research is more
and more practical value [9].

Based on the above research, this study proposes to apply
carbon fiber cement-based composites to construction, and
through the experiment and analysis of their mechanical
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properties, to evaluate the durability of this material in the
construction industry, so as to ensure durability in con-
struction and ensure construction safety.

3. Research Methods

3.1. Analysis of Mechanical Properties by the Differential
Method and VariationalMethod. *e differential equivalent
medium for calculating the mechanical properties of com-
posites by the differential method was first found. Later, this
definition is used to calculate the elastic modulus of com-
posite materials. What it builds is a process in which in-
clusions are gradually added to the matrix material. First, a
small amount of inclusions are added to the matrix material
to homogenize the whole material. *en add the inclusion
material, homogenize it, repeat the project continuously,
and finally obtain the mechanical properties of the com-
posite with a certain volume content of inclusions [10]. *e
cyclic steps of adding and homogenizing by the differential
method are shown in Figure 1.

*e variational method is to solve the mechanical
properties of composite materials by using the variational
principle. *is method is obviously different from the above
methods.*rough the variational method, the range of some
mechanical property parameters of composites is derived.

CFRC is a new material composed of carbon fiber and
cement base. Chopped carbon fiber and cement base exist in
an independent form in the whole structure. On the surface,
this material belongs to composite materials. To study the
mechanical properties of CFRC, we can start with the
mechanical research method of composite materials. At
present, most of the research methods on the mechanical
properties of CFRC are based on the first research method,
that is, the macro method based on experiments [11]. *ere
is little research on the mechanical properties of CFRC from
the mesoscopic point of view. Moreover, when using the
macro method, the experiment has certain requirements for
the manufacturing process and curing of CFRC samples. As
long as there is a certain deviation in these aspects, the
experimental results will be different. *erefore, the analysis
of CFRC mechanical problems must combine the two
methods described above, verify, and complement each
other. In this way, the mechanical properties of CFRC can be
effectively discussed. In this study, the mechanical properties
of CFRC are obtained by the theoretical method and then
compared with the experimental results to see whether the
meso method is suitable for calculating the mechanical
properties of CFRC [12].

Under the electron microscope, the broken section of
CFRC can clearly see that the distribution of carbon fiber in
cementmortar is random and irregular. In order to study the
mechanical properties of CFRC by using the mesostructural
mechanics method of composite materials, it is necessary to
homogenize the CFRC structure first. Assuming that the
carbon fibers are evenly distributed in the cement base, the
homogenized CFRC can be regarded as a statistical uniform
field, and then, the mechanical problems of CFRC can be
solved by using the mesostructural mechanics method of
composite materials. On this basis, the mechanical problems

of CFRC can be solved by using themesomechanical method
[13].

3.2. 'eoretical Analysis of CFRC Mechanical Properties

3.2.1. Representative Units and Statistically Uniform
Materials. General composite materials, such as CFRC, are
composed of different component materials. By observing
the fracture section of CFRC samples under the electron
microscope, we can clearly see the distribution of carbon
fibers in the cement base. In CFRC, concrete is a continuous
matrix material, and carbon fibers are dispersed in the
matrix material [14]. *erefore, the mesostructure of CFRC
is very complex, the distribution of carbon fibers is random,
and its length is inconsistent. *erefore, it is difficult to
describe the mesostructure of CFRC with mathematical
models or formulas.

When considering the overall mechanical properties of
CFRC, its mesostructure is often simplified. First, it will be
assumed that all reinforcing phases (carbon fibers) have the
same shape and size. For example, in CFRC, it can be as-
sumed that the length of fiber is the same and the diameter of
the fiber is also the same. Second, assuming that the fibers are
completely uniformly distributed in the matrix material, the
mesostructure of CFRC has periodicity and uniformity [15].
After homogenization, CFRC is composed of many cells.*e
unit cell can also be regarded as the meso-representative unit
of CFRC, which can represent the mechanical properties of
CFRC.

*e homogenized CFRC can also be regarded as a
statistically homogeneous material. When the uniform stress
or strain defined by the uniform boundary condition is
applied to the statistically uniform material, the stress-strain
field in the material can be considered as a uniform statistical
field, and the field variables of the mesoelement of the
material are calculated, that is, the mechanical properties of
the homogenized CFRC are obtained [15].

3.2.2. Uniform Boundary Conditions. In order to form the
statistical uniform field of CFRC, it is necessary to impose a
uniform boundary condition on the assumed completely
uniform CFRC. *ere are mainly two kinds of uniform
boundary conditions, which are expressed as follows:

(1) Uniform stress boundary conditions:

u0
i (S) � ε0ijxi. (1)

Where S is the statistical uniformmaterial boundary,
u0

i (S) is the applied boundary displacement, ε0ij is the
constant strain, xi is the axial coordinate, and i, j� 1,
2, 3.

(2) Uniform strain boundary condition:

Ti(S) � σ0ijnj. (2)

Where Ti(S) is the boundary load, σ0ij is the constant
strain, and nj is the outer discovery direction of the
boundary.
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In the homogenized CFRC, the statistical uniform field
variable of the material is the same as the volume average
field variable of the material. *erefore, in the elastic field,
the statistical uniform value of the representative element of
CFRC can be expressed by the volume average value of the
representative element.

*e average strain of statistical uniform material CFRC:

εij �
1
V
C

V
εijdv. (3)

Average stress of statistical uniform material CFRC:

σij �
1
V
C

V
σijdv. (4)

3.3. Experimental Study on Mechanical Properties of FRC.
*emain purpose of this experiment is to measure the stress-
strain relationship of CFRC samples with different carbon
fiber volume percentages and obtain the actual mechanical
property parameters of CFRC materials, so as to further test
the correctness of the theoretical research results [16].

3.3.1. Raw Materials. *is study presents a retrospective
analysis of the experimental materials selected for me-
chanical properties:

Material 1: cement: the cement model used in the
experiment is 42.5.
Material 2: fine sand: natural river sand, repeatedly
filtered with a sieve, is fine gravel.
Material 3: PAN-based carbon fiber: its mechanical
property parameters are shown in Table 1.
Material 4: dispersant: methylcellulose. *e main
function is to separate the carbon fiber and finally
achieve the purpose of a uniform distribution of carbon
fiber in the cement base.

Material 5: water reducer: the main function are to
disperse cement, reduce the amount of water in the
mixing process, and improve the strength of concrete
samples.

3.3.2. Equipment and Instruments Used in the Experiment.
*is study presents a retrospective analysis of the instru-
ments used in the experiment on the mechanical properties
of carbon fibers.

(1) Cement paste mixer is mainly used to mix concrete
mortar and carbon fiber so that carbon fiber is evenly
distributed in concrete mortar

(2) Cement mortar vibrating table, main purpose: when
making CFRC samples, make the samples vibrate
and form, so as to prevent the existence of cavities in
the samples

(3) Tray balance is mainly used for weighing the mass of
sand, cement, and water

(4) JA series electronic balance is mainly used for raw
materials with high weighing accuracies, such as carbon
fiber; quality of water reducing agent, and dispersant.

(5) Electrohydraulic servo universal testing machine.
Main use: when the CFRC sample is under pressure,
measure the relationship between the stress and
strain of the sample, and measure the mechanical
property parameters of the material [17].

3.3.3. Experimental Process. In this study, the experimental
process of mechanical properties analysis of carbon fiber is
analyzed retrospectively.
(1) Sample RawMaterial Ratio.*e principle of selecting the
mix proportion: first, the mix proportion of cement mortar
is selected. *e mix proportion of cement mortar selected in
this experiment is the proportion of cement, sand, and water
according to the mass ratio of 1 :1 : 0.3. Change the

The initial state

Add a small amount
of impurities

Add in small amounts

The iteration

homogenization

Heterogeneous material

Heterogeneous materialHomogeneous material

Figure 1: Differential equivalence principle.
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parameters of carbon fiber and the dosage of water and
dispersant appropriately under the condition that the ce-
ment and sand remain unchanged, so as to ensure the
appropriate performance of CFRC samples.

*rough calculation, when the volume percentage of
carbon fiber in CFRC is 0.3%, the mass ratio of each
component’s raw material is shown in Table 2.

When the volume percentage of carbon fiber in CFRC is
0.6%, the mass ratio of each component’s raw material is
shown in Table 3.

When the volume percentage of carbon fiber in CFRC is
0.9%, the mass ratio of each component’s raw material is
shown in Table 4.

(2) CFRC Sample Making and Experimental Test. In this study,
the fabrication and experimental testing of CFRC samples
are analyzed retrospectively.

(1) Prepare the principle of each component according
to different mass proportions

(2) Take a container, pour water into the container, add
dispersant to the water, stir the dispersant and water,
and make the dispersant fully dissolved in the water

(3) Add the carbon fiber into the vessel containing
dispersant and water, stir by hand to separate the
carbon fiber, then add other materials prepared in
front, pour them into the cement paste mixer, stir for
a period of time, and then take out the cement base
containing carbon fiber

(4) Slowly pour the mixed carbon fiber mortar into the
mold, place the mold on the shaking table, and vi-
brate for 15 minutes to make it dense. In this way, a
100∗100∗100mm3 CFRC sample is made.
Demould after 24 hours under normal temperature
and maintain in the curing box for one month [18].

(5) On the electrohydraulic servo universal testing
machine, apply pressure to the sample at the loading
speed of 1 kn/s

4. Experimental Results and Analysis

*rough the compression loading experiment of the elec-
trohydraulic servo universal testing machine, the com-
pression load and compression displacement diagrams of
CFRC samples with different carbon fiber volume per-
centages are obtained on the associated computer. *e
points with the same displacement are taken in each dia-
gram, and the data for each point are processed according to
the actual situation [19]. *e compressive stress of the
sample is obtained by dividing the compressive load of each
point after treatment by the surface area of the sample, and
the compressive strain is obtained by dividing the com-
pressive displacement by the size of the sample. Finally, the
stress-strain relationship of CFRC samples with three carbon
fiber volume contents is obtained, as shown in Figure 2.

Table 1: Mechanical property parameters of carbon fiber.

Diameter/μm Tensile strength/GPa Modulus of elasticity/GPa Poisson’s ratio Elongation/%
6.5 4.0 240 0.26 1.4

Table 2: Mass ratio of CFRC materials.

Sand/cement (%) Water/cement (%) Carbon fiber/cement (%) Water reducer/cement (%) Dispersant/cement (%)
100 30 0.5 15 0.5

Table 3: Mass ratio of CFRC materials.

Sand/cement (%) Water/cement (%) Carbon fiber/cement (%) Water reducer/cement (%) Dispersant/cement (%)
100 32 1 0.5 1

Table 4: Mass ratio of CFRC materials.

Sand/cement (%) Water/cement (%) Carbon fiber/cement (%) Water reducer/cement (%) Dispersant/cement (%)
100 34 1.5 0.5 1.5

y1=0.3%
y2=0.6%
y3=0.9%

0.0

0.5

1.0

1.5

2.0

2.5

3.0
Y

2 4 6 8 10 120
X

Figure 2: Stress-strain diagram of CFRC sample.
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By observing the stress-strain relationship of CFRC
samples in Figure 2, it is found that the elastic modulus of
CFRC samples with a volume percentage of carbon fiber of
0.6% is the largest, and it can be concluded that when the
content of carbon fiber increases within a certain range, the
elastic modulus of CFRC samples will also increase [20].
When observing the cross-sections of CFRC samples with
different carbon fiber contents with an electron microscope,
it can be clearly seen that when the carbon fiber content is
relatively high. *erefore, the mechanical properties of
CFRC specimens will decrease with the increase of carbon
fiber content.

5. Conclusion

In this study, a carbon fiber cement composite material is
proposed and its mechanical properties are analyzed in
order to put it into construction and improve the durability
of construction. *e experimental results show that the
elastic modulus of CFRC samples with a 0.6% carbon fiber
volume percentage is the largest. When the content of
carbon fiber increases in a certain range, the elastic modulus
of CFRC samples will also increase. It can be seen that
carbon fiber cement composite has strong mechanical
properties, and its application to building construction can
greatly improve the durability of construction.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.
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