Hindawi

Advances in Materials Science and Engineering
Volume 2021, Article ID 9486940, 10 pages
https://doi.org/10.1155/2021/9486940

Research Article

Hindawi

Fiber-Reinforced Magnesium Phosphate Cement-Based
Nanocomposites in the Field of Bridge Structure Repair

and Strengthening

. 1,2
Wenwei Yang (>

'Lanzhou University, Ministry of Education of China,

Key Laboratory of Mechanics on Disaster and Environment in Western China, Lanzhou 730000, Gansu, China
2Lanzhou University, Civil Engineering ¢ Mechanical College, Department Mechanical & Engineering Science, Lanzhou 730000,

Gansu, China

Correspondence should be addressed to Wenwei Yang; yangwenwei@lzu.edu.cn

Received 10 May 2021; Revised 18 June 2021; Accepted 7 July 2021; Published 3 August 2021

Academic Editor: Wei Liu

Copyright © 2021 Wenwei Yang. This 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.

Currently, fiber-reinforced magnesium phosphate cement-based nanocomposites are being used in various projects. The unique
physical properties of this material allow it to bear the load together with the material in the inherent structure, and it will be better
used in the field of bridge structure repair and reinforcement. The purpose of this article is to study the application of fiber-
reinforced magnesium phosphate cement-based nanocomposites in the field of bridge structure repair and reinforcement.
Through the use of finite element analysis software and various stress sensor materials, the mechanical properties of fiber-
reinforced magnesium phosphate cement-based nanocomposites are used to analyze the mechanical properties of damaged
bridges in our area after reinforcement treatment and establish a control group (using magnesium phosphate cement-based
nanocomposite materials) for comparative experiments. The reinforcement effect of the bridge repair structure under different
ballast conditions is studied. Studies have shown that fiber-reinforced magnesium phosphate cement-based nanocomposites can
provide excellent reinforcement for damaged bridge structures. Compared to the control group, the strength and stiffness of the
repaired structure were significantly improved, the strength increased by 15.7%, and the stiftness increased by 12%. The carrying

capacity has also been improved compared to the previous one, from the original 120t to 150t.

1. Introduction

Now there are more ways to strengthen concrete struc-
tures [1]. The design specification for reinforced concrete
structures (GB50367-2013) introduces the specific ones:
crack repair technology, pre-tensioned steel wire rope net,
polymer mortar reinforcement method, anchor bolt
technology, and pasted steel plate, and the reinforcement
method of prestressed carbon fiber composite materials
[2]. In addition, there are additional protection and re-
inforcement methods, replacement methods, steel wire
reinforcement methods, reinforced concrete and pre-
stressed reinforcement methods, reinforcement methods
for steel bars and CFRP composite materials, cross-sec-
tional expansion methods, etc. [1, 3].

Magnesium phosphate cement is a new type of envi-
ronmentally friendly cementitious material. It is composed of
magnesium oxide, soluble phosphate, and retarder according
to an appropriate mixing ratio. Through acid-base neutrali-
zation reaction, a flowing acidic composite brine is generated
[4]. In recent years, a new type of environmentally friendly
cement material has received more and more attention, es-
pecially in the application of rapid restoration. After several
years of research, development, and accumulation, MPC can
gradually be divided into three categories: phospho-Portland
cement (MPSC), magnesium ammonium phosphate cement
(MAPC), and potassium magnesium calcium phosphate
cement (MKPC) [5]. The cement chosen in this topic is
potassium magnesium phosphate cement. The reinforced
concrete method of fiber-reinforced potassium phosphate
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cement mortar is similar to that of reinforced concrete with
enlarged section.

The purpose of this article is to study the effect of fiber-
reinforced magnesium phosphate cement-based nano-
composites on bridge structure repair. Among them, Ahmad
pointed out in the article that in the repair of damaged
bridge structures, the repair effects of various existing
materials are not very good, the cost of repair materials is
often too high, and new materials are urgently needed in the
field of bridge construction to be replaced [6]. Peters’ et al.
research found that magnesium phosphate cement-based
nanocomposites have excellent effects in repairing various
damaged beam structures, and the manufacturing cost is still
acceptable [7]. Selvakumar et al. conducted various me-
chanical performance experiments on magnesium phos-
phate cement-based nanocomposites and found that adding
various materials to it can better improve this mechanical
performance [8]. Diez -Pascual and Diez-Vicente found
through experiments that adding a certain amount of fiber to
the magnesium phosphate cement-based nanocomposite
material can well increase the tensile and compressive
strength of the material [9]. Li et al. found that the fiber-
reinforced magnesium phosphate cement-based nano-
composite has an excellent repair effect on the bridge
structure, the strength and rigidity of the repaired structure
are significantly improved, and the bearing capacity is also
improved compared with the previous one [10].

In the research on the application of fiber-reinforced
magnesium phosphate cement-based nanocomposites in the
field of bridge structure repair and reinforcement, this article
summarizes and compares the research status and research
results of previous scholars and material scientists. This article
is innovative. The points are roughly as follows. First, this
article uses finite element analysis software and various stress
sensor materials for the first time to conduct a detailed analysis
of the stress-carrying capacity of the material in the damaged
structure of the bridge and verifies the feasibility of the ma-
terial. The second point is that this paper strictly established a
control experiment through the controlled variable method.
The experimental group uses fiber-reinforced magnesium
phosphate cement-based nanocomposites, and the control
group uses magnesium phosphate cement-based nano-
composites. A two-month experiment was carried out. Vari-
ables are strictly controlled to ensure the accuracy of the
experiment. The third point is that this paper not only analyzes
the physical properties of the material in detail but also
conducts an experimental analysis on the influence of the
amount of fiber on the reinforcement effect and examines the
fiber ratio of the composite material when the physical
properties are optimal.

2. Research Content of Fiber-Reinforced
Magnesium Phosphate Cement-
Based Nanocomposites

2.1. Characteristics and Application Fields of Magnesium
Phosphate Cement. Magnesium phosphate cement, as an
environmentally friendly cementing material with chemical
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bonding ceramic properties, has characteristics that other
existing building materials cannot match, for example, fast
setting speed, demoulding within 30 minutes [11], and high
strength, the strength can reach more than 40 MPa within 3
hours [12]; at the same time, it has good compatibility with
old concrete and high bonding strength. It has excellent wear
resistance, which is twice that of ordinary Portland cement
products and can be used as a repair material. Under the
same conditions, steel bars have better rust resistance, and
the corrosion rate of steel bars is only 22.8% of that of
ordinary Portland cement [13]. Its excellent salt resistance
and antifreeze corrosion properties make the phosphate
cement mortar and concrete surface to spall off only after 40
years. It has good heat resistance and can withstand high
temperatures of 1300°C [14].

Various waste materials that can be used for cement not
only are environmentally friendly but also can reduce costs
and improve the performance of cement slurry.

At present, the use and development of MPC are mainly
concentrated in the following parts.

2.1.1. As a Quick Repair Material. In terms of road main-
tenance, disc acid magnesium cement not only can be
quickly set and formed but also has high early strength. The
construction process is simple, the maintenance is conve-
nient, and it has superior durability. It can be constructed
even in low temperature environments. It is an ideal rapid
road repair material; it has become the most common ap-
plication of magnesium phosphate cement today [15].

2.1.2. Solidified Body as Hazardous Waste. The nuclear
waste produced by magnesium phosphate cement can be
treated by radiation curing at room temperature without a
special calcining device, which not only reduces fuel costs
but also avoids secondary pollution caused by waste com-
ponents in volatiles. At the same time, the waste product has
high strength, good stability, and low dissolution rate of
environmental pollution or human body-damaging sub-
stances, which is a very promising curing method.

When a material containing harmful substances is added
to magnesium phosphate cement, it reacts with the hy-
dration product of magnesium phosphate cement to pro-
duce new phosphoric acid. These phosphates have low
solubility and are tightly wrapped by the hydrated product of
magnesium phosphate cement.

2.1.3. As a New Type of Adhesive Made of Artificial Wood.
Magnesium phosphate cement replaces the existing adhe-
sives for wood-based panels. Compared with the existing
production process, magnesium phosphate cement can ef-
tectively reduce energy consumption, control the emission
of harmful environmental substances, and make wood-
based panels more prominent in fire resistance and dura-
bility. After mixing magnesium phosphate cement and
lignin waste particles uniformly, the hydration reaction
generates phosphate, which cements the lignin waste into a
network to form a composite material with significant
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compactness [16]. This process can quickly cure and harden
at room temperature without heating and curing like tra-
ditional polymers, and there is no special requirement for
environmental humidity.

2.1.4. Production of Biological Bone Cement. Magnesium
phosphate cement is non-toxic, has excellent biocompati-
bility, and has a good gelation effect between biological
bones. It enters the biological body without foreign body
reaction, so biological bone cement can be made into a rapid
repair material for bone fixation of teeth and has a good
development prospect in the medical field [17].

2.1.5. As Paint Material. Due to the rapid early strength and
excellent fire resistance of magnesium phosphate cement,
some American companies have developed sprayed concrete,
which can be sprayed directly on the surface of rigid foam
polystyrene boards or wood to form a complete wall mode.

2.2. Advantages and Disadvantages of Fiber-Modified
Magnesium Phosphate Cement. Carbon fiber-modified mag-
nesium phosphate cement is a magnesium phosphate cement-
based composite material based on magnesium phosphate
cement, in which discontinuously cut carbon fibers are added
as a reinforcing and toughening material. The carbon fiber
added to the magnesium phosphate cement matrix has the
following function: to improve the tensile strength of the
matrix. Internal defects are the predisposing factors leading to
the failure of magnesium phosphate cement [1]. In order to
improve the tensile strength, it is necessary to minimize the
stress concentration at the internal fracture end and limit the
fracture propagation. The uniform and arbitrary distribution
of short-cut carbon fibers in carbon fiber-modified magne-
sium phosphate cement improves the matrix structure of
magnesium phosphate cement, reduces defects in the matrix,
and improves the continuity of the magnesium phosphate
cement matrix during concrete hardening [18]. During the
stress process of the magnesium phosphate cement, the
carbon fiber and the magnesium phosphate cement matrix
deform together under the action of the stress, and the
bridging effect of the carbon fiber makes the magnesium
phosphate cement continuously crack and bear greater load.
All these contribute to improving the tensile strength of
carbon fiber-modified magnesium phosphate cement [19].
The addition of carbon fiber is like adding a large number
of thin strips to the matrix, forming a relatively complete
network structure. During the development process, the
microcracks are inevitably blocked by carbon fiber, which
hinders the propagation of the cracks, thereby playing a role in
crack resistance. The fiber is closely combined with the matrix
material, which greatly maintains the overall strength of the
magnesium phosphate cement [20]. When a wall made of
concrete receives an impact, carbon fiber will absorb a lot of
energy, thereby effectively reducing the impact of stress
concentration. Carbon fiber has a bridging effect on the
fracture of magnesium phosphate cement and consumes
energy when the fiber is pulled out of the matrix of magnesium

phosphate cement [21]. All of the above effects help improve
the toughness of concrete. Carbon fiber is more effective than
magnesium phosphate cement, but the surface of the carbon
fiber has a graphite structure [22]. Due to its smooth surface,
such as inertness, the number and types of active functional
groups are small, and the composite with magnesium phos-
phate cement has poor interface bonding. The interlayer shear
strength of cement paste is low, and the pull-out resistance of
carbon fiber is poor [2, 23]. Therefore, in order to improve the
toughening effect of magnesium phosphate cement fiber,
surface modification of carbon fiber is required.

2.3. Effect of Fiber on the Properties of Magnesium Phosphate
Cement. Magnesium phosphate cement is composed of
reburned magnesium oxide, soluble phosphate, and re-
tarder. The main hydration product is magnesium ammo-
nium phosphate hexahydrate, which has the advantages of
fast solidification, fast hardening, and high early strength
[24]. It can be used for rapid repair of concrete roads and
structures and radioactive and toxic curing treatments [25].
However, since the main cohesive forces of magnesium
phosphate cement are ionic bonds and covalent bonds, its
brittleness is relatively large, so it needs to be toughened and
modified. At present, the main toughening modification
measures are polymer emulsion modification and fiber
modification. Studies have shown that polymer emulsions
can encapsulate magnesium oxide particles, which has an
adverse effect on the hydration process and the strength of
magnesium phosphate cement, so it is rarely used [26]. Fiber
modification mainly uses organic fibers, glass fibers, steel
fibers, carbon fibers, etc. Among them, carbon fibers have the
advantages of high modulus, high tensile strength, and good
corrosion resistance. The toughening effect of magnesium
phosphate cement is particularly obvious [27]. In the labo-
ratory, according to the mixing ratio of magnesium phosphate
cement mortar and carbon fiber, the length and content of
carbon fiber, and the water-cement ratio studied, the ex-
pansion degree of magnesium phosphate cement mortar was
studied. According to the hardening strength of magnesium
phosphate cement, the dispersion of carbon fiber in mag-
nesium phosphate cement mortar was also studied, and its
compressive strength, flexural strength, and split tensile
strength were analyzed [28].

Since magnesium phosphate cement is not used in in-
dustrial production, this article uses a mixture of magnesium
phosphate cement for a variety of raw materials, including
soluble phosphate using ammonium dihydrogen phosphate,
retarder using borax, the proportion of magnesium oxide
concrete, and ammonium dihydrogen phosphate=4:1; the
sand content of borax (calculated by the mass of magnesium
oxide): magnesium oxide=1:10 [29]. Good workability is
an important indicator for evaluating the performance of
concrete and mortar. The lap and agglomeration of fibers
will greatly reduce the fluidity and performance of concrete.
This section mainly studies the influence of fiber length,
water-cement ratio, and fiber content on the working per-
formance of magnesium phosphate cement mortar, which is
characterized by the swelling degree of the mortar. In the



test, the sand-to-cement ratio of the magnesium phosphate
cement mortar is 1:1, and the fibers are 3mm, 6 mm,
10mm, and 15 mm, respectively [30]. Fiber content is all
volume content. The light weight of carbon fiber is less than
half the density of magnesium oxide, and the surface is
hydrophobic. In addition, the diameter of the fiber is much
smaller than that of magnesium oxide and fine aggregate
particles, so it is difficult to uniformly mix carbon fiber and
magnesium phosphate cement mortar. When carbon fiber is
added to magnesium phosphate cement to improve its
toughness, in order to give full play to its high modulus and
high tensile strength, it must be uniformly dispersed in the
mortar. When the dispersion performance of carbon fibers is
poor, the strength of magnesium phosphate cement mortar is
easily affected by the fiber dispersion state of the worst part
and the dispersion of carbon fibers, and the local content of
the dominant part is too small. The elongation strength fails to
give full play to the advantages of high, so the uniformity of
the carbon fiber dispersion determines its effect on improving
the toughness of magnesium phosphate cement mortar [31].

3. The Experiment of Fiber-Reinforced
Magnesium Phosphate Cement-Based
Nanocomposite in Bridge Structure Repair

3.1. Materials Needed for Experimental Cement. The pre-
pared material is calcined at a high temperature to form
magnesium oxide. The material is purchased from Jiangsu
Huanan Magnesium Industry Co., Ltd., and the production
process adopts a two-step calcination method. First, mag-
nesite is processed at about 1000°C to obtain light-burned
magnesia and then calcined at a high temperature of 1700°C
for 6 hours to obtain reburned magnesia. The recalcined
magnesia used in the test was first ground by a ball mill and
then sieved through a sieve with an aperture of 0.1 mm to a
specific surface area of 310-3202 m/kg. The content of each
component of the purchased dead-burned magnesia is
shown in Table 1.

In addition, there are two types of potassium dihydrogen
phosphate (KDP) raw materials used for testing. The first
raw material was purchased from Tianjin Dongsheng
Chemical Co., Ltd., the registration number was KDP-1, and
the crystal size was 28/600~35/425 mesh/m. The second raw
material was provided by Fujian Waiting Chemical Co., Ltd.
The crystal size was 48/315~80/180 mesh/m. The phosphate
used in the experiment was obtained by uniformly mixing
two potassium dihydrogen phosphates at a mass ratio of 1: 1.
All KDPs used are white crystals, easy to go crazy, and
packed in plastic bags.

3.2. Experimental Nanomaterials and Other Admixtures.
The nano iron oxide (NF) used in this test has a red powder
appearance and was purchased from Ziti Nanometer
Technology Co., Ltd. The main component is Fe,O;
(=99.8%), the particle size range is 20-50nm, and the
specific surface area is 80-902 m*/g. The nano alumina (NA)
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TaBLE 1: Data of neurotransmitter substances in plasma of control
experiment.

Ingredient MgO CaO Fe,0; AlL,O5 SiO,
Content (%) 97.5 0.15 0.05 0.03 0.02

used in the test has an appearance of white powder and was
purchased from Ziti Nano Technology Co., Ltd. The main
component is AlL,O; (299%), the particle size range is
30-40 nm, and the specific surface area is 2002 m°/g [32].
The sodium silicate glass (marked as WG) used in the ex-
periment was white powder and was purchased from Tianjin
Davao Chemical Reagent Factory. Its main component is
Na,SiO;H,0 (299%). The fiber (marked as SF) used in the
experiment was off-white and was purchased from Jinmen
water purification material Co. The main component is SiO,
(=85%), the particle size is 2000 mesh, and the specific
surface area is 20~282 m°/g.

Four types of fiber (denoted as F) are used in this test:
imitation steel fiber (denoted as ISF), microsteel fiber
(denoted as MSF), flat steel fiber (SF), and tail hook steel fiber
(HF). The imitation steel fiber was purchased from Ningbo
Shake New Material Technology Co., Ltd. The material used is
rough polypropylene, the surface is embossed, the cross
section is rectangular, and the equivalent diameter is 0.6 mm.
The fine steel fiber was purchased from Shanghai Zhenjiang
Fiber Co., Ltd. The material is stainless steel, the surface is
plated with copper, the surface is smooth, the cross section is
circular, and the equivalent diameter is 0.22 mm. The straight
steel fiber is obtained by removing the ends of the hook-
shaped steel fiber produced by Shanghai Bekaert. The tail
hook steel fiber was purchased from Shanghai Bekaert Co.,
Ltd. It is a row of steel fibers, made of stainless steel, with a
straight surface and curved ends.

3.3. Mechanical Performance Test of Magnesium Phosphate
Cement Mortar. The compressive strength of magnesium
phosphate cement mortar is tested by mechanical perfor-
mance test, and its compressive strength test refers to ASTM
C109 “Standard Test Method for Compression of Hydraulic
Cement Mortar.” The instruments and equipment used
include cement mortar mixer (5 L), pressure testing machine
(200T), concrete magnetic vibration table, etc.
The measurement method of this test is as follows:

(1) The three joints of plastic compressed concrete were
tested to form a cement mortar test block with a size
of 50 mm X 50 mm x 50 mm, which was taken out
after being placed in the room and cured for 2 hours.

(2) Curing to the specified conditions according to the
corresponding immersion time.

(3) According to the standard compressive strength test
method, the loading speed of the compression testing
machine is set to 0.9 kN/s. Three samples are taken
from each group to test and record the data.
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The load-displacement curve of the bonding perfor-
mance between the fiber and the magnesium phosphate
cement mortar was obtained through the fiber pull-out test.
The bonding performance is tested with reference to “Test
Method for Steel Fiber Concrete” (CECS13:2009). Com-
pared with single fiber pull-out, the result of multi-fiber pull-
out test shows that the dispersion is smaller, and too small
fiber spacing will reduce the bonding efficiency. Therefore, in
this test, four fibers were pulled out in one direction, and the
fiber interval was set to 12 mm. The main instruments and
equipment used are cement slurry mixer (5L), electronic
universal testing machine (5KN), pressure sensor (2KN),
strain displacement sensor (30 mm), and No. 3 static strain
testing system machine [33].

3.4. The Principle of Experimental FRCC Enhancement.
The strengthening mechanism of FRCC mainly includes
fiber spacing theory, composite mechanics theory, and
multiple fracture theory. According to mechanics theory,
composite materials are a combination of fibers and sub-
strates, and according to the law of mixing, the overall
performance of composite materials is equal to the sum of
the properties of substrates and fibers. In order to calculate
the fiber spacing S, it is considered that the fibers are dis-
tributed in a square ratio. On the basis of theoretical and
experimental research, an algorithm for the average fiber
spacing S is established as shown in the following formula:

s=13.8*d*\P, (1)
P

where D is the diameter of the fiber; P is the percentage of the
fiber volume ratio; and Vis the volume fraction of the fiber.

The concept of effective spacing coeflicient not only is a
statistical description of the spacing between fiber centers
but also points out the bad mode of fiber-matrix interaction,
and its expression should include the factor of fiber shape.
Therefore, the effective fiber spacing is also determined as
shown in the following equation:

S =250 i, (2)
Pl

where S is the length of the fiber.

3.5. Experimental Process and Results. The surface treatment
methods of old concrete are three treatment methods:
without surface cleaning, mechanical chiseling to remove
laitance, and chisel out by hand. For the mechanical gouging
samples, the surface laitance is mainly removed by the
gouging machine, while the artificial gouging is the gouging
of the cement stone on the concrete surface, so that the
coarse aggregate is exposed on the surface. The roughness of
concrete measured by sand casting method is 1 mm and
4mm, respectively. Drilling holes and bolts used for in-
sertion and positioning are MKPC cement positioning bolts,
reinforced MKPC cement positioning bolts, and embedded

steel bars. The electric drill is used to drill a 20 mm round
hole with a depth of 3cm on each of the two reinforced
surfaces of the old concrete. The sample is B6, which is
inserted into the hole and then the rubber is injected. The
sampling material is made of steel wire mesh, which is
inserted into a hole in old concrete and injected with MKPC
grout, and the exposed steel wire is transferred and ex-
panded. After treating the surface of the old concrete, pour
MKPC cement mortar on both sides of the sample for
double-sided reinforcement. Before pouring the MKPC
mortar, the MKPC cement paste with a water-cement ratio
of 0.12 was applied to the surface of the old concrete in a
thickness of about 5 mm. In order to avoid local breakage of
the bonding layer by shearing the experimental pad, the
thickness of the entire reinforcement layer is about 30 mm.
There are 3 specimens in each group, totaling 18 specimens.
After curing for 28 days, a double-sided shear test was
performed. At present, China does not have a unified in-
terface shear strength test method standard.

Test Method. Reinforce the sample directly on both sides of
the old concrete and conduct a double-sided shear test on
the bonding surface between the reinforcement layer and the
old concrete. The shear specimen is broken and the test is
stopped. In order to eliminate the gap between the sample
and the device and set the value of the tester to zero, the data
are unreasonably omitted due to the possible stress imbal-
ance during sample loading [34]. Finally, the shear strength
of each group is obtained from the average value of each
group of data.

4, Effect of Fiber-Reinforced Magnesium
Phosphate Cement-Based Nanocomposite on
Bridge Structure Repair and Reinforcement

4.1. Analysis of Influencing Factors of Compressive Strength of
Fiber-Reinforced Magnesium Phosphate Cement-Based
Nanocomposites in Repair and Strengthening of Bridge
Structure. Analysis of influencing factors of compressive
strength of fiber-reinforced magnesium phosphate cement-
based nanocomposites in repair and strengthening of bridge
structure is shown in Table 2.

By comparing the data of each group in the above table,
before the reinforcement, the cracking load of each beam is
basically the same because it is not reinforced before the
failure. By comparing the cracking load of the reinforced layer
after AO-1 and A0-2 reinforcement, it can be seen that as the
length of the reinforced layer increases, the cracking load of
the damaged layer increases by 21.5%. The main reason is that
the reinforcement layer and the original structure coordinate
share part of the section bending moment, thereby increasing
the cracking load. Comparing the ultimate load of beam A0-0,
beam AOQ-1 and beam AO0-2 increase by 60.0% and 29.4%,
respectively. It can be seen that the longer the reinforced
length after reinforcement, the better the lifting capacity of the
ultimate load of the beam. Even if the length of the steel bar is



not enough to withstand shear failure, the final load will still
increase to a certain extent.

After the pH of the system reaches >7, MKP begins to
precipitate rod-shaped crystals, which overlap each other to
form a network structure, and the slurry condenses to finally
form a hardened body with MgO particles as the skeleton
and MKP crystals as a binder. The relevant data are shown in
Figure 1.

It can be seen from the data in Figure 1 that P/M affects
the compressive strength of fiber-reinforced magnesium
phosphate cement-based nanocomposites in the repair and
reinforcement of bridge structures [35]. When the P/M value
increases to 0.3, the material is used in the bridge structure.
The compressive strength in repair and reinforcement was
increased from 420 MPa to 485 MPa, and the tensile strength
was increased by 18%.

The research results show that for ordinary Portland
cement mortar, excessive water-cement ratio will cause
seepage segregation of the new slurry, leaving large pores
after hardening, which greatly affects the strength of the
sample. Although the reaction mechanism of the magne-
sium phosphate cement system is different from that of
ordinary Portland cement, a too large water-cement ratio
will cause a large number of holes to be formed after the
slurry hardens, and the structure is not dense enough,
thereby reducing the strength. As W/C increases from 0.24
to 0.30, the 3D compressive strength of FMPM gradually
decreases. The increase in W/C allows the hydration reaction
of the slurry to proceed completely, but the evaporation of
excess water significantly increases the proportion of
harmful pores in the cured product, resulting in a porous
structure of the hydrated product. However, a too low water-
binder ratio is not only unfavorable to the formation of the
slurry but also affects the progress of the test due to the short
solidification time of the slurry; the specific data are shown
in Figure 2.

It can be seen from the data in Figure 2 that the W/C
value affects the compressive strength of fiber-reinforced
magnesium phosphate cement-based nanocomposites in the
repair and reinforcement of bridge structures. When W/C
increases from 0.24 to 0.30, the material is used in bridges.
The compressive strength in structural repair and rein-
forcement was increased from 420 MPa to 490 MPa, and the
tensile strength was increased by 19.5%.

4.2. Calculation and Analysis of Flexural Strength of Fiber-
Reinforced Magnesium Phosphate Cement-Based Nano-
composite in Repair and Strengthening of Bridge. The reason
that affects the bending strength of FMPM is because the
two basic mechanical properties of FMPM, namely,
flexural strength and compressive strength, are mutually
operable. Although there is no direct relationship be-
tween the two, the overall trend is similar. The first three

Advances in Materials Science and Engineering

factors are the main influencing factors; other factors will
not be analyzed temporarily. The flexural strength of
FMPM first increases, then decreases with P/M from 1/2
to 1/5, then decreases with W/C from 0.24 to 0.30, and
then decreases with S/C from 0.6 to 1.2. Single-doped
fibers have similar effects on the bending strength and
compressive strength of FMPM. For the bending strength,
when the fiber content is 5%, the 3D bending strength of
FMPM increases by 4% compared with the reference
group.

The strength will increase more obviously, and when the
age is 14 days, the bending strength will increase by 17%.
When the fiber content is 10%, the 3 d flexural strength of
FMPM is increased by 9% compared with the reference
group, 36% at 7 d, and the highest value of 9.15 MPa at 14 d,
which is 45 higher than the reference group. This also shows
that, over time, the bending strength of FMPM will also
greatly increase. However, when the fiber content was in-
creased to 20%, the improvement did not increase further,
and the value of the flexural strength decreased relative to the
group with the fiber content of 10%. As for the compressive
strength, when the fiber content is 5%, the 3D compressive
strength of FMPM does not change much and is 2% higher
than the reference group. However, with the increase of age,
the enhancement effect becomes more obvious, and the
compressive strength of 14d increases by 18%. When the
fiber content is 10%, the 14 d compressive strength value is
44.35 MPa, which is 22% higher than the reference group.
When the fiber content is 20%, the compressive strength
decreases to a certain extent. The relevant data are shown in
Figure 3.

It can be seen from the data in Figure 3 that as the
amount of fiber increases, the flexural strength and com-
pressive strength of magnesium phosphate cement-based
nanocomposites in the repair and reinforcement of bridge
structures gradually increase, and the tensile strength and
flexural strength are increased compared with general ma-
terials by 25%.

The flexural strength of concrete beams and columns
reinforced with inorganic basalt magnesium phosphate fiber
can be increased by 57.5%, and the ultimate axial com-
pressive strength can be increased by 45.4%. Adding an
appropriate amount of fly ash to the magnesium phosphate
cement can make the structure of the magnesium phosphate
cement denser and increase the tensile strength of the fiber
reinforced in the MPC matrix by about 10%; at the same
time, the binding force between the MPC and the matrix is
improved, and the fiber structure is optimized. The specific
data are shown in Figure 4.

It can be seen from Figure 4 that the strength and rigidity of
the repaired structure have been significantly improved, among
which the strength of the structure has increased by 15.7% and
the rigidity has increased by 12%. The carrying capacity has also
been improved from the previous 120t to 150t.
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TaBLE 2: Summary of damaged beam bearing capacity.

Beam number Damage-cracking load Cracking load of reinforcement layer Ultimate load

AO-0 17.23 — 35.69

AO-1 16.12 28.65 62.15

AO-2 15.23 24.65 45.36
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Ficure 1: Effect of P/M on compressive strength of fiber-reinforced magnesium phosphate cement-based nanocomposites in bridge
structure repair and reinforcement.
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FIGURE 2: The effect of W/C value on the compressive strength of fiber-reinforced magnesium phosphate cement-based nanocomposites in
bridge structure repair and reinforcement.
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5. Conclusions nesium phosphate cement-based nanocomposites to
strengthen and repair bridge structures is discussed

(1) This paper analyzes the current problems in the ap- and introduced in detail.

plication of fiber-reinforced magnesium phosphate

cement-based nanocomposites in the field of bridge (2) We analyzed the factors affecting the compressive
structure repair and reinforcement, discusses to solve strength of the fiber-reinforced magnesium phos-
these problems, and proposes corresponding solu- phate cement-based nanocomposites in the bridge
tions. The common methods and materials for structure repair and reinforcement. Experiments
repairing and strengthening bridge structures are have shown that P/M affects fiber-reinforced mag-

introduced, especially the mechanism of using mag- nesium phosphate cement-based nanocomposites
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with bridge structures. When the P/M value in-
creases to 0.3, the compressive strength of the ma-
terial in the repair and reinforcement of bridge
structure increases from 420 MPa to 485 MPa, and
the tensile strength increases by 18%.

(3) The calculation of flexural strength of fiber-rein-
forced magnesium phosphate cement-based nano-
composites in the repair and reinforcement of bridge
structures was discussed and verified. Experiments
have verified that with the increase of fiber content,
the flexural strength and compressive strength of
magnesium  phosphate  cement-based nano-
composites in the repair and reinforcement of bridge
structures gradually increase, and the tensile strength
and flexural strength are increased by 25% compared
with ordinary materials.
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