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With the rapid development of global civil engineering construction, the intelligent structural system of civil engineering has
evolved into one of the current global frontier disciplines. The research on the intelligent structural system of civil engineering and
the current development situation are analyzed, and the main problems are combined. Giving reasonable suggestions is of great
significance to the country’s vigorous development of civil engineering intelligent structure system. This paper designs a new type
of three-dimensional fiber grating sensor, including the design of the matrix model and the design of fiber grating strain gauges.
This new sensor can effectively measure three-dimensional space, greatly expanding the application range of fiber grating sensors.
In this paper, the design lighting area of each light pipe is taken as a unit. Each unit is set with 4 measuring points at the center and
the edge. Each measuring point reads 3 illuminance value parameters and records the average value. Based on the results and
comprehensive consideration of the short board situation, the research conclusions and recommendations are put forward. The
foundation wall with aerated concrete blocks as the wall material can meet the requirements of 50% energy saving for exterior wall
buildings with external decoration and internal insulation mortar. Compared with the benchmark wall of 50% energy saving of
external wall buildings, the heat transfer coefficient is reduced by 50.1%, and the actual energy-saving effect of the wall can reach
75%. Meet the requirements of 65% for the energy-saving effect of exterior wall buildings. This paper considers economic
parameters, such as the investment cost of building insulation materials, energy-saving income, and investment recovery period,
and establishes a calculation model for analyzing the economics of insulation materials. Based on the heat transfer model of the
composite wall and the fuel energy combustion equation, greenhouse gas is an established calculation model for CO, and SO,
emissions. Studies have shown that when considering the room temperature insulation performance of insulation materials, the
time required for the side of the concrete slab with glass fiber felt and aerogel insulation materials is about 2022 and 3363 s,
respectively, indicating the fire resistance of aerogel insulation materials significantly better than fiberglass.

1. Introduction

In recent years, with the rapid development of the social
economy and the continuous improvement of people’s quality
of life, energy consumption has gradually increased [1], of
which building energy consumption accounts for about 40%
of the total energy consumption of the whole society, so
building energy saving is the key to achieving energy saving in
the whole society field. Building energy efficiency is to reduce
energy consumption as much as possible under the conditions
of meeting the same needs of users or achieving the same
purpose. Through the implementation of relevant energy-
saving design standards, the use of energy-efficient building
materials, equipment, and products strengthens the operation

management of construction equipment [2], thereby im-
proving the thermal performance of the entire building and
the efficiency of cooling and heating systems. Secondly, on the
premise of meeting the requirements of building use and the
quality of the indoor thermal environment, reduce the energy
consumption of equipment cooling and heating, lighting, hot
water supply system, and so forth; use energy reasonably and
efficiently; and realize the overall energy saving of the
building.

With the rapid development of civil engineering intel-
ligent structural system, many teams began to study it. For
example, Legatiuk et al.’s experiment prepared an aerogel
concrete template with a regular shape and applied it to a
fireproof experimental device [3]. Chowdhury and Dey
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produced the aerogel mortar by experiment and applied it to
the structural wall in the French region. Secondly, the
thickness and investment cost of the aerogel mortar were
optimized based on the numerical model, which was ef-
fective when the same thermal insulation effect was
achieved. Reduce its investment cost [4]. Manandhar et al.
applied composite phase change wall panels to the walls and
roofs of typical residential buildings. Using the outdoor
weather data of the typical weather year as the external
weather conditions, the numerical value of the energy-saving
potential of phase change materials in residential buildings
was simulated [5]. In the process of making an ordinary
gypsum board, Zhang and Li directly mixed 21-22%
commercial grade butyl stearate to make a phase change
energy storage gypsum board wall and compared it with the
ordinary gypsum board wall without adding phase change
material. It is concluded that the physical and mechanical
properties of the phase change gypsum board wall are better
than those of the ordinary gypsum board wall, and its energy
storage/releasing ability has been increased by ten times [6].

In the process of studying intelligent structures in civil
engineering, it is a good method to study the complex
thermodynamics of SMA materials. For example, Abubaker
et al. analyzed the stress-induced phase transformation in
geometrically graded shape memory alloy samples through
an analytical approach. First, in the two-dimensional
framework, a partial differential equation (PDE) control
system consisting of equilibrium equations, unstressed
boundary conditions, and phase transition criteria is derived
[7].

In this paper, the performance testing and screening of
phase change materials are carried out, and the phase change
materials suitable for the climatic characteristics of the hot
summer and winter warm regions are selected. The heat
transfer coefficient of the composite wall is tested by the
variable temperature method to investigate the phase change
energy storage, energy-saving effect of composite wall. This
article studies the impact of performance parameters (degree
days, wall thermal resistance) and economic parameters
(material price) on the economic performance and envi-
ronmental performance (greenhouse gas emissions) of
aerogel insulation materials. Through the investigation of
the subjective feelings of the case, this article truly reflects the
evaluation of the lighting effect. Finally, the evaluation data
of each case is analyzed and compared with the evaluation
standard, and the conclusion of evaluation and analysis of
lighting application effect is obtained.

2. Research on Intelligent Structural System of
Civil Engineering

2.1. Fiber Bragg Grating Monitoring Principle

2.1.1. Principle of Demodulation. According to the known
basic theory of fiber grating, the Bragg wavelengths 15 and
ALy have a linear relationship, and the strain of the fiber
grating sensor is transmitted through the interface between
the package and the measured surface [8], so the actual
reaction of the fiber grating sensor is the strain transmitted
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to the sensor, rather than the actual strain at the interface of
the building, has a certain proportional relationship, and
may change with changes in external factors such as tem-
perature [9, 10].

For fiber Bragg gratings, the basic characteristics of the
reflection spectrum are as follows:

A ax =(1 +E>AB. (1)

Megf

It can be seen from the above formula that the depth of
refractive index modulation is affected by various factors,
and its change will directly affect the center wavelength.
When it becomes larger, the wavelength will shift to the long
wave side. This phenomenon can be found through ex-
perimental observations [11, 12]. In addition, due to the
relative wavelength value, the offset is very small; that is,
Npax K Mer- When special conditions such as phase mis-
match occur, the reflectance will be greatly reduced.

2.1.2. WDM Technology. Fiber Bragg Grating sensor net-
work multiplexing technology covers a wide range, and the
subject uses a combination of two methods of wavelength
division and space division multiplexing. The most prom-
inent advantage and the best value of fiber grating is that it
can be connected in series or written in multiple fiber grating
sensor arrays in the same fiber [13, 14]. By embedding or
pasting the sensor head on the structure or the surface or
inside of the material to be measured, real-time monitoring
of temperature and other physical quantities can be
achieved. The light emitted by the broadband light source is
incident through the demultiplexing device, forming a de-
vice combining wave division multiplexing and space di-
vision multiplexing, forming an array combining two FBGs,
and feeding back the optical signal to the demultiplexing
device for demodulation; thereby, realization can achieve the
goal of wavelength-multiplexed optical signal demodulation
one by one [15-18].

2.1.3. Light Source Equipment. The light source equipment
used in the experiment is a Santec light source, which can
provide a polarized light source with stable performance,
which can effectively supply light to other spectrum analysis
equipment, ensuring the smooth progress of the experiment
[19, 20]. The broadband detection light range generated by
the light source is the measurement range of the experi-
mental instrument. It uses the second-generation USB in-
terface, which can effectively transfer data.

2.1.4. Spectrum Analyzer. The experiment uses the
AQ6370D series high-precision spectrum analyzer, which
has a fast measurement speed, the latest channel interface,
and a strong spectrum analysis ability [21]. It is easy to
operate and can greatly improve the measurement effect of
R&D and production. It is quite popular in the market. It is
very popular in the market because of its high cost per-
formance with high cost performance [22, 23]. The main
features of this series of spectrometers are as follows: wide
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wavelength range 600~1700 nm, high wavelength accuracy
error within 0.01 nm, high wavelength resolution of 0.02 nm,
wavelength division ratio of 0.02~2 nm (adjustable), maxi-
mum input power +20dBm, high power sensitivity
—-90 dBm, wide dynamic range of 70dB, support single-
mode fiber, multimode fiber measurement.

2.2. Principle of Light Pipe. The basic principle of light pipe
lighting is to collect outdoor natural light through a light
collector, then introduce it into the interior of the system for
redistribution, and after that transmit and strengthen it
through the special light pipe treatment on the inner wall.
Through the diffuser in the indoor part of the system, the
processed natural light can be efficiently and evenly used to
the places where lighting is needed [24].

2.2.1. Light Collector. The light collector is a component
used to collect natural light and is composed of a lighting
cover and related accessories. The lighting hood usually
adopts a transparent hemispheric shape, and the internal
prism structure can collect more sunlight at various angles to
ensure the incidence of low-angle sunlight and increase the
effective lighting area. The lighting cover of the light col-
lector generally adopts transparent materials that are re-
sistant to ultraviolet rays and impacts [25-27]. At present,
there are three types of materials commonly used in lighting
hoods: polycarbonate (PC), polymethyl methacrylate
(PMMA), and glass. At present, the light collector using PC
material has a better effect. The lighting hood can effectively
prevent the fading, aging, and other damage caused by
ultraviolet radiation to indoor objects, because it can filter
out 100% of ultraviolet rays and nearly 100% of infrared rays,
and can avoid the indoor temperature rise, thereby reducing
the load of the air conditioner

2.2.2. Light Guide. The light guide tube is a tubular com-
ponent used to transmit natural light, and the light guide
tube is the core component of the entire light guide tube
system. From the perspective of the existing mature prod-
ucts, the light guide tube wall is often made of aluminum
material, the inner wall is closer to the mirror effect, and its
reflection ratio directly affects the lighting application effect.
The light guide tube wall is exposed for a long time, and it is
easily affected by cold and hot aging and corrosion during
use. Its weather resistance is related to the use function and
life of the entire system [28, 29]. There are several types of
metal coatings with high reflectance [30], a high-reflectivity
film on the inner wall, refraction through efficient optical
lenses, and prismatic light guides.

2.2.3. Dimmer. A dimmer is a component used to adjust the
light output in a light pipe system. Natural light changes with
time, weather, and so on. It is an unbalanced state light.
Through the opening and closing of the shading plate, the
light flux of the light guide tube is controlled to adjust the
light intensity of the indoor space, so that the indoor illu-
minance reaches a basically stable state. It is mainly

composed of an indoor control switch, control circuit, and
terminal dimmer [31-33].

2.3. Research on External Wall Insulation Materials in
Building Energy Saving

2.3.1. External Thermal Insulation Technology. The external
insulation of the external wall is to cover the thermal
insulation layer on the external surface of the external wall
made of masonry or concrete. This external thermal insu-
lation structure can be used not only for the renovation of
the existing external wall of the building but also for the
construction of new walls. The external wall external
insulation technology can obviously improve the thermal
insulation energy efficiency of the building. The thermal
resistance of the composite wall exceeds 1 m?K/W, and the
energy-saving effect is better. And this layer of thermal
insulation structure can not only contribute to the stability
of the main wall but also meet the relevant requirements of
this structure; for example, in order to make the composite
external wall able to resist the external collision and cracks, it
must be able to meet the wind pressure, watertightness, and
temperature and humidity requirements. It is also necessary
to properly deal with the coverage methods at the corners,
surface decoration, and adjacent parts (e.g., doors, windows,
openings, wall pipes) [34, 35]. For a structure using this
insulation technology, the foundation wall must be able to
withstand wind and vertical loads and must meet the me-
chanical stability requirements of the building. It must be
safe to use after being subjected to an impact. Only the
insulation layer is tightly connected to the main wall, so even
if it is impacted, it will not have much impact. The most
widely used is flame retardant expanded polystyrene board.

2.3.2. Insulation Technology of External Wall. The inner
insulation of the outer wall is to fix the insulation material on
the inner side of the outer wall body with an adhesive, and
then the outer surface of the insulation material serves as a
protective layer and a decorative layer. At present, for in-
ternal insulation, polystyrene particles or polystyrene board
and other thermal insulation materials are mostly used, and
plaster is applied on the outer surface as a surface material.
The more commonly used internal insulation technologies
are polymer mortar composite polystyrene insulation board,
reinforced cement composite polystyrene insulation board,
reinforced gypsum composite polystyrene board insulation
board, interior wall paste polystyrene board plastering
gypsum, and polystyrene particle insulation slurry, plus
cracking mortar pressed into the grid cloth [36]. The most
widely used is flame retardant expanded polystyrene board.

2.4. Heat Transfer Characteristics of Phase Change Heat
Storage Composite Wall. The heat storage coefficient of the
material reflects the ability of the material to store and
release heat under the action of cyclic heat. Its physical
meaning is the maximum heat flux density flowing into the
surface of the material when the surface temperature



amplitude is 1°C. Under the same thermal effect, the larger S
is, the smaller the surface temperature fluctuation is and vice
versa. S is related not only to the thermal properties of the
material (n, ¢, p) but also to the fluctuation period of the
external thermal action. The expression formula is

2mAcp
S= \/T

If it is a composite wall, the heat storage coeflicient S of
the wall is obtained by weighting the heat storage coeflicients
of the materials in each layer. Thermal resistance is the most
important parameter index to evaluate the wall insulation
performance. It represents the total resistance that heat
receives from the space on one side of the wall to the space
on the other side and reflects the wall’s ability to block heat
flow. The greater the thermal resistance, the smaller the heat
flux density.

The thermal inertia index of the wall reflects the ability of
the enclosure structure to resist temperature changes under
the action of periodic heat. The capacity is related to the heat
storage capacity of the wall. The greater the heat capacity of
the envelope, the greater the heat storage capacity and the
greater the ability to resist temperature fluctuations.

(2)
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The degree of attenuation is a periodic change with the
outdoor temperature, and the indoor temperature also
changes periodically. However, due to the heat capacity and
thermal resistance of the enclosure structure, there is an
attenuation in intensity and a delay in time in the change in
indoor temperature.

2.5. Performance Testing and Characterization of Aerogel
Insulation Materials. At present, the commonly used
building wall insulation materials are mainly XPS, EPS,
polyurethane foam, glass fiber, and other insulation mate-
rials. Based on the aerogel insulation materials obtained by
the previous research group, the thermal performance is
tested and characterized and compared with the perfor-
mance of commonly used insulation materials, to provide a
theoretical basis for the study of the development and ap-
plication of aerogel insulation materials in building
envelopes.

2.5.1. Appearance. The aerogel and aerogel felt samples
prepared by the research group were used as thermal
insulation materials. The aerogel samples were light blue
and had good visible light permeability, but at the same
time, the modified and dried pure aerogels could be seen.
The overall agglomeration of the rubber material is not
good, incomplete, and brittle after compression, which is

+ arctan
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Therefore, the greater the attenuation of the temperature
amplitude, the longer the lag time.

To measure the performance of a single material, the
thermal inertia index is the product of its thermal resistance
and the heat storage coefficient of the material:

YD=D,+D,+--+D, (3)

As can be seen from the above, if the amplitude of the
heat flow wave is constant, the surface heat storage coeffi-
cient S of the envelope structure is smaller, and when the
amplitude of the heat flow wave is constant, the amplitude of
the surface temperature fluctuation is larger, and the thermal
stability of the envelope structure is worse. Conversely, the
greater the heat storage coefficient s on the surface of the
envelope, the smaller the amplitude of surface temperature
fluctuations. This indicates that the greater the thermal
inertia index D of the envelope, the better the thermal
stability.

The delay time is the time delay when the outdoor
temperature is transmitted to the inner surface of the wall
through the wall, and its formula is

(4)
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also the main reason for the poor mechanical properties of
pure aerogels. The overall agglomeration of aerogel insu-
lation material after aerogel and glass fiber felt composite is
better and complete, and the mechanical properties and
strength are obviously better than pure aerogel material;
this shows that the addition of fiber can improve its me-
chanical properties so that it can be easily applied to
building envelopes Figure 1.

2.5.2. Infrared Spectral Transmittance. The infrared ab-
sorption spectrum of the aerogel powder was tested using
a Tensor27 Fourier transform infrared spectrum tester.
The infrared spectrum of the aerogel material is shown in
Figure 2. It can be seen from the figure that when the
wavelength is around 2820 cm' the _CHj; vibration peak
has strong vibration at this position, indicating that after
the surface is hydrophobically modified, the aerogel has
good hydrophobic properties. The -OH absorption peaks
around 1637 cm ™' and 3480 cm™" are quite weak, which
may be because after the sample is hydrophobically
modified on the surface, the hydrophilic group (_OH) on
the surface of the gel has been replaced by the hydro-
phobic group (-CHj). Therefore, through infrared
spectroscopy analysis, aerogel materials have good hy-
drophobicity. Compared with the hygroscopicity of in-
organic thermal insulation materials, the application of
aerogel materials on building walls shows good appli-
cation advantages.
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FIGURE 1: Process flow of aerogel wall insulation material preparation at atmospheric pressure.
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FIGURE 2: Wavelength of fiber Bragg grating during experimental loading.

3. Experimental Study on Intelligent Structural
System of Civil Engineering

3.1. Loading Experiment. Load and record the three-dimen-
sional fiber grating sensor riveted on the calibrator. When using
a calibrator to load, the compression member will shrink slightly
like a concrete structure during the experiment. After the solid
loading process is completed, you should wait for the calibrator
data to stabilize before reading the wavelength obtained by the
spectrometer.

When the sensor is subjected to a uniaxial eccentric load,
the center wavelength of the FBG sensor on the corre-
sponding axis will shift. At the same time, the other two FBG
sensors will also be affected and displaced. In order to realize
the force test of the three-dimensional force sensor in dif-
ferent directions, the pure force FX, FY, and FZ settings have
been applied, which can be obtained through the use right.
In view of the loading environment in the laboratory, the
experimental load was increased from 0 to 5kN while
maintaining the stability of the test temperature.

3.2. Light Guide Design. Two systems of 1.2 m diameter and
3.85m and 3.35 m length were selected for the design. A light

guide tube with a transmission ratio of 0.89, a light guide
tube with a wall reflection ratio of 0.96, and a diffuser with a
transmission ratio of 0.88 are used. The light guide tube
lighting device of the underground parking lot is installed in
the roof soil layer. From the roof plate to the parking lot
ceiling, the entire soil cover layer is passed through. The
entire parking lot uses a total of 9 sets of C1# light guide tube
systems with a length of 3.85m and 11 A C2# light pipe
system with a length of 3.35m.

3.3. Experimental Study of Phase Change Materials. This
experiment is designed based on JGJ75. When the thermal
resistance of the EPS sandwich panel is 0.67 m*K/W, it
meets the requirements of JGJ75-2012 50% energy saving for
exterior wall buildings.

Thermal resistance of the wall: experimental design of the
wall with three different thicknesses of EPS sandwich panel of
20 mm, 25mm, and 30 mm; that is, the thermal resistance of
the sandwich panel is 0.53m>K/W, 0.67m*K/W, and
0.80 m>K/W wall. The three temperature adjustment methods
designed are as follows: cooling is to reduce the temperature of
the cold room from 250°C to 15%°C and to reduce the tem-
perature of the hot room from 55%°C to 45%°C; heating is to



increase the temperature of the cold room from 15°C to 25%°C,
the temperature of the hot room is increased from 45°C to 55°C;
and the constant temperature is to keep the temperature of the
cold room to 15°C and the temperature of the hot room to 55%
C.

3.4. Insulation Material Thickness Selection. This article takes
XPS wall insulation material as an example. The payback
period for the application of shale hollow brick, aerated
concrete, and reinforced concrete is 1.39, 4.94, and 0.54
years, respectively. The investment recovery period and the
size of the investment cost are closely related to the price of
the insulation material, and the higher the price of the
insulation material, the greater the investment recovery
period and the greater the total investment cost per unit area.
To comprehensively reduce the investment cost and in-
vestment recovery period, the thickness and investment cost
of new aerogel insulation materials need to be optimized.

4. Experimental Analysis Based on Civil
Engineering Intelligent Structure System

4.1. Fiber Bragg Grating Design. Tube packaging is the most
common method of fiber Bragg grating temperature sensor.
It has a variety of forms. There are two main types of
structures, that is, sensitized type and nonsensitized type.
There are relatively few embedded packaging forms. This
packaging method avoids the use of adhesives, reduces the
loss of strain transfer, and requires relatively high packaging
conditions and equipment. To a certain extent, the loss of
strain transmission is reduced, but if there is a large dif-
ference between the elastic modulus of the optical fiber and
the matrix material, there will be strain transmission loss. In
consideration of the accuracy of the experiment, this ex-
periment adopts the sensitization type packaging method.

Commonly used packaging materials include carbon
fiber cloth, epoxy resin, copper, concrete, and steel. The
corresponding elastic modulus, tensile strength, and other
parameters are shown in Table 1.

Comparing the above material properties, we can see
that carbon fiber cloth has a higher application value than
other materials, its tensile strength is much higher than the
other four materials, but its thermal expansion coefficient is
far lower than the other four materials, and its superior
performance is remarkable. For this paper, since the sensor
substrate is a steel structure, it is the primary goal of this
paper to ensure that the sensor patch and the steel structure
substrate can deform together. Therefore, the use of steel as
the packaging material of the sensor can meet the re-
quirements of the experiment to the maximum extent.

When the sensor is subjected to a uniaxial eccentric load,
the center wavelength of the FBG sensor on the corre-
sponding axis will shift. At the same time, the other two FBG
sensors will also be affected and displaced. In order to realize
the force test of the three-dimensional force sensor in dif-
ferent directions, the pure force FX, FY, and FZ settings have
been applied, which can be obtained through the use right. In
view of the loading environment in the laboratory, the
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experimental load was increased from 0 to 5kN while
maintaining the stability of the test temperature. In this paper,
data analysis and processing were carried out according to the
center wavelength record in the experiment. The measure-
ment results in different directions are shown in Figure 2.

The results show that the sensor can accurately and
effectively realize the three-dimensional force measure-
ment under external load, with good linearity, repeatability,
and consistency. However, due to the manufacturing error
and coupling of the sensor, the actual linearity is not as
good as the theoretical linearity [37, 38]. The sensitivity of
this sensor is 0.255nm/kN, 0.256 nm/kN, and 0.256 nm/
kN, respectively. They are slightly different and smaller
than the simulation results, which may cause operation
errors caused by the sensor packaging and experiment.
Experimental results and analysis studies have proved that
the three-dimensional force sensor based on the multi-
plexed FBG strain sensor has high accuracy.

By analyzing the experimental data, it can be concluded
that there is a certain coupling of the three-way strain within
1 kN, but after the loading force exceeds 1 kN, the three-way
strain has good linearity, and the other two-way strains
follow the axial strain. The increase of the loading force
gradually tends to a fixed value.

4.2. Experimental Study and Analysis of the Application Effect
and Subjective Feeling of the Light Guide Lighting. The objects
selected in this paper are the well-known projects in the
main regions. Such projects are well-known, and the ap-
plication of light guides may not be derived from the green
energy saving in the surface sense, but the role and effect of
light guides. Combining with your own projects, give full
play to the lighting effect of the light guide tube, and at the
same time, the social responsibility and quota are also high.
It shows the current situation of the light environment to the
greatest extent and has a representative and practical ref-
erence value for research. In this paper, the two represen-
tative light guide tube projects selected for testing are
selected, as shown in Table 2.

During the investigation, the author found that the
utilization rate of the venue is very high, there are people
who come to exercise continuously, and the users can
maintain a happy mood with each other. During the in-
vestigation, the author has not heard of the situation of the
impact of playing due to light. The entire light environment
gives a bright feeling, but during the test, the author clearly
felt that there would be no glare when looking up at the light
guide lighting, and artificial lighting did produce glare. The
whole test process continued for 3 hours because the author
needed to look up at the position of artificial lighting to
determine the location of the measuring point. The author
had a slight headache and dizziness.

Question: Do you think that the light pipe can meet your
lighting needs during the sunny day? The question is mainly
to consider whether the light pipe lighting can get rid of the
cooperation with artificial lighting when it is sunny Figure 3.

More than 50% of the two projects think that it is
generally satisfactory; in addition, 30% think it can be
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TaBLE 1: List of different material properties.

Material type Modulus of elasticity (GPa) Tensile strength (MPa) Thermal expansion coefficient
Carbon fiber cloth 220-245 3200-6182 —0.86-0.87

Epoxy resin X X 87-93

Copper 132 254-328 18.4

Concrete 24-31 X 11-17

Steel 210 320-384 13

TaBLE 2: Details of sample light pipe lighting project.

Project name Number of applications Application time Application Application height Main business
Stadium 154 2017 Stadium 19 Event
University parking lot 24 2018 Underground parking lot 4.8 Public parking
Not good /
ot goo
s

P 13

2 General

: _

S

o

g

i 10

= Okay

Z - n

1
Absolutely okay

Underground parking Lot
= University stadium

8 10 12 14 16
Evaluation survey

FIGURE 3: Research on subjective feelings of light guide tube lighting application status.

satisfied, 10% think it cannot be met, 3% think it can be met
and meet the light guide during sunny daytime. The rec-
ognition of lighting needs is the same as the selection ratio of
the two projects, which means that the light guide can meet
the needs of people under certain good lighting and use
conditions.

4.3. Energy-Saving Effect of Different Thermal Resistance
Walls. The composition of the wall from the cold room to
the hot room is as follows: phase change plate+ EPS
plate + inorganic plate. In the case where the phase change
material dosage is 2 kg/m?, only change the thickness of
the sandwich panel, test the heat transfer coefficient of the
wall under the three temperature adjustment methods,
and find the average value, which is the same as that under
the same conditions. The measured heat transfer coeffi-
cients of the walls mixed with the phase change material
are compared, and the energy-saving effect of the walls
mixed with the phase change material is calculated
according to the above energy-saving effect. The experi-
ment is shown in Figure 4.

Figure 4 shows the energy-saving effect of different
thermal resistance walls. It can be seen from Figure 4 that, as
the thickness of the sandwich EPS board increases, the

energy-saving effect of the wall increases, which is due to the
increase in the heat storage effect of the phase change
material as the thermal resistance of the wall increases.
However, when the thickness of the sandwich panel is
30 mm, the increase in energy-saving effect decreases, which
is almost equal to the energy-saving effect when the
thickness of the sandwich panel is 25 mm. It can be seen that
the thickness of the sandwich panel is better, the phase
change thickness and the material of the sandwich panel
have the best combination. It can be seen that when the
thickness of the sandwich panel is 25 mm, it is the optimal
insulation layer thickness.

4.4. Fire Protection and Mechanical Properties. Since the
insulation material is installed on the outer surface of the
base wall, not only the room temperature insulation per-
formance of the insulation material but also the fire resis-
tance and flame retardant performance of the aerogel
insulation material at high temperature needs to be con-
sidered, and the outdoor environmental conditions will also
be analyzed. Affecting its stress condition, the mechanical
properties of the insulation materials also need to be
comprehensively compared. Figure 5 shows the temperature
variation of the same thickness of glass fiber and aerogel
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FIGURE 4: Energy-saving effects of different thermal resistance walls.
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FIGURE 5: Variation curve of the test temperature of the concrete slab with time.

insulation materials applied to the side of the 20 mm con-
crete slab with time.

It can be seen from Figure 5 that the temperature of the
side of the concrete slab with glass fiber wool increases faster,
and the temperature of the side of the concrete slab with
aerogel insulation material rises more slowly. When the
temperature rises from 30°C to 50°C, add the time required
for the fiberglass mat and aerogel insulation material on the
concrete slab side is about 2020 and 3390 s, respectively,

indicating that the aerogel insulation material has signifi-
cantly better fire performance than glass fiber.

5. Conclusions

This paper studies the factors that affect the economic
performance of aerogel wall insulation materials. The results
show that, with the increase of degree days, the economic
thickness of insulation materials increases linearly, the
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investment recovery period decreases linearly, the aerogel
insulation materials have also changed. The degree is more
obvious than the commonly used insulation materials; as the
thermal resistance of the base wall increases, the economic
thickness decreases linearly, and the investment recovery
period increases linearly. While as the price of the aerogel
insulation material decreases, the economic thickness and
economic benefits. With the increase, the total investment
cost, payback period, and greenhouse gas emissions all
decrease, indicating that the new aerogel wall insulation
materials have significant economic and environmental
benefits after the price continues to decrease, reducing the
price of aerogel materials. It is an important driving force to
promote the energy-saving construction of aerogel insu-
lation materials.

In this paper, aerated concrete blocks are used as the
basic wall of the wall material. In the case of external
protection stickers and internal insulation mortar, it can
meet the requirements of 50% energy saving for external wall
buildings. Compared with the benchmark wall of 50% en-
ergy saving of exterior wall buildings, the heat transfer
coeflicient is reduced by 50.1% when the exterior decoration
stickers are applied and the phase change mortar is applied
inside. The actual energy-saving effect of the wall can reach
75%. The requirement of wall building energy-saving effect is
65%. When the phase change mortar is applied on both the
inside and the outside, the heat transfer coefficient is reduced
by 29.85% compared with the benchmark wall of 50% energy
saving of the external wall building, and the actual energy-
saving effect of the wall can reach 65%, meeting the energy
saving of external wall building 65% effect requirement.

This paper completes the construction work of the fiber
grating sensor monitoring platform based on the sensor and
carries out experimental design and data collection work,
comprehensively judging the structural deformation and the
output of the fiber grating sensor under the axial and
multidirectional force. The waveform of the structure can be
analyzed according to the waveform, and, finally, the stress-
strain diagram of the structure to be measured is obtained, so
that the real-time monitoring of the building structure can
be realized, and then the specific location of the fault can be
judged.
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