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In this study, basalt fber and polypropylene fber with diferent volume ratios were mixed into lightweight aggregate concrete
(LAC), and the static compressive strength and dynamic compressive performance of LAC mixed with fber were tested. Te
infuence of basalt fber and polypropylene fber on the stress-strain relationship and energy conversion relationship of LAC was
analyzed.Te results show that basalt fber and polypropylene fber with an appropriate volume ratio are benefcial to enhance the
strength and toughness of LAC, but the mixing efect is better. When the volume ratio of mixed fbers is 0.2%, the compressive
strength, elastic modulus, peak strain, and ultimate strain are increased by 61.9%, 23.57%, 32.81%, and 45.14%, respectively,
compared with the LACwithout fbers. Based on the statistical damage theory, the compressive damage constitutivemodel of fber
LAC is established; fber improves the ductility and energy absorption capacity of LAC and shows better impact resistance. Finally,
based on modern SEM microscopic testing technology and EDS testing technology, the internal structure and chemical element
composition of ordinary LAC and fber lightweight aggregate were compared and analyzed. Te internal compactness of the
aggregate concrete improves the strength and toughness of the lightweight aggregate concrete, which reveals themechanism of the
fber on the LAC from a microscopic point of view.

1. Introduction

At present, with the development of modern buildings to-
wards large span and super high-rise buildings, to reduce
structural section, reduce the weight of the structure, and
improve the thermal insulation and other performances, the
requirements of lightweight, high strength, durability, and
sustainable development are put forward for concrete.
Lightweight aggregate concrete (LAC) is widely used be-
cause of these advantages. LAC refers to the concrete that
uses light aggregates to partially or completely replace coarse
and fne aggregates and has the characteristics of high du-
rability, fuidity, energy saving, and environmental protec-
tion, and the apparent density is not more than 1950 kg/m3.
Lightweight concrete and sublightweight concrete refer to
the concrete in which part or all of the coarse aggregates are
lightweight aggregates, and all-lightweight concrete refers to
the concrete in which all the coarse and fne aggregates are

made of lightweight aggregates [1–3]. At present, LAC is
generally prepared from shale ceramsite, expansive clay
ceramsite, or sintered ceramsite.Terefore, the promotion of
lightweight aggregate concrete can make full use of various
industrial and agricultural wastes, cut down on the amount
of natural sand and stone, save energy, and reduce envi-
ronmental pollution [4, 5]. Te experimental study [4, 6]
found that the mechanical strength and deformation ability
of LAC were related to the type of lightweight aggregate, the
water-binder ratio of the mixture, and the density grade.
Compared to concrete with the same mix, the elastic
modulus and stifness of ordinary aggregate are larger than
those of cement mortar, and the cracks generally expand
from the interface area, while the elastic modulus and
stifness of lightweight aggregate are smaller than those of
cement mortar. When subjected to external load, the cracks
may pass through the lightweight aggregate itself, which
makes the internal stress transfer mechanism diferent. Te
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tensile-compression strength ratio, fexural strength, elastic
modulus and relative fracture energy of LAC are lower, and
the peak compressive strain and brittleness are larger, with
the increase of strength, the brittleness has a signifcant
increase trend. Terefore, the strengthening and toughening
of LAC have become a research hotspot in recent years.

At present, whether it is ordinary aggregate concrete or
LAC, adding fber is one of the methods recognized inter-
nationally that can massively reduce the brittleness of ce-
ment matrix materials and improve their strength and
toughness [7–9]. For example, steel fber, basalt fber, glass
fber, polypropylene fber, and carbon fber. Previous studies
[10–14] reported the compressive strength, toughness, im-
pact resistance, and shear performance of steel fbers mixed
with light aggregate concrete. Previous studies [15–22] re-
ported the efect of carbon fber on the strength, toughness,
and thermal conductivity of lightweight aggregate concrete.
Previous studies [22–26] reported analyzed the strength,
impact, and shear properties of glass fber LAC. But because
of the high price of steel fber and poor dispersion in the
cement matrix, the complex manufacturing process of
carbon fber, and the alkali resistance of glass fber in the
cement matrix, problems such as sexuality restrict the ap-
plication in practical engineering. Polypropylene fber is a
fexible fber with high deformation performance, but its
elastic modulus and tensile strength are relatively low.When
incorporated into concrete, polypropylene fber can reduce
the expansion rate of macrocracks in concrete while im-
proving concrete ductility [27–29]. Previous studies [30–35]
reported the properties of polypropylene fber reinforced
LAC; the infuence of compressive strength and elastic
modulus is not obvious, but it can signifcantly increase the
strength of LAC and can signifcantly enhance the toughness
of LAC. Basalt fber is made of basalt stone by high tem-
perature and melting drawing, which is composed of SiO2,
Al2O3, CaO, MgO, Fe2O3, and TiO2. On the one hand, the
energy consumption in the preparation process of basalt
fber is low, and the elastic modulus can reach 93∼115GPa
and the tensile strength can reach 200∼5000MPa, which is a
new type of inorganic environmental protection, green, and
high performance fber material. On the other hand, basalt
fber has good bonding performance with cement-based
materials [36–38]. Te efect of basalt fber on the strength,
efect resistance, and shear performance of lightweight ag-
gregate concrete was studied in references [39–41]. It is
found that basalt fber has great infuence on compressive
strength, impact resistance, and shear performance of
lightweight aggregate concrete.

Studies have shown that [42–44] two or more fbers of
diferent sizes are added to the concrete, which can reduce
the generation of cracks in the concrete and have a positive
efect on improving the toughness of the concrete.Terefore,
when two kinds of fbers with diferent elastic moduli (basalt
fber and polypropylene fber) are added to the LAC, the two
can play the role of crack bridging at diferent structural
scales, efectively inhibit the crack propagation of LAC, and
improve the strength and toughness of LAC. At present, the
research on mixed fber lightweight aggregate concrete
mainly focuses on the static strength and working

performance, and there are few studies on the energy change
law and dynamic compression performance during the static
compression failure process. Based on this, to efectively
promote the application of basalt-polypropylene hybrid fber
lightweight aggregate concrete in engineering structures, it is
necessary to study the static compressive strength and dy-
namic compressive properties of LAC mixed with basalt
fber and polypropylene fber. Te infuence of basalt fber
and polypropylene fber on energy storage and dissipation
during compression and impact failure of LAC was dis-
cussed from the perspective of energy conversion, and the
compression constitutive model of basalt-polypropylene
hybrid fber lightweight aggregate concrete (HFLAC) was
established according to the statistical damage theory. In
order to provide a theoretical reference for the stress of high-
rise or super high-rise lightweight aggregate concrete.

2. Trial Overview

2.1. RawMaterials. Te cementitious material uses Chinese
standard P O 42.5 grade ordinary Portland cement, and the
28-day compressive strength is 42.5MPa. Te coarse ag-
gregate is shale ceramsite, and the fne aggregate is natural
medium sand. Te basic properties are shown in Table 1. To
mix high elastic modulus and low elastic modulus fbers, the
basalt fber adopts chopped basalt fber, and the polypro-
pylene fber adopts monoflament bundle polypropylene
fber. Te basic properties are shown in Table 2. Te water-
reducing agent adopts HPWR-type high-performance wa-
ter-reducing agents, and the water reduction rate is 37%.Te
water is ordinary tap water.

2.2. Mix Ratio Design. According to the preparation tech-
nology of lightweight aggregate concrete, the design coor-
dination ratio is shown in Table 3.

2.3. Specimen Preparation. Te production process of the
specimen was as follows: the ceramsite and sand were
mixed for 1min, added with cement for 1min, and then
added with fber for 2min. After mixing evenly, the water-
soluble water reducer was added for 3min, and then the
mixture was put into the mold to vibrate with a shaking
table. Tree 150mm × 150mm × 150mm cube specimens
were made in each group for the compressive strength
test. HYE-3000 electro-hydraulic servo press was used for
measurement, and the loading rate was 0.5 mm/s. Dy-
namic compression tests were performed using an alu-
minum split Hopkinson pressure bar (SHPB) device. Te
size of the specimen is 74mm in diameter and 38mm in
height. Standard maintenance lasts 28 d. Te test results
were averaged.

3. Results and Discussion

3.1. Static Compressive Strength Test

3.1.1. Mechanical Properties Indicators
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(1) Strength. Te compressive strength values of each group
of specimens are shown in Figure 1. It can be seen that the
compressive strength of LAC shows a trend of increasing
frst and then decreasing. Compared with the LAC, the
compressive strength increased by 61.9% when the fber
volume ratio was 0.2%.

(2) Elastic Modulus. Te elastic modulus values of each
group of specimens are shown in Figure 2. It can be seen
from Figure 2 that the elastic modulus value gradually
increases, but when the volume fraction exceeds 0.2%, the
elastic modulus begins to decrease. When the fber is
mixed with fber, the elastic modulus is larger than that of
the single fber. When the fber volume ratio is 0.2, the
elastic modulus value is the largest, which increases by
23.57% compared with the light aggregate concrete
without fber. Te elastic modulus of LAC is clearly
correlated with the elastic modulus of aggregate and
surface structure. Fiber incorporation enhances the in-
ternal bonding of the specimen, so it can enhance the
elastic modulus of LAC.

(3) Peak Strain. Peak strain is an important index in the
stress-strain relationship of LAC, which is mainly afected
by index such as strength, loading rate, pressure area,
and constraint conditions. Te peak strain of LAC is
shown in Figure 3. It can be seen that with the upgrade of
the fber volume ratio, the peak strain of LAC increases
gradually. When the volume ratio of mixed fbers is 0.2%,
the peak strain increases by 32.81% compared with that of
ordinary concrete without fbers. It shows that with the

upgrade of fber volume fraction, the deformation ca-
pacity of LAC increases, and the volume deformation rate
increases gradually.

(4) Ultimate Strain. In the descending stage of the stress-
strain curve, when the stress value is 75% of the peak stress
value, the corresponding strain value at this time is called the
ultimate strain. Te ultimate strain is the stress-strain curve
and its important characteristic points, which have im-
portant reference values for engineering applications. Te
ultimate strain of LAC is shown in Figure 4. It can be seen
that the fber increases the ultimate strain of the lightweight

Table 1: Basic properties of aggregates.

Aggregate type Aggregate particle size
(mm)

Apparent density
(kg/m3)

Bulk density
(kg/m3)

Water absorption
(%) Cylinder strength (MPa)

Shale ceramsite 5∼16 1512 860 2.2 6.9
Natural medium
sand 4 2620 1510 1.9 —

Table 2: Fiber performance index.

Fiber type Density
(kg/m3)

Length
(mm)

Diameter
(μm)

Elongation at break
(%)

Elastic modulus
(GPa) Tensile strength (MPa)

Basalt fber 2800 12 12 3.1 100 >4000
Polypropylene
fber 910 10 8 15 5.85 >700

Table 3: Mix proportion of HFLAC.

Specimen number
Material dosage (kg/m3)

Cement Sand Ceramsite Water Water reducer Basalt fber Polypropylene fber
OC 450 1230 620 152 5.1 — —
BC-0.1 450 1230 620 152 5.1 2.8 —
PC-0.1 450 1230 620 152 5.1 — 0.91
HC-0.1 450 1230 620 152 5.1 1.4 0.455
HC-0.2 450 1230 620 152 5.1 2.8 0.91
HC-0.3 450 1230 620 152 5.1 4.2 1.365
HC-0.4 450 1230 620 152 5.1 5.6 1.82

BC-0.1 PC-0.1 HC-0.1 HC-0.2 HC-0.3 HC-0.4OC
Specimen number
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Figure 1: Compressive strength.
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aggregate concrete to a certain extent, which indicates that
the ductility of the LAC can be efectively increased with the
fber. Among them, the ultimate strain value of the HC-0.2
group is the largest, which is 45.14% higher than that of the
LAC without fbers.

3.1.2. Stress-Strain Relationship. Te stress-strain curve can
efectively refect the damage change trend of concrete
material under external load [45].Te full stress-strain curve
of LAC is shown in Figure 5. It can be seen that there are four
main stages before the peak of the compressive stress-strain
curve of LAC appears. In the frst stage, although there are
pores and internal microcracks between the lightweight
aggregate concrete matrix at the initial loading, the
microcracks will not propagate due to the low load. In the
second stage, the light aggregate concrete matrix begins to
have local cracks, and the stress-strain curve begins to de-
viate from the linearity. In the third stage, at the interface
between the cement matrix and the aggregate, the propa-
gation of microcracks begins to appear unstable, and the

cracks spread into the lightweight aggregate concrete in
diferent paths. In the fourth stage, the main cracks grow
steadily until one of the cracks reaches its critical width, at
which point the specimen exhibits its peak stress.

It can be seen from Figure 5 that, in general, ordinary
lightweight aggregate concrete exhibits obvious brittle
failure, and the addition of fbers into the concrete makes the
stress-strain curve more plump, showing a “high fat” shape.
When the fber volume fraction is 0.1%, compared with
ordinary lightweight aggregate, although there is little dif-
ference before the peak stress, it signifcantly delays the
decline rate of the stress-strain curve after the peak stress,
indicating that fber can obviously enhance the ductility
deformation characteristics of lightweight aggregate con-
crete. By comparing the stress-strain curves of the BF-0.1
group and the PF-0.1 group, it can be seen that the infuence
of basalt fber on the strength of LAC is greater than that of
polypropylene fber alone. However, after the peak stress, the
decrease rate of the stress-strain curve of the BF-0.1 group is
slightly larger than that of the PF-0.1 group, indicating that
the ductility deformation of the LAC with polypropylene
fber alone is slightly larger than that with basalt fber alone.
When the volume fraction of hybrid fber is 0.2%, the slope
of the linear elastic stage of the stress-strain curve decreases,
while the ductility deformation of lightweight aggregate
concrete increases signifcantly. However, when the volume
ratio of hybrid fber is more than 0.2%, the dispersion
uniformity of fber in the LAC foundation is reduced, and it
is prone to agglomerate. In the process of specimen pro-
duction, bubbles are easily introduced, resulting in the in-
crease of internal defects in lightweight aggregate concrete
and the decrease of deformation resistance.

3.1.3. Energy Evolution Law. Energy evolution is the es-
sential characteristic of concrete materials in the process of
uniaxial compression failure [46]. In uniaxial compression,
the essence of deformation and failure of concrete materials
under load is the process of energy evolution inside concrete
and energy exchange with the outside world [47]. Te
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Figure 2: Elastic modulus.

0.000

0.005

0.010

0.015

0.020

0.025

0.030

Pe
ak

 st
ra

in

BC-0.1 PC-0.1 HC-0.1 HC-0.2 HC-0.3 HC-0.4OC
Specimen number

Figure 3: Peak strain.

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

U
lti

m
at

e s
tr

ai
n

BC-0.1 PC-0.1 HC-0.1 HC-0.2 HC-0.3 HC-0.4OC
Specimen number

Figure 4: Ultimate strain.

4 Advances in Civil Engineering



0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.0400.000
ε

0

5

10

15

20

25

30

35

σ 
(M

Pa
)

(a)

0.01 0.02 0.03 0.04 0.050.00
ε

0

5

10

15

20

25

30

35

40

σ 
(M

Pa
)

(b)

0.01 0.02 0.03 0.04 0.050.00
ε

0

5

10

15

20

25

30

35

σ 
(M

Pa
)

(c)

0.01 0.02 0.03 0.040.00
ε

0

10

20

30

40

σ 
(M

Pa
)

(d)

0.01 0.02 0.03 0.04 0.05 0.060.00
ε

0

10

20

30

40

50

σ 
(M

Pa
)

(e)

0.01 0.02 0.03 0.04 0.05 0.06 0.070.00
ε

0

10

20

30

40

50

σ 
(M

Pa
)

(f )

0.01 0.02 0.03 0.04 0.050.00
ε

0

10

20

30

40

50

σ 
(M

Pa
)

(g)

Figure 5: Stress-strain curve. (a) OC group. (b) BF-0.1 group. (c) PF-0.1 group. (d) HC-0.1 group. (e) HC-0.2 group. (f ) HC-0.3 group.
(g) HC-0.4 group.
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evolution laws of total strain energy, dissipation energy, and
elastic strain energy of LAC are shown in Figures 6–8, re-
spectively. It can be seen that the energy evolution law can be
divided into four stages: (1) Primary crack closure stage: the
primary cracks in the lightweight aggregate concrete are
closed under the initial load, and no new cracks are gen-
erated in the lightweight aggregate concrete at this time. Te
total strain energy and dissipated energy are small. (2) Linear
elastic stage: at this time, no new cracks are formed in the
lightweight aggregate concrete, the dissipation energy is still
small, and at this time, the total strain energy is almost equal
to the elastic strain energy. (3) Rapid expansion stage of
cracks: at this time, new cracks begin to form inside the
lightweight aggregate concrete, the total strain energy begins
to gradually transform into dissipative energy, and the rate
of increase of elastic strain energy decreases. (4) Crack
penetration stage: after the peak stress, the cracks inside the
lightweight aggregate concrete gradually penetrate, forming
macroscopic penetration cracks. At this time, due to the
gradual decrease of the load, the rate of increase of the total
strain energy decreases, and the energy stored in the
lightweight aggregate concrete is reduced. Te elastic strain
energy is dissipated in the form of dissipation energy due to
the penetration of the crack. Te elastic strain energy
gradually decreases, and the dissipation energy increases
rapidly.

Combining Figures 6–8 it can be seen that, when the fber
volume ratio is 0.1%, the infuence of fbers on the energy
evolution of LAC is small in the initial loading stage. With the
increased load, the fber can obviously improve the rate of
increase of the total strain energy and dissipated energy of the
LAC.When basalt fber is mixed with polypropylene fber, the
total strain energy and dissipation energy of lightweight
aggregate concrete increase signifcantly. Before the peak
elastic strain energy, the infuence of fber type and volume
rate on the variation law of concrete elastic strain energy is
similar to the efect on the total strain energy and dissipated
energy. After the peak elastic strain energy, the elastic strain
energy of the OC group decreases rapidly, which indicates
that the crack penetration speed is faster, showing obvious
brittle failure characteristics. With the incorporation of fbers,
especially the incorporation of hybrid fbers, the reduction
rate of elastic strain energy gradually decreases, and the
ductile failure characteristics increase. Tis is mainly because
the bridging efect of basalt fber and polypropylene fber
inhibits the rate of occurrence and development of cracks and
signifcantly enhances the ductile failure characteristics of
lightweight aggregate concrete.

3.1.4. Damage Constitutive Model. In 1986, the equivalent
strain principle was proposed by Professor Lemaitre of
France: under uniaxial loading, as long as the nominal stress
in the constitutive relationship of non-destructive materials
is changed by the valid stress after damage, the arbitrary
strain constitutive relationship of damaged materials can be
derived from the constitutive equation of non-destructive
materials [48]. Based on this, the constitutive equation of

damaged materials can be derived, as shown in the following
equation:

ε �
σn

E

σn �
σ

1 − D

ε �
σn

E
�

σ
E(1 − D)

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

⇒σ � E(1 − D)E. (1)

In equation (1), ε is the strain; σn is the valid stress; E is
the elastic modulus of nondestructive material; D is the
nominal stress; and D is the damage variable.

Assuming that the concrete damage parameter D obeys
the Weibull statistical distribution, the damage constitutive
model is deduced as follows:

D � 1 − exp − (ε/a)
b

 

σ � E(1 − D)E

⎫⎬

⎭⇒σ � Eε exp − (ε/a)
b

 . (2)

In formula (2): a is the scale parameter; b is the shape
parameter.

According to the characteristics of the stress-strain full
curve, formula (2) should satisfy the following four con-
ditions:① σ � 0, ε � 0;② ε � 0, E � dσ/dε;③ ε � εc, σ � σc;
and④ ε � εc, dσ/dε � 0. Where εc is the peak strain; σc is the
peak stress; and E is the initial elastic modulus.Te following
equation is derived

dσ
dε

� E exp (ε/a)
b

  1 − b(ε/a)
b

 . (3)

On substituting condition④ into formula (3) we get the
following equation:

dσ
dε

� E exp εc/a( 
b

  1 − b εc/a( 
b

  � 0. (4)
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Figure 6: Evolution law of total strain energy.
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Terefore,
1 − b(εc/a)b � 0⇒b(εc/a)b � 1⇒a � εc/(1/b)1/b.

On substituting the condition ③ to get the following
equation:

b �
1

ln Eεc/σc( 
. (5)

Te damage constitutive equation can be obtained as
follows:

σ � Eε exp − (ε/a)
b

 . (6)

Te damage evolution equation is as follows:

D � 1 − exp − (ε/a)
b

 . (7)

According to the measured peak stress, peak strain and
initial elastic modulus, the damage constitutive equation and
damage evolution equation of LAC under compression are
shown in Table 4. Figure 9 is the comparison between the
measured stress-strain curves and the theoretical curves
obtained by using Table 4 constitutive equation. Figure 10
shows the damage evolution law of each group of specimens
under compression.

As can be seen from Figure 9, on the whole, the con-
stitutive model established based on damage theory can
efectively represent the stress-strain relationship of LAC.
Especially before the peak stress, it almost coincides, and the
calculation results begin to deviate from the test results in the
residual deformation stage. From Figure 10, it can be seen
from the damage evolution law of LAC that before the peak
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Figure 7: Evolution law of dissipative energy.
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Table 4: Damage constitutive equation and damage evolution equation of LAC.

Specimen Damage constitutive equation Damage evolution equation
OC σ � 35877ε exp [− (ε/0.00505)]0.31072 D � 1 − exp [− (ε/0.00505)]0.31072

BC-0.1 σ � 38245ε exp [− (ε/0.00561)]0.31246 D � 1 − exp [− (ε/0.00561)]0.31246

PC-0.1 σ � 37967ε exp [− (ε/0.00501)]0.30811 D � 1 − exp [− (ε/0.00501)]0.30811

HC-0.1 σ � 39208ε exp [− (ε/0.00672)]0.31962 D � 1 − exp [− (ε/0.00672)]0.31962

HC-0.2 σ � 44333ε exp [− (ε/0.00651)]0.30939 D � 1 − exp [− (ε/0.00651)]0.30939

HC-0.3 σ � 42766ε exp [− (ε/0.00725)]0.31957 D � 1 − exp [− (ε/0.00725)]0.31957

HC-0.4 σ � 41954ε exp [− (ε/0.00629)]0.31591 D � 1 − exp [− (ε/0.00629)]0.31591
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Figure 9: Continued.
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stress, the damage of each group of specimens develops
faster, but because the fbers can act as reinforcement, it can
efectively reduce the weight of the lightweight aggregate
concrete. Te damage in the process of compressive de-
formation, after the peak stress, is also due to the bridging
infuence which efectively inhibits the expansion and
penetration of cracks, reduces the damage development rate
of LAC, and enhances the ductile deformation character-
istics of LAC.

3.2. Dynamic Compression Performance Test

3.2.1. Stress-Strain Relationship. Te stress-strain relation-
ship of each group of specimens at 0.3MPa air pressure is
shown in Figure 11. It can be seen that the fber type and
content have a big efect on the stress-strain relationship of

lightweight aggregate concrete. In the initial stage, the stress
increases linearly with the increase in the strain. After reaching
the elastic limit stress, the specimen enters a signifcant plastic
shape in the deformation stage, accompanied by a slow increase
in yield strength; when the yield stress is reached, the strain of
the specimen upgrades slightly, but the stress decreases sharply,
and the specimen is completely destroyed.

3.2.2. Mechanical Properties Parameters. Figure 12 shows
the peak stress of LAC under the dynamic compression test.
Figure 13 shows the peak strain of LAC under the dynamic
compression test. Te area enclosed by the curve and the
coordinate axis represents the toughness index of the
specimen under impact load. Te toughness index of LAC is
shown in Figure 14.Te dynamic enhancement factor DIF is
the ratio of the dynamic peak stress to the corresponding
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Figure 9: Comparison curve of LAC. (a) OC group. (b) BF-0.1 group. (c) PF-0.1 group. (d) HC-0.1 group. (e) HC-0.2 group. (f ) HC-0.3
group. (g) HC-0.4 group.
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compressive strength of each group, and the results are
shown in Figure 15. It can be seen that with the growth of the
fber volume ratio, the dynamic strength and impact
toughness index of LAC frst increase and then decrease,
which indicates that fbers, especially blended fbers, are
benefcial to enhance the dynamic compressive strength of
LAC and improve the toughness of LAC. Te peak strain of
the OC group was signifcantly diferent from the peak strain
of LAC doped with fbers.Te DIF results show that the fber
has an obvious polymer reinforcement efect on the LAC.
Te DIF value of the HC-0.2 group is the largest, and the
strength enhancement efect is also the most obvious.

3.2.3. Energy Characteristic Analysis. Te input energy of
the specimen under the efect of dynamic compression is
mainly converted into refected energy, transmission energy,
and absorption energy of the specimen. Under the stress
balance state of the SHPB system, the energy absorbed by the
specimen per unit volume is calculated as follows:

WI �
cBAB

EB

 σ2I(t)dt,

WR �
cBAB

EB

 σ2R(t)dt,

WT �
cBAB

EB

 σ2T(t)dt,

(8)

whereWI,WR, andWTare incident energy, refected energy,
and transmitted energy, respectively. cB, AB, and EB are the
wave velocity, cross-sectional area, and elastic modulus of
the elastic rod, respectively. σI(t), σR(t), and σT(t) are the
incident stress, refection stress, and transmission stress at
time t, respectively.

Figure 16 shows the evolution law of incident energy,
refected energy, and transmission energy for each group of
specimens under the efect load. On the whole, the incident
energy, refection energy, and transmission energy of the
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specimen grow frst and then decline with the growth of the
fber volume ratio, which fully proves that adding fbers into
the LAC is benefcial to improving the performance of the
lightweight aggregate concrete. In terms of energy absorp-
tion capacity, the infuence of blended fber is better than
that of single blended fber, and the HC-0.2 group has the
best performance.

4. Microstructure and EDS Analysis

4.1. SEM Microstructure. Te failure morphology of the
specimen is shown in Figure 17. It can be seen from
Figures 17(a)–17(c) that LAC without fbers has large cracks
inside and that HFLAC is relatively dense. Tis is mainly
because the bridging efect of fbers enhances the com-
pactness of the lightweight aggregate concrete, thereby

improving the strength and toughness of the LAC. Due to
the diference in physical andmechanical properties of basalt
fber and polypropylene fber, the two can play an inhibitory
role in diferent crack development stages of concrete,
thereby changing the energy conversion mechanism of
concrete and improving the ductility and toughness of
concrete. Generally, fbers with a smaller size mainly inhibit
the initiation and initial propagation of cracks, while fbers
with a larger size mainly inhibit the expansion and pene-
tration of macroscopic cracks. Due to the higher stifness of
basalt fber, the bonding performance with the lightweight
aggregate concrete matrix is better. Compared with poly-
propylene fber, basalt fber is more conducive to improving
the strength of lightweight aggregate concrete; polypro-
pylene fber has less stifness and ductility, which efectively
reduces the crack penetration rate of lightweight aggregate
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Figure 16: Energy evolution law. (a) Incident energy, (b) Refected energy, (c) Transmission energy.
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Figure 17: SEM microstructure. (a) OC group. (b) BF-0.1 group. (c) PF-0.1 group. (d) HC-0.2 group. (e) HC-0.3 group. (f ) HC-0.4 group.
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Figure 18: EDS test results. (a) OC group. (b) HC-0.2 group.
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concrete, thus reducing the elastic strain energy release rate
and dissipation energy conversion rate of lightweight ag-
gregate concrete. It can be seen from Figures 17(d)–17(f)
that when the volume content of the mixed basalt fber and
polypropylene fber is too large, the dispersion uniformity of
the basalt fber and the polypropylene fber is reduced, which
afects the basalt fber, polypropylene fber and concrete
matrix.Te bonding properties between the basalt fbers and
polypropylene fbers show a larger pull-out length. Tere-
fore, the synergistic efect of basalt fber and polypropylene
fber efectively inhibits the propagation and penetration of
cracks in the lightweight aggregate concrete, but when the
fber volume ratio is too large, it is easy to form agglom-
eration in the lightweight aggregate concrete.

4.2. EDS Test. Based on the EDS test technology, the
chemical element compositions of the OC group and the
HC-0.2 group are given, as shown in Figure 18. It can be seen
that compared with the ordinary lightweight aggregate
concrete samples, the calcium and aluminum contents in the
chemical composition formed in the fber lightweight ag-
gregate concrete are higher, which further promotes the
absorption of Al and forms C-S-H gel, making the sample
more dense and efectively enhances the strength and
toughness of LAC.

5. Conclusions

(1) Basalt fber and polypropylene fber improve the
strength of lightweight aggregate concrete, and the
lifting efect of hybrid fber is more obvious. Basalt
fber improves the strength of LAC more than
polypropylene fber, and the fber volume ratio
makes it easy to form fber agglomeration, which
reduces the strength of LAC. Te incorporation of
fbers into lightweight aggregate concrete signif-
cantly increases the elastic modulus, peak strain, and
ultimate strain, which efectively enhances the
toughness of LAC. Tis has a certain reference value
for the application of fber lightweight aggregate
concrete in high-rise buildings or super high-rise
buildings.

(2) Based on the Lemaitre equivalent strain assumption
principle, the compressive damage constitutive
model of HFLAC is deduced. According to the test
data, the model parameters are determined, and the
compressive damage constitutive equation of
HFLAC is established. Te test curves are compared
and analyzed, and it is found that the two have a good
degree of ft, which proves the accuracy of the
proposed damage constitutive model.

(3) Te dynamic compression performance test found
that the fber had a signifcant polymer reinforce-
ment efect on lightweight aggregate concrete, which
had a signifcant impact on the stress-strain rela-
tionship of lightweight aggregate concrete. It efec-
tively enhanced the dynamic compression strength

and toughness of LAC and improved the energy
absorption capacity of LAC. Among them, the HC-
0.2 group showed the best performance.

(4) Based on the microstructure and EDS test analysis, it
is found that there are large cracks in the ordinary
LAC and the HFLAC is denser due to the high
content of calcium and aluminum. Te basalt fber
has high stifness and high adhesion with the
lightweight aggregate concrete matrix, while the
good ductility of polypropylene fber is conducive to
its inhibition of the expansion and coalescence of
macrocracks. Te synergistic efect of the two im-
proves the strength and toughness of LAC.
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