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In order to solve the problem the permeability coefcient and strength of pervious concrete pavement are difcult to coordinate.
In this paper, the basalt fber was incorporated into pervious concrete, and the single factor control variable method was used to
carry out the test of basalt fber modifed pervious concrete, and combined with the microstructure image, the infuence law of
diferent diameters, lengths, and dosages of basalt fbers on mechanical properties and pervious properties of pervious concrete
were studied. Te optimal incorporation index of basalt fber was determined by a new analysis method—the entropy method.
Finally, it is concluded that basalt fber can improve the mechanical and pervious properties of pervious concrete by changing the
internal structure of pervious concrete. In addition, when the diameter of basalt fber increases from 14 μm to 20 μm, the
compressive strength of pervious concrete decreases by 17.79%. Te splitting tensile strength showed a trend of increasing to
decreasing. Te porosity and water permeability increased by 2.55% and 48.66%, respectively. When the basalt fber length
increases from 12mm to 24mm, the compressive strength of pervious concrete increases by 20.54%, and the splitting tensile
strength increases frst and then decreases. Te porosity and water permeability increased by 6.40% and 57.68%, respectively.
When the content of basalt fber increases from 2 kg/m3 to 6 kg/m3, the compressive strength of pervious concrete decreases by
16.25%. Te splitting tensile strength increases by 23.72%. Te porosity and permeability decreased by 7.75% and 39.36%,
respectively. Finally, the entropy method is used to comprehensively analyze the optimum incorporation indexes of basalt fber,
which can achieve the optimal mechanical properties and water permeability at the same time with, 20 μm in diameter, 24mm in
length, and 2 kg/m3 in dosage, and it provides a reference value for the popularization and application of basalt fber pervious
concrete in practical engineering.

1. Introduction

As an eco-environmental protection road surface, pervious
concrete pavement is an important infrastructure for sponge
city construction [1–3]. In recent years, pervious concrete
has been more and more used in landscape roads, park
squares, urban tree pools, recreational paths, and other
pervious pavement felds. However, it is found in practical
engineering that the strength of pervious concrete is much

lower than that of ordinary concrete because the external
force borne and transmitted by pervious concrete are mainly
completed by the contact points between aggregates, and the
strength of pervious concrete is often insufcient while
meeting the pervious performance.Te lack of strength leads
to serious damage and cracking of pervious concrete
pavement, and the obvious phenomenon restricts the wide
application of pervious concrete pavement. Terefore, it is
very important to study the difculty of the coordination
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problem of the permeability coefcient and strength of
pervious concrete.

In view of the above difculties and pain points, many
scholars have carried out a large number of studies [4–6]. Xu
et al. [7] tested the infuence of four diferent forming
methods on the properties of pervious concrete materials,
showing that with the increase of vibration time and forming
pressure, themechanical properties of pervious concrete frst
increased and then decreased. Jiang et al. and Radlińska et al.
[8, 9] carried out experiments on the mixing ratio and
construction process of pervious concrete and put forward
the best design method. Xie et al. [10–12] found that the
cement-wrapped stone method of mixing, inserting, and
ramming method of molding and the standard curing
method were more suitable for the preparation of base
material. Nguyen and Sebaibi [13] proposed the screen
grouting method, thus obtaining the optimal water-binder
ratio of pervious concrete, which is more scientifc and
practical. Yang and Jiang [14] found that the incorporation
of organic polymers can signifcantly improve the com-
pressive strength of pervious concrete, but the pervious
performance is not ideal and the cost is high. Wu et al.
[15, 16] carried out research on aggregate particle size,
water-cement ratio, water-reducing agent, strengthening
agent, and sand ratio on concrete performance, and applied
the results to practical projects to improve the service
strength of pervious concrete. Guo et al. [17] studied the
water permeability, wear resistance, and mechanical prop-
erties of pervious concrete with diferent polypropylene fber
and carbon fber content. Ahmed et al. [18] studied the
factors infuencing the performance of steel fber-reinforced
concrete under uniform load. Wang et al. [19] studied that
the changes in the strength and permeability coefcient of
pervious concrete mixed with steel slag were improved. Yin
et al, Qiao et al., and Zhao et al. [20–22] studied the internal
pore structure and crack failure characteristics of pervious
concrete specimens by microscopic means. Xie et al. [23]
studied the incorporation of basalt fbers into concrete and
carried out an experimental study on the fatigue behavior of
the bond interface under a bending load. Nagajothi et al. [24]
studied the cracking behavior of glass fber and basalt fber-
reinforced concrete under cyclic loading. Hasan Dilbas, Ali
Sadrmomtazi, et al. [25, 26] studied the microscopic
mechanism of basalt fber-reinforced concrete by scanning
electron microscopy. Rathod et al. [27] conducted experi-
mental research on mixed basalt fber concrete and ordinary
concrete and concluded that basalt fber concrete has great
potential as an alternative construction material.

Basalt fber is a kind of environmental protection ma-
terial, with high tensile strength, acid and alkali resistance,
outstanding temperature resistance, etc. At home and
abroad the incorporation of basalt fber into concrete to
carry out a lot of experimental research and theoretical
analysis. Te results show that the strength, impermeability,
and frost resistance of basalt fber-reinforced concrete are
better than those of ordinary concrete. However, there are
still few studies on the incorporation of basalt fber into
pervious concrete at home and abroad, especially the
comprehensive analysis of all the incorporation indexes of

basalt fber is even less, and there is also no systematic
analysis method that comprehensively considers the di-
ameter, length, and dosage of basalt fber to determine the
optimal incorporation index of basalt fber.

Given this background, this study incorporated basalt
fber into pervious concrete and proposed a new analysis
method-entropy method. Te objective is to obtain the
optimal incorporation index of basalt fber to improve the
strength of pervious concrete under the premise of ensuring
its pervious capacity. Te entropy method [25–27] can
comprehensively consider the interaction between various
indicators, efectively solve the interference caused by the
interaction between various factors on the results, and then
select the optimal incorporation index. In this study, various
indicators of basalt fber incorporation (diameter, length,
and content) were comprehensively considered through the
entropy method and combined with the microstructure
image, the infuence law of diferent basalt fber incorpo-
ration indexes on the performance of pervious concrete is
studied, and the internal mechanism of basalt fber im-
proving pervious concrete is analyzed. Finally, the best
mixing index of basalt fber is obtained, which can make the
mechanical properties and water permeability of pervious
concrete optimal at the same time, which provides a ref-
erence value for the popularization and application of basalt
fber pervious concrete in practical engineering.

2. Experimental Materials and Methods

2.1. Experimental Materials

2.1.1. Cement. P.O42.5 ordinary Portland cement was used
in the experiment. Te main chemical components are
limestone, clay, and iron ore powder. Its density is 3.1 g/cm3

and its specifc surface area is 380m3/kg. Te 3-day com-
pressive strength is 25.2MPa and the 3-day fexural strength
is 5.4MPa. Te initial setting time was 225min and the fnal
setting time was 275min.

2.1.2. Coarse Aggregate. Single-graded ordinary crushed
stone with a 5–10mmparticle size was selected.Te compact
packing density is 1670 kg/m3, the apparent density is
2990 kg/m3, and the packing porosity is 44.15%.

2.1.3. Basalt Fiber. Te basalt fber diameters used in this
experiment were 14 μm, 15 μm, 17 μm, and 20 μm, respec-
tively. Te length is 12mm, 15mm, 18mm, and 24mm,
respectively. Te dosage is 2 kg/m3, 4 kg/m3, and 6 kg/m3

,
respectively. Te raw materials are shown in Figures 1 and 2
and their properties are shown in Table 1.

2.1.4. Silica Fume. Te chemical composition of the silica
fume selected in this experiment is shown in Table 2.

2.1.5. Water-Reducing Agent. Polycarboxylic acid series
high-efciency water-reducing agent was selected in this
experiment. Its properties are a water reduction rate of 37%,
a bleeding rate of 40%, and a gas content of 2%.
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Figure 1: Chopped basalt fber.

Figure 2: Microscopic view of chopped basalt fber.

Table 1: Basalt fber performance index.

Density (g/cm3) Tensile strength (MPa) Elastic modulus (GPa) Fracture elongation (%)
2.65 3300–4500 95–115 2.4–3.0

Table 2: Chemical composition of silica fume.

Chemical composition SiO2 Al2O3 Fe3O4 MgO CaO Na2O
Content (%) 96.74 0.32 0.08 0.1 0.11 0.09
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2.2. Experimental Method

2.2.1. Experiment Preparation. In the process of making the
test piece, the mixing ratio is calculated according to the
calculation method in the industry standard “Technical
Regulations for Permeable Concrete Pavement (Draft for
Partial Revision Provisions)” revised by the Ministry of
Housing and Urban-Rural Development in December 2020,
in which [4] the water-binder ratio is 0.3 and the design
porosity is 15%, the content of silica fume is 5% of the
cementitious material, and the content of water-reducing
agent is 0.5% of the cementitious material, and calculate the
base ft as shown in Table 3. Among them, when the diameter
of basalt fber is used as a variable, the basalt fber length and
content are selected as 12mm and 2 kg/m3

, respectively.
When the basalt fber length is used as a variable, the basalt
fber diameter and content are 15 μm and 2 kg/m3

, respec-
tively. When the amount is used as a variable, the diameter
and length of basalt fbers are selected as 15 μm and 24mm,
respectively.

According to the investigation in literature [28–30], it
can be seen that the mixing of basalt fber permeable
concrete not only needs to meet the good mixing state but
also needs to ensure the uniform dispersion of the fber, so it
is very important to select an appropriate mixing method. At
present, there are three main mixing methods of pervious
concrete, which are the one-time feeding method, the ce-
ment net slurry method, and the cement stone wrapping
method. Compared with the three mixing methods, the
cement stone wrapping method is the most complicated
process, it is the aggregate and fber into the blender and stir
for 30 s, and then add 20%water and stir for 30 s, followed by
adding cement, silica fume, water reducer and the remaining
80% of water, for mixing 150 s to get the mixing material.
However, this method is more conducive to uniform fber
dispersion, and can also make the cement slurry fully wrap
the aggregate, efectively increasing the bond between the
aggregate, thus improving the strength of the permeable
concrete.Terefore, a cement-wrapped stonemethod is used
in this research. Te equipment and process used in the
experiment are shown in Figures 3 and 4.

As there is no fne aggregate inside the pervious concrete,
the pores between the aggregate are large and the fuidity of
the mixture is poor. Te cohesive force of the cement slurry
directly afects the strength of the permeable concrete.
Terefore, it is also crucial to select the appropriate molding
way. At present, there are three main forming methods for
permeable concrete indoors: insert-tamping method, vi-
bration forming method, and pressure forming method.Te
manual tamping method is to put the concrete material into
the test mold in three layers. Each layer needs to be tamped
from the surrounding to the center with a tamping rod, and
the insertion depth should reach 20mm, this method has
good uniformity, but the compressive strength is often not
up to the requirements. Te vibration molding method in
the operation is simple, one only needs to put the concrete
into the trial mold at one time, then put it on the vibrating
table to vibrate and then remove it, roll it withΦ40mm steel

bar and smooth it with a spatula, but this method has higher
requirements on vibration time. If the vibration time is too
long, the phenomenon of segregation and back-sealing will
occur. If the vibration time is insufcient, the pores will be
larger and the strength will be reduced.Te pressure forming
method is to use special instruments and special steel die for
concrete forming, the operation of this method is complex,
and has high requirements for experimental equipment.
Terefore, after repeated testing, this paper adopts the
combination of manual tamping molding and vibration
molding. After completion of the parts, the test piece needs
to be covered with plastic flm and demoulded after 48
hours. After demoulding, the specimen shall be placed into
the standard curing room for maintenance and subsequent
experiments, as shown in Figures 5 and 6. In order to reduce
the experimental error, each observation index of each group
of experiments by the average value of three specimens is
given as the fnal experimental result.

2.2.2. Mechanical Properties Test

(1) Compressive Strength Test. According to the “Standard for
Test Methods of Physical and Mechanical Properties of
Concrete” (GB/T 50081-2019) [31], the compressive strength
tests of permeable concrete with diferent basalt fber in-
corporation indexes were carried out, respectively. Te
compressive strength is tested by a microcomputer-con-
trolled electro-hydraulic servo hydraulic press, as shown in
Figure 7. First, turn on the testing machine equipment, place
the test piece in the middle of the lower plate of the testing
machine, and adjust the upper pressing plate to just touch
the upper surface of the test piece. After the specimens are
adjusted, turn on the electro-hydraulic servo system to set
the parameters, the loading method is selected as load-
displacement, the rate is adjusted to 5000N/s, and the test
results of the nonstandard cubic concrete specimens with the
size of 100mm× 100mm× 100mm should be multiplied by
the coefcient of 0.95. After adjusting the parameters,
manually click the equipment start button to start the test.
Click the stop button when the specimen’s sharp defor-
mation reaches necking failure, and record the failure load F.
Te compressive strength of specimens was calculated
according to the following formula:

f �
F

A
, (1)

where f—compressive strength of the specimen, MPa.
F—maximum load of the specimen, N. A—the loading area
of the specimen, mm2.

(2) Split Tensile Strength Test. Te splitting tensile strength of
basalt fber permeable concrete was measured according to
the “Standard for Test Methods of Physical and Mechanical
Properties of Concrete” (GB/T 50081-2019) [31]. Te mi-
crocomputer-controlled electro-hydraulic servo hydraulic
press is still used for the splitting tensile strength test. Te
test device is shown in Figure 8. First, open the testing
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machine equipment, install a pad block between the upper
and lower pressure plates of the testing machine, and then
put the specimen into the center of the pad block, that is, the
center line of the specimen is recombined with the central
axis of the pad block, and the upper-pressure plate is ad-
justed to the position exactly in contact with the upper
surface of the test block. After the specimens were adjusted,
turn on the electro-hydraulic servo system to set the

parameters, select load displacement for the loadingmethod,
and select 500N/s for the rate. In addition, nonstandard
cubic concrete specimens with specimen size of
100mm× 100mm× 100mm were used in this test.
According to the specifcation [28], the test result should be
multiplied by a coefcient of 0.85. After the parameters are
adjusted, start the test, manually click the equipment start

Table 3: mixture ratio of ordinary permeable concrete.

Aggregate (kg/m3) Water (kg/m3) Silica fume (kg/m3) Cement (kg/m3) Water-reducing agent (kg/m3)
1636.6 144.32 24.05 457.02 2.41

Figure 3: Concrete mixer diagram.

Fiber +
Aggregate

Stir For 30s

Stir For 30s

Stir For 150s

20% Water

Cement + Silica
Fume

80% Water + Water
Reducing Agent

Mixture

Figure 4: Flow chart of cement-wrapped stone method.

Figure 5: Sprinkling maintenance diagram of the cover flm of the
test piece.

Figure 6: Conservation diagram of specimen curing room.

Advances in Materials Science and Engineering 5



button, click the stop button, and record the failure load F
when the specimen’s sharp deformation reaches necking
failure. Te splitting tensile strength of specimens is cal-
culated according to the following formula:

f �
2F

πA
� 0.637

F

A
, (2)

where f—specimen splitting tensile strength, MPa;
F—maximum load of a specimen, N; A—the loading area of
the specimen, mm2.

2.2.3. Water Permeability Test

(1) Porosity Test. Te continuous porosity of basalt fber
permeable concrete was measured according to “Technical
Specifcation for Permeable Concrete Pavement (Draft of
Partial Revision)” [32]. First, take out the 28-day-old
specimen from the curing room, the specimen was im-
mersed in water from 15°C to 25°C, and make sure the water
is higher than on the specimen surface by more than 20mm.
After one day, take it out to dry, and then put the specimen
into the bucket, and the bucket is placed above the balance,
and the suspended massm1 (accurate to 1 g) of the test piece
in the water is weighed, as shown in Figure 9, and fnally the

test piece is taken out and drained. When there is no water
dripping at the bottom of the specimen, the mass m2 of the
specimen (accurate to 1 g) is weighed, and the continuous
porosity of the pervious cement concrete specimen is cal-
culated according to the following formula:

Kr � 1 −
m2 − m1

ρwV
􏼠 􏼡 × 100, (3)

where Kr—continuous porosity of the specimen, %; m1—
suspension immersion mass of the specimen, kg; m2—the
mass of the dry state of the saturated surface of the specimen,
kg; ρw—density of water, kg/m3; V—specimen volume, m3.

(2) Water Permeability Coefcient Test. Referring to the
“Technical Specifcation for Pervious Concrete Pavement
(Draft for Comments on Partial Revision Provisions)” [32],
this paper adopts the fxed water head method to test the
permeability coefcient of permeable concrete with diferent
basalt fber incorporation indexes. Firstly, a specimen of 28-
day-old was taken out of the curing chamber and immersed
in water for 24 hours to make it saturated with water ab-
sorption. After 24 hours, take out the specimen, spread it
evenly around the specimen with cement mortar, and dry it
to ensure that the water only penetrates through the upper
and lower surfaces of the see-through concrete, then put the
blocked specimen into the measuring cylinder of the water
inlet, and seal the connection between the measuring cyl-
inder and the test block with plasticine, and conduct the
water permeability test after sealing. During the test, water
should be continuously injected into the overfow tank. After
the overfow hole of the overfow tank starts to emit water,
the water injection should be stopped immediately. After the
water fow velocity of the overfow hole of the overfow tank
becomes stable, start to measure the amount of water fowing
out of the overfow hole within fve minutes. Te experi-
mental device is shown in Figure 10, and calculate the water
permeability coefcient according to the following formula:

KT �
D

h0
×

Q

A0 × T
, (4)

where KT—water permeability coefcient at T°C, cm/s; D—
specimen thickness, cm; Q—time is the amount of water
passing through the specimen at time “T,” kg; A0—specimen
area, cm2; h0—head height, cm; T—test time, s.

3. Experimental Results and Analysis

3.1. Analysis of Infuencing Factors of Basalt FiberDiameter on
Performance of Pervious Concrete. According to “Technical
Regulations for Permeable Cement Concrete Pavement”
CJJ/T 135-2009 [33], the standard value of compressive
strength of C20 pervious cement concrete is 20MPa,
the standard value of splitting tensile strength is 2.5MPa, the
target porosity is 15%, and the standard value of perme-
ability coefcient is 0.5mm/s. It can be seen from Table 4
that the addition of basalt fber signifcantly improves the
mechanical properties of permeable concrete. However, the
permeability of pervious concrete is inhibited to a certain

Figure 7: experimental device of compressive strength.

Figure 8: Split tensile test device.
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extent, which is due to the pores in pervious concrete are
flled with fbers, which increases the degree of compactness
of the specimen, leading to a decrease of the water per-
meability of the pervious concrete, but it still meets the
requirements of the specifcation value on the whole.

According to the performance test results of permeable
concrete with diferent basalt fber diameters, a broken line

chart of the efect of diferent diameters of basalt fbers on
the mechanical properties and water permeability of per-
vious concrete is drawn, as shown in Figure 11. Te mi-
crostructure images of the interface between basalt fber with
diferent diameters and cement base in Figure 12 are ob-
tained by 【Phenom】 Scanning Electron Microscopy. It
can be seen from Figure 11(a) that with the increase of basalt

1

2

Figure 9: Experimental device for porosity measurement. (Note: 1-electronic balance, 2-permeable concrete test block).

1

2
6

5

3

4

(a) (b)

Figure 10: Experimental advice of fxed head method. (Note: 1-water supply system, 2-overfow pipe, 3-fow trough, 4-pervious concrete
test block, 5-measuring cylinder, and 6-water level diference).

Table 4: Test results of pervious concrete with diferent basalt fber diameters.

Group Fiber diameter
(μm)

Fiber lengths
(mm)

Fiber content
(kg/m3)

Compressiv
strength (MPa)

Splitting tensile
strength (MPa) Porosity (%) Permeable

coefcient (mm/s)
0 — — — 19.51 2.73 17.42 6.81
1 14 12 2 24.11 3.48 14.93 2.98
2 15 12 2 23.13 3.52 15.16 3.19
3 17 12 2 21.85 3.74 15.24 3.60
4 20 12 2 19.82 2.99 15.31 4.43
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(a) (b)

(c) (d)

Figure 12:Microstructure of fber-cement-based interface with diferent diameters. (a)Microstructure of 14 μmfber-cement base interface.
(b) Microstructure of 15 μm fber-cement base interface. (c) Microstructure of 17 μm fber-cement base interface. (d) Microstructure of
20 μm fber-cement base interface.

Compressive Strength
Splitting tensile Strength

2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Sp
lit

tin
g 

te
ns

ile
 S

tre
ng

th
 (M

Pa
)

15 16 17 18 19 2014
Fiber Diameter (μm) 

19

20

21

22

23

24

C
om

pr
es

siv
e S

tre
ng

th
 (M

Pa
)

(a)

Porosity
Permeable Coefcient

14.90
14.95
15.00
15.05
15.10
15.15
15.20
15.25
15.30
15.35

Po
ro

sit
y 

(%
)

15 16 17 18 19 2014
Fiber Diameter (μm)

2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.2
4.4
4.6

Pe
rm

ea
bl

e C
oe

f
ci

en
t (

m
m

/s
)

(b)

Figure 11: Line chart of infuence of diferent basalt fber diameters on pervious concrete properties. (a) Relationship between fber diameter
and mechanical properties. (b) Relationship between fber diameter and water permeability.
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fber diameter, the compressive strength of pervious con-
crete decreases continuously. When the fber diameter is
14 μm, the compressive strength is the largest, and its value is
24.11MPa. When the fber diameter increases to 20 μm, the
compressive strength decreases to 19.82MPa. Te reason is
that when the diameter of the basalt fber increases if its
surface area is larger, the encapsulation of the cement slurry
will be more unfavorable. It can be clearly seen from
Figure 12(a) that the fbers with a diameter of 14 μm can be
closely combined with the cement matrix, and the surface of
the fbers is covered with a thick layer of cementitious
material, which can strengthen the bonding ability between
the fbers and the cement matrix interface. From
Figures 12(b)–12(d), the fbers with diameters of 15 μm,
17 μm, and 20 μm, respectively, are not ideally wrapped with
the cement slurry. When the diameter is too large, the fbers
are even completely exposed. It not only loses the function of
the fber but also reduces the contact area between the
aggregate and the cement paste, forming more interface
defect areas inside the concrete, resulting in the reduction of
the bond between aggregate and cement slurry, thereby
reducing the compressive strength of basalt fber pervious
concrete. As shown in Figure 11(a), the split tensile strength
of pervious concrete increases frst and then decreases with
the increase of basalt fber diameter. When the fber di-
ameter is 17 μm, the maximum split tensile strength of
pervious concrete reaches 3.74MPa. According to
Figures 12(b) and 12(c), it can be seen that the reason why
the splitting tensile strength increases frst is that when the
fber diameter is too small and under the action of external
force, the tensile efect of the fber is pulled out before it
comes into play, while the tensile efect of the fber with a
slightly larger diameter is obvious, so the splitting tensile
strength tends to increase frst. Along with the fber, the
diameter continues to increase, the splitting tensile strength
of the permeable concrete begins to show a downward trend,
the principle is similar to the compressive strength, mainly
because when the fber diameter is too large, and the in-
terface defect area inside the permeable concrete is in-
creased, which afects the bonding force between the
aggregate and the cement paste, thereby reducing the
splitting tensile strength of the pervious concrete. It can be
seen from Figure 11(b) that the porosity and permeability
coefcient of pervious concrete show a rising trend with the
increase of basalt fber diameter, and both are optimal at
20 μm.Tis is due to the increase in fber diameter, resulting
in a reduction in the number of fbers per unit volume, thus
improving the permeability of basalt fber permeable
concrete.

3.2. Analysis of Infuence Factors of Basalt Fiber Length on
Properties of Pervious Concrete. Te experimental results of
mechanical properties and water permeability of permeable
concrete with diferent basalt fber lengths are shown in
Table 5. Te broken line diagram of the efect of diferent
lengths of basalt fbers on the mechanical properties and
water permeability of pervious concrete is shown in Fig-
ure 13. Te SEM microstructure of the interface between

basalt fber with diferent lengths and cement base is shown
in Figure 14. In terms of mechanical strength, the com-
pressive strength of the fber with a length of 24mm is the
best, which is 20.54% higher than that of the fber with a
length of 12mm. Investigate the reason, with the change in
the basalt fber length, the permeable concrete will not be
destroyed quickly once cracks appear when a permeable
concrete ultimate load is reached. Because it can through the
cross crack and the stress is not easy to be pulled out of fber
function make concrete internal stress redistribution, and
transform the development path of the cracks, preventing
the cracks from developing and penetrating, thereby im-
proving the compressive strength, as shown in Figure 14(a).
At the same time, previous studies [6, 34, 35] have shown
that basalt fbers of appropriate length are uniformly dis-
persed in the permeable concrete matrix, and the formed
three-dimensional framework can inhibit aggregate settle-
ment, reduce the shrinkage and deformation of the matrix,
and signifcantly improve the compressive strength of
concrete.

For the splitting tensile strength of pervious concrete, the
splitting tensile strength increases frst and then decreases
with the increase of basalt fber length, and the splitting
tensile strength is the best at 18mm, which increases by
12.08% compared with 15mm fber. Tis is because the
internal structure of permeable concrete under the action of
load will be damaged, and microcracks will appear at the
interface, resulting in the phenomenon of falling of between
the cementitious material and the aggregate. As the load
continues to increase, microcracks develop and form
microcracks. At this time, the basalt fbers with a slightly
longer length and not easy to be pulled out mixed into the
permeable concrete can replace the concrete and resist the
rapid development of internal cracks in the permeable
concrete. Until the fnal load exceeds the fber bearing ca-
pacity, the fber is pulled of, and the test block completely
loses its bearing capacity, as shown in Figures 14(b) and
14(c). As the fber length continued to increase, the splitting
tensile strength decreased, and the splitting tensile strength
of the fber with a length of 24mm decreased by 14.9%
compared with the fber with a length of 18mm. Te reason
for this phenomenon is that the fbers with too long lengths
are more likely to be broken during the concrete mixing
process, as shown in Figure 14(d). It is difcult for the
broken fber to efectively transmit the load to both sides of
the crack when subjected to an external force. Terefore, if
the fber is too long, it cannot play a signifcant role but lead
to a decrease in the splitting tensile strength.

It can be seen from Figure 13(b) that with the increase of
basalt fber length, both the porosity and permeability co-
efcient of pervious concrete show a rising trend. When the
length of basalt fber is 24mm, the pervious concrete shows
the best permeability, the porosity is 16.13% and the per-
meability coefcient is 5.03mm/s at this time. Compared
with the length of basalt fber is 18mm, the porosity and
water permeability increased by 1.38% and 8.41%, respec-
tively. Te reason for this phenomenon is similar to the
principle of changing the diameter of basalt fbers. As the
length of basalt fbers increases, the number of fbers
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required per unit volume will decrease, and the chance of
blocking pores will be smaller. In addition, the long fbers are
easy to disperse into a network inside the specimen, which
increases the permeable area and facilitates the passage of
water molecules.Tis leads to an increase in the porosity and
water permeability coefcient of pervious concrete.

3.3. Analysis of Infuence Factors of Basalt Fiber Content on
Pervious Concrete Performance. Table 6 shows the experi-
mental results of the mechanical properties and water
permeability of permeable concrete with diferent content of
basalt fber. According to the experimental results, the
broken line charts of the infuence of diferent basalt fber
content on the mechanical properties and water perme-
ability of pervious concrete are drawn, as shown in Fig-
ure 15.Temicrostructural diagram of the interface between
basalt fber with diferent contents and cement base is ob-
tained by 【Phenom】 scanning electron microscopy, as
shown in Figure 16. From the experimental results, it can be
concluded that with the increase in basalt fber content, the
compressive strength of permeable concrete shows a
downward trend.When the content of basalt fber is 2 kg/m3,
the best compressive strength is obtained, which is higher
than the content of 4 kg/m3 increased by 11.30%, which is
19.4% higher than that of 6 kg/m3. Tis is due to an ap-
propriate amount of basalt fbers being evenly dispersed
inside the pervious concrete matrix, and the formed three-

dimensional skeleton efectively inhibits the settlement of
aggregates and reduces the shrinkage deformation of the
matrix, as shown in Figure 16(a), when the chopped basalt
fbers with an appropriate dosage of mixed into concrete, the
concrete compressive strength can be improved signif-
cantly. However, with the increase of the basalt fber content,
some fbers are easy to clump, as shown in Figure 16(c), so
that new defects are formed inside the pervious concrete,
which will have a detrimental efect on the mechanical
properties of the concrete. Terefore, the compressive
strength of basalt fber pervious concrete showed a down-
ward trend with the increase in fber content. In contrast, in
Figure 15(a), the splitting tensile strength shows an upward
trend. Te optimal splitting tensile strength was obtained
when the basalt fber content was 6 kg/m3, and the splitting
tensile strength can reach 4.59MPa at this time. Te reason
is that during the loading process of the permeable concrete
cube splitting tensile test block, the microcracks inside the
concrete matrix develop slowly under the load. With the
increase in load, the microcracks develop into cracks and
connect to form visible cracks. When there are enough
cracks, a failure surface is formed and the test block loses its
bearing capacity. However, a large number of basalt fbers
distributed evenly and randomly in the pervious concrete
matrix can efectively inhibit the stress concentration phe-
nomenon at the crack tip, delay the formation of weak
surfaces, and improve the splitting tensile strength of basalt
fber pervious concrete.

Table 5: Test results of pervious concrete with diferent basalt fber lengths.

Group Fiber
lengths (mm)

Fiber
diameter (μm)

Fiber
content (kg/m3)

Compressive
strength (MPa)

Splitting tensile
strength (MPa) Porosity (%) Permeable

coefcient (mm/s)
0 — — — 19.51 2.73 17.42 6.81
1 12 15 2 23.13 3.52 15.16 3.19
2 15 15 2 24.63 3.89 15.68 3.63
3 18 15 2 25.74 4.36 15.91 4.64
4 24 15 2 27.88 3.71 16.13 5.03

23

24

25

26

27

28

C
om

pr
es

siv
e S

tre
ng

th
 (M

Pa
)

14 16 18 20 22 2412
Length of Fiber (mm)

3.4

3.6

3.8

4.0

4.2

4.4

Sp
lit

tin
g 

te
ns

ile
 S

tre
ng

th
 (M

Pa
)

Compressive Strength
Splitting tensile Strength

(a)

Po
ro

sit
y 

(%
)

15.0

15.2

15.4

15.6

15.8

16.0

16.2

14 16 18 20 22 2412
Length of Fiber (mm)

3.0

3.5

4.0

4.5

5.0

Pe
rm

ea
bl

e C
oe

f
ci

en
t (

m
m

/s
)

Porosity
Permeable Coefcient

(b)

Figure 13: Broken line diagram of infuence of diferent basalt fber lengths on pervious concrete properties. (a) Relationship between fber
length and mechanical properties. (b) Relationship between fber length and water permeability.
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Studies [36–38] have shown that the additional amount
of basalt fbers not only afects the mechanical properties of
permeable concrete but also afects its water permeability to
a certain extent. It can be seen from the experimental results
that when the basalt fber content is 2 kg/m3, the maximum
porosity is obtained, which is 16.13%. When the fber
content increases to 4 kg/m3, the porosity decreases by
0.44%. When the fber content continued to increase to 6 kg/
m3, it decreased again by 0.81% compared with the content
of 4 kg/m3. Tis is because pervious concrete is composed of
connected pores, semiconnected pores, and closed pores.

Te addition of fber will enter connected pores and sem-
iconnected pores, resulting in an increase in the number of
closed pores, resulting in a decrease in porosity. Similarly,
when the content of basalt fber is 2 kg/m3, the optimal water
permeability coefcient can be obtained, and the water
permeability coefcient value is 5.03mm/s at this time.
When the fber content increased to 4 kg/m3, the water
permeability decreased by 25.12%. When the fber content
increased to 6 kg/m3, it decreased by 31.8% compared with
the content of 4 kg/m3. Analysis of the reasons shows that
too many fbers will agglomerate and block the pores in the

Table 6: Test results of pervious concrete with diferent content of basalt fber.

Group Fiber
content (kg/m3)

Fiber
diameter (μm)

Fiber
lengths (mm)

Compressive
strength (MPa)

Splitting tensile
strength (MPa) Porosity (%) Permeable

coefcient (mm/s)
0 — — — 19.51 2.73 17.42 6.81
1 2 15 24 27.88 3.71 16.13 5.03
2 4 15 24 25.05 4.18 15.69 4.02
3 6 15 24 23.35 4.59 14.88 3.05

(a) (b)

(c) (d)

Figure 14: Microstructure of fber-cement interface with diferent lengths. (a) Fibers change the direction of fracture development.
(b) Fibers are stressed to resist crack development. (c) Te fbers are strained and pulled apart. (d) Te fbers are interrupted during the
mixing process.
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(a) (b)

(c)

Figure 16: Microstructure of fber-cement-based interface with diferent dosages. (a) Microcosmic diagram of fber-cement base interface
with 2 kg/m3 dosage. (b)Microcosmic diagram of fber-cement base interface with 4 kg/m3 dosage. (c)Microcosmic diagram of fber-cement
base interface with 6 kg/m3 dosage.
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Figure 15: Line chart of infuence of diferent content of basalt fber on performance of pervious concrete. (a) Relationship between fber
content and mechanical properties. (b) Relationship between fber content and water permeability.
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pervious concrete, resulting in an increase in the number of
closed pores and a decrease in the water permeability
coefcient.

4. Comprehensive Evaluation and Analysis by
Entropy Method

In chapter 3, the compressive strength, splitting tensile
strength, porosity, and permeability coefcient of pervious
concrete with diferent basalt fber diameters, lengths, and
dosages have been obtained through experiments, and the
reasons for the change in pervious concrete performance
caused by these diferent incorporation indicators have been
analyzed and discussed. However, based on these analyses, we
cannot select an incorporation index that optimizes both
mechanical properties and water permeability. Terefore, it is
necessary to select a systematic method to evaluate the in-
fuence of various factors on the performance of permeable
concrete and analyze which performance index has the greatest
impact and the highest contribution rate in pervious concrete,
thus determining the optimal incorporation index of each
factor of basalt fber. Tus, the method—entropy method,
commonly used in the feld of sustainable development eval-
uation and social economics is applied in this chapter, which
can comprehensively consider the interaction between various
indicators and efectively solve the deviation caused by the
interaction of various factors on the results, so as to select the
basalt fber incorporation index that can achieve the optimal
mechanical properties and water permeability.

4.1. Entropy Analysis Teory and Method. Te key to eval-
uating a model lies in the determination of the index weight.
Te determination of the index weight can bemainly divided
into two methods: subjective weighting and objective
weighting. Common subjective weighting methods include
Analytic Hierarchy Process (AHP), and the Delphi method.
Te objective weighting includes multivariate statistical
methods, and entropy methods, which have their applica-
bility under diferent application requirements [39, 40]. Te
entropy method, originally derived from the concept of
thermodynamics in physics, is an objective method to de-
termine the weight of each indicator. It mainly uses the
physical calculation formula to measure the uncertainty of
information to determine its weight, and then compre-
hensively analyzes each evaluation object [41–43]. Generally,
if the entropy is higher and the data is more chaotic, its
utility value will be smaller and the weight will be smaller. If
the entropy value is smaller, the fnal weight will be larger
[44]. In addition, the evaluation index calculated by the
entropy method is a relative value, so this method is widely
used in the relative evaluation of multiple indicators [45, 46].
And this experiment is just right to have multiple evaluation
indexes of compressive strength, splitting tensile strength,
porosity, and permeability coefcient, using the entropy
method just can solve the problem that the sensitivity of
diferent basalt fber diameter, length, and dosage factors to
the evaluation index is not clear, but also can solve the

factors infuence each other, avoid subjective interference. It
shows that the method is reasonable and efective in this
experiment. In addition, in the third chapter, this paper has
obtained the compressive strength, split tensile strength,
porosity, and permeability coefcient of pervious concrete
under diferent basalt fber diameters, lengths, and dosages
through experiments. Te experimental data are accurate
and complete, creating necessary conditions for choosing
the entropy method.

Te calculation steps of the entropy method are as
follows:

(1) Te dimensionless processing of data is the frst step in
entropy evaluation. Since the entropy value method
determines the weight of the index according to the
diference between the data, the entropy value method
has higher requirements for dimensionless data.
However, studies [47] have shown that the dimen-
sionless processing of data will make the diference
between the original indicators change to a certain
extent. Under feasible conditions, the entropy method
is used to calculate the weight of each indicator based
on the original data rather than the dimensionless data,
which can make better use of the diferences shown by
the original data.Terefore, this paper uses the original
data to calculate the weight of each indicator.

(2) Calculate the proportion of the j-th infuencing
factor index of the i-th performance index. As-
suming that there are “m” measurement perfor-
mances forming the object set {Mi} (i� 1, 2, ... , m),
and there are “n” infuencing factor indicators
forming the index set {Cj} (j� 1, 2, ... , n). Among
them, Xij represents the original value of the j-th
infuencing factor index of the i-th measurement
performance. A standard matrix R composed of the
proportion ξij of diferent values in diferent indi-
cators is obtained after normalization according to
the following equations:

% ξij �
Xij

􏽐
m
i�1Xij

(i � 1, 2, 3 . . . . . .m, j � 1, 2, 3 . . . . . . n),

(5)

Rij �

C1

C2

M1

ξ11
ξ12

M2 · · · Mm

ξ21 · · · ξm1

ξ22 · · · ξm2

⋮ ⋮ ⋮ · · · ⋮
Cn ξ1n ξ2n · · · ξmn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (6)

(3) Calculate the entropy value of each index. After the
standardized data matrix is obtained, a compre-
hensive analysis can be carried out. According to the
calculation of the following formula, the entropy
value ej of each evaluation index can be obtained.
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ej � −K􏽘
m

i�1
ξijln ξij, (7)

where ej ∈ (0, 1). K is a constant, that is, K � 1/lnm,
which is related to the sample number “m” of the
infuencing factor index of the system.

(4) It can be seen from formula (7) that when the order
degree is 0, the entropy value is the maximum, that
is, e� 1. Since the entropy value ej can be used to
measure the data utility value of the infuence factor
index of the j-th item. When m samples are in a
completely disordered distribution state, ξij � 1/m,
the utility value of the entropy value to the com-
prehensive evaluation is zero at this time. Terefore,
the diference coefcient gj can be defned to de-
scribe the discrete degree of the data, which is de-
termined by the diference between the entropy value
of this index and 1, as shown in the formula. Among
them, the larger the gj, the greater the infuence of
the indicator.

gj � 1 − ej(j � 1, 2, 3 . . . . . . n). (8)

(5) Calculate the weight of the j-th indicator according
to formula (9).

wj �
gj

􏽐
n
j�1gj

. (9)

(6) Te product of the j-th evaluation index of the i-th
sample in the standardized matrix and the j-th index
weight wj is used as the evaluation index Fi, as shown
in formula (10). Obviously, the larger the evaluation
index Fi, the better the sample efect, and fnally the
evaluation conclusion is obtained based on the
comparison results of all evaluation indexes.

F
k
i � 􏽘 w

k
j × X

k
ij. (10)

4.2. Comprehensive Evaluation and Analysis Results of Basalt
Fiber Diameter on Pervious Concrete Performance. Te
length of basalt fber selected in this experiment is 12mm,
the dosage is 2 kg/m3, and the diameter is 14 μm, 15 μm,
17 μm, and 20 μm, respectively. Firstly, according to the data
in Table 4 in Chapter 3, the standardized matrix of formula
(10) is established, as shown in the following formula. Ten
substitute equations (7)–(9) to obtain the weight of each
indicator, as shown in Table 7.

Rij

C1

C2

M1

0.271

0.253

M2 M3 M4

0.260 0.246 0.223

0.256 0.272 0.218
C3 0.246 0.250 0.251 0.252

C4 0.210 0.225 0.254 0.312

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (11)

It can be seen from the index weight table that when only
the basalt fber diameter is changed, the entropy value of the
permeability coefcient is the smallest, so it has the greatest
infuence on the total beneft evaluation of pervious concrete
performance, and the contribution degree reaches 66.70%.
In the evaluation of total efciency, the splitting tensile
strength takes second place, and the contribution rate is
18.26%, but the contribution rate is quite diferent from the
permeability coefcient, which has the greatest infuence on
efciency. Te second is the compressive strength, whose
contribution rate is not much diferent from the splitting
tensile strength, accounting for 14.79%. Porosity contributes
the least to efciency evaluation and has the smallest weight,
accounting for only 0.25%. Ten take the product of the j-th
evaluation index of the i-th sample in the standardized
matrix and the j-th index weight wj is used as the evaluation
index Fi, and the calculation results of the evaluation index
for diferent basalt fber diameters are obtained according to
formula (10) in Table 8.

F
k
i � 􏽘 w

k
j × X

k
ijF

k
i �

C1

0.148

C2

0.182

C3

0.003

C4

0.667
􏼢 􏼣 ×

M1

0.271

0.253

M2 M3 M4

0.260 0.246 0.223

0.256 0.272 0.218
0.246 0.250 0.251 0.252

0.210 0.225 0.254 0.312

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�
M1

0.227

M2

0.236

M3

0.256

M4

0.281
􏼢 􏼣.

(12)

Te evaluation index is the discrimination of the utility
value of various performance indicators, which avoids the
interference of subjective factors on the evaluation results to
a certain extent [48]. From the calculation results of the
evaluation index in Table 8, it can be seen that the selection
of basalt fber with a diameter of 20 μm makes the utility
value of each performance index reach the optimum, and the
evaluation index is 0.281 at this time. Terefore, 20 μm is

selected as the optimal incorporation index of the basalt fber
diameter.

4.3. Comprehensive Evaluation and Analysis Results of Basalt
Fiber Length on Pervious Concrete Performance. Te diam-
eter of basalt fber selected in the experiment is 15 μm, the
dosage is 2 kg/m3, and the length is 12mm, 15mm, 18mm,
and 24mm, respectively. Firstly, according to the data in
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Table 5 in chapter 3, calculation and arrangement are carried
out, and the standardized matrix of formula (6) is estab-
lished, as shown in the formula. Ten substitute equations
(7)–(9) to obtain the weight of each indicator, as shown in
Table 9.

Rij

C1

C2

M1

0.228

0.227

M2 M3 M4

0.243 0.254 0.275

0.251 0.282 0.240
C3 0.241 0.249 0.253 0.257

C4 0.193 0.220 0.281 0.305

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (13)

It can be seen from the above table that in the case of only
changing the length of basalt fbers. Te order of the entropy
value of each performance index is as follows: porosity is

greater than compressive strength, greater than splitting
tensile strength, and greater than water permeability coef-
fcient, water permeability coefcient is greater than splitting
tensile strength, so the weights are greater than compressive
strength and greater than the porosity. Tat is to say, the
permeability coefcient has the greatest infuence on the
overall beneft evaluation of pervious concrete performance,
and its contribution to the total efciency reaches 73.85%.
Te porosity has the smallest contribution and the smallest
weight in the efciency evaluation, accounting for only
1.19%. Finally, the product of the j-th evaluation index of the
i-th sample in the standardized matrix and the j-th index
weight wj is used as the evaluation index Fi, and the cal-
culation results of the evaluation index in Table 10 are
obtained by calculating according to formula (10).

F
k
i � 􏽘 w

k
j × X

k
ijF

k
i �

C1

0.105

C2

0.144

C3

0.012

C4

0.739
􏼢 􏼣 ×

M1

0.228

0.227

M2 M3 M4

0.243 0.254 0.275

0.251 0.282 0.240
0.241 0.249 0.253 0.257

0.193 0.220 0.281 0.305

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�
M1

0.203

M2

0.227

M3

0.278

M4

0.292
􏼢 􏼣.

(14)

It can be seen from the calculation results of the eval-
uation index in Table 10 that the selection of basalt fber with
a length of 24mm makes the utility value of each perfor-
mance index reach the optimum, and the evaluation index is

0.292 at this time. To sum up, 24mm is selected as the
optimal incorporation index of basalt fber length.

Table 7: Entropy weight calculation results of diferent basalt fber diameters.

Compressive strength C1 Splitting tensile strength C2 Porosity C3 Permeable coefcient C4

Entropy (ej) 0.998100 0.997654 0.999968 0.991429
Diference coefcient (gj) 0.001900 0.002346 0.000032 0.008571
Entropy weight (wj) 0.147898 0.182560 0.002503 0.667039

Table 8: Calculation results of evaluation index for diferent basalt fber diameters.

Fiber diameter (μm) 14 15 17 20
Evaluation index (Fi) 0.227 0.236 0.256 0.281

Table 9: Entropy weight calculation results of diferent basalt fber lengths.

Compressive strength C1 Splitting tensile strength C2 Porosity C3 Permeable coefcient C4

Entropy (ej) 0.998323 0.997692 0.999810 0.988207
Diference coefcient (gj) 0.001677 0.002308 0.000190 0.011793
Entropy weight (wj) 0.105036 0.144509 0.011919 0.738536
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4.4. Comprehensive Evaluation and Analysis Results of Basalt
Fiber Content on Pervious Concrete Performance. Te di-
ameter of the basalt fber selected in this experiment is
15 μm, the length is 24mm, and the dosage is 2 kg/m3, 4 kg/
m3, and 6 kg/m3

, respectively. Firstly, according to the data
in Table 6 in chapter 3, calculation and arrangement are
carried out, and the standardized matrix of formula (6) is
established, as shown in the formula. Ten substitute
equations (7)–(9) to obtain the weight of each indicator, as
shown in Table 11.

Rij �

C1

C2

M1

0.365

0.297

M2 M3

0.328 0.306

0.335 0.368
C3 0.345 0.336 0.319

C4 0.416 0.332 0.252

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (15)

It can be seen from the weight table of the indicators that
the entropy weight results obtained by only changing the
basalt fber content are similar to the entropy weight results
obtained by only changing the diameter and length of basalt

fbers, but the contribution rate is diferent. Te water
permeability coefcient has the greatest impact on the
overall beneft evaluation of pervious concrete performance.
At this time, the water permeability coefcient contributes
74.35% to the total efciency. In the evaluation of total
efciency, the splitting tensile strength still occupies the
second place, with a contribution rate of 13.77%, but there is
still a big diference between the contribution rate and the
permeability coefcient which has the greatest infuence on
the efciency.Te second is the compressive strength, and its
contribution rate is not much diferent from that of the
splitting tensile strength, accounting for 9.85%. Te con-
tribution of porosity in the evaluation is still the smallest,
and the weight is also the smallest, accounting for only
2.04%. Finally, the product of the j-th evaluation index of the
i-th sample in the standardized matrix and the j-th index
weight wj is used as the evaluation index Fi, and the cal-
culation results of the evaluation index for diferent basalt
fber contents in Table 12 are obtained by calculating
according to formula (10).

F
k
i � 􏽘 w

k
j × X

k
ijF

k
i �

C1

0.099

C2

0.138

C3

0.020

C4

0.743
􏼢 􏼣 ×

M1 M2 M3

0.365 0.328 0.306
0.297

0.345

0.416

0.335

0.336

0.332

0.368

0.319

0.252

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�
M1

0.393

M2

0.332

M3

0.275
􏼢 􏼣. (16)

From the calculation results of the evaluation index in
Table 12, it can be seen that the selection of basalt fber with a
dosage of 2 kg/m3 makes the utility value of each perfor-
mance index reach the optimum, and the evaluation index is
0.393 at this time. Terefore, 2 kg/m3 is selected as the
optimal incorporation index of basalt fber content.

5. Conclusion

In order to solve the problem that the permeability coef-
cient and strength of pervious concrete pavement are dif-
fcult to coordinate, the optimal incorporation index of
basalt fber to improve the strength of pervious concrete is
obtained on the premise of ensuring the permeability of
pervious concrete. In this paper, the basalt fber was

Table 10: Calculation results of evaluation index for diferent basalt fber lengths.

Fiber length (mm) 12 15 18 24
Evaluation index (Fi) 0.203 0.227 0.278 0.292

Table 11: Entropy weight calculation results of diferent basalt fber contents.

Compressive strength C1 Splitting tensile strength C2 Porosity C3 Permeable coefcient C4

Entropy (ej) 0.997557 0.996586 0.999495 0.981560
Diference coefcient (gj) 0.002443 0.003414 0.000505 0.018440
Entropy weight (wj) 0.098504 0.137655 0.020379 0.743461

Table 12: Calculation results of evaluation index for diferent basalt fber contents.

Fiber content (kg/m3) 2 4 6
Evaluation index (Fi) 0.393 0.332 0.275
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incorporated into pervious concrete, and the single factor
control variable method was used to carry out the test of
basalt fber modifed pervious concrete, combined with the
microstructure image basalt fber is studied in diferent
diameters, lengths, and dosages of permeable concrete
mechanics performance, the infuence law of permeable
performance, and through the entropy method, the incor-
poration indexes of diferent basalt fbers were compre-
hensively compared and analyzed, and the following
conclusions are drawn:

(1) Incorporating an appropriate amount of basalt fber
can enhance the mechanical properties of pervious
concrete on the premise of satisfying the water
permeability. Among them, when the diameter of
basalt fber increases from 14 μm to 20 μm, the
compressive strength of pervious concrete decreases
by 17.79%. Te splitting tensile strength frst in-
creased and then decreased. Both porosity and
permeability showed an increasing trend, increasing
by 2.55% and 48.66%, respectively.

(2) When the length of basalt fber increases from
12mm to 24mm, the compressive strength of per-
vious concrete increases continuously, with a relative
increase of 20.54%. Te splitting tensile strength frst
increased and then decreased. Te permeability
coefcient and porosity increased by 6.40% and
57.68%, respectively.

(3) With the increase of basalt fber content, when the
basalt fber content increases from 2 kg/m3 to 6 kg/
m3, the compressive strength of pervious concrete
decreases by 16.25%. Te splitting tensile strength
was increased by 23.72%. Te porosity and perme-
ability decreased by 7.75% and 39.36%, respectively.

(4) Tis paper calculates the weight of each performance
index bases on the experimentally measured data and
adopted entropy theory, and fnally obtains the re-
sults that conform to the objective result. It shows
that the optimum incorporation index of basalt fber
in pervious concrete is 20 μm in diameter, 24mm in
length, and 2 kg/m3 in content.

To sum up, this paper puts forward the technical idea of
preparing ecologically permeable concrete by mixing basalt
fber and obtains the optimal mixing index of basalt fber
through a comprehensive analysis of the entropy method,
which better solves the key problem that the permeability
coefcient and strength of permeable concrete are difcult to
coordinate, and hopes to provide a reference value for
further research on basalt fber permeable concrete.
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