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Abstract: Recycled rubber particles can be produced by
using waste tires. Adding recycled rubber particles to
concrete can form rubber concrete (RC). RC can not
only reduce the amount of natural sand and reduce the
cost of concrete but also improve the static compressive
toughness of concrete. Adding steel fiber into RC can
improve the strength of concrete. In order to study the
compressive toughness of steel fiber rubber concrete
(SFRC), rubber particles washed with NaOH are added
to steel fiber reinforced concrete. This can enhance the
bonding performance between the recycled rubber parti-
cles and concrete. The volume ratio of recycled rubber
is 5, 10, and 15%. Prismatic and cubic test blocks were
prepared and their compressive tests were carried out.
The results show that the stress interaction between the

rubber particles and steel fiber in concrete significantly
improves the compressive strength, elastic modulus, and
stress–strain relationship of concrete. The compressive
toughness and ductility of concrete are improved. When
the content of rubber particles is 15–20%, the compres-
sive toughness of SFRC is improved most obviously.
Through experiments, the toughness index and specific
toughness of rubber steel fiber reinforced concrete are
calculated, which explores a new way and method for
studying the compressive toughness of similar recycled
material concrete.

Keywords: normal concrete, rubber concrete, steel fiber
concrete, steel fiber rubber concrete, compressive test,
static toughness

1 Introduction

Waste tire is a kind of recyclable solid waste. Its reuse is
the consensus of many countries and international orga-
nizations, such as WTO [1]. The treatment and utilization
of waste tire can achieve the win-win goal of economic
benefits and environmental protection [2]. At present,
there are about 1.5 billion untreated waste tires in the
world. China is a large country of automobile production
and consumption [3]. According to the statistics of the
United Nations Environment Programme, in 2021, Europe
produced about 4 million tons of waste tires, North
America produced about 15 million tons of waste tires,
Japan produced about 3.5 million tons of waste tires, and
China produced 9.5 million tons of waste tires [4]. The
total amount of waste tires produced in the world is as
high as 55 million tons. Among these waste tires, the
reuse rate is 92% in Europe, 83% in North America,
75% in Japan, and only 50% in China [5]. Randomly
stacking or simply burning waste tires not only occupies
land resources, but also seriously pollutes the environ-
ment [6]. Processing waste tires into particles to form
recycled rubber and adding recycled rubber to concrete
can not only improve the toughness of concrete, but also
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replace fine aggregate, so as to reduce the damage of
sand mining activities to the environment [7,8].

Adding rubber particles into concrete can improve
plasticity and toughness, enhance energy dissipation
capacity, and reduce compressive strength and elastic
modulus [5,9–12]. Through the splitting tensile test, it is
found that the toughness of the prismatic specimen
mixed with rubber particles is significantly higher than
that of plain concrete. Even if the specimen is cracked
with small crack length, it is difficult to break [13–16]. The
energy dissipation capacity of rubber concrete (RC) to
dynamic load is obviously better than that of normal con-
crete (NC). Crumbs and waste rubber particles are mixed
in the concrete, the volume content of the mixture is 12.5,
25, 37.5, and 50%, respectively. It is found that the com-
pressive strength and elastic modulus of RC decrease sig-
nificantly through the compression test, the toughness is
closely related to the content of rubber [17–24].

Adding steel fiber or other fibers into concrete can
enhance the impact toughness and ductility of concrete
and improve the crack resistance and durability of con-
crete through the synergistic effect between fiber and
rubber [25,26]. In order to reduce the decline in strength
of RC, steel fiber is added into RC. Through splitting ten-
sile test, it is found that the crack development of steel
fiber rubber concrete (SFRC) is obviously slower than that
of NC [27]. The test shows that adding rubber particles
and hook shaped steel fiber into concrete can improve the
strain performance of concrete through their cooperative
work. The crack of concrete develops slowly and the
crack width is smaller than that of NC [28–31].

Through the compression test and bending test,
the results show that the shrinkage rate of concrete
with steel fiber recycled aggregate concrete mixed with
rubber is significantly lower than that of NC [32]. The
adhesion between rubber particles and concrete matrix
is obviously improved [33]. More researchers combine
steel fibers or other fibers with rubber particles to form
a large number of types of concrete, so as to meet the
needs of various projects for different properties of con-
crete, so as to increase the application range of concrete
[34–39]. For example, the ductility of reinforced con-
crete, RC, SFRC, polypropylene RC, and hybrid fiber
concrete pipes is studied. The results show that the
strength and ductility of concrete pipes mixed with
hybrid fibers (steel fiber and polypropylene fiber) are
better than those mixed with single fiber [40].

The research on the static pressure strength of recycled
RC or steel fiber reinforced concrete is relativelymature, and
their toughness and ductility are also studied, but the
research on the static compression toughness of SFRC is

less. Adding recycled rubber particles directly to concrete
will reduce the compressive strength of concrete, but the
treated rubber particles will increase their bonding perfor-
mance with concrete [41]. There are two main treatment
methods, one is to wrap the recycled rubber particles with
cement slurry, and the other is to wash the recycled rubber
particles with NaOH [42]. According to the analysis of
existing research results, the effect of washing recycled
rubber particles with NaOH is better than wrapping cement
slurry. Cleaning the rubber particles with NaOH solution
can remove the impurities attached to the rubber particles
and improve the adhesion between the rubber particles
and cement. The compressive strength of RC washed with
NaOH solution is significantly higher than that of ordinary
RC [43]. In order to study the compression toughness of
SFRC, recycled rubber particles produced by waste tires
were used to replace some natural fine aggregate, and the
recycled rubber particles were washed with NaOH. NC,
recycled RC, SFRC cube and prism specimens were pre-
pared for compression test. The slump, density, compres-
sive strength, elastic modulus, ductility, and compressive
toughness of different kinds of concrete are analyzed and
evaluated from multiple indexes.

2 Experiment process

2.1 Material and specimen preparation

The cement is Lafarge PO 42.5 ordinary Portland cement,
with a density of 3,150 kg·m−3. The coarse aggregate shall
be natural crushed stone with particle size of 5–14mm
and density of 2,650 kg·m−3. The density of natural sand
used for fine aggregate is 2,640 kg·m−3 and the fineness
modulus is 3.4. The particle size distribution of coarse
and fine aggregates is shown in Figure 1. The hook-end
steel fiber is characterized by high tensile strength, good
toughness, improved impact and fatigue resistance of
concrete, improved impermeability of concrete, and low
price. In the previous study, it was found that the com-
pressive strength and tensile strength of hook-end steel
fiber reinforced concrete were higher than that of milled
steel fiber reinforced concrete. The steel fiber is of end
hook type [44], with a length of 60mm and the aspect
ratio of 80. Steel fiber shall be added according to 0.5%
of the volume fraction of concrete. The rubber particle
size is 1.18–2.36 mm, after soaking in 5% NaOH solution
for 24 h, it is taken out and flushed to pH value of 7 for
standby. Superplasticizer containing high-grade polycar-
boxylate ether is used, and the dosage is 0.3% of the
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weight of cement. The purpose of adding superplasticizer
is to obtain the required workability. Rubber particles
and steel fibers are shown in Figure 2.

By changing the proportion of steel fiber and rubber
particles, specimens of NC group 1, steel fiber concrete
(SFC) group 1, RC group 3, and SFRC group 3 were pre-
pared, respectively. The target value of cube compressive
strength of NC was 40MPa. The volume substitution rate
of rubber particles to fine aggregate in RC and SFRC is 5,
10, and 15%. Table 1 shows the mix proportion of different
types of concrete. The mix proportion design refers to the
code of steel fiber reinforced concrete and the code of
standard for test methods of concrete’s physical and
mechanical properties. The samples of each mix propor-
tion include 6 prisms (100mm × 100mm × 300mm) and
9 cubes (100mm × 100mm × 100mm). Prismatic samples
are used to test the 28 days compressive strength and
obtain the stress–strain relationship, and cube test blocks
are used to determine the bulk density and 7, 14, and
28 days compressive strength. All mixtures are vibrated on
a disc vibrator after pouring in the laboratory (Figure 3).

After 24 h, the mixtures are taken out of the mold for curing,
and compression test is conducted after reaching the age.

2.2 Test set up

Slump tests shall be conducted for each concrete mixture
before pouring (Figure 4). The loading rate of prismatic
axial compression test is 0.3 MPa·s−1, which is loaded
until the specimen is damaged, and the stress–strain
curve under uniform loading was recorded. Cube speci-
mens were tested for cube compressive strength at 7, 14,
and 28 days of age. The test device for cube and prism
samples is shown in Figure 5.

3 Test results and discussion

3.1 Slump

The designed slump of fresh concrete is 30–60 mm.
Figure 6 shows that the measured slump of various con-
crete mixtures is basically within the design mix propor-
tion range. Compared with NC, the slump of either
steel fiber reinforced concrete or RC, or SFRC decreased
significantly. In addition, the slump of RC is greater
than that of steel fiber reinforced concrete and SFRC.
The slump of RC and rubber SFC decreases with the
increase in rubber particle volume content. The greater
the rubber content, the more the slump decreases. The
reason is that the friction between concrete compounds
increases due to the rough surface of rubber particles.
With the increase in rubber content, the segregation of
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Figure 1: Particle size distribution of fine and coarse aggregate.

Figure 2: Rubber particles and steel fibers. (a) Rubber particles; (b) rubber NaOH washing modification; and (c) steel fibers.
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rubber particles appears in the concrete mixture during
pouring and vibration. The reason is that the relative
density of rubber particles is low and floats up during
mixing and vibration. Therefore, it is recommended to

use concrete admixtures to reduce voids and improve
the micro-structure of the mixture.

Table 1: Concrete mix proportion of various test pieces

Test piece no. Steel fiber (kg) Cement (kg) Water (kg) Crushed stone (kg) Sand (kg) Superplasticizer (kg)

NC — 430 202 907 814 13.1
SFC 39 430 202 907 814 13.1
RC-5 — 430 202 907 773 13.1
RC-10 — 430 202 907 732 13.1
RC-15 — 430 202 907 692 13.1
SFRC-5 39 430 202 907 773 13.1
SFRC-10 39 430 202 907 732 13.1
SFRC-15 39 430 202 907 692 13.1

Note: NC is normal concrete; SFC is steel fiber concrete; RC-5 is rubber concrete with 5% recycled rubber by volume; RC-10 is rubber
concrete with 10% recycled rubber by volume; RC-15 is rubber concrete with 15% recycled rubber by volume; SFRC-5 is steel fiber rubber
concrete with the volume content of rubber of 5%; SFRC-10 is steel fiber rubber concrete with the volume content of rubber of 10%; SFRC-15
is steel fiber rubber concrete with the volume content of rubber of 15%.

Figure 3: Pouring and vibrating of test block.

Figure 4: Slump test.

(a) (b)

Figure 5: Test device of prismatic and cube samples. (a) Prism axial
compression test; and (b) cube compression test.
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The slump of SFRC decreases more than that of RC.
The measured slump of SFRC-15 is only 46mm, which is
reduced by 9mm and 20% compared with that of RC-15.
Adding superplasticizer into RC and SFRC can obtain the
workability similar to that of NC. In addition, compared
with the mixture containing fine rubber particles with
particle size of 1.2 mm, the mixture containing coarse
rubber particles with particle size of 2.3 mm has better
workability.

3.2 Density

In order to accurately determine the density of various
concrete, the size of each sample is measured with a
digital vernier caliper and the volume is calculated. It is
found that adding rubber particles to concrete will reduce
the density of concrete. The reason is that the volume of
rubber particles used to replace fine aggregate is larger
than sand, but the density is smaller than sand. At the
same time, due to the nonpolarity of rubber particles, the
increase in rubber content will also lead to the adhesion
of air to the surface of rubber particles. The effect of
rubber particle substitution rate on the density of NC
and steel fiber reinforced concrete is shown in Figure 7.
Compared with NC, after adding 5, 10, and 15% rubber
particles in RC, the average density of concrete is reduced
by 1.3, 2.2, and 3.0% respectively. When adding rubber
particles to steel fiber reinforced concrete, the mixture
with the same replacement rate also has a similar change
trend. The average density of SFRC is 2,387 kg·m−3, which
depends on the substitution rate of rubber particles, but
has no obvious relationship with the particle size of
rubber particles.

3.3 Compressive strength

The cube compressive strength test results of 7, 14, and
28 days old samples of each mix proportion are shown in
Table 2. The results show that the strength of steel fiber
reinforced concrete at each age is the highest, followed
by NC, and the strength of both RC and SFRC is lower
than that of NC and steel fiber reinforced concrete. The
results of 28 days cube compressive strength of RC and
SFRC are shown in Figure 8, which shows that the con-
crete strength decreases with the increase in rubber par-
ticle content.

For three age concrete cube samples, when the con-
tent of rubber particles increases, the cube compressive
strength of RC and SFRC decreases. The cube strengths
of NC and steel fiber reinforced concrete are 46.3 MPa
and 48.6 MPa, respectively. Compared with the cube
compressive strength of NC at 28 days, the strength of
RC decreased by 12.7, 21.4, and 25.9% when the content
of rubber particles was 5, 10, and 15%, respectively.
Compared with the cube compressive strength of steel
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Figure 7: Effect of rubber particle content on concrete density.

Table 2: Density and compressive strength of cube samples

Test
piece no

Density
(kg·m−3)
28 days

Compressive strength (N·mm−2)

7 days 14 days 28 days

NC 2,403 30.9 37.3 46.3
SFC 2,354 34.7 38.8 48.6
RC-5 2,375 27.3 32.3 40.4
RC-10 2,347 23.7 28.3 36.4
RC-15 2,329 21.8 25.9 34.3
SFRC-5 2,413 28.9 33.7 42.9
SFRC-10 2,383 26.3 29.8 38.6
SFRC-15 2,372 24.2 27.3 36.7

y = –0.7596x + 45.184

R2 = 0.9372

y = –0.7201x + 47.888

R2 = 0.9397
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Figure 8: Cube compressive strength of concrete with different mix
proportions.
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fiber reinforced concrete at 28 days, when the rubber par-
ticle content is 5, 10, and 15%, the strength of SFRC
decreases by 11.7, 20.6, and 24.5%, respectively.

When the content of rubber particles increases from 0
to 15%, the 7–14 days compressive strength of RC cube
decreases by 29.5 and 30.6%, respectively, compared
with NC. The cube compressive strength of SFRC at
7–14 days decreased by 30.3 and 29.6%, respectively.

The static test shows that whether steel fiber is added
to NC or RC, the strength increases at each age stage, and
the strength decline of concrete mixed with steel fiber is
less than that of concrete without steel fiber.

Table 3 shows the axial compression test results of
prisms at the age of 28 days. The average compressive
strength of NC prism is 41.3 MPa. The average compres-
sive strength of steel fiber reinforced concrete prism is
43.2 MPa, which is 1.05 times higher than that of NC,
indicating that the improvement in end-hook steel fiber
on the compressive strength of concrete is not significant,
which may be due to the small volume content of steel
fiber. The effect of steel fiber is related to volume fraction
and aspect ratio. The increase in compressive strength of
SFRC offsets the decrease caused by the addition of
rubber particles [45–47]. Compared with steel fiber rein-
forced concrete, when the content of rubber particles is 5,
10, and 15%, the strength of SFRC decreases to 37.6, 35.2,
and 32.4 MPa, 13, 18.5, and 25%, respectively. For RC
without steel fiber, the reduction rates are 15.7, 19.4,
and 27.8%, respectively. The decreasing trend of com-
pressive strength of RC and SFRC is similar, and the
decreasing range is also close.

The main reason for the reduction in compressive
strength after adding rubber particles into concrete is
that the inter-facial transition zone becomes weaker, and
the bonding between rubber and cement matrix is sepa-
rated by voids, resulting in separation around cement
matrix and rubber particles [48–50]. In the RC mixed

with steel fiber, the function of rubber particles is the
same as that of RC. Although this effect can be ignored
when the amount of rubber particles is small, the effect of
adding rubber particles is similar whether the concrete
composite is reinforced with steel fiber or not.

3.4 Modulus of elasticity

In order to evaluate the ability of SFRC to resist elastic
deformation, it is necessary to study its elastic modulus.

Figure 9 shows the relationship between rubber con-
tent and elastic modulus of concrete. It is obvious that
adding rubber particles will reduce the elastic modulus of
NC and steel fiber reinforced concrete. The elastic mod-
ulus of NC is 33.1 GPa. When the content of rubber parti-
cles is 5, 10 and 15%, the elastic modulus of RC decreases
by 10, 13.9, and 19%, respectively. When the rubber con-
tent is 5, 10, and 15%, the elastic modulus of SFRC is 8.2,
14.5, and 18.2% lower than that of SFC, respectively. The

Table 3: Axial compression test results of prismatic specimens

Test
piece no

Modulus of elasticity
(103 N·mm−2)

Axial compressive
strength (N·mm−2)

Toughness
(10−2 N·mm−2)

Toughness index Specific
toughness (%)

NC 33.1 41.3 20.17 1.14 0.488
SFC 35.2 43.2 26.01 1.18 0.604
RC-5 29.8 34.8 21.88 1.13 0.627
RC-10 28.5 33.3 23.21 1.26 0.699
RC-15 26.8 29.8 23.44 1.33 0.786
SFRC-5 32.3 37.6 28.26 1.23 0.753
SFRC-10 30.1 35.2 29.85 1.25 0.854
SFRC-15 28.8 32.4 30.36 1.33 0.932
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elastic modulus of SFRC is higher than that of RC, but
lower than that of NC and SFC, indicating that steel fiber
can increase the elastic modulus of concrete, but rubber
particles reduce the elastic modulus of concrete more.

Comparing the test value of concrete elastic modulus
with the elastic modulus calculated by formula (1), it is
found that the elastic modulus calculated by formula (1)
is smaller than the test value, but the deviation is very
small. Therefore, it is acceptable to use the empirical
formula (1) to predict the elastic modulus of RC and
SFC [51–55].

= ′E W f0.043 ,c c
1.5

c (1)

where Ec is the elastic modulus of concrete, Wc is the
density of concrete, and ′fc is the axial compressive
strength of prism.

The NC elastic modulus calculated by formula (1) is
29.6 GPa, while the test value is 33.1 GPa. There is a differ-
ence between the theoretical calculation value and the test
measured value. The density of RC is 2,375–2,329 kg·m−3, the
axial compressive strength is 34.8–29.8MPa, and the calcu-
lated value of elastic modulus is between 29.3–26.2 GPa.
The elastic modulus of SFRC is also calculated by formula
(1). The average compressive strength is 37.6–32.4MPa,
the density is 2,413–2,372 kg·m−3, and the elastic modulus
is 31.5, 29.2, and 27.9 GPa, respectively. The comparison
between the theoretical calculated value and themeasured
value of concrete elastic modulus with different mix pro-
portions is shown in Figure 9. The results show that the
elastic modulus decreases with the increase in rubber par-
ticle content, and the decreasing trend of elastic modulus
of RC and SFRC is basically the same.

There is no significant difference between the calcu-
lated elastic modulus and the measured compressive
strength, as shown in Figure 10. It is feasible to calculate
the elastic modulus of RC or steel fiber reinforced con-
crete by formula (1), which reduces the test workload,
and the calculation results can also meet the needs of
engineering application [56].

3.5 Stress–strain curve

Figures 11 and 12 are stress–strain curves of axial com-
pression test of concrete prisms with different mix pro-
portions. The average value of 28 days axial compression
test of three samples is used for stress, and the strain
limit value is 2% [57]. For concrete samples mixed with
rubber particles, the strain corresponding to the peak
load increases with the increase in the rubber particle

content. In the falling section of the curve after the peak
load, the concrete strain also increases with the increase
in the rubber particle content.

The shape of the stress–strain curve has also changed
significantly. The stress value corresponding to the failure
of concrete increases with the increase in the rubber par-
ticles. The performance of RC sample is obviously different
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from that of NC, showing good ductility. Comparing the
stress–strain curve shapes of RC and NC, it is clear that the
increase in rubber particle content enhances the growth of
concrete plasticity. The failure state of RC is accompanied
by large deformation, and the curve shows a slow down-
ward trend. The strain value corresponding to the stress of
RC during failure increases significantly with the increase
in rubber particle content. Themaximum stress and failure
stress of RC stress–strain curve depend on the content of
rubber particles [58].

Compared with steel fiber reinforced concrete, the
peak stress of SFRC decreases significantly. The more
the rubber content, the greater the peak stress decline,
while the ultimate strain has little relationship with the
content of rubber particles. However, with the increase in
the rubber particle content, the stress–strain curve of
SFRC becomes more and more gentle after the peak
stress. The strain value corresponding to the peak stress
increases obviously with the increase in the rubber con-
tent, which also shows that adding rubber particles to
steel fiber reinforced concrete reduces the strength of
concrete, but the ductility of SFRC has been significantly
improved. Therefore, it can be concluded that the effect
of steel fiber increases the strength of concrete, while
rubber particles significantly improve the ductility of con-
crete, both of which have a positive impact on the com-
pression performance of concrete.

3.6 Compressive toughness

In structural members, whether beams, columns, or walls,
the main role of concrete is compression. Therefore, the
research on the compressive toughness of SFRC is more
targeted than the flexural toughness.

The compressive toughness of concrete can be obtained
by calculating the area under the stress–strain curve. The
ultimate strain of all kinds of concrete is taken as 2%. The
calculation results of compressive toughness of all kinds of
concrete with different rubber particle contents are shown
in Figure 13. Table 3 shows that the toughness of RC and
SFRC increases with the increase in rubber content. No
matter how much the content of rubber particles increases,
the toughness of SFRC is always higher than that of RC. Due
to the limitation of the number of test blocks, in the follow-
up research, we can try to study the toughness of RC with
large volume content (volume ratio more than 15%), and
compare the test results with the toughness of steel fiber
reinforced concrete. For SFRC (Figure 13), the toughness
value is the largest when the rubber content is 15%, but

the difference in toughness value is very small compared
with SFRC with rubber content of 10%.

Therefore, with the increase in rubber content, the com-
pressive toughness of steel fiber RC shows an increasing
trend. The toughness of concrete can be improved by
adding rubber to concrete, but the increase range is signifi-
cantly lower than that of adding steel fiber.

The toughness index is calculated by dividing the
area under the stress–strain curve by 80% of the peak
stress of the stress–strain curve or by the peak stress
corresponding to the ultimate strain [59], the calculation
results are shown in Table 3. In addition, Table 3 also
calculates the specific toughness of concrete, that is,
the ratio of concrete toughness to compressive strength.
Among the concrete with different mix proportions, SFRC
with 15% rubber particles has the highest toughness
index and specific toughness, while NC has the lowest
(Figure 14). Whether the concrete type is NC or SFC,
adding rubber particles to the mixture can improve the
toughness index and specific toughness.

10

15

20

25

30

35

40

0 5 10 15

C
o

m
p

re
ss

iv
e 

to
u

g
h

n
es

s/
1

0
-2

N
/m

m
2

Rubber par ticle content/%

RC

SFRC

Figure 13: Compressive toughness of different concrete mix
proportions.

1

1.1

1.2

1.3

1.4

1.5

0 5 10 15

T
o
u

g
h

n
es

s

Rubble par ticle content/%

RC

SFRC

Figure 14: Toughness index of different concrete mix proportions.

Compressive test and static toughness of NC, RC, SFC, and SFRC  583



The toughness index of RC-10 is higher than that of
SFRC-5 and SFRC-10, indicating that the toughness and
energy dissipation performance of concrete mixed with
rubber particles are more effective than that of steel fiber
under compressive load. If the coarse and fine rubber
particles are mixed, the toughness index of concrete
can be increased by more than 6 times, and the maximum
replacement rate of rubber instead of aggregate can reach
25% [60].

In any case, adding rubber particles to concrete will
improve the toughness index of concrete. The increasing
trend of specific toughness is the same as that of tough-
ness index, as shown in Figure 15. As for the changes in
toughness index and specific toughness of concrete with
rubber particle replacement rate exceeding 15%, further
research is needed.

4 Conclusion

By studying the compressive strength, elastic modulus
and compressive toughness of eight groups of concrete
with different mix proportions, the following conclusions
are obtained.
(1) Using recycled rubber particles produced by waste

tires to replace some fine aggregates of concrete will
reduce the compressive strength of recycled rubber NC
and SFRC. The elastic modulus of concrete shows the
same downward trend as the compressive strength.

(2) The properties of NC after adding recycled rubber
change from brittleness to toughness. With the
increase in recycled rubber content, the strain value
increases obviously, which indicates that it can with-
stand greater deformation in the stage after the peak of
stress–strain curve.

(3) The addition of recycled rubber particles has a great
influence on the toughness of concrete. The increase
in recycled rubber particle content increases the area
under the stress–strain curve and enhances the energy
dissipation capacity of concrete. Due to the existence
of steel fiber and the addition of recycled rubber par-
ticles, the combination of recycled rubber particles
and steel fiber significantly improves the toughness
of concrete.

(4) The toughness index of SFRC increases with the
increase in the amount of rubber particles. Therefore,
SFRC has good energy dissipation performance in engi-
neering structures that need energy absorption.
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