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Steel fiber ultrahigh performance concrete (UHPC) and rubber ultrahigh performance concrete (UHPC) adopt the methods of
“rigidity overcomes rigidity” and “softness overcomes rigidity,” respectively, to resist the abrasion and cavitation erosion caused
by water flow carrying large solid particles. )e above two have been applied in engineering successfully, but there are differences
in material properties, mechanical properties, and microstructures. In this study, we will analyze the difference of abrasion
resistance performance of the above two kinds of UHPC, in terms of, for example, compressive strength, abrasion resistance
strength, abrasion rate, and microstructure in different ages, so as to provide a new material and method. )e results indicate that
the steel fiber UHPC compressive strength is higher than that of rubber UHPC (containing 1% steel fiber), and the abrasion
resistance performance of steel fiber UHPC is lower than that of rubber UHPC (containing 1% steel fiber) when the rubber content
is 10% and 12.5%. With the increase of steel fiber content, the compressive strength of steel fiber UHPC is not significantly
improved, and the influence of water-binder ratio (W/B) on UHPC is higher than that of steel fiber content. With the increase of
rubber content, the rubber UHPC compressive strength decreases, abrasion resistance strength decreases, and abrasion rate
increases.)e cement paste-aggregate interface transition zone (ITZ) of steel fiber UHPC and rubber UHPC has few internal voids
and high compactness; however, the ITZ of steel fiber UHPC is denser than that of rubber UHPC.

1. Introduction

As we all know, the common abrasion occurs in hydraulic
structures (such as spillway, overflow dam, and spillway
tunnel), pavement (such as cement concrete pavement and
airport runway), workshop floor, and pier to which friction
forces are applied due to relative motion between the sur-
faces and moving objects [1–3]. Specifically, the abrasion of
hydraulic concrete is mainly caused by the following: (1))e
small particles of suspended matter move at high speed
along with the flow. When passing through the flow surface
of hydraulic structures, the surface is cut, worn, and collided.
With the increase of abrasion and peel failure, the overflow
surface will have uneven abrasion pits, which will further
intensify the impact and abrasion failure of the suspended
particles on the hydraulic concrete. (2) )e bed load with
large particles will pass through the overflow surface by

sliding, jumping, and rolling under the action of high-speed
water flow, which will result in sliding friction and impact
collision of the contact surface. In the impact areas, a large
local stress effect will occur; when the stress effect exceeds
the design strength of concrete, local failure will occur [4–6].
Based on the above analysis, it is generally believed that the
bed load with large particles is more serious damage than
that of the suspended load. )erefore, for the arid desert
ecological environment in Xinjiang, China, a unique pre-
cipitation and runoff law has been formed. Inland river is the
main river, the river in mountainous area has a large slope,
and the flow contains large particles of bed load. )e heavy
silt and rolling stones brought by the flood season in Xin-
jiang also caused the more serious abrasion and cavitation
erosion of the hydraulic structures [6–8].

)erefore, it is necessary to improve the abrasion re-
sistance performance of concrete to reduce the damage of
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poor abrasion resistance caused by raw materials. Most
scholars believe that the strength of concrete is positively
related to abrasion resistance [9]. Siddique and Khatib
studied the abrasion resistance of fly ash concrete and
pointed out that the abrasion resistance of concrete had a
strong correlation with the mechanical properties, and the
increase of strength and elastic modulus would improve the
abrasion resistance [10]. Li et al. studied the abrasion re-
sistance of concrete by doping with nanoparticles, which
showed that the abrasion resistance of concrete increased
with the increase of compressive strength [11]. Furthermore,
it is an effective way to improve the strength of abrasion
resistant materials, which can be generally achieved by (1)
coating and assembling the outer protective materials; (2)
inorganic concrete (fiber reinforced concrete, silica fume
concrete, fly ash concrete, ultrahigh abrasion resistance
concrete, etc.) [12–16]; (3) organic concrete (resin mortar
concrete, rubber concrete, modified concrete, etc.) [17, 18].
Among them, steel fiber reinforced concrete (SFRC) and
rubber concrete are the most representative.

It is of great significance to study the SFRC. Steel fiber
can form a uniform random support system in the con-
crete, which provides a hoop effect for the concrete and
restricts the development of transverse deformation and
micro cracks of the concrete. Horszczaruk et al. showed
that when the ratio of length to diameter of steel fiber was
more than 50, the abrasion resistant performance of SFRC
was better, and the abrasion degree of SFRC surface
depends on the distribution of steel fibers on the concrete
and the angle of impact abrasion [19]. Cheng et al. found
that the compressive strength of concrete increased sig-
nificantly when only steel fiber was added, but the in-
fluence of abrasion resistance was not significant. When
silicon powder was added, with the increase of steel fiber
and the decrease of water-binder ratio, the compressive
strength and abrasion resistance performance were im-
proved; when composite materials were doped with SFRC,
the abrasion resistance of cement-based composite in-
creased [20]. Momber studied the abrasion resistant
performance of SFRC and found that steel fiber could
significantly improve the cavitation resistance of concrete,
while steel fiber did not always improve the abrasion
resistance of concrete. When the flow rate was lower than
10m/s, the abrasion resistant performance of concrete
was lower than that of ordinary concrete [21]. More than
one study showed that the SFRC improves the com-
pressive strength and abrasion resistance performance but
often occurs in the mixing fiber in concrete uniform
distribution and twisting clusters extremely easily. In
turn, it reduces the workability of concrete and causes the
poor uniformity of concrete.

Rubber concrete is composed of rubber particles or
rubber powder, which is mixed into concrete according to
certain principles. Compared with ordinary concrete, rubber
concrete has the advantages of high abrasion resistance
strength and high toughness; it has been applied in hydraulic
structures, pavement, and bridge covers [22]. Ozbay et al.
tested the compressive strength, abrasion resistance, and
energy absorption capacity of concrete with different

mixtures. )e results showed that the addition of rubber
particles reduced the compressive strength of concrete and
higher rubber aggregate content would reduce the mass loss
and abrasion depth, improving the energy absorption ca-
pacity of concrete [23]. )omas et al. studied the abrasion
resistance of rubber concrete and found that rubber had a
linear positive effect on the abrasion resistance performance
[24]. Li et al. used crumb rubber in waste tire to replace part
of fine aggregate and studied abrasion resistance and impact
resistance performance. )e results showed that the com-
pressive strength of rubber concrete was slightly lower than
that of traditional concrete, but the abrasion resistance of
crumb rubber concrete (CRC) was the opposite [25]. Rubber
particles filled the void of concrete to make the self-com-
pacting degree of concrete higher; they also improved the
abrasion resistance performance and impact resistance of
concrete. However, rubber is an elastic material which re-
duces the compressive and tensile strength of concrete, so
improving the compressive strength and maintaining its
abrasion resistance performance are the focus of investi-
gation [26].

)e above investigation into the resisting erosion and
abrasion of SFRC and rubber concrete adopts the fol-
lowing methods, respectively: (1) “rigidity overcomes
rigidity” for adopting high-strength concrete, aiming at
erosion and abrasion damage of bed load with large
particles in high water head reservoir area; (2) “softness
overcomes rigidity” for adopting flexible materials to
resist erosion and abrasion damage, which is applicable to
hydraulic structures with low water head. From the above
analysis, we can see that the two kinds of concrete have
their own advantages. )e abrasion resistance perfor-
mance of rubber concrete is higher than that of SFRC, but
the compressive strength is the opposite. )e compressive
strength of SFRC is higher, but the abrasion resistance
performance is lower than that of rubber concrete. Based
on this, this paper will combine the advantages of SFRC
and rubber concrete, adopting low water-binder ratio and
adding silicon powder, slag, and other admixtures, re-
spectively, to prepare steel fiber UHPC and rubber UHPC
(containing 1% steel fiber) and analyze their compressive
strength, abrasion resistance strength, abrasion rate, and
microstructure in different ages. Meanwhile, the reason is
analyzed for the difference between two kinds of UHPC in
abrasion resistance performance which provides a new
material and method to solve the abrasion resistance
failure of hydraulic concrete [27–29].

2. Materials and Methods

2.1. Materials. )e following materials are used.
Cement: density is 3.2 g · cm−3; specific surface area is

27.4m2 · kg−1; flexural strength and compressive strength are
8.6MPa and 61.1MPa in 28d, respectively.

Fly ash: density is 2.31 g · cm−3; specific surface area is
44427.4m2·kg−1; fineness is 28.6%.

Slag powder: density is 2.9 g · cm−3; specific surface area
is 460m2 · kg−1; fineness is 13.42%; the chemical composi-
tion is shown in Table 1.
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Silica powder: density is 2.27 g · cm−3; specific surface
area is 20000m2 · kg−1; the chemical composition is shown in
Table 1.

Aggregate: natural sand (NS), quartz sand (QS), and
synthetic sand (SS) are shown in Table 2.

Water reducing agent: polycarboxylic high performance
water reducing agent is used, and the water reducing rate is
more than 30%.

Rubber: density is 1119 kg/m3; 8 mesh (2–4mm), 16
mesh (1-2mm), 40 mesh (0.2–0.4mm), as shown in
Figures 1(a), 1(b), and 1(c).

Steel fiber: the wave type steel fiber is shown in
Figure 1(d) and the parameters are shown in Table 3.

2.2. Experimental Schemes. )e first scheme is the orthog-
onal experiment of three factors and three levels of steel fiber
UHPC, as shown in Table 4. 17% slag powder, 10% quartz
powder, and 8% silica powder are added to replace part of
the cement. In addition, (1) the water-binder ratio (W/B) is
taken as a factor, and the three factors are proposed to
account for 0.18%, 0.2%, and 0.22%, respectively; (2) the
amount of steel fiber is taken as a factor, and the three factors
are proposed to account for 0.5%, 1%, and 1.5%, respectively;
(3) natural sand (NS), synthetic sand (SS), and quartz sand
(QS) aggregate are considered as a factor.

)e second scheme is rubber UHPC three-factor three-
level orthogonal experiments, as shown in Table 5. )e
water-binder ratio (W/B) is 0.2, and 1% steel fiber, 5% fly
ash, and 15% silica powder are added to replace part of
cement. (1) Taking the rubber content as a factor, the
proportion of the three factors is 10%, 12.5%, and 15%,
respectively; (2) taking the particle size of rubber as a factor,
the proportion of rubber particle size is 40 mesh, 16 mesh,
and 8 mesh, respectively; (3) 45%, 44%, and 43% quartz sand
are considered as a factor.

2.3. Experimental Methods. According to the standard of
reactive powder concrete (GB/T 31387–2015) and the test
code for hydraulic concrete (DL/T 5150–2001) [30, 31], the
cube compression test was carried out with age of 3 d, 7 d,
and 28 d. )e size of compression test piece was a cube of
100mm× 100mm× 100mm.

To evaluate the abrasion resistance performance of
UHPC according to ASTM C1138 underwater method and
the test code for hydraulic concrete (SL352-2006) under-
water steel ball method [32, 33], a φ300mm× 100mm cy-
lindrical concrete specimen was prepared before the
abrasion resistance test, and the abrasion resistance speci-
mens were placed in water for more than 48 h. )e test
apparatus of underwater steel ball method is presented in
Figure 2. )e motor speed of the abrasion resistance test

machine is set to 1200 r/min, and the impact abrasion time is
set to 72 h. As the abrasion of the UHPC specimen is not very
obvious during the 72 h period, the abrasion time of the
specimen is extended to 168 h without changing any other
instruments. After the test piece is fully saturated with water
absorption, surface moisture is wiped off, and the mass is
recorded as M1. After weighing, the concrete specimen is
loaded into the test instrument for abrasion resistance test.
After the test, the specimen is taken out and cleaned and the
surface moisture is wiped, which records themass asM2.)e
abrasion resistance strength and abrasion rate are taken as
the indexes to evaluate the abrasion resistance performance
of concrete. )e abrasion resistance strength is calculated as
follows:

Rn �
TA

M1 − M2
, (1)

where Rn is abrasion resistance strength of concrete speci-
men, time required for abrasion mass per unit area, h/(kg/
m2); T is cumulative time of abrasion resistance test, h; A is
area of concrete specimen under abrasion, m2; and M1, M2
are mass of test piece before and after, respectively, kg.

)e abrasion rate of concrete specimen is calculated as
follows:

L �
ΔM
M2

× 100%, (2)

where L is abrasion rate of concrete specimen, %, and ΔM is
mass difference of specimen loss before and after the test, kg.

3. Experimental Results and Analysis

)e UHPC was prepared according to the orthogonal test
scheme designed above, and the test pieces have the sizes of
100mm× 100mm× 100mm for compression specimen and
φ300mm× 100mm for abrasion resistance specimen. )e
curing was carried out in the standard curing room, and the
compressive strength of the specimens with ages of 3 d, 7 d,
and 28 d was measured. )e abrasion resistance test was
conducted on the UHPC specimens cured to 28 d.

3.1. Compressive Test Results and Analysis. )e compressive
strength test results of different ages of steel fiber UHPC and
rubber UHPC are shown in Tables 6 and 7 and Figure 3.

According to Table 6, it is not difficult to find that under
certain water-binder ratio (W/B) and aggregate, the UHPC
compressive strength increases with the increase of steel
fiber content, but it is not obvious. )e main reason is that
there are few defects in the inner structure of UHPC, and the
addition of steel fiber increases the weak layer of interface,
which has no obvious effect on the improvement of cube
compressive bearing capacity; while there are many internal

Table 1: Chemical composition of slag powder and silica powder.

Name SiO2 Fe2O3 Al2O3 R2O CaO Na2O K2O MgO SO3 C5l−
Silica powder 91.77 0.92 0.56 1.14 0.58 0.46 0.17 1.47 0.97 0.200
Slag powder 35.11 0.72 10.14 0.24 42.58 0.35 0.76 7.57 — —
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defects in ordinary low-strength concrete, the hoop effect is
obviously stronger than the defect after the addition of steel
fiber, and the compressive strength is obviously improved. It
can also be seen from Table 6 that the development rule of

compressive strength in 3 d, 7 d, and 28 d is as follows: the
curing age plays a crucial role in the growth of concrete
strength; the longer the curing age is, the higher the com-
pressive strength will be. Meanwhile, when a certain amount

Table 2: Physical index of sand.

Type of
aggregate

Loose bulk density
(kg/m3)

Loose bulk porosity
(%)

Saturated surface dry density
(kg/m3)

Saturated dry water
absorption (%)

Mud content
(%)

Natural sand 1731.84 35.2 2674.50 1.18 0.05
Quartz sand 1733.99 38.32 2649.91 0.89 0.04
Synthetic sand 1834.05 37.33 2830.14 1.56 0.07

(a) (b) (c) (d)

Figure 1: Rubber particles and steel fibers: (a) 8 mesh (2–4mm); (b) 16 mesh (1-2mm); (c) 40 mesh (0.2–0.4mm); (d) wave type steel fiber.

Table 3: Parameters of steel fiber.

Steel fiber Tensile strength (MPa) Length (mm) Diameter (mm) Length-diameter ratio Density (g/cm3) Number per gram
Wave type 1200 30 0.5 50 7.85 14

Table 4: Steel fiber UHPC mix proportion (kg/m3).

Group number W/B Steel fiber (%) Type of aggregate Slag powder (%) Quartz powder (%) Water reducing agent
A1 0.18 0.5 NS 17 8 7.5
A2 0.18 1.0 QS 17 8 9
A3 0.18 1.5 SS 17 8 8.5
A4 0.20 0.5 QS 17 8 9
A5 0.20 1.0 SS 17 8 11
A6 0.20 1.5 NS 17 8 10.5
A7 0.22 0.5 SS 17 8 10.5
A8 0.22 1.0 NS 17 8 11.5
A9 0.22 1.5 QS 17 8 13

Table 5: Rubber UHPC mix proportion (kg/m3).

Group number Rubber
content (%)

Rubber
particle size (mesh) Sand (%) W/B Silica

powder (%) Fly ash (%) Steel fiber (%) Water reducing agent

B1 10 40 45 0.2 15 5 1 10.0
B2 10 16 45 0.2 15 5 1 11.0
B3 10 8 45 0.2 15 5 1 12.5
B4 12.5 40 44 0.2 15 5 1 11.5
B5 12.5 16 44 0.2 15 5 1 12.0
B6 12.5 8 44 0.2 15 5 1 11.0
B7 15 40 43 0.2 15 5 1 13.0
B8 15 16 43 0.2 15 5 1 12.0
B9 15 8 43 0.2 15 5 1 12.0
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of steel fiber and aggregate are added, the lower the water-
binder ratio (W/B) is, the higher the compressive strength is;
the influence of aggregate type on it is not obvious, and such
factors as steel fiber and water-binder ratio (W/B) can be
given priority in the preparation of UHPC.

By analyzing Tables 6 and 7 combined with Figure 2, in
the case of 1% steel fiber and 0.2 water-binder ratio (W/B),
the compressive strength of rubber UHPC at 3 d, 7 d, and 28
d with different proportions and different rubber particle

sizes decreased, indicating that the compressive strength of
steel fiber UHPC is better than that of rubber UHPC
(containing 1% steel fiber). With the increase of rubber
content, the compressive strength decreases, and the pro-
portion of decrease is different when the same content and
different particle size rubbers are added. Among them, the 3
d compressive strength decreases the most, and the 28 d
compressive strength of rubber UHPC gradually decreases
with the increase of rubber content. )e content of rubber

Controller

Electric
machinery

Paddle

Steel tank

Specimen
seating block

Concrete
specimen

Steel ball

(a) (b)

Figure 2: Test apparatus of underwater steel ball method: (a) test apparatus; (b) steel balls.

Table 6: Compressive strength test results of steel fiber UHPC orthogonal test (MPa).

Group number W/B Steel
fiber (%) Type of aggregate Slag powder (%) Quartz

powder (%)
Silica

powder (%)
Water

reducing agent

Compressive
strength (MPa)
3 d 7 d 28 d

A1 0.18 0.5 NS 17 10 8 7.5 90.3 111.6 129.4
A2 0.18 1.0 QS 17 10 8 9 90.1 110.8 137.1
A3 0.18 1.5 SS 17 10 8 8.5 89.9 115.5 134.2
A4 0.20 0.5 QS 17 10 8 9 76.8 105.4 121.5
A5 0.20 1.0 SS 17 10 8 11 85.6 104.9 125.0
A6 0.20 1.5 NS 17 10 8 10.5 87.6 108.8 127.6
A7 0.22 0.5 SS 17 10 8 10.5 70.3 97.7 120.8
A8 0.22 1.0 NS 17 10 8 11.5 69.3 98.5 123.2
A9 0.22 1.5 QS 17 10 8 13 77.1 103.0 119.6

Table 7: Compressive strength test results of rubber UHPC orthogonal test (MPa).

Group number Rubber
content (%)

Rubber
particle size (mesh) Sand (%) W/B Silica

powder (%)
Fly

ash (%)
Steel

fiber (%)
Water

reducing agent

Compressive
strength (MPa)
3 d 7 d 28 d

B1 10 40 43 0.2 15 5 1 10.0 55.7 78.9 106.6
B2 10 16 44 0.2 15 5 1 11.0 58.6 75.2 98.6
B3 10 8 45 0.2 15 5 1 12.5 65.4 84.3 114.1
B4 12.5 40 43 0.2 15 5 1 11.5 50.1 69.2 97.5
B5 12.5 16 44 0.2 15 5 1 12.0 51.3 71.3 84.6
B6 12.5 8 45 0.2 15 5 1 11.0 55.9 79.5 102.7
B7 15 40 43 0.2 15 5 1 13.0 45.2 67.7 85.8
B8 15 16 44 0.2 15 5 1 12.0 49.8 64.3 75.8
B9 15 8 45 0.2 15 5 1 12.0 53.6 73.5 94.4
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particles has a great influence on the compressive strength of
rubber UHPC; when the rubber content of rubber UHPC
increases from 10% to 12.5%, the compressive strength
decreases from 24.9% to 38.1%; when the rubber content of
rubber UHPC increased from 12.5% to 15%, the com-
pressive strength decreased from 30.9% to 44.5%. )is is
because (1) the cementation force of rubber as organic
material and concrete is weaker than that of sand and
concrete; in addition, the compressive strength of rubber
itself is not high, and the compressive capacity is not as good
as that of steel fiber and fine aggregate, which could cut off
the transmission path in the process of stress transmission;
(2) when the rubber content increases, the micropores in
concrete are filled, but the numbers of concrete mesopores
and macropores are also increased, which is one of the main
reasons for the low compressive strength of rubber UHPC. It
can also be seen from Table 7 that rubber particle size has a
significant influence on rubber UHPC compressive strength,
of which 16 mesh rubber is the largest, 40 mesh rubber is the
second, and 8 mesh rubber is the smallest; according to the
influence degree of rubber on rubber UHPC compressive
strength of concrete, rubber content> rubber particle size.

3.2. Abrasion Resistance Test Results and Analysis. )e
abrasion resistance strength test results of steel fiber UHPC
and rubber UHPC after 168 h impact abrasion are shown in
Tables 8 and 9 and Figures 4 and 5.

It can be seen from Table 8 that after 168 h abrasion
resistance test, with the increase of steel fiber content
proportion, the abrasion resistance strength generally
shows a downward trend, and the abrasion rate generally
shows an increasing trend under the condition of a certain
water-binder ratio (W/B). )is is because the steel fiber
belongs to inorganic material; with the increase of the
content of steel fiber, the average of steel fiber in the
matrix increases gradually, which will cause the phe-
nomenon of crossing, winding, and overlapping between

the fibers, and then reduces the bond between the ag-
gregate, flocculent paste, and fiber, which will further
reduce the abrasion resistance strength and increase the
abrasion rate. Meanwhile, with the increase of water-
binder ratio (W/B), the abrasion resistance strength de-
creases and the abrasion rate increases under the con-
dition of certain steel fiber content and the same kind of
aggregate. )e reason is that the strength of UHPC steel
fiber decreases due to high water-binder ratio (W/B).
After the strength is reduced, the surface is easy to destroy
by impact abrasion and the steel fiber will be exposed.
After long-term washing and grinding, the steel fiber falls
off from the concrete surface, resulting in a greater mass
loss in the steel fiber UHPC. )rough the comparison of
variance, range analysis, and compressive strength of steel
fiber UHPC, we found that the influence of aggregate type
on the offset abrasion strength is small.

It can be seen from Tables 8 and 9 and the data in
Figure 3 that when 1% steel fiber and 0.2 water-binder
ratio (W/B) are added quantitatively, and 10% and 12.5%
rubber particles are added, the abrasion resistance
strength of rubber UHPC is significantly higher than that
of steel fiber UHPC. After adding 15% rubber particles,
the abrasion resistance strength of rubber UHPC is
generally lower than that of steel fiber UHPC; however,
with the increase of rubber particle size, the abrasion
resistance strength of rubber UHPC is higher than that of
steel fiber UHPC. )is is because the toughness of rubber
particles is larger than that of steel fiber, sand, and stone,
and the impact abrasion energy has a strong absorption
effect, which postpones the destruction of concrete to a
certain extent. With the development of the degree of
abrasion, after the cement stone around the rubber par-
ticles is washed off and the rubber particles fall off, the new
rubber particles will be exposed to protect the cement
stone again. In this reciprocating way, the abrasion re-
sistance performance of rubber UHPC is significantly
improved.

According to Table 9 and Figure 3, the abrasion re-
sistance performance of rubber UHPC is improved after
1% steel fiber is added quantitatively. When the rubber
particle size is the same, the content of rubber increases
from 10% to 15%, and the abrasion resistance perfor-
mance of rubber UHPC significantly decreases. When the
rubber content is the same and the rubber particle size
increases from 40 mesh (the length is 0.2–0.4 mm) to
8 mesh (the length is 2–4mm), the abrasion resistance
strength increases and the abrasion rate decreases. )is is
because (1) the higher the proportion of rubber in UHPC
is, the stronger the absorption of abrasion energy is;
however, at the same time, the lower the strength of
rubber UHPC, the smaller the cementation and consol-
idation effect of cement stone and rubber particles, and
the rubber particles will be easily washed and ground off,
which will reduce the protective effect on cement stone;
(2) when the rubber particle size is small, the rubber
particles are easy to wash away so that they lose their
protection effect on cement stone, reducing the abrasion
resistance performance.
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Figure 3: Compressive strength of steel fiber UHPC and rubber
UHPC.
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4. Microstructure Analysis

In order to better study the inner structure of steel fiber
UHPC and rubber UHPC and themorphology of the cement
paste-aggregate interface transition zone (ITZ), this exper-
iment was also analyzed by means of scanning electron
microscope (SEM). Two groups of steel fiber UHPC test

specimens are selected from the orthogonal test, namely, A4
test piece (the steel fiber content is 0.5%, the water-binder
ratio (W/B) is 0.2, and the aggregate type is QS) and A6 test
piece (the steel fiber content is 1.5%, the water-binder ratio
(W/B) is 0.2, and the aggregate type is TR); two groups of
rubber UHPC test specimens are selected, namely, B1 test
piece (the rubber content is 10%, the rubber particle size is
40 mesh, and the steel fiber content is 1%) and B3 test piece
(the rubber content is 10%, the rubber particle size is 8 mesh,
and the steel fiber content is 1%).

As can be seen from Figure 6 of the SEM, the cement
paste-aggregate ITZ between steel fiber UHPC and rubber
UHPC (containing 1% steel fiber) has fewer internal voids
and high degree of compaction. However, the bond be-
tween rubber as an organic material and cementitious
material is weaker than that of steel fiber, resulting in the
cement paste-aggregate ITZ of steel fiber UHPC being
denser than that of rubber UHPC. With the increase of
curing age, slag powder, silica powder, and other ultrafine
mineral admixtures can be used for secondary hydration,
which can effectively fill the cracks and voids in the in-
terface structure, effectively solve the interface structure
defects, and make the ITZ still dense after adding steel
fiber and rubber. )erefore, in order to realize the sec-
ondary hydration of concrete, the maintenance work is
very important for all aspects of performance. It can be
seen from Figures 3(b) and 3(c) that the ITZ of 40 mesh
rubber particles is denser, because, with a smaller particle
size, some of pores in the cement stone are filled, and the

Table 8: Test results of 168 h abrasion resistance strength of steel fiber UHPC h/(kg/m2).

Group
number

W/
B

Steel
fiber
(%)

Type of
aggregate

Slag
powder
(%)

Quartz
powder (%)

Silica
powder (%)

Water reducing
agent

28 d abrasion
resistance strength

h/(kg/m2)

28 d abrasion
rate (%)

A1 0.18 0.5 TR 17 10 8 7.5 55.81 1.07
A2 0.18 1.0 QS 17 10 8 9 50.71 1.19
A3 0.18 1.5 SS 17 10 8 8.5 52.00 1.00
A4 0.20 0.5 QS 17 10 8 9 48.72 1.20
A5 0.20 1.0 SS 17 10 8 11 44.33 1.39
A6 0.20 1.5 TR 17 10 8 10.5 43.95 1.40
A7 0.22 0.5 SS 17 10 8 10.5 44.44 1.37
A8 0.22 1.0 TR 17 10 8 11.5 43.98 1.38
A9 0.22 1.5 QS 17 10 8 13 40.80 1.44

Table 9: Test results of 168 h abrasion resistance strength of rubber UHPC h/(kg/m2).

Group
number

Rubber
content
(%)

Rubber
particle
size

(mesh)

Sand
(%)

W/
B

Silica
powder
(%)

Fly ash
(%)

Steel fiber
(%)

Water reducing
agent

28 d abrasion
resistance strength

h/(kg/m2)

28 d
abrasion rate

(%)

B1 10 40 43 0.2 15 5 1 10.0 60.3 1.44
B2 10 16 44 0.2 15 5 1 11.0 71.5 1.02
B3 10 8 45 0.2 15 5 1 12.5 75.6 0.96
B4 12.5 40 43 0.2 15 5 1 11.5 49.3 1.99
B5 12.5 16 44 0.2 15 5 1 12.0 52.1 1.43
B6 12.5 8 45 0.2 15 5 1 11.0 56.0 1.32
B7 15 40 43 0.2 15 5 1 13.0 32.9 2.72
B8 15 16 44 0.2 15 5 1 12.0 37.1 2.02%
B9 15 8 45 0.2 15 5 1 12.0 43.5 1.63%
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Figure 4: 168 h abrasion resistance strength of rubber UHPC and
steel fiber UHPC.
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interface structure of cement stone and aggregate is
further improved, but this does not mean that the smaller
the particle size is, the higher the strength will be.

5. Conclusions

(1) )e compressive strength of steel fiber UHPC is
higher than that of rubber UHPC (containing 1%
steel fiber). When the rubber content is 10% and
12.5%, the abrasion resistance performance of steel
fiber UHPC is significantly lower than that of

rubber UHPC (containing 1% steel fiber); when the
rubber content is 15%, the abrasion resistance
performance of rubber UHPC (containing 1% steel
fiber) is generally lower than that of steel fiber
UHPC, but with the increase of rubber particle size,
the abrasion resistance performance of rubber
UHPC (containing 1% steel fiber) is higher than
that of steel fiber UHPC.

(2) With the increase of steel fiber content, the increase
of UHPC compressive strength is not very obvious.
Meanwhile, the abrasion resistance strength

(a) (b)

Figure 5: Steel fiber UHPC and rubber UHPC specimens after long impact abrasion for 168 h: (a) steel fiber UHPC with 1.5% steel fiber; (b)
rubber UHPC with 8 mesh rubber.

(a) (b)

(c) (d)

Figure 6:)e cement paste-aggregate interface transition zone (ITZ) of steel fiber UHPC and rubber UHPC: (a) steel fiber UHPCwith 0.5%
steel fiber; (b) steel fiber UHPC with 1.5% steel fiber; (c) rubber UHPC with 40 mesh (the length is 0.2–0.4mm) rubber; (d) rubber UHPC
with 8 mesh (the length is 2–4mm) rubber.
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generally decreases, while the abrasion rate generally
increases. )e influence of water-binder ratio (W/B)
on UHPC is higher than that of steel fiber content.

(3) With the increase of rubber content, the rubber
UHPC (containing 1% steel fiber) compressive
strength decreases, abrasion resistance strength de-
creases, and abrasion rate increases; meanwhile, the
proportion of influence different particle sizes on the
same content decrease is different. With the increase
of the rubber particle size, the abrasion resistance
strength increases and the abrasion rate decreases.
)e order of influence of rubber particle size on
UHPC compressive strength is 16 mesh >40mesh >8
mesh; the influence factors of rubber UHPC are as
follows: rubber content> rubber particle size.

(4) )e cement paste-aggregate interface transition zone
(ITZ) between steel fiber UHPC and rubber UHPC
(containing 1% steel fiber) has less space and high
density; however, the ITZ of steel fiber UHPC is
denser than that of rubber UHPC. )e compactness
of rubber UHPC cement paste-aggregate ITZ mixed
with 8 mesh rubber is higher than 40 mesh, but this
does not mean that the smaller the particle size is, the
higher the strength will be.
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