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Polypropylene fibre (PPF) is a kind of polymer material with light weight, high strength, and corrosion resistance. ,e crack
resistance of concrete can be improved by adding PPFs. PPF can optimize the pore size distribution of concrete. As a result, the
durability of concrete is significantly enhanced since PPF can block the penetration of water or harmful ions in concrete. ,is
paper summarizes the influence of polypropylene fibre on the durability of concrete, including drying shrinkage, creep, water
absorption, permeability resistance, chloride ion penetration resistance, sulfate corrosion resistance, freeze-thaw cycle resistance,
carbonation resistance, and fire resistance. ,e authors analysed the effects of fibre content, fibre diameter, and fibre hybrid ratio
on these durability indexes. ,e durability property of concrete can be further improved by combining PPFs and steel fibres. ,e
drawbacks of PPF in application in concrete are the imperfect dispersion in concrete and weak bonding with cement matrix. ,e
methods to overcome these drawbacks are to use fibre modified with nanoactive powder or chemical treatment. At last, the
authors give the future research prospects of concrete made with PPFs.

1. Introduction

Polypropylene fibre (PPF) is a kind of linear polymer
synthetic fibre obtained from propylene polymerization. It
has some advantages such as light weight, high strength, high
toughness, and corrosion resistance. ,e PPF is widely used
in chemical industry, energy, clothing, environmental
protection, and construction [1–6]. In the construction
industry, concrete has the disadvantages of low tensile
strength, weak deformation resistance, and poor crack re-
sistance. ,e microcracks are easily produced from the
outside to the inside, which increase the permeability of the
concrete. Water or other harmful ions easily enter the in-
terior of the concrete and accelerate the deterioration of the
concrete [7]. When PPF is added in concrete, the three-
dimensional random distribution network structure can be
formed in concrete, which effectively inhibit the microcrack
generation and development [8–11]. As a result, the PPF can
prevent water and other harmful ions entering into concrete.
,e durability of concrete can be improved by adding PPF

[4, 12–14]. Due to the excellent properties, PPF can be used
in architectural engineering, pavement engineering, and
hydraulic engineering [7, 15–17]. In architectural engi-
neering, the foundation construction of high-rise building
needs to be poured mass concrete at one time. ,e mass
concrete is easy to produce thermal cracks at the early age
[18, 19]. ,e PPF can effectively reduce the temperature
cracks of the concrete [20]. Moreover, the resist-perme-
ability of the concrete can be enhanced by adding PPFs due
to less through cracks in the concrete [12, 21]. In pavement
engineering, pavement often bears the impact load of ve-
hicles, which requires good toughness and crack resistance,
especially the pavement with large traffic volume or heavy
loading traffic [22, 23]. ,e PPF-reinforced concrete has
better toughness than the plain concrete [24, 25]. When PPF
is used in concrete, the toughness of pavement can be
significantly strengthened [7]. Meanwhile, less creaks are
emerged under impact load of vehicles, indicating that the
durability of pavement is enhanced by using PPFs in con-
crete [26, 27]. Hydraulic engineering, such as the bridge,
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culvert, dock, and dam, is usually in contact with water. ,is
requires the concrete to have good resist-permeability for
flowing water and harmful ions. ,e PPF can effectively
increase the resist-permeability of concrete and block the
water and harmful ions invade in concrete through the
creaks, suggesting that the performance of concrete can be
enhanced by using PPFs [14, 28, 29]. Numerous researchers
have done a lot of work on the influence of polypropylene
fibre on the durability of concrete and gotten a series of
important achievements. For example, Rashid [14] inves-
tigated the effect of PPF on durability properties, including
water absorption, sorptivity, and chloride penetration. ,e
results showed that the PPFs in concrete have positive effect
on the durability of concrete in terms of sorptivity and water
absorption. However, the addition of PPFs did not obviously
affect the chloride penetration. Wang et al. [13] studied the
durability indexes (drying shrinkage, alkali-silica reaction
expansion, and frost resistance) of rubber concrete made
with macrosynthetic PPFs. ,ey concluded that the PPF-
reinforced rubber concrete has better durability than the
plain concrete. Previous research showed that the incor-
poration of PPF with other fibre can further improve the
mechanical strength and durability of concrete [9, 10, 30].
Liu et al. [31] attempt to study the mechanical strength of
self-compacting lightweight concrete made with the steel
fibres and PPFs. ,e results showed that the compressive
strength, splitting tensile, and flexural strength were sig-
nificantly increased by adding steel fibres and PPFs.
Smarzewski et al. [25] used the PPF and steel fibre in ultra-
high-performance concrete to probe the influence of those
two kinds of fibre on the sulfate surface wettability, freeze-
thaw cycle resistance and corrosion resistance. ,ey found
that the durability of concrete can be enhanced by adding
hybrid fibres. Ranjith et al. [32] investigated the durability of
engineered cementitious composites reinforced by PPFs and
glass fibres.,e durability indexes, such as water absorption,
chloride penetration, sulfate attack resistance, and acid at-
tack resistance, were enhanced by using PPFs and glass fibres
together. In addition, the drying shrinkage, creep, and fire
resistance are closely related to durability of PPF-reinforced
concrete.,e durability is related to the ability of concrete to
resist the action of environmental media and reflects the
service performance of concrete. It can be seen from the
previous research that the research on durability of PPF-
reinforced concrete has achieved systematic research results.
,is paper summarized the durability indexes of PPF-
reinforced concrete, including drying shrinkage, creep,
water absorption, permeability resistance, chloride ion
penetration resistance, sulfate corrosion resistance, frost
resistance, carbonation resistance, and fire resistance. ,e
law of polypropylene fibre in concrete durability was ana-
lysed. On this basis, we investigated and evaluated the in-
fluence of fibre content, length, and diameter on those
durability indexes of PPF-reinforced concrete. ,e research
results are conducive to a better understanding of the du-
rability of concrete with PPFs. It will be helpful to the
reasonable use of PPF to enhance the durability of concrete,
which can decrease the carbon dioxide emissions in concrete
engineering. ,e research results provide the basis for future

study and increase PPF applications in concrete. ,is paper
describes the shortcomings of PPF in concrete application
and the corresponding countermeasures. It helps to over-
come some major existing problems in the application of
PPF in concrete. ,e future research prospects of PPF in
concrete application were discussed. ,is review gives the
directions for future research and contributes to solve the
key scientific and engineering problems for PPF application
in concrete materials.

2. Effect of Polypropylene Fibre on
Durability of Concrete

2.1. Drying Shrinkage. ,e drying shrinkage is the phe-
nomenon of concrete volume shrinkage caused by the
evaporation of water in the air, which is an inevitable
harmful volume change for concrete structure. ,e drying
shrinkage of concrete is related to the moisture migration
and pore characteristics in concrete.,e PPFs are often used
in concrete to prevent microcracking caused by the dry
shrinkage.

Previous studies show that the drying shrinkage of
concrete is significantly reduced by the use of PPFs. Leong
et al. [33] adopt to use the PPF in lightweight concrete by
volume content of 0.15%, 0.3%, and 0.5%. ,e results
showed that the concrete with PPFs has positive effect on
drying shrinkage reduction. Saje et al. [34] compared the
shrinkage behaviour of high-performance concrete made
with and without PPFs. ,e results indicated that the drying
shrinkage was considerably reduced by adding PPFs.
Meanwhile, the optimum content of PPFs ranges between
0.25% and 0.5% by volume when the shrinkage and
workability were simultaneously considered. Alrshoudi et al.
[35] tried to use the waste PPFs in prepacked aggregate
concrete at the content of 0–1.2% by volume. ,e drying
shrinkage of the concrete was decreased compare to the one
without PPF. ,e drying shrinkage of the PPF-reinforced
concrete showed the trend of decreasing first and then in-
creasing. ,e concrete with 0.75% PPF has lowest drying
shrinkage as shown in Figure 1. Meanwhile, the drying
shrinkage of concrete can be further decreased by adding
PPFs and steel fibres. Afroughsabet et al. [36] reported that
the dry shrinkage of concrete can be greatly decreased by
adding PPFs and steel fibres. ,ey found that the lowest
drying shrinkage can be obtained by mixing with 0.3% PPFs
and 0.7% steel fibres. Up to 26% reduction in drying
shrinkage stain can be achieved compared with the plain
concrete.

,e drying shrinkage of concrete can be reduced by
adding PPFs since the PPFs can prevent the deformation of
concrete caused by water evaporation. ,e drying shrinkage
of PPF-reinforced concrete is affected by the fibre content.
More reduction in drying shrinkage can be achieved by
using PPFs and steel fibres.

2.2. Creep. Creep is the deformation of concrete that in-
creases with time under constant load, which is an important
content of concrete structure design and calculation. ,e
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main reason for concrete creep is the viscous flow and
slippage of the hydrated gel. ,e creep is a crucial index to
evaluate the concrete durability.

A few researchers have been investigated the creep of
PPF-reinforced concrete. Vrijdaghs et al. [37] focus on the
uniaxial tensile creep of cracked PPF-reinforced concrete.
,e results showed that the long-term tensile behaviour of
the concrete was influenced by the load ratio. Alrshoudi et al.
[35] compared the creep stain of concrete with and without
waste PPF in the prepacked aggregate concrete. ,ey found
that the development trend of creep stain for the PPF-
reinforced concrete was only slightly smaller than the plain
concrete. However, a few studies showed that the creep
behaviour was not improved by using PPFs in concrete. For
example, Lima et al. [38] explored the use of PPFs and steel
fibres to define the influence on concrete flexural creep
behaviour. ,e results showed that the concrete with PPFs
has higher creep rate and deformation that the one with steel
fibres. Some investigations aim to explore the effect of fibre
types on the concrete creep. Aslani and Nejadi [39] used
PPFs and steel fibres in self-compacting concrete. ,ey
found that the creep stain was increased by adding PPFs in
concrete. However, the addition of those two types of fibres
can reduce the creep strain of concrete. Zhao et al. [40]
compared the effect of PPF, steel fibre, polyvinyl alcohol
fibre, and basalt fibre on creep behaviour of concrete as
shown in Figure 2. ,ey concluded that the concrete creep
can be resisted when the fibres had far higher elastic
modulus than the plain concrete. ,e PPF, which was lower
elastic modulus than the plain concrete, increased the
concrete creep because the weaken interface structure be-
tween cement matrix and the firers has lower elastic
modulus than that of plain concrete.

It seems that the addition of PPF has no positive effect on
concrete creep. ,is probably attributes to the low elastic
modulus of PPF.,e creep stain can be reduced by using the
fibre with high elastic modulus in PPF-reinforced concrete.

2.3. Water Absorption. ,e penetration and transmission of
water in concrete directly affect the durability of concrete.
Some harmful substances can corrode the interior of con-
crete with water as the carrier.,erefore, water absorption is
an important index to evaluate the durability of concrete.
,e addition of PPFs changes the pore structure and dis-
tribution of concrete and affects the water absorption of
concrete.

,e current research focuses on the influence of PPF
content on the water absorption of concrete. Karahan and
Atiş [41] found that the water absorption of PPF-reinforced
concrete was higher than that of the concrete without fibres.
,e water absorption was increased with the PPF content
because the addition of PPF increases the porosity. Yuan and
Jia [42] compared the water absorption of concrete made
with PPF (diameter� 0.06mm) and glass fibre. ,e concrete
with PPFs had higher water absorption than the one with
glass fibres, and the PPF-reinforced concrete was higher than
the plain concrete when the volume content of PPF was
more than 0.45%. ,is is because of the hydrophobic nature
of PPF, resulting in poor bonding performance with the
cement mortar. In addition, excessive dosage of PPF
probably leads to the inhomogeneity of the internal structure
for concrete. However, some researchers have come to the
opposite conclusion. Liu et al. [43] investigated on the
capillary water absorption of PPF-reinforced concrete with
slag and fly ash. ,e PPF with 0.035mm diameter and
12mm length was used at volume fraction of 0–1.35 kg/m3.
,e capillary water absorption was decreased with the
volume fraction due to the lower porosity of concrete with
PPFs as shown in Figure 3. ,e opposite conclusion
probably attributes to the fineness of PPFs. Afroughsabet
and Ozbakkaloglu [44] investigated the water absorption of
high-strength concrete with PPFs (diameter� 0.022mm)
and steel fibres. ,e PPFs with 0.022mm diameter and
12mm length were used at volume content of 0.15%, 0.3%,
and 0.45%.,e results presented that the water absorption of
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PPF-reinforced concrete was decreased by the PPF content.
,e combined use of PPFs and steel fibres can obtain low
water absorption concrete.

,e water absorption of concrete is affected by the fibre
content and fineness. ,e suitable PPF diameter and dosage
can optimize the pore structure of concrete. ,e water
absorption of concrete can be reduced by using finer PPF
with suitable dosage. Moreover, the PPF-reinforced concrete
is further reduced by adding steel fibres.

2.4. Permeability. In the fresh stage of concrete, the surface
moisture of concrete is rapidly evaporating with large dry
shrinkage. ,e microcracks are easily produced on the
surface of concrete during the fresh stage. When PPFs are
added in concrete, the segregation can be reduced and
decrease the water evaporation. Moreover, PPF can effec-
tively prevent the crack from developing from outside to
inside of concrete. ,e permeability resistance of concrete
can be improved by adding PPFs.

Some investigations showed that PPF can effectively
prevent the segregation of fresh concrete and improve the
uniformity of concrete mixture [45, 46]. At hardened stage,
the concrete with PPFs has less cracks, and the creaks in
concrete were smaller and finer than the concrete without
PPF. ,is suggests that the PPF can reduce the possibility of
microcrack coalescence in concrete and significantly im-
prove the permeability of concrete [12, 47, 48]. Rameza-
nianpour et al. [49] studied the influence of PPF weight
content at the range of 0.5%–4% on the water permeability of
concrete. ,e results showed the water penetration depth of
concrete decreases by adding PPFs. Moreover, the water
penetration depth was first decreased and then increased
with the PPF content. ,e concrete with PPF content of
0.7 kg/m3 has minimum depth of penetration, which is 30%
lower than the one without PPF. Behfarnia and Behravan
[15] investigated fibre-reinforced concrete used in water
tunnels. ,ey compared the water absorption of concretes
with PPFs and steel fibres by volume content at the range of
0.4%–0.8%. Up to 45% decrease in water absorption had

been reached by using PPFs, indicating that the imperme-
ability of concrete was significantly enhanced. Meanwhile,
the steel fibre had more effect in reducing water absorption
compared with PPF. Guo et al. [50] analysed the influence of
multisize polypropylene fibre on the impermeability of
concrete. ,e results show that fine fibres with diameter of
0.026mm and 0.1mm have obvious inhibition on micro-
pores, while coarse fibres with diameter of 0.8mm have
more obvious inhibition on macropores. Moreover, the
concrete mixed with coarse and fine PPFs has higher im-
permeability than the concrete with single diameter PPFs.
,e compressive strength of concrete has a linear rela-
tionship with the logarithm impermeability coefficient as
shown in Figure 4. Li and Liu [12] pointed out that the cracks
were more tortuous and the crack surface was rougher with
the increase of polypropylene fibre content. Li et al. [48]
investigated the influence of fibre diameter, length, and
content on the impermeability of ultra-high-strength con-
crete. ,e results show that increasing the fibre length or the
ratio of fibre diameter to fibre diameter can enhance the
impermeability of ultra-high-strength concrete. Meanwhile,
the inhibition of crack development in concrete is inhibited
more obvious with the increase of fibre content and fibre
length, as shown in Figure 5. However, the research results of
Islam and Das [21] showed that the permeability of concrete
increases with the increase of PPF content. ,e author
believed that this phenomenon exists probably due to ex-
cessive fibre content.

,e impermeability of concrete is affected by fibre
content, diameter, length, and other factors. In a certain
range, the impermeability increases with the fibre content
and decreased with the fibre diameter. ,erefore, generation
and development of concrete cracks can be effectively
inhibited by adding reasonable fibre diameter and fibre
content.

2.5. Resistance to Chloride Penetration. Chloride ions invade
into concrete through penetration, diffusion, and capillary
action. ,e corrosion of reinforcement is accelerated when
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Figure 3: Pore size distribution of concrete with and without PPF [43].
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chloride ions invade into concrete. ,e addition of fibre can
optimize the pore size distribution and pore structure of
concrete. ,e micropore in the concrete can be reduced and
blocked by adding PPF, which reduces the probability of
micropore penetration. As a result, the durability of concrete
is significantly reduced.

,e chloride ion penetration resistance of PPF-rein-
forced concrete is affected by the fibre content, length, di-
ameter, and the proportion of coarse and fine fibres. ,e
research results of Liu et al. [51] showed that PPF can inhibit
the formation of shrinkage cracks, reduce the porosity of
concrete, and improve the antipermeability ability of con-
crete. ,e penetration depth of chloride ion in concrete
decreased with the content within 1.5% PPF content by
volume. Meanwhile, the improvement of polypropylene
fibre on chloride ion penetration resistance was obviously
better than that of glass fibre, as shown in Figure 6. Guo et al.
[52] found that the electric flux of concrete decreased at first
and then increases with the fibre content. ,is was because
excessive PPF content decreased the workability of concrete,
which reduced the bonding property between mortar and
PPF. ,e pore in the interfacial transition zone (ITZ) be-
tween PPF and mortar provided channels for chloride ion
penetration. ,us, the resistance of chloride ion penetration
was decreased when adding excessive PPF in concrete. Liu
and Hu [53] studied the influence of single fibre and mixed
fibre on chloride ion penetration of concrete. For single
fibre, the chloride diffusion coefficient first decreased and
then increased with the content, which was consistent with
the results of Guo et al. [52]. Moreover, the fine PPF had a
good inhibition effect on the microcrack, while the coarse
PPF had a certain bridging effect on the macrocrack. ,e
reasonable mixing ratio of coarse and fine fibres can ef-
fectively hinder the development of macro- and
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Figure 5: Schematic diagram of polypropylene fibre inhibiting concrete cracks [48].
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microcracks. ,e chloride ion penetration resistance of
concrete was effectively improved by the composite addition
of coarse and fine fibres. Afroughsabet et al. [36] investigated
the effect of steel fibre and PPF on the chloride diffusivity of
high-strength concrete. ,ey found that the concrete with
PPFs had lower chloride migration coefficient than the one
without PPF. However, the chloride migration coefficient
was greatly increased by adding those two kinds of fibres due
to the increased conductivity of steel fibre. Liu et al. [54]
established the diffusion model of chloride ion in fibre-
reinforced concrete according to Fick’s second law. ,e
predicted results of model analysis were close to the actual
test results, as shown in Figure 7. ,e chloride ion pene-
tration resistance of concrete was influenced by some factors
(such as fibre diameter, fibre content, aggregate size, and
aggregate volume content) through the sensitivity analysis of
the important parameters in the diffusion model.

It can be seen that PPF can effectively improve the re-
sistance to chloride ion penetration of concrete. ,e fibre
diameter size, content, and proportion of coarse and fine
fibres affect the resistance to chloride ion penetration. ,ere
are optimal technical parameters, but the results are different
from each other, which is caused by the differences in
concrete mix proportion, fibre quality, test methods, and so
on.

2.6. Sulfate Resistance. Sulfate corrosion is the most com-
mon and extensive form of concrete chemical corrosion.
Simultaneously, sulfate corrosion in concrete is a complex
physical and chemical process. Sulfate ion infiltrates into the
concrete and reacts with hydration products to produce
expansive products, which cause concrete cracking and
damage. ,e addition of PPF can improve the crack resis-
tance of concrete and reduce the permeability of concrete.
,e PPF in concrete effectively prevents sulfate ion from
concrete surface to the interior. ,us, the sulfate resistance
of concrete can be improved by adding the PPF.

Behfarnia and Farshadfar [55] studied the sulfate re-
sistance of PPF-reinforced self-consolidating concrete
attacked by the MgSO4 solution with mass concentration of
5% and 10%. ,e results showed that the addition of PPFs
can significantly reduce the mass loss and compressive
strength loss of the concrete immersed in MgSO4 solution,
suggesting that the sulfate resistance of the concrete had
been improved by adding PPFs. He et al. [56] established the
diffusion model of sulfate ion in fibre-reinforced concrete
(Figure 8) according to Fick’s second law and reaction ki-
netics equation.,e distribution of sulfate ion concentration
in concrete was calculated based on the diffusion model.
Mardani et al. [57] used the expansion rate of concrete to
characterize the erosion effect of Na2SO4 solution on con-
crete. ,e PPF content by volume was 0.4%, 0.8%, and 1% in
their study. ,e results showed that the concrete with 1%
PPF content has highest expansion rate. ,e concrete with
0.8% PPF content has the smallest expansion rate, which was
only 76% of ordinary concrete. Ranjith et al. [32] adopt to
study the influence of immersing age on the sulfate attack
resistant of concrete. ,e concrete specimens were

immersed in 5% sodium sulfate solution for 30 days, 60 days,
and 90 days, respectively. ,e loss rate of compressive
strength showed a trend of first decreasing and then in-
creasing within the range of 0–2% volume content. ,e
concrete with 1.5% PPF has smallest loss rate of compressive
strength.

At present, most of investigation results indicated that
the addition of PPF can effectively reduce the penetration of
sulfate ion in concrete. ,e penetration resistance of sulfate
ion increased at first and then decreases with the increase of
fibre content. Appropriate addition of fibre can reduce the
porosity of concrete and hinder the sulfate ion transfer in the
concrete. However, excessive content may increase the
porosity of concrete and weaken the penetration of sulfate
ion resistance [58].
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2.7. Frost Resistance. ,e distribution of pore structure in
concrete has an important impact on its freeze-thaw re-
sistance. Water freezes in the pores produces frost heaving
force, leading to cracks in concrete. As a result, strength and
durability of concrete is decreased after freeze-thaw cycles.
,e incorporation of PPF can effectively increase the ability
of concrete to resist freeze-thaw cycles. On the one hand, the
incorporation of fibre reduces the porosity of concrete and
reduces the water entering into the concrete. On the other
hand, the development of cracks caused by frost heaving
force is hindered by adding PPF in concrete.

Numerous researchers have been working on the freeze-
thaw cycle characteristics of concrete with PPF. Karahan and
Atiş [41] attempt to research the freeze-thaw resistance of
PPF-reinforced concrete. ,ey found that the freeze-thaw
resistance of PPF-reinforced concrete was slightly increased
compared to plain concrete. ,e freeze-thaw resistance of
PPF-reinforced concrete can be significantly enhanced by
adding fly ash as the active mineral admixture. Dong and
Gao [59] investigated the effect of frost resistance of airport
pavement concrete on fibre type and fibre content. ,e PPF-
reinforced concrete has better frost resistance than that of
steel fibre-reinforced concrete. ,e best improvement on
frost resistance was achieved by adding 1% PPF (by volume
content) in the concrete. Nam et al. [60] compared the
influence of PPF and polyvinyl alcohol fibre on the freeze-
thaw cycle resistance of concrete. ,e freeze-thaw cycle
resistance of two kinds of fibre-reinforced concrete was
characterized by comparing the changes of concrete quality,
compressive strength, and dynamic elastic modulus before
and after freeze-thaw cycle. ,e results indicated that
polyvinyl alcohol fibre can more effectively delay the mass
loss, strength decline, and dynamic elastic modulus decrease
of concrete caused by freeze-thaw cycle compared with PPF.
,is suggests that the vinyl alcohol fibre concrete has better
freeze-thaw cycle resistance than that of PPF concrete. ,e
freeze-thaw cycle resistance was affected by fibre dispersion
and bond performance between fibre and cementitious
material. ,e interfacial transition zones between PPF and
cement overlap each other due to the poor dispersion of PPF
in concrete, leading to the porosity of concrete, as shown in
Figure 9. Wang et al. [61] studied the freeze-thaw cycle
resistance of concrete with different PPF fibre contents
(0.1%, 0.3%, and 0.5%), which were immersed in 3.5% NaCl
solution. ,e rates of mass and dynamic elastic modulus
decrease of concrete after freeze-thaw cycle decrease with the
fibre content. Moreover, the chloride content of concrete
also increases with the increase of fibre content after freeze-
thaw cycles. However, the chloride content of 0.1% fibre
concrete is lower than the one without PPF after freeze-thaw
cycles, suggesting that appropriate PPF content can hinder
the chloride ion transfer in concrete.

,e anti-freeze-thaw cycle ability of concrete is im-
proved after adding polypropylene fibre. ,e PPF with
different diameter has better improvement on frost resis-
tance of concrete than that of single mixing. ,is attributes
to the better dispersion of mixed fibre in concrete. Research
results indicate that PPF can optimize the pore size distri-
bution of concrete and reduce the water penetration in the

concrete. Meanwhile, the crack development under freeze-
thaw cycle is effectively delayed after mixing with PPF in
concrete.

2.8. Carbonation Resistance. Carbon dioxide enters into the
concrete through pores and reacts with calcium hydroxide
(CH) to form calcium carbonate. ,e pH value of concrete
decreases after carbonation due to the chemical reaction of
carbon dioxide and CH. For plain concrete, carbonation can
fill the pores to a certain extent and improve the perfor-
mance of concrete [62, 63]. However, for steel-reinforced
concrete, the carbonation may cause corrosion of rein-
forcement [64, 65]. ,e passive film of steel bar will be
destroyed under the joint action of water and air when
carbonation reaches the position of steel bar.,e addition of
PPF can reduce the porosity and block the connection of
pores of concrete. As a result, carbon dioxide is hindered
into the concrete, which can effectively improve the anti-
carbonation ability of concrete.

,e research results of Zhang et al. [66] showed that
polypropylene fibre can improve the pore structure of
concrete. ,e carbonation depth of concrete with PPF was
only 0.80mm at 28 days. Medina et al. [67] analysed the
influence of on the porosity and carbonation performance of
concrete with different fibre mass contents (0–0.12%). ,e
results indicated that PPF has good ability to control the
generation and development of cracks. ,e crack area of
concrete was first decreased and then increased with the fibre
content. ,e concrete with 0.07% PPF content has the
smallest crack area, and the carbonation depth of this
concrete was decreased by 43%. Mahmoud and Elkatatny [4]
adopt to investigate the influence of different fibre mass
contents (0%, 0.125%, 0.25%, and 0.375%) on the carbon-
ation resistance of concrete.,ey found that the carbonation
depth can be decreased by using PPF.,e carbonation depth
of concretes was gradually increased with the PPF content.
,e compressive strength and tensile strength of the con-
crete were increased after carbonation. Zhang and Li [68]
investigated the effect of PPF volume fraction (from 0% to
0.12%) on the carbonation resistance of concrete with fly ash
and silica film. ,e results showed that the carbonation
depth of concrete was decreased with the fibre content
(Figure 10). Up to 37.5% reduction in carbonation depth can

Figure 9: Microstructure of interface transition zone between
polypropylene fibre and cement after 300 freeze-thaw cycles [60].
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be obtained for the concrete with 0.12% PPF content. ,is is
because the pore channels of concrete were decreased by
using PPFs, which can block the pathway for CO2 diffusion.

,e PPF can effectively reduce and inhibit the devel-
opment of micropore in concrete. ,e carbon dioxide and
water are prevented into the concrete, which delay the
carbonation rate of concrete. ,e carbonation resistance of
concrete can be significantly improved by adding proper
content of PPF.

2.9. Fire Resistance. Fire is one of the most severe conditions
for concrete structure in lifetime. ,e spalling is easily in-
duced by the fire with high temperature. ,e strength and
durability of concrete can be significantly decreased after
exposed in fire, especially for high-performance concrete.
Fire resistance is an essential performance for concrete
structure design.

Some research has been devolved the fire resistance
performance of PPF-reinforced concrete. Han et al. [69]
reported that the fire resistance of concrete can be enhanced
by using PPF. ,e concrete was heated from room tem-
perature to 850°C for 40min. ,e results showed that the
spalling was prevented when the volume content of PPF was
more than 0.05%. ,is is because the melting shape of PPFs
can provide the microchannels for releasing the high in-
ternal vapour pressure in such high-temperature conditions.
Peng et al. [70] tried to use PPFs in steel-reinforced reactive
powder concrete. After exposed in temperature at
20°C–700°C, the compressive strength of concrete was in-
creased at the temperature nomore than 400°C, whichmight
be due to further hydration of cement. However, the
compressive strength was significantly decreased when the
concrete exposed at the temperature more than 600°C.
Hussein et al. [71] investigated the fire resistance of concrete
with PPFs and steel fibres. ,ey found that the PPFs were
disintegrated at temperature more than 400°C (Figure 11),
which means the network channels were generated in
concrete. ,is suggested that the spalling can be retarded at

high temperature since the network channels discharged the
interior vapour pressure. Moreover, the combination of
PPFs and steel fibres can further increase the fire resistance
of concrete. ,e corporation of those two type fibres can
effectively avoid the spalling induced by the high temper-
ature and minimum strength reduction.

When PPFs are added in concrete, the network channels
appear in concrete due to the thermal decomposition of PPF.
,ose network channels have positive affect on inner heat
release, which is beneficial for concrete against fire damage.

3. Existing Problems and Countermeasures

3.1. Dispersion of Polypropylene Fibre in Cementitious
Materials. ,e dispersion of polypropylene fibre in concrete
directly affects the durability of concrete. Well-distributed
fibre can further improve the durability of concrete due to
the better crack resistance. It is difficult to obtain excellent
durability performance with low fibre content in concrete
because of the hydrophobicity and small diameter of PPF.
However, higher fibre content is easy to agglomerate in
concrete. ,e cracks are more likely to occur and develop
rapidly in areas without or less fibre. Once cracks are
penetrated, it has very adverse impact on the durability of
concrete [72–74]. At present, the dispersion of PPF can be
increased by adding active agent or reactive powder. Active
agent contains hydrophilic functional groups, which can
form hydrogen bond with water molecules. ,e PPF has
hydrophilic characteristics by adding active agent, such as
water-reducing agent and dispersant, in mixing water. ,e
dispersion of fibre in concrete was improved because of
hydrophilic functional groups on the surface of PPF [75].
When reactive powder was used, the workability of concrete
can be improved due to the “ball effect” of reactive powder,
such as fly ash and nano-SiO2 [41, 76]. Additionally, some
reactive powder, such as silica fume [68], nano-TiO2 [77],
and nano-CaCO3 [78], can reduce the porosity and increase
the strength of concrete. As a result, the durability of
concrete is enhanced by adding those reactive powders into
concrete.

3.2. BondingProperties of PolypropyleneFibreCementMatrix.
PPF is an organic material with nonpolar, low surface energy,
and hydrophobic. ,e PPF transfers force through the in-
terface with the cement matrix.,e PPF is separated from the
cement before the ultimate stress is reached due to the weak
bending between cement and fibre. As a result, it is not easy to
achieve the best synergistic effect [24, 79]. To this end, the
bond performance between PPF and cement should be en-
hanced, so as to reduce the width of ITZ between PPF and
cement. Some methods have been proposed. For example, the
acid solution can corrode the surface and increase the
roughness of the surface, so that the contact area between
cement and PPF can be increased.,e results showed that the
roughness of PPF corroded by acid solution is obviously
increased. ,e crack resistance of concrete is improved by
adding the acid-treated PPF [30, 80, 81]. Another method is
modifying the PPF using coupling agent due to the
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Figure 10: Effect of PPF volume fraction on carbonation depth of
concrete [68].
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hydrophilic group and hydrophobic group in coupling agent.
One end of the coupling agent molecule is combined with the
fibre, and the other end is combined with the active group in
the cement. ,e coupling agent acts as a “bridge” between the
cement and the fibre, leading to the enhancement of the
interfacial bonding property between the fibre and the cement
[82, 83], as shown in Figure 12.

4. Conclusions

PPF has the excellent properties with light weight, high
tensile strength, and good toughness. When adding PPFs,
the concrete has lower porosity and higher crack resistance
than the one without PPF. ,erefore, it can reduce the
transmission of water and harmful media in the concrete,
leading to the enhancement of durability. ,e PPF-rein-
forced concrete has lower water absorption and better
impermeability, chloride resistance, sulfate resistance, car-
bonation resistance, and fire resistance. ,e drying
shrinkage can be reduced by adding PPF because the PPF has
positive effect on preventing deformation. However, the
creep of concrete was not reduced by using PPF due to the
lower elastic modulus of PPF than the plain concrete. ,e
durability of PPF-reinforced concrete can be further im-
proved by combining with other fibre types, especially for
the steel fibre.

However, the application of polypropylene fibre in
concrete is limited because of the dispersion of fibre in
concrete and the bond with cement. ,ose drawbacks can
overcome by the fibre surface modification by using reactive
powder, such as nano-SiO2 and nano-CaCO3. ,e bond
performance with cement is another drawback for PPF
application in concrete. ,is can be overcome by using fibre
modified with acid or coupling agent. ,e ITZ between PPF
and cement matrix can be significantly enhanced since the
more hydration products deposited on the surface of
modified PPFs. ,e durability of concrete can be signifi-
cantly enhanced by using modified fibre.

5. Future Research Prospects

It should be noted that the improvement of concrete du-
rability by PPF is affected by many factors, such as fibre
diameter, length diameter ratio, mixing amount, mechanical
properties, and modification methods. It is difficult to obtain
a unified optimal technical parameter due to difference of
research methods, curing conditions, parameter selection,
and other aspects. According to the current research status,
the future research prospects are given as follows:

(1) Synergism between polypropylene fibre and other
fibres

(a) (b)

Figure 12: Effect of coupling agent on microstructure of polypropylene fibre-reinforced concrete [82]. (a) No coupling agent; (b) after
adding coupling.

(a) (b) (c)

Figure 11: Microstructure of PPF melt channel with temperature in concrete [71]. (a) 20°C, (b) 400°C, and (c) 800°C.
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,e PPF has some limitations in improving the
durability of concrete. ,e combination of PPF and
other fibres (such as steel fibre) can achieve better
durability of concrete. ,erefore, the enhancement
principle of composite fibre on concrete perfor-
mance should be further studied. ,e pore size
distribution in concrete, cracks development pro-
cess, and the interface transition zone (ITZ) between
fibres and cement mortar should be further studied.
Some advanced characterization methods, such as
mercury intrusion porosimetry analysis, CT scan,
and nanoindentation, may work for those studies. In
addition, when PPFs and steel fibres are used in
concrete, the rust of steel fiber should be prevented,
which can avoid the degradation of concrete per-
formance caused by steel fiber rust. On those bases,
ideal enhancing effect can be achieved under opti-
mizing the combination parameters. For high-
strength and high-performance concrete, the opti-
mal combination parameters can effectively reduce
the shrinkage and cracks of concrete at early age.,e
early crack resistance test of fibre-reinforced con-
crete may be carried out to characterize the influence
of concrete shrinkage on concrete cracking risk. ,e
dry shrinkage and creep of fibre-reinforced concrete
may be conducted for the further study, which is
helpful to probe the effect of fibre synergy on the
long-term volume stability of high-strength and
high-performance concrete. It is great significance
for the development of high-strength and high-
performance concrete to study the synergistic effect
of composite fibre.

(2) Durability of concrete under multicondition cou-
pling action
At present, most of the works aim for the influence of
the single index and parameter on the durability of
PPF-reinforced concrete. However, concrete is often
affected by two or more combination conditions in
actual situation. Future work should concern the
durability characterization in the actual environment
condition for the PPF-reinforced concrete. For ex-
ample, the permeability and wear resistance should
be considered when the concrete is used in pave-
ment. ,e deterioration of concrete caused by the
combination of permeability, chloride ion perme-
ability, and dry wet cycle should be concerned for the
concrete used in dock. For the cold region, frost
resistance should also be added to these combina-
tions. Moreover, the future research should be fo-
cused on the deterioration mechanism of concrete
with PPFs caused by the combination of the dura-
bility indexes. Due to the standard test is difficult to
fully reflect the real working condition of concrete,
the numerical simulation and field test should be
combined with laboratory characterization analysis.
In this way, the investigators will fully understand

the deterioration mechanism of concrete under the
combination of multiple factors. In addition,
weatherability of PPF should be considered once the
water and harmful ions permeate into concrete.
,ose advices are helpful to reveal the influence
mechanism of PPF and concrete performance, which
can provide theoretical basis for engineering
practice.

(3) Establishing the relationship between modified PPF
and concrete performance
,e surface modification method can effectively
improve the bonding performance between PPF and
cement. It needs to solve the problem of the ITZ
between PPF and cement mortar. ,e amphiphilic
modifier is acquired for treating PPF. Our research
group is developing a new modifier inspired by tea
stains. ,e modified fibre can actively capture cal-
cium ions and induce local mineralization. More
hydration products are deposited on the surface of
fibre. ,e ITZ between fibre and cement mortar can
be enhanced by using the modifier-treated fibres,
which is helpful to the formation of cement paste
microstructure. ,e performance of concrete can be
further enhanced by adding modified fibres. To this
end, the influence of modified fibre on the hardening
process of cement paste is analysed to in-depth
understanding of the internal relationship between
fibre and concrete. Meanwhile, the proportion of
cement can be reduced by adding modified fibres
under the same performance requirements of con-
crete. In this case, the mix proportion needs to be
redesigned to meet the performance requirements.
On this basis, the relationship between hardened
paste and macroproperties should be studied to the
formation of parameter optimization and control
based on the performance requirements of concrete.
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