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Alkali-activated slag (AAS) is becoming an increasingly popular building material due to its excellent engineering properties and
low CO2 emissions, but its large shrinkage is an important reason to restrict its application and popularization.-is work is aimed
to study the possibility of inhibiting the shrinkage of AAS mortar by incorporating polypropylene fiber (PPF). For this, an
experimental study was carried out to evaluate the effects of PPF content on setting time, fluidity, physical properties, mechanical
properties, impact resistance, and microstructure of AASmortar.-e volume content of PPF is 0.05%, 0.1%, 0.15%, and 0.2%.-e
working, physical (porosity, water absorption, and bulk density), mechanical, shrinkage, and impact resistance properties of the
AAS mortars were evaluated. -e results show that incorporating PPF effectively reduces the shrinkage deformation of AAS
mortar, significantly improves its impact resistance, enhances its toughness, and slightly improves its compressive strength in the
later stage. At the same time, PPF delays the initial setting time of AASmortar and reduces the fluidity, density, porosity, and water
absorption of AAS mortar. SEM results show that the bridging effect of PPF between AAS mortars can inhibit the generation and
propagation of cracks, improve the internal microstructure, and enhance the performance of AAS mortar.

1. Introduction

Cement is the largest manufactured product on Earth by
mass [1]. -e cement industry has grown steadily in the
recent decades from 2.31 billion tons in 2005 to 4.13 billion
tons in 2017, most of which are driven by the increasing
demand from developing countries [2]. In China, the cement
industrial production has reached 2.4 billion tons in 2017,
125% higher than 2005, accounting for 58% of global cement
output, and such situation is expected to continue in the next
few decades [2]. However, cement production is a high-cost,
energy-consuming, and pollution-intensive process [3–5].
-erefore, in order to reduce the greenhouse gas emissions
and achieve sustainable environmental development, it is
necessary to develop alternatives to Portland cement to
reduce both CO2 emissions and energy consumption.

In the past decades, many studies have been carried out
on alternative cementitious materials to replace Portland

cement. For example, geopolymer cementitious materials
(GPs) and alkali-activated cementitious materials (AAMs)
are synthesized from industrial wastes, such as slag, fly ash,
metakaolin, and others as raw materials with alkaline ac-
tivator [6–14]. -ese cementitious materials have many
advantages over ordinary Portland cement (OPC) in envi-
ronmental protection (reducing CO2 emissions, saving
energy, and waste utilization) [15–18], mechanical proper-
ties [19, 20], and durability [21–23]. Alkali-activated slag
(AAS) is one of the most important cementitious materials
which is made by slag and alkaline activator completely
replacing the cement. Slag (also known as ground-granu-
lated blast-furnace slag) is a byproduct of the blast furnace
ironmaking process, and most of the slag is disposed at the
landfill [24]. -e slag may cause pollution to the air, so it is
an ecological and environmental method to use it as ce-
mentitious material after alkali activation. Compared with
OPC, AAS has 73% lower greenhouse gas emissions [17],
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good mechanical properties [20], excellent chemical dura-
bility [25, 26], higher temperature resistance, and fire re-
sistance [27, 28].

Nonetheless AAS cement, mortar and concretes exhibit a
few shortcomings that hamper their standardization and
more general use. One of the shortcomings is that AAS is
susceptible to shrinkage and microcracks [29–32]. Several
studies have revealed AAS concrete has higher drying
shrinkage than OPC concrete [31, 33–40]. For example,
Palacios and Puertas [32] measured the drying shrinkage of
waterglass-activated slag mortars. -e results showed that
the drying shrinkage of AAS mortars were about four times
that of OPC mortars. Cartwright et al. [41] designed four
AAS mortars to test their autogenous, chemical, and drying
shrinkage; time of setting; and compressive strength. -e
results showed that AAS mortars showed higher autogenous
and drying shrinkage than OPC mortar. Atiş et al. [34]
measured the drying shrinkage of AAS mortar specimens
activated by three different activators: liquid sodium silicate
(LSS), sodium hydroxide (SH), and sodium carbonate (SC)
and found that the drying shrinkage of AAS mortars acti-
vated by LSS and SH had a high drying shrinkage, up to 6
and 3 times that of OPC mortar, respectively. Collins and
Sanjayan [42] also observed the similar results. -erefore,
how to effectively control the shrinkage deformation of AAS
is the main problem to be solved.

OPC mortar is one of most widely used building ma-
terials, but it is prone to drying and cracking [43]. Recently,
researchers have shown an increased interest in filling fibers
(steel fiber, basalt fiber, glass fiber, carbon fiber, polyacry-
lonitrile fiber, polypropylene fiber, etc.) into OPC mortar or
concrete to reduce the shrinkage deformation and have
made a lot of progress [44–46]. Similarly, adding fibers into
AAS mortar can effectively reduce its shrinkage deforma-
tion. For example, Aydın and Baradan [47] investigated the
effects of length and volume fraction of steel fibers on the
mechanical properties and drying shrinkage behavior of
steel fiber reinforced alkali-activated slag/silica fume (AASS)
mortars. -e results showed that the mechanical perfor-
mance of AASS mortars was significantly better than OPC
control mortar, and the drying shrinkage of AASS mortars
decreased with the increasing fiber dosage. Vilaplana et al.
[48] concluded that carbon fibers (CF) can be a convenient
addition to control the drying shrinkage of AAS composites.
Puertas et al. [49] found that alkali-resistant glass fiber can
significantly reduce the drying shrinkage of AAS mortars
(over 20%).

Polypropylene fiber (PPF) is the most common synthetic
fiber and widely used as a reinforcing material for ordinary
Portland cement-based materials due to its high toughness
and durability. Most studies have only been carried out
focusing on the effect of different types of fibers on drying
shrinkage of AAS mortar, and little attention has been paid
to the effect of PPF on shrinkage of AAS mortar [47–49].
-erefore, the effects of PPF content (volume fraction from 0
to 0.2%) on the physical, mechanical, shrinkage, impact
resistance, and microstructure of AAS mortar were studied
in this paper. -e results show that PPF can not only reduce
the drying shrinkage of AASmortar and improve the impact

resistance of mortar but also slightly improve the strength of
AAS mortar. It is proved that PPF is a promising rein-
forcement agent of AAS cementitious materials.

2. Materials and Methods

2.1. Materials Used. -e materials used in this work were
Ground-Granulated Blast-Furnace Slag (GGBFS), sodium
hydroxide, sand, and polypropylene fiber (PPF).-e GGBFS
was S105 grade blast-furnace slag with a density of 2800 kg/
m3 and a Brunauer, Emmett, and Teller (BET) area of
1.535m2/g. -e GGBFS was purchased from Fuyang
Xinyuan Building Materials Co., Ltd. (China), and its
chemical composition is shown in Table 1. Sodium hy-
droxide (purity over 96%) was purchased from Yantai
Shuangshuang Chemical Co., Ltd (China). -e sodium
hydroxide (NaOH) solution was prepared by dissolving the
pellets in water. GGBFS was activated with 7M NaOH
solutions. Activator solution was prepared one day before
the casting of AAS mortar. PPF with length 9mm was
provided by Changsha Liqiang Building Material Co., Ltd
(China).-emain performance indicators of PPF are shown
in Table 2. -e macroscopic and microscopic shapes of PPF
are shown in Figure 1. -e sand was obtained from local
sources with fineness modulus of 2.6 and apparent density of
2550 kg/m3.

2.2. Mix Design and Processing of AAS Mortars. -e design
mix proportions of AAS mortars are shown in Table 3. -e
activator/cementitious material ratio is kept constant at 0.5.
PPF was added into the mortars with the volume content of
0.05%, 0.1%, 0.15%, and 0.2%.-e preparation process of AAS
mortars was similar to that of OPC mortars. Brief procedure
for AAS mortars processing is as follows. (1) Prepare some
clean rectangular molds of 40mm× 40mm× 160mm and
25mm× 25mm× 280mm and cylindrical molds with a di-
ameter of 50mm and a height of 100mm before mixing the
AASmortars. Coat the inner surfaces of themolds evenly with
a layer of engine oil as a release agent. At the same time, clean
the mixer, remove excess water after cleaning, and keep a
certain humidity inside themixer. (2) Put rubbed PPF into the
activator solutions andmix them fully tomake the suspension
uniform to overcome the disadvantage of poor dispersion of
the PPF. (3) Pour the GGBFS and sand into the mixing pot
and mix for 2min. (4) Add suspension into the mixing pot
slowly and mix for additional 3min. (5) Pour the mixed AAS
mortars into previously prepared molds and vibrate on the
vibration table to remove bubbles.

2.3. Fluidity Test. -e fluidity of AAS mortar specimens was
measured in accordance with ASTM C1437-15 [50]. Place a
layer of mortar about 25mm in thickness in the flow mold
and tamp 20 times with tamper. Fill the mold with mortar
and tamp as specified for the first layer. Lift the mold away
from mortar 1min after completing the mixing operation.
Immediately drop the table 25 times in 15 s.-e diameters of
the spread mortar in two orthogonal directions were
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measured, and the average diameter was reported as the
fluidity of each group.

2.4. Setting Time Test. In accordance with ASTM C191-19
[51], the setting time of AAS mortar specimens were
measured. AAS paste specimens were prepared by using
Table 3 mix proportions. -e specimens were placed in a
humidity curing box with temperature of (23± 2)°C and
relative humidity of more than 95%. -e penetration of
Vicat needle was measured every 5 minutes.

2.5. Physical Properties Test. -e values of apparent porosity,
water absorption, and bulk density were determined by
Archimedes method in accordance with ASTM C20-00 [52]
at day 28. In this test, there are 15 specimens in total and 3

specimens in a group.-e dry weightD, suspended weight S,
and saturated weight W of AAS mortar specimens were
measured. Brief procedure for the physical properties test of
mortar specimens was as follows: (1) dry the test mortar
specimens in an oven at 105°C to constant weight and weigh
the dry weight D, (2) place the test mortar specimens in
distilled water and boil for 2 hours and weigh the suspended
weight S of each test specimen after boiling and cooling for a
minimum of 12 hours and while suspended in water, and (3)
blot each specimen lightly with a moistened smooth linen or
cotton cloth to remove all drops of water from the surface
and determine the saturated weight W. -e apparent po-
rosity P, the water absorption A, and bulk density B were,
respectively, calculated according to formulas (1)∼(3).

(1) Apparent porosity:

P �
W − D

W − S
× 100%. (1)

(2) Water absorption:

A �
W − D

D
× 100%. (2)

(3) Bulk density:

B �
D

W − S
. (3)

Table 2: -e main performance indicators of PPF.

Performance indicator Indicator data Performance indicator Indicator data
Fiber type Bundle monofilament Resistance to acid and alkali Extremely high
Density (g/cm3) 0.91 -ermal conductivity Extremely low
Tensile strength (MPa) >486 Resistance to low temperature Strong
Elastic modulus (GPa) >4.8 Water absorption No
Diameter (μm) 18∼48 Tensile limit >15%

(a) (b)

Figure 1: PPF with length 9mm. (a): Shape and dimension of PPF. (b): SEM picture of a single PPF.

Table 3: -e mix proportions of the AAS mortars.

Specimens
Mix proportion (g/kg) Volume

content (%)GGBFS Sand Activator PPF
Control 367 450 183 0 0
P1 367 450 183 0.156 0.05
P2 367 450 183 0.312 0.1
P3 367 450 183 0.468 0.15
P4 367 450 183 0.624 0.2

Table 1: -e main chemical composition of the GGBFS.

Compounds CaO SiO2 Al2O3 MgO SO3 Fe2O3 TiO2 K2O
Percentage (%) 43.7 26.5 18.2 4.9 2.7 1.0 1.0 0.8
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2.6. Compressive Strength Test. -e compressive strength of
AAS mortar specimens was determined in accordance with
ASTM C349-18 [53] by molding 45 prism specimens with a
dimension of 40mm× 40mm× 160mm. A compression cap
was used to ensure the compressed area of mortars of
40mm× 40mm. -e mortar specimens were removed from
the molds after curing for 24 h in a standard curing box with
temperature of (23± 1)°C and relative humidity of more
than 95%. -en immerse the specimens in saturated lime
water for 3 d, 7 d or 28 d. Each group contained triplicate
samples, and the average results were reported.

2.7. Drying Shrinkage Test. In accordance with ASTM C596-
18 [54], the drying shrinkage of AAS mortar specimens with
25mm× 25mm× 285mm was determined. In this test,
there are 15 specimens in total and 3 specimens in a group.
Moist cure the specimens in the molds in the standard
curing box for 24 h. -en, remove the specimens from the
molds and cure in lime-saturated water for 48 h. At the age of
72 h, remove the specimens from water, wipe with damp
cloth, and immediately obtain the initial length for each
specimen. -en, place the specimens in air storage with
temperature of (23± 1)°C and relative humidity of (50± 3)%.
Obtain a length comparator reading for each specimen after
1, 2, 3, 4, 5, 6, 7, 14, 21, 28, 42, and 56 d of air storage. -ree
specimens were made, and the average results were reported.
Drying shrinkage is calculated by the following equation:

εdrying �
L(t) − L t0( 

L t0( 
× 106 μm/m, (4)

where L(t) is the length of the specimen at the measuring time
and L(t0) is the initial length of the specimen at the age of 72h.

2.8. Impact Performance Test. -e impact uniaxial com-
pression of fiber-modified AAS mortars was carried out
using theV50mm variable cross section SHPB test system in
the impact dynamics laboratory of Anhui University of
Science and Technology. -e sketch of SHPB experimental
device is shown in Figure 2. A striker bar with a length of
600mm and a diameter of 37mm is used in the test. -e
lengths of the incident bar and the transmission bar are
2400mm and 1200mm, respectively, and the diameter is
50mm. -e bar are made of alloy steel with a density of
7800 kg/m3, an elastic modulus of 210GPa, a longitudinal
wave velocity of 5190m/s, and an air pressure of 0.3MPa.
-e strain rate _εs(t), strain et (t), and stress ss(t) were cal-
culated using the three-wave method [55–57]. -e formulas
are as follows:

_εs(t) �
C0

Ls
εt(t) + εr(t) − εi(t) ,

εt(t) �
C0

Ls


t

0
εt(t) + εr(t) − εi(t) dτ,

σs(t) �
SBE

2Ss
εt(t) + εr(t) + εi(t) ,

(5)

where SB and SS are the elastic bars’ cross-sectional area
(mm2) and the AAS mortar specimens cross-sectional area
(mm2); E and C0 are the elastic bars’ Young’s modulus (GPa)
and longitudinal wave velocity (m/s); LS is the AAS mortar
specimens’ length (mm); εi(t), εr(t), and εt(t) are the captured
strains of the tested AAS mortar specimens; t is the stress
wave duration.

Preparation of specimens: the AAS mortar specimens
with diameter of 50mm and height of 100mm were made.
After 28 d curing age, the specimens were cut and polished.
-e size of the specimens is V50mm× 25mm. -e non-
parallelism of the end faces of the specimen is controlled
within 0.02mm. Considering the discreteness of the test,
there are 9 specimens in each group, 45 specimens in total.
-e results with large differences are discarded, and the
average results are reported. Before the test, in order to
eliminate the end friction effect, Vaseline was used to coat
both ends of the specimen and the elastic bar. During the
test, keep the specimen in coaxial with the elastic bar.

2.9. Microscopic Test. After 28 d curing age, crush the AAS
mortar specimens into small pieces with a size of about
8mm× 8mm× 5mm, polish them by a polishing machine,
and then dry them in a vacuum drying oven for 48 hours. Fix
the dried AAS mortar pieces on a circular platform with a
diameter of about 5 cm with double-sided adhesive tape and
apply a proper amount of conductive tape to both sides of
the mortar pieces and then remove their surface debris with
the ear wash balls. -en, spray the mortar pieces containing
paste and PPF with metal coating by magnetron sputtering
in magnetron ion diffractometer (MSP-2S) for 120 seconds
on the front and 30 seconds on the side. Finally, the mi-
crostructures were studied by scanning electron microscopy
(HITACHI S3400). In this experiment, the specimens were
placed in the center of the scanning electron microscope,
and the bonding interface between the PPF and the AAS
paste was observed.

All parameters above are explained with mean and
standard deviation (SD) values.

3. Results and Discussion

3.1. Fluidity and Setting Time. Figure 3 shows the effect of
the PPF content on the fluidity of AAS mortars. -e fluidity
of pure AAS mortar (without PPF) is relatively high. -e
fluidity of the AAS mortar decreased with the increase of the
content of PPF. Compared to control mortar, the fluidity of
P1, P2, P3, and P4 groups decreased by 0.52%, 1.29%, 2.32%,
and 4.12%, respectively. -e decrease in fluidity of AAS
mortars can be attributed to the network spaces formed by
the random distribution of PPF in the interior of AAS
mortars. -ese network spaces often encapsulate AAS
mortar clusters, which hinder the free flow of AAS mortar
and reduce the fluidity of mortar. With the increase of the
content of PPF, more and more network spaces will be
formed and the fluidity of mortars will be lower [58]. On the
other hand, addition of PPF offers higher shear resistance to
flow which results in a decrease of fluidity [59]. -e research
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results of Zhang et al. [60] showed that the fluidity of
geopolymer gradually decreased with the increase of the
content of PPF, which is consistent with the results of this
study.

Figure 4 shows the setting time of AAS mortar with
different contents of PPF. -e addition of PPF delayed the
initial setting time of AAS mortar and reduced the interval
between the initial setting time and the final setting time of
AAS mortar while there was a little effect of PPF on the final
setting time. For example, the control group reached initial
solidification between 20 and 25 minutes, the P1, P2, and P3
groups reached initial solidification between 25 and 30
minutes, and the P4 group reached initial solidification
between 30 and 35 minutes. Nearly all the specimens in each
group reached final solidification between 60 and 65 min-
utes. -e setting time of AAS mortars increased with the
increase of the content of PPF. -is may be due to the
hydrophobicity of PPF, which forms a barrier between water
and cement particles which reduces the hydration speed of
cement and delays the initial setting time of AAS mortars.
Ranjbar et al. [59] got the similar results that the incor-
poration of polypropylene fiber delays the initial and final
setting time of geopolymer composite.

3.2. Physical Properties. -e effect of the PPF content on
physical properties (apparent porosity, water absorption, and
bulk density) of the AASmortars after 28d curing age is shown
in Figure 5. -e apparent porosity, water absorption, and bulk
density have decreased considerably for all mortar specimens
with the increase of the content of PPF. Compared with the
control mortar, the apparent porosity of P1, P2, P3, and P4
decreased by 1.44%, 2.65%, 3.20%, and 4.74%, respectively, at
28 d. Different authors attribute the decrease in porosities of
mortar to the filling effect of the microfibers. -e higher the
addition of PPF, the lower the porosity, because the internal
pores (due to the filling effect) and the capillary pores (gen-
erated by the evaporation of water) are reduced [46]. Com-
pared with the control group, the water absorption of P1, P2,
P3, and P4 groups decreased by 1.48%, 2.94%, 4.49%, and
5.34%, respectively, at 28 d. -e low water absorption values
can be attributed to the decrease in porosity. -e bulk density
of AAS mortar decreased slightly with the increase of the
content of PPF which is due to the low specific gravity of PPF
compared with the AAS paste [61, 62]. -is is consistent with
the findings of Ranjbar et al. [59].
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Figure 2: Sketch of the SHPB experimental device.
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Figure 3: Evolution of the fluidity of AAS mortars as function of
PPF content. -e error bars represent the standard deviation of
three test specimens.
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3.3.Mechanical Properties. -e compressive strength results
of AAS mortars with different PPF contents at 3 d, 7 d, and
28 d are shown in Table 4 and Figure 6. -e compressive
strength of AAS mortars at 3 d was less than the control
mortar which can be explained by the hydrophobicity of
PPF which reduces the hydration speed of cement. -e
compressive strength of AAS mortars at 7 d and 28d is
more than the control mortar. At 28 d, the compressive
strength of the specimens increased slightly with the
increase of the PPF content. Compared with the control
group, the compressive strength of P1, P2, P3, and P4
groups increased by 0.96%, 1.27%, 1.40%, and 1.89%,
respectively. -is is in accordance with the results of Guo
and Pan [63]. -e increase of compressive strength can be
attributed to the ability of PPF to interrupt the initiation
of microcracks, deviate their direction or avoid the ex-
tension of cracks, absorb tensions, decrease porosity, etc.
[46, 64, 65].

3.4. Drying Shrinkage. Figure 7 shows the drying shrinkage
of all mixtures over the recording period of 56 days. -e
drying shrinkage of AAS mortar specimens increased with
time. As seen from Figure 7, the addition of PPF can ef-
fectively reduce the drying shrinkage of AAS mortars and
the drying shrinkage of AAS mortars decreased with the
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Figure 5: Effect of the PPF content on physical properties of the AAS mortar: (a) apparent porosity, (b) water absorption, and (c) bulk
density. -e error bars represent the standard deviation of three test specimens.

Table 4: Compressive strength of AAS mortars at 3, 7, and 28 days.

Samples
Compressive strength (MPa)

3 d IR (%) 7 d IR (%) 28 d IR (%)
Control 20.44 23.50 32.24
P1 19.64 − 3.91 23.68 0.77 32.55 0.96
P2 19.95 − 2.40 24.25 3.19 32.65 1.27
P3 19.75 − 3.38 24.74 5.28 32.69 1.40
P4 19.43 − 4.94 23.40 − 0.43 32.85 1.89
Note. IR (improvement ratio) (%)� ((strength of sample - strength of
control sample)/strength of control sample)× 100%.
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increase of the content of PPF. -e best content of PPF is
0.2% to reduce the drying shrinkage of AAS mortars. -is
reduction might be attributed to the following effects. First,
the tensile stress of the matrix is increased due to the
clamping pressure and frictional bond between AAS matrix
and PPF interface, and the existence of interfacial friction
will counteract part of shrinkage energy, thus restraining the
shrinkage of AASmortar [59, 66]. Moreover, PPF can bridge
the cracks and inhibit their growth [5, 59]. Second, after
adding PPF into AAS mortar, a large number of PPF evenly

distributed in the mortar play the role of “supporting” ag-
gregate, inhibit the sedimentation and segregation of water
and mortar aggregate, reduce the water evolution on the
surface of mortar, reduce the evaporation of water, and
enhance the water-holding capacity of AAS mortar. At the
same time, PPF on the surface of mortar slows down the
evaporation rate of moisture and restrains the shrinkage of
mortar [44, 67, 68]. Finally, the addition of PPF to AAS
mortar improves the uniformity of AAS mortar and reduces
the porosity of AAS mortar. Besides, the PPF can change the
harmful macropore in AAS mortar into discontinuous and
unconnected micropore, effectively block the passage of
moisture escaping, and reduce the loss of moisture, thus
reducing the shrinkage of AAS mortar [69]. -is is in ac-
cordance with the findings of the previous studies that the
addition of polypropylene fibers can reduce the drying
shrinkage of geopolymer [60, 70, 71].

3.5. Impact Resistance Results. -e stress-strain curves and
related results of the AAS mortar specimens of each group
are shown in Table 5 and Figure 8.-e failure morphology of
the specimens is shown in Figure 9. -e results show that
PPF can improve the dynamic compressive strength (the
peak stress of stress-strain curves) of AAS mortars. Com-
pared with the control mortar, the dynamic compressive
strength of P1, P2, P3, and P4 groups increased by 6.40%,
8.79%, 15.11%, and 26.21%, respectively. As seen Figure 9,
the control mortar was more fragmented after impact
damage, the P1 had less fragments and the P2, P3, and P4
groups specimens had better integrity with a few amount of
fragments. After the incorporation of PPF, the peak strain of
AAS mortars increased. Compared with the control mortar,
the peak strain of P1, P2, P3, and P4 increased by 24.59%,
65.04%, 107.32%, and 154.07%, respectively.

-e dynamic compressive strength and peak strain of
specimens studied alone cannot fully reflect the impact
resistance of the AAS mortar specimens, so the toughness
index is introduced to evaluate the impact resistance of
specimens in this work [72]. Toughness is an important
index to measure the dynamic performance materials, which
reflects the deformation and the ability to absorb energy of
materials. -e area enclosed by the stress-strain curves and
coordinate axis is used to indicate the amount of energy
absorbed by specimens under impact load, and it is also an
index to evaluate the toughness. -e larger the area, the
better the toughness [73]. Since the maximum strains of all
specimens were more than 0.020, the areas of stress-strain
curve and coordinate axis in the strain range of 0–0.020 were
calculated in this experiment. Figure 10 shows the histogram
of the toughness index of AAS mortar specimens. It can be
seen from the Figure 10 that PPF can significantly improve
the toughness of AAS mortar, and the toughness index of
AAS mortar increases with the increase of the content of
PPF. Compared with the control mortar, the toughness
indexes of P1, P2, P3, and P4 groups increased by 20.27%,
36.44%, 44.93%, and 70.14%, respectively. -erefore, P4 had
the best impact resistance whose PPF content was 0.2%. It is
due to the mutual transmission of the stress-strain energy
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Figure 6: Evolution of the compressive strength of AAS mortars as
function of PPF content. -e error bars represent the standard
deviation of three test specimens.
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Table 5: -e results of impact experiment.

Samples Average strain rate (s− 1) Maximum dynamic stress (MPa) Peak strain Failure characteristics
Control 69.70 38.77 0.00492 Smash
P1 70.12 41.25 0.00613 Partial fragments
P2 70.61 42.18 0.00812 A small amount of fragments
P3 71.13 44.63 0.0102 A small amount of fragments
P4 72.93 48.93 0.0125 Complete

Control
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Figure 8: Stress-strain curves of AAS mortars. -e error bars represent the standard deviation of nine test specimens.
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Figure 9: Effect of PPF content on failure morphology of AAS mortar specimens. (a) Control, (b) P1, (c) P2, (d) P3, and (e) P4.
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between PPF and the matrix. -e addition of PPF can inhibit
the development of cracks.-e PPF crossing the cracks or near
the cracks tip can quickly transfer stress-strain energy to the
surrounding cracks, which result in the prolongation of the
failure process of the specimens. -e addition of PPF increases
the absorption energy of the AAS mortar specimens, thereby
improving the impact resistance of the AAS mortars [74].

3.6.Microstructural Study. -e SEM technology was applied
to analyze the reinforcing mechanism of PPF on AAS
mortars. -e SEM of P4 group at curing age of 28 days is
shown in Figure 11. -e SEM specimens were chosen from

the failed specimens of the compressive strength test. As seen
from Figures 11(a) and 11(b), there is a good bonding be-
tween the PPF and AAS paste, which provides micro-
mechanism explanation for the addition of PPF enhancing
the compressive strength of AAS mortars [75]. In addition,
no obvious deformation of the PPF surface can be observed,
which indicates that PPF-reinforced AAS mortar has good
durability and long-term properties [70]. It can be observed
from Figures 11(c) and 11(d) that PPF can offer a bridging
effect over the microcracks by embedding its two thrums in
the matrix, which not only improves the mechanical
properties of AAS mortar but also prevents the generation
and propagation of microcracks, effectively absorb and
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Figure 10: Evolution of the toughness index of AAS mortars as a function of PPF content.
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Figure 11: SEM pictures of P4 at 28-day. (a) Magnified 90 times. (b) Magnified 170 times. (c) Magnified 45 times. (d) Magnified 110 times.
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dissipate the energy, and improve the crack resistance and
impact resistance of the AAS mortar [60, 75].

4. Conclusions

-is paper has presented the results of a systematic study on
the effect of PPF on the physical, mechanical, impact re-
sistance, and microstructure of AAS mortar. From the re-
sults obtained from this study, the following conclusions can
be drawn:

-e use of PPF in the AAS mortar causes a significant
increase in the mechanical properties (the dynamic com-
pressive strength, toughness of AAS mortar, and the impact
resistance), enhances the durability properties such as po-
rosity, water absorption, and resistance to water penetration,
and reduces the drying shrinkage. Since PPF improved the
properties of AAS mortar, the range of applications could
expand significantly.
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