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19 8  Abstract: The stock of disposable face masks has climbed steadily due to COVID-19, which
22 9  results in an urgent worldwide environmental problem. This investigation aims to assess the
24 10  potential of using waste mask chips (MC) as reinforcement in granular soil. To evaluate the
27 11  mechanical properties of the mask chips - granular soil mixture (MSM), a series of monotonic
30 12 and cyclic triaxial tests with different confining pressures and MC contents are conducted. Then,
33 13  the shear behavior of MSM is quantified from both static (strength, stiffness, dilatancy) and
35 14  dynamic (energy absorption capacity, resilient modulus, deformation) perspectives.
38 15  Furthermore, based on the static and dynamic indexes, the effects of adding MC into granular
41 16  soil are comprehensively analyzed. All experimental results indicate that the MSMs exbibit an
44 17 increase of shear strength and a reduction of shear-induced volumetric dilation, but a decrease
18 instiffness. The addition of MC also leads to an increase in energy absorption but will not affect
49 19  the cumulative strain of MSMs. Thus, MC has great potential to be used in the embankment
52 20  construction of road and railway, backfill or reclamation construction, and so on. In addition,
55 21 the influence of mask chip content on mechanical behaviors of MSM can be considered in

o7 22 current constitutive models for further engineering calculation and design relating to of MSMs.

60 23 This experimental study provides a new perspective and thought on the recycling of waste face
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masks in civil engineering.
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1 Introduction

Wearing disposable face masks has been proved to be an effective way to reduce the
infection of airborne infectious diseases, e.g., SARS, H1IN1, and Covid-19. In the background
of the global Covid-19 pandemic, the consumption of disposable masks has increased
significantly (Karaivanov et al., 2021). It is reported that the global use of face masks is more
than 129 billion per month (Prata et al., 2020). Based on the predicted model proposed by
Nzediegwu and Chang (2020), more than two hundred thousand tons of face masks are
generated around the world each day.

The disposable masks (made of non-biodegradable plastics) take hundreds of years to
degrade in the natural environment (Dhawan et al., 2019). Currently, the two major ways to
treat disposed masks are sent to landfills and incineration (Saberian et al., 2021). However, the
mentioned ways have potential risks. Lightweight masks can be moved easily from landfills in
wind and rainwater and decomposed into microplastics to endanger the health of organisms
(Fadare and Okoffo, 2020). Moreover, the burning of masks will release a lot of harmful gases.
Therefore, it is urgent to find a safe and reliable recycling method for disposable masks.

Besides, waste face masks can be regarded as flexible chips that are often used to improve
the properties of granular soil in engineering construction. In general, adding flexible chips into
granular soil leads to an increase in energy dissipation capacity (Fathali et al., 2017; Sol-

Sanchez et al., 2015). Flexible chips are also helpful to protect soil particles from breakage and
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reduce the dilatancy of granular soils during shear (Buddhima et al., 2018; Gong et al., 2019).

Moreover, the additional flexible chips into granular soil have the advantage of decreasing the

concentration of contact forces under external loading (Guo et al., 2020; Zhang et al., 2020c).

Along this way, waste masks are supposed to be more suitable for improving the engineering

properties of granular soils. However, the engineering properties of flexible chips reinforced

soil highly relate to the materials. For example, Mashiri et al. (2015) concluded that the

additional flexible chip leads to the increasing strength of granular soil, but Lee et al. (2014)

indicated that the strength of granular soil decreases with increasing flexible chip content. In

addition, Fathali et al. (2017) found that adding a small number of flexible chips can reduce the

settlement of granular soil under cyclic load, but this phenomenon was not found in the study

of Qi et al. (2018). Thus, understanding the effect of the waste mask on granular soil is

important to evaluate the potential of the waste mask as a geo-material, since the mask chips

are different from currently used fiber or rubber based chips in term of tensile strength and

contact area.

This study aims to assess the potential of using waste masks in reinforcing granular soils.

Graded crushed rock particles, one of the most widely used granular soil in civil engineering,

is used to blend with waste masks. First, a series of monotonic and cyclic triaxial tests are

conducted to investigate the improvement in the performance of granular soil by adding waste

masks under different mask contents. Then, the results of the monotonic triaxial tests, including

the stress-strain behavior and volume change, are quantified. Finally, the evolution of energy

absorption, resilient modulus, and cumulative deformation is analyzed through cyclic triaxial

tests.

3/28



OCoO~NOUAWNE

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81
82

2 Laboratory Testing Program

2.1 Tested materials

In this investigation, the adopted granular soil, well-graded limestone, was sampled from
a quarry in Changsha, China. Moreover, the disposable face masks in this study were produced
by Nanchang Jianghancheng Medical Instrument Co., Ltd. Blending entire masks with graded
crushed stone is a convenient way to consume the waste face masks. However, the size of masks
is too large for traditional geotechnical tests considering the size effect. Thus, as shown in Fig.
1a, the masks were cut into pieces (mask chips) and kept a similar aspect ratio as the entire
masks. Correspondingly, as shown in Fig. 1b, the size of granular soil was reduced. The railway
subballast (Zhang, 2020), a kind of graded crushed stone with the most stringent demands, was
used as the standard in scaling. The ratio of the width of mask chip to ds, of scaled granular
soil is 20, which is equal to the ratio of the width of entire masks to ds, of traditional
subballast. Moreover, the specific gravity of adopted granular soil and mask chip are 2.67 and

0.59, respectively.
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Fig. 1 Tested materials: (a) photograph and (b) particle size distribution

The masks pieces can be regarded as a special fiber (Bordoloi et al., 2017). For the optimal
fiber content of fiber-reinforced soils obtained by previous investigations, Salah et al. (2010)
and Chen et al. (2015) suggested that the optimum fiber volumetric content in fiber-reinforced
soils is 1.0% (approximately equivalent to 0.5% by weight) considering the increasing shear
strength. Fardad Amini and Noorzad (2018) reported that the optimum fiber mass content is
1.0% based on the maximum energy dissipation capacity. Talal (1986) and Gopal et al. (1996)
indicated that sand stabilized with fiber mass contents >2% achieved no added benefits. Thus,
four mask contents (0%, 0.5%, 1.0%, 1.5%) by weight of dry soil are selected in this study.
Moreover, the maximum dry density test of mask chips - granular soil mixture (abbreviated as
MSM) is conducted by surface vibration compaction. The maximum dry densities of MSM
with 0 % and 1.5 % MC content are 2.04 g/cm?® and 1.98 g/cm?®, respectively. An increase in
MC content leads to an approximately linear decrease in the maximum dry density of MSMs.

The reinforcement effects of chip on soil highly relate to their tensile behaviors. As shown
in Fig. 2(a), the tensile test of MC is repeated five times by a high precision tension testing
system (MTS insight 30). The width and length of the mask chip in the tensile test are 10 mm
and 48 mm, respectively. The results of the repetitive test are similar. Thus, a typical curve is
selected to highlight the tensile properties of MC. As shown in Fig. 2(b), the force-displacement
curve of MC gradually increases to a long plateau, indicating that MC has excellent toughness.
Moreover, the strength of the melt-blown layer (middle layer) is smaller than that of the non-
woven layer (outer layer). This phenomenon leads to a sudden drop of the force-displacement

curve. In summary, the average strength of MC is 16.2 N based on the five repetitive tests.
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Fig. 2 Tensile test of mask chip: (a) loading system and (b) test results

2.2 Test procedure and plan

A series of drained monotonic and cyclic triaxial tests were carried out to investigate the

static and dynamic characteristics of the MSMs according to ASTM D7181 (ASTM-Standards,

2020) and ASTM D5311/D5311M (ASTM-Standards, 2013), respectively, following four

stages: sample preparation, saturation, consolidation, and shearing.

For the stage of sample preparation, the straightforward compaction degree (defined as the

target dry density divided by the maximum dry density) was used to quantify the relative

compaction level; this method was also used in a previous laboratory investigation and field

design of graded crushed stone (Tatsuoka and Gomes Correia, 2018). The specimens were

compacted in three layers and were 50 mm in diameter and 100 mm high. All the samples tested

in this investigation were prepared with a target compaction degree of 90%. Then, the saturation

stage was conducted on the triaxial apparatus and stops when b value (the ratio of the

increment of confining pressure to pore pressure) exceeds 95%.

During the shearing stage, monotonic shearing was conducted with a constant strain rate
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of 0.01 mm/min to ensure that fully drained conditions were maintained during shearing, and

shearing was completed when 20% axial strain was achieved. Three commonly used confining

pressures o, e.g., 25 kPa, 50 kPa, and 100 kPa (Lenart et al., 2014), were adopted in the

monotonic triaxial test to investigate the strength parameters. For the cyclic triaxial test, a

single-specimen staged loading method (Ding et al., 2021) was adopted as shown in Fig. 3. To

evaluate the dynamic characteristics of MSM under different traffic loads, the cyclic load o,

was 50%, 100%, 150%, ..., of the confining pressure in each loading stage, and each loading

stage was cycled 10 times. The cyclic triaxial tests were stopped when the axial strain reached

4%. Moreover, based on the suggestions of previous studies (Bian et al., 2016), the frequency

adopted in the tests was equal to 1 Hz. Two confining pressures, e.g., 50 kPa and 100 kPa, were

selected to observe the effects of confining pressures on dynamic responses.
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Fig. 3 Load oscillogram for the cyclic triaxial test

All the tested specimens were numbered, and the details of each specimen are summarized

in Table 1. The ‘C’ and ‘P’ in the name of specimens indicate mass content and confining

pressure, respectively. For example, CO5P25 is the specimen with 0.5% chip content under
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138  confining pressure of 25 kPa. Moreover, the thickness and Young’s modulus of membranes are

139 0.3 mmand 1100 kPa, respectively.

140 Table 1 Test strategy and basic geotechnical properties of the specimens
Material  Chip content (%)  Triaxial test strategy o, (kPa) Void ratio
COP25 Monotonic 25
COP50 0 Monotonic and cyclic 50 0.544
COP100 Monotonic and cyclic 100
C05P25 Monotonic 25
CO5P50 5 Monotonic and cyclic 50 0.558
CO05P100 Monotonic and cyclic 100
C10P25 Monotonic 25
C10P50 10 Monotonic and cyclic 50 0.573
C10P100 Monotonic and cyclic 100
C15P25 Monotonic 25
C15P50 15 Monotonic and cyclic 50 0.587
C15P100 Monotonic and cyclic 100

141 3 Interpretation of Triaxial Tests under Monotonic Loading

142 To further analyze the results of the monotonic triaxial tests, the axial strain &;, deviatoric
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stress g, effective mean stress p, and stress ratio n are defined as follows:

hy—h
&= 1)
_hf
C[—7 (2)
p=o0:.+q/3 (3)
_1
n—p 4)

where hy, and h arethe height of the sample before shear (after consolidation) and at present,
respectively; V is the current volume of the sample; f is defined as the load on the loading
plate; and o, isthe confining pressure.

3.1 Stress-strain relationship

Fig. 4 illustrates the evolution of stress ratio n with shear. n of MSM undergoes a sharp
soar to a peak value before expanding gradually to plateau values. The peak and residual
strength are similar to previous laboratory investigation of subballast (Suiker Akke et al., 2005),
indicating that the adopted crushed stone can reflect the mechanical properties of traditional
graded crushed stone.

Fig. 4a indicates that an increase in MC content (C) leads to a delayed and indistinct stress
peak. The stress-strain relationships of the MCMGs change from a strain-softening type to a
strain-hardening type. This phenomenon means that the stress-strain behavior changes from a
brittle to a predominantly ductile response with an increasing chip in the skeleton of the
specimens. Similar observations have been reported by laboratory and numerical investigations
(Kim and Santamarina, 2008; Marandi and Tajabadipour, 2016). Moreover, the addition of
mask chips leads to a larger strength because the chip can exert additional tension on the
surrounding particles to restrain their movement (Zhang et al., 2020b).

Comparing Fig. 4a, Fig. 4b, and Fig. 4c, with increasing confining pressure o, the stress
9/28
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peak is delayed and gradually disappears. The reasons for this phenomenon are: (1) The

instability of the pores increases with the increase in particle contact stress (Zhang et al., 2020a);

(2) The surface unevenness of particles decreases under the condition of high local stress,

resulting in a decrease in the friction coefficient (Harkness et al., 2016). Compared to low

confining pressure conditions (Fig. 4a), the stress curves of specimens with different chip

content are similar under high confining pressure (Fig. 4c), indicating that the influence of chip

content highly relates to the external load.
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Fig. 4 Stress-strain curves of mask reinforced soil under different confining

pressures: (a) 25 kPa, (b) 50 kPa, and (c) 100 kPa

The initial modulus E (defined as the secant modulus at 1% strain) and Eso (defined as the

secant modulus at 50% strain corresponding to the peak stress) are used to reveal the effect of

C on stiffness. To weaken the influence of confining pressure, the initial moduli are expressed

in terms of stress ratio and summarized in Fig. 5. As shown in Fig. 5a, the initial modulus drops

with increasing confining pressure and chip content. Moreover, the decrease of initial modulus

caused by increasing C is highly dependent on the confining pressure; the greater the confining

pressure is, the more obvious this decrease. According to the numerical investigation conducted

by Zhang et al. (2020b), the particles around flexible chips are easy to rearrange at the beginning
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of shear because of the deformability of the chip, and an increase in confining pressure leads to
the instability of surrounding particles. Interestingly, the increase of confining pressure results
in a linear decrease of initial modulus with increasing C. Compared to E, the variation of Esp in
Fig. 5b has a similar decreasing trend, but the gradient change of Es is not significant. This
phenomenon means that the variation of Esp highly depends on the delayed peak stress caused
by the additional mask chips. It is worth noting that Eso of specimens with 1.5% mask content
is larger than Eso of specimens with 1.0% mask content, indicating that the strain corresponding

to the peak stress is much larger than the limitation of the experiment (20% axial strain).
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Fig. 5 Summary of the modulus results: (a) E and (b) Eso

According to the Mohr-Coulomb yielding criteria, the internal friction angle (¢) and the
cohesion force (c) of specimens in peak state are obtained for different C. Notably, ¢ and ¢
of the specimens with 1.5% chip content are not listed because the peak strength of C15P100
and C15P50 was not observed in triaxial tests. Fig. 6 shows the effect of MC content on the ¢
and c¢. With increasing MC content, ¢ increases. According to previous numerical
investigation of flexible chip reinforced soil (Zhang et al., 2020b), the flexible chips can restrict

the movement of surrounding particles by activating the internal tension, and the restriction is
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transferred by the friction of the chip-soil interface. Thus, the increasing MC content leads to

the increasing ¢. Moreover, ¢ is basically constant with increasing MC content.
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Fig. 6 The internal friction angle and cohesive force of specimens in peak state

3.2 Volumetric strain behavior

In granular materials, the granules slip and rotate with shear, resulting in the volume of the

sample changing. The volumetric strain ¢, is used to quantify the volume change of MSMs:

Vo—V
Vo

& = ®)
where V, and V are the volume of the sample before shear (after consolidation) and at present,
respectively.

Fig. 7 illustrates the volumetric strains of MSMs with different C under different confining
pressures. A positive volumetric strain denotes shrinkage, and a negative volumetric strain
denotes expansion. All specimens first undergo a slight contraction and then quickly expand to
a stable volume. Increases in confining pressure and chip content will increase shear shrinkage

while decrease shear dilatancy, and the axial strain corresponding to the transformation state

(the state in which the specimen reaches the zero dilatancy state (Roscoe et al., 1958) during
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shear) increases. Interestingly, compared to pure crushed stone, the volume change of MSM is

less affected by confining pressure.
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Fig. 7 Effect of chip content on volumetric strain under different confining

pressures: (a) 25 kPa, (b) 50kPa and (c) 100kPa

The constitutive model is the basic to predict the engineering properties of soils. The
stress-dilatancy relationship is essential for the fundamental constitutive behavior. According
to Li and Dafalias (2000), the dilatancy d was quantified as de} /del), where dej and del
denote incremental plastic volumetric strain and incremental plastic deviatoric strain,
respectively. The elastic strain is relatively small under adopted confining pressure; thus, ds?
and dsg are assumed equal to incremental volumetric strain and incremental deviatoric strain
(Qi et al., 2019), respectively.

Roscoe et al. (1963) assumed that the plastic input work is equal to the dissipated energy.
Thus, the dilatancy d under compression condition can be defined as follow:

q
d=M 5 (6)
M is the stress ratio in phase transformation. Because of the discrepancy in fitting

experimental tests, a constant D is often introduced to modify the Roscoe’ dilatancy (Chang

and Yin, 2010; Jefferies, 1993):
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Fig. 8a illustrates the stress ratio-dilatancy curves for specimens with ¢, = 50 kPa. The
stress ratio-dilatancy curves decrease with increasing stress ratios and turn back at the peak
stress. This phenomenon suggests that the stress ratio in the peak state is larger than that in the
critical state because the specimens were prepared at a relatively dense state. In addition, as C
increases, the dilatancy curve moves up because of the increasing M. It is worth noting that d
of all specimens can be well fitted by Eq. (7), and the D of all specimens is basically equal.
This indicates that most traditional constitutive models can be directly employed to predict the
shear behaviors of MSMs.

The critical state is also an important index for the constitutive model of soils. However,
the addition of mask chip delayed critical state; consequently, most specimens did not reach the
critical state in triaxial tests. Qi et al. (2019) indicated that the phase transformation state (PTS)
influences the critical state of granular materials significantly. Along this way, the phase
transformation state lines are plotted in Fig. 8b. For all specimens, the PTS lines exhibit good
linearity. In addition, the increasing C leads to the upward movement of the PTS line, and the

slope of the curve remains unchanged.
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Fig. 8 Effect of chip content on: (a) stress-dilatancy relationship and (b) phase

transformation state line

4 Interpretation of Triaxial Tests under Cyclic Loading

The most unignorable road performance of granular soil in civil engineering is the
absorption of transportation vibration. The changes in the transportation vibration energy
absorbed by the structural layer, which is consists of granular soil, can be divided into the
following three parts (Qi et al., 2018). First, energy is dissipated during the elastic deformation
of soil particles. Second, this energy is transformed into internal energy via friction between
particles. Third, the transportation vibration energy leads to the movement and breakage of soil
particles, resulting in plastic deformation. Therefore, the cyclic triaxial tests are analyzed for
three parts, including energy consumption Wp, resilient modulus Mg, and cumulative
deformation. The calculation methods of hysteresis loop-related indexes W, and My are

listed in Fig. 9. Aypc is the area of the hysteresis loop.

Axial stress, 0;

A B
Axial strain, &;

Fig. 9 Calibration of hysteresis loop-related indexes

The hysteresis loop reflects the dynamic properties of unbound road materials directly. Fig.

10a illustrates the hysteresis loops of MSM with different C at the last loading stage. With the
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increase in C, the hysteresis loop gradually inclines to the right, indicating that the rebound
deformation increases gradually, which is due to the increase in the elastic deformation ability
of MSM due to the addition of the mask chips. The increasing C leads to an increase in the area
of the hysteresis loop, indicating that the energy absorption capacity increases with the
additional mask chip. Moreover, the change of inclination of the loop is small, indicating that
the increasing energy absorption capacity can be attributed to the increasing width of the loop.

Fig. 10b presents the hysteresis loops of C10P50 at N = 15, 25, 35, 45, 55, and 65 (the
applied a; from 50 kPato 175 kPa). The width of the hysteresis loop increases with increasing
cyclic axial stress, leading to the increase of energy absorption capacity. In addition, the slopes
of loops are similar under different cyclic loads, demonstrating that the dynamic properties of

MSM are stable under conventional traffic load.
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Fig. 10 Variation of hysteresis loops with: (a) chip content and (b) external load

4.1 Energy absorption

The energy absorption capacity of the structural layer in the road\railway field is

significant. Actually, a part of input vibration energy is absorbed by this layer, and others is

16 /28
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output to the surface of the subgrade. The increase in the energy absorption capacity of the
graded crushed stone layer can significantly enhance the durability of the road structure
(Indraratna et al., 2018). The energy consumption Wy in different loading stages are presented
in Fig. 11. The value of W), is the average calculated from the last five hysteresis loops in a
specific loading stage. Moreover, the cyclic load o; was converted to the stress ratio form to
distinguish the effect of confining pressure.

Wy in different loading stages is shown in Fig. 11a to illustrate the energy absorption
capacity of MSMs under conventional traffic loads. With increasing n’, W, increases rigidly
with increasing gradient. This phenomenon shows that the energy absorption capacity of MSM
is extremely sensitive to the external load, indicating that increasing n’ leads to wider
hysteresis loop, consistent with the variation in the hysteresis loop shown in Fig. 10. Moreover,
increasing C leads to the monotonic increase of energy absorption capacity of MSM in adopted
chip content (0% to 1.5% chip mass content).

Fig. 11b summarizes the energy consumption W, of each specimen under different
confining pressure ag.. Wy with g, =50 kPa and 100 kPa are marked as black and red lines,
and the different cyclic stress ratios are distinguished by different line types. For all samples,
Wy increases with increasing mask content, indicating that the additional mask leads to the
monotonic increasing of energy absorption capacity of granular soils under conventional load
conditions. With increasing a,, the energy absorption capacity of all specimens substantially
increases for two reasons. One reason is that the input energy of specimen surges. The other
reason is that, specimen become denser under a higher confining pressure, leading to the

increased number of contact points (Itasca, 2014). Moreover, the distance between black lines
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is much smaller than that of red lines, suggesting that the effect of confining pressure on low
cyclic stress ratio is less than that on high cyclic stress ratio. This result reflects that the width
of the hysteresis loop increases with increasing cyclic stress ratio, consistent with the

observation in Fig. 10b.
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Fig. 11 Evolutions of energy dissipation W with (a) cyclic load and (b) mask

content

4.2 Resilient modulus

A large part of the energy input into the structural layer in road\railway field is dissipated
by the resilience deformation (Sun et al., 2019), and the resilience deformation can be quantified
by the resilient modulus My. The value of My is also the average calculated from the last five
hysteresis loops in a specific loading stage. Fig. 12 illustrates the evolution of the resilient
modulus with cyclic loading to investigate the effect of mask content and confining pressure.
The relationship between My and mask content is explored in Fig. 12. It is observed that, for
a specific cycle stress ratio, the My value decreases as the mask content increases. Moreover,

My decreases rapidly in the initial state and expands gradually to plateau values. This
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phenomenon indicates that the stiffness of MSM will be stable after bearing a certain time under
transportation loads and keep constant under conventional stress conditions.

Two typical cyclic stress ratios are selected to investigate the effect of confining pressure,
as shown in Fig. 12b. My with g, =50 kPa and 100 kPa are marked as black and red lines,
and the different cyclic stress ratios are also distinguished by different line types. The black
lines are entangled, but an obvious distance between red lines is observed. This phenomenon
means that My of specimens with n' = 0.75 is not stable; that is, the increasing confining
pressure inhibits the time for the specimen to reach stability. Moreover, the larger the confining
pressure is, the greater the resilient modulus. Moreover, the resilient modulus of all the samples
decreases with increasing C. This phenomenon also shows that an increase in C leads to a
decrease in the stiffness and an increase in the compressibility of MSMs under the same load
conditions. Compared to the solid lines, the dotted lines are more linear, indicating that the

effect of C is related to the external load.
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Fig. 12 Evolution of the resilient modulus with: (a) cyclic load and (b) mask content
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4.3 Deformation characteristics

Teixeira et al. (2006) suggested that the deformation of the granular layer is a proper

indicator to evaluate the safety of tracks. According to previous investigations of deformation

behaviors of granular soils, the settlement mainly occurs in the first few vibrations under a

constant cyclic load (Qian, 2014). Thus, even if there are only ten cyclic loads per loading stage,

the deformation data is valuable. The evolution of the deformation (expressed as strain) is

summarized in Fig. 13. Fig. 13a illustrates the time history curves of specimens with different

mask content under o, = 100 kPa. For a specific loading stage, the plastic deformation

(cumulative axial strain) first increases rapidly and then gradually to a plateau, indicating that

the settlement is concentrated in the first vibration. Moreover, in the same loading stage, the

bottom of all curves coincides basically, and the top of the curve is quite different. This

phenomenon demonstrates that the elastic and plastic deformations caused by the additional

mask are inconsistent. The increasing C results in a huge increase in elastic deformation and a

slight decrease in plastic deformation.

The effects of confining pressure on cumulative settlement are compared in Fig. 13b. The

specimens with o, =50 kPa and 100 kPa are marked as black and red lines, and the different

mask contents are denoted by different line types. As shown in Fig. 13b, for a specific loading

stage, the cumulative axial strain increases with decreasing slope and finally tends to a plateau

(named stable state). Moreover, the apparent stable state does not appear in the last few loading

stages, indicating that the increasing cyclic stress ratio will inhibit the appearance of a stable

state. The black lines are lower than red lines, suggesting that the increase of confining pressure

will improve the instability of MSMs. In other words, increasing confining pressure leads to
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decreasing dynamic strength of MSMs under the same cyclic stress ratios.

5 — 4
| ——CoP100 3 —a— COF50
- —— CO05P100 £ ]----CI10F50 P
2 4+ = _0
< | ——CI10P100 £ 3 H{—=—C0F100 Py
© ——C15P100 2 |--<-CI0F100 il
£ 31 e oM =
E 52 - g
0] > = 7
=2 2 _
£ £
: ] -
< 14 + LAARes E 1 - Q-
= _
1 O
0 T T T T T T 0 T 1 T 1 T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time (s) Time (s)
(@) (b)

Fig. 13 Evolution of deformation with number of cycles: (a) effect of mask content

and (b) effect of confining pressure

5 Conclusion

By performing a series of monotonic and cyclic triaxial tests, the static and dynamic
characteristics of the mask chip-reinforced granular soil (MSM) have been analyzed. Waste face
mask has been identified to has a great potential to be used in the road\railway field. The main
results can be summarized as follows:

1. Under monotonic loading, the addition of mask chip into the granular soil leads to a
decrease in the stiffness, shear dilatancy, delayed peak state, but it increases the strength and
internal friction angle.

2. Under cyclic loading, with increasing mask content, the energy absorption capacity
substantially increases, and the settlement slightly increases, but the modulus of resilience
decreases. Moreover, the increasing energy absorption capacity is due to the increased

flexibility.
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3. The influence of mask chip content highly relates to the external load. Moreover, there

is a great probability that some existing constitutive models can predict the shear behavior of

MSMs.

This investigation may promote the application of MC in civil construction and the

effective reuse of waste masks. Besides, future work will focus on the interface between

cohesive soil and the flexible chip in the perspective of microstructure micromechanics.
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