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Abstract. Cement-stabilized macadam is the most widely used road base material in road engineering. The current
study investigated the impact of fiber diameter on its performance. The authors prepared polyester fibers with diam-
eters of 20, 35, 70, and 105 um and added them to cement-stabilized macadam. Then, the indoor shrinkage tests and
mechanical property tests at different ages were conducted. Then, the property changes of the polyester-reinforced
cement-stabilized macadam were analysed. The water loss rate of the polyester-reinforced cement-stabilized macadam
is subject to the combined influence of the “water loss surface effect” and “water loss porthole effect” With increasing
fiber diameter, the water loss surface effect becomes stronger, and the water loss porthole effect gradually decreases;
thus, the overall effect transitions from the latter to the former. Moreover, the water loss rate shows an increasing trend
of decreasing to its minimum. Therefore, with increasing fiber diameter, the average dry shrinkage coeflicient of the
polyester-reinforced cement-stabilized macadam first increases and then decreases, while the temperature shrinkage
coeflicients increase. The change in the fiber diameter does not significantly affect the compressive resilient modulus of
the polyester-reinforced cement-stabilized macadam if the fiber content remains constant. These findings demonstrate
the functional mechanism of the fiber diameter on the road performance of cement-stabilized macadam, thus improv-
ing our understanding of the road performance of the polyester-reinforced cement-stabilized macadam and laying a
solid theoretical foundation for its many applications.
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1. Introduction

Cement-stabilized macadam, which exhibits high
strength, excellent crack resistance, and strong erosion
resistance, is the most commonly used semi-rigid base
material (Berthelot et al. 2010; Jitsangiam et al. 2016).
However, the major disadvantage of cement-stabilized
macadam is that it is prone to cracking (Ma et al. 2007a,
2007b, 2007c; Taha et al. 2002; Wang et al. 2010). This
crackig is mainly a result of material dehydration and
temperature changes, which cause dry shrinkage and
temperature shrinkage, respectively (Norling 1973; Wang
et al. 2008). The road base, which is the main bearing lay-
er, sustains vehicle loads relayed from the upper parts of
the road structure. Therefore, cracks in the cement-stabi-
lized macadam base can easily lead to reflection cracks in
asphalt pavement (Gibney et al. 2002; Nusit, Jitsangiam
2016; Scullion 2002), allowing rain to infiltrate into the
base course, which decreases the overall road strength
and greatly impacts the service life (Blankenship et al.

2004; Liu 2015b). Research on the prevention of cracks in
cement-stabilized macadam has received significant atten-
tion over the past few years

For many years, scholars have conducted extensive
work in this field and have proposed a variety of preven-
tive measures (Grilli et al. 2013; Shahu et al. 2013; Siripun
et al. 2011), including improving the mixture gradation
method (Hu et al. 2001), improving the method of paving
the cement-stabilized macadam base (Wang, Zhou 2006),
and including certain additives, such as expansive agents
and shrinkage reducing agents (e.g., waste asphalt concrete
fibers), to improve the crack resistance (Farhan et al. 2015;
Li et al. 2013; Li, Zheng 2009; Liao et al. 2012). Research
has shown that adding fiber, one of the main types of addi-
tives, can improve the material’s crack resistance to a cer-
tain extent and improve the compressive strength, splitting
strength, and compressive resilient modulus (CRM) (Ca-
vey et al. 1995; Wu et al. 2011). To date, research inves-
tigations have concentrated on polypropylene fiber, steel
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fiber, and glass fiber as additives (Kaniraj, Havanagi 2001;
Khattak, Alrashidi 2006; Namdar et al. 2012; Zhang et al.
2013). However, the literature has only recently considered
polyester as an additive for improving the crack resistance
of cement-stabilized macadam.

Polyester fiber has relatively good chemical stability,
acid resistance, microbial resistance, and strong anti-ero-
sion ability. It boasts high strength, moderate extension, a
high modulus, and good rebound resilience and has the
best overall performance among the soft fibers (Sun 2006).
Since the 1970s, extensive research has been conducted on
the addition of polyester fibers to asphalt concrete surfaces
to improve road performance (Moussa, Gomaa 2003; Ting
et al. 2002), and scholars have achieved promising results.
Liu et al. (2009) and Liu and Lv (2009) analysed and obtai-
ned the water loss rate and shrinkage coefficient of polyes-
ter-reinforced cement-stabilized macadam (PETCSM) via
shrinkage tests and found that the road performance index
varied with age, fiber content, and length. They concluded
that the fiber length of PETCSM should be 5 mm and that
the optimal content is 0.7%o. Zhao et al. (2014) and Liu
(2015a) performed indoor mechanical tests to study the
impacts of the length, content, and age of the polyester
fiber on the unconfined compressive strength, splitting
strength, and resilient modulus of cement-stabilized ma-
cadam. According to them, polyester fiber better improves
the mechanical strength of cement-stabilized macadam
than polypropylene fiber. Xu (2012) studied the impacts of
the length and content of the polyester fiber on the flexural
strength of cement-stabilized macadam via indoor tests.

In summary, adding polyester fibers for crack pre-
vention and improvements in road performance has
shown favourable results. However, there is still a lack of
research on the impact of fiber diameter on the shrinka-
ge and strength of cement-stabilized macadam. Therefo-
re, this study examines the impact of fiber diameter on
the shrinkage and strength of cement-stabilized macadam
to extend the PETCSM research results and to establish a

Table 1. Technical characteristics of the cement

theoretical foundation for its many applications in road
construction projects.

2. Materials and methods

2.1. Materials

The cement used in the experiment was Hanbang P-O32.5
ordinary Portland cement (Huaihai Cement Plant, Xuzhou,
China). Table 1 shows its main technical characteristics. The
aggregates, which were limestone, were all the products of
the plant. Table 2 shows the grain gradation of the aggre-
gates for an aggregate crushing value of 23.7%. The PET
polyester fiber was made by Taian Modern Plastic Co. Ltd.,
China (Fig. 1a), with a circular cross-section and a length
of 50 mm. Table 3 shows its main technical characteristics.

2.2. Mixing proportions

In the experiment, the cement content in the cement-sta-
bilized macadam was 4.5%, which is a value commonly
used in engineering, and the polyester fiber content was
0.5%, by the literature (Banthia, Gupta 2006). Four fiber
diameters — 20 pm, 35 pm, 70 pm, and 105 um - were
considered to study the impact of fiber diameter on the
road performance indexes of cement-stabilized macadam
(Fig. 1b). The standard compaction test indicated that the

a b

Fig. 1. Polyester fiber: a — unmagnified (single type);
b - polyester fibers with diameters of 20, 35, 70, and 105 um
(magnified 1 000x under an electron microscope)

Loss on Fineness sieving residue, Setting time Compressive strength, MPa  Flexural strength, MPa
ignition, % Initial Final setting
% (80 pum square hole sieve)  setting time time 3 days 28 days 3 days 28 days
<5 <10 >45 min >6h >16 >32.5 >3.5 26.5
Table 2. Aggregate gradation
Size of the square hole sieve, mm 31.5 26.5 9.5 4.75 2.36 0.6 0.075
Passing rate, % 100 95 57 39 21.5 11.5 1.8
Table 3. Technical characteristics of the polyester fiber
. . . Coefficient
Proportion, Melting Thermal Acid- e.tnd N Tensile Elastic of thermal
Type (code) gcm™3 point, °C conductivity alkali- Ductility, %  strength, modulus, expansion
resistance MPa MPa 105°C
PET 1.36 >250 low strong 35 960 =9 000 5-6
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maximum dry density and optimum water content of the
mixture were 2.33 g/ cm? and 5.50%, respectively.

2.3. Specimen preparation

According to the shrinkage test method for PETCSM in
JTG E51-2009 Test Methods of Materials Stabilized with In-
organic Binders for Highway Engineering, the authors did not
use cylindrical specimens for shrinkage tests (Liu 2015a) in
this study but 100x100x400 mm beam specimens to obtain
dry shrinkage coeflicient and temperature shrinkage coeffi-
cient. The authors added polyester fibers with four different
diameters to each specimen, with six parallel dry shrink-
age specimens and three parallel temperature shrinkage
specimens. The specimens used in the mechanical prop-
erties test used the more common cylindrical specimens
with a diameter of 150 mm and a height of 150 mm; three
properties were measured: the unconfined compressive
strength, splitting strength, and CRM. 13 parallel speci-
mens were molded using the static pressure method, and
the authors controlled the degree of compactionat 98%.

2.4. Test methods

Experimental tests were performed according to the meth-
ods prescribed in JTG E51-2009.

(1) Dry shrinkage test.

After the specimens had been moulded using the sta-
tic pressure method, they were placed into a thermostatic
curing chamber for seven days before the test. First, the
initial values of the specimen height and weight were me-
asured. The authors placed three parallel specimens on a
contractometer (Fig. 2). In the natural water loss and dry
state, the authors measured the side specimens at the same
time once per day. The masses of the other three parallel
specimens were measured and their water loss rates were
calculated and recorded; the readings on the dial gauge of

a
Beam specimen

Micrometer|
i o] o]

b - test

Fig. 3. Shrinkage test

the contractometer were registered at the same time every
day. The authors took the readings on the micrometre un-
til their average values did not change for three days; then,
the dry shrinkage test was completed.

The parameters for the shrinkage performance were
calculated according to Eqs (1)-(5).
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where w; — the water loss rate, %, at the it measurement;
8, - the dry shrinkage observed at the i" measurement,
i.e., the readings from the two meters at each end of the
beam were averaged, and the average values, mm, at both
ends were added; ¢; — the dry shrinkage strain, %, at the
i measurement; a; - the dry shrinkage coefficient at the
ih measurement; a; — the total dry shrinkage coefficient;
m; - the weighed mass of the standard specimen at the it
measurement; 1, ; — the weight of the standard specimen,
g, at the i+1™h measurement; X;; - the reading on the jth
dial gauge at the ith measurement; X;, | j= the reading of
the jt dial gauge at the i+1%" measurement, mm; I — the
length, mm of the standard specimen; m,, - the mass, g, of
the dried standard specimen.

(2) Temperature shrinkage test.

After moulding the specimens, they were cured in
a thermostatic chamber for seven days. Then, they were
dried to a constant weight in a high-temperature oven, and
their heights were measured. The authors controlled the
experimental temperature between 40 °C and 0 °C (Fig. 3).
First, the specimens were placed in a constant-tempera-
ture environment of 40 °C in a high- and the low-temper-
ature control chamber and the readings on the dial gauge
after four hours were recorded. Then, the temperature was
lowered to 0 °C, and the readings on the dial indicator after
four hours were registered. Then, the authors finished the
temperature shrinkage experiment.

The parameters for the temperature shrinkage perfor-
mance were calculated according to Eqs (6) and (7):
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where € — the average shrinkage strain, %, within the tem-
perature variation range; I, — the shrinkage at the initial
thermostatic high temperature of 40 °C, i.e., the readings
from the two meters at each end of the beam were aver-
aged, and the average values (mm) at both ends were add-
ed; .- the shrinkage at the final thermostatic low temper-
ature of 0 °C (mm); L, — the length, mm, corresponding to
the constant weight of the dried specimen; a, - the average
dry shrinkage coefficient, %, in the temperature variation
range; ¢, — the initial stable high temperature, 40 °C; and
te— the final shrinkage at the stable low temperature, 0°C.

(3) Mechanical performance test.

After moulding, the authors cured the specimens for
the compressive strength and splitting strength tests for 7, 28,
60, or 90 days. Then, the specimens were cured for the CRM
test for 60 or 90 days. The authors measured and calculated
the compressive strength, splitting strength and CRM for the
specimens at the ages prescribed by JTG E51-2009 (Fig. 4).

The parameter values of the mechanical properties
were calculated according to Eqs (8)-(10):

R. =0.00005659- P, (8)
P
R; =0.004178 )
p-h
EC = T, (10)

where R - the unconfined compressive strength, MPa, of the
specimen; R; - the splitting strength, MPa, of the specimen;
P - the maximum pressure, N, when the specimen failed; E, -
the CRM, MPa, of the specimen; p — the unit pressure, MPa;
I - the rebound deformation, mm, of the specimen.

3. Results and discussion

3.1. Relation between the dry shrinkage coefficient and
fiber diameter

Table 4 summarizes the statistical data related to the dry
shrinkage experiments.

The authors averaged the dry shrinkage coefficients
of the parallel PETCSM specimens, and the curve shows
the relation between the dry shrinkage coefficient. Fig. 5
gives fiber diameter.

In Fig. 5, the average dry shrinkage coefficients of
the PETCSM first decrease and then increase with incre-
asing fiber diameter. The change in fiber diameter influ-
ences the shrinkage of the mix: the shrinkage coefficient
is relatively large when the fiber diameter is small. Water
loss is the main reason for the shrinkage of cement-stabi-
lized macadam (Banthia, Gupta 2006), and two main fac-
tors influence the water loss rate. One factor is the “water
loss surface effect”: the addition of fiber effectively reduces

the water loss surface on the material surface, hindering
water migration; as a result, the capillary tension formed
by capillary water loss shrinkage decreased (Yang 2003),
decreasing the water loss rate. The other factor is the “wa-
ter loss porthole effect”: the basic composition of cement-
stabilized macadam consists of grains, and the portholes,
formed by fibers running through the specimen straight to
the surface, increase the water loss rate. Figure 6 shows the

Fig. 4. Mechanical performance test: a — unconfined compressive
strength test; b — splitting strength test; c - CRM test
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Table 4. Statistical data related to the dry shrinkage experiments

Fiber Dry shrinkage coefficient (107%)  Coefficient
diameter, of variation,
um Average Maximum Minimum %
20 239 252 230 4.83
35 235 242 229 2.79
70 235 245 227 3.86
105 243 255 230 5.16
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relation between the fiber diameter and the water loss rate
as influenced by these two factors.

For the same fiber mass and fiber length, larger diame-
ter results in fewer filaments. A low number of filaments as-
sociates with high water loss on the surface of the specimen
and an increase in the water loss rate. Decreasing the num-
ber of portholes decreases the water loss rate. As shown in
Fig. 6, an excessively small fiber diameter and a larger num-
ber of filaments increase the magnitude of the water loss
porthole effect, as indicated by the relatively large water loss
rate and dry shrinkage coefficient for PETCSM. The port-
hole effect gradually decreases, and the water loss surface
effect gradually increases with increasing fiber diameter de-
creasing filament number because of the water loss rate and
dry shrinkage coefficient decrease. However, further incre-
ases in the fiber diameter result in further decreases in the
filament number. Thus, the water loss effect becomes more
significant than the porthole effect at larger fiber diameters.
As a result, the water loss rate of the specimen increases, and
the dry shrinkage coeflicient increases again.

3.2. Relation between the temperature shrinkage
coefficient and fiber diameter

Table 5 summarizes the statistical data related to the tem-
perature shrinkage experiments.

The authors averaged the shrinkage coeflicients of
the parallel PETCSM specimens, and Fig. 7 shows the re-
lation between the temperature shrinkage coefficient and
fiber diameter.

Table 5. Statistical data related to the temperature shrinkage
experiments

Fiber Temperature shrinkage coefficient, ¢ efficient
diameter, 1076/°C of variation,

Hm Average Maximum Minimum %
20 5.11 5.29 5.01 3.06
35 5.20 5.47 5.01 4.62
70 5.50 5.76 521 4.24
105 5.90 6.38 5.60 7.12
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Fig. 7. Relation between the temperature shrinkage coefficient

and fiber diameter

Figure 7 shows that the average temperature coeffi-
cient of PETCSM increases with the fiber diameter. The
polyester added to the cement-stabilized macadam mix
takes on a random three-dimensional distribution. With
increasing age, the fiber and cement-stabilized macadam
base further cement into a solid whole. Changes in the
outside temperature cause the base to contract or expand.
Compared with cement-stabilized macadam, the thermal
expansion coeflicient of the polyester fibers is small, thus
inhibiting the base’s contraction or expansion (Yang 2003).
When added polyester is in the same mass and with the
same length, a smaller fiber diameter associates with a
higher filament number. Here, the temperature shrinkage
coefficient is rather small, indicating that the added fiber
strongly inhibits the deformation of the base caused by a
temperature change. This trend occurs because the three-
dimensional distribution of the additional filaments in the
base is rather compact, effectively inhibiting base defor-
mation. In contrast, when the fiber diameter increases, the
filament number decreases; thus, the filaments within the
base become sparser, leading to a weaker inhibition effect
for base deformation. The results show the trend that the
temperature coefficient increases with the fiber diameter.

3.3. Relation between the strength and fiber diameter

Table 6 presents the statistical data for the strength experi-
ments.

Figure 8 presents the curve showing the relation
between the PETCSM strength and fiber diameter.

Figure 8 shows that at the same age and the same fi-
ber content, both the compressive strength and splitting
strength of PETCSM decrease linearly with increasing fiber
diameter. However, a shorter age leads to a narrower range
of decrease. At the age of 7 days, the compressive strength
and splitting strength of PETCSM with a fiber diameter of
105 pm are 6.8% and 14.3% lower, respectively, than those
of PETCSM with a fiber diameter of 20 um. Furthermore,
older age associates with a more rapid decline. At the age
of 90 days, the compressive strength and splitting strength
of PETCSM with a fiber diameter of 105 um are 23.6% and
38.9% lower, respectively, than those of PETCSM with a
fiber diameter of 20 um. This trend occurs because the
cement-stabilized macadam mixes bonds with the added
fiber through physical and chemical reactions. When bon-
ded to each other, the fiber and the bonding base display
a high tensile strength through friction and the pulling
effect, thus increasing the strength of the bonding base
(Yang 2003). When the base finally breaks under the action
of an external force, which pulls out the fiber from the base
(but the fiber does not typically break) (Fig. 9). In other
words, the fiber displays high tensile strength through the
pulling effect caused by the frictional contact between the
fiber surface and base. Therefore, two main factors influ-
ence the final strength of PETCSM: the size of the contact
area between the fiber and base and the solid degree of the
contact area between the fiber and the base. Eq (11) shows
the basic relationship between the contact area of the fiber
and cemented body and the fiber diameter.
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Table 6. Statistics for the strength experiments

Age, Fiber diameter, _Unconfined compressive strength, MPa . Splitting strength, MPa .
days pm Average Maximum  Minimum v Average  Maximum  Minimum v

20 3.80 4.21 3.45 5.83 0.28 0.33 0.26 6.84

35 3.75 4.23 3.11 8.54 0.28 0.32 0.26 5.26

’ 70 3.65 4.08 3.12 7.57 0.26 0.3 0.24 6.08

105 3.54 4.19 3.01 7.70 0.24 0.28 0.21 7.61

20 5.30 5.74 4.65 6.56 0.43 0.49 0.39 6.23

" 35 5.10 5.57 4.74 4.45 0.4 0.45 0.32 7.36

70 4.80 5.54 4.32 6.91 0.35 0.38 0.32 4.81

105 4.50 4.89 4.06 5.14 0.30 0.35 0.27 7.33

20 6.30 6.92 5.78 6.59 0.65 0.70 0.60 4.02

35 6.10 6.75 5.64 5.46 0.60 0.63 0.56 3.33

o0 70 5.60 6.33 5.21 5.90 0.52 0.57 0.48 4.37

105 5.10 5.65 4.75 4.66 0.42 0.45 0.39 4.45

20 7.20 7.55 6.91 3.36 0.77 0.85 0.70 431

35 6.85 7.51 6.18 5.17 0.72 0.75 0.68 3.26

%0 70 6.15 6.71 5.72 4.39 0.60 0.68 0.56 5.05

105 5.50 6.12 5.19 4.38 0.47 0.53 0.40 7.22

CV - coefficient of variation.
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Fig. 8. Relation between PETCSM strength and fiber diameter: a — compressive strength; b - splitting strength

A=a"

Dp (11)

where A - the contact area, mm?, between the fiber and
base; m - the mass of the fiber; D - the fiber diameter, mm;
p — the fiber density (g/mm3). Eq (11) shows that at the
same mass, the contact area between the fiber and base is
inversely proportional to the fiber diameter, i.e., the contact
area decreases linearly with increasing fiber diameter. The
friction between the fiber and base and the pulling effect
clearly decrease with decreasing strength. Xu (2012) com-
pared the effects of fibers with different shapes and found
that the bonded area between the fiber and cement-stabi-
lized macadam base affects the friction and pulling effect.
Regarding the solidness of the bond between the fiber and
base contact area, at a younger age, the hydration reaction
in the material has just started, and the generated cement

Fig. 9. Fiber status when the cement-stabilized macadam fails:
a - crack gap; b - fracture surface

is only in a small amount. Early on, the mix is still in a rela-
tively unstructured state that is inadequate for bonding the
fiber and cement-stabilized macadam into a solid whole.
Therefore, the solidness of the bond is relatively low, with
weak anti-friction and anti-pulling effects. Here, diameter
does not influence the strength significantly. A greater age
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results in a more mature cementing body, and a more solid
bond between the fiber and base results in stronger anti-
friction and anti-pulling effects. The diameter significantly
influences the strength, and the rate of decline increases
with increasing fiber diameter.

In summary, the combined factors of the size of the
contact area between the fiber and base and the solidness
of the bond influence the strength of PETCSM. A lar-
ger contact area and more solid bond result in a higher
strength, more specifically, a smaller diameter and older
age lead to a higher strength. The evenness of the three-
dimensional distribution of the fiber is also worth consi-
dering. For the same mass, a smaller diameter means more
fiber filaments, which makes it easier for clustering to oc-
cur. This condition leads to low evenness, which in turn
influences the PETCSM strength improvement. Therefo-
re, the fiber diameter should not be excessively small in
practical applications.

3.4. Compressive resilient modulus

Table 7 summarizes the statistical data for the CRM ex-
periments.

Figure 10 shows the relation between the CRM and
fiber diameter.

In Fig. 10, the CRM of PETCSM at the two different
ages do not exhibit significant changes with increasing
fiber diameter, i.e., at the same mass, a change in the fi-
ber diameter does not significantly influence the CRM of

Table 7. Statistical data for the CRM experiments

Fiber = Compressive resilient modulus,  Coefficient
Age, diame- MPa of
days  ter, ] . variation,
um Average Maximum Minimum %
20 1.32 1.42 1.19 4.25
60 35 1.33 1.45 1.18 5.53
70 1.31 1.41 1.20 3.87
105 1.32 1.42 1.27 3.29
20 1.45 1.54 1.31 4.52
90 35 1.46 1.52 1.31 3.96
70 1.43 1.51 1.35 3.05
105 1.45 1.54 1.36 3.40
1.8
—&—Average at 60 days A Max/min at 60 days
L7 -#-Average at 90 days  ® Max/min at 90 days
1.6
L5 m— n -
g S — e
q 1.4 . n
[ B ——— —A
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Fig. 10. The relation between the CRM of PETCSM and fiber

diameter

the mix. This phenomenon also corroborates the analysis
performed in studies on the impact of fiber content on the
CRM (Liu, 2015a, 2015b; Yang 2003). The elastic modulus
of the fiber is extremely high, compared to the mature plas-
tic cementing body of cement-stabilized macadam. The-
refore, the addition of fiber changes the ratio of the elastic
and plastic properties to a certain degree. With increasing
fiber content, the mix shifts from being “plastically” strong
to being “elastically” strong. The proportion of the fiber
content to the base mainly determines the CRM of cement-
stabilized macadam reinforced with fiber. For the same fiber
content, the ratio of the elastic and plastic properties of the
base reinforced with fiber does not change regardless of the
fiber diameter. Therefore, the CRM does not significantly
change with variations in the fiber diameter.

4. Conclusions

This study conducted indoor physical tests on polyester-
reinforced cement-stabilized macadam with different fiber
diameters and found that changes in the polyester fiber
diameter influenced the shrinkage and strength. We also
analysed the working mechanism to provide additional in-
formation about the impact of polyester fibers on the road
performance of cement-stabilized macadam.

1. The fiber diameter influences the dry shrinkage
performance of the polyester-reinforced cement-stabilized
macadam mix. With increasing fiber diameter, the average
dry shrinkage coefficients of polyester-reinforced cement-
stabilized macadam first decreased and then increased.

2. The “water loss surface effect” and “water loss port-
hole effect” influence the water loss rate of polyester-rein-
forced cement-stabilized macadam. With increasing fiber
diameter, the effect of water-loss surface becomes stron-
ger, whereas the porthole effect gradually decreases at the
same fiber content. The effect transitioned from the water
loss porthole effect to the water loss surface effect, and the
water loss rate increased after decreasing to a minimum.

3. When adding polyester fiber of the same mass and
same length into cement-stabilized macadam, the fiber fila-
ment number increases with decreasing fiber diameter. As a
result, the fiber was more efficient for inhibiting the defor-
mation of the base caused by a temperature change. Conver-
sely, when the fiber diameter increased, the filament number
decreased; as a result, the filaments within the base became
more spread out, leading to a less efficient inhibition of the
deformation of the cement-stabilized macadam base. As a
result, the temperature shrinkage coeflicient increased with
the fiber diameter.

4. At the same fiber content and age, both the com-
pressive strength and splitting strength of polyester-rein-
forced cement-stabilized macadam linearly decreased
with increasing fiber diameter. Younger age was associated
with a smaller range of decline, whereas the decline was
more rapid at older ages.

5. The polyester-reinforced cement-stabilized maca-
dam strength was subject to the combined influence of the
contact area between the fiber and base and the solidness
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of the bond. The fiber diameter was inversely proportional
to the contact area, i.e., a smaller diameter and older age
led to a higher strength.

6. After the addition of fiber to the cement-stabilized
macadam, the fiber content in the base became the prima-
ry influencing factor for the material’s compressive resi-
lient modulus. At the same fiber content, the ratio of the
elastic and plastic properties of the base materials reinfor-
ced by fiber remained unchanged regardless of the fiber
diameter. The compressive resilient modulus of polyes-
ter-reinforced cement-stabilized macadam did not signi-
ficantly change with varying fiber diameter.

In practical applications of polyester-reinforced ce-
ment-stabilized macadam, the fiber diameter should be
determined based on the full consideration of shrinkage
performance and strength. Although the fiber diameter
can be obtained based on the dry shrinkage experiment
(i.e., the diameter when the dry shrinkage coefficient re-
aches the minimum), we should decrease the diamete-
rappropriately when there is a high strength requirement
for the polyester-reinforced cement-stabilized macadam.
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