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Abstract: Polyester-fiber-reinforced cement-stabilized concrete is widely adopted to prevent the
shrinkage cracking in pavement engineering. However, the effects of fiber length and content on
the dry shrinkage and temperature shrinkage are not clear. The relationship between shrinkage
resistance and strength is also discussed scantily. Hence, five types of polyester fiber length (1 cm,
3 cm, 5 cm, 7 cm, and 9 cm) and six types of polyester fiber content (0.1%o, 0.3 %o, 0.5%o0, 0.7 %o,
0.9%o0, and 1.1%.) were selected to prepare the fiber-reinforced cement-stabilized concrete. The dry
shrinkage coefficients and temperature shrinkage coefficients were used to evaluate the shrinkage
resistance. Moreover, the relationships among these shrinkage coefficients, compressive strength,
and splitting strength at different curing ages were investigated to realize the prediction of shrinkage
resistance of polyester-fiber-reinforced cement-stabilized concrete. This study aimed to seek the
optimal fiber characteristics and conveniently evaluate the shrinkage resistance for the polyester-
fiber-reinforced cement-stabilized concrete. Results show that: increasing the content of polyester
fiber can significantly improve the shrinkage resistance of cement-stabilized concrete, especially for
the temperature shrinkage. The fiber length should not be too long, especially for dry shrinkage.
The optimum fiber content and fiber length is 0.7 %o and 5 cm for the dry shrinkage resistance and
0.7%0 and 9 cm for the temperature shrinkage resistance. There was higher correlation between
compressive strengths and shrinkage coefficients, while the correlation between splitting strength
and shrinkage coefficients was not obvious.

Keywords: fiber-reinforced cement-stabilized concrete; fiber content; fiber length; polyester fiber;
shrinkage resistance

1. Introduction

Reinforced cement-based concrete is widely adopted in the civil construction [1,2]. In
pavement engineering, the cement-stabilized concrete (i.e., cement-stabilized macadam) is
used in base or subbase of highway structure considering the advantages in high-strength,
strong-integrity, and low-price [3,4]. However, owing to the characteristics of dry shrinkage
and temperature shrinkage, the cement-stabilized concrete usually results in shrinkage
cracks, resulting from the changing of temperature and moisture content [5,6]. These cracks
will quickly extend to the whole base and reflect to the asphalt pavement, which is one of
the main diseases of asphalt pavement in China [7]. Therefore, how to effectively control
the shrinkage cracks of cement-stabilized concrete is the key issue to solve the damage of
asphalt pavement.

At present, there are two main ways to inhibit the shrinkage cracks of cement-stabilized
concrete: (a) optimizing aggregate gradation to reduce cement content without compro-
mising mechanical strength [8,9] and (b) adding fibers (e.g., polyester fiber, polypropylene

Buildings 2023, 13, 1027. https://doi.org/10.3390/buildings13041027

https://www.mdpi.com/journal /buildings


https://doi.org/10.3390/buildings13041027
https://doi.org/10.3390/buildings13041027
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/buildings
https://www.mdpi.com
https://doi.org/10.3390/buildings13041027
https://www.mdpi.com/journal/buildings
https://www.mdpi.com/article/10.3390/buildings13041027?type=check_update&version=1

Buildings 2023, 13, 1027

20f15

fiber, steel fiber, basalt fiber, glass fiber, etc.) into cement-stabilized concrete [10,11]. How-
ever, owing to the reduction in the quality of aggregates in recent years, it is difficult to
reduce the cement content while ensuring the mechanical strength of cement-stabilized
concrete much of the time. Hence, the fiber used in cement-stabilized concrete received
more concerns [12,13].

In previous studies, the effects of fibers on the mechanical strength of cement-stabilized
concrete were widely investigated [14-18]. The results indicated that the fibers could
improve the compressive strength, splitting strength, and compressive resilient modulus
to a certain extent. However, owing to result uncertainty, experimental complexity, and
time cost, the shrinkage resistance of cement-stabilized concrete was usually indirectly
evaluated through the splitting strength (i.e., indirect tensile strength) or bending strength.
This indirect evaluation method could not provide enough accuracy and was difficult
to investigate the temperature shrinkage [19,20]. Only a few studies directly analyzed
the shrinkage resistance of cement-stabilized concrete. Zhang et al. [21-23] analyzed
the change law of shrinkage performance of cement-stabilized concrete using different
polypropylene fiber contents via parametric tests. Liu et al. [1,24] revealed the effects of
polyester fiber characteristics (content and diameter) and curing ages on dry shrinkage
of cement-stabilized concrete via water loss rate and shrinkage coefficient. Tan et al. [25]
demonstrated the feasibility of PVA fiber for improving the deformation characteristics of
cement-stabilized concrete by means of the dry shrinkage test, temperature shrinkage test,
freeze—thaw bending test, and fatigue test.

Although various fibers have respective advantages, the polyester fiber and polypropy-
lene fiber became the most popular choices considering the price factor [26]. Moreover,
previous studies [1,21-25] indicated that the polyester fiber could provide more effective
effects on the mechanical strength and shrinkage resistance of cement-stabilized concrete,
owing to the advantages in better chemical stability, erosion resistance, and ductility and
wide sources. However, some important issues on the polyester fiber adopted in cement-
stabilized concrete were not addressed in previous studies. For example: the effects on the
temperature shrinkage are missing; the effects of polyester fiber length are less discussed;
and the relationship between shrinkage and strength is not clear. Hence, the objective of
this study is as follows:

o Investigating the effects of content and length of polyester fiber on the both dry
shrinkage and temperature shrinkage of cement-stabilized concrete;

e  Establishing the relationship between shrinkage (drying and thermal) and strength
(compressive and splitting) of cement-stabilized concrete.

Based on the above, six types of polyester fiber content (0.1%o, 0.3%o, 0.5%0, 0.7 %o,
0.9%o, and 1.1%0) and five types of polyester fiber length (1 cm, 3 cm, 5 cm, 7 cm, and
9 cm) were selected to investigate their effects on the dry shrinkage and temperature
shrinkage of cement-stabilized concrete via dry shrinkage coefficient and temperature
contraction coefficient. Moreover, the relationship among dry shrinkage, temperature
shrinkage, mechanical strength, and polyester length characteristics was established.

2. Materials and Methods
2.1. Materials

Monofilament bundle polyester fiber, Shanlv P. O. 32.5 cement, and limestone ag-
gregates were adopted to prepare the cement-stabilized concrete, of which the technical
parameters are presented in Table 1, Table 2, and Table 3, respectively. The polyester fiber is
shown in Figure 1. The aggregate gradation is listed in Table 4.
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Table 1. Technical parameters of polyester fiber.

Acid and Strength of Modulus of Thermal

Specific . .
Gravity Pl:)/[iiltt l(rolg) K(lsl Cd)le Coil;??ﬁ?i Alkali Extension Elasticity Expansivity
(g/cm?) ty Resistance (MPa) (MPa) (10-5/°C)
1.22 >252 >572 0.02 strong >977 >9000 5~6
Table 2. Technical parameters of cement.
Fineness (%)
Stability (80 pm Square Setting Time (min) Compressive Strength (MPa) Flexural Strength (MPa)
Hole Screen)
Initial set Final set 3-day 28-day 3-day 28-day
qualified <10
>45 >180 >16 >31 >4 >7
Table 3. Technical parameters of aggregates.
Apparent Los Angeles 5 .
Coarse Density Abrasion Value BPN Crushed %tone Flat-Elongated (lfartlcles Content Wa’Fer .
3 o Value (%) (%) Absorption (%)
Aggregates (g/cm”) (%)
2.881 11.6 63 13.5 22 0.31
. Apparent density (g/cm?) Angularity (s) Sand equivalent (%) Hydrophilic coefficient
Fine aggregate
2.667 35 75 0.61
Mi . Aé’efr’las?:nt Hydrophilic Water content Heating Particle size (%)
povltflzis (g /Cmg) coefficient (%) stability <0.6 mm <015 mm <0.075 mm
2.632 0.55 0.2 Unchanged 100 99.8 81.2
Figure 1. Polyester fiber.
Table 4. Aggregate gradation.
Sieve Size (mm) 31.5 26.5 19 9.5 4.75 2.36 0.6 0.075
Passing Rate (%) 100 95 80 55 35 20 10 5

2.2. Methods
(1) Experiment methods

In this study, the coefficient of dry shrinkage and the coefficient of temperature
shrinkage were used to evaluate the shrinkage resistance of cement-stabilized concrete.
The compressive strength and the splitting strength were used to evaluate the strength
characteristics. Cuboid samples with L 400 mm x W 100 mm x H 100 mm were pre-
pared for the drying and temperature shrinkage experiments. Cylinder samples with



Buildings 2023, 13, 1027

40f 15

@150 mm x H 150 mm were prepared for the strength experiments. Six specimens were
measured for each condition. All the experiments were implemented according to the Chi-
nese testing standard “Testing methods of Cement and Concrete for Highway Engineering
(JTG 3420-2020)" [27].

The main process of the dry shrinkage test was as follows.

Step 1: The samples were installed into the dry shrinkage test racks. The experiments
of dry shrinkage are illustrated in Figure 2. The initial reading of the dial indicator should
be recorded.

Figure 2. Experiment of dry shrinkage.

Step 2: The mass and deformation of the samples were recorded every day for the first
7 days and were recorded every 3 days during the 8th day to the 30th day. The temperature
and relative humidity of the laboratory should be 17~25 °C and more than 50% during the
whole testing process, respectively.

Step 3: The dry shrinkage coefficient was adopted to evaluate the dry shrinkage
resistance and can be calculated via Equation (1).

4 4
(Z Xij— L Xi+1,j> /21

o — i _ j=1 j=1
T w (m;j —miyq)/my

)

where a; is the dry shrinkage coefficient; ¢ is the dry shrinkage strain (%); w is the water
loss rate (%); m; and m;,1 is the weighing mass (g) of the sample in the ith and (i + 1)th
testing, respectively; X;; and Xj, 1 is the reading (mm) of the jth dial gauge in the ith and
(i + 1th test, respectively; [ is the length (mm) of the sample; 1, is the mass (g) of the
sample after drying.

The main process of the temperature shrinkage test was as follows.

Step 1: The samples were dried for 10~12 h at 105 °C and placed into the programmable
temperature chamber. The strain gages were affixed on the samples. The experiments of
temperature shrinkage are illustrated in Figure 3.

Figure 3. Experiment of temperature shrinkage.
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Step 2: The deformations of the samples from 40 °C to —10 °C were recorded every
10 °C. When reaching one temperature grade, the samples should be kept temperature for
3 h. Subsequently, the reading of the strain gages must be finished within 5 min.

Step 3: The temperature shrinkage coefficient was adopted to evaluate the temperature
shrinkage resistance and can be calculated via Equation (2).

li = lina

M7 (i — ) Lo s @
where a; is the temperature shrinkage coefficient; /; and I;, is the reading (mm) of the
dial gauge in the ith and (i + 1)th temperature range, respectively; ¢; and ¢;,1 is the initial
temperature (°C) in the ith and (i + 1)th temperature range, respectively; L is the initial
length (mm) of the sample, it should be explained that Ly must be measured before the
experiment because the temperature shrinkage deformation is very small relative to the
length of the sample; B; is the linear expansion coefficient.

(2) Preparation of polyester-fiber-reinforced cement-stabilized concrete

Because the polyester fiber was filiform, it is easy to adhere with fine aggregates,
mineral powder, and cement, leading to the nonuniform distribution of polyester fiber
in cement-stabilized concrete. In order to avoid this situation, the following process was
adopted to prepare the cement-stabilized concrete.

Step 1: Coarse aggregates and fine aggregates were mixed for 30 s in the concrete mixer;

Step 2: Polyester fibers were added into the aggregate mixtures and mixed 30 s in the
concrete mixer;

Step 3: Cement and mineral powder were added into the aggregate mixtures with
fibers and mixed for 30 s in the concrete mixer;

Step 4: According to the optimum moisture content, the water was added into the
mixtures obtained by (c) and mixed for 180 s in the concrete mixer;

Step 5: The samples of polyester-fiber-reinforced cement-stabilized concrete can be
manufactured via the static pressure method according to the Chinese testing standard
“Testing methods of Cement and Concrete for Highway Engineering (JTG 3420-2020)" [27].

3. Crack Resistance

The detailed data of dry and temperature shrinkage coefficients can be found in
Supplementary Materials.

3.1. Dry Shrinkage
3.1.1. Effect of Fiber Content

The effects of fiber content on the dry shrinkage coefficient are shown in Figure 4.

Figure 4. Effects of fiber content on the dry shrinkage coefficient.

It can be seen from Figure 4 that the addition of polyester fiber obviously reduced the
dry shrinkage coefficients of cement-stabilized concrete in general, and the fiber content
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had a great influence on the dry shrinkage. The dry shrinkage of cement-stabilized concrete
was mainly the evaporation of its internal water. When polyester fiber mate-rial was added
to cement-stabilized concrete, due to the existence of fiber material in the surface material,
the water loss was reduced and the water migration was difficult, so that the capillary
tension formed by capillary water loss shrinkage was reduced. Relying on the interfacial
adhesion and mechanical meshing force between the fiber material and the cement base,
the tensile strain energy of the material to resist cracking was improved.

However, when the fiber content was less than 0.1%o, the polyester fiber had little
effect on the dry shrinkage. When the fiber content exceeded 0.1%o, the dry shrinkage
coefficients decreased as the fiber content under the same fiber length increased, especially
ranging from 0.1%o to 0.7%.. The dry shrinkage coefficient decreased by 5.6% and 1.5% on
average for every 0.1%o increase in fiber content, when the fiber content increased from
0.1%o to 0.7%o and from 0.7%o to 1.1%., respectively. This was because polyester fiber
can effectively reduce the dry shrinkage under the action of tension in the dry shrinkage
process of cement-stabilized concrete. When fiber content was low, the fiber could not
form an effective connection to resist the shrinkage crack, so as to present little impact on
dry shrinkage of cement-stabilized concrete. When fiber content constantly increased the
formation system between fibers, a good force transmission was generated, and so, the
dry shrinkage coefficient of cement-stabilized concrete was greatly reduced. In addition,
when the fiber content was less than 0.1%. and the fiber length was 3 cm, the dry shrinkage
coefficients increased with the increase in fiber content. It may have been caused by a test
error. According to the Chinese test standard ‘Testing methods of Cement and Concrete
for Highway Engineering (JTG 3420-2020)" [27], the allowable error of dry shrinkage test is
15%. The data fluctuation here was only 2.11% and far less than the allowable error, which
can prove the reliability of the data presented in Figure 4.

However, the above trends were affected by the fiber length, especially when the fiber
content ranged from 0.7 %o to 1.1%.. When the fiber content increased from 0.1 %o to 0.7 %o,
the dry shrinkage coefficient of cement-stabilized concrete decreased by 4.1%, 4.9%, 5.1%,
5.2%, and 5.3% on average for every 0.1%. increase in fiber content, respectively, in the case
of the fiber length of 1 cm, 3 cm, 5 cm, 7 cm, and 9 cm. These reduction rates were 2.6%,
1.4%, 1.8%, 1.5%, and 0.3% when the fiber content ranged from 0.7 %o to 1.1 %o.

3.1.2. Effect of Fiber Length

The effects of fiber length on the dry shrinkage coefficient are shown in Figure 5.

Figure 5. Effects of fiber length on the dry shrinkage coefficient.

As shown in Figure 5, compared to the fiber content, fiber length had little effect on the
dry shrinkage of cement-stabilized concrete when the fiber length exceeded 1 cm. When the
fiber length was lower than 1 cm, the dry shrinkage coefficients decreased by 1.83%, 11.40%,
22.50%, 28.46%, 32.61%, and 35.81% on average, respectively, in the case of the fiber content
of 0.1%o, 0.3%o, 0.5%0, 0.7 %0, 0.9%o, and 1.1%.. When the fiber length exceeded 1 cm, these
reduction rates were 1.07%, 1.35%, and 1.48% on average, respectively, in the case of the
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fiber content of 0.3%o, 0.5%0, and 0.7 %o. Particularly, when the fiber content was 0.9%. and
1.1%o, the shrinkage coefficient decreased first and then increased with the increase in fiber
length. When the fiber length was 5 cm, the shrinkage coefficient reached the minimum. It
showed that the increasing polyester fiber length can improve the shrinkage resistance, but
increasing the extent of the length has a reasonable scope. This is because overlong fiber
goes against its dispersion, so that the fiber reunites in the cement-stabilized concrete and
cannot play the role in improving shrinkage resistance, especially when the fiber content is
relatively large.

3.2. Temperature Shrinkage
3.2.1. Effect of Fiber Content

The effects of fiber content on temperature shrinkage coefficient are shown in Figure 6.

Figure 6. Effects of fiber content on the temperature shrinkage coefficient.

It can be seen from Figure 6 that the addition of polyester fiber generally reduced the
temperature shrinkage coefficients of cement-stabilized concrete, and the fiber content had a
great influence on the temperature shrinkage. The temperature shrinkage of fiber-reinforced
cement-stabilized concrete was determined by the combined effect of cement-stabilized
concrete matrix and fibers. When the volume change of the composite material was affected
by temperature, polyester fiber inhibited the expansion or shrinkage of cement-stabilized
concrete, because the thermal expansion coefficient of polyester fiber was lower than that
of cement-stabilized concrete. The expansion and shrinkage of the composite material
decreased, which reduced its temperature shrinkage coefficient and improved the crack
resistance of cement-stabilized concrete.

Under the same fiber length, the temperature shrinkage coefficient of cement-stabilized
concrete decreased with the increase in fiber content. When the fiber content increased
from 0.0%o to 0.7 %o, the temperature shrinkage coefficient decreased by 1.67% on average
for every 0.1%o increase in fiber content. This trend was more significant with the increase
in fiber length. When the fiber content was less than 0.7 %o, the temperature shrinkage
coefficient decreased by 0.7%, 1.06%, 1.19%, 1.64%, and 1.96% on average for every 0.1 %o
increase, respectively, in the case of the fiber length of 1 cm, 3 cm, 5 cm, 7 cm, and 9 cm.
When the fiber content exceeded 0.7%., the effect of fiber content on the temperature
shrinkage coefficient was weakened. The temperature shrinkage coefficient decreased by
only 0.14% on average for every 0.1%. increase in fiber content.

3.2.2. Effect of Fiber Length

The effects of fiber content on temperature shrinkage coefficient are shown in Figure 7.
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Figure 7. Effects of fiber length on the temperature shrinkage coefficient.

It can be seen from Figure 7 that the increase in polyester fiber length generally
reduced the temperature shrinkage coefficients of cement-stabilized concrete. When the
fiber content was constant, the temperature shrinkage coefficient decreased by 1.19% on
average for every 1 cm increase in fiber length. When the fiber length was lower than
1 cm, the reduction rates of the temperature shrinkage coefficient were accelerated with
the increase in fiber length. When the fiber length was less than 1 cm, the temperature
shrinkage coefficient decreased by —0.12%, 0.49%, 2.72%, 5.06%, 5.93%, and 7.41% on
average for every 1 cm increase in fiber length, respectively, in the case of the fiber content
of 0.1%o, 0.3%o, 0.5%o, 0.7 %0, 0.9 %0, and 1.1%.. When the fiber length exceeded 1 cm, the
reduction rates of the temperature shrinkage coefficients had less difference in the case
of different fiber contents. The temperature shrinkage coefficient decreased by 0.4% on
average for every 1 cm increase in fiber length. In addition, different from the dry shrinkage,
the increase in fiber length did not reflect a negative effect on the temperature shrinkage.

4. Relationship between Shrinkage and Strength

In order to establish the relationship of shrinkage and strength of the polyester-fiber-
reinforced cement-stabilized concrete, the unconfined compressive strength and splitting
strength at different curing ages were measured, as presented in Tables 5 and 6.

Table 5. Experiment results of unconfined compressive strength.

Unconfined Compressive Strength (Mpa) at the Following

Content (%.)  Length (cm) Curing Age
7-Day 28-Day 60-Day 90-Day

0 - 6.2 7.6 8.5 8.7
1 6.2 8.0 8.7 9.5

3 6.3 7.8 8.6 9.3

0.1 5 6.1 7.8 8.8 9.2
7 6.0 7.7 8.8 9.3

9 6.3 7.7 8.6 9.1

1 6.3 7.8 8.8 9.1

3 6.4 8.0 9.0 9.4

0.3 5 6.5 8.2 9.3 9.9
7 6.6 8.2 9.3 10.1

9 6.6 8.4 9.5 10.1
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Table 5. Cont.

Unconfined Compressive Strength (Mpa) at the Following

Content (%)  Length (cm) Curing Age
7-Day 28-Day 60-Day 90-Day
1 6.5 8.0 8.9 9.3
3 6.6 8.3 9.7 10.5
0.5 5 6.8 8.6 10.2 11.0
7 6.8 8.6 10.3 10.9
9 6.7 8.7 10.3 10.9
1 6.6 8.1 9.1 9.7
3 6.8 8.7 10.5 11.5
0.7 5 7.0 9.1 10.8 12.0
7 71 9.1 11.1 12.0
9 6.9 9.0 11.0 11.8
1 6.7 8.3 9.2 9.9
3 6.9 8.7 11.0 11.9
0.9 5 6.6 9.2 11.5 12.7
7 6.5 8.9 10.9 12.2
9 6.3 8.6 10.5 11.7
1 6.8 8.5 9.7 10.8
3 6.3 8.6 10.4 12.0
1.1 5 59 8.7 11.2 12.3
7 57 8.5 11.0 12.0
9 5.6 8.5 10.6 11.5

Table 6. Experiment results of splitting strength.

Splitting Strength (MPa) at the Following Curing Age

Content (%o) Length (cm)
7-Day 7-Day 7-Day 7-Day

0 - 0.44 0.64 0.73 0.81
1 0.41 0.61 0.76 0.82

3 0.43 0.60 0.79 0.80

0.1 5 0.46 0.64 0.76 0.82
7 0.46 0.61 0.75 0.83

9 0.47 0.62 0.73 0.85

1 0.44 0.62 0.71 0.86

3 0.45 0.64 0.78 0.92

0.3 5 0.48 0.69 0.84 0.97
7 0.48 0.71 0.89 1.01

9 0.47 0.70 0.88 1.02




Buildings 2023, 13, 1027

10 of 15

Table 6. Cont.

Splitting Strength (MPa) at the Following Curing Age

Content (%)  Length (cm)

7-Day 7-Day 7-Day 7-Day
1 0.47 0.64 0.81 0.97
3 0.48 0.69 0.84 1.02
0.5 5 0.51 0.75 0.91 1.05
7 0.48 0.75 0.92 1.03
9 0.45 0.72 0.89 0.99
1 0.46 0.69 0.86 1.00
3 0.49 0.71 0.93 1.03
0.7 5 0.53 0.79 0.95 1.09
7 0.51 0.77 091 1.03
9 0.47 0.70 0.86 1.00
1 0.46 0.73 0.90 1.03
3 0.47 0.68 0.85 1.00
0.9 5 0.48 0.68 0.83 0.93
7 0.41 0.63 0.80 0.87
9 0.38 0.60 0.77 0.85
1 0.46 0.73 0.87 0.98
3 0.47 0.67 0.82 091
11 5 0.41 0.65 0.79 0.86
7 0.40 0.59 0.72 0.82
9 0.38 0.59 0.73 0.83

As shown in Tables 5 and 6, when the fiber content was lower than 0.1 %o, the effect
of fiber length on compressive strength was not significant, while the splitting strength
increased with the fiber length. When the fiber content ranged from 0.1 %o to 0.3%o, the
compressive strength and splitting strength both increased with the fiber length. It showed
that the fiber can improve the strength of cement-stabilized concrete, especially for the
splitting strength. When the fiber content ranged from 0.5%. to 0.7%., the compressive
strengths and splitting strengths at different curing ages first increased and then decreased
with the increase in fiber length, especially either for splitting strength or at early curing
age (7-day). It implies that overlong fiber will have a negative impact on the strength. The
optimal fiber length was 5-7 cm. When the fiber content exceeded 0.9 %o, the compressive
strengths and splitting strengths at different curing ages all decreased with the increase
in fiber length, indicating that overmuch fiber is bad for the strength improvement of
polyester-fiber-reinforced cement-stabilized concrete.

The relationships between compressive strengths and dry shrinkage coefficients, be-
tween splitting strengths and dry shrinkage coefficients, between compressive strengths
and temperature shrinkage coefficients, and between splitting strengths and temperature
shrinkage coefficients are shown in Figure 8, Figure 9, Figure 10, and Figure 11, respectively.
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Figure 8. Relationships between compressive strengths and dry shrinkage coefficients.

Figure 9. Relationships between splitting strengths and dry shrinkage coefficients.
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Figure 10. Relationships between compressive strengths and temperature shrinkage coefficients.

Figure 11. Relationships between splitting strengths and temperature shrinkage coefficients.

As shown in Figures 811, splitting strengths at different curing ages had less correla-
tion to the dry shrinkage coefficients and temperature shrinkage coefficients. The values of
R? were all less than 0.18. In contrast, there was a higher correlation between compressive
strengths and shrinkage coefficients. Particularly when the curing age was larger than
the 28-day period, the values of R? were all more than 0.72. It implies that the dry and
temperature shrinkage coefficients can be predicted via compressive strength. Considering
the complicacy of the experimental process of the dry shrinkage and temperature shrink-
age, the shrinkage prediction based on compressive strength is beneficial to evaluate the
shrinkage resistance of fiber-reinforced cement-stabilized concrete in practical engineering.
In addition, although the value of R? increased as the curing age increased, overlong curing
time is unfavorable for engineering applications. Hence, the compressive strength at the
curing age of the 28-day period can be selected to predict the shrinkage resistance. The
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prediction frame of dry shrinkage coefficient a; and temperature shrinkage coefficient a;
can be expressed as Equations (3) and (4), respectively.

oy = agCh% 3)

a; = a; InC + by 4)

where C is the compressive strength (MPa), a4, by, a;, and b; are all fitting parameters.

5. Conclusions

The effects of polyester fiber content and length on the dry shrinkage coefficients and
temperature shrinkage coefficients of polyester-fiber-reinforced cement-stabilized concrete
were explored. Moreover, the relationship between shrinkage and strength was established
to indirectly evaluate the dry and temperature shrinkage resistance of polyester-fiber-
reinforced cement-stabilized concrete.

e  The dry shrinkage resistance was improved with the increase in polyester fiber con-
tent. When the fiber content exceeded 0.7 %o, the modification effect became weaker.
Overlong fiber was not good for improving dry shrinkage resistance. When the fiber
length was longer than 1 cm, the positive effects of polyester fiber on the dry shrink-
age resistance were obviously reduced. When the fiber length exceeded 5 cm, the
polyester fiber had a negative effect on the dry shrinkage resistance. The optimum
fiber content and fiber length for the dry shrinkage resistance was 0.7%0 and 5 cm.

e  The temperature shrinkage resistance was improved with the increase in polyester
fiber content and length. Similar to the dry shrinkage resistance, when the fiber
content exceeded 0.7 %o, the modification effect on the temperature shrinkage resis-
tance became weaker. The difference was that the increase in fiber length did not
cause a negative effect on the temperature shrinkage resistance. The influence of
polyester fiber on the dry shrinkage was generally more significant than the tem-
perature shrinkage. The optimum fiber content and fiber length for the temperature
shrinkage resistance were 0.7 %0 and 9 cm.

e  Different from the cement-stabilized concrete without polyester fiber, there was a
weak relationship between splitting strength and shrinkage, while the compressive
strength presented more correlation. The prediction equations based on the compres-
sive strength at the curing age of the 28-day period was put forward to predict the
dry shrinkage coefficients and temperature shrinkage coefficients of polyester-fiber-
reinforced cement-stabilized concrete.

In addition, considering the complexity of service conditions of engineering struc-
tures, the shrinkage characteristics of polyester-fiber-reinforced cement-stabilized concrete
after special environmental action (e.g., sulfate corrosion, freeze-thawing, etc.) will be
investigated in our future work.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /buildings13041027/s1, Table S1: Results of dry shrinkage coeffi-
cients and temperature shrinkage coefficients.
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