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The present work aims to contribute to the study and development of methodologies for 
shrinkage tests of self-compacting concrete (SCC) using the addition of polypropylene (PP) 
microfibers as a variable to validate the correlations between the shrinkage tests. The objective 
of this work was to evaluate, through correlations between the area and the age at which the 
cracks appeared, the role of PP fibers as a control for this pathology. Reference SCC traces with 
additions of 6 mm and 12 mm microfibers were created for this purpose. For the shrinkage tests, 
the criteria of the ASTM C1579:2013 (plates) and ASTM C1581:2016 (rings) standards were used. 
The microfibers showed a significant reduction in cracks in the SCC, its reduction rate ranging 
from 40% to 70%, also presenting a delay in its appearance, which varied from 9 to 20 days for 
the appearance of the first crack.
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1. Introduction
An area as comprehensive and complex as civil 

engineering has a multitude of materials and composites that, 
with appropriate criteria, go far beyond what is expected 
in relation to their benefits and types of use. Concrete is 
one of these composite materials, and its high versatility, 
ease of production, and obtaining the raw material, as well 
as its specific properties and characteristics of production, 
molding, and curing, allow for the identification of 
variables that impair its behavior and make it susceptible 
to the appearance of pathologies or external agent attacks. 
Shrinkage, in its various types, is one of the properties 
resulting from the characteristics of concrete and internal 
processes generated during hardening1,2,3.

Shrinkage is an intrinsic phenomenon of cementitious 
composites and can be one of the following types: plastic 
shrinkage, drying shrinkage, chemical shrinkage, autogenous 
shrinkage, and thermal shrinkage4, which makes its study 
complex.

The shrinkage is the volume reduction caused by the 
loss of moisture in a concrete element, either in the fresh 
state or in the hardened state. In reinforced concrete, these 
volumetric changes of the paste are restricted by the presence 
of the large aggregate, the reinforcement or the form of 
the structural part. As the concrete is in the healing and 
increasing resistance phase, it is still not able to withstand 
the tensile stresses that arise superficially, which may come 
to generate cracks that can expand over time1.

In view of the concerns about controlling the appearance 
and opening of these cracks in concrete, the need for polymer 
fibers arises. These fibers are used to reduce segregation and 
shrinkage to drying or to increase fire resistance5.

The use of fibers and microfibers to reinforce concrete 
allows for increased stabilization of stresses generated during 
crack opening and material elasticity6. Therefore, the fibers 
have the characteristic of acting as a bridge for the transfer 
of surface stresses generated during the curing of concrete, 
reducing the existing tension and, consequently, the size of 
the opening of these cracks. Furthermore, the formation of 
cracks in concrete promotes the opening of the material’s 
internal environment, which increases permeability and 
allows agents to degrade the internal structure of the concrete, 
compromising the durability of the projected part6.

One of the main factors related to cracking and shrinkage 
processes is the Portland cement hydration phenomenon. 
Studies and research aimed at understanding the chemical 
reactions that occur in this phase of hydration have been 
growing in recent years7.

The cement hydration process results from surface 
reactions between water and cement grain by means of 
dissolution-precipitation mechanisms or topochemical 
reactions (hydration in the solid state), which release heat 
(exothermic), raising the temperature. This temperature 
increase in turn, requires a greater guarantee of hydration of 
the cement grain, and, when this does not occur, the hardening 
process of the cement can be compromised, causing, in many 
cases, the retraction of the piece7,8,9.*e-mail: lamaripalma@hotmail.com
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According to Pons and Torrenti9, the profile of current 
structures requires, in many cases, a high consumption 
of cement, higher characteristic resistances, restriction to 
heat dissipation and that may have a lower dilation and 
shrinkage value, such as so-called special concrete, such 
as high-performance concrete (HPC) and self-compacting 
concrete (SCC).

Over the years, numerous studies have been developed 
in order to better understand the behavior of SCC2,10,11 and 
considerations presented by Campos12 and Miranda et al.13, 
highlight the importance of improving its properties, study 
new additions in its composition and verify its applicability 
and behavior in structural parts.

To obtain a SCC, higher amounts of fines, the use of 
superplasticizers, a lower consumption of large aggregates, 
a water/cement ratio of approximately 0.4 and aggregates 
of good shape and texture are used14,15. However, these 
characteristics may cause the SCC to crack more due to 
shrinkage caused by drying or plastic shrinkage, which may 
compromise its durability. Thus, the addition of fibers to 
concrete aims to have a direct effect on the gains in cracking 
strength, bending strength, and contributing to the prevention 
of SCC retraction.

Controlling concrete cracking is critical for increased 
elements durability over time and the development of 
strength in the early stages6,16. The justification is that the 
cracks generated create critical points, in which there is an 
increase in the surface sensitivity of the concrete, making it 
susceptible to external attacks that damage the concrete rebar. 
In this way, the performance, the need for maintenance, the 
durability of the elements and aesthetics of the structures 
and concrete are also reduced.

The use of fibers, such as polypropylene (PP) in the 
production of concrete, usually collaborates with the 
improvement of their mechanical properties17. Several studies 
have evaluated the properties of concretes with PP fibers, 
especially the properties in the hardened state, leaving aside 
in many cases the harmful effects caused by workability18. 
In the same sense, Aslani et al.19, point out that given the 
positive and negative effects of adding PP fibers to concrete, 
its effects should always be previously considered for use 
in structures.

This reduction in the workability of concrete with 
fibers varies according to the different properties, such as: 
type of fiber, geometry of fiber, aspect ratio, and volume20. 
However, studies21 show that the combination of other 
materials (as silica fume) and the use of superplasticizers 
in the production of SCC with PP fiber can contribute to the 
improvement of properties with good flowability, viscosity, 
and passing ability.

The present work aims to contribute to the study and 
development of methodologies for SCC retraction tests 
using the addition of PP microfibers as a variable for the 
validation of correlation retraction tests, and the crack area 
and age of the emergence of SCC cracks.

Recent research22,23,24 follow the ASTM C1579:2013 
(plates) and ASTM C1581:2016 (rings) standards for the 
evaluation of shrinkage and cracking in concrete in a different 
way, however, this research employs the use of both standards 
to evaluate the properties of SCC with PP fiber.

2. Experimental Materials and Methods

2.1. Materials

2.1.1. Cement
Type of cement used was CPV-ARI, with specific 

gravity of 3.15 kg/dm3. This type of cement was chosen due 
to its fineness modulus, which is smaller than that of other 
cements provided in ABNT NBR 1669725 and contributes 
to the production of SCC.

2.1.2. Aggregate
The sand used presented a specific gravity of 2.65 kg/dm3 

and unit mass in the loose and dry state of 1.52 kg/dm3. 
The aggregate used for the production of concrete is basaltic. 
It presented a specific gravity of 2.90 kg/dm3 and a compact 
unit mass of 1.51 kg/dm3. The gravel powder used presented 
a specific gravity of 2.64 kg/dm3 and unit mass in the loose 
and dry state of 1.58 kg/dm3. In relation to the microfibers, 
polypropylene polymer fibers were used, with a length of 6 and 
12 mm, with a diameter of 21μm, specific gravity 0.91 g/cm3 
and elasticity modulus of 3.0 GPa, as shown in Figure 1.

Figure 1. 6 mm fibers (A); 12 mm fibers (B).
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2.1.3. Superplasticizer
The additive used is the base of polycarboxylate ether 

and has the ability to increase the workability of the mixture, 
keeping the properties of the material intact, such as its 
homogeneity. It has a density of 1.09 g/cm3.

2.1.4. Mix proportions
The mix for both lengths (6 and 12 mm) of PP fiber 

followed the proportions indicated in Table 1.

2.2. Methods

2.2.1. Vials for the testing of plates used in the evaluation 
of plastic shrinkage

For the execution of the plate tests, two dimensions of plates 
were established, one in the dimension of 560 x 350 x 50 mm3 
(length x width x height) as set out in ASTM C157926 
and another square plate proposed in this work in the 
dimension of 300 x 300 x 50 mm3 (length x width x height). 

All plates were produced in metallic material in order to 
retain maximum water in the cement hydration process. 
As shown in Figure 2, the formwork was produced with 
three fixed sides and one removable side to facilitate the 
disshaping of the piece. Metal parts with an internally 
positioned “U” section of 25 x 35 x 75 mm3 were fixed 
inside the formwork for internal restriction effect with 50 mm 
spacing of the shape face.

2.2.2. Vials for the ring test used in the evaluation of SCC 
retraction and the age of crack appearance

It was elaborated rings, following exactly the parameters 
of the standard27 as presented in Figure 3. The base was 
made of reinforced wood and acrylic coating to avoid 
absorption of the hydration water in the drying process and 
avoid the adherence so as not to harm the test.

The cracking happens in this test, as a result of drying 
and autogenous shrinkage, as well as the heat of hydration 
of the cement28.

Table 1. Traces in the proportion of cement mass.

Cement PP fiber (%) Sand Gravel powder Gravel Superplasticizer (%) w/c
1 0 1.45 1.28 1.05 1 0.65
1 0.05 1.45 1.28 1.05 1 0.65
1 0.10 1.45 1.28 1.05 1 0.65

Figure 2. (A) Rectangular plate for the testing of cracks; (B) Square plate for crack testing.

Figure 3. Mold for ring testing according to the dimensions of ASTM C1581:201627.
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2.2.3. Molding and testing of plates
For the molding and testing of the plates, the specifications 

of ASTM C157926 and ACI 305R-9129 were followed. 
First, criteria were established for temperature, wind speed 
and relative humidity, which establishes an evaporation 
rate above 0.51 kg/m2/h for the probability of cracking in 
concrete parts. For the respective test, an average temperature 
of 36±1 ºC, 46±1% was established for relative humidity 
(RH) and constant wind speed of 2.5±1 m/s, measured five 
centimeters above the plate during all tests performed. 
For wind speed measurement, a digital wind measurement 
anemometer was used. Because it is a SCC, a fixed point of 
release of the mixture was established, until the SCC fills 
the form by complete.

Then, the concrete plates were placed inside the control 
chamber, thus initiating the cracking tests. Figure 4 presents 
the methodology of the cracking test according to the criteria 
of the standard26.

After the 24-hour period of the test, the plates were 
removed from the control chamber and then the cracks 
were mapping by calculating the average width and 
length. For this, a digital caliper, magnifying glass was 
used to facilitate the identification and the crack ruler. 

The results were transformed into medium areas of cracking 
and then in reduction rate.

2.2.4. Molding for the ring test
In relation to the test of the restriction ring, the criteria 

of the standard were established27. With the data acquisition 
system (DAQ) configured and validated, the SCC rings 
were molded. Then, after molding, the temperature of the 
SCC was checked using a laser thermometer to establish the 
variation of the information and maintain the same criteria 
in all trials. An environment with an average temperature of 
30±1 ºC and relative humidity of 62±1% was established.

The molding started and remained at a fixed point of the 
ring and because it is SCC there was no manual densification 
and no need for variation of the launch point. The measurements 
of the strain gauges (μm/m, ring’s strain) were programmed 
to measure one time per minute. According to the standard27 
a sudden decrease in strain in μm or both strain gauges 
indicate the probability of the appearance of cracks.

The set has been placed in a fixed place to avoid any 
kind of variation. A digital thermometer performed the 
measurement of air temperature and humidity at the time 
of the test as shown in Figure 5.

Figure 4. (A) Identification of measurement sensors and fin resistance for internal heat generation; (B) Evaporation of water to speed up 
the drying process; (C) Appearance of cracks.

Figure 5. Methodology for the test of the ring with restriction: A - Installation set for retraction test and crack age; B - Strain reading 
template measured by strain gauges.
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3. Results and Discussion

3.1. SCC-restricted plates
By means of the width of the cracks and the measurement 

of their length, it is possible to calculate the average cracking 
area of the SCC plates. Table 2 presents the respective results 
of the mean of the cracking areas.

The SCCRF0 trace presented an average cracking area 
of 1,201.30 mm2 for plate 350x560 mm and 375.05 mm2 
for the plate with 300 x 300 mm. With the addition of 
fibers throughout the tests it was possible to observe a 
reduction in the cracking area and in the average width 
of the cracks.

Another factor that directly influenced these reductions 
was the length of the fibers. The SCCRF6 – 6 mm trait 
presented a reduction rate in the mean area of cracks ranging 
from 47.35% to 51.72%. In the case of SCCRF12 - 12 mm 
traces there was a variation between 67.87% and 70.95%.

According to Cristofoli  et  al.30, Alferes  et  al.31, and 
Monte et al.32 the content and length of the fibers act as a 
bridge of stress transfers, that is, the higher the fiber content, 
the lower the emergence or development of cracks, whether 
for synthetic fibers or metal fibers.

According to Ali et al.20 the reduction of areas of SCC 
cracks are linked to reduction of the widths of the cracks due 
to the effect of the “seam” of the particles of the concrete 
surface that can reach up to 55% of the reduction.

3.2. Ring with SCC restriction
According to the results presented it is possible to verify 

that all traces have a similar characteristic. They have a period 
of compression of the ring, a point of fall in the strain and 
then a relaxation of this stress.

For the elaboration of the graphs and in order to facilitate 
the interpretation of the data, the mean strains (μm/m) per 
day were used by reading the strain gauges.

Figure 6 presents the results of the tests of the restriction 
ring with the addition of the 6 mm fibers and according to 
the criteria established by the standard27.

It is possible to verify that until the 13th day the SCCrf traces 
presented a pattern of ring strain in relation to time. However, 
between the 14th day and the 19th day the traces begin to present 
the individual differences referring to each trait performed. 
In relation to the SCCRF0 trace, the strain variation can be verified 
between the 9th and 10th day, i.e., the sudden change in strain 
corresponds to the age of cracking visible in the sample.

Regarding the SCCRF6- 6mm -0.05% trace, the variation 
of the strain was verified on the 12th and 13th day of the 
beginning of the ring test, a difference of approximately 
3 days when compared to SCCRF0. The crack spawn points 
did not present a specific location; in each trace it was 
possible to verify the appearance of the cracks in different 
places of the ring. The average widths of the cracks vary 
between 0.30 and 0.40 mm.

The SCCRF12 – 12 mm trace presented an average age 
of crack approximately 17.5 days after the beginning of the 
test as shown in Figure 7.

Regarding ring strain it was verified that for the 
points predicted for cracking age the strain ranged from 
-35 to -45 μm/m. The cracks did not present an opening 
pattern the width crack was 0.20 to 0.30 mm.

Table 2. Crack area and SCC reduction rate.

Fibers

Cracking area (mm2)

Fibers

Cracking area (mm2)

BOARD 350 X 560 mm BOARD 300 X 300 mm

0% 0.05% 0.10% 0% 0.05% 0.10%

SCCRF0 1,201.30 - - SCCRF0 375.03 - -

SCCRF6 – 6 mm - 632.50 579.98 SCCRF6 – 6 mm - 222.00 207.60

SCCRF12 – 12 mm - 386 349 SCCRF12 – 12 mm - 70.65 52.28

Fibers

Crack Area Reduction Rate (mm2)

Fibers

Crack Area Reduction Rate (mm2)

BOARD 350 X 560 mm BOARD 300 X 300 mm

0% 0.05% 0.10% 0% 0.05% 0.10%

SCCRF0 - - - SCCRF0 - - -

SCCRF6 – 6 mm - 47.35% 51.72% SCCRF6 – 6 mm - 40.80% 44.64%

SCCRF12 – 12 mm - 67.87% 70.95% SCCRF12 – 12 mm - 81.16% 86.06%

Figure 6. Graph of the strain versus age of cleft SCCRF6mm according 
to the criteria established by the ASTM C1581:201627 standard.
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Other authors also obtained results similar to this 
research33 evaluated the retraction by drying according to 
ASTM C1581/C1581M27, of concretes with different types 
of fibers: 0.25% and 0.5% of vegetable fibers (sisal and rami) 
and 0.25% of polypropylene fiber. According to the results 
found, ring strain varied from 0 to -80 μm/m.

A study34 evaluated the performance of concrete with 
different fibers in terms of shrinkage. The maximum 
strain of 30 in the ring test checked for the concrete with 
polypropylene fibers. The appearance of the crack occurred 
at 66 hours of testing.

Another study35 showed when varying the content of 
addition of micro silica and fly ash in the composition 
of the SCC observed that the age of cracking occurred 
between the 4th and 10th day with a strain of the ASTM ring, 
ranging from 10 in the expansion phase to -80 μm/m in the 
compression phase.

Researchers36,37 measured by means of the ring test, 
the retraction of high strength concrete with the addition 
of polypropylene fibers. For the test, reference traces were 
performed with the addition of 0.3; 0.6 and 0.9% polypropylene 
fibers in relation to the volume of concrete. The trace 
without addition of fibers presented the first crack in the 10. 
In relation to the traces with the addition of fibers, the authors 
observed a gain in the appearance of the first cracks. Ring 
strain ranged from -20 to -90 μm/m.

4. Conclusions
The main goal of this research was to analyze the 

correlation of the SCC retraction tests with the addition of 
PP microfibers as comparison variables. Through the proposed 
methodology and the results found, it is concluded that:

SCC characteristics such as additive consumption, 
higher mortar content, and reduction of coarse aggregate, 
combined with variables such as shape area, temperature, 
evaporation rate, drying speed, and relative humidity, were 
determining factors for the appearance of cracks.

The formwork reduction proposal presented similar 
results to the models presented by the ASTM C1579:2013 
standard, allowing them to be used as alternatives for 
SCC retraction studies, mainly in studies with the addition 
of fibers in lengths of 6 and 12 mm.

The fibers influenced the reduction of crack areas and 
delayed their appearance. The fibers with the highest content 
and those with the greatest length showed the best results 
in reducing the appearance of cracks. However, they also 
caused a loss of scattering in the fresh SCC state.

The PP microfibers influenced the workability and 
viscosity of the SCC in its fresh state. However, the sewing 
effect of the microfibers showed a direct correlation with 
the rate of reduction of widths and crack areas in the SCC.

Regarding the correlations, it is concluded that the shape 
area directly influenced the cracking area in the SCC. The crack 
width did not have a direct influence on the cracking area.

In the restricted ring test, according to the ASTM 
criteria, the length of the fibers presented the best correlation. 
This fact can be analyzed due to the methodology of the 
expansion and contraction tests. Fibers with greater lengths 
allowed a greater extension in the load transmission bridge, 
thus delaying the appearance of cracks.

The results found demonstrate the need to establish methods 
and criteria for shrinkage tests and the understanding of the 
formation of cracks in the SCC, considering the variables 
that influence the mixing, launching, and drying of the 
concrete specimens. Understanding the correlations between 
these variables contributes to reducing the appearance of 
cracks and, consequently, to greater durability and quality 
of concrete specimens, minimizing future issues.
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